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Abstract:  For transactions’ mobility and the inherence limitations of wireless network, traditional real-time
transaction management mechanisms are incompetent to support the execution of mobile distributed real-time
transactions in mobile distributed computing environment. In this paper, the commit mechanism for mobile
real-time transactions is studied. First, a nested transaction model based on functional alterative tasks is given by
analyzing the characteristics of real-time transactions in mobile distributed environment. Then a three-tier commit
structure supporting the suggested model is presented. And a three-phase real-time commit protocol 3PRTC
(three-phase real-time commit) is also proposed, which can guarantee the atomicity and structural correctness of the
mobile real-time transactions. By performance testing, it is shown that the suggested transaction model and its
commit mechanism can improve the successful ratio of real-time transactions.
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F B ZES: TP393 MEEARIRED: A

B o oA ok RS 0 T i & AAIFEAT B i AT I 207 ol A G 0008 (1 75 SR 42 Hh 19 S (B A
RF B A1) S A A R B o Y — S M B N RS B S IR SR RS S HL T 4% LA RS IR R B S R AT A AR T
s e 3= N AN N 5 N 7§ TR W L = 2201 s W M B 0 1 DO 51 17 W M e
M A2 HL A L . DL b A 0 h % B)) S I B S5 A T 11 45 b BRDL AR, LA AR v HL T .

A IS Bl S 45 I 5T I W W T 4. © A I 5T 5 B A0 A8 Bl S i 2 45 i AT R R T 5 R s L A )
W o s V485 T AT DA BT E S e B 5 52 I S 4R A WL W 97 . 2PC (two-phase commit)! e 43 4 24 i
55 30 1 R 10 LT H A W 30, A SR Ak B R T ek (4R AT B, W PC(presumed  commit)'®) PA (presumed
commit)!*,02PC(optimistic two-phase commit) 124 {H 3% H6 i3 2 Ak S (1, H A % 18 3545 (0 o & AR 4k, DR L 3 R
AEAR I 3t S F5 7 3 92 I 3145 19 $2 28 RCP(real-time commit protocol)”),PROMPT(permits reading of modified
prepared-data for timeliness)™ 4% 52 i $2 A8 WM RS T 2 45 110 502 65 B 4, A€ AT R 26 RS 3 45 (K0 RS B R 1 A ST
GE— P S 4 i B B S (L ) RIS Bl M ) = B B A B L

1 BHEREZRE

1 # 3 T AL MH(mobile host) & i H E A 5E I B 1) = 55 F) 4 8% 3l 52 I 4545 MRTT(mobile real-time
transaction). [H T MRTT 7E$AT B FLA7 5 7] g A2 AR Ak, T HLJC 28 W9 4% 50K 110 4% i i IR R I #5625
MRTT [1JAT o T AR S, 7 4 1 308 V1 R 6 7 3 18 A7 0 T2 0 8 B S I 9 45 1) B AT 45 e ar — AN 3
B ZATREF UL S5, B ILAARAT— AN HAT BRI, IR 7R %A 55 I XA $2 R 17 18 3 S I < 55 1 B 2l 2.
1.1 DREERES

EX 1. WAFSS thy 5 thy A RIAE S5, 2 4 T8 SCEATSEIL R — 45 T — S Thfie, AR thy M thy 5 T
%I BE S, HLAR thy A1 thy T B DR ARAE 55

EX 2. T 5955 T —MES DR AR5 AR SR T — A Dh g EANEE, X b FAS,.FAS;
PRIREAMESS AR A T B — DI AT 155

W, A FAS; T Dy RE AR T 30 55 2 F AL PP 28 4RAT 1R, LB 3 — A AT el sz oy e B AR A P A7
TH SR A 1 ARIX Ty U 5 5 BUSEIN 4O Y1, T Rk P 2 AT S5 I AR DA R
R ARAT I, R AN 55 AT B A DG AT 25 S B T AR R AT R B Uy oA — e R BT
ARG HEEAD R G IPERERS th T3R8 m T 9555 IO ) R 49 2 26t
12 BENBHRHES

A MRTT W B 5 BB AGSE FAS,i=1,2,.. 58/ D BEACHE FAS, STt — AR ARG
TS EXFERIE T — DM REL G55 DB S Fi55 vl @ Xk

EX 3. — MBS MRTT 2 P44l

MRTT::=(TS,R, /1,C).
Hor: TS::={(TK)|TK; is a task in MRTT, i=1,2,...,n};
TK;::=FAS={t;|Vj, t; is a subtransaction functionally equivalent to task 7K, j=1,2,...,m;};
R::=a set of resources required by tasks in 7'S;
Zt::=a temporal ordering on T;
C::=a set of constraints on 7S and R.

JE T SCHR[9]H 28 7 (history) 455 70 (1) 44 &5 4 4090 5C R, 4R 28 KAt CD(commit dependency). K 37 4K #it
AD(abort dependency). JT 4 ¥ #6i BD(begin dependency)Z, B ATTHE i Dy B8 5 AL 1 35 th —FloBr (0 35 £ i %
F——HE R AR CDX(exclusive commit dependency).
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RN 4. B ST HTSHEH Hy ST AT L7, V0, eSTing, % 1,5 1, AEFE IR RMLITH 1, CD 1,21 FL
&
— (commit, € H A commit, €H ).
ORI T DI RE A IR B RS 3 S 0 55 I G M OB R A
(1) VFAS;,e MRTT(MRTT CD FAS))(i=1,2,....n).
(2) Vi€ FAS(t; BD MRTTAL; AD MRTT)(i=1.2,....n; j=1.2,....m)).
(3) VFAS;e MRTT(V't;; ty. € FAS(t; CD* t;))(i=1,2,...,n; j,k=1,2,...,m;; j#k).

2 BHMLMHBEESHZERR

TE 2k W 255 ¥ AN T 52 A0 AN ) FI0I0 A5 A 75 A% Bl S I g 55 B A B R BE S ] S I S 5% AN R e DU R
TR T J2 R (1) 532 I 2 45 10 1 A0 A S92 I 245 10 LE A P 200 P R 0 R S B DR T B TR A TRAT 1K 53 S0t i
2.1 BHENESHETHE

TR0 S B DR AT 3055 AR TR 75 B ISUR R B Bl S S 4% J T VE I Bk & dr ) MRTT [k E A,
BAIA:

EX S, HTHS t,e MRTT £F dp WHAT R UFR ¢; 0T A8 sk N AT H2 3R A & WIFK ¢ AN AT #2532

EX 6. Fit;e FAS; 1T HRAE R Z FAS, nJ4R4C.

TEX 7. #VFAS; e MRTT W 248, AR MRTT W[ 42738,

R ik E R BEEA D) R RE T — AT 34 iR A8, % MRTT A 4248 507F I MRTT 114248 J1
PRI, Y R, e — N B RS — M A — AT SRS H — A FAS, A48 48, 0% MRTT
RYTAEX PR X L MRTT FI R PEARG T AR GE IR P13 2 7 0, R e R SRR AL BT T 35 45 3R
AL AR X IR TR i PR AT SR BB A CRAF A5 B S I = 45 1R IE A
22 ZRIERGH

T ORAE 3 AT 3545 B IE AR AT, 35 ZE— PR 55 K R & 1 S5 BT 8 F % PR & A K i b
(7 45 PAT AR AR BT FE I JE 2k M 2848 5 %t MRTT () MH b (97345 AN BAF S5 MRTT AT BB 2, 1 5. 1
MH Jr 75 Jo 2k 5 50 H ) 8 € AL FH(fixed host) I3 55 2«48 2 MH T4 2057 (W B2 T MRTT MIHMR & ¢,
8T A% B8 00 50, HAT DRHR AT IR b SCAE JES M I B 8 5 A 8 45 3T TR B TR 8 AEL: ER T 2 O B 1T BB R
AR K G 3 5% 5 )2
SRR AT BT, — 5 T8 DR RE 5 2 AT
WG AW B A S 5 35 A iR
B 1o O F 784 5 — U5 THL B RE AR,
S8 MRTT 355 50, I E PR
B 52 5#H 0G0, B ik, 5
P 14 DG 24 388 5 £ 8 1T it LB 2.

M, AL B T — W E 1 BT
T =ZERATEHW. T — 4 _ : .
MRTT 1, 2 MRTT 8¢ U 31, 2 Flel The threc e comm Srucre
H455(B 5 H)FAS o EBE— AR
AR MR, B AT 3 — AN [ 52 5 B AT 197 38 45 34T, 5 SR L I 70 Th e AR v 7 33 2% (R 2 3R %
DR B RARITPAT G5 R 1) 10, R IXAE, [N FAS, 1T FASo BREF 100 B IZN, HBHF —NFHEE 1,
AT MR T £, MIEAR F19H.
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3 ZESERRRZMIL

3.1 ERRZAR
o T 52 I = 4% 8 A A A SR AT MR S I TT g R IR B B AME TR
(1) S 5HEME TR G, A K B R 2 1) g PR 1 3T KT
(2) ZH5FHWEK B YR AT YE J5 R A B 28 DR Ak 15 i R4
(3) AT HS(SHE LD IRE)RMATATH S TR
BRI, g T G PR 8 11380 5 R AR — B0PE  MRTT (W4 28 6 A9 i LA N 23R
R 1. 1, ORI YE, WA % MRTT C 44272
R 20 B 1 A RTRAS G ARULH 1, 1) PR E T S, B A -3 R AN e 847 KT
TEPAT IR A IS FE A e, FAS o LA 1 22 TR) 5 BEAZ He 3 S, AN ] 3 G My 25 77 AR08 1 A8 3R Ay 3 G T 42 A2 11
MRTT Rl {5 438 1 4% R AT, AT 1R
TEX 8. 1o PR LI dy=dr+8, 5P S A FE Bl 199 4% 1) i R A5 A 38
SREFNTSEAN, H .th MRTT Jr7E (A 3l I 2% R RF I 2, 20845 27 5 R D90 28 (1 4 s 45 40 S5 5 b a4
(3),JF &5 A X 8,45 LU N4
R 3. 1o BIIE dy NIRRT FAS.e IR BEAS IR 5 0 v s K.
32 =MBRRMNL
A B —AF BT F S UL IR 3 1) =B B3 A8 10X 3PRTC (three-phase real-time commit). —
A MRTT [MHRAE 50 3 N BC T3 45(S 58, S B . Dhae B RER AR FASo Yo KRS B B UL 2
SV b YEM BL3PRTC Wik Wi T
ty: IF 1; AAT$¢4Z THEN
i) FAS,o; % 15 “FAILURE” J&i K3IT;
IF 1; J#24 THEN
] FASo; 75 “SUCCESSFUL” J5 %54 , . B I B H AT 20 BIHRE.
FAS.o: TF W —A“FAILURE” #% THEN
IF V1, € FAS(t; # % “FAILURE”)THEN
] 2., R 15 “ABORT”;
IF 8 —A K H ¢, [“SUCCESSFUL % THEN
] £, 75 “COMMITTABLE”, H K #T FAS; I ER 1; 4N T 445
teo: IF Y5 %]—/~“COMMITTABLE”{f % THEN
IF VFAS..;eMRTT(FAS,,; #+“COMMITTABLE”) THEN
TREIRAL, HL I T 1 5 “SUCCESSFUL” {7 3145 & 1% “COMMIT ¥ 58 ;
IF 3] —>“ABORT i & 8L BiE d, & AR W EI P A “COMMITTABLE # %5 THEN
s KA, B T R 4R &5 “FAILURE” [ T~ 5545 R 1% “ABORT ¥ iE .
3.3 3PRTCHIIE#14

UEH] 3PRTC (¥ 1F A 11, B EEIE ) 8 i R UE A% 51 532 INF = 45 14 Ji 74 B 485 ) 1) L it Pk
FEIE 1. 3PRTC AERUERS B 5L I 55 (1 it 71
IE B AT R IR AR RAEFE—> .18 3PRTC H:
(1) 3|t;;e FAS(t;; reports SUCCESSFUL
=FAS,,; reports COMMITTABLEAV k), € FAS( abort, € H ));

VFAS.0;e MRTT(FAS,,; reports COMMITTABLE=¢., makes a COMMIT decision
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=3|t;;€ FAS,(t;; reports SUCCESSFUL= committ[/ eH)).

I MRTT 4242, IR e AU A LA — A 454842
(2) Vt;e FAS|(t; reports FAILURE=FAS,,; reports ABORT);
AFAS ;e MRTT(FAS,,; reports ABORT=>f,, makes an ABORT decision=>Vt;e MRTT( aborttw, eH).

B MRTT KA, € T 1455 5 R

i 3PRTC fEfRIE MRTT [f) )51k, a

TEFE 2. 3PRTC J2&JEFA R J5 7§ AT WM Y

E A E B 1 RH,3PRTC H SR AR AN JE T A 1 48 55 #8542, il 3BPRTC J& JEURA B T4 A2 B iX. O

TEIE 3. 3PRTC AEPRIERS B) S I 5 55 (R 45 K IEAf .

WA 1.2 A TR SR E F S I G R LT ¢; BD MRTT (1255 (1) B2 SEI& CR 1L 1T
MRTT CD FAS; Fl t; AD MRTT “§HHiK RAE 3PRTC " AR M E Ik 3 2F W] 3PRTC fEf#1IF VFAS, €
MRTT(Vt,ty e FAS(t; CD* tx))(i=1,2,...,1; jk=1,2,...,m;; jo£k) KR O R T 1 4

(1) Vt;€ FAS(t; reports FAILURE)=FAS,,; reports ABORT.

(2) 3|t;;e FAS|(t;; reports SUCCESSFUL)=FAS.; reports COMMITTABLE.

HAE:

(1) 3FAS o(FAS.o; reports ABORT)=>t., makes an ABORT decision=>VFAS;e MRTT(Vt;€ FAS( aborti € u )). B
Vi€ FAS( committ’j ¢ H)).

(2) VFAS o (FASo; reports COMMITTABLE)=., makes a COMMIT decision=VFAS;e MRTT(3|t;;€ FAS(z;
reports SUCCESSFUL=> commit, & H )AVk#j,tx€FAS abort, €H)). RNV FAS;e MRTT(3|t; € FAS( commit, € H )n
Vk#j € FAS( commit, ¢ H ).

HKNM&MMUN#MWﬁM&ﬁ@mm%eHWawW%eHLW@CWQﬁTﬂMC%%ﬁ%@%
A1 35 IN 8 55 1 G4 T A a

4 TEREEM

BAE B R AR AR ST B BAT ORI 20 A0 X 32 8 St B PR IR B R 48 ARTs-11 EARSIAE By ot 57
FRBE5E T X 3PRTC HhsC : e t. A S2 56 5 FH 140 P Bl 8 by B 502 Ik 5 450 i SR ) 5 45 R L 01 L
R MR=NumMiss/NumTotalx100%.3 1 NumMiss 37~ 888811 151458, Num Total 37~ F55 RHL.

4.1 KREBR S

TR R GeA T 4 P 2 T 7R 38 3h L5545 5 B 2% MHTM(mobile host transaction manager) il [f] & AL 5545 &
PEE% FHTM(fixed host transaction manager)43 Al 71 5t # 2/ 34/l MH(mobile host)F & 5& 41 FH(fixed host) F
BT B 2 ) A I & #2558 CC(concurrency controller). i & % B 2% SCH(scheduler). %% i & Bl 2%
RM(resource manager)Z) il & B2 & ENL_ LRI R H55 R E KSR 0 T SCRFSEIN H 45 2 ARG RH N
L4 FE (memory  database, i 78 MDB) /& F 45 1), B H04s P2 1« AR WA 5 35 N A7, BT A A7 300 R 5 B R 4t
MDBMS(memory database management system)& B ; iy i #i% #5041 /£ (secondary database, & #% SDB) H AF 4 4 2
S0, AT B R 5 #1 R 48 SDBMS(secondary database management system) 5 #. %y T 372 fi 8 8 55 45,76 MH -
14 I3k X P4 1 2% (handoff controller, i #X HC) AT #22 4k P1 %% (disconnected processor) it 57 4 P 5h L ALK it
X D4R A I 25 HLAE FH B3 04 45 ¥ 8% LM(location manager), DL LA T FH T /E TG EL BT N EHLIKA
B SE 1) F ERA S H LR 1.
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e e
SDB HC cC cc LM SDB
MDBMS «» RM |«» MHTM (&--1® FHTM [« I RM |<»| MDBMS
> <
MDB DP SCH SCH MDB
MH FH

Fig.2 Simulation system model
K2 B RGRER
Table 1 Simulation parameters

F1 B

Parameter Value Parameter Value
Think time ls~10s Number of funcFlonal alternative sets 5-10
of each transaction
Number of mobile hosts 30 Number of sub—trapsactlons in each 1~10
functional alternative set
Number of fixed hosts 10 Rumber of Qperatlons in cach 5~15
sub-transaction
Number of wireless cells 5 Concurrency control mechanism High priority abort (HPA)
Probability of disconnected 0.5% Schedule police of CPU Earlier deadline first (EDF)
Probability of handoff 0.2% Replacement police of main memory Least recently use (LRU)
Number of database 10 Type of transactions Soft real-time transactions
Size of database 500 Level of nested transactions 2

4.2 KWERDH
Kl 3 7K 3PRTC PR AS I R A Dy fig ARG 1 1 45 B0 1 A2 A %) MR IR 52 1. 1T LU 7R A4S FAS
R ZA DT H S (NumST=3 1 5)[WH 39N FH 55 MR R AT 35 (NVumST=1,BE 55 A £)

ETb TSR B AT 55 B I, AR S8 R T 10, 2 55 R AT R AT RE R AR N b T AT S BOR S e
T B PR AT 55 O BOCRE D AN 2 8 2 e A SRR A, I ) 1 LY <5,

LI &L 4 7 A W G AT 5K 6 MR S0 (R I 4 20 T DUt R = R AR AT 45 K (L 100, FAS o B 1) EERE
P J2 B2 A8 G (B4 2o A1 £)%F MR I AR I D = SR P AC G M T K2 505 5 B IR ER 1, KT A AN
To2k W 45 1) 3E A S,

80

MR (%)

—— —— —&— Three-Tier commit structure
—— —l— Two-Tier commit structure
Fig.3 Impact of the number of sub-transactions Fig.4 Impact of the commit structures on MR
in each FAS on MR
K3 mADRERAETHSEEN MR 1MW Bl 4 FERAZLE N MR 1570
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5 HRE

e 8 11 73 Ay 2SI 25 554 BRI A RE AL 3t SRF S 31 23 A PR 53 v S I 5 55 1R R AT IR 8, 0 500 6 31 93 A1
SIS 3 55 ST RO < 55 A5 K FL o 5548 BN AR SCHE I 77 Th AW AR RS

(1) SEXT AT IREEACHIRS Bl 9 I i 42 3 55 B Y

(2) - T SRR RIRBER ) = R R AT S5

(3) &t T AHEFH S EN AL SRR AN SPRTC,IFIEN] T8 I IE A7

(4) RFPTHE S A A5 R b SEAT T R RE DK B HG T DA v S I 55 (0 R Zh

o Bl S I 2 95 2 — AT ORI 98 00 AT VF 22 J7 T 75 SR 9, RS B SN 8 55 (K R L O e il g e S L
S HATRE 53 3R T TR 8
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