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+ËÖÖÏÍÎÇÉÃÍÉÇËÒÕÔÏÉÎÏ�ÎÉÚÕÏÉÚÉÔËÍÎÕË ÏÕÇÃÚÑÉÃÇÇÒÏÙÉÀÅÏÕÏÉÚÕÏÉÚÕÜÒÖÏÍÎÇÉÊËÎÅÉŠËÕÉÚÍÌÉÚÜÚÃÍÇÎÉÎÅÏÉ ÃÏŽÉÎÅÚÎ

ÔËÖÖÏÍÎÇÉÏÍÅÚÍÔÏÉÕÏÚÌÚÊÃÑÃÎ�ÙÉÀÅÏÉÊÃÜÜÏÇÎÉÓÕËÊÑÏÖÉŽÃÎÅÉÔËÖÖÏÍÎÇÉÃÍÉÓÕÚÔÎÃÔÏÉÃÇÉÎÅÚÎÉÓÏËÓÑÏÉËŠÎÏÍÉŠÚÃÑÉÎË

ÒÓÌÚÎÏÉÎÅÏÖÉŽÅÏÍÉÎÅÏÉÚÇÇËÔÃÚÎÏÌÉÇËÒÕÔÏÉÎÏ�ÎÉÃÇÉÔÅÚÍÜÏÌ�ÉÎÅÏÕÏÊ�ÉÖÚÈÃÍÜÉÎÅÏÉÔËÖÖÏÍÎÚÕ�ÉÖÃÇÑÏÚÌÃÍÜÙ

+ËÖÖÏÍÎÚÕ�ÉÇÅËÒÑÌÉÊÏÉÕÏÇÏÕ ÏÌÉŠËÕÉÏ�ÓÕÏÇÇÃÍÜÉÍÏÏÌÏÌÉÃÍŠËÕÖÚÎÃËÍÉÎÅÚÎÉÔÚÍÍËÎÉÊÏÉÏ�ÓÕÏÇÇÏÌÉÃÍÉÔËÌÏÉÚÍÌ

ÅÃÜÅÑÃÜÅÎÃÍÜÉÔÚÇÏÇÉŽÅÏÕÏÉÎÅÏÕÏÉÚÕÏÉË ÏÕÕÃÌÃÍÜÉÕÏÚÇËÍÇÉÎËÉ ÃËÑÚÎÏÉËÍÏÉËŠÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÙÉŸŠÉÓËÇÇÃÊÑÏ�ÉÇËÒÕÔÏÉÎÏ�Î

ÇÅËÒÑÌÉÒÇÏÉÇÏÑŠ;Ï�ÓÑÚÍÚÎËÕ�ÉÍÚÖÏÇÉŠËÕÉËÊ$ÏÔÎÇÉÚÍÌÉÓÕËÜÕÚÖÉÒÍÃÎÇ,ÉÚÍÌÉÃÎÉÇÅËÒÑÌÉÒÇÏÉÇÃÖÓÑÏ�ÉÒÍÌÏÕÇÎÚÍÌÚÊÑÏ

ÓÕËÜÕÚÖÉÇÎÕÒÔÎÒÕÏÇÉÇËÉÎÅÚÎÉ ÑÃÎÎÑÏÉÚÌÌÃÎÃËÍÚÑÉÔËÖÖÏÍÎÚÕ�ÉÃÇÉÍÏÏÌÏÌÙÉÀÅÏÉÏ�ÎÕÚÉÏŠŠËÕÎÉ ÃÍÉÇÏÑÏÔÎÃÍÜÉ-ÚÍÌ
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ÏÍÎÏÕÃÍÜ.ÉÚÓÓÕËÓÕÃÚÎÏÉÍÚÖÏÇÉÚÍÌÉÎÅÏÉÏ�ÎÕÚÉÎÅËÒÜÅÎÉÍÏÏÌÏÌÉÎËÉÌÏÇÃÜÍÉÔÑÏÚÍÉÚÍÌÉÒÍÌÏÕÇÎÚÍÌÚÊÑÏÉÓÕËÜÕÚÖ

ÇÎÕÒÔÎÒÕÏÇÉÚÕÏÉŠÒÑÑ�É$ÒÇÎÃŠÃÏÌÙ

"ÕËÜÕÚÖÖÃÍÜÉÎÏ�ÎÇÉËŠÎÏÍÉŠÚÃÑÉÎËÉÌÃÇÔÒÇÇÉË ÏÕÚÑÑÉÓÕËÜÕÚÖÉÇÎÕÒÔÎÒÕÏ,É+ÅÚÓÎÏÕÉ(ÉÚÌÌÕÏÇÇÏÇÉÎÅÃÇÙÉÀÅÏÉÖÚ$ËÕÃÎ�ÉËŠ

ÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÚÎÉÔÅÚÓÎÏÕÉÚÕÏÉÔËÍÔÏÕÍÏÌÉŽÃÎÅÉÎÅÏÉÚÓÓÑÃÔÚÎÃËÍÉËŠÉÇËÒÍÌÉÇËŠÎŽÚÕÏÉÏÍÜÃÍÏÏÕÃÍÜÉÓÕÃÍÔÃÓÑÏÇ

ÇÒÔÅÉÚÇÉÃÍŠËÕÖÚÎÃËÍÉÅÃÌÃÍÜÉÚÍÌÉÇÏÓÚÕÚÎÃËÍÉËŠÉÔËÍÔÏÕÍÇÙÉÀÅÏÉÔÅÚÓÎÏÕÉÃÇÉÍÏÃÎÅÏÕÉÚÉÎÏ�ÎÊËËÈÉËÍÉÍËÕÉÚÍ

ÃÍÎÕËÌÒÔÎÃËÍÉÎËÉÎÅÏÇÏÉÓÕÃÍÔÃÓÑÏÇ,ÉÕÚÎÅÏÕ�ÉÃÎÉÃÍÌÃÔÚÎÏÇÉÅËŽÉÎÅÏ�ÉÔÚÍÉÊÏÉÕÏÚÑÃ’ÏÌÉÒÇÃÍÜÉÎÅÏÉŠÏÚÎÒÕÏÇÉËŠÉÛÌÚÙ

ÛÉÍÒÖÊÏÕÉËŠÉËÎÅÏÕÉÜÒÃÌÏÑÃÍÏÇÉÚÕÏÉÓÚÕÎÃÔÒÑÚÕÑ�ÉÔËÍÔÏÕÍÏÌÉŽÃÎÅÉÕÏÑÃÚÊÃÑÃÎ�ÉÚÍÌÉÓËÕÎÚÊÃÑÃÎ�ÉÃÇÇÒÏÇÙÉÀÅÏ�ÉÔËÒÍÇÏÑ

Ú ËÃÌÚÍÔÏÉËŠÉÑÚÍÜÒÚÜÏÉŠÏÚÎÒÕÏÇÉÚÍÌÉÓÕËÜÕÚÖÖÃÍÜÉÓÕÚÔÎÃÔÏÇÉÎÅÚÎÉÏÃÎÅÏÕÉÌÏÓÏÍÌÉËÍÉÓÕËÓÏÕÎÃÏÇÉÍËÎÉÌÏŠÃÍÏÌÉÃÍ

ÛÌÚÉËÕÉËÍÉÓÕËÓÏÕÎÃÏÇÉÎÅÚÎÉÖÚ�É ÚÕ�ÉŠÕËÖÉÃÖÓÑÏÖÏÍÎÚÎÃËÍÉÎËÉÃÖÓÑÏÖÏÍÎÚÎÃËÍÙÉ&ËÖÏÉËŠÉÎÅÏÇÏÉÜÒÃÌÏÑÃÍÏÇ�ÉÇÒÔÅ

ÚÇÉÎÅÏÉËÍÏÉŠËÕÊÃÌÌÃÍÜÉÌÏÓÏÍÌÏÍÔÏÉËÍÉÏ�ÓÕÏÇÇÃËÍÉÏ ÚÑÒÚÎÃËÍÉËÕÌÏÕ�ÉÇÅËÒÑÌÉÍÏ ÏÕÉÊÏÉ ÃËÑÚÎÏÌÙÉ%ÎÅÏÕÇÉÖÚ�

ÅÚ ÏÉÎËÉÊÏÉ ÃËÑÚÎÏÌÉÃÍÉÇÓÏÔÃÚÑÉÇÃÎÒÚÎÃËÍÇÉÇÒÔÅÉÚÇÉÃÍÎÏÕŠÚÔÃÍÜÉÎËÉËÎÅÏÕÉÇ�ÇÎÏÖÇÙÉÀÅÃÇÉÇÅËÒÑÌÉËÍÑ�ÉÊÏÉÌËÍÏÉÚŠÎÏÕ

ÔÚÕÏŠÒÑÉÌÏÑÃÊÏÕÚÎÃËÍ�ÉÚÍÌÉÇÒÔÅÉ ÃËÑÚÎÃËÍÇÉÇÅËÒÑÌÉÊÏÉÓÕËÖÃÍÏÍÎÑ�ÉÃÍÌÃÔÚÎÏÌÙÉ"ÏÕŠËÕÖÚÍÔÏÉÔËÍÇÎÕÚÃÍÎÇÉÚÕÏ

ËŠÎÏÍÉËŠŠÏÕÏÌÉÚÇÉÚÍÉÏ�ÔÒÇÏÉŠËÕÉÒÍÇÚŠÏÉÓÕËÜÕÚÖÖÃÍÜÉÓÕÚÔÎÃÔÏÇ,ÉÎÅÃÇÉÃÇÉÕÚÕÏÑ�ÉÚÉÇÒŠŠÃÔÃÏÍÎÉ$ÒÇÎÃŠÃÔÚÎÃËÍÙ

&ËŠÎŽÚÕÏÉÎËËÑÇÉÔËÒÑÌÉÊÏÉÒÇÏÌÉÎËÉÏÍŠËÕÔÏ�ÉÏÍÔËÒÕÚÜÏ�ÉËÕÉÔÅÏÔÈÉÔËÍŠËÕÖÚÍÔÏÉÎËÉÖÚÍ�ÉËŠÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÙÉÛÎ

ÓÕÏÇÏÍÎ�ÉÇÒÔÅÉÎËËÑÇÉŠËÕÉÛÌÚÉÓÕÃÖÚÕÃÑ�ÉÔËÍÇÃÇÎÉËŠÉÔËÌÏÉŠËÕÖÚÎÎÏÕÇÉËÕÉÇ�ÍÎÚ�ÉÌÃÕÏÔÎÏÌÉÏÌÃÎËÕÇÙÉ��ÃÇÎÃÍÜÉÔËÌÏ

ŠËÕÖÚÎÎÏÕÇÉÚÕÏÉËŠÎÏÍÉÓÚÕÚÖÏÎÏÕÃ’ÚÊÑÏÉÚÍÌÉÔÚÍÉÊÏÉÃÍÇÎÚÍÎÃÚÎÏÌÉÎËÉÑÚ�ÉËÒÎÉÔËÌÏÉÃÍÉÚÉŽÚ�ÉÔËÍÇÃÇÎÏÍÎÉŽÃÎÅÉÖÚÍ�ÉËŠ

ÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇÉÊËËÈÙ

ÀÅÃÇÉÊËËÈÉÃÇÉÃÍÎÏÍÌÏÌÉŠËÕÉÎÅËÇÏÉÃÍ ËÑ ÏÌÉÃÍÉÎÅÏÉÚÔÎÒÚÑÉÌÏ ÏÑËÓÖÏÍÎÉËŠÉÇËŠÎŽÚÕÏÉÇ�ÇÎÏÖÇÉŽÕÃÎÎÏÍÉÃÍÉÛÌÚÙÉÀÅÏ

ŠËÑÑËŽÃÍÜÉÇÒÊÇÏÔÎÃËÍÇÉÌÃÇÔÒÇÇÉÅËŽÉÎËÉÖÚÈÏÉÎÅÏÉÖËÇÎÉÏŠŠÏÔÎÃ ÏÉÒÇÏÉËŠÉÎÅÏÉÖÚÎÏÕÃÚÑÉÓÕÏÇÏÍÎÏÌÙÉBÏÚÌÏÕÇÉŽÃÎÅ

ÌÃŠŠÏÕÏÍÎÉÑÏ ÏÑÇÉËŠÉÛÌÚÉÏ�ÓÏÕÃÏÍÔÏÉÚÍÌÉÌÃŠŠÏÕÏÍÎÉÕËÑÏÇÉÃÍÉÚÉÇËŠÎŽÚÕÏÉÓÕË$ÏÔÎÉŽÃÑÑÉÍÏÏÌÉÎËÉÒÇÏÉÎÅÏÉÊËËÈÉÃÍ

ÌÃŠŠÏÕÏÍÎÉŽÚ�ÇÙÉ &ÓÏÔÃŠÃÔÉ ÔËÖÖÏÍÎÇÉ ÎËÉ ÎÅÕÏÏÉ ÊÕËÚÌÉ ÔÚÎÏÜËÕÃÏÇÉ ËŠÉ ÇËŠÎŽÚÕÏÉ ÌÏ ÏÑËÓÖÏÍÎÉ ÓÏÕÇËÍÍÏÑÉ ÚÕÏ

ÚÌÌÕÏÇÇÏÌ/ÉÃÍÏ�ÓÏÕÃÏÍÔÏÌÉÛÌÚÉÓÕËÜÕÚÖÖÏÕÇ�ÉÏ�ÓÏÕÃÏÍÔÏÌÉÛÌÚÉÓÕËÜÕÚÖÖÏÕÇ�ÉÚÍÌÉÇËŠÎŽÚÕÏÉÌÏ ÏÑËÓÖÏÍÎ

ÖÚÍÚÜÏÕÇÙÉ

1.1 HOW TO USE THIS BOOK

ÀÅÏÕÏÉÚÕÏÉÚÉÍÒÖÊÏÕÉËŠÉŽÚ�ÇÉÃÍÉŽÅÃÔÅÉÎÅÃÇÉÊËËÈÉÔÚÍÉÊÏÉÒÇÏÌ/ÉÚÇÉÚÉÕÏŠÏÕÏÍÔÏÉËÍÉÜËËÌÉÛÌÚÉÇÎ�ÑÏ,ÉÚÇÉÚ

ÔËÖÓÕÏÅÏÍÇÃ ÏÉÑÃÇÎÉËŠÉÜÒÃÌÏÑÃÍÏÇÉŽÅÃÔÅÉŽÃÑÑÉÔËÍÎÕÃÊÒÎÏÉÎËÉÊÏÎÎÏÕÉÛÌÚÉÓÕËÜÕÚÖÇ,ÉËÕÉÚÇÉÚÉÕÏŠÏÕÏÍÔÏÉŽËÕÈÉÎË

ÔËÍÇÒÑÎÉÚÊËÒÎÉÒÇÃÍÜÉÇÓÏÔÃŠÃÔÉŠÏÚÎÒÕÏÇÉËŠÉÎÅÏÉÑÚÍÜÒÚÜÏÙÉÀÅÏÉÊËËÈÉÔËÍÎÚÃÍÇÉÖÚÍ�ÉÜÒÃÌÏÑÃÍÏÇ�ÉÇËÖÏÉËŠÉŽÅÃÔÅÉÚÕÏ

!ÒÃÎÏÉÔËÖÓÑÏ�ÙÉ>ÏÚÕÍÃÍÜÉÎÅÏÖÉÚÑÑÉÚÎÉÎÅÏÉÇÚÖÏÉÎÃÖÏÉÇÅËÒÑÌÉÍËÎÉÊÏÉÍÏÔÏÇÇÚÕ�,ÉÃÎÉÃÇÉÒÍÑÃÈÏÑ�ÉÎÅÚÎÉ�ËÒÉŽÃÑÑÉÊÏ

ÒÇÃÍÜÉÚÑÑÉÎÅÏÉŠÏÚÎÒÕÏÇÉËŠÉÎÅÏÉÑÚÍÜÒÚÜÏÉÚÎÉËÍÔÏÙÉCËŽÏ ÏÕ�ÉÃÎÉÃÇÉÕÏÔËÖÖÏÍÌÏÌÉÎÅÚÎÉÚÑÑÉÓÕËÜÕÚÖÖÏÕÇÉ-ÚÍÌ�ÉŽÅÏÕÏ

ÓËÇÇÃÊÑÏ�ÉËÎÅÏÕÉÛÌÚÉÓÕË$ÏÔÎÉÇÎÚŠŠ.ÉÖÚÈÏÉÚÍÉÏŠŠËÕÎÉÎËÉÕÏÚÌÉÚÍÌÉÒÍÌÏÕÇÎÚÍÌÉ+ÅÚÓÎÏÕÇÉ6�ÉD�ÉÚÍÌÉ(ÉÚÍÌÉ+ÅÚÓÎÏÕÉE

ÒÓÉÎËÉ&ÏÔÎÃËÍÉEÙFÙÉ&ËÖÏÉËŠÉÎÅÏÉÖÚÎÏÕÃÚÑÉÃÇÉ!ÒÃÎÏÉÌÃŠŠÃÔÒÑÎÉ-ŠËÕÉÏ�ÚÖÓÑÏ�É&ÏÔÎÃËÍÉ(Ù6ÉŽÅÃÔÅÉÌÃÇÔÒÇÇÏÇÉ ÃÇÃÊÃÑÃÎ�.�

ÊÒÎÉÃÎÉÔË ÏÕÇÉÃÇÇÒÏÇÉŽÅÃÔÅÉÚÕÏÉŠÒÍÌÚÖÏÍÎÚÑÉÎËÉÎÅÏÉÏŠŠÏÔÎÃ ÏÉÒÇÏÉËŠÉÛÌÚÉÚÍÌÉÃÇÉÃÖÓËÕÎÚÍÎÉŠËÕÉÚÍ�ÉÇËŠÎŽÚÕÏ

ÓÕËŠÏÇÇÃËÍÚÑÉÃÍ ËÑ ÏÌÉÃÍÉÊÒÃÑÌÃÍÜÉÛÌÚÉÇ�ÇÎÏÖÇÙ

ÀÅÏÉÕÏÖÚÃÍÌÏÕÉËŠÉÎÅÏÉÊËËÈÉÔË ÏÕÇÉÕÏÑÚÎÃ ÏÑ�ÉÇÓÏÔÃŠÃÔÉÃÇÇÒÏÇÙÉ��ÔÏÓÎÃËÍÇÉÚÍÌÉÏÕÕËÍÏËÒÇÉÏ�ÏÔÒÎÃËÍÉÃÇÉÔË ÏÕÏÌ

ÚÎÉÎÅÏÉÏÍÌÉËŠÉ+ÅÚÓÎÏÕÉE,ÉÚÍÌÉÎÚÇÈÃÍÜ�ÉÓËÕÎÚÊÃÑÃÎ��ÉÚÍÌÉÕÏÒÇÏÉÃÇÉÔË ÏÕÏÌÉÃÍÉ+ÅÚÓÎÏÕÇÉG�ÉF�ÉÚÍÌÉHÉÕÏÇÓÏÔÎÃ ÏÑ�Ù

?ËÒÉÇÅËÒÑÌÉÊÏÉÚŽÚÕÏÉËŠÉÎÅÏÉÔËÍÎÏÍÎÉËŠÉÎÅÃÇÉÓÚÕÎÉËŠÉÎÅÏÉÊËËÈÙÉ?ËÒÉÖÚ�ÉÊÏÉÕÏ!ÒÃÕÏÌÉÎËÉŠËÑÑËŽÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇ

ÓÕÏÇÏÍÎÏÌÉÃÍÉÃÎ�ÉÊÒÎÉ�ËÒÉÔËÒÑÌÉÌÏŠÏÕÉÖËÕÏÉÌÏÎÚÃÑÏÌÉÇÎÒÌ�ÉÒÍÎÃÑÉÍÏÏÌÏÌÙÉ#ÏÚÍŽÅÃÑÏ�ÉÃÎÉÔÚÍÉÇÏÕ ÏÉÚÇÉÒÇÏŠÒÑ

ÕÏŠÏÕÏÍÔÏÉÖÚÎÏÕÃÚÑÉÚÊËÒÎÉÇÓÏÔÃŠÃÔÉÛÌÚÉŠÏÚÎÒÕÏÇ,ÉŠËÕÉÏ�ÚÖÓÑÏ�ÉÎÅÏÉÌÃÇÔÒÇÇÃËÍÉËŠÉŠÑËÚÎÃÍÜÉÓËÃÍÎÉÍÒÖÊÏÕÇÉÃÍÉÎÅÏ

ÔÅÚÓÎÏÕÉËÍÉÓËÕÎÚÊÃÑÃÎ�Ù

ÀÅÃÇÉÊËËÈÉÃÇÉÍËÎÉÃÍÎÏÍÌÏÌÉÚÇÉÚÍÉÃÍÎÕËÌÒÔÎËÕ�ÉÎÏ�ÎÉËÍÉÛÌÚÉËÕÉÚÇÉÚÉÔËÖÓÑÏÎÏÉÖÚÍÒÚÑÉËŠÉÎÅÏÉÛÌÚÉÑÚÍÜÒÚÜÏÙÉŸÎÉÃÇ

ÚÇÇÒÖÏÌÉÎÅÚÎÉ�ËÒÉÚÑÕÏÚÌ�ÉÈÍËŽÉÎÅÏÉÇ�ÍÎÚ�ÉËŠÉÛÌÚÉÚÍÌÉÅÚ ÏÉÚÉÕÒÌÃÖÏÍÎÚÕ�ÉÒÍÌÏÕÇÎÚÍÌÃÍÜÉËŠÉÎÅÏÉÇÏÖÚÍÎÃÔÇÙ

IÃÎÅÉÇÒÔÅÉÚÉÊÚÔÈÜÕËÒÍÌ�É�ËÒÉÇÅËÒÑÌÉŠÃÍÌÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÒÇÏŠÒÑ�ÉÃÍŠËÕÖÚÎÃ Ï�ÉÚÍÌÉËŠÎÏÍÉÏÍÑÃÜÅÎÏÍÃÍÜÙ

ŸŠÉ�ËÒÉÚÕÏÉÑÏÚÕÍÃÍÜÉÛÌÚÉ�ËÒÉÇÅËÒÑÌÉÏ!ÒÃÓÉ�ËÒÕÇÏÑŠÉŽÃÎÅÉÚÉÔËÖÓÕÏÅÏÍÇÃ ÏÉÃÍÎÕËÌÒÔÎÃËÍÉÎËÉÎÅÏÉÑÚÍÜÒÚÜÏÉÇÒÔÅÉÚÇ

JÚÕÍÏÇÉ-ÄKHK.ÉËÕÉ+ËÅÏÍÉ-ÄKHG.ÙÉÀÅÏÉÛÌÚÉ>ÚÍÜÒÚÜÏÉBÏŠÏÕÏÍÔÏÉ#ÚÍÒÚÑÉ-AÏÓÚÕÎÖÏÍÎÉËŠÉAÏŠÏÍÇÏÉÄKHD.

ÇÅËÒÑÌÉÊÏÉÕÏÜÚÕÌÏÌÉÚÇÉÚÉÔÕÒÔÃÚÑÉÔËÖÓÚÍÃËÍÉÎËÉÎÅÃÇÉÊËËÈÙÉÀÅÏÉÖÚ$ËÕÃÎ�ÉËŠÉÜÒÃÌÏÑÃÍÏÇÉÕÏŠÏÕÏÍÔÏÉÎÅÏÉÇÏÔÎÃËÍÇÉËŠ

ÎÅÏÉÛÌÚÉ>ÚÍÜÒÚÜÏÉBÏŠÏÕÏÍÔÏÉ#ÚÍÒÚÑÉÎÅÚÎÉÌÏŠÃÍÏÉÎÅÏÉÑÚÍÜÒÚÜÏÉŠÏÚÎÒÕÏÇÉÊÏÃÍÜÉÌÃÇÔÒÇÇÏÌÙÉÛÓÓÏÍÌÃ�ÉÛÉÔÕËÇÇ

ÕÏŠÏÕÏÍÔÏÇÉÇÏÔÎÃËÍÇÉËŠÉÎÅÏÉÛÌÚÉ>ÚÍÜÒÚÜÏÉBÏŠÏÕÏÍÔÏÉ#ÚÍÒÚÑÉÎËÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÙ

ÀÅÕËÒÜÅËÒÎÉÎÅÏÉÊËËÈ�ÉÕÏŠÏÕÏÍÔÏÇÉÚÕÏÉÜÃ ÏÍÉÎËÉËÎÅÏÕÉÇËÒÕÔÏÇÉËŠÉÃÍŠËÕÖÚÎÃËÍÉÚÊËÒÎÉÛÌÚÉÇÎ�ÑÏÉÚÍÌÉËÎÅÏÕÉÛÌÚ

ÃÇÇÒÏÇÙÉÀÅÏÉÕÏŠÏÕÏÍÔÏÇÉÚÕÏÉÑÃÇÎÏÌÉÚÎÉÎÅÏÉÏÍÌÉËŠÉÎÅÏÉÊËËÈ�ÉŠËÑÑËŽÏÌÉÊ�ÉÚÉÊÃÊÑÃËÜÕÚÓÅ�ÉŽÅÃÔÅÉÃÍÔÑÒÌÏÇÉÎÅÏÖÉÚÍÌ

ËÎÅÏÕÉÕÏÑÏ ÚÍÎÉÇËÒÕÔÏÇÉÔËÍÇÒÑÎÏÌÉÌÒÕÃÍÜÉÎÅÏÉÊËËÈLÇÉÓÕÏÓÚÕÚÎÃËÍÙ

1.2 TO THE NEW Ada PROGRAMMER

ÛÎÉŠÃÕÇÎÉÇÃÜÅÎ�ÉÛÌÚÉËŠŠÏÕÇÉÚÉÊÏŽÃÑÌÏÕÃÍÜÉ ÚÕÃÏÎ�ÉËŠÉŠÏÚÎÒÕÏÇÙÉŸÎÉÃÇÉÚÉÓËŽÏÕŠÒÑÉÎËËÑÉÃÍÎÏÍÌÏÌÉÎËÉÇËÑ ÏÉÌÃŠŠÃÔÒÑÎ

ÓÕËÊÑÏÖÇ�ÉÚÍÌÉÚÑÖËÇÎÉÏ ÏÕ�ÉŠÏÚÎÒÕÏÉÅÚÇÉÚÉÑÏÜÃÎÃÖÚÎÏÉÚÓÓÑÃÔÚÎÃËÍÉÃÍÉÇËÖÏÉÔËÍÎÏ�ÎÙÉÀÅÃÇÉÖÚÈÏÇÉÃÎÉÏÇÓÏÔÃÚÑÑ�



Ÿ@ÀB%A=+ÀŸ%@ÉÉD

ÃÖÓËÕÎÚÍÎÉÎËÉÒÇÏÉÛÌÚLÇÉŠÏÚÎÒÕÏÇÉÃÍÉÚÉÌÃÇÔÃÓÑÃÍÏÌÉÚÍÌÉËÕÜÚÍÃ’ÏÌÉŽÚ�ÙÉÀÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇÉÊËËÈÉŠËÕÊÃÌÉÎÅÏ

ÒÇÏÉËŠÉŠÏŽÉÛÌÚÉŠÏÚÎÒÕÏÇÙÉBÚÎÅÏÕ�ÉÎÅÏ�ÉÇÅËŽÉÅËŽÉÎÅÏÉŠÏÚÎÒÕÏÇÉÔÚÍÉÊÏÉÇ�ÇÎÏÖÚÎÃÔÚÑÑ�ÉÌÏÓÑË�ÏÌÉÎËÉŽÕÃÎÏÉÔÑÏÚÕ�

ÅÃÜÅ)!ÒÚÑÃÎ�ÉÓÕËÜÕÚÖÇÙÉ*ËÑÑËŽÃÍÜÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉŽÃÑÑÉÖÚÈÏÉÑÏÚÕÍÃÍÜÉÛÌÚÉÏÚÇÃÏÕÉÚÍÌÉÅÏÑÓÉ�ËÒÉÎËÉÖÚÇÎÏÕÉÃÎÇ

ÚÓÓÚÕÏÍÎÉÔËÖÓÑÏ�ÃÎ�ÙÉ*ÕËÖÉÎÅÏÉÊÏÜÃÍÍÃÍÜ�É�ËÒÉÔÚÍÉŽÕÃÎÏÉÓÕËÜÕÚÖÇÉÎÅÚÎÉÏ�ÓÑËÃÎÉÎÅÏÉÊÏÇÎÉŠÏÚÎÒÕÏÇÉËŠÉÎÅÏ

ÑÚÍÜÒÚÜÏÉÃÍÉÎÅÏÉŽÚ�ÉÎÅÚÎÉÎÅÏÉÌÏÇÃÜÍÏÕÇÉÃÍÎÏÍÌÏÌÙ

"ÕËÜÕÚÖÖÏÕÇÉÏ�ÓÏÕÃÏÍÔÏÌÉÃÍÉÒÇÃÍÜÉÚÍËÎÅÏÕÉÓÕËÜÕÚÖÖÃÍÜÉÑÚÍÜÒÚÜÏÉÚÕÏÉËŠÎÏÍÉÎÏÖÓÎÏÌÉÎËÉÒÇÏÉÛÌÚÉÚÇÉÃŠÉÃÎÉŽÏÕÏ

ÎÅÏÃÕÉŠÚÖÃÑÃÚÕÉÑÚÍÜÒÚÜÏÉÊÒÎÉŽÃÎÅÉÃÕÕÃÎÚÎÃÍÜÉÇ�ÍÎÚÔÎÃÔÉÌÃŠŠÏÕÏÍÔÏÇÙÉÀÅÃÇÉÓÃÎŠÚÑÑÉÇÅËÒÑÌÉÊÏÉÚ ËÃÌÏÌÉÚÎÉÚÑÑÉÔËÇÎÇ,ÉÃÎ

ÔÚÍÉÑÏÚÌÉÎËÉÔËÍ ËÑÒÎÏÌÉÔËÌÏÉÎÅÚÎÉÇÒÊ ÏÕÎÇÉÏ�ÚÔÎÑ�ÉÎÅËÇÏÉÚÇÓÏÔÎÇÉËŠÉÛÌÚÉÎÅÚÎÉÖÚÈÏÉÃÎÉÇËÉÇÒÃÎÚÊÑÏÉŠËÕÉÊÒÃÑÌÃÍÜ

ÅÃÜÅ)!ÒÚÑÃÎ�ÉÇ�ÇÎÏÖÇÙÉ?ËÒÉÖÒÇÎÉÑÏÚÕÍÉÎËÉMÎÅÃÍÈÉÛÌÚN,ÉŠËÑÑËŽÃÍÜÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇÉÊËËÈÉÚÍÌÉÕÏÚÌÃÍÜÉÎÅÏ

Ï�ÚÖÓÑÏÇÉËŠÉÎÅÏÃÕÉÒÇÏÉŽÃÑÑÉÅÏÑÓÉ�ËÒÉÎËÉÌËÉÎÅÃÇÉÚÇÉ!ÒÃÔÈÑ�ÉÚÍÌÉÓÚÃÍÑÏÇÇÑ�ÉÚÇÉÓËÇÇÃÊÑÏÙ

ÀËÉÇËÖÏÉÌÏÜÕÏÏ�ÉÍË ÃÔÏÉÓÕËÜÕÚÖÖÏÕÇÉÑÏÚÕÍÃÍÜÉÛÌÚÉÅÚ ÏÉÚÍÉÚÌ ÚÍÎÚÜÏÙÉ*ËÑÑËŽÃÍÜÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉŠÕËÖÉÎÅÏ

ÊÏÜÃÍÍÃÍÜÉÅÏÑÓÇÉÃÍÉÌÏ ÏÑËÓÃÍÜÉÚÉÔÑÏÚÕÉÓÕËÜÕÚÖÖÃÍÜÉÇÎ�ÑÏÉÎÅÚÎÉÏŠŠÏÔÎÃ ÏÑ�ÉÏ�ÓÑËÃÎÇÉÎÅÏÉÑÚÍÜÒÚÜÏÙÉŸŠÉ�ËÒÉÚÕÏÉÃÍ

ÎÅÃÇÉÔÚÎÏÜËÕ��ÉÃÎÉÃÇÉÕÏÔËÖÖÏÍÌÏÌÉÎÅÚÎÉ�ËÒÉÚÌËÓÎÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉŠËÕÉÎÅËÇÏÉÏ�ÏÕÔÃÇÏÇÉ�ËÒÉÓÏÕŠËÕÖÉÚÇÉÓÚÕÎÉËŠ

ÑÏÚÕÍÃÍÜÉÛÌÚÙÉŸÍÃÎÃÚÑÑ��ÉÌÏ ÏÑËÓÃÍÜÉÇËÒÍÌÉÓÕËÜÕÚÖÖÃÍÜÉÅÚÊÃÎÇÉÊ�ÉÔËÍÔÏÍÎÕÚÎÃÍÜÉËÍÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÎÅÏÖÇÏÑ ÏÇ�

ÚÍÌÉÎÅÏÃÕÉÇÒÓÓËÕÎÃÍÜÉÏ�ÚÖÓÑÏÇ�ÉÃÇÉÖËÕÏÉÃÖÓËÕÎÚÍÎÉÎÅÚÍÉÒÍÌÏÕÇÎÚÍÌÃÍÜÉÎÅÏÉÕÚÎÃËÍÚÑÏÉŠËÕÉÏÚÔÅÉÜÒÃÌÏÑÃÍÏÙÉ@ËÎÏ

ÎÅÚÎÉÏÚÔÅÉÔÅÚÓÎÏÕÉÏÍÌÇÉŽÃÎÅÉÚÉÇÒÖÖÚÕ�ÉËŠÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÎÉÔËÍÎÚÃÍÇÙ

ÀÅÏÉ ÕÚÎÃËÍÚÑÏÉ ŠËÕÉÖÚÍ�ÉËŠÉ ÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÅÏÑÓÉÏ�ÓÏÕÃÏÍÔÏÌÉÓÕËÜÕÚÖÖÏÕÇÉÒÍÌÏÕÇÎÚÍÌÉÚÍÌÉÚÔÔÏÓÎÉ ÎÅÏ

ÇÒÜÜÏÇÎÃËÍÇÉ ÓÕÏÇÏÍÎÏÌÉ ÃÍÉ ÎÅÏÉ ÜÒÃÌÏÑÃÍÏÙÉ &ËÖÏÉ ËŠÉ ÎÅÏÉ ÜÒÃÌÏÑÃÍÏÇÉ ÎÅÏÖÇÏÑ ÏÇÉ ÚÕÏÉ ÚÑÇËÉ ŽÕÃÎÎÏÍÉ ŠËÕÉ ÎÅÏ

Ï�ÓÏÕÃÏÍÔÏÌÉÓÕËÜÕÚÖÖÏÕÉŽÅËÉÖÒÇÎÉÖÚÈÏÉÏÍÜÃÍÏÏÕÃÍÜÉÎÕÚÌÏËŠŠÇÙÉÀÅÃÇÉÃÇÉÏÇÓÏÔÃÚÑÑ�ÉÎÕÒÏÉÃÍÉÎÅÏÉÚÕÏÚÇÉËŠ

ÓËÕÎÚÊÃÑÃÎ��ÉÕÏÒÇÚÊÃÑÃÎ��ÉÚÍÌÉÓÏÕŠËÕÖÚÍÔÏÙÉÀÅÏÇÏÉÖËÕÏÉÌÃŠŠÃÔÒÑÎÉÜÒÃÌÏÑÃÍÏÇÉÚÍÌÉÕÚÎÃËÍÚÑÏÉŽÃÑÑÉÖÚÈÏÉ�ËÒÉÚŽÚÕÏ

ËŠÉÎÅÏÉÃÇÇÒÏÇÉÚŠŠÏÔÎÃÍÜÉÏÚÔÅÉÓÕËÜÕÚÖÖÃÍÜÉÌÏÔÃÇÃËÍÙÉ?ËÒÉÔÚÍÉÎÅÏÍÉÒÇÏÉÎÅÚÎÉÚŽÚÕÏÍÏÇÇÉÎËÉÕÏÔËÜÍÃ’ÏÉÎÅÏ

ÏÍÜÃÍÏÏÕÃÍÜÉ ÎÕÚÌÏËŠŠÇÉ ÎÅÚÎÉ�ËÒÉŽÃÑÑÉÏ ÏÍÎÒÚÑÑ�ÉÊÏÉÚÇÈÏÌÉ ÎËÉÖÚÈÏÉŽÅÏÍÉ�ËÒÉÚÕÏÉÎÅÏÉÏ�ÓÏÕÃÏÍÔÏÌÉÛÌÚ

ÓÕËÜÕÚÖÖÏÕÙ

1.3 TO THE EXPERIENCED Ada PROGRAMMER

ÛÇÉÚÍÉÏ�ÓÏÕÃÏÍÔÏÌÉÓÕËÜÕÚÖÖÏÕÉ�ËÒÉÚÕÏÉÚÑÕÏÚÌ�ÉŽÕÃÎÃÍÜÉÔËÌÏÉÎÅÚÎÉÔËÍŠËÕÖÇÉÎËÉÖÚÍ�ÉËŠÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇ

ÊËËÈÙÉŸÍÉÇËÖÏÉÚÕÏÚÇ�ÉÅËŽÏ ÏÕ�É�ËÒÉÖÚ�ÉÅÚ ÏÉÚÌËÓÎÏÌÉÚÉÓÏÕÇËÍÚÑÉÓÕËÜÕÚÖÖÃÍÜÉÇÎ�ÑÏÉÎÅÚÎÉÌÃŠŠÏÕÇÉŠÕËÖÉÎÅÚÎ

ÓÕÏÇÏÍÎÏÌÉÅÏÕÏ�ÉÚÍÌÉ�ËÒÉÖÃÜÅÎÉÊÏÉÕÏÑÒÔÎÚÍÎÉÎËÉÔÅÚÍÜÏÙÉ+ÚÕÏŠÒÑÑ�ÉÕÏ ÃÏŽÉÎÅËÇÏÉÜÒÃÌÏÑÃÍÏÇÉÎÅÚÎÉÚÕÏÉÃÍÔËÍÇÃÇÎÏÍÎ

ŽÃÎÅÉ�ËÒÕÉÔÒÕÕÏÍÎÉÇÎ�ÑÏ�ÉÖÚÈÏÉÇÒÕÏÉÎÅÚÎÉ�ËÒÉÒÍÌÏÕÇÎÚÍÌÉÎÅÏÃÕÉÕÚÎÃËÍÚÑÏ�ÉÚÍÌÉÔËÍÇÃÌÏÕÉÚÌËÓÎÃÍÜÉÎÅÏÖÙÉÀÅÏ

Ë ÏÕÚÑÑÉÇÏÎÉËŠÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇÉÊËËÈÉÏÖÊËÌÃÏÇÉÚÉÔËÍÇÃÇÎÏÍÎÉÚÓÓÕËÚÔÅÉÎËÉÓÕËÌÒÔÃÍÜÉÅÃÜÅ)!ÒÚÑÃÎ�ÉÓÕËÜÕÚÖÇÉÎÅÚÎ

ŽËÒÑÌÉÊÏÉŽÏÚÈÏÍÏÌÉÊ�ÉÎËËÉÖÚÍ�ÉÏ�ÔÏÓÎÃËÍÇÙ

ÛÍËÎÅÏÕÉÃÖÓËÕÎÚÍÎÉÕÏÚÇËÍÉŠËÕÉÜÏÍÏÕÚÑÉÚÌËÓÎÃËÍÉËŠÉÔËÖÖËÍÉÜÒÃÌÏÑÃÍÏÇÉÃÇÉÔËÍÇÃÇÎÏÍÔ�ÙÉŸŠÉÚÑÑÉÎÅÏÉÇÎÚŠŠÉËŠÉÚ

ÓÕË$ÏÔÎÉŽÕÃÎÏÉÇËÒÕÔÏÉÎÏ�ÎÉÃÍÉÎÅÏÉÇÚÖÏÉÇÎ�ÑÏ�ÉÖÚÍ�ÉÔÕÃÎÃÔÚÑÉÓÕË$ÏÔÎÉÚÔÎÃ ÃÎÃÏÇÉÚÕÏÉÏÚÇÃÏÕÙÉ+ËÍÇÃÇÎÏÍÎÉÔËÌÏ

ÇÃÖÓÑÃŠÃÏÇÉŠËÕÖÚÑÉÚÍÌÉÃÍŠËÕÖÚÑÉÔËÌÏÉÕÏ ÃÏŽÇ�ÉÇ�ÇÎÏÖÉÃÍÎÏÜÕÚÎÃËÍ�ÉŽÃÎÅÃÍ;ÓÕË$ÏÔÎÉÔËÌÏÉÕÏÒÇÏ�ÉÚÍÌÉÎÅÏÉÓÕË ÃÇÃËÍ

ÚÍÌÉÚÓÓÑÃÔÚÎÃËÍÉËŠÉÇÒÓÓËÕÎÃÍÜÉÎËËÑÇÙÉŸÍÉÓÕÚÔÎÃÔÏ�ÉÔËÕÓËÕÚÎÏÉËÕÉÓÕË$ÏÔÎÉÇÎÚÍÌÚÕÌÇÉÖÚ�ÉÕÏ!ÒÃÕÏÉÌÏ ÃÚÎÃËÍÇÉŠÕËÖ

ÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÎËÉÊÏÉÏ�ÓÑÃÔÃÎÑ�ÉÔËÖÖÏÍÎÏÌ�ÉÇËÉÚÌËÓÎÃÍÜÉÚÉÍËÍÇÎÚÍÌÚÕÌÉÚÓÓÕËÚÔÅÉÖÚ�ÉÕÏ!ÒÃÕÏÉÏ�ÎÕÚÉŽËÕÈÙ

1.4 TO THE SOFTWARE PROJECT MANAGER

ÀÏÔÅÍÃÔÚÑÉÖÚÍÚÜÏÖÏÍÎÉÓÑÚ�ÇÉÚÉÈÏ�ÉÕËÑÏÉÃÍÉÏÍÇÒÕÃÍÜÉÎÅÚÎÉÎÅÏÉÇËŠÎŽÚÕÏÉÓÕËÌÒÔÏÌÉÃÍÉÎÅÏÉÔËÒÕÇÏÉËŠÉÚÉÓÕË$ÏÔÎÉÃÇ

ÔËÕÕÏÔÎ�ÉÕÏÑÃÚÊÑÏ�ÉÖÚÃÍÎÚÃÍÚÊÑÏ�ÉÚÍÌÉÓËÕÎÚÊÑÏÙÉ#ÚÍÚÜÏÖÏÍÎÉÖÒÇÎÉÔÕÏÚÎÏÉÚÉÓÕË$ÏÔÎ;ŽÃÌÏÉÔËÖÖÃÎÖÏÍÎÉÎËÉÎÅÏ

ÓÕËÌÒÔÎÃËÍÉ ËŠÉ ÅÃÜÅ;!ÒÚÑÃÎ�É ÔËÌÏ,É ÌÏŠÃÍÏÉ ÓÕË$ÏÔÎ;ÇÓÏÔÃŠÃÔÉ ÔËÌÃÍÜÉ ÇÎÚÍÌÚÕÌÇÉ ÚÍÌÉ ÜÒÃÌÏÑÃÍÏÇ,É ŠËÇÎÏÕÉ ÚÍ

ÒÍÌÏÕÇÎÚÍÌÃÍÜÉËŠÉŽÅ�ÉÒÍÃŠËÕÖÉÚÌÅÏÕÏÍÔÏÉÎËÉÎÅÏÉÔÅËÇÏÍÉÔËÌÃÍÜÉÇÎÚÍÌÚÕÌÇÉÃÇÉÔÕÃÎÃÔÚÑÉÎËÉÓÕËÌÒÔÎÉ!ÒÚÑÃÎ�,ÉÚÍÌ

ÏÇÎÚÊÑÃÇÅÉÓËÑÃÔÃÏÇÉÚÍÌÉÓÕËÔÏÌÒÕÏÇÉÎËÉÔÅÏÔÈÉÚÍÌÉÏÍŠËÕÔÏÉÎÅÚÎÉÚÌÅÏÕÏÍÔÏÙÉÀÅÏÉÜÒÃÌÏÑÃÍÏÇÉÔËÍÎÚÃÍÏÌÉÃÍÉÎÅÃÇ

ÊËËÈÉÔÚÍÉÚÃÌÉÇÒÔÅÉÚÍÉÏŠŠËÕÎÙ

ÛÍÉÃÖÓËÕÎÚÍÎÉÚÔÎÃ ÃÎ�ÉŠËÕÉÖÚÍÚÜÏÕÇÉÃÇÉÎÅÏÉÌÏŠÃÍÃÎÃËÍÉËŠÉÔËÌÃÍÜÉÇÎÚÍÌÚÕÌÇÉŠËÕÉÚÉÓÕË$ÏÔÎÉËÕÉËÕÜÚÍÃ’ÚÎÃËÍÙÉÀÅÏÇÏ

ÜÒÃÌÏÑÃÍÏÇÉÌËÉÍËÎ�ÉÃÍÉÎÅÏÖÇÏÑ ÏÇ�ÉÔËÍÇÎÃÎÒÎÏÉÚÉÔËÖÓÑÏÎÏÉÇÏÎÉËŠÉÇÎÚÍÌÚÕÌÇ,ÉÅËŽÏ ÏÕ�ÉÎÅÏ�ÉÔÚÍÉÇÏÕ ÏÉÚÇÉÚÉÊÚÇÃÇ

ŠËÕÉÎÅÏÖÙÉÛÉÍÒÖÊÏÕÉËŠÉÜÒÃÌÏÑÃÍÏÇÉÃÍÌÃÔÚÎÏÉÚÉÕÚÍÜÏÉËŠÉÌÏÔÃÇÃËÍÇ�ÉÊÒÎÉÎÅÏ�ÉÌËÉÍËÎÉÓÕÏÇÔÕÃÊÏÉÚÉÓÚÕÎÃÔÒÑÚÕ

ÌÏÔÃÇÃËÍÙÉ*ËÕÉÏ�ÚÖÓÑÏ�ÉÎÅÏÉÇÏÔËÍÌÉÜÒÃÌÏÑÃÍÏÉÃÍÉÎÅÏÉÊËËÈÉ-OÒÃÌÏÑÃÍÏÉ6ÙÄÙ6.ÉÚÌ ËÔÚÎÏÇÉÒÇÃÍÜÉÚÉÔËÍÇÃÇÎÏÍÎ

ÍÒÖÊÏÕÉËŠÉÇÓÚÔÏÇÉŠËÕÉÃÍÌÏÍÎÚÎÃËÍÉÚÍÌÉÃÍÌÃÔÚÎÏÇÉÃÍÉÎÅÏÉÕÚÎÃËÍÚÑÏÉÎÅÚÎÉ6ÉÎËÉ(ÉÇÓÚÔÏÇÉŽËÒÑÌÉÊÏÉÕÏÚÇËÍÚÊÑÏÙÉIÃÎÅ

�ËÒÕÉÇÏÍÃËÕÉÎÏÔÅÍÃÔÚÑÉÇÎÚŠŠ�É�ËÒÉÇÅËÒÑÌÉÕÏ ÃÏŽÉÏÚÔÅÉÇÒÔÅÉÜÒÃÌÏÑÃÍÏÉÚÍÌÉÚÕÕÃ ÏÉÚÎÉÚÉÌÏÔÃÇÃËÍÉÚÊËÒÎÉÃÎÇ

ÃÍÇÎÚÍÎÃÚÎÃËÍÉÎÅÚÎÉŽÃÑÑÉÔËÍÇÎÃÎÒÎÏÉ�ËÒÕÉÓÕË$ÏÔÎÉËÕÉËÕÜÚÍÃ’ÚÎÃËÍÚÑÉÇÎÚÍÌÚÕÌÙ

ÀŽËÉËÎÅÏÕÉÚÕÏÚÇÉÕÏ!ÒÃÕÏÉÖÚÍÚÜÏÕÃÚÑÉÌÏÔÃÇÃËÍÇÉÚÊËÒÎÉÇÎÚÍÌÚÕÌÃ’ÚÎÃËÍÙÉOÒÃÌÏÑÃÍÏÉDÙÄÙ(ÉÚÌ ÃÇÏÇÉ�ËÒÉÎËÉÚ ËÃÌ

ÚÕÊÃÎÕÚÕ�ÉÚÊÊÕÏ ÃÚÎÃËÍÇÉÃÍÉËÊ$ÏÔÎÉËÕÉÒÍÃÎÉÍÚÖÏÇÙÉ?ËÒÉÇÅËÒÑÌÉÓÕÏÓÚÕÏÉÚÉÜÑËÇÇÚÕ�ÉËŠÉÚÔÔÏÓÎÚÊÑÏÉÚÊÊÕÏ ÃÚÎÃËÍÇ

ŠËÕÉÚÉÓÕË$ÏÔÎÉÎÅÚÎÉÚÑÑËŽÇÉÎÅÏÉÒÇÏÉËŠÉÇÅËÕÎÏÕÉ ÏÕÇÃËÍÇÉËŠÉÚÓÓÑÃÔÚÎÃËÍ)ÇÓÏÔÃŠÃÔÉÎÏÕÖÇÉ-ÏÙÜÙ�É**ÀÉŠËÕÉ*ÚÇÎÉ*ËÒÕÃÏÕ

ÀÕÚÍÇŠËÕÖÉËÕÉ&"@ÉŠËÕÉ&ÎËÔÅÚÇÎÃÔÉ"ÏÎÕÃÉ@ÏÎ.ÙÉ?ËÒÉÇÅËÒÑÌÉÈÏÏÓÉÎÅÃÇÉÜÑËÇÇÚÕ�ÉÇÅËÕÎÉÚÍÌÉÕÏÇÎÕÃÔÎÉÃÎÉÎËÉÎÏÕÖÇÉŽÅÃÔÅ



(ÉÉÛÌÚÉ<=Û>ŸÀ?ÉÛ@AÉ&À?>�

ÍÏÏÌÉÎËÉÊÏÉÒÇÏÌÉŠÕÏ!ÒÏÍÎÑ�ÉÚÇÉÓÚÕÎÉËŠÉÍÚÖÏÇÙÉCÚ ÃÍÜÉÎËÉÕÏŠÏÕÉÔËÍÎÃÍÒÚÑÑ�ÉÎËÉÚÍÉÏ�ÎÏÍÇÃ ÏÉÜÑËÇÇÚÕ�ÉÎË

ÒÍÌÏÕÇÎÚÍÌÉÇËÒÕÔÏÉÎÏ�ÎÉÖÚÈÏÇÉÃÎÉÅÚÕÌÉÎËÉÕÏÚÌÙ

ÀÅÏÉÓËÕÎÚÊÃÑÃÎ�ÉÜÒÃÌÏÑÃÍÏÇÉÜÃ ÏÍÉÃÍÉ+ÅÚÓÎÏÕÉFÉÍÏÏÌÉÔÚÕÏŠÒÑÉÚÎÎÏÍÎÃËÍÙÉÛÌÅÏÕÏÍÔÏÉÎËÉÎÅÏÖÉÃÇÉÃÖÓËÕÎÚÍÎÉÏ ÏÍÉÃŠ

ÎÅÏÉÍÏÏÌÉÎËÉÓËÕÎÉÎÅÏÉÕÏÇÒÑÎÃÍÜÉÇËŠÎŽÚÕÏÉÃÇÉÍËÎÉÔÒÕÕÏÍÎÑ�ÉŠËÕÏÇÏÏÍÙÉ*ËÑÑËŽÃÍÜÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÖÓÕË ÏÉÎÅÏ

ÓËÎÏÍÎÃÚÑÉÕÏÒÇÚÊÃÑÃÎ�ÉËŠÉÎÅÏÉÕÏÇÒÑÎÃÍÜÉÔËÌÏÉÃÍÉÓÕË$ÏÔÎÇÉÎÅÚÎÉÒÇÏÉÌÃŠŠÏÕÏÍÎÉÛÌÚÉÃÖÓÑÏÖÏÍÎÚÎÃËÍÇÙÉ?ËÒÉÇÅËÒÑÌ

ÃÍÇÃÇÎÉ ÎÅÚÎÉ ŽÅÏÍÉ ÓÚÕÎÃÔÒÑÚÕÉ ÓÕË$ÏÔÎÉ ÍÏÏÌÇÉ ŠËÕÔÏÉ ÎÅÏÉ ÕÏÑÚ�ÚÎÃËÍÉ ËŠÉ ÇËÖÏÉ ËŠÉ ÎÅÏÉ ÓËÕÎÚÊÃÑÃÎ�É ÜÒÃÌÏÑÃÍÏÇ�

ÍËÍÓËÕÎÚÊÑÏÉŠÏÚÎÒÕÏÇÉËŠÉÎÅÏÉÇËÒÕÔÏÉÎÏ�ÎÉÚÕÏÉÓÕËÖÃÍÏÍÎÑ�ÉÃÍÌÃÔÚÎÏÌÙÉ%ÊÇÏÕ ÃÍÜÉÎÅÏÉ+ÅÚÓÎÏÕÉFÉÜÒÃÌÏÑÃÍÏÇ

ÕÏ!ÒÃÕÏÇÉÌÏŠÃÍÃÎÃËÍÉÚÍÌÉÇÎÚÍÌÚÕÌÃ’ÚÎÃËÍÉËŠÉÓÕË$ÏÔÎ)ÉËÕÉËÕÜÚÍÃ’ÚÎÃËÍ)ÇÓÏÔÃŠÃÔÉÍÒÖÏÕÃÔÉÎ�ÓÏÇÉÎËÉÒÇÏÉÃÍÉÓÑÚÔÏÉËŠ

ÎÅÏÉ-ÓËÎÏÍÎÃÚÑÑ�ÉÍËÍÓËÕÎÚÊÑÏ.ÉÓÕÏÌÏŠÃÍÏÌÉÍÒÖÏÕÃÔÉÎ�ÓÏÇÙ

?ËÒÕÉÌÏÔÃÇÃËÍÇÉËÍÉ ÇÎÚÍÌÚÕÌÃ’ÚÎÃËÍÉ ÃÇÇÒÏÇÉ ÇÅËÒÑÌÉÊÏÉ ÃÍÔËÕÓËÕÚÎÏÌÉ ÃÍÉÚÉÓÕË$ÏÔÎÉËÕÉËÕÜÚÍÃ’ÚÎÃËÍÉÔËÌÃÍÜ

ÇÎÚÍÌÚÕÌÇÉÌËÔÒÖÏÍÎÙÉ

IÃÎÅÉÔËÌÃÍÜÉÇÎÚÍÌÚÕÌÇÉÃÍÉÓÑÚÔÏ�É�ËÒÉÍÏÏÌÉÎËÉÏÍÇÒÕÏÉÚÌÅÏÕÏÍÔÏÉÎËÉÎÅÏÖÙÉ"ÕËÊÚÊÑ�ÉÎÅÏÉÖËÇÎÉÃÖÓËÕÎÚÍÎÉÚÇÓÏÔÎ

ËŠÉ ÎÅÃÇÉ ÃÇÉ ÜÚÃÍÃÍÜÉ ÎÅÏÉŽÅËÑÏÅÏÚÕÎÏÌÉ ÔËÖÖÃÎÖÏÍÎÉËŠÉ �ËÒÕÉÓÕËÜÕÚÖÖÃÍÜÉ ÇÎÚŠŠÉ ÎËÉÒÇÏÉ ÎÅÏÖÙÉOÃ ÏÍÉ ÎÅÃÇ

ÔËÖÖÃÎÖÏÍÎ�ÉÚÍÌÉÎÅÏÉÏ�ÚÖÓÑÏÉËŠÉÅÃÜÅ)!ÒÚÑÃÎ�ÉÛÌÚÉÊÏÃÍÜÉÓÕËÌÒÔÏÌÉÊ�É�ËÒÕÉÓÕËÜÕÚÖÖÏÕÇ�ÉÃÎÉŽÃÑÑÉÊÏÉŠÚÕÉÏÚÇÃÏÕ

ÎËÉÔËÍÌÒÔÎÉÏŠŠÏÔÎÃ ÏÉŠËÕÖÚÑÉÔËÌÏÉÕÏ ÃÏŽÇÉÎÅÚÎÉÔÅÏÔÈÉÔËÖÓÑÃÚÍÔÏÉÎËÉÓÕË$ÏÔÎÉÇÎÚÍÌÚÕÌÇÙ

+ËÍÇÃÇÎÏÍÎÉÔËÌÃÍÜÉÇÎÚÍÌÚÕÌÇÉŽËÕÈÉŽÏÑÑÉŽÃÎÅÉÚÒÎËÖÚÎÃÔÉÎËËÑÉÇÒÓÓËÕÎÙÉŸŠÉ�ËÒÉÅÚ ÏÉÚÉÎËËÑÇÉÜÕËÒÓÉÃÍÉ�ËÒÕÉÓÕË$ÏÔÎ

ËÕÉËÕÜÚÍÃ’ÚÎÃËÍ�ÉÎÅÏ�ÉÔÚÍÉÊÏÉÎÚÇÈÏÌÉÎËÉÚÔ!ÒÃÕÏÉËÕÉÌÏ ÏÑËÓÉÎËËÑÇÉÎËÉÇÒÓÓËÕÎÉ�ËÒÕÉÇÎÚÍÌÚÕÌÇÙÉŸÎÉÃÇÉ ÏÕ�ÉÔËÇÎ

ÏŠŠÏÔÎÃ ÏÉÎËÉÒÇÏÉÎËËÑÇÉÎËÉÏÍŠËÕÔÏÉÇÎÚÍÌÚÕÌÇÙÉIÅÏÕÏÉÎËËÑÇÉÔÚÍÍËÎÉÊÏÉÒÇÏÌÉÎËÉÚÒÎËÖÚÎÃÔÚÑÑ�ÉÖËÌÃŠ�ÉÔËÌÏÉÎË

ÔËÍŠËÕÖÉÎËÉÇÎÚÍÌÚÕÌÇ�ÉÎÅÏ�ÉÔÚÍÉËŠÎÏÍÉÊÏÉÒÇÏÌÉÎËÉÚÎÉÑÏÚÇÎÉÔÅÏÔÈÉÔËÍŠËÕÖÚÍÔÏÙÉ&ÏÏÉÎÅÏÉÚÒÎËÖÚÎÃËÍÉÍËÎÏÇ

ÇÏÔÎÃËÍÇÉÚÇÇËÔÃÚÎÏÌÉŽÃÎÅÉÖÚÍ�ÉËŠÉÎÅÏÉÜÒÃÌÏÑÃÍÏÇÙ

&ËÖÏÉ ÜÏÍÏÕÚÑÉ ÃÇÇÒÏÇÉ ÔËÍÔÏÕÍÃÍÜÉ ÎÅÏÉ ÖÚÍÚÜÏÖÏÍÎÉ ËŠÉ ÛÌÚÉ ÓÕË$ÏÔÎÇÉ ÚÕÏÉ ÌÃÇÔÒÇÇÏÌÉ Ê�É *ËÕÏÖÚÍÉ ÚÍÌ

OËËÌÏÍËÒÜÅÉ-ÄKHF.Ù

1.5 TO CONTRACTING AGENCIES AND STANDARDS ORGANIZATIONS

ÀÅÏÉÜÒÃÌÏÑÃÍÏÇÉÃÍÉÎÅÃÇÉÌËÔÒÖÏÍÎÉÚÕÏÉÍËÎÉÃÍÎÏÍÌÏÌÉÎËÉÇÎÚÍÌÉÚÑËÍÏÉÚÇÉÚÉÇÎÚÍÌÚÕÌÙÉÉŸÎÉÃÇÉÍËÎÉÏ ÏÍÉÔÑÏÚÕÉÃÍÉÇËÖÏ

ÔÚÇÏÇÉÎÅÚÎÉÚÉÜÒÃÌÏÑÃÍÏÉÔËÒÑÌÉÊÏÉÏÍŠËÕÔÏÌÉÇÃÍÔÏÉÃÎÉÃÇÉËÍÑ�ÉÃÍÎÏÍÌÏÌÉÎËÉÖÚÈÏÉÎÅÏÉÏÍÜÃÍÏÏÕÉÚŽÚÕÏÉËŠÉÎÕÚÌÏËŠŠÇÙÉÉŸÍ

ËÎÅÏÕÉÔÚÇÏÇ�ÉÚÉÔÅËÃÔÏÉÇÎÃÑÑÉÕÏÖÚÃÍÇÉÚÊËÒÎÉÚÉÜÒÃÌÏÑÃÍÏ�ÉÇÒÔÅÉÚÇÉÅËŽÉÖÚÍ�ÉÇÓÚÔÏÇÉÎËÉÒÇÏÉŠËÕÉÏÚÔÅÉÑÏ ÏÑÉËŠ

ÃÍÌÏÍÎÚÎÃËÍÙ

IÅÏÍÉÚÉÜÒÃÌÏÑÃÍÏÉÃÇÉÎËËÉÜÏÍÏÕÚÑÉÎËÉÇÅËŽÉÚÍÉÏ�ÚÖÓÑÏ�ÉÎÅÏÉMÃÍÇÎÚÍÎÃÚÎÃËÍNÉÇÏÔÎÃËÍÉËŠÉÏÚÔÅÉÜÒÃÌÏÑÃÍÏÉÔËÍÎÚÃÍÇ

ÖËÕÏÉÇÓÏÔÃŠÃÔÉÜÒÃÌÏÑÃÍÏÇÙÉÉÀÅÏÇÏÉÔÚÍÉÊÏÉÔËÍÇÃÌÏÕÏÌÉŠËÕÉÚÉÇÎÚÍÌÚÕÌÉÚÍÌÉÚÕÏÉÖËÕÏÉÑÃÈÏÑ�ÉÎËÉÊÏÉÏÍŠËÕÔÏÚÊÑÏÙ

ÛÍ�ÉËÕÜÚÍÃ’ÚÎÃËÍÉÎÅÚÎÉÚÎÎÏÖÓÎÇÉÎËÉÏ�ÎÕÚÔÎÉÇÎÚÍÌÚÕÌÇÉŠÕËÖÉÎÅÃÇÉÌËÔÒÖÏÍÎÉÍÏÏÌÇÉÎËÉÏ ÚÑÒÚÎÏÉÎÅÏÉÔËÖÓÑÏÎÏ

ÔËÍÎÏ�ÎÙÉÉ�ÚÔÅÉÜÒÃÌÏÑÃÍÏÉŽËÕÈÇÉÊÏÇÎÉŽÅÏÍÉÕÏÑÚÎÏÌÉÜÒÃÌÏÃÍÏÇÉÚÕÏÉÓÕÚÔÎÃÔÏÌÙÉÉŸÍÉÃÇËÑÚÎÃËÍ�ÉÚÉÜÒÃÌÏÑÃÍÏÉÖÚ�ÉÅÚ Ï

ÑÃÎÎÑÏÉËÕÉÍËÉÊÏÍÏŠÃÎÙ



Ä

CHAPTER 2

Source Code Presentation

ÀÅÃÇÉÅÊËÈÍÎÏÇÏÎÊÌÑÓÇÌÔÇËÌÑÖÍÃÇÓÃÒÓÇÌÕÇÓÅÃÇÉÎŠÃÇÌÖÇËÍÖÃÃÕÇÅÎËÇÎÇËÓÖÌÕŠÇÃÔÔÃÍÓÇÌÕÇÈÓËÇÖÃÎÚÎÛÈÏÈÓÊÜÇÀÅÈËÇÍÅÎÉÓÃÖ

ÍÌÕÓÎÈÕËÇËÌÑÖÍÃÇÍÌÚÃÇÉÖÃËÃÕÓÎÓÈÌÕÇŠÑÈÚÃÏÈÕÃËÇÈÕÓÃÕÚÃÚÇÓÌÇÙÎŸÃÇÓÅÃÇÍÌÚÃÇÙÌÖÃÇÖÃÎÚÎÛÏÃÜ

ŽÕÇÎÚÚÈÓÈÌÕÇÓÌÇÓÅÃÇŠÃÕÃÖÎÏÇÉÑÖÉÌËÃÇŠÑÈÚÃÏÈÕÃË�ÇËÉÃÍÈÔÈÍÇÖÃÍÌÙÙÃÕÚÎÓÈÌÕËÇÎÖÃÇÙÎÚÃÇÈÕÇÓÅÃÇ�ÈÕËÓÎÕÓÈÎÓÈÌÕ�

ËÃÍÓÈÌÕËÜÇŽÔÇÊÌÑÇÚÈËÎŠÖÃÃÇ�ÈÓÅÇÓÅÃÇËÉÃÍÈÔÈÍÇÖÃÍÌÙÙÃÕÚÎÓÈÌÕË�ÇÊÌÑÇÙÎÊÇ�ÎÕÓÇÓÌÇÎÚÌÉÓÇÊÌÑÖÇÌ�ÕÇËÃÓÇÌÔ

ÍÌÕ ÃÕÓÈÌÕËÇÓÅÎÓÇËÓÈÏÏÇÔÌÏÏÌ�ÇÓÅÃÇŠÃÕÃÖÎÏÇÉÑÖÉÌËÃÇŠÑÈÚÃÏÈÕÃËÜÇ!ÛÌ ÃÇÎÏÏ�ÇÛÃÇÍÌÕËÈËÓÃÕÓÇÎÍÖÌËËÇÊÌÑÖÇÃÕÓÈÖÃ

ÉÖÌ"ÃÍÓÜ

!ÕÇÃÕÓÈÖÃÏÊÇÍÌÕËÈËÓÃÕÓÇÏÎÊÌÑÓÇÈËÇÅÎÖÚÇÓÌÇÎÍÅÈÃ ÃÇÌÖÇÍÅÃÍŸÇÙÎÕÑÎÏÏÊÜÇÀÅÃÖÃÔÌÖÃÇÊÌÑÇÙÎÊÇÉÖÃÔÃÖÇÓÌÇÎÑÓÌÙÎÓÃ

ÏÎÊÌÑÓÇ�ÈÓÅÇÎÇÓÌÌÏÇÔÌÖÇÉÎÖÎÙÃÓÃÖÈ#ÃÚÇÍÌÚÃÇÔÌÖÙÎÓÓÈÕŠÇÌÖÇÈÕÍÌÖÉÌÖÎÓÃÇÓÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÓÌÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÈÕŠ

ÓÃÙÉÏÎÓÃÜÇ$ÌÙÃÇÌÔÇ ÓÅÃÇŠÑÈÚÃÏÈÕÃËÇÎÕÚÇ ËÉÃÍÈÔÈÍÇ ÖÃÍÌÙÙÃÕÚÎÓÈÌÕËÇÉÖÃËÃÕÓÃÚÇ ÈÕÇ ÓÅÈËÇ ËÃÍÓÈÌÕÇÍÎÕÕÌÓÇÛÃ

ÃÕÔÌÖÍÃÚÇÛÊÇÎÇÔÌÖÙÎÓÓÈÕŠÇÓÌÌÏÇÛÃÍÎÑËÃÇÓÅÃÊÇÎÖÃÇÛÎËÃÚÇÌÕÇÓÅÃÇËÃÙÎÕÓÈÍË�ÇÕÌÓÇÓÅÃÇËÊÕÓÎÒ�ÇÌÔÇÓÅÃÇ!ÚÎÇÍÌÚÃÜ

%ÌÖÃÇÚÃÓÎÈÏËÇÎÖÃÇŠÈ ÃÕÇÈÕÇÓÅÃÇ�ÎÑÓÌÙÎÓÈÌÕÇÕÌÓÃË�ÇËÃÍÓÈÌÕËÜ

2.1 CODE FORMATTING

ÀÅÃÇ�ÍÌÚÃÇÔÌÖÙÎÓÓÈÕŠ�ÇÌÔÇ!ÚÎÇËÌÑÖÍÃÇÍÌÚÃÇÎÔÔÃÍÓËÇÅÌ�ÇÓÅÃÇÍÌÚÃÇÏÌÌŸË�ÇÕÌÓÇ�ÅÎÓÇÓÅÃÇÍÌÚÃÇÚÌÃËÜÇÀÌÉÈÍË

ÈÕÍÏÑÚÃÚÇÅÃÖÃÇ ÎÖÃÇÅÌÖÈ#ÌÕÓÎÏÇ ËÉÎÍÈÕŠ�Ç ÈÕÚÃÕÓÎÓÈÌÕ�Ç ÎÏÈŠÕÙÃÕÓ�Ç ÉÎŠÈÕÎÓÈÌÕ�Ç ÎÕÚÇ ÏÈÕÃÇ ÏÃÕŠÓÅÜÇÀÅÃÇÙÌËÓ

ÈÙÉÌÖÓÎÕÓÇŠÑÈÚÃÏÈÕÃÇÈËÇÓÌÇÛÃÇÍÌÕËÈËÓÃÕÓÇÓÅÖÌÑŠÅÌÑÓÇÓÅÃÇÍÌÙÉÈÏÎÓÈÌÕÇÑÕÈÓÇÎËÇ�ÃÏÏÇÎËÇÓÅÃÇÉÖÌ"ÃÍÓÜ

2.1.1 Horizontal Spacing

guideline

S &ËÃÇÍÌÕËÈËÓÃÕÓÇËÉÎÍÈÕŠÇÎÖÌÑÕÚÇÚÃÏÈÙÈÓÃÖËÜ

S &ËÃÇÓÅÃÇËÎÙÃÇËÉÎÍÈÕŠÇÎËÇÊÌÑÇ�ÌÑÏÚÇÈÕÇÖÃŠÑÏÎÖÇÉÖÌËÃÜ

instantiation

$ÉÃÍÈÔÈÍÎÏÏÊ�ÇÏÃÎ ÃÇÎÓÇÏÃÎËÓÇÌÕÃÇÛÏÎÕŸÇËÉÎÍÃÇÈÕÇÓÅÃÇÔÌÏÏÌ�ÈÕŠÇÉÏÎÍÃË�ÇÎËÇËÅÌ�ÕÇÈÕÇÓÅÃÇÃÒÎÙÉÏÃËÇÓÅÖÌÑŠÅÌÑÓ

ÓÅÈËÇÛÌÌŸÜÇ%ÌÖÃÇËÉÎÍÃËÇÙÎÊÇÛÃÇÖÃ’ÑÈÖÃÚÇ ÔÌÖÇ ÓÅÃÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÖÃÍÌÙÙÃÕÚÃÚÇ ÈÕÇËÑÛËÃ’ÑÃÕÓ

ŠÑÈÚÃÏÈÕÃËÜ

( )ÃÔÌÖÃÇÎÕÚÇÎÔÓÃÖÇÓÅÃÇÔÌÏÏÌ�ÈÕŠÇÚÃÏÈÙÈÓÃÖËÇÎÕÚÇÛÈÕÎÖÊÇÌÉÃÖÎÓÌÖË*

ÁÂÂÂÂÂÂ-ÂÂÂÂÂÂÄÂÂÂÂÂÂ/ÂÂÂÂÂÂÀ

ÅÂÂÂÂÂÂÃÂÂÂÂÂÂÇÂÂÂÂÂÂ/ÃÂÂÂÂÂÅÃÂÂÂÂÂÇÃ

.ÃÂÂÂÂÂÃÇÂÂÂÂÂUÂÂÂÂÂÂVV

.

ÅÇ

( +ÑÓËÈÚÃÇÌÔÇÓÅÃÇ’ÑÌÓÃËÇÔÌÖÇËÓÖÈÕŠÇ,W-ÇÎÕÚÇÍÅÎÖÎÍÓÃÖÇ,}-ÇÏÈÓÃÖÎÏË�ÇÃÒÍÃÉÓÇ�ÅÃÖÃÇÉÖÌÅÈÛÈÓÃÚÜ

( +ÑÓËÈÚÃ�ÇÛÑÓÇÕÌÓÇÈÕËÈÚÃ�ÇÌÔÇÉÎÖÃÕÓÅÃËÃËÜ

( !ÔÓÃÖÇÍÌÙÙÎËÇ,~-ÇÎÕÚÇËÃÙÈÍÌÏÌÕËÇ,“-Ü



6ÇÇ!ÚÎÇQ&!LŽÀYÇ!NDÇ$ÀYLE

DÌÇ ÕÌÓÇ ÏÃÎ ÃÇ ÎÕÊÇ ÛÏÎÕŸÇ ËÉÎÍÃËÇ ÈÕÇ ÓÅÃÇ ÔÌÏÏÌ�ÈÕŠÇ ÉÏÎÍÃË�Ç Ã ÃÕÇ ÈÔÇ ÓÅÈËÇ ÍÌÕÔÏÈÍÓËÇ �ÈÓÅÇ ÓÅÃÇ ÎÛÌ Ã

ÖÃÍÌÙÙÃÕÚÎÓÈÌÕÜ

( !ÔÓÃÖÇÓÅÃÇÉÏÑËÇ,+-ÇÎÕÚÇÙÈÕÑËÇ,--ÇËÈŠÕËÇ�ÅÃÕÇÑËÃÚÇÎËÇÑÕÎÖÊÇÌÉÃÖÎÓÌÖËÜ

( !ÔÓÃÖÇÎÇÔÑÕÍÓÈÌÕÇÍÎÏÏÜ

( ŽÕËÈÚÃÇÌÔÇÏÎÛÃÏÇÚÃÏÈÙÈÓÃÖËÇ,<< >>-Ü

( )ÃÔÌÖÃÇÎÕÚÇÎÔÓÃÖÇÓÅÃÇÎÉÌËÓÖÌÉÅÃÇ,’-ÇÎÕÚÇÉÃÖÈÌÚÇ,Ü-

( )ÃÓ�ÃÃÕÇÙÑÏÓÈÉÏÃÇÍÌÕËÃÍÑÓÈ ÃÇÌÉÃÕÈÕŠÇÌÖÇÍÏÌËÈÕŠÇÉÎÖÃÕÓÅÃËÃËÜ

( )ÃÔÌÖÃÇÍÌÙÙÎËÇ,,-ÇÎÕÚÇËÃÙÈÍÌÏÌÕËÇ,;-Ü

WÅÃÕÇËÑÉÃÖÔÏÑÌÑËÇÉÎÖÃÕÓÅÃËÃËÇÎÖÃÇÌÙÈÓÓÃÚÇÛÃÍÎÑËÃÇÌÔÇÌÉÃÖÎÓÌÖÇÉÖÃÍÃÚÃÕÍÃÇÖÑÏÃË�ÇËÉÎÍÃËÇÙÎÊÇÌÉÓÈÌÕÎÏÏÊ

ÛÃÇÖÃÙÌ ÃÚÇÎÖÌÑÕÚÇÓÅÃÇÅÈŠÅÃËÓÇÉÖÃÍÃÚÃÕÍÃÇÌÉÃÖÎÓÌÖËÇÈÕÇÓÅÎÓÇÃÒÉÖÃËËÈÌÕÜ

example

Default_String : constant String :=

      "This is the long string returned by" &

      " default.  It is broken into multiple" &

      " Ada source lines for convenience.";

type Signed_Whole_16 is range -2**15 .. 2**15 - 1;

type Address_Area    is array (Natural range <>) of Signed_Whole_16;

Register : Address_Area (16#7FF0# .. 16#7FFF#);

Memory   : Address_Area (       0 .. 16#7FEC#);

Register(Pc) := Register(A);

X := Signed_Whole_16(Radius * Sin(Angle));

Register(Index) := Memory(Base_Address + Index * Element_Length);

Get(Value => Sensor);

Error_Term := 1.0 - (Cos(Theta)**2 + Sin(Theta)**2);

Z      := X**3;

Y      := C * X + B;

Volume := Length * Width * Height;

rationale

ŽÓÇÈËÇÎÇŠÌÌÚÇÈÚÃÎÇÓÌÇÑËÃÇ�ÅÈÓÃÇËÉÎÍÃÇÎÖÌÑÕÚÇÚÃÏÈÙÈÓÃÖËÇÎÕÚÇÌÉÃÖÎÓÌÖËÇÛÃÍÎÑËÃÇÓÅÃÊÇÎÖÃÇÓÊÉÈÍÎÏÏÊÇËÅÌÖÓÇ,ÌÕÃ

ÌÖÇÓ�ÌÇÍÅÎÖÎÍÓÃÖ-ÇËÃ’ÑÃÕÍÃËÇÓÅÎÓÇÍÎÕÇÃÎËÈÏÊÇŠÃÓÇÏÌËÓÇÎÙÌÕŠÇÓÅÃÇÏÌÕŠÃÖÇŸÃÊ�ÌÖÚËÇÎÕÚÇÈÚÃÕÓÈÔÈÃÖËÜÇPÑÓÓÈÕŠ

�ÅÈÓÃÇËÉÎÍÃÇÎÖÌÑÕÚÇÓÅÃÙÇÙÎŸÃËÇÓÅÃÙÇËÓÎÕÚÇÌÑÓÜÇCÌÕËÈËÓÃÕÍÊÇÈÕÇËÉÎÍÈÕŠÇÎÏËÌÇÅÃÏÉËÇÙÎŸÃÇÓÅÃÇËÌÑÖÍÃÇÍÌÚÃ

ÃÎËÈÃÖÇÓÌÇËÍÎÕÇ ÈËÑÎÏÏÊÜ

HÌ�Ã ÃÖ�ÇÙÎÕÊÇÌÔÇÓÅÃÇÚÃÏÈÙÈÓÃÖËÇ,ÍÌÙÙÎË�ÇËÃÙÈÍÌÏÌÕË�ÇÉÎÖÃÕÓÅÃËÃË�ÇÃÓÍÜ-ÇÎÖÃÇÔÎÙÈÏÈÎÖÇÎËÇÕÌÖÙÎÏ

ÉÑÕÍÓÑÎÓÈÌÕÇÙÎÖŸËÜÇŽÓÇÈËÇÚÈËÓÖÎÍÓÈÕŠÇÓÌÇËÃÃÇÓÅÃÙÇËÉÎÍÃÚÇÚÈÔÔÃÖÃÕÓÏÊÇÈÕÇÎÇÍÌÙÉÑÓÃÖÇÉÖÌŠÖÎÙÇÓÅÎÕÇÈÕÇÕÌÖÙÎÏ

ÓÃÒÓÜÇÀÅÃÖÃÔÌÖÃ�ÇÓÅÃÊÇËÅÌÑÏÚÇÛÃÇËÉÎÍÃÚÇÓÅÃÇËÎÙÃÇ,ÕÌÇËÉÎÍÃËÇÛÃÔÌÖÃÇÍÌÙÙÎËÇÎÕÚÇËÃÙÈÍÌÏÌÕË�ÇÕÌÇËÉÎÍÃË

ÈÕËÈÚÃÇÌÔÇÉÎÖÃÕÓÅÃËÃË�ÇÃÓÍÜ-Ü

exception

ÀÅÃÇÌÕÃÇÕÌÓÎÛÏÃÇÃÒÍÃÉÓÈÌÕÇÈËÇÓÅÃÇÍÌÏÌÕÇ,:-ÜÇŽÕÇ!ÚÎ�ÇÈÓÇÈËÇÑËÃÔÑÏÇÓÌÇÑËÃÇÓÅÃÇÍÌÏÌÕÇÎËÇÎÇÓÎÛÑÏÎÓÌÖÇÌÖÇÎ

ÍÌÏÑÙÕÇËÃÉÎÖÎÓÌÖÇ,ËÃÃÇGÑÈÚÃÏÈÕÃÇ2Ü1Ü4-ÜÇŽÕÇÓÅÈËÇÍÌÕÓÃÒÓ�ÇÈÓÇÙÎŸÃËÇËÃÕËÃÇÓÌÇÉÑÓÇËÉÎÍÃËÇÛÃÔÌÖÃÇÎÕÚÇÎÔÓÃÖ

ÓÅÃÇÍÌÏÌÕ�ÇÖÎÓÅÃÖÇÓÅÎÕÇÌÕÏÊÇÎÔÓÃÖÇÎËÇÈÕÇÕÌÖÙÎÏÇÓÃÒÓÜ

automation notes

ÀÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜ

2.1.2 Indentation

guideline

Á ŽÕÚÃÕÓÇÎÕÚÇÎÏÈŠÕÇÕÃËÓÃÚÇÍÌÕÓÖÌÏÇËÓÖÑÍÓÑÖÃË�ÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃË�ÇÎÕÚÇÃÙÛÃÚÚÃÚÇÑÕÈÓËÇÍÌÕËÈËÓÃÕÓÏÊÜÇ

Á DÈËÓÈÕŠÑÈËÅÇÛÃÓ�ÃÃÕÇÈÕÚÃÕÓÎÓÈÌÕÇÔÌÖÇÕÃËÓÃÚÇÍÌÕÓÖÌÏÇËÓÖÑÍÓÑÖÃËÇÎÕÚÇÔÌÖÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃËÜ
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S &ËÃÇËÉÎÍÃËÇÔÌÖÇÈÕÚÃÕÓÎÓÈÌÕ�ÇÕÌÓÇÓÅÃÇÓÎÛÇÍÅÎÖÎÍÓÃÖÇ,NÈËËÃÕÇÎÕÚÇWÎÏÏÈËÇ1984�Çw2Ü2-Ü

instantiation

$ÉÃÍÈÔÈÍÎÏÏÊ�Ç ÓÅÃÇ ÔÌÏÏÌ�ÈÕŠÇ ÈÕÚÃÕÓÎÓÈÌÕÇ ÍÌÕ ÃÕÓÈÌÕËÇ ÎÖÃÇ ÖÃÍÌÙÙÃÕÚÃÚ�Ç ÎËÇ ËÅÌ�ÕÇ ÈÕÇ ÓÅÃÇ ÃÒÎÙÉÏÃË

ÓÅÖÌÑŠÅÌÑÓÇÓÅÈËÇÛÌÌŸÜÇNÌÓÃÇÓÅÎÓÇÓÅÃÇÙÈÕÈÙÑÙÇÈÕÚÃÕÓÎÓÈÌÕÇÈËÇÚÃËÍÖÈÛÃÚÜÇ%ÌÖÃÇËÉÎÍÃËÇÙÎÊÇÛÃÇÖÃ’ÑÈÖÃÚ

ÔÌÖÇÓÅÃÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÖÃÍÌÙÙÃÕÚÃÚÇÈÕÇËÑÛËÃ’ÑÃÕÓÇŠÑÈÚÃÏÈÕÃËÜ

( &ËÃÇÓÅÃÇÖÃÍÌÙÙÃÕÚÃÚÇÉÎÖÎŠÖÎÉÅÈÕŠÇËÅÌ�ÕÇÈÕÇÓÅÃÇ!ÚÎÇLÎÕŠÑÎŠÃÇRÃÔÃÖÃÕÍÃÇ%ÎÕÑÎÏÇ,DÃÉÎÖÓÙÃÕÓ

ÌÔÇDÃÔÃÕËÃÇ1983-Ü

( &ËÃÇÓÅÖÃÃÇËÉÎÍÃËÇÎËÇÓÅÃÇÛÎËÈÍÇÑÕÈÓÇÌÔÇÈÕÚÃÕÓÎÓÈÌÕÇÔÌÖÇÕÃËÓÈÕŠÜ

( &ËÃÇÓ�ÌÇËÉÎÍÃËÇÎËÇÓÅÃÇÛÎËÈÍÇÑÕÈÓÇÌÔÇÈÕÚÃÕÓÎÓÈÌÕÇÔÌÖÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃËÜ

!ÇÏÎÛÃÏÇÈËÇÌÑÓÚÃÕÓÃÚÇÓÅÖÃÃÇËÉÎÍÃËÜÇ!ÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃÇÈËÇÈÕÚÃÕÓÃÚÇÓ�ÌÇËÉÎÍÃË*

begin

<<label>>                            | <long statement with line break>

   <statement>                       |   <trailing part of same statement>

end;

ÀÅÃÇÈÔÇËÓÎÓÃÙÃÕÓÇÎÕÚÇÓÅÃÇÉÏÎÈÕÇÏÌÌÉ*

   if <condition> then               | <name>:

      <statements>                   |    loop

   elsif <condition> then            |       <statements>

      <statements>                   |       exit when <condition>;

   else                              |       <statements>

      <statements>                   |    end loop <name>;

   end if;                           |

LÌÌÉËÇ�ÈÓÅÇÓÅÃÇÔÌÖÇÎÕÚÇ�ÅÈÏÃÇÈÓÃÖÎÓÈÌÕÇËÍÅÃÙÃË*

   <name>:                           | <name>:

      for <scheme> loop              |    while <condition> loop

         <statements>                |       <statements>

      end loop <name>;               |    end loop <name>;

ÀÅÃÇ ÛÏÌÍŸÇ ÎÕÚÇ ÓÅÃÇ ÍÎËÃÇ ËÓÎÓÃÙÃÕÓÇ ÎËÇ ÖÃÍÌÙÙÃÕÚÃÚÇ ÈÕÇ ÓÅÃÇ !ÚÎÇ LÎÕŠÑÎŠÃÇ RÃÔÃÖÃÕÍÃÇ %ÎÕÑÎÏ

,DÃÉÎÖÓÙÃÕÓÇÌÔÇDÃÔÃÕËÃÇ1983-*

   <name>:                           | case <expression> is

      declare                        |    when <choice> =>

         <declarations>              |       <statements>

      begin                          |    when <choice> =>

         <statements>                |       <statements>

      exception                      |    when others =>

         when <choice> =>            |       <statements>

            <statements>             | end case;  --<comment>

         when others =>              |

            <statements>             |

      end <name>;                    |

ÀÅÃËÃÇÍÎËÃÇËÓÎÓÃÙÃÕÓËÇËÎ ÃÇËÉÎÍÃÇÌ ÃÖÇÓÅÃÇÓÅÃÇ!ÚÎÇLÎÕŠÑÎŠÃÇRÃÔÃÖÃÕÍÃÇ%ÎÕÑÎÏÇ,DÃÉÎÖÓÙÃÕÓÇÌÔ

DÃÔÃÕËÃÇ1983-ÇÖÃÍÌÙÙÃÕÚÎÓÈÌÕÇÎÕÚÇÚÃÉÃÕÚÇÌÕÇ ÃÖÊÇËÅÌÖÓÇËÓÎÓÃÙÃÕÓÇÏÈËÓË�ÇÖÃËÉÃÍÓÈ ÃÏÊÜÇWÅÈÍÅÃ ÃÖÇÊÌÑ

ÍÅÌÌËÃ�ÇÛÃÇÍÌÕËÈËÓÃÕÓÜ

   case <expression> is              | case <expression> is

   when <choice> =>                  |    when <choice> => <statements>

        <statements>                 |                     <statements>

   when <choice> =>                  |    when <choice> => <statements>

        <statements>                 |    when others   => <statements>

   when others =>                    | end case;

        <statements>                 |

   end case;                         |
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ÀÅÃÇ ÎÖÈÌÑËÇÔÌÖÙËÇÌÔÇËÃÏÃÍÓÈ ÃÇ�ÎÈÓÇÎÕÚÇÓÅÃÇÓÈÙÃÚÇÎÕÚÇÍÌÕÚÈÓÈÌÕÎÏÇÃÕÓÖÊÇÍÎÏÏË*

   select                            | select

      when <guard> =>                |    <entry call>;

         <accept statement>          |    <statements>

         <statements>                | or

   or                                |    delay <interval>;

      <accept statement>             |    <statements>

      <statements>                   | end select;

   or                                |

      when <guard> =>                |

         delay <interval>;           |

         <statements>                |

   or                                | select

      when <guard> =>                |    <entry call>;

         terminate;                  |    <statements>

   else                              | else

      <statements>                   |    <statements>

   end select;                       | end select;

ÀÅÃÇÎÍÍÃÉÓÇËÓÎÓÃÙÃÕÓÇÎÕÚÇÎÇËÑÛÑÕÈÓ*

   accept <specification> do         | separate (<parent unit>)

      <statements>                   | <proper body>

   end <name>;                       |

PÖÌÉÃÖÇÛÌÚÈÃËÇÌÔÇÉÖÌŠÖÎÙÇÑÕÈÓË*

   procedure <specification> is      | package body <name> is

      <declarations>                 |    <declarations>

   begin                             | begin

      <statements>                   |    <statements>

   exception                         | exception

      when <choice> =>               |    when <choice> =>

         <statements>                |       <statements>

   end <name>;                       | end <name>;

                                     |

   function  <specification>         | task body <name> is

     return  <type name> is          |    <declarations>

      <declarations>                 | begin

   begin                             |    <statements>

      <statements>                   | exception

   exception                         |    when <choice> =>

      when <choice> =>               |       <statements>

         <statements>                | end <name>;

   end <name>;                       |

CÌÕÓÃÒÓÇÍÏÎÑËÃËÇÌÕÇÍÌÙÉÈÏÎÓÈÌÕÇÑÕÈÓËÇÎÖÃÇÎÖÖÎÕŠÃÚÇÎËÇÎÇÓÎÛÏÃÜÇGÃÕÃÖÈÍÇÔÌÖÙÎÏÇÉÎÖÎÙÃÓÃÖËÇÚÌÇÕÌÓÇÌÛËÍÑÖÃ

ÓÅÃÇÑÕÈÓÇÈÓËÃÏÔÜÇFÑÕÍÓÈÌÕ�ÇÉÎÍŸÎŠÃ�ÇÎÕÚÇÓÎËŸÇËÉÃÍÈÔÈÍÎÓÈÌÕËÇÑËÃÇËÓÎÕÚÎÖÚÇÈÕÚÃÕÓÎÓÈÌÕ*

   with <name>;                      | function  <specification>

   with <name>;                      |   return <type>;

   with <name>;                      |

                                     | package <name> is

   use  <name>;                      |    <declarations>

                                     | private

   <compilation unit>                |    <declarations>

                                     | end <name>;

                                     |

   generic                           | task type <name> is

      <formal parameters>            |    <entry declarations>

   <compilation unit>                | end <name>;

ŽÕËÓÎÕÓÈÎÓÈÌÕËÇÌÔÇŠÃÕÃÖÈÍÇÑÕÈÓËÇÎÕÚÇÖÃÍÌÖÚÇÈÕÚÃÕÓÎÓÈÌÕ*

   procedure <name> is               |type ... is

      new <generic name> <actuals>   |   record

                                     |      <component list>

   function <name> is                |      case <discriminant name> is

      new <generic name> <actuals>|            when <choice> =>

                                     |            <component list>

   package <name> is                 |         when <choice> =>

      new <generic name> <actuals>   |            <component list>

                                     |      end case;

                                     |   end record;
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ŽÕÚÃÕÓÎÓÈÌÕÇÔÌÖÇÖÃÍÌÖÚÇÎÏÈŠÕÙÃÕÓ*

   for <name> use

      record <alignment clause>

         <component clause>

      end record;

example

Default_String : constant String :=

      "This is the long string returned by" &

      " default.  It is broken into multiple" &

      " Ada source lines for convenience.";

loop

   if Input_Found then

      Count_Characters;

   else  --not Input_Found

      Reset_State;

      Character_Total :=

            First_Part_Total  * First_Part_Scale_Factor  +

            Second_Part_Total * Second_Part_Scale_Factor +

            Default_String’Length + Delimiter_Size;

   end if;

end loop;

rationale

ŽÕÚÃÕÓÎÓÈÌÕÇÈÙÉÖÌ ÃËÇÓÅÃÇÖÃÎÚÎÛÈÏÈÓÊÇÌÔÇÓÅÃÇÍÌÚÃÇÛÃÍÎÑËÃÇÈÓÇŠÈ ÃËÇÓÅÃÇÖÃÎÚÃÖÇÎÇ ÈËÑÎÏÇÈÕÚÈÍÎÓÌÖÇÌÔÇÓÅÃ

ÉÖÌŠÖÎÙÇËÓÖÑÍÓÑÖÃÜÇÀÅÃÇÏÃ ÃÏËÇÌÔÇÕÃËÓÈÕŠÇÎÖÃÇÍÏÃÎÖÏÊÇÈÚÃÕÓÈÔÈÃÚÇÛÊÇÈÕÚÃÕÓÎÓÈÌÕÇÎÕÚÇÓÅÃÇÔÈÖËÓÇÎÕÚÇÏÎËÓ

ŸÃÊ�ÌÖÚËÇÈÕÇÎÇÍÌÕËÓÖÑÍÓÇÍÎÕÇÛÃÇÙÎÓÍÅÃÚÇ ÈËÑÎÏÏÊÜ

WÅÈÏÃÇÓÅÃÖÃÇÈËÇÙÑÍÅÇÚÈËÍÑËËÈÌÕÇÌÕÇÓÅÃÇÕÑÙÛÃÖÇÌÔÇËÉÎÍÃËÇÓÌÇÈÕÚÃÕÓ�ÇÓÅÃÇÖÃÎËÌÕÇÔÌÖÇÈÕÚÃÕÓÎÓÈÌÕÇÈËÇÍÌÚÃ

ÍÏÎÖÈÓÊÜÇÀÅÃÇÔÎÍÓÇÓÅÎÓÇÓÅÃÇÍÌÚÃÇÈËÇÈÕÚÃÕÓÃÚÇÍÌÕËÈËÓÃÕÓÏÊÇÈËÇÙÌÖÃÇÈÙÉÌÖÓÎÕÓÇÓÅÎÕÇÓÅÃÇÕÑÙÛÃÖÇÌÔÇËÉÎÍÃËÇÑËÃÚ

ÔÌÖÇÈÕÚÃÕÓÎÓÈÌÕÜ

!ÚÚÈÓÈÌÕÎÏÏÊ�ÇÈÕÇ$ÃÍÓÈÌÕÇ1ÜÄ�ÇÓÅÃÇ!ÚÎÇLÎÕŠÑÎŠÃÇRÃÔÃÖÃÕÍÃÇ%ÎÕÑÎÏÇËÎÊËÇÓÅÎÓÇÓÅÃÇÏÎÊÌÑÓÇËÅÌ�ÕÇÈÕÇÓÅÃ

ÃÒÎÙÉÏÃËÇÎÕÚÇËÊÕÓÎÒÇÖÑÏÃËÇÈÕÇÓÅÃÇ!ÚÎÇLÎÕŠÑÎŠÃÇRÃÔÃÖÃÕÍÃÇ%ÎÕÑÎÏÇÈËÇÓÅÃÇÖÃÍÌÙÙÃÕÚÃÚÇÍÌÚÃÇÏÎÊÌÑÓÇÓÌ

ÛÃÇÑËÃÚÇÔÌÖÇ!ÚÎÇÉÖÌŠÖÎÙËÜÇ�ÀÅÃÇËÊÕÓÎÒÇÖÑÏÃËÇÚÃËÍÖÈÛÈÕŠÇËÓÖÑÍÓÑÖÃÚÇÍÌÕËÓÖÑÍÓËÇÎÖÃÇÉÖÃËÃÕÓÃÚÇÈÕÇÎÇÔÌÖÙ

ÓÅÎÓÇÍÌÖÖÃËÉÌÕÚËÇÓÌÇÓÅÃÇÖÃÍÌÙÙÃÕÚÃÚÇÉÎÖÎŠÖÎÉÅÈÕŠÜÇÜÜÜÇDÈÔÔÃÖÃÕÓÇÏÈÕÃËÇÎÖÃÇÑËÃÚÇÔÌÖÇÉÎÖÓËÇÌÔÇÎÇËÊÕÓÎÒÇÖÑÏÃ

ÈÔÇÓÅÃÇÍÌÖÖÃËÉÌÕÚÈÕŠÇÉÎÖÓËÇÌÔÇÓÅÃÇÍÌÕËÓÖÑÍÓÇÚÃËÍÖÈÛÃÚÇÛÊÇÓÅÃÇÖÑÏÃÇÎÖÃÇÈÕÓÃÕÚÃÚÇÓÌÇÛÃÇÌÕÇÚÈÔÔÃÖÃÕÓÇÏÈÕÃËÜÇÜÜÜ

ŽÓÇÈËÇÖÃÍÌÙÙÃÕÚÃÚÇÓÅÎÓÇÎÏÏÇÈÕÚÃÕÓÎÓÈÌÕÇÛÃÇÛÊÇÙÑÏÓÈÉÏÃËÇÌÔÇÎÇÛÎËÈÍÇËÓÃÉÇÌÔÇÈÕÚÃÕÓÎÓÈÌÕÇ,ÓÅÃÇÕÑÙÛÃÖÇÌÔ

ËÉÎÍÃËÇÔÌÖÇÓÅÃÇÛÎËÈÍÇËÓÃÉÇÈËÇÕÌÓÇÚÃÔÈÕÃÚ-Ü�

ŽÓÇÈËÇÈÙÉÌÖÓÎÕÓÇÓÌÇÈÕÚÃÕÓÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃËÇÚÈÔÔÃÖÃÕÓÏÊÇÔÖÌÙÇÕÃËÓÃÚÇÍÌÕÓÖÌÏÇËÓÖÑÍÓÑÖÃËÇÓÌÇÙÎŸÃÇÓÅÃÙ

 ÈËÑÎÏÏÊÇÚÈËÓÈÕÍÓÜÇÀÅÈËÇÉÖÃ ÃÕÓËÇÓÅÃÙÇÔÖÌÙÇÌÛËÍÑÖÈÕŠÇÓÅÃÇËÓÖÑÍÓÑÖÃÇÌÔÇÓÅÃÇÍÌÚÃÇÎËÇÓÅÃÇÑËÃÖÇËÍÎÕËÇÈÓÜ

ŽÕÚÃÕÓÈÕŠÇ�ÈÓÅÇËÉÎÍÃËÇÈËÇÙÌÖÃÇÉÌÖÓÎÛÏÃÇÓÅÎÕÇÈÕÚÃÕÓÈÕŠÇ�ÈÓÅÇÓÎÛËÇÛÃÍÎÑËÃÇÓÎÛÇÍÅÎÖÎÍÓÃÖËÇÎÖÃÇÚÈËÉÏÎÊÃÚ

ÚÈÔÔÃÖÃÕÓÏÊÇÛÊÇÚÈÔÔÃÖÃÕÓÇÓÃÖÙÈÕÎÏËÇÎÕÚÇÉÖÈÕÓÃÖËÜ

automation notes

ÀÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜ

2.1.3 Alignment of Operators

guideline

Á !ÏÈŠÕÇÌÉÃÖÎÓÌÖËÇ ÃÖÓÈÍÎÏÏÊÇÓÌÇÃÙÉÅÎËÈ#ÃÇÏÌÍÎÏÇÉÖÌŠÖÎÙÇËÓÖÑÍÓÑÖÃÇÎÕÚÇËÃÙÎÕÓÈÍËÜ

example

if Slot_A >= Slot_B then

   Temporary := Slot_A;

   Slot_A    := Slot_B;

   Slot_B    := Temporary;

end if;
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Numerator   := B**2 - 4.0 * A * C;

Denominator := 2.0 * A;

Solution_1 := -B + Square_Root(Numerator / Denominator);

Solution_2 :=  B + Square_Root(Numerator / Denominator);

X := A * B +

     C * D +

     E * F;

Y := (A   * B + C) +  -- basic equation

     (2.0 * D - E) -  --

     3.5;             -- account for error factor

rationale

!ÏÈŠÕÙÃÕÓÇÙÎŸÃËÇÈÓÇÃÎËÈÃÖÇÓÌÇËÃÃÇÓÅÃÇÉÌËÈÓÈÌÕÇÌÔÇÓÅÃÇÌÉÃÖÎÓÌÖËÇÎÕÚ�ÇÓÅÃÖÃÔÌÖÃ�ÇÉÑÓËÇ ÈËÑÎÏÇÃÙÉÅÎËÈËÇÌÕ

�ÅÎÓÇÓÅÃÇÍÌÚÃÇÈËÇÚÌÈÕŠÜ

ÀÅÃÇÑËÃÇÌÔÇÏÈÕÃËÇÎÕÚÇËÉÎÍÈÕŠÇÌÕÇÏÌÕŠÇÃÒÉÖÃËËÈÌÕËÇÍÎÕÇÃÙÉÅÎËÈ#ÃÇÓÃÖÙË�ÇÉÖÃÍÃÚÃÕÍÃÇÌÔÇÌÉÃÖÎÓÌÖË�ÇÎÕÚ

ÌÓÅÃÖÇËÃÙÎÕÓÈÍËÜÇŽÓÇÍÎÕÇÎÏËÌÇÏÃÎ ÃÇÖÌÌÙÇÔÌÖÇÅÈŠÅÏÈŠÅÓÈÕŠÇÍÌÙÙÃÕÓËÇ�ÈÓÅÈÕÇÎÕÇÃÒÉÖÃËËÈÌÕÜ

exceptions

ŽÔÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÌÔÇÌÉÃÖÎÓÌÖËÇÔÌÖÍÃËÇÎÇËÓÎÓÃÙÃÕÓÇÓÌÇÛÃÇÛÖÌŸÃÕÇÌ ÃÖÇÓ�ÌÇÏÈÕÃË�ÇÎÕÚÇÃËÉÃÍÈÎÏÏÊÇÈÔÇÓÅÃ

ÛÖÃÎŸÇÈËÇÎÓÇÎÕÇÈÕÎÉÉÖÌÉÖÈÎÓÃÇËÉÌÓ�ÇÈÓÇÙÎÊÇÛÃÇÉÖÃÔÃÖÎÛÏÃÇÓÌÇÖÃÏÎÒÇÓÅÃÇÎÏÈŠÕÙÃÕÓÇŠÑÈÚÃÏÈÕÃÜ

automation notes

ÀÅÃÇÏÎËÓÇÃÒÎÙÉÏÃÇÎÛÌ ÃÇËÅÌ�ËÇÎÇÓÊÉÃÇÌÔÇ�ËÃÙÎÕÓÈÍÇÎÏÈŠÕÙÃÕÓ�Ç�ÅÈÍÅÇÈËÇÕÌÓÇÓÊÉÈÍÎÏÏÊÇÃÕÔÌÖÍÃÚÇÌÖÇÃ ÃÕ

ÉÖÃËÃÖ ÃÚÇÛÊÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖËÜÇŽÔÇÊÌÑÇÛÖÃÎŸÇÃÒÉÖÃËËÈÌÕËÇÈÕÓÌÇËÃÙÎÕÓÈÍÇÉÎÖÓËÇÎÕÚÇÉÑÓÇÃÎÍÅÇÌÕÇÎ

ËÃÉÎÖÎÓÃÇÏÈÕÃ�ÇÛÃ�ÎÖÃÇÌÔÇÑËÈÕŠÇÎÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÇÏÎÓÃÖÜÇŽÓÇÈËÇÏÈŸÃÏÊÇÓÌÇÙÌ ÃÇÓÅÃÇÃÕÓÈÖÃÇÃÒÉÖÃËËÈÌÕÇÓÌÇÎÇËÈÕŠÏÃ

ÏÈÕÃÇÎÕÚÇÎÍÍÑÙÑÏÎÓÃÇÎÏÏÇÓÅÃÇÍÌÙÙÃÕÓËÇÎÓÇÓÅÃÇÃÕÚÜÇHÌ�Ã ÃÖ�ÇÓÅÃÖÃÇÎÖÃÇËÌÙÃÇÔÌÖÙÎÓÓÃÖËÇ�ÅÈÍÅÇÎÖÃ

ÈÕÓÃÏÏÈŠÃÕÓÇÃÕÌÑŠÅÇÓÌÇÏÃÎ ÃÇÎÇÏÈÕÃÇÛÖÃÎŸÇÈÕÓÎÍÓÇ�ÅÃÕÇÓÅÃÇÏÈÕÃÇÍÌÕÓÎÈÕËÇÎÇÍÌÙÙÃÕÓÜÇÇÇ!ÇŠÌÌÚÇÔÌÖÙÎÓÓÃÖÇ�ÈÏÏ

ÖÃÍÌŠÕÈ#ÃÇÓÅÎÓÇÓÅÃÇÏÎËÓÇÃÒÎÙÉÏÃÇÎÛÌ ÃÇÚÌÃËÇÕÌÓÇ ÈÌÏÎÓÃÇÓÅÃÇŠÑÈÚÃÏÈÕÃËÇÎÕÚÇ�ÌÑÏÚÇÓÅÃÖÃÔÌÖÃÇÉÖÃËÃÖ ÃÇÈÓÇÎË

�ÖÈÓÓÃÕÜ

2.1.4 Alignment of Declarations

guideline

Á &ËÃÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÓÌÇÃÕÅÎÕÍÃÇÓÅÃÇÖÃÎÚÎÛÈÏÈÓÊÇÌÔÇÚÃÍÏÎÖÎÓÈÌÕËÜ

Á PÖÌ ÈÚÃÇÎÓÇÙÌËÓÇÌÕÃÇÚÃÍÏÎÖÎÓÈÌÕÇÉÃÖÇÏÈÕÃÜ

Á ŽÕÚÃÕÓÇÎÏÏÇÚÃÍÏÎÖÎÓÈÌÕËÇÈÕÇÎÇËÈÕŠÏÃÇÚÃÍÏÎÖÎÓÈ ÃÇÉÎÖÓÇÎÓÇÓÅÃÇËÎÙÃÇÏÃ ÃÏÜ

instantiation

FÌÖÇÚÃÍÏÎÖÎÓÈÌÕËÇÕÌÓÇËÃÉÎÖÎÓÃÚÇÛÊÇÛÏÎÕŸÇÏÈÕÃË�ÇÔÌÏÏÌ�ÇÓÅÃËÃÇÎÏÈŠÕÙÃÕÓÇÖÑÏÃËÜ

( !ÏÈŠÕÇÓÅÃÇÍÌÏÌÕÇÚÃÏÈÙÃÓÃÖËÜ

( !ÏÈŠÕÇÓÅÃÇÈÕÈÓÈÎÏÈ#ÎÓÈÌÕÇÚÃÏÈÙÃÓÃÖ�Ç":="Ü

( WÅÃÕÇÓÖÎÈÏÈÕŠÇÍÌÙÙÃÕÓËÇÎÖÃÇÑËÃÚ�ÇÎÏÈŠÕÇÓÅÃÇÍÌÙÙÃÕÓÇÚÃÏÈÙÃÓÃÖÜ

( WÅÃÕÇÓÅÃÇÚÃÍÏÎÖÎÓÈÌÕÇÌ ÃÖÔÏÌ�ËÇÎÇÏÈÕÃ�ÇÛÖÃÎŸÇÓÅÃÇÏÈÕÃÇÎÕÚÇÎÚÚÇÎÕÇÈÕÚÃÕÓÎÓÈÌÕÇÏÃ ÃÏÇÔÌÖÇÓÅÌËÃÇÏÈÕÃË

ÓÅÎÓÇ�ÖÎÉÜÇÇÀÅÃÇÉÖÃÔÃÖÖÃÚÇÉÏÎÍÃËÇÓÌÇÛÖÃÎŸ�ÇÈÕÇÌÖÚÃÖÇÎÖÃ*ÇÇ1-ÇÀÅÃÇÍÌÙÙÃÕÓÇÚÃÏÈÙÃÓÃÖ;Ç2-ÇÀÅÃ

ÈÕÈÓÈÎÏÈ#ÎÓÈÌÕÇÚÃÏÈÙÃÓÃÖ;Ç3-ÇÀÅÃÇÍÌÏÌÕÇÚÃÏÈÙÃÓÃÖÜ

( FÌÖÇÃÕÑÙÃÖÎÓÈÌÕÇÓÊÉÃÇÚÃÍÏÎÖÎÓÈÌÕËÇ�ÅÈÍÅÇÚÌÇÕÌÓÇÔÈÓÇÌÕÇÎÇËÈÕŠÏÃÇÏÈÕÃ�ÇÉÑÓÇÃÎÍÅÇÏÈÓÃÖÎÏÇÌÕÇÎÇËÃÉÎÖÎÓÃ

ÏÈÕÃ�ÇÑËÈÕŠÇÓÅÃÇÕÃÒÓÇÏÃ ÃÏÇÌÔÇÈÕÚÃÕÓÎÓÈÌÕÜÇÇWÅÃÕÇÎÉÉÖÌÉÖÈÎÓÃ�ÇËÃÙÎÕÓÈÍÎÏÏÊÇÖÃÏÎÓÃÚÇÏÈÓÃÖÎÏËÇÍÎÕÇÛÃ

ÎÖÖÎÕŠÃÚÇÛÊÇÖÌ�ÇÌÖÇÍÌÏÑÙÕÇÓÌÇÔÌÖÙÇÎÇÓÎÛÏÃÜ

example

VÎÖÈÎÛÏÃÇÎÕÚÇÍÌÕËÓÎÕÓÇÚÃÍÏÎÖÎÓÈÌÕËÇÍÎÕÇÛÃÇÏÎÈÚÇÌÑÓÇÈÕÇÎÇÓÎÛÏÃÇ�ÈÓÅÇÍÌÏÑÙÕËÇËÃÉÎÖÎÓÃÚÇÛÊÇÓÅÃÇËÊÙÛÌÏËÇ:,

:=,ÇÎÕÚÇ--

Prompt_Column : constant        := 40;

Question_Mark : constant String := " ? "; -- prompt on error input

Prompt_String : constant String := " ==> ";
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ŽÔÇÓÅÈËÇÖÃËÑÏÓËÇÈÕÇÏÈÕÃËÇÓÅÎÓÇÎÖÃÇÓÌÌÇÏÌÕŠ�ÇÓÅÃÊÇÍÎÕÇÛÃÇÏÎÈÚÇÌÑÓÇ�ÈÓÅÇÃÎÍÅÇÉÎÖÓÇÌÕÇÎÇËÃÉÎÖÎÓÃÇÏÈÕÃÇ�ÈÓÅÇÈÓË

ÑÕÈ’ÑÃÇÈÕÚÃÕÓÎÓÈÌÕÇÏÃ ÃÏÜ

subtype User_Response_Text_Frame is String (1 .. 72);

-- If the declaration needed a comment, it would fit here.

Input_Line_Buffer : User_Response_Text_Frame

       := Prompt_String &

          String’(1 .. User_Response_Text_Frame’Length -

                       Prompt_String’Length => ’ ’);

DÃÍÏÎÖÎÓÈÌÕËÇÌÔÇÃÕÑÙÃÖÎÓÈÌÕÇÏÈÓÃÖÎÏËÇÍÎÕÇÛÃÇÏÈËÓÃÚÇÈÕÇÌÕÃÇÌÖÇÙÌÖÃÇÍÌÏÑÙÕËÇÎË*

type Op_Codes_In_Column is

      (Push,

       Pop,

       Add,

       Subtract,

       Multiply,

       Divide,

       Subroutine_Call,

       Subroutine_Return,

       Branch,

       Branch_On_Zero,

       Branch_On_Negative);

ÌÖ�ÇÓÌÇËÎ ÃÇËÉÎÍÃ*

type Op_Codes_Multiple_Columns is

      (Push,            Pop,                Add,

       Subtract,        Multiply,           Divide,

       Subroutine_Call, Subroutine_Return,  Branch,

       Branch_On_Zero,  Branch_On_Negative);

ÌÖ�ÇÓÌÇÃÙÉÅÎËÈ#ÃÇÖÃÏÎÓÃÚÇŠÖÌÑÉËÇÌÔÇ ÎÏÑÃË*

type Op_Codes_In_Table is

      (Push,            Pop,

       Add,             Subtract,          Multiply,          Divide,

       Subroutine_Call, Subroutine_Return,

       Branch,          Branch_On_Zero,    Branch_On_Negative);

rationale

%ÎÕÊÇÉÖÌŠÖÎÙÙÈÕŠÇËÓÎÕÚÎÖÚËÇÚÌÍÑÙÃÕÓËÇÖÃ’ÑÈÖÃÇÓÎÛÑÏÎÖÇÖÃÉÃÓÈÓÈÌÕÇÌÔÇÕÎÙÃË�ÇÓÊÉÃË�ÇÈÕÈÓÈÎÏÇ ÎÏÑÃË�ÇÎÕÚ

ÙÃÎÕÈÕŠÇÈÕÇÑÕÈÓÇÅÃÎÚÃÖÇÍÌÙÙÃÕÓËÜÇÀÅÃËÃÇÍÌÙÙÃÕÓËÇÎÖÃÇÖÃÚÑÕÚÎÕÓÇÎÕÚÇÍÎÕÇÛÃÍÌÙÃÇÈÕÍÌÕËÈËÓÃÕÓÇ�ÈÓÅ

ÓÅÃÇÍÌÚÃÜÇ!ÏÈŠÕÈÕŠÇÓÅÃÇÚÃÍÏÎÖÎÓÈÌÕËÇÓÅÃÙËÃÏ ÃËÇÈÕÇÓÎÛÑÏÎÖÇÔÎËÅÈÌÕÇ,ËÃÃÇÓÅÃÇÃÒÎÙÉÏÃËÇÎÛÌ Ã-ÇÉÖÌ ÈÚÃË

ÈÚÃÕÓÈÍÎÏÇÈÕÔÌÖÙÎÓÈÌÕÇÓÌÇÛÌÓÅÇÍÌÙÉÈÏÃÖÇÎÕÚÇÖÃÎÚÃÖ�ÇÃÕÔÌÖÍÃËÇÎÓÇÙÌËÓÇÌÕÃÇÚÃÍÏÎÖÎÓÈÌÕÇÉÃÖÇÏÈÕÃ�ÇÎÕÚÇÃÎËÃË

ÙÎÈÕÓÃÕÎÕÍÃÇÛÊÇÉÖÌ ÈÚÈÕŠÇËÉÎÍÃÇÔÌÖÇÈÕÈÓÈÎÏÈ#ÎÓÈÌÕËÇÎÕÚÇÕÃÍÃËËÎÖÊÇÍÌÙÙÃÕÓËÜÇ!ÇÓÎÛÑÏÎÖÇÏÎÊÌÑÓÇÃÕÅÎÕÍÃË

ÖÃÎÚÎÛÈÏÈÓÊ�Ç ÓÅÑËÇÉÖÃ ÃÕÓÈÕŠÇÕÎÙÃËÇ ÔÖÌÙÇ�ÅÈÚÈÕŠ�ÇÈÕÇÎÇÙÎËËÇÌÔÇÚÃÍÏÎÖÎÓÈÌÕËÜÇÀÅÈËÇÎÉÉÏÈÃËÇÓÌÇÓÊÉÃ

ÚÃÍÏÎÖÎÓÈÌÕËÇÎËÇ�ÃÏÏÇÎËÇÌÛ"ÃÍÓÇÚÃÍÏÎÖÎÓÈÌÕËÜ

automation notes

%ÌËÓÇÌÔÇÓÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜÇÀÅÃÇÌÕÃ

ÃÒÍÃÉÓÈÌÕÇÈËÇÓÅÃÇÏÎËÓÇÃÕÑÙÃÖÎÓÃÚÇÓÊÉÃÇÃÒÎÙÉÏÃ�Ç�ÅÈÍÅÇÈËÇÏÎÈÚÇÌÑÓÇÈÕÇÖÌ�ËÇÛÎËÃÚÇÌÕÇÓÅÃÇËÃÙÎÕÓÈÍËÇÌÔÇÓÅÃ

ÃÕÑÙÃÖÎÓÈÌÕÇÏÈÓÃÖÎÏËÜÇ!ÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÇ�ÈÏÏÇÕÌÓÇÛÃÇÎÛÏÃÇÓÌÇÚÌÇÓÅÈË�ÇÎÕÚÇ�ÈÏÏÇÏÈŸÃÏÊÇÙÌ ÃÇÓÅÃ

ÃÕÑÙÃÖÎÓÈÌÕÇÏÈÓÃÖÎÏËÇÓÌÇÚÈÔÔÃÖÃÕÓÇÏÈÕÃËÜÇÇHÌ�Ã ÃÖ�ÇÓÌÌÏËÇÓÅÎÓÇÎÖÃÇÌÕÏÊÇÍÅÃÍŸÈÕŠÇÔÌÖÇ ÈÌÏÎÓÈÌÕËÇÌÔÇÓÅÃ

ŠÑÈÚÃÏÈÕÃËÇËÅÌÑÏÚÇÎÍÍÃÉÓÇÓÅÃÇÓÎÛÑÏÎÖÇÔÌÖÙÇÌÔÇÎÕÇÃÕÑÙÃÖÎÓÈÌÕÇÓÊÉÃÇÚÃÍÏÎÖÎÓÈÌÕÜ

2.1.5 More on Alignment

guideline

Á !ÏÈŠÕÇÉÎÖÎÙÃÓÃÖÇÙÌÚÃËÇÎÕÚÇÉÎÖÃÕÓÅÃËÃËÇ ÃÖÓÈÍÎÏÏÊÜÇ

instantiation

$ÉÃÍÈÔÈÍÎÏÏÊÇÈÓÇÈËÇÖÃÍÌÙÙÃÕÚÃÚÇÓÅÎÓÇÊÌÑ*

( PÏÎÍÃÇÌÕÃÇÔÌÖÙÎÏÇÉÎÖÎÙÃÓÃÖÇËÉÃÍÈÔÈÍÎÓÈÌÕÇÉÃÖÇÏÈÕÃÜ
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( VÃÖÓÈÍÎÏÏÊÇÎÏÈŠÕÇÉÎÖÎÙÃÓÃÖÇÕÎÙÃË�ÇÍÌÏÌÕË�Ç ÓÅÃÇÖÃËÃÖ ÃÚÇ�ÌÖÚÇin�Ç ÓÅÃÇÖÃËÃÖ ÃÚÇ�ÌÖÚÇout�ÇÎÕÚ

ÉÎÖÎÙÃÓÃÖÇÓÊÉÃËÜ

( PÏÎÍÃÇÓÅÃÇÔÈÖËÓÇÉÎÖÎÙÃÓÃÖÇËÉÃÍÈÔÈÍÎÓÈÌÕÇÌÕÇÓÅÃÇËÎÙÃÇÏÈÕÃÇÎËÇÓÅÃÇËÑÛÉÖÌŠÖÎÙÇÌÖÇÃÕÓÖÊÇÕÎÙÃÜÇŽÔÇÎÕÊÇÌÔ

ÓÅÃÇÉÎÖÎÙÃÓÃÖÇÓÊÉÃËÇÎÖÃÇÔÌÖÍÃÚÇÛÃÊÌÕÚÇÓÅÃÇÏÈÕÃÇÏÃÕŠÓÅÇÏÈÙÈÓ�ÇÉÏÎÍÃÇÓÅÃÇÔÈÖËÓÇÉÎÖÎÙÃÓÃÖÇËÉÃÍÈÔÈÍÎÓÈÌÕ

ÌÕÇÎÇÕÃ�ÇÏÈÕÃÇÈÕÚÃÕÓÃÚÇÎËÇÔÌÖÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃËÜ

example

procedure Display_Menu (Title   : in     String; 

                        Options : in     Menus;

                        Choice  :    out Alpha_Numerics);

ÌÖ

procedure Display_Menu_On_Primary_Window

      (Title   : in     String;

       Options : in     Menus;

       Choice  :    out Alpha_Numerics);

ÌÖ

procedure Display_Menu_On_Screen (

      Title   : in     String;

      Options : in     Menus;

      Choice  :    out Alpha_Numerics

    );

!ÏÈŠÕÈÕŠÇÉÎÖÃÕÓÅÃËÃËÇÙÎŸÃËÇÍÌÙÉÏÈÍÎÓÃÚÇÖÃÏÎÓÈÌÕÎÏÇÃÒÉÖÃËËÈÌÕËÇÙÌÖÃÇÍÏÃÎÖ*

if not (First_Character in Alpha_Numerics and then

        Valid_Option(First_Character))        then

rationale

ÀÅÈËÇÔÎÍÈÏÈÓÎÓÃËÇÖÃÎÚÎÛÈÏÈÓÊÇÎÕÚÇÑÕÚÃÖËÓÎÕÚÎÛÈÏÈÓÊÜÇ!ÏÈŠÕÈÕŠÇÉÎÖÎÙÃÓÃÖÇÙÌÚÃËÇÉÖÌ ÈÚÃËÇÓÅÃÇÃÔÔÃÍÓÇÌÔÇÎ

ÓÎÛÏÃÇ�ÈÓÅÇÍÌÏÑÙÕËÇÔÌÖÇÉÎÖÎÙÃÓÃÖÇÕÎÙÃ�ÇÙÌÚÃ�ÇÓÊÉÃ�ÇÎÕÚ�ÇÈÔÇÕÃÍÃËËÎÖÊ�ÇÉÎÖÎÙÃÓÃÖ�ËÉÃÍÈÔÈÍÇÍÌÙÙÃÕÓËÜ

VÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÌÔÇÉÎÖÎÙÃÓÃÖËÇÎÍÖÌËËÇËÑÛÉÖÌŠÖÎÙËÇ�ÈÓÅÈÕÇÎÇÍÌÙÉÈÏÎÓÈÌÕÇÑÕÈÓÇÈÕÍÖÃÎËÃËÇÓÅÃÇÖÃÎÚÎÛÈÏÈÓÊ

Ã ÃÕÇÙÌÖÃÜ

note

VÎÖÈÌÑËÇÌÉÓÈÌÕËÇÎÖÃÇÎ ÎÈÏÎÛÏÃÇÔÌÖÇËÑÛÉÖÌŠÖÎÙÇÏÎÊÌÑÓÜÇÀÅÃÇËÃÍÌÕÚÇÃÒÎÙÉÏÃÇÎÛÌ ÃÇÎÏÈŠÕËÇÎÏÏÇÌÔÇÓÅÃ

ËÑÛÉÖÌŠÖÎÙÇÕÎÙÃËÇÎÕÚÇÉÎÖÎÙÃÓÃÖÇÕÎÙÃËÇÈÕÇÎÇÉÖÌŠÖÎÙÜÀÅÈËÇÅÎËÇÓÅÃÇÚÈËÎÚ ÎÕÓÎŠÃÇÌÔÇÌÍÍÑÉÊÈÕŠÇÎÕ

ÑÕÕÃÍÃËËÎÖÊÇ ÏÈÕÃÇ �ÅÃÖÃÇ ËÑÛÉÖÌŠÖÎÙÇ ÕÎÙÃËÇ ÎÖÃÇ ËÅÌÖÓÇ ÎÕÚÇ ÏÌÌŸÈÕŠÇ Î�Ÿ�ÎÖÚÇ ÈÔÇ ÓÅÃÖÃÇ ÈËÇ ÌÕÏÊÇÌÕÃ

ÉÎÖÎÙÃÓÃÖÜ

ÀÅÃÇÓÅÈÖÚÇÃÒÎÙÉÏÃÇÈËÇÎÇÔÌÖÙÎÓÇÍÌÙÙÌÕÏÊÇÑËÃÚÇÓÌÇÖÃÚÑÍÃÇÓÅÃÇÎÙÌÑÕÓÇÌÔÇÃÚÈÓÈÕŠÇÖÃ’ÑÈÖÃÚÇ�ÅÃÕÇÉÎÖÎÙÃÓÃÖ

ÏÈÕÃËÇÎÖÃÇÎÚÚÃÚ�ÇÚÃÏÃÓÃÚ�ÇÌÖÇÖÃÌÖÚÃÖÃÚÜÇÀÅÃÇÉÎÖÃÕÓÅÃËÃËÇÚÌÕ’ÓÇÅÎ ÃÇÓÌÇÛÃÇÙÌ ÃÚÇÔÖÌÙÇÏÈÕÃÇÓÌÇÏÈÕÃÜ

HÌ�Ã ÃÖ�ÇÓÅÃÇÏÎËÓÇÉÎÖÎÙÃÓÃÖÇÏÈÕÃÇÈËÇÓÅÃÇÌÕÏÊÇÌÕÃÇ�ÈÓÅÌÑÓÇÎÇËÃÙÈÍÌÏÌÕÜ

automation notes

%ÌËÓÇÌÔÇÓÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜÇÀÅÃÇÌÕÃ

ÃÒÍÃÉÓÈÌÕÇÈËÇÓÅÃÇÏÎËÓÇÃÒÎÙÉÏÃ�Ç�ÅÈÍÅÇËÅÌ�ËÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÌÔÇÉÎÖÃÕÓÅÃËÃËÇÓÌÇÃÙÉÅÎËÈ#ÃÇÓÃÖÙËÇÌÔÇÎÕ

ÃÒÉÖÃËËÈÌÕÜÇÀÅÈËÇÈËÇÚÈÔÔÈÍÑÏÓÇÓÌÇÎÍÅÈÃ ÃÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÇÑÕÏÃËËÇÓÅÃÇÖÃÏÃ ÎÕÓÇÓÃÖÙËÇÌÔÇÓÅÃ

ÃÒÉÖÃËËÈÌÕÇÍÎÕÇÛÃÇÚÃÓÃÖÙÈÕÃÚÇËÓÖÈÍÓÏÊÇÓÅÖÌÑŠÅÇÌÉÃÖÎÓÌÖÇÉÖÃÍÃÚÃÕÍÃÜ

2.1.6 Blank Lines

guideline

Á &ËÃÇÛÏÎÕŸÇÏÈÕÃËÇÓÌÇŠÖÌÑÉÇÏÌŠÈÍÎÏÏÊÇÖÃÏÎÓÃÚÇÏÈÕÃËÇÌÔÇÓÃÒÓÇ,N!$!Ç1987-Ü

example

if ... then

   for ... loop

      ...

   end loop;

end if;
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ÀÅÈËÇÃÒÎÙÉÏÃÇËÃÉÎÖÎÓÃËÇÚÈÔÔÃÖÃÕÓÇŸÈÕÚËÇÌÔÇÚÃÍÏÎÖÎÓÈÌÕËÇ�ÈÓÅÇÛÏÎÕŸÇÏÈÕÃË*

type Employee_Record is

   record

      Legal_Name    : Name;

      Date_Of_Birth : Date;

      Date_Of_Hire  : Date;

      Salary        : Money;

   end record;

type Day is

      (Monday,    Tuesday,   Wednesday, Thursday,  Friday,

       Saturday,  Sunday);

subtype Weekday is Day range Monday   .. Friday;

subtype Weekend is Day range Saturday .. Sunday;

rationale

WÅÃÕÇÛÏÎÕŸÇÏÈÕÃËÇÎÖÃÇÑËÃÚÇÈÕÇÎÇÓÅÌÑŠÅÓÔÑÏÇÎÕÚÇÍÌÕËÈËÓÃÕÓÇÙÎÕÕÃÖ�ÇËÃÍÓÈÌÕËÇÌÔÇÖÃÏÎÓÃÚÇÍÌÚÃÇÎÖÃÇÙÌÖÃ

 ÈËÈÛÏÃÇÓÌÇÖÃÎÚÃÖËÜ

automation notes

!ÑÓÌÙÎÓÈÍÇÔÌÖÙÎÓÓÃÖËÇÚÌÇÕÌÓÇÃÕÔÌÖÍÃÇÓÅÈËÇŠÑÈÚÃÏÈÕÃÇ�ÃÏÏÇÛÃÍÎÑËÃÇÓÅÃÇÚÃÍÈËÈÌÕÇÌÕÇ�ÅÃÖÃÇÓÌÇÈÕËÃÖÓÇÛÏÎÕŸ

ÏÈÕÃËÇÈËÇÎÇËÃÙÎÕÓÈÍÇÌÕÃÜÇHÌ�Ã ÃÖ�ÇÙÎÕÊÇÔÌÖÙÎÓÓÃÖËÇÅÎ ÃÇÓÅÃÇÎÛÈÏÈÓÊÇÓÌÇÏÃÎ ÃÇÃÒÈËÓÈÕŠÇÛÏÎÕŸÇÏÈÕÃËÇÈÕÓÎÍÓÜ

ÀÅÑË�ÇÊÌÑÇÍÎÕÇÙÎÕÑÎÏÏÊÇÈÕËÃÖÓÇÓÅÃÇÏÈÕÃËÇÎÕÚÇÕÌÓÇÏÌËÃÇÓÅÃÇÃÔÔÃÍÓÇ�ÅÃÕÇÊÌÑÇÖÑÕÇËÑÍÅÇÎÇÔÌÖÙÎÓÓÃÖÜ

2.1.7 Pagination

guideline

Á HÈŠÅÏÈŠÅÓÇÓÅÃÇÓÌÉÇÌÔÇÃÎÍÅÇÉÎÍŸÎŠÃÇÌÖÇÓÎËŸÇËÉÃÍÈÔÈÍÎÓÈÌÕ�ÇÓÅÃÇÓÌÉÇÌÔÇÃÎÍÅÇÉÖÌŠÖÎÙÇÑÕÈÓÇÛÌÚÊ�ÇÎÕÚÇÓÅÃ

ÃÕÚÇËÓÎÓÃÙÃÕÓÇÌÔÇÃÎÍÅÇÉÖÌŠÖÎÙÇÑÕÈÓÜ

instantiation

$ÉÃÍÈÔÈÍÎÏÏÊ�ÇÈÓÇÈËÇÖÃÍÌÙÙÃÕÚÃÚÇÓÅÎÓÇÊÌÑ*

( &ËÃÇ ÔÈÏÃÇ ÉÖÌÏÌŠÑÃË�Ç ËÉÃÍÈÔÈÍÎÓÈÌÕÇ ÅÃÎÚÃÖË�Ç ÎÕÚÇ ÛÌÚÊÇ ÅÃÎÚÃÖËÇ ÓÌÇ ÅÈŠÅÏÈŠÅÓÇ ÓÅÌËÃÇ ËÓÖÑÍÓÑÖÃËÇ ÎË

ÖÃÍÌÙÙÃÕÚÃÚÇÈÕÇGÑÈÚÃÏÈÕÃÇ3Ü3Ü

( &ËÃÇÎÇÏÈÕÃÇÌÔÇÚÎËÅÃË�ÇÛÃŠÈÕÕÈÕŠÇÎÓÇÓÅÃÇËÎÙÃÇÍÌÏÑÙÕÇÎËÇÓÅÃÇÍÑÖÖÃÕÓÇÈÕÚÃÕÓÎÓÈÌÕÇÓÌÇÅÈŠÅÏÈŠÅÓÇÓÅÃ

ÚÃÔÈÕÈÓÈÌÕÇÌÔÇËÑÛÑÕÈÓËÇÃÙÛÃÚÚÃÚÇÈÕÇÎÇÚÃÍÏÎÖÎÓÈ ÃÇÉÎÖÓÜÇÇŽÕËÃÖÓÇÓÅÃÇÏÈÕÃÇÌÔÇÚÎËÅÃËÇÈÙÙÃÚÈÎÓÃÏÊÇÛÃÔÌÖÃ

ÎÕÚÇÈÙÙÃÚÈÎÓÃÏÊÇÎÔÓÃÖÇÓÅÃÇÚÃÔÈÕÈÓÈÌÕÜ

( ŽÔÇÓ�ÌÇÚÎËÅÃÚÇÏÈÕÃËÇÎÖÃÇÎÚ"ÎÍÃÕÓ�ÇÌÙÈÓÇÓÅÃÇÏÌÕŠÃÖÇÌÔÇÓÅÃÇÓ�ÌÜ

example

with Basic_Types;

package body SPC_Numeric_Types is

...

   ---------------------------------------------------------------------

   function Max

         (Left  : in     Basic_Types.Tiny_Integer;

          Right : in     Basic_Types.Tiny_Integer)

         return Basic_Types.Tiny_Integer is

   begin

      if Right < Left then

         return Left;

      else

         return Right;

      end if;

   end Max;
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   ---------------------------------------------------------------------

   function Min

         (Left  : in     Basic_Types.Tiny_Integer;

          Right : in     Basic_Types.Tiny_Integer)

         return Basic_Types.Tiny_Integer is

   begin

      if Left < Right then

         return Left;

      else

         return Right;

      end if;

   end Min;

   ---------------------------------------------------------------------

   use Basic_Types;

begin  -- SPC_Numeric_Types

   Max_Tiny_Integer := Min(System_Max, Local_Max);

   Min_Tiny_Integer := Max(System_Min, Local_Min);

   -- ...

end SPC_Numeric_Types;

rationale

ŽÓÇÈËÇÃÎËÊÇÓÌÇÌ ÃÖÏÌÌŸÇÉÎÖÓËÇÌÔÇÉÖÌŠÖÎÙÇÑÕÈÓËÇÓÅÎÓÇÎÖÃÇÕÌÓÇ ÈËÈÛÏÃÇÌÕÇÓÅÃÇÍÑÖÖÃÕÓÇÉÎŠÃÇÌÖÇËÍÖÃÃÕÜÇÀÅÃÇÉÎŠÃ

ÏÃÕŠÓÅËÇÌÔÇÉÖÃËÃÕÓÎÓÈÌÕÇÅÎÖÚ�ÎÖÃÇÎÕÚÇËÌÔÓ�ÎÖÃÇ ÎÖÊÇ�ÈÚÃÏÊÜÇ)ÊÇÍÏÃÎÖÏÊÇÙÎÖŸÈÕŠÇÓÅÃÇÉÖÌŠÖÎÙ’ËÇÏÌŠÈÍÎÏ

ÉÎŠÃÇÛÌÑÕÚÎÖÈÃËÇ,ÃÜŠÜ�Ç�ÈÓÅÇÎÇÚÎËÅÃÚÇÏÈÕÃ-�ÇÊÌÑÇÃÕÎÛÏÃÇÎÇÖÃÎÚÃÖÇÓÌÇ’ÑÈÍŸÏÊÇÍÅÃÍŸÇ�ÅÃÓÅÃÖÇÎÏÏÇÌÔÇÎ

ÉÖÌŠÖÎÙÇÑÕÈÓÇÈËÇ ÈËÈÛÏÃÜÇ$ÑÍÅÇÉÎŠÈÕÎÓÈÌÕÇÎÏËÌÇÙÎŸÃËÇÈÓÇÃÎËÈÃÖÇÓÌÇËÍÎÕÇÎÇÏÎÖŠÃÇÔÈÏÃÇ’ÑÈÍŸÏÊ�ÇÏÌÌŸÈÕŠÇÔÌÖÇÎ

ÉÎÖÓÈÍÑÏÎÖÇÉÖÌŠÖÎÙÇÑÕÈÓÜ

note

ÀÅÈËÇŠÑÈÚÃÏÈÕÃÇÚÌÃËÇÕÌÓÇÎÚÚÖÃËËÇÍÌÚÃÇÏÎÊÌÑÓÇÌÕÇÓÅÃÇÉÅÊËÈÍÎÏÇ�ÉÎŠÃ�ÇÛÃÍÎÑËÃÇÓÅÃÇÚÈÙÃÕËÈÌÕËÇÌÔÇËÑÍÅ

ÉÎŠÃËÇ ÎÖÊÇ�ÈÚÃÏÊÇÎÕÚÇÕÌÇËÈÕŠÏÃÇŠÑÈÚÃÏÈÕÃÇÈËÇÎÉÉÖÌÉÖÈÎÓÃÜ

automation notes

ÀÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜ

2.1.8 Number of Statements Per Line

guideline

Á $ÓÎÖÓÇÃÎÍÅÇËÓÎÓÃÙÃÕÓÇÌÕÇÎÇÕÃ�ÇÏÈÕÃÜ

Á WÖÈÓÃÇÕÌÇÙÌÖÃÇÓÅÎÕÇÌÕÃÇËÈÙÉÏÃÇËÓÎÓÃÙÃÕÓÇÉÃÖÇÏÈÕÃÜ

Á )ÖÃÎŸÇÍÌÙÉÌÑÕÚÇËÓÎÓÃÙÃÕÓËÇÌ ÃÖÇÙÑÏÓÈÉÏÃÇÏÈÕÃËÜ

example

&ËÃ

if End_Of_File then

   Close_File;

else

   Get_Next_Record;

end if;

ÖÎÓÅÃÖÇÓÅÎÕ

if End_Of_File then Close_File; else Get_Next_Record; end if;

ÃÒÍÃÉÓÈÌÕÎÏÇÍÎËÃ

Put("A=");    Natural_IO.Put(A);    New_Line;

Put("B=");    Natural_IO.Put(B);    New_Line;

Put("C=");    Natural_IO.Put(C);    New_Line;

rationale

!ÇËÈÕŠÏÃÇËÓÎÓÃÙÃÕÓÇÌÕÇÃÎÍÅÇÏÈÕÃÇÃÕÅÎÕÍÃËÇÓÅÃÇÖÃÎÚÃÖ’ËÇÎÛÈÏÈÓÊÇÓÌÇÔÈÕÚÇËÓÎÓÃÙÃÕÓËÇÎÕÚÇÅÃÏÉËÇÉÖÃ ÃÕÓ

ËÓÎÓÃÙÃÕÓËÇÛÃÈÕŠÇÙÈËËÃÚÜÇ$ÈÙÈÏÎÖÏÊ�ÇÓÅÃÇËÓÖÑÍÓÑÖÃÇÌÔÇÎÇÍÌÙÉÌÑÕÚÇËÓÎÓÃÙÃÕÓÇÈËÇÍÏÃÎÖÃÖÇ�ÅÃÕÇÈÓËÇÉÎÖÓËÇÎÖÃ

ÌÕÇËÃÉÎÖÎÓÃÇÏÈÕÃËÜ
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note

ÇŽÔÇÎÇËÓÎÓÃÙÃÕÓÇÈËÇÏÌÕŠÃÖÇÓÅÎÕÇÓÅÃÇÖÃÙÎÈÕÈÕŠÇËÉÎÍÃÇÌÕÇÓÅÃÇÏÈÕÃ�ÇÍÌÕÓÈÕÑÃÇÈÓÇÌÕÇÓÅÃÇÕÃÒÓÇÏÈÕÃÜÇÀÅÈËÇŠÑÈÚÃÏÈÕÃ

ÈÕÍÏÑÚÃËÇÚÃÍÏÎÖÎÓÈÌÕË�ÇÍÌÕÓÃÒÓÇÍÏÎÑËÃË�ÇÎÕÚÇËÑÛÉÖÌŠÖÎÙÇÉÎÖÎÙÃÓÃÖËÜ

!ÍÍÌÖÚÈÕŠÇÓÌÇÓÅÃÇ!ÚÎÇLÎÕŠÑÎŠÃÇRÃÔÃÖÃÕÍÃÇ%ÎÕÑÎÏÇ,DÃÉÎÖÓÙÃÕÓÇÌÔÇDÃÔÃÕËÃÇ1983-�Ç�ÀÅÃÇÉÖÃÔÃÖÖÃÚ

ÉÏÎÍÃËÇÔÌÖÇÌÓÅÃÖÇÏÈÕÃÇÛÖÃÎŸËÇÎÖÃÇÎÔÓÃÖÇËÃÙÈÍÌÏÌÕËÜ�

exceptions

ÀÅÃÇÃÒÎÙÉÏÃÇÌÔÇPutÇÎÕÚÇNewlineÇËÓÎÓÃÙÃÕÓËÇËÅÌ�ËÇÎÇÏÃŠÈÓÈÙÎÓÃÇÃÒÍÃÉÓÈÌÕÜÇÀÅÈËÇŠÖÌÑÉÈÕŠÇÌÔÇÍÏÌËÃÏÊ

ÖÃÏÎÓÃÚÇËÓÎÓÃÙÃÕÓËÇÌÕÇÓÅÃÇËÎÙÃÇÏÈÕÃÇÙÎŸÃËÇÓÅÃÇËÓÖÑÍÓÑÖÎÏÇÖÃÏÎÓÈÌÕËÅÈÉÇÛÃÓ�ÃÃÕÇÓÅÃÇŠÖÌÑÉËÇÍÏÃÎÖÜ

automation notes

ÀÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖ�Ç�ÈÓÅÇÓÅÃÇËÈÕŠÏÃ

ÃÒÍÃÉÓÈÌÕÇÌÔÇÓÅÃÇÏÎËÓÇÃÒÎÙÉÏÃÇ�ÅÈÍÅÇËÅÌ�ËÇÎÇËÃÙÎÕÓÈÍÇŠÖÌÑÉÈÕŠÇÌÔÇÙÑÏÓÈÉÏÃÇËÓÎÓÃÙÃÕÓËÇÌÕÓÌÇÎÇËÈÕŠÏÃÇÏÈÕÃÜ

2.1.9 Source Code Line Length

guideline

Á !ÚÅÃÖÃÇÓÌÇÎÇÙÎÒÈÙÑÙÇÏÈÕÃÇÏÃÕŠÓÅÇÏÈÙÈÓÇÔÌÖÇËÌÑÖÍÃÇÍÌÚÃÇ,NÈËËÃÕÇÎÕÚÇWÎÏÏÈËÇ1984�ÇÂ2Ü3-Ü

instantiation

$ÉÃÍÈÔÈÍÎÏÏÊ�ÇÈÓÇÈËÇÖÃÍÌÙÙÃÕÚÃÚÇÓÅÎÓÇÊÌÑ*

( LÈÙÈÓÇËÌÑÖÍÃÇÍÌÚÃÇÏÈÕÃÇÏÃÕŠÓÅËÇÓÌÇÎÇÙÎÒÈÙÑÙÇÌÔÇ72ÇÍÅÎÖÎÍÓÃÖËÜ

rationale

WÅÃÕÇ!ÚÎÇÍÌÚÃÇÈËÇÉÌÖÓÃÚÇÔÖÌÙÇÌÕÃÇËÊËÓÃÙÇÓÌÇÎÕÌÓÅÃÖ�ÇÓÅÃÖÃÇÙÎÊÇÛÃÇÖÃËÓÖÈÍÓÈÌÕËÇÌÕÇÓÅÃÇÖÃÍÌÖÚÇËÈ#ÃÇÌÔ

ËÌÑÖÍÃÇÏÈÕÃÇËÓÎÓÃÙÃÕÓËÇÉÌËËÈÛÏÊÇÔÌÖÇÌÕÃÇÌÔÇÓÅÃÇÔÌÏÏÌ�ÈÕŠÇÖÃÎËÌÕË*ÇËÌÙÃÇÌÉÃÖÎÓÈÕŠÇËÊËÓÃÙËÇÙÎÊÇÕÌÓÇËÑÉÉÌÖÓ

 ÎÖÈÎÛÏÃÇÏÃÕŠÓÅÇÖÃÍÌÖÚËÇÔÌÖÇÓÎÉÃÇŽ/+ÇÌÖÇËÌÙÃÇÉÖÈÕÓÃÖËÇÎÕÚÇÓÃÖÙÈÕÎÏËÇËÑÉÉÌÖÓÇÎÕÇ80ÄÍÅÎÖÎÍÓÃÖÇÏÈÕÃÇ�ÈÚÓÅ

�ÈÓÅÇÕÌÇÏÈÕÃÄ�ÖÎÉÜÇ$ÃÃÇÔÑÖÓÅÃÖÇÖÎÓÈÌÕÎÏÃÇÈÕÇÓÅÃÇÕÌÓÃÇÔÌÖÇGÑÈÚÃÏÈÕÃÇ7Ü1Ü1Ü

$ÌÑÖÍÃÇÍÌÚÃÇÙÑËÓÇËÌÙÃÓÈÙÃËÇÛÃÇÉÑÛÏÈËÅÃÚÇÔÌÖÇ ÎÖÈÌÑËÇÖÃÎËÌÕË�ÇÎÕÚÇÏÃÓÓÃÖÄËÈ#ÃÇÉÎÉÃÖÇÈËÇÕÌÓÇÎËÇÔÌÖŠÈ ÈÕŠÇÎË

ÎÇÍÌÙÉÑÓÃÖÇÏÈËÓÈÕŠÇÈÕÇÓÃÖÙËÇÌÔÇÓÅÃÇÕÑÙÛÃÖÇÌÔÇÑËÎÛÏÃÇÍÌÏÑÙÕËÜ

ŽÕÇÎÚÚÈÓÈÌÕ�ÇÓÅÃÖÃÇÎÖÃÇÅÑÙÎÕÇÏÈÙÈÓÎÓÈÌÕËÇÈÕÇÓÅÃÇ�ÈÚÓÅÇÌÔÇÓÅÃÇÔÈÃÏÚÇÌÔÇ ÈÃ�ÇÔÌÖÇÑÕÚÃÖËÓÎÕÚÈÕŠÇÎÓÇÓÅÃÇÏÃ ÃÏ

ÖÃ’ÑÈÖÃÚÇÔÌÖÇÖÃÎÚÈÕŠÇËÌÑÖÍÃÇÍÌÚÃÜÇÀÅÃËÃÇÏÈÙÈÓÎÓÈÌÕËÇÍÌÖÖÃËÉÌÕÚÇÖÌÑŠÅÏÊÇÓÌÇÓÅÃÇ70ÇÓÌÇ80ÇÍÌÏÑÙÕÇÖÎÕŠÃÜ

automation notes

ÀÅÃÇŠÑÈÚÃÏÈÕÃËÇÈÕÇÓÅÈËÇËÃÍÓÈÌÕÇÎÖÃÇÃÎËÈÏÊÇÃÕÔÌÖÍÃÚÇ�ÈÓÅÇÎÕÇÎÑÓÌÙÎÓÈÍÇÍÌÚÃÇÔÌÖÙÎÓÓÃÖÜ

2.2 SUMMARY

code formatting

Á &ËÃÇÍÌÕËÈËÓÃÕÓÇËÉÎÍÈÕŠÇÎÖÌÑÕÚÇÚÃÏÈÙÈÓÃÖËÜ

Á &ËÃÇÓÅÃÇËÎÙÃÇËÉÎÍÈÕŠÇÎËÇÊÌÑÇ�ÌÑÏÚÇÈÕÇÖÃŠÑÏÎÖÇÉÖÌËÃÜ

Á ŽÕÚÃÕÓÇÎÕÚÇÎÏÈŠÕÇÕÃËÓÃÚÇÍÌÕÓÖÌÏÇËÓÖÑÍÓÑÖÃË�ÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃË�ÇÎÕÚÇÃÙÛÃÚÚÃÚÇÑÕÈÓËÇÍÌÕËÈËÓÃÕÓÏÊÜÇ

Á DÈËÓÈÕŠÑÈËÅÇÛÃÓ�ÃÃÕÇÈÕÚÃÕÓÎÓÈÌÕÇÔÌÖÇÕÃËÓÃÚÇÍÌÕÓÖÌÏÇËÓÖÑÍÓÑÖÃËÇÎÕÚÇÔÌÖÇÍÌÕÓÈÕÑÎÓÈÌÕÇÏÈÕÃËÜ

Á &ËÃÇËÉÎÍÃËÇÔÌÖÇÈÕÚÃÕÓÎÓÈÌÕ�ÇÕÌÓÇÓÅÃÇÓÎÛÇÍÅÎÖÎÍÓÃÖÇ,NÈËËÃÕÇÎÕÚÇWÎÏÏÈËÇ1984�ÇÂ2Ü2-Ü

Á !ÏÈŠÕÇÌÉÃÖÎÓÌÖËÇ ÃÖÓÈÍÎÏÏÊÇÓÌÇÃÙÉÅÎËÈ#ÃÇÏÌÍÎÏÇÉÖÌŠÖÎÙÇËÓÖÑÍÓÑÖÃÇÎÕÚÇËÃÙÎÕÓÈÍËÜ

Á &ËÃÇ ÃÖÓÈÍÎÏÇÎÏÈŠÕÙÃÕÓÇÓÌÇÃÕÅÎÕÍÃÇÓÅÃÇÖÃÎÚÎÛÈÏÈÓÊÇÌÔÇÚÃÍÏÎÖÎÓÈÌÕËÜ

Á PÖÌ ÈÚÃÇÎÓÇÙÌËÓÇÌÕÃÇÚÃÍÏÎÖÎÓÈÌÕÇÉÃÖÇÏÈÕÃÜ

Á ŽÕÚÃÕÓÇÎÏÏÇÚÃÍÏÎÖÎÓÈÌÕËÇÈÕÇÎÇËÈÕŠÏÃÇÚÃÍÏÎÖÎÓÈ ÃÇÉÎÖÓÇÎÓÇÓÅÃÇËÎÙÃÇÏÃ ÃÏÜ

Á !ÏÈŠÕÇÉÎÖÎÙÃÓÃÖÇÙÌÚÃËÇÎÕÚÇÉÎÖÃÕÓÅÃËÃËÇ ÃÖÓÈÍÎÏÏÊÜÇ

Á &ËÃÇÛÏÎÕŸÇÏÈÕÃËÇÓÌÇŠÖÌÑÉÇÏÌŠÈÍÎÏÏÊÇÖÃÏÎÓÃÚÇÏÈÕÃËÇÌÔÇÓÃÒÓÇ,N!$!Ç1987-Ü
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S HÈŠÅÏÈŠÅÓÇÓÅÃÇÓÌÉÇÌÔÇÃÎÍÅÇÉÎÍŸÎŠÃÇÌÖÇÓÎËŸÇËÉÃÍÈÔÈÍÎÓÈÌÕ�ÇÓÅÃÇÓÌÉÇÌÔÇÃÎÍÅÇÉÖÌŠÖÎÙÇÑÕÈÓÇÛÌÚÊ�ÇÎÕÚÇÓÅÃ

ÃÕÚÇËÓÎÓÃÙÃÕÓÇÌÔÇÃÎÍÅÇÉÖÌŠÖÎÙÇÑÕÈÓÜ

S $ÓÎÖÓÇÃÎÍÅÇËÓÎÓÃÙÃÕÓÇÌÕÇÎÇÕÃ�ÇÏÈÕÃÜ

S WÖÈÓÃÇÕÌÇÙÌÖÃÇÓÅÎÕÇÌÕÃÇËÈÙÉÏÃÇËÓÎÓÃÙÃÕÓÇÉÃÖÇÏÈÕÃÜ

S )ÖÃÎŸÇÍÌÙÉÌÑÕÚÇËÓÎÓÃÙÃÕÓËÇÌ ÃÖÇÙÑÏÓÈÉÏÃÇÏÈÕÃËÜ

S !ÚÅÃÖÃÇÓÌÇÎÇÙÎÒÈÙÑÙÇÏÈÕÃÇÏÃÕŠÓÅÇÏÈÙÈÓÇÔÌÖÇËÌÑÖÍÃÇÍÌÚÃÇ,NÈËËÃÕÇÎÕÚÇWÎÏÏÈËÇ1984�Çw2Ü3-Ü
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CHAPTER 3

Readability

ÅÃÇÉÊËÃÈÍÎÏÌÊÌÏËÑÓÓÏÔÖÉÊÒÈÕÉÊÑŠÊÚÉÇÔÛÊÜÖÈÊŠÏÈÎÚÌÏÉÊÎÑÊÓÈÙÏÊÌÏÈÖÇÔÛÊÈÔÖÊÚÔÖÏÌÉÎÈÔÖÇÔÛÊËÑÖÏÊÏÈÉÇÏÌŸÊÅÃÏÌÏ

ÈÌÏÊÓÈÔÕÊÓÕÎÃÉÊÈŽÑÚÎÊËÑÓÓÏÔÎÉÊÈÔÖÊÌÏÈÖÈŽÇ�ÇÎÕŸÊÅÃÏÊÌÏÉÍÑÔÉÇŽÇ�ÇÎÕÊŠÑÌÊÎÌÚÏÊÌÏÈÖÈŽÇ�ÇÎÕÊÌÏÉÎÉÊÓÑÌÏÊÒÇÎÃ

ÔÈÓÇÔÛÊÈÔÖÊËÑÖÏÊÉÎÌÚËÎÚÌÏÊÎÃÈÔÊÒÇÎÃÊËÑÓÓÏÔÎÉŸÊ�È�ÇÔÛÊÈÉÊÓÈÔÕÊËÑÓÓÏÔÎÊ�ÇÔÏÉÊÈÉÊËÑÖÏÊ�ÇÔÏÉÊÖÑÏÉÊÔÑÎÊÇÓÍ�Õ

ÌÏÈÖÈŽÇ�ÇÎÕ�ÊÇÎÊÓÑÌÏÊ�ÇÙÏ�ÕÊÇÔÖÇËÈÎÏÉÊÎÃÏÊÒÌÇÎÏÌÊÖÑÏÉÊÔÑÎÊÚÔÖÏÌÉÎÈÔÖÊÒÃÈÎÊÇÉÊÇÓÍÑÌÎÈÔÎÊÎÑÊËÑÓÓÚÔÇËÈÎÏŸ

3.1 SPELLING

 ÍÏ��ÇÔÛÊ ËÑÔ�ÏÔÎÇÑÔÉÊ ÇÔÊ ÉÑÚÌËÏÊ ËÑÖÏÊ ÇÔË�ÚÖÏÊ ÌÚ�ÏÉÊ ŠÑÌÊËÈÍÇÎÈ�Ç!ÈÎÇÑÔ"ÊÚÉÏÊÑŠÊÚÔÖÏÌÉËÑÌÏÉ"ÊÈÔÖÊÚÉÏÊÑŠ

ÈŽŽÌÏ�ÇÈÎÇÑÔÉŸÊ #ŠÊ ÎÃÏÉÏÊËÑÔ�ÏÔÎÇÑÔÉÊÈÌÏÊ ŠÑ��ÑÒÏÖÊËÑÔÉÇÉÎÏÔÎ�Õ"Ê ÎÃÏÊ ÌÏÉÚ�ÎÇÔÛÊËÑÖÏÊ ÇÉÊ Ë�ÏÈÌÏÌÊÈÔÖÊÓÑÌÏ

ÌÏÈÖÈŽ�ÏŸ

3.1.1 Use of Underscores

guideline

S $ÉÏÊÚÔÖÏÌÉËÑÌÏÉÊÎÑÊÉÏÍÈÌÈÎÏÊÒÑÌÖÉÊÇÔÊÈÊËÑÓÍÑÚÔÖÊÔÈÓÏŸ

example

ÁÂÄÀÅÃÇÀ-Ã./U-

VW}-~Ã“ÁÄUÀ

rationale

%ÃÏÔÊÈÔÊÇÖÏÔÎÇŠÇÏÌÊËÑÔÉÇÉÎÉÊÑŠÊÓÑÌÏÊÎÃÈÔÊÑÔÏÊÒÑÌÖ"ÊÇÎÊÇÉÊÓÚËÃÊÏÈÉÇÏÌÊÎÑÊÌÏÈÖÊÇŠÊÎÃÏÊÒÑÌÖÉÊÈÌÏÊÉÏÍÈÌÈÎÏÖ

ŽÕÊÚÔÖÏÌÉËÑÌÏÉŸÊ#ÔÖÏÏÖ"ÊÎÃÏÌÏÊÇÉÊÍÌÏËÏÖÏÔÎÊÇÔÊ&ÔÛ�ÇÉÃÊÇÔÊÒÃÇËÃÊËÑÓÍÑÚÔÖÊÒÑÌÖÉÊÈÌÏÊÉÏÍÈÌÈÎÏÖÊŽÕÊÈ

ÃÕÍÃÏÔŸÊ#ÔÊÈÖÖÇÎÇÑÔÊÎÑÊÍÌÑÓÑÎÇÔÛÊÌÏÈÖÈŽÇ�ÇÎÕÊÑŠÊÎÃÏÊËÑÖÏ"ÊÇŠÊÚÔÖÏÌÉËÑÌÏÉÊÈÌÏÊÚÉÏÖÊÇÔÊÔÈÓÏÉ"ÊÈÊËÑÖÏ

ŠÑÌÓÈÎÎÏÌÊÃÈÉÊÓÑÌÏÊËÑÔÎÌÑ�ÊÑ�ÏÌÊÈ�ÎÏÌÇÔÛÊËÈÍÇÎÈ�Ç!ÈÎÇÑÔŸÊ ÏÏÊ’ÚÇÖÏ�ÇÔÏÊ(ŸÄŸ(Ÿ

3.1.2 Numbers

guideline

S )ÏÍÌÏÉÏÔÎÊÔÚÓŽÏÌÉÊÇÔÊÈÊËÑÔÉÇÉÎÏÔÎÊŠÈÉÃÇÑÔŸÊ

S )ÏÍÌÏÉÏÔÎÊ�ÇÎÏÌÈ�ÉÊÇÔÊÈÊÌÈÖÇ*ÊÈÍÍÌÑÍÌÇÈÎÏÊÎÑÊÎÃÏÊÍÌÑŽ�ÏÓŸ

S $ÉÏÊÚÔÖÏÌÉËÑÌÏÉÊÎÑÊÉÏÍÈÌÈÎÏÊÖÇÛÇÎÉÊÎÃÏÊÉÈÓÏÊÒÈÕÊËÑÓÓÈÉÊÑÌÊÍÏÌÇÑÖÉÊ+ÑÌÊÉÍÈËÏÉÊŠÑÌÊÔÑÔÖÏËÇÓÈ�

ŽÈÉÏÉ,ÊÒÑÚ�ÖÊŽÏÊÚÉÏÖÊÇÔÊÃÈÔÖÒÌÇÎÎÏÔÊÎÏ*ÎŸÊ

S %ÃÏÔÊÚÉÇÔÛÊÉËÇÏÔÎÇŠÇËÊÔÑÎÈÎÇÑÔ"ÊÓÈÙÏÊÎÃÏÊVÊËÑÔÉÇÉÎÏÔÎ�ÕÊÏÇÎÃÏÌÊÚÍÍÏÌÊÑÌÊ�ÑÒÏÌÊËÈÉÏŸ

S #ÔÊÈÔÊÈ�ÎÏÌÔÈÎÏÊŽÈÉÏ"ÊÌÏÍÌÏÉÏÔÎÊÎÃÏÊÈ�ÍÃÈŽÏÎÇËÊËÃÈÌÈËÎÏÌÉÊÇÔÊÏÇÎÃÏÌÊÈ��ÊÚÍÍÏÌÊËÈÉÏÊÑÌÊÈ��Ê�ÑÒÏÌÊËÈÉÏŸ
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instantiation

- DÏËÇÓÈ�ÊÈÔÖÊÑËÎÈ�ÊÔÚÓŽÏÌÉÊÈÌÏÊÛÌÑÚÍÏÖÊŽÕÊÎÃÌÏÏÉÊŽÏÛÇÔÔÇÔÛÊËÑÚÔÎÇÔÛÊÑÔÊÏÇÎÃÏÌÊÉÇÖÏÊÑŠÊÎÃÏÊÌÈÖÇ*

ÍÑÇÔÎŸ

- ÅÃÏÊEÊÇÉÊÈ�ÒÈÕÉÊËÈÍÇÎÈ�Ç!ÏÖÊÇÔÊÉËÇÏÔÎÇŠÇËÊÔÑÎÈÎÇÑÔŸ

- $ÉÏÊÚÍÍÏÌÊËÈÉÏÊŠÑÌÊÎÃÏÊÈ�ÍÃÈŽÏÎÇËÊËÃÈÌÈËÎÏÌÉÊÌÏÍÌÏÉÏÔÎÇÔÛÊÖÇÛÇÎÉÊÇÔÊŽÈÉÏÉÊÈŽÑ�ÏÊÄ0Ÿ

- �Ï*ÈÖÏËÇÓÈ�ÊÔÚÓŽÏÌÉÊÈÌÏÊÛÌÑÚÍÏÖÊŽÕÊŠÑÚÌÉÊŽÏÛÇÔÔÇÔÛÊËÑÚÔÎÇÔÛÊÑÔÊÏÇÎÃÏÌÊÉÇÖÏÊÑŠÊÎÃÏÊÌÈÖÇ*ÊÍÑÇÔÎŸ

example

type Maximum_Samples     is range          1 ..  1_000_000;

type Legal_Hex_Address   is range   16#0000# ..   16#FFFF#;

type Legal_Octal_Address is range 8#000_000# .. 8#777_777#;

Avogadro_Number : constant := 6.022_169E+23;

ÅÑÊÌÏÍÌÏÉÏÔÎÊÎÃÏÊÔÚÓŽÏÌÊÄ/(ÊÈÉÊÈÊËÑÔÉÎÈÔÎ"ÊÚÉÏ

One_Third : constant := 1.0 / 3.0;

Ü�ÑÇÖÊÎÃÇÉÊÚÉÏŸ

One_Third_As_Decimal_Approximation : constant := 0.333_333_333_333_33;

ÑÌ

One_Third_Base_3 : constant := 3#0.1#; -- Yes, it really works!

rationale

CÑÔÉÇÉÎÏÔÎÊÚÉÏÊÑŠÊÚÍÍÏÌÊËÈÉÏÊÑÌÊ�ÑÒÏÌÊËÈÉÏÊÈÇÖÉÊÉËÈÔÔÇÔÛÊŠÑÌÊÔÚÓŽÏÌÉŸÊ$ÔÖÏÌÉËÑÌÏÉÊÉÏÌ�ÏÊÎÑÊÛÌÑÚÍ

ÍÑÌÎÇÑÔÉÊÑŠÊÔÚÓŽÏÌÉÊÇÔÎÑÊŠÈÓÇ�ÇÈÌÊÍÈÎÎÏÌÔÉŸÊCÑÔÉÇÉÎÏÔËÕÊÒÇÎÃÊËÑÓÓÑÔÊÚÉÏÊÇÔÊÏ�ÏÌÕÖÈÕÊËÑÔÎÏ*ÎÉÊÇÉÊÈÊ�ÈÌÛÏ

ÍÈÌÎÊÑŠÊÌÏÈÖÈŽÇ�ÇÎÕŸ

note

#ŠÊÈÊÌÈÎÇÑÔÈ�ÊŠÌÈËÎÇÑÔÊÇÉÊÌÏÍÌÏÉÏÔÎÏÖÊÇÔÊÈÊŽÈÉÏÊÇÔÊÒÃÇËÃÊÇÎÊÃÈÉÊÈÊÎÏÌÓÇÔÈÎÇÔÛÊÌÈÎÃÏÌÊÎÃÈÔÊÌÏÍÏÈÎÇÔÛ

ÌÏÍÌÏÉÏÔÎÈÎÇÑÔ"ÊÈÉÊ3#0.1#ÊÖÑÏÉÊÇÔÊÎÃÏÊÏ*ÈÓÍ�ÏÊÈŽÑ�Ï"ÊÇÎÊÓÈÕÊÃÈ�ÏÊÇÔËÌÏÈÉÏÖÊÈËËÚÌÈËÕÊÚÍÑÔÊËÑÔ�ÏÌÉÇÑÔÊÎÑ

ÎÃÏÊÓÈËÃÇÔÏÊŽÈÉÏŸ

3.1.3 Capitalization

guideline

Á MÈÙÏÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÈÔÖÊÑÎÃÏÌÊÏ�ÏÓÏÔÎÉÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÏÈËÃÊÑÎÃÏÌŸ

instantiation

- $ÉÏÊ�ÑÒÏÌÊËÈÉÏÊŠÑÌÊÈ��ÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊ+ÒÃÏÔÊÚÉÏÖÊÈÉÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉ,Ÿ

- $ÉÏÊÓÇ*ÏÖÊ ËÈÉÏÊ ŠÑÌÊ È��Ê ÑÎÃÏÌÊ ÇÖÏÔÎÇŠÇÏÌÉ"Ê ÈÊ ËÈÍÇÎÈ�Ê �ÏÎÎÏÌÊ ŽÏÛÇÔÔÇÔÛÊ Ï�ÏÌÕÊÒÑÌÖÊ ÉÏÍÈÌÈÎÏÖÊ ŽÕ

ÚÔÖÏÌÉËÑÌÏÉŸ

- $ÉÏÊÚÍÍÏÌÊËÈÉÏÊŠÑÌÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÈÔÖÊÈËÌÑÔÕÓÉÊ+ÉÏÏÊÈÚÎÑÓÈÎÇÑÔÊÔÑÎÏ,Ÿ

example

...

type Second_Of_Day      is range 0 .. 86_400;

type Noon_Relative_Time is (Before_Noon, After_Noon, High_Noon);

subtype Morning   is Second_Of_Day range 0 .. 86_400 / 2 - 1;

subtype Afternoon is Second_Of_Day range Morning’Last + 2 .. 86_400;

...

Current_Time := Second_Of_Day(Calendar.Seconds(Calendar.Clock));
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if Current_Time in Morning then

   Time_Of_Day := Before_Noon;

elsif Current_Time in Afternoon then

   Time_Of_Day := After_Noon;

else

   Time_Of_Day := High_Noon;

end if;

case Time_Of_Day is

   when Before_Noon =>   Get_Ready_For_Lunch;

   when High_Noon   =>   Eat_Lunch;

   when After_Noon  =>   Get_To_Work;

end case;

...

rationale

VÇÉÚÈ��ÕÊÖÇÉÎÇÔÛÚÇÉÃÇÔÛÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÈ��ÑÒÉÊÎÃÏÊÌÏÈÖÏÌÊÎÑÊŠÑËÚÉÊÑÔÊÍÌÑÛÌÈÓÊÉÎÌÚËÎÚÌÏÊÈ�ÑÔÏ"ÊÇŠÊÖÏÉÇÌÏÖ"

ÈÔÖÊÈ�ÉÑÊÈÇÖÉÊÉËÈÔÔÇÔÛÊŠÑÌÊÍÈÌÎÇËÚ�ÈÌÊÇÖÏÔÎÇŠÇÏÌÉŸ

ÅÃÏÊÇÔÉÎÈÔÎÇÈÎÇÑÔÊËÃÑÉÏÔÊÃÏÌÏÊÇÉÊÓÏÈÔÎÊÎÑÊŽÏÊÓÑÌÏÊÌÏÈÖÈŽ�ÏÊŠÑÌÊÎÃÏÊÏ*ÍÏÌÇÏÔËÏÖÊÜÖÈÊÍÌÑÛÌÈÓÓÏÌ"ÊÒÃÑ

ÖÑÏÉÊÔÑÎÊÔÏÏÖÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÎÑÊ�ÏÈÍÊÑŠŠÊÎÃÏÊÍÈÛÏŸÊÊBÏÛÇÔÔÏÌÉÊÎÑÊÈÔÕÊ�ÈÔÛÚÈÛÏÊÑŠÎÏÔÊŠÇÔÖÊÎÃÈÎÊÌÏÉÏÌ�ÏÖ

ÒÑÌÖÉÊÉÃÑÚ�ÖÊŽÏÊÏÓÍÃÈÉÇ!ÏÖÊÎÑÊÃÏ�ÍÊÎÃÏÓÊŠÇÔÖÊÎÃÏÊËÑÔÎÌÑ�ÊÉÎÌÚËÎÚÌÏÉÊÓÑÌÏÊÏÈÉÇ�ÕŸÊÊBÏËÈÚÉÏÊÑŠÊÎÃÇÉ"

ÇÔÉÎÌÚËÎÑÌÉÊ ÇÔÊ ÎÃÏÊ Ë�ÈÉÉÌÑÑÓÊ ÈÔÖÊ ŽÑÑÙÉÊ ÇÔÎÌÑÖÚËÇÔÛÊ ÎÃÏÊÜÖÈÊ �ÈÔÛÚÈÛÏÊÓÈÕÊÒÈÔÎÊ ÎÑÊ ËÑÔÉÇÖÏÌÊ ÈÔ

È�ÎÏÌÔÈÎÇ�ÏÊÇÔÉÎÈÔÎÇÈÎÇÑÔŸÊÊ#ÎÊÉÃÑÚ�ÖÊŽÏÊÇÔÉÎÌÚËÎÇ�ÏÊÎÑÊÔÑÎÏÊÎÃÈÎÊÎÃÏÊÜÖÈÊLÈÔÛÚÈÛÏÊ)ÏŠÏÌÏÔËÏÊMÈÔÚÈ�

ËÃÑÉÏÊÎÑÊŽÑ�ÖÊÈ��ÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉŸÊÊ$ÍÍÏÌÊËÈÉÏÊŠÑÌÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÓÈÕÊÈ�ÉÑÊŽÏÊÉÚÇÎÈŽ�ÏŸ

note

#ÔÊ ÏËÎÇÑÔÊ2ŸÄ"ÊNÇÉÉÏÔÊÈÔÖÊ%È��ÇÉÊ+Ä984,ÊÉÎÈÎÏÉÊÎÃÈÎÊ“ÅÃÏÊËÃÑÇËÏÊÑŠÊËÈÉÏÊÇÉÊÃÇÛÃ�ÕÊÖÏŽÈÎÈŽ�Ï"ÊÈÔÖÊÎÃÈÎ

ËÃÑÉÏÔÊŠÑÌÊÊÎÃÏÊ[ÜÖÈÊLÈÔÛÚÈÛÏÊ)ÏŠÏÌÏÔËÏÊMÈÔÚÈ�Ê+DÏÍÈÌÎÓÏÔÎÊÑŠÊDÏŠÏÔÉÏÊÄ98(,]ÊÇÉÊÔÑÎÊÔÏËÏÉÉÈÌÇ�ÕÊÎÃÏ

ŽÏÉÎŸÊÅÃÏÊÚÉÏÊÑŠÊ�ÑÒÏÌÊËÈÉÏÊŠÑÌÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÇÉÊÑŠÎÏÔÊÍÌÏŠÏÌÌÏÖ"ÊÉÑÊÎÃÈÎÊÎÃÏÕÊÖÑÊÔÑÎÊÉÎÈÔÖÊÑÚÎÊÎÑÑÊÓÚËÃŸ

�ÑÒÏ�ÏÌ"Ê�ÑÒÏÌÊËÈÉÏÊÇÉÊÛÏÔÏÌÈ��ÕÊÏÈÉÇÏÌÊÎÑÊÌÏÈÖÊÎÃÈÔÊÚÍÍÏÌÊËÈÉÏ�ÊÒÑÌÖÉÊËÈÔÊŽÏÊÖÇÉÎÇÔÛÚÇÉÃÏÖÊŽÕÊÎÃÏÇÌ

Ñ�ÏÌÈ��ÊÉÃÈÍÏ"ÊÈÔÖÊËÈÔÊŽÏÊŠÑÚÔÖÊÓÑÌÏÊqÚÇËÙ�ÕÊÒÃÏÔÊÉËÈÔÔÇÔÛÊÎÃÏÊÎÏ*ÎŸ"

automation note

ÜÖÈÊÔÈÓÏÉÊÈÌÏÊÔÑÎÊËÈÉÏÊÉÏÔÉÇÎÇ�ÏŸÊÅÃÏÌÏŠÑÌÏÊÎÃÏÊÔÈÓÏÉÊmax_limit"ÊMAX_LIMIT"ÊÈÔÖÊMax_LimitÊÖÏÔÑÎÏÊÎÃÏ

ÉÈÓÏÊÑŽjÏËÎÊÑÌÊÏÔÎÇÎÕŸÊÜÊÛÑÑÖÊËÑÖÏÊŠÑÌÓÈÎÎÏÌÊÉÃÑÚ�ÖÊŽÏÊÈŽ�ÏÊÎÑÊÈÚÎÑÓÈÎÇËÈ��ÕÊËÑÔ�ÏÌÎÊŠÌÑÓÊÑÔÏÊÉÎÕ�ÏÊÎÑ

ÈÔÑÎÃÏÌÊÈÉÊ�ÑÔÛÊÈÉÊÎÃÏÊÒÑÌÖÉÊÈÌÏÊÖÏ�ÇÓÇÎÏÖÊŽÕÊÚÔÖÏÌÉËÑÌÏÉŸ

ÜÉÊÌÏËÑÓÓÏÔÖÏÖÊÇÔÊ’ÚÇÖÏ�ÇÔÏÊ(ŸÄŸ4"ÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÉÃÑÚ�ÖÊŽÏÊÍÌÑjÏËÎÊÒÇÖÏŸÊÊÜÔÊÈÚÎÑÓÈÎÏÖÊÎÑÑ�ÊÉÃÑÚ�Ö

È��ÑÒÊÈÊÍÌÑjÏËÎÊÎÑÊÉÍÏËÇŠÕÊÎÃÑÉÏÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÈÔÖÊŠÑÌÓÈÎÊÎÃÏÓÊÈËËÑÌÖÇÔÛ�ÕŸ

3.1.4 Abbreviations

guideline

Á DÑÊÔÑÎÊÚÉÏÊÈÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÑŠÊÈÊ�ÑÔÛÊÒÑÌÖÊÈÉÊÈÔÊÇÖÏÔÎÇŠÇÏÌÊÒÃÏÌÏÊÈÊÉÃÑÌÎÏÌÊÉÕÔÑÔÕÓÊÏ*ÇÉÎÉŸ

Á $ÉÏÊÈÊËÑÔÉÇÉÎÏÔÎÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÉÎÌÈÎÏÛÕŸ

Á DÑÊÔÑÎÊÚÉÏÊÈÓŽÇÛÚÑÚÉÊÈŽŽÌÏ�ÇÈÎÇÑÔÉŸ

Á ÜÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÓÚÉÎÊÉÈ�ÏÊÓÈÔÕÊËÃÈÌÈËÎÏÌÉÊÑ�ÏÌÊÎÃÏÊŠÚ��ÊÒÑÌÖÊÎÑÊŽÏÊjÚÉÎÇŠÇÏÖŸ

Á $ÉÏÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÎÃÈÎÊÈÌÏÊÒÏ��-ÈËËÏÍÎÏÖÊÇÔÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔÊÖÑÓÈÇÔŸ

Á MÈÇÔÎÈÇÔÊÈÊ�ÇÉÎÊÑŠÊÈËËÏÍÎÏÖÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÈÔÖÊÚÉÏÊÑÔ�ÕÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÑÔÊÎÃÈÎÊ�ÇÉÎŸ

example

$ÉÏÊTime_Of_ReceiptÊÌÈÎÃÏÌÊÎÃÈÔÊRecd_TimeÊÑÌÊR_TimeŸ

BÚÎÊ ÇÔÊ ÈÔÊ ÈÍÍ�ÇËÈÎÇÑÔÊ ÎÃÈÎÊ ËÑÓÓÑÔ�ÕÊ ÖÏÈ�ÉÊ ÒÇÎÃÊ ÓÏÉÉÈÛÏÊ ŠÑÌÓÈÎÉÊ ÎÃÈÎÊ ÓÏÏÎÊ ÓÇ�ÇÎÈÌÕÊ ÉÎÈÔÖÈÌÖÉ"

DOD_STD_MSG_FMTÊÇÉÊÈÔÊÈËËÏÍÎÈŽ�ÏÊÈŽŽÌÏ�ÇÈÎÇÑÔÊŠÑÌ:

Department_Of_Defense_Standard_Message_Format.
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rationale

MÈÔÕÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÈÌÏÊÈÓŽÇÛÚÑÚÉÊÑÌÊÚÔÇÔÎÏ��ÇÛÇŽ�ÏÊÚÔ�ÏÉÉÊÎÈÙÏÔÊÇÔÊËÑÔÎÏ*ÎŸÊÜÉÊÈÔÊÏ*ÈÓÍ�Ï"ÊTempÊËÑÚ�Ö

ÇÔÖÇËÈÎÏÊÏÇÎÃÏÌÊÎÏÓÍÑÌÈÌÕÊÑÌÊÎÏÓÍÏÌÈÎÚÌÏŸÊFÑÌÊÎÃÇÉÊÌÏÈÉÑÔ"ÊÕÑÚÊÉÃÑÚ�ÖÊËÃÑÑÉÏÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊËÈÌÏŠÚ��Õ

ÒÃÏÔÊÕÑÚÊÚÉÏÊÎÃÏÓŸÊÊÅÃÏÊÌÈÎÇÑÔÈ�ÏÊÇÔÊ’ÚÇÖÏ�ÇÔÏÊ8ŸÄŸ2ÊÍÌÑ�ÇÖÏÉÊÈÊÓÑÌÏÊÎÃÑÌÑÚÛÃÊÖÇÉËÚÉÉÇÑÔÊÑŠÊÃÑÒ

ËÑÔÎÏ*ÎÊÉÃÑÚ�ÖÊÇÔŠ�ÚÏÔËÏÊÎÃÏÊÚÉÏÊÑŠÊÈŽŽÌÏ�ÇÈÎÇÑÔÉŸ

 ÇÔËÏÊ�ÏÌÕÊ�ÑÔÛÊ�ÈÌÇÈŽ�ÏÊÔÈÓÏÉÊËÈÔÊÑŽÉËÚÌÏÊÎÃÏÊÉÎÌÚËÎÚÌÏÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓ"ÊÏÉÍÏËÇÈ��ÕÊÇÔÊÖÏÏÍ�ÕÊÔÏÉÎÏÖ

+ÇÔÖÏÔÎÏÖ,ÊËÑÔÎÌÑ�ÊÉÎÌÚËÎÚÌÏÉ"ÊÇÎÊÇÉÊÈÊÛÑÑÖÊÇÖÏÈÊÎÑÊÎÌÕÊÎÑÊÙÏÏÍÊÇÖÏÔÎÇŠÇÏÌÉÊÉÃÑÌÎÊÈÔÖÊÓÏÈÔÇÔÛŠÚ�ŸÊ$ÉÏÊÉÃÑÌÎ

ÚÔÈŽŽÌÏ�ÇÈÎÏÖÊÔÈÓÏÉÊÒÃÏÔÏ�ÏÌÊÍÑÉÉÇŽ�ÏŸÊ#ŠÊÎÃÏÌÏÊÇÉÊÔÑÊÉÃÑÌÎÊÒÑÌÖÊÒÃÇËÃÊÒÇ��ÊÉÏÌ�ÏÊÈÉÊÈÔÊÇÖÏÔÎÇŠÇÏÌ"ÊÎÃÏÔ

ÈÊÒÏ��ÊÙÔÑÒÔÊÚÔÈÓŽÇÛÚÑÚÉÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÇÉÊÎÃÏÊÔÏ*ÎÊŽÏÉÎÊËÃÑÇËÏ"ÊÏÉÍÏËÇÈ��ÕÊÇŠÊÇÎÊËÑÓÏÉÊŠÌÑÓÊÈÊ�ÇÉÎÊÑŠ

ÉÎÈÔÖÈÌÖÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÚÉÏÖÊÎÃÌÑÚÛÃÑÚÎÊÎÃÏÊÍÌÑjÏËÎŸ

ÜÔÊÈŽŽÌÏ�ÇÈÎÏÖÊŠÑÌÓÈÎÊŠÑÌÊÈÊŠÚ��ÕÊqÚÈ�ÇŠÇÏÖÊÔÈÓÏÊËÈÔÊŽÏÊÏÉÎÈŽ�ÇÉÃÏÖÊ�ÇÈÊÎÃÏÊÌÏÔÈÓÏÉÊË�ÈÚÉÏŸÊÅÃÇÉ

ËÈÍÈŽÇ�ÇÎÕÊÇÉÊÚÉÏŠÚ�ÊÒÃÏÔÊÈÊ�ÏÌÕÊ�ÑÔÛ"ÊŠÚ��ÕÊqÚÈ�ÇŠÇÏÖÊÔÈÓÏÊÒÑÚ�ÖÊÑÎÃÏÌÒÇÉÏÊÑËËÚÌÊÓÈÔÕÊÎÇÓÏÉÊÇÔÊÈ

�ÑËÈ�Ç!ÏÖÊÉÏËÎÇÑÔÊÑŠÊËÑÖÏÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ5ŸÀŸ2,Ÿ

ÜÊ�ÇÉÎÊÑŠÊÈËËÏÍÎÏÖÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊŠÑÌÊÈÊÍÌÑjÏËÎÊÍÌÑ�ÇÖÏÉÊÈÊÉÎÈÔÖÈÌÖÊËÑÔÎÏ*ÎÊŠÑÌÊÚÉÇÔÛÊÏÈËÃÊÈŽŽÌÏ�ÇÈÎÇÑÔŸÊ

3.2 NAMING CONVENTIONS

CÃÑÑÉÏÊÔÈÓÏÉÊÎÃÈÎÊË�ÈÌÇŠÕÊÎÃÏÊÑŽjÏËÎ’ÉÊÑÌÊÏÔÎÇÎÕ’ÉÊÇÔÎÏÔÖÏÖÊÚÉÏŸÊÜÖÈÊÈ��ÑÒÉÊÇÖÏÔÎÇŠÇÏÌÉÊÎÑÊŽÏÊÈÔÕÊ�ÏÔÛÎÃÊÈÉ

�ÑÔÛÊÈÉÊÎÃÏÊÇÖÏÔÎÇŠÇÏÌÊŠÇÎÉÊÑÔÊÈÊ�ÇÔÏÊÒÇÎÃÊÈ��ÊËÃÈÌÈËÎÏÌÉÊŽÏÇÔÛÊÉÇÛÔÇŠÇËÈÔÎÊ+ÇÔË�ÚÖÇÔÛÊÚÔÖÏÌÉËÑÌÏÉ,ŸÊ#ÖÏÔÎÇŠÇÏÌÉÊÈÌÏ

ÎÃÏÊÔÈÓÏÉÊÚÉÏÖÊŠÑÌÊ�ÈÌÇÈŽ�ÏÉ"ÊËÑÔÉÎÈÔÎÉ"ÊÍÌÑÛÌÈÓÊÚÔÇÎÉ"ÊÈÔÖÊÑÎÃÏÌÊÏÔÎÇÎÇÏÉÊÒÇÎÃÇÔÊÈÊÍÌÑÛÌÈÓŸ

3.2.1 Names

guideline

Á CÃÑÑÉÏÊÔÈÓÏÉÊÎÃÈÎÊÈÌÏÊÈÉÊÉÏ�ŠÂÖÑËÚÓÏÔÎÇÔÛÊÈÉÊÍÑÉÉÇŽ�ÏŸ

Á $ÉÏÊÈÊÉÃÑÌÎÊÉÕÔÑÔÕÓÊÇÔÉÎÏÈÖÊÑŠÊÈÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ(ŸÄŸ4,Ÿ

Á $ÉÏÊÔÈÓÏÉÊÛÇ�ÏÔÊŽÕÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔÊŽÚÎÊÔÑÎÊÑŽÉËÚÌÏÊjÈÌÛÑÔŸ

example

#ÔÊÈÊÎÌÏÏ�ÒÈ�ÙÏÌ"ÊÚÉÇÔÛÊÎÃÏÊÔÈÓÏÊLeftÊÇÔÉÎÏÈÖÊÑŠÊLeft_BranchÊÇÉÊÉÚŠŠÇËÇÏÔÎÊÎÑÊËÑÔ�ÏÕÊÎÃÏÊŠÚ��ÊÓÏÈÔÇÔÛ

ÛÇ�ÏÔÊÎÃÏÊËÑÔÎÏ*ÎŸÊÊ�ÑÒÏ�ÏÌ"ÊÚÉÏÊTime_Of_Day ÇÔÉÎÏÈÖÊÑŠ TOD.

MÈÎÃÏÓÈÎÇËÈ�ÊŠÑÌÓÚ�ÈÉÊÈÌÏÊÑŠÎÏÔÊÛÇ�ÏÔÊÚÉÇÔÛÊÉÇÔÛ�ÏÂ�ÏÎÎÏÌÊÔÈÓÏÉÊŠÑÌÊ�ÈÌÇÈŽ�ÏÉŸÊCÑÔÎÇÔÚÏÊÎÃÇÉÊËÑÔ�ÏÔÎÇÑÔ

ŠÑÌÊÓÈÎÃÏÓÈÎÇËÈ�ÊÏqÚÈÎÇÑÔÉÊÒÃÏÌÏÊÇÎÊÒÑÚ�ÖÊÌÏËÈ��ÊÎÃÏÊŠÑÌÓÚ�È�ÊŠÑÌÊÏ*ÈÓÍ�Ï:

   A*(X**2) + B*X + C.

rationale

ÜÊÍÌÑÛÌÈÓÊÎÃÈÎÊŠÑ��ÑÒÉÊÎÃÏÉÏÊÛÚÇÖÏ�ÇÔÏÉÊËÈÔÊŽÏÊÓÑÌÏÊÏÈÉÇ�ÕÊËÑÓÍÌÏÃÏÔÖÏÖŸÊÊ Ï�ŠÂÖÑËÚÓÏÔÎÇÔÛÊÔÈÓÏÉ

ÌÏqÚÇÌÏÊŠÏÒÏÌÊÏ*Í�ÈÔÈÎÑÌÕÊËÑÓÓÏÔÎÉŸÊ&ÓÍÇÌÇËÈ�ÊÉÎÚÖÇÏÉÊÃÈ�ÏÊÉÃÑÒÔÊÎÃÈÎÊÕÑÚÊËÈÔÊŠÚÌÎÃÏÌÊÇÓÍÌÑ�Ï

ËÑÓÍÌÏÃÏÔÉÇÑÔÊÇŠÊÕÑÚÌÊ�ÈÌÇÈŽ�ÏÊÔÈÓÏÉÊÈÌÏÊÔÑÎÊÏ*ËÏÉÉÇ�Ï�ÕÊ�ÑÔÛÊ+ ËÃÔÏÇÖÏÌÓÈÔÊÄ986"ÊÀ,ŸÊÅÃÏÊËÑÔÎÏ*Î

ÈÔÖÊÈÍÍ�ÇËÈÎÇÑÔÊËÈÔÊÃÏ�ÍÊÛÌÏÈÎ�ÕŸÊÅÃÏÊÚÔÇÎÊÑŠÊÓÏÈÉÚÌÏÊŠÑÌÊÔÚÓÏÌÇËÊÏÔÎÇÎÇÏÉÊËÈÔÊŽÏÊÈÊÉÑÚÌËÏÊÑŠÊÎÕÍÏ

ÔÈÓÏÉŸ

note

 ÏÏÊ’ÚÇÖÏ�ÇÔÏÊ8ŸÄŸ2ÊŠÑÌÊÈÊÖÇÉËÚÉÉÇÑÔÊÑÔÊÃÑÒÊÎÑÊÚÉÏÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔÊÖÑÓÈÇÔÊÈÉÊÈÊÛÚÇÖÏ�ÇÔÏÊŠÑÌÊÉÏ�ÏËÎÇÔÛ

ÈŽŽÌÏ�ÇÈÎÇÑÔÉŸ

3.2.2 Type Names

guideline

Á $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÛÏÔÏÌÈ�ÊÔÑÚÔÉÊÈÉÊ+ÉÚŽ,ÎÕÍÏÊÇÖÏÔÎÇŠÇÏÌÉŸ

Á CÃÑÑÉÏÊÇÖÏÔÎÇŠÇÏÌÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÑÔÏÊÑŠÊÎÃÏÊ+ÉÚŽ,ÎÕÍÏ’ÉÊ�È�ÚÏÉŸ

Á DÑÊÔÑÎÊÚÉÏÊÇÖÏÔÎÇŠÇÏÌÊËÑÔÉÎÌÚËÎÇÑÔÉÊ+ÏŸÛŸ"ÊÉÚŠŠÇ*ÏÉ,ÊÎÃÈÎÊÈÌÏÊÚÔÇqÚÏÊÎÑÊ+ÉÚŽ,ÎÕÍÏÊÇÖÏÔÎÇŠÇÏÌÉŸ

Á DÑÊÔÑÎÊÚÉÏÊÎÃÏÊÎÕÍÏÊÔÈÓÏÉÊŠÌÑÓÊÍÌÏÖÏŠÇÔÏÖÊÍÈËÙÈÛÏÉŸ
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example

type Day is

   (Monday,    Tuesday,   Wednesday, Thursday,  Friday,

    Saturday,  Sunday);

type Day_Of_Month    is range      0 ..    31;

type Month_Number    is range      1 ..    12;

type Historical_Year is range -6_000 .. 2_500;

type Date is

   record

      Day   : Day_Of_Month;

      Month : Month_Number;

      Year  : Historical_Year;

   end record;

#ÔÊÍÈÌÎÇËÚ�ÈÌ"ÊDayÊÉÃÑÚ�ÖÊŽÏÊÚÉÏÖÊÇÔÊÍÌÏŠÏÌÏÔËÏÊÎÑÊDaysÊÑÌÊDay_Type�

ÅÃÏÊÇÖÏÔÎÇŠÇÏÌÊHistorical_YearÊÓÇÛÃÎÊÈÍÍÏÈÌÊÎÑÊŽÏÊÉÍÏËÇŠÇË"ÊŽÚÎÊÇÎÊÇÉÊÈËÎÚÈ��ÕÊÛÏÔÏÌÈ�"ÊÒÇÎÃÊÎÃÏÊÈÖjÏËÎÇ�Ï"

ÃÇÉÎÑÌÇËÈ�"ÊÖÏÉËÌÇŽÇÔÛÊÎÃÏÊÌÈÔÛÏÊËÑÔÉÎÌÈÇÔÎŸ

rationale

%ÃÏÔÊÎÃÇÉÊÉÎÕ�ÏÊÈÔÖÊÎÃÏÊÉÚÛÛÏÉÎÏÖÊÉÎÕ�ÏÊŠÑÌÊÑŽjÏËÎÊÇÖÏÔÎÇŠÇÏÌÉÊÈÌÏÊÚÉÏÖ"ÊÍÌÑÛÌÈÓÊËÑÖÏÊÓÑÌÏÊË�ÑÉÏ�Õ

ÌÏÉÏÓŽ�ÏÉÊ&ÔÛ�ÇÉÃÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ(Ÿ2Ÿ(,ŸÊÊFÚÌÎÃÏÌÓÑÌÏ"ÊÎÃÇÉÊÉÎÕ�ÏÊÇÉÊËÑÔÉÇÉÎÏÔÎÊÒÇÎÃÊÎÃÏÊÔÈÓÏÉÊÑŠÊÎÃÏ

�ÈÔÛÚÈÛÏ’ÉÊ ÍÌÏÖÏŠÇÔÏÖÊ ÇÖÏÔÎÇŠÇÏÌÉŸÊ Ê ÅÃÏÕÊ ÈÌÏÊ ÔÑÎÊ ÔÈÓÏÖÊ Integers, Booleans, Integer_Type,Ê ÑÌ

Boolean_TypeŸ

�ÑÒÏ�ÏÌ"ÊÚÉÇÔÛÊÎÃÏÊÔÈÓÏÊÑŠÊÈÊÎÕÍÏÊŠÌÑÓÊÎÃÏÊÍÌÏÖÏŠÇÔÏÖÊÍÈËÙÈÛÏÉÊÇÉÊÉÚÌÏÊÎÑÊËÑÔŠÚÉÏÊÈÊÍÌÑÛÌÈÓÓÏÌÊÒÃÏÔ

ÎÃÈÎÊÎÕÍÏÊÈÍÍÏÈÌÉÊÉÑÓÏÒÃÏÌÏÊÒÇÎÃÑÚÎÊÈÊÍÈËÙÈÛÏÊqÚÈ�ÇŠÇËÈÎÇÑÔŸ

3.2.3 Object Names

guideline

Á $ÉÏÊÍÌÏÖÇËÈÎÏÊË�ÈÚÉÏÉÊÑÌÊÈÖjÏËÎÇ�ÏÉÊŠÑÌÊŽÑÑ�ÏÈÔÊÑŽjÏËÎÉŸ

Á $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÉÍÏËÇŠÇËÊÔÑÚÔÉÊÈÉÊÑŽjÏËÎÊÇÖÏÔÎÇŠÇÏÌÉŸ

Á CÃÑÑÉÏÊÇÖÏÔÎÇŠÇÏÌÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÎÃÏÊÑŽjÏËÎ’ÉÊ�È�ÚÏÊÖÚÌÇÔÛÊÏ*ÏËÚÎÇÑÔŸ

Á $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÛÏÔÏÌÈ�ÊÔÑÚÔÉÊÈÉÊÇÖÏÔÎÇŠÇÏÌÉÊŠÑÌÊÌÏËÑÌÖÊËÑÓÍÑÔÏÔÎÉŸ

example

NÑÔŽÑÑ�ÏÈÔÊÑŽjÏËÎÉ:

Today           : Day;

Yesterday       : Day;

Retirement_Date : Date;

BÑÑ�ÏÈÔÊÑŽjÏËÎÉ:

User_Is_Available : Boolean;        -- predicate clause

List_Is_Empty     : Boolean;        -- predicate clause

Empty             : Boolean;        -- adjective

Bright            : Boolean;        -- adjective

rationale

$ÉÇÔÛÊÉÍÏËÇŠÇËÊÔÑÚÔÉÊŠÑÌÊÑŽjÏËÎÉÊÏÉÎÈŽ�ÇÉÃÏÉÊÈÊËÑÔÎÏ*ÎÊŠÑÌÊÚÔÖÏÌÉÎÈÔÖÇÔÛÊÎÃÏÊÑŽjÏËÎ’ÉÊ�È�ÚÏ"ÊÒÃÇËÃÊÇÉÊÑÔÏ

ÑŠÊÎÃÏÊÛÏÔÏÌÈ�Ê�È�ÚÏÉÊÖÏÉËÌÇŽÏÖÊŽÕÊÎÃÏÊ+ÉÚŽ,ÎÕÍÏ’ÉÊÔÈÓÏÊ+’ÚÇÖÏ�ÇÔÏÊ(Ÿ2Ÿ2,ŸÊÊOŽjÏËÎÊÖÏË�ÈÌÈÎÇÑÔÉÊŽÏËÑÓÏ

�ÏÌÕÊ&ÔÛ�ÇÉÃ-�ÇÙÏÊÒÇÎÃÊÎÃÇÉÊÉÎÕ�ÏŸÊÊFÑÌÊÏ*ÈÓÍ�Ï"ÊÎÃÏÊŠÇÌÉÎÊÖÏË�ÈÌÈÎÇÑÔÊÈŽÑ�ÏÊÇÉÊÌÏÈÖÊÈÉÊ“ÅÑÖÈÕÊÇÉÊÈÊDÈÕŸ"

’ÏÔÏÌÈ�ÊÔÑÚÔÉ"ÊÌÈÎÃÏÌÊÎÃÈÎÊÉÍÏËÇŠÇË"ÊÈÌÏÊÚÉÏÖÊŠÑÌÊÌÏËÑÌÖÊËÑÓÍÑÔÏÔÎÉÊŽÏËÈÚÉÏÊÈÊÌÏËÑÌÖÊÑŽjÏËÎ’ÉÊÔÈÓÏÊÒÇ��

ÉÚÍÍ�ÕÊÎÃÏÊËÑÔÎÏ*ÎÊŠÑÌÊÚÔÖÏÌÉÎÈÔÖÇÔÛÊÎÃÏÊËÑÓÍÑÔÏÔÎŸÊÊÅÃÚÉ"ÊÎÃÏÊŠÑ��ÑÒÇÔÛÊËÑÓÍÑÔÏÔÎÊÇÉÊÚÔÖÏÌÉÎÑÑÖÊÈÉ

“ÎÃÏÊÕÏÈÌÊÑŠÊÌÏÎÇÌÏÓÏÔÎŸ":

Retirement_Date.Year

FÑ��ÑÒÇÔÛÊËÑÔ�ÏÔÎÇÑÔÉÊÒÃÇËÃÊÌÏ�ÈÎÏÊÑŽjÏËÎÊÎÕÍÏÉÊÈÔÖÊÍÈÌÎÉÊÑŠÊÉÍÏÏËÃÊÓÈÙÏÉÊËÑÖÏÊÌÏÈÖÊÓÑÌÏÊ�ÇÙÏÊÎÏ*ÎŸ

FÑÌÊÏ*ÈÓÍ�Ï"ÊŽÏËÈÚÉÏÊÑŠÊÎÃÏÊÔÈÓÏÉÊËÃÑÉÏÔ"ÊÎÃÏÊŠÑ��ÑÒÇÔÛÊËÑÖÏÊÉÏÛÓÏÔÎÊÔÏÏÖÉÊÔÑÊËÑÓÓÏÔÎÉ:
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if List_Is_Empty then

   Number_Of_Elements := 0;

else

   Number_Of_Elements := Length_Of_List;

end if;

note

#ŠÊÇÎÊÇÉÊÖÇŠŠÇËÚ�ÎÊÎÑÊŠÇÔÖÊÈÊÉÍÏËÇŠÇËÊÔÑÚÔÊÎÃÈÎÊÖÏÉËÌÇŽÏÉÊÈÔÊÑŽjÏËÎ’ÉÊ�È�ÚÏÊÖÚÌÇÔÛÊÎÃÏÊÏÔÎÇÌÏÊÏ*ÏËÚÎÇÑÔÊÑŠÊÈ

ÍÌÑÛÌÈÓ"ÊÎÃÏÊÑŽjÏËÎÊÇÉÊÍÌÑŽÈŽ�ÕÊÉÏÌ�ÇÔÛÊÓÚ�ÎÇÍ�ÏÊÍÚÌÍÑÉÏÉŸÊÊMÚ�ÎÇÍ�ÏÊÑŽjÏËÎÉÊÉÃÑÚ�ÖÊŽÏÊÚÉÏÖÊÇÔÊÉÚËÃÊÈ

ËÈÉÏŸ

3.2.4 Program Unit Names

guideline

Á $ÉÏÊÈËÎÇÑÔÊ�ÏÌŽÉÊŠÑÌÊÍÌÑËÏÖÚÌÏÉÊÈÔÖÊÏÔÎÌÇÏÉŸ

Á $ÉÏÊÍÌÏÖÇËÈÎÏÂË�ÈÚÉÏÉÊŠÑÌÊŽÑÑ�ÏÈÔÊŠÚÔËÎÇÑÔÉŸ

Á $ÉÏÊÔÑÚÔÉÊŠÑÌÊÔÑÔŽÑÑ�ÏÈÔÊŠÚÔËÎÇÑÔÉŸ

Á ’Ç�ÏÊÍÈËÙÈÛÏÉÊÔÈÓÏÉÊÎÃÈÎÊÇÓÍ�ÕÊÃÇÛÃÏÌÊ�Ï�Ï�ÉÊÑŠÊÑÌÛÈÔÇ!ÈÎÇÑÔÊÎÃÈÔÊÉÚŽÍÌÑÛÌÈÓÉŸÊ’ÏÔÏÌÈ��Õ"ÊÎÃÏÉÏ

ÈÌÏÊÔÑÚÔÊÍÃÌÈÉÏÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÎÃÏÊÈŽÉÎÌÈËÎÇÑÔÊÍÌÑ�ÇÖÏÖŸÊ

Á ’Ç�ÏÊÎÈÉÙÉÊÔÈÓÏÉÊÎÃÈÎÊÇÓÍ�ÕÊÈÔÊÈËÎÇ�ÏÊÏÔÎÇÎÕŸÊÊ

Á NÈÓÏÊÛÏÔÏÌÇËÊÉÚŽÍÌÑÛÌÈÓÉÊÈÉÊÇŠÊÎÃÏÕÊÒÏÌÏÊÔÑÔÛÏÔÏÌÇËÊÉÚŽÍÌÑÛÌÈÓÉŸ

Á NÈÓÏÊÛÏÔÏÌÇËÊÍÈËÙÈÛÏÉÊÈÉÊÇŠÊÎÃÏÕÊÒÏÌÏÊÔÑÔÛÏÔÏÌÇËÊÍÈËÙÈÛÏÉŸ

Á MÈÙÏÊÎÃÏÊÛÏÔÏÌÇËÊÔÈÓÏÉÊÓÑÌÏÊÛÏÔÏÌÈ�ÊÎÃÈÔÊÎÃÏÊÇÔÉÎÈÔÎÇÈÎÏÖÊÔÈÓÏÉŸ

example

ÅÃÏÊŠÑ��ÑÒÇÔÛÊÈÌÏÊÉÈÓÍ�ÏÊÔÈÓÏÉÊŠÑÌÊÏ�ÏÓÏÔÎÉÊÎÃÈÎÊËÑÓÍÌÇÉÏÊÈÔÊÜÖÈÊÍÌÑÛÌÈÓŸ

 ÈÓÍ�ÏÊÍÌÑËÏÖÚÌÏÊÔÈÓÏÉ:

procedure Get_Next_Token          -- get is a transitive verb

procedure Create                  -- create is a transitive verb

 ÈÓÍ�ÏÊŠÚÔËÎÇÑÔÊÔÈÓÏÉÊŠÑÌÊŽÑÑ�ÏÈÔÂ�È�ÚÏÖÊŠÚÔËÎÇÑÔÉ:

function Is_Last_Item             -- predicate clause

function Is_Empty                 -- predicate clause

 ÈÓÍ�ÏÊŠÚÔËÎÇÑÔÊÔÈÓÏÉÊŠÑÌÊÔÑÔŽÑÑ�ÏÈÔÂ�È�ÚÏÖÊŠÚÔËÎÇÑÔÉÄ

function Successor                -- common noun

function Length                   -- attribute

function Top                      -- component

 ÈÓÍ�ÏÊÍÈËÙÈÛÏÊÔÈÓÏÉ:

package Terminal is               -- common noun

package Text_Utilities is         -- common noun

 ÈÓÍ�ÏÊÎÈÉÙÊÔÈÓÏÉ:

task Terminal_Resource_Manager is -- common noun that shows action

BÏ�ÑÒÊÇÉÊÈÊÉÈÓÍ�ÏÊÍÇÏËÏÊÑŠÊËÑÖÏÊÎÑÊÉÃÑÒÊÎÃÏÊË�ÈÌÇÎÕÊÎÃÈÎÊÌÏÉÚ�ÎÉÊŠÌÑÓÊÚÉÇÔÛÊÎÃÏÉÏÊËÑÔ�ÏÔÎÇÑÔÉÊÎÃÏ

ÍÈÌÎÉÂÑŠÂÉÍÏÏËÃÊÔÈÓÇÔÛÊËÑÔ�ÏÔÎÇÑÔÉŸ

ÊÊ

Get_Next_Token(Current_Token);

case Current_Token is

   when Identifier =>         Process_Identifier;

   when Numeric    =>         Process_Numeric;

end case;  -- Current_Token
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if Is_Empty(Current_List) then

   Number_Of_Elements := 0;

else

   Number_Of_Elements := Length(Current_List);

end if;

%ÃÏÔÊÍÈËÙÈÛÏÉÊÈÔÖÊÎÃÏÇÌÊÉÚŽÍÌÑÛÌÈÓÉÊÈÌÏÊÔÈÓÏÖÊÎÑÛÏÎÃÏÌ"ÊÎÃÏÊÌÏÉÚ�ÎÇÔÛÊËÑÖÏÊÇÉÊ�ÏÌÕÊÖÏÉËÌÇÍÎÇ�ÏŸ

if Stack.Is_Empty(Current_List) then

   Current_Token := Stack.Top(Current_List);

end if;

rationale

$ÉÇÔÛÊÎÃÏÉÏÊÔÈÓÇÔÛÊËÑÔ�ÏÔÎÇÑÔÉÊËÌÏÈÎÏÉÊÚÔÖÏÌÉÎÈÔÖÈŽ�ÏÊËÑÖÏÊÎÃÈÎÊÌÏÈÖÉÊÓÚËÃÊ�ÇÙÏÊÔÈÎÚÌÈ�Ê�ÈÔÛÚÈÛÏŸ

%ÃÏÔÊ�ÏÌŽÉÊÈÌÏÊÚÉÏÖÊŠÑÌÊÈËÎÇÑÔÉ"ÊÉÚËÃÊÈÉÊÉÚŽÍÌÑÛÌÈÓÉ"ÊÈÔÖÊÔÑÚÔÉÊÈÌÏÊÚÉÏÖÊŠÑÌÊÑŽjÏËÎÉ"ÊÉÚËÃÊÈÉÊÎÃÏÊÖÈÎÈ

ÎÃÈÎÊÎÃÏÊÉÚŽÍÌÑÛÌÈÓÊÓÈÔÇÍÚ�ÈÎÏÉ"ÊËÑÖÏÊÇÉÊÏÈÉÇÏÌÊÎÑÊÌÏÈÖÊÈÔÖÊÚÔÖÏÌÉÎÈÔÖŸÊÅÃÇÉÊÓÑÖÏ�ÉÊÈÊÓÏÖÇÚÓÊÑŠ

ËÑÓÓÚÔÇËÈÎÇÑÔÊÈ�ÌÏÈÖÕÊŠÈÓÇ�ÇÈÌÊÎÑÊÈÊÌÏÈÖÏÌŸÊ%ÃÏÌÏÊÎÃÏÊÍÇÏËÏÉÊÑŠÊÈÊÍÌÑÛÌÈÓÊÓÑÖÏ�ÊÈÊÌÏÈ�Á�ÇŠÏÊÉÇÎÚÈÎÇÑÔ"

ÚÉÇÔÛÊÎÃÏÉÏÊËÑÔ�ÏÔÎÇÑÔÉÊÌÏÖÚËÏÉÊÎÃÏÊÔÚÓŽÏÌÊÑŠÊÎÌÈÔÉ�ÈÎÇÑÔÊÉÎÏÍÉÊÇÔ�Ñ��ÏÖÊÇÔÊÌÏÈÖÇÔÛÊÈÔÖÊÚÔÖÏÌÉÎÈÔÖÇÔÛ

ÎÃÏÊÍÌÑÛÌÈÓŸÊ#ÔÊÈÊÉÏÔÉÏ"ÊÕÑÚÌÊËÃÑÇËÏÊÑŠÊÔÈÓÏÉÊÌÏŠ�ÏËÎÉÊÎÃÏÊ�Ï�Ï�ÊÑŠÊÈŽÉÎÌÈËÎÇÑÔÊŠÌÑÓÊËÑÓÍÚÎÏÌÊÃÈÌÖÒÈÌÏ

ÎÑÒÈÌÖÊÈÍÍ�ÇËÈÎÇÑÔÊÌÏqÚÇÌÏÓÏÔÎÉŸ

note

ÅÃÏÌÏÊÈÌÏÊÉÑÓÏÊËÑÔŠ�ÇËÎÇÔÛÊËÑÔ�ÏÔÎÇÑÔÉÊÇÔÊËÚÌÌÏÔÎÊÚÉÏÊŠÑÌÊÎÈÉÙÊÏÔÎÌÇÏÉŸÊ ÑÓÏÊÍÌÑÛÌÈÓÓÏÌÉÊÈÔÖÊÖÏÉÇÛÔÏÌÉ

ÈÖ�ÑËÈÎÏÊÔÈÓÇÔÛÊÎÈÉÙÊÏÔÎÌÇÏÉÊÒÇÎÃÊÎÃÏÊÉÈÓÏÊËÑÔ�ÏÔÎÇÑÔÉÊÚÉÏÖÊŠÑÌÊÉÚŽÍÌÑÛÌÈÓÉÊÎÑÊŽ�ÚÌÊÎÃÏÊŠÈËÎÊÎÃÈÎÊÈÊÎÈÉÙ

ÇÉÊÇÔ�Ñ��ÏÖŸÊÅÃÏÇÌÊÌÏÈÉÑÔÇÔÛÊÇÉÊÎÃÈÎÊÇŠÊÎÃÏÊÎÈÉÙÊÇÉÊÌÏÇÓÍ�ÏÓÏÔÎÏÖÊÈÉÊÈÊÍÈËÙÈÛÏ"ÊÑÌÊ�ÇËÏÊ�ÏÌÉÈ"ÊÎÃÏÊÔÈÓÏÉ

ÔÏÏÖÊÔÑÎÊËÃÈÔÛÏŸÊOÎÃÏÌÉÊÍÌÏŠÏÌÊÎÑÊÓÈÙÏÊÎÃÏÊŠÈËÎÊÑŠÊÈÊÎÈÉÙÊÏÔÎÌÕÊÈÉÊÏ*Í�ÇËÇÎÊÈÉÊÍÑÉÉÇŽ�ÏÊÎÑÊÏÔÉÚÌÏÊÎÃÈÎÊÎÃÏ

Ï*ÇÉÎÏÔËÏÊÑŠÊÈÊÎÈÉÙÊÒÇÎÃÊÇÎÉÊÍÌÏÉÚÓÏÖÊÑ�ÏÌÃÏÈÖÊÇÉÊÌÏËÑÛÔÇ!ÈŽ�ÏŸÊPÌÑjÏËÎÁÉÍÏËÇŠÇËÊÍÌÇÑÌÇÎÇÏÉÊÓÈÕÊŽÏÊÚÉÏŠÚ�

ÇÔÊËÃÑÑÉÇÔÛÊŽÏÎÒÏÏÔÊÎÃÏÉÏÊËÑÔ�ÏÔÎÇÑÔÉŸ

3.2.5 Constants and Named Numbers

guideline

Â $ÉÏÊÉÕÓŽÑ�ÇËÊ�È�ÚÏÉÊÇÔÉÎÏÈÖÊÑŠÊ�ÇÎÏÌÈ�ÉÊÒÃÏÌÏ�ÏÌÊÍÑÉÉÇŽ�ÏŸ

Â $ÉÏÊËÑÔÉÎÈÔÎÉÊÇÔÉÎÏÈÖÊÑŠÊ�ÈÌÇÈŽ�ÏÉÊŠÑÌÊËÑÔÉÎÈÔÎÊ�È�ÚÏÉŸ

Â $ÉÏÊÔÈÓÏÖÊÔÚÓŽÏÌÉÊÇÔÉÎÏÈÖÊÑŠÊËÑÔÉÎÈÔÎÉÊÒÃÏÔÊÍÑÉÉÇŽ�ÏŸ

Â $ÉÏÊÔÈÓÏÖÊÔÚÓŽÏÌÉÊÎÑÊÌÏÍ�ÈËÏÊÔÚÓÏÌÇËÊ�ÇÎÏÌÈ�ÉÊÒÃÑÉÏÊÎÕÍÏÊÑÌÊËÑÔÎÏ*ÎÊÇÉÊÎÌÚ�ÕÊÚÔÇ�ÏÌÉÈ�Ÿ

Â $ÉÏÊËÑÔÉÎÈÔÎÉÊŠÑÌÊÑŽjÏËÎÉÊÒÃÑÉÏÊ�È�ÚÏÉÊËÈÔÔÑÎÊËÃÈÔÛÏÊÈŠÎÏÌÊÏ�ÈŽÑÌÈÎÇÑÔÊ+$ÔÇÎÏÖÊÅÏËÃÔÑ�ÑÛÇÏÉ

Ä98À,Ÿ

Â  ÃÑÒÊÌÏ�ÈÎÇÑÔÉÃÇÍÉÊŽÏÎÒÏÏÔÊÉÕÓŽÑ�ÇËÊ�È�ÚÏÉÊŽÕÊÖÏŠÇÔÇÔÛÊÎÃÏÓÊÒÇÎÃÊÉÎÈÎÇËÊÏ*ÍÌÏÉÉÇÑÔÉŸ

Â $ÉÏÊ�ÇÔÏÈÌ�ÕÊÇÔÖÏÍÏÔÖÏÔÎÊÉÏÎÉÊÑŠÊ�ÇÎÏÌÈ�ÉŸ

Â $ÉÏÊÈÎÎÌÇŽÚÎÏÉÊ�ÇÙÏÊ’FirstÊÈÔÖÊ’LastÊÇÔÉÎÏÈÖÊÑŠÊ�ÇÎÏÌÈ�ÉÊÒÃÏÌÏ�ÏÌÊÍÑÉÉÇŽ�ÏŸ

example

3.141_592_653_589_793                 -- literal

Max : constant Integer := 65_535;     -- constant

Pi  : constant         := 3.141_592;  -- named number

PI / 2                                -- static expression

PI                                    -- symbolic value

DÏË�ÈÌÇÔÛÊPiÊÈÉÊÈÊÔÈÓÏÖÊÔÚÓŽÏÌÊÈ��ÑÒÉÊÇÎÊÎÑÊŽÏÊÌÏŠÏÌÏÔËÏÖÊÉÕÓŽÑ�ÇËÈ��ÕÊÇÔÊÎÃÏÊÈÉÉÇÛÔÓÏÔÎÊÉÎÈÎÏÓÏÔÎ

ŽÏ�ÑÒ:

Area :=       Pi * Radius**2;       -- if radius is known.

ÇÔÉÎÏÈÖÊÑŠ

Area := 3.141_59 * Radius**2;       -- Needs explanatory comment.

Ü�ÉÑ"ÊASCII.BelÊÇÉÊÓÑÌÏÊÏ*ÍÌÏÉÉÇ�ÏÊÎÃÈÔÊCharacter’Val(8#007#)Ÿ

C�ÈÌÇÎÕÊÑŠÊËÑÔÉÎÈÔÎÊÈÔÖÊÔÈÓÏÖÊÔÚÓŽÏÌÊÖÏË�ÈÌÈÎÇÑÔÉÊËÈÔÊŽÏÊÇÓÍÌÑ�ÏÖÊŽÕÊÚÉÇÔÛÊÑÎÃÏÌÊËÑÔÉÎÈÔÎÊÈÔÖÊÔÈÓÏÖ

ÔÚÓŽÏÌÉŸÊFÑÌÊÏ*ÈÓÍ�Ï:
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Bytes_Per_Page   : constant := 512;

Pages_Per_Buffer : constant := 10;

Buffer_Size      : constant := Pages_Per_Buffer * Bytes_Per_Page;

ÇÉÊÓÑÌÏÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕÊÈÔÖÊÏÈÉÇÏÌÊÎÑÊÓÈÇÔÎÈÇÔÊÎÃÈÔ

Buffer_Size : constant := 5_120;   -- ten pages

ÅÃÏÊŠÑ��ÑÒÇÔÛÊ�ÇÎÏÌÈ�ÉÊÉÃÑÚ�ÖÊŽÏÊËÑÔÉÎÈÔÎÉ:

if New_Character  = ’$’ then  -- "constant" that may change

...

if Current_Column = 7 then    -- "constant" that may change

rationale

$ÉÇÔÛÊÇÖÏÔÎÇŠÇÏÌÉÊÇÔÉÎÏÈÖÊÑŠÊ�ÇÎÏÌÈ�ÉÊÓÈÙÏÉÊÎÃÏÊÍÚÌÍÑÉÏÊÑŠÊÏ*ÍÌÏÉÉÇÑÔÉÊË�ÏÈÌÊÌÏÖÚËÇÔÛÊÎÃÏÊÔÏÏÖÊŠÑÌ

ËÑÓÓÏÔÎÉŸÊCÑÔÉÎÈÔÎÊÖÏË�ÈÌÈÎÇÑÔÉÊËÑÔÉÇÉÎÇÔÛÊÑŠÊÏ*ÍÌÏÉÉÇÑÔÉÊÑŠÊÔÚÓÏÌÇËÊ�ÇÎÏÌÈ�ÉÊÈÌÏÊÉÈŠÏÌÊÉÇÔËÏÊÎÃÏÕÊÖÑÊÔÑÎ

ÔÏÏÖÊÎÑÊŽÏÊËÑÓÍÚÎÏÖÊŽÕÊÃÈÔÖŸÊÅÃÏÕÊÈÌÏÊÈ�ÉÑÊÓÑÌÏÊÏÔ�ÇÛÃÎÏÔÇÔÛÊÎÃÈÔÊÈÊÉÇÔÛ�ÏÊÔÚÓÏÌÇËÊ�ÇÎÏÌÈ�ÊÉÇÔËÏÊÎÃÏÌÏ

ÇÉÊÓÑÌÏÊÑÍÍÑÌÎÚÔÇÎÕÊŠÑÌÊÏÓŽÏÖÖÇÔÛÊÏ*Í�ÈÔÈÎÑÌÕÊÔÈÓÏÉŸÊC�ÈÌÇÎÕÊÑŠÊËÑÔÉÎÈÔÎÊÖÏË�ÈÌÈÎÇÑÔÉÊËÈÔÊŽÏÊÇÓÍÌÑ�ÏÖ

ŠÚÌÎÃÏÌÊŽÕÊÚÉÇÔÛÊÑÎÃÏÌÊÌÏ�ÈÎÏÖÊËÑÔÉÎÈÔÎÉÊÇÔÊÉÎÈÎÇËÊÏ*ÍÌÏÉÉÇÑÔÉÊÖÏŠÇÔÇÔÛÊÔÏÒÊËÑÔÉÎÈÔÎÉŸÊÅÃÇÉÊÇÉÊÔÑÎÊ�ÏÉÉ

ÏŠŠÇËÇÏÔÎÊŽÏËÈÚÉÏÊÉÎÈÎÇËÊÏ*ÍÌÏÉÉÇÑÔÉÊÑŠÊÔÈÓÏÖÊÔÚÓŽÏÌÉÊÈÌÏÊËÑÓÍÚÎÏÖÊÈÎÊËÑÓÍÇ�ÏÊÎÇÓÏŸ

ÜÊËÑÔÉÎÈÔÎÊÃÈÉÊÈÊÎÕÍÏŸÊÜÊÔÈÓÏÖÊÔÚÓŽÏÌÊËÈÔÊÑÔ�ÕÊŽÏÊÈÊÚÔÇ�ÏÌÉÈ�ÊÎÕÍÏ:ÊÚÔÇ�ÏÌÉÈ�ÊÇÔÎÏÛÏÌÊÑÌÊÚÔÇ�ÏÌÉÈ�ÊÌÏÈ�Ÿ

 ÎÌÑÔÛÊÎÕÍÇÔÛÊÇÉÊÏÔŠÑÌËÏÖÊŠÑÌÊÇÖÏÔÎÇŠÇÏÌÉÊŽÚÎÊÔÑÎÊ�ÇÎÏÌÈ�ÉŸÊNÈÓÏÖÊÔÚÓŽÏÌÉÊÈ��ÑÒÊËÑÓÍÇ�ÏÌÉÊÎÑÊÛÏÔÏÌÈÎÏ

ÓÑÌÏÊÏŠŠÇËÇÏÔÎÊËÑÖÏÊÎÃÈÔÊŠÑÌÊËÑÔÉÎÈÔÎÉÊÈÔÖÊÎÑÊÍÏÌŠÑÌÓÊÓÑÌÏÊËÑÓÍ�ÏÎÏÊÏÌÌÑÌÊËÃÏËÙÇÔÛÊÈÎÊËÑÓÍÇ�ÏÊÎÇÓÏŸÊ#Š

ÎÃÏÊ�ÇÎÏÌÈ�ÊËÑÔÎÈÇÔÉÊÈÊ�ÈÌÛÏÊÔÚÓŽÏÌÊÑŠÊÖÇÛÇÎÉÊ+ÈÉ PiÊÇÔÊÎÃÏÊÏ*ÈÓÍ�ÏÊÈŽÑ�Ï,"ÊÎÃÏÊÚÉÏÊÑŠÊÈÔÊÇÖÏÔÎÇŠÇÏÌÊÌÏÖÚËÏÉ

ÙÏÕÉÎÌÑÙÏÊÏÌÌÑÌÉŸÊ#ŠÊÙÏÕÉÎÌÑÙÏÊÏÌÌÑÌÉÊÑËËÚÌ"ÊÎÃÏÕÊÈÌÏÊÏÈÉÇÏÌÊÎÑÊ�ÑËÈÎÏÊÏÇÎÃÏÌÊŽÕÊÇÔÉÍÏËÎÇÑÔÊÑÌÊÈÎÊËÑÓÍÇ�Ï

ÎÇÓÏŸ

LÇÔÏÈÌÊÇÔÖÏÍÏÔÖÏÔËÏÊÑŠÊ�ÇÎÏÌÈ�ÉÊÓÏÈÔÉÊÎÃÈÎÊÎÃÏÊŠÏÒÊ�ÇÎÏÌÈ�ÉÊÎÃÈÎÊÈÌÏÊÚÉÏÖÊÖÑÊÔÑÎÊÖÏÍÏÔÖÊÑÔÊÑÔÏÊÈÔÑÎÃÏÌ

ÈÔÖÊÎÃÈÎÊÈÔÕÊÌÏ�ÈÎÇÑÔÉÃÇÍÊŽÏÎÒÏÏÔÊËÑÔÉÎÈÔÎÊÑÌÊÔÈÓÏÖÊ�È�ÚÏÉÊÇÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊÉÎÈÎÇËÊÏ*ÍÌÏÉÉÇÑÔÉŸÊLÇÔÏÈÌ

ÇÔÖÏÍÏÔÖÏÔËÏÊÑŠÊ�ÇÎÏÌÈ�Ê�È�ÚÏÉÊÛÇ�ÏÉÊÎÃÏÊÍÌÑÍÏÌÎÕÊÎÃÈÎÊÇŠÊÑÔÏÊ�ÇÎÏÌÈ�Ê�È�ÚÏÊËÃÈÔÛÏÉ"ÊÈ��ÊÑŠÊÎÃÏÊÔÈÓÏÖ

ÔÚÓŽÏÌÉÊÑŠÊ�È�ÚÏÉÊÖÏÍÏÔÖÏÔÎÊÑÔÊÎÃÈÎÊ�ÇÎÏÌÈ�ÊÈÌÏÊÈÚÎÑÓÈÎÇËÈ��ÕÊËÃÈÔÛÏÖŸ

note

ÅÃÏÌÏÊÈÌÏÊÉÑÓÏÊÛÌÈÕÊÈÌÏÈÉÊÒÃÏÌÏÊÎÃÏÊ�ÇÎÏÌÈ�ÊÇÉÊÈËÎÚÈ��ÕÊÓÑÌÏÊÉÏ�Š�ÖÑËÚÓÏÔÎÇÔÛÊÎÃÈÔÊÈÊÔÈÓÏŸÊÅÃÏÉÏÊÈÌÏ

ÈÍÍ�ÇËÈÎÇÑÔ�ÉÍÏËÇŠÇËÊÈÔÖÊÛÏÔÏÌÈ��ÕÊÑËËÚÌÊÒÇÎÃÊÚÔÇ�ÏÌÉÈ��ÕÊŠÈÓÇ�ÇÈÌ"ÊÚÔËÃÈÔÛÏÈŽ�ÏÊ�È�ÚÏÉÊÉÚËÃÊÈÉÊÎÃÏ

ŠÑ��ÑÒÇÔÛÊÌÏ�ÈÎÇÑÔÉÃÇÍ:Ê

Fahrenheit := 32.0 + (9.0 * Celsius) / 5.0;

3.3 COMMENTS

ÜÖÈÊËÑÓÓÏÔÎÉÊËÈÔÊŽÏÊÏÇÎÃÏÌÊŽÏÔÏŠÇËÇÈ�ÊÑÌÊÃÈÌÓŠÚ�ÊÎÑÊÉÑŠÎÒÈÌÏÊÓÈÇÔÎÈÇÔÏÌÉŸÊÅÃÏÕÊËÈÔÊŽÏÊŽÏÔÏŠÇËÇÈ�ÊŽÕ

Ï*Í�ÈÇÔÇÔÛÊÈÉÍÏËÎÉÊÑŠÊÎÃÏÊËÑÖÏÊÎÃÈÎÊÈÌÏÊÑÎÃÏÌÒÇÉÏÊÔÑÎÊÌÏÈÖÇ�ÕÊÈÍÍÈÌÏÔÎŸÊÅÃÏÕÊËÈÔÊŽÏÊÃÈÌÓŠÚ�ÊŽÕÊËÑÔÎÈÇÔÇÔÛ

ÇÔÈËËÚÌÈÎÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈÔÖÊŽÕÊŽÏÇÔÛÊÎÑÑÊÔÚÓÏÌÑÚÉÊÈÔÖÊÔÑÎÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊÏÔÑÚÛÃ"ÊÒÃÇËÃÊËÈÔÊËÈÚÉÏÊÎÃÏÓÊÎÑ

ÑŽÉËÚÌÏÊÎÃÏÊÉÎÌÚËÎÚÌÏÊÑŠÊÎÃÏÊËÑÖÏŸ

CÑÓÓÏÔÎÉÊÉÃÑÚ�ÖÊŽÏÊÓÇÔÇÓÇ!ÏÖŸÊÅÃÏÕÊÉÃÑÚ�ÖÊÍÌÑ�ÇÖÏÊÔÏÏÖÏÖÊÇÔŠÑÌÓÈÎÇÑÔÊÎÃÈÎÊËÈÔÔÑÎÊŽÏÊÏ*ÍÌÏÉÉÏÖÊÇÔÊÎÃÏ

ÜÖÈÊ�ÈÔÛÚÈÛÏ"ÊÏÓÍÃÈÉÇ!ÏÊÎÃÏÊÉÎÌÚËÎÚÌÏÊÑŠÊËÑÖÏ"ÊÈÔÖÊÖÌÈÒÊÈÎÎÏÔÎÇÑÔÊÎÑÊÖÏ�ÇŽÏÌÈÎÏÊÈÔÖÊÔÏËÏÉÉÈÌÕÊ�ÇÑ�ÈÎÇÑÔÉÊÑŠ

ÎÃÏÊÛÚÇÖÏ�ÇÔÏÉŸÊCÑÓÓÏÔÎÉÊÈÌÏÊÍÌÏÉÏÔÎÊÏÇÎÃÏÌÊÎÑÊÖÌÈÒÊÈÎÎÏÔÎÇÑÔÊÎÑÊÎÃÏÊÌÏÈ�ÊÇÉÉÚÏÊŽÏÇÔÛÊÏ*ÏÓÍ�ÇŠÇÏÖÊÑÌÊÎÑ

ËÑÓÍÏÔÉÈÎÏÊŠÑÌÊÇÔËÑÓÍ�ÏÎÏÔÏÉÉÊÇÔÊÎÃÏÊÏ*ÈÓÍ�ÏÊÍÌÑÛÌÈÓŸ

MÈÇÔÎÏÔÈÔËÏÊÍÌÑÛÌÈÓÓÏÌÉÊÔÏÏÖÊÎÑÊÙÔÑÒÊÎÃÏÊËÈÚÉÈ�ÊÇÔÎÏÌÈËÎÇÑÔÊÑŠÊÔÑÔËÑÔÎÇÛÚÑÚÉÊÍÇÏËÏÉÊÑŠÊËÑÖÏÊÎÑÊÛÏÎÊÈ

Û�ÑŽÈ�"ÊÓÑÌÏÊÑÌÊ�ÏÉÉÊËÑÓÍ�ÏÎÏÊÉÏÔÉÏÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓŸÊÅÃÏÕÊÎÕÍÇËÈ��ÕÊÈËqÚÇÌÏÊÎÃÇÉÊÙÇÔÖÊÑŠÊÇÔŠÑÌÓÈÎÇÑÔÊŠÌÑÓ

ÓÏÔÎÈ�ÊÉÇÓÚ�ÈÎÇÑÔÊÑŠÊÍÈÌÎÉÊÑŠÊÎÃÏÊËÑÖÏŸÊCÑÓÓÏÔÎÉÊÉÃÑÚ�ÖÊŽÏÊÉÚŠŠÇËÇÏÔÎÊÏÔÑÚÛÃÊÎÑÊÉÚÍÍÑÌÎÊÎÃÇÉÊÍÌÑËÏÉÉ

+ Ñ�ÑÒÈÕÊÏÎÊÈ�ŸÊÄ986,Ÿ

ÅÃÇÉÊÉÏËÎÇÑÔÊÍÌÏÉÏÔÎÉÊÛÏÔÏÌÈ�ÊÛÚÇÖÏ�ÇÔÏÉÊÈŽÑÚÎÊÃÑÒÊÎÑÊÒÌÇÎÏÊÛÑÑÖÊËÑÓÓÏÔÎÉŸÊÊ#ÎÊÎÃÏÔÊÖÏŠÇÔÏÉÊÉÏ�ÏÌÈ�ÊÖÇŠŠÏÌÏÔÎ

Ë�ÈÉÉÏÉÊÑŠÊËÑÓÓÏÔÎÉÊÒÇÎÃÊÛÚÇÖÏ�ÇÔÏÉÊŠÑÌÊÎÃÏÊÚÉÏÊÑŠÊÏÈËÃŸÊÅÃÏÊË�ÈÉÉÏÉÊÈÌÏ:ÊŠÇ�ÏÊÃÏÈÖÏÌÉ"ÊÍÌÑÛÌÈÓÊÚÔÇÎ

ÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌÉ"ÊÍÌÑÛÌÈÓÊÚÔÇÎÊŽÑÖÕÊÃÏÈÖÏÌÉ"ÊÖÈÎÈÊËÑÓÓÏÔÎÉ"ÊÉÎÈÎÏÓÏÔÎÊËÑÓÓÏÔÎÉ"ÊÈÔÖÊÓÈÌÙÏÌ

ËÑÓÓÏÔÎÉŸ



)&ÜDÜB#L#ÅYÊÊ25

3.3.1 General Comments

guideline

S MÈÙÏÊÎÃÏÊËÑÖÏÊÈÉÊË�ÏÈÌÊÈÉÊÍÑÉÉÇŽ�ÏÊÎÑÊÌÏÖÚËÏÊÎÃÏÊÔÏÏÖÊŠÑÌÊËÑÓÓÏÔÎÉŸ

S NÏ�ÏÌÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÈÊËÑÓÓÏÔÎÊÒÃÇËÃÊÇÉÊÌÏÈÖÇ�ÕÊÈ�ÈÇ�ÈŽ�ÏÊÇÔÊÎÃÏÊËÑÖÏŸ

S %ÃÏÌÏÊÈÊËÑÓÓÏÔÎÊÇÉÊÌÏqÚÇÌÏÖ"ÊÓÈÙÏÊÇÎÊËÑÔËÇÉÏÊÈÔÖÊËÑÓÍ�ÏÎÏŸ

S $ÉÏÊÍÌÑÍÏÌÊÛÌÈÓÓÈÌÊÈÔÖÊÉÍÏ��ÇÔÛÊÇÔÊËÑÓÓÏÔÎÉŸ

S MÈÙÏÊËÑÓÓÏÔÎÉÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ

S  ÎÌÚËÎÚÌÏÊËÑÓÓÏÔÎÉÊÇÔÊÃÏÈÖÏÌÉÊÉÑÊÎÃÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊËÈÔÊŽÏÊÈÚÎÑÓÈÎÇËÈ��ÕÊÏ*ÎÌÈËÎÏÖÊŽÕÊÈÊÎÑÑ�Ÿ

rationale

ÅÃÏÊÉÎÌÚËÎÚÌÏÊÈÔÖÊŠÚÔËÎÇÑÔÊÑŠÊÒÏ��ÊÒÌÇÎÎÏÔÊËÑÖÏÊÇÉÊË�ÏÈÌÊÒÇÎÃÑÚÎÊËÑÓÓÏÔÎÉŸÊOŽÉËÚÌÏÊÑÌÊŽÈÖ�ÕÊÉÎÌÚËÎÚÌÏÖ

ËÑÖÏÊÇÉÊÃÈÌÖÊÎÑÊÚÔÖÏÌÉÎÈÔÖ"ÊÓÈÇÔÎÈÇÔ"ÊÑÌÊÌÏÚÉÏÊÌÏÛÈÌÖ�ÏÉÉÊÑŠÊËÑÓÓÏÔÎÉŸÊÁÂÄÀÅÃÄÇÀÉÊÃËÈÄÀÍÇÀÎÏÌÑÃÓÇÄÔ

ÖÃÒÀÇÕÌÈÂÎÖÇÄŠÊ)ÏÈÖÇÔÛÊÎÃÏÊËÑÖÏÊÇÎÉÏ�ŠÊÇÉÊÎÃÏÊÑÔ�ÕÊÒÈÕÊÎÑÊŽÏÊÈŽÉÑ�ÚÎÏ�ÕÊÍÑÉÇÎÇ�ÏÊÈŽÑÚÎÊÒÃÈÎÊÎÃÏÊËÑÖÏÊÖÑÏÉŸ

ÅÃÏÌÏŠÑÌÏ"ÊÎÃÏÊËÑÖÏÊÉÃÑÚ�ÖÊŽÏÊÓÈÖÏÊÈÉÊÌÏÈÖÈŽ�ÏÊÈÉÊÍÑÉÉÇŽ�ÏŸ

$ÉÇÔÛÊËÑÓÓÏÔÎÉÊÎÑÊÖÚÍ�ÇËÈÎÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÎÃÏÊËÑÖÏÊÇÉÊÈÊŽÈÖÊÇÖÏÈÊŠÑÌÊÉÏ�ÏÌÈ�ÊÌÏÈÉÑÔÉŸÊFÇÌÉÎ"ÊÇÎÊÇÉ

ÚÔÔÏËÏÉÉÈÌÕÊÒÑÌÙÊÎÃÈÎÊÖÏËÌÏÈÉÏÉÊÍÌÑÖÚËÎÇ�ÇÎÕŸÊ ÏËÑÔÖ"ÊÇÎÊÇÉÊ�ÏÌÕÊÖÇŠŠÇËÚ�ÎÊÎÑÊËÑÌÌÏËÎ�ÕÊÓÈÇÔÎÈÇÔÊÎÃÏ

ÖÚÍ�ÇËÈÎÇÑÔÊÈÉÊÎÃÏÊËÑÖÏÊÇÉÊÓÑÖÇŠÇÏÖŸÊ%ÃÏÔÊËÃÈÔÛÏÉÊÈÌÏÊÓÈÖÏÊÎÑÊÏ*ÇÉÎÇÔÛÊËÑÖÏ"ÊÇÎÊÇÉÊËÑÓÍÇ�ÏÖÊÈÔÖÊÎÏÉÎÏÖ

ÎÑÊÓÈÙÏÊÉÚÌÏÊÎÃÈÎÊÇÎÊÇÉÊÑÔËÏÊÈÛÈÇÔÊËÑÌÌÏËÎŸÊ�ÑÒÏ�ÏÌ"ÊÎÃÏÌÏÊÇÉÊÔÑÊÈÚÎÑÓÈÎÇËÊÓÏËÃÈÔÇÉÓÊÎÑÊÓÈÙÏÊÉÚÌÏÊÎÃÈÎ

ÎÃÏÊËÑÓÓÏÔÎÉÊÈÌÏÊËÑÌÌÏËÎ�ÕÊÚÍÖÈÎÏÖÊÎÑÊÌÏŠ�ÏËÎÊÎÃÏÊËÃÈÔÛÏÉŸÊVÏÌÕÊÑŠÎÏÔ"ÊÎÃÏÊÖÚÍ�ÇËÈÎÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÈ

ËÑÓÓÏÔÎÊŽÏËÑÓÏÉÊÑŽÉÑ�ÏÎÏÊÈÎÊÎÃÏÊŠÇÌÉÎÊËÑÖÏÊËÃÈÔÛÏÊÈÔÖÊÌÏÓÈÇÔÉÊÉÑÊÎÃÌÑÚÛÃÊÎÃÏÊ�ÇŠÏÊÑŠÊÎÃÏÊÉÑŠÎÒÈÌÏŸ

ÅÃÇÌÖ"ÊÒÃÏÔÊËÑÓÓÏÔÎÉÊÈŽÑÚÎÊÈÔÊÏÔÎÇÌÏÊÉÕÉÎÏÓÊÈÌÏÊÒÌÇÎÎÏÔÊŠÌÑÓÊÎÃÏÊ�ÇÓÇÎÏÖÊÍÑÇÔÎÊÑŠÊ�ÇÏÒÊÑŠÊÎÃÏÊÈÚÎÃÑÌÊÑŠ

ÈÊÉÇÔÛ�ÏÊÉÚŽÉÕÉÎÏÓ"ÊÎÃÏÊËÑÓÓÏÔÎÉÊÈÌÏÊÑŠÎÏÔÊÇÔËÑÌÌÏËÎÊŠÌÑÓÊÎÃÏÊÉÎÈÌÎŸ

CÑÓÓÏÔÎÉÊ ÈÌÏÊ ÔÏËÏÉÉÈÌÕÊ ÎÑÊ ÌÏ�ÏÈ�Ê ÇÔŠÑÌÓÈÎÇÑÔÊ ÖÇŠŠÇËÚ�ÎÊ ÑÌÊ ÇÓÍÑÉÉÇŽ�ÏÊ ÎÑÊ ÑŽÎÈÇÔÊ ŠÌÑÓÊ ÎÃÏÊ ËÑÖÏŸ

 ÚŽÉÏqÚÏÔÎÊÉÏËÎÇÑÔÉÊÑŠÊÎÃÇÉÊŽÑÑÙÊËÑÔÎÈÇÔÊÏ*ÈÓÍ�ÏÉÊÑŠÊÉÚËÃÊËÑÓÓÏÔÎÉŸÊCÑÓÍ�ÏÎÏ�ÕÊÈÔÖÊËÑÔËÇÉÏ�ÕÊÍÌÏÉÏÔÎ

ÎÃÏÊÌÏqÚÇÌÏÖÊÇÔŠÑÌÓÈÎÇÑÔŸ

ÅÃÏÊ ÍÚÌÍÑÉÏÊ ÑŠÊ ËÑÓÓÏÔÎÉÊ ÇÉÊ ÎÑÊ ÃÏ�ÍÊ ÌÏÈÖÏÌÉÊ ÚÔÖÏÌÉÎÈÔÖÊ ÎÃÏÊ ËÑÖÏŸÊMÇÉÉÍÏ��ÏÖ"Ê ÚÔÛÌÈÓÓÈÎÇËÈ�"

ÈÓŽÇÛÚÑÚÉ"ÊÑÌÊÇÔËÑÓÍ�ÏÎÏÊËÑÓÓÏÔÎÉÊÖÏŠÏÈÎÊÎÃÇÉÊÍÚÌÍÑÉÏŸÊ#ŠÊÈÊËÑÓÓÏÔÎÊÇÉÊÒÑÌÎÃÊÈÖÖÇÔÛ"ÊÇÎÊÇÉÊÒÑÌÎÃ

ÈÖÖÇÔÛÊËÑÌÌÏËÎ�ÕÊÇÔÊÑÌÖÏÌÊÎÑÊÇÔËÌÏÈÉÏÊÇÎÉÊÚÉÏŠÚ�ÔÏÉÉŸ

MÈÙÇÔÛÊËÑÓÓÏÔÎÉÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏ"ÊŽÕÊÇÔÖÏÔÎÇÔÛÊÎÃÏÓ"ÊÛÌÑÚÍÇÔÛÊÎÃÏÓÊÎÑÛÏÎÃÏÌÊÇÔÎÑ

ÃÏÈÖÏÌÉ"ÊÑÌÊÃÇÛÃ�ÇÛÃÎÇÔÛÊÎÃÏÓÊÒÇÎÃÊÖÈÉÃÏÖÊ�ÇÔÏÉÊÇÉÊÚÉÏŠÚ�ÊŽÏËÈÚÉÏÊÇÎÊÓÈÙÏÉÊÎÃÏÊËÑÖÏÊÏÈÉÇÏÌÊÎÑÊÌÏÈÖŸ

 ÚŽÉÏqÚÏÔÎÊÉÏËÎÇÑÔÉÊÑŠÊÎÃÇÉÊŽÑÑÙÊÏ�ÈŽÑÌÈÎÏÊÑÔÊÎÃÇÉÊÍÑÇÔÎŸ

automation note

ÅÃÏÊÛÚÇÖÏ�ÇÔÏÊÈŽÑÚÎÊÉÎÑÌÇÔÛÊÌÏÖÚÔÖÈÔÎÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊËÑÓÓÏÔÎÉÊÈÍÍ�ÇÏÉÊÑÔ�ÕÊÎÑÊÓÈÔÚÈ��ÕÊÛÏÔÏÌÈÎÏÖ

ËÑÓÓÏÔÎÉŸÊÅÃÏÌÏÊÈÌÏÊÎÑÑ�ÉÊÒÃÇËÃÊÈÚÎÑÓÈÎÇËÈ��ÕÊÓÈÇÔÎÈÇÔÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÎÃÏÊËÑÖÏÊ+ÏŸÛŸ"ÊËÈ��ÇÔÛÊÚÔÇÎÉ"

ËÈ��ÏÖÊÚÔÇÎÉ"ÊËÌÑÉÉÚÌÏŠÏÌÏÔËÏÊÇÔŠÑÌÓÈÎÇÑÔ"ÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÇÏÉ"ÊÏÎËŸ,"ÊÉÎÑÌÇÔÛÊÇÎÊÇÔÊËÑÓÓÏÔÎÉÊÇÔÊÎÃÏÊÉÈÓÏÊŠÇ�Ï

ÈÉÊÎÃÏÊËÑÖÏŸÊOÎÃÏÌÊÎÑÑ�ÉÊÌÏÈÖÊËÑÓÓÏÔÎÉ"ÊŽÚÎÊÖÑÊÔÑÎÊÚÍÖÈÎÏÊÎÃÏÓ"ÊÚÉÇÔÛÊÎÃÏÊÇÔŠÑÌÓÈÎÇÑÔÊŠÌÑÓÊÎÃÏ

ËÑÓÓÏÔÎÉÊÎÑÊÈÚÎÑÓÈÎÇËÈ��ÕÊÛÏÔÏÌÈÎÏÊÖÏÎÈÇ�ÏÖÊÖÏÉÇÛÔÊÖÑËÚÓÏÔÎÉÊÈÔÖÊÑÎÃÏÌÊÌÏÍÑÌÎÉŸ

ÅÃÏÊÚÉÏÊÑŠÊÉÚËÃÊÎÑÑ�ÉÊÇÉÊÏÔËÑÚÌÈÛÏÖ"ÊÈÔÖÊÓÈÕÊÌÏqÚÇÌÏÊÎÃÈÎÊÕÑÚÊÉÎÌÚËÎÚÌÏÊÕÑÚÌÊÃÏÈÖÏÌÊËÑÓÓÏÔÎÉÊÉÑÊÎÃÏÕ

ËÈÔÊŽÏÊÈÚÎÑÓÈÎÇËÈ��ÕÊÏ*ÎÌÈËÎÏÖÊÈÔÖ/ÑÌÊÚÍÖÈÎÏÖŸÊBÏÒÈÌÏÊÎÃÈÎÊÎÑÑ�ÉÊÒÃÇËÃÊÓÑÖÇŠÕÊÎÃÏÊËÑÓÓÏÔÎÉÊÇÔÊÈÊŠÇ�Ï

ÈÌÏÊÑÔ�ÕÊÚÉÏŠÚ�ÊÇŠÊÎÃÏÕÊÈÌÏÊÏ*ÏËÚÎÏÖÊŠÌÏqÚÏÔÎ�ÕÊÏÔÑÚÛÃŸÊÜÚÎÑÓÈÎÇËÈ��ÕÊÛÏÔÏÌÈÎÏÖÊÑŽÉÑ�ÏÎÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÉ

Ï�ÏÔÊÓÑÌÏÊÖÈÔÛÏÌÑÚÉÊÎÃÈÔÊÓÈÔÚÈ��ÕÊÛÏÔÏÌÈÎÏÖÊÑŽÉÑ�ÏÎÏÊÇÔŠÑÌÓÈÎÇÑÔ"ÊŽÏËÈÚÉÏÊÇÎÊÇÉÊÓÑÌÏÊÎÌÚÉÎÏÖÊŽÕÊÎÃÏ

ÌÏÈÖÏÌŸ

)Ï�ÇÉÇÑÔÊÃÇÉÎÑÌÇÏÉÊÈÌÏÊÓÈÇÔÎÈÇÔÏÖÊÓÚËÃÊÓÑÌÏÊÈËËÚÌÈÎÏ�ÕÊÈÔÖÊËÑÓÍ�ÏÎÏ�ÕÊŽÕÊËÑÔŠÇÛÚÌÈÎÇÑÔÊÓÈÔÈÛÏÓÏÔÎ

ÎÑÑ�ÉŸÊ%ÇÎÃÊÔÑÊÎÑÑ�ÊÉÚÍÍÑÌÎ"ÊÇÎÊÇÉÊ�ÏÌÕÊËÑÓÓÑÔÊŠÑÌÊÈÔÊÏÔÛÇÔÏÏÌÊÎÑÊÓÈÙÏÊÈÊËÃÈÔÛÏÊÈÔÖÊŠÑÌÛÏÎÊÎÑÊÚÍÖÈÎÏÊÎÃÏ

ÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕŸÊ#ŠÊÕÑÚÌÊËÑÔŠÇÛÚÌÈÎÇÑÔÊÓÈÔÈÛÏÓÏÔÎÊÎÑÑ�ÊÇÉÊËÈÍÈŽ�ÏÊÑŠÊÓÈÇÔÎÈÇÔÇÔÛÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÇÏÉÊÈÉ

ËÑÓÓÏÔÎÉÊÇÔÊÎÃÏÊÉÑÚÌËÏÊŠÇ�Ï"ÊÎÃÏÔÊÎÈÙÏÊÈÖ�ÈÔÎÈÛÏÊÑŠÊÎÃÈÎÊËÈÍÈŽÇ�ÇÎÕ"ÊÌÏÛÈÌÖ�ÏÉÉÊÑŠÊÈÔÕÊËÑÓÍÌÑÓÇÉÏÊÕÑÚ

ÓÇÛÃÎÊÃÈ�ÏÊÎÑÊÓÈÙÏÊÈŽÑÚÎÊÎÃÏÊŠÑÌÓÈÎÊÑÌÊ�ÑËÈÎÇÑÔÊÑŠÊÎÃÏÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕŸÊ#ÎÊÇÉÊŽÏÎÎÏÌÊÎÑÊÃÈ�ÏÊÈÊËÑÓÍ�ÏÎÏ

ÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕÊÈÍÍÏÔÖÏÖÊÎÑÊÎÃÏÊÏÔÖÊÑŠÊÎÃÏÊŠÇ�ÏÊÎÃÈÔÊÎÑÊÃÈ�ÏÊÈÊÍÈÌÎÇÈ�ÊÑÔÏÊŠÑÌÓÈÎÎÏÖÊÔÇËÏ�ÕÊÈÔÖ

ÏÓŽÏÖÖÏÖÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌŸ
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3.3.2 File Headers

guideline

S PÚÎÊÈÊŠÇ�ÏÊÃÏÈÖÏÌÊÑÔÊÏÈËÃÊÉÑÚÌËÏÊŠÇ�ÏŸ

S P�ÈËÏÊÑÒÔÏÌÉÃÇÍ"ÊÌÏÉÍÑÔÉÇŽÇ�ÇÎÕ"ÊÈÔÖÊÃÇÉÎÑÌÕÊÇÔŠÑÌÓÈÎÇÑÔÊŠÑÌÊÎÃÏÊŠÇ�ÏÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌŸ

instantiation

- PÚÎÊÈÊËÑÍÕÌÇÛÃÎÊÔÑÎÇËÏÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌŸ

- PÚÎÊÎÃÏÊÈÚÎÃÑÌ’ÉÊÔÈÓÏÊÈÔÖÊÖÏÍÈÌÎÓÏÔÎÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌŸ

- PÚÎÊÈÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌ"ÊÇÔË�ÚÖÇÔÛÊÈÊÉÚÓÓÈÌÕÊÑŠÊÏÈËÃÊËÃÈÔÛÏ"ÊÎÃÏÊÖÈÎÏ"ÊÈÔÖÊÎÃÏ

ÔÈÓÏÊÑŠÊÎÃÏÊÍÏÌÉÑÔÊÓÈÙÇÔÛÊÎÃÏÊËÃÈÔÛÏŸ

example

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÂÂÂÂÂÂÄÀÅÃÇÉÊËÈÂÍÎÏÂÌÑÑÌÓÂÔÀÖÈÒÕÇŠÂÚÇÀÛÜÎÈÉÙÉÈÃÂÄÀŸŽÀÇÈÉÜ�ÓÂ�ŸÎ�

ÁÁÂÂÂÂÂÂ�  ÂÇÉÊËÈŽÂÇŠŽŠÇÙŠÛ�

ÁÁÂ�ÜÈËÀÇ!Â"�ÂÔ�ÉÈË

ÁÁÂ#ŠÅÕÇÈ�ŠŸÈ!ÔÃŽÈŠ�ÂÔÀÖÈÒÕÇŠÂ#ŠÅÕÇÈ�ŠŸÈ

ÁÁÂ$ŠÙÉŽÉÀŸÂ%ÉŽÈÀÇÃ!

ÁÁÂÂÂ&(Ñ(ÑÌÂ"�ÂÔ�ÉÈË

ÁÁÂÂÂÂÂÁÂ�ÛÛŠÛÂÖÜŸÎÈÉÀŸÂÔÉ)Š*+ÖÂÈÀÂŽÜÅÅÀÇÈÂ,ÜŠÇÉŠŽÂÀÖÂŸÀÛŠÂŽÉ)ŠŽ�

ÁÁÂÂÂÂÂÁÂ.É/ŠÛÂ0ÜÊÂÉŸÂÔŠÈ*ÔÉ)ŠÂÒËÉÎËÂÎÕÜŽŠÛÂÀÙŠÇ ÕÅÂÀÖÂ ÕÇÊŠÂŸÀÛŠŽ�

ÁÁÂÂÂ&(Ì(ÑÌÂ1�Â"ÀŸŠŽ

ÁÁÂÂÂÂÂÁÂ+ÅÈÉ�É)ŠÛÂÎ ÉÅÅÉŸÊÂÕ ÊÀÇÉÈË�ÂÖÀÇÂŽÅŠŠÛ�

ÁÁÂÂÂ3(45(ÑÌÂ"�ÂÔ�ÉÈË

ÁÁÂÂÂÂÂÁÂ+ÇÉÊÉŸÕ ÂÙŠÇŽÉÀŸ�

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

rationale

OÒÔÏÌÉÃÇÍÊÇÔŠÑÌÓÈÎÇÑÔÊÉÃÑÚ�ÖÊŽÏÊÍÌÏÉÏÔÎÊÇÔÊÏÈËÃÊŠÇ�ÏÊÇŠÊÕÑÚÊÒÈÔÎÊÎÑÊŽÏÊÉÚÌÏÊÎÑÊÍÌÑÎÏËÎÊÕÑÚÌÊÌÇÛÃÎÉÊÎÑÊÎÃÏ

ÉÑŠÎÒÈÌÏŸÊFÚÌÎÃÏÌÓÑÌÏ"ÊŠÑÌÊÃÇÛÃÊ�ÇÉÇŽÇ�ÇÎÕ"ÊÇÎÊÉÃÑÚ�ÖÊŽÏÊÎÃÏÊ�ÏÌÕÊŠÇÌÉÎÊÎÃÇÔÛÊÇÔÊÎÃÏÊŠÇ�ÏŸ

)ÏÉÍÑÔÉÇŽÇ�ÇÎÕÊÈÔÖÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕÊÇÔŠÑÌÓÈÎÇÑÔÊÉÃÑÚ�ÖÊŽÏÊÍÌÏÉÏÔÎÊÇÔÊÏÈËÃÊŠÇ�ÏÊŠÑÌÊÎÃÏÊÉÈÙÏÊÑŠÊŠÚÎÚÌÏ

ÓÈÇÔÎÈÇÔÏÌÉ"ÊÎÃÇÉÊÇÉÊÎÃÏÊÃÏÈÖÏÌÊÇÔŠÑÌÓÈÎÇÑÔÊÓÑÉÎÊÎÌÚÉÎÏÖÊŽÕÊÓÈÇÔÎÈÇÔÏÌÉÊŽÏËÈÚÉÏÊÇÎÊÈËËÚÓÚ�ÈÎÏÉŸÊ#ÎÊÖÑÏÉ

ÔÑÎÊÏ�Ñ��ÏŸÊÅÃÏÌÏÊÇÉÊÔÑÊÔÏÏÖÊÎÑÊÏ�ÏÌÊÛÑÊŽÈËÙÊÈÔÖÊÓÑÖÇŠÕÊÎÃÏÊÈÚÎÃÑÌ’ÉÊÔÈÓÏÊÑÌÊÎÃÏÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕÊÑŠÊÈ

ŠÇ�ÏŸÊÜÉÊÎÃÏÊËÑÖÏÊÏ�Ñ��ÏÉ"ÊÎÃÏÊÌÏ�ÇÉÇÑÔÊÃÇÉÎÑÌÕÊÉÃÑÚ�ÖÊŽÏÊÚÍÖÈÎÏÖÊÎÑÊÌÏŠ�ÏËÎÊÏÈËÃÊËÃÈÔÛÏŸÊÜÎÊÒÑÌÉÎ"ÊÇÎÊÒÇ��

ŽÏÊÇÔËÑÓÍ�ÏÎÏ"ÊÇÎÊÉÃÑÚ�ÖÊÌÈÌÏ�ÕÊŽÏÊÒÌÑÔÛŸÊÜ�ÉÑ"ÊÎÃÏÊÔÚÓŽÏÌÊÈÔÖÊŠÌÏqÚÏÔËÕÊÑŠÊËÃÈÔÛÏÉÊÈÔÖÊÎÃÏÊÔÚÓŽÏÌÊÑŠ

ÖÇŠŠÏÌÏÔÎÊÍÏÑÍ�ÏÊÒÃÑÊÓÈÖÏÊÎÃÏÊËÃÈÔÛÏÉÊÑ�ÏÌÊÎÃÏÊÃÇÉÎÑÌÕÊÑŠÊÈÊÚÔÇÎÊËÈÔÊŽÏÊÛÑÑÖÊÇÔÖÇËÈÎÑÌÉÊÑŠÊÎÃÏÊÇÔÎÏÛÌÇÎÕ

ÑŠÊÎÃÏÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÒÇÎÃÊÌÏÉÍÏËÎÊÎÑÊÎÃÏÊÖÏÉÇÛÔŸ

#ÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÃÑÒÊÎÑÊŠÇÔÖÊÎÃÏÊÑÌÇÛÇÔÈ�ÊÈÚÎÃÑÌÊÉÃÑÚ�ÖÊŽÏÊÇÔË�ÚÖÏÖÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌ"ÊÇÔÊÈÖÖÇÎÇÑÔÊÎÑ

ÎÃÏÊÈÚÎÃÑÌ’ÉÊÔÈÓÏ"ÊÎÑÊÓÈÙÏÊÇÎÊÏÈÉÇÏÌÊŠÑÌÊÓÈÇÔÎÈÇÔÏÌÉÊÎÑÊŠÇÔÖÊÎÃÏÊÈÚÎÃÑÌÊÇÔÊËÈÉÏÊqÚÏÉÎÇÑÔÉÊÈÌÇÉÏŸÊ�ÑÒÏ�ÏÌ"

ÖÏÎÈÇ�ÏÖÊÇÔŠÑÌÓÈÎÇÑÔÊ�ÇÙÏÊÍÃÑÔÏÊÔÚÓŽÏÌÉ"ÊÓÈÇ�ÊÉÎÑÍÉ"ÊÑŠŠÇËÏÊÔÚÓŽÏÌÉ"ÊÈÔÖÊËÑÓÍÚÎÏÌÊÈËËÑÚÔÎÊÚÉÏÌÔÈÓÏÉ

ÈÌÏÊÎÑÑÊ�Ñ�ÈÎÇ�ÏÊÎÑÊŽÏÊ�ÏÌÕÊÚÉÏŠÚ�ŸÊ#ÎÊÇÉÊŽÏÎÎÏÌÊÎÑÊÌÏËÑÌÖÊÎÃÏÊÖÏÍÈÌÎÓÏÔÎÊŠÑÌÊÒÃÇËÃÊÎÃÏÊÈÚÎÃÑÌÊÒÈÉÊÒÑÌÙÇÔÛ

ÒÃÏÔÊ ÎÃÏÊ ËÑÖÏÊÒÈÉÊÒÌÇÎÎÏÔŸÊÅÃÇÉÊ ÇÔŠÑÌÓÈÎÇÑÔÊ ÇÉÊ ÉÎÇ��ÊÚÉÏŠÚ�Ê ÇŠÊ ÎÃÏÊÈÚÎÃÑÌÊÓÑ�ÏÉÊÑŠŠÇËÏÉ"ÊËÃÈÔÛÏÉ

ÖÏÍÈÌÎÓÏÔÎÉ"ÊÑÌÊÏ�ÏÔÊ�ÏÈ�ÏÉÊÎÃÏÊËÑÓÍÈÔÕ"ÊŽÏËÈÚÉÏÊÎÃÏÊÖÏÍÈÌÎÓÏÔÎÊÇÉÊ�ÇÙÏ�ÕÊÎÑÊÌÏÎÈÇÔÊÌÏÉÍÑÔÉÇŽÇ�ÇÎÕÊŠÑÌ

ÎÃÏÊÑÌÇÛÇÔÈ�Ê�ÏÌÉÇÑÔÊÑŠÊÎÃÏÊËÑÖÏŸ

3.3.3 Program Unit Specification Header

guideline

S PÚÎÊÈÊÃÏÈÖÏÌÊÑÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÑŠÊÏÈËÃÊÍÌÑÛÌÈÓÊÚÔÇÎŸ

S P�ÈËÏÊÇÔŠÑÌÓÈÎÇÑÔÊÌÏqÚÇÌÏÖÊŽÕÊÎÃÏÊÚÉÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌŸ

S DÑÊÔÑÎÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊ+Ï*ËÏÍÎÊÚÔÇÎÊÔÈÓÏ,ÊÇÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌÊÒÃÇËÃÊÇÉÊÍÌÏÉÏÔÎÊÇÔÊÎÃÏ

ÉÍÏËÇŠÇËÈÎÇÑÔŸ

S &*Í�ÈÇÔÊÒÃÈÎÊÎÃÏÊÚÔÇÎÊÖÑÏÉ"ÊÔÑÎÊÃÑÒÊÑÌÊÒÃÕÊÇÎÊÖÑÏÉÊÇÎŸ
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S DÏÉËÌÇŽÏÊÎÃÏÊËÑÓÍ�ÏÎÏÊÇÔÎÏÌŠÈËÏÊÎÑÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎ"ÊÇÔË�ÚÖÇÔÛÊÈÔÕÊÏ*ËÏÍÎÇÑÔÉÊÇÎÊËÈÔÊÌÈÇÉÏÊÈÔÖÊÈÔÕ

Û�ÑŽÈ�ÊÏŠŠÏËÎÉÊÇÎÊËÈÔÊÃÈ�ÏŸ

S DÑÊÔÑÎÊÇÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÃÑÒÊÎÃÏÊÚÔÇÎÊŠÇÎÉÊÇÔÎÑÊÎÃÏÊÏÔË�ÑÉÇÔÛÊÉÑŠÎÒÈÌÏÊÉÕÉÎÏÓŸ

S DÏÉËÌÇŽÏÊÎÃÏÊÍÏÌŠÑÌÓÈÔËÏÊ+ÎÇÓÏÊÈÔÖÊÉÍÈËÏ,ÊËÃÈÌÈËÎÏÌÇÉÎÇËÉÊÑŠÊÎÃÏÊÚÔÇÎŸ

instantiation

- PÚÎÊÎÃÏÊÔÈÓÏÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊÃÏÈÖÏÌŸ

- BÌÇÏŠ�ÕÊÏ*Í�ÈÇÔÊÎÃÏÊÍÚÌÍÑÉÏÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎŸ

- FÑÌÊÍÈËÙÈÛÏÉ"ÊÖÏÉËÌÇŽÏÊÎÃÏÊÏŠŠÏËÎÉÊÑŠÊÎÃÏÊ�ÇÉÇŽ�ÏÊÉÚŽÍÌÑÛÌÈÓÉÊÑÔÊÏÈËÃÊÑÎÃÏÌ"ÊÈÔÖÊÃÑÒÊÎÃÏÕÊÉÃÑÚ�ÖÊŽÏ

ÚÉÏÖÊÎÑÛÏÎÃÏÌŸ

- LÇÉÎÊÈ��ÊÏ*ËÏÍÎÇÑÔÉÊÒÃÇËÃÊËÈÔÊŽÏÊÌÈÇÉÏÖÊŽÕÊÎÃÏÊÚÔÇÎŸ

- LÇÉÎÊÈ��ÊÛ�ÑŽÈ�ÊÏŠŠÏËÎÉÊÑŠÊÎÃÏÊÚÔÇÎŸ

- LÇÉÎÊÍÌÏËÑÔÖÇÎÇÑÔÉÊÈÔÖÊÍÑÉÎËÑÔÖÇÎÇÑÔÉÊÑŠÊÎÃÏÊÚÔÇÎŸ

- LÇÉÎÊÃÇÖÖÏÔÊÎÈÉÙÉÊÈËÎÇ�ÈÎÏÖÊŽÕÊÎÃÏÊÚÔÇÎŸ

- DÑÊÔÑÎÊ�ÇÉÎÊÎÃÏÊÔÈÓÏÉÊÑŠÊÍÈÌÈÓÏÎÏÌÉÊÑŠÊÈÊÉÚŽÍÌÑÛÌÈÓŸ

- DÑÊÔÑÎÊ�ÇÉÎÊÎÃÏÊÔÈÓÏÉÊÑŠÊÍÈËÙÈÛÏÊÉÚŽÍÌÑÛÌÈÓÉÊjÚÉÎÊÎÑÊ�ÇÉÎÊÎÃÏÓŸ

- DÑÊÔÑÎÊ�ÇÉÎÊÎÃÏÊÔÈÓÏÉÊÑŠÊÈ��ÊÑÎÃÏÌÊÚÔÇÎÉÊÚÉÏÖÊŽÕÊÎÃÏÊÚÔÇÎŸ

- DÑÊÔÑÎÊ�ÇÉÎÊÎÃÏÊÔÈÓÏÉÊÑŠÊÈ��ÊÑÎÃÏÌÊÚÔÇÎÉÊÒÃÇËÃÊÚÉÏÊÎÃÏÊÚÔÇÎŸ

example

------------------------------------------------------------------------

-- AUTOLAYOUT

-- Purpose:

--   This package computes positional information for nodes and arcs

--   of a directed graph.  It encapsulates a layout algorithm which is

--   designed to minimize the number of crossing arcs and to emphasize

--   the primary direction of arc flow through the graph.

-- Effects:

--   - The expected usage is:

--     1. Call Define for each node and arc to define the graph.

--     2. Call Layout to assign positions to all nodes and arcs.

--     3. Call Position_Of for each node and arc to determine the

--        assigned coordinate positions.

--   - Layout can be called multiple times, and recomputes the

--     positions of all currently defined nodes and arcs each time.

--   - Once a node or arc has been defined, it remains defined until

--     Clear is called to delete all nodes and arcs.

-- Performance:

--   This package has been optimized for time, in preference to space.

--   Layout times are on the order of N*log(N) where N is the number

--   of nodes, but memory space is used inefficiently.

------------------------------------------------------------------------

package Autolayout is

   ...

   ---------------------------------------------------------------------

   -- Define

   -- Purpose:

   --   This procedure defines one node of the current graph.

   -- Exceptions:

   --   Node_Already_Defined

   ---------------------------------------------------------------------

   procedure Define

         (New_Node : in     Node);

   ---------------------------------------------------------------------

   -- Layout
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   -- Purpose:

   --   This procedure assigns coordinate positions to all defined

   --   nodes and arcs.

   -- Exceptions:

   --   None.

   ---------------------------------------------------------------------

   procedure Layout;

   ---------------------------------------------------------------------

   -- Position_Of

   -- Purpose:

   --   This function returns the coordinate position of the

   --   specified node.  The default position (0,0) is returned if no

   --   position has been assigned yet.

   -- Exceptions:

   --   Node_Not_Defined

   ---------------------------------------------------------------------

   function Position_Of (Current : in     Node)

         return Position;

   ...

end Autolayout;

rationale

ÅÃÏÊÍÚÌÍÑÉÏÊÑŠÊÈÊÃÏÈÖÏÌÊËÑÓÓÏÔÎÊÑÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÑŠÊÈÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÉÊÎÑÊÃÏ�ÍÊÎÃÏÊÚÉÏÌÊÚÔÖÏÌÉÎÈÔÖ

ÃÑÒÊÎÑÊÚÉÏÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎŸÊFÌÑÓÊÌÏÈÖÇÔÛÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÉÍÏËÇŠÇËÈÎÇÑÔÊÈÔÖÊÃÏÈÖÏÌ"ÊÈÊÚÉÏÌÊÉÃÑÚ�Ö

ÙÔÑÒÊÏ�ÏÌÕÎÃÇÔÛÊÔÏËÏÉÉÈÌÕÊÎÑÊÚÉÏÊÎÃÏÊÚÔÇÎŸÊ#ÎÊÉÃÑÚ�ÖÊÔÑÎÊŽÏÊÔÏËÏÉÉÈÌÕÊÎÑÊÌÏÈÖÊÎÃÏÊŽÑÖÕÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓ

ÚÔÇÎŸÊÅÃÏÌÏŠÑÌÏ"ÊÎÃÏÌÏÊÉÃÑÚ�ÖÊŽÏÊÈÊÃÏÈÖÏÌÊËÑÓÓÏÔÎÊÑÔÊÏÈËÃÊÍÌÑÛÌÈÓÊÚÔÇÎÊÉÍÏËÇŠÇËÈÎÇÑÔ"ÊÈÔÖÊÏÈËÃ

ÃÏÈÖÏÌÊÉÃÑÚ�ÖÊËÑÔÎÈÇÔÊÈ��ÊÚÉÈÛÏÊÇÔŠÑÌÓÈÎÇÑÔÊÔÑÎÊÏ*ÍÌÏÉÉÏÖÊÇÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÇÎÉÏ�ŠŸÊ ÚËÃÊÇÔŠÑÌÓÈÎÇÑÔ

ÇÔË�ÚÖÏÉÊÎÃÏÊÚÔÇÎÉ’ÊÏŠŠÏËÎÊÑÔÊÏÈËÃÊÑÎÃÏÌÊÈÔÖÊÑÔÊÉÃÈÌÏÖÊÌÏÉÑÚÌËÏÉ"ÊÏ*ËÏÍÎÇÑÔÉÊÌÈÇÉÏÖ"ÊÈÔÖÊÎÇÓÏ/ÉÍÈËÏ

ËÃÈÌÈËÎÏÌÇÉÎÇËÉŸÊÊNÑÔÏÊÑŠÊÎÃÇÉÊÇÔŠÑÌÓÈÎÇÑÔÊËÈÔÊŽÏÊÖÏÎÏÌÓÇÔÏÖÊŠÌÑÓÊÎÃÏÊÜÖÈÊÉÍÏËÇŠÇËÈÎÇÑÔÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓ

ÚÔÇÎŸ

%ÃÏÔÊÕÑÚÊÖÚÍ�ÇËÈÎÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÎÃÏÊÃÏÈÖÏÌÊÎÃÈÎÊËÈÔÊŽÏÊÌÏÈÖÇ�ÕÊÑŽÎÈÇÔÏÖÊŠÌÑÓÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔ"ÊÎÃÏ

ÇÔŠÑÌÓÈÎÇÑÔÊÎÏÔÖÉÊÎÑÊŽÏËÑÓÏÊÇÔËÑÌÌÏËÎÊÖÚÌÇÔÛÊÓÈÇÔÎÏÔÈÔËÏŸÊFÑÌÊÏ*ÈÓÍ�Ï"ÊÖÑÊÔÑÎÊÓÈÙÏÊÈÊÍÑÇÔÎÊÑŠÊ�ÇÉÎÇÔÛ

È��ÊÍÈÌÈÓÏÎÏÌÊÔÈÓÏÉ"ÊÓÑÖÏÉ"ÊÑÌÊ ÎÕÍÏÉÊÒÃÏÔÊÖÏÉËÌÇŽÇÔÛÊÈÊÍÌÑËÏÖÚÌÏŸÊÅÃÇÉÊ ÇÔŠÑÌÓÈÎÇÑÔÊ ÇÉÊÈ�ÌÏÈÖÕ

È�ÈÇ�ÈŽ�ÏÊŠÌÑÓÊÎÃÏÊÍÌÑËÏÖÚÌÏÊÉÍÏËÇŠÇËÈÎÇÑÔŸÊ ÇÓÇ�ÈÌ�Õ"ÊÖÑÊÔÑÎÊ�ÇÉÎÊÈ��ÊÉÚŽÍÌÑÛÌÈÓÉÊÑŠÊÈÊÍÈËÙÈÛÏÊÇÔÊÎÃÏ

ÃÏÈÖÏÌÊÚÔ�ÏÉÉÊÎÃÇÉÊÇÉÊÔÏËÏÉÉÈÌÕÊÎÑÊÓÈÙÏÊÉÑÓÏÊÇÓÍÑÌÎÈÔÎÊÉÎÈÎÏÓÏÔÎÊÈŽÑÚÎÊÎÃÏÊÉÚŽÍÌÑÛÌÈÓÉŸ

DÑÊÔÑÎÊÇÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÎÃÏÊÃÏÈÖÏÌÊÒÃÇËÃÊÎÃÏÊÚÉÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÖÑÏÉÔ’ÎÊÔÏÏÖŸÊ#ÔÊÍÈÌÎÇËÚ�ÈÌ"

ÖÑÊÔÑÎÊÇÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÃÑÒÊÈÊÍÌÑÛÌÈÓÊÚÔÇÎÊÍÏÌŠÑÌÓÉÊÇÎÉÊŠÚÔËÎÇÑÔÊÑÌÊÒÃÕÊÈÊÍÈÌÎÇËÚ�ÈÌÊÈ�ÛÑÌÇÎÃÓ

ÒÈÉÊÚÉÏÖŸÊÅÃÇÉÊÇÔŠÑÌÓÈÎÇÑÔÊÉÃÑÚ�ÖÊŽÏÊÃÇÖÖÏÔÊÇÔÊÎÃÏÊŽÑÖÕÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÎÑÊÍÌÏÉÏÌ�ÏÊÎÃÏÊÈŽÉÎÌÈËÎÇÑÔ

ÖÏŠÇÔÏÖÊŽÕÊÎÃÏÊÚÔÇÎŸÊ#ŠÊÎÃÏÊÚÉÏÌÊÙÔÑÒÉÊÉÚËÃÊÖÏÎÈÇ�ÉÊÈÔÖÊÓÈÙÏÉÊÖÏËÇÉÇÑÔÉÊŽÈÉÏÖÊÑÔÊÎÃÈÎÊÇÔŠÑÌÓÈÎÇÑÔ"ÊÎÃÏ

ËÑÖÏÊÓÈÕÊÉÚŠŠÏÌÊÒÃÏÔÊÎÃÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊÇÉÊ�ÈÎÏÌÊËÃÈÔÛÏÖŸ

%ÃÏÔÊÖÏÉËÌÇŽÇÔÛÊÎÃÏÊÍÚÌÍÑÉÏÊÑŠÊÎÃÏÊÚÔÇÎ"ÊÈ�ÑÇÖÊÌÏŠÏÌÌÇÔÛÊÎÑÊÑÎÃÏÌÊÍÈÌÎÉÊÑŠÊÎÃÏÊÏÔË�ÑÉÇÔÛÊÉÑŠÎÒÈÌÏÊÉÕÉÎÏÓŸ

#ÎÊÇÉÊŽÏÎÎÏÌÊÎÑÊÉÈÕÊ“ÎÃÇÉÊÚÔÇÎÊÖÑÏÉÊŸŸŸ"ÊÎÃÈÔÊÎÑÊÉÈÕÊ“ÎÃÇÉÊÚÔÇÎÊÇÉÊËÈ��ÏÖÊŽÕÊXÕ!ÊÎÑÊÖÑÊŸŸŸŸ"ÊÅÃÏÊÚÔÇÎÊÉÃÑÚ�ÖÊŽÏ

ÒÌÇÎÎÏÔÊÇÔÊÉÚËÃÊÈÊÒÈÕÊÎÃÈÎÊÇÎÊÖÑÏÉÊÔÑÎÊÙÔÑÒÊÑÌÊËÈÌÏÊÒÃÇËÃÊÚÔÇÎÊÇÉÊËÈ��ÇÔÛÊÇÎŸÊÅÃÇÉÊÓÈÙÏÉÊÎÃÏÊÚÔÇÎÊÓÚËÃ

ÓÑÌÏÊÛÏÔÏÌÈ�ÊÍÚÌÍÑÉÏÊÈÔÖÊÌÏÚÉÈŽ�ÏŸÊ#ÔÊÈÖÖÇÎÇÑÔ"ÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÑÎÃÏÌÊÚÔÇÎÉÊÇÉÊ�ÇÙÏ�ÕÊÎÑÊŽÏËÑÓÏ

ÑŽÉÑ�ÏÎÏÊÈÔÖÊÇÔËÑÌÌÏËÎÊÖÚÌÇÔÛÊÓÈÇÔÎÏÔÈÔËÏŸ

#ÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÎÃÏÊÍÏÌŠÑÌÓÈÔËÏÊ+ÎÇÓÏÊÈÔÖÊÉÍÈËÏ,ÊËÃÈÌÈËÎÏÌÇÉÎÇËÉÊÑŠÊÎÃÏÊÚÔÇÎŸÊMÚËÃÊÑŠÊÎÃÇÉ

ÇÔŠÑÌÓÈÎÇÑÔÊÇÉÊÔÑÎÊÍÌÏÉÏÔÎÊÇÔÊÎÃÏÊÜÖÈÊÉÍÏËÇŠÇËÈÎÇÑÔ"ÊŽÚÎÊÇÎÊÇÉÊÌÏqÚÇÌÏÖÊŽÕÊÎÃÏÊÚÉÏÌŸÊÅÑÊÇÔÎÏÛÌÈÎÏÊÎÃÏÊÚÔÇÎ

ÇÔÎÑÊÈÊÉÕÉÎÏÓ"ÊÎÃÏÊÚÉÏÌÊÔÏÏÖÉÊÎÑÊÚÔÖÏÌÉÎÈÔÖÊÎÃÏÊÌÏÉÑÚÌËÏÊÚÉÈÛÏÊ+CP$"ÊÓÏÓÑÌÕ"ÊÏÎËŸ,ÊÑŠÊÎÃÏÊÚÔÇÎŸÊ#ÎÊÇÉ

ÏÉÍÏËÇÈ��ÕÊÇÓÍÑÌÎÈÔÎÊÎÑÊÔÑÎÏÊÒÃÏÔÊÈÊÉÚŽÍÌÑÛÌÈÓÊËÈ��ÊËÈÚÉÏÉÊÈËÎÇ�ÈÎÇÑÔÊÑŠÊÈÊÎÈÉÙÊÃÇÖÖÏÔÊÇÔÊÈÊÍÈËÙÈÛÏ

ŽÑÖÕ"ÊÎÃÏÊÎÈÉÙÊÓÈÕÊËÑÔÎÇÔÚÏÊÎÑÊËÑÔÉÚÓÏÊÌÏÉÑÚÌËÏÉÊÈŠÎÏÌÊÎÃÏÊÉÚŽÌÑÚÎÇÔÏÊÏÔÖÉŸ

exception

%ÃÏÌÏÊÈÊÛÌÑÚÍÊÑŠÊÍÌÑÛÌÈÓÊÚÔÇÎÉÊÈÌÏÊË�ÑÉÏ�ÕÊÌÏ�ÈÎÏÖÊÑÌÊÉÇÓÍ�ÏÊÎÑÊÚÔÖÏÌÉÎÈÔÖ"ÊÇÎÊÇÉÊÈËËÏÍÎÈŽ�ÏÊÎÑÊÚÉÏÊÈ

ÉÇÔÛ�ÏÊÃÏÈÖÏÌÊŠÑÌÊÎÃÏÊÏÔÎÇÌÏÊÛÌÑÚÍÊÑŠÊÍÌÑÛÌÈÓÊÚÔÇÎÉŸÊFÑÌÊÏ*ÈÓÍ�Ï"ÊÇÎÊÓÈÙÏÉÊÉÏÔÉÏÊÎÑÊÚÉÏÊÈÊÉÇÔÛ�ÏÊÃÏÈÖÏÌÊÎÑ

ÖÏÉËÌÇŽÏÊÎÃÏÊŽÏÃÈ�ÇÑÌÊÑŠÊMÈ*ÊÈÔÖÊMÇÔÊŠÚÔËÎÇÑÔÉ�Ê ÇÔ"ÊCÑÉ"ÊÈÔÖÊÅÈÔÊŠÚÔËÎÇÑÔÉ�ÊÑÌÊÈÊÛÌÑÚÍÊÑŠÊŠÚÔËÎÇÑÔÉÊÎÑ

qÚÏÌÕÊÌÏ�ÈÎÏÖÊÈÎÎÌÇŽÚÎÏÉÊÑŠÊÈÔÊÑŽjÏËÎÊÏÔËÈÍÉÚ�ÈÎÏÖÊÇÔÊÈÊÍÈËÙÈÛÏŸÊÅÃÇÉÊÇÉÊÏÉÍÏËÇÈ��ÕÊÎÌÚÏÊÒÃÏÔÊÏÈËÃ

ŠÚÔËÎÇÑÔÊÇÔÊÎÃÏÊÉÏÎÊÇÉÊËÈÍÈŽ�ÏÊÑŠÊÌÈÇÉÇÔÛÊÎÃÏÊÉÈÓÏÊÏ*ËÏÍÎÇÑÔÉŸ
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3.3.4 Program Unit Body Header

guideline

S P�ÈËÏÊÇÔŠÑÌÓÈÎÇÑÔÊÌÏqÚÇÌÏÖÊŽÕÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊŽÑÖÕÊÃÏÈÖÏÌŸ

S &*Í�ÈÇÔÊÃÑÒÊÈÔÖÊÒÃÕÊÎÃÏÊÚÔÇÎÊÍÏÌŠÑÌÓÉÊÇÎÉÊŠÚÔËÎÇÑÔ"ÊÔÑÎÊÒÃÈÎÊÎÃÏÊÚÔÇÎÊÖÑÏÉŸ

S DÑÊÔÑÎÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊ+Ï*ËÏÍÎÊÚÔÇÎÊÔÈÓÏ,ÊÇÔÊÎÃÏÊÃÏÈÖÏÌÊÎÃÈÎÊÇÉÊÌÏÈÖÇ�ÕÊÈÍÍÈÌÏÔÎÊŠÌÑÓÊÌÏÈÖÇÔÛ

ÎÃÏÊËÑÖÏŸ

S DÑÊ ÔÑÎÊ ÌÏÍÏÈÎÊ ÇÔŠÑÌÓÈÎÇÑÔÊ +Ï*ËÏÍÎÊ ÚÔÇÎÊ ÔÈÓÏ,Ê ÇÔÊ ÎÃÏÊ ŽÑÖÕÊ ÃÏÈÖÏÌÊ ÎÃÈÎÊ ÇÉÊ È�ÈÇ�ÈŽ�ÏÊ ÇÔÊ ÎÃÏ

ÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌŸ

instantiation

- PÚÎÊÎÃÏÊÔÈÓÏÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊÃÏÈÖÏÌŸ

- )ÏËÑÌÖÊÍÑÌÎÈŽÇ�ÇÎÕÊÇÉÉÚÏÉÊÇÔÊÎÃÏÊÃÏÈÖÏÌŸ

-  ÚÓÓÈÌÇ!ÏÊËÑÓÍ�Ï*ÊÈ�ÛÑÌÇÎÃÓÉÊÇÔÊÎÃÏÊÃÏÈÖÏÌŸ

- )ÏËÑÌÖÊÌÏÈÉÑÔÉÊŠÑÌÊÉÇÛÔÇŠÇËÈÔÎÊÑÌÊËÑÔÎÌÑ�ÏÌÉÇÈ�ÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÖÏËÇÉÇÑÔÉŸ

- )ÏËÑÌÖÊÖÇÉËÈÌÖÏÖÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÈ�ÎÏÌÔÈÎÇ�ÏÉ"ÊÈ�ÑÔÛÊÒÇÎÃÊÎÃÏÊÌÏÈÉÑÔÊŠÑÌÊÖÇÉËÈÌÖÇÔÛÊÎÃÏÓŸ

- )ÏËÑÌÖÊÈÔÎÇËÇÍÈÎÏÖÊËÃÈÔÛÏÉÊÇÔÊÎÃÏÊÃÏÈÖÏÌ"ÊÏÉÍÏËÇÈ��ÕÊÇŠÊÉÑÓÏÊÒÑÌÙÊÃÈÉÊÈ�ÌÏÈÖÕÊŽÏÏÔÊÖÑÔÏÊÎÑÊÎÃÏ

ËÑÖÏÊÎÑÊÓÈÙÏÊÎÃÏÊËÃÈÔÛÏÉÊÏÈÉÕÊÎÑÊÈËËÑÓÍ�ÇÉÃŸ

example

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÂÄÀÅÃÇÉÊÃÀÅ

ÁÁÂËÈÍÇÎÈÎÏÅÉÅÌÃÏÂÑÃÅÎÓÔ

ÁÁÂÂÂÁÂÖÒÌÓÂÍÉÕŠÉÚÎÂÀÓÎÓÂÉÂÒÎÀÛÌÓÅÌÕÂÉÇÚÃÛÌÅÒÈÂÅÃÂÈÌÏÌÈÌÜÎÂÅÒÎÂÏÀÈÙÎÛ

ÁÁÂÂÂÂÂÃŸÂÉÛÕÂÕÛÃÓÓÌÏÚÓŽÂÂËÅÂ�ÃÎÓÂÏÃÅÂÉÇ�ÉÊÓÂÉÕÒÌÎ�ÎÂÅÒÎÂÅÛÀÎÂÈÌÏÌÈÀÈ

ÁÁÂÂÂÂÂÏÀÈÙÎÛÂ�ÒÌÕÒÂÕÃÀÇ�ÂÅÒÎÃÛÎÅÌÕÉÇÇÊÂÙÎÂÛÎÉÕÒÎ�ŽÂÂ�Ã�Î�ÎÛÂÌÅÂ�ÃÎÓÂÉ

ÁÁÂÂÂÂÂÏÎÉÛÇÊÂÍÎÛŸÎÕÅÂ ÃÙÂÌÏÂÛÎÇÉÅÌ�ÎÇÊÂÇÌÅÅÇÎÂÅÌÈÎŽÂÂ!ÃÛÂ�ÎÅÉÌÇÓÂÉÙÃÀÅ

ÁÁÂÂÂÂÂÅÒÎÂÉÇÚÃÛÌÅÒÈ"ÂÓÎÎÂŽŽŽ

ÁÁÂ#ÃÛÅÉÙÌÇÌÅÊÂËÓÓÀÎÓÔ

ÁÁÂÂÂÁÂÖÒÎÂÏÉÅÌ�ÎÂÈÉÅÒÂÍÉÕŠÉÚÎÂ$ÉÅÒ%&ÌÙÂÌÓÂÀÓÎ�ÂŸÃÛÂÕÃÈÍÀÅÉÅÌÃÏÓÂÃŸ

ÁÁÂÂÂÂÂÕÃÃÛ�ÌÏÉÅÎÂÍÃÓÌÅÌÃÏÓŽ

ÁÁÂÂÂÁÂ’(ÁÙÌÅÂÌÏÅÎÚÎÛÓÂÉÛÎÂÛÎ)ÀÌÛÎ�Ž

ÁÁÂÂÂÁÂÑÃÂÃÍÎÛÉÅÌÏÚÂÓÊÓÅÎÈÂÓÍÎÕÌŸÌÕÂÛÃÀÅÌÏÎÓÂÉÛÎÂÕÉÇÇÎ�Ž

ÁÁÂÄÏÅÌÕÌÍÉÅÎ�Â*ÒÉÏÚÎÓÔ

ÁÁÂÂÂÁÂ*ÃÃÛ�ÌÏÉÅÎ%ÖÊÍÎÂÙÎÇÃ�ÂÕÃÀÇ�ÂÙÎÂÕÒÉÏÚÎ�ÂŸÛÃÈÂÌÏÅÎÚÎÛÂÅÃÂŸÇÃÉÅ

ÁÁÂÂÂÂÂ�ÌÅÒÂÇÌÅÅÇÎÂÎŸŸÃÛÅŽÂÂ*ÉÛÎÂÒÉÓÂÙÎÎÏÂÅÉŠÎÏÂÅÃÂÏÃÅÂ�ÎÍÎÏ�ÂÃÏÂÅÒÎ

ÁÁÂÂÂÂÂÓÍÎÕÌŸÌÕÂÕÒÉÛÉÕÅÎÛÌÓÅÌÕÓÂÃŸÂÌÏÅÎÚÎÛÂÉÛÌÅÒÈÎÅÌÕŽ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÍÉÕŠÉÚÎÂÙÃ�ÊÂÄÀÅÃÇÉÊÃÀÅÂÌÓ

ÂÂÂŽŽŽ

ÂÂÂÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÂÂÂÁÁÂ+ÎŸÌÏÎ

ÂÂÂÁÁÂËÈÍÇÎÈÎÏÅÉÅÌÃÏÂÑÃÅÎÓÔ

ÂÂÂÁÁÂÂÂÁÂÖÒÌÓÂÛÃÀÅÌÏÎÂÓÅÃÛÎÓÂÉÂÏÃ�ÎÂÌÏÂÅÒÎÂÚÎÏÎÛÉÇÂÍÀÛÍÃÓÎÂ,ÛÉÍÒÂ�ÉÅÉ

ÂÂÂÁÁÂÂÂÂÂÓÅÛÀÕÅÀÛÎ"ÂÏÃÅÂÅÒÎÂ!ÉÓÅ%,ÛÉÍÒÂÓÅÛÀÕÅÀÛÎÂÙÎÕÉÀÓÎÂŽŽŽ

ÂÂÂÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÂÂÂÍÛÃÕÎ�ÀÛÎÂ+ÎŸÌÏÎ

ÂÂÂÂÂÂÂÂÂ.ÑÎ�%ÑÃ�ÎÂÔÂÌÏÂÂÂÂÂÑÃ�Î/ÂÌÓ

ÂÂÂÙÎÚÌÏ

ÂÂÂÂÂÂŽŽŽ

ÂÂÂÎÏ�Â+ÎŸÌÏÎ0
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   -- Implementation Notes:

   --   - This routine copies the Graph data structure (optimized for

   --     fast random access) into the Fast_Graph data structure

   --     (optimized for fast sequential iteration), then performs the

   --     layout, and copies the data back to the Graph structure.  This

   --     technique was introduced as an optimization when the algorithm

   --     was found to be too slow, and it produced an order of

   --     magnitude improvement.

   ---------------------------------------------------------------------

   procedure Layout is

   begin

      ...

   end Layout;

   ---------------------------------------------------------------------

   -- Position_Of

   ---------------------------------------------------------------------

   function Position_Of (Current : in     Node)

         return Position is

   begin

      ...

   end Position_Of;

   ...

end Autolayout;

rationale

ÅÃÏÊÍÚÌÍÑÉÏÊÑŠÊÈÊÃÏÈÖÏÌÊËÑÓÓÏÔÎÊÑÔÊÎÃÏÊŽÑÖÕÊÑŠÊÈÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÉÊÎÑÊÃÏ�ÍÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌÊÑŠÊÎÃÏ

ÍÌÑÛÌÈÓÊÚÔÇÎÊ ÎÑÊÚÔÖÏÌÉÎÈÔÖÊ ÎÃÏÊ ÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÑŠÊ ÎÃÏÊÚÔÇÎ"Ê ÇÔË�ÚÖÇÔÛÊ ÎÌÈÖÏÑŠŠÉÊ ÈÓÑÔÛÊÖÇŠŠÏÌÏÔÎ

ÎÏËÃÔÇqÚÏÉŸÊBÏÊÉÚÌÏÊÎÑÊÖÑËÚÓÏÔÎÊÈ��ÊÖÏËÇÉÇÑÔÉÊÓÈÖÏÊÖÚÌÇÔÛÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÎÑÊÍÌÏ�ÏÔÎÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌ

ŠÌÑÓÊÓÈÙÇÔÛÊÎÃÏÊÉÈÓÏÊÓÇÉÎÈÙÏÉÊÕÑÚÊÓÈÖÏŸÊOÔÏÊÑŠÊÎÃÏÊÓÑÉÎÊ�È�ÚÈŽ�ÏÊËÑÓÓÏÔÎÉÊÎÑÊÈÊÓÈÇÔÎÈÇÔÏÌÊÇÉÊÈÊË�ÏÈÌ

ÖÏÉËÌÇÍÎÇÑÔÊÑŠÊÒÃÕÊÈÊËÃÈÔÛÏÊŽÏÇÔÛÊËÑÔÉÇÖÏÌÏÖÊÒÇ��ÊÔÑÎÊÒÑÌÙŸ

ÅÃÏÊÃÏÈÖÏÌÊÇÉÊÈ�ÉÑÊÈÊÛÑÑÖÊÍ�ÈËÏÊÎÑÊÌÏËÑÌÖÊÍÑÌÎÈŽÇ�ÇÎÕÊËÑÔËÏÌÔÉŸÊÅÃÏÊÓÈÇÔÎÈÇÔÏÌÊÓÈÕÊÃÈ�ÏÊÎÑÊÍÑÌÎÊÎÃÏ

ÉÑŠÎÒÈÌÏÊÎÑÊÈÊÖÇŠŠÏÌÏÔÎÊÏÔ�ÇÌÑÔÓÏÔÎÊÈÔÖÊÒÇ��ÊŽÏÔÏŠÇÎÊŠÌÑÓÊÈÊ�ÇÉÎÊÑŠÊÔÑÔÍÑÌÎÈŽ�ÏÊŠÏÈÎÚÌÏÉŸÊÊFÚÌÎÃÏÌÓÑÌÏ"

ÎÃÏÊÈËÎÊÑŠÊËÑ��ÏËÎÇÔÛÊÈÔÖÊÌÏËÑÌÖÇÔÛÊÍÑÌÎÈŽÇ�ÇÎÕÊÇÉÉÚÏÉÊŠÑËÚÉÏÉÊÈÎÎÏÔÎÇÑÔÊÑÔÊÎÃÏÉÏÊÇÉÉÚÏÉÊÈÔÖÊÓÈÕÊÌÏÉÚ�ÎÊÇÔ

ÓÑÌÏÊÍÑÌÎÈŽ�ÏÊËÑÖÏÊŠÌÑÓÊÎÃÏÊÉÎÈÌÎŸ

 ÚÓÓÈÌÇ!ÏÊËÑÓÍ�Ï*ÊÈ�ÛÑÌÇÎÃÓÉÊÇÔÊÎÃÏÊÃÏÈÖÏÌÊÇŠÊÎÃÏÊËÑÖÏÊÇÉÊÖÇŠŠÇËÚ�ÎÊÎÑÊÌÏÈÖÊÑÌÊÚÔÖÏÌÉÎÈÔÖÊÒÇÎÃÑÚÎÊÉÚËÃÊÈ

ÉÚÓÓÈÌÕ"ÊŽÚÎÊÖÑÊÔÑÎÊÓÏÌÏ�ÕÊÍÈÌÈÍÃÌÈÉÏÊ ÎÃÏÊËÑÖÏŸÊ ÚËÃÊÖÚÍ�ÇËÈÎÇÑÔÊ ÇÉÊÚÔÔÏËÏÉÉÈÌÕÊÈÔÖÊÃÈÌÖÊ ÎÑ

ÓÈÇÔÎÈÇÔŸÊ ÇÓÇ�ÈÌ�Õ"ÊÖÑÊÔÑÎÊÌÏÍÏÈÎÊÎÃÏÊÇÔŠÑÌÓÈÎÇÑÔÊŠÌÑÓÊÎÃÏÊÃÏÈÖÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÉÍÏËÇŠÇËÈÎÇÑÔŸ

note

#ÎÊÇÉÊÑŠÎÏÔÊÎÃÏÊËÈÉÏÊÎÃÈÎÊÈÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÉÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕÊÏÔÑÚÛÃÊÎÃÈÎÊÇÎÊÌÏqÚÇÌÏÉÊÔÑÊŽÑÖÕÊÃÏÈÖÏÌÊÎÑ

Ï*Í�ÈÇÔÊÃÑÒÊÇÎÊÇÉÊÇÓÍ�ÏÓÏÔÎÏÖÊÑÌÊÒÃÕŸÊ#ÔÊÉÚËÃÊÈÊËÈÉÏ"ÊÑÓÇÎÊÎÃÏÊÃÏÈÖÏÌÊÏÔÎÇÌÏ�Õ"ÊÈÉÊÇÔÊÎÃÏÊËÈÉÏÊÒÇÎÃ

Position_OfÊÈŽÑ�ÏŸÊBÏÊÉÚÌÏ"ÊÃÑÒÏ�ÏÌ"ÊÎÃÈÎÊÎÃÏÊÃÏÈÖÏÌÊÕÑÚÊÑÓÇÎÊÎÌÚ�ÕÊËÑÔÎÈÇÔÉÊÔÑÊÇÔŠÑÌÓÈÎÇÑÔŸÊFÑÌ

Ï*ÈÓÍ�Ï"ÊËÑÔÉÇÖÏÌÊÎÃÏÊÖÇŠŠÏÌÏÔËÏÊŽÏÎÒÏÏÔÊÎÃÏÊÎÒÑÊÃÏÈÖÏÌÊÉÏËÎÇÑÔÉ:

-- Implementation Notes:  None.

ÈÔÖ

-- NonPortable Features:  None.

ÅÃÏÊŠÇÌÉÎÊÇÉÊÈÊÓÏÉÉÈÛÏÊŠÌÑÓÊÎÃÏÊÈÚÎÃÑÌÊÎÑÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌÊÉÈÕÇÔÛÊ“#ÊËÈÔ’ÎÊÎÃÇÔÙÊÑŠÊÈÔÕÎÃÇÔÛÊÏ�ÉÏÊÎÑÊÎÏ��

ÕÑÚ""ÊÒÃÇ�ÏÊÎÃÏÊÉÏËÑÔÖÊÓÈÕÊÓÏÈÔÊ“#ÊÛÚÈÌÈÔÎÏÏÊÎÃÈÎÊÎÃÇÉÊÚÔÇÎÊÇÉÊÏÔÎÇÌÏ�ÕÊÍÑÌÎÈŽ�ÏŸ"

3.3.5 Data Comments

guideline

Â CÑÓÓÏÔÎÊÑÔÊÈ��ÊÖÈÎÈÊÎÕÍÏÉ"ÊÑŽjÏËÎÉ"ÊÈÔÖÊÏ*ËÏÍÎÇÑÔÉÊÚÔ�ÏÉÉÊÎÃÏÇÌÊÔÈÓÏÉÊÈÌÏÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕŸ

Â #ÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÑÔÊÎÃÏÊÉÏÓÈÔÎÇËÊÉÎÌÚËÎÚÌÏÊÑŠÊËÑÓÍ�Ï*ÊÍÑÇÔÎÏÌÁŽÈÉÏÖÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÉŸ

Â #ÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÌÏ�ÈÎÇÑÔÉÃÇÍÉÊÎÃÈÎÊÈÌÏÊÓÈÇÔÎÈÇÔÏÖÊŽÏÎÒÏÏÔÊÖÈÎÈÊÑŽjÏËÎÉŸ

Â DÑÊÔÑÎÊÇÔË�ÚÖÏÊËÑÓÓÏÔÎÉÊÎÃÈÎÊÓÏÌÏ�ÕÊÌÏÍÏÈÎÊÎÃÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÎÃÏÊÔÈÓÏŸ
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example

OŽjÏËÎÉÊËÈÔÊŽÏÊÛÌÑÚÍÏÖÊŽÕÊÍÚÌÍÑÉÏÊÈÔÖÊËÑÓÓÏÔÎÏÖÊÈÉ:

...

---------------------------------------------------------------------

-- Current position of the cursor in the currently selected text

-- buffer, and the most recent position explicitly marked by the

-- user.

-- Note:  It is necessary to maintain both current and desired

--        column positions because the cursor cannot always be

--        displayed in the desired position when moving between

--        lines of different lengths.

---------------------------------------------------------------------

Desired_Column : Column_Counter;

Current_Column : Column_Counter;

Current_Row    : Row_Counter;

Marked_Column  : Column_Counter;

Marked_Row     : Row_Counter;

ÅÃÏÊËÑÔÖÇÎÇÑÔÉÊÚÔÖÏÌÊÒÃÇËÃÊÈÔÊÏ*ËÏÍÎÇÑÔÊÇÉÊÌÈÇÉÏÖÊÉÃÑÚ�ÖÊŽÏÊËÑÓÓÏÔÎÏÖ:

---------------------------------------------------------------------

-- Exceptions

---------------------------------------------------------------------

Node_Already_Defined : exception;   -- Raised when an attempt is made

                                    --|   to define a node with an

                                    --|   identifier which already

                                    --|   defines a node.

Node_Not_Defined     : exception;   -- Raised when a reference is

                                    --|   made to a node which has

                                    --|   not been defined.

�ÏÌÏÊÇÉÊÈÊÓÑÌÏÊËÑÓÍ�Ï*ÊÏ*ÈÓÍ�Ï"ÊÇÔ�Ñ��ÇÔÛÊÓÚ�ÎÇÍ�ÏÊÌÏËÑÌÖÊÈÔÖÊÈËËÏÉÉÊÎÕÍÏÉÊÒÃÇËÃÊÈÌÏÊÚÉÏÖÊÎÑÊŠÑÌÓÊÈ

ËÑÓÍ�Ï*ÊÖÈÎÈÊÉÎÌÚËÎÚÌÏ:

---------------------------------------------------------------------

-- These data structures are used to store the graph during the

-- layout process. The overall organization is a sorted list of

-- "ranks," each containing a sorted list of nodes, each containing

-- a list of incoming arcs and a list of outgoing arcs.

-- The lists are doubly linked to support forward and backward

-- passes for sorting. Arc lists do not need to be doubly linked

-- because order of arcs is irrelevant.

-- The nodes and arcs are doubly linked to each other to support

-- efficient lookup of all arcs to/from a node, as well as efficient

-- lookup of the source/target node of an arc.

---------------------------------------------------------------------

type Arc;

type Arc_Pointer is access Arc;

type Node;

type Node_Pointer is access Node;

type Node is

   record

      Id       : Node_Pointer;-- Unique node ID supplied by the user.

      Arc_In   : Arc_Pointer;

      Arc_Out  : Arc_Pointer;

      Next     : Node_Pointer;

      Previous : Node_Pointer;

   end record;

type Arc is

   record

      ID     : Arc_ID;        -- Unique arc ID supplied by the user.

      Source : Node_Pointer;

      Target : Node_Pointer;

      Next   : Arc_Pointer;

   end record;
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type Rank;

type Rank_Pointer is access Rank;

type Rank is

   record

      Number     : Level_ID;  -- Computed ordinal number of the rank.

      First_Node : Node_Pointer;

      Last_Node  : Node_Pointer;

      Next       : Rank_Pointer;

      Previous   : Rank_Pointer;

   end record;

First_Rank : Rank_Pointer;

Last_Rank  : Rank_Pointer;

rationale

#ÎÊÇÉÊ�ÏÌÕÊÚÉÏŠÚ�ÊÎÑÊÈÖÖÊËÑÓÓÏÔÎÉÊÏ*Í�ÈÇÔÇÔÛÊÎÃÏÊÍÚÌÍÑÉÏ"ÊÉÎÌÚËÎÚÌÏ"ÊÈÔÖÊÉÏÓÈÔÎÇËÉÊÑŠÊÎÃÏÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÉŸ

MÈÔÕÊÓÈÇÔÎÈÇÔÏÌÉÊ�ÑÑÙÊÈÎÊÎÃÏÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÉÊŠÇÌÉÎÊÒÃÏÔÊÎÌÕÇÔÛÊÎÑÊÚÔÖÏÌÉÎÈÔÖÊÎÃÏÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÊÑŠÊÈ

ÚÔÇÎŸÊ$ÔÖÏÌÉÎÈÔÖÇÔÛÊÎÃÏÊÖÈÎÈÊÒÃÇËÃÊËÈÔÊŽÏÊÉÎÑÌÏÖ"ÊÈ�ÑÔÛÊÒÇÎÃÊÎÃÏÊÌÏ�ÈÎÇÑÔÉÃÇÍÉÊŽÏÎÒÏÏÔÊÎÃÏÊÖÇŠŠÏÌÏÔÎ

ÖÈÎÈÊÇÎÏÓÉ"ÊÈÔÖÊÎÃÏÊŠ�ÑÒÊÑŠÊÖÈÎÈÊÎÃÌÑÚÛÃÊÎÃÏÊÚÔÇÎÊÇÉÊÈÔÊÇÓÍÑÌÎÈÔÎÊŠÇÌÉÎÊÉÎÏÍÊÇÔÊÚÔÖÏÌÉÎÈÔÖÇÔÛÊÎÃÏÊÖÏÎÈÇ�ÉÊÑŠ

ÎÃÏÊÚÔÇÎŸ

#ÔÊÎÃÏÊŠÇÌÉÎÊÏ*ÈÓÍ�ÏÊÈŽÑ�Ï"ÊÎÃÏÊÔÈÓÏÉÊCurrent_ColumnÊÈÔÖÊCurrent_RowÊÈÌÏÊÌÏ�ÈÎÇ�Ï�ÕÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕŸ

ÅÃÏÊÔÈÓÏÊDesired_ColumnÊÇÉÊÈ�ÉÑÊÒÏ��ÊËÃÑÉÏÔ"ÊŽÚÎÊÇÎÊ�ÏÈ�ÏÉÊÎÃÏÊÌÏÈÖÏÌÊÒÑÔÖÏÌÇÔÛÊÒÃÈÎÊÎÃÏÊÌÏ�ÈÎÇÑÔÉÃÇÍÊÇÉ

ŽÏÎÒÏÏÔÊÎÃÏÊËÚÌÌÏÔÎÊËÑ�ÚÓÔÊÈÔÖÊÎÃÏÊÖÏÉÇÌÏÖÊËÑ�ÚÓÔŸÊÅÃÏÊËÑÓÓÏÔÎÊÏ*Í�ÈÇÔÉÊÎÃÏÊÌÏÈÉÑÔÊŠÑÌÊÃÈ�ÇÔÛÊŽÑÎÃŸ

ÜÔÑÎÃÏÌÊÈÖ�ÈÔÎÈÛÏÊÑŠÊËÑÓÓÏÔÎÇÔÛÊÑÔÊÎÃÏÊÖÈÎÈÊÖÏË�ÈÌÈÎÇÑÔÉÊÇÉÊÎÃÈÎÊÎÃÏÊÉÇÔÛ�ÏÊÉÏÎÊÑŠÊËÑÓÓÏÔÎÉÊÑÔÊÈ

ÖÏË�ÈÌÈÎÇÑÔÊËÈÔÊÌÏÍ�ÈËÏÊÓÚ�ÎÇÍ�ÏÊÉÏÎÉÊÑŠÊËÑÓÓÏÔÎÉÊÎÃÈÎÊÓÇÛÃÎÊÑÎÃÏÌÒÇÉÏÊŽÏÊÔÏÏÖÏÖÊÈÎÊ�ÈÌÇÑÚÉÊÍ�ÈËÏÉÊÇÔ

ÎÃÏÊËÑÖÏÊÒÃÏÌÏÊÎÃÏÊÖÈÎÈÊÇÉÊÓÈÔÇÍÚ�ÈÎÏÖŸÊ#ÔÊÎÃÏÊŠÇÌÉÎÊÏ*ÈÓÍ�ÏÊÈŽÑ�Ï"ÊÎÃÏÊËÑÓÓÏÔÎÊŽÌÇÏŠ�ÕÊÏ*ÍÈÔÖÉÊÑÔÊÎÃÏ

ÓÏÈÔÇÔÛÊÑŠÊ“ËÚÌÌÏÔÎ"ÊÈÔÖÊ“ÓÈÌÙÏÖŸ"Ê#ÎÊÉÎÈÎÏÉÊÎÃÈÎÊÎÃÏÊ“ËÚÌÌÏÔÎ"ÊÍÑÉÇÎÇÑÔÊÇÉÊÎÃÏÊ�ÑËÈÎÇÑÔÊÑŠÊÎÃÏÊËÚÌÉÑÌ"

ÎÃÏÊ“ËÚÌÌÏÔÎ"ÊÍÑÉÇÎÇÑÔÊÇÉÊÇÔÊÎÃÏÊËÚÌÌÏÔÎÊŽÚŠŠÏÌ"ÊÈÔÖÊÎÃÏÊ“ÓÈÌÙÏÖ"ÊÍÑÉÇÎÇÑÔÊÒÈÉÊÓÈÌÙÏÖÊŽÕÊÎÃÏÊÚÉÏÌŸÊÅÃÇÉ

ËÑÓÓÏÔÎ"ÊÈ�ÑÔÛÊÒÇÎÃÊÎÃÏÊÓÔÏÓÑÔÇËÊÔÈÓÏÉÊÑŠÊÎÃÏÊ�ÈÌÇÈŽ�ÏÉ"ÊÛÌÏÈÎ�ÕÊÌÏÖÚËÏÉÊÎÃÏÊÔÏÏÖÊŠÑÌÊËÑÓÓÏÔÎÉÊÈÎ

ÇÔÖÇ�ÇÖÚÈ�ÊÉÎÈÎÏÓÏÔÎÉÊÎÃÌÑÚÛÃÑÚÎÊÎÃÏÊËÑÖÏŸ

#ÎÊÇÉÊÇÓÍÑÌÎÈÔÎÊÎÑÊÖÑËÚÓÏÔÎÊÎÃÏÊŠÚ��ÊÓÏÈÔÇÔÛÊÑŠÊÏ*ËÏÍÎÇÑÔÉÊÈÔÖÊÚÔÖÏÌÊÒÃÈÎÊËÑÔÖÇÎÇÑÔÉÊÎÃÏÕÊËÈÔÊŽÏ

ÌÈÇÉÏÖ"ÊÈÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊÉÏËÑÔÖÊÏ*ÈÓÍ�ÏÊÈŽÑ�Ï"ÊÏÉÍÏËÇÈ��ÕÊÒÃÏÔÊÎÃÏÊÏ*ËÏÍÎÇÑÔÉÊÈÌÏÊÖÏË�ÈÌÏÖÊÇÔÊÈÊÍÈËÙÈÛÏ

ÉÍÏËÇŠÇËÈÎÇÑÔŸÊÅÃÏÊÌÏÈÖÏÌÊÃÈÉÊÔÑÊÑÎÃÏÌÊÒÈÕÊÎÑÊŠÇÔÖÊÑÚÎÊÎÃÏÊÏ*ÈËÎÊÓÏÈÔÇÔÛÊÑŠÊÎÃÏÊÏ*ËÏÍÎÇÑÔÊ+ÒÇÎÃÑÚÎ

ÌÏÈÖÇÔÛÊÎÃÏÊËÑÖÏÊÇÔÊÎÃÏÊÍÈËÙÈÛÏÊŽÑÖÕ,Ÿ

’ÌÑÚÍÇÔÛÊÈ��ÊÎÃÏÊÏ*ËÏÍÎÇÑÔÉÊÎÑÛÏÎÃÏÌ"ÊÈÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊÉÏËÑÔÖÊÏ*ÈÓÍ�Ï"ÊËÈÔÊÍÌÑ�ÇÖÏÊÎÃÏÊÌÏÈÖÏÌÊÒÇÎÃÊÎÃÏ

ÏŠŠÏËÎÊÑŠÊÈÊ“Û�ÑÉÉÈÌÕ"ÊÑŠÊÉÍÏËÇÈ�ÊËÑÔÖÇÎÇÑÔÉŸÊÅÃÇÉÊÇÉÊÚÉÏŠÚ�ÊÒÃÏÔÊÓÈÔÕÊÖÇŠŠÏÌÏÔÎÊÉÚŽÍÌÑÛÌÈÓÉÊÇÔÊÎÃÏ

ÍÈËÙÈÛÏÊËÈÔÊÌÈÇÉÏÊÎÃÏÊÉÈÓÏÊÏ*ËÏÍÎÇÑÔÉŸÊFÑÌÊÈÊÍÈËÙÈÛÏÊÇÔÊÒÃÇËÃÊÏÈËÃÊÏ*ËÏÍÎÇÑÔÊËÈÔÊŽÏÊÌÈÇÉÏÖÊŽÕÊÑÔ�ÕÊÑÔÏ

ÉÚŽÍÌÑÛÌÈÓ"ÊÇÎÊÓÈÕÊŽÏÊŽÏÎÎÏÌÊÎÑÊÛÌÑÚÍÊÌÏ�ÈÎÏÖÊÉÚŽÍÌÑÛÌÈÓÉÊÈÔÖÊÏ*ËÏÍÎÇÑÔÉÊÎÑÛÏÎÃÏÌŸ

%ÃÏÔÊËÑÓÓÏÔÎÇÔÛÊÏ*ËÏÍÎÇÑÔÉ"ÊÇÎÊÇÉÊŽÏÎÎÏÌÊÎÑÊÖÏÉËÌÇŽÏÊÎÃÏÊÏ*ËÏÍÎÇÑÔ’ÉÊÓÏÈÔÇÔÛÊÇÔÊÛÏÔÏÌÈ�ÊÎÏÌÓÉÊÎÃÈÔÊÎÑ

�ÇÉÎÊÈ��ÊÎÃÏÊÉÚŽÍÌÑÛÌÈÓÉÊÎÃÈÎÊËÈÔÊËÈÚÉÏÊÎÃÏÊÏ*ËÏÍÎÇÑÔÊÎÑÊŽÏÊÌÈÇÉÏÖ�ÊÉÚËÃÊÈÊ�ÇÉÎÊÇÉÊÃÈÌÖÏÌÊÎÑÊÓÈÇÔÎÈÇÔŸÊ%ÃÏÔ

ÈÊÔÏÒÊÌÑÚÎÇÔÏÊÇÉÊÈÖÖÏÖ"ÊÇÎÊÇÉÊ�ÇÙÏ�ÕÊÎÃÈÎÊÎÃÏÉÏÊ�ÇÉÎÉÊÒÇ��ÊÔÑÎÊŽÏÊÚÍÖÈÎÏÖŸÊÜ�ÉÑ"ÊÎÃÇÉÊÇÔŠÑÌÓÈÎÇÑÔÊÇÉÊÈ�ÌÏÈÖÕ

ÍÌÏÉÏÔÎÊÇÔÊÎÃÏÊËÑÓÓÏÔÎÉÊÖÏÉËÌÇŽÇÔÛÊÎÃÏÊÉÚŽÍÌÑÛÌÈÓÉ"ÊÒÃÏÌÏÊÈ��ÊÏ*ËÏÍÎÇÑÔÉÊÎÃÈÎÊËÈÔÊŽÏÊÌÈÇÉÏÖÊŽÕÊÎÃÏ

ÉÚŽÍÌÑÛÌÈÓÊÉÃÑÚ�ÖÊŽÏÊ�ÇÉÎÏÖŸÊLÇÉÎÉÊÑŠÊÏ*ËÏÍÎÇÑÔÉÊŽÕÊÉÚŽÍÌÑÛÌÈÓÊÈÌÏÊÓÑÌÏÊÚÉÏŠÚ�ÊÈÔÖÊÏÈÉÇÏÌÊÎÑÊÓÈÇÔÎÈÇÔ

ÎÃÈÔÊ�ÇÉÎÉÊÑŠÊÉÚŽÍÌÑÛÌÈÓÉÊŽÕÊÏ*ËÏÍÎÇÑÔŸ

#ÔÊÎÃÏÊÎÃÇÌÖÊÏ*ÈÓÍ�Ï"ÊÎÃÏÊÔÈÓÏÉÊÑŠÊÎÃÏÊÌÏËÑÌÖÊŠÇÏ�ÖÉÊÈÌÏÊÉÃÑÌÎÊÈÔÖÊÓÔÏÓÑÔÇË"ÊŽÚÎÊÎÃÏÕÊÈÌÏÊÔÑÎ

ËÑÓÍ�ÏÎÏ�ÕÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕŸÊÅÃÇÉÊÇÉÊÑŠÎÏÔÊÎÃÏÊËÈÉÏÊÒÇÎÃÊËÑÓÍ�Ï*ÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÉÊÇÔ�Ñ��ÇÔÛÊÈËËÏÉÉÊÎÕÍÏÉŸ

ÅÃÏÌÏÊÇÉÊÔÑÊÒÈÕÊÎÑÊËÃÑÑÉÏÊÎÃÏÊÌÏËÑÌÖÊÈÔÖÊŠÇÏ�ÖÊÔÈÓÏÉÊÉÑÊÎÃÈÎÊÎÃÏÕÊËÑÓÍ�ÏÎÏ�ÕÊÏ*Í�ÈÇÔÊÎÃÏÊÑ�ÏÌÈ��

ÑÌÛÈÔÇ!ÈÎÇÑÔÊÑŠÊÎÃÏÊÌÏËÑÌÖÉÊÈÔÖÊÍÑÇÔÎÏÌÉÊÇÔÎÑÊÈÊÔÏÉÎÏÖÊÉÏÎÊÑŠÊÉÑÌÎÏÖÊ�ÇÉÎÉŸÊÅÃÏÊËÑÓÓÏÔÎÉÊÉÃÑÒÔÊÈÌÏÊÚÉÏŠÚ�

ÇÔÊÎÃÇÉÊËÈÉÏŸÊ%ÇÎÃÑÚÎÊÎÃÏÓ"ÊÎÃÏÊÌÏÈÖÏÌÊÒÑÚ�ÖÊÔÑÎÊÙÔÑÒÊÒÃÇËÃÊ�ÇÉÎÉÊÈÌÏÊÉÑÌÎÏÖ"ÊÒÃÇËÃÊ�ÇÉÎÉÊÈÌÏÊÖÑÚŽ�Õ

�ÇÔÙÏÖ"ÊÑÌÊÒÃÕŸÊÅÃÏÊËÑÓÓÏÔÎÉÊÏ*ÍÌÏÉÉÊÎÃÏÊÇÔÎÏÔÎÊÑŠÊÎÃÏÊÈÚÎÃÑÌÊÒÇÎÃÊÌÏÉÍÏËÎÊÎÑÊÎÃÇÉÊËÑÓÍ�Ï*ÊÖÈÎÈ

ÉÎÌÚËÎÚÌÏŸÊÅÃÏÊÓÈÇÔÎÈÇÔÏÌÊÉÎÇ��ÊÃÈÉÊÎÑÊÌÏÈÖÊÎÃÏÊËÑÖÏÊÇŠÊÃÏÊÒÈÔÎÉÊÎÑÊŽÏÊÉÚÌÏÊÎÃÈÎÊÎÃÏÊÖÑÚŽ�ÏÊ�ÇÔÙÉÊÈÌÏÊÈ��

ÍÌÑÍÏÌ�ÕÊÓÈÇÔÎÈÇÔÏÖŸÊKÏÏÍÇÔÛÊÎÃÇÉÊÇÔÊÓÇÔÖÊÒÃÏÔÊÌÏÈÖÇÔÛÊÎÃÏÊËÑÖÏÊÓÈÙÏÉÊÇÎÊÓÚËÃÊÏÈÉÇÏÌÊŠÑÌÊÃÇÓÊÎÑÊŠÇÔÖÊÈ

ŽÚÛÊÒÃÏÌÏÊÑÔÏÊÍÑÇÔÎÏÌÊÇÉÊÚÍÖÈÎÏÖÊÈÔÖÊÎÃÏÊÑÍÍÑÉÇÎÏÊÑÔÏÊÇÉÊÔÑÎŸ

3.3.6 Statement Comments

guideline

Â MÇÔÇÓÇ!ÏÊËÑÓÓÏÔÎÉÊÏÓŽÏÖÖÏÖÊÈÓÑÔÛÊÉÎÈÎÏÓÏÔÎÉŸ
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S $ÉÏÊËÑÓÓÏÔÎÉÊÑÔ�ÕÊÎÑÊÏ*Í�ÈÇÔÊÍÈÌÎÉÊÑŠÊÎÃÏÊËÑÖÏÊÎÃÈÎÊÈÌÏÊÔÑÎÊÑŽ�ÇÑÚÉŸ

S CÑÓÓÏÔÎÊÇÔÎÏÔÎÇÑÔÈ�ÊÑÓÇÉÉÇÑÔÉÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ

S DÑÊÔÑÎÊÚÉÏÊËÑÓÓÏÔÎÉÊÎÑÊÍÈÌÈÍÃÌÈÉÏÊÎÃÏÊËÑÖÏŸ

S DÑÊÔÑÎÊÚÉÏÊËÑÓÓÏÔÎÉÊÎÑÊÏ*Í�ÈÇÔÊÌÏÓÑÎÏÊÍÇÏËÏÉÊÑŠÊËÑÖÏ"ÊÉÚËÃÊÈÉÊÉÚŽÍÌÑÛÌÈÓÉÊËÈ��ÏÖÊŽÕÊÎÃÏÊËÚÌÌÏÔÎ

ÚÔÇÎŸ

S %ÃÏÌÏÊËÑÓÓÏÔÎÉÊÈÌÏÊÔÏËÏÉÉÈÌÕ"ÊÓÈÙÏÊÎÃÏÓÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ

example

ÅÃÏÊŠÑ��ÑÒÇÔÛÊÇÉÊÈÔÊÏ*ÈÓÍ�ÏÊÑŠÊ�ÏÌÕÊÍÑÑÌ�ÕÊËÑÓÓÏÔÎÏÖÊËÑÖÏ:

...

-- Loop through all the strings in the array Strings, converting

-- them to integers by calling Convert_To_Integer on each one,

-- accumulating the sum of all the values in Sum, and counting them

-- in Count.  Then divide Sum by Count to get the average and store

-- it in Average. Also, record the maximum number in the global

-- variable Max_Number.

for I in Strings’Range loop

   -- Convert each string to an integer value by looping through

   -- the characters which are digits, until a nondigit is found,

   -- taking the ordinal value of each, subtracting the ordinal value

   -- of ’0’, and multiplying by 10 if another digit follows.  Store

   -- the result in Number.

   Number := Convert_To_Integer(Strings(I));

   -- Accumulate the sum of the numbers in Total.

   Sum := Sum + Number;

   -- Count the numbers.

   Count := Count + 1;

   -- Decide whether this number is more than the current maximum.

   if Number > Max_Number then

      -- Update the global variable Max_Number.

      Max_Number := Number;

   end if;

end loop;

-- Compute the average.

Average := Sum / Count;

ÅÃÏÊŠÑ��ÑÒÇÔÛÊÇÉÊÇÓÍÌÑ�ÏÖÊŽÕÊÔÑÎÊÌÏÍÏÈÎÇÔÛÊÎÃÇÔÛÉÊÇÔÊÎÃÏÊËÑÓÓÏÔÎÉÊÒÃÇËÃÊÈÌÏÊÑŽ�ÇÑÚÉÊŠÌÑÓÊÎÃÏÊËÑÖÏ"ÊÔÑÎ

ÖÏÉËÌÇŽÇÔÛÊÎÃÏÊÖÏÎÈÇ�ÉÊÑŠÊÒÃÈÎÊÛÑÏÉÊÇÔÊÇÔÉÇÖÏÊÑŠÊConvert_To_Integer"ÊÖÏ�ÏÎÇÔÛÊÈÔÊÏÌÌÑÔÏÑÚÉÊËÑÓÓÏÔÎÊ+ÎÃÏ

ÑÔÏÊÑÔÊÎÃÏÊÉÎÈÎÏÓÏÔÎÊÒÃÇËÃÊÈËËÚÓÚ�ÈÎÏÉÊÎÃÏÊÉÚÓ,"ÊÈÔÖÊÓÈÙÇÔÛÊÎÃÏÊŠÏÒÊÌÏÓÈÇÔÇÔÛÊËÑÓÓÏÔÎÉÊÓÑÌÏ

�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏŸÊ

Sum_Integers_Converted_From_Strings:

   for I in Strings’Range loop

      Number := Convert_To_Integer(Strings(I));

      Sum := Sum + Number;

      Count := Count + 1;

      -- The global Max_Number is computed here for efficiency.

      if Number > Max_Number then

         Max_Number := Number;

      end if;

   end loop Sum_Integers_Converted_From_Strings;

Average := Sum / Count;

rationale

ÅÃÏÊÇÓÍÌÑ�ÏÓÏÔÎÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊÏ*ÈÓÍ�ÏÊÈÌÏÊÔÑÎÊÇÓÍÌÑ�ÏÓÏÔÎÉÊÓÏÌÏ�ÕÊŽÕÊÌÏÖÚËÇÔÛÊÎÃÏÊÎÑÎÈ�ÊÔÚÓŽÏÌÊÑŠ

ËÑÓÓÏÔÎÉ�ÊÎÃÏÕÊÈÌÏÊÇÓÍÌÑ�ÏÓÏÔÎÉÊŽÕÊÌÏÖÚËÇÔÛÊÎÃÏÊÔÚÓŽÏÌÊÑŠÊÚÉÏ�ÏÉÉÊËÑÓÓÏÔÎÉŸ

CÑÓÓÏÔÎÉÊÎÃÈÎÊÍÈÌÈÍÃÌÈÉÏÊÑÌÊÏ*Í�ÈÇÔÊÑŽ�ÇÑÚÉÊÈÉÍÏËÎÉÊÑŠÊÎÃÏÊËÑÖÏÊÃÈ�ÏÊÔÑÊ�È�ÚÏŸÊÅÃÏÕÊÈÌÏÊÈÊÒÈÉÎÏÊÑŠ

ÏŠŠÑÌÎÊŠÑÌÊÎÃÏÊÈÚÎÃÑÌÊÎÑÊÒÌÇÎÏÊÈÔÖÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌÊÎÑÊÚÍÖÈÎÏŸÊÅÃÏÌÏŠÑÌÏ"ÊÎÃÏÕÊÑŠÎÏÔÊÏÔÖÊÚÍÊŽÏËÑÓÇÔÛ

ÇÔËÑÌÌÏËÎŸÊ ÚËÃÊËÑÓÓÏÔÎÉÊÈ�ÉÑÊË�ÚÎÎÏÌÊÎÃÏÊËÑÖÏ"ÊÃÇÖÇÔÛÊÎÃÏÊŠÏÒÊÇÓÍÑÌÎÈÔÎÊËÑÓÓÏÔÎÉŸ

CÑÓÓÏÔÎÉÊÖÏÉËÌÇŽÇÔÛÊÒÃÈÎÊÛÑÏÉÊÑÔÊÇÔÉÇÖÏÊÑŠÊÈÔÑÎÃÏÌÊÚÔÇÎÊ�ÇÑ�ÈÎÏÊÎÃÏÊÍÌÇÔËÇÍ�ÏÊÑŠÊÇÔŠÑÌÓÈÎÇÑÔÊÃÇÖÇÔÛŸ

ÅÃÏÊÖÏÎÈÇ�ÉÊÈŽÑÚÎÊConvert_To_IntegerÊ+ÖÏ�ÏÎÏÖÊÈŽÑ�Ï,ÊÈÌÏÊÇÌÌÏ�Ï�ÈÔÎÊÎÑÊÎÃÏÊËÈ��ÇÔÛÊÚÔÇÎ"ÊÈÔÖÊÎÃÏÕÊÈÌÏ
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ŽÏÎÎÏÌÊ�ÏŠÎÊÃÇÖÖÏÔÊÇÔÊËÈÉÏÊÎÃÏÊÈ�ÛÑÌÇÎÃÓÊÏ�ÏÌÊËÃÈÔÛÏÉŸÊ&*ÈÓÍ�ÏÉÊÏ*Í�ÈÇÔÇÔÛÊÒÃÈÎÊÛÑÏÉÊÑÔÊÏ�ÉÏÒÃÏÌÏÊÇÔÊÎÃÏ

ËÑÖÏÊÈÌÏÊ�ÏÌÕÊÖÇŠŠÇËÚ�ÎÊÎÑÊÓÈÇÔÎÈÇÔÊÈÔÖÊÈ�ÓÑÉÎÊÈ�ÒÈÕÉÊŽÏËÑÓÏÊÇÔËÑÌÌÏËÎÊÈÎÊÎÃÏÊŠÇÌÉÎÊËÑÖÏÊÓÑÖÇŠÇËÈÎÇÑÔŸ

ÅÃÏÊÈÖ�ÈÔÎÈÛÏÊÑŠÊÓÈÙÇÔÛÊËÑÓÓÏÔÎÉÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏÊÇÉÊÎÃÈÎÊÇÎÊÓÈÙÏÉÊÎÃÏÊËÑÖÏÊÏÈÉÇÏÌÊÎÑ

ÉËÈÔ"ÊÈÔÖÊÎÃÏÊŠÏÒÊÇÓÍÑÌÎÈÔÎÊËÑÓÓÏÔÎÉÊÉÎÈÔÖÊÑÚÎÊŽÏÎÎÏÌŸÊ�ÇÛÃ�ÇÛÃÎÇÔÛÊÚÔÚÉÚÈ�ÊÑÌÊÉÍÏËÇÈ�ÊËÑÖÏÊŠÏÈÎÚÌÏÉ

ÇÔÖÇËÈÎÏÉÊÎÃÈÎÊÎÃÏÕÊÈÌÏÊÇÔÎÏÔÎÇÑÔÈ�ŸÊÅÃÇÉÊÈÉÉÇÉÎÉÊÓÈÇÔÎÈÇÔÏÌÉÊŽÕÊŠÑËÚÉÇÔÛÊÈÎÎÏÔÎÇÑÔÊÑÔÊËÑÖÏÊÉÏËÎÇÑÔÉÊÎÃÈÎ

ÈÌÏÊ �ÇÙÏ�ÕÊ ÎÑÊ ËÈÚÉÏÊ ÍÌÑŽ�ÏÓÉÊ ÖÚÌÇÔÛÊ ÓÈÇÔÎÏÔÈÔËÏÊ ÑÌÊ ÒÃÏÔÊ ÍÑÌÎÇÔÛÊ ÎÃÏÊ ÍÌÑÛÌÈÓÊ ÎÑÊ ÈÔÑÎÃÏÌ

ÇÓÍ�ÏÓÏÔÎÈÎÇÑÔŸ

CÑÓÓÏÔÎÉÊ ÉÃÑÚ�ÖÊ ŽÏÊ ÚÉÏÖÊ ÎÑÊ ÖÑËÚÓÏÔÎÊ ËÑÖÏÊ ÎÃÈÎÊ ÇÉÊ ÔÑÔÍÑÌÎÈŽ�Ï"Ê ÇÓÍ�ÏÓÏÔÎÈÎÇÑÔ�ÖÏÍÏÔÖÏÔÎ"

ÏÔ�ÇÌÑÔÓÏÔÎ�ÖÏÍÏÔÖÏÔÎ"ÊÑÌÊÎÌÇËÙÕÊÇÔÊÈÔÕÊÒÈÕŸÊÅÃÏÕÊÔÑÎÇŠÕÊÎÃÏÊÌÏÈÖÏÌÊÎÃÈÎÊÉÑÓÏÎÃÇÔÛÊÚÔÚÉÚÈ�ÊÒÈÉÊÍÚÎ

ÎÃÏÌÏÊŠÑÌÊÈÊÌÏÈÉÑÔŸÊÜÊŽÏÔÏŠÇËÇÈ�ÊËÑÓÓÏÔÎÊÒÑÚ�ÖÊŽÏÊÑÔÏÊÏ*Í�ÈÇÔÇÔÛÊÈÊÒÑÌÙ�ÈÌÑÚÔÖÊŠÑÌÊÈÊËÑÓÍÇ�ÏÌÊŽÚÛŸÊ#Š

ÕÑÚÊÚÉÏÊ ÈÊ �ÑÒÏÌÊ �Ï�Ï�Ê +ÔÑÎÊ“ÇÖÏÈ�"Ê ÇÔÊ ÎÃÏÊ ÉÑŠÎÒÈÌÏÊ ÏÔÛÇÔÏÏÌÇÔÛÊ ÉÏÔÉÏ,Ê ÉÑ�ÚÎÇÑÔ"Ê ËÑÓÓÏÔÎÊ ÑÔÊ ÇÎŸ

#ÔŠÑÌÓÈÎÇÑÔÊÇÔË�ÚÖÏÖÊÇÔÊÎÃÏÊËÑÓÓÏÔÎÉÊÉÃÑÚ�ÖÊÉÎÈÎÏÊÒÃÕÊÕÑÚÊÚÉÏÖÊÎÃÈÎÊÍÈÌÎÇËÚ�ÈÌÊËÑÔÉÎÌÚËÎŸÊÜ�ÉÑÊÇÔË�ÚÖÏ

ÖÑËÚÓÏÔÎÈÎÇÑÔÊÑÔÊÎÃÏÊŠÈÇ�ÏÖÊÈÎÎÏÓÍÎÉ"ÊÏŸÛŸ"ÊÚÉÇÔÛÊÈÊÃÇÛÃÏÌÊ�Ï�Ï�ÊÉÎÌÚËÎÚÌÏŸÊÅÃÇÉÊÎÕÍÏÊÑŠÊËÑÓÓÏÔÎÊÇÉÊÚÉÏŠÚ�

ÎÑÊÓÈÇÔÎÈÇÔÏÌÉÊŠÑÌÊÃÇÉÎÑÌÇËÈ�ÊÍÚÌÍÑÉÏÉŸÊÊYÑÚÊÉÃÑÒÊÎÃÏÊÌÏÈÖÏÌÊÎÃÈÎÊÈÊÉÇÛÔÇŠÇËÈÔÎÊÈÓÑÚÔÎÊÑŠÊÎÃÑÚÛÃÎÊÒÏÔÎ

ÇÔÎÑÊÎÃÏÊËÃÑÇËÏÊÑŠÊÈÊËÑÔÉÎÌÚËÎŸ

FÇÔÈ��Õ"ÊËÑÓÓÏÔÎÉÊÉÃÑÚ�ÖÊŽÏÊÚÉÏÖÊÎÑÊÏ*Í�ÈÇÔÊÒÃÈÎÊÇÉÊÔÑÎÊÍÌÏÉÏÔÎÊÇÔÊÎÃÏÊËÑÖÏÊÈÉÊÒÏ��ÊÈÉÊÒÃÈÎÊÇÉÊÍÌÏÉÏÔÎŸÊ#Š

ÕÑÚÊÓÈÙÏÊÈÊËÑÔÉËÇÑÚÉÊÖÏËÇÉÇÑÔÊÎÑÊÔÑÎÊÍÏÌŠÑÌÓÊÉÑÓÏÊÈËÎÇÑÔ"Ê�ÇÙÏÊÖÏÈ��ÑËÈÎÇÔÛÊÈÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÊÒÇÎÃÊÒÃÇËÃ

ÕÑÚÊÈÍÍÏÈÌÊÎÑÊŽÏÊŠÇÔÇÉÃÏÖ"ÊŽÏÊÉÚÌÏÊÎÑÊÈÖÖÊÈÊËÑÓÓÏÔÎÊÏ*Í�ÈÇÔÇÔÛÊÒÃÕÊÔÑÎŸÊOÎÃÏÌÒÇÉÏ"ÊÈÊÓÈÇÔÎÈÇÔÏÌÊÓÈÕ

ÔÑÎÇËÏÊÎÃÏÊÈÍÍÈÌÏÔÎÊÑÓÇÉÉÇÑÔÊÈÔÖÊ“ËÑÌÌÏËÎ"ÊÇÎÊ�ÈÎÏÌ"ÊÎÃÚÉÊÇÔÎÌÑÖÚËÇÔÛÊÈÔÊÏÌÌÑÌŸ

note

FÚÌÎÃÏÌÊÇÓÍÌÑ�ÏÓÏÔÎÉÊËÈÔÊŽÏÊÓÈÖÏÊÑÔÊÎÃÏÊÈŽÑ�ÏÊÏ*ÈÓÍ�ÏÊŽÕÊÖÏË�ÈÌÇÔÛÊÎÃÏÊ�ÈÌÇÈŽ�ÏÉÊCountÊÈÔÖÊSumÊÇÔÊÈ

�ÑËÈ�ÊŽ�ÑËÙÊÉÑÊÎÃÈÎÊÎÃÏÇÌÊÉËÑÍÏÊÇÉÊ�ÇÓÇÎÏÖÊÈÔÖÊÎÃÏÇÌÊÇÔÇÎÇÈ�Ç!ÈÎÇÑÔÉÊÑËËÚÌÊÔÏÈÌÊÎÃÏÇÌÊÚÉÈÛÏ"ÊÏŸÛŸ"ÊŽÕÊÔÈÓÇÔÛ

ÎÃÏÊŽ�ÑËÙÊCompute_AverageÊÑÌÊŽÕÊÓÑ�ÇÔÛÊÎÃÏÊËÑÖÏÊÇÔÎÑÊÈÊŠÚÔËÎÇÑÔÊËÈ��ÏÖÊAverage_OfŸÊÅÃÏÊËÑÓÍÚÎÈÎÇÑÔÊÑŠ

Max_NumberÊËÈÔÊÈ�ÉÑÊŽÏÊÉÏÍÈÌÈÎÏÖÊŠÌÑÓÊÎÃÏÊËÑÓÍÚÎÈÎÇÑÔÊÑŠÊAverageŸÊ�ÑÒÏ�ÏÌ"ÊÎÃÑÉÏÊËÃÈÔÛÏÉÊÈÌÏÊÎÃÏ

ÉÚŽjÏËÎÊÑŠÊÑÎÃÏÌÊÛÚÇÖÏ�ÇÔÏÉ�ÊÎÃÇÉÊÏ*ÈÓÍ�ÏÊÇÉÊÑÔ�ÕÊÇÔÎÏÔÖÉÊÎÑÊÇ��ÚÉÎÌÈÎÏÊÎÃÏÊÍÌÑÍÏÌÊÚÉÏÊÑŠÊËÑÓÓÏÔÎÉŸ

3.3.7 Marker Comments

guideline

Á $ÉÏÊÍÈÛÇÔÈÎÇÑÔÊÓÈÌÙÏÌÉÊÎÑÊÓÈÌÙÊÍÌÑÛÌÈÓÊÚÔÇÎÊŽÑÚÔÖÈÌÇÏÉÊ+’ÚÇÖÏ�ÇÔÏÊ2ŸÄŸÀ,Ÿ

Á )ÏÍÏÈÎÊÎÃÏÊÚÔÇÎÊÔÈÓÏÊÇÔÊÈÊËÑÓÓÏÔÎÊÎÑÊÓÈÌÙÊÎÃÏÊbeginÊÑŠÊÈÊÍÈËÙÈÛÏÊŽÑÖÕ"ÊÉÚŽÍÌÑÛÌÈÓÊŽÑÖÕ"ÊÎÈÉÙ

ŽÑÖÕ"ÊÑÌÊŽ�ÑËÙÊÇŠÊÎÃÏÊbeginÊÇÉÊÍÌÏËÏÖÏÖÊŽÕÊÖÏË�ÈÌÈÎÇÑÔÉŸ

Á FÑÌÊ�ÑÔÛÊÑÌÊÃÏÈ�Ç�ÕÊÔÏÉÎÏÖÊifÊÈÔÖÊcaseÊÉÎÈÎÏÓÏÔÎÉ"ÊÓÈÌÙÊÎÃÏÊÏÔÖÊÑŠÊÎÃÏÊÉÎÈÎÏÓÏÔÎÊÒÇÎÃÊÈÊËÑÓÓÏÔÎ

ÉÚÓÓÈÌÇ!ÇÔÛÊÎÃÏÊËÑÔÖÇÎÇÑÔÊÛÑ�ÏÌÔÇÔÛÊÎÃÏÊÉÎÈÎÏÓÏÔÎŸ

Á FÑÌÊ�ÑÔÛÊÑÌÊÃÏÈ�Ç�ÕÊÔÏÉÎÏÖÊifÊÉÎÈÎÏÓÏÔÎÉ"ÊÓÈÌÙÊÎÃÏÊelseÊÍÈÌÎÊÒÇÎÃÊÈÊËÑÓÓÏÔÎÊÉÚÓÓÈÌÇ!ÇÔÛÊÎÃÏ

ËÑÔÖÇÎÇÑÔÉÊÛÑ�ÏÌÔÇÔÛÊÎÃÇÉÊÍÑÌÎÇÑÔÊÑŠÊÎÃÏÊÉÎÈÎÏÓÏÔÎŸ

example

if    A_Found then

   ...

elsif B_Found then

   ...

else  -- A and B were both not found

   ...

   if Count = Max then

      ...

   end if;

   ...

end if;  -- A_Found

------------------------------------------------------------------------

package body Abstract_Strings is

   ...
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   ---------------------------------------------------------------------

   procedure Catenate (...) is

   begin

      ...

   end Catenate;

   ---------------------------------------------------------------------

   ...

begin  -- Abstract_Strings

   ...

end Abstract_Strings;

------------------------------------------------------------------------

rationale

MÈÌÙÏÌÊËÑÓÓÏÔÎÉÊÏÓÍÃÈÉÇ!ÏÊÎÃÏÊÉÎÌÚËÎÚÌÏÊÑŠÊËÑÖÏÊÈÔÖÊÓÈÙÏÊÇÎÊÏÈÉÇÏÌÊÎÑÊÉËÈÔŸÊÅÃÏÕÊËÈÔÊŽÏÊ�ÇÔÏÉÊÎÃÈÎ

ÉÏÍÈÌÈÎÏÊÉÏËÎÇÑÔÉÊÑŠÊËÑÖÏÊÑÌÊÖÏÉËÌÇÍÎÇ�ÏÊÎÈÛÉÊŠÑÌÊÈÊËÑÔÉÎÌÚËÎŸÊÅÃÏÕÊÃÏ�ÍÊÎÃÏÊÌÏÈÖÏÌÊÌÏÉÑ��ÏÊqÚÏÉÎÇÑÔÉ

ÈŽÑÚÎÊÎÃÏÊËÚÌÌÏÔÎÊÍÑÉÇÎÇÑÔÊÇÔÊÎÃÏÊËÑÖÏŸÊÅÃÇÉÊÇÉÊÓÑÌÏÊÇÓÍÑÌÎÈÔÎÊŠÑÌÊ�ÈÌÛÏÊÚÔÇÎÉÊÎÃÈÔÊŠÑÌÊÉÓÈ��ÊÑÔÏÉŸÊÜÊÉÃÑÌÎ

ÓÈÌÙÏÌÊËÑÓÓÏÔÎÊŠÇÎÉÊÑÔÊÎÃÏÊÉÈÓÏÊ�ÇÔÏÊÈÉÊÎÃÏÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÊÒÇÎÃÊÒÃÇËÃÊÇÎÊÇÉÊÈÉÉÑËÇÈÎÏÖŸÊÅÃÚÉ"ÊÇÎÊÈÖÖÉ

ÇÔŠÑÌÓÈÎÇÑÔÊÒÇÎÃÑÚÎÊË�ÚÎÎÏÌŸ

ÅÃÏÊif"Êelsif"Êelse"ÊÈÔÖÊend ifÊÑŠÊÈÔÊÇŠÊÉÎÈÎÏÓÏÔÎÊÈÌÏÊÑŠÎÏÔÊÉÏÍÈÌÈÎÏÖÊŽÕÊ�ÑÔÛÊÉÏqÚÏÔËÏÉÊÑŠÊÉÎÈÎÏÓÏÔÎÉ"

ÉÑÓÏÎÇÓÏÉÊÇÔ�Ñ��ÇÔÛÊÑÎÃÏÌÊÇŠÊÉÎÈÎÏÓÏÔÎÉŸÊÜÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊŠÇÌÉÎÊÏ*ÈÓÍ�Ï"ÊÓÈÌÙÏÌÊËÑÓÓÏÔÎÉÊÏÓÍÃÈÉÇ!Ï

ÎÃÏÊÈÉÉÑËÇÈÎÇÑÔÊÑŠÊÎÃÏÊÙÏÕÒÑÌÖÉÊÑŠÊÎÃÏÊÉÈÓÏÊÉÎÈÎÏÓÏÔÎÊÑ�ÏÌÊÈÊÛÌÏÈÎÊ�ÇÉÚÈ�ÊÖÇÉÎÈÔËÏŸÊMÈÌÙÏÌÊËÑÓÓÏÔÎÉ

ÈÌÏÊÔÑÎÊÔÏËÏÉÉÈÌÕÊÒÇÎÃÊÎÃÏÊŽ�ÑËÙÊÉÎÈÎÏÓÏÔÎÊÈÔÖÊ�ÑÑÍÊÉÎÈÎÏÓÏÔÎÊŽÏËÈÚÉÏÊÎÃÏÊÉÕÔÎÈ*ÊÑŠÊÎÃÏÉÏÊÉÎÈÎÏÓÏÔÎÉ

È��ÑÒÉÊÎÃÏÓÊÎÑÊŽÏÊÔÈÓÏÖÊÒÇÎÃÊÎÃÏÊÔÈÓÏÊÌÏÍÏÈÎÏÖÊÈÎÊÎÃÏÊÏÔÖŸÊ$ÉÇÔÛÊÎÃÏÉÏÊÔÈÓÏÉÊÇÉÊŽÏÎÎÏÌÊÎÃÈÔÊÚÉÇÔÛ

ÓÈÌÙÏÌÊËÑÓÓÏÔÎÉÊŽÏËÈÚÉÏÊÎÃÏÊËÑÓÍÇ�ÏÌÊ�ÏÌÇŠÇÏÉÊÎÃÈÎÊÎÃÏÊÔÈÓÏÉÊÈÎÊÎÃÏÊŽÏÛÇÔÔÇÔÛÊÈÔÖÊÏÔÖÊÓÈÎËÃŸ

ÅÃÏÊÉÏqÚÏÔËÏÊÑŠÊÉÎÈÎÏÓÏÔÎÉÊÑŠÊÈÊÍÈËÙÈÛÏÊŽÑÖÕÊÇÉÊÑŠÎÏÔÊ�ÏÌÕÊŠÈÌÊŠÌÑÓÊÎÃÏÊŠÇÌÉÎÊ�ÇÔÏÊÑŠÊÎÃÏÊÍÈËÙÈÛÏŸÊMÈÔÕ

ÉÚŽÍÌÑÛÌÈÓÊŽÑÖÇÏÉ"ÊÏÈËÃÊËÑÔÎÈÇÔÇÔÛÊÓÈÔÕÊbeginÊ�ÇÔÏÉ"ÊÓÈÕÊÑËËÚÌÊŠÇÌÉÎŸÊÜÉÊÉÃÑÒÔÊÇÔÊÎÃÏÊÉÏËÑÔÖÊÏ*ÈÓÍ�Ï"

ÎÃÏÊÓÈÌÙÏÌÊËÑÓÓÏÔÎÊÏÓÍÃÈÉÇ!ÏÉÊÎÃÏÊÈÉÉÑËÇÈÎÇÑÔÊÑŠÊÎÃÏÊbeginÊÒÇÎÃÊÎÃÏÊÍÈËÙÈÛÏŸ

note

)ÏÍÏÈÎÇÔÛÊÔÈÓÏÉÊÈÔÖÊÔÑÎÇÔÛÊËÑÔÖÇÎÇÑÔÈ�ÊÏ*ÍÌÏÉÉÇÑÔÉÊË�ÚÎÎÏÌÉÊÎÃÏÊËÑÖÏÊÇŠÊÑ�ÏÌÖÑÔÏŸÊ#ÎÊÇÉÊ�ÇÉÚÈ�ÊÖÇÉÎÈÔËÏ"

ÏÉÍÏËÇÈ��ÕÊÍÈÛÏÊŽÌÏÈÙÉ"ÊÎÃÈÎÊÓÈÙÏÉÊÓÈÌÙÏÌÊËÑÓÓÏÔÎÉÊŽÏÔÏŠÇËÇÈ�Ÿ

3.4 USING TYPES

 ÎÌÑÔÛÊÎÕÍÇÔÛÊÍÌÑÓÑÎÏÉÊÌÏ�ÇÈŽÇ�ÇÎÕÊÇÔÊÉÑŠÎÒÈÌÏŸÊÅÃÏÊÎÕÍÏÊÖÏŠÇÔÇÎÇÑÔÊÑŠÊÈÔÊÑŽjÏËÎÊÖÏŠÇÔÏÉÊÈ��Ê�ÏÛÈ�Ê�È�ÚÏÉÊÈÔÖ

ÑÍÏÌÈÎÇÑÔÉÊÈÔÖÊÈ��ÑÒÉÊ ÎÃÏÊËÑÓÍÇ�ÏÌÊ ÎÑÊËÃÏËÙÊŠÑÌÊÈÔÖÊÇÖÏÔÎÇŠÕÊÍÑÎÏÔÎÇÈ�ÊÏÌÌÑÌÉÊÖÚÌÇÔÛÊËÑÓÍÇ�ÈÎÇÑÔŸÊ#Ô

ÈÖÖÇÎÇÑÔ"ÊÎÃÏÊÌÚ�ÏÉÊÑŠÊÎÕÍÏÊÈ��ÑÒÊÎÃÏÊËÑÓÍÇ�ÏÌÊÎÑÊÛÏÔÏÌÈÎÏÊËÑÖÏÊÎÑÊËÃÏËÙÊŠÑÌÊ�ÇÑ�ÈÎÇÑÔÉÊÑŠÊÎÕÍÏÊËÑÔÉÎÌÈÇÔÎÉÊÈÎ

Ï*ÏËÚÎÇÑÔÊÎÇÓÏŸÊ$ÉÇÔÛÊÎÃÏÉÏÊÜÖÈÊËÑÓÍÇ�ÏÌ’ÉÊŠÏÈÎÚÌÏÉÊŠÈËÇ�ÇÎÈÎÏÉÊÏÈÌ�ÇÏÌÊÈÔÖÊÓÑÌÏÊËÑÓÍ�ÏÎÏÊÏÌÌÑÌÊÖÏÎÏËÎÇÑÔ

ÎÃÈÔÊÎÃÈÎÊÒÃÇËÃÊÇÉÊÈ�ÈÇ�ÈŽ�ÏÊÒÇÎÃÊ�ÏÉÉÊÉÎÌÑÔÛ�ÕÊÎÕÍÏÖÊ�ÈÔÛÚÈÛÏÉŸ

3.4.1 Declaring Types

guideline

Á LÇÓÇÎÊÎÃÏÊÌÈÔÛÏÊÑŠÊÉËÈ�ÈÌÊÎÕÍÏÉÊÈÉÊÓÚËÃÊÈÉÊÍÑÉÉÇŽ�ÏŸ

Á  ÏÏÙÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÍÑÉÉÇŽ�ÏÊ�È�ÚÏÉÊŠÌÑÓÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔŸ

Á DÑÊÔÑÎÊÑ�ÏÌ�ÑÈÖÊÈÔÕÊÑŠÊÎÃÏÊÎÕÍÏÊÔÈÓÏÉÊÇÔÊÍÈËÙÈÛÏÊStandardŸ

Á $ÉÏÊÉÚŽÎÕÍÏÊÖÏË�ÈÌÈÎÇÑÔÉÊÎÑÊÇÓÍÌÑ�ÏÊÍÌÑÛÌÈÓÊÌÏÈÖÈŽÇ�ÇÎÕÊ+BÑÑËÃÊÄ98À,Ÿ

Á $ÉÏÊÖÏÌÇ�ÏÖÊÎÕÍÏÉÊÈÔÖÊÉÚŽÎÕÍÏÉÊÇÔÊËÑÔËÏÌÎÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ5Ÿ(ŸÄ,Ÿ

example

subtype Card_Image is String (1 .. 80);

Input_Line : Card_Image := (others => ’ ’);

-- restricted integer type:

type    Day_Of_Leap_Year     is                  range 1 .. 366;

subtype Day_Of_Non_Leap_Year is Day_Of_Leap_Year range 1 .. 365;
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BÕÊÎÃÏÊŠÑ��ÑÒÇÔÛÊÖÏË�ÈÌÈÎÇÑÔ"ÊÎÃÏÊÍÌÑÛÌÈÓÓÏÌÊÓÏÈÔÉ"Ê“#ÊÃÈ�ÏÔ’ÎÊÎÃÏÊŠÑÛÛÇÏÉÎÊÇÖÏÈÊÃÑÒÊÓÈÔÕ""ÊŽÚÎÊÎÃÏ

ÈËÎÚÈ�ÊÌÈÔÛÏÊÒÇ��ÊÉÃÑÒÊÚÍÊŽÚÌÇÏÖÊÇÔÊÎÃÏÊËÑÖÏÊÑÌÊÈÉÊÈÊÉÕÉÎÏÓÊÍÈÌÈÓÏÎÏÌ:

Employee_Count : Integer;

rationale

&�ÇÓÇÔÈÎÇÔÛÊÓÏÈÔÇÔÛ�ÏÉÉÊ�È�ÚÏÉÊŠÌÑÓÊÎÃÏÊ�ÏÛÈ�ÊÌÈÔÛÏÊÇÓÍÌÑ�ÏÉÊÎÃÏÊËÑÓÍÇ�ÏÌ’ÉÊÈŽÇ�ÇÎÕÊÎÑÊÖÏÎÏËÎÊÏÌÌÑÌÉ

ÒÃÏÔÊÈÔÊÑŽjÏËÎÊÇÉÊÉÏÎÊÎÑÊÈÔÊÇÔ�È�ÇÖÊ�È�ÚÏŸÊÅÃÇÉÊÈ�ÉÑÊÇÓÍÌÑ�ÏÉÊÍÌÑÛÌÈÓÊÌÏÈÖÈŽÇ�ÇÎÕŸÊ#ÔÊÈÖÖÇÎÇÑÔ"ÊÇÎÊŠÑÌËÏÉ

ÕÑÚÊÎÑÊËÈÌÏŠÚ��ÕÊÎÃÇÔÙÊÈŽÑÚÎÊÏÈËÃÊÚÉÏÊÑŠÊÑŽjÏËÎÉÊÖÏË�ÈÌÏÖÊÎÑÊŽÏÊÑŠÊÎÃÏÊÉÚŽÎÕÍÏŸ

DÇŠŠÏÌÏÔÎÊÇÓÍ�ÏÓÏÔÎÈÎÇÑÔÉÊÍÌÑ�ÇÖÏÊÖÇŠŠÏÌÏÔÎÊÉÏÎÉÊÑŠÊ�È�ÚÏÉÊŠÑÌÊÓÑÉÎÊÑŠÊÎÃÏÊÍÌÏÖÏŠÇÔÏÖÊÎÕÍÏÉŸÊÜÊÌÏÈÖÏÌ

ËÈÔÔÑÎÊÖÏÎÏÌÓÇÔÏÊÎÃÏÊÇÔÎÏÔÖÏÖÊÌÈÔÛÏÊŠÌÑÓÊÎÃÏÊÍÌÏÖÏŠÇÔÏÖÊÔÈÓÏÉŸÊÅÃÇÉÊÉÇÎÚÈÎÇÑÔÊÇÉÊÈÛÛÌÈ�ÈÎÏÖÊÒÃÏÔÊÎÃÏ

ÍÌÏÖÏŠÇÔÏÖÊÔÈÓÏÉÊÈÌÏÊÑ�ÏÌ�ÑÈÖÏÖŸ

ÅÃÏÊÔÈÓÏÉÊÑŠÊÈÔÊÑŽjÏËÎÊÈÔÖÊÇÎÉÊÉÚŽÎÕÍÏÊËÈÔÊË�ÈÌÇŠÕÊÎÃÏÇÌÊÇÔÎÏÔÖÏÖÊÚÉÏÊÈÔÖÊÖÑËÚÓÏÔÎÊ�ÑÒÁ�Ï�Ï�ÊÖÏÉÇÛÔ

ÖÏËÇÉÇÑÔÉŸÊÅÃÏÊÏ*ÈÓÍ�ÏÊÈŽÑ�ÏÊÖÑËÚÓÏÔÎÉÊÈÊÖÏÉÇÛÔÊÖÏËÇÉÇÑÔÊÎÑÊÌÏÉÎÌÇËÎÊÎÃÏÊÉÑŠÎÒÈÌÏÊÎÑÊÖÏ�ÇËÏÉÊÒÃÑÉÏ

ÍÃÕÉÇËÈ�ÊÍÈÌÈÓÏÎÏÌÉÊÈÌÏÊÖÏÌÇ�ÏÖÊŠÌÑÓÊÎÃÏÊËÃÈÌÈËÎÏÌÇÉÎÇËÉÊÑŠÊÍÚÔËÃÊËÈÌÖÉŸÊÅÃÇÉÊÇÔŠÑÌÓÈÎÇÑÔÊÇÉÊÏÈÉÕÊÎÑÊŠÇÔÖ

ŠÑÌÊÈÔÕÊ�ÈÎÏÌÊËÃÈÔÛÏÉ"ÊÎÃÚÉÊÏÔÃÈÔËÇÔÛÊÍÌÑÛÌÈÓÊÓÈÇÔÎÈÇÔÈŽÇ�ÇÎÕŸ

 ÏËÎÇÑÔÊ8Ÿ5ÊÑŠÊÎÃÏÊÜÖÈÊLÈÔÛÚÈÛÏÊ)ÏŠÏÌÏÔËÏÊMÈÔÚÈ�ÊÉÈÕÉÊÎÃÈÎÊÖÏË�ÈÌÇÔÛÊÈÊÉÚŽÎÕÍÏÊÒÇÎÃÑÚÎÊÈÊËÑÔÉÎÌÈÇÔÎÊÇÉ

ÑÔÏÊÓÏÎÃÑÖÊŠÑÌÊÌÏÔÈÓÇÔÛÊÈÊÎÕÍÏŸ

ÅÕÍÏÉÊËÈÔÊÃÈ�ÏÊÃÇÛÃ�ÕÊËÑÔÉÎÌÈÇÔÏÖÊÉÏÎÉÊÑŠÊ�È�ÚÏÉÊÒÇÎÃÑÚÎÊÏ�ÇÓÇÔÈÎÇÔÛÊÚÉÏŠÚ�Ê�È�ÚÏÉŸÊ$ÉÈÛÏÊÈÉÊÖÏÉËÌÇŽÏÖÊÇÔ

’ÚÇÖÏ�ÇÔÏÊ5Ÿ(ŸÄÊÏ�ÇÓÇÔÈÎÏÉÊÓÈÔÕÊŠ�ÈÛÊ�ÈÌÇÈŽ�ÏÉÊÈÔÖÊÎÕÍÏÊËÑÔ�ÏÌÉÇÑÔÉÊÒÇÎÃÇÔÊÏ*ÏËÚÎÈŽ�ÏÊÉÎÈÎÏÓÏÔÎÉŸÊÅÃÇÉ

ÌÏÔÖÏÌÉÊÎÃÏÊÍÌÑÛÌÈÓÊÓÑÌÏÊÌÏÈÖÈŽ�ÏÊÒÃÇ�ÏÊÈ��ÑÒÇÔÛÊÎÃÏÊËÑÓÍÇ�ÏÌÊÎÑÊÏÔŠÑÌËÏÊÉÎÌÑÔÛÊÎÕÍÇÔÛÊËÑÔÉÎÌÈÇÔÎÉŸ

note

 ÚŽÎÕÍÏÊÖÏË�ÈÌÈÎÇÑÔÉÊÖÑÊÔÑÎÊÖÏŠÇÔÏÊÔÏÒÊÎÕÍÏÉ"ÊÑÔ�ÕÊËÑÔÉÎÌÈÇÔÎÉÊŠÑÌÊÏ*ÇÉÎÇÔÛÊÎÕÍÏÉŸ

)ÏËÑÛÔÇ!ÏÊÎÃÈÎÊÈÔÕÊÖÏ�ÇÈÎÇÑÔÊŠÌÑÓÊÎÃÇÉÊÛÚÇÖÏ�ÇÔÏÊÖÏÎÌÈËÎÉÊŠÌÑÓÊÎÃÏÊÈÖ�ÈÔÎÈÛÏÉÊÑŠÊÎÃÏÊÉÎÌÑÔÛÊÎÕÍÇÔÛ

ŠÈËÇ�ÇÎÇÏÉÊÑŠÊÎÃÏÊÜÖÈÊ�ÈÔÛÚÈÛÏŸ

3.4.2 Enumeration Types

guideline

Â $ÉÏÊÏÔÚÓÏÌÈÎÇÑÔÊÎÕÍÏÉÊÇÔÉÎÏÈÖÊÑŠÊÔÚÓÏÌÇËÊËÑÖÏÉŸÊ

Â $ÉÏÊÌÏÍÌÏÉÏÔÎÈÎÇÑÔÊË�ÈÚÉÏÉÊÎÑÊÓÈÎËÃÊÌÏqÚÇÌÏÓÏÔÎÉÊÑŠÊÏ*ÎÏÌÔÈ�ÊÖÏ�ÇËÏÉŸ

example

$ÉÏ

type Color is (Blue, Red, Green, Yellow);

ÌÈÎÃÏÌÊÎÃÈÔ

Blue   : constant := 1;

Red    : constant := 2;

Green  : constant := 3;

Yellow : constant := 4;

ÈÔÖÊÈÖÖÊÎÃÏÊŠÑ��ÑÒÇÔÛÊÇŠÊÔÏËÏÉÉÈÌÕŸ

for Color use (Blue   => 1,

               Red    => 2,

               Green  => 3,

               Yellow => 4);

rationale

&ÔÚÓÏÌÈÎÇÑÔÉÊÈÌÏÊÓÑÌÏÊÌÑŽÚÉÎÊÎÃÈÔÊÔÚÓÏÌÇËÊËÑÖÏÉ�ÊÎÃÏÕÊ�ÏÈ�ÏÊ�ÏÉÉÊÍÑÎÏÔÎÇÈ�ÊŠÑÌÊÏÌÌÑÌÉÊÌÏÉÚ�ÎÇÔÛÊŠÌÑÓ

ÇÔËÑÌÌÏËÎÊÇÔÎÏÌÍÌÏÎÈÎÇÑÔÊÈÔÖÊŠÌÑÓÊÈÖÖÇÎÇÑÔÉÊÎÑÊÈÔÖÊÖÏ�ÏÎÇÑÔÉÊŠÌÑÓÊÎÃÏÊÉÏÎÊÑŠÊ�È�ÚÏÉÊÖÚÌÇÔÛÊÓÈÇÔÎÏÔÈÔËÏŸ

NÚÓÏÌÇËÊËÑÖÏÉÊÈÌÏÊÃÑ�ÖÑ�ÏÌÉÊŠÌÑÓÊ�ÈÔÛÚÈÛÏÉÊÎÃÈÎÊÃÈ�ÏÊÔÑÊÚÉÏÌÁÖÏŠÇÔÏÖÊÎÕÍÏÉŸÊ

#ÔÊÈÖÖÇÎÇÑÔ"ÊÜÖÈÊÍÌÑ�ÇÖÏÉÊÈÊÔÚÓŽÏÌÊÑŠÊÈÎÎÌÇŽÚÎÏÉÊ+’Pos"Ê’Val"Ê’Succ"Ê’Pred"Ê’ImageÄÀÅÃÇÀ’Value,ÊŠÑÌ

ÏÔÚÓÏÌÈÎÇÑÔÊÎÕÍÏÉÊÒÃÇËÃ"ÊÒÃÏÔÊÚÉÏÖ"ÊÈÌÏÊÓÑÌÏÊÌÏ�ÇÈŽ�ÏÊÎÃÈÔÊÚÉÏÌÁÒÌÇÎÎÏÔÊÑÍÏÌÈÎÇÑÔÉÊÑÔÊÏÔËÑÖÇÔÛÉŸ

ÜÊÔÚÓÏÌÇËÊËÑÖÏÊÓÈÕÊÈÎÊŠÇÌÉÎÊÉÏÏÓÊÈÍÍÌÑÍÌÇÈÎÏÊÎÑÊÓÈÎËÃÊÏ*ÎÏÌÔÈ�Ê�È�ÚÏÉŸÊÊ#ÔÉÎÏÈÖ"ÊÎÃÏÉÏÊÉÇÎÚÈÎÇÑÔÉÊËÈ��ÊŠÑÌ

ÈÊÌÏÍÌÏÉÏÔÎÈÎÇÑÔÊË�ÈÚÉÏÊÑÔÊÎÃÏÊÏÔÚÓÏÌÈÎÇÑÔÊÎÕÍÏŸÊÅÃÏÊÌÏÍÌÏÉÏÔÎÈÎÇÑÔÊË�ÈÚÉÏÊÖÑËÚÓÏÔÎÉÊÎÃÏÊ“ÏÔËÑÖÇÔÛŸ"



)&ÜDÜB#L#ÅYÊÊ(À

#ŠÊÎÃÏÊÍÌÑÛÌÈÓÊÇÉÊÍÌÑÍÏÌ�ÕÊÉÎÌÚËÎÚÌÏÖÊÎÑÊÇÉÑ�ÈÎÏÊÈÔÖÊÏÔËÈÍÉÚ�ÈÎÏÊÃÈÌÖÒÈÌÏÊÖÏÍÏÔÖÏÔËÇÏÉÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏ

ÀŸÄŸ5,"ÊÎÃÏÊÔÚÓÏÌÇËÊËÑÖÏÊÏÔÖÉÊÚÍÊÇÔÊÈÔÊÇÔÎÏÌŠÈËÏÊÍÈËÙÈÛÏÊÒÃÏÌÏÊÇÎÊËÈÔÊŽÏÊÏÈÉÇ�ÕÊŠÑÚÔÖÊÈÔÖÊÌÏÍ�ÈËÏÖ

ÉÃÑÚ�ÖÊÎÃÏÊÌÏqÚÇÌÏÓÏÔÎÉÊËÃÈÔÛÏŸ

3.5 SUMMARY

spelling

S $ÉÏÊÚÔÖÏÌÉËÑÌÏÉÊÎÑÊÉÏÍÈÌÈÎÏÊÒÑÌÖÉÊÇÔÊÈÊËÑÓÍÑÚÔÖÊÔÈÓÏŸ

S )ÏÍÌÏÉÏÔÎÊÔÚÓŽÏÌÉÊÇÔÊÈÊËÑÔÉÇÉÎÏÔÎÊŠÈÉÃÇÑÔŸÊ

S )ÏÍÌÏÉÏÔÎÊ�ÇÎÏÌÈ�ÉÊÇÔÊÈÊÌÈÖÇ*ÊÈÍÍÌÑÍÌÇÈÎÏÊÎÑÊÎÃÏÊÍÌÑŽ�ÏÓŸ

S $ÉÏÊÚÔÖÏÌÉËÑÌÏÉÊÎÑÊÉÏÍÈÌÈÎÏÊÖÇÛÇÎÉÊÎÃÏÊÉÈÓÏÊÒÈÕÊËÑÓÓÈÉÊÑÌÊÍÏÌÇÑÖÉÊ+ÑÌÊÉÍÈËÏÉÊŠÑÌÊÔÑÔÖÏËÇÓÈ�

ŽÈÉÏÉ,ÊÒÑÚ�ÖÊŽÏÊÚÉÏÖÊÇÔÊÃÈÔÖÒÌÇÎÎÏÔÊÎÏ*ÎŸÊ

S %ÃÏÔÊÚÉÇÔÛÊÉËÇÏÔÎÇŠÇËÊÔÑÎÈÎÇÑÔ"ÊÓÈÙÏÊÎÃÏÊÁÊËÑÔÉÇÉÎÏÔÎ�ÕÊÏÇÎÃÏÌÊÚÍÍÏÌÊÑÌÊ�ÑÒÏÌÊËÈÉÏŸ

S #ÔÊÈÔÊÈ�ÎÏÌÔÈÎÏÊŽÈÉÏ"ÊÌÏÍÌÏÉÏÔÎÊÎÃÏÊÈ�ÍÃÈŽÏÎÇËÊËÃÈÌÈËÎÏÌÉÊÇÔÊÏÇÎÃÏÌÊÈ��ÊÚÍÍÏÌÊËÈÉÏÊÑÌÊÈ��Ê�ÑÒÏÌÊËÈÉÏŸ

S MÈÙÏÊÌÏÉÏÌ�ÏÖÊÒÑÌÖÉÊÈÔÖÊÑÎÃÏÌÊÏ�ÏÓÏÔÎÉÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÏÈËÃÊÑÎÃÏÌŸ

S DÑÊÔÑÎÊÚÉÏÊÈÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÑŠÊÈÊ�ÑÔÛÊÒÑÌÖÊÈÉÊÈÔÊÇÖÏÔÎÇŠÇÏÌÊÒÃÏÌÏÊÈÊÉÃÑÌÎÏÌÊÉÕÔÑÔÕÓÊÏ*ÇÉÎÉŸ

S $ÉÏÊÈÊËÑÔÉÇÉÎÏÔÎÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÉÎÌÈÎÏÛÕŸ

S DÑÊÔÑÎÊÚÉÏÊÈÓŽÇÛÚÑÚÉÊÈŽŽÌÏ�ÇÈÎÇÑÔÉŸ

S ÜÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊÓÚÉÎÊÉÈ�ÏÊÓÈÔÕÊËÃÈÌÈËÎÏÌÉÊÑ�ÏÌÊÎÃÏÊŠÚ��ÊÒÑÌÖÊÎÑÊŽÏÊjÚÉÎÇŠÇÏÖŸ

S $ÉÏÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÎÃÈÎÊÈÌÏÊÒÏ��-ÈËËÏÍÎÏÖÊÇÔÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔÊÖÑÓÈÇÔŸ

S MÈÇÔÎÈÇÔÊÈÊ�ÇÉÎÊÑŠÊÈËËÏÍÎÏÖÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÈÔÖÊÚÉÏÊÑÔ�ÕÊÈŽŽÌÏ�ÇÈÎÇÑÔÉÊÑÔÊÎÃÈÎÊ�ÇÉÎŸ

naming conventions

S CÃÑÑÉÏÊÔÈÓÏÉÊÎÃÈÎÊÈÌÏÊÈÉÊÉÏ�ŠÂÖÑËÚÓÏÔÎÇÔÛÊÈÉÊÍÑÉÉÇŽ�ÏŸ

S $ÉÏÊÈÊÉÃÑÌÎÊÉÕÔÑÔÕÓÊÇÔÉÎÏÈÖÊÑŠÊÈÔÊÈŽŽÌÏ�ÇÈÎÇÑÔÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ(ŸÄŸ4,Ÿ

S $ÉÏÊÔÈÓÏÉÊÛÇ�ÏÔÊŽÕÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔÊŽÚÎÊÔÑÎÊÑŽÉËÚÌÏÊjÈÌÛÑÔŸ

S $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÛÏÔÏÌÈ�ÊÔÑÚÔÉÊÈÉÊ+ÉÚŽ,ÎÕÍÏÊÇÖÏÔÎÇŠÇÏÌÉŸ

S CÃÑÑÉÏÊÇÖÏÔÎÇŠÇÏÌÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÑÔÏÊÑŠÊÎÃÏÊ+ÉÚŽ,ÎÕÍÏ’ÉÊ�È�ÚÏÉŸ

S DÑÊÔÑÎÊÚÉÏÊÇÖÏÔÎÇŠÇÏÌÊËÑÔÉÎÌÚËÎÇÑÔÉÊ+ÏŸÛŸ"ÊÉÚŠŠÇ*ÏÉ,ÊÎÃÈÎÊÈÌÏÊÚÔÇqÚÏÊÎÑÊ+ÉÚŽ,ÎÕÍÏÊÇÖÏÔÎÇŠÇÏÌÉŸ

S DÑÊÔÑÎÊÚÉÏÊÎÃÏÊÎÕÍÏÊÔÈÓÏÉÊŠÌÑÓÊÍÌÏÖÏŠÇÔÏÖÊÍÈËÙÈÛÏÉŸ

S $ÉÏÊÍÌÏÖÇËÈÎÏÊË�ÈÚÉÏÉÊÑÌÊÈÖjÏËÎÇ�ÏÉÊŠÑÌÊŽÑÑ�ÏÈÔÊÑŽjÏËÎÉŸ

S $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÉÍÏËÇŠÇËÊÔÑÚÔÉÊÈÉÊÑŽjÏËÎÊÇÖÏÔÎÇŠÇÏÌÉŸ

S CÃÑÑÉÏÊÇÖÏÔÎÇŠÇÏÌÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÎÃÏÊÑŽjÏËÎ’ÉÊ�È�ÚÏÊÖÚÌÇÔÛÊÏ*ÏËÚÎÇÑÔŸ

S $ÉÏÊÉÇÔÛÚ�ÈÌ"ÊÛÏÔÏÌÈ�ÊÔÑÚÔÉÊÈÉÊÇÖÏÔÎÇŠÇÏÌÉÊŠÑÌÊÌÏËÑÌÖÊËÑÓÍÑÔÏÔÎÉŸ

S $ÉÏÊÈËÎÇÑÔÊ�ÏÌŽÉÊŠÑÌÊÍÌÑËÏÖÚÌÏÉÊÈÔÖÊÏÔÎÌÇÏÉŸ

S $ÉÏÊÍÌÏÖÇËÈÎÏÂË�ÈÚÉÏÉÊŠÑÌÊŽÑÑ�ÏÈÔÊŠÚÔËÎÇÑÔÉŸ

S $ÉÏÊÔÑÚÔÉÊŠÑÌÊÔÑÔŽÑÑ�ÏÈÔÊŠÚÔËÎÇÑÔÉŸ

S ’Ç�ÏÊÍÈËÙÈÛÏÉÊÔÈÓÏÉÊÎÃÈÎÊÇÓÍ�ÕÊÃÇÛÃÏÌÊ�Ï�Ï�ÉÊÑŠÊÑÌÛÈÔÇ!ÈÎÇÑÔÊÎÃÈÔÊÉÚŽÍÌÑÛÌÈÓÉŸÊ’ÏÔÏÌÈ��Õ"ÊÎÃÏÉÏ

ÈÌÏÊÔÑÚÔÊÍÃÌÈÉÏÉÊÎÃÈÎÊÖÏÉËÌÇŽÏÊÎÃÏÊÈŽÉÎÌÈËÎÇÑÔÊÍÌÑ�ÇÖÏÖŸÊ

S ’Ç�ÏÊÎÈÉÙÉÊÔÈÓÏÉÊÎÃÈÎÊÇÓÍ�ÕÊÈÔÊÈËÎÇ�ÏÊÏÔÎÇÎÕŸÊÊ

S NÈÓÏÊÛÏÔÏÌÇËÊÉÚŽÍÌÑÛÌÈÓÉÊÈÉÊÇŠÊÎÃÏÕÊÒÏÌÏÊÔÑÔÛÏÔÏÌÇËÊÉÚŽÍÌÑÛÌÈÓÉŸ

S NÈÓÏÊÛÏÔÏÌÇËÊÍÈËÙÈÛÏÉÊÈÉÊÇŠÊÎÃÏÕÊÒÏÌÏÊÔÑÔÛÏÔÏÌÇËÊÍÈËÙÈÛÏÉŸ

S MÈÙÏÊÎÃÏÊÛÏÔÏÌÇËÊÔÈÓÏÉÊÓÑÌÏÊÛÏÔÏÌÈ�ÊÎÃÈÔÊÎÃÏÊÇÔÉÎÈÔÎÇÈÎÏÖÊÔÈÓÏÉŸ

S $ÉÏÊÉÕÓŽÑ�ÇËÊ�È�ÚÏÉÊÇÔÉÎÏÈÖÊÑŠÊ�ÇÎÏÌÈ�ÉÊÒÃÏÌÏ�ÏÌÊÍÑÉÉÇŽ�ÏŸ



(8ÊÊÜÖÈÊQ$ÜL#ÅYÊÜNDÊ ÅYL&

S $ÉÏÊËÑÔÉÎÈÔÎÉÊÇÔÉÎÏÈÖÊÑŠÊ�ÈÌÇÈŽ�ÏÉÊŠÑÌÊËÑÔÉÎÈÔÎÊ�È�ÚÏÉŸ

S $ÉÏÊÔÈÓÏÖÊÔÚÓŽÏÌÉÊÇÔÉÎÏÈÖÊÑŠÊËÑÔÉÎÈÔÎÉÊÒÃÏÔÊÍÑÉÉÇŽ�ÏŸ

S $ÉÏÊÔÈÓÏÖÊÔÚÓŽÏÌÉÊÎÑÊÌÏÍ�ÈËÏÊÔÚÓÏÌÇËÊ�ÇÎÏÌÈ�ÉÊÒÃÑÉÏÊÎÕÍÏÊÑÌÊËÑÔÎÏ*ÎÊÇÉÊÎÌÚ�ÕÊÚÔÇ�ÏÌÉÈ�Ÿ

S $ÉÏÊËÑÔÉÎÈÔÎÉÊŠÑÌÊÑŽjÏËÎÉÊÒÃÑÉÏÊ�È�ÚÏÉÊËÈÔÔÑÎÊËÃÈÔÛÏÊÈŠÎÏÌÊÏ�ÈŽÑÌÈÎÇÑÔÊ+$ÔÇÎÏÖÊÅÏËÃÔÑ�ÑÛÇÏÉ

Ä98À,Ÿ

S  ÃÑÒÊÌÏ�ÈÎÇÑÔÉÃÇÍÉÊŽÏÎÒÏÏÔÊÉÕÓŽÑ�ÇËÊ�È�ÚÏÉÊŽÕÊÖÏŠÇÔÇÔÛÊÎÃÏÓÊÒÇÎÃÊÉÎÈÎÇËÊÏ*ÍÌÏÉÉÇÑÔÉŸ

S $ÉÏÊ�ÇÔÏÈÌ�ÕÊÇÔÖÏÍÏÔÖÏÔÎÊÉÏÎÉÊÑŠÊ�ÇÎÏÌÈ�ÉŸ

S $ÉÏÊÈÎÎÌÇŽÚÎÏÉÊ�ÇÙÏÊ’FirstÊÈÔÖÊ’LastÊÇÔÉÎÏÈÖÊÑŠÊ�ÇÎÏÌÈ�ÉÊÒÃÏÌÏ�ÏÌÊÍÑÉÉÇŽ�ÏŸ

comments

S MÈÙÏÊÎÃÏÊËÑÖÏÊÈÉÊË�ÏÈÌÊÈÉÊÍÑÉÉÇŽ�ÏÊÎÑÊÌÏÖÚËÏÊÎÃÏÊÔÏÏÖÊŠÑÌÊËÑÓÓÏÔÎÉŸ

S NÏ�ÏÌÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÈÊËÑÓÓÏÔÎÊÒÃÇËÃÊÇÉÊÌÏÈÖÇ�ÕÊÈ�ÈÇ�ÈŽ�ÏÊÇÔÊÎÃÏÊËÑÖÏŸ

S %ÃÏÌÏÊÈÊËÑÓÓÏÔÎÊÇÉÊÌÏqÚÇÌÏÖ"ÊÓÈÙÏÊÇÎÊËÑÔËÇÉÏÊÈÔÖÊËÑÓÍ�ÏÎÏŸ

S $ÉÏÊÍÌÑÍÏÌÊÛÌÈÓÓÈÌÊÈÔÖÊÉÍÏ��ÇÔÛÊÇÔÊËÑÓÓÏÔÎÉŸ

S MÈÙÏÊËÑÓÓÏÔÎÉÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ

S  ÎÌÚËÎÚÌÏÊËÑÓÓÏÔÎÉÊÇÔÊÃÏÈÖÏÌÉÊÉÑÊÎÃÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊËÈÔÊŽÏÊÈÚÎÑÓÈÎÇËÈ��ÕÊÏ*ÎÌÈËÎÏÖÊŽÕÊÈÊÎÑÑ�Ÿ

S PÚÎÊÈÊŠÇ�ÏÊÃÏÈÖÏÌÊÑÔÊÏÈËÃÊÉÑÚÌËÏÊŠÇ�ÏŸ

S P�ÈËÏÊÑÒÔÏÌÉÃÇÍ"ÊÌÏÉÍÑÔÉÇŽÇ�ÇÎÕ"ÊÈÔÖÊÃÇÉÎÑÌÕÊÇÔŠÑÌÓÈÎÇÑÔÊŠÑÌÊÎÃÏÊŠÇ�ÏÊÇÔÊÎÃÏÊŠÇ�ÏÊÃÏÈÖÏÌŸ

S PÚÎÊÈÊÃÏÈÖÏÌÊÑÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÑŠÊÏÈËÃÊÍÌÑÛÌÈÓÊÚÔÇÎŸ

S P�ÈËÏÊÇÔŠÑÌÓÈÎÇÑÔÊÌÏqÚÇÌÏÖÊŽÕÊÎÃÏÊÚÉÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌŸ

S DÑÊÔÑÎÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊ+Ï*ËÏÍÎÊÚÔÇÎÊÔÈÓÏ,ÊÇÔÊÎÃÏÊÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌÊÒÃÇËÃÊÇÉÊÍÌÏÉÏÔÎÊÇÔÊÎÃÏ

ÉÍÏËÇŠÇËÈÎÇÑÔŸ

S &*Í�ÈÇÔÊÒÃÈÎÊÎÃÏÊÚÔÇÎÊÖÑÏÉ"ÊÔÑÎÊÃÑÒÊÑÌÊÒÃÕÊÇÎÊÖÑÏÉÊÇÎŸ

S DÏÉËÌÇŽÏÊÎÃÏÊËÑÓÍ�ÏÎÏÊÇÔÎÏÌŠÈËÏÊÎÑÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎ"ÊÇÔË�ÚÖÇÔÛÊÈÔÕÊÏ*ËÏÍÎÇÑÔÉÊÇÎÊËÈÔÊÌÈÇÉÏÊÈÔÖÊÈÔÕ

Û�ÑŽÈ�ÊÏŠŠÏËÎÉÊÇÎÊËÈÔÊÃÈ�ÏŸ

S DÑÊÔÑÎÊÇÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÃÑÒÊÎÃÏÊÚÔÇÎÊŠÇÎÉÊÇÔÎÑÊÎÃÏÊÏÔË�ÑÉÇÔÛÊÉÑŠÎÒÈÌÏÊÉÕÉÎÏÓŸ

S DÏÉËÌÇŽÏÊÎÃÏÊÍÏÌŠÑÌÓÈÔËÏÊ+ÎÇÓÏÊÈÔÖÊÉÍÈËÏ,ÊËÃÈÌÈËÎÏÌÇÉÎÇËÉÊÑŠÊÎÃÏÊÚÔÇÎŸ

S P�ÈËÏÊÇÔŠÑÌÓÈÎÇÑÔÊÌÏqÚÇÌÏÖÊŽÕÊÎÃÏÊÓÈÇÔÎÈÇÔÏÌÊÑŠÊÎÃÏÊÍÌÑÛÌÈÓÊÚÔÇÎÊÇÔÊÎÃÏÊŽÑÖÕÊÃÏÈÖÏÌŸ

S &*Í�ÈÇÔÊÃÑÒÊÈÔÖÊÒÃÕÊÎÃÏÊÚÔÇÎÊÍÏÌŠÑÌÓÉÊÇÎÉÊŠÚÔËÎÇÑÔ"ÊÔÑÎÊÒÃÈÎÊÎÃÏÊÚÔÇÎÊÖÑÏÉŸ

S DÑÊÔÑÎÊÌÏÍÏÈÎÊÇÔŠÑÌÓÈÎÇÑÔÊ+Ï*ËÏÍÎÊÚÔÇÎÊÔÈÓÏ,ÊÇÔÊÎÃÏÊÃÏÈÖÏÌÊÎÃÈÎÊÇÉÊÌÏÈÖÇ�ÕÊÈÍÍÈÌÏÔÎÊŠÌÑÓÊÌÏÈÖÇÔÛ

ÎÃÏÊËÑÖÏŸ

S DÑÊ ÔÑÎÊ ÌÏÍÏÈÎÊ ÇÔŠÑÌÓÈÎÇÑÔÊ +Ï*ËÏÍÎÊ ÚÔÇÎÊ ÔÈÓÏ,Ê ÇÔÊ ÎÃÏÊ ŽÑÖÕÊ ÃÏÈÖÏÌÊ ÎÃÈÎÊ ÇÉÊ È�ÈÇ�ÈŽ�ÏÊ ÇÔÊ ÎÃÏ

ÉÍÏËÇŠÇËÈÎÇÑÔÊÃÏÈÖÏÌŸ

S CÑÓÓÏÔÎÊÑÔÊÈ��ÊÖÈÎÈÊÎÕÍÏÉ"ÊÑŽjÏËÎÉ"ÊÈÔÖÊÏ*ËÏÍÎÇÑÔÉÊÚÔ�ÏÉÉÊÎÃÏÇÌÊÔÈÓÏÉÊÈÌÏÊÉÏ�ŠÁÏ*Í�ÈÔÈÎÑÌÕŸ

S #ÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÑÔÊÎÃÏÊÉÏÓÈÔÎÇËÊÉÎÌÚËÎÚÌÏÊÑŠÊËÑÓÍ�Ï*ÊÍÑÇÔÎÏÌÁŽÈÉÏÖÊÖÈÎÈÊÉÎÌÚËÎÚÌÏÉŸ

S #ÔË�ÚÖÏÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÌÏ�ÈÎÇÑÔÉÃÇÍÉÊÎÃÈÎÊÈÌÏÊÓÈÇÔÎÈÇÔÏÖÊŽÏÎÒÏÏÔÊÖÈÎÈÊÑŽjÏËÎÉŸ

S DÑÊÔÑÎÊÇÔË�ÚÖÏÊËÑÓÓÏÔÎÉÊÎÃÈÎÊÓÏÌÏ�ÕÊÌÏÍÏÈÎÊÎÃÏÊÇÔŠÑÌÓÈÎÇÑÔÊÇÔÊÎÃÏÊÔÈÓÏŸ

S MÇÔÇÓÇ!ÏÊËÑÓÓÏÔÎÉÊÏÓŽÏÖÖÏÖÊÈÓÑÔÛÊÉÎÈÎÏÓÏÔÎÉŸ

S $ÉÏÊËÑÓÓÏÔÎÉÊÑÔ�ÕÊÎÑÊÏ*Í�ÈÇÔÊÍÈÌÎÉÊÑŠÊÎÃÏÊËÑÖÏÊÎÃÈÎÊÈÌÏÊÔÑÎÊÑŽ�ÇÑÚÉŸ

S CÑÓÓÏÔÎÊÇÔÎÏÔÎÇÑÔÈ�ÊÑÓÇÉÉÇÑÔÉÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ

S DÑÊÔÑÎÊÚÉÏÊËÑÓÓÏÔÎÉÊÎÑÊÍÈÌÈÍÃÌÈÉÏÊÎÃÏÊËÑÖÏŸ

S DÑÊÔÑÎÊÚÉÏÊËÑÓÓÏÔÎÉÊÎÑÊÏ*Í�ÈÇÔÊÌÏÓÑÎÏÊÍÇÏËÏÉÊÑŠÊËÑÖÏ"ÊÉÚËÃÊÈÉÊÉÚŽÍÌÑÛÌÈÓÉÊËÈ��ÏÖÊŽÕÊÎÃÏÊËÚÌÌÏÔÎ

ÚÔÇÎŸ

S %ÃÏÌÏÊËÑÓÓÏÔÎÉÊÈÌÏÊÔÏËÏÉÉÈÌÕ"ÊÓÈÙÏÊÎÃÏÓÊ�ÇÉÚÈ��ÕÊÖÇÉÎÇÔËÎÊŠÌÑÓÊÎÃÏÊËÑÖÏŸ
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S $ÉÏÊÍÈÛÇÔÈÎÇÑÔÊÓÈÌÙÏÌÉÊÎÑÊÓÈÌÙÊÍÌÑÛÌÈÓÊÚÔÇÎÊŽÑÚÔÖÈÌÇÏÉÊ+’ÚÇÖÏ�ÇÔÏÊ2ŸÄŸÀ,Ÿ

S )ÏÍÏÈÎÊÎÃÏÊÚÔÇÎÊÔÈÓÏÊÇÔÊÈÊËÑÓÓÏÔÎÊÎÑÊÓÈÌÙÊÎÃÏÊbeginÊÑŠÊÈÊÍÈËÙÈÛÏÊŽÑÖÕ"ÊÉÚŽÍÌÑÛÌÈÓÊŽÑÖÕ"ÊÎÈÉÙ

ŽÑÖÕ"ÊÑÌÊŽ�ÑËÙÊÇŠÊÎÃÏÊbeginÊÇÉÊÍÌÏËÏÖÏÖÊŽÕÊÖÏË�ÈÌÈÎÇÑÔÉŸ

S FÑÌÊ�ÑÔÛÊÑÌÊÃÏÈ�Ç�ÕÊÔÏÉÎÏÖÊifÊÈÔÖÊcaseÊÉÎÈÎÏÓÏÔÎÉ"ÊÓÈÌÙÊÎÃÏÊÏÔÖÊÑŠÊÎÃÏÊÉÎÈÎÏÓÏÔÎÊÒÇÎÃÊÈÊËÑÓÓÏÔÎ

ÉÚÓÓÈÌÇ!ÇÔÛÊÎÃÏÊËÑÔÖÇÎÇÑÔÊÛÑ�ÏÌÔÇÔÛÊÎÃÏÊÉÎÈÎÏÓÏÔÎŸ

S FÑÌÊ�ÑÔÛÊÑÌÊÃÏÈ�Ç�ÕÊÔÏÉÎÏÖÊifÊÉÎÈÎÏÓÏÔÎÉ"ÊÓÈÌÙÊÎÃÏÊelseÊÍÈÌÎÊÒÇÎÃÊÈÊËÑÓÓÏÔÎÊÉÚÓÓÈÌÇ!ÇÔÛÊÎÃÏ

ËÑÔÖÇÎÇÑÔÉÊÛÑ�ÏÌÔÇÔÛÊÎÃÇÉÊÍÑÌÎÇÑÔÊÑŠÊÎÃÏÊÉÎÈÎÏÓÏÔÎŸ

using types

S LÇÓÇÎÊÎÃÏÊÌÈÔÛÏÊÑŠÊÉËÈ�ÈÌÊÎÕÍÏÉÊÈÉÊÓÚËÃÊÈÉÊÍÑÉÉÇŽ�ÏŸ

S  ÏÏÙÊÇÔŠÑÌÓÈÎÇÑÔÊÈŽÑÚÎÊÍÑÉÉÇŽ�ÏÊ�È�ÚÏÉÊŠÌÑÓÊÎÃÏÊÈÍÍ�ÇËÈÎÇÑÔŸ

S DÑÊÔÑÎÊÑ�ÏÌ�ÑÈÖÊÈÔÕÊÑŠÊÎÃÏÊÎÕÍÏÊÔÈÓÏÉÊÇÔÊÍÈËÙÈÛÏÊStandardŸ

S $ÉÏÊÉÚŽÎÕÍÏÊÖÏË�ÈÌÈÎÇÑÔÉÊÎÑÊÇÓÍÌÑ�ÏÊÍÌÑÛÌÈÓÊÌÏÈÖÈŽÇ�ÇÎÕÊ+BÑÑËÃÊÄ98À,Ÿ

S $ÉÏÊÖÏÌÇ�ÏÖÊÎÕÍÏÉÊÈÔÖÊÉÚŽÎÕÍÏÉÊÇÔÊËÑÔËÏÌÎÊ+ÉÏÏÊ’ÚÇÖÏ�ÇÔÏÊ5Ÿ(ŸÄ,Ÿ

S $ÉÏÊÏÔÚÓÏÌÈÎÇÑÔÊÎÕÍÏÉÊÇÔÉÎÏÈÖÊÑŠÊÔÚÓÏÌÇËÊËÑÖÏÉŸÊ

S $ÉÏÊÌÏÍÌÏÉÏÔÎÈÎÇÑÔÊË�ÈÚÉÏÉÊÎÑÊÓÈÎËÃÊÌÏqÚÇÌÏÓÏÔÎÉÊÑŠÊÏ*ÎÏÌÔÈ�ÊÖÏ�ÇËÏÉŸ
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CHAPTER 4

Program Structure

ÅÃÇÉÊÃËÈÍÃÎÏÍÎÃÊËÌÑÉÃÇÓÊÈËÉÃÇÔÃÖÑËÏÒÖÃÌÍÕŠËÚÛÌÈËÌÈËÖÜÖÒÇÔÇÎÈËÍÇËÃÊÖÙÖŸÌÒÌÍÕËÇÜËÒÇŽÊÃËÒÊÓÊÒÈËÖÜÙË�ÖÏÌÒÌÍÖÍÊÈËÍÛÊ

ÎÈÊËÇ�ËÍÛÊËÃÊÖÙÖŸÌÒÌÍÕËÔÎÌÙÊÒÌÜÊÈË��ÛÖÉÍÊÃË� ŠËÚÛÊËÓÖÃÌÇÎÈËÉÃÇÔÃÖÑËÈÍÃÎÏÍÎÃÌÜÔË�ÖÏÌÒÌÍÌÊÈËÉÃÇÓÌÙÊÙËŸÕË!ÙÖ

ŽÊÃÊËÙÊÈÌÔÜÊÙËÍÇËÊÜÛÖÜÏÊËÇÓÊÃÖÒÒËÏÒÖÃÌÍÕËÇ�ËÙÊÈÌÔÜŠËÚÛÊÈÊËÔÎÌÙÊÒÌÜÊÈËÈÛÇŽËÛÇŽËÍÇËÎÈÊËÍÛÊÈÊË�ÖÏÌÒÌÍÌÊÈË�ÇÃËÍÛÊÌÃ

ÌÜÍÊÜÙÊÙËÉÎÃÉÇÈÊÈŠ

!ŸÈÍÃÖÏÍÌÇÜËÖÜÙËÊÜÏÖÉÈÎÒÖÍÌÇÜËÖÃÊËÈÎÉÉÇÃÍÊÙËŸÕËÍÛÊËÉÖÏ"ÖÔÊËÏÇÜÏÊÉÍËÖÜÙËŸÕËÉÃÌÓÖÍÊËÍÕÉÊÈŠË#ÊÒÖÍÊÙËÙÖÍÖËÖÜÙ

ÈÎŸÉÃÇÔÃÖÑÈËÏÖÜËŸÊËÔÃÇÎÉÊÙËÍÇÔÊÍÛÊÃËÖÜÙËÈÊÊÜËŸÕËÖËÛÌÔÛÊÃËÒÊÓÊÒËÖÈËÖËÈÌÜÔÒÊËÊÜÍÌÍÕŠË$Ü�ÇÃÑÖÍÌÇÜËÛÌÙÌÜÔËÌÈ

ÊÜ�ÇÃÏÊÙËÓÌÖËÈÍÃÇÜÔËÍÕÉÌÜÔËÖÜÙËŸÕËÍÛÊËÈÊÉÖÃÖÍÌÇÜËÇ�ËÉÖÏ"ÖÔÊËÖÜÙËÈÎŸÉÃÇÔÃÖÑËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈË�ÃÇÑËÍÛÊÌÃ

ŸÇÙÌÊÈŠË!ÙÙÌÍÌÇÜÖÒË!ÙÖËÒÖÜÔÎÖÔÊËÊÒÊÑÊÜÍÈËÍÛÖÍËÌÑÉÖÏÍËÉÃÇÔÃÖÑËÈÍÃÎÏÍÎÃÊËÖÃÊËÊ%ÏÊÉÍÌÇÜÈËÖÜÙËÍÖÈ"ÈŠ

4.1 HIGHÁLEVEL STRUCTURE

&ÊÒÒ’ÈÍÃÎÏÍÎÃÊÙËÉÃÇÔÃÖÑÈËÖÃÊËÊÖÈÌÒÕËÎÜÙÊÃÈÍÇÇÙ(ËÊÜÛÖÜÏÊÙ(ËÖÜÙËÑÖÌÜÍÖÌÜÊÙŠËÅÇÇÃÒÕËÈÍÃÎÏÍÎÃÊÙËÉÃÇÔÃÖÑÈËÖÃÊ

�ÃÊ)ÎÊÜÍÒÕËÃÊÈÍÃÎÏÍÎÃÊÙËÙÎÃÌÜÔËÑÖÌÜÍÊÜÖÜÏÊË*ÎÈÍËÍÇËÑÖ"ÊËÍÛÊË*ÇŸËÊÖÈÌÊÃŠË+ÖÜÕËÇ�ËÍÛÊËÔÎÌÙÊÒÌÜÊÈËÒÌÈÍÊÙËŸÊÒÇŽ

ÖÃÊËÇ�ÍÊÜËÔÌÓÊÜËÖÈËÔÊÜÊÃÖÒËÉÃÇÔÃÖÑËÙÊÈÌÔÜËÔÎÌÙÊÒÌÜÊÈŠË

4.1.1 Separate Compilation Capabilities

guideline

S ÅÒÖÏÊËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇ�ËÊÖÏÛËÒÌŸÃÖÃÕËÎÜÌÍËÉÖÏ"ÖÔÊËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊË�ÃÇÑËÌÍÈËŸÇÙÕŠ

S �ÃÊÖÍÊËÖÜËÊ%ÉÒÌÏÌÍËÈÉÊÏÌ�ÌÏÖÍÌÇÜ(ËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊ(Ë�ÇÃËÊÖÏÛËÒÌŸÃÖÃÕËÎÜÌÍËÈÎŸÉÃÇÔÃÖÑŠ

S ,ÈÊËÈÎŸÎÜÌÍÈË�ÇÃËÍÛÊËŸÇÙÌÊÈËÇ�ËÒÖÃÔÊËÎÜÌÍÈËŽÛÌÏÛËÖÃÊËÜÊÈÍÊÙËÌÜËÇÍÛÊÃËÎÜÌÍÈŠ

S ÅÒÖÏÊËÊÖÏÛËÈÎŸÎÜÌÍËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊŠ

S ,ÈÊËÖËÏÇÜÈÌÈÍÊÜÍË�ÌÒÊËÜÖÑÌÜÔËÏÇÜÓÊÜÍÌÇÜŠ

example

ÚÛÊË �ÌÒÊË ÜÖÑÊÈË ŸÊÒÇŽË ÌÒÒÎÈÍÃÖÍÊË ÇÜÊË ÉÇÈÈÌŸÒÊË �ÌÒÊË ÇÃÔÖÜÌ-ÖÍÌÇÜË ÖÜÙË ÖÈÈÇÏÌÖÍÊÙË ÏÇÜÈÌÈÍÊÜÍË ÜÖÑÌÜÔ

ÏÇÜÓÊÜÍÌÇÜŠËÚÛÊËÒÌŸÃÖÃÕËÎÜÌÍËÜÖÑÊËÌÈËÎÈÊÙË�ÇÃËÍÛÊËŸÇÙÕŠË!ËÍÃÖÌÒÌÜÔËÎÜÙÊÃÈÏÇÃÊËÌÜÙÌÏÖÍÊÈËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜ(

ÖÜÙËÖÜÕË�ÌÒÊÈËÏÇÜÍÖÌÜÌÜÔËÈÎŸÎÜÌÍÈËÎÈÊËÜÖÑÊÈËÏÇÜÈÍÃÎÏÍÊÙËŸÕËÈÊÉÖÃÖÍÌÜÔËÍÛÊËŸÇÙÕËÜÖÑÊË�ÃÇÑËÍÛÊËÈÎŸÎÜÌÍ

ÜÖÑÊËŽÌÍÛËÍŽÇËÎÜÙÊÃÈÏÇÃÊÈŠ

ÁÂÄÁÀÅÃÀ.Ç-Ç/////////////////UU/ÁVÂ/W}Â~Å“Å~ÇÁÅÃÁ

ÁÂÄÁÀÅÃ.Ç-Ç//////////////////UU/ÁVÂ/ÂÃ-Ä

ÁÂÄÁÀÅÃÀÀÅÁÁÂÀÂÅÀÅÃ.Ç-Ç//////UU/Ç/WÃÂÃÁÅÁ

ÁÂÄÁÀÅÃÀÀ“ÅÄÂ-ÀÅÃ.Ç-Ç////////UU/Ç/WÃÂÃÁÅÁ

ÁÂÄÁÀÅÃÀÀ“ÇÃÇÁÀÅÃ.Ç-Ç////////UU/Ç/WÃÂÃÁÅÁ

ÁÂÄÁÀÅÃÀÀÂÁÃÉÂÅÇÁÅÃÁÀÅÃ.Ç-Ç//UU/Ç/WÃÂÃÁÅÁ
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rationale

ÚÛÊËÑÖÌÜËÃÊÖÈÇÜË�ÇÃËÍÛÊËÊÑÉÛÖÈÌÈËÇÜËÈÊÉÖÃÖÍÊË�ÌÒÊÈËÌÜËÍÛÌÈËÔÎÌÙÊÒÌÜÊËÌÈËÍÇËÑÌÜÌÑÌ-ÊËÍÛÊËÖÑÇÎÜÍËÇ�

ÃÊÏÇÑÉÌÒÖÍÌÇÜËÃÊ)ÎÌÃÊÙËÖ�ÍÊÃËÊÖÏÛËÏÛÖÜÔÊŠËÚÕÉÌÏÖÒÒÕ(ËÙÎÃÌÜÔËÈÇ�ÍŽÖÃÊËÙÊÓÊÒÇÉÑÊÜÍ(ËŸÇÙÌÊÈËÇ�ËÎÜÌÍÈËÖÃÊ

ÎÉÙÖÍÊÙË�ÖÃËÑÇÃÊËÇ�ÍÊÜËÍÛÖÜËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈŠË$�ËÍÛÊËŸÇÙÕËÖÜÙËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÃÊÈÌÙÊËÌÜËÍÛÊËÈÖÑÊË�ÌÒÊ(ËÍÛÊÜËÍÛÊ

ÈÉÊÏÌ�ÌÏÖÍÌÇÜËŽÌÒÒËŸÊËÏÇÑÉÌÒÊÙËÊÖÏÛËÍÌÑÊËÍÛÊËŸÇÙÕËÌÈËÏÇÑÉÌÒÊÙ(ËÊÓÊÜËÍÛÇÎÔÛËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÛÖÈËÜÇÍ

ÏÛÖÜÔÊÙŠËBÊÏÖÎÈÊËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÙÊ�ÌÜÊÈËÍÛÊËÌÜÍÊÃ�ÖÏÊËŸÊÍŽÊÊÜËÍÛÊËÎÜÌÍËÖÜÙËÖÒÒËÇ�ËÌÍÈËÎÈÊÃÈ(ËÍÛÌÈ

ÃÊÏÇÑÉÌÒÖÍÌÇÜËÇ�ËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÍÕÉÌÏÖÒÒÕËÑÖ"ÊÈËÃÊÏÇÑÉÌÒÖÍÌÇÜËÇ�ËÖÒÒËÎÈÊÃÈËÜÊÏÊÈÈÖÃÕ(ËÌÜËÇÃÙÊÃËÍÇËÓÊÃÌ�Õ

ÏÇÑÉÒÌÖÜÏÊËŽÌÍÛËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠË$�ËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÖÜÙËŸÇÙÌÊÈËÇ�ËÍÛÊËÎÈÊÃÈËÖÒÈÇËÃÊÈÌÙÊËÍÇÔÊÍÛÊÃ(ËÍÛÊÜ

ÖÜÕËÎÈÊÃÈËÇ�ËÍÛÊÈÊËÎÜÌÍÈËŽÌÒÒËÖÒÈÇËÛÖÓÊËÍÇËŸÊËÃÊÏÇÑÉÌÒÊÙ(ËÖÜÙËÈÇËÇÜŠËÚÛÊËÃÌÉÉÒÊËÊ��ÊÏÍËÏÖÜË�ÇÃÏÊËÖËÛÎÔÊ

ÜÎÑŸÊÃËÇ�ËÏÇÑÉÌÒÖÍÌÇÜÈËŽÛÌÏÛËÏÇÎÒÙËÛÖÓÊËŸÊÊÜËÖÓÇÌÙÊÙ(ËÈÊÓÊÃÊÒÕËÈÒÇŽÌÜÔËÍÛÊËÙÊÓÊÒÇÉÑÊÜÍËÖÜÙËÍÊÈÍ

ÉÛÖÈÊËÇ�ËÖËÉÃÇ*ÊÏÍŠËÚÛÌÈËÌÈËŽÛÕËŽÊËÈÎÔÔÊÈÍËÉÒÖÏÌÜÔËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÇ�ËÖÒÒËÒÌŸÃÖÃÕËÎÜÌÍÈË�ÜÇÜÜÊÈÍÊÙËÎÜÌÍÈ ËÌÜ

ÈÊÉÖÃÖÍÊË�ÌÒÊÈË�ÃÇÑËÍÛÊÌÃËŸÇÙÌÊÈŠ

FÇÃËÍÛÊËÈÖÑÊËÃÊÖÈÇÜ(ËÎÈÊËÈÎŸÎÜÌÍÈË�ÇÃËÒÖÃÔÊËÜÊÈÍÊÙËŸÇÙÌÊÈ(ËÖÜÙËÉÎÍËÊÖÏÛËÈÎŸÎÜÌÍËÌÜËÌÍÈËÇŽÜË�ÌÒÊŠËÚÛÌÈ

ÑÖ"ÊÈËÌÍËÉÇÈÈÌŸÒÊËÍÇËÑÇÙÌ�ÕËÍÛÊËŸÇÙÕËÇ�ËÍÛÊËÇÜÊËÜÊÈÍÊÙËÎÜÌÍËŽÌÍÛÇÎÍËÛÖÓÌÜÔËÍÇËÃÊÏÇÑÉÌÒÊËÖÜÕËÇ�ËÍÛÊËÇÍÛÊÃ

ÎÜÌÍÈËÌÜËÍÛÊËŸÇÙÕŠËÚÛÌÈËÌÈËÃÊÏÇÑÑÊÜÙÊÙË�ÇÃËÒÖÃÔÊËÎÜÌÍÈËŸÊÏÖÎÈÊËÏÛÖÜÔÊÈËÖÃÊËÑÇÃÊËÒÌ"ÊÒÕËÍÇËÇÏÏÎÃËÌÜËÒÖÃÔÊ

ÎÜÌÍÈËÍÛÖÜËÌÜËÈÑÖÒÒËÇÜÊÈŠ

!ÜËÖÙÙÌÍÌÇÜÖÒËŸÊÜÊ�ÌÍËÇ�ËÎÈÌÜÔËÑÎÒÍÌÉÒÊËÈÊÉÖÃÖÍÊË�ÌÒÊÈËÌÈËÍÛÖÍËÌÍËÖÒÒÇŽÈËÙÌ��ÊÃÊÜÍËÌÑÉÒÊÑÊÜÍÊÃÈËÍÇËÑÇÙÌ�Õ

ÙÌ��ÊÃÊÜÍËÉÖÃÍÈËÇ�ËÍÛÊËÈÕÈÍÊÑËÖÍËÍÛÊËÈÖÑÊËÍÌÑÊËŽÌÍÛËÏÇÜÓÊÜÍÌÇÜÖÒËÊÙÌÍÇÃÈËŽÛÌÏÛËÙÇËÜÇÍËÖÒÒÇŽËÑÎÒÍÌÉÒÊ

ÏÇÜÏÎÃÃÊÜÍËÎÉÙÖÍÊÈËÍÇËÖËÈÌÜÔÒÊË�ÌÒÊŠ

FÌÜÖÒÒÕ(Ë"ÊÊÉÌÜÔËŸÇÙÌÊÈËÖÜÙËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÈÊÉÖÃÖÍÊËÑÖ"ÊÈËÌÍËÉÇÈÈÌŸÒÊËÍÇËÛÖÓÊËÑÎÒÍÌÉÒÊËŸÇÙÌÊÈË�ÇÃËÍÛÊ

ÈÖÑÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜ(ËÇÃËÑÎÒÍÌÉÒÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈË�ÇÃËÍÛÊËÈÖÑÊËŸÇÙÕŠË!ÒÍÛÇÎÔÛË!ÙÖËÃÊ)ÎÌÃÊÈËÍÛÖÍËÍÛÊÃÊËŸÊ

Ê%ÖÏÍÒÕËÇÜÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÉÊÃËŸÇÙÕËÌÜËÖËÈÕÈÍÊÑËÖÍËÖÜÕËÔÌÓÊÜËÍÌÑÊ(ËÌÍËÏÖÜËÈÍÌÒÒËŸÊËÎÈÊ�ÎÒËÍÇËÑÖÌÜÍÖÌÜËÑÎÒÍÌÉÒÊ

ŸÇÙÌÊÈË ÇÃËÑÎÒÍÌÉÒÊË ÈÉÊÏÌ�ÌÏÖÍÌÇÜÈË �ÇÃË ÎÈÊË ÌÜË ÙÌ��ÊÃÊÜÍË ŸÎÌÒÙÈË Ç�Ë ÖË ÈÕÈÍÊÑŠËFÇÃË Ê%ÖÑÉÒÊ(Ë ÖË ÈÌÜÔÒÊ

ÈÉÊÏÌ�ÌÏÖÍÌÇÜËÑÖÕËÛÖÓÊËÑÎÒÍÌÉÒÊËŸÇÙÌÊÈ(ËÊÖÏÛËÇ�ËŽÛÌÏÛËÌÑÉÒÊÑÊÜÍÈËÍÛÊËÈÖÑÊË�ÎÜÏÍÌÇÜÖÒÌÍÕËŽÌÍÛËÖËÙÌ��ÊÃÊÜÍ

ÍÃÖÙÊÇ��ËÇ�ËÍÌÑÊËÓÊÃÈÎÈËÈÉÖÏÊËÊ��ÌÏÌÊÜÏÕŠËOÃ(Ë�ÇÃËÑÖÏÛÌÜÊ’ÙÊÉÊÜÙÊÜÍËÏÇÙÊ(ËÍÛÊÃÊËÑÖÕËŸÊËÇÜÊËŸÇÙÕË�ÇÃ

ÊÖÏÛËÍÖÃÔÊÍËÑÖÏÛÌÜÊŠË+ÖÌÜÍÖÌÜÌÜÔËÑÎÒÍÌÉÒÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÏÖÜËÖÒÈÇËŸÊËÎÈÊ�ÎÒËÙÎÃÌÜÔËÙÊÓÊÒÇÉÑÊÜÍ

ÖÜÙËÍÊÈÍŠËYÇÎËÑÖÕËÙÊÓÊÒÇÉËÇÜÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜË�ÇÃËÙÊÒÌÓÊÃÕËÍÇËÕÇÎÃËÏÎÈÍÇÑÊÃËÖÜÙËÖÜÇÍÛÊÃË�ÇÃËÎÜÌÍËÍÊÈÍÌÜÔŠ

ÚÛÊË�ÌÃÈÍËÇÜÊËŽÇÎÒÙËÊ%ÉÇÃÍËÇÜÒÕËÍÛÇÈÊËÈÎŸÉÃÇÔÃÖÑÈËÌÜÍÊÜÙÊÙËÍÇËŸÊËÏÖÒÒÊÙË�ÃÇÑËÇÎÍÈÌÙÊËÇ�ËÍÛÊËÉÖÏ"ÖÔÊ

ÙÎÃÌÜÔËÜÇÃÑÖÒËÇÉÊÃÖÍÌÇÜËÇ�ËÍÛÊËÈÕÈÍÊÑŠËÚÛÊËÈÊÏÇÜÙËÇÜÊËŽÇÎÒÙËÊ%ÉÇÃÍËÖÒÒËÈÎŸÉÃÇÔÃÖÑÈËÇ�ËÍÛÊËÉÖÏ"ÖÔÊËÈÇ

ÍÛÖÍËÊÖÏÛËÇ�ËÍÛÊÑËÏÇÎÒÙËŸÊËÌÜÙÊÉÊÜÙÊÜÍÒÕËÍÊÈÍÊÙŠ

!ËÏÇÜÈÌÈÍÊÜÍË�ÌÒÊËÜÖÑÌÜÔËÏÇÜÓÊÜÍÌÇÜËÌÈËÃÊÏÇÑÑÊÜÙÊÙËÍÇËÑÖ"ÊËÌÍËÊÖÈÌÊÃËÍÇËÑÖÜÖÔÊËÍÛÊËÒÖÃÔÊËÜÎÑŸÊÃËÇ�

�ÌÒÊÈËŽÛÌÏÛËÑÖÕËÃÊÈÎÒÍË�ÃÇÑË�ÇÒÒÇŽÌÜÔËÍÛÌÈËÔÎÌÙÊÒÌÜÊŠ

4.1.2 Subprograms

guideline

S ,ÈÊËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÊÜÛÖÜÏÊËÖŸÈÍÃÖÏÍÌÇÜŠ

SË #ÊÈÍÃÌÏÍËÊÖÏÛËÈÎŸÉÃÇÔÃÖÑËÍÇËÍÛÊËÉÊÃ�ÇÃÑÖÜÏÊËÇ�ËÖËÈÌÜÔÒÊËÖÏÍÌÇÜŠ

example

YÇÎÃËÉÃÇÔÃÖÑËÌÈËÃÊ)ÎÌÃÊÙËÍÇËÇÎÍÉÎÍËÍÊ%ÍËÍÇËÑÖÜÕËÍÕÉÊÈËÇ�ËÙÊÓÌÏÊÈŠËBÊÏÖÎÈÊËÍÛÊËÙÊÓÌÏÊÈËŽÇÎÒÙËÖÏÏÊÉÍËÖ

ÓÖÃÌÊÍÕËÇ�ËÏÛÖÃÖÏÍÊÃËÈÊÍÈ(ËÍÛÊËÉÃÇÉÊÃËŽÖÕËÍÇËÙÇËÍÛÌÈËÌÈËÍÇËŽÃÌÍÊËÖËÈÎŸÉÃÇÔÃÖÑËÍÇËÏÇÜÓÊÃÍËÍÇËÍÛÊËÃÊ)ÎÌÃÊÙ

ÏÛÖÃÖÏÍÊÃËÈÊÍŠËÚÛÌÈËŽÖÕ(ËÍÛÊËÇÎÍÉÎÍËÈÎŸÉÃÇÔÃÖÑËÛÖÈËÇÜÊËÉÎÃÉÇÈÊËÖÜÙËÍÛÊËÏÇÜÓÊÃÈÌÇÜÈËÖÃÊËÙÊÈÏÃÌŸÊÙ

ÊÒÈÊŽÛÊÃÊŠ

ÁÁÁ

ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ

ÄÀÅÃÇÉÊÀÇËÈÍÎÄÏÌÃÑÓÔÅÓÈÇÖÍÃÇ

ËËËËËËÒÕÊÌÄÊÌËŠËÍÚËËËËËÔÇÛÌÜ

ËËËËËËËÈÇÖÍÃÇËËËËËËŠËÍÚËËËËËÈÇÖÍÃÇÓÙÏŸÇÜ

ËËËËËËËŽÌÏÌÊÎËËËËËËŠËËËËÅÊÌË�ÀÀÅÀÓ�ÅÉÇÎ�ËÍÎ

ËËË�ÄÄÇÀÓ�ÏÎÇÓÕÊÌÄÊÌËŠËÔÇÛÌËÒ ËÁÁËÕÊÌÄÊÌ!"ÇÚ#ÌÑ�Ü

ËËËÁÁÁ

$Ç#ÍÚËËÂÂËÈÍÎÄÏÌÃÑÓÔÅÓÈÇÖÍÃÇ

ËËËÁÁÁ

ËËËÃÏÎÇËÈÇÖÍÃÇÁ�ÑÏÀÏÃÌÇÀÓŽÇÌËÍÎ



Å#OG#!+ËSÚ#,�Ú,#EËËÄ�

      when Limited_ASCII =>

         Convert_To_Upper_Case(Original   => Output,

                               Upper_Case => Upper_Case_Output);

         ...

      when Extended_ASCII =>

         ...

      when EBCDIC =>

         ...

   end case;  -- Device_Type.Character_Set

   ...

end Dispatch_To_Device;

----------------------------------------------------------------------

rationale

SÎŸÉÃÇÔÃÖÑÈËÖÃÊË ÖÜËÊ%ÍÃÊÑÊÒÕËÊ��ÊÏÍÌÓÊËÖÜÙËŽÊÒÒ’ÎÜÙÊÃÈÍÇÇÙËÖŸÈÍÃÖÏÍÌÇÜË ÍÊÏÛÜÌ)ÎÊŠËSÎŸÉÃÇÔÃÖÑÈ

ÌÜÏÃÊÖÈÊËÉÃÇÔÃÖÑËÃÊÖÙÖŸÌÒÌÍÕËŸÕËÛÌÙÌÜÔËÍÛÊËÙÊÍÖÌÒÈËÇ�ËÖËÉÖÃÍÌÏÎÒÖÃËÖÏÍÌÓÌÍÕŠË$ÍËÌÈËÜÇÍËÜÊÏÊÈÈÖÃÕËÍÛÖÍËÖ

ÈÎŸÉÃÇÔÃÖÑËŸÊËÏÖÒÒÊÙËÑÇÃÊËÍÛÖÜËÇÜÏÊËÍÇË*ÎÈÍÌ�ÕËÌÍÈËÊ%ÌÈÍÊÜÏÊŠ

note

DÊÖÒÌÜÔËŽÌÍÛËÍÛÊËÇÓÊÃÛÊÖÙËÇ�ËÈÎŸÃÇÎÍÌÜÊËÏÖÒÒÈËÌÈËÙÌÈÏÎÈÈÊÙËÌÜËGÎÌÙÊÒÌÜÊË9ŠÀŠÀŠ

4.1.3 Functions

guideline

Á ,ÈÊËÖË�ÎÜÏÍÌÇÜËŽÛÊÜËÍÛÊËÈÎŸÉÃÇÔÃÖÑ’ÈËÉÃÌÑÖÃÕËÉÎÃÉÇÈÊËÌÈËÍÇËÉÃÇÓÌÙÊËÖËÈÌÜÔÒÊËÓÖÒÎÊŠ

Á +ÌÜÌÑÌ-ÊËÍÛÊËÈÌÙÊËÊ��ÊÏÍËÇ�ËÖË�ÎÜÏÍÌÇÜŠ

example

!ÒÍÛÇÎÔÛËÃÊÖÙÌÜÔËÖËÏÛÖÃÖÏÍÊÃË�ÃÇÑËÖË�ÌÒÊËŽÌÒÒËÏÛÖÜÔÊËŽÛÖÍËÏÛÖÃÖÏÍÊÃËÌÈËÃÊÖÙËÜÊ%Í(ËÍÛÌÈËÌÈËÖÏÏÊÉÍÊÙËÖÈËÖ

ÑÌÜÇÃËÈÌÙÊËÊ��ÊÏÍËÏÇÑÉÖÃÊÙËÍÇËÍÛÊËÉÃÌÑÖÃÕËÉÎÃÉÇÈÊËÇ�ËÍÛÊË�ÇÒÒÇŽÌÜÔË�ÎÜÏÍÌÇÜ:

function Next_Character return Character is separate;

HÇŽÊÓÊÃ(ËÍÛÊËÎÈÊËÇ�ËÖË�ÎÜÏÍÌÇÜËÒÌ"ÊËÍÛÌÈËÈÛÇÎÒÙËÏÇÎÒÙËÒÊÖÙËÍÇËÖËÈÎŸÍÒÊËÉÃÇŸÒÊÑŠËË!ÜÕËÍÌÑÊËÍÛÊËÇÃÙÊÃËÇ�

ÊÓÖÒÎÖÍÌÇÜËÌÈËÎÜÙÊ�ÌÜÊÙ(ËÍÛÊËÇÃÙÊÃËÇ�ËÍÛÊËÓÖÒÎÊÈËÃÊÍÎÃÜÊÙËŸÕËÍÛÊË�ÎÜÏÍÌÇÜËŽÌÒÒËÊ��ÊÏÍÌÓÊÒÕËŸÊËÎÜÙÊ�ÌÜÊÙŠ

$ÜËÍÛÌÈËÊ%ÖÑÉÒÊ(ËÍÛÊËÇÃÙÊÃËÇ�ËÍÛÊËÏÛÖÃÖÏÍÊÃÈËÉÒÖÏÊÙËÌÜËWordËÖÜÙËÍÛÊËÇÃÙÊÃËÍÛÖÍËÍÛÊË�ÇÒÒÇŽÌÜÔËÍŽÇ

ÏÛÖÃÖÏÍÊÃÈËÖÃÊËÔÌÓÊÜËÍÇËÍÛÊËSuffixËÉÖÃÖÑÊÍÊÃÈËÌÈËÎÜ"ÜÇŽÜŠËËNÇËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÇ�ËÍÛÊËNext_Character

�ÎÜÏÍÌÇÜËÏÖÜËÔÎÖÃÖÜÍÊÊËŽÛÌÏÛËÏÛÖÃÖÏÍÊÃËŽÌÒÒËÔÇËŽÛÊÃÊ:

   Word : constant String := String’(1 .. 5 => Next_Character);

begin  -- Start_Parsing

   Parse(Keyword => Word,

         Suffix1 => Next_Character,

         Suffix2 => Next_Character);

end Start_Parsing;

O�ËÏÇÎÃÈÊ(ËÌ�ËÍÛÊËÇÃÙÊÃËÌÈËÎÜÌÑÉÇÃÍÖÜÍË�ÖÈËÌÜËÖËÃÖÜÙÇÑËÜÎÑŸÊÃËÔÊÜÊÃÖÍÇÃ (ËÍÛÊÜËÍÛÊËÇÃÙÊÃËÇ�ËÊÓÖÒÎÖÍÌÇÜ

ÌÈËÎÜÌÑÉÇÃÍÖÜÍŠ

rationale

!ËÈÌÙÊËÊ��ÊÏÍËÌÈËÖËÏÛÖÜÔÊËÍÇËÖÜÕËÓÖÃÌÖŸÒÊËÍÛÖÍËÌÈËÜÇÍËÒÇÏÖÒËÍÇËÍÛÊËÈÎŸÉÃÇÔÃÖÑŠËÚÛÌÈËÌÜÏÒÎÙÊÈËÏÛÖÜÔÊÈËÍÇ

ÓÖÃÌÖŸÒÊÈËŸÕËÇÍÛÊÃËÈÎŸÉÃÇÔÃÖÑÈËÖÜÙËÊÜÍÃÌÊÈËÙÎÃÌÜÔËÏÖÒÒÈË�ÃÇÑËÍÛÊË�ÎÜÏÍÌÇÜËÌ�ËÍÛÊËÏÛÖÜÔÊÈËÉÊÃÈÌÈÍËÖ�ÍÊÃËÍÛÊ

�ÎÜÏÍÌÇÜËÃÊÍÎÃÜÈŠËSÌÙÊËÊ��ÊÏÍÈËÖÃÊËÙÌÈÏÇÎÃÖÔÊÙËŸÊÏÖÎÈÊËÍÛÊÕËÖÃÊËÙÌ��ÌÏÎÒÍËÍÇËÎÜÙÊÃÈÍÖÜÙËÖÜÙËÑÖÌÜÍÖÌÜŠ

!ÙÙÌÍÌÇÜÖÒÒÕ(ËÍÛÊË!ÙÖËÒÖÜÔÎÖÔÊËÙÇÊÈËÜÇÍËÙÊ�ÌÜÊËÍÛÊËÇÃÙÊÃËÌÜËŽÛÌÏÛË�ÎÜÏÍÌÇÜÈËÖÃÊËÊÓÖÒÎÖÍÊÙËŽÛÊÜËÍÛÊÕ

ÇÏÏÎÃËÌÜËÊ%ÉÃÊÈÈÌÇÜÈËÇÃËÖÈËÖÏÍÎÖÒËÉÖÃÖÑÊÍÊÃÈËÍÇËÈÎŸÉÃÇÔÃÖÑÈŠËÚÛÊÃÊ�ÇÃÊ(ËÖËÉÃÇÔÃÖÑËŽÛÌÏÛËÙÊÉÊÜÙÈËÇÜ

ÍÛÊËÇÃÙÊÃËÌÜËŽÛÌÏÛËÈÌÙÊËÊ��ÊÏÍÈËÇ�Ë�ÎÜÏÍÌÇÜÈËÇÏÏÎÃËÌÈËÊÃÃÇÜÊÇÎÈŠË!ÓÇÌÙËÎÈÌÜÔËÈÌÙÊËÊ��ÊÏÍÈËÖÜÕŽÛÊÃÊŠ



ÄÄËË!ÙÖËQ,!L$ÚYË!NDËSÚYLE

4.1.4 Packages

guideline

S ,ÈÊËÉÖÏ"ÖÔÊÈË�ÇÃËÌÜ�ÇÃÑÖÍÌÇÜËÛÌÙÌÜÔŠ

S ,ÈÊËÉÖÏ"ÖÔÊÈËŽÌÍÛËÉÃÌÓÖÍÊËÍÕÉÊÈË�ÇÃËÖŸÈÍÃÖÏÍËÙÖÍÖËÍÕÉÊÈŠ

S ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÑÇÙÊÒËÖŸÈÍÃÖÏÍËÊÜÍÌÍÌÊÈËÖÉÉÃÇÉÃÌÖÍÊËÍÇËÍÛÊËÉÃÇŸÒÊÑËÙÇÑÖÌÜŠ

S ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉËÍÇÔÊÍÛÊÃËÃÊÒÖÍÊÙËÍÕÉÊËÖÜÙËÇŸ*ÊÏÍËÙÊÏÒÖÃÖÍÌÇÜÈË�ÊŠÔŠ(ËÏÇÑÑÇÜËÙÊÏÒÖÃÖÍÌÇÜÈË�ÇÃ

ÍŽÇËÇÃËÑÇÃÊËÒÌŸÃÖÃÕËÎÜÌÍÈ Š

S ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉËÍÇÔÊÍÛÊÃËÃÊÒÖÍÊÙËÉÃÇÔÃÖÑËÎÜÌÍÈË�ÇÃËÏÇÜ�ÌÔÎÃÖÍÌÇÜËÏÇÜÍÃÇÒËÇÃËÓÌÈÌŸÌÒÌÍÕËÃÊÖÈÇÜÈ

�N!S!ËÀ987 Š

S EÜÏÖÉÈÎÒÖÍÊËÑÖÏÛÌÜÊËÙÊÉÊÜÙÊÜÏÌÊÈËÌÜËÉÖÏ"ÖÔÊÈŠËÅÒÖÏÊËÖËÈÇ�ÍŽÖÃÊËÌÜÍÊÃ�ÖÏÊËÍÇËÖËÉÖÃÍÌÏÎÒÖÃËÙÊÓÌÏÊËÌÜ

ÖËÉÖÏ"ÖÔÊËÍÇË�ÖÏÌÒÌÍÖÍÊËÖËÏÛÖÜÔÊËÍÇËÖËÙÌ��ÊÃÊÜÍËÙÊÓÌÏÊŠ

S ÅÒÖÏÊËÒÇŽ’ÒÊÓÊÒËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÏÌÈÌÇÜÈËÇÃËÌÜÍÊÃ�ÖÏÊÈËÌÜËÈÎŸÉÃÇÔÃÖÑÈËŽÌÍÛÌÜËÉÖÏ"ÖÔÊÈŠ

S ,ÈÊËÉÖÏ"ÖÔÊÈËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÊÜÏÖÉÈÎÒÖÍÊËÖÜÙËÛÌÙÊËÉÃÇÔÃÖÑËÙÊÍÖÌÒÈËÍÛÖÍËÑÖÕËÏÛÖÜÔÊË�NÌÈÈÊÜ

ÖÜÙË&ÖÒÒÌÈËÀ98Ä Š

example

!ËÉÖÏ"ÖÔÊË ÏÖÒÒÊÙË ÁÂÄÀÅÃÇÉÊËÈÍÂÇÎÉÏÃËÎÍÌÂÄÎË ÏÇÎÒÙË ÏÇÜÍÖÌÜË ÍÕÉÊË ÖÜÙË ÈÎŸÉÃÇÔÃÖÑËÙÊÏÒÖÃÖÍÌÇÜÈË ÍÇ

ÈÎÉÉÇÃÍËÖËÔÊÜÊÃÖÒÌ-ÊÙËÓÌÊŽËÇ�ËÖÜËÊ%ÍÊÃÜÖÒËÑÊÑÇÃÕËÈÕÈÍÊÑË�ÈÎÏÛËÖÈËÖËÙÌÈ"ËÇÃËÙÃÎÑ ŠË$ÍÈËÌÜÍÊÃÜÖÒÈËÑÖÕ(ËÌÜ

ÍÎÃÜ(ËÙÊÉÊÜÙËÇÜËÇÍÛÊÃËÉÖÏ"ÖÔÊÈËÑÇÃÊËÈÉÊÏÌ�ÌÏËÍÇËÍÛÊËÛÖÃÙŽÖÃÊËÇÃËÇÉÊÃÖÍÌÜÔËÈÕÈÍÊÑŠ

rationale

ÅÖÏ"ÖÔÊÈËÖÃÊËÍÛÊËÉÃÌÜÏÌÉÖÒËÈÍÃÎÏÍÎÃÌÜÔË�ÖÏÌÒÌÍÕËÌÜË!ÙÖŠËÚÛÊÕËÖÃÊËÌÜÍÊÜÙÊÙËÍÇËŸÊËÎÈÊÙËÖÈËÙÌÃÊÏÍËÈÎÉÉÇÃÍË�ÇÃ

ÖŸÈÍÃÖÏÍÌÇÜ(ËÌÜ�ÇÃÑÖÍÌÇÜËÛÌÙÌÜÔ(ËÖÜÙËÑÇÙÎÒÖÃÌ-ÖÍÌÇÜŠËFÇÃËÊ%ÖÑÉÒÊ(ËÍÛÊÕËÖÃÊËÎÈÊ�ÎÒË�ÇÃËÊÜÏÖÉÈÎÒÖÍÌÜÔ

ÑÖÏÛÌÜÊËÙÊÉÊÜÙÊÜÏÌÊÈËÖÈËÖÜËÖÌÙËÍÇËÉÇÃÍÖŸÌÒÌÍÕŠË!ËÈÌÜÔÒÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÏÖÜËÛÖÓÊËÑÎÒÍÌÉÒÊËŸÇÙÌÊÈËÌÈÇÒÖÍÌÜÔ

ÌÑÉÒÊÑÊÜÍÖÍÌÇÜ’ÈÉÊÏÌ�ÌÏËÌÜ�ÇÃÑÖÍÌÇÜËÈÇËÇÍÛÊÃËÉÖÃÍÈËÇ�ËÍÛÊËÏÇÙÊËÙÇËÜÇÍËÜÊÊÙËÍÇËÏÛÖÜÔÊŠ

EÜÏÖÉÈÎÒÖÍÌÜÔËÖÃÊÖÈËÇ�ËÉÇÍÊÜÍÌÖÒËÏÛÖÜÔÊËÛÊÒÉÈËÍÇËÑÌÜÌÑÌ-ÊËÍÛÊËÊ��ÇÃÍËÃÊ)ÎÌÃÊÙËÍÇËÌÑÉÒÊÑÊÜÍËÍÛÖÍËÏÛÖÜÔÊ

ŸÕËÉÃÊÓÊÜÍÌÜÔËÎÜÜÊÏÊÈÈÖÃÕËÙÊÉÊÜÙÊÜÏÌÊÈËÖÑÇÜÔËÎÜÃÊÒÖÍÊÙËÉÖÃÍÈËÇ�ËÍÛÊËÈÕÈÍÊÑŠ

note

ÚÛÊËÑÇÈÍËÉÃÊÓÖÒÊÜÍËÇŸ*ÊÏÍÌÇÜËÍÇËÍÛÌÈËÔÎÌÙÊÒÌÜÊËÎÈÎÖÒÒÕËÌÜÓÇÒÓÊÈËÉÊÃ�ÇÃÑÖÜÏÊËÉÊÜÖÒÍÌÊÈŠËËSÊÊËGÎÌÙÊÒÌÜÊ

9ŠÀŠÀË�ÇÃËÖËÙÌÈÏÎÈÈÌÇÜËÖŸÇÎÍËÈÎŸÉÃÇÔÃÖÑËÇÓÊÃÛÊÖÙŠ

4.1.5 Cohesion

guideline

S +Ö"ÊËÊÖÏÛËÉÖÏ"ÖÔÊËÈÊÃÓÊËÖËÈÌÜÔÒÊËÉÎÃÉÇÈÊŠ

S ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉÑÃÊÒÖÍÊÙËÙÖÍÖ(ËÍÕÉÊÈ(ËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈŠ

S !ÓÇÌÙËÏÇÒÒÊÏÍÌÇÜÈËÇ�ËÎÜÃÊÒÖÍÊÙËÇŸ*ÊÏÍÈËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈË�N!S!ËÀ987ËÖÜÙËNÌÈÈÊÜËÖÜÙË&ÖÒÒÌÈËÀ98Ä Š

example

!ÈËÖËŸÖÙËÊ%ÖÑÉÒÊ(ËÖËÉÖÏ"ÖÔÊËÜÖÑÊÙÓÔÍÈÖÎÄËÉÒÎÌÅÃÅËÅÈÃÕÓÌÈËÇŸÓÌÇÎÈÒÕËÖË“ÏÖÍÏÛËÖÒÒ"Ë�ÇÃËÖËÉÖÃÍÌÏÎÒÖÃ

ÉÃÇ*ÊÏÍËÖÜÙËÌÈËÒÌ"ÊÒÕËÍÇËŸÊËÖË*ÎÑŸÒÊÙËÑÊÈÈŠË$ÍËÉÃÇŸÖŸÒÕËÛÖÈËÍÛÌÈË�ÇÃÑËÍÇËÉÊÃÑÌÍËÉÃÇ*ÊÏÍËÑÊÑŸÊÃÈËÍÇ

ÌÜÏÇÃÉÇÃÖÍÊËÖËÈÌÜÔÒÊËŠÅËÚËÏÒÖÎÈÊËÌÜÍÇËÍÛÊÌÃËÈÇ�ÍŽÖÃÊŠ

BÊÍÍÊÃËÊ%ÖÑÉÒÊÈËÖÃÊËÉÖÏ"ÖÔÊÈËÏÖÒÒÊÙËÒÅÕÛÜÂÙÉŸÈÍŽÂËÉÒÎÌÅÃÅËÅÈÃÕ(ËÏÇÜÍÖÌÜÌÜÔËÖÒÒËÍÛÊËÍÕÉÊÈËÖÜÙËÏÇÜÈÍÖÜÍÈ

ÜÊÊÙÊÙËŸÕËÈÇÑÊËÈÉÊÏÌ�ÌÏËÙÌÈÉÒÖÕËÌÜËÖËÈÉÊÏÌ�ÌÏË�ÇÃÑÖÍ(ËÖÜÙË�ÂÍËÍÅ�ÇÎÉ�ÂÛÎÉ�ÂÃ�ÜÎÍ(ËÏÇÜÍÖÌÜÌÜÔËÖÒÒËÍÛÊ

ÍÕÉÊÈ(ËÏÇÜÈÍÖÜÍÈ(ËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈËŽÛÌÏÛËÉÃÇÓÌÙÊËÖÜËÌÜÍÊÃ�ÖÏÊËÍÇËÖËÈÉÊÏÌÖÒËÉÎÃÉÇÈÊËÙÊÓÌÏÊŠ

rationale

SÊÊËÖÒÈÇËGÎÌÙÊÒÌÜÊË5ŠÄŠÀËÇÜËHÊÍÊÃÇÔÊÜÊÇÎÈËDÖÍÖŠ

ÚÛÊË ÙÊÔÃÊÊË ÍÇË ŽÛÌÏÛË ÍÛÊË ÊÜÍÌÍÌÊÈË ÌÜË ÖË ÉÖÏ"ÖÔÊË ÖÃÊË ÃÊÒÖÍÊÙË ÛÖÈË ÖË ÙÌÃÊÏÍË ÌÑÉÖÏÍË ÇÜË ÍÛÊË ÊÖÈÊË Ç�

ÎÜÙÊÃÈÍÖÜÙÌÜÔËÉÖÏ"ÖÔÊÈËÖÜÙËÉÃÇÔÃÖÑÈËÑÖÙÊËÎÉËÇ�ËÉÖÏ"ÖÔÊÈŠËÚÛÊÃÊËÖÃÊËÙÌ��ÊÃÊÜÍËÏÃÌÍÊÃÌÖË�ÇÃËÔÃÇÎÉÌÜÔ(

ÖÜÙËÈÇÑÊËÏÃÌÍÊÃÌÖËÖÃÊËÒÊÈÈËÊ��ÊÏÍÌÓÊËÍÛÖÜËÇÍÛÊÃÈŠËGÃÇÎÉÌÜÔËÍÛÊËÏÒÖÈÈËÇ�ËÙÖÍÖËÇÃËÖÏÍÌÓÌÍÕË�ÊŠÔŠ(ËÌÜÌÍÌÖÒÌ-ÖÍÌÇÜ



Å#OG#!+ËSÚ#,�Ú,#EËËÄ5

ÑÇÙÎÒÊÈ ËÇÃËÔÃÇÎÉÌÜÔËÙÖÍÖËÇÃËÖÏÍÌÓÌÍÌÊÈËŸÖÈÊÙËÇÜËÍÛÊÌÃËÍÌÑÌÜÔËÏÛÖÃÖÏÍÊÃÌÈÍÌÏÈËÌÈË ÒÊÈÈËÊ��ÊÏÍÌÓÊËÍÛÖÜ

ÔÃÇÎÉÌÜÔËŸÖÈÊÙËÇÜË�ÎÜÏÍÌÇÜËÇÃËÜÊÊÙËÍÇËÏÇÑÑÎÜÌÏÖÍÊËÍÛÃÇÎÔÛËÙÖÍÖË��ÛÖÃÊÍÍÊËÀ986ËÉÖÃÖÉÛÃÖÈÊÙ Š

note

ÚÃÖÙÌÍÌÇÜÖÒËÈÎŸÃÇÎÍÌÜÊËÒÌŸÃÖÃÌÊÈËÇ�ÍÊÜËÔÃÇÎÉË�ÎÜÏÍÌÇÜÖÒÒÕËÎÜÃÊÒÖÍÊÙËÈÎŸÃÇÎÍÌÜÊÈŠËEÓÊÜËÈÎÏÛËÒÌŸÃÖÃÌÊÈ

ÈÛÇÎÒÙËŸÊËŸÃÇ"ÊÜËÌÜÍÇËÖËÏÇÒÒÊÏÍÌÇÜËÇ�ËÉÖÏ"ÖÔÊÈËÊÖÏÛËÏÇÜÍÖÌÜÌÜÔËÖËÒÇÔÌÏÖÒÒÕËÏÇÛÊÈÌÓÊËÈÊÍËÇ�ËÈÎŸÉÃÇÔÃÖÑÈŠ

4.1.6 Data Coupling

guideline

S !ÓÇÌÙËÙÊÏÒÖÃÌÜÔËÓÖÃÌÖŸÒÊÈËÌÜËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈŠ

example

ÚÛÌÈËÌÈËÉÖÃÍËÇ�ËÖËÏÇÑÉÌÒÊÃŠËBÇÍÛËÍÛÊËÉÖÏ"ÖÔÊËÛÖÜÙÒÌÜÔËÊÃÃÇÃËÑÊÈÈÖÔÊÈËÖÜÙËÍÛÊËÉÖÏ"ÖÔÊËÏÇÜÍÖÌÜÌÜÔËÍÛÊ

ÏÇÙÊËÔÊÜÊÃÖÍÇÃËÜÊÊÙËÍÇË"ÜÇŽËÍÛÊËÏÎÃÃÊÜÍËÒÌÜÊËÜÎÑŸÊÃŠË#ÖÍÛÊÃËÍÛÖÜËÈÍÇÃÌÜÔËÍÛÌÈËÌÜËÖËÈÛÖÃÊÙËÓÖÃÌÖŸÒÊËÇ�

ÍÕÉÊËÁÂÄÀÅÂÃ(ËÍÛÊËÌÜ�ÇÃÑÖÍÌÇÜËÌÈËÈÍÇÃÊÙËÌÜËÖËÉÖÏ"ÖÔÊËÍÛÖÍËÛÌÙÊÈËÍÛÊËÙÊÍÖÌÒÈËÇ�ËÛÇŽËÈÎÏÛËÌÜ�ÇÃÑÖÍÌÇÜËÌÈ

ÃÊÉÃÊÈÊÜÍÊÙ(ËÖÜÙËÑÖ"ÊÈËÌÍËÖÓÖÌÒÖŸÒÊËŽÌÍÛËÖÏÏÊÈÈËÃÇÎÍÌÜÊÈŠ

ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ

ÉÂÊËÂÈÍÎÏÌÑÉÓÃÂÄÓÌÔÖÒÄÂÄÀÕÎÓÕ

ÎÎÎÄŠÉÍÎÚÓÔÍÖÛÂÔÈÍÎÓÕÎÅÂÔÈÍÎÜÎÙÙÎŸÖŽ��Ö����

ÎÎÎ�ÀÔÊÄÓÌÔÎÒÌÀÅÊÍÖÚÓÔÍÖÁÀÑ�ÍÅÎÅÍÄÀÅÔÎÚÓÔÍÖÛÂÔÈÍ�

ÍÔ ÎÏÌÑÉÓÃÂÄÓÌÔÖÒÄÂÄÀÕ�

ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ

!ÓÄ"ÎÏÌÑÉÓÃÂÄÓÌÔÖÒÄÂÄÀÕ�

ÉÂÊËÂÈÍÎ#ÅÅÌÅÖ$ÍÕÕÂÈÍÖ%ÅÌÊÍÕÕÓÔÈÎÓÕ

ÎÎÎÇÇÎ&ÂÔ ÃÍÎÊÌÑÉÓÃÍÇÄÓÑÍÎ ÓÂÈÔÌÕÄÓÊÙ

ÍÔ Î#ÅÅÌÅÖ$ÍÕÕÂÈÍÖ%ÅÌÊÍÕÕÓÔÈ�

ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ

!ÓÄ"ÎÏÌÑÉÓÃÂÄÓÌÔÖÒÄÂÄÀÕ�

ÉÂÊËÂÈÍÎÏÌ ÍÖ’ÍÔÍÅÂÄÓÌÔÎÓÕ

ÎÎÎÇÇÎ(ÉÍÅÂÄÓÌÔÕÎ�ÌÅÎÊÌ ÍÎÈÍÔÍÅÂÄÓÌÔÙ

ÍÔ ÎÏÌ ÍÖ’ÍÔÍÅÂÄÓÌÔ�

ÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇÇ

rationale

SÍÃÇÜÔÒÕËÏÇÎÉÒÊÙËÉÃÇÔÃÖÑËÎÜÌÍÈËÏÖÜËŸÊËÙÌ��ÌÏÎÒÍËÍÇËÙÊŸÎÔËÖÜÙËÓÊÃÕËÙÌ��ÌÏÎÒÍËÍÇËÑÖÌÜÍÖÌÜŠËBÕËÉÃÇÍÊÏÍÌÜÔ

ÈÛÖÃÊÙËÙÖÍÖËŽÌÍÛËÖÏÏÊÈÈË�ÎÜÏÍÌÇÜÈ(ËÍÛÊËÏÇÎÉÒÌÜÔËÌÈËÒÊÈÈÊÜÊÙŠËÚÛÌÈËÉÃÊÓÊÜÍÈËÙÊÉÊÜÙÊÜÏÊËÇÜËÍÛÊËÙÖÍÖ

ÈÍÃÎÏÍÎÃÊËÖÜÙËÖÏÏÊÈÈËÍÇËÍÛÊËÙÖÍÖËÏÖÜËŸÊËÏÇÜÍÃÇÒÒÊÙŠ

note

ÚÛÊËÑÇÈÍËÉÃÊÓÖÒÊÜÍËÇŸ*ÊÏÍÌÇÜËÍÇËÍÛÌÈËÔÎÌÙÊÒÌÜÊËÎÈÎÖÒÒÕËÌÜÓÇÒÓÊÈËÉÊÃ�ÇÃÑÖÜÏÊËÉÊÜÖÒÍÌÊÈŠËË&ÛÊÜËÖËÓÖÃÌÖŸÒÊ

ÌÈËÑÇÓÊÙËÍÇËÍÛÊËÉÖÏ"ÖÔÊËŸÇÙÕ(ËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÖÏÏÊÈÈËÍÛÊËÓÖÃÌÖŸÒÊËÑÎÈÍËŸÊËÉÃÇÓÌÙÊÙËÖÜÙËÍÛÊËÇÓÊÃÛÊÖÙ

ÌÜÓÇÒÓÊÙËÙÎÃÌÜÔËÊÖÏÛËÏÖÒÒËÍÇËÍÛÇÈÊËÈÎŸÉÃÇÔÃÖÑÈËÌÈËÌÜÍÃÇÙÎÏÊÙŠËËSÊÊËGÎÌÙÊÒÌÜÊË9ŠÀŠÀË�ÇÃËÖËÙÌÈÏÎÈÈÌÇÜ

ÖŸÇÎÍËÈÎŸÉÃÇÔÃÖÑËÇÓÊÃÛÊÖÙŠ

4.1.7 Tasks

guideline

S ,ÈÊËÍÖÈ"ÈËÍÇËÑÇÙÊÒËÖŸÈÍÃÖÏÍ(ËÖÈÕÜÏÛÃÇÜÇÎÈËÊÜÍÌÍÌÊÈËŽÌÍÛÌÜËÍÛÊËÉÃÇŸÒÊÑËÙÇÑÖÌÜŠ

S ,ÈÊË ÍÖÈ"ÈË ÍÇË ÏÇÜÍÃÇÒË ÇÃË ÈÕÜÏÛÃÇÜÌ-ÊË ÖÏÏÊÈÈË ÍÇË ÍÖÈ"ÈË ÇÃË ÇÍÛÊÃË ÖÈÕÜÏÛÃÇÜÇÎÈË ÊÜÍÌÍÌÊÈË �ÊŠÔŠ(

ÖÈÕÜÏÛÃÇÜÇÎÈË$/O(ËÉÊÃÌÉÛÊÃÖÒËÙÊÓÌÏÊÈ(ËÌÜÍÊÃÃÎÉÍÈ Š

S ,ÈÊËÍÖÈ"ÈËÍÇËÙÊ�ÌÜÊËÏÇÜÏÎÃÃÊÜÍËÖÒÔÇÃÌÍÛÑÈË�ÇÃËÑÎÒÍÌÉÃÇÏÊÈÈÇÃËÖÃÏÛÌÍÊÏÍÎÃÊÈŠ

S ,ÈÊËÍÖÈ"ÈËÍÇËÉÊÃ�ÇÃÑËÏÇÜÏÎÃÃÊÜÍ(ËÏÕÏÒÌÏ(ËÇÃËÉÃÌÇÃÌÍÌ-ÊÙËÖÏÍÌÓÌÍÌÊÈË�N!S!ËÀ987 Š



Ä6ËË!ÙÖËQ,!L$ÚYË!NDËSÚYLE

rationale

ÚÛÊËÃÖÍÌÇÜÖÒÊË�ÇÃËÍÛÌÈËÔÎÌÙÊÒÌÜÊËÌÈËÔÌÓÊÜËÎÜÙÊÃËGÎÌÙÊÒÌÜÊË6ŠÀŠÀŠË�ÛÖÉÍÊÃË6ËÙÌÈÏÎÈÈÊÈËÍÖÈ"ÌÜÔËÌÜËÑÇÃÊ

ÙÊÍÖÌÒŠ

4.2 VISIBILITY

!ÙÖ’ÈËÖŸÌÒÌÍÕËÍÇËÊÜ�ÇÃÏÊËÌÜ�ÇÃÑÖÍÌÇÜËÛÌÙÌÜÔËÖÜÙËÈÊÉÖÃÖÍÌÇÜËÇ�ËÏÇÜÏÊÃÜÈËÍÛÃÇÎÔÛËÌÍÈËÓÌÈÌŸÌÒÌÍÕËÏÇÜÍÃÇÒÒÌÜÔ

�ÊÖÍÎÃÊÈËÌÈËÇÜÊËÇ�ËÍÛÊËÑÇÈÍËÌÑÉÇÃÍÖÜÍËÖÙÓÖÜÍÖÔÊÈËÇ�ËÍÛÊËÒÖÜÔÎÖÔÊ(ËÉÖÃÍÌÏÎÒÖÃÒÕËŽÛÊÜË“ÉÌÊÏÊÈËÇ�ËÖËÒÖÃÔÊËÈÕÈÍÊÑ

ÖÃÊËŸÊÌÜÔËÙÊÓÊÒÇÉÊÙËÈÊÉÖÃÖÍÊÒÕŠ"ËSÎŸÓÊÃÍÌÜÔËÍÛÊÈÊË�ÊÖÍÎÃÊÈ(Ë�ÇÃËÊ%ÖÑÉÒÊËŸÕËÊ%ÏÊÈÈÌÓÊËÃÊÒÌÖÜÏÊËÇÜËÍÛÊËÎÈÊ

ÏÒÖÎÈÊ(ËÌÈËŽÖÈÍÊ�ÎÒËÖÜÙËÙÖÜÔÊÃÇÎÈŠËSÊÊËÖÒÈÇËGÎÌÙÊÒÌÜÊË5Š7Š

4.2.1 Minimization of Interfaces

guideline

SË ÅÎÍËÇÜÒÕËŽÛÖÍËÌÈËÜÊÊÙÊÙË�ÇÃËÍÛÊËÎÈÊËÇ�ËÖËÉÖÏ"ÖÔÊËÌÜÍÇËÌÍÈËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠ

SË +ÌÜÌÑÌ-ÊËÍÛÊËÜÎÑŸÊÃËÇ�ËÙÊÏÒÖÃÖÍÌÇÜÈËÌÜËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈŠ

SË DÇËÜÇÍËÌÜÏÒÎÙÊËÊ%ÍÃÖËÇÉÊÃÖÍÌÇÜÈËÈÌÑÉÒÕËŸÊÏÖÎÈÊËÍÛÊÕËÖÃÊËÊÖÈÕËÍÇËŸÎÌÒÙŠ

SË +ÌÜÌÑÌ-ÊËÍÛÊËÏÇÜÍÊ%ÍË�ÁÂÄÀ ËÏÒÖÎÈÊÈËÌÜËÖËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠ

SË #ÊÏÇÜÈÌÙÊÃËÈÎŸÉÃÇÔÃÖÑÈËŽÛÌÏÛËÈÊÊÑËÍÇËÃÊ)ÎÌÃÊËÒÖÃÔÊËÜÎÑŸÊÃÈËÇ�ËÉÖÃÖÑÊÍÊÃÈŠ

SË DÇËÜÇÍËÑÖÜÌÉÎÒÖÍÊËÔÒÇŸÖÒËÙÖÍÖËŽÌÍÛÌÜËÖËÈÎŸÉÃÇÔÃÖÑËÇÃËÉÖÏ"ÖÔÊËÑÊÃÊÒÕËÍÇËÒÌÑÌÍËÍÛÊËÜÎÑŸÊÃËÇ�

ÉÖÃÖÑÊÍÊÃÈŠ

SË !ÓÇÌÙËÎÜÜÊÏÊÈÈÖÃÕËÓÌÈÌŸÌÒÌÍÕ;ËÛÌÙÊËÍÛÊËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÍÖÌÒÈËÇ�ËÖËÉÃÇÔÃÖÑËÎÜÌÍË�ÃÇÑËÌÍÈËÎÈÊÃÈŠ

example

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

ÃÇÉÊÇËÈÍÎÈÏÈÃÀÌÑÈÓÔÌÌÊÍÂÖ

ÍÍÍÄÒÃÈÍÕÂÖÄÂÑËÍÂÖÍÏÂŠÂÄÈÚÍÃÛÂÜÇÄÈÙ

ÍÍÍÃÛÌÉÈÚŸÛÈÍŽÈÄÓ�ÇŠÈÍ��ÈÁÓ�ÇŠÈÍ�ÍÂÑÍÍÍÍÍŽÄÛÂÑËÙ

ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ�ŸÛÛÈÑÄÍÍ�ÍÂÑÍÌŸÄÍÕÂÖÄÂÑË Ù

ÍÍÍÃÛÌÉÈÚŸÛÈÍ!ÑÖÈÛÄÍ�#ÚÚÂÄÂÌÑÇÏÍ�ÍÂÑÍÍÍÍÍÕÂÖÄÂÑË Ù

ÍÍÍÃÛÌÉÈÚŸÛÈÍ$ÈÏÈÄÈÍ�%&ÖÌÏÈÄÈÍÍÍ�ÍÂÑÍÍÍÍÍÕÂÖÄÂÑË Ù

ÃÛÂÜÇÄÈ

ÍÍÍÄÒÃÈÍ!Ñ(ÌÛŠÇÄÂÌÑÙ

ÍÍÍÄÒÃÈÍÕÂÖÄÂÑËÍÂÖÍÇÉÉÈÖÖÍ!Ñ(ÌÛŠÇÄÂÌÑÙ

ÈÑÚÍÎÈÏÈÃÀÌÑÈÓÔÌÌÊÙ

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

ÃÇÉÊÇËÈÍ&ÌÚÒÍÎÈÏÈÃÀÌÑÈÓÔÌÌÊÍÂÖ

ÍÍÍÅÅÍ)ŸÏÏÍÚÈÄÇÂÏÖÍÌ(ÍÛÈÉÌÛÚÍ(ÌÛÍÇÍÏÂÖÄÂÑË

ÍÍÍÄÒÃÈÍ!Ñ(ÌÛŠÇÄÂÌÑÍÂÖ

ÍÍÍÍÍÍÛÈÉÌÛÚ

ÍÍÍÍÍÍÍÍÍ***

ÍÍÍÍÍÍÍÍÍ�È+ÄÍ�ÍÕÂÖÄÂÑËÙ

ÍÍÍÍÍÍÈÑÚÍÛÈÉÌÛÚÙ

ÍÍÍ)ÂÛÖÄÍ�ÍÕÂÖÄÂÑËÙ

ÍÍÍÃÛÌÉÈÚŸÛÈÍŽÈÄÓ�ÇŠÈÍ��ÈÁÓ�ÇŠÈÍÍ�ÍÂÑÍÍÍÍÍŽÄÛÂÑËÙ

ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ�ŸÛÛÈÑÄÍÍÍ�ÍÂÑÍÌŸÄÍÕÂÖÄÂÑË ÍÂÖÍÖÈÃÇÛÇÄÈÙ

ÍÍÍÃÛÌÉÈÚŸÛÈÍ!ÑÖÈÛÄÍÍ�#ÚÚÂÄÂÌÑÇÏÍ�ÍÂÑÍÍÍÍÍÕÂÖÄÂÑË ÍÂÖÍÖÈÃÇÛÇÄÈÙ

ÍÍÍÃÛÌÉÈÚŸÛÈÍ$ÈÏÈÄÈÍÍ�%&ÖÌÏÈÄÈÍÍÍ�ÍÂÑÍÍÍÍÍÕÂÖÄÂÑË ÍÂÖÍÖÈÃÇÛÇÄÈÙ

ÈÑÚÍÎÈÏÈÃÀÌÑÈÓÔÌÌÊÙ

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ



Å#OG#!+ËSÚ#,�Ú,#EËËÄ7

rationale

FÇÃËÊÖÏÛËÊÜÍÌÍÕËÌÜËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜ(ËÔÌÓÊËÏÖÃÊ�ÎÒËÏÇÜÈÌÙÊÃÖÍÌÇÜËÍÇËŽÛÊÍÛÊÃËÌÍËÏÇÎÒÙËŸÊËÑÇÓÊÙËÍÇËÍÛÊËŸÇÙÕŠ

ÚÛÊË�ÊŽÊÃËÍÛÊËÊ%ÍÃÖÜÊÇÎÈËÙÊÍÖÌÒÈ(ËÍÛÊËÑÇÃÊËÎÜÙÊÃÈÍÖÜÙÖŸÒÊËÍÛÊËÉÃÇÔÃÖÑ(ËÉÖÏ"ÖÔÊ(ËÇÃËÈÎŸÉÃÇÔÃÖÑŠË$ÍËÌÈ

ÌÑÉÇÃÍÖÜÍËÍÇËÑÖÌÜÍÖÌÜÊÃÈËÍÇË"ÜÇŽËÊ%ÖÏÍÒÕËŽÛÖÍËÖËÉÖÏ"ÖÔÊËÌÜÍÊÃ�ÖÏÊËÌÈËÈÇËÍÛÖÍËÍÛÊÕËÏÖÜËÎÜÙÊÃÈÍÖÜÙËÍÛÊ

Ê��ÊÏÍÈËÇ�ËÏÛÖÜÔÊÈŠË$ÜÍÊÃ�ÖÏÊÈËÍÇËÖËÈÎŸÉÃÇÔÃÖÑËÊ%ÍÊÜÙËŸÊÕÇÜÙËÍÛÊËÉÖÃÖÑÊÍÊÃÈŠË!ÜÕËÑÇÙÌ�ÌÏÖÍÌÇÜËÇ�

ÔÒÇŸÖÒËÙÖÍÖË�ÃÇÑËŽÌÍÛÌÜËÖËÉÖÏ"ÖÔÊËÇÃËÈÎŸÉÃÇÔÃÖÑËÌÈËÖÜËÎÜÙÇÏÎÑÊÜÍÊÙËÌÜÍÊÃ�ÖÏÊËÍÇËÍÛÊË“ÇÎÍÈÌÙÊ"ËÖÈËŽÊÒÒŠË

ÅÎÈÛÌÜÔËÖÈËÑÖÜÕËÖÈËÉÇÈÈÌŸÒÊËÇ�ËÍÛÊËÏÇÜÍÊ%ÍËÙÊÉÊÜÙÊÜÏÌÊÈËÌÜÍÇËÍÛÊËŸÇÙÕËÑÖ"ÊÈËÍÛÊËÃÊÖÙÊÃ’ÈË*ÇŸËÊÖÈÌÊÃ(

ÒÇÏÖÒÌ-ÊÈËÍÛÊËÃÊÏÇÑÉÌÒÖÍÌÇÜËÃÊ)ÎÌÃÊÙËŽÛÊÜËÒÌŸÃÖÃÕËÎÜÌÍÈËÏÛÖÜÔÊ(ËÖÜÙËÛÊÒÉÈËÉÃÊÓÊÜÍËÖËÃÌÉÉÒÊËÊ��ÊÏÍËÙÎÃÌÜÔ

ÑÇÙÌ�ÌÏÖÍÌÇÜÈŠËSÊÊËÖÒÈÇËGÎÌÙÊÒÌÜÊËÄŠ2Š�Š

SÎŸÉÃÇÔÃÖÑÈËŽÌÍÛËÒÖÃÔÊËÜÎÑŸÊÃÈËÇ�ËÉÖÃÖÑÊÍÊÃÈËÇ�ÍÊÜËÌÜÙÌÏÖÍÊËÉÇÇÃËÙÊÈÌÔÜËÙÊÏÌÈÌÇÜÈË�ÊŠÔŠ(ËÍÛÊË�ÎÜÏÍÌÇÜÖÒ

ŸÇÎÜÙÖÃÌÊÈËÇ�ËÍÛÊËÈÎŸÉÃÇÔÃÖÑËÖÃÊËÌÜÖÉÉÃÇÉÃÌÖÍÊ(ËÇÃËÉÖÃÖÑÊÍÊÃÈËÖÃÊËÈÍÃÎÏÍÎÃÊÙËÉÇÇÃÒÕ ŠË�ÇÜÓÊÃÈÊÒÕ(

ÈÎŸÉÃÇÔÃÖÑÈËŽÌÍÛËÜÇËÉÖÃÖÑÊÍÊÃÈËÖÃÊËÒÌ"ÊÒÕËÍÇËŸÊËÖÏÏÊÈÈÌÜÔËÔÒÇŸÖÒËÙÖÍÖŠ

OŸ*ÊÏÍÈËÓÌÈÌŸÒÊËŽÌÍÛÌÜËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÏÖÜËŸÊËÑÇÙÌ�ÌÊÙËŸÕËÖÜÕËÎÜÌÍËÍÛÖÍËÛÖÈËÓÌÈÌŸÌÒÌÍÕËÍÇËÍÛÊÑŠËÚÛÊ

ÇŸ*ÊÏÍËÏÖÜÜÇÍËŸÊËÉÃÇÍÊÏÍÊÙËÇÃËÃÊÉÃÊÈÊÜÍÊÙËÖŸÈÍÃÖÏÍÒÕËŸÕËÌÍÈËÊÜÏÒÇÈÌÜÔËÉÖÏ"ÖÔÊŠËOŸ*ÊÏÍÈËŽÛÌÏÛËÑÎÈÍ

ÉÊÃÈÌÈÍËÈÛÇÎÒÙËŸÊËÙÊÏÒÖÃÊÙËÌÜËÉÖÏ"ÖÔÊËŸÇÙÌÊÈŠËOŸ*ÊÏÍÈËŽÛÇÈÊËÓÖÒÎÊËÙÊÉÊÜÙÈËÇÜËÉÃÇÔÃÖÑËÎÜÌÍÈËÊ%ÍÊÃÜÖÒËÍÇ

ÍÛÊÌÃËÊÜÏÒÇÈÌÜÔËÉÖÏ"ÖÔÊËÖÃÊËÉÃÇŸÖŸÒÕËÊÌÍÛÊÃËÌÜËÍÛÊËŽÃÇÜÔËÉÖÏ"ÖÔÊËÇÃËÖÃÊËŸÊÍÍÊÃËÖÏÏÊÈÈÊÙËŸÕËÖËÈÎŸÉÃÇÔÃÖÑ

ÈÉÊÏÌ�ÌÊÙËÌÜËÍÛÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠ

note

ÚÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÇ�ËÈÇÑÊËÉÖÏ"ÖÔÊÈ(ËÈÎÏÛËÖÈË!ÙÖËŸÌÜÙÌÜÔÈËÍÇËÊ%ÌÈÍÌÜÔËÈÎŸÃÇÎÍÌÜÊËÒÌŸÃÖÃÌÊÈ(ËÏÖÜÜÇÍËÊÖÈÌÒÕ

ŸÊËÃÊÙÎÏÊÙËÌÜËÈÌ-ÊŠË$ÜËÈÎÏÛËÏÖÈÊÈ(ËÌÍËÑÖÕËŸÊËŸÊÜÊ�ÌÏÌÖÒËÍÇËŸÃÊÖ"ËÍÛÊÈÊËÎÉËÌÜÍÇËÈÑÖÒÒÊÃËÉÖÏ"ÖÔÊÈ(ËÔÃÇÎÉÌÜÔ

ÖÏÏÇÃÙÌÜÔËÍÇËÏÖÍÊÔÇÃÕË�ÊŠÔŠ(ËÍÃÌÔÇÜÇÑÊÍÃÌÏË�ÎÜÏÍÌÇÜÈ Š

4.2.2 Nested Packages

guideline

S NÊÈÍËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËŽÌÍÛÌÜËÖÜÇÍÛÊÃËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇÜÒÕË�ÇÃËÔÃÇÎÉÌÜÔËÇÉÊÃÖÍÌÇÜÈ(

ÛÌÙÌÜÔËÏÇÑÑÇÜËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÍÖÌÒÈ(ËÇÃËÉÃÊÈÊÜÍÌÜÔËÙÌ��ÊÃÊÜÍËÓÌÊŽÈËÇ�ËÍÛÊËÈÖÑÊËÖŸÈÍÃÖÏÍÌÇÜŠ

example

�ÛÖÉÍÊÃËÀÄËÇ�ËÍÛÊË!ÙÖËLÖÜÔÎÖÔÊË#Ê�ÊÃÊÜÏÊË+ÖÜÎÖÒËËÔÌÓÊÈËÖÜËÊ%ÖÑÉÒÊËÇ�ËÙÊÈÌÃÖŸÒÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜ

ÜÊÈÍÌÜÔŠËÚÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÇ�ËÔÊÜÊÃÌÏËÉÖÏ"ÖÔÊÈËÁÂÄÀÅÀÃÇÁÉÊËÈÍÎÏÄÇÁÉÊËÈÌÑÀÓÇÁÉÊËÖÜÙËÔÂÖÒÀÃÏÄÌÎÂÇÁÉ

ÖÃÊËÜÊÈÍÊÙËŽÌÍÛÌÜËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇ�ËÉÖÏ"ÖÔÊËÕÀÑÄÇÁÉŠËEÖÏÛËÇ�ËÍÛÊÑËÌÈËÖËÔÊÜÊÃÌÏ(ËÔÃÇÎÉÌÜÔËÏÒÇÈÊÒÕ

ÃÊÒÖÍÊÙËÇÉÊÃÖÍÌÇÜÈËÖÜÙËÜÊÊÙÌÜÔËÍÇËÎÈÊËÛÌÙÙÊÜËÙÊÍÖÌÒÈËÇ�ËÍÛÊËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÇ�ËÕÀÑÄÇÁÉŠ

rationale

GÃÇÎÉÌÜÔË ÉÖÏ"ÖÔÊË ÈÉÊÏÌ�ÌÏÖÍÌÇÜÈË ÌÜÍÇË ÖÜË ÊÜÏÇÑÉÖÈÈÌÜÔË ÉÖÏ"ÖÔÊË ÊÑÉÛÖÈÌ-ÊÈË ÖË ÃÊÒÖÍÌÇÜÈÛÌÉË Ç�

ÏÇÑÑÇÜÖÒÌÍÕËÖÑÇÜÔËÍÛÇÈÊËÉÖÏ"ÖÔÊÈŠË$ÍËÖÒÈÇËÖÒÒÇŽÈËÍÛÊÑËÍÇËÈÛÖÃÊËÏÇÑÑÇÜËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÍÖÌÒÈ

ÃÊÈÎÒÍÌÜÔË�ÃÇÑËÍÛÊËÃÊÒÖÍÌÇÜÈÛÌÉŠ

!ÜËÖŸÈÍÃÖÏÍÌÇÜËÇÏÏÖÈÌÇÜÖÒÒÕËÜÊÊÙÈËÍÇËÉÃÊÈÊÜÍËÙÌ��ÊÃÊÜÍËÓÌÊŽÈËÍÇËÙÌ��ÊÃÊÜÍËÏÒÖÈÈÊÈËÇ�ËÎÈÊÃÈŠËBÎÌÒÙÌÜÔËÇÜÊ

ÓÌÊŽËÎÉÇÜËÖÜÇÍÛÊÃËÖÈËÖÜËÖÙÙÌÍÌÇÜÖÒËÖŸÈÍÃÖÏÍÌÇÜËÙÇÊÈËÜÇÍËÖÒŽÖÕÈËÈÎ��ÌÏÊ(ËŸÊÏÖÎÈÊËÍÛÊË�ÎÜÏÍÌÇÜÖÒÌÍÕËÇ�ËÍÛÊ

ÇÉÊÃÖÍÌÇÜÈËÉÃÊÈÊÜÍÊÙËŸÕËÍÛÊËÓÌÊŽÈËÑÖÕËŸÊËÇÜÒÕËÉÖÃÍÌÖÒÒÕËÙÌÈ*ÇÌÜÍŠËNÊÈÍÌÜÔËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËÔÃÇÎÉÈËÍÛÊ

�ÖÏÌÒÌÍÌÊÈËÇ�ËÍÛÊËÓÖÃÌÇÎÈËÓÌÊŽÈ(ËÕÊÍËÖÈÈÇÏÌÖÍÊÈËÍÛÊÑËŽÌÍÛËÍÛÊËÖŸÈÍÃÖÏÍÌÇÜËÍÛÊÕËÉÃÊÈÊÜÍŠË!ŸÎÈÌÓÊËÑÌ%ÌÜÔËÇ�

ÍÛÊËÓÌÊŽÈËŸÕËÖÜÇÍÛÊÃËÎÜÌÍËŽÇÎÒÙËŸÊËÊÖÈÕËÍÇËÙÊÍÊÏÍËÙÎÊËÍÇËÍÛÊËÑÎÒÍÌÉÒÊËÎÈÊËÏÒÖÎÈÊÈËÇÃËÖÜËÌÜÏÇÜÔÃÎÇÎÈËÑÌ%

Ç�Ë)ÎÖÒÌ�ÌÊÙËÜÖÑÊÈŠ

4.2.3 Restricting Visibility

guideline

S #ÊÈÍÃÌÏÍËÍÛÊËÓÌÈÌŸÌÒÌÍÕËÇ�ËÉÃÇÔÃÖÑËÎÜÌÍÈËÖÈËÑÎÏÛËÖÈËÉÇÈÈÌŸÒÊËŸÕËÜÊÈÍÌÜÔËÍÛÊÑËÌÜÈÌÙÊËÇÍÛÊÃËÉÃÇÔÃÖÑËÎÜÌÍÈ

ÖÜÙËÛÌÙÌÜÔËÍÛÊÑËÌÜÈÌÙÊËÉÖÏ"ÖÔÊËŸÇÙÌÊÈË�NÌÈÈÊÜËÖÜÙË&ÖÒÒÌÈËÀ98Ä ŠË

S +ÌÜÌÑÌ-ÊËÍÛÊËÈÏÇÉÊËŽÌÍÛÌÜËŽÛÌÏÛËŠÌÄÚËÏÒÖÎÈÊÈËÖÉÉÒÕŠË

S OÜÒÕËŠÌÄÚËÍÛÇÈÊËÎÜÌÍÈËÙÌÃÊÏÍÒÕËÜÊÊÙÊÙŠ
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example

ÚÛÌÈËÉÃÇÔÃÖÑËÌÈËÖËÏÇÑÉÌÒÊÃŠË!ÏÏÊÈÈËÍÇËÍÛÊËÉÃÌÜÍÌÜÔË�ÖÏÌÒÌÍÌÊÈËÇ�ËText_IOËÌÈËÃÊÈÍÃÌÏÍÊÙËÍÇËÍÛÊËÈÇ�ÍŽÖÃÊ

ÌÜÓÇÒÓÊÙËÌÜËÉÃÇÙÎÏÌÜÔËÍÛÊËÈÇÎÃÏÊËÏÇÙÊËÒÌÈÍÌÜÔŠ

-------------------------------------------------------------------------

procedure Compiler is

   ----------------------------------------------------------------------

   package Listing_Facilities is

      procedure New_Page_Of_Listing;

      procedure New_Line_Of_Print;

      ...

   end Listing_Facilities;

   ----------------------------------------------------------------------

   package body Listing_Facilities is separate;

begin  -- Compiler

   ...

end Compiler;

-------------------------------------------------------------------------

with Text_IO;

separate (Compiler)

package body Listing_Facilities is

   ----------------------------------------------------------------------

   procedure New_Page_Of_Listing is

   begin

      ...

   end New_Page_Of_Listing;

   ----------------------------------------------------------------------

   procedure New_Line_Of_Print is

   begin

      ...

   end New_Line_Of_Print;

   ...

end Listing_Facilities;

-------------------------------------------------------------------------

rationale

#ÊÈÍÃÌÏÍÌÜÔËÓÌÈÌŸÌÒÌÍÕËÇ�ËÖËÉÃÇÔÃÖÑËÎÜÌÍËÊÜÈÎÃÊÈËÍÛÖÍËÍÛÊËÉÃÇÔÃÖÑËÎÜÌÍËÌÈËÜÇÍËÏÖÒÒÊÙË�ÃÇÑËÈÇÑÊËÇÍÛÊÃËÉÖÃÍËÇ�

ÍÛÊËÈÕÈÍÊÑËÍÛÖÜËÍÛÖÍËŽÛÌÏÛËŽÖÈËÌÜÍÊÜÙÊÙŠËÚÛÌÈËÌÈËÙÇÜÊËŸÕËÜÊÈÍÌÜÔËÌÍËÌÜÈÌÙÊËÇ�ËÍÛÊËÇÜÒÕËÎÜÌÍËŽÛÌÏÛËÎÈÊÈËÌÍ(

ÇÃËŸÕËÛÌÙÌÜÔËÌÍËÌÜÈÌÙÊËÇ�ËÖËÉÖÏ"ÖÔÊËŸÇÙÕËÃÖÍÛÊÃËÍÛÖÜËÙÊÏÒÖÃÌÜÔËÌÍËÌÜËÍÛÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠËÚÛÌÈËÖÓÇÌÙÈ

ÊÃÃÇÃÈËÖÜÙËÊÖÈÊÈËÍÛÊË*ÇŸËÇ�ËÑÖÌÜÍÖÌÜÊÃÈËŸÕËÔÎÖÃÖÜÍÊÊÌÜÔËÍÛÖÍËÖËÒÇÏÖÒËÏÛÖÜÔÊËÌÜËÍÛÖÍËÎÜÌÍËŽÌÒÒËÜÇÍËÛÖÓÊËÖÜ

ÎÜ�ÇÃÊÈÊÊÜËÔÒÇŸÖÒËÊ��ÊÏÍŠ

#ÊÈÍÃÌÏÍÌÜÔËÓÌÈÌŸÌÒÌÍÕËÇ�ËÖËÒÌŸÃÖÃÕËÎÜÌÍ(ËŸÕËÎÈÌÜÔËwithËÏÒÖÎÈÊÈËÇÜËÈÎŸÎÜÌÍÈËÃÖÍÛÊÃËÍÛÖÜËÇÜËÍÛÊËÊÜÍÌÃÊËÉÖÃÊÜÍ

ÎÜÌÍ(ËÌÈËÎÈÊ�ÎÒËÌÜËÍÛÊËÈÖÑÊËŽÖÕŠË$ÜËÍÛÊËÊ%ÖÑÉÒÊËÖŸÇÓÊ(ËÌÍËÌÈËÏÒÊÖÃËÍÛÖÍËÍÛÊËÉÖÏ"ÖÔÊËText_IOËÌÈËÎÈÊÙËÇÜÒÕËŸÕ

ÍÛÊËListing_FacilitiesËÉÖÏ"ÖÔÊËÇ�ËÍÛÊËÏÇÑÉÌÒÊÃŠ

note

OÜÊËŽÖÕËÍÇËÑÌÜÌÑÌ-ÊËÍÛÊËÏÇÓÊÃÖÔÊËÇ�ËÖ withËÏÒÖÎÈÊËÌÈËÍÇËÎÈÊËÌÍËÇÜÒÕËŽÌÍÛËÈÎŸÎÜÌÍÈËÍÛÖÍËÃÊÖÒÒÕËÜÊÊÙËÌÍŠ

�ÇÜÈÌÙÊÃËÑÖ"ÌÜÔËÍÛÇÈÊËÈÎŸÎÜÌÍÈËÈÊÉÖÃÖÍÊËÏÇÑÉÌÒÖÍÌÇÜËÎÜÌÍÈËŽÛÊÜËÍÛÊËÜÊÊÙË�ÇÃËÓÌÈÌŸÌÒÌÍÕËÍÇËÖËÒÌŸÃÖÃÕËÎÜÌÍËÌÈ

ÃÊÈÍÃÌÏÍÊÙËÍÇËÖËÈÎŸÉÃÇÔÃÖÑËÇÃËÍŽÇŠ

4.2.4 Hiding Tasks

guideline

Á �ÖÃÊ�ÎÒÒÕËÏÇÜÈÌÙÊÃËÊÜÏÖÉÈÎÒÖÍÌÇÜËÇ�ËÍÖÈ"ÈŠ
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example

-------------------------------------------------------------------------

package Disk_Head_Scheduler is

   type Words        is ...

   type Track_Number is ...

   procedure Transmit (Track : in     Track_Number;

                       Data  : in     Words);

   ...

end Disk_Head_Scheduler;

-------------------------------------------------------------------------

package body Disk_Head_Scheduler is

   ...

   task Control is

      entry Sign_In (Track : in     Track_Number);

      ...

   end Control;

   ----------------------------------------------------------------------

   task Track_Manager is

      entry Transfer(Track_Number) (Data : in     Words);

   end Track_Manager;

   ----------------------------------------------------------------------

   ...

   procedure Transmit (Track : in     Track_Number;

                       Data  : in     Words) is

   begin

      Control.Sign_In(Track);

      Track_Manager.Transfer(Track)(Data);

   end Transmit;

   ----------------------------------------------------------------------

   ...

end Disk_Head_Scheduler;

-------------------------------------------------------------------------

rationale

ÚÛÊËÙÊÏÌÈÌÇÜËŽÛÊÍÛÊÃËÍÇËÙÊÏÒÖÃÊËÖËÍÖÈ"ËÌÜËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇÃËŸÇÙÕËÇ�ËÖÜËÊÜÏÒÇÈÌÜÔËÉÖÏ"ÖÔÊËÌÈËÜÇÍËÖ

ÈÌÑÉÒÊËÇÜÊŠËÚÛÊÃÊËÖÃÊËÔÇÇÙËÖÃÔÎÑÊÜÍÈË�ÇÃËŸÇÍÛŠ

HÌÙÌÜÔËÖËÍÖÈ"ËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÌÜËÖËÉÖÏ"ÖÔÊËŸÇÙÕËÖÜÙËÊ%ÉÇÃÍÌÜÔË�ÓÌÖËÈÎŸÉÃÇÔÃÖÑÈ ËÇÜÒÕËÃÊ)ÎÌÃÊÙËÊÜÍÃÌÊÈ

ÃÊÙÎÏÊÈËÍÛÊËÖÑÇÎÜÍËÇ�ËÊ%ÍÃÖÜÊÇÎÈËÌÜ�ÇÃÑÖÍÌÇÜËÌÜËÍÛÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠË$ÍËÖÒÒÇŽÈËÕÇÎÃËÈÎŸÉÃÇÔÃÖÑÈ

ÍÇËÊÜ�ÇÃÏÊËÖÜÕËÇÃÙÊÃËÇ�ËÊÜÍÃÕËÏÖÒÒÈËÜÊÏÊÈÈÖÃÕËÍÇËÍÛÊËÉÃÇÉÊÃËÇÉÊÃÖÍÌÇÜËÇ�ËÍÛÊËÍÖÈ"ÈŠË$ÍËÖÒÈÇËÖÒÒÇŽÈËÕÇÎËÍÇ

ÌÑÉÇÈÊËÙÊ�ÊÜÈÌÓÊËÍÖÈ"ËÏÇÑÑÎÜÌÏÖÍÌÇÜËÉÃÖÏÍÌÏÊÈË�ÈÊÊËGÎÌÙÊÒÌÜÊË6Š2Š2 ËÖÜÙËÉÃÇÉÊÃËÎÈÊËÇ�ËÏÇÜÙÌÍÌÇÜÖÒËÖÜÙ

ÍÌÑÊÙËÊÜÍÃÕËÏÖÒÒÈŠËFÌÜÖÒÒÕ(ËÌÍËÖÒÒÇŽÈËÍÛÊËÔÃÇÎÉÌÜÔËÇ�ËÊÜÍÃÌÊÈËÌÜÍÇËÈÊÍÈË�ÇÃËÊ%ÉÇÃÍËÍÇËÙÌ��ÊÃÊÜÍËÏÒÖÈÈÊÈËÇ�ËÎÈÊÃÈ

�ÊŠÔŠ(ËÉÃÇÙÎÏÊÃÈËÓÊÃÈÎÈËÏÇÜÈÎÑÊÃÈ (ËÇÃËÍÛÊËÏÇÜÏÊÖÒÑÊÜÍËÇ�ËÊÜÍÃÌÊÈËÍÛÖÍËÈÛÇÎÒÙËÜÇÍËŸÊËÑÖÙÊËÉÎŸÒÌÏËÖÍËÖÒÒ

�ÊŠÔŠ(ËÌÜÌÍÌÖÒÌ-ÖÍÌÇÜ(ËÏÇÑÉÒÊÍÌÇÜ(ËÈÌÔÜÖÒÈ ŠË&ÛÊÃÊËÉÊÃ�ÇÃÑÖÜÏÊËÌÈËÖÜËÌÈÈÎÊËÖÜÙËÍÛÊÃÊËÖÃÊËÜÇËÇÃÙÊÃÌÜÔËÃÎÒÊÈ

ÍÇËÊÜ�ÇÃÏÊ(ËÍÛÊËÊÜÍÃÌÊÈËÏÖÜËŸÊËÃÊÜÖÑÊÙËÖÈËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÖÓÇÌÙËÍÛÊËÇÓÊÃÛÊÖÙËÇ�ËÖÜËÊ%ÍÃÖËÉÃÇÏÊÙÎÃÊËÏÖÒÒŠ

!ÜËÖÃÔÎÑÊÜÍËŽÛÌÏÛËÏÖÜËŸÊËÓÌÊŽÊÙËÖÈËÖÜËÖÙÓÖÜÍÖÔÊËÇÃËÙÌÈÖÙÓÖÜÍÖÔÊËÌÈËÍÛÖÍËÛÌÙÌÜÔËÍÛÊËÍÖÈ"ËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÌÜ

ÖËÉÖÏ"ÖÔÊËŸÇÙÕËÛÌÙÊÈËÍÛÊË�ÖÏÍËÇ�ËÖËÍÖÈ"ÌÜÔËÌÑÉÒÊÑÊÜÍÖÍÌÇÜË�ÃÇÑËÍÛÊËÎÈÊÃŠË$�ËÍÛÊËÖÉÉÒÌÏÖÍÌÇÜËÌÈËÈÎÏÛËÍÛÖÍËÖ

ÏÛÖÜÔÊËÍÇËÇÃË�ÃÇÑËÖËÍÖÈ"ÌÜÔËÌÑÉÒÊÑÊÜÍÖÍÌÇÜ(ËÇÃËÖËÃÊÇÃÔÖÜÌ-ÖÍÌÇÜËÇ�ËÈÊÃÓÌÏÊÈËÖÑÇÜÔËÍÖÈ"È(ËÜÊÊÙËÜÇÍ

ÏÇÜÏÊÃÜËÎÈÊÃÈËÇ�ËÍÛÊËÉÖÏ"ÖÔÊËÍÛÊÜËÍÛÌÈËÌÈËÖÜËÖÙÓÖÜÍÖÔÊŠËHÇŽÊÓÊÃ(ËÌ�ËÍÛÊËÉÖÏ"ÖÔÊËÎÈÊÃËÑÎÈÍË"ÜÇŽËÖŸÇÎÍ

ÍÛÊËÍÖÈ"ÌÜÔËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÍÇËÃÊÖÈÇÜËÖŸÇÎÍËÔÒÇŸÖÒËÍÖÈ"ÌÜÔËŸÊÛÖÓÌÇÃ(ËÍÛÊÜËÌÍËÌÈËŸÊÍÍÊÃËÜÇÍËÍÇËÛÌÙÊËÍÛÊËÍÖÈ"

ÏÇÑÉÒÊÍÊÒÕŠËEÌÍÛÊÃËÑÇÓÊËÌÍËÍÇËÍÛÊËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇÃËÖÙÙËÏÇÑÑÊÜÍÈËÈÍÖÍÌÜÔËÍÛÖÍËÍÛÊÃÊËÌÈËÖËÍÖÈ"ÌÜÔ

ÌÑÉÒÊÑÊÜÍÖÍÌÇÜ(ËÙÊÈÏÃÌŸÌÜÔËŽÛÊÜËÖËÏÖÒÒËÑÖÕËŸÒÇÏ"(ËÊÍÏŠËOÍÛÊÃŽÌÈÊ(ËÌÍËÌÈËÍÛÊËÉÖÏ"ÖÔÊËÌÑÉÒÊÑÊÜÍÇÃ’È

ÃÊÈÉÇÜÈÌŸÌÒÌÍÕËÍÇËÊÜÈÎÃÊËÍÛÖÍËÎÈÊÃÈËÇ�ËÍÛÊËÉÖÏ"ÖÔÊËÙÇËÜÇÍËÛÖÓÊËÍÇËÏÇÜÏÊÃÜËÍÛÊÑÈÊÒÓÊÈËŽÌÍÛËŸÊÛÖÓÌÇÃÈËÈÎÏÛ

ÖÈËÙÊÖÙÒÇÏ"(ËÈÍÖÃÓÖÍÌÇÜ(ËÖÜÙËÃÖÏÊËÏÇÜÙÌÍÌÇÜÈŠ
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FÌÜÖÒÒÕ(Ë"ÊÊÉËÌÜËÑÌÜÙËÍÛÖÍËÛÌÙÌÜÔËÍÖÈ"ÈËŸÊÛÌÜÙËÖËÉÃÇÏÊÙÎÃÖÒËÌÜÍÊÃ�ÖÏÊËÉÃÊÓÊÜÍÈËÍÛÊËÎÈÖÔÊËÇ�ËÏÇÜÙÌÍÌÇÜÖÒ

ÖÜÙËÍÌÑÊÙËÊÜÍÃÕËÏÖÒÒÈËÖÜÙËÊÜÍÃÕË�ÖÑÌÒÌÊÈ(ËÎÜÒÊÈÈËÕÇÎËÖÙÙËÉÖÃÖÑÊÍÊÃÈËÖÜÙËÊ%ÍÃÖËÏÇÙÊËÍÇËÍÛÊËÉÃÇÏÊÙÎÃÊÈËÍÇ

ÑÖ"ÊËÌÍËÉÇÈÈÌŸÒÊË�ÇÃËÏÖÒÒÊÃÈËÍÇËÙÌÃÊÏÍËÍÛÊËÉÃÇÏÊÙÎÃÊÈËÍÇËÎÈÊËÍÛÊÈÊËÏÖÉÖŸÌÒÌÍÌÊÈŠ

4.3 EXCEPTIONS

ÚÛÌÈËÈÊÏÍÌÇÜËÖÙÙÃÊÈÈÊÈËÍÛÊËÌÈÈÎÊËÇ�ËÊ%ÏÊÉÍÌÇÜÈËÌÜËÍÛÊËÏÇÜÍÊ%ÍËÇ�ËÉÃÇÔÃÖÑËÈÍÃÎÏÍÎÃÊÈŠË$ÍËÙÌÈÏÎÈÈÊÈËÛÇŽ

Ê%ÏÊÉÍÌÇÜÈËÈÛÇÎÒÙËŸÊËÎÈÊÙËÖÈËÉÖÃÍËÇ�ËÍÛÊËÌÜÍÊÃ�ÖÏÊËÍÇËÖËÎÜÌÍ(ËÌÜÏÒÎÙÌÜÔËŽÛÖÍËÊ%ÏÊÉÍÌÇÜÈËÍÇËÙÊÏÒÖÃÊËÖÜÙËÃÖÌÈÊ

ÖÜÙËÎÜÙÊÃËŽÛÖÍËÏÇÜÙÌÍÌÇÜÈËÍÇËÃÖÌÈÊËÍÛÊÑŠË$Ü�ÇÃÑÖÍÌÇÜËÇÜËÛÇŽËÍÇËÛÖÜÙÒÊ(ËÉÃÇÉÖÔÖÍÊ(ËÖÜÙËÖÓÇÌÙËÃÖÌÈÌÜÔ

Ê%ÏÊÉÍÌÇÜÈËÌÈË�ÇÎÜÙËÌÜËGÎÌÙÊÒÌÜÊË5Š8ŠËËGÎÌÙÊÒÌÜÊÈËÇÜËÛÇŽËÍÇËÙÊÖÒËŽÌÍÛËÉÇÃÍÖŸÌÒÌÍÕËÌÈÈÎÊÈËÖÃÊËÌÜËGÎÌÙÊÒÌÜÊË7Š5Š

4.3.1 Using Exceptions to Help Define an Abstraction

guideline

S DÊÏÒÖÃÊËÖËÙÌ��ÊÃÊÜÍËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÇÃËÊÖÏÛËÊÃÃÇÃËÍÛÖÍËÍÛÊËÎÈÊÃËÇ�ËÖËÎÜÌÍËÏÖÜËÑÖ"ÊŠ

S DÊÏÒÖÃÊËÖËÙÌ��ÊÃÊÜÍËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÇÃËÊÖÏÛËÎÜÖÓÇÌÙÖŸÒÊËÖÜÙËÎÜÃÊÏÇÓÊÃÖŸÒÊËÌÜÍÊÃÜÖÒËÊÃÃÇÃËŽÛÌÏÛ

ÏÖÜËÇÏÏÎÃËÌÜËÖËÎÜÌÍŠË

S DÇËÜÇÍËŸÇÃÃÇŽËÖÜËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÃÇÑËÖÜÇÍÛÊÃËÏÇÜÍÊ%ÍŠ

S E%ÉÇÃÍË�ÙÊÏÒÖÃÊËÓÌÈÌŸÒÕËÍÇËÍÛÊËÎÈÊÃ ËÍÛÊËÜÖÑÊÈËÇ�ËÖÒÒËÊ%ÏÊÉÍÌÇÜÈËŽÛÌÏÛËÏÖÜËŸÊËÃÖÌÈÊÙŠ

S $ÜËÖËÉÖÏ"ÖÔÊ(ËÙÇÏÎÑÊÜÍËŽÛÌÏÛËÊ%ÏÊÉÍÌÇÜÈËÏÖÜËŸÊËÃÖÌÈÊÙËŸÕËÊÖÏÛËÈÎŸÉÃÇÔÃÖÑËÖÜÙËÍÖÈ"ËÊÜÍÃÕŠ

S DÇËÜÇÍËÃÖÌÈÊËÊ%ÏÊÉÍÌÇÜÈË�ÇÃËÌÜÍÊÃÜÖÒËÊÃÃÇÃÈËŽÛÌÏÛËÏÖÜËŸÊËÖÓÇÌÙÊÙËÇÃËÏÇÃÃÊÏÍÊÙËŽÌÍÛÌÜËÍÛÊËÎÜÌÍŠ

S DÇËÜÇÍËÃÖÌÈÊËÍÛÊËÈÖÑÊËÊ%ÏÊÉÍÌÇÜËÍÇËÃÊÉÇÃÍËÙÌ��ÊÃÊÜÍËÍÕÉÊÈËÇ�ËÊÃÃÇÃÈËŽÛÌÏÛËÖÃÊËÙÌÈÍÌÜÔÎÌÈÛÖŸÒÊËŸÕËÍÛÊ

ÎÈÊÃËÇ�ËÍÛÊËÎÜÌÍŠ

S ÅÃÇÓÌÙÊËÌÜÍÊÃÃÇÔÖÍÌÓÊË�ÎÜÏÍÌÇÜÈËŽÛÌÏÛËÖÒÒÇŽËÍÛÊËÎÈÊÃËÇ�ËÖËÎÜÌÍËÍÇËÖÓÇÌÙËÏÖÎÈÌÜÔËÊ%ÏÊÉÍÌÇÜÈËÍÇËŸÊ

ÃÖÌÈÊÙŠ

S &ÛÊÜËÉÇÈÈÌŸÒÊ(ËÖÓÇÌÙËÏÛÖÜÔÌÜÔËÈÍÖÍÊËÌÜ�ÇÃÑÖÍÌÇÜËÌÜËÖËÎÜÌÍËŸÊ�ÇÃÊËÃÖÌÈÌÜÔËÖÜËÊ%ÏÊÉÍÌÇÜŠ

S �ÖÍÏÛË ÖÜÙË ÏÇÜÓÊÃÍË ÇÃË ÛÖÜÙÒÊË ÖÒÒË ÉÃÊÙÊ�ÌÜÊÙË ÖÜÙË ÏÇÑÉÌÒÊÃ’ÙÊ�ÌÜÊÙË Ê%ÏÊÉÍÌÇÜÈË ÖÍË ÍÛÊË ÊÖÃÒÌÊÈÍ

ÇÉÉÇÃÍÎÜÌÍÕŠ

S DÇËÜÇÍËÊ%ÉÒÌÏÌÍÒÕËÃÖÌÈÊËÉÃÊÙÊ�ÌÜÊÙËÇÃËÌÑÉÒÊÑÊÜÍÖÍÌÇÜ’ÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜÈŠ

S NÊÓÊÃËÒÊÍËÖÜËÊ%ÏÊÉÍÌÇÜËÉÃÇÉÖÔÖÍÊËŸÊÕÇÜÙËÌÍÈËÈÏÇÉÊŠ

example

ÚÛÌÈËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÙÊ�ÌÜÊÈËÖÜËÊ%ÏÊÉÍÌÇÜËŽÛÌÏÛËÊÜÛÖÜÏÊÈËÍÛÊËÖŸÈÍÃÖÏÍÌÇÜ:

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÂÄÀÄÅÃÇ

ÉÉÉÊËÈÄÉÍÎÄÏÄÀÊÉÃÌÉÈÅÃÑÓÊÄÔ

ÈÓÇÖÓÂÄÉÒÊÓÇÖÉÃÌ

ÉÉÉÕŠÀÇÊÃÚÀÉÒÊÓÇÖÛÍÏÈÊËÉÅÄÊŠÅÀÉÜÚÚÎÄÓÀÔ

ÉÉÉÁÁÉÙÓÃÌÄŸÉŽ�ÄÀÉ���ÉÃÌÉŠÌÄŸÉÚÀÉÄÏÈÊËÉÌÊÓÇÖ�

ÉÉÉ ÚÛ!ÓÊÓÛ�ÀÛÒÊÓÇÖÉ"ÉÄ#ÇÄÈÊÃÚÀÔ

ÉÉÉÈÅÚÇÄŸŠÅÄÉ�ÚÈÉÉ$%ÅÚÏÛ&ÚÈÉ"ÉÉÉÉÚŠÊÉÍÎÄÏÄÀÊ’Ô

ÉÉÉÈÅÚÇÄŸŠÅÄÉ�ŠÌ�É$�ÀÊÚÛ&ÚÈÉ"ÉÃÀÉÉÉÉÉÍÎÄÏÄÀÊ’Ô

ÄÀŸÉÒÊÓÇÖÔ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÚÛÌÈËÊ%ÖÑÉÒÊËÈÛÇŽÈËÛÇŽËÍÇËÏÇÜÓÊÃÍËÖËÉÃÊÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜËÍÇËÖËÎÈÊÃ’ÙÊ�ÌÜÊÙËÇÜÊ:

ÉÉÉ���

ÉÉÉÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÉÉÉÈÅÚÇÄŸŠÅÄÉ�ÚÈÉ$%ÅÚÏÛ&ÚÈÉ"ÉÉÉÉÚŠÊÉÍÎÄÏÄÀÊ’ÉÃÌ

ÉÉÉÉÉÉ���

ÉÉÉÉÉÉÃÕÉÒÊÓÇÖÛÍÏÈÊËÉÊ�ÄÀ

ÉÉÉÉÉÉÉÉÉÅÓÃÌÄÉ ÚÛ!ÓÊÓÛ�ÀÛÒÊÓÇÖÔ



Å#OG#!+ËSÚ#,�Ú,#EËË5À

      else -- Stack contains at least one element

         Top_Index := Top_Index - 1;

         From_Top  := Stack(Top_Index + 1);

      end if;

   end Pop;

   ----------------------------------------------------------------------

   ...

rationale

E%ÏÊÉÍÌÇÜÈËÈÛÇÎÒÙËŸÊËÎÈÊÙËÖÈËÉÖÃÍËÇ�ËÖÜËÖŸÈÍÃÖÏÍÌÇÜËÍÇËÌÜÙÌÏÖÍÊËÊÃÃÇÃËÏÇÜÙÌÍÌÇÜÈËŽÛÌÏÛËÍÛÊËÖŸÈÍÃÖÏÍÌÇÜËÌÈ

ÎÜÖŸÒÊËÍÇËÉÃÊÓÊÜÍËÇÃËÏÇÃÃÊÏÍŠËSÌÜÏÊËÍÛÊËÖŸÈÍÃÖÏÍÌÇÜËÌÈËÎÜÖŸÒÊËÍÇËÏÇÃÃÊÏÍËÈÎÏÛËÖÜËÊÃÃÇÃ(ËÌÍËÑÎÈÍËÃÊÉÇÃÍËÍÛÊ

ÊÃÃÇÃËÍÇËÍÛÊËÎÈÊÃŠË$ÜËÍÛÊËÏÖÈÊËÇ�ËÖËÎÈÖÔÊËÊÃÃÇÃË�ÊŠÔŠ(ËÖÍÍÊÑÉÍÌÜÔËÍÇËÌÜÓÇ"ÊËÇÉÊÃÖÍÌÇÜÈËÌÜËÍÛÊËŽÃÇÜÔ

ÈÊ)ÎÊÜÏÊËÇÃËÖÍÍÊÑÉÍÌÜÔËÍÇËÊ%ÏÊÊÙËÖËŸÇÎÜÙÖÃÕËÏÇÜÙÌÍÌÇÜ (ËÍÛÊËÎÈÊÃËÑÖÕËŸÊËÖŸÒÊËÍÇËÏÇÃÃÊÏÍËÍÛÊËÊÃÃÇÃŠË$Ü

ÍÛÊËÏÖÈÊËÇ�ËÖÜËÊÃÃÇÃËŸÊÕÇÜÙËÍÛÊËÏÇÜÍÃÇÒËÇ�ËÍÛÊËÎÈÊÃ(ËÍÛÊËÎÈÊÃËÑÖÕËŸÊËÖŸÒÊËÍÇËŽÇÃ"ËÖÃÇÎÜÙËÍÛÊËÊÃÃÇÃËÌ�

ÍÛÊÃÊËÖÃÊËÑÎÒÍÌÉÒÊËÑÊÏÛÖÜÌÈÑÈËÖÓÖÌÒÖŸÒÊËÍÇËÉÊÃ�ÇÃÑËÍÛÊËÙÊÈÌÃÊÙËÇÉÊÃÖÍÌÇÜŠË$ÜËÇÍÛÊÃËÏÖÈÊÈ(ËÍÛÊËÎÈÊÃËÑÖÕ

ÛÖÓÊËÍÇËÖŸÖÜÙÇÜËÎÈÊËÇ�ËÍÛÊËÎÜÌÍ(ËÙÃÇÉÉÌÜÔËÌÜÍÇËÖËÙÊÔÃÖÙÊÙËÑÇÙÊËÇ�ËÒÌÑÌÍÊÙË�ÎÜÏÍÌÇÜÖÒÌÍÕŠË$ÜËÖÜÕËÏÖÈÊ(

ÍÛÊËÎÈÊÃËÑÎÈÍËŸÊËÜÇÍÌ�ÌÊÙŠ

E%ÏÊÉÍÌÇÜÈËÖÃÊËÖËÔÇÇÙËÑÊÏÛÖÜÌÈÑË�ÇÃËÃÊÉÇÃÍÌÜÔËÈÎÏÛËÊÃÃÇÃÈËŸÊÏÖÎÈÊËÍÛÊÕËÉÃÇÓÌÙÊËÖÜËÖÒÍÊÃÜÖÍÊË�ÒÇŽËÇ�

ÏÇÜÍÃÇÒË�ÇÃËÙÊÖÒÌÜÔËŽÌÍÛËÊÃÃÇÃÈŠËÚÛÌÈËÖÒÒÇŽÈËÊÃÃÇÃ’ÛÖÜÙÒÌÜÔËÏÇÙÊËÍÇËŸÊË"ÊÉÍËÈÊÉÖÃÖÍÊË�ÃÇÑËÍÛÊËÏÇÙÊË�ÇÃ

ÜÇÃÑÖÒËÉÃÇÏÊÈÈÌÜÔŠË&ÛÊÜËÖÜËÊ%ÏÊÉÍÌÇÜËÌÈËÃÖÌÈÊÙ(ËÍÛÊËÏÎÃÃÊÜÍËÇÉÊÃÖÍÌÇÜËÌÈËÖŸÇÃÍÊÙËÖÜÙËÏÇÜÍÃÇÒË ÌÈ

ÍÃÖÜÈ�ÊÃÃÊÙËÙÌÃÊÏÍÒÕËÍÇËÍÛÊËÖÉÉÃÇÉÃÌÖÍÊËÊ%ÏÊÉÍÌÇÜËÛÖÜÙÒÊÃŠ

SÊÓÊÃÖÒËÇ�ËÍÛÊËÔÎÌÙÊÒÌÜÊÈËÖŸÇÓÊËÊ%ÌÈÍËÍÇËÑÖ%ÌÑÌ-ÊËÍÛÊËÖŸÌÒÌÍÕËÇ�ËÍÛÊËÎÈÊÃËÍÇËÙÌÈÍÌÜÔÎÌÈÛËÖÜÙËÏÇÃÃÊÏÍ

ÙÌ��ÊÃÊÜÍËÍÕÉÊÈËÇ�ËÊÃÃÇÃÈŠËÅÃÇÓÌÙÌÜÔËÖËÙÌ��ÊÃÊÜÍËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÇÃËÊÖÏÛËÊÃÃÇÃËÏÇÜÙÌÍÌÇÜËÑÖ"ÊÈËÌÍËÉÇÈÈÌŸÒÊ

ÍÇË ÛÖÜÙÒÊË ÊÖÏÛË ÊÃÃÇÃË ÏÇÜÙÌÍÌÇÜË ÈÊÉÖÃÖÍÊÒÕŠËDÊÏÒÖÃÌÜÔË ÜÊŽË Ê%ÏÊÉÍÌÇÜË ÜÖÑÊÈ(Ë ÃÖÍÛÊÃË ÍÛÖÜË ÃÖÌÈÌÜÔ

Ê%ÏÊÉÍÌÇÜÈËÙÊÏÒÖÃÊÙËÌÜËÇÍÛÊÃËÉÖÏ"ÖÔÊÈ(ËÃÊÙÎÏÊÈËÍÛÊËÏÇÎÉÒÌÜÔËŸÊÍŽÊÊÜËÉÖÏ"ÖÔÊÈËÖÜÙËÖÒÈÇËÑÖ"ÊÈËÙÌ��ÊÃÊÜÍ

Ê%ÏÊÉÍÌÇÜÈËÑÇÃÊËÙÌÈÍÌÜÔÎÌÈÛÖŸÒÊŠËE%ÉÇÃÍÌÜÔËÍÛÊËÜÖÑÊÈËÇ�ËÖÒÒËÊ%ÏÊÉÍÌÇÜÈËŽÛÌÏÛËÖËÎÜÌÍËÏÖÜËÃÖÌÈÊ(ËÃÖÍÛÊÃ

ÍÛÖÜËÙÊÏÒÖÃÌÜÔËÍÛÊÑËÌÜÍÊÃÜÖÒÒÕËÍÇËÍÛÊËÎÜÌÍ(ËÑÖ"ÊÈËÌÍËÉÇÈÈÌŸÒÊË�ÇÃËÎÈÊÃÈËÇ�ËÍÛÊËÎÜÌÍËÍÇËÃÊ�ÊÃËÍÇËÍÛÊËÜÖÑÊÈËÌÜ

Ê%ÏÊÉÍÌÇÜËÛÖÜÙÒÊÃÈŠËOÍÛÊÃŽÌÈÊ(ËÍÛÊËÎÈÊÃËŽÇÎÒÙËŸÊËÖŸÒÊËÍÇËÛÖÜÙÒÊËÍÛÊËÊ%ÏÊÉÍÌÇÜËÇÜÒÕËŽÌÍÛËÖÜËothers

ÛÖÜÙÒÊÃŠËFÌÜÖÒÒÕ(ËÎÈÌÜÔËÏÇÑÑÊÜÍÈËÍÇËÙÇÏÎÑÊÜÍËÊ%ÖÏÍÒÕËŽÛÌÏÛËÇ�ËÍÛÊËÊ%ÏÊÉÍÌÇÜÈËÙÊÏÒÖÃÊÙËÌÜËÖËÉÖÏ"ÖÔÊ

ÏÖÜËŸÊËÃÖÌÈÊÙËŸÕËÊÖÏÛËÈÎŸÉÃÇÔÃÖÑËÇÃËÍÖÈ"ËÊÜÍÃÕËÑÖ"ÌÜÔËÌÍËÉÇÈÈÌŸÒÊË�ÇÃËÍÛÊËÎÈÊÃËÍÇË"ÜÇŽËŽÛÌÏÛËÊ%ÏÊÉÍÌÇÜ

ÛÖÜÙÒÊÃÈËÖÃÊËÖÉÉÃÇÉÃÌÖÍÊËÌÜËÊÖÏÛËÈÌÍÎÖÍÌÇÜŠ

BÊÏÖÎÈÊËÍÛÊÕËÏÖÎÈÊËÖÜËÌÑÑÊÙÌÖÍÊËÍÃÖÜÈ�ÊÃËÇ�ËÏÇÜÍÃÇÒ(ËÊ%ÏÊÉÍÌÇÜÈËÖÃÊËÎÈÊ�ÎÒË�ÇÃËÃÊÉÇÃÍÌÜÔËÎÜÃÊÏÇÓÊÃÖŸÒÊ

ÊÃÃÇÃÈËŽÛÌÏÛËÉÃÊÓÊÜÍËÖÜËÇÉÊÃÖÍÌÇÜË �ÃÇÑËŸÊÌÜÔËÏÇÑÉÒÊÍÊÙ(ËŸÎÍËÜÇÍË �ÇÃË ÃÊÉÇÃÍÌÜÔË ÈÍÖÍÎÈËÇÃËÑÇÙÊÈ

ÌÜÏÌÙÊÜÍÖÒËÍÇËÍÛÊËÏÇÑÉÒÊÍÌÇÜËÇ�ËÖÜËÇÉÊÃÖÍÌÇÜŠËÚÛÊÕËÈÛÇÎÒÙËÜÇÍËŸÊËÎÈÊÙËÍÇËÃÊÉÇÃÍËÌÜÍÊÃÜÖÒËÊÃÃÇÃÈËŽÛÌÏÛËÖ

ÎÜÌÍËŽÖÈËÖŸÒÊËÍÇËÏÇÃÃÊÏÍËÌÜÓÌÈÌŸÒÕËÍÇËÍÛÊËÎÈÊÃŠË

ÚÇËÉÃÇÓÌÙÊËÍÛÊËÎÈÊÃËŽÌÍÛËÑÖ%ÌÑÎÑË�ÒÊ%ÌŸÌÒÌÍÕ(ËÌÍËÌÈËÖËÔÇÇÙËÌÙÊÖËÍÇËÉÃÇÓÌÙÊËÌÜÍÊÃÃÇÔÖÍÌÓÊË�ÎÜÏÍÌÇÜÈËŽÛÌÏÛ

ÍÛÊËÎÈÊÃËÏÖÜËÏÖÒÒËÍÇËÙÊÍÊÃÑÌÜÊËŽÛÊÍÛÊÃËÖÜËÊ%ÏÊÉÍÌÇÜËŽÇÎÒÙËŸÊËÃÖÌÈÊÙËÌ�ËÖËÈÎŸÉÃÇÔÃÖÑËÇÃËÍÖÈ"ËÊÜÍÃÕËŽÊÃÊ

ÌÜÓÇ"ÊÙŠËÚÛÊË�ÎÜÏÍÌÇÜËStack_EmptyËÌÜËÍÛÊËÖŸÇÓÊËÊ%ÖÑÉÒÊËÌÈËÈÎÏÛËÖË�ÎÜÏÍÌÇÜŠË$ÍËÌÜÙÌÏÖÍÊÈËŽÛÊÍÛÊÃ

No_Data_On_StackËŽÇÎÒÙËŸÊËÃÖÌÈÊÙËÌ�ËPopËŽÊÃÊËÏÖÒÒÊÙŠËËÅÃÇÓÌÙÌÜÔËÈÎÏÛË�ÎÜÏÍÌÇÜÈËÑÖ"ÊÈËÌÍËÉÇÈÈÌŸÒÊË�ÇÃËÍÛÊ

ÎÈÊÃËÍÇËÖÓÇÌÙËÍÃÌÔÔÊÃÌÜÔËÊ%ÏÊÉÍÌÇÜÈŠ

ÚÇËÈÎÉÉÇÃÍËÊÃÃÇÃËÃÊÏÇÓÊÃÕËŸÕËÌÍÈËÎÈÊÃ(ËÖËÎÜÌÍËÈÛÇÎÒÙËÍÃÕËÍÇËÖÓÇÌÙËÏÛÖÜÔÌÜÔËÈÍÖÍÊËÙÎÃÌÜÔËÖÜËÌÜÓÇÏÖÍÌÇÜ

ŽÛÌÏÛËÃÖÌÈÊÈËÖÜËÊ%ÏÊÉÍÌÇÜŠË$�ËÖËÃÊ)ÎÊÈÍÊÙËÇÉÊÃÖÍÌÇÜËÏÖÜÜÇÍËŸÊËÏÇÑÉÒÊÍÊÒÕËÖÜÙËÏÇÃÃÊÏÍÒÕËÉÊÃ�ÇÃÑÊÙ(ËÍÛÊÜ

ÍÛÊËÎÜÌÍËÈÛÇÎÒÙËÊÌÍÛÊÃËÙÊÍÊÏÍËÍÛÌÈËŸÊ�ÇÃÊËÏÛÖÜÔÌÜÔËÖÜÕËÌÜÍÊÃÜÖÒËÈÍÖÍÊËÌÜ�ÇÃÑÖÍÌÇÜ(ËÇÃËÈÛÇÎÒÙËÃÊÓÊÃÍËŸÖÏ"ËÍÇ

ÍÛÊËÈÍÖÍÊËÖÍËÍÛÊËÍÌÑÊËÇ�ËÍÛÊËÃÊ)ÎÊÈÍŠËFÇÃËÊ%ÖÑÉÒÊ(ËÖ�ÍÊÃËÃÖÌÈÌÜÔËÍÛÊËÊ%ÏÊÉÍÌÇÜËNo_Data_On_Stack(ËÍÛÊËÈÍÖÏ"

ÉÖÏ"ÖÔÊËÌÜËÍÛÊËÖŸÇÓÊËÊ%ÖÑÉÒÊËÈÛÇÎÒÙËÃÊÑÖÌÜËÌÜËÊ%ÖÏÍÒÕËÍÛÊËÈÖÑÊËÈÍÖÍÊËÌÍËŽÖÈËÌÜËŽÛÊÜËPopËŽÖÈËÏÖÒÒÊÙŠË$�ËÌÍ

ŽÊÃÊËÍÇËÉÖÃÍÌÖÒÒÕËÎÉÙÖÍÊËÌÍÈËÌÜÍÊÃÜÖÒËÙÖÍÖËÈÍÃÎÏÍÎÃÊÈË�ÇÃËÑÖÜÖÔÌÜÔËÍÛÊËÈÍÖÏ"(ËÍÛÊÜË�ÎÍÎÃÊËPushËÖÜÙËPop

ÇÉÊÃÖÍÌÇÜÈËŽÇÎÒÙËÜÇÍËÉÊÃ�ÇÃÑËÏÇÃÃÊÏÍÒÕŠËÚÛÌÈËÌÈËÖÒŽÖÕÈËÙÊÈÌÃÖŸÒÊ(ËŸÎÍËÜÇÍËÖÒŽÖÕÈËÉÇÈÈÌŸÒÊŠ

,ÈÊÃ’ÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜÈËÈÛÇÎÒÙËŸÊËÎÈÊÙËÌÜÈÍÊÖÙËÇ�ËÉÃÊÙÊ�ÌÜÊÙËÇÃËÏÇÑÉÌÒÊÃ’ÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜÈËŸÊÏÖÎÈÊ

ÍÛÊÕËÖÃÊËÑÇÃÊËÙÊÈÏÃÌÉÍÌÓÊËÖÜÙËÑÇÃÊËÈÉÊÏÌ�ÌÏËÍÇËÍÛÊËÖŸÈÍÃÖÏÍÌÇÜŠËÚÛÊËÉÃÊÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜÈËÖÃÊËÓÊÃÕ

ÔÊÜÊÃÖÒ(Ë ÖÜÙË ÏÖÜË ŸÊË ÍÃÌÔÔÊÃÊÙË ŸÕË ÑÖÜÕË ÙÌ��ÊÃÊÜÍË ÈÌÍÎÖÍÌÇÜÈŠË �ÇÑÉÌÒÊÃ’ÙÊ�ÌÜÊÙË Ê%ÏÊÉÍÌÇÜÈË ÖÃÊ

ÜÇÜÉÇÃÍÖŸÒÊËÖÜÙËÛÖÓÊËÑÊÖÜÌÜÔÈËŽÛÌÏÛËÖÃÊËÈÎŸ*ÊÏÍËÍÇËÏÛÖÜÔÊËÊÓÊÜËŸÊÍŽÊÊÜËÈÎÏÏÊÈÈÌÓÊËÃÊÒÊÖÈÊÈËÇ�ËÍÛÊ

ÈÖÑÊËÏÇÑÉÌÒÊÃŠËÚÛÌÈËÌÜÍÃÇÙÎÏÊÈËÍÇÇËÑÎÏÛËÎÜÏÊÃÍÖÌÜÍÕË�ÇÃËÍÛÊËÏÃÊÖÍÌÇÜËÇ�ËÎÈÊ�ÎÒËÛÖÜÙÒÊÃÈŠ

$�ËÕÇÎËÖÃÊËŽÃÌÍÌÜÔËÖÜËÖŸÈÍÃÖÏÍÌÇÜ(ËÃÊÑÊÑŸÊÃËÍÛÖÍËÍÛÊËÎÈÊÃËÙÇÊÈËÜÇÍË"ÜÇŽËÖŸÇÎÍËÍÛÊËÎÜÌÍÈËÕÇÎËÎÈÊËÌÜËÕÇÎÃ

ÌÑÉÒÊÑÊÜÍÖÍÌÇÜŠË ÚÛÖÍË ÌÈË ÖÜË Ê��ÊÏÍË Ç�Ë ÌÜ�ÇÃÑÖÍÌÇÜË ÛÌÙÌÜÔŠË $�Ë ÖÜÕË Ê%ÏÊÉÍÌÇÜË ÌÈË ÃÖÌÈÊÙËŽÌÍÛÌÜË ÕÇÎÃ

ÖŸÈÍÃÖÏÍÌÇÜ(ËÕÇÎËÑÎÈÍËÏÖÍÏÛËÌÍËÖÜÙËÛÖÜÙÒÊËÌÍŠËÚÛÊËÎÈÊÃËÌÈËÜÇÍËÖŸÒÊËÍÇËÉÃÇÓÌÙÊËÖËÃÊÖÈÇÜÖŸÒÊËÛÖÜÙÒÊÃËÌ�ËÍÛÊ
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ÇÃÌÔÌÜÖÒËÊ%ÏÊÉÍÌÇÜËÌÈËÖÒÒÇŽÊÙËÍÇËÉÃÇÉÖÔÖÍÊËÇÎÍŠËYÇÎËÏÖÜËÈÍÌÒÒËÏÇÜÓÊÃÍËÍÛÊËÊ%ÏÊÉÍÌÇÜËÌÜÍÇËÖË�ÇÃÑËÌÜÍÊÒÒÌÔÌŸÒÊ

ÍÇËÍÛÊËÎÈÊÃËÌ�ËÕÇÎÃËÖŸÈÍÃÖÏÍÌÇÜËÏÖÜÜÇÍËÊ��ÊÏÍÌÓÊÒÕËÃÊÏÇÓÊÃËÇÜËÌÍÈËÇŽÜŠ

�ÇÜÓÊÃÍÌÜÔË ÖÜË Ê%ÏÊÉÍÌÇÜËÑÊÖÜÈË ÃÖÌÈÌÜÔË ÖË ÎÈÊÃ’ÙÊ�ÌÜÊÙË Ê%ÏÊÉÍÌÇÜË ÌÜË ÍÛÊË ÛÖÜÙÒÊÃË �ÇÃË ÍÛÊË ÇÃÌÔÌÜÖÒ

Ê%ÏÊÉÍÌÇÜŠËÚÛÌÈËÌÜÍÃÇÙÎÏÊÈËÖËÑÊÖÜÌÜÔ�ÎÒËÜÖÑÊË�ÇÃËÊ%ÉÇÃÍËÍÇËÍÛÊËÎÈÊÃËÇ�ËÍÛÊËÎÜÌÍŠËOÜÏÊËÍÛÊËÊÃÃÇÃËÈÌÍÎÖÍÌÇÜ

ÌÈËÏÇÎÏÛÊÙËÌÜËÍÊÃÑÈËÇ�ËÍÛÊËÖÉÉÒÌÏÖÍÌÇÜ(ËÌÍËÏÖÜËŸÊËÛÖÜÙÒÊÙËÌÜËÍÛÇÈÊËÍÊÃÑÈŠ

DÇËÜÇÍËÖÒÒÇŽËÖÜËÊ%ÏÊÉÍÌÇÜËÍÇËÉÃÇÉÖÔÖÍÊËÎÜÛÖÜÙÒÊÙËÇÎÍÈÌÙÊËÍÛÊËÈÏÇÉÊËÇ�ËÍÛÊËÙÊÏÒÖÃÖÍÌÇÜËÇ�ËÌÍÈËÜÖÑÊ(

ŸÊÏÖÎÈÊËÍÛÊÜËÇÜÒÕËÖËÛÖÜÙÒÊÃË�ÇÃËothersËÏÖÜËÏÖÍÏÛËÌÍŠË!ÈËÙÌÈÏÎÈÈÊÙËÎÜÙÊÃËGÎÌÙÊÒÌÜÊË5Š8Š2(ËÖËÛÖÜÙÒÊÃË�ÇÃ

othersËÏÖÜÜÇÍËŸÊËŽÃÌÍÍÊÜËÍÇËÙÊÖÒËŽÌÍÛËÍÛÊËÈÉÊÏÌ�ÌÏËÊÃÃÇÃËÊ��ÊÏÍÌÓÊÒÕŠ

4.4 SUMMARY

highÁlevel structure

Á ÅÒÖÏÊËÍÛÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇ�ËÊÖÏÛËÒÌŸÃÖÃÕËÎÜÌÍËÉÖÏ"ÖÔÊËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊË�ÃÇÑËÌÍÈËŸÇÙÕŠ

Á �ÃÊÖÍÊËÖÜËÊ%ÉÒÌÏÌÍËÈÉÊÏÌ�ÌÏÖÍÌÇÜ(ËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊ(Ë�ÇÃËÊÖÏÛËÒÌŸÃÖÃÕËÎÜÌÍËÈÎŸÉÃÇÔÃÖÑŠ

Á ,ÈÊËÈÎŸÎÜÌÍÈË�ÇÃËÍÛÊËŸÇÙÌÊÈËÇ�ËÒÖÃÔÊËÎÜÌÍÈËŽÛÌÏÛËÖÃÊËÜÊÈÍÊÙËÌÜËÇÍÛÊÃËÎÜÌÍÈŠ

Á ÅÒÖÏÊËÊÖÏÛËÈÎŸÎÜÌÍËÌÜËÖËÈÊÉÖÃÖÍÊË�ÌÒÊŠ

Á ,ÈÊËÖËÏÇÜÈÌÈÍÊÜÍË�ÌÒÊËÜÖÑÌÜÔËÏÇÜÓÊÜÍÌÇÜŠ

Á ,ÈÊËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÊÜÛÖÜÏÊËÖŸÈÍÃÖÏÍÌÇÜŠ

ÁË #ÊÈÍÃÌÏÍËÊÖÏÛËÈÎŸÉÃÇÔÃÖÑËÍÇËÍÛÊËÉÊÃ�ÇÃÑÖÜÏÊËÇ�ËÖËÈÌÜÔÒÊËÖÏÍÌÇÜŠ

Á ,ÈÊËÖË�ÎÜÏÍÌÇÜËŽÛÊÜËÍÛÊËÈÎŸÉÃÇÔÃÖÑ’ÈËÉÃÌÑÖÃÕËÉÎÃÉÇÈÊËÌÈËÍÇËÉÃÇÓÌÙÊËÖËÈÌÜÔÒÊËÓÖÒÎÊŠ

Á +ÌÜÌÑÌ-ÊËÍÛÊËÈÌÙÊËÊ��ÊÏÍËÇ�ËÖË�ÎÜÏÍÌÇÜŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈË�ÇÃËÌÜ�ÇÃÑÖÍÌÇÜËÛÌÙÌÜÔŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈËŽÌÍÛËÉÃÌÓÖÍÊËÍÕÉÊÈË�ÇÃËÖŸÈÍÃÖÏÍËÙÖÍÖËÍÕÉÊÈŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÑÇÙÊÒËÖŸÈÍÃÖÏÍËÊÜÍÌÍÌÊÈËÖÉÉÃÇÉÃÌÖÍÊËÍÇËÍÛÊËÉÃÇŸÒÊÑËÙÇÑÖÌÜŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉËÍÇÔÊÍÛÊÃËÃÊÒÖÍÊÙËÍÕÉÊËÖÜÙËÇŸ*ÊÏÍËÙÊÏÒÖÃÖÍÌÇÜÈË�ÊŠÔŠ(ËÏÇÑÑÇÜËÙÊÏÒÖÃÖÍÌÇÜÈË�ÇÃ

ÍŽÇËÇÃËÑÇÃÊËÒÌŸÃÖÃÕËÎÜÌÍÈ Š

Á ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉËÍÇÔÊÍÛÊÃËÃÊÒÖÍÊÙËÉÃÇÔÃÖÑËÎÜÌÍÈË�ÇÃËÏÇÜ�ÌÔÎÃÖÍÌÇÜËÏÇÜÍÃÇÒËÇÃËÓÌÈÌŸÌÒÌÍÕËÃÊÖÈÇÜÈŠ

Á EÜÏÖÉÈÎÒÖÍÊËÑÖÏÛÌÜÊËÙÊÉÊÜÙÊÜÏÌÊÈËÌÜËÉÖÏ"ÖÔÊÈŠËÅÒÖÏÊËÖËÈÇ�ÍŽÖÃÊËÌÜÍÊÃ�ÖÏÊËÍÇËÖËÉÖÃÍÌÏÎÒÖÃËÙÊÓÌÏÊËÌÜ

ÖËÉÖÏ"ÖÔÊËÍÇË�ÖÏÌÒÌÍÖÍÊËÖËÏÛÖÜÔÊËÍÇËÖËÙÌ��ÊÃÊÜÍËÙÊÓÌÏÊŠ

Á ÅÒÖÏÊËÒÇŽ’ÒÊÓÊÒËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÏÌÈÌÇÜÈËÇÃËÌÜÍÊÃ�ÖÏÊÈËÌÜËÈÎŸÉÃÇÔÃÖÑÈËŽÌÍÛÌÜËÉÖÏ"ÖÔÊÈŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈËÍÇËÊÜÏÖÉÈÎÒÖÍÊËÖÜÙËÛÌÙÊËÉÃÇÔÃÖÑËÙÊÍÖÌÒÈËÍÛÖÍËÑÖÕËÏÛÖÜÔÊŠ

Á +Ö"ÊËÊÖÏÛËÉÖÏ"ÖÔÊËÈÊÃÓÊËÖËÈÌÜÔÒÊËÉÎÃÉÇÈÊŠ

Á ,ÈÊËÉÖÏ"ÖÔÊÈËÍÇËÔÃÇÎÉÂ�ÎÜÏÍÌÇÜÖÒÒÕÂÃÊÒÖÍÊÙËÙÖÍÖ(ËÍÕÉÊÈ(ËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈŠ

Á !ÓÇÌÙËÏÇÒÒÊÏÍÌÇÜÈËÇ�ËÎÜÃÊÒÖÍÊÙËÇŸ*ÊÏÍÈËÖÜÙËÈÎŸÉÃÇÔÃÖÑÈŠ

Á !ÓÇÌÙËÉÎÍÍÌÜÔËÓÖÃÌÖŸÒÊÈËÌÜËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈŠ

Á ,ÈÊËÍÖÈ"ÈËÍÇËÑÇÙÊÒËÖŸÈÍÃÖÏÍ(ËÖÈÕÜÏÛÃÇÜÇÎÈËÊÜÍÌÍÌÊÈËŽÌÍÛÌÜËÍÛÊËÉÃÇŸÒÊÑËÙÇÑÖÌÜŠ

Á ,ÈÊË ÍÖÈ"ÈË ÍÇË ÏÇÜÍÃÇÒË ÇÃË ÈÕÜÏÛÃÇÜÌ-ÊË ÖÏÏÊÈÈË ÍÇË ÍÖÈ"ÈË ÇÃË ÇÍÛÊÃË ÖÈÕÜÏÛÃÇÜÇÎÈË ÊÜÍÌÍÌÊÈË �ÊŠÔŠ(

ÖÈÕÜÏÛÃÇÜÇÎÈË$/O(ËÉÊÃÌÉÛÊÃÖÒËÙÊÓÌÏÊÈ(ËÌÜÍÊÃÃÎÉÍÈ Š

Á ,ÈÊËÍÖÈ"ÈËÍÇËÙÊ�ÌÜÊËÏÇÜÏÎÃÃÊÜÍËÖÒÔÇÃÌÍÛÑÈË�ÇÃËÑÎÒÍÌÉÃÇÏÊÈÈÇÃËÖÃÏÛÌÍÊÏÍÎÃÊÈŠ

Á ,ÈÊËÍÖÈ"ÈËÍÇËÉÊÃ�ÇÃÑËÏÇÜÏÎÃÃÊÜÍ(ËÏÕÏÒÌÏ(ËÇÃËÉÃÌÇÃÌÍÌ-ÊÙËÖÏÍÌÓÌÍÌÊÈŠ

visibility

ÁË ÅÎÍËÇÜÒÕËŽÛÖÍËÌÈËÜÊÊÙÊÙË�ÇÃËÍÛÊËÎÈÊËÇ�ËÖËÉÖÏ"ÖÔÊËÌÜÍÇËÌÍÈËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠ

ÁË +ÌÜÌÑÌ-ÊËÍÛÊËÜÎÑŸÊÃËÇ�ËÙÊÏÒÖÃÖÍÌÇÜÈËÌÜËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈŠ

ÁË DÇËÜÇÍËÌÜÏÒÎÙÊËÊ%ÍÃÖËÇÉÊÃÖÍÌÇÜÈËÈÌÑÉÒÕËŸÊÏÖÎÈÊËÍÛÊÕËÖÃÊËÊÖÈÕËÍÇËŸÎÌÒÙŠ
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SË +ÌÜÌÑÌ-ÊËÍÛÊËÏÇÜÍÊ%ÍË�with ËÏÒÖÎÈÊÈËÌÜËÖËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜŠ

SË #ÊÏÇÜÈÌÙÊÃËÈÎŸÉÃÇÔÃÖÑÈËŽÛÌÏÛËÈÊÊÑËÍÇËÃÊ)ÎÌÃÊËÒÖÃÔÊËÜÎÑŸÊÃÈËÇ�ËÉÖÃÖÑÊÍÊÃÈŠ

SË DÇËÜÇÍËÑÖÜÌÉÎÒÖÍÊËÔÒÇŸÖÒËÙÖÍÖËŽÌÍÛÌÜËÖËÈÎŸÉÃÇÔÃÖÑËÇÃËÉÖÏ"ÖÔÊËÑÊÃÊÒÕËÍÇËÒÌÑÌÍËÍÛÊËÜÎÑŸÊÃËÇ�

ÉÖÃÖÑÊÍÊÃÈŠ

SË !ÓÇÌÙËÎÜÜÊÏÊÈÈÖÃÕËÓÌÈÌŸÌÒÌÍÕ;ËÛÌÙÊËÍÛÊËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÍÖÌÒÈËÇ�ËÖËÉÃÇÔÃÖÑËÎÜÌÍË�ÃÇÑËÌÍÈËÎÈÊÃÈŠ

S NÊÈÍËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜÈËŽÌÍÛÌÜËÖÜÇÍÛÊÃËÉÖÏ"ÖÔÊËÈÉÊÏÌ�ÌÏÖÍÌÇÜËÇÜÒÕË�ÇÃËÔÃÇÎÉÌÜÔËÇÉÊÃÖÍÌÇÜÈ(

ÛÌÙÌÜÔËÏÇÑÑÇÜËÌÑÉÒÊÑÊÜÍÖÍÌÇÜËÙÊÍÖÌÒÈ(ËÇÃËÉÃÊÈÊÜÍÌÜÔËÙÌ��ÊÃÊÜÍËÓÌÊŽÈËÇ�ËÍÛÊËÈÖÑÊËÖŸÈÍÃÖÏÍÌÇÜŠ

S #ÊÈÍÃÌÏÍËÍÛÊËÓÌÈÌŸÌÒÌÍÕËÇ�ËÉÃÇÔÃÖÑËÎÜÌÍÈËÖÈËÑÎÏÛËÖÈËÉÇÈÈÌŸÒÊËŸÕËÜÊÈÍÌÜÔËÍÛÊÑËÌÜÈÌÙÊËÇÍÛÊÃËÉÃÇÔÃÖÑËÎÜÌÍÈ

ÖÜÙËÛÌÙÌÜÔËÍÛÊÑËÌÜÈÌÙÊËÉÖÏ"ÖÔÊËŸÇÙÌÊÈŠË

S +ÌÜÌÑÌ-ÊËÍÛÊËÈÏÇÉÊËŽÌÍÛÌÜËŽÛÌÏÛËwithËÏÒÖÎÈÊÈËÖÉÉÒÕŠË

S OÜÒÕËwithËÍÛÇÈÊËÎÜÌÍÈËÙÌÃÊÏÍÒÕËÜÊÊÙÊÙŠ

S �ÖÃÊ�ÎÒÒÕËÏÇÜÈÌÙÊÃËÊÜÏÖÉÈÎÒÖÍÌÇÜËÇ�ËÍÖÈ"ÈŠ

exceptions

S DÊÏÒÖÃÊËÖËÙÌ��ÊÃÊÜÍËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÇÃËÊÖÏÛËÊÃÃÇÃËÍÛÖÍËÍÛÊËÎÈÊÃËÇ�ËÖËÎÜÌÍËÏÖÜËÑÖ"ÊŠ

S DÊÏÒÖÃÊËÖËÙÌ��ÊÃÊÜÍËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÇÃËÊÖÏÛËÎÜÖÓÇÌÙÖŸÒÊËÖÜÙËÎÜÃÊÏÇÓÊÃÖŸÒÊËÌÜÍÊÃÜÖÒËÊÃÃÇÃËŽÛÌÏÛ

ÏÖÜËÇÏÏÎÃËÌÜËÖËÎÜÌÍŠË

S DÇËÜÇÍËŸÇÃÃÇŽËÖÜËÊ%ÏÊÉÍÌÇÜËÜÖÑÊË�ÃÇÑËÖÜÇÍÛÊÃËÏÇÜÍÊ%ÍŠ

S E%ÉÇÃÍË�ÙÊÏÒÖÃÊËÓÌÈÌŸÒÕËÍÇËÍÛÊËÎÈÊÃ ËÍÛÊËÜÖÑÊÈËÇ�ËÖÒÒËÊ%ÏÊÉÍÌÇÜÈËŽÛÌÏÛËÏÖÜËŸÊËÃÖÌÈÊÙŠ

S $ÜËÖËÉÖÏ"ÖÔÊ(ËÙÇÏÎÑÊÜÍËŽÛÌÏÛËÊ%ÏÊÉÍÌÇÜÈËÏÖÜËŸÊËÃÖÌÈÊÙËŸÕËÊÖÏÛËÈÎŸÉÃÇÔÃÖÑËÖÜÙËÍÖÈ"ËÊÜÍÃÕŠ

S DÇËÜÇÍËÃÖÌÈÊËÊ%ÏÊÉÍÌÇÜÈË�ÇÃËÌÜÍÊÃÜÖÒËÊÃÃÇÃÈËŽÛÌÏÛËÏÖÜËŸÊËÖÓÇÌÙÊÙËÇÃËÏÇÃÃÊÏÍÊÙËŽÌÍÛÌÜËÍÛÊËÎÜÌÍŠ

S DÇËÜÇÍËÃÖÌÈÊËÍÛÊËÈÖÑÊËÊ%ÏÊÉÍÌÇÜËÍÇËÃÊÉÇÃÍËÙÌ��ÊÃÊÜÍËÍÕÉÊÈËÇ�ËÊÃÃÇÃÈËŽÛÌÏÛËÖÃÊËÙÌÈÍÌÜÔÎÌÈÛÖŸÒÊËŸÕËÍÛÊ

ÎÈÊÃËÇ�ËÍÛÊËÎÜÌÍŠ

S ÅÃÇÓÌÙÊËÌÜÍÊÃÃÇÔÖÍÌÓÊË�ÎÜÏÍÌÇÜÈËŽÛÌÏÛËÖÒÒÇŽËÍÛÊËÎÈÊÃËÇ�ËÖËÎÜÌÍËÍÇËÖÓÇÌÙËÏÖÎÈÌÜÔËÊ%ÏÊÉÍÌÇÜÈËÍÇËŸÊ

ÃÖÌÈÊÙŠ

S &ÛÊÜËÉÇÈÈÌŸÒÊ(ËÖÓÇÌÙËÏÛÖÜÔÌÜÔËÈÍÖÍÊËÌÜ�ÇÃÑÖÍÌÇÜËÌÜËÖËÎÜÌÍËŸÊ�ÇÃÊËÃÖÌÈÌÜÔËÖÜËÊ%ÏÊÉÍÌÇÜŠ

S �ÖÍÏÛË ÖÜÙË ÏÇÜÓÊÃÍË ÇÃË ÛÖÜÙÒÊË ÖÒÒË ÉÃÊÙÊ�ÌÜÊÙË ÖÜÙË ÏÇÑÉÌÒÊÃ’ÙÊ�ÌÜÊÙË Ê%ÏÊÉÍÌÇÜÈË ÖÍË ÍÛÊË ÊÖÃÒÌÊÈÍ

ÇÉÉÇÃÍÎÜÌÍÕŠ

S DÇËÜÇÍËÊ%ÉÒÌÏÌÍÒÕËÃÖÌÈÊËÉÃÊÙÊ�ÌÜÊÙËÇÃËÌÑÉÒÊÑÊÜÍÖÍÌÇÜ’ÙÊ�ÌÜÊÙËÊ%ÏÊÉÍÌÇÜÈŠ

S NÊÓÊÃËÒÊÍËÖÜËÊ%ÏÊÉÍÌÇÜËÉÃÇÉÖÔÖÍÊËŸÊÕÇÜÙËÌÍÈËÈÏÇÉÊŠ



5ÄËË!ÙÖËQ,!L$ÚYË!NDËSÚYLE



ÄÄ

CHAPTER 5

Programming Practices

ÀÅÃÇÉÊËÈÍÎÏÍÊÌÉÊÑÏÍÏÓÔÖÈÒÇÍÇÅÍÒÕÊŠÚÈÛÍÜÕÈÍŠÈÈÙÍÃÅËÍÇÕÎÏÍÒÕÊŠÚÈŸÍÈÓŽÕÈ�ÎÏÇÎÒÊÌÌÑÍ�ŠÅÉŠÍÊÏÍ��ÊÎŠÇÈŠÊŠÒÈ�

ÊËÎÏÈÏÍÃËÅ�ÍÊÍ ÊËÎÈÇÑÍÅÃÍÏÅÓËÒÈÏÛÍ!ËËÅËÏÍŠÈÈÙÍÇÅÍÔÈÍÒÅËËÈÒÇÈÙÍÊÏÍÇÕÈÑÍÊËÈÍÙÎÏÒÅ ÈËÈÙÛÍÀÑÏÇÈ�ÍÃÓŠÒÇÎÅŠÊÌÎÇÑ

�ÊÑÍŠÈÈÙÍÇÅÍÔÈÍÈŠÕÊŠÒÈÙÍÎŠÍŽÌÊŠŠÈÙÍÅËÍÓŠŽÌÊŠŠÈÙÍÉÊÑÏÛÍ"ŠÈ ÎÇÊÔÌÑŸÍÇÕÈÍËÈ#ÓÎËÈ�ÈŠÇÏÍÒÕÊŠÚÈÍÅ ÈËÍÇÕÈ

ÌÎÃÈÇÎ�ÈÍÅÃÍÇÕÈÍÏÑÏÇÈ�ŸÍÃÅËÒÎŠÚÍÒÅŠÇÎŠÓÊÌÍÏÑÏÇÈ�ÍÈ ÅÌÓÇÎÅŠÛÍ$ÃÇÈŠŸÍÇÕÈÏÈÍ�ÅÙÎÃÎÒÊÇÎÅŠÏÍÊËÈÍÒÅŠÙÓÒÇÈÙÍÌÅŠÚ

ÊÃÇÈËÍÇÕÈÍÏÅÃÇÉÊËÈÍÉÊÏÍÅËÎÚÎŠÊÌÌÑÍÉËÎÇÇÈŠŸÍÓÏÓÊÌÌÑÍÔÑÍÏÅ�ÈÅŠÈÍÅÇÕÈËÍÇÕÊŠÍÇÕÈÍÅËÎÚÎŠÊÌÍÊÓÇÕÅËÛ

!ÊÏÑÍÊŠÙÍÏÓÒÒÈÏÏÃÓÌÍ�ÅÙÎÃÎÒÊÇÎÅŠÍËÈ#ÓÎËÈÏÍÇÕÊÇÍÇÕÈÍÏÅÃÇÉÊËÈÍÔÈÍËÈÊÙÊÔÌÈŸÍÓŠÙÈËÏÇÊŠÙÊÔÌÈŸÍÊŠÙÍÏÇËÓÒÇÓËÈÙ

ÊÒÒÅËÙÎŠÚÍÇÅÍÊÒÒÈŽÇÈÙÍŽËÊÒÇÎÒÈÛÍ"ÃÍÊÍÏÅÃÇÉÊËÈÍÒÅ�ŽÅŠÈŠÇÍÒÊŠŠÅÇÍÔÈÍÈÊÏÎÌÑÍÓŠÙÈËÏÇÅÅÙÍÔÑÍÊÍŽËÅÚËÊ��ÈËÍÉÕÅ

ÎÏÍÃÊ�ÎÌÎÊËÍÉÎÇÕÍÎÇÏÍÎŠÇÈŠÙÈÙÍÃÓŠÒÇÎÅŠŸÍÇÕÊÇÍÏÅÃÇÉÊËÈÍÒÅ�ŽÅŠÈŠÇÍÎÏÍŠÅÇÍ�ÊÎŠÇÊÎŠÊÔÌÈÛÍÜÈÒÕŠÎ#ÓÈÏÍÇÕÊÇÍ�Ê�È

ÒÅÙÈÍËÈÊÙÊÔÌÈÍÊŠÙÍÒÅ�ŽËÈÕÈŠÏÎÔÌÈÍÈŠÕÊŠÒÈÍÎÇÏÍ�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÛÍÍ%ËÈ ÎÅÓÏÍÒÕÊŽÇÈËÏÍŽËÈÏÈŠÇÈÙÍÇÈÒÕŠÎ#ÓÈÏ

ÏÓÒÕÍ ÊÏÍ ÒÅŠÏÎÏÇÈŠÇÍ ÓÏÈÍ ÅÃÍ ŠÊ�ÎŠÚÍ ÒÅŠ ÈŠÇÎÅŠÏŸÍ ÒÌÈÊËÍ ÊŠÙÍ ÉÈÌÌ&ÅËÚÊŠÎ’ÈÙÍ ÒÅ��ÈŠÇÊËÑŸÍ ÊŠÙÍ ŽËÅŽÈË

�ÅÙÓÌÊËÎ’ÊÇÎÅŠÛÍÜÕÎÏÍÒÕÊŽÇÈËÍŽËÈÏÈŠÇÏÍÒÅŠÏÎÏÇÈŠÇÍÊŠÙÍÌÅÚÎÒÊÌÍÓÏÈÍÅÃÍÌÊŠÚÓÊÚÈÍÃÈÊÇÓËÈÏÛ

(ÅËËÈÒÇŠÈÏÏÍÎÏÍÅŠÈÍÊÏŽÈÒÇÍÅÃÍËÈÌÎÊÔÎÌÎÇÑÛÍ)ÕÎÌÈÍÏÇÑÌÈÍÚÓÎÙÈÌÎŠÈÏÍÒÊŠŠÅÇÍÈŠÃÅËÒÈÍÇÕÈÍÓÏÈÍÅÃÍÒÅËËÈÒÇÍÊÌÚÅËÎÇÕ�ÏŸ

ÇÕÈÑÍÒÊŠÍÏÓÚÚÈÏÇÍÇÕÈÍÓÏÈÍÅÃÍÇÈÒÕŠÎ#ÓÈÏÍÊŠÙÍÌÊŠÚÓÊÚÈÍÃÈÊÇÓËÈÏÍ�ŠÅÉŠÍÇÅÍËÈÙÓÒÈÍÇÕÈÍŠÓ�ÔÈËÍÅËÍÌÎ�ÈÌÎÕÅÅÙÍÅÃ

ÃÊÎÌÓËÈÏÛÍÀÓÒÕÍÇÈÒÕŠÎ#ÓÈÏÍÎŠÒÌÓÙÈÍŽËÅÚËÊ�ÍÒÅŠÏÇËÓÒÇÎÅŠÍ�ÈÇÕÅÙÏÍÇÕÊÇÍËÈÙÓÒÈÍÇÕÈÍÌÎ�ÈÌÎÕÅÅÙÍÅÃÍÈËËÅËÏÍÅËÍÇÕÊÇ

Î�ŽËÅ ÈÍŽËÅÚËÊ�ÍŽËÈÙÎÒÇÊÔÎÌÎÇÑÍÔÑÍÙÈÃÎŠÎŠÚÍÔÈÕÊ ÎÅËÍÎŠÍÇÕÈÍŽËÈÏÈŠÒÈÍÅÃÍÈËËÅËÏÛ

5.1 OPTIONAL PARTS OF THE SYNTAX

%ÊËÇÏÍÅÃÍÇÕÈÍ*ÙÊÍÏÑŠÇÊ+ŸÍÉÕÎÌÈÍÅŽÇÎÅŠÊÌŸÍÒÊŠÍÈŠÕÊŠÒÈÍÇÕÈÍËÈÊÙÊÔÎÌÎÇÑÍÅÃÍÇÕÈÍÒÅÙÈÛÍÜÕÈÍÚÓÎÙÈÌÎŠÈÏÍÚÎ ÈŠÍÔÈÌÅÉ

ÒÅŠÒÈËŠÍÓÏÈÍÅÃÍÏÅ�ÈÍÅÃÍÇÕÈÏÈÍÅŽÇÎÅŠÊÌÍÃÈÊÇÓËÈÏÛ

5.1.1 Loop Names

guideline

S *ÏÏÅÒÎÊÇÈÍŠÊ�ÈÏÍÉÎÇÕÍÌÅÅŽÏÍÉÕÈŠÍÇÕÈÑÍÊËÈÍŠÈÏÇÈÙÍ,-ÅÅÒÕÍ./01ŸÍ./023Û

example

ÁÂÄÀÅÃÃÇ-.À/ÇÁ.UÅV

WWW}ÄÄ~

WWWWWWÁÂÄÀÅÃÃÇ“}}ÇÁ/ÅÇÂÄÀÅÃÇÅÀÇÁ/ÄÃÇÁ.UÅV

WWWWWWWWW}ÄÄ~

WWWWWWWWWWWWÃÃÃ

WWWWWWWWWWWWÅÇÄÉWÁÂÄÀÅÃÃÇ“}}ÇÁ/ÅÇÂÄÀÅÃÇÅÀÇÁ/ÄÃÇÁ.UÅWÊ/ÅÀ

WWWWWWWWWWWWWWWWWWÂÄÀÅÇËÈÍÎÅÂWÏWÌ.ÇÇÂÄÀÅÃÇÅÀÇÁ.UÅÑ

WWWWWWWWWWWWÃÃÃ

WWWWWWWWWWWWÂÄÄÓÇÔÄÂÇÖÅÀÉÄÀÅ}ÇÒ.}ÈÅV

WWWWWWWWWWWWWWW}ÄÄ~
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                  ...

                  exit Look_For_Sentinel_Value when

                        Current_Symbol = Sentinel;

                  ...

               end loop Look_For_Sentinel_Value;

            ...

         end loop Process_All_The_Lines_On_This_Page;

      ...

      exit Process_Each_Page when Page_Number = Maximum_Pages;

      ...

   end loop Process_Each_Page;

rationale

)ÕÈŠÍÑÅÓÍÊÏÏÅÒÎÊÇÈÍÊÍŠÊ�ÈÍÉÎÇÕÍÊÍÌÅÅŽŸÍÑÅÓÍ�ÓÏÇÍÎŠÒÌÓÙÈÍÇÕÊÇÍŠÊ�ÈÍÉÎÇÕÍÇÕÈÍÊÏÏÅÒÎÊÇÈÙÍÈŠÙÍÃÅËÍÇÕÊÇ

ÌÅÅŽÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./033ÛÍÜÕÎÏÍÕÈÌŽÏÍËÈÊÙÈËÏÍÃÎŠÙÍÇÕÈÍÊÏÏÅÒÎÊÇÈÙÍÈŠÙÍÃÅËÍÊŠÑÍÚÎ ÈŠÍÌÅÅŽÛÍÜÕÎÏ

ÎÏÍÈÏŽÈÒÎÊÌÌÑÍÇËÓÈÍÎÃÍÌÅÅŽÏÍÊËÈÍÔËÅ�ÈŠÍÅ ÈËÍÏÒËÈÈŠÍÅËÍŽÊÚÈÍÔÅÓŠÙÊËÎÈÏÛÍÜÕÈÍÒÕÅÎÒÈÍÅÃÍÊÍÚÅÅÙÍŠÊ�ÈÍÃÅËÍÇÕÈ

ÌÅÅŽÍÙÅÒÓ�ÈŠÇÏÍÎÇÏÍŽÓËŽÅÏÈŸÍËÈÙÓÒÎŠÚÍÇÕÈÍŠÈÈÙÍÃÅËÍÈ+ŽÌÊŠÊÇÅËÑÍÒÅ��ÈŠÇÏÛÍ"ÃÍÊÍŠÊ�ÈÍÃÅËÍÊÍÌÅÅŽÍÎÏÍ ÈËÑ

ÙÎÃÃÎÒÓÌÇÍÇÅÍÒÕÅÅÏÈŸÍÇÕÎÏÍÒÅÓÌÙÍÎŠÙÎÒÊÇÈÍÊÍŠÈÈÙÍÃÅËÍ�ÅËÈÍÇÕÅÓÚÕÇÍÊÔÅÓÇÍÇÕÈÍÊÌÚÅËÎÇÕ�Û

RÈÚÓÌÊËÌÑÍŠÊ�ÎŠÚÍÌÅÅŽÏÍÕÈÌŽÏÍÑÅÓÍÃÅÌÌÅÉÍGÓÎÙÈÌÎŠÈÍÄÛ.Û3Û

"ÇÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÇÕÎŠ�ÍÓŽÍÊÍŠÊ�ÈÍÃÅËÍÈ ÈËÑÍÌÅÅŽŸÍÇÕÈËÈÃÅËÈÍÇÕÈÍÚÓÎÙÈÌÎŠÈÍÏŽÈÒÎÃÎÈÏÍŠÈÏÇÈÙÍÌÅÅŽÏÛÍÜÕÈ

ÔÈŠÈÃÎÇÏÍÎŠÍËÈÊÙÊÔÎÌÎÇÑÍÊŠÙÍÏÈÒÅŠÙÍÇÕÅÓÚÕÇÍÅÓÇÉÈÎÚÕÍÇÕÈÍÎŠÒÅŠ ÈŠÎÈŠÒÈÍÅÃÍŠÊ�ÎŠÚÍÇÕÈÍÌÅÅŽÏÛ

5.1.2 Block Names

guideline

Á *ÏÏÅÒÎÊÇÈÍŠÊ�ÈÏÍÉÎÇÕÍÔÌÅÒ�ÏÍÉÕÈŠÍÇÕÈÑÍÊËÈÍŠÈÏÇÈÙÛ

example

Trip:

   declare

      ...

   begin  -- Trip

      Arrive_At_Airport:

         declare

            ...

         begin  -- Arrive_At_Airport

            Rent_Car;

            Claim_Baggage;

            Reserve_Hotel;

            ...

         end Arrive_At_Airport;

      Visit_Customer:

         declare

            ...

         begin  -- Visit_Customer

            -- again a set of activities...

            ...

         end Visit_Customer;

      Departure_Preparation:

         declare

            ...

         begin  -- Departure_Preparation

            Return_Car;

            Check_Baggage;

            Wait_For_Flight;

            ...

         end Departure_Preparation;

      Board_Return_Flight;

   end Trip;
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rationale

)ÕÈŠÍÇÕÈËÈÍÎÏÍÊÍŠÈÏÇÈÙÍÔÌÅÒ�ÍÏÇËÓÒÇÓËÈÍÎÇÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÙÈÇÈË�ÎŠÈÍÉÕÎÒÕÍendÍÒÅËËÈÏŽÅŠÙÏÍÇÅÍÉÕÎÒÕ

ÔÌÅÒ�ÛÍNÊ�ÎŠÚÍÔÌÅÒ�ÏÍÊÌÌÈ ÎÊÇÈÏÍÇÕÎÏÍÒÅŠÃÓÏÎÅŠÛÍÜÕÈÍÒÕÅÎÒÈÍÅÃÍÊÍÚÅÅÙÍŠÊ�ÈÍÃÅËÍÇÕÈÍÔÌÅÒ�ÍÙÅÒÓ�ÈŠÇÏÍÎÇÏ

ŽÓËŽÅÏÈŸÍËÈÙÓÒÎŠÚÍÇÕÈÍŠÈÈÙÍÃÅËÍÈ+ŽÌÊŠÊÇÅËÑÍÒÅ��ÈŠÇÏÛÍ"ÃÍÊÍŠÊ�ÈÍÃÅËÍÇÕÈÍÔÌÅÒ�ÍÎÏÍ ÈËÑÍÙÎÃÃÎÒÓÌÇÍÇÅ

ÒÕÅÅÏÈŸÍÇÕÎÏÍÒÅÓÌÙÍÎŠÙÎÒÊÇÈÍÊÍŠÈÈÙÍÃÅËÍ�ÅËÈÍÇÕÅÓÚÕÇÍÊÔÅÓÇÍÇÕÈÍÊÌÚÅËÎÇÕ�Û

ÜÕÎÏÍÚÓÎÙÈÌÎŠÈÍÎÏÍÊÌÏÅÍÓÏÈÃÓÌÍÎÃÍŠÈÏÇÈÙÍÔÌÅÒ�ÏÍÊËÈÍÔËÅ�ÈŠÍÅ ÈËÍÊÍÏÒËÈÈŠÍÅËÍŽÊÚÈÍÔÅÓŠÙÊËÑÛ

"ÇÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÇÕÎŠ�ÍÓŽÍÊÍŠÊ�ÈÍÃÅËÍÈÊÒÕÍÔÌÅÒ�ŸÍÇÕÈËÈÃÅËÈÍÇÕÈÍÚÓÎÙÈÌÎŠÈÍÏŽÈÒÎÃÎÈÏÍŠÈÏÇÈÙÍÔÌÅÒ�ÏÛÍÜÕÈ

ÔÈŠÈÃÎÇÏÍÎŠÍËÈÊÙÊÔÎÌÎÇÑÍÊŠÙÍÏÈÒÅŠÙÍÇÕÅÓÚÕÇÍÅÓÇÉÈÎÚÕÍÇÕÈÍÎŠÒÅŠ ÈŠÎÈŠÒÈÍÅÃÍŠÊ�ÎŠÚÍÇÕÈÍÔÌÅÒ�ÏÛ

5.1.3 Exit Statements

guideline

Á UÏÈÍÌÅÅŽÍŠÊ�ÈÏÍÅŠÍÊÌÌÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÃËÅ�ÍŠÈÏÇÈÙÍÌÅÅŽÏÛ

example

ÀÈÈÍÇÕÈÍÈ+Ê�ŽÌÈÍÎŠÍGÓÎÙÈÌÎŠÈÍÄÛ.Û.Û

rationale

*ŠÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÍÎÏÍÊŠÍÎ�ŽÌÎÒÎÇÍgotoÛÍ"ÇÍÏÕÅÓÌÙÍÏŽÈÒÎÃÑÍÎÇÏÍÏÅÓËÒÈÍÈ+ŽÌÎÒÎÇÌÑÛÍ)ÕÈŠÍÇÕÈËÈÍÎÏÍÊÍŠÈÏÇÈÙÍÌÅÅŽ

ÏÇËÓÒÇÓËÈÍÊŠÙÍÊŠÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÍÎÏÍÓÏÈÙŸÍÎÇÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÙÈÇÈË�ÎŠÈÍÉÕÎÒÕÍÌÅÅŽÍÎÏÍÔÈÎŠÚÍÈ+ÎÇÈÙÛÍ*ÌÏÅŸ

ÃÓÇÓËÈÍÒÕÊŠÚÈÏÍÉÕÎÒÕÍ�ÊÑÍÎŠÇËÅÙÓÒÈÍÊÍŠÈÏÇÈÙÍÌÅÅŽÍÊËÈÍÌÎ�ÈÌÑÍÇÅÍÎŠÇËÅÙÓÒÈÍÊŠÍÈËËÅËŸÍÉÎÇÕÍÇÕÈÍÈ+ÎÇ

ÊÒÒÎÙÈŠÇÊÌÌÑÍÈ+ÎÇÎŠÚÍÃËÅ�ÍÇÕÈÍÉËÅŠÚÍÌÅÅŽÛÍNÊ�ÎŠÚÍÌÅÅŽÏÍÊŠÙÍÇÕÈÎËÍÈ+ÎÇÏÍÊÌÌÈ ÎÊÇÈÏÍÇÕÎÏÍÒÅŠÃÓÏÎÅŠÛÍÜÕÎÏ

ÚÓÎÙÈÌÎŠÈÍÎÏÍÊÌÏÅÍÓÏÈÃÓÌÍÎÃÍŠÈÏÇÈÙÍÌÅÅŽÏÍÊËÈÍÔËÅ�ÈŠÍÅ ÈËÍÊÍÏÒËÈÈŠÍÅËÍŽÊÚÈÍÔÅÓŠÙÊËÑÛ

5.1.4 Naming End Statements

guideline

ÁÂ "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍŽÊÒ�ÊÚÈÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÊŠÙÍÔÅÙÑÛ

ÁÂ "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍÇÊÏ�ÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÊŠÙÍÔÅÙÑÛ

ÁÂ "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊŠÍÊÒÒÈŽÇÍÏÇÊÇÈ�ÈŠÇÛ

ÁÂ "ŠÒÌÓÙÈÍÇÕÈÍÙÈÏÎÚŠÊÇÅËÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍÏÓÔŽËÅÚËÊ�ÍÔÅÙÑÛÍ

example

------------------------------------------------------------------------

package Autopilot is

   function Is_Engaged return Boolean;

   procedure Engage;

   procedure Disengage;

end Autopilot;

------------------------------------------------------------------------

package body Autopilot is

   ...

   ---------------------------------------------------------------------

   task Course_Monitor is

      entry Reset (Engage : in     Boolean);

   end Course_Monitor;

   ---------------------------------------------------------------------

   function Is_Engaged return Boolean is

   ...

   end Is_Engaged;

   ---------------------------------------------------------------------

   procedure Engage is

   ...

   end Engage;



Ä0ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

   ---------------------------------------------------------------------

   procedure Disengage is

   ...

   end Disengage;

   ---------------------------------------------------------------------

   task body Course_Monitor is

   ...

         accept Reset (Engage : in     Boolean) do

            ...

         end Reset;

   ...

   end Course_Monitor;

   ---------------------------------------------------------------------

end Autopilot;

------------------------------------------------------------------------

rationale

RÈŽÈÊÇÎŠÚÍŠÊ�ÈÏÍÅŠÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈÏÈÍÒÅ�ŽÅÓŠÙÍÏÇÊÇÈ�ÈŠÇÏÍÈŠÏÓËÈÏÍÒÅŠÏÎÏÇÈŠÒÑÍÇÕËÅÓÚÕÅÓÇÍÇÕÈÍÒÅÙÈÛÍ"Š

ÊÙÙÎÇÎÅŠŸÍÇÕÈÍŠÊ�ÈÙÍÈŠÙÍŽËÅ ÎÙÈÏÍÊÍËÈÃÈËÈŠÒÈÍÃÅËÍÇÕÈÍËÈÊÙÈËÍÎÃÍÇÕÈÍÓŠÎÇÍÏŽÊŠÏÍÊÍŽÊÚÈÍÅËÍÏÒËÈÈŠÍÔÅÓŠÙÊËÑŸ

ÅËÍÎÃÍÎÇÍÒÅŠÇÊÎŠÏÍÊÍŠÈÏÇÈÙÍÓŠÎÇÛ

5.2 PARAMETER LISTS

*ÍÏÓÔŽËÅÚËÊ�ÍÅËÍÈŠÇËÑÍŽÊËÊ�ÈÇÈËÍÌÎÏÇÍÎÏÍÇÕÈÍÎŠÇÈËÃÊÒÈÍÇÅÍÇÕÈÍÊÔÏÇËÊÒÇÎÅŠÍÎ�ŽÌÈ�ÈŠÇÈÙÍÔÑÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÅË

ÈŠÇËÑÛÍ"ÇÍÎÏÍÎ�ŽÅËÇÊŠÇÍÇÕÊÇÍÎÇÍÎÏÍÒÌÈÊËÍÊŠÙÍÇÕÊÇÍÎÇÍÎÏÍÈ+ŽËÈÏÏÈÙÍÎŠÍÊÍÒÅŠÏÎÏÇÈŠÇÍÏÇÑÌÈÛÍ(ÊËÈÃÓÌÍÙÈÒÎÏÎÅŠÏÍÊÔÅÓÇ

ÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍŠÊ�ÎŠÚÍÊŠÙÍÅËÙÈËÎŠÚÍÒÊŠÍ�Ê�ÈÍÇÕÈÍŽÓËŽÅÏÈÍÅÃÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÈÊÏÎÈËÍÇÅÍÓŠÙÈËÏÇÊŠÙÍÉÕÎÒÕ

ÒÊŠÍ�Ê�ÈÍÎÇÍÈÊÏÎÈËÍÇÅÍÓÏÈÛ

5.2.1 Formal Parameters

guideline

ÁÂ NÊ�ÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÍÙÈÏÒËÎŽÇÎ ÈÌÑÍÇÅÍËÈÙÓÒÈÍÇÕÈÍŠÈÈÙÍÃÅËÍÒÅ��ÈŠÇÏÛ

example

List_Manager.Insert (Element     => New_Employee,

                     Into_List   => Probationary_Employees,

                     At_Position => 1);

rationale

FÅÌÌÅÉÎŠÚÍÇÕÈÍ ÊËÎÊÔÌÈÍŠÊ�ÎŠÚÍÚÓÎÙÈÌÎŠÈÏÍ,GÓÎÙÈÌÎŠÈÏÍ3Û2Û.ÍÊŠÙÍ3Û2Û33ÍÃÅËÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÍÒÊŠÍ�Ê�È

ÒÊÌÌÏÍÇÅÍÏÓÔŽËÅÚËÊ�ÏÍËÈÊÙÍ�ÅËÈÍÌÎ�ÈÍËÈÚÓÌÊËÍŽËÅÏÈŸÍÊÏÍÏÕÅÉŠÍÎŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈÍÉÕÈËÈÍŠÅÍÒÅ��ÈŠÇÏ

ÊËÈÍŠÈÒÈÏÏÊËÑÛÍDÈÏÒËÎŽÇÎ ÈÍŠÊ�ÈÏÍÅÃÍÇÕÎÏÍÏÅËÇÍÒÊŠÍÊÌÏÅÍ�Ê�ÈÍÇÕÈÍÒÅÙÈÍÎŠÍÇÕÈÍÔÅÙÑÍÅÃÍÇÕÈÍÏÓÔŽËÅÚËÊ�

�ÅËÈÍÒÌÈÊËÛ

5.2.2 Named Association

guideline

Á UÏÈÍŠÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÎŠÍÒÊÌÌÏÍÅÃÍÎŠÃËÈ#ÓÈŠÇÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÅËÍÈŠÇËÎÈÏÍÉÎÇÕÍ�ÊŠÑ

ÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÛ

Á UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÉÕÈŠÍÎŠÏÇÊŠÇÎÊÇÎŠÚÍÚÈŠÈËÎÒÏÛ

Á UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÃÅËÍÒÌÊËÎÃÎÒÊÇÎÅŠÍÉÕÈŠÍÇÕÈÍÊÒÇÓÊÌÍŽÊËÊ�ÈÇÈËÍÎÏÍÊŠÑÍÌÎÇÈËÊÌÍÅËÍÈ+ŽËÈÏÏÎÅŠÛ

Á UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÉÕÈŠÍÏÓŽŽÌÑÎŠÚÍÊÍŠÅŠÙÈÃÊÓÌÇÍ ÊÌÓÈÍÇÅÍÊŠÍÅŽÇÎÅŠÊÌÍŽÊËÊ�ÈÇÈËÛ

instantiation

- UÏÈÍŠÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÎŠÍÒÊÌÌÏÍÅÃÍÏÓÔŽËÅÚËÊ�ÏÍÅËÍÈŠÇËÎÈÏÍÒÊÌÌÈÙÍÃËÅ�ÍÌÈÏÏÍÇÕÊŠÍÃÎ ÈÍŽÌÊÒÈÏ

ÎŠÍÊÍÏÎŠÚÌÈÍÏÅÓËÒÈÍÃÎÌÈÍÅËÍÉÎÇÕÍ�ÅËÈÍÇÕÊŠÍÇÉÅÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÛ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍÄ/

example

Encode_Telemetry_Packet (Source         => Power_Electronics,

                         Content        => Temperature,

                         Value          =>

                            Read_Temperature_Sensor(Power_Electronics),

                         Time           => Current_Time,

                         Sequence       => Next_Packet_ID,

                         Vehicle        => This_Spacecraft,

                         Primary_Module => True);

rationale

(ÊÌÌÏÍÅÃÍÎŠÃËÈ#ÓÈŠÇÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÅËÍÈŠÇËÎÈÏÍÉÎÇÕÍ�ÊŠÑÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅ

ÓŠÙÈËÏÇÊŠÙÍÉÎÇÕÅÓÇÍËÈÃÈËËÎŠÚÍÇÅÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÅËÍÈŠÇËÑÍÒÅÙÈÛÍNÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÒÊŠÍ�Ê�È

ÇÕÈÏÈÍÒÊÌÌÏÍ�ÅËÈÍËÈÊÙÊÔÌÈÛ

)ÕÈŠÍÇÕÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÍÕÊ ÈÍÔÈÈŠÍŠÊ�ÈÙÍÊŽŽËÅŽËÎÊÇÈÌÑŸÍÎÇÍÎÏÍÈÊÏÎÈËÍÇÅÍÙÈÇÈË�ÎŠÈÍÈ+ÊÒÇÌÑÍÉÕÊÇ

ŽÓËŽÅÏÈÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÏÈË ÈÏÍÉÎÇÕÅÓÇÍÌÅÅ�ÎŠÚÍÊÇÍÎÇÏÍÒÅÙÈÛÍÜÕÎÏÍËÈÙÓÒÈÏÍÇÕÈÍŠÈÈÙÍÃÅËÍŠÊ�ÈÙÍÒÅŠÏÇÊŠÇÏ

ÇÕÊÇÍÈ+ÎÏÇÍÏÅÌÈÌÑÍÇÅÍ�Ê�ÈÍÒÊÌÌÏÍ�ÅËÈÍËÈÊÙÊÔÌÈÛÍ"ÇÍÊÌÏÅÍÊÌÌÅÉÏÍ ÊËÎÊÔÌÈÏÍÓÏÈÙÍÊÏÍÊÒÇÓÊÌÍŽÊËÊ�ÈÇÈËÏÍÇÅÍÔÈ

ÚÎ ÈŠÍŠÊ�ÈÏÍÎŠÙÎÒÊÇÎŠÚÍÉÕÊÇÍÇÕÈÑÍÊËÈÍÉÎÇÕÅÓÇÍËÈÚÊËÙÍÇÅÍÉÕÑÍÇÕÈÑÍÊËÈÍÔÈÎŠÚÍŽÊÏÏÈÙÍÎŠÍÊÍÒÊÌÌÛÍ*ŠÍÊÒÇÓÊÌ

ŽÊËÊ�ÈÇÈËŸÍÉÕÎÒÕÍÎÏÍÊŠÍÈ+ŽËÈÏÏÎÅŠÍËÊÇÕÈËÍÇÕÊŠÍÊÍ ÊËÎÊÔÌÈŸÍÒÊŠŠÅÇÍÔÈÍŠÊ�ÈÙÍÅÇÕÈËÉÎÏÈÛ

NÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÊÌÌÅÉÏÍÏÓÔŽËÅÚËÊ�ÏÍÇÅÍÕÊ ÈÍŠÈÉÍŽÊËÊ�ÈÇÈËÏÍÎŠÏÈËÇÈÙÍÉÎÇÕÍ�ÎŠÎ�ÊÌÍËÊ�ÎÃÎÒÊÇÎÅŠÏÍÇÅ

È+ÎÏÇÎŠÚÍÒÊÌÌÏÛ

note

ÜÕÈÍÖÓÙÚ�ÈŠÇÍÅÃÍÉÕÈŠÍŠÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÎ�ŽËÅ ÈÏÍËÈÊÙÊÔÎÌÎÇÑÍÎÏÍÏÓÔÖÈÒÇÎ ÈÛÍ(ÈËÇÊÎŠÌÑŸ

ÏÎ�ŽÌÈÍÅËÍÃÊ�ÎÌÎÊËÍÏÓÔŽËÅÚËÊ�ÏÍÏÓÒÕÍÊÏÍÊÍÏÉÊŽÍËÅÓÇÎŠÈÍÅËÍÊÍÏÎŠÈÍÃÓŠÒÇÎÅŠÍÙÅÍŠÅÇÍËÈ#ÓÎËÈÍÇÕÈÍÈ+ÇËÊ

ÒÌÊËÎÃÎÒÊÇÎÅŠÍÅÃÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÎŠÍÇÕÈÍŽËÅÒÈÙÓËÈÍÒÊÌÌÛ

caution

*ÍÒÅŠÏÈ#ÓÈŠÒÈÍÅÃÍŠÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÎÏÍÇÕÊÇÍÇÕÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍŠÊ�ÈÏÍ�ÊÑÍŠÅÇÍÔÈÍÒÕÊŠÚÈÙ

ÉÎÇÕÅÓÇÍ�ÅÙÎÃÑÎŠÚÍÇÕÈÍÇÈ+ÇÍÅÃÍÈÊÒÕÍÒÊÌÌÛ

5.2.3 Default Parameters

guideline

Á %ËÅ ÎÙÈÍÙÈÃÊÓÌÇÍŽÊËÊ�ÈÇÈËÏÍÇÅÍÊÌÌÅÉÍÃÅËÍÅÒÒÊÏÎÅŠÊÌŸÍÏŽÈÒÎÊÌÍÓÏÈÍÅÃÍÉÎÙÈÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÅË

ÈŠÇËÎÈÏÛ

Á %ÌÊÒÈÍÙÈÃÊÓÌÇÍŽÊËÊ�ÈÇÈËÏÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍÌÎÏÇÛ

Á (ÅŠÏÎÙÈËÍŽËÅ ÎÙÎŠÚÍÙÈÃÊÓÌÇÍ ÊÌÓÈÏÍÇÅÍŠÈÉÍŽÊËÊ�ÈÇÈËÏÍÊÙÙÈÙÍÇÅÍÊŠÍÈ+ÎÏÇÎŠÚÍÏÓÔŽËÅÚËÊ�Û

example

(ÕÊŽÇÈËÍ.4ÍÅÃÍÇÕÈÍ*ÙÊÍLÊŠÚÓÊÚÈÍRÈÃÈËÈŠÒÈÍMÊŠÓÊÌÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./033ÍÒÅŠÇÊÎŠÏÍ�ÊŠÑ

È+Ê�ŽÌÈÏÍÅÃÍÇÕÎÏÍŽËÊÒÇÎÒÈÛ

rationale

$ÃÇÈŠŸÍÇÕÈÍ�ÊÖÅËÎÇÑÍÅÃÍÓÏÈÏÍÅÃÍÊÍÏÓÔŽËÅÚËÊ�ÍÅËÍÈŠÇËÑÍŠÈÈÙÍÇÕÈÍÏÊ�ÈÍ ÊÌÓÈÍÃÅËÍÊÍÚÎ ÈŠÍŽÊËÊ�ÈÇÈËÛ

%ËÅ ÎÙÎŠÚÍÇÕÊÇÍ ÊÌÓÈŸÍÊÏÍÇÕÈÍÙÈÃÊÓÌÇÍÃÅËÍÇÕÈÍŽÊËÊ�ÈÇÈËŸÍ�Ê�ÈÏÍÇÕÈÍŽÊËÊ�ÈÇÈËÍÅŽÇÎÅŠÊÌÍÅŠÍÇÕÈÍ�ÊÖÅËÎÇÑÍÅÃ

ÒÊÌÌÏÛÍ"ÇÍÊÌÏÅÍÊÌÌÅÉÏÍÇÕÈÍËÈ�ÊÎŠÎŠÚÍÒÊÌÌÏÍÇÅÍÒÓÏÇÅ�Î’ÈÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÅËÍÈŠÇËÑÍÔÑÍŽËÅ ÎÙÎŠÚÍÙÎÃÃÈËÈŠÇ

 ÊÌÓÈÏÍÃÅËÍÇÕÊÇÍŽÊËÊ�ÈÇÈËÛ

%ÌÊÒÎŠÚÍÙÈÃÊÓÌÇÍŽÊËÊ�ÈÇÈËÏÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍÌÎÏÇÍÊÌÌÅÉÏÍÇÕÈÍÒÊÌÌÈËÍÇÅÍÓÏÈÍŽÅÏÎÇÎÅŠÊÌ

ÊÏÏÅÒÎÊÇÎÅŠÍÅŠÍÇÕÈÍÒÊÌÌŸÍÅÇÕÈËÉÎÏÈÍÙÈÃÊÓÌÇÏÍÊËÈÍÊ ÊÎÌÊÔÌÈÍÅŠÌÑÍÉÕÈŠÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÎÏÍÓÏÈÙÛ

$ÃÇÈŠÍÙÓËÎŠÚÍ�ÊÎŠÇÈŠÊŠÒÈÍÊÒÇÎ ÎÇÎÈÏŸÍÑÅÓÍÎŠÒËÈÊÏÈÍÇÕÈÍÃÓŠÒÇÎÅŠÊÌÎÇÑÍÅÃÍÊÍÏÓÔŽËÅÚËÊ�ÍÅËÍÈŠÇËÑÛÍÜÕÎÏ

ËÈ#ÓÎËÈÏÍ�ÅËÈÍŽÊËÊ�ÈÇÈËÏÍÇÕÊŠÍÇÕÈÍÅËÎÚÎŠÊÌÍÃÅË�ÍÃÅËÍÏÅ�ÈÍÒÊÌÌÏÛÍNÈÉÍŽÊËÊ�ÈÇÈËÏÍ�ÊÑÍÔÈÍËÈ#ÓÎËÈÙÍÇÅ

ÒÅŠÇËÅÌÍ ÇÕÎÏÍ ŠÈÉÍ ÃÓŠÒÇÎÅŠÊÌÎÇÑÛÍ GÎ ÈÍ ÇÕÈÍ ŠÈÉÍ ŽÊËÊ�ÈÇÈËÏÍ ÙÈÃÊÓÌÇÍ  ÊÌÓÈÏÍ ÉÕÎÒÕÍ ÏŽÈÒÎÃÑÍ ÇÕÈÍ ÅÌÙ

ÃÓŠÒÇÎÅŠÊÌÎÇÑÛÍ(ÊÌÌÏÍŠÈÈÙÎŠÚÍÇÕÈÍÅÌÙÍÃÓŠÒÇÎÅŠÊÌÎÇÑÍŠÈÈÙÍŠÅÇÍÔÈÍÒÕÊŠÚÈÙ;ÍÇÕÈÑÍÇÊ�ÈÍÇÕÈÍÙÈÃÊÓÌÇÏÛÍÜÕÎÏÍÎÏ

ÇËÓÈÍÎÃÍÇÕÈÍŠÈÉÍŽÊËÊ�ÈÇÈËÏÍÊËÈÍÊÙÙÈÙÍÇÅÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÍÌÎÏÇŸÍÅËÍÎÃÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÎÏÍÓÏÈÙÍÅŠ

ÊÌÌÍÒÊÌÌÏÛÍNÈÉÍÒÊÌÌÏÍŠÈÈÙÎŠÚÍÇÕÈÍŠÈÉÍÃÓŠÒÇÎÅŠÊÌÎÇÑÍÒÊŠÍÏŽÈÒÎÃÑÍÇÕÊÇÍÔÑÍŽËÅ ÎÙÎŠÚÍÅÇÕÈËÍ ÊÌÓÈÏÍÃÅËÍÇÕÈÍŠÈÉ

ŽÊËÊ�ÈÇÈËÏÛÍ
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ÜÕÎÏÍÈŠÕÊŠÒÈÏÍ�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÍÎŠÍÇÕÊÇÍÇÕÈÍŽÌÊÒÈÏÍÉÕÎÒÕÍÓÏÈÍÇÕÈÍ�ÅÙÎÃÎÈÙÍËÅÓÇÎŠÈÏÍÙÅÍŠÅÇÍÇÕÈ�ÏÈÌ ÈÏÍÕÊ È

ÇÅÍÔÈÍ�ÅÙÎÃÎÈÙŸÍÉÕÎÌÈÍÇÕÈÍŽËÈ ÎÅÓÏÍÃÓŠÒÇÎÅŠÊÌÎÇÑÍÌÈ ÈÌÏÍÅÃÍÇÕÈÍËÅÓÇÎŠÈÏÍÊËÈÍÊÌÌÅÉÈÙÍÇÅÍÔÈÍ�ËÈÓÏÈÙÛ�

exceptions

DÅÍŠÅÇÍÚÅÍÅ ÈËÔÅÊËÙÛÍ"ÃÍÇÕÈÍÒÕÊŠÚÈÏÍÎŠÍÃÓŠÒÇÎÅŠÊÌÎÇÑÍÊËÈÍÇËÓÌÑÍËÊÙÎÒÊÌŸÍÑÅÓÍÏÕÅÓÌÙÍÔÈÍŽËÈŽÊËÎŠÚÍÊÍÏÈŽÊËÊÇÈ

ËÅÓÇÎŠÈÍËÊÇÕÈËÍÇÕÊŠÍ�ÅÙÎÃÑÎŠÚÍÊŠÍÈ+ÎÏÇÎŠÚÍÅŠÈÛÍ$ŠÈÍÎŠÙÎÒÊÇÅËÍÅÃÍÇÕÎÏÍÏÎÇÓÊÇÎÅŠÍÉÅÓÌÙÍÔÈÍÇÕÊÇÍÎÇÍÎÏÍÙÎÃÃÎÒÓÌÇ

ÇÅÍÙÈÇÈË�ÎŠÈÍ ÊÌÓÈÍÒÅ�ÔÎŠÊÇÎÅŠÏÍÃÅËÍÇÕÈÍÙÈÃÊÓÌÇÏÍÇÕÊÇÍÓŠÎ#ÓÈÌÑÍÊŠÙÍŠÊÇÓËÊÌÌÑÍËÈ#ÓÎËÈÍÇÕÈÍ�ÅËÈÍËÈÏÇËÎÒÇÎ È

ÅÃÍÇÕÈÍÇÉÅÍÃÓŠÒÇÎÅŠÏÛÍ"ŠÍÏÓÒÕÍÒÊÏÈÏŸÍÎÇÍÎÏÍÔÈÇÇÈËÍÇÅÍÚÅÍÊÕÈÊÙÍÉÎÇÕÍÒËÈÊÇÎÅŠÍÅÃÍÊÍÏÈŽÊËÊÇÈÍËÅÓÇÎŠÈÛ

5.2.4 Mode Indication

guideline

S ÀÕÅÉÍÇÕÈÍ�ÅÙÈÍÎŠÙÎÒÊÇÎÅŠÍÅÃÍÊÌÌÍŽËÅÒÈÙÓËÈÍÊŠÙÍÈŠÇËÑÍŽÊËÊ�ÈÇÈËÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û

S UÏÈÍÁÂÄÀÅÃÍÅŠÌÑÍÉÕÈŠÍÇÕÈÍŽÊËÊ�ÈÇÈËÍÎÏÍÔÅÇÕÍËÈÊÙÍÃËÅ�ÍÊŠÙÍÓŽÙÊÇÈÙÛ

example

ÇÉÀÊËÈÅÉËÄÍÇËÂÎÏÁÌËÄÑÏÁÌËÎÓÔÖËÄÄÄÒÄÁÂÄÄÄÄÄÕÃÉÁÂŠÚ

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÍÇËÂÎÕÃÔÃÅÛÄÒÄÄÄÄÀÅÃÄÕÃÔÃÅÛÎÜÀÈËÛÙÚ

ËÂÃÉŸÄŽÊ�ÅÁÉËÄÑ�ËŸÄÄÄÄÄÄÒÄÁÂÄÄÄÄÄÜÔÇÔ�ÁÌÁÃŸÚ

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ�ËÛÀÅÉÊËÄÒÄÄÄÄÀÅÃÄ ÔÇËÎ!ÉÁ"ËÙÚ

rationale

-ÑÍÏÕÅÉÎŠÚÍÇÕÈÍ�ÅÙÈÍÅÃÍŽÊËÊ�ÈÇÈËÏŸÍÑÅÓÍÊÎÙÍÇÕÈÍËÈÊÙÈËÛÍ"ÃÍÑÅÓÍÙÅÍŠÅÇÍÏŽÈÒÎÃÑÍÊÍŽÊËÊ�ÈÇÈËÍ�ÅÙÈŸÍÇÕÈ

ÙÈÃÊÓÌÇÍ�ÅÙÈÍÎÏÍÁÂÛÍ!+ŽÌÎÒÎÇÌÑÍÏÕÅÉÎŠÚÍÇÕÈÍ�ÅÙÈÍÎŠÙÎÒÊÇÎÅŠÍÅÃÍÊÌÌÍŽÊËÊ�ÈÇÈËÏÍÎÏÍÊÍ�ÅËÈÍÊÏÏÈËÇÎ ÈÍÊÒÇÎÅŠ

ÇÕÊŠÍÏÎ�ŽÌÑÍÇÊ�ÎŠÚÍÇÕÈÍÙÈÃÊÓÌÇÍ�ÅÙÈÛÍ*ŠÑÅŠÈÍËÈ ÎÈÉÎŠÚÍÇÕÈÍÒÅÙÈÍÌÊÇÈËÍÉÎÌÌÍÔÈÍ�ÅËÈÍÒÅŠÃÎÙÈŠÇÍÇÕÊÇÍÑÅÓ

ÎŠÇÈŠÙÈÙÍÇÕÈÍŽÊËÊ�ÈÇÈËÍ�ÅÙÈÍÇÅÍÔÈÍÁÂÛ

UÏÈÍÇÕÈÍ�ÅÙÈÍÇÕÊÇÍËÈÃÌÈÒÇÏÍÇÕÈÍÊÒÇÓÊÌÍÓÏÈÍÅÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÛÍ$ŠÌÑÍÓÏÈÍÁÂÄÀÅÃÍ�ÅÙÈÍÉÕÈŠÍËÈÊÙÎŠÚÍÊŠÙ

ÉËÎÇÎŠÚÍÇÅÍÊÍŽÊËÊ�ÈÇÈËÛ

exception

"ÇÍ�ÊÑÍÔÈÍŠÈÒÈÏÏÊËÑÍÇÅÍÒÅŠÏÎÙÈËÍÏÈ ÈËÊÌÍÊÌÇÈËŠÊÇÎ ÈÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÏÍÃÅËÍÊÍÚÎ ÈŠÍÊÔÏÇËÊÒÇÎÅŠÛÍÍFÅË

È+Ê�ŽÌÈŸÍÊÍÔÅÓŠÙÈÙÍÏÇÊÒ�ÍÒÊŠÍÔÈÍÎ�ŽÌÈ�ÈŠÇÈÙÍÊÏÍÊÍŽÅÎŠÇÈËÍÇÅÍÊŠÍÊËËÊÑÛÍÍ! ÈŠÍÇÕÅÓÚÕÍÊŠÍÓŽÙÊÇÈÍÇÅÍÇÕÈ

ÅÔÖÈÒÇÍÔÈÎŠÚÍŽÅÎŠÇÈÙÍÇÅÍÙÅÈÏÍŠÅÇÍËÈ#ÓÎËÈÍÒÕÊŠÚÎŠÚÍÇÕÈÍŽÅÎŠÇÈËÍ ÊÌÓÈÍÎÇÏÈÌÃŸÍÑÅÓÍ�ÊÑÍÉÊŠÇÍÇÅÍÒÅŠÏÎÙÈË

�Ê�ÎŠÚÍÇÕÈÍ�ÅÙÈÍÁÂÄÀÅÃÍÇÅÍÊÌÌÅÉÍÒÕÊŠÚÈÏÍÇÅÍÇÕÈÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÊŠÙÍÇÅÍÙÅÒÓ�ÈŠÇÍ�ÅËÈÍÊÒÒÓËÊÇÈÌÑÍÉÕÊÇ

ÇÕÈÍÅŽÈËÊÇÎÅŠÍÎÏÍÙÅÎŠÚÛÍÍ"ÃÍÑÅÓÍÌÊÇÈËÍÒÕÊŠÚÈÍÇÕÈÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÇÅÍÊÍÏÎ�ŽÌÈÍÊËËÊÑŸÍÇÕÈÍ�ÅÙÈÍÉÎÌÌÍÕÊ ÈÍÇÅ

ÔÈÍÁÂÄÀÅÃŸÍŽÅÇÈŠÇÎÊÌÌÑÍÒÊÓÏÎŠÚÍÒÕÊŠÚÈÏÍÇÅÍÊÌÌÍŽÌÊÒÈÏÍÇÕÊÇÍÇÕÈÍËÅÓÇÎŠÈÍÎÏÍÒÊÌÌÈÙÛ

5.3 TYPES

"ŠÍÊÙÙÎÇÎÅŠÍÇÅÍÙÈÇÈË�ÎŠÎŠÚÍÇÕÈÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏÍÃÅËÍ ÊËÎÊÔÌÈÏŸÍÇÑŽÈÍŠÊ�ÈÏŸÍÊŠÙÍÙÎÏÇÎŠÒÇÎÅŠÏÍÒÊŠÍÔÈÍ ÈËÑ

 ÊÌÓÊÔÌÈÍÊÎÙÏÍÎŠÍÙÈ ÈÌÅŽÎŠÚÍÏÊÃÈŸÍËÈÊÙÊÔÌÈŸÍÊŠÙÍÓŠÙÈËÏÇÊŠÙÊÔÌÈÍÒÅÙÈÛÍÜÑŽÈÏÍÒÌÊËÎÃÑÍÇÕÈÍÏÇËÓÒÇÓËÈÍÅÃÍÑÅÓËÍÙÊÇÊ

ÊŠÙÍÒÊŠÍÌÎ�ÎÇÍÅËÍËÈÏÇËÎÒÇÍÇÕÈÍÅŽÈËÊÇÎÅŠÏÍŽÈËÃÅË�ÈÙÍÅŠÍÇÕÊÇÍÙÊÇÊÛÍ�KÈÈŽÎŠÚÍÇÑŽÈÏÍÙÎÏÇÎŠÒÇÍÕÊÏÍÔÈÈŠÍÃÅÓŠÙÍÇÅÍÔÈ

ÊÍ ÈËÑÍŽÅÉÈËÃÓÌÍ�ÈÊŠÏÍÅÃÍÙÈÇÈÒÇÎŠÚÍÌÅÚÎÒÊÌÍ�ÎÏÇÊ�ÈÏÍÉÕÈŠÍÊÍŽËÅÚËÊ�ÍÎÏÍÉËÎÇÇÈŠÍÊŠÙÍÇÅÍÚÎ ÈÍ ÊÌÓÊÔÌÈÍÊÏÏÎÏÇÊŠÒÈ

ÉÕÈŠÈ ÈËÍÇÕÈÍŽËÅÚËÊ�ÍÎÏÍÔÈÎŠÚÍÏÓÔÏÈ#ÓÈŠÇÌÑÍ�ÊÎŠÇÊÎŠÈÙÛ�Í,%ÑÌÈÍ./0Ä3ÍÍÜÊ�ÈÍÊÙ ÊŠÇÊÚÈÍÅÃÍ*ÙÊ’ÏÍÏÇËÅŠÚ

ÇÑŽÎŠÚÍÒÊŽÊÔÎÌÎÇÑÍÎŠÍÇÕÈÍÃÅË�ÍÅÃÍÏÓÔÇÑŽÈÏŸÍÙÈËÎ ÈÙÍÇÑŽÈÏŸÍÇÊÏ�ÍÇÑŽÈÏŸÍŽËÎ ÊÇÈÍÇÑŽÈÏŸÍÊŠÙÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÛ

ÜÕÈÍÚÓÎÙÈÌÎŠÈÏÍÈŠÒÅÓËÊÚÈÍ�ÓÒÕÍÒÅÙÈÍÇÅÍÔÈÍÉËÎÇÇÈŠÍÇÅÍÈŠÏÓËÈÍÏÇËÅŠÚÍÇÑŽÎŠÚÍ,ÎÛÈÛŸÍÏÓÔÇÑŽÈÏ3ÛÍ)ÕÎÌÈÍÎÇÍ�ÎÚÕÇ

ÊŽŽÈÊËÍÇÕÊÇÍÇÕÈËÈÍÉÅÓÌÙÍÔÈÍÈ+ÈÒÓÇÎÅŠÍŽÈŠÊÌÇÎÈÏÍÃÅËÍÇÕÎÏÍÊ�ÅÓŠÇÍÅÃÍÒÅÙÈŸÍÇÕÎÏÍÎÏÍÓÏÓÊÌÌÑÍŠÅÇÍÇÕÈÍÒÊÏÈÛÍ"Š

ÒÅŠÇËÊÏÇÍÇÅÍÅÇÕÈËÍÒÅŠ ÈŠÇÎÅŠÊÌÍÌÊŠÚÓÊÚÈÏŸÍ*ÙÊÍÕÊÏÍÊÍÌÈÏÏÍÙÎËÈÒÇÍËÈÌÊÇÎÅŠÏÕÎŽÍÔÈÇÉÈÈŠÍÇÕÈÍÊ�ÅÓŠÇÍÅÃÍÒÅÙÈÍÇÕÊÇ

ÎÏÍÉËÎÇÇÈŠÍÊŠÙÍÇÕÈÍÏÎ’ÈÍÅÃÍÇÕÈÍËÈÏÓÌÇÎŠÚÍÈ+ÈÒÓÇÊÔÌÈÍŽËÅÚËÊ�ÛÍMÅÏÇÍÅÃÍÇÕÈÍÏÇËÅŠÚÍÇÑŽÈÍÒÕÈÒ�ÎŠÚÍÎÏÍŽÈËÃÅË�ÈÙÍÊÇ

ÒÅ�ŽÎÌÊÇÎÅŠÍÇÎ�ÈÍËÊÇÕÈËÍÇÕÊŠÍÈ+ÈÒÓÇÎÅŠÍÇÎ�ÈŸÍÏÅÍÇÕÈÍÏÎ’ÈÍÅÃÍÇÕÈÍÈ+ÈÒÓÇÊÔÌÈÍÒÅÙÈÍÎÏÍŠÅÇÍÚËÈÊÇÌÑÍÊÃÃÈÒÇÈÙÛ

5.3.1 Derived Types and Subtypes

guideline

S UÏÈÍÈ+ÎÏÇÎŠÚÍÇÑŽÈÏÍÊÏÍÔÓÎÌÙÎŠÚÍÔÌÅÒ�ÏÍÔÑÍÙÈËÎ ÎŠÚÍŠÈÉÍÇÑŽÈÏÍÃËÅ�ÍÇÕÈ�Û

S UÏÈÍËÊŠÚÈÍÒÅŠÏÇËÊÎŠÇÏÍÅŠÍÏÓÔÇÑŽÈÏÛ
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S DÈÃÎŠÈÍŠÈÉÍÇÑŽÈÏŸÍÈÏŽÈÒÎÊÌÌÑÍÙÈËÎ ÈÙÍÇÑŽÈÏŸÍÇÅÍÎŠÒÌÓÙÈÍÇÕÈÍÌÊËÚÈÏÇÍÏÈÇÍÅÃÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏŸÍÎŠÒÌÓÙÎŠÚ

ÔÅÓŠÙÊËÑÍ ÊÌÓÈÏÛ

S (ÅŠÏÇËÊÎŠÍÇÕÈÍËÊŠÚÈÏÍÅÃÍÙÈËÎ ÈÙÍÇÑŽÈÏÍÉÎÇÕÍÏÓÔÇÑŽÈÏŸÍÈ+ÒÌÓÙÎŠÚÍÔÅÓŠÙÊËÑÍ ÊÌÓÈÏÛ

example

ÜÑŽÈÍTableÍÎÏÍÊÍÔÓÎÌÙÎŠÚÍÔÌÅÒ�ÍÃÅËÍÇÕÈÍÒËÈÊÇÎÅŠÍÅÃÍŠÈÉÍÇÑŽÈÏ:

type Table is

   record

      Count : List_Size  := Empty;

      List  : Entry_List := Empty_List;

   end record;

type Telephone_Directory  is new Table;

type Department_Inventory is new Table;

ÜÕÈÍÃÅÌÌÅÉÎŠÚÍÊËÈÍÙÎÏÇÎŠÒÇÍÇÑŽÈÏÍÇÕÊÇÍÒÊŠŠÅÇÍÔÈÍÎŠÇÈË�Î+ÈÙÍÎŠÍÅŽÈËÊÇÎÅŠÏÍÇÕÊÇÍÊËÈÍŠÅÇÍŽËÅÚËÊ��ÈÙ

È+ŽÌÎÒÎÇÌÑÍÇÅÍÓÏÈÍÇÕÈ�ÍÔÅÇÕ:

type Dollars is new Number;

type Cents   is new Number;

-ÈÌÅÉŸÍSource_TailÍÕÊÏÍÊÍ ÊÌÓÈÍÅÓÇÏÎÙÈÍÇÕÈÍËÊŠÚÈÍÅÃÍListing_PaperÍÉÕÈŠÍÇÕÈÍÌÎŠÈÍÎÏÍÈ�ŽÇÑÛÍ*ÌÌÍÇÕÈ

ÎŠÙÎÒÈÏÍÒÊŠÍÔÈÍ�Î+ÈÙÍÎŠÍÈ+ŽËÈÏÏÎÅŠÏŸÍÊÏÍÌÅŠÚÍÊÏÍÇÕÈÍËÈÏÓÌÇÏÍÃÊÌÌÍÉÎÇÕÎŠÍÇÕÈÍÒÅËËÈÒÇÍÏÓÔÇÑŽÈÏ:

type Columns          is range First_Column - 1 .. Listing_Width + 1;

subtype Listing_Paper is

      Columns range First_Column .. Listing_Width;

subtype Dumb_Terminal is

      Columns range First_Column .. Dumb_Terminal_Width;

type Line             is array (Columns range <>) of Bytes;

subtype Listing_Line  is Line (Listing_Paper);

subtype Terminal_Line is Line (Dumb_Terminal);

Source_Tail : Columns       := Columns’First;

Source      : Listing_Line;

Destination : Terminal_Line;

...

Destination(Destination’First .. Source_Tail - Destination’Last) :=

      Source(Columns’Succ(Destination’Last) .. Source_Tail);

rationale

ÜÕÈÍŠÊ�ÈÍÅÃÍÊÍÙÈËÎ ÈÙÍÇÑŽÈÍÒÊŠÍ�Ê�ÈÍÒÌÈÊËÍÎÇÏÍÎŠÇÈŠÙÈÙÍÓÏÈÍÊŠÙÍÊ ÅÎÙÍŽËÅÌÎÃÈËÊÇÎÅŠÍÅÃÍÏÎ�ÎÌÊËÍÇÑŽÈ

ÙÈÃÎŠÎÇÎÅŠÏÛÍ$ÔÖÈÒÇÏÍÅÃÍÇÉÅÍÙÈËÎ ÈÙÍÇÑŽÈÏŸÍÈ ÈŠÍÇÕÅÓÚÕÍÙÈËÎ ÈÙÍÃËÅ�ÍÇÕÈÍÏÊ�ÈÍÇÑŽÈŸÍÒÊŠŠÅÇÍÔÈÍ�Î+ÈÙÍÎŠ

ÅŽÈËÊÇÎÅŠÏÍÓŠÌÈÏÏÍÏÓÒÕÍÅŽÈËÊÇÎÅŠÏÍÊËÈÍÏÓŽŽÌÎÈÙÍÈ+ŽÌÎÒÎÇÌÑÍÅËÍÅŠÈÍÎÏÍÒÅŠ ÈËÇÈÙÍÇÅÍÇÕÈÍÅÇÕÈËÍÈ+ŽÌÎÒÎÇÌÑÛÍÜÕÎÏ

ŽËÅÕÎÔÎÇÎÅŠÍÎÏÍÊŠÍÈŠÃÅËÒÈ�ÈŠÇÍÅÃÍÏÇËÅŠÚÍÇÑŽÎŠÚÛ

DÈÃÎŠÈÍŠÈÉÍÇÑŽÈÏŸÍÙÈËÎ ÈÙÍÇÑŽÈÏŸÍÊŠÙÍÏÓÔÇÑŽÈÏÍÒÊÓÇÎÅÓÏÌÑÍÊŠÙÍÙÈÌÎÔÈËÊÇÈÌÑÛÍÜÕÈÍÒÅŠÒÈŽÇÏÍÅÃÍÏÓÔÇÑŽÈÍÊŠÙ

ÙÈËÎ ÈÙÍÇÑŽÈÍÊËÈÍŠÅÇÍÈ#ÓÎ ÊÌÈŠÇŸÍÔÓÇÍÇÕÈÑÍÒÊŠÍÔÈÍÓÏÈÙÍÇÅÍÊÙ ÊŠÇÊÚÈÍÎŠÍÒÅŠÒÈËÇÛÍ*ÍÏÓÔÇÑŽÈÍÌÎ�ÎÇÏÍÇÕÈÍËÊŠÚÈ

ÅÃÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏÍÃÅËÍÊÍÇÑŽÈŸÍÔÓÇÍÙÅÈÏÍŠÅÇÍÙÈÃÎŠÈÍÊÍŠÈÉÍÇÑŽÈÛ

ÜÑŽÈÏÍÒÊŠÍÕÊ ÈÍÕÎÚÕÌÑÍÒÅŠÏÇËÊÎŠÈÙÍÏÈÇÏÍÅÃÍ ÊÌÓÈÏÍÉÎÇÕÅÓÇÍÈÌÎ�ÎŠÊÇÎŠÚÍÓÏÈÃÓÌÍ ÊÌÓÈÏÛÍUÏÈÙÍÎŠÍÒÅŠÒÈËÇŸ

ÙÈËÎ ÈÙÍÇÑŽÈÏÍÊŠÙÍÏÓÔÇÑŽÈÏÍÒÊŠÍÈÌÎ�ÎŠÊÇÈÍ�ÊŠÑÍÃÌÊÚÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÇÑŽÈÍÒÅŠ ÈËÏÎÅŠÏÍÉÎÇÕÎŠÍÈ+ÈÒÓÇÊÔÌÈ

ÏÇÊÇÈ�ÈŠÇÏÛÍÜÕÎÏÍËÈŠÙÈËÏÍÇÕÈÍŽËÅÚËÊ�Í�ÅËÈÍËÈÊÙÊÔÌÈŸÍÈŠÃÅËÒÈÏÍÇÕÈÍÊÔÏÇËÊÒÇÎÅŠŸÍÊŠÙÍÊÌÌÅÉÏÍÇÕÈÍÒÅ�ŽÎÌÈË

ÇÅÍÈŠÃÅËÒÈÍÏÇËÅŠÚÍÇÑŽÎŠÚÍÒÅŠÏÇËÊÎŠÇÏÛ

MÊŠÑÍÊÌÚÅËÎÇÕ�ÏÍÔÈÚÎŠÍÅËÍÈŠÙÍÉÎÇÕÍ ÊÌÓÈÏÍÖÓÏÇÍÅÓÇÏÎÙÈÍÇÕÈÍŠÅË�ÊÌÍËÊŠÚÈÛÍ"ÃÍÔÅÓŠÙÊËÑÍ ÊÌÓÈÏÍÊËÈÍŠÅÇ

ÒÅ�ŽÊÇÎÔÌÈÍÉÎÇÕÎŠÍÏÓÔÈ+ŽËÈÏÏÎÅŠÏŸÍÊÌÚÅËÎÇÕ�ÏÍÒÊŠÍÔÈÍŠÈÈÙÌÈÏÏÌÑÍÒÅ�ŽÌÎÒÊÇÈÙÛÍÜÕÈÍŽËÅÚËÊ�ÍÒÊŠÍÔÈÒÅ�È

ÒÌÓÇÇÈËÈÙÍÉÎÇÕÍÃÌÊÚÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÏŽÈÒÎÊÌÍÒÊÏÈÏÍÉÕÈŠÍÎÇÍÒÅÓÌÙÍÖÓÏÇÍÇÈÏÇÍÃÅËÍ’ÈËÅÍÅËÍÏÅ�ÈÍÅÇÕÈËÍÏÈŠÇÎŠÈÌÍ ÊÌÓÈ

ÖÓÏÇÍÅÓÇÏÎÙÈÍŠÅË�ÊÌÍËÊŠÚÈÛ

ÜÕÈÍÇÑŽÈÍColumnsÍÊŠÙÍÇÕÈÍÏÓÔÇÑŽÈÍListing_PaperÍÎŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈÍÙÈ�ÅŠÏÇËÊÇÈÍÕÅÉÍÇÅÍÊÌÌÅÉ

ÏÈŠÇÎŠÈÌÍ ÊÌÓÈÏÛÍÜÕÈÍÏÓÔÇÑŽÈÍListing_PaperÍÒÅÓÌÙÍÔÈÍÓÏÈÙÍÊÏÍÇÕÈÍÇÑŽÈÍÃÅËÍŽÊËÊ�ÈÇÈËÏÍÅÃÍÏÓÔŽËÅÚËÊ�Ï

ÙÈÒÌÊËÈÙÍÎŠÍÇÕÈÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÅÃÍÊÍŽÊÒ�ÊÚÈÛÍÜÕÎÏÍÉÅÓÌÙÍËÈÏÇËÎÒÇÍÇÕÈÍËÊŠÚÈÍÅÃÍ ÊÌÓÈÏÍÉÕÎÒÕÍÒÅÓÌÙÍÔÈ

ÏŽÈÒÎÃÎÈÙÍÔÑÍÇÕÈÍÒÊÌÌÈËÛÍMÈÊŠÉÕÎÌÈŸÍÇÕÈÍÇÑŽÈÍCOLUMNSÍÒÅÓÌÙÍÔÈÍÓÏÈÙÍÇÅÍÏÇÅËÈÍÏÓÒÕÍ ÊÌÓÈÏÍÎŠÇÈËŠÊÌÌÑÍÇÅÍÇÕÈ

ÔÅÙÑÍÅÃÍÇÕÈÍŽÊÒ�ÊÚÈŸÍÊÌÌÅÉÎŠÚÍFirst_Column Á 1ÍÇÅÍÔÈÍÓÏÈÙÍÊÏÍÊÍÏÈŠÇÎŠÈÌÍ ÊÌÓÈÛÍÜÕÎÏÍÒÅ�ÔÎŠÊÇÎÅŠÍÅÃ
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ÇÑŽÈÏÍ ÊŠÙÍ ÏÓÔÇÑŽÈÏÍ ÊÌÌÅÉÏÍ ÒÅ�ŽÊÇÎÔÎÌÎÇÑÍ ÔÈÇÉÈÈŠÍ ÏÓÔÇÑŽÈÏÍ ÉÎÇÕÎŠÍ ÏÓÔÈ+ŽËÈÏÏÎÅŠÏÍ ÉÎÇÕÅÓÇÍ ÇÑŽÈ

ÒÅŠ ÈËÏÎÅŠÏÍÊÏÍÉÅÓÌÙÍÕÊŽŽÈŠÍÉÎÇÕÍÙÈËÎ ÈÙÍÇÑŽÈÏÛ

note

ÜÕÈÍŽËÎÒÈÍÅÃÍÇÕÈÍËÈÙÓÒÇÎÅŠÍÎŠÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÎŠÙÈŽÈŠÙÈŠÇÍÇÑŽÈÍÙÈÒÌÊËÊÇÎÅŠÏÍÎÏÍÇÕÊÇÍÏÓÔÇÑŽÈÏÍÊŠÙÍÙÈËÎ ÈÙ

ÇÑŽÈÏÍÒÕÊŠÚÈÍÉÕÈŠÍÇÕÈÍÔÊÏÈÍÇÑŽÈÍÎÏÍËÈÙÈÃÎŠÈÙÛÍÜÕÎÏÍÇËÎÒ�ÌÈ&ÙÅÉŠÍÅÃÍÒÕÊŠÚÈÏÍÎÏÍÏÅ�ÈÇÎ�ÈÏÍÊÍÔÌÈÏÏÎŠÚÍÊŠÙ

ÏÅ�ÈÇÎ�ÈÏÍÊÍÒÓËÏÈÛÍHÅÉÈ ÈËŸÍÓÏÓÊÌÌÑÍÎÇÍÎÏÍÎŠÇÈŠÙÈÙÍÊŠÙÍÔÈŠÈÃÎÒÎÊÌÛ

5.3.2 Anonymous Types

guideline

S * ÅÎÙÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÏÛ

S UÏÈÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÏÍÃÅËÍÊËËÊÑÍ ÊËÎÊÔÌÈÏÍÉÕÈŠÍŠÅÍÏÓÎÇÊÔÌÈÍÇÑŽÈÍÈ+ÎÏÇÏÍÊŠÙÍÇÕÈÍÊËËÊÑÍÉÎÌÌÍŠÅÇÍÔÈ

ËÈÃÈËÈŠÒÈÙÍÊÏÍÊÍÉÕÅÌÈÛ

example

UÏÈ

ÁÂÄÀÅÃÇÉÉÀÊËÈÍÎÀÏÅÌÑÅÊÓÍÔÀÅÖÅÒÒÅÕŠÚ

ÁÂÄÀÅÃÇÉÉÀÊÅÅÅÅÅÅÅÌÑÅÓÊÊÓÂÅÛÃÇÉÉÀÊËÈÍÎÀÏÜÅÙÉÅŸŽÓÊÓ�ÁÀÊÚ

ÈÍÄÇÁË�ÌÍÀÅ�ÅÃÇÉÉÀÊÚ

ËÊÇÕÈËÍÇÕÊŠ

ÈÍÄÇÁË�ÌÍÀÅ�ÅÓÊÊÓÂÅÛÃÇÉÉÀÊËÈÍÎÀÏÜÅÙÉÅŸŽÓÊÓ�ÁÀÊÚ

rationale

*ÌÇÕÅÓÚÕÍ *ÙÊÍ ÊÌÌÅÉÏÍ ÊŠÅŠÑ�ÅÓÏÍ ÇÑŽÈÏŸÍ ÇÕÈÑÍ ÕÊ ÈÍ ÌÎ�ÎÇÈÙÍ ÓÏÈÃÓÌŠÈÏÏÍ ÊŠÙÍ ÒÅ�ŽÌÎÒÊÇÈÍ ŽËÅÚËÊ�

�ÅÙÎÃÎÒÊÇÎÅŠÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÈ+ÒÈŽÇÍÃÅËÍÊËËÊÑÏŸÍÊÍ ÊËÎÊÔÌÈÍÅÃÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÍÒÊŠÍŠÈ ÈËÍÔÈÍÓÏÈÙÍÊÏÍÊŠ

ÊÒÇÓÊÌÍŽÊËÊ�ÈÇÈËÍÔÈÒÊÓÏÈÍÎÇÍÎÏÍŠÅÇÍŽÅÏÏÎÔÌÈÍÇÅÍÙÈÃÎŠÈÍÊÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍÅÃÍÇÕÈÍÏÊ�ÈÍÇÑŽÈÛÍ! ÈŠÍÇÕÅÓÚÕ

ÇÕÎÏÍ�ÊÑÍŠÅÇÍÔÈÍÊÍÌÎ�ÎÇÊÇÎÅŠÍÎŠÎÇÎÊÌÌÑŸÍÎÇÍŽËÈÒÌÓÙÈÏÍÊÍ�ÅÙÎÃÎÒÊÇÎÅŠÍÎŠÍÉÕÎÒÕÍÊÍŽÎÈÒÈÍÅÃÍÒÅÙÈÍÎÏÍÒÕÊŠÚÈÙÍÇÅÍÊ

ÏÓÔŽËÅÚËÊ�ÛÍ*ÌÏÅŸÍÇÉÅÍ ÊËÎÊÔÌÈÏÍÙÈÒÌÊËÈÙÍÓÏÎŠÚÍÇÕÈÍÏÊ�ÈÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÍÙÈÒÌÊËÊÇÎÅŠÍÊËÈÍÊÒÇÓÊÌÌÑÍÅÃ

ÙÎÃÃÈËÈŠÇÍÇÑŽÈÏÛ

! ÈŠÍÇÕÅÓÚÕÍÇÕÈÍÎ�ŽÌÎÒÎÇÍÒÅŠ ÈËÏÎÅŠÍÅÃÍÊËËÊÑÍÇÑŽÈÏÍÙÓËÎŠÚÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍÎÏÍÏÓŽŽÅËÇÈÙÍÎŠÍ*ÙÊŸÍÎÇÍÎÏ

ÙÎÃÃÎÒÓÌÇÍÇÅÍÖÓÏÇÎÃÑÍŠÅÇÍÓÏÎŠÚÍÇÕÈÍÇÑŽÈÍÅÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÛÍÍ"ŠÍ�ÅÏÇÍÏÎÇÓÊÇÎÅŠÏŸÍÇÕÈÍÇÑŽÈÍÅÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÍÎÏ

 ÎÏÎÔÌÈÍÊŠÙÍÈÊÏÎÌÑÍÏÓÔÏÇÎÇÓÇÈÙÍÎŠÍŽÌÊÒÈÍÅÃÍÊŠÍÊŠÅŠÑ�ÅÓÏÍÊËËÊÑÍÇÑŽÈÛÍÍÜÕÈÍÓÏÈÍÅÃÍÊŠÍÊŠÅŠÑ�ÅÓÏÍÊËËÊÑÍÇÑŽÈ

Î�ŽÌÎÈÏÍÇÕÊÇÍÇÕÈÍÊËËÊÑÍÎÏÍÅŠÌÑÍÔÈÎŠÚÍÓÏÈÙÍÊÏÍÊÍÒÅŠ ÈŠÎÈŠÇÍÉÊÑÍÇÅÍÎ�ŽÌÈ�ÈŠÇÍÊÍÒÅÌÌÈÒÇÎÅŠÍÅÃÍ ÊÌÓÈÏÛÍÍ"ÇÍÎÏ

�ÎÏÌÈÊÙÎŠÚÍÇÅÍÓÏÈÍÊŠÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÍÊŠÙÍÇÕÈŠÍÇËÈÊÇÍÇÕÈÍ ÊËÎÊÔÌÈÍÊÏÍÊŠÍÅÔÖÈÒÇÛ

note

FÅËÍÊŠÅŠÑ�ÅÓÏÍÇÊÏ�ÍÇÑŽÈÏŸÍÏÈÈÍGÓÎÙÈÌÎŠÈÍ2Û.Û2Û

"ŠÍËÈÊÙÎŠÚÍÇÕÈÍ*ÙÊÍLÊŠÚÓÊÚÈÍRÈÃÈËÈŠÒÈÍMÊŠÓÊÌÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./033ŸÍÑÅÓÍÉÎÌÌÍŠÅÇÎÒÈÍÇÕÊÇ

ÇÕÈËÈÍÊËÈÍÒÊÏÈÏÍÉÕÈŠÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÏÍÊËÈÍ�ÈŠÇÎÅŠÈÙÍÊÔÏÇËÊÒÇÌÑÍÊÏÍŽÊËÇÍÅÃÍÇÕÈÍÙÈÏÒËÎŽÇÎÅŠÍÅÃÍÇÕÈÍ*ÙÊ

ÒÅ�ŽÓÇÊÇÎÅŠÊÌÍ�ÅÙÈÌÛÍÜÕÈÏÈÍÒÊÏÈÏÍÙÅÍŠÅÇÍ ÎÅÌÊÇÈÍÇÕÎÏÍÚÓÎÙÈÌÎŠÈÛ

5.3.3 Private Types

guideline

SÍ UÏÈÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÎŠÍŽËÈÃÈËÈŠÒÈÍÇÅÍŽËÎ ÊÇÈÍÇÑŽÈÏÛÍ

S UÏÈÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÎŠÍŽËÈÃÈËÈŠÒÈÍÇÅÍŠÅŠŽËÎ ÊÇÈÍÇÑŽÈÏÛ

S !+ŽÌÎÒÎÇÌÑÍÈ+ŽÅËÇÍŠÈÈÙÈÙÍÅŽÈËÊÇÎÅŠÏÍËÊÇÕÈËÍÇÕÊŠÍÈÊÏÎŠÚÍËÈÏÇËÎÒÇÎÅŠÏÛ

example

������������������������������������������������������������������������

ÄÓ� ÓÔÀÅ!Ó� ÀÁË"À#À$ÀÁÊÂÅÌÑ

ÅÅÅÁÂÄÀÅ%ÊÓ$ÀË&ÀÓÎÀÊÅÌÑÅ#Ì$ÌÁÀÎÅÄÊÌ’ÓÁÀÚ

ÅÅÅÁÂÄÀÅ%ÊÓ$ÀË(ÓÁÓÅÅÅÌÑÅÄÊÌ’ÓÁÀÚ

ÅÅÅÁÂÄÀÅ%ÊÓ$ÀËŸÙÎÀÑÅÅÌÑÅÛ)ÓÌÍËÃÇÑË*Ù#ÁÓÔÀ+Å"ÊÓÍÑ$ÌÁÁÀÊËÖË!Ù,ÀÊÜÚ
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   ...

private

   type Frame_Header is

      record

         ...

      end record;

   type Frame_Data is

      record

         ...

      end record;

   ...

end Packet_Telemetry;

------------------------------------------------------------------------

rationale

LÎ�ÎÇÈÙÍ ŽËÎ ÊÇÈÍ ÇÑŽÈÏÍ ÊŠÙÍ ŽËÎ ÊÇÈÍ ÇÑŽÈÏÍ ÏÓŽŽÅËÇÍ ÊÔÏÇËÊÒÇÎÅŠÍ ÊŠÙÍ ÎŠÃÅË�ÊÇÎÅŠÍ ÕÎÙÎŠÚÍ ÔÈÇÇÈËÍ ÇÕÊŠ

ŠÅŠŽËÎ ÊÇÈÍÇÑŽÈÏÛÍÜÕÈÍ�ÅËÈÍËÈÏÇËÎÒÇÈÙÍÇÕÈÍÇÑŽÈŸÍÇÕÈÍÔÈÇÇÈËÍÎŠÃÅË�ÊÇÎÅŠÍÕÎÙÎŠÚÍÎÏÍÏÈË ÈÙÛÍÜÕÎÏŸÍÎŠÍÇÓËŠŸ

ÊÌÌÅÉÏÍÇÕÈÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÇÅÍÒÕÊŠÚÈÍÉÎÇÕÅÓÇÍÊÃÃÈÒÇÎŠÚÍÇÕÈÍËÈÏÇÍÅÃÍÇÕÈÍŽËÅÚËÊ�ÛÍ)ÕÎÌÈÍÇÕÈËÈÍÊËÈÍ�ÊŠÑ

 ÊÌÎÙÍËÈÊÏÅŠÏÍÇÅÍÈ+ŽÅËÇÍÇÑŽÈÏŸÍÎÇÍÎÏÍÔÈÇÇÈËÍÇÅÍÇËÑÍÇÕÈÍŽËÈÃÈËËÈÙÍËÅÓÇÈÍÃÎËÏÇŸÍÌÅÅÏÈŠÎŠÚÍÇÕÈÍËÈÏÇËÎÒÇÎÅŠÏÍÅŠÌÑÍÊÏ

ŠÈÒÈÏÏÊËÑÛÍ"ÃÍÎÇÍÎÏÍŠÈÒÈÏÏÊËÑÍÃÅËÍÊÍÓÏÈËÍÅÃÍÇÕÈÍŽÊÒ�ÊÚÈÍÇÅÍÓÏÈÍÊÍÃÈÉÍÅÃÍÇÕÈÍËÈÏÇËÎÒÇÈÙÍÅŽÈËÊÇÎÅŠÏŸÍÎÇÍÎÏÍÔÈÇÇÈË

ÇÅÍÈ+ŽÅËÇÍÇÕÈÍÅŽÈËÊÇÎÅŠÏÍÈ+ŽÌÎÒÎÇÌÑÍÊŠÙÍÎŠÙÎ ÎÙÓÊÌÌÑÍ ÎÊÍÈ+ŽÅËÇÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÇÕÊŠÍÇÅÍÙËÅŽÍÊÍÌÈ ÈÌÍÅÃ

ËÈÏÇËÎÒÇÎÅŠÛÍÜÕÎÏÍŽËÊÒÇÎÒÈÍËÈÇÊÎŠÏÍÇÕÈÍËÈÏÇËÎÒÇÎÅŠÏÍÅŠÍÅÇÕÈËÍÅŽÈËÊÇÎÅŠÏÛÍ

LÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÕÊ ÈÍÇÕÈÍ�ÅÏÇÍËÈÏÇËÎÒÇÈÙÍÏÈÇÍÅÃÍÅŽÈËÊÇÎÅŠÏÍÊ ÊÎÌÊÔÌÈÍÇÅÍÓÏÈËÏÍÅÃÍÊÍŽÊÒ�ÊÚÈÛÍ$ÃÍÇÕÈ

ÇÑŽÈÏÍÇÕÊÇÍ�ÓÏÇÍÔÈÍ�ÊÙÈÍÊ ÊÎÌÊÔÌÈÍÇÅÍÓÏÈËÏÍÅÃÍÊÍŽÊÒ�ÊÚÈŸÍÊÏÍ�ÊŠÑÍÊÏÍŽÅÏÏÎÔÌÈÍÏÕÅÓÌÙÍÔÈÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÛ

ÜÕÈÍ ÅŽÈËÊÇÎÅŠÏÍ Ê ÊÎÌÊÔÌÈÍ ÇÅÍ ÌÎ�ÎÇÈÙÍ ŽËÎ ÊÇÈÍ ÇÑŽÈÏÍ ÊËÈÍ �È�ÔÈËÏÕÎŽÍ ÇÈÏÇÏŸÍ ÏÈÌÈÒÇÈÙÍ ÒÅ�ŽÅŠÈŠÇÏŸ

ÒÅ�ŽÅŠÈŠÇÏÍÃÅËÍÇÕÈÍÏÈÌÈÒÇÎÅŠÏÍÅÃÍÊŠÑÍÙÎÏÒËÎ�ÎŠÊŠÇŸÍ#ÓÊÌÎÃÎÒÊÇÎÅŠÍÊŠÙÍÈ+ŽÌÎÒÎÇÍÒÅŠ ÈËÏÎÅŠŸÍÊŠÙÍÊÇÇËÎÔÓÇÈÏ

’BaseÍÊŠÙÍ’SizeÛÍ$ÔÖÈÒÇÏÍÅÃÍÊÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÍÊÌÏÅÍÕÊ ÈÍÇÕÈÍÊÇÇËÎÔÓÇÈÍ’Constrained ÎÃÍÇÕÈËÈÍÊËÈ

ÙÎÏÒËÎ�ÎŠÊŠÇÏÛÍNÅŠÈÍÅÃÍÇÕÈÏÈÍÅŽÈËÊÇÎÅŠÏÍÊÌÌÅÉÍÇÕÈÍÓÏÈËÍÅÃÍÇÕÈÍŽÊÒ�ÊÚÈÍÇÅÍ�ÊŠÎŽÓÌÊÇÈÍÅÔÖÈÒÇÏÍÎŠÍÊÍÉÊÑÍÇÕÊÇ

ÙÈŽÈŠÙÏÍÅŠÍÇÕÈÍÏÇËÓÒÇÓËÈÍÅÃÍÇÕÈÍÇÑŽÈÛ

"ÃÍÊÙÙÎÇÎÅŠÊÌÍÅŽÈËÊÇÎÅŠÏÍ�ÓÏÇÍÔÈÍÊ ÊÎÌÊÔÌÈÍÇÅÍÇÕÈÍÇÑŽÈŸÍÇÕÈÍËÈÏÇËÎÒÇÎÅŠÏÍ�ÊÑÍÔÈÍÌÅÅÏÈŠÈÙÍÔÑÍ�Ê�ÎŠÚÍÎÇÍÊ

ŽËÎ ÊÇÈÍÇÑŽÈÛÍÜÕÈÍÅŽÈËÊÇÎÅŠÏÍÊ ÊÎÌÊÔÌÈÍÅŠÍÅÔÖÈÒÇÏÍÅÃÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÇÕÊÇÍÊËÈÍŠÅÇÍÊ ÊÎÌÊÔÌÈÍÅŠÍÅÔÖÈÒÇÏÍÅÃ

ÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÊËÈÍÊÏÏÎÚŠ�ÈŠÇÍÊŠÙÍÇÈÏÇÏÍÃÅËÍÈ#ÓÊÌÎÇÑÍÊŠÙÍÎŠÈ#ÓÊÌÎÇÑÛÍÜÕÈËÈÍÊËÈÍÊÙ ÊŠÇÊÚÈÏÍÇÅÍÇÕÈ

ËÈÏÇËÎÒÇÎ ÈÍŠÊÇÓËÈÍÅÃÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÊÏÏÎÚŠ�ÈŠÇÍÊÌÌÅÉÏÍÒÅŽÎÈÏÍÅÃÍÊŠÍÅÔÖÈÒÇÍÇÅÍÔÈ

�ÊÙÈÛÍÜÕÎÏÍÒÅÓÌÙÍÔÈÍÊÍŽËÅÔÌÈ�ÍÎÃÍÇÕÈÍÅÔÖÈÒÇ’ÏÍÇÑŽÈÍÎÏÍÊÍŽÅÎŠÇÈËÛ

note

ÜÕÈÍŽËÈÙÈÃÎŠÈÙÍŽÊÒ�ÊÚÈÏÍDÎËÈÒÇ_"$ÍÊŠÙÍÀÈ#ÓÈŠÇÎÊÌ_"$ÍÙÅÍŠÅÇÍÊÒÒÈŽÇÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÊÏÍÚÈŠÈËÎÒ

ŽÊËÊ�ÈÇÈËÏÛÍÍÜÕÎÏÍËÈÏÇËÎÒÇÎÅŠÍÏÕÅÓÌÙÍÔÈÍÒÅŠÏÎÙÈËÈÙÍÉÕÈŠÍ"/$ÍÅŽÈËÊÇÎÅŠÏÍÊËÈÍŠÈÈÙÈÙÍÃÅËÍÊÍÇÑŽÈÛ

ÁÂÄ ÀÅÃÅÇÉÃÊËÈÃËÊÍÉ

ÜÕÈÍÙÊÇÊÍÏÇËÓÒÇÓËÎŠÚÍÒÊŽÊÔÎÌÎÇÎÈÏÍÅÃÍ*ÙÊÍÊËÈÍÊÍŽÅÉÈËÃÓÌÍËÈÏÅÓËÒÈ;ÍÇÕÈËÈÃÅËÈŸÍÓÏÈÍÇÕÈ�ÍÇÅÍ�ÅÙÈÌÍÇÕÈÍÙÊÇÊÍÊÏ

ÒÌÅÏÈÌÑÍÊÏÍŽÅÏÏÎÔÌÈÛÍ"ÇÍÎÏÍŽÅÏÏÎÔÌÈÍÇÅÍÚËÅÓŽÍÌÅÚÎÒÊÌÌÑÍËÈÌÊÇÈÙÍÙÊÇÊÍÊŠÙÍÌÈÇÍÇÕÈÍÌÊŠÚÓÊÚÈÍÒÅŠÇËÅÌÍÇÕÈÍÊÔÏÇËÊÒÇÎÅŠ

ÊŠÙÍÅŽÈËÊÇÎÅŠÏÍÅŠÍÇÕÈÍÙÊÇÊÍËÊÇÕÈËÍÇÕÊŠÍËÈ#ÓÎËÎŠÚÍÇÕÈÍŽËÅÚËÊ��ÈËÍÅËÍ�ÊÎŠÇÊÎŠÈËÍÇÅÍÙÅÍÏÅÛÍDÊÇÊÍÒÊŠÍÊÌÏÅÍÔÈ

ÅËÚÊŠÎ’ÈÙÍÎŠÍÊÍÔÓÎÌÙÎŠÚÍÔÌÅÒ�ÍÃÊÏÕÎÅŠÛÍ"ŠÍÊÙÙÎÇÎÅŠÍÇÅÍÏÕÅÉÎŠÚÍÕÅÉÍÊÍÙÊÇÊÍÏÇËÓÒÇÓËÈÍÎÏÍÅËÚÊŠÎ’ÈÙÍ,ÊŠÙÍŽÅÏÏÎÔÌÑ

ÚÎ ÎŠÚÍÇÕÈÍËÈÊÙÈËÍÊŠÍÎŠÙÎÒÊÇÎÅŠÍÊÏÍÇÅÍÉÕÑÍÎÇÍÉÊÏÍÅËÚÊŠÎ’ÈÙÍÇÕÊÇÍÉÊÑ3ŸÍÒËÈÊÇÎŠÚÍÇÕÈÍÙÊÇÊÍÏÇËÓÒÇÓËÈÍÃËÅ�ÍÏ�ÊÌÌÈË

ÒÅ�ŽÅŠÈŠÇÏÍÊÌÌÅÉÏÍÇÕÅÏÈÍÒÅ�ŽÅŠÈŠÇÏÍÇÅÍÔÈÍËÈÓÏÈÙÍÇÕÈ�ÏÈÌ ÈÏÛÍUÏÎŠÚÍÇÕÈÍÃÈÊÇÓËÈÏÍÇÕÊÇÍ*ÙÊÍŽËÅ ÎÙÈÏÍÒÊŠ

ÎŠÒËÈÊÏÈÍÇÕÈÍ�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÍÅÃÍÑÅÓËÍÒÅÙÈÛ

ÁÂÄÂÎ ÏÌÑÌÓÔÖÌÒÌÔÕŠÇÀÚÑÚ

guideline

Û UÏÈÍËÈÒÅËÙÏÍÇÅÍÚËÅÓŽÍÕÈÇÈËÅÚÈŠÈÅÓÏÍÔÓÇÍËÈÌÊÇÈÙÍÙÊÇÊÛ

Û (ÅŠÏÎÙÈËÍËÈÒÅËÙÏÍÇÅÍ�ÊŽÍÇÅÍ"/$ÍÙÈ ÎÒÈÍÙÊÇÊÛ

example

type Propulsion_Method is (Sail, Diesel, Nuclear);
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type Craft is

   record

      Name   : Common_Name;

      Plant  : Propulsion_Method;

      Length : Feet;

      Beam   : Feet;

      Draft  : Feet;

   end record;

type Fleet is array (1 .. Fleet_Size) of Craft;

rationale

YÅÓÍÕÈÌŽÍÇÕÈÍ�ÊÎŠÇÊÎŠÈËÍÃÎŠÙÍÊÌÌÍÅÃÍÇÕÈÍËÈÌÊÇÈÙÍÙÊÇÊÍÔÑÍÚÊÇÕÈËÎŠÚÍÎÇÍÎŠÇÅÍÇÕÈÍÏÊ�ÈÍÒÅŠÏÇËÓÒÇŸÍÏÎ�ŽÌÎÃÑÎŠÚ

ÊŠÑÍ�ÅÙÎÃÎÒÊÇÎÅŠÏÍÇÕÊÇÍÊŽŽÌÑÍÇÅÍÊÌÌÍËÊÇÕÈËÍÇÕÊŠÍŽÊËÇÛÍÜÕÎÏÍÎŠÍÇÓËŠÍÎŠÒËÈÊÏÈÏÍËÈÌÎÊÔÎÌÎÇÑÛÍNÈÎÇÕÈËÍÑÅÓÍŠÅËÍÊŠ

ÓŠ�ŠÅÉŠÍ�ÊÎŠÇÊÎŠÈËÍÊËÈÍÌÎÊÔÌÈÍÇÅÍÃÅËÚÈÇÍÇÅÍÙÈÊÌÍÉÎÇÕÍÊÌÌÍÇÕÈÍŽÎÈÒÈÏÍÅÃÍÎŠÃÅË�ÊÇÎÅŠÍÎŠÍÇÕÈÍÈ+ÈÒÓÇÊÔÌÈ

ÏÇÊÇÈ�ÈŠÇÏŸÍÈÏŽÈÒÎÊÌÌÑÍÎÃÍÓŽÙÊÇÈÏÍÊËÈÍÙÅŠÈÍÉÎÇÕÍÊÚÚËÈÚÊÇÈÍÊÏÏÎÚŠ�ÈŠÇÏÍÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈÛ

ÜÕÈÍÎÙÈÊÍÎÏÍÇÅÍŽÓÇÍÇÕÈÍÎŠÃÅË�ÊÇÎÅŠÍÊÍ�ÊÎŠÇÊÎŠÈËÍŠÈÈÙÏÍÇÅÍ�ŠÅÉÍÉÕÈËÈÍÎÇÍÒÊŠÍÔÈÍÃÅÓŠÙÍÉÎÇÕÍÇÕÈÍ�ÎŠÎ�Ó�

ÅÃÍÈÃÃÅËÇÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÎÃÍÊÌÌÍÎŠÃÅË�ÊÇÎÅŠÍËÈÌÊÇÎŠÚÍÇÅÍÊÍÚÎ ÈŠÍCraftÍÎÏÍÎŠÍÇÕÈÍÏÊ�ÈÍŽÌÊÒÈŸÍÇÕÈÍËÈÌÊÇÎÅŠÏÕÎŽÍÎÏ

ÒÌÈÊËÍÔÅÇÕÍÎŠÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠÏÍÊŠÙÍÈÏŽÈÒÎÊÌÌÑÍÎŠÍÇÕÈÍÒÅÙÈÍÊÒÒÈÏÏÎŠÚÍÊŠÙÍÓŽÙÊÇÎŠÚÍÇÕÊÇÍÎŠÃÅË�ÊÇÎÅŠÛÍ-ÓÇŸÍÎÃ

ÎÇÍÎÏÍÏÒÊÇÇÈËÈÙÍÊ�ÅŠÚÍÏÈ ÈËÊÌÍÙÊÇÊÍÏÇËÓÒÇÓËÈÏŸÍÎÇÍÎÏÍÌÈÏÏÍÅÔ ÎÅÓÏÍÇÕÊÇÍÇÕÎÏÍÎÏÍÊŠÍÎŠÇÈŠÙÈÙÍËÈÌÊÇÎÅŠÏÕÎŽÍÊÏ

ÅŽŽÅÏÈÙÍÇÅÍÊÍÒÅÎŠÒÎÙÈŠÇÊÌÍÅŠÈÛÍ"ŠÍÇÕÈÍÌÊÇÇÈËÍÒÊÏÈŸÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠÏÍ�ÊÑÍÔÈÍÚËÅÓŽÈÙÍÇÅÚÈÇÕÈËÍÇÅÍÎ�ŽÌÑ

ÎŠÇÈŠÇŸÍÔÓÇÍÎÇÍ�ÊÑÍŠÅÇÍÔÈÍŽÅÏÏÎÔÌÈÍÇÅÍÚËÅÓŽÍÇÕÈÍÊÒÒÈÏÏÎŠÚÍÊŠÙÍÓŽÙÊÇÎŠÚÍÒÅÙÈÍÇÕÊÇÍÉÊÑÛÍ!ŠÏÓËÎŠÚÍÇÕÈÍÓÏÈÍÅÃ

ÇÕÈÍÏÊ�ÈÍÎŠÙÈ+ÍÇÅÍÊÒÒÈÏÏÍÇÕÈÍÒÅËËÈÏŽÅŠÙÎŠÚÍÈÌÈ�ÈŠÇÍÎŠÍÈÊÒÕÍÅÃÍÏÈ ÈËÊÌÍŽÊËÊÌÌÈÌÍÊËËÊÑÏÍÎÏÍÙÎÃÃÎÒÓÌÇÍÎÃÍÇÕÈ

ÊÒÒÈÏÏÈÏÍÊËÈÍÊÇÍÊÌÌÍÏÒÊÇÇÈËÈÙÛ

"ÃÍÇÕÈÍÊŽŽÌÎÒÊÇÎÅŠÍ�ÓÏÇÍÎŠÇÈËÃÊÒÈÍÙÎËÈÒÇÌÑÍÇÅÍÕÊËÙÉÊËÈŸÍÇÕÈÍÓÏÈÍÅÃÍËÈÒÅËÙÏŸÍÈÏŽÈÒÎÊÌÌÑÍÎŠÍÒÅŠÖÓŠÒÇÎÅŠÍÉÎÇÕ

ËÈÒÅËÙÍËÈŽËÈÏÈŠÇÊÇÎÅŠÍÒÌÊÓÏÈÏŸÍÒÅÓÌÙÍÔÈÍÓÏÈÃÓÌÍÇÅÍ�ÊŽÍÅŠÇÅÍÇÕÈÍÌÊÑÅÓÇÍÅÃÍÇÕÈÍÕÊËÙÉÊËÈÍÎŠÍ#ÓÈÏÇÎÅŠÛ

note

"ÇÍ �ÊÑÍ ÏÈÈ�Í ÙÈÏÎËÊÔÌÈÍ ÇÅÍ ÏÇÅËÈÍ ÕÈÇÈËÅÚÈŠÈÅÓÏÍ ÙÊÇÊÍ ÎŠÍ ŽÊËÊÌÌÈÌÍ ÊËËÊÑÏÍ ÎŠÍ ÉÕÊÇÍ Ê�ÅÓŠÇÏÍ ÇÅÍ Ê

F$RÜR*N&ÌÎ�ÈÍÏÇÑÌÈÛÍÜÕÎÏÍÏÇÑÌÈÍÎÏÍÊŠÍÊËÇÎÃÊÒÇÍÅÃÍF$RÜR*N’ÏÍÙÊÇÊÍÏÇËÓÒÇÓËÎŠÚÍÌÎ�ÎÇÊÇÎÅŠÏÛÍF$RÜR*N

ÅŠÌÑÍÕÊÏÍÃÊÒÎÌÎÇÎÈÏÍÃÅËÍÒÅŠÏÇËÓÒÇÎŠÚÍÕÅ�ÅÚÈŠÈÅÓÏÍÊËËÊÑÏÛÍ*ÙÊ’ÏÍ ÊËÎÊŠÇÍËÈÒÅËÙÍÇÑŽÈÏÍÅÃÃÈËÍÅŠÈÍÉÊÑÍÇÅ

ÏŽÈÒÎÃÑÍÉÕÊÇÍÊËÈÍÒÊÌÌÈÙÍŠÅŠÕÅ�ÅÚÈŠÈÅÓÏÍÊËËÊÑÏÍÅËÍÕÈÇÈËÅÚÈŠÈÅÓÏÍÊËËÊÑÏÛ

exceptions

"ÃÍÇÕÈÍÊŽŽÌÎÒÊÇÎÅŠÍ�ÓÏÇÍÎŠÇÈËÃÊÒÈÍÙÎËÈÒÇÌÑÍÇÅÍÕÊËÙÉÊËÈŸÍÊŠÙÍÇÕÈÍÕÊËÙÉÊËÈÍËÈ#ÓÎËÈÏÍÇÕÊÇÍÎŠÃÅË�ÊÇÎÅŠÍÔÈ

ÙÎÏÇËÎÔÓÇÈÙÍÊ�ÅŠÚÍ ÊËÎÅÓÏÍÌÅÒÊÇÎÅŠÏŸÍÇÕÈŠÍÎÇÍ�ÊÑÍŠÅÇÍÔÈÍŽÅÏÏÎÔÌÈÍÇÅÍÓÏÈÍËÈÒÅËÙÏÛ

5.4.2 Nested Records

guideline

Á RÈÒÅËÙÍÏÇËÓÒÇÓËÈÏÍÏÕÅÓÌÙÍŠÅÇÍÊÌÉÊÑÏÍÔÈÍÃÌÊÇÛÍFÊÒÇÅËÍÅÓÇÍÒÅ��ÅŠÍŽÊËÇÏÛ

Á FÅËÍÊÍÌÊËÚÈÍËÈÒÅËÙÍÏÇËÓÒÇÓËÈŸÍÚËÅÓŽÍËÈÌÊÇÈÙÍÒÅ�ŽÅŠÈŠÇÏÍÎŠÇÅÍÏ�ÊÌÌÈËÍÏÓÔËÈÒÅËÙÏÛ

Á FÅËÍŠÈÏÇÈÙÍËÈÒÅËÙÏŸÍŽÎÒ�ÍÈÌÈ�ÈŠÇÍŠÊ�ÈÏÍÇÕÊÇÍËÈÊÙÍÉÈÌÌÍÉÕÈŠÍÎŠŠÈËÍÈÌÈ�ÈŠÇÏÍÊËÈÍËÈÃÈËÈŠÒÈÙÛ

example

type Coordinate is

   record

      Row    : Local_Float;

      Column : Local_Float;

   end record;

type Window is

   record

      Top_Left     : Coordinate;

      Bottom_Right : Coordinate;

   end record;

rationale

YÅÓÍÒÊŠÍ�Ê�ÈÍÒÅ�ŽÌÈ+ÍÙÊÇÊÍÏÇËÓÒÇÓËÈÏÍÓŠÙÈËÏÇÊŠÙÊÔÌÈÍÊŠÙÍÒÅ�ŽËÈÕÈŠÏÎÔÌÈÍÔÑÍÒÅ�ŽÅÏÎŠÚÍÇÕÈ�ÍÅÃ

ÃÊ�ÎÌÎÊËÍÔÓÎÌÙÎŠÚÍÔÌÅÒ�ÏÛÍÜÕÎÏÍÇÈÒÕŠÎ#ÓÈÍÉÅË�ÏÍÈÏŽÈÒÎÊÌÌÑÍÉÈÌÌÍÃÅËÍÌÊËÚÈÍËÈÒÅËÙÍÇÑŽÈÏÍÉÎÇÕÍŽÊËÇÏÍÉÕÎÒÕÍÃÊÌÌ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ2Ä

ÎŠÇÅÍŠÊÇÓËÊÌÍÚËÅÓŽÎŠÚÏÛÍÜÕÈÍÒÅ�ŽÅŠÈŠÇÏÍÃÊÒÇÅËÈÙÍÎŠÇÅÍÏÈŽÊËÊÇÈÌÑÍÙÈÒÌÊËÈÙÍËÈÒÅËÙÏŸÍÔÊÏÈÙÍÅŠÍÊÍÒÅ��ÅŠ

#ÓÊÌÎÇÑÍÅËÍŽÓËŽÅÏÈŸÍÒÅËËÈÏŽÅŠÙÍÇÅÍÊÍÌÅÉÈËÍÌÈ ÈÌÍÅÃÍÊÔÏÇËÊÒÇÎÅŠÍÇÕÊŠÍÇÕÊÇÍËÈŽËÈÏÈŠÇÈÙÍÔÑÍÇÕÈÍÌÊËÚÈËÍËÈÒÅËÙÛ

note

*ÍÒÊËÈÃÓÌÌÑÍÒÕÅÏÈŠÍŠÊ�ÈÍÃÅËÍÇÕÈÍÒÅ�ŽÅŠÈŠÇÍÅÃÍÇÕÈÍÌÊËÚÈËÍËÈÒÅËÙÍÇÕÊÇÍÎÏÍÓÏÈÙÍÇÅÍÏÈÌÈÒÇÍÇÕÈÍÏ�ÊÌÌÈË

ÈŠÕÊŠÒÈÏÍËÈÊÙÊÔÎÌÎÇÑŸÍÃÅËÍÈ+Ê�ŽÌÈ:Í

if Window1.Bottom_Right.Row > Window2.Top_Left.Row then . . . 

5.4.3 Dynamic Data

guideline

Á DÎÃÃÈËÈŠÇÎÊÇÈÍÔÈÇÉÈÈŠÍÏÇÊÇÎÒÍÊŠÙÍÙÑŠÊ�ÎÒÍÙÊÇÊÛÍUÏÈÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÍÉÎÇÕÍÒÊÓÇÎÅŠÛ

Á UÏÈÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÙÊÇÊÍÏÇËÓÒÇÓËÈÏÍÅŠÌÑÍÉÕÈŠÍÎÇÍÎÏÍŠÈÒÈÏÏÊËÑÍÇÅÍÒËÈÊÇÈÍÊŠÙÍÙÈÏÇËÅÑÍÇÕÈ�

ÙÑŠÊ�ÎÒÊÌÌÑÍÅËÍÇÅÍÔÈÍÊÔÌÈÍÇÅÍËÈÃÈËÈŠÒÈÍÇÕÈ�ÍÔÑÍÙÎÃÃÈËÈŠÇÍŠÊ�ÈÏÛ

Á DÅÍŠÅÇÍÙËÅŽÍŽÅÎŠÇÈËÏÍÇÅÍÓŠÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÛ

Á DÅÍŠÅÇÍÌÈÊ ÈÍÙÊŠÚÌÎŠÚÍËÈÃÈËÈŠÒÈÏÍÇÅÍÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÛ

Á "ŠÎÇÎÊÌÎ’ÈÍÊÌÌÍÊÒÒÈÏÏÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÒÅ�ŽÅŠÈŠÇÏÍÉÎÇÕÎŠÍÊÍËÈÒÅËÙÛ

Á DÅÍŠÅÇÍËÈÌÑÍÅŠÍ�È�ÅËÑÍÙÈÊÌÌÅÒÊÇÎÅŠÛ

Á DÈÊÌÌÅÒÊÇÈÍÈ+ŽÌÎÒÎÇÌÑÛ

Á UÏÈÍÌÈŠÚÇÕÍÒÌÊÓÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÅÇÊÌÍÊÌÌÅÒÊÇÎÅŠÍÏÎ’ÈÛ

Á %ËÅ ÎÙÈÍÕÊŠÙÌÈËÏÍÃÅËÍStorage_ErrorÛ

example

ÜÕÈÏÈÍÌÎŠÈÏÍÏÕÅÉÍÕÅÉÍÊÍÙÊŠÚÌÎŠÚÍËÈÃÈËÈŠÒÈÍ�ÎÚÕÇÍÔÈÍÒËÈÊÇÈÙ:

P1 := new Object;

P2 := P1;

Unchecked_Object_Deallocation(P2);

ÜÕÎÏÍÌÎŠÈÍÒÊŠÍËÊÎÏÈÍÊŠÍÈ+ÒÈŽÇÎÅŠÍÙÓÈÍÇÅÍËÈÃÈËÈŠÒÎŠÚÍÇÕÈÍÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇ:

X := P1.all;

"ŠÍÇÕÈÍÃÅÌÌÅÉÎŠÚÍÇÕËÈÈÍÌÎŠÈÏŸÍÎÃÍÇÕÈËÈÍÎÏÍŠÅÍÎŠÇÈË ÈŠÎŠÚÍÊÏÏÎÚŠ�ÈŠÇÍÅÃÍÇÕÈÍ ÊÌÓÈÍÅÃÍP1ÍÇÅÍÊŠÑÍÅÇÕÈËÍŽÅÎŠÇÈËŸ

ÇÕÈÍÅÔÖÈÒÇÍÒËÈÊÇÈÙÍÅŠÍÇÕÈÍÃÎËÏÇÍÌÎŠÈÍÎÏÍŠÅÍÌÅŠÚÈËÍÊÒÒÈÏÏÎÔÌÈÍÊÃÇÈËÍÇÕÈÍÇÕÎËÙÍÌÎŠÈÛÍÜÕÈÍÅŠÌÑÍŽÅÎŠÇÈËÍÇÅÍÇÕÈ

ÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÍÕÊÏÍÔÈÈŠÍÙËÅŽŽÈÙÛ

P1 := new Object;

...

P1 := P2;

rationale

ÀÈÈÍÊÌÏÅÍGÓÎÙÈÌÎŠÈÏÍÄÛ/Û.ŸÍÄÛ/Û2ŸÍÊŠÙÍ2Û.Û3ÍÃÅËÍ ÊËÎÊÇÎÅŠÏÍÅŠÍÇÕÈÏÈÍŽËÅÔÌÈ�ÏÛÍ*ÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙ

ÅÔÖÈÒÇÍÎÏÍÊŠÍÅÔÖÈÒÇÍÒËÈÊÇÈÙÍÔÑÍÇÕÈÍÈ+ÈÒÓÇÎÅŠÍÅÃÍÊŠÍÊÌÌÅÒÊÇÅËÍ,�ŠÈÉ�3ÛÍ*ÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÍËÈÃÈËÈŠÒÈÙÍÔÑ

ÊÒÒÈÏÏÍ ÊËÎÊÔÌÈÏÍÊÌÌÅÉÍÑÅÓÍÇÅÍÚÈŠÈËÊÇÈÍÊÌÎÊÏÈÏÂÍÉÕÎÒÕÍÊËÈÍ�ÓÌÇÎŽÌÈÍËÈÃÈËÈŠÒÈÏÍÇÅÍÇÕÈÍÏÊ�ÈÍÅÔÖÈÒÇÛ

*ŠÅ�ÊÌÅÓÏÍÔÈÕÊ ÎÅËÍÒÊŠÍÊËÎÏÈÍÉÕÈŠÍÑÅÓÍËÈÃÈËÈŠÒÈÍÊÍÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÍÔÑÍÊŠÅÇÕÈËÍŠÊ�ÈÛÍÜÕÎÏÍÎÏÍÒÊÌÌÈÙ

ÊÍÙÊŠÚÌÎŠÚÍËÈÃÈËÈŠÒÈÛÍÜÅÇÊÌÌÑÍÙÎÏÊÏÏÅÒÎÊÇÎŠÚÍÊÍÏÇÎÌÌ� ÊÌÎÙÍÅÔÖÈÒÇÍÃËÅ�ÍÊÌÌÍŠÊ�ÈÏÍÎÏÍÒÊÌÌÈÙÍÙËÅŽŽÎŠÚÍÊ

ŽÅÎŠÇÈËÄÍ*ÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÍÇÕÊÇÍÎÏÍŠÅÇÍÊÏÏÅÒÎÊÇÈÙÍÉÎÇÕÍÊÍŠÊ�ÈÍÒÊŠŠÅÇÍÔÈÍËÈÃÈËÈŠÒÈÙÍÅË

È+ŽÌÎÒÎÇÌÑÍÙÈÊÌÌÅÒÊÇÈÙÛ

*ÍÙËÅŽŽÈÙÍŽÅÎŠÇÈËÍÙÈŽÈŠÙÏÍÅŠÍÊŠÍÎ�ŽÌÎÒÎÇÍ�È�ÅËÑÍ�ÊŠÊÚÈËÍÃÅËÍËÈÒÌÊ�ÊÇÎÅŠÍÅÃÍÏŽÊÒÈÛÍ"ÇÍÊÌÏÅÍËÊÎÏÈÏ

#ÓÈÏÇÎÅŠÏÍÃÅËÍÇÕÈÍËÈÊÙÈËÍÊÏÍÇÅÍÉÕÈÇÕÈËÍÇÕÈÍÌÅÏÏÍÅÃÍÊÒÒÈÏÏÍÇÅÍÇÕÈÍÅÔÖÈÒÇÍÉÊÏÍÎŠÇÈŠÙÈÙÍÅËÍÊÒÒÎÙÈŠÇÊÌÛ

*ŠÍ*ÙÊÍÈŠ ÎËÅŠ�ÈŠÇÍÎÏÍŠÅÇÍËÈ#ÓÎËÈÙÍÇÅÍŽËÅ ÎÙÈÍÙÈÊÌÌÅÒÊÇÎÅŠÍÅÃÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÛÍ"Ã

ŽËÅ ÎÙÈÙŸÍÎÇÍ�ÊÑÍÔÈÍŽËÅ ÎÙÈÙÍÎ�ŽÌÎÒÎÇÌÑÍ,ÅÔÖÈÒÇÏÍÊËÈÍÙÈÊÌÌÅÒÊÇÈÙÍÉÕÈŠÍÇÕÈÎËÍÊÒÒÈÏÏÍÇÑŽÈÍÚÅÈÏÍÅÓÇÍÅÃ

ÏÒÅŽÈ3ŸÍÈ+ŽÌÎÒÎÇÌÑÍ,ÅÔÖÈÒÇÏÍÊËÈÍÙÈÊÌÌÅÒÊÇÈÙÍÉÕÈŠÍUnchecked_DeallocationÍÎÏÍÒÊÌÌÈÙ3ŸÍÅËÍÔÅÇÕÛÍÜÅÍÎŠÒËÈÊÏÈ

ÇÕÈÍÌÎ�ÈÌÎÕÅÅÙÍÅÃÍÇÕÈÍÏÇÅËÊÚÈÍÏŽÊÒÈÍÔÈÎŠÚÍËÈÒÌÊÎ�ÈÙŸÍÎÇÍÎÏÍÔÈÏÇÍÇÅÍÒÊÌÌÍUnchecked_DeallocationÍÈ+ŽÌÎÒÎÇÌÑ

ÃÅËÍÈÊÒÕÍÙÑŠÊ�ÎÒÊÌÌÑÍÅÔÖÈÒÇÍÉÕÈŠÍÑÅÓÍÊËÈÍÃÎŠÎÏÕÈÙÍÓÏÎŠÚÍÎÇÛÍ(ÊÌÌÏÍÇÅÍUnchecked_DeallocationÍÊÌÏÅ

ÙÅÒÓ�ÈŠÇÍÊÍÙÈÌÎÔÈËÊÇÈÍÙÈÒÎÏÎÅŠÍÇÅÍÊÔÊŠÙÅŠÍÊŠÍÅÔÖÈÒÇŸÍ�Ê�ÎŠÚÍÇÕÈÍÒÅÙÈÍÈÊÏÎÈËÍÇÅÍËÈÊÙÍÊŠÙÍÓŠÙÈËÏÇÊŠÙÛ



22ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

ÜÅÍÔÈÍÊÔÏÅÌÓÇÈÌÑÍÒÈËÇÊÎŠÍÇÕÊÇÍÏŽÊÒÈÍÎÏÍËÈÒÌÊÎ�ÈÙÍÊŠÙÍËÈÓÏÈÙŸÍ�ÊŠÊÚÈÍÑÅÓËÍÅÉŠÍ�ÃËÈÈÍÌÎÏÇÛ�ÍKÈÈŽÍÇËÊÒ�ÍÅÃ

ÉÕÎÒÕÍÅÔÖÈÒÇÏÍÑÅÓÍÊËÈÍÃÎŠÎÏÕÈÙÍÉÎÇÕŸÍÊŠÙÍËÈÓÏÈÍÇÕÈ�ÍÎŠÏÇÈÊÙÍÅÃÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÎŠÚÍŠÈÉÍÅÔÖÈÒÇÏÍÌÊÇÈËÛ

ÜÕÈÍÙÊŠÚÈËÏÍÅÃÍÙÊŠÚÌÎŠÚÍËÈÃÈËÈŠÒÈÏÍÊËÈÍÇÕÊÇÍÑÅÓÍ�ÊÑÍÊÇÇÈ�ŽÇÍÇÅÍÓÏÈÍÇÕÈ�ŸÍÇÕÈËÈÔÑÍÊÒÒÈÏÏÎŠÚÍ�È�ÅËÑ

ÉÕÎÒÕÍÑÅÓÍÕÊ ÈÍËÈÌÈÊÏÈÙÍÇÅÍÇÕÈÍ�È�ÅËÑÍ�ÊŠÊÚÈËŸÍÊŠÙÍÉÕÎÒÕÍ�ÊÑÍÕÊ ÈÍÔÈÈŠÍÏÓÔÏÈ#ÓÈŠÇÌÑÍÊÌÌÅÒÊÇÈÙÍÃÅË

ÊŠÅÇÕÈËÍŽÓËŽÅÏÈÍÎŠÍÊŠÅÇÕÈËÍŽÊËÇÍÅÃÍÑÅÓËÍŽËÅÚËÊ�ÛÍ)ÕÈŠÍÑÅÓÍËÈÊÙÍÃËÅ�ÍÏÓÒÕÍ�È�ÅËÑŸÍÓŠÈ+ŽÈÒÇÈÙ

ÈËËÅËÏÍ�ÊÑÍÅÒÒÓËÍÔÈÒÊÓÏÈÍÇÕÈÍÅÇÕÈËÍŽÊËÇÍÅÃÍÑÅÓËÍŽËÅÚËÊ�Í�ÊÑÍÕÊ ÈÍŽËÈ ÎÅÓÏÌÑÍÉËÎÇÇÈŠÍÇÅÇÊÌÌÑÍÓŠËÈÌÊÇÈÙ

ÙÊÇÊÍÇÕÈËÈÛÍ! ÈŠÍÉÅËÏÈŸÍÉÕÈŠÍÑÅÓÍÉËÎÇÈÍÇÅÍÏÓÒÕÍ�È�ÅËÑÍÑÅÓÍÒÊŠÍÒÊÓÏÈÍÈËËÅËÏÍÎŠÍÊŠÍÊŽŽÊËÈŠÇÌÑÍÓŠËÈÌÊÇÈÙ

ŽÊËÇÍÅÃÍÇÕÈÍÒÅÙÈÍÔÑÍÒÕÊŠÚÎŠÚÍ ÊÌÓÈÏÍÅÃÍ ÊËÎÊÔÌÈÏÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÔÑÍÇÕÊÇÍÒÅÙÈÛÍÜÕÎÏÍÇÑŽÈÍÅÃÍÈËËÅË

ÒÊŠÍÔÈÍ ÈËÑÍÙÎÃÃÎÒÓÌÇÍÇÅÍÃÎŠÙÛÍFÎŠÊÌÌÑŸÍÏÓÒÕÍÈËËÅËÏÍ�ÊÑÍÔÈÍÇËÎÚÚÈËÈÙÍÎŠÍŽÊËÇÏÍÅÃÍÑÅÓËÍÈŠ ÎËÅŠ�ÈŠÇÍÇÕÊÇÍÑÅÓ

ÙÎÙŠ’ÇÍÉËÎÇÈŸÍÃÅËÍÈ+Ê�ŽÌÈŸÍÎŠÍÇÕÈÍ�È�ÅËÑÍ�ÊŠÊÚÈ�ÈŠÇÍÏÑÏÇÈ�ÍÎÇÏÈÌÃÍÉÕÎÒÕÍ�ÊÑÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈ

�È�ÅËÑÍÇÅÍ�ÈÈŽÍËÈÒÅËÙÏÍÊÔÅÓÇÍÑÅÓËÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍ�È�ÅËÑÛ

KÈÈŽÍÎŠÍ�ÎŠÙÍÇÕÊÇÍÊŠÑÍÓŠÎŠÎÇÎÊÌÎ’ÈÙÍÅËÍÓŠËÈÏÈÇÍÒÅ�ŽÅŠÈŠÇÍÅÃÍÊÍËÈÒÅËÙÍÅËÍÊËËÊÑÍÒÊŠÍÊÌÏÅÍÔÈÍÊÍÙÊŠÚÌÎŠÚ

ËÈÃÈËÈŠÒÈÍÅËÍÒÊËËÑÍÊÍÔÎÇÍŽÊÇÇÈËŠÍËÈŽËÈÏÈŠÇÎŠÚÍÎŠÒÅŠÏÎÏÇÈŠÇÍÙÊÇÊÛÍ

)ÕÈŠÈ ÈËÍÑÅÓÍÓÏÈÍÙÑŠÊ�ÎÒÍÊÌÌÅÒÊÇÎÅŠÍÎÇÍÎÏÍŽÅÏÏÎÔÌÈÍÇÅÍËÓŠÍÅÓÇÍÅÃÍÏŽÊÒÈÛÍ*ÙÊÍŽËÅ ÎÙÈÏÍÊÍÃÊÒÎÌÎÇÑÍ,ÊÍÌÈŠÚÇÕ

ÒÌÊÓÏÈ3ÍÃÅËÍËÈ#ÓÈÏÇÎŠÚÍÇÕÈÍÏÎ’ÈÍÅÃÍÇÕÈÍŽÅÅÌÍÅÃÍÊÌÌÅÒÊÇÎÅŠÍÏŽÊÒÈÍÊÇÍÒÅ�ŽÎÌÈÍÇÎ�ÈÛÍ*ŠÇÎÒÎŽÊÇÈÍÇÕÊÇÍÑÅÓÍÒÊŠ

ÏÇÎÌÌÍËÓŠÍÅÓÇÍÊÇÍËÓŠÍÇÎ�ÈÛÍ%ËÈŽÊËÈÍÕÊŠÙÌÈËÏÍÃÅËÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍStorage_ErrorŸÍÊŠÙÍÒÅŠÏÎÙÈËÍÒÊËÈÃÓÌÌÑÍÉÕÊÇ

ÊÌÇÈËŠÊÇÎ ÈÏÍÑÅÓÍ�ÊÑÍÔÈÍÊÔÌÈÍÇÅÍÎŠÒÌÓÙÈÍÎŠÍÇÕÈÍŽËÅÚËÊ�ÍÃÅËÍÈÊÒÕÍÏÓÒÕÍÏÎÇÓÊÇÎÅŠÛ

ÜÕÈËÈÍÎÏÍÊÍÏÒÕÅÅÌÍÅÃÍÇÕÅÓÚÕÇÍÇÕÊÇÍÙÎÒÇÊÇÈÏÍÊ ÅÎÙÊŠÒÈÍÅÃÍÊÌÌÍÙÑŠÊ�ÎÒÍÊÌÌÅÒÊÇÎÅŠÛÍ"ÇÍÎÏÍÌÊËÚÈÌÑÍÔÊÏÈÙÍÅŠÍÇÕÈ

ÃÈÊËÍÅÃÍËÓŠŠÎŠÚÍÅÓÇÍÅÃÍ�È�ÅËÑÍÙÓËÎŠÚÍÈ+ÈÒÓÇÎÅŠÛÍFÊÒÎÌÎÇÎÈÏÍÏÓÒÕÍÊÏÍÌÈŠÚÇÕÍÒÌÊÓÏÈÏÍÊŠÙÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏ

ÃÅËÍStorage_ErrorÍŽËÅ ÎÙÈÍÈ+ŽÌÎÒÎÇÍÒÅŠÇËÅÌÍÅ ÈËÍ�È�ÅËÑÍŽÊËÇÎÇÎÅŠÎŠÚÍÊŠÙÍÈËËÅËÍËÈÒÅ ÈËÑŸÍ�Ê�ÎŠÚÍÇÕÎÏ

ÃÈÊËÍÓŠÃÅÓŠÙÈÙÛ

5.5 EXPRESSIONS

%ËÅŽÈËÌÑÍÒÅÙÈÙÍÈ+ŽËÈÏÏÎÅŠÏÍÒÊŠÍÈŠÕÊŠÒÈÍÇÕÈÍËÈÊÙÊÔÎÌÎÇÑÍÊŠÙÍÓŠÙÈËÏÇÊŠÙÊÔÎÌÎÇÑÍÅÃÍÊÍŽËÅÚËÊ�ÛÍ%ÅÅËÌÑÍÒÅÙÈÙ

È+ŽËÈÏÏÎÅŠÏÍÒÊŠÍÇÓËŠÍÊÍŽËÅÚËÊ�ÍÎŠÇÅÍÊÍ�ÊÎŠÇÊÎŠÈË’ÏÍŠÎÚÕÇ�ÊËÈÛ

5.5.1 Range Values

guideline

Á UÏÈÍ’FirstÍÅËÍ’LastÍÎŠÏÇÈÊÙÍÅÃÍŠÓ�ÈËÎÒÍÌÎÇÈËÊÌÏÍÇÅÍËÈŽËÈÏÈŠÇÍÇÕÈÍÃÎËÏÇÍÅËÍÌÊÏÇÍ ÊÌÓÈÏÍÅÃÍÊÍËÊŠÚÈÛ

Á UÏÈÍÇÕÈÍÇÑŽÈÍÅËÍÏÓÔÇÑŽÈÍŠÊ�ÈÍÅÃÍÇÕÈÍËÊŠÚÈÍÎŠÏÇÈÊÙÍÅÃÍ’First .. ’LastÛ

example

type Temperature      is range All_Time_Low .. All_Time_High;

type Weather_Stations is range            1 ..  Max_Stations;

Current_Temperature : Temperature := 60;

Offset              : Temperature;

...

for I in Weather_Stations loop

   Offset := Current_Temperature - Temperature’First;

   ...

end loop;

rationale

"ŠÍ ÇÕÈÍ È+Ê�ŽÌÈÍ ÊÔÅ ÈŸÍ ÎÇÍ ÎÏÍ ÔÈÇÇÈËÍ ÇÅÍ ÓÏÈÍ Weather_StationsÍ ÎŠÍ ÇÕÈÍ forÍ ÌÅÅŽÍ ÇÕÊŠÍ ÇÅÍ ÓÏÈ

Weather_Stations’First .. Weather_Stations’LastÍÅËÍ1 .. Max_StationsŸÍÔÈÒÊÓÏÈÍÎÇÍÎÏÍÒÌÈÊËÈËŸÍÌÈÏÏ

ÈËËÅË&ŽËÅŠÈŸÍÊŠÙÍÌÈÏÏÍÙÈŽÈŠÙÈŠÇÍÅŠÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍÇÕÈÍÇÑŽÈÍWeather_StationsÛÍÀÎ�ÎÌÊËÌÑŸÍÎÇÍÎÏÍÔÈÇÇÈËÍÇÅ

ÓÏÈÍTemperature’FirstÍÎŠÍÇÕÈÍÅÃÃÏÈÇÍÒÊÌÒÓÌÊÇÎÅŠÍÇÕÊŠÍÇÅÍÓÏÈÍAll_Time_LowŸÍÔÈÒÊÓÏÈÍÇÕÈÍÒÅÙÈÍÉÎÌÌÍÏÇÎÌÌÍÔÈ

ÒÅËËÈÒÇÍÎÃÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍÇÕÈÍÏÓÔÇÑŽÈÍTemperatureÍÎÏÍÒÕÊŠÚÈÙÛÍÜÕÎÏÍÈŠÕÊŠÒÈÏÍŽËÅÚËÊ�ÍËÈÌÎÊÔÎÌÎÇÑÛ

caution

)ÕÈŠÍÑÅÓÍÎ�ŽÌÎÒÎÇÌÑÍÏŽÈÒÎÃÑÍËÊŠÚÈÏÍÊŠÙÍÊÇÇËÎÔÓÇÈÏÍÌÎ�ÈÍÇÕÎÏŸÍÔÈÍÒÊËÈÃÓÌÍÇÕÊÇÍÑÅÓÍÓÏÈÍÇÕÈÍÒÅËËÈÒÇÍÇÑŽÈÍÅË

ÏÓÔÇÑŽÈÍŠÊ�ÈÛÍ"ÇÍÎÏÍÈÊÏÑÍÇÅÍËÈÃÈËÍÇÅÍÊÍ ÈËÑÍÌÊËÚÈÍËÊŠÚÈÍÉÎÇÕÅÓÇÍËÈÊÌÎ’ÎŠÚÍÎÇÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÚÎ ÈŠÍÇÕÈ

ÙÈÒÌÊËÊÇÎÅŠÏ:
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type    Large_Range is new Integer;

subtype Small_Range is Large_Range range 1 .. 10;

ÇÕÈŠÍÇÕÈÍÃÎËÏÇÍÙÈÒÌÊËÊÇÎÅŠÍÔÈÌÅÉÍÉÅË�ÏÍÃÎŠÈŸÍÔÓÇÍÇÕÈÍÏÈÒÅŠÙÍÅŠÈÍÎÏÍŽËÅÔÊÔÌÑÍÊŠÍÊÒÒÎÙÈŠÇÍÊŠÙÍËÊÎÏÈÏÍÊŠ

È+ÒÈŽÇÎÅŠÍÅŠÍ�ÅÏÇÍ�ÊÒÕÎŠÈÏÍÔÈÒÊÓÏÈÍÎÇÍÎÏÍËÈ#ÓÈÏÇÎŠÚÍÊÍÕÓÚÈÍÊËËÊÑÍ,ÎŠÙÈ+ÈÙÍÃËÅ�ÍÇÕÈÍÏ�ÊÌÌÈÏÇÍÎŠÇÈÚÈËÍÇÅ

ÇÕÈÍÌÊËÚÈÏÇÍÅŠÈ3:

Array_1 : array (Small_Range) of Integer;

Array_2 : array (Large_Range) of Integer;

5.5.2 Array Attributes

guideline

Á UÏÈÍÊËËÊÑÍÊÇÇËÎÔÓÇÈÏÍ’FirstŸÍ’LastŸÍÅËÍ’LengthÍÎŠÏÇÈÊÙÍÅÃÍŠÓ�ÈËÎÒÍÌÎÇÈËÊÌÏÍÃÅËÍÊÒÒÈÏÏÎŠÚÍÊËËÊÑÏÛ

Á UÏÈÍÇÕÈÍ’RangeÍÅÃÍÇÕÈÍÊËËÊÑÍÎŠÏÇÈÊÙÍÅÃÍÇÕÈÍŠÊ�ÈÍÅÃÍÇÕÈÍÎŠÙÈ+ÍÏÓÔÇÑŽÈÍÇÅÍÈ+ŽËÈÏÏÍÊÍËÊŠÚÈÛ

Á UÏÈÍ’RangeÍÎŠÏÇÈÊÙÍÅÃÍ’First .. ’LastÍÇÅÍÈ+ŽËÈÏÏÍÊÍËÊŠÚÈÛ

example

subtype Name_String is String (1 .. Name_Length);

File_Path : Name_String := (others => ’ ’);

...

for I in File_Path’Range loop

   ...

end loop;

rationale

"ŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈŸÍÎÇÍÎÏÍÔÈÇÇÈËÍÇÅÍÓÏÈÍName_String’RangeÍÎŠÍÇÕÈÍforÍÌÅÅŽÍÇÕÊŠÍÇÅÍÓÏÈÍName_String_SizeŸ

Name_String’First .. Name_String’LastŸÍÅËÍ1 .. 30ŸÍÔÈÒÊÓÏÈÍÎÇÍÎÏÍÒÌÈÊËÈËŸÍÌÈÏÏÍÈËËÅË&ŽËÅŠÈŸÍÊŠÙÍÌÈÏÏ

ÙÈŽÈŠÙÈŠÇÍÅŠÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÏÍÅÃÍName_StringÍÊŠÙÍName_String_SizeÛÍ"ÃÍName_StringÍÎÏÍÒÕÊŠÚÈÙÍÇÅÍÕÊ ÈÍÊ

ÙÎÃÃÈËÈŠÇÍÎŠÙÈ+ÍÇÑŽÈŸÍÅËÍÎÃÍÇÕÈÍÔÅÓŠÙÏÍÅÃÍÇÕÈÍÊËËÊÑÍÊËÈÍÒÕÊŠÚÈÙŸÍÇÕÎÏÍÉÎÌÌÍÏÇÎÌÌÍÉÅË�ÍÒÅËËÈÒÇÌÑÛÍÜÕÎÏ

ÈŠÕÊŠÒÈÏÍŽËÅÚËÊ�ÍËÈÌÎÊÔÎÌÎÇÑÛ

5.5.3 Parenthetical Expressions

guideline

Á UÏÈÍŽÊËÈŠÇÕÈÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÕÈÍÅËÙÈËÍÅÃÍÏÓÔÈ+ŽËÈÏÏÎÅŠÍÈ ÊÌÓÊÇÎÅŠÍÇÅÍÒÌÊËÎÃÑÍÈ+ŽËÈÏÏÎÅŠÏÍ,N*À*

./013Û

Á UÏÈÍŽÊËÈŠÇÕÈÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÕÈÍÅËÙÈËÍÅÃÍÈ ÊÌÓÊÇÎÅŠÍÃÅËÍÏÓÔÈ+ŽËÈÏÏÎÅŠÏÍÉÕÅÏÈÍÒÅËËÈÒÇŠÈÏÏÍÙÈŽÈŠÙÏÍÅŠ

ÌÈÃÇÍÇÅÍËÎÚÕÇÍÈ ÊÌÓÊÇÎÅŠÛ

example

(1.5 * X**2)/A - (6.5*X + 47.0)

2*I + 4*Y + 8*Z + C

rationale

ÜÕÈÍ*ÙÊÍËÓÌÈÏÍÅÃÍÅŽÈËÊÇÅËÍŽËÈÒÈÙÈŠÒÈÍÊËÈÍÙÈÃÎŠÈÙÍÎŠÍÀÈÒÇÎÅŠÍ4ÛÄÍÅÃÍDÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ,./033ÍÊŠÙ

ÃÅÌÌÅÉÍÇÕÈÍÏÊ�ÈÍÒÅ��ÅŠÌÑÍÊÒÒÈŽÇÈÙÍŽËÈÒÈÙÈŠÒÈÍÅÃÍÊÌÚÈÔËÊÎÒÍÅŽÈËÊÇÅËÏÛÍÍÜÕÈÍÏÇËÅŠÚÍÇÑŽÎŠÚÍÃÊÒÎÌÎÇÑÍÎŠ

*ÙÊÍÒÅ�ÔÎŠÈÙÍÉÎÇÕÍÇÕÈÍÒÅ��ÅŠÍŽËÈÒÈÙÈŠÒÈÍËÓÌÈÏÍ�Ê�ÈÍ�ÊŠÑÍŽÊËÈŠÇÕÈÏÈÏÍÓŠŠÈÒÈÏÏÊËÑÛÍÍHÅÉÈ ÈËŸ

ÉÕÈŠÍÊŠÍÓŠÒÅ��ÅŠÍÒÅ�ÔÎŠÊÇÎÅŠÍÅÃÍÅŽÈËÊÇÅËÏÍÅÒÒÓËÏŸÍÎÇÍ�ÊÑÍÔÈÍÕÈÌŽÃÓÌÍÇÅÍÊÙÙÍŽÊËÈŠÇÕÈÏÈÏÍÈ ÈŠÍÉÕÈŠ

ÇÕÈÍŽËÈÒÈÙÈŠÒÈÍËÓÌÈÏÍÊŽŽÌÑÛÍÍÜÕÈÍÈ+ŽËÈÏÏÎÅŠŸ

5 + ((Y ** 3) mod 10)

ÎÏÍÒÌÈÊËÈËŸÍÊŠÙÍÈ#ÓÎ ÊÌÈŠÇÍÇÅ

5 + Y**3 mod 10
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ÜÕÈÍËÓÌÈÏÍÅÃÍÈ ÊÌÓÊÇÎÅŠÍÙÅÍÏŽÈÒÎÃÑÍÌÈÃÇÍÇÅÍËÎÚÕÇÍÈ ÊÌÓÊÇÎÅŠÍÃÅËÍÅŽÈËÊÇÅËÏÍÉÎÇÕÍÇÕÈÍÏÊ�ÈÍŽËÈÒÈÙÈŠÒÈÍÌÈ ÈÌÛ

HÅÉÈ ÈËŸÍ ÎÇÍ ÎÏÍ ÇÕÈÍ�ÅÏÇÍÒÅ��ÅŠÌÑÍÅ ÈËÌÅÅ�ÈÙÍËÓÌÈÍÅÃÍÈ ÊÌÓÊÇÎÅŠÍÉÕÈŠÍÒÕÈÒ�ÎŠÚÍÈ+ŽËÈÏÏÎÅŠÏÍ ÃÅË

ÒÅËËÈÒÇŠÈÏÏÛÍ

5.5.4 Positive Forms of Logic

guideline

S * ÅÎÙÍŠÊ�ÈÏÍÊŠÙÍÒÅŠÏÇËÓÒÇÏÍÇÕÊÇÍËÈÌÑÍÅŠÍÇÕÈÍÓÏÈÍÅÃÍŠÈÚÊÇÎ ÈÏÛ

S (ÕÅÅÏÈÍŠÊ�ÈÏÍÅÃÍÃÌÊÚÏÍÏÅÍÇÕÈÑÍËÈŽËÈÏÈŠÇÍÏÇÊÇÈÏÍÇÕÊÇÍÒÊŠÍÔÈÍÓÏÈÙÍÎŠÍŽÅÏÎÇÎ ÈÍÃÅË�Û

example

UÏÈ

ÁÂÄÀÅÃÇÉÊËÇÈÍÁÎÎÁÏÌÄÊÑÃÏ

ËÊÇÕÈËÍÇÕÊŠÍÈÎÇÕÈË

ÁÂÄÏËÊÄÀÅÃÇÉÊËÇÈÓËÔÏÖÄÊÑÃÏ

ÅË

ÁÂÄÏËÊÄÀÅÃÇÉÊËÇÈÍÁÎÎÁÏÌÄÊÑÃÏ

rationale

RÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÏÍÒÊŠÍÔÈÍ�ÅËÈÍËÈÊÙÊÔÌÈÍÊŠÙÍÓŠÙÈËÏÇÊŠÙÊÔÌÈÍÉÕÈŠÍÏÇÊÇÈÙÍÎŠÍÊÍŽÅÏÎÇÎ ÈÍÃÅË�ÛÍ*ÏÍÊŠ

ÊÎÙÍÎŠÍÒÕÅÅÏÎŠÚÍÇÕÈÍŠÊ�ÈŸÍÒÅŠÏÎÙÈËÍÇÕÊÇÍÇÕÈÍ�ÅÏÇÍÃËÈ#ÓÈŠÇÌÑÍÓÏÈÙÍÔËÊŠÒÕÍÎŠÍÊÍÒÅŠÙÎÇÎÅŠÊÌÍÒÅŠÏÇËÓÒÇ

ÏÕÅÓÌÙÍÔÈÍÈŠÒÅÓŠÇÈËÈÙÍÃÎËÏÇÛ

exception

ÜÕÈËÈÍÊËÈÍÒÊÏÈÏÍÎŠÍÉÕÎÒÕÍÇÕÈÍŠÈÚÊÇÎ ÈÍÃÅË�ÍÎÏÍÓŠÊ ÅÎÙÊÔÌÈÛÍ"ÃÍÇÕÈÍËÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÍÔÈÇÇÈËÍËÈÃÌÈÒÇÏ

ÉÕÊÇÍÎÏÍÚÅÎŠÚÍÅŠÍÎŠÍÇÕÈÍÒÅÙÈŸÍÇÕÈŠÍÎŠ ÈËÇÎŠÚÍÇÕÈÍÇÈÏÇÍÇÅÍÊÙÕÈËÈÍÇÅÍÇÕÎÏÍÚÓÎÙÈÌÎŠÈÍÎÏÍŠÅÇÍËÈÒÅ��ÈŠÙÈÙÛ

5.5.5 Short Circuit Forms of the Logical Operators

guideline

S UÏÈÍÏÕÅËÇ&ÒÎËÒÓÎÇÍÃÅË�ÏÍÅÃÍÇÕÈÍÌÅÚÎÒÊÌÍÅŽÈËÊÇÅËÏÛÍ

example

UÏÈ

ÁÂÄÒÄÕŠÄÚÄËÇÄÃÛÎÃÄÜÙÕÒŸÄÕŠÄŽÚÄÊÑÃÏ

ÅË

ÁÂÄÒÄÕŠÄÚÄÊÑÃÏ

ÄÄÄÁÂÄÜÙÕÒŸÄÕŠÄŽÚÄÊÑÃÏ

ËÊÇÕÈËÍÇÕÊŠÍÈÎÇÕÈË

ÁÂÄÒÄÕŠÄÚÄÉÏÖÄÜÙÕÒŸÄÕŠÄŽÚÄÊÑÃÏ

ÅËÍÇÅÍÊ ÅÎÙÍNÓ�ÈËÎÒ_!ËËÅË

ÁÂÄÜÙÕÒŸÄÕŠÄŽÚÄÊÑÃÏ

UÏÈ

ÁÂÄ�ÉÇÌÃÊÄÕŠÄÏÔÛÛÄÉÏÖÄÊÑÃÏÄ�ÉÇÌÃÊ��ÁÎÊÉÏ�ÃÄ Ä�ÑÇÃÎÑËÛÖÄÊÑÃÏ

ËÊÇÕÈËÍÇÕÊŠ

ÁÂÄ�ÉÇÌÃÊ��ÁÎÊÉÏ�ÃÄ Ä�ÑÇÃÎÑËÛÖÄÊÑÃÏ

ÇÅÍÊ ÅÎÙÍËÈÃÈËÈŠÒÎŠÚÍÊÍÃÎÈÌÙÍÎŠÍÊÍŠÅŠ-È+ÎÏÇÈŠÇÍÅÔÖÈÒÇÛ

rationale

ÜÕÈÍÓÏÈÍÅÃÍÏÕÅËÇ&ÒÎËÒÓÎÇÍÒÅŠÇËÅÌÍÃÅË�ÏÍŽËÈ ÈŠÇÏÍÊÍÒÌÊÏÏÍÅÃÍÙÊÇÊ&ÙÈŽÈŠÙÈŠÇÍÈËËÅËÏÍÅËÍÈ+ÒÈŽÇÎÅŠÏÍÇÕÊÇÍÒÊŠ

ÅÒÒÓËÍÊÏÍÊÍËÈÏÓÌÇÍÅÃÍÈ+ŽËÈÏÏÎÅŠÍÈ ÊÌÓÊÇÎÅŠÛÍÜÕÈÍÏÕÅËÇ&ÒÎËÒÓÎÇÍÃÅË�ÏÍÚÓÊËÊŠÇÈÈÍÊŠÍÅËÙÈËÍÅÃÍÈ ÊÌÓÊÇÎÅŠÍÊŠÙ
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ÊŠÍÈ+ÎÇÍÃËÅ�ÍÇÕÈÍÏÈ#ÓÈŠÒÈÍÅÃÍËÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÏÍÊÏÍÏÅÅŠÍÊÏÍÇÕÈÍÈ+ŽËÈÏÏÎÅŠ’ÏÍËÈÏÓÌÇÍÒÊŠÍÔÈÍÙÈÇÈË�ÎŠÈÙÛ

"ŠÍÇÕÈÍÊÔÏÈŠÒÈÍÅÃÍÏÕÅËÇ&ÒÎËÒÓÎÇÍÃÅË�ÏŸÍ*ÙÊÍÙÅÈÏÍŠÅÇÍŽËÅ ÎÙÈÍÊÍÚÓÊËÊŠÇÈÈÍÅÃÍÇÕÈÍÅËÙÈËÍÅÃÍÈ+ŽËÈÏÏÎÅŠ

È ÊÌÓÊÇÎÅŠŸÍŠÅËÍÙÅÈÏÍÇÕÈÍÌÊŠÚÓÊÚÈÍÚÓÊËÊŠÇÈÈÍÇÕÊÇÍÈ ÊÌÓÊÇÎÅŠÍÅÃÍÊÍËÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÍÎÏÍÊÔÊŠÙÅŠÈÙ

ÉÕÈŠÍÎÇÍÔÈÒÅ�ÈÏÍÒÌÈÊËÍÇÕÊÇÍÎÇÍÈ ÊÌÓÊÇÈÏÍÇÅÍFalseÍ,ÃÅËÍand3ÍÅËÍTrueÍ,ÃÅËÍor3Û

note

"ÃÍÎÇÍÎÏÍÎ�ŽÅËÇÊŠÇÍÇÕÊÇÍÊÌÌÍŽÊËÇÏÍÅÃÍÊÍÚÎ ÈŠÍÈ+ŽËÈÏÏÎÅŠÍÊÌÉÊÑÏÍÔÈÍÈ ÊÌÓÊÇÈÙŸÍÇÕÈÍÈ+ŽËÈÏÏÎÅŠÍŽËÅÔÊÔÌÑÍ ÎÅÌÊÇÈÏ

GÓÎÙÈÌÎŠÈÍ4Û.Û3ÍÉÕÎÒÕÍÌÎ�ÎÇÏÍÏÎÙÈ&ÈÃÃÈÒÇÏÍÎŠÍÃÓŠÒÇÎÅŠÏÛ

5.5.6 Accuracy of Operations With Real Operands

guideline

Á UÏÈÍ<=ÍÊŠÙÍ>=ÍÎŠÍËÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÏÍÉÎÇÕÍËÈÊÌÍÅŽÈËÊŠÙÏÍÎŠÏÇÈÊÙÍÅÃÍ=Û

example

Current_Temperature   : Temperature :=       0.0;

Temperature_Increment : Temperature := 1.0 / 3.0;

Maximum_Temperature   : constant    :=     100.0;

...

loop

   ...

   Current_Temperature :=

         Current_Temperature + Temperature_Increment;

   ...

   exit when Current_Temperature >= Maximum_Temperature;

   ...

end loop;

rationale

FÎ+ÈÙÍÊŠÙÍÃÌÅÊÇÎŠÚÍŽÅÎŠÇÍ ÊÌÓÈÏŸÍÈ ÈŠÍÎÃÍÙÈËÎ ÈÙÍÃËÅ�ÍÏÎ�ÎÌÊËÍÈ+ŽËÈÏÏÎÅŠÏŸÍ�ÊÑÍŠÅÇÍÔÈÍÈ+ÊÒÇÌÑÍÈ#ÓÊÌÛÍÜÕÈ

Î�ŽËÈÒÎÏÈŸÍÃÎŠÎÇÈÍËÈŽËÈÏÈŠÇÊÇÎÅŠÏÍÅÃÍËÈÊÌÍŠÓ�ÔÈËÏÍÎŠÍÕÊËÙÉÊËÈÍÊÌÉÊÑÏÍÕÊ ÈÍËÅÓŠÙ&ÅÃÃÍÈËËÅËÏÍÏÅÍÇÕÊÇÍÊŠÑ

 ÊËÎÊÇÎÅŠÍÎŠÍÇÕÈÍÒÅŠÏÇËÓÒÇÎÅŠÍŽÊÇÕÍÅËÍÕÎÏÇÅËÑÍÅÃÍÇÉÅÍËÈÊÌÏÍÕÊÏÍÇÕÈÍŽÅÇÈŠÇÎÊÌÍÃÅËÍËÈÏÓÌÇÎŠÚÍÎŠÍÙÎÃÃÈËÈŠÇ

ŠÓ�ÔÈËÏŸÍÈ ÈŠÍÉÕÈŠÍÇÕÈÍŽÊÇÕÏÍÅËÍÕÎÏÇÅËÎÈÏÍÊËÈÍ�ÊÇÕÈ�ÊÇÎÒÊÌÌÑÍÈ#ÓÎ ÊÌÈŠÇÛ

ÜÕÈÍ*ÙÊÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍ�ÅÙÈÌÍÎŠÇÈË ÊÌÏÍÊÌÏÅÍ�ÈÊŠÏÍÇÕÊÇÍÇÕÈÍÓÏÈÍÅÃÍ<=ÍÎÏÍ�ÅËÈÍŽÅËÇÊÔÌÈÍÇÕÊŠÍÈÎÇÕÈËÍ<ÍÅËÍ=Û

note

FÌÅÊÇÎŠÚÍŽÅÎŠÇÍÊËÎÇÕ�ÈÇÎÒÍÎÏÍÇËÈÊÇÈÙÍÎŠÍGÓÎÙÈÌÎŠÈÍ1Û2Û0Û

exceptions

"ÃÍÑÅÓËÍÊŽŽÌÎÒÊÇÎÅŠÍ�ÓÏÇÍÇÈÏÇÍÃÅËÍÊŠÍÈ+ÊÒÇÍ ÊÌÓÈÍÅÃÍÊÍËÈÊÌÍŠÓ�ÔÈËÍ,ÈÛÚÛŸÍÇÈÏÇÎŠÚÍÇÕÈÍŽËÈÒÎÏÎÅŠÍÅÃÍÇÕÈ

ÊËÎÇÕ�ÈÇÎÒÍÅŠÍÊÍÒÈËÇÊÎŠÍ�ÊÒÕÎŠÈ3ŸÍÇÕÈŠÍÇÕÈÍ=ÍÉÅÓÌÙÍÕÊ ÈÍÇÅÍÔÈÍÓÏÈÙÛÍ-ÓÇÍŠÈ ÈËÍÓÏÈÍ=ÍÅŠÍËÈÊÌÍÅŽÈËÊŠÙÏÍÊÏ

ÊÍÒÅŠÙÎÇÎÅŠÍÇÅÍÈ+ÎÇÍÊÍÌÅÅŽÛ

5.6 STATEMENTS

(ÊËÈÌÈÏÏÍÅËÍÒÅŠ ÅÌÓÇÈÙÍÓÏÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÒÊŠÍ�Ê�ÈÍÊÍŽËÅÚËÊ�ÍÕÊËÙÍÇÅÍËÈÊÙÍÊŠÙÍ�ÊÎŠÇÊÎŠÍÈ ÈŠÍÎÃÍÎÇÏÍÚÌÅÔÊÌ

ÏÇËÓÒÇÓËÈÍÎÏÍÉÈÌÌÍÅËÚÊŠÎ’ÈÙÛÍYÅÓÍÏÕÅÓÌÙÍÏÇËÎ ÈÍÃÅËÍÏÎ�ŽÌÈÍÊŠÙÍÒÅŠÏÎÏÇÈŠÇÍÓÏÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÇÅÍÊÒÕÎÈ ÈÍÒÌÊËÎÇÑÍÅÃ

ÌÅÒÊÌÍŽËÅÚËÊ�ÍÏÇËÓÒÇÓËÈÛÍÀÅ�ÈÍÅÃÍÇÕÈÍÚÓÎÙÈÌÎŠÈÏÍÎŠÍÇÕÎÏÍÏÈÒÇÎÅŠÍÒÅÓŠÏÈÌÍÓÏÈÍÅËÍÊ ÅÎÙÊŠÒÈÍÅÃÍŽÊËÇÎÒÓÌÊË

ÏÇÊÇÈ�ÈŠÇÏÛÍ*ÏÍŽÅÎŠÇÈÙÍÅÓÇÍÎŠÍÇÕÈÍÎŠÙÎ ÎÙÓÊÌÍÚÓÎÙÈÌÎŠÈÏŸÍËÎÚÎÙÍÊÙÕÈËÈŠÒÈÍÇÅÍÇÕÅÏÈÍÚÓÎÙÈÌÎŠÈÏÍÉÅÓÌÙÍÔÈ

È+ÒÈÏÏÎ ÈŸÍ ÔÓÇÍ È+ŽÈËÎÈŠÒÈÍ ÕÊÏÍ ÏÕÅÉŠÍ ÇÕÊÇÍ ÇÕÈÑÍ ÚÈŠÈËÊÌÌÑÍ ÌÈÊÙÍ ÇÅÍ ÒÅÙÈÍÉÎÇÕÍ Î�ŽËÅ ÈÙÍ ËÈÌÎÊÔÎÌÎÇÑÍ ÊŠÙ

�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÛ

5.6.1 Nesting

guideline

Á MÎŠÎ�Î’ÈÍÇÕÈÍÙÈŽÇÕÍÅÃÍŠÈÏÇÈÙÍÈ+ŽËÈÏÏÎÅŠÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û
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S MÎŠÎ�Î’ÈÍÇÕÈÍÙÈŽÇÕÍÅÃÍŠÈÏÇÈÙÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û

S ÜËÑÍÏÎ�ŽÌÎÃÎÒÊÇÎÅŠÍÕÈÓËÎÏÇÎÒÏÍ,ÏÈÈÍŠÅÇÈ3Û

instantiation

- DÅÍŠÅÇÍŠÈÏÇÍÈ+ŽËÈÏÏÎÅŠÏÍÅËÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÏÍÔÈÑÅŠÙÍÊÍŠÈÏÇÎŠÚÍÌÈ ÈÌÍÅÃÍÃÎ ÈÛ

example

ÜÕÈÍÃÅÌÌÅÉÎŠÚÍÏÈÒÇÎÅŠÍÅÃÍÒÅÙÈ:

if not Condition_1 then

   if Condition_2 then

      Action_A;

   else  -- not Condition_2

      Action_B;

   end if;

else  -- Condition_1

   Action_C;

end if;

ÒÊŠÍÔÈÍËÈÉËÎÇÇÈŠÍ�ÅËÈÍÒÌÈÊËÌÑÍÊŠÙÍÉÎÇÕÍÌÈÏÏÍŠÈÏÇÎŠÚÍÊÏ:

if Condition_1 then

   Action_C;

elsif Condition_2 then

   Action_A;

else  -- not (Condition_1 or Condition_2)

   Action_B;

end if;

rationale

DÈÈŽÌÑÍŠÈÏÇÈÙÍÏÇËÓÒÇÓËÈÏÍÊËÈÍÒÅŠÃÓÏÎŠÚŸÍÙÎÃÃÎÒÓÌÇÍÇÅÍÓŠÙÈËÏÇÊŠÙŸÍÊŠÙÍÙÎÃÃÎÒÓÌÇÍÇÅÍ�ÊÎŠÇÊÎŠÛÍÜÕÈÍŽËÅÔÌÈ�

ÌÎÈÏÍ ÎŠÍ ÇÕÈÍÙÎÃÃÎÒÓÌÇÑÍÅÃÍÙÈÇÈË�ÎŠÎŠÚÍÉÕÊÇÍŽÊËÇÍÅÃÍÊÍŽËÅÚËÊ�ÍÎÏÍÒÅŠÇÊÎŠÈÙÍÊÇÍÊŠÑÍÚÎ ÈŠÍÌÈ ÈÌÛÍFÅË

È+ŽËÈÏÏÎÅŠÏŸÍÇÕÎÏÍÎÏÍÎ�ŽÅËÇÊŠÇÍÎŠÍÊÒÕÎÈ ÎŠÚÍÇÕÈÍÒÅËËÈÒÇÍŽÌÊÒÈ�ÈŠÇÍÅÃÍÔÊÌÊŠÒÈÙÍÚËÅÓŽÎŠÚÍÏÑ�ÔÅÌÏÍÊŠÙÍÎŠ

ÊÒÕÎÈ ÎŠÚÍÇÕÈÍÙÈÏÎËÈÙÍÅŽÈËÊÇÅËÍŽËÈÒÈÙÈŠÒÈÛÍFÅËÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÏŸÍÇÕÈÍ#ÓÈÏÇÎÅŠÍÎŠ ÅÌ ÈÏÍÉÕÊÇÍŽÊËÇÍÎÏ

ÒÅŠÇËÅÌÌÈÙÛÍÀŽÈÒÎÃÎÒÊÌÌÑŸÍÎÏÍÊÍÚÎ ÈŠÍÏÇÊÇÈ�ÈŠÇÍÊÇÍÇÕÈÍŽËÅŽÈËÍÌÈ ÈÌÍÅÃÍŠÈÏÇÎŠÚŸÍÎÛÈÛŸÍÎÏÍÎÇÍÇÅÅÍÙÈÈŽÌÑÍÅËÍÇÅÅ

ÏÕÊÌÌÅÉÌÑÍŠÈÏÇÈÙŸÍÅËÍÎÏÍÇÕÈÍÚÎ ÈŠÍÏÇÊÇÈ�ÈŠÇÍÊÏÏÅÒÎÊÇÈÙÍÉÎÇÕÍÇÕÈÍŽËÅŽÈËÍÒÕÅÎÒÈŸÍÈÛÚÛŸÍÃÅËÍÎÃÍÅËÍÒÊÏÈ

ÏÇÊÇÈ�ÈŠÇÏ?Í"ŠÙÈŠÇÊÇÎÅŠÍÕÈÌŽÏŸÍÔÓÇÍÎÇÍÎÏÍŠÅÇÍÊÍŽÊŠÊÒÈÊÛÍVÎÏÓÊÌÌÑÍÎŠÏŽÈÒÇÎŠÚÍÊÌÎÚŠ�ÈŠÇÍÅÃÍÎŠÙÈŠÇÈÙÍÒÅÙÈ

,�ÊÎŠÌÑÍÎŠÇÈË�ÈÙÎÊÇÈÍÌÈ ÈÌÏ3ÍÎÏÍÊŠÍÓŠÒÈËÇÊÎŠÍÖÅÔÍÊÇÍÔÈÏÇÛÍÜÅÍ�ÎŠÎ�Î’ÈÍÇÕÈÍÒÅ�ŽÌÈ+ÎÇÑÍÅÃÍÇÕÈÍÒÅÙÈŸÍ�ÈÈŽ

ÇÕÈÍ�Ê+Î�Ó�ÍŠÓ�ÔÈËÍÅÃÍŠÈÏÇÎŠÚÍÌÈ ÈÌÏÍÔÈÇÉÈÈŠÍÇÕËÈÈÍÊŠÙÍÃÎ ÈÛ

note

*Ï�ÍÑÅÓËÏÈÌÃÍÇÕÈÍÃÅÌÌÅÉÎŠÚÍ#ÓÈÏÇÎÅŠÏÍÇÅÍÕÈÌŽÍÑÅÓÍÏÎ�ŽÌÎÃÑÍÇÕÈÍÒÅÙÈ:Í

- (ÊŠÍÏÅ�ÈÍŽÊËÇÍÅÃÍÇÕÈÍÈ+ŽËÈÏÏÎÅŠÍÔÈÍŽÓÇÍÎŠÇÅÍÊÍÒÅŠÏÇÊŠÇÍÅËÍ ÊËÎÊÔÌÈ?Í

- DÅÈÏÍÏÅ�ÈÍŽÊËÇÍÅÃÍÇÕÈÍÌÅÉÈËÍŠÈÏÇÈÙÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÏÍËÈŽËÈÏÈŠÇÍÊÍÏÎÚŠÎÃÎÒÊŠÇŸÍÊŠÙÍŽÈËÕÊŽÏÍËÈÓÏÊÔÌÈ

ÒÅ�ŽÓÇÊÇÎÅŠÍÇÕÊÇÍ"ÍÒÊŠÍÃÊÒÇÅËÍÎŠÇÅÍÊÍÏÓÔŽËÅÚËÊ�?Í

- (ÊŠÍ"ÍÒÅŠ ÈËÇÍÇÕÈÏÈÍŠÈÏÇÈÙÍÎÃÍÏÇÊÇÈ�ÈŠÇÏÍÎŠÇÅÍÊÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇ?Í

- *�Í"ÍÓÏÎŠÚÍelse ifÍÉÕÈËÈÍ"ÍÒÅÓÌÙÍÔÈÍÓÏÎŠÚÍelsif?Í

- (ÊŠÍ"ÍËÈÅËÙÈËÍÇÕÈÍÒÅŠÙÎÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÏÍÒÅŠÇËÅÌÌÎŠÚÍÇÕÎÏÍŠÈÏÇÈÙÍÏÇËÓÒÇÓËÈ?Í

- "ÏÍÇÕÈËÈÍÊÍÙÎÃÃÈËÈŠÇÍÙÈÏÎÚŠÍÇÕÊÇÍÉÅÓÌÙÍÔÈÍÏÎ�ŽÌÈË?

exceptions

"ÃÍÙÈÈŽÍŠÈÏÇÎŠÚÍÎÏÍËÈ#ÓÎËÈÙÍÃËÈ#ÓÈŠÇÌÑŸÍÇÕÈËÈÍ�ÊÑÍÔÈÍÅ ÈËÊÌÌÍÙÈÏÎÚŠÍÙÈÒÎÏÎÅŠÏÍÃÅËÍÇÕÈÍÒÅÙÈÍÇÕÊÇÍÏÕÅÓÌÙÍÔÈ

ÒÕÊŠÚÈÙÛÍ ÀÅ�ÈÍ ÊÌÚÅËÎÇÕ�ÏÍ ËÈ#ÓÎËÈÍ ÙÈÈŽÌÑÍ ŠÈÏÇÈÙÍ ÌÅÅŽÏÍ ÊŠÙÍ ÏÈÚ�ÈŠÇÏÍ ÒÅŠÇËÅÌÌÈÙÍ ÔÑÍ ÒÅŠÙÎÇÎÅŠÊÌ

ÔËÊŠÒÕÈÏÛÍÜÕÈÎËÍÒÅŠÇÎŠÓÈÙÍÓÏÈÍÒÊŠÍÔÈÍÊÏÒËÎÔÈÙÍÇÅÍÇÕÈÎËÍÈÃÃÎÒÎÈŠÒÑŸÍÃÊ�ÎÌÎÊËÎÇÑŸÍÊŠÙÍÇÎ�ÈÍŽËÅ ÈŠÍÓÇÎÌÎÇÑÛ

)ÕÈŠÍŠÈÏÇÎŠÚÍÎÏÍËÈ#ÓÎËÈÙŸÍŽËÅÒÈÈÙÍÒÊÓÇÎÅÓÏÌÑÍÊŠÙÍÇÊ�ÈÍÏŽÈÒÎÊÌÍÒÊËÈÍÉÎÇÕÍÇÕÈÍÒÕÅÎÒÈÍÅÃÍÎÙÈŠÇÎÃÎÈËÏÍÊŠÙ

ÌÅÅŽÍÊŠÙÍÔÌÅÒ�ÍŠÊ�ÈÏÛÍ
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5.6.2 Slices

guideline

S UÏÈÍÏÌÎÒÈÏÍËÊÇÕÈËÍÇÕÊŠÍÊÍÌÅÅŽÍÇÅÍÒÅŽÑÍŽÊËÇÍÅÃÍÊŠÍÊËËÊÑÛ

example

ÁÂÄÀÅÃÃÇÃÉÊËÀÅÈËÅÃÍËÎÏÌÃÇÑÃÍËÎÏÌÓÁÂÄÀÅÔ

ÖÏÉÊËÎÃÇÃÉÊËÀÅÈËÅÃÍËÎÏÌÃÇÑÃÍËÎÏÌÓÖÒÉÉÕÁÂÄÀÅŠÔ

ÚÛÂÄÎÃÃÇÃÉÊËÀÅÈËÅÃÍËÎÏÌÃÇÑÃÍËÎÏÌÓÖÒÉÉÕÖÏÉÊËÎŠÔ

ÅÜÙÏÃŸÏÉÅÊÄÃÂÀÃÈÄÄÈÜÃÕÍËÎÏÌÃÄÈËŽÏÃ��ŠÃÊ�Ã� Ï!ÏËÅÔ

ÀÒ"ÅÜÙÏÃ#Ê Ò!Ë$ŸÏÉÅÊÄÃÂÀÃŸÏÉÅÊÄÃÕÍËÎÏÌŠÔ

ÅÜÙÏÃÃÃÃÖ%ÒÈÄÏ$&ÈÅÄÂÌÃÂÀÃÈÄÄÈÜÃÃÕÍËÎÏÌŠÃÊ�Ã#Ê Ò!Ë$ŸÏÉÅÊÄÔ

ÀÒ"ÅÜÙÏÃÖ!È  $’ÈËŽÏÃÃÂÀÃÍËÎÏÌÃÄÈËŽÏÃÁÂÄÀÅÃ((ÃÚÛÂÄÎÔ

ÀÒ"ÅÜÙÏÃ)ÂÈŽÊËÈ ÀÃÃÃÃÂÀÃŸÏÉÅÊÄÃÕÖ!È  $’ÈËŽÏŠÔ

ÅÜÙÏÃÃÃÃÚÄÂ$)ÂÈŽÊËÈ ÃÂÀÃÈÄÄÈÜÃÃÕÍËÎÏÌŠÃÊ�Ã)ÂÈŽÊËÈ ÀÔ

&ÈÄ*Ê+$,ÄÊ"È"Â ÂÅÂÏÀÃÇÃÖ%ÒÈÄÏ$&ÈÅÄÂÌÔ

)ÂÈŽÊËÈ $)ÈÅÈÃÃÃÃÃÃÃÃÇÃÚÄÂ$)ÂÈŽÊËÈ Ô

(((

--Ã’Ï!Ê+ÏÃÎÂÈŽÊËÈ ÃÈËÎÃÊ��ÃÎÂÈŽÊËÈ ÃÏ Ï!ÏËÅÀ(

)ÂÈŽÊËÈ $)ÈÅÈÕÍËÎÏÌÓÁÂÄÀÅŠÕÁÂÄÀÅŠÃÇÑÃ.Ò  $ŸÈ ÒÏÔ

)ÂÈŽÊËÈ $)ÈÅÈÕÍËÎÏÌÓÁÂÄÀÅŠÕÖÏÉÊËÎÃ((ÃÚÛÂÄÎŠÃÇÑ

ÃÃÃÃÃÃ&ÈÄ*Ê+$,ÄÊ"È"Â ÂÅÂÏÀÕÍËÎÏÌÓÁÂÄÀÅŠÕÁÂÄÀÅÃ((ÃÖÏÉÊËÎŠÔ

�ÊÄÃÍÃÂËÃÖÏÉÊËÎÃ((ÃÍËÎÏÌÓ,ÄÏÎÕÍËÎÏÌÓ/ÈÀÅŠÃ ÊÊÙ

ÃÃÃ)ÂÈŽÊËÈ $)ÈÅÈÕÍŠÃÇÑ

ÃÃÃÃÃÃÃÃÃ&ÈÄ*Ê+$,ÄÊ"È"Â ÂÅÂÏÀÕÍŠÕÍËÎÏÌÓ,ÄÏÎÕÍŠÃ((ÃÍËÎÏÌÓÖÒÉÉÕÍŠŠÔ

ÏËÎÃ ÊÊÙÔ

)ÂÈŽÊËÈ $)ÈÅÈÕÍËÎÏÌÓ/ÈÀÅŠÕÁÂÄÀÅÃ((ÃÖÏÉÊËÎŠÃÇÑ

ÃÃÃÃÃÃ&ÈÄ*Ê+$,ÄÊ"È"Â ÂÅÂÏÀÕÍËÎÏÌÓ/ÈÀÅŠ

ÃÃÃÃÃÃÃÃÃÕÍËÎÏÌÓ,ÄÏÎÕÍËÎÏÌÓ/ÈÀÅŠÃ((ÃÍËÎÏÌÓ/ÈÀÅŠÔ

)ÂÈŽÊËÈ $)ÈÅÈÕÍËÎÏÌÓ/ÈÀÅŠÕÚÛÂÄÎŠÃÇÑÃ.Ò  $ŸÈ ÒÏÔ

rationale

*ŠÍÊÏÏÎÚŠ�ÈŠÇÍÏÇÊÇÈ�ÈŠÇÍÉÎÇÕÍÏÌÎÒÈÏÍÎÏÍÏÎ�ŽÌÈËÍÊŠÙÍÒÌÈÊËÈËÍÇÕÊŠÍÊÍÌÅÅŽŸÍÊŠÙÍÕÈÌŽÏÍÇÕÈÍËÈÊÙÈËÍÏÈÈÍÇÕÈ

ÎŠÇÈŠÙÈÙÍÊÒÇÎÅŠÛÍÀÌÎÒÈÍÊÏÏÎÚŠ�ÈŠÇÍÒÊŠÍÔÈÍÃÊÏÇÈËÍÇÕÊŠÍÊÍÌÅÅŽÍÎÃÍÊÍÔÌÅÒ�Í�Å ÈÍÎŠÏÇËÓÒÇÎÅŠÍÎÏÍÊ ÊÎÌÊÔÌÈÛ

5.6.3 Case Statements

guideline

S NÈ ÈËÍÓÏÈÍÊŠÍÊÅÛÏÄÀÍÒÕÅÎÒÈÍÎŠÍÊÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÛ

S DÅÍŠÅÇÍÓÏÈÍËÊŠÚÈÏÍÅÃÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÍÎŠÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÏÛ

example

ÅÜÙÏÃ#Ê ÊÄÃÂÀÃÕ’ÏÎ0Ã1ÄÏÏË0Ã2 ÒÏ0Ã,ÒÄÙ ÏŠÔ

#ÈÄ$#Ê ÊÄÃÇÃ#Ê ÊÄÃÇÑÃ’ÏÎÔ

(((

ÉÈÀÏÃ#ÈÄ$#Ê ÊÄÃÂÀ

ÃÃÃ3ÛÏËÃ’ÏÎÃ((Ã2 ÒÏÃÑ�Ã(((

ÃÃÃ3ÛÏËÃ,ÒÄÙ ÏÃÃÃÃÃÃÑ�Ã(((

ÏËÎÃÉÈÀÏÔÃÃ--Ã#ÈÄ$#Ê ÊÄ

NÅÉÍÒÅŠÏÎÙÈËÍÊÍÒÕÊŠÚÈÍÎŠÍÇÕÈÍÇÑŽÈ:

ÅÜÙÏÃ#Ê ÊÄÃÂÀÃÕ’ÏÎ0Ã4Ï  Ê30Ã1ÄÏÏË0Ã2 ÒÏ0Ã,ÒÄÙ ÏŠÔ

ÜÕÎÏÍÒÕÊŠÚÈÍ�ÊÑÍÕÊ ÈÍÊŠÍÓŠŠÅÇÎÒÈÙÍÊŠÙÍÓŠÙÈÏÎËÈÙÍÈÃÃÈÒÇÍÎŠÍÇÕÈÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÛÍ"ÃÍÇÕÈÍÒÕÅÎÒÈÏÍÕÊÙÍÔÈÈŠ

ÈŠÓ�ÈËÊÇÈÙÍÈ+ŽÌÎÒÎÇÌÑŸÍÊÏÍ3ÛÏËÃ’ÏÎÃ5Ã1ÄÏÏËÃ5Ã2 ÒÏÃÑ�ÍÎŠÏÇÈÊÙÍÅÃÍ3ÛÏËÃ’ÏÎÃ((Ã2 ÒÏÃÑ�ŸÍÇÕÈŠÍÇÕÈÍÒÊÏÈ

ÏÇÊÇÈ�ÈŠÇÍÉÅÓÌÙÍÕÊ ÈÍŠÅÇÍÕÊ ÈÍÒÅ�ŽÎÌÈÙÛÍÜÕÎÏÍÉÅÓÌÙÍÕÊ ÈÍÃÅËÒÈÙÍÇÕÈÍ�ÊÎŠÇÊÎŠÈËÍÇÅÍ�Ê�ÈÍÊÍÒÅŠÏÒÎÅÓÏ

ÙÈÒÎÏÎÅŠÍÊÔÅÓÇÍÉÕÊÇÍÇÅÍÙÅÍÎŠÍÇÕÈÍÒÊÏÈÍÅÃÍ4Ï  Ê3Û
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rationale

*ÌÌÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏÍÃÅËÍÊŠÍÅÔÖÈÒÇÍÏÕÅÓÌÙÍÔÈÍ�ŠÅÉŠÍÊŠÙÍÏÕÅÓÌÙÍÔÈÍÊÏÏÎÚŠÈÙÍÏŽÈÒÎÃÎÒÍÊÒÇÎÅŠÏÛÍUÏÈÍÅÃÍÊŠ

ÅÇÕÈËÏÍÒÌÊÓÏÈÍ�ÊÑÍŽËÈ ÈŠÇÍÇÕÈÍÙÈ ÈÌÅŽÈËÍÃËÅ�ÍÒÊËÈÃÓÌÌÑÍÒÅŠÏÎÙÈËÎŠÚÍÇÕÈÍÊÒÇÎÅŠÏÍÃÅËÍÈÊÒÕÍ ÊÌÓÈÛÍ*

ÒÅ�ŽÎÌÈËÍÉÊËŠÏÍÇÕÈÍÓÏÈËÍÊÔÅÓÇÍÅ�ÎÇÇÈÙÍ ÊÌÓÈÏŸÍÎÃÍÊŠÍÅÇÕÈËÏÍÒÌÊÓÏÈÍÎÏÍŠÅÇÍÓÏÈÙÛÍÍ

!ÊÒÕÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÍÏÕÅÓÌÙÍÔÈÍÈ+ŽÌÎÒÎÇÌÑÍÈŠÓ�ÈËÊÇÈÙÛÍRÊŠÚÈÏÍÒÊŠÍÔÈÍÙÊŠÚÈËÅÓÏÍÔÈÒÊÓÏÈÍÅÃÍÇÕÈÍŽÅÏÏÎÔÎÌÎÇÑ

ÇÕÊÇÍÇÕÈÍËÊŠÚÈÍÒÅÓÌÙÍÒÕÊŠÚÈÍÊŠÙÍÇÕÈÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÍ�ÊÑÍŠÅÇÍÔÈÍËÈÈ+Ê�ÎŠÈÙÛ

exception

"ÇÍÎÏÍÊÒÒÈŽÇÊÔÌÈÍÇÅÍÓÏÈÍËÊŠÚÈÏÍÃÅËÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏÍÅŠÌÑÍÉÕÈŠÍÇÕÈÍÓÏÈËÍÎÏÍÒÈËÇÊÎŠÍÇÕÊÇÍŠÈÉÍ ÊÌÓÈÏÍÉÎÌÌÍŠÈ ÈË

ÔÈÍÎŠÏÈËÇÈÙÍÊ�ÅŠÚÍÇÕÈÍÅÌÙÍÅŠÈÏŸÍÊÏÍÃÅËÍÈ+Ê�ŽÌÈŸÍÎŠÍÇÕÈÍËÊŠÚÈÍÅÃÍ*À(""ÍÒÕÊËÊÒÇÈËÏ:Í’a’ .. ’z’Û

note

RÊŠÚÈÏÍÇÕÊÇÍÊËÈÍŠÈÈÙÈÙÍÎŠÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÏÍÒÊŠÍÓÏÈÍÒÅŠÏÇËÊÎŠÈÙÍÏÓÔÇÑŽÈÏÍÇÅÍÈŠÕÊŠÒÈÍ�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÛÍÍ"ÇÍÎÏ

ÈÊÏÎÈËÍÇÅÍ�ÊÎŠÇÊÎŠÍÔÈÒÊÓÏÈÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠÍÅÃÍÇÕÈÍËÊŠÚÈÍÒÊŠÍÔÈÍŽÌÊÒÈÙÍÉÕÈËÈÍÎÇÍÎÏÍÌÅÚÎÒÊÌÌÑÍŽÊËÇÍÅÃÍÇÕÈ

ÊÔÏÇËÊÒÇÎÅŠŸÍŠÅÇÍÔÓËÎÈÙÍÎŠÍÊÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÍÎŠÍÇÕÈÍÈ+ÈÒÓÇÊÔÌÈÍÒÅÙÈÛ

subtype Lower_Case is Character range       ’a’ ..      ’z’;

subtype Upper_Case is Character range       ’A’ ..      ’Z’;

subtype Control    is Character range ASCII.Nul .. ASCII.Us;

subtype Numbers    is Character range       ’0’ ..      ’9’;

...

case Input_Char is

   when Lower_Case =>         Capitalize(Input_Char);

   when Upper_Case =>         null;

   when Control    =>         raise Invalid_Input;

   when Numbers    =>         null;

   ...

end case;

5.6.4 Loops

guideline

Á UÏÈÍÃÅËÍÌÅÅŽÏÍÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈÛ

Á UÏÈÍÉÕÎÌÈÍÌÅÅŽÏÍÉÕÈŠÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÎÇÈËÊÇÎÅŠÏÍÒÊŠŠÅÇÍÔÈÍÒÊÌÒÓÌÊÇÈÙÍÔÈÃÅËÈÍÈŠÇÈËÎŠÚÍÇÕÈÍÌÅÅŽŸÍÔÓÇÍÊ

ÏÎ�ŽÌÈÍÒÅŠÇÎŠÓÊÇÎÅŠÍÒÅŠÙÎÇÎÅŠÍÒÊŠÍÔÈÍÊŽŽÌÎÈÙÍÊÇÍÇÕÈÍÇÅŽÍÅÃÍÇÕÈÍÌÅÅŽÛ

Á UÏÈÍŽÌÊÎŠÍÌÅÅŽÏÍÉÎÇÕÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÃÅËÍ�ÅËÈÍÒÅ�ŽÌÈ+ÍÏÎÇÓÊÇÎÅŠÏÛ

Á * ÅÎÙÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÎŠÍÉÕÎÌÈÍÊŠÙÍÃÅËÍÌÅÅŽÏÛ

Á MÎŠÎ�Î’ÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÉÊÑÏÍÇÅÍÈ+ÎÇÍÊÍÌÅÅŽÛ

example

ÜÅÍÎÇÈËÊÇÈÍÅ ÈËÍÊÌÌÍÈÌÈ�ÈŠÇÏÍÅÃÍÊŠÍÊËËÊÑ:

for 1 in Array_Name’Range loop

   ...

end loop;

ÜÅÍÎÇÈËÊÇÈÍÅ ÈËÍÊÌÌÍÈÌÈ�ÈŠÇÏÍÎŠÍÊÍÌÎŠ�ÈÙÍÌÎÏÇ:

Pointer := Head_Of_List;

while Pointer /= null loop

   ...

   Pointer := Pointer.Next;

end loop;

ÀÎÇÓÊÇÎÅŠÏÍËÈ#ÓÎËÎŠÚÍÊÍ�ÌÅÅŽÍÊŠÙÍÊÍÕÊÌÃ�ÍÊËÎÏÈÍÅÃÇÈŠÛÍFÅËÍÇÕÎÏÍÓÏÈ:

P_And_Q_Processing:

   loop

      P;

      exit P_And_Q_Processing when Condition_Dependent_On_P;

      Q;

   end loop P_And_Q_Processing;

ËÊÇÕÈËÍÇÕÊŠ:
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P;

while not Condition_Dependent_On_P loop

   Q;

   P;

end loop;

rationale

*ÍÃÅËÍÌÅÅŽÍÎÏÍÔÅÓŠÙÈÙŸÍÏÅÍÎÇÍÒÊŠŠÅÇÍÔÈÍÊŠÍ�ÎŠÃÎŠÎÇÈÍÌÅÅŽÛ�ÍÜÕÎÏÍÎÏÍÈŠÃÅËÒÈÙÍÔÑÍÇÕÈÍ*ÙÊÍÌÊŠÚÓÊÚÈÍÉÕÎÒÕ

ËÈ#ÓÎËÈÏÍÊÍÃÎŠÎÇÈÍËÊŠÚÈÍÎŠÍÇÕÈÍÌÅÅŽÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÊŠÙÍÉÕÎÒÕÍÙÅÈÏÍŠÅÇÍÊÌÌÅÉÍÇÕÈÍÌÅÅŽÍÒÅÓŠÇÈËÍÅÃÍÊÍÃÅËÍÌÅÅŽÍÇÅ

ÔÈÍ�ÅÙÎÃÎÈÙÍÔÑÍÊÍÏÇÊÇÈ�ÈŠÇÍÈ+ÈÒÓÇÈÙÍÉÎÇÕÎŠÍÇÕÈÍÌÅÅŽÛÍÜÕÎÏÍÑÎÈÌÙÏÍÊÍÒÈËÇÊÎŠÇÑÍÅÃÍÓŠÙÈËÏÇÊŠÙÎŠÚÍÃÅËÍÇÕÈ

ËÈÊÙÈËÍÊŠÙÍÇÕÈÍÉËÎÇÈËÍŠÅÇÍÊÏÏÅÒÎÊÇÈÙÍÉÎÇÕÍÅÇÕÈËÍÃÅË�ÏÍÅÃÍÌÅÅŽÏÛÍ*ÍÃÅËÍÌÅÅŽÍÎÏÍÊÌÏÅÍÈÊÏÎÈËÍÇÅÍ�ÊÎŠÇÊÎŠ

ÔÈÒÊÓÏÈÍÇÕÈÍÎÇÈËÊÇÎÅŠÍËÊŠÚÈÍÒÊŠÍÔÈÍÈ+ŽËÈÏÏÈÙÍÓÏÎŠÚÍÊÇÇËÎÔÓÇÈÏÍÅÃÍÇÕÈÍÙÊÇÊÍÏÇËÓÒÇÓËÈÏÍÓŽÅŠÍÉÕÎÒÕÍÇÕÈÍÌÅÅŽ

ÅŽÈËÊÇÈÏŸÍ ÊÏÍ ÏÕÅÉŠÍ ÎŠÍ ÇÕÈÍ È+Ê�ŽÌÈÍ ÊÔÅ ÈÍÉÕÈËÈÍ ÇÕÈÍ ËÊŠÚÈÍ ÒÕÊŠÚÈÏÍ ÊÓÇÅ�ÊÇÎÒÊÌÌÑÍÉÕÈŠÈ ÈËÍ ÇÕÈ

ÙÈÒÌÊËÊÇÎÅŠÍÅÃÍÇÕÈÍÊËËÊÑÍÎÏÍ�ÅÙÎÃÎÈÙÛÍFÅËÍÇÕÈÏÈÍËÈÊÏÅŠÏŸÍÎÇÍÎÏÍÔÈÏÇÍÇÅÍÓÏÈÍÇÕÈÍÃÅËÍÌÅÅŽÍÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈ;

ÇÕÊÇÍÎÏŸÍÉÕÈŠÈ ÈËÍÏÎ�ŽÌÈÍÈ+ŽËÈÏÏÎÅŠÏÍÒÊŠÍÔÈÍÓÏÈÙÍÇÅÍÙÈÏÒËÎÔÈÍÇÕÈÍÃÎËÏÇÍÊŠÙÍÌÊÏÇÍ ÊÌÓÈÏÍÅÃÍÇÕÈÍÌÅÅŽÍÒÅÓŠÇÈËÛ

ÜÕÈÍÉÕÎÌÈÍÌÅÅŽÍÕÊÏÍÔÈÒÅ�ÈÍÊÍ ÈËÑÍÃÊ�ÎÌÎÊËÍÒÅŠÏÇËÓÒÇÍÇÅÍ�ÅÏÇÍŽËÅÚËÊ��ÈËÏÛÍ*ÇÍÊÍÚÌÊŠÒÈÍÎÇÍÎŠÙÎÒÊÇÈÏÍÇÕÈ

ÒÅŠÙÎÇÎÅŠÍÓŠÙÈËÍÉÕÎÒÕÍÇÕÈÍÌÅÅŽÍÒÅŠÇÎŠÓÈÏÛÍUÏÈÍÇÕÈÍÉÕÎÌÈÍÌÅÅŽÍÉÕÈŠÈ ÈËÍÎÇÍÎÏÍŠÅÇÍŽÅÏÏÎÔÌÈÍÇÅÍÓÏÈÍÇÕÈÍÃÅË

ÌÅÅŽŸÍÔÓÇÍÇÕÈËÈÍÎÏÍÊÍÏÎ�ŽÌÈÍÔÅÅÌÈÊŠÍÈ+ŽËÈÏÏÎÅŠÍÙÈÏÒËÎÔÎŠÚÍÇÕÈÍÒÅŠÙÎÇÎÅŠÏÍÓŠÙÈËÍÉÕÎÒÕÍÇÕÈÍÌÅÅŽÍÏÕÅÓÌÙ

ÒÅŠÇÎŠÓÈŸÍÊÏÍÏÕÅÉŠÍÎŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈÛ

ÜÕÈÍŽÌÊÎŠÍÌÅÅŽÍÏÇÊÇÈ�ÈŠÇÍÏÕÅÓÌÙÍÔÈÍÓÏÈÙÍÎŠÍ�ÅËÈÍÒÅ�ŽÌÈ+ÍÏÎÇÓÊÇÎÅŠÏŸÍÈ ÈŠÍÎÃÍÎÇÍÎÏÍŽÅÏÏÎÔÌÈÍÇÅÍÒÅŠÇËÎ ÈÍÊ

ÏÅÌÓÇÎÅŠÍÓÏÎŠÚÍÊÍÃÅËÍÅËÍÉÕÎÌÈÍÌÅÅŽÍÎŠÍÒÅŠÖÓŠÒÇÎÅŠÍÉÎÇÕÍÈ+ÇËÊÍÃÌÊÚÍ ÊËÎÊÔÌÈÏÍÅËÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÛÍÜÕÈÍÒËÎÇÈËÎÊ

ÎŠÍÏÈÌÈÒÇÎŠÚÍÊÍÌÅÅŽÍÒÅŠÏÇËÓÒÇÍÎÏÍÇÅÍÔÈÍÊÏÍÒÌÈÊËÍÊŠÙÍ�ÊÎŠÇÊÎŠÊÔÌÈÍÊÏÍŽÅÏÏÎÔÌÈÛÍ"ÇÍÎÏÍÊÍÔÊÙÍÎÙÈÊÍÇÅÍÓÏÈÍÊŠÍÈ+ÎÇ

ÏÇÊÇÈ�ÈŠÇÍÃËÅ�ÍÉÎÇÕÎŠÍÊÍÃÅËÍÅËÍÉÕÎÌÈÍÌÅÅŽÍÔÈÒÊÓÏÈÍÎÇÍÎÏÍ�ÎÏÌÈÊÙÎŠÚÍÇÅÍÇÕÈÍËÈÊÙÈËÍÊÃÇÈËÍÕÊ ÎŠÚÍÊŽŽÊËÈŠÇÌÑ

ÙÈÏÒËÎÔÈÙÍÇÕÈÍÒÅ�ŽÌÈÇÈÍÏÈÇÍÅÃÍÌÅÅŽÍÒÅŠÙÎÇÎÅŠÏÍÊÇÍÇÕÈÍÇÅŽÍÅÃÍÇÕÈÍÌÅÅŽÛÍ*ÍËÈÊÙÈËÍÉÕÅÍÈŠÒÅÓŠÇÈËÏÍÊÍŽÌÊÎŠ

ÌÅÅŽÍÏÇÊÇÈ�ÈŠÇÍÈ+ŽÈÒÇÏÍÇÅÍÏÈÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÛ

ÜÕÈËÈÍÊËÈÍÏÅ�ÈÍÃÊ�ÎÌÎÊËÍÌÅÅŽÎŠÚÍÏÎÇÓÊÇÎÅŠÏÍÉÕÎÒÕÍÊËÈÍÔÈÏÇÍÊÒÕÎÈ ÈÙÍÉÎÇÕÍÇÕÈÍŽÌÊÎŠÍÌÅÅŽÍÏÇÊÇÈ�ÈŠÇÛÍFÅË

È+Ê�ŽÌÈŸÍÇÕÈÍÏÈ�ÊŠÇÎÒÏÍÅÃÍÇÕÈÍ%ÊÏÒÊÌÍËÈŽÈÊÇÍÓŠÇÎÌÍÌÅÅŽŸÍÉÕÈËÈÍÇÕÈÍÌÅÅŽÍÎÏÍÊÌÉÊÑÏÍÈ+ÈÒÓÇÈÙÍÊÇÍÌÈÊÏÇÍÅŠÒÈ

ÔÈÃÅËÈÍÇÕÈÍÇÈË�ÎŠÊÇÎÅŠÍÇÈÏÇÍÅÒÒÓËÏŸÍÊËÈÍÔÈÏÇÍÊÒÕÎÈ ÈÙÍÔÑÍÊÍŽÌÊÎŠÍÌÅÅŽÍÉÎÇÕÍÊÍÏÎŠÚÌÈÍÈ+ÎÇÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈ

ÌÅÅŽÛÍ*ŠÅÇÕÈËÍÒÅ��ÅŠÍÏÎÇÓÊÇÎÅŠÍÎÏÍÇÕÈÍ�ÌÅÅŽÍÊŠÙÍÊÍÕÊÌÃ�ÍÒÅŠÏÇËÓÒÇŸÍÏÕÅÉŠÍÎŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈŸÍÉÕÈËÈ

ÊÍÌÅÅŽÍ�ÓÏÇÍÇÈË�ÎŠÊÇÈÍÏÅ�ÈÉÕÈËÈÍÉÎÇÕÎŠÍÇÕÈÍÏÈ#ÓÈŠÒÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÅÃÍÇÕÈÍÔÅÙÑÛÍ(Å�ŽÌÎÒÊÇÈÙÍ�ÌÅÅŽ

ÊŠÙÍÊÍÕÊÌÃ�ÍÒÅŠÏÇËÓÒÇÏÍÏÎ�ÓÌÊÇÈÙÍÉÎÇÕÍÉÕÎÌÈÍÌÅÅŽÏÍÅÃÇÈŠÍËÈ#ÓÎËÈÍÇÕÈÍÎŠÇËÅÙÓÒÇÎÅŠÍÅÃÍÃÌÊÚÍ ÊËÎÊÔÌÈÏŸÍÅË

ÙÓŽÌÎÒÊÇÎÅŠÍÅÃÍÒÅÙÈÍÔÈÃÅËÈÍÊŠÙÍÙÓËÎŠÚÍÇÕÈÍÌÅÅŽŸÍÊÏÍÏÕÅÉŠÍÎŠÍÇÕÈÍÈ+Ê�ŽÌÈÛÍÀÓÒÕÍÒÅŠÇÅËÇÎÅŠÏÍ�Ê�ÈÍÇÕÈ

ÒÅÙÈÍ�ÅËÈÍÒÅ�ŽÌÈ+ÍÊŠÙÍÌÈÏÏÍËÈÌÎÊÔÌÈÛÍ

MÎŠÎ�Î’ÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÉÊÑÏÍÇÅÍÈ+ÎÇÍÊÍÌÅÅŽÍÎŠÍÅËÙÈËÍÇÅÍ�Ê�ÈÍÇÕÈÍÌÅÅŽÍ�ÅËÈÍÓŠÙÈËÏÇÊŠÙÊÔÌÈÍÇÅÍÇÕÈ

ËÈÊÙÈËÛÍ"ÇÍÏÕÅÓÌÙÍÔÈÍËÊËÈÍÇÕÊÇÍÑÅÓÍŠÈÈÙÍ�ÅËÈÍÇÕÊŠÍÇÉÅÍÈ+ÎÇÍŽÊÇÕÏÍÃËÅ�ÍÊÍÌÅÅŽÛÍ)ÕÈŠÍÑÅÓÍÙÅŸÍÔÈÍÏÓËÈÍÇÅ

ÓÏÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÃÅËÍÊÌÌÍÅÃÍÇÕÈ�ŸÍËÊÇÕÈËÍÇÕÊŠÍÊÙÙÎŠÚÍÊŠÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÍÇÅÍÊÍÃÅËÍÅËÍÉÕÎÌÈÍÌÅÅŽÛ

5.6.5 Exit Statements

guideline

Á UÏÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÇÅÍÈŠÕÊŠÒÈÍÇÕÈÍËÈÊÙÊÔÎÌÎÇÑÍÅÃÍÌÅÅŽÍÇÈË�ÎŠÊÇÎÅŠÍÒÅÙÈÍ,N*À*Í./013Û

Á UÏÈÍexit when ...ÍËÊÇÕÈËÍÇÕÊŠ if ... then exit ÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈÍ,N*À*Í./013Û

Á RÈ ÎÈÉÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÍŽÌÊÒÈ�ÈŠÇÛ

example

ÀÈÈÍÇÕÈÍÈ+Ê�ŽÌÈÏÍÎŠÍGÓÎÙÈÌÎŠÈÏÍÄÛ.Û.ÍÊŠÙÍÄÛ2Û4Û

rationale

"ÇÍÎÏÍ�ÅËÈÍËÈÊÙÊÔÌÈÍÇÅÍÓÏÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÇÕÊŠÍÇÅÍÇËÑÍÇÅÍÊÙÙÍÔÅÅÌÈÊŠÍÃÌÊÚÏÍÇÅÍÊÍÉÕÎÌÈÍÌÅÅŽÍÒÅŠÙÎÇÎÅŠÍÇÅ

ÏÎ�ÓÌÊÇÈÍÈ+ÎÇÏÍÃËÅ�ÍÇÕÈÍ�ÎÙÙÌÈÍÅÃÍÊÍÌÅÅŽÛÍ! ÈŠÍÎÃÍÊÌÌÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÉÅÓÌÙÍÔÈÍÒÌÓÏÇÈËÈÙÍÊÇÍÇÕÈÍÇÅŽÍÅÃÍÇÕÈ

ÌÅÅŽÍÔÅÙÑŸÍÇÕÈÍÏÈŽÊËÊÇÎÅŠÍÅÃÍÊÍÒÅ�ŽÌÈ+ÍÒÅŠÙÎÇÎÅŠÍÎŠÇÅÍ�ÓÌÇÎŽÌÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÒÊŠÍÏÎ�ŽÌÎÃÑÍÊŠÙÍ�Ê�ÈÍÎÇ

�ÅËÈÍËÈÊÙÊÔÌÈÍÊŠÙÍÒÌÈÊËÛÍÜÕÈÍÏÈ#ÓÈŠÇÎÊÌÍÈ+ÈÒÓÇÎÅŠÍÅÃÍÇÉÅÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÎÏÍÅÃÇÈŠÍ�ÅËÈÍÒÌÈÊËÍÇÕÊŠÍÇÕÈ

ÏÕÅËÇ�ÒÎËÒÓÎÇÍÒÅŠÇËÅÌÍÃÅË�ÏÛ

ÜÕÈÍexit whenÍÃÅË�ÍÎÏÍŽËÈÃÈËÊÔÌÈÍÇÅÍÇÕÈÍif ... then, exitÍÃÅË�ÍÔÈÒÊÓÏÈÍÎÇÍ�Ê�ÈÏÍÇÕÈÍÉÅËÙÍexitÍ�ÅËÈ

 ÎÏÎÔÌÈÍÔÑÍŠÅÇÍŠÈÏÇÎŠÚÍÎÇÍÎŠÏÎÙÈÍÅÃÍÊŠÑÍÒÅŠÇËÅÌÍÒÅŠÏÇËÓÒÇÛÍÜÕÈÍif ... then exitÍÃÅË�ÍÎÏÍŠÈÈÙÈÙÍÅŠÌÑÍÎŠÍÇÕÈ

ÒÊÏÈÍÉÕÈËÈÍÅÇÕÈËÍÏÇÊÇÈ�ÈŠÇÏŸÍÎŠÍÊÙÙÎÇÎÅŠÍÇÅÍÇÕÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇŸÍ�ÓÏÇÍÔÈÍÈ+ÈÒÓÇÈÙÍÒÅŠÙÎÇÎÅŠÊÌÌÑÛÍFÅË

È+Ê�ŽÌÈ:
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if Status = Done then

   Shut_Down;

   return;

end if;

LÅÅŽÏÍÉÎÇÕÍ�ÊŠÑÍÏÒÊÇÇÈËÈÙÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÒÊŠÍÎŠÙÎÒÊÇÈÍÃÓ’’ÑÍÇÕÎŠ�ÎŠÚÍÊÏÍËÈÚÊËÙÏÍÇÕÈÍÌÅÅŽ’ÏÍŽÓËŽÅÏÈÍÎŠ

ÇÕÈÍÊÌÚÅËÎÇÕ�ÛÍÀÓÒÕÍÊŠÍÊÌÚÅËÎÇÕ�Í�ÎÚÕÇÍÔÈÍÒÅÙÈÙÍÔÈÇÇÈËÍÏÅ�ÈÍÅÇÕÈËÍÉÊÑŸÍÈÛÚÛŸÍÉÎÇÕÍÊÍÏÈËÎÈÏÍÅÃÍÌÅÅŽÏÛ

ÀÅ�ÈÍËÈÉÅË�ÍÒÊŠÍÅÃÇÈŠÍËÈÙÓÒÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÊŠÙÍ�Ê�ÈÍÇÕÈÍÒÅÙÈÍÒÌÈÊËÈËÛ

ÀÈÈÍÊÌÏÅÍGÓÎÙÈÌÎŠÈÏÍÄÛ.Û3ÍÊŠÙÍÄÛ2Û4Û

5.6.6 Recursion and Iteration Bounds

guideline

Á (ÅŠÏÎÙÈËÍÏŽÈÒÎÃÑÎŠÚÍÔÅÓŠÙÏÍÅŠÍÌÅÅŽÏÛ

Á (ÅŠÏÎÙÈËÍÏŽÈÒÎÃÑÎŠÚÍÔÅÓŠÙÏÍÅŠÍËÈÒÓËÏÎÅŠÛ

example

!ÏÇÊÔÌÎÏÕÎŠÚÍÊŠÍÎÇÈËÊÇÎÅŠÍÔÅÓŠÙ:

Safety_Counter := 0;

Process_List:

   loop

      exit when Current_Item = null;

      ...

      Current_Item := Current_Item.Next;

      ...

      Safety_Counter := Safety_Counter + 1;

      if Safety_Counter > 1_000_000 then

         raise Safety_Error;

      end if;

   end loop Process_List;

!ÏÇÊÔÌÎÏÕÎŠÚÍÊÍËÈÒÓËÏÎÅŠÍÔÅÓŠÙ:

procedure Depth_First (Root           : in     Tree;

                       Safety_Counter : in     Recursion_Bound

                                      := Recursion_Bound’Last) is

begin

   if Root /= null then

      if Safety_Counter = 0 then

         raise Recursion_Error;

      end if;

      Depth_First

           (Root.Left_Branch,   Safety_Counter - 1); -- recursivecall

      Depth_First

           (Root.Right_Branch,  Safety_Counter - 1); -- recursivecall

      ... -- normal subprogram body

   end if;

end Depth_First;

FÅÌÌÅÉÎŠÚÍÊËÈÍÈ+Ê�ŽÌÈÏÍÅÃÍÇÕÎÏÍÏÓÔŽËÅÚËÊ�’ÏÍÓÏÊÚÈÛÍ$ŠÈÍÒÊÌÌÍÏŽÈÒÎÃÎÈÏÍÊÍ�Ê+Î�Ó�ÍËÈÒÓËÏÎÅŠÍÙÈŽÇÕÍÅÃÍÄ0Û

ÜÕÈÍÏÈÒÅŠÙÍÇÊ�ÈÏÍÇÕÈÍÙÈÃÊÓÌÇÍ,ÅŠÈÍÇÕÅÓÏÊŠÙ3ÛÍÜÕÈÍÇÕÎËÙÍÓÏÈÏÍÊÍÒÅ�ŽÓÇÈÙÍÔÅÓŠÙ:

Depth_First(Root, 50);

Depth_First(Root);

Depth_First(Root, Current_Tree_Height);
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rationale

RÈÒÓËÏÎÅŠŸÍÊŠÙÍÎÇÈËÊÇÎÅŠÍÓÏÎŠÚÍÏÇËÓÒÇÓËÈÏÍÅÇÕÈËÍÇÕÊŠÍforÍÏÇÊÇÈ�ÈŠÇÏŸÍÒÊŠÍÔÈÍÎŠÃÎŠÎÇÈÍÔÈÒÊÓÏÈÍÇÕÈÍÈ+ŽÈÒÇÈÙ

ÇÈË�ÎŠÊÇÎŠÚÍÒÅŠÙÎÇÎÅŠÍÙÅÈÏÍŠÅÇÍÊËÎÏÈÛÍÀÓÒÕÍÃÊÓÌÇÏÍÊËÈÍÏÅ�ÈÇÎ�ÈÏÍ#ÓÎÇÈÍÏÓÔÇÌÈŸÍ�ÊÑÍÅÒÒÓËÍËÊËÈÌÑŸÍÊŠÙÍ�ÊÑ

ÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÙÈÇÈÒÇÍÔÈÒÊÓÏÈÍÊŠÍÈ+ÇÈËŠÊÌÍ�ÊŠÎÃÈÏÇÊÇÎÅŠÍ�ÎÚÕÇÍÔÈÍÊÔÏÈŠÇÍÅËÍÏÓÔÏÇÊŠÇÎÊÌÌÑÍÙÈÌÊÑÈÙÛ

-ÑÍÎŠÒÌÓÙÎŠÚÍÒÅÓŠÇÈËÏÍÊŠÙÍÒÕÈÒ�ÏÍÅŠÍÇÕÈÍÒÅÓŠÇÈËÍ ÊÌÓÈÏŸÍÎŠÍÊÙÙÎÇÎÅŠÍÇÅÍÇÕÈÍÌÅÅŽÏÍÇÕÈ�ÏÈÌ ÈÏŸÍÑÅÓÍÒÊŠ

ŽËÈ ÈŠÇÍ�ÊŠÑÍÃÅË�ÏÍÅÃÍÎŠÃÎŠÎÇÈÍÌÅÅŽÏÛÍÜÕÈÍÎŠÒÌÓÏÎÅŠÍÅÃÍÏÓÒÕÍÒÕÈÒ�ÏÍÎÏÍÅŠÈÍÊÏŽÈÒÇÍÅÃÍÇÕÈÍÇÈÒÕŠÎ#ÓÈÍÒÊÌÌÈÙ

ÀÊÃÈÍ%ËÅÚËÊ��ÎŠÚÍ,*ŠÙÈËÏÅŠÍÊŠÙÍ)ÎÇÇÑÍ./103Û

ÜÕÈÍÔÅÓŠÙÏÍÅÃÍÇÕÈÏÈÍÒÕÈÒ�ÏÍÙÅÍŠÅÇÍÕÊ ÈÍÇÅÍÔÈÍÈ+ÊÒÇŸÍÖÓÏÇÍËÈÊÌÎÏÇÎÒÛÍÀÓÒÕÍÒÅÓŠÇÈËÏÍÊŠÙÍÒÕÈÒ�ÏÍÊËÈÍŠÅÇÍŽÊËÇ

ÅÃÍÇÕÈÍŽËÎ�ÊËÑÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÍÅÃÍÇÕÈÍŽËÅÚËÊ�ÍÔÓÇÍÊÍÔÈŠÎÚŠÍÊÙÙÎÇÎÅŠÍÃÓŠÒÇÎÅŠÎŠÚÍÊÏÍÊŠÍÈ+ÈÒÓÇÎÅŠ&ÇÎ�È

�ÏÊÃÈÇÑÍŠÈÇ�ÍÊÌÌÅÉÎŠÚÍÈËËÅËÍÙÈÇÈÒÇÎÅŠÍÊŠÙÍŽÅÏÏÎÔÌÑÍËÈÒÅ ÈËÑÍÃËÅ�ÍŽÅÇÈŠÇÎÊÌÍÎŠÃÎŠÎÇÈÍÌÅÅŽÏÍÅËÍÎŠÃÎŠÎÇÈ

ËÈÒÓËÏÎÅŠÛ

note

"ÃÍÊÍÌÅÅŽÍÓÏÈÏÍÇÕÈÍforÍÎÇÈËÊÇÎÅŠÍÏÒÕÈ�ÈÍ,GÓÎÙÈÌÎŠÈÍÄÛ2Û43ŸÍÎÇÍÃÅÌÌÅÉÏÍÇÕÎÏÍÚÓÎÙÈÌÎŠÈÛ

exceptions

!�ÔÈÙÙÈÙÍÒÅŠÇËÅÌÍÊŽŽÌÎÒÊÇÎÅŠÏÍÕÊ ÈÍÌÅÅŽÏÍÇÕÊÇÍÊËÈÍÎŠÇÈŠÙÈÙÍÇÅÍÔÈÍÎŠÃÎŠÎÇÈÛÍ$ŠÌÑÍÊÍÃÈÉÍÌÅÅŽÏÍÉÎÇÕÎŠÍÏÓÒÕ

ÊŽŽÌÎÒÊÇÎÅŠÏÍÏÕÅÓÌÙÍ#ÓÊÌÎÃÑÍÊÏÍÈ+ÒÈŽÇÎÅŠÏÍÇÅÍÇÕÎÏÍÚÓÎÙÈÌÎŠÈÛÍÜÕÈÍÈ+ÒÈŽÇÎÅŠÏÍÏÕÅÓÌÙÍÔÈÍÙÈÌÎÔÈËÊÇÈÍ,ÊŠÙ

ÙÅÒÓ�ÈŠÇÈÙ3ÍŽÅÌÎÒÑÍÙÈÒÎÏÎÅŠÏÛ

ÜÕÎÏÍÚÓÎÙÈÌÎŠÈÍÎÏÍ�ÅÏÇÍÎ�ŽÅËÇÊŠÇÍÇÅÍÏÊÃÈÇÑÍÒËÎÇÎÒÊÌÍÏÑÏÇÈ�ÏÛÍFÅËÍÅÇÕÈËÍÏÑÏÇÈ�ÏŸÍÎÇÍ�ÊÑÍÔÈÍÅ ÈË�ÎÌÌÛ

5.6.7 Goto Statements

guideline

Á DÅÍŠÅÇÍÓÏÈÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÏÛ

rationale

*ÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÍÎÏÍÊŠÍÓŠÏÇËÓÒÇÓËÈÙÍÒÕÊŠÚÈÍÎŠÍÇÕÈÍÒÅŠÇËÅÌÍÃÌÅÉÛÍ)ÅËÏÈŸÍÇÕÈÍÌÊÔÈÌÍÙÅÈÏÍŠÅÇÍËÈ#ÓÎËÈÍÊŠ

ÎŠÙÎÒÊÇÅËÍÅÃÍÉÕÈËÈÍÇÕÈÍÒÅËËÈÏŽÅŠÙÎŠÚÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇ,Ï3ÍÊËÈÛÍÜÕÎÏÍ�Ê�ÈÏÍÒÅÙÈÍÓŠËÈÊÙÊÔÌÈÍÊŠÙÍ�Ê�ÈÏÍÎÇÏ

ÒÅËËÈÒÇÍÈ+ÈÒÓÇÎÅŠÍÏÓÏŽÈÒÇÛÍ

$ÇÕÈËÍÌÊŠÚÓÊÚÈÏÍÓÏÈÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÏÍÇÅÍÎ�ŽÌÈ�ÈŠÇÍÌÅÅŽÍÈ+ÎÇÏÍÊŠÙÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÎŠÚÛÍÍ*ÙÊ’ÏÍÏÓŽŽÅËÇÍÅÃ

ÇÕÈÏÈÍÒÅŠÏÇËÓÒÇÏÍ�Ê�ÈÏÍÇÕÈÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÍÈ+ÇËÈ�ÈÌÑÍËÊËÈÛ

note

"ÃÍÑÅÓÍÏÕÅÓÌÙÍÈ ÈËÍÓÏÈÍÊÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇŸÍÕÎÚÕÌÎÚÕÇÍÔÅÇÕÍÎÇÍÊŠÙÍÇÕÈÍÌÊÔÈÌÍÉÎÇÕÍÔÌÊŠ�ÍÏŽÊÒÈÛÍ"ŠÙÎÒÊÇÈÍÊÇÍÇÕÈ

ÌÊÔÈÌÍÉÕÈËÈÍÇÕÈÍÒÅËËÈÏŽÅŠÙÎŠÚÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇ,Ï3Í�ÊÑÍÔÈÍÃÅÓŠÙÛ

5.6.8 Return Statements

guideline

Á MÎŠÎ�Î’ÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍËÈÇÓËŠÏÍÃËÅ�ÍÊÍÏÓÔŽËÅÚËÊ�Í,N*À*Í./013Û

Á HÎÚÕÌÎÚÕÇÍËÈÇÓËŠÏÍÉÎÇÕÍÒÅ��ÈŠÇÏÍÅËÍÉÕÎÇÈÍÏŽÊÒÈÍÇÅÍ�ÈÈŽÍÇÕÈ�ÍÃËÅ�ÍÔÈÎŠÚÍÌÅÏÇÍÎŠÍÅÇÕÈËÍÒÅÙÈÛÍ

example

ÜÕÈÍÃÅÌÌÅÉÎŠÚÍÒÅÙÈÍÃËÊÚ�ÈŠÇÍÎÏÍÌÅŠÚÈËÍÊŠÙÍ�ÅËÈÍÒÅ�ŽÌÈ+ÍÇÕÊŠÍŠÈÒÈÏÏÊËÑ:

if Pointer /= null then

   if Pointer.Count > 0 then

      return True;

   else  -- Pointer.Count = 0

      return False;

   end if;

else  -- Pointer = null

   return False;

end if;
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"ÇÍÏÕÅÓÌÙÍÔÈÍËÈŽÌÊÒÈÙÍÉÎÇÕÍÇÕÈÍÏÕÅËÇÈËŸÍ�ÅËÈÍÒÅŠÒÎÏÈŸÍÊŠÙÍÒÌÈÊËÈËÍÈ#ÓÎ ÊÌÈŠÇÍÌÎŠÈ:

return Pointer /= null and then Pointer.Count > 0;

rationale

!+ÒÈÏÏÎ ÈÍÓÏÈÍÅÃÍËÈÇÓËŠÏÍÒÊŠÍ�Ê�ÈÍÒÅÙÈÍÒÅŠÃÓÏÎŠÚÍÊŠÙÍÓŠËÈÊÙÊÔÌÈÛÍ$ŠÌÑÍÓÏÈÍËÈÇÓËŠÍÏÇÊÇÈ�ÈŠÇÏÍÉÕÈËÈ

ÉÊËËÊŠÇÈÙÛÍÜÅÅÍ�ÊŠÑÍ ËÈÇÓËŠÏÍ ÃËÅ�ÍÊÍ ÏÓÔŽËÅÚËÊ�Í�ÊÑÍÔÈÍÊŠÍ ÎŠÙÎÒÊÇÅËÍÅÃÍÒÌÓÇÇÈËÈÙÍ ÌÅÚÎÒÛÍ "ÃÍ ÇÕÈ

ÊŽŽÌÎÒÊÇÎÅŠÍËÈ#ÓÎËÈÏÍ�ÓÌÇÎŽÌÈÍËÈÇÓËŠÏŸÍÓÏÈÍÇÕÈ�ÍÊÇÍÇÕÈÍÏÊ�ÈÍÌÈ ÈÌÍ,ÎÛÈÛŸÍÊÏÍÎŠÍÙÎÃÃÈËÈŠÇÍÔËÊŠÒÕÈÏÍÅÃÍÊÍÒÊÏÈ

ÏÇÊÇÈ�ÈŠÇ3ŸÍËÊÇÕÈËÍÇÕÊŠÍÏÒÊÇÇÈËÈÙÍÇÕËÅÓÚÕÅÓÇÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÒÅÙÈÛÍÀÅ�ÈÍËÈÉÅË�ÍÒÊŠÍÅÃÇÈŠÍËÈÙÓÒÈÍÇÕÈ

ŠÓ�ÔÈËÍÅÃÍËÈÇÓËŠÍÏÇÊÇÈ�ÈŠÇÏÍÇÅÍÅŠÈÍÊŠÙÍ�Ê�ÈÍÇÕÈÍÒÅÙÈÍ�ÅËÈÍÒÌÈÊËÛ

exception

DÅÍŠÅÇÍÊ ÅÎÙÍËÈÇÓËŠÍÏÇÊÇÈ�ÈŠÇÏÍÎÃÍÎÇÍÙÈÇËÊÒÇÏÍÃËÅ�ÍŠÊÇÓËÊÌÍÏÇËÓÒÇÓËÈÍÊŠÙÍÒÅÙÈÍËÈÊÙÊÔÎÌÎÇÑÛÍ

5.6.9 Blocks

guideline

Á UÏÈÍÔÌÅÒ�ÏÍÇÅÍÌÅÒÊÌÎ’ÈÍÇÕÈÍÏÒÅŽÈÍÅÃÍÙÈÒÌÊËÊÇÎÅŠÏÛ

Á UÏÈÍÔÌÅÒ�ÏÍÇÅÍŽÈËÃÅË�ÍÌÅÒÊÌÍËÈŠÊ�ÎŠÚÛ

Á UÏÈÍÔÌÅÒ�ÏÍÇÅÍÙÈÃÎŠÈÍÌÅÒÊÌÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÛ

example

with Motion;

with Accelerometer_Device;

...

   ---------------------------------------------------------------------

   function Maximum_Velocity return Motion.Velocity is

      Cumulative : Motion.Velocity := 0.0;

   begin  -- Maximum_Velocity

      -- Initialize the needed devices

      ...

      Calculate_Velocity_From_Sample_Data:

         declare

            Current       : Motion.Acceleration := 0.0;

            Accelerometer : Accelerometer_Device.Interface;

            Time_Delta    : Duration;

         begin  -- Calculate_Velocity_From_Sample_Data

            for I in 1 .. Accelerometer_Device.Sample_Limit loop

               Get_Samples_And_Ignore_Invalid_Data:

                  begin

                     Accelerometer.Value(Current, Time_Delta);

                  exception

                     when Numeric_Error | Constraint_Error =>

                        null; -- Continue trying

                     when Accelerometer_Device.Failure =>

                        raise Accelerometer_Device_Failed;

                  end Get_Samples_And_Ignore_Invalid_Data;

               exit when Motion."<"(Current, 0.0); -- Slowing down

               Update_Velocity:

                  declare

                     use Motion; -- for infix operators and exceptions;

                  begin

                     Cumulative := Cumulative + Current * Time_Delta;

                  exception

                     when Numeric_Error | Constraint_Error =>

                        raise Maximum_Velocity_Exceeded;

                  end Update_Velocity;
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            end loop;

         end Calculate_Velocity_From_Sample_Data;

      return Cumulative;

   end Maximum_Velocity;

   ---------------------------------------------------------------------

...

rationale

-ÌÅÒ�ÏÍÔËÈÊ�ÍÓŽÍÌÊËÚÈÍÏÈÚ�ÈŠÇÏÍÅÃÍÒÅÙÈÍÊŠÙÍÎÏÅÌÊÇÈÍÙÈÇÊÎÌÏÍËÈÌÈ ÊŠÇÍÇÅÍÈÊÒÕÍÏÓÔÏÈÒÇÎÅŠÍÅÃÍÒÅÙÈÛ

VÊËÎÊÔÌÈÏÍÇÕÊÇÍÊËÈÍÅŠÌÑÍÓÏÈÙÍÎŠÍÊÍŽÊËÇÎÒÓÌÊËÍÏÈÒÇÎÅŠÍÅÃÍÒÅÙÈÍÊËÈÍÒÌÈÊËÌÑÍ ÎÏÎÔÌÈÍÉÕÈŠÍÊÍÙÈÒÌÊËÊÇÎ ÈÍÔÌÅÒ�

ÙÈÌÎŠÈÊÇÈÏÍÇÕÊÇÍÒÅÙÈÛ

RÈŠÊ�ÎŠÚÍ�ÊÑÍÏÎ�ŽÌÎÃÑÍÇÕÈÍÈ+ŽËÈÏÏÎÅŠÍÅÃÍÊÌÚÅËÎÇÕ�ÏÍÊŠÙÍÈŠÕÊŠÒÈÍËÈÊÙÊÔÎÌÎÇÑÍÃÅËÍÊÍÚÎ ÈŠÍÏÈÒÇÎÅŠÍÅÃÍÒÅÙÈÛ

-ÓÇÍÎÇÍÎÏÍÒÅŠÃÓÏÎŠÚÍÉÕÈŠÍÊÍrenameÍÒÌÊÓÏÈÍÎÏÍ ÎÏÓÊÌÌÑÍÏÈŽÊËÊÇÈÙÍÃËÅ�ÍÇÕÈÍÒÅÙÈÍÇÅÍÉÕÎÒÕÍÎÇÍÊŽŽÌÎÈÏÛÍÍÜÕÈ

ÙÈÒÌÊËÊÇÎ ÈÍËÈÚÎÅŠÍÊÌÌÅÉÏÍÇÕÈÍËÈŠÊ�ÈÏÍÇÅÍÔÈÍÎ��ÈÙÎÊÇÈÌÑÍ ÎÏÎÔÌÈÍÉÕÈŠÍÇÕÈÍËÈÊÙÈËÍÎÏÍÈ+Ê�ÎŠÎŠÚÍÒÅÙÈÍÉÕÎÒÕ

ÓÏÈÏÍÇÕÊÇÍÊÔÔËÈ ÎÊÇÎÅŠÛÍÍGÓÎÙÈÌÎŠÈÍÄÛ1Û.ÍÙÎÏÒÓÏÏÈÏÍÊÍÏÎ�ÎÌÊËÍÚÓÎÙÈÌÎŠÈÍÒÅŠÒÈËŠÎŠÚÍÇÕÈÍ‘ÓÏÈ’ÍÒÌÊÓÏÈÛ

LÅÒÊÌÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÒÊŠÍÒÊÇÒÕÍÈ+ÒÈŽÇÎÅŠÏÍÒÌÅÏÈÍÇÅÍÇÕÈÍŽÅÎŠÇÍÅÃÍÅËÎÚÎŠÍÊŠÙÍÊÌÌÅÉÍÇÕÈ�ÍÇÅÍÈÎÇÕÈËÍÔÈ

ÕÊŠÙÌÈÙŸÍŽËÅŽÅÚÊÇÈÙŸÍÅËÍÒÅŠ ÈËÇÈÙÛ

5.6.10 Aggregates

guideline

Á UÏÈÍÊŠÍÊÚÚËÈÚÊÇÈÍÎŠÏÇÈÊÙÍÅÃÍÊÍÏÈ#ÓÈŠÒÈÍÅÃÍÊÏÏÎÚŠ�ÈŠÇÏÍÇÅÍÊÏÏÎÚŠÍ ÊÌÓÈÏÍÇÅÍÊÌÌÍÒÅ�ŽÅŠÈŠÇÏÍÅÃÍÊ

ËÈÒÅËÙÛ

Á UÏÈÍÊŠÍÊÚÚËÈÚÊÇÈÍÎŠÏÇÈÊÙÍÅÃÍÊÍÇÈ�ŽÅËÊËÑÍ ÊËÎÊÔÌÈÍÉÕÈŠÍÔÓÎÌÙÎŠÚÍÊÍËÈÒÅËÙÍÇÅÍŽÊÏÏÍÊÏÍÊŠÍÊÒÇÓÊÌ

ŽÊËÊ�ÈÇÈËÛ

Á UÏÈÍŽÅÏÎÇÎÅŠÊÌÍÊÏÏÅÒÎÊÇÎÅŠÍÅŠÌÑÍÉÕÈŠÍÇÕÈËÈÍÎÏÍÊÍÒÅŠ ÈŠÇÎÅŠÊÌÍÅËÙÈËÎŠÚÍÅÃÍÇÕÈÍÊËÚÓ�ÈŠÇÏÛ

example

"ÇÍÎÏÍÔÈÇÇÈËÍÇÅÍÓÏÈÍÊÚÚËÈÚÊÇÈÏ:

Set_Position((X, Y));

Employee_Record :=  (Number     => 42,

                     Age        => 51,

                     Department => Software_Engineering);

ÇÕÊŠÍÇÅÍÓÏÈÍÒÅŠÏÈÒÓÇÎ ÈÍÊÏÏÎÚŠ�ÈŠÇÏÍÅËÍÇÈ�ŽÅËÊËÑÍ ÊËÎÊÔÌÈÏ:

Temporary_Position.X := 100;

Temporary_Position.Y := 200;

Set_Position(Temporary_Position);

Employee_Record.Number     := 42;

Employee_Record.Age        := 51;

Employee_Record.Department := Software_Engineering;

rationale

UÏÎŠÚÍÊÚÚËÈÚÊÇÈÏÍÙÓËÎŠÚÍ�ÊÎŠÇÈŠÊŠÒÈÍÎÏÍÔÈŠÈÃÎÒÎÊÌÛÍ"ÃÍÊÍËÈÒÅËÙÍÏÇËÓÒÇÓËÈÍÎÏÍÊÌÇÈËÈÙŸÍÔÓÇÍÇÕÈÍÒÅËËÈÏŽÅŠÙÎŠÚ

ÊÚÚËÈÚÊÇÈÍÎÏÍŠÅÇŸÍÇÕÈÍÒÅ�ŽÎÌÈËÍÃÌÊÚÏÍÇÕÈÍ�ÎÏÏÎŠÚÍÃÎÈÌÙÍÎŠÍÇÕÈÍÊÚÚËÈÚÊÇÈÍÊÏÏÎÚŠ�ÈŠÇÛÍ"ÇÍÉÅÓÌÙÍŠÅÇÍÔÈÍÊÔÌÈÍÇÅ

ÙÈÇÈÒÇÍÇÕÈÍÃÊÒÇÍÇÕÊÇÍÊÍŠÈÉÍÊÏÏÎÚŠ�ÈŠÇÍÏÇÊÇÈ�ÈŠÇÍÏÕÅÓÌÙÍÕÊ ÈÍÔÈÈŠÍÊÙÙÈÙÍÇÅÍÊÍÌÎÏÇÍÅÃÍÊÏÏÎÚŠ�ÈŠÇ

ÏÇÊÇÈ�ÈŠÇÏÛ

*ÚÚËÈÚÊÇÈÏÍÒÊŠÍÊÌÏÅÍÔÈÍÊÍËÈÊÌÍÒÅŠ ÈŠÎÈŠÒÈÍÎŠÍÒÅ�ÔÎŠÎŠÚÍÙÊÇÊÍÎÇÈ�ÏÍÎŠÇÅÍÊÍËÈÒÅËÙÍÅËÍÊËËÊÑÍÏÇËÓÒÇÓËÈ

ËÈ#ÓÎËÈÙÍÃÅËÍŽÊÏÏÎŠÚÍÇÕÈÍÎŠÃÅË�ÊÇÎÅŠÍÊÏÍÊÍŽÊËÊ�ÈÇÈËÛÍNÊ�ÈÙÍÒÅ�ŽÅŠÈŠÇÍÊÏÏÅÒÎÊÇÎÅŠÍ�Ê�ÈÏÍÊÚÚËÈÚÊÇÈÏ

�ÅËÈÍËÈÊÙÊÔÌÈÛ

5.7 VISIBILITY

*ÏÍŠÅÇÈÙÍÎŠÍGÓÎÙÈÌÎŠÈÍ4Û2ŸÍ*ÙÊ’ÏÍÊÔÎÌÎÇÑÍÇÅÍÈŠÃÅËÒÈÍÎŠÃÅË�ÊÇÎÅŠÍÕÎÙÎŠÚÍÊŠÙÍÏÈŽÊËÊÇÎÅŠÍÅÃÍÒÅŠÒÈËŠÏÍÇÕËÅÓÚÕ

ÎÇÏÍ ÎÏÎÔÎÌÎÇÑÍÒÅŠÇËÅÌÌÎŠÚÍÃÈÊÇÓËÈÏÍÎÏÍÅŠÈÍÅÃÍÇÕÈÍ�ÅÏÇÍÎ�ŽÅËÇÊŠÇÍÊÙ ÊŠÇÊÚÈÏÍÅÃÍÇÕÈÍÌÊŠÚÓÊÚÈÛÍÀÓÔ ÈËÇÎŠÚÍÇÕÈÏÈ

ÃÈÊÇÓËÈÏŸÍÃÅËÍÈ+Ê�ŽÌÈÍÔÑÍÅ ÈËÍÌÎÔÈËÊÌÍÓÏÈÍÅÃÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈŸÍÎÏÍÉÊÏÇÈÃÓÌÍÊŠÙÍÙÊŠÚÈËÅÓÏÛÍ
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5.7.1 The Use Clause

guideline

S MÎŠÎ�Î’ÈÍÓÏÎŠÚÍÇÕÈÍÁÂÄÍÒÌÊÓÏÈÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û

S (ÅŠÏÎÙÈËÍÓÏÎŠÚÍÇÕÈÍÁÂÄÍÒÌÊÓÏÈÍÎŠÍÇÕÈÍÃÅÌÌÅÉÎŠÚÍÏÎÇÓÊÇÎÅŠÏ:

- "ŠÃÎ+ÍÅŽÈËÊÇÅËÏÍÊËÈÍŠÈÈÙÈÙ

- ÀÇÊŠÙÊËÙÍŽÊÒ�ÊÚÈÏÍÊËÈÍŠÈÈÙÈÙÍÊŠÙÍŠÅÍÊ�ÔÎÚÓÅÓÏÍËÈÃÈËÈŠÒÈÏÍÊËÈÍÎŠÇËÅÙÓÒÈÙ

- RÈÃÈËÈŠÒÈÏÍÇÅÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÍÊËÈÍŠÈÈÙÈÙ

S (ÅŠÏÎÙÈËÍÇÕÈÍÀÄÅÃÇÄÂÍÒÌÊÓÏÈÍÇÅÍÊ ÅÎÙÍÇÕÈÍÁÂÄÍÒÌÊÓÏÈÛ

S LÅÒÊÌÎ’ÈÍÇÕÈÍÈÃÃÈÒÇÍÅÃÍÊÌÌÍÁÂÄÍÒÌÊÓÏÈÏÛ

example

ÜÕÎÏÍÎÏÍÊÍ�ÅÙÎÃÎÒÊÇÎÅŠÍÅÃÍÇÕÈÍÈ+Ê�ŽÌÈÍÃËÅ�ÍGÓÎÙÈÌÎŠÈÍ4Û2Û3ÛÍÜÕÈÍÈÃÃÈÒÇÍÅÃÍÊÍÓÏÈÍÒÌÊÓÏÈÍÎÏÍÌÅÒÊÌÎ’ÈÙÛ

ÉÉÉ

ÊÀËÈÄÍÁÀÄÎÏËÇÊÌÑÄÀÎÌÂ

ÎÎÎÉÉÉ

ÎÎÎÊÃÈÓÃÔÄÎÖÌÂÒÌÅÔÕŠÃÈÌÑÌÒÌÄÂÎÌÂ

ÎÎÎÄÅÍÎÖÌÂÒÌÅÔÕŠÃÈÌÑÌÒÌÄÂÚ

ÎÎÎÉÉÉ

ÎÎÎÊÃÈÓÃÔÄÎÛËÍÜÎÖÌÂÒÌÅÔÕŠÃÈÌÑÌÒÌÄÂÎÌÂÎÂÄÊÃÀÃÒÄÚ

ÎÎÎÉÉÉ

ÄÅÍÎÏËÇÊÌÑÄÀÚ

ÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙ

ŸÌÒŽÎ�Ä�ÒÕ��Ú

ÂÄÊÃÀÃÒÄÎ ÏËÇÊÌÑÄÀ!

ÊÃÈÓÃÔÄÎÛËÍÜÎÖÌÂÒÌÅÔÕŠÃÈÌÑÌÒÌÄÂÎÌÂ

ÎÎÎÉÉÉ

ÎÎÎÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙÙ

ÎÎÎÊÀËÈÄÍÁÀÄÎ"ÄŸÕÖÌÅÄÕ�#Õ$ÀÌÅÒÎÌÂ

ÎÎÎÎÎÎÁÂÄÎ�Ä�ÒÕ��Ú

ÎÎÎÛÄÔÌÅ

ÎÎÎÎÎÎÉÉÉ

ÎÎÎÄÅÍÎ"ÄŸÕÖÌÅÄÕ�#Õ$ÀÌÅÒÚ

ÎÎÎÉÉÉ

ÄÅÍÎÖÌÂÒÌÅÔÕŠÃÈÌÑÌÒÌÄÂÚ

rationale

ÜÕÈÏÈÍÚÓÎÙÈÌÎŠÈÏÍÊÌÌÅÉÍÑÅÓÍÇÅÍ�ÊÎŠÇÊÎŠÍÊÍÒÊËÈÃÓÌÍÔÊÌÊŠÒÈÍÔÈÇÉÈÈŠÍ�ÊÎŠÇÊÎŠÊÔÎÌÎÇÑÍÊŠÙÍËÈÊÙÊÔÎÌÎÇÑÛ

!+ÒÈÏÏÎ ÈÍÓÏÈÍÅÃÍÇÕÈÍÁÂÄÍÒÌÊÓÏÈÍ�ÊÑÍÎŠÙÈÈÙÍ�Ê�ÈÍÇÕÈÍÒÅÙÈÍËÈÊÙÍ�ÅËÈÍÌÎ�ÈÍŽËÅÏÈÍÇÈ+ÇÛÍÍHÅÉÈ ÈËŸÍÇÕÈ

�ÊÎŠÇÊÎŠÈËÍ�ÊÑÍÊÌÏÅÍŠÈÈÙÍÇÅÍËÈÏÅÌ ÈÍËÈÃÈËÈŠÒÈÏÍÊŠÙÍÎÙÈŠÇÎÃÑÍÊ�ÔÎÚÓÅÓÏÍÅŽÈËÊÇÎÅŠÏÛÍÍ"ŠÍÇÕÈÍÊÔÏÈŠÒÈÍÅÃ

ÇÅÅÌÏÍÇÅÍËÈÏÅÌ ÈÍÇÕÈÏÈÍËÈÃÈËÈŠÒÈÏÍÊŠÙÍÎÙÈŠÇÎÃÑÍÇÕÈÍÎ�ŽÊÒÇÍÅÃÍÒÕÊŠÚÎŠÚÍÓÏÈÍÒÌÊÓÏÈÏŸÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÏ

ÊËÈÍÇÕÈÍÔÈÏÇÍÊÌÇÈËŠÊÇÎ ÈÛ

* ÅÎÙÎŠÚÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÃÅËÒÈÏÍÑÅÓÍÇÅÍÓÏÈÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÏÛÍ"ŠÍÌÊËÚÈÍÏÑÏÇÈ�ÏŸÍÇÕÈËÈÍ�ÊÑÍÔÈÍ�ÊŠÑ

ÌÎÔËÊËÑÍÓŠÎÇÏÍŠÊ�ÈÙÍÎŠÍÉÎÇÕÍÒÌÊÓÏÈÏÛÍ)ÕÈŠÍÒÅËËÈÏŽÅŠÙÎŠÚÍÓÏÈÍÒÌÊÓÏÈÏÍÊÒÒÅ�ŽÊŠÑÍÇÕÈÍÉÎÇÕÍÒÌÊÓÏÈÏÍÊŠÙ

ÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÏÍÅÃÍÇÕÈÍÌÎÔËÊËÑÍŽÊÒ�ÊÚÈÏÍÊËÈÍÅ�ÎÇÇÈÙÍ,ÊÏÍÎÏÍÊÌÌÅÉÈÙÍÔÑÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈ3ŸÍËÈÃÈËÈŠÒÈÏÍÇÅ

È+ÇÈËŠÊÌÍÈŠÇÎÇÎÈÏÍÊËÈÍÅÔÏÒÓËÈÙÍÊŠÙÍÎÙÈŠÇÎÃÎÒÊÇÎÅŠÍÅÃÍÈ+ÇÈËŠÊÌÍÙÈŽÈŠÙÈŠÒÎÈÏÍÔÈÒÅ�ÈÏÍÙÎÃÃÎÒÓÌÇÛÍ

"ŠÍÏÅ�ÈÍÏÎÇÓÊÇÎÅŠÏŸÍÇÕÈÍÔÈŠÈÃÎÇÏÍÅÃÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÊËÈÍÒÌÈÊËÛÍÍÜÕÈÍÓÏÈÍÒÌÊÓÏÈÍÒÊŠÍ�Ê�ÈÍÏÈ ÈËÊÌÍÎŠÃÎ+

ÅŽÈËÊÇÅËÏÍ ÎÏÎÔÌÈÍÉÎÇÕÅÓÇÍÇÕÈÍŠÈÈÙÍÃÅËÍËÈŠÊ�ÈÏÍÒÌÊÓÏÈÏÛÍÍ*ÍÏÇÊŠÙÊËÙÍŽÊÒ�ÊÚÈÍÒÊŠÍÔÈÍÓÏÈÙÍÉÎÇÕÍÇÕÈ

ÅÔ ÎÅÓÏÍÊÏÏÓ�ŽÇÎÅŠÍÇÕÊÇÍÇÕÈÍËÈÊÙÈËÍÎÏÍ ÈËÑÍÃÊ�ÎÌÎÊËÍÉÎÇÕÍÇÕÅÏÈÍŽÊÒ�ÊÚÈÏÍÊŠÙÍÇÕÊÇÍÊÙÙÎÇÎÅŠÊÌÍÅ ÈËÌÅÊÙÎŠÚ

ÉÎÌÌÍŠÅÇÍÔÈÍÎŠÇËÅÙÓÒÈÙÛ

YÅÓÍÒÊŠÍ�ÎŠÎ�Î’ÈÍÇÕÈÍÏÒÅŽÈÍÅÃÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÔÑÍŽÌÊÒÎŠÚÍÎÇÍÎŠÍÇÕÈÍÔÅÙÑÍÅÃÍÊÍŽÊÒ�ÊÚÈÍÅËÍÏÓÔŽËÅÚËÊ�ÍÅËÍÔÑ

ÈŠÒÊŽÏÓÌÊÇÎŠÚÍÎÇÍÎŠÍÊÍÔÌÅÒ�ÍÇÅÍËÈÏÇËÎÒÇÍ ÎÏÎÔÎÌÎÇÑÛ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ1/

notes

* ÅÎÙÎŠÚÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÒÅ�ŽÌÈÇÈÌÑÍÒÊŠÍÒÊÓÏÈÍŽËÅÔÌÈ�ÏÍÉÎÇÕÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏŸÍÉÕÎÒÕÍ�ÓÏÇÍÇÕÈŠÍÔÈ

ÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÛÍÜÕÎÏÍŽËÅÔÌÈ�ÍÒÊŠÍÔÈÍÏÅÌ ÈÙÍÔÑÍÙÈÒÌÊËÎŠÚÍÒÅŠÏÇÊŠÇÏÍÉÎÇÕÍÇÕÈÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÍÊÏÍÇÕÈÎË

 ÊÌÓÈÏŸÍÈ+ÒÈŽÇÍÇÕÊÇÍÏÓÒÕÍÒÅŠÏÇÊŠÇÏÍÒÊŠŠÅÇÍÔÈÍÅ ÈËÌÅÊÙÈÙÍÌÎ�ÈÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÛ

*ŠÍÊËÚÓ�ÈŠÇÍÙÈÃÈŠÙÎŠÚÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÒÊŠÍÔÈÍÃÅÓŠÙÍÎŠÍRÅÏÈŠÍ,./013Û

automation note

ÜÕÈËÈÍÊËÈÍÇÅÅÌÏÍÇÕÊÇÍÒÊŠÍÊŠÊÌÑ’ÈÍÑÅÓËÍ*ÙÊÍÏÅÓËÒÈÍÒÅÙÈŸÍËÈÏÅÌ ÈÍÅ ÈËÌÅÊÙÎŠÚÍÅÃÍŠÊ�ÈÏŸÍÊŠÙÍÊÓÇÅ�ÊÇÎÒÊÌÌÑ

ÒÅŠ ÈËÇÍÔÈÇÉÈÈŠÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÅËÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÏÛ

5.7.2 The Renames Clause

guideline

S RÈŠÊ�ÈÍÊÍÌÅŠÚŸÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÍÇÅÍËÈÙÓÒÈÍÇÕÈÍÒÅ�ŽÌÈ+ÎÇÑÍÎÃÍÎÇÍÔÈÒÅ�ÈÏÍÓŠÉÎÈÌÙÑÍ,GÓÎÙÈÌÎŠÈ

3Û.Û43Û

S RÈŠÊ�ÈÍÙÈÒÌÊËÊÇÎÅŠÏÍÃÅËÍ ÎÏÎÔÎÌÎÇÑÍŽÓËŽÅÏÈÏÍËÊÇÕÈËÍÇÕÊŠÍÓÏÎŠÚÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈŸÍÈÏŽÈÒÎÊÌÌÑÍÃÅËÍÎŠÃÎ+

ÅŽÈËÊÇÅËÏÍ,GÓÎÙÈÌÎŠÈÍÄÛ1Û.3Û

Á RÈŠÊ�ÈÍŽÊËÇÏÍÉÕÈŠÍÎŠÇÈËÃÊÒÎŠÚÍÇÅÍËÈÓÏÊÔÌÈÍÒÅ�ŽÅŠÈŠÇÏÍÅËÎÚÎŠÊÌÌÑÍÉËÎÇÇÈŠÍÉÎÇÕÍŠÅŠÙÈÏÒËÎŽÇÎ ÈÍÅË

ÎŠÊŽŽÌÎÒÊÔÌÈÍŠÅ�ÈŠÒÌÊÇÓËÈÛÍ

Á UÏÈÍÊÍŽËÅÖÈÒÇ&ÉÎÙÈÍÏÇÊŠÙÊËÙÍÌÎÏÇÍÅÃÍÊÔÔËÈ ÎÊÇÎÅŠÏÍÇÅÍËÈŠÊ�ÈÍÒÅ��ÅŠÍŽÊÒ�ÊÚÈÏÛ

example

ÂÄÀÅÃÇÉÄÃÊËÈÍÎÏÌÄÈÑÃÊÓÔÄÖÅÎÏÒÖÕÃÊŠÊÈÚÊÊÊÊÊÔÄÖÅÎÛ

ÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÜÑÃÕÊÊÊÊÊÊÊŠÊÈÚÊÊÊÊÊËÖÑÖÙÊÄÃÚÖÕÃÍ

ÊÊÊŸŽÍÑÃÕÏŸÂÃÅÈ�ÈÅ�ËÃ�ÈÅÃÏËÄÈ�ÃÄÍ�ËÈÍÎÏ�ÃÖÇÏŸÅ ÃÇÉ!ÃÄ�ÔÄÖÚÍÕÈÑÛ

rationale

"ÃÍÇÕÈÍËÈŠÊ�ÎŠÚÍÃÊÒÎÌÎÇÑÍÎÏÍÊÔÓÏÈÙŸÍÇÕÈÍÒÅÙÈÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍËÈÊÙÛÍ*ÍËÈŠÊ�ÈÏÍÒÌÊÓÏÈÍÒÊŠÍÏÓÔÏÇÎÇÓÇÈÍÊŠ

ÊÔÔËÈ ÎÊÇÎÅŠÍÃÅËÍÊÍ#ÓÊÌÎÃÎÈËÍÅËÍÌÅŠÚÍŽÊÒ�ÊÚÈÍŠÊ�ÈÍÌÅÒÊÌÌÑÛÍÜÕÎÏÍÒÊŠÍ�Ê�ÈÍÒÅÙÈÍ�ÅËÈÍËÈÊÙÊÔÌÈÍÑÈÇÍÊŠÒÕÅË

ÇÕÈÍÒÅÙÈÍÇÅÍÇÕÈÍÃÓÌÌÍŠÊ�ÈÛÍHÅÉÈ ÈËŸÍÇÕÈÍÓÏÈÍÅÃÍËÈŠÊ�ÈÏÍÒÌÊÓÏÈÏÍÒÊŠÍÅÃÇÈŠÍÔÈÍÊ ÅÎÙÈÙÍÅËÍ�ÊÙÈÍÅÔ ÎÅÓÏÌÑ

ÓŠÙÈÏÎËÊÔÌÈÍÔÑÍÒÊËÈÃÓÌÌÑÍÒÕÅÅÏÎŠÚÍŠÊ�ÈÏÍÏÅÍÇÕÊÇÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÏÍËÈÊÙÍÉÈÌÌÛÍÜÕÈÍÌÎÏÇÍÅÃÍËÈŠÊ�ÎŠÚ

ÙÈÒÌÊËÊÇÎÅŠÏÍÏÈË ÈÏÍÊÏÍÊÍÌÎÏÇÍÅÃÍÊÔÔËÈ ÎÊÇÎÅŠÍÙÈÃÎŠÎÇÎÅŠÏÍ,ÏÈÈÍGÓÎÙÈÌÎŠÈÍ3Û.Û43ÛÍ-ÑÍËÈŠÊ�ÎŠÚÍÎ�ŽÅËÇÈÙ

ÎŠÃÎ+ÍÅŽÈËÊÇÅËÏŸÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈÍÒÊŠÍÅÃÇÈŠÍÔÈÍÊ ÅÎÙÈÙÛÍÜÕÈÍ�ÈÇÕÅÙÍŽËÈÏÒËÎÔÈÙÍÎŠÍÇÕÈÍ*ÙÊÍLÊŠÚÓÊÚÈ

RÈÃÈËÈŠÒÈÍMÊŠÓÊÌÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./033ÍÃÅËÍËÈŠÊ�ÎŠÚÍÊÍÇÑŽÈÍÎÏÍÇÅÍÓÏÈÍÊÍÏÓÔÇÑŽÈÍ,ÏÈÈÍGÓÎÙÈÌÎŠÈ

3Û4Û.3ÛÍ$ÃÇÈŠÍÇÕÈÍŽÊËÇÏÍËÈÒÊÌÌÈÙÍÃËÅ�ÍÊÍËÈÓÏÈÍÌÎÔËÊËÑÍÙÅÍŠÅÇÍÕÊ ÈÍŠÊ�ÈÏÍÇÕÊÇÍÊËÈÍÊÏÍÚÈŠÈËÊÌÍÊÏÍÇÕÈÑÍÒÅÓÌÙ

ÔÈÍÅËÍÇÕÊÇÍ�ÊÇÒÕÍÇÕÈÍŠÈÉÍÊŽŽÌÎÒÊÇÎÅŠ’ÏÍŠÊ�ÎŠÚÍÏÒÕÈ�ÈÛÍ*ŠÍÎŠÇÈËÃÊÒÈÍŽÊÒ�ÊÚÈÍÈ+ŽÅËÇÎŠÚÍÇÕÈÍËÈŠÊ�ÈÙ

ÏÓÔŽËÅÚËÊ�ÏÍÒÊŠÍ�ÊŽÍÇÅÍÑÅÓËÍŽËÅÖÈÒÇ’ÏÍŠÅ�ÈŠÒÌÊÇÓËÈÛ

5.7.3 Overloaded Subprograms

guideline

Á LÎ�ÎÇÍÅ ÈËÌÅÊÙÎŠÚÍÇÅÍÉÎÙÈÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÇÕÊÇÍŽÈËÃÅË�ÍÏÎ�ÎÌÊËÍÊÒÇÎÅŠÏÍÅŠÍÊËÚÓ�ÈŠÇÏÍÅÃÍÙÎÃÃÈËÈŠÇ

ÇÑŽÈÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û

example

�ÉÚÅÑÈÀÚÊŸÈÚÊÓ"Ú#!ÃÍÊŠÊÈÚÊÊÊÊÊ$ÖÑÄÈ%Ï&�Ï(ÖÇÈÖÚÍÙÊÄÃÑÉÄÚÊ$ÖÑÄÈ%Û

�ÉÚÅÑÈÀÚÊŸÈÚÊÓ"Ú#!ÃÍÊŠÊÈÚÊÊÊÊÊ)ÃÅÑÀÄÏ&�Ï(ÖÇÈÖÚÍÙÊÄÃÑÉÄÚÊ)ÃÅÑÀÄÛ

�ÉÚÅÑÈÀÚÊŸÈÚÊÓ"Ú#!ÃÊÊŠÊÈÚÊÊÊÊÊ(ÖÇÈÖÚÍÙÊÊÊÊÊÊÊÊÊÊÊÄÃÑÉÄÚÊŸÕÖ!!Ï(ÃÖ!Û

�ÉÚÅÑÈÀÚÊŸÈÚÊÓ"Ú#!ÃÊÊŠÊÈÚÊÊÊÊÊËÃ#ÄÃÃÍÙÊÊÊÊÊÊÊÊÊÊÊÄÃÑÉÄÚÊŸÕÖ!!Ï(ÃÖ!Û

rationale

!+ÒÈÏÏÎ ÈÍÅ ÈËÌÅÊÙÎŠÚÍÒÊŠÍÔÈÍÒÅŠÃÓÏÎŠÚÍÇÅÍ�ÊÎŠÇÊÎŠÈËÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./04ŸÍ2Ä3ÛÍÜÕÈËÈÍÎÏÍÊÌÏÅÍÇÕÈ

ÙÊŠÚÈËÍÅÃÍÕÎÙÎŠÚÍÙÈÒÌÊËÊÇÎÅŠÏÍÎÃÍÅ ÈËÌÅÊÙÎŠÚÍÔÈÒÅ�ÈÏÍÕÊÔÎÇÓÊÌÛÍÍ*ÇÇÈ�ŽÇÏÍÇÅÍÅ ÈËÌÅÊÙÍÊŠÍÅŽÈËÊÇÎÅŠÍ�ÊÑ

ÊÒÇÓÊÌÌÑÍÕÎÙÈÍÇÕÈÍÅËÎÚÎŠÊÌÍÅŽÈËÊÇÎÅŠÍÎÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÍŽËÅÃÎÌÈÍÎÏÍŠÅÇÍÙÎÏÇÎŠÒÇÛÍÍFËÅ�ÍÇÕÊÇÍŽÅÎŠÇÍÅŠŸÍÎÇÍÎÏÍŠÅÇ

ÒÌÈÊËÍÉÕÈÇÕÈËÍÎŠ Å�ÎŠÚÍÇÕÈÍŠÈÉÍÅŽÈËÊÇÎÅŠÍÎÏÍÉÕÊÇÍÇÕÈÍŽËÅÚËÊ��ÈËÍÎŠÇÈŠÙÈÙÍÅËÍÉÕÈÇÕÈËÍÇÕÈÍŽËÅÚËÊ��ÈË

ÎŠÇÈŠÙÈÙÍÇÅÍÎŠ Å�ÈÍÇÕÈÍÕÎÙÙÈŠÍÅŽÈËÊÇÎÅŠÍÊŠÙÍÊÒÒÎÙÈŠÇÊÌÌÑÍÕÎÙÍÎÇÛ



00ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

note

ÜÕÎÏÍÚÓÎÙÈÌÎŠÈÍÙÅÈÏÍŠÅÇÍŽËÅÕÎÔÎÇÍÏÓÔŽËÅÚËÊ�ÏÍÉÎÇÕÍÎÙÈŠÇÎÒÊÌÍŠÊ�ÈÏÍÙÈÒÌÊËÈÙÍÎŠÍÙÎÃÃÈËÈŠÇÍŽÊÒ�ÊÚÈÏÛ

5.7.4 Overloaded Operators

guideline

S %ËÈÏÈË ÈÍÇÕÈÍÒÅŠ ÈŠÇÎÅŠÊÌÍ�ÈÊŠÎŠÚÍÅÃÍÅ ÈËÌÅÊÙÈÙÍÅŽÈËÊÇÅËÏÍ,NÎÏÏÈŠÍÊŠÙÍ)ÊÌÌÎÏÍ./043Û

S UÏÈÍ�Á�ÍÇÅÍÎÙÈŠÇÎÃÑÍÊÙÙÎŠÚŸÍÖÅÎŠÎŠÚŸÍÎŠÒËÈÊÏÎŠÚŸÍÊŠÙÍÈŠÕÊŠÒÎŠÚÍ�ÎŠÙÏÍÅÃÍÃÓŠÒÇÎÅŠÏÛÍ

S UÏÈÍ�Â�ÍÇÅÍÎÙÈŠÇÎÃÑÍÏÓÔÇËÊÒÇÎÅŠŸÍÏÈŽÊËÊÇÎÅŠŸÍÙÈÒËÈÊÏÎŠÚŸÍÊŠÙÍÙÈŽÌÈÇÎŠÚÍ�ÎŠÙÏÍÅÃÍÃÓŠÒÇÎÅŠÏÛ

example

ÄÀÅÃÇÉÊÅËÈÁÈËÍÎËÏËÉÅËËËËËÌÑÇÓÉÔÖ

ËËËËËËËËËËËËËËÒËÏËÉÅËËËËËÌÑÇÓÉÔÕ

ËËËËËËÓŠÇÀÓÅËÌÑÇÓÉÔÖ

ÚÚÚ

ÛÀÜËÏÙËŸËÁËŽÖ

rationale

ÀÓÔ ÈËÇÎŠÚÍÇÕÈÍÒÅŠ ÈŠÇÎÅŠÊÌÍÎŠÇÈËŽËÈÇÊÇÎÅŠÍÅÃÍÅŽÈËÊÇÅËÏÍÌÈÊÙÏÍÇÅÍÒÅŠÃÓÏÎŠÚÍÒÅÙÈÛ

note

ÜÕÈËÈÍÊËÈÍŽÅÇÈŠÇÎÊÌÍŽËÅÔÌÈ�ÏÍÉÎÇÕÍÊŠÑÍÅ ÈËÌÅÊÙÎŠÚÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÎÃÍÇÕÈËÈÍÊËÈÍÏÈ ÈËÊÌÍ ÈËÏÎÅŠÏÍÅÃÍÇÕÈÍ�Á�

ÅŽÈËÊÇÅËŸÍÊŠÙÍÊÍÒÕÊŠÚÈÍÇÅÍÅŠÈÍÅÃÍÇÕÈ�ÍÊÃÃÈÒÇÏÍÇÕÈÍŠÓ�ÔÈËÍÅËÍÅËÙÈËÍÅÃÍÎÇÏÍŽÊËÊ�ÈÇÈËÏŸÍÌÅÒÊÇÎŠÚÍÇÕÈ

ÅÒÒÓËËÈŠÒÈÏÍÇÕÊÇÍ�ÓÏÇÍÔÈÍÒÕÊŠÚÈÙÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇÛ

5.7.5 Overloading the Equality Operator

guideline

S DÅÍŠÅÇÍÙÈŽÈŠÙÍÅŠÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍÈ#ÓÊÌÎÇÑÍŽËÅ ÎÙÈÙÍÔÑÍŽËÎ ÊÇÈÍÇÑŽÈÏÛ

S )ÕÈŠÍÅ ÈËÌÅÊÙÎŠÚÍÇÕÈÍÈ#ÓÊÌÎÇÑÍÅŽÈËÊÇÅËÍÃÅËÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏŸÍ�ÊÎŠÇÊÎŠÍÇÕÈÍŽËÅŽÈËÇÎÈÏÍÅÃÍÊŠ

ÊÌÚÈÔËÊÎÒÍÈ#ÓÎ ÊÌÈŠÒÈÍËÈÌÊÇÎÅŠÛ

rationale

ÜÕÈÍŽËÈÙÈÃÎŠÈÙÍÈ#ÓÊÌÎÇÑÍÅŽÈËÊÇÎÅŠÍŽËÅ ÎÙÈÙÍÉÎÇÕÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÎÏÍÙÈŽÈŠÙÈŠÇÍÅŠÍÇÕÈÍÙÊÇÊÍÏÇËÓÒÇÓËÈÍÒÕÅÏÈŠ

ÇÅÍÎ�ŽÌÈ�ÈŠÇÍÇÕÊÇÍÇÑŽÈÛÍÍ"ÃÍÊÒÒÈÏÏÍÇÑŽÈÏÍÊËÈÍÓÏÈÙŸÍÇÕÈŠÍÈ#ÓÊÌÎÇÑÍÉÎÌÌÍ�ÈÊŠÍÇÕÈÍÅŽÈËÊŠÙÏÍÕÊ ÈÍÇÕÈÍÏÊ�È

ŽÅÎŠÇÈËÍ ÊÌÓÈÛÍÍ"ÃÍÙÎÏÒËÈÇÈÍÇÑŽÈÏÍÊËÈÍÓÏÈÙŸÍÇÕÈŠÍÈ#ÓÊÌÎÇÑÍÉÎÌÌÍ�ÈÊŠÍÇÕÈÍÅŽÈËÊŠÙÏÍÕÊ ÈÍÇÕÈÍÏÊ�ÈÍ ÊÌÓÈÛÍÍ"ÃÍÊ

ÃÌÅÊÇÎŠÚÍŽÅÎŠÇÍÇÑŽÈÍÎÏÍÓÏÈÙŸÍÇÕÈŠÍÈ#ÓÊÌÎÇÑÍÎÏÍÔÊÏÈÙÍÅŠÍ*ÙÊÍ�ÅÙÈÌÍÎŠÇÈË ÊÌÏÍ,ÏÈÈÍGÓÎÙÈÌÎŠÈÍ1Û2Û0Û3Û

*ŠÑÍÊÏÏÓ�ŽÇÎÅŠÏÍÊÔÅÓÇÍÇÕÈÍ�ÈÊŠÎŠÚÍÅÃÍÈ#ÓÊÌÎÇÑÍÃÅËÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÉÎÌÌÍÒËÈÊÇÈÍÊÍÙÈŽÈŠÙÈŠÒÑÍÅŠÍÇÕÈ

Î�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÅÃÍÇÕÊÇÍÇÑŽÈÛÍÍÀÈÈÍGÅŠ’ÊÌÈ’Í,.//23ÍÃÅËÍÊÍÙÈÇÊÎÌÈÙÍÙÎÏÒÓÏÏÎÅŠÛ

FÅËÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏŸÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍÈÙÈÍÎÏÍÅŽÇÎÅŠÊÌÛÍÍ)ÕÈŠÍŽËÅ ÎÙÈÙŸÍÕÅÉÈ ÈËŸÍÇÕÈËÈÍÎÏÍÊ

ÒÅŠ ÈŠÇÎÅŠÊÌÍÊÌÚÈÔËÊÎÒÍ�ÈÊŠÎŠÚÍÎ�ŽÌÎÈÙÍÔÑÍÇÕÎÏÍÏÑ�ÔÅÌÛÍÍ*ÏÍÙÈÏÒËÎÔÈÙÍÎŠÍ-Ê�ÈËÍ,.//.3ŸÍÇÕÈÍÃÅÌÌÅÉÎŠÚ

ŽËÅŽÈËÇÎÈÏÍÏÕÅÓÌÙÍËÈ�ÊÎŠÍÇËÓÈÍÃÅËÍÇÕÈÍÈ#ÓÊÌÎÇÑÍÅŽÈËÊÇÅË:

� ËÈÃÌÈ+Î È: ÑËÙËÑ

� ÏÑ��ÈÇËÎÒ: ÑËÙË�ËÙÙ�Ë�ËÙËÑ

� ÇËÊŠÏÎÇÎ È: ÑËÙË�ËÑÅ�Ë�ËÙËÃËËÙÙ�ËÑËÙËÃ

5.8 USING EXCEPTIONS

*ÙÊÍÈ+ÒÈŽÇÎÅŠÏÍÊËÈÍÊÍËÈÌÎÊÔÎÌÎÇÑ&ÈŠÕÊŠÒÎŠÚÍÌÊŠÚÓÊÚÈÍÃÈÊÇÓËÈÍÙÈÏÎÚŠÈÙÍÇÅÍÕÈÌŽÍÏŽÈÒÎÃÑÍŽËÅÚËÊ�ÍÔÈÕÊ ÎÅËÍÎŠÍÇÕÈ

ŽËÈÏÈŠÒÈÍÅÃÍÈËËÅËÏÍÅËÍÓŠÈ+ŽÈÒÇÈÙÍÈ ÈŠÇÏÛÍ!+ÒÈŽÇÎÅŠÏÍÊËÈÍŠÅÇÍÎŠÇÈŠÙÈÙÍÇÅÍŽËÅ ÎÙÈÍÊÍÚÈŠÈËÊÌÍŽÓËŽÅÏÈÍÒÅŠÇËÅÌ

ÒÅŠÏÇËÓÒÇÛÍFÓËÇÕÈËŸÍÌÎÔÈËÊÌÍÓÏÈÍÅÃÍÈ+ÒÈŽÇÎÅŠÏÍÏÕÅÓÌÙÍŠÅÇÍÔÈÍÒÅŠÏÎÙÈËÈÙÍÏÓÃÃÎÒÎÈŠÇÍÃÅËÍŽËÅ ÎÙÎŠÚÍÃÓÌÌÍÏÅÃÇÉÊËÈ

ÃÊÓÌÇÍÇÅÌÈËÊŠÒÈÍ,MÈÌÌÎÊË À�ÎÇÕÍÊŠÙÍRÊŠÙÊÌÌÍ./013Û

ÜÕÎÏÍÏÈÒÇÎÅŠÍÊÙÙËÈÏÏÈÏÍÇÕÈÍÎÏÏÓÈÏÍÅÃÍÕÅÉÍÊŠÙÍÉÕÈŠÍÇÅÍÊ ÅÎÙÍËÊÎÏÎŠÚÍÈ+ÒÈŽÇÎÅŠÏŸÍÕÅÉÍÊŠÙÍÉÕÈËÈÍÇÅÍÕÊŠÙÌÈ

ÇÕÈ�ŸÍÊŠÙÍÉÕÈÇÕÈËÍÇÅÍŽËÅŽÊÚÊÇÈÍÇÕÈ�ÛÍ"ŠÃÅË�ÊÇÎÅŠÍÅŠÍÕÅÉÍÇÅÍÓÏÈÍÈ+ÒÈŽÇÎÅŠÏÍÊÏÍŽÊËÇÍÅÃÍÇÕÈÍÎŠÇÈËÃÊÒÈÍÇÅÍÊÍÓŠÎÇ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ0.

ÎŠÒÌÓÙÈÍÉÕÊÇÍÈ+ÒÈŽÇÎÅŠÏÍÇÅÍÙÈÒÌÊËÈÍÊŠÙÍËÊÎÏÈÍÊŠÙÍÓŠÙÈËÍÉÕÊÇÍÒÅŠÙÎÇÎÅŠÏÍÇÅÍËÊÎÏÈÍÇÕÈ�ÛÍÍ$ÇÕÈËÍÎÏÏÓÈÏÍÊËÈ

ÊÙÙËÈÏÏÈÙÍÎŠÍGÓÎÙÈÌÎŠÈÏÍ4Û3ÍÊŠÙÍ1ÛÄÛ

5.8.1 Handling Versus Avoiding Exceptions

guideline

S * ÅÎÙÍÒÊÓÏÎŠÚÍÈ+ÒÈŽÇÎÅŠÏÍÇÅÍÔÈÍËÊÎÏÈÙÍÉÕÈŠÍÎÇÍÎÏÍÈÊÏÑÍÊŠÙÍÈÃÃÎÒÎÈŠÇÍÇÅÍÙÅÍÏÅÛ

S %ËÅ ÎÙÈÍÕÊŠÙÌÈËÏÍÃÅËÍÈ+ÒÈŽÇÎÅŠÏÍÉÕÎÒÕÍÒÊŠŠÅÇÍÔÈÍÊ ÅÎÙÈÙÛ

S UÏÈÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÇÅÍÈŠÕÊŠÒÈÍËÈÊÙÊÔÎÌÎÇÑÍÔÑÍÏÈŽÊËÊÇÎŠÚÍÃÊÓÌÇÍÕÊŠÙÌÎŠÚÍÃËÅ�ÍŠÅË�ÊÌÍÈ+ÈÒÓÇÎÅŠÛ

S DÅÍŠÅÇÍÓÏÈÍÈ+ÒÈŽÇÎÅŠÏÍÊŠÙÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÊÏÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÏÛ

rationale

"ŠÍ�ÊŠÑÍÒÊÏÈÏŸÍÎÇÍÎÏÍŽÅÏÏÎÔÌÈÍÇÅÍÙÈÇÈÒÇÍÈÊÏÎÌÑÍÊŠÙÍÈÃÃÎÒÎÈŠÇÌÑÍÇÕÊÇÍÊŠÍÅŽÈËÊÇÎÅŠÍÑÅÓÍÊËÈÍÊÔÅÓÇÍÇÅÍŽÈËÃÅË�

ÉÅÓÌÙÍËÊÎÏÈÍÊŠÍÈ+ÒÈŽÇÎÅŠÛÍ"ŠÍÏÓÒÕÍÊÍÒÊÏÈŸÍÎÇÍÎÏÍÊÍÚÅÅÙÍÎÙÈÊÍÇÅÍÒÕÈÒ�ÍËÊÇÕÈËÍÇÕÊŠÍÊÌÌÅÉÎŠÚÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÇÅ

ÔÈÍËÊÎÏÈÙÍÊŠÙÍÕÊŠÙÌÎŠÚÍÎÇÍÉÎÇÕÍÊŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÒÕÈÒ�ÍÈÊÒÕÍŽÅÎŠÇÈËÍÃÅËÍÁÂÄÄÍÉÕÈŠ

ÇËÊ ÈËÏÎŠÚÍÊÍÌÎŠ�ÈÙÍÌÎÏÇÍÅÃÍËÈÒÅËÙÏÍÒÅŠŠÈÒÇÈÙÍÔÑÍŽÅÎŠÇÈËÏÛÍ*ÌÏÅŸÍÇÈÏÇÍÊŠÍÎŠÇÈÚÈËÍÃÅËÍ’ÈËÅÍÔÈÃÅËÈÍÙÎ ÎÙÎŠÚÍÔÑ

ÎÇŸÍÊŠÙÍÒÊÌÌÍÊŠÍÎŠÇÈËËÅÚÊÇÎ ÈÍÃÓŠÒÇÎÅŠÍÀÅÃÇÉÊËÈÊÍÎÏÅÌÍÔÈÃÅËÈÍÎŠ Å�ÎŠÚÍÇÕÈÍÑÓÑÍŽËÅÒÈÙÓËÈÍÅÃÍÊÍÏÇÊÒ�

ŽÊÒ�ÊÚÈÛÍÀÓÒÕÍÇÈÏÇÏÍÊËÈÍÊŽŽËÅŽËÎÊÇÈÍÉÕÈŠÍÇÕÈÑÍÒÊŠÍÔÈÍŽÈËÃÅË�ÈÙÍÈÊÏÎÌÑÍÊŠÙÍÈÃÃÎÒÎÈŠÇÌÑŸÍÊÏÍÊÍŠÊÇÓËÊÌÍŽÊËÇ

ÅÃÍÇÕÈÍÊÌÚÅËÎÇÕ�ÍÔÈÎŠÚÍÎ�ŽÌÈ�ÈŠÇÈÙÛ

HÅÉÈ ÈËŸÍÈËËÅËÍÙÈÇÈÒÇÎÅŠÍÎŠÍÊÙ ÊŠÒÈÍÎÏÍŠÅÇÍÊÌÉÊÑÏÍÏÅÍÏÎ�ŽÌÈÛÍÜÕÈËÈÍÊËÈÍÒÊÏÈÏÍÉÕÈËÈÍÏÓÒÕÍÊÍÇÈÏÇÍÎÏÍÇÅÅ

È+ŽÈŠÏÎ ÈÍÅËÍÇÅÅÍÓŠËÈÌÎÊÔÌÈÛÍ"ŠÍÏÓÒÕÍÒÊÏÈÏŸÍÎÇÍÎÏÍÔÈÇÇÈËÍÇÅÍÊÇÇÈ�ŽÇÍÇÕÈÍÅŽÈËÊÇÎÅŠÍÉÎÇÕÎŠÍÇÕÈÍÏÒÅŽÈÍÅÃÍÊŠ

È+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÍÏÅÍÇÕÊÇÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÎÏÍÕÊŠÙÌÈÙÍÎÃÍÎÇÍÎÏÍËÊÎÏÈÙÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÎŠÍÇÕÈÍÒÊÏÈÍÅÃÍÊÍÌÎŠ�ÈÙÍÌÎÏÇ

Î�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÅÃÍÊÍÌÎÏÇŸÍÎÇÍÎÏÍ ÈËÑÍÎŠÈÃÃÎÒÎÈŠÇÍÇÅÍÒÊÌÌÍÊÍÃÓŠÒÇÎÅŠÍÍÔÅÖÌÊÍÒÕÈÅÈÍÔÈÃÅËÈÍÈÊÒÕÍÒÊÌÌÍÇÅÍÇÕÈ

ŽËÅÒÈÙÓËÈÍŠÚÛÕÜÌÊÍÔÅÖÌÍÏÎ�ŽÌÑÍÇÅÍÊ ÅÎÙÍËÊÎÏÎŠÚÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÍÔÅÖÌÊÁÚÅÊÙÚŸÔÛÛÍ"ÇÍÇÊ�ÈÏÍÊÏÍ�ÓÒÕÍÇÎ�ÈÍÇÅ

ÏÈÊËÒÕÍÇÕÈÍÌÎÏÇÍÇÅÍÊ ÅÎÙÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÊÏÍÎÇÍÇÊ�ÈÏÍÇÅÍÏÈÊËÒÕÍÇÕÈÍÌÎÏÇÍÇÅÍŽÈËÃÅË�ÍÇÕÈÍÓŽÙÊÇÈÛÍÀÎ�ÎÌÊËÌÑŸÍÎÇÍÎÏ

�ÓÒÕÍÈÊÏÎÈËÍÇÅÍÊÇÇÈ�ŽÇÍÊÍÙÎ ÎÏÎÅŠÍÔÑÍÊÍËÈÊÌÍŠÓ�ÔÈËÍÉÎÇÕÎŠÍÇÕÈÍÏÒÅŽÈÍÅÃÍÊŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÍÇÅÍÕÊŠÙÌÈ

ŠÓ�ÈËÎÒÍÅ ÈËÃÌÅÉÍÇÕÊŠÍÇÅÍÇÈÏÇÍÎŠÍÊÙ ÊŠÒÈÍÉÕÈÇÕÈËÍÇÕÈÍÙÎ ÎÙÈŠÙÍÎÏÍÇÅÅÍÌÊËÚÈÍÅËÍÇÕÈÍÙÎ ÎÏÅËÍÇÅÅÍÏ�ÊÌÌÍÃÅËÍÇÕÈ

#ÓÅÇÎÈŠÇÍÇÅÍÔÈÍËÈŽËÈÏÈŠÇÊÔÌÈÍÅŠÍÇÕÈÍ�ÊÒÕÎŠÈÛ

"ŠÍÒÅŠÒÓËËÈŠÇÍÏÎÇÓÊÇÎÅŠÏŸÍÇÈÏÇÏÍÙÅŠÈÍÎŠÍÊÙ ÊŠÒÈÍÒÊŠÍÊÌÏÅÍÔÈÍÓŠËÈÌÎÊÔÌÈÛÍFÅËÍÈ+Ê�ŽÌÈŸÍÎÃÍÑÅÓÍÉÊŠÇÍÇÅ

�ÅÙÎÃÑÍÊŠÍÈ+ÎÏÇÎŠÚÍÃÎÌÈÍÅŠÍÊÍ�ÓÌÇÎ&ÓÏÈËÍÏÑÏÇÈ�ŸÍÎÇÍÎÏÍÏÊÃÈËÍÇÅÍÊÇÇÈ�ŽÇÍÇÅÍÙÅÍÏÅÍÉÎÇÕÎŠÍÇÕÈÍÏÒÅŽÈÍÅÃÍÊŠ

È+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÍÇÕÊŠÍÇÅÍÇÈÏÇÍÎŠÍÊÙ ÊŠÒÈÍÉÕÈÇÕÈËÍÇÕÈÍÃÎÌÈÍÈ+ÎÏÇÏŸÍÉÕÈÇÕÈËÍÎÇÍÎÏÍŽËÅÇÈÒÇÈÙŸÍÉÕÈÇÕÈËÍÇÕÈËÈÍÎÏ

ËÅÅ�ÍÎŠÍÇÕÈÍÃÎÌÈÍÏÑÏÇÈ�ÍÃÅËÍÇÕÈÍÃÎÌÈÍÇÅÍÔÈÍÈŠÌÊËÚÈÙŸÍÈÇÒÛÍ! ÈŠÍÎÃÍÑÅÓÍÇÈÏÇÈÙÍÃÅËÍÊÌÌÍŽÅÏÏÎÔÌÈÍÈËËÅËÏ

ÒÅŠÙÎÇÎÅŠÏŸÍÇÕÈËÈÍÎÏÍŠÅÍÚÓÊËÊŠÇÈÈÍÇÕÊÇÍŠÅÇÕÎŠÚÍÉÅÓÌÙÍÒÕÊŠÚÈÍÊÃÇÈËÍÇÕÈÍÇÈÏÇÍÊŠÙÍÔÈÃÅËÈÍÇÕÈÍ�ÅÙÎÃÎÒÊÇÎÅŠ

ÅŽÈËÊÇÎÅŠÛÍYÅÓÍÏÇÎÌÌÍŠÈÈÙÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏŸÍÏÅÍÇÕÈÍÊÙ ÊŠÒÈÍÇÈÏÇÎŠÚÍÏÈË ÈÏÍŠÅÍŽÓËŽÅÏÈÛ

)ÕÈŠÈ ÈËÍÏÓÒÕÍÊÍÒÊÏÈÍÙÅÈÏÍŠÅÇÍÊŽŽÌÑŸÍŠÅË�ÊÌÍÊŠÙÍŽËÈÙÎÒÇÊÔÌÈÍÈ ÈŠÇÏÍÏÕÅÓÌÙÍÔÈÍÕÊŠÙÌÈÙÍÔÑÍÇÕÈÍÒÅÙÈ

ÉÎÇÕÅÓÇÍÇÕÈÍÊÔŠÅË�ÊÌÍÇËÊŠÏÃÈËÍÅÃÍÒÅŠÇËÅÌÍËÈŽËÈÏÈŠÇÈÙÍÔÑÍÊŠÍÈ+ÒÈŽÇÎÅŠÛÍ)ÕÈŠÍÃÊÓÌÇÍÕÊŠÙÌÎŠÚÍÊŠÙÍÅŠÌÑ

ÃÊÓÌÇÍÕÊŠÙÌÎŠÚÍÒÅÙÈÍÎÏÍÎŠÒÌÓÙÈÙÍÎŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏŸÍÇÕÈÍÏÈŽÊËÊÇÎÅŠÍ�Ê�ÈÏÍÇÕÈÍÒÅÙÈÍÈÊÏÎÈËÍÇÅÍËÈÊÙÛÍÜÕÈ

ËÈÊÙÈËÍÒÊŠÍÏ�ÎŽÍÊÌÌÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÊŠÙÍÏÇÎÌÌÍÓŠÙÈËÏÇÊŠÙÍÇÕÈÍŠÅË�ÊÌÍÃÌÅÉÍÅÃÍÒÅŠÇËÅÌÍÅÃÍÇÕÈÍÒÅÙÈÛ

FÅËÍÇÕÎÏÍËÈÊÏÅŠŸÍÈ+ÒÈŽÇÎÅŠÏÍÏÕÅÓÌÙÍŠÈ ÈËÍÔÈÍËÊÎÏÈÙÍÊŠÙÍÕÊŠÙÌÈÙÍÉÎÇÕÎŠÍÇÕÈÍÏÊ�ÈÍÓŠÎÇŸÍÊÏÍÊÍÃÅË�ÍÅÃÍÊÍÚÅÇÅ

ÏÇÊÇÈ�ÈŠÇÍÇÅÍÈ+ÎÇÍÃËÅ�ÍÊÍÌÅÅŽŸÍÎÃŸÍÒÊÏÈŸÍÅËÍÔÌÅÒ�ÍÏÇÊÇÈ�ÈŠÇÛ

5.8.2 Handlers for others

guideline

S UÏÈÍÒÊÓÇÎÅŠÍÉÕÈŠÍŽËÅÚËÊ��ÎŠÚÍÕÊŠÙÌÈËÏÍÃÅËÍÚÅŽ�ÖÈÛ

S %ËÅ ÎÙÈÍÊÍÕÊŠÙÌÈËÍÃÅËÍÚÅŽ�ÖÈÍÎŠÍÏÓÎÇÊÔÌÈÍÃËÊ�ÈÏÍÇÅÍŽËÅÇÈÒÇÍÊÚÊÎŠÏÇÍÓŠÈ+ŽÈÒÇÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÔÈÎŠÚ

ŽËÅŽÊÚÊÇÈÙÍÉÎÇÕÅÓÇÍÔÅÓŠÙŸÍÈÏŽÈÒÎÊÌÌÑÍÎŠÍÏÊÃÈÇÑÍÒËÎÇÎÒÊÌÍÏÑÏÇÈ�ÏÛ

S UÏÈÍÚÅŽ�ÖÈÍÅŠÌÑÍÇÅÍÒÊÇÒÕÍÈ+ÒÈŽÇÎÅŠÏÍÑÅÓÍÒÊŠŠÅÇÍÈŠÓ�ÈËÊÇÈÍÈ+ŽÌÎÒÎÇÌÑŸÍŽËÈÃÈËÊÔÌÑÍÅŠÌÑÍÇÅÍÃÌÊÚÍÊ

ŽÅÇÈŠÇÎÊÌÍÊÔÅËÇÛ

S * ÅÎÙÍÓÏÎŠÚÍÚÅŽ�ÖÈÍÙÓËÎŠÚÍÙÈ ÈÌÅŽ�ÈŠÇÛ

rationale

%ËÅ ÎÙÎŠÚÍÊÍÕÊŠÙÌÈËÍÃÅËÍÚÅŽ�ÖÈÍÊÌÌÅÉÏÍÑÅÓÍÇÅÍÃÅÌÌÅÉÍÇÕÈÍÅÇÕÈËÍÚÓÎÙÈÌÎŠÈÏÍÎŠÍÇÕÎÏÍÏÈÒÇÎÅŠÛÍ"ÇÍÊÃÃÅËÙÏÍÊÍŽÌÊÒÈ

ÇÅÍÒÊÇÒÕÍÊŠÙÍÒÅŠ ÈËÇÍÇËÓÌÑÍÓŠÈ+ŽÈÒÇÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÇÕÊÇÍÉÈËÈÍŠÅÇÍÒÊÓÚÕÇÍÔÑÍÇÕÈÍÈ+ŽÌÎÒÎÇÍÕÊŠÙÌÈËÏÛÍ)ÕÎÌÈÍÎÇ



02ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

�ÊÑÍÔÈÍŽÅÏÏÎÔÌÈÍ ÇÅÍŽËÅ ÎÙÈÍ�ÃÎËÈÍÉÊÌÌÏ�Í ÊÚÊÎŠÏÇÍ ÓŠÈ+ŽÈÒÇÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÔÈÎŠÚÍŽËÅŽÊÚÊÇÈÙÍÉÎÇÕÅÓÇ

ŽËÅ ÎÙÎŠÚÍÕÊŠÙÌÈËÏÍÎŠÍÈ ÈËÑÍÔÌÅÒ�ŸÍÑÅÓÍÒÊŠÍÒÅŠ ÈËÇÍÇÕÈÍÓŠÈ+ŽÈÒÇÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÊÏÍÏÅÅŠÍÊÏÍÇÕÈÑÍÊËÎÏÈÛÍÜÕÈ

othersÍÕÊŠÙÌÈËÍÒÊŠŠÅÇÍÙÎÏÒËÎ�ÎŠÊÇÈÍÔÈÇÉÈÈŠÍÙÎÃÃÈËÈŠÇÍÈ+ÒÈŽÇÎÅŠÏŸÍÊŠÙŸÍÊÏÍÊÍËÈÏÓÌÇŸÍÊŠÑÍÏÓÒÕÍÕÊŠÙÌÈË

�ÓÏÇÍÇËÈÊÇÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÊÏÍÊÍÙÎÏÊÏÇÈËÛÍ! ÈŠÍÏÓÒÕÍÊÍÙÎÏÊÏÇÈËÍÒÊŠÍÏÇÎÌÌÍÔÈÍÒÅŠ ÈËÇÈÙÍÎŠÇÅÍÊÍÓÏÈË�ÙÈÃÎŠÈÙ

È+ÒÈŽÇÎÅŠÍÊÇÍÇÕÊÇÍŽÅÎŠÇÛÍÀÎŠÒÈÍÊÍÕÊŠÙÌÈËÍÃÅËÍothersÍÒÊÇÒÕÈÏÍÊŠÑÍÈ+ÒÈŽÇÎÅŠÍŠÅÇÍÅÇÕÈËÉÎÏÈÍÕÊŠÙÌÈÙ

È+ŽÌÎÒÎÇÌÑŸÍÅŠÈÍŽÌÊÒÈÙÍÎŠÍÇÕÈÍÃËÊ�ÈÍÅÃÍÊÍÇÊÏ�ÍÅËÍÅÃÍÇÕÈÍ�ÊÎŠÍÏÓÔŽËÅÚËÊ�ÍÊÃÃÅËÙÏÍÇÕÈÍÅŽŽÅËÇÓŠÎÇÑÍÇÅ

ŽÈËÃÅË�ÍÃÎŠÊÌÍÒÌÈÊŠ&ÓŽÍÊŠÙÍÇÅÍÏÕÓÇÍÙÅÉŠÍÒÌÈÊŠÌÑÛ

%ËÅÚËÊ��ÎŠÚÍ ÊÍ ÕÊŠÙÌÈËÍ ÃÅËÍ othersÍ ËÈ#ÓÎËÈÏÍ ÒÊÓÇÎÅŠÍ ÔÈÒÊÓÏÈÍ ÎÇÍ ÒÊŠŠÅÇÍ ÙÎÏÒËÎ�ÎŠÊÇÈÍ ÈÎÇÕÈËÍÉÕÎÒÕ

È+ÒÈŽÇÎÅŠÍÉÊÏÍÊÒÇÓÊÌÌÑÍËÊÎÏÈÙÍÅËÍŽËÈÒÎÏÈÌÑÍÉÕÈËÈÍÎÇÍÉÊÏÍËÊÎÏÈÙÛÍÜÕÓÏŸÍÇÕÈÍÕÊŠÙÌÈËÍÒÊŠŠÅÇÍ�Ê�ÈÍÊŠÑ

ÊÏÏÓ�ŽÇÎÅŠÏÍÊÔÅÓÇÍÉÕÊÇÍÒÊŠÍÔÈÍÅËÍÈ ÈŠÍÉÕÊÇÍŠÈÈÙÏÍÇÅÍÔÈÍ�ÃÎ+ÈÙÛ�

ÜÕÈÍÓÏÈÍÅÃÍÕÊŠÙÌÈËÏÍÃÅËÍothersÍÙÓËÎŠÚÍÙÈ ÈÌÅŽ�ÈŠÇŸÍÉÕÈŠÍÈ+ÒÈŽÇÎÅŠÍÅÒÒÓËËÈŠÒÈÏÍÒÊŠÍÔÈÍÈ+ŽÈÒÇÈÙÍÇÅÍÔÈ

ÃËÈ#ÓÈŠÇŸÍÒÊŠÍÕÎŠÙÈËÍÙÈÔÓÚÚÎŠÚÛÍ"ÇÍÎÏÍ�ÓÒÕÍ�ÅËÈÍÎŠÃÅË�ÊÇÎ ÈÍÇÅÍÇÕÈÍÙÈ ÈÌÅŽÈËÍÇÅÍÏÈÈÍÊÍÇËÊÒÈÔÊÒ�ÍÉÎÇÕÍÇÕÈ

ÊÒÇÓÊÌÍÈ+ÒÈŽÇÎÅŠÍÌÎÏÇÈÙÍÇÕÊŠÍÇÕÈÍÒÅŠ ÈËÇÈÙÍÈ+ÒÈŽÇÎÅŠÛÍFÓËÇÕÈË�ÅËÈŸÍ�ÊŠÑÍÇËÊÒÈÔÊÒ�ÏÍÙÅÍŠÅÇÍÌÎÏÇÍÇÕÈ

ŽÅÎŠÇÍÉÕÈËÈÍÇÕÈÍÅËÎÚÎŠÊÌÍÈ+ÒÈŽÇÎÅŠÍÉÊÏÍËÊÎÏÈÙÍÎÃÍÎÇÍÉÊÏÍÒÊÓÚÕÇÍÔÑÍÊÍÕÊŠÙÌÈËÛ

note

ÜÕÈÍÊËÚÓ�ÈŠÇÏÍÎŠÍÇÕÈÍŽËÈÒÈÙÎŠÚÍŽÊËÊÚËÊŽÕÍÊŽŽÌÑÍÅŠÌÑÍÇÅÍÙÈ ÈÌÅŽ�ÈŠÇÍÇÎ�ÈŸÍÉÕÈŠÍÇËÊÒÈÔÊÒ�ÍÌÎÏÇÎŠÚÏÍÊËÈ

ÓÏÈÃÓÌÛÍÜÕÈÑÍÊËÈÍŠÅÇÍÓÏÈÃÓÌÍÇÅÍÓÏÈËÏÍÊŠÙÍÒÊŠÍÔÈÍÙÊŠÚÈËÅÓÏÛÍÜÕÈÍÕÊŠÙÌÈËÍÏÕÅÓÌÙÍÔÈÍÎŠÒÌÓÙÈÙÍÎŠÍÒÅ��ÈŠÇ

ÃÅË�ÍÊÇÍÇÕÈÍÅÓÇÏÈÇÍÅÃÍÙÈ ÈÌÅŽ�ÈŠÇÍÊŠÙÍÇÕÈÍÙÅÓÔÌÈÍÙÊÏÕÍËÈ�Å ÈÙÍÔÈÃÅËÈÍÙÈÌÎ ÈËÑÛ

5.8.3 Propagation

guideline

Á HÊŠÙÌÈÍÊÌÌÍÈ+ÒÈŽÇÎÅŠÏŸÍÔÅÇÕÍÓÏÈËÍÊŠÙÍŽËÈÙÈÃÎŠÈÙÛ

Á FÅËÍÈ ÈËÑÍÈ+ÒÈŽÇÎÅŠÍÇÕÊÇÍ�ÎÚÕÇÍÔÈÍËÊÎÏÈÙŸÍŽËÅ ÎÙÈÍÊÍÕÊŠÙÌÈËÍÎŠÍÏÓÎÇÊÔÌÈÍÃËÊ�ÈÏÍÇÅÍŽËÅÇÈÒÇÍÊÚÊÎŠÏÇ

ÓŠÙÈÏÎËÈÙÍŽËÅŽÊÚÊÇÎÅŠÍÅÓÇÏÎÙÈÍÇÕÈÍÊÔÏÇËÊÒÇÎÅŠÛ

rationale

ÜÕÈÍÏÇÊÇÈ�ÈŠÇÍÇÕÊÇÍ�ÎÇÍÒÊŠÍŠÈ ÈËÍÕÊŽŽÈŠ�ÍÎÏÍŠÅÇÍÊŠÍÊÒÒÈŽÇÊÔÌÈÍŽËÅÚËÊ��ÎŠÚÍÊŽŽËÅÊÒÕÛÍYÅÓÍ�ÓÏÇ

ÊÏÏÓ�ÈÍÎÇÍÒÊŠÍÕÊŽŽÈŠÍÊŠÙÍÔÈÍÎŠÍÒÅŠÇËÅÌÍÉÕÈŠÍÎÇÍÙÅÈÏÛÍYÅÓÍÏÕÅÓÌÙÍŽËÅ ÎÙÈÍÙÈÃÈŠÏÎ ÈÍÒÅÙÈÍËÅÓÇÎŠÈÏÍÃÅËÍÇÕÈ

�ÒÊŠŠÅÇÍÚÈÇÍÕÈËÈ�ÍÒÅŠÙÎÇÎÅŠÏÛ

ÀÅ�ÈÍÈ+ÎÏÇÎŠÚÍÊÙ ÎÒÈÍÒÊÌÌÏÍÃÅËÍÒÊÇÒÕÎŠÚÍÊŠÙÍŽËÅŽÊÚÊÇÎŠÚÍÊŠÑÍÈ+ÒÈŽÇÎÅŠÍÇÅÍÇÕÈÍÒÊÌÌÎŠÚÍÓŠÎÇÛÍÜÕÎÏÍÊÙ ÎÒÈÍÒÊŠ

ÏÇÅŽÍÊÍŽËÅÚËÊ�ÛÍYÅÓÍÏÕÅÓÌÙÍÒÊÇÒÕÍÇÕÈÍÈ+ÒÈŽÇÎÅŠÍÊŠÙÍŽËÅŽÊÚÊÇÈÍÎÇŸÍÅËÍÊÍÏÓÔÏÇÎÇÓÇÈŸÍÅŠÌÑÍÎÃÍÑÅÓËÍÕÊŠÙÌÈËÍÎÏ

ÊÇÍÇÕÈÍÉËÅŠÚÍÊÔÏÇËÊÒÇÎÅŠÍÌÈ ÈÌÍÇÅÍÈÃÃÈÒÇÍËÈÒÅ ÈËÑÛÍ!ÃÃÈÒÇÎŠÚÍËÈÒÅ ÈËÑÍÒÊŠÍÔÈÍÙÎÃÃÎÒÓÌÇŸÍÔÓÇÍÇÕÈÍÊÌÇÈËŠÊÇÎ ÈÍÎÏ

ÊÍŽËÅÚËÊ�ÍÇÕÊÇÍÙÅÈÏÍŠÅÇÍ�ÈÈÇÍÎÇÏÍÏŽÈÒÎÃÎÒÊÇÎÅŠÛ

MÊ�ÎŠÚÍÊŠÍÈ+ŽÌÎÒÎÇÍËÈ#ÓÈÏÇÍÃÅËÍÇÈË�ÎŠÊÇÎÅŠÍÎ�ŽÌÎÈÏÍÇÕÊÇÍÑÅÓËÍÒÅÙÈÍÎÏÍÎŠÍÒÅŠÇËÅÌÍÅÃÍÇÕÈÍÏÎÇÓÊÇÎÅŠÍÊŠÙÍÕÊÏ

ÙÈÇÈË�ÎŠÈÙÍÇÕÊÇÍÇÅÍÔÈÍÇÕÈÍÅŠÌÑÍÏÊÃÈÍÒÅÓËÏÈÍÅÃÍÊÒÇÎÅŠÛÍ-ÈÎŠÚÍÎŠÍÒÅŠÇËÅÌÍÊÃÃÅËÙÏÍÅŽŽÅËÇÓŠÎÇÎÈÏÍÇÅÍÏÕÓÇÍÙÅÉŠ

ÎŠÍÊÍÒÅŠÇËÅÌÌÈÙÍ�ÊŠŠÈËÍ,ÒÌÈÊŠÍÓŽÍÌÅÅÏÈÍÈŠÙÏŸÍÒÌÅÏÈÍÃÎÌÈÏŸÍËÈÌÈÊÏÈÍÏÓËÃÊÒÈÏÍÇÅÍ�ÊŠÓÊÌÍÒÅŠÇËÅÌŸÍÏÅÓŠÙ

ÊÌÊË�Ï3ŸÍÊŠÙÍÎ�ŽÌÎÈÏÍÇÕÊÇÍÊÌÌÍÊ ÊÎÌÊÔÌÈÍŽËÅÚËÊ��ÈÙÍÊÇÇÈ�ŽÇÏÍÊÇÍËÈÒÅ ÈËÑÍÕÊ ÈÍÔÈÈŠÍ�ÊÙÈÛ

5.8.4 Localizing the Cause of an Exception

guideline

Á DÅÍŠÅÇÍ ËÈÌÑÍÅŠÍÔÈÎŠÚÍÊÔÌÈÍ ÇÅÍ ÎÙÈŠÇÎÃÑÍ ÇÕÈÍ ÃÊÓÌÇÍ ËÊÎÏÎŠÚÍŽËÈÙÈÃÎŠÈÙÍÅËÍ Î�ŽÌÈ�ÈŠÇÊÇÎÅŠ&ÙÈÃÎŠÈÙ

È+ÒÈŽÇÎÅŠÏÛ

Á UÏÈÍÔÌÅÒ�ÏÍÇÅÍÊÏÏÅÒÎÊÇÈÍÌÅÒÊÌÎ’ÈÙÍÏÈÒÇÎÅŠÏÍÅÃÍÒÅÙÈÍÉÎÇÕÍÇÕÈÎËÍÅÉŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÛ

example

ÀÈÈÍGÓÎÙÈÌÎŠÈÍÄÛ2Û/Û

rationale

"ÇÍÎÏÍ ÈËÑÍÙÎÃÃÎÒÓÌÇÍÇÅÍÙÈÇÈË�ÎŠÈÍÎŠÍÊŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÍÈ+ÊÒÇÌÑÍÉÕÎÒÕÍÏÇÊÇÈ�ÈŠÇÍÊŠÙÍÉÕÎÒÕÍÅŽÈËÊÇÎÅŠ

ÉÎÇÕÎŠÍÇÕÊÇÍÏÇÊÇÈ�ÈŠÇÍËÊÎÏÈÙÍÊŠÍÈ+ÒÈŽÇÎÅŠŸÍŽÊËÇÎÒÓÌÊËÌÑÍÇÕÈÍŽËÈÙÈÃÎŠÈÙÍÊŠÙÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠ&ÙÈÃÎŠÈÙ

È+ÒÈŽÇÎÅŠÏÛÍÜÕÈÍŽËÈÙÈÃÎŠÈÙÍÊŠÙÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠ&ÙÈÃÎŠÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÊËÈÍÒÊŠÙÎÙÊÇÈÏÍÃÅËÍÒÅŠ ÈËÏÎÅŠÍÊŠÙ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ03

ŽËÅŽÊÚÊÇÎÅŠÍÇÅÍÕÎÚÕÈËÍÊÔÏÇËÊÒÇÎÅŠÍÌÈ ÈÌÏÍÃÅËÍÕÊŠÙÌÎŠÚÍÇÕÈËÈÛÍUÏÈË&ÙÈÃÎŠÈÙÍÈ+ÒÈŽÇÎÅŠÏŸÍÔÈÎŠÚÍ�ÅËÈÍÒÌÅÏÈÌÑ

ÊÏÏÅÒÎÊÇÈÙÍÉÎÇÕÍÇÕÈÍÊŽŽÌÎÒÊÇÎÅŠŸÍÊËÈÍÔÈÇÇÈËÍÒÊŠÙÎÙÊÇÈÏÍÃÅËÍËÈÒÅ ÈËÑÍÉÎÇÕÎŠÍÕÊŠÙÌÈËÏÛ

UÏÈË�ÙÈÃÎŠÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÒÊŠÍÊÌÏÅÍÔÈÍÙÎÃÃÎÒÓÌÇÍÇÅÍÌÅÒÊÌÎ’ÈÛÍ*ÏÏÅÒÎÊÇÎŠÚÍÕÊŠÙÌÈËÏÍÉÎÇÕÍÏ�ÊÌÌÍÔÌÅÒ�ÏÍÅÃÍÒÅÙÈ

ÕÈÌŽÏÍÇÅÍŠÊËËÅÉÍÇÕÈÍŽÅÏÏÎÔÎÌÎÇÎÈÏŸÍ�Ê�ÎŠÚÍÎÇÍÈÊÏÎÈËÍÇÅÍŽËÅÚËÊ�ÍËÈÒÅ ÈËÑÍÊÒÇÎÅŠÏÛÍÜÕÈÍŽÌÊÒÈ�ÈŠÇÍÅÃ

ÕÊŠÙÌÈËÏÍÎŠÍÏ�ÊÌÌÍÔÌÅÒ�ÏÍÉÎÇÕÎŠÍÊÍÏÓÔŽËÅÚËÊ�ÍÅËÍÇÊÏ�ÍÔÅÙÑÍÊÌÏÅÍÊÌÌÅÉÏÍËÈÏÓ�ŽÇÎÅŠÍÅÃÍÇÕÈÍÏÓÔŽËÅÚËÊ�ÍÅË

ÇÊÏ�ÍÊÃÇÈËÍÇÕÈÍËÈÒÅ ÈËÑÍÊÒÇÎÅŠÏÛÍ"ÃÍÑÅÓÍÙÅÍŠÅÇÍÕÊŠÙÌÈÍÈ+ÒÈŽÇÎÅŠÏÍÉÎÇÕÎŠÍÔÌÅÒ�ÏŸÍÇÕÈÍÅŠÌÑÍÊÒÇÎÅŠÍÊ ÊÎÌÊÔÌÈ

ÇÅÍÇÕÈÍÕÊŠÙÌÈËÏÍÎÏÍÇÅÍÏÕÓÇÍÙÅÉŠÍÇÕÈÍÇÊÏ�ÍÅËÍÏÓÔŽËÅÚËÊ�ÍÊÏÍŽËÈÏÒËÎÔÈÙÍÎŠÍGÓÎÙÈÌÎŠÈÍÄÛ0Û3Û

note

ÜÕÈÍÅŽÇÎ�ÊÌÍÏÎ’ÈÍÃÅËÍÇÕÈÍÏÈÒÇÎÅŠÏÍÅÃÍÒÅÙÈÍÑÅÓÍÒÕÅÅÏÈÍÇÅÍŽËÅÇÈÒÇÍÔÑÍÊÍÔÌÅÒ�ÍÊŠÙÍÎÇÏÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÎÏ

 ÈËÑÍ ÊŽŽÌÎÒÊÇÎÅŠ&ÙÈŽÈŠÙÈŠÇÛÍ ÜÅÅÍ Ï�ÊÌÌÍ ÊÍ ÚËÊŠÓÌÊËÎÇÑÍ ÃÅËÒÈÏÍ ÑÅÓÍ ÇÅÍ È+ŽÈŠÙÍ�ÓÒÕÍ�ÅËÈÍ ÈÃÃÅËÇÍ ÎŠ

ŽËÅÚËÊ��ÎŠÚÍÃÅËÍÊÔŠÅË�ÊÌÍÊÒÇÎÅŠÏÍÇÕÊŠÍÃÅËÍÇÕÈÍŠÅË�ÊÌÍÊÌÚÅËÎÇÕ�ÛÍÜÅÅÍÌÊËÚÈÍÊÍÚËÊŠÓÌÊËÎÇÑÍËÈÎŠÇËÅÙÓÒÈÏ

ÇÕÈÍŽËÅÔÌÈ�ÏÍÅÃÍÙÈÇÈË�ÎŠÎŠÚÍÉÕÊÇÍÉÈŠÇÍÉËÅŠÚÍÊŠÙÍÅÃÍËÈÏÓ�ÎŠÚÍŠÅË�ÊÌÍÃÌÅÉÛ

5.9 ERRONEOUS EXECUTION

*ŠÍ*ÙÊÍŽËÅÚËÊ�ÍÎÏ ÈËËÅŠÈÅÓÏ ÉÕÈŠÍÎÇÍ ÎÅÌÊÇÈÏÍÅËÍÈ+ÇÈŠÙÏÍÇÕÈÍËÓÌÈÏÍÅÃÍÇÕÈÍÌÊŠÚÓÊÚÈÍÚÅ ÈËŠÎŠÚÍŽËÅÚËÊ�

ÔÈÕÊ ÎÅËÛÍNÈÎÇÕÈËÍ ÒÅ�ŽÎÌÈËÏÍŠÅËÍ ËÓŠ&ÇÎ�ÈÍÈŠ ÎËÅŠ�ÈŠÇÏÍÊËÈÍÊÔÌÈÍ ÇÅÍÙÈÇÈÒÇÍÈËËÅŠÈÅÓÏÍÔÈÕÊ ÎÅËÍ ÎŠÍÊÌÌ

ÒÎËÒÓ�ÏÇÊŠÒÈÏÍÊŠÙÍÒÅŠÇÈ+ÇÏÛÍ*ÏÍÏÇÊÇÈÙÍÎŠÍÀÈÒÇÎÅŠÍ.Û2ÍÅÃÍDÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ,./033ŸÍ�ÜÕÈÍÈÃÃÈÒÇÏÍÅÃ

ÈËËÅŠÈÅÓÏÍÈ+ÈÒÓÇÎÅŠÍÊËÈÍÓŠŽËÈÙÎÒÇÊÔÌÈÛ�ÍÍ"ÃÍÇÕÈÍÒÅ�ŽÎÌÈËÍÙÅÈÏÍÙÈÇÈÒÇÍÊŠÍÎŠÏÇÊŠÒÈÍÅÃÍÊŠÍÈËËÅŠÈÅÓÏÍŽËÅÚËÊ�Ÿ

ÎÇÏÍÅŽÇÎÅŠÏÍÊËÈÍÇÅÍÎŠÙÎÒÊÇÈÍÊÍÒÅ�ŽÎÌÈÍÇÎ�ÈÍÈËËÅËŸÍÇÅÍÎŠÏÈËÇÍÇÕÈÍÒÅÙÈÍÇÅÍËÊÎÏÈÍÁÂÄÀÂÅÃÇÉÂÂÄÂŸÍŽÅÏÏÎÔÌÑÍÇÅÍÉËÎÇÈÍÊ

�ÈÏÏÊÚÈÍÇÅÍÇÕÊÇÍÈÃÃÈÒÇŸÍÅËÍÇÅÍÙÅÍŠÅÇÕÎŠÚÍÊÇÍÊÌÌÛ

!ËËÅŠÈÅÓÏŠÈÏÏÍÎÏÍŠÅÇÍÊÍÒÅŠÒÈŽÇÍÓŠÎ#ÓÈÍÇÅÍ*ÙÊÛÍÜÕÈÍÚÓÎÙÈÌÎŠÈÏÍÔÈÌÅÉÍÙÈÏÒËÎÔÈÍÅËÍÈ+ŽÌÊÎŠÍÇÕÈÍÏŽÈÒÎÃÎÒ

ÎŠÏÇÊŠÒÈÏÍÅÃÍÈËËÅŠÈÅÓÏŠÈÏÏÍÙÈÃÎŠÈÙÍÎŠÍÇÕÈÍ*ÙÊÍLÊŠÚÓÊÚÈÍRÈÃÈËÈŠÒÈÍMÊŠÓÊÌÛÍÍ*ÌÇÕÅÓÚÕÍ"ŠÒÅËËÈÒÇÍ$ËÙÈË

DÈŽÈŠÙÈŠÒÎÈÏÍÎÏÍŠÅÇŸÍÏÇËÎÒÇÌÑÍÏŽÈÊ�ÎŠÚŸÍÊÍÒÊÏÈÍÅÃÍÈËËÅŠÈÅÓÏÍÈ+ÈÒÓÇÎÅŠŸÍÇÕÈÍËÊÇÎÅŠÊÌÈÍÃÅËÍÊ ÅÎÙÎŠÚÍÏÓÒÕ

ÙÈŽÈŠÙÈŠÒÎÈÏÍÎÏÍÇÕÈÍÏÊ�ÈÛÍÍ(ÅŠÏÈ#ÓÈŠÇÌÑŸÍÇÕÈÍÚÓÎÙÈÌÎŠÈÍÎÏÍÎŠÒÌÓÙÈÙÍÎŠÍÇÕÎÏÍÏÈÒÇÎÅŠÛ

5.9.1 Unchecked Conversion

guideline

Ê UÏÈÍËÈÍÎÏÍÌÏÑÇÓÄÈÔÏÂÖÒÄÈÍÅŠÌÑÍÉÎÇÕÍÇÕÈÍÓÇ�ÅÏÇÍÒÊËÈÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./03ŸÍÕ.3Û.0Û23ÛÍ

Ê !ŠÏÓËÈÍÇÕÈÍ ÊÌÓÈÍËÈÏÓÌÇÎŠÚÍÃËÅ�ÍËÈÍÎÏÍÌÏÑÇÓÄÈÔÏÂÖÒÄÈÍÎÏÍÎŠÍËÊŠÚÈÛ

Ê "ÏÅÌÊÇÈÍÇÕÈÍÓÏÈÍÅÃÍËÈÍÎÏÍÌÏÑÇÓÄÈÔÏÂÖÒÄÈÍÎŠÍŽÊÒ�ÊÚÈÍÔÅÙÎÈÏÛ

example

ÜÕÈÍÃÅÌÌÅÉÎŠÚÍÈ+Ê�ŽÌÈÍ�ÊÑÍËÓŠÍÉÎÇÕÅÓÇÍÈ+ÒÈŽÇÎÅŠŸÍÙÈŽÈŠÙÎŠÚÍÅŠÍÇÕÈÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠ:

ŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠ

ÚÒÛÎÜËÈÍÎÏÍÌÏÑÇÓÄÈÔÏÂÖÒÄÈÙ

ÚÒÛÎÜŸÏŽÛÇ��Ù

�ÂÄÍÏÑ ÂÏÜŸÏÖÛÜÒÖ

ÜÜÜÛ!�ÏÜÓÄ"ÄÂÜÒÖÜ#$ÏÑ%Ü&Ï""ÄÚ%Ü’" Ï(Ù

ÜÜÜ) ÈÍÛÒÄÈÜ�ÈÛÏÀÏÂÇŸÄÇÓÄ"ÄÂÜÒÖ

ÜÜÜÜÜÜÈÏÚÜËÈÍÎÏÍÌÏÑÇÓÄÈÔÏÂÖÒÄÈÜ#*Ä ÂÍÏÜ+,Ü�ÈÛÏÀÏÂ%

ÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜÜŸÅÂÀÏÛÜ+,ÜÓÄ"ÄÂ(Ù

ÜÜÜ-ÇÓÄ"ÄÂÜ.ÜÓÄ"ÄÂÙ

ÜÜÜ/ÒÖÛÜÜÜÜ.ÜÅÂÂÅ!Ü#ÓÄ"ÄÂ(ÜÄ)Ü’ÄÄ"ÏÅÈÙ

ÜÜÜ1ÅÛÅÜ.Ü’ÄÄ"ÏÅÈÙ

4ÏÀÒÈÜÜŠŠÜŸÏÖÛ

ÜÜÜ-ÇÓÄ"ÄÂÜ.+Ü�ÈÛÏÀÏÂÇŸÄÇÓÄ"ÄÂ#56(Ù

ÜÜÜ1ÅÛÅÜÜÜÜ.+Ü/ÒÖÛ#-ÇÓÄ"ÄÂ(Ù

ÜÜÜŸÏŽÛÇ��7Á ÛÇ/ÒÈÏ#ÓÄ"ÄÂ8�ÃÅÀÏ#-ÇÓÄ"ÄÂ((Ù

ÏÈÑÜŸÏÖÛÙ

ŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠŠ



04ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

rationale

*ŠÍÓŠÒÕÈÒ�ÈÙÍÒÅŠ ÈËÏÎÅŠÍÎÏÍÊÍÔÎÇ&ÃÅË&ÔÎÇÍÒÅŽÑÍÉÎÇÕÅÓÇÍËÈÚÊËÙÍÇÅÍÇÕÈÍ�ÈÊŠÎŠÚÏÍÊÇÇÊÒÕÈÙÍÇÅÍÇÕÅÏÈÍÔÎÇÏÍÊŠÙ

ÔÎÇÍ ŽÅÏÎÇÎÅŠÏÍ ÔÑÍ ÈÎÇÕÈËÍ ÇÕÈÍ ÏÅÓËÒÈÍ ÅËÍ ÇÕÈÍÙÈÏÇÎŠÊÇÎÅŠÍ ÇÑŽÈÛÍÜÕÈÍ ÏÅÓËÒÈÍ ÔÎÇÍ ŽÊÇÇÈËŠÍ ÒÊŠÍ ÈÊÏÎÌÑÍ ÔÈ

�ÈÊŠÎŠÚÌÈÏÏÍÎŠÍÇÕÈÍÒÅŠÇÈ+ÇÍÅÃÍÇÕÈÍÙÈÏÇÎŠÊÇÎÅŠÍÇÑŽÈÛÍUŠÒÕÈÒ�ÈÙÍÒÅŠ ÈËÏÎÅŠÏÍÒÊŠÍÒËÈÊÇÈÍ ÊÌÓÈÏÍÇÕÊÇÍ ÎÅÌÊÇÈ

ÇÑŽÈÍÒÅŠÏÇËÊÎŠÇÏÍÅŠÍÏÓÔÏÈ#ÓÈŠÇÍÅŽÈËÊÇÎÅŠÏÛÍUŠÒÕÈÒ�ÈÙÍÒÅŠ ÈËÏÎÅŠÍÅÃÍÅÔÖÈÒÇÏÍ�ÎÏ�ÊÇÒÕÈÙÍÎŠÍÏÎ’ÈÍÕÊÏ

Î�ŽÌÈ�ÈŠÇÊÇÎÅŠ�ÙÈŽÈŠÙÈŠÇÍËÈÏÓÌÇÏÛ

5.9.2 Unchecked Deallocation

guideline

S "ÏÅÌÊÇÈÍÇÕÈÍÓÏÈÍÅÃÍÁÂÄÀÅÄÃÅÇÉÊÅËÈÈÍÄËÎÏÍÂÍÎŠÍŽÊÒ�ÊÚÈÍÔÅÙÎÈÏÛ

rationale

MÅÏÇÍÅÃÍÇÕÈÍËÈÊÏÅŠÏÍÃÅËÍÓÏÎŠÚÍÁÂÄÀÅÄÃÅÇÉÊÅËÈÈÍÄËÎÏÍÂÍÉÎÇÕÍÒÊÓÇÎÅŠÍÕÊ ÈÍÔÈÈŠÍÚÎ ÈŠÍÎŠÍGÓÎÙÈÌÎŠÈÍÄÛ4Û3Û

)ÕÈŠÍÇÕÎÏÍÃÈÊÇÓËÈÍÎÏÍÓÏÈÙŸÍÇÕÈËÈÍÎÏÍŠÅÍÒÕÈÒ�ÎŠÚÍÇÕÊÇÍÇÕÈËÈÍÎÏÍÅŠÌÑÍÅŠÈÍÊÒÒÈÏÏÍŽÊÇÕÍÇÅÍÇÕÈÍÏÇÅËÊÚÈÍÔÈÎŠÚ

ÙÈÊÌÌÅÒÊÇÈÙÛÍÜÕÓÏŸÍÊŠÑÍÅÇÕÈËÍÊÒÒÈÏÏÍŽÊÇÕÏÍÊËÈÍŠÅÇÍ�ÊÙÈÍÂÌÈÈÛÍDÈŽÈŠÙÎŠÚÍÅŠÍÏÓÒÕÍÊÍÒÕÈÒ�ÍÎÏÍÈËËÅŠÈÅÓÏÛ

5.9.3 Dependence on Parameter Passing Mechanism

guideline

S DÅÍŠÅÇÍÉËÎÇÈÍÒÅÙÈÍÉÕÅÏÈÍÒÅËËÈÒÇÍÈ+ÈÒÓÇÎÅŠÍÙÈŽÈŠÙÏÍÅŠÍÇÕÈÍŽÊËÇÎÒÓÌÊËÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�

ÓÏÈÙÍÔÑÍÊŠÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./03ÍÊŠÙÍ(ÅÕÈŠÍ./023Û

example

ÜÕÈÍÅÓÇŽÓÇÍÅÃÍÇÕÎÏÍŽËÅÚËÊ�ÍÙÈŽÈŠÙÏÍÅŠÍÇÕÈÍŽÊËÇÎÒÓÌÊËÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�ÍÇÕÊÇÍÉÊÏÍÓÏÈÙ:

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

ÓÏÎÀÔÖÅÒÎÉÕŠÚ

ÛÜÍÄÅÇÌÜÅÔŠÌÎÅÜÔÏÙ

ÔÔÔÎŸÛÅÔŽÍÍÜÇÏÂËÎÅÙÔÏÙ

ÔÔÔÔÔÔÜÅÄÍÜÇ

ÔÔÔÔÔÔÔÔÔ�Ô�ÔÕÂÎÅ�ÅÜÔ� Ô!Ú

ÔÔÔÔÔÔÔÔÔ"Ô�ÔÕÂÎÅ�ÅÜÔ� Ô!Ú

ÔÔÔÔÔÔÅÂÇÔÜÅÄÍÜÇÚ

ÔÔÔŠÌÎÅÜÉ#ÍÏÂÎÔ�ÔŽÍÍÜÇÏÂËÎÅÙÚ

ÔÔÔÛËÄÃË�ÅÔÕÂÎÅ�ÅÜÉÕŠÔÏÙ

ÔÔÔÔÔÔÂÅÓÔÖÅÒÎÉÕŠ$ÕÂÎÅ�ÅÜÉÕŠÔ%&Ì’Ô (ÔÕÂÎÅ�ÅÜ)Ú

ÔÔÔÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

ÔÔÔÛÜÍÄÅÇÌÜÅÔÕÂÂÅÜÔ%ÕÂÂÅÜÉ#ÍÏÂÎÔ�ÔÏÂÔÍÌÎÔŽÍÍÜÇÏÂËÎÅÙ)ÔÏÙ

ÔÔÔ*Å�ÏÂ

ÔÔÔÔÔÔÕÂÂÅÜÉ#ÍÏÂÎ$�Ô� Ô+Ú

ÔÔÔÔÔÔÑÑÔÖÀÅÔ,ÍÈÈÍÓÏÂ�ÔÈÏÂÅÔÄËÌÙÅÙÔÎÀÅÔÍÌÎÛÌÎÔÍ,ÔÎÀÅÔÛÜÍ�ÜË’ÔÎÍ

ÔÔÔÔÔÔÑÑÔÇÅÛÅÂÇÔÍÂÔÎÀÅÔÛËÜË’ÅÎÅÜÔÛËÙÙÏÂ�Ô’ÅÄÀËÂÏÙ’$

ÔÔÔÔÔÔÕÂÎÅ�ÅÜÉÕŠ$#ÌÎ%ŠÌÎÅÜÉ#ÍÏÂÎ$�)Ú

ÔÔÔÅÂÇÔÕÂÂÅÜÚ

ÔÔÔÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

*Å�ÏÂÔÔÑÑÔŠÌÎÅÜ

ÔÔÔÕÂÎÅ�ÅÜÉÕŠ$#ÌÎ%ŠÌÎÅÜÉ#ÍÏÂÎ$�)Ú

ÔÔÔÕÂÂÅÜÔÔÔÔÔÔÔÔÔ%ŠÌÎÅÜÉ#ÍÏÂÎ)Ú

ÔÔÔÕÂÎÅ�ÅÜÉÕŠ$#ÌÎ%ŠÌÎÅÜÉ#ÍÏÂÎ$�)Ú

ÅÂÇÔŠÌÎÅÜÚ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

"ÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�ÍÎÏÍÔÑÍÒÅŽÑŸÍÇÕÈÍËÈÏÓÌÇÏÍÅŠÍÇÕÈÍÏÇÊŠÙÊËÙÍÅÓÇŽÓÇÍÃÎÌÈÍÊËÈ:

!Ô!Ô+

"ÃÍÇÕÈÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�ÍÎÏÍÔÑÍËÈÃÈËÈŠÒÈŸÍÇÕÈÍËÈÏÓÌÇÏÍÊËÈ:

!Ô+Ô+



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ0Ä

rationale

ÜÕÈÍÌÊŠÚÓÊÚÈÍÙÈÃÎŠÎÇÎÅŠÍÏŽÈÒÎÃÎÈÏÍÇÕÊÇÍÊÍŽÊËÊ�ÈÇÈËÍÉÕÅÏÈÍÇÑŽÈÍÎÏÍÊŠÍÊËËÊÑŸÍËÈÒÅËÙŸÍÅËÍÇÊÏ�ÍÇÑŽÈÍÒÊŠÍÔÈ

ŽÊÏÏÈÙÍÔÑÍÒÅŽÑÍÅËÍËÈÃÈËÈŠÒÈÛÍ"ÇÍÎÏÍÈËËÅŠÈÅÓÏÍÇÅÍÊÏÏÓ�ÈÍÇÕÊÇÍÈÎÇÕÈËÍ�ÈÒÕÊŠÎÏ�ÍÎÏÍÓÏÈÙÍÎŠÍÊÍŽÊËÇÎÒÓÌÊËÍÒÊÏÈÛ

exceptions

FËÈ#ÓÈŠÇÌÑŸÍÉÕÈŠÍÎŠÇÈËÃÊÒÎŠÚÍ*ÙÊÍÇÅÍÃÅËÈÎÚŠÍÒÅÙÈŸÍÙÈŽÈŠÙÈŠÒÈÍÅŠÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�ÏÍÓÏÈÙ

ÔÑÍÊÍŽÊËÇÎÒÓÌÊËÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÍÎÏÍÓŠÊ ÅÎÙÊÔÌÈÛÍ"ŠÍÇÕÎÏÍÒÊÏÈŸÍÎÏÅÌÊÇÈÍÇÕÈÍÒÊÌÌÏÍÇÅÍÇÕÈÍÃÅËÈÎÚŠÍÒÅÙÈÍÎŠÍÊŠ

ÎŠÇÈËÃÊÒÈÍŽÊÒ�ÊÚÈÍÇÕÊÇÍÈ+ŽÅËÇÏÍÅŽÈËÊÇÎÅŠÏÍÇÕÊÇÍÙÅÍŠÅÇÍÙÈŽÈŠÙÍÅŠÍÇÕÈÍŽÊËÊ�ÈÇÈË&ŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�Û

5.9.4 Multiple Address Clauses

guideline

S UÏÈÍÊÙÙËÈÏÏÍÒÌÊÓÏÈÏÍÇÅÍ�ÊŽÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÈŠÇËÎÈÏÍÇÅÍÇÕÈÍÕÊËÙÉÊËÈÍÙÈ ÎÒÈÍÅËÍ�È�ÅËÑŸÍŠÅÇÍÇÅÍ�ÅÙÈÌ

ÇÕÈÍF$RÜR*NÍ�È#ÓÎ ÊÌÈŠÒÈ�ÍÃÈÊÇÓËÈÛ

example

ÁÂÄÀÅÃÇÉÊÊËÃÈÈÍÎÍÏÌÄÈÑÓÄÑÍÔÔÔ

ÖÄÑÃËËÒÕÑÇŠÃÏÑÌËÇÚÓÛÅÃÍÎÍÜÓËÊÙÓËÃÇÉËËÓŸŽ

�ÌËÍÖÄÑÃËËÒÕÑÇŠÃÏÑÌËÇÚÓÛÅÃÍÒÈÃÍÓÑÍÁÂÄÀÅÃÇÉÊÊËÃÈÈŽ

rationale

ÜÕÈÍËÈÏÓÌÇÍÅÃÍÏŽÈÒÎÃÑÎŠÚÍÊÍÏÎŠÚÌÈÍÊÙÙËÈÏÏÍÃÅËÍ�ÓÌÇÎŽÌÈÍÅÔÖÈÒÇÏÍÅËÍŽËÅÚËÊ�ÍÓŠÎÇÏÍÎÏÍÓŠÙÈÃÎŠÈÙŸÍÊÏÍÎÏ

ÏŽÈÒÎÃÑÎŠÚÍ�ÓÌÇÎŽÌÈÍÊÙÙËÈÏÏÈÏÍÃÅËÍÊÍÏÎŠÚÌÈÍÅÔÖÈÒÇÍÅËÍŽËÅÚËÊ�ÍÓŠÎÇÛÍÀŽÈÒÎÃÑÎŠÚÍ�ÓÌÇÎŽÌÈÍÊÙÙËÈÏÏÍÒÌÊÓÏÈÏÍÃÅË

ÊŠÍÎŠÇÈËËÓŽÇÍÈŠÇËÑÍÎÏÍÊÌÏÅÍÓŠÙÈÃÎŠÈÙÛÍ"ÇÍÙÅÈÏÍŠÅÇÍŠÈÒÈÏÏÊËÎÌÑÍÅ ÈËÌÊÑÍÅÔÖÈÒÇÏÍÅËÍŽËÅÚËÊ�ÍÓŠÎÇÏŸÍÅËÍÊÏÏÅÒÎÊÇÈ

ÊÍÏÎŠÚÌÈÍÈŠÇËÑÍÉÎÇÕÍ�ÅËÈÍÇÕÊŠÍÅŠÈÍÎŠÇÈËËÓŽÇÛ

5.9.5 Suppression of Exception Check

guideline

S DÅÍŠÅÇÍÏÓŽŽËÈÏÏÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÏÍÙÓËÎŠÚÍÙÈ ÈÌÅŽ�ÈŠÇÛ

S MÎŠÎ�Î’ÈÍÏÓŽŽËÈÏÏÎÅŠÍÅÃÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÏÍÙÓËÎŠÚÍÅŽÈËÊÇÎÅŠÛ

S "ÃÍŠÈÒÈÏÏÊËÑŸÍÎŠÇËÅÙÓÒÈÍÔÌÅÒ�ÏÍÇÕÊÇÍÈŠÒÅ�ŽÊÏÏÍÇÕÈÍÏ�ÊÌÌÈÏÇÍËÊŠÚÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÇÕÊÇÍÒÊŠÍÏÊÃÈÌÑÍÕÊ È

È+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÎŠÚÍËÈ�Å ÈÙÛ

rationale

"ÃÍÑÅÓÍÙÎÏÊÔÌÈÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÏÍÊŠÙÍŽËÅÚËÊ�ÍÈ+ÈÒÓÇÎÅŠÍËÈÏÓÌÇÏÍÎŠÍÊÍÒÅŠÙÎÇÎÅŠÍÎŠÍÉÕÎÒÕÍÊŠÍÈ+ÒÈŽÇÎÅŠ

ÉÅÓÌÙÍÅÇÕÈËÉÎÏÈÍÅÒÒÓËŸÍÇÕÈÍŽËÅÚËÊ�ÍÈ+ÈÒÓÇÎÅŠÍÎÏÍÈËËÅŠÈÅÓÏÛÍÜÕÈÍËÈÏÓÌÇÏÍÊËÈÍÓŠŽËÈÙÎÒÇÊÔÌÈÛÍFÓËÇÕÈËŸÍÑÅÓ

�ÓÏÇÍÏÇÎÌÌÍÔÈÍŽËÈŽÊËÈÙÍÇÅÍÙÈÊÌÍÉÎÇÕÍÇÕÈÍÏÓŽŽËÈÏÏÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÎÃÍÇÕÈÑÍÊËÈÍËÊÎÏÈÙÍÎŠÍÊŠÙÍŽËÅŽÊÚÊÇÈÙÍÃËÅ�

ÇÕÈÍÔÅÙÎÈÏÍÅÃÍÏÓÔŽËÅÚËÊ�ÏŸÍÇÊÏ�ÏŸÍÊŠÙÍŽÊÒ�ÊÚÈÏÍÑÅÓÍÒÊÌÌÛ

-ÑÍ�ÎŠÎ�Î’ÎŠÚÍÇÕÈÍÒÅÙÈÍÉÕÎÒÕÍÕÊÏÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÎŠÚÍËÈ�Å ÈÙŸÍÑÅÓÍÎŠÒËÈÊÏÈÍÇÕÈÍËÈÌÎÊÔÎÌÎÇÑÍÅÃÍÇÕÈ

ŽËÅÚËÊ�ÛÍÍÜÕÈËÈÍÎÏÍÊÍËÓÌÈÍÅÃÍÇÕÓ�ÔÍÉÕÎÒÕÍÏÓÚÚÈÏÇÏÍÇÕÊÇÍ20ÍŽÈËÒÈŠÇÍÅÃÍÇÕÈÍÒÅÙÈÍÎÏÍËÈÏŽÅŠÏÎÔÌÈÍÃÅËÍ00

ŽÈËÒÈŠÇÍÅÃÍÇÕÈÍ(%UÍÇÎ�ÈÛÍÍÀÅÍÅŠÒÈÍÑÅÓÍÕÊ ÈÍÎÙÈŠÇÎÃÎÈÙÍÇÕÈÍÒÅÙÈÍÇÕÊÇÍÊÒÇÓÊÌÌÑÍŠÈÈÙÏÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÎŠÚ

ËÈ�Å ÈÙŸÍÎÇÍÎÏÍÉÎÏÈÍÇÅÍÎÏÅÌÊÇÈÍÎÇÍÎŠÍÊÍÔÌÅÒ�Í,ÉÎÇÕÍÊŽŽËÅŽËÎÊÇÈÍÒÅ��ÈŠÇÏ3ÍÊŠÙÍÌÈÊ ÈÍÇÕÈÍÏÓËËÅÓŠÙÎŠÚÍÒÅÙÈ

ÉÎÇÕÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÎŠÚÍÎŠÍÈÃÃÈÒÇÛ

5.9.6 Initialization

guideline

S "ŠÎÇÎÊÌÎ’ÈÍÊÌÌÍÅÔÖÈÒÇÏÍŽËÎÅËÍÇÅÍÓÏÈÛ

S !ŠÏÓËÈÍÈÌÊÔÅËÊÇÎÅŠÍÅÃÍÊŠÍÈŠÇÎÇÑÍÔÈÃÅËÈÍÓÏÎŠÚÍÎÇÛ

S UÏÈÍÃÓŠÒÇÎÅŠÍÒÊÌÌÏÍÎŠÍÙÈÒÌÊËÊÇÎÅŠÏÍÒÊÓÇÎÅÓÏÌÑÛ

example

������������������������������������������������������������������������

ÕÓÏ�ÓÀÃÍ�ÌÛÌÑÇ ÌÄÑËÌÅÅÃËÍÂÈ
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   ...

   function Sense return Position;

   ...

end Robot_Controller;

------------------------------------------------------------------------

package body Robot_Controller is

   ...

   Goal : Position := Sense;       -- This raises Program_Error

   ...

   ---------------------------------------------------------------------

   function Sense return Position is

   begin

      ...

   end Sense;

   ---------------------------------------------------------------------

begin  -- Robot_Controller

   Goal := Sense;                  -- The function has been elaborated.

   ...

end Robot_Controller;

------------------------------------------------------------------------

rationale

*ÙÊÍÙÅÈÏÍŠÅÇÍÙÈÃÎŠÈÍÊŠÍÎŠÎÇÎÊÌÍÙÈÃÊÓÌÇÍ ÊÌÓÈÍÃÅËÍÅÔÖÈÒÇÏÍÅÃÍÊŠÑÍÇÑŽÈÍÅÇÕÈËÍÇÕÊŠÍÊÒÒÈÏÏÍÇÑŽÈÏÛÍUÏÎŠÚÍÇÕÈ

 ÊÌÓÈÍÅÃÍÊŠÍÅÔÖÈÒÇÍÔÈÃÅËÈÍÎÇÍÕÊÏÍÔÈÈŠÍÊÏÏÎÚŠÈÙÍÊÍ ÊÌÓÈÍÒÊÓÏÈÏÍÓŠŽËÈÙÎÒÇÊÔÌÈÍÔÈÕÊ ÎÅËŸÍŽÅÏÏÎÔÌÑÍËÊÎÏÎŠÚÍÊŠ

È+ÒÈŽÇÎÅŠÛÍ$ÔÖÈÒÇÏÍÒÊŠÍÔÈÍÎŠÎÇÎÊÌÎ’ÈÙÍÎ�ŽÌÎÒÎÇÌÑÍÔÑÍÙÈÒÌÊËÊÇÎÅŠÍÅËÍÈ+ŽÌÎÒÎÇÌÑÍÔÑÍÊÏÏÎÚŠ�ÈŠÇÍÏÇÊÇÈ�ÈŠÇÏÛ

"ŠÎÇÎÊÌÎ’ÊÇÎÅŠÍÊÇÍÇÕÈÍŽÅÎŠÇÍÅÃÍÙÈÒÌÊËÊÇÎÅŠÍÎÏÍÏÊÃÈÏÇÍÊÏÍÉÈÌÌÍÊÏÍÈÊÏÎÈÏÇÍÃÅËÍ�ÊÎŠÇÊÎŠÈËÏÛÍYÅÓÍÒÊŠÍÊÌÏÅÍÏŽÈÒÎÃÑ

ÙÈÃÊÓÌÇÍ ÊÌÓÈÏÍÃÅËÍÒÅ�ŽÅŠÈŠÇÏÍÅÃÍËÈÒÅËÙÏÍÊÏÍŽÊËÇÍÅÃÍÇÕÈÍÇÑŽÈÍÙÈÒÌÊËÊÇÎÅŠÏÍÃÅËÍÇÕÅÏÈÍËÈÒÅËÙÏÛ

!ŠÏÓËÎŠÚÍÎŠÎÇÎÊÌÎ’ÊÇÎÅŠÍÙÅÈÏÍŠÅÇÍÎ�ŽÌÑÍÎŠÎÇÎÊÌÎ’ÊÇÎÅŠÍÊÇÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠÛÍ"ŠÍÇÕÈÍÈ+Ê�ŽÌÈÍÊÔÅ ÈŸÍGoalÍ�ÓÏÇ

ÔÈÍÎŠÎÇÎÊÌÎ’ÈÙÍ ÎÊÍÊÍÃÓŠÒÇÎÅŠÍÒÊÌÌÛÍÜÕÎÏÍÒÊŠŠÅÇÍÅÒÒÓËÍÊÇÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠŸÍÔÈÒÊÓÏÈÍÇÕÈÍÃÓŠÒÇÎÅŠÍSenseÍÕÊÏÍŠÅÇ

ÑÈÇÍÔÈÈŠÍÈÌÊÔÅËÊÇÈÙŸÍÔÓÇÍÒÊŠÍÅÒÒÓËÍÌÊÇÈËÍÊÏÍŽÊËÇÍÅÃÍÇÕÈÍÏÈ#ÓÈŠÒÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÅÃÍÇÕÈÍÔÅÙÑÍÅÃÍÇÕÈ

ÈŠÒÌÅÏÎŠÚÍŽÊÒ�ÊÚÈÛ

*ŠÍ ÓŠÈÌÊÔÅËÊÇÈÙÍ ÃÓŠÒÇÎÅŠÍ ÒÊÌÌÈÙÍ ÉÎÇÕÎŠÍ ÊÍ ÙÈÒÌÊËÊÇÎÅŠÍ ,ÎŠÎÇÎÊÌÎ’ÊÇÎÅŠ3Í ËÊÎÏÈÏÍ ÇÕÈÍ È+ÒÈŽÇÎÅŠŸ

Program_ErrorŸÍÇÕÊÇÍ�ÓÏÇÍÔÈÍÕÊŠÙÌÈÙÍÅÓÇÏÎÙÈÍÅÃÍÇÕÈÍÓŠÎÇÍÒÅŠÇÊÎŠÎŠÚÍÇÕÈÍÙÈÒÌÊËÊÇÎÅŠÏÛÍÜÕÎÏÍÎÏÍÇËÓÈÍÃÅËÍÊŠÑ

È+ÒÈŽÇÎÅŠÍÇÕÈÍÃÓŠÒÇÎÅŠÍËÊÎÏÈÏÍÈ ÈŠÍÎÃÍÎÇÍÕÊÏÍÔÈÈŠÍÈÌÊÔÅËÊÇÈÙÛ

"ÃÍÊŠÍÈ+ÒÈŽÇÎÅŠÍÎÏÍËÊÎÏÈÙÍÔÑÍÊÍÃÓŠÒÇÎÅŠÍÒÊÌÌÍÎŠÍÊÍÙÈÒÌÊËÊÇÎÅŠŸÍÎÇÍÎÏÍŠÅÇÍÕÊŠÙÌÈÙÍÎŠÍÇÕÊÇÍÎ��ÈÙÎÊÇÈÍÏÒÅŽÈÛÍ"ÇÍÎÏ

ËÊÎÏÈÙÍÇÅÍÇÕÈÍÈŠÒÌÅÏÎŠÚÍÏÒÅŽÈÛÍÜÕÎÏÍÒÊŠÍÔÈÍÒÅŠÇËÅÌÌÈÙÍÔÑÍŠÈÏÇÎŠÚÍÔÌÅÒ�ÏÛ

note

ÀÅ�ÈÇÎ�ÈÏŸÍÈÌÊÔÅËÊÇÎÅŠÍÅËÙÈËÍÒÊŠÍÔÈÍÙÎÒÇÊÇÈÙÍÉÎÇÕÍŽËÊÚ�ÊÍElaborateÛÍ%ËÊÚ�ÊÍElaborate ÅŠÌÑÍÊŽŽÌÎÈÏÍÇÅ

ÌÎÔËÊËÑÍÓŠÎÇÏÛÍ

5.9.7 Direct_IO and Sequential_IO

guideline

Á !ŠÏÓËÈÍÇÕÊÇÍ ÊÌÓÈÏÍÅÔÇÊÎŠÈÙÍÃËÅ�ÍDirect_IOÍÊŠÙÍSequential_IOÍÊËÈÍÎŠÍËÊŠÚÈÛ

rationale

*ÏÍÉÎÇÕÍUnchecked_ConversionŸÍÇÕÈËÈÍÎÏÍŠÅÍÒÕÈÒ�ÍÅŠÍÇÕÈÍ ÊÌÓÈÍÅÔÇÊÎŠÈÙÍÃËÅ�ÍÇÕÈÍËÈÊÙÍÅŽÈËÊÇÎÅŠÏÍÃÅÓŠÙ

ÎŠÍDirect_IOÍÊŠÙÍSequential_IOÛÍÍÀÈÈÍGÓÎÙÈÌÎŠÈÍÄÛ/Û.ÍÃÅËÍÊŠÍÈ+Ê�ŽÌÈÛ

note

"ÇÍÎÏÍÏÅ�ÈÇÎ�ÈÏÍÙÎÃÃÎÒÓÌÇÍÇÅÍÃÅËÒÈÍÊŠÍÅŽÇÎ�Î’ÎŠÚÍÒÅ�ŽÎÌÈËÍÇÅÍŽÈËÃÅË�ÍÇÕÈÍŠÈÒÈÏÏÊËÑÍÒÕÈÒ�ÏÍÅŠÍÊÍ ÊÌÓÈÍÇÕÊÇ

ÇÕÈÍÒÅ�ŽÎÌÈËÍÔÈÌÎÈ ÈÏÍÎÏÍÎŠÍËÊŠÚÈÛÍÍMÅÏÇÍÒÅ�ŽÎÌÈËÍ ÈŠÙÅËÏÍÊÌÌÅÉÍÇÕÈÍÅŽÇÎÅŠÍÅÃÍÏÓŽŽËÈÏÏÎŠÚÍÅŽÇÎ�Î’ÊÇÎÅŠ

ÉÕÎÒÕÍÒÊŠÍÔÈÍÕÈÌŽÃÓÌÛ
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5.9.8 Incorrect Order Dependencies

guideline

S * ÅÎÙÍÙÈŽÈŠÙÎŠÚÍÅŠÍÇÕÈÍÅËÙÈËÍÎŠÍÉÕÎÒÕÍÒÈËÇÊÎŠÍÒÅŠÏÇËÓÒÇÏÍÎŠÍ*ÙÊÍÊËÈÍÈ ÊÌÓÊÇÈÙÍ,ÏÈÈÍDÈŽÊËÇ�ÈŠÇÍÅÃ

DÈÃÈŠÏÈÍ./03ŸÍ"-.13Û

rationale

*ÏÍÏÇÊÇÈÙÍÎŠÍÇÕÈÍ*ÙÊÍLÊŠÚÓÊÚÈÍRÈÃÈËÈŠÒÈÍMÊŠÓÊÌŸÍÊŠÍÎŠÒÅËËÈÒÇÍÅËÙÈËÍÙÈŽÈŠÙÈŠÒÑÍ�ÊÑÍÊËÎÏÈÍÉÕÈŠÈ ÈË

�ÛÍÛÍÛÍÙÎÃÃÈËÈŠÇÍŽÊËÇÏÍÅÃÍÊÍÚÎ ÈŠÍÒÅŠÏÇËÓÒÇÍÊËÈÍÇÅÍÔÈÍÈ+ÈÒÓÇÈÙÍÎŠÍÏÅ�ÈÍÅËÙÈËÍÇÕÊÇÍÎÏÍŠÅÇÍÙÈÃÎŠÈÙÍÔÑÍÇÕÈ

ÌÊŠÚÓÊÚÈÛÍÛÍÛÍÛÍÍÜÕÈÍÒÅŠÏÇËÓÒÇÍÎÏÍÎŠÒÅËËÈÒÇÍÎÃÍÈ+ÈÒÓÇÎÅŠÍÅÃÍÇÕÈÏÈÍŽÊËÇÏÍÎŠÍÊÍÙÎÃÃÈËÈŠÇÍÅËÙÈËÍÉÅÓÌÙÍÕÊ ÈÍÊ

ÙÎÃÃÈËÈŠÇÍÈÃÃÈÒÇÛ�ÍÍ,DÈŽÊËÇ�ÈŠÇÍÅÃÍDÈÃÈŠÏÈÍ./03ŸÍw.Û23Û

)ÕÎÌÈÍ ÊŠÍ ÎŠÒÅËËÈÒÇÍ ÅËÙÈËÍ ÙÈŽÈŠÙÈŠÒÑÍ �ÊÑÍ ŠÅÇÍ ÊÙ ÈËÏÈÌÑÍ ÊÃÃÈÒÇÍ ÇÕÈÍ ŽËÅÚËÊ�Í ÅŠÍ ÊÍ ÒÈËÇÊÎŠ

Î�ŽÌÈ�ÈŠÇÊÇÎÅŠŸÍ ÇÕÈÍ ÒÅÙÈÍ�ÎÚÕÇÍ ŠÅÇÍ È+ÈÒÓÇÈÍ ÒÅËËÈÒÇÌÑÍ ÉÕÈŠÍ ÎÇÍ ÎÏÍ ŽÅËÇÈÙÛÍ* ÅÎÙÍ ÎŠÒÅËËÈÒÇÍ ÅËÙÈË

ÙÈŽÈŠÙÈŠÒÎÈÏŸÍÔÓÇÍÊÌÏÅÍËÈÒÅÚŠÎ’ÈÍÇÕÊÇÍÈ ÈŠÍÊŠÍÓŠÎŠÇÈŠÇÎÅŠÊÌÍÈËËÅËÍÅÃÍÇÕÎÏÍ�ÎŠÙÍÒÅÓÌÙÍŽËÅÕÎÔÎÇÍŽÅËÇÊÔÎÌÎÇÑÛ

5.10 SUMMARY

optional parts of the syntax

S *ÏÏÅÒÎÊÇÈÍŠÊ�ÈÏÍÉÎÇÕÍÌÅÅŽÏÍÉÕÈŠÍÇÕÈÑÍÊËÈÍŠÈÏÇÈÙÛ

S *ÏÏÅÒÎÊÇÈÍŠÊ�ÈÏÍÉÎÇÕÍÔÌÅÒ�ÏÍÉÕÈŠÍÇÕÈÑÍÊËÈÍŠÈÏÇÈÙÛ

S UÏÈÍÌÅÅŽÍŠÊ�ÈÏÍÅŠÍÊÌÌÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÃËÅ�ÍŠÈÏÇÈÙÍÌÅÅŽÏÛ

S "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍŽÊÒ�ÊÚÈÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÊŠÙÍÔÅÙÑÛ

S "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍÇÊÏ�ÍÏŽÈÒÎÃÎÒÊÇÎÅŠÍÊŠÙÍÔÅÙÑÛ

S "ŠÒÌÓÙÈÍÇÕÈÍÏÎ�ŽÌÈÍŠÊ�ÈÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊŠÍÊÒÒÈŽÇÍÏÇÊÇÈ�ÈŠÇÛ

S "ŠÒÌÓÙÈÍÇÕÈÍÙÈÏÎÚŠÊÇÅËÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÊÍÏÓÔŽËÅÚËÊ�ÍÔÅÙÑÛÍ

parameter lists

S NÊ�ÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÍÙÈÏÒËÎŽÇÎ ÈÌÑÍÇÅÍËÈÙÓÒÈÍÇÕÈÍŠÈÈÙÍÃÅËÍÒÅ��ÈŠÇÏÛ

S UÏÈÍŠÊ�ÈÙÍŽÊËÊ�ÈÇÈËÍÊÏÏÅÒÎÊÇÎÅŠÍÎŠÍÒÊÌÌÏÍÅÃÍÎŠÃËÈ#ÓÈŠÇÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÅËÍÈŠÇËÎÈÏÍÉÎÇÕÍ�ÊŠÑ

ÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÏÛ

S UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÉÕÈŠÍÎŠÏÇÊŠÇÎÊÇÎŠÚÍÚÈŠÈËÎÒÏÛ

S UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÃÅËÍÒÌÊËÎÃÎÒÊÇÎÅŠÍÉÕÈŠÍÇÕÈÍÊÒÇÓÊÌÍŽÊËÊ�ÈÇÈËÍÎÏÍÊŠÑÍÌÎÇÈËÊÌÍÅËÍÈ+ŽËÈÏÏÎÅŠÛ

S UÏÈÍŠÊ�ÈÙÍÊÏÏÅÒÎÊÇÎÅŠÍÉÕÈŠÍÏÓŽŽÌÑÎŠÚÍÊÍŠÅŠÙÈÃÊÓÌÇÍ ÊÌÓÈÍÇÅÍÊŠÍÅŽÇÎÅŠÊÌÍŽÊËÊ�ÈÇÈËÛ

S %ËÅ ÎÙÈÍÙÈÃÊÓÌÇÍŽÊËÊ�ÈÇÈËÏÍÇÅÍÊÌÌÅÉÍÃÅËÍÅÒÒÊÏÎÅŠÊÌŸÍÏŽÈÒÎÊÌÍÓÏÈÍÅÃÍÉÎÙÈÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÅË

ÈŠÇËÎÈÏÛ

S %ÌÊÒÈÍÙÈÃÊÓÌÇÍŽÊËÊ�ÈÇÈËÏÍÊÇÍÇÕÈÍÈŠÙÍÅÃÍÇÕÈÍÃÅË�ÊÌÍŽÊËÊ�ÈÇÈËÍÌÎÏÇÛ

S (ÅŠÏÎÙÈËÍŽËÅ ÎÙÎŠÚÍÙÈÃÊÓÌÇÍ ÊÌÓÈÏÍÇÅÍŠÈÉÍŽÊËÊ�ÈÇÈËÏÍÊÙÙÈÙÍÇÅÍÊŠÍÈ+ÎÏÇÎŠÚÍÏÓÔŽËÅÚËÊ�Û

S ÀÕÅÉÍÇÕÈÍ�ÅÙÈÍÎŠÙÎÒÊÇÎÅŠÍÅÃÍÊÌÌÍŽËÅÒÈÙÓËÈÍÊŠÙÍÈŠÇËÑÍŽÊËÊ�ÈÇÈËÏÛ

S UÏÈÍÁÂÄÀÅÃÍÅŠÌÑÍÉÕÈŠÍÇÕÈÍŽÊËÊ�ÈÇÈËÍÎÏÍÔÅÇÕÍËÈÊÙÍÃËÅ�ÍÊŠÙÍÓŽÙÊÇÈÙÛ

types

S UÏÈÍÈ+ÎÏÇÎŠÚÍÇÑŽÈÏÍÊÏÍÔÓÎÌÙÎŠÚÍÔÌÅÒ�ÏÍÔÑÍÙÈËÎ ÎŠÚÍŠÈÉÍÇÑŽÈÏÍÃËÅ�ÍÇÕÈ�Û

S UÏÈÍËÊŠÚÈÍÒÅŠÏÇËÊÎŠÇÏÍÅŠÍÏÓÔÇÑŽÈÏÛ

S DÈÃÎŠÈÍŠÈÉÍÇÑŽÈÏŸÍÈÏŽÈÒÎÊÌÌÑÍÙÈËÎ ÈÙÍÇÑŽÈÏŸÍÇÅÍÎŠÒÌÓÙÈÍÇÕÈÍÌÊËÚÈÏÇÍÏÈÇÍÅÃÍŽÅÏÏÎÔÌÈÍ ÊÌÓÈÏŸÍÎŠÒÌÓÙÎŠÚ

ÔÅÓŠÙÊËÑÍ ÊÌÓÈÏÛ

S (ÅŠÏÇËÊÎŠÍÇÕÈÍËÊŠÚÈÏÍÅÃÍÙÈËÎ ÈÙÍÇÑŽÈÏÍÉÎÇÕÍÏÓÔÇÑŽÈÏŸÍÈ+ÒÌÓÙÎŠÚÍÔÅÓŠÙÊËÑÍ ÊÌÓÈÏÛ

S * ÅÎÙÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÏÛ

S UÏÈÍÊŠÅŠÑ�ÅÓÏÍÇÑŽÈÏÍÃÅËÍÊËËÊÑÍ ÊËÎÊÔÌÈÏÍÉÕÈŠÍŠÅÍÏÓÎÇÊÔÌÈÍÇÑŽÈÍÈ+ÎÏÇÏÍÊŠÙÍÇÕÈÍÊËËÊÑÍÉÎÌÌÍŠÅÇÍÔÈ

ËÈÃÈËÈŠÒÈÙÍÊÏÍÊÍÉÕÅÌÈÛ



00ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

SÍ UÏÈÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÎŠÍŽËÈÃÈËÈŠÒÈÍÇÅÍŽËÎ ÊÇÈÍÇÑŽÈÏÛÍ

S UÏÈÍŽËÎ ÊÇÈÍÇÑŽÈÏÍÎŠÍŽËÈÃÈËÈŠÒÈÍÇÅÍŠÅŠŽËÎ ÊÇÈÍÇÑŽÈÏÛ

S !+ŽÌÎÒÎÇÌÑÍÈ+ŽÅËÇÍŠÈÈÙÈÙÍÅŽÈËÊÇÎÅŠÏÍËÊÇÕÈËÍÇÕÊŠÍÈÊÏÎŠÚÍËÈÏÇËÎÒÇÎÅŠÏÛ

data structures

S UÏÈÍËÈÒÅËÙÏÍÇÅÍÚËÅÓŽÍÕÈÇÈËÅÚÈŠÈÅÓÏÍÔÓÇÍËÈÌÊÇÈÙÍÙÊÇÊÛ

S (ÅŠÏÎÙÈËÍËÈÒÅËÙÏÍÇÅÍ�ÊŽÍÇÅÍ"/$ÍÙÈ ÎÒÈÍÙÊÇÊÛ

S RÈÒÅËÙÍÏÇËÓÒÇÓËÈÏÍÏÕÅÓÌÙÍŠÅÇÍÊÌÉÊÑÏÍÔÈÍÃÌÊÇÛÍFÊÒÇÅËÍÅÓÇÍÒÅ��ÅŠÍŽÊËÇÏÛ

S FÅËÍÊÍÌÊËÚÈÍËÈÒÅËÙÍÏÇËÓÒÇÓËÈŸÍÚËÅÓŽÍËÈÌÊÇÈÙÍÒÅ�ŽÅŠÈŠÇÏÍÎŠÇÅÍÏ�ÊÌÌÈËÍÏÓÔËÈÒÅËÙÏÛ

S FÅËÍŠÈÏÇÈÙÍËÈÒÅËÙÏŸÍŽÎÒ�ÍÈÌÈ�ÈŠÇÍŠÊ�ÈÏÍÇÕÊÇÍËÈÊÙÍÉÈÌÌÍÉÕÈŠÍÎŠŠÈËÍÈÌÈ�ÈŠÇÏÍÊËÈÍËÈÃÈËÈŠÒÈÙÛ

S DÎÃÃÈËÈŠÇÎÊÇÈÍÔÈÇÉÈÈŠÍÏÇÊÇÎÒÍÊŠÙÍÙÑŠÊ�ÎÒÍÙÊÇÊÛÍUÏÈÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÍÉÎÇÕÍÒÊÓÇÎÅŠÛ

S UÏÈÍÙÑŠÊ�ÎÒÊÌÌÑÍÊÌÌÅÒÊÇÈÙÍÙÊÇÊÍÏÇËÓÒÇÓËÈÏÍÅŠÌÑÍÉÕÈŠÍÎÇÍÎÏÍŠÈÒÈÏÏÊËÑÍÇÅÍÒËÈÊÇÈÍÊŠÙÍÙÈÏÇËÅÑÍÇÕÈ�

ÙÑŠÊ�ÎÒÊÌÌÑÍÅËÍÇÅÍÔÈÍÊÔÌÈÍÇÅÍËÈÃÈËÈŠÒÈÍÇÕÈ�ÍÔÑÍÙÎÃÃÈËÈŠÇÍŠÊ�ÈÏÛ

S DÅÍŠÅÇÍÙËÅŽÍŽÅÎŠÇÈËÏÍÇÅÍÓŠÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÛ

S DÅÍŠÅÇÍÌÈÊ ÈÍÙÊŠÚÌÎŠÚÍËÈÃÈËÈŠÒÈÏÍÇÅÍÙÈÊÌÌÅÒÊÇÈÙÍÅÔÖÈÒÇÏÛ

S "ŠÎÇÎÊÌÎ’ÈÍÊÌÌÍÊÒÒÈÏÏÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÒÅ�ŽÅŠÈŠÇÏÍÉÎÇÕÎŠÍÊÍËÈÒÅËÙÛ

S DÅÍŠÅÇÍËÈÌÑÍÅŠÍ�È�ÅËÑÍÙÈÊÌÌÅÒÊÇÎÅŠÛ

S DÈÊÌÌÅÒÊÇÈÍÈ+ŽÌÎÒÎÇÌÑÛ

S UÏÈÍÌÈŠÚÇÕÍÒÌÊÓÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÅÇÊÌÍÊÌÌÅÒÊÇÎÅŠÍÏÎ’ÈÛ

S %ËÅ ÎÙÈÍÕÊŠÙÌÈËÏÍÃÅËÍStorage_ErrorÛ

expressions

S UÏÈÍ’FirstÍÅËÍ’LastÍÎŠÏÇÈÊÙÍÅÃÍŠÓ�ÈËÎÒÍÌÎÇÈËÊÌÏÍÇÅÍËÈŽËÈÏÈŠÇÍÇÕÈÍÃÎËÏÇÍÅËÍÌÊÏÇÍ ÊÌÓÈÏÍÅÃÍÊÍËÊŠÚÈÛ

S UÏÈÍÇÕÈÍÇÑŽÈÍÅËÍÏÓÔÇÑŽÈÍŠÊ�ÈÍÅÃÍÇÕÈÍËÊŠÚÈÍÎŠÏÇÈÊÙÍÅÃÍ’First .. ’LastÛ

S UÏÈÍÊËËÊÑÍÊÇÇËÎÔÓÇÈÏÍ’FirstŸÍ’LastŸÍÅËÍ’LengthÍÎŠÏÇÈÊÙÍÅÃÍŠÓ�ÈËÎÒÍÌÎÇÈËÊÌÏÍÃÅËÍÊÒÒÈÏÏÎŠÚÍÊËËÊÑÏÛ

S UÏÈÍÇÕÈÍ’RangeÍÅÃÍÇÕÈÍÊËËÊÑÍÎŠÏÇÈÊÙÍÅÃÍÇÕÈÍŠÊ�ÈÍÅÃÍÇÕÈÍÎŠÙÈ+ÍÏÓÔÇÑŽÈÍÇÅÍÈ+ŽËÈÏÏÍÊÍËÊŠÚÈÛ

S UÏÈÍ’RangeÍÎŠÏÇÈÊÙÍÅÃÍ’first .. ’LastÍÇÅÍÈ+ŽËÈÏÏÍÊÍËÊŠÚÈÛ

S UÏÈÍŽÊËÈŠÇÕÈÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÕÈÍÅËÙÈËÍÅÃÍÏÓÔÈ+ŽËÈÏÏÎÅŠÍÈ ÊÌÓÊÇÎÅŠÍÇÅÍÒÌÊËÎÃÑÍÈ+ŽËÈÏÏÎÅŠÏÛ

S UÏÈÍŽÊËÈŠÇÕÈÏÈÏÍÇÅÍÏŽÈÒÎÃÑÍÇÕÈÍÅËÙÈËÍÅÃÍÈ ÊÌÓÊÇÎÅŠÍÃÅËÍÏÓÔÈ+ŽËÈÏÏÎÅŠÏÍÉÕÅÏÈÍÒÅËËÈÒÇŠÈÏÏÍÙÈŽÈŠÙÏÍÅŠ

ÌÈÃÇÍÇÅÍËÎÚÕÇÍÈ ÊÌÓÊÇÎÅŠÛ

S * ÅÎÙÍŠÊ�ÈÏÍÊŠÙÍÒÅŠÏÇËÓÒÇÏÍÇÕÊÇÍËÈÌÑÍÅŠÍÇÕÈÍÓÏÈÍÅÃÍŠÈÚÊÇÎ ÈÏÛ

S (ÕÅÅÏÈÍŠÊ�ÈÏÍÅÃÍÃÌÊÚÏÍÏÅÍÇÕÈÑÍËÈŽËÈÏÈŠÇÍÏÇÊÇÈÏÍÇÕÊÇÍÒÊŠÍÔÈÍÓÏÈÙÍÎŠÍŽÅÏÎÇÎ ÈÍÃÅË�Û

S UÏÈÍÏÕÅËÇ&ÒÎËÒÓÎÇÍÃÅË�ÏÍÅÃÍÇÕÈÍÌÅÚÎÒÊÌÍÅŽÈËÊÇÅËÏÛÍ

S UÏÈÍ<=ÍÊŠÙÍ>=ÍÎŠÍËÈÌÊÇÎÅŠÊÌÍÈ+ŽËÈÏÏÎÅŠÏÍÉÎÇÕÍËÈÊÌÍÅŽÈËÊŠÙÏÍÎŠÏÇÈÊÙÍÅÃÍ=Û

statements

S MÎŠÎ�Î’ÈÍÇÕÈÍÙÈŽÇÕÍÅÃÍŠÈÏÇÈÙÍÈ+ŽËÈÏÏÎÅŠÏÛ

S MÎŠÎ�Î’ÈÍÇÕÈÍÙÈŽÇÕÍÅÃÍŠÈÏÇÈÙÍÒÅŠÇËÅÌÍÏÇËÓÒÇÓËÈÏÛ

S ÜËÑÍÏÎ�ŽÌÎÃÎÒÊÇÎÅŠÍÕÈÓËÎÏÇÎÒÏÛ

S UÏÈÍÏÌÎÒÈÏÍËÊÇÕÈËÍÇÕÊŠÍÊÍÌÅÅŽÍÇÅÍÒÅŽÑÍŽÊËÇÍÅÃÍÊŠÍÊËËÊÑÛ

S NÈ ÈËÍÓÏÈÍÊŠÍothersÍÒÕÅÎÒÈÍÎŠÍÊÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÛ

S DÅÍŠÅÇÍÓÏÈÍËÊŠÚÈÏÍÅÃÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÍÎŠÍÒÊÏÈÍÏÇÊÇÈ�ÈŠÇÏÛ

S UÏÈÍÃÅËÍÌÅÅŽÏÍÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈÛ

S UÏÈÍÉÕÎÌÈÍÌÅÅŽÏÍÉÕÈŠÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÎÇÈËÊÇÎÅŠÏÍÒÊŠŠÅÇÍÔÈÍÒÊÌÒÓÌÊÇÈÙÍÔÈÃÅËÈÍÈŠÇÈËÎŠÚÍÇÕÈÍÌÅÅŽŸÍÔÓÇÍÊ

ÏÎ�ŽÌÈÍÒÅŠÇÎŠÓÊÇÎÅŠÍÒÅŠÙÎÇÎÅŠÍÒÊŠÍÔÈÍÊŽŽÌÎÈÙÍÊÇÍÇÕÈÍÇÅŽÍÅÃÍÇÕÈÍÌÅÅŽÛ



%R$GR*MM"NGÍ%R*(Ü"(!ÀÍÍ0/

S UÏÈÍŽÌÊÎŠÍÌÅÅŽÏÍÉÎÇÕÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÃÅËÍ�ÅËÈÍÒÅ�ŽÌÈ+ÍÏÎÇÓÊÇÎÅŠÏÛ

S * ÅÎÙÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÎŠÍÉÕÎÌÈÍÊŠÙÍÃÅËÍÌÅÅŽÏÛ

S MÎŠÎ�Î’ÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍÉÊÑÏÍÇÅÍÈ+ÎÇÍÊÍÌÅÅŽÛ

S UÏÈÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÏÍÇÅÍÈŠÕÊŠÒÈÍÇÕÈÍËÈÊÙÊÔÎÌÎÇÑÍÅÃÍÌÅÅŽÍÇÈË�ÎŠÊÇÎÅŠÍÒÅÙÈÛ

S UÏÈÍexit when ...ÍËÊÇÕÈËÍÇÕÊŠ if ... then exit ÉÕÈŠÈ ÈËÍŽÅÏÏÎÔÌÈÛ

S RÈ ÎÈÉÍÈ+ÎÇÍÏÇÊÇÈ�ÈŠÇÍŽÌÊÒÈ�ÈŠÇÛ

S (ÅŠÏÎÙÈËÍÏŽÈÒÎÃÑÎŠÚÍÔÅÓŠÙÏÍÅŠÍÌÅÅŽÏÛ

S (ÅŠÏÎÙÈËÍÏŽÈÒÎÃÑÎŠÚÍÔÅÓŠÙÏÍÅŠÍËÈÒÓËÏÎÅŠÛ

S DÅÍŠÅÇÍÓÏÈÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÏÛ

S MÎŠÎ�Î’ÈÍÇÕÈÍŠÓ�ÔÈËÍÅÃÍËÈÇÓËŠÏÍÃËÅ�ÍÊÍÏÓÔŽËÅÚËÊ�Û

S HÎÚÕÌÎÚÕÇÍËÈÇÓËŠÏÍÉÎÇÕÍÒÅ��ÈŠÇÏÍÅËÍÉÕÎÇÈÍÏŽÊÒÈÍÇÅÍ�ÈÈŽÍÇÕÈ�ÍÃËÅ�ÍÔÈÎŠÚÍÌÅÏÇÍÎŠÍÅÇÕÈËÍÒÅÙÈÛÍ

S UÏÈÍÔÌÅÒ�ÏÍÇÅÍÌÅÒÊÌÎ’ÈÍÇÕÈÍÏÒÅŽÈÍÅÃÍÙÈÒÌÊËÊÇÎÅŠÏÛ

S UÏÈÍÔÌÅÒ�ÏÍÇÅÍŽÈËÃÅË�ÍÌÅÒÊÌÍËÈŠÊ�ÎŠÚÛ

S UÏÈÍÔÌÅÒ�ÏÍÇÅÍÙÈÃÎŠÈÍÌÅÒÊÌÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÛ

S UÏÈÍÊŠÍÊÚÚËÈÚÊÇÈÍÎŠÏÇÈÊÙÍÅÃÍÊÍÏÈ#ÓÈŠÒÈÍÅÃÍÊÏÏÎÚŠ�ÈŠÇÏÍÇÅÍÊÏÏÎÚŠÍ ÊÌÓÈÏÍÇÅÍÊÌÌÍÒÅ�ŽÅŠÈŠÇÏÍÅÃÍÊ

ËÈÒÅËÙÛ

S UÏÈÍÊŠÍÊÚÚËÈÚÊÇÈÍÎŠÏÇÈÊÙÍÅÃÍÊÍÇÈ�ŽÅËÊËÑÍ ÊËÎÊÔÌÈÍÉÕÈŠÍÔÓÎÌÙÎŠÚÍÊÍËÈÒÅËÙÍÇÅÍŽÊÏÏÍÊÏÍÊŠÍÊÒÇÓÊÌ

ŽÊËÊ�ÈÇÈËÛ

S UÏÈÍŽÅÏÎÇÎÅŠÊÌÍÊÏÏÅÒÎÊÇÎÅŠÍÅŠÌÑÍÉÕÈŠÍÇÕÈËÈÍÎÏÍÊÍÒÅŠ ÈŠÇÎÅŠÊÌÍÅËÙÈËÎŠÚÍÅÃÍÇÕÈÍÊËÚÓ�ÈŠÇÏÛ

visibility

S MÎŠÎ�Î’ÈÍÓÏÎŠÚÍÇÕÈÍuseÍÒÌÊÓÏÈÛ

S (ÅŠÏÎÙÈËÍÓÏÎŠÚÍÇÕÈÍuseÍÒÌÊÓÏÈÍÎŠÍÇÕÈÍÃÅÌÌÅÉÎŠÚÍÏÎÇÓÊÇÎÅŠÏ:

- "ŠÃÎ+ÍÅŽÈËÊÇÅËÏÍÊËÈÍŠÈÈÙÈÙ

- ÀÇÊŠÙÊËÙÍŽÊÒ�ÊÚÈÏÍÊËÈÍŠÈÈÙÈÙÍÊŠÙÍŠÅÍÊ�ÔÎÚÓÅÓÏÍËÈÃÈËÈŠÒÈÏÍÊËÈÍÎŠÇËÅÙÓÒÈÙ

- RÈÃÈËÈŠÒÈÏÍÇÅÍÈŠÓ�ÈËÊÇÎÅŠÍÌÎÇÈËÊÌÏÍÊËÈÍŠÈÈÙÈÙ

S (ÅŠÏÎÙÈËÍÇÕÈÍrenamesÍÒÌÊÓÏÈÍÇÅÍÊ ÅÎÙÍÇÕÈÍuseÍÒÌÊÓÏÈÛ

S LÅÒÊÌÎ’ÈÍÇÕÈÍÈÃÃÈÒÇÍÅÃÍÊÌÌÍuseÍÒÌÊÓÏÈÏÛ

S RÈŠÊ�ÈÍÊÍÌÅŠÚŸÍÃÓÌÌÑÍ#ÓÊÌÎÃÎÈÙÍŠÊ�ÈÍÇÅÍËÈÙÓÒÈÍÇÕÈÍÒÅ�ŽÌÈ+ÎÇÑÍÎÃÍÎÇÍÔÈÒÅ�ÈÏÍÓŠÉÎÈÌÙÑÍ,GÓÎÙÈÌÎŠÈ

3Û.Û43Û

S RÈŠÊ�ÈÍÙÈÒÌÊËÊÇÎÅŠÏÍÃÅËÍ ÎÏÎÔÎÌÎÇÑÍŽÓËŽÅÏÈÏÍËÊÇÕÈËÍÇÕÊŠÍÓÏÎŠÚÍÇÕÈÍÓÏÈÍÒÌÊÓÏÈŸÍÈÏŽÈÒÎÊÌÌÑÍÃÅËÍÎŠÃÎ+

ÅŽÈËÊÇÅËÏÍ,GÓÎÙÈÌÎŠÈÍÄÛ1Û.3Û

Á RÈŠÊ�ÈÍŽÊËÇÏÍÉÕÈŠÍÎŠÇÈËÃÊÒÎŠÚÍÇÅÍËÈÓÏÊÔÌÈÍÒÅ�ŽÅŠÈŠÇÏÍÅËÎÚÎŠÊÌÌÑÍÉËÎÇÇÈŠÍÉÎÇÕÍŠÅŠÙÈÏÒËÎŽÇÎ ÈÍÅË

ÎŠÊŽŽÌÎÒÊÔÌÈÍŠÅ�ÈŠÒÌÊÇÓËÈÛÍ

Á UÏÈÍÊÍŽËÅÖÈÒÇ&ÉÎÙÈÍÏÇÊŠÙÊËÙÍÌÎÏÇÍÅÃÍÊÔÔËÈ ÎÊÇÎÅŠÏÍÇÅÍËÈŠÊ�ÈÍÒÅ��ÅŠÍŽÊÒ�ÊÚÈÏÛ

Á LÎ�ÎÇÍÅ ÈËÌÅÊÙÎŠÚÍÇÅÍÉÎÙÈÌÑÍÓÏÈÙÍÏÓÔŽËÅÚËÊ�ÏÍÇÕÊÇÍŽÈËÃÅË�ÍÏÎ�ÎÌÊËÍÊÒÇÎÅŠÏÍÅŠÍÊËÚÓ�ÈŠÇÏÍÅÃÍÙÎÃÃÈËÈŠÇ

ÇÑŽÈÏÛ

S %ËÈÏÈË ÈÍÇÕÈÍÒÅŠ ÈŠÇÎÅŠÊÌÍ�ÈÊŠÎŠÚÍÅÃÍÅ ÈËÌÅÊÙÈÙÍÅŽÈËÊÇÅËÏÛ

S UÏÈÍ�+�ÍÇÅÍÎÙÈŠÇÎÃÑÍÊÙÙÎŠÚŸÍÖÅÎŠÎŠÚŸÍÎŠÒËÈÊÏÎŠÚŸÍÊŠÙÍÈŠÕÊŠÒÎŠÚÍ�ÎŠÙÏÍÅÃÍÃÓŠÒÇÎÅŠÏÛÍ

S UÏÈÍ�-�ÍÇÅÍÎÙÈŠÇÎÃÑÍÏÓÔÇËÊÒÇÎÅŠŸÍÏÈŽÊËÊÇÎÅŠŸÍÙÈÒËÈÊÏÎŠÚŸÍÊŠÙÍÙÈŽÌÈÇÎŠÚÍ�ÎŠÙÏÍÅÃÍÃÓŠÒÇÎÅŠÏÛ

S DÅÍŠÅÇÍÙÈŽÈŠÙÍÅŠÍÇÕÈÍÙÈÃÎŠÎÇÎÅŠÍÅÃÍÈ#ÓÊÌÎÇÑÍŽËÅ ÎÙÈÙÍÔÑÍŽËÎ ÊÇÈÍÇÑŽÈÏÛ

S )ÕÈŠÍÅ ÈËÌÅÊÙÎŠÚÍÇÕÈÍÈ#ÓÊÌÎÇÑÍÅŽÈËÊÇÅËÍÃÅËÍÌÎ�ÎÇÈÙÍŽËÎ ÊÇÈÍÇÑŽÈÏŸÍ�ÊÎŠÇÊÎŠÍÇÕÈÍŽËÅŽÈËÇÎÈÏÍÅÃÍÊŠ

ÊÌÚÈÔËÊÎÒÍÈ#ÓÎ ÊÌÈŠÒÈÍËÈÌÊÇÎÅŠÛ

using exceptions

S * ÅÎÙÍÒÊÓÏÎŠÚÍÈ+ÒÈŽÇÎÅŠÏÍÇÅÍÔÈÍËÊÎÏÈÙÍÉÕÈŠÍÎÇÍÎÏÍÈÊÏÑÍÊŠÙÍÈÃÃÎÒÎÈŠÇÍÇÅÍÙÅÍÏÅÛ



/0ÍÍ*ÙÊÍÍQU*L"ÜYÍ*NDÍÀÜYL!

S %ËÅ ÎÙÈÍÕÊŠÙÌÈËÏÍÃÅËÍÈ+ÒÈŽÇÎÅŠÏÍÉÕÎÒÕÍÒÊŠŠÅÇÍÔÈÍÊ ÅÎÙÈÙÛ

S UÏÈÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÇÅÍÈŠÕÊŠÒÈÍËÈÊÙÊÔÎÌÎÇÑÍÔÑÍÏÈŽÊËÊÇÎŠÚÍÃÊÓÌÇÍÕÊŠÙÌÎŠÚÍÃËÅ�ÍŠÅË�ÊÌÍÈ+ÈÒÓÇÎÅŠÛ

S DÅÍŠÅÇÍÓÏÈÍÈ+ÒÈŽÇÎÅŠÏÍÊŠÙÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÍÊÏÍÚÅÇÅÍÏÇÊÇÈ�ÈŠÇÏÛ

S UÏÈÍÒÊÓÇÎÅŠÍÉÕÈŠÍŽËÅÚËÊ��ÎŠÚÍÕÊŠÙÌÈËÏÍÃÅËÍothersÛ

S %ËÅ ÎÙÈÍÊÍÕÊŠÙÌÈËÍÃÅËÍothersÍÎŠÍÏÓÎÇÊÔÌÈÍÃËÊ�ÈÏÍÇÅÍŽËÅÇÈÒÇÍÊÚÊÎŠÏÇÍÓŠÈ+ŽÈÒÇÈÙÍÈ+ÒÈŽÇÎÅŠÏÍÔÈÎŠÚ

ŽËÅŽÊÚÊÇÈÙÍÉÎÇÕÅÓÇÍÔÅÓŠÙŸÍÈÏŽÈÒÎÊÌÌÑÍÎŠÍÏÊÃÈÇÑÍÒËÎÇÎÒÊÌÍÏÑÏÇÈ�ÏÛ

S UÏÈÍothersÍÅŠÌÑÍÇÅÍÒÊÇÒÕÍÈ+ÒÈŽÇÎÅŠÏÍÑÅÓÍÒÊŠŠÅÇÍÈŠÓ�ÈËÊÇÈÍÈ+ŽÌÎÒÎÇÌÑŸÍŽËÈÃÈËÊÔÌÑÍÅŠÌÑÍÇÅÍÃÌÊÚÍÊ

ŽÅÇÈŠÇÎÊÌÍÊÔÅËÇÛ

S * ÅÎÙÍÓÏÎŠÚÍothersÍÙÓËÎŠÚÍÙÈ ÈÌÅŽ�ÈŠÇÛ

S HÊŠÙÌÈÍÊÌÌÍÈ+ÒÈŽÇÎÅŠÏŸÍÔÅÇÕÍÓÏÈËÍÊŠÙÍŽËÈÙÈÃÎŠÈÙÛ

S FÅËÍÈ ÈËÑÍÈ+ÒÈŽÇÎÅŠÍÇÕÊÇÍ�ÎÚÕÇÍÔÈÍËÊÎÏÈÙŸÍŽËÅ ÎÙÈÍÊÍÕÊŠÙÌÈËÍÎŠÍÏÓÎÇÊÔÌÈÍÃËÊ�ÈÏÍÇÅÍŽËÅÇÈÒÇÍÊÚÊÎŠÏÇ

ÓŠÙÈÏÎËÈÙÍŽËÅŽÊÚÊÇÎÅŠÍÅÓÇÏÎÙÈÍÇÕÈÍÊÔÏÇËÊÒÇÎÅŠÛ

S DÅÍŠÅÇÍ ËÈÌÑÍÅŠÍÔÈÎŠÚÍÊÔÌÈÍ ÇÅÍ ÎÙÈŠÇÎÃÑÍ ÇÕÈÍ ÃÊÓÌÇÍ ËÊÎÏÎŠÚÍŽËÈÙÈÃÎŠÈÙÍÅËÍ Î�ŽÌÈ�ÈŠÇÊÇÎÅŠ&ÙÈÃÎŠÈÙ

È+ÒÈŽÇÎÅŠÏÛ

S UÏÈÍÔÌÅÒ�ÏÍÇÅÍÊÏÏÅÒÎÊÇÈÍÌÅÒÊÌÎ’ÈÙÍÏÈÒÇÎÅŠÏÍÅÃÍÒÅÙÈÍÉÎÇÕÍÇÕÈÎËÍÅÉŠÍÈ+ÒÈŽÇÎÅŠÍÕÊŠÙÌÈËÏÛ

erroneous execution

S UÏÈÍUnchecked_ConversionÍÅŠÌÑÍÉÎÇÕÍÇÕÈÍÓÇ�ÅÏÇÍÒÊËÈÛÍ

S !ŠÏÓËÈÍÇÕÈÍ ÊÌÓÈÍËÈÏÓÌÇÎŠÚÍÃËÅ�ÍUnchecked_ConversionÍÎÏÍÎŠÍËÊŠÚÈÛ

S "ÏÅÌÊÇÈÍÇÕÈÍÓÏÈÍÅÃÍUncheckeD_ConversionÍÎŠÍŽÊÒ�ÊÚÈÍÔÅÙÎÈÏÛ

S "ÏÅÌÊÇÈÍÇÕÈÍÓÏÈÍÅÃÍUnchecked_DeallocationÍÎŠÍŽÊÒ�ÊÚÈÍÔÅÙÎÈÏÛ

S DÅÍŠÅÇÍÉËÎÇÈÍÒÅÙÈÍÉÕÅÏÈÍÒÅËËÈÒÇÍÈ+ÈÒÓÇÎÅŠÍÙÈŽÈŠÙÏÍÅŠÍÇÕÈÍŽÊËÇÎÒÓÌÊËÍŽÊËÊ�ÈÇÈËÍŽÊÏÏÎŠÚÍ�ÈÒÕÊŠÎÏ�

ÓÏÈÙÍÔÑÍÊŠÍÎ�ŽÌÈ�ÈŠÇÊÇÎÅŠÛ

S UÏÈÍÊÙÙËÈÏÏÍÒÌÊÓÏÈÏÍÇÅÍ�ÊŽÍ ÊËÎÊÔÌÈÏÍÊŠÙÍÈŠÇËÎÈÏÍÇÅÍÇÕÈÍÕÊËÙÉÊËÈÍÙÈ ÎÒÈÍÅËÍ�È�ÅËÑŸÍŠÅÇÍÇÅÍ�ÅÙÈÌ

ÇÕÈÍF$RÜR*NÍ�È#ÓÎ ÊÌÈŠÒÈ�ÍÃÈÊÇÓËÈÛ

S DÅÍŠÅÇÍÏÓŽŽËÈÏÏÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÏÍÙÓËÎŠÚÍÙÈ ÈÌÅŽ�ÈŠÇÛ

S MÎŠÎ�Î’ÈÍÏÓŽŽËÈÏÏÎÅŠÍÅÃÍÈ+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÏÍÙÓËÎŠÚÍÅŽÈËÊÇÎÅŠÛ

S "ÃÍŠÈÒÈÏÏÊËÑŸÍÎŠÇËÅÙÓÒÈÍÔÌÅÒ�ÏÍÇÕÊÇÍÈŠÒÅ�ŽÊÏÏÍÇÕÈÍÏ�ÊÌÌÈÏÇÍËÊŠÚÈÍÅÃÍÏÇÊÇÈ�ÈŠÇÏÍÇÕÊÇÍÒÊŠÍÏÊÃÈÌÑÍÕÊ È

È+ÒÈŽÇÎÅŠÍÒÕÈÒ�ÎŠÚÍËÈ�Å ÈÙÛ

S "ŠÎÇÎÊÌÎ’ÈÍÊÌÌÍÅÔÖÈÒÇÏÍŽËÎÅËÍÇÅÍÓÏÈÛ

S !ŠÏÓËÈÍÈÌÊÔÅËÊÇÎÅŠÍÅÃÍÊŠÍÈŠÇÎÇÑÍÔÈÃÅËÈÍÓÏÎŠÚÍÎÇÛ

S UÏÈÍÃÓŠÒÇÎÅŠÍÒÊÌÌÏÍÎŠÍÙÈÒÌÊËÊÇÎÅŠÏÍÒÊÓÇÎÅÓÏÌÑÛ

S !ŠÏÓËÈÍÇÕÊÇÍ ÊÌÓÈÏÍÅÔÇÊÎŠÈÙÍÃËÅ�ÍDirect_IOÍÊŠÙÍSequential_IOÍÊËÈÍÎŠÍËÊŠÚÈÛ

S * ÅÎÙÍÙÈŽÈŠÙÎŠÚÍÅŠÍÇÕÈÍÅËÙÈËÍÎŠÍÉÕÎÒÕÍÒÈËÇÊÎŠÍÒÅŠÏÇËÓÒÇÏÍÎŠÍ*ÙÊÍÊËÈÍÈ ÊÌÓÊÇÈÙÛ



ÄÀ

CHAPTER 6

Concurrency

ÅÃÇÉÊËËÈÇÉÍÎÈÏÌÑÓÑÎÔÑÎÈÌÓÖÈËÎÔÒÒÔËÈÇÓÎÉÃÇÉÊËËÈÇÉÍÎÃËÎËÈÔÕÎÉÃÇÉÊËËÈÇÉÍŠÎÚÇÎÔÎÑÌÇÛÕÈÎÒËÃÉÈÑÑÃËÎÈÇÜÌËÃÇÙÈÇÓ

ÔÒÒÔËÈÇÓÎÉÃÇÉÊËËÈÇÉÍÎÌÑÎÓÖÈÎËÈÑÊÕÓÎÃŸÎÌÇÓÈËÕÈÔÜÈŽÎÈÏÈÉÊÓÌÃÇÎÃŸÎÉÃÇÉÊËËÈÇÓÎÔÉÓÌÜÌÓÌÈÑŠÎÚÇÎÔÎÙÊÕÓÌ�ÒËÃÉÈÑÑÃË

ÈÇÜÌËÃÇÙÈÇÓÎËÈÔÕÎÉÃÇÉÊËËÈÇÉÍÎÌÑÎÓÖÈÎËÈÑÊÕÓÎÃŸÎÃÜÈËÕÔÒÒÈŽÎÈÏÈÉÊÓÌÃÇÎÃŸÎÉÃÇÉÊËËÈÇÓÎÔÉÓÌÜÌÓÌÈÑŠ

ÅÃÇÉÊËËÈÇÓÎÒËÃÛËÔÙÙÌÇÛÎÌÑÎÙÃËÈÎŽÌŸŸÌÉÊÕÓÎÔÇŽÎÈËËÃËÎÒËÃÇÈÎÓÖÔÇÎÑÈ�ÊÈÇÓÌÔÕÎÒËÃÛËÔÙÙÌÇÛŠÎ�ÖÈÎÉÃÇÉÊËËÈÇÓ

ÒËÃÛËÔÙÙÌÇÛÎŸÈÔÓÊËÈÑÎÃŸÎ�ŽÔÎÔËÈÎŽÈÑÌÛÇÈŽÎÓÃÎÙÔ ÈÎÌÓÎÈÔÑÌÈËÎÓÃÎ!ËÌÓÈÎÔÇŽÎÙÔÌÇÓÔÌÇÎÉÃÇÉÊËËÈÇÓÎÒËÃÛËÔÙÑ

!ÖÌÉÖÎ"ÈÖÔÜÈÎÉÃÇÑÌÑÓÈÇÓÕÍÎÔÇŽÎÒËÈŽÌÉÓÔ"ÕÍ#ÎÔÇŽÎÔÜÃÌŽÎÑÊÉÖÎÒËÃ"ÕÈÙÑÎÔÑÎŽÈÔŽÕÃÉ ÎÔÇŽÎÑÓÔËÜÔÓÌÃÇŠÎ�ÖÈ

ÕÔÇÛÊÔÛÈÎŸÈÔÓÊËÈÑÎÓÖÈÙÑÈÕÜÈÑÎÉÔÇÇÃÓÎÛÊÔËÔÇÓÈÈÎÓÖÔÓÎÒËÃÛËÔÙÑÎÖÔÜÈÎÓÖÈÑÈÎŽÈÑÌËÔ"ÕÈÎÒËÃÒÈËÓÌÈÑŠÎ�ÖÈÍÎÙÊÑÓÎ"È

ÊÑÈŽÎ!ÌÓÖÎŽÌÑÉÌÒÕÌÇÈÎÔÇŽÎÉÔËÈ#ÎÔÎÒËÃÉÈÑÑÎÑÊÒÒÃËÓÈŽÎ"ÍÎÓÖÈÎÛÊÌŽÈÕÌÇÈÑÎÌÇÎÓÖÌÑÎÉÖÔÒÓÈËŠ

�ÖÈÎÉÃËËÈÉÓÎÊÑÔÛÈÎÃŸÎ�ŽÔÎÉÃÇÉÊËËÈÇÉÍÎŸÈÔÓÊËÈÑÎËÈÑÊÕÓÑÎÌÇÎËÈÕÌÔ"ÕÈ#ÎËÈÊÑÔ"ÕÈ#ÎÔÇŽÎÒÃËÓÔ"ÕÈÎÑÃŸÓ!ÔËÈŠÎ$ÃË

ÈÏÔÙÒÕÈ#Î ÊÑÌÇÛÎ ÓÔÑ ÑÎ ÓÃÎ ÙÃŽÈÕÎ ÉÃÇÉÊËËÈÇÓÎ ÔÉÓÌÜÌÓÌÈÑÎ ÔÇŽÎ ÊÑÌÇÛÎ ÓÖÈÎ ËÈÇŽÈ%ÜÃÊÑÎ ŸÃËÎ ÓÖÈÎ ËÈ�ÊÌËÈŽ

ÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎ"ÈÓ!ÈÈÇÎÉÃÃÒÈËÔÓÌÇÛÎÉÃÇÉÊËËÈÇÓÎÓÔÑ ÑŠÎ&ÌÑÊÑÈÎÃŸÎÕÔÇÛÊÔÛÈÎŸÈÔÓÊËÈÑÎËÈÑÊÕÓÑÎÌÇÎÑÃŸÓ!ÔËÈÎÓÖÔÓÎÌÑ

ÊÇÜÈËÌŸÌÔ"ÕÈÎ ÔÇŽÎŽÌŸŸÌÉÊÕÓÎ ÓÃÎ ËÈÊÑÈÎ ÃËÎ ÒÃËÓŠÎ Î$ÃËÎ ÈÏÔÙÒÕÈ#Î ÊÑÌÇÛÎ ÓÔÑ ÎÒËÌÃËÌÓÌÈÑÎ ÃËÎ ŽÈÕÔÍÑÎ ÓÃÎÙÔÇÔÛÈ

ÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÌÑÎÇÃÓÎÒÃËÓÔ"ÕÈŠÎÎÚÓÎÌÑÎÔÕÑÃÎÌÙÒÃËÓÔÇÓÎÓÖÔÓÎÔÎËÈÊÑÔ"ÕÈÎÉÃÙÒÃÇÈÇÓÎÇÃÓÎÙÔ ÈÎÔÑÑÊÙÒÓÌÃÇÑÎÔ"ÃÊÓ

ÓÖÈÎÃËŽÈËÎÃËÎÑÒÈÈŽÎÃŸÎÓÔÑ ÎÈÏÈÉÊÓÌÃÇÎ’ÌŠÈŠ#ÎÔ"ÃÊÓÎÓÖÈÎÉÃÙÒÌÕÈËÑÎÓÔÑ ÌÇÛÎÌÙÒÕÈÙÈÇÓÔÓÌÃÇ(Š

�ÜÃÌŽÎÔÑÑÊÙÌÇÛÎÓÖÔÓÎÓÖÈÎËÊÕÈÑÎÃŸÎÛÃÃŽÎÑÈ�ÊÈÇÓÌÔÕÎÒËÃÛËÔÙÎŽÈÑÌÛÇÎÉÔÇÎ"ÈÎÔÒÒÕÌÈŽ#Î"ÍÎÔÇÔÕÃÛÍ#ÎÓÃÎÉÃÇÉÊËËÈÇÓ

ÒËÃÛËÔÙÑŠÎ$ÃËÎÈÏÔÙÒÕÈ#Î!ÖÌÕÈÎÙÊÕÓÌÒÕÈÎËÈÓÊËÇÑÎŸËÃÙÎÑÊ"ÒËÃÛËÔÙÑÎÑÖÃÊÕŽÎ"ÈÎŽÌÑÉÃÊËÔÛÈŽÎ’)ÊÌŽÈÕÌÇÈÎ*Š+Š,(#

ÙÊÕÓÌÒÕÈÎÓÔÑ ÎÈÏÌÓÑÎÃËÎÓÈËÙÌÇÔÓÌÃÇÎÒÃÌÇÓÑÎÔËÈÎÃŸÓÈÇÎÇÈÉÈÑÑÔËÍÎÔÇŽÎŽÈÑÌËÔ"ÕÈŠ

6.1 TASKING

&ÔÇÍÎÒËÃ"ÕÈÙÑÎÙÔÒÎÇÔÓÊËÔÕÕÍÎÓÃÎÔÎÉÃÇÉÊËËÈÇÓÎÒËÃÛËÔÙÙÌÇÛÎÑÃÕÊÓÌÃÇŠÎ-ÍÎÊÇŽÈËÑÓÔÇŽÌÇÛÎÔÇŽÎÉÃËËÈÉÓÕÍÎÊÑÌÇÛ

ÓÖÈÎ �ŽÔÎ ÕÔÇÛÊÔÛÈÎ ÓÔÑ ÌÇÛÎ ŸÈÔÓÊËÈÑ#Î ÍÃÊÎ ÉÔÇÎ ÒËÃŽÊÉÈÎ ÑÃÕÊÓÌÃÇÑÎ ÓÖÔÓÎ ÔËÈÎ ÌÇŽÈÒÈÇŽÈÇÓÎ ÃŸÎ ÓÔËÛÈÓ

ÌÙÒÕÈÙÈÇÓÔÓÌÃÇŠÎ�ÔÑ ÑÎÒËÃÜÌŽÈÎÔÎÙÈÔÇÑ#Î!ÌÓÖÌÇÎÓÖÈÎ�ŽÔÎÕÔÇÛÊÔÛÈ#ÎÃŸÎÈÏÒËÈÑÑÌÇÛÎÉÃÇÉÊËËÈÇÓÎÔÑÍÇÉÖËÃÇÃÊÑ

ÓÖËÈÔŽÑÎÃŸÎÉÃÇÓËÃÕÎÔÇŽÎËÈÕÌÈÜÌÇÛÎÒËÃÛËÔÙÙÈËÑÎŸËÃÙÎÓÖÈÎÒËÃ"ÕÈÙÎÃŸÎÈÏÒÕÌÉÌÓÕÍÎÉÃÇÓËÃÕÕÌÇÛÎÙÊÕÓÌÒÕÈÎÉÃÇÉÊËËÈÇÓ

ÔÉÓÌÜÌÓÌÈÑŠ

�ÔÑ ÑÎÉÃÃÒÈËÔÓÈÎÓÃÎÒÈËŸÃËÙÎÓÖÈÎËÈ�ÊÌËÈŽÎÔÉÓÌÜÌÓÌÈÑÎÃŸÎÓÖÈÎÑÃŸÓ!ÔËÈŠÎ.ÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÌÑÎËÈ�ÊÌËÈŽÎ"ÈÓ!ÈÈÇ

ÌÇŽÌÜÌŽÊÔÕÎÓÔÑ ÑŠÎ�ÖÈÎ�ŽÔÎËÈÇŽÈ%ÜÃÊÑÎÒËÃÜÌŽÈÑÎÔÎÒÃ!ÈËŸÊÕÎÙÈÉÖÔÇÌÑÙÎŸÃËÎÓÖÌÑÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇŠ

6.1.1 Tasks

guideline

S /ÑÈÎÓÔÑ ÑÎÓÃÎÙÃŽÈÕÎÔÑÍÇÉÖËÃÇÃÊÑÎÈÇÓÌÓÌÈÑÎ!ÌÓÖÌÇÎÓÖÈÎÒËÃ"ÕÈÙÎŽÃÙÔÌÇŠ

S /ÑÈÎÓÔÑ ÑÎÓÃÎÉÃÇÓËÃÕÎÃËÎÑÍÇÉÖËÃÇÌ%ÈÎÔÉÉÈÑÑÎÓÃÎÓÔÑ ÑÎÃËÎŽÈÜÌÉÈÑŠ

S /ÑÈÎÓÔÑ ÑÎÓÃÎŽÈŸÌÇÈÎÉÃÇÉÊËËÈÇÓÎÔÕÛÃËÌÓÖÙÑŠ
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example

�ÑÍÇÉÖËÃÇÃÊÑÎÈÇÓÌÓÌÈÑÎÔËÈÎÓÖÈÎÇÔÓÊËÔÕÕÍÎÉÃÇÉÊËËÈÇÓÎÃ"7ÈÉÓÑÎ!ÌÓÖÌÇÎÓÖÈÎÒËÃ"ÕÈÙÎŽÃÙÔÌÇŠÎ�ÖÈÑÈÎÓÈÇŽÎÓÃÎ"È

Ã"7ÈÉÓÑÎÌÇÎÓÖÈÎÒËÃ"ÕÈÙÎÑÒÔÉÈÎÓÖÔÓÎÖÔÜÈÎÑÓÔÓÈ#ÎÑÊÉÖÎÔÑÎÈÕÈÜÔÓÃËÑÎÌÇÎÔÇÎÈÕÈÜÔÓÃËÎÉÃÇÓËÃÕÎÑÍÑÓÈÙÎÃËÎÑÔÓÈÕÕÌÓÈÑ

ÌÇÎÔÎÛÕÃ"ÔÕÎÒÃÑÌÓÌÃÇÌÇÛÎÑÍÑÓÈÙŠÎ�ÖÈÎŸÃÕÕÃ!ÌÇÛÎÌÑÎÔÇÎÈÏÔÙÒÕÈÎŸÃËÎÔÇÎÈÕÈÜÔÓÃËÎÉÃÇÓËÃÕÎÑÍÑÓÈÙ8

------------------------------------------------------------------------

package Elevator_Objects is

   ...

   type Elevator_States is (Moving, Idle, Stopped, At_Floor);

   type Up_Down         is (Up, Down);

   ---------------------------------------------------------------------

   task type Elevators is

      entry Initialize;

      entry Close_Door;

      entry Open_Door;

      entry Stop;

      entry Idle;

      entry Start         (Direction        : in     Up_Down);

      entry Current_State (My_State         :    out Elevator_States;

                           Current_Location :    out Float);

   end Elevators;

   ---------------------------------------------------------------------

   ...

end Elevator_Objects;

------------------------------------------------------------------------

�ÎÓÔÑ ÎÓÖÔÓÎÙÔÇÔÛÈÑÎÊÒŽÔÓÈÑÎŸËÃÙÎÙÊÕÓÌÒÕÈÎÉÃÇÉÊËËÈÇÓÎÊÑÈËÎÓÔÑ ÑÎÓÃÎÔÎÛËÔÒÖÌÉÎŽÌÑÒÕÔÍÎÌÑÎÔÇÎÈÏÔÙÒÕÈÎÃŸÎÔ

ÉÃÇÓËÃÕÎÔÇŽÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÓÔÑ ŠÎ

&ÊÕÓÌÒÕÈÎ ÓÔÑ ÑÎ ÓÖÔÓÎ ÌÙÒÕÈÙÈÇÓÎ ÓÖÈÎŽÈÉÃÙÒÃÑÌÓÌÃÇÎÃŸÎÔÎ ÕÔËÛÈÎÙÔÓËÌÏÎÙÊÕÓÌÒÕÌÉÔÓÌÃÇÎÔÕÛÃËÌÓÖÙÎÌÑÎÔÇ

ÈÏÔÙÒÕÈÎÃŸÎÔÇÎÃÒÒÃËÓÊÇÌÓÍÎŸÃËÎËÈÔÕÎÉÃÇÉÊËËÈÇÉÍÎÌÇÎÔÎÙÊÕÓÌ�ÒËÃÉÈÑÑÃËÎÓÔËÛÈÓÎÈÇÜÌËÃÇÙÈÇÓŠÎÚÇÎÔÎÑÌÇÛÕÈ

ÒËÃÉÈÑÑÃËÎÓÔËÛÈÓÎÈÇÜÌËÃÇÙÈÇÓÎÓÖÌÑÎÔÒÒËÃÔÉÖÎÙÔÍÎÇÃÓÎ"ÈÎ7ÊÑÓÌŸÌÈŽŠÎ

�ÎÓÔÑ ÎÓÖÔÓÎÊÒŽÔÓÈÑÎÔÎËÔŽÔËÎŽÌÑÒÕÔÍÎÈÜÈËÍÎ9:ÎÙÌÕÕÌÑÈÉÃÇŽÑÎÌÑÎÔÇÎÈÏÔÙÒÕÈÎÃŸÎÔÎÉÍÉÕÌÉÎÔÉÓÌÜÌÓÍÎÑÊÒÒÃËÓÈŽÎ"ÍÎÔ

ÓÔÑ ŠÎ

�ÎÓÔÑ ÎÓÖÔÓÎŽÈÓÈÉÓÑÎÔÇÎÃÜÈË�ÓÈÙÒÈËÔÓÊËÈÎÉÃÇŽÌÓÌÃÇÎÌÇÎÔÎÇÊÉÕÈÔËÎËÈÔÉÓÃËÎÔÇŽÎÒÈËŸÃËÙÑÎÔÇÎÈÙÈËÛÈÇÉÍ

ÑÖÊÓŽÃ!ÇÎÃŸÎÓÖÈÎÑÍÑÓÈÙÑÎÌÑÎÔÇÎÈÏÔÙÒÕÈÎÃŸÎÔÎÓÔÑ ÎÓÃÎÑÊÒÒÃËÓÎÔÎÖÌÛÖÎÒËÌÃËÌÓÍÎÔÉÓÌÜÌÓÍŠ

rationale

�ÖÈÑÈÎÛÊÌŽÈÕÌÇÈÑÎËÈŸÕÈÉÓÎÓÖÈÎÌÇÓÈÇŽÈŽÎÊÑÈÑÎÃŸÎÓÔÑ ÑŠÎ�ÖÈÍÎÔÕÕÎËÈÜÃÕÜÈÎÔËÃÊÇŽÎÓÖÈÎŸÔÉÓÎÓÖÔÓÎÔÎÓÔÑ ÎÖÔÑÎÌÓÑ

Ã!ÇÎÓÖËÈÔŽÎÃŸÎÉÃÇÓËÃÕÎÑÈÒÔËÔÓÈÎŸËÃÙÎÓÖÈÎÙÔÌÇÎÑÊ"ÒËÃÛËÔÙŠÎ�ÖÈÎÉÃÇÉÈÒÓÊÔÕÎÙÃŽÈÕÎŸÃËÎÔÎÓÔÑ ÎÌÑÎÔÎÑÈÒÔËÔÓÈ

ÒËÃÛËÔÙÎ!ÌÓÖÎÌÓÑÎÃ!ÇÎÜÌËÓÊÔÕÎÒËÃÉÈÑÑÃËŠÎ�ÖÌÑÎÒËÃÜÌŽÈÑÎÓÖÈÎÃÒÒÃËÓÊÇÌÓÍÎÓÃÎÙÃŽÈÕÎÈÇÓÌÓÌÈÑÎŸËÃÙÎÓÖÈÎÒËÃ"ÕÈÙ

ŽÃÙÔÌÇÎÌÇÎÓÈËÙÑÎÙÃËÈÎÉÕÃÑÈÕÍÎËÈÑÈÙ"ÕÌÇÛÎÓÖÃÑÈÎÈÇÓÌÓÌÈÑ#ÎÔÇŽÎÓÖÈÎÃÒÒÃËÓÊÇÌÓÍÎÓÃÎÖÔÇŽÕÈÎÒÖÍÑÌÉÔÕÎŽÈÜÌÉÈÑ

ÔÑÎÔÎÑÈÒÔËÔÓÈÎÉÃÇÉÈËÇÎŸËÃÙÎÓÖÈÎÙÔÌÇÎÔÕÛÃËÌÓÖÙÎÃŸÎÓÖÈÎÔÒÒÕÌÉÔÓÌÃÇŠÎ�ÔÑ ÑÎÔÕÑÃÎÔÕÕÃ!ÎÎÇÔÓÊËÔÕÕÍÎÉÃÇÉÊËËÈÇÓ

ÔÉÓÌÜÌÓÌÈÑÎ!ÖÌÉÖÎÉÔÇÎ"ÈÎÙÔÒÒÈŽÎÓÃÎÙÊÕÓÌÒÕÈÎÒËÃÉÈÑÑÃËÑÎ!ÖÈÇÎÔÜÔÌÕÔ"ÕÈŠ

;ÈÑÃÊËÉÈÑÎÑÖÔËÈŽÎ"ÈÓ!ÈÈÇÎÙÊÕÓÌÒÕÈÎÓÔÑ Ñ#ÎÑÊÉÖÎÔÑÎŽÈÜÌÉÈÑÎÔÇŽÎÔ"ÑÓËÔÉÓÎŽÔÓÔÎÑÓËÊÉÓÊËÈÑ#ÎËÈ�ÊÌËÈÎÉÃÇÓËÃÕ

ÔÇŽÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÑÌÇÉÈÎÓÖÈÌËÎÃÒÈËÔÓÌÃÇÑÎÔËÈÎÇÃÓÎÔÓÃÙÌÉŠÎ5ËÔ!ÌÇÛÎÔÎÉÌËÉÕÈÎÃÇÎÔÎŽÌÑÒÕÔÍÎÙÔÍÎËÈ�ÊÌËÈÎÓÖÔÓ

ÙÔÇÍÎÕÃ!ÎÕÈÜÈÕÎÃÒÈËÔÓÌÃÇÑÎ"ÈÎÒÈËŸÃËÙÈŽÎ!ÌÓÖÃÊÓÎÌÇÓÈËËÊÒÓÌÃÇÎ"ÍÎÔÇÃÓÖÈËÎÓÔÑ ŠÎ�ÎŽÌÑÒÕÔÍÎÙÔÇÔÛÈËÎ!ÃÊÕŽ

ÈÇÑÊËÈÎÓÖÔÓÎÇÃÎÃÓÖÈËÎÓÔÑ ÎÔÉÉÈÑÑÈÑÎÓÖÈÎŽÌÑÒÕÔÍÎÊÇÓÌÕÎÔÕÕÎÓÖÈÑÈÎÃÒÈËÔÓÌÃÇÑÎÔËÈÎÉÃÙÒÕÈÓÈŠ

6.1.2 Anonymous Task Types

guideline

S /ÑÈÎÔÇÃÇÍÙÃÊÑÎÓÔÑ ÎÓÍÒÈÑÎŸÃËÎÑÌÇÛÕÈÎÌÇÑÓÔÇÉÈÑŠ

example

�ÖÈÎÈÏÔÙÒÕÈÎ"ÈÕÃ!ÎÌÕÕÊÑÓËÔÓÈÑÎÓÖÈÎÑÍÇÓÔÉÓÌÉÎŽÌŸŸÈËÈÇÉÈÑÎ"ÈÓ!ÈÈÇÎÓÖÈÎ ÌÇŽÑÎÃŸÎÓÔÑ ÑÎŽÌÑÉÊÑÑÈŽÎÖÈËÈŠ

BufferÎÌÑÎÑÓÔÓÌÉÎÔÇŽÎÖÔÑÎÔÎÇÔÙÈ#Î"ÊÓÎÌÓÑÎÓÍÒÈÎÌÑÎÔÇÃÇÍÙÃÊÑŠÎ-ÈÉÔÊÑÈÎÌÓÎÌÑÎŽÈÉÕÔËÈŽÎÈÏÒÕÌÉÌÓÕÍ#ÎÓÖÈÎÓÔÑ ÎÓÍÒÈ

Buffer_ManagerÎÌÑÎÇÃÓÎÔÇÃÇÍÙÃÊÑŠÎChannelÎÌÑÎÑÓÔÓÌÉÎÔÇŽÎÖÔÑÎÔÎÇÔÙÈ#ÎÔÇŽÎÌÓÑÎÓÍÒÈÎÌÑÎÇÃÓÎÔÇÃÇÍÙÃÊÑŠÎ2Ì È

ÔÕÕÎŽÍÇÔÙÌÉÎÃ"7ÈÉÓÑ#ÎEncrypted_Packet_Queue.allÎÌÑÎÈÑÑÈÇÓÌÔÕÕÍÎÔÇÃÇÍÙÃÊÑ#Î"ÊÓÎÌÓÑÎÓÍÒÈÎÌÑÎÇÃÓŠ
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task      Buffer;

task type Buffer_Manager;

type Replaceable_Buffer is access Buffer_Manager;

...

Encrypted_Packet_Queue : Replaceable_Buffer;

Channel                : Buffer_Manager;

...

Encrypted_Packet_Queue := new Buffer_Manager;

...

rationale

�ÖÈÎÊÑÈÎÃŸÎÇÔÙÈŽÎÓÔÑ ÑÎÃŸÎÔÇÃÇÍÙÃÊÑÎÓÍÒÈÎÔÜÃÌŽÑÎÔÎÒËÃÕÌŸÈËÔÓÌÃÇÎÃŸÎÓÔÑ ÎÓÍÒÈÑÎÓÖÔÓÎÔËÈÎÃÇÕÍÎÊÑÈŽÎÃÇÉÈ#

ÔÇŽÎÓÖÈÎÒËÔÉÓÌÉÈÎÉÃÙÙÊÇÌÉÔÓÈÑÎÓÃÎÙÔÌÇÓÔÌÇÈËÑÎÓÖÔÓÎÓÖÈËÈÎÔËÈÎÇÃÎÃÓÖÈËÎÓÔÑ ÎÃ"7ÈÉÓÑÎÃŸÎÓÖÔÓÎÓÍÒÈŠÎÚŸÎÓÖÈ

ÇÈÈŽÎÔËÌÑÈÑÎÕÔÓÈËÎÓÃÎÖÔÜÈÎÔŽŽÌÓÌÃÇÔÕÎÓÔÑ ÑÎÃŸÎÓÖÈÎÑÔÙÈÎÓÍÒÈ#ÎÓÖÈÇÎÓÖÈÎ!ÃË ÎËÈ�ÊÌËÈŽÎÓÃÎÉÃÇÜÈËÓÎÔÎÇÔÙÈŽ

ÓÔÑ ÎÓÃÎÔÎÓÔÑ ÎÓÍÒÈÎÌÑÎÙÌÇÌÙÔÕŠ

�ÖÈÎÉÃÇÑÌÑÓÈÇÓÎÔÇŽÎÕÃÛÌÉÔÕÎÊÑÈÎÃŸÎÓÔÑ ÎÓÍÒÈÑ#Î!ÖÈÇÎÇÈÉÈÑÑÔËÍ#ÎÉÃÇÓËÌ"ÊÓÈÑÎÓÃÎÊÇŽÈËÑÓÔÇŽÔ"ÌÕÌÓÍŠÎÚŽÈÇÓÌÉÔÕ

ÓÔÑ ÑÎÉÔÇÎ"ÈÎŽÈËÌÜÈŽÎŸËÃÙÎÔÎÉÃÙÙÃÇÎÓÔÑ ÎÓÍÒÈŠÎ5ÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÑÓËÊÉÓÊËÈÑÎÔËÈÎÇÈÉÈÑÑÔËÍ

!ÖÈÇÎÍÃÊÎÙÊÑÓÎÉËÈÔÓÈÎÔÇŽÎŽÈÑÓËÃÍÎÓÔÑ ÑÎŽÍÇÔÙÌÉÔÕÕÍÎÃËÎ!ÖÈÇÎÍÃÊÎÙÊÑÓÎËÈŸÈËÈÇÉÈÎÓÖÈÙÎ"ÍÎŽÌŸŸÈËÈÇÓ

ÇÔÙÈÑŠ

note

�ÖÃÊÛÖÎÉÖÔÇÛÌÇÛÎÓÖÈÎÓÔÑ ÎŸËÃÙÎÔÇÎÔÇÃÇÍÙÃÊÑÎÓÍÒÈÎÓÃÎÔÎÓÔÑ ÎÓÍÒÈÎÌÑÎÓËÌÜÌÔÕ#ÎÎÑÓËÊÉÓÊËÔÕÎÉÖÔÇÛÈÑÎÓÃÎÓÖÈ

ÑÃŸÓ!ÔËÈÎÔËÉÖÌÓÈÉÓÊËÈÎÙÔÍÎÇÃÓÎ"ÈÎÓËÌÜÌÔÕŠÎÚÇÓËÃŽÊÉÓÌÃÇÎÃŸÎÙÊÕÓÌÒÕÈÎÓÔÑ ÑÎÃŸÎÓÖÈÎÓÔÑ ÎÓÍÒÈÎÙÔÍÎËÈ�ÊÌËÈÎÓÖÈ

ÑÉÃÒÈÎÃŸÎÓÖÈÎÓÔÑ ÎÓÍÒÈÎÓÃÎÉÖÔÇÛÈÎÔÇŽÎÙÔÍÎÉÖÔÇÛÈÎÓÖÈÎ"ÈÖÔÜÌÃËÎÃŸÎÓÖÈÎÇÈÓ!ÃË ÎÃŸÎÑÍÇÉÖËÃÇÌ%ÌÇÛÎÓÔÑ ÑŠ

6.1.3 Dynamic Tasks

guideline

S =ÊÑÓÌŸÍÎÓÖÈÎÊÑÈÎÃŸÎŽÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÃ"7ÈÉÓÑŠ

S �ÜÃÌŽÎŽÌÑÔÑÑÃÉÌÔÓÌÇÛÎÔÎŽÍÇÔÙÌÉÎÓÔÑ ÎŸËÃÙÎÔÕÕÎÇÔÙÈÑŠ

example

�ÖÈÎÔÒÒËÃÔÉÖÎÊÑÈŽÎÌÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈÎ"ÈÕÃ!ÎÌÑÎÇÃÓÎËÈÉÃÙÙÈÇŽÈŽŠÎ�ÖÈÎÈÏÔÙÒÕÈÎÑÖÃ!ÑÎ!ÖÍ

ÉÔÊÓÌÃÇÎÌÑÎËÈ�ÊÌËÈŽÎ!ÌÓÖÎŽÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÃ"7ÈÉÓÑŠÎÚÓÎÌÕÕÊÑÓËÔÓÈÑÎÖÃ!ÎÔÎŽÍÇÔÙÌÉÎÓÔÑ ÎÉÔÇÎ"È

ŽÌÑÔÑÑÃÉÌÔÓÈŽÎŸËÃÙÎÌÓÑÎÇÔÙÈŠ

task type Radar_Track;

type      Radar_Track_Pointer is access Radar_Track;

Current_Track : Radar_Track_Pointer;

---------------------------------------------------------------------

task body Radar_Track is

begin

   loop

      -- update tracking information

      ...

      -- exit when out of range

      delay 1.0;

   end loop;

...

end Radar_Track;

---------------------------------------------------------------------

...

loop

   ...

   -- Unless some code deals with non-null values of Current_Track,

   -- (such as an array of existing tasks)

   -- this assignment leaves the existing Radar_Track task running with

   -- no way to signal it to abort or to instruct the system to

   -- reclaim its resources.

   Current_Track := new Radar_Track;
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   ...

end loop;

rationale

�ÎŽÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÃ"7ÈÉÓÎÌÑÎÔÎÓÔÑ ÎÃ"7ÈÉÓÎÉËÈÔÓÈŽÎ"ÍÎÓÖÈÎÈÏÈÉÊÓÌÃÇÎÃŸÎÔÇÎÔÕÕÃÉÔÓÃËŠÎÎ�ÕÕÃÉÔÓÃËÑ

ÉÔÇÎ"ÈÎÊÑÈŽÎÓÃÎÔÜÃÌŽÎÕÌÙÌÓÌÇÛÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÓÔÑ ÑŠÎÎ&ÈÙÃËÍÎÔÇŽÎÓÌÙÌÇÛÎËÈ�ÊÌËÈÙÈÇÓÑÎÔËÈÎÒÃÑÌÓÌÜÈÕÍÎÃË

ÇÈÛÔÓÌÜÈÕÍÎÔŸŸÈÉÓÈŽÎ"ÍÎÓÖÈÎŽÈÉÌÑÌÃÇÎÓÃÎÊÑÈÎŽÍÇÔÙÌÉÎÓÔÑ ÑŠÎÎ-ÃÓÖÎÉËÈÔÓÌÃÇÎÔÇŽÎŽÈÕÈÓÌÃÇÎÃŸÎŽÍÇÔÙÌÉÎÓÔÑ Ñ

ÔÇŽÎÑÉÖÈŽÊÕÌÇÛÎÃŸÎŽÃËÙÔÇÓÎÑÓÔÓÌÉÎÓÔÑ ÑÎÔŽÜÈËÑÈÕÍÎÔŸŸÈÉÓÎÒÈËŸÃËÙÔÇÉÈŠÎ5ÃËÙÔÇÓÎÑÓÔÓÌÉÎÓÔÑ ÑÎÌÇÉÊËÎÙÈÙÃËÍ

ÃÜÈËÖÈÔŽÎÓÖÔÓÎÉÔÇÎ"ÈÎÔÜÃÌŽÈŽÎÊÑÌÇÛÎŽÍÇÔÙÌÉÎÓÔÑ ÑŠÎÅËÈÔÓÌÃÇÎÔÇŽÎŽÈÕÈÓÌÃÇÎÃŸÎŽÍÇÔÙÌÉÎÓÔÑ ÑÎÌÑÎÓÍÒÌÉÔÕÕÍ

ÙÃËÈÎÈÏÒÈÇÑÌÜÈÎÓÖÔÇÎÑÉÖÈŽÊÕÌÇÛÎÃÜÈËÖÈÔŽÎÌÇÎÓÈËÙÑÎÃŸÎÅ?/ÎÓÌÙÈŠ

�ÕÕÃÉÔÓÈŽÎÓÔÑ ÎÃ"7ÈÉÓÑÎËÈŸÈËÈÇÉÈŽÎ"ÍÎÔÉÉÈÑÑÎÜÔËÌÔ"ÕÈÑÎÔÕÕÃ!ÎÍÃÊÎÓÃÎÛÈÇÈËÔÓÈÎ@AB@CDCEÎÙÊÕÓÌÒÕÈÎËÈŸÈËÈÇÉÈÑ

ÓÃÎÓÖÈÎÑÔÙÈÎÃ"7ÈÉÓŠÎÎ�ÇÃÙÔÕÃÊÑÎ"ÈÖÔÜÌÃËÎÉÔÇÎÔËÌÑÈÎ!ÖÈÇÎÍÃÊÎËÈŸÈËÈÇÉÈÎÔÇÎÔ"ÃËÓÈŽÎÓÔÑ Î"ÍÎÔÇÃÓÖÈË

ÇÔÙÈŠ

�ÎŽÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÓÖÔÓÎÌÑÎÇÃÓÎÔÑÑÃÉÌÔÓÈŽÎ!ÌÓÖÎÔÎÇÔÙÈÎ’ÔÎFŽËÃÒÒÈŽÎÒÃÌÇÓÈËG(ÎÉÔÇÇÃÓÎ"È

ËÈŸÈËÈÇÉÈŽÎŸÃËÎÓÖÈÎÒÊËÒÃÑÈÎÃŸÎÙÔ ÌÇÛÎÈÇÓËÍÎÉÔÕÕÑ#ÎÇÃËÎÉÔÇÎÌÓÎ"ÈÎÓÖÈÎŽÌËÈÉÓÎÓÔËÛÈÓÎÃŸÎÔÇÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓ

’ÑÈÈÎ)ÊÌŽÈÕÌÇÈÎ*Š>Š9(Š

6.1.4 Priorities

guideline

S 5ÃÎÇÃÓÎËÈÕÍÎÃÇÎÒËÔÛÙÔ PriorityÎÓÃÎÒËÌÃËÌÓÌ%ÈÎÓÖÈÎÑÈËÜÌÉÈÎÃŸÎÈÇÓËÌÈÑŠ

S �ËËÔÇÛÈÎÓÔÑ Î"ÃŽÌÈÑÎÌÇÎÃËŽÈËÎÃŸÎÓÖÈÌËÎÒËÌÃËÌÓÌÈÑÎ’ÌŸÎÒÃÑÑÌ"ÕÈ(Š

example

$ÃËÎÈÏÔÙÒÕÈ#ÎÕÈÓÎÓÖÈÎÓÔÑ ÑÎÖÔÜÈÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÒËÌÃËÌÓÌÈÑ8

task T1 ... pragma Priority (High)   ... Server.Operation ...

task T2 ... pragma Priority (Medium) ... Server.Operation ...

task Server                          ... accept Operation ...

�ÓÎÑÃÙÈÎÒÃÌÇÓÎÌÇÎÌÓÑÎÈÏÈÉÊÓÌÃÇ#ÎT1ÎÌÑÎ"ÕÃÉ ÈŽŠÎ<ÓÖÈË!ÌÑÈ#ÎT2ÎÔÇŽÎServerÎÙÔÍÎÇÈÜÈËÎÈÏÈÉÊÓÈŠÎÚŸÎT1ÎÌÑ

"ÕÃÉ ÈŽ#ÎÌÓÎÌÑÎÒÃÑÑÌ"ÕÈÎŸÃËÎT2ÎÓÃÎËÈÔÉÖÎÌÓÑÎÉÔÕÕÎÓÃÎServerHÑÎÈÇÓËÍÎ’Operation(Î"ÈŸÃËÈÎT1ŠÎ.ÊÒÒÃÑÈÎÓÖÌÑÎÖÔÑ

ÖÔÒÒÈÇÈŽÎÔÇŽÎÓÖÔÓÎT1ÎÇÃ!ÎÙÔ ÈÑÎÌÓÑÎÈÇÓËÍÎÉÔÕÕÎ"ÈŸÃËÈÎServer ÖÔÑÎÔÎÉÖÔÇÉÈÎÓÃÎÔÉÉÈÒÓÎT2HÑÎÉÔÕÕŠ

�ÖÌÑÎÌÑÎÓÖÈÎÓÌÙÈÕÌÇÈÎÃŸÎÈÜÈÇÓÑÎÑÃÎŸÔË8

T1 blocks

T2 calls Server.Operation

T1 unblocks

T1 calls Server.Operation

Does Server accept the call from T1 or from T2?

.ÃÙÈÎÒÈÃÒÕÈÎÙÌÛÖÓÎÈÏÒÈÉÓÎÓÖÔÓ#ÎŽÊÈÎÓÃÎÌÓÑÎÖÌÛÖÈËÎÒËÌÃËÌÓÍ#ÎT1HÑÎÉÔÕÕÎ!ÃÊÕŽÎ"ÈÎÔÉÉÈÒÓÈŽÎ"ÍÎServerÎ"ÈŸÃËÈ

ÓÖÔÓÎÃŸÎT2ŠÎIÃ!ÈÜÈË#ÎÈÇÓËÍÎÉÔÕÕÑÎÔËÈÎ�ÊÈÊÈŽÎÌÇÎŸÌËÑÓ�ÌÇ�ŸÌËÑÓ�ÃÊÓÎ’$Ú$<(ÎÃËŽÈËÎÔÇŽÎÇÃÓÎ�ÊÈÊÈŽÎÌÇÎÃËŽÈËÎÃŸ

ÒËÌÃËÌÓÍŠÎ�ÖÈËÈŸÃËÈ#ÎÓÖÈÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎ"ÈÓ!ÈÈÇÎT1ÎÔÇŽÎServerÎÌÑÎÇÃÓÎÔŸŸÈÉÓÈŽÎ"ÍÎT1HÑÎÒËÌÃËÌÓÍŠÎÎ�ÑÎÔ

ËÈÑÊÕÓ#ÎÓÖÈÎÉÔÕÕÎŸËÃÙÎT2ÎÌÑÎÔÉÉÈÒÓÈŽÎŸÌËÑÓŠÎÎ�ÖÌÑÎÌÑÎÔÎŸÃËÙÎÃŸÎJKBLKBMNOBPQDKCBLPŠ

�ÎÑÃÕÊÓÌÃÇÎÙÌÛÖÓÎ"ÈÎÓÃÎÒËÃÜÌŽÈÎÔÇÎÈÇÓËÍÎŸÃËÎÔÎHighÎÒËÌÃËÌÓÍÎÊÑÈËÎÔÇŽÎÔÇÎÈÇÓËÍÎŸÃËÎÔÎMedium ÒËÌÃËÌÓÍÎÊÑÈËŠÎ

---------------------------------------------------------------------

task Server is

   entry Operation_High_Priority;

   entry Operation_Medium_Priority;

   ...

end Server;

---------------------------------------------------------------------

task body Server is

begin

   loop

      select

         accept Operation_High_Priority do

            Operation;

         end Operation_High_Priority;

      else  -- accept any priority
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         select

            accept Operation_High_Priority do

               Operation;

            end Operation_High_Priority;

         or

            accept Operation_Medium_Priority do

               Operation;

            end Operation_Medium_Priority;

         or

            terminate;

         end select;

      end select;

   end loop;

...

end Server;

---------------------------------------------------------------------

IÃ!ÈÜÈË#ÎÌÇÎÓÖÌÑÎÔÒÒËÃÔÉÖÎT1ÎÑÓÌÕÕÎ!ÔÌÓÑÎŸÃËÎÃÇÈÎÈÏÈÉÊÓÌÃÇÎÃŸÎOperationÎ!ÖÈÇÎT2ÎÖÔÑÎÔÕËÈÔŽÍÎÛÔÌÇÈŽ

ÉÃÇÓËÃÕÎÃŸÎÓÖÈÎÓÔÑ ÎServerŠÎÚÇÎÔŽŽÌÓÌÃÇ#ÎÓÖÈÎÔÒÒËÃÔÉÖÎÌÇÉËÈÔÑÈÑÎÓÖÈÎÉÃÙÙÊÇÌÉÔÓÌÃÇÎÉÃÙÒÕÈÏÌÓÍÎ’ÑÈÈ

)ÊÌŽÈÕÌÇÈÎ+Š0Š+(Š

rationale

�ÖÈÎÒËÔÛÙÔÎPriority ÔÕÕÃ!ÑÎËÈÕÔÓÌÜÈÎÒËÌÃËÌÓÌÈÑÎÓÃÎ"ÈÎÒÕÔÉÈŽÎÃÇÎÓÔÑ ÑÎÓÃÎÔÉÉÃÙÒÕÌÑÖÎÑÉÖÈŽÊÕÌÇÛŠÎÎ?ËÈÉÌÑÌÃÇ

"ÈÉÃÙÈÑÎÔÎÉËÌÓÌÉÔÕÎÌÑÑÊÈÎ!ÌÓÖÎÖÔËŽRŽÈÔŽÕÌÇÈÎÑÉÖÈŽÊÕÌÇÛŠÎÎIÃ!ÈÜÈË#ÎÓÖÈËÈÎÔËÈÎÉÈËÓÔÌÇÎÒËÃ"ÕÈÙÑÎÔÑÑÃÉÌÔÓÈŽ

!ÌÓÖÎÊÑÌÇÛÎÒËÌÃËÌÓÌÈÑÎÓÖÔÓÎ!ÔËËÔÇÓÎÉÔÊÓÌÃÇŠÎÎ

SKBLKBMNOBPQDKCBLPÎÃÉÉÊËÑÎ!ÖÈÇÎÕÃ!ÈËÎÒËÌÃËÌÓÍÎÓÔÑ ÑÎÔËÈÎÛÌÜÈÇÎÑÈËÜÌÉÈÎ!ÖÌÕÈÎÖÌÛÖÈËÎÒËÌÃËÌÓÍÎÓÔÑ ÑÎËÈÙÔÌÇ

"ÕÃÉ ÈŽŠÎÎÚÇÎÓÖÈÎÔ"ÃÜÈÎÈÏÔÙÒÕÈ#ÎÓÖÌÑÎÃÉÉÊËËÈŽÎ"ÈÉÔÊÑÈÎÈÇÓËÍÎ�ÊÈÊÈÑÎÔËÈÎÑÈËÜÌÉÈŽÎÌÇÎ$Ú$<ÎÃËŽÈË#ÎÇÃÓÎ"Í

ÒËÌÃËÌÓÍŠÎÎ�ÖÈËÈÎÌÑÎÔÇÃÓÖÈËÎÑÌÓÊÔÓÌÃÇÎËÈŸÈËËÈŽÎÓÃÎÔÑÎÔÎK@TDOTLPUBMBLPŠÎÎ�ÎÒËÃÛËÔÙÎÕÌ ÈÎÓÖÈÎÃÇÈÎÌÇÎÓÖÈÎŸÌËÑÓ

ÈÏÔÙÒÕÈÎÙÌÛÖÓÎÎÃŸÓÈÇÎ"ÈÖÔÜÈÎÔÑÎÈÏÒÈÉÓÈŽÎÔÑÎÕÃÇÛÎÔÑÎT1ÎÉÔÕÕÑÎServer.OperationÎÃÇÕÍÎ!ÖÈÇÎT2ÎÌÑÎÇÃÓ

ÔÕËÈÔŽÍÎÊÑÌÇÛÎServer.OperationÎÃËÎ!ÔÌÓÌÇÛŠÎ3ÃÊÎÉÔÇÇÃÓÎËÈÕÍÎÃÇÎT1ÎÔÕ!ÔÍÑÎ!ÌÇÇÌÇÛÎÓÖÈÎËÔÉÈ#ÎÑÌÇÉÈÎÓÖÔÓ

"ÈÖÔÜÌÃËÎ!ÃÊÕŽÎ"ÈÎŽÊÈÎÙÃËÈÎÓÃÎŸÔÓÈÎÓÖÔÇÎÓÃÎÓÖÈÎÒËÃÛËÔÙÙÈŽÎÒËÌÃËÌÓÌÈÑŠÎÎ;ÔÉÈÎÉÃÇŽÌÓÌÃÇÑÎÉÖÔÇÛÈÎ!ÖÈÇ

ÈÌÓÖÈËÎÔŽŽÌÇÛÎÉÃŽÈÎÓÃÎÔÇÎÊÇËÈÕÔÓÈŽÎÓÔÑ ÎÃËÎÒÃËÓÌÇÛÎÓÖÌÑÎÉÃŽÈÎÓÃÎÔÎÇÈ!ÎÓÔËÛÈÓŠÎÎ�ÔÑ ÎÒËÌÃËÌÓÌÈÑÎÔËÈÎÇÃÓÎÔ

ÙÈÔÇÑÎÃŸÎÔÉÖÌÈÜÌÇÛÎÙÊÓÊÔÕÎÈÏÉÕÊÑÌÃÇŠÎÎÎ 

�ËËÔÇÛÌÇÛÎÓÔÑ Î"ÃŽÌÈÑÎÌÇÎÃËŽÈËÎÃŸÎÒËÌÃËÌÓÍÎ!ÌÕÕÎÈÕÔ"ÃËÔÓÈÎÓÖÈÎÖÌÛÖÈËÎÒËÌÃËÌÓÍÎÓÔÑ ÑÎŸÌËÑÓŠÎ

exceptions

VÖÈÇÎÓÖÈËÈÎÔËÈÎŽÈÒÈÇŽÈÇÉÌÈÑÎ"ÈÓ!ÈÈÇÎÓÔÑ Ñ#ÎÓÖÈÎŽÈÒÈÇŽÈÇÉÌÈÑÎ!ÌÕÕÎÌÇŸÕÊÈÇÉÈÎÓÖÈÎÃËŽÈËÎÌÇÎ!ÖÌÉÖÎÓÖÈ

ÓÔÑ ÑÎÑÖÃÊÕŽÎ"ÈÎÈÕÔ"ÃËÔÓÈŽŠÎÚÇÎÓÖÈÑÈÎÉÔÑÈÑ#ÎÓÖÈÎŽÈÒÈÇŽÈÇÉÌÈÑÎÌÇÎÉÃÇ7ÊÇÉÓÌÃÇÎ!ÌÓÖÎÓÖÈÎÓÔÑ ÎÒËÌÃËÌÓÌÈÑ

ÑÖÃÊÕŽÎ"ÈÎÊÑÈŽÎÓÃÎÃËŽÈËÎÓÖÈÎÓÔÑ Î"ÃŽÌÈÑŠÎ

note

VÃË ÎÌÑÎ"ÈÌÇÛÎŽÃÇÈÎÓÃÎÙÌÇÌÙÌ%ÈÎÓÖÈÑÈÎÒËÃ"ÕÈÙÑ#ÎÌÇÉÕÊŽÌÇÛÎÓÖÈÎÌÇÓËÃŽÊÉÓÌÃÇÎÃŸÎÔÎÑÉÖÈŽÊÕÌÇÛÎÔÕÛÃËÌÓÖÙ

 ÇÃ!ÇÎÔÑÎÓÖÈÎÒËÌÃËÌÓÍÎÉÈÌÕÌÇÛÎÒËÃÓÃÉÃÕÎ’)ÃÃŽÈÇÃÊÛÖÎÔÇŽÎ.ÖÔÎÀÄ,,(ŠÎ�ÖÈÎÒËÌÃËÌÓÍÎÉÈÌÕÌÇÛÎÒËÃÓÃÉÃÕ

ËÈŽÊÉÈÑÎÓÖÈÎ"ÕÃÉ ÌÇÛÎÓÌÙÈÎÓÖÔÓÎÉÔÊÑÈÑÎJKBLKBMNOBPQDKCBLPÎÓÃÎÃÇÕÍÎÃÇÈÎÉËÌÓÌÉÔÕÎËÈÛÌÃÇÎ’ŽÈŸÌÇÈŽÎ"ÍÎÓÖÈÎÈÇÓËÌÈÑ

ÌÇÎÔÎÓÔÑ (ŠÎ�ÖÈÎÒËÃÓÃÉÃÕÎÔÕÑÃÎÈÕÌÙÌÇÔÓÈÑÎŽÈÔŽÕÃÉ ÎÊÇÕÈÑÑÎÔÎÓÔÑ ÎËÈÉÊËÑÌÜÈÕÍÎÓËÌÈÑÎÓÃÎÔÉÉÈÑÑÎÔÎÉËÌÓÌÉÔÕÎËÈÛÌÃÇŠ

�ÖÌÑÎ ÒËÃÓÃÉÃÕÎ ÌÑÎ "ÔÑÈŽÎÃÇÎÒËÌÃËÌÓÍÎ ÌÇÖÈËÌÓÔÇÉÈÎ ÔÇŽÎ ÓÖÊÑÎŽÈÜÌÔÓÈÑÎ ŸËÃÙÎ ÓÖÈÎ ÑÓÔÇŽÔËŽÎ�ŽÔÎ ÓÔÑ ÌÇÛ

ÒÔËÔŽÌÛÙŠ

?ËÌÃËÌÓÌÈÑÎÔËÈÎÊÑÈŽÎÓÃÎÉÃÇÓËÃÕÎ!ÖÈÇÎÓÔÑ ÑÎËÊÇÎËÈÕÔÓÌÜÈÎÓÃÎÃÇÈÎÔÇÃÓÖÈËŠÎÎVÖÈÇÎ"ÃÓÖÎÓÔÑ ÑÎÔËÈÎÇÃÓÎ"ÕÃÉ ÈŽ

!ÔÌÓÌÇÛÎÔÓÎÔÇÎÈÇÓËÍ#ÎÓÖÈÎÖÌÛÖÈÑÓÎÒËÌÃËÌÓÍÎÓÔÑ ÎÌÑÎÛÌÜÈÇÎÒËÈÉÈŽÈÇÉÈŠÎÎIÃ!ÈÜÈË#ÎÓÖÈÎÙÃÑÓÎÉËÌÓÌÉÔÕÎÓÔÑ ÑÎÌÇÎÔÇ

ÔÒÒÕÌÉÔÓÌÃÇÎŽÃÎÇÃÓÎÔÕ!ÔÍÑÎÖÔÜÈÎÓÖÈÎÖÌÛÖÈÑÓÎÒËÌÃËÌÓÍŠÎÎ$ÃËÎÈÏÔÙÒÕÈ#ÎÑÊÒÒÃËÓÎÓÔÑ ÑÎÃËÎÓÔÑ ÑÎ!ÌÓÖÎÑÙÔÕÕ

ÒÈËÌÃŽÑÎÙÔÍÎÖÔÜÈÎÖÌÛÖÈËÎÒËÌÃËÌÓÌÈÑ#Î"ÈÉÔÊÑÈÎÓÖÈÍÎÇÈÈŽÎÓÃÎËÊÇÎŸËÈ�ÊÈÇÓÕÍŠ

6.1.5 Delay Statements

guideline

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎ"ÈÌÇÛÎÔÉÖÌÈÜÔ"ÕÈÎ’4ÌÑÑÈÇÎÔÇŽÎVÔÕÕÌÑÎÀÄ,>(Š

S 5ÃÎÇÃÓÎÊÑÈÎÔÎ"ÊÑÍÎ!ÔÌÓÌÇÛÎÕÃÃÒÎÌÇÑÓÈÔŽÎÃŸÎÔÎŽÈÕÔÍŠ

S 5ÈÑÌÛÇÎÓÃÎÕÌÙÌÓÎÒÃÕÕÌÇÛÎÓÃÎÓÖÃÑÈÎÉÔÑÈÑÎ!ÖÈËÈÎÔ"ÑÃÕÊÓÈÕÍÎÇÈÉÈÑÑÔËÍŠ



Ä+ÎÎ�ŽÔÎ1/�2Ú�3Î�45Î.�326

S 5ÃÎÇÃÓÎÊÑÈÎ ÇÃ!ÕÈŽÛÈÎÃŸÎÓÖÈÎÈÏÈÉÊÓÌÃÇÎÒÔÓÓÈËÇÎÃŸÎÓÔÑ ÑÎÓÃÎÔÉÖÌÈÜÈÎÓÌÙÌÇÛÎËÈ�ÊÌËÈÙÈÇÓÑŠ

example

�ÖÈÎÒÖÔÑÈÎÃŸÎÔÎÒÈËÌÃŽÌÉÎÓÔÑ ÎÌÑÎÓÖÈÎŸËÔÉÓÌÃÇÎÃŸÎÔÎÉÃÙÒÕÈÓÈÎÉÍÉÕÈÎÈÕÔÒÑÈŽÎÔÑÎÙÈÔÑÊËÈŽÎŸËÃÙÎÔÎÑÒÈÉÌŸÌÈŽ

ËÈŸÈËÈÇÉÈÎÒÃÌÇÓŠÎÚÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈÎÔÇÎÌÇÔÉÉÊËÔÓÈÎŽÈÕÔÍÎÉÔÊÑÈÑÎÓÖÈÎÒÖÔÑÈÎÃŸÎÓÖÈÎÒÈËÌÃŽÌÉÎÓÔÑ ÎÓÃ

ŽËÌŸÓÎÃÜÈËÎÓÌÙÈÎ’ÌŠÈŠ#ÎÓÖÈÎÓÔÑ ÎÑÓÔËÓÑÎÕÔÓÈËÎÔÇŽÎÕÔÓÈËÎÌÇÎÓÖÈÎÉÍÉÕÈ(8

Periodic:

   loop

      delay Interval;

      ...

   end loop Periodic;

�ÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈÎÑÖÃ!ÑÎÖÃ!ÎÓÃÎÉÃÙÒÈÇÑÔÓÈÎŸÃËÎÓÖÈÎÌÇÔÉÉÊËÔÉÍÎÃŸÎÓÖÈÎŽÈÕÔÍÎÑÓÔÓÈÙÈÇÓŠÎ�ÖÌÑ

ÔÒÒËÃÔÉÖÎ!ÃË ÑÎ!ÈÕÕÎ!ÖÈÇÎÓÖÈÎÒÈËÌÃŽÌÉÎËÈ�ÊÌËÈÙÈÇÓÎÉÔÇÎ"ÈÎÑÔÓÌÑŸÌÈŽÎ!ÌÓÖÎÔÇÎÔÜÈËÔÛÈÎÒÈËÌÃŽŠÎÎ?ÈËÌÃŽÌÉ

ÓÔÑ ÑÎ"ÔÑÈŽÎÃÇÎÔÇÎÌÇÔÉÉÊËÔÓÈÎŽÈÕÔÍÎÉÔÇÎŽËÌŸÓÎŸËÃÙÎÓÖÈÌËÎÒÖÔÑÈŠÎ?ËÈÜÈÇÓÌÃÇÎÃŸÎÓÖÌÑÎŽËÌŸÓÎÉÔÇÎ"ÈÎÔÉÖÌÈÜÈŽÎ"Í

ÉÔÕÉÊÕÔÓÌÇÛÎÓÖÈÎÇÈÏÓÎÓÌÙÈWÓÃWÃÉÉÊËÎ"ÔÑÈŽÎÃÇÎÓÖÈÎÔÉÓÊÔÕÎÓÌÙÈÎÃŸÎÓÖÈÎÉÊËËÈÇÓÎÈÏÈÉÊÓÌÃÇŠÎ�ÖÈÎŸÃÕÕÃ!ÌÇÛ

ÈÏÔÙÒÕÈÎÌÕÕÊÑÓËÔÓÈÑÎÓÖÌÑÎÓÔÉÓÌÉ8

No_Drift:

   declare

      use Calendar;

      -- Interval is a global constant of type Duration

      Next_Time : Calendar.Time := Calendar.Clock + Interval;

   begin  -- No_Drift

      Stable_Periodic:

         loop

            delay Next_Time - Clock;

            ...

            Next_Time := Next_Time + Interval;

         end loop Stable_Periodic;

   end No_Drift;

rationale

�ÖÈÎ�ŽÔÎÕÔÇÛÊÔÛÈÎŽÈŸÌÇÌÓÌÃÇÎÃÇÕÍÎÛÊÔËÔÇÓÈÈÑÎÓÖÔÓÎÓÖÈÎŽÈÕÔÍÎÓÌÙÈÎÌÑÎÔÎÙÌÇÌÙÊÙŠÎ�ÖÈÎÙÈÔÇÌÇÛÎÃŸÎÔÎdelay

ÑÓÔÓÈÙÈÇÓÎÌÑÎÓÖÔÓÎÓÖÈÎÓÔÑ ÎÌÑÎÇÃÓÎÑÉÖÈŽÊÕÈŽÎŸÃËÎÈÏÈÉÊÓÌÃÇÎ"ÈŸÃËÈÎÓÖÈÎÌÇÓÈËÜÔÕÎÖÔÑÎÈÏÒÌËÈŽŠÎÚÇÎÃÓÖÈËÎ!ÃËŽÑ#

ÔÎÓÔÑ Î"ÈÉÃÙÈÑÎÈÕÌÛÌ"ÕÈÎÓÃÎËÈÑÊÙÈÎÈÏÈÉÊÓÌÃÇÎÔÑÎÑÃÃÇÎÔÑÎÓÖÈÎÔÙÃÊÇÓÎÃŸÎÓÌÙÈÎÖÔÑÎÒÔÑÑÈŽŠÎIÃ!ÈÜÈË#ÎÓÖÈËÈÎÌÑ

ÇÃÎÛÊÔËÔÇÓÈÈÎÃŸÎ!ÖÈÇÎ’ÃËÎÌŸ(ÎÌÓÎÌÑÎÑÉÖÈŽÊÕÈŽÎÔŸÓÈËÎÓÖÔÓÎÓÌÙÈŠÎ

�Î"ÊÑÍÎ!ÔÌÓÎÉÔÇÎÌÇÓÈËŸÈËÈÎ!ÌÓÖÎÒËÃÉÈÑÑÌÇÛÎ"ÍÎÃÓÖÈËÎÓÔÑ ÑŠÎÚÓÎÉÔÇÎÉÃÇÑÊÙÈÎÓÖÈÎÜÈËÍÎÒËÃÉÈÑÑÃËÎËÈÑÃÊËÉÈ

ÇÈÉÈÑÑÔËÍÎŸÃËÎÉÃÙÒÕÈÓÌÃÇÎÃŸÎÓÖÈÎÔÉÓÌÜÌÓÍÎŸÃËÎ!ÖÌÉÖÎÌÓÎÌÑÎ!ÔÌÓÌÇÛŠÎ6ÜÈÇÎÔÎÕÃÃÒÎ!ÌÓÖÎÔÎŽÈÕÔÍÎÉÔÇÎÖÔÜÈÎÓÖÈ

ÌÙÒÔÉÓÎÃŸÎ"ÊÑÍÎ!ÔÌÓÌÇÛÎÌŸÎÓÖÈÎÒÕÔÇÇÈŽÎ!ÔÌÓÎÌÑÎÑÌÛÇÌŸÌÉÔÇÓÕÍÎÕÃÇÛÈËÎÓÖÈÇÎÓÖÈÎŽÈÕÔÍÎÌÇÓÈËÜÔÕŠÎÚŸÎÔÎÓÔÑ ÎÖÔÑ

ÇÃÓÖÌÇÛÎÓÃÎŽÃ#ÎÌÓÎÑÖÃÊÕŽÎ"ÈÎ"ÕÃÉ ÈŽÎÔÓÎÔÇÎÔÉÉÈÒÓÎÃËÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓŠ

/ÑÌÇÛÎ ÇÃ!ÕÈŽÛÈÎÃŸÎÓÖÈÎÈÏÈÉÊÓÌÃÇÎÒÔÓÓÈËÇÎÃŸÎÓÔÑ ÑÎÓÃÎÔÉÖÌÈÜÈÎÓÌÙÌÇÛÎËÈ�ÊÌËÈÙÈÇÓÑÎÌÑÎÇÃÇÒÃËÓÔ"ÕÈŠÎ�ŽÔ

ŽÃÈÑÎÇÃÓÎÑÒÈÉÌŸÍÎÓÖÈÎÊÇŽÈËÕÍÌÇÛÎÑÉÖÈŽÊÕÌÇÛÎÔÕÛÃËÌÓÖÙŠ

6.2 COMMUNICATION

�ÖÈÎÇÈÈŽÎŸÃËÎÓÔÑ ÑÎÓÃÎÉÃÙÙÊÇÌÉÔÓÈÎÛÌÜÈÑÎËÌÑÈÎÓÃÎÙÃÑÓÎÃŸÎÓÖÈÎÒËÃ"ÕÈÙÑÎÓÖÔÓÎÙÔ ÈÎÉÃÇÉÊËËÈÇÓÎÒËÃÛËÔÙÙÌÇÛÎÑÃ

ŽÌŸŸÌÉÊÕÓŠÎ/ÑÈŽÎÒËÃÒÈËÕÍ#Î�ŽÔHÑÎÌÇÓÈËÓÔÑ ÎÉÃÙÙÊÇÌÉÔÓÌÃÇÎŸÈÔÓÊËÈÑÎÉÔÇÎÌÙÒËÃÜÈÎÓÖÈÎËÈÕÌÔ"ÌÕÌÓÍÎÃŸÎÉÃÇÉÊËËÈÇÓ

ÒËÃÛËÔÙÑXÎÊÑÈŽÎÓÖÃÊÛÖÓÕÈÑÑÕÍ#ÎÓÖÈÍÎÉÔÇÎÌÇÓËÃŽÊÉÈÎÑÊ"ÓÕÈÎÈËËÃËÑÎÓÖÔÓÎÉÔÇÎ"ÈÎŽÌŸŸÌÉÊÕÓÎÓÃÎŽÈÓÈÉÓÎÔÇŽÎÉÃËËÈÉÓŠ

6.2.1 Efficient Task Communications

guideline

S &ÌÇÌÙÌ%ÈÎÓÖÈÎ!ÃË ÎÒÈËŸÃËÙÈŽÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑŠ

S &ÌÇÌÙÌ%ÈÎÓÖÈÎ!ÃË ÎÒÈËŸÃËÙÈŽÎÌÇÎÓÖÈÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÕÃÃÒÎÃŸÎÔÎÓÔÑ Š

example

ÚÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈ#ÎÓÖÈÎÑÓÔÓÈÙÈÇÓÑÎÌÇÎÓÖÈÎÔÉÉÈÒÓÎ"ÃŽÍÎÔËÈÎÒÈËŸÃËÙÈŽÎÔÑÎÒÔËÓÎÃŸÎÓÖÈÎÈÏÈÉÊÓÌÃÇÎÃŸ

"ÃÓÖÎÓÖÈÎÉÔÕÕÈËÎÓÔÑ ÎÔÇŽÎÓÖÈÎÓÔÑ ÎServer !ÖÌÉÖÎÉÃÇÓÔÌÇÑÎOperation ÔÇŽ Operation2ŠÎ�ÖÈÎÑÓÔÓÈÙÈÇÓÑ



Å<4Å/;;64Å3ÎÎÄY

ÔŸÓÈËÎ ÓÖÈÎ ÔÉÉÈÒÓÎ "ÃŽÍÎ ÔËÈÎ ÈÏÈÉÊÓÈŽÎ "ÈŸÃËÈÎ ServerÎ ÉÔÇÎ ÔÉÉÈÒÓÎ ÔŽŽÌÓÌÃÇÔÕÎ ÉÔÕÕÑÎ ÓÃÎ Operation ÃË

Operation2ŠÎ

   ...

   loop

      select

         accept Operation do

            -- These statements are executed during rendezvous.

            -- Both caller and server are blocked during this time.

            ...

         end Operation;

         ...

         -- These statements are not executed during rendezvous.

         -- Their execution delays getting back to the accept and

         --   may be a candidate for another task.

      or

         accept Operation_2 do

            -- These statements are executed during rendezvous.

            -- Both caller and server are blocked during this time.

            ...

         end Operation_2;

      end select;

      -- These statements are also not executed during rendezvous,

      -- Their execution delays getting back to the accept and may

      --   be a candidate for another task.

   end loop;

rationale

<ÇÕÍÎ!ÃË ÎÓÖÔÓÎÇÈÈŽÑÎÓÃÎ"ÈÎÒÈËŸÃËÙÈŽÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑ#ÎÑÊÉÖÎÔÑÎÑÔÜÌÇÛÎÃËÎÛÈÇÈËÔÓÌÇÛÎÒÔËÔÙÈÓÈËÑ#

ÑÖÃÊÕŽÎ"ÈÎÔÕÕÃ!ÈŽÎÌÇÎÓÖÈÎÔÉÉÈÒÓÎ"ÃŽÌÈÑÎÓÃÎÙÌÇÌÙÌ%ÈÎÓÖÈÎÓÌÙÈÎËÈ�ÊÌËÈŽÎÓÃÎËÈÇŽÈ%ÜÃÊÑŠ

VÖÈÇÎ!ÃË ÎÌÑÎËÈÙÃÜÈŽÎŸËÃÙÎÓÖÈÎÔÉÉÈÒÓÎ"ÃŽÍÎÔÇŽÎÒÕÔÉÈŽÎÕÔÓÈËÎÌÇÎÓÖÈÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÕÃÃÒ#ÎÓÖÈÎÔŽŽÌÓÌÃÇÔÕ

!ÃË ÎÙÔÍÎÑÓÌÕÕÎÑÊÑÒÈÇŽÎÓÖÈÎÉÔÕÕÈËÎÓÔÑ ŠÎÚŸÎÓÖÈÎÉÔÕÕÈËÎÓÔÑ ÎÉÔÕÕÑÎÈÇÓËÍÎOperationÎÔÛÔÌÇÎ"ÈŸÃËÈÎÓÖÈÎÑÈËÜÈËÎÓÔÑ 

ÉÃÙÒÕÈÓÈÑÎÌÓÑÎÔŽŽÌÓÌÃÇÔÕÎ!ÃË #ÎÓÖÈÎÉÔÕÕÈËÎÌÑÎŽÈÕÔÍÈŽÎÊÇÓÌÕÎÓÖÈÎÑÈËÜÈËÎÉÃÙÒÕÈÓÈÑÎÓÖÈÎÔŽŽÌÓÌÃÇÔÕÎ!ÃË ŠÎÚŸÎÓÖÈ

ÒÃÓÈÇÓÌÔÕÎŽÈÕÔÍÎÌÑÎÊÇÔÉÉÈÒÓÔ"ÕÈÎÔÇŽÎÓÖÈÎÔŽŽÌÓÌÃÇÔÕÎ!ÃË ÎŽÃÈÑÎÇÃÓÎÇÈÈŽÎÓÃÎ"ÈÎÉÃÙÒÕÈÓÈŽÎ"ÈŸÃËÈÎÓÖÈÎÇÈÏÓ

ÑÈËÜÌÉÈÎÃŸÎÓÖÈÎÉÔÕÕÈËÎÓÔÑ #ÎÓÖÈÎÔŽŽÌÓÌÃÇÔÕÎ!ÃË ÎÙÔÍÎŸÃËÙÎÓÖÈÎ"ÔÑÌÑÎÃŸÎÔÎÇÈ!ÎÓÔÑ ÎÓÖÔÓÎ!ÌÕÕÎÇÃÓÎ"ÕÃÉ ÎÓÖÈ

ÉÔÕÕÈËÎÓÔÑ ŠÎ

note

ÚÇÎ ÑÃÙÈÎÉÔÑÈÑ#ÎÔŽŽÌÓÌÃÇÔÕÎ ŸÊÇÉÓÌÃÇÑÎÙÔÍÎ"ÈÎÔŽŽÈŽÎ ÓÃÎÔÎ ÓÔÑ ŠÎ$ÃËÎÈÏÔÙÒÕÈ#ÎÔÎ ÓÔÑ ÎÉÃÇÓËÃÕÕÌÇÛÎÔ

ÉÃÙÙÊÇÌÉÔÓÌÃÇÎŽÈÜÌÉÈÎÙÔÍÎ"ÈÎËÈÑÒÃÇÑÌ"ÕÈÎŸÃËÎÔÎÒÈËÌÃŽÌÉÎŸÊÇÉÓÌÃÇÎÓÃÎÈÇÑÊËÈÎÓÖÔÓÎÓÖÈÎŽÈÜÌÉÈÎÌÑÎÃÒÈËÔÓÌÇÛ

ÉÃËËÈÉÓÕÍŠÎ�ÖÌÑÎÓÍÒÈÎÃŸÎÔŽŽÌÓÌÃÇÎÑÖÃÊÕŽÎ"ÈÎŽÃÇÈÎ!ÌÓÖÎÉÔËÈÎËÈÔÕÌ%ÌÇÛÎÓÖÔÓÎÓÖÈÎËÈÑÒÃÇÑÈÎÓÌÙÈÎÃŸÎÓÖÈÎÓÔÑ ÎÌÑ

ÌÙÒÔÉÓÈŽÎ’ÑÈÈÎËÔÓÌÃÇÔÕÈ(Š

exceptions

�ÔÑ ÎÉÃÙÙÊÇÌÉÔÓÌÃÇÎÃÜÈËÖÈÔŽÎÙÊÑÓÎ"ÈÎ"ÔÕÔÇÉÈŽÎ!ÌÓÖÎÓÖÈÎÔÑÑÃÉÌÔÓÈŽÎ"ÕÃÉ ÌÇÛŠÎ6ÔÉÖÎÓÌÙÈÎÔÎÇÈ!ÎÓÔÑ ÎÌÑ

ÌÇÓËÃŽÊÉÈŽ#ÎÓÖÈËÈÎÌÑÎÔÎÓÌÙÌÇÛÎÌÙÒÔÉÓÎÉÔÊÑÈŽÎ"ÍÎÑÉÖÈŽÊÕÌÇÛÎÔÇŽÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎ!ÌÓÖÎÓÖÈÎÇÈ!ÎÓÔÑ ŠÎ-È

ÉÔËÈŸÊÕÎ!ÖÈÇÎÌÇÓËÃŽÊÉÌÇÛÎÓÔÑ ÑÎÓÃÎËÈŽÊÉÈÎ"ÕÃÉ ÌÇÛŠÎ�ÖÈÎËÈŽÊÉÓÌÃÇÎÌÇÎ"ÕÃÉ ÌÇÛÎÓÌÙÈÎ!ÌÕÕÎÉÔÊÑÈÎÌÇÉËÈÔÑÈŽ

ÓÔÑ ÎÑÉÖÈŽÊÕÌÇÛÎÔÇŽÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÃÜÈËÖÈÔŽÎÔÇŽÎÑÃŸÓ!ÔËÈÎÔËÉÖÌÓÈÉÓÊËÈÎÉÃÙÒÕÈÏÌÓÍŠ

6.2.2 Defensive Task Communication

guideline

S ?ËÃÜÌŽÈÎ ÔÎ ÖÔÇŽÕÈËÎ ŸÃËÎ ÈÏÉÈÒÓÌÃÇÎ Program_ErrorÎ !ÖÈÇÈÜÈËÎ ÍÃÊÎ ÉÔÇÇÃÓÎ ÔÜÃÌŽÎ ÔÎ ÑÈÕÈÉÓÌÜÈÎ !ÔÌÓ

ÑÓÔÓÈÙÈÇÓÎ!ÖÃÑÈÎÔÕÓÈËÇÔÓÈÑÎÉÔÇÎÔÕÕÎ"ÈÎÉÕÃÑÈŽÎ’IÃÇÈÍ!ÈÕÕÎÀÄ,+(Š

S &Ô ÈÎÑÍÑÓÈÙÔÓÌÉÎÊÑÈÎÃŸÎÖÔÇŽÕÈËÑÎŸÃËÎTasking_ErrorŠ

S -ÈÎÒËÈÒÔËÈŽÎÓÃÎÖÔÇŽÕÈÎÈÏÉÈÒÓÌÃÇÑÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑŠ



Ä,ÎÎ�ŽÔÎ1/�2Ú�3Î�45Î.�326

example

�ÖÌÑÎ"ÕÃÉ ÎÔÕÕÃ!ÑÎËÈÉÃÜÈËÍÎŸËÃÙÎÈÏÉÈÒÓÌÃÇÑÎËÔÌÑÈŽÎ!ÖÌÕÈÎÔÓÓÈÙÒÓÌÇÛÎÓÃÎÉÃÙÙÊÇÌÉÔÓÈÎÔÎÉÃÙÙÔÇŽÎÓÃ

ÔÇÃÓÖÈËÎÓÔÑ Š

Accelerate:

   begin

      Throttle.Increase(Step);

   exception

      when Tasking_Error     =>     ...

      when Constraint_Error |

           Numeric_Error     =>     ...

      when Throttle_Too_Wide =>     ...

      ...

   end Accelerate;

ÚÇÎÓÖÌÑÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓ#ÎÌŸÎÔÕÕÎÓÖÈÎÛÊÔËŽÑÎÖÔÒÒÈÇÎÓÃÎ"ÈÎÉÕÃÑÈŽ#ÎÓÖÈÎÒËÃÛËÔÙÎÉÔÇÎÉÃÇÓÌÇÊÈÎ"ÍÎÈÏÈÉÊÓÌÇÛÎÓÖÈ

ÈÕÑÈÎÒÔËÓŠÎ�ÖÈËÈÎÌÑÎÇÃÎÇÈÈŽÎŸÃËÎÔÎÖÔÇŽÕÈËÎŸÃËÎProgram_ErrorŠÎ<ÓÖÈËÎÈÏÉÈÒÓÌÃÇÑÎÉÔÇÎÑÓÌÕÕÎ"ÈÎËÔÌÑÈŽÎ!ÖÌÕÈ

ÈÜÔÕÊÔÓÌÇÛÎÓÖÈÎÛÊÔËŽÑÎÃËÎÔÓÓÈÙÒÓÌÇÛÎÓÃÎÉÃÙÙÊÇÌÉÔÓÈŠÎ

...

Guarded:

   begin

      select

         when Condition_1 =>

            accept Entry_1;

      or

         when Condition_2 =>

            accept Entry_2;

      else  -- all alternatives closed

         ...

      end select;

   exception

      when Constraint_Error | Numeric_Error =>

         ...

   end Guarded;

ÚÇÎÓÖÌÑÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓ#ÎÌŸÎÔÕÕÎÓÖÈÎÛÊÔËŽÑÎÖÔÒÒÈÇÎÓÃÎ"ÈÎÉÕÃÑÈŽ#ÎÈÏÉÈÒÓÌÃÇÎProgram_ErrorÎ!ÌÕÕÎ"ÈÎËÔÌÑÈŽŠ

<ÓÖÈËÎÈÏÉÈÒÓÌÃÇÑÎÉÔÇÎÑÓÌÕÕÎ"ÈÎËÔÌÑÈŽÎ!ÖÌÕÈÎÈÜÔÕÊÔÓÌÇÛÎÓÖÈÎÛÊÔËŽÑÎÃËÎÔÓÓÈÙÒÓÌÇÛÎÓÃÎÉÃÙÙÊÇÌÉÔÓÈŠÎ

Guarded:

   begin

      select

         when Condition_1 =>

            accept Entry_1;

      or

         when Condition_2 =>

            delay Fraction_Of_A_Second;

      end select;

   exception

      when Program_Error     =>  ...

      when Constraint_Error |

           Numeric_Error     =>  ...

   end Guarded;;

...

rationale

�ÖÈÎÈÏÉÈÒÓÌÃÇÎProgram_ErrorÎÌÑÎËÔÌÑÈŽÎÌŸÎÔÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÑÓÔÓÈÙÈÇÓÎ’ÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÎÉÃÇÓÔÌÇÌÇÛÎÔÉÉÈÒÓÑ(

ÌÑÎËÈÔÉÖÈŽ#ÎÔÕÕÎÃŸÎ!ÖÃÑÈÎÔÕÓÈËÇÔÓÌÜÈÑÎÔËÈÎÉÕÃÑÈŽÎ’ÌŠÈŠ#ÎÓÖÈÎÛÊÔËŽÑÎÈÜÔÕÊÔÓÈÎÓÃÎFalse ÔÇŽÎÓÖÈËÈÎÔËÈÎÇÃ

ÔÕÓÈËÇÔÓÌÜÈÑÎ!ÌÓÖÃÊÓÎÛÊÔËŽÑ(#ÎÊÇÕÈÑÑÎÓÖÈËÈÎÌÑÎÔÇÎÈÕÑÈÎÒÔËÓŠÎVÖÈÇÎÔÕÕÎÔÕÓÈËÇÔÓÌÜÈÑÎÔËÈÎÉÕÃÑÈŽ#ÎÓÖÈÎÓÔÑ ÎÉÔÇ

ÇÈÜÈËÎÔÛÔÌÇÎÒËÃÛËÈÑÑ#ÎÑÃÎÓÖÈËÈÎÌÑÎ"ÍÎŽÈŸÌÇÌÓÌÃÇÎÔÇÎÈËËÃËÎÌÇÎÌÓÑÎÒËÃÛËÔÙÙÌÇÛŠÎ3ÃÊÎÙÊÑÓÎ"ÈÎÒËÈÒÔËÈŽÎÓÃ

ÖÔÇŽÕÈÎÓÖÌÑÎÈËËÃËÎÑÖÃÊÕŽÎÌÓÎÃÉÉÊËŠ

.ÌÇÉÈÎÔÇÎÈÕÑÈÎÒÔËÓÎÉÔÇÇÃÓÎÖÔÜÈÎÔÎÛÊÔËŽ#ÎÌÓÎÉÔÇÎÇÈÜÈËÎ"ÈÎÉÕÃÑÈŽÎÃŸŸÎÔÑÎÔÇÎÔÕÓÈËÇÔÓÌÜÈÎÔÉÓÌÃÇ#ÎÓÖÊÑÎÌÓÑ

ÒËÈÑÈÇÉÈÎÒËÈÜÈÇÓÑÎProgram_ErrorŠÎIÃ!ÈÜÈË#ÎÔÇÎÈÕÑÈÎÒÔËÓ#ÎÔÎŽÈÕÔÍÎÔÕÓÈËÇÔÓÌÜÈ#ÎÔÇŽÎÔÎÓÈËÙÌÇÔÓÈÎÔÕÓÈËÇÔÓÌÜÈ

ÔËÈÎÔÕÕÎÙÊÓÊÔÕÕÍÎÈÏÉÕÊÑÌÜÈ#ÎÑÃÎÍÃÊÎ!ÌÕÕÎÇÃÓÎÔÕ!ÔÍÑÎ"ÈÎÔ"ÕÈÎÓÃÎÒËÃÜÌŽÈÎÔÇÎÈÕÑÈ ÒÔËÓŠÎÚÇÎÓÖÈÑÈÎÉÔÑÈÑ#ÎÍÃÊÎÙÊÑÓ

"ÈÎÒËÈÒÔËÈŽÎÓÃÎÖÔÇŽÕÈÎProgram_ErrorŠ
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�ÖÈÎÈÏÉÈÒÓÌÃÇÎTasking_ErrorÎÉÔÇÎ"ÈÎËÔÌÑÈŽÎÌÇÎÓÖÈÎÉÔÕÕÌÇÛÎÓÔÑ Î!ÖÈÇÈÜÈËÎÌÓÎÔÓÓÈÙÒÓÑÎÓÃÎÉÃÙÙÊÇÌÉÔÓÈŠ

�ÖÈËÈÎÔËÈÎÙÔÇÍÎÑÌÓÊÔÓÌÃÇÑÎÒÈËÙÌÓÓÌÇÛÎÓÖÌÑŠÎ$È!ÎÃŸÎÓÖÈÙÎÔËÈÎÒËÈÜÈÇÓÔ"ÕÈÎ"ÍÎÓÖÈÎÉÔÕÕÌÇÛÎÓÔÑ Š

ÚŸÎÔÇÎÈÏÉÈÒÓÌÃÇÎÌÑÎËÔÌÑÈŽÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑÎÔÇŽÎÇÃÓÎÖÔÇŽÕÈŽÎÌÇÎÓÖÈÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓ#ÎÌÓÎÌÑÎÒËÃÒÔÛÔÓÈŽÎÓÃ

"ÃÓÖÎÓÔÑ ÑÎÔÇŽÎÙÊÑÓÎ"ÈÎÖÔÇŽÕÈŽÎÌÇÎÓ!ÃÎÒÕÔÉÈÑŠÎ.ÈÈÎ)ÊÌŽÈÕÌÇÈÎ*Š,Š

note

�ÖÈËÈÎÔËÈÎÃÓÖÈËÎ!ÔÍÑÎÓÃÎÒËÈÜÈÇÓÎProgram_ErrorÎÔÓÎÔÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓŠÎ�ÖÈÑÈÎÌÇÜÃÕÜÈÎÕÈÔÜÌÇÛÎÔÓÎÕÈÔÑÓÎÃÇÈ

ÔÕÓÈËÇÔÓÌÜÈÎÊÇÛÊÔËŽÈŽ#ÎÃËÎÒËÃÜÌÇÛÎÓÖÔÓÎÔÓÎÕÈÔÑÓÎÃÇÈÎÛÊÔËŽÎ!ÌÕÕÎÈÜÔÕÊÔÓÈÎTrueÎÊÇŽÈËÎÔÕÕÎÉÌËÉÊÙÑÓÔÇÉÈÑŠÎ�ÖÈ

ÒÃÌÇÓÎÖÈËÈÎÌÑÎÓÖÔÓÎÍÃÊ#ÎÃËÎÍÃÊËÎÑÊÉÉÈÑÑÃËÑ#Î!ÌÕÕÎÙÔ ÈÎÙÌÑÓÔ ÈÑÎÌÇÎÓËÍÌÇÛÎÓÃÎŽÃÎÓÖÌÑ#ÎÑÃÎÍÃÊÎÑÖÃÊÕŽÎÒËÈÒÔËÈ

ÓÃÎÖÔÇŽÕÈÎÓÖÈÎÌÇÈÜÌÓÔ"ÕÈÎÈÏÉÈÒÓÌÃÇŠ

6.2.3  Attributes ’Count, ’Callable and ’Terminated

guideline

Á 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÓÖÈÎÜÔÕÊÈÑÎÃŸÎÓÖÈÎÓÔÑ ÎÔÓÓËÌ"ÊÓÈÑÎ’CallableÎÃË ’TerminatedÎ’4ÌÑÑÈÇÎÔÇŽÎVÔÕÕÌÑ

ÀÄ,>(Š

Á 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÔÓÓËÌ"ÊÓÈÑÎÓÃÎÔÜÃÌŽÎTasking_ErrorÎÃÇÎÔÇÎÈÇÓËÍÎÉÔÕÕŠÎ

Á 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÓÖÈÎÜÔÕÊÈÎÃŸÎÓÖÈÎÈÇÓËÍÎÔÓÓËÌ"ÊÓÈÎ’CountŠ

example 

ÚÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈÑÎIntercept’CallableÎÌÑÎÔÎ"ÃÃÕÈÔÇÎÌÇŽÌÉÔÓÌÇÛÎÌŸÎÔÎÉÔÕÕÎÉÔÇÎ"ÈÎÙÔŽÈÎÓÃÎÓÖÈÎÓÔÑ 

InterceptÎ!ÌÓÖÃÊÓÎËÔÌÑÌÇÛÎÓÖÈÎÈÏÉÈÒÓÌÃÇÎTasking_ErrorŠÎLaunch’CountÎÌÇŽÌÉÔÓÈÑÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÉÔÕÕÈËÑ

ÉÊËËÈÇÓÕÍÎ!ÔÌÓÌÇÛÎÔÓÎÈÇÓËÍÎLaunchŠÎIntercept’TerminatedÎÌÑÎÔÎ"ÃÃÕÈÔÇÎÌÇŽÌÉÔÓÌÇÛÎÌŸÎÓÖÈÎÓÔÑ ÎInterceptÎÌÑÎÌÇ

ÓÈËÙÌÇÔÓÈŽÎÑÓÔÓÈŠÎ

�ÖÌÑÎÓÔÑ ÎÌÑÎ"ÔŽÕÍÎÒËÃÛËÔÙÙÈŽÎ"ÈÉÔÊÑÈÎÌÓÎËÈÕÌÈÑÎÊÒÃÇÎÓÖÈÎÜÔÕÊÈÑÎÃŸÎÓÖÈÎ’CountÎÔÓÓËÌ"ÊÓÈÑÎÇÃÓÎÉÖÔÇÛÌÇÛ

"ÈÓ!ÈÈÇÎÈÜÔÕÊÔÓÌÇÛÎÔÇŽÎÔÉÓÌÇÛÎÊÒÃÇÎÓÖÈÙŠÎ

---------------------------------------------------------------------

task body Intercept is

...

   select

      when Launch’Count > 0 and Recall’Count = 0 =>

         accept Launch;

         ...

   or

      accept Recall;

      ...

   end select;

...

end Intercept;

---------------------------------------------------------------------

ÚŸÎ ÓÖÈÎ ŸÃÕÕÃ!ÌÇÛÎ ÉÃŽÈÎ ÌÑÎ ÒËÈÈÙÒÓÈŽÎ"ÈÓ!ÈÈÇÎ ÈÜÔÕÊÔÓÌÇÛÎ ÓÖÈÎ ÉÃÇŽÌÓÌÃÇÎ ÔÇŽÎ ÌÇÌÓÌÔÓÌÇÛÎ ÓÖÈÎ ÉÔÕÕ#Î ÓÖÈ

ÔÑÑÊÙÒÓÌÃÇÎÓÖÔÓÎÓÖÈÎÓÔÑ ÎÌÑÎÑÓÌÕÕÎÉÔÕÕÔ"ÕÈÎÙÔÍÎÇÃÎÕÃÇÛÈËÎ"ÈÎÜÔÕÌŽŠ

...

if Intercept’Callable then

   Intercept.Recall;

end if;

...

rationale

�ÓÓËÌ"ÊÓÈÑÎ’Callable#Î’Terminated#ÎÔÇŽ ’Count ÔËÈÎÔÕÕÎÑÊ"7ÈÉÓÎÓÃÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÑŠÎ-ÈÓ!ÈÈÇÎÓÖÈÎÓÌÙÈÎÍÃÊ

ËÈŸÈËÈÇÉÈÎÔÇÎÔÓÓËÌ"ÊÓÈÎÔÇŽÎÓÖÈÎÓÌÙÈÎÍÃÊÎÓÔ ÈÎÔÉÓÌÃÇÎÓÖÈÎÜÔÕÊÈÎÃŸÎÓÖÈÎÔÓÓËÌ"ÊÓÈÎÙÔÍÎÉÖÔÇÛÈŠÎ�ÓÓËÌ"ÊÓÈÑ

’CallableÎÔÇŽÎ’TerminatedÎÉÃÇÜÈÍÎËÈÕÌÔ"ÕÈÎÌÇŸÃËÙÔÓÌÃÇÎÃÇÉÈÎÓÖÈÍÎ"ÈÉÃÙÈÎFalseÎÔÇŽÎTrue,ÎËÈÑÒÈÉÓÌÜÈÕÍŠ

ÚŸÎ’CallableÎÌÑÎFalse,ÎÍÃÊÎÉÔÇÎÈÏÒÈÉÓÎÓÖÈÎÉÔÕÕÔ"ÕÈÎÑÓÔÓÈÎÓÃÎËÈÙÔÌÇÎÉÃÇÑÓÔÇÓŠÎÚŸÎ’TerminatedÎÌÑÎTrue, ÍÃÊ

ÉÔÇÎÈÏÒÈÉÓÎÓÖÈÎÓÔÑ ÎÓÃÎËÈÙÔÌÇÎÓÈËÙÌÇÔÓÈŽŠÎ<ÓÖÈË!ÌÑÈ#Î’TerminatedÎÔÇŽÎ’CallableÎÉÔÇÎÉÖÔÇÛÈÎ"ÈÓ!ÈÈÇ

ÓÖÈÎÓÌÙÈÎÍÃÊËÎÉÃŽÈÎÓÈÑÓÑÎÓÖÈÙÎÔÇŽÎÓÖÈÎÓÌÙÈÎÌÓÎËÈÑÒÃÇŽÑÎÓÃÎÓÖÈÎËÈÑÊÕÓŠÎ

�ÖÈÎ �ŽÔÎ 2ÔÇÛÊÔÛÈÎ ;ÈŸÈËÈÇÉÈÎ &ÔÇÊÔÕÎ ’5ÈÒÔËÓÙÈÇÓÎ ÃŸÎ 5ÈŸÈÇÑÈÎ ÀÄ,9(Î ÌÓÑÈÕŸÎ !ÔËÇÑÎ Ô"ÃÊÓÎ ÓÖÈ

ÔÑÍÇÉÖËÃÇÃÊÑÎÌÇÉËÈÔÑÈÎÔÇŽÎŽÈÉËÈÔÑÈÎÃŸÎÓÖÈÎÜÔÕÊÈÎÃŸÎ’CountŠÎ�ÎÓÔÑ ÎÉÔÇÎ"ÈÎËÈÙÃÜÈŽÎŸËÃÙÎÔÇÎÈÇÓËÍÎ�ÊÈÊÈ
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ŽÊÈÎÓÃÎÈÏÈÉÊÓÌÃÇÎÃŸÎÔÇÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓÎÔÑÎ!ÈÕÕÎÔÑÎÈÏÒÌËÔÓÌÃÇÎÃŸÎÔÎÓÌÙÈŽÎÈÇÓËÍÎÉÔÕÕŠÎ�ÖÈÎÊÑÈÎÃŸÎÓÖÌÑÎÔÓÓËÌ"ÊÓÈ

ÌÇÎÛÊÔËŽÑÎÃŸÎÔÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÑÓÔÓÈÙÈÇÓÎÙÔÍÎËÈÑÊÕÓÎÌÇÎÓÖÈÎÃÒÈÇÌÇÛÎÃŸÎÔÕÓÈËÇÔÓÌÜÈÑÎ!ÖÌÉÖÎÑÖÃÊÕŽÎÇÃÓÎ"È

ÃÒÈÇÈŽÎÊÇŽÈËÎÔÎÉÖÔÇÛÈŽÎÜÔÕÊÈÎÃŸÎ’Count.

6.2.4 Shared Variables

guideline

S /ÑÈÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎÙÈÉÖÔÇÌÑÙ#ÎÇÃÓÎÑÖÔËÈŽÎÜÔËÌÔ"ÕÈÑ#ÎÓÃÎÒÔÑÑÎŽÔÓÔÎ"ÈÓ!ÈÈÇÎÓÔÑ ÑŠ

S 5ÃÎÇÃÓÎÊÑÈÎÑÖÔËÈŽÎÜÔËÌÔ"ÕÈÑÎÔÑÎÔÎÓÔÑ ÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎŽÈÜÌÉÈŠ

S 5ÃÎÇÃÓÎËÈŸÈËÈÇÉÈÎÇÃÇÕÃÉÔÕÎÜÔËÌÔ"ÕÈÑÎÌÇÎÔÎÛÊÔËŽŠ

example

�ÖÌÑÎÉÃŽÈÎ!ÌÕÕÎÈÌÓÖÈËÎÒËÌÇÓÎÓÖÈÎÑÔÙÈÎÕÌÇÈÎÙÃËÈÎÓÖÔÇÎÃÇÉÈ#ÎŸÔÌÕÎÓÃÎÒËÌÇÓÎÑÃÙÈÎÕÌÇÈÑ#ÎÃËÎÒËÌÇÓÎÛÔË"ÕÈŽÎÕÌÇÈÑ

’ÒÔËÓÎÃŸÎÃÇÈÎÕÌÇÈÎŸÃÕÕÃ!ÈŽÎ"ÍÎÒÔËÓÎÃŸÎÔÇÃÓÖÈË(ÎÇÃÇŽÈÓÈËÙÌÇÌÑÓÌÉÔÕÕÍŠ

---------------------------------------------------------------------

task body Robot_Arm_Driver is

   Current_Command : Robot_Command;

begin  -- Robot_Arm_Driver

   loop

      Current_Command := Command;

      -- send to device

   end loop;

...

end Robot_Arm_Driver;

---------------------------------------------------------------------

task body Stream_Server is

begin

   loop

      Stream_Read(Stream_File, Command);

   end loop;

...

end Stream_Server;

---------------------------------------------------------------------

�ÖÌÑÎÉÃŽÈÎÈÇÑÊËÈÑÎÓÖÔÓÎÔÎÙÌÑÑÌÕÈÎÉÔÇÇÃÓÎ"ÈÎŸÌËÈŽÎÊÇÕÈÑÑÎÓÖÈÎŽÃÃËÑÎÔËÈÎÃÒÈÇÎÔÇŽÎÓÖÔÓÎÓÖÈÎÙÌÑÑÌÕÈÎÉÔÇÇÃÓÎ"È

ÔËÙÈŽÎÊÇÕÈÑÑÎÓÖÈÎŽÃÃËÑÎÔËÈÎÑÖÊÓŠÎÚÇÎÓÖÌÑÎÉÔÑÈÎÓÖÈÎËÈ�ÊÌËÈÙÈÇÓÎŸÃËÎÔËÙÌÇÛÎÙÔÍÎ"ÈÎŽÈËÌÜÈŽÎŸËÃÙÎÓÖÈ

ŽÊËÔÓÌÃÇÎÓÖÔÓÎÓÖÈÎŽÃÃËÎÙÔÍÎ"ÈÎÃÒÈÇÎ’ÌŠÈŠ#ÎÔËÙÎŸÌËÑÓ#ÎÃÒÈÇÎŽÃÃË#ÎÕÔÊÇÉÖ#ÎÉÕÃÑÈÎŽÃÃË(Š

Doors_Open : Boolean := False;

---------------------------------------------------------------------

task body Intercept is

begin

   ...

   select

      when Doors_Open = True =>

         accept Launch;

         ...

   or

      when Doors_Open = False =>

         accept Arm;

         ...

   end select;

...

end Intercept;

---------------------------------------------------------------------

---------------------------------------------------------------------

task body Intercept is

   Local_Doors_Open : Boolean := False;
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begin  -- Intercept

   ...

   select

      when Local_Doors_Open = True =>

         accept Launch;

         ...

   or

      when Local_Doors_Open = False =>

         accept Arm;

         ...

   or

      accept Door_Status

            (Doors_Open : in     Boolean) do

         Local_Doors_Open := Doors_Open;

      end Door_Status;

   end select;

...

end Intercept;

---------------------------------------------------------------------

rationale

�ÖÈËÈÎÔËÈÎÙÔÇÍÎÓÈÉÖÇÌ�ÊÈÑÎŸÃËÎÒËÃÓÈÉÓÌÇÛÎÔÇŽÎÑÍÇÉÖËÃÇÌ%ÌÇÛÎŽÔÓÔÎÔÉÉÈÑÑŠÎ3ÃÊÎÙÊÑÓÎÒËÃÛËÔÙÎÙÃÑÓÎÃŸ

ÓÖÈÙÎÍÃÊËÑÈÕŸÎÓÃÎÊÑÈÎÓÖÈÙŠÎÚÓÎÌÑÎŽÌŸŸÌÉÊÕÓÎÓÃÎ!ËÌÓÈÎÔÎÒËÃÛËÔÙÎÓÖÔÓÎÑÖÔËÈÑÎŽÔÓÔÎÉÃËËÈÉÓÕÍŠÎÚŸÎÌÓÎÌÑÎÇÃÓÎŽÃÇÈ

ÉÃËËÈÉÓÕÍ#ÎÓÖÈÎËÈÕÌÔ"ÌÕÌÓÍÎÃŸÎÓÖÈÎÒËÃÛËÔÙÎÑÊŸŸÈËÑŠÎ�ŽÔÎÒËÃÜÌŽÈÑÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎÓÃÎÑÊÒÒÃËÓÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇ

ÔÇŽÎÉÃÙÙÊÇÌÉÔÓÌÃÇÎÃŸÎÌÇŸÃËÙÔÓÌÃÇÎ"ÈÓ!ÈÈÇÎÓÔÑ ÑŠÎ5ÔÓÔÎÓÖÔÓÎÍÃÊÎÙÌÛÖÓÎ"ÈÎÓÈÙÒÓÈŽÎÓÃÎÑÖÔËÈÎÉÔÇÎ"ÈÎÒÊÓ

ÌÇÓÃÎÔÎÓÔÑ Î"ÃŽÍÎ!ÌÓÖÎËÈÔŽÎÔÇŽÎ!ËÌÓÈÎÈÇÓËÌÈÑÎÓÃÎÔÉÉÈÑÑÎÌÓŠ

�ÖÈÎŸÌËÑÓÎÈÏÔÙÒÕÈÎÔ"ÃÜÈÎÖÔÑÎÔÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÎËÈ�ÊÌËÌÇÛÎÒÈËŸÈÉÓÎÌÇÓÈËÕÈÔÜÌÇÛÎÃŸÎÈÏÈÉÊÓÌÃÇŠÎ�ÖÌÑÎÉÃŽÈÎÉÔÇ

"ÈÎ ÙÔŽÈÎ ÙÃËÈÎ ËÈÕÌÔ"ÕÈÎ "ÍÎ ÌÇÓËÃŽÊÉÌÇÛÎ ÔÎ ŸÕÔÛÎ ÓÖÔÓÎ ÌÑÎ ÑÈÓÎ "ÍÎ Spool_Server ÔÇŽÎ ËÈÑÈÓÎ "Í

Line_Printer_DriverŠÎ�ÇÎif (condition flag) then delay ... elseÎ!ÃÊÕŽÎ"ÈÎÔŽŽÈŽÎÓÃÎÈÔÉÖÎÓÔÑ ÎÕÃÃÒ

ÌÇÎÃËŽÈËÎÓÃÎÈÇÑÊËÈÎÓÖÔÓÎÓÖÈÎÌÇÓÈËÕÈÔÜÌÇÛÎÌÑÎÑÔÓÌÑŸÌÈŽŠÎIÃ!ÈÜÈË#ÎÇÃÓÌÉÈÎÓÖÔÓÎÓÖÌÑÎÔÒÒËÃÔÉÖÎËÈ�ÊÌËÈÑÎÔÎŽÈÕÔÍ

ÔÇŽÎÓÖÈÎÔÑÑÃÉÌÔÓÈŽÎËÈÑÉÖÈŽÊÕÌÇÛŠÎ?ËÈÑÊÙÔ"ÕÍÎÓÖÌÑÎËÈÑÉÖÈŽÊÕÌÇÛÎÃÜÈËÖÈÔŽÎÌÑÎ!ÖÔÓÎÌÑÎ"ÈÌÇÛÎÔÜÃÌŽÈŽÎ"ÍÎÇÃÓ

ÊÑÌÇÛÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑŠ

�ÎÛÊÔËŽÎÌÑÎÔÎÉÃÇŽÌÓÌÃÇÔÕÎÑÈÕÈÉÓÎÔÕÓÈËÇÔÓÌÜÈÎÑÓÔËÓÌÇÛÎ!ÌÓÖÎÔÎ!ÖÈÇÎ’ÑÈÈÎÄŠYŠÀÎÌÇÎ5ÈÒÔËÓÙÈÇÓÎÃŸÎ5ÈŸÈÇÑÈ

ÀÄ,9(ŠÎ�ÖÈÎÑÈÉÃÇŽÎÈÏÔÙÒÕÈÎÔ"ÃÜÈÎÔÕÑÃÎÖÔÑÎÔÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÎËÈ�ÊÌËÌÇÛÎÓ!ÃÎŽÌŸŸÈËÈÇÓÎÓÖÌÇÛÑŠÎ$ÌËÑÓ#ÎÓÖÈ

ÓÔÑ ÎÓÖÔÓÎÃÒÈÇÑÎÓÖÈÎŽÃÃËÑÎÙÊÑÓÎÃÒÈÇÎÓÖÈÎŽÃÃËÑÎÔÇŽÎÊÒŽÔÓÈÎDoors_OpenÎ"ÈŸÃËÈÎÔÕÕÃ!ÌÇÛÎÓÖÈÎÌÇÓÈËÉÈÒÓÎÓÔÑ 

ÓÃÎÉÃÇÓÌÇÊÈÎÈÏÈÉÊÓÌÃÇŠÎ.ÈÉÃÇŽ#ÎÓÖÈÎËÊÇÎÓÌÙÈÎÑÍÑÓÈÙÎÈÜÔÕÊÔÓÌÃÇÎÃŸÎÓÖÈÎÛÊÔËŽÎÌÇÎÓÖÈÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓ

ÉÔÇÇÃÓÎÃÉÉÊËÎÊÇÓÌÕÎÓÖÈÎDoors_OpenÎÙÔÓÉÖÈÑÎÓÖÈÎÇÈÏÓÎÔÇÓÌÉÌÒÔÓÈŽÎÈÇÓËÍÎÉÔÕÕŠÎÚŸÎÓÖÈÎÇÈÏÓÎÉÔÕÕÎ!ÌÕÕÎ"ÈÎÓÃÎARM#

ÓÖÈÇÎÍÃÊÎÙÊÑÓÎÙÔ ÈÎÑÊËÈÎÓÖÔÓÎDoors_OpenÎÉÖÔÇÛÈÑÎÓÃÎ$ÔÕÑÈÎ"ÈŸÃËÈÎÓÖÈÎInterceptÎÓÔÑ ÎËÈÈÜÔÕÊÔÓÈÑÎÓÖÈ

ÑÈÕÈÉÓÎ ÑÓÔÓÈÙÈÇÓŠÎ ÚŸÎ ÓÖÈÎÑÈÕÈÉÓÎ ÑÓÔÓÈÙÈÇÓÎ ÌÑÎÈÜÔÕÊÔÓÈŽÎ!ÖÌÕÈÎDoors_OpenÎ ÌÑÎ�ËÊÈÎÔÇŽÎDoors_OpenÎÌÑ

ÑÊ"ÑÈ�ÊÈÇÓÕÍÎÑÈÓÎÓÃÎ$ÔÕÑÈ#ÎÓÖÈÎÑÈÕÈÉÓÎ!ÌÕÕÎÉÃÇÓÌÇÊÈÎÓÃÎ!ÔÌÓÎÃÇÎÓÖÈÎLaunchÎÊÇÓÌÕÎÔÎLaunchÎÌÑÎËÈÉÈÌÜÈŽŠÎ�Ç

ÔÕÓÈËÇÔÓÈÎÔÒÒËÃÔÉÖÎÌÑÎÓÃÎÊÑÈÎLocal_Doors_OpenÎÌÇÎÓÖÈÎÈÏÔÙÒÕÈŠÎ�ÖÌÑÎÛÊÔËÔÇÓÈÈÑÎÓÖÔÓÎÓÖÈÎÛÊÔËŽÑÎ!ÌÕÕÎ"È

ËÈÈÜÔÕÊÔÓÈŽÎÊÒÃÇÎÔÎÉÖÔÇÛÈÎÌÇÎÓÖÈÎÜÔÕÊÈÎÃŸÎDoors_OpenŠ

exceptions

$ÃËÎÑÃÙÈÎËÈ�ÊÌËÈŽÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÑÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎÙÔÍÎÇÃÓÎÙÈÈÓÎÓÌÙÈÎÉÃÇÑÓËÔÌÇÓÑŠÎ6ÔÉÖÎÉÔÑÈÎÑÖÃÊÕŽÎ"È

ÔÇÔÕÍ%ÈŽÎÌÇÎŽÈÓÔÌÕÎÓÃÎ7ÊÑÓÌŸÍÎÓÖÈÎÊÑÈÎÃŸÎÒËÔÛÙÔÎShared#Î!ÖÌÉÖÎÒËÈÑÊÙÔ"ÕÍÎÖÔÑÎÕÈÑÑÎÃÜÈËÖÈÔŽÎÓÖÔÇÎÓÖÈ

ËÈÇŽÈ%ÜÃÊÑŠÎ-ÈÎÉÔËÈŸÊÕÎÓÃÎÉÃËËÈÉÓÕÍÎÌÙÒÕÈÙÈÇÓÎÔÎŽÔÓÔÎÔÉÉÈÑÑÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÓÈÉÖÇÌ�ÊÈŠÎVÌÓÖÃÊÓÎÛËÈÔÓ

ÈŸŸÃËÓÎÍÃÊÎÙÌÛÖÓÎÛÈÓÎÌÓÎ!ËÃÇÛŠÎ?ËÔÛÙÔÎSharedÎÉÔÇÎÑÈËÜÈÎÔÑÎÔÇÎÈÏÒÈŽÌÈÇÓÎÔÛÔÌÇÑÓÎÒÃÃËÎËÊÇÎÓÌÙÈÎÑÊÒÒÃËÓ

ÑÍÑÓÈÙÑŠÎ5ÃÎÇÃÓÎÔÕ!ÔÍÑÎÊÑÈÎÓÖÌÑÎÔÑÎÔÇÎÈÏÉÊÑÈÎÓÃÎÔÜÃÌŽÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎ"ÈÉÔÊÑÈÎÌÙÒÕÈÙÈÇÓÔÓÌÃÇÑÎÔËÈ

ÔÕÕÃ!ÈŽÎÓÃÎÌÛÇÃËÈÎÒËÔÛÙÔ SharedÎ’4ÌÑÑÈÇÎÔÇŽÎVÔÕÕÌÑÎÀÄ,>(ŠÎVÖÈÇÎÒËÔÛÙÔ SharedÎÌÑÎÌÙÒÕÈÙÈÇÓÈŽÎ"Í

ÉÃÙÒÌÕÈËÑ#ÎÓÖÈÎÌÙÒÕÈÙÈÇÓÔÓÌÃÇÎÌÑÎÇÃÓÎÔÕ!ÔÍÑÎÊÇÌŸÃËÙÎÔÇŽÎÉÔÇÎÑÓÌÕÕÎÕÈÔŽÎÓÃÎÇÃÇÒÃËÓÔ"ÕÈÎÉÃŽÈŠÎ?ËÔÛÙÔ

SharedÎÔŸŸÈÉÓÑÎÃÇÕÍÎÓÖÃÑÈÎÃ"7ÈÉÓÑÎ!ÖÃÑÈÎÑÓÃËÔÛÈÎÔÇŽÎËÈÓËÌÈÜÔÕÎÔËÈÎÌÙÒÕÈÙÈÇÓÈŽÎÔÑÎÌÇŽÌÜÌÑÌ"ÕÈÎÃÒÈËÔÓÌÃÇÑŠ

�ÕÑÃ#ÎÒËÔÛÙÔÎSharedÎÉÔÇÎÃÇÕÍÎ"ÈÎÊÑÈŽÎŸÃËÎÜÔËÌÔ"ÕÈÑÎÃŸÎÑÉÔÕÔËÎÃËÎÔÉÉÈÑÑÎÓÍÒÈŠ

note

�ÑÎÒÃÌÇÓÈŽÎÃÊÓÎÔ"ÃÜÈ#ÎÔÎÛÊÔËÔÇÓÈÈÎÃŸÎÇÃÇÌÇÓÈËŸÈËÈÇÉÈÎÙÔÍÎ"ÈÎŽÌŸŸÌÉÊÕÓÎ!ÌÓÖÎÌÙÒÕÈÙÈÇÓÔÓÌÃÇÑÎÓÖÔÓÎÌÛÇÃËÈ

ÒËÔÛÙÔ SharedŠÎ ÚŸÎÍÃÊÎÙÊÑÓÎ ÑÖÔËÈÎŽÔÓÔ#Î ÑÖÔËÈÎ ÓÖÈÎÔ"ÑÃÕÊÓÈÎÙÌÇÌÙÊÙÎÔÙÃÊÇÓÎÇÈÉÈÑÑÔËÍ#ÎÔÇŽÎ"È

ÈÑÒÈÉÌÔÕÕÍÎÉÔËÈŸÊÕŠÎ�ÑÎÔÕ!ÔÍÑ#ÎÈÇÉÔÒÑÊÕÔÓÈÎÓÖÈÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÒÃËÓÌÃÇÑÎÃŸÎÉÃŽÈŠ
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�ÖÈÎÒËÃ"ÕÈÙÎÌÑÎ!ÌÓÖÎÜÔËÌÔ"ÕÈÑŠÎÅÃÇÑÓÔÇÓÑ#ÎÑÊÉÖÎÔÑÎÓÔ"ÕÈÑÎŸÌÏÈŽÎÔÓÎÉÃÙÒÌÕÈÎÓÌÙÈ#ÎÙÔÍÎ"ÈÎÑÔŸÈÕÍÎÑÖÔËÈŽ

"ÈÓ!ÈÈÇÎÓÔÑ ÑŠ

6.2.5 Tentative Rendezvous Constructs

guideline

S /ÑÈÎÉÔÊÓÌÃÇÎ!ÌÓÖÎÉÃÇŽÌÓÌÃÇÔÕÎÈÇÓËÍÎÉÔÕÕÑŠ

S /ÑÈÎÉÔÊÓÌÃÇÎ!ÌÓÖÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÑÎ!ÌÓÖÎÈÕÑÈÎÒÔËÓÑŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÊÒÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎÌÇÎÓÌÙÈŽÎÈÇÓËÍÎÉÔÕÕÑŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÊÒÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎÌÇÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÑÎ!ÌÓÖÎŽÈÕÔÍÎÔÕÓÈËÇÔÓÌÜÈÑŠ

example

�ÖÈÎÉÃÇŽÌÓÌÃÇÔÕÎÈÇÓËÍÎÉÔÕÕÎÌÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÉÃŽÈÎËÈÑÊÕÓÑÎÌÇÎÔÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÎÓÖÔÓÎÙÔÍÎŽÈÛÈÇÈËÔÓÈÎÌÇÓÃÎÔ

"ÊÑÍÎ!ÔÌÓÌÇÛÎÕÃÃÒŠÎ�ÖÈÎÓÔÑ ÎCurrent_Position ÉÃÇÓÔÌÇÌÇÛÎÈÇÓËÍÎRequest_New_CoordinatesÎÙÔÍÎÇÈÜÈË

ÈÏÈÉÊÓÈÎÌŸÎÓÖÌÑÎÓÔÑ ÎÖÔÑÎÔÎÖÌÛÖÈËÎÒËÌÃËÌÓÍÎÓÖÔÇÎCurrent_Position#Î"ÈÉÔÊÑÈÎÓÖÌÑÎÓÔÑ ÎŽÃÈÑÇHÓÎËÈÕÈÔÑÈÎÓÖÈ

ÒËÃÉÈÑÑÌÇÛÎËÈÑÃÊËÉÈŠ

...

loop

   select

      Current_Position.Request_New_Coordinates(X, Y);

      -- calculate target location based on new coordinates

      ...

   else

      -- calculate target location based on last locations

      ...

   end select;

end loop;

...

�ÖÈÎÔŽŽÌÓÌÃÇÎÃŸÎÔÎŽÈÕÔÍÎÔÑÎÑÖÃ!ÇÎÙÔÍÎÔÕÕÃ!ÎCurrent_PositionÎÓÃÎÈÏÈÉÊÓÈÎÊÇÓÌÕÎÌÓÎËÈÔÉÖÈÑÎÔÇÎÔÉÉÈÒÓÎŸÃË

Request_New_CoordinatesŠ

...

loop

   select

      Current_Position.Request_New_Coordinates(X, Y);

      -- calculate target location based on new coordinates

      ...

   else

      -- calculate target location based on last locations

      ...

      delay Next_Execute - Clock;

      Next_Execute := Next_Execute + Period;

   end select;

end loop;

...

�ÖÈÎŸÃÕÕÃ!ÌÇÛÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎ!ÌÓÖÎÈÕÑÈÎÔÛÔÌÇÎŽÃÈÑÎÇÃÓÎŽÈÛÈÇÈËÔÓÈÎÌÇÓÃÎÔÎ"ÊÑÍÎ!ÔÌÓÎÕÃÃÒÎÃÇÕÍÎ"ÈÉÔÊÑÈÎÃŸÎÓÖÈ

ÔŽŽÌÓÌÃÇÎÃŸÎÔÎŽÈÕÔÍÎÑÓÔÓÈÙÈÇÓŠ

   loop

      delay Next_Execute - Clock;

      select

         accept Get_New_Message (Message : in     String) do

            -- copy message to parameters

            ...

         end Get_New_Message;
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      else  -- Don’t wait for rendezvous

         -- perform built in test Functions

         ...

      end select;

      Next_Execute := Next_Execute + Task_Period;

   end loop;

�ÖÈÎ ŸÃÕÕÃ!ÌÇÛÎ ÓÌÙÈŽÎ ÈÇÓËÍÎ ÉÔÕÕÎ ÙÔÍÎ "ÈÎ ÉÃÇÑÌŽÈËÈŽÎ ÔÇÎ ÊÇÔÉÉÈÒÓÔ"ÕÈÎ ÌÙÒÕÈÙÈÇÓÔÓÌÃÇÎ ÌŸÎ ÕÃÑÓ

ÉÃÙÙÊÇÌÉÔÓÌÃÇÑÎ!ÌÓÖÎÓÖÈÎËÈÔÉÓÃËÎŸÃËÎÃÜÈËÎ0*ÎÙÌÕÕÌÑÈÉÃÇŽÑÎËÈÑÊÕÓÑÎÌÇÎÔÎÉËÌÓÌÉÔÕÎÑÌÓÊÔÓÌÃÇŠ

...

loop

   select

      Reactor.Status(OK);

   or

      delay 0.025;

      -- lost communication for more that 25 milliseconds

      Emergency_Shutdown;

   end select;

   -- process reactor status

   ...

end loop;

...

ÚÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎFÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎ!ÌÓÖÎŽÈÕÔÍGÎÈÏÔÙÒÕÈ#ÎÓÖÈÎÔÉÉÊËÔÉÍÎÃŸÎÓÖÈÎÉÃÃËŽÌÇÔÓÈÎÉÔÕÉÊÕÔÓÌÃÇÎŸÊÇÉÓÌÃÇ

ÌÑÎ"ÃÊÇŽÈŽÎ"ÍÎÓÌÙÈŠÎ$ÃËÎÈÏÔÙÒÕÈ#ÎÓÖÈÎËÈ�ÊÌËÈŽÎÔÉÉÊËÔÉÍÎÉÔÇÇÃÓÎ"ÈÎÃ"ÓÔÌÇÈŽÎÊÇÕÈÑÑÎPeriodÎÌÑÎ!ÌÓÖÌÇÎZÎÃË

RÎ:Š::*ÎÑÈÉÃÇŽÑŠÎ�ÖÌÑÎÒÈËÌÃŽÎÉÔÇÇÃÓÎ"ÈÎÛÊÔËÔÇÓÈÈŽÎ"ÈÉÔÊÑÈÎÃŸÎÓÖÈÎÌÇÔÉÉÊËÔÉÍÎÃŸÎÓÖÈÎŽÈÕÔÍÎÑÓÔÓÈÙÈÇÓŠÎ

...

loop

   select

      accept Request_New_Coordinates (X :    out Integer;

                                      Y :    out Integer) do

         -- copy coordinates to parameters

         ...

      end Request_New_Coordinates;

   or

      delay Next_Execute - Calendar.Clock;

   end select;

   Next_Execute := Next_Execute + Period;

   -- Read Sensors

   -- execute coordinate transformations

end loop;

...

rationale

/ÑÈÎÃŸÎÓÖÈÑÈÎÉÃÇÑÓËÊÉÓÑÎÔÕ!ÔÍÑÎÒÃÑÈÑÎÔÎËÌÑ ÎÃŸÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÑŠÎ/ÑÌÇÛÎÓÖÈÙÎÌÇÎÕÃÃÒÑ#ÎÒÔËÓÌÉÊÕÔËÕÍÎ!ÌÓÖ

ÒÃÃËÕÍÎÉÖÃÑÈÇÎÓÔÑ ÎÒËÌÃËÌÓÌÈÑ#ÎÉÔÇÎÖÔÜÈÎÓÖÈÎÈŸŸÈÉÓÎÃŸÎ"ÊÑÍÎ!ÔÌÓÌÇÛŠ

�ÖÈÑÈÎÉÃÇÑÓËÊÉÓÑÎÔËÈÎÜÈËÍÎÙÊÉÖÎÌÙÒÕÈÙÈÇÓÔÓÌÃÇÎŽÈÒÈÇŽÈÇÓŠÎ$ÃËÎÉÃÇŽÌÓÌÃÇÔÕÎÈÇÓËÍÎÉÔÕÕÑÎÔÇŽÎÑÈÕÈÉÓÌÜÈ

!ÔÌÓÑÎ!ÌÓÖÎÈÕÑÈÎÒÔËÓÑ#ÎÓÖÈÎ�ŽÔÎ2ÔÇÛÊÔÛÈÎ;ÈŸÈËÈÇÉÈÎ&ÔÇÊÔÕÎ’5ÈÒÔËÓÙÈÇÓÎÃŸÎ5ÈŸÈÇÑÈÎÀÄ,9(ÎŽÃÈÑÎÇÃÓ

ŽÈŸÌÇÈÎFÌÙÙÈŽÌÔÓÈÕÍŠGÎ$ÃËÎÓÌÙÈŽÎÈÇÓËÍÎÉÔÕÕÑÎÔÇŽÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÑÎ!ÌÓÖÎŽÈÕÔÍÎÔÕÓÈËÇÔÓÌÜÈÑ#ÎÌÙÒÕÈÙÈÇÓÃËÑ

ÙÔÍÎÖÔÜÈÎÌŽÈÔÑÎÃŸÎÓÌÙÈÎÓÖÔÓÎŽÌŸŸÈËÎŸËÃÙÎÈÔÉÖÎÃÓÖÈËÎÔÇŽÎŸËÃÙÎÍÃÊËÎÃ!ÇŠÎ2Ì ÈÎÓÖÈÎŽÈÕÔÍÎÑÓÔÓÈÙÈÇÓ#ÎÓÖÈ

ŽÈÕÔÍÎÔÕÓÈËÇÔÓÌÜÈÎÃÇÎÓÖÈÎÑÈÕÈÉÓÎÉÃÇÑÓËÊÉÓÎÙÌÛÖÓÎ!ÔÌÓÎÕÃÇÛÈËÎÓÖÔÇÎÓÖÈÎÓÌÙÈÎËÈ�ÊÌËÈŽÎ’ÑÈÈÎ)ÊÌŽÈÕÌÇÈÎ+ŠÀŠ*(Š

6.2.6 Communication Complexity

guideline

Â &ÌÇÌÙÌ%ÈÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÔÉÉÈÒÓÎÔÇŽÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÑÎÒÈËÎÓÔÑ Š

Â &ÌÇÌÙÌ%ÈÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓÑÎÒÈËÎÈÇÓËÍŠ
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example

/ÑÈÎ

accept A;

if Mode_1 then

   -- do one thing

else  -- Mode_2

   -- do something different

end if;

ËÔÓÖÈËÎÓÖÔÇ

if Mode_1 then

   accept A;

   -- do one thing

else  -- Mode_2

   accept A;

   -- do something different

end if;

rationale

�ÖÌÑÎ ÛÊÌŽÈÕÌÇÈÎ ËÈŽÊÉÈÑÎ ÉÃÇÉÈÒÓÊÔÕÎ ÉÃÙÒÕÈÏÌÓÍŠÎ <ÇÕÍÎ ÈÇÓËÌÈÑÎ ÇÈÉÈÑÑÔËÍÎ ÓÃÎ ÊÇŽÈËÑÓÔÇŽÎ ÈÏÓÈËÇÔÕÕÍ

Ã"ÑÈËÜÔ"ÕÈÎ ÓÔÑ Î "ÈÖÔÜÌÃËÎ ÑÖÃÊÕŽÎ "ÈÎ ÌÇÓËÃŽÊÉÈŽŠÎ ÚŸÎ ÓÖÈËÈÎ ÔËÈÎ ÑÈÜÈËÔÕÎ ŽÌŸŸÈËÈÇÓÎ ÔÉÉÈÒÓÎ ÔÇŽÎ ÑÈÕÈÉÓ

ÑÓÔÓÈÙÈÇÓÑÎÓÖÔÓÎŽÃÎÇÃÓÎÙÃŽÌŸÍÎÓÔÑ Î"ÈÖÔÜÌÃËÎÌÇÎÔÎ!ÔÍÎÌÙÒÃËÓÔÇÓÎÓÃÎÓÖÈÎÊÑÈËÎÃŸÎÓÖÈÎÓÔÑ #ÎÓÖÈËÈÎÌÑ

ÊÇÇÈÉÈÑÑÔËÍÎ ÉÃÙÒÕÈÏÌÓÍÎ ÌÇÓËÃŽÊÉÈŽÎ "ÍÎ ÓÖÈÎ ÒËÃÕÌŸÈËÔÓÌÃÇÎ ÃŸÎ ÑÈÕÈÉÓ[ÔÉÉÈÒÓÎ ÑÓÔÓÈÙÈÇÓÑŠÎ 6ÏÓÈËÇÔÕÕÍ

Ã"ÑÈËÜÔ"ÕÈÎ"ÈÖÔÜÌÃËÎÌÙÒÃËÓÔÇÓÎÓÃÎÓÖÈÎÓÔÑ ÎÊÑÈËÎÌÇÉÕÊŽÈÑÎÓÔÑ ÎÓÌÙÌÇÛÎ"ÈÖÔÜÌÃË#ÎÓÔÑ ÎËÈÇŽÈ%ÜÃÊÑÎÌÇÌÓÌÔÓÈŽ

"ÍÎÓÖÈÎÈÇÓËÍÎÉÔÕÕÑ#ÎÒËÌÃËÌÓÌ%ÔÓÌÃÇÎÃŸÎÈÇÓËÌÈÑ#ÎÃËÎŽÔÓÔÎÊÒŽÔÓÈÑÎ’!ÖÈËÈÎŽÔÓÔÎÌÑÎÑÖÔËÈŽÎ"ÈÓ!ÈÈÇÎÓÔÑ Ñ(Š

6.3 TERMINATION

�ÖÈÎÔ"ÌÕÌÓÍÎÃŸÎÓÔÑ ÑÎÓÃÎÌÇÓÈËÔÉÓÎ!ÌÓÖÎÈÔÉÖÎÃÓÖÈËÎÊÑÌÇÛÎ�ŽÔHÑÎÌÇÓÈËÓÔÑ ÎÉÃÙÙÊÇÌÉÔÓÌÃÇÎŸÈÔÓÊËÈÑÎÙÔ ÈÑÎÌÓ

ÈÑÒÈÉÌÔÕÕÍÎ ÌÙÒÃËÓÔÇÓÎ ÓÃÎÙÔÇÔÛÈÎÒÕÔÇÇÈŽÎÃËÎÊÇÒÕÔÇÇÈŽÎ’ÈŠÛŠ#Î ÌÇÎËÈÑÒÃÇÑÈÎ ÓÃÎÔÎÉÔÓÔÑÓËÃÒÖÌÉÎÈÏÉÈÒÓÌÃÇ

ÉÃÇŽÌÓÌÃÇ(ÎÓÈËÙÌÇÔÓÌÃÇÎÌÇÎÔÎŽÌÑÉÌÒÕÌÇÈŽÎ!ÔÍŠÎ�ÃÎŽÃÎÃÓÖÈË!ÌÑÈÎÉÔÇÎÕÈÔŽÎÓÃÎÔÎÒËÃÕÌŸÈËÔÓÌÃÇÎÃŸÎÊÇŽÈÑÌËÈŽÎÔÇŽ

ÊÇÒËÈŽÌÉÓÔ"ÕÈÎÑÌŽÈÎÈŸŸÈÉÓÑÎÔÑÎÔÎËÈÑÊÕÓÎÃŸÎÓÖÈÎÓÈËÙÌÇÔÓÌÃÇÎÃŸÎÔÎÑÌÇÛÕÈÎÓÔÑ Š

6.3.1 Avoiding Termination

guideline

S ?ÕÔÉÈÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎŸÃËÎÔÎËÈÇŽÈ%ÜÃÊÑÎ!ÌÓÖÌÇÎÓÖÈÎÙÔÌÇÎÓÔÑ ÌÇÛÎÕÃÃÒŠ

example

ÚÇÎÓÖÈÎŸÃÕÕÃ!ÌÇÛÎÈÏÔÙÒÕÈÎÔÇÎÈÏÉÈÒÓÌÃÇÎËÔÌÑÈŽÎÊÑÌÇÛÎÓÖÈÎÒËÌÙÔËÍÎÑÈÇÑÃËÎÌÑÎÊÑÈŽÎÓÃÎÉÖÔÇÛÈÎModeÎÓÃÎDegraded

ÑÓÌÕÕÎÔÕÕÃ!ÌÇÛÎÈÏÈÉÊÓÌÃÇÎÃŸÎÓÖÈÎÑÍÑÓÈÙŠ

...

loop

   Recognize_Degraded_Mode:

      begin

         if Mode = Primary then

            select

               Current_Position_Primary.Request_New_Coordinates

                        (X, Y);

            or

               delay 0.25;

               -- Decide whether to switch modes;

            end select;

         else  -- Mode = Degraded

            Current_Position_Backup.Request_New_Coordinates

                     (X, Y);

         end if;



Å<4Å/;;64Å3ÎÎÀ:*

         ...

      exception

         when Tasking_Error | Program_Error =>

            Mode := Degraded;

      end Recognize_Degraded_Mode;

end loop;

...

rationale

�ÕÕÃ!ÌÇÛÎÔÎÓÔÑ ÎÓÃÎÓÈËÙÌÇÔÓÈÎÙÔÍÎÇÃÓÎÑÊÒÒÃËÓÎÓÖÈÎËÈ�ÊÌËÈÙÈÇÓÑÎÃŸÎÓÖÈÎÑÍÑÓÈÙŠÎVÌÓÖÃÊÓÎÔÇÎÈÏÉÈÒÓÌÃÇ

ÖÔÇŽÕÈËÎŸÃËÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎ!ÌÓÖÌÇÎÓÖÈÎÙÔÌÇÎÓÔÑ ÎÕÃÃÒ#ÎÓÖÈÎŸÊÇÉÓÌÃÇÑÎÃŸÎÓÖÈÎÓÔÑ ÎÙÔÍÎÇÃÓÎ"ÈÎÒÈËŸÃËÙÈŽŠ

note

�ÖÈÎÊÑÈÎÃŸÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎÌÑÎÓÖÈÎÃÇÕÍÎ!ÔÍÎÓÃÎÛÊÔËÔÇÓÈÈÎËÈÉÃÜÈËÍÎŸËÃÙÎÔÇÎÈÇÓËÍÎÉÔÕÕÎÓÃÎÔÇÎÔ"ÇÃËÙÔÕ

ÓÔÑ ŠÎ/ÑÈÎÃŸÎÓÖÈÎ’TerminatedÎÔÓÓËÌ"ÊÓÈÎÓÃÎÓÈÑÓÎÔÎÓÔÑ HÑÎÔÜÔÌÕÔ"ÌÕÌÓÍÎ"ÈŸÃËÈÎÙÔ ÌÇÛÎÓÖÈÎÈÇÓËÍÎÉÔÕÕÎÉÔÇ

ÌÇÓËÃŽÊÉÈÎÔÎËÔÉÈÎÉÃÇŽÌÓÌÃÇÎ!ÖÈËÈÎÓÖÈÎÓÈÑÓÈŽÎÓÔÑ ÎŸÔÌÕÑÎÔŸÓÈËÎÓÖÈÎÓÈÑÓÎ"ÊÓÎ"ÈŸÃËÈÎÓÖÈÎÈÇÓËÍÎÉÔÕÕÎ’ÑÈÈ

)ÊÌŽÈÕÌÇÈÎ+Š0Š9(Š

6.3.2 Normal Termination

guideline

S 5ÃÎÇÃÓÎÉËÈÔÓÈÎÇÃÇRÓÈËÙÌÇÔÓÌÇÛÎÓÔÑ ÑÎÊÇÌÇÓÈÇÓÌÃÇÔÕÕÍŠÎÎ

S 6ÏÒÕÌÉÌÓÕÍÎÑÖÊÓÎŽÃ!ÇÎÓÔÑ ÑÎŽÈÒÈÇŽÈÇÓÎÃÇÎÕÌ"ËÔËÍÎÒÔÉ ÔÛÈÑŠ

S /ÑÈÎÔÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÎËÔÓÖÈËÎÓÖÔÇÎÔÇÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓÎÔÕÃÇÈŠÎ

S ?ËÃÜÌŽÈÎÔÎÓÈËÙÌÇÔÓÈÎÔÕÓÈËÇÔÓÌÜÈÎŸÃËÎÈÜÈËÍÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÓÖÔÓÎŽÃÈÑÎÇÃÓÎËÈ�ÊÌËÈÎÔÇÎÈÕÑÈÎÒÔËÓÎÃËÎÔÎŽÈÕÔÍŠ

example

�ÖÌÑÎÓÔÑ Î!ÌÕÕÎÇÈÜÈËÎÓÈËÙÌÇÔÓÈ8

---------------------------------------------------------------------

task body Message_Buffer is

   ...

begin  -- Message_Buffer

   loop

      select

         when Head /= Tail => -- Circular buffer not empty

            accept Retrieve (Value :    out Element) do

               ...

            end Retrieve;

              

      or

         when not ((Head  = Lower_Bound and then

                    Tail  = Upper_Bound)    or else

                   (Head /= Lower_Bound and then

                    Tail  = Index’Pred(Head))    )

                 => -- Circular buffer not full

            accept Store (Value : in     Element);

      end select;

   end loop;

...

end Message_Buffer;

---------------------------------------------------------------------

rationale

�ÎÇÃÇÓÈËÙÌÇÔÓÌÇÛÎÓÔÑ ÎÌÑÎÔÎÓÔÑ Î!ÖÃÑÈÎ"ÃŽÍÎÉÃÇÑÌÑÓÑÎÃŸÎÔÎÇÃÇÓÈËÙÌÇÔÓÌÇÛÎÕÃÃÒÎ!ÌÓÖÎÇÃÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎ!ÌÓÖ

ÓÈËÙÌÇÔÓÈ#ÎÃËÎÔÎÓÔÑ ÎÓÖÔÓÎÌÑÎŽÈÒÈÇŽÈÇÓÎÃÇÎÔÎÕÌ"ËÔËÍÎÒÔÉ ÔÛÈŠÎ6ÏÈÉÊÓÌÃÇÎÃŸÎÔÎÑÊ"ÒËÃÛËÔÙÎÃËÎ"ÕÃÉ 

ÉÃÇÓÔÌÇÌÇÛÎÔÎÓÔÑ ÎÉÔÇÇÃÓÎÉÃÙÒÕÈÓÈÎÊÇÓÌÕÎÓÖÈÎÓÔÑ ÎÓÈËÙÌÇÔÓÈÑŠÎ�ÇÍÎÓÔÑ ÎÓÖÔÓÎÉÔÕÕÑÎÔÎÑÊ"ÒËÃÛËÔÙÎÉÃÇÓÔÌÇÌÇÛ

ÔÎÇÃÇÓÈËÙÌÇÔÓÌÇÛÎÓÔÑ Î!ÌÕÕÎ"ÈÎŽÈÕÔÍÈŽÎÌÇŽÈŸÌÇÌÓÈÕÍŠ



À:+ÎÎ�ŽÔÎ1/�2Ú�3Î�45Î.�326

�ÖÈÎÈŸŸÈÉÓÎÃŸÎÊÇÓÈËÙÌÇÔÓÈŽÎÓÔÑ ÑÎÔÓÎÓÖÈÎÈÇŽÎÃŸÎÒËÃÛËÔÙÎÈÏÈÉÊÓÌÃÇÎÌÑÎÊÇŽÈŸÌÇÈŽŠÎ�ÎÓÔÑ ÎŽÈÒÈÇŽÈÇÓÎÃÇÎÔ

ÕÌ"ËÔËÍÎÒÔÉ ÔÛÈÎÉÔÇÇÃÓÎ"ÈÎŸÃËÉÈŽÎÓÃÎÓÈËÙÌÇÔÓÈÎÊÑÌÇÛÎÔÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÉÃÇÑÓËÊÉÓÎ!ÌÓÖÎÓÈËÙÌÇÔÓÈÎÔÕÓÈËÇÔÓÌÜÈ

ÔÇŽÎÑÖÃÊÕŽÎ"ÈÎÓÈËÙÌÇÔÓÈŽÎÈÏÒÕÌÉÌÓÕÍÎŽÊËÌÇÛÎÒËÃÛËÔÙÎÑÖÊÓŽÃ!ÇŠÎ<ÇÈÎ!ÔÍÎÓÃÎÓÈËÙÌÇÔÓÈÎÓÔÑ ÑÎŽÈÒÈÇŽÈÇÓÎÃÇ

ÕÌ"ËÔËÍÎÒÔÉ ÔÛÈÑÎÌÑÎÓÃÎÒËÃÜÌŽÈÎÓÖÈÙÎ!ÌÓÖÎÈÏÌÓÎÈÇÓËÌÈÑŠÎIÔÜÈÎÓÖÈÎÙÔÌÇÎÑÊ"ÒËÃÛËÔÙÎÉÔÕÕÎÓÖÈÎÈÏÌÓÎÈÇÓËÍÎ7ÊÑÓ

"ÈŸÃËÈÎÌÓÎÓÈËÙÌÇÔÓÈÑŠ

6ÏÈÉÊÓÌÃÇÎÃŸÎÔÇÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓÎÃËÎÃŸÎÔÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÑÓÔÓÈÙÈÇÓÎ!ÌÓÖÃÊÓÎÔÇÎÈÕÑÈÎÒÔËÓ#ÎÔÎŽÈÕÔÍ,ÎÃËÎÔ

ÓÈËÙÌÇÔÓÈÎÔÕÓÈËÇÔÓÌÜÈÎÉÔÇÇÃÓÎÒËÃÉÈÈŽÎÌŸÎÇÃÎÓÔÑ ÎÈÜÈËÎÉÔÕÕÑÎÓÖÈÎÈÇÓËÍ’Ñ(ÎÔÑÑÃÉÌÔÓÈŽÎ!ÌÓÖÎÓÖÔÓÎÑÓÔÓÈÙÈÇÓŠ

�ÖÌÑÎÉÃÊÕŽÎËÈÑÊÕÓÎÌÇÎŽÈÔŽÕÃÉ ŠÎÎ$ÃÕÕÃ!ÌÇÛÎÓÖÌÑÎÛÊÌŽÈÕÌÇÈÎÈÇÓÔÌÕÑÎÒËÃÛËÔÙÙÌÇÛÎÙÊÕÓÌÒÕÈÎÓÈËÙÌÇÔÓÌÃÇÎÒÃÌÇÓÑ

ÌÇÎÓÖÈÎÓÔÑ Î"ÃŽÍŠÎÎ�ÎËÈÔŽÈËÎÉÔÇÎÈÔÑÌÕÍÎF ÇÃ!Î!ÖÈËÈÎÓÃÎÕÃÃ GÎŸÃËÎÓÖÈÎÇÃËÙÔÕÎÓÈËÙÌÇÔÓÌÃÇÎÒÃÌÇÓÑÎÌÇÎÔÎÓÔÑ 

"ÃŽÍŠÎÎ�ÖÈÎÓÈËÙÌÇÔÓÌÃÇÎÒÃÌÇÓÑÎÔËÈÎÓÖÈÎÈÇŽÎÃŸÎÓÖÈÎ"ÃŽÍHÑÎÑÈ�ÊÈÇÉÈÎÃŸÎÑÓÔÓÈÙÈÇÓÑ#ÎÔÇŽÎÔÕÓÈËÇÔÓÌÜÈÑÎÃŸ

ÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÑŠ

exceptions

ÚŸÎÍÃÊÎÔËÈÎÑÌÙÊÕÔÓÌÇÛÎÔÎÉÍÉÕÌÉÎÈÏÈÉÊÓÌÜÈ#ÎÍÃÊÎÙÔÍÎÇÈÈŽÎÔÎÑÉÖÈŽÊÕÌÇÛÎÓÔÑ ÎÓÖÔÓÎŽÃÈÑÎÇÃÓÎÓÈËÙÌÇÔÓÈŠÎÚÓÎÖÔÑ

"ÈÈÇÎÑÔÌŽÎÓÖÔÓÎÇÃÎËÈÔÕWÓÌÙÈÎÑÍÑÓÈÙÎÑÖÃÊÕŽÎ"ÈÎÒËÃÛËÔÙÙÈŽÎÓÃÎÓÈËÙÌÇÔÓÈŠÎ�ÖÌÑÎÌÑÎÈÏÓËÈÙÈŠÎ.ÍÑÓÈÙÔÓÌÉ

ÑÖÊÓŽÃ!ÇÎÃŸÎÙÔÇÍÎËÈÔÕWÓÌÙÈÎÑÍÑÓÈÙÑÎÌÑÎÔÎŽÈÑÌËÔ"ÕÈÎÑÔŸÈÓÍÎŸÈÔÓÊËÈŠ

ÚŸÎÍÃÊÎÔËÈÎÉÃÇÑÌŽÈËÌÇÛÎÒËÃÛËÔÙÙÌÇÛÎÔÎÓÔÑ ÎÇÃÓÎÓÃÎÓÈËÙÌÇÔÓÈ#Î"ÈÎÉÈËÓÔÌÇÎÓÖÔÓÎÌÓÎÌÑÎÇÃÓÎÔÎŽÈÒÈÇŽÈÇÓÎÃŸÎÔ

"ÕÃÉ ÎÃËÎÑÊ"ÒËÃÛËÔÙÎŸËÃÙÎ!ÖÌÉÖÎÓÖÈÎÓÔÑ HÑÎÉÔÕÕÈË’Ñ(Î!ÌÕÕÎÈÜÈËÎÈÏÒÈÉÓÎÓÃÎËÈÓÊËÇŠÎ.ÌÇÉÈÎÈÇÓÌËÈÎÒËÃÛËÔÙÑ

ÉÔÇÎ"ÈÎÉÔÇŽÌŽÔÓÈÑÎŸÃËÎËÈÊÑÈÎ’ÑÈÈÎÅÖÔÒÓÈËÎ,(#ÎÇÃÓÈÎÓÖÔÓÎÓÖÈÎÓÔÑ Î’ÔÇŽÎ!ÖÔÓÈÜÈËÎÌÓÎŽÈÒÈÇŽÑÎÊÒÃÇ(Î!ÌÕÕÎÇÃÓ

ÓÈËÙÌÇÔÓÈŠÎ�ÕÑÃÎ"ÈÎÉÈËÓÔÌÇÎÓÖÔÓÎŸÃËÎÔÇÍÎÃÓÖÈËÎÓÔÑ ÎÓÖÔÓÎÍÃÊÎŽÃÎ!ÌÑÖÎÓÃÎÓÈËÙÌÇÔÓÈ#ÎÌÓÑÎÓÈËÙÌÇÔÓÌÃÇÎŽÃÈÑÎÇÃÓ

Ô!ÔÌÓÎÓÖÌÑÎÓÔÑ HÑÎÓÈËÙÌÇÔÓÌÃÇŠÎ;ÈËÈÔŽÎÔÇŽÎŸÊÕÕÍÎÊÇŽÈËÑÓÔÇŽÎÒÔËÔÛËÔÒÖÎÄŠ>ÎÃŸÎ5ÈÒÔËÓÙÈÇÓÎÃŸÎ5ÈŸÈÇÑÈ

’ÀÄ,9(ÎÃÇÎF�ÔÑ Î5ÈÒÈÇŽÈÇÉÈÎWÎ�ÈËÙÌÇÔÓÌÃÇÎÃŸÎ�ÔÑ ÑŠG

6.3.3 The Abort Statement

guideline

S �ÜÃÌŽÎÊÑÌÇÛÎÓÖÈÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓŠ

example

ÚŸÎËÈ�ÊÌËÈŽÎÌÇÎÓÖÈÎÔÒÒÕÌÉÔÓÌÃÇ#ÎÒËÃÜÌŽÈÎÔÎÓÔÑ ÎÈÇÓËÍÎŸÃËÎÃËŽÈËÕÍÎÑÖÊÓŽÃ!ÇŠ

rationale

VÖÈÇÎÔÇÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓÎÌÑÎÈÏÈÉÊÓÈŽ#ÎÓÖÈËÈÎÌÑÎÇÃÎ!ÔÍÎÓÃÎ ÇÃ!Î!ÖÔÓÎÓÖÈÎÓÔËÛÈÓÈŽÎÓÔÑ Î!ÔÑÎŽÃÌÇÛ

"ÈŸÃËÈÖÔÇŽŠÎ5ÔÓÔÎŸÃËÎ!ÖÌÉÖÎÓÖÈÎÓÔËÛÈÓÎÓÔÑ ÎÌÑÎËÈÑÒÃÇÑÌ"ÕÈÎÙÔÍÎ"ÈÎÕÈŸÓÎÌÇÎÔÇÎÌÇÉÃÇÑÌÑÓÈÇÓÎÑÓÔÓÈŠÎ�ÖÈÎÃÜÈËÔÕÕ

ÈŸŸÈÉÓÎÃÇÎÓÖÈÎÑÍÑÓÈÙÎÃŸÎÔ"ÃËÓÌÇÛÎÔÎÓÔÑ ÎÌÇÎÑÊÉÖÎÔÇÎÊÇÉÃÇÓËÃÕÕÈŽÎ!ÔÍÎËÈ�ÊÌËÈÑÎÉÔËÈŸÊÕÎÔÇÔÕÍÑÌÑŠÎ�ÖÈÎÑÍÑÓÈÙ

ŽÈÑÌÛÇÎÙÊÑÓÎÈÇÑÊËÈÎÓÖÔÓÎÔÕÕÎÓÔÑ ÑÎŽÈÒÈÇŽÌÇÛÎÃÇÎÓÖÈÎÔ"ÃËÓÈŽÎÓÔÑ ÎÉÔÇÎŽÈÓÈÉÓÎÓÖÈÎÓÈËÙÌÇÔÓÌÃÇÎÔÇŽÎËÈÑÒÃÇŽ

ÔÒÒËÃÒËÌÔÓÈÕÍŠ

�ÔÑ ÑÎÔËÈÎÇÃÓÎÔ"ÃËÓÈŽÎÊÇÓÌÕÎÓÖÈÍÎËÈÔÉÖÎÔÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÒÃÌÇÓÎÑÊÉÖÎÔÑÎ"ÈÛÌÇÇÌÇÛÎÃËÎÈÇŽÎÃŸÎÈÕÔ"ÃËÔÓÌÃÇ#ÎÔ

ŽÈÕÔÍÎÑÓÔÓÈÙÈÇÓ#ÎÔÇÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓ#ÎÔÇÎÈÇÓËÍÎÉÔÕÕ#ÎÔÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓ#ÎÓÔÑ ÎÔÕÕÃÉÔÓÌÃÇ#ÎÃËÎÓÖÈÎÈÏÈÉÊÓÌÃÇ

ÃŸÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËŠÎÅÃÇÑÈ�ÊÈÇÓÕÍ#ÎÓÖÈÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓÎÙÔÍÎÇÃÓÎËÈÕÈÔÑÈÎÒËÃÉÈÑÑÃËÎËÈÑÃÊËÉÈÑÎÔÑÎÑÃÃÇ

ÔÑÎÍÃÊÎÙÔÍÎÈÏÒÈÉÓŠÎÚÓÎÔÕÑÃÎÙÔÍÎÇÃÓÎÑÓÃÒÎÔÎËÊÇÔ!ÔÍÎÓÔÑ Î"ÈÉÔÊÑÈÎÓÖÈÎÓÔÑ ÎÙÔÍÎ"ÈÎÈÏÈÉÊÓÌÇÛÎÔÇÎÌÇŸÌÇÌÓÈ

ÕÃÃÒÎÉÃÇÓÔÌÇÌÇÛÎÇÃÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎÒÃÌÇÓÑŠ

6.3.4 Abnormal Termination

guideline

S ?ÕÔÉÈÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎŸÃËÎothersÎÔÓÎÓÖÈÎÈÇŽÎÃŸÎÔÎÓÔÑ Î"ÃŽÍŠ

S IÔÜÈÎÈÔÉÖÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎÔÓÎÓÖÈÎÈÇŽÎÃŸÎÔÎÓÔÑ Î"ÃŽÍÎËÈÒÃËÓÎÓÖÈÎÓÔÑ HÑÎŽÈÙÌÑÈŠ

example

�ÖÌÑÎÌÑÎÃÇÈÎÃŸÎÙÔÇÍÎÓÔÑ ÑÎÊÒŽÔÓÌÇÛÎÓÖÈÎÒÃÑÌÓÌÃÇÑÎÃŸÎ"ÕÌÒÑÎÃÇÎÔÎËÔŽÔËÎÑÉËÈÈÇŠÎVÖÈÇÎÑÓÔËÓÈŽ#ÎÌÓÎÌÑÎÛÌÜÈÇÎÒÔËÓ

ÃŸÎÓÖÈÎÇÔÙÈÎ"ÍÎ!ÖÌÉÖÎÌÓÑÎÒÔËÈÇÓÎ ÇÃ!ÑÎÌÓŠÎ.ÖÃÊÕŽÎÌÓÎÓÈËÙÌÇÔÓÈÎŽÊÈÎÓÃÎÔÇÎÈÏÉÈÒÓÌÃÇ#ÎÌÓÎÑÌÛÇÔÕÑÎÓÖÈÎŸÔÉÓÎÌÇ

ÃÇÈÎÃŸÎÌÓÑÎÒÔËÈÇÓHÑÎŽÔÓÔÎÑÓËÊÉÓÊËÈÑŠÎ

---------------------------------------------------------------------

task body Track is



Å<4Å/;;64Å3ÎÎÀ:Y

   My_Index : Track_Index;

   Neutral  : Boolean    := True;

begin  -- Track

   select

      accept Start (Who_Am_I : in     Track_Index) do

         My_Index := Who_Am_I;

      end Start;

      Neutral := False;

      ...

   or

      terminate;

   end select;

   ...

exception

   when others =>

      if not Neutral then

         Station(My_Index).Status := Dead;

      end if;

end Track;

---------------------------------------------------------------------

rationale

�ÎÓÔÑ Î!ÌÕÕÎÓÈËÙÌÇÔÓÈÎÌŸÎÔÇÎÈÏÉÈÒÓÌÃÇÎÌÑÎËÔÌÑÈŽÎ!ÌÓÖÌÇÎÌÓÎŸÃËÎ!ÖÌÉÖÎÌÓÎÖÔÑÎÇÃÎÖÔÇŽÕÈËŠÎÚÇÎÑÊÉÖÎÔÎÉÔÑÈ#ÎÓÖÈ

ÈÏÉÈÒÓÌÃÇÎÌÑÎÇÃÓÎÒËÃÒÔÛÔÓÈŽÎÃÊÓÑÌŽÈÎÃŸÎÓÖÈÎÓÔÑ Î’ÊÇÕÈÑÑÎÌÓÎÃÉÉÊËÑÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑ(ŠÎ�ÖÈÎÓÔÑ ÎÑÌÙÒÕÍ

ŽÌÈÑÎ!ÌÓÖÎÇÃÎÇÃÓÌŸÌÉÔÓÌÃÇÎÓÃÎÃÓÖÈËÎÓÔÑ ÑÎÌÇÎÓÖÈÎÒËÃÛËÔÙŠÎ�ÖÈËÈŸÃËÈ#ÎÒËÃÜÌŽÌÇÛÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÑÎ!ÌÓÖÌÇ

ÓÖÈÎÓÔÑ #ÎÔÇŽÎÈÑÒÈÉÌÔÕÕÍÎÔÎÖÔÇŽÕÈËÎŸÃËÎothers#ÎÈÇÑÊËÈÑÎÓÖÔÓÎÔÎÓÔÑ ÎÉÔÇÎËÈÛÔÌÇÎÉÃÇÓËÃÕÎÔŸÓÈËÎÔÇÎÈÏÉÈÒÓÌÃÇ

ÃÉÉÊËÑŠÎÚŸÎÓÖÈÎÓÔÑ ÎÉÔÇÇÃÓÎÒËÃÉÈÈŽÎÇÃËÙÔÕÕÍÎÔŸÓÈËÎÖÔÇŽÕÌÇÛÎÔÇÎÈÏÉÈÒÓÌÃÇ#ÎÓÖÌÑÎÔŸŸÃËŽÑÎÌÓÎÓÖÈÎÃÒÒÃËÓÊÇÌÓÍ

ÓÃÎÑÖÊÓÎ ÌÓÑÈÕŸÎŽÃ!ÇÎÉÕÈÔÇÕÍÎÔÇŽÎÓÃÎÇÃÓÌŸÍÎÓÔÑ ÑÎËÈÑÒÃÇÑÌ"ÕÈÎŸÃËÎÈËËÃËÎËÈÉÃÜÈËÍÎÇÈÉÈÑÑÌÓÔÓÈŽÎ"ÍÎÓÖÈ

Ô"ÇÃËÙÔÕÎÓÈËÙÌÇÔÓÌÃÇÎÃŸÎÓÖÈÎÓÔÑ Š

note

5ÃÎÇÃÓÎÊÑÈÎÓÖÈÎÓÔÑ ÎÑÓÔÓÊÑÎÓÃÎŽÈÓÈËÙÌÇÈÎÌŸÎÔÎËÈÇŽÈ%ÜÃÊÑÎÉÔÇÎ"ÈÎÙÔŽÈÎ!ÌÓÖÎÓÖÈÎÓÔÑ ŠÎÚŸÎÓÔÑ Î�ÎÌÑÎŽÈÒÈÇŽÈÇÓ

ÃÇÎÓÔÑ Î-ÎÔÇŽÎÓÔÑ Î�ÎÉÖÈÉ ÑÎÓÖÈÎÑÓÔÓÊÑÎŸÕÔÛÎ"ÈŸÃËÈÎÌÓÎËÈÇŽÈ%ÜÃÊÑÎ!ÌÓÖÎÓÔÑ Î-#ÎÓÖÈËÈÎÌÑÎÔÎÒÃÓÈÇÓÌÔÕÎÓÖÔÓÎÓÔÑ 

-ÎŸÔÌÕÑÎ"ÈÓ!ÈÈÇÎÓÖÈÎÑÓÔÓÊÑÎÓÈÑÓÎÔÇŽÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑŠÎÚÇÎÓÖÌÑÎÉÔÑÈ#ÎÓÔÑ Î�ÎÙÊÑÓÎÒËÃÜÌŽÈÎÔÇÎÈÏÉÈÒÓÌÃÇ

ÖÔÇŽÕÈËÎÓÃÎÖÔÇŽÕÈÎÓÖÈÎTasking_ErrorÎÈÏÉÈÒÓÌÃÇÎËÔÌÑÈŽÎ"ÍÎÓÖÈÎÉÔÕÕÎÓÃÎÔÇÎÈÇÓËÍÎÃŸÎÔÇÎÔ"ÇÃËÙÔÕÎÓÔÑ Î’ÑÈÈ

)ÊÌŽÈÕÌÇÈÎ+Š9ŠÀ(Š

6.4 SUMMARY

tasking

S /ÑÈÎÓÔÑ ÑÎÓÃÎÙÃŽÈÕÎÔÑÍÇÉÖËÃÇÃÊÑÎÈÇÓÌÓÌÈÑÎ!ÌÓÖÌÇÎÓÖÈÎÒËÃ"ÕÈÙÎŽÃÙÔÌÇŠ

S /ÑÈÎÓÔÑ ÑÎÓÃÎÉÃÇÓËÃÕÎÃËÎÑÍÇÉÖËÃÇÌ%ÈÎÔÉÉÈÑÑÎÓÃÎÓÔÑ ÑÎÃËÎŽÈÜÌÉÈÑŠ

S /ÑÈÎÓÔÑ ÑÎÓÃÎŽÈŸÌÇÈÎÉÃÇÉÊËËÈÇÓÎÔÕÛÃËÌÓÖÙÑŠ

S /ÑÈÎÔÇÃÇÍÙÃÊÑÎÓÔÑ ÎÓÍÒÈÑÎŸÃËÎÑÌÇÛÕÈÎÌÇÑÓÔÇÉÈÑŠ

S =ÊÑÓÌŸÍÎÓÖÈÎÊÑÈÎÃŸÎŽÍÇÔÙÌÉÔÕÕÍÎÔÕÕÃÉÔÓÈŽÎÓÔÑ ÎÃ"7ÈÉÓÑŠ

S �ÜÃÌŽÎŽÌÑÔÑÑÃÉÌÔÓÌÇÛÎÔÎŽÍÇÔÙÌÉÎÓÔÑ ÎŸËÃÙÎÔÕÕÎÇÔÙÈÑŠ

S 5ÃÎÇÃÓÎËÈÕÍÎÃÇÎÒËÔÛÙÔ PriorityÎÓÃÎÒËÌÃËÌÓÌ%ÈÎÓÖÈÎÑÈËÜÌÉÈÎÃŸÎÈÇÓËÌÈÑŠ

S �ËËÔÇÛÈÎÓÔÑ Î"ÃŽÌÈÑÎÌÇÎÃËŽÈËÎÃŸÎÓÖÈÌËÎÒËÌÃËÌÓÌÈÑÎ’ÌŸÎÒÃÑÑÌ"ÕÈ(Š

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎ"ÈÌÇÛÎÔÉÖÌÈÜÔ"ÕÈŠ

S 5ÃÎÇÃÓÎÊÑÈÎÔÎ"ÊÑÍÎ!ÔÌÓÌÇÛÎÕÃÃÒÎÌÇÑÓÈÔŽÎÃŸÎÔÎŽÈÕÔÍŠ

S 5ÈÑÌÛÇÎÓÃÎÕÌÙÌÓÎÒÃÕÕÌÇÛÎÓÃÎÓÖÃÑÈÎÉÔÑÈÑÎ!ÖÈËÈÎÔ"ÑÃÕÊÓÈÕÍÎÇÈÉÈÑÑÔËÍŠ

S 5ÃÎÇÃÓÎÊÑÈÎ ÇÃ!ÕÈŽÛÈÎÃŸÎÓÖÈÎÈÏÈÉÊÓÌÃÇÎÒÔÓÓÈËÇÎÃŸÎÓÔÑ ÑÎÓÃÎÔÉÖÌÈÜÈÎÓÌÙÌÇÛÎËÈ�ÊÌËÈÙÈÇÓÑŠ



À:,ÎÎ�ŽÔÎ1/�2Ú�3Î�45Î.�326

communication

S &ÌÇÌÙÌ%ÈÎÓÖÈÎ!ÃË ÎÒÈËŸÃËÙÈŽÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑŠ

S &ÌÇÌÙÌ%ÈÎÓÖÈÎ!ÃË ÎÒÈËŸÃËÙÈŽÎÌÇÎÓÖÈÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÕÃÃÒÎÃŸÎÔÎÓÔÑ Š

S ?ËÃÜÌŽÈÎ ÔÎ ÖÔÇŽÕÈËÎ ŸÃËÎ ÈÏÉÈÒÓÌÃÇÎ Program_ErrorÎ !ÖÈÇÈÜÈËÎ ÍÃÊÎ ÉÔÇÇÃÓÎ ÔÜÃÌŽÎ ÔÎ ÑÈÕÈÉÓÌÜÈÎ !ÔÌÓ

ÑÓÔÓÈÙÈÇÓÎ!ÖÃÑÈÎÔÕÓÈËÇÔÓÈÑÎÉÔÇÎÔÕÕÎ"ÈÎÉÕÃÑÈŽŠ

S &Ô ÈÎÑÍÑÓÈÙÔÓÌÉÎÊÑÈÎÃŸÎÖÔÇŽÕÈËÑÎŸÃËÎTasking_ErrorŠ

S -ÈÎÒËÈÒÔËÈŽÎÓÃÎÖÔÇŽÕÈÎÈÏÉÈÒÓÌÃÇÑÎŽÊËÌÇÛÎÔÎËÈÇŽÈ%ÜÃÊÑŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÓÖÈÎÜÔÕÊÈÑÎÃŸÎÓÖÈÎÓÔÑ ÎÔÓÓËÌ"ÊÓÈÑÎ’CallableÎÃË ’TerminatedŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÔÓÓËÌ"ÊÓÈÑÎÓÃÎÔÜÃÌŽÎTasking_ErrorÎÃÇÎÔÇÎÈÇÓËÍÎÉÔÕÕŠÎ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÃÇÎÓÖÈÎÜÔÕÊÈÎÃŸÎÓÖÈÎÈÇÓËÍÎÔÓÓËÌ"ÊÓÈÎ’CountŠ

S /ÑÈÎÓÖÈÎËÈÇŽÈ%ÜÃÊÑÎÙÈÉÖÔÇÌÑÙ#ÎÇÃÓÎÑÖÔËÈŽÎÜÔËÌÔ"ÕÈÑ#ÎÓÃÎÒÔÑÑÎŽÔÓÔÎ"ÈÓ!ÈÈÇÎÓÔÑ ÑŠ

S 5ÃÎÇÃÓÎÊÑÈÎÑÖÔËÈŽÎÜÔËÌÔ"ÕÈÑÎÔÑÎÔÎÓÔÑ ÎÑÍÇÉÖËÃÇÌ%ÔÓÌÃÇÎŽÈÜÌÉÈŠ

S 5ÃÎÇÃÓÎËÈŸÈËÈÇÉÈÎÇÃÇÕÃÉÔÕÎÜÔËÌÔ"ÕÈÑÎÌÇÎÔÎÛÊÔËŽŠ

S /ÑÈÎÉÔÊÓÌÃÇÎ!ÌÓÖÎÉÃÇŽÌÓÌÃÇÔÕÎÈÇÓËÍÎÉÔÕÕÑŠ

S /ÑÈÎÉÔÊÓÌÃÇÎ!ÌÓÖÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÑÎ!ÌÓÖÎÈÕÑÈÎÒÔËÓÑŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÊÒÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎÌÇÎÓÌÙÈŽÎÈÇÓËÍÎÉÔÕÕÑŠ

S 5ÃÎÇÃÓÎŽÈÒÈÇŽÎÊÒÃÇÎÔÎÒÔËÓÌÉÊÕÔËÎŽÈÕÔÍÎÌÇÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÑÎ!ÌÓÖÎŽÈÕÔÍÎÔÕÓÈËÇÔÓÌÜÈÑŠ

S &ÌÇÌÙÌ%ÈÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÔÉÉÈÒÓÎÔÇŽÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÑÎÒÈËÎÓÔÑ Š

S &ÌÇÌÙÌ%ÈÎÓÖÈÎÇÊÙ"ÈËÎÃŸÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓÑÎÒÈËÎÈÇÓËÍŠ

termination

S ?ÕÔÉÈÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎŸÃËÎÔÎËÈÇŽÈ%ÜÃÊÑÎ!ÌÓÖÌÇÎÓÖÈÎÙÔÌÇÎÓÔÑ ÌÇÛÎÕÃÃÒŠ

S 5ÃÎÇÃÓÎÉËÈÔÓÈÎÇÃÇRÓÈËÙÌÇÔÓÌÇÛÎÓÔÑ ÑÎÊÇÌÇÓÈÇÓÌÃÇÔÕÕÍŠÎÎ

S 6ÏÒÕÌÉÌÓÕÍÎÑÖÊÓÎŽÃ!ÇÎÓÔÑ ÑÎŽÈÒÈÇŽÈÇÓÎÃÇÎÕÌ"ËÔËÍÎÒÔÉ ÔÛÈÑŠ

S /ÑÈÎÔÎÑÈÕÈÉÓÎÑÓÔÓÈÙÈÇÓÎËÔÓÖÈËÎÓÖÔÇÎÔÇÎÔÉÉÈÒÓÎÑÓÔÓÈÙÈÇÓÎÔÕÃÇÈŠÎ

S ?ËÃÜÌŽÈÎÔÎÓÈËÙÌÇÔÓÈÎÔÕÓÈËÇÔÓÌÜÈÎŸÃËÎÈÜÈËÍÎÑÈÕÈÉÓÌÜÈÎ!ÔÌÓÎÓÖÔÓÎŽÃÈÑÎÇÃÓÎËÈ�ÊÌËÈÎÔÇÎÈÕÑÈÎÒÔËÓÎÃËÎÔÎŽÈÕÔÍŠ

S �ÜÃÌŽÎÊÑÌÇÛÎÓÖÈÎÔ"ÃËÓÎÑÓÔÓÈÙÈÇÓŠ

S ?ÕÔÉÈÎÔÇÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎŸÃËÎothersÎÔÓÎÓÖÈÎÈÇŽÎÃŸÎÔÎÓÔÑ Î"ÃŽÍŠ

S IÔÜÈÎÈÔÉÖÎÈÏÉÈÒÓÌÃÇÎÖÔÇŽÕÈËÎÔÓÎÓÖÈÎÈÇŽÎÃŸÎÔÎÓÔÑ Î"ÃŽÍÎËÈÒÃËÓÎÓÖÈÎÓÔÑ HÑÎŽÈÙÌÑÈŠ



ÄÀÅ

CHAPTER 7

Portability

ÃÇÉÊËÉÉÇÈÍÉÎÊÈÍÊÏÌÍÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠÎËÉËÖÕÕŠÎÊÈÍÊÏÍÔÌÖÔÏÎÈÍÎÔÚÏÎÛÇÜÜÏÌÏÍÊÏÉÎÇÍÎÊÈÙÓËÔÏÌÎÉŠÉÔÏÙÉŸÎŽËÔÎÔÚÏ

ÛÏ�ÏÕÈÓÙÏÍÔÎÖÍÛÎÌËÍÔÇÙÏÎÏÍ�ÇÌÈÍÙÏÍÔÎÙÖŠÎÖÕÉÈÎÊÚÖÍÑÏ�

portabilityÎ�ÉÈÜÔ�ÖÌÏ ŸÎ!ÚÏÎÏÖÉÏÎ�ÇÔÚÎ�ÚÇÊÚÎÉÈÜÔ�ÖÌÏÎÊÖÍÎÒÏÎÔÌÖÍÉÜÏÌÌÏÛÎÜÌÈÙÎÈÍÏÎÊÈÙÓËÔÏÌÎÉŠÉÔÏÙÎÈÌ

ÏÍ�ÇÌÈÍÙÏÍÔÎÔÈÎÖÍÈÔÚÏÌÎ�"###ÎÃÇÊÔÇÈÍÖÌŠÎÄÅ$% Ÿ

&ÍÛÎÙÈÉÔÎÓÈÌÔÖÒÇÕÇÔŠÎÓÌÈÒÕÏÙÉÎÖÌÏÎÍÈÔÎÓËÌÏÎÕÖÍÑËÖÑÏÎÇÉÉËÏÉŸÎ’ÈÌÔÖÒÇÕÇÔŠÎÇÍ�ÈÕ�ÏÉÎÚÖÌÛ�ÖÌÏÎ�ÒŠÔÏÎÈÌÛÏÌ(

ÛÏ�ÇÊÏÎ") *ÎÉÈÜÔ�ÖÌÏÎ�ËÔÇÕÇÔŠÎÕÇÒÌÖÌÇÏÉ(ÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÉ(ÎÌËÍÔÇÙÏÎÕÇÒÌÖÌÇÏÉ ŸÎ!ÚÇÉÎÉÏÊÔÇÈÍÎ�ÇÕÕÎÍÈÔÎÖÛÛÌÏÉÉ

ÔÚÏÉÏÎÊÚÖÕÕÏÍÑÇÍÑÎÛÏÉÇÑÍÎÇÉÉËÏÉŸ

!ÚÇÉÎÉÏÊÔÇÈÍÎÛÈÏÉÎÇÛÏÍÔÇÜŠÎÔÚÏÎÙÈÌÏÎÊÈÙÙÈÍÎÓÈÌÔÖÒÇÕÇÔŠÎÓÌÈÒÕÏÙÉÎÔÚÖÔÎÖÌÏÎÉÓÏÊÇÜÇÊÎÔÈÎ&ÛÖÎ�ÚÏÍÎÙÈ�ÇÍÑÎÜÌÈÙ

ÈÍÏÎÓÕÖÔÜÈÌÙÎÈÌÎÊÈÙÓÇÕÏÌÎÔÈÎÖÍÈÔÚÏÌŸÎ"ÔÎÖÕÉÈÎÉËÑÑÏÉÔÉÎ�ÖŠÉÎÔÚÖÔÎÍÈÍ+ÓÈÌÔÖÒÕÏÎÊÈÛÏÎÊÖÍÎÒÏÎÇÉÈÕÖÔÏÛŸÎŽŠÎËÉÇÍÑ

ÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÚÇÛÇÍÑÎÜÏÖÔËÌÏÉÎÈÜÎ&ÛÖ(ÎÔÚÏÎÊÈÉÔÎÈÜÎÓÈÌÔÇÍÑÎÊÖÍÎÒÏÎÉÇÑÍÇÜÇÊÖÍÔÕŠÎÌÏÛËÊÏÛŸ

"ÍÎÜÖÊÔ(ÎÙÖÍŠÎÕÖÍÑËÖÑÏÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÉËÏÉÎÖÌÏÎÉÈÕ�ÏÛÎÒŠÎÔÚÏÎÉÔÌÇÊÔÎÛÏÜÇÍÇÔÇÈÍÎÈÜÎÔÚÏÎ&ÛÖÎÕÖÍÑËÖÑÏÎÇÔÉÏÕÜŸÎ"ÍÎÙÈÉÔ

ÓÌÈÑÌÖÙÙÇÍÑÎÕÖÍÑËÖÑÏÉ(ÎÛÇÜÜÏÌÏÍÔÎÛÇÖÕÏÊÔÉÎÖÌÏÎÓÌÏ�ÖÕÏÍÔÎÖÉÎ�ÏÍÛÈÌÉÎÏ,ÔÏÍÛÎÈÌÎÛÇÕËÔÏÎÖÎÕÖÍÑËÖÑÏÎÜÈÌÎ�ÖÌÇÈËÉ

ÌÏÖÉÈÍÉ�ÎÊÈÍÜÈÌÙÖÍÊÏÎÔÈÎÖÎÓÌÈÑÌÖÙÙÇÍÑÎÏÍ�ÇÌÈÍÙÏÍÔ*ÎÈÌÎÜÏÖÔËÌÏÉÎÜÈÌÎÖÎÓÖÌÔÇÊËÕÖÌÎÖÓÓÕÇÊÖÔÇÈÍÎÛÈÙÖÇÍŸÎ!ÚÏ

&ÛÖÎ-ÈÙÓÇÕÏÌÎ.ÖÕÇÛÖÔÇÈÍÎ-ÖÓÖÒÇÕÇÔŠÎ�&-.- Î�ÖÉÎÛÏ�ÏÕÈÓÏÛÎÒŠÎÔÚÏÎ/Ÿ0ŸÎÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÖÔÎÔÚÏÎ&ÛÖ

.ÖÕÇÛÖÔÇÈÍÎ1ÖÊÇÕÇÔŠ(Î&0Ã20"Ã3(Î4ÌÇÑÚÔ+’ÖÔÔÏÌÉÈÍÎ&ÇÌÎ1ÈÌÊÏÎŽÖÉÏÎÔÈÎÏÍÉËÌÏÎÔÚÖÔÎÇÙÓÕÏÙÏÍÔÈÌÉÎÉÔÌÇÊÔÕŠ

ÖÛÚÏÌÏÛÎÔÈÎÔÚÏÎ&ÛÖÎÉÔÖÍÛÖÌÛŸ

&ÉÎÓÖÌÔÎÈÜÎÔÚÏÎÉÔÌÇÊÔÎÛÏÜÇÍÇÔÇÈÍÎÈÜÎ&ÛÖ(ÎÊÏÌÔÖÇÍÎÊÈÍÉÔÌËÊÔÉÎÖÌÏÎÛÏÜÇÍÏÛÎÔÈÎÒÏÎÏÌÌÈÍÏÈËÉÎÖÍÛÎÔÚÏÎÏÜÜÏÊÔÎÈÜ

Ï,ÏÊËÔÇÍÑÎ ÖÍÎÏÌÌÈÍÏÈËÉÎ ÊÈÍÉÔÌËÊÔÎ ÇÉÎËÍÓÌÏÛÇÊÔÖÒÕÏŸÎ!ÚÏÌÏÜÈÌÏÎÏÌÌÈÍÏÈËÉÎÊÈÍÉÔÌËÊÔÉÎÖÌÏÎÈÒ�ÇÈËÉÕŠÎÍÈÔ

ÓÈÌÔÖÒÕÏŸÎ#ÌÌÈÍÏÈËÉÎÊÈÍÉÔÌËÊÔÉÎÖÌÏÎÛÇÉÊËÉÉÏÛÎÇÍÎ5ËÇÛÏÕÇÍÏÎ6ŸÅ(ÎÖÍÛÎÖÌÏÎÍÈÔÎÌÏÓÏÖÔÏÛÎÇÍÎÔÚÇÉÎÊÚÖÓÔÏÌŸ

7ÈÉÔÎÓÌÈÑÌÖÙÙÏÌÉÎÍÏ�ÎÔÈÎÔÚÏÎÕÖÍÑËÖÑÏÎÏ,ÓÏÊÔÎ&ÛÖÎÔÈÎÏÕÇÙÇÍÖÔÏÎÖÕÕÎÓÈÌÔÖÒÇÕÇÔŠÎÓÌÈÒÕÏÙÉ*ÎÇÔÎÛÏÜÇÍÇÔÏÕŠÎÛÈÏÉ

ÍÈÔŸÎ-ÏÌÔÖÇÍÎÖÌÏÖÉÎÈÜÎ&ÛÖÎÖÌÏÎÍÈÔÎŠÏÔÎÊÈ�ÏÌÏÛÎÒŠÎ�ÖÕÇÛÖÔÇÈÍŸÎ!ÚÏÎÛÏÜÇÍÇÔÇÈÍÎÈÜÎ&ÛÖÎÕÏÖ�ÏÎÊÏÌÔÖÇÍÎÛÏÔÖÇÕÉÎÔÈÎÔÚÏ

ÇÙÓÕÏÙÏÍÔÈÌŸÎ!ÚÏÎÊÈÙÓÇÕÏÌÎÇÙÓÕÏÙÏÍÔÈÌ8ÉÎÊÚÈÇÊÏÉÎ�ÇÔÚÎÌÏÉÓÏÊÔÎÔÈÎÔÚÏÉÏÎÛÏÔÖÇÕÉÎÖÜÜÏÊÔÎÓÈÌÔÖÒÇÕÇÔŠŸ

!ÚÏÌÏÎÖÌÏÎÉÈÙÏÎÑÏÍÏÌÖÕÎÓÌÇÍÊÇÓÕÏÉÎÔÈÎÏÍÚÖÍÊÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠÎÏ,ÏÙÓÕÇÜÇÏÛÎÒŠÎÙÖÍŠÎÈÜÎÔÚÏÎÑËÇÛÏÕÇÍÏÉÎÇÍÎÔÚÇÉ

ÊÚÖÓÔÏÌŸÎ!ÚÏŠÎÖÌÏ�

S 9ÏÊÈÑÍÇ:ÏÎÔÚÈÉÏÎ&ÛÖÎÊÈÍÉÔÌËÊÔÉÎÔÚÖÔÎÙÖŠÎÖÛ�ÏÌÉÏÕŠÎÖÜÜÏÊÔÎÓÈÌÔÖÒÇÕÇÔŠŸ

S &�ÈÇÛÎÔÚÏÎËÉÏÎÈÜÎÔÚÏÉÏÎÊÈÍÉÔÌËÊÔÉÎ�ÚÏÌÏÎÓÈÉÉÇÒÕÏŸ

S 3ÈÊÖÕÇ:ÏÎÖÍÛÎÏÍÊÖÓÉËÕÖÔÏÎÍÈÍÓÈÌÔÖÒÕÏÎÜÏÖÔËÌÏÉÎÈÜÎÖÎÓÌÈÑÌÖÙÎÇÜÎÔÚÏÇÌÎËÉÏÎÇÉÎÏÉÉÏÍÔÇÖÕŸ

S ;ÇÑÚÕÇÑÚÔÎÔÚÏÎËÉÏÎÈÜÎÊÈÍÉÔÌËÊÔÉÎÔÚÖÔÎÙÖŠÎÊÖËÉÏÎÓÈÌÔÖÒÇÕÇÔŠÎÓÌÈÒÕÏÙÉŸ

!ÚÏÉÏÎÑËÇÛÏÕÇÍÏÉÎÊÖÍÍÈÔÎÒÏÎÖÓÓÕÇÏÛÎÔÚÈËÑÚÔÕÏÉÉÕŠŸÎ7ÖÍŠÎÈÜÎÔÚÏÙÎÇÍ�ÈÕ�ÏÎÖÎÛÏÔÖÇÕÏÛÎËÍÛÏÌÉÔÖÍÛÇÍÑÎÈÜÎÔÚÏÎ&ÛÖ

ÙÈÛÏÕÎÖÍÛÎÇÔÉÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸÎ"ÍÎÙÖÍŠÎÊÖÉÏÉ(ÎŠÈËÎ�ÇÕÕÎÚÖ�ÏÎÔÈÎÙÖ<ÏÎÊÖÌÏÜËÕÕŠÎÊÈÍÉÇÛÏÌÏÛÎÔÌÖÛÏÈÜÜÉÎÒÏÔ�ÏÏÍ

ÏÜÜÇÊÇÏÍÊŠÎÖÍÛÎÓÈÌÔÖÒÇÕÇÔŠŸÎ9ÏÖÛÇÍÑÎÔÚÇÉÎÊÚÖÓÔÏÌÎÉÚÈËÕÛÎÇÙÓÌÈ�ÏÎŠÈËÌÎÇÍÉÇÑÚÔÎÇÍÔÈÎÔÚÏÎÔÌÖÛÏÈÜÜÉÎÇÍ�ÈÕ�ÏÛŸ

!ÚÏÎÙÖÔÏÌÇÖÕÎÇÍÎÔÚÇÉÎÊÚÖÓÔÏÌÎ�ÖÉÎÕÖÌÑÏÕŠÎÖÊ=ËÇÌÏÛÎÜÌÈÙÎÔÚÌÏÏÎÉÈËÌÊÏÉ�ÎÔÚÏÎ&ÛÖÎ9ËÍÎ!ÇÙÏÎ#Í�ÇÌÈÍÙÏÍÔ

4ÈÌ<ÇÍÑÎ5ÌÈËÓÎ �&9!#45 Î-ÖÔÖÕÈÑËÏÎÈÜÎ&ÛÖÎ9ËÍÎ!ÇÙÏÎ"ÙÓÕÏÙÏÍÔÖÔÇÈÍÎÃÏÓÏÍÛÏÍÊÇÏÉÎ �&9!#45

ÄÅ$> *ÎÔÚÏÎ?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎÒÈÈ<ÎÈÍÎ’ÈÌÔÖÒÇÕÇÔŠÎÖÍÛÎ0ÔŠÕÏÎÇÍÎ&ÛÖÎ�?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎÄÅ$% *ÎÖÍÛÎÖÎÓÖÓÏÌ

�ÌÇÔÔÏÍÎÜÈÌÎÔÚÏÎ/Ÿ0ŸÎ&ÇÌÎ1ÈÌÊÏÎÒŠÎ0ÈÜ!ÏÊÚÎÈÍÎ&ÛÖÎ’ÈÌÔÖÒÇÕÇÔŠÎ5ËÇÛÏÕÇÍÏÉÎ�’ÖÓÓÖÉÎÄÅ$6 ŸÎ!ÚÏÎÕÖÉÔÎÈÜÎÔÚÏÉÏ



ÄÄÀÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

ÉÈËÌÊÏÉÎ�’ÖÓÓÖÉÎÄÅ$6 ÎÏÍÊÈÙÓÖÉÉÏÉÎÔÚÏÎÈÔÚÏÌÎÔ�ÈÎÖÍÛÎÓÌÈ�ÇÛÏÉÎÖÍÎÇÍÎÛÏÓÔÚÎÏ,ÓÕÖÍÖÔÇÈÍÎÈÜÎÔÚÏÎÇÉÉËÏÉ(

ÍËÙÏÌÈËÉÎ Ï,ÖÙÓÕÏÉ(Î ÖÍÛÎ ÔÏÊÚÍÇ=ËÏÉÎ ÜÈÌÎÙÇÍÇÙÇ:ÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠÎ ÓÌÈÒÕÏÙÉŸÎ-ÈÍÔÇÎ �ÄÅ$B Î ÇÉÎÖÎ�ÖÕËÖÒÕÏ

ÌÏÜÏÌÏÍÊÏÎÜÈÌÎËÍÛÏÌÉÔÖÍÛÇÍÑÎÔÚÏÎÕÖÔÇÔËÛÏÎÖÕÕÈ�ÏÛÎÜÈÌÎÇÙÓÕÏÙÏÍÔÈÌÉÎÈÜÎ&ÛÖÎÖÍÛÎÔÚÏÎÊÌÇÔÏÌÇÖÎÈÜÔÏÍÎËÉÏÛÎÔÈ

ÙÖ<ÏÎÛÏÊÇÉÇÈÍÉŸ

!ÚÇÉÎÊÚÖÓÔÏÌ8ÉÎÓËÌÓÈÉÏÎÇÉÎÔÈÎÓÌÈ�ÇÛÏÎÖÎÉËÙÙÖÌŠÎÈÜÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÉËÏÉÎÇÍÎÔÚÏÎÑËÇÛÏÕÇÍÏÎÜÈÌÙÖÔÎÈÜÎÔÚÇÉÎÒÈÈ<ŸÎ!ÚÏ

ÊÚÖÓÔÏÌÎÛÈÏÉÎÍÈÔÎÇÍÊÕËÛÏÎÖÕÕÎÇÉÉËÏÉÎÇÛÏÍÔÇÜÇÏÛÎÇÍÎÔÚÏÎÌÏÜÏÌÏÍÊÏÉ(ÎÒËÔÎÈÍÕŠÎÔÚÏÎÙÈÉÔÎÉÇÑÍÇÜÇÊÖÍÔŸÎ1ÈÌÎÖÍÎÇÍ+ÛÏÓÔÚ

ÓÌÏÉÏÍÔÖÔÇÈÍ(ÎÉÏÏÎ’ÖÓÓÖÉÎ�ÄÅ$6 ŸÎ&ÎÜÏ�ÎÖÛÛÇÔÇÈÍÖÕÎÑËÇÛÏÕÇÍÏÉÎÖÌÏÎÓÌÏÉÏÍÔÏÛÎÚÏÌÏÎÖÍÛÎÈÔÚÏÌÉÎÖÌÏÎÏÕÖÒÈÌÖÔÏÛ

ËÓÈÍÎ�ÚÏÌÏÎÖÓÓÕÇÊÖÒÕÏŸÎ1ÈÌÎÜËÌÔÚÏÌÎÌÏÖÛÇÍÑÎÈÍÎ&ÛÖÎ"2)ÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÉËÏÉ(ÎÉÏÏÎ7ÖÔÔÚÏ�ÉÎ�ÄÅ$B (Î5ÌÇÏÉÔ

�ÄÅ$Å (ÎÖÍÛÎ-#-)7Î�ÄÅ$Å Ÿ

0ÈÙÏÎÈÜÎÔÚÏÎÑËÇÛÏÕÇÍÏÉÎÇÍÎÔÚÇÉÎÊÚÖÓÔÏÌÎÊÌÈÉÉÎÌÏÜÏÌÏÍÊÏÎÖÍÛÎÓÕÖÊÏÎÉÔÌÇÊÔÏÌÎÊÈÍÉÔÌÖÇÍÔÉÎÈÍÎÈÔÚÏÌÎÑËÇÛÏÕÇÍÏÉÎÇÍ

ÔÚÇÉÎÒÈÈ<ŸÎ!ÚÏÉÏÎÊÈÍÉÔÌÖÇÍÔÉÎÖÓÓÕŠÎ�ÚÏÍÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÎÒÏÇÍÑÎÏÙÓÚÖÉÇ:ÏÛŸ

7.1 FUNDAMENTALS

!ÚÇÉÎÉÏÊÔÇÈÍÎÇÍÔÌÈÛËÊÏÉÎÉÈÙÏÎÑÏÍÏÌÖÕÕŠÎÖÓÓÕÇÊÖÒÕÏÎÓÌÇÍÊÇÓÕÏÉÎÈÜÎ�ÌÇÔÇÍÑÎÓÈÌÔÖÒÕÏÎ&ÛÖÎÓÌÈÑÌÖÙÉŸÎ"ÔÎÇÍÊÕËÛÏÉ

ÑËÇÛÏÕÇÍÏÉÎÖÒÈËÔÎÔÚÏÎÖÉÉËÙÓÔÇÈÍÉÎŠÈËÎÉÚÈËÕÛÎÙÖ<ÏÎ�ÇÔÚÎÌÏÉÓÏÊÔÎÔÈÎÖÎÍËÙÒÏÌÎÈÜÎ&ÛÖÎÜÏÖÔËÌÏÉÎÖÍÛÎÔÚÏÇÌ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎÖÍÛÎÑËÇÛÏÕÇÍÏÉÎÖÒÈËÔÎÔÚÏÎËÉÏÎÈÜÎÈÔÚÏÌÎ&ÛÖÎÜÏÖÔËÌÏÉÎÔÈÎÏÍÉËÌÏÎÙÖ,ÇÙËÙÎÓÈÌÔÖÒÇÕÇÔŠŸ

7.1.1 Global Assumptions

guideline

S 7Ö<ÏÎÊÈÍÉÇÛÏÌÏÛÎÖÉÉËÙÓÔÇÈÍÉÎÖÒÈËÔÎÔÚÏÎÉËÓÓÈÌÔÎÓÌÈ�ÇÛÏÛÎÜÈÌÎÔÚÏÎÜÈÕÕÈ�ÇÍÑÎÈÍÎÓÈÔÏÍÔÇÖÕÎÔÖÌÑÏÔ

ÓÕÖÔÜÈÌÙÉ�

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÔŠÓÏÎIntegerÎ�ÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉ Ÿ

+ ?ËÙÒÏÌÎÈÜÎÛÏÊÇÙÖÕÎÛÇÑÇÔÉÎÈÜÎÓÌÏÊÇÉÇÈÍÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉŸ

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÇ,ÏÛCÓÈÇÍÔÎÔŠÓÏÉÎ�ÛÏÕÔÖÎÖÍÛÎÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉ Ÿ

+ ?ËÙÒÏÌÎÈÜÎÊÚÖÌÖÊÔÏÌÉÎÓÏÌÎÕÇÍÏÎÈÜÎÉÈËÌÊÏÎÔÏ,ÔŸ

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÜÈÌÎUniversal_IntegerÎÏ,ÓÌÏÉÉÇÈÍÉŸ

+ ?ËÙÒÏÌÎÈÜÎÉÏÊÈÍÛÉÎÜÈÌÎÔÚÏÎÌÖÍÑÏÎÈÜÎDurationŸ

+ ?ËÙÒÏÌÎÈÜÎÙÇÕÕÇÉÏÊÈÍÛÉÎÜÈÌÎDuration’SmallŸÎ

instantiation

!ÚÏÉÏÎÖÌÏÎÙÇÍÇÙËÙÎ�ÖÕËÏÉÎ�ÈÌÎÙÇÍÇÙËÙÎÓÌÏÊÇÉÇÈÍÎÇÍÎÔÚÏÎÊÖÉÏÎÈÜÎDuration’Small ÎÔÚÖÔÎÖÎÓÌÈDÏÊÔÎÈÌ

ÖÓÓÕÇÊÖÔÇÈÍÎÙÇÑÚÔÎ ÖÉÉËÙÏÎ ÔÚÖÔÎ ÖÍÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ ÓÌÈ�ÇÛÏÉŸÎ !ÚÏÌÏÎ ÇÉÎ ÍÈÎ ÑËÖÌÖÍÔÏÏÎ ÔÚÖÔÎ ÖÎ ÑÇ�ÏÍ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ ÓÌÈ�ÇÛÏÉÎÙÈÌÏÎ ÔÚÖÍÎ ÔÚÏÎÙÇÍÇÙËÙ(Î ÉÈÎ ÔÚÏÉÏÎ�ÈËÕÛÎ ÒÏÎ ÔÌÏÖÔÏÛÎ ÒŠÎ ÔÚÏÎ ÓÌÈDÏÊÔÎ ÈÌ

ÖÓÓÕÇÊÖÔÇÈÍÎÖÉÎÙÖ,ÇÙËÙÎ�ÖÕËÏÉÎÖÕÉÈŸ

+ Ä>ÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÔŠÓÏÎIntegerÎ�-2**15 .. 2**15 - 1 Ÿ

+ >ÎÛÏÊÇÙÖÕÎÛÇÑÇÔÉÎÈÜÎÓÌÏÊÇÉÇÈÍÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉŸ

+ EFÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÇ,ÏÛCÓÈÇÍÔÎÔŠÓÏÉŸ

+ BFÎÊÚÖÌÖÊÔÏÌÉÎÓÏÌÎÕÇÍÏÎÈÜÎÉÈËÌÊÏÎÔÏ,ÔŸ

+ Ä>ÎÒÇÔÉÎÜÈÌÎUniversal_IntegerÎÏ,ÓÌÏÉÉÇÈÍÉŸ

+ -86_400 .. 86_400ÎÉÏÊÈÍÛÉÎ�ÄÎÛÖŠ ÎÜÈÌÎÔÚÏÎÌÖÍÑÏÎÈÜÎDurationÎ�ÖÉÎÉÓÏÊÇÜÇÏÛÎÇÍÎÅŸ>Î�% ÎÈÜÎÃÏÓÖÌÔÙÏÍÔ

ÈÜÎÃÏÜÏÍÉÏÎÄÅ$E  

+ FÀÎÙÇÕÕÇÉÏÊÈÍÛÉÎÜÈÌÎDuration’SmallÎ�ÖÉÎÉÓÏÊÇÜÇÏÛÎÇÍÎÅŸ>Î�% ÎÈÜÎÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E  Ÿ

rationale

0ÈÙÏÎÖÉÉËÙÓÔÇÈÍÉÎÙËÉÔÎÒÏÎÙÖÛÏÎ�ÇÔÚÎÌÏÉÓÏÊÔÎÔÈÎÊÏÌÔÖÇÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎ�ÖÕËÏÉŸÎ!ÚÏÎÏ,ÖÊÔ

�ÖÕËÏÉÎÖÉÉËÙÏÛÎÉÚÈËÕÛÎÊÈ�ÏÌÎÔÚÏÎÙÖDÈÌÇÔŠÎÈÜÎÔÚÏÎÔÖÌÑÏÔÎÏ=ËÇÓÙÏÍÔÎÈÜÎÇÍÔÏÌÏÉÔŸÎ-ÚÈÈÉÇÍÑÎÔÚÏÎÕÈ�ÏÉÔ

ÊÈÙÙÈÍÎÛÏÍÈÙÇÍÖÔÈÌÎÜÈÌÎ�ÖÕËÏÉÎÇÙÓÌÈ�ÏÉÎÓÈÌÔÖÒÇÕÇÔŠŸ



’)9!&Ž"3"!AÎÎÄÄÄ

note

)ÜÎÔÚÏÎÙÇÊÌÈÊÈÙÓËÔÏÌÉÎÊËÌÌÏÍÔÕŠÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÇÍÊÈÌÓÈÌÖÔÇÈÍÎ�ÇÔÚÇÍÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉ(ÎÄ>CÒÇÔÎÖÍÛÎEFCÒÇÔ

ÓÌÈÊÏÉÉÈÌÉÎÖÌÏÎÓÌÏ�ÖÕÏÍÔŸÎ&ÕÔÚÈËÑÚÎ%CÒÇÔÎÖÍÛÎ$CÒÇÔÎÙÖÊÚÇÍÏÉÎÖÌÏÎÉÔÇÕÕÎÖ�ÖÇÕÖÒÕÏ(ÎÔÚÏÇÌÎÕÇÙÇÔÏÛÎÙÏÙÈÌŠ

ÖÛÛÌÏÉÉÇÍÑÎ ÊÖÓÖÒÇÕÇÔÇÏÉÎÙÖ<ÏÎ ÔÚÏÙÎËÍÉËÇÔÏÛÎ ÔÈÎ ÉËÓÓÈÌÔÎ&ÛÖÎÓÌÈÑÌÖÙÉÎÈÜÎÖÍŠÎ ÉÇ:ÏŸÎ/ÉÇÍÑÎÊËÌÌÏÍÔ

ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÉÊÚÏÙÏÉ(Î>ÎÛÏÊÇÙÖÕÎÛÇÑÇÔÉÎÈÜÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÖÊÊËÌÖÊŠÎÇÙÓÕÇÏÉÎÖÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÙÖÍÔÇÉÉÖÎÖÔ

ÕÏÖÉÔÎFÄÎÒÇÔÉÎ�ÇÛÏ(ÎÕÏÖ�ÇÍÑÎÄÄÎÒÇÔÉÎÜÈÌÎÏ,ÓÈÍÏÍÔÎÖÍÛÎÉÇÑÍÎ�ÇÔÚÇÍÎÖÎEFCÒÇÔÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍŸÎ!ÚÇÉÎÊÈÌÌÏÕÖÔÏÉ

�ÇÔÚÎÔÚÏÎÛÖÔÖÎ�ÇÛÔÚÉÎÈÜÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÚÖÌÛ�ÖÌÏÎÊËÌÌÏÍÔÕŠÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÔÚÏÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉÎÙÖÌ<ÏÔŸÎ&

EFCÒÇÔÎÙÇÍÇÙËÙÎÈÍÎÜÇ,ÏÛCÓÈÇÍÔÎÍËÙÒÏÌÉÎÊÈÌÌÏÕÖÔÏÉÎ�ÇÔÚÎÔÚÏÎÖÊÊËÌÖÊŠÎÖÍÛÎÉÔÈÌÖÑÏÎÌÏ=ËÇÌÏÙÏÍÔÉÎÈÜ

ÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÍËÙÒÏÌÉŸ

!ÚÏÎBFCÊÈÕËÙÍÎÕÇÙÇÔÎÈÍÎÉÈËÌÊÏÎÕÇÍÏÉÎÇÍÎÔÚÏÎÏ,ÖÙÓÕÏÎÇÉÎÖÍÎËÍÜÈÌÔËÍÖÔÏÎÚÈÕÛCÈ�ÏÌÎÜÌÈÙÎÔÚÏÎÛÖŠÉÎÈÜ

;ÈÕÕÏÌÇÔÚÎÓËÍÊÚÎÊÖÌÛÉÎ�ÇÔÚÎÉÏ=ËÏÍÊÏÎÍËÙÒÏÌÉŸÎ!ÚÏÌÏÎÙÖŠÎÉÔÇÕÕÎÒÏÎÙÖÊÚÇÍÏÌŠÎÖÍÛÎÉÈÜÔ�ÖÌÏÎËÉÏÛÎÇÍ

ÙÖÍÇÓËÕÖÔÇÍÑÎÉÈËÌÊÏÎÊÈÛÏÎÔÚÖÔÎÖÌÏÎÒÈËÍÛÎÔÈÎÖÉÉËÙÓÔÇÈÍÉÎÖÒÈËÔÎÔÚÇÉÎÙÖ,ÇÙËÙÎÕÇÍÏÎÕÏÍÑÔÚŸÎ!ÚÏÎÄ>CÒÇÔ

Ï,ÖÙÓÕÏÎÜÈÌÎUniversal_IntegerÎÏ,ÓÌÏÉÉÇÈÍÉÎÙÖÔÊÚÏÉÎÔÚÖÔÎÜÈÌÎIntegerÎÉÔÈÌÖÑÏŸ

!ÚÏÎ�ÖÕËÏÉÎÜÈÌÎÔÚÏÎÌÖÍÑÏÎÖÍÛÎÖÊÊËÌÖÊŠÎÈÜÎ�ÖÕËÏÉÎÈÜÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÔŠÓÏÎDurationÎÖÌÏÎÔÚÏÎÕÇÙÇÔÉÎÏ,ÓÌÏÉÉÏÛ

ÇÍÎÔÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E(ÎwÎÅŸ> ŸÎAÈËÎÉÚÈËÕÛÎÍÈÔÎÏ,ÓÏÊÔ

ÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÈÎÓÌÈ�ÇÛÏÎÖÎ�ÇÛÏÌÎÌÖÍÑÏÎÈÌÎÖÎÜÇÍÏÌÎÑÌÖÍËÕÖÌÇÔŠŸÎ

7.1.2 Actual Limits

guideline

S ÃÈÍ8ÔÎÇÙÓÕÇÊÇÔÕŠÎËÉÏÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÕÇÙÇÔŸ

rationale

!ÚÏÎ&ÛÖÎÙÈÛÏÕÎÙÖŠÎÍÈÔÎÙÖÔÊÚÎÏ,ÖÊÔÕŠÎ�ÇÔÚÎÔÚÏÎËÍÛÏÌÕŠÇÍÑÎÚÖÌÛ�ÖÌÏ(ÎÉÈÎÉÈÙÏÎÊÈÙÓÌÈÙÇÉÏÉÎÙÖŠÎÚÖ�Ï

ÒÏÏÍÎÙÖÛÏÎ ÇÍÎ ÔÚÏÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸÎ -ÚÏÊ<Î ÔÈÎ ÉÏÏÎ ÇÜÎ ÔÚÏŠÎ ÊÈËÕÛÎ ÖÜÜÏÊÔÎ ŠÈËÌÎ ÓÌÈÑÌÖÙŸÎ ’ÖÌÔÇÊËÕÖÌ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎÙÖŠÎÛÈÎGÒÏÔÔÏÌHÎÔÚÖÍÎÔÚÏÎ&ÛÖÎÙÈÛÏÕÎÌÏ=ËÇÌÏÉÎ�ÚÇÕÏÎÉÈÙÏÎÈÔÚÏÌÉÎÙÖŠÎÒÏÎDËÉÔÎÙÇÍÇÙÖÕÕŠ

ÖÊÊÏÓÔÖÒÕÏŸÎ&ÌÇÔÚÙÏÔÇÊÎÇÉÎÑÏÍÏÌÖÕÕŠÎÇÙÓÕÏÙÏÍÔÏÛÎ�ÇÔÚÎÖÎÓÌÏÊÇÉÇÈÍÎÚÇÑÚÏÌÎÔÚÖÍÎÔÚÏÎÉÔÈÌÖÑÏÎÊÖÓÖÊÇÔŠÎ�ÔÚÇÉÎÇÉ

ÇÙÓÕÇÏÛÎÒŠÎÔÚÏÎ&ÛÖÎÔŠÓÏÎÙÈÛÏÕÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔ ŸÎÃÇÜÜÏÌÏÍÔÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎÙÖŠÎÒÏÚÖ�ÏÎÛÇÜÜÏÌÏÍÔÕŠÎÈÍ

ÔÚÏÎÉÖÙÏÎËÍÛÏÌÕŠÇÍÑÎÚÖÌÛ�ÖÌÏŸ

7.1.3 Comments

guideline

S /ÉÏÎÚÇÑÚÕÇÑÚÔÇÍÑÎÊÈÙÙÏÍÔÉÎÜÈÌÎÏÖÊÚÎÓÖÊ<ÖÑÏ(ÎÉËÒÓÌÈÑÌÖÙÎÖÍÛÎÔÖÉ<Î�ÚÏÌÏÎÖÍŠÎÍÈÍÓÈÌÔÖÒÕÏÎÜÏÖÔËÌÏÉ

ÖÌÏÎÓÌÏÉÏÍÔŸÎ

S 1ÈÌÎÏÖÊÚÎÍÈÍÓÈÌÔÖÒÕÏÎÜÏÖÔËÌÏÎÏÙÓÕÈŠÏÛ(ÎÛÏÉÊÌÇÒÏÎÔÚÏÎÏ,ÓÏÊÔÖÔÇÈÍÉÎÜÈÌÎÔÚÖÔÎÜÏÖÔËÌÏŸ

example

------------------------------------------------------------------------

package Memory_Mapped_IO is

   -- WARNING - This package is implementation specific.

   -- It uses absolute memory addresses to interface with the I/O

   -- system. It assumes a particular printer’s line length.

   -- Change memory mapping and printer details when porting.

   Printer_Line_Length : constant := 132;

   type Data is array (1 .. Printer_Line_Length) of Character;

   procedure Write_Line (Line : in     Data);

end Memory_Mapped_IO;

------------------------------------------------------------------------

with System;

package body Memory_Mapped_IO is

   ---------------------------------------------------------------------

   procedure Write_Line (Line : in     Data) is

      Buffer : Data;

      for Buffer use at System.Physical_Address(16#200#);



ÄÄFÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

   begin  -- Write_Line

       -- perform output operation through specific memory locations.

       ...

   end Write_Line;

   ---------------------------------------------------------------------

end Memory_Mapped_IO;

------------------------------------------------------------------------

rationale

#,ÓÕÇÊÇÔÕŠÎÊÈÙÙÏÍÔÇÍÑÎÏÖÊÚÎÒÌÏÖÊÚÎÈÜÎÓÈÌÔÖÒÇÕÇÔŠÎ�ÇÕÕÎÌÖÇÉÏÎÇÔÉÎ�ÇÉÇÒÇÕÇÔŠÎÖÍÛÎÖÇÛÎÇÍÎÔÚÏÎÓÈÌÔÇÍÑÎÓÌÈÊÏÉÉŸÎ&

ÛÏÉÊÌÇÓÔÇÈÍÎ ÈÜÎ ÔÚÏÎ ÍÈÍCÓÈÌÔÖÒÕÏÎ ÜÏÖÔËÌÏ8ÉÎ Ï,ÓÏÊÔÖÔÇÈÍÉÎ ÊÈ�ÏÌÉÎ ÔÚÏÎ ÊÈÙÙÈÍÎ ÊÖÉÏÎ �ÚÏÌÏÎ �ÏÍÛÈÌ

ÛÈÊËÙÏÍÔÖÔÇÈÍÎÈÜÎÔÚÏÎÈÌÇÑÇÍÖÕÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÇÉÎÍÈÔÎÖ�ÖÇÕÖÒÕÏÎÔÈÎÔÚÏÎÓÏÌÉÈÍÎÓÏÌÜÈÌÙÇÍÑÎÔÚÏÎÓÈÌÔÇÍÑ

ÓÌÈÊÏÉÉŸ

7.1.4 Main Subprogram

guideline

S /ÉÏÎÈÍÕŠÎÖÎÓÖÌÖÙÏÔÏÌÕÏÉÉÎÓÌÈÊÏÛËÌÏÎÖÉÎÔÚÏÎÙÖÇÍÎÓÌÈÑÌÖÙŸ

rationale

!ÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E ÎÓÕÖÊÏÉÎ�ÏÌŠÎÜÏ�ÎÌÏ=ËÇÌÏÙÏÍÔÉÎÈÍ

ÔÚÏÎÙÖÇÍÎÉËÒÓÌÈÑÌÖÙŸÎÎ&ÉÉËÙÏÎÔÚÏÎÉÇÙÓÕÏÉÔÎÊÖÉÏÎ�ÇÕÕÎÇÍÊÌÏÖÉÏÎÓÈÌÔÖÒÇÕÇÔŠŸÎ!ÚÖÔÎÇÉ(ÎÖÉÉËÙÏÎŠÈËÎÙÖŠÎÈÍÕŠ

ËÉÏÎÖÎÓÖÌÖÙÏÔÏÌÕÏÉÉÎÓÌÈÊÏÛËÌÏÎÖÉÎÖÎÙÖÇÍÎÓÌÈÑÌÖÙŸ

0ÈÙÏÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÉÎÖÌÏÎÊÖÓÖÒÕÏÎÈÜÎÖÊ=ËÇÌÇÍÑÎÖÍÛÎÇÍÔÏÌÓÌÏÔÇÍÑÎÌÏÔËÌÍÏÛÎÇÍÔÏÑÏÌÎ�ÖÕËÏÉÎÍÏÖÌÎ:ÏÌÈÎÜÌÈÙ

ÖÎÜËÍÊÔÇÈÍ(ÎÒËÔÎÙÖÍŠÎÈÔÚÏÌÉÎÊÖÍÍÈÔŸÎ1ËÌÔÚÏÌ(ÎÙÖÍŠÎÌÏÖÕCÔÇÙÏ(ÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉÎ�ÇÕÕÎÍÈÔÎÒÏÎÛÏÉÇÑÍÏÛÎÔÈ

ÔÏÌÙÇÍÖÔÏ(Î ÉÈÎ ÖÎ ÜËÍÊÔÇÈÍÎ ÈÌÎ ÖÎ ÓÌÈÊÏÛËÌÏÎ ÚÖ�ÇÍÑÎ ÓÖÌÖÙÏÔÏÌÉÎ �ÇÔÚÎ ÙÈÛÏÉÎ outÎ ÈÌÎ in outÎ �ÇÕÕÎ ÒÏ

ÇÍÖÓÓÌÈÓÌÇÖÔÏÎÔÈÎÉËÊÚÎÖÓÓÕÇÊÖÔÇÈÍÉŸ

!ÚÇÉÎÕÏÖ�ÏÉÎÓÌÈÊÏÛËÌÏÉÎ�ÇÔÚÎinÎÓÖÌÖÙÏÔÏÌÉŸÎ&ÕÔÚÈËÑÚÎÉÈÙÏÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÉÎÊÖÍÎÓÖÉÉÎÓÖÌÖÙÏÔÏÌÉÎÇÍÎÔÈÎÖ

ÓÌÈÑÌÖÙÎÖÉÎÇÔÎÉÔÖÌÔÉ(ÎÈÔÚÏÌÉÎÊÖÍÍÈÔŸÎ&ÕÉÈ(ÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÙÖŠÎÍÈÔÎÒÏÎÖÒÕÏÎÔÈÎÓÏÌÜÈÌÙÎÔŠÓÏÎÊÚÏÊ<ÇÍÑ

ÈÍÎÉËÊÚÎÓÖÌÖÙÏÔÏÌÉÎÏ�ÏÍÎÇÜÎÔÚÏÎÉËÌÌÈËÍÛÇÍÑÎÏÍ�ÇÌÈÍÙÏÍÔÎÇÉÎÊÖÓÖÒÕÏÎÈÜÎÓÌÈ�ÇÛÇÍÑÎÔÚÏÙŸ

note

9ÏÖÕCÔÇÙÏ(ÎÏÙÒÏÛÛÏÛÎÖÓÓÕÇÊÖÔÇÈÍÉÎÙÖŠÎÍÈÔÎÚÖ�ÏÎÖÍÎGÈÓÏÌÖÔÈÌHÎÇÍÇÔÇÖÔÇÍÑÎÔÚÏÎÓÌÈÑÌÖÙÎÔÈÎÉËÓÓÕŠÎÔÚÏ

ÓÖÌÖÙÏÔÏÌÉ(ÎÇÍÎ�ÚÇÊÚÎÊÖÉÏÎÇÔÎ�ÈËÕÛÎÒÏÎÙÈÌÏÎÖÓÓÌÈÓÌÇÖÔÏÎÜÈÌÎÔÚÏÎÓÌÈÑÌÖÙÎÔÈÎÚÖ�ÏÎÒÏÏÍÎÊÈÙÓÇÕÏÛÎ�ÇÔÚÎÖ

ÓÖÊ<ÖÑÏÎÊÈÍÔÖÇÍÇÍÑÎÔÚÏÎÖÓÓÌÈÓÌÇÖÔÏÎÊÈÍÉÔÖÍÔÎ�ÖÕËÏÉÎÈÌÎÜÈÌÎÔÚÏÎÓÌÈÑÌÖÙÎÔÈÎÌÏÖÛÎÔÚÏÎÍÏÊÏÉÉÖÌŠÎ�ÖÕËÏÉÎÜÌÈÙ

É�ÇÔÊÚÎÉÏÔÔÇÍÑÉÎÈÌÎÖÎÛÈ�ÍÕÈÖÛÏÛÎÖË,ÇÕÇÖÌŠÎÜÇÕÏŸÎ"ÍÎÖÍŠÎÊÖÉÏ(ÎÔÚÏÎ�ÖÌÇÖÔÇÈÍÎÇÍÎÉËÌÌÈËÍÛÇÍÑÎÇÍÇÔÇÖÔÇÍÑ

ÏÍ�ÇÌÈÍÙÏÍÔÉÎÇÉÎÜÖÌÎÔÈÈÎÑÌÏÖÔÎÔÈÎÛÏÓÏÍÛÎËÓÈÍÎÔÚÏÎ<ÇÍÛÎÈÜÎÕÖÉÔCÙÇÍËÔÏÎ�ÓÌÈÑÌÖÙ ÎÓÖÌÖÙÏÔÏÌÇ:ÖÔÇÈÍ

ÇÙÓÕÇÏÛÎÒŠÎ�ÉËÒÓÌÈÑÌÖÙ ÎÓÖÌÖÙÏÔÏÌÉÎÔÈÎÔÚÏÎÙÖÇÍÎÉËÒÓÌÈÑÌÖÙŸ

7.1.5 Encapsulating Implementation Dependencies

guideline

S -ÌÏÖÔÏÎÓÖÊ<ÖÑÏÉÎÉÓÏÊÇÜÇÊÖÕÕŠÎÛÏÉÇÑÍÏÛÎÔÈÎÇÉÈÕÖÔÏÎÚÖÌÛ�ÖÌÏÎÖÍÛÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉÎÖÍÛ

ÛÏÉÇÑÍÏÛÎÉÈÎÔÚÖÔÎÔÚÏÇÌÎÉÓÏÊÇÜÇÊÖÔÇÈÍÎ�ÇÕÕÎÍÈÔÎÊÚÖÍÑÏÎ�ÚÏÍÎÓÈÌÔÇÍÑŸ

S -ÕÏÖÌÕŠÎÇÍÛÇÊÖÔÏÎÔÚÏÎÈÒDÏÊÔÇ�ÏÉÎÇÜÎÙÖÊÚÇÍÏÎÈÌÎÉÈÕËÔÇÈÍÎÏÜÜÇÊÇÏÍÊŠÎÇÉÎÔÚÏÎÌÏÖÉÈÍÎÜÈÌÎÚÖÌÛ�ÖÌÏÎÈÌ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÊÈÛÏŸ

S 1ÈÌÎÔÚÏÎÓÖÊ<ÖÑÏÉÎÔÚÖÔÎÚÇÛÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉ(ÎÙÖÇÍÔÖÇÍÎÛÇÜÜÏÌÏÍÔÎÓÖÊ<ÖÑÏÎÒÈÛÇÏÉÎÜÈÌ

ÛÇÜÜÏÌÏÍÔÎÔÖÌÑÏÔÎÏÍ�ÇÌÈÍÙÏÍÔÉŸ

S "ÉÈÕÖÔÏÎÇÍÔÏÌÌËÓÔÎÌÏÊÏÇ�ÇÍÑÎÔÖÉ<ÉÎÇÍÔÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÓÖÊ<ÖÑÏÉŸ

example

0ÏÏÎ5ËÇÛÏÕÇÍÏÎBŸÄŸEŸ

rationale

#ÍÊÖÓÉËÕÖÔÇÍÑÎÚÖÌÛ�ÖÌÏÎÖÍÛÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉÎÇÍÎÖÎÓÖÊ<ÖÑÏÎÖÕÕÈ�ÉÎÔÚÏÎÌÏÙÖÇÍÛÏÌÎÈÜÎÔÚÏ

ÊÈÛÏÎÔÈÎÇÑÍÈÌÏÎÔÚÏÙÎÖÍÛÎÔÚËÉÎÔÈÎÒÏÎÜËÕÕŠÎÓÈÌÔÖÒÕÏŸÎ"ÔÎÖÕÉÈÎÕÈÊÖÕÇ:ÏÉÎÔÚÏÎÛÏÓÏÍÛÏÍÊÇÏÉ(ÎÙÖ<ÇÍÑÎÇÔÎÊÕÏÖÌ

Ï,ÖÊÔÕŠÎ�ÚÇÊÚÎÓÖÌÔÉÎÈÜÎÔÚÏÎÊÈÛÏÎÙÖŠÎÍÏÏÛÎÔÈÎÊÚÖÍÑÏÎ�ÚÏÍÎÓÈÌÔÇÍÑÎÔÚÏÎÓÌÈÑÌÖÙŸ



’)9!&Ž"3"!AÎÎÄÄE

0ÈÙÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎÙÖŠÎÒÏÎËÉÏÛÎÔÈÎÖÊÚÇÏ�ÏÎÓÖÌÔÇÊËÕÖÌÎÓÏÌÜÈÌÙÖÍÊÏÎÈÌÎÏÜÜÇÊÇÏÍÊŠ

ÈÒDÏÊÔÇ�ÏÉŸÎ-ÈÙÙÏÍÔÇÍÑÎÔÚÏÉÏÎÈÒDÏÊÔÇ�ÏÉÎÏÍÉËÌÏÉÎÔÚÖÔÎÔÚÏÎÓÌÈÑÌÖÙÙÏÌÎÊÖÍÎÜÇÍÛÎÖÍÎÖÓÓÌÈÓÌÇÖÔÏÎ�ÖŠÎÔÈ

ÖÊÚÇÏ�ÏÎÔÚÏÙÎ�ÚÏÍÎÓÈÌÔÇÍÑÎÔÈÎÖÎÛÇÜÜÏÌÏÍÔÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍ(ÎÈÌÎÏ,ÓÕÇÊÇÔÕŠÎÌÏÊÈÑÍÇ:ÏÎÔÚÖÔÎÔÚÏŠÎÊÖÍÍÈÔÎÒÏ

ÖÊÚÇÏ�ÏÛŸ

"ÍÔÏÌÌËÓÔÎÏÍÔÌÇÏÉÎÖÌÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎÔÚÖÔÎÙÖŠÎÍÈÔÎÒÏÎÉËÓÓÈÌÔÏÛÎ�ÏŸÑŸ(Î.&IÎ&ÛÖ

ËÉÏÉÎÓÌÖÑÙÖÉÎÔÈÎÖÉÉÇÑÍÎÉŠÉÔÏÙÎÔÌÖÓÉÎÔÈÎGÍÈÌÙÖÕHÎÌÏÍÛÏ:�ÈËÉ ŸÎ;È�Ï�ÏÌ(ÎÇÍÔÏÌÌËÓÔÎÏÍÔÌÇÏÉÎÊÖÍÍÈÔÎÒÏ

Ö�ÈÇÛÏÛÎÇÍÎÙÈÉÔÎÏÙÒÏÛÛÏÛÎÌÏÖÕCÔÇÙÏÎÉŠÉÔÏÙÉÎÖÍÛÎÇÔÎÇÉÎÌÏÖÉÈÍÖÒÕÏÎÔÈÎÖÉÉËÙÏÎÔÚÖÔÎÔÚÏŠÎÖÌÏÎÉËÓÓÈÌÔÏÛÎÒŠ

ÖÍÎ&ÛÖÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸÎ!ÚÏÎ�ÖÕËÏÎÜÈÌÎÖÍÎÇÍÔÏÌÌËÓÔÎÇÉÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÜÇÍÏÛŸÎ"ÉÈÕÖÔÏÎÇÔŸ

note

&ÛÖÎÊÖÍÎÒÏÎËÉÏÛÎÔÈÎ�ÌÇÔÏÎÙÖÊÚÇÍÏCÛÏÓÏÍÛÏÍÔÎÓÌÈÑÌÖÙÉÎÔÚÖÔÎÔÖ<ÏÎÖÛ�ÖÍÔÖÑÏÎÈÜÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÇÍÎÖ

ÙÖÍÍÏÌÎ ÊÈÍÉÇÉÔÏÍÔÎ �ÇÔÚÎ ÔÚÏÎ &ÛÖÎ ÙÈÛÏÕ(Î ÒËÔÎ �ÚÇÊÚÎ ÙÖ<ÏÎ ÓÖÌÔÇÊËÕÖÌÎ ÊÚÈÇÊÏÉÎ �ÚÏÌÏÎ &ÛÖÎ ÖÕÕÈ�É

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÜÌÏÏÛÈÙŸÎ!ÚÏÉÏÎÙÖÊÚÇÍÏÎÛÏÓÏÍÛÏÍÊÇÏÉÎÉÚÈËÕÛÎÒÏÎÔÌÏÖÔÏÛÎÇÍÎÔÚÏÎÉÖÙÏÎ�ÖŠÎÖÉÎÖÍŠÎÈÔÚÏÌ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎÈÜÎÔÚÏÎÊÈÛÏŸ

7.1.6 ImplementationÁAdded Features

guideline

S &�ÈÇÛÎÔÚÏÎËÉÏÎÈÜÎ�ÏÍÛÈÌÎÉËÓÓÕÇÏÛÎÓÖÊ<ÖÑÏÉŸ

S &�ÈÇÛÎÔÚÏÎËÉÏÎÈÜÎÜÏÖÔËÌÏÉÎÖÛÛÏÛÎÔÈÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÖÊ<ÖÑÏÉÎÔÚÖÔÎÖÌÏÎÍÈÔÎÉÓÏÊÇÜÇÏÛÎÇÍÎÔÚÏÎÕÖÍÑËÖÑÏ

ÛÏÜÇÍÇÔÇÈÍŸ

rationale

.ÏÍÛÈÌCÖÛÛÏÛÎÜÏÖÔËÌÏÉÎÖÌÏÎÍÈÔÎÕÇ<ÏÕŠÎÔÈÎÒÏÎÓÌÈ�ÇÛÏÛÎÒŠÎÈÔÚÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ#�ÏÍÎÇÜÎÖÎÙÖDÈÌÇÔŠÎÈÜ

�ÏÍÛÈÌÉÎÏ�ÏÍÔËÖÕÕŠÎÓÌÈ�ÇÛÏÎÉÇÙÇÕÖÌÎÖÛÛÇÔÇÈÍÖÕÎÜÏÖÔËÌÏÉ(ÎÔÚÏŠÎÖÌÏÎËÍÕÇ<ÏÕŠÎÔÈÎÚÖ�ÏÎÇÛÏÍÔÇÊÖÕÎÜÈÌÙËÕÖÔÇÈÍÉŸ

"ÍÛÏÏÛ(ÎÛÇÜÜÏÌÏÍÔÎ�ÏÍÛÈÌÉÎÙÖŠÎËÉÏÎÔÚÏÎÉÖÙÏÎÜÈÌÙËÕÖÔÇÈÍÎÜÈÌÎ�ÉÏÙÖÍÔÇÊÖÕÕŠ ÎÏÍÔÇÌÏÕŠÎÛÇÜÜÏÌÏÍÔÎÜÏÖÔËÌÏÉŸ

exceptions

!ÚÏÌÏÎ ÖÌÏÎÙÖÍŠÎ ÔŠÓÏÉÎ ÈÜÎ ÖÓÓÕÇÊÖÔÇÈÍÉÎ ÔÚÖÔÎ ÌÏ=ËÇÌÏÎ ÔÚÏÎËÉÏÎÈÜÎ ÔÚÏÉÏÎ ÜÏÖÔËÌÏÉŸÎ#,ÖÙÓÕÏÉÎ ÇÍÊÕËÛÏ�

ÙËÕÔÇÕÇÍÑËÖÕÎÉŠÉÔÏÙÉÎÔÚÖÔÎÉÔÖÍÛÖÌÛÇ:ÏÎÈÍÎÖÎ�ÏÍÛÈÌ8ÉÎÜÇÕÏÎÉŠÉÔÏÙ(ÎÖÓÓÕÇÊÖÔÇÈÍÉÎÔÚÖÔÎÖÌÏÎÊÕÈÉÏÕŠÎÇÍÔÏÑÌÖÔÏÛ

�ÇÔÚÎ�ÏÍÛÈÌÎÓÌÈÛËÊÔÉÎ�ÇŸÏŸ(ÎËÉÏÌÎÇÍÔÏÌÜÖÊÏÉ (ÎÖÍÛÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉÎÜÈÌÎÓÏÌÜÈÌÙÖÍÊÏÎÌÏÖÉÈÍÉŸÎ"ÉÈÕÖÔÏ

ÔÚÏÎËÉÏÎÈÜÎÔÚÏÉÏÎÜÏÖÔËÌÏÉÎÇÍÔÈÎÓÖÊ<ÖÑÏÉŸÎÎ

7.2 NUMERIC TYPES AND EXPRESSIONS

&ÎÑÌÏÖÔÎÛÏÖÕÎÈÜÎÊÖÌÏÎ�ÖÉÎÔÖ<ÏÍÎ�ÇÔÚÎÔÚÏÎÛÏÉÇÑÍÎÈÜÎÔÚÏÎ&ÛÖÎÜÏÖÔËÌÏÉÎÌÏÕÖÔÏÛÎÔÈÎÍËÙÏÌÇÊÎÊÈÙÓËÔÖÔÇÈÍÉÎÔÈÎÏÍÉËÌÏ

ÔÚÖÔÎÔÚÏÎÕÖÍÑËÖÑÏÎÊÈËÕÛÎÒÏÎËÉÏÛÎÇÍÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉÎÖÍÛÎÙÖÔÚÏÙÖÔÇÊÖÕÎÖÓÓÕÇÊÖÔÇÈÍÉÎ�ÚÏÌÏÎÓÌÏÊÇÉÇÈÍÎ�ÖÉ

ÇÙÓÈÌÔÖÍÔŸÎ&ÉÎÜÖÌÎÖÉÎÓÈÉÉÇÒÕÏ(ÎÔÚÏÉÏÎÜÏÖÔËÌÏÉÎ�ÏÌÏÎÙÖÛÏÎÓÈÌÔÖÒÕÏŸÎ;È�Ï�ÏÌ(ÎÔÚÏÌÏÎÇÉÎÖÍÎÇÍÏ�ÇÔÖÒÕÏÎÔÌÖÛÏÈÜÜ

ÒÏÔ�ÏÏÍÎÙÖ,ÇÙÖÕÕŠÎÏ,ÓÕÈÇÔÇÍÑÎÔÚÏÎÖ�ÖÇÕÖÒÕÏÎÓÌÏÊÇÉÇÈÍÎÈÜÎÍËÙÏÌÇÊÎÊÈÙÓËÔÖÔÇÈÍÎÈÍÎÖÎÓÖÌÔÇÊËÕÖÌÎÙÖÊÚÇÍÏÎÖÍÛ

ÙÖ,ÇÙÇ:ÇÍÑÎÔÚÏÎÓÈÌÔÖÒÇÕÇÔŠÎÈÜÎ&ÛÖÎÍËÙÏÌÇÊÎÊÈÍÉÔÌËÊÔÉŸÎ!ÚÇÉÎÙÏÖÍÉÎÔÚÖÔÎÔÚÏÉÏÎ&ÛÖÎÜÏÖÔËÌÏÉ(ÎÓÖÌÔÇÊËÕÖÌÕŠ

ÍËÙÏÌÇÊÎÔŠÓÏÉÎÖÍÛÎÏ,ÓÌÏÉÉÇÈÍÉ(ÎÙËÉÔÎÒÏÎËÉÏÛÎ�ÇÔÚÎÑÌÏÖÔÎÊÖÌÏÎÇÜÎÜËÕÕÎÓÈÌÔÖÒÇÕÇÔŠÎÈÜÎÔÚÏÎÌÏÉËÕÔÇÍÑÎÓÌÈÑÌÖÙÎÇÉÎÔÈÎÒÏ

ÑËÖÌÖÍÔÏÏÛŸ

7.2.1 Predefined Numeric Types

guideline

S ÃÈÎÍÈÔÎËÉÏÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÍËÙÏÌÇÊÎÔŠÓÏÉÎÇÍÎÓÖÊ<ÖÑÏ StandardŸÎ/ÉÏÎÌÖÍÑÏÎÖÍÛÎÛÇÑÇÔÉÎÛÏÊÕÖÌÖÔÇÈÍÉ

ÖÍÛÎÕÏÔÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÈÎÔÚÏÎÛÏÌÇ�ÖÔÇÈÍÎÇÙÓÕÇÊÇÔÕŠÎÜÌÈÙÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÔŠÓÏÉŸ

S 1ÈÌÎÓÌÈÑÌÖÙÉÎÔÚÖÔÎÌÏ=ËÇÌÏÎÑÌÏÖÔÏÌÎÖÊÊËÌÖÊŠÎÔÚÖÍÎÔÚÖÔÎÓÌÈ�ÇÛÏÛÎÒŠÎÔÚÏÎÑÕÈÒÖÕÎÖÉÉËÙÓÔÇÈÍÉ(ÎÛÏÜÇÍÏÎÖ

ÓÖÊ<ÖÑÏÎÔÚÖÔÎÛÏÊÕÖÌÏÉÎÖÎÓÌÇ�ÖÔÏÎÔŠÓÏÎÖÍÛÎÈÓÏÌÖÔÇÈÍÉÎÖÉÎÍÏÏÛÏÛ*ÎÉÏÏÎ’ÖÓÓÖÉÎ�ÄÅ$6 ÎÜÈÌÎÖÎÜËÕÕ

Ï,ÓÕÖÍÖÔÇÈÍÎÖÍÛÎÏ,ÖÙÓÕÏÉŸ

example

!ÚÏÎÉÏÊÈÍÛÎÖÍÛÎÔÚÇÌÛÎÏ,ÖÙÓÕÏÉÎÒÏÕÈ�ÎÖÌÏÎÍÈÔÎÌÏÓÌÏÉÏÍÔÖÒÕÏÎÖÉÎÉËÒÌÖÍÑÏÉÎÈÜÎIntegerÎÈÍÎÖÎÙÖÊÚÇÍÏÎ�ÇÔÚÎÖ

Ä>CÒÇÔÎ�ÈÌÛŸÎ!ÚÏÎ ÜÇÌÉÔÎÏ,ÖÙÓÕÏÎÒÏÕÈ�ÎÖÕÕÈ�ÉÎÖÎÊÈÙÓÇÕÏÌÎ ÔÈÎÊÚÈÈÉÏÎÖÎÙËÕÔÇ�ÈÌÛÎ ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎ ÇÜ

ÍÏÊÏÉÉÖÌŠŸ



ÄÄ%ÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

ËÉÏ

type    Second_Of_Day is             range 0 .. 86_400;

ÌÖÔÚÏÌÎÔÚÖÍ

type    Second_Of_Day is new Integer range 1 .. 86_400;

ÈÌ

subtype Second_Of_Day is     Integer range 1 .. 86_400;

rationale

&ÍÎÇÙÓÕÏÙÏÍÔÈÌÎÇÉÎÜÌÏÏÎÔÈÎÛÏÜÇÍÏÎÔÚÏÎÌÖÍÑÏÎÈÜÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÍËÙÏÌÇÊÎÔŠÓÏÉŸÎ’ÈÌÔÇÍÑÎÊÈÛÏÎÜÌÈÙÎÖÍ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ�ÇÔÚÎÑÌÏÖÔÏÌÎÖÊÊËÌÖÊŠÎÔÈÎÈÍÏÎÈÜÎÕÏÉÉÏÌÎÇÉÎÖÎÔÇÙÏÎÊÈÍÉËÙÇÍÑÎÖÍÛÎÏÌÌÈÌCÓÌÈÍÏÎÓÌÈÊÏÉÉŸ

7ÖÍŠÎÈÜÎÔÚÏÎÏÌÌÈÌÉÎÖÌÏÎÍÈÔÎÌÏÓÈÌÔÏÛÎËÍÔÇÕÎÌËÍCÔÇÙÏŸ

!ÚÇÉÎÖÓÓÕÇÏÉÎÔÈÎÙÈÌÏÎÔÚÖÍÎDËÉÔÎÍËÙÏÌÇÊÖÕÎÊÈÙÓËÔÖÔÇÈÍŸÎ&ÍÎÏÖÉŠCÔÈCÈ�ÏÌÕÈÈ<ÎÇÍÉÔÖÍÊÏÎÈÜÎÔÚÇÉÎÓÌÈÒÕÏÙ

ÈÊÊËÌÉÎÇÜÎŠÈËÎÍÏÑÕÏÊÔÎÔÈÎËÉÏÎÏ,ÓÕÇÊÇÔÕŠÎÛÏÊÕÖÌÏÛÎÔŠÓÏÉÎÜÈÌÎÇÍÔÏÑÏÌÎÛÇÉÊÌÏÔÏÎÌÖÍÑÏÉÎ�ÖÌÌÖŠÎÉÇ:ÏÉ(ÎÕÈÈÓÎÌÖÍÑÏÉ(

ÏÔÊŸ Î�ÉÏÏÎ5ËÇÛÏÕÇÍÏÉÎ6Ÿ6ŸÄÎÖÍÛÎ6Ÿ6ŸF ŸÎ"ÜÎŠÈËÎÛÈÎÍÈÔÎÓÌÈ�ÇÛÏÎÖÍÎÏ,ÓÕÇÊÇÔÎÔŠÓÏÎ�ÚÏÍÎÉÓÏÊÇÜŠÇÍÑÎÇÍÛÏ,

ÊÈÍÉÔÌÖÇÍÔÉÎÖÍÛÎÈÔÚÏÌÎÛÇÉÊÌÏÔÏÎÌÖÍÑÏÉ(ÎÖÎÓÌÏÛÏÜÇÍÏÛÎÇÍÔÏÑÏÌÎÔŠÓÏÎÇÉÎÖÉÉËÙÏÛŸ

exceptions

&ÍŠÎÇÍÛÏ,ÇÍÑÎÇÍÔÈÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎ0ÔÌÇÍÑÎÔŠÓÏÎÌÏ=ËÇÌÏÉÎÔÚÖÔÎÔÚÏÎÇÍÛÏ,ÎÖÔÎÕÏÖÉÔÎÒÏÎÖÎÉËÒÔŠÓÏÎÈÜÎÔÚÏ

ÓÌÏÛÏÜÇÍÏÛÎ"ÍÔÏÑÏÌÎÔŠÓÏŸÎÎ!ÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÖÊ<ÖÑÏÉÎÖÕÉÈÎËÉÏÎÔÚÏÎ�ÖÌÇÈËÉÎÓÌÏÛÏÜÇÍÏÛÎÔŠÓÏÉŸ

note

!ÚÏÌÏÎÇÉÎÖÍÎÖÕÔÏÌÍÖÔÇ�ÏÎ�ÚÇÊÚÎÔÚÇÉÎÑËÇÛÏÕÇÍÏÎÓÏÌÙÇÔÉŸÎÎ&ÉÎ5ËÇÛÏÕÇÍÏÎBŸÄŸ6ÎÉËÑÑÏÉÔÉ(ÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍ

ÛÏÓÏÍÛÏÍÊÇÏÉÎÊÖÍÎÒÏÎÏÍÊÖÓÉËÕÖÔÏÛÎÇÍÎÓÖÊ<ÖÑÏÉÎÇÍÔÏÍÛÏÛÎÜÈÌÎÔÚÖÔÎÓËÌÓÈÉÏŸÎÎ!ÚÇÉÎÊÈËÕÛÎÇÍÊÕËÛÏÎÔÚÏ

ÛÏÜÇÍÇÔÇÈÍÎÈÜÎÖÎEF+ÒÇÔÎÇÍÔÏÑÏÌÎÔŠÓÏŸÎÎ"ÔÎ�ÈËÕÛÎÔÚÏÍÎÒÏÎÓÈÉÉÇÒÕÏÎÔÈÎÛÏÌÇ�ÏÎÖÛÛÇÔÇÈÍÖÕÎÔŠÓÏÉÎÜÌÈÙÎÔÚÖÔÎEF+ÒÇÔ

ÔŠÓÏŸ

7.2.2 Ada Model

guideline

S JÍÈ�ÎÔÚÏÎ&ÛÖÎÙÈÛÏÕÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉÎÖÍÛÎÖÌÇÔÚÙÏÔÇÊŸ

rationale

ÃÏÊÕÖÌÖÔÇÈÍÉÎÈÜÎ&ÛÖÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉÎÑÇ�ÏÎËÉÏÌÉÎÊÈÍÔÌÈÕÎÈ�ÏÌÎÒÈÔÚÎÔÚÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÖÍÛÎÖÌÇÔÚÙÏÔÇÊ

ËÉÏÛÎÇÍÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÈÓÏÌÖÔÇÈÍÉŸÎ’ÈÌÔÖÒÕÏÎÓÌÈÓÏÌÔÇÏÉÎÈÜÎ&ÛÖÎÓÌÈÑÌÖÙÉÎÖÌÏÎÛÏÌÇ�ÏÛÎÜÌÈÙÎÔÚÏÎÙÈÛÏÕÉÎÜÈÌ

ÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÍËÙÒÏÌÉÎÈÜÎÔÚÏÎÉËÒÔŠÓÏÎÖÍÛÎÔÚÏÎÊÈÌÌÏÉÓÈÍÛÇÍÑÎÉÖÜÏÎÍËÙÒÏÌÉŸÎ!ÚÏÎÌÏÕÖÔÇ�ÏÎÉÓÖÊÇÍÑÎÖÍÛ

ÌÖÍÑÏÎÈÜÎ�ÖÕËÏÉÎÇÍÎÖÎÔŠÓÏÎÖÌÏÎÛÏÔÏÌÙÇÍÏÛÎÒŠÎÔÚÏÎÛÏÊÕÖÌÖÔÇÈÍŸÎ&ÔÔÌÇÒËÔÏÉÎÊÖÍÎÒÏÎËÉÏÛÎÔÈÎÉÓÏÊÇÜŠÎÔÚÏ

ÔÌÖÍÉÓÈÌÔÖÒÕÏÎÓÌÈÓÏÌÔÇÏÉÎÈÜÎÖÍÎ&ÛÖÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏŸ

7.2.3 Analysis

guideline

S -ÖÌÏÜËÕÕŠÎÖÍÖÕŠ:ÏÎ�ÚÖÔÎÖÊÊËÌÖÊŠÎÖÍÛÎÓÌÏÊÇÉÇÈÍÎŠÈËÎÌÏÖÕÕŠÎÍÏÏÛŸ

rationale

1ÕÈÖÔÇÍÑÎÓÈÇÍÔÎÊÖÕÊËÕÖÔÇÈÍÉÎÖÌÏÎÛÈÍÏÎ�ÇÔÚÎÔÚÏÎÏ=ËÇ�ÖÕÏÍÔÎÈÜÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍ8ÉÎÓÌÏÛÏÜÇÍÏÛÎÜÕÈÖÔÇÍÑ

ÓÈÇÍÔÎÔŠÓÏÉŸÎ!ÚÏÎÏÜÜÏÊÔÎÈÜÎÏ,ÔÌÖÎGÑËÖÌÛHÎÛÇÑÇÔÉÎÇÍÎÇÍÔÏÌÍÖÕÎÊÈÙÓËÔÖÔÇÈÍÉÎÊÖÍÎÉÈÙÏÔÇÙÏÉÎÕÈ�ÏÌÎÔÚÏÎÍËÙÒÏÌ

ÈÜÎÛÇÑÇÔÉÎÔÚÖÔÎÙËÉÔÎÒÏÎÉÓÏÊÇÜÇÏÛÎÇÍÎÖÍÎ&ÛÖÎÛÏÊÕÖÌÖÔÇÈÍŸÎ!ÚÇÉÎÙÖŠÎÍÈÔÎÒÏÎÊÈÍÉÇÉÔÏÍÔÎÈ�ÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉ

�ÚÏÌÏÎÔÚÏÎÓÌÈÑÌÖÙÎÇÉÎÇÍÔÏÍÛÏÛÎÔÈÎÒÏÎÌËÍŸÎ"ÔÎÙÖŠÎÖÕÉÈÎÕÏÖÛÎÔÈÎÔÚÏÎÜÖÕÉÏÎÊÈÍÊÕËÉÇÈÍÎÔÚÖÔÎÔÚÏÎÛÏÊÕÖÌÏÛÎÔŠÓÏÉ

ÖÌÏÎÉËÜÜÇÊÇÏÍÔÎÜÈÌÎÔÚÏÎÖÊÊËÌÖÊŠÎÌÏ=ËÇÌÏÛŸ

!ÚÏÎÍËÙÏÌÇÊÎÔŠÓÏÎÛÏÊÕÖÌÖÔÇÈÍÉÎÉÚÈËÕÛÎÒÏÎÊÚÈÉÏÍÎÔÈÎÉÖÔÇÉÜŠÎÔÚÏÎÕÈ�ÏÉÔÎÓÌÏÊÇÉÇÈÍÎ�ÉÙÖÕÕÏÉÔÎÍËÙÒÏÌÎÈÜ

ÛÇÑÇÔÉ ÎÔÚÖÔÎ�ÇÕÕÎÓÌÈ�ÇÛÏÎÔÚÏÎÌÏ=ËÇÌÏÛÎÖÊÊËÌÖÊŠŸÎ-ÖÌÏÜËÕÎÖÍÖÕŠÉÇÉÎ�ÇÕÕÎÒÏÎÍÏÊÏÉÉÖÌŠÎÔÈÎÉÚÈ�ÎÔÚÖÔÎÔÚÏ

ÛÏÊÕÖÌÖÔÇÈÍÉÎÖÌÏÎÖÛÏ=ËÖÔÏŸ



’)9!&Ž"3"!AÎÎÄÄ6

7.2.4 Accuracy Constraints

guideline

S ÃÈÎÍÈÔÎÓÌÏÉÉÎÔÚÏÎÖÊÊËÌÖÊŠÎÕÇÙÇÔÉÎÈÜÎÔÚÏÎÙÖÊÚÇÍÏ�É Ÿ

rationale

!ÚÏÎ&ÛÖÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÙÈÛÏÕÎÇÉÎÇÍÔÏÍÛÏÛÎÔÈÎÜÖÊÇÕÇÔÖÔÏÎÓÌÈÑÌÖÙÎÓÈÌÔÖÒÇÕÇÔŠ(Î�ÚÇÊÚÎÇÉÎÈÜÔÏÍÎÖÔÎÔÚÏÎÏ,ÓÏÍÉÏ

ÈÜÎÏÜÜÇÊÇÏÍÊŠÎÇÍÎËÉÇÍÑÎÔÚÏÎËÍÛÏÌÕŠÇÍÑÎÙÖÊÚÇÍÏÎÖÌÇÔÚÙÏÔÇÊŸÎKËÉÔÎÒÏÊÖËÉÏÎÔ�ÈÎÛÇÜÜÏÌÏÍÔÎÙÖÊÚÇÍÏÉÎËÉÏÎÔÚÏ

ÉÖÙÏÎÍËÙÒÏÌÎÈÜÎÛÇÑÇÔÉÎÇÍÎÔÚÏÎÙÖÍÔÇÉÉÖÎÈÜÎÖÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÍËÙÒÏÌÎÛÈÏÉÎÍÈÔÎÇÙÓÕŠÎÔÚÏŠÎ�ÇÕÕÎÚÖ�ÏÎÔÚÏÎÉÖÙÏ

ÖÌÇÔÚÙÏÔÇÊÎÓÌÈÓÏÌÔÇÏÉŸÎ0ÈÙÏÎ&ÛÖÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎÙÖŠÎÑÇ�ÏÎÉÕÇÑÚÔÕŠÎÒÏÔÔÏÌÎÖÊÊËÌÖÊŠÎÔÚÖÍÎÌÏ=ËÇÌÏÛÎÒŠ

&ÛÖÎÒÏÊÖËÉÏÎÔÚÏŠÎÙÖ<ÏÎÏÜÜÇÊÇÏÍÔÎËÉÏÎÈÜÎÔÚÏÎÙÖÊÚÇÍÏŸÎÃÈÎÍÈÔÎ�ÌÇÔÏÎÓÌÈÑÌÖÙÉÎÔÚÖÔÎÛÏÓÏÍÛÎÈÍÎÔÚÇÉŸ

7.2.5 Comments

guideline

S -ÈÙÙÏÍÔÎÔÚÏÎÖÍÖÕŠÉÇÉÎÖÍÛÎÛÏÌÇ�ÖÔÇÈÍÎÈÜÎÔÚÏÎÍËÙÏÌÇÊÖÕÎÖÉÓÏÊÔÉÎÈÜÎÖÎÓÌÈÑÌÖÙŸ

rationale

ÃÏÊÇÉÇÈÍÉÎÖÍÛÎÒÖÊ<ÑÌÈËÍÛÎÖÒÈËÔÎ�ÚŠÎÊÏÌÔÖÇÍÎÓÌÏÊÇÉÇÈÍÉÎÖÌÏÎÌÏ=ËÇÌÏÛÎÇÍÎÖÎÓÌÈÑÌÖÙÎÖÌÏÎÇÙÓÈÌÔÖÍÔÎÔÈ

ÓÌÈÑÌÖÙÎÌÏ�ÇÉÇÈÍÎÈÌÎÓÈÌÔÇÍÑŸÎ!ÚÏÎËÍÛÏÌÕŠÇÍÑÎÍËÙÏÌÇÊÖÕÎÖÍÖÕŠÉÇÉÎÕÏÖÛÇÍÑÎÔÈÎÔÚÏÎÓÌÈÑÌÖÙÎÉÚÈËÕÛÎÒÏ

ÊÈÙÙÏÍÔÏÛŸ

7.2.6 Precision of Constants

guideline

S /ÉÏÎÍÖÙÏÛÎÍËÙÒÏÌÉÎÈÌÎËÍÇ�ÏÌÉÖÕÎÌÏÖÕÎÏ,ÓÌÏÉÉÇÈÍÉÎÌÖÔÚÏÌÎÔÚÖÍÎÊÈÍÉÔÖÍÔÉÎÈÜÎÖÍŠÎÓÖÌÔÇÊËÕÖÌÎÔŠÓÏŸ

rationale

1ÈÌÎÖÎÑÇ�ÏÍÎÌÖÛÇ,Î�ÍËÙÒÏÌÎÒÖÉÏ (ÎÔÚÏÌÏÎÇÉÎÖÎÕÈÉÉÎÈÜÎÖÊÊËÌÖÊŠÎÜÈÌÎÉÈÙÏÎÌÖÔÇÈÍÖÕÎÖÍÛÎÖÕÕÎÇÌÌÖÔÇÈÍÖÕÎÍËÙÒÏÌÉ

�ÚÏÍÎÌÏÓÌÏÉÏÍÔÏÛÎÒŠÎÖÎÜÇÍÇÔÏÎÉÏ=ËÏÍÊÏÎÈÜÎÛÇÑÇÔÉŸÎ&ÛÖÎÚÖÉÎÍÖÙÏÛÎÍËÙÒÏÌÉÎÖÍÛÎÏ,ÓÌÏÉÉÇÈÍÉÎÈÜÎÔŠÓÏ

ËÍÇ�ÏÌÉÖÕLÌÏÖÕÎÔÚÖÔÎÓÌÈ�ÇÛÏÎÙÖ,ÇÙÖÕÎÖÊÊËÌÖÊŠÎÈÜÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÇÍÎÔÚÏÎÉÈËÌÊÏÎÓÌÈÑÌÖÙŸÎ!ÚÏÉÏÎÍËÙÒÏÌÉ

ÖÍÛÎ Ï,ÓÌÏÉÉÇÈÍÉÎ ÖÌÏÎ ÊÈÍ�ÏÌÔÏÛÎ ÔÈÎ ÜÇÍÇÔÏÎ ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÉÎ ÖÔÎ ÊÈÙÓÇÕÏÎ ÔÇÙÏŸÎŽŠÎËÉÇÍÑÎ ËÍÇ�ÏÌÉÖÕÎ ÌÏÖÕ

Ï,ÓÌÏÉÉÇÈÍÉÎÖÍÛÎÍËÙÒÏÌÉ(ÎÔÚÏÎÓÌÈÑÌÖÙÙÏÌÎÊÖÍÎÖËÔÈÙÖÔÇÊÖÕÕŠÎÛÏÕÖŠÎÔÚÏÎÊÈÍ�ÏÌÉÇÈÍÎÔÈÎÙÖÊÚÇÍÏÎÔŠÓÏÉ

ËÍÔÇÕÎÔÚÏÎÓÈÇÍÔÎ�ÚÏÌÏÎÇÔÎÊÖÍÎÒÏÎÛÈÍÏÎ�ÇÔÚÎÔÚÏÎÙÇÍÇÙËÙÎÕÈÉÉÎÈÜÎÖÊÊËÌÖÊŠŸ

note

0ÏÏÎÖÕÉÈÎ5ËÇÛÏÕÇÍÏÎEŸFŸ6Ÿ

7.2.7 Subexpression Evaluation

guideline

S &ÍÔÇÊÇÓÖÔÏÎ�ÖÕËÏÉÎÈÜÎÉËÒÏ,ÓÌÏÉÉÇÈÍÉÎÔÈÎÖ�ÈÇÛÎÏ,ÊÏÏÛÇÍÑÎÔÚÏÎÌÖÍÑÏÎÈÜÎÔÚÏÇÌÎÔŠÓÏŸÎ/ÉÏÎÛÏÌÇ�ÏÛÎÔŠÓÏÉ(

ÉËÒÔŠÓÏÉ(ÎÜÖÊÔÈÌÇÍÑ(ÎÖÍÛÎÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉÎÈÍÎÍËÙÏÌÇÊÎÔŠÓÏÉÎÖÉÎÛÏÉÊÌÇÒÏÛÎÇÍÎ5ËÇÛÏÕÇÍÏÉÎEŸ%ŸÄ(Î6ŸEŸÄ(

ÖÍÛÎ6Ÿ6ŸEŸ

rationale

!ÚÏÎ&ÛÖÎÕÖÍÑËÖÑÏÎÛÈÏÉÎÍÈÔÎÌÏ=ËÇÌÏÎÔÚÖÔÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÓÏÌÜÈÌÙÎÌÖÍÑÏÎÊÚÏÊ<ÉÎÈÍÎÉËÒÏ,ÓÌÏÉÉÇÈÍÉ

�ÇÔÚÇÍÎÖÍÎÏ,ÓÌÏÉÉÇÈÍŸÎ#�ÏÍÎÇÜÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÈÍÎŠÈËÌÎÓÌÈÑÌÖÙ8ÉÎÊËÌÌÏÍÔÎÔÖÌÑÏÔÎÛÈÏÉÎÍÈÔÎÓÏÌÜÈÌÙ

ÔÚÏÉÏÎÊÚÏÊ<É(ÎŠÈËÌÎÓÌÈÑÌÖÙÎÙÖŠÎÒÏÎÓÈÌÔÏÛÎÔÈÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÚÖÔÎÛÈÏÉŸ

7.2.8 Relational Tests

guideline

S /ÉÏÎMNÎÖÍÛÎONÎÔÈÎÛÈÎÌÏÕÖÔÇÈÍÖÕÎÔÏÉÔÉÎÈÍÎÌÏÖÕÎ�ÖÕËÏÛÎÖÌÑËÙÏÍÔÉ(ÎÖ�ÈÇÛÇÍÑÎÔÚÏÎM(ÎO(ÎN(ÎÖÍÛÎ2N

ÈÓÏÌÖÔÇÈÍÉŸ

S /ÉÏÎ�ÖÕËÏÉÎÈÜÎÔŠÓÏÎÖÔÔÌÇÒËÔÏÉÎÇÍÎÊÈÙÓÖÌÇÉÈÍÉÎÖÍÛÎÊÚÏÊ<ÇÍÑÎÜÈÌÎÉÙÖÕÕÎ�ÖÕËÏÉŸ



ÄÄ>ÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

example

!ÚÏÎ ÜÈÕÕÈ�ÇÍÑÎ Ï,ÖÙÓÕÏÉÎ ÔÏÉÔÎ ÜÈÌÎ �Ä Î ÖÒÉÈÕËÔÏÎ GÏ=ËÖÕÇÔŠHÎ ÇÍÎ ÉÔÈÌÖÑÏ(Î �F Î ÖÒÉÈÕËÔÏÎ GÏ=ËÖÕÇÔŠHÎ ÇÍ

ÊÈÙÓËÔÖÔÇÈÍ(Î�E ÎÌÏÕÖÔÇ�ÏÎGÏ=ËÖÕÇÔŠHÎÇÍÎÉÔÈÌÖÑÏ(ÎÖÍÛÎ�% ÎÌÏÕÖÔÇ�ÏÎGÏ=ËÖÕÇÔŠHÎÇÍÎÊÈÙÓËÔÖÔÇÈÍŸ

abs (X - Y) <= Float_Type’Small                -- (1)

abs (X - Y) <= Float_Type’Base’Small           -- (2)

abs (X - Y) <= abs X * Float_Type’Epsilon      -- (3)

abs (X - Y) <= abs X * Float_Type’Base’Epsilon -- (4)

&ÍÛÎÉÓÏÊÇÜÇÊÖÕÕŠÎÜÈÌÎGÏ=ËÖÕÇÔŠHÎÔÈÎ:ÏÌÈ�

abs X <= Float_Type’Small                      -- (1)

abs X <= Float_Type’Base’Small                 -- (2)

abs X <= abs X * Float_Type’Epsilon            -- (3)

abs X <= abs X * Float_Type’Base’Epsilon       -- (4)

rationale

0ÔÌÇÊÔÎÌÏÕÖÔÇÈÍÖÕÎÊÈÙÓÖÌÇÉÈÍÉÎ�Î<, >, =, /=Î ÎÖÌÏÎÖÎÑÏÍÏÌÖÕÎÓÌÈÒÕÏÙÎÇÍÎÌÏÖÕÎ�ÖÕËÏÛÎÊÈÙÓËÔÖÔÇÈÍÉŸ

ŽÏÊÖËÉÏÎÈÜÎÔÚÏÎ�ÖŠÎ&ÛÖÎÊÈÙÓÖÌÇÉÈÍÉÎÖÌÏÎÛÏÜÇÍÏÛÎÇÍÎÔÏÌÙÉÎÈÜÎÙÈÛÏÕÎÇÍÔÏÌ�ÖÕÉ(ÎÇÔÎÇÉÎÓÈÉÉÇÒÕÏÎÜÈÌÎÔÚÏÎ�ÖÕËÏÉ

ÈÜÎÔÚÏÎ&ÛÖÎÊÈÙÓÖÌÇÉÈÍÉÎA < BÎÖÍÛÎA = BÎÔÈÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍ(Î�ÚÇÕÏÎA <= BÎÏ�ÖÕËÖÔÏÉ

ËÍÇÜÈÌÙÕŠÎÖÊÌÈÉÉÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ?ÈÔÏÎÔÚÖÔÎÜÈÌÎÌÏÖÕÎ�ÖÕËÏÉÎÇÍÎ&ÛÖ(Î"A <= B"ÎÇÉÎÍÈÔÎÔÚÏÎÉÖÙÏÎÖÉÎ"not (A

> B)"ŸÎÎ1ËÌÔÚÏÌÎÏ,ÓÕÖÍÖÔÇÈÍÎÊÖÍÎÒÏÎÜÈËÍÛÎÇÍÎ-ÈÚÏÍÎ�ÄÅ$> ÎÓÓŸFFB+FEEŸ

!ŠÓÏÎÖÔÔÌÇÒËÔÏÉÎÖÌÏÎÔÚÏÎÓÌÇÙÖÌŠÎÙÏÖÍÉÎÈÜÎÉŠÙÒÈÕÇÊÖÕÕŠÎÖÊÊÏÉÉÇÍÑÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÈÜÎÔÚÏÎ&ÛÖÎÍËÙÏÌÇÊ

ÙÈÛÏÕŸÎ4ÚÏÍÎÔÚÏÎÊÚÖÌÖÊÔÏÌÇÉÔÇÊÉÎÈÜÎÔÚÏÎÙÈÛÏÕÎÍËÙÒÏÌÉÎÖÌÏÎÖÊÊÏÉÉÏÛÎÉŠÙÒÈÕÇÊÖÕÕŠ(ÎÔÚÏÎÉÈËÌÊÏÎÊÈÛÏÎÇÉ

ÓÈÌÔÖÒÕÏŸÎ!ÚÏÎÖÓÓÌÈÓÌÇÖÔÏÎÙÈÛÏÕÎÍËÙÒÏÌÉÎÈÜÎÖÍŠÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ�ÇÕÕÎÔÚÏÍÎÒÏÎËÉÏÛÎÒŠÎÔÚÏÎÑÏÍÏÌÖÔÏÛ

ÊÈÛÏŸ

&ÕÔÚÈËÑÚÎ:ÏÌÈÎÇÉÎÔÏÊÚÍÇÊÖÕÕŠÎÍÈÔÎÖÎÉÓÏÊÇÖÕÎÊÖÉÏ(ÎÇÔÎÇÉÎÈÜÔÏÍÎÈ�ÏÌÕÈÈ<ÏÛÎÒÏÊÖËÉÏÎÇÔÎÕÈÈ<ÉÎÕÇ<ÏÎÔÚÏÎÉÇÙÓÕÏÉÔ

ÖÍÛ(ÎÔÚÏÌÏÜÈÌÏ(ÎÉÖÜÏÉÔÎÊÖÉÏŸÎÎŽËÔÎÇÍÎÌÏÖÕÇÔŠ(ÎÏÖÊÚÎÔÇÙÏÎÊÈÙÓÖÌÇÉÈÍÉÎÇÍ�ÈÕ�ÏÎÉÙÖÕÕÎ�ÖÕËÏÉ(ÎÏ�ÖÕËÖÔÏÎÔÚÏ

ÉÇÔËÖÔÇÈÍÎÔÈÎÛÏÔÏÌÙÇÍÏÎ�ÚÇÊÚÎÔÏÊÚÍÇ=ËÏÎÇÉÎÖÓÓÌÈÓÌÇÖÔÏŸ

note

9ÏÑÖÌÛÕÏÉÉÎ ÈÜÎ ÕÖÍÑËÖÑÏ(Î ÌÏÖÕÎ �ÖÕËÏÛÎ ÊÈÙÓËÔÖÔÇÈÍÉÎ ÚÖ�ÏÎ ÇÍÖÊÊËÌÖÊŠŸÎ Î !ÚÖÔÎ ÔÚÏÎ ÊÈÌÌÏÉÓÈÍÛÇÍÑ

ÙÖÔÚÏÙÖÔÇÊÖÕÎÈÓÏÌÖÔÇÈÍÉÎÚÖ�ÏÎÖÕÑÏÒÌÖÇÊÎÓÌÈÓÏÌÔÇÏÉÎËÉËÖÕÕŠÎÇÍÔÌÈÛËÊÏÉÎÉÈÙÏÎÊÈÍÜËÉÇÈÍŸÎÎ!ÚÇÉÎÑËÇÛÏÕÇÍÏ

Ï,ÓÕÖÇÍÉÎÚÈ�Î&ÛÖÎÛÏÖÕÉÎ�ÇÔÚÎÔÚÏÎÓÌÈÒÕÏÙÎÔÚÖÔÎÙÈÉÔÎÕÖÍÑËÖÑÏÉÎÜÖÊÏŸ

7.3 STORAGE CONTROL

!ÚÏÎÙÖÍÖÑÏÙÏÍÔÎÈÜÎÛŠÍÖÙÇÊÎÉÔÈÌÖÑÏÎÊÖÍÎ�ÖÌŠÎÒÏÔ�ÏÏÍÎ&ÛÖÎÏÍ�ÇÌÈÍÙÏÍÔÉŸÎ"ÍÎÜÖÊÔ(ÎÉÈÙÏÎÏÍ�ÇÌÈÍÙÏÍÔÉÎÛÈ

ÍÈÔÎÓÌÈ�ÇÛÏÎÖÍŠÎÛÏÖÕÕÈÊÖÔÇÈÍŸÎÎ&ÛÖ8ÉÎÉÔÈÌÖÑÏÎÊÈÍÔÌÈÕÎÙÏÊÚÖÍÇÉÙÉÎÖÌÏÎÔÈÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÔÈÎÒÏ

ÊÈÍÉÇÛÏÌÏÛÎÓÈÌÔÖÒÕÏŸ

7.3.1 Representation Clause

guideline

S ÎÃÈÎÍÈÔÎËÉÏÎÖÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÎÔÈÎÉÓÏÊÇÜŠÎÍËÙÒÏÌÎÈÜÎÉÔÈÌÖÑÏÎËÍÇÔÉŸ

rationale

!ÚÏÎÙÏÖÍÇÍÑÎÈÜÎÔÚÏÎÁ0ÔÈÌÖÑÏL0Ç:ÏÎÖÔÔÌÇÒËÔÏÎÇÉÎÖÙÒÇÑËÈËÉ*ÎÉÈ(ÎÉÓÏÊÇÜŠÇÍÑÎÖÎÓÖÌÔÇÊËÕÖÌÎ�ÖÕËÏÎ�ÇÕÕÎÍÈÔ

ÇÙÓÌÈ�ÏÎÓÈÌÔÖÒÇÕÇÔŠŸÎÎ"ÔÎÙÖŠÎÈÌÎÙÖŠÎÍÈÔÎÇÍÊÕËÛÏÎÉÓÖÊÏÎÖÕÕÈÊÖÔÏÛÎÜÈÌÎÓÖÌÖÙÏÔÏÌÉ(ÎÛÖÔÖ(ÎÏÔÊŸÎÎ0Ö�ÏÎÔÚÏÎËÉÏ

ÈÜÎÔÚÇÉÎÜÏÖÔËÌÏÎÜÈÌÎÛÏÉÇÑÍÉÎÔÚÖÔÎÙËÉÔÎÛÏÓÏÍÛÎÈÍÎÖÎÓÖÌÔÇÊËÕÖÌÎ�ÏÍÛÈÌ8ÉÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸ

note

ÃËÌÇÍÑÎÖÎÓÈÌÔÇÍÑÎÖÊÔÇ�ÇÔŠ(ÎÇÔÎÊÖÍÎÒÏÎÖÉÉËÙÏÛÎÔÚÖÔÎÖÍŠÎÈÊÊËÌÌÏÍÊÏÎÈÜÎÉÔÈÌÖÑÏÎÉÓÏÊÇÜÇÊÖÔÇÈÍÎÇÍÛÇÊÖÔÏÉÎÖÍ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊŠÎÔÚÖÔÎÙËÉÔÎÒÏÎÌÏÛÏÉÇÑÍÏÛŸ
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7.4 TASKING

!ÚÏÎÛÏÜÇÍÇÔÇÈÍÎÈÜÎÔÖÉ<ÇÍÑÎÇÍÎÔÚÏÎ&ÛÖÎÕÖÍÑËÖÑÏÎÕÏÖ�ÏÉÎÙÖÍŠÎÊÚÖÌÖÊÔÏÌÇÉÔÇÊÉÎÈÜÎÔÚÏÎÔÖÉ<ÇÍÑÎÙÈÛÏÕÎËÓÎÔÈÎÔÚÏ

ÇÙÓÕÏÙÏÍÔÈÌŸÎ!ÚÇÉÎÖÕÕÈ�ÉÎÖÎ�ÏÍÛÈÌÎÔÈÎÙÖ<ÏÎÖÓÓÌÈÓÌÇÖÔÏÎÔÌÖÛÏÈÜÜÉÎÜÈÌÎÔÚÏÎÇÍÔÏÍÛÏÛÎÖÓÓÕÇÊÖÔÇÈÍÎÛÈÙÖÇÍ(ÎÒËÔÎÇÔ

ÖÕÉÈÎÛÇÙÇÍÇÉÚÏÉÎÔÚÏÎÓÈÌÔÖÒÇÕÇÔŠÎÈÜÎÛÏÉÇÑÍÉÎÖÍÛÎÊÈÛÏÎÏÙÓÕÈŠÇÍÑÎÔÚÏÎÔÖÉ<ÇÍÑÎÜÏÖÔËÌÏÉŸÎ"ÍÎÉÈÙÏÎÌÏÉÓÏÊÔÉÎÔÚÇÉ

ÛÇÙÇÍÇÉÚÏÛÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÎÖÍÎÇÍÚÏÌÏÍÔÎÊÚÖÌÖÊÔÏÌÇÉÔÇÊÎÈÜÎÊÈÍÊËÌÌÏÍÊŠÎÖÓÓÌÈÖÊÚÏÉÎ�ÉÏÏÎ?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎÄÅ$%(

EB ŸÎ

&ÎÛÇÉÊËÉÉÇÈÍÎÈÜÎ&ÛÖÎÔÖÉ<ÇÍÑÎÛÏÓÏÍÛÏÍÊÇÏÉÎ�ÚÏÍÎÏÙÓÕÈŠÏÛÎÇÍÎÖÎÛÇÉÔÌÇÒËÔÏÛÎÔÖÌÑÏÔÎÏÍ�ÇÌÈÍÙÏÍÔÎÇÉÎÒÏŠÈÍÛÎÔÚÏ

ÉÊÈÓÏÎÈÜÎÔÚÇÉÎÒÈÈ<ŸÎ1ÈÌÎÏ,ÖÙÓÕÏ(ÎÙËÕÔÇCÓÌÈÊÏÉÉÈÌÎÔÖÉ<ÎÉÊÚÏÛËÕÇÍÑ(ÎÇÍÔÏÌÓÌÈÊÏÉÉÈÌÎÌÏÍÛÏ:�ÈËÉ(ÎÖÍÛÎÔÚÏ

ÛÇÉÔÌÇÒËÔÏÛÎÉÏÍÉÏÎÈÜÎÔÇÙÏÎÔÚÌÈËÑÚÎÓÖÊ<ÖÑÏÎCalendarÎÖÌÏÎÖÕÕÎÉËÒDÏÊÔÎÔÈÎÛÇÜÜÏÌÏÍÊÏÉÎÒÏÔ�ÏÏÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸ

1ÈÌÎÙÈÌÏÎÇÍÜÈÌÙÖÔÇÈÍ(Î?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎ�ÄÅ$% ÎÖÍÛÎ&9!#45Î�ÄÅ$> ÎÔÈËÊÚÎÈÍÎÔÚÏÉÏÎÇÉÉËÏÉÎÖÍÛÎ�.ÈÕ:ÎÏÔ

ÖÕŸÎÄÅ$6 ÎÇÉÎÈÍÏÎÈÜÎÙÖÍŠÎÌÏÉÏÖÌÊÚÎÖÌÔÇÊÕÏÉÎÖ�ÖÇÕÖÒÕÏŸ

7.4.1 Task Activation Order

guideline

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÈÌÛÏÌÎÇÍÎ�ÚÇÊÚÎÔÖÉ<ÎÈÒDÏÊÔÉÎÖÌÏÎÖÊÔÇ�ÖÔÏÛÎ�ÚÏÍÎÛÏÊÕÖÌÏÛÎÇÍÎÔÚÏÎÉÖÙÏ

ÛÏÊÕÖÌÖÔÇ�ÏÎÕÇÉÔŸ

rationale

!ÚÏÎÈÌÛÏÌÎÇÉÎÕÏÜÔÎËÍÛÏÜÇÍÏÛÎÇÍÎÔÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E ŸÎ

7.4.2 Delay Statements

guideline

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÖÎÓÖÌÔÇÊËÕÖÌÎÛÏÕÖŠÎÒÏÇÍÑÎÖÊÚÇÏ�ÖÒÕÏÎ�?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎÄÅ$% Ÿ

S ?Ï�ÏÌÎËÉÏÎÖÎÒËÉŠÎ�ÖÇÔÇÍÑÎÕÈÈÓÎÇÍÉÔÏÖÛÎÈÜÎÖÎÛÏÕÖŠŸ

S ÃÏÉÇÑÍÎÔÈÎÕÇÙÇÔÎÓÈÕÕÇÍÑÎÔÈÎÔÚÈÉÏÎÊÖÉÏÉÎ�ÚÏÌÏÎÇÔÎÇÉÎÖÒÉÈÕËÔÏÕŠÎÍÏÊÏÉÉÖÌŠŸ

S ?Ï�ÏÌÎËÉÏÎ<ÍÈ�ÕÏÛÑÏÎÈÜÎÔÚÏÎÏ,ÏÊËÔÇÈÍÎÓÖÔÔÏÌÍÎÈÜÎÔÖÉ<ÉÎÔÈÎÖÊÚÇÏ�ÏÎÔÇÙÇÍÑÎÌÏ=ËÇÌÏÙÏÍÔÉŸ

rationale

!ÚÏÎÌÖÔÇÈÍÖÕÏÎÜÈÌÎÔÚÇÉÎÖÓÓÏÖÌÉÎÇÍÎ5ËÇÛÏÕÇÍÏÎ>ŸÄŸ6ŸÎ"ÍÎÖÛÛÇÔÇÈÍ(ÎÔÚÏÎÔÌÏÖÔÙÏÍÔÎÈÜÎÛÏÕÖŠÎÉÔÖÔÏÙÏÍÔÉÎ�ÖÌÇÏÉ

ÜÌÈÙÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÚÏÌÏÒŠÎÚÇÍÛÏÌÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠŸ

7.4.3 Package Calendar, Type Duration, and System.Tick

guideline

S ÃÈÎÍÈÔÎÖÉÉËÙÏÎÖÎÊÈÌÌÏÕÖÔÇÈÍÎÒÏÔ�ÏÏÍÎSystem.TickÎÖÍÛÎÓÖÊ<ÖÑÏÎCalendarÎÈÌÎÔŠÓÏÎDurationÎ�ÉÏÏ

5ËÇÛÏÕÇÍÏÎ>ŸÄŸ6 Ÿ

rationale

0ËÊÚÎÖÎÊÈÌÌÏÕÖÔÇÈÍÎÇÉÎÍÈÔÎÌÏ=ËÇÌÏÛ(ÎÖÕÔÚÈËÑÚÎÇÔÎÙÖŠÎÏ,ÇÉÔÎÇÍÎÉÈÙÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸ

7.4.4 Select Statement Evaluation Order

guideline

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÈÌÛÏÌÎÇÍÎ�ÚÇÊÚÎÑËÖÌÛÎÊÈÍÛÇÔÇÈÍÉÎÖÌÏÎÏ�ÖÕËÖÔÏÛÎÈÌÎÈÍÎÔÚÏÎÖÕÑÈÌÇÔÚÙÎÜÈÌ

ÊÚÈÈÉÇÍÑÎÖÙÈÍÑÎÉÏ�ÏÌÖÕÎÈÓÏÍÎÉÏÕÏÊÔÎÖÕÔÏÌÍÖÔÇ�ÏÉŸ

rationale

!ÚÏÎÕÖÍÑËÖÑÏÎÛÈÏÉÎÍÈÔÎÛÏÜÇÍÏÎÔÚÏÎÈÌÛÏÌÎÈÜÎÔÚÏÉÏÎÊÈÍÛÇÔÇÈÍÉ(ÎÉÈÎÖÉÉËÙÏÎÔÚÖÔÎÔÚÏŠÎÖÌÏÎÖÌÒÇÔÌÖÌŠŸ



ÄÄ$ÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

7.4.5 Task Scheduling Algorithm

guideline

S ÃÈÎÍÈÔÎÖÉÉËÙÏÎÔÚÖÔÎÔÖÉ<ÉÎÏ,ÏÊËÔÏÎËÍÇÍÔÏÌÌËÓÔÏÛÎËÍÔÇÕÎÔÚÏŠÎÌÏÖÊÚÎÖÎÉŠÍÊÚÌÈÍÇ:ÖÔÇÈÍÎÓÈÇÍÔŸ

S /ÉÏÎÓÌÖÑÙÖÎPriorityÎÔÈÎÛÇÉÔÇÍÑËÇÉÚÎÑÏÍÏÌÖÕÎÕÏ�ÏÕÉÎÈÜÎÇÙÓÈÌÔÖÍÊÏÎÈÍÕŠÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ>ŸÄŸ% Ÿ

rationale

!ÚÏÎ&ÛÖÎÔÖÉ<ÇÍÑÎÙÈÛÏÕÎÌÏ=ËÇÌÏÉÎÔÚÖÔÎÔÖÉ<ÉÎÒÏÎÉŠÍÊÚÌÈÍÇ:ÏÛÎÈÍÕŠÎÔÚÌÈËÑÚÎÔÚÏÎÏ,ÓÕÇÊÇÔÎÙÏÖÍÉÎÓÌÈ�ÇÛÏÛÎÇÍ

ÔÚÏÎÕÖÍÑËÖÑÏÎ�ÇŸÏŸ(ÎÌÏÍÛÏ:�ÈËÉ(ÎÔÖÉ<ÎÛÏÓÏÍÛÏÍÊÏ(ÎÓÌÖÑÙÖÎShared ŸÎ!ÚÏÎÉÊÚÏÛËÕÇÍÑÎÖÕÑÈÌÇÔÚÙÎÇÉÎÍÈÔ

ÛÏÜÇÍÏÛÎÒŠÎÔÚÏÎÕÖÍÑËÖÑÏÎÖÍÛÎÙÖŠÎ�ÖÌŠÎÜÌÈÙÎÔÇÙÏÎÉÕÇÊÏÛÎÔÈÎÓÌÏÏÙÓÔÇ�ÏÎÓÌÇÈÌÇÔŠŸÎ0ÈÙÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉ

�ÏŸÑŸ(Î.&IÎ&ÛÖ ÎÓÌÈ�ÇÛÏÎÉÏ�ÏÌÖÕÎÊÚÈÇÊÏÉÎÔÚÖÔÎÖÎËÉÏÌÎÙÖŠÎÉÏÕÏÊÔÎÜÈÌÎÔÚÏÎÖÓÓÕÇÊÖÔÇÈÍŸÎ

note

!ÚÏÎÍËÙÒÏÌÎÈÜÎÓÌÇÈÌÇÔÇÏÉÎÙÖŠÎ�ÖÌŠÎÒÏÔ�ÏÏÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ"ÍÎÖÛÛÇÔÇÈÍ(ÎÔÚÏÎÙÖÍÍÏÌÎÇÍÎ�ÚÇÊÚÎÔÖÉ<ÉÎÈÜ

ÔÚÏÎÉÖÙÏÎÓÌÇÈÌÇÔŠÎÖÌÏÎÚÖÍÛÕÏÛÎÙÖŠÎ�ÖÌŠÎÒÏÔ�ÏÏÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎÏ�ÏÍÎÇÜÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉÎËÉÏÎÔÚÏ

ÉÖÙÏÎÑÏÍÏÌÖÕÎÉÊÚÏÛËÕÇÍÑÎÖÕÑÈÌÇÔÚÙŸ

exceptions

"ÍÎÌÏÖÕCÔÇÙÏÎÉŠÉÔÏÙÉÎÇÔÎÇÉÎÈÜÔÏÍÎÍÏÊÏÉÉÖÌŠÎÔÈÎÔÇÑÚÔÕŠÎÊÈÍÔÌÈÕÎÔÚÏÎÔÖÉ<ÇÍÑÎÖÕÑÈÌÇÔÚÙÎÔÈÎÈÒÔÖÇÍÎÔÚÏÎÌÏ=ËÇÌÏÛ

ÓÏÌÜÈÌÙÖÍÊÏŸÎ 1ÈÌÎ Ï,ÖÙÓÕÏ(Î Ö�ÇÈÍÇÊÉÎ ÉŠÉÔÏÙÉÎ ÖÌÏÎ ÜÌÏ=ËÏÍÔÕŠÎ ÛÌÇ�ÏÍÎ ÒŠÎ ÊŠÊÕÇÊÎ Ï�ÏÍÔÉÎ �ÇÔÚÎ ÕÇÙÇÔÏÛ

ÖÉŠÍÊÚÌÈÍÈËÉÎÇÍÔÏÌÌËÓÔÇÈÍÉŸÎ&ÎÍÈÍÓÌÏÏÙÓÔÇ�ÏÎÔÖÉ<ÇÍÑÎÙÈÛÏÕÎÇÉÎÔÌÖÛÇÔÇÈÍÖÕÕŠÎËÉÏÛÎÔÈÎÈÒÔÖÇÍÎÔÚÏÎÑÌÏÖÔÏÉÔ

ÓÏÌÜÈÌÙÖÍÊÏÎÇÍÎÔÚÏÉÏÎÖÓÓÕÇÊÖÔÇÈÍÉŸÎ-ŠÊÕÇÊÎÏ,ÏÊËÔÇ�ÏÉÎÊÖÍÎÒÏÎÓÌÈÑÌÖÙÙÏÛÎÇÍÎ&ÛÖ(ÎÖÉÎÊÖÍÎÖÎÓÌÈÑÌÏÉÉÇÈÍÎÈÜ

ÉÊÚÏÛËÕÇÍÑÎÉÊÚÏÙÏÉÎ ÜÌÈÙÎÊŠÊÕÇÊÎ ÔÚÌÈËÑÚÎÙËÕÔÇÓÕÏCÜÌÖÙÏCÌÖÔÏÎ ÔÈÎ ÜËÕÕÎÖÉŠÍÊÚÌÈÍŠÎ�7ÖÊ3ÖÌÏÍÎÄÅ$À 

ÖÕÔÚÈËÑÚÎÖÍÎÏ,ÔÏÌÍÖÕÎÊÕÈÊ<ÎÇÉÎËÉËÖÕÕŠÎÌÏ=ËÇÌÏÛŸ

7.4.6 Abort

guideline

S &�ÈÇÛÎËÉÇÍÑÎÔÚÏÎÖÒÈÌÔÎÉÔÖÔÏÙÏÍÔŸ

rationale

!ÚÏÎÌÖÔÇÈÍÖÕÏÎÜÈÌÎÔÚÇÉÎÖÓÓÏÖÌÉÎÇÍÎ5ËÇÛÏÕÇÍÏÎ>ŸEŸEŸÎ"ÍÎÖÛÛÇÔÇÈÍ(ÎÔÌÏÖÔÙÏÍÔÎÈÜÎÔÚÏÎÖÒÈÌÔÎÉÔÖÔÏÙÏÍÔÎ�ÖÌÇÏÉ

ÜÌÈÙÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÚÏÌÏÒŠÎÚÇÍÛÏÌÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠŸ

7.4.7 Shared Variables and Pragma Shared

guideline

S ÃÈÎÍÈÔÎÉÚÖÌÏÎ�ÖÌÇÖÒÕÏÉŸÎ

S ;Ö�ÏÎÔÖÉ<ÉÎÊÈÙÙËÍÇÊÖÔÏÎÔÚÌÈËÑÚÎÔÚÏÎÌÏÍÛÏ:�ÈËÉÎÙÏÊÚÖÍÇÉÙŸ

S ÃÈÎÍÈÔÎËÉÏÎÉÚÖÌÏÛÎ�ÖÌÇÖÒÕÏÉÎÖÉÎÖÎÔÖÉ<ÎÉŠÍÊÚÌÈÍÇ:ÖÔÇÈÍÎÛÏ�ÇÊÏŸ

S /ÉÏÎÓÌÖÑÙÖÎSharedÎÈÍÕŠÎ�ÚÏÍÎŠÈËÎÖÌÏÎÜÈÌÊÏÛÎÔÈÎÒŠÎÌËÍÎÔÇÙÏÎÉŠÉÔÏÙÎÛÏÜÇÊÇÏÍÊÇÏÉŸ

rationale

!ÚÏÎÌÖÔÇÈÍÖÕÏÎÜÈÌÎÔÚÇÉÎÖÓÓÏÖÌÉÎÇÍÎ5ËÇÛÏÕÇÍÏÎ>ŸFŸ%ŸÎ"ÍÎÖÛÛÇÔÇÈÍ(ÎÔÚÏÎÔÌÏÖÔÙÏÍÔÎÈÜÎÉÚÖÌÏÛÎ�ÖÌÇÖÒÕÏÉÎ�ÖÌÇÏÉ

ÜÌÈÙÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÔÚÏÌÏÒŠÎÚÇÍÛÏÌÇÍÑÎÓÈÌÔÖÒÇÕÇÔŠŸ

7.5 EXCEPTIONS

-ÖÌÏÎÙËÉÔÎÒÏÎÏ,ÏÌÊÇÉÏÛÎËÉÇÍÑÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉÎÉÇÍÊÏÎÖÉÓÏÊÔÉÎÈÜÎÔÚÏÇÌÎÔÌÏÖÔÙÏÍÔÎÙÖŠÎ�ÖÌŠÎÒÏÔ�ÏÏÍ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ "ÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÜÇÍÏÛÎ Ï,ÊÏÓÔÇÈÍÉÎÙËÉÔ(Î ÈÜÎ ÊÈËÌÉÏ(Î ÒÏÎ Ö�ÈÇÛÏÛŸÎ Î)ÔÚÏÌÎ ÑËÇÛÏÕÇÍÏÉ

ÊÈÍÊÏÌÍÇÍÑÎÏ,ÊÏÓÔÇÈÍÉÎÊÖÍÎÒÏÎÜÈËÍÛÎÇÍÎ5ËÇÛÏÕÇÍÏÉÎ%ŸEÎÖÍÛÎ6Ÿ$Ÿ

7.5.1 Predefined Exceptions

guideline

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÏ,ÖÊÔÎÕÈÊÖÔÇÈÍÉÎÖÔÎ�ÚÇÊÚÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉÎÖÌÏÎÌÖÇÉÏÛŸ



’)9!&Ž"3"!AÎÎÄÄÅ

rationale

!ÚÏÎ &ÛÖÎ 3ÖÍÑËÖÑÏÎ 9ÏÜÏÌÏÍÊÏÎ 7ÖÍËÖÕÎ �ÃÏÓÖÌÔÙÏÍÔÎ ÈÜÎ ÃÏÜÏÍÉÏÎ ÄÅ$E Î ÉÔÖÔÏÉÎ ÔÚÖÔÎ ÖÙÈÍÑ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉ(ÎÖÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÎÜÈÌÎÔÚÏÎÉÖÙÏÎÊÖËÉÏÎÙÖŠÎÒÏÎÌÖÇÉÏÛÎÜÌÈÙÎÛÇÜÜÏÌÏÍÔÎÕÈÊÖÔÇÈÍÉŸ

AÈËÎ�ÇÕÕÎÍÈÔÎÒÏÎÖÒÕÏÎÔÈÎÛÇÉÊÌÇÙÇÍÖÔÏÎÒÏÔ�ÏÏÍÎÔÚÏÎÏ,ÊÏÓÔÇÈÍÉŸÎ1ËÌÔÚÏÌ(ÎÏÖÊÚÎÈÜÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉ

ÇÉÎÖÉÉÈÊÇÖÔÏÛÎ�ÇÔÚÎÖÎ�ÖÌÇÏÔŠÎÈÜÎÊÈÍÛÇÔÇÈÍÉŸÎ&ÍŠÎÏ,ÊÏÓÔÇÈÍÎÚÖÍÛÕÏÌÎ�ÌÇÔÔÏÍÎÜÈÌÎÖÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÎÙËÉÔ

ÒÏÎÓÌÏÓÖÌÏÛÎÔÈÎÛÏÖÕÎ�ÇÔÚÎÖÍŠÎÈÜÎÔÚÏÉÏÎÊÈÍÛÇÔÇÈÍÉŸ

7.5.2 Constraint_Error and Numeric_Error

guideline

S -ÖÔÊÚÎNumeric_Error Ï,ÊÏÓÔÇÈÍÉÎ�ÇÔÚÎÖÎNumeric_Error | Constraint_ErrorÂÁÂÄÁÀÅÃÇÉÊËÈÉÍÎÁÏÌ

S ÃÈÎÍÈÔÎËÉÏÎÖÎÉÏÓÖÌÖÔÏÎÏ,ÊÏÓÔÇÈÍÎÚÖÍÛÕÏÌÎÜÈÌÎNumeric_Error ÖÍÛ Constraint_ErrorÌ

rationale

"ÍÎÊÖÉÏÉÎ�ÚÏÌÏÎNumeric_ErrorÎÙÖŠÎÒÏÎÌÖÇÉÏÛ(ÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÇÉÎÖÕÕÈ�ÏÛÎÔÈÎÌÖÇÉÏÎConstraint_Error

ÇÍÉÔÏÖÛŸÎÎ"ÍÎÜÖÊÔ(ÎÔÚÏÌÏÎÇÉÎÍÈÎÌÏ=ËÇÌÏÙÏÍÔÎÔÚÖÔÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÌÖÇÉÏÎÔÚÏÎÉÖÙÏÎÏ,ÊÏÓÔÇÈÍÎËÍÛÏÌÎÔÚÏ

ÉÖÙÏÎÊÇÌÊËÙÉÔÖÍÊÏÉŸÎÎ"ÔÎÇÉÎÍÈÔÎÏÍÈËÑÚÎÔÈÎÌÏÓÕÖÊÏÎÔÚÏÎNumeric_ErrorÎÏ,ÊÏÓÔÇÈÍÎ�ÇÔÚÎÖÎConstraint_ErrorŸ

#ÇÔÚÏÌÎ ÈÍÏÎÙÖŠÎ ÒÏÎ ÌÖÇÉÏÛ*Î ÖÍÛÎ ÇÜÎ Numeric_ErrorÎ ÇÉÎ ÌÖÇÉÏÛ(Î ÇÔÎ �ÇÕÕÎ ÍÈÔÎ ÒÏÎ ÊÖËÑÚÔÎ �ÇÔÚÎ ÖÎ ÉÇÙÓÕÏ

Constraint_ErrorÎÏ,ÊÏÓÔÇÈÍÎÚÖÍÛÕÏÌŸ

7.5.3 ImplementationÁDefined Exceptions

guideline

S ÃÈÎÍÈÔÎÌÖÇÉÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉŸ

S -ÈÍ�ÏÌÔÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÜÇÍÏÛÎ Ï,ÊÏÓÔÇÈÍÉÎ�ÇÔÚÇÍÎ ÇÍÔÏÌÜÖÊÏÎ ÓÖÊ<ÖÑÏÉÎ ÔÈÎ �ÇÉÇÒÕÏÎ ËÉÏÌ+ÛÏÜÇÍÏÛ

Ï,ÊÏÓÔÇÈÍÉŸ

rationale

?ÈÎÏ,ÊÏÓÔÇÈÍÎÛÏÜÇÍÏÛÎÒŠÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÊÖÍÎÒÏÎÑËÖÌÖÍÔÏÏÛÎÔÈÎÒÏÎÓÈÌÔÖÒÕÏÎÔÈÎÈÔÚÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉ

�ÚÏÔÚÏÌÎÈÌÎÍÈÔÎÔÚÏŠÎÖÌÏÎÜÌÈÙÎÔÚÏÎÉÖÙÏÎ�ÏÍÛÈÌŸÎ?ÈÔÎÈÍÕŠÎÙÖŠÎÔÚÏÎÍÖÙÏÉÎÒÏÎÛÇÜÜÏÌÏÍÔ(ÎÒËÔÎÔÚÏÎÌÖÍÑÏÎÈÜ

ÊÈÍÛÇÔÇÈÍÉÎÔÌÇÑÑÏÌÇÍÑÎÔÚÏÎÏ,ÊÏÓÔÇÈÍÉÎÙÖŠÎÒÏÎÛÇÜÜÏÌÏÍÔÎÖÕÉÈŸ

"ÜÎŠÈËÎÊÌÏÖÔÏÎ ÇÍÔÏÌÜÖÊÏÎÓÖÊ<ÖÑÏÉÎ ÜÈÌÎ ÔÚÏÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÉÓÏÊÇÜÇÊÎÓÈÌÔÇÈÍÉÎÈÜÎŠÈËÌÎÓÌÈÑÌÖÙ(ÎÔÚÈÉÏ

ÓÖÊ<ÖÑÏÉÎ ÊÖÍÎ ÊÖÔÊÚÎ ÈÌÎ ÌÏÊÈÑÍÇ:ÏÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ ÉÓÏÊÇÜÇÊÎ Ï,ÊÏÓÔÇÈÍÉÎ ÖÍÛÎ ÊÈÍ�ÏÌÔÎ ÔÚÏÙÎ ÇÍÔÈ

ËÉÏÌ+ÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉÎÔÚÖÔÎÚÖ�ÏÎÒÏÏÍÎÛÏÊÕÖÌÏÛÎÇÍÎÔÚÏÎÉÓÏÊÇÜÇÊÖÔÇÈÍŸÎÎÃÈÎÍÈÔÎÖÕÕÈ�ÎŠÈËÌÉÏÕÜÎÔÈÎÒÏÎÜÈÌÊÏÛ

ÔÈÎÜÇÍÛÎÖÍÛÎÊÚÖÍÑÏÎÔÚÏÎÍÖÙÏÎÈÜÎÏ�ÏÌŠÎÚÖÍÛÕÏÌÎŠÈËÎÚÖ�ÏÎ�ÌÇÔÔÏÍÎÜÈÌÎÔÚÏÉÏÎÏ,ÊÏÓÔÇÈÍÉÎ�ÚÏÍÎÔÚÏÎÓÌÈÑÌÖÙÎÇÉ

ÓÈÌÔÏÛŸ

7.6 REPRESENTATION CLAUSES AND IMPLEMENTATIONÁ

DEPENDENT FEATURES

&ÛÖÎÓÌÈ�ÇÛÏÉÎÙÖÍŠÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎÔÚÖÔÎÓÏÌÙÇÔÎÑÌÏÖÔÏÌÎÊÈÍÔÌÈÕÎÈ�ÏÌÎÖÍÛÎÇÍÔÏÌÖÊÔÇÈÍ

�ÇÔÚÎÔÚÏÎËÍÛÏÌÕŠÇÍÑÎÚÖÌÛ�ÖÌÏÎÖÌÊÚÇÔÏÊÔËÌÏÎÔÚÖÍÎÇÉÎÍÈÌÙÖÕÕŠÎÓÌÈ�ÇÛÏÛÎÒŠÎÖÎÚÇÑÚCÈÌÛÏÌÎÕÖÍÑËÖÑÏŸÎ!ÚÏÉÏ

ÙÏÊÚÖÍÇÉÙÉÎÖÌÏÎÇÍÔÏÍÛÏÛÎÔÈÎÖÉÉÇÉÔÎÇÍÎÉŠÉÔÏÙÉÎÓÌÈÑÌÖÙÙÇÍÑÎÖÍÛÎÌÏÖÕCÔÇÙÏÎÓÌÈÑÌÖÙÙÇÍÑÎÔÈÎÈÒÔÖÇÍÎÑÌÏÖÔÏÌ

ÏÜÜÇÊÇÏÍÊŠÎ�ÏŸÑŸ(Î ÉÓÏÊÇÜÇÊÎ ÉÇ:ÏÎ ÕÖŠÈËÔÎÈÜÎ�ÖÌÇÖÒÕÏÉÎ ÔÚÌÈËÑÚÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉ ÎÖÍÛÎÛÇÌÏÊÔÎÚÖÌÛ�ÖÌÏ

ÇÍÔÏÌÖÊÔÇÈÍÎ�ÏŸÑŸ(ÎÇÍÔÏÌÌËÓÔÎÏÍÔÌÇÏÉ Î�ÇÔÚÈËÔÎÚÖ�ÇÍÑÎÔÈÎÌÏÉÈÌÔÎÔÈÎÖÉÉÏÙÒÕŠÎÕÏ�ÏÕÎÓÌÈÑÌÖÙÙÇÍÑŸ

5Ç�ÏÍÎÔÚÏÎÈÒDÏÊÔÇ�ÏÉÎÜÈÌÎÔÚÏÉÏÎÜÏÖÔËÌÏÉ(ÎÇÔÎÇÉÎÍÈÔÎÉËÌÓÌÇÉÇÍÑÎÔÚÖÔÎŠÈËÎÙËÉÔÎËÉËÖÕÕŠÎÓÖŠÎÖÎÉÇÑÍÇÜÇÊÖÍÔÎÓÌÇÊÏÎÇÍ

ÓÈÌÔÖÒÇÕÇÔŠÎÔÈÎËÉÏÎÔÚÏÙŸÎ"ÍÎÑÏÍÏÌÖÕ(Î�ÚÏÌÏÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÎÔÚÏÎÙÖÇÍÎÈÒDÏÊÔÇ�Ï(ÎÛÈÎÍÈÔÎËÉÏÎÔÚÏÉÏÎÜÏÖÔËÌÏÉŸÎ4ÚÏÍ

ŠÈËÎÙËÉÔÎËÉÏÎÔÚÏÉÏÎÜÏÖÔËÌÏÉ(ÎÏÍÊÖÓÉËÕÖÔÏÎÔÚÏÙÎÇÍÎÓÖÊ<ÖÑÏÉÎ�ÏÕÕCÊÈÙÙÏÍÔÏÛÎÖÉÎÇÍÔÏÌÜÖÊÇÍÑÎÔÈÎÔÚÏÎÓÖÌÔÇÊËÕÖÌ

ÔÖÌÑÏÔÎÏÍ�ÇÌÈÍÙÏÍÔŸÎ!ÚÇÉÎÉÏÊÔÇÈÍÎÇÛÏÍÔÇÜÇÏÉÎÔÚÏÎ�ÖÌÇÈËÉÎÜÏÖÔËÌÏÉÎÖÍÛÎÔÚÏÇÌÎÌÏÊÈÙÙÏÍÛÏÛÎËÉÏÎ�ÇÔÚÎÌÏÉÓÏÊÔÎÔÈ

ÓÈÌÔÖÒÇÕÇÔŠŸÎ
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7.6.1 Representation Clauses

guideline

S /ÉÏÎÖÕÑÈÌÇÔÚÙÉÎÔÚÖÔÎÛÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÈÜÎÔÚÏÎÛÖÔÖÎÖÍÛÎÔÚÏÌÏÜÈÌÏÎÛÈÎÍÈÔÎÍÏÏÛ

ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉŸ

S /ÉÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉÎ�ÚÏÍÎÖÊÊÏÉÉÇÍÑÎÇÍÔÏÌÜÖÊÏÎÛÖÔÖÎÈÌÎ�ÚÏÍÎÖÎÉÓÏÊÇÜÇÊÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÇÉ

ÍÏÏÛÏÛÎÔÈÎÇÙÓÕÏÙÏÍÔÎÖÎÛÏÉÇÑÍŸ

rationale

"ÍÎÙÖÍŠÎÊÖÉÏÉ(ÎÇÔÎÇÉÎÏÖÉŠÎÔÈÎËÉÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉÎÔÈÎÇÙÓÕÏÙÏÍÔÎÖÍÎÖÕÑÈÌÇÔÚÙ(ÎÏ�ÏÍÎ�ÚÏÍÎÇÔÎÇÉÎÍÈÔ

ÍÏÊÏÉÉÖÌŠŸÎÎ!ÚÏÌÏÎÇÉÎÖÕÉÈÎÖÎÔÏÍÛÏÍÊŠÎÔÈÎÛÈÊËÙÏÍÔÎÔÚÏÎÈÌÇÑÇÍÖÕÎÓÌÈÑÌÖÙÙÏÌ8ÉÎÖÉÉËÙÓÔÇÈÍÉÎÖÒÈËÔÎÔÚÏ

ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÜÈÌÎÜËÔËÌÏÎÌÏÜÏÌÏÍÊÏŸÎÎŽËÔÎÔÚÏÌÏÎÇÉÎÍÈÎÑËÖÌÖÍÔÏÏÎÔÚÖÔÎÖÍÈÔÚÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎ�ÇÕÕÎÉËÓÓÈÌÔ

ÔÚÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÚÈÉÏÍŸÎÎ/ÍÍÏÊÏÉÉÖÌŠÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉÎÖÕÉÈÎÊÈÍÜËÉÏÎÓÈÌÔÇÍÑÎÈÌÎÙÖÇÍÔÏÍÖÍÊÏ

ÏÜÜÈÌÔÉÎ�ÚÇÊÚÎÙËÉÔÎÖÉÉËÙÏÎÔÚÖÔÎÔÚÏÎÓÌÈÑÌÖÙÙÏÌÎÛÏÓÏÍÛÉÎÈÍÎÔÚÏÎÛÈÊËÙÏÍÔÏÛÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍŸ

"ÍÔÏÌÜÖÊÏÉÎ ÔÈÎ ÍÈÍ+&ÛÖÎ ÉŠÉÔÏÙÉÎ ÖÍÛÎ Ï,ÔÏÌÍÖÕÎ ÛÏ�ÇÊÏÉÎ ÖÌÏÎ ÔÚÏÎ ÙÈÉÔÎ ÊÈÙÙÈÍÎ ÉÇÔËÖÔÇÈÍÉÎ �ÚÏÌÏÎ Ö

ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÎÇÉÎÍÏÏÛÏÛŸÎÎ/ÉÏÉÎÈÜÎpragma InterfaceÎÖÍÛÎÖÛÛÌÏÉÉÎÊÕÖËÉÏÉÎÉÚÈËÕÛÎÒÏÎÏ�ÖÕËÖÔÏÛ

ÛËÌÇÍÑÎÛÏÉÇÑÍÎÖÍÛÎÓÈÌÔÇÍÑÎÔÈÎÛÏÔÏÌÙÇÍÏÎ�ÚÏÔÚÏÌÎÖÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÎÇÉÎÍÏÏÛÏÛŸ

note

ÃËÌÇÍÑÎ ÖÎ ÓÈÌÔÇÍÑÎ ÏÜÜÈÌÔ(Î ÖÕÕÎ ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎ ÊÕÖËÉÏÉÎ ÊÖÍÎÒÏÎ Ï�ÖÕËÖÔÏÛÎ ÖÉÎ ÏÇÔÚÏÌÎÛÏÉÇÑÍÎ ÖÌÔÇÜÖÊÔÉÎ ÈÌ

ÉÓÏÊÇÜÇÊÖÔÇÈÍÉÎÜÈÌÎÖÊÊÏÉÉÇÍÑÎÇÍÔÏÌÜÖÊÏÎÛÖÔÖÎÔÚÖÔÎÙÇÑÚÔÎÊÚÖÍÑÏÎ�ÇÔÚÎÖÎÍÏ�ÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸ

7.6.2 Package System

guideline

S &�ÈÇÛÎËÉÇÍÑÎÓÖÊ<ÖÑÏÎSystemÎÊÈÍÉÔÖÍÔÉÎÏ,ÊÏÓÔÎÇÍÎÖÔÔÏÙÓÔÇÍÑÎÔÈÎÑÏÍÏÌÖÕÇ:ÏÎÈÔÚÏÌÎÙÖÊÚÇÍÏÎÛÏÓÏÍÛÏÍÔ

ÊÈÍÉÔÌËÊÔÉŸÎ

rationale

0ÇÍÊÏÎÔÚÏÎ�ÖÕËÏÉÎÇÍÎÔÚÇÉÎÓÖÊ<ÖÑÏÎÖÌÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÓÌÈ�ÇÛÏÛ(ÎËÍÏ,ÓÏÊÔÏÛÎÏÜÜÏÊÔÉÎÊÖÍÎÌÏÉËÕÔÎÜÌÈÙÎÔÚÏÇÌ

ËÉÏŸ

exceptions

ÃÈÎËÉÏÎÓÖÊ<ÖÑÏÎSystemÎÊÈÍÉÔÖÍÔÉÎÔÈÎÓÖÌÖÙÏÔÏÌÇ:ÏÎÈÔÚÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎ�ÉÏÏÎ’ÖÓÓÖÉ

PÄÅ$6QÎwÄEŸBŸÄ Ÿ

7.6.3 Machine Code Inserts

guideline

S &�ÈÇÛÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉŸ

rationale

&ÓÓÏÍÛÇ,Î-Î�ÈÜÎÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E ÎÉËÑÑÏÉÔÉÎÔÚÖÔÎÔÚÏÎÓÖÊ<ÖÑÏÎÇÙÓÕÏÙÏÍÔÇÍÑÎÙÖÊÚÇÍÏÎÊÈÛÏ

ÇÍÉÏÌÔÉÎÇÉÎÈÓÔÇÈÍÖÕŸÎÎ&ÛÛÇÔÇÈÍÖÕÕŠ(ÎÇÔÎÇÉÎÍÈÔÎÉÔÖÍÛÖÌÛÇ:ÏÛÎÉÈÎÔÚÖÔÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉÎÖÌÏÎÙÈÉÔÎÕÇ<ÏÕŠÎÍÈÔ

ÓÈÌÔÖÒÕÏŸÎÎ"ÍÎÜÖÊÔ(ÎÇÔÎÇÉÎÓÈÉÉÇÒÕÏÎÔÚÖÔÎÔ�ÈÎÛÇÜÜÏÌÏÍÔÎ�ÏÍÛÈÌÉ8ÎÉŠÍÔÖ,Î�ÇÕÕÎÛÇÜÜÏÌÎÜÈÌÎÖÍÎÇÛÏÍÔÇÊÖÕÎÔÖÌÑÏÔÎÖÍÛ

ÛÇÜÜÏÌÏÍÊÏÉÎÇÍÎÕÈ�ÏÌCÕÏ�ÏÕÎÛÏÔÖÇÕÉÎÉËÊÚÎÖÉÎÌÏÑÇÉÔÏÌÎÊÈÍ�ÏÍÔÇÈÍÉÎ�ÇÕÕÎÚÇÍÛÏÌÎÓÈÌÔÖÒÇÕÇÔŠŸ

exceptions

"ÜÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉÎÙËÉÔÎÒÏÎËÉÏÛÎÔÈÎÙÏÏÔÎÖÍÈÔÚÏÌÎÓÌÈDÏÊÔÎÌÏ=ËÇÌÏÙÏÍÔ(ÎÌÏÊÈÑÍÇ:ÏÎÔÚÏÎÓÈÌÔÖÒÇÕÇÔŠ

ÛÏÊÌÏÖÉÇÍÑÎÏÜÜÏÊÔÉŸ

"ÍÎÔÚÏÎÛÏÊÕÖÌÖÔÇ�ÏÎÌÏÑÇÈÍÎÈÜÎÔÚÏÎÒÈÛŠÎÈÜÎÔÚÏÎÌÈËÔÇÍÏÎ�ÚÏÌÏÎÔÚÏÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÎÇÉÎÒÏÇÍÑÎËÉÏÛ(ÎÇÍÉÏÌÔ

ÊÈÙÙÏÍÔÉÎÏ,ÓÕÖÇÍÇÍÑÎ�ÚÖÔÎÜËÍÊÔÇÈÍÎÔÚÏÎÇÍÉÏÌÔÎÓÌÈ�ÇÛÏÉ(ÎÖÍÛÎ�ÏÉÓÏÊÇÖÕÕŠ Î�ÚŠÎÔÚÏÎÇÍÉÏÌÔÎÇÉÎÍÏÊÏÉÉÖÌŠŸ

-ÈÙÙÏÍÔÎÔÚÏÎÍÏÊÏÉÉÇÔŠÎÈÜÎËÉÇÍÑÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉÎÒŠÎÛÏÕÇÍÏÖÔÇÍÑÎ�ÚÖÔÎ�ÏÍÔÎ�ÌÈÍÑÎ�ÇÔÚÎÖÔÔÏÙÓÔÉÎÔÈ

ËÉÏÎÈÔÚÏÌÎÚÇÑÚÏÌCÕÏ�ÏÕÎÊÈÍÉÔÌËÊÔÉŸ
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7.6.4 Interfacing Foreign Languages

guideline

S &�ÈÇÛÎÇÍÔÏÌÜÖÊÇÍÑÎ&ÛÖÎ�ÇÔÚÎÈÔÚÏÌÎÕÖÍÑËÖÑÏÉŸÎ

S "ÉÈÕÖÔÏÎÖÕÕÎÉËÒÓÌÈÑÌÖÙÉÎÏÙÓÕÈŠÇÍÑÎÓÌÖÑÙÖÎInterface ÔÈÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎ�ÇÍÔÏÌÜÖÊÏ 

ÓÖÊ<ÖÑÏÎÒÈÛÇÏÉŸ

rationale

!ÚÏÎÓÌÈÒÕÏÙÉÎ�ÇÔÚÎÏÙÓÕÈŠÇÍÑÎÓÌÖÑÙÖÎInterface ÖÌÏÎÊÈÙÓÕÏ,ŸÎ!ÚÏÉÏÎÓÌÈÒÕÏÙÉÎÇÍÊÕËÛÏÎÓÌÖÑÙÖÎÉŠÍÔÖ,

ÛÇÜÜÏÌÏÍÊÏÉ(ÎÊÈÍ�ÏÍÔÇÈÍÉÎÜÈÌÎÕÇÍ<ÇÍÑ2ÒÇÍÛÇÍÑÎ&ÛÖÎÔÈÎÈÔÚÏÌÎÕÖÍÑËÖÑÏÉ(ÎÖÍÛÎÙÖÓÓÇÍÑÎ&ÛÖÎ�ÖÌÇÖÒÕÏÉÎÔÈ

ÜÈÌÏÇÑÍÎÕÖÍÑËÖÑÏÎ�ÖÌÇÖÒÕÏÉŸÎÎŽŠÎÚÇÛÇÍÑÎÔÚÏÉÏÎÛÏÓÏÍÛÏÍÊÇÏÉÎ�ÇÔÚÇÍÎÇÍÔÏÌÜÖÊÏÎÓÖÊ<ÖÑÏÉ(ÎÔÚÏÎÖÙÈËÍÔÎÈÜÎÊÈÛÏ

ÙÈÛÇÜÇÊÖÔÇÈÍÎÊÖÍÎÒÏÎÌÏÛËÊÏÛŸ

exceptions

"ÔÎÇÉÎÈÜÔÏÍÎÍÏÊÏÉÉÖÌŠÎÔÈÎÇÍÔÏÌÖÊÔÎ�ÇÔÚÎÈÔÚÏÌÎÕÖÍÑËÖÑÏÉ(ÎÇÜÎÈÍÕŠÎÖÍÎÖÉÉÏÙÒÕŠÎÕÖÍÑËÖÑÏÎÔÈÎÌÏÖÊÚÎÊÏÌÔÖÇÍ

ÚÖÌÛ�ÖÌÏÎÜÏÖÔËÌÏÉŸÎ"ÍÎÔÚÏÉÏÎÊÖÉÏÉ(ÎÊÕÏÖÌÕŠÎÊÈÙÙÏÍÔÎÔÚÏÎÌÏ=ËÇÌÏÙÏÍÔÉÎÖÍÛÎÕÇÙÇÔÖÔÇÈÍÉÎÈÜÎÔÚÏÎÇÍÔÏÌÜÖÊÏ

ÖÍÛÎÓÌÖÑÙÖÎInterfaceÎËÉÖÑÏŸÎ

7.6.5 ImplementationÁDefined Pragmas and Attributes

guideline

S &�ÈÇÛÎÓÌÖÑÙÖÉÎÖÍÛÎÖÔÔÌÇÒËÔÏÉÎÖÛÛÏÛÎÒŠÎÔÚÏÎÊÈÙÓÇÕÏÌÎÇÙÓÕÏÙÏÍÔÈÌŸ

rationale

!ÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E ÎÓÏÌÙÇÔÉÎÖÍÎÇÙÓÕÏÙÏÍÔÈÌÎÔÈÎÖÛÛ

ÓÌÖÑÙÖÉÎÖÍÛÎÖÔÔÌÇÒËÔÏÉÎÔÈÎÏ,ÓÕÈÇÔÎÖÎÓÖÌÔÇÊËÕÖÌÎÚÖÌÛ�ÖÌÏÎÖÌÊÚÇÔÏÊÔËÌÏÎÈÌÎÉÈÜÔ�ÖÌÏÎÏÍ�ÇÌÈÍÙÏÍÔŸÎ!ÚÏÉÏÎÖÌÏ

ÈÒ�ÇÈËÉÕŠÎ Ï�ÏÍÎÙÈÌÏÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÉÓÏÊÇÜÇÊÎ ÖÍÛÎ ÔÚÏÌÏÜÈÌÏÎ ÕÏÉÉÎ ÓÈÌÔÖÒÕÏÎ ÔÚÖÍÎ ÖÍÎ ÇÙÓÕÏÙÏÍÔÈÌ8É

ÇÍÔÏÌÓÌÏÔÖÔÇÈÍÉÎÈÜÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÌÖÑÙÖÉÎÖÍÛÎÖÔÔÌÇÒËÔÏÉŸ

exceptions

0ÈÙÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎÜÏÖÔËÌÏÉÎÖÌÏÎÑÖÇÍÇÍÑÎ�ÇÛÏÎÖÊÊÏÓÔÖÍÊÏÎÇÍÎÔÚÏÎ&ÛÖÎÊÈÙÙËÍÇÔŠÎÔÈÎÚÏÕÓ

ÖÕÕÏ�ÇÖÔÏÎÇÍÚÏÌÏÍÔÎÇÍÏÜÜÇÊÇÏÍÊÇÏÉÎÇÍÎÉÈÙÏÎ&ÛÖÎÜÏÖÔËÌÏÉŸÎ&ÎÑÈÈÛÎÏ,ÖÙÓÕÏÎÈÜÎÔÚÇÉÎÇÉÎÔÚÏÎGÜÖÉÔÎÇÍÔÏÌÌËÓÔH

ÙÏÊÚÖÍÇÉÙÎ ÔÚÖÔÎ ÓÌÈ�ÇÛÏÉÎ ÖÎÙÇÍÇÙÖÕÎ ÇÍÔÏÌÌËÓÔÎ ÕÖÔÏÍÊŠÎ ÔÇÙÏÎ ÇÍÎ Ï,ÊÚÖÍÑÏÎ ÜÈÌÎ ÖÎ ÌÏÉÔÌÇÊÔÇ�ÏÎ ÔÖÉ<ÇÍÑ

ÏÍ�ÇÌÈÍÙÏÍÔŸÎ&ÛÖÎÊÈÙÙËÍÇÔŠÎÑÌÈËÓÉÎ�ÏŸÑŸ(Î0"5&ÛÖ8ÉÎ&9!#45 ÎÖÌÏÎÖÔÔÏÙÓÔÇÍÑÎÔÈÎÉÔÖÍÛÖÌÛÇ:ÏÎÖ

ÊÈÙÙÈÍÎÙÏÊÚÖÍÇÉÙÎÖÍÛÎÉŠÍÔÖ,ÎÔÈÎÓÌÈ�ÇÛÏÎÔÚÇÉÎÊÖÓÖÒÇÕÇÔŠŸÎŽŠÎÒÏÇÍÑÎÖ�ÖÌÏÎÈÜÎÇÍÛËÉÔÌŠÎÔÌÏÍÛÉÎ�ÚÏÍ

ÉÓÏÊÇÖÕÇ:ÏÛÎÜÏÖÔËÌÏÉÎÙËÉÔÎÒÏÎËÉÏÛ(ÎŠÈËÎÊÖÍÎÔÖ<ÏÎÖÎÙÈÌÏÎÑÏÍÏÌÖÕÎÖÓÓÌÈÖÊÚÎÔÚÖÔÎ�ÇÕÕÎÚÏÕÓÎÙÇÍÇÙÇ:ÏÎÔÚÏ

ÓÈÌÔÇÍÑÎDÈÒŸÎ

7.6.6 Unchecked Deallocation

guideline

S &�ÈÇÛÎÛÏÓÏÍÛÏÍÊÏÎÈÍÎUnchecked_DeallocationÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ6ŸÅŸF Ÿ

rationale

!ÚÏÄËÍÊÚÏÊ<ÏÛÎÉÔÈÌÖÑÏÎÛÏÖÕÕÈÊÖÔÇÈÍÎÙÏÊÚÖÍÇÉÙÎÇÉÎÈÍÏÎÙÏÔÚÈÛÎÜÈÌÎÈ�ÏÌÌÇÛÇÍÑÎÔÚÏÎÛÏÜÖËÕÔÎÔÇÙÏÎÖÔÎ�ÚÇÊÚ

ÖÕÕÈÊÖÔÏÛÎÉÔÈÌÖÑÏÎÇÉÎÌÏÊÕÖÇÙÏÛŸÎ!ÚÏÎÏÖÌÕÇÏÉÔÎÛÏÜÖËÕÔÎÔÇÙÏÎÇÉÎ�ÚÏÍÎÖÍÎÈÒDÏÊÔÎÇÉÎÍÈÎÕÈÍÑÏÌÎÖÊÊÏÉÉÇÒÕÏ(ÎÏŸÑŸ(

�ÚÏÍÎÊÈÍÔÌÈÕÎÕÏÖ�ÏÉÎÔÚÏÎÉÊÈÓÏÎ�ÚÏÌÏÎÖÍÎÖÊÊÏÉÉÎÔŠÓÏÎ�ÖÉÎÛÏÊÕÖÌÏÛÎ�ÔÚÏÎÏ,ÖÊÔÎÓÈÇÍÔÎÖÜÔÏÌÎÔÚÇÉÎÔÇÙÏÎÇÉ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÎÛÏÓÏÍÛÏÍÔ ŸÎ&ÍŠÎËÍÊÚÏÊ<ÏÛÎÛÏÖÕÕÈÊÖÔÇÈÍÎÈÜÎÉÔÈÌÖÑÏÎÓÏÌÜÈÌÙÏÛÎÓÌÇÈÌÎÔÈÎÔÚÇÉÎÙÖŠÎÌÏÉËÕÔ

ÇÍÎÖÍÎÏÌÌÈÍÏÈËÉÎ&ÛÖÎÓÌÈÑÌÖÙÎÇÜÎÖÍÎÖÔÔÏÙÓÔÎÇÉÎÙÖÛÏÎÔÈÎÖÊÊÏÉÉÎÔÚÏÎÈÒDÏÊÔŸ

!ÚÇÉÎ ÑËÇÛÏÕÇÍÏÎ ÇÉÎ ÉÔÌÈÍÑÏÌÎ ÔÚÖÍÎ 5ËÇÛÏÕÇÍÏÎ 6ŸÅŸFÎ ÒÏÊÖËÉÏÎ ÈÜÎ ÔÚÏÎ Ï,ÔÌÏÙÏÎ ÛÏÓÏÍÛÏÍÊÏÎ ÈÍÎ ÔÚÏ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÈÜÎUnchecked_DeallocationŸÎ/ÉÇÍÑÎÇÔÎÊÈËÕÛÎÊÖËÉÏÎÊÈÍÉÇÛÏÌÖÒÕÏÎÛÇÜÜÇÊËÕÔŠÎ�ÇÔÚÎÓÈÌÔÖÒÇÕÇÔŠŸ

exceptions

/ÉÇÍÑÎËÍÊÚÏÊ<ÏÛÎÛÏÖÕÕÈÊÖÔÇÈÍÎÈÜÎÉÔÈÌÖÑÏÎÊÖÍÎÒÏÎÒÏÍÏÜÇÊÇÖÕÎÇÍÎÕÈÊÖÕÎÊÈÍÔÌÈÕÎÈÜÎÚÇÑÚÕŠÎÇÔÏÌÖÔÇ�ÏÎÈÌÎÌÏÊËÌÉÇ�Ï

ÖÕÑÈÌÇÔÚÙÉÎ�ÚÏÌÏÎÖ�ÖÇÕÖÒÕÏÎÉÔÈÌÖÑÏÎÙÖŠÎÒÏÎÏ,ÊÏÏÛÏÛŸ
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7.6.7 Unchecked Conversion

guideline

S &�ÈÇÛÎËÉÇÍÑÎUnchecked_ConversionÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ6ŸÅŸÄ Ÿ

rationale

!ÚÏÎËÍÊÚÏÊ<ÏÛÎÔŠÓÏÎÊÈÍ�ÏÌÉÇÈÍÎÙÏÊÚÖÍÇÉÙÎÇÉ(ÎÇÍÎÏÜÜÏÊÔ(ÎÖÎÙÏÖÍÉÎÈÜÎÒŠÓÖÉÉÇÍÑÎÔÚÏÎÉÔÌÈÍÑÎÔŠÓÇÍÑÎÜÖÊÇÕÇÔÇÏÉ

ÇÍÎ&ÛÖŸÎ&ÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÇÉÎÜÌÏÏÎÔÈÎÕÇÙÇÔÎÔÚÏÎÔŠÓÏÉÎÔÚÖÔÎÙÖŠÎÒÏÎÙÖÔÊÚÏÛÎÖÍÛÎÔÚÏÎÌÏÉËÕÔÉÎÔÚÖÔÎÈÊÊËÌ

�ÚÏÍÎÈÒDÏÊÔÎÉÇ:ÏÉÎÛÇÜÜÏÌŸ

exceptions

/ÍÊÚÏÊ<ÏÛÎÔŠÓÏÎÊÈÍ�ÏÌÉÇÈÍÎÇÉÎËÉÏÜËÕÎÇÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÓÖÌÔÉÎÈÜÎ&ÛÖÎÓÌÈÑÌÖÙÉÎ��ÚÏÌÏÎÕÖÊ<

ÈÜÎÓÈÌÔÖÒÇÕÇÔŠÎÇÉÎÇÉÈÕÖÔÏÛ Î�ÚÏÌÏÎÕÈ�CÕÏ�ÏÕÎÓÌÈÑÌÖÙÙÇÍÑÎÖÍÛÎÜÈÌÏÇÑÍÎÕÖÍÑËÖÑÏÎÇÍÔÏÌÜÖÊÇÍÑÎÇÉÎÔÚÏÎÈÒDÏÊÔÇ�ÏŸÎ

7.6.8 Run Time Dependencies

guideline

S &�ÈÇÛÎÔÚÏÎÛÇÌÏÊÔÎÇÍ�ÈÊÖÔÇÈÍÎÈÜÎÈÌÎÇÙÓÕÇÊÇÔÎÛÏÓÏÍÛÏÍÊÏÎËÓÈÍÎÖÍÎËÍÛÏÌÕŠÇÍÑÎÚÈÉÔÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÎÈÌ

&ÛÖÎÌËÍÎÔÇÙÏÎÉËÓÓÈÌÔÎÉŠÉÔÏÙŸ

rationale

1ÏÖÔËÌÏÉÎÈÜÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÍÈÔÎÉÓÏÊÇÜÇÏÛÎÇÍÎÔÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜ

ÃÏÜÏÍÉÏÎ ÄÅ$E Î �ÇÕÕÎ ËÉËÖÕÕŠÎ ÛÇÜÜÏÌÎ ÒÏÔ�ÏÏÍÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ 0ÓÏÊÇÜÇÊÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔ

ÜÏÖÔËÌÏÉÎÖÌÏÎÍÈÔÎÕÇ<ÏÕŠÎÔÈÎÒÏÎÓÌÈ�ÇÛÏÛÎÇÍÎÈÔÚÏÌÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ#�ÏÍÎÇÜÎÖÎÙÖDÈÌÇÔŠÎÈÜÎ�ÏÍÛÈÌÉÎÏ�ÏÍÔËÖÕÕŠ

ÓÌÈ�ÇÛÏÎÉÇÙÇÕÖÌÎÜÏÖÔËÌÏÉ(ÎÔÚÏŠÎÖÌÏÎËÍÕÇ<ÏÕŠÎÔÈÎÚÖ�ÏÎÇÛÏÍÔÇÊÖÕÎÜÈÌÙËÕÖÔÇÈÍÉŸÎ"ÍÛÏÏÛ(ÎÛÇÜÜÏÌÏÍÔÎ�ÏÍÛÈÌÉÎÙÖŠ

ËÉÏÎÔÚÏÎÉÖÙÏÎÜÈÌÙËÕÖÔÇÈÍÎÜÈÌÎ�ÉÏÙÖÍÔÇÊÖÕÕŠ ÎÏÍÔÇÌÏÕŠÎÛÇÜÜÏÌÏÍÔÎÜÏÖÔËÌÏÉŸ

!ÌŠÎÔÈÎÖ�ÈÇÛÎÔÚÏÉÏÎ�ÚÏÍÎÊÈÛÇÍÑŸÎ-ÈÍÉÇÛÏÌÎÔÚÏÎÊÈÍÉÏ=ËÏÍÊÏÉÎÈÜÎÇÍÊÕËÛÇÍÑÎÉŠÉÔÏÙÎÊÖÕÕÉÎÇÍÎÖÎÓÌÈÑÌÖÙÎÈÍÎÖ

ÚÈÉÔÎÛÏ�ÏÕÈÓÙÏÍÔÎÉŠÉÔÏÙŸÎ"ÜÎÔÚÏÉÏÎÊÖÕÕÉÎÖÌÏÎÍÈÔÎÜÕÖÑÑÏÛÎÜÈÌÎÌÏÙÈ�ÖÕÎÖÍÛÎÌÏÓÕÖÊÏÙÏÍÔ(ÎÔÚÏÎÓÌÈÑÌÖÙÎÊÈËÕÛ

ÑÈÎÔÚÌÈËÑÚÎÛÏ�ÏÕÈÓÙÏÍÔÎÖÍÛÎÔÏÉÔÇÍÑÎÈÍÕŠÎÔÈÎÒÏÎËÍËÉÖÒÕÏÎ�ÚÏÍÎÙÈ�ÏÛÎÔÈÎÖÎÔÖÌÑÏÔÎÏÍ�ÇÌÈÍÙÏÍÔÎ�ÚÇÊÚ

ÕÖÊ<ÉÎÔÚÏÎÜÖÊÇÕÇÔÇÏÉÎÓÌÈ�ÇÛÏÛÎÒŠÎÔÚÈÉÏÎÉŠÉÔÏÙÎÊÖÕÕÉÎÈÍÎÔÚÏÎÚÈÉÔŸ

exceptions

"ÍÎ ÌÏÖÕCÔÇÙÏÎÏÙÒÏÛÛÏÛÎ ÉŠÉÔÏÙÉ(ÎÙÖ<ÇÍÑÎ ÊÖÕÕÉÎ ÔÈÎ ÕÈ�CÕÏ�ÏÕÎ ÉËÓÓÈÌÔÎ ÉŠÉÔÏÙÎ ÜÖÊÇÕÇÔÇÏÉÎÙÖŠÎÈÜÔÏÍÎÒÏ

ËÍÖ�ÈÇÛÖÒÕÏŸÎ"ÉÈÕÖÔÏÎÔÚÏÎËÉÏÉÎÈÜÎÔÚÏÉÏÎÜÖÊÇÕÇÔÇÏÉÎÙÖŠÎÒÏÎÔÈÈÎÛÇÜÜÇÊËÕÔŸÎ-ÈÙÙÏÍÔÎÔÚÏÙÎÖÉÎŠÈËÎ�ÈËÕÛ

ÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎBŸ>ŸE *ÎÔÚÏŠÎÖÌÏ(ÎÇÍÎÖÎÉÏÍÉÏ(ÎÇÍÉÔÌËÊÔÇÈÍÉÎÜÈÌÎÔÚÏÎ�ÇÌÔËÖÕÎÙÖÊÚÇÍÏ

ÓÌÈ�ÇÛÏÛÎÒŠÎÔÚÏÎÉËÓÓÈÌÔÎÉŠÉÔÏÙŸÎ4ÚÏÍÎÇÉÈÕÖÔÇÍÑÎÔÚÏÎËÉÏÉÎÈÜÎÔÚÏÉÏÎÜÏÖÔËÌÏÉ(ÎÓÌÈ�ÇÛÏÎÖÍÎÇÍÔÏÌÜÖÊÏÎÜÈÌÎÔÚÏ

ÌÏÉÔÎÈÜÎŠÈËÌÎÓÌÈÑÌÖÙÎÔÈÎËÉÏÎ�ÚÇÊÚÎÊÖÍÎÒÏÎÓÈÌÔÏÛÎÔÚÌÈËÑÚÎÌÏÓÕÖÊÏÙÏÍÔÎÈÜÎÔÚÏÎÇÍÔÏÌÜÖÊÏ8ÉÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸ

7.7 INPUT/OUTPUT

"ÍÓËÔ2)ËÔÓËÔÎÜÖÊÇÕÇÔÇÏÉÎÇÍÎ&ÛÖÎÖÌÏÎÍÈÔÎÖÎÓÖÌÔÎÈÜÎÔÚÏÎÉŠÍÔÖÊÔÇÊÎÛÏÜÇÍÇÔÇÈÍÎÈÜÎÔÚÏÎÕÖÍÑËÖÑÏŸÎ!ÚÏÎÊÈÍÉÔÌËÊÔÉÎÇÍÎÔÚÏ

ÕÖÍÑËÖÑÏÎÚÖ�ÏÎÒÏÏÍÎËÉÏÛÎÔÈÎÛÏÜÇÍÏÎÖÎÉÏÔÎÈÜÎÓÖÊ<ÖÑÏÉÎÜÈÌÎÔÚÇÉÎÓËÌÓÈÉÏŸÎ!ÚÏÉÏÎÓÖÊ<ÖÑÏÉÎÖÌÏÎÍÈÔÎÏ,ÓÏÊÔÏÛÎÔÈ

ÙÏÏÔÎÖÕÕÎÔÚÏÎ"2)ÎÍÏÏÛÉÎÈÜÎÖÕÕÎÖÓÓÕÇÊÖÔÇÈÍÉ(ÎÇÍÎÓÖÌÔÇÊËÕÖÌÎÏÙÒÏÛÛÏÛÎÉŠÉÔÏÙÉŸÎ!ÚÏŠÎÉÏÌ�ÏÎÖÉÎÖÎÊÈÌÏÎÉËÒÉÏÔÎÔÚÖÔ

ÙÖŠÎÒÏÎËÉÏÛÎÈÍÎÉÔÌÖÇÑÚÔÜÈÌ�ÖÌÛÎÛÖÔÖ(ÎÖÍÛÎÔÚÖÔÎÊÖÍÎÒÏÎËÉÏÛÎÖÉÎÏ,ÖÙÓÕÏÉÎÈÜÎÒËÇÕÛÇÍÑÎ"2)ÎÜÖÊÇÕÇÔÇÏÉÎËÓÈÍÎÔÚÏ

ÕÈ�CÕÏ�ÏÕÎÊÈÍÉÔÌËÊÔÉÎÓÌÈ�ÇÛÏÛÎÒŠÎÔÚÏÎÕÖÍÑËÖÑÏŸÎ’ÌÈ�ÇÛÇÍÑÎÖÍÎ"2)ÎÛÏÜÇÍÇÔÇÈÍÎÔÚÖÔÎÊÈËÕÛÎÙÏÏÔÎÔÚÏÎÌÏ=ËÇÌÏÙÏÍÔÉ

ÈÜÎÖÕÕÎÖÓÓÕÇÊÖÔÇÈÍÉÎÖÍÛÎÇÍÔÏÑÌÖÔÏÎ�ÇÔÚÎÔÚÏÎÙÖÍŠÎÏ,ÇÉÔÇÍÑÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÉÎ�ÈËÕÛÎÌÏÉËÕÔÎÇÍÎËÍÖÊÊÏÓÔÖÒÕÏ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉŸÎ

!ÚÏÎÔŠÓÏÉÎÈÜÎÓÈÌÔÖÒÇÕÇÔŠÎÓÌÈÒÕÏÙÉÎÏÍÊÈËÍÔÏÌÏÛÎ�ÇÔÚÎ"2)ÎÔÏÍÛÎÔÈÎÒÏÎÛÇÜÜÏÌÏÍÔÎÜÈÌÎÖÓÓÕÇÊÖÔÇÈÍÉÎÌËÍÍÇÍÑÎ�ÇÔÚÎÖ

ÚÈÉÔÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÎ�ÏÌÉËÉÎÏÙÒÏÛÛÏÛÎÔÖÌÑÏÔÉÎ�ÚÏÌÏÎÔÚÏÎ&ÛÖÎÌËÍCÔÇÙÏÎÇÉÎÉÏÕÜCÉËÜÜÇÊÇÏÍÔŸÎ"ÍÔÏÌÖÊÔÇÍÑÎ�ÇÔÚÎÖ

ÚÈÉÔÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÎÈÜÜÏÌÉÎÔÚÏÎÖÛÛÏÛÎÊÈÙÓÕÏ,ÇÔŠÎÈÜÎÊÈÏ,ÇÉÔÇÍÑÎ�ÇÔÚÎÔÚÏÎÚÈÉÔÎÜÇÕÏÎÉŠÉÔÏÙÎÉÔÌËÊÔËÌÏÉÎ�ÏŸÑŸ(

ÚÇÏÌÖÌÊÚÇÊÖÕÎÛÇÌÏÊÔÈÌÇÏÉ (ÎÖÊÊÏÉÉÎÙÏÔÚÈÛÉÎ�ÏŸÑŸ(Î"0&7 (ÎÖÍÛÎÍÖÙÇÍÑÎÊÈÍ�ÏÍÔÇÈÍÉÎ�ÏŸÑŸ(ÎÕÈÑÇÊÖÕÎÍÖÙÏÉÎÖÍÛ

ÖÕÇÖÉÏÉÎÒÖÉÏÛÎÈÍÎÔÚÏÎÊËÌÌÏÍÔÎÛÇÌÏÊÔÈÌŠ ŸÎ!ÚÏÎÉÏÊÔÇÈÍÎÈÍÎ"ÍÓËÔ2)ËÔÓËÔÎÇÍÎ&9!#45Î�ÄÅ$> ÎÓÌÈ�ÇÛÏÉÎÉÈÙÏ

Ï,ÖÙÓÕÏÉÎÈÜÎÔÚÇÉÎÔŠÓÏÎÈÜÎÛÏÓÏÍÛÏÍÊŠŸÎ#ÙÒÏÛÛÏÛÎÖÓÓÕÇÊÖÔÇÈÍÉÎÚÖ�ÏÎÛÇÜÜÏÌÏÍÔÎÛÏÓÏÍÛÏÍÊÇÏÉÎÔÚÖÔÎÈÜÔÏÍÎÔÇÏ

ÔÚÏÙÎÔÈÎÔÚÏÎÕÈ�CÕÏ�ÏÕÎÛÏÔÖÇÕÉÎÈÜÎÔÚÏÇÌÎÚÖÌÛ�ÖÌÏÎÛÏ�ÇÊÏÉŸ

!ÚÏÎÙÖDÈÌÎÛÏÜÏÍÉÏÎÖÑÖÇÍÉÔÎÔÚÏÉÏÎÇÍÚÏÌÏÍÔÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉÎÇÍÎ"2)ÎÇÉÎÔÈÎÔÌŠÎÔÈÎÇÉÈÕÖÔÏÎÔÚÏÇÌ

ÜËÍÊÔÇÈÍÖÕÇÔŠÎÇÍÎÖÍŠÎÑÇ�ÏÍÎÖÓÓÕÇÊÖÔÇÈÍŸÎ!ÚÏÎÙÖDÈÌÇÔŠÎÈÜÎÔÚÏÎÜÈÕÕÈ�ÇÍÑÎÑËÇÛÏÕÇÍÏÉÎÖÌÏÎÜÈÊËÉÏÛÎÇÍÎÔÚÇÉÎÛÇÌÏÊÔÇÈÍŸ



’)9!&Ž"3"!AÎÎÄFE

7.7.1 Name and Form Parameters

guideline

S /ÉÏÎÊÈÍÉÔÖÍÔÉÎÖÍÛÎ�ÖÌÇÖÒÕÏÉÎÖÉÎÉŠÙÒÈÕÇÊÎÖÊÔËÖÕÉÎÜÈÌÎÔÚÏÀÁÂÄÀÎÖÍÛÎÅÃÇÄÎÓÖÌÖÙÏÔÏÌÉÎÈÍÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛ

"2)ÎÓÖÊ<ÖÑÏÉŸÎÃÏÊÕÖÌÏÎÖÍÛÎÇÍÇÔÇÖÕÇ:ÏÎÔÚÏÙÎÇÍÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊŠÎÓÖÊ<ÖÑÏŸÎ

rationale

!ÚÏÎÜÈÌÙÖÔÎÖÍÛÎÖÕÕÈ�ÖÒÕÏÎ�ÖÕËÏÉÎÈÜÎÔÚÏÉÏÎÓÖÌÖÙÏÔÏÌÉÎÈÍÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎ"2)ÎÓÖÊ<ÖÑÏÉÎÊÖÍÎ�ÖÌŠÎÑÌÏÖÔÕŠ

ÒÏÔ�ÏÏÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÉŸÎ"ÉÈÕÖÔÇÈÍÎÈÜÎÔÚÏÉÏÎ�ÖÕËÏÉÎÜÖÊÇÕÇÔÖÔÏÉÎÓÈÌÔÖÒÇÕÇÔŠŸÎ?ÈÔÏÎÔÚÖÔÎÍÈÔÎÉÓÏÊÇÜŠÇÍÑÎÖÉÅÃÇÄ

ÉÔÌÇÍÑÎÈÌÎËÉÇÍÑÎÖÎÍËÕÕÎ�ÖÕËÏÎÛÈÏÉÎÍÈÔÎÑËÖÌÖÍÔÏÏÎÓÈÌÔÖÒÇÕÇÔŠÎÉÇÍÊÏÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÇÉÎÜÌÏÏÎÔÈÎÉÓÏÊÇÜŠ

ÛÏÜÖËÕÔÉŸÎ

note

"ÔÎÙÖŠÎÒÏÎÛÏÉÇÌÖÒÕÏÎ ÔÈÎ ÜËÌÔÚÏÌÎ ÖÒÉÔÌÖÊÔÎ ÔÚÏÎ "2)Î ÜÖÊÇÕÇÔÇÏÉÎ ÒŠÎÛÏÜÇÍÇÍÑÎ ÖÛÛÇÔÇÈÍÖÕÎÊÇÀÂËÀÎ ÖÍÛÎÈÍÀÎ

ÓÌÈÊÏÛËÌÏÉÎÔÚÖÔÎÚÇÛÏÎÔÚÏÎ�ÇÉÇÒÇÕÇÔŠÎÈÜÎÔÚÏÎÅÃÇÄÎÓÖÌÖÙÏÔÏÌÎÏÍÔÇÌÏÕŠÎ�ÉÏÏÎ’ÖÓÓÖÉÎÄÅ$6(Î6%C66 Ÿ

7.7.2 File Closing

guideline

S -ÕÈÉÏÎÖÕÕÎÜÇÕÏÉÎÏ,ÓÕÇÊÇÔÕŠŸ

rationale

!ÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E(ÎwÄ%ŸÄ ÎÉÔÖÔÏÉ(ÎG!ÚÏÎÕÖÍÑËÖÑÏ

ÛÈÏÉÎÍÈÔÎÛÏÜÇÍÏÎ�ÚÖÔÎÚÖÓÓÏÍÉÎÔÈÎÏ,ÔÏÌÍÖÕÎÜÇÕÏÉÎÖÜÔÏÌÎÊÈÙÓÕÏÔÇÈÍÎÈÜÎÔÚÏÎÙÖÇÍÎÓÌÈÑÌÖÙÎ�ÇÍÎÓÖÌÔÇÊËÕÖÌ(ÎÇÜ

ÊÈÌÌÏÉÓÈÍÛÇÍÑÎÜÇÕÏÉÎÚÖ�ÏÎÍÈÔÎÒÏÏÍÎÊÕÈÉÏÛ ŸHÎ!ÚÏÎÓÈÉÉÇÒÇÕÇÔÇÏÉÎÌÖÍÑÏÎÜÌÈÙÎÒÏÇÍÑÎÊÕÈÉÏÛÎÇÍÎÖÍÎÖÍÔÇÊÇÓÖÔÏÛ

ÙÖÍÍÏÌÎÔÈÎÛÏÕÏÔÇÈÍŸ

!ÚÏÎ ÛÇÉÓÈÉÇÔÇÈÍÎ ÈÜÎ ÖÎ ÊÕÈÉÏÛÎ ÔÏÙÓÈÌÖÌŠÎ ÜÇÕÏÎÙÖŠÎ �ÖÌŠ(Î ÓÏÌÚÖÓÉÎ ÖÜÜÏÊÔÇÍÑÎ ÓÏÌÜÈÌÙÖÍÊÏÎ ÖÍÛÎ ÉÓÖÊÏ

Ö�ÖÇÕÖÒÇÕÇÔŠÎ�&9!#45ÎÄÅ$> Ÿ

7.7.3 I/O on Access Types

guideline

S &�ÈÇÛÎÓÏÌÜÈÌÙÇÍÑÎ"2)ÎÈÍÎÖÊÊÏÉÉÎÔŠÓÏÉŸ

rationale

!ÚÏÎ&ÛÖÎ3ÖÍÑËÖÑÏÎ9ÏÜÏÌÏÍÊÏÎ7ÖÍËÖÕÎ�ÃÏÓÖÌÔÙÏÍÔÎÈÜÎÃÏÜÏÍÉÏÎÄÅ$E ÎÛÈÏÉÎÍÈÔÎÌÏ=ËÇÌÏÎÔÚÖÔÎÇÔÎÒÏ

ÉËÓÓÈÌÔÏÛŸÎ4ÚÏÍÎÉËÊÚÎÖÎ�ÖÕËÏÎÇÉÎ�ÌÇÔÔÏÍ(ÎÇÔÎÇÉÎÓÕÖÊÏÛÎÈËÔÎÈÜÎÌÏÖÊÚÎÈÜÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸÎ!ÚËÉ(ÎÇÔÎÇÉÎÈËÔ

ÈÜÎÌÏÖÊÚÎÈÜÎÔÚÏÎÌÏÕÇÖÒÇÕÇÔŠCÏÍÚÖÍÊÇÍÑÎÊÈÍÔÌÈÕÉÎÈÜÎÉÔÌÈÍÑÎÔŠÓÏÎÊÚÏÊ<ÇÍÑŸ

-ÈÍÉÇÛÏÌÎÔÚÏÎÙÏÖÍÇÍÑÎÈÜÎÔÚÇÉÎÈÓÏÌÖÔÇÈÍŸÎ)ÍÏÎÓÈÉÉÇÒÕÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÈÜÎÔÚÏÎ�ÖÕËÏÉÎÈÜÎÖÊÊÏÉÉÎÔŠÓÏÉÎÇÉ

�ÇÌÔËÖÕÎÖÛÛÌÏÉÉÏÉŸÎ"ÜÎŠÈËÎ�ÌÇÔÏÎÉËÊÚÎÖÎ�ÖÕËÏ(ÎÚÈ�ÎÊÖÍÎŠÈËÎÏ,ÓÏÊÔÎÖÍÈÔÚÏÌÎÓÌÈÑÌÖÙÎÔÈÎÌÏÖÛÎÔÚÖÔÎ�ÖÕËÏÎÖÍÛ

ÙÖ<ÏÎÖÍŠÎÉÏÍÉÇÒÕÏÎËÉÏÎÈÜÎÇÔRÎ!ÚÏÎ�ÖÕËÏÎÊÖÍÍÈÔÎÒÏÎÊÈÍÉÔÌËÏÛÎÔÈÎÌÏÜÏÌÎÔÈÎÖÍŠÎÙÏÖÍÇÍÑÜËÕÎÕÈÊÖÔÇÈÍÎ�ÇÔÚÇÍ

ÔÚÏÎÌÏÖÛÏÌ8ÉÎÖÛÛÌÏÉÉÎÉÓÖÊÏ(ÎÍÈÌÎÊÖÍÎÖÎÌÏÖÛÏÌÎÇÍÜÏÌÎÖÍŠÎÇÍÜÈÌÙÖÔÇÈÍÎÖÒÈËÔÎÔÚÏÎ�ÌÇÔÏÌ8ÉÎÖÛÛÌÏÉÉÎÉÓÖÊÏÎÜÌÈÙ

ÔÚÏÎ�ÖÕËÏÎÌÏÖÛŸÎ!ÚÏÎÕÖÔÔÏÌÎÇÉÎÔÚÏÎÉÖÙÏÎÓÌÈÒÕÏÙÎÔÚÖÔÎÔÚÏÎ�ÌÇÔÏÌÎ�ÈËÕÛÎÚÖ�ÏÎÔÌŠÇÍÑÎÔÈÎÇÍÔÏÌÓÌÏÔÎÈÌÎËÉÏÎÔÚÏ

�ÖÕËÏÎÇÜÎÇÔÎÇÉÎÌÏÖÛÎÒÖÊ<ÎÇÍŸÎ!ÈÎ�ÇÔ(ÎÖÎÑÖÌÒÖÑÏÎÊÈÕÕÏÊÔÇÈÍÎÖÍÛ2ÈÌÎÚÏÖÓÎÊÈÙÓÖÊÔÇÈÍÎÉÊÚÏÙÏÎÙÖŠÎÚÖ�ÏÎÙÈ�ÏÛ

ÔÚÏÎÇÔÏÙÎÜÈÌÙÏÌÕŠÎÖÊÊÏÉÉÏÛÎÒŠÎÔÚÖÔÎ�ÖÕËÏ(ÎÕÏÖ�ÇÍÑÎÔÚÖÔÎ�ÖÕËÏÎGÓÈÇÍÔÇÍÑHÎÖÔÎÉÓÖÊÏÎ�ÚÇÊÚÎÇÉÎÍÈ�ÎÒÏÇÍÑÎÓËÔÎÔÈ

ÇÍÛÏÔÏÌÙÇÍÖÒÕÏÎËÉÏÉÎÒŠÎÔÚÏÎËÍÛÏÌÕŠÇÍÑÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍŸ

7.7.4 Package Low_Level_IO

guideline

S 7ÇÍÇÙÇ:ÏÎÖÍÛÎÇÉÈÕÖÔÏÎËÉÇÍÑÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÖÊ<ÖÑÏÎÏÃÌÑÏÀÓÀÔÑÖÈ.

rationale

ÏÃÌÑÏÀÓÀÔÑÖÈÎÇÉÎÇÍÔÏÍÛÏÛÎÔÈÎÉËÓÓÈÌÔÎÛÇÌÏÊÔÎÇÍÔÏÌÖÊÔÇÈÍÎ�ÇÔÚÎÓÚŠÉÇÊÖÕÎÛÏ�ÇÊÏÉÎÔÚÖÔÎÖÌÏÎËÉËÖÕÕŠÎËÍÇ=ËÏÎÔÈÎÖ

ÑÇ�ÏÍÎ ÚÈÉÔÎ ÈÌÎ ÔÖÌÑÏÔÎ ÏÍ�ÇÌÈÍÙÏÍÔŸÎ "ÍÎ ÖÛÛÇÔÇÈÍ(Î ÔÚÏÎ ÛÖÔÖÎ ÔŠÓÏÉÎ ÓÌÈ�ÇÛÏÛÎ ÔÈÎ ÔÚÏÎ ÓÌÈÊÏÛËÌÏÉÎ ÖÌÏ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÜÇÍÏÛŸÎ!ÚÇÉÎÖÕÕÈ�ÉÎ�ÏÍÛÈÌÉÎÔÈÎÛÏÜÇÍÏÎÛÇÜÜÏÌÏÍÔÎÇÍÔÏÌÜÖÊÏÉÎÔÈÎÖÍÎÇÛÏÍÔÇÊÖÕÎÛÏ�ÇÊÏŸ



ÄF%ÎÎ&ÛÖÎ@/&3"!AÎ&?ÃÎ0!A3#

exceptions

!ÚÈÉÏÎÓÈÌÔÇÈÍÉÎÈÜÎÖÍÎÖÓÓÕÇÊÖÔÇÈÍÎÔÚÖÔÎÙËÉÔÎÛÏÖÕÎ�ÇÔÚÎÔÚÇÉÎÕÏ�ÏÕÎÈÜÎ"2)(ÎÏŸÑŸ(ÎÛÏ�ÇÊÏÎÛÌÇ�ÏÌÉÎÖÍÛÎÌÏÖÕCÔÇÙÏ

ÊÈÙÓÈÍÏÍÔÉÎÛÏÖÕÇÍÑÎ�ÇÔÚÎÛÇÉÊÌÏÔÏÉ(ÎÖÌÏÎÇÍÚÏÌÏÍÔÕŠÎÍÈÍÓÈÌÔÖÒÕÏŸÎ4ÚÏÌÏÎÓÏÌÜÈÌÙÖÍÊÏÎÖÕÕÈ�É(ÎÉÔÌËÊÔËÌÏ

ÔÚÏÉÏÎ ÊÈÙÓÈÍÏÍÔÉÎ ÔÈÎ ÇÉÈÕÖÔÏÎ ÔÚÏÎ ÚÖÌÛ�ÖÌÏÎ ÇÍÔÏÌÜÖÊÏŸÎ )ÍÕŠÎ �ÇÔÚÇÍÎ ÔÚÏÉÏÎ ÇÉÈÕÖÔÏÛÎ ÓÈÌÔÇÈÍÉÎ ÇÉÎ ÇÔ

ÖÛ�ÖÍÔÖÑÏÈËÉÎÔÈÎÏÙÓÕÈŠÎÔÚÏÎLow_Level_IOÎÇÍÔÏÌÜÖÊÏÎ�ÚÇÊÚÎÇÉÎÓÈÌÔÖÒÕÏÎÇÍÎÊÈÍÊÏÓÔÎÖÍÛÎÑÏÍÏÌÖÕÎÓÌÈÊÏÛËÌÖÕ

ÇÍÔÏÌÜÖÊÏ(ÎÇÜÎÍÈÔÎÊÈÙÓÕÏÔÏÕŠÎÉÈÎÇÍÎÉŠÍÔÖ,ÎÖÍÛÎÉÏÙÖÍÔÇÊÉŸ

7.8 SUMMARY

fundamentals

S 7Ö<ÏÎÊÈÍÉÇÛÏÌÏÛÎÖÉÉËÙÓÔÇÈÍÉÎÖÒÈËÔÎÔÚÏÎÉËÓÓÈÌÔÎÓÌÈ�ÇÛÏÛÎÜÈÌÎÔÚÏÎÜÈÕÕÈ�ÇÍÑÎÈÍÎÓÈÔÏÍÔÇÖÕÎÔÖÌÑÏÔ

ÓÕÖÔÜÈÌÙÉ�

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÔŠÓÏÎIntegerÎ�ÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉ Ÿ

+ ?ËÙÒÏÌÎÈÜÎÛÏÊÇÙÖÕÎÛÇÑÇÔÉÎÈÜÎÓÌÏÊÇÉÇÈÍÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉŸ

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÖ�ÖÇÕÖÒÕÏÎÜÈÌÎÜÇ,ÏÛCÓÈÇÍÔÎÔŠÓÏÉÎ�ÛÏÕÔÖÎÖÍÛÎÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉ Ÿ

+ ?ËÙÒÏÌÎÈÜÎÊÚÖÌÖÊÔÏÌÉÎÓÏÌÎÕÇÍÏÎÈÜÎÉÈËÌÊÏÎÔÏ,ÔŸ

+ ?ËÙÒÏÌÎÈÜÎÒÇÔÉÎÜÈÌÎUniversal_IntegerÎÏ,ÓÌÏÉÉÇÈÍÉŸ

+ ?ËÙÒÏÌÎÈÜÎÉÏÊÈÍÛÉÎÜÈÌÎÔÚÏÎÌÖÍÑÏÎÈÜÎDurationŸ

+ ?ËÙÒÏÌÎÈÜÎÙÇÕÕÇÉÏÊÈÍÛÉÎÜÈÌÎDuration’SmallŸÎ

S ÃÈÍ8ÔÎÇÙÓÕÇÊÇÔÕŠÎËÉÏÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÕÇÙÇÔŸ

S /ÉÏÎÚÇÑÚÕÇÑÚÔÇÍÑÎÊÈÙÙÏÍÔÉÎÜÈÌÎÏÖÊÚÎÓÖÊ<ÖÑÏ(ÎÉËÒÓÌÈÑÌÖÙÎÖÍÛÎÔÖÉ<Î�ÚÏÌÏÎÖÍŠÎÍÈÍÓÈÌÔÖÒÕÏÎÜÏÖÔËÌÏÉ

ÖÌÏÎÓÌÏÉÏÍÔŸÎ

S 1ÈÌÎÏÖÊÚÎÍÈÍÓÈÌÔÖÒÕÏÎÜÏÖÔËÌÏÎÏÙÓÕÈŠÏÛ(ÎÛÏÉÊÌÇÒÏÎÔÚÏÎÏ,ÓÏÊÔÖÔÇÈÍÉÎÜÈÌÎÔÚÖÔÎÜÏÖÔËÌÏŸ

S /ÉÏÎÈÍÕŠÎÖÎÓÖÌÖÙÏÔÏÌÕÏÉÉÎÓÌÈÊÏÛËÌÏÎÖÉÎÔÚÏÎÙÖÇÍÎÓÌÈÑÌÖÙŸ

S -ÌÏÖÔÏÎÓÖÊ<ÖÑÏÉÎÉÓÏÊÇÜÇÊÖÕÕŠÎÛÏÉÇÑÍÏÛÎÔÈÎÇÉÈÕÖÔÏÎÚÖÌÛ�ÖÌÏÎÖÍÛÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉÎÖÍÛ

ÛÏÉÇÑÍÏÛÎÉÈÎÔÚÖÔÎÔÚÏÇÌÎÉÓÏÊÇÜÇÊÖÔÇÈÍÎ�ÇÕÕÎÍÈÔÎÊÚÖÍÑÏŸ

S -ÕÏÖÌÕŠÎÇÍÛÇÊÖÔÏÎÔÚÏÎÈÒDÏÊÔÇ�ÏÉÎÇÜÎÙÖÊÚÇÍÏÎÈÌÎÉÈÕËÔÇÈÍÎÏÜÜÇÊÇÏÍÊŠÎÇÉÎÔÚÏÎÌÏÖÉÈÍÎÜÈÌÎÚÖÌÛ�ÖÌÏÎÈÌ

ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÊÈÛÏŸ

S 1ÈÌÎÔÚÏÎÓÖÊ<ÖÑÏÉÎÔÚÖÔÎÚÇÛÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊÇÏÉ(ÎÙÖÇÍÔÖÇÍÎÛÇÜÜÏÌÏÍÔÎÓÖÊ<ÖÑÏÎÒÈÛÇÏÉÎÜÈÌ

ÛÇÜÜÏÌÏÍÔÎÔÖÌÑÏÔÎÏÍ�ÇÌÈÍÙÏÍÔÉŸ

S "ÉÈÕÖÔÏÎÇÍÔÏÌÌËÓÔÎÌÏÊÏÇ�ÇÍÑÎÔÖÉ<ÉÎÇÍÔÈÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÔÎÓÖÊ<ÖÑÏÉŸ

S &�ÈÇÛÎÔÚÏÎËÉÏÎÈÜÎ�ÏÍÛÈÌÎÉËÓÓÕÇÏÛÎÓÖÊ<ÖÑÏÉŸ

S &�ÈÇÛÎÔÚÏÎËÉÏÎÈÜÎÜÏÖÔËÌÏÉÎÖÛÛÏÛÎÔÈÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÖÊ<ÖÑÏÉÎÔÚÖÔÎÖÌÏÎÍÈÔÎÉÓÏÊÇÜÇÏÛÎÇÍÎÔÚÏÎÕÖÍÑËÖÑÏ

ÛÏÜÇÍÇÔÇÈÍŸ

numeric types and expressions

S ÃÈÎÍÈÔÎËÉÏÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÍËÙÏÌÇÊÎÔŠÓÏÉÎÇÍÎÓÖÊ<ÖÑÏ StandardŸÎ/ÉÏÎÌÖÍÑÏÎÖÍÛÎÛÇÑÇÔÉÎÛÏÊÕÖÌÖÔÇÈÍÉ

ÖÍÛÎÕÏÔÎÔÚÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÈÎÔÚÏÎÛÏÌÇ�ÖÔÇÈÍÎÇÙÓÕÇÊÇÔÕŠÎÜÌÈÙÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÔŠÓÏÉŸ

S 1ÈÌÎÓÌÈÑÌÖÙÉÎÔÚÖÔÎÌÏ=ËÇÌÏÎÑÌÏÖÔÏÌÎÖÊÊËÌÖÊŠÎÔÚÖÍÎÔÚÖÔÎÓÌÈ�ÇÛÏÛÎÒŠÎÔÚÏÎÑÕÈÒÖÕÎÖÉÉËÙÓÔÇÈÍÉ(ÎÛÏÜÇÍÏÎÖ

ÓÖÊ<ÖÑÏÎÔÚÖÔÎÛÏÊÕÖÌÏÉÎÖÎÓÌÇ�ÖÔÏÎÔŠÓÏÎÖÍÛÎÈÓÏÌÖÔÇÈÍÉÎÖÉÎÍÏÏÛÏÛ*ÎÉÏÏÎ’ÖÓÓÖÉÎ�ÄÅ$6 ÎÜÈÌÎÖÎÜËÕÕ

Ï,ÓÕÖÍÖÔÇÈÍÎÖÍÛÎÏ,ÖÙÓÕÏÉŸ

S JÍÈ�ÎÔÚÏÎ&ÛÖÎÙÈÛÏÕÎÜÈÌÎÜÕÈÖÔÇÍÑÎÓÈÇÍÔÎÔŠÓÏÉÎÖÍÛÎÖÌÇÔÚÙÏÔÇÊŸ

S -ÖÌÏÜËÕÕŠÎÖÍÖÕŠ:ÏÎ�ÚÖÔÎÖÊÊËÌÖÊŠÎÖÍÛÎÓÌÏÊÇÉÇÈÍÎŠÈËÎÌÏÖÕÕŠÎÍÏÏÛŸ

S ÃÈÎÍÈÔÎÓÌÏÉÉÎÔÚÏÎÖÊÊËÌÖÊŠÎÕÇÙÇÔÉÎÈÜÎÔÚÏÎÙÖÊÚÇÍÏ�É Ÿ

S -ÈÙÙÏÍÔÎÔÚÏÎÖÍÖÕŠÉÇÉÎÖÍÛÎÛÏÌÇ�ÖÔÇÈÍÎÈÜÎÔÚÏÎÍËÙÏÌÇÊÖÕÎÖÉÓÏÊÔÉÎÈÜÎÖÎÓÌÈÑÌÖÙŸ

S /ÉÏÎÍÖÙÏÛÎÍËÙÒÏÌÉÎÈÌÎËÍÇ�ÏÌÉÖÕÎÌÏÖÕÎÏ,ÓÌÏÉÉÇÈÍÉÎÌÖÔÚÏÌÎÔÚÖÍÎÊÈÍÉÔÖÍÔÉÎÈÜÎÖÍŠÎÓÖÌÔÇÊËÕÖÌÎÔŠÓÏŸ
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S &ÍÔÇÊÇÓÖÔÏÎ�ÖÕËÏÉÎÈÜÎÉËÒÏ,ÓÌÏÉÉÇÈÍÉÎÔÈÎÖ�ÈÇÛÎÏ,ÊÏÏÛÇÍÑÎÔÚÏÎÌÖÍÑÏÎÈÜÎÔÚÏÇÌÎÔŠÓÏŸÎ/ÉÏÎÛÏÌÇ�ÏÛÎÔŠÓÏÉ(

ÉËÒÔŠÓÏÉ(ÎÜÖÊÔÈÌÇÍÑ(ÎÖÍÛÎÌÖÍÑÏÎÊÈÍÉÔÌÖÇÍÔÉÎÈÍÎÍËÙÏÌÇÊÎÔŠÓÏÉÎÖÉÎÛÏÉÊÌÇÒÏÛÎÇÍÎ5ËÇÛÏÕÇÍÏÉÎEŸ%ŸÄ(Î6ŸEŸÄ(

ÖÍÛÎ6Ÿ6ŸEŸ

S /ÉÏÎMNÎÖÍÛÎONÎÔÈÎÛÈÎÌÏÕÖÔÇÈÍÖÕÎÔÏÉÔÉÎÈÍÎÌÏÖÕÎ�ÖÕËÏÛÎÖÌÑËÙÏÍÔÉ(ÎÖ�ÈÇÛÇÍÑÎÔÚÏÎM(ÎO(ÎN(ÎÖÍÛÎ2N

ÈÓÏÌÖÔÇÈÍÉŸ

S /ÉÏÎ�ÖÕËÏÉÎÈÜÎÔŠÓÏÎÖÔÔÌÇÒËÔÏÉÎÇÍÎÊÈÙÓÖÌÇÉÈÍÉÎÖÍÛÎÊÚÏÊ<ÇÍÑÎÜÈÌÎÉÙÖÕÕÎ�ÖÕËÏÉŸ

storage control

S ÎÃÈÎÍÈÔÎËÉÏÎÖÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÎÔÈÎÉÓÏÊÇÜŠÎÍËÙÒÏÌÎÈÜÎÉÔÈÌÖÑÏÎËÍÇÔÉŸ

tasking

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÈÌÛÏÌÎÇÍÎ�ÚÇÊÚÎÔÖÉ<ÎÈÒDÏÊÔÉÎÖÌÏÎÖÊÔÇ�ÖÔÏÛÎ�ÚÏÍÎÛÏÊÕÖÌÏÛÎÇÍÎÔÚÏÎÉÖÙÏ

ÛÏÊÕÖÌÖÔÇ�ÏÎÕÇÉÔŸ

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÖÎÓÖÌÔÇÊËÕÖÌÎÛÏÕÖŠÎÒÏÇÍÑÎÖÊÚÇÏ�ÖÒÕÏÎ�?ÇÉÉÏÍÎÖÍÛÎ4ÖÕÕÇÉÎÄÅ$% Ÿ

S ?Ï�ÏÌÎËÉÏÎÖÎÒËÉŠÎ�ÖÇÔÇÍÑÎÕÈÈÓÎÇÍÉÔÏÖÛÎÈÜÎÖÎÛÏÕÖŠŸ

S ÃÏÉÇÑÍÎÔÈÎÕÇÙÇÔÎÓÈÕÕÇÍÑÎÔÈÎÔÚÈÉÏÎÊÖÉÏÉÎ�ÚÏÌÏÎÇÔÎÇÉÎÖÒÉÈÕËÔÏÕŠÎÍÏÊÏÉÉÖÌŠŸ

S ?Ï�ÏÌÎËÉÏÎ<ÍÈ�ÕÏÛÑÏÎÈÜÎÔÚÏÎÏ,ÏÊËÔÇÈÍÎÓÖÔÔÏÌÍÎÈÜÎÔÖÉ<ÉÎÔÈÎÖÊÚÇÏ�ÏÎÔÇÙÇÍÑÎÌÏ=ËÇÌÏÙÏÍÔÉŸ

S ÃÈÎÍÈÔÎÖÉÉËÙÏÎÖÎÊÈÌÌÏÕÖÔÇÈÍÎÒÏÔ�ÏÏÍÎSystem.TickÎÖÍÛÎÓÖÊ<ÖÑÏÎCalendarÎÈÌÎÔŠÓÏÎDurationÎ�ÉÏÏ

5ËÇÛÏÕÇÍÏÎ>ŸÄŸ6 Ÿ

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÈÌÛÏÌÎÇÍÎ�ÚÇÊÚÎÑËÖÌÛÎÊÈÍÛÇÔÇÈÍÉÎÖÌÏÎÏ�ÖÕËÖÔÏÛÎÈÌÎÈÍÎÔÚÏÎÖÕÑÈÌÇÔÚÙÎÜÈÌ

ÊÚÈÈÉÇÍÑÎÖÙÈÍÑÎÉÏ�ÏÌÖÕÎÈÓÏÍÎÉÏÕÏÊÔÎÖÕÔÏÌÍÖÔÇ�ÏÉŸ

S ÃÈÎÍÈÔÎÖÉÉËÙÏÎÔÚÖÔÎÔÖÉ<ÉÎÏ,ÏÊËÔÏÎËÍÇÍÔÏÌÌËÓÔÏÛÎËÍÔÇÕÎÔÚÏŠÎÌÏÖÊÚÎÖÎÉŠÍÊÚÌÈÍÇ:ÖÔÇÈÍÎÓÈÇÍÔŸ

S /ÉÏÎÓÌÖÑÙÖÎPriorityÎÔÈÎÛÇÉÔÇÍÑËÇÉÚÎÑÏÍÏÌÖÕÎÕÏ�ÏÕÉÎÈÜÎÇÙÓÈÌÔÖÍÊÏÎÈÍÕŠÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ>ŸÄŸ% Ÿ

S &�ÈÇÛÎËÉÇÍÑÎÔÚÏÎÖÒÈÌÔÎÉÔÖÔÏÙÏÍÔŸ

S ÃÈÎÍÈÔÎÉÚÖÌÏÎ�ÖÌÇÖÒÕÏÉŸÎ

S ;Ö�ÏÎÔÖÉ<ÉÎÊÈÙÙËÍÇÊÖÔÏÎÔÚÌÈËÑÚÎÔÚÏÎÌÏÍÛÏ:�ÈËÉÎÙÏÊÚÖÍÇÉÙŸ

S ÃÈÎÍÈÔÎËÉÏÎÉÚÖÌÏÛÎ�ÖÌÇÖÒÕÏÉÎÖÉÎÖÎÔÖÉ<ÎÉŠÍÊÚÌÈÍÇ:ÖÔÇÈÍÎÛÏ�ÇÊÏŸ

S /ÉÏÎÓÌÖÑÙÖÎSharedÎÈÍÕŠÎ�ÚÏÍÎŠÈËÎÖÌÏÎÜÈÌÊÏÛÎÔÈÎÒŠÎÌËÍÎÔÇÙÏÎÉŠÉÔÏÙÎÛÏÜÇÊÇÏÍÊÇÏÉŸ

exceptions

S ÃÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÏ,ÖÊÔÎÕÈÊÖÔÇÈÍÉÎÖÔÎ�ÚÇÊÚÎÓÌÏÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉÎÖÌÏÎÌÖÇÉÏÛŸ

S -ÖÔÊÚÎNumeric_Error Ï,ÊÏÓÔÇÈÍÉÎ�ÇÔÚÎÖÎNumeric_Error | Constraint_Error ÅÃÇÅ-/UVW}~“WÁÂÅÄÀ

S ÃÈÎÍÈÔÎËÉÏÎÖÎÉÏÓÖÌÖÔÏÎÏ,ÊÏÓÔÇÈÍÎÚÖÍÛÕÏÌÎÜÈÌÎNumeric_Error ÖÍÛ Constraint_ErrorÀ

S ÃÈÎÍÈÔÎÌÖÇÉÏÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÜÇÍÏÛÎÏ,ÊÏÓÔÇÈÍÉŸ

S -ÈÍ�ÏÌÔÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÜÇÍÏÛÎ Ï,ÊÏÓÔÇÈÍÉÎ�ÇÔÚÇÍÎ ÇÍÔÏÌÜÖÊÏÎ ÓÖÊ<ÖÑÏÉÎ ÔÈÎ �ÇÉÇÒÕÏÎ ËÉÏÌ+ÛÏÜÇÍÏÛ

Ï,ÊÏÓÔÇÈÍÉŸ

representation clauses and implementationÁdependent features

S /ÉÏÎÖÕÑÈÌÇÔÚÙÉÎÔÚÖÔÎÛÈÎÍÈÔÎÛÏÓÏÍÛÎÈÍÎÔÚÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÈÜÎÔÚÏÎÛÖÔÖÎÖÍÛÎÔÚÏÌÏÜÈÌÏÎÛÈÎÍÈÔÎÍÏÏÛ

ÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉŸ

S /ÉÏÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÊÕÖËÉÏÉÎ�ÚÏÍÎÖÊÊÏÉÉÇÍÑÎÇÍÔÏÌÜÖÊÏÎÛÖÔÖÎÈÌÎ�ÚÏÍÎÖÎÉÓÏÊÇÜÇÊÎÌÏÓÌÏÉÏÍÔÖÔÇÈÍÎÇÉ

ÍÏÏÛÏÛÎÔÈÎÇÙÓÕÏÙÏÍÔÎÖÎÛÏÉÇÑÍŸ

S &�ÈÇÛÎËÉÇÍÑÎÓÖÊ<ÖÑÏÎSystemÎÊÈÍÉÔÖÍÔÉÎÏ,ÊÏÓÔÎÇÍÎÖÔÔÏÙÓÔÇÍÑÎÔÈÎÑÏÍÏÌÖÕÇ:ÏÎÈÔÚÏÌÎÙÖÊÚÇÍÏÎÛÏÓÏÍÛÏÍÔ

ÊÈÍÉÔÌËÊÔÉŸÎ

S &�ÈÇÛÎÙÖÊÚÇÍÏÎÊÈÛÏÎÇÍÉÏÌÔÉŸ

S &�ÈÇÛÎÇÍÔÏÌÜÖÊÇÍÑÎ&ÛÖÎ�ÇÔÚÎÈÔÚÏÌÎÕÖÍÑËÖÑÏÉŸÎ

S "ÉÈÕÖÔÏÎÖÕÕÎÉËÒÓÌÈÑÌÖÙÉÎÏÙÓÕÈŠÇÍÑÎÓÌÖÑÙÖÎInterface ÔÈÎ ÇÙÓÕÏÙÏÍÔÖÔÇÈÍCÛÏÓÏÍÛÏÍÔÎ�ÇÍÔÏÌÜÖÊÏ 

ÓÖÊ<ÖÑÏÎÒÈÛÇÏÉŸ
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S &�ÈÇÛÎÓÌÖÑÙÖÉÎÖÍÛÎÖÔÔÌÇÒËÔÏÉÎÖÛÛÏÛÎÒŠÎÔÚÏÎÊÈÙÓÇÕÏÌÎÇÙÓÕÏÙÏÍÔÈÌŸ

S &�ÈÇÛÎÛÏÓÏÍÛÏÍÊÏÎÈÍÎUnchecked_DeallocationÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ6ŸÅŸF Ÿ

S &�ÈÇÛÎËÉÇÍÑÎUnchecked_ConversionÎ�ÉÏÏÎ5ËÇÛÏÕÇÍÏÎ6ŸÅŸÄ Ÿ

S &�ÈÇÛÎÔÚÏÎÛÇÌÏÊÔÎÇÍ�ÈÊÖÔÇÈÍÎÈÜÎÈÌÎÇÙÓÕÇÊÇÔÎÛÏÓÏÍÛÏÍÊÏÎËÓÈÍÎÖÍÎËÍÛÏÌÕŠÇÍÑÎÚÈÉÔÎÈÓÏÌÖÔÇÍÑÎÉŠÉÔÏÙÎÈÌ

&ÛÖÎÌËÍÎÔÇÙÏÎÉËÓÓÈÌÔÎÉŠÉÔÏÙŸ

input/output

S /ÉÏÎÊÈÍÉÔÖÍÔÉÎÖÍÛÎ�ÖÌÇÖÒÕÏÉÎÖÉÎÉŠÙÒÈÕÇÊÎÖÊÔËÖÕÉÎÜÈÌÎÔÚÏ NameÎÖÍÛÎFormÎÓÖÌÖÙÏÔÏÌÉÎÈÍÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛ

"2)ÎÓÖÊ<ÖÑÏÉŸÎÃÏÊÕÖÌÏÎÖÍÛÎÇÍÇÔÇÖÕÇ:ÏÎÔÚÏÙÎÇÍÎÖÍÎÇÙÓÕÏÙÏÍÔÖÔÇÈÍÎÛÏÓÏÍÛÏÍÊŠÎÓÖÊ<ÖÑÏŸÎ

S -ÕÈÉÏÎÖÕÕÎÜÇÕÏÉÎÏ,ÓÕÇÊÇÔÕŠŸ

S &�ÈÇÛÎÓÏÌÜÈÌÙÇÍÑÎ"2)ÎÈÍÎÖÊÊÏÉÉÎÔŠÓÏÉŸ

S 7ÇÍÇÙÇ:ÏÎÖÍÛÎÇÉÈÕÖÔÏÎËÉÇÍÑÎÔÚÏÎÓÌÏÛÏÜÇÍÏÛÎÓÖÊ<ÖÑÏÎLow_Level_IO.
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CHAPTER 8

Reusability

ÃÇÉÊËÈÍÎÍÏÌÑÍÊÑÏÓÇÑÇÔÏÇÖÏÑÏÒÑÕÓÍŠÓÑŠÒÚÇÑŠËÖÑÈÇÑÉÊÇÚÑÍÖÑÚÍÛÛÇÜÇÖÏÑËÙÙÎÍŠËÏÍÒÖÊÑÕÍÏÓÑŸÍÖÍŸËÎÑŠÓËÖŽÇ�Ñ�ÊÑŠÒÚÇÑÍÊ

ÜÇÉÊÇÚÑÍÖÑËÑÖÇÕÑËÙÙÎÍŠËÏÍÒÖ�ÑÏÓËÏÑÖÇÕÑËÙÙÎÍŠËÏÍÒÖÑÙËÜÏÍËÎÎÌÑÍÖÓÇÜÍÏÊÑÏÓÇÑËÏÏÜÍÈÉÏÇÊÑÒÛÑÏÓËÏÑŠÒÚÇ�Ñ�ÛÑÍÏÑÍÊ

ŸËÍÖÏËÍÖËÈÎÇ�ÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÑÍÊÑŸÒÜÇÑŸËÍÖÏËÍÖËÈÎÇ�Ñ�ÛÑÍÏÑÍÊÑÙÒÜÏËÈÎÇ�ÑÏÓÇÖÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÑÍÊÑŸÒÜÇÑÙÒÜÏËÈÎÇ�

 ÒÑÏÓÍÊÑŠÓËÙÏÇÜ!ÊÑŽÉÍÚÇÎÍÖÇÊÑËÜÇÑŸÒÊÏÑÉÊÇÛÉÎÑÕÓÇÖÑËÎÎÑÒÛÑÏÓÇÑÒÏÓÇÜÑŽÉÍÚÇÎÍÖÇÊÑÍÖÑÏÓÍÊÑÈÒÒ"ÑËÜÇÑËÎÊÒÑËÙÙÎÍÇÚ�

 Ç#ÇÜËÎÑŽÉÍÚÇÎÍÖÇÊÑËÜÇÑÚÍÜÇŠÏÇÚÑËÏÑÏÓÇÑÍÊÊÉÇÑÒÛÑŸËÍÖÏËÍÖËÈÍÎÍÏÌ�Ñ$ËÍÖÏËÍÖËÈÎÇÑŠÒÚÇÑÍÊÑÇËÊÌÑÏÒÑŠÓËÖŽÇÑÏÒÑŸÇÇÏ

ÖÇÕÑÒÜÑŠÓËÖŽÍÖŽÑÜÇ%ÉÍÜÇŸÇÖÏÊ�Ñ$ËÍÖÏËÍÖËÈÍÎÍÏÌÑÙÎËÌÊÑËÑÊÙÇŠÍËÎÑÜÒÎÇÑÍÖÑÜÇÉÊÇ�Ñ&ÓÇÖÑËÏÏÇŸÙÏÊÑËÜÇÑŸËÚÇÑÏÒ

ÜÇÉÊÇÑŠÒÚÇ�ÑÍÏÑÍÊÑÒÛÏÇÖÑÖÇŠÇÊÊËÜÌÑÏÒÑŠÓËÖŽÇÑÍÏÑÏÒÑÊÉÍÏÑÏÓÇÑÖÇÕÑËÙÙÎÍŠËÏÍÒÖ�Ñ�ÛÑÏÓÇÑŠÒÚÇÑŠËÖÖÒÏÑÈÇÑŠÓËÖŽÇÚ

ÇËÊÍÎÌ�ÑÍÏÑÍÊÑÎÇÊÊÑÎÍ"ÇÎÌÑÏÒÑÈÇÑÜÇÉÊÇÚ�

’ÓÇÜÇÑËÜÇÑŸËÖÌÑÍÊÊÉÇÊÑÍÖ#ÒÎ#ÇÚÑÍÖÑÊÒÛÏÕËÜÇÑÜÇÉÊÇ(ÑÕÓÇÏÓÇÜÑÏÒÑÜÇÉÊÇÑÙËÜÏÊ�ÑÓÒÕÑÏÒÑÊÏÒÜÇÑËÖÚÑÜÇÏÜÍÇ#ÇÑÜÇÉÊËÈÎÇ

ÙËÜÏÊÑÍÖÑËÑÎÍÈÜËÜÌ�ÑÓÒÕÑÏÒÑŠÇÜÏÍÛÌÑÙËÜÏÊ�ÑÓÒÕÑÏÒÑŸËÔÍŸÍ)ÇÑÏÓÇÑÇŠÒÖÒŸÍŠÑ#ËÎÉÇÑÒÛÑÜÇÉÊÇ�ÑÓÒÕÑÏÒÑÙÜÒ#ÍÚÇ

ÍÖŠÇÖÏÍ#ÇÊÑÏÒÑÇÖŽÍÖÇÇÜÊÑËÖÚÑÇÖÏÍÜÇÑŠÒŸÙËÖÍÇÊÑÏÒÑÜÇÉÊÇÑÙËÜÏÊÑÜËÏÓÇÜÑÏÓËÖÑÜÇÍÖ#ÇÖÏÑÏÓÇŸ�ÑËÖÚÑÊÒÑÒÖ�Ñ’ÓÍÊ

ŠÓËÙÏÇÜÑÍŽÖÒÜÇÊÑÏÓÇÊÇÑŸËÖËŽÇÜÍËÎ�ÑÇŠÒÖÒŸÍŠ�ÑËÖÚÑÎÒŽÍÊÏÍŠÑÍÊÊÉÇÊÑÏÒÑÛÒŠÉÊÑÒÖÑÏÓÇÑÊÍÖŽÎÇÑÏÇŠÓÖÍŠËÎÑÍÊÊÉÇÑÒÛÑÓÒÕ

ÏÒÑÕÜÍÏÇÑÊÒÛÏÕËÜÇÑÙËÜÏÊÑÍÖÑ�ÚËÑÏÒÑÍÖŠÜÇËÊÇÑÜÇÉÊÇÑÙÒÏÇÖÏÍËÎ�Ñ’ÓÇÑÒÏÓÇÜÑÍÊÊÉÇÊÑËÜÇÑ*ÉÊÏÑËÊÑÍŸÙÒÜÏËÖÏÑÈÉÏÑËÜÇ

ÒÉÏÊÍÚÇÑÒÛÑÏÓÇÑÊŠÒÙÇÑÒÛÑÏÓÍÊÑÈÒÒ"�

+ÖÇÑÒÛÑ ÏÓÇÑÚÇÊÍŽÖÑŽÒËÎÊÑÒÛÑ�ÚËÑÕËÊÑ ÏÒÑ ÛËŠÍÎÍÏËÏÇÑ ÏÓÇÑŠÜÇËÏÍÒÖÑËÖÚÑÉÊÇÑÒÛÑ ÜÇÉÊËÈÎÇÑÙËÜÏÊÑ ÏÒÑ ÍŸÙÜÒ#Ç

ÙÜÒÚÉŠÏÍ#ÍÏÌ�Ñ’ÒÑÏÓÍÊÑÇÖÚ�Ñ�ÚËÑÙÜÒ#ÍÚÇÊÑÛÇËÏÉÜÇÊÑÏÒÑÚÇ#ÇÎÒÙÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑËÖÚÑÏÒÑËÚËÙÏÑÏÓÇŸÑÒÖŠÇÑÏÓÇÌÑËÜÇ

Ë#ËÍÎËÈÎÇ�Ñ,ËŠ"ËŽÇÊ�Ñ#ÍÊÍÈÍÎÍÏÌÑŠÒÖÏÜÒÎ�ÑËÖÚÑÊÇÙËÜËÏÇÑŠÒŸÙÍÎËÏÍÒÖÑÊÉÙÙÒÜÏÑŸÒÚÉÎËÜÍÏÌÑËÖÚÑÍÖÛÒÜŸËÏÍÒÖÑÓÍÚÍÖŽ

-ÊÇÇÑ.ÉÍÚÇÎÍÖÇÊÑ/�Ä�Ñ/�À�Ñ0�1�ÑËÖÚÑ0�Å2�Ñ’ÓÍÊÑËÎÎÒÕÊÑÏÓÇÑÊÇÙËÜËÏÍÒÖÑÒÛÑËÙÙÎÍŠËÏÍÒÖ3ÊÙÇŠÍÛÍŠÑÙËÜÏÊÑÒÛÑÏÓÇÑŠÒÚÇ�

ŸËÔÍŸÍ)ÇÊÑÏÓÇÑŽÇÖÇÜËÎÑÙÉÜÙÒÊÇÑÙËÜÏÊÑÊÉÍÏËÈÎÇÑÛÒÜÑÜÇÉÊÇ�ÑËÖÚÑËÎÎÒÕÊÑÏÓÇÑÍÊÒÎËÏÍÒÖÑÒÛÑÚÇÊÍŽÖÑÚÇŠÍÊÍÒÖÊÑÕÍÏÓÍÖ

ŸÒÚÉÎÇÊ�ÑÛËŠÍÎÍÏËÏÍÖŽÑŠÓËÖŽÇ�Ñ’ÓÇÑ�ÚËÑÏÌÙÇÑÊÌÊÏÇŸÑÊÉÙÙÒÜÏÊÑÎÒŠËÎÍ)ËÏÍÒÖÑÒÛÑÚËÏËÑÚÇÛÍÖÍÏÍÒÖÊÑÊÒÑÏÓËÏÑŠÒÖÊÍÊÏÇÖÏ

ŠÓËÖŽÇÊÑËÜÇÑÇËÊÌÑÏÒÑŸË"Ç�Ñ.ÇÖÇÜÍŠÑÉÖÍÏÊÑÚÍÜÇŠÏÎÌÑÊÉÙÙÒÜÏÑÏÓÇÑÚÇ#ÇÎÒÙŸÇÖÏÑÒÛÑŽÇÖÇÜËÎÑÙÉÜÙÒÊÇ�ÑËÚËÙÏËÈÎÇ

ŠÒÚÇÑ ÏÓËÏÑ ŠËÖÑ ÈÇÑ ÍÖÊÏËÖÏÍËÏÇÚÑ ÏÒÑ ÙÇÜÛÒÜŸÑ ÊÙÇŠÍÛÍŠÑ ÛÉÖŠÏÍÒÖÊ�Ñ 4ÊÍÖŽÑ ÏÓÇÊÇÑ ÛÇËÏÉÜÇÊÑ ŠËÜÇÛÉÎÎÌ�Ñ ËÖÚÑ ÍÖ

ŠÒÖÛÒÜŸËÖŠÇÑÏÒÑÏÓÇÑŽÉÍÚÇÎÍÖÇÊÑÍÖÑÏÓÍÊÑÈÒÒ"�ÑÙÜÒÚÉŠÇÊÑŠÒÚÇÑÏÓËÏÑÍÊÑŸÒÜÇÑÎÍ"ÇÎÌÑÏÒÑÈÇÑÜÇÉÊËÈÎÇ�Ñ

ÃÇÉÊËÈÎÇÑŠÒÚÇÑÍÊÑÚÇ#ÇÎÒÙÇÚÑÍÖÑŸËÖÌÑÕËÌÊ�Ñ5ÒÚÇÑŸËÌÑÈÇÑÊŠË#ÇÖŽÇÚÑÛÜÒŸÑËÑÙÜÇ#ÍÒÉÊÑÙÜÒ*ÇŠÏ�Ñ�ÑÜÇÉÊËÈÎÇ

ÎÍÈÜËÜÌÑÒÛÑŠÒÚÇÑŸËÌÑÈÇÑÚÇ#ÇÎÒÙÇÚÑÛÜÒŸÑÊŠÜËÏŠÓÑÛÒÜÑËÑÙËÜÏÍŠÉÎËÜÎÌÑÕÇÎÎÑÉÖÚÇÜÊÏÒÒÚÑÚÒŸËÍÖ(ÑÊÉŠÓÑËÊÑËÑŸËÏÓ

ÎÍÈÜËÜÌ�ÑÃÇÉÊËÈÎÇÑŠÒÚÇÑŸËÌÑÈÇÑÚÇ#ÇÎÒÙÇÚÑËÊÑËÖÑÍÖÏÇÖÏÍÒÖËÎÑÈÌÙÜÒÚÉŠÏÑÒÛÑËÑÊÙÇŠÍÛÍŠÑËÙÙÎÍŠËÏÍÒÖ�ÑÃÇÉÊËÈÎÇ

ŠÒÚÇÑŸËÌÑÈÇÑÚÇ#ÇÎÒÙÇÚÑËÑŠÇÜÏËÍÖÑÕËÌÑÈÇŠËÉÊÇÑËÑÚÇÊÍŽÖÑŸÇÏÓÒÚÑÜÇ%ÉÍÜÇÊÑÍÏ�Ñ’ÓÇÊÇÑŽÉÍÚÇÎÍÖÇÊÑËÜÇÑÍÖÏÇÖÚÇÚÑÏÒ

ËÙÙÎÌÑÍÖÑËÎÎÑÒÛÑÏÓÇÊÇÑÊÍÏÉËÏÍÒÖÊ�

’ÓÇÑÇÔÙÇÜÍÇÖŠÇÚÑÙÜÒŽÜËŸŸÇÜÑÜÇŠÒŽÖÍ)ÇÊÑÏÓËÏÑÊÒÛÏÕËÜÇÑÜÇÉÊÇÑÍÊÑŸÉŠÓÑŸÒÜÇÑËÑÜÇ%ÉÍÜÇŸÇÖÏÊÑËÖÚÑÚÇÊÍŽÖÑÍÊÊÉÇ

ÏÓËÖÑËÑŠÒÚÍÖŽÑÍÊÊÉÇ�Ñ’ÓÇÑŽÉÍÚÇÎÍÖÇÊÑÍÖÑÏÓÍÊÑÊÇŠÏÍÒÖÑËÜÇÑÍÖÏÇÖÚÇÚÑÏÒÑÕÒÜ"ÑÕÍÏÓÍÖÑËÖÑÒ#ÇÜËÎÎÑŸÇÏÓÒÚÑÛÒÜ

ÚÇ#ÇÎÒÙÍÖŽÑÜÇÉÊËÈÎÇÑŠÒÚÇ�Ñ’ÓÍÊÑÊÇŠÏÍÒÖÑÕÍÎÎÑÖÒÏÑÚÇËÎÑÕÍÏÓÑËÜÏÍÛËŠÏÊÑÒÛÑÚÇÊÍŽÖ�ÑÏÇÊÏÍÖŽ�ÑÇÏŠ�Ñ ÒŸÇÑÜÇÊÇËÜŠÓÑÍÖÏÒ

ÜÇÉÊÇÑÍÊÊÉÇÊÑÜÇÎËÏÇÚÑÊÙÇŠÍÛÍŠËÎÎÌÑÏÒÑÏÓÇÑ�ÚËÑÎËÖŽÉËŽÇÑŠËÖÑÈÇÑÛÒÉÖÚÑÍÖÑ��Ã$�5 Ñ-Ä6672�Ñ8ÚÕËÜÚÊÑ-Ä6672�

ËÖÚÑ&ÓÇÇÎÇÜÑ-Ä66À2�

ÃÇŽËÜÚÎÇÊÊÑÒÛÑÚÇ#ÇÎÒÙŸÇÖÏÑŸÇÏÓÒÚ�ÑÇÔÙÇÜÍÇÖŠÇÑÍÖÚÍŠËÏÇÊÑÏÓËÏÑÜÇÉÊËÈÎÇÑŠÒÚÇÑÓËÊÑŠÇÜÏËÍÖÑŠÓËÜËŠÏÇÜÍÊÏÍŠÊ�ÑËÖÚ

ÏÓÍÊÑŠÓËÙÏÇÜÑŸË"ÇÊÑÏÓÇÑÛÒÎÎÒÕÍÖŽÑËÊÊÉŸÙÏÍÒÖÊ(
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? ÃÇÉÊËÈÎÇÑ ÙËÜÏÊÑŸÉÊÏÑ ÈÇÑ ÉÖÚÇÜÊÏËÖÚËÈÎÇ�Ñ�Ñ ÜÇÉÊËÈÎÇÑ ÙËÜÏÑ ÊÓÒÉÎÚÑ ÈÇÑ ËÑŸÒÚÇÎÑ ÒÛÑ ŠÎËÜÍÏÌ�Ñ’ÓÇ

ÜÇ%ÉÍÜÇŸÇÖÏÊÑÛÒÜÑŠÒŸŸÇÖÏÍÖŽÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑËÜÇÑÇ#ÇÖÑŸÒÜÇÑÊÏÜÍÖŽÇÖÏÑÏÓËÖÑÏÓÒÊÇÑÛÒÜÑÙËÜÏÊÑÊÙÇŠÍÛÍŠÑÏÒ

ËÑÙËÜÏÍŠÉÎËÜÑËÙÙÎÍŠËÏÍÒÖ�Ñ

? ÃÇÉÊËÈÎÇÑÙËÜÏÊÑŸÉÊÏÑÈÇÑÒÛÑÏÓÇÑÓÍŽÓÇÊÏÑÙÒÊÊÍÈÎÇÑ%ÉËÎÍÏÌ�Ñ’ÓÇÌÑŸÉÊÏÑÈÇÑŠÒÜÜÇŠÏ�ÑÜÇÎÍËÈÎÇ�ÑËÖÚÑÜÒÈÉÊÏ�

�ÖÑÇÜÜÒÜÑÒÜÑÕÇË"ÖÇÊÊÑÍÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑŸËÌÑÓË#ÇÑÛËÜ@ÜÇËŠÓÍÖŽÑŠÒÖÊÇ%ÉÇÖŠÇÊ�ÑËÖÚÑÍÏÑÍÊÑÍŸÙÒÜÏËÖÏ

ÏÓËÏÑÒÏÓÇÜÑÙÜÒŽÜËŸŸÇÜÊÑŠËÖÑÓË#ÇÑËÑÓÍŽÓÑÚÇŽÜÇÇÑÒÛÑŠÒÖÛÍÚÇÖŠÇÑÍÖÑËÖÌÑÙËÜÏÊÑÒÛÛÇÜÇÚÑÛÒÜÑÜÇÉÊÇ�

? ÃÇÉÊËÈÎÇÑÙËÜÏÊÑŸÉÊÏÑÈÇÑËÚËÙÏËÈÎÇ�Ñ’ÒÑŸËÔÍŸÍ)ÇÑÍÏÊÑÜÇÉÊÇÑÙÒÏÇÖÏÍËÎ�ÑËÑÙËÜÏÑŸÉÊÏÑÈÇÑËÈÎÇÑÏÒÑËÚËÙÏÑÏÒ

ÏÓÇÑÖÇÇÚÊÑÒÛÑËÑÕÍÚÇÑ#ËÜÍÇÏÌÑÒÛÑÉÊÇÜÊ�

? ÃÇÉÊËÈÎÇÑÙËÜÏÊÑÊÓÒÉÎÚÑÈÇÑÍÖÚÇÙÇÖÚÇÖÏ�Ñ�ÏÑÊÓÒÉÎÚÑÈÇÑÙÒÊÊÍÈÎÇÑÏÒÑÜÇÉÊÇÑËÑÊÍÖŽÎÇÑÙËÜÏÑÕÍÏÓÒÉÏÑËÎÊÒ

ËÚÒÙÏÍÖŽÑŸËÖÌÑÒÏÓÇÜÑÙËÜÏÊÑÏÓËÏÑËÜÇÑËÙÙËÜÇÖÏÎÌÑÉÖÜÇÎËÏÇÚ�

�ÖÑËÚÚÍÏÍÒÖÑÏÒÑÏÓÇÊÇÑŠÜÍÏÇÜÍË�ÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑŸÉÊÏÑÈÇÑÇËÊÍÇÜÑÏÒÑÜÇÉÊÇÑÏÓËÖÑÏÒÑÜÇÍÖ#ÇÖÏ�ÑŸÉÊÏÑÈÇÑÇÛÛÍŠÍÇÖÏ�ÑËÖÚ

ŸÉÊÏÑÈÇÑÙÒÜÏËÈÎÇ�Ñ�ÛÑÍÏÑÏË"ÇÊÑŸÒÜÇÑÇÛÛÒÜÏÑÏÒÑÜÇÉÊÇÑËÑÙËÜÏÑÏÓËÖÑÏÒÑŠÜÇËÏÇÑÒÖÇÑÛÜÒŸÑÊŠÜËÏŠÓ�ÑÒÜÑÍÛÑÏÓÇÑÜÇÉÊÇÚÑÙËÜÏ

ÍÊÑÊÍŸÙÎÌÑÖÒÏÑÇÛÛÍŠÍÇÖÏÑÇÖÒÉŽÓ�ÑÜÇÉÊÇÑÚÒÇÊÑÖÒÏÑÒŠŠÉÜÑËÊÑÜÇËÚÍÎÌ�ÑAÒÜÑŽÉÍÚÇÎÍÖÇÊÑÒÖÑÙÒÜÏËÈÍÎÍÏÌ�ÑÊÇÇÑ5ÓËÙÏÇÜÑÅ�

’ÓÍÊÑŠÓËÙÏÇÜÑÊÓÒÉÎÚÑÖÒÏÑÈÇÑÜÇËÚÑÍÖÑÍÊÒÎËÏÍÒÖ�Ñ�ÖÑŸËÖÌÑÜÇÊÙÇŠÏÊ�ÑËÑÕÇÎÎ@ÕÜÍÏÏÇÖ�ÑÜÇÉÊËÈÎÇÑŠÒŸÙÒÖÇÖÏÑÍÊÑÊÍŸÙÎÌ

ËÖÑÇÔÏÜÇŸÇÑÇÔËŸÙÎÇÑÒÛÑËÑÕÇÎÎ@ÕÜÍÏÏÇÖÑŠÒŸÙÒÖÇÖÏ�Ñ�ÎÎÑÒÛÑÏÓÇÑŽÉÍÚÇÎÍÖÇÊÑÍÖÑÏÓÇÑÙÜÇ#ÍÒÉÊÑŠÓËÙÏÇÜÊÑËÙÙÎÌÑÏÒ

ÜÇÉÊËÈÎÇÑŠÒŸÙÒÖÇÖÏÊÑËÊÑÕÇÎÎÑËÊÑŠÒŸÙÒÖÇÖÏÊÑÊÙÇŠÍÛÍŠÑÏÒÑËÑÊÍÖŽÎÇÑËÙÙÎÍŠËÏÍÒÖ�Ñ’ÓÇÑŽÉÍÚÇÎÍÖÇÊÑÎÍÊÏÇÚÑÓÇÜÇÑËÙÙÎÌ

ÊÙÇŠÍÛÍŠËÎÎÌÑÏÒÑÜÇÉÊËÈÎÇÑŠÒŸÙÒÖÇÖÏÊ�

8.1 UNDERSTANDING AND CLARITY

�ÏÑÍÊÑÙËÜÏÍŠÉÎËÜÎÌÑÍŸÙÒÜÏËÖÏÑÏÓËÏÑÙËÜÏÊÑÍÖÏÇÖÚÇÚÑÛÒÜÑÜÇÉÊÇÑÊÓÒÉÎÚÑÈÇÑÇËÊÌÑÏÒÑÉÖÚÇÜÊÏËÖÚ�Ñ’ÓÇÑÛÒÎÎÒÕÍÖŽÑŸÉÊÏÑÈÇ

ÍŸŸÇÚÍËÏÇÎÌÑËÙÙËÜÇÖÏÑÛÜÒŸÑÍÖÊÙÇŠÏÍÒÖÑÒÛÑÏÓÇÑŠÒŸŸÇÖÏÊÑËÖÚÑÏÓÇÑŠÒÚÇÑÍÏÊÇÎÛ(ÑÕÓËÏÑÏÓÇÑÙËÜÏÑÚÒÇÊ�ÑÓÒÕÑÏÒÑÉÊÇÑÍÏ�

ÕÓËÏÑËÖÏÍŠÍÙËÏÇÚÑŠÓËÖŽÇÊÑŸÍŽÓÏÑÈÇÑŸËÚÇÑÏÒÑÍÏÑÍÖÑÏÓÇÑÛÉÏÉÜÇ�ÑËÖÚÑÓÒÕÑÍÏÑÕÒÜ"Ê�ÑAÒÜÑŸËÔÍŸÉŸÑÜÇËÚËÈÍÎÍÏÌÑÒÛ

ÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑÛÒÎÎÒÕÑÏÓÇÑŽÉÍÚÇÎÍÖÇÊÑÍÖÑ5ÓËÙÏÇÜÑ1�ÑÊÒŸÇÑÒÛÑÕÓÍŠÓÑËÜÇÑÜÇÙÇËÏÇÚÑŸÒÜÇÑÊÏÜÒÖŽÎÌÑÈÇÎÒÕ�

8.1.1 ApplicationÁIndependent Naming

guideline

S  ÇÎÇŠÏÑÏÓÇÑÎÇËÊÏÑÜÇÊÏÜÍŠÏÍ#ÇÑÖËŸÇÊÑÙÒÊÊÍÈÎÇÑÛÒÜÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑËÖÚÑÏÓÇÍÜÑÍÚÇÖÏÍÛÍÇÜÊ�

S  ÇÎÇŠÏÑÏÓÇÑŽÇÖÇÜÍŠÑÖËŸÇÑÏÒÑË#ÒÍÚÑŠÒÖÛÎÍŠÏÍÖŽÑÕÍÏÓÑÏÓÇÑÖËŸÍÖŽÑŠÒÖ#ÇÖÏÍÒÖÊÑÒÛÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÒÛÑÏÓÇ

ŽÇÖÇÜÍŠ�

S 4ÊÇÑ ÖËŸÇÊÑ ÕÓÍŠÓÑ ÍÖÚÍŠËÏÇÑ ÏÓÇÑ ÈÇÓË#ÍÒÜËÎÑ ŠÓËÜËŠÏÇÜÍÊÏÍŠÊÑ ÒÛÑ ÏÓÇÑ ÜÇÉÊËÈÎÇÑ ÙËÜÏ�Ñ ËÊÑÕÇÎÎÑ ËÊÑ ÍÏÊ

ËÈÊÏÜËŠÏÍÒÖ�

example

.ÇÖÇÜËÎ@ÙÉÜÙÒÊÇÑÊÏËŠ"ÑËÈÊÏÜËŠÏÍÒÖ(

------------------------------------------------------------------------

generic

   type Item is limited private;

   ...

package Bounded_Stack is

   procedure Push (New_Item    : in     Item);

   procedure Pop  (Newest_Item : in     Item);

   ...

end Bounded_Stack;

------------------------------------------------------------------------

ÃÇÖËŸÇÚÑËÙÙÜÒÙÜÍËÏÇÎÌÑÛÒÜÑÉÊÇÑÍÖÑŠÉÜÜÇÖÏÑËÙÙÎÍŠËÏÍÒÖ(

------------------------------------------------------------------------

with Bounded_Stack;

package Cafeteria is

   type Tray is limited private;

   package Tray_Stack is new Bounded_Stack (Item => Tray , ...);
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   ...

end Cafeteria;

------------------------------------------------------------------------

rationale

5ÓÒÒÊÍÖŽÑËÑŽÇÖÇÜËÎÑÒÜÑËÙÙÎÍŠËÏÍÒÖ@ÍÖÚÇÙÇÖÚÇÖÏÑÖËŸÇÑÛÒÜÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÇÖŠÒÉÜËŽÇÊÑÍÏÊÑÕÍÚÇÑÜÇÉÊÇ�

&ÓÇÖÑÏÓÇÑÙËÜÏÑÍÊÑÉÊÇÚÑÍÖÑËÑÊÙÇŠÍÛÍŠÑŠÒÖÏÇÔÏ�ÑÍÏÑŠËÖÑÈÇÑÍÖÊÏËÖÏÍËÏÇÚÑ-ÍÛÑŽÇÖÇÜÍŠ2ÑÒÜÑÜÇÖËŸÇÚÑÕÍÏÓÑËÑŸÒÜÇ

ÊÙÇŠÍÛÍŠÑÖËŸÇ�

&ÓÇÖÑÏÓÇÜÇÑÍÊÑËÖÑÒÈ#ÍÒÉÊÑŠÓÒÍŠÇÑÛÒÜÑÏÓÇÑÊÍŸÙÎÇÊÏ�ÑŠÎÇËÜÇÊÏÑÖËŸÇÑÛÒÜÑËÑÜÇÉÊËÈÎÇÑÙËÜÏ�ÑÍÏÑÍÊÑËÑŽÒÒÚÑÍÚÇËÑÏÒ

ÎÇË#ÇÑÏÓËÏÑÖËŸÇÑÛÒÜÑÉÊÇÑÈÌÑÏÓÇÑÜÇÉÊÇÜÑÒÛÑÏÓÇÑÙËÜÏ�ÑŠÓÒÒÊÍÖŽÑËÑÎÒÖŽÇÜ�ÑŸÒÜÇÑÚÇÊŠÜÍÙÏÍ#ÇÑÖËŸÇÑÛÒÜÑÏÓÇ

ÜÇÉÊËÈÎÇÑÙËÜÏ�Ñ’ÓÉÊ�ÑBounded_StackÑÍÊÑËÑÈÇÏÏÇÜÑÖËŸÇÑÏÓËÖÑStackÑÛÒÜÑËÑŽÇÖÇÜÍŠÑÊÏËŠ"ÑÙËŠ"ËŽÇÑÈÇŠËÉÊÇÑÍÏ

ÎÇË#ÇÊÑÏÓÇÑÊÍŸÙÎÇÜÑÖËŸÇÑStackÑË#ËÍÎËÈÎÇÑÏÒÑÈÇÑÉÊÇÚÑÈÌÑËÖÑÍÖÊÏËÖÏÍËÏÍÒÖ�

�ÖŠÎÉÚÇÑÍÖÚÍŠËÏÍÒÖÊÑÒÛÑÏÓÇÑÈÇÓË#ÍÒÜËÎÑŠÓËÜËŠÏÇÜÍÊÏÍŠÊÑ-ÈÉÏÑÖÒÏÑÍÖÚÍŠËÏÍÒÖÊÑÒÛÑÏÓÇÑÍŸÙÎÇŸÇÖÏËÏÍÒÖ2ÑÍÖÑÏÓÇ

ÖËŸÇÑÒÛÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÊÒÑÏÓËÏÑŸÉÎÏÍÙÎÇÑÙËÜÏÊÑÕÍÏÓÑÏÓÇÑÊËŸÇÑËÈÊÏÜËŠÏÍÒÖÑ-Ç�Ž��ÑŸÉÎÏÍÙÎÇÑÊÏËŠ"ÑÙËŠ"ËŽÇÊ2

ÈÉÏÑÕÍÏÓÑÚÍÛÛÇÜÇÖÏÑÜÇÊÏÜÍŠÏÍÒÖÊÑ-ÈÒÉÖÚÇÚ�ÑÉÖÈÒÉÖÚÇÚ�ÑÇÏŠ�2ÑŠËÖÑÈÇÑÊÏÒÜÇÚÑÍÖÑÏÓÇÑÊËŸÇÑ�ÚËÑÎÍÈÜËÜÌÑËÖÚ

ÉÊÇÚÑËÊÑÙËÜÏÑÒÛÑÏÓÇÑÊËŸÇÑ�ÚËÑÙÜÒŽÜËŸ�

8.1.2 Abbreviations

guideline

S >ÒÑÖÒÏÑÉÊÇÑËÖÌÑËÈÈÜÇ#ÍËÏÍÒÖÊÑÍÖÑÍÚÇÖÏÍÛÍÇÜÑÒÜÑÉÖÍÏÑÖËŸÇÊ�

example

------------------------------------------------------------------------

with Calendar;

package Greenwich_Mean_Time is

   function Clock return Calendar.Time;

   ...

end Greenwich_Mean_Time;

------------------------------------------------------------------------

BÉÏÑÏÓÇÑÛÒÎÎÒÕÍÖŽÑËÈÈÜÇ#ÍËÏÍÒÖÑŸËÌÑÖÒÏÑÈÇÑŠÎÇËÜÑÕÓÇÖÑÉÊÇÚÑÍÖÑËÖÑËÙÙÎÍŠËÏÍÒÖ�

with Calendar;

with Greenwich_Mean_Time;

...

   function Get_GMT return Calendar.Time renames

          Greenwich_Mean_Time.Clock;

rationale

’ÓÍÊÑÍÊÑËÑÊÏÜÒÖŽÇÜÑŽÉÍÚÇÎÍÖÇÑÏÓËÖÑ.ÉÍÚÇÎÍÖÇÑ1�Ä�/�ÑCÒÕÇ#ÇÜÑÕÇÎÎÑŠÒŸŸÇÖÏÇÚ�ÑËÖÑËÈÈÜÇ#ÍËÏÍÒÖÑŸËÌÑŠËÉÊÇ

ŠÒÖÛÉÊÍÒÖÑÍÖÑÊÒŸÇÑÛÉÏÉÜÇÑÜÇÉÊÇÑŠÒÖÏÇÔÏ�Ñ8#ÇÖÑÉÖÍ#ÇÜÊËÎÎÌÑËŠŠÇÙÏÇÚÑËÈÈÜÇ#ÍËÏÍÒÖÊ�ÑÊÉŠÓÑËÊÑ.$’ÑÛÒÜ

.ÜÇÇÖÕÍŠÓÑ$ÇËÖÑ’ÍŸÇ�ÑŠËÖÑŠËÉÊÇÑÙÜÒÈÎÇŸÊÑËÖÚÑÊÓÒÉÎÚÑÈÇÑÉÊÇÚÑÒÖÎÌÑÕÍÏÓÑŽÜÇËÏÑŠËÉÏÍÒÖ�

’ÓÇÑÚÍÛÛÇÜÇÖŠÇÑÈÇÏÕÇÇÖÑÏÓÍÊÑŽÉÍÚÇÎÍÖÇÑËÖÚÑ.ÉÍÚÇÎÍÖÇÑ1�Ä�/ÑÍÖ#ÒÎ#ÇÊÑÍÊÊÉÇÊÑÒÛÑÚÒŸËÍÖ�ÑÑ&ÓÇÖÑÏÓÇÑÚÒŸËÍÖ

ÍÊÑÕÇÎÎ?ÚÇÛÍÖÇÚ�ÑËÈÈÜÇ#ÍËÏÍÒÖÊÑËÖÚÑËŠÜÒÖÌŸÊÑÏÓËÏÑËÜÇÑËŠŠÇÙÏÇÚÑÍÖÑÏÓËÏÑÚÒŸËÍÖÑÕÍÎÎÑŠÎËÜÍÛÌÑÏÓÇÑŸÇËÖÍÖŽÑÒÛ

ÏÓÇÑËÙÙÎÍŠËÏÍÒÖ�ÑÑ&ÓÇÖÑÏÓËÏÑÊËŸÇÑŠÒÚÇÑÍÊÑÜÇŸÒ#ÇÚÑÛÜÒŸÑÍÏÊÑÚÒŸËÍÖ?ÊÙÇŠÍÛÍŠÑŠÒÖÏÇÔÏ�ÑÏÓÒÊÇÑËÈÈÜÇ#ÍËÏÍÒÖÊ

ŸËÌÑÈÇŠÒŸÇÑŸÇËÖÍÖŽÎÇÊÊ�

�ÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#Ç�ÑÏÓÇÑÙËŠ"ËŽÇ�Ñ.ÜÇÇÖÕÍŠÓD$ÇËÖD’ÍŸÇ�ÑŠÒÉÎÚÑÈÇÑÉÊÇÚÑÍÖÑËÖÌÑËÙÙÎÍŠËÏÍÒÖÑÕÍÏÓÒÉÏ

ÎÒÊÊÑÒÛÑŸÇËÖÍÖŽ�ÑÑBÉÏÑÏÓÇÑÛÉÖŠÏÍÒÖÑ.ÇÏD.$’ÑŠÒÉÎÚÑÇËÊÍÎÌÑÈÇÑŠÒÖÛÉÊÇÚÑÕÍÏÓÑÊÒŸÇÑÒÏÓÇÜÑËŠÜÒÖÌŸÑÍÖÑË

ÚÍÛÛÇÜÇÖÏÑÚÒŸËÍÖ�

note

 ÇÇÑ.ÉÍÚÇÎÍÖÇÑ0�Å�ÀÑŠÒÖŠÇÜÖÍÖŽÑÏÓÇÑÙÜÒÙÇÜÑÉÊÇÑÒÛÑÏÓÇÑÜÇÖËŸÇÊÑŠÎËÉÊÇ�ÑÑ�ÛÑËÑÙËÜÏÍŠÉÎËÜÑËÙÙÎÍŠËÏÍÒÖÑŸË"ÇÊ

ÇÔÏÇÖÊÍ#ÇÑÉÊÇÑÒÛÑÏÓÇÑ.ÜÇÇÖÕÍŠÓD$ÇËÖD’ÍŸÇÑÚÒŸËÍÖ�ÑÍÏÑŸËÌÑÈÇÑËÙÙÜÒÙÜÍËÏÇÑÏÒÑÜÇÖËŸÇÑÏÓÇÑÙËŠ"ËŽÇ�

.$’�ÑÕÍÏÓÍÖÑÏÓËÏÑËÙÙÎÍŠËÏÍÒÖ(

with Greenwich_Mean_Time;

...

   package GMT renames Greenwich_Mean_Time;
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8.1.3 Generic Formal Parameters

guideline

S >ÒŠÉŸÇÖÏÑÏÓÇÑÇÔÙÇŠÏÇÚÑÈÇÓË#ÍÒÜÑÒÛÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑ*ÉÊÏÑËÊÑËÖÌÑÙËŠ"ËŽÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÍÊ

ÚÒŠÉŸÇÖÏÇÚ�

example

’ÓÇÑÛÒÎÎÒÕÍÖŽÑÇÔËŸÙÎÇÑÊÓÒÕÊÑÓÒÕÑËÑ#ÇÜÌÑŽÇÖÇÜËÎÑËÎŽÒÜÍÏÓŸÑŠËÖÑÈÇÑÚÇ#ÇÎÒÙÇÚ�ÑÈÉÏÑŸÉÊÏÑÈÇÑŠÎÇËÜÎÌ

ÚÒŠÉŸÇÖÏÇÚÑÏÒÑÈÇÑÉÊÇÚ(

------------------------------------------------------------------------

generic

   -- Index provides access to values in a structure.  For example,

   -- an array, A.

   type Index is (<>);

   -- The function, Less_Than, does NOT compare the indexes

   -- themselves;it compares the elements of the structure:

   --     Less_Than (i,j)  <==>  A(i) < A(j)

   with function Less_Than (Index1 : in     Index;

                            Index2 : in     Index)

         return Boolean;

   -- This procedure swaps values of the structure (the mode won’t

   -- allow the indexes themselves to be swapped!):

   --     Less_Than (i,j) and then Swap (i,j)  ==>  Less_Than (j,i).

   with procedure Swap (Index1 : in     Index;

                        Index2 : in     Index);

   -- After the call to Quick_Sort, the indexed structure will be

   -- sorted:

   --     For all i,j in First..Last :  i<j  =>  A(i) < A(j).

procedure Quick_Sort (First : in     Index := Index’First;

                      Last  : in     Index := Index’Last);

------------------------------------------------------------------------

rationale

’ÓÇÑŽÇÖÇÜÍŠÑŠËÙËÈÍÎÍÏÌÑÍÊÑÒÖÇÑÒÛÑ�ÚË!ÊÑÊÏÜÒÖŽÇÊÏÑÛÇËÏÉÜÇÊÑÈÇŠËÉÊÇÑÒÛÑÍÏÊÑÛÒÜŸËÎÍ)ËÏÍÒÖ�ÑÑCÒÕÇ#ÇÜ�ÑÖÒÏÑËÎÎ

ÒÛÑÏÓÇÑËÊÊÉŸÙÏÍÒÖÊÑŸËÚÇÑËÈÒÉÏÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑŠËÖÑÈÇÑÇÔÙÜÇÊÊÇÚÑÚÍÜÇŠÏÎÌÑÍÖÑ�ÚË�ÑÑ�ÏÑÍÊ

ÍŸÙÒÜÏËÖÏÑÏÓËÏÑËÖÌÑÉÊÇÜÑÒÛÑËÑŽÇÖÇÜÍŠÑ"ÖÒÕÑÇÔËŠÏÎÌÑÕÓËÏÑÏÓËÏÑŽÇÖÇÜÍŠÑÖÇÇÚÊÑÍÖÑÒÜÚÇÜÑÏÒÑÈÇÓË#ÇÑŠÒÜÜÇŠÏÎÌ�

�ÖÑËÑÊÇÖÊÇ�ÑËÑŽÇÖÇÜÍŠÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÍÊÑËÑŠÒÖÏÜËŠÏÑÕÓÇÜÇÑÏÓÇÑÍÖÊÏËÖÏÍËÏÒÜÑŸÉÊÏÑÊÉÙÙÎÌÑÏÓÇÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ

ËÖÚÑÍÖÑÜÇÏÉÜÖÑÜÇŠÇÍ#ÇÊÑËÑÕÒÜ"ÍÖŽÑÍÖÊÏËÖŠÇÑÒÛÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖ�ÑÑBÒÏÓÑÙËÜÏÍÇÊÑËÜÇÑÈÇÊÏÑÊÇÜ#ÇÚÑÕÓÇÖÑÏÓÇ

ŠÒÖÏÜËŠÏÑÍÊÑŠÒŸÙÎÇÏÇÑËÖÚÑŠÎÇËÜÑËÈÒÉÏÑËÎÎÑËÊÊÉŸÙÏÍÒÖÊ�

8.2 ROBUSTNESS

’ÓÇÑÛÒÎÎÒÕÍÖŽÑŽÉÍÚÇÎÍÖÇÊÑÍŸÙÜÒ#ÇÑÏÓÇÑÜÒÈÉÊÏÖÇÊÊÑÒÛÑ�ÚËÑŠÒÚÇ�Ñ�ÏÑÍÊÑÇËÊÌÑÏÒÑÕÜÍÏÇÑŠÒÚÇÑÏÓËÏÑÚÇÙÇÖÚÊÑÒÖÑËÖ

ËÊÊÉŸÙÏÍÒÖÑÕÓÍŠÓÑÌÒÉÑÚÒÑÖÒÏÑÜÇËÎÍ)ÇÑÏÓËÏÑÌÒÉÑËÜÇÑŸË"ÍÖŽ�Ñ&ÓÇÖÑÊÉŠÓÑËÑÙËÜÏÑÍÊÑÜÇÉÊÇÚÑÍÖÑËÑÚÍÛÛÇÜÇÖÏ

ÇÖ#ÍÜÒÖŸÇÖÏ�ÑÍÏÑŠËÖÑÈÜÇË"ÑÉÖÇÔÙÇŠÏÇÚÎÌ�Ñ’ÓÇÑŽÉÍÚÇÎÍÖÇÊÑÈÇÎÒÕÑÊÓÒÕÑÊÒŸÇÑÕËÌÊÑÍÖÑÕÓÍŠÓÑ�ÚËÑŠÒÚÇÑŠËÖÑÈÇ

ŸËÚÇÑÏÒÑËÉÏÒŸËÏÍŠËÎÎÌÑŠÒÖÛÒÜŸÑÏÒÑÍÏÊÑÇÖ#ÍÜÒÖŸÇÖÏ�ÑËÖÚÑÊÒŸÇÑÕËÌÊÑÍÖÑÕÓÍŠÓÑÍÏÑŠËÖÑÈÇÑŸËÚÇÑÏÒÑŠÓÇŠ"ÑÛÒÜ

#ÍÒÎËÏÍÒÖÊÑÒÛÑËÊÊÉŸÙÏÍÒÖÊ�ÑAÍÖËÎÎÌ�ÑÊÒŸÇÑŽÉÍÚÇÎÍÖÇÊÑËÜÇÑŽÍ#ÇÖÑÏÒÑÕËÜÖÑÌÒÉÑËÈÒÉÏÑÇÜÜÒÜÊÑÕÓÍŠÓÑ�ÚËÑÚÒÇÊÑÖÒÏ

ŠËÏŠÓÑËÊÑÊÒÒÖÑËÊÑÌÒÉÑŸÍŽÓÏÑÎÍ"Ç�

8.2.1 Named Numbers

guideline

S 4ÊÇÑÖËŸÇÚÑÖÉŸÈÇÜÊÑËÖÚÑÊÏËÏÍŠÑÇÔÙÜÇÊÊÍÒÖÊÑÏÒÑËÎÎÒÕÑŸÉÎÏÍÙÎÇÑÚÇÙÇÖÚÇÖŠÍÇÊÑÏÒÑÈÇÑÎÍÖ"ÇÚÑÏÒÑËÑÊŸËÎÎ

ÖÉŸÈÇÜÑÒÛÑÊÌŸÈÒÎÊ�

example

------------------------------------------------------------------------

procedure Disk_Driver is
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   -- In this procedure, a number of important disk parameters are

   -- linked.

   Number_Of_Sectors  : constant :=     4;

   Number_Of_Tracks   : constant :=   200;

   Number_Of_Surfaces : constant :=    18;

   Sector_Capacity    : constant := 4_096;

   Track_Capacity   : constant := Number_Of_Sectors  * Sector_Capacity;

   Surface_Capacity : constant := Number_Of_Tracks   * Track_Capacity;

   Disk_Capacity    : constant := Number_Of_Surfaces * Surface_Capacity;

   type Sector_Range  is range 1 .. Number_Of_Sectors;

   type Track_Range   is range 1 .. Number_Of_Tracks;

   type Surface_Range is range 1 .. Number_Of_Surfaces;

   type Track_Map   is array (Sector_Range)  of ...;

   type Surface_Map is array (Track_Range)   of Track_Map;

   type Disk_Map    is array (Surface_Range) of Surface_Map;

begin  -- Disk_Driver

   ...

end Disk_Driver;

------------------------------------------------------------------------

rationale

’ÒÑÜÇÉÊÇÑÊÒÛÏÕËÜÇÑÏÓËÏÑÉÊÇÊÑÖËŸÇÚÑÖÉŸÈÇÜÊÑËÖÚÑÊÏËÏÍŠÑÇÔÙÜÇÊÊÍÒÖÊÑËÙÙÜÒÙÜÍËÏÇÎÌ�Ñ*ÉÊÏÑÒÖÇÑÒÜÑËÑÊŸËÎÎ

ÖÉŸÈÇÜÑ ÒÛÑ ŠÒÖÊÏËÖÏÊÑ ÖÇÇÚÑ ÏÒÑ ÈÇÑ ÜÇÊÇÏÑ ËÖÚÑ ËÎÎÑ ÚÇŠÎËÜËÏÍÒÖÊÑ ËÖÚÑ ËÊÊÒŠÍËÏÇÚÑ ŠÒÚÇÑ ËÜÇÑ ŠÓËÖŽÇÚ

ËÉÏÒŸËÏÍŠËÎÎÌ�Ñ�ÙËÜÏÑ ÛÜÒŸÑÇËÊÍÖŽÑ ÜÇÉÊÇ�Ñ ÏÓÍÊÑ ÜÇÚÉŠÇÊÑ ÏÓÇÑ ÖÉŸÈÇÜÑ ÒÛÑ ÒÙÙÒÜÏÉÖÍÏÍÇÊÑ ÛÒÜÑ ÇÜÜÒÜÑ ËÖÚ

ÚÒŠÉŸÇÖÏÊÑÏÓÇÑŸÇËÖÍÖŽÊÑÒÛÑÏÓÇÑÏÌÙÇÊÑËÖÚÑŠÒÖÊÏËÖÏÊÑÕÍÏÓÒÉÏÑÉÊÍÖŽÑÇÜÜÒÜ3ÙÜÒÖÇÑŠÒŸŸÇÖÏÊ�

8.2.2 Unconstrained Arrays

guideline

S 4ÊÇÑÉÖŠÒÖÊÏÜËÍÖÇÚÑËÜÜËÌÑÏÌÙÇÊÑÛÒÜÑËÜÜËÌÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑËÖÚÑËÜÜËÌÑÜÇÏÉÜÖÑ#ËÎÉÇÊ�

S $Ë"ÇÑÏÓÇÑÊÍ)ÇÑÒÛÑÎÒŠËÎÑ#ËÜÍËÈÎÇÊÑÚÇÙÇÖÚÑÒÖÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÑÊÍ)ÇÑÕÓÇÜÇÑËÙÙÜÒÙÜÍËÏÇ�

example

   ...

   type Vector is array (Vector_Index range <>) of Element;

   type Matrix is array

         (Vector_Index range <>, Vector_Index range <>) of Element;

   ...

   ---------------------------------------------------------------------

   procedure Matrix_Operation (Data : in     Matrix) is

      Workspace   : Matrix (Data’Range(1), Data’Range(2));

      Temp_Vector : Vector (Data’First(1) .. 2 * Data’Last(1));

   ...

   ---------------------------------------------------------------------

rationale

4ÖŠÒÖÊÏÜËÍÖÇÚÑËÜÜËÌÊÑŠËÖÑÈÇÑÚÇŠÎËÜÇÚÑÕÍÏÓÑÏÓÇÍÜÑÊÍ)ÇÊÑÚÇÙÇÖÚÇÖÏÑÒÖÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÑÊÍ)ÇÊ�Ñ&ÓÇÖÑÉÊÇÚ

ËÊÑÎÒŠËÎÑ#ËÜÍËÈÎÇÊ�ÑÏÓÇÍÜÑÊÍ)ÇÊÑŠÓËÖŽÇÑËÉÏÒŸËÏÍŠËÎÎÌÑÕÍÏÓÑÏÓÇÑÊÉÙÙÎÍÇÚÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÊ�Ñ’ÓÍÊÑÛËŠÍÎÍÏÌÑŠËÖ

ÈÇÑÉÊÇÚÑÏÒÑËÊÊÍÊÏÑÍÖÑÏÓÇÑËÚËÙÏÍÒÖÑÒÛÑËÑÙËÜÏÑÊÍÖŠÇÑÖÇŠÇÊÊËÜÌÑÊÍ)ÇÑŠÓËÖŽÇÊÑÍÖÑÎÒŠËÎÑ#ËÜÍËÈÎÇÊÑËÜÇÑÏË"ÇÖÑŠËÜÇÑÒÛ

ËÉÏÒŸËÏÍŠËÎÎÌ�

8.2.3 Assumptions

guideline

S $ÍÖÍŸÍ)ÇÑÏÓÇÑÖÉŸÈÇÜÑÒÛÑËÊÊÉŸÙÏÍÒÖÊÑŸËÚÇÑÈÌÑËÑÉÖÍÏ�

S AÒÜÑËÊÊÉŸÙÏÍÒÖÊÑÕÓÍŠÓÑŠËÖÖÒÏÑÈÇÑË#ÒÍÚÇÚ�ÑÉÊÇÑÏÌÙÇÊÑÏÒÑËÉÏÒŸËÏÍŠËÎÎÌÑÇÖÛÒÜŠÇÑŠÒÖÛÒÜŸËÖŠÇ�

S AÒÜÑËÊÊÉŸÙÏÍÒÖÊÑÕÓÍŠÓÑŠËÖÖÒÏÑÈÇÑËÉÏÒŸËÏÍŠËÎÎÌÑÇÖÛÒÜŠÇÚÑÈÌÑÏÌÙÇÊ�ÑËÚÚÑÇÔÙÎÍŠÍÏÑŠÓÇŠ"ÊÑÏÒÑÏÓÇÑŠÒÚÇ�

S >ÒŠÉŸÇÖÏÑËÎÎÑËÊÊÉŸÙÏÍÒÖÊ�
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example

’ÓÇÑÛÒÎÎÒÕÍÖŽÑÙÒÒÜÎÌÑÕÜÍÏÏÇÖÑÛÉÖŠÏÍÒÖÑÚÒŠÉŸÇÖÏÊ�ÑÈÉÏÑÚÒÇÊÑÖÒÏÑŠÓÇŠ"�ÑÍÏÊÑËÊÊÉŸÙÏÍÒÖ(

   -- Assumption:  BCD value is less than 4 digits.

   function Binary_To_BCD (Binary_Value : in     Natural)

         return BCD;

’ÓÇÑÖÇÔÏÑÇÔËŸÙÎÇÑÇÖÛÒÜŠÇÊÑŠÒÖÛÒÜŸËÖŠÇÑÕÍÏÓÑÍÏÊÑËÊÊÉŸÙÏÍÒÖ�ÑŸË"ÍÖŽÑÏÓÇÑŠÓÇŠ"ÍÖŽÑËÉÏÒŸËÏÍŠ�ÑËÖÚÑÏÓÇ

ŠÒŸŸÇÖÏÑÉÖÖÇŠÇÊÊËÜÌ(

   type Binary_Values is new Natural range 0 .. 9_999;

   function Binary_To_BCD (Binary_Value : in     Binary_Values)

         return BCD;

’ÓÇÑÖÇÔÏÑÇÔËŸÙÎÇÑÇÔÙÎÍŠÍÏÎÌÑŠÓÇŠ"ÊÑËÖÚÑÚÒŠÉŸÇÖÏÊÑÍÏÊÑËÊÊÉŸÙÏÍÒÖ(

   ---------------------------------------------------------------------

   -- Out_Of_Range raised when BCD value exceeds 4  digits.

   function Binary_To_BCD (Binary_Value : in     Natural)

         return BCD is

      Maximum_Representable : constant Natural := 9_999;

   begin  -- Binary_To_BCD

      if Binary_Value > Maximum_Representable then

         raise Out_Of_Range;

      end if;

      ...

   end Binary_To_BCD;

   ---------------------------------------------------------------------

rationale

�ÖÌÑÙËÜÏÑÏÓËÏÑÍÊÑÍÖÏÇÖÚÇÚÑÏÒÑÈÇÑÉÊÇÚÑËŽËÍÖÑÍÖÑËÖÒÏÓÇÜÑÙÜÒŽÜËŸ�ÑÇÊÙÇŠÍËÎÎÌÑÍÛÑÏÓÇÑÒÏÓÇÜÑÙÜÒŽÜËŸÑÍÊÑÎÍ"ÇÎÌÑÏÒ

ÈÇÑÕÜÍÏÏÇÖÑÈÌÑÒÏÓÇÜÑÙÇÒÙÎÇ�ÑÊÓÒÉÎÚÑÈÇÑÜÒÈÉÊÏ�Ñ�ÏÑÊÓÒÉÎÚÑÚÇÛÇÖÚÑÍÏÊÇÎÛÑËŽËÍÖÊÏÑŸÍÊÉÊÇÑÈÌÑÚÇÛÍÖÍÖŽÑÍÏÊ

ÍÖÏÇÜÛËŠÇÑÏÒÑÇÖÛÒÜŠÇÑËÊÑŸËÖÌÑËÊÊÉŸÙÏÍÒÖÊÑËÊÑÙÒÊÊÍÈÎÇÑËÖÚÑÈÌÑËÚÚÍÖŽÑÇÔÙÎÍŠÍÏÑÚÇÛÇÖÊÍ#ÇÑŠÓÇŠ"ÊÑÒÖ

ËÖÌÏÓÍÖŽÑÕÓÍŠÓÑŠËÖÖÒÏÑÈÇÑÇÖÛÒÜŠÇÚÑÈÌÑÏÓÇÑÍÖÏÇÜÛËŠÇ�Ñ

note

<ÒÉÑŠËÖÑÜÇÊÏÜÍŠÏÑÏÓÇÑÜËÖŽÇÊÑÒÛÑ#ËÎÉÇÊÑÒÛÑÏÓÇÑÍÖÙÉÏÊÑÈÌÑŠËÜÇÛÉÎÑÊÇÎÇŠÏÍÒÖÑÒÜÑŠÒÖÊÏÜÉŠÏÍÒÖÑÒÛÑÏÓÇÑÏÌÙÇÊÑÒÛÑÏÓÇ

ÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ�Ñ&ÓÇÖÑÌÒÉÑÚÒÑÊÒ�ÑÏÓÇÑŠÒŸÙÍÎÇÜ@ŽÇÖÇÜËÏÇÚÑŠÓÇŠ"ÍÖŽÑŠÒÚÇÑŸËÌÑÈÇÑŸÒÜÇÑÇÛÛÍŠÍÇÖÏÑÏÓËÖ

ËÖÌÑŠÓÇŠ"ÊÑÌÒÉÑŸÍŽÓÏÑÕÜÍÏÇ�Ñ�ÖÚÇÇÚ�ÑÊÉŠÓÑŠÓÇŠ"ÍÖŽÑÍÊÑÙËÜÏÑÒÛÑÏÓÇÑÍÖÏÇÖÏÑÒÛÑÏÓÇÑÊÏÜÒÖŽÑÏÌÙÍÖŽÑÍÖÑÏÓÇ

ÎËÖŽÉËŽÇ�Ñ’ÓÍÊÑÙÜÇÊÇÖÏÊÑËÑŠÓËÎÎÇÖŽÇ�ÑÓÒÕÇ#ÇÜ�ÑÛÒÜÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÕÓÇÜÇÑÏÓÇÑÉÊÇÜÑÒÛÑÌÒÉÜÑŠÒÚÇÑÊÇÎÇŠÏÊÑÏÓÇ

ÏÌÙÇÊÑÒÛÑÏÓÇÑÙËÜËŸÇÏÇÜÊ�Ñ<ÒÉÜÑŠÒÚÇÑŸÉÊÏÑÈÇÑŠÒÖÊÏÜÉŠÏÇÚÑÊÒÑËÊÑÏÒÑÚÇËÎÑÕÍÏÓÑËÖÌÑ#ËÎÉÇÑÒÛÑËÖÌÑÏÌÙÇÑÏÓÇÑÉÊÇÜ

ŸËÌÑŠÓÒÒÊÇÑÏÒÑÊÇÎÇŠÏÑÛÒÜÑËÖÑÍÖÊÏËÖÏÍËÏÍÒÖ�

8.2.4 Subtypes in Generic Specifications

guideline

S BÇÕËÜÇÑÒÛÑÉÊÍÖŽÑÊÉÈÏÌÙÇÊÑËÊÑÏÌÙÇÑŸËÜ"ÊÑÕÓÇÖÑÚÇŠÎËÜÍÖŽÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÒÈ*ÇŠÏÊÑÒÛÑÏÌÙÇÑin out�

S BÇÕËÜÇÑÒÛÑÉÊÍÖŽÑÊÉÈÏÌÙÇÊÑËÊÑÏÌÙÇÑŸËÜ"ÊÑÕÓÇÖÑÚÇŠÎËÜÍÖŽÑÙËÜËŸÇÏÇÜÊÑÒÜÑÜÇÏÉÜÖÑ#ËÎÉÇÊÑÒÛÑŽÇÖÇÜÍŠ

ÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊ�

S 4ÊÇÑËÏÏÜÍÈÉÏÇÊÑÜËÏÓÇÜÑÏÓËÖÑÎÍÏÇÜËÎÑ#ËÎÉÇÊ�

example

�ÖÑÏÓÇÑÛÒÎÎÒÕÍÖŽÑÇÔËŸÙÎÇ�ÑÍÏÑËÙÙÇËÜÊÑÏÓËÏÑËÖÌÑ#ËÎÉÇÑÊÉÙÙÎÍÇÚÑÛÒÜÑÏÓÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÒÈ*ÇŠÏÑObjectÑÕÒÉÎÚ

ÈÇÑŠÒÖÊÏÜËÍÖÇÚÑÏÒÑÏÓÇÑÜËÖŽÇÑ1..10�Ñ�ÏÑËÎÊÒÑËÙÙÇËÜÊÑÏÓËÏÑÙËÜËŸÇÏÇÜÊÑÙËÊÊÇÚÑËÏÑÜÉÖ@ÏÍŸÇÑÏÒÑÏÓÇÑ,ÉÏÑÜÒÉÏÍÖÇ

ÍÖÑËÖÌÑÍÖÊÏËÖÏÍËÏÍÒÖ�ÑËÖÚÑ#ËÎÉÇÊÑÜÇÏÉÜÖÇÚÑÈÌÑÏÓÇÑ.ÇÏÑÜÒÉÏÍÖÇ�ÑÕÒÉÎÚÑÈÇÑÊÍŸÍÎËÜÎÌÑŠÒÖÊÏÜËÍÖÇÚ�Ñ

   subtype Range_1_10 is Integer range 1 .. 10;

   ---------------------------------------------------------------------

   generic
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      Object : in out Range_1_10;

      with procedure Put (Parameter : in     Range_1_10);

      with function  Get  return             Range_1_10;

   package Input_Output is

      ...

   end Input_Output;

   ---------------------------------------------------------------------

CÒÕÇ#ÇÜ�ÑÏÓÍÊÑÍÊÑÖÒÏÑÏÓÇÑŠËÊÇ�Ñ.Í#ÇÖÑÏÓÇÑÛÒÎÎÒÕÍÖŽÑÎÇŽËÎÑÍÖÊÏËÖÏÍËÏÍÒÖ(

   subtype Range_15_30 is Integer range 15 .. 30;

   Constrained_Object : Range_15_30 := 15;

   procedure Constrained_Put (Parameter : in     Range_15_30);

   function  Constrained_Get  return             Range_15_30;

   package Constrained_Input_Output

      is new Input_Output (Object => Constrained_Object,

                           Put    => Constrained_Put,

                           Get    => Constrained_Get);

   ...

Object�ÑParameter�ÑËÖÚÑÏÓÇÑÜÇÏÉÜÖÑ#ËÎÉÇÑÒÛÑGetÑËÜÇÑŠÒÖÊÏÜËÍÖÇÚÑÏÒÑÏÓÇÑÜËÖŽÇÑ15..30�Ñ’ÓÉÊ�ÑÛÒÜÑÇÔËŸÙÎÇ�ÑÍÛ

ÏÓÇÑÈÒÚÌÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇÑŠÒÖÏËÍÖÊÑËÖÑËÊÊÍŽÖŸÇÖÏÑÊÏËÏÇŸÇÖÏ(

Object := 1;

Constraint_ErrorÑÍÊÑÜËÍÊÇÚÑÕÓÇÖÑÏÓÍÊÑÍÖÊÏËÖÏÍËÏÍÒÖÑÍÊÑÇÔÇŠÉÏÇÚ�Ñ

rationale

�ŠŠÒÜÚÍÖŽÑÏÒÑ ÇŠÏÍÒÖÊÑÄÀ�Ä�Ä-02ÑËÖÚÑÄÀ�Ä�1-02ÑÒÛÑÏÓÇÑ�ÚËÑ;ËÖŽÉËŽÇÑÃÇÛÇÜÇÖŠÇÑ$ËÖÉËÎÑ->ÇÙËÜÏŸÇÖÏ

ÒÛÑ>ÇÛÇÖÊÇÑÄ6912�ÑÕÓÇÖÑŠÒÖÊÏÜËÍÖÏÑŠÓÇŠ"ÍÖŽÑÍÊÑÙÇÜÛÒÜŸÇÚÑÛÒÜÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÒÈ*ÇŠÏÊ�ÑËÖÚÑÙËÜËŸÇÏÇÜÊ

ËÖÚÑÜÇÏÉÜÖÑ#ËÎÉÇÊÑÒÛÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊ�ÑÏÓÇÑŠÒÖÊÏÜËÍÖÏÊÑÒÛÑÏÓÇÑËŠÏÉËÎÑÊÉÈÏÌÙÇÑ-ÖÒÏÑÏÓÇÑÛÒÜŸËÎ

ÊÉÈÏÌÙÇÑÒÜÑÏÓÇÑÈËÊÇÑÏÌÙÇ2ÑËÜÇÑÇÖÛÒÜŠÇÚ�Ñ

’ÓÉÊ�ÑÇ#ÇÖÑÕÍÏÓÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑÕÓÍŠÓÑÓËÊÑÈÇÇÖÑÍÖÊÏËÖÏÍËÏÇÚÑËÖÚÑÏÇÊÏÇÚÑŸËÖÌÑÏÍŸÇÊ�ÑËÖÚÑÕÍÏÓÑËÖ

ÍÖÊÏËÖÏÍËÏÍÒÖÑÕÓÍŠÓÑÜÇÙÒÜÏÇÚÑÖÒÑÇÜÜÒÜÊÑËÏÑÍÖÊÏËÖÏÍËÏÍÒÖÑÏÍŸÇ�ÑÏÓÇÜÇÑŠËÖÑÈÇÑËÑÜÉÖ@ÏÍŸÇÑÇÜÜÒÜ�Ñ ÍÖŠÇÑÏÓÇ

ÊÉÈÏÌÙÇÑ ŠÒÖÊÏÜËÍÖÏÊÑ ÒÛÑ ÏÓÇÑ ŽÇÖÇÜÍŠÑ ÛÒÜŸËÎÑ ËÜÇÑ ÍŽÖÒÜÇÚ�Ñ ÏÓÇÑ �ÚËÑ ;ËÖŽÉËŽÇÑ ÃÇÛÇÜÇÖŠÇÑ $ËÖÉËÎ

->ÇÙËÜÏŸÇÖÏÑÒÛÑ>ÇÛÇÖÊÇÑÄ6912ÑÊÉŽŽÇÊÏÊÑÉÊÍÖŽÑÏÓÇÑÖËŸÇÑÒÛÑËÑÈËÊÇÑÏÌÙÇÑÍÖÑÊÉŠÓÑÙÎËŠÇÊÑÏÒÑË#ÒÍÚÑŠÒÖÛÉÊÍÒÖ�

8#ÇÖÑÊÒ�ÑÌÒÉÑŸÉÊÏÑÈÇÑŠËÜÇÛÉÎÑÖÒÏÑÏÒÑËÊÊÉŸÇÑÏÓÇÑÛÜÇÇÚÒŸÑÏÒÑÉÊÇÑËÖÌÑ#ËÎÉÇÑÒÛÑÏÓÇÑÈËÊÇÑÏÌÙÇÑÈÇŠËÉÊÇÑÏÓÇ

ÍÖÊÏËÖÏÍËÏÍÒÖÑÍŸÙÒÊÇÊÑÏÓÇÑÊÉÈÏÌÙÇÑŠÒÖÊÏÜËÍÖÏÊÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜ�Ñ’ÒÑÈÇÑÊËÛÇ�ÑËÎÕËÌÊÑÜÇÛÇÜÑÏÒ

ÊÙÇŠÍÛÍŠÑ#ËÎÉÇÊÑÒÛÑÏÓÇÑÏÌÙÇÑ#ÍËÑÊÌŸÈÒÎÍŠÑÇÔÙÜÇÊÊÍÒÖÊÑŠÒÖÏËÍÖÍÖŽÑËÏÏÜÍÈÉÏÇÊÑÎÍ"ÇÑ’First�Ñ’Last�Ñ’Pred�ÑËÖÚ

’SuccÑÜËÏÓÇÜÑÏÓËÖÑ#ÍËÑÎÍÏÇÜËÎÑ#ËÎÉÇÊ�

’ÓÇÑÈÇÊÏÑÊÒÎÉÏÍÒÖÑÍÊÑÏÒÑÍÖÏÜÒÚÉŠÇÑËÑÖÇÕÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÑÙËÜËŸÇÏÇÜÑËÖÚÑÉÊÇÑÍÏÑÍÖÑÙÎËŠÇÑÒÛÑÏÓÇÑÊÉÈÏÌÙÇ�

ËÊÑÊÓÒÕÖÑÈÇÎÒÕ(

------------------------------------------------------------------------

generic

   type Object_Range is range <>;

   Object : in out Object_Range;

   with procedure Put (Parameter : in     Object_Range);

   with function  Get  return             Object_Range;

package Input_Output is

   ...

end Input_Output;

------------------------------------------------------------------------

’ÓÍÊÑÍÊÑËÑŠÎÇËÜÑÊÏËÏÇŸÇÖÏÑÈÌÑÏÓÇÑÚÇ#ÇÎÒÙÇÜÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÑÏÓËÏÑÖÒÑËÊÊÉŸÙÏÍÒÖÊÑËÜÇÑŸËÚÇÑËÈÒÉÏÑÏÓÇ

ObjectsÑÏÌÙÇÑÒÏÓÇÜÑÏÓËÖÑÏÓËÏÑÍÏÑÍÊÑËÖÑÍÖÏÇŽÇÜÑÏÌÙÇ�Ñ’ÓÍÊÑÊÓÒÉÎÚÑÜÇÚÉŠÇÑÏÓÇÑÎÍ"ÇÎÍÓÒÒÚÑÒÛÑËÖÌÑÍÖ#ËÎÍÚ

ËÊÊÉŸÙÏÍÒÖÊÑÈÇÍÖŽÑŸËÚÇÑÍÖÑÏÓÇÑÈÒÚÌÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�

AÒÜÑŽÇÖÇÜÍŠÊ�ÑËÏÏÜÍÈÉÏÇÊÑÙÜÒ#ÍÚÇÑÏÓÇÑŸÇËÖÊÑÏÒÑŸËÍÖÏËÍÖÑŽÇÖÇÜËÎÍÏÌ�ÑÑ�ÏÑÍÊÑÙÒÊÊÍÈÎÇÑÏÒÑÉÊÇÑÎÍÏÇÜËÎÑ#ËÎÉÇÊ�ÑÈÉÏ

ÎÍÏÇÜËÎÊÑÜÉÖÑÏÓÇÑÜÍÊ"ÑÒÛÑ#ÍÒÎËÏÍÖŽÑÊÒŸÇÑŠÒÖÊÏÜËÍÖÏ�ÑÑAÒÜÑÇÔËŸÙÎÇ�ÑËÊÊÉŸÍÖŽÑËÖÑËÜÜËÌ!ÊÑÍÖÚÇÔÑÊÏËÜÏÊÑËÏÑÒÖÇ

ŸËÌÑŠËÉÊÇÑËÑÙÜÒÈÎÇŸÑÕÓÇÖÑÏÓÇÑŽÇÖÇÜÍŠÑÍÊÑÍÖÊÏËÖÏÍËÏÇÚÑÛÒÜÑËÑ)ÇÜÒ?ÈËÊÇÚÑËÜÜËÌÑÏÌÙÇ�
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8.2.5 Overloading in Generic Units

guideline

S BÇÑŠËÜÇÛÉÎÑËÈÒÉÏÑÒ#ÇÜÎÒËÚÍÖŽÑÏÓÇÑÖËŸÇÊÑÒÛÑÊÉÈÙÜÒŽÜËŸÊÑÇÔÙÒÜÏÇÚÑÈÌÑÏÓÇÑÊËŸÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇ�

example

------------------------------------------------------------------------

generic

   type Item is limited private;

package Input_Output is

   procedure Put (Value : in     Integer);

   procedure Put (Value : in     Items);

end Input_Output;

------------------------------------------------------------------------

rationale

�ÛÑÏÓÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇÑÊÓÒÕÖÑÍÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#ÇÑÍÊÑÍÖÊÏËÖÏÍËÏÇÚÑÕÍÏÓÑIntegerÑ-ÒÜÑËÖÌÑÊÉÈÏÌÙÇÑÒÛ

Integer2ÑËÊÑÏÓÇÑËŠÏÉËÎÑÏÌÙÇÑŠÒÜÜÇÊÙÒÖÚÍÖŽÑÏÒÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑValue�ÑÏÓÇÖÑÏÓÇÑÏÕÒÑPutÑÙÜÒŠÇÚÉÜÇÊÑÓË#Ç

ÍÚÇÖÏÍŠËÎÑÍÖÏÇÜÛËŠÇÊ�ÑËÖÚÑËÎÎÑŠËÎÎÊÑÏÒÑPutÑËÜÇÑËŸÈÍŽÉÒÉÊ�Ñ’ÓÇÜÇÛÒÜÇ�ÑÏÓÍÊÑÙËŠ"ËŽÇÑŠËÖÖÒÏÑÈÇÑÉÊÇÚÑÕÍÏÓÑÏÌÙÇ

Integer�Ñ�ÖÑÊÉŠÓÑËÑŠËÊÇ�ÑÍÏÑÍÊÑÈÇÏÏÇÜÑÏÒÑŽÍ#ÇÑÉÖËŸÈÍŽÉÒÉÊÑÖËŸÇÊÑÏÒÑËÎÎÑÊÉÈÙÜÒŽÜËŸÊ�Ñ ÇÇÑ ÇŠÏÍÒÖÑÄÀ�1-ÀÀ2

ÒÛÑÏÓÇÑ�ÚËÑ;ËÖŽÉËŽÇÑÃÇÛÇÜÇÖŠÇÑ$ËÖÉËÎÑ->ÇÙËÜÏŸÇÖÏÑÒÛÑ>ÇÛÇÖÊÇÑÄ6912ÑÛÒÜÑŸÒÜÇÑÍÖÛÒÜŸËÏÍÒÖ�

8.2.6 Hidden Tasks

guideline

S &ÍÏÓÍÖÑËÑÊÙÇŠÍÛÍŠËÏÍÒÖ�ÑÚÒŠÉŸÇÖÏÑËÖÌÑÏËÊ"ÊÑÏÓËÏÑÕÒÉÎÚÑÈÇÑËŠÏÍ#ËÏÇÚÑÈÌÑÁÂÄÀ!ÍÖŽÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑËÖÚ

ÈÌÑÉÊÍÖŽÑËÖÌÑÙËÜÏÑÒÛÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖ�

S >ÒŠÉŸÇÖÏÑÕÓÍŠÓÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑËÜÇÑËŠŠÇÊÊÇÚÑÛÜÒŸÑËÑÏËÊ"ÑÓÍÚÚÇÖÑÍÖÊÍÚÇÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�

rationale

’ÓÇÑÇÛÛÇŠÏÊÑÒÛÑÏËÊ"ÍÖŽÑÈÇŠÒŸÇÊÑËÑŸË*ÒÜÑÛËŠÏÒÜÑÕÓÇÖÑÜÇÉÊËÈÎÇÑŠÒÚÇÑÇÖÏÇÜÊÑÏÓÇÑÚÒŸËÍÖÑÒÛÑÜÇËÎ?ÏÍŸÇ

ÊÌÊÏÇŸÊ�ÑÑ8#ÇÖÑÏÓÒÉŽÓÑÏËÊ"ÊÑŸËÌÑÈÇÑÉÊÇÚÑÛÒÜÑÒÏÓÇÜÑÙÉÜÙÒÊÇÊ�ÑÏÓÇÍÜÑÇÛÛÇŠÏÑÒÖÑÊŠÓÇÚÉÎÍÖŽÑËÎŽÒÜÍÏÓŸÊÑÍÊÑÊÏÍÎÎ

ËÑ ŠÒÖŠÇÜÖÑ ËÖÚÑŸÉÊÏÑ ÈÇÑ ŠÎÇËÜÎÌÑ ÚÒŠÉŸÇÖÏÇÚ�Ñ Ñ&ÍÏÓÑ ÏÓÇÑ ÏËÊ"Ñ ŠÎÇËÜÎÌÑ ÚÒŠÉŸÇÖÏÇÚ�Ñ ÏÓÇÑ ÜÇËÎ?ÏÍŸÇ

ÙÜÒŽÜËŸŸÇÜÑŠËÖÑÏÓÇÖÑËÖËÎÌ)ÇÑÙÇÜÛÒÜŸËÖŠÇ�ÑÙÜÍÒÜÍÏÍÇÊ�ÑËÖÚÑÊÒÑÛÒÜÏÓÑÏÒÑŸÇÇÏÑÏÍŸÍÖŽÑÜÇ%ÉÍÜÇŸÇÖÏÊEÑÒÜÑÍÛ

ÖÇŠÇÊÊËÜÌ�ÑÓÇÑŠËÖÑŸÒÚÍÛÌÑÒÜÑÇ#ÇÖÑÜÇÚÇÊÍŽÖÑÏÓÇÑŠÒŸÙÒÖÇÖÏ�

5ÒÖŠÉÜÜÇÖÏÑËŠŠÇÊÊÑÏÒÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑŸÉÊÏÑÈÇÑŠËÜÇÛÉÎÎÌÑÙÎËÖÖÇÚÑÏÒÑË#ÒÍÚÑÇÜÜÒÜÊ�ÑÇÊÙÇŠÍËÎÎÌÑÛÒÜÑÚËÏË

ÊÏÜÉŠÏÉÜÇÊÑÕÓÍŠÓÑËÜÇÑÖÒÏÑËÏÒŸÍŠÑ-ÊÇÇÑ5ÓËÙÏÇÜÑFÑÛÒÜÑÚÇÏËÍÎÊ2�Ñ�ÛÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑËŠŠÇÊÊÇÊÑÒÖÇÑÒÛÑÍÏÊÑŽÇÖÇÜÍŠ

ÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑ-ÜÇËÚÊÑÒÜÑÕÜÍÏÇÊÑÏÓÇÑ#ËÎÉÇÑÒÛÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÒÈ*ÇŠÏÑÒÜÑŠËÎÎÊÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎ

ÊÉÈÙÜÒŽÜËŸÑÕÓÍŠÓÑÜÇËÚÊÑÒÜÑÕÜÍÏÇÊÑÚËÏË2ÑÛÜÒŸÑÕÍÏÓÍÖÑËÑÏËÊ"ÑŠÒÖÏËÍÖÇÚÑÍÖÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�ÑÏÓÇÖÑÏÓÇÜÇÑÍÊ

ÏÓÇÑÙÒÊÊÍÈÍÎÍÏÌÑÒÛÑŠÒÖŠÉÜÜÇÖÏÑËŠŠÇÊÊÑÛÒÜÑÕÓÍŠÓÑÏÓÇÑÉÊÇÜÑŸËÌÑÖÒÏÑÓË#ÇÑÙÎËÖÖÇÚ�Ñ�ÖÑÊÉŠÓÑËÑŠËÊÇ�ÑÏÓÇÑÉÊÇÜ

ÊÓÒÉÎÚÑÈÇÑÕËÜÖÇÚÑÈÌÑËÑŠÒŸŸÇÖÏÑÍÖÑÏÓÇÑŽÇÖÇÜÍŠÑÊÙÇŠÍÛÍŠËÏÍÒÖ�

8.2.7 Exceptions

guideline

S ,ÜÒÙËŽËÏÇÑÇÔŠÇÙÏÍÒÖÊÑÒÉÏÑÒÛÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑCËÖÚÎÇÑÇÔŠÇÙÏÍÒÖÊÑÕÍÏÓÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÒÖÎÌÑÕÓÇÖÑÌÒÉ

ËÜÇÑŠÇÜÏËÍÖÑÏÓËÏÑÏÓÇÑÓËÖÚÎÍÖŽÑÍÊÑËÙÙÜÒÙÜÍËÏÇÑÍÖÑËÎÎÑŠÍÜŠÉŸÊÏËÖŠÇÊ�

S ,ÜÒÙËŽËÏÇÑÇÔŠÇÙÏÍÒÖÊÑÜËÍÊÇÚÑÈÌÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊÑËÛÏÇÜÑÙÇÜÛÒÜŸÍÖŽÑËÖÌÑŠÎÇËÖÉÙÑÖÇŠÇÊÊËÜÌ

ÏÒÑÏÓÇÑŠÒÜÜÇŠÏÑÒÙÇÜËÏÍÒÖÑÒÛÑÛÉÏÉÜÇÑÍÖ#ÒŠËÏÍÒÖÊÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÍÖÊÏËÖÏÍËÏÍÒÖ�

S ;ÇË#ÇÑÊÏËÏÇÑ#ËÜÍËÈÎÇÊÑÍÖÑËÑ#ËÎÍÚÑÊÏËÏÇÑÕÓÇÖÑÜËÍÊÍÖŽÑËÖÑÇÔŠÇÙÏÍÒÖ�

S ;ÇË#ÇÑÙËÜËŸÇÏÇÜÊÑÉÖŸÒÚÍÛÍÇÚÑÕÓÇÖÑÜËÍÊÍÖŽÑËÖÑÇÔŠÇÙÏÍÒÖ�

example

------------------------------------------------------------------------

generic

   type Number is limited private;
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   with procedure Get (Value :    out Number);

procedure Process_Numbers;

------------------------------------------------------------------------

procedure Process_Numbers is

   Local : Number;

   procedure Perform_Cleanup_Necessary_For_Process_Numbers is

         separate;

   ...

begin  -- Process_Numbers

   ...

   Catch_Exceptions_Generated_By_Get:

      begin

         Get(Local);

      exception

         when others =>

            Perform_Cleanup_Necessary_For_Process_Numbers;

            raise;

      end Catch_Exceptions_Generated_By_Get;

   ...

end Process_Numbers;

------------------------------------------------------------------------

rationale

+ÖÑŸÒÊÏÑÒŠŠËÊÍÒÖÊ�ÑËÖÑÇÔŠÇÙÏÍÒÖÑÍÊÑÜËÍÊÇÚÑÈÇŠËÉÊÇÑËÖÑÉÖÚÇÊÍÜÇÚÑÇ#ÇÖÏÑ-ÊÉŠÓÑËÊÑÛÎÒËÏÍÖŽ@ÙÒÍÖÏÑÒ#ÇÜÛÎÒÕ2

ÓËÊÑÒŠŠÉÜÜÇÚ�Ñ ÉŠÓÑÇ#ÇÖÏÊÑÒÛÏÇÖÑÖÇÇÚÑÏÒÑÈÇÑÚÇËÎÏÑÕÍÏÓÑÇÖÏÍÜÇÎÌÑÚÍÛÛÇÜÇÖÏÎÌÑÕÍÏÓÑÚÍÛÛÇÜÇÖÏÑÉÊÇÊÑÒÛÑË

ÙËÜÏÍŠÉÎËÜÑÊÒÛÏÕËÜÇÑÙËÜÏ�Ñ�ÏÑÍÊÑ#ÇÜÌÑÚÍÛÛÍŠÉÎÏÑÏÒÑËÖÏÍŠÍÙËÏÇÑËÎÎÑÏÓÇÑÕËÌÊÑÏÓËÏÑÉÊÇÜÊÑÒÛÑÏÓÇÑÙËÜÏÑŸËÌÑÕÍÊÓÑÏÒ

ÓË#ÇÑÏÓÇÑÇÔŠÇÙÏÍÒÖÊÑÓËÖÚÎÇÚ�Ñ,ËÊÊÍÖŽÑÏÓÇÑÇÔŠÇÙÏÍÒÖÑÒÉÏÑÒÛÑÏÓÇÑÙËÜÏÑÍÊÑÏÓÇÑÊËÛÇÊÏÑÏÜÇËÏŸÇÖÏ�

�ÖÑÙËÜÏÍŠÉÎËÜ�ÑÕÓÇÖÑËÖÑÇÔŠÇÙÏÍÒÖÑÍÊÑÜËÍÊÇÚÑÈÌÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸ�ÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÑÍÊÑÍÖÑÖÒ

ÙÒÊÍÏÍÒÖÑÏÒÑÉÖÚÇÜÊÏËÖÚÑÕÓÌÑÒÜÑÏÒÑ"ÖÒÕÑÕÓËÏÑŠÒÜÜÇŠÏÍ#ÇÑËŠÏÍÒÖÑÏÒÑÏË"Ç�Ñ’ÓÇÜÇÛÒÜÇ�ÑÊÉŠÓÑÇÔŠÇÙÏÍÒÖÊ

ÊÓÒÉÎÚÑËÎÕËÌÊÑÈÇÑÙÜÒÙËŽËÏÇÚÑÈËŠ"ÑÏÒÑÏÓÇÑŠËÎÎÇÜÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÍÖÊÏËÖÏÍËÏÍÒÖ�ÑCÒÕÇ#ÇÜ�ÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ

ŸÉÊÏÑÛÍÜÊÏÑŠÎÇËÖÑÉÙÑËÛÏÇÜÑÍÏÊÇÎÛ�ÑÜÇÊÏÒÜÍÖŽÑÍÏÊÑÍÖÏÇÜÖËÎÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑÏÒÑËÑŠÒÜÜÇŠÏÑÊÏËÏÇÑÊÒÑÏÓËÏÑÛÉÏÉÜÇÑŠËÎÎÊ

ŸËÌÑÈÇÑŸËÚÇÑÏÒÑÍÏÑËÛÏÇÜÑÏÓÇÑŠËÎÎÇÜÑÓËÊÑÚÇËÎÏÑÕÍÏÓÑÏÓÇÑŠÉÜÜÇÖÏÑÇÔŠÇÙÏÍÒÖ�ÑAÒÜÑÏÓÍÊÑÜÇËÊÒÖ�ÑËÎÎÑŠËÎÎÊÑÏÒ

ŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊÑÊÓÒÉÎÚÑÈÇÑÕÍÏÓÍÖÑÏÓÇÑÊŠÒÙÇÑÒÛÑËÑwhen othersÑÇÔŠÇÙÏÍÒÖÑÓËÖÚÎÇÜÑÍÛÑÏÓÇ

ÍÖÏÇÜÖËÎÑÊÏËÏÇÑÍÊÑŸÒÚÍÛÍÇÚ�ÑËÊÑÊÓÒÕÖÑÍÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#Ç�

&ÓÇÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÍÊÑÍÖ#Ò"ÇÚ�ÑÏÓÇÑÉÊÇÜÑÒÛÑÏÓÇÑÙËÜÏÑÊÓÒÉÎÚÑÈÇÑËÈÎÇÑÏÒÑ"ÖÒÕÑÇÔËŠÏÎÌÑÕÓËÏÑÒÙÇÜËÏÍÒÖÑ-ËÏ

ÏÓÇÑËÙÙÜÒÙÜÍËÏÇÑÎÇ#ÇÎÑÒÛÑËÈÊÏÜËŠÏÍÒÖ2ÑÓËÊÑÈÇÇÖÑÙÇÜÛÒÜŸÇÚ�ÑAÒÜÑÏÓÍÊÑÏÒÑÈÇÑÙÒÊÊÍÈÎÇ�ÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑŸÉÊÏ

ËÎÕËÌÊÑÚÒÑËÎÎÑÒÜÑÖÒÖÇÑÒÛÑÍÏÊÑÊÙÇŠÍÛÍÇÚÑÛÉÖŠÏÍÒÖEÑÍÏÑŸÉÊÏÑÖÇ#ÇÜÑÚÒÑÓËÎÛ�Ñ’ÓÇÜÇÛÒÜÇ�ÑËÖÌÑÜÇÉÊËÈÎÇÑÙËÜÏÑÕÓÍŠÓ

ÏÇÜŸÍÖËÏÇÊÑÇËÜÎÌÑÈÌÑÜËÍÊÍÖŽÑÒÜÑÙÜÒÙËŽËÏÍÖŽÑËÖÑÇÔŠÇÙÏÍÒÖÑÊÓÒÉÎÚÑÜÇÏÉÜÖÑÏÒÑÏÓÇÑŠËÎÎÇÜÑÕÍÏÓÑÖÒÑÇÛÛÇŠÏÑÒÖÑÏÓÇ

ÍÖÏÇÜÖËÎÑÒÜÑÇÔÏÇÜÖËÎÑÊÏËÏÇ�Ñ’ÓÇÑÇËÊÍÇÊÏÑÕËÌÑÏÒÑÚÒÑÏÓÍÊÑÍÊÑÏÒÑÏÇÊÏÑÛÒÜÑËÎÎÑÙÒÊÊÍÈÎÇÑÇÔŠÇÙÏÍÒÖËÎÑŠÒÖÚÍÏÍÒÖÊ

ÈÇÛÒÜÇÑŸË"ÍÖŽÑËÖÌÑÊÏËÏÇÑŠÓËÖŽÇÊÑ-ŸÒÚÍÛÌÍÖŽÑÍÖÏÇÜÖËÎÑÊÏËÏÇÑ#ËÜÍËÈÎÇÊ�ÑŸË"ÍÖŽÑŠËÎÎÊÑÏÒÑÒÏÓÇÜÑÜÇÉÊËÈÎÇÑÙËÜÏÊ

ÏÒÑŸÒÚÍÛÌÑÏÓÇÍÜÑÊÏËÏÇÊ�ÑÉÙÚËÏÍÖŽÑÛÍÎÇÊ�ÑÇÏŠ�2�Ñ&ÓÇÖÑÏÓÍÊÑÍÊÑÖÒÏÑÙÒÊÊÍÈÎÇ�ÑÍÏÑÍÊÑÈÇÊÏÑÏÒÑÜÇÊÏÒÜÇÑËÎÎÑÍÖÏÇÜÖËÎÑËÖÚ

ÇÔÏÇÜÖËÎÑÊÏËÏÇÊÑÏÒÑÏÓÇÑ#ËÎÉÇÊÑÕÓÍŠÓÑÕÇÜÇÑŠÉÜÜÇÖÏÑÕÓÇÖÑÏÓÇÑÙËÜÏÑÕËÊÑÍÖ#Ò"ÇÚÑÈÇÛÒÜÇÑÜËÍÊÍÖŽÑÒÜÑÙÜÒÙËŽËÏÍÖŽ

ÏÓÇÑÇÔŠÇÙÏÍÒÖ�Ñ8#ÇÖÑÕÓÇÖÑÏÓÍÊÑÍÊÑÖÒÏÑÙÒÊÊÍÈÎÇ�ÑÍÏÑÍÊÑÍŸÙÒÜÏËÖÏÑÏÒÑÚÒŠÉŸÇÖÏÑÏÓÍÊÑÙÒÏÇÖÏÍËÎÎÌÑÓË)ËÜÚÒÉÊ

ÊÍÏÉËÏÍÒÖÑÍÖÑÏÓÇÑŠÒŸŸÇÖÏÑÓÇËÚÇÜÑÒÛÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑÙËÜÏ�

�ÑÊÍŸÍÎËÜÑÙÜÒÈÎÇŸÑËÜÍÊÇÊÑÕÍÏÓÑÙËÜËŸÇÏÇÜÊÑÒÛÑŸÒÚÇÑoutÑÒÜÑin outÑÕÓÇÖÑÇÔŠÇÙÏÍÒÖÊÑËÜÇÑÜËÍÊÇÚ�Ñ’ÓÇÑ�ÚË

ÎËÖŽÉËŽÇÑÚÇÛÍÖÇÊÑÏÓÇÊÇÑŸÒÚÇÊÑÍÖÑÏÇÜŸÊÑÒÛÑGŠÒÙÌ@ÍÖHÑËÖÚÑGŠÒÙÌ@ÈËŠ"HÑÊÇŸËÖÏÍŠÊ�ÑÈÉÏÑÎÇË#ÇÊÑÏÓÇÑËŠÏÉËÎ

ÙËÜËŸÇÏÇÜ3ÙËÊÊÍÖŽÑŸÇŠÓËÖÍÊŸÑÉÖÚÇÛÍÖÇÚ�Ñ&ÓÇÖÑËÖÑÇÔŠÇÙÏÍÒÖÑÍÊÑÜËÍÊÇÚ�ÑÏÓÇÑŠÒÙÌ@ÈËŠ"ÑÚÒÇÊÑÖÒÏÑÒŠŠÉÜ�

ÈÉÏÑÛÒÜÑËÖÑ�ÚËÑŠÒŸÙÍÎÇÜÑÕÓÍŠÓÑÙËÊÊÇÊÑÙËÜËŸÇÏÇÜÊÑÈÌÑÜÇÛÇÜÇÖŠÇ�ÑÏÓÇÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÑÓËÊÑËÎÜÇËÚÌÑÈÇÇÖ

ÉÙÚËÏÇÚ�Ñ&ÓÇÖÑÙËÜËŸÇÏÇÜÊÑËÜÇÑÙËÊÊÇÚÑÈÌÑŠÒÙÌ�ÑÏÓÇÑÉÙÚËÏÇÑÚÒÇÊÑÖÒÏÑÒŠŠÉÜ�Ñ’ÒÑÜÇÚÉŠÇÑËŸÈÍŽÉÍÏÌ�

ÍÖŠÜÇËÊÇÑÙÒÜÏËÈÍÎÍÏÌ�ÑËÖÚÑË#ÒÍÚÑÊÍÏÉËÏÍÒÖÊÑÕÓÇÜÇÑÊÒŸÇÑÈÉÏÑÖÒÏÑËÎÎÑÒÛÑÏÓÇÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÊÑËÜÇÑÉÙÚËÏÇÚ

ÕÓÇÖÑËÖÑÇÔŠÇÙÏÍÒÖÑÍÊÑÜËÍÊÇÚ�ÑÍÏÑÍÊÑÈÇÊÏÑÏÒÑÏÜÇËÏÑ#ËÎÉÇÊÑÒÛÑoutÑËÖÚÑin outÑÙËÜËŸÇÏÇÜÊÑÎÍ"ÇÑÊÏËÏÇÑ#ËÜÍËÈÎÇÊ�

ÉÙÚËÏÍÖŽÑÏÓÇŸÑÒÖÎÌÑËÛÏÇÜÑÍÏÑÍÊÑŠÇÜÏËÍÖÑÏÓËÏÑÖÒÑÇÔŠÇÙÏÍÒÖÑÕÍÎÎÑÈÇÑÜËÍÊÇÚ�
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8.3 ADAPTABILITY

ÃÇÉÊËÈÎÇÑÙËÜÏÊÑÒÛÏÇÖÑÖÇÇÚÑÏÒÑÈÇÑŠÓËÖŽÇÚÑÈÇÛÒÜÇÑÏÓÇÌÑŠËÖÑÈÇÑÉÊÇÚÑÍÖÑËÑÊÙÇŠÍÛÍŠÑËÙÙÎÍŠËÏÍÒÖ�Ñ’ÓÇÌÑÊÓÒÉÎÚÑÈÇ

ÊÏÜÉŠÏÉÜÇÚÑÊÒÑÏÓËÏÑŠÓËÖŽÇÑÍÊÑÇËÊÌÑËÖÚÑËÊÑÎÒŠËÎÍ)ÇÚÑËÊÑÙÒÊÊÍÈÎÇ�Ñ+ÖÇÑÕËÌÑÒÛÑËŠÓÍÇ#ÍÖŽÑËÚËÙÏËÈÍÎÍÏÌÑÍÊÑÏÒÑŠÜÇËÏÇ

ŽÇÖÇÜËÎÑÙËÜÏÊÑÕÍÏÓÑŠÒŸÙÎÇÏÇÑÛÉÖŠÏÍÒÖËÎÍÏÌ�ÑÒÖÎÌÑËÑÊÉÈÊÇÏÑÒÛÑÕÓÍŠÓÑŸÍŽÓÏÑÈÇÑÖÇÇÚÇÚÑÍÖÑËÑŽÍ#ÇÖÑËÙÙÎÍŠËÏÍÒÖ�

�ÖÒÏÓÇÜÑÍÊÑÏÒÑÉÊÇÑ�ÚË!ÊÑŽÇÖÇÜÍŠÑŠÒÖÊÏÜÉŠÏÑÏÒÑÙÜÒÚÉŠÇÑÙËÜÏÊÑÏÓËÏÑŠËÖÑÈÇÑËÙÙÜÒÙÜÍËÏÇÎÌÑÍÖÊÏËÖÏÍËÏÇÚÑÕÍÏÓ

ÚÍÛÛÇÜÇÖÏÑÙËÜËŸÇÏÇÜÊ�ÑBÒÏÓÑÒÛÑÏÓÇÊÇÑËÙÙÜÒËŠÓÇÊÑË#ÒÍÚÑÏÓÇÑÇÜÜÒÜ3ÙÜÒÖÇÑÙÜÒŠÇÊÊÑÒÛÑËÚËÙÏÍÖŽÑËÑÙËÜÏÑÈÌÑŠÓËÖŽÍÖŽ

ÍÏÊÑŠÒÚÇ�ÑÈÉÏÑÓË#ÇÑÎÍŸÍÏËÏÍÒÖÊÑËÖÚÑŠËÖÑŠËÜÜÌÑÊÒŸÇÑÒ#ÇÜÓÇËÚ�

�ÖÏÍŠÍÙËÏÇÚÑŠÓËÖŽÇÊ�ÑÏÓËÏÑÍÊ�ÑŠÓËÖŽÇÊÑÏÓËÏÑŠËÖÑÈÇÑÜÇËÊÒÖËÈÎÌÑÛÒÜÇÊÇÇÖÑÈÌÑÏÓÇÑÚÇ#ÇÎÒÙÇÜÑÒÛÑÏÓÇÑÙËÜÏ�ÑÊÓÒÉÎÚÑÈÇ

ÙÜÒ#ÍÚÇÚÑÛÒÜÑËÊÑÛËÜÑËÊÑÙÒÊÊÍÈÎÇ�Ñ4ÖËÖÏÍŠÍÙËÏÇÚÑŠÓËÖŽÇÑŠËÖÑÒÖÎÌÑÈÇÑËŠŠÒŸŸÒÚËÏÇÚÑÈÌÑŠËÜÇÛÉÎÎÌÑÊÏÜÉŠÏÉÜÍÖŽÑË

ÙËÜÏÑÏÒÑÈÇÑËÚËÙÏËÈÎÇ�Ñ$ËÖÌÑÒÛÑÏÓÇÑŠÒÖÊÍÚÇÜËÏÍÒÖÊÑÙÇÜÏËÍÖÍÖŽÑÏÒÑŸËÍÖÏËÍÖËÈÍÎÍÏÌÑËÙÙÎÌ�Ñ�ÛÑÏÓÇÑŠÒÚÇÑÍÊÑÒÛÑÓÍŽÓ

%ÉËÎÍÏÌ�ÑŠÎÇËÜ�ÑËÖÚÑŠÒÖÛÒÜŸÊÑÏÒÑÕÇÎÎ3ÇÊÏËÈÎÍÊÓÇÚÑÚÇÊÍŽÖÑÙÜÍÖŠÍÙÎÇÊÑÊÉŠÓÑËÊÑÍÖÛÒÜŸËÏÍÒÖÑÓÍÚÍÖŽ�ÑÍÏÑÍÊÑÇËÊÍÇÜÑÏÒ

ËÚËÙÏÑÍÖÑÉÖÛÒÜÇÊÇÇÖÑÕËÌÊ�

8.3.1 Complete Functionality

guideline

S ,ÜÒ#ÍÚÇÑŠÒŸÙÎÇÏÇÑÛÉÖŠÏÍÒÖËÎÍÏÌÑÍÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÒÜÑÊÇÏÑÒÛÑÙËÜÏÊ�ÑBÉÍÎÚÑÍÖÑŠÒŸÙÎÇÏÇÑÛÉÖŠÏÍÒÖËÎÍÏÌ�

ÍÖŠÎÉÚÍÖŽÑÇÖÚÑŠÒÖÚÍÏÍÒÖÊ�ÑÇ#ÇÖÑÍÛÑÊÒŸÇÑÛÉÖŠÏÍÒÖËÎÍÏÌÑÍÊÑÖÒÏÑÖÇÇÚÇÚÑÍÖÑÏÓÍÊÑËÙÙÎÍŠËÏÍÒÖ�

S $ÒÜÇÑÊÙÇŠÍÛÍŠËÎÎÌ�ÑÙÜÒ#ÍÚÇÑÍÖÍÏÍËÎÍ)ËÏÍÒÖÑËÖÚÑÛÍÖËÎÍ)ËÏÍÒÖÑÙÜÒŠÇÚÉÜÇÊÑÛÒÜÑÇ#ÇÜÌÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÏÓËÏ

ŸËÌÑŠÒÖÏËÍÖÑÚÌÖËŸÍŠÑÚËÏË�

example

   Incoming : Queue;

   ...

   Initialize(Incoming);      -- initialization operation

   ...

   if Is_Full(Incoming) then  -- query operation

      ...

   end if;

   ...

   Finalize(Incoming);        -- finalization operation

rationale

’ÓÍÊÑÍÊÑÙËÜÏÍŠÉÎËÜÎÌÑÍŸÙÒÜÏËÖÏÑÍÖÑÚÇÊÍŽÖÍÖŽIÙÜÒŽÜËŸŸÍÖŽÑËÖÑËÈÊÏÜËŠÏÍÒÖ�Ñ5ÒŸÙÎÇÏÇÖÇÊÊÑÇÖÊÉÜÇÊÑÏÓËÏÑÌÒÉ

ÓË#ÇÑŠÒÖÛÍŽÉÜÇÚÑÏÓÇÑËÈÊÏÜËŠÏÍÒÖÑŠÒÜÜÇŠÏÎÌ�ÑÕÍÏÓÒÉÏÑÈÉÍÎÏ@ÍÖÑËÊÊÉŸÙÏÍÒÖÊÑËÈÒÉÏÑÍÏÊÑÇÔÇŠÉÏÍÒÖÑÇÖ#ÍÜÒÖŸÇÖÏ�

�ÏÑËÎÊÒÑÇÖÊÉÜÇÊÑÏÓÇÑÙÜÒÙÇÜÑÊÇÙËÜËÏÍÒÖÑÒÛÑÛÉÖŠÏÍÒÖÊÑÊÒÑÏÓËÏÑÏÓÇÌÑËÜÇÑÉÊÇÛÉÎÑÏÒÑÏÓÇÑŠÉÜÜÇÖÏÑËÙÙÎÍŠËÏÍÒÖÑËÖÚ�

ÍÖÑÒÏÓÇÜÑŠÒŸÈÍÖËÏÍÒÖÊ�ÑÏÒÑÒÏÓÇÜÑËÙÙÎÍŠËÏÍÒÖÊ�Ñ�ÏÑÍÊÑÙËÜÏÍŠÉÎËÜÎÌÑÍŸÙÒÜÏËÖÏÑÏÓËÏÑÏÓÇÌÑÈÇÑË#ËÍÎËÈÎÇÑÏÒÑÒÏÓÇÜ

ËÙÙÎÍŠËÏÍÒÖÊEÑÜÇŸÇŸÈÇÜÑÏÓËÏÑÏÓÇÌÑŠËÖÑÈÇÑGÒÙÏÍŸÍ)ÇÚHÑÒÉÏÑÒÛÑÏÓÇÑÛÍÖËÎÑ#ÇÜÊÍÒÖÑÒÛÑÏÓÇÑŠÉÜÜÇÖÏÑÙÜÒÚÉŠÏ�

&ÓÇÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑŠËÖÑÜÇËÊÒÖËÈÎÌÑÈÇÑÍŸÙÎÇŸÇÖÏÇÚÑÉÊÍÖŽÑÚÌÖËŸÍŠÑÚËÏË�ÑÏÓÇÖÑËÖÌÑËÙÙÎÍŠËÏÍÒÖÑÏÓËÏ

ŸÉÊÏÑŠÒÖÏÜÒÎÑŸÇŸÒÜÌÑŠËÖÑÉÊÇÑÏÓÇÑÍÖÍÏÍËÎÍ)ËÏÍÒÖÑËÖÚÑÛÍÖËÎÍ)ËÏÍÒÖÑÜÒÉÏÍÖÇÊÑÏÒÑŽÉËÜÚÑËŽËÍÖÊÏÑŸÇŸÒÜÌ

ÎÇË"ËŽÇ�ÑÑ’ÓÇÖÑÍÛÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑÈÇŠÒŸÇÑÚÌÖËŸÍŠ�ÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÊÑÏÓËÏÑËÜÇÑÊÇÖÊÍÏÍ#ÇÑÏÒÑÏÓÇÊÇÑŠÒÖŠÇÜÖÊ

ŠËÖÑÈÇÑÇËÊÍÎÌÑËÚËÙÏÇÚ�

note

’ÓÇÑÇÔËŸÙÎÇÑÍÎÎÉÊÏÜËÏÇÊÑÇÖÚÑŠÒÖÚÍÏÍÒÖÑÛÉÖŠÏÍÒÖÊ�Ñ�ÖÑËÈÊÏÜËŠÏÍÒÖÑÊÓÒÉÎÚÑÈÇÑËÉÏÒŸËÏÍŠËÎÎÌÑÍÖÍÏÍËÎÍ)ÇÚ

ÈÇÛÒÜÇÑÍÏÊÑÉÊÇÜÑŽÇÏÊÑËÑŠÓËÖŠÇÑÏÒÑÚËŸËŽÇÑÍÏ�Ñ&ÓÇÖÑÏÓËÏÑÍÊÑÖÒÏÑÙÒÊÊÍÈÎÇ�ÑÍÏÑÊÓÒÉÎÚÑÈÇÑÊÉÙÙÎÍÇÚÑÕÍÏÓ

ÍÖÍÏÍËÎÍ)ËÏÍÒÖÑÒÙÇÜËÏÍÒÖÊ�Ñ�ÖÑËÖÌÑŠËÊÇ�ÑÍÏÑÖÇÇÚÊÑÛÍÖËÎÍ)ËÏÍÒÖÑÒÙÇÜËÏÍÒÖÊ�ÑÑ&ÓÇÜÇÑÙÒÊÊÍÈÎÇ�Ñ%ÉÇÜÌÑÒÙÇÜËÏÍÒÖÊ

ÊÓÒÉÎÚÑÈÇÑÙÜÒ#ÍÚÇÚÑÏÒÑÚÇÏÇÜŸÍÖÇÑÕÓÇÖÑÎÍŸÍÏÊÑËÜÇÑËÈÒÉÏÑÏÒÑÈÇÑÇÔŠÇÇÚÇÚ�ÑÊÒÑÏÓËÏÑÏÓÇÑÉÊÇÜÑŠËÖÑË#ÒÍÚ

ŠËÉÊÍÖŽÑÇÔŠÇÙÏÍÒÖÊÑÏÒÑÈÇÑÜËÍÊÇÚ�

�ÏÑÍÊÑËÎÊÒÑÉÊÇÛÉÎÑÏÒÑÙÜÒ#ÍÚÇÑÜÇÊÇÏÑÒÙÇÜËÏÍÒÖÊÑÛÒÜÑŸËÖÌÑÒÈ*ÇŠÏÊ�Ñ’ÒÑÊÇÇÑÏÓËÏÑËÑÜÇÊÇÏÑËÖÚÑËÖÑÍÖÍÏÍËÏÍÒÖÑŠËÖÑÈÇ

ÚÍÛÛÇÜÇÖÏ�ÑŠÒÖÊÍÚÇÜÑÏÓÇÑËÖËÎÒŽÒÉÊÑÊÍÏÉËÏÍÒÖÑÒÛÑËÑGÕËÜŸÑÈÒÒÏHÑËÖÚÑËÑGŠÒÎÚÑÈÒÒÏHÑÒÖÑËÑÙÇÜÊÒÖËÎÑŠÒŸÙÉÏÇÜ�

8#ÇÖÑÍÛÑËÎÎÑÒÛÑÏÓÇÊÇÑÒÙÇÜËÏÍÒÖÊÑËÜÇÑÖÒÏÑËÙÙÜÒÙÜÍËÏÇÑÛÒÜÑÏÓÇÑËÈÊÏÜËŠÏÍÒÖ�ÑÏÓÇÑÇÔÇÜŠÍÊÇÑÒÛÑŠÒÖÊÍÚÇÜÍÖŽÑÏÓÇŸ

ËÍÚÊÑÍÖÑÛÒÜŸÉÎËÏÍÖŽÑËÑŠÒŸÙÎÇÏÇÑÊÇÏÑÒÛÑÒÙÇÜËÏÍÒÖÊ�ÑÒÏÓÇÜÊÑÒÛÑÕÓÍŠÓÑŸËÌÑÈÇÑÉÊÇÚÑÈÌÑËÖÒÏÓÇÜÑËÙÙÎÍŠËÏÍÒÖ�

 ÒŸÇÑÍŸÙÎÇŸÇÖÏËÏÍÒÖÊÑÒÛÑÏÓÇÑÎËÖŽÉËŽÇÑÎÍÖ"ÑËÎÎÑÊÉÈÙÜÒŽÜËŸÊÑÒÛÑËÑÙËŠ"ËŽÇÑÍÖÏÒÑÏÓÇÑÇÔÇŠÉÏËÈÎÇÑÛÍÎÇ�

ÍŽÖÒÜÍÖŽÑÕÓÇÏÓÇÜÑÏÓÇÌÑËÜÇÑÉÊÇÚÑÒÜÑÖÒÏ�ÑŸË"ÍÖŽÑÉÖÉÊÇÚÑÒÙÇÜËÏÍÒÖÊÑËÑÎÍËÈÍÎÍÏÌÑ-ÊÇÇÑ.ÉÍÚÇÎÍÖÇÑ9�/�/2�Ñ�Ö
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ÊÉŠÓÑŠËÊÇÊ�ÑÕÓÇÜÇÑÏÓÇÑÒ#ÇÜÓÇËÚÑÍÊÑÊÍŽÖÍÛÍŠËÖÏ�ÑŠÜÇËÏÇÑËÑŠÒÙÌÑÒÛÑÏÓÇÑÛÉÎÎÌÑÛÉÖŠÏÍÒÖËÎÑÙËÜÏÑËÖÚÑŠÒŸŸÇÖÏÑÒÉÏ

ÏÓÇÑÉÖÉÊÇÚÑÒÙÇÜËÏÍÒÖÊÑÕÍÏÓÑËÖÑÍÖÚÍŠËÏÍÒÖÑÏÓËÏÑÏÓÇÌÑËÜÇÑÜÇÚÉÖÚËÖÏÑÍÖÑÏÓÍÊÑËÙÙÎÍŠËÏÍÒÖ�

8.3.2 Generic Units

guideline

S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑË#ÒÍÚÑŠÒÚÇÑÚÉÙÎÍŠËÏÍÒÖ�

S ,ËÜËŸÇÏÇÜÍ)ÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÛÒÜÑŸËÔÍŸÉŸÑËÚËÙÏËÈÍÎÍÏÌ�

S ÃÇÉÊÇÑŠÒŸŸÒÖÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÒÛÑŽÇÖÇÜÍŠÑÉÖÍÏÊ�ÑËÊÑÕÇÎÎÑËÊÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÓÇŸÊÇÎ#ÇÊ�

rationale

�ÚËÑÚÒÇÊÑÖÒÏÑËÎÎÒÕÑÊÉÈÙÜÒŽÜËŸÊÑÒÜÑÚËÏËÑÏÌÙÇÊÑÏÒÑÈÇÑÙËÊÊÇÚÑËÊÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÊÑÏÒÑÊÉÈÙÜÒŽÜËŸÊÑÚÉÜÍÖŽ

ÇÔÇŠÉÏÍÒÖ�Ñ ÉŠÓÑÙËÜËŸÇÏÇÜÊÑŸÉÊÏÑÈÇÑÊÙÇŠÍÛÍÇÚÑËÊÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑÏÒÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑÕÓÇÖÑÍÏÑÍÊ

ÍÖÊÏËÖÏÍËÏÇÚ�Ñ’ÓÇÜÇÛÒÜÇ�ÑÍÛÑÌÒÉÑÕËÖÏÑÏÒÑÕÜÍÏÇÑËÑÊÉÈÙÜÒŽÜËŸÑÛÒÜÑÕÓÍŠÓÑÏÓÇÜÇÑÍÊÑ#ËÜÍËÏÍÒÖÑÛÜÒŸÑŠËÎÎÑÏÒÑŠËÎÎÑÍÖ

ÏÓÇÑÚËÏËÑÏÌÙÇÑÒÛÑÒÈ*ÇŠÏÊÑÒÖÑÕÓÍŠÓÑÍÏÑÒÙÇÜËÏÇÊ�ÑÒÜÑÍÖÑÏÓÇÑÊÉÈÙÜÒŽÜËŸÑÕÓÍŠÓÑÍÏÑŠËÎÎÊ�ÑÏÓÇÖÑÌÒÉÑŸÉÊÏÑÕÜÍÏÇÑÏÓÇ

ÊÉÈÙÜÒŽÜËŸÑËÊÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑËÖÚÑÍÖÊÏËÖÏÍËÏÇÑÍÏÑÒÖŠÇÑÛÒÜÑÇËŠÓÑŠÒŸÈÍÖËÏÍÒÖÑÒÛÑÚËÏËÑÏÌÙÇÑËÖÚÑÊÉÈÙÜÒŽÜËŸ

ÙËÜËŸÇÏÇÜÊ�Ñ’ÓÇÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÒÛÑÏÓÇÑÉÖÍÏÑŠËÖÑÏÓÇÖÑÈÇÑŠËÎÎÇÚÑËÊÑÜÇŽÉÎËÜÑÊÉÈÙÜÒŽÜËŸÊ�

�ÛÑÌÒÉÑÛÍÖÚÑÌÒÉÜÊÇÎÛÑÕÜÍÏÍÖŽÑÏÕÒÑ#ÇÜÌÑÊÍŸÍÎËÜÑÜÒÉÏÍÖÇÊÑÚÍÛÛÇÜÍÖŽÑÒÖÎÌÑÍÖÑÏÓÇÑÚËÏËÑÏÌÙÇÑÏÓÇÌÑÒÙÇÜËÏÇÑÒÖÑÒÜÑÏÓÇ

ÊÉÈÙÜÒŽÜËŸÊÑÏÓÇÌÑŠËÎÎ�ÑÏÓÇÖÑÍÏÑÍÊÑÙÜÒÈËÈÎÌÑÈÇÏÏÇÜÑÏÒÑÕÜÍÏÇÑÏÓÇÑÜÒÉÏÍÖÇÑÒÖŠÇÑËÊÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑËÖÚÑÍÖÊÏËÖÏÍËÏÇ

ÍÏÑÏÕÍŠÇÑÏÒÑŽÇÏÑÏÓÇÑÏÕÒÑ#ÇÜÊÍÒÖÊÑÌÒÉÑÖÇÇÚ�Ñ&ÓÇÖÑÏÓÇÑÖÇÇÚÑËÜÍÊÇÊÑÎËÏÇÜÑÏÒÑŸÒÚÍÛÌÑÏÓÇÑÏÕÒÑÜÒÉÏÍÖÇÊ�ÑÏÓÇ

ŠÓËÖŽÇÑÒÖÎÌÑÖÇÇÚÊÑÏÒÑÈÇÑŸËÚÇÑÍÖÑÒÖÇÑÙÎËŠÇ�Ñ’ÓÍÊÑŽÜÇËÏÎÌÑÛËŠÍÎÍÏËÏÇÊÑŸËÍÖÏÇÖËÖŠÇ�

+ÖŠÇÑÌÒÉÑÓË#ÇÑŸËÚÇÑÊÉŠÓÑËÑŠÓÒÍŠÇ�ÑŠÒÖÊÍÚÇÜÑÒÏÓÇÜÑËÊÙÇŠÏÊÑÒÛÑÏÓÇÑÜÒÉÏÍÖÇÑÏÓËÏÑÏÓÇÊÇÑÏÕÒÑÍÖÊÏËÖŠÇÊÑŸËÌ

ÓË#ÇÑÍÖÑŠÒŸŸÒÖÑÈÉÏÑÕÓÍŠÓÑËÜÇÑÖÒÏÑÇÊÊÇÖÏÍËÎÑÏÒÑÏÓÇÑÖËÏÉÜÇÑÒÛÑÏÓÇÑÜÒÉÏÍÖÇ�ÑAËŠÏÒÜÑÏÓÇÊÇÑÒÉÏÑËÊÑŽÇÖÇÜÍŠ

ÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ�Ñ&ÓÇÖÑÏÓÇÑÖÇÇÚÑËÜÍÊÇÊÑÎËÏÇÜÑÛÒÜÑËÑÏÓÍÜÚÑÊÍŸÍÎËÜÑÜÒÉÏÍÖÇ�ÑÍÏÑŠËÖÑÈÇÑËÉÏÒŸËÏÍŠËÎÎÌ

ÙÜÒÚÉŠÇÚÑÈÌÑËÑÏÓÍÜÚÑÍÖÊÏËÖÏÍËÏÍÒÖ�ÑÍÛÑÌÒÉÑÓË#ÇÑÛÒÜÇÊÇÇÖÑËÎÎÑÏÓÇÑÚÍÛÛÇÜÇÖŠÇÊÑÈÇÏÕÇÇÖÑÍÏÑËÖÚÑÏÓÇÑÒÏÓÇÜÑÏÕÒ�

�ÑÙËÜËŸÇÏÇÜÍ)ÇÚÑŽÇÖÇÜÍŠÑÉÖÍÏÑŠËÖÑÈÇÑ#ÇÜÌÑÜÇÉÊËÈÎÇ�

�ÏÑŸËÌÑÊÇÇŸÑÏÓËÏÑÏÓÇÑÇÛÛÒÜÏÑÍÖ#ÒÎ#ÇÚÑÍÖÑÕÜÍÏÍÖŽÑŽÇÖÇÜÍŠÑÜËÏÓÇÜÑÏÓËÖÑÖÒÖŽÇÖÇÜÍŠÑÉÖÍÏÊÑÍÊÑÊÉÈÊÏËÖÏÍËÎ�

CÒÕÇ#ÇÜ�ÑŸË"ÍÖŽÑÉÖÍÏÊÑŽÇÖÇÜÍŠÑ ÍÊÑÖÒÏÑŸÉŠÓÑŸÒÜÇÑÚÍÛÛÍŠÉÎÏÑÒÜÑÏÍŸÇ3ŠÒÖÊÉŸÍÖŽÑÏÓËÖÑŸË"ÍÖŽÑÏÓÇŸ

ÖÒÖŽÇÖÇÜÍŠÑÒÖŠÇÑÌÒÉÑÈÇŠÒŸÇÑÛËŸÍÎÍËÜÑÕÍÏÓÑÏÓÇÑŽÇÖÇÜÍŠÑÛËŠÍÎÍÏÍÇÊ�Ñ�ÏÑÍÊ�ÑÛÒÜÑÏÓÇÑŸÒÊÏÑÙËÜÏ�ÑËÑŸËÏÏÇÜÑÒÛ

ÙÜËŠÏÍŠÇ�Ñ�ÎÊÒ�ÑËÖÌÑÇÛÛÒÜÏÑÙÉÏÑÍÖÏÒÑÏÓÇÑÚÇ#ÇÎÒÙŸÇÖÏÑÒÛÑÏÓÇÑÉÖÍÏÑÕÍÎÎÑÈÇÑÜÇŠÒÉÙÇÚÑÕÓÇÖÑÏÓÇÑÉÖÍÏÑÍÊÑÜÇÉÊÇÚ�

ËÊÑÍÏÑÊÉÜÇÎÌÑÕÍÎÎÑÈÇÑÍÛÑÍÏÑÍÊÑÙÎËŠÇÚÑÍÖÑËÑÜÇÉÊÇÑÎÍÈÜËÜÌÑÕÍÏÓÑÊÉÛÛÍŠÍÇÖÏÑ#ÍÊÍÈÍÎÍÏÌ�Ñ>ÒÑÖÒÏÑÎÍŸÍÏÑÌÒÉÜÑÏÓÍÖ"ÍÖŽÑËÈÒÉÏ

ÙÒÏÇÖÏÍËÎÑÜÇÉÊÇÑÏÒÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÑÌÒÉÑËÜÇÑÕÒÜ"ÍÖŽÑÒÖÑÒÜÑÏÒÑÒÏÓÇÜÑËÙÙÎÍŠËÏÍÒÖÊÑÕÍÏÓÑÕÓÍŠÓÑÌÒÉÑËÜÇÑ#ÇÜÌ

ÛËŸÍÎÍËÜ�Ñ�ÙÙÎÍŠËÏÍÒÖÊÑÕÍÏÓÑÕÓÍŠÓÑÌÒÉÑËÜÇÑÖÒÏÑÛËŸÍÎÍËÜÑÒÜÑÛÉÏÉÜÇÑËÙÙÎÍŠËÏÍÒÖÊÑŸÍŽÓÏÑÈÇÑËÈÎÇÑÏÒÑÜÇÉÊÇÑÌÒÉÜ

ÊÒÛÏÕËÜÇ�

�ÛÏÇÜÑÕÜÍÏÍÖŽÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑËÖÚÑÙÎËŠÍÖŽÑÍÏÑÍÖÑÌÒÉÜÑÜÇÉÊÇÑÎÍÈÜËÜÌ�ÑÏÓÇÑÛÍÜÊÏÑÏÓÍÖŽÑÌÒÉÑËÜÇÑÎÍ"ÇÎÌÑÏÒÑÚÒÑÍÊÑÏÒ

ÍÖÊÏËÖÏÍËÏÇÑÍÏÑÒÖŠÇÑÛÒÜÑÌÒÉÜÑÙËÜÏÍŠÉÎËÜÑÖÇÇÚÊ�Ñ�ÏÑÏÓÍÊÑÏÍŸÇ�ÑÍÏÑÍÊÑËÑŽÒÒÚÑÍÚÇËÑÏÒÑŠÒÖÊÍÚÇÜÑÕÓÇÏÓÇÜÑÏÓÇÜÇÑËÜÇ

ÍÖÊÏËÖÏÍËÏÍÒÖÊÑÕÓÍŠÓÑËÜÇÑ#ÇÜÌÑÎÍ"ÇÎÌÑÏÒÑÈÇÑÕÍÚÇÎÌÑÉÊÇÚ�Ñ�ÛÑÊÒ�ÑÙÎËŠÇÑÇËŠÓÑÊÉŠÓÑÍÖÊÏËÖÏÍËÏÍÒÖÑÍÖÑÌÒÉÜÑÜÇÉÊÇ

ÎÍÈÜËÜÌÑÊÒÑÏÓËÏÑÏÓÇÌÑŠËÖÑÈÇÑÛÒÉÖÚÑËÖÚÑÊÓËÜÇÚÑÈÌÑÒÏÓÇÜÊ�

8.3.3 Using Generic Units to Encapsulate Algorithms

guideline

S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑÇÖŠËÙÊÉÎËÏÇÑËÎŽÒÜÍÏÓŸÊÑÍÖÚÇÙÇÖÚÇÖÏÎÌÑÒÛÑÚËÏËÑÏÌÙÇ�

example

’ÓÍÊÑÍÊÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑËÑŽÇÖÇÜÍŠÑÊÒÜÏÑÙÜÒŠÇÚÉÜÇ(

------------------------------------------------------------------------

generic

   type Element is limited private;

   type Data    is array (Positive range <>) of Element;

   with function  "<"  (Left  : in     Element;

                        Right : in     Element)

                        return         Boolean  is <>;

   with procedure Swap (Left  : in out Element;

                        Right : in out Element) is <>;
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procedure Generic_Sort (Data_To_Sort : in out Data);

------------------------------------------------------------------------

’ÓÇÑŽÇÖÇÜÍŠÑÈÒÚÌÑÎÒÒ"ÊÑ*ÉÊÏÑÎÍ"ÇÑËÑÜÇŽÉÎËÜÑÙÜÒŠÇÚÉÜÇÑÈÒÚÌÑËÖÚÑŠËÖÑŸË"ÇÑÛÉÎÎÑÉÊÇÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎ

ÙËÜËŸÇÏÇÜÊÑÍÖÑÍŸÙÎÇŸÇÖÏÍÖŽÑÏÓÇÑÊÒÜÏÑËÎŽÒÜÍÏÓŸ(

------------------------------------------------------------------------

procedure Generic_Sort (Data_To_Sort : in out Data) is

begin

   ...

   for I in Data_To_Sort’Range loop

      ...

         ...

         if Data_To_Sort(J) < Data_To_Sort(I) then

            Swap(Data_To_Sort(I), Data_To_Sort(J));

         end if;

         ...

      ...

   end loop;

   ...

end Generic_Sort;

------------------------------------------------------------------------

’ÓÇÑŽÇÖÇÜÍŠÑÙÜÒŠÇÚÉÜÇÑŠËÖÑÈÇÑÍÖÊÏËÖÏÍËÏÇÚÑËÊ(

   type Integer_Array is array (Positive range <>) of Integer;

   procedure Swap (Left  : in out Integer;

                   Right : in out Integer);

   procedure Sort is

          new Generic_Sort (Element => Integer,

                            Data    => Integer_Array);

ÒÜ

   subtype String_80    is String (1 .. 80);

   type    String_Array is array (Positive range <>) of String_80;

   procedure Swap (Left  : in out String_80;

                   Right : in out String_80);

   procedure Sort is

      new Generic_Sort (Element => String_80,

                        Data    => String_Array);

ËÖÚÑŠËÎÎÇÚÑËÊ(

   Integer_Array_1 : Integer_Array (1 .. 100);

   ...

   Sort(Integer_Array_1);

ÒÜ

   String_Array_1  : String_Array  (1 .. 100);

   ...

   Sort(String_Array_1);

rationale

�ÑÊÒÜÏÑËÎŽÒÜÍÏÓŸÑŠËÖÑÈÇÑÚÇÊŠÜÍÈÇÚÑÍÖÚÇÙÇÖÚÇÖÏÎÌÑÒÛÑÏÓÇÑÚËÏËÑÏÌÙÇÑÈÇÍÖŽÑÊÒÜÏÇÚ�Ñ’ÓÍÊÑŽÇÖÇÜÍŠÑÙÜÒŠÇÚÉÜÇ

ÏË"ÇÊÑÏÓÇÑElementÑÚËÏËÑÏÌÙÇÑËÊÑËÑŽÇÖÇÜÍŠÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÑÙËÜËŸÇÏÇÜÑÊÒÑÏÓËÏÑÍÏÑËÊÊÉŸÇÊÑËÊÑÎÍÏÏÎÇÑËÊ

ÙÒÊÊÍÈÎÇÑËÈÒÉÏÑÏÓÇÑÚËÏËÑÏÌÙÇÑÒÛÑÏÓÇÑÒÈ*ÇŠÏÊÑËŠÏÉËÎÎÌÑÈÇÍÖŽÑÒÙÇÜËÏÇÚÑÒÖ�Ñ�ÏÑËÎÊÒÑÏË"ÇÊÑDataÑËÊÑËÑŽÇÖÇÜÍŠ

ÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÑÊÒÑÏÓËÏÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑŠËÖÑÓË#ÇÑÇÖÏÍÜÇÑËÜÜËÌÊÑÙËÊÊÇÚÑÏÒÑÏÓÇŸÑÛÒÜÑÊÒÜÏÍÖŽ�ÑAÍÖËÎÎÌ�ÑÍÏ

ÇÔÙÎÍŠÍÏÎÌÑÜÇ%ÉÍÜÇÊÑÏÓÇÑÏÕÒÑÒÙÇÜËÏÒÜÊÑÏÓËÏÑÍÏÑÖÇÇÚÊÑÏÒÑÚÒÑÏÓÇÑÊÒÜÏ(ÑŠÒŸÙËÜÍÊÒÖÑËÖÚÑÊÕËÙ�’ÓÇÑÊÒÜÏÑËÎŽÒÜÍÏÓŸ

ÍÊÑÇÖŠËÙÊÉÎËÏÇÚÑÕÍÏÓÒÉÏÑÜÇÛÇÜÇÖŠÇÑÏÒÑËÖÌÑÚËÏËÑÏÌÙÇ�Ñ’ÓÇÑŽÇÖÇÜÍŠÑŠËÖÑÈÇÑÍÖÊÏËÖÏÍËÏÇÚÑÏÒÑÊÒÜÏÑËÖÑËÜÜËÌÑÒÛ

ËÖÌÑÚËÏËÑÏÌÙÇ�
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8.3.4 Using Generic Units for Abstract Data Types

guideline

S 4ÊÇÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÊÑÍÖÑÙÜÇÛÇÜÇÖŠÇÑÏÒÑËÈÊÏÜËŠÏÑÚËÏËÑÒÈ*ÇŠÏÊ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑÍŸÙÎÇŸÇÖÏÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÊÑÍÖÚÇÙÇÖÚÇÖÏÎÌÑÒÛÑÏÓÇÍÜÑŠÒŸÙÒÖÇÖÏÑÚËÏËÑÏÌÙÇ�

example

’ÓÍÊÑÇÔËŸÙÎÇÑÙÜÇÊÇÖÏÊÑËÑÊÇÜÍÇÊÑÒÛÑÚÍÛÛÇÜÇÖÏÑÏÇŠÓÖÍ%ÉÇÊÑÕÓÍŠÓÑŠËÖÑÈÇÑÉÊÇÚÑÏÒÑŽÇÖÇÜËÏÇÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÊ

ËÖÚÑÒÈ*ÇŠÏÊ�Ñ�ÑÚÍÊŠÉÊÊÍÒÖÑÒÛÑÏÓÇÑŸÇÜÍÏÊÑÒÛÑÇËŠÓÑÛÒÎÎÒÕÊÑÍÖÑÏÓÇÑÜËÏÍÒÖËÎÇÑÊÇŠÏÍÒÖÑÈÇÎÒÕ�Ñ’ÓÇÑÛÍÜÊÏÑÍÊÑËÖ

ËÈÊÏÜËŠÏÑÚËÏËÑÒÈ*ÇŠÏÑ-�>+2�ÑËÎÊÒÑ"ÖÒÕÖÑËÊÑËÖÑËÈÊÏÜËŠÏÑÊÏËÏÇÑŸËŠÓÍÖÇÑ-� $2�Ñ�ÏÑÇÖŠËÙÊÉÎËÏÇÊÑÒÖÇÑÊÏËŠ"

ÒÛÑÍÖÏÇŽÇÜÊ�

------------------------------------------------------------------------

package Bounded_Stack is

   subtype Element is Integer;

   Maximum_Stack_Size : constant := 100;

   procedure Push (New_Element : in     Element);

   procedure Pop  (Top_Element :    out Element);

   Overflow  : exception;

   Underflow : exception;

   ...

end Bounded_Stack;

------------------------------------------------------------------------

’ÓÇÑÊÇŠÒÖÚÑÍÊÑËÖÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÑ-�>’2�Ñ�ÏÑÚÍÛÛÇÜÊÑÛÜÒŸÑÏÓÇÑ�>+ÑÈÌÑÇÔÙÒÜÏÍÖŽÑÏÓÇÑStacksÑÏÌÙÇ�ÑÕÓÍŠÓ

ËÎÎÒÕÊÑÏÓÇÑÉÊÇÜÑÏÒÑÚÇŠÎËÜÇÑËÖÌÑÖÉŸÈÇÜÑÒÛÑÊÏËŠ"ÊÑÒÛÑÍÖÏÇŽÇÜÊ�Ñ=ÒÏÇÑÏÓËÏÑÊÍÖŠÇÑŸÉÎÏÍÙÎÇÑÊÏËŠ"ÊÑŸËÌÑÖÒÕ

ÇÔÍÊÏ�ÑÍÏÑÍÊÑÖÇŠÇÊÊËÜÌÑÏÒÑÊÙÇŠÍÛÌÑËÑStackÑËÜŽÉŸÇÖÏÑÒÖÑŠËÎÎÊÑÏÒÑPushÑËÖÚÑPop�

------------------------------------------------------------------------

package Bounded_Stack is

   subtype Element is Integer;

   type    Stack   is limited private;

   Maximum_Stack_Size : constant := 100;

   procedure Push (On_Top      : in out Stack;

                   New_Element : in     Element);

   procedure Pop  (From_Top    : in out Stack;

                   Top_Element :    out Element);

   Overflow  : exception;

   Underflow : exception;

   ...

private

   type Stack_Information;

   type Stack is access Stack_Information;

end Bounded_Stack;

------------------------------------------------------------------------

’ÓÇÑÏÓÍÜÚÑÍÊÑËÑÙËÜËŸÇÏÇÜÎÇÊÊÑŽÇÖÇÜÍŠÑËÈÊÏÜËŠÏÑÚËÏËÑÒÈ*ÇŠÏÑ-.�>+2�Ñ�ÏÑÚÍÛÛÇÜÊÑÛÜÒŸÑÏÓÇÑ�>+Ñ-ÏÓÇÑÛÍÜÊÏ

ÇÔËŸÙÎÇ2ÑÊÍŸÙÎÌÑÈÌÑÈÇÍÖŽÑŽÇÖÇÜÍŠ�ÑÊÒÑÏÓËÏÑÏÓÇÑÉÊÇÜÑŠËÖÑÍÖÊÏËÖÏÍËÏÇÑÍÏÑŸÉÎÏÍÙÎÇÑÏÍŸÇÊÑÏÒÑÒÈÏËÍÖÑŸÉÎÏÍÙÎÇ

ÊÏËŠ"ÊÑÒÛÑÍÖÏÇŽÇÜÊ�

------------------------------------------------------------------------

generic

package Bounded_Stack is

   subtype Element is Integer;

   Maximum_Stack_Size : constant := 100;

   procedure Push (New_Element : in     Element);

   procedure Pop  (Top_Element :    out Element);
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   Overflow  : exception;

   Underflow : exception;

   ...

end Bounded_Stack;

------------------------------------------------------------------------

’ÓÇÑÛÒÉÜÏÓÑ ÍÊÑËÑÊÎÍŽÓÏÑ#ËÜÍËÖÏÑÒÖÑÏÓÇÑÏÓÍÜÚ�ÑÊÏÍÎÎÑËÑŽÇÖÇÜÍŠÑËÈÊÏÜËŠÏÑÚËÏËÑÒÈ*ÇŠÏÑ-.�>+2ÑÈÉÏÑÕÍÏÓ

ÙËÜËŸÇÏÇÜÊ�Ñ�ÏÑÚÍÛÛÇÜÊÑÛÜÒŸÑÏÓÇÑÏÓÍÜÚÑÇÔËŸÙÎÇÑÈÌÑŸË"ÍÖŽÑÏÓÇÑÚËÏËÑÏÌÙÇÑÒÛÑÏÓÇÑÊÏËŠ"ÑËÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜ

ÊÒÑÏÓËÏÑÊÏËŠ"ÊÑÒÛÑÚËÏËÑÏÌÙÇÊÑÒÏÓÇÜÑÏÓËÖÑIntegerÑŠËÖÑÈÇÑŠÜÇËÏÇÚ�Ñ�ÎÊÒ�ÑMax_Stack_SizeÑÓËÊÑÈÇÇÖÑŸËÚÇÑË

ŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÑÕÓÍŠÓÑÚÇÛËÉÎÏÊÑÏÒÑÄ77ÑÈÉÏÑŠËÖÑÈÇÑÊÙÇŠÍÛÍÇÚÑÈÌÑÏÓÇÑÉÊÇÜ�ÑÜËÏÓÇÜÑÏÓËÖÑËÑŠÒÖÊÏËÖÏÑÚÇÛÍÖÇÚ

ÈÌÑÏÓÇÑÙËŠ"ËŽÇ�

------------------------------------------------------------------------

generic

   type Element is limited private;

   with procedure Assign (From : in     Element;

                          To   : in out Element);

   Maximum_Stack_Size : in     Natural := 100;

package Bounded_Stack is

   procedure Push (New_Element : in     Element);

   procedure Pop  (Top_Element : in out Element);

   Overflow  : exception;

   Underflow : exception;

   ...

end Bounded_Stack;

------------------------------------------------------------------------

AÍÖËÎÎÌ�ÑÏÓÇÑÛÍÛÏÓÑÍÊÑËÑŽÇÖÇÜÍŠÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÑ-.�>’2�Ñ�ÏÑÚÍÛÛÇÜÊÑÛÜÒŸÑÏÓÇÑ.�>+ÑÍÖÑÏÓÇÑÛÒÉÜÏÓÑÇÔËŸÙÎÇ

ÍÖÑÏÓÇÑÊËŸÇÑÕËÌÑÏÓËÏÑÏÓÇÑ�>’ÑÍÖÑÏÓÇÑÊÇŠÒÖÚÑÇÔËŸÙÎÇÑÚÍÛÛÇÜÇÚÑÛÜÒŸÑÏÓÇÑ�>+ÑÍÖÑÏÓÇÑÛÍÜÊÏÑÇÔËŸÙÎÇEÑÍÏ

ÇÔÙÒÜÏÊÑÏÓÇÑStacksÑÏÌÙÇ�ÑÕÓÍŠÓÑËÎÎÒÕÊÑÏÓÇÑÉÊÇÜÑÏÒÑÚÇŠÎËÜÇÑËÖÌÑÖÉŸÈÇÜÑÒÛÑÊÏËŠ"Ê�

------------------------------------------------------------------------

generic

   type Element is limited private;

   with procedure Assign (From : in     Element;

                          To   : in out Element);

   Maximum_Stack_Size : in     Natural := 100;

package Bounded_Stack is

   type Stack is limited private;

   procedure Push (On_Top      : in out Stack;

                   New_Element : in     Element);

   procedure Pop  (From_Top    : in out Stack;

                   Top_Element : in out Element);

   Overflow  : exception;

   Underflow : exception;

   ...

private

   type Stack_Information;

   type Stack is access Stack_Information;

end Bounded_Stack;

------------------------------------------------------------------------

rationale

’ÓÇÑÈÍŽŽÇÊÏÑËÚ#ËÖÏËŽÇÑÒÛÑËÖÑ�>’ÑÒ#ÇÜÑËÖÑ�>+Ñ-ÒÜÑËÑ.�>’ÑÒ#ÇÜÑËÑ.�>+2ÑÍÊÑÏÓËÏÑÏÓÇÑÉÊÇÜÑÒÛÑÏÓÇ

ÙËŠ"ËŽÇÑŠËÖÑÚÇŠÎËÜÇÑËÊÑŸËÖÌÑÒÈ*ÇŠÏÊÑËÊÑÚÇÊÍÜÇÚÑÕÍÏÓÑËÖÑ�>’�Ñ’ÓÇÊÇÑÒÈ*ÇŠÏÊÑŠËÖÑÈÇÑÚÇŠÎËÜÇÚÑËÊ

ÊÏËÖÚËÎÒÖÇÑ#ËÜÍËÈÎÇÊÑÒÜÑËÊÑŠÒŸÙÒÖÇÖÏÊÑÒÛÑËÜÜËÌÊÑËÖÚÑÜÇŠÒÜÚÊ�Ñ’ÓÇÌÑŠËÖÑËÎÊÒÑÈÇÑÙËÊÊÇÚÑËÊÑÙËÜËŸÇÏÇÜÊ�

=ÒÖÇÑÒÛÑÏÓÍÊÑÍÊÑÙÒÊÊÍÈÎÇÑÕÍÏÓÑËÖÑ�>+�ÑÕÓÇÜÇÑÏÓÇÑÊÍÖŽÎÇÑÚËÏËÑÒÈ*ÇŠÏÑÍÊÑÇÖŠËÙÊÉÎËÏÇÚÑÍÖÊÍÚÇÑÒÛÑÏÓÇÑÙËŠ"ËŽÇ�

AÉÜÏÓÇÜŸÒÜÇ�ÑËÖÑ�>+ÑÙÜÒ#ÍÚÇÊÑÖÒÑŸÒÜÇÑÙÜÒÏÇŠÏÍÒÖÑÒÛÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÏÓËÖÑËÖÑ�>’�Ñ&ÓÇÖÑËÑÙÜÍ#ËÏÇ
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ÏÌÙÇÑÍÊÑÇÔÙÒÜÏÇÚÑÈÌÑÏÓÇÑ�>’ÑÙËŠ"ËŽÇ�ÑËÊÑÍÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#Ç�ÑÏÓÇÖÑÛÒÜÑÈÒÏÓÑÏÓÇÑ�>+ÑËÖÚÑ�>’�ÑÏÓÇ

ÒÖÎÌÑÎÇŽËÎÑÒÙÇÜËÏÍÒÖÊÑÕÓÍŠÓÑŠËÖÑŸÒÚÍÛÌÑÏÓÇÑÚËÏËÑËÜÇÑÏÓÒÊÇÑÚÇÛÍÖÇÚÑÇÔÙÎÍŠÍÏÎÌÑÈÌÑÏÓÇÑÙËŠ"ËŽÇÑ-ÍÖÑÏÓÍÊÑŠËÊÇ�

PushÑËÖÚÑPop2�ÑAÒÜÑÏÓÇÊÇÑÜÇËÊÒÖÊ�ÑËÖÑ�>’ÑÒÜÑ.�>’ÑÍÊÑËÎŸÒÊÏÑËÎÕËÌÊÑÙÜÇÛÇÜËÈÎÇÑÏÒÑËÖÑ�>+ÑÒÜÑ.�>+�

ÜÇÊÙÇŠÏÍ#ÇÎÌ�

�Ñ.�>+ÑÍÊÑÊÍŸÍÎËÜÑÏÒÑËÖÑ�>’ÑÍÖÑÒÖÇÑÕËÌ(ÑÍÏÑËÎÎÒÕÊÑŸÉÎÏÍÙÎÇÑÒÈ*ÇŠÏÊÑÏÒÑÈÇÑŠÜÇËÏÇÚÑÈÌÑÏÓÇÑÉÊÇÜ�Ñ&ÍÏÓÑËÖ

�>’�ÑŸÉÎÏÍÙÎÇÑÒÈ*ÇŠÏÊÑŠËÖÑÈÇÑÚÇŠÎËÜÇÚÑÉÊÍÖŽÑÏÓÇÑÏÌÙÇÑÚÇÛÍÖÇÚÑÈÌÑÏÓÇÑ�>’ÑÙËŠ"ËŽÇ�Ñ&ÍÏÓÑËÑ.�>+

-Ç#ÇÖÑËÑ.�>+ÑÕÍÏÓÑÖÒÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ�ÑËÊÑÊÓÒÕÖÑÍÖÑÏÓÇÑÏÓÍÜÚÑÇÔËŸÙÎÇ2�ÑÏÓÇÑÙËŠ"ËŽÇÑŠËÖÑÈÇ

ÍÖÊÏËÖÏÍËÏÇÚÑŸÉÎÏÍÙÎÇÑÏÍŸÇÊÑÏÒÑÙÜÒÚÉŠÇÑŸÉÎÏÍÙÎÇÑÒÈ*ÇŠÏÊ�ÑCÒÕÇ#ÇÜ�ÑÏÓÇÑÊÍŸÍÎËÜÍÏÌÑÇÖÚÊÑÏÓÇÜÇ�Ñ’ÓÇÑŸÉÎÏÍÙÎÇ

ÒÈ*ÇŠÏÊÑÙÜÒÚÉŠÇÚÑÈÌÑÏÓÇÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÊÉÛÛÇÜÑÛÜÒŸÑËÎÎÑÜÇÊÏÜÍŠÏÍÒÖÊÑÚÇÊŠÜÍÈÇÚÑËÈÒ#ÇÑÛÒÜÑ�>+ÊEÑÏÓÇÌ

ŠËÖÖÒÏÑÈÇÑÉÊÇÚÑÍÖÑËÜÜËÌÊÑÒÜÑÜÇŠÒÜÚÊÑÒÜÑÙËÊÊÇÚÑËÊÑÙËÜËŸÇÏÇÜÊ�ÑAÉÜÏÓÇÜŸÒÜÇ�ÑÏÓÇÑÒÈ*ÇŠÏÊÑËÜÇÑÇËŠÓÑÒÛÑË

ÚÍÛÛÇÜÇÖÏÑÏÌÙÇ�ÑËÖÚÑÖÒÑÒÙÇÜËÏÍÒÖÊÑËÜÇÑÚÇÛÍÖÇÚÑÏÒÑÒÙÇÜËÏÇÑÒÖÑŸÒÜÇÑÏÓËÖÑÒÖÇÑÒÛÑÏÓÇŸÑËÏÑËÑÏÍŸÇ�ÑAÒÜ

ÇÔËŸÙÎÇ�ÑÏÓÇÜÇÑŠËÖÖÒÏÑÈÇÑËÖÑÒÙÇÜËÏÍÒÖÑÏÒÑŠÒŸÙËÜÇÑÏÕÒÑÊÉŠÓÑÒÈ*ÇŠÏÊÑÒÜÑÏÒÑËÊÊÍŽÖÑÒÖÇÑÏÒÑËÖÒÏÓÇÜ�Ñ’ÓÇ

ŸÉÎÏÍÙÎÇÑÒÈ*ÇŠÏÊÑÚÇŠÎËÜÇÚÑÉÊÍÖŽÑÏÓÇÑÏÌÙÇÑÚÇÛÍÖÇÚÑÈÌÑËÖÑ�>’ÑÙËŠ"ËŽÇÑÊÉÛÛÇÜÑÛÜÒŸÑÖÒÑÊÉŠÓÑÜÇÊÏÜÍŠÏÍÒÖÊE

ÏÓÇÌÑŠËÖÑÈÇÑÉÊÇÚÑÍÖÑËÜÜËÌÊÑËÖÚÑÜÇŠÒÜÚÊÑËÖÚÑŠËÖÑÈÇÑÙËÊÊÇÚÑËÊÑÙËÜËŸÇÏÇÜÊ�ÑÑ�ÎÊÒ�ÑÏÓÇÌÑËÜÇÑËÎÎÑÚÇŠÎËÜÇÚÑÏÒ

ÈÇÑÒÛÑÏÓÇÑÊËŸÇÑÏÌÙÇ�ÑÊÒÑÏÓËÏÑÍÏÑÍÊÑÙÒÊÊÍÈÎÇÑÛÒÜÑÏÓÇÑ�>’ÑÙËŠ"ËŽÇÑÏÒÑÙÜÒ#ÍÚÇÑÒÙÇÜËÏÍÒÖÊÑÏÒÑËÊÊÍŽÖ�ÑŠÒŸÙËÜÇ�

ŠÒÙÌ�ÑÇÏŠ�ÑAÒÜÑÏÓÇÊÇÑÜÇËÊÒÖÊ�ÑËÖÑ�>’ÑÍÊÑËÎŸÒÊÏÑËÎÕËÌÊÑÙÜÇÛÇÜËÈÎÇÑÏÒÑËÑÙËÜËŸÇÏÇÜÎÇÊÊÑ.�>+�

’ÓÇÑÈÍŽŽÇÊÏÑËÚ#ËÖÏËŽÇÑÒÛÑËÑ.�>’ÑÒÜÑ.�>+ÑÒ#ÇÜÑËÖÑ�>’ÑÒÜÑ�>+�ÑÜÇÊÙÇŠÏÍ#ÇÎÌ�ÑÍÊÑÏÓËÏÑÏÓÇÑ.�>’ÑËÖÚ

.�>+ÑËÜÇÑŽÇÖÇÜÍŠÑËÖÚÑŠËÖÑÏÓÉÊÑÈÇÑÙËÜËŸÇÏÇÜÍ)ÇÚÑÕÍÏÓÑÏÌÙÇÊ�ÑÊÉÈÙÜÒŽÜËŸÊ�ÑËÖÚÑÒÏÓÇÜÑŠÒÖÛÍŽÉÜËÏÍÒÖ

ÍÖÛÒÜŸËÏÍÒÖ�Ñ’ÓÉÊ�ÑËÊÑÊÓÒÕÖÑËÈÒ#Ç�ÑËÑÊÍÖŽÎÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇÑŠËÖÑÊÉÙÙÒÜÏÑÈÒÉÖÚÇÚÑÊÏËŠ"ÊÑÒÛÑËÖÌÑÚËÏË

ÏÌÙÇÑËÖÚÑËÖÌÑÊÏËŠ"ÑÊÍ)Ç�ÑÕÓÍÎÇÑÏÓÇÑ�>’ÑËÖÚÑ�>+ÑËÈÒ#ÇÑËÜÇÑÜÇÊÏÜÍŠÏÇÚÑÏÒÑÊÏËŠ"ÊÑÒÛÑInteger�ÑÖÒÑŸÒÜÇÑÏÓËÖ

Ä77ÑÍÖÑÊÍ)Ç�ÑAÒÜÑÏÓÍÊÑÜÇËÊÒÖ�ÑËÑ.�>+ÑÒÜÑ.�>’ÑÍÊÑËÎŸÒÊÏÑËÎÕËÌÊÑÙÜÇÛÇÜËÈÎÇÑÏÒÑËÖÑ�>+ÑÒÜÑ�>’�

’ÓÇÑÎÍÊÏÑÒÛÑÇÔËŸÙÎÇÊÑËÈÒ#ÇÑÍÊÑŽÍ#ÇÖÑÍÖÑÒÜÚÇÜÑÒÛÑÍÖŠÜÇËÊÍÖŽÑÙÒÕÇÜÑËÖÚÑÛÎÇÔÍÈÍÎÍÏÌ�ÑÊÏËÜÏÍÖŽÑÕÍÏÓÑËÖÑ�>+ÑËÖÚ

ÇÖÚÍÖŽÑÕÍÏÓÑËÑ.�>’�Ñ’ÓÇÊÇÑËÚ#ËÖÏËŽÇÊÑËÜÇÑÖÒÏÑÇÔÙÇÖÊÍ#ÇÑÍÖÑÏÇÜŸÊÑÒÛÑŠÒŸÙÎÇÔÍÏÌÑÒÜÑÚÇ#ÇÎÒÙŸÇÖÏÑÏÍŸÇ�

’ÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑ.�>’ÑËÈÒ#ÇÑÍÊÑÖÒÏÑÊÍŽÖÍÛÍŠËÖÏÎÌÑÓËÜÚÇÜÑÏÒÑÕÜÍÏÇÑÒÜÑÉÖÚÇÜÊÏËÖÚÑÏÓËÖÑÏÓÇ

ÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑ�>+�Ñ’ÓÇÑÈÒÚÍÇÊÑËÜÇÑËÎÊÒÑÖÇËÜÎÌÑÍÚÇÖÏÍŠËÎ�Ñ5ÒŸÙËÜÇÑÏÓÇÑÈÒÚÌÑÛÒÜÑÏÓÇÑÊÍŸÙÎÇÊÏ

#ÇÜÊÍÒÖ�ÑÏÓÇÑ�>+(

------------------------------------------------------------------------

package body Bounded_Stack is

   type Stack_Slots is array (Natural range <>) of Element;

   type Stack_Information is

      record

         Slots : Stack_Slots (1 .. Maximum_Stack_Size);

         Index : Natural                              := 0;

      end record;

   Stack : Stack_Information;

   ---------------------------------------------------------------------

   procedure Push (New_Element : in     Element) is

   begin

      if Stack.Index >= Maximum_Stack_Size then

         raise Overflow;

      end if;

      Stack.Index := Stack.Index + 1;

      Stack.Slots(Stack.Index) := New_Element;

   end Push;

   ---------------------------------------------------------------------

   procedure Pop (Top_Element :    out Element) is

   begin

      if Stack.Index <= 0 then

         raise Underflow;

      end if;

      Top_Element := Stack.Slots(Stack.Index);

      Stack.Index := Stack.Index - 1;

   end Pop;

   ---------------------------------------------------------------------

   ...

end Bounded_Stack;

------------------------------------------------------------------------

ÕÍÏÓÑÏÓÇÑÈÒÚÌÑÛÒÜÑÏÓÇÑŸÒÊÏÑÙÒÕÇÜÛÉÎÑËÖÚÑÛÎÇÔÍÈÎÇÑ#ÇÜÊÍÒÖ�ÑÏÓÇÑ.�>’(
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------------------------------------------------------------------------

package body Bounded_Stack is

   type Stack_Slots is array (Natural range <>) of Element;

   type Stack_Information is

      record

         Slots : Stack_Slots (1 .. Maximum_Stack_Size);

         Index : Natural                               := 0;

      end record;

   ---------------------------------------------------------------------

   procedure Push (On_Top      : in out Stack;

                   New_Element : in     Element) is

   begin

      if On_Top.Index >= Maximum_Stack_Size then

         raise Overflow;

      end if;

      On_Top.Index := On_Top.Index + 1;

      Assign(From => New_Element,

             To   => On_Top.Slots(On_Top.Index));

   end Push;

   ---------------------------------------------------------------------

   procedure Pop (From_Top    : in out Stack;

                  Top_Element : in out Element) is

   begin

      if From_Top.Index <= 0 then

         raise Underflow;

      end if;

      Assign(From => From_Top.Slots(From_Top.Index),

             To   => Top_Element);

      From_Top.Index := From_Top.Index - 1;

   end Pop;

   ---------------------------------------------------------------------

   ...

end Bounded_Stack;

------------------------------------------------------------------------

’ÓÇÜÇÑËÜÇÑÒÖÎÌÑÏÕÒÑÚÍÛÛÇÜÇÖŠÇÊ�ÑAÍÜÊÏ�ÑÏÓÇÑ�>+ÑÚÇŠÎËÜÇÊÑËÑÎÒŠËÎÑÒÈ*ÇŠÏÑŠËÎÎÇÚÑStack�ÑÕÓÍÎÇÑÏÓÇÑ.�>’ÑÓËÊ

ÒÖÇÑËÚÚÍÏÍÒÖËÎÑÙËÜËŸÇÏÇÜÑ-ŠËÎÎÇÚÑStack2ÑÒÖÑÇËŠÓÑÒÛÑÏÓÇÑÇÔÙÒÜÏÇÚÑÙÜÒŠÇÚÉÜÇÊÑPushÑËÖÚÑPop�Ñ ÇŠÒÖÚ�ÑÏÓÇ

.�>’ÑÉÊÇÊÑÏÓÇÑAssignÑÙÜÒŠÇÚÉÜÇÑÜËÏÓÇÜÑÏÓËÖÑÏÓÇÑËÊÊÍŽÖŸÇÖÏÑÒÙÇÜËÏÒÜÑG(JHÑÈÇŠËÉÊÇÑÏÓÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎ

ÏÌÙÇÑElementÑÕËÊÑÚÇŠÎËÜÇÚÑlimited private�Ñ’ÓÍÊÑÊÇŠÒÖÚÑÚÍÛÛÇÜÇÖŠÇÑŠÒÉÎÚÑÓË#ÇÑÈÇÇÖÑË#ÒÍÚÇÚÑÈÌ

ÚÇŠÎËÜÍÖŽÑElementÑËÊÑprivate�ÑÈÉÏÑÏÓÍÊÑÍÊÑÖÒÏÑÜÇŠÒŸŸÇÖÚÇÚÑÈÇŠËÉÊÇÑÍÏÑÜÇÚÉŠÇÊÑÏÓÇÑŠÒŸÙÒÊËÈÍÎÍÏÌÑÒÛÑÏÓÇ

ŽÇÖÇÜÍŠÑÜÇÉÊËÈÎÇÑÙËÜÏ�

note

’ÓÇÑÙÜÇÚÇÛÍÖÇÚÑÊÍŸÙÎÇÑÏÌÙÇÊÑÕÍÎÎÑÖÇÇÚÑËÖÑËÊÊÍŽÖÑÒÜÑÇ%ÉËÎÍÏÌÑÒÙÇÜËÏÍÒÖÑÕÓÇÖÑÉÊÇÚÑÏÒÑÍÖÊÏËÖÏÍËÏÇÑŽÇÖÇÜÍŠÊ

ÏÓËÏÑÇÔÙÇŠÏÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÊ�ÑÑ�ÎÏÓÒÉŽÓÑÍÏÑÍÊÑËÑÖÉÍÊËÖŠÇ�ÑÍÏÑÍÊÑÊÍŸÙÎÇÑÇÖÒÉŽÓÑÛÒÜÑÏÓÇÑÛÇÕÑÏÍŸÇÊÑÍÏÑÕÒÉÎÚ

ËÙÙÎÌ�

8.3.5 Iterators

guideline

S ,ÜÒ#ÍÚÇÑÍÏÇÜËÏÒÜÊÑÛÒÜÑÏÜË#ÇÜÊÍÖŽÑŠÒŸÙÎÇÔÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑÕÍÏÓÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�

S ,ÜÒ#ÍÚÇÑÈÒÏÓÑËŠÏÍ#ÇÑËÖÚÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊ�

S ,ÜÒÏÇŠÏÑÏÓÇÑÍÏÇÜËÏÒÜÊÑÛÜÒŸÑÇÜÜÒÜÊÑÚÉÇÑÏÒÑŸÒÚÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÚÉÜÍÖŽÑÍÏÇÜËÏÍÒÖ�

S >ÒŠÉŸÇÖÏÑÏÓÇÑÈÇÓË#ÍÒÜÑÒÛÑÏÓÇÑÍÏÇÜËÏÒÜÊÑÕÓÇÖÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÍÊÑŸÒÚÍÛÍÇÚÑÚÉÜÍÖŽÑÏÜË#ÇÜÊËÎ�

example

’ÓÇÑÛÒÎÎÒÕÍÖŽÑÙËŠ"ËŽÇÑÚÇÛÍÖÇÊÑËÖÑËÈÊÏÜËŠÏÑÎÍÊÏÑÚËÏËÑÏÌÙÇ�ÑÕÍÏÓÑÈÒÏÓÑËŠÏÍ#ÇÑËÖÚÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊÑÛÒÜ

ÏÜË#ÇÜÊÍÖŽÑËÑÎÍÊÏ�

------------------------------------------------------------------------

generic
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   type Element is limited private;

   ...

package Unbounded_List is

   type List is limited private;

   procedure Insert (New_Element : in     Element;

                     Into        : in out List);

   -- Passive (generic) iterator.

   generic

      with procedure Process (Each : in out Element);

   procedure Iterate (Over : in     List);

   -- Active iterator

   type Iterator is limited private;

   procedure Initialize (Index         : in out Iterator;

                         Existing_List : in     List);

   function  More       (Index         : in     Iterator)

                         return                 Boolean;

   procedure Advance    (Index         : in out Iterator);

   function  Current    (Index         : in     Iterator)

                         return                 Element;

   procedure Finalize   (Index         : in out Iterator);

   ...

private

   ...

end Unbounded_List;

------------------------------------------------------------------------

�ÛÏÇÜÑÍÖÊÏËÖÏÍËÏÍÖŽÑÏÓÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇ�ÑËÖÚÑÚÇŠÎËÜÍÖŽÑËÑÎÍÊÏ�ÑËÊ(

------------------------------------------------------------------------

with Unbounded_List;

procedure List_User is

   type Employee is ...;

   package Roster is

          new Unbounded_List (Element => Employee, ...);

   Employee_List : Roster.List;

Ñ

ÏÓÇÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÑÍÊÑÍÖÊÏËÖÏÍËÏÇÚ�ÑÊÙÇŠÍÛÌÍÖŽÑÏÓÇÑÖËŸÇÑÒÛÑÏÓÇÑÜÒÉÏÍÖÇÑÕÓÍŠÓÑÊÓÒÉÎÚÑÈÇÑŠËÎÎÇÚÑÛÒÜÑÇËŠÓÑÎÍÊÏ

ÇÎÇŸÇÖÏÑÕÓÇÖÑÏÓÇÑÍÏÇÜËÏÒÜÑÍÊÑŠËÎÎÇÚ�

   ---------------------------------------------------------------------

   procedure Process_Employee (Each : in out Employee) is

   begin

      ...

      -- Perform the required action for EMPLOYEE here.

   end Process_Employee;

   ---------------------------------------------------------------------

   procedure Process_All is

         new Roster.Iterate (Process => Process_Employee);

’ÓÇÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÑŠËÖÑÏÓÇÖÑÈÇÑŠËÎÎÇÚ�ÑËÊ(

begin  -- List_User

   Process_All(Employee_List);

end List_User;

------------------------------------------------------------------------

�ÎÏÇÜÖËÏÍ#ÇÎÌ�ÑÏÓÇÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÑŠËÖÑÈÇÑÉÊÇÚ�ÑÕÍÏÓÒÉÏÑÏÓÇÑÊÇŠÒÖÚÑÍÖÊÏËÖÏÍËÏÍÒÖÑÜÇ%ÉÍÜÇÚÑÈÌÑÏÓÇÑÙËÊÊÍ#Ç

ÍÏÇÜËÏÒÜ�ÑËÊ(

   Iterator      : Roster.Iterator;

   procedure Process_Employee (Each : in     Employee) is separate;



Ä//ÑÑ�ÚËÑ:4�;�’<Ñ�=>Ñ ’<;8

begin  -- List_User

   Roster.Initialize (Index         => Iterator,

                      Existing_List => Employee_List);

   while Roster.More(Iterator) loop

      Process_Employee(Each => Roster.Current(Iterator));

      Roster.Advance(Iterator);

   end loop;

   Roster.Finalize(Iterator);

end List_User;

------------------------------------------------------------------------

rationale

�ÏÇÜËÏÍÒÖÑÒ#ÇÜÑŠÒŸÙÎÇÔÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑÍÊÑÒÛÏÇÖÑÜÇ%ÉÍÜÇÚÑËÖÚ�ÑÍÛÑÖÒÏÑÙÜÒ#ÍÚÇÚÑÈÌÑÏÓÇÑÙËÜÏÑÍÏÊÇÎÛ�ÑŠËÖÑÈÇ

ÚÍÛÛÍŠÉÎÏÑÏÒÑÍŸÙÎÇŸÇÖÏÑÕÍÏÓÒÉÏÑ#ÍÒÎËÏÍÖŽÑÍÖÛÒÜŸËÏÍÒÖÑÓÍÚÍÖŽÑÙÜÍÖŠÍÙÎÇÊ�

�ŠÏÍ#ÇÑËÖÚÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊÑÇËŠÓÑÓË#ÇÑÏÓÇÍÜÑËÚ#ËÖÏËŽÇÊ�ÑÈÉÏÑÖÇÍÏÓÇÜÑÍÊÑËÙÙÜÒÙÜÍËÏÇÑÍÖÑËÎÎÑÊÍÏÉËÏÍÒÖÊ�

’ÓÇÜÇÛÒÜÇ�ÑÍÏÑÍÊÑÜÇŠÒŸŸÇÖÚÇÚÑÏÓËÏÑÈÒÏÓÑÈÇÑÙÜÒ#ÍÚÇÚÑÏÒÑŽÍ#ÇÑÏÓÇÑÉÊÇÜÑËÑŠÓÒÍŠÇÑÒÛÑÕÓÍŠÓÑÏÒÑÉÊÇÑÍÖÑÇËŠÓ

ÊÍÏÉËÏÍÒÖ�

,ËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊÑËÜÇÑÊÍŸÙÎÇÜÑËÖÚÑÎÇÊÊÑÇÜÜÒÜ3ÙÜÒÖÇÑÏÓËÖÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊ�ÑÍÖÑÏÓÇÑÊËŸÇÑÕËÌÑÏÓËÏÑÏÓÇÑforÑÎÒÒÙ

ÍÊÑÊÍŸÙÎÇÜÑËÖÚÑÎÇÊÊÑÇÜÜÒÜ3ÙÜÒÖÇÑÏÓËÖÑÏÓÇÑwhileÑÎÒÒÙ�Ñ’ÓÇÜÇÑËÜÇÑÛÇÕÇÜÑŸÍÊÏË"ÇÊÑÏÓËÏÑÏÓÇÑÉÊÇÜÑŠËÖÑŸË"ÇÑÍÖ

ÉÊÍÖŽÑËÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜ�Ñ ÍŸÙÎÌÑÍÖÊÏËÖÏÍËÏÇÑÍÏÑÕÍÏÓÑÏÓÇÑÜÒÉÏÍÖÇÑÏÒÑÈÇÑÇÔÇŠÉÏÇÚÑÛÒÜÑÇËŠÓÑÎÍÊÏÑÇÎÇŸÇÖÏ�ÑËÖÚ

ŠËÎÎÑÏÓÇÑÍÖÊÏËÖÏÍËÏÍÒÖÑÛÒÜÑÏÓÇÑÚÇÊÍÜÇÚÑÎÍÊÏ�Ñ�ŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊÑÜÇ%ÉÍÜÇÑŸÒÜÇÑŠËÜÇÑÈÌÑÏÓÇÑÉÊÇÜ�Ñ’ÓÇÑÍÏÇÜËÏÒÜÑŸÉÊÏ

ÈÇÑÚÇŠÎËÜÇÚ�ÑÏÓÇÖÑÍÖÍÏÍËÎÍ)ÇÚÑÕÍÏÓÑÏÓÇÑÚÇÊÍÜÇÚÑÎÍÊÏ�ÑÏÓÇÖÑCurrentÑËÖÚÑAdvanceÑŸÉÊÏÑÈÇÑŠËÎÎÇÚÑÍÖÑËÑÎÒÒÙÑÉÖÏÍÎ

MoreÑÜÇÏÉÜÖÊÑÛËÎÊÇ�ÑÏÓÇÖÑÏÓÇÑÍÏÇÜËÏÒÜÑŸÉÊÏÑÈÇÑÏÇÜŸÍÖËÏÇÚ�Ñ5ËÜÇÑŸÉÊÏÑÈÇÑÏË"ÇÖÑÏÒÑÙÇÜÛÒÜŸÑÏÓÇÊÇÑÊÏÇÙÊÑÍÖÑÏÓÇ

ÙÜÒÙÇÜÑÊÇ%ÉÇÖŠÇ�Ñ5ËÜÇÑŸÉÊÏÑËÎÊÒÑÈÇÑÏË"ÇÖÑÏÒÑËÊÊÒŠÍËÏÇÑÏÓÇÑÙÜÒÙÇÜÑÍÏÇÜËÏÒÜÑ#ËÜÍËÈÎÇÑÕÍÏÓÑÏÓÇÑÙÜÒÙÇÜÑÎÍÊÏ

#ËÜÍËÈÎÇ�Ñ�ÏÑÍÊÑÙÒÊÊÍÈÎÇÑÛÒÜÑËÑŠÓËÖŽÇÑŸËÚÇÑÏÒÑÏÓÇÑÊÒÛÏÕËÜÇÑÚÉÜÍÖŽÑŸËÍÖÏÇÖËÖŠÇÑÏÒÑÍÖÏÜÒÚÉŠÇÑËÖÑÇÜÜÒÜ�

ÙÇÜÓËÙÊÑËÖÑÍÖÛÍÖÍÏÇÑÎÒÒÙ�

+ÖÑÏÓÇÑÒÏÓÇÜÑÓËÖÚ�ÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊÑËÜÇÑŸÒÜÇÑÛÎÇÔÍÈÎÇÑÏÓËÖÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊ�Ñ&ÍÏÓÑËÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜ�ÑÍÏÑÍÊ

ÚÍÛÛÍŠÉÎÏÑÏÒÑÙÇÜÛÒÜŸÑŸÉÎÏÍÙÎÇ�ÑŠÒÖŠÉÜÜÇÖÏ�ÑÊÌÖŠÓÜÒÖÍ)ÇÚÑÍÏÇÜËÏÍÒÖÊ�ÑAÒÜÑÇÔËŸÙÎÇ�ÑÍÏÑÍÊÑŸÉŠÓÑÇËÊÍÇÜÑÏÒÑÉÊÇ

ËŠÏÍ#ÇÑ ÍÏÇÜËÏÒÜÊÑ ÏÒÑ ÍÏÇÜËÏÇÑ Ò#ÇÜÑ ÏÕÒÑ ÊÒÜÏÇÚÑ ÎÍÊÏÊ�ÑŸÇÜŽÍÖŽÑ ÏÓÇŸÑ ÍÖÏÒÑ ËÑ ÏÓÍÜÚÑ ÊÒÜÏÇÚÑ ÎÍÊÏ�Ñ�ÎÊÒ�Ñ ÛÒÜ

ŸÉÎÏÍÚÍŸÇÖÊÍÒÖËÎÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊ�ÑËÑÊŸËÎÎÑÖÉŸÈÇÜÑÒÛÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÑÜÒÉÏÍÖÇÊÑŸËÌÑÈÇÑËÈÎÇÑÏÒÑÜÇÙÎËŠÇÑË

ÎËÜŽÇÑÖÉŸÈÇÜÑÒÛÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊ�ÑÇËŠÓÑÒÛÑÕÓÍŠÓÑÍŸÙÎÇŸÇÖÏÊÑÒÖÇÑŠÒŸÈÍÖËÏÍÒÖÑÒÛÑÏÓÇÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊ�

5ÒÖÊÍÚÇÜ�ÑÛÒÜÑÇÔËŸÙÎÇ�ÑËÑÈÍÖËÜÌÑÏÜÇÇ�Ñ�ÖÑÕÓËÏÑÒÜÚÇÜÑÊÓÒÉÎÚÑÏÓÇÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÑ#ÍÊÍÏÑÏÓÇÑÖÒÚÇÊKÑ>ÇÙÏÓ

ÛÍÜÊÏKÑBÜÇËÚÏÓÑÛÍÜÊÏKÑ&ÓËÏÑËÈÒÉÏÑÏÓÇÑÖÇÇÚÑÏÒÑÚÒÑËÑÈÍÖËÜÌÑÊÇËÜŠÓÑÒÛÑÏÓÇÑÏÜÇÇKÑ8ËŠÓÑÒÛÑÏÓÇÊÇÑŠÒÉÎÚÑÈÇ

ÍŸÙÎÇŸÇÖÏÇÚÑËÊÑËÑÙËÊÊÍ#ÇÑ ÍÏÇÜËÏÒÜ�ÑÈÉÏÑ ÍÏÑŸËÌÑŸË"ÇÑŸÒÜÇÑÊÇÖÊÇÑ ÏÒÑÊÍŸÙÎÌÑÚÇÛÍÖÇÑ ÏÓÇÑMore_Left�

More_Right�ÑAdvance_Left,ÑËÖÚÑAdvance_RightÑÜÒÉÏÍÖÇÊÑÜÇ%ÉÍÜÇÚÑÈÌÑÏÓÇÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÑÏÒÑŠÒ#ÇÜÑËÎÎ

ŠÒŸÈÍÖËÏÍÒÖÊ�AÍÖËÎÎÌ�ÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊÑŠËÖÑÈÇÑÙËÊÊÇÚÑËÊÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑÕÓÍÎÇÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊ

ŠËÖÖÒÏÑ ÈÇŠËÉÊÇÑ ÙËÊÊÍ#ÇÑ ÍÏÇÜËÏÒÜÊÑ ËÜÇÑ ÏÓÇŸÊÇÎ#ÇÊÑ ŽÇÖÇÜÍŠ�Ñ ËÖÚÑ ŽÇÖÇÜÍŠÑ ÉÖÍÏÊÑ ŠËÖÖÒÏÑ ÈÇÑ ÙËÊÊÇÚÑ ËÊ

ÙËÜËŸÇÏÇÜÊÑÏÒÑÒÏÓÇÜÑŽÇÖÇÜÍŠÑÉÖÍÏÊ�Ñ

AÒÜÑÇÍÏÓÇÜÑÏÌÙÇÑÒÛÑÍÏÇÜËÏÒÜ�ÑÊÇŸËÖÏÍŠÑ%ÉÇÊÏÍÒÖÊÑŠËÖÑËÜÍÊÇÑËÈÒÉÏÑÕÓËÏÑÓËÙÙÇÖÊÑÕÓÇÖÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÍÊ

ŸÒÚÍÛÍÇÚÑËÊÑÍÏÑÍÊÑÈÇÍÖŽÑÍÏÇÜËÏÇÚ�Ñ&ÓÇÖÑÕÜÍÏÍÖŽÑËÖÑÍÏÇÜËÏÒÜ�ÑÈÇÑÊÉÜÇÑÏÒÑŠÒÖÊÍÚÇÜÑÏÓÍÊÑÙÒÊÊÍÈÍÎÍÏÌ�ÑËÖÚÑÍÖÚÍŠËÏÇ

ÕÍÏÓÑŠÒŸŸÇÖÏÊÑÏÓÇÑÈÇÓË#ÍÒÜÑÕÓÍŠÓÑÒŠŠÉÜÊÑÍÖÑÊÉŠÓÑËÑŠËÊÇ�Ñ�ÏÑÍÊÑÖÒÏÑËÎÕËÌÊÑÒÈ#ÍÒÉÊÑÏÒÑÏÓÇÑÉÊÇÜÑÕÓËÏÑÏÒ

ÇÔÙÇŠÏ�ÑAÒÜÑÇÔËŸÙÎÇ�Ñ ÏÒÑÚÇÏÇÜŸÍÖÇÑ ÏÓÇÑGŠÎÒÊÉÜÇHÑÒÛÑËÑŸËÏÓÇŸËÏÍŠËÎÑGÊÇÏHÑÕÍÏÓÑ ÜÇÊÙÇŠÏÑ ÏÒÑ ÊÒŸÇ

ÒÙÇÜËÏÍÒÖ�ÑËÑŠÒŸŸÒÖÑËÎŽÒÜÍÏÓŸÑÍÊÑÏÒÑÍÏÇÜËÏÇÑÒ#ÇÜÑÏÓÇÑŸÇŸÈÇÜÊÑÒÛÑÏÓÇÑÊÇÏ�ÑŽÇÖÇÜËÏÍÖŽÑÖÇÕÑÇÎÇŸÇÖÏÊÑËÖÚ

ËÚÚÍÖŽÑÏÓÇŸÑÏÒÑÏÓÇÑÊÇÏ�Ñ�ÖÑÊÉŠÓÑËÑŠËÊÇ�ÑÍÏÑÍÊÑÍŸÙÒÜÏËÖÏÑÏÓËÏÑÇÎÇŸÇÖÏÊÑËÚÚÇÚÑÏÒÑÏÓÇÑÊÇÏÑÚÉÜÍÖŽÑÏÓÇÑÍÏÇÜËÏÍÒÖ

ÈÇÑÇÖŠÒÉÖÏÇÜÇÚÑÊÉÈÊÇ%ÉÇÖÏÎÌÑÚÉÜÍÖŽÑÏÓÇÑÍÏÇÜËÏÍÒÖ�Ñ+ÖÑÏÓÇÑÒÏÓÇÜÑÓËÖÚ�ÑÛÒÜÑÒÏÓÇÜÑËÎŽÒÜÍÏÓŸÊÑÍÏÑŸËÌÑÈÇ

ÍŸÙÒÜÏËÖÏÑÏÓËÏÑÏÓÇÑÊÇÏÑÕÓÍŠÓÑÍÏÑÍÏÇÜËÏÇÚÑÍÊÑÏÓÇÑÊÇÏÑËÊÑÍÏÑÇÔÍÊÏÇÚÑËÏÑÏÓÇÑÈÇŽÍÖÖÍÖŽÑÒÛÑÏÓÇÑÍÏÇÜËÏÍÒÖ�Ñ�ÖÑÏÓÇÑŠËÊÇ

ÒÛÑËÑÙÜÍÒÜÍÏÍ)ÇÚÑÎÍÊÏÑÚËÏËÑÊÏÜÉŠÏÉÜÇ�ÑÍÛÑÏÓÇÑÎÍÊÏÑÍÊÑÍÏÇÜËÏÇÚÑÍÖÑÙÜÍÒÜÍÏÌÑÒÜÚÇÜ�ÑÍÏÑŸËÌÑÈÇÑÍŸÙÒÜÏËÖÏÑÏÓËÏÑÇÎÇŸÇÖÏÊ

ÍÖÊÇÜÏÇÚÑËÏÑÎÒÕÇÜÑÙÜÍÒÜÍÏÌÑÏÓËÖÑÏÓÇÑŠÉÜÜÇÖÏÑÇÎÇŸÇÖÏÑÚÉÜÍÖŽÑÍÏÇÜËÏÍÒÖÑÖÒÏÑÈÇÑÇÖŠÒÉÖÏÇÜÇÚÑÊÉÈÊÇ%ÉÇÖÏÎÌ

ÚÉÜÍÖŽÑÏÓÇÑÍÏÇÜËÏÍÒÖ�ÑÈÉÏÑÏÓËÏÑÇÎÇŸÇÖÏÊÑÍÖÊÇÜÏÇÚÑËÏÑËÑÓÍŽÓÇÜÑÙÜÍÒÜÍÏÌÑÊÓÒÉÎÚÑÈÇÑÇÖŠÒÉÖÏÇÜÇÚ�Ñ�ÖÑËÖÌÑŠËÊÇ�

ŸË"ÇÑËÑŠÒÖÊŠÍÒÉÊÑÚÇŠÍÊÍÒÖÑËÈÒÉÏÑÓÒÕÑÏÓÇÑÍÏÇÜËÏÒÜÑÊÓÒÉÎÚÑÒÙÇÜËÏÇ�ÑËÖÚÑÚÒŠÉŸÇÖÏÑÏÓËÏÑÈÇÓË#ÍÒÜÑÍÖÑÏÓÇ

ÙËŠ"ËŽÇÑÊÙÇŠÍÛÍŠËÏÍÒÖ�

>ÇÎÇÏÍÒÖÊÑÛÜÒŸÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑËÎÊÒÑÙÒÊÇÑËÑÙÜÒÈÎÇŸÑÛÒÜÑÍÏÇÜËÏÒÜÊ�Ñ�ÏÑÍÊÑËÑŠÒŸŸÒÖÑŸÍÊÏË"ÇÑÛÒÜÑËÑÉÊÇÜÑÏÒ

ÍÏÇÜËÏÇÑÒ#ÇÜÑËÑÚËÏËÑÊÏÜÉŠÏÉÜÇ�ÑÚÇÎÇÏÍÖŽÑÍÏÑÙÍÇŠÇÑÈÌÑÙÍÇŠÇÑÚÉÜÍÖŽÑÏÓÇÑÍÏÇÜËÏÍÒÖ�Ñ�ÛÑÏÓÇÑÍÏÇÜËÏÒÜÑÍÊÑÖÒÏÑÙÜÇÙËÜÇÚ

ÛÒÜÑÊÉŠÓÑËÑÊÍÏÉËÏÍÒÖ�ÑÍÏÑÍÊÑÙÒÊÊÍÈÎÇÑÏÒÑÇÖÚÑÉÙÑÚÇÜÇÛÇÜÇÖŠÍÖŽÑËÑÖÉÎÎÑÙÒÍÖÏÇÜÑÒÜÑŠÒŸŸÍÏÏÍÖŽÑËÑÊÍŸÍÎËÜÑÇÜÜÒÜ�

 ÉŠÓÑÊÍÏÉËÏÍÒÖÊÑŠËÖÑÈÇÑÙÜÇ#ÇÖÏÇÚÑÈÌÑÊÏÒÜÍÖŽÑÇÔÏÜËÑÍÖÛÒÜŸËÏÍÒÖÑÕÍÏÓÑÇËŠÓÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÕÓÍŠÓÑÍÖÚÍŠËÏÇÊ

ÕÓÇÏÓÇÜÑÍÏÑÍÊÑŠÉÜÜÇÖÏÎÌÑÈÇÍÖŽÑÍÏÇÜËÏÇÚ�ÑËÖÚÑÉÊÍÖŽÑÏÓÍÊÑÍÖÛÒÜŸËÏÍÒÖÑÏÒÑÚÍÊËÎÎÒÕÑËÖÌÑŸÒÚÍÛÍŠËÏÍÒÖÊÑÏÒÑÏÓÇÑÚËÏË

ÊÏÜÉŠÏÉÜÇÑÚÉÜÍÖŽÑÍÏÇÜËÏÍÒÖ�Ñ&ÓÇÖÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÍÊÑÚÇŠÎËÜÇÚÑËÊÑËÑlimited privateÑÏÌÙÇ�ÑËÊÑÊÓÒÉÎÚ

ÉÊÉËÎÎÌÑÈÇÑÏÓÇÑŠËÊÇÑÕÓÇÖÑÍÏÇÜËÏÒÜÊÑËÜÇÑÍÖ#ÒÎ#ÇÚ�ÑÏÓÇÑÒÖÎÌÑÒÙÇÜËÏÍÒÖÊÑÚÇÛÍÖÇÚÑÒÖÑÏÓÇÑÏÌÙÇÑËÜÇÑÚÇŠÎËÜÇÚ
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ÇÔÙÎÍŠÍÏÎÌÑÍÖÑÏÓÇÑÙËŠ"ËŽÇÑÕÓÍŠÓÑÚÇŠÎËÜÇÊÑÏÓÇÑÏÌÙÇ�ÑŸË"ÍÖŽÑÍÏÑÙÒÊÊÍÈÎÇÑÏÒÑËÚÚÑÊÉŠÓÑÏÇÊÏÊÑÏÒÑËÎÎÑŸÒÚÍÛÍŠËÏÍÒÖ

ÒÙÇÜËÏÍÒÖÊ�

note

AÒÜÑÛÉÜÏÓÇÜÑÚÍÊŠÉÊÊÍÒÖÑÒÛÑÙËÊÊÍ#ÇÑËÖÚÑËŠÏÍ#ÇÑÍÏÇÜËÏÒÜÊÑÊÇÇÑÃÒÊÊÑ-Ä6962ÑËÖÚÑBÒÒŠÓÑ-Ä69Å2�

8.3.6 Private and Limited Private Types

guideline

S 4ÊÇÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑ-ÖÒÏÑÙÜÍ#ËÏÇ2ÑÛÒÜÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÊ�ÑÇÔÙÎÍŠÍÏÎÌÑÍŸÙÒÜÏÍÖŽÑËÊÊÍŽÖŸÇÖÏÑËÖÚ

Ç%ÉËÎÍÏÌÑÒÙÇÜËÏÍÒÖÊÑÍÛÑÜÇ%ÉÍÜÇÚ�

S 8ÔÙÒÜÏÑÏÓÇÑÎÇËÊÏÑÜÇÊÏÜÍŠÏÍ#ÇÑÏÌÙÇÑÏÓËÏÑŸËÍÖÏËÍÖÊÑÏÓÇÑÍÖÏÇŽÜÍÏÌÑÒÛÑÏÓÇÑÚËÏËÑËÖÚÑËÈÊÏÜËŠÏÍÒÖÑÕÓÍÎÇÑËÎÎÒÕÍÖŽ

ËÎÏÇÜÖËÏÇÑÍŸÙÎÇŸÇÖÏËÏÍÒÖÊ�

S 4ÊÇÑŸÒÚÇÑin outÑÜËÏÓÇÜÑÏÓËÖÑoutÑÛÒÜÑÙËÜËŸÇÏÇÜÊÑÒÛÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸ�ÑÕÓÇÖÑÏÓÇ

ÙËÜËŸÇÏÇÜÊÑËÜÇÑÒÛÑËÖÑÍŸÙÒÜÏÇÚÑÎÍŸÍÏÇÚÑÏÌÙÇ�

example

’ÓÇÑÛÍÜÊÏÑÇÔËŸÙÎÇÑ#ÍÒÎËÏÇÊÑÏÓÇÑŽÉÍÚÇÎÍÖÇÑÈÌÑÓË#ÍÖŽÑÙÜÍ#ËÏÇÑ-ÖÒÖÎÍŸÍÏÇÚ2ÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÊ�

------------------------------------------------------------------------

generic

   type Item is private;

   type Key  is private;

   with function Key_Of (Current : in     Item) return Key;

package List_Manager is

   type List is limited private;

   procedure Insert   (Into     : in     List;

                       New_Item : in     Item);

   procedure Retrieve (From     : in     List;

                       Using    : in     Key;

                       Match    : in out Item);

private

   type List is ...

end List_Manager;

------------------------------------------------------------------------

’ÓÇÑÊÇŠÒÖÚÑÇÔËŸÙÎÇÑÍÊÑÍŸÙÜÒ#ÇÚÑÈÌÑÉÊÍÖŽÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÊÑËÖÚÑÍŸÙÒÜÏÍÖŽÑÏÓÇ

ËÊÊÍŽÖŸÇÖÏÑÒÙÇÜËÏÍÒÖÑÛÒÜÑItemÑËÖÚÑÏÓÇÑÇ%ÉËÎÍÏÌÑÒÙÇÜËÏÒÜÑÛÒÜÑKey�

------------------------------------------------------------------------

generic

   type Item is limited private;

   type Key  is limited private;

   with procedure Assign (From    : in     Item;

                          To      : in out Item);

   with function "="     (Left    : in     Key;

                          Right   : in     Key)

                          return           Boolean;

   with function Key_Of  (Current : in     Item)

                          return           Key;

package List_Manager is

   type List is limited private;

   procedure Insert   (Into     : in     List;

                       New_Item : in     Item);

   procedure Retrieve (From     : in     List;

                       Using    : in     Key;

                       Match    : in out Item);
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private

   type List is ...

end List_Manager;

------------------------------------------------------------------------

rationale

AÒÜÑ ËÑ ŽÇÖÇÜÍŠÑ ŠÒŸÙÒÖÇÖÏÑ ÏÒÑÈÇÑÉÊËÈÎÇÑ ÍÖÑ ËÊÑŸËÖÌÑ ŠÒÖÏÇÔÏÊÑ ËÊÑÙÒÊÊÍÈÎÇ�Ñ ÍÏÑ ÊÓÒÉÎÚÑŸÍÖÍŸÍ)ÇÑ ÏÓÇ

ËÊÊÉŸÙÏÍÒÖÊÑÏÓËÏÑÍÏÑŸË"ÇÊÑËÈÒÉÏÑÍÏÊÑÇÖ#ÍÜÒÖŸÇÖÏÑËÖÚÑÊÓÒÉÎÚÑŸË"ÇÑÇÔÙÎÍŠÍÏÑËÖÌÑËÊÊÉŸÙÏÍÒÖÊÑÏÓËÏÑËÜÇ

ÖÇŠÇÊÊËÜÌ�Ñ�ÖÑ�ÚË�ÑÏÓÇÑËÊÊÉŸÙÏÍÒÖÊÑŸËÚÇÑÈÌÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑŠËÖÑÈÇÑÊÏËÏÇÚÑÇÔÙÎÍŠÍÏÎÌÑÈÌÑÏÓÇÑÏÌÙÇÊÑÒÛÑÏÓÇ

ŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ�Ñ�ÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÑÙÜÇ#ÇÖÏÊÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÑÛÜÒŸÑŸË"ÍÖŽ

ËÖÌÑËÊÊÉŸÙÏÍÒÖÊÑËÈÒÉÏÑÏÓÇÑÊÏÜÉŠÏÉÜÇÑÒÛÑÒÈ*ÇŠÏÊÑÒÛÑÏÓÇÑÏÌÙÇÑÒÜÑËÈÒÉÏÑÒÙÇÜËÏÍÒÖÊÑÚÇÛÍÖÇÚÑÛÒÜÑÊÉŠÓÑÒÈ*ÇŠÏÊ�

�Ñ ÙÜÍ#ËÏÇÑ -ÖÒÖÎÍŸÍÏÇÚ2Ñ ŽÇÖÇÜÍŠÑ ÛÒÜŸËÎÑ ÏÌÙÇÑ ËÎÎÒÕÊÑ ÏÓÇÑ ËÊÊÉŸÙÏÍÒÖÑ ÏÓËÏÑ ËÊÊÍŽÖŸÇÖÏÑ ËÖÚÑ Ç%ÉËÎÍÏÌ

ŠÒŸÙËÜÍÊÒÖÑÒÙÇÜËÏÍÒÖÊÑËÜÇÑÚÇÛÍÖÇÚÑÛÒÜÑÏÓÇÑÏÌÙÇ�Ñ’ÓÉÊ�ÑËÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÚËÏËÑÏÌÙÇÑŠËÖÖÒÏÑÈÇÑÊÙÇŠÍÛÍÇÚÑËÊ

ÏÓÇÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÑÛÒÜÑËÑÙÜÍ#ËÏÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇ�

’ÓÇÜÇÛÒÜÇ�ÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÊÑÊÓÒÉÎÚÑËÎŸÒÊÏÑËÎÕËÌÊÑÈÇÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÜËÏÓÇÜÑÏÓËÖÑ*ÉÊÏÑÙÜÍ#ËÏÇ�Ñ’ÓÍÊ

ÜÇÊÏÜÍŠÏÊÑ ÏÓÇÑÒÙÇÜËÏÍÒÖÊÑË#ËÍÎËÈÎÇÑÒÖÑÏÓÇÑÍŸÙÒÜÏÇÚÑÏÌÙÇÑÕÍÏÓÍÖÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÑÈÒÚÌÑÈÉÏÑÙÜÒ#ÍÚÇÊ

ŸËÔÍŸÉŸÑÛÎÇÔÍÈÍÎÍÏÌÑÛÒÜÑÏÓÇÑÉÊÇÜÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�Ñ�ÖÌÑÒÙÇÜËÏÍÒÖÊÑÜÇ%ÉÍÜÇÚÑÈÌÑÏÓÇÑŽÇÖÇÜÍŠÑÈÒÚÌÑÊÓÒÉÎÚ

ÈÇÑÇÔÙÎÍŠÍÏÎÌÑÍŸÙÒÜÏÇÚÑËÊÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊ�Ñ�ÖÑÏÓÇÑÊÇŠÒÖÚÑÇÔËŸÙÎÇÑËÈÒ#Ç�ÑÒÖÎÌÑÏÓÇÑÒÙÇÜËÏÍÒÖÊ

ÜÇ%ÉÍÜÇÚÑÛÒÜÑŸËÖËŽÍÖŽÑËÑÎÍÊÏÑÒÛÑÍÏÇŸÊÑÕÍÏÓÑ"ÇÌÊÑËÜÇÑÍŸÙÒÜÏÇÚ(ÑAssignÑÙÜÒ#ÍÚÇÊÑÏÓÇÑËÈÍÎÍÏÌÑÏÒÑÊÏÒÜÇÑÍÏÇŸÊÑÍÖ

ÏÓÇÑÎÍÊÏ�ÑËÖÚÑKey_OfÑËÖÚÑG=HÑÊÉÙÙÒÜÏÑÚÇÏÇÜŸÍÖËÏÍÒÖÑËÖÚÑŠÒŸÙËÜÍÊÒÖÑÒÛÑ"ÇÌÊÑÚÉÜÍÖŽÑÜÇÏÜÍÇ#ËÎÑÒÙÇÜËÏÍÒÖÊ�

=ÒÑÒÏÓÇÜÑÒÙÇÜËÏÍÒÖÊÑËÜÇÑÜÇ%ÉÍÜÇÚÑÏÒÑŸËÖËŽÇÑÏÓÇÑÎÍÊÏ�Ñ ÙÇŠÍÛÍŠËÎÎÌ�ÑÏÓÇÜÇÑÍÊÑÖÒÑÖÇÇÚÑÏÒÑÈÇÑËÈÎÇÑÏÒÑËÊÊÍŽÖ

"ÇÌÊÑÒÜÑŠÒŸÙËÜÇÑÇÖÏÍÜÇÑÍÏÇŸÊÑÛÒÜÑÇ%ÉËÎÍÏÌ�Ñ’ÓÒÊÇÑÒÙÇÜËÏÍÒÖÊÑÕÒÉÎÚÑÓË#ÇÑÈÇÇÖÑÍŸÙÎÍŠÍÏÎÌÑË#ËÍÎËÈÎÇÑÍÛÑË

ÙÜÍ#ËÏÇÑÏÌÙÇÑÓËÚÑÈÇÇÖÑÉÊÇÚÑÛÒÜÑÏÓÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇ�ÑËÖÚÑËÖÌÑËŠÏÉËÎÑÏÌÙÇÑÛÒÜÑÕÓÍŠÓÑÏÓÇÌÑÕÇÜÇÑÖÒÏ

ÚÇÛÍÖÇÚÑŠÒÉÎÚÑÖÒÏÑÓË#ÇÑÈÇÇÖÑÉÊÇÚÑÕÍÏÓÑÏÓÍÊÑŽÇÖÇÜÍŠÑÉÖÍÏ�

’ÓÇÑÊÍÏÉËÏÍÒÖÑÍÊÑÜÇ#ÇÜÊÇÚÑÛÒÜÑÏÌÙÇÊÑÇÔÙÒÜÏÇÚ ÈÌÑËÑÜÇÉÊËÈÎÇÑÙËÜÏ�ÑAÒÜÑÇÔÙÒÜÏÇÚÑÏÌÙÇÊ�ÑÏÓÇÑÜÇÊÏÜÍŠÏÍÒÖÊ

ÊÙÇŠÍÛÍÇÚÑÈÌÑÎÍŸÍÏÇÚÑËÖÚÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑËÜÇ ÜÇÊÏÜÍŠÏÍÒÖÊÑÒÖÑÏÓÇÑÉÊÇÜÑÒÛÑÏÓÇÑÙËÜÏ�ÑÖÒÏÑÒÖÑÏÓÇÑÙËÜÏÑÍÏÊÇÎÛ�Ñ’Ò

ÙÜÒ#ÍÚÇÑŸËÔÍŸÉŸÑŠËÙËÈÍÎÍÏÌÑÏÒÑÏÓÇÑÉÊÇÜÑÒÛÑËÑÜÇÉÊËÈÎÇÑÙËÜÏ�ÑÇÔÙÒÜÏÑÏÌÙÇÊÑÕÍÏÓÑËÊÑÛÇÕÑÜÇÊÏÜÍŠÏÍÒÖÊÑËÊ

ÙÒÊÊÍÈÎÇ�Ñ�ÙÙÎÌÑÜÇÊÏÜÍŠÏÍÒÖÊÑËÊÑÖÇŠÇÊÊËÜÌÑÏÒÑÙÜÒÏÇŠÏÑÏÓÇÑÍÖÏÇŽÜÍÏÌÑÒÛÑÏÓÇÑÇÔÙÒÜÏÇÚÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑËÖÚÑÏÓÇ

ËÈÊÏÜËŠÏÍÒÖÑÛÒÜÑÏÓÇÑ#ËÜÍÒÉÊÑÍŸÙÎÇŸÇÖÏËÏÍÒÖÊÑÇÖ#ÍÊÍÒÖÇÚÑÛÒÜÑÏÓËÏÑŽÇÖÇÜÍŠ�

�ÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#Ç�ÑÏÓÇÑListÑÏÌÙÇÑÍÊÑÇÔÙÒÜÏÇÚÑËÊÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÒÑÓÍÚÇÑÏÓÇÑÚÇÏËÍÎÊÑÒÛÑÏÓÇÑÎÍÊÏ

ÍŸÙÎÇŸÇÖÏËÏÍÒÖÑËÖÚÑÙÜÒÏÇŠÏÑÏÓÇÑÊÏÜÉŠÏÉÜÇÑÒÛÑËÑÎÍÊÏ�Ñ;ÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÍÊÑŠÓÒÊÇÖÑÒ#ÇÜÑÙÜÍ#ËÏÇÑÏÒÑÙÜÇ#ÇÖÏÑÏÓÇ

ÉÊÇÜÑ ÛÜÒŸÑÈÇÍÖŽÑËÈÎÇÑ ÏÒÑÉÊÇÑ ÏÓÇÑÙÜÇÚÇÛÍÖÇÚÑËÊÊÍŽÖŸÇÖÏÑÒÙÇÜËÏÍÒÖ�Ñ’ÓÍÊÑ ÍÊÑ ÍŸÙÒÜÏËÖÏÑ ÍÛÑ ÏÓÇÑÎÍÊÏÑ ÍÊ

ÍŸÙÎÇŸÇÖÏÇÚÑËÊÑËÖÑËŠŠÇÊÊÑÏÌÙÇÑÙÒÍÖÏÍÖŽÑÏÒÑËÑÎÍÖ"ÇÚÑÎÍÊÏÊÑÒÛÑÜÇŠÒÜÚÊ�ÑÈÇŠËÉÊÇÑÏÓÇÑÙÜÇÚÇÛÍÖÇÚÑËÊÊÍŽÖŸÇÖÏ

ÕÒÉÎÚÑŸË"ÇÑŠÒÙÍÇÊÑÒÛÑÏÓÇÑÙÒÍÖÏÇÜ�ÑÖÒÏÑŠÒÙÍÇÊÑÒÛÑÏÓÇÑÇÖÏÍÜÇÑÎÍÊÏ�ÑÕÓÍŠÓÑÏÓÇÑÉÊÇÜÑŸËÌÑÖÒÏÑÜÇËÎÍ)Ç�Ñ�ÛÑÍÏÑÍÊ

ÇÔÙÇŠÏÇÚÑÏÓËÏÑÏÓÇÑÉÊÇÜÑÖÇÇÚÊÑÏÓÇÑËÈÍÎÍÏÌÑÏÒÑŠÒÙÌÑÎÍÊÏÊ�ÑÏÓÇÖÑËÑŠÒÙÌÑÒÙÇÜËÏÍÒÖÑÊÓÒÉÎÚÑÈÇÑÇÔÙÎÍŠÍÏÎÌÑÇÔÙÒÜÏÇÚ�

BÇŠËÉÊÇÑÏÓÇÌÑËÜÇÑÊÒÑÜÇÊÏÜÍŠÏÍ#Ç�ÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÊÑËÜÇÑÖÒÏÑËÎÕËÌÊÑÏÓÇÑÈÇÊÏÑŠÓÒÍŠÇÑÛÒÜÑÏÌÙÇÊÑÇÔÙÒÜÏÇÚÑÈÌ

ËÑÜÇÉÊËÈÎÇÑÙËÜÏ�Ñ�ÖÑËÑŠËÊÇÑÕÓÇÜÇÑÍÏÑŸË"ÇÊÑÊÇÖÊÇÑÏÒÑËÎÎÒÕÑÏÓÇÑÉÊÇÜÑÏÒÑŸË"ÇÑŠÒÙÍÇÊÑÒÛÑËÖÚÑŠÒŸÙËÜÇÑÚËÏË

ÒÈ*ÇŠÏÊ�ÑËÖÚÑÕÓÇÖÑÏÓÇÑÉÖÚÇÜÎÌÍÖŽÑÚËÏËÑÏÌÙÇÑÚÒÇÊÑÖÒÏÑÍÖ#ÒÎ#ÇÑËŠŠÇÊÊÑÏÌÙÇÊÑ-ÊÒÑÏÓËÏÑÏÓÇÑÇÖÏÍÜÇÑÚËÏË

ÊÏÜÉŠÏÉÜÇÑŽÇÏÊÑŠÒÙÍÇÚÑÒÜÑŠÒŸÙËÜÇÚ2�ÑÏÓÇÖÑÍÏÑÍÊÑÈÇÏÏÇÜÑÏÒÑÇÔÙÒÜÏÑËÑ-ÖÒÖÎÍŸÍÏÇÚ2ÑÙÜÍ#ËÏÇÑÏÌÙÇ�Ñ�ÖÑŠËÊÇÊÑÕÓÇÜÇ

ÍÏÑÚÒÇÊÑÖÒÏÑÚÇÏÜËŠÏÑÛÜÒŸÑÏÓÇÑËÈÊÏÜËŠÏÍÒÖÑÏÒÑÜÇ#ÇËÎÑÇ#ÇÖÑŸÒÜÇÑËÈÒÉÏÑÏÓÇÑÏÌÙÇ�ÑÏÓÇÖÑËÑÖÒÖÙÜÍ#ËÏÇÑÏÌÙÇÑ-Ç�Ž��

ËÑÖÉŸÇÜÍŠ�ÑÇÖÉŸÇÜËÏÇÚ�ÑÜÇŠÒÜÚ�ÑÒÜÑËÜÜËÌÑÏÌÙÇ2ÑÊÓÒÉÎÚÑÈÇÑÉÊÇÚ�

AÒÜÑŠËÊÇÊÑÕÓÇÜÇÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÊÑËÜÇÑÇÔÙÒÜÏÇÚ�ÑÏÓÇÑÙËŠ"ËŽÇÑÊÓÒÉÎÚÑÇÔÙÎÍŠÍÏÎÌÑÙÜÒ#ÍÚÇÑÇ%ÉËÎÍÏÌÑËÖÚ

ËÊÊÍŽÖŸÇÖÏÑÒÙÇÜËÏÍÒÖÊ�ÑÍÛÑËÙÙÜÒÙÜÍËÏÇÑÏÒÑÏÓÇÑËÈÊÏÜËŠÏÍÒÖ�Ñ;ÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÍÊÑËÎŸÒÊÏÑËÎÕËÌÊÑËÙÙÜÒÙÜÍËÏÇÑÛÒÜ

ÏÌÙÇÊÑÍŸÙÎÇŸÇÖÏÇÚÑËÊÑËŠŠÇÊÊÑÏÌÙÇÊ�Ñ�ÖÑÊÉŠÓÑŠËÊÇÊ�ÑÙÜÇÚÇÛÍÖÇÚÑÇ%ÉËÎÍÏÌÑÍÊÑÊÇÎÚÒŸÑÏÓÇÑŸÒÊÏÑÚÇÊÍÜËÈÎÇ

ÊÇŸËÖÏÍŠÊ�Ñ�ÖÑÊÉŠÓÑŠËÊÇÊ�ÑËÎÊÒÑŠÒÖÊÍÚÇÜÑÙÜÒ#ÍÚÍÖŽÑÈÒÏÓÑÛÒÜŸÊÑÒÛÑËÊÊÍŽÖŸÇÖÏÑ-ËÊÊÍŽÖŸÇÖÏÑÒÛÑËÑÜÇÛÇÜÇÖŠÇ

ËÖÚÑËÊÊÍŽÖŸÇÖÏÑÒÛÑËÑŠÒÙÌ2�

&ÓÇÖÑÏÓÇÑÙËÜËŸÇÏÇÜÊÑËÜÇÑÒÛÑËÖÑÍŸÙÒÜÏÇÚÑÎÍŸÍÏÇÚÑÏÌÙÇ�ÑÉÊÍÖŽÑŸÒÚÇÑin outÑÍÖÊÏÇËÚÑÒÛÑoutÑÛÒÜÑÙËÜËŸÇÏÇÜÊ

ÒÛÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÑÍÊÑÍŸÙÒÜÏËÖÏÑÛÒÜÑÏÓÇÑÛÒÎÎÒÕÍÖŽÑÜÇËÊÒÖ�Ñ�ÚËÑËÎÎÒÕÊÑËÖÑoutÑŸÒÚÇÑÙËÜËŸÇÏÇÜ

ÒÛÑËÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÑÒÖÑËÑÊÉÈÙÜÒŽÜËŸÑÒÖÎÌÑÕÓÇÖÑÏÓÇÑÊÉÈÙÜÒŽÜËŸÑÍÊÑÚÇŠÎËÜÇÚÑÍÖÑÏÓÇÑ#ÍÊÍÈÎÇÑÙËÜÏÑÒÛÑÏÓÇ

ÙËŠ"ËŽÇÑÏÓËÏÑÚÇŠÎËÜÇÊÑÏÓÇÑÙÜÍ#ËÏÇÑÏÌÙÇ�Ñ ÇÇÑ ÇŠÏÍÒÖÑÅ�/�/-/2ÑÒÛÑÏÓÇÑ�ÚËÑ;ËÖŽÉËŽÇÑÃÇÛÇÜÇÖŠÇÑ$ËÖÉËÎ

->ÇÙËÜÏŸÇÖÏÑÒÛÑ>ÇÛÇÖÊÇÑÄ6912�’ÓÇÜÇÑÍÊÑÖÒÑÊÉŠÓÑÜÇÊÏÜÍŠÏÍÒÖÑÍÖÑÙËÜËŸÇÏÇÜÊÑÒÛÑŸÒÚÇÑin out�’ÓÇÑÜÇÊÉÎÏÑÒÛ

ÏÓÍÊÑÍÊÑÏÓËÏÑÍÛÑÌÒÉÑÚÇÛÍÖÇÑËÑŽÇÖÇÜÍŠÑÕÍÏÓÑËÑÎÍŸÍÏÇÚÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÑËÖÚÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸ

ÕÍÏÓÑËÖÑoutÑÙËÜËŸÇÏÇÜÑÒÛÑÏÓËÏÑÏÌÙÇ�ÑÏÓÇÖÑÏÓÇÑŽÇÖÇÜÍŠÑŠËÖÑÒÖÎÌÑÈÇÑÍÖÊÏËÖÏÍËÏÇÚÑÕÍÏÓÑËÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑËŠÏÉËÎ

ÏÌÙÇÑÍÛÑÏÓÇÑÙËŠ"ËŽÇÑÕÓÍŠÓÑÚÇŠÎËÜÇÊÑÏÓËÏÑÏÌÙÇÑËÎÊÒÑÚÇŠÎËÜÇÊÑËÑÊÉÈÙÜÒŽÜËŸÑÕÍÏÓÑÇÔËŠÏÎÌÑÏÓÇÑÊËŸÇÑÙÜÒÛÍÎÇ

-ÖÉŸÈÇÜÑËÖÚÑÏÌÙÇÊÑÒÜÑËÜŽÉŸÇÖÏÊÑËÖÚÑÜÇÏÉÜÖÑ#ËÎÉÇ2ÑËÊÑÌÒÉÜÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸ�Ñ�ÑÙÒÏÇÖÏÍËÎÑÉÊÇÜ

ÕÓÒÑÕËÖÏÊÑÏÒÑÍÖÊÏËÖÏÍËÏÇÑÌÒÉÜÑŽÇÖÇÜÍŠÑÕÍÏÓÑËÑÎÍŸÍÏÇÚÑÏÌÙÇÑÚÇÛÍÖÇÚÑÍÖÑËÖÒÏÓÇÜÑÙËŠ"ËŽÇÑÕÍÎÎÑÖÒÏÑÈÇÑËÈÎÇÑÏÒ

ÕÜÍÏÇÑËÑÊÉÈÙÜÒŽÜËŸÑÏÒÑÙËÊÊÑËÊÑÏÓÇÑŽÇÖÇÜÍŠÑËŠÏÉËÎ�Ñ
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note

�ÏÑÍÊÑÙÒÊÊÍÈÎÇÑ-ÈÉÏÑŠÎÉŸÊÌ2ÑÏÒÑÜÇÚÇÛÍÖÇÑÇ%ÉËÎÍÏÌÑÛÒÜÑÖÒÖÎÍŸÍÏÇÚÑÏÌÙÇÊ�ÑÑCÒÕÇ#ÇÜ�ÑÍÛÑËÑŽÇÖÇÜÍŠÑÍŸÙÒÜÏÊÑË

-ÖÒÖÎÍŸÍÏÇÚ2ÑÙÜÍ#ËÏÇÑÏÌÙÇÑËÖÚÑÉÊÇÊÑÇ%ÉËÎÍÏÌ�ÑÍÏÑÕÍÎÎÑËÉÏÒŸËÏÍŠËÎÎÌÑÉÊÇÑÏÓÇÑÙÜÇÚÇÛÍÖÇÚÑÇ%ÉËÎÍÏÌÑËÖÚÑÖÒÏÑÏÓÇ

ÉÊÇÜ3ÊÉÙÙÎÍÇÚÑÜÇÚÇÛÍÖÍÏÍÒÖ�Ñ’ÓÍÊÑÍÊÑËÖÒÏÓÇÜÑËÜŽÉŸÇÖÏÑÛÒÜÑÉÊÍÖŽÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊ�

�ÏÑÊÓÒÉÎÚÑËÎÊÒÑÈÇÑÖÒÏÇÚÑÏÓËÏÑÏÓÇÑÙÜÇÚÇÛÍÖÇÚÑÙËŠ"ËŽÇÊ�ÑSequential_IOÑËÖÚÑDirect_IO�ÑÏË"ÇÑÙÜÍ#ËÏÇÑÏÌÙÇÊ�

’ÓÍÊÑÕÍÎÎÑŠÒŸÙÎÍŠËÏÇÑ�+ÑÜÇ%ÉÍÜÇŸÇÖÏÊÑÛÒÜÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑÏÌÙÇÊÑËÖÚÑÊÓÒÉÎÚÑÈÇÑŠÒÖÊÍÚÇÜÇÚÑÚÉÜÍÖŽÑÚÇÊÍŽÖ�

8.4 INDEPENDENCE

�ÑÜÇÉÊËÈÎÇÑÙËÜÏÑÊÓÒÉÎÚÑÈÇÑËÊÑÍÖÚÇÙÇÖÚÇÖÏÑËÊÑÙÒÊÊÍÈÎÇÑÛÜÒŸÑÒÏÓÇÜÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�Ñ�ÑÙÒÏÇÖÏÍËÎÑÉÊÇÜÑÍÊÑÎÇÊÊ

ÍÖŠÎÍÖÇÚÑÏÒÑÜÇÉÊÇÑËÑÙËÜÏÑÍÛÑÏÓËÏÑÙËÜÏÑÜÇ%ÉÍÜÇÊÑÏÓÇÑÉÊÇÑÒÛÑÒÏÓÇÜÑÙËÜÏÊÑÕÓÍŠÓÑÊÇÇŸÑÉÖÖÇŠÇÊÊËÜÌ�Ñ’ÓÇÑGÇÔÏÜË

ÈËŽŽËŽÇHÑÒÛÑÏÓÇÑÒÏÓÇÜÑÙËÜÏÊÑÕËÊÏÇÊÑÏÍŸÇÑËÖÚÑÊÙËŠÇ�Ñ�ÑÉÊÇÜÑÕÒÉÎÚÑÎÍ"ÇÑÏÒÑÈÇÑËÈÎÇÑÏÒÑÜÇÉÊÇÑÒÖÎÌÑÏÓËÏÑÙËÜÏÑÕÓÍŠÓ

ÍÊÑÙÇÜŠÇÍ#ÇÚÑËÊÑÉÊÇÛÉÎ�

=ÒÏÇÑÏÓËÏÑÏÓÇÑŠÒÖŠÇÙÏÑÒÛÑËÑGÙËÜÏHÑÍÊÑÍÖÏÇÖÏÍÒÖËÎÎÌÑ#ËŽÉÇÑÓÇÜÇ�Ñ�ÑÊÍÖŽÎÇÑÙËŠ"ËŽÇÑÚÒÇÊÑÖÒÏÑÖÇÇÚÑÏÒÑÈÇ

ÍÖÚÇÙÇÖÚÇÖÏÑÒÛÑÇËŠÓÑÒÏÓÇÜÑÙËŠ"ËŽÇÑÍÖÑËÑÜÇÉÊÇÑÎÍÈÜËÜÌ�ÑÍÛÑÏÓÇÑGÙËÜÏÊHÑÛÜÒŸÑÏÓËÏÑÎÍÈÜËÜÌÑÕÓÍŠÓÑËÜÇÑÏÌÙÍŠËÎÎÌ

ÜÇÉÊÇÚÑËÜÇÑÇÖÏÍÜÇÑÊÉÈÊÌÊÏÇŸÊ�Ñ�ÛÑÏÓÇÑÇÖÏÍÜÇÑÊÉÈÊÌÊÏÇŸÑÍÊÑÙÇÜŠÇÍ#ÇÚÑËÊÑÙÜÒ#ÍÚÍÖŽÑËÑÉÊÇÛÉÎÑÛÉÖŠÏÍÒÖ�ÑÏÓÇÑÇÖÏÍÜÇ

ÊÉÈÊÌÊÏÇŸÑÍÊÑÜÇÉÊÇÚ�ÑCÒÕÇ#ÇÜ�ÑÏÓÇÑÊÉÈÊÌÊÏÇŸÑÊÓÒÉÎÚÑÖÒÏÑÈÇÑÏÍŽÓÏÎÌÑŠÒÉÙÎÇÚÑÏÒÑËÎÎÑÏÓÇÑÒÏÓÇÜÑÊÉÈÊÌÊÏÇŸÊÑÍÖÑÏÓÇ

ÜÇÉÊÇÑÎÍÈÜËÜÌ�ÑÊÒÑÏÓËÏÑÍÏÑÍÊÑÚÍÛÛÍŠÉÎÏÑÒÜÑÍŸÙÒÊÊÍÈÎÇÑÏÒÑÜÇÉÊÇÑÏÓÇÑÊÉÈÊÌÊÏÇŸÑÕÍÏÓÒÉÏÑÜÇÉÊÍÖŽÑÏÓÇÑÇÖÏÍÜÇÑÎÍÈÜËÜÌ�

5ÒÉÙÎÍÖŽÑÈÇÏÕÇÇÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÊÓÒÉÎÚÑÒÖÎÌÑÒŠŠÉÜÑÕÓÇÖÑÍÏÑÙÜÒ#ÍÚÇÊÑËÑÊÏÜÒÖŽÑÈÇÖÇÛÍÏÑÙÇÜŠÇÙÏÍÈÎÇÑÏÒÑÏÓÇÑÉÊÇÜ�

8.4.1 Using Generic Parameters to Reduce Coupling

guideline

S $ÍÖÍŸÍ)ÇÑwithÑŠÎËÉÊÇÊÑÒÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑÇÊÙÇŠÍËÎÎÌÑÒÖÑÏÓÇÍÜÑÊÙÇŠÍÛÍŠËÏÍÒÖÊ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊÑÍÖÊÏÇËÚÑÒÛÑwithÑÊÏËÏÇŸÇÖÏÊÑÏÒÑÜÇÚÉŠÇÑÏÓÇÑÖÉŸÈÇÜÑÒÛÑŠÒÖÏÇÔÏÑŠÎËÉÊÇÊÑÒÖÑË

ÜÇÉÊËÈÎÇÑÙËÜÏ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊÑÍÖÊÏÇËÚÑÒÛÑwithÑÊÏËÏÇŸÇÖÏÊÑÏÒÑÍŸÙÒÜÏÑÙÒÜÏÍÒÖÊÑÒÛÑËÑÙËŠ"ËŽÇÑÜËÏÓÇÜÑÏÓËÖÑÏÓÇ

ÇÖÏÍÜÇÑÙËŠ"ËŽÇ�

example

�ÑÙÜÒŠÇÚÉÜÇÑÎÍ"ÇÑÏÓÇÑÛÒÎÎÒÕÍÖŽ(

------------------------------------------------------------------------

with Package_A;

procedure Produce_And_Store_A is

   ...

begin  -- Produce_And_Store_A

   ...

   Package_A.Produce (...);

   ...

   Package_A.Store (...);

   ...

end Produce_And_Store_A;

------------------------------------------------------------------------

ŠËÖÑÈÇÑÜÇÕÜÍÏÏÇÖÑËÊÑËÑŽÇÖÇÜÍŠÑÉÖÍÏ(

------------------------------------------------------------------------

generic

   with procedure Produce (...);

   with procedure Store   (...);

procedure Produce_And_Store;

------------------------------------------------------------------------

procedure Produce_And_Store is

   ...

begin  -- Produce_And_Store

   ...

   Produce (...);



Ä/9ÑÑ�ÚËÑ:4�;�’<Ñ�=>Ñ ’<;8

   ...

   Store   (...);

   ...

end Produce_And_Store;

------------------------------------------------------------------------

ËÖÚÑÏÓÇÖÑÍÖÊÏËÖÏÍËÏÇÚ(

------------------------------------------------------------------------

with Package_A;

with Produce_And_Store;

procedure Produce_And_Store_A is

        new Produce_And_Store (Produce => Package_A.Produce,

                               Store   => Package_A.Store);

------------------------------------------------------------------------

rationale

5ÒÖÏÇÔÏÑ -with2Ñ ŠÎËÉÊÇÊÑ ÊÙÇŠÍÛÌÑ ÏÓÇÑ ÖËŸÇÊÑ ÒÛÑ ÒÏÓÇÜÑ ÉÖÍÏÊÑ ÉÙÒÖÑ ÕÓÍŠÓÑ ÏÓÍÊÑ ÉÖÍÏÑ ÚÇÙÇÖÚÊ�Ñ  ÉŠÓ

ÚÇÙÇÖÚÇÖŠÍÇÊÑŠËÖÖÒÏÑËÖÚÑÊÓÒÉÎÚÑÖÒÏÑÈÇÑÇÖÏÍÜÇÎÌÑË#ÒÍÚÇÚ�ÑÈÉÏÑÍÏÑÍÊÑËÑŽÒÒÚÑÍÚÇËÑÏÒÑŸÍÖÍŸÍ)ÇÑÏÓÇÑÖÉŸÈÇÜÑÒÛ

ÏÓÇŸÑÕÓÍŠÓÑÒŠŠÉÜÑÍÖÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑËÑÉÖÍÏ�Ñ’ÜÌÑÏÒÑŸÒ#ÇÑÏÓÇŸÑÏÒÑÏÓÇÑÈÒÚÌ�ÑÎÇË#ÍÖŽÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖ

ÍÖÚÇÙÇÖÚÇÖÏÑÒÛÑÒÏÓÇÜÑÉÖÍÏÊÑÊÒÑÏÓËÏÑÍÏÑÍÊÑÇËÊÍÇÜÑÏÒÑÉÖÚÇÜÊÏËÖÚÑÍÖÑÍÊÒÎËÏÍÒÖ�Ñ�ÎÊÒ�ÑÒÜŽËÖÍ)ÇÑÌÒÉÜÑÜÇÉÊËÈÎÇ

ÙËÜÏÊÑÍÖÑÊÉŠÓÑËÑÕËÌÑÏÓËÏÑÏÓÇÑÈÒÚÍÇÊÑÒÛÑÏÓÇÑÉÖÍÏÊÑÚÒÑÖÒÏÑŠÒÖÏËÍÖÑÎËÜŽÇÑÖÉŸÈÇÜÊÑÒÛÑÚÇÙÇÖÚÇÖŠÍÇÊÑÒÖÑÇËŠÓ

ÒÏÓÇÜ�Ñ,ËÜÏÍÏÍÒÖÍÖŽÑÌÒÉÜÑÎÍÈÜËÜÌÑÍÖÏÒÑÍÖÚÇÙÇÖÚÇÖÏÑÛÉÖŠÏÍÒÖËÎÑËÜÇËÊÑÕÍÏÓÑÖÒÑÚÇÙÇÖÚÇÖŠÍÇÊÑÊÙËÖÖÍÖŽÑÏÓÇ

ÈÒÉÖÚËÜÍÇÊÑÒÛÑÏÓÇÑËÜÇËÊÑÍÊÑËÑŽÒÒÚÑÕËÌÑÏÒÑÊÏËÜÏ�ÑAÍÖËÎÎÌ�ÑÜÇÚÉŠÇÑÚÇÙÇÖÚÇÖŠÍÇÊÑÈÌÑÉÊÍÖŽÑŽÇÖÇÜÍŠÑÛÒÜŸËÎ

ÙËÜËŸÇÏÇÜÊÑÍÖÊÏÇËÚÑÒÛÑwithÑÊÏËÏÇŸÇÖÏÊ�ÑËÊÑÊÓÒÕÖÑÍÖÑÏÓÇÑÇÔËŸÙÎÇÑËÈÒ#Ç�Ñ�ÛÑÏÓÇÑÉÖÍÏÊÑÍÖÑËÑÎÍÈÜËÜÌÑËÜÇÑÏÒÒ

ÏÍŽÓÏÎÌÑŠÒÉÙÎÇÚ�ÑÏÓÇÖÑÖÒÑÊÍÖŽÎÇÑÙËÜÏÑŠËÖÑÈÇÑÜÇÉÊÇÚÑÕÍÏÓÒÉÏÑÜÇÉÊÍÖŽÑŸÒÊÏÑÒÜÑËÎÎÑÒÛÑÏÓÇÑÎÍÈÜËÜÌ�

’ÓÇÑÛÍÜÊÏÑ-ÖÒÖŽÇÖÇÜÍŠ2Ñ#ÇÜÊÍÒÖÑÒÛÑProduce_And_Store_AÑËÈÒ#ÇÑÍÊÑÚÍÛÛÍŠÉÎÏÑÏÒÑÜÇÉÊÇÑÈÇŠËÉÊÇÑÍÏÑÚÇÙÇÖÚÊÑÒÖ

Package_AÑÕÓÍŠÓÑŸËÌÑÖÒÏÑÈÇÑŽÇÖÇÜËÎÑÙÉÜÙÒÊÇÑÒÜÑŽÇÖÇÜËÎÎÌÑË#ËÍÎËÈÎÇ�Ñ�ÛÑÏÓÇÑÒÙÇÜËÏÍÒÖÑProduce_And_Store

ÓËÊÑÜÇÉÊÇÑÙÒÏÇÖÏÍËÎÑÕÓÍŠÓÑÍÊÑÜÇÚÉŠÇÚÑÈÌÑÏÓÍÊÑÚÇÙÇÖÚÇÖŠÌ�ÑËÑŽÇÖÇÜÍŠÑÉÖÍÏÑËÖÚÑËÖÑÍÖÊÏËÖÏÍËÏÍÒÖÑÊÓÒÉÎÚÑÈÇ

ÙÜÒÚÉŠÇÚÑ ËÊÑ ÊÓÒÕÖÑ ËÈÒ#Ç�Ñ=ÒÏÇÑ ÏÓËÏÑ ÏÓÇÑ withÑ ŠÎËÉÊÇÑ ÛÒÜÑ Package_AÑ ÓËÊÑ ÈÇÇÖÑŸÒ#ÇÚÑ ÛÜÒŸÑ ÏÓÇ

Produce_And_StoreÑ ŽÇÖÇÜÍŠÑ ÙÜÒŠÇÚÉÜÇÑ ÕÓÍŠÓÑ ÇÖŠËÙÊÉÎËÏÇÊÑ ÏÓÇÑ ÜÇÉÊËÈÎÇÑ ËÎŽÒÜÍÏÓŸÑ ÏÒÑ ÏÓÇ

Produce_And_Store_AÑ ÍÖÊÏËÖÏÍËÏÍÒÖ�Ñ �ÖÊÏÇËÚÑ ÒÛÑ ÖËŸÍÖŽÑ ÏÓÇÑ ÙËŠ"ËŽÇÑ ÕÓÍŠÓÑ ÙÜÒ#ÍÚÇÊÑ ÏÓÇÑ ÜÇ%ÉÍÜÇÚ

ÒÙÇÜËÏÍÒÖÊ�Ñ ÏÓÇÑ ŽÇÖÇÜÍŠÑ ÉÖÍÏÑ ÊÍŸÙÎÌÑ ÎÍÊÏÊÑ ÏÓÇÑ ÜÇ%ÉÍÜÇÚÑ ÒÙÇÜËÏÍÒÖÊÑ ÏÓÇŸÊÇÎ#ÇÊ�Ñ ’ÓÍÊÑ ÍÖŠÜÇËÊÇÊÑ ÏÓÇ

ÍÖÚÇÙÇÖÚÇÖŠÇÑËÖÚÑÜÇÉÊËÈÍÎÍÏÌÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�

’ÓÍÊÑÉÊÇÑÒÛÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑÍÖÑÙÎËŠÇÑÒÛÑwithÑŠÎËÉÊÇÊÑËÎÊÒÑËÎÎÒÕÊÑ#ÍÊÍÈÍÎÍÏÌÑËÏÑËÑÛÍÖÇÜÑŽÜËÖÉÎËÜÍÏÌ�

’ÓÇÑwithÑŠÎËÉÊÇÑÒÖÑ ÏÓÇÑÖÒÖŽÇÖÇÜÍŠÑ#ÇÜÊÍÒÖÑÒÛÑProduce_And_Store_AÑŸË"ÇÊÑËÎÎÑÒÛÑ ÏÓÇÑŠÒÖÏÇÖÏÊÑÒÛ

Package_AÑ#ÍÊÍÈÎÇÑÏÒÑProduce_And_Store_A�ÑÕÓÍÎÇÑÏÓÇÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊÑÒÖÑÏÓÇÑŽÇÖÇÜÍŠÑ#ÇÜÊÍÒÖÑŸË"Ç

ÒÖÎÌÑÏÓÇÑProduceÑËÖÚÑStoreÑÒÙÇÜËÏÍÒÖÊÑË#ËÍÎËÈÎÇÑÏÒÑÏÓÇÑŽÇÖÇÜÍŠÑÍÖÊÏËÖÏÍËÏÍÒÖ�

8.4.2 Coupling Due to Pragmas

guideline

S AÒÜÑÖÒÖŽÇÖÇÜÍŠÊÑÖËŸÇÚÑÍÖÑËÑŠÒÖÏÇÔÏÑŠÎËÉÊÇ�ÑË#ÒÍÚÑÙÜËŽŸËÑElaborate�

S 4ÊÇÑÙÜËŽŸËÑElaborateÑÛÒÜÑŽÇÖÇÜÍŠÊÑÖËŸÇÚÑÍÖÑËÑŠÒÖÏÇÔÏÑŠÎËÉÊÇ�

S �#ÒÍÚÑÙÜËŽŸËÑPriorityÑÍÖÑÏËÊ"ÊÑÓÍÚÚÇÖÑÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�

example

------------------------------------------------------------------------

generic

   ...

package Stack is

   ...

end Stack;

------------------------------------------------------------------------

with Stack;

pragma Elaborate (Stack); -- in case the body is not yet elaborated

package My_Stack is

        new Stack (...);
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------------------------------------------------------------------------

package body Stack is

begin

   ...

end Stack;

------------------------------------------------------------------------

rationale

,ÜËŽŸËÑElaborateÑŠÒÖÏÜÒÎÊÑÏÓÇÑÒÜÚÇÜÑÒÛÑÇÎËÈÒÜËÏÍÒÖÑÒÛÑÒÖÇÑÉÖÍÏÑÕÍÏÓÑÜÇÊÙÇŠÏÑÏÒÑËÖÒÏÓÇÜ�Ñ’ÓÍÊÑÍÊÑËÖÒÏÓÇÜ

ÕËÌÑÒÛÑŠÒÉÙÎÍÖŽÑÉÖÍÏÊÑËÖÚÑÊÓÒÉÎÚÑÈÇÑË#ÒÍÚÇÚÑÕÓÇÖÑÙÒÊÊÍÈÎÇÑÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑÈÇŠËÉÊÇÑÍÏÑÜÇÊÏÜÍŠÏÊÑÏÓÇ

ÖÉŸÈÇÜÑÒÛÑŠÒÖÛÍŽÉÜËÏÍÒÖÊÑÍÖÑÕÓÍŠÓÑÏÓÇÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑŠËÖÑÈÇÑŠÒŸÈÍÖÇÚ�

CÒÕÇ#ÇÜ�ÑËÊÑŸÒÜÇÑŠÒŸÙÍÎÇÜÊÑÈÇŽÍÖÑÏÒÑËÎÎÒÕÑŽÇÖÇÜÍŠÊÑÏÒÑÈÇÑÍÖÊÏËÖÏÍËÏÇÚÑÈÇÛÒÜÇÑÏÓÇÑÈÒÚÍÇÊÑËÜÇÑŠÒŸÙÍÎÇÚ�

ÇÎËÈÒÜËÏÍÒÖÑÒÜÚÇÜÊÑÏÓËÏÑŽÇÖÇÜËÎÎÌÑÛÒÎÎÒÕÑŠÒŸÙÍÎËÏÍÒÖÑÒÜÚÇÜÑŸËÌÑÜÇÊÉÎÏÑÍÖÑÙÜÒŽÜËŸÑÇÜÜÒÜÊ�ÑÑBÌÑÛÒÜŠÍÖŽÑÏÓÇ

ŠÒŸÙÍÎÇÜÑÏÒÑÇÎËÈÒÜËÏÇÑÏÓÇÑŽÇÖÇÜÍŠÑÈÇÛÒÜÇÑÏÓÇÑÍÖÊÏËÖÏÍËÏÍÒÖ�ÑÏÓÍÊÑÇÜÜÒÜÑŠËÖÑÈÇÑË#ÒÍÚÇÚÑÒÜÑÙÒÊÊÍÈÎÌÑÍÚÇÖÏÍÛÌÑË

ÙÜÒÈÎÇŸÑÒÛÑŠÍÜŠÉÎËÜÍÏÌÑ-ÊÇÇÑÄ7�0ÑÒÛÑ>ÇÙËÜÏŸÇÖÏÑÒÛÑ>ÇÛÇÖÊÇÑÄ6912�

,ÜËŽŸËÑPriorityÑŠÒÖÏÜÒÎÊÑÏÓÇÑÙÜÍÒÜÍÏÌÑÒÛÑËÑÏËÊ"ÑÜÇÎËÏÍ#ÇÑÏÒÑËÎÎÑÒÏÓÇÜÑÏËÊ"ÊÑÍÖÑËÑÙËÜÏÍŠÉÎËÜÑÊÌÊÏÇŸ�Ñ�ÏÑÍÊ

ÍÖËÙÙÜÒÙÜÍËÏÇÑÍÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÕÓÍŠÓÑÚÒÇÊÑÖÒÏÑ"ÖÒÕÑËÖÌÏÓÍÖŽÑËÈÒÉÏÑÏÓÇÑÜÇ%ÉÍÜÇŸÇÖÏÊÑËÖÚÑÍŸÙÒÜÏËÖŠÇ

ÒÛÑÒÏÓÇÜÑÙËÜÏÊÑÒÛÑÏÓÇÑÊÌÊÏÇŸÊÑÍÖÑÕÓÍŠÓÑÍÏÑÍÊÑÜÇÉÊÇÚ�Ñ.Í#ÇÑŠËÜÇÛÉÎÑŠÒÖÊÍÚÇÜËÏÍÒÖÑÏÒÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÕÓÍŠÓ

ŠÎËÍŸÊÑÏÓËÏÑÍÏÑŠËÖÑÒÖÎÌÑÈÇÑÜÇÉÊÇÚÑÍÛÑÍÏÊÑÇŸÈÇÚÚÇÚÑÏËÊ"ÑÓËÊÑÏÓÇÑÓÍŽÓÇÊÏÑÙÜÍÒÜÍÏÌÑÍÖÑÏÓÇÑÊÌÊÏÇŸ�Ñ=ÒÑÏÕÒÑÊÉŠÓ

ÙËÜÏÊÑŠËÖÑÇ#ÇÜÑÈÇÑÉÊÇÚÑÏÒŽÇÏÓÇÜ�

note

�ÏÑÍÊÑÖÒÏÑÙÒÊÊÍÈÎÇÑÏÒÑÙËÜËŸÇÏÇÜÍ)ÇÑÏËÊ"ÊÑÕÍÏÓÑËÑÙÜÍÒÜÍÏÌÑÏÒÑÈÇÑÊÙÇŠÍÛÍÇÚÑËÏÑÍÖÊÏËÖÏÍËÏÍÒÖÑÒÜÑÇÎËÈÒÜËÏÍÒÖ�

CÒÕÇ#ÇÜ�ÑËÑÎÍÈÜËÜÌÑÒÛÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÏÓËÏÑŠÒÖÏËÍÖÑÏËÊ"ÊÑŠËÖÑÈÇÑÚÇÊÍŽÖÇÚÑÏÒÑÚÇÙÇÖÚÑÒÖÑËÑÊÍÖŽÎÇÑÙËŠ"ËŽÇÑÒÛ

ÖËŸÇÚÑÖÉŸÈÇÜÊ�ÑÑ’ÓÇÊÇÑÖËŸÇÚÑÖÉŸÈÇÜÊÑŠËÖÑÏÓÇÖÑÈÇÑÇËÊÍÎÌÑÉÙÚËÏÇÚÑÏÒÑÛÍÏÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖ!ÊÑÖÇÇÚÑÕÍÏÓ

ÏÓÇÑÊÍŸÙÎÇÑÙÜÒŠÇÚÉÜÇÑÒÛÑÜÇŠÒŸÙÍÎÍÖŽÑËÖÌÑÎÍÈÜËÜÌÑÉÖÍÏÊÑÏÓËÏÑÚÇÙÇÖÚÑÒÖÑÏÓÇÑÖËŸÇÚÑÖÉŸÈÇÜÊ�ÑÑ’ÓÇ

ŠÒÖÛÍŽÉÜËÏÍÒÖÑŸËÖËŽÇŸÇÖÏÑ ÍŸÙÎÍŠËÏÍÒÖÊÑ ÒÛÑ ÊÉŠÓÑ ËÖÑ ËÙÙÜÒËŠÓÑ ËÜÇÑÓÇË#ÍÎÌÑ ÚÇÙÇÖÚÇÖÏÑ ÒÖÑ ÏÓÇÑ�ÚË

ÚÇ#ÇÎÒÙŸÇÖÏÑÇÖ#ÍÜÒÖŸÇÖÏÑËÖÚÑŠÒŸÙÍÎËÏÍÒÖÑÊÌÊÏÇŸ�

8.4.3 Part Families

guideline

S 5ÜÇËÏÇÑÛËŸÍÎÍÇÊÑÒÛÑŽÇÖÇÜÍŠÑÒÜÑÒÏÓÇÜÑÙËÜÏÊÑÕÍÏÓÑÊÍŸÍÎËÜÑÊÙÇŠÍÛÍŠËÏÍÒÖÊ�

example

’ÓÇÑBÒÒŠÓÑÙËÜÏÊÑ-BÒÒŠÓÑÄ69Å2ÑËÜÇÑËÖÑÇÔËŸÙÎÇÑÒÛÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÑÒÛÑÏÓÍÊÑŽÉÍÚÇÎÍÖÇ�

rationale

>ÍÛÛÇÜÇÖÏÑ#ÇÜÊÍÒÖÊÑÒÛÑÊÍŸÍÎËÜÑÙËÜÏÊÑ-Ç�Ž��ÑÈÒÉÖÚÇÚÑ#ÇÜÊÉÊÑÉÖÈÒÉÖÚÇÚÑÊÏËŠ"Ê2ÑŸËÌÑÈÇÑÖÇÇÚÇÚÑÛÒÜÑÚÍÛÛÇÜÇÖÏ

ËÙÙÎÍŠËÏÍÒÖÊÑÒÜÑÏÒÑŠÓËÖŽÇÑÏÓÇÑÙÜÒÙÇÜÏÍÇÊÑÒÛÑËÑŽÍ#ÇÖÑËÙÙÎÍŠËÏÍÒÖ�Ñ+ÛÏÇÖ�ÑÏÓÇÑÚÍÛÛÇÜÇÖÏÑÈÇÓË#ÍÒÜÊÑÜÇ%ÉÍÜÇÚ

ÈÌÑÏÓÇÊÇÑ#ÇÜÊÍÒÖÊÑŠËÖÖÒÏÑÈÇÑÒÈÏËÍÖÇÚÑÉÊÍÖŽÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊ�Ñ,ÜÒ#ÍÚÍÖŽÑËÑÛËŸÍÎÌÑÒÛÑÙËÜÏÊÑÕÍÏÓÑÊÍŸÍÎËÜ

ÊÙÇŠÍÛÍŠËÏÍÒÖÊÑŸË"ÇÊÑÍÏÑÇËÊÌÑÛÒÜÑÏÓÇÑÙÜÒŽÜËŸŸÇÜÑÏÒÑÊÇÎÇŠÏÑÏÓÇÑËÙÙÜÒÙÜÍËÏÇÑÒÖÇÑÛÒÜÑÏÓÇÑŠÉÜÜÇÖÏÑËÙÙÎÍŠËÏÍÒÖ

ÒÜÑÏÒÑÊÉÈÊÏÍÏÉÏÇÑËÑÚÍÛÛÇÜÇÖÏÑÒÖÇÑÍÛÑÏÓÇÑÖÇÇÚÊÑÒÛÑÏÓÇÑËÙÙÎÍŠËÏÍÒÖÑŠÓËÖŽÇ�

note

�ÑÜÇÉÊËÈÎÇÑÙËÜÏÑÕÓÍŠÓÑÍÊÑÊÏÜÉŠÏÉÜÇÚÑÛÜÒŸÑÊÉÈÙËÜÏÊÑÕÓÍŠÓÑËÜÇÑŸÇŸÈÇÜÊÑÒÛÑÙËÜÏÑÛËŸÍÎÍÇÊÑÍÊÑÙËÜÏÍŠÉÎËÜÎÌÑÇËÊÌ

ÏÒÑÏËÍÎÒÜÑÏÒÑÏÓÇÑÖÇÇÚÊÑÒÛÑËÑŽÍ#ÇÖÑËÙÙÎÍŠËÏÍÒÖÑÈÌÑÊÉÈÊÏÍÏÉÏÍÒÖÑÒÛÑÛËŸÍÎÌÑŸÇŸÈÇÜÊ�

8.4.4 Conditional Compilation

guideline

S  ÏÜÉŠÏÉÜÇÑÜÇÉÊËÈÎÇÑŠÒÚÇÑÏÒÑÏË"ÇÑËÚ#ËÖÏËŽÇÑÒÛÑÚÇËÚÑŠÒÚÇÑÜÇŸÒ#ËÎÑÈÌÑÏÓÇÑŠÒŸÙÍÎÇÜ�

example

------------------------------------------------------------------------

package Matrix_Math is

   ...

   type Algorithm is (Gaussian, Pivoting, Choleski, Tri_Diagonal);
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   generic

      Which_Algorithm : in     Algorithm := Gaussian;

   procedure Invert ( ... );

end Matrix_Math;

------------------------------------------------------------------------

package body Matrix_Math is

   ...

   ---------------------------------------------------------------------

   procedure Invert ( ... ) is

      ...

   begin  -- Invert

      case Which_Algorithm is

         when Gaussian =>     ... ;

         when Pivoting =>     ... ;

         when Choleski =>     ... ;

         when Tri_Diagonal => ... ;

      end case;

   end Invert;

   ---------------------------------------------------------------------

end Matrix_Math;

------------------------------------------------------------------------

rationale

 ÒŸÇÑŠÒŸÙÍÎÇÜÊÑÒŸÍÏÑÒÈ*ÇŠÏÑŠÒÚÇÑŠÒÜÜÇÊÙÒÖÚÍÖŽÑÏÒÑÙËÜÏÊÑÒÛÑÏÓÇÑÙÜÒŽÜËŸÑÕÓÍŠÓÑÏÓÇÌÑÚÇÏÇŠÏÑŠËÖÑÖÇ#ÇÜÑÈÇ

ÇÔÇŠÉÏÇÚ�Ñ5ÒÖÊÏËÖÏÑÇÔÙÜÇÊÊÍÒÖÊÑÍÖÑŠÒÖÚÍÏÍÒÖËÎÑÊÏËÏÇŸÇÖÏÊÑÏË"ÇÑËÚ#ËÖÏËŽÇÑÒÛÑÏÓÍÊÑÛÇËÏÉÜÇÑÕÓÇÜÇÑÍÏÑÍÊ

Ë#ËÍÎËÈÎÇ�Ñ ÙÜÒ#ÍÚÍÖŽÑ ËÑ ÎÍŸÍÏÇÚÑ ÛÒÜŸÑ ÒÛÑ ŠÒÖÚÍÏÍÒÖËÎÑ ŠÒŸÙÍÎËÏÍÒÖ�Ñ &ÓÇÖÑ ËÑ ÙËÜÏÑ ÍÊÑ ÜÇÉÊÇÚÑ ÍÖÑ ËÖ

ÍŸÙÎÇŸÇÖÏËÏÍÒÖÑÏÓËÏÑÚÒÇÊÑÖÒÏÑÊÉÙÙÒÜÏÑÏÓÍÊÑÛÒÜŸÑÒÛÑŠÒÖÚÍÏÍÒÖËÎÑŠÒŸÙÍÎËÏÍÒÖ�ÑÏÓÍÊÑÙÜËŠÏÍŠÇÑÙÜÒÚÉŠÇÊÑË

ŠÎÇËÖÑÊÏÜÉŠÏÉÜÇÑÕÓÍŠÓÑÍÊÑÇËÊÌÑÏÒÑËÚËÙÏÑÈÌÑÚÇÎÇÏÍÖŽÑÒÜÑŠÒŸŸÇÖÏÍÖŽÑÒÉÏÑÜÇÚÉÖÚËÖÏÑŠÒÚÇÑÕÓÇÜÇÑÍÏÑŠÜÇËÏÇÊÑËÖ

ÉÖËŠŠÇÙÏËÈÎÇÑÒ#ÇÜÓÇËÚ�

’ÓÍÊÑÛÇËÏÉÜÇÑÊÓÒÉÎÚÑÈÇÑÉÊÇÚÑÕÓÇÖÑÒÏÓÇÜÑÛËŠÏÒÜÊÑÙÜÇ#ÇÖÏÑÏÓÇÑŠÒÚÇÑÛÜÒŸÑÈÇÍÖŽÑÊÇÙËÜËÏÇÚÑÍÖÏÒÑÊÇÙËÜËÏÇ

ÊÉÈÉÖÍÏÊ�ÑÑ�ÖÑÏÓÇÑËÈÒ#ÇÑÇÔËŸÙÎÇ�ÑÍÏÑÕÒÉÎÚÑÈÇÑÙÜÇÛÇÜËÈÎÇÑÏÒÑÓË#ÇÑËÑÚÍÛÛÇÜÇÖÏÑÙÜÒŠÇÚÉÜÇÑÛÒÜÑÇËŠÓÑËÎŽÒÜÍÏÓŸ�

BÉÏÑÏÓÇÑËÎŽÒÜÍÏÓŸÊÑŸËÌÑÚÍÛÛÇÜÑÍÖÑÊÎÍŽÓÏÑÈÉÏÑŠÒŸÙÎÇÔÑÕËÌÊÑÊÒÑËÊÑÏÒÑŸË"ÇÑÊÇÙËÜËÏÇÑÙÜÒŠÇÚÉÜÇÊÑÚÍÛÛÍŠÉÎÏÑÏÒ

ŸËÍÖÏËÍÖ�

caution

BÇÑËÕËÜÇÑÒÛÑÕÓÇÏÓÇÜÑÌÒÉÜÑÍŸÙÎÇŸÇÖÏËÏÍÒÖÑÊÉÙÙÒÜÏÊÑÚÇËÚÑŠÒÚÇÑÜÇŸÒ#ËÎ�ÑËÖÚÑÈÇÑÙÜÇÙËÜÇÚÑÏÒÑÏË"ÇÑÒÏÓÇÜ

ÊÏÇÙÊÑÏÒÑÇÎÍŸÍÖËÏÇÑÏÓÇÑÒ#ÇÜÓÇËÚÑÒÛÑÜÇÚÉÖÚËÖÏÑŠÒÚÇÑÍÛÑÖÇŠÇÊÊËÜÌ�

8.4.5 Table�Driven Programming

guideline

S &ÜÍÏÇÑÏËÈÎÇ@ÚÜÍ#ÇÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÕÓÇÜÇÑÙÒÊÊÍÈÎÇÑËÖÚÑËÙÙÜÒÙÜÍËÏÇ�

example

’ÓÇÑÇÙÍÏÒŸÇÑÒÛÑÏËÈÎÇ@ÚÜÍ#ÇÖÑÜÇÉÊËÈÎÇÑÊÒÛÏÕËÜÇÑÍÊÑËÑÙËÜÊÇÜÑŽÇÖÇÜËÏÍÒÖÑÊÌÊÏÇŸ�Ñ�ÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑÛÒÜŸ

ÒÛÑÏÓÇÑÍÖÙÉÏÑÚËÏËÑËÖÚÑÒÛÑÍÏÊÑÒÉÏÙÉÏ�ÑËÎÒÖŽÑÕÍÏÓÑÊÒŸÇÑÊÙÇŠÍËÎÍ)ËÏÍÒÖÑŠÒÚÇ�ÑÍÊÑŠÒÖ#ÇÜÏÇÚÑÏÒÑÏËÈÎÇÊÑÏÓËÏÑËÜÇÑÏÒ

ÈÇÑGÕËÎ"ÇÚHÑÈÌÑÙÜÇ3ÇÔÍÊÏÍÖŽÑŠÒÚÇÑÉÊÍÖŽÑÙÜÇÚÇÏÇÜŸÍÖÇÚÑËÎŽÒÜÍÏÓŸÊÑÍÖÑÏÓÇÑÙËÜÊÇÜÑÙÜÒÚÉŠÇÚ�Ñ+ÏÓÇÜÑÛÒÜŸÊ

ÒÛÑGËÙÙÎÍŠËÏÍÒÖÑŽÇÖÇÜËÏÒÜÊHÑÕÒÜ"ÑÊÍŸÍÎËÜÎÌ�

rationale

’ËÈÎÇ@ÚÜÍ#ÇÖÑ-ÊÒŸÇÏÍŸÇÊÑ"ÖÒÕÖÑËÊÑÚËÏË@ÚÜÍ#ÇÖ2ÑÙÜÒŽÜËŸÊÑÓË#ÇÑÈÇÓË#ÍÒÜÑÏÓËÏÑÚÇÙÇÖÚÊÑÒÖÑÚËÏËÑwith!ÇÚ

ËÏÑŠÒŸÙÍÎÇÑÏÍŸÇÑÒÜÑÜÇËÚÑÛÜÒŸÑËÑÛÍÎÇÑËÏÑÜÉÖ3ÏÍŸÇ�Ñ�ÖÑËÙÙÜÒÙÜÍËÏÇÑŠÍÜŠÉŸÊÏËÖŠÇÊ�ÑÏËÈÎÇ@ÚÜÍ#ÇÖÑÙÜÒŽÜËŸŸÍÖŽ

ÙÜÒ#ÍÚÇÊÑËÑ#ÇÜÌÑÙÒÕÇÜÛÉÎÑÕËÌÑÒÛÑŠÜÇËÏÍÖŽÑŽÇÖÇÜËÎ@ÙÉÜÙÒÊÇ�ÑÇËÊÍÎÌÑÏËÍÎÒÜËÈÎÇ�ÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�

note

5ÒÖÊÍÚÇÜÑÕÓÇÏÓÇÜÑÚÍÛÛÇÜÇÖŠÇÊÑÍÖÑÏÓÇÑÈÇÓË#ÍÒÜÑÒÛÑËÑŽÇÖÇÜËÎ@ÙÉÜÙÒÊÇÑÙËÜÏÑŠÒÉÎÚÑÈÇÑÚÇÛÍÖÇÚÑÈÌÑÊÒŸÇÑÚËÏË

ÊÏÜÉŠÏÉÜÇÑËÏÑŠÒŸÙÍÎÇ3ÑÒÜÑÜÉÖ@ÏÍŸÇÑËÖÚ�ÑÍÛÑÊÒ�ÑÊÏÜÉŠÏÉÜÇÑÏÓÇÑÙËÜÏÑÏÒÑÈÇÑÏËÈÎÇ3ÚÜÍ#ÇÖ�Ñ’ÓÇÑËÙÙÜÒËŠÓÑÍÊÑŸÒÊÏ

ÎÍ"ÇÎÌÑÏÒÑÈÇÑËÙÙÎÍŠËÈÎÇÑÕÓÇÖÑËÑÙËÜÏÑÍÊÑÚÇÊÍŽÖÇÚÑÛÒÜÑÉÊÇÑÍÖÑËÑÙËÜÏÍŠÉÎËÜÑËÙÙÎÍŠËÏÍÒÖÑÚÒŸËÍÖÑÈÉÏÑÖÇÇÚÊÑÏÒÑÈÇ
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ÊÙÇŠÍËÎÍ)ÇÚÑÛÒÜÑÉÊÇÑÍÖÑËÑÊÙÇŠÍÛÍŠÑËÙÙÎÍŠËÏÍÒÖÑÕÍÏÓÍÖÑÏÓÇÑÚÒŸËÍÖ�Ñ’Ë"ÇÑÙËÜÏÍŠÉÎËÜÑŠËÜÇÑÍÖÑŠÒŸŸÇÖÏÍÖŽÑÏÓÇ

ÊÏÜÉŠÏÉÜÇÑÒÛÑÏÓÇÑÚËÏËÑÖÇÇÚÇÚÑÏÒÑÚÜÍ#ÇÑÏÓÇÑÙËÜÏ�

8.5 SUMMARY

understanding and clarity

S  ÇÎÇŠÏÑÏÓÇÑÎÇËÊÏÑÜÇÊÏÜÍŠÏÍ#ÇÑÖËŸÇÊÑÙÒÊÊÍÈÎÇÑÛÒÜÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑËÖÚÑÏÓÇÍÜÑÍÚÇÖÏÍÛÍÇÜÊ�

S  ÇÎÇŠÏÑÏÓÇÑŽÇÖÇÜÍŠÑÖËŸÇÑÏÒÑË#ÒÍÚÑŠÒÖÛÎÍŠÏÍÖŽÑÕÍÏÓÑÏÓÇÑÖËŸÍÖŽÑŠÒÖ#ÇÖÏÍÒÖÊÑÒÛÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÒÛÑÏÓÇ

ŽÇÖÇÜÍŠ�

S 4ÊÇÑ ÖËŸÇÊÑ ÕÓÍŠÓÑ ÍÖÚÍŠËÏÇÑ ÏÓÇÑ ÈÇÓË#ÍÒÜËÎÑ ŠÓËÜËŠÏÇÜÍÊÏÍŠÊÑ ÒÛÑ ÏÓÇÑ ÜÇÉÊËÈÎÇÑ ÙËÜÏ�Ñ ËÊÑÕÇÎÎÑ ËÊÑ ÍÏÊ

ËÈÊÏÜËŠÏÍÒÖ�

S >ÒÑÖÒÏÑÉÊÇÑËÖÌÑËÈÈÜÇ#ÍËÏÍÒÖÊÑÍÖÑÍÚÇÖÏÍÛÍÇÜÑÒÜÑÉÖÍÏÑÖËŸÇÊ�

S >ÒŠÉŸÇÖÏÑÏÓÇÑÇÔÙÇŠÏÇÚÑÈÇÓË#ÍÒÜÑÒÛÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑ*ÉÊÏÑËÊÑËÖÌÑÙËŠ"ËŽÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑÍÊ

ÚÒŠÉŸÇÖÏÇÚ�

robustness

S 4ÊÇÑÖËŸÇÚÑÖÉŸÈÇÜÊÑËÖÚÑÊÏËÏÍŠÑÇÔÙÜÇÊÊÍÒÖÊÑÏÒÑËÎÎÒÕÑŸÉÎÏÍÙÎÇÑÚÇÙÇÖÚÇÖŠÍÇÊÑÏÒÑÈÇÑÎÍÖ"ÇÚÑÏÒÑËÑÊŸËÎÎ

ÖÉŸÈÇÜÑÒÛÑÊÌŸÈÒÎÊ�

S 4ÊÇÑÉÖŠÒÖÊÏÜËÍÖÇÚÑËÜÜËÌÑÏÌÙÇÊÑÛÒÜÑËÜÜËÌÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑËÖÚÑËÜÜËÌÑÜÇÏÉÜÖÑ#ËÎÉÇÊ�

S $Ë"ÇÑÏÓÇÑÊÍ)ÇÑÒÛÑÎÒŠËÎÑ#ËÜÍËÈÎÇÊÑÚÇÙÇÖÚÑÒÖÑËŠÏÉËÎÑÙËÜËŸÇÏÇÜÑÊÍ)ÇÑÕÓÇÜÇÑËÙÙÜÒÙÜÍËÏÇ�

S $ÍÖÍŸÍ)ÇÑÏÓÇÑÖÉŸÈÇÜÑÒÛÑËÊÊÉŸÙÏÍÒÖÊÑŸËÚÇÑÈÌÑËÑÉÖÍÏ�

S AÒÜÑËÊÊÉŸÙÏÍÒÖÊÑÕÓÍŠÓÑŠËÖÖÒÏÑÈÇÑË#ÒÍÚÇÚ�ÑÉÊÇÑÏÌÙÇÊÑÏÒÑËÉÏÒŸËÏÍŠËÎÎÌÑÇÖÛÒÜŠÇÑŠÒÖÛÒÜŸËÖŠÇ�

S AÒÜÑËÊÊÉŸÙÏÍÒÖÊÑÕÓÍŠÓÑŠËÖÖÒÏÑÈÇÑËÉÏÒŸËÏÍŠËÎÎÌÑÇÖÛÒÜŠÇÚÑÈÌÑÏÌÙÇÊ�ÑËÚÚÑÇÔÙÎÍŠÍÏÑŠÓÇŠ"ÊÑÏÒÑÏÓÇÑŠÒÚÇ�

S >ÒŠÉŸÇÖÏÑËÎÎÑËÊÊÉŸÙÏÍÒÖÊ�

S BÇÕËÜÇÑÒÛÑÉÊÍÖŽÑÊÉÈÏÌÙÇÊÑËÊÑÏÌÙÇÑŸËÜ"ÊÑÕÓÇÖÑÚÇŠÎËÜÍÖŽÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÒÈ*ÇŠÏÊÑÒÛÑÏÌÙÇÑin out�

S BÇÕËÜÇÑÒÛÑÉÊÍÖŽÑÊÉÈÏÌÙÇÊÑËÊÑÏÌÙÇÑŸËÜ"ÊÑÕÓÇÖÑÚÇŠÎËÜÍÖŽÑÙËÜËŸÇÏÇÜÊÑÒÜÑÜÇÏÉÜÖÑ#ËÎÉÇÊÑÒÛÑŽÇÖÇÜÍŠ

ÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊ�

S 4ÊÇÑËÏÏÜÍÈÉÏÇÊÑÜËÏÓÇÜÑÏÓËÖÑÎÍÏÇÜËÎÑ#ËÎÉÇÊ�

S BÇÑŠËÜÇÛÉÎÑËÈÒÉÏÑÒ#ÇÜÎÒËÚÍÖŽÑÏÓÇÑÖËŸÇÊÑÒÛÑÊÉÈÙÜÒŽÜËŸÊÑÇÔÙÒÜÏÇÚÑÈÌÑÏÓÇÑÊËŸÇÑŽÇÖÇÜÍŠÑÙËŠ"ËŽÇ�

S &ÍÏÓÍÖÑËÑÊÙÇŠÍÛÍŠËÏÍÒÖ�ÑÚÒŠÉŸÇÖÏÑËÖÌÑÏËÊ"ÊÑÏÓËÏÑÕÒÉÎÚÑÈÇÑËŠÏÍ#ËÏÇÚÑÈÌÑÅÃÇ-!ÍÖŽÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖÑËÖÚ

ÈÌÑÉÊÍÖŽÑËÖÌÑÙËÜÏÑÒÛÑÏÓÇÑÊÙÇŠÍÛÍŠËÏÍÒÖ�

S >ÒŠÉŸÇÖÏÑÕÓÍŠÓÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÙËÜËŸÇÏÇÜÊÑËÜÇÑËŠŠÇÊÊÇÚÑÛÜÒŸÑËÑÏËÊ"ÑÓÍÚÚÇÖÑÍÖÊÍÚÇÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏ�

S ,ÜÒÙËŽËÏÇÑÇÔŠÇÙÏÍÒÖÊÑÒÉÏÑÒÛÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑCËÖÚÎÇÑÇÔŠÇÙÏÍÒÖÊÑÕÍÏÓÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÒÖÎÌÑÕÓÇÖÑÌÒÉ

ËÜÇÑŠÇÜÏËÍÖÑÏÓËÏÑÏÓÇÑÓËÖÚÎÍÖŽÑÍÊÑËÙÙÜÒÙÜÍËÏÇÑÍÖÑËÎÎÑŠÍÜŠÉŸÊÏËÖŠÇÊ�

S ,ÜÒÙËŽËÏÇÑÇÔŠÇÙÏÍÒÖÊÑÜËÍÊÇÚÑÈÌÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸÊÑËÛÏÇÜÑÙÇÜÛÒÜŸÍÖŽÑËÖÌÑŠÎÇËÖÉÙÑÖÇŠÇÊÊËÜÌ

ÏÒÑÏÓÇÑŠÒÜÜÇŠÏÑÒÙÇÜËÏÍÒÖÑÒÛÑÛÉÏÉÜÇÑÍÖ#ÒŠËÏÍÒÖÊÑÒÛÑÏÓÇÑŽÇÖÇÜÍŠÑÍÖÊÏËÖÏÍËÏÍÒÖ�

S ;ÇË#ÇÑÊÏËÏÇÑ#ËÜÍËÈÎÇÊÑÍÖÑËÑ#ËÎÍÚÑÊÏËÏÇÑÕÓÇÖÑÜËÍÊÍÖŽÑËÖÑÇÔŠÇÙÏÍÒÖ�

S ;ÇË#ÇÑÙËÜËŸÇÏÇÜÊÑÉÖŸÒÚÍÛÍÇÚÑÕÓÇÖÑÜËÍÊÍÖŽÑËÖÑÇÔŠÇÙÏÍÒÖ�

adaptability

S ,ÜÒ#ÍÚÇÑŠÒŸÙÎÇÏÇÑÛÉÖŠÏÍÒÖËÎÍÏÌÑÍÖÑËÑÜÇÉÊËÈÎÇÑÙËÜÏÑÒÜÑÊÇÏÑÒÛÑÙËÜÏÊ�ÑBÉÍÎÚÑÍÖÑŠÒŸÙÎÇÏÇÑÛÉÖŠÏÍÒÖËÎÍÏÌ�

ÍÖŠÎÉÚÍÖŽÑÇÖÚÑŠÒÖÚÍÏÍÒÖÊ�ÑÇ#ÇÖÑÍÛÑÊÒŸÇÑÛÉÖŠÏÍÒÖËÎÍÏÌÑÍÊÑÖÒÏÑÖÇÇÚÇÚÑÍÖÑÏÓÍÊÑËÙÙÎÍŠËÏÍÒÖ�

S $ÒÜÇÑÊÙÇŠÍÛÍŠËÎÎÌ�ÑÙÜÒ#ÍÚÇÑÍÖÍÏÍËÎÍ)ËÏÍÒÖÑËÖÚÑÛÍÖËÎÍ)ËÏÍÒÖÑÙÜÒŠÇÚÉÜÇÊÑÛÒÜÑÇ#ÇÜÌÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÏÓËÏ

ŸËÌÑŠÒÖÏËÍÖÑÚÌÖËŸÍŠÑÚËÏË�

S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑË#ÒÍÚÑŠÒÚÇÑÚÉÙÎÍŠËÏÍÒÖ�

S ,ËÜËŸÇÏÇÜÍ)ÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÛÒÜÑŸËÔÍŸÉŸÑËÚËÙÏËÈÍÎÍÏÌ�

S ÃÇÉÊÇÑŠÒŸŸÒÖÑÍÖÊÏËÖÏÍËÏÍÒÖÊÑÒÛÑŽÇÖÇÜÍŠÑÉÖÍÏÊ�ÑËÊÑÕÇÎÎÑËÊÑÏÓÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÓÇŸÊÇÎ#ÇÊ�
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S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑÇÖŠËÙÊÉÎËÏÇÑËÎŽÒÜÍÏÓŸÊÑÍÖÚÇÙÇÖÚÇÖÏÎÌÑÒÛÑÚËÏËÑÏÌÙÇ�

S 4ÊÇÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÊÑÍÖÑÙÜÇÛÇÜÇÖŠÇÑÏÒÑËÈÊÏÜËŠÏÑÚËÏËÑÒÈ*ÇŠÏÊ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÉÖÍÏÊÑÏÒÑÍŸÙÎÇŸÇÖÏÑËÈÊÏÜËŠÏÑÚËÏËÑÏÌÙÇÊÑÍÖÚÇÙÇÖÚÇÖÏÎÌÑÒÛÑÏÓÇÍÜÑŠÒŸÙÒÖÇÖÏÑÚËÏËÑÏÌÙÇ�

S ,ÜÒ#ÍÚÇÑÍÏÇÜËÏÒÜÊÑÛÒÜÑÏÜË#ÇÜÊÍÖŽÑŠÒŸÙÎÇÔÑÚËÏËÑÊÏÜÉŠÏÉÜÇÊÑÕÍÏÓÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�

S ,ÜÒ#ÍÚÇÑÈÒÏÓÑËŠÏÍ#ÇÑËÖÚÑÙËÊÊÍ#ÇÑÍÏÇÜËÏÒÜÊ�

S ,ÜÒÏÇŠÏÑÏÓÇÑÍÏÇÜËÏÒÜÊÑÛÜÒŸÑÇÜÜÒÜÊÑÚÉÇÑÏÒÑŸÒÚÍÛÍŠËÏÍÒÖÑÒÛÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÚÉÜÍÖŽÑÍÏÇÜËÏÍÒÖ�

S >ÒŠÉŸÇÖÏÑÏÓÇÑÈÇÓË#ÍÒÜÑÒÛÑÏÓÇÑÍÏÇÜËÏÒÜÊÑÕÓÇÖÑÏÓÇÑÚËÏËÑÊÏÜÉŠÏÉÜÇÑÍÊÑŸÒÚÍÛÍÇÚÑÚÉÜÍÖŽÑÏÜË#ÇÜÊËÎ�

S 4ÊÇÑÎÍŸÍÏÇÚÑÙÜÍ#ËÏÇÑ-ÖÒÏÑÙÜÍ#ËÏÇ2ÑÛÒÜÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÏÌÙÇÊ�ÑÇÔÙÎÍŠÍÏÎÌÑÍŸÙÒÜÏÍÖŽÑËÊÊÍŽÖŸÇÖÏÑËÖÚ

Ç%ÉËÎÍÏÌÑÒÙÇÜËÏÍÒÖÊÑÍÛÑÜÇ%ÉÍÜÇÚ�

S 8ÔÙÒÜÏÑÏÓÇÑÎÇËÊÏÑÜÇÊÏÜÍŠÏÍ#ÇÑÏÌÙÇÑÏÓËÏÑŸËÍÖÏËÍÖÊÑÏÓÇÑÍÖÏÇŽÜÍÏÌÑÒÛÑÏÓÇÑÚËÏËÑËÖÚÑËÈÊÏÜËŠÏÍÒÖÑÕÓÍÎÇÑËÎÎÒÕÍÖŽ

ËÎÏÇÜÖËÏÇÑÍŸÙÎÇŸÇÖÏËÏÍÒÖÊ�

S 4ÊÇÑŸÒÚÇÑin outÑÜËÏÓÇÜÑÏÓËÖÑoutÑÛÒÜÑÙËÜËŸÇÏÇÜÊÑÒÛÑËÑŽÇÖÇÜÍŠÑÛÒÜŸËÎÑÊÉÈÙÜÒŽÜËŸ�ÑÕÓÇÖÑÏÓÇ

ÙËÜËŸÇÏÇÜÊÑËÜÇÑÒÛÑËÖÑÍŸÙÒÜÏÇÚÑÎÍŸÍÏÇÚÑÏÌÙÇ�

independence

S $ÍÖÍŸÍ)ÇÑwithÑŠÎËÉÊÇÊÑÒÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�ÑÇÊÙÇŠÍËÎÎÌÑÒÖÑÏÓÇÍÜÑÊÙÇŠÍÛÍŠËÏÍÒÖÊ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊÑÍÖÊÏÇËÚÑÒÛÑwithÑÊÏËÏÇŸÇÖÏÊÑÏÒÑÜÇÚÉŠÇÑÏÓÇÑÖÉŸÈÇÜÑÒÛÑŠÒÖÏÇÔÏÑŠÎËÉÊÇÊÑÒÖÑË

ÜÇÉÊËÈÎÇÑÙËÜÏ�

S 4ÊÇÑŽÇÖÇÜÍŠÑÙËÜËŸÇÏÇÜÊÑÍÖÊÏÇËÚÑÒÛÑwithÑÊÏËÏÇŸÇÖÏÊÑÏÒÑÍŸÙÒÜÏÑÙÒÜÏÍÒÖÊÑÒÛÑËÑÙËŠ"ËŽÇÑÜËÏÓÇÜÑÏÓËÖÑÏÓÇ

ÇÖÏÍÜÇÑÙËŠ"ËŽÇ�

S AÒÜÑÖÒÖŽÇÖÇÜÍŠÊÑÖËŸÇÚÑÍÖÑËÑŠÒÖÏÇÔÏÑŠÎËÉÊÇ�ÑË#ÒÍÚÑÙÜËŽŸËÑElaborate�

S 4ÊÇÑËÑÙÜËŽŸËÑElaborateÑÛÒÜÑŽÇÖÇÜÍŠÊÑÖËŸÇÚÑÍÖÑËÑŠÒÖÏÇÔÏÑŠÎËÉÊÇ�

S �#ÒÍÚÑÙÜËŽŸËÑPriorityÑÍÖÑÏËÊ"ÊÑÓÍÚÚÇÖÑÍÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊ�

S 5ÜÇËÏÇÑÛËŸÍÎÍÇÊÑÒÛÑŽÇÖÇÜÍŠÑÒÜÑÒÏÓÇÜÑÙËÜÏÊÑÕÍÏÓÑÊÍŸÍÎËÜÑÊÙÇŠÍÛÍŠËÏÍÒÖÊ�

S  ÏÜÉŠÏÉÜÇÑÜÇÉÊËÈÎÇÑŠÒÚÇÑÏÒÑÏË"ÇÑËÚ#ËÖÏËŽÇÑÒÛÑÚÇËÚÑŠÒÚÇÑÜÇŸÒ#ËÎÑÈÌÑÏÓÇÑŠÒŸÙÍÎÇÜ�

S &ÜÍÏÇÑÏËÈÎÇ@ÚÜÍ#ÇÖÑÜÇÉÊËÈÎÇÑÙËÜÏÊÑÕÓÇÜÇÑÙÒÊÊÍÈÎÇÑËÖÚÑËÙÙÜÒÙÜÍËÏÇ�
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CHAPTER 9

Performance

ÃÇÉÊËÇÈÉÍËÈÎÏÉÌÑÓÔÖÓÊËÇÒÑÉÕÎÉËŠÉÖÚÚÎÉÍÕŠÛÉÊËÕÇŠËÕÇËÜÕÙÕŠÈÉËÇÚÉÌÖÓŠËÜÕÙÕŠÈŸÉŽÖÉËÒÛÕÑ�ÑÉÕÊÌÓÖ�ÑÚÉÎÌÑÑÚÉÖÓ

ÊÑÊÖÓÈÉ�ÎË�ÑÏÉŠÛÑÉÊÖÎŠÉÒÙÑËÓÉËÙ�ÖÓÕŠÛÊÉÎÖÊÑŠÕÊÑÎÉ�Õ�ÑÎÉÍËÈÉŠÖÉÒÖÇÔ�ÎÕÇ�ÉÒÖÚÑŸÉŽÖÉÑ�ÌÙÖÕŠÉÎÌÑÒÕËÙÉÌ�ÓÌÖÎÑ

ÛËÓÚÍËÓÑÉÖÓÉÖÌÑÓËŠÕÇ�ÉÎÈÎŠÑÊÉÎÑÓ�ÕÒÑÎÏÉÇÖÇÌÖÓŠËÜÙÑÉÕÊÌÙÑÊÑÇŠËŠÕÖÇÉÚÑÌÑÇÚÑÇÒÕÑÎÉËÓÑÉÕÇŠÓÖÚ�ÒÑÚŸÉ ÛÑÇ

ÒÖÇÒÑÓÇÑÚÉËÜÖ�ŠÉÌÑÓÔÖÓÊËÇÒÑÏÉÈÖ�ÉÊ�ÎŠÉÚÑÒÕÚÑÉÛÖÍÉÍÑÙÙÉÑËÒÛÉËÙ�ÖÓÕŠÛÊÉÊÑÑŠÎÉ ÕŠÎÉÌÑÓÔÖÓÊËÇÒÑÉËÇÚ

ÊËÕÇŠËÕÇËÜÕÙÕŠÈÉÓÑ!�ÕÓÑÊÑÇŠÎŸ

"ÌÌÙÈÉŠÛÑÎÑÉ��ÕÚÑÙÕÇÑÎÉËÔŠÑÓÉËÇÉËÌÌÙÕÒËŠÕÖÇÉÕÎÉÍÖÓ#ÕÇ�ÉÒÖÓÓÑÒŠÙÈŸÉ$ÖÇ%ŠÉÜÑÒÖÊÑÉÖÜÎÑÎÎÑÚÉÍÕŠÛÉÕÊÌÓÖ�ÕÇ�

ÌÑÓÔÖÓÊËÇÒÑÉÍÛÑÇÉŠÛÑÉËÌÌÙÕÒËŠÕÖÇÉËÙÓÑËÚÈÉÊÑÑŠÎÉÕŠÎÉÌÑÓÔÖÓÊËÇÒÑÉÓÑ!�ÕÓÑÊÑÇŠÎŸÉ&ÖÚÕÔÈÕÇ�ÉÒÖÚÑÉŠÖÉÕÊÌÓÖ�Ñ

ÌÑÓÔÖÓÊËÇÒÑÉÒËÇÉÕÇŠÓÖÚ�ÒÑÉÑÓÓÖÓÎ’’ÎÖÉŠÛÑÉÜÑÇÑÔÕŠÎÉÖÔÉŠÍÑË#ÕÇ�ÉËÇÉËÙ�ÖÓÕŠÛÊÉÎÛÖ�ÙÚÉÜÑÉÓÑËÙÉËÇÚÉÒÙÑËÓÙÈ

Ö�ŠÍÑÕ�ÛÉŠÛÑÉÓÕÎ#Ÿ

ŽÛÑÎÑÉ��ÕÚÑÙÕÇÑÎÉÎÛÖ�ÙÚÉÜÑÉËÌÌÙÕÑÚÉËÔŠÑÓÉÈÖ�É#ÇÖÍÉÈÖ�ÓÉÒÖÊÌÕÙÑÓÉËÇÚÉŠËÓ�ÑŠÉÑÇ�ÕÓÖÇÊÑÇŠŸÉ(ÑÇÒÛÊËÓ#ÎÉËÇÚ

ÒÖÊÌÕÙÑÓÉ �ÑÇÑÓËŠÑÚÉ ËÎÎÑÊÜÙÈÉ ÒÖÚÑÉ ÒËÇÉ ÜÑÉ Ñ�ËÙ�ËŠÑÚÉ ŠÖÉ ÛÑÙÌÉ ÕÇÎŠËÇŠÕËŠÑÉ ŠÛÑÎÑÉ ��ÕÚÑÙÕÇÑÎÉ ÔÖÓÉ ÈÖ�Ó

ÚÑ�ÑÙÖÌÊÑÇŠÉÑÇ�ÕÓÖÇÊÑÇŠŸ

9.1 IMPROVING EXECUTION SPEED

9.1.1 Pragma Inline

guideline

S )ÎÑÉÌÓË�ÊËÉÃÇÙÕÇÑÉÍÛÑÇÉÒËÙÙÕÇ�ÉÖ�ÑÓÛÑËÚÉÕÎÉËÉÎÕ�ÇÕÔÕÒËÇŠÉÌÖÓŠÕÖÇÉÖÔÉŠÛÑÉÓÖ�ŠÕÇÑ%ÎÉÑ�ÑÒ�ŠÕÖÇÉŠÕÊÑŸ

example

ÁÂÄÀÅÃÇÂÅ-.//UVW-}~“ÂU“ÁÂÅ-Ä-UW-ÄÇÀ-ÅWÀÅVÅÂÃ

------------------~“ÂÇÅ----Ä-UW-----ÅWÀÅVÅÂÇÃ

ÁÂ“VÉ“-ÅWÂUWÅ-}.//UVWÇÃ

ÊÊÊ

ÁÂÄÀÅÃÇÂÅ-.//UVW-}~“ÂU“ÁÂÅ-Ä-UW-ÄÇÀ-ÅWÀÅVÅÂÃ

------------------~“ÂÇÅ----Ä-UW-----ÅWÀÅVÅÂÇ-U/

ÁÅVUW

---~“ÂU“ÁÂÅ-ÄË-~“ÂÇÅÃ

ÅWÃ-.//UVWÃ

rationale

*ÓÖÒÑÚ�ÓÑÉËÇÚÉÔ�ÇÒŠÕÖÇÉÕÇ�ÖÒËŠÕÖÇÎÉÕÇÒÙ�ÚÑÉÖ�ÑÓÛÑËÚÉŠÛËŠÉÕÎÉ�ÇÇÑÒÑÎÎËÓÈÉÍÛÑÇÉŠÛÑÉÒÖÚÑÉÕÇ�ÖÙ�ÑÚÉÕÎÉ�ÑÓÈ

ÎÊËÙÙŸÉÉŽÛÑÎÑÉÎÊËÙÙÉÓÖ�ŠÕÇÑÎÉËÓÑÉ�Î�ËÙÙÈÉÍÓÕŠŠÑÇÉŠÖÉÊËÕÇŠËÕÇÉŠÛÑÉÕÊÌÙÑÊÑÇŠËŠÕÖÇÉÛÕÚÕÇ�ÉÒÛËÓËÒŠÑÓÕÎŠÕÒÎÉÖÔ

ËÉÌËÒ#Ë�ÑŸÉÉŽÛÑÈÉÊËÈÉËÙÎÖÉÎÕÊÌÙÈÉÌËÎÎÉŠÛÑÕÓÉÌËÓËÊÑŠÑÓÎÉ�ÇÒÛËÇ�ÑÚÉŠÖÉËÇÖŠÛÑÓÉÓÖ�ŠÕÇÑŸÉÉ ÛÑÇÉÖÇÑÉÖÔ

ŠÛÑÎÑÉÓÖ�ŠÕÇÑÎÉËÌÌÑËÓÎÉÕÇÉÎÖÊÑÉÒÖÚÑÉŠÛËŠÉÇÑÑÚÎÉŠÖÉÓ�ÇÉÔËÎŠÑÓÏÉÑÕŠÛÑÓÉŠÛÑÉÕÊÌÙÑÊÑÇŠËŠÕÖÇÉÛÕÚÕÇ�ÉÌÓÕÇÒÕÌÙÑ

ÇÑÑÚÎÉŠÖÉÜÑÉ�ÕÖÙËŠÑÚÉÖÓÉËÉÌÓË�ÊËÉÃÇÙÕÇÑÉÒËÇÉÜÑÉÕÇŠÓÖÚ�ÒÑÚŸ

ŽÛÑÉ�ÎÑÉÖÔÉÌÓË�ÊËÉÃÇÙÕÇÑÉÚÖÑÎÉÛË�ÑÉÕŠÎÉÚÕÎËÚ�ËÇŠË�ÑÎŸÉÉÃŠÉÒËÇÉÒÓÑËŠÑÉÒÖÊÌÕÙËŠÕÖÇÉÚÑÌÑÇÚÑÇÒÕÑÎÉÖÇÉŠÛÑ

ÜÖÚÈ+ÉÕŸÑŸÏÉÍÛÑÇÉŠÛÑÉÎÌÑÒÕÔÕÒËŠÕÖÇÉ�ÎÑÎÉËÉÌÓË�ÊËÉÃÇÙÕÇÑÏÉÜÖŠÛÉŠÛÑÉÎÌÑÒÕÔÕÒËŠÕÖÇÉËÇÚÉÒÖÓÓÑÎÌÖÇÚÕÇ�ÉÜÖÚÈ
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ÊËÈÉÇÑÑÚÉŠÖÉÜÑÉÒÖÊÌÕÙÑÚÉÜÑÔÖÓÑÉŠÛÑÉÎÌÑÒÕÔÕÒËŠÕÖÇÉÒËÇÉÜÑÉ�ÎÑÚŸÉÉ"ÎÉ�ÌÚËŠÑÎÉËÓÑÉÊËÚÑÉŠÖÉŠÛÑÉÒÖÚÑÏÉË

ÓÖ�ŠÕÇÑÉÊËÈÉÜÑÒÖÊÑÉÊÖÓÑÉÒÖÊÌÙÑ�É(ÙËÓ�ÑÓ)ÉËÇÚÉŠÛÑÉÒÖÇŠÕÇ�ÑÚÉ�ÎÑÉÖÔÉËÉÌÓË�ÊËÉÃÇÙÕÇÑÉÊËÈÉÇÖÉÙÖÇ�ÑÓÉÜÑ

j�ÎŠÕÔÕÑÚŸ

exception

"ÙŠÛÖ��ÛÉÕŠÉÕÎÉÓËÓÑÏÉÃÇÙÕÇÕÇ�ÉÒÖÚÑÉÊËÈÉÕÇÒÓÑËÎÑÉÒÖÚÑÉÎÕzÑÉÍÛÕÒÛÉÒËÇÉÙÑËÚÉŠÖÉÎÙÖÍÑÓÉÌÑÓÔÖÓÊËÇÒÑÉÒË�ÎÑÚ

ÜÈÉËÚÚÕŠÕÖÇËÙÉÌË�ÕÇ�ŸÉÉ"ÉÌÓË�ÊËÉÃÇÙÕÇÑÉÊËÈÉËÒŠ�ËÙÙÈÉŠÛÍËÓŠÉËÉÒÖÊÌÕÙÑÓ%ÎÉËŠŠÑÊÌŠÉŠÖÉ�ÎÑÉÎÖÊÑÉÖŠÛÑÓ

ÖÌŠÕÊÕzËŠÕÖÇÉŠÑÒÛÇÕ!�ÑÉÎ�ÒÛÉËÎÉÓÑ�ÕÎŠÑÓÉÖÌŠÕÊÕzËŠÕÖÇŸ

 ÛÑÇÉËÉÒÖÊÌÕÙÑÓÉÕÎÉËÙÓÑËÚÈÉÚÖÕÇ�ÉËÉ�ÖÖÚÉjÖÜÉÖÔÉÎÑÙÑÒŠÕÇ�ÉÓÖ�ŠÕÇÑÎÉŠÖÉÜÑÉÕÇÙÕÇÑÚÏÉŠÛÑÉÌÓË�ÊËÉÊËÈ

ËÒÒÖÊÌÙÕÎÛÉÙÕŠŠÙÑÏÉÕÔÉËÇÈÏÉÕÊÌÓÖ�ÑÊÑÇŠÉÕÇÉÑ�ÑÒ�ŠÕÖÇÉÎÌÑÑÚŸ

9.1.2 Blocks

guideline

S )ÎÑÉÜÙÖÒ#ÎÉŠÖÉÕÇŠÓÖÚ�ÒÑÉÙËŠÑÉÕÇÕŠÕËÙÕzËŠÕÖÇÉ(G�ÕÚÑÙÕÇÑÉÀŸ6Ÿ9)Ÿ

S RÑÊÖ�ÑÉÜÙÖÒ#ÎÉŠÛËŠÉÕÇŠÓÖÚ�ÒÑÉÖ�ÑÓÛÑËÚŸ

example

ÁÁÁÂÂÂ

ÁÁÁÄÀÅÃÅÇÉÁÊÁËÇÃÈÅÍÎ

ÏÌÑÅÀÁÁÓÓÁÔÅÀÖÒÕŠÉÚÃÅŠÀ

ÁÁÁÄÀÅÃÅÇÉÅÛÌÒÕŠÉÚÃÅŠÀÒËÇÃÈÅÍÊ

ÁÁÁÁÁÁÜŠÈÁÙŠŸÁÅÀÁÄÀÅÃÅÇÉŽÙÇÀÑÌ���ÁÉŠŠ�

ÁÁÁÁÁÁÁÁÁÜŠÈÁ ŠÉÁÅÀÁÄÀÅÃÅÇÉŽÙÇÀÑÌ�!�ÁÉŠŠ�

ÁÁÁÁÁÁÁÁÁÁÁÁÄÀÅÃÅÇÉ�ÙŠŸ"Á ŠÉ�ÁÊ#Á$ÌÃÒ%ÇÉÚÌ�ÙŠŸ"Á ŠÉ�Î

ÁÁÁÁÁÁÁÁÁÌÀÖÁÉŠŠ�Î

ÁÁÁÁÁÁÌÀÖÁÉŠŠ�ÁÄÀÅÃÅÇÉÅÛÌÒÕŠÉÚÃÅŠÀÒËÇÃÈÅÍÎ

ÁÁÁ ŠÀ&ÌÈÑÌÒ’ŠÒ’*ÌÒÕŠÉÚÃÅŠÀÊ

ÁÁÁÁÁÁÖÌ+ÉÇÈÌ

ÁÁÁÁÁÁÁÁÁÕŠÉÚÃÅŠÀÁÁÁÁÁÁÁÊÁËÇÃÈÅÍÁÁÁÁÁÁÁÁÁÁÁÊ#ÁÄÖÌÀÃÅÃ,Î

ÁÁÁÁÁÁÁÁÁËÅÀÒÄÃÌÈÇÃÅŠÀ-ÁÊÁ+ŠÀ-ÃÇÀÃÁ.ÇÃÚÈÇÉÁÊ#ÁÂÂÂÎ

ÁÁÁÁÁÁÏÌÑÅÀÁÁÓÓÁ ŠÀ&ÌÈÑÌÒ’ŠÒ’*ÌÒÕŠÉÚÃÅŠÀ

ÁÁÁÁÁÁÁÁÁÜŠÈÁÄÃÌÈÇÃÅŠÀ-ÁÅÀÁ�ÁÂÂÁËÅÀÒÄÃÌÈÇÃÅŠÀ-ÁÉŠŠ�

ÁÁÁÁÁÁÁÁÁÁÁÁ ŠÀ&ÌÈÑÌ�ÕŠÉÚÃÅŠÀ"ÁÄÀÅÃÅÇÉ�Î

ÁÁÁÁÁÁÁÁÁÌÀÖÁÉŠŠ�Î

ÁÁÁÁÁÁÌÀÖÁ ŠÀ&ÌÈÑÌÒ’ŠÒ’*ÌÒÕŠÉÚÃÅŠÀÎ

ÁÁÁÂÂÂ

ÌÀÖÁÔÅÀÖÒÕŠÉÚÃÅŠÀÎ

rationale

LËŠÑÉÕÇÕŠÕËÙÕzËŠÕÖÇÉËÙÙÖÍÎÉËÉÒÖÊÌÕÙÑÓÉÊÖÓÑÉÒÛÖÕÒÑÎÉÕÇÉÓÑ�ÕÎŠÑÓÉ�ÎË�ÑÉÖÌŠÕÊÕzËŠÕÖÇŸÉÉ$ÑÌÑÇÚÕÇ�ÉÖÇÉŠÛÑ

ÒÕÓÒ�ÊÎŠËÇÒÑÏÉŠÛÕÎÉÊËÈÉÕÇŠÓÖÚ�ÒÑÉËÉÎÕ�ÇÕÔÕÒËÇŠÉÌÑÓÔÖÓÊËÇÒÑÉÕÊÌÓÖ�ÑÊÑÇŠŸ

SÖÊÑÉÒÖÊÌÕÙÑÓÎÉÕÇÒ�ÓÉËÉÌÑÓÔÖÓÊËÇÒÑÉÌÑÇËÙŠÈÉÍÛÑÇÉÚÑÒÙËÓËŠÕ�ÑÉÜÙÖÒ#ÎÉËÓÑÉÕÇŠÓÖÚ�ÒÑÚŸÉÉCËÓÑÔ�ÙÉËÇËÙÈÎÕÎ

ËÇÚÉŠÕÊÕÇ�ÉŠÑÎŠÎÉÜÈÉŠÛÑÉÌÓÖ�ÓËÊÊÑÓÉÊËÈÉÕÚÑÇŠÕÔÈÉŠÛÖÎÑÉÚÑÒÙËÓËŠÕ�ÑÉÜÙÖÒ#ÎÉŠÛËŠÉÎÛÖ�ÙÚÉÜÑÉÓÑÊÖ�ÑÚŸ

note

ÃŠÉ ÕÎÉ ÚÕÔÔÕÒ�ÙŠÉ ŠÖÉ ËÒÒ�ÓËŠÑÙÈÉ ÌÓÑÚÕÒŠÉ ŠÛÓÖ��ÛÉ ÒÖÚÑÉ ÕÇÎÌÑÒŠÕÖÇÎÉ ÍÛÕÒÛÉ ÚÑÒÙËÓËŠÕ�ÑÉ ÜÙÖÒ#ÎÉ ÕÊÌÓÖ�Ñ

ÌÑÓÔÖÓÊËÇÒÑÉËÇÚÉÍÛÕÒÛÉÚÑ�ÓËÚÑÉÌÑÓÔÖÓÊËÇÒÑŸÉÉHÖÍÑ�ÑÓÏÉÍÕŠÛÉŠÛÑÎÑÉ�ÑÇÑÓËÙÉ��ÕÚÑÙÕÇÑÎÉËÇÚÉËÉÔËÊÕÙÕËÓÕŠÈ

ÍÕŠÛÉŠÛÑÉÌËÓŠÕÒ�ÙËÓÉÕÊÌÙÑÊÑÇŠËŠÕÖÇÏÉÌÑÓÔÖÓÊËÇÒÑÉÒËÇÉÜÑÉÕÊÌÓÖ�ÑÚŸ

9.1.3 Arrays

guideline

S )ÎÑÉÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎŸ

S )ÎÑÉzÑÓÖÉÜËÎÑÚÉÕÇÚÑ�ÕÇ�ÉÔÖÓÉËÓÓËÈÎŸ



*ERFOR&"NCEÉÉÄÀÀ

example

-- M, N are variables which change value at runtime.

type Unconstrained       is array (Integer range M .. N)     of Element;

type Zero_Based          is array (Integer range 0 .. N - M) of Element;

type Constrained_0_Based is array (Integer range 0 .. 9)     of Element;

rationale

)ÇÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎÉÖÔŠÑÇÉÙÑË�ÑÉËÚÚÓÑÎÎÉËÇÚÉÖÔÔÎÑŠÉÒËÙÒ�ÙËŠÕÖÇÎÉ�ÇŠÕÙÉÓ�ÇŠÕÊÑŸÉÉCÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎÉÒËÇ

ÜÑÉÖÌŠÕÊÕzÑÚÉÜÈÉÌÑÓÔÖÓÊÕÇ�ÉÎÖÊÑÉÒËÙÒ�ÙËŠÕÖÇÎÉÖÇÒÑÉËŠÉÒÖÊÌÕÙÑÉŠÕÊÑŸÉÉ"ÉÚÑŠËÕÙÑÚÉÚÕÎÒ�ÎÎÕÖÇÉÖÔÉŠÛÑ

ŠÓËÚÑÖÔÔÎÉËÇÚÉËÙŠÑÓÇËŠÕ�ÑÎÉÒËÇÉÜÑÉÔÖ�ÇÚÉÕÇÉN"S"É(Ä992)Ÿ

"ÙŠÛÖ��ÛÉzÑÓÖÉÜËÎÑÚÉÕÇÚÑ�ÕÇ�É ÕÎÉÇÖŠÉËÎÉ ÕÇŠ�ÕŠÕ�ÑÉÔÖÓÉÛ�ÊËÇÎÏÉ ÕŠÉÎÕÊÌÙÕÔÕÑÎÉÊËÇÈÉÖÔÉŠÛÑÉÇÑÒÑÎÎËÓÈ

ÒËÙÒ�ÙËŠÕÖÇÎÉÔÖÓÉÕÇÚÑ�ÕÇ�ÉÕÇŠÖÉËÓÓËÈÎŸ

note

GÑÇÑÓÕÒÉ�ŠÕÙÕŠÕÑÎÉÔÖÓÉÛËÇÚÙÕÇ�ÉËÓÓËÈÎÉÒËÇÉÜÑÉÕÇÎŠËÇŠÕËŠÑÚÉÖÇÉÒÖÇÎŠÓËÕÇÑÚÉÖÓÉ�ÇÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎÉÍÕŠÛ

ËÓÜÕŠÓËÓÈÉÕÇÚÑ�ÑÎŸÉÉŽÛÑÇÉŠÛÑÉÒÖÊÌÕÙÑÓÉÒËÇÉÖÌŠÕÊÕzÑÉŠÛÑÉ�ŠÕÙÕŠÈÉÍÛÑÇÉŠÛÑÉÊÖÓÑÉÑÔÔÕÒÕÑÇŠÉÎŠÓ�ÒŠ�ÓÑÉÕÎÉ�ÎÑÚ

(ËÎÎ�ÊÕÇ�ÉŠÛÑÉ�ÑÇÑÓÕÒÉÕÎÉÇÖŠÉÎÛËÓÕÇ�ÉÒÖÚÑ!)ŸÉÉ"�ËÕÇÏÉÔ�ÓŠÛÑÓÉÚÑŠËÕÙÎÉÒËÇÉÜÑÉÔÖ�ÇÚÉÕÇÉN"S"É(Ä992)Ÿ

9.1.4 Mod and Rem Operators

guideline

Á )ÎÑÉÕÇÒÓÑÊÑÇŠËÙÉÎÒÛÑÊÑÎÉÕÇÎŠÑËÚÉÖÔÉŠÛÑÉmodÉËÇÚÉremÉÖÌÑÓËŠÖÓÎÉÍÛÑÇÉÌÖÎÎÕÜÙÑŸ

example

ŽÛÑÉÔÖÙÙÖÍÕÇ�ÉÕÎÉÎÙÖÍ:

for I in 0 .. N loop

   Update(Arr(I mod Modulator));

end loop;

ŽÛÑÉÔÖÙÙÖÍÕÇ�ÉÕÎÉÑ!�Õ�ËÙÑÇŠÏÉËÇÚÉË�ÖÕÚÎÉŠÛÑÉÊÖÚÉÖÌÑÓËŠÖÓ:

J := 0;

for I in 0 .. N loop

   Update(Arr(J));

   if J = Modulator then

      J := 0;

   else  -- j < Modulator

      J := J + 1;

   end if;

end loop;

rationale

ŽÛÑÉmodÉËÇÚÉremÉÖÌÑÓËŠÖÓÎÉËÓÑÉ�ÑÓÈÉÒÖÇ�ÑÇÕÑÇŠÏÉÜ�ŠÉÓÑÙËŠÕ�ÑÙÈÉÎÙÖÍŸÉÉÃÇÉÕÎÖÙËŠÑÚÉÒËÎÑÎÉÍÛÑÓÑÉÌÑÓÔÖÓÊËÇÒÑ

ÕÎÉÖÔÉÒÖÇÒÑÓÇÏÉËÉÎŠÓËÕ�ÛŠÔÖÓÍËÓÚÉÊËÌÌÕÇ�ÉŠÖÉÕÇÒÓÑÊÑÇŠËÙÉÎÒÛÑÊÑÎÉÕÎÉÌÖÎÎÕÜÙÑŸ

note

&ÖÎŠÉÖÔÉŠÛÑÉÕÇÒÓÑÊÑÇŠËÙÉÎÒÛÑÊÑÎÉŠÛËŠÉË�ÖÕÚÉŠÛÑÉmodÉËÇÚÉremÉÖÌÑÓËŠÕÖÇÎÉËÓÑÉÌÓÕÊÑÉÒËÇÚÕÚËŠÑÎÉÔÖÓÉ�ÑÇÑÓÕÒ

�ŠÕÙÕŠÕÑÎŸÉÉ*ÓÖ�ÓËÊÊÑÓÎÉÊËÈÉŠÛÑÇÉÒÖÇ�ÑÇÕÑÇŠÙÈÉËÌÌÙÈÉŠÛÕÎÉÖÌŠÕÊÕzËŠÕÖÇÉÍÛÑÇÉÇÑÑÚÑÚŸ

9.1.5 Constraint Checking

guideline

Á )ÎÑÉÎŠÓÖÇ�ÉŠÈÌÕÇ�ÉÍÕŠÛÉÒËÓÑÔ�ÙÙÈÉÎÑÙÑÒŠÑÚÉÒÖÇÎŠÓËÕÇŠÎÉŠÖÉÓÑÚ�ÒÑÉÓ�ÇŠÕÊÑÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÕÇ�Ÿ

example

ÃÇÉŠÛÕÎÉÑ�ËÊÌÙÑÏÉŠÍÖÉÌÖŠÑÇŠÕËÙÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÎÉËÓÑÉÑÙÕÊÕÇËŠÑÚ:ÉÉÃÔÉŠÛÑÉÔ�ÇÒŠÕÖÇÏÉGet_ResponseÏÉÓÑŠ�ÓÇÎ

StringÏÉŠÛÑÇÉŠÛÑÉÕÇÕŠÕËÙÕzËŠÕÖÇÉÖÔÉŠÛÑÉ�ËÓÕËÜÙÑÏ InputÏÉÍÖ�ÙÚÉÓÑ!�ÕÓÑÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÕÇ�ŸÉÉÃÔÉŠÛÑÉ�ËÓÕËÜÙÑÏ

LastÏÉÕÎÉŠÈÌÑÉPositiveÏÉŠÛÑÇÉŠÛÑÉËÎÎÕ�ÇÊÑÇŠÉÕÇÎÕÚÑÉŠÛÑÉÙÖÖÌÉÍÖ�ÙÚÉÓÑ!�ÕÓÑÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÕÇ�Ÿ



ÄÀ6ÉÉ"ÚËÉQ)"LÃŽYÉ"N$ÉSŽYLE

   ...

   subtype Name_Index is Positive range 1 .. 32;

   subtype Name       is String (Name_Index);

   ...

   function Get_Response return Name is separate;

   ...

begin

      ...

   Find_Last_Period:

   declare

      -- No Constraint Checking needed for initialization

      Input       : constant Name       := Get_Response;

      Last_Period :          Name_Index := 1;

   begin  -- Find_Last_Period

      for I in Input’Range loop

         if Input(I) = ’.’ then

            -- No Constraint Checking needed in  this ‘tight’ loop

            Last_Period := I;

         end if;

      end loop;

      ...

rationale

SÕÇÒÑÉÓ�ÇŠÕÊÑÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÕÇ�ÉÕÎÉËÎÎÖÒÕËŠÑÚÉÍÕŠÛÉÎÙÖÍÉÌÑÓÔÖÓÊËÇÒÑÏÉÕŠÉÕÎÉÇÖŠÉÕÇŠ�ÕŠÕ�ÑÉŠÛËŠÉŠÛÑ

ËÚÚÕŠÕÖÇÉÖÔÉÒÖÇÎŠÓËÕÇÑÚÉŠÈÌÑÎÉÒÖ�ÙÚÉËÒŠ�ËÙÙÈÉÕÊÌÓÖ�ÑÉÌÑÓÔÖÓÊËÇÒÑŸÉÉHÖÍÑ�ÑÓÏÉŠÛÑÉÇÑÑÚÉÔÖÓÉÒÖÇÎŠÓËÕÇŠ

ÒÛÑÒ#ÕÇ�ÉËÌÌÑËÓÎÉÕÇÉÊËÇÈÉÌÙËÒÑÎÉÓÑ�ËÓÚÙÑÎÎÉÖÔÉŠÛÑÉ�ÎÑÉÖÔÉÒÖÇÎŠÓËÕÇÑÚÉÎ�ÜŠÈÌÑÎŸÉÉE�ÑÇÉËÎÎÕ�ÇÊÑÇŠÎÉŠÖ

�ËÓÕËÜÙÑÎÉŠÛËŠÉ�ÎÑÉŠÛÑÉÌÓÑÚÑÔÕÇÑÚÉŠÈÌÑÎÉÊËÈÉÇÑÑÚÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÎŸÉÉ(ÈÉÒÖÇÎÕÎŠÑÇŠÙÈÉ�ÎÕÇ�ÉÒÖÇÎŠÓËÕÇÑÚ

ŠÈÌÑÎÏÉÊËÇÈÉÖÔÉŠÛÑÉ�ÇÇÑÒÑÎÎËÓÈÉÓ�ÇŠÕÊÑÉÒÛÑÒ#ÕÇ�ÉÒËÇÉÜÑÉÑÙÕÊÕÇËŠÑÚŸÉÉÃÇÎŠÑËÚÏÉŠÛÑÉÒÛÑÒ#ÕÇ�ÉÕÎÉ�Î�ËÙÙÈ

ÊÖ�ÑÚÉŠÖÉÙÑÎÎÉÔÓÑ!�ÑÇŠÙÈÉÑ�ÑÒ�ŠÑÚÉÒÖÚÑÉÕÇ�ÖÙ�ÑÚÉÕÇÉÎÈÎŠÑÊÉÕÇÌ�ŠŸÉÉÃÇÉŠÛÑÉÑ�ËÊÌÙÑÏÉŠÛÑÉÔ�ÇÒŠÕÖÇÏ

Get_ResponseÏÉÊËÈÉÇÑÑÚÉŠÖÉÒÛÑÒ#ÉŠÛÑÉÙÑÇ�ŠÛÉÖÔÉËÉ�ÎÑÓÉÎ�ÌÌÙÕÑÚÉÎŠÓÕÇ�ÉËÇÚÉÓËÕÎÑÉËÇÉÑ�ÒÑÌŠÕÖÇŸ

SÖÊÑÉÒÖÊÌÕÙÑÓÎÉÒËÇÉÚÖÉËÚÚÕŠÕÖÇËÙÉÖÌŠÕÊÕzËŠÕÖÇÎÉÜËÎÑÚÉÖÇÉŠÛÑÉÕÇÔÖÓÊËŠÕÖÇÉÌÓÖ�ÕÚÑÚÉÜÈÉÒÖÇÎŠÓËÕÇÑÚ

ŠÈÌÑÎŸÉÉFÖÓÉÑ�ËÊÌÙÑÏÉËÙŠÛÖ��ÛÉËÇÉ�ÇÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÉÚÖÑÎÉÇÖŠÉÛË�ÑÉËÉÔÕ�ÑÚÉÎÕzÑÏÉÕŠÉÛËÎÉËÉÊË�ÕÊ�ÊÉÎÕzÑ

ÍÛÕÒÛÉÒËÇÉÜÑÉÚÑŠÑÓÊÕÇÑÚÉÔÓÖÊÉŠÛÑÉÓËÇ�ÑÉÖÔÉÕŠÎÉÕÇÚÑ�ŸÉÉ*ÑÓÔÖÓÊËÇÒÑÉÒËÇÉÜÑÉÕÊÌÓÖ�ÑÚÉÜÈÉÙÕÊÕŠÕÇ�ÉŠÛÕÎ

ÊË�ÕÊ�ÊÉÎÕzÑÉŠÖÉËÉ“ÓÑËÎÖÇËÜÙÑ"ÉÇ�ÊÜÑÓŸÉÉRÑÔÑÓÉŠÖÉŠÛÑÉÚÕÎÒ�ÎÎÕÖÇÉÖÇÉ�ÇÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎÉÔÖ�ÇÚÉÕÇ

N"S"É(Ä992)Ÿ

9.2 SUMMARY

improving execution speed

Á )ÎÑÉÌÓË�ÊËÉÃÇÙÕÇÑÉÍÛÑÇÉÒËÙÙÕÇ�ÉÖ�ÑÓÛÑËÚÉÕÎÉËÉÎÕ�ÇÕÔÕÒËÇŠÉÌÖÓŠÕÖÇÉÖÔÉŠÛÑÉÓÖ�ŠÕÇÑ%ÎÉÑ�ÑÒ�ŠÕÖÇÉŠÕÊÑŸ

Á )ÎÑÉÜÙÖÒ#ÎÉŠÖÉÕÇŠÓÖÚ�ÒÑÉÙËŠÑÉÕÇÕŠÕËÙÕzËŠÕÖÇÉ(G�ÕÚÑÙÕÇÑÉÀŸ6Ÿ9)Ÿ

Á RÑÊÖ�ÑÉÜÙÖÒ#ÎÉŠÛËŠÉÕÇŠÓÖÚ�ÒÑÉÖ�ÑÓÛÑËÚŸ

Á )ÎÑÉÒÖÇÎŠÓËÕÇÑÚÉËÓÓËÈÎŸ

Á )ÎÑÉzÑÓÖÉÜËÎÑÚÉÕÇÚÑ�ÕÇ�ÉÔÖÓÉËÓÓËÈÎŸ

Á )ÎÑÉÕÇÒÓÑÊÑÇŠËÙÉÎÒÛÑÊÑÎÉÕÇÎŠÑËÚÉÖÔÉŠÛÑÉmodÉËÇÚÉremÉÖÌÑÓËŠÖÓÎÉÍÛÑÇÉÌÖÎÎÕÜÙÑŸ

Á )ÎÑÉÎŠÓÖÇ�ÉŠÈÌÕÇ�ÉÍÕŠÛÉÒËÓÑÔ�ÙÙÈÉÎÑÙÑÒŠÑÚÉÒÖÇÎŠÓËÕÇŠÎÉŠÖÉÓÑÚ�ÒÑÉÓ�ÇŠÕÊÑÉÒÖÇÎŠÓËÕÇŠÉÒÛÑÒ#ÕÇ�Ÿ
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CHAPTER 10

Complete Examples

ÃÇÉÊËÈÇÍÎÏÌÑËÈÓÔÏÍÉÔÊËÌÖÍÒÎÕÌËÎÑÓŠÑÍÒÊËÉÕÕÚÊÏÑÍÏÉÔŠËÏÇÌËÚÊÌËÓÛËŠÚÉÜÌÕÉÔÌÊÙËËŸÉÔÈÌËÒÍÔŽËÓÛËÏÇÌËŠÚÉÜÌÕÉÔÌÊ

ÕÌÍ�ÌËÏÇÌËÎÑÓŠÑÍÒË�ÑÉÏÌÑËÏÓËÜÌÈÉÜÌË�ÇÍÏËÉÊË�ÌÊÏ�ËÏÇÌÑÌËÉÊËÔÓËÊÉÔŠÕÌË�ÌÊÏËÓÑËÈÓÑÑÌÈÏËÌÖÍÒÎÕÌËÓÛËÇÓ�ËÏÓËÚÊÌË ÜÍÙ
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------------------------------------------------------------------------

package SPC_Numeric_Types is

   type Tiny_Integer   is range -2** 7 .. 2** 7 - 1;

   type Medium_Integer is range -2**15 .. 2**15 - 1;

   type Big_Integer    is range -2**31 .. 2**31 - 1;
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   subtype Tiny_Natural   is

                          Tiny_Integer   range 0 ..   Tiny_Integer’Last;

   subtype Medium_Natural is

                          Medium_Integer range 0 .. Medium_Integer’Last;

   subtype Big_Natural    is

                          Big_Integer    range 0 ..    Big_Integer’Last;

   subtype Tiny_Positive   is

                          Tiny_Integer   range 1 ..   Tiny_Integer’Last;

   subtype Medium_Positive is

                          Medium_Integer range 1 .. Medium_Integer’Last;

   subtype Big_Positive    is

                          Big_Integer    range 1 ..    Big_Integer’Last;

   type Medium_Float is digits 6;

   type Big_Float    is digits 9;

   subtype Probabilities is Medium_Float range 0.0 .. 1.0;

   function Min (Left  : in     Tiny_Integer;

                 Right : in     Tiny_Integer)

         return Tiny_Integer;

   function Max (Left  : in     Tiny_Integer;

                 Right : in     Tiny_Integer)

         return Tiny_Integer;

   -- Additional function declarations to return the minimum and maximum

   --|   values for each type.

end SPC_Numeric_Types;

------------------------------------------------------------------------

package body SPC_Numeric_Types is

   ---------------------------------------------------------------------

   function Min (Left  : in     Tiny_Integer;

                 Right : in     Tiny_Integer)

         return Tiny_Integer is

   begin

      if Left < Right then

         return Left;

      else -- Left >= Right

         return Right;

      end if;

   end Min;

   ---------------------------------------------------------------------

   function Max (Left  : in     Tiny_Integer;

                 Right : in     Tiny_Integer)

         return Tiny_Integer is

   begin

      if Left > Right then

         return Left;

      else -- Left <= Right

         return Right;

      end if;

   end Max;

   ---------------------------------------------------------------------

   -- Additional functions to return minimum and maximum value for each

   --|   type defined in the package.

end SPC_Numeric_Types;

------------------------------------------------------------------------
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with SPC_Numeric_Types;

with Text_IO;

package SPC_Small_Integer_IO is

      new Text_IO.Integer_IO (SPC_Numeric_Types.Tiny_Integer);

with SPC_Numeric_Types;

with Text_IO;

package Medium_Integer_IO is

      new Text_IO.Integer_IO (SPC_Numeric_Types.Medium_Integer);

with SPC_Numeric_Types;

with Text_IO;

package Big_Integer_IO is

      new Text_IO.Integer_IO (SPC_Numeric_Types.Big_Integer);

with SPC_Numeric_Types;

with Text_IO;

package Medium_Float_IO is

      new Text_IO.Float_IO   (SPC_Numeric_Types.Medium_Float);

with SPC_Numeric_Types;

with Text_IO;

package Big_Float_IO is

      new Text_IO.Float_IO   (SPC_Numeric_Types.Big_Float);

------------------------------------------------------------------------

with SPC_Numeric_Types;

use  SPC_Numeric_Types;

package Terminal_IO is

   Max_File_Name_Length : constant := 30;

   Max_Line             : constant := 30;

   subtype Alpha_Numeric is Character range ’0’ .. ’Z’;

   subtype Line          is String (1 .. Max_Line);

   Empty_Line : constant Line := (others => ’ ’);

   type Menu is array (Alpha_Numeric) of Line;

   subtype File_Name is String (1 .. Max_File_Name_Length);

   procedure Get_File_Name (Prompt      : in     String;

                            Name        :    out File_Name;

                            Name_Length :    out Natural);

   function Yes (Prompt : in     String) return Boolean;

   function Get (Prompt : in     String) return Medium_Integer;

   function Get (Prompt : in     String) return Medium_Float;

   procedure Display_Menu (Title   : in     String;

                           Options : in     Menu;

                           Choice  :    out Alpha_Numeric);

   procedure Pause (Prompt : in     String);

   procedure Pause;

   procedure Put (Integer_Value : in     Medium_Integer);

   procedure Put (Real_Value    : in     Medium_Float);

   procedure Put (Label         : in     String;

                  Integer_Value : in     Medium_Integer);

   procedure Put (Label         : in     String;

                  Real_Value    : in     Medium_Float);

   procedure Put_Line (Integer_Value : in     Medium_Integer);

   procedure Put_Line (Real_Value    : in     Medium_Float);

   procedure Put_Line (Label         : in     String;

                       Integer_Value : in     Medium_Integer);

   procedure Put_Line (Label         : in     String;

                       Real_Value    : in     Medium_Float);

end Terminal_IO;

------------------------------------------------------------------------
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with Medium_Integer_IO;

with Medium_Float_IO;

with Text_IO;

package body Terminal_IO is

   -- simple terminal i/o routines

   subtype Response is String (1 .. 20);

   Prompt_Column   : constant           := 30;

   Question_Mark   : constant String    := " ? ";

   Standard_Prompt : constant String    := " ==> ";

   Blank           : constant Character := ’ ’;

   Real_Fore     : constant := 4;

   Real_Aft      : constant := 3;

   Integer_Width : constant := 4;

   ---------------------------------------------------------------------

   procedure Put_Prompt (Prompt   : in     String;

                         Question : in     Boolean := False) is

      use Text_IO;

   begin

      Put(Prompt);

      if Question then

         Put(Question_Mark);

      end if;

      Set_Col(Prompt_Column);

      Put(Standard_Prompt);

   end Put_Prompt;

   ---------------------------------------------------------------------

   function Yes (Prompt : in     String) return Boolean is

      Response_String : Response := (others => Blank);

      Response_String_Length : Natural;

   begin  -- Yes

      Get_Response:

         loop

            Put_Prompt(Prompt, Question => True);

            Text_IO.Get_Line(Response_String, Response_String_Length);

            Find_First_Non_Blank_Character:

               for Position in 1 .. Response_String_Length loop

                  if Response_String(Position) /= Blank then

                     return Response_String(Position) = ’Y’ or

                           Response_String(Position) = ’y’;

                  end if;

               end loop Find_First_Non_Blank_Character;

            -- issue prompt until non-blank responses

            Text_IO.New_Line;

         end loop Get_Response;

   end Yes;

   ---------------------------------------------------------------------

   procedure Get_File_Name (Prompt      : in     String;

                            Name        :    out File_Name;

                            Name_Length :    out Natural) is

   begin

      Put_Prompt(Prompt);

      Text_IO.Get_Line(Name, Name_Length);

   end Get_File_Name;

   ---------------------------------------------------------------------

   function Get (Prompt : in     String) return Medium_Integer is



10&*9;Ã;Ë;< &*9;ŸËËÄ>Ä

      Response_String : Response := (others => Blank);

      Last            : Natural;               -- Required by Get_Line.

      Value           : Medium_Integer;

   begin  -- Get

      loop

         Catch_Input_Errors:

            begin

               Put_Prompt(Prompt);

               Text_IO.Get_Line(Response_String, Last);

               Value :=

                     Medium_Integer’Value(Response_String(1 .. Last));

               return Value;

            exception

               when others =>

                  Text_IO.Put_Line("Please enter an integer");

            end Catch_Input_Errors;

      end loop;

   end Get;

   ---------------------------------------------------------------------

   procedure Display_Menu (Title   : in     String;

                           Options : in     Menu;

                           Choice  :    out Alpha_Numeric) is separate;

   ---------------------------------------------------------------------

   procedure Pause (Prompt : in     String) is

   begin

      Text_IO.Put_Line(Prompt);

      Pause;

   end Pause;

   ---------------------------------------------------------------------

   procedure Pause is

      Buffer : Response;

      Last : Natural;

   begin  -- Pause

      Text_IO.Put("Press return to continue");

      Text_IO.Get_Line(Buffer, Last);

   end Pause;

   ---------------------------------------------------------------------

   function Get (Prompt : in     String) return Medium_Float is

      Value : Medium_Float;

   begin  -- Get

      loop

         Catch_Input_Errors:

            begin

               Put_Prompt(Prompt);

               Medium_Float_IO.Get(Value);

               Text_IO.Skip_Line;

               return Value;

            exception

               when others =>

                  Text_IO.Skip_Line;

                  Text_IO.Put_Line("Please enter a real number");

            end Catch_Input_Errors;

      end loop;

   end Get;

   ---------------------------------------------------------------------
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   procedure Put (Integer_Value : in     Medium_Integer) is

   begin

      Medium_Integer_IO.Put(Integer_Value, Width => Integer_Width);

   end Put;

   ---------------------------------------------------------------------

   procedure Put (Real_Value : in     Medium_Float) is

   begin

      Medium_Float_IO.Put

               (Real_Value,

                Fore => Real_Fore,

                Aft  => Real_Aft,

                Exp  => 0);

   end Put;

   ---------------------------------------------------------------------

   procedure Put (Label         : in     String;

                  Integer_Value : in     Medium_Integer) is

   begin

      Text_IO.Put(Label);

      Medium_Integer_IO.Put(Integer_Value);

   end Put;

   ---------------------------------------------------------------------

   procedure Put (Label      : in     String;

                  Real_Value : in     Medium_Float) is

   begin

      Text_IO.Put(Label);

      Medium_Float_IO.Put

               (Real_Value,

                Fore => Real_Fore,

                Aft  => Real_Aft,

                Exp  => 0);

   end Put;

   ---------------------------------------------------------------------

   procedure Put_Line (Integer_Value : in     Medium_Integer) is

   begin

      Terminal_IO.Put(Integer_Value);

      Text_IO.New_Line;

   end Put_Line;

   ---------------------------------------------------------------------

   procedure Put_Line (Real_Value : in     Medium_Float) is

   begin

      Terminal_IO.Put(Real_Value);

      Text_IO.New_Line;

   end Put_Line;

   ---------------------------------------------------------------------

   procedure Put_Line (Label         : in     String;

                       Integer_Value : in     Medium_Integer) is

   begin

      Terminal_IO.Put(Label, Integer_Value);

      Text_IO.New_Line;

   end Put_Line;

   ---------------------------------------------------------------------

   procedure Put_Line (Label      : in     String;

                       Real_Value : in     Medium_Float) is

   begin

      Terminal_IO.Put(Label, Real_Value);

      Text_IO.New_Line;

   end Put_Line;

   ---------------------------------------------------------------------

end Terminal_IO;

------------------------------------------------------------------------
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separate (Terminal_IO)

procedure Display_Menu (Title   : in     String;

                        Options : in     Menu;

                        Choice  :    out Alpha_Numeric) is

   Left_Column  : constant := 15;

   Right_Column : constant := 20;

   type Alpha_Array is array (Alpha_Numeric) of Boolean;

   Valid        : Boolean;

   Valid_Option : Alpha_Array := (others => False);

   ---------------------------------------------------------------------

   procedure Draw_Menu (Title   : in     String;

                        Options : in     Menu) is

      use Text_IO;

   begin

      New_Page;

      New_Line;

      Set_Col(Right_Column);

      Put_Line(Title);

      New_Line;

      for Choice in Alpha_Numeric loop

         if Options(Choice) /= Empty_Line then

            Valid_Option(Choice) := True;

            Set_Col(Left_Column);

            Put(Choice & " -- ");

            Put_Line(Options(Choice));

         end if;

      end loop;

   end Draw_Menu;

   ---------------------------------------------------------------------

   procedure Get_Response (Valid  :    out Boolean;

                           Choice :    out Alpha_Numeric) is

      Buffer_Size : constant               := 20;

      Dummy       : constant Alpha_Numeric := ’X’;

      First_Char : Character;

      Buffer     : String (1 .. Buffer_Size);

      -- IMPLEMENTATION NOTE:

      -- The following two declarations do not use locally defined types

      --|   because a variable of type Natural is required by the

      --|   Text_IO routines for strings, and there is no relational

      --|   operator defined for our local Tiny_, Medium_, or

      --|   Big_Positive and the standard type Natural.

      Last  : Natural;

      Index : Positive;

      ------------------------------------------------------------------

      function Upper_Case (Current_Char : in     Character)

              return Character is

         Case_Difference : constant

                         := Character’Pos(’a’) - Character’Pos(’A’);

      begin  -- Upper_Case

         if Current_Char in ’a’ .. ’z’ then

            return

              Character’Val

                (Character’Pos(Current_Char) - Case_Difference);

         else -- Current_Char not in ’a’ .. ’z’

            return Current_Char;

         end if;
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      end Upper_Case;

      ------------------------------------------------------------------

      use Text_IO;

   begin  -- Get_Response

      New_Line;

      Set_Col(Left_Column);

      Put(Standard_Prompt);

      Get_Line(Buffer, Last);

      Index := Buffer’First;

      for Position in Buffer’First .. Last loop

         Index := Position;

         exit when Upper_Case(Buffer(Index)) in Alpha_Numeric;

      end loop;

      First_Char := Upper_Case(Buffer(Index));

      if First_Char in Alpha_Numeric and then

         Valid_Option(First_Char) then

         Valid  := True;

         Choice := First_Char;

      else -- not a valid character

         Valid  := False;

         Choice := Dummy;

      end if;

   end Get_Response;

   ---------------------------------------------------------------------

   procedure Beep is

   begin

      Text_IO.Put(ASCII.Bel);

   end Beep;

   ---------------------------------------------------------------------

begin  -- Display_Menu

   loop

      Draw_Menu(Title, Options);

      Get_Response(Valid, Choice);

      exit when Valid;

      Beep;

   end loop;

end Display_Menu;

------------------------------------------------------------------------

with SPC_Numeric_Types;

with Terminal_IO;

procedure Example is

   package TIO renames Terminal_IO;

   Example_Menu : constant TIO.Menu := TIO.Menu’

                  (’A’    => "Add item                      ",

                   ’D’    => "Delete item                   ",

                   ’M’    => "Modify item                   ",

                   ’Q’    => "Quit                          ",

                   others => TIO.Empty_Line);

   User_Choice : TIO.Alpha_Numeric;

   Item        : SPC_Numeric_Types.Medium_Integer;

begin  -- Example

   loop

      TIO.Display_Menu("Example Menu", Example_Menu, User_Choice);
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      case User_Choice is

         when ’A’    =>    Item := TIO.Get ("Item to add");

         when ’D’    =>    Item := TIO.Get ("Item to delete");

         when ’M’    =>    Item := TIO.Get ("Item to modify");

         when ’Q’    =>    exit;

         when others => -- error has already been signaled to user

            null;

      end case;

   end loop;

end Example;

------------------------------------------------------------------------

--  This is what is displayed, anything but A, D, M or Q beeps

--

--                 Example Menu

--

--            A -- Add item

--            D -- Delete item

--            M -- Modify item

--            Q -- Quit

--

--             ==>

10.2 LINE-ORIENTED PORTABLE DINING PHILOSOPHERS EXAMPLE
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------------------------------------------------------------------------

with SPC_Numeric_Types;

use  SPC_Numeric_Types;

package Random is

   -- Simple pseudo-random number generator package.

   -- Adapted from the Ada literature by

   -- Michael B. Feldman, The George Washington University,

   -- November 1990.

   procedure Set_Seed (N : in     Medium_Positive);

   function Unit_Random return Medium_Float;

   --returns a float >=0.0 and <1.0

   function Random_Int (N : in     Medium_Positive)

         return Medium_Positive;

   --return a random integer in the range 1..N

end Random;
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------------------------------------------------------------------------

package Chop is

   task type Stick is

      entry Pick_Up;

      entry Put_Down;

   end Stick;

end Chop;

------------------------------------------------------------------------

with SPC_Numeric_Types;

use  SPC_Numeric_Types;

package Phil is

   task type Philosopher is

      entry Come_To_Life (My_ID      : in     Medium_Natural;

                          Chopstick1 : in     Medium_Natural;

                          Chopstick2 : in     Medium_Natural);

   end Philosopher;

   type States is

         (Breathing,       Thinking,        Eating,        Done_Eating,

          Got_One_Stick,   Got_Other_Stick);

end Phil;

------------------------------------------------------------------------

with SPC_Numeric_Types;

use  SPC_Numeric_Types;

with Chop;

with Phil;

package Room is

   Table_Size : constant := 5;

   subtype Table_Type is Medium_Natural range 1 .. Table_Size;

   Sticks : array (Table_Type) of Chop.Stick;

   task Head_Waiter is

      entry Open_The_Room;

      entry Report_State (Which_Phil : in     Table_Type;

                          State      : in     Phil.States;

                          How_Long   : in     Medium_Natural := 0);

   end Head_Waiter;

end Room;

------------------------------------------------------------------------

with Room;

procedure Diners is

begin

   Room.Head_Waiter.Open_The_Room;

   loop

      delay 20.0;

   end loop;

end Diners;

------------------------------------------------------------------------

with Calendar;

with SPC_Numeric_Types;

use  Calendar;

use  SPC_Numeric_Types;

package body Random is



10&*9;Ã;Ë;< &*9;ŸËËÄ>Å

   -- Body of random number generator package.

   -- Adapted from the Ada literature by

   -- Michael B. Feldman, The George Washington University,

   -- November 1990.

   Modulus : constant := 9_317;

   subtype Seed_Range is Medium_Integer range 0 .. Modulus - 1;

   Seed : Seed_Range;

   Default_Seed : Seed_Range;

   procedure Set_Seed

         (N : in     Medium_Positive) is separate;

   function Unit_Random

         return Medium_Float is separate;

   function Random_Int

         (N : in     Medium_Positive)

         return Medium_Positive is separate;

begin

   Default_Seed :=

         Medium_Integer(Big_Integer(Seconds(Clock)) mod Modulus);

   Seed := Default_Seed;

end Random;

------------------------------------------------------------------------

separate (Random)

procedure Set_Seed (N : in     Medium_Positive) is

begin

   Seed := Seed_Range(N);

end Set_Seed;

------------------------------------------------------------------------

separate (Random)

function Unit_Random return Medium_Float is

   Multiplier : constant    := 421;

   Increment  : constant    := 2_073;

   Result     : Medium_Float;

begin  -- Unit_Random

   Seed  := (Multiplier * Seed + Increment) mod Modulus;

   Result := Medium_Float(Seed) / Medium_Float(Modulus);

   return Result;

exception

   when Constraint_Error | Numeric_Error =>

      Seed := Medium_Integer

               ((Multiplier * Big_Integer(Seed) + Increment) mod

                Modulus);

      Result := Medium_Float(Seed) / Medium_Float(Modulus);

      return Result;

end Unit_Random;

------------------------------------------------------------------------

separate (Random)

function Random_Int (N : in     Medium_Positive)

      return Medium_Positive is

   Result : Medium_Positive range 1 .. N;

begin  -- Random_Int

   Result := Medium_Positive(Medium_Float(N) * Unit_Random + 0.5);

   return Result;
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exception

   when Constraint_Error | Numeric_Error =>

      return 1;

end Random_Int;

------------------------------------------------------------------------

package body Chop is

   task body Stick is

   begin

      loop

         select

            accept Pick_Up;

            accept Put_Down;

         or

            terminate;

         end select;

      end loop;

   -- No exception handler is needed here.

   end Stick;

end Chop;

------------------------------------------------------------------------

with SPC_Numeric_Types;

with Room;

with Random;

use  SPC_Numeric_Types;

package body Phil is

   task body Philosopher is

      type Life_Time is range 1 .. 100_000;

      Who_Am_I    : Medium_Natural;

      First_Grab  : Medium_Natural;

      Second_Grab : Medium_Natural;

      Meal_Time   : Medium_Natural;

      Think_Time  : Medium_Natural;

   begin  -- Philosopher

      accept Come_To_Life (My_ID      : in     Medium_Natural;

                           Chopstick1 : in     Medium_Natural;

                           Chopstick2 : in     Medium_Natural) do

         Who_Am_I    := My_ID;

         First_Grab  := Chopstick1;

         Second_Grab := Chopstick2;

      end Come_To_Life;

      Room.Head_Waiter.Report_State(Who_Am_I, Breathing);

      for Meal in Life_Time loop

         Room.Sticks(First_Grab).Pick_Up;

         Room.Head_Waiter.Report_State

                  (Who_Am_I, Got_One_Stick, First_Grab);

         Room.Sticks(Second_Grab).Pick_Up;

         Room.Head_Waiter.Report_State

                  (Who_Am_I, Got_Other_Stick, Second_Grab);

         Meal_Time := Random.Random_Int(10);

         Room.Head_Waiter.Report_State(Who_Am_I, Eating, Meal_Time);

         delay Duration(Meal_Time);

         Room.Head_Waiter.Report_State(Who_Am_I, Done_Eating);

         Room.Sticks(First_Grab).Put_Down;

         Room.Sticks(Second_Grab).Put_Down;
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         Think_Time := Random.Random_Int(10);

         Room.Head_Waiter.Report_State

                  (Who_Am_I, Thinking, Think_Time);

         delay Duration(Think_Time);

      end loop;

   -- No exception handler is needed here.

   end Philosopher;

end Phil;

------------------------------------------------------------------------

with SPC_Numeric_Types;

use  SPC_Numeric_Types;

with Text_IO;

with Chop;

with Phil;

with Calendar;

pragma Elaborate (Phil);

package body Room is

   -- A line-oriented version of the Room package, for line-oriented

   -- terminals like IBM 3270’s where the user cannot do ASCII

   -- screen control.

   -- This is the only file in the dining philosophers system that

   -- needs changing to use in a line-oriented environment.

   -- Michael B. Feldman, The George Washington University,

   -- November 1990.

   Phils : array (Table_Type) of Phil.Philosopher;

   type Phil_Name is (Dijkstra, Texel, Booch, Ichbiah, Stroustrup);

   task body Head_Waiter is

      T : Medium_Natural;

      Start_Time : Calendar.Time;

      Phil_Names : constant array (Table_Type) of String (1 .. 18)

                 := ("Eddy Dijkstra     ", "Putnam Texel      ",

                     "Grady Booch       ", "Jean Ichbiah      ",

                     "Bjarne Stroustrup ");

      Blanks : constant String := "     ";

   begin  -- Head_Waiter

      accept Open_The_Room;

      Start_Time := Calendar.Clock;

      Phils(1).Come_To_Life(1, 1, 2);

      Phils(3).Come_To_Life(3, 3, 4);

      Phils(2).Come_To_Life(2, 2, 3);

      Phils(5).Come_To_Life(5, 1, 5);

      Phils(4).Come_To_Life(4, 4, 5);

      loop

         select

            accept Report_State (Which_Phil : in     Table_Type;

                                 State      : in     Phil.States;

                                 How_Long   : in     Medium_Natural

                                            := 0) do

               T := Medium_Natural

                        (Calendar."-"(Calendar.Clock, Start_Time));

               Text_IO.Put ("T=" & Medium_Natural’Image(T) & " " &

                            Blanks(1 .. Positive(Which_Phil)) &

                            Phil_Names(Which_Phil));

               case State is

                  when Phil.Breathing =>

                     Text_IO.Put("Breathing");
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                  when Phil.Thinking =>

                     Text_IO.Put ("Thinking" &

                                  Medium_Natural’Image(How_Long) &

                                  " seconds.");

                  when Phil.Eating =>

                     Text_IO.Put ("Eating" &

                                  Medium_Natural’Image(How_Long) &

                                  " seconds.");

                  when Phil.Done_Eating =>

                     Text_IO.Put("Yum-yum (burp)");

                  when Phil.Got_One_Stick =>

                     Text_IO.Put ("First chopstick" &

                                  Medium_Natural’Image(How_Long));

                  when Phil.Got_Other_Stick =>

                     Text_IO.Put ("Second chopstick" &

                                  Medium_Natural’Image(How_Long));

               end case;  -- State

               Text_IO.New_Line;

            end Report_State;

      or

            terminate;

         end select;

      end loop;

   -- An exception handler is not needed here.

   end Head_Waiter;

end Room;

------------------------------------------------------------------------

10.3 WINDOW-ORIENTED PORTABLE DINING PHILOSOPHERS EXAMPLE
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------------------------------------------------------------------------

package Screen is

   -- Procedures for drawing pictures on ANSI Terminal Screen

   Screen_Depth : constant := 24;

   Screen_Width : constant := 80;

   subtype Depth is Integer range 1 .. Screen_Depth;

   subtype Width is Integer range 1 .. Screen_Width;
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   procedure Beep;

   procedure Clear_Screen;

   procedure Move_Cursor (Column : in     Width;

                          Row    : in     Depth);

end Screen;

------------------------------------------------------------------------

with Screen;

use  Screen;

package Windows is

   type Window is private;

   procedure Open

         (W      : in out Window;       -- Window variable returned

          Row    : in     Depth;        -- Upper left corner

          Column : in     Width;

          Height : in     Depth;        -- Size of window

          Width  : in     Screen.Width);

   -- Create a window variable and open the window for writing.

   -- No checks for overlap of windows are made.

   procedure Close (W : in out Window);

   -- Close window and clear window variable.

   procedure Title (W     : in out Window;

                    Name  : in     String;

                    Under : in     Character);

   -- Put a title name at the top of the window.  If the parameter

   -- Under is nonblank, underline the title with the

   -- specified character.

   procedure Borders (W      : in out Window;

                      Corner : in     Character;

                      Down   : in     Character;

                      Across : in     Character);

   -- Draw border around current writable area in window with

   -- characters specified.  Call this BEFORE Title.

   procedure Go_To_Row_Column (W      : in out Window;

                               Row    : in     Depth;

                               Column : in     Width);

   -- Goto the row and column specified.  Coordinates are relative

   -- to the upper left corner of window, which is (1, 1)

   procedure Put

         (W  : in out Window;

          Ch : in     Character);

   -- put one character to the window.

   -- If end of column, go to the next row.

   -- If end of window, go to the top of the window.

   procedure Put_String (W : in out Window;

                         S : in     String);

   -- put a string to window.

   procedure New_Line (W : in out Window);

   -- Go to beginning of next line.  Next line is

   -- not blanked until next character is written

private

   type Window is

      record

         Current_Row    : Depth;          -- Current cursor row

         First_Row      : Depth;

         Last_Row       : Depth;
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         Current_Column : Width;          -- Current cursor column

         First_Column   : Width;

         Last_Column    : Width;

      end record;

end Windows;

------------------------------------------------------------------------

with Text_IO;

package body Screen is

   package My_Int_IO is new Text_IO.Integer_IO (Integer);

   -- Procedures for drawing pictures on ANSI Terminal Screen

   ---------------------------------------------------------------------

   procedure Beep is

   begin

      Text_IO.Put(Item => ASCII.Bel);

   end Beep;

   ---------------------------------------------------------------------

   procedure Clear_Screen is

   begin

      Text_IO.Put(Item => ASCII.Esc);

      Text_IO.Put(Item => "[2J");

   end Clear_Screen;

   ---------------------------------------------------------------------

   procedure Move_Cursor (Column : in     Width;

                          Row    : in     Depth) is

   begin

      Text_IO.New_Line;

      Text_IO.Put(Item => ASCII.Esc);

      Text_IO.Put("[");

      My_Int_IO.Put (Item  => Row,

                     Width => 1);

      Text_IO.Put(Item => ’;’);

      My_Int_IO.Put (Item  => Column,

                     Width => 1);

      Text_IO.Put(Item => ’f’);

   end Move_Cursor;

   ---------------------------------------------------------------------

end Screen;

------------------------------------------------------------------------

with Text_IO;

with Medium_Integer_IO;

with Screen;

use  Text_IO;

use  Medium_Integer_IO;

use  Screen;

package body Windows is

   Cursor_Row : Depth := 1;            -- Current cursor position

   Cursor_Col : Width := 1;

   ---------------------------------------------------------------------

   procedure Open

         (W      : in out Window;

          Row    : in     Depth;

          Column : in     Width;

          Height : in     Depth;

          Width  : in     Screen.Width) is
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      --Put the Window’s cursor in upper left corner

   begin

      W.Current_Row := Row;

      W.First_Row := Row;

      W.Last_Row := Row + Height - 1;

      W.Current_Column := Column;

      W.First_Column := Column;

      W.Last_Column := Column + Width - 1;

   end Open;

   ---------------------------------------------------------------------

   procedure Close (W : in out Window) is

   begin

      null;

   end Close;

   ---------------------------------------------------------------------

   procedure Title (W     : in out Window;

                    Name  : in     String;

                    Under : in     Character) is

      -- Put name at the top of the Window.  If Under nonblank,

      -- underline the title.

   begin

      -- Put name on top line

      W.Current_Column := W.First_Column;

      W.Current_Row := W.First_Row;

      Put_String(W, Name);

      New_Line(W);

      -- Underline name if desired, and move the First line

      -- of the Window below the title

      if Under = ’ ’ then

         W.First_Row := W.First_Row + 1;

      else  -- put nonblank characters under title

         for I in W.First_Column .. W.Last_Column loop

            Put(W, Under);

         end loop;

         New_Line(W);

         W.First_Row := W.First_Row + 2;

      end if;

   end Title;

   ---------------------------------------------------------------------

   procedure Go_To_Row_Column (W      : in out Window;

                               Row    : in     Depth;

                               Column : in     Width) is

      -- Relative to writable Window boundaries, of course

   begin

      W.Current_Row    := W.First_Row    + Row;

      W.Current_Column := W.First_Column + Column;

   end Go_To_Row_Column;

   ---------------------------------------------------------------------

   procedure Borders (W      : in out Window;

                      Corner : in     Character;

                      Down   : in     Character;

                      Across : in     Character) is

      -- Draw border around current writable area in Window

      -- with characters. Call this BEFORE Title.

   begin

      -- Put top line of border

      Screen.Move_Cursor(W.First_Column, W.First_Row);

      Text_IO.Put(Corner);
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      for J in W.First_Column + 1 .. W.Last_Column - 1 loop

         Text_IO.Put(Across);

      end loop;

      Text_IO.Put(Corner);

      -- Put the two side lines

      for I in W.First_Row + 1 .. W.Last_Row - 1 loop

         Screen.Move_Cursor(W.First_Column, I);

         Text_IO.Put(Down);

         Screen.Move_Cursor(W.Last_Column, I);

         Text_IO.Put(Down);

      end loop;

      -- Put the bottom line of the border

      Screen.Move_Cursor(W.First_Column, W.Last_Row);

      Text_IO.Put(Corner);

      for J in W.First_Column + 1 .. W.Last_Column - 1 loop

         Text_IO.Put(Across);

      end loop;

      Text_IO.Put(Corner);

      -- Put the cursor at the very end of the Window

      Cursor_Row := W.Last_Row;

      Cursor_Col := W.Last_Column + 1;

      -- Make the Window smaller by one character on each side

      W.First_Row := W.First_Row + 1;

      W.Current_Row := W.First_Row;

      W.Last_Row := W.Last_Row - 1;

      W.First_Column := W.First_Column + 1;

      W.Current_Column := W.First_Column;

      W.Last_Column := W.Last_Column - 1;

   end Borders;

   ---------------------------------------------------------------------

   procedure Erase_To_End_Of_Line (W : in out Window) is

   begin

      Screen.Move_Cursor(W.Current_Column, W.Current_Row);

      for I in W.Current_Column .. W.Last_Column loop

         Text_IO.Put(’ ’);

      end loop;

      Screen.Move_Cursor(W.Current_Column, W.Current_Row);

      Cursor_Col := W.Current_Column;

      Cursor_Row := W.Current_Row;

   end Erase_To_End_Of_Line;

   ---------------------------------------------------------------------

   procedure Put (W  : in out Window;

                  Ch : in     Character) is

      -- If after end of line, move to First character of next line

      -- If about to write First character on line, blank rest of

      -- line.

      -- Put character.

   begin

      if Ch = ASCII.CR then

         New_Line(W);

         return;

      end if;

      -- If at end of current line, move to next line

      if W.Current_Column > W.Last_Column then

         if W.Current_Row = W.Last_Row then

            W.Current_Row := W.First_Row;

         else  -- not at end of current line

            W.Current_Row := W.Current_Row + 1;

         end if;
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         W.Current_Column := W.First_Column;

      end if;

      -- If at W.First char, erase line

      if W.Current_Column = W.First_Column then

         Erase_To_End_Of_Line(W);

      end if;

      -- Put physical cursor at Window’s cursor

      if Cursor_Col /= W.Current_Column or

         Cursor_Row /= W.Current_Row    then

         Screen.Move_Cursor(W.Current_Column, W.Current_Row);

         Cursor_Row := W.Current_Row;

      end if;

      if Ch = ASCII.BS then

         -- Special backspace handling

         if W.Current_Column /= W.First_Column then

            Text_IO.Put(Ch);

            W.Current_Column := W.Current_Column - 1;

         end if;

      else  -- character is not a backspace, so just write it

         Text_IO.Put(Ch);

         W.Current_Column := W.Current_Column + 1;

      end if;

      Cursor_Col := W.Current_Column;

   end Put;

   ---------------------------------------------------------------------

   procedure New_Line (W : in out Window) is

      Col : Width;

      -- If not after line, blank rest of line.

      -- Move to First character of next line

   begin  -- New_Line

      if W.Current_Column = 0 then

         Erase_To_End_Of_Line(W);

      end if;

      if W.Current_Row = W.Last_Row then

         W.Current_Row := W.First_Row;

      else  -- not at bottom of screen

         W.Current_Row := W.Current_Row + 1;

      end if;

      W.Current_Column := W.First_Column;

   end New_Line;

   ---------------------------------------------------------------------

   procedure Put_String (W : in out Window;

                         S : in     String) is

   begin

      for I in S’First .. S’Last loop

         Put(W, S(I));

      end loop;

   end Put_String;

   ---------------------------------------------------------------------

begin  -- Windows

   Screen.Clear_Screen;

   Screen.Move_Cursor(1, 1);

end Windows;

------------------------------------------------------------------------
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with SPC_Numeric_Types;

with Windows;

with Chop;

with Phil;

with Calendar;

use  SPC_Numeric_Types;

pragma Elaborate (Phil);

package body Room is

   Phils        : array (Table_Type) of Phil.Philosopher;

   Phil_Windows : array (Table_Type) of Windows.Window;

   type Phil_Names is (Dijkstra, Texel, Booch, Ichbiah, Stroustrup);

   task body Head_Waiter is

      T          : Medium_Positive;

      Start_Time : Calendar.Time;

   begin  -- Head_Waiter

      accept Open_The_Room;

      Start_Time := Calendar.Clock;

      Windows.Open (W      => Phil_Windows(1),

                    Row    => 1,

                    Column => 23,

                    Height => 7,

                    Width  => 30);

      Windows.Borders(Phil_Windows(1), ’+’, ’|’, ’-’);

      Windows.Title  (Phil_Windows(1), "Eddy Dijkstra", ’-’);

      Phils(1).Come_To_Life(1, 1, 2);

      Windows.Open (W      => Phil_Windows(3),

                    Row    => 9,

                    Column => 50,

                    Height => 7,

                    Width  => 30);

      Windows.Borders(Phil_Windows(3), ’+’, ’|’, ’-’);

      Windows.Title  (Phil_Windows(3), "Grady Booch", ’-’);

      Phils(3).Come_To_Life(3, 3, 4);

      Windows.Open (W      => Phil_Windows(2),

                    Row    => 9,

                    Column => 2,

                    Height => 7,

                    Width  => 30);

      Windows.Borders(Phil_Windows(2), ’+’, ’|’, ’-’);

      Windows.Title  (Phil_Windows(2), "Putnam Texel", ’-’);

      Phils(2).Come_To_Life(2, 2, 3);

      Windows.Open (W      => Phil_Windows(5),

                    Row    => 17,

                    Column => 41,

                    Height => 7,

                    Width  => 30);

      Windows.Borders(Phil_Windows(5), ’+’, ’|’, ’-’);

      Windows.Title  (Phil_Windows(5), "Bjarne Stroustrup", ’-’);

      Phils(5).Come_To_Life(5, 1, 5);

      Windows.Open (W      => Phil_Windows(4),

                    Row    => 17,

                    Column => 8,

                    Height => 7,

                    Width  => 30);

      Windows.Borders(Phil_Windows(4), ’+’, ’|’, ’-’);

      Windows.Title  (Phil_Windows(4), "Jean Ichbiah", ’-’);

      Phils(4).Come_To_Life(4, 4, 5);
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      loop

         select

            accept Report_State

                  (Which_Phil : in     Table_Type;

                   State      : in     Phil.States;

                   How_Long   : in     Medium_Natural := 0) do

               T :=

                     Medium_Natural

                        (Calendar."-"(Calendar.Clock, Start_Time));

               Windows.Put_String

                        (Phil_Windows(Which_Phil),

                         "T=" & Medium_Natural’Image(T) & " ");

               case State is

                  when Phil.Breathing =>

                     Windows.Put_String

                              (Phil_Windows(Which_Phil),

                               "Breathing...");

                     Windows.New_Line(Phil_Windows(Which_Phil));

                  when Phil.Thinking =>

                     Windows.Put_String

                        (Phil_Windows(Which_Phil),

                         "Thinking" & Medium_Natural’Image(How_Long) &

                         " seconds.");

                     Windows.New_Line(Phil_Windows(Which_Phil));

                  when Phil.Eating =>

                     Windows.Put_String

                        (Phil_Windows(Which_Phil),

                         "Eating" & Medium_Natural’Image(How_Long) &

                         " seconds.");

                     Windows.New_Line(Phil_Windows(Which_Phil));

                  when Phil.Done_Eating =>

                     Windows.Put_String

                              (Phil_Windows(Which_Phil),

                               "Yum-yum (burp)");

                     Windows.New_Line(Phil_Windows(Which_Phil));

                  when Phil.Got_One_Stick =>

                     Windows.Put_String

                        (Phil_Windows(Which_Phil),

                         "First chopstick" &

                         Medium_Natural’Image(How_Long));

                     Windows.New_Line(Phil_Windows(Which_Phil));

                  when Phil.Got_Other_Stick =>

                     Windows.Put_String

                        (Phil_Windows(Which_Phil),

                         "Second chopstick" &

                         Medium_Natural’Image(How_Long));

                     Windows.New_Line(Phil_Windows(Which_Phil));

               end case;

            end Report_State;

         or

            terminate;

         end select;

      end loop;

   -- An exception handler is not needed here.

   end Head_Waiter;

end Room;

------------------------------------------------------------------------
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�Ã)Ã� 5ÌÈÍ5ÙËÈÍÇÏÖÜÓ! ŠÃÄÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

�ÃÀ -ÈÉÊÖÔÍ5ÙËÈ ŠÃÄÃŠ*Í%Ã#ÃÄ*Í%Ã#ÃŠ*Í%Ã#Ã�*Í%ÃÅÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

�ÃÀÃÄ �Ü ÉÖÜÛÜÓÑÓÏ 

�ÃÀÃŠ �Ü ÉÖÜÛÜÓÑÓÏÍÚÊÓ ÏÖÑÜÓÏ 

�ÃÀÃ� :ÑÖÜÑÓÏÍ,ÑÖÏ 

�ÃÀÃ# 3ËÈÖÑÏÜÊÓ ÍÊÎÍ-ÈÉÊÖÔÍ5ÙËÈ 

�Ã( 1ÉÉÈ  Í5ÙËÈ %Ã#Ã�*Í%ÃÅÃŠ*Í)ÃÄÃ�*ÍÀÃ)Ã)*ÍÀÃÀÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

�Ã(ÃÄ ŸÓÉÊÛËŽÈÏÈÍ5ÙËÈÍ�ÈÉŽÑÖÑÏÜÊÓ %Ã#Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

�Ã(ÃŠ 3ËÈÖÑÏÜÊÓ ÍÊÎÍ1ÉÉÈ  Í5ÙËÈ 

�ÃÅ �ÈÉŽÑÖÑÏÜ.ÈÍ,ÑÖÏ ÍŠÃÄÃ#*Í%ÃÅÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

4. Names and Expressions

#ÃÄ ’ÑÛÈ �ÃŠ*Í(ÃÄÃÄ*Í(ÃÄÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃÄÃÄ ŸÓÔÈÕÈÔÍÚÊÛËÊÓÈÓÏ 

#ÃÄÃŠ ÇŽÜÉÈ %Ã)ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃÄÃ� ÇÈŽÈÉÏÈÔÍÚÊÛËÊÓÈÓÏ 

#ÃÄÃ# 1ÏÏÖÜ2�ÏÈ (ÃŠÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃŠ $ÜÏÈÖÑŽ (ÃŠÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã� 1!!ÖÈ!ÑÏÈ 

#Ã�ÃÄ -ÈÉÊÖÔÍ1!!ÖÈ!ÑÏÈ %Ã)ÃÄ0ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã�ÃŠ 1ÖÖÑÙÍ1!!ÖÈ!ÑÏÈ 

#Ã# ÒÕËÖÈ  ÜÊÓ ŠÃÄÃÄ*ÍŠÃÄÃ�*ÍŠÃÄÃ%*Í%Ã%*Í%Ã%Ã�*ÍÀÃŠÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã% 3ËÈÖÑÏÊÖ ÍÑÓÔÍÒÕËÖÈ  ÜÊÓÍÒ.ÑŽ�ÑÏÜÊÓ ÍŠÃÄÃÄ*ÍŠÃÄÃ�*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í%Ã%Ã�*Í%ÃÀÃÄ*Í%ÃÀÃŠ*Í%ÃÀÃ#*ÍÀÃŠÃÀ

#Ã%ÃÄ $Ê!ÜÉÑŽÍ3ËÈÖÑÏÊÖ ÍÑÓÔÍÇÌÊÖÏ;ÉÜÖÉ�ÜÏÍÚÊÓÏÖÊŽÍ9ÊÖÛ Í%Ã%Ã#*Í%Ã%Ã%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã%ÃŠ -ÈŽÑÏÜÊÓÑŽÍ3ËÈÖÑÏÊÖ ÍÑÓÔÍ&ÈÛ2ÈÖ ÌÜËÍ5È Ï ÍŠÃÄÃÄ*Í%Ã%Ã)*Í%ÃÀÃ%*ÍÀÃŠÃ(ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã%Ã� +ÜÓÑÖÙÍ1ÔÔÜÓ!Í3ËÈÖÑÏÊÖ ÍŠÃÄÃÄ*Í%ÃÀÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã%Ã# 7ÓÑÖÙÍ1ÔÔÜÓ!Í3ËÈÖÑÏÊÖ 

#Ã%Ã% &�ŽÏÜËŽÙÜÓ!Í3ËÈÖÑÏÊÖ ÅÃÄÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã%Ã) <Ü!ÌÈ ÏÍ,ÖÈÉÈÔÈÓÉÈÍ3ËÈÖÑÏÊÖ %Ã%Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#Ã%ÃÀ 1ÉÉ�ÖÑÉÙÍÊÎÍ3ËÈÖÑÏÜÊÓ Í�ÜÏÌÍ-ÈÑŽÍ3ËÈÖÑÓÔ Í%Ã%Ã)*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÍÀÃŠÃŠ*ÍÀÃŠÃ�*ÍÀÃŠÃ#*ÍÀÃŠÃ%*ÍÀÃŠÃÀ



1,,Ò’�Ÿ=Í1ÍÍÄ(Ä

#Ã) 5ÙËÈÍÚÊÓ.ÈÖ ÜÊÓ %ÃÅÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃÀ 6�ÑŽÜÎÜÈÔÍÒÕËÖÈ  ÜÊÓ 

#Ã( 1ŽŽÊÉÑÏÊÖ %Ã#Ã�*Í)ÃÄÃ�*ÍÀÃ)Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃÅ ÇÏÑÏÜÉÍÒÕËÖÈ  ÜÊÓ ÍÑÓÔÍÇÏÑÏÜÉÍÇ�2ÏÙËÈ �ÃŠÃ%*ÍÀÃŠÃ)*Í(ÃŠÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

#ÃÄ0 7ÓÜ.ÈÖ ÑŽÍÒÕËÖÈ  ÜÊÓ ÀÃŠÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

5. Statements ŠÃÄÃŠ*ÍŠÃÄÃ)*ÍŠÃÄÃ(*Í�Ã�Ã)*Í%Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃÄ ÇÜÛËŽÈÍÑÓÔÍÚÊÛËÊ�ÓÔÍÇÏÑÏÈÛÈÓÏ Í;ÍÇÈ>�ÈÓÉÈ ÍÊÎÍÇÏÑÏÈÛÈÓÏ %Ã)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃŠ 1  Ü!ÓÛÈÓÏÍÇÏÑÏÈÛÈÓÏ ÍŠÃÄÃ�*Í%Ã)ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃŠÃÄ 1ÖÖÑÙÍ1  Ü!ÓÛÈÓÏ 

%Ã� ŸÎÍÇÏÑÏÈÛÈÓÏ ÍŠÃÄÃ%*Í�Ã�ÃÀ*Í%Ã)ÃÄ*Í%Ã)Ã%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%Ã# ÚÑ ÈÍÇÏÑÏÈÛÈÓÏ �Ã�ÃÀ*Í%Ã)ÃÄ*Í%Ã)Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%Ã% $ÊÊËÍÇÏÑÏÈÛÈÓÏ Í%ÃÄÃÄ*Í%Ã%ÃÄ*Í%Ã)ÃÄ*Í%Ã)ÃŠ*Í%Ã)Ã#*Í%Ã)Ã)*ÍÀÃ#ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%Ã) +ŽÊÉ?ÍÇÏÑÏÈÛÈÓÏ �Ã�ÃÀ*Í%ÃÄÃŠ*Í%Ã)ÃÄ*Í%Ã)ÃÅ*Í%Ã(Ã#*ÍÅÃÄÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃÀ ÒÕÜÏÍÇÏÑÏÈÛÈÓÏ %ÃÄÃ�*Í%Ã)Ã#*Í%Ã)Ã%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%Ã( -ÈÏ�ÖÓÍÇÏÑÏÈÛÈÓÏ %Ã)Ã(ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃÅ "ÊÏÊÍÇÏÑÏÈÛÈÓÏ Í%Ã)ÃÀ*Í%Ã(ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

6. Subprograms #ÃÄÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)ÃÄ Ç�2ËÖÊ!ÖÑÛÍ�ÈÉŽÑÖÑÏÜÊÓ ÍŠÃÄÃŠ*Í�ÃŠÃ#*Í�Ã�Ã�*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í#ÃÄÃÄ*Í#ÃÄÃ#*Í#ÃÄÃ%*Í#ÃŠÃÄ*Í#Ã�ÃÄ*

ÍÍ%ÃŠÃÄ*Í%Ã)Ã)*ÍÀÃÄÃ�*ÍÀÃÄÃ#

)ÃŠ 9ÊÖÛÑŽÍ,ÑÖÑÛÈÏÈÖÍ&ÊÔÈ ŠÃÄÃ%*Í%ÃŠÃ#*Í%ÃÅÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã� Ç�2ËÖÊ!ÖÑÛÍ+ÊÔÜÈ ÍŠÃÄÃÀ*Í�Ã�Ã#*Í�Ã�ÃÀ*Í%ÃÄÃ#*ÍÅÃÄÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã�ÃÄ ÚÊÓÎÊÖÛÑÓÉÈÍ-�ŽÈ 

)Ã�ÃŠ ŸÓŽÜÓÈÍÒÕËÑÓ ÜÊÓÍÊÎÍÇ�2ËÖÊ!ÖÑÛ ÅÃÄÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã# Ç�2ËÖÊ!ÖÑÛÍÚÑŽŽ ŠÃÄÃÄ*Í#ÃÄÃ�*Í%ÃŠÃŠ*Í%Ã)Ã)*Í%ÃÅÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã#ÃÄ ,ÑÖÑÛÈÏÈÖÍ1  ÊÉÜÑÏÜÊÓ Í%ÃŠÃŠ*Í%ÃÅÃ(ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã#ÃŠ �ÈÎÑ�ŽÏÍ,ÑÖÑÛÈÏÈÖ Í%ÃŠÃŠ*Í%ÃŠÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã% 9�ÓÉÏÜÊÓÍÇ�2ËÖÊ!ÖÑÛ ŠÃÄÃÄ*Í�ÃŠÃ#*Í#ÃÄÃ�*Í#Ã�ÃÄ*Í%ÃÅÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)Ã) ,ÑÖÑÛÈÏÈÖÍÑÓÔÍ-È �ŽÏÍ5ÙËÈÍ,ÖÊÎÜŽÈÍ;Í3.ÈÖŽÊÑÔÜÓ!ÍÊÎÍÇ�2ËÖÊ!ÖÑÛ Í#ÃŠÃÄ*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í%ÃÀÃ�*Í(ÃŠÃ%

)ÃÀ 3.ÈÖŽÊÑÔÜÓ!ÍÊÎÍ3ËÈÖÑÏÊÖ %ÃÀÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

7. Packages ŠÃÄÃŠ*Í#ÃÄÃ#*Í#ÃÄÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÀÃÄ ,ÑÉ?Ñ!ÈÍÇÏÖ�ÉÏ�ÖÈ #ÃŠÃÄ*Í#Ã�*ÍÀÃÄÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÀÃŠ ,ÑÉ?Ñ!ÈÍÇËÈÉÜÎÜÉÑÏÜÊÓ ÍÑÓÔÍ�ÈÉŽÑÖÑÏÜÊÓ ÍŠÃÄÃÀ*Í�ÃŠÃ#*Í�Ã�Ã�*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í#ÃÄÃÄ*Í#ÃÄÃ)*Í#ÃŠÃÄ*Í#ÃŠÃŠ*Í#ÃŠÃ#*Í#Ã�ÃÄ*

Í%ÃÄÃ#*ÍÀÃÄÃ�*ÍÀÃÄÃ%*Í(ÃŠÃ)*Í(Ã�ÃÄ

ÀÃ� ,ÑÉ?Ñ!ÈÍ+ÊÔÜÈ ŠÃÄÃÀ*Í�Ã�Ã#*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í#ÃÄÃÄ*Í#ÃŠÃÄ*Í#Ã�ÃÄ*Í%ÃÄÃ#*Í%ÃÅÃÄ

ÀÃ# ,ÖÜ.ÑÏÈÍ5ÙËÈÍÑÓÔÍ�ÈÎÈÖÖÈÔÍÚÊÓ ÏÑÓÏÍ�ÈÉŽÑÖÑÏÜÊÓ %Ã�Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÀÃ#ÃÄ ,ÖÜ.ÑÏÈÍ5ÙËÈ %Ã�Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÀÃ#ÃŠ 3ËÈÖÑÏÜÊÓ ÍÊÎÍÑÍ,ÖÜ.ÑÏÈÍ5ÙËÈ

ÀÃ#Ã� �ÈÎÈÖÖÈÔÍÚÊÓ ÏÑÓÏ 

ÀÃ#Ã# $ÜÛÜÏÈÔÍ5ÙËÈ %Ã�Ã�*Í%ÃÀÃ%*Í(Ã�Ã#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÀÃ% ÒÕÑÛËŽÈÍÊÎÍÑÍ5Ñ2ŽÈÍ&ÑÓÑ!ÈÛÈÓÏÍ,ÑÉ?Ñ!È

ÀÃ) ÒÕÑÛËŽÈÍÊÎÍÑÍ5ÈÕÏÍ<ÑÓÔŽÜÓ!Í,ÑÉ?Ñ!È

8. Visibility Rules #ÃŠ*Í%ÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ



Ä(ŠÍÍ1ÔÑÍ671$Ÿ58Í1’�ÍÇ58$Ò

(ÃÄ �ÈÉŽÑÖÑÏÜ.ÈÍ-È!ÜÊÓ #ÃŠÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(ÃŠ ÇÉÊËÈÍÊÎÍ�ÈÉŽÑÖÑÏÜÊÓ #ÃÄÃ)*Í#ÃŠÃ�*ÍÀÃ)Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(Ã� :Ü Ü2ÜŽÜÏÙ Í#ÃÄÃ�*Í#ÃÄÃ#*Í#ÃŠÃÄ*Í#ÃŠÃ�*Í%ÃÀÃÄ*Í%ÃÀÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(Ã# 7 ÈÍÚŽÑ� È %Ã)ÃÅ*Í%ÃÀÃÄ*Í%ÃÀÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(Ã% -ÈÓÑÛÜÓ!Í�ÈÉŽÑÖÑÏÜÊÓ %Ã)ÃÅ*Í%ÃÀÃÄ*Í%ÃÀÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(Ã) 5ÌÈÍ,ÑÉ?Ñ!ÈÍÇÏÑÓÔÑÖÔ Í�ÃŠÃŠ*ÍÀÃŠÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(ÃÀ 5ÌÈÍÚÊÓÏÈÕÏÍÊÎÍ3.ÈÖŽÊÑÔÍ-È ÊŽ�ÏÜÊÓ (ÃŠÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

9. Tasks #ÃÄÃÀ*Í#ÃŠÃ#*Í)*ÍÀÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÄ 5Ñ ?ÍÇËÈÉÜÎÜÉÑÏÜÊÓ ÍÑÓÔÍ5Ñ ?Í+ÊÔÜÈ ŠÃÄÃÀ*Í�ÃŠÃ#*Í�Ã�ÃÀ*Í%ÃÄÃ#*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í)ÃÄÃÄ*Í)ÃÄÃ#*Í)Ã�Ã#*ÍÀÃÄÃ�*Í(Ã#ÃŠ

ÅÃŠ 5Ñ ?Í5ÙËÈ ÍÑÓÔÍ5Ñ ?Í324ÈÉÏ Í)ÃÄÃÄ*Í)ÃÄÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃ� 5Ñ ?ÍÒÕÈÉ�ÏÜÊÓÍ;Í5Ñ ?Í1ÉÏÜ.ÑÏÜÊÓ )ÃÄÃ�*Í)ÃÄÃ#*Í)ÃÄÃ%*Í)Ã�ÃŠ*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÍÀÃ#ÃÄ*ÍÀÃ#ÃŠ*ÍÀÃ#Ã%*Í(ÃŠÃ)

ÅÃ# 5Ñ ?Í�ÈËÈÓÔÈÓÉÈÍ;Í5ÈÖÛÜÓÑÏÜÊÓÍÊÎÍ5Ñ ? Í)ÃŠÃ�*Í)Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃ% ÒÓÏÖÜÈ *ÍÒÓÏÖÙÍÚÑŽŽ *ÍÑÓÔÍ1ÉÉÈËÏÍÇÏÑÏÈÛÈÓÏ �ÃŠÃ#*Í#Ã�ÃÄ*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

%ÃÄÃ#*Í%ÃŠÃÄ*Í%ÃŠÃ#*Í%Ã)ÃÄ*Í%ÃÅÃ#*

Í)ÃÄÃ#*Í)ÃŠ*Í)Ã�ÃÄ*Í)Ã�ÃŠ*ÍÀÃ#Ã%*ÍÀÃ#ÃÀ

ÅÃ) �ÈŽÑÙÍÇÏÑÏÈÛÈÓÏ *Í��ÖÑÏÜÊÓ*ÍÑÓÔÍ5ÜÛÈ )ÃÄÃ%*Í)ÃŠÃ%*ÍÀÃÄÃÄ*ÍÀÃ#ÃŠ*ÍÀÃ#Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÀ ÇÈŽÈÉÏÍÇÏÑÏÈÛÈÓÏ ÍŠÃÄÃŠ*Í%Ã)ÃÄ*Í)ÃŠÃÄ*Í)ÃŠÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÀÃÄ ÇÈŽÈÉÏÜ.ÈÍ/ÑÜÏ Í)ÃŠÃÄ*Í)ÃŠÃŠ*Í)ÃŠÃ#*Í)ÃŠÃ%*Í)Ã�ÃŠ*ÍÀÃ#Ã#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÀÃŠ ÚÊÓÔÜÏÜÊÓÑŽÍÒÓÏÖÙÍÚÑŽŽ Í#ÃŠÃ#*Í)ÃŠÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÀÃ� 5ÜÛÈÔÍÒÓÏÖÙÍÚÑŽŽ Í#ÃŠÃ#*Í)ÃÄÃ%*Í)ÃŠÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃ( ,ÖÜÊÖÜÏÜÈ Í)ÃÄÃ#*ÍÀÃ#Ã%*Í(Ã#ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÅ 5Ñ ?ÍÑÓÔÍÒÓÏÖÙÍ1ÏÏÖÜ2�ÏÈ Í)ÃŠÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÄ0 12ÊÖÏÍÇÏÑÏÈÛÈÓÏ Í)Ã�Ã�*ÍÀÃ#Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÄÄ ÇÌÑÖÈÔÍ:ÑÖÜÑ2ŽÈ Í)ÃŠÃ#*ÍÀÃ#ÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÅÃÄŠ ÒÕÑÛËŽÈÍÊÎÍ5Ñ ?ÜÓ!

10. Program Structure and Compilation Issues #ÃÄÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0ÃÄ ÚÊÛËÜŽÑÏÜÊÓÍ7ÓÜÏ Í;Í$Ü2ÖÑÖÙÍ7ÓÜÏ ÍÍ�Ã�ÃŠ*Í#ÃÄÃÄ*ÍÀÃÄÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0ÃÄÃÄ ÚÊÓÏÈÕÏÍÚŽÑ� È Í;Í/ÜÏÌÍÚŽÑ� È ÍŠÃÄÃŠ*Í#ÃŠÃÄ*Í#ÃŠÃ�*Í(ÃŠÃ)*Í(Ã#ÃÄ*Í(Ã#ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0ÃÄÃŠ ÒÕÑÛËŽÈ ÍÊÎÍÚÊÛËÜŽÑÏÜÊÓÍ7ÓÜÏ 

Ä0ÃŠ Ç�2�ÓÜÏ ÍÊÎÍÚÊÛËÜŽÑÏÜÊÓÍ7ÓÜÏ Í#ÃÄÃÄ*Í#ÃŠÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0ÃŠÃÄ ÒÕÑÛËŽÈ ÍÊÎÍÇ�2�ÓÜÏ 

Ä0Ã� 3ÖÔÈÖÍÊÎÍÚÊÛËÜŽÑÏÜÊÓ

Ä0Ã# 5ÌÈÍ,ÖÊ!ÖÑÛÍ$Ü2ÖÑÖÙ Í(Ã#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0Ã% ÒŽÑ2ÊÖÑÏÜÊÓÍÊÎÍ$Ü2ÖÑÖÙÍ7ÓÜÏ Í(Ã#ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä0Ã) ,ÖÊ!ÖÑÛÍ3ËÏÜÛÜ@ÑÏÜÊÓ Í(Ã#Ã#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

11. Exceptions Í#Ã�*Í%Ã(*ÍÀÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄÄÃÄ ÒÕÉÈËÏÜÊÓÍ�ÈÉŽÑÖÑÏÜÊÓ Í�Ã�Ã%*Í#Ã�ÃÄ*Í%Ã#Ã�*ÍÀÃ%ÃŠ*ÍÀÃ%Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄÄÃŠ ÒÕÉÈËÏÜÊÓÍ<ÑÓÔŽÈÖ ÍŠÃÄÃŠ*Í#Ã�ÃÄ*Í%Ã)ÃÅ*Í%Ã(ÃÄ*Í%Ã(ÃŠ*Í%Ã(Ã�*Í%Ã(Ã#*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í)ÃŠÃŠ*Í)Ã�ÃÄ*Í)Ã�Ã#*ÍÀÃ%ÃŠ*ÍÀÃ%Ã�*Í(ÃŠÃÀ

ÄÄÃ� -ÑÜ ÈÍÇÏÑÏÈÛÈÓÏ Í#Ã�ÃÄ*ÍÀÃ%Ã�*Í(ÃŠÃ�*Í(ÃŠÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄÄÃ# ÒÕÉÈËÏÜÊÓÍ<ÑÓÔŽÜÓ! Í#Ã�ÃÄ*Í%Ã(ÃÄ*Í%Ã(ÃŠ*Í%Ã(Ã�*Í%Ã(Ã#*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

)ÃŠÃŠ*Í)Ã�Ã#*ÍÀÃ%*Í(ÃŠÃÀ

ÄÄÃ#ÃÄ ÒÕÉÈËÏÜÊÓ Í-ÑÜ ÈÔÍ��ÖÜÓ!ÍÏÌÈÍÒÕÈÉ�ÏÜÊÓÍÊÎÍÇÏÑÏÈÛÈÓÏ Í%Ã(ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄÄÃ#ÃŠ ÒÕÉÈËÏÜÊÓ Í-ÑÜ ÈÔÍ��ÖÜÓ!ÍÏÌÈÍÒŽÑ2ÊÖÑÏÜÊÓÍÊÎÍ�ÈÉŽÑÖÑÏÜÊÓ Í%Ã(ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄÄÃ% ÒÕÉÈËÏÜÊÓ Í-ÑÜ ÈÔÍ��ÖÜÓ!Í5Ñ ?ÍÚÊÛÛ�ÓÜÉÑÏÜÊÓ Í%Ã(ÃÄ*Í)ÃŠÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ



1,,Ò’�Ÿ=Í1ÍÍÄ(�

ÄÄÃ) ÒÕÉÈËÏÜÊÓ ÍÑÓÔÍ3ËÏÜÛÜ@ÑÏÜÊÓ

ÄÄÃÀ Ç�ËËÖÈ  ÜÓ!ÍÚÌÈÉ? Í%ÃÅÃ%ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

12. Generic Units

ÄŠÃÄ "ÈÓÈÖÜÉÍ�ÈÉŽÑÖÑÏÜÊÓ ÍŠÃÄÃŠ*Í�ÃŠÃ#*Í#ÃŠÃŠ*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

(ÃÄÃÄ*Í(ÃÄÃŠ*Í(ÃÄÃ�*Í(Ã�ÃÄ*Í(Ã�ÃŠ*

Í(Ã�Ã�*Í(Ã�Ã#*Í(Ã�Ã%*Í(Ã#ÃÄ*Í(Ã#Ã�

ÄŠÃÄÃÄ "ÈÓÈÖÜÉÍ9ÊÖÛÑŽÍ324ÈÉÏ ÍÍ(ÃŠÃ#*Í(ÃŠÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃÄÃŠ "ÈÓÈÖÜÉÍ9ÊÖÛÑŽÍ5ÙËÈ Í(ÃŠÃŠ*Í(Ã�Ã�*Í(Ã�Ã#*Í(Ã�Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃÄÃ� "ÈÓÈÖÜÉÍ9ÊÖÛÑŽÍÇ�2ËÖÊ!ÖÑÛ Í(Ã�Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃŠ "ÈÓÈÖÜÉÍ+ÊÔÜÈ Í(ÃŠÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃ� "ÈÓÈÖÜÉÍŸÓ ÏÑÓÏÜÑÏÜÊÓ ÍŠÃÄÃŠ*Í�ÃŠÃ#*Í%ÃŠÃŠ*ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Í(ÃÄÃÄ*Í(ÃŠÃ#*Í(ÃŠÃ%*Í(Ã�ÃŠ*Í(Ã�Ã)*Í(Ã#Ã#

ÄŠÃ�ÃÄ &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍ324ÈÉÏ 

ÄŠÃ�ÃŠ &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍ,ÖÜ.ÑÏÈÍ5ÙËÈ Í%Ã�Ã�*Í(Ã�Ã#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃ�Ã� &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍÇÉÑŽÑÖÍ5ÙËÈ 

ÄŠÃ�Ã# &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍ1ÖÖÑÙÍ5ÙËÈ Í(ÃŠÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

ÄŠÃ�Ã% &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍ1ÉÉÈ  Í5ÙËÈ 

ÄŠÃ�Ã) &ÑÏÉÌÜÓ!Í-�ŽÈ ÍÎÊÖÍ9ÊÖÛÑŽÍÇ�2ËÖÊ!ÖÑÛ 

ÄŠÃ# ÒÕÑÛËŽÈÍÊÎÍÑÍ"ÈÓÈÖÜÉÍ,ÑÉ?Ñ!È

13. Representation Clauses and Implementation-Dependent Features Í#ÃÄÃ#*ÍÀÃ)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÄ -ÈËÖÈ ÈÓÏÑÏÜÊÓÍÚŽÑ� È ÍÀÃ)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃŠ $ÈÓ!ÏÌÍÚŽÑ� È ÍÍ%Ã#Ã�*ÍÀÃ)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã� ÒÓ�ÛÈÖÑÏÜÊÓÍ-ÈËÖÈ ÈÓÏÑÏÜÊÓÍÚŽÑ� È ÍÍ�Ã#ÃŠ*ÍÀÃ)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã# -ÈÉÊÖÔÍ-ÈËÖÈ ÈÓÏÑÏÜÊÓÍÚŽÑ� È ÍÍŠÃÄÃŠ*ÍÀÃ)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã% 1ÔÔÖÈ  ÍÚŽÑ� È Í%ÃÅÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã%ÃÄ ŸÓÏÈÖÖ�ËÏ Í#ÃÄÃÀ*Í%ÃÅÃ#ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã) ÚÌÑÓ!ÈÍÊÎÍ-ÈËÖÈ ÈÓÏÑÏÜÊÓ ÍÀÃ)ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÀ 5ÌÈÍ,ÑÉ?Ñ!ÈÍÇÙ ÏÈÛ ÍÀÃ)ÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÀÃÄ ÇÙ ÏÈÛ;�ÈËÈÓÔÈÓÏÍ’ÑÛÈÔÍ’�Û2ÈÖ ÍÀÃ#Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÀÃŠ -ÈËÖÈ ÈÓÏÑÏÜÊÓÍ1ÏÏÖÜ2�ÏÈ ÍÀÃ�ÃÄÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÀÃ� -ÈËÖÈ ÈÓÏÑÏÜÊÓÍ1ÏÏÖÜ2�ÏÈ ÍÊÎÍ-ÈÑŽÍ5ÙËÈ ÍÀÃŠÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�Ã( &ÑÉÌÜÓÈÍÚÊÔÈÍŸÓ ÈÖÏÜÊÓ ÍÀÃÄÃ%*ÍÀÃ)Ã�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÅ ŸÓÏÈÖÎÑÉÈÍÏÊÍ3ÏÌÈÖÍ$ÑÓ!�Ñ!È Í%ÃÅÃ�*ÍÀÃÄÃ%*ÍÀÃ)Ã#*ÍÀÃ)ÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÄ0 7ÓÉÌÈÉ?ÈÔÍ,ÖÊ!ÖÑÛÛÜÓ!

Ä�ÃÄ0ÃÄ 7ÓÉÌÈÉ?ÈÔÍÇÏÊÖÑ!ÈÍ�ÈÑŽŽÊÉÑÏÜÊÓ Í%Ã#Ã�*Í%ÃÅÃŠ*ÍÀÃ)Ã)ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä�ÃÄ0ÃŠ 7ÓÉÌÈÉ?ÈÔÍ5ÙËÈÍÚÊÓ.ÈÖ ÜÊÓ Í%ÃÅÃÄ*ÍÀÃ)ÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

14. Input-Output ÍÀÃÀÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä#ÃÄ ÒÕÏÈÖÓÑŽÍ9ÜŽÈ ÍÑÓÔÍ9ÜŽÈÍ324ÈÉÏ 

Ä#ÃŠ ÇÈ>�ÈÓÏÜÑŽÍÑÓÔÍ�ÜÖÈÉÏÍ9ÜŽÈ 

Ä#ÃŠÃÄ 9ÜŽÈÍ&ÑÓÑ!ÈÛÈÓÏ ÍÀÃÀÃÄ*ÍÀÃÀÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä#ÃŠÃŠ ÇÈ>�ÈÓÏÜÑŽÍŸÓË�Ï;3�ÏË�Ï Í%ÃÅÃÀ*ÍÀÃÀÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä#ÃŠÃ� ÇËÈÉÜÎÜÉÑÏÜÊÓÍÊÎÍÏÌÈÍ,ÑÉ?Ñ!ÈÍÇÈ>�ÈÓÏÜÑŽAŸ3

Ä#ÃŠÃ# �ÜÖÈÉÏÍŸÓË�Ï;3�ÏË�Ï Í%ÃÅÃÀ*ÍÀÃÀÃÄ*ÍÀÃÀÃ�ÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ

Ä#ÃŠÃ% ÇËÈÉÜÎÜÉÑÏÜÊÓÍÊÎÍÏÌÈÍ,ÑÉ?Ñ!ÈÍ�ÜÖÈÉÏAŸ3

Ä#Ã� 5ÈÕÏÍŸÓË�Ï;3�ÏË�Ï Í#ÃŠÃŠÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍÃÍ
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abstract data object, 139

abstract data type, 44, 139

abstract state machine, 139

abstraction, 47, 83

affect on naming, 128

complete functionality, 136

data modeling, 63

enhanced by subprogram, 42

includes exception, 51

name, 22

protect with exception handler, 82

supported, 41

using constrained subtype, 72

using nested record, 65

using private type, 63

using types, 61

accept

blocking, 96

causing deadlock, 105

closed, 97

end statement, 57

indentation, 8

minimize, 103

rendezvous, 96

access, 65

affects equality, 80

I/O portability, 123

portability, 121

access function, 45

accuracy

floating point, 114

fraction, 18

greater, 113

of constant, 115

of relational expression, 69

portability, 115

acronym, capitalization, 18



INDEX  194

active iterator, 142

actual parameter, 58

anonymous, 62

adaptability, 136

address clause, 85

adjective, for boolean object, 21

aggregate, 77

function calls in, 43

algorithm

comment in header, 29

concurrent, 45

encapsulated in generic, 137

portability, 120

alias

of dynamic data, 65

of dynamic task, 94

using address clause, 85

alignment

and nesting, 70

declaration, 10

parameter modes, 11

vertical, 5, 9, 10, 11

allocate

dynamic data, 65

dynamic task, 93

ambiguous, use clause, 78

anonymous type, 62

task, 92

anticipated change

adaptability, 136

anonymous task, 93

comment in header, 29

encapsulate, 44

parameter mode, 60

apostrophe, spacing, 6

application domain

abbreviation, 19

abbreviation affects reusability, 129

application specific, literal, 24

application-independent, name, 128

array

anonymous type, 62

attribute, 67

function calls in initialization, 43

parallel, do not use, 64

parameter passing, 85, 131

performance, 154

range, 67

slice, 71

unconstrained, 131

assignment

for private type, 63

import for limited type, 145

reduced by aggregate, 77

assumption, 131

documented through generic parameter, 146

asynchronous

’Count, 99

entity, 91

attribute

’Base, 63

’Callable, 99

’Constrained, 63

’Count, 99

’First, 66, 67

’Image, 36

’Last, 66, 67

’Length, 67

’Pos, 36

’Pred, 36

’Range, 67

’Size, 63

’Storage_Size, 116

’Succ, 36

’Terminated, 99

’Val, 36

’Value, 36

implementation-defined, 121

in generic, 132

B

binary operator, spacing, 5

binding, 47

blank lines, 12

for goto statement, 75

for label, 75

return statement, 75

block

indentation, 7

localizing exception, 82

marker comment, 34, 35

name, 56

nesting, 56

performance, 154

statement, 76

to minimize suppress, 85

use clause, 78

blocking

not busy waiting, 96
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with priority, 95

body

comment, 29

end statement, 57

header, as pagination, 13

hide interface to foreign code, 85

hide Unchecked_Conversion, 83

name repeated in begin, 34

task, 106

boolean

function, name, 22

object, name, 21

boundary value, 61

busy wait, 95

created with priorities, 103

portability, 117

C

Calendar, portability, 117

capitalization, 18

in numeric literal, 17

case statement, 71

indentation, 7

marker comment, 34

nesting, 70

use constrained subtype, 72

clause

address, 85

context

minimize, 46

visibility, 47

length, for dynamic data, 65

renames, 79

representation, 116, 119, 120

instead of enumeration, 36

use, 78, 79

closing file, portability, 123

code, formatting, 5

cohesion, 44

colon

alignment, 10, 12

spacing, 6

comma, spacing, 6

comment, 17, 24

body header, 29

data, 30

distinct from code, 33

do not repeat, 30

exception, 30

exception handler for other, 82

header, 25

file, 26

for group of routines, 28

purpose, 28

when to omit, 30

label, 75

machine code insert, 120

marker, 34

minimize, 24

numerical analysis, 115

program specification, 26

reduced by naming, 20, 24, 56, 57, 58

reduced by static expression, 24

return statement, 75

statement, 32

tasking implementation, 49

to document portability, 111

trailing, alignment, 10

type, 30

communication, 96

complexity, 103

using shared variable, 101

compilation

affected by Inline, 153

conditional, 149

separate, 41

complex communication, 103

complex data, comment, 30

concurrency, 91

See also task

affects exception behavior, 81

concurrent algorithm, 45, 91

conditional compilation, 149

conditional entry

call, 50, 102

indentation, 8

conditional expression, in while loop, 72

configuration control, 44

constant, 23

declaration, alignment, 10

in static expression, 131

to avoid use clause, 79

to reduce nesting, 70

type of, 24

constraint, 36, 60

constraint check

for generic formal, 133

performance, 155

Constraint_Error, portability, 119
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context

dependency, 46

of exceptions, 50

to shorten names, 20

context clause

generic needs elaboration, 148

indentation, 8

minimize, 46

per line, 14

reduced using generic parameter, 147

visibility, 47

continuation condition, for while loop, 72

continuation line, indentation, 6, 7, 9

conversion

loss of precision, 115

of a private type, 63

rational fraction, 18

type, 61

unchecked, 83, 122

copyright notice, 26

coupling

data, 45

due to pragma, 148

reduced using generic parameter, 147

cyclic activity, 45

cyclic executive, termination, 106

D

dangling reference, 65

data

abstract type, 139

comment, 30

coupling, 45

dynamic, 65

grouped in package, 44

in algorithm, 137

iterator for complex, 142

protected, 101

representation, 120

shared, 45, 100

structure, 63

Unchecked_Conversion, 83

data-driven program, 150

dead code, 149

deadlock, 49

eliminate, 95

deallocation, 65

declaration

alignment, 10

anonymous task, 93

array size, 131

blank lines, 12

constant, 23

constrained subtype, 72

digits, 113

exception, 50

floating point, 114

function call in, 85

grouping, 44

hiding, 79

minimize, 46

named number, 23

per line, 14

range, 113

record, for heterogeneous data, 63

renames, 20, 78, 79

type, 20, 35

variable, 45

within block, 76

default mode, 60

default parameter, 59

delay

drift, 96

in selective wait, 102

inaccurate, 95

portability, 117

statement, 95

to avoid deadlock, 105

delimiter, spacing, 5

dependency

affects reusability, 147

comment about, 27

context, 46

reduced using generic parameter, 148

derived type, 35, 60

design

for reusability, 127

impact of concurrency, 91

impact of typing, 36

impact on nesting, 70

uses data representation, 120

digits declaration, 113

Direct_IO, 86

import private type, 147

discrete, affects equality, 80

discriminant, of a private type, 63

documentation

exception in abstraction, 50
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generic formal parameter, 130

hidden task, 134

infinite loop, 75

invalid state, 135

object value, 21

of assumption, 131

of implementation dependency, 112

of iterator behavior, 142

of machine code, 120

of numerical analysis, 115

of system call, 122

portability, 111

table-driven code, 151

using named number, 131

drift, delay, 96

Duration, 110

portability, 117

dynamic data, 65

adaptability, 136

deallocation, 84

dynamic storage, 116

dynamic task, 93

E

Elaborate, 86

when to use, 148

elaboration, 85

of value, 23

else clause

comment, 34

nesting, 70

else part

in selective wait, 102

open alternative, 98

to avoid deadlock, 105

elsif clause, nesting, 70

encapsulation, 44

implementation dependency, 112, 119

of algorithm in generic, 137

of synchronization code, 101

supported, 41

end statement

name, 57

pagination, 13

entry

address clause, 85

attribute, 99

call, 49

avoiding Tasking_Error, 99

named association, 58

conditional, 50, 102

default parameter, 59

exceptions raised in, 50

hiding, 49

indentation, 8

interrupt, 85

minimize, 104

minimize accepts, 103

name, 22

parameter list, 58

parameter mode, 60

queue

’Count, 99

not prioritized, 94

timed, 50, 102

affects ’Count, 100

enumeration

alignment, 10, 11

in case statement, 71

literal, 78

type, 36

equality

for private type, 63

import for limited type, 145

overload operator, 80

erroneous execution, 83

not portable, 109

error

as an exception, 50

unrecoverable, use exception, 51

evaluation order

parenthesis, 67

select statement, 117

exception, 50, 80

avoiding, 81

cause, 82

comment, 27, 30

Constraint_Error, portability, 119

declaration, 50

do not propagate, 50

do not raise, 50

handler, 50, 81, 82

for Storage_Error, 65

in block, 76

in task body, 97, 106

reusability, 134

to avoid termination, 104

implementation-defined, 82, 119

in initialization, 86

keep error separate, 51
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name, 50

Numeric_Error, portability, 119

part of abstraction, 51

portability, 118

predefined, 82, 118

Program_Error, 97

erroneous execution, 83

propagation, 82, 83, 134

reusability, 134

Storage_Error, 65

suppress, 85

Tasking_Error, 97, 99

user-defined, 82

execution pattern, 96

portable, 117

execution speed, 153

exit statement, 57, 72, 73

conditional, 69

in loop, 72

export, overloading in generic, 134

expression, 66

aggregate, 77

alignment, 9, 11

evaluation, portability, 115

function calls in, 43

logical, 68

nesting, 69

numeric, 113

order dependency, 87

parenthesis, 67

relational, 68, 69

slice, 71

spacing, 6

static, 23, 130

universal_real, 115

use named association, 58

F

family of parts, 149

file

closing, 123

header, 26

naming conventions, 41

organization, 41

finalization, complete functionality, 136

fixed point

in relational expression, 69

precision, 110

flag

in complex loop, 73

in while loop, 73

naming, 68

floating point

accuracy, 114, 115

affects equality, 80

arithmetic, 114

in relational expression, 69

model, 114, 115

precision, 110, 114

relational expression, 115

flow of control, 81

for loop, 72

indentation, 7

is bounded, 75

foreign code, 85

Form, parameter in predefined I/O, 123

formal parameter, 58

anonymous, 62

generic, 130

name, 58

formatter, 6, 9, 10, 11, 12, 13, 14, 15, 17, 19

FORTRAN, 64

equivalence, 85

fraction, 18

free list, 66

function

access, 45

body, indentation, 8

call

in declaration, 85

named association, 58

recursive, 74

spacing, 6

default parameter, 59

end statement, 57

generic, 137, 147

Inline, 153

interrogative, to avoid exception, 50

name, 22

overload, 79

parameter list, 58

procedure versus, 43

return, 75

side effect, 43

specification, indentation, 8

to reduce nesting, 70

functionality, complete, 136
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G

garbage collection

of dynamic data, 65

Unchecked_Deallocation, 84

generic, 137

abstract data object, 139

abstract data type, 139

instance, indentation, 8

name, 22, 128

named association, 58

package, 47, 134

parameter, 130

accessed within task, 134

indentation, 8

to reduce coupling, 147

robustness, 132

subtype in formal, 132

to encapsulate algorithm, 137

when formal raise exception, 134

global data, access, 46

global effect, comment, 27

goto, 75

simulated by exception, 81

guard

causing Program_Error, 97

evaluation order, 117

nonlocal variable, 100

referencing ’Count, 100

guideline, violation, 24

H

header, file, 26

heterogeneous data, 63

hidden task, 48, 134

avoid Priority, 148

hiding, declarations, 79

horizontal spacing, 5

I

identifier

abbreviation, 19, 129

capitalization, 18

constant, 23

naming convention, 20

numeric, 23

object, 21

reusability, 128

type, 20

use of underscore, 17

visibility, 46

if statement

avoid exit, 73

indentation, 7

marker comment, 34

nesting, 70

positive name, 68

immediately, undefined, 103

implementation

added feature, 113

comment in header, 29

encapsulate decisions, 44

hide detail, 46

implementation dependent, 119

actual limit, 111

at run time, 122

encapsulation, 112

global assumptions, 110

storage specification, 116

tentative rendezvous, 103

implementation-defined

attribute, 121

exception, 82, 119

pragma, 121

System constant, 120

Unchecked_Conversion, 84

in, 60

alignment, 12

in out, 60

for limited type, 145

used in generic formal, 132

incremental scheme, to improve performance, 155,

156

indentation, 6

affects abbreviation, 20

of declarations, 10

inequality, for private type, 63

infinite loop, 74

infix operator, 78, 79

information hiding, 41, 44

aids adaptability, 136

effects exception handling, 51

enforced through visibility, 46

using iterator, 144

using private type, 63

initialization, 85

in declaration, alignment, 10

performance, 154
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procedure, 136

Inline, improves speed, 153

input/output

Low_Level_IO, 123

on access type, 123

portability, 122

instantiation

name, 22, 128

named association, 58

reusability, 137

Integer, portability, 110

Interface

portability, 120

to foreign language, 121

interface

access to device, 91

comment, 27

implementation-defined exception, 119

minimize, 46

parameter list, 58

to a device, 44, 63, 85, 123

to device data, 120

to foreign code, 85, 120, 121

undocumented, 47

interrupt

entry, 85

implementation dependent, 112

scheduling portability, 118

interval, delay, 96

iteration

bound, 74

using loop statement, 72

iterator, 142

L

label, 75

delimiter, 6

indentation, 7

late initialization, 154

length, line, 15

length clause, for dynamic data, 65

library

binding, 47

reuse, 79

separate compilation, 41

limited private type, 62

equality, 80

I/O difficult, 147

versus private, 145

line

continuation, indentation, 6

length, 15

multiple, 14

statements per, 14

linear independence, 24

literal

avoid in generic, 132

enumeration, 78

linear independence of, 23

numeric, 17, 66, 67

self-documenting, 24

string, 5

use named association, 58

localize

declaration, 76

implementation dependency, 112

scope, 78

logical operator, 68

loop, 72

array slices, 71

bound, 74

busy wait, 95, 103

conditional exit, 69

exit, 73

using relational expression, 69

indentation, 7

infinite, 74

marker comment, 35

name, 55, 57

nesting, 55, 57

Low_Level_IO, portability, 123

lower case, 18

M

machine code, not portable, 120

machine dependency, encapsulated, 44

main program, 112

marker comment, 34

membership test, of a private type, 63

memory management

of dynamic data, 65

of task, 94

Unchecked_Deallocation, 84
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mod, performance, 155

mode

alignment, 11

explicit, 60

model

floating point, 115

task, 91

model interval

affects equality, 80

affects relational expression, 69, 116

modularity, 44

multiple return statement, 76

multiprocessor, 45, 92

mutual exclusion, and priority, 95

N

Name, parameter in predefined I/O, 123

name, 20

abbreviation, 19, 129

block, 56

boolean, 68

capitalization, 18

convention, 20

end statement, 57

flag, 68

formal parameter, 58

fully qualified, 20, 79

loop, 55, 57

nested record, 64

number, 23

object, 21

overloading, in generic, 134

predefined, 35

program, 22

qualified, 47

repeated in begin, 34

repeated in header, 26, 29

reusability, 128

simple, 17

state, 68

subtype, 35

type, 20, 35

use positive form, 68

named association, 58, 59

in aggregate, 77

named number, 23, 115, 130

to specify priority, 149

negative logic, in name, 68

nesting, 69

affects abbreviation, 20

block, 56

control structure, 70

expression, 69

indentation, 6

initialization exception, 86

loop, 55, 57

package, 47

record, 64

new, as an allocator, 65

non-terminating, tasks, 105

normal termination, 105

noun

as function name, 22

as identifier, 21

for record component, 21

to describe abstraction, 22

numeric

conversion, 18

encoding, 36

expression, 113

in relational expression, 69

literal, 17, 66, 67

named, 23

type, 113

Numeric_Error, portability, 119

O

object

identifier, 21

initialization, 85

name, 21

operating system, dependence, 122

operator

alignment, 9, 10

equality, 80

infix, 78

logical, 68

mod, 155

overload, 80

precedence, 6, 67, 70

rem, 155

renamed, 79

short circuit, 68

spacing, 5

optimizing compiler, values not checked, 86

optional parameter, 58

order

of arguments in aggregate, 77
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of elaboration, 149

of evaluation, 43, 68, 87

in expression, 67

others clause

in case statement, 71

in exception, 50, 81

in task body, 106

out, 60

alignment, 12

not for limited type, 145

overload

equality, 80

in generic, 134

operator, 80

subprogram, 79

type name, 35

use clause, 78

P

package, 44

abstract data type, 139

body

comment, 29

file name, 41

for different environment, 112

hide Unchecked_Conversion, 83

hide Unchecked_Deallocation, 84

indentation, 8

multiple implementation, 42

using pragma Interface, 121

Calendar, portability, 117

cohesion, 44

comment, 26

coupling, 45

dependency, 47

Direct_IO, 86

document non-portable, 111

end statement, 57

generic, 47, 137, 147

implementation-defined exception, 119

interface, 112

Low_Level_IO, 123

minimize interface, 46

name, 22

named in use clause, 78

nested, 47

predefined

type name, 20

vendor supplied feature, 113

private, 62

Sequential_IO, 86

specification, 46, 47

exception declaration, 50

file name, 41

indentation, 8

pagination, 13

portability, 112

Standard, 35

predefined numeric type, 113

System

portability, 120

portability of Tick, 117

Text_IO, 47

vendor supplied, 113

pagination, 13, 34

paragraphing, 7

parameter

adding to list, 59

aggregate, 77

alignment, 11

anonymous, 62

array, 131

declaration, per line, 14

default value, 59

for main program, 112

formal name, 58

generic formal, 130

generic reduces coupling, 147

in predefined I/O, 123

list, 58

mode, 60

alignment, 11

name in header, 27

named association, 58

number, 46

optional, 58

passing mechanism, 84

with exception, 135

profile, 79

size, 131

unmodified with exception, 134

parameter type, alignment, 12

parenthesis, 67

alignment, 11

spacing, 6

superfluous, 6

parser, use table-driven program, 150

part family, 149

passive iterator, 142

performance, 153

access to data, 45

comment in header, 27

named number, 24
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period, spacing, 6

periodic activity, 96

persistent object, 47

plain loop, 72

pointer

See also access

to task, 94

polling, 95

portability, 117

portability, 15, 44, 109

comment in header, 29

execution pattern, 96

of relational expression, 69

order dependency, 87

principles, 109

positional association, 59, 77

positive logic, naming, 68

pragma

Elaborate, 86, 148

implementation-defined, 121

Inline, 153

Interface

portability, 120

to foreign code, 121

introduce coupling, 148

Priority, 94, 148

portability, 118

Shared, 101

portability, 118

Suppress, 85

precedence of operator, 67, 70

precision

fixed point, 110

floating point, 110, 114

predefined

exception

do not raise, 50

handle, 82

portability, 118

I/O parameter, 123

predefined type, 35

as a name, 20

numeric, 113

String index, 114

predicate

as function name, 22

for boolean object, 21

preemptive scheduling, 118

prioritized activity, 45

Priority, 94

can create busy wait, 103

not for hidden task, 148

portability, 118

priority inversion, 95

private type, 62

equality, 80

for numeric type, 113

versus limited, 145

problem domain, model with task, 91

procedure

as main program, 112

call

named association, 58

recursive, 74

default parameter, 59

end statement, 57

generic, 137, 147

Inline, 153

name, 22

overload, 79

parameter list, 58

parameter mode, 60

return, 75

to reduce nesting, 70

versus function, 43

processor

multiple, 92

virtual, 92

program

body, indentation, 8

grouping, 44

name, 22

pagination, 13

termination, 82, 106

visibility, 47

Program_Error, 97

erroneous execution, 83

project

abbreviation, 20

entry name, 23

prologues, as pagination, 13

propagation, 82

exception, 83, 134

Q

qualified name, 47, 78, 79

queue, entry not prioritized, 95

R

race condition, 49, 105

attribute, 99
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in tentative rendezvous, 103

priority, 95

with shared variable, 101

radix, 17

precision, 115

raise statement, in abstraction, 50

range

constraint, 60

declaration, 113

Duration, 110

in case statement, 71

scalar types, 35

values, 66

real operand, in relational expression, 69

recompilation, reduced by separate file, 42

record

assignment, 77

component, name, 21

heterogeneous data, 63

indentation, 8

map to device data, 63

nesting, 64

parameter passing, 85

with access type component, 65

recursion, bound, 74

relational expression, 68, 69

portability, 115

rem, performance, 155

renames clause, 20, 78, 79

declare in block, 76

for a type, 36

rendezvous

efficient, 96

exception during, 97

instead of shared variable, 100

tentative, 102

versus shared variable, 118

with exception handler, 104

repeat until, how to simulate, 73

representation clause

evaluate during porting, 120

for device data, 64

indentation, 9

instead of enumeration, 36

portability, 116, 119, 120

reserved word, capitalization, 18

return statement, 75

reusability, 127

library, 79

of non-terminating program, 106

renames clause, 79

robust software, 130

run time system, dependence, 122

runaway task, 106

S

safe numbers, for floating point, 114

safe programming, 75

scheduling

algorithm

affected by hidden task, 134

portability, 118

delay, 96

task, 106

using priority, 95

scientific notation, 17

scope

access type, portability, 121

exception, 50

minimize, 47

use clause, 78

select statement

blocking, 96

minimize, 103

portability, 117

to provide normal termination, 105

selected component, of a private type, 63

selective wait

closed alternatives, 97

efficient, 96

indentation, 8

with else, 102

semicolon, spacing, 6

sentinel value, 61

separate

compilation, 41

indentation, 8

to reduce visibility, 48

separation of concerns, 46

Sequential_IO, 86

import private type, 147

Shared, 101

portability, 118

shared data, 45

hidden task in generic, 134

shared variable, 100

portability, 118
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short circuit operator, 68

side effect, 43, 69

simplification heuristics, 70

slice, 71

source text, 5, 110

spacing, 5

for goto statement, 75

for label, 75

horizontal, 5

specification

comment, 26

end statement, 57

generic, 132

header, as pagination, 13

indentation, 8

package, 46, 47

reusable part family, 149

task hiding, 49, 134

spelling, 17

abbreviation, 19

in comments, 25

Standard, 35

predefined numeric type, 113

starvation, 49

state

and exception, 50

naming, 68

statement, 69

abort, 106, 118

accept, 97, 103

block, 76

case, 71

comment, 32

delay, 95, 117

end, 57

exit, 57, 72, 73

goto, 75

indentation, 6

loop, 71

conditional exit, 69

marker comment, 34

per line, 14

return, 75

select, 97, 103

portability, 117

tentative rendezvous, 102

static

data, 65

expression, 23, 130

Storage_Error, 65

String, indexed with subtype, 114

strong typing, 35, 41, 60

to enforce assumption, 131

to reduce constraint check, 155

subprogram, 42

call

named association, 58

overhead, 43

recursive, 74

default parameter, 59

document non-portable, 111

end statement, 57

exceptions raised in, 50

generic, 137, 147

grouped in package, 44

grouping, 41

hiding task entries, 49

Inline, 153

main, 112

name, 22

overload, 79

overloading in generic, 134

parameter list, 46, 58

procedure versus function, 43

return, 75

to reduce nesting, 70

subrecord, 64

subtype, 35, 60

in case statement, 72

in generic, 132

used as range, 66

subunit

embedded, pagination, 13

file name, 41

indentation, 8

minimize context, 47

visibility, 47

Suppress, 85

symbolic, value, 23

synchronization, 91

and abort statement, 106

portability, 118

using shared variable, 100

System

portability, 120

portability of Tick, 117

system, do not comment, 27

T

tab character, 7
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table-driven program, 150

task, 45, 91

abort dynamic, 94

activation order, 117

allocate, 93

anonymous type, 92

attribute, 99

avoid termination, 104

body

exception handler, 106

indentation, 8

order, 94

communication, 49, 96, 97

complexity, 103

portability, 118

declaration, 92

document non-portable, 111

dynamic, 93

end statement, 57

hidden, 48, 134, 148

comment in header, 27

model, 91

name, 22

non-terminating, 105

parameter passing, 85

portability, 117

receiving interrupt, 112

rendezvous, 96

runaway, 106

scheduling, 106

portability, 118

specification

indentation, 8

pagination, 13

synchronization, 100

point, 118

portability, 118

termination, 104, 105

type, 92

Tasking_Error, 97, 99

temporary file, portability, 123

tentative rendezvous, 102

terminate alternative, to avoid deadlock, 105

termination, 104

abnormal, 106

controlled, 82

dynamic task, 94

file status, 123

normal, 105

of loop, 73

Text_IO, 47

thread of control, 92

Tick, portability, 117

time sliced, scheduling, 118

timed entry, 102

affects ’Count, 100

call, 50

indentation, 8

timing

affected by task, 94

execution pattern, 96

tool, 5, 25, 79

type, 60

access, 65

portability, 121

anonymous, 62

anonymous task, 92

attribute, for real value, 115

boundary value, 61

choice affects equality, 80

comment, 30

conversion, 61

precision, 115

declaration, 35

derived, 35, 60

Duration, 110

portability, 117

enumeration, 36

floating point, model, 114

grouped in package, 44

identifier, 20

Integer, 110

limited private, 62, 145

name, 20, 35

numeric, 113

of constant, 24

parameter passing, 85

predefined, 35, 113

private, 62, 145

renaming, 36

strong, 35, 41, 60

subtype, 60

suffix, 20

unconstrained array, 131

universal, 24

used as range, 66

U

Unchecked_Conversion, 83

portability, 122

Unchecked_Deallocation, 84

portability, 121
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underscore, 17

in file name, 41

in numbers, 17

significant in name, 20

universal_integer, 24

portability, 110

universal_real, 24

for greater precision, 115

until loop, how to simulate, 73

upper case, 18

use clause, 78, 79

See also context clause

user-defined exception, 82

replaces implementation-defined, 119

V

variable

declaration, alignment, 10

localize declaration, 77

of access type, 65

referenced in guard, 100

replaced with aggregate, 77

to reduce nesting, 70

valid state, 134

verb

as entry name, 22

as procedure name, 22

vertical alignment, 9, 10, 11

See also alignment

virtual processor, 92

visibility, 46, 47, 77

using renames clause, 79

W

while loop

See also loop

indentation, 7

with clause. See context clause

Z

zero based indexing, 154
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