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Highest Al Compute in a Single GPU

+ Build each GPU to reticle limit as intra-GPU communication provides:
- Highest communication density
« Lowest latency

« Optimal energy efficiency
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C. Collange, M. Daumas, D. Defour and D. Parello, "Barra: A Parallel Functional Simulator for GPGPU," 2010 IEEE International Symposium on Modeling, Analysis and Simulation of Computer and Telecommunication Systems, Miami Beach, FL, USA, 2010, pp. 351-360, doi: 10.1109/MASCOTS.2010.43
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Figure 1.3: An analytical model-based analysis of the performance tradeoff between multicore
(MC) CPU architectures and multithreaded (MT) architectures such as GPUs shows a “perfor-

mance valley” may occur if the number of threads is insufhcient to cover off-chip memory access

latency (based on Figure 1 from Guz et al. [2009]).

se Graphics Processor Architectures. Morgan & Claypool Publishers.
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Energy Consumption

Operation Energy [pJ] Relative Cost
32 bitint ADD 0.1 1

32 bit float ADD 0.9 9

32 bit int MULT 3.1 31

32 bit loat MULT 3.7 37

32 bit 32KB SRAM 5 50

32 bit DRAM 640 6400
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CUDAC NVVM PTX SASS
IR

* CUDA C: XENVIDIAHAN—FHITIHELEMHmERE, RiFFLAE
FERAXCIES REEIEF, UFAGPURNAIEHITAIEEHIFITERITHE.
- NVVM IR: EXENVIDIAEFLLVM IREiHH—MdEFRE, FIAFR
~GPUITEA#, EFNVIDIANGPUSIFSSHITHILFRIDERK.

* PTX: RER—MHTRERNTHEIMESSE (BIRRANVPTX) , BIEAL
%i%ziﬂgg?—/l\dﬂlﬁléf«%, A BEINREFER AT EGCPUREMBHEZN
* SASS: XZNVIDIA GPURISCFREHIESE, —RPTXRBET CHREERM
R athIY R0, BEREAEGPURLHESE EHIT.

Lt : NVCCENVIDIA CUDABSRIFRIEZNIER, HTE
EAERAERESTEN (CPU) REBAZEE (GPU) KRB
CUDARXMH (f0.cudX¥) .

- THERE: BidoERE, HiEERBEFEAPTXRERBEE -
HHEIHEER (ANCUBIN) , FFHARRGRENSEmiIFSS (Agcc
gicl.exe) FELmIFZHIB,

« MItHIEIN : NVCCRLARBmIFIZINE AR KB MM, S5
ATEHEEITHRTITCE. PTXCCARACTE . SR ScEs BE—i#
X (Fat Binary) , REVEEZMHEANKEBLUEARESM.

« BITHRE : HRIFE R CUDARHITSICH B ERBCUDARILEE

(#cuda) FICUDABITEIEE (cudart) FBEIEEETIT,
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« XEFEAREMY: RAPERFERRN, HZFRKBE&EFEHRSGPUSR
\IRBIPTXHEREE, REHERAFESFRHEZ#HGIRS,

IEERESESMHEE.

« EFLLVMA3%: MCUDA 4.1 R AFi8, NVCCRIEKBMILESH
gﬁ%ﬁ%&%ﬁgﬂwnmaawﬁ, AT A HAR SR 324 o)

BIERIETR: NVCCEASTERSMMBHIFLE, HEXER

BESENRE, HARENEFES (Mgee) MEIEHNE, AR
FHTES# (Wcice, ptxas) WMIFFNRE, HEHEEERE.

- RAMEREN: BEERPTXRADINIT & % 2240 — HEHI 48

“fatbinary”#lill, NVCCH{R T 4mixt BIE R e BE A ERERRY

NVIDIA GPU_EE{T, SKET [EEIRE .

vV HITZFENTIT (Parallel Thread eXecution,
PTX) BRRFENBIFEAHESE;
/PTXEﬁLEéﬁ?E%\’E A~ Tﬁ%#tﬁ?ﬂﬂm
vptxasNVIDIA L B C4es, FPTXCL %R
REREHIEITHIIES (SASS) ;

v ’é—ﬁﬁﬂ#%réi%?FIﬁH&ZIKH’\JSASS, PTX7E
RIERT UmTE R 22 R BYSASS, XN A[E]
RSB RE 4
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VPTXR IR NE Z &SI HH, )L
S AR SRAVRELE ;

VIEBITE, SITFR RZIRE
EEERARISASSIEIT;

VINREHR, (T %R % (the runtime
system) =B ANNPTX ERYBIET
(just-in-time, JIT) #&1¥ss, FPTX{KHE4R
RS A H X RZHYSASS.
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&, SEKRPRAZAIESE (SM) BHEHRELEZITN.

vEFERNITES#: NVIDIARE THIERIFSZovecI xR
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R E FHISASSC s L m i AD B E R —iHFl . [[)RT,
B A XSASSHIN HE X F R AER.

VIEERLmE=W: ATHRZE R LR, IR ARMALE
8% T WNTuringAs (ZFFVolta. Turing, AmpereZ2fy) FFE=
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Example: SAXPY computation

ax + vy

X,y, g :vector
o . scalar

CPU version of SAXPY

void saxpy serial(int n, float a, float *x, float *y)
{

for (int i = 0; i < n; ++i)

y[i]l = a*x[i] + yl[il;

}
main() {

float *x, *y;

int n;

// omitted: allocate CPU memory for x and y and
initialize contents

saxpy_serial(n, 2.0, x, y); // Invoke serial SAXPY
kernel

// omitted: use y on CPU, free memory pointed to by x
and y

}
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int N = 1<<20;
cublasInit() ;
cublasSetVector (N, sizeof(x[0]), x, 1, d x, 1);
cublasSetVector (N, sizeof(y[0]), v, 1, dvy, 1);

// Perform SAXPY on 1M elements

cublasSaxpy (N, 2.0, d x, 1, dy, 1);
cublasGetVector (N, sizeof(y[0]), dvy, 1, y, 1);
cublasShutdown () ;

void saxpy(int n, float a, float *
restrict x, float * restrict y)
{
#pragma acc kernels
for (int 1 = 0; i < n; ++1i)
y[i] = a*x[1] + y[i]:;
}

// Perform SAXPY on 1M elements
saxpy (1<<20, 2.0, x, y);

10
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Thrust version of SAXPY

using thrust: :placeholders;

int N = 1<<20;

thrust: :host vector x(N), y(N);
thrust::device vector d x = x;

// alloc and copy host to device
thrust::device vector d y = y;

// Perform SAXPY on 1M elements
thrust::transform(d x.begin(), d x.end(),

d y.begin(), d y.begin(), 2.0£ * 1 + 2);
y = d_y; // copy results to the host vector

{

}

CUDA version of SAXPY

__global _ void saxpy(int n, float a, float *x, float *y)

int i = blockIdx.x*blockDim.x + threadIdx.x;
if (i<n)
y[i] = a*x[i] + y[i];

int main() {

float *h x, *h y;

int n;

// omitted: allocate CPU memory for h x and h_y and initialize contents
float *d x, *d y;

int nblocks = (n + 255) / 256;

cudaMalloc( &d x, n * sizeof(float) );

cudaMalloc( &1 _y, n * sizeof(float) );

cudaMemcpy( d_x, h_ x, n * sizeof(float), cudaMemcpyHostToDevice ) ;
cudaMemcpy( d_y, h y, n * sizeof(float), cudaMemcpyHostToDevice ) ;
saxpy<<<nblocks, 256>>>(n, 2.0, d x, d y);

cudaMemcpy( h_x, d x, n * sizeof(float), cudaMemcpyDeviceToHost );

// omitted: use h_y on CPU, free memory pointed to by h x, h y, d x, and d_ y

11
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PTX version of SAXPY

.visible .entry _Z5saxpyifPfS_(

.param .u32 Z5saxpyifPfS_param O,
.£32 _Z5saxpyifPfS_param 1,
.param .u64 _Z5saxpyifPfS_param 2,
.param .u64 _Z5saxpyifPfS__param 3

.param

.reg .pred %p<2>;
.reg .£32 $£<5>;
.reg .b32 %$r<6>;
.reg .b64 %rd<8>;

ld.param.u32 %r2,
[_Z5saxpyifPfS_param 0];
1d.param. £32 %f£f1,
[_Z5saxpyifPfS _param 1];
1d.param.u64 %rdl,
[_Z5saxpyifPfS _param 2];
ld.param.u64 %$rd2,
[_Z5saxpyifPfS _param 3];

Tor M. Aamodt, Wilson Wai Lun Fung, and Timothy G. Rogers. 2018. General

mov.u32 %r3, %$ctaid.x;
mov.u32 %r4, %ntid.x;
mov.u32 %r5, %$tid.x;

mad.lo.s32 %rl, %r4d4, %r3, %r5;

setp.ge.s32 %pl, %rl, %r2;
@%pl bra BBO_2;

cvta.to.global.u64 %rd3, %rd2;
cvta.to.global.u64 %rd4, %rdl;

mul .wide.s32 %rd5, %rl, 4;
add.s64 %$rd6, %rd4, %rd5;
1d.global.f32 %$£f2, [%rd6];
add.s64 %$rd7, %rd3, %rd5;
1d.global.f£32 %£3, [%rd7];

fma.rn.£32 %£f4, %£2, %$fl, %£3;

st.global.£f32 [%rd7], %f4;

BBO_2:
ret;

}

Architectures. Morgan & Claypool Publishers.

SASS version of SAXPY (NVIDIA Fermi Architecture)

Address Dissassembly Encoded Instruction

/*0000*/ MOV R1, c[0x1][0x100]; /* 0x2800440400005ded */
/*0008*/ S2R RO, SR_CTAID.X; /* 0x2c00000094001c04 */
/*0010*/ S2R R2, SR _TID.X; /* 0x2c00000084009c04 */
/*0018*/ IMAD RO, RO, c[Ox0][0x8], R2; /* 0x2004400020001ca3 */
/*0020*/ ISETP.GE.AND PO, PT, RO, c[0x0][0x20], PT; /* 0x1b0e40008001dc23 */
/*0028*/ @PO BRA.U 0x78; /* 0x40000001200081e7 */
/*0030*/ @!PO MOV32I R5, 0x4; /* 0x18000000100161e2 */
/*0038*/ @!PO IMAD R2.CC, RO, R5, c[0x0][0x28]; /* 0x200b8000a00Baba3 */
/*0040%*/ @!PO0 IMAD.HI.X R3, RO, R5, c[0x0][0x2c]; /* 0x208a8000b000e0e3 */
/*0048*/ @'!'PO IMAD R4.CC, RO, R5, c[0x0][0x30]; /* 0x200b8000c00120a3 */
/*0050*/ @!P0 LD.E R2, [R2]; /* 0x840000000020a085 */
/*0058*/ @!PO IMAD.HI.X R5, RO, R5, c[0x0][0x34]; /* 0x20828000d00160e3 */
/*0060*/ @'PO LD.E RO, [R4]; /* 0xB8400000000402085 */
/*0068*/ @!'PO FFMA RO, R2, c[0x0][0x24], RO; /* 0x3000400090202000 */
/*0070*/ @!P0 ST.E [R4], RO; /* 0x9400000000402085 */
/*0078*/ EXIT; /* 0x8000000000001de7 */

Morgan & Claypool Publishers.
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SASS version of SAXPY (NVIDIA Pascal Architecture)

Address Dissassembly Encoded Instruction
/* 8x001c7cBBe22007f6 */
/*0008*/ MOV R1, clexel[ex2e]; /* 0x4c98078000870001 */
/*0010%/ S2R RB, SR_CTAID.X; /* 8xfOc800BRO2570000 */
/*0018%/ S2R R2, SR_TID.X; /* 8xfBc80000B2170002 */
/* 0x001fd84efec20ffl */
/+0028+/ XMAD .MRG R3, RO.reuse, c[0x8] [0x8].H1, RZ; /* 0x4f107f8000270003 */
/*0030%/ XMAD R2, RO.reuse, c[0x0] [0x8], R2; /* 0x4e00010000270002 */
/*0038%/ XMAD .PSL.CBCC RO, RO.H1, R3.H1, R2; /* 8x5b30011800370000 */
/* 0xB81fc400ffad@7ed */
/+0048%/ ISETP.GE.AND P, PT, RB, c[Bx0][0x148], PT; /* Ox4b6d03BOASE70007 *+/
/*0050%/ @PO EXIT; /* Bxe30000000000000f */
/*0058%/ SHL R2, R@.reuse, 0x2; /* 0x3848000000270002 */
/* 9x081fcd448fecBB7f5 */
/*0068*/ SHR RB, RO, Oxle; /* 0x3829000001e70000 */
f*0070%/ IADD R4.CC, R2.reuse, c[0x0][0x148]; f* 0x4cl0BO0OR5270204 */
/*0078*%/ IADD.X R5, R@.reuse, c[8x0][8x1dc]; /* 0x4cl6080005370005 */
/* 8x0001c800febB07f6 */
/*0088*/ IADD R2.CC, R2, clex@][ex150]; f* 0x4cl0B00BB5470202 */
[*0090+/ IADD.X R3, RO, cl[ox0][ox154]; f* 0x4cl0080005570003 */
/*0098*/ LDG.E R@, [R4]; /* Oxeed4200000070400 */
/* 0x0007c408fcan0172 */
f*00aB*/ LDG.E R6, [R2]; f* Oxeed4200000070206 */
/*00b0*/ FFMA RO, RO, c[0xB][0x144], R6; /* 0x4980030005170000 */
/*00bB*/ STG.E [R2], RO; /* Oxeedc200000070200 */
/* 0x0017f8000ffena7ff */
/*00c8*/ EXIT; /* 0xe30000000007000F */
/*00do*/ BRA Bxdo; /* Bxe2400fffff87000f */
f*00d8*/ MNOP; /* 09x56b000EERROTATRE */
/* 0x00118000fc0007e0 */
/*00eB*/ NOP; J/* 8x56b000BRBOOTATED */
/*oofo*/ NOP; /* 8x50b0000BDOO70TO0 */
/*00f8*/ NOP; /* 8x56b000EEEROTOTE0 */
~Tor VT ot WiTsom War T Fong, T oty G Koz 20T GereraTpurpose Grphes Processor Morgm & TR pooT PRbTRAers

int i;

// Allocate space for vectors A, B and C
float alpha = 2.0;

float *A =
(float*)malloc(sizeof (float) *VECTOR SIZE)
float *B =
(float*)malloc(sizeof (float) *VECTOR_ SIZE)
float *C =

(float*)malloc(sizeof (float) *VECTOR_ SIZE)

OpenCL version of SAXPY

for(i = 0; i < VECTOR_SIZE; i++)

{

Ali]
B[i]
Cli]

i;

VECTOR _SIZE - i

0;

4

~e

I4

I4

// Get platform and device information
cl platform id * platforms = NULL;

cl uint num platforms;

//Set up the Platform

cl_int clStatus = clGetPlatformIDs (O,
NULL, &num platforms);

platforms = (cl_platform id *)

malloc(sizeof(cl_platform id)*num platf
orms) ;

clStatus =
clGetPlatformIDs (num platforms,
platforms, NULL);

hitps://developer.nvidia.com/blog/six-ways-saxpy

13
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//Get the devices list and choose the
device you want to run on

cl device_id *device list = NULL;
cl uint num devices;

clStatus =

clGetDeviceIDs ( platforms[0],
CL_DEVICE_TYPE GPU, 0,NULL,
&num_devices) ;

device_list = (cl_device_ id *)
malloc(sizeof(cl_device_ id) *num device
s);

clStatus =

clGetDevicelDs

( platforms[0] ,CL DEVICE TYPE GPU,
num devices, device list, NULL);

// Create one OpenCL context for each
device in the platform

cl _context context;

context = clCreateContext( NULL,
num devices, device_ list, NULL, NULL,
&clstatus) ;

// Create a command queue

cl command queue command queue =
clCreateCommandQueue (context,
device_list[0], 0, &clStatus);

// Create memory buffers on the device for

each vector

cl mem A clmem = clCreateBuffer (context,
CL_MEM READ ONLY,VECTOR SIZE *

sizeof (float), NULL, &clStatus);

cl mem B clmem = clCreateBuffer (context,
CL_MEM READ ONLY,VECTOR SIZE *

sizeof (float), NULL, &clStatus);

cl mem C_clmem = clCreateBuffer (context,
CL_MEM WRITE_ONLY,VECTOR SIZE *

sizeof (float), NULL, &clgtatus);

hitps://developer.nvidia.com/blog/six-w

// Copy the Buffer A and B to the device
clStatus =
clEnqueueWriteBuffer (command queue, A clmem,
CL TRUE, 0, VECTOR SIZE * sizeof(float), A,
0, NULL, NULL);

clSstatus =
clEnqueueWriteBuffer (command queue, B _clmem,
CL_TRUE, 0, VECTOR SIZE * sizeof (float), B,
0, NULL, NULL);

// Create a program from the kernel source
cl program program =
clCreateProgramWithSource (context, 1, (const
char **)&saxpy kernel, NULL, &clStatus);

// Build the program

clStatus = clBuildProgram(program, 1,

device list, NULL, NULL, NULL);

// Create the OpenCL kernel

cl kernel kernel = clCreateKernel (program,
"saxpy kernel", &clStatus);

// Set the arguments of the kernel

clStatus = clSetKernelArg(kernel, O,
sizeof (float), (void *)&alpha);
clStatus = clSetKernelArg(kernel, 1,
sizeof (cl_mem), (void *)&A clmem);
clStatus = clSetKernelArg(kernel, 2,
sizeof (cl_mem), (void *)&B_clmem);
clStatus = clSetKernelArg(kernel, 3,

sizeof (cl_mem), (void *)&C_clmem);
// Execute the OpenCL kernel on the
list

size t global size = VECTOR SIZE; //
Process the entire lists

size t local size = 64; //
Process one item at a time

clStatus =
clEnqueueNDRangeKernel (command queue,
kernel, 1, NULL, &global size,
&local size, 0, NULL, NULL);

htps://developer.nvidia.com/blog/six-ways-saxpy
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// Read the cl memory C_clmem on device
to the host variable C

clStatus =
clEnqueueReadBuffer (command queue,
C_clmem, CL _TRUE, 0, VECTOR SIZE *
51zeof(float), C, 0, NULL, NULL);

// Clean up and wait for all the comands
to complete.

clStatus = clFlush(command queue) ;
clStatus = clFinish(command queue) ;

// Display the result to the screen
for(i = 0; i < VECTOR_SIZE; i++)

printf("$f * $f + %f = %$f\n",
A[i], B[i], C[il);

alpha,

// Finally release all OpenCL allocated
objects and host buffers.

clStatus = clReleaseKernel (kernel) ;
clStatus = clReleaseProgram(program) ;
clStatus = clReleaseMemObject (A clmem) ;
clStatus = clReleaseMemObject (B _clmem) ;
clStatus = clReleaseMemObject (C_clmem) ;
clStatus =

clReleaseCommandQueue (command queue) ;
clStatus = clReleaseContext (context) ;
free (a);

free (B) ;

free (C) ;

free (platforms) ;

free(device_list);

return O;

HRARE
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vV 58— Pwarpil 5 — MR AISIMTHER .

HIRAZR: Blin

EBliﬂZ\ i4=IE%

1. &8¢
I11.
IV.

SIMTHERK
183 1R (scoreboard)
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1854 (scoreboard)

ViESIRE—ERITHIEE, BRIt RESTFESESA
IBERHE 2 B BIR1RIE ;

v Ewﬂ%ﬂé‘?ﬁlﬂﬁﬁﬁ 5&NMNCEREEK AN T ERPRIE
EEEE

VE— MBI EKBIEES O mE (KEHEEE) , 18
S hE IR IE IR IaIT; HITERE, AIRERHIE
5018 57 R FE AR R R IR ;

vV IRBEBHIA RO, FFLERAWAMWAWE G : T &
AERAWFIWAW B S, EICH RN ABIFRIC .

SRR

'__|=";I:I

VGPURKZE S %1% B
(fetch) . iﬂﬂ (decode) A&7
(issue) . BRIEHNE (operand

collection) « E[A] (write-back) -

v CUDA#ZRYIL /\J_%Qﬂlﬂzﬁﬁ/\ﬂ;ﬂ

— B2 (writeback) o
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SMIT#
ARG

IR

BRIERINE SR

ALU. FPU. SPU. Tensor Core
LSU

CTARE RS

Al

NN =

EPR{ERUNEERE (Operand Collector)

VIRE—PMEAX, XELFIZEUESITEEN S EREY, &4
XARIE T \RAZIESHITRIINF ;

vV ERIEIER A 0)RE, BhLEZHFFEEH bank conflict: X7
RAWFIWAW B #3164, FEF R EAHEMBIFRIC

veARY OP.COL. IR —4HZE A=E. FM—NMEE:S.

vEH—&IESHIEER, OPCOLEAZIESHECTIE, AT

vOP.COL. B T HE BRI FERRATARKIBRT FIREFWKM,
meBds—MAN: BERENAA, X— Bank B350, 1~
BB —x.
v 8 & P4 Collector Units, B PUnit& S = ME{EMSE E A—
FRufF, AT YSENZUnitiE T WA WarpaI it $s 4
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ER{ERUNEERE (Operand Collector)

VIER: MARIZIEFIZEL (fetch) #AEH, MMARIHAKFIA

Bank 0 Bank 1 Bank 2 Bank 3
RO R1 R2 R3
R4 R5 R6 R7
R8 R9 R10 R11
add.s32 R3, ; FeHzE (No Conflict)

mul.s32 R3, RO, R4;

bank 0;H15

Tt

EPR{ERUNEERE (Operand Collector)

(from instruction decode stage) ‘l

w(l

Register File Banks

Crossbar Collector Units

[ .
.|1r3 ——— | _ 5
» [ -+ BankQ -- ™ &r{ EEEEE ; 5
ha —— L | |
> | -+ Bank1 - | [t e e U B
oo EEE e ' 1

Arbitrator g B —
> | e . W i i == =
> Bank 2 < -l = el
] S S 5 ;
E= e
> | - Bank3 - | e N e > | D |
e —] L= |
Single-Ported SIMD

Execution Unit

Smhut]

26



2025%k

SMIT#%

ISRV 12

e

BRIERUN RS

ALU, FPU., SPU. Tensor Core
LSU

CTAEE 25

All

NN R =

ALU Pipelines

v ALURCUDAMBIT PN EZAME T < —;
VALUBIEITIEERT: SP. SFU
v'SP: SP #{1TF&trancedental ZPEYFF BALUIE S,
trancedentalis S B13E: EX2. LN2, RCP. RSQ. SIN.
COS. %;
v'SFU: SFU #\{Ttrancedental}§ <
VIRIBEFRITIESHEXK, ALU_I AR GERLE ™ B

(bandwidth) FAIEIR (latency) o
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v'FPU: Floating-Point Unit.

Form Factor

FP64

FP64 Tensor Core

FP32

TF32 Tensor Core

BFLOATI6 Tensor Core

FP16 Tensor Core

FP8 Tensor Core

INT8 Tensor Core

pecifications

H100 SXM
34 teraFLOPS
67 teraFLOPS
67 teraFLOPS
989 teraFLOPS?
1,979 teraFLOPS?
1,979 teraFLOPS?
3,958 teraFLOPS?

3,958 TOPS?

H100 PCle

26 teraFLOPS

51 teraFLOPS

51 teraFLOPS

756 teraFLOPS?

1,513 teraFLOPSZ2

1,513 teraFLOPS?2

3,026 teraFLOPS?

3,026 TOPS2

hitps://www.nvidia.conven-us/data-center/h 100/

H100 NVL'
68 teraFLOPs
134 teraFLOPs
134 teraFLOPs
1,979 teraFLOPs?
3,958 teraFLOPs?
3,958 teraFLOPs?
7916 teraFLOPs®

7916 TOPS2

28



2025%k

Tensor Core: Warp Matrix Functions

OB : FIAGPULERWERBEH B T Tensor Core, BEMIZED = A * B+ CH
AHWEREEE.

BHEXR: KIIREETEENAAT.OHESEHNVIDIA GPU (M Volta, Turing
RERAL) .

BEXHE: IHESHEVE, flNMAEREAMBR{FEHFP16. BF16ZXINTS,
ﬁﬁ?ihu%%ciﬁuD‘Iﬁﬂinsz:JZFpm HEMESHERE.

1‘%&&?{%7_{1 HIEUAWarp (3241238) REFRMHIT, BREWarpABLEW

wIEFEO: EEFEiInvcuda::wmma namespace FEJAPI (Wlload matrix_synec,
mma_sync, store_matrix_sync)RE{ERZERARfragment R .

KERF: ARAGRDPERXLRER, LARHREFHEEENWarpARFMR
GR—H, EWSSHERITEE.

MREER: ARARSELE, NE2RAFENHELIREE 256X FTFREENK.

Warp Matrix Functions: namespace

v $#zi1lnamespace: FTBHEXBIR ML R E E

X £ nvcuda::wmma namespaceH .

v ]hﬁillf— ‘jJ ‘ij:lLa\ - :ﬁ%jﬁi 17FE;BEE:[){.:}:’]h§iII’— <jJ FiEé,
-\;51; 2%1"7?IJAPI5|E§EEI‘H‘E/£7§’_':'§1{, BA]
BESAREMANFRE

vV RIGMETIRE N E : XERINR T FTRIED
BE#{ € X £ nvcuda::wmma::experimental
namespaceX .
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Warp Matrix Functions: fragment%@

template<typename Use, int m, int n, int k, typename
T, typename Layout=void> class fragment;

void load matrix sync(fragment<...> &a, const T¥*
mptr, unsigned 1ldm) ;

void load matrix sync(fragment<...> &a, const T¥*
mptr, unsigned ldm, layout t layout);

void store matrix sync(T* mptr, const fragment<...>
&a, unsigned ldm, layout t layout);

void fill fragment(fragment<...> &a, const T& v);
void mma sync (fragment<...> &d, const fragment<...>
&a, const fragment<...> &b, const fragment<...> &c,
bool satf=false);

Warp Matrix Functions: fragment2

EXE%E:M®MM%—¢Eﬁ¥,@%ﬁﬁ%—ﬁmmi%mﬁﬁﬁ

RIS : fragmentBBHERSHIEEHEABIE (Wmatrix_a, matrix_b,
accumulator)  FERERAAKR (m, n, k)  BIW/AEE (T) H&i‘f%ﬁ)\%ﬁ
fErvf /& (Layout) o

AEHRENX: P Amatrix_aFlmatrix b%‘éiﬂ’]fragment?amﬁ'il?
(row_major) ZFIEF (col major) FE, MEME (accumulator) &

EIRBE2RIAT FEvoid,

W E#E1E: fragmenti®idload matrix syncMWﬁ?}ﬂ%{,*&?}E 18 17
store_matrix_synciEREFEANTE, F@EidEmma syncl#H 5 H b fragment
I ERITERRMEE (D=A*B+C) .

W%Kﬁﬁ%?zﬁﬁﬂ %EKEE%EIJfragmentWﬁBﬁﬁ%E’Jﬂ%ETzsz EH. TiE
FARY, FHEFIRERERRRMMEMN, AALEINNEER 1$EWﬁBﬁ11%
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Warp Matrix Functions: UseZ#

VORI ARILE]: ZAERIBIE E— 1R AUseRIRIRS HRATRIEE
gg%%a%gﬂerifiﬁﬁiﬁﬁﬂlﬂﬁﬁ%‘ﬁﬁ’]ﬁm%@ Mﬁ'ﬁﬁE%HT*ﬁ’lﬁ’*

v S UseWBUME: Use S WA ERZEEMENA—RIBEXH
xIm (fFlan, mIeEEFEUpperTriangle, LowerTrlangle\ Diagonal
F) , Ym‘ﬁﬂf?%ﬁl‘iﬂﬁqﬂmz-ﬂﬁﬁ TEAFEBRIEERER .

vV RitEESHE: L7F'11111+E|7£L_J:_?ﬁ FHWERZL AR,
RREEZELIENNSHABESFEMHIL, BATHREHNERL
l“_iJFIJ_IuIE W T IBITH 1R

VO OEREEEI: EEMAIERE, wIUNTE X B Usef@dl kil
1Tk, EESTZTXHNSHESRKRSBHEIFRAN, X2HK
WERREVE ) IEFRRY X3

Warp Matrix Functions: use 2% X

v matrix a: éfragment{'ﬁ)’j%—/\ﬁﬁ%l
K5pE A BRHMER, Htile8EH m x ko

v matrix b: éfragment{’ﬁ?'j%:/l\ﬁﬁ%l
560 B BFHER, Htile8E X Kk x n.

v accumulator: fragmentFH{EiRS B 5

ZMaZEE (B) C = 'J?.D) RHER, Htile
HEH mxn.
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Warp Matrix Functions: ﬁﬂ{RTj‘ my ny k

Eﬁﬂgﬁﬁ\warpﬁﬂﬁﬁﬁﬁﬂ%mﬁ’ﬁ

v 58MFEA: ¥ Fmatrix a, ESOROEERA m x ko
v 58BEB: XFmatrix b, ESBRBKEEA K x n.

v ZingE: BM=® (accumulator) EESRBNEE
HmX n.

V BEXR: XESRIREIFSHEE, il
__half\ float, int ¥F, BFAESBURTIHEEN.

Warp Matrix Functions: Description

v OEHEZER (T): FH (multiplicand) X #F double, float,
half, nv bfloatl6, char, unsigned char; ?i}]l]
“C(accumulator) 3 double, float, int, __half, 1E| &

AT REESHIR.

EZ 2 (Layout): @9 NZEFE matrix_a F0
matrix b #§XE row major ({TEJF) 3k col major (7l

FF) , L/J&/ET%EBE ‘JZ?'JE%TWY?EPEI’JE@E‘K

ZinssmE: EMSEENTRESHRNREIAE
void, {REEMIMMEEKFHEN A FHEEITHIME,
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Warp Matrix Functions: load matrix synceR#&{

G5 MN&E: load matrix synceRESFFWarp (XIER) FHABEI2IN%KIZEE
BARASRE, AAREPRMEIEFEHEragment.

REXSFTENKR: BEEMEETENAFESmprbIE2566 (32F75) FH.

SREHIdm: SHIdmEX THEEAERNFPESET (TTEF) =5 (FTF5
TF) 2ENEBEE ($K) , WF __half KWL BRARIINEH, 3 Ffloat
B4R EH

HEBN: mERMEBA R EMIZfragment (accumulator fragment) , A ZNAAHRE
IEEEANEFEHB/EN mem _row _major 8{ mem_col major; M X+ matrix_a FA
matrix_b KA fragment, FFHfragmentE BRIRIRSEAE .

ZIE—HM: WarpARIFTBZ&iEEA load matrix_synciR 8K}, ErfE AR mptr.
Idm. layout AR EFF RIS HWELMTLHEE, TMERKE X,

) — =

load matrix syncR#ENVIDIA CUDA#FE F| F Tensor Coreitt {714 BE %B &
zH (Warp Matrix Multiply-Accumulate, WMMA) HIXELTEZ —,

Warp Matrix Functions: store matrix synce#{

2oL INEE: store matrix syncER B A TARITRMERMEER, FWarp HH
ERIMEMRERSHE#IIEREAES.

Bl5EK: store matrix syncERESAELHFIZIZ, BRI Warp PRI B &Iz &M
1T%| store_matrix_sync AR, WHARBIE—BMHEBHITEHEIRE.

AEXMFE5E: BIrAFERE mptr AOIEEEMNETE, HEE256UNF
B, XEMTIZASHAFIGE.

TKEHFELE: SHInEXTHEEREANFETINLSK, HESLNIRBEHRELR
W EMRSHENR: AT half BB, IdmERE 8 BIEH; XTF float A, N
EE4MEH, UBRHGFE 16 FHHNRNFELRXST.

Th: »NAMIEENMEEENNETRETMAEAERI ML, BT

mem_row_major 3 mem_col major S EKE X .

ZIRE—HM: Warp AT B & IZHE AR LR EE, HIORHTEE—HRNSHIE,
‘1%% mptr. ldm. layout ARFEFEREMNERSH, XSRBERPITHLESE
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Warp Matrix Functions: fill_fragmentpR#{

heeE X : fill fragment & CUDA BY Warp Matrix eR# <z —,
AT EREEEVER— A%Elzifragment

I EK : fill fragment¥R{EE — A warp AR B 415
i EE R, #ﬂﬁ%§QV1§ﬁ—A1‘EHE’JTE (common value)

EEREA: EE?%EBETE%@JE/I\%EWT#EH’Jfragmentﬁﬂ 43 By
T xR ARIEEBENERL, BEittwriBd warp RG] E
A RIIRIEFTTHY IE T .

FENA: fill fragmenteRBER TENITIEREFRZ N
(MMA) #{EZ 8], ¥MEEHEMBERE (Flan, BHREEA

) .

vV BITES: warpFh IR BRIESRMHMIEAmma synciR#E,

Warp Matrix Functions: mma_synceq#§

BiLIhEE: mma synca— 1R EEE, ESFFRE—
warpF T BB ITRZRE G, ﬁ'#&ﬁiﬁﬁﬁhﬂ
BEBED=A*B+C, HEEMITE C=A*B+C.

BHEME: mma sync@%{ﬂﬁﬁGPUE’]Tensor Core§|E|—j
BMITEMEE, IFZHEBEMNERERTAS

SR —HMEKR: warpAFFEEREAERERE (A, B, C,
D) #EHENRIREH (m, n, k) HIMTLEEE, satfSH
A E th b 5 — 3

BN SBREXHER
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Warp Matrix Functions: Description

v" XTFTensor Corefisatf (saturate to finite value) R\ TE
REHELER RN :

v +InfinityWLHE : EXRERAIELFT K, MR
MmeFFafAEMZTAIMIEH (+MAX_NORM)

v -InfinityfIB: ERNRERAKRES K, MM RN
BB EMAGFHNRANMTEH (-MAX NORM)

v NaNBJALIE : BEXELERAINaN, WHMNHORMB{AE
BHIEEAEZE (+0)

V HsatfEXBAN, FEEERHREHESER
(X InfinityfMNaN) HESHERF ORI —PBROMTEH
| {EWEA.

Warp Matrix Functions: Description

v BRiAEIAFR: BTEETZIESE/ N &Eragment A RO
SEREEAENERD, EiHAstore matrix_ synciFHIIEE
MAZERNERLERERE, YTIANREPHEENMNEETE.

v BEIRRIRFISMER éWarpWE@Fﬁﬁf&E = B4 —Ith ¥t
fra mentFFE@FﬁﬁE?ﬁﬁﬂﬂ*ﬁnE@ﬁE?%EﬂE (Flan, HR
ﬂﬂ%ﬁ%ﬁ[‘iﬁﬁfﬂ—#) B, ATAE#E#R{Efragment.

v EEWAE: EEiFREE fragment38Anum_elementsfl 53
(FETRZEZERFEESNTRZHE) MBERGRx(] (FiET
FME) k.
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Warp Matrix Functions: Description

enum fragment<Use, m, n, k, T, Layout>::num elements;
T fragment<Use, m, n, k, T, Layout>::x[num elements];

vV “EERBRMBEEARBRTH—FRBRG
v OB RRBERGERT MR MEFEENRTE N ARRN—F

v iﬁéfﬁ SMEHBESREGRERME, AIFEFAWNLanczos3FEEZ X LEHLERESH
I EE

v RBBRE: KEBHBRENETIRENAERTHRANERENGRHITERSE, UHRE
REHEHM TR
wmma : : fragment<wmma: :accumulator, 16, 16, 16, float> frag;
float alpha = 0.5f; // Same value for all threads in warp
/*...%/
for(int t=0; t<frag.num elements; t++)
frag.x[t] *= alpha;

Warp Matrix Functions: bfloat16 (BF16)

v EMN5S5%H: bfloatle (BF16) B—f1efi 2B, 8514
TS, sirfeHmim7LEHA, HiRHEXBFP32, T#A
FP320 B IE & B

v EEFEE: BFIHRAMBETFHSMIEHMSFPI2ERE, Ak
BEMFPR2—HMTET BETE, AR E KER I PEHET
RS/ ImESMWEERHSE TREE, HEEFPI6EARE.

v FEE: BFIGHERMNRA L, HBERERTFP16 (10EH)
FMFP32, [EEMEMEZILGD, XMBEERKBEBRSTURKIEE.

v HEESRAE: BFIcNFEFZENAFPI20—3, FGHMTHREARF
S BETEEHE, HXBEARRHIRK/D (Batch Size)
MR SR FnEER T2
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Warp Matrix Functions: bfloat16 (BF16)

v BHXE: BF1632 TIMRAIMEEHSF (WGoogle TPU,
NVIDIARAmpere XA EZR#GPU) REH, sEBFIA
Tensor CoreSF & Fl B2 U SCELHE £ 103k .

v FENRBSE: BFIcLEHEBESAMEREZ IR LT
HIE, A BEFEATransformer BHPKXIFFER (LLM)
F, EERAIEHBEREESHEMNENTRIEE.

v YRIEXEE: EECUDASwIER, WiEd <cuda_bf16.h> k3t
EH __nv_bfloatl6 gAY, #*‘JFﬁWarpﬁﬁﬁﬁﬁ%ﬂf
(WMMA) APDBRMITEMHEREFEMNEZE.

Warp Matrix Functions: Alternate Floating Point (152

vV EBMXE5EN: TF322NVIDIAE ATensor Coresi& it B9 —M4F% 2 =
B, EEMEREEIITE,

v BESEE: TF24%FTSFPR2HEERNSMER (FFSERE) , B
EBHBEREZI0L (5FP164EFE) , EFEMMEEEIGTE.

vV BILDHIE: TF32BRAEERH T Tensor CoresIfTHEKEEHE (N
WMMAR{E) , MEAHTEHRER, BEFERATHMHBERAZREEH.

V FHAARN: FHATFI2HREEFHEFPI2MANEIER S
__float_to_tf32FNERBHITHEE, MEBEATFER.

v BEFE: TF32R{XBRFTensor CoresiZH, ZEE5H M R KBIRME
BE, &SRB EMEESEIERIE.
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Warp Matrix Functions: Alternate Floating Point

¥ILHIE: TF32 (Tensor Float32) 2—MMHANVIDIAHHHWEFERN, SEE
BRI (Tensor Cores) BESIINITFPI2EMKITE, Tﬁﬁ'ﬁFP32$ﬁﬂﬁl
EHEERMER, BEFEEE (EﬁﬁMZM.L*ﬁﬁEIM_L) REATEIRE.

MNEEEW . EFEWMMA (Warp Matrix Multiply and Accumulate) ¥R{EP{E
BTF32, LM ARNmatrix_aZimatrix bFRIMNFP32& M ATFI2HEE,
ﬁﬂﬁnﬁﬁi _float_to_tf323X# BB R .

fragmentSEMBEKR: Fload_matrix_synciREP, EEFEREET
precision: tf321%fEFE(Jfra ment, #Eﬁfragmentﬂ‘]ﬁﬁ?gi (element type)
Eﬁﬁﬁﬂoat B, £ '51‘]’%:E(JFﬁ’ﬁ?ﬂﬂ%%fragmentmz‘ﬁﬁ’ﬁfloatﬁﬁgg

THPOEERT: HERTF2EER, BE—XHNEREREIERNEEHORT
(m-n-k) A16x16x8.

G REEVEHPERTTIF2EE, BERENTREGEMNRRARE
Bifloat2 A, BI7FEFE Mprecision::tf32Ffloat A B IEMET .

Warp Matrix Functions: Y5 E 2=

VEBEH: ZENEITERESN (compute
cagﬁability) H8.0ESHNVIDIA GPUIKRHF L
AT,

vV IERFE: EFERN, 518 fragment HEE
?ﬁ%?‘é’iﬁ double, HHiEiT mma_sync FR{EHIT
:

vV SHFMYE: mma sync BELEH .o (AEEAN
FSEEIARBE) SAEWMFF, UWHERHERE.
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Warp Matrix Functions: Sub-byte WMMA #£1E

v THREE{L: Sub-byte WMMAR{EIREE T 1518 Tensor Core {§
g%g%ﬁﬁﬁmﬁ@, FEATABMUFINFRTFEFDR

v TSR : WMMARRMETHREH AR ATRSIFFE (preview
feature) , HBBEHM API AIESRETHK, HHARES
REMENTRE .

v namespace: IHINEEIEIT nvcuda::wmma::experimental

namespacefe{t, UXHTFRER WMMA API,

v ZRHHBERE. XRMBEERXTGE 4 LEFSEY
(precision::ud) 4 (UBFFHFSEH (precision::s4) KUK 1
AL##E (precision::b1) .

Warp Matrix Functions: Sub-byte WMMA #&1{E

v XFNEMERST: i, MTF4AEE, XFHFINEMIEE RN
R~F (m-n-k) J8x8x32.

v BETEEE: BT FFEHHRERT)N, SAMTRIATEE
—ANEHEETH, FIMSMUITRITEE—32BH+.

v ERAPI: ERbmma_synci& B 1T [E 2 B0 KB BE 3R % R
BH, XFHFWMXORFANDFRIE.,

v wERE: MNTFFEDLRE, EFEANGTRLARITERF
(row_major) , FEEBAIMASIERF (col_major) .

v REXMFTER: EMEERER, FEiRfSHI2563T5F, HA
ggﬁﬁﬁzldm%iﬁﬂﬁiﬁﬁiﬂ% CINxF4p 28 23209 4%
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Warp Matrix Functions: Sub-byte WMMA #£1E

namespace experimental {

namespace precision {
struct u4; // 4-bit unsigned
struct s4; // 4-bit signed
struct bl; // 1-bit

}

enum bmmaBitOp {
bmmaBi tOpXOR
bmmaBi tOpAND

1, // compute 75 minimum
2 // compute 80 minimum

};
enum bmmaAccumulateOp { bmmaAccumulateOpPOPC

1}

Warp Matrix Functions: Sub-byte WMMA #&1{E

v IBEHEAE: FR4BER, APHRFEAZE, Bl
fragment#IE A BIE FF Hexperimental::precision::ud (FLFF

S ) Z{experimental::precision::s4 (FHS) .

v nRITEFE: BT fragmentP T REBITEFEHEN, HE
L EHE (num storage elements) FLVTFEFRTEHE
(num_elements) o

V FEBRRITE: I TFTFEH (W44iL) fragment,
num_elementsiREl AR element type<T>HB T EHNHE.

v BELEFEERS: KANBEHERTEREESHEE, H
fie*r}il%ﬁlt_type<T>§|Jstorage_element_type<T>E(Jﬂﬂ&ﬂd‘ﬁﬁ%
L 0
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Warp Matrix Functions: Sub-byte WMMA #£1E

experimental: :precision::u4 -> unsigned (8 elements in 1 storage element)
experimental: :precision::s4 -> int (8 elements in 1 storage element)
experimental: :precision: :bl -> unsigned (32 elements in 1 storage element)
T -> T //all other types

v HNEHE: Ei#ITSub-byte (KTFSHL) HBEAIWarp Matrix
Multiply-Accumulate (WMMA) 3{EBT, %EEA%HE&M\@#&%E
Fﬁﬁ'ﬂtf’&ﬁ% (row_major) , W%EEBWHFQM‘fﬁiIA%EFﬁﬂﬂEﬁ
/B (col_major) .

v RHEXMF: EiHload matrix_syncEREMESub-bytefE[ERT,
ldm (5| S4E) WEDTHEFEBHNFER. ﬁ?n?%i%
experimental::precision::u4Z{experimental::precision::s4 (4 ¥F
E) WiFR, dmAR2MEH; M TFaReERA
experimental::precision::bl (lﬁLﬁE) MIER, ldmeAh21288Y
F‘*%I XA R RN T RIEI6EHBIREN .

Warp Matrix Functions: bmma_syncH{E

v EARIIEE: bmma_syncE— M warpR 7l EFHE
<, BTHITAERERRZMZED = (A op B) + Co

VIZEREZED: BEpXFERAMNEEEH:
bmmaBitOpXOR (%5 ) FbmmaBitOpAND
(5) , REEREHFITHEEET>8.0.

vE N % % : B2 WM P BE E A
bmmaAccumulateOpPOPC, BIxiZHEEHLE R

REMN (A1) BIECEHHEITIHE
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Warp Matrix Functions: PR#HI &

vV REERM: Tensor Core TEMFHREIEHRI (special
format) SEGPUERIEHFEH (major and minor device
architecture) BIAREIMEEER

vV NEHRE: %12 (threads) HAKBEBNEMR, MER
BENEFEN—IPERN .. SH5EEREEXHABIBIESN
FE& (opaque architecture-specific ABI data structure
fragment) o

v PSR : FEE (developer) AR IFXTAANSEN
(TR RS 5 EMEREM (matrix multiply-accumulate,
MMA) BENFEHRHEHEMERE (not allowed to make
assumptions) , XM T RIEEZM4

Warp Matrix Functions: fragmentZ&SZ2 #3451 X &

V %D EARSERASEM (Wsm 70Msm_75) BISRIFE
BB E#EfRiEfragment@ AR/,

vV BREEE: fragmentBIK/NAGEHERERFETERMEEN, AE
BRI ABIAIRR

vV BERR: HiEREEHR EFERfragment2 S BUITHESE RiB 1R
ol BRI .

v Z2BNKRAR: MiBidstore_matrix_synciFHIBEEANAE, B
Lligst AR 52, MIEREEEFragmentRAE .

v BER%: MHRITEERY, MBEREARREEmIENRK

WBEE#ZEREfragmentX R, MNIETEHAFEITHRIELZER.
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Warp Matrix Functions: Element Types and Matrix Sizes

v’ Tensor Cores X 3FFRIHIE LR B S5FERER T -

__half
__half
__half
__half
__half

__half

unsigned char
unsigned char

unsigned char

__half
__half
__half
__half
__half
__half
unsigned char
unsigned char

unsigned char

signed char signed char
signed char signed char
signed char signed char

float

float

float

__half

__half

__half

1

16x16x16

32x8x16

8x32x16

16x16x16

32x8x16

8x32x16

16x16x16

32x8x16

8x32x16

16x16x16

32x8x16

Bx32x16

Warp Matrix Functions: Element Types and Matrix Sizes

v’ Floating Point support:

T

__nv_bfloat16
__nv_bfloat16
__nv_bfloat16

precision:tf32

__nv_bfloat16
__nv_bfloat16
__nv_bfloat16

precision:tf32

float

float

float

float

16x16%16

32x8x16

8x32x16

16x16x8
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Warp Matrix Functions: Element Types and Matrix Sizes

v Double Precision Support:

i | | semse | i

double double double 8x8x4

Warp Matrix Functions: Example

#include <mma.h>
using namespace nvcuda;

__global  void wmma ker(half *a, half *b, float *c) {

wmma: : fragment<wmma: :matrix a, 16, 16, 16, half,
wmma: :col major> a_ frag;
wmma: : fragment<wmma: :matrix b, 16, 16, 16, half,

wmma: :row_major> b frag;
wmma : : fragment<wmma: :accumulator, 16, 16, 16, float> c_ frag;
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Warp Matrix Functions: Example

//The following code implements a 16x16x16 matrix multiplication
in a single warp

// Initialize the output to zero
wmma: :fill fragment(c_frag, 0.0f);

// Load the inputs
wmma: :load matrix sync(a_frag, a, 16);
wmma: :load matrix sync(b_frag, b, 16);

// Perform the matrix multiplication
wmma: :mma_ sync(c_frag, a frag, b frag, c frag);

// Store the output
wmma: :store matrix sync(c, c_frag, 16, wmma::mem row major);

SMIT#%
SR ZEH

A i

BRIER =R

ALU, FPU. SPU. Tensor Core
LSU

CTARE RS

AN e
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B

HZ=RHE JEu= CUDA shared memory
L1 Cache accesses only
#=Cache Rz Constant memory and

parameter memory
438 Cache Hix Texture accesses only
HHECache EE (£F/MTFE: evict-on-write; AMATE: E[E)  Global and Local memory

accesses
.| Bank _>Shared MSHR
7| Conflict Mem

Access Data PN

APl Coalesc.®| Cache =

G ot o

u onst. >
= ) g @

[0)

. [Texture|, ,|S

| Cache 9_

- yas zReglster File)

-

/’ e e o e S e S e \\ \\

s s e e e e e e e e e e el e R 1
2 Local to each SM "~ X !
{ Logoa
1 ! |
! Register file (64k x 4B) ! i !
I . T
1 st
| R
1 : : 1
Ml Shared memory K H
I 1 » 4

L

\_Unified data cache (128kB) o " (~64KkB) ,~

______________________ | | U ————

NVLink

texture & constant memory

Global memory (32GB)
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HZ=RNTF (Shared Memory)

v EZ[R1FE (Shared Memory) EEANEIENEERN
77 (scratchpad memory) ;

v [E]—blockHJthread A] LABZ £ Z R F (Shared
Memory) HHEIBIE;
VENSIMTZERRIMEZAEFE (Shared
Memory) , AIATIES D ECHZLFZR (thread
block) ;

v [E it ;V\]ﬁ Shared Memory) TERFHY
thread# I ER K, BrLAXZRATF (Shared Memory)
B2 Bbank M E MR K ;

H =7 (Shared Memory)

‘/7_ B —NETE B HEAA, & thread
/JJ: Q88155 —“bank By — /\V\]ﬁiﬂj
VIER—EHEEHIA, %4 thre ad
E5— /\bank':F' m[=]— /\V\]ﬁi’@iﬂ: {[~~— - - I
SR bank conflict, % threadBIiE e
515K IF 1T ;
YNVIDIAATIGPU, HERE
(Shared Memory) HJbank#{= ] LA

B & k163 E32;
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- (Shared Memorys

Thread 0 Bank 0 Thread 0 H gank o
Thread .. Bank Thread 1 Bank 1
Thread '_ Bank Thread 2 ' Bank 2
Thread 3 o Bank Thread 3 ‘Bank 3
Thread 4 . Bank Thread 4 e k4
-
Thread 5 .. Bank Theead 5 Bank 5
Thread o Bank Theead 6 = panks
Thread .. Bank Thread 7 Bank 7
Thread 8 '_ Bank Thread 8 Bank 8
Thread 9 :___ Bank Theead 8 Bank 9
Thread 10 :_I-nu Thread 10 Bank 10
Thread 11 ',.Mu Thread 11 Bank 11
Thread 12 o Bank 12 Thread 12 Bank 12
Thread 13 . Bank13 = e
Thread 14 o Bank Thread 14 Bank 14
o
e e Bank 13 Thread 15 [ gamkas
Febank conflict — E&bank conflict

VEIRE XK : local memoryFliglobal
memory ;

VIE—HME, TEFBUIENS;

V8RO, 1284I%;

VHTFEAHNAEES, TESE 2
HR5eH

VEEHRTRER

_ Local Memory |Global Memory

Write Hit  Write-back Write-evict
Write Miss Write no-allocate  Write no-allocate

Register file (64k x 4B)

z \\
2 \
L
¥ to ea Nl
\ 1

( Ay
i t
| L
i i
b
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.E‘Cache (Constant Cache)

v Ri% (Read Only) E%;

vEBZMNMEIHO, GPGPU-SimiR
L— NE=Z=Cache (Constant
Cache) AYViIEimO.

Global memory (32GB)

SMIT#%
B ZEH

RWERYIT|

lIE!

ERIERUEE RS

ALU, FPU. SPU. Tensor Core
LSU

CTAPEE 25

AN e
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iMEZA=MES] (CTA) AR

High-Level View of a GPU \/.I.dJ‘ 1/E Q% %5'__; Bt
Jiaxx ! B (cTA)

Warps

I BGPU{EM
e i Tl V- N

g~ (CTAs)
a8 e

OWL: Cooperative Thread Array (CTA) Aware Scheduling Techniques for Improving GPGPU Performance Adwait Jog, Onur Kayiran, Nachiappan CN, Asit Mishra, Mahmut.

MEZAZMES] (CTA) AR

vVIMELZIERES] (CTA) —DN—PHIK ST BISIMTHZINIT;
VESIMT#ZEI BB AR, MEZFEMES (CTA) %A
753\ (round robin) iZFFEFNET SIMT 1258
VITFENEERSIMTHZ, SARIZSIMT#Z LB EBRIA] A
HRR, BEXANSIMTZ & X —MMEZFIEFES] (CTA)

vGPUR BEIFIT % N kernel U BE ST ;

v E— M kernel A] LUIE AN EAYSIMTHZ _E I T ;
VIITFE—SIMTHZKIE, WMRPEH L MkernelFHFIT,
ABASIMT#Z A% 185, (round robin) iEIF—kernel 3
17
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