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Produce Object Code
for A

Produce Object Code
for B

begin

read(moduleA)

edit( A.h )

write( A.h )

edit( A.c )

compile( A.c )

edit( A.h )

write( A.h )

edit(A.c)

compile( A.c )

edit( A.h )

write( A.h )

edit( A.c )

edit( A.h )

compile( A.c )

terminate-write(A) 

begin

read(moduleB)

edit( B.h )

read( A.h )

edit( B.c )

compile( B.c )

edit( B.h )

read( A.h )

edit( B.c )

compile( B.c )

terminate - FAILED

read( A.h )

terminate - FAILED

edit( B.c )

compile( B.c )

terminate - write(B)
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è�â�ã�ãÖåyä�ß�æ¥åÁëÁø�ç�Ý�ã

correction of interactions

consistency of products

correct execution

(a) COO approach

(b) Semantics based approach
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ö
åHæ¥æ�â�ç�Ý¥è¢â]ã¥ã�åyä�â�þÁâ�çGøÁÝ¥á¹å�è\ã
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åyä�Ý¥ê¢â]ã�â,åHß\â�æ�ÞyÝ¥á¹å�è�ã ,»ºÀ¼Á¾�¿ U ú ®qÂ ú ¯�Â�Ã½ÃÄÃ|Â ú�Å�é�á¬Ý�ê`ú ü Wm� þIÿ¦��0 ú ü W½Æ�Ç&� þIÿ¦�

) Û�� é�å¸åHß\â�æ�ÞyÝ¥á¹å�è�ãÖÞ�æ¥âÌákèdçGå�è'��áÈç0Ý�ä½æ�å�û Þ¸ã�Ý�ÞyÝ¥â�, ºÀ¼Á¾�¿ ákäI�
n�µ�ôIºJô<î�n�,»ºÀ¼Á¾�¿ Â úMö6û&o SU�È ôIºJô<î�n�,»ºÀ¼Á¾�¿ Â n�û�ö�úRo!o!o�^
n�í5îXô�ö1íX÷=n(,»º½¼�¾�¿mö6û&o SU�È ôIºJô<î�n�,»º½¼�¾�¿ Â n
úMö6û&oyo!o�^
n�í5îXô�ö1íX÷=n(,»º½¼�¾�¿mö�úRo SU!È ôIºJô<î�n�,»ºÀ¼Á¾�¿ Â n�û�ö�úRo!o

� Û í5îXô�öOí�÷ ø�ºJù�ö1î ïJî6úVn úiö6û&o
á¹ã�Ý¥æ�ø¢â"á¬äO÷ R ômö�ôÊÉ�÷ÁÝ¥ê�â,æ¥â]ã�ø¢àkÝ�åyä�û�ü�ý!� þIÿ,��ë¢âGß;âGè�ë¢ã/å�è�Ý¥ê¢â,æ�â�ã¥ø¢àkÝÖå�ä1úOüm� þIÿ,� Û
c Û ÈqË ü�ç�åHèHÝ Þyá¹è�ã
Ý¥ê¢â�ã¥â�Ý/å�ä�ã¥ákúHè¢á{�\çGÞ�èHÝ�â�ü�âGè`Ý ãÖåyä�Ý¥æ Þyè�ã�Þ�ç�Ý¥á¹å�è�ã�÷
· Ë ü
çGå�è`Ý�Þ�ákè�ã�Ý�ê¢â�ã¥â�Ý�åyä	âGüHâGè`Ý�ãÖé�ê¢áÈç ê�çGÞyè%á¹è¢á¬Ý�á¹ÞyÝ¥â�Þ¸Ý�æ�Þ�è�ã¥ÞHç0Ý�ákåHèJ Ë ü
ç�å�è`Ý Þyá¹è�ã�Ý¥ê¢â�ã¥â�Ý�å�ä�â�ü�âGè`Ý ãÖé�ê¢á¹ç ê�çGÞ�èVÝ�âGæ�û9ákè�ÞyÝ¥â�ÞÕÝ¥æ Þyè\ã¥ÞHç0Ý¥á¹å�è

u )
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ÈqË ü U õBÎNîQ¹Jó�÷�ö�''þ�)*)ló�ômö�¶aÿ�þ�í�ô ÷n u o
· Ë ü U õBÎ îQ¹.ó�÷ ÷nÎ��o
J Ë ü U õ�''þ�)*)ló�ômö�¶aÿ�þ�í�ô ÷n�"to
Ýcã¥ÞyÝ¥áÈãI��â]ã�Ý¥ê¢â"ä½ø�è�ë¢Þyû9â�èHÝ Þyà q þÁákåHû9ã u Zº.$nk$Eo
Ïmó�î ò ü U , M ünÎ)�o
''þ�÷�Yuù�óPV�ô È îXô ü U õ6ú ü�ý � þIÿ,�ÊÐ ·0÷s¸'í5þB¹.í�î%µ|µEn ú ü�ý � þIÿ,�ho ÷n � o
n(''þ�)*)ló�ô ü +Ü,-o.- R þIÿdö R?Ñ ü ö / û©+ Ñ ü

n R û%É1+ Ñ ü¦ö6û%É SU û�ö6û%Éü � þIÿ,�10 û�ü�� þIÿ,�ho 2 n3''þ�)4)ló�ô�üm� û�ü�� þIÿ,����+`,-onqc&o
n(''þ�)*)ló�ô�üm� û�ü�� þIÿ,����+*,#o.- / ú�n
ú ü ý � þIÿ,��0 û�üm� þIÿ,� 2 í�îXô�ö1í�÷ øEº.ù�öuî ï#î�úin
úMö�û&o!o

- n3''þ�)4)ló�ô ü ý � ú ü ý � þIÿ,���»oT+`,n ³ o
n(''þ�)*)dó�ô�üT+*,-o.- aSn�ô L ZMPO ô!on�Jto
/ þIÿwö / úMö�ûªnyn�¶9ÿ�þ�í�ô ü � ú ü � þIÿ,����+Ü,-o 2 n�í5îXô�ö1íX÷ øEº.ù�öuî ïJî�úin
úMö6û&o 2 ú ü � þIÿ,��0 û ü ý � þIÿ,�ho!o

- n�¶aÿ�þ�í�ô ü ý � û ü � þIÿ,����+Ü,-on uQA o
/ þIÿ / ú�n�¶aÿ�þ�í�ô ü � ú ü � þIÿ¦�{��+Ü,-o.- n�¶aÿ�þ�íXô ü +`,-on u�u o
n�¶aÿ�þ�íXô ü +`,-o.- R þIÿ R úVn!n ú ü � þIÿ,��+`,-o.-§¶9ÿ�þ�í�ô ü � ú ü � þIÿ¦�{��+`,-on u ��o

q þÒá¹å�û u ö � �²ÞHç0Ý¥á¹üÒá¬Ý�ákâ]ã�Þyæ�âÌÞHã¥ã¥åÁç�áÈÞ§Ý�â�ã�é�á¬Ý�ê%Ý¥ê¢â"Ý�ê¢æ¥â�â�ã�á¹ú�è�á��\ç�Þyè`Ý�âGüHâGè`Ý�ã ��¨
â�ú�á¹è�÷\ö
å�û9û9ákÝcÞyè�ë q �;å�æ¥Ý Û
q þÒá¹å�û��P¨�â�ú�á¹è�áÈã�Ý¥ê¢â,á¹è¢ákÝ¥áÈÞ§Ý�ákåHè%â�ü�â�èHÝÖä½åHæJö � �²ÞHç0Ý�áküÒákÝ¥á¹â�ã Û
q þÒá¹å�û¬"�ö
åHû9û¸ákÝcÞyè\ë q �\åHæ�Ý/â�ü�âGè`Ý ã�Þyæ�âcÝ�ê¢â"Ý¥â�æ¥û9á¹è�Þ§Ý�ákåHè�â�ü�âGè`Ý ã Û
q þÒá¹å�û $ ö � �²ÞHç0Ý¥á¹üÒá¬Ý�ákâ]ã�ã¥ÞyÝ¥áÈãOä½ìgä½ø¢è�ë¢Þ�û¸â�è`Ý�Þyà�Þ§þÁákåHû*ã�� � �]� q ö �iq �Î��ÞÕÝ�æ�Þ�è�ã¥ÞHç0Ý�ákåHè�çGÞ�è¢è¢å�ÝS�;â,á¹è¢á¬Ý�á¹ÞyÝ¥â]ë��Òì%ã�â�üt�

â�æ�Þ�à�âGüHâGè`Ý�ã�÷\Þ¸Ý�æ�Þ�è�ã�Þ�ç0Ý�ákåHèdçGÞyè�è¢åyÝ�Ý�âGæ�û¸á¹è�ÞyÝ¥â�ákÝJê�ÞHã�è¢å�Ý��\â�âGèCá¹è¢ákÝ¥áÈÞ§Ý�â�ë�÷@Þ¸Ý¥æ Þyè�ã�Þ�ç�Ý¥á¹å�èdçGÞ�è¢è¢å�Ý7�\â
Ý�âGæ�û9ákè�ÞyÝ¥â]ë.�ÒìgÝOé�å¸âGü�â�è`Ý�ã�÷Áå�è¢à¹ì�·#÷s¸'í5þB¹Jí5î%µ|µ,å�ß;âGæ Þ§Ý�ákåHè�ãÖçGÞ�è�åHß\â�æ�ÞyÝ¥â"å��'sOâ]ç0Ý ã

q þÒá¹å�û�) q èdÞ�ç0Ý�áküÒákÝOìVã¥âGâ�ã�Ý�ê¢â�ç�ø�æ¥æ�âGè`Ý/ãOÝ Þ§Ý�âÌå�ä�åt�'sOâ�ç�Ý�ãÖá¹è%Ý¥ê¢â�ë¢ÞyÝ�Þ���Þ�ã¥â Û
q þÒá¹å�û � ö
åHè'��áÈç0Ý ã ê�ÞÐüHâ�Ý¥å2�\âÌç�åHè�ã�áÈëÁâ�æ¥â]ë*ÞyúHÞ�ákè\ãOÝ
Þ�àkà;á¹è'�Nß�æ¥åHú�æ�â�ã�ã&å�ß;âGæ Þ§Ý�ákåHè�ã�ß;âGæ¥ä½å�æ�û9â�ë��Òì*ëÁá��@âGæ�âGè`Ý�Þ�ç�Ý¥á¹üt�

ákÝ¥á¹â�ã Û
q þÒá¹å�û ceñ�Þ�ã�Ý�åÁç�ç�ø¢æ�æ¥â�è�ç�âÌåyä	ÞÕã¥âGæ�á¹â�ã�åyä�á¹ëÁâ�è`Ý¥áÈçGÞyà�åHß\â�æ�ÞyÝ¥á¹å�è�ã�Þyæ�â"ç�å�û9û9ákÝ�Ý¥â]ë Û n�ã¥âGâmñ�Þ�ã�Ý7�Ìç�ç�ø¢æ�æ¥â�è�ç�â"Þ§þÁá¹å�û

ß\Þyú�â�)�o Û
q þÒá¹å�û ³ q ç�åHû¸û9ákÝ�Ý�â�ë6åHß\â�æ�ÞyÝ¥á¹å�ètûuø\ãOÝ9ëÁâGß;âGè�ë6ä½æ¥åHû ÞCç�åHû¸û9ákÝ�Ý�â�ë6åHß\â�æ�ÞyÝ¥á¹å�èMn>ã�â�â�ö
å�û9û9á¬Ý*ù�æ�å�ß\ÞyúHÞyÝ¥á¹å�è

ÞyþÁákåHû!ß�ÞyúHâ � o Û
q þÒá¹å�ûVJ q èVÞ�ç�Ý¥á¹üÒá¬ÝOì9çGÞ�è*å�è¢à¹ì¸çGå�û9û9á¬Ý�á¬ä�ákÝ
áÈã è�åyÝ ß�Þ�æ�Ý
åyä�Þ�çGìÒçGàkâcåyä L MPO ëÁâGüHâGà¹å�ß;â�ë¸Ý¥ê�æ¥åHø¢ú�ê¸Ý¥ê�âcá¹è`üHåÁçGÞ§Ý�ákåHè

å�ä�çGå�è'��áÈç0Ý�ákè�ú*å�ß;âGæ Þ§Ý¥á¹å�è\ã Û n�ã¥âGâÕö � �´ã¥âGæ�á¹Þ�àká���Þ��¢ákà¹ákÝOì¸ß\Þyú�â � o Û
q þÁá¹å�û uBA Ü²ä&Þyè%å�ß;âGæ Þ§Ý�ákåHè�áÈã�Þ&�;å�æ¥Ý¥â]ë�÷ÒÝ¥ê�âGèdÞ9ëÁâGß;âGè�ë¢âGè`Ýcå�ß;âGæ Þ§Ý�ákåHèVáÈã/Þ&�;å�æ¥Ý¥â]ëgÝ�åÒå Û
q þÁá¹å�û utu Ü²ä&Þyè%å�ß;âGæ Þ§Ý�ákåHè�áÈã�Þ&�;å�æ¥Ý¥â]ë�÷ÒÝ¥ê�âGè%Ý¥ê¢â,æ�â�ã¥ß;å�è�ã¥á{��àkâÌÝ¥æ Þyè\ã¥ÞHç0Ý¥á¹å�è�á¹ãcÞ&�;å�æ¥Ý¥â�ëVÝ¥åÒå Û
q þÁá¹å�û u �6Ü²ä&Þ�ç�Ý¥á¹üÒá¬Ý�ákâ]ã�Þ&�;å�æ¥Ý�Ý�ê¢âGèdÞ�àkà�åHß\â�æ�ÞyÝ¥á¹å�è�ãS�;âGà¹å�è¢úHákè�úÕÝ�å¸Ý¥ê¢áÈãÖÝ¥æ Þyè\ã¥ÞHç0Ý¥á¹å�è%Þyæ�â,Þ&�;å�æ¥Ý¥â�ë Û

u9�
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ñ�âGÝ�JLÞyèdÞHç0Ý¥á¹üÒá¬ÝOì�ã�âGÝ Û ôT+4J7ö R J MwÕ J Û

ÈqË ü U õBÎ îQ¹.ó�÷�ö�''þ�)*)dó�ômöÁ¶9ÿ�þ�í�ô ÷n u o
· Ë ü U õBÎNîQ¹Jó�÷ ÷n��to
J Ë ü U õ�''þ�)4)ló�ômöÁ¶9ÿ�þ�í�ô ÷nk"Eo
Ýcã�Þ§Ý�á¹ã!��â�ã�Ý�ê¢â"ä½ø¢è�ë�Þyû9âGè`Ý�Þ�à q þÁá¹å�û*ã u Zº¡$nh$�o
Ïpó�î ò ü U , M ün�)to
R ô[�Iö�ô3�?+*J M ö�ô[� SU ô3��ö�ô[��Ö L	× ô3� 2 ô[��Ø × ô3�n � o
''þ�÷�Yuù�óqV�ô È îXô ü U õ�ú ü ý � þIÿ,��Ð<ô�+*J M -èô É S+4J M öÁ·#÷s¸'í5þB¹Jí5î%µ|µtn
ú ü ý � þIÿ,�ho ÷n3c�o
n3''þ�)4)ló�ô�ü�+`,-o.- R þIÿwö RsÑ ü!ö / û
+ Ñ ü

n R û%É"+ Ñ üyö�û%É SU û�ö�û%Éü � þIÿ,��0 û�üm� þIÿ,�ho 2 n(''þ�)*)ló�ô�üm� û�üm� þIÿ,�{��+`,#on ³ o
n3''þ�)4)ló�ô ü � û ü � þIÿ,����+Ü,-o.- / ú�n ú ü ý � þIÿ,�"0 û ü � þIÿ,� 2 í5îXô�öOí�÷ ø�º.ù�öuî ïJî6úVn úiö6û&o!o

- n(''þ�)*)dó�ô ü ý � ú ü ý � þIÿ,���ho +*,n�JEo
n3''þ�)4)ló�ô�ü�+`,-o 2 ôT+4J M -

R þIÿ R û'n È ôIºJô<î�n�,»ºÀ¼Á¾�¿ño SU#È ôIºJô<î�n�,�º½¼Á¾�¿ Â û&o!o 2 n(V�þ�)4)ló�ô�ü�Wm� û�ü�W�� þIÿ,�{��+*,-o 2 ô � SU ô.-/ ú�n�í5îXô�ö1íX÷ øEº.ù�öuî ïJî�úin�û�ö�úOo 2 n È ôIºJô<î�n�,»º½¼�¾�¿]o U
È ôIºJô<îEn(,»º½¼�¾�¿ Â úRo!o 2 n�û�ü�W�� þIÿ,��0 úOü¦� þIÿ,�ho 2 V�þ�)4)ló�ô�üm� úOü¦� þIÿ,����+Ü,-o

n uBA o

n3''þ�)4)ló�ô�ü_+Ü,-o.- aSn�ô L ZM ¼�¼ ô!on utu o
/ þIÿ / ú�n�¶9ÿ�þ�í�ô�ü�� úOü¦� þIÿ,����+`,-o_- n�¶aÿ�þ�í�ô�üT+*,-on u ��o
/ þIÿwö / úiö6ûSn!n�¶aÿ�þ�í�ô�ü�� ú)üm� þIÿ,����+*,#o 2 n�í5î�ô�ö1í�÷ ø�ºJù�ö1î ïJî6úVn úiö6û&o 2 ú)üm� þIÿ,��0 û ü ý � þIÿ¦�»oyo

- n�¶9ÿ�þ�í�ô ü ý � û�üm� þIÿ,�{��+*,-on u "to
n�¶aÿ�þ�í�ô�üT+`,#o.- R þIÿ R úinyn ú)ü,� þIÿ¦��+Ü,-o.-§¶aÿ�þ�íXô�ü�� ú)üm� þIÿ,����+Ü,-on u $Eo

ö
åÒå&� q ç0Ý�áküÒákÝ¥á¹â�ãÖâ�è¢ê�Þyè\ç�âuö � �´Þ�ç0Ý�áküÒákÝ¥á¹â�ãÖé�ákÝ¥ê%Ý¥ê�â,è¢åyÝ�ákåHè�å�ä�ú�æ�å�ø�ß�å�ä�Þ�ç�Ý¥á¹üÒá¬Ý�ákâ]ãÖàká�+�â"á¹è­� u �w�ñ� ö
åÒå�ß;âGæ Þ§Ý¥á¹ü�â � â�æ¥á{�
Þyà¹á{�]Þ&�¢á¹à¹á¬ÝOìE� Û

¤ q þÁá¹å�û*ã u �I)ÕÞyæ�âÌáÈëÁâ�èHÝ�á¹ç�Þyà@Ý�å�ö � �²ÞHç0Ý�áküÒákÝ¥á¹â�ã Û
¤ ö
å�èK��á¹ç�Ý�ãJê�ÞÐü�â�Ý¥å.�;â9ç�å�è\ã�áÈëÁâGæ�â�ëdÞ�úHÞ�ákè�ã�ÝJÞ�àkà�ákèK�Nß¢æ�å�úHæ¥â]ã¥ã/å�ß;âGæ Þ§Ý¥á¹å�è\ã/ß;âGæ¥ä½å�æ�û¸â]ë?�ÒìdÞ�ç0Ý�áküÒákÝ¥á¹â�ãcÝ¥ê�ÞyÝJè¢å�Ý

�;âGà¹å�è¢ú¸Ý¥å¸Ý�ê¢â"Ý¥æ Þyè�ã�Þ�ç�Ý¥á¹å�è%ú�æ�å�ø¢ß Û
¤ � â�â'ñ�Þ�ã�Ý��ÌçGçGø¢æ¥æ�âGè\ç�â"Þ§þÁákåHû¶ß�ÞyúHâY) Û
¤ � â�â�ö
åHû9û¸ákÝcù�æ�å�ß\ÞyúHÞyÝ¥á¹å�èVÞyþÁákåHû!ß�ÞyúHâ � Û
¤ q þÁá¹å�û uBA ãOÝ Þ§Ý¥â]ãÌÝ¥ê�ÞyÝuÞ�ç�Ý¥á¹ü`ákÝ¥á¹â�ãY�\â�àkåHè¢ú�á¹è¢ú%Ý¥å%Ý¥ê�âgã¥Þ�û¸â9úHæ¥åHø¢ß-ûÕø�ã�Ý,çGå�èÒü�â�æ¥úHâuÝ�å�ø¢è¢á �Hø�â���è�Þyà
ãOÝ Þ§Ý¥â Û

n��Ìæ�å�ø�ßdö
åHè`üHâGæ�ú�â�è�ç�â q þÁákåHû»ß�Þ�ú�â ³ o Û
¤ q þÁá¹å�û utu ã�Ý�ÞyÝ¥â]ãuÝ�ê�Þ§ÝVÞ�èÓÞHç0Ý¥á¹üÒá¬ÝOìÓçGÞyèÓå�è¢à¹ì_çGå�û9û9á¬Ý*ákäÌákÝ*á¹ã9è¢å�Ý*ß�Þyæ¥Ý*åyäÌÞ¿ç�ìÁçGàkâ�åyä L M ¼Á¼ ëÁâGüHâGà¹å�ß;â�ëÝ¥ê�æ¥åHø¢ú�ê�Ý¥ê¢â,á¹èÒü�åÁçGÞyÝ¥á¹å�è�åyä�çGå�è'�\á¹ç�Ý¥á¹è¢ú*å�ß;âGæ Þ§Ý�ákåHè�ã Û n�ã¥âGâÕö������´ã¥âGæ�á¹Þ�àká���Þ��¢ákà¹ákÝOì¸ß\Þyú�â�c&o Û
¤ q þÁá¹å�û u �w� u $9Þyæ�âJáÈëÁâ�èHÝ�á¹ç�Þyà�Ý�åVö � �²ÞHç0Ý�áküÒákÝ¥á¹â�ã Û

u c


