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« Back to training

Migrate from CUDA® to C++ with SYCL®

Overview : Launch Jupyter notebook

The SYCLomatic Tool assists in migrating your existing CUDA code to SYCL® code.

Options A
Learning objectives
« Explain the advantages of using SYCL C++ language to program for accelerators Considerations
» Explain the program structure and execution model differences with CUDA and SYCL Your Jupyter notebook access will
» Setup and explain migration flow with SYCLomatic Tool be live until 11/15/2023.

Expert mode

Gettlng Started Expert mode allows you to

1. Click on the Launch JupyterlLab button. connectusing a SSH key.

2. Follow the instructions in the Jupyter notebook.

Launch using SSH

()

Learn more about Keys 4




Upload a public key

A Warning Never share your private keys with anyone. Never create a SSH Private key without a passphrase X

Key Name: *

Key Name

(® How to create a SSH key

Key contents

Paste yourkey contents: *

Paste your key contents

Vi
0/100

Cancel | Upload key




Key Name: *

Key Name

) How to create a SSH key A

Select your OS:

@® Windows

O Linux/MacOS

1. Launch a new PowerShell window on your local system.

2. Optional: if you haven't generated a key before, create an .ssh directory.

mkdir $env:UserProfile\.ssh

3. Copy & paste the following to your terminal to generate SSH Keys.

ssh-keygen -t rsa -b 4096 -f $env:UserProfile\.ssh\id_rsa

4.|f you are prompted to overwrite, select No.

5. Copy & paste the following to your Powershell window to view your SSH key:

cat $env:UserProfile\.ssh\id_rsa.pub

6. Paste your key's contents in the field below.

For more information go to SSH key documentation.

Key contents

Paste vourkev contents: *



Key Name: *

Key Name

(® How to create a SSH key A

Select your OS:

O Windows

® Linux/MacOS

1. Launch a Terminal on your local system.

2. Copy & paste the following to your terminal to generate SSH Keys.

ssh-keygen -t rsa -b 4096 -f ~/.ssh/id_rsa

3. If you are prompted to overwrite, select No.

4. Copy & paste the following to your terminal to open your SSH key:

vi ~/.ssh/id_rsa.pub

5. Upload the generated file

For more information go to SSH key documentation.

Key contents

Paste your key contents: *

Paste your key contents




Upload a public key

A Warning Never share your private keys with anyone. Never create a SSH Private key without a passphrase
ol o| 2 ZHE
O — T O

taechun100

(® How to create a SSH key

Key contents

A4
id_rsa.pub 2| L &2 20 E&LICE
Paste your key contents: *

ssh-ed25519 AAAAC3NzaClIZDIINTE**##xrsssssssstsstr dyNVKY DV herxxxxxxxrrsssani3 taehunki@intel.coml

99/100

Cancel JRUJELNEY
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« Back to training

Migrate from CUDA® to C++ with SYCL®

Overview : Launch Jupyter notebook

The SYCLomatic Tool assists in migrating your existing CUDA code to SYCL® code.

Options A
Learning objectives
« Explain the advantages of using SYCL C++ language to program for accelerators Considerations
» Explain the program structure and execution model differences with CUDA and SYCL Your Jupyter notebook access will
» Setup and explain migration flow with SYCLomatic Tool be live until 11/15/2023.

Expert mode

Gettlng Started Expert mode allows you to

1. Click on the Launch JupyterlLab button. connectusinga SSHke

2. Follow the instructions in the Jupyter notebook. Launch using SSH

T, Upload key

Learn more about Keys 4




How to connect to training node

@ Your access will be valid until 11/15/2023

. . . . A
To access your instance with an SSH client: E = 0 | Eul |_| |:|-.

1.Open an SSH client.
2. Connect to the batch service using its public DNS:

ssh u3947644f3f91f130b15c003132483d9@idcbetabatch.eglb.intel.com

If you need any assistance connecting to your instance, please see our documentation.




« IDC A H=

B O] 2 0| A
ssh u******@idcbetabatch.eglb.intel.com

(WSL terminal, windows Command Prompt & Powershell 0| A] ssh 7}&)


mailto:u******@idcbetabatch.eglb.intel.com

* Summary slurm command

* slurm is scheduler on IDC
* sinfo : information about system status
ex) sinfo —al
* srun : submit job
ex) srun —p <partition name> -w <node name> --pty bash



* Software Prerequisites

Certain CUDA header files may need to be accessible to SYCLomatic [Supported
CUDA version 11.8.]

A. Install on WSM and ‘CUDA SDK'’s include directory’ to ‘your home directory of IDC’.

S wget https://developer.download.nvidia.com/compute/cuda/11.8.0/local installers/cuda 11.8.0 520.61.05 linux.run
Sshcuda_11.8.0 520.61.05_linux.run

S tar cvf cuda_inc.tar <cuda-include-dir>

S sftp idcbeta

> put cuda_inc.tar
S ssh idcbeta
S tar xvf cuda_inc.tar

B. install ‘CUDA SDK’s include directory’
S wget https://developer.download.nvidia.com/compute/cuda/11.8.0/local installers/cuda 11.8.0 520.61.05 linux.run
Sshcuda_11.8.0 520.61.05_linux.run



https://developer.download.nvidia.com/compute/cuda/11.8.0/local_installers/cuda_11.8.0_520.61.05_linux.run
https://developer.download.nvidia.com/compute/cuda/11.8.0/local_installers/cuda_11.8.0_520.61.05_linux.run

1. SYCLomatic Practice

* Download mini-nbody

UH Rk @ idc-beta-batch-head-node:~$ git clone https://github.com/harrism/mini-nbody



https://github.com/harrism/mini-nbody

* Mode to pvc-node (example)

u*****@ idc-beta-batch-head-node:~$ Srun -p pvc-shared (-w idc-beta-batch-pvc-node-01) --pty
bash

* setup oneAPI

u***** @ idc-beta-batch-pve-node-01:~6 SOUrce /opt/intel/oneapi/setvars.sh

:: oneAPI environment initialized ::




- CPU O A ALY 5 =28
u***** @idc-beta-batch-pvc-node-01:~6 ICX -O3 -fopenmp -DSHMOO —Im -o nbody nbody.c

u*****@ jdc-beta-batch-pvc-node-01:~$ ./n bOdy 65536
65536, 46.703

ZR7H 242 450 58



SYCLomatic mini-nbody on PVC

~S cd mini-nbody/cuda/

~S dpct --cuda-include-path=<CUDA INCLUDE DIR>

--extra-arg="-
--extra-arg="-
--extra-arg="-

/usr/include/c++/11"
/usr/include/x86 64-linux-gnu/c++/11/"
.J" --extra-arg="-DSHMOO" nbody-orig.cu



Compile and Run mini-nbody on PVC

~S cd dpct_output
~S icpx -fsycl --verbose nbody-orig.dp.cpp -0 nbody-orig-sycl-pvc-exe -I../../ -DSHMOO

~S ./nbody-orig-sycl-pvc-exe 65536
65536, 239.385

(CPU EC} 27?28 2 ==X}



2. Vtune U mkiS =23t x| M 3}

FELE K=
https://cdrdv2-public.intel.com/671192/mkl-2017-tutorial-fortran.pdf

gitO| A A T E HHY|

S git clone https://github.com/kth018/mkl_fortran_samples


https://cdrdv2-public.intel.com/671192/mkl-2017-tutorial-fortran.pdf

~S cat src/matrix_multiplication.f



< compile >

~S cd /mkl_fortran_samples/matrix_multiplication

<Makefile ™ &>
FC:=ifort -> FC:=ifx
LIBFLAGS := -mkl -static-intel -> LIBFLAGS :=-gmkl

~S make



== Matrix multiplication using triple nested loop ==
== completed at 143.83056 milliseconds ==

Example completed.

~S vtune -collect hotspot release/matrix_multiplication
* -collect [hpc-performance | memory-access | hotspot ....]



vtune &= (Hotspots)

« VtuneO| N 2A2FEE HAGN H{H g U S F 10 HU Y S ol OF oLt

tornado@tornado—-linux:~/WORK/KSC23S$
tornado@tornado—linux:~/WORK/KSC23S$ ifx X g —gmkl -0 matrix multiplication matrix multiplication.f

tornado@tornado—-linux:~/WORK/KSC23S

* vtune —collect hotspots matrix_multiplication

tornado@tornado-linux:~/WORK/KSC23$

tornado@tornado-linux:~/WORK/KSC235 vtune -collect hotsg
vtune: Collection started. To stop the collection, eitl press CTRL-C or enter from another co
nsole window: vtune -r /home/tornado/WORK/KSC23/r000hs —-command

This example measures performance of computing the real

matrix product C=alpha*A*B+beta*C using

a triple nested loop, where A, B, and C are matrices

and alpha and beta are double precision scalars

. A S raHﬂ 2 100% 2t L2 &, vtune ZH 0| ZLHD, (hotspot Z %) ro01hs 2H= ClH E 2|7} M4 &
e: z actions 100 % done
ternado@tulnadu—linux:~/WORK/KSC23$ 1s

compile.txt matrix multiplication matrix multiplication.f
tornado@tornado-linux:~/WORK/KSC23$5




GH

@)
-

A EH | Al vtune-backend A

HZH O : vtune-backend —allow-remote-access —data-directory (Z 2Lt Y A1t C|H E 2|)

tornado@tornado-linux:~/WORK/KSC235 vtune-backend --allow-remote—-access —--data-directory /home/

tornado/WORK/KSC23/r00hs
No TLS
certificate is generated to enable secure HTTPS transport for the web
settings/certificates/middleware.crt.

ntel/amplxe
Serving GUI at s://192.168.1.34:40205/

192.168.1.34:40205/login/passp’ X +
Q g

C 1) A Notsecure || hitps://192.168.1.34:40205/login/passphrase
intel pmy HP e: Global Ne resources site APJ TCE Team intel Works ETC etc2 c Saba: 2022 Korea D...

Enter Passphrase

'y
!
!

* password 8T A| A passwordE X| 1 S2{7tH &

w #» 0O

intel  Get Started | Intel @...

certificate was provided as a ——tls-certificate command-line argument thus a self-signed
server:

/home/tornado/.1i

»




-

— 74

vtune Al AATE HZA

Welcome r000hs -

Hotspots @

Analysis Configuration  Collection Log Summary Bottom-up Caller/Callee  Top-down Tree Flame Graph Platform

B \/Tune Profiler Server (192.168.1.34) { Hotspots

@ Launch Application

Advanced

INTEL VTUNE PROFILER

Identify the most time consuming functions and drill down to see time spent on each line of source code

Source Search

Binaries/Symbols Search Directories

Details Sources /home/tornado/WORK/KSC23

Analysis Configuration {0 Al HHE 2 &

MO| LI HM sources Bl 22 =

A CEED(HN BE)

o
2/2

Cance



Welcome ~

Summary

© Elapsed Time : 3.822s

® CPU Time @: 3.440s
Total Thread Count: 1
Paused Time @: 0s

(©) Top Hotspots

This section lists the most active functi in your ication. Optimizing these hotspot functi ypically results in imp

application performance.

Function Module CPU Time © % of CPU Time ©
MAIN_ matrix_multiplication 3.148s 91.5%
[MKL SERVICE]@dsecnd libmkl_core.so.2 0.192s 5.6%
func@0x1f1f60 libmkl_core.so.2 0.080s 23%
func@0x2042b0 libmkl_core.so.2 0.020s 0.6%

*N/A is applied fo non-summable meincs.

(©) Effective CPU Utilization Histogram

ing overall

This gl isplays a p tage of the wall time the specific number of CPUs were running si ly. Spin and Overh
352 : E
=3 H
252 g §
@
2
22 =
155+

W
1
i o —————————————

Idle Poor [¢]3 [

Simultaneously Utilized Logical CPUSs

(©) Collection and Platform Info
This section provides information about this collection. including result set size and collection platform data.

Application Command Line: /matrix_multiplication
Operating System:
Computer Name: torado-linux

Result Size: 36MB

Collection start time: 07:13:54 18/08/2023 UTC

Collection stop time: 07:13:57 18/08/2023 UTC

Collector Type: Dri Perf per-p ing User-mode ing and tracing

ber of collected I ds the threshold, this mode limits the

Hotspots Insights
If you see significant hotspots in the Top Hotspots list, switch to the Bottom-
up view for in-depth lysis per ion. O ise, use the Caller/Callee

or the Flame Graph view to track critical paths for these hotspots.

Explore Additional Insights
Parallelism © : 11.3%X
Use < Threading to explore more opportunities to i P
in your application.

Microarchitecture Usage ) : 382%K&
Use O/Mi i Exp to explore how efficiently your
application runs on the used hardware.

Vectorization © : 0.0% %
Use < HPC Performance Characterization to learn more on
vectorization efficiency of your application. This code has floating point
perati and is not vectorized. Consider either recompiling the code
with optimization options allow vectorization or using Intel Advisor to
vectorize the loops.

d time adds to the Idle CPU utilization value.

6.2.0-26-generic DISTRIB_ID=Ubuntu DISTRIB_RELEASE=22.04 DISTRIB_CODENAME=jammy DISTRIB_DESCRIPTION="Ubuntu 22.04.3 LTS"

Finalization mode: Fast. If the

of pr

ples to speed up post-processing.




Bottom-up

Gtouping:l Source Function / Function / Call Stack

Bottom-up H 0| A 7t @l Z22|= 2 27

Source Function / Function / Call Stack CPUTime ¥ [3]| Module Function (Full) Source File Start Address
MAIN_ 3.148s MAIN_ matrix_multiplication.f 0
ehd bl 3148 _mateiv____MAIR matrix_roultinlication f____0x40510,
- main — __libc_start_main_in| 3.148s matric.. main 0x4051¢0 |
» [MKL SERVICE]@dsecnd 0.192s mkl_serv_dsecnd 0
» func@0x1§1f60 0.080s func@0x1f1f60 0
» func@0x2042b0 0.020s / func@0x2042b0 0

v ||E|E| Call Stacks

matrix_multiplicatior) ! MAIN_ - matrix_multiplication.f

matrix_multiplication ! main+0x1c
libc.s0.6 ! __libc_start_main_impl 3 - libc-start.c:382
matrix_multiplication ! _start+0x2

EHO| M7,
HAE| = 2I2Ie 2 Ol =




matrix_multiplication.f -

Assembly | 1 = 4% &t he | be )

Source Line A Source ¥ CPU Time: Total (/| CPU Time: Seli [»]
75 DDJ=1, X

76 TEMP = 2.0

77 DK=1,7P

78 TEMP = TEMP + 2(I,X) * B(X,J) 3.6% 0.124s
79 ZND DO 43% 0.166s
30 C(I,J) = TEMP

a1 END DO

32 END DO

33

84 PRINT *, "Measuring performance of matrix preduct using "

35 PRINT *, "triple nested locp”

36 PRINT =+, ""

88 D0 R = 1, LOOP_COUNT

29 DDI=1 M

90 D0J=1 X

91 TEMP = 0.0

92 noE=1, 72

93 TEM? = TEM? + X(I,K) * B(K,J) 17.2% 0.590s
194 Do 65.6% 2.256s
195 ci1,7 = MR 0.3% 0.012s
9% END DO
|97 END DO

98 END DO

—|!! o0 Y- it OB 4 9 A B oo Rt

100 PRINT *, "== Matrix multiplication using triple nested locp =="

101 PRINT §0, " == completed at ",S_ELARPSED*1000," milliseccnds =="

102 50 FORMAT (A,F12.5,2)

103 PRINT =+, "™

104 A

105 IF (S_ELAPSED < 0.S/LOOP_COUNT) THEN

106 S_ELAPSED=1.D0/LOOP_COUNT/S_ELAPSED

107 K=(S ELARPSED*LOCP CQUNT)+1;

AT E ROl T, 94 = 2t010] 65.6% 2~ 2 &



<mkl D E =0l >

~S cat src/dgemm_with_timing.f

PRINT *, "Making the first run of matrix product using "
PRINT *, "Intel(R) MKL DGEMM subroutine to get stable "
PRINT *, "run time measurements"

PRINT *», ™"

CALL DGEMM('N','N',M,N,P,ALPHA,A,M,B,P,BETA,C, M)

PRINT *, "Measuring performance of matrix product using "
PRINT *, "Intel(R) MKL DGEMM subroutine"
PRINT *,6 ™"
S_INITIAL = DSECND()
DO R = 1, LOOP_COUNT
CALL DGEMM('N','N',M,N,P,ALPHA,A,M,B,P,BETA,C,M)
END DO
S_ELAPSED = — S_INITIAL LOOP_COUNT
PRINT *, "== Matrix multiplication using Intel(R) MKL DGEMM ==
PRINT 50, " == completed at " ,S_ELAPSED*1000," milliseconds
FORMAT(A,F12.5,A)
PRINT *,6 ™"




<MKLAEEZ ZE H5 =29 >

~S release/dgemm_with_timing

== Matrix multiplication using Intel(R) MKL DGEMM ==
== completed at 0.31979 milliseconds ==

It is highly recommended to set parameter LOOP_COUNT
for this example on your computer as 3128 to have
total execution time about 1 second for reliability

of measurements

Example completed.



<&t 11> oneMKL openMP GPU offload

* openMP GPU offload 2 &

https://www.intel.com/content/www/us/en/docs/oneapi/optimization
-guide-gpu/2023-0/offloading-onemkl-computations-onto-the-

gpu.html



https://www.intel.com/content/www/us/en/docs/oneapi/optimization-guide-gpu/2023-0/offloading-onemkl-computations-onto-the-gpu.html
https://www.intel.com/content/www/us/en/docs/oneapi/optimization-guide-gpu/2023-0/offloading-onemkl-computations-onto-the-gpu.html
https://www.intel.com/content/www/us/en/docs/oneapi/optimization-guide-gpu/2023-0/offloading-onemkl-computations-onto-the-gpu.html
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