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1. Al At A

L
1-1. 02 S AL == A2bE CPU o SFLtHe=2 &2 427
a. AMD EPYC 7452 32-Core Processor x1
b. AMD EPYC 7702P 64-Core Processor x1
c. Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz x1
d. Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz x2
e. Intel(R) Xeon(R) Gold 6230 CPU @ 2.10GHz x1
f. Intel(R) Xeon(R) Gold 6230 CPU @ 2.10GHz x2
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1. Al M AT 3

Jiol
ro

1-2. b= & At =29 A2 GPU 9 SR =2
a. NVIDIA GeForce RTX 3090 x4
b. NVIDIA GeForce RTX 3090 x2
C. NVIDIA GeForce RTX 3090 x1
d. NVIDIA GeForce RTX 3080 x1
e. Tesla V100-PCIE-32GB x4
f. Tesla V100-PCIE-32GB x1
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c. 64GB

d. 128GB
e. 256GB
f.512GB

- p s

®/4§ THUNDER Research Group .,‘é 03:
! Seoul National University Y
MECHEn dE A7H

V
Y
I



1. Al& A Aml 510

. = | —
- A2 UHE

« ~/submit/HW1/prob1 txt T} AA

. T LR S A

oL O

Jfor

15| 3z A 24 &FA2] Eets LIErd

- Ofefl BE2= A2 (Otef] 0lAl= EEO| OFg!)

kjp4l55@login:~$ cat ~/submit/HW1/probl.txt
abd

kjpdl55@Llogin:~$ I
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2. CPU 2| 4 At d5 Al

« A4 20 &2EE CPUQ| Theoretical Peak FLOPS £ 24517
« 170 O] CPU 71 H2IE[0] QO L, 171 7|Z22 AlLt
« FP32 (32-bit float) 7|F22 AAt
« CPU 1719 2& 2 (core, HAt QU 5)
« CPU clock 2 2.10 GHz 7|222 A4t

AEot BF= ALt

o
o

| CH

1o
b

- AlE LE
e ~/submit/HW1/prob2.txt It 44
- I LHE2 CPUQ| TFLOPS & A3 2zt2|7t2| (O ¥ uhsal)
- Of2ff of|Al= HE0| Of!

kjpUdl55@Llogin:~% cat ~/submit/HW1/prob2.txt
1.12

jp4155@Login:~$ [
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int, long, float, double 2| E}¢]

main.cpp, Makefile, sample input O| /skeleton/HW1 C|&E2|0f

2013,

main.cpp & TODO & 2tdet 74 C

i
make run S T2 ]S HAE | & & A

kjp4l55@login:~$ cp -r /skeleton/HW1l/ ~/
kjpul55@Login:~$ 1s HWl

main.cpp Makefile sample.in
kjpul55@login:~$ cd HwWl

kjpdl55@Login: $ make run
g++ —o hwl main.cpp

./hwl < sample.in
kjpul55@Login: Y |
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kjp4155@Login:~/HW1$ 1s
main.cpp Makefile sample.in
ijHlEE@lngin:~£4ﬂl$ cat sample.in

-1

99

103.625

-202.332

kjp4l55@Llogin:~/HW1$ make run

g++ —o hwl main.cpp

./hwl < sample.in

111111111111111111113111111111111
olelelelelelefelelelofelelelelolelolelelelelelolelelelelolo oo Tele [ofel e e e el lo e [ole el oo efe e e e lole e MR o To N §
01000010110011110100000000000000
11000000011010010100101601061111116111116011101101100100010110100
kjpdl55@Llogin:~/HW1$ 1s

hwl main.cpp Makefile sample.in

kjpu155@Login:~/Hu1$ ||
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3. 20| 0|2l H3

- A&
e ~/submit/HW1/main.cpp 2 T7¢0| 2t2 =l main.cpp & SAt

- Makefile, sample.in S Ct2 OIYU2 2 ¢

kjpdl55@Llogin: $ 1s

hwl main.cpp Makefile sample.in

kjp4l55@Llogin: $ cp main.cpp ~/submit/HW1/main.cpp
kjpdl55@Llogin: $ head ~/submit/HW1/main.cpp

#include <iostream>

void printIntAsBinary(int i)

{
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C|2E2|0f ~/submit/HW1 C|2NE2| AdM

= 3
- 1,2, 3 8 IpAQf E2r0| Mol IS 212 L3t 22 0|22 A=

« prob1.txt
« prob2.txt
* main.cpp

. ClER|Y, IUHo| Hats| Y|SHES

- =, 1s BE0{9 20| Ofelf A3 24kt 20| LetOf e

g
4.
i'g “

y

kjpul55@Llogin:~$ 1s ~/submit/HW1l
main.cpp probl.txt prob2.txt
kjp4l55@login:~$ 1s -1 ~/submit/HW1
total 12

-rw-r——r—-— 1 kjpdl55 user 1492 Apr 19 06:00 main.cpp
-rw-r——r-— 1 kjpdl55 user 4 Apr 19 05:39 probl.txt
-rw-r——r—-— 1 kjpdl55 user S5 Apr 19 ©5:41 prob2.txt
kjp4155@Login:~$ |
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X A= oAl

ZXE A= tHEs

* [0]
* [X]
* [X]
* [X]
© [X]
© [X]
© [X]
© [X]
© [X]
© [X]
© [X]

~/submit/HW1
~/submit/HW 1
~/submit/hwl
~/submit/hw
~/submit/homeworkl
~/submit/assignment
~/submit/Hwl
~/submit/hwl/hwl
~/HW1

~/submt/HW1
~/HW1/HW1
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AFSD
=2 A

= A= oAl

Al
=

[O]
[X]
[X]
[X]
[X]
[X]
[X]
[X]
[X]
[X]
[X]
[X]

X Al IHEE

~/submit/HW1/probl.txt
~/submit/HW1/probl
~/submit/HW1/prob_1.txt
~/submit/HW1/probA.txt
~/submit/HW1/Probl. txt
~/submit/HW1/probl.ans
~/submit/HW1/ans1.txt
~/submit/HW1/porbl.txt
~/submit/HW1/PROB1.txt
~/submit/HW1/1.txt
~/submit/HW1/1.py
~/submit/HW1/A.txt
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kjp4l55@Llogin:~/HW1$ make run

./hwl < sample.in

111131111111331113131333111333111111
clelelelelelelelelelelelelelelele e Tele e eTele e leTe e lele Jele e TeTeleTe e TeTe e e e e e Te e e eTe e e Te e fe T Te e e [ §
01000010110011110100000000000000
1100000001101001010010101001111116111110011101101100100010110100
kjpy155@Llogin:~/HW1$ |

Correct

kjpul55@Login:~/HW1$ make run

g++ —o hwl main.cpp

./hwl < sample.in

Int: 111111111111113111311371111131111111

Long: 0R0OPEOEOOOEEOEELOONENEOEEOEEREOEOLOENELEEEEEAOLEELENELEOE11GEA1L
Float: 01000010110011110100000000000000
Double: 1100000001101001010010101001111116111110011101101100100010110100

Wrong!
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A1 - off &

« H=Z0| & &R=A| 4 Tot= FE 2|E|
e 291 E0|AM check-submit EHH

kjp4155@login:~$% 1s -al submit/HW1/

total 12

drwxr-xr-x 2 kjp4155 user 4096 Apr 20 18:52 .
drwxr-xr-x 3 kjp4155 user 4096 Apr 19 05:00 ..
-rw-r--r-- 1 kjp4155 user 0 Apr 20 18:51 mauwn.cpp
-rw-r--r-- 1 kjp4155 user 5 Apr 20 18:52 prob2.txt
kjp4155@login:~$% check-submit

Username: kjp4155

HW1 probl.txt : X file not found
HW1 prob2.txt : OK
HW1 maln.cpp : X empty file

kjp4155@Llogin:~$ |
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A1 - off &

1-1. 02 S AL = EY A2E CPU o SR T2 22 A2?

f. Intel(R) Xeon(R) Gold 6230 CPU @ 2.10GHz x2

(1p4155@Login:~% srun -N 1

Architecture: x86_64

CPU op-mode(s): 32-bit, 64-bit

Byte Order: Little Endian

Address sizes: 46 bits physical, 48 bits wvirtual
CPU(s5): 20

On-line CPU(s) list: 0-79

Thread(s) per core:
Core(s) per socket:
Socket(s):

NUMA node(s):
Vendor ID:

CPU family:

Model : 85

Model name: Intel{(R) Xeon(R) Gold 6238 CPU @ 2.18GHz
Stepping: 7

CPU MHz : 200.899

CPU max MHz: 3900.0800

CPU m1in MHz: 200.0080

BogoMIPS: 4200 .08

Virtualization: VT-x
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1-2. O3 S ALt B2 A2HE GPU 9| SR} e=E &2 27

a. NVIDIA GeForce RTX 3090 x4

kjp4155@login:~% srun -N 1 nvidia-smi -g | grep Name
Product Name : NVIDIA GeForce
Product Name : NVIDIA GeForce

Product Name : NVIDIA GeForce
Product Name : NVIDIA GeForce
kip4155@login:~%
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kjpd41ss@login:~% srun -N 1 free -h
total used free shared buffscache awvailable
Mem: 251G1 1.6G1 248G1 3.0ML 1.0G1 248G1

Swap : 8.0G1 OB 9.0G1
|'~_:| pd 15-5-[§1_Dg n:~% I
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A1 - sl

2. 25 AH A4 20| 2=l CPU 1702| Theoretical peak FLOPS =
Z e
« Theoretical peak FLOPS = 0|24} 2|0 At H&

(Clock frequency) x (# of cores) x (# instruction / cycle) x (# op / instruction)

Socket

Receptacle onthe
motherboard for one
phy=ically packaged

processor (each of

which can contain
One ar maore cores).

Threads

Cne ar mare
hardware contexts
within a single core.
Each thread has
attribut e of one core;
managed & scheduled
az a single logical
processor by the O,

A complete private
zet of registers,
execution units, and
retirement queues
needed to execute
programs.
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kA1 - o &

2. 25 AH A4 20| 2=l CPU 1702| Theoretical peak FLOPS =
ALkt

« Theoretical peak FLOPS = 0|24} 2|Tff 4t Hs
(Clock frequency) x (# of cores) x (# instruction / cycle) x (# op / instruction)
» Clock frequency = 2.10 Ghz

- # of cores = 20 (Physical core 7<)

» #instruction / cycle =2 (AVX512)

« #op/instruction = 32 (AVX512, FMA AFE = 163 =4 + 163 T4

« =>2.688 ~=2.69 FP32 TFLOPS
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A1 - off &

* Clock frequency = 2.10 Ghz

« # of cores = 20 (Physical core 7H%)

(1p4155@Login:~% srun -N 1

Architecture: x86_64

CPU op-mode(s): 32-bit, 64-bit

Byte Order: Little Endian

Address sizes: 46 bits phvsical. 48 bits wvirtual
CPU(s5): 20

On-line CPU(s) list: 0-79

Thread(s) per core:
Core(s) per socket:
Socket(s):

NUMA node(s):
Vendor ID:

CPU family:

Model: 85

Model name: Intel{(R) Xeon(R) Gold 6238 CPU @ 2.18GHz
Steppung: 7

CPU MHz : 200.899

CPU max MHz: 3900.0800

CPU m1in MHz: 200.0080

BogoMIPS: 4200 .08

Virtualization: VT-x
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kA1 - o &

* #instruction / cycle =2 (AVX512)
« #o0p/instruction = 32 (AVX512, FMA AME = 162| 54 + 162 4

v
T

"Gmle intel xeon gold 6230

X
==
Jo)

2 Al @ Images [ Videos (2 Shopping [E) News i More Tools

About 160,000 results (0.45 seconds)

https://ark.intel.com » content » www > ark » products

Intel Xeon Gold 6230 Processor 27.5M Cache 2.10 GHz ...
CPU Specifications ; Total Cores 20 ; Total Threads 40 ; Max Turbo Frequency 3.90 GHz ;
Processor Base Frequency 2.10 GHz ; Cache 27.5 MB

Instruction Set Extensions 7 Intel® SSE4.2, Intel® AVX, Intel® AVX 2, Intel® AVX-512

# of AVKX-512 FMA Units 7 2

https://ark.intel.com/content/www/us/en/ark/products/192437/intel-xeon-gold-6230-
processor-27-5m-cache-2-10-ghz.html
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A1 - sl

* #instruction / cycle =2 (AVX512)
« #op/instruction = 32 (AVX512, FMA AIE = 163 24 + 163 HA)

* The latency and throughput of floating point ADD, MUL, and FMA were made uniform at 4

cycles with a throughput of 2 yOPs/clock.

Unified Scheduler (97 entries)

Integer PRF Vector PRF
(180 registers) (168 registers)

|Port 0 ||Port 1 || Port 5 |[Port 6 | [Port 2 || Port 3 || Port 4 || Port 7 |
uoP uo P uopP uo P uo P uo P uo P uo P

AL it Fett GaeDaa Sre ddts
] = IELLLH%L”%'ILH—I
[Ced Suft | [~ Ve AU |
et Jod et Shift

=
=

|§

NI et M Store Buffe
Load Buffer (56 entrles)

{?2 entries)

32B/cycle

cl“

,é? {L1D$ (32 KiB; 8-way) ]

https://en.wikichip.org/wiki/intel/microarchitectures/cascade_lake
https://en.wikichip.org/wiki/intel/microarchitectures/skylake_(client)#Execution_engine
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https://en.wikichip.org/w/index.php?title=floating_point&action=edit&redlink=1

A1 - sl

* #instruction / cycle =2 (AVX512)

- #op/instruction = 32 (AVX512, FMA AtE = 163] 34! + 163 Z4A)
Q,

=

Fr T
'Gmle intel avx512 X

Q, Al [E] Images [ News @ Maps ¢ Shopping i More Tocls

About 839,000 results (0.49 seconds)

https:/iwww.intel.com » www » avx-512-overview

Intel® Advanced Vector Extensions 512

Intel® Advanced Vector Extensions 512 (Intel® AVX-512), the |atest x86 vector instruction set,
with up to two fused-multiply add units and other optimizations, ...

You've visited this page 2 times. Last visit: 4/21/22

Enhanced Vector Processing Capabilities

With ultra-wide 512-bit vector operations capabilities, Intel® AVX-512 can handle your most demanding computational tasks.

Applications can pack 32 double precision and 64 single precision floating point operations per clock cycle within the 512-bit
vectors, as well as eight 64-bit and sixteen 32-bit integers, with up to two 512-bit fused-multiply add (FMA) units, thus
doubling the width of data registers, doubling the number of registers, and, doubling the width of FMA units, compared to
Intel® Advanced Vector Extensions 2 (Intel® AvVX2).” *
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- 2AY 0| BY HE 2e|EFS 79
- B0 AEE US 01 BH2=Z £ (Union, casting S..)

F

o]

o O|A| &9F2 /skeleton/HWl1l-ans C|ZHEZ|0| A&

0

printDoubleAsBinary(

using type t =

using cast type t =

cast type t v = *((cast_type t*}f&d)}
nbits = sizeof(type t)*8;

.
2

for ( L = 0; 1< nbits; 1#++) {

std::cout =< ((v & ( << (nbits-1-1))) == (nbits-1-1));
b

std::cout << "\n";
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SMT 2} OS process

« SMT: hardware multithreading (a.k.a. Intel's Hyperthreading)
« OS O|AM He|ots Z2MAL= 24H0| Qs

« CPU (Physical core) 2 &0|AM= 0OS 7| Z2|st= Z2MA S o™ 2

=2 = O
ZTR2| AUAS

&2 physical core 2| 5 logical core 7t M2 CHE D2 AM|AL| AZ|E
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