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QUDA Performance Equivalence
Single GPU Server vs Multiple CPU-Only Servers

[0
}
oo

~J
N

|

O~
P~

|

I

|

1
i

| ‘

I

I

J’
| I

N
~
\

Il

|

I ‘ |

O

T O

I
|
I T

(R

o o|lojlo|lo| O
— d —

ol ]:

2XP100 4XP100 8XP100
1 Server with P100
(12 GB) GPUs

1 Server with P100
(16 GB) GPUs

QUDA
A library for Lattice Quantum Chromo
Dynamics on GPUs

VERSION
2017

ACCELERATED FEATURES
All

SCALABILITY
Multi-GPU and Multi-Node

MORE INFORMATION
www.nvidia.com/quda

Trace-off MG median R (upper) and PyQCU wins (lower)
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Group median time ratio with min-max range

AR HUE mass=0.050, block=2x2x2x2, nvec=12
S QUDA 1.1.0, PyQCU Strict CUDA/C++ |

B 5% B Tesla V100-SXM2-32GB; % Tesla P100-PCIE-16GB WL | |
% 05 83 x 16, 164, 16 x 32 x 32 x 48, 16 x 16 x 32 x 32 g m\ PYQCU'—%‘QUDAH(]%‘“:I:
*Eéig (364, Cl 28 P100 c64 BICGSTAB on 0.237x E ‘—\-’ )

trace on, off V100 c128 BICGSTAB on -JH0.240x E 2. %lﬁ EEEE

K it BiCGStab % . MG-2. MG-3 i a. BTTINRE SR FFE—Ri A
phase 1 cold, 2 warmup, 5 steady G R E

Gl steady median; warmup A3EAPERESTTT V100 €128 BICGSTAB off i-0-256x i

R TE R mass 0.050, kappa 0.1234567901234568, block 2 x 2 x 2 x 2, nvec 12 R —_—

vefs R EE SRR trace n PyQOCU wifii s QUDA shfi s R rhfsy O oo

P100 c128 BICGSTAB off 3 3.896 0.874 (0.2284 ' rotteend ’

P100 c¢128 BICGSTAB on 3 3.767 0.899  0.2400 P00 64 MG-3 on

P100 c128 MG-2 off 3 6.410 6.634  1.2502 N

P100 cl28 MG-2 on 3 K.686 7.052 1.0420

P100 c128 MG-3 off 3 4.688 5.185 1.1517 e

P100 c¢128 MG-3 on 3 8.364 5.713  0.8843 PSR

P100 c64 BICGSTAB off 2 1.178 0.405 0.3416 P10 €126 MG-3 of

P100 c64 BICGSTAB on 2 1.694 0.403 0.2368 00 c1o8 M o

P100 c64 MG-2 off 2 1.055 1.995 1.7773

P100 ¢64  MG-2 on 2 2.450 2166 0.9341 07

P100 c¢64 MG-3 off 2 1.073 2.057  1.7944 V100 €128 MG-2 on

P100 c¢64 MG-3 on 2 2.894 2.263  0.8282 N—

V100 c¢128 BICGSTAB off 3 0.552 0.146  0.2580 e

V100 ¢128 BICGSTAB on 3 0.650 0.146  0.2397

V100 c¢128 MG-2 off 3 0.721 1.461  2.0269 o0 costic2off

V100 c¢128 MG-2 on 3 1.085 1.575 1.4515 PL00 c64 MG-3 ff

V100 c128 MG-3 off 3 0.436 1.525 3.2174 00 128 MG

V100 c128 MG-3 on 3 1.173 1.621 1.3822

V100 ¢64 BICGSTAB off 3 0.242 0.068 0.2818 ARt

V100 c64 BICGSTAB on 3 0.250 0.084 0.3213 WS )

V100 c64 MG-2 off 3 0.204 0.524 2.5717 OB AN of

V100 c64 MG-2 on 3 0.383 0.644  1.6785

V100 c¢64 MG-3 off 3 0.151 0.715 4.7366

V100 c64 MG-3 on 3 0.528 0.921  1.7444

R = QUDA / PyQCU steady median



V100 absolute BiCGStab steady times
mass=0.050, block=2x2x2x2, nvec=12

cl2B 16x16x16x16 off
R=0.258x

cl2B 16x16x16x16 on
R=0.224x

cl28 16x16x32x32 off
R=0.246x

cl28 16x16x32x32 on
R=0.240x

cl2B BxBxBx16 off
R=0.357x

cl28 BxBxBx16 on
R=0.300x

c64 16x16x16x16 off
R=0.282x

c64 16x16x16x16 on
R=0.321x

c64 16x32x32x48 off
R=0.235x

cB64 16x32x32x48 aon
R=0.177x

c64 BxBxBx16 off
R=0.329x

Cc64 BxBxBx16 on
R=0.410x

0.142

0.146

0.350

0.353

0.409
0.146

0.409
0.123

0.242
0.068

0.250
0.080

0.397

0.390

0.205
0.067

0.204
0.084

0.552

0.650

1.42

1.47

1.68

0.0

0.5

1.0 1.5
steady solve time (s)

V100 absolute MG-2 steady times

mass=0.050, block=2x2x2x2, nvec=12

2.0

2.5

cl2B 16x16x16x16 off
R=2.027x

cl2B 16x16x16x16 on
R=1.451x

cl28 16x16x32x32 off
R=0.540x

cl28 16x16x32x32 on
R=1.012x

cl2B BxBxBx16 off
R=7.559x

cl2B BxBxBx16 on
R=4.972x

c64 16x16x16x16 off
R=2.572x

c64 16x16x16x16 an
R=1.679x

c64 16x32x32x48 off
R=1.400x

cB64 16x32x32x48 on
R=1.039x

0.721

1.09

0.159
1.20

0.240
1.19

0.204
0.524

0.383
0.644

C64 BxBxBx16 off 0.046

R=7.116x

c64 8xB8x8Bx16 on
R=3.640x

0.329

0.114
0.413

4.04

4.11
4.16

. PyQCU
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7.48
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2.78

2 4 6
steady solve time (s)

V100 absolute MG-3 steady times

mass=0.050, block=2x2x2x2, nvec=12

cl2B8 16x16x16x16 off
R=3.217x

cl28 16x16x16x16 on
R=1.382x

cl28 16x16x32x32 off
R=1.845x

cl2B 16x16x32x32 on
R=0.997x

cl2B BxBxBx16 off
R=14.634x

c1l28 BxBxBx16 on
R=4.299x

c64 16x16x16x16 off
R=4.737x

cb64 16x16x16x16 an
R=1.744x

c64 16x32x32x48 off
R=2.028x

c64 16x32x32x48 on
R=1.260x

c64 8x8x8x16 off
R=8.139x

c64 8xBx8x16 on
R=4.188x

0.436

0.104

0.295

0.151

1.40

1.17
1.62

1.64

1.53

1.27

0.715

0.528

0.060
0.489

0.137
0.575

0.921

0.809
1.64

1.44
1.82

3.03

3.09
3.08

0.0

0.5

N PyQCU

1.0 1.5 2.0 2:5
steady solve time (s)

EEE QUDA

3.0

3.5

4.0

cl2B 16x16x16x16 aoff
R=0.224x

cl2B 16x16x16x16 on
R=0.239x

cl2B 16x16x32x32 off
R=0.433x

€128 16x16x32x32 on
R=0.438x

cl2B8 BxB8xBx16 off
R=0.228x

Cl128 BxBxBx16 on
R=0.240x

c64 16x16x16x16 off
R=0.443x

c64 16x16x16x16 on
R=0.240x

cb64 BxBx8x16 off
R=0.240x

c64 8x8x8x16 an
R=0.233x

cl2B 16x16x16x16 off
R=1.035x

cl2B 16x16x16x16 on
R=0.812x

cl2B 16x16x32x32 off
R=1.273x

cl28 16x16x32x32 an
R=1.042x

cl2B BxBx8x16 off
R=1.250x

€128 8x8x8x16 on
R=1.172x

c64 16x16x16x16 aoff
R=2.124x

c64 16x16x16x16 on
R=0.853x

c64 8xBx8x16 off
R=1.430x

c64 BxBx8x16 an
R=1.015x

cl2B 16x16x16x16 off
R=1.106x

cl28 16x16x16x16 on
R=0.683x

cl2B 16x16x32x32 off
R=1.444x

cl28 16x16x32x32 an
R=0.884x

cl2B BxB8x8x16 off
R=1.152x

Cc1l28 8x8x8x16 an
R=0.918x

c64 16x16x16x16 off
R=2.313x

c64 16x16x16x16 an
R=0.746x

c64 BxBx8x16 off
R=1.276x

c64 8x8xBx16 an
R=0.911x

P100 absolute BiCGStab steady times
mass=0.050, block=2x2x2x2, nvec=12

3.90
0.874
3.77
0.899
7.61
3.30
7.6T
3.33
2.92
0.667
P
0.701
1.20
0.532
2.21
0.532
1.15
0.277
1.18
0.274
T T T
2 4 8 1.0
steady solve time (s)
P100 absolute MG-2 steady times
mass=0.050, block=2x2x2x2, nvec=12
6.41
6.63
8.69
7.05
22.9
22.3
23.2
4.50
5.63
4.92
5.76
1.40
2.98
3.96
3.38
0.708
1.01
0.944
0.958
L | | 1 T T
5 10 15 20 25 30
steady solve time (s)
P100 absolute MG-3 steady times
mass=0.050, block=2x2x2x2, nvec=12
4.69
5.18
B.36
LA
10.3
14.9
17.5
15.5
3.60
4.15
4.85
4.45
1.33
3.07
4.51
3.36
0.819
1.05
1.28
1.17
| 1 1 |
5 10 15 20
steady solve time (s)
Emm PyQCU N QUDA



Per-level absolute stage times; /coarsest is the last active level and level totals are nested.

V100 c128 16x16x16x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

PLO 6.93
PL1
P L2/coarsest
QLo 5.97
Q L1/coarsest
r T T T T T 1 T
0 1. 2 3 4 5 6 7

nested stage time (s)

V100 c128 8x8x8x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

PLO

PL1

P L2/coarsest

QLo

Q Ll/coarsest

T T T T

PLO

PL1

P L2/coarsest

QLo

Q Ll/coarsest

0 d 2 3 4 5
nested stage time (s)
V100 c64 16x32x32x48 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12
B.84
nested stage time (s)
BN pre BN post WM restrict

V100 c128 16x16x32x32 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

P LD

133

PLY

P L2/coarsest

QLo

Q L1/coarsest

15 T T T

0.0 .3 5.0 7.3 10.0 123 15.0 173

nested stage time (s)

V100 c64 16x16x16x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

20.0

P LD

PL1

P L2/coarsest

QLo

Q L1/coarsest

0.0 0.5 1.0 1.3 2.0 23 3.0

nested stage time (s)

V100 c64 8xB8x8x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

3.5

P LD

PL1

P L2/coarsest

QLo

Q L1/coarsest

0.0 0.5 1.0 1.3 2.0

nested stage time (s)

I prolong WM coarse other

Per-level absolute stage times; /coarsest is the last active level and level totals are nested.

P100 c128 16x16x16x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

P LD

25.3

Pl

P L2/coarsest

QLo

Q L1/coarsest

54.6

0 10 20 30 40

nested stage time (s)

P100 c128 8x8x8x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

50

PLO

Ll

P L2/coarsast

QLo

Q L1/coarsest

PLO

PLL

P L2/coarsast

QLo

Q Ll/coarsest

0 5 10 15 20 25 30

nested stage time (s)
P100 c64 8x8x8x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

7.76

0 1 2 3 4 5 6 7 8
nested stage time (s)

EEN pre N post WM restrict

LR

I prolong

13

P100 c128 16x16x32x32 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12

PLOD 110.

PL1 66.3

P L2/coarsest

QLo

Q L1/coarsest

100

0 20 40 60 80
nested stage time (s)
P100 c64 16x16x16x16 MG-3 trace-on
mass=0.050, block=2x2x2x2, nvec=12
P LD 29.8
PL1
P L2/coarsest
QLo
Q L1/coarsest
15 20 25 30

nested stage time (s)
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relative residual

Steady finest-level residual curves

mass=0.050, block=2x2x2x2, nvec=12
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P100 peak memory; mass=0.050, block=2x2x2x2, nvec=12
lattice set: P100={8x8x8x16,16x16x16x16,16x16x32x32(c128)}, V100={8x8x8x16,16x16x16x16,16x16x32x32,16x32x32x48(c64)}
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V100 peak memory; mass=0.050, block=2x2x2x2, nvec=12
lattice set: P100={8x8x8x16,16x16x16x16,16x16x32x32(c128)}, V100={8x8x8x16,16x16x16x16,16x16x32x32,16x32x32x48(c64)}
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o P b8 KkHW-ASCEND-910C-64GB F QCUIClover-BiCGStabiyE 2K, FEIA 3
Clover-MultiGridd)#e 2=, i) &R E /0 8291/3(14 HTileLang{iAt)
o #-KZYik128-1024FEDCU-BWI1000-64GB F QCURRZ MUY M r#, "ILQCU
1 R B Syl 4 etk
devl7-log-np8-dslash-x devl8-log-np8-bistabcg-xyz
0.045 - ® & El ) ® 5.4 ggsa | Ez vsoee o,
- Dslash @ GPU ° BiCGStab @ GPU.......
200354 ¢ xxx. xx,,c);%xx o B & 5.0 7 P :
™ i e RS | Fas — ) —— ;
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PyQCU: Mass 40.05, tol(x_o)Ale-12, B

4 hcomplex128, BLOCK_SIZE_=256, {diH"
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BiCGStab @ NPU

500

0 100 200 300 400
Iteration*2(record two r norm between x changes in one iteration)
[ ] L]
MultiGrid @ NPU
0 20 40 60 80 100 120 140

Iteration*2(record two r_norm between x changes in one iteration)

A, {#HWilson 5 Clovers 1, iK% T-HDCUYL

Z:128.T:256 ) ( H4A%di 2 https://gitee.com/zhangxin8069/PyQCU/tree/test9 )

#*1

HEMEA, Hr

T (X:128, Y:128,

g

ST

Jriik

WilsonBistab

FBOFHS R WilsonBistab Cgle%#%2: WilsonBistab

&

CgizfR®r By FEh

Cgktit}/s

WilsonBistab
CgiaRi%xR
FERT /ms

CloverBistab

WilsonBistab CloverBistab Cghx2%#2?% CloverBistab

Cghntt

CoifRBr By FJi

Cgftit}/s

CloverBistab
CglAREAR
#E} /ms

CloverBistab
CghnELt

(x_e) (x_e)
1 128 2, 4, 4, 4 4194304 162 1.36466F-23 9.078154613 56.03799144 1.000 170 6.14E-23 28.5984921 R 1.000
2 256 4, 4, 4, 4 2097152 156 9.40601E-23 6953258005 445721667 1.257 159 6.36E-23 16.31604647 102.6166444 1.639
3 12 4, 4, 4, 8 1048576 157 217205523 5.462116936 34.79055373 1.611 157 5.33213E-23 0.582966548 61.03800349 2.756
4 1024 4, 4, 8, 8 524288 157 1.14308E-23 3.979191492 25.34516874 2.211 149 3.79539E-23 5.88710933 39.51080087 4.258
AR 5 R 64GB64F+50%%2=-4096 GB
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o JEMNVET-S5RAENHBIT 52 (Wilson-Dslash Clover-Dslash Wilson—-CG Wilson-BiCGStab)
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. 508[SUGON_DCU-64GB*1024](20254-8 H) :

o FERRIEZIHE—P BT 5 TE M (Clover-CG Clover-BiCGStab)

o BT RNGASRIT ST AU, smih Mk Smth itk R A, SEPEFRCEE RS AR
« ZHIYUAN[ASCEND NPU-64GB#*8](20264£4H):

o  MultiGrid>R#eg8 Fik 2P 5k (Fquantum-mg 17 R)

o BHEISUERRYD, FFEEFAHEFCUDAA: A 3E 18 L (TileLang22ix)
X99[NVIDIA_V100-32GB*1+NVIDIA_P100-16GB*2](20264£9 H) :

o  MultiGrid>Ri# s i1 5317923 (Wilson-MultiGrid Clover-MultiGrid) Giquda’iZR)

o BTG EBIT SIMTRREAFE Y, HAy—dr=hbrE, BT 53T, B Multi Grid =K fi# 25 i) i i
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