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A Lockset-Based Dynamic Data Race Detection Approach

ZHANG Long-Bing” ZHANG Fu-Xin” WU Shao-Gang” CHEN Yi-Yun®
Y (Institute of Computing Technology . Chinese Academy of Sciences, Beijing 100080)
D (Department of Computer Science & Technology s University of Science & Technology of China . Hefei 230027)

Abstract  Shared-Memory parallel program is difficult to debug because of data races. Most of
the previous work in dynamic data race detection is based on Happen-Before Order. The tools
based on Happen-before Order have a significant drawback that for an input set, a detection of
the execution of a program can miss some feasible data races. This article describes a lockset-
based dynamic data race detection technique to solve this problem. Our dynamic data race detec-
tion is targeted on a software distributed shared memory(DSM) system called JIAJIA which sup-
ports Scope Consistency. By using the frame model of memory consistency model, Enhanced-
Happen-Before Order for Scope Consistency has been defined and in further step, a lockset-based
dynamic data race algorithm is suggested. This article describes the implementation of lockset-
based algorithm in JIAJIA and presents an experimental evaluation of lockset-based technique by
looking for data races in five common shared-memory programs. In TSP program, some read-
write data races have been correctly found. The slowdown of this lockset-based technique avera-
ges less that 3. 14 for our applications, which means that our lockset-based technique has gotten

good performance.
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T AR A FE B I — B B A RC (Release Consisten-
1 51 & ey) 57 W B B — FUME BE A LRC (Lazy Release

ke, A i Ak B 25 R v o 9 28 4R R R g
WA A 3 A il DSM & 48 (Distributed Shared
Memory System) [FIPERERT TR K3, 3k18 T 5 E
i 248 MPI/PVM ] LI PE RE. £ IX B 1 0T L
215 DSM R4z N H I EER R 2@ A2
AE T, R GRS AR e — A H 7 .

BE T IL AR K AT RE T AT Re o I OHE v
0L, EOM L B B S A R AR — AN L AR B
MAE LR R ARG EAD A F D
) B T I G T8 b TR R I R D R, B
T b s B ) A0 1 ) A AR IR AR AR e b, XA
PR DR o AR P ds AT BoAT AN e M, DR OE AR e K
FE A DSM & 4t 52 31 8)) 25 B4l 56 4 A I, w] LA
LR P AT IN 20 285 40 000 L8 H80 40 5 4, 5 A8 ) 7 i i
FE)F.

A SRR I B AL AR T M T AR
B B B A HE T8 AR W Sk JF R % L S B AE K
fF DSM &% JIAJIA . LT K86 53 8 2 £l 55 4+
AL 7 TP AR e a4 B R A2 ¥ (Happen-
Before Order) 2K S ¥), X Fh 7 15 (1) 3 BEGR 25002 X0
TREFPH — AN AL — RIAT AN BE I L T A 2
i 8 A 0. A SCTAE 5 DUAT TAE B 25 AN ) R
S S B I — B AR A, IR AE S 2 SR [4 ] b 2
PR A7 — PR (R AE QR A L il b Lk e SO 5
&% 7 (Enhanced-Happen-Before Order), #& H —
T T AR 0 Bl 5 A R I B IR T R R
AP TR I R L FRATT R ) — 28z Al i
RE R P R AT TR, SRAS T AR ) 1R B L P S8
ML 3. 14, 53 Ab, AL F AL T8 4R 5 1 8 58
SR B AL TSP F2 /7 1 4R B VF 2 305 Hodl 5 4
15 L.

RS 2 WA BB 5 3 A AR
X da — B AR B ) B T B AR S R B S R D B
P8 A IR TR EEAE A DSM R 4 JTTIAJIA
LRSI B 5 W R AR T eI A A 5 6
T ARG AR 55 7 RS A

2 EH—EUERE

N TR R 3L A AR GUIN R RE L A 2 R
VA7 AR PN BB T VF 2 55 A7 il BTk

Consistency) ™ 38 — F M 8 Y ScC (Scope Consis-
tency) VEE, ScC BB 0F Ui A7 FAF XTI LK T
LRC BRI B 5848, £ LRC 1, BACEEHL P AL EE L
Q A8 I, Q BT & 2 (visible) A 18 BUER A Bl 1%
45 P.AAE ScC BEAY I B 1 AR 3 ke > 1) DXk
oI S A R AR RS PR SCR ] SCHRC4 ] 42
HE TR A7 i — SO A AR (1) HE R B Sk i iR ScC B,

EX 1. MR SRR M & A0
H{(Cy» SYNy) . Horth Cy 2R3 U5 A7 B AE I — AN 4 K
(BN ) 0 BV 10 — R 38 ), SYN, A2 fff & Ak 3 AL
[F) U A7 B A AT 07 07— b 2k R 0] 1 ) 28 L

10 I AR FE P L S AN U7 A2 B AE U 1) 1
S [F] — A7 e O 2 DA — AN A B A )
FRIZ PR AN U7 A7 B A A2 S0 L 48 v 58 U5 Il %o, A=
A R G0 AT R AT 45 Bt A2 77 b 587 1)
AT I W58 o i 58 7 1) 1R AT IO S 1 )
SR B IR e 1, DR e T DL [ D AR 1 AT
T 58 SN FEATFE P 1 — S AT

EX 2. )P PRG TEAF il — SRS M
M —ANAT I8N Ey (PRG) 2 % FE 7 [ 20 8 4E
) —AE .

EX 3, Al SRR Mo — AN AT
Ew(PRG M RZEIT kA SOy (Ey(PRG)) , /& 1 1%
AT FHE M 10 R 2D WL SYN , BT € 3 103 3l U5 17
FAEX S S, B SOy (Ey (PRGY) = {(uyv) | u 7F
E(PRG) F# SYN EJFAE v Z AT AT ).

A7t — BUME AR B A T2 — b i o Ak BE L IR 1
A AR U B TR0 B, DAL ot — AN A7 il — 50k 15 Y
AT LA s S0 3 H IR I [P ok A kL R i, B4
e e TR PR P (RS 4 42 7 B B0 0 2
WF) 30— SRR R R R R .

Csee = {r(2)»w(x) sacq () srel (D},

PO

SOs.c (E(PRG)Y) = {(u;»v)) | acq, (D) —> u,
—>rel, (1) —>acq; () —>v;}".

NIZA AR T W, L ok — B B U AR R AE o R

BERAE RS AT 72D A1 20 0 SRAFBHRAE (ac) RVEE

FCRAE Cred) s I FLUNRE w0 rel, (1) —»acq, (D75
FEAE o, 2 BT I o 06 2026 B 0 97 A 57 19 1 9 K
B U o, R o, B B 5 P LM %, 76 AL B
MR EEHL i A L S E R ¢ I X R
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3 W—HMERE FMETHESHED

3.1 BIEESFEX

N T8 SUEUE 38 4L BATSE R — R AT AT
RIS R T LS ARG R T 10— IR AT AT
T 1 S5 1) 6 1 AT IRl P 8 T AT AT I 5
FAEFETE I — AN FEAT AT b R R N I b 52 5 1)
Xof FHRE 3 7 5 T o 38 R 1) 01 v 5 7 1) S5 | I) 25 1 oK
SE T DR AT R 1 e R0 ) 20 3 10 R 42 R 8 1% 04T
17 W) & 4= F (Happen-Before Order, HB) , I R fifi id
T2 10— R FEAT AT, HB P HAk e i k.

EX 4. # Esc(PRG)ZMF PRG {E ScC — ik
B o () — AN BAT AT 10 7] 20 17 5 B 7 1 O 4
BN Z AT 0 K A (Happen-Before Order), id b
HBs (Esc (PRG)) , Bl HBs.c (Esc (PRG)) =PO(PRG)
USOsc (Esc (PRG) L FRJF I POCPRG) £ 484 15
T o R B 5 I

ZWOCHRL8 T I ARE AT 45t vl A7 250408 56 4+
S8 S, I HLAE A SC G RS 0 AR T W AT B 5 A

OB 58 e A EIX 4.
EM S, AT IAE— AT Ese (PRG) 1,

R FRYT IR s 0) A B HBse (Ese (PRG) FE Y
FR Cae s 0) ¥ 1 TT AT 2040 56 4 (feasible data race).
HE A AT AT HHs 58 4 10 08 S0, —— Tl B Ml AS 0 £
P 55 4 1 7 i Y HB P 0 53k % 7 vl il 7
FEFP AT I, 3l 285 46 75 b 58 5 ) 3t 1 3 ) HIB R
Fok S DL HCHE SE A . R L AT R — AN
BT Hr R e A A AT R I AT E° (PRG) =

rel, (L) —>acq, (L) Al E' (PRG) = rel, (L) — >
acq, (L) . BN flag=0 I 5 FHAT E (PRG) . 15
i 1) 5F (W, (2) Ry (), (W, () Ry () #i HB(E
(PRGHEJF; X T E' (PRG) , # 5 Vi 18] %F (W, ()
R, (o) # HB(E' (PRG)) FEJT- T (W, (&) s Ry () HIA
i HB(E' (PRG)) 32 ¥ Wl 1 (W, (), Ry () #)
AT AT B SE A AR SR T YEY HB v 75, 754
PATE® (PRG) JEAT K WIS e A GE AL I (W, (o) s
Ry (o)) ¥ B T AT H 4 36 4. R X AT E' (PRG)
HEAT KM L 2% 75 V5 R AL I (W, (o) Ry (o)) R4 R
AJAT HHE 5 A

P, P,
acqo (L) if( flag) { Ri(x) }
Wo(x) acq (L)
rely (L) Ry (x)
l‘E’Z](L)
Rz(r)

K1 — A IR I TR

M BT 7 bR LA AR HB R 7 v 1 R
AT AN RN S 0 AR — AT HEAT A
A7 e B8 Hs 75 4 L JF A BE A E AR N T WA
58 e A SORE TR s SCHE 5 Ok AR R B 3R T AR
B B SR R XA 1] L

T34 B REE (W, (@) S Ry (o)) WA vl
ITHAG T4 2 95N flag =0 W, R H 8 & ¢
it 56 G R T AR AR TG A W ok, X SE bR a2 Bl A
I 7 VAR B R — A B, SEAEUR B 1 B8R 5 i
I (R4S A, L BE A H # 248 J7 ¥ A G 1 I R AT L (HIX
CHIE B2 NP 5842 n) j. A SCA PR i i) i
3.2 BBEEERF

2 A7t — S0P B AHE BB AL o) ) 2 Ok &R Y
XL FATT R ScC A8 5 L —Fhg 5 [7] 22 J¥ (Enhanced-
Synchronization Order). 8 XUl T.

EX 6. 1E ScC BRI ] — A AT Ese (PRG)
I 144 5% [7] 25 J¥ (Enhanced-Synchronization Order) ,
1A ESOsc (Esc (PRG)Y) , K78 A
ESOsc (Eac (PRGY) = {20y | acq, (1) —» u,

PO E PO PO
—rel, (1) —> acq; (1) —> v, —>rel; (D}

ESOsc (Esc (PRG)) 5& SLIRHE 12, 2 AT Bl AH 7] Bt
PRI I S X N IV AE 34 A RE B ESOxc € 7. IX—
BT SOs (Ese (PRG)). £ SOs (Ese (PRG)) 52
SCH AN YT A B AE B SOk (Ese (PRG)) E P, A
— 8 BEAE AR [FBOR B I TR DXL R SR D
AT CARE— 20 s SO R AR T

ENXT. 47 Esc (PRGZEFT PRG 18 ScC AL
B — AT ZPAT I I 8 520 7 5 R 7 e I R SRR A
AT 10 18 558 & 42 ¥ (Enhanced- Happen-Before order) ,
16N EHBs. (Esic (PRG)) , Bl EH Bs. (Es.c (PRG))
=PO(PRG) UESOs. (Esc (PRG)).

R 348 580 A2 7 L FRATT o] DAAS O T e B

EIE 1. FEJP PRG £ ScC AL AT — N
1T Esc (PRG) ", 40 F 5 U5 1) X Cuty o 0;) A B
EHB(Es.c (PRG)) & J¥ , JUiZ M 58 U 1] XF #4) J v 47
i se 4.

IR, RS ) (w50 HFR PP POCPRG)
SEJT AR EH Bsoc (Esc (PRG)) 5E S, Cu; s 0;) 2
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FEW EHBsec (Esc (PRG)) SEJT s W Cu, 4 0;) Wb E AN HH
PO(PRG) & JF. FIfi 4 1 Sl it it .
(D BBV ST G o) # HB((Ese (PRG))
SE T, TIPS L U (a4 0,) 06 5E 8% SO(Ese (PRG))
FEF. AR T Cuy s 0) AP EHB (Eso (PRG)) 5E
JF s 58 AN ESO(Es. (PRG)) SE 7. #Ubh 5 & F
PO PO

TP BRI oL 18— P aecq, (O ——u;,—rel,; (1)

E E PO PO .
——eee ——acq,; (1) —>rel ; (1) —>v,; , BLH acq, (D

PO PC E

) PO
v; rel; (1) acq; (1) —>rel; (1)

PO N . N S JE L 4
——u, RV — A 0, AR S SR A B R A,
. - . , PO
W AFAE— N PAT Ebic (PRGEASF acq; (D—>rel ; (1)

E E PO PO
— e —qeq; (1) —u;—rel ; (D). BRI T

17 EL (PRG) , (u; v o) AEAT SOCEL: (PRG)) 5E
BB (u; s 0) A EHB(EL (PRG)) 5E 5. i nf

VT R Caay oo, K AT AT Bt 56 4. S5 — Ml B0 )
Bnl Ak,

) VTR ;o) A HB(Ese (PRG))
T Caty ooy S ARG BT AT 090 5%

g BT g0, BT E 5.

AR LA L B B R AR — AN AT EL 4R
ST X Gy 20 AW EHBCE) 58 17, 5l BLIA
N Cuy s v K6 BGAT AT 040 56 5

it 1. F2)F PRG 7E ScC BEAY b AT — AT
Esc (PRG Y WU VT RIS (w; 5 0) ABE PO(PRG)
SE P, I HA & AR A BOR 7, 24 HAL ™ (a0
J AT AT H A 5

. PN TTIERIE] (D AE—IRAT Esc (PRG)
WL w0 AN I AR EV ORS00 5 A IR LA R
‘fﬁ?ﬂ;acq;(l)iuiireli(l) — —E>acqi, D

PO PO N PO g
—v,—> rel; (1) ¥ acq; (1) —>v,—>rel,; (1)

E

E g (D L L e, (1 B a0 R
ESO(Es. (PRG)) 7 J¥ 3 X5l Cu » v,) A POCPRG)
FET AT Cuy s 0) A EHB(Es (PRG)) T
P2 B 1, T S0 S X o, o, ) 06 A8 B AT 4T $ 408 5
Gr . (2) PS5 6 s 0y KR AT AT $0 40 55 4, )
(u; o) B EAY POCPRG) 27, 3 AR B Cusv0)
W AH R B LR, DU T4 — IRRE e AT L 26 2 R T
B0 B 2 acq (D —rtt el (1) —m e

E PO PO N PO
——acq; (1) —>v;—rel; (1) BH acq; (1) —>v,

PO PO
——rel; () —>+ ——acq; () —>u,—>rel, (D).

AT AT Bt 58 4 e S0, AN WERRE DL, (uy0)) #AS
o) B P AT BS54 WORT N Qs o) 20 S AN B AH [ 48
Al

ZR LA HE R AT kR,

FRATEE T B 5 1) Bt 3 A T B 0 32 2
RO AR AE — IR PAT A R E R & 1 BT
B R LR 7 0 b 507 Tl . AR 48 1,0 T — A
45 08 RPN — IRARAT L 3K B B A7 6 AL 31X b 4%
PR S U I xof 5t 4 30 T ORE e b BT A AT AT B 3 A
FE N —#7rv, AR AE AT DSM &R Ge A 58K i
TSRS A,
3.3 ETHEANER

TEERAE DSM R 48 b, 3l 5 8 1 A 372 1 AT
K43 B IX ] (Interval). & AN X WA — A7 51 5, i
W BERRYE S — AU HT R AT AR R R AT — A
release B(# acquire #1E W), 5t & 7= £ — /N B 0 X
(), I ELRe BERE 00 24 1 P 21 5 88 1, 45 08 7 AR i I
). V&l 2 B A X 1) (0 481, ik T A 1 R 1 AT
BN HEREAT A X

w(xl) rel () r(xl) w(xl)
Py A T T
Intm‘“ualg) N I?ztervalé
1
1
P w(yl) ! acqg) wlxl) relO
1T I 1 I
Inter‘valll [nler‘vulf
——————— > bk

Interval! FRPFE P, 1K A j
/ — @SN

K2 —AXE T

TEANX ] Interval H 3 N4 A : Read (Inter-
val) , Write (Interval) M1 Lockset (Interval). Read
(Interval) ZF 7~ X 0] o0 BT 3248 & W42 & s Write (In-
terval) F /s X 8] 1 T 5 A8 B I 8245, Lockset (Inter-
val) 7 T Fe AT I DR 1% X 0] R 8l 4 . e AR S,
TR A [F 8O 37, HoR BT A [ 127 9 X 1)
TR by FF R DX TA) B Ay 3 9 A DX ) AT 2 () I 4R AT, e
HEVR 1 ] 0 R R I AE IF A X TR] R R H T A b R
Y7 IR0l 4k B TP A R AT HOE S A R I ROy A
P A E R 0] 2 15 A7 75 808 5 4 1 R T B & SVE 1Y
P AR H 3k

W intervallistQ, intervallistl 57 9 3% P, , P,
HI X 8] 51 2% 5 get— interval O MR BN X 0] 51) 2% Hh BXH
—ANX N datarace warn () T K ILEH 52 4, &
HR G B

interval0= get — interval(intervallist0) ;

while(interval0! =NULL) {
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intervall = get — interval(intervallistl) ;
while(intervall! =NULL) {
if (lockset(interval0) () lockset(intervall)
=={h{
if ((Read (intervall0) \Write (intervall)
'={ || (Write (interval0)
Write Cintervall) '={}) | |
(Write (interval0) ( Read (intervall)
=0
datarace—warn();}}}
interval0= get — interval(intervallist0) ;
}
FRATTIE & LUTEL 1 o (R R Ok 481 ok i )k T A A
B 0 EE 5 R I Bk R RE N flag=1,

BB AT rel, (L) —acq, (L) WL P, 47—
ANXE] L8N Intervall s Py A 3 AN AL 88 Inter-
vall y Interval?, Intervali. Py B X [A{5 B N « Lockset
(Intervall) = { L}, Read (Intervall) = {}, Write
(Intervald) = {zx}. P, WX 815 & N . Lockset (In-
tervall) ={},Read (Interval}) = {x} ,Write (Inter-
vall) ={}; Lockset (Interval?) ={L},Read (Inter-
vald) ={x} Write (Interval?) ={};Lockset(Inter-
vall) = {},Read (Intervali) = {x},Write (Inter-
vali) ={}.

AT FIE R .

1. Lockset(Intervaly) () Lockset (Intervall) = {}, 7] WL
Intervall M Intervall & FF K X 0], 80 BE AT 525 & & 1)
LL#L : Read (Intervaly) (N Write (Intervali) = { } , Write (In-
tervaly) N Read (Intervali) = {x} , Write (Intervaly) (| Write
(Interval}) = {}. W A4 B X T L& o 19l 5 ) X
(Wo (@), Ry (o)) K R B4 3 4

2. Lockset(Intervall) () Lockset(Intervali) ={L}, "] W,
Intervall 1 Intervall A& IF K IX ], 6 75 HEAT LL A

3. Lockset(Interval)) (| Lockset (Intervali) = {}. "] W
Intervaly M Intervali 52 3 K X 18], #0# 2 HEAT B0 5 4R & 1)
LL#L : Read (Intervaly) (N Write (Intervali) = {} , Write (In-
tervaly) N Read (Intervali) = {x} , Write (Intervall) (| Write
(Interval})={}. W] F1 4k B % T I AR 5 o (¥ b 58 5 0] 0f
(Wi (@), Ry (o)) B R B4 3 4

FRER N FoRIAT flag=1 HIAT A rel, (1)

E eq (L) IR W T B4 4 10 51 75 th i 4 1
(W, () Ry (1)) s (W, () s Ry (o)) R B ] 47 K5 5 4

I\ T 60 1T BA e T 0 v R
TS HB R 7B AL AR flag—1 0%
U ORI I YT AT R K A e R

BT AT 4T ¥4 35 4
4 JIAJIA R% FRILIY

JTIAJIA F e b b [F RF 2 Bt oF 55 £ R BE 5T
AR A NV IE R I — N T Home I #KfF DSM
ARG ESEP T M T BB Y Cache — 0P B
W 1% i SR Sk — EUE AR 2R S I R A SRS
IR 25 HOR R B 5 JTATIA R4 T 2R
BEPIFN AL [ 28 . (D B (Lock) : A AN & T8I
PR jia_ lock (lockid) RN jia_ unlock(lockid). it FE
WH jia_ lock Clockid) V5 3K 3k 13 B lockid . ] H
jia—unlock(lockid) BT lockid. — AR &= —IX
SBEM— A RERER AT, L i kRt I 3R AT 1% B I
WU E AR, HUAE B ORI A R 3R AR (2)
8% (Barrier) ; 92 O % 5 1) B8 202 jia barrier O).
SUAT 24 v A7 0 T 380 38 B B i, 0E R 4 BE 4K 2L 43 T i
AT 3 7% JU)AE AT 3 R AN i B ik i e

TALE JTIAJIA R4 Bl 148 TR & 4
I 56 A 7 ik R AR B AU i Y 1R 4R =
RARAF A X ) B L AR Gl R
JIAJIA Z G0 [R) A5 0 030 S B0 6 T8t 4 5 1) B s 5%
Sk I S, R gy, AT 2 VRN 1 .

4.1 APESEEXENEETES

JIAJIA RGe —MET I R G, KT s
HRr I ) B BT, i B AT BE AT B T A R B A
Je 4 AT T P L AR R R A L AN
N ARFAS S G000 ) A — A B AL B RS A L 2 )
I T ) B AR B AT S R AR I, R A 1B
AL B 1. T ARG A X (A B 1 AR AR
B AT 48 3 757 B H R ) P it
— B P AR L RS RAE R N T
] B DL, B AT) SR AN . (D direct— read
Caddr,length) : & W B3 Laddr, addr+ length ]
ML= AR (2) direct— writeCaddr, length) : & W
BB addr,addr+ length | W) 3L 45 15, 78 52T
direct_read Caddr, length) F1 direct_ write Caddr,
length) B AR I8 Z 80 addr M length , 5t 0] LA vE 5
HH S A I L 5 A 1) P A (1 50 ik, 3 B 1
R JF K A Y AL E Y 1.

4.2 HZEZH

RGP AR YES T — AN X 8] 71 (interval
list). BEAS D] ) 040 45 44 TPl s AE 2 DT 1 P
A 1S I U A R AR Y TR e A L A&
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PR 1Z I B BAE . AR W AT B 56 4 1 g X, A
FAEPIAS Barrier Z [A] [R) IX 8] (1) b 505 18] %6, A4 47
AJ e A BT AT B s 4. DR ) DLUAE 04T Barrier
I, B Barrier 8 B W8 &R 4o N b — A Barrier
B 247 Barrier Z [A) ¥ B A7 X 8] (145 & 5 04T 56 T~ 431
A BB S A R B 2 Barrier 8 LA AT A
MEE 2 J5 , R Gerh AT X TR A5 JELH0G B 4l , 7 41l
3% Barrier AT 58 2 5 18T 1 X )45 5.

TSI CL By AR AT R T JTAJIA &R
W) jia_ lock (), jia_ unlock () s jia_ barrier () B
. HTHAT jia lockOF jia— unlock O I, R 48 4
WA JA] [ IS T 4 — A8 X 1A, B AE A4
jia_lockO) R jia_ unlock ()W, 5 ¥ 45 0 X ] 11
AR A B DR A7 2 3R 1 XA 20 36 i X T jia
barrier) s AN T — A E s 5 4 46 0 i B, DA S
LT B & B S0, W Be ik ik . (1) Barrier
R AR R AR G T A RE R X ) B 3 (2) ik
TR A DX T) B R HE AT P9 9 B A, # H B A1 AN A8 AR (]
PRAP R I R DX TA) SR 5 (3) &1 R A A I K X TR, LA
PGS XA 3 5 TR G, T R 4k B R A JF X T
P[] IS 08 1552 75 114D L P L A A T 1) 5 5 A P

SR 5 A7 P R A AR AR TR AL R D W A A
36 58 e 3T B0 A N R BE R S | DXCTR) S R A AR M S
e [ M 1k

5 PEgEN

BATHMAR IR BT & LL 100Mbps A2 e LK W) 32 2
VY& BLAS B HLEREFEPI A P3 733MHz CPU,
17 1GB. K H] a7 45 5k B SPLASH2 iR
A Z A& 10 8 Barnes , £ 40 v 2 46 1) Ocean. 38
Rice K% 42 i (1 iR 47 1 1v) /@ TSP A& (R A Bt vk
TR SOR LA KK B AR SR F2 P MM 7E R L BT A7 1)
PERIN. HFRE AR gec-O2 4w, £ 1 P A TN A
&7 1 % N RIS AT I IRRRAE DL S & b R 4. Horpr, <3k
ENAEY I TR R PP IS AT IS S B 7 TIC 1R R U S N A7 K
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