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MO DPAU

Sy bung nd cua Internet, su bung nd cua xu thé moi thiét bi déu két ndi
(Internet of thing - 10T), sy bung nd vé nhu cau thuéng cac san phim 4m thanh dd
hoa d6 phan giai cao va chat lwgng cao, su bung nd caa cac dich vu luu trit ddm
may, dich vu truc tuyén, di khién cho khoéi lwong dit liéu ma vi xir ly (CPU) phai
tinh toan ngay cang I6n va thuc sy da vuot qua nhanh so véi su phét trién téc do
ciia CPU. Khong nhiing thé con ngudi mac di mudn ¢6 nhiéu thong tin hon, thong
tin phai tt hon lai con mudn toc do xu ly phai nhanh hon, diéu nay cang lam cho
nhu cau tinh toan trong linh vuc khoa hoc, cong nghé da va dang trd thanh mot

thach thizc 16n. Tir d6 cac giai phap nham ting toc do tinh todn di dugc ra doi.

Tu nam 2001 dén 2003 toc do cua Pentium 4 da tang gap doi tir 1.5GHz Ién
dén 3GHz. Tuy nhién hiéu ning cua CPU khong ting tuong ximg nhu mirc gia ting
xung nhip cua CPU va viéc tang xung nhip ciling chi dat toi gigi han cong nghé. Cu
thé tinh dén 2005 xung nhip cia Pentium 4 méi chi ting 1én dugc 3.8GHz. Viéc
tang xung nhip cia CPU dan dén viéc tang nhiét 6 lam viéc cia CPU. Céc cong
nghé 1am mét c6 thé khong dap umg duoc do bé mit tiép xdc caa CPU ngay cang
nhé. Trudce tinh hinh nay céc nha nghién ciu vi xir 1y da chuyén sang huéng phat
trién cong nghé da 16i nham song song hoa cac qua trinh tinh toan dé ting toc do va
tiét kiém dién niang. Mot trong céc cong nghé da 16i xt Iy song song ra doi la bo xur
1y @6 hoa GPU (Graphic Processing Unit). GPU ban dau ra doi chi phuc vu cho
muc dich xtr Iy d6 hoa, va nganh cong nghiép Game. Tuy nhién ngay nay véi cong
nghé CUDA duoc phét trién boi hang NVIDIA tir nam 2007 di cho phép thyc hién
cac tinh toan song song véi cac phép tinh phtc tap nhu ddu chdm dong. Vai hiéu
Xuat ca ngan lénh trong mot thoi diém. Chinh vi vay mét xu huéng nghién ciru moi
d3 ra doi d6 1a phat trién cac thuat toan song song thuc hién trén GPU. Véi CUDA
c4c lap trinh vién c6 thé nhanh tréng phét trién cac ung dung tinh toan song song
cho rat nhiéu ung dung khac nhau nhu: Dién toén, sap xép, tim kiém, xt Iy tin hiéu

SO, anh,...

Viéc nghiép ctru ap dung CUDA dé tang toc do tinh toan cho cac bai toan



ma can phai xir Iy mot khoi dir liéu ddu vao khong 16 hodc cac bai toan yéu cau
tinh thoi gian thyc da thuc sy tré thanh mot van dé cép thiét trong thuc té. Xuat
phat tir nhu cau nay ma t6i d chon dé tai : NGHIEN CUU GiAl PHAP CONG
NGHE TINH TOAN HIEU NANG CAO VOI BO XU LY PO HQA GPU VA
UNG DUNG.

Luan van gom 3 chuong chinh:

Chuwong 1: Téng quan vé tinh toan song song va GPU, chuong nay gidi thiéu
nhitng kién thtc tdng quan vé tinh toan song song, tir d6 tim hiéu nhitng kién thirc co ban
vé bo xtr 1y d6 hoa GPU va céch thirc tng dung tinh toan trén  do.

Chuwong 2: Tinh toan song song trén GPU trong CUDA,. Chuong nay cung cip
cac kién thuc vé mai trudng lap trinh, ngdn ngit lap trinh, cach thiét 1ap chuong trinh va
cac chi dan hiéu nang khi cai dat tng dung tinh toan trén GPU.

Chuwong 3:Tding toc dé tinh todn mét sé bai todn sir dung GPU. Trén co c6
cac kién thire duge trinh bay ¢ cac chuong trén, tic gia luan vin da tién hanh cai
dat va thtr nghiém moé phong bai toan trén CPU va GPU. Tur d6 c6 nhiing so sanh,
nhan xét vé ning luc tinh todn vuot troi cia GPU so voi CPU truyén théng. Pdng
thoi cling mé ra cac hudng cai tién hiéu ning mdi cho bai toan chay trén GPU.



DANH MUC THUAT NGU

Tiéng Anh Tiéng Viét

API Application Program Interface: mot API dinh nghia mot
giao dién chuan dé triéu goi mdt tdp cac chirc nang.

COproccessor bd dong xir 1y

gpgpu tinh todn thong dung trén GPU

GPU Bo xir 1y d6 hoa

kernel hat nhan

MIMD Multiple Instruction Multiple Data: da 1énh da dir 1iéu

primary surface

Bé mdt chinh, khai niém dung trong két cau

proccessor

Bo xir Iy

Rasterization

Su quét manh trén man hinh

SIMD Single Instruction Multiple Data: don 1énh da dir liéu
stream Dong
streaming processor | Bo xtr 1y dong

texture

Két cau: cau tric cua doi tugng, ndé dugc xem nhu mo hinh
thu nho cia doi tuong.

texture fetches

Ham doc két cau

texture reference

Tham chiéu két cau

warp

MB&i khéi duogce tach thanh cac nhém SIMD cua cac ludng.
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CHUONG 1: TONG QUAN VE TINH TOAN
SONG SONG VA GPU

1.1. Tong quan vé tinh toan song song

1.1.1. Téng quan vé tinh toan song song

1.1.1.1. Lich s ra doi tinh toan songsong

Trong nhitng thap nién 60, nén tang d¢é thiét ké may tinh déu dya trén md hinh cua
John Von Neumann , véi mot don vi xir Iy duge ndi véi mot ving luu trit 1am bd nhd va
tai mot thoi diém chi c6 mét 1énh dugce thuc thi.

\
4[ Bd nha
I

Cau lénh Ghi dir liéu Doc dit liéu
~
4[ Bo xur ly
J

Hinh 1. M6 ta kién tric Von Neumann

Véi nhitng bai toan yéu cau vé kha ning tinh toan va luu trit 16n thi mo hinh kién
tric nay con han ché. Dé ting cuong sirc manh tinh todn giai quyét cac bai toan 16n co
do tinh toan cao, nguoi ta dua ra kién trac méi, voi ¥ twong két hop nhiéu bo xir 1y vao
trong mdt mdy tinh, ma hay goi la xir Iy song song (Multiprocessor) hoic két hop stc
manh tinh toan cta nhidu may tinh dua trén két ndi mang (may tinh song song-
multicomputer).

Ké tir lic ndy, dé khai thac duoc sitc manh tiém tang trong mé hinh mdy tinh
nhiéu bo xur 1y song song, cling nhu trong md hinh mang may tinh xir Iy song song thi
cac giai thuat tuan tu khong con phu hop nita cho nén viée xay dung thiét ké giai thuat
song song la diéu quan trong. Giai thuat song song c6 thé phan rd cong viéc trén cac
phan tir xtr Iy khac nhau.



1.1.1.2. Tai sao phai tinh toan song song

Theo xu hudng phét trién ctia cong nghé thong tin, cac bo xir Iy da nhan, da 15i
(multiple processor) dang dan dan thay thé cac bo xir Iy don 15i (single processor) tuy
nhién véi 16i 1ap trinh truyén théng (1ap trinh tudn tu), cac cau 1énh, cac qua trinh xir ly
duoc thue hién mot cach 1an luot, tuan ty nhu vay sé& khong phat huy hét cong nang, hi¢u
nang cua bo vi xtr Iy da nhan, da 16i (multiple processor). Lap trinh, tinh toan song song
ra doi nhu mot 101 giai cho yéu cau, thach thirc dit ra 1a 1am thé ndo dé phat huy cong
nang, hiéu nang cua bd da xwr ly (multiple processor).

Trén thyc té, ¢O rat nhidu bai todn véi dit liéu 16n, d6 phirc tap tinh todn cao ma
doi hoi thoi gian xtr Iy ngdn, d6 chinh x4c cao. Vi du nhu c4c bai toan lién quan t&i xu ly
anh, xr Iy tin hiéu, dy béo thoi tiét, md phong giao thong, md phong su chuyén dong cia
cac phén tir, nguyén tir, md phong ban d6 gen, cac bai toan lién quan dén co so dit liéu
va khai thic co s¢ dir liéu,... v&i bo xir Iy don 18i thi khé c6 thé thyc hién va cho két qua
nhu mong muén dugc.

Lap trinh, tinh toan song song la 161 giai dap cho bai toan ting hi¢u nang xu ly
d6ng thoi rdt ngan thoi gian xir ly tinh todn cta nguoi dung.

1.1.1.3. M@t s6 khai niém xir ly song song
> Dinh nghia xir ly song song
Xir ly song song la qua trinh xir ly gom nhiéu tién trinh dugc kich hoat dong
thoi va clng tham gia giai quyét mot bai toan. Noi chung, xir Iy song song duoc
thuc hién trén nhiing hé théng da bo xir ly.

> Phan biét xir 1y song song va xir ly tuén tu N q
Trong tinh toan tuan tu véi mét bo xir ly thi tai moi thoi diém chi duoc thuc
hién mot phép toan. Trong tinh toan song song thi nhiéu bo xir Iy cing két hop
v6i nhau dé giai quyét cing mot bai toan cho nén giam duoc thoi gian xir 1y Vi
mdi thoi diém c6 thé thuc hién ddng thoi nhidu phép toan. Dudi day 1a bang so
sanh sy khac nhau gitra 1ap trinh tuan tu va 1ap trinh song song.



Bang 1.1: So sanh su khac nhau gitta 1ap trinh tuan tu va song song

Lap trinh tinh toan tuin tw

Lap trinh tinh toan song song

- Chuong trinh irng dung chay trén bo xtr 1y don
(single processor).

- Chuong trinh ing dung chay trén hai hoac
nhiéu bo xt Iy.

- Cac chi thi 1énh dugc bd xir ly (CPU) thuc hién
mot cach 1an luot, tuan tu.

- Céc chi thi 1énh duoc cac bd vi xtr 1y thuc
hién mot cach song song, dong thoi.

- Mdi chi thi 1énh chi thuc thién trén duy nhat mot
thanh phan dir liéu.

- Mdi chi thj 1énh c6 thé thao tac trén hai hoid
nhiéu thanh phan dir liéu khac nhau.

- Lap trinh vién chi can dam bao viét ding ma 1énh
theo giai thuat chuong trinh 13 chuong trinh cé thé
dich, chay va cho ra két qua.

- Ngoai viéc dam bao viét dung ma Iénh theo
giai thuat, 1ap trinh vién con phai chi ra trong
chuong trinh doan ma nao dugc thuc hién
song song, dong thoi.

- Thuong duoc ap dung d6i véi cac bai toan co dir
li¢u nho, dg phuc tap binh thuong va thoi gian cho
phép.

- Thuong duge ap dung ddi véi cac bai toan
c6 dir liéu 16n, d§ phuc tap cao va thoi gian
ngan.

» Muc dich caa xir ly song song

Thuc hién tinh toan nhanh trén co s sir dung nhiéu bo xir Iy dong thoi. Clng voi

tdc do xir Iy nhanh, viéc xtr 1y song song ciing s& giai duoc nhirng bai toan phirc tap yéu

cau khéi luwgng tinh toan 16n.

1.1.2. Mo hinh may tinh songsong

Mot hé thong may tinh song song & mét may tinh v6i nhidu hon mét bo xir Iy cho

phép xir Iy song song. Pinh nghia nay c6 thé bao quat dugc tit ca c4c siéu may tinh véi

hang tram b xur ly, cic mang may tinh tram,..

. Tham chi trong may nim gan day cac

may tinh c6 vi xtr 1y 4p dung cong nghé méi multicore cho phép nhiéu nhan trong mot



bd xtt 1y ciing duoc xem 1a hé théng may tinh song song.

Mot trong nhirng phan loai kién trac may tinh song song duoc biét dén nhiéu nhat
la phan loai cua Flynn, dugc st dung ttr nam 1966. Michael Flynn dya vao dac tinh vé sb
luong bd xu 1y, sé chuong trinh thuc hién, cu triic bd nhd,... dé phan may tinh thanh
bdn loai dua trén su biéu hién cua cap khai niém: Dong Iénh (instruction stream) va dong
dir liéu (data stream), mdi loai ndm trong mot trong hai trang thai don (single) hoic da
(multiple). Mot dong dit liéu 12 mot diy céac dir liéu duoc sir sung dé diéu khién cac dong
1énh va dit liéu co thé duge phan ra lam 4 loai nhu sau :

Bang 1.2: M6 ta phén loai kién trac cta Flynn

Dong Iénh (instruction Dong dir liéu (data Loai kién tric
stream) stream)
Trang thai don (single) Trang thai don SISD

(single) Single Instruction Single Data
Trang thai don (single) Trang thai da SIMD

(multiple) Single Instruction Multiple
Trang thai da (multiple) Trang thai don MISD

(single) Multiple Instruction Single
Trang thai da (multiple) Trang thai da MIMD

(multiple)

Multiple Instruction Multiple

Sy phén chia nay duoc dua trén kién trac bd nhé ciia cdc may tinh song song. Céac
may tinh song song c6 bd nhé chia sé (shared memory) c6 nhiéu bd xtr Iy cting duoc truy
nhap dén mot ving nhé tong thé dung chung. Tat ca cac sy thay doi noi dung bo nhd do
mot bo xur 1y tao ra s€ dugc nhan biét boi cac bod xur 1y khéc.



Processor Processor Processor Processor
| | I |
Cache Cache Cache Cache
I | I |
Bus ar Crosshar Switch

|
i

hdemary m

Hinh 2 : May tinh song song c6 bd nhd chia sé

Trong 16p may tinh nay co6 thé phan chia 1am 2 16p nhé hon: Lp UMA (Uniform
Memory Access — Truy cap bd nhd dong nhat) cho phép thoi gian truy cap bo nhé ddi
véi moi bd xtr Iy 1a nhu nhau. Lép NUMA (Non-Uniform Memory Access — Truy cap
bd nhd khong dong nhit) cé thoi gian truy cap bd nhé khong phai lic nio cling nhu nhau
[3]. ‘

Con lai, cac may tinh song song c6 bo nhd phan tan ciing co6 nhiéu bd xur Iy nhung
voi mdi bo xur 1y chi co thé truy cap dén bo nhd cuc bd cta nod, khéng c6 mot vung nhd
ding chung nao cho tat ca cac bo xur Iy. Cac bo xtr Iy hoat dong doc 14p v6i nhau va su
thay d6i trong ving nhd cuc bd khong 1am anh hudng dén ving nhé ciia cac b xu ly
khéc.

| Interconnaction Metwork

Processor Frocessor Frocessor Frocessor

Hinh 3 : May tinh song song c6 by nhé phan tan

1.1.2.1. Kién tric don dong 1énh don ludng dir liéu (SISD)

May tinh SISD chi ¢6 mdt CPU, & mdi thoi diém thuc hién mot chi 1énh va chi
doc, ghi mot  muc dit lidu. TAt ca cac may tinh SISD chi c6 mot thanh ghi (register)
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duoc goi 1a bd dém chuong trinh, duoc st dung dé nap dia chi cta 1€nh tiép theo va két
qua 1a thuc hién theo mot thir tu xac dinh ctia cac cau 1énh.

o Tin hiéu diéu khién L
Pon vi dicu khién - Bo xur ly -——
Ludng Iénh Ludng két qua | Ludng dir liéu
| ]
> Bo nho

Hinh 4 : M6 hinh kién trac may SISD

1.1.2.2. Kién tric don dong Iénh da ludng dir ligu (SIMD)

May tinh SIMD ¢6 mét don vi diéu khién dé diéu khién nhiéu don vi xur 1y thuc
hién theo mot luéng cac cau lénh. CPU phat sinh tin hiéu diéu khién tGi tit ca céac phﬁn
xu ly, nhiitng bg xtr Iy nay cung thyc hién mot phép toan trén cac myc dir li¢u khac nhau,
nghia 1a mdi bo xur Iy ¢6 luéng dir liéu ri€ng. M6 hinh SIMD con duogc goi 1a SPMD,
don chuong trinh va da dir liéu.

Pron vi1 diéu khién

Tin hiéu|diéu khién

P l

Phan tir Phén tir Phan tir
xir 1y | xir ly 2 xu 1y n

Hinh 5 : M6 hinh kién trac may SIMD

1.1.2.3. Kién tric da dong Iénh don ludng dir liéu (MISD)

May tinh loai MISD c6 thé thuc hién nhiéu chwong trinh (nhiéu 1énh) trén cing
mot muc dit li¢u (nguoc voi may tinh loai SIMD).
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Pon vi diéu Ludng Ignh | . Phan tir
khién 1 ilg1 [
Pon vi dicu Ludng Ignh 2 Phan tir 1
khién 2 M| xirly2 [T Luone
dir liéu
Pon vi diéu Ludng Iénh n Phan tir
- -

khién n xurlv n

Hinh 6 : M6 hinh kién trac may MISD

1.1.2.4. Kién tric da dong Iénh da luong dir ligu (MIMD)

May tinh loai MIMD goi 1a da bo xtt 1y, trong d6 mdi bd xtr 1y ¢6 thé thuc hién
nhitng ludng 1énh (chuong trinh) khac nhau trén cac ludng dit liéu riéng. Hau hét cac hé
théng MIMD déu c6 bo nhé riéng va ciing c6 thé truy cap vao bd nhé chung khi can, do
vay giam thiéu dugc thoi gian trao d6i dir lidu giita cac bo xir Iy trong hé thong. Day la
loai kién tric phirc tap nhat, nhung n6 1a md hinh hd trg xir ly song song cao nhat va da
c6 nhiéu may tinh dugc thiét ké theo kién trac ndy, vi du: BBN Butterfly, Alliant FX,
iSPC cua Intel, ... Kién tric may MIMD c6 m6 hinh hoat dong theo Hinh 1.7 .

- Ludng dir
Phan tir licu 1

—
-

Pon vi diéu Luong Ignh 1

khién 1 xir 1y 1

Y

: - Ludng dir
Bon vi dicu Phan tor liéu 2
khién 2 xrly2 [

Luong Iénh 2

- - Ludng dir
Bon vi dicu Phan tr lidu n
khién n xrlyn |

Ludng lénh n

Hinh 7 : M6 hinh kién trac may MIMD
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1.1.3. MO0 hinh lap trinh song song

Cong viéc 1ap trinh song song bao gdm viéc thiét ké, lap trinh cic chuong trinh
may tinh song song sao cho chay duoc trén cac hé thong mdy tinh song song. Hay ¢
nghia 12 song song hoé cac chuong trinh tudn ti nhim giai quyét mot van dé 16n hoic
lam giam thoi gian thuc thi hodc ca hai.

Lap trinh song song tip trung vao viéc phan chia bai toan tong thé ra thanh céac
cong viéc con nhé hon rdi phan chia cac cong viéc d6 dén timg bo xir Iy (processor) va
ddng bd cac cong viée dé nhan duoc két qua cudi cung. Nguyén tic quan trong nhit &
day chinh 1 tinh dong thoi hodc xtr Iy nhiéu tac vu cung mot lac. Do do, trude khi lap
trinh can xac dinh duoc rang bai toan c6 thé dugc song song hoa hay khong (c6 thé dua
trén dir lidu hay chtc ning ciia bai toan). Co hai huéng chinh trong viéc tiép can lap
trinh song song [3]:

e Song song h6a ngadm dinh: Bo bién dich hay mot vai chuong trinh khac ty dong
phan chia cac cong viéc dén cac bo xu ly.

e Song song hoa bing tay: Nguoi lap trinh phai ty phan chia chuong trinh dé nd c6
thé thyc hién song song.

Ngoai ra trong lap trinh song song, ngudi 14p trinh vién can phai tinh d&én yéu to
can bang tai (load balancing) trong hé thong. Phai 1am cho cac bo xur 1y thuc hién sb
cong viéc nhu nhau, néu c6 mot bd xir 1y ¢ tai qua 16n thi can phai di chuyén cong viéc
dén bo xir 1y c6 tai nho hon.

Viéc truyén thong gilta cac bd xtr Iy 1a mot cong viéc khong thé thiéu cua lap
trinh song song. C6 hai k¥ thuat truyén thong chu yéu la: dung bd nhd chia sé (shared
memory) hoic truyén thong diép (message passing).

M6 hinh I4p trinh song song bao gém cac ung dung, ngén ngtt, bo bién dich, thu
vién, hé thong truyén thong va vao/ra song song. Trong thuc té, chua c6 mot may tinh
song song nio ciling nhu cach phan chia cong viéc cho cac bo xir Iy nao c6 thé ap dung
co6 hiéu qua cho moi bai todn. Do do, nguoi 13p trinh phai lua chon chinh xac mo hinh
1ap trinh song song hodc pha tron cac mé hinh d6 dé phét trién cac tng dung song song
trén mot hé théng riéng biét.

Hién nay c6 rat nhiéu mo hinh lap trinh song song: Truyén thong diép (Message
Passing), Song song dir li¢u (Data Parallel).

1.1.3.1.  M® hinh truyén thdng diép
Truyén thong diép (Message Passing) 12 md hinh dugc st dung rong rii trong
tinh ton song song hién nay, thuong ap dung cho céc hé thdng phan tan. Cac dic trung
cua md hinh la:
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Mot tap cac ludng st dung ving nhd cuc bo riéng cuia chung trong sudt qua trinh tinh
toan.

Nhiéu ludng c6 thé sir dung mot tai nguyén vat ly.

Céc ludng trao doi dit liéu bang cach guri nhan cac thong diép.

Viéc truyén dit liéu thudng yéu cau thao tac diéu phdi thuc hién boi mdi ludng. Vi du,
mot thao tic glri & mot ludng thi phai tng véi mot thao tic nhan & ludng khéc.

May A May B
Tac vu 0 Mang Téac vy |

Dir liéu ' Dir ligu
Guri dir liéu Nhan dir héu

Hinh 8: M6 hinh 14p trinh truyén thong gitta hai tac vy trén hai may tinh

1.1.3.2. MO0 hinh song song dir liéu

Trong mo hinh song song dit liéu dugc mo tad & Hinh 1.9, hau hét cac cong vige
song song déu tap trung thuc hién cac phép toan trén mot tap dit liéu. Tap dir liu nay
thuong duoc to chuc trong mot cAu trac dit liéu thong dung nhu mang hoac khdi. Mot
tap tac vu s€ lam vi¢c trén cung cAu trac dit liéu nhung mdi tac vu s& 1am viée trén mot
phan dir lidu khac nhau véi ciing phép toan. M6 hinh song song dit liéu thiét ké chil yéu
danh cho may tinh song song kiéu bo xir Iy mang.

Ming A
dn i=1,25 do 1=26,50 do 1=m.,n
A(1)=B(i)*delta A(i)=B(i)*delia A(1)=B(1)*delta
end do end do end do

Tacwvu l Tac vu 2 Tacvun

Hinh 9 : M6 hinh Iap trinh song song dir liéu
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1.1.4. Nguyén ly thiét ké giai thuét song song

Khi xtr Iy song song phai xét dén kién tric may tinh va giai thuat song song.
Nhitng giai thuat ma trong d6 c6 mot s thao tac c6 thé thyc hién dong thoi duge goi la
giai thuat song song.

Khi thiét ké giai thudt song song, can phai thyuc hién:
Chia bai toan thanh nhitng phan nho hon twong d6i doc 1ap v6i nhau (phan chia vé mit

dir liéu hay chirc ning) va giai quyét chiing mot cach song song.
Chi ra cach truy cap va chia s¢ dir liéu.

Phén cac tac vu cho cac tién trinh (cho bo xir Iy).
Céc tién trinh duoc déng bo ra sao.

1.1.4.1. Nhan thirc vin dé va chwong trinh cé thé song song hda

Budc dau tién trong viéc phat trién phan mém song song la hiéu dugc van dé,
hiéu duoc cong viée chiing ta can giai quyét song song. Néu chung ta dang bat dau véi
mot chuong trinh tudn ti, didu nay doi hoi su hiéu biét vé giai thuat, ma chuong trinh va
ca ngdn ngit 1ap trinh cua chuong trinh tuan tu d6. Sau d6 ching ta thyc hién cac budc
sau dé kiém tra xem mat bai toan tuan tu c6 thé song song héa dugc hay la khéng? Cac
budc nhu sau:

Budc dau tién chung ta phai phan tich bai toan, xac dinh cac (diém nodng) vi tri trong
chuong trinh ¢6 thé hodc khong thé song song hoa duoc.

e Nhan dién cac han ché xur ly song song, han ché phé bién nhat Ia sy phy thudc dit liéu,

vi du nhu viéc tinh sb hang cua day Fibonacci hoic tinh nl.

1.1.4.2. Vi du vé bai toan cé thé song song hoa dwoc

Bai toan cong hai mang sé nguyén cé cung n phan tir, viéc cong 2 phan tir ndo do6 1a doc
1ap v6i cac phan tir con lai. Van dé nay co thé duoc giai quyét song song:

A 1 1 1 1 1
+
B 4 4 4 4 4
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1.1.4.3. Vi du vé bai toan khong thé song song héa dwgc

Tinh chudi Fibonacci (1, 1, 2, 3, 5, 8, 13, 21,...) bang cach str dung cong thuc:
F(k+2)= F(k+1) + F(k), voin > 1.

Diy 12 mot bai toan khong thé song song héa duoc boi vi tinh sé hang cua diy
Fibonacci theo cong thuc 1a phu thudc chir khong phai 1a doc 1ap. Viée tinh gia tri tha
k+2 phai stir dung gia tri cua ca hai gia tri k+1 va k.

1.1.4.4. Phwong phap xay dwng thuat toan song song

Phuong phép tong quat dugc ap dung trong bai nghién ciru nay 13 phan chia dit liéu

Puoc sir dung khi van dé co lién quan dén cac tinh toan hay chuyén doi trén mot hay
nhiéu ciu trac dir lidu va ciu tric ndy c6 thé dugc phan chia va tinh toan trén ting phan
nhd.

Mot bai toan vi du dé dé dang thay viéc phan chia dir liéu trén ciing mot tap
dir lieu 1a bai toan cong hai mang sé nguyén. Gia sir ta ¢6 p bd xir ly
(processor) cung lam viéc dé cong hai mang A[0...N-1] va B[0 .. N-1] luu
vao mang két qua C[0...N-1], viéc phan chia dit liéu s& dat N/p phan tur cua
moi mang vao tung qua trinh va no s tinh toan N/p phan tr twong tng cua
mang két qua. Nhu vay, véi p bd xt ly (processor) cang nhiéu thi thoi gian
chay cang nhanh, nguoc lai thi chay cang cham.
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Tong quan vé GPU

1.1.5. Giéi thigu GPU

Bo xur Iy d6 hoa (Graphics Processing Unit) hay goi tit 1a GPU 1a bd xur ly
chuyén dung cho biéu dién hinh anh 3D tir bd vi xr Iy ctia may tinh. N6 duoc st dung
trong cac hé thong nhung, dién thoai di dong, may tinh c4 nhin, may tram, va diéu
khién game. BO xtr Iy d6 hoa ngay nay rat hiéu qua trong cac thao tac dd hoa may tinh,
va cau triic song song cao cap lam cho chiing c6 niang luc xt Iy tot hon nhiéu so v6i bd
vi xtr 1y thong thuong trong céc thuat toan phuc tap. Trong may tinh cd nhan, mdt
GPU duoc biét t6i nhu mot card man hinh (video card) hodc dugc tich hop ludn trén
bang mach chu. Hon 90% c4c may tinh ca nhan hoac may tinh xach tay hi¢n dai da c6
tich hop GPU nhung thudng yéu hon nhiéu so voi GPU tich hop trén cac card man
hinh chuyén dung.

1.1.6. Lich sir phat trién GPU

GPU [~32] 1a bo xir 1y gan voi card do hoa, chuyén dung tinh toan cac phép
toan ddu phay dong. Su phat trién cta card dd hoa két hop chit ché voi cac chip vi xir
ly.
Ban dau GPU 1a bo xur 1y gin trén card dd hoa phuc vu viéc tinh toén cho cac phép
toan dau phay dong.

Bo gia téc d6 hoa két hop véi cac vi mach siéu nho tuy chon chira mot sé phép toan
dic biét duoc st dung phd bién trong bién doi thanh dd hoa ba chiéu (graphic
rendering). Kha ning ctia cac vi mach tir d6 xac dinhj kha ning cua bo gia téc do hoa.
Chung duoc st dung chu yéu trong cac tro choi 3B, hodc bién ddi thanh dau ra 3D.

GPU thyc thi mdt sb phép toan d6 hoa nguyén thily lam ching chay nhanh hon rat
nhiéu so véi viéc v& tryc tiép trén man hinh véi CPU.
e Nhirng nam 1970:

Hang san xuét chip ANTIC va CTIA di dua ra bd diéu khién phan cimg cho viéc két
hop dd hoa va ché db text, tinh toan vi tri va hién thi (theo khudn dang phﬁn cimg hd
trg) va nhitng hi¢u tng khac trén cac may tinh ATARI 8-bit. Chip ANTIC 1a mot  bd
xtt Iy chuyén biét cho anh xa (theo cach 1ap trinh dugc) giita text va dit liéu dd hoa t6i
dau ra video. Nha thiét ké chip ANTIC, Jay Miner, sau d6 da thiét ké chip d6 hoa cho
Commodore Amiga.

e Nhirng nam 1980:

Commodore Amiga la may tinh thuong mai dau tién c6 chira cac bo blit (BLock Image
Transfer 13 sy chuyén dong ciia mot bitmap 16n trong game 2D) trong phan  clng
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video cua no, hé théng dd hoa 8514 cua IBM 1a mot trong nhitng card video dau tién
trén PC c6 thé thyc thi cac phép toan 2D nguyén thuy trén phan cimg.

Amiga di 1a thiét ké duy nhat, theo thoi gian, nhirng tinh ning cua nd bay gio duoc
cong nhan 1a bg gia tdc d6 hoa déy du, giam tai thuc té tit ca cac chuc nang thé hé
video cho phan cimg, bao gdm v& duong thing, t6 mau ving, chuyén khéi hinh anh, va
bo dong xir 1y d6 hoa v&i cling véi tap cac chi thi 1énh nguyén thiy cta riéng né. Trudc
d6 (va sau mot thoi gian kha dai trén hau hét hé théng) CPU st dung vao muc dich
chung da phai xtr Iy moi khia canh ctia viéc v€ hinh anh hién thi.

e Nhirng nam 1990:

Niam 1991, S3 Graphics gi6i thiéu bo gia tdc chip 2D dau tién, cac 86C911 S3  (ma
nha thiét ké ctia n6 dat theo tén cua Porsche 911 voi Vv nghia thé hién dau hiéu cua su
gia tang hiéu suat nhu da cam két). Cac 86C911 sinh ra mot may chii ciia cc bat trudc:
nam 1995, tit ca cac nha san xuat chip d6 hoa may tinh 16n da thém vao cac hd tro
tang toc 2D cho chip ciia ho. Bai thoi gian nay, bo ting toc Windows véi dic tinh ¢d
dinh chirc ning noi chung dit tién di vuot bo dong xtr Iy d6 hoa muc dich chung trong
hiéu suat Windows, va cac bo dong xtr 1y phai mo dan trong céc thi truong PC.

Trong sudt nhitng nam 1990, 2D GUI tiép tuc tang tdc phat trién. Tir kha ning
san xuit duoc cai thién da tac dong vao cac muc do tich hop chip dd hoa. Thém
vao d6 cac giao di¢n 1dp trinh ng dung (API) dem lai mdt lugng 16n tac vy,
chéng han nhu  thu vién dd hoa ctia Microsoft WinG cho Windows 3.x, va giao
dién sau d6 DirectDraw ciia ho cho ting toc phan cimg ctia game 2D trong
Windows 95 va sau d6. Trong dau va giita thap nién 1990, véi sy hd trg CPU-thoi
gian thuc, d6 hoa 3D di trd nén ngay cang phd bién trong mdy tinh va giao dién
diéu khién tro choi, dn dén nhu cau phat trién rong rdi phan cimg ting toc do
hoa 3D.

Vidu dau tién vé loat trén thi truong
phan cimg dd hoa 3D c6 thé duoc tim
thdy trong cac trd choi video thé hé
console thir ndm nhu PlayStation va
Nintendo 64. Trong thé gidi PC, lan
thir dau tién khong thanh cong dang
ch y nhat cho cac chip do hoa 3D gia
thanh ré 1a ViRGES3

Hinh 10: 4nh chup 3dfx Voodoo3

, ATl Rage, va Matrox Mystique.
Nhitng chip nay vé co ban 1a bo gia tdc
2D thé hé trude bd sung thém céc tinh ning 3D then chét. Nhidu thanh phan duoc thiét
ké tuong thich voi thé hé chip trude d6 dé dé thuc hién va chi phi tdi thiéu. Ban déu,
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hiéu nang dd hoa 3D da chép nhin dugc véi bang mach ro1 danh riéng cho cac chirc
ning ting tdc 3D (thiéu chirc ning 2D GUI) nhu 3dfx Voodoo. Tuy nhién, nhu cong
nghé san xuit mot 1an nira tién trién, video, bo tang toc 2D GUI, va chic ning 3D
dugc tich hop tit ca vao mot con chip. chipset Verite ctia Rendition dugc 13 san pham
dau tién 1am diéu nay va ciing da dé duoc luu .

OpenGL xuat hién vao dau nhitng nim 90 nhu 1a API d hoa chuyén nghiép, nhung da
tré thanh mot luc lwong chi phdi trén may tinh, va 1a mot dong luc cho phat trién phan
ctimg. Trién khai phan mém ctia OpenGL d3 dugc phd bién trong thdi gian nay mic du
anh huong ctia OpenGL cudi cing dan dén hd tro phan cing rong rdi. Theo thoi gian
mot su lya chon nodi 1én gitta cc tinh nang c6 san bang phan ciing va nhiing tinh ning
d6 cung cap tai OpenGL. DirectX da trd thanh phd bién véi cac nha phat trién game
Windows trong thoi gian cudi nhimg nim 90. Khong giéng nhu OpenGL, Microsoft
khang dinh nghiém ngit vé viéc cung cap su hd trg mot-mot ciia phan cing. Cach tiép
can d6 da lam DirectX it phd bién nhu 14 API dd hoa dirng mét minh ngay tir dau trong
khi cac GPU cung cap nhiéu tinh ning dic biét ciariéng  minh, ma hién da duoc tng
dung OpenGL c¢6 thé dugc hudng loi, dé lai DirectX thuong 1a mot thé hé sau. Theo
thoi gian, Microsoft da bat dau 1am viéc chat ché hon véi cac nha phat trién phan
cling, va bat ddu nham muc tiéu cac ban phat hanh cta DirectX voi nhitng phan cting
d6 hoa hd trg. Direct3D 5,0 1 phién ban API dau tién dang phét trién dé dat duoc ap
dung rdng rai trén thi truong choi game, va né canh tranh truc tiép véi nhidu phén
ctimg cu thé hon, thudng 1a cac thu vién d6 hoa doc quyén, trong khi OpenGL duy tri
diéu d6. Direct3D 7,0 hd trg phan ctng ting toc bién ddi va anh sang (T & L). B ting
tdc 3D bién doi tir chi 12 bd quét dudng thang don gian dén c6 thém phan cing quan
trong dung cho cac duong dng din bién d6i 3D. NVIDIA Geforce 256 (con duoc goi 1a
NV10) 1a san phdm dau tién trén thi truong v6i kha ning nay. Phan cing bién d6i va
anh sang, ca hai déu da c6 trong OpenGL, ¢6 trong phan cing nhitng nam 90 va dit
tién dé cho cac phat trién sau d6 1a cac don vi  do bong diém anh va d6 bong vector
ma v&i ddc tinh linh hoat hon va 1ap trinh  dugc.

e Tir nim 2000 dén nay:

Vi su ra doi cua API OpenGL va cac tinh nang tuong tu trong DirectX, GPU thém
vao tinh ning d6 bong 1ap trinh dugc. Mbi diém anh bay gio co thé duge xa 1y boi
mot chuong trinh ngan c6 thé bao gém cac ciu hinh hinh anh bb xung la dau vao, va
mdi vector hinh hoc ¢6 thé duoc xir 1y boi mot chuwong trinh ngan trude khi ndé duoc
chiéu 1én man hinh. NVIDIA 1an dau tién duoc san xuat mot con chip c6 kha ning lap
trinh d6 bong, GeForce 3 (tén ma NV20). Thang 10 nam 2002, voi su ra doi cia ATI
Radeon 9.700 (con goi 13 R300), bd ting tdc Direct3D 9.0 1an ddu tién trén thé gidi, bd
d6 bong diém anh va vector c6 thé thuc hién vong ldp va cic phép toan ddu phay dong
dai, va noi chung da nhanh chéng tré nén linh dong nhu CPU, va doi héi can co budc
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phat trién nhanh hon cho cic phép toan mang lién quan dén hinh anh (image-array
operations). D6 bong diém anh thuong duoc st dung cho nhimng thir nhu 1ap ban d6
bump, thém vao cac két cau (texture), dé 1am cho mét d6i tuong trong bong, am dam,
tho rap, hodc tham chi cing min hodc 16i 16m.

Khi sttc manh xtr Iy cia GPU c¢6 ting 1én kéo theo nhu cau ngudn dién cao hon.GPU
hiéu suét cao, thuong dugc ti€u thy ndng lugng nhiéu hon cac CPU hién tai

Ngay nay, GPU song song di bit dau thuc hién xAm nhip may tinh va canh tranh véi
CPU, va theo mot nghién cru bén 18, goi 1a GPGPU cho tinh toan chung (General
Purpose Computing) trén GPU, d3 tim thdy con dudng ctia minh Gng dung vao céac
linh vic khac nhau nhu thim do dau, x& 1y hinh anh khoa hoc, dai s tuyén tinh, tai
tao 3D va hd trg Iya chon gia c6 phiéu. Piéu nay ting ap luc 1én cac nha san xuit GPU
tir "nguoi dung GPGPU" dé cai tién thiét ké phan cung, thudng tip trung vao viée
thém tinh linh hoat hon cho mo6 hinh 1ap trinh.

1.1.7. Kién trac GPU

GPU lu6n ludn la mot bo xtr Iy véi du thira tai nguyén tinh toadn. Tuy nhién xu hudng
quan trong nhat gan day dé 1a trung bay kha ning tinh todn d6 cho cac 1ap trinh vién.
Nhitng nam gﬁn day, GPU da phat trién tir mot ham cd dinh, b xr 1y chuyén dung téi
bd xtr 1y 1ap trinh song song, day du tinh ning doc 1ap véi viée bd sung thém céc chirc
nang c¢d dinh, va cic chitc ning chuyén biét. Hon bao gio hét cac khia canh vé kha
nang lap trinh cta bd xu Iy chiém vi tri trung tim. T6i bat dau bang cach ghi chép lai
su tién trién nay, bat ddu tir cau trac cua duong éng dan d6 hoa GPU va lam  thé nao
GPU tréd thanh kién trac, cong cu gianh cho cac muc dich thong dung, sau do di xem
x€t k¥ hon cac kién tric cia GPU hién dai.

Puong dng din d6 hoa (Graphics Pipeline)

Céc dau vao ctiia GPU la danh sach cac hinh hoc nguyén thily, dién hinh 13 tam giac,
trong mot thé gigi khong gian 3 chiéu. Qua nhiu budc, nhitng khdi hinh nguyén thuy
d6 duoc 1am bong mo (shade) va dugc t6 v& 1én man hinh, noi ching duoc lip rap dé
tao ra mot hinh anh cudi cung. Pay 14 kién thirc co ban dau tién dé giai thich cac budc
cu thé trong dudng ong dan kinh dién trude khi cho thdy lam cach nao ma cac dudng
ong da tro thanh 1ap trinh duoc [~3].

Cac phép toan vector:

CAac hinh hoc nguyén thuy (primary geometric) duoc hinh thanh tir cac vector riéng ré.
M3di vector phai dugc chuyén thanh khong gian trén man hinh va cé bong md, thuong
thong bang cach tinh toan twong tac cua chung voi cac ludng anh sang trong mot boi
canh cu thé. Boi vi nhitng bdi canh tiéu biéu c6 thé co hang chuc dén hang trim ngan
vector, va mdi vector c6 thé dugc tinh toan doc 1ap. Do d6 kich ban nay 1a rat phu hop
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cho phan cimg song song.
Thanh phan nguyén thiy:

Céc vector dugc lap rap vao cac hinh tam giac, d6 chinh 14 phan tir hd tro phan cing
co ban trong GPU ngay nay.

Sw quét manh:

Quét manh (rasterization) 1a qué trinh x4c dinh nhing vi tri diém anh nao trong khong
gian man hinh duoc bao chira bdi mdi tam giac. Mdi tam giac tao ra mot thanh to
nguyén thily duoc goi 1a "mdnh" tai cac vi tri diém anh trong khong gian man hinh ma
n6 bao chira. Va do nhiéu tam giac c6 thé chong 1én nhau tai mot vi tri diém anh bat ky
nén gia tri mau ciia mdi diém anh c6 thé dugc tinh tir nhiéu manh.

Thao tac trén manh:

Str dung thong tin mau sic tir vector va c6 thé 1iy dit liéu bo sung tir bo nhd toan cuc
trong cac hinh dang cua su két hop (su két hop 1a hinh anh dugc anh xa 1én bé mat),
mdi manh dugc 1am béng md dé xac dinh mau sic cudi cing cua nd. Ciing nhu trong
kich ban vector, mdi manh c6 thé dugc tinh toan song song. Giai doan nay thudng la
doi hoi nhiéu tinh toan nhit trong dudng dng dan dd hoa.

Thanh phan:

Cac manh duoc lip rap thanh hinh anh cudi cing v6i mot mau cho mdi diém anh,
thuong 14 bang cach gitr lai manh gan 6ng kinh nhat cho mdi vi tri diém anh. Trudc
day, cac phép toan hién co tai khung canh vector va manh da dwoc ciu hinh nhung
khong thé 1ap trinh dugc. Vi du, mot trong nhiing tinh toan chinh ¢ khung canh vector
1a tinh toan cac mau sic & mdi vector nhu 1a mot chirc nang cua thudc tinh vector va
cac do sang trong bdi canh dé. Trong duong dng chirc nang cb dinh, cac 1ap trinh vién
¢6 thé kiém soat duge vi tri va mau sic clia cac vector va anh sang, nhung khong phai
13 m6 hinh chiéu sang ma xac dinh tuong tac gitta chdng.

Tién hoa cia kién tric GPU

Céac duong ong chie ning c¢b dinh thiéu tinh tong quat dé c6 biéu dién hiéu qua cac
trrong hop lam bong mo phtrc tap hon va céc phép toan dnh sang, ma dé lai 1a nhiing
diéu kién tién quyét cho cac hiéu tng phuc tap. Budc then chdt trén da duoc  thay thé
bang cac ham cb dinh chirc ning trén mdi vector va cac phép toan trén mdi manh voi
chuong trinh chi dinh nguoi sir dung chay trén tung vector va tirng manh. Trong hon
sau nam qua, cac chuong trinh vector va chuong trinh manh da c6 ngay cang nhiéu kha
ning, v6i giéi han 16n hon vé kich c¢& va tiéu thy tai nguyén, voi bd chi thi (tap 1énh)
day du tinh ning, va v4i cac phép toan diéu khién ludng linh hoat hon.

Sau nhi€u nam cua cac bd chi thi 1€nh riéng ré€ cho cac phép toan trén vector va manh,
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GPU hién tai hd tro mo hinh bong mo thong nhat 4.0 (unified Shader Model 4.0) trén
ca bong mo vector va manh [~3]:
e Céc phan ctmg phai hd trg cac chuwong trinh d6 béng md it nhat 1a 65 nghin
(65k) chi thi tinh va chi thi dong khong gidi han.
e (Céc tap lénh, lan dau tién, hd tro ca sd nguyén 32 bit va s6 dau phay dong 32
bit.
e Cic phan cimg phai cho phep sd lugng tuy ¥ thao tac doc truc tiép va gian tiép
tir bd nhé toan cuc (két cau - texture).
e Cubi cung, diéu khién ludng dong trong cac dang vong lap va r& nhanh phai
duoc ho tro.
Khi mé hinh d6 bong ra doi va phat trién manh hon, tit ca cac loai ing dung GPU da
ting do phuc tap chwong trinh vector va manh, kién trac GPU ngay cang tip trung vao
cac bo phan 1ap trinh dugc cuia duong 6ng dan d6 hoa. Qua thuec, trong khi céc thé hé
trudc ddy ciia GPU c6 thé duge mo ta chinh xac nhat nhu 14 phan thém vao kha ning
1ap trinh duoc cho duong dng chic ning c¢b dinh, GPU ngay nay dugc khic hoa tét
hon, nhu 13 céng cu lap trinh dugce bao quanh béi cac don vi hd tro ¢6 chitc  ning cd
dinh.

Kién tric ciia GPU hién dai

Trong phan gidi thidu, chiing t6i ghi nhan rang GPU duoc xdy dung cho cac nhu cau
tmg dung khac nhau so v&i CPU, d6 1a cac yéu cau tinh toan 16n chay song song, voi
trong tam 1a thong lugng hon 13 do tré. Do 6, cac kién triic cia GPU phat trién theo
mot hudng khac so voi CPU.

Xem xét mot duong dng dan cua cac tic vu (task), nhu ching ta thiy & hau hét cac
giao dién 1ap trinh db hoa (va nhu ¢ nhiéu tng dung khac) phai xur Iy mét luong 16n
cac yéu td dau vao. Trong mot dudng 6ng dan nhu vy, dau ra cia mdi nhiém vu thanh
cong duge dua vao dau vao cua cac tic vu tiép theo. Pudng dng dit ra co ché song
song ung dung, nhu 14 dit liéu trong nhiéu khung canh trong dudng dng c6 thé duoc
tinh cing mot thoi diém; trong timg khung canh, tinh todn nhiéu hon mot phan tir tai
mot thoi diém 1a co ché song song dir li¢u. Dé thyuc hién loai duong 6ng nhu vay, CPU
c6 thé 1dy mot phan tir don (hodc nhom céac phan tir) va xir Iy khung canh (stage) dau
tién trong dudng ong, sau d6 cac khung canh tiép theo cling lam nhu vay. CPU chia
duong 6ng din theo thoi gian, ap dung tat ca cic ngudn luc cua bd xu Iy vao trong
tig khung canh khi dén luot.

GPU c6 lich str 1ay mot cach tiép can khac CPU. GPU phan chia cac ngudn lyc cua
bd xtr Iy theo cac khung canh khac nhau, sao cho dudng éng duogc chia theo khong
gian chir khong phai thoi gian. Cac phan ciia bo vi xir 1y lam viéc trén mot trong
nhimg khung canh cdp dir liéu dau ra tryc tiép vao mot phan khac ma s& hoat dong
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trong giai doan tiép theo. Co ché t chirc ndy da rat thanh cong tai GPU cd dinh chirc
nang vi hai Iy do. Dau tién, phan ctng trong bat ky khung canh nao c6 thé khai thac co
ché song song dir liéu trong khung canh d6, xir 1y nhiu phan tir ciing mét luc, va vi
nhiéu co ché song song cong viéc duoc chay bat ky lac ndo, GPU c6 thé dap ung nhu
cau tinh toan rat lén cua cac duong 6ng din do hoa. Tht hai, phan cting ciua mdi
khung canh c6 thé dugc tiry chinh véi phan ctng chuyén dung cho cong viéc da dua ra
ctia né, cho phép tinh toan 16n hon dang ké va mic do hiéu qua vuot qua giai phap cho
muc dich chung. Vi du, giai doan rasterization, can tinh thong tin bao phu diém anh
cta timg diém anh tam gidc dau vao, 13 hiéu qua hon khi thyc hién trén phan ctng
dung. Theo cac khung canh 1ap trinh duoc (chang han nhu cac chwong trinh vector va
manh) thay thé khung canh c6 dinh chirc ning, cac muc dich chuyén dung, cic thanh
phan ¢ dinh chirc ning duoc don gian thay thé bang thanh phan lap trinh duoc, nhung
nhiém vu t6 chirc thuc hién song song khong thay doi.

Két qua 13 mot duong dng GPU dai, co tinh chat feed-forward c6 nhiéu khung canh,
mdi khung canh thuong tang tdc cho mot muc dich dic biét, va thich hop véi phﬁn
ctig song song. Trong CPU, bét ky phép toan nao ciing c6 thé mat khoang 20 chu ky
hoat dong theo thir ty tinh tir lic bat dau dén khi roi khoi duong dng CPU. Trén GPU,
mot phép toan dd hoa cho trudc co thé méat hang ngan chu ky tir khi bat dau dén khi
két thic. Do tré ciia bat ky phép toan nao thuong la lau. Tuy nhién, co ché song
song tac vu va dir liéu tor khung canh nay t&i khung canh khac va gitta cac khung canh
tao ra thong luong cao. Bat loi chinh ctua duong dng GPU song song tac vu 1a van dé
can bang tai. Gidng nhu bat ky duong dng nao, hiéu suit ctia duong dng GPU phu
thudc vao khung canh chdm nhat cta né. Néu cac chuong trinh vector rat phirc tap va
chuong trinh manh 1a don gian, tong thé théng qua 1a phu thudc vao hiéu suét cta cac
chuong trinh vector. Trong nhitng ngdy du cia cac khung canh lap trinh duoc, tip chi
thi ctia cac chuong trinh vector va cac chuong trinh manh kha khac nhau, do d6, nhiing
khung canh nay dugc tach biét. Tuy nhién, khi c4 hai chuong trinh vector va chuong
trinh manh tré nén dﬁy du tinh nang, va tap chi thi 1énh hdi tu nhu nhau, kién trac GPU
xem xét lai dudng dng song song tac vu nghiém ngit trong loi thé cia kién tric do
bong hop nhat (unified shader), trong dé tit ca don vi lap trinh duoc trong dudng éng
chia s¢ mot don vi phan ctng 1ap trinh duoc duy nhat. Trong khi phan 16n cac dudng
6ng van con 1a song song tac vu, cac don vi lap trinh bay gid phan chia thoi gian cua
no gitra cong vi€c vector, cong viéc manh, va cong viéc hinh hoc (voi DirectX c6 bd
d6 bong 10 loai hinh hoc khac nhau). Cac don vi ndy c6 thé khai thac ca hai co ché
song song tic vu va song song dir liéu. Khi cac bo phan lap trinh dugc cua duong ong
chiu trach nhiém tinh toan ngdy cang nhiéu trong cac dudng dng dan dd  hoa thi kién
trac cia GPU chuyén tir kién triic song song tic vu trong mot dudong 6ng nghiém ngit
sang kién tric dugc phat trién xung quanh mét don vi lap trinh duoc theo co ché song
song dit liéu thong nhat. AMD gi6i thiéu céc kién trac d6 bong hop nhét dau tién cho
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san pham GPU Xenos GPU cuia n6 trong Xbox 360 (2005). Ngay nay, ca GPU cua
AMD va NVIDIA déu c6 tinh ning d6 bong hop nhat (unified shaders) (hinh 10). Loi
ich cho nguoi str dung GPU 1a can bang tai tt hon voi chi phi cho phan cimg phic tap
hon. Loi ich cho ngudi ding GPGPU d 1 rang: véi tat ca ngudn luc lap trinh duoc
trong mot don vi phan ctimg duy nhét, 1ap trinh vién GPGPU bay gid c6 thé tiép can
don vi lap trinh dugc theo cach truc tiép, hon han trude cach tiép can trudc day la
phan chia cong viéc trén nhiéu don vi phan ctng.
l
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Hinh 11: Kién trac GPU cua NVIDIA va AMD c6 mt hrong do so cac
don Vi ldp trinh duoc té chizc song song thong nhat

1.1.8. Tinh toan trén GPU

Phan trén chiing ta da thay kién triic phan cing cua GPU, chiing ta quay sang mo
hinh 1ap trinh cua no.

1.1.8.1. MO0 hinh lap trinh trén GPU

Céc don vi 1ap trinh cia GPU tuan theo mo6 hinh 13p trinh SPMD (single
program, multiple data): don chuong trinh, da dir li€u. DPé hiéu qua, GPU xu ly rat
nhiéu yéu td (vector hoic manh) song song bang cach st dung nhiéu chwong trinh
gidng nhau. Mdi phan tir dugc doc 1ap véi cac phan tir khac, va trong 1ap trinh mé hinh
co s0, cac yéu t6 khong thé giao tiép v6i nhau. Tat ca cac chuong trinh GPU phai dugc
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t6 chirc theo cach: song song nhiéu thanh phan, mdi thanh phan dugc xr 1y song song
boi mot don chuong trinh. Mdi thanh phan c6 thé hoat dong trén sb nguyén 32-bit hay
dit liéu dau phay dong vé1 mdt tap cac chi thi Iénh vira du dung cho myc dich thong
dung (general purpose). Cac thanh phan c6 thé doc dit lidu tir mot bd nhd chia sé toan
cau (hoat dong "thu thap" (gather)théng tin) va, voi GPU méi nhét, ciling ghi tré lai vi
tri tily ¥ trong bd nhd chia sé toan cau (hoat dong "phat tan" (scatter) thong tin). Pay la
mo hinh 1ap trinh rat phu hop véi cac chuong trinh lam viéc v6i duong thang, nhu
nhiéu thanh phan c6 thé duoc xir Iy trong cac budce ndi tiép c6 mi chay chinh xac nhu
nhau. Cau lénh duoc viét ra theo cach nay duoc goi la "SIMD", dung cho don chi thi
lénh, da dir liéu. Khi chuong trinh d6 béng tré nén phirc tap hon, cac lap trinh vién
thich cho phép céac phan tir khac nhau c6 duong di khac nhau thong qua chuong trinh
gidng nhau, dan dén moé hinh SPMD tong quat hon. M6 hinh nay duogc hd tro trén
GPU nhu thé nao?

Mot trong nhiing loi ich cia GPU 1a phan 16n tai nguyén danh cho viéc tinh
toan. Viéc cho phép cac con duong thuc thi khac nhau cho timg phéan tir doi hoi dang ké
phan ctng diéu khién. Thay vao d6, GPU ngay nay hd tro ludng diéu khién riéng cho
ting ludng, nhung ap dit mot hinh phat ning cho nhitng phan nhanh tap nham. Cac
nha cung cidp GPU phan 16n thong qua cach tiép can nay. Cac yéu té dugc nhom lai
v6i nhau thanh nhimg khéi va cac khdi duogc xur Iy song song. Néu cac yéu tb phan
nhanh ra cic hudng khac nhau trong mot khoi, thi phan ctng tinh ca hai bén cta nhanh
cho tit ca cac phan tir trong khéi. Kich ¢& cua khdi duge giam véi thé hé GPU gan
day, ngay nay d6 1a thir tu ctia 16 phan ti.

Trong khi viét chuong trinh trén GPU thi r& nhanh dugc phép nhung khong
mién phi. Nguoi 1ap trinh t6 chitc ma ngudn cta ho sao cho khdi c¢6 r& nhanh mach lac
s& tan dung phan cig t6t nhat.

1.1.8.2. Tinh toan théng dungtrén GPU (GPGPU)

GPGPU 1a viéc anh xa cac bai todn tinh todn muc dich thong thuong 1én GPU st dung
phan ctmg d6 hoa theo cach gidng nhu bét cr img dung dd hoa chuan nao. Béi vi su
tuong tw nay, né vira dé dang hon va ciing khé khin hon trong viéc giai thich qua trinh
hoat dong. Mot mat, cac hoat dong thuc té 1a nhu nhau va rat d& lam theo. Mit khac,
thuat ngit nay c6 diém khac nhau giita d6 hoa va st dung cho muc dich thong thuong.
Harris cung cip mot md ta tuyét voi clia qué trinh anh xa nay [3]. Ching t6i bat dau
b'fmg cach mo ta lap trinh trén GPU sir dung cac thuat ngir dd hoa, sau d6 cho théy cach
cac budc tuong tu dugc sir dung theo cach thong thudng dé tao ra tmg dung GPGPU,
va cudi cung 1a st dung cac bude twong tu dé thé hién don gian hon va truc tiép hon vé
cach ngay nay céc tng dung tinh toan trén GPU duoc viét nhu thé  nao.

e Lap trinh GPU cho dd hoa:
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Chung t6i bit dau véi cing mot dudng dng din GPU ma ching ta di mé ta & trén va
tap trung vao cac khia canh 1ap trinh dugc cua duong dng nay.

Lap trinh vién xac dinh dang hinh hoc s€ bao phu mot khu vuc trén man
hinh. Qua trinh quét manh trén man hinh tao ra mot manh & mdi vi tri diém
anh dugc bao phu boi hinh hoc do.

Mbi manh dugc lam bong md cua chuong trinh manh.
Céc chuong trinh méanh tinh gia tri cua cac manh bang cach két hgp cua
phép todn toan hoc va bo nhd toan cuc doc tir bd nhd két cau toan cuc.

Céc hinh anh két qua sau do6 c6 thé duoc sir dung nhu 13 két cau trong tuwong
lai

di qua cac duong ong dan dd hoa.

e Lap trinh GPU cho cac chwong trinh muc dich thong dung (cii):

Pong lya chon duong 6ng dan nay dé thuc hién tinh toan general-purpose lién
quan dén ciing cac budc cy thé giéng nhau, nhung ky hiéu khac nhau.

Mot vi du tich cuc 1a mot moé phdng tinh chat long dugc tinh toan trén ludi: tai

mdi bude, chung t6i tinh toan trang thai tiép theo ctia chit 1ong cho mdi diém luédi tir

tinh trang hién tai trén ludi cia n6 va trang thai cac diém hang xé6m cia né trén  luoi.

Lap trinh vién chi rd mot hinh nguyén thily bao gdm mét mién tinh toan wa
thich. Cac chuong trinh quét manh tao ra mot manh (fragment) & mdi vi tri
diém anh trong hinh d6. (Trong vi du ctia chung t6i, mau gbc phai bao phu
mot mang ludi cac manh bang voi kich thude cua chat long mé phong.)

Mbi manh duge lam bong md bsi chwong trinh gerenal - purpose SPMD.
(Mobi

diém lu6i chay cing mot chuong trinh dé cap nhét tinh trang cht long cia

no).

Céc chuong trinh manh (fragment program) tinh gia tri cia manh bang cach

két hop cac phép toan toan hoc va cac truy cap "thu thap" tir bd nhé toan

cuc. Mbi diém ludi co thé truy cap trang thai cua cac lang giéng cua nd &

budc tinh toan trude do trong khi tinh toan gia tri hién tai cua no.

Cac bo nhg dém chira két qua trong by nhd toan cuc sau do co thé duoc su
dung nhu 1a mot dau cho cac chu ky tiép theo trong tuong lai. Cac trang thai
hién tai cta chit 10ng s& duoc st dung trén cac budc tiép theo.

e Lap trinh GPU cho chuwong trinh muc dich thong dung (méi):

Mot trong nhitng kho khén trong lich sir 1ap trinh ung dung GPGPU d6 1a méac du
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cac tac vu general-purpose cta chung khong co lién quan gi t6i do hoa, cac ung dung
van phai dugc 14p trinh bang cach st dung cac API d6 hoa. Ngoai ra, chuwong trinh da
duoc ciu trac trong diéu kién cua duong 6ng dd hoa, véi cac don vi 1ap trinh dugc chi
c6 thé truy cap dugc nhu mot budc trung gian trong duong 6ng, trong khi cac 1ap trinh
vién chéic chin muébn truy cap vao cac don vi lap trinh dugc truc tiép.

Céc moi truong lap trinh ching t6i mo ta chi tiét trong Muc Mdi trudng phan
mém, dugc giai quyét kho khin nay bang cach cung cdp mot giao dién ty nhién hon,
truc tiép hon, khong c6 giao dién dd hoa cho phr:in cung va dac biét 1a cac don vi 1ap
trinh duoc. Ngay nay, Gmg dung tinh toan GPU duoc t6 chuc theo cach sau:

1) Céc lap trinh vién tryc tiép x4c dinh tén mién tinh toan wa thich nhu mét
lu6i cau triic ctia cac luong (thread).

2) Chuong trinh general-purpose SPMD tinh gia tri cia timg ludng.

3) Céc gia tri cho mdi ludng duoc tinh bang cach két hop cac phép toan toan
hoc va ca truy cdp "thu thdp" (doc) va "scatter" (ghi) b0 nhd toan cuc. Khong
gidng nhu hai phuong phép trude do, ciing mot bo dém c6 thé duoc ding cho ca
doc va ghi, cho phép thém cac thuat toan mém déo hon (vi du, cac thuat toan su
dung it b nho).

4) Cac vung dém chura két qua trong bd nhd toan cuc sau do cod thé duoc st
dung nhu 1a mot dau vao cua tinh toan sau do.

Mo hinh 1ap trinh ndy manh vi mét s6 1y do sau. Pau tién, nd cho phép cac phan
ctg khai thac triét dé co ché song song dit liéu cta cac tmg dung bang cach xac dinh
1d rang co ché song song trong chuong trinh. Tiép theo, nd giy an tuong bang viéc tao
ra sy can bang vimng chéc giita tinh phd bién (mot thi tuc hoan toan co thé 1ap trinh tai
mdi phan tir) va sy han ché dé dam bao hiéu ning t6t (mo6 hinh SPMD, c6 cac han ché
vé phan nhanh cho hiéu qua, c6 han ché vé dir liéu giao tiép giira cac thanh phan va
giira hat nhan /chu ky, v.v..). Cudi cung, kha ning truy cap truc tiép dén cac don vi lap
trinh duoc da loai bo nhiéu thach thirc phiic tap cta cac 1ap trinh viéen GPGPU trudc
day trong viéc déng thoi chon giao dién dd hoa cho 1ap trinh myc dich thong dung.

Két qua 1a cac chuong trinh thuong dugc thé hién bang ngdn ngit 1ap trinh quen
thuoc (chang han nhu ngén ngir lap trinh ciia NVIDIA giéng nhu ct phap cua C thé
hién trong moi truong 1ap trinh CUDA cua ho) va don gian hon va dé dang hon dé xay
dung va g& 18i (va dang ngay cang hoan thién nhu 1a cac cong cu lap trinh doc 1ap).
Diéu d6 tao nén mot mo hinh 1ap trinh cho phép ngudi ding ciia minh tin dung day du
cac strc manh phan cting cia GPU nhung ciing cho phép mé hinh 1ap trinh mirc cao
ngay cang ting giup san xuit cua cac tng dung phirc tap.
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1.1.9. Méi trwong phan meém

Trong qua kht, phan 16n cic chuong trinh GPGPU dugc thuc hién tryc tiép
thong qua cac API dd hoa. Mic du nhiéu nha nghién ctru dd thanh cong lam cho cac
tmg dung 1am viéc thong qua cac API d6 hoa nhung c6 mét diéu khong phu hop co
ban gitta mo hinh 1ap trinh truyén théng ma moi ngudi dang dung va cac muc tiéu cua
cic API d6 hoa. Ban dau, nguoi ta su dung cadc ham ¢ dinh, cac don vi d6 hoa cu thé
(vi du nhu cac bo loc két cau (texture filter), tron (blending), va cac phép toan tao mau
t6 dém dé thyc hién cac thao tic GPGPU. Piéu nay nhanh chéng t6t hon voi phan
cung la by xtr Iy cdc manh hoan toan 1ap trinh dugc védi ngdn nglr assembly ma gia,
nhung céch nay van kho tiép can cho du d co tat ca cac nha nghién ctru nhitng hing
hai nhat bét tay vao. Véi DirectX 9, 1ap trinh dd bong cao cép da duoc thuc hién c6 thé
thong qua ngdn ngir d6 bong cap cao ("high-level shading language” - HLSL), n6
dugc biéu dién gidng nhu giao dién 1ap trinh C cho 1ap trinh d6 béng. NVIDIA Cg
cung cip céc tinh nang twong tu nhu HLSL, nhung da c6 thé bién dich ra nhiéu dich va
cung cap ngdn ngir 14p trinh cip cao dau tién cho OpenGL. Ngon ngitr do bong
OpenGL (OpenGL Shading Language - GLSL) bay gio 1a ngdén ngit d6 bong tiéu
chuan cho OpenGL. Tuy nhién, van dé chinh véi Cg / HLSL / GLSL cho GPGPU la
chiung vén da 1a ngon ngit d6 bong. Tinh toan van phai dugc thé hién bang cac thuat
ngir 46 hoa nhu vector, két cau (texture), manh (fragment), va pha tron (blending). Vi
vay, mac du ban co thé 1am tinh toan thong dung hon voi d6 hoa API va ngon ngir db
bong, chung van phan 16n khong tiép can duoc boi cac 1ap trinh vién théng thudng.
Nhiing gi cac nha phat trién thyc sy mudn 1a c6 duge mot ngdn ngit cap cao hon dugce
thiét ké dé tinh toan mot cach rd rang va triru tuong hoa tat ca cac co ché dd hoa cla
GPU. BrookGPU [~9] va Sh [~25] 1 hai dau du an nghién ctru dau tién v6i muc tiéu
triru tugng GPU nhu 1a b xtr Iy dong (streaming processor). M6 hinh 1dp trinh dong
t6 chirc chuong trinh dé thuc hién song song va cho phép giao tiép hiéu qua va truyén
dir liéu dong thoi phu hop voi cac ngudn luc xir Iy song song va hé théng bd  nhé co
san trén GPU. Mot chuong trinh dong bao gom mot tap cac dong (stream), cic tip
duoc sép Xép dr li¢u, va hat nhan (kernel), cdc ham chirc nang duoc thiét 1ap voi tirng
phan tir trong tap cac dong tao ra mot hay nhiéu dong dau ra.

Brook di theo cach tiép can triru twong tinh toan dong don gian, dé biéu dién dir liéu
nhu la cac dong va tinh todn nhu la cac hat nhan. Khong c6 khai niém vé két cAu
vector, manh, hoac tron (blending) trong Brook. Hat nhan Ia céc tinh toan duoc viét
trong mot tap hop con gidi han cia C, dac biét 1a khong cé con trd va scatter (su tan
xa- thao tac ghi bo nho), vai dau vao, dau ra dinh nghia trudc, va trum céc dong duoc
stt dung trong hat nhan nhu mot phan cia dinh nghia cta né. Brook chira cac chiic
nang truy cap dong nhu: 1dp lai va thoat khoi vong ldp, rat gon cac dong, va kha nang
xac dinh tén mién, tip con cac dong dé st dung nhu dau vao va dau ra. Nhirng hat nhan
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dugc chay cho moi phan tir trong mién cdc dong dau ra. Hat nhan cia nguoi dung
duoc anh xa tdi doan code d6 bong cho manh va dén cac dong lién quan téi két cau.

Dit liéu tai 1én va tai vé GPU duoc thuc hién thong qua cac 101 goi doc / ghi rd
rang dugc phién dich thao tdc cdp nhat két cdu va cap nhat vao by dém phan hoi.
Cudi cung, tinh toan dwgc thuc hién boi mot bién d6i vao khong gian 3 chiéu ving céac
diém anh trong mién dau ra.

Du an Microsoft’s Accelerator (bd gia téc ctia Microsoft) [6] c6 muc tiéu twong
ty nhu Brook ¢ chd tip trung vao khia canh tinh toan, nhung thay vi str dung bién dich
offline, bo gia tbc dua vao bién dich tirc thoi (just-in-time) ctia cac phép toan dit liéu
song song cho bd d6 bong manh. Khong gidng nhu md hinh ciia Brook va Sh duoc
phan 16n cac phan md rong tir C, bo gia toc 12 ngdn ngit dua trén mang (array-base
language) phat trién tir ngon ngit C #, va tit ca cac tinh toan duogc thuc hién thong qua
cac phép toan trén cac mang. Khong giéng nhu Brook, nhung twong ty nhu Sh, mo
hinh danh gia do tré cho bién dich tic thoi tich cuc hon dan dén kha nang chuyén biét
hon va t6i wu code tao ra dé thuc hién trén GPU.

Trong nim qua, di c6 nhimg thay d6i 1on trong mdi truong phan mém cho phép
phat trién cac tng dung GPGPU dé& dang hon nhiéu ciing nhu tao ra cac hé thong phat
trién manh m& hon, chat luong thuong mai hon. RapidMind [~24] thuong mai hoa Sh
va bay gid diat muc tiéu nhiéu platform trong mot GPU, cac STI Cell Broadband
Engine, va CPU da-15i, va hé théng m&i tip trung nhiéu hon nita vao tinh toan so véi
SH trong viéc bao gdm nhiéu phép toan d6 hoa trung tam.

Tuong tu nhu bd gia tdc cuia Microsoft, RapidMind sir dung udc lugng do tré va
bién dich online dé chup lai va t6i vu hda ma ngudn tmg dung ciia nguoi ding cung
v6i cac phép toan va md rong kiéu ctia C ++ dé tao ra nhitng hd tro tryc tiép cho
mang. PeakStream [8] 12 hé thong méi, sang tao tir Brook, dugc thiét ké xoay quanh
cac phép toan trén mang. Tuwong tu nhu RapidMind va bo gia tdc, PeakStream chi sir
dung trong bién dich tirc thoi, nhung linh hoat hon nhiéu trong viéc vector héa code
ctia ngudi dung nham dat hiéu suat cao nhat trén kién trac SIMD. PeakStream ciing 13
platform dau tién cung cap hd trg profiling va g& 15i, 1a cac khia canh ma sau d6 tiép
tuc 1a mot van dé hoc bua trong phat trién GPGPU. Ca hai nd lyc nay gitip cho cac nha
cung cip ctia bén tht ba tao cac hé thdng véi sy hd tro tir cac nha cung cip GPU.
Trong mot budi gidi thibu quang céo vé cac diéu 1y tha xung quanh GPGPU va sy
thanh cong cua phuong phép nay cho tinh toan song song, Google mua PeakStream
trong nam 2007.

Ca AMD va NVIDIA bay gid ciing c6 riéng hé thong lap trinh GPGPU. AMD
cong bd va phat hanh hé théng cta ho cho cac nha nghién ctru vao cudi nim 2006.
CTM, hay "Close To The Metal", cung cdp muc triru twong phan cting & cap thip
(HAL) cho dong R5XX va dong R6XX ciia GPU ATL. CTM-HAL cung cap truy cip
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mirc assembly thd cho dong co manh (b xtr Iy dong - stream processor) cung véi bod
lap rap va bo dém 1énh dé diéu khién thuc thi trén phan cimg. Khéng tinh ning do hoa
cu thé ndo dugc xuat qua cc giao dién ndy. Tinh toan dugc thyc hién bang cach rang
budc bd nhd nhu 14 dau vao va dau ra cac bd vi xtr 1y dong, tai ma nhj phan ELF, va
dinh nghia mot mién cac két qua ddu ra ma trén d6 dé thyc thi nhi phan. AMD ciing
dua ra tang triru tuong tinh toan - Compute Abstraction Layer (CAL) . Tan nay dua
thém cac ciu triic (construct) cap cao hon, giong nhu thanh phan tuong tu trong hét
théng chay cua Brook, va hd tro bién dich GPU ISA cho GLSL, HLSL, va ma gia
Assembly nhu Pixel Shader 3.0. béi véi 1ap trinh cép cao hon, AMD hd tro bién dich
cac chuong trinh Brook truc tiép dén phan cing R6XX, cung cip mot mirc 1ap trinh
trru twong cao hon so voi CAL hoac HAL. NVIDIA CUDA la mét giao dién cép cao
hon HAL va CAL ctia AMD. Tuong ty nhu Brook, CUDA cung cip mét ct phap
giéng C dé thuc hién trén GPU va bién dich offline.

Tuy nhién, khong giéng nhu Brook chi khai thac mdt hudng xir 1y song song la
song song dit liéu thong qua co ché dong, CUDA khai thac hai cip xir Iy song song 1a
song song dit liéu va da ludng. CUDA ciing khai thac cac ngudn tai nguyén phan cting
nhiéu hon Brook, 1am 1o nhiéu cép do cua bd nho hé théng phan cép; cac thanh ghi
theo tirng ludng, bd nhé chia sé nhanh chong gitra cac ludng trong mot khéi, bé nhé bo
mach, va b nhé may chu. Cac hat nhan trong CUDA ciing linh hoat hon trong Brook
bé“mg cach cho phép sur dung con tré (mac du dir liéu phai & trén bo mach), viéc léy
ra/luu trit thong thuong vao bd nhd cho phép nguoi sir dung tan xa (scatter) dir li€u tur
bén trong mot hat nhan, va dong bo giita cac ludng trong mot khdi ludong. Tuy nhién,
tat ca su linh hoat nay va hi¢u qua tiem nang dat dugc di kém véi cai gid doi héi nguoi
sir dung phai hiéu nhiéu hon céc chi tiét & cip thap cia phan ciing, dic biét 1a sir dung
thanh ghi, luéng va 1ap lich cho khéi ludng, va cac hanh vi clia cac mau truy cép bd
nhd.

Tat ca cac hé thong nay cho phép nguoi phat trién xay dung cic ung dung 16n dé
dang hon. Vi du, Folding@Home GPU client va (mg dung md phong chit 1ong 16n
duge viét bang BrookGPU, NAMD va VMD hd tro thyc thi trén GPU thong qua
CUDA, RapidMind da thtr nghi¢m m6 phong chum tia va su hdi tu, va PeakStream da
biéu dién dau va khi dt va cac ung dung tinh toan tai chinh. CUDA cung cép diéu
chinh va t6i vu hoa thu vién Blas va FFT dé sir dung nhu x4y dung khdi cho cac tng
dung 16n. Truy cép cap thap vao phan ctimg, nhu 13 cung cap béi CTM, hoic hé thong
GPGPU cu thé nhu CUDA, cho phép cac ngudi phét trién vuot qua mot cach ¢ hiéu
qua cac trinh diéu khién d6 hoa va duy tri 6n dinh hi¢u ning va tinh dang dan. Sy phat
trién va toi wu hoa trinh diéu khién (driver) cua cac nha cung cip trong cac API d6 hoa
c6 xu hudng chi dé kiém thtr trén cac trd choi méi nhat va phd bién nhit. Viéc tdi wu
duoc thuc hién dé tdi uu hoa cho hiéu nang game co thé anh hudng toi tinh 6n dinh va
hiéu nang cua cac ung dung GPGPU.
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1.1.10.Ky thuat va &rng dung

Bay gio chiing ta khao sat mot s6 dic tinh tinh toan quan trong, thuat toan, va cac ung
dung tinh todan GPU. Chung t6i 1an ddu tién néu bat bon phép toan song song dit licu
tap trung o tinh toan GPU: thyc hién phép toan tan xa (scatter) / tap hop (gather) bod
nhd, anh xa mot chirc ning vao nhiéu yéu t6 song song, giam mot bo suu tip cac  yéu
t6 thanh mot yéu t& hodc mot gia tri, va tinh toan rat gon cho trudc mdt mang song
song. Chung toi nghién ctru k¥ tinh toan nguyén thity c6t 16i & mot s6 chi tiét trudce khi
chuyén dén mot cach nhin tong quan mirc cao vé cac van dé thudt toan ma cac nha
nghién ctru da nghién ctru trén GPU: quét, sap xép, tim kiém, truy van dit liéu, phuong
trinh vi phén, va dai s tuyén tinh. Céac thuét toan cho phép mot loat cac tng dung khac
nhau, tr co so dit li¢u, khai pha dir liu, dén cac mé phong khoa hoc, nhu 1a dong luc
hoc va chuyén dong nhiét ciia chat 1ong (chung ta s& xem k¥ hon trong Phan VI va
VII), chuyén dong vat Iy trong trd choi va dong luc hoc phan  ti.

Tinh toan nguyén thiiy:

Céc kién tric song song dit liéu cia GPU doi hoi thuat ngit 1ap trinh quen
thudc tu lau vo1 nguoi st dung siéu may tinh song song, nhung thuong 1a mai
v6i cac 1ap trinh vién ngay nay truéng thanh tir may moéc tuan tu hodc cum may
tinh két ndi 1ong 1éo. Chung ta thao luan ngan gon vé bon cac thanh ngit quan
trong: tan xa / tap hop (scatter/gather), dnh xa, it gon, va quét. Chung t61 mo ta
nhiing tinh toan nguyén thiy nay trong bdi canh ca "Ci" (dua trén d6 hoa) va
"méi" (tinh toan truc tiép) trén tinh toan GPU dé nhan manh su don gian va tinh
linh hoat ctia cach tiép can tinh toan tryuc tiép.

Téan xaltdap heyp (scatter/gather) :

Viét vao hoic doc ra mot vi tri duoc tinh toan trong bd nhd. Tinh toan GPU
dua trén do hoa cho phép tap hop hiéu qua bang cach st dung cac hé théng con
vé két cdu, luu trit dir liéu nhu hinh anh két va danh dia chi dir liéu bang céch
tinh toan toa do hinh anh tuong (ng va thuc hién phép nap két cau. Tuy nhién,
han ché vé két cau 1am cho kho phat trién rong  réi: han ché kich thudc két cau
doi hoi cac mang chira trén 4.096 phan tir thanh nhiéu dong cia mot két cau 2D,
b sung thém phép toan danh dia chi, va phép nap két ciu don chi co thé lay 4
gia tri dau phay dong 32bit, han ché bo nhd luu trir mdi phan tir. Phép tan xa
trong tinh todn GPU duya trén d6 hoa kho khin va doi hoi phai tai lién két dit licu
dé thuc thi nhu 13 cac vector, hoic st dung phép nap két ciu dinh hoic render-
to-vertex-buffer. Nguoc lai 16p truc tiép tinh toan cho phép doc va ghi khéng
gidi han dén cac dia diém tuy y trong bo nhé.  CUDA cua NVIDIA cho phép
ngudi dung truy cap vao bo nhd bang céach sir dung cac cau trdc C chuan (mang,
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con tro, bién); CTM ctua AMT ciing gan linh hoat duoc nhu vy, nhung sir dung
diachi 2D.

Anh xg (Map): &p dung mot phép toan moi phan ti trong bo swu tap. Mo
ta dién hinh 1a vong Iap for trong chuong trinh tuan ty (nhu 13 mot ludng trén
mot CPU don 161), mot thyc thi song song c6 thé giam thoi gian can thiét bang
cach 4p dung phép toan d6 dén nhiéu phan ti song song. Tinh toan GPU dua
trén d6 hoa thuc hién phép anh xa nhu 1a chuong trinh manh duoc goi tir bo suu
tap diém anh (mot diém anh cho mdi phan t). Tung chuong trinh manh cua
diém anh doc (fetch) dir lidu tir két cau tai mot vi tri twong Gng vai vi tri coa
diém anh trong hinh anh da bién d6i (render), thuc thi phép toan d6, sau d6 luu
trir cac két qua tai diém anh dau ra. Twong ty, CTM va CUDA thuong sinh ra
mot chuong trinh ludng dé thuc hién phép toan do6 trong nhiéu ludng, véi moi
ludng nap vao mot phan ti, thuc hién tinh toan, va luu trir két qua. Luu y rang vi
vong lap hd trg mdi ludng cd thé ciing 1ap nhiéu 1an trén nhiéu phan ti.

Rt gon (Reduce): lién tuc 4p dung mét phép toan két hop nhi phan dé rat
gon mot tap hop cac phan tr thanh mot phan tar duy nhat hodc mot gid tri duy
nhat. Vi du bao gém viéc tim kiém tong (trung binh, téi thiéu, t6i da, phuong
sai, Vv..) ctia mot tap cac gia tri. Mot thuc thi tuan tu trén CPU truyén thong sé
lap trén mot mang, tinh tong ting phan tir bang cach chay phép cong tat ca cac
phan tir hién c6. Nguoc lai, mot rat gon tong theo co ché song song thuc hién
nhiéu lan phép cong song song trén mot tap thu hep cac phan tir. Tinh toan GPU
dua trén d6 hoa thuc hién rit gon duya trén bién doi (rendering) tap giam dan céc
diém anh. Trong ting bién doi ting vuot qua chwong trinh manh doc nhiéu gia
tri tir mot két cau (thuc thi khoang 4 hoac 8 lan doc két cau), tinh tong do, va ghi
gia tri d6 vao diém anh dau ra trong két cau khac (nho hon 4 hoic 8 1an), ma sau
d6 s& bi rang budc nhu 1a dau vao cho bd d6 béng manh tuong ty va qua trinh
lip di lap lai cho dén khi dau ra 1a mot diém anh don chta két qua cudi cung
ctia qua trinh rat gon. CTM va CUDA cling cho ra cing mét qué trinh tryc tiép
hon, vi du bang cach tao ra mot tap cac ludng, mdi ludng doc 2 phan tir va ghi
téng cua ching vao mot phan tir don. Mot nira s ludng lap lai qua trinh trén, sau
d6 1a ntra con lai, ¢ nhu vay cho dén khi con lai mot luong séng soét sé ghi két
qua cudi ciing ra bo nho.
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Hinh 12:Hiéu ndng quét trén CPU, va GPU dura trén dé hoa (sir dung
OpenGL), va GPU tinh toan truc tiép (sir dung CUDA). Két qud thuec hién trén
GeForce 8800 GTX GPU va Intel Core2Duo Extreme 2.93 GHz CPU. Hinh vé

dwoc 1dy H. Nguyen (ed), GPU Gems 3, copyright (c) 2008 NVIDIA

Corporation, published by Addison-Wesley Professional.

Quét (Scan):

D6i khi duoc goi la téng tién t6 song song, quét Iay mot mang A cac phan
tir va tra vé mot mang B ¢ cling chiéu dai, trong d6 mdi phan ta B [i] dai dién
cho mot phép rat gon mang con A[1...i]. Quét la cong cu xay dung  khoi dix
cuc ky hitu ich cho thuat toan song song dit liéu; Blelloch mé ta nhiéu tng dung
tiém nang cua quét tir Sap xép nhanh (quicksort) téi cac phép toan ma tran thua
thot[9]. Harris va dong nghiép[10] da gidi thiéu mot thyc thi cua quét hiéu qua
bang cach st dung CUDA (hinh 12); két qua ctua ho minh hoa cho nhiing lgi thé
cua tinh toan truc tiép hon 1 tinh toan GPU dua trén d6 hoa. CUDA thuc hién
nhanh hon so véi CPU boi mot mot thira s6 1én dén 20 va OpenGL boi mét thira
sd lén dén 7.

1.1.11.Giai thuat va &wng dung
Khi x4y dung phan 16n vao cic phép toan nguyén thuy & trén, cac nha
nghién ctru biéu dién nhiéu thuit toan mic cao va cac tng dung khai thac cac thé
manh tinh toan ciua GPU. Céc thim do vé cac thudt toan tinh toan GPU va cac
mién tmg dung cua co thé tham khao & [~13].
Sap xép (Sort): GPU di c6 nhiing cai thién dang ké trong sap xép tur
khi cong déng tinh toan trén GPU da nghién ctru lai, 4p dung, va cai thién cac
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thuat toan sap xép, dang chu y 1a sip xép bitonic merge [~6]. Thuat toan
"sorting network" ndy vé ban chat 1a song song va mu, c6 nghia 1a cac budc
tuong tu duoc thyc hién bat ké dau vao. Govindaraju va cac dong nghiép da
gianh giai hiéu nang "PennySort" trong cudc thi "TeraSort" nam 2005 [~29]
béng viéc st dung hé théng thiét ké can than va su két hop cua cai tién nhiéu
thuat toan.

Tim kiém va truy vin co sé dir liéu (Search & database queries):
Céc nha nghién ctru cling da trién khai thyc hién mot s6 hinh thire tim kiém trén
GPU, nhu tim kiém nhi phan (vi du: Horn [~4]) va tim kiém lang giéng gan
nhat [~2], cling nhu céc thao tac co sé dit liéu dugc xay dung trén phan cing do
hoa muc dich dac biét (goi 1a bo dém do sau stencil) va cac thuat toan sép xép
nhanh ¢ trén [~28], [~27].

~_ Phuong trinh vi phan (Differeptial equations): Nhiing n(*), lgyc sém
nhat dé s dung GPU cho tinh todn phi d6 hoa tap trung vao giai quyet cac tap
|6n phuong trinh vi phén. Phép tim dao ham la mot ung dung GPU phd bién
cho phuong trinh vi phan thuong (ODEs), dugc su dung rat nhiéu trong md
phong khoa hoc (vi du, hé théng tham do luu luong caa Kr'uger [~15]) va tai
cac hiéu tng tryc quan cho céc cho troi trén may tinh. GPU da duoc st dung
nhiéu dé giai quyeét cac van dé trong phuong trinh vi phan riéng (PDEs) nhu
phuong trinh Navier- Stokes cho dong chay tu do. tng dung dac bi¢t thanh cong
ma GPU PDE da  gidi quyet bao gom cac dong luc chat long (vi du nhu Bolz
[~12]) va phuong trinh thiét 1ap phan chia am thanh [~1].

Pai s6 tuyén tinh (Linear algebra): chuong trinhdai s6 tuyén tinh 1a
cac khoi tao dung ¢t 13i cho mot rat 1én cac thuét toan sb hoc, bao gém giai
phap PDE dé cap & trén. Ung dung chira mo phong cac hiéu tng vat Iy nhu:
chét l6ng, nhiét, va buc xa, hi¢u ng quang hoc nhu linh vuc do sau [~23], va
tuong tu, theo d6 chu dé cua dai sb tuyén tinh trén GPU di nhan dugc nhiéu su
cha y. Mot vi du dién hinh 1a san pham cua Kr “uger va Westermann [~14] giai
quyét mot 16p rong cta cac van dé dai so tuyén tinh bang cach tap trung vao
biéu dién ma tran va vecto trong tinh toan trén GPU duya trén dd hoa (vi du nhu
dong goi cac vector day dic (dense) va thua thét (sparse) vao cac két cau, bo
dém vector, v.v..). Mot san pham dang chu ¥ khéc 13 cac phan tich vé phép nhan
ma trin  day dic cua Fatahalian va dong nghiép [~19] va giai phap cho céc hé
thong tuyén tinh day dac ctia Gallapo va dong nghiép [~26], tac gia cho thiy co
kha ning t6t hon tham chi cic trién khai ATLAS t6i wu hoa muc
cao. Ung dung ctia cic tang truc tiép tinh toan nhu CUDA va CTM vira don
gian hoa dong thoi cai thién hiéu suat cia dai s6 tuyén tinh trén GPU. Vi dy,
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NVIDIA cung cip uBLAS, mot gbéi dai sé tuyén tinh day ddc thuc thi trong
CUDA va sau d6 1a cac quy wéc BLAS phd bién. Cac thuét toan dai sd tuyén
tinh thua thét ¢6 nhiéu bién d6i va phirc tap hon so véi loai day dic dang 1a mot
linh mé va hudng nghién ctru tich cuc, cac nha nghién ciru mong c6 mi ngudn
thua thét dé kiém chimg loi ich twong tu hodc 16n hon tir tAng tinh toan méi
GPU.

Tong két

Mot s6 chu dé dinh ky noi 1én khip cac thuat toan va kham pha cac ung dung
trong tinh toan GPU cho dén nay. Xem xét chui dé nay cho phép chung toi mé ta
lai GPU 1am t6t nhimg gi. Ung dung tinh toan GPU thanh cong c6 cac dic tinh
Sau.

- Nhin manh xiv ly song song (Emphasize parallelism): GPU 13 vé co
ban may song song va viéc sir dung hiéu qua nd phu thudc vao mic do xu ly
song song trong khoi luong cong viée. Vi dy, NVIDIA CUDA thich dé chay
hang ngan 1u6ng chay tai mét thoi diém, t6i da hoa co hoi che ddu do tré bd nhé
bang cach str dung da ludng. Nhan manh xir Iy song song doi hoi Iya chon cac
thuat toan ma chia mién tinh toan thanh cang nhiéu manh doc lap cang tét. Bé
t6i da hoa sé luong ludng chay dong thdi, GPU ldp trinh cling nén tim cach
giam thiéu viéc sir dung thread chia sé tai nguyén (nhu dung cac thanh ghi cuc
bo va by nh¢ dung chung CUDA), va nén sy dong bo giita cac luong la it di.

- Giam thiéu sw phan ky SIMD (Minimize SIMD divergence): GPU
cung cap modt mo hinh 1ap trinh SPMD: nhiéu ludng chay cuing mdt chuong
trinh twong tw, nhung truy cap dir liéu khac nhau va do d6 c6 thé c6 su khéc
nhau trong thyc thi cua chung. Tuy nhién, trong mdt $6 truong hop dac biét,
GPU thyc thi ché d6 SIMD cho céc 16 cac ludng Néu ludng trong mot 16 tréch
ra, toan bo 16 s€ thuc thi cung cac duong code cho dén khi céc lu6ng ho1 tu lai.
Tinh toan hiéu ning cao GPU doi hoi co cdu code sao cho giam thiéu su phan
ky trong 10.

- Ting toi da cuwong dé s6 hoc (Maximize arithmetic intensity): Trong
khung canh tinh toan ngdy nay, cac tinh toan thuc té 13 twong ddi ré nhung bing
thong 1a quy gia. Piéu nay that su rat ding voi GPU noi c6 nhiéu strc manh dau
phay dong rat phong phu. Dé tan dung tdi da stitc manh d6 can ciu triic thuat
toan dé tbi da hoa cuong do s6 hoc, hodc sd lugng cac tinh toan trén s6 thuc
hién trong mdi thao tac voi bd nhé. Truy cap dir liéu mach lac bﬁng cac luéng
tro gitip riéng biét bai vi cac thao tac nay co thé két hop dé 1am giam tong s6
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thao tac bd nhd. St dung bd nhéd dung chung CUDA trén GPU NVIDIA ciing
gitip giam overfetch (do cac ludng co thé giao tiép) va cho phép cac chién luoc
"blocking" viéc tinh toan trén b nhé cua chip.

- Khai thdc bang thong dong (Exploit streaming bandwidth): Mac du
c6 tdm quan trong cia cuong do sd hoc, n6 1a can luu y rang GPU c6 bing
thong rat it (very high peak) trén bo nhé di kém, trén thir tu cta 10 x CPU -
bang thong bd nhd thong dung trén nén may PC. Pay 1a 1y do tai sao GPU c¢6
thé thyc thi t5t hon CPU & cac tac vu nhu sip xép, trong d6 cé ty 1¢ tinh
toan/bing thong thap. Pé dat dugc hiéu ning cao trén cac ung dung nhu thé doi
hoi cac mau truy cdp bo nhd dong (streaming) trong d6 cac ludng doc va ghi
vao cac khoi 16n lién mach (t6i da hoa bang thong cho mdi giao dich) nam trong
cac khu vuc ri€ng biét cia bd nh¢ (tranh céac rui ro dir 1iéu).
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Chuong 2.

TINH TOAN SONG SONG TREN GPU TRONG
CUDA

2.1.  Gio6i thiéu vé méi trwong phat trien CUDA

CUDA- viét tat ciia Compute Unified Device Architecture, 1a kién trac méi bao
gdm ca phan cing va phin mém dé phat trién va quan 1y viéc tinh toan trén GPU
nhu mot thiét b tinh toan song song ma khong can anh xa vao cac ham 1ap trinh d6
hoa. Kién triic nay co trong giai phap cia GeForce 8 Series, Quadro FX
5600/4600, va Tesla cia NVIDIA. Co ché da nhiém cta h¢ diéu hanh chju trich
nhiém cho viéc quan 1y truy cap téi GPU boi cac tmg dung CUDA va tng dung d6
hoa chay song song.

Bo phan mém CUDA bao gdm céac 16p md ta trong hinh 13: dirver cho phan
cung, API 1ap trinh, moi trudong thuc thi; va hai thu vién todn hoc mirc cao hon cua
cac ham thuong dung, CUFFT va CUBLAS. Phan ctng duoc thiét ké dé hd tro
dirver hang nhe va 16p mdi trudng thuc thi, tir ¢6 cho téc d6 cao.

CPU
Application
CUDA Libraries
+ +
CUDA Runtime
L ¥
CUDA Driver
GPU

Hinh 13: Kién trac bé phan mém CUDA
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Thu vién lap trinh CUDA bao gdm cdc ham mé rong cua ngdn ngir C.
CUDA cung cip céch danh dia chi DRAM thuong dung nhu mé ta trong hinh
14 cho viéc 1ap trinh linh hoat hon, bao gdm ca thao tac cdp phat va thu hoi bo
nhd. Tir goc d6 1ap  trinh, didu d6 twong ung v6i kha ning doc va ghi dir liéu tai
bét ky dia chi nao trong DRAM, giéng nhu CPU.

FeTelile] [ililelel

Thu hoi

.. [Control' o,y AU ALI.I‘

S I [ | s [ a | 0

Cép phat

ALU ALU

Hinh 14: CAc thao tac thu héi va cdp phat bg nhé

CUDA c6 dac tinh luu dir liéu dém song song va va by nhé chia sé trén chip
v6i tbe do doc ghi rat cao, cac ludng ding bd nhé ndy dé chia sé dir liéu véi
nhau. Nhu mé ta trong hinh 15, tmg dung c6 thé dat két qua tot véi viée téi thiéu
viéc lay/tra dir lidu  tir DRAM, tir d6 tré giam phu thudc bang théng truyén bo
nhé DRAM.

ALU | ALU ALU

[ [ofala] [a]afa]o]

Khong c6 vung nhd dung chung
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Co vung nhé dung chung

Hinh 15: Vung nhé dung chung mang diz liéu gan ALU hon

2.1 MG@i truong 1ap trinh va co ché hoat dong ciia chwong
trinh CUDA
2.2.1 MO0i trwong lap trinh
Pé chuong trinh CUDA hoat dong duoc trong méi truong windows hodc
linux, can phai co cac thu vién hd trg. Cac thu vién nay do NVIDIA cung cép
gém cO cac phﬁn sau: Trinh diéu khién thiét bi d6 hoa cho GPU cua NIVIDA, b
cong cu phat trién CUDA (goi 1a CUDA Toolkit) va bd CUDA SDK.

2.2.1 Co ché hoat @dyng mot chwong trinh CUDA

St dung CUDA vi mong muén chuong trinh chay nhanh hon nh¢o kha
ning xur ly song song. Vi thé t6t hon hét can loai bo cac anh hudng 1am mot
chuong trinh chay cham di. Mot chuong trinh CUDA hoat dong theo md hinh
SIMD (single instruction multiple data) do vdy anh huéng chinh dén téc d6 cua
chuong trinh 12 sy khong thdng nhat va tranh chip ving nhé trong qua trinh doc
va luu dir liéu. Piéu nay budc trinh bién dich phai chon giai phap an toan trong
truy cap dit liéu. Diéu nay bién mot chwong trinh song song theo mo hinh SIMD
thanh mé hinh ndi tiép.

Kich thude cta kiéu dir liéu rat quan trong trong viéc truy cap dir li€éu mét
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cach thong nhat (coalescing) kich thudc dir liéu phai bang 4, 8, 16 bytes. Ngoai
ra néu sd 1énh tinh toan 16n thi nén sao chép dit liéu tir bd nhd chung (global
memory) vao bo nhé chia sé (shared memory) dé han ché viéc truy cap thuong
Xuyén vao bo nhé chung lam cham chuong trinh (do viéc truy cap vao by nhd
chung mat rat nhiéu thoi gian hon truy cap vao b nhd chia sé) [3].

Céu triic ciia mot chuong trinh CUDA thuong st dung hai ham: M6t ham
danh cho viéc truy cap dir liéu va ham con lai goi 1a ham kernel dung cho viéc
xu 1y dir li¢u.

Pé hiéu cach hoat dong mét chuong trinh CUDA (xem Hinh 2.4), can

thong nhat mot so cac khai niém sau:

Host *

Sao chep dir ligu Sao chep dir ligu
tir Host dén Device tir Device dén Host

> Device

Hinh 16: So d6 hoat dong truyén dir liéu gitra Host va Device

e Host: La nhiing tac vu Va cdu triic phan ctng, phan mém dugc xir Iy tir
CPU.

e Device: La nhiing tic vu va cdu tric phan ctimg, phan mém duoc xu ly
tir GPU.
Cach hoat dong dugc mo ta nhu sau:

e Dt liéu can tinh toan luén ¢ trén bd nhé cia Host, vi vay trude khi
muon thuc hién trén Device budc dau tién la sao chép dir liéu can

tinh toan tir b nhd Host sang bo nhé Device.
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e Sau d6 Device s¢& thuc hién viéc tinh toan trén dir liéu do (goi cac
ham riéng ctia Device dé tinh toan).
e Sau khi tinh toan xong, dir liéu can duoc sao chép lai tir b nhé

Device sang bo nhd Host.

M6 hinh lap trinh
B dong xir Iy da ludng mirc cao

Trong 1ap trinh CUDA, GPU dugc xem nhu 12 mot thiét bi tinh toan c6
kha ning thuc hién mot sd luong rat 16n cac ludng song song. GPU hoat dong
nhu 12 mot bo dong xir Iy voi CPU chinh. NOi cach khac, dir liéu song song,
phan tinh todn chuyén dung ctia cic tmg dung chay trén host dugc tach roi khoi
thiét bi.

Chinh x4c hon, mdt phﬁn cua mot img dung dugc thyc hién nhiéu lan,
nhung doc 1ap vé mat dit liéu, c6 thé nhom thanh mot chire ning dugc thuc hién
trén thiét bi nhu nhiéu luéng khac nhau. Dé co diéu d6, mot chuc nang duoc
bién dich thanh cac tap 1€nh cta thiét bi va tao ra chuong trinh, goi 1a nhan
(kernel), duogc tai vao thiét bi.

Ca hai Host va Device (thiét bi) duy tri DRAM riéng ctia no, dugc goi la
bo nhd host va bd nhé thiét bi. C6 thé sao chép dir liéu gitta DRAM ciia Host va
Device thdng qua API da ti uu hoa c6 st dung co ché truy cap bd nhé truc
tiép tbc do cao (DMA) cua thiét bi.

Gom 16 cac ludng
L6 cac luéng thuc hién dugc nhan (kernel) td chirc thanh mot ludi cac khdi
ludng dugce miéu ta trong phan khéi ludng va luéi cac khéi ludng dudi day.
Khoi ludng

Mot khdi ludng 12 mot tap cac ludng, co thé dong thoi xtr 1y v6i nhau bang

cach dung dir liéu trong bd nhd dung chung va thyc thi ddng bo dé phédi hop truy cap
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bd nho.
Chinh xéc hon, c¢6 thé xac dinh cac diém dong bd trong nhan, noi cac ludng trong khoi

s& dirng cho dén khi tit ca cac ludng t&i diém ddng bo.

Mdi ludng duoc xac dinh bai 1D, d6 1 s6 hidu cta ludng trong khdi. Dé hd tro
viéc dinh dia chi phuc tap dua trén ID lué)ng, mot ng dung cling co thé chi dinh mot
khéi nhu mot mang hai hodc ba chidu ¢6 kich thude tly ¥ va xac dinh timg luong bang
cach str dung chi s6 hai hoic ba thanh phan dé thay thé. Péi vai cac khdi kich thudce
hai chiéu (Dx, Dy), ID ludng ciia phan tir ¢6 chi s6 (x, y) 1a (x + y Dx) va cho mot
khéi kich thudc ba chiéu (Dx, Dy, Dz), ID ludng ctia phan tir (x, Y, z) 12 (X + yDX + z
Dx Dy) [3].

Luwéi cac khoi luf’ing (Grid of Thread Blocks)

CPU (Host) GPU (Device)
Ludi 1
Nhin 1 » | Khbi Khéi Khdi

(0, 0) (L, O) || (2,0
Khoi *|| Khoi | Khoi
o bH .y @ n

L |Lwdi 2,
Nhén 2 >
— I
- Khai(1, 1) .
Lu&ng I Lu&ng Lu&ng Lufmg— ]
(0,0)- | (1,0) | (2,0) | (2,0)°

Luiﬁn'g Luéng | Ludng | Ludng -
D lanjey el ]
[_‘uiﬁng Ludng | Ludng | Ludng |
-(0,2) 1 (1,2) | (2,2) | (2,2)

Hinh 17: Khéi ludng
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S6 luong ludng toi da trong mot khdi co gidi han. Tuy nhién, cac khdi ciing s6
chiéu va kich thuéc thyc thi trén cing nhan cé thé nhém véi nhau thanh luéi cac khéi,
do viy tong sb ludng chay trén mot nhan 13 16n hon nhiéu. Diu ndy xuat phat tai cac
chi phi
hop tac giita cac ludng giam, vi cac ludng trong céac 16 khac nhau trong luéi khong thé
trao doi va ddng bd v6i nhau. M6 hinh mé ta & Hinh 2.5, cho phép cac nhan chay hiéu
qua ma khong phai dich lai trén céc loai thiét bi khac nhau v6i kha ning chay song
song khac nhau: Mot thiét bi co thé chay trén tat ca khoi cua ludi mot cach tuan tu néu
thiét bi d6 c6 rat it kha nang chay song song hodc chay song song néu no cé kha ning
chay song song nhiéu hoic két hop ca hai.

Moi khdi duoc xac dinh boi 1D ciia n6, d6 1a sé khdi trong ludi. Dé hd trg viée
dinh dia chi phirc tap dua trén khdi ID (block ID), mot tng dung c6 thé xac dinh mot
ludi nhuy mot mang hai chiéu véi kich thudc cb dinh va dinh danh mdi khéi sir dung
chi muyc hai thanh phan. Vi khéi hai chiéu kich thude (Dx, Dy), ID cta khoi (x,y) la
(x + y Dx).
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M6 hinh b nho

Lurdi
Khéi (0, 0) Khéi (1, 0)
B¢ nho chia se BO nh¢ chia se
Thanh ghi Thanh ghi Thanh ghi Thanh ghi

!

'

'

!

Luéng (0, 0)

Ludng (0, 0)

Ludng (1, 0)

Lu&nf (1,0)

¢ [V ['YY # ['YY : 'Y
Bo nho B nho BO nho B nho
cuc bd cyc bd cyc b cyc bo
Y Y Y Y
BO nh& toan quc
Bd nhé hang 5o

Bd nha két cau

Hinh 18: M6 hinh bo nhé trén GPU

Mot ludng thuc thi trén thiét bi chi truy cip vao DRAM ciia thiét bi va bo nhd

trén bd vi xur 1y qua cac khong gian nhd nhu mo ta trong Hinh 2.6 :

Poc va ghi trén céc thanh ghi (Registers) cia mdiludng.

Poc va ghi bo nhé cuc bo (Local Memory) cia mdi ludng.

Doc va ghi bd nhé dung chung (Shared Memory) ctia mdi khéi.
Poc va ghi bo nhéd toan cuc (Global Memory) ctia moi ludi.
Chi doc bd nhd hang sé (Constant Memory) ctia mdi ludi.

Chi doc bd nhd két ciu (Texture Memory) ctia mdi ludi.

Céc vung nhd toan cuc, hang s6 va két cau c6 thé doc hoac ghi boi Host va lién
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tuc gilra cac 1an thyc thi nhan bdi cung mot ing dung.
Cac vung nh¢ toan cuc, hang s6 va két cau dugc to1 uu hda cho céac cach
st dung bd nhé khic nhau. Vung nhé két cau cling dua ra cac co ché danh dia

chi khac, cting nhu lgc dir 1iéu cho mot so6 loai dit li¢u dac biét.

2.3.Lap trinh ing dung véi CUDA
2.3.1. CUDA |la mé ryng cua ngon ngir lap trinh C

Muc tiéu ciia giao dién lap trinh CUDA 14 cung cap cach tiép can kha don gian
cho nhiing ngudi st dung quen v4i ngdn ngir 1ap trinh C, ¢o thé dé dang viét

chuong trinh cho viéc xtr Iy bang cac thiét bi. Lap trinh CUDA gdm c6:

o Mot thiét 1ap téi thiéu cta cac thanh phan md rong cho ngdn ngir 1ap trinh
C duoc miéu ta trong phan 2.1.6.2. , cho phép ngudi lap trinh nham toi
cach phan chia md ngudn chuong trinh cho viéc xtr ly trén thiét bi.

e Thu vién chay duoc chia thanh:

v Thanh phan chinh (host componet): Chay trén Host va cung cip cac
chtrc nang cho viéc diéu khién va truy nhap mot hoac nhiéu thiét bi

khac tir Host.

v’ Céc thiét bi thanh phan (device componet): Puoc chay trén cac thiét
bi va cung cap cac ham riéng cua thiét bido.

v" Mot thanh phan chung (commom componet): Cung cip xay dung
trong kiéu vector va la mot tdp con thu vién chuin cta C. Thanh
phan chung hd trg cho ca Host va cac thiét bi thanh phan.

Can nhin manh rﬁng chi c6 ham tur thu vién chuén cta C 1a dugc hd trg cho viéc
chay trén cac thiét bi co cac chic ning dugc cung cip baoi thanh phan chay

chung [3].
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2.3.2. Nhitng mé rong ctia CUDA so véi ngon ngir 1ap trinh C
Ngon ngit 1ap trinh CUDA 1a mé rong ctia ngdn ngir lap trinh C ¢ bon khia canh

e Tirkhoa pham vi kiéu ham cho phép xac dinh liéu mot ham thue hién
trén host hay trén thiét bi va lidu n6 c6 thé dugc triéu goi tir host hodc tir
thiét bi.
e Tirkhoa pham vi kiéu bién cho phép dic ta vi tri bd nhé trén thiét bi cta
mdt bién.
o Bon bién build-in dé xac dinh chiéu ctia ludi va khéi, chi s6 khbi valudng.
e Mot chi thi méi dé xac dinh cach nhan (kernel) dugc thuc hién trén thiét
bi tir phia host.

Véi mdi tap tin ngudn chira cdc phan mé rong trén ‘phai dugc bién dich voi
CUDA bang trinh bién dich NVCC, dugc miéu ta ngan gon trong muc 2.1.6.7.
Nhitng miéu ta chi tiét cia NVCC c6 thé duoc tim thay trong céc tai liéu khac

13].

Moi phan mé rong di kém véi mot s6 han ché dugc mo td trong phan
dudi, NVCC s€ dua ra 101 hodc thong di€p canh bao mot s6 xung ddt cua cac

phan han ché trén, nhung mot s6 xung dot cé thé khong duge nhén ra.

Tir khéa pham vi kiéu ham
Dung dé khai bao mot ham co pham vi hoat dong & trén Host hay trén
Device, va dugc goi tir Host hay tir Device:
e Tukhba device :

v Khai b4o__device _dinh nghia mot ham chi xt 1y trén thiét b
(Device)..

v’ Chi dugc goi tir thiét bi.
v’ Vidu: device void HamXuLyTaiDevice(parameter,...) {...}
e Tukhoa global_:
v' Khai bdo  global_dinh nghia mdt ham nhu la mot hat nhan
(kernel), xu ly trén thiét bi.

v Chi ¢6 thé triéu goi duoc tur Host.
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v Vidu: global_void HamKernelXuLy(parameter,...){...}
e Tukhoa host :
v Khai bdo__host__la dinh nghia mot ham xt ly trén Host.
v’ Chi c6 thé triéu goi duoc tir Host.

Cé&c han ché:

Cac hamcua device la ham dong (inlined).
Cac hamcua device va global___ khéng hd trg su dé quy.
Cac ham cua  device va global_khong thé khai bao

cac bién static trong than ham.

Céc hamcua  device va global__ khong thé c6 s bién
cua thay doi.

global va  host khong  thé
sir dung dong thoi.  global phai cod

kiéu tra vé 1a kiéu void.

Loi goiham  global phai chi r8 céu hinh thuc hién n6 (xem
muc 2.1.6.5).

Goi to1 mot ham __ global la
khong dong bo, co nghia la ham  global tra

vé trude khi thiét bi hoan thanh xong xtr Iy [3].

Tir khoa pham vi kiéu bién

Cho phép dac ta vi tri bd nhé trén thiét bi ciia mot bién:

e _ device :
v Tén tai trong khdng gian bo nhé toan cuc (c6 bd nhé 16n, do tré cao).
v" Puoc cép phat voi cudaMalloc.
v' C6 vong doi (lifetime) cia mot ung dung.
v Truy nhép duoc tir tit ca cac ludng bén trong ludi
e  shared :
v/ Tén tai trong khdng gian bd nhd chia sé ciia mot ludng (bd nhé
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nho,do tré thap).

v Pugc cap phét khi thuc hién viéc cau hinh, hay khi bién dich chuong
trinh.

v' C6 vong doi cia mot khbi.
v’ Chi c6 thé truy cap tir tit ca cac ludng bén trong mot khdi (cac ludng

thudc khoi khac khong thé truy cap).

Thuc hién cdu hinh

Bat ky 10i goi toi ham toan cuc (global) phai xac dinh c4u hinh thyc hién cho 1oi
gol

CAu hinh xir Iy xac dinh kich thudc ludi va khoi ma sé dugce str dung thuc

hién chirc nang trén thiét bi. N6 duoc xac dinh béng cach chén mét biéu thirc

mau dang <<< Dg, Db, Ns >>> giita tén ham va danh sach tham sb dugc dé
trong ngodc don, ¢ day:

e Dg la kiéu dim3 va xac dinh muc dich va kich thudc cta ludi, sao
cho Dg.x*Dg.y bang véi s6 khoi duoc dua ra.

o Db Ia kiéu dim3 va x4c dinh muyc dich kich thuéc ciia mdi khéi,
sao cho Db.x*Db.y*Db.z biang s6 luong cac ludng trén khoi.

o Ns Ia mot kiéu size t va xac dinh sd byte trong bo nhd chia sé, no
cho phép khai b4o dong trén mdi khdi cho 1i goi ngoai viéc cap
phat bo nhé tinh. Viéc cap phat bo nhé dong st dung bai bat ky
bién khai béo nhu 1a mdt mang mé rong, Ns 1a mot ddi so tiy chon

mac dinh 1a 0 [3].

Mot vi du cho viéc khai bao ham:

___global__void Func(int *parameter);

Phai goi ham tir Host gidng nhu sau :

Func<<<Dg, Db, Ns>>>(parameter);
Cac bién Built-in

Bién build-in dé xac dinh chi€u cua ludi va khoi, chi s6 khoi va luong :
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e gridDim I3 bién kiéu dim3 va chtra céc kich thudc cta ludi.
o blockldx 13 bién thudc kiéu unit3 va chira cac chi s6 khdi trong ludi.
e blockDim la bién kiéu dim3 va chtra kich thudc ciia mot khéi.

o threadldx la bién kiéu unit3 va chira cc chi sb ludng trong khoi.

Grid
blockldx .x 0 1 2

blockDim.x=5

threadldx.x 01234 01234 01234

blockldx . x * blockDim.x
+threadldx.x

01234 01234 01234

Hinh 19: Chiéu cua luéi va khdi vé6i chi s6 khdi va ludng
2.3.3. Bién dich v6i NVCC

NVCC 1a mét trinh diéu khién trinh bién dich bang viéc don gian héa qua
trinh bién dich ma CUDA. NVCC cung céap céac tily chon dong 1énh don gian va
quen thudc thuc hién chung béng cach goi tap hop cua cac cong cu thuc hién céc
cong doan bién dich khac nhau.

NVCC bao gom ludng cong viéc co ban trong viée tach ma thiét bi tir ma
Host va bién dich mi thiét bi sang dang nhi phan hoic cac d6i twong cubin. Cac
ma Host sinh ra 1a dau ra ¢ thé 1a ma C dé duoc bién dich bang cach su dung
mot cong cu khac hoac ma doi tuong tryuc tiép bo1 vige tri¢u goi trinh bién dich
Host trong giai doan bién dich trudc do.

Ung dung c6 thé bo qua cac ma Host sinh ra, tai déi twong cubin vao

thiét bi va khai dong ma thiét bi stir dung trinh diéu khiéu API cia CUDA hoic
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lién két t6i ma Host sinh ra, trong d6 bao gdm cac ddi twong cubin dugc xem
nhu mang dir liéu khéi tao toan cuc va chira mot ban dich cac ci phap thuc thi
ciu hinh thanh mi can thiét khoi dong trong thoi gian chay CUDA dé nap va
khéi dong mdi 14n bién dich hat nhan.

Frond end cua trinh bién dich xtr 1y cac tap tin nguén CUDA theo cu
phap quy dinh C++. Tuy nhién, chi c6 cac tap con C ciia C++ duoc hd tro.
Piéu nay c6 nghia 14 nhitng dic tinh dic trung ctia C++ nhu cac 16p (classes),
su ké thira hodc viéc khai bdo cac bién trong khdi co ban 1a khong duoc hd
trg. Nhu mot hé qua cua viéc sir dung cu phap C++, con tro void (vi du nhu
tra lai malloc()) khong thé duoc gan t6i nhitng con tré non-void ma khéng cé ép

kiéu [3].

2.4. Vi du tinh toan song song bang CUDA

% Cong hai s6 nguyén: Vi du ndy cho thay cach thirc viét mot ham chay

trén thiét bi (device) va dugc triéu goi ra sao:

Cong hai s6 nguyén a va b két qua duoc dua vao s6 nguyén

két qua c. Chu y 1a dung kiéu con tré cho cac bién.

Code tuan tuw

void CongHaiSoNguyen(int *a,int *b, int *c)
{
*c=*q+*b;
}

void main()

int *a,*b, *c;

CongHaiSoNguyen(a,b,c);
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Code CUDA

__global___void KernelCongHaiSoNguyen(int *a,int *b,int *c)
{
*c=*a+*b;
}
void main()
{
int *a,*b, *c;
*a=1; *b=5;
int *deva, *devb, *devc;
cudaMalloc((void**)&deva,
sizeof{(int) );
cudaMalloc((void**)&devb,
sizeof(int) );
cudaMalloc((void**)&devc,

sizeof{(int) );

cudaMemcpy(deva, a, sizeof(int),
cudaMemcpyHostToDevice); cudaMemcpy(devb, b,
sizeof(int), cudaMemcpyHostToDevice);
KernelCongHaiSoNguyen<<<1,1>>>(deva, devb, devc);
cudaMemcpy(c, devc, sizeof(int),
cudaMemcpyDeviceToHost);
}

Trén day ta thiy goi ham KernelCongHaiSoNguyen kha dic biét, ta chi cip 1
ludng dé xtr ly viéc cong 2 sb a va b va két qua luu vao c. Ta chua thiy duoc viée
chay song song trén thiét bi. Vi du nay cho ta thdy cach viét mot ham thiét bi va goi n6
nhu thé ndo. Vi du cong hai mang sé nguyén phia sau day sé& thyc hién song song trén
thiét bi.
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Cong hai mang sé nguyén: Vi du ndy cho thiy dugc viéc song song hoa trén
thiét bi (device).Cong hai mang s6 nguyén a[n] va b[n], két qua duoc luu vao
mang c[n]. Lam cé&ch nao dé chung ta chay song song trén thiét bj?
Cach giai quyét the nhat 13 thay cdu hinh goi ham <<<1,1>>> bing
<<<n,1>>> c6 nghia 12 cip n block (mdi block chi c6 mot thread) dé thuc hién
viéc cong timg phan tir ciia 2 mang a va b luu vao mang c. Nhu vay code song
song cua chung ta s¢ la:
__global_void KernelAdd(int *a, int *b, int *c)
{
c[blockldx.x]= a[blockldx.x] + b[blockldx.x];
}
Trén thiét bi, mdi block s& thuc hién song song:
e Block 0 thuc hién: c[0]= a[0] + b[0];
e Block 1 thyc hién: c[1]=a[1] + b[1];
e Block 2 thuc hién: c[2]=a[2] + b[2];
e Block 3 thyc hién: c[3]=a[3] + b[3];
e Block n-1 thyc hién: c[n-1]=a[n-1] + b[n-1];

Céch giai quyét thu hai 12 thay vi ta dung block dé song song , ta c6 thé ding
ludng (threads) dé song song, cau hinh goi ham sé& 14 <<<1,n>>> (mot block véi

nhiéu ludng):
Code song song cua ching ta s¢ 1a :

__global__void KernelAdd(int *a, int *b, int *c)

{
c[threadldx.x]= a[threadldx.x] + b[threadldx.x];

}

Nhu vy ching ta di thdy viéc song song dung :

e Nhiéu block véi mot thread cho mbi block.

e Mot block v6i nhiéu ludng.
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Céch giai quyét tht ba la két hop ca block va thread : Khong con don gian nhu
viéc dung blockIdx.x va threadIdx.x nita, ta hdy xem cach danh chi sd ciia mot

mang v6i mot phan tir cia mang cho mdi thread (8thread/block) trong Hinh 2.8.

threadldx.x threadldx.x  threadldx.x threadldx.x
01/234|5/6/701/234l5/6/70/1/234a5/670[1/23|a5]6/7

'I' .|. i "I"
blockldx.x=0 blockldx.x =1 blockldx.x =2 blockldx.x =3

Hinh 20: Phuong phép dénh chi s6 ludng.

e Véi M thread/block, mot chi s6 duy nhat cho mdi thread s& I:
int index = threadldx.x + blockldx.x * M;
e Dung bién built-in blockDim.x (twrong tng véi sé lwong thread trong mot
block) thay cho M ta duoc :
int index = threadldx.x + blockldx.x * blockDim.x;
e Viy code song song cta ching ta sé la:
__global _void KernelAdd(int *a, int *b, int *c)
{

int index= threadldx.x + blockldx.x * blockDim.x;

clindex]= afindex] + b[index];
}

void main()
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}
2.5. Ung dung ciia CUDA trong linh vuc cong nghé

CUDA cho nganh cong nghiép tro choi

Mot trong nhimng ing dung vé su thanh cong ciia cong nghé CUDA la trong
nganh cong nghiép giai tri vdi linh vuc tro choi. Hinh anh trong tro choi nhu that la
nho bd cong cu PhysX SDK va khung hinh lam viéc ¢6 kha nang mo rong dong trén
nhiéu nén tang c6 lién quan véi nd goi 14 APEX, ca hai déu do NVIDIA cung cép.
Pay la nhitng cong cu day sitc manh trong bo cac engine AXE, gianh riéng cho vat ly
trong tro choi, hay néi cach khac, duoc thiét ké dé xir Iy cac di chuyén phét sinh dong
va tuong tac cua cac ddi tugng trong timg canh cua trd choi.

Vit ly trong tro choi khién cho tinh ning db hoa ctia mét trd choi tré nén séng
dong va chang bao lau nita chuyén hién thi canh nhu phim véi thoi gian thyc trong tro

choi sé& tré thanh hién thuc voi su hd tro ciia PhysX va APEX.

Bo cong cu PhysX SDK hién nay da c6 trén hau hét cac nén tang may tro choi
thong dung, tir XBOX 360 sang PlayStation 3 sang Wii rdi dén NVIDIA GPU, voi

hon 150 tya tro choi maéi trén thi truong.

CUDA cho céc ing dung video so

C6 thé n6i CUDA rat thanh cong trong véi xir 1y video. Rat nhiéu ung dung
video s6 hoa dya trén CUDA, chfmg han nhu céi tién chét lugng hinh anh video véi
phan mém vReveal cua MotionDSP, mé rong d6 phan giai DVD véi SimHD cua
ArcSoft. Mot vai vi du trong sé cac img dung hay nay 1a vReveal dén tir MotionDSP
1a phan mém cai thién chat lwvong hinh anh nhu: Lam rd nét, diéu chinh d6 twong phan
va 6n dinh hoa (x6a run) cac video. vReveal thuong can dén cac hé thong CPU da bd
vi xir 1y dét tién dé hién thi video mot cach cham chap. Nhung gid diy voi CUDA
GPU da co thé thyc hién né theo thoi gian thuc dén khoang nam lan nhanh hon so véi
CPU. MotionDSP con cung cap mot cung cip mot phién ban cao cdp hon, goi la
Tkenna, cho linh vuc tinh bao va diéu tra phap luat.

Trong thoi gian gan ddy, sy phat trién cia nhimg thiét bi di dong c6 kha ning

thu dir liéu hinh anh, video véi chit lugng cao da khién con nguoi thoa mai hon trong
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viéc thuong thirc am nhac, phim, hinh chup c4 nhan & moi lic, moi noi. Tuy nhién,
phong cach giai tri méi trong cudc sébng hang ngdy s& khong thé c6 dugc néu khong
¢6 nhitng nd lyc ciia riéng minh. Chang han nhu phai ton nhiéu thoi gian dé chuyén
d6i nhac, phim trong mdy dé ban cua minh sang chiéc iPod Touch yéu quy va nguoc
lai. Qua trinh chuyén ddi d6 hoan toan khong don gian, néu nhu chi 1a mot nguoi sir
dung may tinh binh thuong. Trong truong hop d6, phdn mém Badaboom cua
Elemental Technologies ¢ thé gitip ich rat nhidu. D6 1a bd chuyén d6i media nhanh
nhat va duoc thiét ké dau tién trén thé giéi dé chay t6i wu véi GPU va CUDA cua
NVIDIA. Khi so sanh b0 chuyén dinh dang cuariTunes, Badaboom c6 thé nhanh hon
dén 20 1an hodc t6i thiéu cling nhanh hon hai dén ba 1an ngay khi sir dung CPU nhanh

nhat va dit tién Core i7 cua Intel.
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Chwong 3: TANG TOC PQ TINH TOAN MOT
SO BAI TOAN SU DUNG GPU

3.1. Giéi thiéu mot s6 bai toan co ban

Trong nganh céng nghiép giai tri hién nay thi mot nhu cau cap thiét do 1a
cac céng nghé phai cung cip cac hinh anh va am thanh chét lugng cao clng Véi
kich thudc 16n.Vi thé nghién ciu song song héa cac thuit toan xir Iy tin hiéu sé
hoac xir anh 1a mot xu thé tat yéu va da duoc nhiéu nha nghién ctu ciing nhu cac
cong tu cong nghé thuc hién.Chinh vi thé trong luan van nay toi lwa chon hai bai
toan tiéu biéu dé phat trién chay song song trén nén tang GPU. Viéc chon hai bai
toan ndy ngodi muc tiéu tng ung GPU dé tang téc do tinh toan, luan vin con
mudn chi ra pham vi cac bai toan cd thé song song hoéa duoc trén GPU, va
phuéng phap don gian dé chuyén céac tinh toan trén CPU xudng GPU sir dung
Matlab.

3.2. Bién d6i FFT trén GPU

Cac phép phan tich va bién do6i Fourier 1a mot trong cac budc tién xir ly
quan trong trong xu ly tin hiéu sé. Do tin hiéu thuc trong cudc song la tin hiéu
tuong tu lién tuc theo thoi gian nén khong tuwong thich kho ap dung cac thuat toan
trén may tinh. Vi vay trugc khi c6 thé ap dung cac phuong phap sé nhu loc bang
tan, khir nhidu, ting cuong, ... thi tin hiéu ludén dugc bién ddi sang khong gian
khac goi 1a mién tan sb. Vi vay phan tich va bién ddi Fourier gan nhu xuat hién
trong moi hé thong xu 1y tin hiéu sd.

3.2.1 Phan tich Fourier

Theo Fourier thi méi tin hiéu déu c6 thé biéu dién lai dugc bang 1 chudi
Fourier cé dang nhu cong thirc sau:

% 2 . 2
ft)=a,+ 2[‘% cos%ﬁr +b, sm%xt]
n=1

(3.1)
Trong do:
- o la thanh phan khong dao chiéu (DC)

- apvab, 1a bién d6 cua thanh tan sb thi n.

Tur cong thac trén cho thiy phép phan tich Fourier sir dung cac ham cosine va
sine nén so liéu duogc sir dung trong qua trinh tinh todn sé la so thuc dau phay
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dong.Céc phép toan trén loai dit ligu nay i kha nhicu hi¢u nang cua CPU. Ciing
ttr cong thuc trén cho thay thoi dé phan tich mét tin hiéu Fourier se la:

Time=T*N*p (3.2)

Trong d6: T 1a chiéu dai mau, N 1 sé thanh phan tan sb, va fla thoi gian dé
thuc hién phép tinh sine/cosine.

3.1.1. Phép bién d6i Fourier

Y nghia cua phep bién dol Fourier (FFT) roi rac 1 bién ddi tin hiéu & mién
thoi gian sang mién tan so theo cong thuc sau:

N-1

—2miik/N
‘X'k: E xje _TU]/\*

= (3.3)

Trong do:

-k 1a thanh phan tuan hoan thu k, k=1..K
- N la kich thude ctua khung dir liu tinh toan.

e’ = cos ¢ + isin @,
Tir cong thue nay cho thay phép bién doi FFT van thyc hign cac phép
toan trén dir liéu dau cham dong.

3.1.2. Phan tich va bién @i FFT trén GPU

Tir c&c phan tich & muc 1.2 va 1.3 cho thay phép phan tich va bién doi FFT déu thyc
hién cac phép toan trén s thuc diu chidm dong.Viéc nay sé tiéu ton hiéu ning cho
CPU.Ddi véi céc tin hiéu co kich thude 1on (T rat 16n trong cong thac (3.1), N rét I6n
trong cong thirc (3.3)) thi chi phi thoi gian dé tinh toan s& 1a rat Ion. Tuy nhién gia tri
f(t) trong (3.1) va X(k) trong cdng thirc 3.3 hoan toan doc lap véi t + 1, k £ 1, diéu nay
dan dén 1a f(t), f(t+1), f(t-1) hodc X(k), X(k+1), X(k-1) c6 thé duoc thuc hién song
song. Néu mot GPU c6 L cores thi ta c6 thé tinh L phan ti f(t) hoac X(k) cing mot thoi
diém. Xuat phap tir Iy do nay luan vin tiép hanh xay dung chuong trinh tinh toan bién
d6i fourier trén GPU theo nguyén tic sau day:

1. Khai bdo mdt mang gém T (s6 miu trong cong thuce (3.1)) hodac K (s6 thanh phén
tuan hoan véi tan s6 k) phan tir. M3i phan tr ciia mang nay sé dugc st dung dé
luu trir mot gid tri f(t) hodc X (k). Nghia Ia cac gia tri f(t) va X(K) s¢ khong dugc
tinh toan mot cach tudn tu, néu sd cores ctia GPU 1a L thi bang cach khai bao cac
phan tir nhu trén thi ta c6 thé tinh toan song song mét luc L gia trj trong mang
(nghia 14 c6 thé tinh toan duoc L gia tri f(t) hodc X(K) mot luc)
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2. Copy toan bd mang da khai bao vao by nhd RAM ciua GPU

3. St dung thu vién ham CUDA thuc hién cac phép tinh (*,/,sin,cos) trong cong
thtrc.

4. Copy gia tri nguoc lai vé bo nhd RAM may tinh = > thu dugc két qua

3.1.3. Chuwong trinh thir nghiém

Chuong trinh sau day gém cac budc

1. Taora 1 tin hiéu véi T mau (T=numSamples) 14 t6 hop ctia n thanh phan tuan
hoan (n=freq) co tan s6 1a i*20 v6i i=1..n
2. Thuc hién phép bién doi FFT trén tin hi¢u & budce 1

M4 ngudn trén Matlab
%%%% %% %% %%%%% %% %% %% %% % %% %% %% %% % %% %% %% %
clearall
sampleFreq = 1000;
sampleTime = 1/sampleFreq;
numSamples = 2"23;
timeVec = gpuArray( (O:numSamples-1) * sampleTime );
freq=128
tic
signal=0;
for i=1:freq
signal=signal + sin(i*20 .* timeVec);
end
transformedSignal = fft( signal );
powerSpectrum = transformedSignal .* conj(transformedSignal) ./ numSamples;
frequencyVector = sampleFreq/2 * linspace( 0, 1, numSamples/2 + 1);
plot( frequencyVector, real(powerSpectrum(1:numSamples/2+1)) );
toc
%%%%% %% %%%%%% %% %% %% %% %% % %% %% %% %% %% %% %%
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Chuwong trinh sir dung CPU:
clear all
sampleFreq = 1000;
sampleTime = 1/sampleFreq;
numSamples = 2"10;
timeVec = (0:numSamples-1) * sampleTime ;
freql =2 *pi * 50;
freq2 =2*pi*120;
tic
signal=0;
for i=1:32
signal=signal + sin(i*20 .* timeVec);
end
figure;plot(timeVec,signal);
transformedSignal = fft( signal );
transformedSignal = fft( signal );
powerSpectrum = transformedSignal .* conj(transformedSignal) ./ numSamples;
frequencyVector = sampleFreq/2 * linspace( 0, 1, numSamples/2 + 1);
figure;plot( frequencyVector, real(powerSpectrum(1l:numSamples/2+1)) );

toc

3.1.4. Két qua thir nghiém
3.14.1. Dirliéu
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Phé tin hiéu sau khi &p dung phép bién doi FFT
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3.1.4.2. Danh gia hiéu suit tinh toan

3.2.

thoi
gian
Tan X t”]h thoi gian tinh
5 : 50 toan toan GPU
vy S6 thanh CPU
lay x X (Quadro 600,
% mau phan Core-
mau X & . 99 cores), don
(H2) tan soO i5 (4 vi gid
cores), Lelay
don vi
giay
1000 2723 2 0.61 0.34
4 0.72 0.62
8 0.97 0.52
16 3.15 0.66
32 9.3 0.94
64 22.1 2.51
128 47.2 3.7

Phat hién bién anh

3.2.1. Phuwong phap phat hién bién

Xt ly anh 1a mot linh vuc da duoc nghién cau tir rat 1au, véi nhiéu ky thuat
thuat da duoc &p dung trong thuc té.Ngay nay voi sy phat trién vuot bac vé
mat c6ng nghé, cac camera cho do nét va phan giai cao hon rat nhiéu.Diéu do
déng nghia véi viéc cac bo xur ly sé phai tiéu tén nhiéu hiéu suat hon dé xu ly
cac buc anh c6 kich thuéc 16n.Viéc ndy c6 thé dan tinh trang lam giam toc do
xu |y, c6 thé khién cho cac hé thng khong thé dap tmg duoc c4c yéu cau veé
thoi gian thuc. Vi du nhu mot trong cac nhiém vu cua may bay trinh tham la
chup anh va phat hién dbi twong kha nghi trong hanh trinh bay cua nd. May
bay sé& phai lién tuc chup anh véi kich thudce va do phan giai cao, xir ly nhan
dang va bao céo thong tin vé trung tam diéu khién. Do may bay thuc hién
viéc chup anh va xir Iy ngay trong qua trinh bay nén viéc tang téc do tinh
toan dé dam bao tinh thiroi gian thuc 1a mot van dé cap thiét. Vi vay viéc
nghién cau phat trién cac phuong phap nang cao toc do tinh toan trong xu
anh luén dugc cac nha khoa hoc khong ngung nghién ctru.Trong qua trinh
nhan anh, nhan dang va tim kiém d6i tugng trong anh thi viéc phan tich xéac
dinh bién cua cac d6i tuong trong anh 13 mot khau tién xu Iy quan trong ban
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dau duoc thuc hién dé khoang ving doi twgng. Trong pham vi luan van nay
s€ trinh bay cach thirc da thuat toan phat hién bién anh chay trén GPU dé
tang toc do tinh toan.

~ Thuat toan phét hi¢n bién sir dung Laplaciantrong anh c6 the dugc phét bicu
tong quan nhu sau: Moi diém anh mai L(x,y) duoc xac dinh nhu cong thuc (3.4)

8§21 . 821
L(x, y) = oz + ﬁ (34)

3.2.2. Thuc hién thuat toan phat hi¢n bién anh trén GPU
Tur cdng thac (3.4) cho thay cac gid tri caa diém anh trong anh két qua dugc
xac dinh ma khdng phu thudc vao gia tri cia cac diém Ian can trong anh két
qua. Do viéc viéc tinh toan nay co6 thé duoc thuc mot cach song song trén
GPU biang céc chuyen toan bo anh dau vao va anh tinh toan L(x,y) sang
RAM ctia GPU. Sau d¢6 m&i mot phan tir caa mang (x,y) s& goi ham tinh toan
L(X,y) véi mét 161 CUDA cau GPU.

Chuong trinh tinh toan phat hién bién trén GPU nhu sau:

clear all
cdata=imread('2000px.jpg");
tic
if length(size(cdata))>2 % anh mau, can chuyen ve anh da cap xam
cdata=gpuArray(rgb2gray(cdata));
end
cdata=double(cdata)/255; % chuyen sang kieu double

gaussSigma = 0.1;

edgePhobia=0.1;

dx = cdata(2:end-1,3:end) - cdata(2:end-1,1:end-2);
dy = cdata(3:end,2:end-1) - cdata(1:end-2,2:end-1);
dx2 = dx.*dx;
dy2 = dy.*dy;
dxy = dx.*dy;
gaussHalfWidth = max( 1, ceil( 2*gaussSigma ) );
ssq = gaussSigma’2;

t = -gaussHalfWidth : gaussHalfWidth;
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gaussianKernellD = exp(-(t.*t)/(2*ssq))/(2*pi*ssq); % The Gaussian 1D filter
gaussianKernel1D = gaussianKernellD / sum(gaussianKernel1D);
smooth_dx2 = conv2( gaussianKernel1D, gaussianKernellD, dx2, ‘valid");
smooth_dy2 = conv2( gaussianKernell1D, gaussianKernel1D, dy2, ‘valid");
smooth_dxy = conv2( gaussianKernel1D, gaussianKernel1D, dxy, ‘valid");
det = smooth_dx2 .* smooth_dy2 - smooth_dxy .* smooth_dxy;
trace = smooth_dx2 + smooth_dy2;
score = det - 0.25*edgePhobia*(trace.*trace);
toc

figure;imshow(trace);

Chuwong trinh sir dung CPU:

cdata=imread('2000px.jpg’);
tic
If length(size(cdata))>2 % anh mau, can chuyen ve anh da cap xam
cdata=rgb2gray(cdata);
end
cdata=double(cdata)/255; % chuyen sang kieu double
gaussSigma = 0.5;
edgePhobia=0.5;
dx = cdata(2:end-1,3:end) - cdata(2:end-1,1:end-2);
dy = cdata(3:end,2:end-1) - cdata(1:end-2,2:end-1);
dx2 = dx.*dx;
dy2 = dy.*dy;
dxy = dx.*dy;
gaussHalfWidth = max( 1, ceil( 2*gaussSigma ) );
$sq = gaussSigma“2;
t = -gaussHalfWidth : gaussHalfWidth;
gaussianKernellD = exp(-(t.*t)/(2*ssq))/(2*pi*ssq); % The Gaussian 1D filter
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gaussianKernellD = gaussianKernel1D / sum(gaussianKernel1D);
smooth_dx2 = conv2( gaussianKernel1D, gaussianKernellD, dx2, ‘valid");
smooth_dy2 = conv2( gaussianKernel1D, gaussianKernel1D, dy2, 'valid");
smooth_dxy = conv2( gaussianKernel1D, gaussianKernel1D, dxy, ‘valid");
det = smooth_dx2 .* smooth_dy2 - smooth_dxy .* smooth_dxy;
trace = smooth_dx2 + smooth_dy2;
score = det - 0.25*edgePhobia*(trace.*trace);
toc

figure;imshow(trace);

3.2.3. Két qua thir nghi¢m

Anh dau vao:

D@0, '[\4
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Anh dau ra sau khi phat hién bién:

3.2.4. Panh gia hi¢u xuit tinh toan

Luan van tién hanh thir nghiém vai anh ¢6 noi dung nhu & phan 3.3.3, kich

thudc caa anh duogc thay ddi & mdi duogc thir nghiém sau d6 chay thuat toan

trén GPU va CPU cuaa cling mot may tinh dé do thdi gian tinh toan. Két qua
thir nghiém nhu sau:

thoi gian tinh thoi gian tinh

Kich thwéc anh toan CPU (4 toan GPU (99
cores) cores)
2000x1385 0,169 0,087
4000x1385 1,369 0,949
8000x2770 3,078 1,901

3.3. Tao anh son mai
3.3.1. Cai dat thuat toan tao anh son mai trén GPU

Ther nghiém tiép theo luan van tién hanh cai dat thuat todn tao anh son mai tir anh
chup. Pay 1a mot thuat toan bién d6i anh véi phép tinh nhan chap ma tran 1a
chinh. Phép nhan chap 1a mot ki thuat co ban duoc sir dung hau hét trong cac ky
thuat xur 1y anh s. Chuong trinh tao anh son mai nhu sau:
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Chwong trinh sw dung GPU
function out = canvasEffect(im)
% Filter the image with a Gaussian kernel.
h = fspecial(‘gaussian’);
imf = imfilter(im,h);
% Increase image contrast for each color channel.
ima = cat( 3, imadjust(imf(:,:,1)), imadjust(imf(:,:,2)), imadjust(im(:,:,3)) );
% Perform a morphological closing on the image with a 11x11 structuring
% element.
se = strel('disk’,9);
out = imopen(ima,se);
clear all
anhvao=imread('city2.jpg");
figure;imshow(anhvao);
tic
tmp=gpuArray(anhvao);
anhra=canvasEffect(tmp);
figure;imshow(anhra);

toc

Chwong trinh sir dung CPU
function out = canvasEffect(im)
% Filter the image with a Gaussian kernel.
h = fspecial(‘gaussian’);
imf = imfilter(im,h);
% Increase image contrast for each color channel.
ima = cat( 3, imadjust(imf(:,:,1)), imadjust(imf(:,:,2)), imadjust(im(:,:,3)) );
% Perform a morphological closing on the image with a 11x11 structuring
% element.

se = strel(‘disk’,9);



66

out = imopen(ima,se);
clear all
anhvao=imread('city2.jpg’);
figure;imshow(anhvao);
tic
anhra=canvasEffect(anhvao);
figure;imshow(anhra);

toc

3.3.2. Két qua thir nghiém
Anh vao:
nanure2 -

File Edit View |Insert Tools Desktop Window Help

DEds |5\ UDEL [B0E a0




uFigmeG = (m] X
File Edit View |Inset Tools Desktop Window Help N

DEde [ |RAODEL- S| 0EH | =Dd

3.3.3. P4nh gia hi¢u xuit tinh toan
Pé danh gia hiéu thuat tinh toan trén GPU va CPU, luan van tién hanh thay
d6i kich thudc cua anh dau vao va chay chuong trinh trén GPU va CPU cua cling

mot may tinh. Két qua thoi gian tinh toan nhu sau:

thoi gian tinh thoi gian tinh
Kich thwéc anh toan CPU (4 toan GPU (99
cores) cores)
5184x3456 8,17 2,69
2592x1728 2,16 0,9
1296x864 0,76 0,48

3.4. Huéng phat trién
Qua cac thir nghiém & trén cho thay d6i véi cac bai toan dit lidu 16n,

yBu cau cac phép toan sé dau phay dong thi viéc thuc hién trén GPU cho téc
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d6 tinh toan nhanh hon nhiéu 1an so véi thuc hién trén CPU.Ngay nay véi su
blng nd cua mang internet va dic biét cac dit liéu online thi kich thudc di
licu lai ngay cang tré nén khong 15, va thuc su qua tai néu chi st dung 1
CPU.Viéc nghién ciru cai dat cac thuat toan trén 1 hoic nhiéu GPU la mot
nhu cau can thiét va cip bach. Trong thuc té hién nay cac cong ty I6n nhu
Google hay Amazon ciing da céng bd cac céng cu huan luyén va cai dat
mang noron hoc sau (Deep Learning NN) chay trén GPU. Cac nghién ctru va
cong bd nay di thay doi va tao ra huéng di méi trong viéc sir dung mang
Noron trong céac linh vuc xur ly, nhan dang, hoc may.Trong truong lai tac gia
s& tiép tuc nghién cau phat trién cai dat cac thuat toan, cac phuong phap xu

ly tin hiéu s6, anh 4p dung mang Noron trén nén tang GPU.
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KET LUAN

Luan vin d3 nghién ctru tong quan vé tinh toan song song, d6 1a diéu kién
can dé phat trién tng dung GPU cho muyc dich théng dung. Tac gia luan vin
cling da tim hiéu vé co ché hoat dong cua GPU, cac kién trac bén trong nd, mo
hinh 14p trinh trén GPU. Trong chwong 2, luan vin d tim hiéu cong cuy lap trinh
GPU phd bién nhit hién nay 1a CUDA. Tac gia luan vian cling trinh bay chi tiét
cac mo hinh 14p trinh, thiét 1ap phan ciémg trén card db hoa cta Nvidia, giao dién
lap trinh ciing nhu cac chi dan hiéu nang khi chay tmg dung trén card d6 hoa.Tir
cac hiéu biét trén, tac gia da thyc hién thir nghiém ning luc tinh toan cia GPU
so sanh v&i CPU dé kiém chtng nhimg diéu ma 1y thuyét da noi. Cac két qua thur
nghiém duoc trinh bay chi tiét trong chuong 3 cta luan van.

Véi cac két qua dat duoc, tac gia mong mudn cé cac nghién ciru thém vé cai
tién hiéu ning bai toAn mo phong tiép tuc nghién ctru phét trién cai dat cac thuat
toan, cac phuong phap xir 1y tin hiéu s, anh 4p dung mang Noron trén nén tang
GPU Mong rang cac két qua nghién ctru trong twong lai cta luan vin sé& dat
dugce dicu do.
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