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SIMT : SIMD 1§ 9% , B warp scheduler SEREAHRIR , 3255 SPMD Rt BUAUREIAZE ;
SPMD : XEIE—FERAIZRLITF CUDA BIJRIEIRE ;

DSA : EEENPUTPUEE| JEXTAIRVEFIARE( 2R ;
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SIMD vs. SIMT #57i&Est

SIMD : B|IFRHELTRIIT -> BFRIESS R A RIHAT
[VLD, VLD, VADD, VST], VLEN
SIMT : IREIRESHZ MESR -> DSBS RwrapD BT

[LD, LD, ADD, ST], NumThreads

SIMTRIILEE -
THEHREZIEHIREERGENRERE
MEEEZ T EfRRKERS SIMD data path B9 7K gRHERIR
ZAZ R LUHSTHT | (E1SEA thread HHXIRIE | RITFENEAZTERNERITZ
—EHRITIERIESHIZAE RSB LRRY warp , INRT SIMD AYIHEHTE
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SIMT 5 CUDA BIXH

SUBIRTE SIMT BE(GZRMI T HEHR CUDA S5 7 XIZEMEEERYENS |, FEIE NV FB{4ZR¥ AT
XJ CUDA BRI , fREE SM. Warp, Thread FZKIEE. CUDA ZEMMIAFRIIBEKX
FINE | FEEEIPRIZEARRE NG ITIMAS 2 .

DSA ZFrLATEREHZRMERUE SRt LR | FAFEHMARIMAYET |, MEEARFREAEZS
FIRIEIRRRUERE , BAARB IR ERIZRIIZIER,
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ks, FHTHE=ERoERE.

R : 1 H—2=F CUDA I2HAVJLR Tiling, 77K Pipeline 887 , iIF—S3RENE SAUMBE
KTz,
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CPU Program GPU Program

__global__ add_matrix(floatx a, floatx b, floatx c, int N){
void add_matrix(floatx a, floatx b, floatx c, int N) { int i = blockIdx.x * blockDim.x + threadIdx.x;
int index; int j = blockIdx.y * blockDim.y + threadIdx.y;
int index = 1 + j * N;
for (int 1 = 0; 1 < N; ++1i){ if (i <N && j < N){
index = i + j * N; clindex] = alindex] + bl[index];
clindex] = alindex] + blindex];

int main() {

int main() { dim3 dimBlock(blocksize, blocksize);
add_matrix(a, b, c, N); dim3 dimGrad(N/dimBlock.x, N/dimBlock.y);
add_matrix<<<dimGrad, dimBlock>>>(a, b, c, N);
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fe===1 : EHEIT L

EFPITERRYRITE L

V GPU {KFES ZAZ At a U THUTIRFH BART R 1ERE

Thread Block 0

Thread Block 1

3 - | 255

3 - | 255

SNV N OSSNSO\

THIE - EREREE CPU BB AERRHI T ST,
7. TENENHIRER, SIMD 1EFEHFR CPU BEELF. 171,

Thread Block N-1

3

i = blockidx.x * blockDim.x +
threadidx.x;

Cli] = Ali] + BI[IJ;

i = blockidx.x * blockDim.x +
threadidx.x;

Cli] = Ali] + BIIJ;

2R SIMD data path 72Kk gmHEa)R

HBRIT. &
RAFHITRENSREORERE , N

- | 255

SN N

555 S
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555 S

i = blockidx.x * blockDim.x +

threadidx.x;

Cli] = Ali] + BIIJ;
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BER1 : MEHGIT LEFR SIMD data path jfii7KkgmHERIRR

SIMT fY_EE CUDA fRiZfRBIAZZSTei K. BI{E/E DSA )5 SIMD f8{4E43E 7 SIMT Hilim |
NERBEIHITIES BN , EiiteeESIEEE | MKERAMPAREERKENF |, BELHAE
MRV B EIHEERME,

Thread Block 0 Thread Block 1 Thread Block N-1
0 1 2 3 - | 255 0 1 2 3 - | 255 0 1 2 3 - | 255
i = blockidx.x * blockDim.x + i = blockidx.x * blockDim.x + i = blockidx.x * blockDim.x +
threadidx.x; threadidx.x; threadidx.x;
C[i] = Ali] + BIl}; C[i] = Ali] + B[l}; C[i] = Ali] + B[lJ;

Y T U U T U S 5858
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{G=£=2 : 170 SIMT ButmEd

181 Warp [EiE7K : CUDA fRIZIEEIF , 88— thread block NEEBRGREFTEHIZ , RN THE
T4 Warp , 84 Warp B & H1TEANAEFHITE. GPU IBiY Warp Scheduler FIFS35EHAT , —2H War
p f/KBEZEE T BUY) B — Warp , [RZUEI Warp RUFTHREECAVKIEE. FAERUZEARTAIERE.

Time Load Unit
, | Multiply Unit

Warp 0 Warp 1 | Add Unit
Warp 2

Warp 3

Warp 4

»  Warp issue
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(B2 - 1990 SIMT BilmiEft
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IKGRAE , IRYESERIE 519 | 215 SIMD/DSA #HTF T/ARiFFE K mHE R | BT REHR

YEE K IRHEE LT

SIMT Front End SIMD Datapath
Brach Target PC
Fetch |= SIMT-Stack
i .
* Valid[1:N] Activ Pred.
|-Buffer Mask ALU H—
—’—' \ /' :
I-Cache | Decode ¢ Issue ——p 88?;2?5
A Score — I M L »
Board emory
? Done(WID)
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i/ KPEZEHEES : SIMT 3RIX (1LAFPEXIE 2448 ) + warp scheduler ( ZEEHEEZEMR/KEZE )
SIMDIESHEE : SIMTRIX ( BIBFERZIE ) +warpDdH ( HAKSIMDIES

NV CUDA & Ef#R DSA 15<$1HE , BEBILLEH A& Warp LS |, 1BEIES API SREARFTIX
FEEARYEER , F CUDA BN_EF HEFHAE , EE THE NV GPU #4475,
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AZ1E Warp-base SIMD BILAITARS 2

SERRETLT S SRS

Fi$8< ( Conditional Control

Flow Instructions )

ARIZARBI AT LA BT AE]
AUz HRER1R ( Different Contr

ol Flow Paths )
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] hreA Thread Y

E

Thread Warp
Scalar Scalar Scalar
Thread W Thread X Thread Y

Common PC

Scalar
Thread Z
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5l Warp Formation/Merging

EDZENSEHPTHEHERESHLEE
MIETEZEFAY Warps FHZAHT Warps ( Form new warps from warps that are waiting )

PN NEEIRRERIEFAT 6% ET Warp ( Enough threads branching to each path enables creation new warps )

WappX § {4 U yHddd ) wapz
Warp Y { ! >

= G
A=
4 =
- -
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5f17& Warp Formation/Merging
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Dynamic Warp Formation Example

x/1111
A Y1111
A A
x/1110 a A%
B y/0011 [ ::| Execution of Warp x |'::| Execution of Warp y
| —»| at Basic Block A | —» | at Basic Block A

D ¥/0710] [= /0001 = 2
y/0001| |F yi1100 5
~AA—

A new warp created from scalar

x/1110 | threads of both Warp x and y
E y/0011 1 executing at Basic Block D
x/1111
G y/1111
A A B BJC CRD DJE E
[ 15 15 T (=T [T =T
Baseline * |21 1Z 15l (I @31 1315
g 2
Dynamic A A B C E G G A A
Warp EETRIRIE R EINE EEEE
E SRR =<l Ea] g | BN | BN dq |ud | 1N IS ISy eee
ormation 1= 12 |2 >fil> >l 12 12 12
. > Time
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B4 : BE{EFIa0host, devicealZHF T\

CUDA HFEEZLIES SIMT,
SIMD. DSA R4 ZRMARE %
BARZKEEXER, CUDA HRYFRE }
tEMt AR SIMT 224 ERY.
I ARTFERAR %% SIMT, SIMD.
DSA Z[aJH,

41 CUDA Runtime 2/ host ] devi

varC[tid]

NGC-LIZII:Z_ A):@,}E%%TC
UDA,

ZOMI

oba
int t1d = blc
int varA

ce BY C++ xH T , WNEEZ BA int varB

for (int i =

Cli] = Ali]

)ckDim
altid];
b[tid];
= varA + varB;

void KernelFuncion(...
X % b

0; i<10000; ++i){
+ B[il;

) {
ckIdx.

X + thredIdx.x;
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