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#DUVTCEV. 6JKU RCRGT RTGUGPVU C PGY RTQRGTV[ DGVYGGP RTQEGUUGU CTKUKPI HTQO C 
UGV QH TGNCVKQPU ECNNGF YGCM EQPHQTOCVKQPU.  6JG NCTIGUV, ECNNGF YGCM EQPHQTÿ
OCPEG, KU CPCNQIQWU VQ /KNPGT�U QDUGTXCVKQPCN GSWKXCNGPEG.  úPNKMG QDUGTXCÿ
VKQPCN GSWKXCNGPEG, JQYGXGT, YGCM EQPHQTOCPEG KU PQV CP GSWKXCNGPEG DWV 
TCVJGT C RTGQTFGT DGVYGGP RTQEGUUGU. LKMG VJG RTGXKQWU RTQRGTV[ QH NQIKE EQPÿ
HQTOCPEG, YGCM EQPHQTOCPEG CNNQYU DGJCXKQTU KP VJG KORNGOGPVCVKQP VJCV CTG 
WPTGCEJCDNG KP VJG URGEKHKECVKQP.  úPNKMG NQIKE EQPHQTOCPEG, JQYGXGT, YGCM 
EQPHQTOCPEG GZRNQKVU QWVRWV EQPEWTTGPEKGU CPF CNNQYU KPVGTNGCXKPI QH GZVTCPGÿ
QWU QWVRWV CEVKQPU KP VJG KORNGOGPVCVKQP.  (KPCNN[, TGCUQPCDNG TGUVTKEVKQPU KP 
%%5 U[PVCZ UVTGPIVJGP YGCM EQPHQTOCPEG VQ C RTGEQPITWGPEG.  6JG TGUWNVKPI 
RTQRGTV[, EQPITWGPV YGCM EQPHQTOCPEG, HQTOU C RCTVKCN QTFGTKPI COQPI RTQEÿ
GUUGU. #U C RTGEQPITWGPEG, KV OQFGNU UCHG UWDUVKVWVKQP QH JCTFYCTG. 

ÿ   +PVTQFWEVKQP

9JGP OQFGNKPI VJG EQORNKCPEG QH CP KORNGOGPVCVKQP VQ C URGEKHKECVKQP, VJG U[OOGÿ
VT[ KPJGTGPV KP CP GSWKXCNGPEG KU GZEGUUKXGÑC HCEV YGNN MPQYP VQ NQIKUVKEKCPU YJQ 
CVVGORV VQ TGRNCEG FKUEQPVKPWGF RCTVU.  (KTUV QH CNN, +ùý RKPU KP GZEGUU QH VJQUG URGEKÿ
HKGF CTG EGTVCKPN[ VQNGTCDNG KP VJG KORNGOGPVCVKQP.  5GEQPFN[, WPURGEKHKGF DGJCXKQTU KP
VJG KORNGOGPVCVKQP CTG CNUQ VQNGTCDNG YJGP VJG[ TGUKFG KP VJG WPTGCEJCDNG UVCVG URCEG. 

(WTVJGTOQTG, VJG URGEKHKECVKQP OC[ RTQXKFG CP output concurrency YJGTG OWNVKRNG 
QWVRWV GXGPVU CTG RTQFWEGF YKVJQWV KPVGTNGCXKPI KPRWV, CPF VJG QTFGT QH GXGPVU KU WPÿ
KORQTVCPV.  5WEJ EQPEWTTGPE[ KU EJCTCEVGTK\GF D[ DTCPEJKPI DGJCXKQT VJCV EQPXGTIGU 
YJGP CNN QWVRWVU JCXG QEEWTTGF.  6JG KORNGOGPVCVKQP KU HTGG VQ TGCNK\G jWUV QPG RCVJ
VJTQWIJ CP QWVRWV EQPEWTTGPE[.  ©ZRNQKVKPI UWEJ QWVRWV QRVKQPU NGCFU VQ OQTG GHHKÿ
EKGPV FGUKIPU. 6JG UCOG KU PQV VTWG HQT KPRWV EQPEWTTGPEKGU, YJGTG VJG KORNGOGPVCÿ
VKQP OWUV TGOCKP RQKUGF VQ CEEGRV CNN KPRWV KPVGTNGCXKPIU FGHKPGF D[ VJG URGEKHKECVKQP. 

©ZCORNGU QH JCTFYCTG GSWKXCNGPEGU CDQWPF =ü, û, 8, 10, 12, 13, 1øÿ23, 2÷?. *QYÿ
GXGT, TCVJGT VJCP C U[OOGVTKE GSWKXCNGPEG TGNCVKQP, CP CU[OOGVTKE RTGQTFGTKPI COQPI 
RTQEGUUGU KU UWIIGUVGF HQT OQFGNKPI EQORNKCPEG.    
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©ZCORNGU QH RTGQTFGT TGNCVKQPU CNUQ CRRGCT KP VJG NKVGTCVWTG. 6JG efficiency CPF di-
vergence RTGQTFGTU ETGCVG CP QTFGTKPI DCUGF QP VJG COQWPV QH KPVGTPCN EQORWVCVKQP 
VJCV RTQEGUUGU RGTHQTO =2, 3, 1û?.  6JG faster-than RTGQTFGT CUUQEKCVGU YQTUGÿECUG 
GZGEWVKQP VKOGU YKVJ CEVKQPU, CPF VJGP QTFGTU RTQEGUUGU DCUGF QP URGGF =17?.  #NN
VJTGG RTGQTFGTU ETGCVG CP QTFGTKPI COQPI QDUGTXCVKQPCNN[ GSWKXCNGPV RTQEGUUGU, DWV
VJG[ CTG WPFGHKPGF FGHKPGF DGVYGGP < ENCUUGU. 

ýVJGT TGUGCTEJGTU PQVG VJCV C RTQEGUU�U VTCPUKVKQP ITCRJ ETGCVGU CP QTFGTKPI COQPI 
KVU FGTKXCVKXGU =1, ÷, 7, ø?.  +H C VTCPUKVKQP P bs  Q GZKUVU VJGP P > Q.  6JGUG causal QT 
derivational RTGQTFGTU [KGNF CP QTFGTÿQHÿQEEWTTGPEG, DWV FQ PQV ECRVWTG VJG FGUKTGF 
KORNGOGPVCVKQPÿVQÿURGEKHKECVKQP TGNCVKQPUJKR, VJCV UJQWNF CRRN[ CV KPUVCPVU QH VKOG.  

6JG quiescent RTGQTFGT EQORCTGU QPN[ SWKGUEGPV UVCVGUÑVJQUG VJCV QPN[ CEEGRV KPÿ
RWVU =2ü?.  6JKU RTGQTFGT KU WPFGHKPGF QXGT VJG OCP[ KPVGTOGFKCVG UVCVGU ECRCDNG QH 
QWVRWV QT KPVGTPCN CEVKQP. #NN TGSWKTGF QWVRWVU OWUV DG É[KGNFGFÌ D[ VJG KORNGOGPVCÿ
VKQP, UQ VJG SWKGUEGPV RTGQTFGT FQGU PQV GZRNQKV QWVRWV EQPEWTTGPE[.

6JG may CPF must RTGQTFGTU CTG DCUGF QP testing UGOCPVKEU ö11:%JCRVGT 2), CPF CTG 
FGHKPGF D[ UGV EQPVCKPOGPV. P "OC[ Q KH CNN VJG VGUVU P OC[ RCUU CTG EQPVCKPGF KP VJQUG 
Q OC[ RCUU öCPF UKOKNCTN[ HQT "OWUV). *QYGXGT, VJG VGUVKPI UGOCPVKEU FKUEKRNKPG KU 
YGCMGT VJCP DKUKOWNCVKQP =2÷? CPF VJGTGHQTG WPFGUKTCDNG CU C EQPHQTOCPEG RTGQTFGT.

6JKU RCRGT KPVTQFWEGU C PGY RTGQTFGT, congruent weak conformance, VJCV ECRVWTGU 
KPVWKVKXG KFGCU IQXGTPKPI VJG KORNGOGPVCVKQPÿVQÿURGEKHKECVKQP TGNCVKQPUJKR.  %QPITWGPV 
YGCM EQPHQTOCPEG KU DGKPI WUGF KP TGUGCTEJ VQ NKPM UKOWNCVKQPÿDCUGF JCTFYCTG FGÿ
UETKRVKQP NCPIWCIGU UWEJ CU õ*&L =1÷? VQ RTQEGUU CNIGDTCU UWEJ CU VJG %CNEWNWU QH 
%QOOWPKECVKQP 5[UVGOU ö%%5) =1ø?.  5WEJ C NKPM YKNN CNNQY UVTKEVGT XGTKHKECVKQPU QH
õ*&L OQFGNU DCUGF QP VJG DKUKOWNCVKQP UGOCPVKEU QH %%5.

6JG FGXGNQROGPV QH EQPITWGPV YGCM EQPHQTOCPEG TGUGODNGU /KNPGT�U FGXGNQRÿ
OGPV QH observational congruence =1ø:%JCRVGTU û CPF 7?.  +P VJKU CPCNQI[, weak
bisimulations CTG TGRNCEGF YKVJ C UGV QH weak conformations.  9JGTGCU VJG NCTIGUV 
YGCM DKUKOWNCVKQP KU observational equivalence <, VJG NCTIGUV YGCM EQPHQTOCVKQP KU 
ECNNGF weak conformance CPF IKXGP VJG U[ODQN 9Y.   ýDUGTXCVKQPCN GSWKXCNGPEG KU
UVTGPIVJGPGF VQ C EQPITWGPEG D[ FKUCNNQYKPI KPKVKCN KPUVCDKNKV[.  5KOKNCTN[, YGCM EQPÿ
HQTOCPEG KU UVTGPIVJGPGF D[ VJG GPHQTEGOGPV QH HKXG TGCUQPCDNG FGUKIP EQPUVTCKPVU. 
6JG TGUWNVKPI RTQRGTV[, congruent weak conformance, KU U[ODQNK\GF CU C FQWDNGÿ
WPFGTNKPGF 9Y. 

þ   0QVCVKQP 

þTQEGUU CNIGDTCU UWEJ CU Communicating Sequential Processes ö%5þ) =13, 1ü? CPF VJG 
Calculus of Communicating Systems ö%%5) =1ø? CTG WUGF VQ OQFGN EQPEWTTGPE[ CPF 
VJWU CTG WUGHWN HQT OQFGNKPI FKIKVCN GNGEVTQPKE JCTFYCTG.  %%5 KU C XGT[ EQPEKUG, DWV
JKIJN[ GZRTGUUKXG RTQEGUU CNIGDTC.  ©URGEKCNN[ KORQTVCPV CTG KVU OGEJCPKUOU HQT GZÿ
RTGUUKPI PQPÿFGVGTOKPKUO, EJQKEG CPF JKFFGP KPVGTPCN CEVKQP.  %%5 YKNN UGTXG CU VJG 
DCUKU HQT VJG FKUEWUUKQP VJCV HQNNQYU. 

%QPUKFGT VJG C-element.  6JG %ÿGNGOGPV CYCKVU VJG TGEGKRV QH VYQ KPRWVU.  ýPEG 
DQVJ JCXG CTTKXGF, CP QWVRWV c  KU RTQFWEGF.  6JG %%5 OQFGN HQT VJG %ÿGNGOGPV KU: 
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CcabCcbaC def ...... M� öÿ) 

+PRWVU a CPF b CTG EQPEWTTGPV CPF OC[ CTTKXG KP GKVJGT QTFGT.  6JKU CNNQYCPEG KU KPFKÿ
ECVGF D[ VJG WUG QH VYQ VGTOU UGRCTCVGF D[ Âô�. 

þTQEGUUGU öQT CIGPVU) CRRGCT KP WRRGT ECUG.  LQYGT ECUG PCOGU UGTXG CU VTCPUKVKQP 
NCDGNU.  6JG QXGTDCT FKUVKPIWKUJGU KPRWVU HTQO QWVRWVU CPF KU IGPGTCNN[ CUUQEKCVGF YKVJ
QWVRWV, VJQWIJ KV ECP FGPQVG GKVJGT CU NQPI CU VJG WUCIG KU EQPUKUVGPV.  

%%5 GORNQ[U UKZ EQODKPCVQTU.  %QPUKUVGPV YKVJ /KNPGT�U WUCIG, EQODKPCVQT PCOGU 
CTG ECRKVCNK\GF VQ FKUVKPIWKUJ VJGO HTQO VJGKT EQOOQP ©PINKUJ OGCPKPIU:

8� 6JG Constant QRGTCVQT def�  CUUKIPU CP CIGPV PCOG VQ C DGJCXKQT. 
8� Prefix, FGPQVGF D[ VJG RGTKQF, KPFKECVGU QPG CEVKQP HQNNQYKPI CPQVJGT. 
8� Choice QT Summation, FGPQVGF D[ ô, KPFKECVGU C HQTM KP VJG GZGEWVKQP RCVJ. 
8� Parallel Composition, FGPQVGF D[ öA | B), KPFKECVGU CIGPVU A CPF B QRGTCVKPI 

EQPEWTTGPVN[ YKVJ C RQUUKDKNKV[ QH EQOOWPKECVKQP.
8� Relabeling, FGPQVGF D[ A=xùy?, KPFKECVGU VJCV CEVKQP x JCU DGGP TGPCOGF VQ y KP

VJG CIGPV A. 
8� Restriction, FGPQVGF D[ AóL, TGRTGUGPVU CIGPV A YKVJ CNN VJG CEVKQPU KP UGV L TGÿ

OQXGF.

  6JG %JQKEG QRGTCVQT can GZRTGUU PQPFGVGTOKPKUVKE DGJCXKQT.  %QPUKFGT VJG CIGPV:

COINtailsflipCOINheadsflipCOIN def .... M� öþ) 

*GTG VJG GPXKTQPOGPV ECP GZGTV PQ EQPVTQN QXGT VJG QWVEQOG, UKPEG VJG KPRWV flip QEÿ
EWTU KP DQVJ DTCPEJGU. ýPEG C flip CTTKXGU, VJG COIN CIGPV PQPFGVGTOKPKUVKECNN[ UGÿ
NGEVU QPG DTCPEJ, CPF RTQFWEGU CP QWVRWV CEEQTFKPIN[.  *QYGXGT VJG %JQKEG GZRTGUUGF 
KP VJG %ÿGNGOGPV URGEKHKECVKQP KU RGTHGEVN[ RTGFKEVCDNG FWG VQ VJG GPXKTQPOGPV�U CDKNKV[ 
VQ EQPVTQN VJG KPRWV UGSWGPEG CPF UGNGEV YJKEJ DTCPEJ KU GZGEWVGF. 

òQY EQPUKFGT VJG DGJCXKQT QH C UKORNG QPGÿRNCEG DWHHGT QT (+(ý: 

FIFOoutinFIFO def ..� ö3) 

ýPG ECP DWKNF C VYQÿRNCEG (+(ý D[ EQPPGEVKPI VYQ QPGÿRNCEG (+(ýU KP UGTKGU: 

_]ó)?ù=^?ù=ö2 midinmidFIFOoutmidFIFOFIFO def� ö4) 

6JG þCTCNNGN %QORQUKVKQP öFIFO | FIFO) DWKNFU C EQORQUKVG OQFGN HTQO VYQ öKP VJKU 
ECUG KFGPVKECN) UWDOQFGNU.  6JG 4GNCDGNKPI HWPEVKQPU =midùout? CPF =midùin? ETGCVG 
UKIPCNU mid CPF mid  YJKEJ VJGP HQTO CP KORNKEKV KPVGTPCN EQPPGEVKQP.  %QOOWPKECÿ
VKQP DGVYGGP UWDOQFGNU KU CEEQORNKUJGF KORNKEKVN[ YJGP CEVKQPU CPF EQÿCEVKQPU UJCTG 
VJG UCOG NCDGN.  ó]mid_ JKFGU VJKU KPVGTPCN UKIPCN HTQO VJG GZVGTPCN GPXKTQPOGPV. 6JG 
JKFKPI QH KPVGTPCN UKIPCNU, KORNKEKV KP OCP[ NCPIWCIGU, OWUV DG OCFG GZRNKEKV KP %%5.   

6JG EQORQWPF CIGPV FIFO2 EQPFWEVU C UKNGPV CEVKQP D[ VTCPUHGTTKPI C JKFFGP FCÿ
VWO HTQO VJG HKTUV VQ VJG UGEQPF FIFO.  5WEJ JKFFGP QT UKNGPV CEVKQPU CTG FGPQVGF D[
VJG U[ODQN Ò.  All UKNGPV CEVKQPU CTG CDUVTCEVGF KPVQ VJKU UKPING U[ODQN.   

A KU VJG UGV QH CNN KPRWV U[ODQNU, QT names.  A EQPVCKPU CNN QWVRWV U[ODQNU, QT co-
names.  L ñ A  J A EQPVCKPU CNN XKUKDNG NCDGNU, CPF Act ñ L J ]Ò_ CFFU Ò.  AöP), 
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A öP), LöP) CPF ActöP) CTG VJG EQTTGURQPFKPI sorts HQT CIGPV P. 
s�  KU CP observable VTCEG ETGCVGF HTQO s Q Actð D[ TGOQXKPI CNN GODGFFGF Ò CEÿ

VKQPU.  s�  KU VJG RTQjGEVKQP QH s QPVQ L.   6JG GORV[ UGSWGPEG QT VTCEG KU FGPQVGF CU Â. 
.½ FGPQVGU CP CIGPV�U CDKNKV[ VQ RGTHQTO UQOG ½ Q Act.  +H P a. Q VJGP P ECP TGÿ

EGKXG KPRWV a CPF VJGTGD[ GXQNXG KPVQ Q.  6JG U[ODQN b FGPQVGU VJG CDKNKV[ VQ RGTÿ
HQTO UGSWGPEGU YJGTGKP CP[ PWODGT QH KPVGTOGFKCVG Ò CEVKQPU ECP DG KPUGTVGF VQ TGCNÿ
K\G VJG VTCPUKVKQP.  9KVJ VJG JCV GODGNNKUJOGPV, P s�bQ FGPQVGU VJG EQORNGVG CDUVTCEVÿ
KPI CYC[ öKIPQTKPI) QH Ò CEVKQPU.  #P WPNCDGNNGF b FGPQVGU C VTCPUKVKQP QH \GTQ QT 
OQTG Ò CEVKQPU.  #TTQYU ÉRQKPVKPI PQYJGTG,Ì UWEJ CU P s�b , OGTGN[ KPFKECVG VJG CDKNKV[ 
VQ RGTHQTO C IKXGP VTCPUKVKQP YKVJQWV VJG PGEGUUKV[ QH PCOKPI VJG VCTIGV CIGPV. 

· FGPQVGU projection CPF PQTOCNN[ CRRNKGU VQ VJG RTQjGEVKQP QH CP CEVKQP UVTKPI 
QPVQ C UGV.  6JWU t·AöS) KU VJG UVTKPI t YKVJ CNN CEVKQPU TGOQXGF except VJQUG KP A öS).  

# PGY PQVCVKQP PQY FGPQVGU VJG CFFKVKQPCN KPRWV CPF QWVRWV U[ODQNU QT RKPU VJCV
CP KORNGOGPVCVKQP JCU KP GZEGUU QH VJG URGEKHKECVKQP.  6JGUG CTG ECNNGF extraneous
RKPU.  6JG GZRTGUUKQP Extr öI,S)  � A öI) c A öS) FGPQVGU VJG extraneous output sort
QH I YKVJ TGURGEV VQ S.  5KOKNCTN[, ExtröI,S)  � AöI) c AöS) KU VJG extraneous input sort. 

3 %QPHQTOCPEG ©ZCORNG

%QPUKFGT C EKTEWKV VJCV EQPXGTVU DKPCT[ÿEQFGFÿFGEKOCN ö$%&) VQ RWTG FGEKOCN. +V
VCMGU HQWT DKVU VQ GPEQFG C FGEKOCN FKIKV, UQ VJG EQPXGTVGT YKNN JCXG HQWT KPRWVU, ECNN
VJGO a, b, c CPF d. 6JG VGP QWVRWVU YKNN DG NCDGNGF Æ0, Æ1,ã, Æ9, QPG HQT GCEJ FGEKOCN 
FKIKV FGVGEVGF. ýPG ECP VJKPM QH VJG QWVRWVU CU VGP KPFKECVQT NKIJVU.  +P C %%5 OQFGN
QH VJG URGEKHKECVKQP, GCEJ VKOG VJGTG KU EJCPIG QP CP KPRWV DKV, QPG QWVRWV NKIJV VWTPU 
QP CPF CPQVJGT KU GZVKPIWKUJGF.  5KPEG %%5 OQFGNU VTCPUKVKQPU CPF PQV NGXGN UKIPCNU, 
VJGTG YKNN DG VYQ QWVRWV VTCPUKVKQPU EQPEWTTGPVN[, DWV KV YKNN PQV DG TGCFKN[ CRRCTGPV
YJKEJ KU VWTPKPI QP CPF YJKEJ KU VWTPKPI QHH.  #UUWOG VJG RCTGPV U[UVGO FQGU PQV ECTG 
KH momentarily VYQ CTG NKV, QT PQPG.   6JG URGEKHKECVKQP YKNN NQQM NKMG VJKU: 

S 
def
� S0

def
� a.ö Æ0.Æ1.S1 + Æ1.Æ0.S1) ô b.ö Æ0.Æ2.S2 ô Æ2.Æ0.S2) 
    ô c.ö Æ0.Æ4.S4 ô Æ4.Æ0.S4) ô d.ö Æ0.Æ8.S8 ô Æ8.Æ0.S8) ö5) 

YKVJ UKOKNCT FGHKPKVKQPU HQT UVCVGU S1 VQ S9.  # UJQTVJCPF PQVCVKQP öÆ0 | Æ1) ECP PQY DG 
WUGF VQ GZRTGUU VJG EQPEWTTGPE[ QH QWVRWV UKIPCNU YJKNG GEQPQOK\KPI QP VJG EQFG.

S0 
def
�  a.ö Æ0 | Æ1).S1 + b.ö Æ0 | Æ2).S2 + c.ö Æ0 | Æ4).S4 + d.ö Æ0 | Æ8).S8 

S1 
def
�  a.ö Æ1 | Æ0).S0 + b.ö Æ1 | Æ3).S3  + c.ö Æ1 | Æ5).S5 + d.ö Æ1 | Æ9).S9 

� 

S9 
def
�  a.ö Æ9 | Æ8).S8 + d.ö Æ9 | Æ1).S1 ö÷) 

ýPN[ UVCVGU S0 CPF S1 TGURQPF VQ CNN HQWT KPRWVU DGECWUG EQODKPCVKQPU CDQXG 
Â1001� CTG KNNGICN. ýOKVVKPI VJGUG VTCPUKVKQPU KP S2 VQ S9 EQPUVKVWVGU VJG URGEKHKECVKQP�U 
IWCTCPVGG VJCV VJG KNNGICN KPRWV EQODKPCVKQPU YKNN PQV DG TGEGKXGF. 
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ïKXGP URGEKHKECVKQP S, YJCV UQTV QH EKTEWKV YQWNF OCMG C EQPHQTOKPI 
KORNGOGPVCVKQP!   # ü:1÷ FGOWNVKRNGZQT, QT ÉFGOWZ,Ì KU CP QDXKQWU EJQKEG.  6JG 
KPRWVU a, b, c, CPF d EQPVTQN VJG HQWT UGNGEV NKPGU.  ýPN[ VGP QH VJG QWVRWVU CTG WUGF, 
YKVJ UKZ WPEQPPGEVGF.  # HKHVJ KPRWV RKP TGRTGUGPVU VJG OWNVKRNGZGF KPRWV.  +P VJKU 
CRRNKECVKQP VJCV RKP KU VKGF VQ Â1�.  òQVG VJGTGHQTG VJCV C EQORNKCPV KORNGOGPVCVKQP
OWUV JCXG C RKP HQT GXGT[ +ùý RKP ECNNGF QWV D[ VJG URGEKHKECVKQP, VJQWIJ KV OC[ JCXG 
OQTG.

C D E F

1

Q 9

Q 0

Z
Z
Z
Z
Z
Z

(KI N.  ü:1÷ &GOWNVKRNGZQT

# ÉHKTUV EWVÌ %%5 OQFGN HQT VJKU FGOWZ EQWNF TGCF jWUV NKMG VJG URGEKHKECVKQP 
OQFGN DWV YKVJ VJG OKUUKPI KPRWV VTCPUKVKQPU CFFGF CPF VJG GZVTC QWVRWVU IGPGTCVGF. 

I
def
� I0 

def
�  a.öÆ0|Æ1).I1 + b.öÆ0 Æ2).I2 + c.öÆ0|Æ4).I4  + d.öÆ0|Æ8).I8 

ã 

         I15
def
�  ã ö7) 

úPNKMG VJG URGEKHKECVKQP, VJG KORNGOGPVCVKQP JCU UKZVGGP PCOGF UVCVGU.  ©CEJ TGÿ
URQPFU VQ CNN HQWT KPRWVU.  6JWU, I ECP GZGEWVG VJG KNNGICN UGSWGPEGU.  +PFGGF, VJKU KU 
CNNQYCDNG UKPEG VJG URGEKHKECVKQP IWCTCPVGGU VJCV VJGUG CFFKVKQPCN UVCVGU CTG WPTGCEJÿ
CDNG.  ýPG OKIJV JCUVKN[ EQPENWFG VJCV KORNGOGPVCVKQPU OWUV FWRNKECVG all VJG UVCVGU 
QH VJG URGEKHKECVKQP, YKVJ CFFKVKQPCN UVCVGU CNNQYGF.  ;GV VJKU KU PQV VJG ECUG.  6JQWIJ 
VJG KORNGOGPVCVKQP I ITCVWKVQWUN[ IGPGTCVGU all VJG RQUUKDNG QWVRWV KPVGTNGCXKPIU CNÿ
NQYGF D[ S, KP TGCNKV[ KV YQWNF DG DQVJ FKHHKEWNV CPF EQWPVGTRTQFWEVKXG VQ ETGCVG UWEJ C 
FGXKEG.  # TGCN, RJ[UKECN NC[QWV TGUWNVU KP HKPKVG FGNC[U CNQPI XCTKQWU RCVJU.  /QUV
NKMGN[, VJG UCOG KPVGTNGCXKPI CRRGCTU GXGT[ VKOG KP C RJ[UKECN KORNGOGPVCVKQP.  *GPEG, 
C OQTG CEEWTCVG CPF TGCNKUVKE TGPFGTKPI QH VJG KORNGOGPVCVKQP I YQWNF JCXG QWVRWV
EQPEWTTGPEKGU UWEJ CU ö Æ0 | Æ1) TGRNCEGF YKVJ URGEKHKE KPVGTNGCXKPIU UWEJ CU Æ1.Æ0. 
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4   2TGXKQWU %QPHQTOCPEGU 

Conformances CTG CU[OOGVTKE TGNCVKQPU YKVJ VJG specification CIGPV CRRGCTKPI QP VJG 
TKIJV, CPF VJG implementation QP VJG NGHV.  %QPHQTOCPEGU VTGCV KPRWVU CPF QWVRWVU 
FKUVKPEVN[. *GPEG, HQT EQPHQTOCPEG TGNCVKQPU, VJG QXGTDCT KU KFGPVKHKGF URGEKHKECNN[ 
YKVJ QWVRWV.  6JKU FGRCTVU HTQO RTGXKQWU WUCIG, YJGTG VJG CUUQEKCVKQP KU CTDKVTCT[.

# PWODGT QH EQPHQTOCPEGU JCXG DGGP FGXGNQRGF, KPENWFKPI logic conformance.

Definition 1 =2û: &GHKPKVKQP 30?.  +ORNGOGPVCVKQP I logically conforms VQ URGEKHKECVKQP 
S, YTKVVGP I 9 S, KHH ©½ Q Act, ©¾ Q A J]Ò_ CPF ©Ä Q A :

ö1) 9JGPGXGT S ½. S' VJGP ¿I' : I ½�b I' CPF I' 9 S'. 
ö2) 9JGPGXGT I ¾. I' VJGP ¿S' : S ¾�b S' CPF I' 9 S'. 
ö3) 9JGPGXGT I Ä. I' CPF S Äb  VJGP ¿S' UWEJ VJCV S Äb S' CPF I' 9 S'.

þCTV ö1) FGOCPFU VJCV CNN URGEKHKGF DGJCXKQTU DG KORNGOGPVGF.  þCTV ö2) CUUWTGU 
VJCV GXGT[ KORNGOGPVGF QWVRWV EQTTGURQPFU VQ C URGEKHKGF QWVRWV GXGPV.  +P RCTV ö3), 
VJG RTGOKUG S Äb  CNNQYU VJG KORNGOGPVCVKQP VQ CEEGRV WPURGEKHKGF KPRWVU.   

LQIKE EQPHQTOCPEG TGURGEVU RTGGORVKXG VCW CEVKQPU CPF CDUVTCEVU CYC[ CNN QVJGTU. 
+V KU UGPUKVKXG VQ VJG DTCPEJKPI UVTWEVWTG QH CIGPVU, FGVGEVU FGCFNQEM, CPF TGSWKTGU VJCV 
FGCFNQEMU KP VJG KORNGOGPVCVKQP OWUV OCVEJ FGCFNQEMU KP VJG URGEKHKECVKQP. 

LQIKE EQPHQTOCPEG JCU UJQTVEQOKPIU VJCV PGGF TGOGF[.  (KTUV QH CNN, RCTV ö1) KU
QXGTN[ TGUVTKEVKXG YKVJ TGURGEV VQ QWVRWVU.  I OWUV KORNGOGPV every URGEKHKGF QWVRWV
CEVKQP, GXGP YJGP VJGTG KU QWVRWV EQPEWTTGPE[.  5GEQPFN[, RCTV ö2) OCMGU PQ CNNQYÿ
CPEG HQT VJG KORNGOGPVCVKQP VQ IGPGTCVG QWVRWV UKIPCNU QWVUKFG QH VJG URGEKHKECVKQP. 

5   LQECN %QPHNWGPEG CPF /CZQEVUGVU 

6JG YGCM EQPHQTOCPEG RTQRGTV[ WUGU VJG PQVKQP QH confluence, C TGUVTKEVGF HQTO QH 
FGVGTOKPKUO.  6JGTG CTG DQVJ strong CPF weak XGTUKQPU QH EQPHNWGPEG, YKVJ YGCM 
DGKPI VJG OQTG KPVGTGUVKPI.  ýPG QH /KNPGT�U TGUWNVU UGTXGU CU C YQTMKPI FGHKPKVKQP.

Definition 2 =1ø:þTQRQUKVKQP 11.11?.  If P is weakly confluent then whenever P rbP'
and P sbP'' then P' rs ùbQ' and P'' rs ùbQ'' with Q' <Q''.

rùs FGPQVGU ÉGZEGUU QH r QXGT sÌ =1ø: &GHKPKVKQP 11.÷?, DGKPI VJG UVTKPI r YKVJ VJG U[Oÿ
DQNU KV UJCTGU YKVJ s TGOQXGF. 6JKU TGOQXCN QEEWTU HTQO NGHV VQ TKIJV CPF VCMGU PQVG 
QH VJG OWNVKRNKEKV[ QH U[ODQNU YKVJKP s.  +H VJG U[ODQN a CRRGCTU VYKEG YKVJKP s VJGP
PQ OQTG VJCP VYQ QEEWTTGPEGU QH a CTG TGOQXGF HTQO r.  #U GZCORNGU, QDUGTXG VJCV 
a.b.c/a.c = b, a.b.a.b/a = b.a.b, CPF a.b.c/a.a = b.c.

(QT VJG EQPHNWGPV CIGPV P QH &GHKPKVKQP 2, CNN VTCEGU CTTKXG CV VJG UCOG öWR VQ <) 
FGUVKPCVKQP.  9JCVGXGT VJG RCVJ, VJG UCOG XKUKDNG CEVKQPU CTG GPEQWPVGTGF VJG UCOG
PWODGT QH VKOGU, CNDGKV VJG order QH VJG CEVKQPU OC[ DG FKHHGTGPV.  òQ XKUKDNG CEVKQP KU
RTGGORVGF HTQO QEEWTTKPI KVU CRRQKPVGF PWODGT QH VKOGU.  5VTKPIU r.s/r CPF s.r/s JCXG 
VJG UCOG PGV GHHGEV.   5WEJ UVTKPIU, YJKEJ CTG GSWKXCNGPV WR VQ RGTOWVCVKQP, CTG con-

                                                                                       Congruent Weak Conformance       39



fluence equivalent, YTKVVGP x ñEQPH y.  6JKU NGCFU VQ VJG PGY EQPEGRV QH local conflu-
ence. 

Definition 3. LGV s Q L*.  #IGPV P KU locally confluent YKVJ TGURGEV VQ s KH P sb CPF 
©r ñEQPH s, YJGPGXGT P sb P' CPF P rb P''  VJGP P' < P''.

#NN VJG ñEQPH UGSWGPEGU VGTOKPCVG KP VJG UCOG UVCVG WR VQ <.  ýPG OC[ YTKVG P rb <
P' HQT CNN UWEJ r.  òQVG VJCV P KU NQECNN[ EQPHNWGPV YKVJ TGURGEV VQ any r.  9JGTGCU 
/KNPGT�U EQPHNWGPEG KU C INQDCN RTQRGTV[ VJCV KPUKUVU VJCV CNN GZKVKPI UGSWGPEGU RTGÿ
UGTXG VJG EQPHNWGPEG, NQECN EQPHNWGPEG KU EQPVGPV KH C RQTVKQP QH VJG VTCPUKVKQP ITCRJ 
TGUGODNGU VJG EQPHNWGPEG FKCITCO.  6TCPUKVKQPU VJCV FGUVTQ[ INQDCN EQPHNWGPEG CTG 
KIPQTGF.  òQVG CNUQ VJCV PQV all RGTOWVCVKQPU QH s PGGF DG RTGUGPV HQT NQECN EQPHNWGPEG.

6JG CTGC QH NQECN EQPHNWGPEG ECP DG GODQFKGF CU C UGV QH VTCEGU:

Definition 4.  +H P KU NQECNN[ EQPHNWGPV YKVJ TGURGEV VQ s VJGP X ñ ]r ñEQPH s : P rb _ KU 
VJG confluent trace set öCT set) QH P YKVJ TGURGEV VQ s.  ©CEJ OGODGT UGSWGPEG KP X KU 
UCKF VQ DG C defining sequence, C defining trace QT C defining string HQT X. 

# %6 UGV EQORQUGF UVTKEVN[ QH QWVRWVU KU VJG OQTG KPVGTGUVKPI, DGECWUG QPN[ QWVRWV 
EQPEWTTGPEKGU ECP DG GZRNQKVGF.  *GPEG:

Definition  5. LGV X DG C %6 UGV QH P YKVJ TGURGEV VQ s.  X KU CP output confluent tran-
sition set öoctset) QH P YKVJ TGURGEV VQ s KH s Q A ô. 

ýEVUGV UGSWGPEGU CTG QH PQPÿ\GTQ NGPIVJ.  # VTKXKCN QEVUGV ]Â_ KU FKUCNNQYGF.  +P
HCEV, UKPEG QPN[ QPG QH VJG UGSWGPEGU PGGFU VQ DG KORNGOGPVGF, VJG FGUKTG KU VQ JCXG 
NCTIG, NGPIVJ[ QEVUGVU VQ IKXG VJG ITGCVGUV FGUKIP HNGZKDKNKV[.   *GPEG VJG maxoctset: 

Definition 6. LGV X DG CP QEVUGV QH P YKVJ TGURGEV VQ s.  X KU C maxoctset QH P KH ¿y t Q
A öP)ô UWEJ VJCV P JCU CP QEVUGV YKVJ TGURGEV VQ st.

©XGT[ UVCVG YKVJ CV NGCUV QPG GZKVKPI QWVRWV VTCPUKVKQP JCU some OCZQEVUGV.  +P VJG 
GZVTGOG ECUG, YJGP PQ HNGZKDKNKV[ KP FGUKIP KU QHHGTGF, C OCZQEVUGV KU C UKPINGVQP UGV 
EQPVCKPKPI C NQPG QWVRWV UVTKPI VJCV must DG KORNGOGPVGF.

6 9GCM %QPHQTOCVKQPU

# HCOKN[ QH EQKPFWEVKXGN[ FGHKPGF RTQRGTVKGU ECNNGF weak conformations KU PQY KPÿ
VTQFWEGF VJCV GODQF[ RTGXKQWUN[ KPVWKVKXG PQVKQPU QH EQORNKCPEG. ýH VJGUG, weak
conformance YKNN DG VJG NCTIGUV. $GKPI RTGEWTUQTU VQ C EQPHQTOCPEG, YGCM EQPHQTOCÿ
VKQPU CTG CNUQ CU[OOGVTKE TGNCVKQPU YKVJ VJG URGEKHKECVKQP CIGPV QP VJG TKIJV CPF VJG
KORNGOGPVCVKQP QP VJG NGHV.

Definition 7. $KPCT[ RTQEGUU TGNCVKQP W KU C weak conformation KH ©½ Q AöS) J ]Ò_, 
©¾ Q A öI) J ]Ò_, ©Ä Q AöS) :  I W  S implies VJG HQNNQYKPI HQWT NCYU: 
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LCY QH SRGEKHKGF +PRWV QT ýCW üLS+ý).  +H S ½. S' VJGP ¿t Q öAöS) J Extr öI,S))*
UWEJ VJCV  

ö1) I tb  I' ö2) t·AöS) ñ½�  ö3) I' W 5'

LCY QH SRGEKHKGF 1WVRWV üLS1).  LGV X DG C OCZQEVUGV QH S.  ¿s Q X CPF ¿t Q A öI)ô

UWEJ VJCV 
 ö1) S sb S' ö2) I tb I' ö3) t· A öS) ñ s öü) I' W S'  

LCY QH +ORNGOGPVGF +PRWV üL++).  9JGPGXGT  I Ä. I' CPF S
Ä
b VJGP

 ö1) S
Ä
b S' ö2) I' W S'  

LCY QH +ORNGOGPVGF 1WVRWV QT ýCW  üL+1ý).  +H I ¾. I'  CPF Á ; ¾ · A öS) VJGP

 ö1) S Áb S' ö2) I' W S' 

L5+6 FGUETKDGU VJG QDNKICVKQP QH VJG KORNGOGPVCVKQP YJGP VJG URGEKHKECVKQP TGÿ
SWKTGU CP KPRWV QT Ò.  6JG KORNGOGPVCVKQP CPUYGTU D[ RGTHQTOKPI C UVTKPI t.    $QVJ 
CIGPVU VJGP GXQNXG VQ FGTKXCVKXGU I' CPF S� VJCV CNUQ UJCTG VJG TGNCVKQP W.  t EQPVCKPU 
one QEEWTTGPEG QH CP KPRWV YJGP ½ KU XKUKDNG CPF none YJGP ½ ñ Ò.  6JG TGOCKPFGT QH 
t EQPVCKPU GZVTCPGQWU QWVRWVU VJCV ECP QEEWT YKVJQWV JCTO DGECWUG VJG[ CTG WPMPQYP 
VQ VJG URGEKHKECVKQP.  ýVJGT VJCP C NQPG ½� , t ECP EQPVCKP PQ QVJGT KPRWVU.  ©XGP VJQUG 
KPRWVU KP ExtröI,S) CTG RTQJKDKVGF.  +H t FKF EQPVCKP UWEJ WPURGEKHKGF KPRWV CEVKQPU, VJG 
KORNGOGPVCVKQP OKIJV YCKV HQTGXGT QP VJQUG KPRWVU, CPF YQWNF VJWU DG DNQEMGF. 

L5ý FGUETKDGU JQY CP KORNGOGPVCVKQP CPUYGTU URGEKHKGF QWVRWV CEVKXKV[.   %QPUKFÿ
GTKPI VJCV C OCZQEVUGV OC[ DG OKPKOCN, EQPVCKPKPI C UKPING QWVRWV, VJGP ENGCTN[ all
URGEKHKGF QWVRWVU HCNN YKVJKP VJG UEQRG QH some OCZQEVUGV.  9JGP C OCZQEVUGV EQPÿ
VCKPU OCP[ UGSWGPEGU, VJG KORNGOGPVCVKQP PGGF QPN[ ÉOCVEJÌ QPG QH VJGO öUQOG s Q
X).  6JG KORNGOGPVCVKQP CPUYGTU YKVJ t.  5VTKPI t EQPVCKPU CNN VJG CEVKQPU QH s, CPF KP
VJG UCOG UGSWGPEG.  #U DGHQTG, t ECP HWTVJGT KPEQTRQTCVG CP[ PWODGT QH GZVTCPGQWU 
QWVRWVU YKVJQWV JCTO.  ýPG YKNN QHVGP UC[ VJCV t implements s, QT CNVGTPCVGN[, VJCV t 
implements X, UKPEG s KU VJG TGRTGUGPVCVKXG QH VJG GPVKTG OCZQEVUGV X.

6[RKECNN[, C URGEKHKGF OCZQEVUGV EQPUKUVU QH CNN RQUUKDNG KPVGTNGCXKPIU QH VJG QWVRWV
CEVKQPU KV IQXGTPU. *QYGXGT, KV KU KORQTVCPV VQ PQVG VJCV L5ý OCMGU PQ UWEJ CUUWORÿ
VKQP QH ÉEQORNGVGPGUU.Ì  É5RCTUGÌ OCZQEVUGVU CTG CNNQYGF YJGTG URGEKHKE KPVGTNGCXÿ
KPIU CTG EQPURKEWQWUN[ CDUGPV, i.e., PQV CNNQYGF D[ VJG URGEKHKECVKQP.  L5ý FKTGEVU VJG 
KORNGOGPVCVKQP QH GZRNKEKV OGODGT UVTKPIU QPN[Ñnot jWUV CP[ RGTOWVCVKQP.

L++ KU C TGWUG QH &GHKPKVKQP 1ö2).  +V CFFTGUUGU VJG ECTG VJCV OWUV DG VCMGP YJGP VJG 
KORNGOGPVCVKQP RGTHQTOU CP KPRWV CEVKQP YKVJKP VJG URGEKHKECVKQP UQTV.  +H VJG URGEKHKÿ
ECVKQP KU PQV immediately ECRCDNG QH UWEJ CEVKQP, VJGTG KU PQ JCTO FQPG DGECWUG VJCV 
CEVKQP YKNN PQV DG HQTVJEQOKPI CP[YC[.  +H VJG URGEKHKECVKQP is KOOGFKCVGN[ ECRCDNG 
öS

Ä
b ) VJGP QH EQWTUG VJG KORNGOGPVCVKQP OWUV OCVEJ VJCV CEVKQP KP CEEQTFCPEG YKVJ 

L5+6.  *QYGXGT, L++ IQGU DG[QPF VJCV VQ UVCVG VJCV I KU RTQJKDKVGF HTQO CP[ QVJGT WUG 
QH URGEKHKGF KPRWV U[ODQNU, GZEGRV VJQUG CTKUKPI D[ L5+6.   ýVJGTYKUG, VJG KORNGOGPÿ
VCVKQP EQWNF UVTC[ KPVQ KNNGICN DGJCXKQT. 

                                                                                       Congruent Weak Conformance       41



L+ý6 CFFTGUUGU VJG QEEWTTGPEG QH VCWU CPF URGEKHKGF QWVRWVU KP VJG KORNGOGPVCÿ
VKQP. #NVJQWIJ VJG KORNGOGPVCVKQP ECP HTGGN[ GPICIG KP extraneous QWVRWVU, L+ý6 
TGSWKTGU VJCV CP[ WUG QH specified QWVRWV U[ODQNU KP VJG KORNGOGPVCVKQP DG NKOKVGF VQ
VJQUG VJCV CTKUG D[ NGICN CRRNKECVKQP QH L5ý.  #ICKP, VJKU RTGXGPVU VJG KORNGOGPVCVKQP
HTQO UVTC[KPI KPVQ KNNGICN DGJCXKQT. 

6JG HQNNQYKPI TGUWNVU ECP DG TGCFKN[ FGOQPUVTCVGF:

2TQRQUKVKQP ÿ. The process identity relation Idp  is a weak conformation. 
2TQRQUKVKQP þ. The union of weak conformations is a weak conformation. 

òQY /KNPGT =1ø? FGXGNQRGF observational equivalence < CU VJG NCTIGUV QH VJG weak
bisimulations, CPF VJGP UVTGPIVJGPGF < VQ C EQPITWGPEG D[ TGSWKTKPI KPKVKCNN[ UVCDNG 
CIGPVU. 5KPEG YGCM EQPHQTOCVKQPU CTG DCUGF QP DKUKOWNCVKQP UGOCPVKEU, YG UGGM VQ
FQ VJG UCOG, i.e., VQ KFGPVKH[ VJG NCTIGUV YGCM EQPHQTOCVKQP CPF UVTGPIVJGP KV VQ C 
EQPITWGPEG QXGT %%5.  6JG PGEGUUCT[ RTQQHU OCMG HTGSWGPV WUG QH VJG EQORQUKVKQP =
QH YGCM EQPHQTOCVKQPU, TGN[KPI QP UWEJ EQORQUKVKQPU VQ CNUQ DG YGCM EQPHQTOCVKQPU. 

6JG RTQQH VJCV =  RTGUGTXGU YGCM EQPHQTOCVKQP TGSWKTGU VJCV GCEJ QH VJG YGCM EQPÿ
HQTOCVKQP NCYU DG RTGUGTXGF.  +P HCEV, VJG RTQQH HCKNU HQT WPTGUVTKEVGF YGCM EQPHQTOCÿ
VKQPU.  %QPUKFGT L++, HQT GZCORNG.  L++ ECPPQV DG RTQXGP VQ JQNF CETQUU VJG EQORQUKÿ
VKQP P V Q W R YJGP R

Ä
b DGECWUG Q JCU PQ QDNKICVKQP VQ RGTHQTO CP KOOGFKCVG 

Ä
b .  

6JKU JCRRGPU DGECWUG L5ý RGTOKVU Q VQ RGTHQTO GZVTCPGQWU QWVRWVU RTKQT VQ KVU HKTUV
Ä.  (TQO VJG RGTURGEVKXG QH URGEKHKECVKQP R, UWEJ QWVRWVU Ä CTG jWUV CU URQPVCPGQWU CPF 
WPEQPVTQNNCDNG CU Ò CEVKQPU, CPF ECP [KGNF KPUVCDKNKVKGU.  (QT GZCORNG, CP QWVRWV x GZÿ
VTCPGQWU VQ DQVJ A CPF B ETGCVGU CP KPUVCDKNKV[ KP CIGPVU QH VJG HQTO .. BAx M   6JGTG 
ECP DG no YGCM EQPHQTOCVKQP DGVYGGP BAx M. CPF A ô B.  *GPEG CP QVJGTYKUG 
UVCDNG KORNGOGPVCVKQP ECP DGEQOG relatively unstable YKVJ TGURGEV VQ KVU URGEKHKECVKQP
YJGP CP GZVTCPGQWU QWVRWV RNC[U VJG TQNG QH Ò.  6JG U[ODQN ÒS PQY FGPQVGU UWEJ CEÿ
VKQPU YJGTG VJG UWDUETKRV S KU VJG URGEKHKECVKQP CIGPV�U PCOG.  6JWU VJG relative tau, 
ÒS, CFOKVU DQVJ NKVGTCN Ò CEVKQPU CU YGNN CU QWVRWV CEVKQPU DG[QPF VJG UQTV QH S.  ýPG 
UC[U VJCV P KU relatively stable YKVJ TGURGEV VQ Q KH P JCU PQ ÒQ FGTKXCVKXGU.   

Definition 8.  9GCM EQPHQTOCVKQP I W S OGGVU VJG conformational stability öCS) as-
sumption KH S KU UVCDNG CPF I KU TGNCVKXGN[ UVCDNG YKVJ TGURGEV VQ S. 

2TQRQUKVKQP 4. Relational composition = preserves weak conformation under the CS
assumption.

6JG RTQQH KU VQ UJQY VJCV GCEJ NCY JQNFU DGVYGGP P CPF R KP VJG EQORQUKVKQP
P V Q W R.  6JG RTQQH HQT L++ KU VJG OQUV EJCNNGPIKPI, CPF KU IKXGP JGTG:

2TQQH: %QPUKFGT VJG EQORQUKVKQP P V Q W R.  ýPG OWUV GUVCDNKUJ ©Ä Q AöR) VJCV 
YJGPGXGT P.Ä P' CPF Rb

Ä
 VJGP Rb

Ä
R' YKVJ P' VW R'. 

8� 5KPEG Q KU TGNCVKXGN[ UVCDNG YKVJ TGURGEV VQ R, L5+ TGSWKTGU VJCV Qb
Ä

 KOOGFKÿ
CVGN[. 

8� ¸̧Q b
Ä

Q' YKVJ P' V Q' D[ L++. 
8� +P VWTP, R b

Ä
R' YKVJ Q' W R' D[ L++ QP Ä öYKVJ L+ý6 CRRNKGF QP CP[ VCWU. 

8� *GPEG P' VW R'. Hµ
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7 9GCM %QPHQTOCPEG

îWUV CU < KU VJG NCTIGUV weak bisimulation, weak conformance KU VJG NCTIGUV YGCM
EQPHQTOCVKQP.

Definition 9. 6JG weak conformance TGNCVKQP, YTKVVGP 9Y, KU VJG WPKQP QH CNN YGCM 
EQPHQTOCVKQPU. 

6JG HQNNQYKPI RTQRQUKVKQPU CTG GCUKN[ FGOQPUVTCVGF.  6JG RTQQH QH VJG NCUV KU 
IKXGP. 

2TQRQUKVKQP 5. 9Y is a weak conformation.
2TQRQUKVKQP 6. 9Y is the largest weak conformation.
2TQRQUKVKQP 7. 9Y is reflexive. 
2TQRQUKVKQP 8. 9Y is transitive under the CS assumption.

2TQQH QH 2TQRQUKVKQP 8:  ïKXGP VJCV P 9Y Q 9Y R, P 9Y R HQNNQYU UKPEG VJG EQORQUKÿ
VKQP 9Y9Y KU C YGCM EQPHQTOCVKQP CPF ¸ 9Y 9Y P 9Y. Hµ

8 %QPITWGPV 9GCM %QPHQTOCPEG

9GCM   EQPHQTOCPEG 9 Y, NKMG <, KU PQV C EQPITWGPEG QXGT VJG WPOQFKHKGF %%5. #
UNKIJVN[ HKPGT EQPHQTOCVKQP KU PGGFGF. 6JWU C  congruent YGCM EQPHQTOCPEG, VQ DG
U[ODQNK\GF CU 9Y, KU FGUKTGF.   

ýPG FKHHKEWNV[ KP CEJKGXKPI EQPITWGPEG JCU CNTGCF[ DGGP FKUEWUUGF: VJCV QH KPKVKCN 
KPUVCDKNKV[.   6JKU KUUWG KU CFFTGUUGF D[ VJG %5 CUUWORVKQP, YJKEJ JCU CNTGCF[ DGGP
KPXQMGF VQ RTGUGTXG YGCM EQPHQTOCVKQP WPFGT = .  #P CFFKVKQPCN FKHHKEWNV[ EQOGU 
HTQO VJG RQUUKDKNKV[ QH GZVTCPGQWU CEVKQPU DGKPI ÉRTQOQVGFÌ VQ URGEKHKGF CEVKQPU FWTÿ
KPI VJG EQPUVTWEVKQP QH EQORQWPF CIGPVU.  6JKU KU PQV CP KUUWG HQT GSWKXCNGPEGU, 
YJGTG VJGTG CTG PQ GZVTCPGQWU CEVKQPU.  6Q CEJKGXG C EQPITWGPV YGCM EQPHQTOCPEG 
QXGT %%5 EQPUVTWEVKQPU, QPG OWUV RTGXGPV GZVTCPGQWU CEVKQPU HTQO DGKPI RTQOQVGF 
FWTKPI VJG EQWTUG QH VJG EQPUVTWEVKQP.  ©ZVTCPGQWU CEVKQPU prior to VJG EQPUVTWEVKQP 
OWUV TGOCKP GZVTCPGQWU after VJG EQPUVTWEVKQP, WPNGUU VJG[ FKUCRRGCT GPVKTGN[ HTQO VJG 
UQTV QH VJG EQORQUKVG KORNGOGPVCVKQP.

6JG TGCUQP HQT VJKU DGEQOGU ENGCT YJGP QPG EQPUKFGTU VJGUG CIGPVU VQ TGRTGUGPV 
JCTFYCTG.  ©ZVTCPGQWU CEVKQPU TGRTGUGPV RKPU QP VJG KORNGOGPVCVKQP FGXKEG VJCV TGÿ
OCKP WPEQPPGEVGF.  ©ZEGRV HQT RQUUKDNG KPUVCDKNKV[, VJG FGUKIPGT KORNKEKVN[ UVCVGU VJCV 
JG FQGU PQV ECTG YJCV CEVKXKV[ QEEWTU CV VJGUG RKPU.  +H, YJGP KPUGTVKPI VJKU FGXKEG KPVQ
C JKIJGT FGUKIP, JG VJGP RTQEGGFU VQ YKTG VJGUG RKPU VQ CPQVJGT FGXKEG, VJGP JG OWUV 
indeed ECTG YJCV JCRRGPU CV VJGUG FGXKEG RKPU.  6Q UC[ VJCV DGJCXKQT KU ÉFQP�V ECTGÌ CV
C NQYGT NGXGN, CPF ÉFQ ECTGÌ CV C JKIJGT NGXGN, KU C ECUG QH FWDKQWU FGUKIP KPVGPVí 

All VJG %%5 EQPUVTWEVQTU öGZEGRV 4GUVTKEVKQP) ECP ETGCVG RTQDNGOU D[ WPYKVVKPIN[ 
RTQOQVKPI GZVTCPGQWU CEVKQPU.  6JGTGHQTG, VQ QDVCKP C EQPITWGPV YGCM EQPHQTOCPEG 
TGNCVKQP, %%5 EQPUVTWEVKQPU PGGF VQ DG EQPUVTCKPGF UWEJ VJCV RTQOQVKQP QH GZVTCPGQWU 
CEVKQPU FQGU PQV QEEWT. 
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Definition 10.  LGV IÁ W SÁ  DG C U[UVGO QH YGCM EQPHQTOCVKQPU WPFGT W, CPF NGV 
_Á]XE DG C %%5 GZRTGUUKQP QP OWNVKRNG CIGPVU FGPQVGF D[ KPFGZGF XCTKCDNG .ÁX
_Á]XE ECP GORNQ[ all EQPUVTWEVQTU except 4GUVTKEVKQP CPF 4GNCDGNKPI. _Á]XE  OGGVU 

VJG Preservation of Extraneous Action öPEA) EQPFKVKQP YKVJ TGURGEV VQ IÁ W SÁ  KH: 

ö1)  Extr öIi, Si)  P Extr _)Á]_,Á]ö SEIE  HQT CNN KPFKEGU i. 

ö2) Extr öIi, Si)  P Extr _)Á]_,Á]ö SEIE HQT CNN i.

þ©# IWCTCPVGGU VJCV CNN GZVTCPGQWU CEVKQPU TGOCKP GZVTCPGQWU CHVGT VJG EQPUVTWEVKQP
_Á]XE  UQ VJCV WPTGCEJCDNG RCVJU CTG PQV KPCFXGTVGPVN[ CEVKXCVGF. 

     (QT VJG UCOG TGCUQPU, co-actions UJQWNF PQV DG KPVTQFWEGF VJCV CVVGORV VQ U[PEJTQÿ
PK\G YKVJ GZVTCPGQWU CEVKQPU, HQT UWEJ U[PEJTQPK\CVKQP ECP CEVKXCVG WPTGCEJCDNG RCVJU 
XKC VJG UKNGPV CEVKQP Ò.  6JKU TGSWKTGOGPV CRRNKGU VQ þCTCNNGN %QORQUKVKQP, YJKEJ KPÿ
VTQFWEGU UWEJ U[PEJTQPK\CVKQPU.

Definition 11. úPFGT VJG UCOG CUUWORVKQPU CU &GHKPKVKQP 10, KH HQT CNN RCTCNNGN EQOÿ
RQUKVKQPU _)Á]^_Á]ö XEXE 21 YKVJKP _Á]XE : 

 ö1) ©a Q LöE1] SÁ _):  
a R Extr ö E2] IÁ _,E2] SÁ _) J ExtröE2] IÁ _,E2] SÁ _) 

 ö2) ©a Q LöE2] SÁ _):  
a R Extr ö E1] IÁ _,E1] SÁ _) J Extrö E1] IÁ _,E1] SÁ _))

VJGP _Á]XE OGGVU VJG Extraneous Synchronization Prohibition öESP) YKVJ TGURGEV VQ
IÁ W .ÁS

ýPG ECP KPXQMG VJGUG EQPFKVKQPU VQ FGOQPUVTCVG VJG HQNNQYKPI HQT CNN YGCM EQPÿ
HQTOCVKQPU W  KP IGPGTCN: 

2TQRQUKVKQP û.  W is preserved by Prefix under PEA. 
2TQRQUKVKQP ÿú.  W is preserved by Choice under PEA. 
2TQRQUKVKQP ÿÿ.  W is preserved by Parallel Composition under PEA and ESP.

6JG RTQQH QH þTQRQUKVKQP ø KU TGNCVKXGN[ GCU[.  þTQRQUKVKQPU 10 CPF 11 JCXG UKOKNCT 
RTQQHU.  6JG RTQQH QH þTQRQUKVKQP 10 TGNKGU QP VJG HQNNQYKPI NGOOC:

LGOOC. Let M be a maxoctset of R = S ô T.  Let M = MS J MT where MS ñ ]s Q M : 
S sb _ CPF MT ñ ]s Q M : T sb _.  MS and MT CTG maxoctsets of S and T, respectively.

6JG RTQQH HQT VJG NGOOC KU C UVTCKIJVHQTYCTF RTQQH D[ EQPVTCFKEVKQP  +H GKVJGT MS QT 
MT CTG PQV OCZQEVUGVU, VJGP M ECP DG UJQYP PQV VQ DG C OCZQEVUGV.  úUKPI VJG NGOOC, 
QPG PQY RTQXGU þTQRQUKVKQP 10: 

2TQQH QH 2TQRQUKVKQP ÿú: ïKXGP I W 5 CPF J W 6, UJQY VJCV öI + J) W ö5 + T).  #Uÿ
UWOG Y.N.Q.I. VJCV CP[ VTCPUKVKQP QWV QH S + T JCU S CU KVU UQWTEG.
8� L5+6.  LGV S ô ¯ ½. S' HQT ½�Q A J ]Ò_.     

$[ L5+6, Ibt I' W S'.
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;GV KH Ibt I' VJGP KV HQNNQYU VJCV I ô J bt I'.   
6Q UJQY VJCV t·AöS ô T) ñ ½� , CUUWOG QVJGTYKUG:

¿ a Q t UWEJ VJCV a Q A öT) YJKNG a R A öS). 
6JKU XKQNCVGU þ©#. 
�b`

8� LII CPF LIOT.   5KOKNCT VQ L5+6. 
8� LSO.  LGV M DG C OCZQEVUGV QH S + T.  $[ VJG CDQXG NGOOC, M  ñ  MS J MT

YJGTG MS CPF MT CTG OCZQEVUGVU QH S CPF T, TGURGEVKXGN[.  #U OCZQEVUGVU, 
MS CPF MT  GCEJ EQPVCKP CV NGCUV QPG UVTKPI KORNGOGPVGF D[ I CPF J, TGURGEVKXGN[.  
+H s Q MS KU KORNGOGPVGF D[ I, VJGP I bt I' W S'.

+V HQNNQYU VJCV I + J bt  I' HQT S + T bs S'. 
6JWU I + J KORNGOGPVU s Q MS P M. 

+H s Q MT  VJG CTIWOGPV KU UKOKNCT. Hµ

òQY EQPUKFGT 4GUVTKEVKQP.  (QT KPRWVU, QPG ECP UCHGN[ TGUVTKEV specified inputs, 
UKPEG VJGKT TGOQXCN FQGU PQV CHHGEV VJG CDKNKV[ QH VJG TGOCKPKPI KPRWVU VQ EQPHQTO VQ 
L5+6 CPF L++.  Extraneous KPRWVU ECP CNUQ DG UCHGN[ TGUVTKEVGF.  òCVWTCNN[, QPG ECP 
CNUQ TGUVTKEV KPRWV U[ODQNU external VQ both VJG URGEKHKECVKQP CPF KORNGOGPVCVKQP, 
UKPEG UWEJ 4GUVTKEVKQP FQGU PQV OQFKH[ VJG DCUG CIGPVU CV CNN.  +P EQPENWUKQP: VJGTG CTG 
no NKOKVCVKQPU QP 4GUVTKEVKQP QH inputs. 

     (QT outputs, PQVG VJCV specified QWVRWVU ECP DG TGUVTKEVGF.  +P VJG ECUG QH L5ý, 
TGUVTKEVKPI C UKPING URGEKHKGF QWVRWV CEVKQP a  YKNN TGOQXG HTQO EQPUKFGTCVKQP GXGT[ 
OCZQEVUGV KP YJKEJ a  RCTVKEKRCVGU, UKPEG a OWUV CRRGCT KP GXGT[ UVTKPI QH VJCV 
OCZQEVUGV. #U YKVJ KPRWVU, VJG 4GUVTKEVKQP QH QWVRWVU external VQ both UQTVU KU OQQV. 
*QYGXGT, QPG OWUV DG ECTGHWN YJGP TGUVTKEVKPI extraneous QWVRWVU, HQT VJG[ ECP CRÿ
RGCT YKVJKP KORNGOGPVKPI UVTKPIU, CPF VJGKT 4GUVTKEVKQP YKNN DNQEM VJGUG UVTKPIU.  6JG 
QPN[ GZVTCPGQWU QWVRWV CEVKQPU VJCV ECP UCHGN[ DG TGUVTKEVGF CTG VJQUG YJQUG only QEÿ
EWTTGPEGU NKG CNQPI WPTGCEJCDNG RCVJU.  6JKU URGEKCN V[RG QH GZVTCPGQWU QWVRWV KU 
ECNNGF CP idle QWVRWV CEVKQP, CPF YG FGHKPG:

Definition 12. Idle öI W S) ; ] a  : a KU CP KFNG QWVRWV CEVKQP QH I W S. _ 

ýPG ECP PQY FGHKPG VJG EQPFKVKQP TGSWKTGF VQ CEJKGXG EQPITWGPEG HQT YGCM EQPÿ
HQTOCVKQPU WPFGT 4GUVTKEVKQP. 

Definition 13.  6JG NCDGN UGV L P L  OGGVU VJG Congruent Output Restriction öCOR) 
EQPFKVKQP YKVJ TGURGEV VQ UQOG YGCM EQPHQTOCVKQP I W S KH ©a Q L : a, a R
Extr öI,S) c Idle öI W- S).

%ý4 HQTDKFU VJG 4GUVTKEVKQP QH GZVTCPGQWU QWVRWVU, WPNGUU VJG[ CTG KFNG. 6JWU 
VJTGG MKPFU QH QWVRWVU may DG UCHGN[ TGUVTKEVGF:  ö1) specified QWVRWVU,  ö2) idle QWVRWVU 
CPF ö3) QWVRWVU external VQ DQVJ A öI) CPF A öS), YJQUG 4GUVTKEVKQP KU OQQV. 

2TQRQUKVKQP ÿþ.  Restriction preserves a weak conformation when COR applies. 

6JG RTQQH KU CEEQORNKUJGF D[ UJQYKPI VJCV VJG TGNCVKQP  SC ; ] ö Pó]c_, Qó]c_ ) : 
P W Q _ KU C YGCM EQPHQTOCVKQP. 
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òQY EQPUKFGT 4GNCDGNKPI.  4GNCDGNKPI ECP ECWUG EQPITWGPEG HCKNWTG KH VJG 4GNCDGNÿ
KPI HWPEVKQP CUUKIPU VJG UCOG PCOG VQ RTGXKQWUN[ FKUVKPEV U[ODQNU. 6JGTGHQTG, VJG 
4GNCDGNKPI HWPEVKQP OWUV DG CP injection. #NUQ, VJQUG UKIPCNU PQV GZRNKEKVN[ TGPCOGF
CTG KORNKEKVN[ TGPCOGF VQ VJGKT ÉQNFÌ PCOGU, YJKEJ QH EQWTUG OWUV PQV EQNNKFG YKVJ
CP[ ÉPGYÌ PCOGU, UQ VJG 4GNCDGNKPI HWPEVKQP OWUV KP HCEV DG C bijection.

Definition 14.  # 4GNCDGNKPI QRGTCVKQP OGGVU VJG Bijective Relabeling öBR) EQPFKVKQP 
KH KVU HWPEVKQP KU GZRNKEKVN[ QT KORNKEKVN[ DKjGEVKXG. 

2TQRQUKVKQP ÿ3.  Relabeling preserves weak conformation under the BR condition.

6JG RTQQH KU VQ UJQY VJCV VJG RTQEGUU TGNCVKQP S ; ] öP=f?, Q=f? : P W Q _ KU C YGCM 
EQPHQTOCVKQP. 

+V TGOCKPU VQ UJQY VJCV YGCM EQPHQTOCPEG 9Y KU RTGUGTXGF WPFGT TGEWTUKXG FGHKPKÿ
VKQP.  6JKU ECPPQV DG FQPG HQT IGPGTCN YGCM EQPHQTOCVKQPU, QT GXGP HQT 9Y KVUGNH.  +V 
can JQYGXGT DG FGOQPUVTCVGF HQT 9Y YJGP %5, þ©#, ©5þ, %ý4 CPF $4 CRRN[.   

2TQRQUKVKQP ÿ4. Let E 9Y F  where expressions E and F contain at most the single 
variable X.  Under the CS, PEA, ESP, COR and BR conditions, whenever I def

� E]I/X_
and S def

� F]S/X_ then I 9Y S.

þTQRQUKVKQP 1ü KU VJG UVCVGOGPV VJCV 9Y KU RTGUGTXGF D[ TGEWTUKXG FGHKPKVKQP WPFGT 
HKXG EQPUVTWEVKQPCN EQPFKVKQPU.  +VU RTQQH KU CPCNQIQWU VQ /KNPGT�U RTQQH HQT UVTQPI 
EQPITWGPEG =1ø:øøÿ101?. ýPG HKTUV FGHKPGU R ; ] öG]I/X_, G]S/X_) : I 

def
� E]I/X_, 

S 
def
� F]S/X__ CPF VJGP UJQYU VJCV R KU C ÉYGCM EQPHQTOCVKQP WR VQ 9YÌ öCPCNQIQWU VQ

ÉDKUKOWNCVKQP WR VQ <Ì).  6JG RTQQH VJGP RTQEGGFU CU C VTCPUKVKQP KPFWEVKQP D[ ECUGU 
QP VJG HQTO QH G]I/X_.  6JG EQPFKVKQPU %5, þ©#, ©5þ, %ý4 CPF $4 OWUV DG KPXQMGF 
CV ETKVKECN RQKPVU VQ EQORNGVG VJG KPFWEVKQP. 

6JG FKUEWUUKQP JCU CTTKXGF CV VJG RQKPV YJGTG EQPITWGPV YGCM EQPHQTOCPEG ECP DG 
FGHKPGF.  $TKGHN[ UWOOCTK\KPI: C UGV QH RTQRGTVKGU ECNNGF weak conformations YGTG 
GUVCDNKUJGF WPFGT HQWT VTCPUKVKQPCN NCYU VJCV GODQF[ KPVWKVKXG PQVKQPU QH JCTFYCTG 
EQORNKCPEG.  ýH VJG weak conformations, VJG NCTIGUV YCU FGUKIPCVGF weak confor-
mance CPF IKXGP VJG U[ODQN 9Y.  6Q OQFGN UCHG UWDUVKVWVKQP QH JCTFYCTG, 9Y JCF VQ
DG UJQYP VQ DG C congruence, i.e., VJCV KV DG RTGUGTXGF D[ CNN %%5 QRGTCVQTU.   

6Q CEJKGXG VJG EQPITWGPEG IQCN, KV YCU PGEGUUCT[ VQ NKOKV %%5 EQPUVTWEVKQPU D[ 
VJG HKXG EQPFKVKQPU: %5, þ©#, ©5þ, %ý4 CPF $4. *CRRKN[, VJGUG NKOKVCVKQPU CTG PQV
WPYQTMCDNG.  4CVJGT, VJG[ CTG EQPUKUVGPV YKVJ IQQF FGUKIP UGPUG, CPF JCXG C UKORNG
KPVGTRTGVCVKQP, to wit VJCV C ÉFQP�V ECTGÌ HQT VJG EQORQPGPV OWUV DG C ÉFQP�V ECTGÌ HQT 
VJG U[UVGO,Ì QT, GXGP OQTG UKORN[: 

É&QP�V ECTGUÌ OWUV DG RTGUGTXGF D[ JKGTCTEJ[.

6JG PGZV FGHKPKVKQP HWNN[ KPVGITCVGU VJKU RTGEGRV KPVQ VJG 9Y RTQRGTV[.  (WVWTG VQQNU VJCV
XGTKH[ HQT 9Y YKNN RTQXKFG CP CWVQOCVKE EJGEM VJCV VJKU FGUKIP IWKFGNKPG KU QDG[GF.

Definition 15.  LGV I 9Y S WPFGT VJG %5, þ©#, ©5þ, %ý4 CPF $4 EQPFKVKQPU.  6JGP I
CPF S GPjQ[ VJG congruent weak conformance TGNCVKQP, YTKVVGP I 9Y S.
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6JGUG TGUWNVU HQNNQY: 

2TQRQUKVKQP ÿ5. If P+9Y Q and Q+9Y P then P = Q. 

2TQQH: 5KPEG 9Y CRRNKGU DKFKTGEVKQPCNN[, PQ GZVTCPGQWU CEVKQPU CTG RQUUKDNG CPF KV KU
GCU[ VQ UJQY HTQO VJG EQPHQTOCVKQP NCYU VJCV P CPF Q UKOWNCVG GCEJ QVJGT, KP QVJGT 
YQTFU P < Q.  ýDUGTXKPI VJCV DQVJ P CPF Q CTG UVCDNG WPFGT VJG %5 CUUWORVKQP, QPG 
EQPENWFGU VJCV P = Q. 

2TQRQUKVKQP ÿ6. 9Y is a partial order.

2TQQH: 9Y KPJGTKVU TGHNGZKXKV[ CPF VTCPUKVKXKV[ HTQO 9Y.  þTQRQUKVKQP 1û FGOQPUVTCVGU 
CPVKU[OOGVT[. 

2TQRQUKVKQP ÿ7. 9Y is a congruence.

2TQQH:  þTQRQUKVKQPU ø VJTQWIJ 1ü. 

%QPITWGPEG QH 9Y KU C OCjQT TGUWNV, GUVCDNKUJKPI KV CU C EQTTGEV OQFGN HQT UCHG 
UWDUVKVWVKQP.  5KPEG 9Y KU KP HCEV C RTGQTFGT, KV KU CRRTQRTKCVG CPF EQPUKUVGPV YKVJ RTKQT 
WUCIG VQ ECNN KV C precongruence. 

û   %QPENWUKQP 

9G JCXG FGXGNQRGF CPF RTQXGP C HQTOCN TGNCVKQPUJKR DGVYGGP CIGPVU CPF URGEKHKECÿ
VKQPU VQ DG C EQPITWGPV RCTVKCN QTFGT.  9G HGGN VJKU KU VJG DGUV HQTOCN TGNCVKQP UQ HCT HQT 
XGTKH[KPI KORNGOGPVCVKQPU CICKPUV URGEKHKECVKQPU.  6JKU EQPITWGPEG FGTKXGU OCZKOCN
HNGZKDKNKV[ CPF GODQFKGU CNN YGCMPGUUGU KP KPRWV, QWVRWV, CPF PQÿEQPPGEV UKIPCNU YJKNG 
TGVCKPKPI C HWNN[ TGRNCEGCDNG EQPHQTOCPEG VQ VJG URGEKHKECVKQP.  6JKU FGUKTCDNG TGNCVKQP 
KU FGUETKDGF KP HQWT VTCPUKVKQPCN NCYU YKVJ HKXG EQPUVTWEVKQPCN TGUVTKEVKQPU. 

ÿú   ùGEQOOGPFCVKQPU 

6JG FGXGNQROGPV QH EQPITWGPV YGCM EQPHQTOCPEG RTGUWOGU semantic UQTVU.  9JGTGCU 
VJG syntactic UQTV QH CP CIGPV GCUKN[ FGTKXGU HTQO KVU NGZKECN TGRTGUGPVCVKQP, VJG seman-
tic UQTV OWUV FKUECTF CP[ U[ODQNU VJCV CTG WPTGCEJCDNG.  &GTKXKPI C UGOCPVKE UQTV KU, KP 
HCEV, WPFGEKFCDNG, DGKPI CMKP VQ VJG JCNVKPI RTQDNGO. 6JGTGHQTG, CWVQOCVGF VQQNU VQ
ECNEWNCVG EQPITWGPV YGCM EQPHQTOCPEG YKNN DG NKOKVGF VQ U[PVCEVKE UQTVU. (QT VJG 
ÉU[PVCEVKEÌ 9Y, WPTGCEJCDNG URGEKHKECVKQP CEVKQPU YKNN EQPUVTCKP VJG KORNGOGPVCVKQP VQ 
VJG HQWT VTCPUKVKQPCN TWNGU KP TGIKQPU VJCV CTG UGOCPVKECNN[ ÉFQP�V ECTG.Ì  5GOCPVKECNN[ÿ
GZVTCPGQWU CEVKQPU FGVGEVGF CU URGEKHKGF YKNN NQUG VJGKT HTGGFQO VQ KPVGTNGCXG QT VQ
VTKIIGT WPUCHG DGJCXKQT.  úPTGCEJCDNG KORNGOGPVCVKQP CEVKQPU VJCV CTG TGCEJCDNG KP VJG 
URGEKHKECVKQP YKNN HCKN L5ý CPF L5+6, CU VJG[ YQWNF CP[YC[.  (CNUGN[ PQPÿGZVTCPGQWU 
CEVKQPU YKNN not JCXG CP KORCEV QP VJG HKXG EQPUVTWEVKQP TGUVTKEVKQPU, DGECWUG VJGUG 
CEVKQPU CTG CNUQ HCNUGN[ CFJGTG VQ VJG VTCPUKVKQPCN NCYU.  6JGTGHQTG, VJG U[PVCEVKE VQQNU 
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YKNN FGVGEV C UNKIJVN[ UVTQPIGT 9Y.  5WEJ VQQNU YKNN DG CPCNQIQWU VQ GSWKXCNGPEG EJGEMÿ
GTU, i.e., conformance EJGEMGTU.  %TGCVKPI UWEJ VQQNU KU C NQPIGTÿVGTO IQCN HQT WU.  

9G CNUQ HQTGUGG VQQNU VJCV VTCPUHQTO OQFGNU HTQO FGUKIP NCPIWCIGU UWEJ CU õ*&L 
VQ RTQEGUU CNIGDTCU UWEJ CU %%5ÑUWEJ VJCV VJG ITGCVGT XGTKHKECVKQP RQYGTU QH %%5 
YKNN CEETWG VQ õ*&L.  ýH EQWTUG, VJG GXGPVÿDCUGF UKOWNCVKQP UGOCPVKEU QH õ*&L FQ 
PQV OCVEJ VJG DKUKOWNCVKQP UGOCPVKEU QH %%5, CPF UWEJ C VTCPUHQTOGF OQFGN ECP 
PGXGT DG ÉGSWKXCNGPVÌ VQ KVU õ*&L QTKIKPCN.  *QYGXGT, VJG RTQRGTV[ QH EQPITWGPV
YGCM EQPHQTOCPEG between OQFGNU QWIJV VQ DG RTGUGTXGF KP VJG EQWTUG QH VJG VTCPUNCÿ
VKQP. 6JWU YG TGEQOOGPF, YJGP FGXGNQRKPI UWEJ VQQNU, VJCV GCEJ VTCPUHQTOCVKQP DG 
HQTOCNN[ XCNKFCVGF D[ HQTOCN RTQQH VJCV KV RTGUGTXGU EQPITWGPV YGCM EQPHQTOCPEG. 
ýWT EWTTGPV TGUGCTEJ KU WUKPI 9Y VQ GUVCDNKUJ UWEJ C VTCPUNCVKQP HTQO õ*&L VQ %%5.

(KPCNN[, YG ENCKO VJCV 9Y ÉKU VJG DGUV HQTOCN TGNCVKQP so farãÌ  þQUUKDN[, 9Y KU 
UVTQPIGT VJCP KV PGGF DG.  %QPVKPWKPI VJG CPCNQI[ YKVJ /KNPGT�U YQTM, PQVG VJCV < YKVJ
UVCDKNKV[ implies ñ, DWV FQGU PQV define KV =1ø:þTQRQUKVKQP 7.10?.  +P HCEV, /KNPGT�U 
&GHKPKVKQP 7.2 allows KPKVKCN VCWU CU NQPI CU VJG QVJGT CIGPV OCVEJGU VJGO.  6JWU, JCF 
/KNPGT CNNQYGF PQ VCW FGTKXCVKXGU CV CNN, ñ YQWNF DG UVTQPIGT VJCP PGEGUUCT[. 

+P VJG RTGUGPV FGXGNQROGPV, VJG HKXG EQPUVTWEVKQPCN TGUVTKEVKQPU CTG CPCNQIQWU VQ
UVCDKNKV[, CPF 9Y RNWU VJGUG TGUVTKEVKQPU defines öPQV implies) 9Y.  # FGHKPKVKQP QH 9Y

CPCNQIQWU VQ /KNPGT�U FGHKPKVKQP QH ñ, YJGTG VJG FGTKXCVKXGU UJCTG 9Y CPF PQV 9Y, KU 
UWIIGUVGF.  *QYGXGT, UWEJ C HQTOWNCVKQP YKNN DG OQTG EQORNGZ.  (KTUV QH CNN, EQPHQTÿ
OCPEG VTGCVU QWVRWVU FKUVKPEVN[ HTQO KPRWVU, YJGTGCU DKUKOWNCVKQP FQGU PQV.  5GEQPFN[,
VJGTG CTG HQWT EQPHQTOCVKQPCN NCYU VQ TGURGEV, CPF VJG[ JCXG FKUVKPEV HQTO.  6JGTG CTG 
jWUV VYQ DKUKOWNCVKQP NCYU, CPF VJG[ CTG U[OOGVTKE. #EJKGXKPI UWEJ C HQTOWNCVKQP HQT 
9Y YKNN DG VJG UWDjGEV QH HWVWTG TGUGCTEJ.   
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