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Abstract:  Software distributed shared memory (DSM) system has constructed a virtual shared memory abstract
on cluster, which combines the programmability of shared memory and fine scalability of cluster. So it is widely
studied. Software DSM system is easy to fail because it is a distributed system, some kinds of fault tolerance are
necessary for it to be more practical. A recoverable and portable software DSM system, JIACKPT (JIAjia with
ChecKPoinTing), has been designed and implemented to tolerate the fault of system. JIACKPT, based on JIAJIA,
has adopted the checkpointing technology. By maintaining the strict global consistent state and using some
optimization techniques, JIACKPT has gotten high performance. The experimental results on an 8-node PC cluster
show that the checkpoint overhead is less than 10% of the whole execution time when checkpoint is done once per
minute. JIACKPT also has good portability and can run on several operating systems, such as Linux, Solaris, etc.
JIACKPT is a practical recoverable software DSM system.
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#§ E:. M DSM(distributed shared memory) % S fEMBE LA T 3 E 4R BAZIRIE 44 T L E 44509 5 thAe
MAMERE T RN, AT SR . & THAE DSM 242 —AMaA K A%, R AR MR X, E & LI 544K
RS 52 A AV R P ke & SR XA A — AR 4940 F DSM . & 45 TTATIA 69 3h £ %3t 5F 529
T AT E 4 & T #6984 DSM % % JIACKPT(JIAjia with ChecKPoinTing). & - 5% A i€ &3k 4F DSM & 4049
AR —HOK S VAR S F A6 JIACKPT £ F 52 30 BRAFARIF 6 b gk 2 — A 8 7 5 49 PC HUBE L a4 & A 3K
R BB AT R — R AR B B, K30 B R 4940 B S TP A s T 10%. 309 JTACKPT & B & 7T A AR X s ARk
9 JIACKPT .22 A —ANPbA 5 A 69 £ 4.
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KHIE: M DSM £ % 54 B —BUKAIIATIA
FEESES: TP311 XHERFRIRED: A

i 5 T Ak T 4 AR s T D) 28 B A T e, DA A i I 28 D AR 3R RO 1 8 7 B COh S I HAT VB 6 R
DSM(distributed shared memory) RATEHLEE FEE UL T LA M AR AL, B A& T JL A7 % 1) B s AR VE R
BER T EE, 51 T 2 FIBF 5T L R 1 8 DSM R 4846 Midway!'), TreadMarks'™,CVMPLITATTAM A% 4R 1,
PUEE B DSM RS /0 A0 AU R 48, 1K A S oK T 3R 0 SR MO KB i T 0 i SR g &5, P 2k
WC S [ Sz LG T AR e (W49 s 0 0 DSM T 0 384 AR 48 1) 3 VRO ST 385 0 T B ATT 2R 00 1 AR K 2 1) DSM
7 5 BV B8 ) KR UE SORI AT AE B DSM R G5 b SEIL A4 R 0, A 1 AT 9 1 — AN B s 0,

RN AR I T 224 DSM AR, KHE 73 2 13 JEFP A7 fiff— BRI R e R R R R 2 U B
Sof PR (7 — B0 (sequential  consistency) ] 3T ) B AR B S TR () B0 BRI 40 B PR ik — 3
Y (lazy release consistency)® . 55— (causal consistency)! 4% 3% S6 57 A B H AR E — AN EFE UM 25 L b I AT
DL AR, AN FETFAY, JETE IE AL LA X DSM Bp iSO 18 1 18 BRASE 0L 43 A 0 S B b, P G R0 2 AN IR
Sy 3 A% 100 B F RS A AR L2 K A B SRAR A b 3G R L A B 2 IR R P i G Ltk k- DSM REAR G A IR
ARG AR AN A R G, R A0 A AR () 3845 H O e AT 4 B AR DUIRDIRZS R 3 J 3L = N A7,
X R 3R G0 2 A0 AR 22 5 e A AR 22 3R 0 0 A FH R R — M PO RO 2 A5 R BUE, 91,35 44 1) Libekpt! R A2 B
P AT IX e e B A 1k, 52 I R AT A8 e 0 3 DSM RGETEAZ.

ASTL R TR B0 SRS — M (scope consistency) FIH/F DSM & 48 TTAIAF T O0FAT R & s BoR
WIS — MR T BRI . AR E KA DSM &R 48 JTIACKPT. X 3 844 DSM 2 )3 BRI bt v 1k 5 mr LA
52 B 5l A A RUAR S PAT N AR B AT DSM R 48 B IEE 7] S5 JIACKPT A my vl B a1, B 1 vl Lz 47
{F Linux,Solaris f1 AIX #:/F R4 L.

AICH 1 TR EAHAE DSM RS JIAJIALSE 2 Wi iRE S fF DSM RGN R —SUREE 3
JIACKPT Wit 5923028 4 5 2 P e 45 5 R AH 58 AR B R K TAE.

1 JIAJIA &9

A DSM RS AR EASE T AN AL S A A R (L TATIA ARSI S TR I — AN T
Home [{#fF DSM RZMIIATIA R4 WA B EFE:Q KA 2L i TR A 281 T NUMA (nonuniform
memory access) [ A7 fili 7% 21 21 7 3, R A2 418 2 AN WL A5 10 A7 ik 9% 240 2P0 SR W ol — /> T8 K 19 A7 g = B) 491l A, 7
AMD64 [ HLEE b JTATIA ] DU (it JLIE TE R 1) 64 A7 L2 25 0.2 SR FH — M-8 11 28 — SOk Wl i W il 2
FESRAT ity — SO A AR RS TC R0 A% 76 SR, ISR 225 Bl SO 3 S B 3L 2 A JTATTA SE 523 T 5 ) o FLER
Home T8 25 VE GEL AL B AR JTATIA 3545 T 530 B AL 38 R GoA 4 i vk gl 12,

T B A TIATIA $5 SR ST 25 05, AR SCEL A i TTATIA WA T R 40. % R B A 8 32 JTATIA 1138
fEF ARG A UDP/IP Al b B A LN R s nf Sk ) T e 3 R0 215 B CR I 30 S 32 [ v 5
PE.@ LRF I S R R I R T R S R I S B v B B e R4 JTATIA ARl A5 B R i SR/ 52
3 B R T SRR 52 S, — ANV SR B B — AN (B 2 M) B N R

2 ERHMY DSM RGREEF—BURTS

FE 3 A1 ARG SEBURL T A 10 G B 1) U2 A e — A0 A SR G I 4 o) — BUIRES I bk AR B/ DSM
ARG SEBUIFAT R A A D BE, B A E Nl A 4R BOIRAES AT 2RI & DSM R SE K 4 )R
—HURE.

2.1 AHRRFEHBE/—BRS
AR G A R SOR A T R 0 A 2R e Rl IE B AT AT B2 A R 4 .Chandy Al
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Lamport!"* [E 2 5 ST 734 KRG — BORS S, 45 1 T — T Yo 40 — BORE I 0 i S0 4R
I SR A T RRAR A A i AL 4 R T A% 33 ) 7 S 0 SR AE BT RPIR S v Ut — 5 L S AE A IE T AR
A& AR R4 Ja BT R GUIRES W R 53 A R G R A HE R G 78 10 SR IRPIR 2 H
AN R B 0 AT SR GUIR AR, BT W] DL R B2 L ) 4k 82 TR A E AT IR SR AR 6 250 B M 7 vk
LR ELAE B R N 4 R — BURIRAES T RE R T R R I E AR B R L.

L BATY A ARG 4 Jey— BUIR AR 52 SR IR 8 42 Jm)— BOR A R — A>3 A R G iRk
AR AT AL A HERE [0 A% 336 1R 3 JE CS SRAE ST B — 58 g AR R IE T 47 B4R IS SRAE A Ty, —
ST AL SR AEFMOTT 2 TXAS BERDIR A B A 4 10 4 Ja)— BOIR & DAE 8 SCAT L ik 4 e — BUR &4 s — 5K
WK — A 7R A m) — SR I A AE T BT < IEAEAR I (0 B R AR R — MR A il 3 T A e —
SRS, 7T LU 3 S e 4R S AT M IR AR A, W TG 2000 Sk 3 5

Bhn, &1 AT ) B R 7R — AN IR AT R GE AT B R R & R AT RO I T il 77 Sk s v U2, P 1,P2,P3,
P4 JEREFFIN 4 A HERE ab,c 70578 70 AT AR GE I — > 4 JRPIR S (RS U FEAE A 1 AL R IR 2 B 5 ) 1) AR Bl
iR E Ma A FHPRES,b A e Je e R —BURA, H b
A FeR A e o HORAE BUO AR a HPaERE P1 Ak

TR mlJE PR, AR I BN P2 AT % - /S !\
HEZATHFPRE R RGN a IRETHE 30,8205 ﬁﬂ ]"/

PRSP UOE ml S BCE A LHL AR L

R TAEURAR A AR b R BoRkA Ey \\ /%

Z5 LK RN S0 m3,md,mS, A b BT "

TEOH R B R BN EZ ¢ R, 2\ EUR / \
AN ¢ FOFTAT, AL AR R T I SRR A R — Fig.1 Global status of a distributed system
O A R 7Y 5528 5 SR 1 XRG4 R

22 REFTRERRSR

A8t ASE A A0 (BRIN ¥ JEL e SR ) SE B 43 A 2R S8 I AR X — ) L T TN B A AT T OR R B, TR AU
Qufar g A A A DU ST —ANTE HVES S ] DU I R — BOIRES AR AT 4 i i A0 B S — A — BOR S I
I RGEAT LAy B LA R P28 BT (S 25 ATl B0 36 32 B AR 29 A 2 R 0 11 45 1R 2 0 A0S, 8 R e % 7
SUBEAS B[R] 20 B0 37 g0 AT 70 A 1 Mk A2 W) R Al 2 0 e i 3 1 T B R A At 3 R T AR 0% R o [m AR N
B T U 4 W B — AT LAGR S218 4T 1) — BORES AR AU ek 2D TG £ a5ORTIE 37 B AR T8 A TR, il A T 2
T S s (0 B, W 2k, 1T FL ] R 5 1R 22 K v B 5 GEELA 0O 5 | e 44 10 R [0 2 2 0 [l ke s A 2 25 1k
IR )X R RGBT B R AR D KA SRR TR L A B AR A B O LB . il sk
—HRE X B RRIER A S B R R AT P R B — A A R — BOIRAS R B R kAR A
D A 157 R G 8T D 0 ORI 2 ) 45 A, L A 75 ) 4 . e e At 37— BCIR A 7 2 )20 1 4, R ) e 2l SR
HELL&EKE.
2.3 EERHUDSMAGZHINE SEZE

P DSM AR Ge A7 TR K5 110 S A 328, 4 3 o 0045 30 8 1) AR P AR e, A4 P DI o 0 4% X R 2 K
T AC SR LA AS A AR T RGP R, W AR AN T B 73X P B o T b T 0 A e R R B I 1 s — 3
K2 SIS [R5 TT 8 /0, 5 i s b R AR ZS T TR AH BE 58 45 7T LA 20 DALt B A 1 s — B0k 2 A I R 4 LIRS & 3K
- DSM FR5E . B0 R 1 35— B0 A 1 R G0 X AT PR, I — B AR T B — 269 J5 i 3 (W0 Chandy-Lamport 572%)
T AVF— 2834 B i —BORES s £ ZR (B 1 b), e 2R —BORES 55— P U S <[l 20 e il s gk — 20
Y TF) 25 00 AR RAE FEAT AT v S5 8 L2 208 H B B P i S A 7 s, AT AV IS 3 58 77 V1 U8 e S 1 222, B 8
2 JR)— BURES AT AT DSM ZR G0 K, P9 7 Rk B8 22 i) AN R, A R S BRI BR 85 1 DA% ) B A &85 S8 A9, —
NN 5w B A D S5 A, T RE 2 LU T RS 12 (B E 4R DSM BRI i — N4 J5) R Dl i 2 AR 1 — AN I R i
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it} Chandy-Lamport $i2: i 7ERY AL £ O(n®)FIETSMIE LI T4 AT B 5K AR S0 rh SRERIR] 0 46 45 P i v A A
KA 3n N (n K3 AR G IR E). 7T WAE AT DSM R GE il sk 1 iR 4 /) — BORA RSB & U2t
BAEE N, B S T 9B HAERER A ZE B/ DSM 2 ¢ SR 1 i 0 2 S 50050 RO BRI T 4 R [l 28 5 T AR
UE ARG R4 J5) — BURAS, IC 3R R A=) — ZOIRA, HA PO IR A 4 J)— BOIR & T 4R /AT A SCHE JIACKPT
AP T A A U S, SE L T A i EOR S IR A RO T L IEA

3 JIACKPT B9i&it 552

JIACKPT M EE Wit H AR 45:Q© 3 8Pk R 0 7 38 W 3R (42 D1 (645 JTATTIA T2 )57 0] UAS (RS b b 4
FRE Q@ m B A IE A 15 0T DLAE 2 Bl R 40 LIZ AT, B0 Linux,Solaris 45,3 5t 23K £E W v AL I R
A AR R G RR I AT H 1005 265wtk Re.— 0 T, B A JTIATIA, 78 7 F) H JTIATIA [FF
P, I o AR A R D — T SR S TR R OGS ISR AR i A R ROR BRI B ROR . SR BTN 58
FRORS A R D Ae A R A IS R 1 AR sk B b — R A SO R B i ) Hd A ok b 7 S B A N
Ao rp A T AN AR A A B DURI A 9 22 AN 2 A SO DUEUAS 5 28 110 2 FEUR 2 1) I 1) 8 0 22 A A 7
SO 23 (0] FF SR & T (R ERR 58 BOR 7 s D B, ) DUAE A 3 0 F2 (0 o8 S0 72 5 40 1 s S i R 3R AT AT 18
P fE.

3.1 JIACKPTHISRHE

7 L& 3 P 32 WPk RN SR A R 1 R E PR FRATT T R T R B ORI SO P R ST SR (5
5 PR A7 AT e iR B0 P 42 100 00 A 2 P P R DAL S R R v 8 P o i LR T 0B AR A s TR P
A LA o C SRk A B A s s D g, Jo e ORI
311 ERHOREEN

JIACKPT 4 T T s B M@ int jia_ckpt(int flag): i 2 80% K # S F2 . Flag BU{E & CKPT _PERIOD,
FEORAS A pi M58 2 S5 AR SR AT 45 IUE S CKPT_QUIT, WML 58 5 #2326 1k S e B R 1] 0,75 U GR Rl —1. 2 e mT
RE H1 A A A0 B R B S BN A AW AR BN R B R B 22 Sk 3. @ int ckpt_setinterval(uint
*interval,uint *mininterval): & F K 25 x50 0] B B (0] 2 80 Wi R H Pk 8 7 B 30N 2 A0, *interval T4 2 S
AR B S B ER A B R AN R A N 1Y A BE s *mininterval T $R 58 B AN KL A0S0 B /N I IED A RE L 0 R
*interval<=*mininterval ¥ ¥ & Dy e 22 11 R EAE NS H iz 1]
3.2 BCESCMF

JIACKPT %5 H 24t 7 — /N & SO .ckptre. &N F P R ) LA AS [8] A I 7 % S0 A Z00CFE F P AR 7
BAT H 3 T RCE SO SR 1L AR AT DU A 7 T LUE i i 7 Enabled==yes fll Autocheck==yes Ll }¢ £
45 Interval AL 375745 BF — BN [8) 15 B 480K £ A

Table 1 Format of configuration file

Fz1ACE SR

Name Meaning Value Default
Enabled Enable? Yes/No Yes
Autocheck Automatically checkpoint? Yes/No Yes
Interval Time interval between checkpoints Int (s) 100
Mininterval Minimal interval Int (s) 10
Use_fork Use fork to do check point? Yes/No Yes
Incremental Enable Incremental checkpoint? Yes/No Yes
Maxfile Maximum files Int 3
Ckpt_filename Checkpoint file name String Ckptlog
Manager Manager processor [0,process number—1] 0

F 17 Use_fork Ko 75 B g (fork) T 11 HEFE Sk 7€ BAS 25 05 I 8. Incremental 38 7 2 75 2K FH 18 &40 7% 05
i AR Maxfile X 2444 389 5 B R A 350, & R W3 238 10 48 2 2 SO AN B0E B AME I, W X 28 S A 9 e —
AN SEREH A 5 Manger 278K A 5 A FLIERE 5
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3.2 QR

JTACKPT [ b B P2 2 BEAL S Ky 2 s DO REAIAA AL . WK 25 S5 R 5
3.2.1 Vitktk

H P A jia_init(arge,argv) PG40 JTATTA, BATY & T jia_init LU ckpt_init >R 58 S 25 29T 75 1044
J 5 RV AL T AE WA 16 3 B35 BB T =D ckpt_init 56 -2 55 F1 5045 {8, 40 5 ckptre. SCRFZE 2437 H 3 F,
U A S AP 5 AR B 40 2 S B T STGALRM (1 A B3 ¥ FH T 5 I 1 5 A 25 1 M0 P A 28 PR A
Rl 26551 .@) B AW A 4T BT 11 B8 FH 10 2 0, 401 S R K B2 6542 (crecover), JIE S 3% 15 BL.®)
SR MBSO o 0 4% 0 R A 0 ST A, T S L, T A 0G A e L 7 ,  A 2  TE REARA
B UEE A RIRA, O R R B 1 AN 3 SR E MR 4R 8L 5E i TTATIA. 110 P4 S 50R HI 5 1k
3.22 KR

4 P fia ckpt B5E I BB B 96 R AT SRS T R B — AN B Bl T £ (T R ) 24 B T AR
AT O A% AR 58 12 L B TR 0 37 1245 5, B U4 2 A BB P T 3 20— A R 2 A . — AR 7 A
N4 3 B AIA S . RS R R P (F25).

1) WAL

HIHE AR 7255 1 5 TEAT 25 2 25 5% 7 A 10 P2 00 0F 4 82 30 % £ O PLomansser P2 B3 pa
IRAS 3 B 2 R, B R EERR S A
14 SRR S I R A AN b ORI AS Yk 25 5 2 U [ 45 ) 5 B30t
TR i) A HE R % R 2 200 SR AR SR AR @ % R O K
R RN SR T SR K N A LS SR A S PR B R
A, IR 246 ) (AT Al 1) 24 B TE 70 38647 (003015 B8 1R 58 B2 R A o
A AR TF B R A SRR T AN SRR A RIS B B A
(pending), FiF [ 7 JL4 5% 2 ) 00 B5®) 4 B RSB0 9T 7 3L A 1 Fig.2  Synchronization process
S LR H RO @ 44 R S AU 0 A RS (A7 . M2 PRASLE

T TR AT SHATE W35 B 2 57 PR TR 5 B A0 2 3 — 010, B % 0 R A SRR A 2 B 1 0 R B e B i 4
R0 i 1

O 5 BERRLE TF AR AR R A 230 0 A0 L B e, AT 4 W R s AL 2R 1 0305 SR R AR
TIATIA. T {5 T Z 20 00305 A7 700 R o 07 2 A 4% o PR JoL o A B AR R 1 request 119 Lk L 28 3%
S HE SRR TSR P, I B L 2 B R 05 S LB request T JEL 2R A% 0% B A MRS 1
5 5R T 1 JR 22 TR g At L T Al I request 22 B % HH SR I L DRI 35 2 SR 9 L — SR AE TR I
S R EL R AT I A5 0 A R 4 2 O R % 7 DRT O B P 5 5 2 3 s I e 6 2
ST LI L ISk e 2 Lt L R B I

© AR AR TR AR AFIRAS 2 0030 B e A ) 1037 SR L1 — AR request 2 BT
Y, R b [T 90 G K R T A P R T S, e B B i 8 5 0 JEL . IR T EE 9 i ok
T JELHISLE 52 1 35 % T 25 90 S22 i e e, T A S M 80 9 47 R 0 TR 250 8L 2 A %t 3 A i L
7T AR 175 000 DR T — 0 R A (1 I 40 L S T %t I 455 I S RS 97 £ 8 3k 0
S L SR L 538 R P 2 T (A 0 25 (I AR 25 0030 ) 2 T s 0 el 0 20 B B 5 S g 2 0,
255 0 S8 BV % HH S E e B

g5 AT, 58 R 1 R R R IR A AR — .

2) AL

BUACHRAE R 5 PR (A RS AL P BB D O RIS . SR 55, 5B, A EALIR A  SH R
WU ALHE SO B BORBL. B B SK B R A . S . RYORES . F AL KR T LS
DKRE S5 S0P HEATARAE T AR 45 B 1 b B2« A A 1 SC B PRI i 30 I S AR 2 1 8 A o Al B




170 Journal of Software #AFFIR  2005,16(2)

W HZ B A 1EVF ], W mprotect BUA W AR 5 A BE BLGES bk, fR B IR S5 AN P 5 5K A R S0
T BT BT AEPUIRES 07 ZER AR 1) 2 BRI AT O/ A, LU TR S

AR ORAT I T BAT 55 2 90 0 AR PR DR A7 B SO, 50 AME Bl s — Lo g vH5 B A SRS RAE Y
Tl Ak B T35 I A FR AR b B, R R T O 3 A A AR B SR A T e R T HL SO R Bk B R E
maxfile, W) 56 B0 T AT 1) SCH& HBe— S SO 8, an A (fork) — M EFE SR & 11 58 oA 25 s Zh g, ) fork

AR Z TR IE R take_ckpt(H AR A IR T 56 BCS K A A5 I8 75 00 H2 00 B g AR AR 5, an SR A
FH 3G k43 AR DU 40 e g A 2 ) e 1l R 38 (B 25 DR DR A7 DA 4 1 A A 0) DR 00 55 e 1 0, 498 o 4 28 110 b
T AR 5 R A e I R I 3 [ 3 BT (R fork (115 00, 3% [H] 1).

Take_ckpt [ EZRARM N:© WA setjmp PRAFWKE R[] i, J5 TP BRAEIR A 0 #1433 @ BUAF 3
5 R signal 15 5;@ R H bk 25 Ta) 1) 8 AN BOAK IS NS 25 A0 ) S v 70 A8 FH 385 S 5 R T I 1 ST 44 4
ckpt_filename.jiapid.count.temp, H:H count HZ 4K 2 5 R KB Maxfile +157 L BUE M 1~Maxfile—1. A
RN, %0 ckpt filename.jiapid.temp. 7E 5 & Bt I A3 H P $i8 e (I HERR BEL & X380 R 48 mT HEBR I 20 8s (an ¢
AL 0 28 1 XA ) LA R 3 S 4 AR A 380 1 ] I B i DX 4, A B G B R 9 R B — o s XU N SO R
BER)G;@ &G FD S0 R R 2 H LR Bl 1A WHR R -1 (fork A% Ul A2 LLZAE R T exit(E ).

3) W& RURESRE

WA fork, B4 2)3R [m] Iy, 1 FRARAS CRAF T 22 52 B 56 1, B LA ST B IEAT A 25 FCIRAS RS A4 RS
YURE AL fork I USEIR 2] fork Fr) kR 52 138 H R 73 2] SIGCHLD 1§ 5,78 SIGCHLD ) 48 2 o $h 2EATIR

RS YE W TR L O % G TR A GE FE AR UK £ 25 D B2 AR 5 45 A PR E R (S B BT
— AN HAR S B WA T A MR SR VR SR A 0, FRAT TV PRI A A U R L ) N R Y R A
AU, AR PRSI A PT R TR & 2. Q) B R FRNCAR & E 2 I 4R 5, T SR 43 B D, T 48 4 R IR A
T A OKFRAS AR IR A i GBI I SO B8 42 2 1R 2 S0A), 5 W2 FAIL FE2%8 1N — IR I A 8 e 2 v
REFRRET S S ER.G WHRA N OKHES T — K IIAR £ 5 (W B E I 7).

323 &

BT FRATT I SR R R A SR — SO A (RS £ a5, P 0 FR A 2 15 B, % R A2 23 0 4% B LIRS 5 i SR, TR AT
EYEPP AT E R D ckpt_init 2 :recover SN K E L FE; @ KKK & PR AEAE SO B BL(H
mmap 4Bt %5 (], ] mprotect 2048 BLARY RS, H read W SCHFE ), @ H#IAKEIZIKEHK,@ longjmp F
TRAEN setimp AL HENIR[EIEE O 143 3O AR 52 1K 5008 B v (M S0 3R (5 5 e LR B IR S 55 55:0
JIAJIA 15 (1) socket H1 JIAJIA Jid FRE Bz Tk E,© AT E [ AR5 555 I R 5k & sl gh )
AW —FF 3 AR I AN RS ) SRR 7 P ) 56 18D M sigalrm_handler 32 7] cpu RSP 52, 4k S E .

4 TEREEM

H T RS B % B 2] T R A, H BT JIACKPT #] LAz 477 Linux,Solaris 1 AIX #:1E R 48 b, A< 3l
IR LA Linux £24E RS 01LIRF 600 8 AT MK PC HLEE,AANTT A K CPU iy PIT-400, N 474 256M,IDE
fifi 4 1 AE R 400 Linux (RO RS 2.2.10). 55 /£ TH) F 100Mbps A2 4 LA 9 3% 3% 48 0358 Py, 8715 55 78 A o i 48540 s
R A A A SCR T B T B8 DSME AR AR R LA SE T RE e ok I R 4 1k g B 5ok | SPLASH2!
H¥] Water,Barnes Fl Lu,Rice K= Sor, BBt it 2 ¥ HL T 1) TAP18 IR R} B imy BEWELIT 1) SU2. L Water
JE K Ar FRUAR)T Barnes & R ARIZ B AHUFR T Lu & 5 KE 53 f#; Sor SR FH 328 VR A2 B 1205 A i #5443 7 75 1AP 18 2
18 2RI SU2 HEAT AR BR T B4 5.3 TAP18 Al SU2 J£ FORTRAN Fi /3 LLAN, Ho 4 #2 C R 7 4
T Sor R, FATIAR T W4 Rl AL,

4.1 TR

ﬁi 'ﬁ] /Tf Hﬂ ‘F ﬁ IZ[ ﬁ ﬂ% ﬂ_; 'ﬁ[\ @ é )f—i ?\ gﬁ [j/‘J ‘ﬁ ﬁﬁ : 77( TintervabSize):( Tcheckpoint_ Toriginal)/Toriginal>< 100%. /E\: EF‘ > Tinterval
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SR A RTINS, size DA I AR 45 AN R R A AR 3t il 22 100 1 280 KN, Toeekpoine. A HIAS 75 A0 2 B8 S5 12 PP 18
AT IS 18], Toriginan A AME PG 75 53 h BE I R SIS AT IS 18] 72 Tingervar A1 size (1708805 B O T A48 (10 T4, 1% 48
TN U 2R G RE LT B BEATURI A D0 A =0 I, T3 W ABORS: 75 AN S W SRR A AUAT

() I, Tingerval A1 size FEAN AR P> L 0T BEAT AN 7] (K9 ap( A1 A 50 A0 A6 Tt I A7 S5 P A o R 2 i RS ]
REXE /N T size. 7o &b, Un SRAE I HE i 05 3Bl 5 I 95 DU A7 90 307 20 28 w06 FE 1 IO S Wi AR A BT AN [7)), (ELIZ Y
A DS 2 e AR R T O SR SR AR B G A R S SRR IR 3R DAY I I %00 I A B 1 % b
AR I3

Tintervar (K] 5% Z8 — FBCAE 125 FECPRD 0 AN R P2 £ VL TR 9 1) 7388 9 00 S IR 22 ARG 78 o, AT 3 SRR B0
TR R T8 AT AT LA 4 52 [ A FH N L A0 7 SCRME R A size O AR
4.2 MRAERMODHF

2 AN TR R LB AT I 8] (Tingie) A S AR A A 25 k3 T BE IS 19 8 LI AT I 18] (Torgina))- 2 3 A
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Table 2 Program input size and run time of 1/8 nodes

F2 FPHBU RN 8 HLIZAT I i)

Program Scale Tsingle (S) Torginal (8)
Sorl 2048*2048, 1000 Iteration 352.2 58.8
Sor2 4096*4096, 1000 Iteration 1411.8 192.8

Lu 4096*4096 492.8 85.2
Water 1728 water molecule,20 steps 457.4 65.5
Barnes 16384 168.5 37.3
IAP18 72*46*18, 1 day 1046.1 306.0

SU2 8* *24, 10 Iteration 214.4 70.3

Table 3 Test results
Fz 3 MALR

Program Tinterval (S) Tcheckgoinl (S) Num Toverhead (S) Scheckgoinl (MB) n
10 72.2 6 2.2 7.6 22.8

Sorl 30 62.3 2 1.8 7.6 5.9
60 61.0 1 2.2 7.6 3.7
Sor2 30 218.9 7 3.7 11.8 13.5
60 204.0 3 3.7 11.8 5.8
LU 30 111.6 2 13.2 523 30.9
60 98.3 1 13.1 523 15.4

Water 10 72.0 6 1.1 4.4 9.9
30 67.4 2 1.0 4.4 2.9
Barnes 10 44.6 3 2.4 8.9 19.5
30 40.2 1 2.9 8.9 7.7
60 355.8 4 10.5 58.8 16.0

IAP18 120 331.9 2 12.9 58.8 8.5
30 76.9 2 33 13.3 9.4

Su2 60 73.4 1 3.1 13.3 4.4

M 3 T LA WU AR B — R 2 R, A — DT 10%, TERE IR 25 2 S (N T REFR A R k7R
23 ) /N T 1SMB. B, — /N T 5%, 26 SCHE /NI T A5 Bl 2 /N AE REAN G 7 S0 2R IR B 58.8MB(IAPI8), 7
(B S 16%. 1 Ba S K, i S AR JS A B 7 R I &t — U4 .

9T 53 AT REAN RS A A B TR TR, B AT TR T AE LR S SR B (L 4). 003 7 v A — AN R )P,
JeAE A7 mmap 43 CEL S (¥ SO RN K A5 TR BT A Ak ) 5 N SRR, P fsyne )20 72 A2 22 IRECT 3.3k
AT T 35 o RS A 5T 0 AR B /N SR I TR RS AR B AT 40O [ 0 W) ) TR A5 AR /S 24K A S se i ]
4.4AMB(water) I, V358 UK A5 mi 5 1. 1s, R[]0 RO LA CR A7 SCAF S5 TR RS it sk A 29 1.1-0.7=0.4s L 2 2211
S AR A2 T O BREASFT TT SO fsyne, B2IUE A7 B AR B S # LU FE 2R I 10)).@ A 2 i W) 17 45 55 8 ) () ]
L, Bt S 11 75 A AR AR — 50 (B 5 SCAR A0 ) ) A 470 T I 38 2 e A5 DR /0N T 386 KT 2 A 1 K. 3 T s PR Y 1%
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Table 4 File write speed of the disk

F 4RSS
S (MB) 1 2 3 4 5 6 7 8 9
(s 0.17 0.30 0.51 0.65 0.81 0.93 1.05 1.20 1.34
S (MB) 10 15 20 25 30 40 60 80
T (s) 1.50 2.24 2.87 3.72 4.45 5.82 8.78 11.73
BT ML 123 b 1 YK S R 5 A0, R0 R 50 4 L0 D5 2 A T FL K )i

ATHIREIP, 1 20l 1 IR AN 0 B Sk 0 18 O i) B8 4 A58 450 2 i O (0 I ) T8 o F L T 0.0 4k 3 vl LA
{)ﬁk//"i‘ﬁﬁmjﬂﬁlij(d\E@ﬁnﬁc?}d\‘ﬂ%lﬁ SR FEARGIERE.
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PgEFE Checkpointing 43 A LU 28 Hb A8 B A S FT I B AL T Plank 25 A1 libekpt!! O 38 FLIE A F AR
T mmap, &5 A AE VR ). 5 AR S T AR S ARBUE A S Angkul™2% A 7E TreadMarks™ 28 45 1S3 JL Al

checkpointing F{AR.E TR H LR ECARTERE 2 2080 1 K checkpoint I N HIF2 15 HRPRAT I 18] 745 43 31 A
(CCC)0.5%~4%,SCC(4%~100%) LA & ICC(3%~64%).JIACKPT 7£ 1 43%F 1 ¥ checkpoint I % & B F #2)7 ) [a]
TFE R0 1%~16%, FH T~ 199 2548 FH 119 I8 PR A0 ) 8 AN 5 4 AT [ AS g B 36 L AsE AN K 30mT B L, JTACKPT
A ICC/CCC P fE L 230 JTACKPT H i I SE LA ICC Ipedifn i i 3 i 4 ARk wk 2> checkpoint [958 /2.
AR R JTATIA Ph R PR T — & AR AL, 38— Pl b T — S 84 5. CCC A 47T barrier 5ifil checkpoint,
T 0 S S T AR S 5 — BUIR & 3K 45 77 V5, JTACKPT [ checkpoint A& H T barrier, {4145 & 19 R 3 2 KK 5 (f
barrier 1R /b 2 P —HEE ).

JIACKPT H i 22 SEIL T %) JIAJIA RS 1R IK 52, (E ML SE R 1 3E— 20 s BT JTATIA REEHT
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