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Assignment 6 — Task 1

. _ FP
Performance: Pchip = Ncore * Nsuper * NFMA *“ NsIMD * f

AV A

Super- FMA SIMD Clock

#Cores scalarity factor factor Speed

= For one Alex node, FP64

= Pcpy = 2 - 64 cores - 2 instruction . FLop Z. - FMA. -2 Ghz = 4096 GFlOp
cycle FMA instruction
i PGPU — 108 SM - 1 instruction . 2FLop 3o FMA FMA 141 Ghz = 9746 GFlop
cycle FMA
TLop

= Pg_ GPU_8 Papu—78
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Assignment 6 — Task 2

= #FLOP for a Double General Precision Matrix Matrix Multiplication
(DGEMM) for matrices with dimensions MK x KN = MN

= Nfiops = 2 - MNK

= Assuming compute boundness

Nfpiops = 2MNK 2-20483
Pcpu Pcpu 4096 GFlop/s

= 4194 us

NFiops _ 2MNK _ 2-20483 — 220 us
Pg_gpu  Pg—gpu  78TFlop/s

" T8—GPU —
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Assignment 6 — Task 2

= Assuming compute boundness

Nfpiops  2MNK 2:20483
" TCPU = = =
Pcpu Pcpu 4096 GFlOp/S

= 4194 us

NFiops _ 2MNK _ 2:20483 — 220 us
Pg_gpu Pg—gpu  78TFlop/s

= Tg_gpu =

= Transfer times
= Two shared PCle links per node, each with 25GB/s per direction
= Host-to-device: 2 input matrices, device-to-host: one result matrix
3-Vmatrix _ 3-M?-8B _ 3-2048%-8B

=T = = = = 2013 us
pcle 2:Bpcre 2:Bpcre 2-25% H
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Assignment 6 — Task 2

= Putting it together

Nriops _ 2MNK _ 2:20483

= T, = = = = 4194 us

CPU Pcpu Pcpu 4096 GFlOp/S M
NFiops 2MNK 2:20483

8=GPU ™ pg_Gpy = Pg_gpu  78TFlop/s K

= T — 3 Vmatrix _ 3-M%-8B _ 3:20482-8B — 2013 us
Pcle 2:Bpcle 2:Bpcie 2-25%

T 4194 us
- S = CPU___ — = =1.88

a Tg—grputTpcle 220 us +2013 us
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Assignment 6 — Task 3

= For one Frontier node, FP64

i PCPU — 64 cores - 2 instruction .2 FLop 4 FMA. .2 Chz = 2048 GFlop
cycle FMA instruction
i PGPU — 110 CU - 1 instruction . 2FLop 64% 1.7 Ghz = 24 TFlop
cycle FMA

= Pg_gpy = =8 Pepy = 192 TFlOp
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Assignment 6 — Task 4

= DGEMM on Frontier

Npiops _ 2MNK _ 2-20483

= T = = = = 8389 us
CPU Pcpu Pcpu 2048 GFlop/s #
NFiops 2MNK 2:20483
* Te—gru =3 ~ P ~ 192 TFI =89.5us
8—GPU s—GpUu 19 op/s
_ 3Vmatrix _ 3-M?8B _ 3-2048%-.8B _
* Trink = = = cg— = 350 us

8'Blink 8'Blink 8:36—~

= Speed-up CPU vs GPU

. S — Tcpu — 8389 us
Ts—gru+tTLink 89.5 us +350 us
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Assignment 6 — Task 4

= Speed-up Alex vs Frontier

TErontier 440 us
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Assignment 6 — Task 5

= Little’s Law #Bytes in flight
N V
L=—o N=L-b
s N

Latency Bandwidth
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Assignment 6 — Task 5

= Kernel code (slightly modified)

void kernel(double* A, double* B, double* C, int

int = + * ;
int = + * ;
if (x >= || v >= ) return;

[x +y * size] += Alx + y * size] * B[y];

Two DRAM loads and
one DRAM store
(assuming B fits into L2)

)
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Assignment 6 — Task 5

= Little’s Law
s L=-—oN=L-b

bs

. L _ Lcycles
seconds — F

8 betes = Ntnreads * Vinread
= Vthread - 3 8B =24 B

= Put together

GB
670 cycles 2039—

Minimum number of
threads required to saturate
the DRAM bandwidth,
actual number is higher

* Nthreads = 4icHr 2P = 40370 threads

thread
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Assignment 6 — Task 5

= Kernel code (slightly modified)

void kernel(double* A, double* B, double* C, int ) {
int = + * ;
int = + * ;
if (x »>= || v »>= ) return;

—
} Threads with same y can
share data in L1
-> blocks with large x extent
reduce L2 cache traffic
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Assignment 6 — Task 6

= Kernel code for a[i]

a[i] + 1.0

void kernel(double* 2, int

int =

int =

for ( ; <= ;
a[x] += 1;

) 1
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Assignment 6 — Task 6

= Block size investigation
1400
1200
1000
800
600

400

Bandwidth in GB/s

200

0

16

32
Block Size

64

128

256

512 1024
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Assignment 6 — Task 6

= DRAM Bandwidth

2500
2000
1500

1000

Bandwidth in GB/s

500
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1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,E+09
Number of Elements
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Assignment 6 — Task 6

= PCle Bandwidth

30

N
(62

N
o

10

Bandwidth in GB/s
|_\
(@)

5

0
1,E+00 1,E+01 1,E+02 1,E+03 1,E+04 1,E+05 1,E+06 1,E+07 1,E+08 1,E+09
Number of Elements
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