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Abstract Ptolemyll is an environment that supports heterogeneous modeling and design of
concurrent systems such as embedded system. Ptolemyll has several Domains which are physical
rules to determine the way of communicating between components. PtolemyIl has 11 domains such as
PetriNet, Timed Multitasking, SR etc. Components of System can be specified using appropriate
domains for their properties. Communicating Sequential Processes(CSP) is implemented as formally
designed CSP domain, in Ptolemyll. But CCS didn’t be implemented as a domain. It is a kind of
Process Algebra language which can be used for specifying and verifying concurrent systems
formally. Thus, in this paper we implemented CCS domain. And that permitted developers using
Ptolemyll to use the same modeling pattern used in Ptolemyll and to make system specifications in
the base of the formal semantics of CCS. This caused the diversity of Ptolemyll domains and the
power of expression was improved. This paper will explain the structure of CCS domain implemented
in Ptolemyll and the way of implementing it.
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dolz AAY AJAAE ARS= AYe) 8¢ &
olt1]. oA TAE uWEY A" dFFom o
AR EAQS AR 9ok 2 g4 el gl
e o g Al2d AXE A3 Uzl € 5+ G
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A AEE YA HHEEL 45 dEde= Zo] 88
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(formal model) & ke 2 sjof BuHi)l & BY HA
(formal specification)7} Holotdle Aol

71Z9 cEviele ¥WE AZ¥(concurrent system)
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)3 CSP(Communicating System of Process){3l,
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3.1 CCS(A Calculus of Communicating Systems)
9 Vi

Z2 N2 dARHE od FUIS AAUES B3k
T2 A2 e B3-S She R dis AddAY
uhHo FAgo gz HAA X (concurrent system) S
Z gAskn AEE £ de PP ATk CCsl4l
= ZEA2 gAdge] Aoz A Minerd o 1989
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E,GeDEY 54% #aAA naddt 3hte] agent7t
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FP3A) Z3HA k. & o actiond 3 s}
agent%te] dejo] g} Summatione J}E8HH T34
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tiong T Ze FeF JUE FHFC i) ou
action® &R @= Deadlock agent 0(02 Xieo E)
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= 24 HEdo g Y=ol A Y NE 45}
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CCS9 semantics® AHHEA ZEA2AE labelled
transition System2 F3tiA SujE RAdA g

labelled transition System (g, Act, { —% : aEAct})l

A 4 9L inference transition ruled] <A

Fo]Xe 712 ZL transition relationo}t}. inference

ruleS o3 2

- E—=25E'
Act om, « .
o E—2-E (EIF)—— (E'|F)
F—@ g E_1 E. F i F

3

Com , = Com
(EIF)—=—>(EIF") (EIF)——(E'|F)

E—%,F

E—2E Sum, ———— " el
Con —————— A dsE J
AE—ELf | = ) S B2 E
P a Pn E__a_—)E' -
? Res —————  (a,a¢ F)

Rel —— '
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3.2 CSP(Communicating Sequential Processes)
o] Jie
CSPI3)& Hoareoll 21314 19804 7dd Z2A2
A Ee} Qo2 54 Z2EZ] FYH A4 2 A
2 f8iM MREAT CSP 7)1EFH ddege
A8 choice (), W¥ choice (1), concurrency (),
interleaving (\\ ), hiding (V% composition (5)°] X
o} CSPAlN Z2AM|23] B4l ZRA29 3§99
718 g9 oflESY oMIEE ¢ o UNAA &
= 71 292M atomicel Avt BLe} FHWA dlojgt
g XEY 4 gk
zaA2E FHE JHAE AA9 BBy omEY
AFATHI0]. &, ZEAX PO d@HE ZE oWE
B9 HEL aPyeiar A, g8l T AEFe]
22 dZARA hiding() & ol T oHEE ¥
A Bolx| gA 7lele Aojth
CSPY Fa3 7183 A9 3R] choices 4H
B 9% (external) choice ()= TEAH X2 9% 3
Ao AdA oWiEr} ARHAE A& v vt
Hol] Y B(internal) choice (MN)E 98 B3I = ¢
FHog T2A2 WRdA B3 oWEI} o=
AAgso] A3, o)FA BAHE oMEE ZEA2 9%
dx Bolx] @ert ¥-(internal) choice (M9 3%
£ ¥ZA A (non-determinism)°] &34 Al con-
currency () G4& P Il Q2 EHFHIA D, Z2A
2 P7l Z2A Qe HBHoE YFIe AL
o 2y F AL 5AE & ASE FEHE
2 9
A 7wte g AN HAIA BAE ke AE oY

gt} interleaving (1) Q4H& concurrency (II) 84k
I FH:H vz} FAe] ZEAXTL AE BN A
3A8EA] gowA PAE e AL TG o9
o ZgAMA7be] FXAHE XFS= trace, failure,
refusal, divergence7} St}

3.3 CSPe cCs9l xioIy

CCS¢t CSPw B8EL A 2 FHolut B3
A apolE BRIl B =Edxe CCSS CSPoA A
F3hs F LEAX FARAE FTIE 5 UL 99
9 Aole AZFIEE 3, CCSoAlH= CSPe =
2A2E do]dE(agent), ©|HIEE P (action)TL
4dAE CCSE CSPY th2A I§ 2014 BRe] F
el SjolMET} bl Adr AdH] g BE ¢
Agel FEdA WA= action (a)F} complement
action( @)2.2 FE3}o] Jehdth. CSPE pure paral-
lelism (D% interleaving(l|D9) 7I'd& =F A€3li
sl= ¥ CCS9 S 71BAHOE pure parallelismS
AR gt BE Jo|MEES AHHYsIA 54l
31 composition(]) & AME-34  FA4(concurren-
cy)9l MEe veEdoh a8n CSPAXE F 71A9
choiceZ AlFdle= whA CCS= A ¥ ZE(alternative)
choice(+) 3higtol AFErt @ 29 ofAREA
HRo| of dojHE AT actionS A Ho]
A FEZE AL 7}8h= Restriction©] Atk CSPoA
T TEA2d FFFHoz ATE oMHET A&
A4 3 oEZ dAY W F713 HoA ZEAM2T
Eo] o]FojxA Hrh 28y} CCSE actiond 1A
2] complement action®] TAo] HUZE tau(t)7} &
AR GO agentte] FAIE o]Fo] A geoth
[111. taw(D& LJRoM e Holx] &= WH actione @
X CCSelME Restriction®] 7181& 7% oJ® action
3} complement action®] WA &3, tau(t)s FA
22 8 F agentdel] FAlo] oAl Bk F =
FA2Te] FAAAE FHste RS AT A
CCSs} CSPe] Aol F 7 & AL 1€ 244 1
L $I= restriction® compositiondlA B £ A=
tau(t) 9] LA A FolE 4 gt

a.PlaQ=a(P|laQ)+a(aP|Q) +t(P|Q)
(a.PlaQ)\a=t(P|Q)

g 1 CCSlA€] tau(r), restriction
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4. & 0/lldiMel CCSH 7|82E 8 CCS
Zool 73 ‘

I E shte] =9U2 Model of Compu-
tatione AFth RE Twede el directorst
receiverg 7}A1 Jom Zpz2 Avl FHIE FHEH
o} gt} director= Model of Computation®] 2}u|&oj
w2 Z2A2Ee SRt dilEA F& Ao
sl gEge k. BTN E actor® AHE3ledA
component based design[12]¥ & 4 itk olw) zZt=
o)A 748 A(component) &2 AHuke] AAHY H)
olgs} dielele] ik A4S s loen Hzhe]
actore AlFHCZE AR3 2 4 Ut} o)H actorE
Composite actor{13]g}x o} = 42 A%t Ax
& HAY AEH e MoCE FHELE % Ja o
MoCE AE¥ = JuH2E 5). Receivere UoJE}
9] token& Wol ARZY F Ue FY AZiolT
[14]. EIWIINA ®lolEl] tokend FIE A=
RE UM FFH0Z put()H get() WAEE A}
2@t} olAL 7 LuQdel F4 HAY 2A Z =
21¢] ReceiverslX overriding®le] At} o] F wi=
€ 98 tE =uildA o2A F HAT olg&
o] AMEFEo2A o8 EHjle] AFH dEE JF
A et o] AMe CCSEHY FEd UM E
I e 3Y =HA F9 il CSP =vle]
TZE AHBI CCS9ol ouAYU Aol@E 7hite
2 39 CCS =vle oj¥A Fagey FdEd &
ZEJo] T2 WM AHREE A olm CCS
=Hde ke Fe FuURE 3G o ojuE =
el shdel ZEaac BASIA st Z2ae
W=A} Suefol fith

4.1 RHolIoiMe CSP =2l

Eve CSP =dAM5]9Ms @3 Ade Al
£3tdA viAlR] §41E e ZEA2EY UEY A
28L& 2d3y & 4 vt Ul CSP EH UM
€ FHFE 7Nz stor Z2 A2t FAE Fch
Fo| - T4 ZRA27 FAE 37 48 W Aud
ZgA=7E B Fuivl 2 dAA Zgd F E
HolAA A& A gk EdvIe CSP =<9 ol
A ¥ 2404 Be uie} o] CSPelA AHEH o]
t 23 ¥ guarded statement)q! CIF(Conditional
IF)$} CDO(ConditionalDo)(2¥ 8)& T3t =
e Ate TAE 7] AT JEAHA $FHe=
CSPY ?(input) !(output)& Y= putO)d get()
2 7899 19 19 3 F3(guard communica-
tion statement)& Ztz} Anuie] AFP=g FHE O FTH

guarde statementd] 438 b5 oEE booleanl.E
E¥31, communicationd A 4E3 8 E HE
ot AT guard(Gl)7 FY A9 §4Y FL 298
FPde ZRAHACH7E T29 statement(SDE 3
gt 29 2914 guard B3 <ol T2 FRHAAE
EAEL 2zt 2E=8 FHEHAM Cspe WAdZ4E
ehdth

o]E 27 FZ(conditional construct) ¢te] Cle} 3
FEE ZEAREL Z7 2z Y=Y Aok o
2 FHRCRHNEES FE3A FA3] AsHe 2
=g Aojsok gt olF flsAH REd dnF9
A7} otk = livelock¥} deadlock?] WAE Ao]
37 98 ¢ndEFE s FHSHAHIGL o ¥
o daides £ =54 AdFA 4=F s
HrIeM FHE CSPe 71&9] CSPel AlIbE F71¢
Aoz FEFE 37 A3 2 Z2A2ES J9] A
HEet AAFHARNE 542 /I3 Sk

guard ; communication => statements;
CIF { CDO{
GI,Ct => S1;
il il
G2:.C2 => 82;
il il

y o }

G1L,Cl1 => SL;

G2.C2 => S2;

29 2 guard, CIF, CDO

4.2 CCS =ojel P8

a9 1994 BAR $24L action ‘a7t FAAY
complement action, ‘ @7} 2AtS ztz} oo|HME P
9t Q7F 3 2HY g g PEFAY tau( )7t LA
sledx] Falo] o]Rojxe AFA Fo st LAgst
£ AL grigith F 99 oV BAEE Joddew
tau( H7F AT wwt Filo] dojuiA Hrk E re-
striction®] 7FA & A= tau( 99 S A FA
o] o]F-ojxo} gtk

A7INREHE delAEE Edv|ld %F U
A ZRALE GAE TS Ak BRI
ALY FRE AHEEA 99 F A 2UE DEFEA
7171 948 B =FdME tau flag, restriction "7l
& 71¥9 CSP =gy Addd Friske ¥HS Al
Qstal 1 49} #o] riEe #Hull dudgel +¥
#lo]  d& CCSReceiverst w1243  A€(non-
deterministic choice)& 7Fs3tA 3= =2d F=E
(conditional structure)dl} dF3ts S LaE

< T4
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29 3 tau( D¢} restriction #9lo] F71d FulH- Algorithm

42.1 CCS Receiver

Receivere EF UM output port2RE HloelE
woly At dFY AFaU AFE dolgs By
7% @oH14]. FEHE 7eE s 2L FAFH
¥ £x38Q T EAMAE(concurrent sequential Pro-
cesse)2 FAEO] Ut ZEA2EL T3 AH
(synchronization points)ollA A2 EAfC. F %7
3} AE(Syncronization point)ol]l =@sjopet Ficl =g
H& gAldete] AQolEL gollA AFE Fulf UL
71883 vd-g ALgshed oldE WEZQ T
2 dAHE AojZ2= CCSY CSP7F 97]¢) &30t}

CSP=#|e] 7% dHoleld tokend putOs get()
HAEE AN Faee A FdHE 540 7
wrog Ft} oy FHIHT receiverd] FAo] Hol
gtk g CCSe ASE FuURE 7o sl =
BZA27E BAE AL taus} restriction?] 2]
ofd) weld Zz T2 AAEL 5718 Al™(syn-
cronization point)ol ©1& FE AN |24 EE Fx=
4],

a9 38 7IEY FHRLagFol FAHH CCS-
Receivere] 7RE AL Jehdoh o)AL get() v4=
7t 23938 AS get) WA= ¥R FulF ¢

&S Jehdo. 71E9 dukEel FeERgnEELe
taus} restriction®] &<l glo], EAsnA} = F =
EAZ7E BAE EH7t HArA-e FulHel AFSHA
B o] W B3 ZEA 20 QIS gukAEQl 2A
2} A (conditional object)7} obd AG.e. CCSActor)¥d4
= 1z =A AAl(conditional object)(i.e. conditional-
Receiver, conditionalSend)® % Utk 28 4= F
7iA9] A48 shte ooz FHFY) wEe tiR
FHo g #Ho] Hojgirh

receiver,put 0)

receiverpu 1) ge D), geki

P2 E2

Token tO,t1

a9 4(a) EAVIAAN e channelg 7HAZ S+
relation (b) ¥719 channel® 71A3 Sl

relation
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dg FAlslaat e Z2AH29 restrictionS
CCSIOPortoil 4] Al2"E O o) ALATE re-
striction®] #+& A& Fu HAe] AHIE ASE
eHog AA e 7V} restrictiond) WhsixE
CCSIOPortell A AE3EE At geto]l 42 3255
He 548 FEn rideEn Jde Aol =22t
A=AE Bl o] AL putwaiting®lEhe flags &
Aoz & 4 Jed put WL2=E 523 senders
Aol =3 Yehl7] A flagg Fow e
e 2Eln 99 7] el S0zt putwai-
ting flag7t Y4 AgE M2 o FAL A &
vl g it FHighe AL ofF IRl o|FXx &

<2 Yehie flage! RendezvousCompleteE AAl
oz v o di7jsta e RE ZE2AAES A
£tk ojd di7)sln g 2 E=E BAL 95k 3
Aoldtt. 18 W7 delst SAR get() WAEE 3
23 Ay Z2Aae 29 flage] gho] WHo]
RAEAE g vl Aat Tt ASE 24
29 restriction 3RE AP AN FA¥= =
EMl27t &3 A (conditional object)?] conditional -
Receivelt conditionalSendd 4% i =3 AA
(conditional object)7} obd ¥t Actord % 3th
wald Aol FAsEE ZaMa7t 21 A(con-
ditional object)® 7% £ ZAconditional object)
9| 7zt ZY29HAE £ conditionalReceive, conditional-
Send Z¥ )M FAHHE FdY ZEA29
restriction® HA #Qldlm AN Ao restric-
tiono] #A A% tau flage) e BT WA Fels}
7] W&o CCSReceiverdl e F48tnal 3he Z2A
27b 231 AA)(conditional object) AR AR Fl
3lt}h. ©o]v] CCSReceivergte@ Eoj2 zA AFEL
restriction®) true®]A\} tau flag7} FHQ H-$ojk 2
Zl3 23 A} (conditional object)7} obd A} EAF
A% A9 restrictiond} At TRAI29) restric-
tion gt& At 2 gholl ot FHE FAeH =
restriction®} 87R0) Ho]AA Ykor} taud] Fro) F
°] 8 A= FHFE FRAAt 28Y taud] grel A
AY BEe F Mi=(getOd putO))E nuils ¥}
Al =1 RendezvousComplete= AA & zHA €t

4.2.2 CCS Director

dutA o 2 Directors AA| actorEE 283 £A
& 2AZYsa, AA actorg o] FA WHHE A
gttl, CCSDirectordll X+ 7]1&2] CSPDirector®] A3t
9l MAEE R {FAFAT. A7 Az shdel
timed CSPole ZF o2tk AANFLE actore A7+
9] Ade] ot FulF FAA Ao ZEAHX7 B

A FHl7E Hol 1A g A9 A AIE S FA Al
A A F e Aotk )AL ANE AAIHA &
°od 7EFHQA CSPY 9nE&g 7/od 3o A
4 A Erh ol#ig CSPY Alzidg CCSeliMz 2
d2 FA439% 28y restrictiono) v} taud] & #
gt wW) A actor?t block liste] AHZAHUTH Aol
CSPs}+= &a] A WA (conditional object)§! A=
% blockg A2 W block® 28 =9 listE Ao R
QsiA Z4ere] =7 A (conditional object)7} obd A
ol =7 AA|(conditional object)7HA% block
list Aol BogW 2 AA|(conditional object)”}
7FA 3. € restriction¥ 1 8)¢] FRE AMEE 4 9l
EE 3} ojAL TIAHAE Aose HHAHA W
Ho 2 getOH putOFFE S0yl A A9 Ju
Z listo]] Yl restrictiongt7tA] BL&o 2 A get()F
putOHl£E 2t A&t Soj7ide T Ao AEE
ZolA restrictionghE 73l dEuEZ & 4 SUA
g2 getO#} put() WA= Fol7lAl Heoh

4.2.3 CCSIOPort

Ed =l A 2] I0PortE actor$} actorite] ©lejets
Agdla B YFolth BE Porte 4F Adx 29
AdEe Felth shte AdL stz e F
Mol Z2Axe A4E ouigith & AR actors}
AR actor7t 7FAAL e 22 & AR porte] 4
24 w3t A4 port®t &9 portE HGZHSE chan-
nel& CCS9| omjgoz dyo] Hed, & 49 ¢
& portE aghe actiong Z3a &9 ports ¢ Zhe
action® 9v|gt}. ©] channeld %34 tokeno] Fir
ol Atk o] AL tautt restrictiongoll oA FH| B
BAlo] dAg Rg oulgic)

Porty= R®I=Al A ZdEw e Adoly
(container)Z 7}A&d] )AL actorE 99§t} port
€ 9 8Yg AAsd sy Apdee 1E $
v 949 portsh Az )9 channeld 714 & UE
k= port7b U} channel2 F7H9] porty} ME EAM
o] 7lsdt=E dZFE AL Lt

& PortE2 relationol 9sjiA o4 £ Qri(ag
5). CCSIOPorte 7129 IOPorts} 1 319 {29
TypedIlOPortE& 443199 ™, restriction IHelE&
Az Uk

o] restriction WelHlEE AlA® Cizle]lurt CCS
=g ARSI A #E Ag of %S AIME
SZM CCS 714ty EAXoA restrictiond TAY 4
A et =3 ol#A AsA 2 restrictiond o
2 H4A=E B8 gto] CCSIOPortell AFEH D ALES
o] T}, olRL FHR7t o]FAX & 31T Receiverdl
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28 5 E4nl Bdo) AFHeE AZY FuE 4
53 o

A FElR-5A Ao g,
424 278 B4 F=Z(Conditional Communicating
Construct)®] o}

Z8 E4 F&(Conditional Communicating Con-
struct) Neil Smytho} 2js}x E=vil CSPl15] &)
¢l FEA AAHSUC olFAe CSP4 internal choice?]
H334¢ vee) ¥R cr FuRE FYPATH
nondeterministic BEH-E guard communicating state-
ment® 7o R i Uk EHulA Fhie ==
Az B zzAx 9 318 ZBAHIE o4AR F
e Actordte thEA 2dzg A= Ark ol
& A FZ(conditional construct)E guard’} FelA
vogkel 23HA 2 A A 479 branch ©t
o zg=g 449 gety R =g Aol fat

g Fduelede 2= Aoyt Hasih wheby
CSP =w¢lolAM=  conditionalSend$}  conditional~
Receiver F#2 o) Aojdhe dnelEHe YcHIb)
#ulH LnAEFHEe Hrz xdse AHE 2L
A3 DT g Fol.

£ =FqMe o] gualFds A4z 248 M3 (con-
ditional object)?]l ConditionalReceiver$} CondtionalS-
end7} Eg8s CCSIOPort®) restrictionghe Z#A 7
Al(conditional object)gtollA ¥Isks o] ZgAAx9t
F2824 sl o) B A28 restriction® F¢l
EE FHINYHIY 6). FAFYPE TeAx P2
o} restriction®] %) Fol old ALE taud] FA
802 3ldx CCSReceiverdte] put() get() #i4=
& Rz ¥tk F CCSReceiverste] get()3} put()d)
A2 BV He A ABAE oY) taud) o) F
o] ALt restrictiono] Aol Hol e A$olrt

Z7A 5 FZ4 HIske T2 QA taust
restriction® Z4z} #18kn CCSReceiverdtoll Eolz
2248 71& FHR FDHFAN =4 QAL oid
EZ A 299 tau$} restriction?] #2 HFAFoEH &
TFo] ERsiAE AL gt 2UAAE Aolsie
GRHEE ARELE I7) Yo %Y F Atk 1

¥ 6 conditional Rendezvous branch®] #Fdlfirbs <88 238 <SS
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Y 69 9FqA LEZ WFo = Aty QY3
(1) conditionalReceive7} RA =33 Pute] 7|0z
2 9-& AL (2) conditionalReceiveZt WA =33
L AL (3) kAo conditionalReceivert E3 &
w conditionalSend”}t Z1thE]T & A$-oltHol A
Aol Aee 2AAAN FIHE 37 93 =43
2 9 Aol AL & F e A WA ANAA T
Ak A WA AXA AE BAE Y3 ddE F
A9 port?) restriction ARE gt} o] ARF
3l FY Aee FAE A H3 old A$E tau
9] gkel ARIAE #RIsich 2 3te] ol ofd A9=
A2 ek dl7] dErt Ho AW UA Igke] X
7ol & EO Ao A3 BAE & § UEE 4
ol A& A FLUStT restriction®) #FH taud] S #
A3t ALFHozE AL Y] AT ARE ok T
Aol ZF¢e Putel 7l YA ¥I conditional
Receiver7} Put 20t 94 =30 49e Jod v
71 E92E Fo2 P conditionalReceive= Put
€ A%Fozg JdeEle B¢ U] A7 HojAed
DA7IZre] Avbd AGRAM Aol A HolPeA
£ gA3x, Putel ¢4 ZIdeEln le AE Jehie
Putwaiting Z#318 9% ¥ 1 ol Fd Age
Aol A WA FAE = de ZAAAAA Gl
X BN 4 2le 27 AAZHHE (DHAA #dd A
2L FAF AR restrictionghe HVs 21 #
o] Fo] old A& THA| taud] &S AT F I gk
o wetx FAle) ARE FAE FAE A doh
A Mol ZA$E conditionalReceivert £ AT
B EA AAE BAL 37 93 g Jigdn g
Aot} o] B¢ =33 conditionalReceive’l AT
F e A HA AAEe Al dAE S8
de A HA PAAAE AT T S0 F4lo] b5
g A WA AAY B$= A restrictiond 2 Fhoh
e} taus FAST F FAE A Ak AHAA AAL
old A% A&sdoz Jidan oA AL 3] ¢
8} Ax=E dA Atk

o] daelFaA HAl FAFIA e F T2~
9] restrictions WA #ISL restriction?] gko] AA
< A% taus HUSA gk o|FA FAEA 3}
€ Z2A~7E 23 A (conditional object)¥ B-$E
wZ restriction® taug 2133 FURE FPFo =R
Q8 CCSReceiversty] 7|2 #df{ 4xnEe o
@3 FEE 4 Aok

5.0 H

Eoujlde A20E WA o 27k w4

ol sirka gteld AFEAct e EHVIIL] #7
9 =vldl AQTL viA] JAVAY APIAY HFsA -
AHgEte) Aae dERez RAFE wWel dx, ¢
E shie a#89 =79 vergils AMEsl AIAHS
BAshe Aol

B =89 dAdAE F7HA benchmark <l#AE R
712 291, 44 $9 FriAe uE gAgyEes
AR A & ok

(%

- Y

chopstick

philosopher

¥ 7 AZske AR 24

5.1 DiningPhilosopher

DiningPhilosopher A= 1965 Dijkstraol 2]s)A]
L AANHAJATE. ©olARE concurrent programming 9
Fr4e] 7122 <l PropertyQl Liveness$} Fairnessol ™
8 Agste TAHA FAolth o] EAoIM Liveness
& 25 AL Deadlocke & £ A vl & 4
e A9 AEE E= AL quigdn. oy Zo
FairnessE £% AL starvation® I 4 YA O
A & & e Y qis = RAojth

FaNA o] HEtAe JoHoR A WA A
2 A=E o 9l RE sl ge vz A
Ztaln Hevh 4zl AgkAe}) ArtEe e Z2
AxEz dAAY 2o A7IEL CDOE A3l
Al Z7A A (conditional object)E MAARATH 4 A
2171 AZtehe Fow oo At Heok 4%
o] TEAAEL B Z2AAEH CCSIOPortE AME
3led ] AZ0]) FHEul CCSIOPortE restrictiond 99
ke gEdEE 7R3 gl

DiningPhilosopher BA|o}A] 3&lv}e] 37}ete. zhzto]
Fdo Astaet AZE portE 204 7hAL & U¥E
o] AgA} F2E AF AEY portE s dE
549 Leftout2 A7IE T2A27 A% Askaiel E4
3l7] A% portolth. oA Arieke Ztzk F=4 9 S
&9 portE 7R Stk ARFoT MH9ye IAMY,
ol Wl 3rigtd Flel 98 port® 7ML Qled %k
Fo| AAI} Fte AsEhe FAlS) AMEEIAL &
o A7ket QM= 2A A (conditional object)$]
conditionalDO(Z2 @ 8)& AR&3stdA 2 <ol A condi-
tionalSend& AAEA ok
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boolean continueCDO=true;

while{continueCDO){
flstep 1
conditionalBranch(] branches = new C It ired};}
//Create a CondtionalReceive of a Conditional! for each branch

//eg. branchesl0] = new ConditionalReceive( (guard), input, 0, 0 )%

1/srep2
int result = chooseBranch(tranches);

//step3
if(result == 0)(
// execute statements associated with first branch
Jelse if(Result == 1){
// execute statements associated with second branch
Yeise if...// continue for each branch ID

Jelse if(result ==-1)}
// all gaurds were false so exit CDO.
continueCDO = false:

Jelse(

3 8 Condtional structure$]! CDO2] Pseudo code

o] Wl chooseBranch@4& Z &3 File 2=
FoM BAE & 2=t A3 o] uf ofmig W
At BAEA AFH AA A vk 1Y IR
o] ot} 97| taudl Fo] falsed A$E AL

_//obtain the forks.
if(leftIn.get(0) != null){
// tau occurs
// set gotleft flag true
// set waitingRight falg true
Jelse {
// tau doesn't occur then just keep going
)// set gotleft flag false
if( rightn.get(0)!= null)}
// tau occurs
// set gotRight flag true
// set waitingLeft falg true

Telsef
// tau doesn’t occur then just keep going
// set gotRight flag false

// Release the forks.

leftOut.send(©, t);
if(leftOut.getSucessRendezvous())(
//set gotLeft false

Jelse(

//set letf out flag which represents whether process can
keep going or not false

)
rightOut.send(0, t);

if(rightOut.getSucessRendezvous()){
//set gotRight false

Jelse{

//set Right out flag which represents whether process can
keep going or not false

}

if( 'keepgoingLeftOut & 'keepgoingRightOut X
// notify this status not for chaing the graphic view

}

A Z2A=7E APsof vk WA keepgoing©lEhe

flag2 TS 298 AYPss J2S FAsA sty 23 9 Philosopher] fire() Wixse] F&d 3=
CCS
data Packet Forward Packet
client | channel
d
sender receiver -

timeout | ack Backward ack
channel

bit,
FSM data dataBuffer
/packet{data *2 +bit),
ﬁ‘ dataBuffer{data)
/bit {0}
Ready
ack[ack==bit] ack[ackt=bit]
/bit{— bity

/packet{databuffer *2 + bit)

2% 10 Alternating Bit Protocol 3 sender WAl -kl 13
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5.2 Alterating Bit Protocol

Alternating Bit Protocol® @<d AXE ZZEE
oltt. o)A MAAE ol HHEL W e FoN
A AAEE 33, FE vAA7L AAgel s =3
A& A= FEss FolA YA RASEE F
E EAL 7 o] T2 EZL g o] FFHF
1=

HuUle %9 senders TZEZLZ IS ot o
2A& AEPh Be F receiverd 9 TFE WA 4
¥ BA. receiver’t ©Holgt HAE FHPL W T2
Hzlel wiEGits Be VEE ¥R ackE B Z
o) Bt} sendere HoJE}E W& o o] Hogt F
E8 dole 3= oldAE glsopy Hart 3
ok w2ty o3 2 T34 ok wef Sole o)
Bl #zlo] HEoE Eo& RojFUL receivere ©|
HRle ANA Aoz g1 dolgtE AMRRTE o
o) & receiverd] E0]& HAL AFA B0l T2EF
HES} npAstoz g2 3l RIEF uw|ES} ¥
ZFch 9ef Ao FE BER FHF3Y 1 HoleE
FA3 ohyEta Az delgz 343ty HAFAh
P BuUle Z<¢ sendert receiver2RE ackE it}
th gkeF dAATe] YA E Aqle] Bl sjolel 3
7 ZREF HEY ZL HEE IIH ack’} 2%
%o™ ack’t & W7A] FLF dHolelg AAFch

%t & FFL& 3= Alterating Bit Protocol2 3
43k 29 99 2] VY] a2y =7 vergil
2 7Eso] 2 F ok Ztze] AREe FAE A
AE HHsT Ut} sendert receiverd] ZA$E Ed
vloid g mwlQlo] FSME ARl ohr] A
Hol A 4 Ik oA & Evigle=z Ao
sender?} receivert CCS E=vi¢l oA} dhie) )
@ HFHO 3] Atk 1g 99 BAeE M F
43l =ojq el Fojok 199 senderd] A$=
sender?] $E FSMo=z BHEF Aolm bit9) data—
Buffer2 Z8¥ AL 4% 9 39 ¥4 ot} sender=
dataBuffergtel datas} bit® EHEF #H3L2 AHE3oh
sendere & ZZEZ HEE 713 ackyl =28
9 Z2EE HEE QoA 12 ¥l ready YEHE 9]
F3} receiver?] F$4% FSME AMg3ld 9o dF
B receiverd SAdl2 WA Fcl

6. WE 3 BF 7 U

¥ =ZqMe Y CCS Evide 78 2 &
7¥stge}. CCSe CSPe] ApolAe W CCSe ¢na
€ oz & tau PEAS tau flag, 282 CCSIO-
Portg 4dA&e=2H 48 CCS =Wde FHse ¢

=

re

He APk

)AL |A CCS EHIUL dAsIA EuIdA
ARE AAE & de Y =dde] e A%
< Bylo] o}, EHWIE AMES MEAL 7|E
o} EdrllofA A2dS HASGD YA dte Hds
g2 ARSIIEME AFE BAZE Holl Al2"E
e 4 glA jith

I#HY CCS =AY Azt A 28n 45
& A¥Fezm A 2 HFE F A= EAVI
ACSRI8] =dlis 78 2 F718 + Sle 7%E 7
#agth ACSRE CCSE 7ulog sl ulsolr
Process Algebra Language®] 3holth CCSe 7A¢-
T Azlde] gla A9 side] B3] FEEOA
A9 Holxz| gl oo uksl ACSRE CCSel A
ZH A ada $AEe Adel #zk Ho Aok o
g A2Ee B fuirsdge) glo] AY¥H HAES
g 4 Ut EYuIdde CCSY oulEo] JavaZ T+
o] HR7) wWEe] FHE CCSEMIAL AzEdo
F2E AMgsld ACSR EW9ezel 42 7Am
< F AT g FF Q7L CCSE 7hvte=
& ACSRE Edvillo] =rde 7d F7kshe Rolch
71& Azbet $4E9) Adel Eofzt HAE WA
A2EE QA o 7129 whgo)Ebd Timed Multi-
tasking=m<1[16] T3} 2L HES Jlde] B4z
=l CCSEH o1BA Frlo)de] =l Al

o g dgey ACSRel Frise] Aok
ACSR2 oA A3d wpel o] A3t Ajzhe] Ay
¥ agElz fdedd AAdel St g7l Wi

ACSR =49l iz Azke) Ad, Ade g, 28
2 e A AR el shbe) =uQd gelA
gzl & $ Urk ojAL BT YRl Ao 9
248 He =7} AZith £ Timed Multitasking =
Wole) Aee AL ABE AojNY HFA o]
£ 7iHto g § oulEg I Aol olch uwely
ACSREWQIY] F7ke dhie] mulog HAZE Al
Hel FEH PAE s & Hoith
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