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|. GPU T{FIRIE
> AX+Y DEMO — AX+Y filF
> What is inference system — FF & SF1{T

- Optimization objectives and constraints — GPU & {Z4/1

> Difference bet inference system and engine — GPUZFE/RIE
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What is GPU & what make it diff

GPU (Graphics Processing Units, GPUs) [RE1%1TFHTMREG M

SRS EE.

HIFL.tGPUSCPURBEINE , GPUIRITBIRER AN EIE (Thr
oughout) , ELER{ESZHITIRIE , BEXOFHITE (parallelism) , B[E]
BRI LT /MESS ; CPUIEESR/OMEIR (latency) FNFFA (concu
rrency),
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AX+Y DEMO
GPUL{ERIE
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AX+Y i+& DEMO

2FLOPs : multiply & add
2 Memory Loads: x[i] & y[i] (per element)
Single Operation: FMA(fused multiply-add)

void demo(double alpha, double *x, double xy)
{

int n = 2000;

for(int i = 0; i < n; ++1i)

{

yli] = alpha * x[i] + ylil;
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AX+Y it DEMO
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| 1,659 bytes can be moved in 89 ns

AXY demo move |6 byes per 89 ns latency

Memory efficiency = 0.14%
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AX+Y it&H DEMO

Memory latency a*Xx +y

Load from DRAM Read from cache Write to cache

P Times

load load Read Read Write Write
x[0] y[0] x[0] y[0] result result

memory bus is idle 99.86% of the time
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AX+Y AFFIAZ

Memory B/W(GB/sec)
DRAM Latency(ns)
Peak bytes per latency

Memory Efficiency

Huawei Confidential. Ascend & MindSpore

AMD Rome 7742

204

122

24,888

0.064%

Intel Xeon 8280

131 1555
89 404
1 1,659 628,220
0.14% 0.0025%
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Z=AX+Y BT HRHITEARFT

void fun_axy(int n, double alpha, double xx, double xy)
{

for(int 1 =0; i < n; i += 8)

{
i+0
i+l
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i+5
i+6
i+7

i+0 alpha
i+l alpha
i+2 alpha
i+3 alpha
i+4 alpha
i+5 alpha
i+6 alpha
i+7 alpha
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Keep Memory bus busy, run |1,659/16=729 iterations at once.
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void fun_axy(int n, double alpha,

{

for(int 1 =0; 1 <

{
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double
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double x
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Keep Memory bus busy, run |1,659/16=729 iterations at once.
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Z=AX+Y EIHFITHITREIAEH

=

void fun_axy(int n, double alpha, double *x, double xy)
{
Parallel for(int i = @; i < n; i++)

{

yli] = alpha *x x[i] + ylil;

Keep Memory bus busy, run |1,659/16=729 iterations at once.
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Z=AX+Y BT FHITH

=

TEI R

:\Eo;t; fun_axy(int n, double alpha, double *x, double xy) ﬁéﬁ*ﬁgﬂﬁﬁ%*g%iﬁ_%

Parallel for(int i = 0; 1 < n; i++)

{ —HZFETFE 729 NI

yli] = alpha x x[i] + yli];
RS E|HREEFIARTFIEK Bound

}

Keep Memory bus busy, run |1,659/16=729 iterations at once.

14 Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

17 Parallelism
4z Concurrency

BUILDING A BETTER CONNECTED WORLD Ascend & MindSpore 15 frww.hiascend com

www.mindspore.cn



http://www.hiascend.com/
http://www.mindspore.cn/

AX+Y fE{g2E

Memory B/W(GB/sec)
DRAM Latency(ns)
Peak bytes per latency
Memory Efficiency
Threads required
Threads available

Thread Ration

=X 7!

AMD Rome 7742

204
122
24,888
0.064%
1,556
2048

|.3X
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Intel Xeon 8280

143

89

12,727

0.13%

729

896

|.2X

1555

404

628,220

0.0025%

39,264

221,184

5.6X
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AMD Rome 7742 Intel Xeon 8280

>

Threads required 1,556 729 39,264
Threads available 2048 896 221,184
Thread Ration [.3X [.2X 5.6X
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GPU Cache
=il
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GPU &=+l

NVIDIA Ampere A100

T v t; | ’-
[ smo [ :
? regs [B| regs regs regs |
| (256k) [ (256k) @56k) || (256K &

| L1$ L1$ L1$ L1$ =
(192k) ; (192k) (192k) (192k) S

* 108 Streaming Multiprocessors(SMs)

256kB Register File per SM(27MB Total)

|92kB L1 Cache & Shared Mem Per SM(20MB Total)

40MB L2 Cache Shared across all SMs
: T T ! | ,
T Caches 5%
II »  80GB High Bandwidth Memory
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GPU &=+l

B/W Latency NVIDIA Ampere A100
EI Off-Chip
| ‘ B/W  Latency
| 3x | x -
i 0.02x  25x
3x Sx L2 Cache (40MB) PCle

TR
-
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GPU &=+l

B/W Latency NVIDIA Ampere A100

| 3x | x

3x 5x

| x | 5x HBM Memory(80GB) I
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Data
Location

LI Cache

L2 Cache

HBM

NVLink

PCle

Bandwidth
(GB/sec)

19,400

4,000

1,555

300

25

Compute
Intensity

39

100

520

6240
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GPU &=+l

B/W lLatency NVIDIA Ampere A100
Data Latency Threads
Location (ns) Required
| 3x | x

Ll Cache 27 32,738

3Ix 5x L2 Cache 150 37,500

HBM 404 39,264

NVLink 700 13,125
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GPU Thread
ZiE[RIE
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GPU =t/

NVIDIA Ampere A100
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GPU runs threads in groups of 32 — each group is known as a warp
24 Huawei Confidential. Ascend & MindSpore
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Scheduler || Scheduler

Registers 1 Registers
(16k x 4) (16k x 4)

A100 Streaming Multiprocessor (SM)

|

Functional Functional Functional Functional

Units Units Units , Units

Shared Memory / L1 Cache (192k)

Scheduler Scheduler

Registers Registers [
(16kx4) || (16kx4) |

64 warps/SM

4x concurrent warp exec

64k 4-byte registers

|92KB L1/shared memory
(configurable split)
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GPU SMs Z&igtaft

Total Threads

Total Warps

Active Warps

Waiting Warps

Active Threads

Waiting Threads
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Pre SM

2048

64

60

128

1,920

A100

221,184

6,912

432

6,480

13,824

207,360

A100 Streaming Multiprocessor (SM)

Scheduler Scheduler m Scheduler

warp

Registers
(16k x 4)

Registers
(16k x 4)

Registers Registers
(16k x 4) (16k x 4)

Functional
Units

Functional
Units

Functional
Units

Functional
Units

Shared Memory / L1 Cache (192k)

64 warps/SM

4x concurrent warp exec

64k 4-byte registers

|92KB L1/shared memory
(configurable split)
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Reference

e https://www.techtarget.com/searchvirtualdesktop/definition/GPU-graphics-processing-unit

e https://www.techtarget.com/searchvirtualdesktop/definition/GPU-graphics-processing-
unit#:~:text=GPUs%20work%20by%20using%20a,%2C%20hish%2Dquality%20graphics%20rendering.
e https://computer.howstuffworks.com/graphics-card.htm

e https://www.cs.cmu.edu/afs/cs/academic/class/ 1 5462-fl | /'www/lec slides/lec|9.pdf

e https://www.intel.com/content/www/us/en/products/docs/processors/what-is-a-gpu.html

e https://www.investopedia.com/terms/g/graphics-processing-unit-gpu.asp
e https://www.youtube.com/watch?v=0 TN845dxUU
e https://www.youtube.com/watch?v=nEMzlwzm|T8

e https://www.heavy.ai/technical-glossary/cpu-vs-gpu

e https://www.youtube.com/watch?v=311000DY]Xg
e https://www.youtube.com/watch?v=658n Ym8dkk
e https://www.youtube.com/watch?v=5BiAlaFGCoE

e https://www.youtube.com/watch?v=bZdxcHEM-uc
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