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KIEN TRUC TESLA VA MO HINH LAP TRINH

SONG SONG CUDA

Bai viét nhdm di sau vao viéc kham pha kién tric
b6 xUr ly ctia card d6 hoa NVidia va mé hinh lap trinh
song song CUDA nham &p dung trong cac bai toan
tinh toan hiéu nang cao.

1. KIEN TRUC PHAN CUNG TESLA CUA NVIDIA
(TESLA ARCHITECTURE)

Hiéu nang tinh todn clia nhiing bé vi x ly d6 hoa
(GPU) ngay cang tang tham chi vugt xa so vdi cac
bd xtr ly CPU théng thudng. DE tin dung dugc kha
nang tinh toan nay cho nhiing bai todn phi d6 hoa,
céc nha san xuét cing nhu nghién clu dua ra mot
khai niém mdai GPGPU (General-Purpose Computa-
tion on GPUs - Tinh todn théng dung trén cic bd
XU ly d6 hoa) d6 la viéc sir dung GPU dé lam nhiing
cong viéc trudce kia la clia CPU dé tang cudng hiéu
sudt lam viéc. Lam thé nao dé lam dugc viéc d6? Lam
thé nao dé chuang trinh lap trinh cho GPU ¢6 thé
tuong thich véi nhiéu bd xtt Iy d6 hoa khac nhau? dé
giadi quyét van dé nay, hang NVIDIA phat trién mot
ngon ngit mai dua trén C cho phép lap trinh vién dé
dang xay dung Ung dung tinh todn théng dung cho
cac GPU (ma ban dau la cac GPU dong G80).

DE tién thém mot budc xa hon nira, NVIDIA tung
ra dong san pham cé tén goi Tesla (AMD/ATI cling
c6 dong san phdm vdi khai niém tuong tu cé tén goi
Stream). Tesla ban dau dua trén stic manh cia GPU

GeForce 8800 nhung khéng tao ra tin hiéu Video: |
ching dugc dung nhu céc bd x ly chuyén dung cho |

muc dich tinh toan. Cac chuong trinh viét cho Tes-
la phai dugc dich bang CUDA, do d6 nhiing ngudi
dung théng thudng khéng dugc hudng nhing loi
ich tlr cdbng nghé nay (khi cai ddt Tesla vao may tinh,
hiéu sudt hé théng sé khéng tu déng tang 1&n). Tesla
chi phti hgp véi nhimng ting dung ndng vé tinh toan
va nhiing tinh todn nay c6 thé song song héa duoc.
Vi du nhitng chuong trinh trong linh vuc: Vat ly, Tai

Tran Thanh Hung
Khoa CNKT Dién tdr
Truong Dai hoc Céng nghiép Ha Noi

chinh, Y t&, Sinh hoc va Hoa
hoc...

Lép trinh vién clng
khéng nhat thiét phai co
Tesla m&i cé thé sir dung
dugc CUDA. Ho cé thé su
dung bat ky Card man hinh
nao thuéc dong GeForce
8800 trg lén (va GTX200
hién nay).

2. KIEN TRUC TiINH TOAN TREN GPU TESLA VA
MO HINH LAP TRINH SONG SONG CUDA

Trong ky thuat xuf ly d6 hoa 3D, qua trinh chuyén
déi moét hinh anh dang ba chiéu sang dang diém
anh doi hoi cac thao tac xr ly d6 hoa diém va dé hoa
véc-ta. XU ly d6 hoa véc-ta |a cac thao tac trén véc-
to can ban nhu cac diém, dudng thing, va cac hinh
tam giac. Cac thao tdc nay st dung cac mé hinh hinh
hoc va viéc to trat trén cdc méd hinh d6 dé hién thj
d6 hoa hay néi cach khac d6 1a cac thao tac truyén
tai cac hé thong toa do, thiét 1ap céc tham sd két cau
va anh sang dé hién thi hinh anh. X ly d6 hoa diém
anh la thao tac chuyén d@6i hinh anh tir mé hinh hinh
hoc sang cac diém anh va thé hién ching trén cac
lugi diém anh dau ra, thao tac thudng théy la pha
day cac diém anh bén trong hinh anh nguyén thay.

Trong quad trinh phat trién, x ly diém anh va véc-
to da phat trién & hai dang khac nhau. X1 ly véc-to
cd do tré thap, thao tac toén hoc ¢ dd chinh xéac
cao va xtr ly phiic hgp nhiéu hon, chinh diéu nay da
trg thanh kha nang cé thé lap trinh dugc. X Iy diém
anh c6 do tré cao (vi phai qua qua trinh chuyén déi
ttr mo hinh hinh hoc sang céc diém anh, sau dé mdéi
dugc hién thi & dau ra), bd loc két ciu cé do chinh
xac thap hon...théng thudng GPU phai xi Iy nhiéu
diém anh hon cac véc-to (v6i ty 1& 3:1). Réi kha ning

NVIDIA.

Hinh 1. Biéu tugng Tesla
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tdng cudng tinh phé bién ciia GPU nhu tang cudng
céc thiét ké phiic hgp, vung mién, gia thanh cua hai
cach xur ly riéng biét. Thém dé la kha nang tinh toan
phuc hop (lap trinh dugc), va GPU loai nay dang
dugc lua chon vdi ty 1& nhiéu hon so véi lua chon
cac GPU 6 cac bd xtt ly khong lap trinh dugc, chinh
nhimng diéu nay la ddng co thac day cla kién tric
XU ly Tesla.

2.1. Kién trac tinh toan trén GPU Tesla

Pugc NVIDIA gidi thiéu vao thang 11 nam 2006,
kién tric tinh toan va dé hoa hgp nhéat Tesla da phat
trién, gia ting dang ké vé sé lugng so vai cac GPU do
hoa khéng lap trinh dugc. Khad nang xU Iy da luéng
v&i s6 lugng ludng thuc thi cyc 16n khién kién tric
nay tré nén mét nén tang hiéu qua cho ¢a nhing
Ung dung tinh toan dé hoa va Ung dung tinh toan
song song théng thudng trén GPU.

Kién truc Tesla dugc xay dung xung quanh mot
mang c6 thé m& rong clia cac SM (streaming multi-
processors — da x( ly dong 1énh). Méi SM chua 8 16i
XU ly vé hudng SP. Nhiing GPU theo kién tric nay c6
thé thuc hién ti 768 cho t&i 12288 ludng thuc thi
déng thoi. Véi sy hd trg clia méi trudng phat trién
ting dung CUDA, cdc GPU nay cho phép lap trinh
vién mé& réng quy md thuc thi song song mét cach
trong suét (s6 luéng khong phu thudc vao nang luc
thuyc su ctia GPU).

| host interface

input assemble * setup raster/Teull

vertex work

pixcl wark
distribution distribution
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Hinh 2. Kién tric cia 1 card NVIDIA Tesla GPU véi 112 16i x{r Iy

memary memary o8 memoy

Hinh 2 trinh bay mot GPU véi 14 SMs - tuang
duong véi 112 16i SP (streaming processor), két noi
lién théng vdi 4 moédun bd nhé DRAM bén ngoai.
Mét chuong trinh CUDA chia ra hai phan riéng biét,
phan thuc thi trén CPU, va phan thuc thi trén GPU.
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Khi mét chuong trinh CUDA trén CPU goi moét ker-
nel (don vi chuong trinh dugc viét dé thuyc thi trén
GPU) kernel nay sé dugc thuc hién N lan song song
véi nhau bdi N lubng CUDA khéc nhau. N luéng nay
dugc t6 chiic thanh mét lugi bao gon nhiéu khéi
(block), méi khéi gém nhiéu luéng. Khi kernel duoc
goi, don vi phan phat cong viéc tinh todn, goi tét
la CWD (Compute Work Distribution) sé liét ké cac
khoi clia ludi va bét dau phan phoi cac khoi nay tdi
cic SM s&n sang thuc thi (san sang chay). Cac ludng
trong mot khdi dugc thuc hién déng thai trén mot
SM. Khi céc khéi két thuc, don vi CWD sé thuc thi cac
khéi méi trén cac bod x Iy ranh r6i cho t6i khi toan
b khéi trong lugi dugc thuc thi thanh céng.

M6t SM ¢é chira 8 161 xU ly vo hudng SP - scalar
processor (SP), 2 dan vi chic nang dac biét - spe-
cial function units (SFUs), danh cho tinh toan siéu
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viét, 1 don vi diéu huéng da ludng - multithreaded | t6i da. Cac kién tric véc-ta, theo mot hudng khac,

instruction unit (MTIU), va 1 bé nhd& chia sé trén né

(on-chip shared memory). SM dam nhiém viéc tao, |

quan ly, va thuc hién t6i 768 luéng déng thai trén
phan ciing ma khéng tén kém chi phi lap lich. Né c6
thé thyc thi 8 block CUDA nhiéu Ian trong ciing mét
thai diém. SM con cung cép rao chan CUDA __sync-

threads(), rao chdn nay c6 tac dung déng b hoa cac -

lubng bén trong SM véi mét lénh don. Chinh xéc
hon, khi mét diém déng bd hoé dic biét trong ker-
nel goi __syncthreads(), _syncthreads() hanh déng
nhu mot rao chan, né yéu cau tat ¢ cac luéng trong
khéi phai doi truéc khi nd dugc phép xdr ly.

bé quan Iy hang trdm luéng chay trong nhiéu
tng dung khac nhau, Tesla SM st dung mét kién tric
mdi goi la “don dong lénh da ludng” - SIMT (Single-
Instruction, Multiple-thread). SM anh xa méi luéng
tgi mét 161 vé huéng SP, va cac luéng vé hudng sé
chay doc lap véi nhau véi dia chi tap Iénh va trang
thai thanh ghi riéng cla né. Pon vi SM SIMT tao,

quan ly, sdp xép va thi hanh céc luéng trong mét |

nhém goém 32 luéng song song dugc goi la warps.
Cac ludng riéng 1& sdp x&p theo trat tu thanh mot
tap hop warp khai déng cling nhau tai cing moét dia
chi chuong trinh nhung tu do ré nhanh va thuc thi
mot cach doc lap. Méi SM quan Iy mét nhém gém

24 warp vdi 32 luéng trén méi warp, va téng céng |

c6 768 ludng.

Kién trdic SIMT gan giéng nhu vdi cau tric véc-to
SIMD ma trong d6 mot lénh diéu khién nhiéu qua
trinh x{r Iy cac phan td. Mét diéu then chét khac 13

cau tric véc-ta SIMD chira su song song héa & muc |

dirliéu trong chuong trinh, trong khi cac [énh SIMT
dinh r6 viéc thuc thi va trang thai phan nhanh cia
mot luéng don. Trdi ngugc véi cac véc-to SIMD, SIMT

cho phép lap trinh vién viét doan ma lénh song song |

phén cép cac lubng mét cach doc lap, cac ludng vo
huéng, cling nhula doan ma song song dii liéu danh
cho phéi hgp cac ludéng. Lap trinh vién cé thé vé can
ban bé qua ddng thai SIMT, tuy nhién, chic chén

hiéu néng cé thé dugc nhan thay bdi viéc quan sat |

doan doan ma it khi yéu cau céc luéng trong warp
phan ré. Trong thuc té, nd tuong tu nhu vai tro cla

cacdong dém trong cac doan ma truyén théng: kich |

thudc dong dém co6 thé bé qua mot cach an toan khi
thiét ké vai tinh dung dan nhung phai dugc xem xét
trong cau tric doan ma khi thiét ké cho hiéu ning

yéu cau phan mém két hop mot khéi dé load trong
cac véc-to va diéu khién su phan ré mét cach tha
céng.

Mét bién luéng thudng Iuu tri trong cac thanh
ghi dang séng. B nhd chia sé 16Kb SM cé do tré
truy cap thap va dai thong cao tuong tu nhu bo nhé
dém L1, n6 gilr cac bién CUDA _ shared__ trén khéi
dé danh cho viéc kich hoat cac khéi luéng. SM cung
cap viéc nap/luu trr cac lénh dé truy cap bién CUDA
__device__ trén GPU c6 bd nhd DRAM gén ngoai.
N6 két hop thanh mot khéi truy cap riéng ré clia cac

| luéng song song trong cting mot warp va & trong

vai truy cap khéi bé nhé khi cac dia chi roi vao trong
cung mot khoi va gap cac tiéu chudn lién két, B&i vi

| d6 tré clia bd nhg chung cé thé téi hang trim xung

nhip x(r ly, dé t6i uu, cac chuong trinh CUDA thudng
copy dir lieu t6i bé nhé chia sé khi di liéu nay dugc
truy cap nhiéu lan bai mot khéi ludng. Tesla nap/luu
trir cac lénh bo nhé sir dung dia chi la cac byte 56
nguyén dé thuan tién cho trinh bién dich chuyén
déi téi uu cac doan ma.

Cac Ung dung CUDA thuc hién t6t trén cac GPU
ki€n truc Tesla bdi vi mé hinh song song CUDA, su
déng b, cac bo nha chia sé, va phan cip ctia cac
nhém luéng dnh xa hiéu qua téi cac chirc ning clia
kién tric GPU.

2.2, M6 hinh lap trinh song song CUDA

CUDA mé réng tu ngdn ngl lap trinh C, cho

' phép céc nha lap trinh dinh nghia cac ham trén C,

dugc goi la cac kernel, ching dugc thuc thi song
song tai cung thai diém bai N tham chiéu téi céc
luéng CUDA, giéng nhu cdc ham C thong thudng.
Mét kernel dugc dinh nghia s dung mét tham sé
mo ta _global_ va s6 cac lubng CUDA cho méi I5i goi
chiing dugc chi ré bang viéc st dung mét cd phap
mdi: <<<..>>>

// Binh nghia mét Kernel

__global__ void vecAdd(float* A, float* B, float*
Of..}

int main(){

// L&i goi Kernel

vecAdd<<<1, N>>>(A, B, C);}

M6i luéng thuc thi dugc gan véi mét chi sé luéng
duy nhét thong qua bién threadldx. Vi du, doan ma
sau cdng 2 vector A va B 6 kich thudc N va luu két
qua vao trong vector C:
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__global__ void vecAdd(float*A,float*B,float* C){

inti = threadldx.x;

Clil = Alil + BIil}

int main(){

// L&i goi Kernel

vecAdd<<<1, N>>>(A, B, C);}

Mdi luéng thuc thi ham vecAdd() sé tinh mot
phép cong hai phén ti tai vi tri | tuong ng vai chi
56 luéng threadldx.

< Suphan cap luéng

Pé thuan lgi, CUDA thiét ké threadldx nhu la
mot vector 3 thanh phén (x,.y,.z), do d6 ngudi lap
trinh co thé quyét dinh xay dung cac ludng trong !
maot khéi nhu 1a cdc mang 1 chiéu, hai chiéu hay |
ba chiéu. Trong vi du sau, doan méa thuc hién phép |
cong 2 ma trdn A va B c6 kich thudc NxN va két qua |
dugc luu vao ma tran C: ‘

__global__ void matAdd(float A[N][N], float B[N]
[N], float C[N][NI) {

int i =threadldx.x;
int j = threadldx.y;
Clilljl = AL + BIGT 3
int main() {
/{ L&i goi Kernel
dim3 dimBlock(N, N);
matAdd<<<1, dimBlock>>>(A, B, C); }

Block(0, 0) Block (1,0)  Block (2, 0)

Block (0, 1) Block (1, 1) \‘-B‘lock 2 1)

Block (1, 1)
Thread (2, 0)

Thread (0, 0) | Thread (1, 0) Thread (3, 0)

Thread (0, 1) |Thread (1, 1) | Thread (2, 1) | Thread (3, 1)

Thread (0, 2) |Thread (1, 2) | Thread (2, 2) | Thread (3, 2)

Hinh 3. Ludi céc Ludng Blocks
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Chi s8 clia mot ludng va threadld cla nd co
mé&i quan hé tudng Ung voi nhau: véi block mét
chiéu, ching giéng nhau, véi block 2 chiéu kich
thudc (Dx,Dy), threadID cla mét ludng cé chi s6
(xy) la (x+yDx), véi mét block 3 chiéu kich thudc
(Dx,Dy,Dz), threadID clia mét luéng c6 chi s6 (xy,z)
la  (x+yDx+zDxDy). Cac ludng thudc vé mét khdi

| 6 thé cung hop tac tinh toan bang x( Iy trén vung

dir liéu chia sé tueng Ung vai chi s6 ludng, va khi
can truy déng bé hoa dii liéu ching ¢é thé sir dung
ham __syncthreads() dé ddm bao cac tac vu trudc
rao chidn phai dugc hoan tat trudc khi tiép tuc xU ly.
tai nguyén bo nhd cta 16i bd vi xir ly. Vai kién tric
Tesla clla NDIVIA, mot khéi cd thé chia téi 512
luéng. Tuy nhién, mot kernel c6 thé dugc thuc thi
nhiéu hon sé lugng luéng trong 1 khoi bang cach
t6 chuic cac luéng thanh nhiéu khéi. Cac khéi co thé
dugc té chiic vao trong ludi mét chiéu hodc 2 chiéu
cla mot lugi, duge minh hoa nhu hinh 3.

Chiéu cta lugi dugc chi rd bai tham sé dau tién

" cla ky phap <<<...>>>. Vi tri mdi khoi trong mot

lugi dugc quy dinh bai chi s6& mot chiéu hodc hai
chiéu blockldx. Chiéu cta block c6 thé truy cap
théng qua bién blockDim. Poan ma vi du trudc day
trd thanh:

__global__ void matAdd(float A[N][N], float B[N]

| [N], float CINI[ND) {

int i=blockldx.x * blockDim.x + threadldx.x;
int j=blockldx.y * blockDim.y + threadldx.y;
if (i< N&&j<N)
CIilljl = AL + BLIGI:
int main() {
// L&i goi Kernel
dim3 dimBlock(16, 16);
dim3 dimGrid((N+dimBlock.x-1) / dimBlock.x,
(N+dimBlock.y-1)/dimBlock.y);
matAdd<<<dimGrid, dimBlock>>>(A,B,C); }

Kich thudc mot block 1a 16x16 = 256 ludng tuong
Uing v&i mot ma tran phan tu. Ludi dugc tao ra vdi
kich thudc vira @0 véi s6 ma tran phén to.

Cac khéi dugce yéu cau thuc thi mot cach doc lap
v@i nhau: cac khoi cé thé dugc thuc thi song song
hoac tudn tu. Tinh doc 1ap nay cho phép cac khéi
c6 thé dé dang lap lich trén bat ky GPU nao, khéng
phu thuéc s6 lugng SM. Piéu nay cling cho phép
lap trinh vién dé dang viét cac ma kha chuyén gida
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céc ho GPU khéac nhau. S6 cac khéi trong mét ludi
thudng phu thuéc kich thudc ctia dir liéu duge xu Iy
han la s& cac b vi x ly trong hé théng.

. Phan cdp bd nhé

Cécludong CUDA co thétruy cap dirlidu trén nhiéu |

khong gian nhé khac nhau trong suét qud trinh thuc
thi nhu dugc minh hoa trong hinh 4, méi luéng cé
mét b6 nhé dia phuong riéng. Mbi khéi cé mot bo
nh& dung chung ¢6 thé truy nhap dugc tir tat ca cac
luéng trong khéi. Cudi cling, tat ca cac ludng co thé
cung truy cap téi ciing bd nhé téng thé.

Thread
” . Per-thread local
N . memory
Thread Block .
- » Per-block shared
-— > memory
" Grido
Block (0,0)  Block (1,0) Block (2, 0)
Block(0,1) Block(1,1) Block(2,1)
Grid 1
Global memory
Block (0, 0) Block (1, 0)
Block (0, 1) Block (1, 1)
el
Block (0, 2) Block (1, 2)

Hinh 4. Kién triic hd nhd

Ngoai cac khéng gian nhd ké trén, cdc GPU Tesla
cling c6 thém hai dang khéng gian nhé chi doc, ¢
thé truy nhap dugc tir moi luéng: bo nha texture, va
b& nhé hang sé.

» Host va Device

Nhu dugc minh hoa trong hinh 5, CUDA gia thiét
rang cac luéng CUDA dugc thuc thi trén mot thiét bi

vat ly riéng biét (device) song hanh véi chuong trinh |

chay trén bd xt ly trung tdm (CPU). Trong vi du, khi
cac kernel thuc thi trén mét GPU thi phén con lai clia
chuong trinh C chay trén CPU.

CUDA cling gia thiét rdng ca host va device c6 bo
nhd DRAM riéng, dugc tham chiéu téi nhu bd nha
host va b nhé device. Cac kernel chi dugc phép
truy nhap trong vlng bd nhd device trong khi cac
doan ma thuc thi trén CPU chi truy nhap dugc viing
bé nhé host. CUDA cung cdp cac phuaong tién dé
chuyén dif liéu qua lai giGia hai ving bé nhé nay.

Xép chéng phan mém (Software Stack)

Cac I6p phan mém clia CUDA dugc cau thanh tir

mot s6 thanh phan nhu dugc minh hoa bai hinh 6:

- mét device driver, mot giao dién [ap trinh ing dung

(API) va thuc thi, va cdc thu vién toan hoc muc cao
dung chung nhu CUFFT va CUBLAS.

€ Program
Sequential
Executicn
Sarial code Host g
Parallel kernel Device
Kerneld<<<>>> () Grid 0
Block (0,0) Block (1,0) Block(2, 0)
Block (0,1)  Block (1,1) Block (2, 1)
Serial code Host
Device
Parallel kernel
Kernellccesss () bil
Black (0, 0) Block (1, 0)
Block (0, 1) Block (1, 1)
Block (0, 2) Block (1, 2)

Hinh 5. Chugng trinh khéng ddng nhét: mé thuc thi trén host tudn ty
trong khi mé thutc thi trén device song song.

2.3. Nhiing mat han ché cia CUDA

Mot van dé quan trong déi véi cac lap trinh vién
CUDA la phai ndm ving dugc nhimg han ché cda
kién trdc nay dé co thé t6i uu hoéa dugc iing dung.

Trudc tién, cac luéng va cac khéi dugc tao bai 1o
goi téi mot kernel duy nhat, do dé song song hoa
di liéu la mo hinh thiét ké hiéu qué cac (ng dung
trén GPU. Cac céng viéc dugc nhém thanh |udi
cla cdc khéi luéng, va cac khéi luéng nay doc lap
vai nhau. Sy déc lap nay cho phép CUDA xay dung
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Host
Application
+
CUDA Libraries
L] )
CUDA Runtime
¢ ¢
CUDA Driver
Device

Hinh 6. Kién tric phan mém cGa CUDA

mot bo 1ap lich don gidan ma khéng tao ra cac chi
phi hiéu nang du thira. Tuy nhién ciing chinh sy d6c
lap gitra cac khéi lai gay kho khan déi véi nguai lap |
trinh vi cac kernel khéng thé tao ra dugc nhing rao
chén vuot qua bién gidi ctia khéi (vi du khong déng
bo dugc cac luéng ndm trong cac khéi khac nhau).
Trong trudng hop lap trinh vién mudn tong hgp cac
két qua dugc tao ra bai nhiéu khéi, cac khoi nay néi
chung phai dugc thyc thi bang cach chay kernel
trén cac ludi khac nhau. Nhiéu khéi cé thé phoi hop
céng viéc clia ching vai nhau st dung cac thao tac
nguyén ti trén bd nhé dung chung.

Cac kernel clia CUDA khdng hoé trg 161 goi ham
dé qui. Bé qui kho thuc hién trong nhan song song
bdi vi mbi luéng co thé tao ra moét stack riéng va bd
nhd danh cho stack cia hang chuc nghin luéng tré
nén qua Ién. Lap trinh vién do véy phai thay thé cac
giai thuat dé quy béng cac mo hinh song song léng
nhau, D& hé trg mét kién tric khong déng nhét bao |
g6m mot CPU va mét GPU, véi méi hé théng bo nha
riéng clia chung, cac chuong trinh CUDA phai dugc
copy dir liéu va cac két qua gilra bé nhd host (CPU)
va bd nhd thiét bi (GPU).

2.4. Thiét lap méi trudng tinh todn CUDA

2.4.1. Méi truéing phan cling

Vi cac ting dung CUDA dugc viét dé chay trén cac
GPU cha Nvidia, nén diéu kién dau tién la phai co
méot GPU ma tinh néang CUDA trén do dugc thiét lap
san. Hién ndy céc dong GPU thiét 1ap san CUDA bao
gém cac dong:

« GeForce 8, 9, 100, 200. B6 nhé nhd nhat trén cac
GPU nay la 256Mb

« Cac GPU Tesla nhu 5870, D870, €870, C1060, |
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C1070,...

« Cac GPU Quadro FX,...

2.4.2.B6 cong cu phat trién phan mém

B6 cong cu phat trién CUDA clia NVIDA gom c6 3
thanh phan bao gém:

1. Driver CUDA mdi nhét.

2. Mot bo Toolkit CUDA bao gdm:

- nvce C compiler

- CUDA FFT and BLAS libraries for the GPU

- Profiler

- gdb debugger for the GPU

- CUDA runtime driver (also available in the stan-
dard NVIDIA GPU driver)

- CUDA programming manual

3. Cac doan méa vi du CUDA SDK

Bo cdng cu nay co thé Download tai:

http://www.nvidia.com/object/cuda_get.htm

2.4.3. Quy trinh cai dat

Chuing ta tién hanh cai dat b6 phat trién cong cu
CUDA theo thu ty nhu sau:

1. CUDA Driver

2. CUDAToolkit

3. CUDA SDK Code Samples

3. KET LUAN

Bai viét nay da cho chung ta thay dugc kién truc
phén cling ctia bd Vi xtr Iy NVidia ¢6 ho trg CUDA,

| va mo hinh lap trinh song song CUDA. Thdéng qua

bai viét nay ching ta cé thé nghién cliu sau hon vé
dong card dé hoa nay, cling nhu trién khai va xay
dung moét s6 bai toan lap trinh doi hdi hiéu nang
cao, téc dé xu Iy 1én trén dong card d6 hoa clia hdng
NVidia.
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