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Abstract

the environment that some component gets failed, when designing an architecture of a distributed fault-tolerant system.

It is essential to control system actions in the condition that every component functions normally,as well as in

Designs for the both situations are generally tightly coupled, which increase the difficulty of understanding, designing,
developing, and maintaining a distributed fauit-tolerant system which may be large-scale and may provide strong fault
tolerance. To settle this problem,a new method was proposed in this paper, which defines a description language by the
Vienna definition language on the basis of Hoare’s theory of communicating sequential processes. It can describe not on-
ly the property of concurrency in distributed computing but also how a system tolerates failure, More importantly, it
seems to indicate that programming languages are doomed to be more abstract in higher level in future, and it may pro-
vide a new idea in the field of distributed fault-tolerant computing.
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BRANE Ve P 38 H Ak

EXEEMRBESHITH TR 6R01E, 8
BRERERMNEXRESHLEARTES . BRIELaE
BAETE L IEFRIE X ATEE L RBOE L., AR EFAE
7 OEENFARERFANEES A LNE ES.

1B 15 )0 ¥ 3 #2 (Communicating Sequential Processes,
CSP) & At A 6Tt A 3 & BLE T 38 ) py 2B AR
¥R, RHRHEREFELH B RATREMNERESL
AT AM—-RERIES . ZEICEBHEBZIESHRRLE T
HIFF R AR EN LA BB EIT .

HHNE L 1EE (Vienna Definition Language, VDL) £
EXBFEFHN—MILES. EEAREEX FHEHW
e RPERS ., ERESHRBRER P, BT —#H
THSRRFF RIGFRF G RENE T —— RN I
RITE(VDM), EREEMHY BN, 10 VDM MlEiE S
(VDM Specification Language, VDM-SL), VDM + +
VDM-RT. VDM-+-+— % F F %0 I @ 1 X R 813 % R 55
VDM-RT WA FHR AT L MARFIARNRLE. £ TF
IRV BESHFEEREX, FEEEEILERAB TS
L EETE X (Structure Operational Semantics, SOS) 2 X
BXEX . R, BETM R EHAR T4 ERNEFHITE
BITEMRFES A& RCAWENERFRIHES  B&
£XF VDM s R # ab BB 45 T b 801E U X .

GEFR, ATHNE X - THRSAXEHITEN
BFESEXEE. HTHROMEFTPREES AWML
Rk, A XfE% VDM E S5 E A MELER, £/ VDL TiE
B EHE L EEIEERI4 (A0 duration B8] BB X, RN, 18
BN — B F A E S Q18 S m FE it 2 A (Remote
Procedure Call, RPC) #1E 3, & MUGE R B 25 5 B 26 18 F 4915
BRI RFE LB SGEREFIRE SR BOIARSER, 1 Xt
BRIAR BRI M I F ik B A HE A .

3 HIRIEFAEH

B FENBRE NI EHEE X duration &A1& X
FE X BRER B AMERAE UE XL U R B EE TR
BERMIRT. BTFERBRIELE E LE & HHE
MY RHEE, AR TTREA AR, B0 HiRiE
ETHREBINFARER, C22BEUNE GES URYE
WHFF R ITENES .

3.1 H%

7E VDL iEE SRS BB T REREHIES 2
& (control component) T #1354 . BHE CSP #Hig, {F/M—1
BRI B R N — R, BT R B A FIS, &
EFE, T RERES T HERNSBEYEFREXNHBREY
B4, BIMREWHABSHE 3 NBER L FHELH CPU Xt
% & channel X% .CPU &Y process X 8%, channel X4, LA
& process R thread 3%, 5 VDM-RT iZEEAFEKE,5L
PREAT BRSBTS T AT LA thread X442, ¥R AT LA channel
MR, BMERROMEZEXRREIEL.

HRE CSP M RiBEL, S FABEHRNER,
RBEBMKRM process & .CPU & . RK R AT R R E
PR B AT AR R B B R E ISR T — M T8,

Hit, B BEREPREHEA s-nextth FBHHE snextp H &
RATFEENBRF— AR R, H B s-curt 4
BRE scurp FEIEREIR. AT A thread 35 22 [A]
FTEMRIKEE, B thread R HREHEH t-status 43
B, 3 {4 7T §8 £ RUNNING, RUNNABLE, WAITING =
TERMINATED, R7% t-status {5 RUNNABLE ) *f % 4
RERB LR BE s X {H & RUNNING #3452 IE 76 4 4 7% X ME N
WAITING 8{# TERMINATED WXt £ NEER R, 43
& SCHY channel XF 5 H AL 28 15 63 /6] 9452, B F AT E D
R EIE .

IR T BRI RE R ENRBENES, VDLIEE
BHEEET A —MAHE. MRS LSE Y M &
CHRFREZEHIAD b5 LTS A — A TS R4
TER T — /BB S,

3.2 duration iEf]

FEARTES FTDL o, ME—4L & B RS LA A4 & dura-
tion IBA], EME T B M MATH B, HALE XHiE LS
VDM-RT Hr#g2—Z Y, BIEA] X 2R GETE A B 3 e 6 0 26 3R
ER Al R 2Z EE.

B T duration FEAIHIE LAE— Pl BE#KE duration i
AJKIEAFIF, 3 H duration 1E4] R0 B H BLZE thread Xf 5
RS, EE S thread XS APRA F M T —EH
JHERR R t-duration 3B, BRI BES A duration iIE4]
BT %8 A B TR AR B TR] AR 8 B ], R0 X B ME RARR
7 o PR A7 BT PRS2 thread X B t-pending 7+ B 7E5E
BT duration B4 HIIEH) S R M BET ¥ t-pending A&
EELBR X t-duration 43 B PUAT i AR R MR A BE 37 M A (H #3
1E, B S5 X3 HATXT g i CPU B RIS TR 3T,

XFF t-pending 5 BHME M, BT/ EIEH— L HIRA, W
REAHEXRITH duration 1& /4] 53 KRS, M XET
it , RFIF AT RN AT ; B, HEX R EANMFEHR
SHTTRZE S B R ELBNHIT. WRAETBEXEA
duration 1547 BT S A2 BT CBI A B 2 AT A9 ST 8 A9 t-pend-
ing 7r B 3E%) , EHE K t-pending 43 BARFFHYIRZ (duration
BEAPATZATHRZ) XA B S YR R RS 57
(R WA R 43 B #EAT 388 , AT PRAIE 7E HL5E B (8] 1
HSEZ B X PRS- BAR R duration iIBHRPITZRIE
TIFTRAWE. XS IBREHATHRBEAELSBNERS
doSwitch B RXFBIFE S try-doSwitch A FHBE, TEH
HBEFX P FES checkThreadStatus 52 i, H VDL & X 11
TR
doSwitch ==

try-doSwitch(b, sid, pchid, tid, sp) ;
b: check-p-ve-guard;
update-cur-p(1) ; / /¥ sys-cur-p 3 &
store-sys-c; //{R#TE sys-c (1
sid; pass-v(sys-cur-p(£)),
pchid: pass-v(cpupchy,,) »
tid: pass-v(te, )
sp:pass-v(&p)
try-doSwitch(t, sid, pchid, tid, sp) =
convert(t, bool)—>
update-cur-sc(sid, pchid, tid) ; / /B H & BRI sc 3B (12)
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checkThreadStatus(sid, pchid, tid, sp) ;
T—doSwitch
checkThreadStatus(sid, pchid, tid, sp) =
(sid= cpug,, A pchid=cpupch, A tid= t , )—>null
(—is~Q(Eguia) N ~is-Q(Eu) A —is-Q(&ga)
A —ris=-QEpy) A —is-0(8,) A —is-Q(E)) —~
ChangeThreadStatus(cpu,,, » cpupehyy » ter » RUNNING) 5
check-post-thread; //tcur 2878 ¥ a3t S A I 40 T
check-pre-thread(sid, pchid, tid, sp) //tid £& 12 B af ¥t B Y
b3
(—15-Q Eeypia? N —15-Q(§5ig) A —is-0(Ega)) — I3
check-pre-thread(sid, pchid, tid, sp)
(—is- Q&) A —is-Q(E) N —is-Q(&)) —
ChangeThreadStatus(cpu,, » cpupchey s teyy y RUNNING) 5
check-post-thread
(—is- Q&) A —is- Q&) )~/ / H TR BE B R process HAY ctl-t
ChangeThreadStatus{cpu,, » cpupch » te, s RUNNING) 5
(—is-00(&p,) Ais-n(cpupches ) A —is-Q (&) A is-n(pchid))—
ChangeSysThreadStatus(cpu,,, , cpupch,,, , RUNNING),
ChangeSysThreadStatus(sid, pchid, RUNNABLE)
(—i5-0QEepu) A isn{cpupches ) )— //#7 id £ idle-n.rpe-n.ctln
ChangeSysThreadStatus(cpu,,, s cpupche,, s RUNNING)
(—is-Q(Eqpyia) N is-n(pchid))— //IH id & idle-n.rpe-n,ctl-n
ChangeSysThreadStatus(sid, pchid, RUNNABLE)
T—null/ /X EARPAT, FEFEY R

H, & opuid = sid * sys-cpu(&), Eoid = pchid » s— pS(Ecpuid )€ =

tid ¢ s—t(&4) .

3.3 B ERREA

BAEHAS R AR AT EA MRS EA TR

FLERAACERR LA, HMRiEEE XS VDM 2

L TR .

(Al) is-proc-call = ({ s-sync;: is-async-id ), ¢ s-target: is-target ),
(s-name:is-cn), (s-arg-list:is-expr-list))

(A2)is-target=((s~v:is-id), (s-pid:is-id), {s-tid:is-n))

(A3)is-en=({(s-pid:is-id) , {s-opid;is-id))

(A4) is-proc-attr = ({ s-async; is-async), {s-tw-check; is-bool ),
(s-paramr-list; is-id-list >, (s-type-list: is-id-list), (s-ret-type:
is-id), (s-body:is-st-list), (s-pre:is-expr), (s-post:is-expr),
(s-mutex:is-expr))

(A5)is-sync-decl= ({s-pn:is-id), {per-g:is-expr))

(A6)is-ve-guard = ({s-ve-b; is-bool), (s-ve:is-id), {(s-op-list;is-id-

list), {s-handler-proc:is-proc-call))
R BREEAARS —MRERIARHEX, BFP

75 B B 45 R AE (operation) B LR R BURFFE— N R 1

1] is-den WIFRICRS . B T BAESRIRFFIMBRIETRE: 2 il

IR is-proc-attr, FE, RIEMBERFHAIASCLE stw-

check 43 & (component) 1 s-mutex 43 & ; s-tw-check 43 B #)

1 A2 5 915 A B E » s-mutex 43 B BB BUR T 3% £ 1817

is-sync-decl BRI BRHI 7 B, 58AEM K EEH % 218 1A

is-ve-guard f) Bl M E R WEF B, XEKETFT—H+

4.

BEFAAIEDHBES intoproc R, MRZFEAMY

R AR RERA RSP EIBR, WIBER R thread X

SR AFIITIES doSwitch, IR A BREH BN

#$4 int-n-proc, B¥HTE T IR BRE T BRI B, ZBRAME
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FIFZE R RBRNENE. S, MR ZRIENIE &M
PR BRI B R FHIRE s-tw-check 53 B 1)
B P R A WX R RSO AT R AT ; iR IRBRAER AT E &
HRE, RESFANBF G WRESSBRA SRBEMEX
BB L2 B E DHBNZBE R T R R ARG, A
BARKIAT AT 3 &35S save-state $§ 4, int-extend-proc-
call #4F check-post-g #4 ., FE_RILLSWRIXPHFE
— M HBREEN A ——int-proccall #§4. HZIKLSRIER
fER RSB R E LR R PR AE, REH Y
MIIEEHBRAESBHRIUT 4 84 Z— . int-proc-re-

mote-sync $§ 4., int-proc-local-sync § 4. int-proc-remote-

async 34 int-proc-remote-async 54 .

A RA M B R VE 55T A B0 IE LR B
R 2480 thread XTRTERTAL process SBFEHEIE -
B thread X4, B B X A BRI R A, BHik,
R R e R R ATE . AR i 5 VDM
iy SOSE X R—BM ., 430w LWLz FE £ HE UE
% T ERR o B A (Remote Procedure Call, RPOBIE X, W0
RYUWRARNRE TERUH, FERERERZEHRA
FARIR BB, W) B 350K B % AE; & W, bRic i A A AR AR
UNCOMPLETED, $h/7 £ 3% R 77 8 A1 {5 B Bl Xk &4 2
1384 int-rpc-proxy, SR 5B 4 AT thread X2 H) t-status 43
&,k EH T4 RPC /) process X4 , B 5 AT doSwitch
14 HEBE LIRS AIEHENMERE , EEFHAT R
1$E 4 Wait-Return,

EHT A3 RPC i process X R A TG IRAETE HE %N
FAMEE JFEHLRELS channel MBWHELE. BER
TG L channel S RIFICHEBEHHD . WRENH
BHAMCEE R B BN, M B X channel Xt 5 # X5
BRARBMHIAEE. WREANEEEEMALEY,MER
i process Xt & A1 — T H) thread X%, A FHAT 5%
THEARXRM AR LA, 3 B AR AR E — T3 4E
B, IFERENHEERIR EE R IR M GXRE B H AT RPC
i thread XF A4 BD , MK 45 RAER 45 RPC M E. &
JE MRFEANE B A ALY, NEBHANTIMIER
H. HERHIA Bl I8 F 48 i B AE 80 X process ST R
A, o, Bet EA LA S ISR B .

3.4 EPEHTRNBEERS

BREBEEN CPUXNRPERE T —MEH process Xf
R, EEBIEFE X process SR PHILE T —PH
thread 5. EATEHATAERUEETEMN LR, #RSE
BRNRET 14 MEREETR, 2R TR TR

(DEEMREDRE THARTEE X,

(OBFHEHMERTE L

() R R ZRIRE;

(OB R EME A F L PR A R L B

(O JAF M ASEE B AR LER;

(6) B T Ja B &4 R 5 B0 R BUR ARG

(1) RATE duration B8] FAIRE

(8) R AR AL BBV B E BB AT E & A
W R RHEBRF A error B4

(OB TEBRAEAH L SBAAHRIER R



ORI H HRF FLHE;

(D ARFEFER] A channel 38 T#@15;

(2 RFELE RPC #8:E B process WS a#R1E;

(13)TH B THIA - 7T BER A R 5K 5

(14);Z B R A TR EHE R E : FTHE R M4 3K
FHoA, A 10 Frg 5l thread STRANE, 5 4 F B $8H] process
XFRALIE, WRET 9 MR HE M RB KL BRER
HBAE AR, M e RS (L0, &8 A/
process XMRHHHE thread SR, K& 4 6t EFEK
TRV B a3 PR AL B9 thread S5 4R 1RAF. process 3 24710
5 .CPU Xt R RFF STEFRIC R BB RIFAE 5 R3S BARE
HPRS B AT AR ERAE L% 5 3kt B B B
PEETEBRENR., XM ERBUZETENILHEE G
RIS AT E SRR HR .

E X PR HLE] RIS N B process WRIET —
ABRIAGEREZE B “__ve-process-switch”, HEBIA N E , 472
FFERAERAERT CPU R AIE R3S BALH process SR B H
A FRRAERT , B REER BRUAME 29 A0 process ¥4 {# ABAT BIR(E
1B » BR3P M4BT process MR, B REEME T Sk
(graceful degradation) i 848,

A5 ENXHBBRSRAE T RELBEAMELENL.E
IER S LikaT 9 MRS BILH BRAN. I THEBHE
B HEIFATEEREN, BRENE thread X4
RPRAEIE I T — A5 RIERN tealld &, HFiERE—
BEEMFEREMAENAA., SERENREAL—Z
BRI, MR R HE S GV, S8 L/ EERAT
B thread X RAFIEH EIRE 10OFHREL.

4 HREEFHNA

FAVRE N B F R ) R X — L) S B an ] A FTDL 25
BRREFTEY AR BN, Z L TR,
EXAMPLE 1
System fault_Tolerant_System
CPU cpu; = new CPU ({22E6)); CPU cpu; = new CPU
((22E6));CPU cpu; = new CPU ({22E6)); CPU cpu; = new
CPU((22E6)) ; CPU cpus =new CPU((22E6>) ;
BUS bus; = new BUS ({72e3), (cpu;, cpuzs cpuzs cpuy,
cpus));
Process p; =new Phe() ; Process p2=new Phe() ; Process p; =
new Phe() ; Process p4A==new Phe() ; Process p; =new Forks();
Process p6=new Init();

cpug. deploy(ps) ;

cpu;. deploy(p;);  cpuy. deploy(p,);

cpuy. deploy(p,)s cpus. deploy(ps); cpus. deploy(pg);
end fault_Tolerant_System
Class Phe
instance variables
id: nat;
operations
public setld:nat=>()
setld(num) == id : =num;
op-guards
__ve-MSG-NoAck-Failure(true, {trylgnore),trylgnore(7))
__ve-RPG-NoReply-Failure(true, (trylgnore) , trylgnore(8) )

__ve-UnknownFailure(true, {SwitchOff), SwitchOff());

sync
per Think=> # fin(setld)>>0 //wait until a “setld” finishes
threads
thrPhe: durations(
del rid; nat * == (id+1) mod 5;
if rid=0 then(rid :4;id ¢ 1;) //change direction
while true do(
duration(30) (Think() ;)
while not ps. tryGetFork(id) do
duration(20) (skip)
ps. GetFork(id) ;
while not ps. tryGetFork(rid) do
duration(20) (skip)
ps. GetFork(rid) ;
duration(10) ( DinnerTime();)
ps. PutFork(rid) ; p5. PutFork(id) ;)
)
end Phe
Class Forks
instance variables
pforks:map nat to bool : =
{1 p>false,2 F>false,3 t>false,4 |>false};
operations
public tryGetFork: nat=>bool
tryGetFork(ef) ==
if pforks(ef) =true then return false;
else return true;
public GetFork:nat=()
GetFork(ef) ==
pforks(ef) : =true;
pre pforks(ef) =false;
public PutFork:nat=>()
PutFork(ef) = =pforks(ef) : ={alse;
op-guards //may try again with tryGetFork
__ve-UnknownFailure(true, {TryAgain), TryAgain());
sync
per GetFork=> # active(GetFork)<(5
per PutFork=> # fin(GetFork) >> # fin(PutFork)
end Forks
SEHIMAEY RAEREN 3 MNERHXSR . EIXEH
H,4 AN 2 RHER SR process T4, ps f&2 X F process &,
BN B8RS 5 AMARRE CPU X4, CPU X4 2 [H
it bus) MREE, BRI FREREERIIRE ps ZHEK
S XXFHEFERES ps R4 AT, BAE“GetFork”
BIELF A R RELRIESS 5 ABOB0OE 8 L BT RE R 4 NE
SFAARE—-MARZER, RERIERT 4 MAAMNRASE
EAME . X, T LA RERR B R IE R BT E R, IRE
PATAEIC T AT, BT B KA W R, WA BERRAN “Un-
knownFailure” 26U ) — /N R R IEAE & A , FEXT L MR #4122 45 28
#“__veUnknownFailure” i la N bR E N E ., BREEER
N E MR thread XF G0 fih & 18 B “ TryAgain O ” B9 #4147
RABZEYM. EEERNBUEZETREEAAS, 0]
BEFFTE 5 A A8 A P AR 6 A L B R 2R 300, 3K W 2 25 o 1 8
RN B I process I &M,
(F#% 168 1)
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BOLT, TR R T AR E e RN —
BB &M XL BEE DT L RIEAE M R R A SR
PAT, BRIER R BB R .

HWIE AUWEES B RETOHET M
BABARAREFHENBRN I RENFEH AL,
Bt T —FHMRHAEMARIES FIDL, S ERBESR
T AL PR 225 B AR RE L B B . XA AR IR DT
R A SRR B R IR L L T 1) 3 AR iR R 14 X
KEFRINE S T &R 7 Wik — o m BN
. WNERMRLE , XMEF IR B8 LR
KA RGEBITHRCR,
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