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A new player In the (CPU) game

SANVIDIA. intel

(1] 2]

Grace CPU Superchip (GCS) Sapphire Rapids (SPR)

frequency 3.4 GHz 2.0 - 3.8 GHz
(base/max)

3.82 Tflop/s 3.49 Tflop/s

250 W 350w
Power efficiency 15.28 GFLOPS/W 9.97 GFLOPS/W

MERC I [EX 467 GBJs 273 GB/s
(meas.)

How do the cores actually perform?

Double-precision
peak (meas.)

Genoa
96

2.55 -3.7 GHz

5.1 Tflop/s

400 W
12.75 GFLOPS/W

375 GB/s
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Building an in-core performance model

Peak Application Performance

e e

Performance [GFlop/s]

Computational Intensity [Flop/B]
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Building an in-core performance model

= port model

= abstraction
of superscalar
and Oo0 abilities

= ASM

benchmarks

= gather
performance
for each instr

PO

Branch 0

P1

Branch 1

P2

Int Single-Cycle ALU 0

P3

Int Single-Cycle ALU 1

P4

Int Single-Cycle ALU 2

P5

Int Single-Cycle ALU 3

P6

Int Multi-Cycle ALU O | Mul | Divide

P7

Int Multi-Cycle ALU 1 | Mul | Divide

Fetch
v
Issue

P8

SIMD/FP ALU 0 | FP Divide | FP Sqrt

P9

SIMD/FP ALU 1

P10

SIMD/FP ALU 2 | FP Divide | FP Sqrt

P11

SIMD/FP ALU 3

P12

Load 0 | AGU

| Decode, Rename, Dispatch

P13

Load 1 | AGU

P14

Load 2

P15

Store 0

| A

P16

Store 1

hNORDER|f__

OUT OF ORDER

#define INSTR fmla
#define NINST 6
#define N x0

.arch armv8.2-a+sve

.text

mov x4, N

ptrue po.d

fcpy z0.d, p@/m, #1.000

loop:
subs x4, x4, #1
INSTR z1.d, po/m,
INSTR z2.d, po/m,
INSTR z3.d, po/m,
INSTR z4.d, po/m,
INSTR z5.d, p@/m,
INSTR z6.d, pO/m,
bne loop

done:
ret

z0.
z0.
z0.
z0.

z0.

000000

z0.
z0.
z0.
z0.

z0.

000000

Performance [GFlop/s]

Performance model

= throughput

= latency & dependencies
= port occupation

Osll|acA

Peak Application Performance

—pr—mmmmmmmm—m——m e

Computational Intensity [Flop/B]
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Building an in-core performance model

= 2D Gauss-Seidel method

for (int i=1; i<NI-1; ++i)
for (int k=1; k<NK-1; ++k)
phi[i][k] = 0.25 * (

phi[i][k-1] + phi[i+1][k] +
phi[i][k+1] + phi[i-1][k]
);
1 ..B1.72: .
2 vmovsd 8(%r10,%r11), %xmm2 1: label
3 1incq %rdx .
4 vmovsd  16(%r10,%r11), %xmm5 17:]b
5 vaddsd 16(%r10,%rsi), %xmm2, %xmm3 1 4: vmovsd 6: vaddsd
6 vaggsg 24(1 °/or19,°/ors)i , %xXmm5, %xmm7 v S
7 vadds 8(%r10,%r13), %xmm3, %xmm4 s N .
8 vaddsd %xmm1, %xmmé4, %xmmT ol 77 16:¢mpq
9 vmulsd %xmm@, %xmm1, %xmmé Osl aca
10 vmovsd %xmm6, 8(%r10,%rsi) 5 2 2
11 vaddsd %xmm7, %xmmé6, %xmm8 I 2: vmovsd 5: vaddsd 7: vaddsd I—
12 vaddsd 16(%r10,%r13), %xmm8, %xmm9 _'I 13 sd Ii’l 14, r I
13  vmulsd %xmm@, %xmm9, %xmm1 5 5 2 li, mis _vmovs
14 vmovsd %xmm1, 16(%r10,%rsi) —D@— 10: vmovsd
15 addq $16, %r1e
16 cmpq %r15, %rdx 4
17 b ..B1.72 v 1
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In-core properties

#ports 17 12 13 Instruction throughput (higher is better)

=
(o))

SIMD-width 16 B 64 B 32B

H
N

INT units 6 5 4

=
N

FP/vector

: 4 3 4
units

=
o

Instruction latency (lower is better)

I 0 il

double-precision elements per cycle
(0]

14
12 5
10
3 8 4
2
o 6
4
2
il il -
0 VEC VEC VEC VEC VEC VECFP add mul fma FP div

div
] ) _ m Grace CPU Superchip ®Sapphire Rapids ®mGenoa
m Grace CPU Superchip mSapphire Rapids mGenoa
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Model validation

= microbenchmarks
Kcopy a[] = b[] h o Gacobi 2D-5pt +

S | add al] = b[] + cl] =
2 | update a[] =s * al ] S | Jacobi 3D-7pt
5 | store al[] = s = °
| sumreduction s = s + al] 9 | Jacobi 3D-r3-11pt .-ﬁio—.
“ | DAXPY a[] = a[] + s * b[] a
Q| STREAM Triad a[] = b[] + s * c[] S | Jacobi 3D-27pt

Schonauer Triad a[] = b[] + c¢[] * d N

S [] [] []j L
. N I

a | Gauss-Seidel aljlli] = s * (
= al[j+11[i] +
2 ali1li-1] + a[j1[i+1] +
> a[j-1][1i]
o
= )
Ll
< ;
—I | m by integration fo ——dx y
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Model validation

> 2x faster
than prediction
over-prediction under-prediction
| — > >
LLVM-MCA OSACA
160 | | []
m GCs s [ GCs
W SPR ‘@J W SPR Osl ||ACA

140 1 mmm Genoa 7 == Genoa

120
£
o)
@ 100
[oX
£
3 80
©
(V]
S 60
8

40

20

0 ——
< -1.0 -0.5 -0.0 0.5 1.0 < -1.0 -0.5 -0.0 0.5 1.0
relative prediction error relative prediction error
((measured - pred.)/measured) ((measured - pred.)/measured)
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Model validation

> 2x faster
than prediction
over-prediction under-prediction
[ — > >
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CPU clock frequencies

= SIMD-heavy code is power-intensive and hot
— downclocking when using multiple cores
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Write-allocate evasion

+ non-temporal hint

T o
g e -

1010
1010 STORE TO MEM

1010
bbbbbbAS bbbbbAMS 1010
= = 2 NT-STORE
Cache FMISS = TO MEM
peeReone 1010 pevReee?
IDID
WRITE-ALLOCATE STORE TO MEM
Main memory ﬁ DU 5 ﬁ DDUD 5
Reported traffic: 1 CL Reported traffic: 1 CL
Actual traffic: 2 CL (1 LD+1 ST) Actual traffic: 1 CL
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Write-allocate evasion

= Store-only benchmark : al[] = s

= if every STORE triggers WA - 2
= if no STORE triggers WA > 1

ccNUMA domains

22 ¢

> | : - . :
1.8 _\/\/_\/~|
| \ Specl2M

3} [
= I
"'CE .
= 1 1
yo] 1 [
Q
= [ | |
8 1.6 | 1 I 1
o | [ [ [
— I I I
o 14 B I I I
= - I I I
T 1.2 | ! ! !
= i I I I
O | ettt | eCcoecccse r ooooooooooo r ooooooooooo |
E 1 e @88 | I I [EEIIIAIaine ¢ ¢ 0 000600000000 For more see
— 3 1 1 1 1 10.1109/IPDPS57955.
0.8 1 1 1 1 2024.00038
0O 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96
#cores
=—=grace =——=Spr -ccc-- spr-nt =—genoa -cc°-- genoa-nt
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https://doi.org/10.1109/IPDPS57955.2024.00038
https://doi.org/10.1109/IPDPS57955.2024.00038

Summary & Outlook

* In-depth comparison between NVIDIA Grace CPU Superchip, Intel
Sapphire Rapids, and AMD Genoa

= Accurate in-core performance models
- superior over other static code analyzer performance models, e.g., LLVM-MCA

= Analysis of the sustained clock frequency for SIMD-heavy codes

= Analysis of write-allocate evasion

= Future work

= Extend work to a node-level performance model (Execution-Cache-Memory
model)

= Investigate server capabilities/peculiarities in real-life applications

SC24 | PMBS24 | Jan Laukemann | jan.laukemann@fau.de 18 November 2024 13
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Backup — Memory Bandwidth
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Model validation
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