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A Concurrency Control Mechanism for Mobile Real-Time Nested Transactions

LIAO Guo-Qiong LIU Yun-Sheng YANG Jin-Cai

(School of Computer, Huazhong University of Science and Technology, Wuhan 430074)

Abstract  For the mobility of transactions and the inherence limitations of wireless network., the
transaction management mechanisms for traditional distributed real-time transactions are incom-
petent to support the real-time transactions in mobile distributed environment to meet their dead-
lines. In the paper, a nested transaction model for mobile real-time transactions is presented,
which takes the mobility and timing constraints into consideration. In order to reduce the over-
head to resolve data conflicts in mobile computing environments, a concurrency control protocol
PAI-2PL based on two-phase locking which integrates high priority abort (HPA) and priority in-
heritance (PI) schemes is proposed. As the high priority transactions are blocked by the low pri-
ority transactions, if the transactions belong to the same family, the PI scheme is used; otherwise
the low priority transactions are selected to abort. In addition, in order to decrease futile blocking
due to the disconnection of wireless network, it is permitted in PAI-2PL that the low priority
transactions abort the disconnected high priority transactions. The performance of PAI-2PL is
measured and analyzed in the end of the paper. It is shown that the suggested transaction model
and concurrency control mechanism can increase the successful ratios of mobile real-time transac-

tions.
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B 1) I A 2 A B v — R T g N L EL 3 55 1 RS
B 1t DA K T e 9 2% 1) A T 5 AN R0 R A T
SRR L A A5 A% 8 20 A1 X SN 5% Ak DL AN &
TR B S IN 55 A0 B AR T S AR AN
A TR A F A0 S HHs PR AR O e i
71 HPA (High Priority Abort) #1 PI(Priority In-
heritance) 55t A F| T 3y 52 i) 5 55 b B2 R
A W5 B B By S I 5 55 FURT 1K) S 45 R Ak BEAL
], A SCAULAE STHRL 3T 45 HA (¥ 5 I ik 42 5 45 A 20 ik
fili b, WF 50 2l S g 55 R K H T e 2 L.

FUAT A R M 8l S 3 55 ik 98 £ 28 . k[ 2]
PR T — Bl SCRE RS Bl o3 A 32 IN 5 55 1 O R L
il DHP-2PL(Distributed High Priority Two-Phase
Locking) . {H & s 55 TP H J1 55 BRSOk [4 ] 45
T PRI Bl S 55 1 AT B ESFH (2R 5% AE [
JE AL B AT A ESMH (5 %5 76 8 2 Bl L3R
A7) 5 SCHRES W B HY T — Folr 25 o 2l 1 255 00 55 I 4%
FRY 2R S ) 3 4% 1 J5 SR g DT-protocol. {H 2 , &1 X £
) S I 55 55 BT 9 0 2 W JT 46 L 38 A A 23F — 20 K
N RIS FR) R B o £ il A2 55 5 I R o £ R il L
gy Ak BE 555 1 Bl 4 E

2 BHELFRBREES

% 3 EHL MH (Mobile Host) & H H B &
B ) 1) 55 45 B O B 8 SI2 i 25 % MRTT (Mobile Re-
al-Time Transaction). — A~ 4L T (1) §% &) S I =F 2%
Bl 1 TR, MRTT B30T AT BERE MH 198 3l 1 4% 3))
(AN AN TEZE TG cell, ITFE B JCEE 51T cell, ) o 72 L3
TR — B E S e B ENL B RAT i HE AR
45 W) A 45 e B A8 T 46 5 6 1) 1A 58 FEHL FH (Fixed
Host) K 5E e Can T, A1 T,). 2 FH B 3)k H MH
1) AR SRS . SORF X 26 AT 55 AR 4l 2040 1 23 A 43 e
FIHE FH 8t MH BT Cln Ty, T AT Ty 31X
FE TG T 52 2% 10 Tk 4 45 10 3 5%

WX B, AN SRR E S S AT Doe L.

EX 1. B H% MRTT A —AFoodl .

MRTT::=(S,R,<<,,C,L),

S::={(STEP),},

[t wmt puis Q 415 FH T
B B R

STEP::=(SUBTRAN)|{OP),

SUBTRAN::={(MRTT),

OP:.:={(OB-OP) |{TM-OP),

OB-OP :.:=INSETR | DELETE | UPDATE |
QUERY,

TM-OP .= BEGIN | COMMIT | ABORT |
SPAWN,

R::=a set of resources required by MRTT,

<, ::=a temporal order on S,

C::=a set of constraints on S and R,

L::=the location of MRTT.

3 BHEHBRERIHHRIZH

TER ST B F S — N S5 I AR, T
B TR A WU Rt B 2 TR B A% Bl HL B AT B B U,
O S G R T (51 R 45 ) R S8 4k K (%
BOEH0) PR I R P R ER AN R T8 g 5 54
bSO SCER X RS S5 IR L B T M S
I P AL B 3 T B8 PAT-2PL(Priority Abort
and Inheritance Two-Phase Locking) Jf /& #= il BhiX.
3.1 PAI-2PL F &= H i

WHLHE Tt € T3 L 1 0) Fow ¢ 3RAFH i xF
% o BBl scon flict (¢ot' y0) RN ¢ 5 Vi B o Wk
A5 s committing (1) KonF 5% ¢ IEEIRAT R, 1)
KRt M AEBEFHZ A ERR ¢ e %
H 5 AR ZAL N pr (o). PATI-2PL A ik
VY5 WU

FRI 1. A ) 505 55 b R Akt e R )

IF 3/€ T 50) A conflict(tst y0) NAU w0)

THEN L(z.0) A LG ,0)

NS M eSS R AR RN, 1
55 To A AT Ak R LA 26 5 55 W B (R AL OGS S5 AR T
55 R TRUBHT AN BE P A 106 B AT b o A HLL 1%
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WU PRAE T ik 55 5 55 1) P9 S — Bk
TR 2. AH ) S5 i 55 i 5% Ak e 10 )
IF 3/ € T o) Aconflict(tst s0) ARG st) N (pr(d)
<pr(1)))
THEN pr(t') 2= pr(o);
VAGE) NAW . 0) pr(dD) = prn);
¢ waits until 'L{¢",0)

Hi Tk o 55 0 1 g5 95 S B B R AR AR o 55
AT, W TR — G0 g 45 R A ph S AN A B R A
7 2 LA 56 9 55 (O30 & IR AL ) 4k 7K e A0 56 4
F ML .

FRI 3. AN 7] 505 5 45 i 5% Ak e 300 0

IF 3/ €T 0 Aconflict(tst' o) N IR 1)

A Cpr(DO=>prd')) A tcommitting (')
THEN restart ¢’ ;
L(t,0);

2403 J& PN A R 506 1) < 55 R AR oh RN R A
AT 5 A8 AR AL 56 2 = 55 LA 1E AN ) 52 1 3 55 11
o 2 450 &

TR 4. AN [R] SR 555 i R e e 300 )

IF 3¢/ € T o) Aeonflict(t,t so) N 'R 1)

N Cpr() = pr(£')) N committing (1))
THEN pr(t') 2= pr(o);
¢ waits until 'L{¢",0)

273 & A F) 505 ) 2 55 i R PRI fo VF IEAE
ST AR 56 9 3 55 Ak A e A o 4 25 I de 2 e
AR AT, LAIBE S 32 0 BT YRR 9%

LA AR RN TR NG T (S )
FRE M F S A G @, m H 25 kL
RUBELZE T, R BH 26 g 5% iy T BHLZE I i) i, 2 BUB
kI R A, B, AR 0 T R A RS B vk SR B
2 B AR I SEVRARAR S8 G 55 KA Ak 1 W %
RAEW A BTG5, T AT .

FRI 5. W4 Ak 2R

IF ¢ waits until !L(/",0) A{'is executing at MH

THEN ¢ connects with ¢ every &
/ % § is determined by wireless network
IF no any respond {rom ¢
THEN IF {’is disconnected actively
THEN IF 7. <z,
/ % t, is the disconnected time and ¢, is
the plan disconnected time of ¢/
THEN ¢ waits until !L(:",0)
ELSE restart ¢/
ELSE restart ¢’

3.2 PAI-2PL H9IE#1E
7 5 3T R 1 R P U TE PR AR vE R i T IR

LRAIE T 28 AT (19 7T 8 AT 4k, SCHRC3 R & 3 %5 AT
B Al B AT AR HEAT T e L R LR R R

EMX 2. WHESE T={titrsst,} D, N1
HIJGARESIE R T =t stin sty ) (m=n) N T
M) — AP BERATHE W T'=PES(T), 4 HAU Y

Yie Tt g T'=(V € DG & TH)).
IR %« RJE T PESCT), W'E AR5 th
ANJET PES(T).

EEL XNTF—ANHFSET={0.06,1,),
WAL AT I T R S I AR RO R &
PAT-2PL I A #5130 W) = 45 () AT 2 hik 5 ) s
TR 1.

W, REHSPAAETHENKFEFRR
PrA Mo R, B A7 S %% R, 7 9545 0 200 KT
[TRERS R O & L I A @ S Sl R g e A o
55 (1) HR 5 25 R A I 4 fig B 1E S B 3] 40 B M 90 A op 2
KHARIE T — N ESE T INRAT AR SER e -—
ANATEEAT B PESCD 3T R, 78 PAT2PL .

(1) B 1 ERUE T A2 7 5% 45 9 K AT I 25040 1

1 — 2k
(2) BN 2 PRAE T ) — S 3 55 JF e AT I £x
P R ) — Bk

(3) FUI) 3 FAFLI 4 LRI T 40 J& A [F) 50 1
25 FF K AAT I H s 2 1 — 3k

Kl PAT-2PL RELRUE S 2548 T M $0AT 250 2R 55
[ e — N REHAT £ PES(TD) h 3% 1 —4
FATHAT IR BN &AL T BT & i E 1] 4T
. =N
3.3 FEHiAY I A RR BR

PAT-2PL 80 5 1 358 10 B 3, 29 A [A) KT
25 25 AR B8 A B ph 52 i, AL 4 2 K BT SR B AR IE
T S G 55 A o B AR A e R 45 B ZE L WOAS TR
TR WP A4 R A HE . AR AR ) 05 1) 30 45 4
SR F AT 6 G 4 A figt v o 5 1) S AIG 56 2 4k 7 ] Rg
A HE B, R Ihb o0 200 R EOCHE it RS DU R A B A B PAT-
2PL I S0 8RS W 5 At B J7 46 43 il R

(1) FEBARS D Ak 2 25 48

LA R 7 5 4 4 FF— A 3 4% %5 45 B (Transaction
Wait-For Graph, TWFG) ;

2. T R APPSR R IE MR R Message(t, - id -1,
id sob—id) BIPIA PR 2 55 1 e 1 3L R AL 5K Zea (Least Com-
mon Ancestor). HH ¢, id I HIEMFH SRR, 0, - id NFFE
A SR ob— id SR SR

3. 4E Lea ) TWFG 8860 — 4 300, %30 00 W AN T 85y
AR S A SE HOA lea BILT

480 TWFG w5 A Bl %, a0 A (8] %, ) 7T B8k A
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(2) BEAY At B3 Ak B 20 B

1. 0] s I 3 P i AT 3 — 4

2. LB A% PR 005 2 45 R A 4 L 0 BRI A s e
5t EAS RIT I = A % R IR B S bR 1, id
I GEXF AR R ob - id WHI 15

3.0 BIRF A B S0 B R IR K A e B 4k
ZHTFEH ob - id BT H R Z S S KL RS %L

W RATT A R A R AE B
2 & /UK T AT i R 7L G T

0 N
N\
N
N\
\
A
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W
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Ty AT 00
e T 3 [F L5 Lea

/|
4
/
!
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LRy T RO S A M8 A AT LR E T, 1
HEERAE TWEG 3 n—4t T, 8 T,,Mik,
KD 2 JC B W) Ty, SR s 85 T 5545 T, BT
X5 B L, W FELE AT 3L [RS8 T, 1 TWEG
R — 4 B Ty, B T, L. SE s, R E T i
TWFG A [al % H 30, 0w B8 28 268, ] DL %
Ty 3 Ty, A REBRIESE R Ty LB EL Ty, 19
i @ T, FH5 T, 7 BB BT T, ik
ZHTHAFEAT B B R T, RAT, SEB A B

T W55 TWFG

2 BEAA A T B

4 e MK A2 73 4

FATAE 1 58 2 AR B B G B By L A AT W B
A 2B S I HHs R A R S8 ARTs- 1T EBCIUE
Gt I 5E R T X PAT-2PL B9 PR el k. 1 3¢
BRC2 ] 1) DHP-2PL P i3 2 1 1 38 2 55 B A o
BEATWTIU S FRA 26 $E SCHR L3 ] b i S I iR B 8 5%
IR A H P B AT PE fe LU 3R, 72 SCIRC 3], M 5%
RAEAF I TEI L TG 18 A& Il o 5 55 F0 43 J& AN [R) 5
()= 55, #8 2 a  OR A R ARG o 4k 3 45 18 O R AR
YEI) i PE y PA-2PL. A S 56 R H 1 PE g I B2
TEARA .

(1) 3¢ 45 ¥ 68 #& 15 W1 L % (Missing Ratio, MR)
MR = NumMiss/ NumTotal X 100%. H & NumMiss
Fon UL IR S5 B Nun Total Fx355 048

(2) H 45 1) B 3 3 (Restart Probability, RP) ;
RP = NumRestart/ NumTotal X 100%. HH Num-

Restart &7/~ )8 F 45 8E , NumTotal RS B
4.1 XBREBRKRSH

MR ARG W 3 frox. L, CC, Schedu-
ler,RM,MDBMS 4% FH f1 MH _I ) 9 & 44 4
PR R A A VYR AR DL R N A7 B
RS, MTM Ml FTM 4y %8 MH Al FH | (1) 5
S BLAR L UTT A A IS B M 2 (R ) TR AE
N SERE SR 45 L % R SR W A7 Bl R MDB Ak
FREE R BB 1R A AR B N AF L T i
P SDB HAE A 4 e £ A Al MDB 1) )5 $% 3 H¢.
N A F S AE MH _E 3 it X ) B 4 ) %
HC Wb 3 2% DP L6 57 b B2 3 4L 1l X
DI A4 S W % HAE FH B3 47 & & 2% LM
DU BEAY T FH BT E JC 46 5 o0 N =ML B 1 AR 4k

1SRRI S, oL 5% R ) B )
TT(Think Time) £/~ 2 LN TE K — N F 5 5 K
TSR A . BEE TT M, Rgh H%
1 Ar AN W gk 2>

|
SDB HC cC CC LM SDB
MDBMS [+ RM <= MTM [|--1t> FTM ‘Jil\/[ MDBMS
MDB DP SCH SCH
MH FH
B3 REEA
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x1 BUSHE
ZH 18 2R {4
K H T4 10 B8] 18] [ ( Think Time , TT) 1~10s B 2K /N (SizeDB) 500
# 3 B MWECR (NumMH) 30 AR/ 7 % (NumOP) 5~15
] 72 A= WL (NumFH) 10 IR il 55 s PAI-2PL,PA-2PL
T2 s B i (NumCell) 5 CPU i J& 5 & fc A L S8 (EDF) L W 46 o
W7 3% Mk % ( DisconProb) 0.5% N A7 B i TR i e A AAE YK (LRU)
b X 14 8 % (Hando f f Prob) 0.2% HHEER R S I < 4%
$ 4% B R (NumDB) 10 B E K 2 )2
4.2 REHRRERDH
AR (O MERE A LS B Mt 4 A 5 k. 5 L ERIE

M4 0] CUE L 7R AN A 5 55 it B LR A PAT-
2PL B i, 25 45 8 1k W Lk X MR LR H PA-
2PL P iSO A, H E E R 2 . (1) PAT-2PL i@ i
6 2 G Ak A SR I /b T KM 55 R IE AR SR A8 5 1
RYTTE 5 (2) PAL-2PL 3k > Tt F 8 3 32 Bl W 2
Fral R o 2B 2. B 5 3R B R OF R 5w 3T
FEEEMAE RP 1O, B2 o] LA LR H
PAT-2PL B30 INf, =5 2% 1 3 8 BE 2 K K AIC T2k H
PA-2PL thi¥ ., iX & K & PAT-2PL th B 1 5 A1 [F)
F G55 UL 5 1A $2 A8 1 3 55 2 TA) 1 H50 40 A7
S A2 20 3 I 5 G Ak K AR L R D S5 K
AT DLIRE G 3R 40 IR IR B L IXRE I A R T B L
PAT IS5 KA R ) N E 0 98 5E 2 A BRI,

100
90 - PA-2PL
80 11 PAI-2PL

0.3 0.60.91.21.51.82.12.42.7 3
TT (s)

Bl 4 AT MR AL
100
90 -
80 F -0— PA*ZPL
70 41+ PAI-2PL

0
0.30.60.91.21.51.82.12.42.7 3
TT(s)

ANFF &R RP AR

&l 5

A 8 4y A 202 I g 5458 BREATL AN B B A S
B 31 43 AT P15 v S g5 45 AT . DR, 26200k B By
3 A7 2SI IR S 5% 3t SR I S 45 B R e I g 45 A AL
[ NS TR = 2 B W 2 e DO M i A S R U7
RGBS T — B 456 0 58 BRI 5 10 o G4k K i ik
T8 I 3 ) SR PAT-2PL. B AT AE 3X U7 1 i
) CAE MRSt R
(D) EXT =Nk G451
(2) gy th T SCRE ok =R 55 B AL 1 JF 428 1 i X
PAI-2PL, Uk B 1 & (1) IE A 1
(3) X PAT-2PL W80 3E47 1 1 B il i A1 23 #r
UE W R AT B 1) 1 e
8 SN 45 2 — AN B AR, Y2 T
7 LT, QS B S I 55 (U R B A Tk B AL
A5, AR 53 30 ) 1T iR
%

x X Wk
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The Eighth International Conference on Control, Automation, Robotics and Vision, ICARCV 2004, will be held in Kun-
ming in December 2004. The conference will be co-organised by the School of Electrical and Electronic Engineering, Nanyang
Technological University and Nanjing University of Science and Technology. The conference will provide a forum for Control
and Automation professionals, manufacturing engineers and academic researchers to exchange up-to-date technical knowledge
and experiences. ~ The conference will focus on both theory and applications. In addition to the technical sessions, there will
be plenary, invited and tutorial sessions. The topics of interest are:

Control; Modeling and simulation of complex systems; Identification and estimation; Adaptive control; Robust control;
Nonlinear control; Intelligent control; Hybrid systems; Computer networks control; Networked control systems; Control ap-
plications; Control engineering education

Automation: Instrumentation systems; Flexible manufacturing systems; Process Automation; Man-Machine Interactions;
Computer Integrated Manufacturing; Factory modeling and simulation; Intelligent Automation

Robotics: Kinematics, dynamics and control; Mobile robot and navigation; Intelligent sensors and actuators; Dexterous
manipulation and task planning; Medical robots; Humanoid robots; Underwater robots; Telerobotics and man-machine sys-
tems; Mechatronics; Mechanism design and applications

Computer Vision: Active and robot vision; Biomedical image analysis; Feature extraction, grouping and segmentation; Il-
lumination and reflectance modeling; Image and video analysis/retrieval/indexing; Pattern recognition; Physics-based vision;
Stereo/multiview geometry/SFM; Tracking and surveillance; Applications

Emerging Technologies: Machine learning; Soft computing; Modeling and simulations of biological systems; Biomedical in-
strumentation and applications; Micro-electromechanical systems

Submission Procedure .

Papers must be written in English and should describe original work in detail. Please submit full papers to the website ad-
dress http://www. ntu. edu. sg/eee/icarcv by | March, 2004. All submitted papers should be in the form of . pdf or . ps file and
are to be limited to a maximum length of 6 pages (A4 size, single space, Times Roman of font size 10, two columns format) ,
including figures, tables and references. Upon acceptance, authors will be required to register and present their papers. Papers
will be published in the conference proceedings only if at least one of the authors is officially registered.

Invited Sessions: The Technical Programme Committee is soliciting proposals for invited sessions focusing on topics of
ICARCV 2004. Prospective organisers should submit proposals to the Technical Programme Chairman by 1 March 2004.

Best Paper Award: Selection of the best paper will be made at the Conference based on both the technical content and pres-
entation. The winner will be chosen by the Technical Program Committee in consultation with the International Advisory Com-
mittee.

Important Dates .

Deadline for Full Paper Submissions: 1 March, 2004

Notification of Acceptance: 15 June, 2004

Submission of Camera Ready Manuscripts: 1 September, 2004



