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TOM TAT

Ngay nay, giai thuat di truyén dugc st dung phé bién trong nhiéu nganh nhu tin sinh hoc, khoa hoc
may tinh, tri tué nhan tao, tai chinh... Gidi thuat di truyén dugc dp dung nham tao ra I5i gidi chat
lugng cao cho cac bai todn téi uu phic tap trong cac nganh trén. Ba cé nhiéu nghién clu dua trén
kién tric phan ciing mai dugc dé nghi véi muc dich tang téc do thuc thi gidi thuat di truyén cang
nhanh cang tét. Mot s6 nghién cliu dé xuat cac gidi thuat di truyén song song trén cac hé théng
¢ bo xtr ly da nhan (multicore CPU) va/hodc ¢ cac bd xtt ly do hoa (Graphics Processing Unit -
GPU). Tuy nhién, rat it gidi phap dé xudt gidi thuat di truyén co thé dugc chay trén cac hé théng
c6 st dung cac bo déng xt ly (co-processor) mai Intel Xeon Phi (Intel Xeon Phi cé kién tric Many
Intergrated Core (MIC)). Vi ly do d6, chiing toi dé xuat va phat trién gidi phap hién thuc gidi thuat di
truyén trén kién trdc MIC cla Intel Xeon Phi. Nghién citu nay sé trinh bay cac tiép can song song
giai thuat di truyén trén mot va nhiéu bo déng xt ly Intel Xeon Phi theo cac phuong phap gém:
(i) m& hinh [ap trinh Intel Xeon Phi dang Offload va Native; va (i) m6 hinh két hop MPI va OpenMP.
Gidi thuat di truyén dé xuét dé tim lich t6i uu cho bai toan lap lich clia cdc méy &o lén cac maéy vat
ly v&i muc tiéu toi uu nang luong tiéu thu. Cac két qua danh gia bang mé phong cho thay tinh kha
thi clia viéc hién thuc giai thuat di truyén trén moét hodc phan bé trén nhiéu Intel Xeon Phi. Gidi
thuat di truyén trén mot hay phan bé trén nhiéu Intel Xeon Phi ludn cho két qua vé thai gian thuc
thi giai thuat nhanh hon thuc thi giai thuat tuan tu va kha nang tim ra l&i gidi t6t hon néu st dung
nhiéu Intel Xeon Phi hon. Két qua nghién ctu nay cé thé duoc ép dung cho cac meta-heuristic
khéac nhu tim ki€ém TABU, Ant Colony Optimization.
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GIGI THIEU

Trong nhiing ndm gain déy, sy phét trién manh mé
cta linh vyc Tinh Toan Hiéu Nang Cao (High-
Performance Compting - HPC) véi su xudt hién ctia
cac siéu mdy tinh cdu hinh manh c6 t6¢ d6 tinh toan
rdt cao. Hau hét cac siéu mdy tinh déu tdn dung stic
manh cta cac bg xi ly trung tdm (CPU) da nhéan
(multicore), thiét bi gia t6c (accelerator) ching han b
xt ly D6 hoa (Graphics Processing Unit - GPU) hodc
bo dong xti 1y (co-processor) Intel Xeon Phi! . Hau
hét cac nha nghién ctiu va cac lap trinh vién thuc thi
cac ting dung ctia ho trén cac hé¢ théng dung CPU da
nhén va/hoic trang bi thém cdc GPU? . Hién tai, c6 it
ung dung chay trén cic hé thong dugc trang bi phan
cting méi la bd dong xti ly Intel Xeon Phi c6 kién truc
Many Intergrated Core (MIC). Cac hé thong siéu may
tinh hang dau dugc trang bi bo dong xti Iy Intel Xeon
Phi khd nhiéu: Tiane-2 (MilkyWay-2), Thunder, cas-
cade, SuperMUC.... Hé qua 1a khdng c6 nhiéu ting
dung c6 thé chay dugc trén cac hé théng siéu méy tinh
nhu Tiane-2 (MilkyWay-2), Thunder, cascade, Super-
MUC nay néi chung; va ddc biét1a SuperNode-XP - hé

thong tinh todn hiéu ning cao gdm 24 nut tinh todn
manh trang bi cic bo dong xu ly Intel Xeon Phi tai
truong Dai hoc Bach khoa, PHQG-HCM ndi riéng
bdi vi hé thong SuperNode-XP nay sti dung bo dong
xti ly Intel Xeon Phi. Piéu nay dan dén viéc rat kho dé
tan dung hoan toan stic manh tinh todn cua cac siéu
mady tinh. Do vay, ddng co cho nghién ctiu nay nhim
hién thuyc va ddnh gid hiéu ning ctia meta-heuristic
(vi du: gidi thuét di truyén, giai thuat tim kiém TABU,
Ant Colony Optimization, ...) trén cic hé thong tinh
toan hiéu nang cao c6 trang bi cic bo dong xti ly Intel
Xeon Phila cin thi€t va cap bach. Giai thuat di truyén
(Genetic Algorithm - GA) 1a mot giai thudt c6 khai
lugng tinh todn 16n nhung c6 thé song song hda dat
hiéu sudt cao. V6i muc tiéu tim théy 15i gidi t6t nhét
va gidm thoi gian thyc thi cac giai thuét di truyén, bo
dong xti ly Intel Xeon Phi hoac GPU thudng dugc su
dung dé dat dugc muc dich dé.

Bai bdo nay sé trinh bay téng két két qua nghién ctiu
song song hoéa giai thuat di truyén trén mot va nhiéu
bo dong xtt 1y Intel Xeon Phi. Phuong phép ctia ching
toi stt dung: (i) mo hinh két hgp MPI va OpenMP; va

Trich dan bai bdo nay: Quang Hung N, Anh TG T N, Nam T. Cac tiép can song song cuia gidi thuat di
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ca (ii) hai m6 hinh OpenMP dang native va offload dé
song song hoéa gidi thuat di truyén (GA) 1én cic nut
tinh todn hiéu nang cao (HPC) c¢6 st dung mot hay
nhiéu by dong xu ly Intel Xeon Phi. Dya vao cong
nhiém vu trén cic qua trinh MPI va cac thread cta
OpenMP trén Intel Xeon Phi. Thuc hién ctia ching toi
da thit nghiém trén hé théng 50-TFlops Supernode-
XP, 13 cum ctia céc nut tinh todn hiéu ning cao (mdi
nit gobm CPU da nhan va hai (x2) by dong xti ly Intel
Xeon Phi Knights Corner (KNC) véi 2x61 16i = 122
16i). Két qua mo phong cua céc giai thuét cho thiy
giai thuét di truyén dugc dé xuét thuc thi trén 2 Intel
Xeon Phi (122 16i) giam thoi gian thuc hién dang ké
s0 v6i GA tuln tu va cho két qua tim ra 16i gidi nhanh
hon so véi chi dung 1 bo dong xtt 1y Intel Xeon Phi
(61 16i). Khéc véi nghién ctiu trugc? da cong bd chi
hién thyc giai thuat di truyén theo moé hinh Offload
cta Intel Xeon Phi, bai bao nay trinh bay hién thyc
gidi thuét di truyén trén moé hinh Native va moé hinh
phén b6 trén nhiéu KNC. Két qua so sanh ca ba mo
hinh Offload, Native va phan bé dugc danh gid trén
cung tap di liéu.

Phén con lai ctia bai bdo dugc t6 chiic nhu sau. Trong
phén Kién thic co s6 va cic nghién ctiu lién quan,
ching t6i thao ludn vé cac cong trinh lién quan dén
nghién ciiu nay, va gi6i thiéu mot s6 kién thic co
ban nhu kién triac MIC, by doéng xi ly Intel Xeon
Phi, 13p trinh trén Intel Xeon Phi. Chi tiét vé trién
khai giai thuat di truyén trén Intel Xeon Phi theo cac
md hinh song song khac nhau dugc trinh bay & phan
Phuong phéap dé€ xuit. Trong phin Két qua nghién
ctiu, chung t6i trinh bay cic két qua dédnh gia bang
md phong cho céc gidi thuét di truyén trén KNC véi
cac md hinh song song khéac nhau. Tiép theo l1a phin
Thao ludn va phan Két luin & muc cudi.

KIEN THUC CO SG VA CAC NGHIEN
CUU LIEN QUAN

Kién tric Many Integrated Core (MIC) va In-
tel Xeon Phi

Tu phuong dién ctia m§t ngudi lap trinh, am hiéu vé
kién triic MIC? 1a mot diéu hét stic can thiét dé c6 thé
khai thdc t6i da hiéu sudt ctia Intel Xeon Phi. Trong
bai bao nay, nhiing két qua thuc nghiém do dac danh
gid hiéu nang dugc thyc hién trén hé théng c6 1ap dit
Intel Xeon Phi Knights Corner (KNC). KNC c6 chtia
6116i (CPU core) va cac bo diéu khién bo nhd ( Mem-
ory Controllers ), ching dugc két néi v6i nhau thong
qua bus dang ring dugc goi 1a Core Ring Interconnect
(CRI) (Hinh 1). KNC ¢6 b6 nhé cache hai muc (two-
level cache). Cache level 1 c6 32KB, level 2 c6 512KB
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la viing nhé dugc danh riéng cho méi core. Ngoai ra,
con c6 vung nhé chung tit 6GB dén 16GB dugc két
ndi thong qua bus dang ring (Hinh 1), bing thong bo
nhd c6 thé dat dugc khoang 350 GB/s. Bén canh do
kién tric NUMA (non-uniform memory access) ctia
KNC ciing 1a mét diéu dang dugc quan tdm, do do
dam bdo tinh cyc bo v€ dii liéu trong ting dung bét
ct khi ndo c6 thé vi thdi gian truy cap bd nhé gitia
cac cores phu thudc vao khoéng cach gitia ching. Toc
d6 ctia mbi core dao dong trong khoang 1.0 dén 1.5
GHz (CPU c6 tin s6 rat cao tit 2 GHz dén 4 GHz)
trong KNC. KNC c¢6 khoang 61 cores, KNL (Knights
Landing), Intel Xeon Phi thé hé thi hai c6 khoang 72
cores. Trong méi core, ngudilap trinh cé thékich hoat
1én t6i 4 hardware threads, va khoang 244 threads méi
card Xeon Phi. Ngoai ra sy ton tai clia cc vector units
(512-bit vector registers) cling giup gia ting déng ké
toc do thuc thi chuong trinh. KNC cho phép ta thuc
hién cdc phép tinh SIMD trén 16 s6 d6 chinh xdc don
va 8 s6 d§ chinh xdc kép. KNC dugc két néi thong qua
c6ng PCle t6¢ do cao va dugc diéu phéi bsi CPU. Véi
tt cd nhiing dic diém ky thuat dugc dé cip ¢ bén trén
vé bd nhd, core, vector units cia KNG, hiéu suat cao
nhdt vé mit ly thuyét (theoretical peak performance)
6 thé dat dugc la khoang 1200 GFLOPS (giga float-
ing point operation per second) d¢ chinh xdc kép va
2400 GFLOPS d6 chinh xdc don. Mot node tinh toan
6 thé trang bj, ldp dit nhiéu card KNC tao nén mot
nut tinh todn c6 hiéu suét cao.

Hinh 1: Kién tric cia KNC.

Lap trinh trén Intel Xeon Phi

Viéc lap trinh trén thiét bi dong xu ly (coprocessor)
Intel Xeon Phi dugc danh gid 1a khd dé so v6ilap trinh
GPU ctia NVIDIA théng qua CUDA (Compute Uni-
fied Device Architecture) bdi vi phan code dugc chay
trén CPU va Intel Xeon Phi la gin nhu giéng nhau
hoan toan. Trong mot nut tinh toan, ¢ hai moé hinh
lap trinh dugc st dung phd bién d¢ 1a: native va of-
fload (Hinh 2). Cac ting dung offload sé dugc khoi
chay trén host CPU, sau d6 giao ti€p d€ thuc hién qud
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trinh tinh todn trén coprocessor. Trong khi do6 cac
tng dung native dugc chay trén Xeon Phi mét cach
tryc tiép ma khong cin phai thong qua CPU.

1
!
HOST | HOST
1
1
!
XEON PHI [E{<I-X0 M | XEON PHI
Offload Model ' Native Model

Hinh 2: M6 hinh lap trinh trén Intel Xeon Phi.

OpenMP

OpenMP (Open Multi-Processing) 6 dugc chon sit
dung d€ song song hod chuong trinh, thay vi nhiing
framework hodc 1a thu vién khdc nhu Intel Cilk or
TBB vi tinh don gian va dé st dung . OpenMP 1a mét
khung phan mém hudéng tinh todn danh cho mé hinh
lap trinh bo nhé chung (shared memory). OpenMP
¢6 rit nhiéu chi thi (directives) c6 thé dugc st dung
dé song song hod code theo nhiéu huéng khac nhau.
Tuy nhién, ching ta chi cAn ndm rd mot vai chi thi la
c6 théhoan toan phat huy hét tiém nang ctia cc cores,
va vector register trén Intel Xeon Phi nhu: #pragma
omp parallel , #pragma omp simd , #pragma omp
for .

Su phan bé cac threads vao cac cores trén
Intel Xeon Phi:

DéE tan dung kha ning tinh todn ctia Intel Xeon Phi,
tat ca cac threads phai dugc st dung. Tuy nhién, cic
threads c6 thé di chuyén (migrate) gitia cc cores, diéu
d6 phu thudc vao quyét dinh dinh thoi ctia hé diéu
hanh. Diéu nay dan t6i sy suy gidm déng ké vé mit
hiéu suét, nguyén nhan 13 vi cac threads sau khi da di
chuyén (migration) phai ldy data tit trong cache cta
core cii sang core méGi. Trong cac ky thuat t6i uu cho
Intel Xeon Phi, c6 mot ky thuét goi la thread affin-
ity. Ky thuét nay c6 thé gidp ta han ché su di chuyén
ctia céc thread béng cdch ciu hinh bién moi truong
KMP_AFFINITY vao cic mode nhu: scatter, com-
pact, va cac mode khdc. Trong d6 scatter va compact
14 hai mode thudng hay dugc stt dung. DE€ hiéu ro
hon vé thread affinity & 2 mode compact and scatter,
ching ta sé tham khao vi du sau day. Gia st chung
ta c6 60 threads cin gan vao hé thong c6 60 cores,
méi core c6 thé chay 4 threads cling 1 luc. O ché do
compact cc threads sé dugc dit gdn nhau nhat c6 thé,
do d6 cédc threads dugc danh s6 tit 0 dén 59 sé dugc

gan vao 15 cores ddu tién. Con trong ché do scatter,
cic threads sé dugc dit xa nhau nhat c¢6 thé, do d6 60
threads sé dugc phan b6 déu vao 60 cores.

Giai thuat di truyén

Gidi thuat di truyén (GA) dugc stt dung dé tim 16 giai
toi uu toan cuc cho nhiéu ting dung ky thuat va khoa
hoc trudc day. Giai thuét di truyén ciing dugc stt dung
dé giai quyét cac van dé khic nhau trong khoa hoc
va ky thuat” . Theo nghién cliu clia Arenas va cong
sy, c6 nhiéu nghién ctiu di thit nghiém gidi thuat di
truyén cho nhiéu bai toan khac nhau c6 st dung mot
hay nhiéu thiét bi GPU. Nghién ctu ctia Einkemmer?
6 gang tim mot thiét ké tdi uu cho canh may bay. Tuy
nhién, day la mot van dé t6i uu héa phi tuyén va cac
thuét todn t6i uu hoa truyén théng khong hiéu qua.
Céc téc gia cho rang giai thut 6 thé dugc song song
héa t6t va né ¢ thé dugc hudng lgi dang ké ti cac
phén cting GPU hodc Intel Xeon Phi.

Mbt 6 nghién cu® ! gan day st dung gidi thuat di
truyén cho bai todn 1ap lich cac cong viéc, bai todn lap
lich may a0!? trén méi trudng dién todn dam may.
Nghién cttu ctia Pinel va cong sy 10 dé xudt giai phap
giai thuét di truyén song song (Parallel Cellular Ge-
netic Algorithm) trén GPU dé€ giai quyét cic bai toan
lap lich rét 16n cac cong viéc doc lap. Nghién ctu
khac? ciing hién thyc giai thuat di truyén trén GPU
cho bai todn phan bé méy a0 1én cic may vat ly hudng
muc tiéu toi thiéu ning lugng tiéu thu ctia cdc may vat
1y, cac tac gia da dat dugc chuong trinh thuc thi nhanh
va loi giai tot hon khi stt dung GPU so véi CPU. Bai
nghién ctiu nay sé trinh bay két qua tong két nghién
ctiu va hién thuc giai thuat di truyén cho bd dong xu
1y Intel Xeon Phi theo m6 hinh Offload va gidi thuét
di truyén phén bé trén nhiéu by dong xti Iy Intel Xeon
Phi sti dung MPI + OpenMP.

Modt nghién ctiu gin day '* phat trién thu vién pyMIC-
DL tuong ty NumPy !4, pyMIC-DL la mét thu vién
cho Hoc sau (Deep learning), trén bd dong xt ly In-
tel Xeon Phi KNC. Panh gia cho thdy khi thuc thi
chuong trinh Hoc Sau trén pyMIC-DL c6 hiéu nang
cao hon (tinh theo GFLOPS) so vé6i dung thu vién
NumPy trén bo xt Iy da 161 (Multicore CPU).

PHUONG PHAP DE XUAT

Chung t6i sé trinh bay ba (03) giai thuat di truyén song
song theo mo hinh Intel Xeon Phi Native, Offload va
Distributed trén cac by dong xu ly Intel Xeon Phi.

Giai thuat GAMIC (Offload): GAMIC (Offload) 1a
giai thuat di truyén theo mé hinh Intel Xeon Phi Of-
fload. Gidi thuat 1 trinh bay ma gia cho giai thuat di
truyén theo moé hinh Intel Xeon Phi Offloading, ky
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hiéu: GAMIC (Offload) . Giai thudit GAMIC (Of-
fload) dugc dé xudt thuc thi: khéi tao nhiém sic thé,
danh gia thé luc, trao d6i chéo, dot bién va chon loc
chay trén mot (1) bo dong xti 1y Intel Xeon Phi (KNC).
B nhé trén KNC chi dugc phan bé di liéu mot 1an
va téi stt dung nhiéu lan d€ giam d¢ tré, giam tai (luu
dit liéu). Hon niia, d€ giam thai gian truy cap b nho
chinh két qua chi dugc ghi trd lai bo nhé chinh ctia
host khi qua trinh tinh toan két thuc (két qua trung
gian sé khong dugc luu trit hodc ghi lai vao bo nhé
chinh ctia host).

Giai thuat 1 : Giai thuat GAMIC (Offload)

Input: N - number of generations, D - dataset of vir-
tual machines and physical machines, M — number of
KNC threads

Output: None

1: Initialize some populations of chromosomes with
random values in the search space

2: exe_time = omp_get_wtime()

3: #pragma offload target(mic) free_if(0) { 4: for some
N generations do

/I Call Crossover »Ham 3

5: crossover(NSToffspring);

/I Call Evaluation »Ham 2

6: evaluation(NSToffspring,
startList, endList);

/I Call Selection »Ham 5

7: selection(NSToffspring, fitness_offspring);
/I Call Mutation »Ham 4

8: mutation(NSToffspring);

/! Call Evaluation »Ham 2

9: evaluation(NSToffspring,
startList, endList);

10: selection(NSToffspring, fitness_offspring);

11: end for } 12: Memory Deallocation on KNC
13: texe = omp_get_wtime() - exe_time

fitness_offspring,

fitness_offspring,

14: Write the best fitness value, texe to output file
Giai thuat 2 : Gidi thuat GAMIC (Native)

Input: N - number of generations, D - dataset of vir-
tual machines and physical machines, M - number of
KNC threads

Output: None

1: Initialize some populations of chromosomes with
random values in the search space

2: exe_time = omp_get_wtime()

3: #pragma omp parallel for simd 4: for some N gen-
erations do

/I Call Crossover »Ham 3

5: crossover(NSToffspring);

/I Call Evaluation »Ham 2

6: evaluation(NSToffspring,
startList, endList);

fitness_offspring,
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/1 Call Selection »Ham 5

7: selection(NSToffspring, fitness_offspring);
//  Call Mutation »Ham 4

8: mutation(NSToffspring);

/! Call Evaluation »Ham 2

9: evaluation(NSToffspring,
startList, endList);

10: selection(NSToffspring, fitness_offspring);
11: end for 13: Memory Deallocation on KNC
14: texe = omp_get_wtime() — exe_time

fitness_offspring,

15: Write the best fitness value, texe to output file
Giai thuat GAMIC (Native): Giai thuat GAMIC (Na-
tive) 1a giai thuat di truyén dugc thiét ké va hién
thuc theo moé hinh Intel Xeon Phi Native. Ma gia
cuta giai thuat GAMIC (Native) dugc trinh bay trong
Giai thuit 2. GAMIC (Native) vé co ban tuong tu
GAMIC (Offload) chi khac 1a trong tit ca ham di
truyén (Crossover, Evaluation, Selection, Mutation)
viéc song song hoa céc vong lap dugc thuc hién bing
OpenMP # pragma omp parallel for simd va toan bd
chuong trinh GAMIC (Native) (k€ ca dii liéu cho viéc
tinh todn) déu chay trén mét (01) bo dong xti Iy Intel
Xeon Phi.

Gidi thuat GAMIC (Distributed): Giai thuat
GAMIC_distributed 1a gidi thuit di truyén dugc
thiét k& va hién thuc theo moé hinh phan b6 trén cic
bod dong xu ly Intel Xeon Phi (KNCs). Ching to6i
trinh bay ma gia cho giai thuat di truyén phan tdn
(GAMIC_distributed) dugc dé xudt 1én cac bd dong
xt ly Intel Xeon Phi (KNC), va cac by dong xti 1y Intel
Xeon Phi c6 thé giao tiép v6i nhau qua mang t6¢ do
cao InfiniBand téc d6 cao 48 Gb/s, trong Giai thuat
3. GAMIC_distributed goi tht tuc GA_Evolution()
va cac ham di truyén khéc (Crossover, Evaluation,
Selection, Mutation). Cac ham gom khdéi tao nhiém
sic thé, danh gia vé fitness, lai chéo, dot bién va lua
chon sé dugc thuc hién trén KNC. Dt liéu tai 1én bo
nhé ctia KNC chi dugc ghi mot 14n va dugc st dung
lai nhiéu 1an dé gidm do tré va gidm tai (con giti lai di
liéu). Hon nita, d€ tranh mét thoi gian chuyén di liéu
ra bo nhé chinh (ngoai host), két qua chi dugc tai trg
lai bd nhé chinh khi tht tuc tinh todn trén KNC két
thic; két qua trung gian sé khoéng dugc luu tri hodc
ghi 1én bd nhd chinh ctia may vat ly. Trén KNC, song
song vé dii liéu (data parallelism) sé dugc thuc hién
trén tat ca cac tdc vu danh gia (evaluation), lai chéo
(crossover), dot bién (mutation), Ivta chon (selection)
bang cdch st dung céc chi thi ctia OpenMP. Tao ra
céc s6 ngau nhién la mot chiic ning chinh trong GA,
nhung ham rand() khéong thé thuc thi song song,
diéu nay khién chuong trinh cyc ky chim, thim chi
chém hon giai thuét di truyén tuin ty (SGA) 3 . Giai
thuét di truyén tudn ty (SGA) la giai thuat di truyén
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tuong tu GAMIC (Offload) chi dugc thuc thi trén 1
16i (1 CPU core hay 1 MIC core). Ham rand() khong
dugc reentrant hodc thread-safe , vi né st dung trang
thai 4n dugc stia d6i trén méi 1an goi ham rand() > .
Chung t6i ¢6 ging giai quyét vin dé nay bang cich
stt dung Irand48() '® , mat khac, phién ban GPU st
dung CUDA thu vién curand.h d€ giai quyét n6°.
Dé t6i vu hda ma, giai thudt GAMIC_distributed st
dung céc chi thi OpenMP pragma dé thyc hién nhim
tan dung loi thé cta kién triac MIC. Khi chung téi lap
trinh vdi Intel Xeon Phi, d€ t6i da hda hiéu suat, dic
biét 1a trong KNC, ching tdi con diing cac ky thuit
1énh song song SIMD ching han nhu céc 1énh vector
héa (st dung # pragma omp simd ), d€ tin dung lgi
thé ctia thanh ghi vector 512-bit, da ludng (st dung
# pragma omp parallel hoic # pragma omp for ), d€
sti dung t6i da 61 161, 4 ludng trén mobi 16i va cudi cling
1a by nha, d€ t6i da hiéu sudt chuong trinh trén KNC.
Chung t6i trinh bay ma gia cia ham GA_Evolution
va cac ham evaluation, crossover, mutation, selection
bén dudi. Ching t6i thém mot s6 chi thi dugc dé cap
6 trén da st dung trong cac ham trén.
Giai thuat 3 : Giai thuit GAMIC (Distributed)
Input: N - number of generations, D - dataset of vir-
tual machines and physical machines, M - number of
KNC threads
Output: None
1: Initialize some populations of chromosomes with
random values in the search space
2: Call MPI Init()
3: Call MPI Comm rank(MPI COMM WORLD,
&rank)
4: Call MPI Comm size(MPI COMM WORLD,
&nproc)
5: exe_time = omp_get_wtime();

for (some test) do
6: Call GA_Evolution(generation)
7: Call MPI_Gather(&best_sol, 1, MPI FLOAT, so-
lutions, 1, MPI FLOAT, MASTER, MPI COMM
WORLD)
8: if (rank == MASTER) then
9: Choose the best solutions among nodes and write
to file
10: end if
11: texe = omp_get_wtime() — exe_time;
12: end for
13: Call MPI_Finallize()
14: Write the best fitness, texe to output file
Ham 1: void GA_Evolution(int N)
Input: N - number of generations, D - dataset of vir-
tual machines and physical machines, M - number of
KNC threads, P - number of MPI processes

Output: None

1: Initialize some clones using # pragma omp parallel
for simd

2: for (int i =0 ; ijsizePop*ntasks ; i++) do

3: NSToffspring[i] = mangNST[i];

4: end for

5: Call MPL_Init()

6: Using # pragma omp parallel for simd to create
list of events (starting, ending) of tasks

7: Call evaluation for parents

8: Cloning the fitness array fitnesses of offspring using
(# pragma omp parallel for simd )

9: for (g=0; g <N; g++) {

10: crossover(NSToffspring);

11: evaluation(NSToffspring, fitness_offspring,
startList, endList);

12: selection(NSToffspring, fitness_offspring);

13: mutation(NSToffspring);

14: evaluation(NSToffspring, fitness_offspring,
startList, endList);

15: selection(NSToffspring, fitness_offspring);

16: }

17: Write the best fitness value to file

Ham 2 : void evaluation (int *nst, float* fitness, int*
eventStartList, int* eventEndList)

Input: nst — array of chromosomes, fitness — array of
fitnesses, eventStartList — pointer for VM’s start event
list, eventEndList - pointer for VM’s end event list.
Output: None

1: #pragma omp parallel for

2: for (i = 0; i <sizePop; i++ ) {

3: Calculate fitness of a chromosome. See the
flowchart below (Hinh 3).

4:}

Ham 3 : void crossover(int* NSToffspring)
Input: NSToffspring — array of offsprings
Output: None

1: #pragma omp parallel for

2: for (i=0 ; i<sizePop ; i++){

3: int cross_point = my_parallel_rand(0, 0.5 *
ntasks);

4: int neighbor = my_parallel_rand(0, sizePop - 1 );
5: if ( neighbor ==1) { neighbor = (i+1)%sizePop; }
6: #pragma omp simd

7: for (p =0; p < ntasks/2 - 1; p++) {

8:  NSToffspring[i*ntasks+cross_point+p] =
mang_NST[neighbor*ntasks + cross_point + pJ;
9:}

10: }

Ham 4 : void mutation ( int* NSToffspring)

Input : NSToffspring - array of offsprings

Output : None
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1: #pragma omp parallel for simd

2: for (int i = 0; i < ntasks*sizePop; i++) {

3: if (((float)lrand48() / RAND_MAX) < rateMutan)
{

4: NSToffspringli] =
chine -1);

5:}}

Ham 5 : void selection(int* NSToffspring, float* fit-
ness_offspring)

my_parallel_rand(0, numMa-

Input: NSToffspring - array of offsprings, n - length
of C, fitness_offspring - array of fitness of offsprings
Output: None

/] reset rankings

1: #pragma omp parallel for simd
2: for(i= 0; i < 2*sizePop; i++) {

3: rankings[i] = i; }

/I copy key sort

4: float keySort[2*sizePop];

5: #pragma omp parallel for simd
6: for(i= 0; i < sizePop; i++) {  keySort[i] =
mang_fitness[i]; keySort[i+sizePop] = fit-
ness_offspring[i]; }

/I sort rankings[]by key

7: sort_by_key_greater(keySort, 2*sizePop, rank-
ings);

/I move top NST

8: int temNST[sizePop*ntasks];

9: #pragma omp parallel for

10: for (i =0; i< sizePop ; i++) {

11: // copy to temNST

12: if ( rankings[i] < sizePop) {

13: #pragma omp simd

14: for (p = 0; p<ntasks; p++) {

15: temNST[i * ntasks + pl
= mang NST[rankings[i]*ntasks +p [;

16: }

17: } else {

18: #pragma omp simd

19: for (p = 0; p<ntasks; p++) {

20: temNST[i * ntasks + p] = NSToffspring [ (rank-
ings[i] - sizePop) *ntasks + pJ; }

21:}

22:}

/I copy to parentsNST

23: #pragma omp parallel for simd
24: for (i = 0; i < sizePop*ntasks; i++) {
25: mang_NST(i] = temNST[i];

26: NSToffspring[i] = temNST[i]; }

27: /] copy to parents fitness

28: #pragma omp parallel for simd
29: for (i =0 ; i< sizePop ; i++) {

30: mang_fitness[i] = keySort[i];
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31: fitness_oftspring][i] = keySort[i];

32:}

Ham evaluation() dugc goi dé dédnh gia fitness cua
tiing nhiém sic thé (NST) trong méng NST, cong
thiic tinh fitness ciia mdi NST phu thudc vao bai todn.
Trong phdn mo phong véi bai toan lap lich méy éo 1én
cac may vat ly v6i muc tiéu ning lugng tiéu thu cac
may vat ly nho nhat thi ham tinh fitness dugc trinh
bay nhu trong ham 2. Chi dan OpenMP la #pragma
omp parallel for dugc dung d€ song song vong lip
danh gia toan bo mang NST, méi thread ctia KNC sé
danh gid mot NST (mbi KNC ¢4 tii 61 thread dén 244
thread) , moéi thread ctia mo hinh OpenMP thuc hién
tinh todn cho mdi NST nhu luu d6 tai Hinh 3, cic
thead thyc thi song song trén KNC.

Dé tao ra quin thé con mai, ham crossover() 1a buéde
tiép theo ctia su tién hoa. Ham crossover la qua trinh
chon hai nhiém sic thé (NST) ngiu nhién d¢€ tao
thanh hai cai NST mdi. Chi thi OpenMP la #pragma
omp parallel for dugc dung dé thuc thi vong lap song
song trén cac thread ciia KNC (m6i KNC ¢4 tit 61
thread dén 244 thread). Mot NST sé giao v6i NST
khéc dugc chon ngiu nhién cing véi diém chéo boi
mot vi tri dugce chi dinh. Sau d6 hai doan ctia hai NST
cha me sé dugc trao d6i d€ tao ra hai nhiing cai méi
béng cach cat phan tii vi tri d€ ghép chéo vdi nhau.
Chi thi OpenMP la #pragma omp simd (Iénh vec-
torization ciia KNC) dugc stt dung d€ ddy nhanh qué
trinh trao d6i cac doan nay.

Ham mutation() thi khi diéu kién dét bién théa man
thi chon 1 vi tri theo theo s6 ngau nhién tii 0 dén (N
- 1) dé thuc hién dot bién. O bai toan lap lich méay
0 thi N 13 t6ng s6 s6 mdy 4o c4n gan lén cac may vét
ly. Ham mutation c6 thdi gian thuc thi ngdn va chi
thi OpenMP la #pragma omp parallel for ciing dugc
dung.

Ham selection() thi sdp xép (sorting) méng nhiém séic
thé (NST) theo gid tri fitness gidm dan. Qua trinh sip
xép nay diing cach sip xép (sorting) song song ! trén
céc thread ctia KNC.

KET QUA NGHIEN CUU

Méi truong

Moi trudng danh gid cac giai thuat di truyén gom
GAMIC (Native), GAMIC (Offload) va GAMIC (Dis-
tributed) nhu trong Hinh 4.

Két qua nghién cuu

Két quad nghién ctiu danh gid ba (03) gidi thuét
di truyén gébm GAMIC (Native), GAMIC (Offload)
va GAMIC (Distributed) dugc trinh bay trong cac
Bang 1 va 2 va Hinh 6 . V&i kich thudc quan thé (pop-
ulation size) cang 16n thi thoi gian thyc thi cta cac
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Tinh luéng
chisdi

4

Tao power[]. mips[].
cores|]. times[]

power[]: cong sudt mdi may

mips[]. cores[]: mips. core mdi

Fitness[i] = 0

may da dung

times[]: thoi diém cudi ma mdi
méy c6 mot sy kign

\_/—

Sai

Tinh tong nang lugng.
Tinh Fitness[i]

Két thic

La syrkién
ket thic

Kiém tra cie tiéu
chi giéi han (mips.
56 core,...) thoa

man?

Tgo startPtr, endPtr

startPtr. endPtr: con tro cho 2
danh sach cac sy kién (startList,
endList)

J

endPur != Null?

La sukién
bat dau

Kiém tra céc tiéu
chi giGi han (mips,
50 core....) thoa

Ping man?

- Cép nhit power(],
times[]. mips[].
cores|] cho viée gan
méy 4o - mdy dya trén
danh siach sy kién.

Fitness[i] = -1

endPtr= endPtr->next

endPtr = endPtr->next

- Céip nhét power[],

Fitess[i] =-1

iy startPtr = startPtr->next
sur kién.

startPtr = startPtr->next

l [

Hinh 3: Luu d6 kiém tra va tinh toan lugng gia cia cac nhiém sic thé.

Codename
Model
Microarchitecture
Clock frequency
Memory Size

CPU
Intel Xeon ES-2680V3
Sandy Bridge EP
250/3.30 GHz
128 GB

C
Intel Xeon Phi 7120P
Intel Many Intergrated Core
124/133 GHz
16 GB

Cache 30.0 MB SmartCache 30.5MB L2
Max Memory Bandwidth iB/s 352 GB/s
Core/Threads 12/24 61/244

Hinh 4: Cau hinh phan ciing CPU va b déng xi
ly Intel Xeon Phi (KNC).

giai thuat di truyén cang 16n. Bang 1 la thai gian thuc
thi ctia cac giai thuat di truyén gom GAMIC (Native),
GAMIC (Offload) va GAMIC (Distributed), trong d6
bai todn lap lich véi kich thudc dau vao 1a N = 500
may a0 x M = 500 may vatly, s6 thé hé 1a 500 (Hinh 5).
Bang 2 1a thai gian thuc thi ctia cdc giai thuét di truyén
gém GAMIC (Native), GAMIC (Offload) va GAMIC
(Distributed), trong d6 bai toan lap lich véi kich thude
dau vao 1a N = 1000 mdy 40 x M = 1000 may vat ly, s6
thé& hé la 500 (Hinh 6). Tap di liéu cho cdc mdy 4o va

cdc may vét ly c6 thé download tai URL: https:/cutt.l
y/peLEoEQ.

Giai thuét di truyén GAMIC_Distributed c6 thoi gian
thuc thi (execution time) phu thudc vao thoi gian tinh
toan (compute time) va thoi gian giao tiép (commu-
nication time), thoi gian giao tiép phu thudc vao s6
lugng KNC tham gia vao qua trinh tinh toan. Khi
ca hai KNC trén cing mdt mdy vét ly thi thoi gian
giao ti€p rat nho. Thai gian thuc thi gdn tuong duong
ctia cac giai thuat di truyén gébm GAMIC (Native),
GAMIC (Offload) va GAMIC (Distributed) trong hai
Bang 1 va Bang 2.

THAO LUAN

Tu cac két qua tha nghiém & trén (Muc Két qua
nghién ctiu), néu kich thudc bai toan nho va khoi
lugng tinh toan it thi gidi thuat di truyén song song
theo co ché Native (GAMIC_native) dé xuat thuc thi
hoan toan trén mot (01) MIC c6 61 16i va bo nhG 16GB
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Bang 1: Thai gian thuc thi ctia cac gidi thuat di truyén GAMIC (Native), GAMIC (Offload) va GAMIC (Distributed)
cho bai toan lap lich c6 kich thuéc 500 may ao va 500 may vat ly

Kich GA serial  GAMIC_native GAMIC_offload GAMIC_distributed (1 CPU + 2 MIC)
thude (Dung 1 nhan (1 MIC) (1 CPU + 1
quén thé trong MIC) MIC)

Compute Communication Execution

time time time
200 31,68 1,23 1,23 1,47 0,00042 1,47
400 63,77 2,31 2,16 2,22 0,00012 2,22
600 95,89 3,21 3,08 3,16 0,00011 3,16
800 127,37 4,10 4,21 4,06 0,00008 4,06
1000 159,72 5,10 5,18 5,03 0,00021 5,03
1200 190,70 5,62 5,88 5,72 0,00015 5,72
1400 223,53 6,76 7,13 6,71 0,00031 6,71
1600 255,34 7,46 7,88 7,58 0,00018 7,58
1800 287,41 8,53 9,30 8,83 0,00009 8,83
2000 319,34 9,74 9,68 9,84 0,00026 9,84

Ghi chi: mét (01) MIC la mét (01) KNC.

Bang 2: Thai gian thuc thi (don vi: gidy) cia cac gidi thuat di truyén GAMIC (Native), GAMIC (Offload) va GAMIC
(Distributed) cho bai toan lap lich c6 kich thuéc 1000 may ao va 1000 may vat ly

Kich thuéc  GAMIC_native (1 GAMIC_ offload (I  GAMIC_distributed (1 CPU + 2 MIC)

quén thé MIC) (Ponvi: gidy) CPU + 1 MIC) (Pon
vi: gidy)
Thoi gian  Thoi gian giao  Thoi gian thuc
tinh  toan ti€p (Pon vi: thi (Pon vi
(Pon  vi:  giay) giay)
gidy)
200 2,17 2,18 2,24 0,000291 2,24
400 3,96 3,89 4,17 0,000105 4,17
600 5,66 6,30 5,80 0,000328 5,80
800 7,78 7,99 7,63 0,000101 7,63
1000 9,66 9,07 9,58 0,000013 9,58
1200 10,81 11,77 10,46 0,000263 10,46
1400 13,01 13,21 12,85 0,000056 12,85
1600 14,78 14,60 14,89 0,000014 14,89
1800 16,08 17,42 16,33 0,000143 16,33
2000 17,70 20,20 19,09 0,000019 19,09
2200 20,12 20,42 19,70 0,000433 19,70
2400 24,53 22,02 23,05 0,000013 23,05

Ghi cht: mot (01) MIC la mot (01) KNC.
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Thi gian thy thi (Bon vi: gidy)
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Hinh 5: Thoi gian thuc thi cia cac giai thuat
di truyén GAMIC (Native), GAMIC (Offload) va
GAMIC (Distributed) cho tap dif liéu 500 may ao
va 500 mady vat ly.

Théi gian thye thi (Pon vi: gidy)

Ther glan thy thi (Bon vi: gidy)
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Hinh 6: Thoi gian thuc thi chia cac giadi thuat
di truyén GAMIC (Native), GAMIC (Offload) va
GAMIC (Distributed) cho tap dixliéu 1000 may ao
va 1000 may vat ly.

sé nhanh hon giai thuat di truyén song song theo céc
co ché khéc la Offload (GAMIC_oftload) dé xuét trén
cung 1 KNC, va m6 hinh két hgp MPI va OpenMP
(GAMIC _ distributed) trén hai (02) KNC vdi 122 16i.
Do gi6i han vé€ by nhé 16 GB cua thiét bi MIC nén
khi kich thudc bai toan 16n hon 1000 va kich thuée
quan thé16n tu 2400 thi gidi thuat GAMIC_native c6
thai gian thuc thi 16n hon so vé6i hai giai thuat khac
la GAMIC_offload va GAMIC_distributed st dung
mot (01) CPU va hai (02) MIC. Giai thuét di truyén
GAMIC _ distributed nay c6 thdi gian thuc thi (execu-
tion time) phu thudc vao thai gian tinh toan (compute
time) va thoi gian giao tiép (communication time)
trinh bay trong Bang 1 va Bang 2 . Thoi gian giao tiép
phu thudc vao s6 lugng KNC tham gia vao qua trinh
tinh toan. Khi ca hai KNC trén cung mot may vat ly
thi thoi gian giao ti€p rat nho. Thoi gian thuc thi gan
tuong duong ctia cac giai thuat di truyén gom GAMIC
(Native), GAMIC (Offload) va GAMIC (Distributed).
Giai thuét di truyén phan b6 GAMIC_distributed c6
xac sudt tim thdy 10i gidi cao hon cac giai thuat khéc.
Khi kich thuéc quan thé nho (ti 200 dén 800), khong
phai lac nao cac giai thuat di truyén theo mo hinh Na-
tive va Offload ciing tim thdy 16i gidi va khong tim
th&y néu kich thudc quan thé nho dudi 200. Két qua

tim thdy gid tri t6t nhat 6n dinh & giai thuét di truyén
GAMIC_distributed.

KET LUAN

T6ng két, chung t6i da dé xudt cic mo hinh Native, Of-
fload, va phan b6 cho giai thuat di truyén trén bo déng
xt ly Intel Xeon Phi (KNC). M6 hinh Native la dé lap
trinh. M6 hinh Offload nay nén dung cho nhiing hé
thdng c6 b xt ly (CPU) yéu, két hop véi bo dong xu
1y Intel Xeon Phi (KNC) d€ ting tdc tinh todn ctia giai
thuat. Mo hinh phén bg (Distributed) thi c6 thoi gian
thuc thi chuong trinh 1a t6ng thoi gian tinh todn cta
CPU hay KNC ch4m nhdt cong véi thoi gian giao tiép,
nhung bl lai m6 hinh phén bé nay cho xac sudt tim
dugc nghiém cao hon 2 model kia (Native va Offload)
v6i gidi thuat di truyén cho bai todn 14p lich may ao.
Viéc stt dung 1ap trinh MPI lai d6i xting (symmetric)
va OpenMP d¢€ giam thoi gian thuc hién dang ké so
v6i chuong trinh tudn ty. Céac két qua thd vi. Ngoai
ra, MPI lai d6i xting va OpenMP dugc dé€ xudt c6 thé
stt dung cum mdy chtt HPC ¢6 nhiéu mdy chti ¢6 cac
bd dong xti 1y Intel Xeon Phi dé tra vé mét gidi phap
tot hon so v6i GAMIC (Native) va GAMIC (Offload).
Véi kich thudce bai toan cé dii liéu dau vao 16n ching
toi dé xudt st dung moé hinh phén b6 diing MPI lai d6i
xting véi OpenMP tuong tu giai thuat GAMIC (Dis-
tributed) dugc dé xudt trong bai bdo nay. M& rong,
két qua nghién cttu nay c6 thé ép dung cho cic meta-
heuristic khac nhu giai thuat tim kiém TABU, t6i uu
dan kién (Ant Colony Optimization).

LOI CAM ON

Nghién ctiu dugc tai trg bsi Pai hoc Qudc Gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuon khé
dé tai ma s6 dé tai C2017-20-09.

DANH MUC CAC TU VIET TAT

CPU: Central Processing Unit (B0 xt ly)

GA: Genetic Algorithm (Giai thuat di truyén)
GPU: Graphic Processing Unit (B¢ xt ly d6 hoa)
HPC: High Performance Computing (Tinh todn
hiéu nang cao)

KNC: Intel Xeon Phi Knights Corner ©
xit Iy KNC)

KNL: Knights Landing (B6 d6ng xtt ly KNL)

MIC: Many Integrated Core (Nhiéu nhén tich hop)
PATS: Power Aware Task Scheduling (Bai toan lap
lich cong viéc nhén biét nang lugng)

XUNG POT LO1 iCH

Nhom téc gid xin cam doan rang khong c6 bat ky xung

(Bo dong

dot loi ich nao trong cong bé bai bao.
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PONG GOP CUA CACTACGIA

Nguyén Quang Hung va Thoai Nam tham gia vao viéc

dua ra y tudng viét bai, thu thap di liéu, va viét bai

béo.
Tran Ngoc Anh Tu tham gia viét chuong trinh, danh
gid két qua, thu thap di liéu, va viét bai bao.
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ABSTRACT

Today, genetic algorithms are widely used in many fields such as bioinformatics, computer science,
artificial intelligence, finance ... Genetic algorithms are applied to create high quality solutions for
complex optimization problems in the above industries. There have been many studies based on
the proposed new hardware architecture that aims to speed up the execution of genetic algo-
rithms as quickly as possible. Some studies suggest parallel genetic algorithms on systems with
multicore CPUs and / or graphics processing units (GPUs). However, very few solutions propose a
genetic algorithm that can be run on systems that use the new Intel Xeon Phi co-processor (Intel
Many-Integrated Core (MIC) architecture). For that reason, we propose and develop the study of
the genetic algorithm on high-performance computing systems with Intel Xeon Phi co-processors.
This study will present the results of parallel approaches of genetic algorithm on one and more
Intel Xeon Phi co-processors by the following methods: (i) Intel Xeon Phi programming model Of-
fload and Native; and (ii) a combined model of MPI and OpenMP. The proposed genetic algorithm
can find the optimal schedule for the energy-efficient scheduling problem of virtual machines on
physical machines with the goal of minimization total energy consumption. The results of the sim-
ulations show the feasibility of implementing a genetic algorithm on one or many Intel Xeon Phi.
Genetic algorithm on one or more distributed Intel Xeon Phi always results in faster algorithm ex-
ecution time than sequential genetic algorithm and the ability to find better solutions using more
Intel Xeon Phi. This research result can be applied to other meta-heuristic like TABU search, Ant
Colony Optimization.
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	Kết quả nghiên cứu

	THẢO LUẬN
	KẾT LUẬN
	LỜI CẢM ƠN
	DANH MỤC CÁC TỪ VIẾT TẮT
	XUNG ĐỘT LỢI ÍCH
	ĐÓNG GÓP CỦA CÁC TÁC GIẢ
	References


