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Assignment 6 — Task 1

. FpP
Performance: Py, = Ncore * Msuper * NEma * Nsivp * |

AN A A

Super- FMA SIMD Clock

#Cores scalarity factor factor Speed

= Float

inst

i PCPU _ (2 64—) 1 .2 FMA TFlop

FMA
TFlop

inst Flo
o 4 F

FMA ins

TFlop

* Pgpy = (168 - 4) - 16~ .1.5GHz = 32.3

* Prhoge = 4 - Pgpy = 129.0

PFlop

* Peuster = 192+ Ppoge = 24.8
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Assignment 6 — Task 1

. FpP
Performance: Py, = Ncore * Msuper * NEma * Nsivp * |

AN A A

Super- FMA SIMD Clock

#Cores scalarity factor factor Speed

= Double

inst

i PCPU _ (2 64—) 1 - .2 FMA TFlop

FMA
TFlop

inst Flo
=P 1
FMA
TFlop
S

* Pgpy = (168 -4) - 1 ‘1.5GHz = 2.0

* Phoge = 4 - Pgpy = 8.1

PFlop

* Popyster = 192 - Ppoge = 1.5
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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
= Assume compute boundness in the computational part

= Assume no overlap between
= Host-device data transfers
= Device-host data transfers
= Computation
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Assignment 6 — Task 2

= Float
NFiops _ 2-40963Flop
- TCPU — p - TFlop = 14.0 ms
CPU 9.8
NFiops _ 2-40963Flop
* Tepy =7 = TFLop = L1ms
GPU 129.0
V  3-4096% 4B
= TPC18=E= 2‘3206_3 - 31mS
s

. TTotal = TGPU + TPCIe = 1.1 + 3.1ms

.S =-CPU _ 33

Trotal

= 4.2 ms
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Assignment 6 — Task 2

= Double

Nriops 2 -40963Flop
u TCPU = = TFlop == 280 ms
Pcpu 4.9

S

Nriops 2 -40963Flop
* Tepy = = TFop = 17.0ms
Pcpu 8.1

V  3-4096%-8B
* Trcre =5 = cg = 6.3ms
B 2-32.0

TTotal — TGPU + TPCIe = 170 + 63 ms = 233 ms

.S =P — 12

Trotal
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Assignment 6 — Task 3

= Little’s Law #Bytes in flight
N

L=—eoN=L-b,
bs

N~

Latency Bandwidth
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Assignment 6 — Task 3

= Kernel code

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

[ + * ] += Af + * 1 * B[ 15
} —
Two DRAM loads and
one DRAM store
(assuming B fits into L2)
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Assignment 6 — Task 3

Little’s Law
L= N=L-b,

bs

Lcycles
F

" Lseconds —

bete = Ntnreads * Vinreaad

Minimum number of threads
required to saturate the

* Npyre = 900.0%8 .8 _ 400 kB DRAM b?ndWIdth, aptual
s 1o GHz number is usually higher
|4 480 KB
* Nthreaa = 3B = B = 40000
thread thread
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Assignment 6 — Task 3

= Kernel code

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

Threads with same tidy can
share data in L1
-> blocks with large x-extent
reduce L2 cache traffic

)
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Assignment 6 — Task 4

= Kernel code fora[i] = a[i] * 2.0

void kernel(double* 2, int ) {
int = + * ;
int = * 5
for ( ; <= ; += )
a[x] *= 2;
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Assignment 6 — Task 5

= Block size investigation
700
600

» 500

w b
o O
o O

Bandwidth GB

N
o
o

100

16

Block Size

64

/\

43k threads
in total

256 1024
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Assignment 6 — Task 6

= DRAM Bandwidth
700
600

» 500

w b
o O
o O

Bandwidth GB

N
o
o

100

0

~635 of
~700 GB/s

\

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

Block Size
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Assignment 6 — Task 6

= DRAM Bandwidth (with one warm-up iteration, not part of exercise)

2000
1800
1600
1400
1200
1000
800
600
400
200
0

Bandwidth GB/s

~635 of
~700 GB/s

L‘-‘-‘-‘-‘-‘-‘-‘-‘"\/

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

Block Size
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Assignment 6 — Task 6

= PCle Bandwidth ~26 of
30 ~32 GB/s
\V
25

N
(@)

Bandwidth GB/s
> o

(&)

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
Block Size
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