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A software library is a collection of computer code that is used to create applications and products. Popular Al-specific software
libraries—such as TensorFlow and PyTorch—help developers create their Al solutions quickly and efficiently. This section analyzes

the popularity of software libraries through GitHub data.

L gie eginan g )ljSloy ALBULS (o)igme
Scikit- g PyTorch .Keras (T jl a=y a5 39y OpenCV .GitHub
Slio ) OLULS e pgume 1-P-P S .aid S 1, 8 learn
o= GITHUB  STARS ffoo00 jl 4 iaS Ly ulea sliulis

A0

31381 oy gl wLdulS |-P
LEGuas Jugd jb guie

GITHUB STARS

Syl GITHUB STARS slass I-H-P g 1--| glaJSui
PoPI LS Pold Jluw jl I egivan (gt 5L @iio 6)lj8l0)
#1000 3ga > L PoPl Jlw jo TensorFlow .die3 0 ¢lin
Uhg LS Wy omyigae olgic 4 (GITHUB STARS
Fiogame 1ol i Loyas Pobl Jlw 53 g wilo 8L eguas
3l

PI-PollE (oyliw slj Ko jl L) Legiuas Lisge dliuliS GITHUB STARS slass

Source: GitHub, Y+¥) | Chart: Y+ YY Al Index Report

(ahlj ) s2ams GITHUB STARS slass

17+.Y, TensorFlow

oA.7, OpenCV

_

¥A.+, Scikit-learn
¥7.V, DeepLearning-¢ - +-questions

Poli® Pold Poly PolV PolA

Polq Polo PoPl

1-1-1 S

(|



[RT e
PoPP Leguon g aawgl g @i :Jgl Juad

PI-PolE .(0yliw jli Eo jl yipS) Legiuas Lisg a3lauliS GITHUB STARS slass

Source: GitHub, Y+¥) | Chart: Y+ YY Al Index Report

¥
. YY.0A, )+ +-Days-Of-ML-Code

Yo YY.YV, AiLearning
: YY.+Y, Real-Time-Voice-Cloning
a [ , YY..+, deeplearningbook-chinese
2 Y).YA, Deep Learning Papers Reading Roadmap
%)
o
=ove
%)
m
=)
I
(=S
o
% Vo
7
2.
2

&

Polle Pold Poly PolV PolA Polq Polo PoPl
1-P-F s

wy






[ PoPP Leguon yoge i 3)Sloc :pg3 Juad

L2l w;

by 1 S s g arja Jobi i 3ySka Juad Jlual GigliS 53
o2l 59 ad Ly ddas jl i egiuan yigd wilide gaslig; 33 ;i
il S5y g S0l g 6 pSal (o uags )UaS 1obj 1yigaselS
LRy g Legiuae UBgB guly Lo jl (eS b pSojlusl dlass I
3pSlae L pegiuas pbgd GUbpiummw dawgi 3)S Limap lp (095

LS o 03wl diagy

Wi



[ PoPP Leguon yoge i 3)Sloc :pg3 Juad

Jao dolls

L i (gl ool 031 jl o3latiunl 5y (gloaisl;9 job @y 38 Gldylimo 53 yiys 2alis 10313 (0313 1031
U135 w2l 53 39290 JLino Lo I Leguuas g Ay @i 9 PoPl Jw jI . cuwl Sie aidying g a2
degano A wyiwd L uogud Gindy ghlojb 885 4 iewd job @ dig) g2l - lowd 8313 ybjgel wosls b

sl 035imS gwosly

€ |y B 1 iy abaas 3liating dmals (PPl Yl 53 1pold Gl Lol wed Liylig 4 dblle ilj9)
ulg-ie 4 .95 S o Line 6542 L Luwlid g LSy ges GAEmedl wile (iuold GlULly Ll Le)8 Llbg
Pobo JLuw jl Jud Kvasir-SEG ,S_iviy 519598105 JLuno ylp 53 |y Wi ilidns dlie P lgis . Jtio
4S 4o 30 gl LuimljBl gada 45318 plaul |y HLS gl ilisias allio PO (PoPl Jlw 53 . 153,S i lojl

AL 4Bl ellg Gl 53 Gpipaiinme B3l Wlgie 4S 3950 Lhaw 43 HEGUas Uibge Wi

33 plusil 3Slac abw j| juble JLo 53 peguao g 135105 blud ybj odsau LiilBg 1 joid Leguao oo
Ube® i aa S| .cuwl a8y 451)8 07 L5 17 SQUAD g SuperGLUE uiile algl walbio <5y gloyline
95510l b L) glisiwl ablo b Fodunnn Wiilbg § Gilwil 3)Slac ) (HLiiws 4 3B joid eguuao
J—oc ANLI jI igs 9053 9 b sl (Polq Jlw 53 .l GiadlS JIo 30 0T B dlold Jlo ¢l b ik «aNLI»

.l @8l yiaelS 71 o 8IS ¢l (PoPl Jlw jl L0535

32 Bl 4 53L8 egiuon g Gt (ALBIS 4B 13 1ipegas Lighs 8L aw & u3T 89
ol wijlgo S ja 1y 95 3)Slac U 304 o diwlgd 3T jI ¢l 59 aS ditiud (g3gam0 iughld (5uSob waslbg
U=d)lS g8 ELO g5y jLusol jl wuoys P giST @iy 518105 59590 (rpiy - diilwy j3S1as @) a5 aisle
G389l Lislbg 39 40y 1PQ 3 Legiuao g (Gl Eiimaw (WibdS Jw 93 53 (Jlo ol b .cawl audy yi1y8
00wl dewgi jl gy ol - AS1AESL Vg 2y (1S Jac Jds glevbumo 3o Jb aS Procgen ogec idgds

Wjgoly 1y 550mnS S45 algize A5 WS Lo Lo LEGUao g (&b Eiimaw

U sagual (i diish i <o Ubjgel dinjd (PolA Jlu jl 13900 yid8podygsio g Jidings LEguas g
Lol Uibjgol dinjd LidLS dg) .cwl €i8L dgups AE/FL Gbjgel yloj aS LIlo 53 cctuwl @iSL LislS P/ 91
LB oLj U135 g Lol gasdis (wdiogs A slMLPerf wiilbg glodiws plw o yigapw ybjgel yloj

unl eguao Ubgn So6)gLid yiosyimS gl Ubpdy @45 @ g dgibe

39 S5by gLovgb bwgio tueu8 4S5 ad3 0 Ylin Leguas Uige yadlis glawyy : Pl S slegjb
PoPl JLw 33 ;U3 PPYeo au PolV JLuw 33 U3 FPoeoo jl - cuwl a8l ialS dsyd By /P aiuindS Jlw Fore)
uwl 00 Jia8pody g ho g Fwyiwd 53 Sy wlddbas

Fo



[al

A5l §igp0LS aliny il I losyiud ciub .S ;0 Iy 1 plid g prglial 3jgeli0 yitle 4 aS cuwl Leguas Lign aliyj JigaelS Ll
3 610l lin Lol jl gbam 53 Algize ALy (Poll Jlw jl 3,13 3929 0582 Uodis 9 line GIREauAT Lubl orduis gl Gaaib
s g a0 ceuames o eoyUBS (i GSaily aisle a5l ;=819 Lo 33 Legiio bap)lS GlULl) L3l ©lbg)glis .aikS Jac yigs by lusl

U229 L slaul g ibjyg

239405 = (6 3392208 yalias P-1

A DEMONSTRATION OF IMAGE CLASSIFICATION

airplane :-'é.- - |
automobile Ez.unn.nt
o el NES ¥ SRS
cat sl fel LA™Y &
wor [ NS VKR
dog [l 10 [GFNP
s [ I R N I 21 O O R B
norse i R S S 9 I I R T TR
sp - e S e EE R -
e o R A 150 5 o L R

P-1-1 JSaio

3g) CoAtNets 0000 (bjgol @iaw ¢y Poll Jlw jo
. Jdgi google brain pd laése bawgi aS
O YL eds b g0 aSuid
Glaisl gl & 51 Sy o LT aS 3,500 5 50 6 GUb s
39 45 jghilas €5 Ly gls cudylbo pgaal Comep b Jao
19 LEGiuao (g (G Eiuw (uwl 0uul Latuie P-I-P (S
JLo 39 4 bbie cwd OUL by 4 sl 4 psls Jlo
3970 (ijgolyiun L OEUL cody o didy by 3y Slac psls
J4—= g Microsoft Cloud lwgi PoPl jelgi jo dS cuwl duoyd
cwd O ea8lungSole (,egiuas (g Florence-CoSwim-H
ol
JLo )9 Grgaad S )0 OUL 80 39 45 duwy 50 5 @
@ 1y dypo 1o 51 A9 Ly AA Lo poiswaw ST ool Ginljél
bl ol el Wl (WSS o i (i)

2905 gaadb

39 Azl Gadiw j3 bl IUlgS 4 pgal ganadb
so—dae y 15 1L (P-1-1 JSis) 910 oyl o ine ol
U aiS SaS bogyags dy dillgige pani Gasduid gl peiuuw
oo Lo |y oygegs Suinjy 10aiS ulwlud 1y 993 Wbl clubl
A3 Y Loasduid |y gl gl yads lodils)lS ¢lpae g wus
o—id a8k 58 gloal=llggd glouudy iy el b di oS
olédmo d4S 0jugd (Chwl 0399 pgual Laas il (g elivuw
w2 ogle L Wildibpdy 1y gyiinn bl 6380L loSuss
o=l 406318 g (gyli8lennw ietinyg Sl glogyglid o c8yiy
6lo3yiuS jgbdy (5a8po @ (ygie pgiod Gastuini aS cunlino
ol 0aud didiues 1 S wyiwd 53 g Jigap; S

§12 900 Aol

09=bo 11551 i Jold aS el gloaly O&JL) SRS ASud
B3 Y (og-ac tiyguo 4 dS cuwl dwd Poooo 53 jyguas
LS 50 LS pglund (gaddiy tlSuine gg) aS cawl HSléd~e
il =50 09=ST o byl Food Jlw jo S (ggans aSuh
Gdwddub dgap gl ldeuinsly aS cuwl (e bg, el
LS o oslaiwl gl

1 YL 83 b (g pgua5 aSuids

6325051001 €8 gloylamo @b jl GRgual aSud 33 iy lbieo
30 goluais] oaud 0010 pglod dy 1y uwlive gy
Uirgy Loinuing 4 WS o ©xS0jl il ) ey UL s
a2y b g0 129105 S gl o0 guinddib Jio S gl
Lo i 3y Slac 3gaps sl gloJlw 3o .9l cusilbo pguas
il cacliso gloosls g Lagl gbjosolyow L gpgual aSub 5o
oub aly gloanlid jgb dy ipgual 63ly glvd cgamo ylw
Ll

huwgio job 1 gl gandddb glapiwaw FoPl Jlw y5lgl 5o
I S5l b diunléo 3o UL cdy jo Gals lo o gl Uas |
P- JSuh)assS o S |y PollP Jlw jalgl jo pols oy glp s
(=P

Wy



A1

1YL w83 b juguas aSuis glaidls

Source: Papers with Code, ¥+ Y); arXiv, Y+ | Chart: Y+ YY Al Index Report

Y0. A%, B isjaeT Glwosls b

9%
AV.No%, Uu))gnT sosly Q9L
oolsl
AvOgp
3
J‘
2
2
V%
404
Poll Polt¥ Pollc Pold Poly PolV PolA Polq Polo PoPl|
P-1-P S
OGYL w8 b gl aSus gyl
Source: Papers with Code, Y+ Y); arXiv, Y+ Y\ | Chart: Y+ YY Al Index Report
Vo0 99.0P%, L8LSI Lubjgel loosls b

V. 9%, ;8Lsl ijgel Glwosls (g
.90 %, Lilwil LU

b S e e - e e e . e -

4005

e
3 4.0
o
=
v
£

A%

A

PolV Poll Pol® Pold Poly PolV PolA Polq Polo Poll
P-1- S

(ad\"



el il
PoPP Leguon Lyige

[~3

) ojlal egiuan Jige Wrpiuuw 4 Jilgine plelib)
idlag sleocdlie g (1S w gl Iglatie olb legSll
W)guo Iy A 2g)ls wleS)s Wlgie Real ilge)
Lo 1) g adgs )0 by P18 JSib (WS slaol egiuan
spiwaw bwgi Hegiwmo job @ aS Hlul oypz wis iyl

A0 Glid (Wlodud dgi duddS Jw ) Leguas yige

Source: Goodfellow et al., Y+\¥; Radford et al., Y+V7; Liu & Tuzel, Y:\7;
Karras et al., Y+ YA; Karras et al., Y+ '4; Goodfellow, Y+14; Karras et al.,
Y+Y+; AlIndex, Y:¥Y; Vahdat et al., Y+ Y\

-~
A

52

2014 2015

Cwd 4 Jiguel S ulin 53 sliiwly loodls dcgazwo
b_wgidaS 10STL- aidy iy Jio .4 &30 gluid I 5ledgl
o83l izam g 0y dibyiing 6)9Ud g pole duwgo lidxo
aS cwl 63,5 &l Iy V.VFID jluiol weouwl didly dewwgs Jgiw

ol gl goiassying j| yier o298 LB job v
FID 6305 :¢10STL-» cuunlios

Source: Papers with Code, Y+ Y); arXiv, Y+Y\ | Chart: Y+ YY Al Index Report

FID 0505

PolA Polq

i 3)Sloc :pgd Juad

el dulgl

=819 gLl jl a5 cuwl grglad wlgs ddubg pgal wlgs
39 035wS jgb ) Wlgise g0l Jlgli L i gl S8
Wil dodo 39 Slaul gpey glgine LU &S GagS ejg
51 W8 NVIDIA os5lo (ulowsSy i) 08w Jlio gl
&L b= Gl sLws szl gl jugaal glwodsiSadgs
o (51635 solatiwl

Pl JSd

2020 N

«FID» 6305 :¢1oSTL-» cauwwliss

ol 3ol jagluuas I glacgamo uo b FID jloiol
L2y el sad a gl oyl jl aS ) (=8lg glal g egian
odd Algh ppgluai a5 cuwl iwo gl @ b jhiel LaiS 50
04 (Ll 840 0y0) g Miiwd (-28lg jugluad dawd yidiw
Pol-0 JSis ol (5=8lg jglal b lea pglad g3g glwsy
STL- cuwliny g9y 3 FID 5o Wgo gloJawe aS |y ulwsjgliwy
il S dlo

PoPo PoPl

P-1-0 S

PA



el il
PoPP Leguon Lyige

[~3

3lual 4 lgie (eS| eguae g loplimw I (g)luw
i gousdd o =8lg jpglual jl aS WS Wdgi Gles
32 938 S0 eyg0 ol Jh8 Jold ojg= ¢l slagyglis jl oo
...\_.lSL,o Sl=ul "LS.,.}Q c._’x_._)\)" a\_Un_‘ol d g cwl LS)—K:.’"\ $9J
gl U5 aid)S wledlys jl walite gawlio glp Sudens
©l2) Voo oolaiml yagime glgtice gl g 6y 50),
aS Lobgl Shb I Gles Grac 9009 So (PolA Jlw jo (Jlie
3930 ggie Pl i 1006850 1wl aelys adBgs oyLys
ubg® (lidoe @iddS Jlo we jo (Wb ghdy gjlae Glad
WS @ 5698 yigaec pouduind lopin)gSll dlaul b eguas

Wlodg LS.;Bu_».) s 6)glis (glas)l

FACEFORENSICS++ ¢80

Source: arXiv, Y+ Y\ | Chart: Y+ YY Al Index Report

Vi 0p
1.0
3
5> A%
)
B
7.0

i 3)Sloc :pg3 Juad

FaceForensics++
oS cwl Gaoe (outuid Sow cawlibs SO FaceForensics++
g9 g 51 S ol Lol sgaang Glgs leoe Luyas Jolis
jl FaceForensics++ ;5 cudy vy .cowl 60 250 YouTube
S iU 1o pglas jl (gausyd 13gih o (S ejlasl Luds Jas

S bbb Gy @ Wlgie el SO
olédse Lol (b ;820 Pold Jlw j3 FaceForensics++ as S|
cwlind 59) | 39290 L8 S8LLs pasdid Loy,
VAt )3 gloj Jgb 43 Iy by g LS aled)S Ginlwjl
Wi HAS A3y (PH1-Y JS ) 4 S (ol Sbend
3502 9 gy S8 ol )3 (5gan bR (Gl
Qiwslgd gy 3y Slace Uy sl piiwauws (Foll Jlw jo . asleasn
odldd__cgamo )l gy o0 Lo ny i ¥9/91
o=l Poll Jlw jo .asS (olwbub iwyo @ FaceForenics++

Jesdly Gioli8l dusys AV/V @ slaws

44.¥Y%, DeepFake

/ 4A.YV%, FaceSwap

PolP Polt Poli® Pold Poly

PolV PolA Polq

PoPo PoPl

P-1-g JSis

.l o id)S FaceForensics ++ glaciuwling plad 3ySlac ¢:85kw b slacl ¢l |

wa



ol‘i., K |o’
[FII o e s

o295 ;o b a Celeb-DF ciwling jo (olwlus gloddo
ol S &S0 (J—oc FaceForensics++  jl yid s
UlnlojT gl 153851y Gills losls degamo Celeb-DF ud0
sdlw 53 So80n og)glid aS il jl .l eSS
a8y iy gy 3o woplal (i 50 deldl BgB Cud iy 4 ol
1S5IpuiIls g Sl lwlis glowswlinps ple g Celeb-DF 5o

Oy dolgs
Celeb-DF cauwliza 53 iy jLaiol
Source: arXiv, Y+Y) | Chart: Y+ YY Al Index Report
A
E Yo
3.
b
2
/’A
3 Ve
.
(=]
o
@
@
o
7o
7
PolA Polq

6l cdled Gandid Jagus ¢lp Blgie plusl cuw) gaeds
dowgd wpman p @)la (ubjyg Jalxd g djad wile Slasel
il humwo 2hb (CBI» yigaolS hawgl ouud dolgs jglias
JiS g ol pSle Grluwlid (JUie glgie 4) Jiigdeas g

g odlaiwl (683938 WL suwS

bl cawj 39Ty j1 Liolas

Source: Cao etal., Y14

i 3)Sloc :pgd Juad

Celeb-DF
Jlolg ©a3ug O90 jl Celeb-DF (SO0 yopduind cuwling
S8 O dn dS cwl ui JoSind Logaigy 0dib
39 . (920 Polq JLw jo Celeb-DF .couwl 00w (gasoyindy
ulds~o bwgs g gy VYZ/ANA (Celeb-DF yip jliel (Foll Jlw

JS=) ol s @ L e 095 g gz cumino g ple oslSiils
(P

VEAA

PoPo Poll

P-1-V S

ol g wuibg 39Ty

Sl (0t g 45 s G (ogjb) gluwdl g Juoldo calide
Loodls gl waaSys s g (P-1-A J5od) cawl aolg pauns
38150 4138 O 33 plwidl a5 iumibg s (33) sy Gl

o



| L el
H PoPP Leguon Lyige

il doyd 99/ o gl o edls 3ygTp Jaw (Foll Jlw 5o
JSb) 935 Grlwlind Gliawyd @ 1)y (ibjy9 gloedls alS blas
loo.ol jad Jdao jd 33 Shac iSla s a Sl @y azgi b .(F-1-9
9L gl i gaess glp 6155 Gz gloyles (il

se2lodid o35 Lo gl gludl 4 1 13gid Sl

i 3)Sloc :pgd Juad

1 miye JLo 3o plusdl 53 g Casibg 3591y
«PCK» 2usus &4lS blas Juojy0

3Sl8n S8 5l aS eiwl pguas Pooo (Joli jud cauwlind
el (L8007 (695009 9 pguad (HLojre purgw S
©191g02 Wi ()9 S plasl Jlo 5o a5 5l Subjg
Calize Jmo 1 olellbl Jolib pgani 1o .cawl 04
blds 0w U jod jheo 3o 3ySlac .cowl a0 33 Juoléo
39850 (L)l 04 03] (eSS @ IS

4PCK» 2uzus (gaalS blds wuo)d :jad ivjyg Jlo 3o plusl o ¢ casibg 39Ty

Source: Papers with Code, Y+ Y); arXiv, Y+ | Chart: Y+ YY Al Index Report

49,0494

/

Yo%

2,

3 %

9

)

2

g ao
Vo%

Polie Pold Poly PolV

PolA Pol9q Polo PoPl

P-1-9 S

€1



ol il
PoPP Leguon Lyige

[~3

A DEMONSTRATION OF SEMANTIC SEGMENTATION

Source: Visual Object Classes Challenge, Y+\Y
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Video analysis concerns reasoning or task operation across sequential frames (videos), rather than single frames (images).
Video computer vision has a wide range of use cases, which include assisting criminal surveillance efforts, sports analytics,

autonomous driving, navigation of robots, and crowd monitoring.
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O Passage: Barg's — Bargq’s is an American soft drink. Its brand of root beer is notable for having caffeine.
Barg’s, created by Edward Barg and bottled since the turn of the 20th century, is owned by the Barg
Sfamily but bottled by the Coca-Cola Company. It was known as Barq's Famous Olde Tyme Root Beer
until 2012.

Question: is barg’s root beer a pepsi product  Answer: No

Boo

Text: B: And yet, uh, I we-, I hope to see employer based, you know, helping out. You know, child, uh,
care centers at the place of employment and things like that, that will help out. A: Uh-huh. B: What do
you think, do you think we are, setting a trend?

Hypothesis: they are setting a trend  Entailment: Unknown

CB

Premise: My body cast a shadow over the grass. Question: What's the CAUSE for this?
Alternative 1: The sun was rising. Alternative 2: The grass was cut.
Correct Alternative: 1

COPA
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A man inspects the uniform of a figure in some East
Asian country.

An older and younger man smiling.

A black race car starts up in front of a crowd of
people.

A soccer game with multiple males playing.

A smiling costumed woman is holding an um-
brella.

contradiction
ccccce

neutral
NNENN

contradiction
CCCCC

entailment
EEEEE

neutral
NNECN

The man is sleeping

Two men are smiling and laughing at the cats play-
ing on the floor,

A man is driving down a lonely road,

Some men are playing a sport.

A happy woman in a fairy costume holds an um-
brella.
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In reinforcement learning, Al systems are trained to maximize performance on a given task by interactively learning from their prior
actions. Researchers train systems to optimize by rewarding them if they achieve a desired goal and then punishing them if they fail.
Systems experiment with different strategy sequences to solve their stated problem (e.g., playing chess or navigating through a

maze) and select the strategies which maximize their rewards.

Reinforcement learning makes the news whenever programs like DeepMind ’s AlphaZero demonstrate superhuman performance on
games like Go and Chess. However, reinforcement learning is useful in any commercial domain where computer agents need to
maximize a target goal or stand to benefit from learning from previous experiences. Reinforcement learning can help autonomous
vehicles change lanes, robots optimize manufacturing tasks, or time-series models predict future events.
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