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Data Structures Databases Education Error Correcting Codes Finite Automata Graphics
Interactive Computing Internet Communications List Processing Numerical Analysis
Numerical Methods Object Oriented Programming Operating Systems Personal Computing
Program Verification Programming

. Proof Construction Software
" o
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Verification of Hardware and Software Models Computer Systems Machine Learning
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B A programming language is a notation for describing computations to people
and to machines.

BHmIFES A BT REERD
B IR (Procedural): C, C++, C#, Java, Go

7 B A (Declarative): SQL, ...

1% 32 & (Logic): Prolog, ...

& £ X (Functional): Lisp/Scheme, Haskell, ML, OCaml...
Jér KX A& (Scripting): AWK, Perl, Python, PHP, Ruby, ...
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int ged(int. a; int b) { // C
while (a !'= b) { GCC mEEM printf. o

if (a > b) a = a - b;

ged. ¢ T 4k 52 ged. 1 | gripm ged. s | g ged. o | e ged

else b = b - a; (cpp) (ccl) (as) an [T
y R SR 7 7= IS D =1 Y+ | I [} - 7 T
(3LH) B (3CA) H 2T HARFE T
return a; (LA (k) (— k)
} - GCCH BT (gcc)
let rec gcd a b = (* OCaml *)

if a = b then a
else if a > b then gcd b (a - b)
else gcd a (b - a)

gcd(A,B,G) :- A =B, G=A. % Prolog
gcd(A,B,G) :- A > B, C is A-B, gcd(C,B,G).
gcd(A,B,G) :- B > A, C is B-A, gcd(C,A,G).
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https://godbolt.org/

— EE#?.EI#EE Add..~ More~ Templates Sponsors Intel . JETBRAINS | Share~  Palic ezc .
Python source #1 # O Python 3.12 (Editor #1) & X O X Output of Python 3.12 (Compiler #1) £0R* LLVM IR Viewer Python 3.12 (Editor #1, Compiler #1)
A~ B +~ v A Python - Python 3.12 v 2 @ cCor|~| A UWraplines = Selectall A~ [OWraplines +f Options~ W Filters

1 def ged{a, b): ‘\ "'_I A~ #‘\T" B F + S~ ASM generation compiler retu @ Control Flow Graph

vl 4 _ . 45T 3 e wpli . ' . ' .

2 while a I- b: EFRIEIA S . S IFEIRIERE L e Execution build compiler ret 1 <LLVM IR output is not support

3 if a » b: Program returned: @

4 a=a-b : ged (21, 36)=3

5 else: 3 1 2 LOAD CONST

6 b=b - a 4 4 MAKE_FUNCTION

7 return a 5 & STORE_NAME

a 6

9 # ng@HﬁiﬂﬁFﬁﬁ%ﬂm 7 1@ 2 LOAD _CONST

10 nl = 21 8 18 STORE_MAME

11 n2 = 36 ?

18 11 12 LOAD_CONST

12 rint{f"gcd({n1},{n2})={gcd(ni,
p (f"ged({n1}, {n2})={gcd( 1 STORE NAME

14
A. TRICHES 12 B. §gi%: IC4RIE C. i=i78H D. LLVM IR&HH
12

13 16 PUSH_MNULL

https://onecompiler.com/
sKE: (RIFFREFEARMH)) 5L 8
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GitHub --FFiRIn iﬁ&370$¢gﬁ$iin§(201g_g) https://octoverse.github.com/
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
JavaScript JavaScript JavaScript JavaScript
>C Python Python Python Python
Java Java Java TypeScript
e
~ TypeScript  TypeScript TypeScript\Java
C# Ctt C# C#
PHP PHP _— C++ C++
C++ Crt PHP PHP
C _~Shell Shell C
shell =~ ¢ C ~ Shell
Objective-C RUby RUby GO GO
m 2020 m 2021 m 2022 m 2023
Securing Writing AT bl A AT 1
SW code Copilot ChatGPT API

faster HD. (GEEEREA M) 313


https://octoverse.github.com/
https://octoverse.github.com/2019/
https://octoverse.github.com/
https://octoverse.github.com/2020
https://octoverse.github.com/2022
https://github.blog/2022-09-07-research-quantifying-github-copilots-impact-on-developer-productivity-and-happiness/?utm_source=github&utm_medium=referral&utm_campaign=&scid=&utm_content=octoverse
https://octoverse.github.com/2021
https://octoverse.github.com/2023
https://github.com/topics/chatgpt-api
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Key Findings

The 2021 State of the Vol. VI

OCTOVERSE

More Data,
More Insight

ffLegend
WORK = SOLID
OPEN SOURCE = PATTERN

Writing and shipping code faster

Fewer pull request raviewers lead to
faster merges, often in a day or less.

Automation removes fricion so teams perform better
and developers find more meaning in their work.

fifrictionless code reuse <3 repo reviewers increases

chance of merge within 24 hours

43 8 7 % i

increased developer

perfromance
27% ffGitHub Actions
%
é 1 °
31%‘
team performance pull requests per fastar 1 reviewer pull requests often
improvement day merged by teams merged in &-hour workday

The right toocls are critical to support
hybrid and remote work.

Sustainable and

welcoming communities
g 16 %

2 8% Communities with mentorship and friendly, timely reviews
lead to higher productivity and better collaboration.®

Yo
2 6 “Enterprises often have more means to support team members through custom
how-to guides, onboarding platforms, buddy systems, office hours that were improvement

40w 40k

GltHub repositories Developer suveys

Knowledge flow
through documentation

Easy-to-source documentation
boosts developer productivity

50"

increase for work
and open source

Documentation is chronically under-invested but

improves quality of contributions and invites collaboration.

f/READMEs, guidelines,issues

%

0
jump in Enterprises should adopt
productivity same best practices

b6

work and open source

not reflected in our questions, so their margin for improwement can be larger

INDUSTRY'S MOST COMPREHENSIVE RESEARCH

REVEALS BOTH TRENDS AND PREDICTIVE RESULTS. READ THE REPORT

/72821 OCTOVERSE SNAPSHOT

octoverse.github.com

KE: (RIFREBEAMEARM ) 3118
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[0 Research: quantifying GitHub Copilot’s impact on developer productivity and happiness

When using GitHub Copilot... We recruited
A 95

Perceived Productivity developers, and split them randomly into two groups.

| am more productive 88%

We gave them the task of writing a web server in JavaScript

Satisfaction and Well-being”

& 45 Used & 50 Did not use
Less frustrated When Codlng 59% GitHub Copilot GitHub Copilot
More fulfilled with my job 60% B 78% B 70%
finished finished
Focus on more satisfying work 74%
& 1hour, 11 minutes 2 hours, 41 minutes
average to complete the task average to complete the task
Efﬁciency and Flow" 71 minutes | that's 55% less time! 161 minutes
FaSter Compleﬁon 88% CQ Results are statistically significant (P=.0017) and the 95% confidence interval is [21%, 89%)
Faster with repetitive tasks 96%
o - an evaluation with 24 students,
Less time searching 77%
y
Less mental effort on repetitive tasks 87% Goog le S Internal dSSessm ent Of

ML-enhanced code completion

[ACMQueue202109] The SPACE of Developer Productivity
sKE: (RIFFREFEARMH)) 5L 11



https://github.blog/2022-09-07-research-quantifying-github-copilots-impact-on-developer-productivity-and-happiness/?utm_source=github&utm_medium=referral&utm_campaign=&scid=&utm_content=octoverse
https://queue.acm.org/detail.cfm?id=3454124
https://tianyi-zhang.github.io/files/chi2022-lbw-copilot.pdf
https://ai.googleblog.com/2022/07/ml-enhanced-code-completion-improves.html
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FIGURE 1: EXAMPLE METRICS & B o~ @q} \{}OQG A
& ,aot;b dzf';g OKQ\‘} Q\,\:} ‘&p“ \.‘3‘6\(\
-ﬂ""ﬁ' o < < WS 'th} &3 @6\ Q&bo
\@.ﬁ- t}Q@Q $‘~‘$§" é.'i-} .—\'a& S § \:z\:_k- Q}‘_f}%(:b@ &z(f\\b
S o < A S Sl S
< & & &S 5T & & S S
& S € T s F
INDIVIDUAL  ~Developer *Code *Number *Code review * Code review
One satisfaction review of code score [quality or timing
person *Retention’ velocity reviews thoughtfulness] * Produc-
*Satisfaction completed *PR merge times tivity
with code *Coding time *Quality of perception
reviews *HF Commits meetingst *Lack of
assigned *Lines of * Knowledge inter-
*Perception of codet sharing, ruptions
code reviews discoverability
[quality of
......................................................................................................................... documentation] ...
TEAMOR *~Dewveloper *Code ~ 3 Story *PR merge times * Code review
GROUP satisfaction review points *Quality of timing
People * Retentionf velocity completed! meetingst * Handoffs
that work *Story points *Knowledge
together shipped! sharing or
discoverability
[quality of
documentation)
SYSTEM *~Satisfaction *Code review *Frequency *Knowledge * Code review
End-to- with velocity of deploy- sharing, timing
end work engineering *Code review ments discoverability *Velocityl
through system [e.g., ClJ [acceptance [quality of flow
asystem CD pipeline] rate] documentation) through the
[like a *Customer system
devel- satisfaction
opment *Reliability
pipeline] (uptime]

t Use these metrics with {even morel caution — they can proxy more things.
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Stable Diffusion
LangChain

oo ¥

2010 2012 2014 2016 2018 2020 2022 2023
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B TypeScript (2012~) #rst XA

B R A ARJava

=KW ET
ERAP#HEKT 37%

FIEE . REKER. WmFRAES R
%11k

Rust (2009~) BrA X

BT & %% AR AALInuxP 6548
FEREREH 40%

#% 2023 4 Stack Overflow & & i £
PN ESHERITE S
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https://www.zdnet.com/article/programming-languages-its-time-to-stop-using-c-and-c-for-new-projects-says-microsoft-azure-cto/
https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://github.com/langchain-ai/langchain
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https://octoverse.qgithub.com/

GitHub --FFiRIn B i & 370MmIEIE S o009
T I O B E Aug 2022 Aug 2021 Change Programming Language

1 2 e Python
https://www.tiobe.co
m/tiobe-index/ - v @ c
3 3 « Java
4 4 @ C++
5 CH#
TRIEIES ©
gAE 6 @ Visual Basic
2020 ! 201 8£E 7 JS JavaScript
=l @ Assembly language
9 10 SQL
10 8 v @ PHP
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https://octoverse.github.com/2019/
https://www.tiobe.com/tiobe-index/
https://octoverse.github.com/
https://www.tiobe.com/tiobe-index/
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0 HBEEESETHLRE s Petl e
K1 PHP SewypaeXML S T> =
arkups 8.5 1<) c S SE
B C C90, C99, C11 5w Ot - pascal; g8 S, =0
gk 3 5 VisualBasic: 5oy 8 135S
B C++  1998,...,2011,14,17,20 gzsl?ythonﬁ;93%;‘;’;%‘;&;’;;?5‘?‘?&5 o;
o E EIGEE B Object Oriented= - © =
O #as e E mgﬁj‘%ﬁg 539 £ kortran‘ 5= O
. ) LR Eﬁ‘?‘:') =83 O ki
B Go (2009), Rust (2010), Elixir (2011), Swift (2014) Visial Qshar-Smamgg £ g
WHIFEES
m ESMEZmap. reduceEMBTFREGRLE | 5p,.
K& #4 2 : MapReduce, Hadoop,... History of Programming Languages
B REENENY SEESTH https://dl.acm.org/conference/hopl

B ®: Halide (2012), ... FE%3J: TVM...
B FEZEIREIELE: TensorFlow=> JAX, PyTorch, MindSpore, ...
B E&EigiES: GOL, Cypher, PGOL, ...
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https://neo4j.com/developer/cypher/
https://pgql-lang.org/
https://dl.acm.org/conference/hopl
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def outer(x): a = outer(2)

def inner(y):
(y) print(‘function:',a)

return x +
y print(‘result:’,a(3))

return inner
a182ERZEinner

a(3) AR EITE x+3

outer2iIREIFEZEINnnerBI S ERZE]L
Hpx2AfEinnerPENXIIEEERTE

3| \NFA8closure:
¥ x=2{EinnenREIERIIAE, FRAERRE]
=>a(3) FABRNEITE x+3, sTMNAEF3KEXEYE

KE: (RIFREAMZARM ) 5118
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Halide: T =)E &% GIBAIDSL

(a) Halide program example

var x, y; (d) Result after lowering parallel loop
Eunc gragdients H“fﬁﬁ(]ﬁ)‘( define task_function(task_num, closure):
gradient (x, y) = X + yil s gradient = unpacking(closure)
gradient.parallel (v); T AR for x in 0...1023:
out = gradient.realize (1024, 1024); gradient [task_num] [x] = x + task_num
ﬂ alloc gradient [1024][1024]
(b) Scheduled task graph closure = packing(gradient)
halide_do par_ for(task function, 0, 1024, closure)
X ___,  gradient
‘,l ‘@ v®—» .... »@ [1—Sequential sub-block
* ¢ | =——————|«——parallel block
:<;€t>’@ "'—- >®J>"out
o | ]k,

(c) Intermediate representation i-l-%ﬂgzﬂé)z_giﬁgﬁ%

alloc gradient [1024][1024]
parallel for y in 0...1023:
for'x in D...1023:
gradient[y] [x] = x + ¥y

-

KE: (RIFREAMZARM ) 5118 17
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A LBAZIEE?

B R ETRBERE LR

B AR RIET TR, T RAER 8 TN EfF &
B XA RN E TR LRIETWITE

BE RN

R R & % A

" =5 - K & F 71 (productivity)

RESA L, TENRRTEYE

¥ #f 47 (parallelism) 5 3 & (concurrency)
BhFe s K. B3Rk, ZHRA

KE: (RIFREAMZARM ) 5118
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Jeannette M. Wing
Computational Thinking
CACM, vol. 49, no. 3, pp. 33-35, 2006

e

==

igite

Computational thinking is a
fundamental skill for everyone, not just
for computer scientists. To reading,
writing, and arithmetic, we should add
computational thinking to every child’s
analytical ability. Just as the printing
press facilitated the spread of the three
Rs, what is appropriately incestuous
about this vision is that computing and
computers facilitate the spread of
computational thinking.

TR B Y

KE: (RIFREAMZARM ) 5118

Problem
Domain

Mathematical
Abstraction

Mechanizable
Model of
Computation
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http://www.cs.cmu.edu/~./wing/

FOAZLEL*XS

University of Science and Technology of China

o FEEBME

KE: (RIFREAMZARM ) 5118 20



: A . . .
\ Zemssz OO Tal ¥RAZELX S
i‘«, i \C ﬁ‘%ﬁﬂgpﬁﬁz University of Science and Technology of China

source =s . -
program O i8i%Z2 1 : SERFGROEAICS
l (Token) FE%l

Lexical . _
Analyzer & 7 X.: <token_name, attribute_value>
WIE ST

Token

Stream

= A

Symbol Table fF5 &

Error Handler &R A0
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position = initial + rate * 60 < FZ&F i

source ﬁa "% %
rogram .
" T | 1 | position
Lexical A E o tras 2 |initial
Analyzer
BT 3 |rate

Token

Stream

BRI (id, 1) (=) (id, 2) (#)id, 3) () (60) o e

Symbol Table fF5 &

Error Handler &R A0

KE: (RIFREAMZARM ) 5118 22



: A . . .
\ Zemssz OO Tal ¥RAZELX S
i‘«, i \C ﬁ‘%ﬁﬂgpﬁﬁz University of Science and Technology of China

orograr OiEk9H: thERRRHR(Parsing)
ll Sio S RARBIT iE ALl
Lexica Syntax

Analyzer — Analyzer
WE s BRI

Token Syntax
Stream Tree

s EVEN

Symbol Table fF5 &

Error Handler &R A0
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(1d, 1) (=) (id, 2) (+) (id, 3) (*) (60) «—i2 5

l

source
pmfiram iBiEthes
Lexical Syntax l
Analyzer — Analyzer (:)
AT | | BEATR ~— TN Ry
(Id, 1) /<+> ~ <« 'l«cl{%ﬁd‘
Token Syntax (id 2> (*)
Stream Tree : ~
e B (id, 3) (60)

Symbol Table fF5 &

Error Handler &R A0
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OIEXHHR: KBRS,
program
Lexical Syntax Semantic
Analyzer — Analyzer — Analyzer
WA TR BRI 18X ik
Token Syntax ~ Annotated
Stream Tree Sy%}gﬁf@ ;Jree
GRER wEW R

—HHEEF

Symbol Table fF5 &

Error Handler &R A0

KE: (RIFREAMZARM ) 5118
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) TR

A« BIEH

>[IBX P tes

id, 1y S~
source (id, 2) /(*) ~ l
program . (60)
/<_ ~ ‘E‘;%
Lexical Syntax Semantic| (jd, 1) /(+) \(_ EYEN
Analyzer — Analyzer — Analyzer ’ (i d 2) <*>
FEAE | | ERANE| | EE ’ — > q
i Inttotloat
Token Syntax ~ Annotated id, 3) |
Stream Tree Sy%fg%gee 60
D S B (60)

Symbol Table fF5 &

Error Handler &R A0

K= :
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O B EEs5a
source Front end FMEE Z g2

program B ¥
1

l J )

Lexical Syntax Semantic Interm.

Analyzer Analyzer Analyzer Code

. - . Gen.
ST 2% BT R G o (B AR A S

A 4

A 4

A 4

Token Syntax Annotated Interm.
Stream Tree  Syntax Tree Rep.

wER EER LR FE®RR

Symbol Table fF5 &

Error Handler 45743
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= -
(id,2) %) — %
_ T 5 i%
(id, 3) |ntto1|‘loat 1 [position
| (60) 2 |initial

FRIEM RS ARk 3 |rate
t1 = inttofloat(60)
t2=id3 * tl — =Hhhk e (a4
t3=1d2 + t2
Id1 = t3
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Front end Back end
source ‘
JGu% target
program ﬁﬁlj% ] program
l [ \ | |

Lexical Syntax Semantic Interm. Code Code
Analyzer — Analyzer —{ Analyzer — (éode » Optimizer —~ Gen.
AT | | EEANE | | EOE | lmemegs | (OB | R4 RS

Token Syntax ~ Annotated Interm. Interm.
Stream Tree  Syntax Tree Rep. Rep.

wEw Emm R FE®R RR®R

Symbol Table fF5 &

Error Handler &R A0
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PR ITETIE], R REFE. REHES
t1 = inttofloat(60) <« =3}hik e [a]4RAY
t2 =1d3 * t1 _
t3=1d2 + 12 1 iltaﬁ
id1 = t3 P
2 [Initial
Rl Al rate
= 1d3 * 60.0 — ,
_ : — =Hibk A [E AR
Idl = Id2 t tl KE: (RIFFREBAFAKRMH) ) 5L 30
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source Front end Program
program Hil % input

A
[ \

Program
output
Token Syntax Abstract Syntax Tree or
Stream Tree other Interm. Rep.
A= BN TR IE S B A o B R

Symbol Table £ 5%
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#include <stdio.h>
zﬁ*.iln = int main()
{
printf(“hello, world!\n™);
§§1ﬁﬁ1yl%ﬁ%1:l:= !
/* helloworld.c */

Bi¥ss (RIFRS)
B IR TFRBEEMEME: GCC, Clang/LLVM
root@host ~]# gcc helloworld.c -0 helloworld
root@host ~]# ./helloworld [

nello, world!

= gccRIRENER
(IRIEm<SITSEARBENINLIERER)

KE: (RIFREAMZARM ) 5118 33


https://gcc.gnu.org/
https://clang.llvm.org/
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#E

B IR ENREME

B X HRBEGRHEIRRAEN

ik

B R RAPITEE

B VAN

2K ]

AL

B Safety: A AR KES, ik EH
B Security: XX GHE
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for (i=0; i<n; i++) ali] = 1; N

A~ B, Why?

pend = a+n;
for (p=a; p<pend; p++) *p=1;

foo (char * s) .

{ .
char buf[32]; — A foo( )& HefT?
strcpy (buf, s);

y _

KE: (RIFREAMZARM ) 5118 35
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for (i=0; i<n; i++) ali] = 1; N

A~ B, Why?

g pend = a+n;
for (p=a; p<pend; p++) *p=1;

foo (char * s) 7

{ .
char buf[32]; — A foo( )& HefT?
strcpy (buf, s);

b J\ —
ETsiEmag B ey K EAZH3T, N A
%) 12 AR hbuf £ 28 69 A L X 3%

KE: (RIFREAMZARM ) 5118 36
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3
o =
Sz

5 —MRAEET -
CISCs (E##4 %) : x86, 1A64, ... ‘

RISCs (HR#E4%E) : MIPS. ARM,
LoongArchif4%£. ...

St%/ ¥

GPUs : CUDA. OpenCL
FPGAS

SFmIE SYCL
SFTEN

TPU, NPU

72&3A5000 £&3A50003+ L
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https://software.intel.com/en-us/articles/intel-sdm
https://software.intel.com/en-us/articles/intel-sdm
https://www.imgtec.com/documentation/
http://infocenter.arm.com/help/topic/com.arm.doc.set.architecture/index.html
http://www.loongson.cn/product/dc/
http://docs.nvidia.com/cuda/
https://www.khronos.org/opencl/
https://www.khronos.org/sycl/
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