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Deadlock Resolution in Parallel Execution

of Nested Transactions
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Ishizaka, Hatoyama, Hiki, Saitama 350-03, Japan

Abstruct

A distuributed system is composed of multiple objects interconnected by communication networks.
Each object is an abstract data type. That is, each object provides operations for manipulating it.
Users write transactions to manipulate objects. Transactions are composed of operations and also
atomic units of work for users. Each operation can call operations on another object. Suppose that one
operation a on an object o calls two operations b on p and c on g. if b and ¢ are independent, they can
be called in parallel. This means that a can be executed in parallel. In this sense, nested transactions
can be executed in parallel in the distributed systems. In this paper, we would like to discuss deadlock
problems occurred when transactions are executed in parallel. In this paper, we define what kind of
deadlock occurs when the transactions are concurrently executed. When the deadlock is detected, one
transaction is selected to be aborted. We present how to abort the deadlocked transaction by executing

the compensate operations.
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TManager()

schedule sched; memberlist *mem;
item list *item;
sched->date = "May.16 1991 10:00-12:00";
sched->theme = "Database Systems”;
mgr3. Book(sched);

mem = {mgr, mgr2};

item = {video, room};

sec. Boo muh’ny(lccj;

(2) BRAMTHS vy

class manager

}

private:
-clzedule mgr._sched;

r(shedule mgr.sched){ read mgr_sched);

bi w(shedule mgr.nchez)){{ writ(e(my_schec):l);}}

public:

Boolean  Book(shedule mgr.sched)
if (retrieve(mgr.sched) != Free)
return(False);
w(mgr_sched);
return(True);

}

class sccretary

public:
Boolean  Book_meeting(schedule sched,
( member.Jist member, item.list item)

Boolean state;

//

/A - )] MBI 5,

[member.Book(sched); item.Book

wait(state); /] #fFHEiTL

if (state = True return(false)
else return(True);

ached)]]

(b) 7422 2FLDFF P22}
M2 &@FHtrov¥rvay

memberitem 04 S V=2 biCA gy v —TE RS,

RHOMT H b,



mr-pr

4
[Book{ngr3)
[{r(ngr3)]]
[Imgr3)]]
Book(mgr3)]

o [Book_ntll ing( sec)

{Book{mgr2) lﬂwli( mer) {Book{ roam)
[{r(mgr2)]] {lr(mgr)i] [BooK video)
11+mer2)]] {iMmer)l] [[r(video)]]  [[r(roam)]]
| [[¥(video)]]  [[{roam)]]
Bookngr2)] Book{rgr)] Book{ video)]
Book{ roam}

Book meeting(sec)]

"iﬁnlpl‘]

M3y 2reay
3.2 FRIBHE

BEOVIvF I avHIdFTY=7 P ETS
L&, Y RTFADO—BHER RO e ORI AT
Lhd, KRIXCH. 7 Y= 2 + OBEIN oMk H:
b Lic LR AV 5. SIS etk B E
HTF B3RIC o E— ¥ mode(s)Cu vy 733,
[E#3.1]a, bR, ok AT V=2 b LT B,
mg ~ my % mode(a), mode(b)L I B, m, B my &
flreds ik, ok m TRy ZLTWELE
Ik, addm, Cokwy i3t TH%, ¥
bEBIEE. ok BMEOHE LIFE, madim &
L TH B L, m B my LEILTHVWC ETH
3, tDLE aRBRECH B, [

MODE, ¥4 7Y =7 + o kOBFICE > THRE h

ZuyrnE— FOME ES 5. MODE, i, ©—

FlEloLRFBER CkowTk e 23, L Fo=>

DEVEEFRETDILEEE—F ma Hm XY b PHBIY

ThREV (maCmy)[6] &35,

(1) my B m, EPELTH B HLE, ma i m. &{¥L
TdH 5,

(2) mc 28 my EPEILTH B LH, m, bk m, LT
THb, ¥, Uk C LoRbESFRET S,

Kic, BB LI v ¥ 2 v ay TORITHR MR

34

Fo Lock(a)%. Wiffadt= v } Lictlic adiv
ZLTnEF S V=2 O, Omode(o)k ov »
ZLTCwAHouy 72— VYORELT 5,

[EfTFx*¥—~]

(1) eB I v 27varTHdhbHE, Lock(a)
=¢ &35,

(2) aBEIF I v¥I vave, 2oL
Koy 7EhTwnhvh b, o% mode(a)T
vy 7 L, Omode(o) := {mode(a)} &F 3,
Yhy VIv¥rvay TOREDOa—HAYR
fBL I ¥rvavRRy s TS(T)CH
U .

(3) aR+ 2 v ¥ 2 2 a v, 5D odSBEICihDn]
HickotTry 7 ERTnBibIL,

(3-1) Omode(o)RDFRTDE—F 2T TCH D%
b, alXonwy 7 %MIB L, Omode(o) :=
Omode(o) U {mode(a)} £33, ¥7c. TDB
LD v —HnRE L, % TS(T) it

(3-2) Omode(o)RDH B E—F LfELChvid
., (3-1) e hdEe, vy 233,

(4) eSEEFUHIL 7 ay,..., 0 D5 T v b L7,

(4-1) e+ F v ¥ 2 v a v hbiE, Lock(a)ND3

_Towuy 7 LRI 5.

a?s B L V¥ s vavChnwikbil,
Lock(a) := Lock(a) U Lock(a; ) U ... U
Lock(aym ). TS(T)dov—aaAdRNE L, A HLD
3. [l

(4-2)

FRTovy 7k, BYFvFI7vavaig L
MR INBZ DT, IXTowy siE 2wy 7
HRP2CHB, LoT. ThrblEbhd e ik,
mFIENEe, MBI T F—+ 1] REX Avs,

4. FykFny2

FIrvFsvavolfiiiME LT v 7 BIME
WEEES, Ty Fuy 7B8RETBC LD, D
AL O OREERITICRTFIRAES, 1
B BRE o REICENTT v Fry 23T 5T

BB, KETR, VFrv¥FIvavERr I vy

7va v WTEFTLAEAIELDZT Yy Fuy 2 1C
D2WTRC b,



4.1 #EDFy Fay 2

BB, HKDFy Fury 2l LT, F ¥
vaviBEKREFLCHIEEICELE Ty Fry 2
¥EL b0 Ty Fuy 2 ¥ B#T DO, KFHER
Y EHRT B0

[Bi€41]as bEF T2 F 0B E L, bl
okvy 7 LTCTnE LT3, DL E, adbiciEiE
WICKTES 5 & X, mode(a)di mode(b) & 3 kT
brreehbs,

[BK A4 KOWFNH ORI FRT 5 AL,

att, BICIKTELTV3 (az3b) E b,

(1) a2t bICEHEMNIEFEL T3,

(2) B3 19 v ¥ 7 v ay THICHWT b alcibfF
(b —1 o) LTEFER TR,

(3) a=>e=3bl BB eHFLES B0 [

T AT LORBEILRED (EWF) 797 Gick -
THTo EWFZ I 7 0f MR RIE L. 470
R oEFERERIAEY I 7CH 3,

EWF 7”27 GHKEIN#BESUAELIE, ¥ X7 4l

Fy Fuy 2RECH 35,

[REA3HMF e EET vy Froy 2 0H 3 L1, T
HaXHIARICHEFT S (6 Da) 2L TH B, ¥
fes Wil a5T y Fuy ZRETH B L BROVWTFH
rpLETHS,

(1) B e EEF v Fuy 2 LT3,
(2) ME aXF v Fry 7 LTSI bIcikfELT
V3, [

I3 VI v¥reay Ty OB ok o7 THT,
M40 2200 I v¥ 27 va voEfFRIET. B
wwﬁﬂggf;‘(ﬂﬂl:ﬂ’rz =>[GT2$[GT1 =>[le) * H#
3 EWF7 2 7 B3 EH#ERA TS, LoT,
4Ty Fay 24ETCH 35, [
m
[ﬂ\
I%HIAH

3
c]

i

I

¢
(L)

3
a] b)
1

14 la

47y Fay 24RE0 EWFY 5 7

35

4.2 ¥TFEFCOF v Fny 2

IR DB BORXMTHEI v F 27 vay
TMeeting &~ B2 DWMRA|TFHI LI v ¥ rvay
TManager ¥E X 5o T D 2DHMERFICHEFTX .
5 DRABICH 3 LIRET 50 BB EOKIFME =
K. [Book(mgr)Mereser—  [Book(mgrMeeting 7
[Book(roomM¢tins = [Book(roomManaser p i h |
[Book(mgrManager 3.5y [Book(roomManaser \c ik
THERBIFET 50 LA L. [Book(room)Meneser .
& [Book(mgr)Meneser i R FFRIRMIFIEL R\ ic
Hic, EWF”7 2 7 e QEIN#AREC kv, BK43
DTy Fey 7ORBECHTy Fuy 7RV
tichd, LALAND, CO22D v Fra
YRTy Fuy 2 RIBTH 5, [Book(room )M eneger
& [Book(mgr)Manaser i1 [BooK_meeting(sec)ic X -
TERFTICFEIL T W AT TH Y. ANDYEFTOUH
b [BooK_meeting(sec I X > CTHWITICIFUI & h
eI TORFHSHT Lahil, o=y
FFBTLBTELEV, XoT, Fy Fuy 7T
3, [

PlATRLAT » Foy 7 2887 5 DI, B
42 ICRORIFEMA B T LicT 5,

(B dd]al bk, EHELNx D LI vFrvay
DFH LT D alkay & o DEHEOTHECHID q
& o DEIICHE -, PRSI b D LT 2 (HI b, o
& oy RWTTICEFTTCE ), COIE, a1 a3\ b
Mc, SEFTIC & o Ty HKTFIAFR ay=>b=>ag HITFLET
BH%, v a3 1 oy ICIEAF (a3 = ay) T3, [

EFEA4 DD, Trronager REFTFICE D {Book(mygr)
=> [Book(room)DIKTFMFR % U 5. Th bOFLT
tX [Book_meeting(sec)ic X Y WITICIFIE A TEEC
H 50T, [Book(room)=>[Book (mgr)DUIFMIFH %
Ty EWF Y 3 7 IC [Book(mgr) =»[Book(mgr)®
RERERFO. Hib, R5 87y Fry 2RETH

- %o

Current(T)% } 7 ¥ ¥ 7 v a v TOBEEfFhC
DEWMAME, Waited(T)k THORMECHEEF »
Fuy 7 RETH ARG LT3, FiLH, M50
KBTI F I v 2Tl Current(Tareeting)
= {Book-meeting(sec2)], [Book(room)} . Waited(



{ hinpr

[Book{rgr3)
[[r(mgr3)]]
[wmgr3) ]}
Book{mgr3)]

L ]
{Book_meeting(sec)
[Book{mgr2)  (Book{mgr) {BooK{ roam) /nwt(..’)//r\é
| (@1

{a)]]
Book{a)}

[[r(rgr2)]]
[1Mmgr2)]]

[Book{ video)

Boowl'grz)l Book{ video)]

Book{ roam) ]

Book meeting(sec)]

{[r(video)]]  [[r(roam)]]
[fM(video)]]  [[W(roam)]]

I%ium

{Book{mgr)
[Ir(rgr)]]
[Iw(rgr)]]
Book(mgr}]

[Book_meeting(sec2)

(Book(b)
r(e)1l
[wb)]]
Book(b)]

[Book{ roon)

Book neeting(sec2))

5 EfTEfTicE 37y Fuy 2

Trteeting) = {<[Book(mgr), ..., [Book(room)>}
TH5, WELBTH I v¥ 2 vavTik, Cur
rent(Trranager) = {Book_meeting(sec)], [Book(
mgr)} . Waited(Taranager) = {<[Book(reom),
[Book(mgr)>} Td %,

5. AT H—b

FoFay s7B8EL3E, Fy Fuy 2KiE0+ 5
v¥rvavohhbloFRINL, 7F—-1+33
TEC, Ty Fuy 2 2ffiRd 5. fEkokikch,
Fo Foy 2 2R3 5kdDic, 23y FLILTRT
OFEE T B~ F LT, KR chk, 78—t
KCHrrBdaxtBRKELASADIC, Fy Fuay 2
R IC R B AT 0 2 2 ARRI [3, 13] £lwT7T
R b T AT F— P RBET 5. DHNH ot
miBOE {a1, .y am} ZTFALE LT B0 TLTON
HARRPBEEMA T3 LEELTW S DT, Hil
aDEFFL RSB L AR T 5 2D ICHBRO LN
Abhd, 100HER. cOREBEN « 2 LT
3 (a1 nfEHOBS {a1, ..., an} BFEFTI 2) ks
oo MoKks LT, WK aSFULE L miAD
B OMBHYE {a17, .. om ~} LEFTHE & HHONH
FECETT o HERD 5. HIE T RANGE TRSHAY
CX3HRE VS BBELRAINR GRSATIIC X B
HREV5. AT MM oMM & BT, #fT
DDA T P27 tOwy 7R PpHEET 5. HiFT
v¥ s va v QPRI a0 BT [a 1, o728

36

UL 223 R C OB 2 TF b & be 5. HTH
B o] DHETI o] 12, A7 Y2 7 + & mode(a”)T
vy 735, BTN a” LT ety I LA T
T2 b, HREHEST S CITE A L E IR
Thd. MBEORMRPIE OB, AT 26T
5347 V=2 FiKBWaH S, TRSICX BHIHEE
Fioenicr, Y27 L08E2(5, 13 chThiX
AbREV, Y RAT ABEET AV LEFIRTN & 5L
fiiysciicko><, MBRARELT y Fry 2584EL
BB [5 13 ARICTHR, Fr Fuy ik
Fofuyr2<k—YryickoTRHBIERD ERET
%,

5.1 #fT7H—F

Fy¥ay 2 %fRisikcdic, 2y b LR
37—+ 3. b L. ARETTIEICSET BRI
LAk b, il oniyFIBICHEI b #fTc
HFI 5 C L BTHETH 5. MBIHR, ATV
7 rORMBEBIHT BT L TEDN, FIVFY
vavhA I Y ERVET B eI BERIL e
ORI (v — WA EH) EXIKRT e HTE
v, TH— b LARICHETLYT 3 HiCik,
Sv¥rvavou—arRBLEIBLATRE R
bhv, BAE., DEa2b bicEHHcEEYVAL
Fv¥rav T %425 [H6le £2TT, a, ..,
IBREKEFEIR, v— A hEREWAT LT
3 (a % KT BLUND zDIRME%R L, THRDOI T LI
F3)o jERBUIERITHOIIL, e + D ¥



vavORKELHEENCEFLTVWIRA LT 5.
FyFay 2 kR 5eDCH LRI vy
= <§7, 17, ey eT>NHEFEH, FT

P tORBBEAETH S, Tk e bRNTTS
Iedich, a—AARER L ChdnE kb v,
LarL, e Tov—hriffigid L, L AhoTnd
it chbEEFTT I CLHBTE A (z0RMB
BRESTLE> AReDIC, HRFTT 5 LFHEME
L3) ColE%FRT 5HIc, ARRLC’R. B
Wa—rcfvs 2y 7 LAROHER A5, H)
b, VI ¥IvavoERFEBLLT B vy
7 v a kBT 3Lo v —aARigR I vy s
vavARRAy JIGERL, Bl Iy s s a KT
L7ch§iC v —n AR F IR Y I LSEfTREED B T L ic
B0 XoT. WK e PO L 2B O F T A
BERICX o TTHE— L, FPIVFrLaviy
720 ek EFTT 3L v —HAMRE L, ¥ EIET
Z3C2C, ek W FIv¥roay THHENISC
LRTE D,

B aiC X > THEN T O TR CHETICET
EhB3HIVIvFIvavedbeTs[Rel. ¢
T ME MO + 2 v 92 L a ol L TiENIC
BIELTCVWEARHTCHB LT 5, BREITLRT L
THRTy Fuy 2 2ffRT 5 DicT _Ccofii%7T
R—FLAGhE A LRV, UL, HiTHEFTL 27
LTH, FHEO v —AARBREL T V= 2 M
REENh D, COEDIC, DV F ¥ I & a vOij
HEBEENCEEL T IR SUBAIARET %
THR—FB3CECHIV=2 LORIEL + I Yy
vavolRkBERIBT s e BCE B, Lo, BE
bESUBIRKOBMAE MBI 20 CFy Fuy s
EERCE, bEWETT I nTES,

pararllel systars

yavTh~

sequential systers

a: [Trans(a,b,c) a: [Trans(a,b,c)
b: Withdrada,c) b: WithdraWa, c) f: [Deposit(b,c)
c: r{a,x) c: r(a,x) ﬁ r(b,x)
d x-=C d: x-=c x4=C
e wa,. x) i: wb, x)
j:

e wa,x)

{: Withdras(a,c)]
E [D:posu(b c)
it wb.a)

lﬁrzinyatn—ﬁkﬁﬁ

37

(B3 5.1} Pabort(T) 2 KD WwFhrDLiFick b &

Aoh WA poOWE LT 5,

(1) Waited(T)N DTS O KAFBAR IR BIFDIFR =
o2 b, BYont EUEIROMD
Ui pTH B,

(2) Waited(T)N ORI DKIFEARMSEHK 44 IC L >
TREI NS R LH, HAFCTH AP
MoV Fry¥r v a ol BEENCEFL
Tr3RAYSUBIROMOKA pTdH 3,
O

Fo ¥uy 7 2R 57D, Pabort(T)H
OWMTERET 3 WMAREIE L2 v ¥ 7 vavic
XoTT#—1+3 3, KvxFaTlk, Fv Foy
72—V BTy Fey s ¥ RWUFTBL, Fo F
By 72X —Jrx BT R—-+ENRBZ VI Y I va
¥ TRWE L. Abort(Pabort(T)) ¥ %3 30 7.
Tx7 b, AbortkRBLALIRDEL S KRS M
5o
(1) #7 ¥ =27 v otk, v L, 3~ Pabort(T)H

DWE OP(F T =7+ o’OHH) K X>T
HBHICIFEN R OP21Fo 0 5 2%
~3,

(1-1) BESEThoORE OP% L, N2 A b X,
OPDEFFEHIL L CHOWME OP" (37 Y= 7
b o”DRiR) KX L CHIMRBIN OP” "% s1f7 3
% L 51iC Compensate(o”, OP”)% o”ICi5 5,

(1-2) TiSE OP 2% Pabort(T)NOBTTD 3 & b I,
OPDOEfT2 WL L. Compensate® H5EH 5
k3,

(1-3) B OPH L, ACa Iy FLTWnERBLH,
OP 2 EfTLCBOWS OP (AT =7 + o”
D) ko UCHRmY OP” %3274 5 X

- 5ic Compensate(o”, OP”)% o”ICi% %,

(2) Compensate(o”, OP")%ZHGMolA 7=
7 b 0"tk TREL OP” % HifRWiM OP” % 277
350 b L. A OP"BERORTHEITEIL
WP ERORDE, RFTEFTLATRTO
i & Compensate(o”, OP”)%EFTHhb
OP" %173 2, Ebikc, BloFcsL T
Compensate® %%, b L. OP” OP'T» 3
o, HIb Pabort(T)NOTHETH 5 A5 bIX,



AABUE OP”~ % 35 L AB-C, TS OP 24k
REH OP ICEo>Try 2 ¥k _CDXT
Cx7 VRN 5.

s flanTy Foy 7RBO Y I v ¥ 7 vay
2PHUELDL, Ty Feyr<Xk—YriCXoTTy
Foy 2 BZRBHEIRTR—-+FB3 LI v¥FIvay
LLCHELMTHLI I Y7 ¥ a Y Tyanager R
K&, Pabort(Tranager) = {[Book(room)} H18
REXnB LT 5. roomid, [Book(room)st3Tic=
Iy FLTW B DT, FRIEI Book(room) % Ef7
3 3. H5YEEIC Compensate(room, Book(room))%
%Y. vy 2RI 5. O

6. MIBRARERT v FRY 2

HMEVIvFI7vavIBROVYIVF I avd
FRCA T V22 v iuy 73308 REH5, dL.
MBRrYIvYr7vavBSICckEBLAA TV
2 N OF T Vs Yeuy P RERTBELETF ¥
vy 2FiRcictECTLE 5. ORI, HiRmA %
HFFICLicXoTRET BTy Fuy 2 2HRA
MRy Fuy 2[5 13] 235, /i, MERFEMNE
EF v Fuy 2k RBCT XS AVRFLRIERD A
A7 4[5 13 25, FRARFMELT » Fay 23
U, ENOMRMIACONRI B LTk
hnieHic, SEn e Zick 358 L REA TRSC
X3RRI AT C LTy Yuy 7 2 fRL
AhER bRV, TRSOMBBER. Hilcht T
P22 PRERLAVOT, Ty Fuy 238 L3T
i\,

7. ¥&¥

AR TR, #RF—2BLLCOFT V=7 T
LRI NBDWL AT ACBNT, A7 P27 + %
BT 3O I v ¥ s va vEERTETT B0
IKECBHEBE LTT y Fuy 22X, TORRY
BhR Lo BSEE L2 v ¥ v a vCik, M3K%:
THR—-FFBICLTFy Fuy 2RI CLNT
DL S R VIV F I avyIATETE—}
FTrHEL R R VP CE D BANAET R
FEREBET e, KRR CHRMEREREL .

38

SHoOFEIL LT A ERE L ey R 7 2k VEY
kDT R— F Bk oIt Fs C &
TH3,

BEIH

[1] Bernstein, P. A., Hadzilacos, V., and Good-
man, N., "Concurrency Control and Recovery
in Database Systems,” ADDISON-WESLEY ,
1987.

[2] Eswaren, K. P., Gray, J., Lorie, R. A., and
Traiger, I. L., "The Notion of Consistency
and Predicate Locks in Database Systems,”
CACM, Vol.19, No.11, 1967, pp.624-637.

[3] KN B, R B, " AR TR S v ¥ I vavo
BINT -+ F—EReRY =T ay T
BT, 1991, pp.132-138.

[4] Garcia-Molina, H., and Salem, K., "SAGAS,”
ACM SIGMOD, 1987, pp.249-259.

(5] =8 FET-, AW M, PEORAR, "RAREBL L T v ¥
va vORRTERT y Fay 2 F—R -
AWIFEL 82-2, 1991,

{6] Korth, F. H., "Locking Primitives in a Database
System,” JACM, Vol.30, No.1, 1983, pp.55-
79.

[7] Korth, F. H., Levy, E., and Silberschatz, A.,”A
Formal Approach to Recovery by Compensat-
ing Transactions,” Porc. of the 16th VLDB
Conf. 1990, pp.95-106.

[8] Liskov, B. H. and Zilles, S. N., "Specifica-
tion techniques for data abstractions,” IEEE
Trans. on Sofiware Engineering, Vol.1, 1975,
Pp-294-306.

[9] Lynch, N. and Merritt, M., ”Introduction
to the Theory of Nested Transactions,”
MIT/LCS/TR 367, 1986.

[10] Moss, J. E., "Nested Transactions: An Ap-

. proach to Reliable Distributed Computing,”
The MIT Press Series in Informalion Sys-
tems, 1985.

(11} Nakamura, A. and Takizawa, M., "Reliable
Broadcast Protocol for Selectively Partially
Ordering PDUs(SPO protocol),” Proc. of the
IEEE 11th ICDCS, 1991.

[12) Nakamura, A. and Takizawa, M., ”Design of
Reliable Broadcast Protocol for Selectively
Partially Ordering PDUs,” Proc. of IEEE
COMPSAC91, 1991.

[13] Takizawa, M. and Deen, S. M., "Synchroniza-
tion Problem of Compensate Operations in
the Object-Model,” Proc. of International
conf. on Cooperating Knowledge Based Sys-
tems Keele, England, 1990.



