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LOI CAM POAN
Téi xin cam doan dé tai nghién ciru trong ludn van nay la céng trinh
nghién cuu cua toi dwa trén nhitng tai liéu, 6 liéu do chinh t6i tw tim hiéu va
nghién ciru. Chinh vi vdy, cdc két qua nghién ciru dam bdo trung thuc va khdach
quan nhat. Pong thoi, két qua nay chwa timg xudt hién trong bat cir mét nghién
ciru ndo. Cdc s6 liéu, két qua néu trong ludn van la trung thwe néu sai t6i hoan

chiu trach nhiém.
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LOI CAM ON
T6i xin chan thanh cam on Khoa Cong nghé thong tin va Vién thong —
Hoc Vién Khoa hoc va Cong ngh¢ da tao diéu kién thuan loi cho toi thuc hién
dé tai t6t nghiép nay.
Dic biét, xin bay t6 1ong biét on sdu sic dén thay TS. Ngd Hai Anh da
truc tiép hudng din va gitp d& t6i trong sudt qua trinh thyc hién luan vian.

Cam on quy thiy c6 Khoa trong Cong nghé thong tin va Vién thong,
cung vé6i cac thiy cd, ban Lanh dao, phong Pao tao, cac phong chirc ning cia
Hoc vién Khoa hoc va Cong nghé tan tinh gidang day va truyén dat kién thuc

sudt khoa hoc.

Sau cung, t61 ndi 161 cam on dén cac anh chi em, ban bé dong nghiép

trong cling gia dinh da gitp d&, dong godp ¥ kién dé 61 hoan thanh luan vin nay.

Mic du d3 c¢6 nhiéu cb ging song trong pham vi va kha niang cho phép
chic hin s& kho tranh khoi nhiing thiéu sot. Mong tiép tuc nhan duoc sy cam

thong, gop y dé xay dung dé tai hoan thién hon.
Tran trong cam on!

Tac gid ludn van

ol —

Nguyén Thi Hoan
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MO PAU

1. Ly do chon d@ tai

1.1 Tinh cap thiét

Ngay nay, tinh toan khoa hoc dang tr¢ nén ngay cang quan trong trong
nhiéu linh vuc nghién ctru. Cac van dé dan tré nén phtc tap hon, doi hoi su
phéi hop cua d6i ngil cac nha nghién ciu thudc nhiéu linh vuc chuyén mén
khéac nhau. Trong nganh tinh toén khoa hoc, tinh todn hi¢u nang cao (HPC -
viét tit ctia cum tir High-Performance Computing) dong vai trd ¢t 151, bo sung
cac phuong phap nghién ctru khoa hoc cong nghé truyén thong (tirc 1a viét mot
Iy thuyét hodc thiét ké trén gidy, sau d6 tién hanh thir nghiém hoic xdy dung
hé théng) béng cach thuc hién cac tinh toan sb hoc trén cac hién tuong va/hodc
cac thir nghiém ma c6 thé qua kho (vi du xdy dung mot dudng ham thong gid
16n), qua dit (vi du tao mot may bay phan luc chd khach dé thir nghiém va
cham), qua cham (vi du nghién ctru sy bién ddi khi hau hodc su tién hoa cia
dai ngan ha), qua nguy hiém (vi dy thir nghiém vii khi hat nhan) hodc gay tranh
cai (vi du nghién ctru té bao géc). Tinh todn hi¢u nang cao tao diéu kién thuan
lgi cho cac nha nghién clru, nhitng nguoi mubn thuc hién mot lugng rat 16n céc
phép tinh lip di lap lai trén mot luong 16n dir liéu dé dat dugc cac két qua hop
1€ trong mdt khoang thoi gian hop 1y.

Tinh todn hi¢u nang cao dang dugc st dung boi cac nha nghién clru trén
toan thé gidi, tir cac nhom 16n dén cac ca nhan, dé bd sung cho phuong phap
nghién ctru khoa hoc truyén théng. Vi cac phan clng tinh toan hiéu ning cao
c6 gia thanh hop 1y cing mot hé diéu hanh ty do, cac phan mém ma nguén mé
nhu Linux, tinh toan hiéu ning cao dang ndm trong tAm véi clia cac co quan to
chirc ¢6 ngan sach nho hep. Tuy nhién dé c6 thé trién khai duoc hiéu qua cac
loi ich ma tinh toan hiéu ning cao cung cip, nguoi ta can ¢ hiéu biét chi tiét
vé kién tric ctia hé thng tinh toan hiéu ning cao, cling nhu lam chi cac cong
cu phat trién va cac ky thuat lap trinh nang cao dic trung cua tinh toan hiéu
niang cao. Viéc phat trién ing dung khoa hoc dua trén tinh toan hiéu ning cao
thuong bi han ché boi viée thiéu nhan luc duge dao tao trong linh vuc nay. Do
d6, viéc co thém hiéu biét vé tinh toan hiéu ning cao s& gitip cac nha nghién
cuu st dung hi€u qua hon céc tai nguyén tinh toan hiéu ndng cao va tuong tac

t6t hon v&i cac dong nghiép.
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Trén co s& d6 toi da lua chon dé tai: “Nghién ciru gidi phap quén Iy tai
nguyén hé thong tinh todn hiéu ning cao dwa trén méi trwong mi nguon mé”.
Pay 1a mot huéng nghién ciru kha thiét thyc, rt dang quan tim trong bbi canh
hién nay, khi ma cudc cach mang cong nghi¢p 4.0 da va dang anh hudng sau
rong t4i tt ca cac linh vyc trong cudc song.

1.2 Tinh hinh nghién ctru va nhimg van dé dit ra trong dé tai

- Tinh hinh nghién ciru trén thé gidi va é Vigt Nam

Nhitng hé théng HPC trén thé gidi dugc phat trién dé dap Gng céc yéu
cau nghién ctru khoa hoc, md phong, xay dung mo hinh, tinh toan gia lap...
Hién nay cac hé théng HPC c6 thé noi 1a di phd bién trén thé gidi, tuy nhién
thudng chi tap trung tai cac Data Center 16n hodc Dich vu trén Cloud. O do
ngudi ta xay dung cac hé thdng may chu tinh toan va luu trir 16n, két néi mang
v6i nhau dé phuc vu cong viée tinh toan hiéu nang cao. Ngudi ta ciing phat
trién ra cac phan mém quan ly, cai dat sdn cac thu vién tinh toan khoa hoc dé
phuc vu nguoi dung véi cac loai hinh bai toan khac nhau. Tuy nhién, gia thanh
dé thué cac mo hinh nhu vay kha dat ciing nhu khong phai mé hinh nao ciing
c6 duge thu vién tinh toan chung ta can. Viéc thué hé thdng s& thudng dugc
tinh theo s6 lwong CPU 1a thoi gian st dung, trong khi chiing ta kho c6 thé wdc
tinh duwoc chung ta can bao nhiéu CPU va bao nhiéu gid dé c6 thé hoan thanh
xong bai toan. Do d6 chi phi nay hoan toan rat khé wdc tinh. [1]

Trong khi do, thuc té cho théy, tai cac truong dai hoc, ho dang co rat
nhiéu may tinh ciing nhu may chii, ho ¢6 nhu ciu tin dung ning lyc tinh toan
ctia chung dé tranh ldng phi. Vay nhu ciu ty xdy dung va van hanh mot hé
thdng tinh toan hiéu ning cao dé giam thiéu chi phi trong nghién ctru 1 rat thyc

4
A

te.

Danh sach cac hé théng siéu may tinh phuc vu Tinh todn hi¢u nang cao
hang dau trén thé gidi (Chung ta c6 thé tham khao danh sach cac hé thong siéu
may tinh hang dau trén thé gidi phuc vu muc dich tinh toan hiéu ning cao tai:
https://www.top500.org/lists/top500/). Duéi day 1a 10 hé théng co ning luc xir
Iy cao nhat tai thoi diém dau nam 2023:
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Badng 1.2. H¢ thong siéu mdy tinh manh nhdt thé giéi dau nam 2023

STT

Tén hé thong

Cores

Nang luc
cwe dai
(PFLOPYS)

Frontier - HPE Cray EX235a, AMD Optimized
3rd Generation EPYC 64C 2GHz, AMD Instinct
MI250X, Slingshot-11, HPE DOE/SC/Oak
Ridge National Laboratory United States

8.699.904

1.194,00

Supercomputer Fugaku -  Supercomputer
Fugaku, A64FX 48C 2.2GHz, Tofu interconnect
D, Fujitsu RIKEN Center for Computational
Science Japan

7.630.848

442,01

LUMI - HPE Cray EX235a, AMD Optimized
3rd Generation EPYC 64C 2GHz, AMD Instinct
MI250X, Slingshot-11, HPE EuroHPC/CSC
Finland

2.220.288

309,10

Leonardo - BullSequana XH2000, Xeon
Platinum 8358 32C 2.6GHz, NVIDIA A100
SXM4 64 GB, Quad-rail NVIDIA HDRI100
Infiniband, Atos EuroHPC/CINECA Italy

1.824.768

238,70

Summit - IBM Power System AC922, IBM
POWER9 22C 3.07GHz, NVIDIA Volta
GV100, Dual-rail Mellanox EDR Infiniband,
IBM DOE/SC/Oak Ridge National Laboratory
United States

2.414.592

148,60

Sierra - IBM Power System AC922, IBM
POWERY9 22C 3.1GHz, NVIDIA Volta GV100,
Dual-rail Mellanox EDR Infiniband, IBM /
NVIDIA / Mellanox DOE/NNSA/LLNL United
States

1.572.480

94,64

Sunway TaihuLight - Sunway MPP, Sunway
SW26010 260C 1.45GHz, Sunway, NRCPC
National Supercomputing Center in Wuxi China

10.649.600

93,01

Perlmutter - HPE Cray EX235n, AMD EPYC
7763 64C 2.45GHz, NVIDIA A100 SXM4 40
GB, Slingshot-10, HPE
DOE/SC/LBNL/NERSC United States

761.856

70,87

Selene - NVIDIA DGX A100, AMD EPYC
7742 64C 2.25GHz, NVIDIA A100, Mellanox
HDR Infiniband, Nvidia NVIDIA Corporation
United States

555.520

63,46

10

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon
E5-2692v2 12C 2.2GHz, TH Express-2, Matrix-
2000, NUDT National Super Computer Center
in Guangzhou China

4.981.760

61,44
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- Sw cdn thiét phdi tién hanh nghién ciru

Nhu cau trong vi¢c tinh toan, mo phdng cac moé hinh, su vat, hi¢n tuong
trong cudc song dang ngay mot 16n, nhit 13 trong linh vuc nghién ciru. Tuy
nhién, khong phai ai ciing biét cach dé xay dung va sir dung cac hé thong hd
trg vi€c giai cac bai todn ctiia minh.

Mot trong nhirng van dé cua céc bai toan khoa hoc 1a phai thuc hién rat
nhiéu 1énh tinh toan giéng nhau cho mot tap hop bd dir liéu d4u vao cuc 16n va
phai giai quyét dugc viée tinh toan trong khoang thoi gian hop 1y. Néu thuc
hién viéc tinh toan trén cac hé théng may tinh cd nhan hay may chu don 1¢
thong thuong thi thoi gian dé giai mot bai todn nay c6 thé mat hang thang, hang
nam dén nhiéu nam. Pé rat ngan qua trinh tinh toan, ngudi ta tim cach chia nho
bai toan ra lam cac phén, mdi phﬁn chay trén mot bd x1r Iy hodc mot may tinh
khac nhau, sau d6 gop két qua lai. D6 chinh 1a tu duy trong viéc tinh toan hiéu

nang cao hay con goi la HPC.

Nhiéu nguoi thuong nham 1an HPC 14 céc siéu may tinh, tuy nhién diéu
nay chua ding 1am. Cac may tinh ca nhan thong thudng cling c6 thé dugc ghép
lai dé tao thanh mot hé théng HPC, va bén canh d6 cac siéu may tinh ciing c6
thé ghép lai v4i nhau, hodc ghép vao cliing voi cac may tinh ca nhan dé tao
thanh mot hé thing HPC. Do d6 khong thé goi HPC 1a siéu may tinh vi HPC

c6 thé c6 siéu may tinh hoac khong.

Nghién ctru trong luan vin s& dé xuat mot quy trinh cho viéc tu xay dung
mot hé théng tinh toan hiéu ning cao don gian, co thé ghép ndi tir mot vai may
tinh c4 nhan binh thudng hoidc cao cip hon 1a ghép ndi cac hé théng may chu
co b xu ly t6t hon, nham xay dung duoc h¢ théng phuc vu viéc tinh toan song
song. Nho d6, viée xur Iy cac bai toan khoa hoc dwoc ddy nhanh 1én gip nhiéu

1an so véi viéc chay bai toan theo cach thong thuong.
2. Muc dich nghién ciru

- Tim hiéu hé théng tinh toan hiéu ning cao: Quan 1y tai nguyén, Quan
tri ngudi dung, Cap phat tai nguyén.

- P& xuit mé hinh hé thong tinh toan hiéu ning cao va xdy dung thir
nghiém hé thong str dung nén tang ma ngudn ma, bao gdm nhom chirc ning

Sau:
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+ Quan ly tai nguyén.

+ Quan ly cip phat tai nguyén tinh toén.

+ Quan 1y ngudi dung va phan quyén sir dung.

- Panh gia hé thong tinh toan hiéu ning cao di dugc xay dung.

3. Noi dung nghién ciru

Luan vin tap trung nghién ctru nhitng van dé sau:

- Téng quan vé tinh toan hiéu ning cao, trong d6 c6 gidi thiéu va néu cac
khai niém co ban vé tinh toan hiéu ning cao, cac giai phap tinh toan hiéu ning
cao, gioi thiéu phﬁn mém Rocks Cluster, kién trac hé théng tinh todn hi€u nang
cao su dung Rocks Cluster.

- Xay dung hé théng tinh toan hiéu ning cao sir dung Rocks Cluster: Mo
hinh trién khai; Cac chirc nang ciia hé thong; Quan Iy ngudi dung va phan quyén
st dung; Quan ly 1€nh tinh toén;

- Thir nghiém va danh gia hé thong tinh toan hiéu nang cao vira xay dung:
Phuong phép thir nghiém va céc chi tiéu danh gia: Panh gia hiéu niang hé thong
sir dung HPLinpack; Panh gia toc do tinh toan dua trén bai toan mau; Tong két
két qua danh gia hé thong.

4. Phwong phap nghién ciru

St dung phuong phap nghién ctru 1y thuyét két hop véi thuc nghiém,
danh gid, mo phong.

5. Co sé khoa hoc va tinh thwe tién ciia dé tai

Tinh toan Hiéu ning cao noi chung dé cép dén thyc tién tong hop strc
manh tinh toan theo cach mang lai hi¢u suit cao hon nhiéu so véi may tinh
thong thuong hodc may tram dé giai quyét cac van dé 16n trong khoa hoc, k¥
thuat hoac kinh doanh.

Trong moi truong nghién curu, hoc tap, vaoi kinh phi gidi han, chiing ta
ludn co thé ty xay dung cho minh mét hé thdng tinh toan hiéu ning cao c6 day
du thanh phan, chic ning bang cach nay hay cach khac.

Thong qua luan vin ctia minh, t6i mudn trinh bay mdt trong nhiing giai

phép don gian, phd bién dé xay dung mot hé thdng tinh toan hiéu ning cao, tin
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dung phan cimg 13 cic mdy tinh, may chu don 1¢ sin c6 két hop v6i bd phan
mém ma ngudn mod Rocks Cluster.
6. Nhirng dong gép cia luan van

Céc két qua nghién ciru ctia luan van co thé gitp xay dung hé thong tinh

todn hi¢u nang cao c6 kha nang bao dam cac chuc nang:

- Quan ly tai nguyén

- Quan Iy cap phat tai nguyén tinh toan

- Quan Iy nguoi dung va phan quyén sir dung

Ngoai ra két qua nghién ctru ciing hudng din ban doc:

- C6 thé ty xay dyng cho minh cong cu dé danh gia duoc ning luc cua
hé théng

- Hiéu biét cy thé hon vé ung dung thyc té cua hé thong théng qua bai
toan mau

- Panh gid dugc kha ning cai thién tbc do xur ly cac bai toan khoa hoc

khi ing dung hé thong vao thyc té.
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Chuwong 1. TONG QUAN VE TiNH TOAN HIEU NANG CAO
1.1. Giéi thi¢u vé tinh toan hiéu ning cao

Ngay nay, tinh toadn khoa hoc dang tré nén ngay cang quan trong trong
nhiéu linh vuc nghién ctru. Cac van dé dan tré nén phtc tap hon, doi hoi su
phéi hop cua d6i ngil cac nha nghién ciu thudc nhiéu linh vuc chuyén mén
khéac nhau. Trong nganh tinh todn khoa hgc, tinh toan hi¢u ndng cao doéng vai
trd cbt 161, bo sung cac phuong phap nghién ciru khoa hoc cong nghé truyén
thdng (tirc 1a viét mot 1y thuyét hodc thiét ké trén gidy, sau d6 tién hanh thu
nghiém hoic x4y dung hé thdng) bang cach thuc hién céc tinh toan sé hoc trén
cac hién tuong va/hodc cac thir nghi¢ém ma cé thé qué kho (vi du xay dung mot
duong ham thong gi6 16n), qua dit (vi du tao mot may bay phan luc ché khach
dé thu nghi¢m va cham), qua cham (vi du nghién ctru sy bién ddi khi hau hodc
su tién hoa cuia dai ngan ha), qua nguy hiém (vi du thir nghiém vii khi hat nhan)

hodc gy tranh cdi (vi du nghién ctru té bao gbc).

Tinh todn hi¢u nang cao tao diéu kién thuin lgi cho céc nha nghién ctru,
nhitng ngudi mudn thuc hién mot lugng rat 1on cac phép tinh lap di 1ap lai trén
mot lwong 16n dir licu dé dat duoc cac két qua hop 1€ trong mét khoang thoi
gian hop 1y. M6t sb linh vuc khoa hoc di va dang sir dung tinh toan hiéu ning

cao:
- Sinh hoc, chudi di truyén, y hoc cong nghé gen
- Hoéa hoc luong tur va vat ly tuong doi
- Vi tru va thién van hoc
- Vat liéu cao phan tir
- Bong luc hoc chét luu
- Du bao thoi tiét va mo hinh hoa mai truong
- Gia 13p tht nghi¢m va cham

- Kinh té, tai chinh
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Hinh 1.1 1. S6 liéu theo Extreme Science & Engineering Discovery
Environment

Tinh todn hi¢u ndng cao mang lai nhiéu hi¢u qua kinh té, c6 thé ké ra sau

day mot so vi du:

- Trong linh vuc hang khong, céac t6i wu hoa hoat dong hau can duoc
danh gia trén cac hé thong tinh toan hiéu ning cao tiét kiém xap xi 100 triéu

USD cho mdi hing hang khong mdi nim.

- Trong linh vuec thiét ké xe hoi, cac cong ty 1on str dung trén 500 CPU
trong CAD va CAM dé thir nghi¢ém va cham, tinh toan ven cAu truc va khi dong

luc hoc, diéu do6 giup tiét kiém trén 1 ty USD cho mdi cong ty mdi nam.

- Trong nganh cong nghiép ban dan, cic cong ty ban dan sir dung cac
hé thdng 16n (trén 500 CPU) dé gia 1ap cac thiét bi dién tir va kiém dinh logic,
diéu @6 ginp tiét kiém 1 ty USD cho mdi cong ty mdi nam.

- Trong nganh cong nghiép chiing khoan, tinh toan hiéu ning cao tiét
kiém 15 ty USD mdi nam cho tién thé chp nha cira & My.

Tém lai, tinh todn hi¢u nang cao dang dugc sur dung bdi cac nha nghién
clru trén toan thé gidi, tir cac nhom 16n dén céc ca nhan, dé bd sung cho phuong
phap nghién ciru khoa hoc truyén thdng. Vi cac phan cing tinh toan hiéu ning
cao co gia thanh hop 1y cung mot véi Hé diéu hanh va cic phan mém ma ngudn

mo, viéc xay dung cac hé thong tinh toan hi¢u ndng cao dang nam trong tam
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v6i cua cac co quan td chirc co ngan sach nho hep. Tuy nhién dé co thé trién
khai dugc hi¢u qua cac 191 ich ma tinh todn hi€u nang cao cung cép, nguoi ta
can c6 hiéu biét chi tiét vé kién trac ciia hé thong tinh toan hiéu ning cao, ciing
nhu 1am chu cac cong cu phét trién va cac k thuat Iap trinh nang cao dic trung
cua tinh todn hi€u nang cao. Vi¢c phat trién ung dung khoa hoc dua trén tinh
todn hi¢u ndng cao thuong bi han ché bai viée thiéu nhan luc duoc dao tao trong
linh vuc nay. Do d6, viéc co thém hiéu biét vé tinh toan hiéu ning cao s& gitip
cac nha nghién ctru st dung hi¢u quéa hon céc tai nguyén tinh toan hi¢u nang

cao va tuong tac tot hon véi cac dong nghiép.

C6 nhiéu dinh nghia khic nhau cho cym tr “tinh todn hi¢u nang cao”
(HPC, High Performance Computing), tily vao viéc quan niém “hi¢u nang cao”
nghia 13 gi. D6 co thé 1a viée co thé giai quyét duge nhitng bai toan 16n, phirc
tap hay viéc c6 thé nhan duoc két qua nhanh chong, ma nhing viéc nay khong
thé thuc hién dugc trén cadc may tinh thong thuong. Do doé khai ni¢m tinh toan
hiéu ning cao thuong dong nghia véi khai niém “siéu tinh toan”. Tuy nhién,
khong c6 gii han dinh mic vé mot hé thdng may tinh can phai manh nhu thé
nao dé duoc coi 1 “hiéu ning cao”, vi kha ning tinh toan cua cac bo xir ly da
tang nhanh trong nhitng nim qua, mot gidi han vao thoi diém hién tai c6 thé

nhanh chéng tré nén 13i thoi trong twong lai gan.

Tinh toan hiéu ning cao theo cach hiéu phd bién nhat dwgc dinh nghia 1a
viéc str dung mot lugng 16m (¢ cip dd nhidu hon han) so voi gidi han tai nguyén
cua cac may tram ca nhan hi¢n tai, va thuong yéu cAu tinh toan déng thoi, con
goi 12 tinh toan song song. Tinh toan hiéu ning cao do d6 bao gdm mdt tap hop
hé théng phan clng, cac cong cu phan mém, cac ngdn ngit lap trinh, va cac co
ché 13p trinh song song dit manh d¢ thyc hién cac phép tinh ma trude day khong
thé thuc hién duoc [13].

1.2. Cac gidi phap tinh toan hi¢u niang cao

C6 nhiéu giai phap cho tinh toan hiéu ning cao. M6 hinh thong dung
nhit 1a s dung cac may chu chuyén dung hodc may tinh ca nhan b tri tap
trung lai va két ndi dé tao thanh mot ciu trac duoc goi la cum may tinh. Cum
may tinh 1a mot tdp hop cac may tinh dugc két ndi véi nhau, 1am viée cung
nhau, dé ching c6 thé duoc xem nhu mot hé théng duy nhat. Cum may tinh

thudng dugc trién khai dé cai thién hiéu ning va tinh kha dung so v6i mot may
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tinh don, va tiét kiém chi phi hon nhiéu so véi mgt may tinh don c6 cung toc

do. Moi nat trong cum may tinh duoc thiét lap dé thuc hién cung mot cong viéc

dugc diéu khién va 1én lich bang phan mém. Cac thanh phan cua mdt cum

thuong dugc két ndi véi nhau qua mang cuc bd co6 tdc do cao, vdi moi nit chay

thuc thé hé di€u hanh cua riéng no6. Trong da s6 cac trudong hop, tat ca cac nut

sir dung cung phan cimg va hé diéu hanh. Sau day 1a bang so sanh thong tin

chung v& mot sb phan mém cum may tinh dang cha y [14]:

Bang 1.2 1. So sanh mét s6 phan mém cum mdy tinh

Trang
x x| Donviphiat @ thai s, Cacnén ting . .. | Hb trg
Phan mém trién phat Giay phép dwge hé trg Chi phi tra phi
trién
INRIA, Dan Unix-like,
DIET SysFera, ma hét%ri &n CeCILL Windows, Mac|Mién phi Co
ngudbn ms P 0S X, AIX
Linux,
. Pang GPLv2  or|FreeBSD, Mién phi .
Enduro/X | Mavimax, Ltd. phat trién| Commercia MacOS, / Tinh phi o
Solaris, AIX
Apache Dang Apache . X , .
Mesos Apache phat trién| license v2.0 Linux Mién phi o
OpenHPC Dang Free Linux X . .
OpenHPC project phat trién |software (CentOS) Mién phi o
Rocks . .
Cluster Ma nguodn | Dang Ma nguon . .x , A
Distributio |md/NSF grant |phat trién | mé CentOS Linux | Mién phi | Khong
n
Spectrum Dang . Unix, Linux, Mién phi ,
LSF IBM phat trién T TOPICRTY i dows /Tinhphi]  <°
Platform ~ A
Cluster | Latform Dang ~|Ma nguoniy o, Mién phi | Khong
Computing phat trién ' m&
Manager
. . Pang . . |Unix, Linux, .., . A
SynfiniWay | Fujitsu phét trién Commercial Windows Tinh phi | Khong
INRIA, Dan Unix-like,
ProActive |ActiveEon, ma| & .2 _|GPL Windows, Mac|Mién phi | Khong
A \ phat trién
nguoén mo OS X
Techila Techila Pang Linux
Distributed | Technologies phét trién Proprietary Windows Tinh phi Co

Computing

Ltd.
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Trang
x___»_ | Ponviphat | thai .z, | Cac nén ting . .. | Hbtrg
Phan mém trién phat Giay phép dwge hé trg Chi phi tra phi
trién
Engine
ﬁ:lt;il;e(;nd Altair El?;%ri én Proprietary |*nix/Windows |Tinh phi | Khong
Oracle
Grid
Engine |
Oracle Dan
Grid Altair hét%ri én Proprietary |*nix/Windows |Tinh phi | Khong
Engine p
(Sun Grid
Engine,
SGE)
TORQUE Adaptive Dang . : o , , ,
Resource Computing hét trién Proprietary |Linux, *nix Tinh phi Co
Manager p
Linux, Mac OS
X, Windows,
AIX, OSF/Tru-
M . s
Cluster | Adapive Dang  \proprietary (0% SOais, HP-\rin phi | co
Suit Computing phat trién P y UX, IRIX, p
uite FreeBSD &
other UNIX
platforms
. Pang |AGPL or|, . . Mién phi .
PBS Pro Altair phét trién | Proprietary Linux, Windows / Tinh phi Co
Linux, Windows,
Proxmox Oven- other OS are
Virtual Proxmox Server | Dang pr known to work Mi2n phi Cé
Environme |Solutions phat trién SOUree and are| en Pl °
AGPLV3 .
nt community
supported

Qua céc nghién ctru so bg, ndi dung ludn van s€ tim hi€u va quyét dinh

xay dung hé thong tinh toan hiéu ning cao dya trén ban phan phdi Rocks

Clusters (http://www.rocksclusters.org/) vi nhiéu wu diém va tinh pht hop voi

diéu kién thyc té:

- M3 ngudn m¢ gitp tiét kiém chi phi gidy phép, dong thoi cho phép

khé nang stra d6i phan mém dé cé dugc nhirng tinh nang maéi hodc tot hon.
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- Phan mém dang dugc phat trién, c6 thé nang cap hodc nhan cac ban

cap nhat bado mat.

- Phan mém dugc st dung phd bién trén cac hé thong tinh todn hi¢u
nang cao, co lugng nguodi dung 16n, viée tim giai phap tir cong dong ma ngudn

mo cho cac van dé gip phai cling d& dang va nhanh chéng hon.

- D& dang cai dt, c6 nhiéu module bd sung di duoc tich hop hoidc dong

g6i sdn, gitp don gian hoa viéc thém cac tinh ning mdi vao hé thong.
1.3. Gi6i thiéu phan mém Rocks Cluster

Ban phén phdi cum Rocks (ban dau dugc goi 1a NPACI Rocks) 13 mot
ban phan phdi Linux duoc xdy dung v6i muc dich phuc vu cac cum tinh toan
hiéu niang cao. No duoc xay dung lan dau boi National Partnership for
Advanced Computational Infrastructure va Trung tdm Si€u may tinh San Diego
(SDSC) vao nam 2000. Rocks ban dau dua trén ban phan phdi Red Hat Linux,
tuy nhién c4c phién ban hi¢n dai cia Rocks dya trén CentOS, v&i1 mot trinh cai
dat Anaconda duogc stra d6i dé don gian hoa viéc cai dat hang loat 1én nhiéu
may tinh. Rocks bao gdm nhiéu cong cu (chiang han MPI) khong phai 1a mot
phan ctia CentOS nhung 13 cac thanh phén tich hop gitip chuyén mot nhoém céc

may tinh thanh mot cum tinh todn hi¢u nang cao.

Viéc cai dat c6 thé duogce tuy chinh bang cac goi phan mém bd sung vao
lac cai dat hodc bang cach sir dung goi phdn mém bén ngoai do ngudi dung
cung cép (goi 1a cac roll). Cac roll mo rong hé thong bang cach tich hop mot
cach trong sudt va ty dong vao cac co ché quan Iy va dong gbi duoc sir dung
boi phan mém co ban, don gian hoa mot cach dang ké viée cai dat va ciu hinh
mdt sb lugng 16n may tinh. Trén 10 roll da duoc tao, bao g@)m SGE, Condor,

Lustre, Java, Ganglia...

Rocks la phén mém duge st dung cho cac t6 chtrc hoc vién, chinh phu
va thuong mai, dugc str dung trong gén 1400 cum tinh toan, trén ca nam chau
luc. Cum tinh toan mang tinh han 1am 16n nhat dugc diang ky c6 8632 CPU la
GridKa, duoc diéu hanh béi Hoc vién Cong ngh¢ Karlsruhe ¢ Karlsruhe, Puec.
Ciing c6 mot s6 cum nho hon, dai dién cho cac budc dau dé xay dung céc hé

thdng 16n, ciing nhu trong cac khoa hoc vé thiét ké cum tinh toan.
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Rocks 1a mot phin mém ma ngudn md, phién ban dugc trién khai s
dung 1a 7.0, tén ma Manzanita, dya trén nén CentOS 7.4, duoc phat hanh vao
ngay 01 thang 12 nam 2017 [15].

1.4. Kién tric hé théng tinh toan hiéu ning cao sit dung Rocks
Cluster
Co 3 hé théng tinh todn hi¢u ndng cao da dugc luan van tién hanh trién
khai va thir nghiém va thir nghiém: CPU, GPU va lai gitta CPU va GPU. C4 ba
hé thdng tinh toan hiéu ning cao déu sir dung kién trac ¢6 luge dd nhu hinh bén
dudi.

‘ NUt \ ethl
frontend J

0 eth0

Nut W Nut ‘ Nat | NUt
tinh toan tinh toan tinh toan tinh toan

Hinh 1.4 1. Luoc do kién tric hé thé'ng tinh toan hiéu nang cao
Thiét 1ap phan cirmg cho mot cum tinh toan vé co ban bao gdm cac thanh
phén sau [4]:

- Nut frontend: 1a mt may cia cum thyuc hi¢n giao tiép voi thé gidi
bén ngoai. Nhiéu dich vu mang (NFS, NIS, DHCP, NTP, MySQL, HTTP, ...)
chay trén nat ndy. Hau hét cac thao tac quan tri hé thdng duoc thuc hién trén
frontend. Frontend ciling 1a no1 nguoi dung dang nhap, dé trinh cac cong viéce,

bién dich ma ngudn, v.v... Nut ndy ciing ¢ thé hoat dong nhu mot bo dinh
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tuyén cho cac nut khac trong cum bang cach st dung dich dja chi mang (NAT).
Frontend st dung hai giao dién ethernet: giao dién ethernet dau tién (eth0) két
ndi v6i cac nat tinh toan trong mang riéng, giao dién ethernet thir hai (eth1) két

nbi voi thé gidi bén ngoai va st dung dia chi IP theo quy dinh.

- Nut tinh toan: day la cdc may con lai cua cum thyc hi¢n nhiém vu
tinh toan. Cac nut tinh toan ¢ thé théo ra 1ap vao hé thdng mot cach linh dong.
Phan mém trén frontend cho phép cai dat lai toan by hé diéu hanh trén moi nat
tinh toan trong mot khoang thdi gian ngan (c& 10 phut). Cac nut tinh toan khong

nhin thiy duoc trén Internet cong cong.

- Mang Ethernet: tit ci cac nat cia cum tinh toan duoc két ndi qua
ethernet trén mang riéng. Mang nay duoc sir dung dé quan tri, giam sat va chia
sé tap tin co ban. Hé thdng sir dung mot chuyén mach (switch) Gigabit Ethernet
dé két ndi giao dién ethernet dau tién (eth0) trén tit ca cac nut cua cum tinh
toan. Sau khi két n6i phan cling, cac nat tinh toan can dugc thiét 1ap trong BIOS
dé khoi dong khong can ban phim.

- Mang truyén thong diép img dung: tit ca cac nit tinh toan duoc két
nbi véi nhau qua giao dién mang InfiniBand (ib0) v6i chuyén mach InfiniBand.
InfiniBand 12 mot loai lién két mang may tinh c6 do tré thap, bang thong cao,
cho phép cac chuong trinh tinh toan song song truyén thong diép hiéu ning cao.
InfiniBand hién 13 chuan lién két nbi duoc sir dung phd bién nhét trong cac siéu

may tinh.
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Chwong 2. XAY DUNG HE THONG TiNH TOAN HIEU NANG CAO
SU DUNG ROCKS CLUSTER

2.1. Mé hinh trién khai

Pé xay dyng md hinh nhu da dé cép ¢ trén, vé co sé ha ting phan cling,
chung t6i ¢6 1 may Headnode 1am méy diéu khién, 5 may CPU va 10 may GPU

vO1 cau hinh co ban nhu sau:

May Headnode va may CPU:

- B6 nh6 RAM DDR4 dung luong 128GB

- 02 x B xur ly Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz
May GPU:

- Bo nh6 RAM DDR4 dung luong 128GB

- 02 x B xur ly Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz

- BO xir Iy d6 hoa NVIDIA Tesla P100

(E==rn S—_GPU-n0de01 ——
i i finiband switch
Network switch 1 b GPU-node02 — Infiniband switc
ethd
=i GPU-node03 —
eth0
= GPU-node10 =
eth0
sthi HPC-node01 _
ib0
ethl
ethl
HPC-node02
ib0
eth0
2tht HPC-node03
ib0
eth0
sl HPC-node04 .
ibd
ethl
=i HP-nodeC05 -

Network switch 2

Hinh 2.1 1. Hé thong may tinh todn hiéu nang cao
Mbi may (bao gdm may khong ¢ bd xur Iy d6 hoa 1an may ¢ bd xtr Iy d6
hoa) c6 hai cong giao dién mang Gigabit Ethernet (ethO va ethl trong hinh v&
trén) va mot cong giao dién mang tdc do cao 40 Gb/s Infiniband (ib0 trong hinh
v& trén). 24 cong giao dién mang Ethernet du tién va 24 cong giao dién mang

Ethernet thtr hai dugc ndi vao hai chuyén mach (switch) Ethernet. 24 cong giao
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dién Infiniband duoc ndi vao chuyén mach Infiniband. Mdi chuyén mach co6 24

cong.
2.2. Cac chirc ning ciia hé thong

Bang sau day liét ké cac tinh niang da xay dung cua hé thdng tinh toan
hiéu niang cao cing cic module phadn mém dam bao tinh ning twong tng. OS,
Base va HPC 1a ba roll bt budc khong thé thiéu cua Rocks. SGE, Ganglia 1a
cac roll tuy chon da duogc tich hgp mac dinh trong Rocks 6.1.1. Chung t61 da
két hop SGE voi mot sb kich ban cho phép thiét 1ap mot co ché don gian hoa
viéc st dung SGE cuia nguoi dung. GlusterFS 1a roll cai thém khong c6 trong
Rocks. Cac module tinh nang khac nhu Intel MPI, HPLinpack, BLCR... khong
duoc cung cap dudi dang roll nhung duoc cai thém [3].

Bdng 2.2 1. Cdc tinh ndng ciia hé thong tinh todn hiéu ndng cao da xdy dwng

Tinh ning Chi tiét tinh niing Module
Quan ly hién trang CPU
Quan ly hién trang bd nhé RAM
Quan ly tai nguyén vat ly Quan ly hién trang dia ciing Roll OS
Quan ly hién trang NIC

Quan ly hién trang cong diéu khién

Bat tit dich vu mang

Roll OS

Quién ly dich vu mang | Cai dat dich vu mang méi Roll Base

Quan 1y cic cong dich vu

Thiét 1ap gi6i han tai nguyén tinh toan cho
chuong trinh img dung

Hb trg cac img dung dd hoa tuong tac

Quin ly cip phat tai

nguyén tinh ton HO tro cac ung dung xtr 1y dir liu ty dong, Roll SGE

theo mang cong viéc

H& trg cac chwong trinh song song

Quan ly cac cong vigce

Tao ngudi dung va phan quyén st dung

Quién ly ngudoi dung va _ .
phén quyén sir dung Thay do1 hodc x6a thong tin vé nguoi dung
va quyen st dung

Roll Base

Tinh toan hi€u nang cao trén cac nat tinh| 1 gpC

H§ trg tinh toan hi¢u
toan khong c6 GPU OpenMPI

ning cao trén moi
trueong MPI Tinh toan hiéu ning cao trén cac nat tinh| MPICH
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Tinh niang Chi tiét tinh niing Module
toan c6 GPU Intel MPI
; S . HPLinpack
Tinh toan hi€u nang cao trén cac nut tinh
toan khong dong nhat
Do hi¢u nang tinh toan hiéu ndng cao
Quéin 1y phan chia taj Han ngach dia cimg Roll
nguyén luu triv Ghép ndi 40 cac b dia cimg GlusterFS
Bio diam an toan va an C° ché dy phong phan cimg R}illll)
ninh dir ll@ll lwu triv Co Ché du phbng phﬁn mém GlusterFS
Sao lwu vi khdi phyc di a0 luu dir liu
liu chia se Khbi phuc dit licu
L | Xem trang thai cua cac nut tinh toan
Giam sat tai nguyén tinh TR .
toan Xem chi tiét hién trang ctia cac nut tinh|Roll Ganglia
toan
Gidm sat h¢ théng mang Xem dia chi va trang thai giao dién mang . 11 OS
ha tang tinh toan Kiém tra kha niang két n6i mang Roll Base
~ Thiét 1ap trang thai méc dinh cho céc nut
HoO trg' quéan ly sw Ki€n|tinh toan khi khéi dong
on £ X Roll OS
liéen quan dén ha tang .. .. R o .
, . Cai dat ty dong cac nut tinh toan
tinh toan Nl
Thong bdo su c6 phan cung
HF) tre phén ﬁCP th(“éng Théng ké vé thoi gian sir dung ciia Roll OS
ké st dung ha tang tinh —; - Roll B
toan Thong ké vé thoi gian chay chuong trinh oll base
. Thiét 1ap cic tiy chon quan 1y nén tang
21111?1? ly nén tang thong Doc cac gia tri cam bién phan cling IPMI
Bat tit cac nut tinh toan tir xa
. B Luu trang thai cua chuong trinh dang chay
Phong chong rai ro - Roll SGE
trong tinh toan Phuc hoi trang théi cua chuong trinh dang, BLCR

chay
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Hinh 2.2 1. Céc khoi chirc ndng co bdn ciia mét hé thong tinh todn hiéu nang
cao

Céc tinh nang phan mém cuia hé thong tinh toan hi¢u ndng cao bao gom:

- Quan ly tai nguyén vat 1y: tinh nang nay duoc thuc hién boi hat nhan
hé diéu hanh Linux bao gdm: lap lich CPU, quan ly bd nhé, quan 1y ngin xép

mang, quan 1y hé thong vao ra thong qua cac trinh diéu khién thiét bi...

- Quan Iy dich vu mang: cung cdp kha ning bat tit ciing nhu duy tri cac
dich vy mang can thiét trén hé thong ching han NFS (Network File System),
DHCP (Dynamic Host Configuration Protocol), NTP (Network Time
Protocol), HTTP (Hyper Text Transfer Protocol), SSH (Secure Shell)...

- Quan Iy nguoi dung: cung cap kha nang bo sung, stra doi, xda nguodi
dung, nhom ngudi dung trén hé thong, cling nhu quan 1y cac quyén ¢ lién quan

trong méi treong da ngudi dung, bao gdm ca danh sach diéu khién truy cap.

- Quan ly phan chia tai nguyén luu trit, bdo dam an toan va an ninh dir
liéu luu trir, sao luu va khoi phuc dit 1iéu luu trit: thuc hién viée phan chia dung
luong dia cing cho nguoi dung theo cac han ngach, dap tng nhu cau luu trix
vuot dung luong cia mot 6 dia don véi sy hd tro ctia hé théng tap tin phan tan,

cling nhu cac co ché sao lvu dy phong dé dam bao an toan dit liéu luu trit, tranh
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hodc gidm nguy co mat dit liéu khi co6 su co.

- Quan Iy cAp phat tai nguyén tinh toan: thuc hién viéc cdp phat tu dong
cac tai nguyén tinh toan nhu sO lugng CPU, luong bd nhd, thoi gian su dung
hé thdng theo yéu cau cua ting Gmg dung tinh toan, tr dong chon cac nit tinh
toan thich hop dé chay mot phién tng dung tinh toan nao d6 nham dam bao
tinh can bﬁng va hiéu qua. Tinh ndng nay dugc thyc hién bdi mdt phén mém
goi 1a trinh 13p lich cong viéc (job scheduler), trong do cac phién ing dung tinh

todn can chay duogc goi la cac cong viéc (job).

- Hb tro tinh toan hiéu ning cao: cac img dung tinh toan hiéu ning cao
thudng 1a cac g dung tinh toan song song, lién két nhidu CPU trén nhiéu may
khéac nhau dé thyuc hién déng tho1 mot cong doan tinh toan. Pé thyc hién diéu
nay, ching cAn mét co ché trao d6i dit lidu tée d6 cao gifra cac may. Giao dién
truyén thong diép (MPI tirc Message Passing Interface) cung cdp mot co ché
nhu vay. Hé thdng cung cap nhiéu méi trudng MPI cho cac ing dung tinh toan
song song qua cac thu vién MPI khac nhau, ciing nhu cung cap kha ning st
dung don vi xtr Iy d6 hoa (GPU tirc Graphics Processing Unit) dé ting toc do

tinh toan.

- Hb tro quan Iy sy kién lién quan dén ha ting tinh toan: bao gom viéc
thiét 1ap trang thai ctia cac nut tinh toan khi c6 ngudn dién trd lai (sau su cd mat
dién), ty dong cai dat lai hé diéu hanh trén cac nat tinh toan khi khéi dong, cai
dit phan mém tuy dong trén hang loat nut tinh toan, thong bao khi ¢ 16i phan

ctmg hodc khi dén gi6i han canh béo (chiang han sip hét dung luong luu tri).

- Giam sat va thong ké: bao gdm theo ddi tinh trang cua cac nat tinh
toan, kiém tra tinh két ndi cua hé thong mang, thong ké thoi gian sir dung cta
nguoi dung, thoi gian chay chuong trinh tng dung, luu lugng va dung lugng

s dung v.v...

- Quan Iy nén tang thong minh: bao gdm viéc bat tit tir xa cac nut tinh
toan theo yéu cau, doc cic gia tri cam bién phan cing cling nhu thiét 1ap cac
tuy chon dién nang véi cdc muc hoat dc}ng/tiét kiém di¢n khac nhau. Tinh ndng
nay dugc hd tro thong qua giao dién quan 1y nén tang théng minh (IPMI tirc

Intelligent Platform Management Interface).

- Phong chéng riii ro trong tinh toan: cho phép luu lai trang thai ciia
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chuong trinh dang chay va tiép tuc no vao mot thoi diém khéac. Tinh ning nay
gitip ngudi ding tiét kiém thoi gian, khong phai chay lai toan b chuwong trinh
tir dau khi X4y ra su cd mat dién, duoc hd tro béi module BLCR trong hat nhan

Linux.
2.3. Quan Iy nguwdi dung va phan quyén sir dung
2.3.1 Nguyén tic va cdch cap phit

M&i ngudi dung ding ky str dung hé thong tinh toan hiéu ning cao dugc
cung cip mot tai khoan truy cép. Nguoi diung c6 thé cung cip trude mat khau
hodc nhan mat khau ban dau va sau d6 ty do thay d6i. Trong truong hop quén

mat khau truy cap, nguoi ding c6 thé yéu cau ngudi quan tri dat lai mat khau.

Nguoi dung truy cap hé thdng rocks qua giao thirc ssh (secure shell).
Giao thirc nay thiét 1ap mot co ché xac thuc dua trén khoa. Vao 1an dau nguoi
dung truy cap, khoa ssh s& dugc luu trén may cua ngudi dung. Hé thong tao ra
mot thu muc riéng cua ngudi dung (thu muc <username>) trong
/state/partitionl/home/.  Rocks ty  dong d@)ng bo thu muc
/state/partition]/home/<username> vdi /home/<username>. Nguodi dung khi

truy cép s€ dugc tu do st dung thu muc cd nhan ctia minh /home/<username>.

Mdi nguoi dung cé thé duoc dat vao cac nhém ngudi dung khac nhau.
Mdi nhém nguoi dung cod thé phuc vu cho mdt muc dich riéng, chéng han phan

theo cac don vi trong to chic.

Ngudi dung co thé bi gidi han dung lwong luu trir va tai nguyén tinh toan
(CPU, RAM) trong truong hop anh huéng dén nhitng ngudi ding khéc.

2.3.2 Thao tic qudn ly va phin quyén sie dung cho ngwoi ding

Viéc quan Iy nguoi dung va phan quyén sir dung trén cum tinh toan dira
trén Roll Base va né tan dung cac tién ich quan 1y ngudi dung cia nén tang

Linux.

Str dung tai khoan root, nguo1i quan tri hé théng c6 thé tao tai khoan mdi,
thiét 1ap mat khau cho ngudi dung. Nguoi dung co thé thay d6i mat khau sau
khi di truy cap hé thong. Ngudi quan tri cling c6 thé thém mot nhoém ngudi

dung méi.
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M&i ngudi dung co thé duoc sa d6i dé thém vao cac nhém khac nhau.
Viéc phan ngudi st dung vao cac nhom khac nhau cé thé gitp d& dang phan
cac muirc quyén khac nhau c6 lién quan dén cac dich vu hé théng. Tuy nhién
mot nguodi dung bat ky luén c6 mdt nhém chinh, méc dinh nhém chinh c6 tén
trang v6i tén ngudi dung. Mdi nguoi dung duge hé thdng xac dinh bang mot
dinh danh goi 12 UID (user id) va mdi nhom duoc hé théng xac dinh bang mot
dinh danh goi 1a GID (group id). UID va GID 1a co s¢ dé hé thdng thuc hién
phan quyén trén hé thong tap tin. Theo quy udc, cac UID va GID dudi 500 danh
cho cac dich vu hé théng (c6 thé hiéu 1a cac ngudi ding a0), cac UID va GID
tir 500 tré 1én danh cho cac tai khoan ngudi dung thuc té. Danh sach ngudi
dung dugc luu trong /etc/passwd va danh sach nhom dugc luu trong /etc/group.
Nguoi quan tri st dung cac tién ich quan 1y ctia Linux dé thao tac thay vi sira

d6i truc tiép cac tap tin nay.

Vi cac tai khoan khong con hi€u luc, nguoi quan tri cd thé xda mdt

nguoi dung hodc mot nhom nguodi dung.
2.4. Quan ly I1énh tinh toan
2.4.1 Gidi thiéu vé module lp lich SGE va phwong phdp dwa trén SGE
Rocks Cluster dugc tich hgp mdt cong cu 1a Sun Grid Engine (SGE) [16]

[17], cung cap tinh ning quan 1y viéc cip phat tai nguyén tinh toan véi mot sb
cai tién. Phuong phap nay cho phép don gian hoa viée sir dung ctia ngudi dung.
Nguoi sir dung c6 thé dé dang st dung mot cach hiéu qua hé thong tinh toan
hiéu ning cao ma khong can phai mét thoi gian dé tim hiéu vé SGE nhu thyc
trang cua cac hé théng hién c6. V& co ban, hé théng tinh todn hi€u nang cao chi
nén st dung mot module 1ap lich duy nhét. Trong sb cac giai phap 1ap lich da

nghién ctru, chiing t6i lya chon SGE do né duoc tich hop san trong Rocks 6.1.1.
Sun Grid Engine (SGE) con duoc biét dén véi tén CODINE (Computing

in Distributed Networked Environments) - Tinh toan trong Méi truong Mang
Phén tan - 1a mot hé thong phan mém cum may tinh theo mé hinh dién toan
ludi, thuc hién nhiém vu quan Iy hang doi cong viéc va xir Iy hang loat, do Sun
Microsystems phat trién va hd trg. Cong nghé Grid Engine dugc thuong mai
héa va phat hanh dudi tén Oracle Grid Engine sau khi Oracle mua lai Sun

Microsystems. Tiép sau d6 1a Univa Grid Engine khi tap doan Univa so hitu
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quyén s hitu tai san tri tué va thuong hiéu ddi voi cong nghé nay. Dy 4n ma
ngudn mé gdc cua Grid Engine dd dong, nhung cac phién ban cua cong nghé
nay van mo dudi gidy phép ma ngudn chuin cong nghiép ctia Sun (SISSL). Cac
du 4n moi st dung ma nguén géc cta dy 4n va duge biét dudi tén Son of Grid
Engine va Open Grid Scheduler, vé& co ban c6 chirc ning tuong ty. Phién ban
mi ngudn mé cua céng nghé Grid Engine duoc trién khai trén hé thong tinh

todn hi¢u nang cao tai Trung tdm Tin hoc va Tinh toan.

Grid Engine thuong dugc st dung trén mot cum tinh toan hiéu nang cao
va chiu trach nhiém tiép nhan, lap lich, diéu khién va quén 1y viéc thuc thi phan
tan mot sb lugng 16n cac cong viéc tuan tu, song song hodc c6 tuong tac ngudi
dung. N6 ciing quan 1y va lap lich viéc cp phat tai nguyén phan tan nhu bo xtr

Iy, bd nhd, khong gian dia va gidy phép phan mém.

Céc tinh nang trong phién ban Grid Engine dugc st dung:

bit chd trude

Mang cong viéc

Diéu khién han ngach tai nguyén dya trén quy tic

Thi hanh tr xa ting cuong (khéng sit dung cac tién trinh
rshd/rlogind/sshd bén ngoai)

- Pa cum

- Daemon dugc quan ly béi Service Management Facility trén Solaris
- Hb tro gia TTY cho cac cong viéc twong tac

- Kiém tra dé trinh cong viéc

- Trinh cai dat giao di¢n dd hoa

- Lap lich va rang budc thread theo hinh thai (topology)

- Tich hop Hadoop, tich hgp Amazon EC2 cho dién todn ddm may
Céc tinh ning khac cua SGE bao gdm:

- Nhiéu giai thuét 1ap lich nang cao cho phép cip phat tai nguyén dua
trén chinh sach

- Hang doi cum



34

- Tinh nang chiu 16i - Grid Engine tiép tuc hoat dong mién 1a con mot
hodc nhiéu may

- Piém kiém tra (checkpoint) cong viéc

- Mang va tac vu cong vi¢e

- DRMAA (API cong viéc)

- bat trude tai nguyén

- Béo cdo trang thai XML va giao dién web xml-gstat

- Théng ké tinh trang sir dung

- Console théng ké va bao cio (ARCO)

- make song song: distmake, dmake va qmake cua riéng SGE

- Tich hop FlexIm va quan 1y gidy phép phan mém da cum

Grid Engine 1a mot phan mém da nén tang, c¢6 kha nang chay trén nhiéu
nén tang bao gém ca Linux. Mot cum Grid Engine dién hinh chtra mot may
chinh (master) va mot hodc nhiéu may thi hanh. Nhiéu may chinh tht cép
(shadow master) ciing c6 thé dugc ciu hinh nhu bién phap du phong, chung s&
thuc hién vai trd cia may chinh khi may chinh gbc ¢ sy cd. Cac trién khai
dang chu ¥ cua SGE bao gdm:

- Sun Grid

- Siéu may tinh TSUBAME ¢ hoc vién Cong ngh¢ Tokyo, dung thir 7
trén danh sich TOP500 vao thang 6/2006

- Siéu may tinh Ranger ¢ Trung tdm Tinh toan Cip cao Texas (TACC).
Ranger c6 hi€u nang dinh 504 Tflops, 14 si€u may tinh manh thtr 4 trong danh
sach TOP500 nam 2008

- Trung tdm Si€u may tinh San Diego (SDSC)

- Phong thi nghiém Pong lyc hoc Chét luu Dia vat Iy (NOAA GFDL)

Phian mém Grid Engine dap tng cic yéu cau cua tinh toan ludi (grid
computing). Mot luéi (grid) 1a mot tap hop cac tai nguyén tinh todn nham thyc
hién céac cong viéc. O dang don gian nhét, dbi véi nguodi dung, mot ludi xuét

hién nhu mot hé théng 1on cung cap mot diém truy cap don nhat vao cac tai
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nguyén phan tan. O dang phirc tap hon, mot ludi ¢6 thé cung cép nhiéu diém
truy cap cho nguoi dung. Trong tit ca cac trudng hop, ngudi dung ddi xu véi
lu6i nhu mot tai nguyén tinh todn don nhat. Phan mém quén Iy tai nguyén nhu
Grid Engine chép nhan cac cong viéc do nguoi dung dé trinh, né st dung céac
chinh sach quan ly tai nguyén dé 1ap lich cac cong viéc can chay trén céac h¢
thdng thich hop trong ludi. Ngudi dung c6 thé dé trinh hang tridu cong viéc

mot lic ma khong can phai ban tam céc cong viéc duoc chay ¢ dau.

C6 ba 16p ludi chinh, bién d6i theo quy mé tir cac hé thdng don gian téi
cac khu phure hop si€u may tinh sir dung hang ngan b xu 1y:

- Ludi cum (cluster grid) 1a 16p don gian nhat. Ludi cum duoc tao nén
tr mot tdp hop cadc may (host) 1am vi¢c cung nhau. Mot ludi cum cung cép mot

diém truy cap duy nhat cho ngudi dung.

- Ludi campus (campus grid) cho phép nhiéu bo phéan trong mot t6 chirc
16n chia sé cac tai nguyén. Céc td chuc c6 thé str dung ludi campus dé xu 1y
nhiéu cong viéc khac nhau, tir cdc hoat dong kinh doanh dinh ky, t61 viéc khai

thac dir liéu, xir 1y hinh anh va nhiéu hon thé...

- Ludi toan cau (global grid) 12 mot tap hop cac ludi campus vuot qua
bién gidi cua cac td chuc dé tao nén cac h¢ thong do rat 1on. Nguoi dung cod
truy cap vao strc manh tinh todn vugt xa cac tai nguyén hi¢n cé trong pham vi

to chirc cua ho.

Phan mém Grid Engine cung cép sirc manh va tinh linh dong ma cac ludi
campus can. N6 ciing ¢6 tac dung cho cac lu6i cum. Hé théng Grid Engine diéu
phéi viéc cip phat sitc manh tinh toan dua trén céc chinh sach tai nguyén duoc
thiét 1ap boi doi ngii ky thuat va quan tri cua té chirc. Phan mém st dung cac
chinh sach nay dé xem xét cac tai nguyén tinh toan kha dung trong ludi campus,
sau do s€ thu thap va céip phat cac tai nguyén mot cach tu dong, t6i da hoa viée
str dung trén toan ludi campus. Dé cho phép hop tac trong ludi campus, nhitng

nguoi s¢ hitu du an stir dung ludi phai lam cac viéc sau:
- Thda thuan vé cac chinh sach

- Phat trién c4c chinh sach linh dong dé diéu chinh thi cong cho cac yéu

cau cua mot du an cu thé

- Quan ly va thi hanh cac chinh sdch mdt cach ty dong
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Phian mém Grid Engine c6 thé dan xép quyén loi ctia nhiéu du an dang

canh tranh céc tai nguyén tinh toan.
Sau day la cac thanh phan quan trong nhit ciia mot hé thdng Grid Engine:

* May (host)
C6 bdn kiéu may co ban dbi v6i hé thng grid engine:

- May chinh: mdy chinh Ia trung tdm cua toan bd cac hoat dong trén
cum. May chinh chay daemon sge gmaster va daemon lap lich sge schedd. Ca
hai daemon diéu khién tit ca cac thanh phan cia hé théng grid engine, chang
han nhu cac hang doi va cong vi¢c. Cac daemon bdo tri bang trang thai cua cac
thanh phan, quyén truy cdp cta nguoi ding. Theo mic dinh, méy chinh ciing 1a

mot may quan tri va mot may dé trinh.

- Cac may thyc thi: cac mdy thuc thi 1a cac hé thong cé quyén thuc thi
céc cong viée. Do d6 cac may thuc thi co cac thuc thé hang doi gan kém voi

chung. Cac may thuc thi thi hanh daemon sge execd.

- Cac may quan tri: cdc may quan tri 1a cdc may c6 quyén thuc hién bat

ky hoat dong quan tri nao d6i v4i hé thong grid engine.

- Cac may d¢ trinh: cdc may d¢ trinh cho phép ngudi dung d¢ trinh va
diéu khién chi cac cong viéc hang loat (batch job). Cu thé, mot ngudi dung da
dang nhap vao mot may d¢ trinh co thé dé trinh cac cong vi¢c voi 1€nh qsub, cod
thé quan ly cac trang thai cong viéc v6i 1énh gstat, va c6 thé sir dung giao dién

ngudi ding gmon cua hé thong grid engine.
* Daemon
C6 ba daemon cung cap tinh ning ctia hé thong grid engine:

- Daemon chinh sge gmaster: 1a trung tam cua cac hoat dong quan ly
va 1ap lich trong cum, sge_qmaster bao tri bang thong tin vé cac may, hang doi,
cong viéc, tai trong hé thdng va quyén ngudi dung. sge qmaster nhan quyét
dinh 1ap lich tir sge_schedd va yéu cu cac hanh dong tir sge_execd trén céc
may thuc thi thich hop.

- Daemon 1ap lich sge schedd: daemon Iap lich bao tri mot view cép
nhat vé trang thai cua cum vdéi sy trg gilip ciia sge _qmaster. Daemon 13p lich

thuc hién cac quyét dinh 1ap lich sau:
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o Céc cong viéc nao can gui tdi cac hang doi nao

o Céch sap x€p lai va xac dinh lai d§ uvu tién cho cac cong viéc dé bao

tri d§ uu tién va thoi han.

Sau d6 dameon chuyén cac quyét dinh nay cho sge qmaster, daemon s&

khoi tao cac hanh dong can thiét

- Daemon thuc thi sge execd: daemon thyc thi chiu trach nhiém cho céc
thuc thé hang doi trén may cua nd va cho viée chay cac cong viéc trong cac
thuc thé hang doi nay. Theo dinh ky, daemon thuc thi chuyén tiép thong tin
chéng han nhu trang thai hodc tai trong cong viéc trén mdy cua nod cho

sge gmaster.

* Hang dgi

Hang doi 1a mot noi dé chira mot 16p cac cong viée duge phép chay dong
thoi trén mot hodc nhiéu may. Mot hang doi xac dinh cac tinh chét nao d6 cia
cong vi¢e. Trong sudt thoi gian thuc thi, mgt cong viéc dang chay duoc gén Vo1
hang doi cta nod. Lién két vdi mot hang doi anh hudng dén mot sb thir ¢ thé
xay ra voi mdt cong viée. Vi du, néu mot hang doi bi treo, tat ca cac cong viéc

gan voi hang doi do cling s€ bi treo.

Céc cong viéce khong can phai duge dé trinh truc tiép t6i mot hang doi.
Chi can x4c dinh hd so yéu ciu ciia cong viée. Mot hd so ¢o thé bao gom céc
yéu cAu nhu bd nhd, hé diéu hanh, phﬁn mém kha dung, ... Phan mém grid
engine tu dong guri cong viéc t61 mot hang doi thich hop va mot may thich hop
cO tai trong thuc thi nhe. Néu mot cong vi¢e dugce dé trinh t61 mot hang doi cy
thé, cong viéc dugc rang budc voi hang doi nay. Nhu thé, cac daemon cta hé
thdng grid engine khong thé chon mat thiét bi thich hop hon hodc mot thiét bi

co tai trong nhe hon.

Mot hang doi co thé nam trén mot may don, hodc co thé mé rong trén
nhiéu may. Vi Iy do nay, cac hang doi cua hé théng grid engine con duoc goi
la cac hang dogi cum (cluster queue). Cac hang doi cum cho phép nguoi dung
va nguodi quan tri lam viéc véi mot cum cadc may thuc thi thong qua mot ciu
hinh hang doi duy nhat. M&i may dugc gin véi mot hang doi cum nhéan duoc

thue thé hang doi (queue instance) riéng tir hang doi cum.

* Lénh cho ngwoi dung
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Day 1a moét tdp hop cac chuong trinh dong 1énh cho phép thuc hién cac

cong viéc sau:

Quan ly cac hang doi
D¢ trinh va xda cac cong viéc
Kiém tra trang théi cua cong viéc

Treo hoac cho phép cac hang doi va cong viéc

Hé théng grid engine cung cap nhiéu chuong trinh dong 1énh.

QMON la giao dién nguoi dung d hoa cua hé théng grid engine.

2.4.2 Trién khai tinh néing quén 1y cdp phdt tai nguyén tinh todn

SGE di dugc tich hop mic dinh trong ban phan phdi Rocks dudi dang

mot module (roll). HE théng duoc thiét lap dé cac chuong trinh tinh toan ma

nguoi dung da dang ky tu dong chay qua SGE, tang hi¢u qua cling nhu don

gian hoa céc thao tac cia nguoi dung. Nguoi dung khong can phai hiéu vé co

ché hoat dong cua SGE, chi can khai bdo cac nhu cau can thiét cho chuong

trinh tinh toan. Nguoi quan tri ¢6 thé thiét 1ap cac giéi han tai nguyén dua trén

cac khai bdo nay. Sau day 1a mdt so tuy chon khai bdo lién quan dén cac gidi

han tai nguyén tinh toén:

Bang 2.4 1. M4t s6 tiry chon lién quan dén tai nguyén tinh todn

Tuy chon Y nghia

Kién trac CPU - Chi chay chuong trinh trén cac nut tinh toan c6 kién tric
CPU duoc chi dinh (Intel hoac AMD).
- Tuy chon nay thudng chi can thiét néu chuong trinh c6
yéu cau bat budc vé kién trac CPU.

Thoi gian chay - Thoi gian chay t6i da ctia chuong trinh.
- Gi4 tri mdc dinh cua SGE 1a 8 gio.

B6 nhd - Luong bd nhd 4o (bao gdm ca cac phan ving trao doi) tbi

da tinh theo GB.

- Néu chuong trinh 1a tuan tu, day la gio1 han luong bo nho
tong cong.

- Néu chuong trinh 1a song song, day la gidi han luong bo
nh¢ t6i da duge cap phat cho mdi b xir 1y (khong phai
luong bd nhé tong cong).

B6 nhé vat ly

- Luong bd nhé thuc (RAM vat 1y) téi da tinh theo GB.
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Tuy chon Y nghia

- Néu chuong trinh 1a tuén ty, day la gio1 han luong bo nho
thuc tong cong.

- Néu chuong trinh 14 song song, day la gidi han luong bd
nh¢ thuce t6i da duge cap phat cho mdi b xir Iy (khong phai
luong bd nhé thuc tong cong).

- GGié tri cua gioi han bd nhd vat Iy nén luén nhd hon hodc
bﬁng gia tri cia bd nhd noi trén, va tat nhién khong vuot
qué lugng RAM vét 1y ctia mot nut tinh toan. Ty 1€ bd nho
thuc/bd nhd anh hudng dén cac thao tac “trao do6i trang”
(paging) trong qua trinh thyc thi chuong trinh, do dé c6 thé
tac dong dén hiéu qua ctia chuong trinh.

S6 luong CPU - Chi dinh moi truong song song (vi du OpenMPI) va 5O
lugng CPU can str dung.

SGE chu yéu duoc st dung cho cac chuong trinh chay ¢ ché do ty dong
(khong tuong tac, hay ché do batch), tuy nhién né ciing hd tro cac chuong trinh
chay & ché do twong tac (can cic thao tac ctia nguoi dung, chiang han chuong

trinh v6i giao di¢n dd hoa).

bé chay cac chuong trinh giao di¢n dd hoa trong SGE, h¢ théng da duoc
thiét 1ap dé cho phép tinh ning X 11 Forwarding. X11 Forwarding, 1a mot cach
thire sir dung giao thirc SSH dé cho phép ngudi dung chay cac tmg dung d6 hoa
& trén server va tuong tac véi cac ung dung d6 théng qua man hinh va cac thiét
bi xudt nhap trén mdy client cta ho. Trén mdy c4 nhan, ngudi dung can sir dung
mot trinh client X11, chéng han tuy chon -X trong ssh da tich hop trong cac
ban phéan phdi Linux, hodc Xming két hop véi Putty trén Windows, X11 trén
Mac OS. Hinh bén dudi 1a minh hoa vi¢c chay ing dung AutoDockTools chay

trén hé thong, véi cura s6 giao dién do hoa dugc hién thi trén may ngudi dung.
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Hinh 2.4 1. Giao dién AutoDockTools
Mot tinh niang khac ctiia SGE 1a hd tro chay mang cong viéc (job array).
Mang cong vi¢e 1a viéc thyc hi¢n déng thoi nhiéu tac vu (task) cua cung mot
cong viéc khong tuong tac (batch job) nhung véi cac dit liéu dau vao khac nhau.
SGE hd trg tinh ning mang cong viéc, tinh ning nay dic biét hitu ich khi can
chay mot chuwong trinh véi tap dit liéu dau vao c6 sé lugng 16n. Tinh hudng nay
rat phd bién trong linh vuc nghién ctru, vi du cac thir nghiém tinh toan dé xac

dinh lya chon t61 wu cho dir liéu dau vao.

Gia sir chung ta can chay chuong trinh program véi 1000 tap tin dit liéu
dau vao, tir input.1 dén input.1000. Thay vi phai goi chuong trinh program mot
cach tha cong 1000 lan hodc dat chung trong mét kich ban dé chay céc tac vu
lan Iuot tir 1 dén 1000, mang cong viéc SGE cho phép chi can goi chuong trinh
program 1 lan dé chay ty dong 1000 tac vu theo cach song song, tic 1a nhiéu
tac vu duogc thuc hién déng thoi. Céc tac vu s€ chay doc 1ap vaoi nhau, mdi tac
vu st dung tap tin dau vao riéng va tao ra tap tin két qua tuwong tng. SGE tu

dong quyét dinh bao nhiéu tac vu hoat ddng dong thoi, iy thudc vao tinh trang
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ctia hé thong tai thoi diém chay. Theo cach nay, mot tac vu khoi dong sau c6
thé hoan thanh trudc mot tac vu duge khdi dong trude no.

SGE ciing duoc thiét 1ap dé chay cac chuong trinh tinh toan trong méi
truong song song. Ngudi dung chi can go tén chwong trinh MPI hay qua
mpirun, chuong trinh luén duoc dua vao hang doi SGE dé phan phdi trén cac

nat tinh toan.

* Quan ly tac vu., ngwoi dung

Nguoi quan tri hé thong c6 thé xem thong tin vé cong viéc ctia ngudi
dung, thong tin vé cac may trong cum, thong tin vé hang doi trén cac may ciing
nhu thong tin vé cong viée cuia ngudi dung trong giao dién dd hoa qmon cia
SGE.

* Chinh sach lap lich

H¢ théng 1ap lich duoc c4u hinh dé st dung chinh sach chia sé¢ cong béng.
Ban dau, tit ca ngudi ding cd quyén wu tién nhu nhau khi sir dung céc tai
nguyén hé thdng. Néu mot ngudi dung st dung lién tuc hé thdng tinh toan trong
thoi gian gan ddy, mirc d6 vu tién cta ngudi d6 s& giam di so voi nhitng nguoi
dung khac néu tit ca ngudi ding cing ¢6 nhu ciu tinh toan vao thoi diém hién
tai. Tuy nhién sau mdt thoi gian gian doan khong stir dung hé théng, muc do vu

tién cua nguoi dung s€ lai dugc phuc hoi vé gia tri tdi da nhu ban dau.
2.4.3 Sir dung hé thong

Pé co thé dua Iénh 1én chay trén hé thong, ngudi ding chuén bi file kich

ban (script_file) gdbm cac ndi dung nhu sau:

Script _file Giii thich
- program_name: tén chuong trinh tinh
#!/bin/bash toan.
#PBS -N program_name - select=I1:ncpus=12:mem=8G: caic
#PBS -j oe tham s yéu cau sd luong tai nguyén
#PBS -m abe gdm sb node, sé6 CPU, dung lugng bd
#PBS -l select=1:ncpus=12:mem=8G | nh6 RAM.
#PBS -q para _cpu - para_cpu: phan loai chuong trinh tinh
cd $PBS O WORKDIR toan don, tinh toan song song...
J/program.sh + long cpu: s dung khi chay chuong
trinh don tinh toan trén mot CPU.
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+ para_cpu: st dung khi chay chuong
trinh song song, st dung thu vién
MPI/OpenMP.

- ./program.sh: dudng dan va cau lénh
chay chuong trinh tinh toan.

Sau khi da chuén bi file kich ban script_file, nguoi dung dua Iénh tinh
todn 1én hé thong bang I¢nh:

# qsub script_file
Xem danh sach cac 1énh dang chay trén hé théng bang cau 1énh:
# qstat

qstat con cho ngudi dung biét trang thai cau l1énh cua minh dua lén
hé thong nhu thé ndo. Céc trang thai dién hinh bao gom:

Queued: Lénh dang nam trong hang chd
Held: Lénh bi dirng

Running: Lénh dang chay

Finished: L&énh da hoan thanh

1 bin]# gstat -u anna

Req'd
Username (Queue Jobname SessID NDS TSK Memory

anna slee L19V1.olBL 46097 1 12 12gb
anna slee WU.olBLng 26206 1 12 12gb
anna slee L165V2ol6L 751 1 12 12gb
anna slee L165V15010 35789 1 12 12gb
1254285.pb anna slee L19.15010L 22294 1 12 4gb
1254286.pbs0 anna slee L13V3LNG 19176 1 12 12gb
1265817.pbsB1  anna sleep L13V40lBLN 10711 1 12 4gb

[root@lo: 81 ~1# gstat -Qf p72
Queue: p72
queue_type = Execution
Priority = 70
total jobs = 28
state_count = Transit:0 Queued:17 Held:® Waiting:0 Running:1l1l Exiting:© Beg
un:0
max_queued = [u:PBS_GENERIC=20]
resour _max.walltime = 72:0
resour _min.ncpus = 8
resources_default.walltime = 72:00:00
default_chunk.allowed_qgueues = p72
available.fairshare_enable = True

max:Fun_Fes.ncpug
enabled = True
started = True

Hinh 2.4 3. Kiém tra trang thdi lénh — Thong tin chi tiét ciia mot lénh tinh
toan
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Xé6a lénh dang chay bang cau 1énh:
# qdel job id
2.4.4 Quan tri hé thong

Bén canh cac cau 1€nh danh cho nguoi dung st dung hé thong, con cod

cac cau 1énh quan tri h¢ théng danh cho quan tri vién nhu sau:

pbsnodes: cau 1énh hién thi cac Node va tinh trang tai nguyen cua cac
Node trong hé thong

qhold: dung (hold) mot 1€nh tinh toan

gris: tiép tuc xir Iy (release) mot 1énh tinh toan

tracejob: 13y thong tin chi tiét vé mot 1énh tinh toan

pbs-report: bao cao chung vé hé thong

pbs_probe: bao céo tinh trang hé thong

Hinh 2.4 4. Lénh pbsnodes kiém tra tdi nguyén hé thong
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Chuong 3: THU NGHIEM VA PANH GIA HE THONG TiNH TOAN
HIEU NANG CAO VUA XAY DUNG

3.1. Phwong phap thir nghi€ém va cac chi tiéu danh gia

Ning lyc xir Iy ciia siéu may tinh dugc danh gia thong qua tiéu chi 1a: S6
lwong phép tinh sb hoc du phay dong ma hé théng co thé thuc hién mdi gidy.
Tbc dd thuc hién phép tinh d4u chim dong trén gidy, dugc viét tit la FLOPS!
(FLoating-point Operations Per Second) [18].

Céac nha cung cip may tinh va nha cung cép dich vu thudng dé cap dén
hiéu sudt cao nhat theo 1y thuyét (Rpeak) cua hé thong cua ho, tinh bang
FLOPS. Rpeak ctia hé thdng duoc tinh bang cach nhan s luong bo xu Iy véi
tdc d6 xung nhip cta bo xir Iy, sau d6 nhan véi sé phép toan dau phiy dong ma
bo xu Iy co thé thuc hién trong mdgt gidy do dac bdi cac chuong trinh tinh diém
chuén tiéu chudn, chang han nhu LINPACK DP TPP, HPC Challenge (HPCC)
hay SPEC [2][10][11].

FLOPS 1a don vi do hiéu suét tinh toan sd ciia may tinh. Cac phép tinh
dau phay dong thuong dugc sir dung trong cac linh vyc nhu nghién ctu tinh
toan khoa hoc. Frank H. McMahon, thudc Phong thi nghiém quéc gia Lawrence
Livermore, d phat minh ra thuat ngit FLOPS va MFLOPS (Mega-FLOPS) dé
ong co6 thé so sanh cac siéu may tinh thoi d6 theo sd phép tinh ddu chim dong

ma chung thuc hién mdi giay.

Trudng hop may tinh ¢6 mot CPU, ta ¢6 thé ap dung cong thirc sau:

cycles  FLOPs

FLOPS = cores x X .
second cycle

FLOPS trén hé thong HPC c6 thé duoc tinh bang phuong trinh sau:

FLOPS — racks x 20des . sockets = cores  cycles = FLOPs

X X X X .
rack node socket  second cycle

' Chir "S" trong tir viét tat "FLOPS" 1a viét tat ciia "gidy" va duogc sir dung két hop voi "P" (cho "per") dé biéu
thi toc d9. Toc do moi gidy "FLOPS" thudng bi hicu sai thanh dang s0 nhiéu cua "FLOP" (viét tat cua "phép
tinh dau phay dong").
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Cong cu thuong duge stir dung dé tinh toan sitc manh cua hé théng HPC
1a Linpack [19]. Linpack 1a mot cong cu danh gia tbe d6 thuc thi cac phép toan
dau phay dong cta bd xtr ly. Ky thuat ndy ap dung mot thuat toan toan hoc tiéu
chuan dya trén viée giai dong thoi cing mot luc cac phuong trinh toan hoc
tuyén tinh. Jack Dongarra di x4y dung Linpack dé cung cdp cho ngudi dung
mot thude do tiéu chuin vé hiéu suat may tinh. Linpack rat hitu ich trong viéc

danh gia toc d6 thuce té ma may tinh s€ chay mot hodc nhiéu chuong trinh [7][8].
C6 ba diém chuan LINPACK khac nhau:

- Linpack Fortran n=100: duoc st dung dé do tdc d6 ctia may tinh khi
giai cac phuong trinh tuyén tinh bang cach sir dung ma tran hodc mang s6 chira
100 s6.

- Linpack n=1000: twong ty nhu diém chuan n=100. N6 dugc sir dung

cho mo{t ma tran gém 1000 sb.

- HPLinpack (High-Performance Linpack - HPL) [5]: Hai cong cu ké
trén khong phu hop dé thir nghiém cac may tinh song song. Dé danh gia diém
Linpack cua hé thong tinh toan hiéu ning cao, ching ta st dung cong cu
HPL[6]. HPL c6 thé danh gia hiéu ning cua cdc cum may tinh hiéu sudt cao
thong qua dua trén mot bai kiém tra dé giai cac phuong trinh don tuyén tinh
bac N thong qua phép thir Gauss. Piém FLOPS cuc dai 1a s6 phép tinh ddu
phay dong ma may tinh co6 thé thuc hién mdi gidy. Piém FLOPS cuc dai nay
c6 thé duogc chia thanh hai loai, diém FLOPS 1y thuyét va diém FLOPS thuyc té.
Piém FLOPS cuc dai theo 1y thuyét 1a s6 phép toan ddu phay dong ma may
tinh co thé thyc hién theo 1y thuyét mdi gidy. Piém FLOPS cuc dai theo ly
thuyét duoc xac dinh boi tbe do xung nhip cia CPU. Piém FLOPS cuc dai theo
Iy thuyét duoc tinh cong thire sau:

Cong thure Giai thich
Priops = CPUclock * Ncpu * Noperation | Priops © Diém FLOPS cuc dai theo 1y thuyét
CPUciocr : Toc @6 xung nhip caa CPU
Ncru : S6 18i CPU
Noperation © SO phép tinh dau phay dong ma
CPU thyc hién trén moi chu ky.

Trong khi d6 diém FLOPS thuc té s& duoc danh gia bang cach sir dung
HPL.
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3.2. Panh gia hi¢u ning hé thong sir dung HPLinpack

Nhu da dé cap ¢ Chuong 2 — myc 2.1, hé théng dugc xay dung cé cAu

hinh nhu sau :

May Headnode va may CPU x5:

- B§ nhd RAM DDR4 dung lugng 128GB
- 02 x B xtr 1y Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz
May GPU x10:

- B6 nhd RAM DDR4 dung lugng 128GB
- 02 x B xtr 1y Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz

- BO xir Iy @6 hoa NVIDIA Tesla P100

Hinh 3.2 1. Dung lwvong RAM cua cac may CPU/ GPU

Hinh 3.2 2. Théng s6 bé xir Iy CPU ciia cdc may CPU / GPU
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Véi bo xir Iy CPU trén ting may, mdi may c¢6 2 bd xtr Iy gan trén 2
Socket, mdi Socket c6 14 16i (Core), mdi 16i hd tro 2 ludng (Thread). Nhu vay
tong cong sd ludng tinh toan 1a 2x14x2 = 56 ludng (56 CPU)

Ban cai dat HPL dugc phan phdi tai duong dan
https://netlib.org/benchmark/hpl/

HPL - A Portable Implementation of the High-Performance Linpack Benchmark r‘ Innovative Computing Laboratory

for Distributed-Memory Computers <

Version 2.3 A. Petitet, R. C. Whaley, J. Dongarra, A. Cleary December 2, 2018 # Accesses

h q

on distrib emory

HPL is a software package that solves a (random) dense linear system in double precision (64 bits) ar
It can thus be regarded as a portable as well as freely available implementation of the High Performance Computing Linpack Benchmark.

The algorithm used by HPL can be summarized by the following keywords: Two-dimensional block-cyclic data distribution - Right-looking
variant of the LU factorization with row partial pivoting featuring multiple look-ahead depths - Recursive panel factorization with pivot search and
column broadcast combined - Various virtual panel broadcast topologies - bandwidth reducing swap-broadcast algorithm - backward substitution
with look-ahead of depth 1.

The HPL package provides a testing and timing program to quantify the accuracy of the obtained solution as well as the time it took to compute it.
The best performance achievable by this software on your system depends on a large variety of factors. Nonetheless, with some restrictive

p on the interc, network, the algorithm described here and its attached implementation are scalable in the sense that their
parallel efficiency is maintained constant with respect to the per processor memory usage.

The HPL software package requires the availibility on your system of an 1 1on of the M Passing Interface MPI (1.1 compliant).
An implementation of either the Basic Linear Algebra Subprograms BLAS or the Vector Signal Image Processing Library VSIPL is also needed.
Machine-specific as well as generic implementations of MPI, the BLAS and VSIPL are available for a large variety of systems.

Acknowledgements: This work was supported in part by a grant from the Department of Energy's Lawrence Livermore National Laboratory and
Los Alamos National Laboratory as part of the ASCI Projects contract numbers B503962 and 12187-001-00 4R.
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Hinh 3.2 3. Giao dién chinh trang HPL
Tién hanh bién dich chwong trinh HPL trén hé thong cta ching ta




Hinh 3.2 4. Qua trinh bién dich cong cu HPL
Sau khi bién dich chuong trinh xong, ta c6 dugc file chay cia chuong

trinh trong thu muc “bin”

@ mc [root@head(.hpec.vastvn]:/opt/apps/hpl-2.3/bin/Linux_PII_CBLAS

Hinh 3.2 5. Cong cu HPL da dwoc bién dich thanh cong
Str dung 1énh dé kiém tra tinh trang Node tinh todn cua chung ta, chon ra
mdt Node dé chay chuong trinh HPL



Hinh 3.2 6. Trang thdi cua Node cnode04

Pé chay chuong trinh HPL va c6 duogc két qua do tot (cuc dai), ta can

phai dua tham sé pht hop vao trong file cu hinh tham sé do dac HPL.dat [20].
Céc tham sé quan trong lién quan dén qua trinh do dac 13 [21]:
N: Kich ¢& cua bai toan.
Chuong trinh Linpack s€ tao ra bai todn v4i ma tran co kich thude
(N.8) Bytes.

Trong thuc té, dé c6 duoc két qua tdt nhat, can chay chuong trinh véi
kich thudc bai toan phu hop voi bo nhé cua hé théng. Dung luong bd nhd ma
HPL st dung chinh 1a d6 16n ctiia ma tran hé sd twong quan. Néu sir dung N
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nhd, thi s€ khong danh gia dugc hét nang luc cua hé théng. Néu sir dung N 16n
qua, thi co thé gy ra viéc hét dung luong bé nhd RAM va phai st dung ving
nh& Swap trén 6 cing, ciing s& lam suy giam hiéu suat. Ta nén sir dung ma trin
c6 kich thuéce khoang 70% dén 80% dung luong bd nhd, con chira mot phan

cho hé di€u hanh cung céc tién trinh khac.

Vi du néu kich thudc bo nhé 12 128Gb trong trudng hop clia chung ta thi
ta c6 70% bd nhé 12 89.6GB. Dé x4c dinh N ta c6 bicu thirc:

N=,/89.6GB /8
Véi cac Node tinh todn cia ching ta, bo nhé 1a
128GB = 137.438.953.472 Byte

Ta c6 bang gia tri cho N nhu sau:

Bang 3.2 1. Gid tri ciia N doi voi truong hop bé nhé 128GB

Percent N =,/137.438.953.472 * Percent / 8
70% 109.663
80% 117.234
90% 124.345

Truong hop ta st dung 2 Node tinh toan, tong bo nhd 13
128GB * 2 =256GB =274.877.906.944 Byte

Ta c6 bang gid tri cho N nhu sau:

Bang 3.2 2. Gid tri ciia N doi voi truong hop bé nhé 256GB

Percent N =,/274.877.906.944 * Percent /8
70% 155.086
80% 165.794
90% 175.851

P va Q : Kich thwéec Ma tran xir ly
Gia tri cua P va Q dai dién cho kich thudc cia ma tran xur Iy trong bai
toan ctia chiing ta (P va O 1a s6 dong va s6 cot ciia ma tran xur 1y). Tich PxQ sé&

1a tong cac tién trinh ma chiing ta mudn xu Iy ddng thoi (xur 1y song song). Vi
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du ctia mot Node cua ching ta dang c6 56 bd xur Iy va ta mudn dénh gia ning
luc cua toan bo Node thi ta cho 1énh chay trén 56 b xir Iy dong thoi cung lic.
Thong thuong ta s& dat P nho hon hoic bang Q, va giir gia tri P, Q chénh
léch cang it cang tot (ma trin cang gan vai hinh vudng cang tot), khi d6 két qua
do dac cang gﬁn v6i nang luc cyc dai cia hé théng. Ta ¢6 thé thtr nhiéu kich
thudc ma tran khac nhau dé so sanh.
Ta c6 bang tham khao gié tri cua P va Q nhu sau:

Bang 3.2 3. Gid tri cia P/Q tinh theo s6 bé xit Iy

S6 bd xir ly Gia tricua P Gia tri cua Q
8 2 4
10 2 5
16 4 4
20 4 5
56 7 8
112 8 14
224 14 16

NB : Kich thuéc khoi

Gia tri NB 1a kich thuéc ciia khdi. HPL sir dung NB dé phan phéi dit liéu
cling nhu céc tinh toan chi tiét. Tir quan diém trong viéc phan phdi di liéu, kich
thudc cua khdi cang nho thi viéc phan bd cang dong déu. Tir quan diém tinh
todn, gia tri NB qua nho s€ han ché hiéu suit tinh toan. Gia tri khdi nhé cling
lam tang khdi luong trao ddi thong tin.

Gid tri NB thuong trong khoang 100 - 256.

Gia tr1 NB duoc khuyén c4o 1A boi sd cta P * Q.

Vidunéu P *Q =8, sir dung gia tri NB 13 boi sd cua 8 trong khoang tir
100 va 256, vi du 8 * 20 = 160.

Chung ta can thir cac gia tri dé chon ra dugc két qua t6t nhat.

Sau khi da xay dung dugc tham s6 cho file HPL.dat, ta chay 1énh do dac

theo cau trac nhu sau:
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Do trén 1 Node:
# mpirun -np 56 --host cnode01 ./xhpl
Do trén 2 Node:
# mpirun -np 112 --host cnode0l,cnode02 ./xhpl

Trong do:
-np: la téng sé luong xir ly song song ma ta muon siv dung
—host: la tén cic Node ma chiing ta muén diy lénh do dac lén

Mot vai hinh anh két qua cua viéc do dac nhu sau:

&

Hinh 3.2 7. Do trén I Node voi N tinh theo 70% bo nho va NB =192
&

Hinh 3.2 8. Do trén I Node voi N tinh theo 70% bo nho va NB =224
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Hinh 3.2 9. Do trén I Node voi N tinh theo 80% bo nho va NB =192

Hinh 3.2 10. Do trén 1 Node voi N tinh theo 80% bo nho va NB =224



54

Hinh 3.2 11. Do trén 1 Node voi N tinh theo 90% bo nho va NB =192

Hinh 3.2 12. Do trén 1 Node voi N tinh theo 90% bo nho va NB =224
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Bang tong hop céc két qua do duoc trén 1 Node CPU nhu sau:
Bdng 3.2 4. Tong hop két qua do dwoc trén 1 Node CPU

S6 Cso(ie Téng thoi gian Két qua
Node | (b0 xi N P Q| NB do dac (Gflops)
l.y) (hh:mm:ss)

1 56 109'216611()70% 7 8 | 100 01:14:07 197,69
1 56 109'216611()70% 7 8 | 112 01:09:46 210,00
1 56 109'216611()70% 7 8 | 192 01:04:57 225,62
1 56 109'216;1()70% 7 8 | 224 01:06:04 221,78
1| s6 109'216611()70% 7| 8 |256| 01:05:14 224,61
1 56 109'216;1()70% 7 8 | 300 01:06:23 220,71
1 56 ! 17';3611()80% 7 8 | 100 01:28:50 201,53
1 56 117'311111()80% 7 8 112 01:24:18 212,37
1 56 ! 17'3113611()80% 7 8 192 01:17:42 230,40
1 56 ! 17'3113611()80% 7 8 | 224 01:17:31 230,92
1 56 ! 17'3113;1()80% 7 8 | 256 01:20:26 222,56
1 56 ! 17'3113;1()80% 7 8 | 300 01:20:11 223,24
1 56 124'3:‘;1()90% 7 8 | 100 01:47:56 197,92
1 56 124'3:‘;1()90% 7 8 | 112 01:42:27 208,51
1 56 124'3:‘;1()90% 7 8 | 192 03:15:49 109,09
1 56 124'3:‘;1()90% 7 8 | 224 06:35:28 54,01

1 56 124'3:‘;1()90% 7 8 | 256 07:01:22 50,69

1 56 124'3:‘;1()90% 7 8 | 300 08:56:56 39,78

Tir két qua trén ta thiy :

- Gia tri N tinh theo 80% dung luong bd nhé RAM cho két qua do t6t
nhét
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- Gia tri NB trong khoang 192 dén 256 cho két qua do t6t nhat

- Nang lyc xtr 1y do trén 1 Node 1a khoang 230 Gflops

Hinh 3.2 14. Do trén 2 Node voi N tinh theo 70% bo nho va NB =224



57

Hinh 3.2 16. Do trén 2 Node voi N tinh theo 80% bo nho va NB =192



58

Hinh 3.2 18. Do trén 2 Node voi N tinh theo 80% bo nho va NB =224
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2

Hinh 3.2 20. Do trén 2 Node voi N tinh theo 90% bo nho va NB =224
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Bang tong hop céc két qua do duoc trén 2 Node CPU nhu sau:
Bdng 3.2 5. Tong hop két qua do dwoc trén 2 Node CPU

; So Tong thoi gian .
So Core g g Ket qua
A N P | Q | NB do dac
Node | (b0 xir (Gflops)
1Y) (hh:mm:ss)

0

20| 12 155'2186?11()704 8111 100 | 01:48:54 380,54
0

2 | qp | 199086(70% |l o | 0142037 403 .84
mem)
0

2 | qp | 193086(70% | ol a | jon | 01:32:36 447,54
mem)
0

2 | qp | 193086(70% | ol a | oa | 01235010 435,51
mem)
0

2 | qp | 192086(70% | g | ase | 01:33:37 442,67
mem)
0

2 | qp | 199086(70% | o g a00 | 0105527 358,99
mem)
0

20| 12 165';9611()804 8111 100 | 02:06:45 399,50
0

2 | 11p [ 1OSTOABO% T el | 02018224 365.87
mem)
0

2 | q1p [1OTOABO% ey o0 | 01:51:29 453,55
mem)
0

2 | 11p |16 T9ABO% eyl s | 01054139 441 64
mem)
0

2 | 11p |16 T9ABO% T e s 056 | 01:50:14 45933
mem)
0

2 | 11p [ 1O TOABO% e s 300 | 01554 26 442,50
mem)

2 | 112 | 175851 (90% | 8 | 14| 100 | _ 02:30:19 401,96
mem)

2 | oqp | 1PSSLO% el | 0314557 309.92
mem)

2 | oqp | 18SLO0% el oo | 05015013 191,68
mem)

2 | qp | 17BSLO0% | el oa | 08:36:55 116,89
mem)
0

2 | q1p | 17BSLO0% | el a | ase | 09:33:55 105,28
mem)

Tir két qua trén ta thiy :

- Gia tri N tinh theo 80% dung luong bd nhd RAM cho két qua do t6t
nhét

- Gia tri NB trong khoang 192 dén 256 cho két qua do t6t nhét
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- Nang lyc cia 2 Node do duogc gép doi 1 Node, tiém cén voi gia tri 460
Gflops.
Twong tu, chung ta thuc hién do trén cdac Node co by xur ly GPU.
Hé théng cua ching ta bao gdm 10 Node GPU c¢6 cdu hinh nhu sau :

May GPU x10:

- B6 nh6 RAM DDR4 dung luong 128GB
- 02 x B xtr 1y Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz
- BO xir Iy @6 hoa NVIDIA Tesla P100

Dé thyc hién viéc do nang luc bg xur Iy GPU, ta st dung CUDA Linpack
duoc xay dung dé do ning luc xtr Iy cho card d6 hoa NVDIA Tesla.

&

Hinh 3.2 21. Théng tin vé phan mém CUDA Linpack

Hinh 3.2 22. Chuong trinh CUDA Linpack da bién dich trén hé thong
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Pé thyuc hién do dac Node GPU trong hé théng, ta can dua tham sb vao
2 file bao gdbm:

1. File "HPL.dat": y nghia cta cac tham sé nhu da dé cp bén trén
2. File "run_linpack": c6 cac tham sé quan trong nhu sau

CPU_CORE_PER_GPU: ty 1¢ CPU trén GPU cua mdi Node, trong truong
hop ciia chung ta, mdi Node GPU ¢6 1 card GPU va 56 coré CPU nén con s
nay la 56
CUDA_DGEMM_SPLIT: ty 1¢ phan b6 bai toan DGEMM (Double precision
GEneral Matrix Multiplication) cho bd xtr Iy GPU. N6 dugc tinh bang (GPU
GFPLOPS)/ (GPU GFPLOPS + CPU GFPLOPS)

Trong truong hop cia ching ta GPU GFLOPS c6 gia tri 1y thuyét 1a
4.700 GFLOPS. CPU GFLOPS do dugc ¢ trén 1a 230 GFLOPS. Do d6 ta tinh
duoc:

CUDA_DGEMM_SPLIT =4.700 / (4.700 + 230) = 0.95

Thyc hién phép do trén hé thong ta duoc két qua do ning luc ciia mot
Node GPU nhu sau:

- Gia tri N tinh theo 80% dung lwong bd nhé RAM cho két qua do t6t
nhét

- Gia tri NB trong khoang 192 dén 256 cho két qua do t6t nhat

- Nang lyc xtr Iy do trén 1 Node GPU la khoang 3.750 Gflops (3,75
TFLOPS)

Cubi cting chung ta thyuc hién phép do tong thé trén toan bo hé thong.

Do hé thong cua ching ta khong dong nhat, gdm ca cac Node CPU va
GPU nén ta thuc hién phép do 1am 2 phan:

- Po dac trén tat ca cac Node CPU
- Po dac trén tat ca cac Node GPU

Trong phéan kiém tra danh gia hé thong nay, hé thong s& duoc chay bai
toan Linpack véi do phirc tap khac nhau va voi cau hinh khac nhau. Két qua cua

cac bai toan thir nghiém dugc li¢t ké trong bang dudi day:
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S6 nut ) -
TT | tinh Thong so CPU/GPU Hi¢u suat
toan
- Gia tri N tinh theo 80% dung
- B0 nhd6 RAM DDR4 dung luong 2?%% Eﬁé?ho RAM cho ket qua
128GB o o 100
1 5 | - 02 x Bé xtt Iy Intel(R) Xeon(R) Gold CPU &éilg St;cl}ffktértonfé do"%ﬁg nhgt
6132 CPU @ 2.60GHz q
= Nang lyc ciia 5 Node CPU la
khoang 1.145 Gflops (1,145
TFLOPS).
- Gia tri N tinh theo 80% dung
- B0 nhd6 RAM DDR4 dung luong gf)q%% Eﬁé?ho RAM cho ket qua
128GB o o 100
2 10 |- 02 x Bo xtt Iy Intel(R) Xeon(R) Gold GPU &éilg St;cl}ffktértonfé do"%ﬁg nhgt
6132 CPU @ 2.60GHz S Nire ro ot ?ON e GPUL
Ao 1s 2A ang lyc cua ode a
- B0 xtr Iy d6 hoa NVIDIA Tesla P100 khoang 37.480 Gflops (37,48
TFLOPS).
- 05 may CPU, céu hinh:
+ Bo nhd¢ RAM DDR4 dung luong
128GB
+ 02 x B¢ xtr Iy Intel(R) Xeon(R) Gold
6132 CPU @ 2.60GHz St dung | = Ning luc ctia 10 Node GPU +
3 15 |- 10 may GPU, cau hinh: dong thoi ca | 05 Node CPU la khoang 1,45 +
CPU va GPU | 37,48 =38.93 TFLOPS

+ Bo nhd¢ RAM DDR4 dung luong
128GB

+ 02 x B¢ xtr Iy Intel(R) Xeon(R) Gold
6132 CPU @ 2.60GHz

Bo xtr Iy d6 hoa NVIDIA Tesla P100

> Tir két qua trén cho thiy : Tong nang lyuc xir Iy toan hé thong 1a:

1,45 + 37,48 = 38.93 TFLOPS

3.3. Panh gia toc dd tinh toan dua trén bai toAn miu

Tinh toan song song dugc thuc hién dya trén co s& céc bai toan cé thé

phan doan ra dugc hay cac phép thur 1ap di 1ap lai mdt cong thuc véi cac tham
sd khac nhau.

Néu thyc hién cac phép toan trén chi bang mot ludng xir 1y, thoi gian dé

nhan dugc két qua c6 thé rat 1au, tinh bang hang thang, hang nam. Khi do, k¥

thuat tinh todn song song giup cac nha khoa hoc giam bdt thoi gian cho doi

trong viéc xu ly dit li€u va s€ nhan dugc két qua nhanh hon nhiéu lan.
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Vi duy ta c6 phép tinh tong cia cac sd trong mot diy v6i hang ty ty phan
tir. Néu xir 1y trén mot ludng, ta s& mat thoi gian dé thuc hién phép cong hang
ty ty lan. Nhung néu ta chia doi day s6 ra va thuc hién phép tinh trén hai nia
bang hai tién trinh khac nhau, sau d6 tong hop lai thi thoi gian giam xudng gan
nhu mot nira. C&r nhu thé, sb ludng xtr Iy song song cang nhiéu thi thdi gian co

duoc két qua cang duoc rut ngan.

Mot vi du khéc, ta xdy dung dugc mét mo hinh dy bao nhiét do trong
ngdy va mudn danh gia do chinh xac ctia mé hinh d6. Dir liéu dé danh gi 1a dix
liéu khi twong cta 10 nam trude, bao gdm cac thong sd vé khi twong da do duoc
trén céc thiét bi quan trac, theo chu ky 5 phiit.

Khi d6 ta s& phai lam rat nhiéu phép thir lap di lap lai voi cing mot cong
thirc, nhung tham s6 dau vao dé tinh toan khac nhau. Sau d6 tong hop lai két
qua cudi cung dé két luan.

Thay vi thyc hién hang triéu, hang ty phép tinh trén mot ludng xir 1y, ta
c6 thé chia bo tham sb ra lam nhiéu phan va dua 1én cac ludng xur Iy khac nhau
dé tinh toan. Mdi ludong dam nhan mot phan ciia bai toan. Cubi cung tong hop
lai. Ttr @6 thoi gian dé xtr 1y toan bo bai toan giam di nhiéu 1an.

Trong phan tiép theo, ta s& xay dung mot chwong trinh tinh toan song
song v6i cac dic diém nhu sau[9][12]:

- Viét bang ngdn ngir C.

- St dung thu vién MPI dé phan b cac phan cua bai toan chay trén cac
Node khac nhau [22].

- Pau vao 12 mdt mang A chira cac sb thap phan tir 1 dén N.

- Qua trinh tinh toan gia 1ap viéc xir Iy tirng phén tir trong mang A (tham
s0 dau vao). Két qua tra vé sau khi tinh xtr 1y s& duoc tinh tong lai.

- Tu duy cua viéc tinh toan song song ¢ day la cac phép toan thyuc hién
trén ting phan tir ciia mang A 1a doc 1ap. Do d6 ching ta c6 thé phan bd no trén
cac ludng tinh toan khac nhau roi lay tong cac két qua cudi cung lai.

- Chung ta s& do dac thoi gian chuong trinh can dé xir Iy bai toan khi st
dung sb ludng tinh toan khac nhau.

Chuong trinh cta chung ta nhu sau:
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#include <mpi.h>
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <time.h>
#include <unistd.h>
// Kich thwoc ciua mang A
#define n 500
// Dinh nghia mang A véi N phan tir thip phdn
float a[n];
// Binh nghia mang A2 ding tam cho cdc tién trinh phu
float a2[10000];
int main(int argc, char® argv[])
{ r 2 , \ r
// Khai bao bién dé luu thoi gian bat dau va ket thuc
double time_diff;
time_t time_start, time_end;
int pid, np,
elements_per process,
n_elements recieved;
// np la bién leu triv s6 luong xir Iy
// pid la bién luu trit ID cia luong xir Iy. Luong xit Iy chinh sé ¢é ID la 0.
MPI Status status;
// Tao tién trinh song song
MPI_Init(&argc, &argv);
// Kiém tra sé heong tién trinh va ID ciia cdc tién trinh
MPI Comm_rank(MPI COMM WORLD, &pid);
MPI Comm_size(MPI COMM _ WORLD, &np);

// Néu l{l tien trinh chinh, xd: ly cac lénh lién quan nﬁu’ kho"iv tao tham,so”', xu
ly mot phan cong viéc, phan bo cong viéc, thu nhdn két qua, tong hop ket qua
if (pid ==0) { N
// Khoi tao mang ngdu nhién A
srand(time(NULL));
for(long i=0; i<n; i++)

{
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// Tao mdng ngdu nhién A gom cdc phan tir thdp phdn cé gid tri tir

0 dén 100

afi] = (float)rand()/(float)(RAND MAX/100);

/

printf("\n");

printf("Number of array element = %d\n", n);
// Bat dau tinh thoi gian xit 1y

time_start = time(NULL),

// Phdn chia céng viéc cho cdc tién trinh phu
long index, i;

elements_per process = n/np;
// Kiém tra néu cé nhiéu hon 1 tién trinh thi phdn chia céng viéc

if (np>1){

thi phdn bé not

// Phan chia cong viéc

for(i=1i<mnp-1;i++){

index =i * elements_per process,

MPI Send(&elements per process,
1, MPI DOUBLE, i, 0,
MPI COMM WORLD);

MPI Send(&alfindex],
elements_per_process,
MPI DOUBLE, i, 0,
MPI COMM WORLD);

/

// voi tién trinh cuoi, néu cong viéc con du (khong chia déu)

index =i * elements_per process,
long elements_left = n - index;
MPI Send(&elements_left,

1, MPI DOUBLE,

i, 0,

MPI COMM WORLD);
MPI Send(&afindex],

elements_left,

MPI DOUBLE, i, 0,

MPI COMM WORLD);
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// Céng viéc ciia tién trinh chinh

double sum = 0;

for (i =0, i< elements per process; i++)
{

// Ham ScienceCaculation gia ldp viéc xi Iy diF liéu cia cac phan
tr trong mang A

double result = ScienceCaculation(afi]);

// Sau khi xir Iy xong thi tinh tong
sum += result;
} 2 2 )4
// Hién thi tong cua tién trinh chinh
printf("Partial sum of process 00 is : %f\n", sum);
// Thu nhan két qua ciia cdc tién trinh phu
double tmp;
for(i=1;i<np;it+){
MPI Recv(&tmp, 1, MPI DOUBLE,
MPI ANY SOURCE, 0,
MPI COMM WORLD,
&status),
int sender = status. MPI SOURCE;
// Hién thi két qua cia cdc tién trinh phu
printf("Partial sum of process %602d is : %f\n", i, tmp);
sum +=tmp;
} r
// Ket thuc viéc tinh thoi gian xu Iy
time_end = time(NULL);
// Hién thi két qua cudi cing sau khi tong hop
printf("\n=> Sum of array is : %f\n\n", sum);
// Hién thi thoi gian bdt dau va két thiic
printf("=> Start time: %s", ctime(&time_start));
printf("=> End time: %s", ctime(&time_end));
// Tinh todn va hién thi tong thoi gian xir Iy
time_diff = difftime(time_end, time_start);
int minutes = (time_diff)/60;
int seconds = (time_diff - (minutes*60)),
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14

printf("\n=> Execution time = %d minutes %d seconds\n", minutes,
seconds);

/
// Cdc tién trinh phu nhan nhiém vu tw tién trinh chinh, xir ly la tra lai két
qua
else {
// Nhén nhiém vu tir tién trinh chinh
MPI Recv(&n_elements recieved,
1, MPI DOUBLE, 0, 0,
MPI COMM WORLD,
&status),
// Lwu trie die lieu dwoc giao vao mang phu A2
MPI Recv(&a?2, n_elements recieved,
MPI DOUBLE, 0, 0,
MPI COMM WORLD,
&status),
// Xue ly di ligu
double partial sum = 0;
for (longi=0;i<n_elements recieved, i++)
{
‘ // Ham ScienceCaculation gia ldp viéc xu ly dir liéu cua cac
phan tu trong mang A
double result = ScienceCaculation(afi]),

// Sau khi xir Iy xong thi tinh tong
partial _sum += result;
} r r
// Tra lai ket qua cho tién trinh chinh
MPI Send(&partial sum, 1, MPI DOUBLE,
0, 0, MPI COMM WORLD);
} r r
// Ket thuc viéc xw ly va két thic chwong trinh
MPI Finalize();
return 0;
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Sau khi da xay dung dugc chuong trinh, ta chay 1énh dich chuong trinh
bang trinh dich C ciia MPI (mpicc)

Hinh 3.3 1. Bién dich chwong trinh
Tién hanh chay chuong trinh véi cac trudng hop xtr dung sb ludng tinh

todn song song khac nhau:

Hinh 3.3 3. Chay chwong trinh véi 2 luong xir Iy



Hinh 3.3 5. Chay chwong trinh véi 6 luong xir Iy
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Hinh 3.3 6. Chay chwong trinh véi 8 luong xir Iy



\

Hinh 3.3 7. Chay chwong trinh voi 10 luong xu Iy

mpirun -np 12 ./mpi su

Hinh 3.3 9.

£ -

Hinh 3.3 10. Chay chwong trinh véi 16 luong xir Iy
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Ta lap duoc bang tong hop két qua nhu sau:

Bang 3.1. Quan hé giita sé luéng xir Iy va thoi gian chay chwong trinh

S6 ludng xir Iy song song Thoi gian chay chwong trinh (gidy)
1 150
2 75
3 50
4 38
5 30
6 26
7 23
8 20
9 18
10 15
11 15
12 15
13 13
14 13
15 11
16 11

Ta c6 biéu do nhu sau:
Quan hé giira s6 ludng xir Iy song song va Thoi gian chay chwong trinh (gidy)

160 150
140
120
100
80
60

40
15 15 13 13 1 1
® C=— O

20

Thaoi gian chay chuong trinh (giay)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
S8 ludng xr ly song song

=@==Thoi gian chay chwong trinh (giay)
Hinh 3.3 11. Quan hé giita s6 luong xit Iy va thoi gian chay chwong trinh

Ta c6 thé thay thoi gian xir 1y giam di gan N 1an khi s6 ludng xir 1y ting
1én gap N lan.



Bang 3.3 1. Danh sach mét vai bai toan khoa hoc thuc 1é tinh toan trén hé tho”'ng HPC va tho”'ng ké hiéu sudt sir dung CPU-GPU

Tén Thoi on on
) . Hi¢u Hiéu
Tén o Song chuong Tai neuven gian || | X¢ At
TT | User nguoi Don vi Van dé tinh toan song/Tuan | trinh (cong | nELY tinh am) - sua sua
& ? str dung . CPU GPU
ung tu cu tinh toan
_ toan) (gi0) 16.84 | 3.01
Nguyén Vien . CPU: 1
1 | nddung buc CNTT Training mo hinh tri tu¢ nhan tao | Tuan ty python GPU:1 100.67 12.39 0.00
Diing MEM:16GB 18.70 4.59
Bai toan st dung phuong phap
Neuyén | VienKg | Phiém him mét do dé nghién ciru 2011 | 0.09
2 | nvtrang Van tfluét ca}u tr?C V? tinh cl‘lat‘cac hop chat Song song | Gausian CP[_J:24 6.62 26.81 26.52
Trang | Nhict d6i ban dan hiru ch; vong ngung tu MEM:16GB 4516 4338
; chira O, B, N, dinh huéng lam vat : :
licu phat quang trong OLED 39.45 34.86
Tinh toan moé phdéng Density
5 Trung Theory Functional (DFT) cho 32.84 2893
Ngu;ren tAm Phat | 998 trinh tach nuge '(AHZO thargh Quantum CPU-48 29.60 2.24
3 | nthong Tuan 2 H2/02) véi cac vat liéu nano nén | Song song ] 53.33
A trién cong R , Espresso | MEM:50GB I\ 26.48 6.90
Hong nohé cao Fe, Ni oxit trén graphene. Tinh a
ghe toan mo phdng trén cau tric N 27.21 32.14
Vi MoS2 3520 | 23.02
Pham 1 ¢ cae , CPU:1 44.90 | 3065
4 | pmquan | Minh "~ z, | Mo phong lap ghép phan tir Tuan ty Gromacs . 6.47 i i
A hop chat MEM:1GB
Quéan TN 53.70 2421
Vién 84.58 44.48
Nguyen Kh(?a h? ¢ Chay chuong trinh mdé phong CPU:20 64.25 30.87
5 | nnquynh | Ngoc va K¥ MCNP. PHITS Song song | python MEM:90GB 1.96
Quynh | Thuat Hat ’ ’ 45.66 26.44
o nhén 86.72 | 22.28
. x CPU:1
6 | nttmai TE:éh C\II\II?[IE[ Training mo hinh tri tu¢ nhan tao Tuén ty python GPU:1 207.79 94.50 23.69
MEM:12GB 85.02 22.66

Mai




3.4. Tong két két qua danh gia hé thong

Nhu da do dac ¢ trén, véi mot Node CPU c6 2 CPU x Intel(R) Xeon(R)
Gold 6132 CPU @ 2.60GHz va 128GB RAM, ta do dugc nang lyc cia trong
khoang 230 Gflops.

Vi hé thdng cua ching ta ¢ 5 Node CPU va 10 Node GPU cung céu
hinh 2 CPU x Intel(R) Xeon(R) Gold 6132 CPU @ 2.60GHz va 128GB RAM,
ta ¢6 thé udc lugng nang lyc CPU vao khoang 230x15 = 3,45 Tflops; Nang luc
cua 5 Node CPU la khoang 1.145 Gflops (1,145 TFLOPS); Nang luc cua 10
Node GPU la khoang 37.480 Gflops (37,48 TFLOPS); Tong ning luc xir Iy
toan hé thong 1a: 1,45 + 37,48 = 38.93 TFLOPS.

Thong qua bai toan mau, ta hinh dung ra dugc cac ung dung, giai phap
va hiéu qua cua hé thong. Bai toan chua tinh dén cac yéu t6 khac nhu dung
luong bo nhé RAM yéu cau khi chay da ludng, bang thong yéu cau dé trao ddi
ban tin giita cac ludng. Tuy nhién chung ta c6 thé thdy dugc hiéu qua thuc su

cua hé théng trong viéc tang tbc d6 tinh toan cho cac bai toan khoa hoc.

Hién nay trén thé gii da c6 hang nghin hé thong tinh toan hiéu ning cao
v61 nang lyc té1 hang tram, hang nghin Peta flops (1 Peta = 1.000 Tera =
1.000.000 Giga). Tuy nhién, trong diéu kién hoc tap va nghién ctru han ché va
kinh phi, ta hoan toan cé thé ty xay dung cho minh mot hé thdng tinh toan song
song bang cach két hop nang luc xir Iy ctia nhidu may chu cii hodc nhiéu may
tinh ca nhan binh thuong. Thong qua phan mém Rocks Cluster, cac may chi
va may tinh ¢4 nhan riéng 1¢ s& dugc phdi hop véi nhau dé tao nén mot hé thong
chung, chia sé nang luc tinh toan, gitip dem lai két qua nhanh hon nhiéu 1an cho

cac bai toan khoa hoc.
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KET LUAN VA KIEN NGHI
KET LUAN

Ngay nay, viéc sir dung cac hé thong tinh toan hiéu ning cao trong céc
nganh khoa hoc va k¥ thuat di va dang thay doi co ban tién trinh nghién ciru
khoa hoc. Céac nganh khoa hoc co ban trudc day dan da chuyén ddi véi thanh
phﬁn khong thé thiéu 1a “tinh toan” nhu “sinh hoc tinh toan”, “hoé hoc tinh
toan”, “vat ly tinh toan”, “vat li€u tinh toan”, “co hoc tinh toan”, “dia vat ly
tinh toan”... Cac nganh khoa hoc nay c6 diém chung la xir Iy thong tin, phan
tich va du bao két qua bang tinh toan, mé phong str dung nén tang tinh toan
hi¢u nang cao. Trong thoi dai Cach mang cong nghiép 4.0, cic trung tdm tinh
toan hiéu ning cao ciing 1a ha tang s6 dé trién khai cac nén tang xu 1y dit lidu
16n (Big Data), tri tué nhén tao (Al) tmg dung trong tat ca cac linh vuc ciia doi

song.

Ta c6 thé thiy cac hé thong tinh toan hiéu ning cao dong vai tro rat 1on
trong cach linh vuc nghién ctru khoa hoc hién nay.

Thong qua ndi dung d thue hién trong luan van nay, chiing ta nim duoc

cac ndi dung sau:

- Hiéu khai quat vé cac hé thong tinh todn hi¢u ndng cao va tam quan

trong cua chiing trong céc linh vyc nghién ctru khoa hoc.

- Hiéu dugc mod hinh chung ctia cac hé thong tinh toan hi¢u nang cao,

cac khoi chtrc nang cling nhu sy lién quan gitra chung.
- Hiéu dugc vai tro cta cac khoi chirc nang.

- C6 thém kién thirc vé phan mém Rocks Cluster cung cic chirc ning
ctia n6. Pay 1a mot phan mém tinh toan hiéu ning cao ma nguoén mé, dé xay
dung va van hanh, thuan lgi cho viéc trién khai va rng dung trong méi truong
hoc tap, nghién ctru véi muc dau tu thap.

Bén canh do, luan van con gidi thi€u cu thé viéc trién khai cac cong cu
danh gia nang luc hé thong, tir 6 c6 thé dem dén cho nguodi doc nhiing hi¢u
biét sau hon nham:

- Ty xay dung duogc cong cu dé danh gid ndng luc hé thong tinh toén

hiéu nang cao cuia minh.



76

- Hinh dung ra dugc mg dung cu thé cta cac hé thong tinh toan hiéu

nang cao thong qua bai todn mau.

- Hinh dung ra dugc hiéu qua cua cac hé théng tinh toan hiéu ning cao
thong qua viéc chay bai toan miu va do dac thoi gian xtr 1y bai toan trong cic

dicu kién tinh toan khac nhau.

KIEN NGHI

Do kha nang va thoi gian han ché nén ludn van chua dé cap dugc madt sé

ndi dung nhu:

- Chua c6 diéu kién dé so sanh Rock Cluster v4i cac by phan mém tinh

todn hi¢u nang cao khac.

- Chua dé cap dén viéc danh gia ning luc xt 1y cua cac card do hoa trén
hé théng GPU.

- Bai toan mau da thé hién duoc ung dung cling nhu hiéu qua cia hé
thong tinh toan hiéu nang cao. Tuy nhién s€ thuc t€ hon néu né gan véi mot bai
toan khoa hoc cu thé, va c6 két qua cu thé gan véi thuc t€ do1 song.

T61 mong s€ nhan dugc nhiéu y kién dong gop dé ti€p tuc phat trién
hudéng nghién ctru cua minh nhdm dem lai cho ngudi doc mét bd tai ligu chi

tiét va ddy da hon. Xin chan thanh cam on!
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