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A Debugging Method of Concurrent Programs on
Shared Dataspace Model

Tatsuvya Kawamoto! and Kenzo Inouett

As generally known, debugging concurrent programs is very difficult because of race
condition of their execution processes, Therefore we have almost no systematic method
for debugging of programs of this type. Recently, a shared dataspace model has been
proposed for concurrent programs, which permits data-interchanges between processes of
them only through this space, and it has been shown that almost all concurrent programs
could be described on this model, However, this model gives a powerful method for
debugging of these programs because of data-concentration into a dataspace, also, In this
paper, it is described a systematic debugging method for concurrent programs developed
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upon a system implemented on Linda-model being a type of shared dataspace model.
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Fig. 1 An outline of debugging system for concurrent programs.
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Fig. 2 The structure of tuple-space.
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Table 1 A transition record of tuple-space for dining

philosophers’ problem.
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Fig. 3 Dining philosophers’ problem.
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Table 2 Numbers of tuple-transfers between processes
got by process-oriented analysis.
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(str “ticket”, int ?), (str “done”, int ?)
INDBEFESEE—VThHhb. ChERVELODE
BEGEIARICHRET 28T, BRICE D/ % —
VT3 (str “chopstick”, int 0), -+, (str “chopstick”,
int 5) 2%, DO DITIT (str “ticket”, int ?) 2,
BBOSDITIE (str “done”, int ?) A5, ZhEFNH
B2 —v & UCEIEN, hOZhHIKET 5 TP
SEIN, ZOROKHNHEBIRDOONE. Chb
DRE— v PBFE— VT, ThENOBRFE 2 —
VKBTS TP 3202 —vORKETH 5.

BREOHERIR, SFEF ¥ -k,
%] TP (PRID, OPID) : (np, na,nr ; br)
D TEET 3. TP R OFIcERiciBAINE
TP OFEET, nr, na, oo i3, T TP ©
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X 3 27 nERBITC X2 BBREDOHEYB
Table 3 Changes of resource-quantities got by
tuple-oriented analysis.

RRROED
PT(561, 1):(1,0,0;0)

BBy —v
(str”chopstick™, int 0)

B %)

0o

119|PT(565, 8):(1,
(str™chopstick™, int 1) 5|PT(561, 1):(1,

o
o

;0)
;0)

P
o

130|PT(562, 9):(1,0,0;0)
PT(561, 1):(1,0,0;0)

oo

(str”chopstick™, int 2)
143|PT(563, 9):(1,0,0;0)
(strchopstick™, int 3)| 11/PT(561, 1):(1,0,0;0)
142|PT(563, 8):(1,0,0;0)
(strichopstick™, int 4)| 14[{PT(561, 1):(1,0,0;0)

134|PT(564, 8):(1,0,0:0)
(str chopstick™, int 5){ 32|1T(566, 6):(0,1,0;0)
(str done”, int ?) 3|LT(561, 2):(0,0,1;0)

146/ 1T(561, 4):(0,1,1:0)
(stroticket™, int ?) 41PT(561, 3):(1,0,0;0)

144|PT(563,10):(3,0,0;0)

BAOHERLLTO, F—&F- <% — Vic/ET 5 PT,
AT, LT ofE3%ER7. br BEBAINL 2 s
RT T, zhichsd 3 PT #EFELT rd-OP #
52T 50, BAINhK TP 8 PT T, EHELTH
72 RT ZHBEIEBAICL, 2h ADE/IR0
LT3, FlHoROONBEFEEOWRA, F3iC
.

BREEBOEN S, FNENDOEHF % — VT,
7r e X BIROEEEPT OER PR), FIFAHIT,
RT itk PT oflH PR), 3% RT oAtk
% PT DOB|H PR), &% (IT oxicks PT @

x4 BB OMR

BROBELRIE

Table 4 A result from analysis by empirical rules.
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BIH PR) KT 5. RI3TRREF & — (str
“chopstick”, int 5) izxtL Tid PR : 566 MS{HBET
&5
(3)RXERRIFRNT

FRERAIAENT & 137 1 2 REAIENT, & 7 VRN
OWRREATTE, BRAOELAEZETITbDI 3
FMEHERTH 5. BRRNBABETREXICL->TER
ENTHB., ZOHFTOHEMERT E, RO X H K

5.

H—BEEI % — VT hORZRDEROERE
—TP #R0 OFHEdH: rl

F— PR @ OP R TORFBEIZHEE
—HEFROET D FEHOF R r2

fA— PR OR—BETHER I Nc#EE PR
—F—7 5% WORKER-PR r3

Worker 1DHEHR PR OFAE
—BREINISOEIREOEE T REM r4

R—2 5 2DEHPI Ed WORKER 5 HE3
BHER
B2 OKE OP {§—>WORKER #:#% OP %t

rb
¥4 OP W< TP #%n7s» WORKER
-8 OP HAEYD Ok ré

BREBRABIIRDO L 51T 5. Lnosa%E,
JER, 7 v REEREN, 2 SVERBROERELE
AleF =82 R—2, BIUHRICL > THEIN M
BOF—2 ~—2 (FDB)IC@EE L, HEOLEDICEY
TENRERR TS & %, AOOWREL, BELLT,

([B9# PRID], [BAE&EF <& — ],
[B8# OPID], [ERMBAIFESH], Ri.)
OFT, FDB Kitégd 5. FABRAEEINL, o
WEBICEIET 2 CIER AN TN TDHA
DEETHS. FDB IBONIZLETH 5.

(P& PR1  [Bd:# TP] [BE:& op] [(ERHIAI] K18

HAUEZFRT BT, EDF—FR— 5%

i
ia
is
is
is
i!
i’
i!
ie
iie
in

i1z

([566], [(str
(5611, [(str

“chopstick”, int 5)], [6], [r1],op_mismatch)
“done”, int ?)1, [2,4], [r2], err_use_res)
([562], [(str "chopstick™, int 1)1, (9,61, [r2], err_use_res)
([5651, [(str “chopstick”, int 0)], [8, 7], [r2], err_use_res)
([562, 563, 564, 565, 5661, [1, (], [r3], worker(phil))

([566], [("ticket™, int ?)1, [1, [r3.14], non_released_res)
([562,563,564,565], [1,(8,6], [r3,r5], charac_op_pair)
([562,563, 564, 5651, [, [9,7), [r3, r5], charac_op_pair)
([562,563, 564, 565], [1, [10, 5], [r3, r5]. charac_op_pair)
([562], [, [31, [r3, r5 ré], abnormal_op)

([565], [1, [8], [r3, r5, r6], abnormal_op)

(5661, [, [8,9,10], [r3, r5, 161, abnormal_op)

B9 ahid, ThZNORMOMEFEREXOE
fEEXINB.

T — 4 X—2 FDB & /bH315L 155
TTHETT 505, BERAMTL, BELT,
DROREAEREETAIEREES.

BleRd. 9 r 1 OHBITIR, A—&ES
ez — v (str “chopstick”, int !) IZ3L
T, (str “chopstick”, int 0), (str “chopstick”,
int 1), - OEFBRE/LEZRRL (£3), 2

DFTRTOBROBZEMOFEE 2R, 125
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E¥Asz RS T oBFESSNIZ, 203 (TP %
ZOBEOMHE] boLEEL, FDBICEET 5.
B (str “chopstick”, int B) AschicEY4 L, F*4
OfF 1 OEGNESNLB.

WIT 2 OHAITIR, FoeXEEKETOREL KR
#L, #h®h PR:561 @ OP: 2,4, PR: 562 @
OP: 9,6, PR: 565 o OP: 8,7 ORI TH#EHE PT @
BEhbH5h5, 4D i iz i1 OREAES.

r3TRR, e EBERTOER (PR HHETHE
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% PR BcBL T, R4DFT is DINBEEES.
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BERO & ST, T Okt FDB 2325k 75 725
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EHCRRIN 2 LXCEIRB LS IREREER
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(TP ¢ —v) K#A&TS TP BEMIKEET S L
EHE, BELBORIER L5 5. not 2EUHEAR
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BHETHIERI, GO 52— VvRF) BELSIT
ZCZETOHEOEAEETS. and OEBHILSIE,
FO 5 —-YRF) OFFEILEOVTEEERET
B, (%2 —vRD> 3, or OEOREHDED, HD
e —VIE) BETHIBEKEZ L TORDER
HET5,

ENEFNOEF 2 —VIiTid, BBRIBITCTREX
NIHEES BB 24—V 24 T3 H 5. PR /¥
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Z—rThH5. FITR, BRUBITORERE, PR: 566
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%% PR OHR, HEET>0TH205, 2hiz
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(“chopstick™, int 5), (“chopstick”, int 1),
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RASEBEIN BT/ 8 ~VE, ZNS5D PR
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—2® PR WD OP BTORERDREZIIHRD
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YIS 8 — v R ER L 126, #hEATI&L
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COENT, a5 aicld PR: 566 & (str
“chopstick”, int B) #fF BT 2 RBICEBLALED
WHBHEDBRAIN, BESEERINE -0 &
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AR EL. 2 TESAERT IR TOES
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MHEEFELEF w2 PR: 566 2K X 355 out
(“chopstick”, i) »5IXE B AERINRL. ¢h b
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