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IF IRT#"+C&TI"R 
946,c; re<,nement ,s meant t4 der,>e 64Ter 6e>e6 G46,c,es 

<r4m L,NLer 6e>e6 4nes s4 tLese m4re sGec,<,c G46,c,es are better 
s1,ted <4r 1se ,n sGec,<,c en>,r4nmentsF A6tL41NL G46,c; 
re<,nement Las been rec4Nn,Ued as cr1c,a6A at tLe same t,me ,t 
Las been a ratLer neN6ected area ,n G46,c;7based manaNementF 
M1nct,4na6 aGGr4acLes are st,66 m,ss,nN ,n sG,te 4< tLe L,NL 
re6e>ance 4< G46,c; re<,nement t4 G46,c;7based manaNementF 

!4a674r,ented #eV1,rements $nN,neer,nN tecLn,V1es La>e 
been Gr4G4sed as an a6ternat,>e t4 address tLe G46,c; 
re<,nement Garad,Nm WXYF TLe Nener,c G46,c; re<,nement 
metL4d464N; Gresented ,n WXY ,s based 4n tLe PA"B N4a67
e6ab4rat,4n <4rma6 aGGr4acL WZYF PA"B ,s 1sed t4 e6ab4rate N4a6 
NraGLs Nr41nded ,n temG4ra6 64N,c W[YF ',NL76e>e6 N4a6s are 
dec4mG4sed ,nt4 64Ter76e>e6 N4a6s tLat 64N,ca66; enta,6 tLe 
adm,n,strat,>e N1,de6,nes Grescr,bed b; L,NL76e>e6 N4a6sF !4a6s 
are dec4mG4sed b; 1s,nN a set 4< Gre7de<,ned re<,nement 
Gatterns d1r,nN tLe N4a6 e6ab4rat,4n Gr4cess WZYF  

In 41r Gre>,41s T4rO W\YA Te La>e Gr4G4sed tLe 1se 4< 
6,near temG4ra6 m4de6 cLecO,nN t4 4bta,n s;stem trace 
exec1t,4ns a,med at <16<,66,nN 64Ter 6e>e6 N4a6sA e6ab4rated T,tL 
tLe PA"B N4a6 e6ab4rat,4n metL4dF Mr4m s;stem exec1t,4nsA ,t 
,s G4ss,b6e t4 abstract tLe manaNed ent,t,esA c4nd,t,4ns and 
act,4ns tLat need t4 be taOen t4 <16<,66 64Ter76e>e6 N4a6sA 
c4ns,der,nN tLat tLese are temG4ra66;7re6ated and tLat 
mean,nN<16 state trans,t,4ns are G46,c;7c4ntr466edF  

'ereA Te m4>e 4ne steG aLead t4Tards tLe mater,a6,Uat,4n 
4< a <1nct,4na6 aGGr4acL t4 G46,c; re<,nement <4664T,nN tLe 
ab4>e <4rma6,smsF ^e Gresent !"#$%"&'A a +,str,b1ted !4a67
4r,ented 946,c; #e<,nement MrameT4rOF "1r ma,n c4ntr,b1t,4n 

,s tLe ,dent,<,cat,4n and descr,Gt,4n 4< tLe c4mG4nentsA 
necessar; t4 maOe G46,c; re<,nement a s;stemat,c Gr4cessF M4r 
tL,sA Te La>e ,dent,<,ed a set 4< !"#$%&'#()*&++",+ and add,t,4na6 
+"--'.%&#/*($%&0&%&,+ 4< 41r en>,r4nmentF 

TLe !"#$%&'#()* &++",+ addressed ,n !"#$%"&' are tL4se 
re6ated t4 tLe Gract,cab,6,t; 4< tLe N4a674r,ented tasOs _eFNF N4a6 
e6ab4rat,4n`A tLe Gract,cab,6,t; t4 Grescr,be adm,n,strat,>e 
dec,s,4ns ,n acc4rdance T,tL tLe re<,ned G46,c,es _eFNF se6ect,4n 
4< N4a6s t4 <16<,66 T,tL tLe re<,ned G46,c,es`A and tLe ba6anc,nN 
4< tLe c4mG1tat,4na6 c4mG6ex,t; <4r 6arNe7sca6e re<,nements 
_,FeF d,str,b1t,4n 4< manaNement tasOs`F "n tLe 4tLer LandA tLe 
+"--'.%&#/*($%&0&%&,+ ,n>46>e tLe Gract,ca6 s1GG4rt t4 d4c1ment 
b4tLA 4bIect d,str,b1t,4n and s;stem beLa>,4r T,tL,n an 
,nteNrated G46,c; re<,nement en>,r4nmentF 

TLe next sect,4n descr,bes tLe re<,nement <rameT4rO ,n 
TL,cL !"#$%"&' re6,esF ^L,6e Bect,4n [ descr,bes tLe 
!"#$%"&' s461t,4nA Bect,4n \ N,>es s4me <6a>4r 4< L4T ,t ,s 
1sed t4 re<,ne G46,c,esF #e6ated T4rO and c4nc61s,4ns are N,>en 
,n Bect,4ns a and b resGect,>e6;F 

IIF 9"@I&c #$MIR$%$RT M#A%$^"#P 
!"#$%"&' <4664Ts tLe N4a67based aGGr4acL t4 G46,c; 

re<,nement ,n,t,a66; Gr4G4sed ,n WXYA maO,nN 1se 4< 6,near 
temG4ra6 64N,c and m4de6 cLecO,nN >er,<,cat,4n as G46,c; 
ana6;s,s tecLn,V1es W\YF TLe 4>era66 G46,c; re<,nement 
<rameT4rO 4n TL,cL !"#$%"&' re6,es ,s sL4Tn ,n M,N1re XF It 
dem4nstrates tLe steGs t4 s;stemat,ca66; deG64; G46,c,es <r4m 
L,NL76e>e6 N4a6sF ^e d,<<erent,ate betTeen 4Gerat4r d,rected 
Gr4cesses and a1t4mated mecLan,smsF TLe <4rmers are tLe 
1'()* 2)(3'.(%&'#A 1'()* 4,),$%&'# and 5,6",+%* !'.* 7')&$8*
5,!&#,9,#%* steGsF #eNard,nN tLe a1t4mated mecLan,smsA 
name6; tLe 7')&$8*5,!&#,9,#%*:,$;(#&+9+< tLese are ,nteNrated 
b; tLe 5,6"&.,9,#%+*='.9")(%&'#<*1,%*48+%,9*>,;(0&'.<*?--)8*
@.(#+)(%&'#* 7.&9&%&0,+* and* 2#$'A,B+%'.,* C,-)'8(3),* 7')&$&,+ 
steGsF A br,e< descr,Gt,4n 4< tLese ,s N,>en Lerea<terF 

In tLe 7,&1/ 91&",%&$2,4 Gr4cess _BteG X ,n M,NF X`A tLe 
4Gerat4r exGert d4c1ments N4a67NraGL str1ct1res <4664T,nN tLe 
<4rma6 PA"B N4a6 e6ab4rat,4n metL4d WZYF TLe exGert maOes 
1se 4< re<,nement Gatterns t4 dec4mG4se N4a6s ,nt4 s1b7N4a6s 
tLat 64N,ca66; enta,6 tLe 4r,N,na6 N4a6F B,nce tLe re<,nement 
Gatterns La>e been Gr4>ed t4 be c4rrect and N,>en tLat tLe; taOe 
,nt4 acc41nt tLe temG4ra6 Grescr,Gt,4n 4< N4a6sA N4a67NraGL 
str1ct1res are c4ns,dered 64N,ca66; c4ns,stentF 

  



In tLe 7,&1/ :)1)'$2,4 Gr4cess _BteG X ,n M,NF X`A tLe 
4Gerat4r c4ns16tant cL44ses tLe N4a6 strateN,es tLat better 
c4mm,t T,tL L,s d,rect,>esF 'e acL,e>es tL,s b; c4ns16t,nN tLe 
N4a67NraGL 6,brar; ,n TL,cL N4a6s are st4red and c6ass,<,edF 
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M,N1re XF    ">era66 G46,c; re<,nement <rameT4rO 

TLe G46,c; re<,nement Gr4cess starts T,tL tLe s1bm,ss,4n 4< 
a ;)<=)#$/3,%/0,12'*/;)324)5)4$/_BteG [ ,n M,NF X`F It c4ns,sts 
4< tLe se6ect,4n 4< N4a6s tLat better s1,t tLe c4ns16tant needs 
and tLe aGG6,cab,6,t; c4nstra,nts _,< necessar;` <4r tLe t47be7
re<,ned G46,c,es _see BteG [ ,n M,NF X`F  

TLe 0,12'*/ ;)324)5)4$/ >)'?&42#5# are ,n cLarNe 4< 
,dent,<;,nN tLe manaNed ent,t,es and tLe 4Gerat,4ns tLat tLe; 
ma; taOe s4 tLat tLe s;stem T,66 meet tLe adm,n,strat,>e 
reV1,rements cLaracter,Ued as N4a6sF In 4rder t4 d4 s4A tLe 
<4664T,nN Gr4cesses are rea6,Ued s;stemat,ca66;( 

TLe ;)<=2%)5)4$#/@,%5=1&$2,4*_BteG \ ,n M,NF X` ,s a,med at 
Gr4d1c,nN tLe c4rresG4nd,nN 6,near temG4ra6 64N,c _@T@` 
<4rm16ae tLat cLaracter,Ue N4a6 <16<,66mentF TL,s ,s acL,e>ed b; 
abstract,nN tLe TemG4ra6 #e6at,4nsL,Gs am4nNst tLe N4a6 
se6ect,4nF In add,t,4nA tL,s steG a6s4 c4ns,ders tLe re<,nement 
Gatterns T,tL TL,cL tLe se6ected N4a6s Lad been Gre>,41s6; 
e6ab4rated and tLe temG4ra6 Grescr,Gt,4n 4< ,ts re<,nementsF  

TLe 7)$/:*#$)5/A)?&B2,% _BteG a ,n M,NF X` a,ms t4 determ,ne 
tLe necessar; trans,t,4ns a manaNed s;stem ma; exL,b,t as t4 
<16<,66 tLe N4a6sF In 41r Gre>,41s T4rO W\YA Te dem4nstrated tLat 
b; Gr4>,d,nN mean,nN<16 <4rm16ae cLaracter,U,nN N4a6 
<16<,66mentA m4de6 cLecO,nN enN,nes T416d a1t4mat,ca66; 
Nenerate tLe s;stem beLa>,4rA necessar; t4 <16<,66 tLe 
c4rresG4nd,nN N4a6sF M4r tL,s tasO Te re6; 4n tLe a1t4mated 
s1GG4rt Gr4>,ded b; tLe B9IR m4de6 cLecOer WaYA sGec,<,ca66; ,n 
,ts ab,6,t; t4 <,nd and reG4rt c41nterexamG6esF TLe tT4 ,nG1ts 
4< m4de6 cLecO,nN are tLe sGec,<,cat,4n 4< s;stem beLa>,4r and 
tLat 4< reV1,rementsF !,>en tLat @T@ reV1,rements <4rm16ae can 
cLaracter,Ue N4a6 <16<,66ment W\YA Te 1se B9IR t4 Gr4d1ce tLe 
necessar; trans,t,4ns tLat 41r manaNed s;stem ma; exL,b,t as 
t4 <16<,66 tLe N4a6sF #eNard,nN s;stem beLa>,4r sGec,<,cat,4nA 
tL,s ,s d4c1mented maO,nN 1se 4< standard C%@ n4tat,4ns s1cL 
as state cLartsA c6assA c466ab4rat,4ns and seV1ence d,aNramsF 
TL,s ,n<4rmat,4n ,s manaNed Gr4Ger6; d1r,nN tL,s steG s4 tLat 
tLe m4de6 cLecO,nN enN,ne can taOe ,t as re<erence t4 <,nd 
mean,nN<16 c41nterexamG6esF  

TLe !CC1*/D%&4#1&$2,4/0%252$2B)#/_BteG b ,n M,NF X` a,ms t4 
abstract tLe G46,c; <,e6ds <r4m tLe c41nterexamG6e reG4rts 
Gr4d1ced ,n tLe 1,%*48+%,9*>,;(0&'. steGF As c41nterexamG6es 
ma; ,nc61de m4re tLan 4ne G46,c; en<4rceab6e trans,t,4nA 
t;G,ca6 c41nterexamG6es ma; Gr4d1ce m16t,G6e sets 4< G46,c; 
<,e6dsA eacL set c4rresG4nd,nN t4 4ne G46,c; en<4rceab6e 
trans,t,4nF In 4rder t4 abstract tLe G46,c; <,e6ds <r4m tLe 
c41nterexamG6e reG4rtsA tL,s steG ,mG6ements a set 4< 
trans6at,4n Gr,m,t,>esF TLe res16t 4< aGG6;,nN tLese Gr,m,t,>es ,s 
a set 4< G46,c; ,nstancesA 4ne <4r eacL en<4rceab6e trans,t,4nF 
M,na66;A tLe 94',-)/E)C1,*&"1)/0,12'2)# steG taOes as ,nG1t tL,s 
,n<4rmat,4n and tLe 4bIect d,str,b1t,4n t4 enc4de deG64;ab6e 
G46,c,es ,n a G46,c; sGec,<,cat,4n 6anN1aNeF In tL,s GaGer Te 
La>e c4ns,dered tLe 94nder sGec,<,cat,4n 6anN1aNe WdYF  

IIIF !"#$%"&' B"@CTI"R 
TLe re<,nement Gr4cess m,NLt bec4me 4>erTLe6m,nN and 

exLa1st,>e <4r 6arNe7sca6e re<,nementsF Add,t,4na66;A d,<<erent 
staOeL46ders m,NLt c4ntr,b1te t4 ,ts 1GdateA manaNement and 
1saNeF !"#$%"&' Las been Gr4G4sed as a &"#EA7based 
d,str,b1ted c4mG4nent en>,r4nment tLat 64N,ca66; enta,6s tLe 
aGGr4acL descr,bed ab4>eF "1r c1rrent ,mG6ementat,4n 
,nteNrates tLe <4664T,nN c4mG4nents( "bIect,>er GacOaNeA !4a6 
%anaNerA EeLa>,41r %anaNerA #eV1,rements %anaNerA BearcL 
%anaNerA 946,c; $nc4der and In>ent4r;F In M,N1re Z Te sL4T 
tLe c4mG4nents tLat ,nteNrate !"#$%"&' and tLe m4st re6e>ant 
,nteract,4ns 4< tLese c4mG4nents d1r,nN a re<,nement Gr4cessF 
A br,e< descr,Gt,4n 4< tLese c4mG4nents ,s N,>en Lerea<terF 
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M,N1re ZF    !"#$%"&' c4mG4nents and ma,n ,nteract,4ns 

^e beN,n 41r descr,Gt,4n T,tL tLe @5F)7+(4)'- 6$7=$2)F 
"bIect,>er WeY ,s a #eV1,rements $nN,neer,nN t446O,t tLat 
s1GG4rts tLe PA"B metL4d464N;F It ,s ,ntended t4 Le6G ana6;sts 
,dent,<;A <4rma6,Ue reV1,rements and Tr,te s1cL reV1,rements 
d4c1ments ,n a G1re N4a674r,ented <asL,4nF In 41r en>,r4nmentA 
"bIect,>er ,s tLe t446O,t a>a,6ab6e <4r tLe 4Gerat4r exGert t4 
e6ab4rate and d4c1ment N4a6s <4664T,nN tLe PA"B metL4dF In 
tL,s reNardA ,t ,s tLe s1GG4rt <4r tLe 1'()*2)(3'.(%&'# steG 4< 
tLe re<,nement Gr4cess _!"#$%&#'!(%#") ,nteract,4n ,n M,NF Z`F 
M4r tLe c4ns16tantA ,t ,s tLe ,nter<ace t4 se6ect tLe N4a6s tLat 
better <16<,6 L,s needsF In tL,s senseA tLe "bIect,>er GacOaNe ,s 
tLe s1GG4rt <4r tLe 1'()*4,),$%&'# steG 4< tLe G46,c; re<,nement 
Gr4cess _)!"!*'(%#") ,nteract,4n ,n M,N Z`F  

  



"#$%-;$*$2)'( TLe G46,c; re<,nement Gr4cess starts T,tL 
tLe s1bm,ss,4n 4< a #eV1est <4r 946,c; #e<,nement _#9#`F 
%an; #9#s ma; be s1bm,tted c4nc1rrent6;F A #9# c4ns,st 4< a 
se6ect,4n 4< N4a6s tLat better s1,t tLe c4ns16tant needs and tLe 
aGG6,cab,6,t; c4nstra,nts <4r tLe t47be7re<,ned G46,c,esF TLe 
!4a6 %anaNer ,s tLe c4mG4nent ,n cLarNe 4< Gr4cess,nN tLe 
#9#s _)'#&'+%",*-.!/,0!1!0' ,nteract,4n ,n M,N Z`F It ,s tLe 
64N,ca6 c4mG4nent tLat br,dNes tLe NaG betTeen tLe 1'()*
4,),$%&'# steG and tLe 5,6"&.,9,#%+* ='.9")(%&'# steGF TLe 
!4a6 %anaNer excLanNes ,n<4rmat,4n T,tL tLe "bIect,>er 
GacOaNe d1r,nN tLe !4a6 Be6ect,4n Gr4cessF In tL,s reNard Te 
c416d sa; tLat ,t sLares tLe tasOs T,tL tLe "bIect,>er GacOaNe 
<4r tLe 1'()* 4,),$%&'# steG 4< tLe 4>era66 G46,c; re<,nement 
Gr4cessF TLe s1bm,ss,4ns 4< tLe #eV1ests <4r 946,c; 
#e<,nement are carr,ed 41t b; tLe 4Gerat4r c4ns16tantF 
!"#$%"&' Gr4>,des an ,nter<ace <4r #9# s1bm,ss,4nsF B,nce 
tLe N4a6s se6ected b; tLe 4Gerat4r ma; ,n<61ence 4tLer N4a6s 
st4red ,n tLe "bIect,>er GacOaNe databaseA 4ne 4< tLe ma,n 
tasOs 4< tLe !4a6 %anaNer ,s t4 c44rd,nate V1er,es t4 
"bIect,>er ,n 4rder t4 Net tLe re6e>ant ,n<4rmat,4n ab41t tLe 
N4a6s se6ected b; tLe c4ns16tant _2!'3$4!*',5!&6#'# ,n M,N Z`F 

A)./(')0)*+1-;$*$2)'( TL,s c4mG4nent ,s ,n cLarNe 4< 
rea6,U,nN tLe 5,6"&.,9,#%+* ='.9")(%&'# steG 4< tLe 4>era66 
G46,c; re<,nement Gr4cessF It rece,>es tLe N4a67re6ated 
,n<4rmat,4n <r4m tLe !4a6 %anaNer _/%&17"#'!.!87,&!1!0') 
,nteract,4n ,n M,NF Z`F TLe #eV1,rements %anaNer ,mG6ements a 
<,n,te7state >er,<,cat,4n Gr4Gert; Gattern des,Nn database WbYF 
TLe 6ater a664Ts Gr4d1c,nN @T@ <4rm16ae <r4m sGec,<,c 
reV1,rements ,n a s;stemat,c mannerF E; manaN,nN tLe 
,n<4rmat,4n c4nta,ned ,n tL,s database ,n a Gr4Ger mannerA tLe 
#eV1,rements %anaNer <4rm16ates @T@ <4rm16ae tLat 
cLaracter,Ue N4a6 <16<,6ment ,n 41r s461t,4nF  

G)$'73-;$*$2)'( TL,s c4mG4nent der,>es a set 4< G46,c; 
<,e6ds _,FeF s1bIectsA tarNetsA e>ents and act,4ns` tLat T416d 
maOe tLe se6ected N4a6s t4 be <16<,66edF TL,s c4mG4nent 
exec1tes tLe 1,%* +8+%,9* 3,;(0&'.* and ?--)8* @.(#+)(%&'#*
7.&9&%&0,+ steGs 4< tLe 4>era66 G46,c; re<,nement Gr4cess ,n 
4rder t4 der,>e tLe re6e>ant G46,c; <,e6dsF It rece,>es tLe set 4< 
@T@ <4rm16ae tLat cLaracter,Ue N4a6 <16<,66ment <r4m tLe 
#eV1,rements %anaNer _)!#&*9+%",*-:,!";) ,n M,N Z`F In 
4rder t4 exec1te ,ts manaNement tasOsA tLe BearcL %anaNer 
,nteracts T,tL tLe EeLa>,4r %anaNer _see 2!'+&%1!"#<%;! 
,nteract,4n ,n M,N Z`F TLe <,rst Gr4cess carr,ed 41t b; tLe BearcL 
%anaNer ,s tLat 4< tLe 1,%*+8+%,9*3,;(0&'. 4< tLe 4>era66 G46,c; 
re<,nement Gr4cessF M4r tL,sA tL,s c4mG4nent ,nteNrates a B9IR 
t446O,t <4r tLe c41nterexamG6e acV1,s,t,4nF "nce tLe 
mean,nN<16 c41nterexamG6es are Gr4d1cedA tLe BearcL 
%anaNer exec1tes tLe ?--)8*@.(#+)(%&'#*7.&9&%&0,+ steG 4< tLe 
4>era66 G46,c; re<,nement Gr4cessF +1r,nN tLe 6aterA tLe BearcL 
%anaNer aGG6,es a set 4< Gre7de<,ned Trans6at,4n 9r,m,t,>es as 
t4 abstract tLe c4rresG4nd,nN G46,c; <,e6dsF  

H)3$4(#'- ;$*$2)'( TL,s c4mG4nent manaNes tLe 
d4c1mentat,4n 4< tLe s;stem beLa>,4r sGec,<,cat,4nF It Gr4>,des 
an ,nter<ace t4 TL,cL 4tLer c4mG4nents Net ,n<4rmat,4n re6ated 
t4 tLe s;stem beLa>,4r sGec,<,cat,4n _eFNF 2!'+&%1!"#<%;! 
,nteract,4n ,n M,NF Z`F In 41r en>,r4nmentA tLe adm,n,strat4r 
exGert ,s enab6ed t4 d4c1ment s;stem baLa>,41r 1s,nN standard 
reGresentat,4n s1cL as C%@ m4de6sF TLese m4de6s ma; c4nta,n 
act,>e c6asses T,tL state macL,nesA c466ab4rat,4ns and 

,nteract,4nsF In tL,s senseA tL,s c4mG4nent Gr4>,des s1GG4rt <4r 
tLe 48+%,9*3,;(0&'".*A'$"9,#%(%&'# s1GG4rt,nN act,>,t; 4< tLe 
4>era66 G46,c; re<,nement Gr4cessF B,nce tLe ana6;s,s tecLn,V1e 
4< tL,s aGGr4acL re6,es 4n N1,ded7searcL m4de6 cLecO,nNA 4ne 
4< tLe ma,n <1nct,4ns 4< tL,s c4mG4nent ,s t4 c44rd,nate tLe 
C%@ manaNed 4bIects sGec,<,cat,4ns and tLe,r trans6at,4n ,nt4 
9#"%$@A _,nG1t 6anN1aNe 4< B9IR`F In 4rder t4 acL,e>e tL,sA tLe 
EeLa>,4r %anaNer ,mG6ements tLe 6,brar,es Gr4>,ded b; 'C!" 
WfYF In tL,s senseA tLe >,;(0&'.* :(#(/,. ,s a s1GG4rt,nN 
c4mG4nent <4r tLe 1,%* 48+%,9* >,;(0&'. steG 4< tLe G46,c; 
re<,nement Gr4cessF  

I#%(78- B*7#,)'- $*,- >*4)*+#'8- ;$*$2)'( TLe <4rmer 
c44rd,nates tLe 2#$'A,* C,-)'8(3),* 7')&$&,+ Gr4cess 4< tLe 
4>era66 G46,c; re<,nement Gr4cessF It rece,>es tLe set 4< G46,c; 
<,e6ds Gr4d1ced b; tLe BearcL %anaNer and tLe adm,n,strat,>e 
c4nstra,nts Gr4>,ded b; tLe c4ns16tant _see !0*%;!+%",*,!) 
,nteract,4n ,n M,NF Z`F It <4664Ts tLe s;ntax 4< tLe 94nder 
sGec,<,cat,4n 6anN1aNe WdY and ,nc61des ,n ,ts ,nterna6 
arcL,tect1reA a 94nder 946,c; $d,t4r and c4mG,6er _s6,NLt6; 
m4d,<,ed t4 a1t4mate tLe c4mG,6at,4n Gr4cess`F BGec,a6 
attent,4n m,NLt be G1t t4 tLe s1bIect and tarNet 4bIects <4r tLe 
deG64;ab6e G46,c,esF "n 4ne LandA Te c4ns,der tLat tLe 
adm,n,strat,>e N1,de6,nes ma; ,n<61ence a set 4< manaNed 
4bIects _eFNF r41tersA s1b netT4rOsA etc` t4 TL,cL tLe c4ns16tant 
re<ers d1r,nN tLe #9# s1bm,ss,4nsF "n tLe 4tLer LandA Te 
c4ns,der tLat tLe act1a6 manaNed 4bIects are c6ass,<,ed 
<4664T,nN a d4ma,n7deGendent 64N,ca6 reGresentat,4n ,n TL,cL 
a Te667de<,ned str1ct1re 4< tL,s ,n<4rmat,4n ma; a664T 
a1t4mat,nN tLe G46,c; re<,nement Gr4cessF M4r tL,s G1rG4seA Te 
La>e ,nc61ded a s1GG4rt c4mG4nentg tLe >*4)*+#'8-;$*$2)'F 
TL,s c4mG4nent Gr4>,des s1GG4rt <4r tLe adm,n,strat4r t4 
d4c1ment 4bIect d,str,b1t,4nF In add,t,4nA tLe In>ent4r; 
%anaNer enab6es 4tLer c4mG4nents t4 access t4 tL,s 
,n<4rmat,4nF M4r ,nstanceA tLe 946,c; $nc4der asOs <4r 
mean,nN<16 ,n<4rmat,4n _2!'3$4!*'6!'#,") ,nteract,4n ,n M,NF 
Z` as t4 enc4de and st4re deG64;ab6e G46,c,esF In tL,s senseA tLe 
In>ent4r; %anaNer c4mG4nent Gr4>,des s1GG4rt <4r tLe D3E,$%*
C&+%.&3"%&'#* A'$"9,#%(%&'#* s1GG4rt,nN act,>,t; 4< tLe G46,c; 
re<,nement Gr4cessF TLe ,ntr4d1ct,4n 4< tLe In>ent4r; 
&4mG4nent Las enab6ed t4 a1t4mate tLe G46,c; re<,nement 
Gr4cess c4ns,der,nN tLat ,ts ,nterna6 database ,s G4G16ated <4r a 
sGec,<,c G46,c; aGG6,cab,6,t; d4ma,nF 

IhF #$MIRIR! 9"@I&I$B ^IT' !"#$%"&' 
In tL,s sect,4n Te N,>e a br,e< descr,Gt,4n 4< L4T tLe 

4Gerat4r c4ns16tant re<,nes G46,c,es T,tL !"#$%"&'F In Nenera6 
termsA !"#$%"&' Las been des,Nned and ,mG6emented as a 
d,str,b1ted s;stem TLere se>era6 c4mG4nents ,nstances ma; be 
r1nn,nN <4r 6arNe7sca6e re<,nementsF It Gr4>,des s1GG4rt <4r a66 
tLe !"#$%&'#()*&++",+ and +"--'.%&#/*($%&0&%&,+ ment,4ned a64nN 
tLe GaGerF +1e t4 sGace 6,m,tat,4nsA Te 4n6; N,>e a Nenera6 
4>er>,eT 4< tLe re<,nement Gr4ced1reF ^e c4ns,der tLat tLe 
4Gerat4r exGert Las Gre>,41s6; e6ab4rated tLe N4a6 NraGLs T,tL 
"bIect,>erA d4c1mented s;stem beLa>,41r maO,nN 1se 4< C%@ 
standards and G4G16ated tLe In>ent4r; database T,tL tLe 
aGGr4Gr,ate ,n<4rmat,4n acc4rd,nN t4 tLe aGG6,cab,6,t; d4ma,nF 

Cnder tLese c,rc1mstancesA tLe re<,nement Gr4cess starts 
TLen tLe 4Gerat4r c4ns16tant se6ects tLe N4a6s tLat better sat,s<; 
L,s reV1,rements _BteG X ,n M,NF [`F M4r tL,s G1rG4se Le br4Tses 

  



tLr41NL tLe "bIect,>er !CI attacLed t4 !"#$%"&'F TLe 
"bIect,>er databases st4re a66 tLe a>a,6ab6e N4a6 strateN,es 
e6ab4rated <4r tLe manaNed s;stemF A<ter tLe N4a6s La>e been 
se6ectedA tLe 4Gerat4r c4ns16tant s1bm,ts tLe #eV1est <4r 946,c; 
#e<,nement _#9#`A ,nc61d,nN tLe arN1ments <4r tLe N4a6s ,< 
necessar; _BteG Z ,n M,NF[`F In 4rder t4 s1bm,t tL,s and 
s1bseV1ent #9#s _c4nc1rrent6; ,< des,red`A tLe 4Gerat4r 
c4ns16tant 1ses tLe !"#$%"&' ,nter<ace a>a,6ab6e <4r tL,s 
G1rG4seF A<ter #9# s1bm,ss,4nA !"#$%"&' exec1tes tLe 
a1t4mated 946,c; #e<,nement %ecLan,sms ment,4ned ,n 
Bect,4n Z res16t,nN ,n an 4rcLestrat,4n 4< ,ts c4mG4nents _BteG 
[ ,n M,NF[`F 'a>,nN tLe c4mG4nents exec1ted tLe,r manaNement 
tasOs and ,nterna6 a6N4r,tLmsA tLe 41tc4me 4< tLe re<,nement 
Gr4cess ,s a set 4< deG64;ab6e G46,c,esF 
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2: RPR Submission

Goal
Manager

Behaviour

Manager
Requirements

Manager
Search

Manager
Policy
Encoder

InventoryObjectiver
Package

1: getObjectiverData
2: formulateRequirements(GoalMetaDataOList)

3: searchPolicyFields(LTLST)

4: getPromelaCode

5: encodePolcies

6: getObjectDetails

7: storePolicy

GOREMOCH Interface

Refined Ponder policies

Components orchestration

&' /-01c3 (e,1nement 6ec7an1sms

M,N1re [F    !ener,c 4>er>,eT 4< G46,c; re<,nement T,tL !"#$%"&' 

hF #$@AT$+ ^"#P 
9ract,ca6 aGGr4acLes t4 G46,c; re<,nement are scarceF 

9"^$# WXiY ,s a t446 <4r re<,n,nN G46,c,es <r4m G46,c; temG6ates 
des,Nned b; an exGert s4 tLat c4ns16tants c416d create b1s,ness 
G46,c,es <r4m s1cL temG6atesF 946,c,es are exGressed as 9r464N 
Gr4Nrams and an ,n<erence enN,ne ,nterGrets tLem t4 N1,de tLe 
1ser tLr41NL tLe re<,nement Gr4cessF "1r aGGr4acL d,<<ers t4 
9"^$# ,n tLe sense tLat 41rs ,s a N4a674r,ented G46,c; 
re<,nement aGGr4acL ,n TL,cL tLe c4ns16tant se6ects tLe N4a6s 
tLat better sat,s<; L,s needsA La>,nN tLe G4ss,b,6,t; t4 <4rm16ate 
an; c4mb,nat,4n 4< N4a6s as reV1,redA T,tL n4 Gre7de<,n,t,4n 4< 
G46,c; temG6ate cL4,cesF %4re recent6;A T4rO b; Eandara et a6 
WXY Las c4ntr,b1ted s,Nn,<,cant6; t4 tLe G46,c; re<,nement areaF 
TLe; Gr4G4se an aGGr4acL <4r trans<4rm,nN b4tL G46,c; and 
s;stem beLa>,4r sGec,<,cat,4ns ,nt4 a <4rma6 n4tat,4n based 4n 
$>ent &a6c161s _$&`F TLe a1tL4rs 1se N4a6 e6ab4rat,4n and 
abd1ct,>e reas4n,nN t4 der,>e strateN,es tLat T416d acL,e>e 
L,NL76e>e6 N4a6sF Mr4m tLese strateN,esA G46,c,es are enc4dedF 
^L,6e $>ent &a6c161s and abd1ct,4n ,s 1sed ,n tLe $&7based 
aGGr4acL t4 ,n<er tLe seV1ences 4< act,4ns tLat acL,e>e 
Gart,c16ar N4a6sA 41r aGGr4acL N4es tLr41NL state exG64rat,4n t4 
4bta,n s;stem beLa>,4r tLat <16<,6s 64Ter76e>er N4a6s e6ab4rated 
tLr41NL temG4ra6 re<,nement GatternsF ^e enc4de G46,c,es 
1s,nN tLe ,n<4rmat,4n abstracted <r4m tLe exec1t,4n trace TL,6e 
,n tLe $&7based aGGr4acL tLese are enc4ded 1s,nN tLe 
Nenerated strateN,esF 

Ees,des tLe ab4>eA exG6,c,t aGGr4acLes <4r G46,c; 
re<,nement are scarceF #ecent e<<4rts m4st6; c4Ge T,tL 
aGG6,cat,4n sGec,<,c G46,c; trans6at,4nsF In WXXY tLe a1tL4rs 
address re<,nement ,ntr4d1c,nN a set 4< dec4mG4s,t,4n r16es 
and Gre7de<,ned res41rce t;Ge L,erarcL,es <4r access c4ntr46 
en>,r4nmentsF In WXZY tLe a1tL4rs Gr4G4se a re<,nement 
mecLan,sm based 4n m16t,76a;er s;stem m4de6,nNF 'ereA 64T7
6e>e6 G46,c; Nenerat,4n <4r sec1r,t; s;stems ,s acL,e>ed b; 
ana6;U,nN s;stem 4bIectjs re6at,4nsL,Gs betTeen 6a;ersF 

hIF &"R&@CBI"RB 
^e La>e Gresented a <1nct,4na6 en>,r4nment <4r N4a67

4r,ented G46,c; re<,nement Nr41nded ,n #eV1,rements 
$nN,neer,nN metL4d464N,esA @,near TemG4ra6 @4N,c and 
#eact,>e s;stems ana6;s,s tecLn,V1esF ^e La>e dem4nstrated 
,n Nenera6 termsA tLe necessar; mecLan,sms <4r an ,nteNrated 
s461t,4n tLat Gr4>,des s1GG4rt t4 caGt1re tLe adm,n,strat,>e and 
<1nct,4na6 reV1,rements t4 acL,e>e s;stemat,c G46,c; 
re<,nement ,n a N4a674r,ented <asL,4nF  

^e La>e dem4nstrated tLat s;stemat,c G46,c; re<,nement ,s 
<eas,b6e 4nce Te La>e ,dent,<,ed and de<,ned a set 4< d,str,b1ted 
c4mG4nents TL,cL ,nteract acc4rd,nN6; t4 carr; 41t tLe G46,c; 
re<,nement Gr4cessF As <ar as ,t ,s re<6ected ,n tLe 6,terat1reA 
G46,c; re<,nement ,s at ,ts ,n,t,a6 staNeF In tL,s senseA Te L4Ge 
tLat !"#$%"&' ma; c4ntr,b1te t4 s46>e tLe G46,c; re<,nement 
Gr4b6em b; Gr4>,d,nN a Gract,ca6 aGGr4acL tLat caGt1res tLe 
adm,n,strat,>e and tecLn,ca6 reV1,rements t4 a1t4mate tLe 
re<,nement Gr4cessA s4 man; t,mes rec4Nn,Ued as cr1c,a6 b1t at 
tLe same t,me s4 m1cL d,sm,ssedF 

#$M$#$R&$B 
WXY AFPF EandaraA $F&F @1G1A ?F %4<<ettA AF #1ss4g kA N4a67based aGGr4acL t4 
G46,c; re<,nementk I$$$ Int6F ^4rOsL4G 4n 946,c,es <4r +,str,b1ted B;stems 
and RetT4rOsA Zii\ 
WZY #F +ar,m4nt and AF >an @amsTeerdeA kM4rma6 re<,nement Gatterns <4r 
N4a67dr,>en reV1,rements e6ab4rat,4nAk B;mGF 4n M41ndF 4< B4<tF $nNF Xeeb 
W[Y lF %annaA AF 9n1e6,F TLe TemG4ra6 @4N,c 4< #eact,>e and &4nc1rrent 
B;stems( BGec,<,cat,4nF BGr,nNr7her6aNA XeeZ 
W\Y ?F #1b,47@4;46aA ?F BerratA %F&Lara6amb,desA 9F M6eNOasA !F 9a>641A AF 
@61cLF mCs,nN 6,near temG4ra6 m4de6 cLecO,nN <4r N4a674r,ented G46,c; 
re<,nement <rameT4rOsn I$$$ Internat,4na6 ^4rOsL4G 4n 946,c,es <4r 
+,str,b1ted B;stems and RetT4rOs Bt4cOL46mA BTeden ?1ne b7dA Ziia 
WaY !F '46UmannF TLe B9IR %4de6 &LecOer( 9r,mer and #e<erence %an1a6F 
AF ^es6e;F IBER i7[ZX7ZZdbZ7bF Zii\ 
WbY %F +T;erA !F A>r1n,nA and ?F &4rbettF mA s;stem 4< sGec,<,cat,4n 
GatternsnF LttG(ooGatternsFGr4IectsFc,sFOs1Fed1o 
WfY %F Ea6serA BF Ep1m6erA AF PnaGGA ^F #e,<A and AF TL1msF mInteract,>e 
>er,<,cat,4n 4< C%@ state macL,nesnF F#%)G*H'#!,.,#$,*'#*='.9()*2#/&#,,.&#/**
:,%;'A+*IJJK*
WdY RF +am,an41A TF T4n41cL,A RF +16a;A $F @1G1A and %F B64manF kT446s <4r 
d4am,n7based G46,c; manaNement 4< d,str,b1ted s;stemskA R"%BA Mr,4renceA 
Ita6;A ZiiZ 
WeY $F +e64rA #F +ar,m4ntA AF #,<a1tF mB4<tTare V1a6,t; starts T,tL tLe 
m4de66,nN 4< N4a674r,ented reV1,rementsnF Int6F &4n<erence 4< B4<tTare q 
B;stems $nN,neer,nNA Zii[ 
WXiY %F &asassaA AF Ea6dT,nA &F !4LF m9"^$# Gr4t4t;Ge( t4Tards ,nteNrated 
G46,c;7based manaNementn R"%B Ziii 
WXXY BF @,n;,nN et a6F mA1t4mated +ec4mG4s,t,4n 4< Access &4ntr46 946,c,esnF 
I$$$ 9"@I&cA Bt4cOL46mA BTeden ZiiaF 
WXZY ?F9F de A6b1V1erV1e et a6F m946,c; %4de6,nN and #e<,nement <4r RetT4rO 
Bec1r,t; B;stemsnF I$$$ 9"@I&cA Bt4cOL46mA BTeden ZiiaF 

  


