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MO RONG MO HINH HOAT PONG CUA CAPE BANG CACH
SU DUNG MAY AO

D6 Xuan Huyén!, Ha Viét Hai>

1 Truong Dai hoc Khoa hoc, Dai hoc Hué, 77 Nguyén Hué, Hué, Viét Nam
2Truong Dai hoc Sw pham, Dai hoc Hué, 32 Lé Loi, Hué, Viét nam

Tom tit: Lép trinh song song d€ dap ting yéu cau vé t6c dd xtt ly cho cac bai todn doi hoi téc
dd cao da tré thanh tat yéu trong nhitng nam gan day, khi t8c d6 xung nhip cta mdi 16i CPU
da gan nhu khong tdng ntta. OpenMP, chudn 14p trinh song song cho cac kién trtc st dung
b6 nhd chia sé vi vy cang duoc stt dung réng rai cung véi sy phd cap cta cac bd vi xi 1y da
16i. CAPE (Checkpointing Aided Parallel Execution) 1a hudéng ti€p can d€ mo rong OpenMP
cho kién triic bd nhé phan tan. Céc phan tich ly thuyét cling nhw cac két qua thuc nghiém da
chting minh duoc la CAPE c¢6 kha nang cung cdp hiéu ndng hoat ddng cao cling nhu kha néng
twong thich hoan toan véi chudn OpenMP. Bai viét nay danh gid hiéu nang hoat dong ctia
CAPE khi mo rong mo hinh hoat déng cia CAPE trén mang may tinh st dung bo vi xtt ly da
16i theo hudng st dung md hinh da tién trinh trén mdi nt tinh todn bang cach st dung may
ao.

T khoa: CAPE, Checkpointing Aided Parallel Execution, OpenMP, Tinh toan song song,
Tinh toan phan tan, Tinh toan hiéu nang cao, HPC

1 Mo dau

1.1  OpenMP

OpenMP la mot API cung cap mot muee trivu tuong hoa cao d€ viét cac chuong trinh song
song. N6 bao gom mét tap cac bién moi treong, cac chi thi va ham, duoc xay dung dé hd tro viéc
dé dang bién mot chuwong trinh tuan tw trén ngdn ngtt co s¢ la C/C++ hodc Fortran thanh mot
chuong trinh song song theo mo hinh da luong.

Do str dung cdu truc co sé la ludng (thread), mdc nhién mé hinh bo nhé cia OpenMP la b
nhd chia s¢, trong d6 khong gian nhé dwgc stt dung chung gifta cac ludng. Da c6 nhiéu nd luc d&
cai dat OpenMP trén cac kién tric sit dung bd nhé phéan tan nhung chua c6 phuong 4n nao thanh
cong trén ca hai mat la twong thich hoan toan vé6i chuan OpenMP va c6 hiéu nang cao. Nhiing
phuong an ndi bat nhat c6 thé ké dén la st dung SSI 1; SCASH 2; sit dung md hinh RC 3; bién
dich thanh MPI 4,5; st dung Global Array 6; Cluster OpenMP 7. Cluster OpenMP la san phdm

thuong mai ctia Intel ciing doi hdi phai st dung thém céc chi thi riéng ctia né (khdng nam trong
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chuén OpenMP) trong mot s6 treong hop va vi vay, nd cing chua cung cap duwoc mot cai dat

treong thich hoan toan v6i OpenMP.

2 CAPE

CAPE 8 duoc phat trién voi muc tiéu duwa OpenMP 1én hé thong st dung bd nhé phan tan,
dién hinh la cluster, lwéi va dam may. CAPE st dung don vi song song co so la tién trinh
(process), thay cho luéng nhu trong OpenMP nguyén ban d€ cé thé van hanh trén cac hé thong
stt dung b6 nhé phan tan. M6 hinh bd nhé duoc st dung chinh 1a m6 hinh bd nhé chia sé dong
bo tré, voi khung nhin riéng ctia cac tién trinh chinh la b nhé cuc bd cta tién trinh, va viéc dong
bd duoc thue hién qua cac co ché ngam dinh cting nhw cai dat cac chi thi dong bd. Doi véi mo
hinh hoat dong, trong CAPE tdt ca cac nhiém vu quan trong nhét cia md hinh fork-join ctia
OpenMP déu dugc cai dgt mot cach tw dong dwa trén ky thuat chup anh tién trinh, bao goém viéc
phan chia cong viéc cho cac tién trinh, trich rut két qua thuc hién trén cac tién trinh phu va cap

nhat két qua vao khong gian nhé cua tién trinh chinh.

CAPE duoc trién khai trén hé thdng mang theo m6 hinh Chinh-Phu (Master-Slave). Trong
dé nat chinh (Master) dong vai tro nhu luéng chinh trong md hinh hoat dong OpenMP va cac
nut phu (Slave/nat tinh toan) dam nhéan vai tro cua cac ludng tinh toan. Theo dd, nit chinh thuc
hién cac phan ma ctia ludng chinh, phan chia cong viéc cho cac luéng phu va chira két qua thuc
hién duoc ctia tat ca cac luong sau khi thwe hién xong khéi ma song song. Chi tiét vé mo hinh
trién khai ctia CAPE xin tham khao tai 9. CAPE da dwoc phat trién va cai dat ban dau dé thuc
hién duoc cac chi thi song song OpenMP nhu parallel for, parallel section. Cac phan tich ly thuyét
cting nhu s6 liéu thuc nghiém da chiing minh duoc tinh hiéu ndng cua CAPE, véi hé so tang toc
do dugc ndm trong khoang 75% dén 90% so véi hé s8 gia téng t&i da ly thuyét va xdp xi bang 90%
MPI 810.

Tuy nhién, véi mo hinh hoat dong hién tai cia CAPE thi tai mdi ntit tinh todn chi c6 mot
tién trinh thuc hién cac cau lénh ctia chuong trinh ing dung. Hon nita, tién trinh nay cting chi la
mot tién trinh tuan tw cht khong phai da luéng. Do d6 tai mdi nit tinh todn 1dc dd, cac cau 1énh
cua chwong trinh tng dung duwoc thuc hién mét cach tuan tu. Diéu nay co thé thay ro khi quan
sat biéu d6 do dac cac thong sd van hanh ctia hé thong khi dang chay CAPE, nhu trong Hinh 1.,
biéu dién ty 16 hoat dong ctia cac 16i CPU tai mot nat tinh toan trang bi CPU 4 16i. Qua biéu d6 c6
thé dé dang nhan thay c6 su luan phién st dung gifta cac 16i CPU nhung tai mdi thoi diém chi c6
mot 16i CPU duoc khai thac chinh, hét cong suat, trong khi cac 16i khac hau nhu khong hoat dong.
Nhu vay, tai nguyén tinh toan ctia hé thong con dang bi lang phi va khai thac ching mot cach
hiéu qua co thé lam giam thoi gian thuc hién chwong trinh, tic la tdng duoc hiéu suat hoat dong

cua no.

160



jos.hueuni.edu.vn Tap 127, S6 24,2018

CPU History

60 seconds 50 40 0 20 10 0
[ cru1 3,0% I cru2 0,0% [ cru3 2,9% [ crPu4 100,0%
[ crus 0,0% I crus 2,0% [ cru7 0,0% [ crus 3,9%

Hinh 1. Ty 1& hoat dong cta 16i tai cac nut tinh toan khi chay mét tién trinh

3  Gidi phdp mé rong mo hinh hoat dong cia CAPE trén mang may tinh da
1oi

Viéc khai thac kha nang cua cac b xi ly da 16i trong CAPE c6 thé dwgc tién hanh ca 6 nut

chinh va cac nit phu. Trong pham vi cia bai bao nay, chi c6 cac nit phu duoc xem xét.

Theo md hinh hoat dong hién thoi ciia CAPE, tai cac viing song song, mdi nut phu duwoc
giao mot phéan cong viéc cua doan ma song song va thuee hién trén mot tién trinh duy nhat. Chinh
diéu nay dan dén viéc hau nhu chi c6 mot 16i CPU la dwoc st dung véi ty 1é cao, con cac 16i khac

thi ¢ trang thai nghi.

D¢ tang duoc hiéu sudt cua chwong trinh, rd rang trong khoang thoi gian thuc hién tinh
todn ¢ cac nut phuy, can song song hda cac doan ma nay, titc la phai tim cach d€ c6 da tién trinh
hoic da ludng thuc hién. Chung t6i da stt dung da tién trinh trén mdi nat phu bang cach cho thuc
hién song song nhiéu [an chwong trinh ting dung trén mdi nat, mdi Ian thuc hién sé dugc chay
trong mot tién trinh ddc 1ap, c6 s6 hiéu khac nhau va dwgc phan mét phan cong viéc khac nhau
cta doan ma tinh toan song song. Giai phap nay da dwoc ching t6i cai dat thit nghiém 9, véi
cluster gom cac may tinh trang bi CPU Intel Core i3 (2 16i x 2 siéu phan luéng), tdc d6 3.5GHz,
RAM 4GB, chay hé diéu hanh Ubuntu 14.04, két ndi bang mang Ethernet t8c d6 100Mb/s (méy
thuc). Cac thir nghiém da cho két qua tdc tang tdc dugc gan gap doi khi cho chay 2 tién trinh Gng
dung dong thoi trén mdi nat tinh toan. Day 1a mot két qua rat tot va hop ly vé mat hiéu nang.
Tuy nhién, giai phdp nay gdp phai van dé vé tinh én dinh. S6 liéu thuc nghiém cho thay tinh
huéng c4c tranh chap vé mit tai nguyén va IP ctia hé thdng trén cac ntt tinh toan dan dén ding
hé thong lén dén dén gan 30% truong hop thit nghiém.

Dé khac phuc tinh hudng cac tranh chap vé mat tai nguyén va IP ctia hé thong, chiing toi
da si dung nhiéu may ao trén modi nut phu, mdi mdy ao chay mot tién trinh ctia doan ma tinh

toan song song. Day cling la ndi dung chinh ctia bai bao nay.
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4 St dung da tién trinh trén cac nit tinh toan bang cach st dung may ao
41 Nguyén tac

May 4o (Virtual Machine) la mét phan mém mo phong mét hé thong may tinh. Mdy ao
chay trén hé diéu hanh hién tai - hé diéu hanh chu va cung cdp phan ciing ao t6i hé diéu hanh
khach. D6i v6i nhitng hé diéu hanh khéch, may 4o lai hién dién nhw mot cd mady vat ly thuc su.
Ta c6 thé cai dat nhiéu may 4o 1én cung mot mday thuc va cho ching chay dong thoi, voi cac

chuwong trinh khéc nhau duwoc chay trén mdi may ao.

Y twong khoi dau ctia giai phap st dung da tién trinh trén cdc nat tinh todn bang cach st
dung mady 4o xudt phét tir van dé twong tranh gitta cac tién trinh trong giai phap st dung da tién
trinh trén moéi nit phu néi trén. Van dé nay xay ra do cac tién trinh chay trén ciing mot may (vat
ly) nén c6 chung mot dia chi IP. Khi chuyén qua st dung cac may ao, trinh tng dung cua nguoi
dung va trinh theo ddi dugc cai dét va thuc hién trén mot mdy ao, va ¢6 nhiéu may ao nhu vay
duoc cai dat va van hanh song song trén mdi mady vat ly cua cac nut phu. Nho tinh chat doc 1ap
ctia cdc may &o, dit ¢ cling chay trén mot may tinh thi mdi mdy ao van cé thé c6 dia chi IP riéng,
do d6 nguy co xung dot gitta cac tién trinh do tranh chap IP duoc giai quyét.

Hinh 2. trinh bay mé hinh cua giai phap nay, v6i 1 niat chinh thuc hién tién trinh chinh
trén mdy thuc va 2 nat phy, moi ntt st dung 2 may ao, mdi may ao thuc hién 1 tién trinh ctia

chwong trinh tng dung.

Node phu 1 Node chinh Node phu 2
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Hinh 2. M6 hinh st dung nhiéu mdy ao trén mdi ntit phu
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4.2  Cach thic cai dat

Chung toi da cai dat giai phap nay véi may ao KVM (Kernel-based Virtual Machine) la mot
mdy ao hoa day du cho Linux trén nén tang phan ctéing x86. KVM cung cadp mét kién tric ao hda
can ban va mot module xt ly chuyén biét. Trinh quan tri KVM cho phép thuc hién nhiéu may ao
trén ciing mot mdy tinh vat 1y, trong d6 mdi mdy c6 mot dia chi IP khac nhau va diéu nay 1a rat
hitu hiéu cho viéc cdu hinh CAPE. Nho kha nang nay ma ta cé thé dé dang chay nhiéu tién trinh
ctla ngroi dung trén mdi nut phu ma khong bi cac xung dot vé IP. Thuc t€ viéc cai dat kha dé
dang, chi can cai dat CAPE va trinh ting dung trén mét mdy 4o, sau d6 nhan ban né thanh nhiéu
ban trén cung mot may. Cong viéc con lai chi la viét lai Trinh phan phoi d€ cdu hinh CAPE trén
cac may ao nay.

Dudi day 1a vi du vé ma ctia Trinh phan ph6i duoc viét lai d€ thay cho ma ban dau ¢ 9. Hé thong
bao gom mot may dong vai tro ctia nut chinh, hai may khac dong vai tro ctia cac nat tinh toan,

moi may chay 2 may ao.

#!'bin/sh
folder=/home/hahai/cape2/cdv9
prog=mulmt

num_nodes=4
master=172.16.1.1
nodela=172.16.1.20

6a. nodelb=172.16.1.24

7. node2a=172.16.1.52

7a. node2a=172.16.1.60

8. ${folder}/dbpf -f ${folder}/${prog} -a ${master} -k
${num_nodes} -c ${master} -0 0 &

9. ssh ${nodela} ${folder}/dbpf -f ${folder}/${prg}
-a ${master} -k ${num_nodes} -0 1 &

9a.  ssh ${nodelb} ${folder}/dbpf -f ${folder}/${prg}
-a ${master} -k ${num_nodes} -0 2 &

10.  ssh ${node2a} ${folder}/dbpf -f ${folder}/${prg}
-a ${master} -k ${num_nodes} -0 3 &

10a. ssh ${node2b} ${folder}/dbpf -f ${folder}/${prg}
-a ${master} -k ${num_nodes} -0 4 &

11.  exit0

AL o

Hinh. 3. Trinh phan phéi vé6i cdc may 4o

Céc thay doi trong ma trén bao gom:
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- Dong 4: duoc chinh stra d€ c6 4 tién trinh phu trén 4 may ao;

- Dong 6: duoc chinh stra twong ting voi IP ciia may ao dau tién trén node 1;

- Dong 6a: m¢t nhan ban ctia dong 6 va dia chi IP twong ting vdi may ao thit 2 trén node
1;

- Dong 7 va 7a: teong tie dong 6 va 6a nhung ap dung cho node phu thit 2;

- Dong 9: duoc stra d6i d€ tham chiéu dén mdy ao la ctia node phu thtt 1;

- Dong 9a: mdt nhan ban cua dong 9 nhung chi s6 tién trinh la 2 va tham chiéu téi node
1b, IP ctia mdy 4o thit 2 trén node 1. Nhuw vy, trén node vat ly th tht 1, ¢6 2 Tan trinh
tng dung dwgc thuce hién, tiée la ¢d 2 tién trinh véi chi s6 khac nhau dwgc tao cho doan
ma song song;

- Dong 10 va 10b: dwoc xtt ly trwong tu nhw véi dong 9 va 9a, ¢6 chi s tién trinh [an luot la
3vad.

4.3 Panh gia hiéu ning cta giai phap

Chung t6i thue hién viéc danh gid giai phap nay trén mot Cluster cac may tinh d€ ban c6
CPU Intel Core i3, 2 16i x 2 hyperthread (dwgc tinh nhu 4 16i), n6i mang Ethernet 100 Mb/s. Day
la mot cdu hinh khé pho dung hién nay ¢ cac truong dai hoc.

Danh gia ty 1é sit dung CPU

Vé kha nang khai thac cac 16i trén hé thong may tinh da 16i, chiing t6i thu duoc két qua
twong tw nhu vdéi truong hop st dung da tién trinh trén mdy thwe da gidi thiéu trong muc 2.
Trong do, ty 1é khai thac 4 16i ctia CPU 1a 100% khi stt dung 4 may ao trén mdi ntt vat Iy va 50%
trong treong hop stt dung 2 mdy 4o. Biéu d6 do ty 1é st dung duoc chup anh va trinh bay lan

lwot trong

Hinh 4. va

Hinh 5. . Ly do cho viéc chon thtr nghiém véi 2 va 4 mdy 4o trén mdi mdy tinh la dé twong
tng véi cdu hinh CPU 2 16i x 2 siéu phan ludng, nhw vay chi c¢6 thé chay song song that sw cho 2

x 2 tién trinh.

CPU History

100%

60 seconds ") I ) 2 10 0

B cPut 100,0% I cru2 100,0% I cpu3 100,0% B cPus 100,0%

Hinh 4. Ty 1é khai thac cac 16i khi chay 4 may ao
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CPU History

100% 1

0% = : — = : : :
60 seconds. 50 4 30 0 L °

B crut 16,7% Bl cru2 16,8% I crPu3 100,0% Il cru4 100,0%

Hinh 5. Ty 1€ khai thac cac 16i khi chay 2 may ao

Panh gia hiéu nang thuc hién chuong trinh

D¢ danh gia giai phdp nay vé mat hiéu nang, chung toi da thit nghiém trén bai toan nhan
ma tran voi kich thiedc ma tran la 6000x6000, st dung 21 nat vat ly (1 nat chinh va 20 nat phu),
s0 lwong mdy ao trén mdi nat phu bién thién véi cac gia tri 1, 2 va 4. Thoi gian thuc hién dugc so
sanh véi giai phdp CAPE hién tai, ttc la chay tién trinh trén may thuc. Bi€u d6 so sanh cac thoi
gian chay dugc trinh bay trén Hinh 6. trong d6 nhém 0 twong Gng véi truong hop chay 1 tién
trinh trén may thuc. Theo nguyén ly hoat ddong chung cua CAPE, céc s0 liéu tuong tw ciing c6 thé
thu duoc khi thtr nghiém cho céc bai toan ¢é chira vong 1ap for 16n ¢6 thé song song hda véi cau
trac parallel for ciia OpenMP.

Nhu biéu d6 thé hién, mac du CPU lam viéc nhiéu hon, két qua vé mat hiéu ning la khong
nhu mong doi, thoi gian thue hién trong treong hop st dung may 4o luén 16n hon thoi gian khi
stt dung mdy thuc (vat ly). Ngay ca trong trueong hop t&t nhat 1a st dung 2 mdy ao trén moi ntt
phy, thoi gian trén nat phy va nat chinh tang 1én khoang 3 dén 4 lan. Diéu nay la két qua ctia chi
phi cia may ao 1én thoi gian thyc hién va trong truong hop nay, chi phi nay 1a 16n hon nhiéu so
v6i 1oi ich thu lai khi chay nhiéu tién trinh cua cta trinh tng dung trén cac may ao nay. Do d6,
cang stt dung nhiéu may ao thi cac chuong trinh cang chay cham lai, dan dén su suy giam hiéu
nang.

350
300

250

2
1 | Master
Inslave
1
50 I
0 ”HH
0 1 2 4

Sé may do

o =3
o =3

Thoi gian thue hién
8

Hinh 6. Thoi gian thuc hién chwong trinh véi s6 may ao khac nhau

165



D6 Xuan Huyén va Ha Viét Hai Tap 127,S6 24,2018

D€ kiém chiing lai viéc giam hiéu nang ctia hé thong khi sit dung mdy ao chung toi da thi
nghiém chay mot chuong trinh tuan tw nhan hai ma tran kich thuéc 6000x6000 viét bang ngon
ngtr C chay trén mdt mdy tinh cai hé diéu hanh Ubuntu 14.04, mdy a0 KVM, c¢6 cau hinh CPU
Core i7, 416i x 2 hyperthread (dwoc tinh nhu 8 16i), RAM 8 GB ¢6 cai cac may ao vdi cac kich ban
khac nhau dé€ kiém chiing: kich ban chay chuong trinh trén may thue, trén may 1 may ao st dung
ca 816i CPU, chay trén 2 va 4 may ao mdi may ao st dung 2 16i CPU, chay trén 6 vao 8 mdy ao st
dung mdi mdy 4o 01 16i CPU, dung luong RAM duoc phan déu cho cac may do. D& don gian
trong viéc thit nghiém 6 kich ban st dung nhiéu mdy ao véi chuong trinh duoc 1ap trinh tuan tw,
ching t6i chay dong thoi chwong trinh nhan ma tréan kich thude 6000x6000 & cac mdy ao. Vi du:
Truong hop chay 2 may 4o néu thoi gian chay trén mdi may ao twong dwong véi mdy thuc thi c6
nghia da tang tdc duoc khoang gap doi. Két qua thuc nghiém véi s6 liéu nhu 6 Bang 1. cho thay
viéc stt dung may ao ludén lam giam t6c d¢ thuc hién chwong trinh va mic d6 suy giam trong
treong hop nay kha 16n. D6i véi truong hop t6t nhét la sit dung 4 mdy ao thi mire do suy giam
cling téi khoang 1.8 Ian, trong khi d6 CPU van thuong xuyén st dung t3i da 100% cong suat ctia
4 16i va c6 sy luan phién str dung cac 16i CPU theo thoi gian, nhw thé hién ¢ Hinh 7. .

CPU History

TR (YAVEN—.

¥y om

[ crut 2,0% [ cPu2 100,0% [l CPU3 0,0% CPU4 100,0%
I crus 2,0% I crus 4,0% [ cru7 100,0% [ CPU8 100,0%

Hinh 7. Trang théi sit dung CPU khi chay chuong trinh trén 4 may ao

Bang 1. Két qua thuc nghiém mutc 6 giam hiéu ning khi stt dung may ao

. Kich . .. Téng thoi % suy giam
S0 may ] Tong thoi gian thuc . s L L,
, thuwdc o . gian/so lwong | hiéu nang so Ghi cha
ao R hién chwong trinh i L,
ma tran may v6i may thuc
0 6000 954 954 0% | May thuc
1 6000 4,542 4,542 476% | 01 may ao
2 6000 5,172 2,586 271% | 02 may ao
4 6000 6,829 1,707 179% | 04 may ao
6 6000 10,715 1,786 187% | 06 may ao
8 6000 21,755 2,719 285% | 08 may ao
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44 Danh gia wu diém va nhugc di€m caa giai phap

Twong ty nhu véi giai phap st dung da tién trinh trén mdy thuc, wu diém noi bat ctua giai
phép nay la tinh don gian, hau nhu ma chuong trinh déu dwoc gitt nguyén (trtr chinh stra trong
Trinh phan phdi). Tat nhién la giai phdp nay cé phtec tap hon do phai c6 thém mot budc la cai
dat va stt dung cac may 4o, tuy nhién viéc nay khong c6 van dé gi vé mat ky thuat, chi can sw
dung mot ky thuat may ao sén cé. Uu diém thir 2 1a & mdi tién trinh duoc cai dit trén mdi may
40 ¢ IP khac nhau nén tranh duoc xung d6t va cac 16i gy ra do xung dot, mot 16i thuong xay ra

trong giai phap sit dung nhiéu tién trinh trén cac mdy thuec.

Tuy nhién, nhuwgc diém 16n cta giai phap nay la n6 lam tang thoi gian thye hién cia chuwong
trinh ch khong la lam giam nhu ky vong. Diéu nay lam cho giai phap khong cd y nghia gi khi
xét vé mdt hiéu nang, tixc la khéng c6 y nghia gi cho viéc nang cao hiéu suat hoat déng ctia hé

thdng.

5  Kétluin va huéng phat trién

Bai bdo nay dé xudt y tuong va thuc hién cai dit thte nghiém danh gia hiéu nang trién khai
CAPE theo huéng stz dung da tién trinh/da ludng trén cac hé thdng may tinh da 16i bang cach st
dung may ao. Két qua thuc nghiém giai phap duoc trinh bay cu thé trong muc 3, hoat dong khong
c6 161, khai thac dwoc ty 1& lam viéc ctia CPU cao, nhung lai gidm hiéu nang hoat dong khi so
sanh voi treong hop trién khai trén may thuc, do chi phi cia mdy 4o 16n hon phi phi khac thac
t01 da ty 1€ lam viéc ctia CPU. D€ khai thac t6t hon cac b vi xtt ly da 161, thay vi mo rong mé hinh
hoat ddng theo hudng da tién trinh bang céch st dung cac méy ao nhu trén, ching t6i dinh huéng
sé st dung da ludng trén mdi nt tinh toan. Theo nhan dinh ban dau, st dung da ludng sé gitp
song song hda cac doan ma tinh todn nhung tranh duoc cac 16i dung d6 vé IP cua giai phép st
dung da tién trinh trén mdy thuc cling nhw khong gdp phai van dé suy giam hiéu suat do stt dung
cac mdy 4o. Tuy nhién, d€ thuc hién duoc viéc nay thi phai nang cdp trinh checkpointer cia CAPE
d€ theo doi duoc cac tién trinh da luéng. Day la mot viéc c6 thé thuc hién duwoc nhung rat phikc
tap, doi hoi nhiéu thoi gian va cong stc. Trong thoi gian tdi, chung toi sé tap trung nghién ctru

phat trién CAPE theo hudng nay.
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Abstract. Parallel programming to meet the increasing demand for more computing power
and higher processing speed, as the clock speed of each CPU core has not increased. OpenMP,
the parallel programming standard for shared memory architecture, is widely used. CAPE
(Checkpointing Aided Parallel Execution) is an approach to extend OpenMP for distributed
memory architecture. Theoretical demonstrations and experiments have proved that CAPE
has potential competence to become a fully compliance and high-performance implement of
OpenMP for distributed-memory systems. This article evaluates the performance of CAPE
when extending CAPE's execution model on a multi-core processor-based computer network
using virtual machine.
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