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FRe] AR50 goH, o JgHEY UREL T2AE JL x7] dANNY FAS
(imprecision)oll 71¢1% Zolth A& FA 7/1HE PA AN 7dstE AHES Eol7] A3
ZY VDM 3 22 AY B o8] 2920 28y, z 7149 B34 B8 v HY ¥F5L
2 ygae aFste A2de FAdA A" F YA, Process Algebra © CSP
(Communicating Sequence Processes) 53 &2 Th& Y ojg &7 HA ok st ©ao] gloh
B A7 9 22 HE 239 g4 Adojr}t ¥ (concurrency)S EAY T UEF 317
28, W8 =2 M 2(concurrent process) & E438H, ol Yell= BVIE At ALE
gk =@, WP Aol AN T2 AR J)EF(procedure description)] =Y R &HE &
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AZEHo] =ZAE ulge dFie T
(implementation) @AY E|AE @A o
A2RHI 9len, olgd JdEEY gRrEL T2 AE )
w27 @A e 23 (imprecision) o] 7] ¢1dF Ao
thi1] weEld, A 7] SAldA 9] JdEES £ol7] 4
& o} 7] o] ATk [2)

Ay A 71U FA DA ZIAstE JdeEES &
oj7} 98 z+ VDM 3} Z2 AY F7]%(formal notation)
o sl 2o, AP (formality)Z 3K abstraction)
o AF T F 7HA At g RS SEAA £
o[3][4]

AutHl E2o PAdE 27t g8l AHEEHT AT,
B g Z2 RSt ARES HE A259 F4
o7k 2 2:0]& CSP(Communicating Sequential Processes)
9} Z& Process algebra &} A8 vlwd o @ 254
EE Eder7lo FEF FAE AL WA drk[3]
upebsd WP ol HAZE EiEolop st AlAHAE
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B dFdxE z9 2 BHAHQ 39 gA dojst
HP4e HPY & UAEE 7] Y8N, ¥y ZaAx
(concurrent process) 1'dS = Y3td, o] JE e E7].
£ Aotz A1ggh 8, Had9 AdE A =
BAFY e =g € #H 27]|vKschema)ES A
o5lu, 53] T2AH259 FF AY(shared resource)ol
i3k 29 AloJ= ADT (Abstract Data Type) 2 Fol€ 2
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Qg HAT woe EHEAHoEZ csPY 2
Process algebra Y} LOTOS(Language Of Temporal Ordering
Specification) ®} Z2 algebraic approach 5 34 BAHE
A8 53] 32tdE A7t AHGETh[S] Process algebra 2
g, o5 METY ARFUAoM Jed TR
o] Aoz AN2gg 22y Frh3)[1] Aol uhabd
T Z9% e 59 7] Qo|(model-based language) <}
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1€ zoMe ZEA2 Jide] EA8A ¢ dE
of TEAA Y FHE ZE JPHE AT 7 ¢
o wEtA, &3 25 ¥y TA2 EE EYstka,
oo W& T2 A A 7]&(description)d LZA|Fo] 7|&
& Arggth 2E]l3 2uUE(monitor) HAUEE o] &3}
of F5 Add gt T2 A2 AL AFict

31 839 79 9A
HA, 718 e} (basic type)S A 9 (definition) e},

[ Process ]

processes: ] Process

processes = {0 Process,, (0 Process,,...,[] Process;}

AAE P& ZEANAE sl T2 AL W (variable)
& ddgth

Py Ppy .o, Py O Process,
Py Py, ..., Pyt O Process,
Poy Py ..., P O Processk

BEoE MY 2 T2ALEY A7|0hE
<statement>oll & T2 A A7t A2 T A& rﬁ*ﬂﬁ}l’., &
% A B A2 PAE FARE ZEAR G A
= 3 ¥ (operation) 2717}l monitor_procedure & 4| 3+
o}

03 Process, O <statement> O monitor_procedure,

O Processy [ <statement> [ monitor_procedurey

O Process, O <statement> [J monitor _procedureZ

EUH AAYES §8 BUE 27utE %
ol& ADT PFHZE AFdch BYE e 32
" Z2AFo] 270} who] ¥ gHr}

Monitor.

mutex, full, empty: Semaphore

buf: bufsize O] item

item:Z

bufsize: 1 ..n

ARt 2, 7 T2 Ax A7)l o TIAF
AEL 7|gdta, T2AFojd #AAY AvjuEL J&
g}, melkA o 7)o M= monitor_procedure =717+ Al
3}, o) monitor_procedure Z7}v}e] FA L ztzk RUE
W2 ds vl ol diFd Aol gL FFate
BE3 A /\Hlx}fr 22 % 2 W ste]
Eﬂaﬂ Z8E AE Aojdte FE azlm A v
4 Z2A2 BH Aol skl oot ¢ g AE
A7} A3 Fess A REoE JA Ureld ek A}
BRI} access &71vkgt BAEtn, T2 A Koo Un R
270t & £H3A g3 7tAT & £ QA o=

A3l
& Jle
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2, AR A B E AT
monitor_procedure [1 wait(empty?)Await(mutex?)
A access A signal(mutex?)
A signal(full?)
3.2 “Bounded Buffer’s Problem” <] 3 Aj}
g4d z9 ¥4 HAE “Bounded Buffer’s Problem”
g oz 47 9k QAR Z2HaE T4 A0 A2
sto] Aard obol WL Ashm, 2uA T2ALE 44
A7} A ololRE F4 ALoA AdE QL A

g At 264 242 BYe s TRALE
o] AHY RoH T2AA Belol Hehd 75 e e
g gaste] Ago] B, olge] FH Adel Fahs

d& T ol = %’33“011 o Ei’%l fitHs 3o
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[Process]
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processes: [J Process

processes ={ O producer, O consumer }

Add W Z2A2E g n Ao Za A2 W
S AAd
D1 P -« » Dy 11 producer
Cpy Cgy -ev 5 Coe 1 consumer
A9 A ’}_}Z]'(producer)ﬂ- 28} R (consumer) ZZ A2
27|uto] A TF ALH dBHA %E producing %
consuming 2-7}ut7} "'/‘1]5] I, ZUE iy & 2l
g F2 FAE HAse ——E’\]-rr°1°ﬂ NF3T insert
%} remove 27|0LE 9 A FHCE
0 producer [ producing A insert
insert [0 wait(empty?) A wait(mutex?)

A ins_access A signal(mutex?) A signal(full?)

O consumer [0 remove A consuming
remove [1 wait(full?) A wait(mutex?)
A rm_access A signal(mutex?) A signal(empty?)

2Ud dAAUS

SUE 27)ntg HAd @tk 2 de] F4 A
& T2 A2 F2L ZUE oA Fod niA]
ol Bl el FH5si.
onitor

mutex, empty, full: Semaphore

item, next_in, next_out : Z

buf: bufsize O item

bufsize: 1 .. 100

oz Hdd BUH 29|nE 27|88 A7)ups
BEUE WolA ALg&dE Alvl¥o](semaphore)E ™ Al gt
Aut¥o] 27lokE EUE iy Aol dig 45 wjet
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[—init_Monitor

[_.Mﬂﬂl’ll"’
next_in=1

next_out=1

mutex.count =1
Sull.count =0
empty.count = bufsize
__semaphore
count: Z
queue: seq processes

WA Aol

olu] oA Htd RUE ) Z2AFo] x7|vlE,
Z insert 27|79t remove 2717k 44 ZUE WY
2% wjet A g Ao 4FE I} FE
AR A6 A7} 22 & 2 S W wsle) sl 3
2 A% Addse 8, 2ga YA 1A =
2A27 B4 Ad F2F fof & & AL§AT
AR 7ieste A2 A FEo2 YFold Yt o o A
2 FF Ao A2 aFd 7S FH}E
ins_access 2719t AR Z2AFl] Unx] AR
2710 L B JAE FAA ¥n BA #Ed A8
T At
insert [ wait(empty?) A wait(mutex?) A ins_access
A signal(mutex?) A signal(full?)
remove [ wait(full?) A wait(mutex?) A rm_access
A signal(mutex?) A signal{empty?)
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wait
s?: semaphore
p: processes
5?7°.count = s?.count — 1
s7’.count <0 =
s?’.queue = s?.queue C1<p>
block(p)
__ signal
5?: semaphore
5?’.count = s?.count + 1
s?7’.count <0 =
5?7’.queue = 5?.queue \ {<head s?.queue>}
wakeup(head s?.queue)
__ ins_access
O Monitor
| _item?: 7,
buf’ = buf O {next_in O item?}
next_in’ = mod(next_in+ 1, bufsize)

— rm_daccess.

O3 Monitor

item!: Z

item! = buf Ul next_out LT

next_out’ = mod(next_out + 1, bufsize)

o] A9] “Bounded Buffer’s Problem” A ofoflA] H = v}
9} Zol B4 z& AH43ld ¥ PAe WAet Aot
Vst AL B1eth a8y, A% HAE A8A
g5 729 AV R3S THA KA A5 HY
o} gl
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Ad £ Qe 9771 A& ook & Aol

FIEd
[1] Potter, Ben, Sinclair, Jane and Till, David, A» Introduction
to Formal Specification and Z, Prentice Hall, 2nd edition, 1996
[2] Sommerville, lan, Software Engineering, Addison-Wesley,
5th edition, 1995
[3] Bowen, Jonathan, Formal Specification & Documentation
Using Z, Thomson, 1996
[4] Lllingworth, V., Dictionary of Computing, Oxford University,
3rd edition, 1990
[5] Hoare, C. A. R., “Communicating Sequential Processes,”
Communications of the ACM, Volume 21, Number 8, pp.666-
677
[6] Fischer, Clemens, “How to Combine Z with a Process
Algebra,” ZUM ‘98: The Z Formal Specification Notation,
Springer, September 1998
[7] Benjamin, M, “A message passing system: An example of
combining CSP and Z,” Z User Workshop, oxford 1989,
Workshop in computing, Springer-Verlag, 1990, pp.221-228

476



