o ola 11 3139 82 pB Tereret gzl =l dAloo)!
(VA7 YR W' SR 7 Y]l L { WY ul ~ill ajlig

Oyt ALY - (543N melalid
AL A

pJ_l_é‘aﬁ’)a‘jh’é,%f 2023-1445 Aado

Ministry of Education
2023 - 1445



o ok el | 33159 83y
i) (el At 9 S| |

Qagsuwll dupe)ldAlaoll

21888 (@idaitt 3159 @

il il i g gh L e g
o=l

el = Ll ol = & g1 2l A = ellas VTSI
2 VEEE AL el /L W
(._..,\‘o,cx\’\eup\"t\

AVA=TF=0) V=g 40— 1 elas,

Olgadl T &3 pandl = ealio = o dadl = )

VEEE /1NN YY LIRS SRPPER ‘ .: y‘ s 0I "

VEEE /N VNYY L pla¥) @B
AVA-T TN\ -§40. 0 dlasy

a1 3N (ne daia” Lo deslsg wdl)S) Mge

Ol sl ALEAS - (g 93T dadf
ienedusa /‘ m m‘ W‘

=
alailly Au,idLs @ige JS9 s ae¥! el gig (il Ually wodlially (Olalally Cralall Uelje \
Lioloial Jome @SSl yidag ( puuyull | ST jglall  @Sliolyi Boiaw
[EleA
fbien.edusa P 4

Alal) Ldling LOLLY s Le dugads deecdaid] acdaal!

EFE
S , Lowtiyes 2023-1445 Zada

fb.ien.edu.sa/BE A




p. PRV

el LA el Ll Bpla] sy sl 2 5Leta¥l e L3 Sty ol Lyl Joll o35 0

25 2030 2gacall B ol 2Lkl &5 1 Bolomalg Aealant] LgLelail yuglat Lagass le @alatl] 35139 (ye Lo g 451 puiiag

sl Al 102 Jely Jele i3 Sl G gsilil] @il ol ylecen alis slaiel 1505501 @pols
(s Ayl Byl ALl (5550 @l U st Uil L 500 iy 553080 el s oL )

12 5.,

Lo 303 (e LUl ) gl 5t 31 5380 23 s gansall A yall ASLall Liiog) o LWl @ jujs @
el B S ¥! @ lall e 5tins

M\,Auwmlwtguﬁ‘a&éu\ cada aiWy A5 l) 3112 Lgule 5830 IO (e dibolsll @ 558
daagll Al @Il e L5 gl eal) A5 e 5 e 055 ) Bagaad) Ayl ASLeLN 2 Aygaill

(et il s B (Ll psliall cratl Sy lasladl 2 Aliiid) clnasl po 3ol5t Loy 2llall Juals
Jeddl Bgu ilillatie e

~eailoads mglsun 329 3 ,Sue Ul e 2 e Junall Ll 2 el Anglie (e dllall oS3 ©

e 5l s Janll B3 Alas ) s 31 213313 Agalal] olmmily StV (oo Rullal] oS5 ©

(roalas i (s Aalal colan Loy ALy Lol e 3315 A yal | Y513 8 judmay atas dpelas L 2 allall ey @

o Ll e Sy sl A 1 L5 T A1) o 11 (e 1y ALl sl Ay e Bl S5
PRI P T

s 1 eldlatie e caglanilly B lusd! e Jelatll e @ane s (il duas ity sl el adlll mgys

Sl B g e Jgemanll:Jie laslall I 2oLin) Ao giie iyl yue oy Bl alal o il s @
il cilaslis e Jpeanlls Adplantl S LISIL
s Al L 300 36 e gl R (ynls ol 95 2 5.8 Bl 3 S A (0 L ol sSy

0 5B B s ls sl ale sl 2 Ly Al (Sl Ol (ol Laal (et 250y duale c¥lra 2

s Lo sy 3Ll Bomall slews iy oo sl s Jlae¥1 55050 slons s oo il sl g gl 5085 wglsun

ORI WIRTE RSN TRTTEN

065 2030 a8l 23359 Aygaiil datadly Ayl 1 Ao Liaall 35501 colllain g 35155 Bguir Al Slges 392y @
el ety codISall oy Lilal) 58l ol )lg Buaiad

é)‘-:&'d‘-.‘ﬂeél’ﬁmo-‘w‘O§~°;¢~P‘W‘JHEJ“—‘-”@}M&L?L_&L‘b‘Mgfd'é)\—.‘-&wJ‘—?ﬁUz—"ﬂ ¢
<3 Budulsy ol )lga Aagiins g Same

ot 3530 yalSa S ealsns @aBaLod g % wae Ly s el lng BLI 32LS G s Jpue e
el | 2 e and G058 (e 330 Las

el Lo 01 ot ol gy sl 2 Do) Bl o ey Loy s Blal) ] gt Jaal] ©
- aSulaly disedy el el (ASLud¥) @adll ojas e

3aazma bl 529 3T I 5las (oo JLEEY (o Llad! S @ pnntll ©

B3 OS] G @ IS (e s leemmil el sy S Lall sl LeDs (e i G LB s @
e dles

Aol lodsl) pglat A% 1 &)

dunplaill lodsd) slai 349 Binary Logic SA 4S54 o Aol 48U Crgay il @3
B gl duyall aSkaall § plasiwdl (2022/0003 ) Lic)

Binary Logic SA 2023 © &)l Gga>

S Ll gl Al § 4iss ol Hgaiall s (o 52 Sl gl S92 Y LAl ghoms ozl ppaz
QUS 03 03 N5 22 o Jumandl ol § guiall gl o AS58en ol d139 A A S of S S alis
-opA e

Binary 4S:% Jid oo 58 Y &g A @dlge ] sl e LS s Sgimy ik b daxde (o)
dginsdlag Lgluzg Lulg,ll 0da 833 Olesd) g §)lad Js Binary Logic 45 & asys .Logic
A a9 7S] @Blge ST Sizme e ddgguall Jams Y Ll )

Sldle gl dylas Sladle 9555 48 L 8)5SUall OS2I gl Olriiall slowsl 2yl leMally Hlas)
G5 Gsand! Iy &6 Is udy bty cinadl (orky baid pasidy Ul Gyl
“oniaall )l Oladadl (Sle ol e a8l Loley 5 byl ST 399 Binary Logic 4%
4yl dedle Tinkercad a3 .Microsoft Corporation 45&) Alseud dyls dedle Excel as
38 Aomas dylas wldle Python Ohlaks “Python” 45 Autodesk Inc 4Sad aldus
s .Project Jupyter a5 A dyyls dodls Jupyter s .Python Software Foundation
s &yl Aodle Multisim Live dad JetBrains s.r.0 454 dlsud 4ylas dadle PyCharm
aSa) s 4l ddle CupCarbon 4f .National Instruments Corporation 4S&J
)l Ledle Miicro:bit dad . Arduino SA &4) A 4yl dadle Arduino <5 .CupCarbon
Micro:bit Educational Foundation &S,4J dleus

e 3L ol &) - pe 9 LS 1 oMl 8)5Sall ilebaioll gl 1 (£33

00 O3S 134 pgin 81 ol Ll U8 O 1319 (A3 ,,Sa)l Goimll 2o a5 sl alll Jyl>
oy OBl § AapI olasd] 3151 A1 g (£195

&4 binarylogic



Pl il ajlig
Ministry of Education

2023 - 1445

adlaatly Jelintls dae Sy (g L1 (e el e claatl allnd 2 2 35 e @leilly el @bl sl @
el csloslell e il ol il mes le dlall el )zl ggpie ©
menis ol o 31 Bline LS5 B 3ame Elge @a3la ey Allall 213 B lges Buige lale
sl 3 2 gy Byl Ay s Bl @l 1S A wniglly el aste los ls il
hLall 4las] e icolally g Lall o mieg e s s I Cllall gy ol JU oy 2 5L e b Latl
el Gy LIV 5T 5153y dgun g e s 2 el JLaSaY a3 5Tl

SIS @ualie uings 2 @ o Bsntigly comslondl sl Hlua 2 31 315l N elilaus¥l s1S21 53ke sy
el 305 ubeilly S I (ol e 2l ¥l 3te 2 izl o s e e L Lo Ly a1 il e Litaual
) el 205935 e Litaua W1 1S 201 ey LAl (a3 31 331 Coghy e il B sLaid¥l WLl (o La pudg il
1 ezl ldanll Lends (S (2503 @+ e L1 oS30 bzt Bal¥ Ll e 3855 w1385 e liall e
aalery U Al 0p5Lads ol e 3301 024 St LaS Al cslall] e alails e sall le 2a5Lal Aalai¥ 3l
~qeladl (ye b rilg din g A yall Oligiane S Lo Auadly JSLiie Jond tllall

e sl Bdlall s s s gy ol puslic 4 53155 B calluly e Libas¥ oS301 QLS Sty
SIS @l 2 dage g e QLIS s 0S5y LaS e gine Ala il g el o6 (e i Lo M5 e sdae e Ll g aalis
12 Jha cdalaiy e Lilaia¥l
Al ISy bl closiall o Gl @
ghiey Byl Bygms syl )20 Fbogss ©
bty el cildes 2 elaall 550 3150 ©
.Lm»ﬁsmmwag@w,%wm .
At Gl 2 Al elial Gl alaayl ®
e Byl 5ol e cannlits Lo Bl g5 2. Aot bl Caulogis alana¥l @

SILl (ye AlolSie R garme alaall a5 (s e libais¥ oIS 33l LS (ols  JLall 1382 At Lall s Ll 2S5
ol g sy Bllal i3 31 Aentadl 23115 il sl I ALYy (Lol o B3yl g a1 13 01 gl Bmlat
ebally el Aubes 20593 S5 Lae s Lall e il Juol il Bl clzzull

381331 oikg) et ameg  gilllato i ngoletal e snany o ol tiall L1 5 Lo s i 31 ¢yonls

ERETE B

Geosill Gy allly

pilc il ajlig
Ministry of Education

2023 - 1445



el

196 eeninninninninnns galt Gle Qajaitt 4 10 ........ elibas¥ o S Olwlui .1
Jo¥ Lyl Jo¥1 Gupatt
197 v seall ot 45 gatt elaaty 1... oo pelilas I SIS B Rende
218 oy 21 oy
- AT Gyl
ot e lilaa ¥ elSA b it JSLia

el Jeloit 5ol il eha

Sl pe3

AL Ly yurd |
CAL (i yd! 53.... Adast pd Sbladl JSLa
236 i Ayt 1 SbLed |t 53
. 246 s Sl pai
< 248 9 pielt
JJY‘ ;ﬂ' ¢ 70 ....... el ¢ ISU Olw)ylss .2
250 ... 1 ;a4 3G g | Shea)ylgs 5 I Gyt
(’jjy‘ s ”‘91‘ ij‘wjﬂ‘ 71.... 10 s le G
- . Sl pei
el ¥ 1S3 bl 251 s 3 19a31 g Al e
= 264 Sy e
A6 i o N Gl astsls ol gl
. " ] ‘,: L Gyt LY A gtsls oty
gﬁL&Lﬂéy‘ SIS eliaylgs 267 oo 3509l Al gun WSde
ALY 5 o 27 Sl Ayt
i 89.... Lo 19all e @SN 1A Bl
Bt il dotles S ot 105....
283 BIPPR [N, LS9
294 Sl e gttt
298 ¢ 9 el
300 ....... ezl g e lida¥ o 1SN .6
Js¥ Gyt 132 iiiiennnnn dacdal) S dxtlae W3
301 e el ¥ eISA OLEMAT 3 heuie J9¥I Lyl
310 Sy a3 asatidaan
L (i yadt ven Ol ped
312 1 25909 3 Olacdant
326 Sl a3
AL Ly yur |

328 2 2 g9 ) Slaedaitt

Pl ill a)ljg 338 e YUY

Ministry of Education

2023 - 1445



www.ien.edu.sa

elilan¥l oIS oSy

: (Al agents)

b oelila¥l 1S3l 1S5
em‘i‘uﬁ“-@d—wc—‘bﬂ
9 e o) 2 alladl

25 il a1 3La iyl palf

o Wy 511 0095 a8y Lyl
13 4 gl @€mill 315 1 5aas
esTienlind Jow sl 0Ll
Al slicastt M sl fie
AN

Acuaal| OIS
:(Neural networks)

O g9 o sl IS
31S Lot 2 aduall conalontl ol o
o9 -6 el Lot Jae 33y )l
e clades Ldls (e 135S
Lelaiy claglal] Al LeiSas

Ja¥i upatt

el ¢ 1SUI1 2 A

el ¢ ISA Lo

What is Artificial Intelligence (Al)

u_'._a:u_ul‘_,ﬁ'l ol psle e¥lae anl5a (Al) gelidaw¥Islsa)
2 pall o531 318 Lo e 353301 ol yoll By ey

el ols

eyl 3Ll dagaziily ( JYoman ¥y cnlyl 30 s @lailly

C@ @J

el ¢ S Slewlul .1

(Artificial Intelligence - Al) o lilao¥ ¢ ISA) 73y le 5o glf oA 2 Uit oyt
LS g s sttt e (AaEl) SLELA) JSL Joom o 51 el LS . 45 ey
£ LZSY G ¥ oS 0l putiiuus g O LET| o801 g (Srllalaint g Akl 3t @313 g

/ .g,c\.'demYO 1S wh‘m

2
et YRVY|

O ol 15313 Caall (S S o1 o248 Aalgis

(A1) o libao¥! &[SI )l @lae ,Sil

(A e libao¥! ¢ (S Olaedadt Aliel sia)

S S S Olbas uas

- a33llal) Obile JSus Slides aiay

s lialf Slile Sy (swtSE Oy JSed (i SR Y1 Sk

LAy 530 ARSLEN 2 L) e ARdal) Aundi 1 Slilealt _a.n:.
-3yl Sl JSud i 7 e

datain Sl JSad g 3 panid | Slike JSud (o OLSERY1 30w

BulGall SBLIT JS1a BLESLLY (PYEhON) (15l Aave sy AaY Akl

AN AN AN NN AN AN AN A

il 9a¥

(Jupyter Notebook) yius> 3,820 <

. il &yljg el (IS e lrs ey 111 S

Ministcy of Education

2023 - 1445




+(Turing Test) &35 HLCG
e A1 3,58 g5 HLas ks
ol GalSa S5 gl sLgls)
e el B3 52 ol oLyl

cendl plus ¥

Turing Test 3,95 HLo

509 sre Llao W1 1S Cay a3 502 ST A plall 0 3055 5Lsl (3p<s 3
OIS 5] Lo b al dyad 15055 @l gy 1950 ple Ml a8l el
Y T LS5 el

Loy 01 290 B (g e O ol e g« LYl oLy
S @ 131 Laa b 5Laa ¥l 5oy . (Human Respondent) (s it 4 sl

) Al T (il Al 3570 Bla W OIS 15) L 3500 0y a5l
A 5ol 2 gl IS oo ity o cama el LY 5L Y

ol Ceulst |

Ministcy of Education

2023-

1445

o oles Jaa 1.2 g

Al and Other Fields ¢y %1 O¥ Ll g o lika¥ ! ¢ (SXS

1Jeds 6 pal eV lrs sua Aleall G oLl (Al) pelidam ¥ slSat dag

(e lilas¥l 1S ldzaudl Sl Ay um, st ‘,51_..11 Jual = :(Philosophy) 2awtar
e Alally alaa¥l e @SLa Julenlly  ailly ae 53l ) M\JYMY!} Lldiady aayall bool Jie
afuailly u)_d.\

el e a1 Ll uudamwk Ll ¥l s 1S3U1 y a9 o :(Mathematics) Sl 1
oL Ay R gl

O ‘)lj_dltmwm\_.ﬂl} ahill G ailasdl mlj_uu.w (Decision Theory) ,i ,att a ,kas
|..\Ai4_|).’a.|.“AJL..aY\})LY\Q.JAajAwbH)‘)_aJ\muugs.r‘amiubl)_d‘ 3Ll Alee a3
el 1Sl NS n Jod ) panls Sl

EPS | P IUS | PUPSIS -PNP U a:”jl_@_?..”a_ul).lgu_'u;:(Neul'OSCienCE)gm"”ﬂ.\c
255 (6935 0l S Bl | LI (o Be gamma (o (g « e Lilaao W1 1S L1 Tosa o 3
2 535 skl Agrmall ol Ll Lot e lila oW1 A remall lS ) 5 LeS sl Juanlly Sl 2 Ji it
<l fladl

i) S an,b L‘),\Ju_l_:, il @le g9, sl 50 (Cognitive Psychology) 2. yat yuaid! ele
Lezaand @ Gl ealal sz ) U e Ll ;\S.:Jld\.:uﬁ_‘zml}«_.l)l_,uw Guasd 2 sl 1S Liltaly
) 5 Sl 318 koes e ekl 35 selid Gl 63,01 55 Gle cuelu GUlg Sl 1aa 2

= dwaiglly cewlsdl agle youa:(Computer Science and Engineering) dwaiglly ceulstipgle
laglanl ) 3 Haill Ll e JLEEI e lilao¥! 1S3 a1 5 5ga Y1y cslimmasul) 5usa Gulu¥)
Gl g ccalallly cAoma pdl g« Junial! miag\),lgmbl)mpgcuhmw;lsw;;ﬁml &g a3y auleall
ULl ALk 343 03,11y Ayl

g QA._.LA,.\;J.!?M:_UL oo Al Al 335 ) EPUSS I PR (Cybernetics) ¥ @Sitt @le
FEL I Js¥ ulPuLLJmAI £1S01 g IV @Sl e oy S L,)_.,Jl LI L LSl Juoats
S0 Ao Loy m;.}.zm_ul)a_m plasials Jolsil Leaiss (1S ! Al aats il alusl
cilaglal g Al 0gs Jre 3l el Bl 539 390301 02 e il Apnganlly alaill Y elilaoYl
Leandgigas Ll

Ve Ladsis &, el 4301 60 OlS Llals 3, 50135 3 alall 3l a0l oo+ (Linguistics) Sl galt ‘g.\c
aacdall Ol dntlas 1Jhe due )b Jg b sg i I sl s (elia¥l IS0 el aals 2 Lis,
.(Computational Linguistics) au swltt &b gallly (Natural Language Processing - NLP)

(068 1S el 5 g T @ales Sy s pmmd) 1530 paladl Al 501 58 2 (Vision Science) g 31 ede
2100035 355 e Lilauo ¥ eSO sl it (38T an Landsss saasall adaliag 38,3l g ylly gl
el 2855 G| laild e 50l YLl

(L._w Realal | Y] Giand and Alass Les (1956 ple 2 (35315 peld Livssy o lilao ¥ IS ellains psial




3936 Aau Wies fuyli + o Lilaus¥! £ 1SANY
Artificial Intelligence: 9 Decades of History

o ol ¢33 il V1 ke 0 8 gl gt 45T 91l 100 35l ¥ e Lilasa¥1 1S 201 yae () oe o s
cade JS 2 elilas¥l IS Jlora 253501 i (ol paial b Leds . asdl

e LYl IS0 s 5 el 3,301 ok b a3 :1987-1993
e 5uine cilS 5,80 L2 e LW 1S3 Ealeil Aaglan
55308 sl Lgilan g Gaudatll Lgnsls (e coad Loy 31y caelsall
) Bl 3Ll S Lo Jo e
@l oy e e Lilaaa¥l o 1S3 g ali o 3531 3520 3305 :1997
2 (Deep Blue) gl cus 3oeall sl pond m i plaill 2
-(Gary Kasparov) g lels )l g haidl 2 @lal Jlay 2es3a
S S ald S @ g (BLadll auly HLETIN 15 ,5d sClat Y
Lo yglady cdumma 1y Zaslt!
5Ll (Stanford University) »ysa3tiw 2asls <5l :2005
3313 sl a3 2 @3ls L (STANLEY) b saLatl asl>
o 3315 i I 2 sLeea (S el Gl Ty LS aaliall

Lo gau 1 Aot lae Oolkom g s il 12009

@lSead) oy (Graphics Processing Units - GPUs)
sl el ﬁlmun PR ,)_.uwlp_uwi
uL&}WH&»Mﬂ'uwlu).}g 5 539 luid | il
W\W.\Ab,ﬂ;‘;lw“@!\_@ ULl ¢ya s 3,08
e lilaa¥l 1S 21g Guaal!

aadl sy ydially (galomtl O aM (pe EILENg ALY (paniaall
!rah-dl
Oty el Gy all ALY e 3l Al a5a 52011
S elalall z ol 2 (L2 e sl (Watson)
Lo Y15 ALY @4 (e o5l (5 i < (JEOPATAY) 53 Lagu
(el e bVl clSal alusninl 2553l S5 Las by Laile
RIANLE-HI]

Bl Lygs 28 @ e libs¥ LIS AL 5 gl 2012
gl il Al Al I Aglaill & juloiy!

ol all ru:u_m ol JealSl @i adl sala fué..HL :2021
oLl (e Y calie sl e 5l Bemal!

(e s Sl 5331 I3 1) B ys Cigy gy 12022
a3 (Generative Pre-trained Transformer - ChatGPT)
o3 Aggilll Ll (e 3 e R pame e el Akl )
alslal)filju}llMlumwﬁﬁlmhumwcswl

gyl et

e lidas) Romas Rabs Jgls Ayl sSbigas,¥1

e Uil ¥1 | LS e ) 531 350t 257:1943
e gl (i) Al 2l 2 05 o A 3ls IS (5 S0 ms
el LI (e Lol 20 1S Ll 33 s (2Lay)) et
L Al 35kl (5,581

(Elmerand Elsie) cutly »b! :oligis) yels alall 1002 :1948
alasial elaa Joa J20 LagiSe @€t Lals oliss Laag
cually sl

e lila o ¥ IS 5Las 1 uolt) {20 Oliewes

q}x.uumummna)ﬁ)i,u)ubnyjé)y)ubn,@h :1950
il yals il I e ol f QL) sl GBI S5
uL.w\Pn,Luwﬁ_\uwwﬁnwu‘mw‘\sm PUNTI

55l @ttty !

lodall st BLA joiall) cewls r‘“" :1951
(Stochastic Neural Analog Reinforcement Computer-SNARC)
a1l Joas ol J5lS

Lims Balini @y aal o (LiSP) s 21 2155151958

AL Jy By By iy 5L e alall 2y e lilaa¥l IS

aLisi g2y (Hypothetical Adwce Taker) -a!,58%15, 5481
el fie Lol &yl (ya @,_.n e sl oelilaa¥l clsul
SISAL Bl Jgi 1 mdlll (el (o Oliaiiad | S lietiaad |
elilanoy

il 2 alal by Jsf 585 (ELIZA) gﬁ:ga_‘ufﬁu :1964
sl Rayull ligys) pean 4o g3 1 ho¥ 2y Bunlall

e llao¥ 1S3 e s gl @y 3,240 ods 03,45 :1974-1980
153 08l oaa 2 e lilaaW oS3l cileg ydie Juged (ndiedl Eom
Sl el e 2 0,305 (olanily el 13825 el p ozl a1
e Ll oW1 e S ol 3503 ke S e 0 LY ol agl]
5ag0me Lgdaglas 313 e U1 01501 5le¥) A e Al e
Ll ysall abiludl ale sama g o USEL o Sl

SIS s LSy uialhl (3B (e Cliken willy SLioLett)

el

e 350801 31 Lk @t e b o5l i a5l 3117 :1980
LY S 51l i

Laade 5 )015 ALY (0gs (ya bl oSl tanlatl il Eanlles | 1

DL 1T 3 Lealo sty Lay 3uis claglall @ulaind 38 pall Sl | 2

ALY e Bl 0 5301 eleslall alasinY sl Yo | 3

\itien Bygal il e Shonsl ol B (L 6Ly e Bl il SLun n asattail s | 4
cslaglall (yain 33 35ma vl ol (JiB oo L yo o

5 Ly e 45l (o Lalabsy 31 i pemdl LB Byl (o (55 it 2035 | 5
<saeally Hguall

Lgzlagg 321 e sl ¢y Lalily il £ Ls ¥ Ll e o i Rigasll | 6

o3 (o paisaian gl e Lila oW1 1SN Jlms (o 5§ 12 5z ooV Aol SIS oy
ol L LISyl

(068 e 3080 el 3 gl il 01 e Lilaio W1 elS201 g9 sl s (NLP) Zopmedad | LA G Lo
Cadall Bl L

-l A2 yall e 3 ddec Il i e Lilaia¥l IS0 L(Knowledge Representation) 28 ,al) Jied
4 palloia b mlmlﬁwm&Au.cbme‘s\S.\J‘Q'oM'MhJY'uSADﬂLJI c3yhe JSE2
uuu.nj‘_.l_».wl, enlall aelsally (Silanll: Jokiisue yp0 2

e elibao¥l 01 ,,Ml Al 503 I s (Automated Reasoning) ceaist! J¥ iw ¥
el el il s lsall (ye e gaml ing 2,30t il 13N @3y 5soiand] 22yl gliial

Slaglall @ g8y yud (yo cosland! ;_.&.;3&5.\1! elibwo¥ IS0 Jles o (Computer Vision) ceulsd i ds),
<sa0dl] lolieg sl i ¢ asand! @ladl cye 25,11

Oy - el il g Sl g ccugag Ml Mm,wéul,;umaw <121 ¢ 45 (Robotics) agigsg I

o Sl 213 85 VTS @l il sl A5 9 ol s S0 el S o g
) 1 (ya i ol Ll

¥ cuulnt | OISl 111 Joui



alatl ;u‘\;aﬁ;‘,_hitéulauijm,a@wﬂ@g‘mﬂw elS301 Gules e 2Vl au3l ani )l
S o I 830901 2 e Lilaa¥W ST il 5305 ol IS S aamilly clilanlly Lol Jie
NRESTHD ISP [ FEO P L SCOUPIN [ PO U PN RECTPE PRE- (RN IS SIPEN S A TN
435 (Honda's ASIMO) geawi 139 g9 1 e (B yduadl caligag Il aghal 3igag )l 2 e Lilas¥l c1S 2
(Advanced Step in Innovative Mobility) e lu¥! Jait1 2 deasitisglantt aggal 1lazal iy ‘,g..i

k¥l algll elols yuad) e 15315 5185 2000 ale 23531 5 ald 35 501

Humanlike Robots yicdly gt S g9 31

Olgarid! Gligas Il (Aldebaran Robotics) (Sigagy Ol pmad! 38,5 ciyslo
2 joshailly el Gl 52 Ll ol il (Nao) 5lss (Pepper) e »-aull
o dlellme 2 pulysllai le Lot By s 5 Ll 0o Je Ll Yl
o Jelinll @ unk elaiad i) 568 (PEPPEr) s Lol i ally ol
557 Gl e itinng oilisghg Sag | pualS aladeials Fyads 8 ygems ol
Cagag Il 18 iy s (o gl Cabolge g oils puatl Glatn¥lg s (o Bl
Ll @IS (agg coga gl e ol dl e Gl ailiasdl (e spaally
e igan) 568 (NAO) ol Lal .y agons U3 y5mim0 oo oy 1.5 JSall ol Loy LI
degama e Goladl (o sl 108 gima o) o Jo Litll @ond Lo jial
i yaalSH il I ey ¢y Bl sl 4 e ) il et (e
Ozl s £l g 1 138 3liasy o slly p IS e )l calighg Sl
O sy oo LD ST 5Lt dldaey Lo lle 2l g 2oyt 2ma
el Agunall g g U0 3 goi landad oglats 3l s 2 (yud { \

Ao Juamy S519) Jgl (Sophia) Lid g Cigag 31 colS 2017 ple 2 oSyl 15 g

A3 gacad| Ao pal | ASLaL) O yals 2023 ale 25 (das gacd ) Apucint |
-4 g3 (po Jo¥ Aeliil) Cigag N a9 (Sarah) 3slu

Self-Driving Cars 3aL@¥ 451 O ylewd!

";t‘ 1.6 Sl 2 LeS 3Ll 21 s Leadl gl o 5391 @l 3Lai¥l o)lS
. 3315 3l e JLESU e Libaco¥1 elS30) puied e lew a9
’ anl 3LEL ey 3V LS U e (¥ Je Ll 328 S il 201
35,1 L Aadles Lo 5503 ga claadatll sig) Fuus ) luttaat]
Ay el 3ol s ) 5Ling Lgaghy soanall plolies sguall Jie
gy b))l alusiul (S 5 (Computer Vision) cewlsa
2 6,a Y ity ol a5 LS e (3l cewlsdl
12gly olinay gsmmel) Bl egd cila I guapdll ploliag sl
gl e b5l i Je A 1 et liandal (e ssotal! Sl
255l @lleas¥l asl oISy dailugll Julods cssiall 35150
s gadll plolieg sl a3 2 e libus¥l oS5 ol
LL (3508 LS ol LS s Gandl @l s ls5
spasall eloliag seall 2 30kal) LLaYI sy

5abuatl 4513 55w 1 1.6 JSa

Applications of Al ;e Lilaa¥™ ¢ ISAM Olacdad
a2 cile liatly e Uaall ¢ye e caly Bagarme Jhod e 5yl Lgsad pobaill day yew 3k g e Libaio¥] £ S211
Legame 2 bl eliund oyl 2 gl aiial 1685 Aegill e liball 1S3l ik o S 5um sl

caleluallyalelasl) (o degiia
Virtual Assistants (yus! @¥ 1 Gade Lad
Ol e Y1 Cppne Lol e L e lilaeo¥1 oISl ciliglas g2l pe 5l
aall Ul (s Adgall 5l Boamill 3le Litl e pronitodl e Juolsill egies
S cagall ol yiSa gl (i gl 3 g Vg S I Caslpal) 1 Jie sl 3 3ga ¥l pc
e Bla ¥y Sl slael e algll (e Al y B gazma e15Y wgaluiinl (Sasy
3 5a S ALY aal nlensd ol bt (b g Bggentl daSlongll Jui i3 ALY
-(Apple) i3S 5 cya(Siri) ¢ pew sa Jlall 1282 Lelilho¥l clSl eladas e
3820 ol (Alexa) LuSl e sl sl cypaebina cipls 6 o1 IS i cling
Lls 5585 . (Google's Assistant) (854t 1,503 aclutly . (Amazon) gilei
53 g b Bl 595 any . (MICrOSOft) i g »Ssbe S, 1 o lull (Cortana)
gale 3315 oy Leaiiea¥ly yal 91 Cya syl e el Byl ¥lg @l e culagtantl o2ia
LS A3 3 g1 2 @Sl oY e bl i) (5  JUL Jis e
el Jaey a8y 8l eIl 35ga Ml Beluadly By ol im0 2 oSl < J
Gyl Y1y olaslall @i 53l Aabuall il A8, olissg) 55500 2 ol 58I
S3sgy i« Sanll oss il 2 JBL e e 3o Jlma 2 301 e
Sl Jgo o Shaal) Wil e a1 2 e lilaoW (IS0 34035 le Bkl 38501
bl s mglills Js cilaslall @iy «Lga ey NSl agasdy ceslonill
ccasll g Blse s Jie g iall (e Ba sy Ao game pre Bh I lBgg) Gl Jgos!! (S
e saelidl oloss @ LgiSayg e lam Y1 Juol sl Sy cAlul U1 csladay
Ll Sisgs olandal oY Jlia e ¢ MY sliSey g ga bl Jlslo Belatl 5l
1.3 salle

Robotics 4.3 g9 31

LS5 L e Ll SISU ol ygumtl] g cgg 31 IS 13018 Ay 0l 45l iie e il e 201 o)

g lall e Sl ol yall 3Ly g ¢yon Akally panidl e 3508 dmiady gl flas Jia e Lilano ¥

el 3 aidl 93 algll (e Anialy Angazma o 5Y ol judlly LIS o2 Bualad A8 AN gy U (S LS .3 il

2 sy peandidai mngs 14 JSatl (33 alall e sgadly  SLaYIs comdly  BLESTLNNy poienil alga s e

bl pine

A0l gy e skl 113 S

bl phms 2 gy paend dad 1.4 Ka



Agriculture and Climate Modeling 4.5 Ul 4 leid) g Aol 501 Industries Affected by Al e Ll ¢ ISII0 & a1 1 S Lt
Gamig el )3l ?u)u| ;;L:;s 255 ety 30l Jralstl gﬂ!Mhl)}Jl 2 Lelilo¥l LISl alitg Education st
el)3l ey Jundly Sall g5 Jalgally cpuilall dolaily () 2lls oo clibld panaad ) bty o0 -
agasdyedgll Jlsls Jreolall 28 502 e lilao¥l c1S311 ‘.;\,-.;M:L‘s Lasbasg Lgiygduely 3 Juslall
EMUSEL Gl 35 ol U8 w31 3Lk el el e Lu‘uélﬁyl,l Vs Jie Lgeas 43 Ul Sl

i I el 3L e sl cllin colS sl AL Sgaal e e
a2 el ¥ £ISA Lie Aalail b 13 2 Ley ualatl] 2 e libaoW elS21 alaiwy

‘a\m\pu\)ﬂ‘iu.cuma}'l LS00 sl e 3 S5l 3B anly iae 31 ol B35 e Al benefits in education uh-n::ﬁ\a '\:h;:u:.:\,smawl :\sulﬁ‘t__ﬂwﬁwj:
LN RECTM PPN W[OS PSP | BT PO - SO JEX B U [P T WP 1 EN 3360wy palall cdy ,Bg @ NYTGJ Jzu| ;u-wsu-wl L-A‘J-c 1 Aaglall o

L5 2l 51 e S i Sl sl 5 5 sl ey 1) Jpanlonl | 2300 ol ya il Ml_,,” o P@uhiﬁjfﬁu—iu—@ ;‘—‘*“JU‘—‘M‘ e
i e Fie 311 Jeomlondl bt e Uieall 5LesW1553 5l SUaTl Bl pynll a3, el et Thocd o ddany 4398 oLl ] alid ol JSI Aparlaill Agleal] gl

o e Liaco¥1 eS0T e Al ] Baladl s Lo Loy
et 351 (.,_\u, CIRR TS IUTE BN [P IV SPPPIPEDS:
e e a3 a1 2 culaa ML @y Lol sl 1)

sl ol seetd aSid 3 5d 3 55l o pa 201 1.8 S 2 LS ol AL 3c e (Al tutors)
b Lalumblu_\g@.hll VS

| ama el ol @uladl) Jlma 225500 gy g9 a3 (e Ll

e sum ) sl Wi . ARl (S g3 Sy el e Lla Yy Ldlall sl
Sl S e lilaol o152 Anall @ilshing Adlall elol Yoo Ll Julowd e Lilaas¥l o1S2
ralally bl ¢ye JSI Gl dalad ooogl L3 6,21 Jalsall (e L yudg celentl 2

Ot ol AV gl 315t Gl lpeasill @iy dlal] diaiaia

adledy o of

Healthcare dovalt dale

5350 2 A SIS OIS e libas¥l 1S 21 Jndy 1508 Lo G sl Il o il gl )
el s e @3 Bga¥ LA 2 dalaiialy e Lilao¥) LSO e 2 aSLa Rpm e 2l 2ot
Al 30 L ially Lol 0,30 (o I a2al) 2 ileall 3 ilaglall 21 3y A5 30V )
datas oL 2 counll e btV c1SI) se b gl relilaas¥1 elS31 e 2Ll ad oy olant]
EPEIE TS PUINIPRE DRI £ N PG BTN IVE W3 SUSN PURECTRPRENFOLE DRVREL-S BRSPS
o e (331 maall Bl 1 ot e = Lia¥1 (85 g manl ol 11 Jlama 2 58 59
JESYREN ] 'J’lak}rm)dbanmuuul B a3y Ales Joo 1A 3Ly ULl (e 3 S clueS
ENPICN VS PPEPER I S LS Aaaal] 2e s Y1 gl Bl 2z Jie ppenll U3y Aleall cilisgmally Audall
lall el 2 el s cilas il (e CadSI 5 ) Sie 3 ygemng B cnlnll

(3 & L

5 el 3 iy pentl 118 U<

il gl pelias¥1 1S3l 15,58 3T oy ety 300 Uiy ULyl das o T v g Ll 2 2ial Ui
LSl ﬁ.uu_ml sy, e 2Ll alall 5 Ll gl e e,k by 3 Lol 1222 aSlanls
il o2ua 3l Ll LW 5l 25 Gl eyl Jyom bl e 3 508 il Julowtd e Likaua¥I
poaly Apsalatl31SLally u...u\uua,_ﬂ_.ugymﬁ,uw\)myIngau,«wﬁmw
mul‘_.l)_‘_...]l)hl..}._:..\l J_..ut.»l.d\ o dedll cladal (e Al g degare 2 e lilas¥l 1S001 ‘A..\:u.uu 3
sl LA el ) ¥l g« Lgaghy o it Aysdl yalstall lewal aghy Julods 520 Glolia le . 2 ¥
Y N 2 7 es .. o &
g Sl gl 2 Ul el il e — ;

Pl il ayljg = u A

Ministry of Education Bl bl Julo3 1.7 U<

2023 - 1445




Aibls . Ao 5| Alasmt |y Ampomial | Alammt| 30

ilgalslgll gy Blally Lpsagonl gad us¥l il sLele g 1

Y &l Bl el by ity el IS 13 Le £ 55 5Ll 333 .2

plasial el gy o350 cnSgsy Jsl (Elsie) oy (Elmer) , 11 ols .3
<omally s gall

gmtll cale Liaatl 2 e 3nnll culisns 1 2 dazs e Lilaus¥ 1S3l p kil .4

B e 2 5830 80 gl pelilao¥ (1S3 (S5 o5

S(Al) pelibawo ¥ 15201 Lo e

e g Bl | 2 s Stk | e Lo 1 oIS A Sladad (ans jlouls g 5! e

Pl il a)ljg
Ministcy of Education

2023- 1445

Energy 43Uty
e Sl g Lgal s sl )3 (e lS B0 (S 3 )Jau;m;,‘uualduuuhlﬁ.su;mw;lsmﬁ\
.u_w,uuan_.mmlquuuumum@au),\,;ﬁtwt‘_u;,mwm ol 3 LaSl graaniy
Blall 35150 3uill e Lilao¥ e1SI1 ‘,Ml ‘wu\uﬂlwuw\a g _wa)_@ty.uwh
uua.m)\,.nc_md.ns\AJ,Aleuualu\sHusﬁm,b,Jmuls, Loa! sl fpoaaniy 3l
Lgilidee 2 5ozl

/ ///" \‘N$

71N

e l] Aigng 2SI 219V (yn Ralalll 350 e LI 1.9 S

Wl liadslss ankind G ASH IS 2 oLl oS3 o iyl s3Lnll 130 cya 531 ciall gt
@;,:z;usmz_us ML“__Q.‘L.;,JI sl Calladly (o pall daeing Z3Lal) ol Joo il Julos 2 231
3508 el gttt e LWl s S201 sl o plially 3Ll 030 (oo N 3l 25 5uaghl (yo ol B
ﬁjl)\‘wuu&\usﬁu&w)b}hug i L) e Lgal ety 305130 A3l oy 5 LgiSay il A3 LI
2151 1.9 JS A (1 yay 01 3Bl g Faa il] 23U Je 3553 A5 A)lﬁwiﬁutﬁzil-ﬁl@}ll
Sl Juboy BBl ) 328 32133 e Lo ¥ S0 PRE I SUEN FEPE I P WP A | R YO
,Al,;m.ayl;ts.ulu_mwluhwwh_u;wwwtw.\_\nwb iy BB sl
el IS ) LeS 28U S1giud LS 1 crag egibiatlly 1 3t 2 2Ll ool (s 2 o Siud
colilanl! s £l amd) s calilad) Julwtt SLally daiil) delin 2
Law Enforcement (431411 G.edal
‘lﬂbwoﬁm\@h}‘}&nl&[&uﬂm}'l BESUPWECHv
elibao¥l IS (a.lza.uu canamitl dag ey Lgegdy gs Alglimtly
Blugs el e s e Aalima jalias (e cslilad! Sl
mymu,waawum- B S palSy e et ¥ Jolg2l)
5al s elilaoYl ;uj\),meM,h Lgs 5l Fual Y1
Ayl s Pyl Al 2 el Ly (1,10 JS8) o3agll e
Slagagdl e Loy e liin ¥ Jolsill Jilawg sliinia 2300 pasdaly
S5l gttt e LW 1S I01 auiiianl 03 Y1 25591 25 2Ll
ol Lgpat o ) el (gt Do Julonip 231 505 5t
lend) oSS 2158 1593 e Lilac¥1 1S 21 Cal LS 0yl Ggles
g silly Lol sy Ll (e 35S il Ll (e Al gl
gl Gty oyl e 2l Jg 5 el )yl 3Ll

Sy dasll e Lol wlim 11,10 Jsa
et gl



PRIV IR

G Gyt

e lilao¥ i ¢ 1SN 2 OLL JSLy

(30 Sliain 1y Slioias Y12 e lidas YIS 5ba3 20,80 Al A 211 b S0 Sl ¥ (ans e o
PRy {1

www.ien.edu.sa

g:LLYn.mY‘ P {] ’%&mﬁn JSLa 2\.4.‘.53

The Importance of Data Structures in Al

L‘,M\ oele¥ LY el alSil uy\;uad,..s iaal elill

Sbiked! JSta adlany 435 3,005l g s ouliled! 39 A..\_mu_» u}'l(ﬁJAJCALNLAJ)JJ

+(Data Structure) ul—.¢))b>el-uu-‘ s il 3y aalS elily giny e lilaa¥l S 31 230s

am e wUlal Sls el algll ‘;ul v (S g gty P Ol +BLei¥l e lilaadl el
2 Ll @ daiig oy it Sl Al s clilSalg el yud S a5 2 Lis) 1hgs wbildl coals ,‘_,JL‘J\e}
LS, Lol Lo IS0 2.5 S sl Ll JSLea e Lo c1S20)
Aadlaay gl il e LeS cnbild! (o jiy ealaid allad 35y )l 5055 LY

3 piilue 5555 I3 el Aotle 2 e il a3l 5o LSy el s 3 Fiond 138 5 3Ly il O rdally galott
elesill e Litas¥1 1S 201 cilus 3553 by e s o (S« JB S ol e LilacoW) 1S 201 aalail o5 Lo
Ll JS e ae s lliS s o Bdad! Wlall 2 clidal Las S i Lotam Los gulil lilegl s ol sy
aliledl e ST ile gamma Aanlan ye LgiSand ioloan sl 32 LaS 33039 3,811 ’;Luuul Juls® (e fuiuall
Jseoll 5idgig 5 LaSs liladl ¢y 335 539yl (ym e U S Lo 4339 By Lend Ly bl eaalondl 3 gl 0,38
A gl e bl S Len Caiont (e ag ye 32 ylas Ll

VS M| UL e ik AN ULl Sles @
el gi bt gl At o} Sl AN e bl s @

cnliled) JShes Gt 111 (Kl 2 abosdl gy

O N (o (AL AGall 2 I g¥15pall o lidaw ¥ oIS I OLias Aoyl | Olaedail| oo ddviu ) Lo 7 4! o

fur]

et USLia
ta Structures)

Ol A Ll A St s LI O il eaaill 2 i 1 ST Sl aloiioal S et o
AUl Jlowe 2

YISl JSLs
(Primitive Data Structures)

e ] natie | a8e alo Hemem |
(Boolean)] | (Character) (Float) (Integer)

[(Trees] 3 poe il ] [(Graphs) dalazell ] [(Linear Data Structures) 4...L»J| @bl JSL_LA]

i

‘wu, _ma_n J};LA.” alay | yall de5lal
(List) (Array) (Tuple) D‘CUO”al’V) Stack) (Queue) (Linked List)

bkl JSha dafhis 11,11 s

A5 e Sl ! Sl
(Non-Primitive Data Structures)

Aasdl jud bl Sl
(Non-Linear Data Structures)

p il gjlig
Ministry of Education
2023 - 1445




e

S I pamic Blis] Abee 1113 JSa

Silanl Gl

oS fya yemie Caio Bulee 11,14

Operations on the stack w.ksit 2 Sldaalt
oS 2 oty lilee lia

oSl a3 yinic BlnY Al aJ51i 1 (PUSh) uale 20L) ©
oSl 8 (e yamie ol Aleall 1155 £ (POP) e it @

Push operation ,.aic a3ls| ddec

eie 8Lt ol S I i yamie A5Linl s e 3l

.(Push)

P . . s .
‘,J‘;)ﬂ-ijd‘(TOP)uJGY‘)—@BAMGz}-UéL)—@PwJﬂ‘ pasi
oS M i yamie Falisl die g GuiSl 232 sgagll piniall

S sl sl L glsY Busly dasdy e¥ 5 d5adedala}s @

s el el
a1 23 ) gl jeniall Caling

Stack Overflow (usti aid
159 e, 1, e i) Bl PR Pl ) o
US e Lgie s duix jumie 2Ll yla Eilies 581201 SIS
120 el 39las Lgs unay . (Stack Overflow) uisti b
o e gl 8Ll 3 iSE1 3,815 - Sal (y 3amll iy

Pop operation ,aic Calis ddec
(POP) pumic Bitm el uISH (ye ymic ol Aulee e Gllad
oSl (e yemie Cals die

oS 23 ya jemiall ol

43 e I pniall LY ity Rasdy e yd5e Resd paini

iy
et

Stack Underflow (ulsti jaid

a ol Bl e o iSTcpn i ol 3 2 i 13
S IS 13l LB e ol yamie e (g3 uiSH
(StackUnderflow) skl i AIS e e s g L2 5l
] S3aY1 sdl ge (olani¥ Lgy daday

RAL dalge g ol

Al Lo e £y
o g pal1 3 5a g ¢ 9 i
(5,81 le

_—

—

JLieS LS ya a8 11,12 S8

oSl e a3l

1357 calat) 3ucld
¥ g o5

+(Last In First Out-LIFO)
OSar BLal yinie 3T
gl 4l Jseosl

Primitive Data Structures 4.8 9% SLLA JSL

10 gy 05 302 Bl L) JSLos s A1 Ll s ) Lt
bl g5 03,301 Alapaad) UL 1531 i lblel) Aanans 0 e JSLagl! (e 501
(o Opll) 3832 25V el JSLa L5l Ll

oy B Il il Ll ale ! ‘zl\;‘ﬁuf«.(Numbers)f-\éﬂl .

Al 3l ¥I —

il ala ¥ -
LSy o a1 ya e gama o Aadll Sl : (SEINGS) Acuaidf Juu St ®
RN a,_,,.muga_,amf;.uggn (2 0553 : (Boolean) zuatait) cliled) o

Non-Primitive Data Structures '&.;J,S’! e OLLLS JSL
35 5l LS il (o e pars 05088 dmucainio JSLan L a L2051y il JSLes
I Ll Sl Jie sl L 555

0nes o1l IS LI 5l bl JShes oanai Sy

:(Linear or sequential data structures) alwluil! gi aadasd! Slled! JSL_u: .
G Juads 2 lll) juolie Laill @lild! JSls 553

JSLua 913 ¥ : (Non-linear data structures) Ldasdl ek ikt JSLa
S 236ty Sl il yolie iy sk dols ) e 3ila) e ULl
el s 093 Laall Jguamnsl Lo ilasdl yuolie (e degare

Linear Data Structures I\,Z.hsm OBl JSLe

Wi gyl 1382 cae Jaeis 2 lildl panlic 3idasl liludl JSLaa o358
Olegs Loy (QuUeue) yasltatly (Stack) puisti e dibasdl Ll JSLa (e
agudl 3Ll 2 Ll s 381 Ll JSLea cye

50 LS L 353 055 LSl (o Re s o 31311 2 301 e (S
cans 358 Lgudany (S g ol lde Al Gl Laidls 1,12 JSAH 2 mioge
sty esamtl el tpe LS 2T ele (S o alaiial a5 Leies

Aesanll el (oo 31 1530 lide 33 (sl

Lol ke g1 Eols (it e (1350 43

31580 plasials Olwdst O gl | 4ad Gkl




Jupyter Notebook yia g 3 ySae

g 58 plasial ) Al Ui Uilaie (a0 5msll oin 2
gl el il s Lasy alenadl cosll Gulss a5 . (Jupyter Notebook)
Lq:slé;\_n?_m)%nt_u_u#é&d‘;)ﬁ:w?é@éﬁ.m)uuj
sl g bl el gty 2Ll 2g¥ Lkl bzl
e Ulma il 30y gl s 3,500 0y (Offline ) oo oty sl
¢3l5glly Allall s iall 3 giie pu)g duaia a9 (ANacONda) 1usgSLi JoLs
sl a3 e Lgiaing Lgly 55 EliSany
https://www.anaconda.com/products/distribution

S0 g 5,Sa (ygtulll 4T ot @iy

+ (Jupyter Notebook) yiiisa 3 ;Sae miat

© (3 1.555L1) Anaconda3 e dais! @5 @ () Start e daisl <
© . (s> 3,550) Jupyter Notebook sl <
gt 2 g 3,SA A )l Andiall jelain <

ayoar 090

2 hows ago
a yoar ago

2 hows ago

26 minutes ago
2 hows ago

2 hows ago

a year ago
ayear ago

o year ago

2 yewes 890

2 hows ago

2 mcaths ago

2 mosth ago

g 3,8l Al amaall 11,16 S

Stack in Python o guld) At %W.\SJ!

LIS e § plie Lggalas oS il clibaall e o 28 Laygar (31 @15l alaseials sl 2302 el sl £

w&si; Oldes :1.2 Jou

adeal!

- -A-a\.fa!'_ .’. 2 -
O3l 220 2 Luisel SN Blgd X yeniall 28l listName.append(x)
.append 4 alasiwls

LS e pud Y peniall (B listName.pop()

sl 33 2 LSS Gy e Vi aaline,

(453221 1) alb,¥1 (o e gama 02 33x3 €11 251 @

<uSH ¢y (85 32) (M G yumniall Caikond 5y (a3 cya (POP) e bt ulac il @
(e 1 (78) o yumie @LnY (u3SL1 I (PUSh) i 20Lis) Akes paivionl ©

oS e Je 11,15 s



LT gl oyl 3 jals b jSan compnl O aas oY
g aliaing Jo¥1 clmali

O el il 3 Jals yals¥ i <

O (Jiiis) Run e daisf < G AR LS (e duial| e J puand | SliSiay
. Lpaladae le Bl S (5555 S 3,400 ol 2. Lga b
e-ﬂ'ﬁ‘&:ﬂa@ﬂ‘uhﬁ@eﬂ< PIPSER I

“ Jupyter Untitled wnsseacnsses @ Logon
File Edit View Insert Kemel Widgets Help Trusted & |Pymon3(|pykemel) o
B + % @B 4+ ¢ PRn B C M Code v =

In [1]): | print("Welc

@

o Jupyter Note

Welcome to Jupyter Notebook

O () New le dainl cslislis cpe Auslall iad] Al 31 2 <
© .(3 52L) Python 3 (ipykernel) sha <
© by (oLl paail) 2 500 Cups dadle 2l Lualil 3 Sl b @i <

ilorally Jhdd sde
In[]: s Bl @i
Bagd> ome o plade
Lsla
s 5,Sae 2 gali g o) 11,18 St
. Enter < + Shift | e dadially dlovali o Lidi SUiSas RECRSIUSI PSRN

Aolitl 5 ,8al Baaa)

’.o.|pyter Untitled qutosave) O (i) File Lle daisl <
Flle  Edt  View Inset  Cell  Kemel  Wikgels  Hi O (sdaax) Saveas sl <
New Notebook » [ pRin B € Cote O .ot <at Ll sl <
Oen O (i) Save le daisl <
Make a Copy pe to Jupyter Notebook"

g o ~ jupyter My first notebook
P Lpyter Notebook Z Jupyter My first notebook wmsares
Save and Checkpoint ||'| f File Ednt View Insert Cet Kemed

B+ % @ B+ ¢ PRn B C
Reectic chabeocics N

Save As

Enter 3 RO2D00K PATS FHZEVE 1 SOWDODK O

iy Lolsl 5 ,Sall daia 1119 JS

29

DJ Z Home Page - Select or createa 1 X l+ = (=} x
C M ® localhost:8: A a g B 3 ¢ @ @
= Jupyter aut | [ Logout

Files Running Clusters

Select items to perform actions on them. Upload z

Notebook

00 ~ | W/ Name< Python 3 (ipykemel) o

O O 30 Objects Ofher A
Text File

O O Anaconda3 !
Folder

O O Contacts Terminel

O [ Creative Cloud Files T 4hoursago

0O O Deskiop 2 hours ago

O O Documents 3 hours ago

[ | = Home Page - Select or createa - xJ @ Untitied - Jupyter Notebook X [+ = [F

C M ® localhost:8888/notebooks/Untitled.ipynb... A @ B 38 v @ @
N " Logout

| Python 3 (ipykemel) O

: Jupyter Untitled wnsaveachanges)

File Eait View Insert Cell Kemnel Widgets Help

I+§®B+*>Runlc»cwe v

I In [ ):

ol Yl @l

ilgal das y i

-Osialdl Al el 5l Bunly Aslas

SOlsie 3" 583 ,Sael

N
[



e el 813 iyl gl i Lo 51l pamiadl o | gt U8 (it IS gali 1 20
5ya JS 2 4 ALl g8 Gl el s

il 313 (e 1 301 e dininl (IS I yumie BaLsY @

il 2313 (e 2 @30 e dainl s SH (o pumic (Bl @

el 26313 (e 3 @301 e daiisl el ol (e g pl) @

def push(stack,element):
stack.append(element)
pop(stack):

return stack.pop()
isEmpty(stack):
return len(stack)==0

de

>

de

-

myStack=[1,21,32,45]
print("Initial stack: ", myStack)
print(myStack.pop())
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print(myStack.pop())
print("The new stack after pop: ", myStack)
myStack.append(78)

print("The new stack after push: ", myStack)

(_,'a,v.l print(myStack.pop()) &l r“z_“..:i
L .myStack.Pop() &5 ¢ye Z_»,.m:d‘ eual!

def createStack():
return []
Initial stack: [1, 21, 32, 45]
newStack=createStack() 45
while True: 32
print("The stack so far is:",newStack) The new stack after pop: [1, 21]
pPrint("---=---mmm e ) The new stack after push: [1, 21, 78]

print("Choose 1 for push")

print("Choose 2 for pop")

print("Choose 3 for end")

D L ")

choice=int(input("Enter your choice: "))

while choice!=1 and choice!=2 and choice!=3: print("size of stack",a)
print ("Error") # empty the stack
choice=int(input("Enter your choice: ")) for i in range(a):

myStack=[1,21,32,45]
print("Initial stack:", myStack)

(.m;\iill‘j,b_,;;)dlen al ﬁm:)

LﬁAzJ)AwiQAﬁ;iL;

if choice==1: myStack.pop() .
. oSl ¢ 2l
x=int(input("Enter element for push: ")) print(myStack) o N
push(newStack, x) myStack.pop()

elif choice==2:
if not isEmpty(newStack):

print("The pop element is:",pop(newStack)) Initial stack: [1, 21, 32, 45]

else: size of stack &
print("The stack is empty") []
else: T S SSooooooooooooooooo
print("End of program") IndexError Traceback (most recent call last)
break; Input In [3], in ) -
7 myStack.pop() oSl oY Uasetl gty

8 print(myStack)

Bl el S ey ol
----> 9 myStack.pop()

IndexError: pop from empty list

IndexError . ,gatl las
culish pald 2 1aa Coruy oLall GulSh (e ymie ol ol S Lotic Ui jpgls danSliw
e yenic (3> Wglone 13 (eiSLI 2 yuslic 3535 cpe 32l Lags elile . (Stack Underflow)
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+ (First In First Out (FIFO) rule)
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s Gl 3 kel S ‘),A‘Su Ol I 590l 351! Jsmis Lantia . yg 01
S Ll IS n 5 solall Fol die g 535 01 Lgadh o Tl gllall 1
s Laa o (FirstIn First Out - FIFO) ¥ gi ¢ 3y ¥ o Colual i 3els oo
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:Operations on the Queue jgalialt 2 Cldeal!
gl 2 plied) pludee llia

osllall 313 5inie 2almY denll asnid s (ENQUEUR) jpllall ruaie Bolis! *

[ ETRT [N . .
Eoolatl e S fg‘lﬂ\\et&" Fedda (e punie Bl dleall ansios(Dequeue) Haallall (s puaic i @

ccssllall (ggmmtl 1] Jgensll

s(Index) (u rgatt
age 3t 03 58 el
abladl JSea 2 il

ssllall

Queue Pointers ygalall & i
0 s e sgalladl ggimy
ossllatt 2 g patall 31 ,uad s (Front Pointer) ale¥1 a3t o
st 2 a8 pail ) sl s (Rear Pointer) ,us¥1 ya3tl o

e 3ol
opllall
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43 | 21| 7 |12 |56 |23 | 4 |14 ]| 31 <::JJ
2 3 4 5 6 7 8 9 10
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The stack so
Choose 1 for
Choose 2 for
Choose 3 for

Enter your choice: 1

Enter element for push: 26
The stack so far is: [26]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 1

Enter element for push: 18
The stack so far is: [26, 18]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 1
Enter element for push: 23
The stack so far is: [26, 18, 23]

Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 2

The pop element is: 23
The stack so far is: [26, 18]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 2

The pop element is: 18
The stack so far is: [26]
Choose 1 for push

Choose 2 for pop

Choose 3 for end

Enter your choice: 3

End of program
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Queue in Python (giabd| Aal 2. ygallali
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Enqueue Operation )glall aic d3lsl ddec

ogllalidawg (ye ddi

Dgollall I ssss juaie a3LY L (Enqueue)

sl pnlell pinse M e G wa g Band Al Sl A 0B aaly @ @
213 ol g1
1 sk i1, <
293ttt G ylo Josa> il S| 5 @
Ay ylat
gollall Jia 1 ASLEll I X pumiall o | listName.append (x)

AL e Jo¥I peaiall CaisS listName.pop(0)
) O :

YLWJS.UH‘AM Lasie )Fualjwﬁluuuyuwwl|stName pop()ui,de ﬁ.b:u.“u A B C D A B c l«+| D A B c
),JLu\Hf.MLAMJ_Amun,_muwujulumuLw Jelas (gl sl il N
0 2 3 0 2 0 2
Lol 1.4@@!;5‘4@‘@4}!4}\%@,& listName.pop(0) ! ! !

- ogllall i A3la) )

listName.pop(0) 4&s yka (Jslds listName.pop() 4z, :1.4 Jois

opelall ymie Balos dulee 11.23 S8

gl \ 23y lalf
oS el ) LSl gl (e Y1 pumiall (30l (L5l a1l JaleZ IS T3] | listName.pop()
ssllall Jiad a1 2RLAY Cpn J5Y1 pumiall ol o aen A1 Jalek 1S 1] | listName.pop(0)

Glde syl g1 LB Dequeue Operation ;sillall (1e juaic Cai> dilec
Sl SIS 13 Les 3ol . o . s
oseld) 2302 jeslall Gadas e Yl Gl o pateaics palladi2 -(Dequeue) )gllall (po raic i @ul Hplall (e jaic (il dulee e Gl
<(45.32.21.1) ala ¥ (ye Begarea o pil Dells Gzl @ i uale WloY Dgellall e ymic (BasS

e e g paic 3143 G es o . s
e I gyl 30 (5 e ssollal (e CBI Blae paiial @ e g2 ’ el a3l ﬁgbu|m| Gy @
] syan yenie 3Ly Hllall ) jnie 2] Adee auiial RS L1 NERES[SUR A [ PUR- TRUNENER PR PWE-Tg AP BS-3 I R Ve P R ES v

ssllall

ol

= e = e e

) 3 3 ) )

! ! ! ! !

1 213245 1 |<g] 21|32 45 21 |<¢| 32 | 45 : : : : : -
<k

T o e o T B|lc|D A B | c|D AlB|cl|oD

sgllali (e spllall e 0 1 2 0 1 2 3 0 1 2 3

s ogllall (e paic Bis 48

32 | 45 |¢1| 78

ssllall e yumie (3l Alee 11,24 K

0 1 JURIEHR 0 1 2

sgllalt
Pl ill ajlig Pl il ajlig
Minigigy of Education sl pseil et gle 11.25 e Ministry of Education
2023* 1445

2023 - 1445



Queue Applications ysslialt e Olacdald

ol 3l 30 4 ol Jame ol JUI s e A Llall 3ol 52 ol asle 2 s5llal cilagbss e 3831 o
JLA.U@.LLbdﬁj L@:.JL..I b,..Ua EPA]] ‘:L@A‘J&m_‘u el delb2 ddhil ey lande Suslgdalla u\_LM
t.h.d}uyjtmglwl uuasiglmm)\éult,_u,nuguwamlLuwlk;\ .(FIFO) 3}1 T ¥
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Adaeil) yesliall 5ok o pfdiniuly yaallall s uaSLs

Stack and Queue Using Queue Module

(Queue Module) st wm»yprﬁluﬁ’ﬁ w:ﬁ: dxﬁ)ymhbugpulwl‘ St el oSe
O ) Al S 5 3Ll gl s lall Bl Bl (e -yl bl e Saind 6,30 33400 oy
sellally Sl oy S e Loualss

Adaeit! yallal) S g &SS9 :1.5 Joi

.queueName deul 12uux glls $25 | queueName=queue.Queue()

Dgallall X juaiall Causs queueName.put(x)

gplall @ Aaidy 39a3 queueName.gsize()

oA cpn 5 anially Hoslladl pa JoNI yuniall CBinGy s pa3 queueName.get()

(Las) False iedy  Liticn )34Ua.” OIS Ol (umin) True deysy 343 queueName.full()
12 IS e Lgaadss (e € la 5llall 1S o)

(Las) False aesally L& jla 5 ltall OIS O (o) True deay 345 queueName.empty()
IS uaSH le Lgalad (S Lilias Hoollall (1S )

from queue import * e— «)yuéibwh'bwdsewﬁ\-h-'

myQueue = Queue()
# add the elements in the queue
myQueue.put("a")

sl sLad¥ Ada il Hgollall 5uasy fw

myQueue.put("b") relde JEL D22
myQueue.put("c")

myQueue.put("d") alasny (Queue) Hemllall 3 iss ;l).._wl .
myQueue.put("e") YA ua)lé

# print the elements of the queue (k_ﬁ-l?‘ue) myQueue @uls 5ls el sLas| o

for element in list(myQueue.queue):

s Jemees Dgolall e od e b iamliall dalusl @

-(¢o3lb) myQueue
Lsllall jolic delds

®Dan oo

2 clad LaS pallall JSea il 5% L) LaSld s iiidin 0osTlll 3l eVl Amaingll culg lasll s
- . 2
sl

myQueue=[1,21,32,45]

print("Initial queue: ", myQueue)
myQueue.pop(0)

myQueue.pop(0)

print("The new queue after pop: ", myQueue)
myQueue.append(78)

print("The new queue after push: ", myQueue)

Initial queue: [1, 21, 32, 45]
The new queue after pop: [32, 45]
The new queue after push: [32, 45, 78]

ool gy ssellall £, 51 Yl dlite 518 s50lls (ya i B2 5l Lot Sy 5 Lo iz )

myQueue=[1,21,32,45]
print("Initial queue: ", myQueue)
a=len(myQueue)
print("size of queue ",a)
# empty the queue
for i in range(a):
myQueue.pop(0)
print(myQueue)
myQueue.pop(0)

Initial queue: [1, 21, 32, 45]
size of queue 4

[1

IndexError Traceback (most recent call last)
Input In [6], in O
7 myQueue.pop()

8 print(myQueue)
----> 9 myQueue.pop()

IndexError: pop from empty list

2 yolic 3929 (pe Lags (a5 ol clule gl Y Uasll ygls

die juaic Bl Wglme JB Hgillall o2 Hpllbs (4o yunic (Bis
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UASAL Aakiud! B ol 2359 1.6 Jonta

.stackName aeul 13y Lw_\s;u“.u stackName=queue.LifoQueue()

oS a5 umiall a3 stackName.get()

Bl ulSa LY ssallall 5y i

from queue import =

Lad g Jead it 2 Slibeatt i ,S05

Szl = (LAieaene() L(LIFO) ¥5i g 5 1557 ol 3ussas

myStack.put("a")

myStack.put("b") - -

mystack. put(*c®) .f,_,\.u»baget”uu,n Sl e

myStack.put("d") o Aelidally sle w1 Slhilee Aliuiu
)

myStack.put("e" A(FIFO) ¥4iz )5 ¥gi bliaki5e 15

for i in range(5):
k=myStack.get()
print(k)

# empty the stack
checkEmpty= myStack.empty()
print("Is the stack empty?", checkEmpty)

HY onao

s the stack empty? True

Print dcldalt : Jlie

LS Aelds el sl (ol a3 Leotie Aapllall 2 Ee Lol 55Ul 31S Lo IS JUL1 2. clalel gl

gl poladban 201 LT ol sallall 12 Aagliall a i e ldall sl I
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Jaul

Aelall sl S (e o LW i A 591 e Lol el ¢y 2e B Lall ol i Ul 81 0

foloacliball yalgl sl o) 1S3 Ul Akl ol @

BLe1 25 el o gl & el ll 2 L8 Lty pitedl s iy 08 an (oo Ul sl G
zlbll @ ol

from queue import x
myQueue = Queue()

# the user enters the elements of the queue for i in range(5):
for i in range(5):
element=input("enter queue element: ")
myQueue.put(element)

# print the elements of the queue
for element in list(myQueue.queue):
print(element)

print ("Queue size is: ",myQueue.gsize())

enter queue element: 5
enter queue element: f
enter queue element: 12
enter queue element: b
enter queue element: 23
5

f

12

b

23

Queue size is: 5

Litias ol L5l 550lall IS 15 Las Gaal] Lrali o Gl

from queue import =

myQueue = Queue()

myQueue.put("a")
myQueue.put("b")
myQueue.put("c")
myQueue.put("d")
myQueue.put(“e")

checkFull=myQueue.full()

print("Is the queue full? ", checkFull)
checkEmpty= myQueue.empty()

print("Is the queue empty? ", checkEmpty)

Is the queue full? False
Is the queue empty? False



M

print()
return
printDocument = printQueue.get()
time.sleep(1) # wait one second
print ("OK - ", printDocument, " is printed.")
printQueueSizeMessage()
# print a message with the size of the queue
def printQueueSizeMessage():
printQueueSize = printQueue.gsize()
if printQueueSize ==
print ("There are no documents waiting for printing.")
elif printQueueSize ==
print ("There is 1 document waiting for printing.")
else:
print ("There are ", printQueueSize, " documents waiting for printing.")
print()
# the main program
# send documents to the print queue for printing
addDocument("Document A")
addDocument("Document B
addDocument("Document C
addDocument("Document D
addDocument("Document E"
addDocument("Document F
addDocument("Document G
printDocument()
addDocument("Document H")
printDocument()
addDocument("Document I")
printDocument()
addDocument("Document
addDocument("Document
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()
printDocument()

")
")
")
")
")

)

Document A sent to print queue.
There is 1 document waiting for printing.

Document B sent to print queue.
There are 2 documents waiting for printing.

Document C sent to print queue.
There are 3 documents waiting for printing.
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# import the queue library
from queue import =
# import the time library to use the sleep function
import time
# initialize the variables and the queue
printDocument = " "
printQueueSize = 0
printQueueMaxSize = 7
printQueue = Queue(printQueueMaxSize)
# add a document to print the queue
def addDocument(document):
printQueueSize = printQueue.gsize()
if printQueueSize == printQueueMaxSize:
print("!! ", document, " was not sent to print queue.")
print("The print queue is full.")
print()
return
printQueue.put(document)
time.sleep(0.5) #Wait 5.0 seconds
print(document, " sent to print queue.")
printQueueSizeMessage()
# print a document from the print queue
def printDocument():
printQueueSize = printQueue.gsize()
if printQueueSize ==
print("!! The print queue is empty.")
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Static and Dynamic Data Structures 3 @it 9 X3 SLLLS JSL
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Dynamic Data Structure 5 @t SGLed) JSLa
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Document D sent to print queue.
There are 4 documents waiting for printing.

Document E sent to print queue.
There are 5 documents waiting for printing.

Document F sent to print queue.
There are 6 documents waiting for printing.

Document G sent to print queue.
There are 7 documents waiting for printing.

OK - Document A is printed.
There are 6 documents waiting for printing.

Document H sent to print queue.
There are 7 documents waiting for printing.

OK - Document B is printed.
There are 6 documents waiting for printing.

Document I sent to print queue.
There are 7 documents waiting for printing.

OK - Document C is printed.
There are 6 documents waiting for printing.

Document J sent to print queue.
There are 7 documents waiting for printing.

!l Document K was not sent to print queue.
The print queue is full.

OK - Document D is printed.
There are 6 documents waiting for printing.

OK - Document E is printed.
There are 5 documents waiting for printing.

OK - Document F is printed.
There are 4 documents waiting for printing.

OK - Document G is printed.
There are 3 documents waiting for printing.

OK - Document H is printed.
There are 2 documents waiting for printing.

OK - Document I is printed.
There is 1 document waiting for printing.

OK - Document J is printed.
There are no documents waiting for printing.

!l The print queue is empty.
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#single node ..j;.u‘:.l_‘.l__.:‘di:‘n‘?_nm| L g A AN 3 o "
class Node: e sl Ay sLasy. ahuluﬁt,_dl 124 Mdiad 5255 Al (ygildl elaSe alazial 5l el (ol

def __init__(self, data = None, next=None):
self.data = data
self.next = next

Rl (i 1.32 Sl st JLLI 2 Ol Sl il Al e 2300
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# an empty linked list with a head node.
class LinkedList:
def __init__(self):
self.head = None

# the main program
linked_list = LinkedList()
# the first node

dall alasiul :.uc)'jl S

linked_list.head = Node("Monday")

# the second node

linked_list.head.next = Node("Tuesday")

# the third node
linked_list.head.next.next

# print the linked list
node = linked_list.head
while node:

= Node("Wednesday")

( 532 (ya Jamll while 35Lue a2

print (node.data)
node = node.next

Monday
Tuesday
Wednesday

Q-5 5

per ]

s

Ay 1t AedLEN I Fudalt ABLS)

Add a Node to a Linked List
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# single node
class Node:
def __init__(self, data, next=None):
self.data = data #node data
self.next = next #Pointer to the next node

# Create a single node

first = Node("Monday")
print(first.data)

Monday
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# single node
class Node:
def __init__(self, data = None, next=None):
self.data = data
self.next = next

# linked list with one head node
class LinkedList:
def __init__(self):
self.head = None

# list linked with a single node
Linkedlistl = LinkedList()
Linkedlist1.head = Node("Monday")
print(Linkedlistl.head.data)

Monday



# single node
class Node:

def __init__(self, data = None, next=None):

self.data = data
self.next = next

# linked list with one head node
class LinkedlList:
def __init__(self):
self.head = None

def deleteNode(key, follow):

# store the head node
temp = follow.head

# find the key to be deleted,
# the trace of the previous node to be changed
while(temp is not None):
if temp.data == key:
break
prev = temp
temp = temp.next

# unlink the node from the linked list
prev.next = temp.next
temp = None

# create the linked list
L_list = LinkedList()

# add the first three nodes
L_list.head = Node(12)
second = Node(37)

third = Node(99)
L_list.head.next = second
second.next = third

# delete node 37
deleteNode(37,L_list)

# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next

12
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# single node
class Node:

def __init__(self, data = None, next=None):

self.data = data
self.next = next

#linked list with one head node
class LinkedList:
def __init__(self):
self.head = None

def insertAfter(new, prev):
# create the new node
new_node = Node(new)

# make the next of the new node the same as the next of the previous node

new_node.next = prev.next
# make the next of the previous node the new node
prev.next = new_node

# create the linked list
L_list = LinkedList()

# add the first two nodes
L_list.head = Node(12)
second = Node(99)
L_list.head.next = second

# insert the new node after node 12 (the head of the list)
insertAfter(37, L_list.head)

# print the linked list
node = L_list.head
while node:
print (node.data)
node = node.next

12
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{

myTree

"b": ["d",

"c": [None,
"d": [None,
"e": [None,
"f": [None,

}

print(myTree)

{*a': ['b",
'd': [None,

Linear

“f*1,

None],
None],
None],

‘c'l,
Nonel,

Data Structures

Non-linear

e :

"a": ["b", "c"1, #node
o],

‘b':

5h et st agald alaialy 5 o ds G U 13a 2
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['d', 'e'], 'c': [None, 'f'l,
[None, None], 'f': [None, Nonel}

1139 JSall 2 gl A Jie 3 poms G 1 JIEN 2

myTree = {["Data Structures']: [['Linear"]['Non-Tlinear"],
"Linear":["Stack","Queue","Linked List"],
"Non-linear":["Tree", "Graph"l}

for parent in myTree:
print(parent, "has",len(myTree[parent]),"nodes" )
for children in myTree[parent]:
print(" ",children)

Data structures has 2 nodes

Non-linear
Linear has 3 nodes
Stack
Queue
Linked List
Non-linear has 2 nodes

@ @ Linked List Tree
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myGraph = { "a" : ["b","c"],
"b"o: [Met, "d"],
“e” g ["d", “e"],
"d"o: [,
"e" 1 [,
¥

print(myGraph)

{'a': ['b', 'c'], 'b': ['c", 'd"'], 'c': ['d", 'e'],
dr: [1, te': [1}
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# function for adding an edge to a graph

def addEdge(graph,u,v):
graph[u].append(v)

# function for generating the edges of a graph
def generate_edges(graph):
edges = []

# for each node in graph
for node in graph:
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# for each neighbouring node of a single node
for neighbour in graph[nodel:

# if edge exists then append to the list
edges.append((node, neighbour))

return edges

# main program

# initialisation of graph as dictionary

myGraph = {"a" : ["b","c"],
"b" i ["c, "d"],

"c" ["d", "e"l,

’

e 1 [0,

# print the graph contents
print("The graph contents")
print(generate_edges(myGraph))

# add more edges to the graph
addEdge(myGraph,'a','e")
addEdge(myGraph, 'c',"'f')

# print the graph after adding new edges

print("The new graph after adding

print(generate_edges(myGraph))

The graph contents

[Cta*, 'b"), ("a’, 'c'), (b,
The new graph after adding new
[Cta’, 'b"), ("a’, 'c"), ("a’,
(e, te'), (et 'f1)]
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new edges")

‘c'), ('b*, 'd'), ('c', 'd"), ('c’,

edges

‘e), ("b', 'c'), (b, 'd"), ('c’,

‘e')]
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# calculate the factorial of an integer using iteration

def factorialloop(n):
result = 1
for i in range(2,n+1):
result = result * i

return result

# main program

num = int(input("Type a number: "))
f=factoriallLoop(num)

print("The factorial of ", num, " is:", f)

Type a number: 3
The factorial of 3 is:6

5 110 (e plB)¥1 g piae 2.1 Jyun

def mySumGrade (gradesList):
sumGrade=0
1=len(gradesList)
for i in range(l):

T A e I Jlie e 3,83 56

sumGrade=sumGrade+gradesList[i]

return sumGrade

de

-

avgFunc (gradesList):
s=mySumGrade(gradesList)
1=len(gradesList)
avg=s/1

return avg

# program section
grades=[89,88,98,95]
averageGrade=-avgFunc(grades)

Ul ele Gl
.mySumGrade

len() a¥s puscias
sty Ol (e JalasS

ASIEN 2 yolialisae

print ("The average grade is: ",averageGrade)

The average grade is: 92.5

i 1 gl 1

recurseFunction() {—‘

Y
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Recursive Function 4.l ;S ¢ le w1 431
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.(Recursive Calls) a1 S Slsle i ¥
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!

# recursive function
def recurseFunction():
if (condition): #base case
statement
else:
#recursive call
recurseFunction()

# main program

# normal function call
recurseFunction()
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def findMaxRecursion(A,n):

if n==1:

m = Aln-1]
else:

m = max(A[n-1],findMaxRecursion(A,n-1))
return m

def findMaxIteration(A,n):

m = A[0]

for i in range(1,n):
m = max(m,A[i]) L - . -

SR @ L(myList 2., SY1 Aaiall g3 paiall) ,SYI

el 13 puaial| MaX() WHadl g piviad

# main program

myList = [3,73,-5,42]

1 = len(myList)

myMaxRecursion = findMaxRecursion(myList,1)
print("Max with recursion is: ", myMaxRecursion)
myMaxIteration = findMaxIteration(myList,1)
print("Max with iteration is: ", myMaxIteration)

Max with recursion is: 73
Max with iteration is: 73

C max(A[3], findMaxRecursion(A, 3)) )

< C max(A[2], findMaxRecursion(A, 2)) )
@ << max(A[1], findMaxRecursion(A, 1)) )
\
®-®
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# calculate the factorial of an integer using a
# recursive function
def factorial(x):
if x ==
return 1
else:
return (x * factorial(x-1))

# main program

num = int(input("Type a number: "))
f=factorial(num)

print("The factorial of ", num, " is: ", f)

Type a number: 3
The factorial of 3 is: 6

31=3%2*1=6 0
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def powerFunRecursive(baseNum,expNum):
if(expNum==1):
return(baseNum)

condl (ye 1Sl ele W A s L1

il o5 5 else:
6 Al Al Sl ele W AN Leuus 2 i
N return(baseNum+powerFunRecursive(baseNum, expNum-1))

a2 gl 30| Sl sle ¥l g 3 def powerFunIteration(baseNum,expNum):
L‘A»).ua‘ el pladll Al o ol sle sl 4 numPower = 1
for i in range(exp):
. 8 = 2
LJol Loty eleun! \,J.BIQJ;S.'LA e plade LIS .5 numPower = numPowerxbase

return numPower

# main program
base = int(input("Enter number: "
Sl ele wiw Yy 1 ST o Sla S Y Lo e . ( UL )
N exp = int(input("Enter exponent: "))
numPowerRecursion = powerFunRecursive(base,exp)

, base,

print( "Recursion: " " raised to ", exp, " = ",numPowerRecursion)

numPowerIteration = powerFunIteration(base,exp)
, base,

print( "Iteration: " " raised to ", exp, " = ",numPowerIteration)

Enter number: 10
Enter exponent: 3
Recursion: 10 raised to 3 = 1000
Iteration: 10 raised to 3 = 1000

Sl elesiudl plasiul oo e e Infinite Recursive Function d.aLgid a4yl ySit ¢ Lediw) Al
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graph = {
"A" : ["B","C"],
"B" : ["D","E"],
em g [["FET,
"0" : [1,
"E" @[],
"o [
}
visitedBFS = [] #List to keep track of visited nodes
queue = [] # Initialize a queue
# bfs function
def bfs(visited, graph, node):
visited.append(node)
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queue.append(node)

while queue:
n = queue.pop(0)
print (n, end = " ")

for neighbor in graph[n]:
if neighbor not in visited:
visited.append(neighbor)

queue.append(neighbor)

# main program
bfs(visitedBFS, graph, "A")
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graph = {
"Av o ["B",C],
"B ["D" g

"cr o [F,
"o : [,
6 [,
"B 0

}
visitedDFS = [] #list to keep track of visited nodes

# dfs function
def dfs(visited, graph, node):
if node not in visited:
print(node, end = " ")
visited.append(node)
for neighbor in graph[node]:
dfs(visited, graph, neighbor)

# main program
dfs(visitedDFS, graph, "A")
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def diagnose_vl(patient_symptoms:list):
diagnosis=[1] #the list of possible diseases
if "vomiting" in patient_symptoms:
if "abdominal pain" in patient_symptoms:
if "diarrhea" in patient_symptoms:

# 1:vomiting, 2:abdominal pain, 3:diarrhea
diagnosis.append('food poisoning"')

elif 'fever' in patient_symptoms:

# 1:vomiting, 2:abdominal pain, 3:fever
diagnosis.append( ' food poisoning')
diagnosis.append( 'appendicitis')

elif "lower back pain" in patient_symptoms and 'fever' in patient_symptoms:

# 1:vomiting, 2:lower back pain, 3:fever
diagnosis.append('kidney stones')

elif "abdominal pain" in patient_symptoms and\
"diarrhea" in patient_symptoms and\
"fever" in patient_symptoms:\
# 1:abdominal pain, 2:diarrhea, 3:fever
diagnosis.append('food poisoning')

return diagnosis
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import json #a library used to save and load JSON files

# the file with the symptom mapping
symptom_mapping_file="'symptom_mapping_v1.json'

# open the mapping JSON file and load it into a dictionary
with open(symptom_mapping_file) as f:
mapping=json.load(f)

# print the JSON file
print(json.dumps(mapping, indent=2))

{
"diseases": {

"food poisoning": [
"vomiting",
"abdominal pain”,
"diarrhea",
“fever"

1,

"kidney stones": [
"lower back pain",
"vomiting",
"fever"

1,

"appendicitis": [
"abdominal pain",
"vomiting",
"fever"
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symptom_mapping_file="'symptom_mapping_v2.json"

with open(symptom_mapping_file) as f:
mapping=json.load(f)

print(json.dumps(mapping, indent=2))

{ "headache",
"diseases": { "tiredness",
"covid19": [ "stuffy nose",
"fever", "sneezing",
"headache", "sore throat",
"tiredness", "cough",
"sore throat", "runny nose"
"cough" 1,
1, "allergies": [
"common cold": [ "headache",
"stuffy nose", "tiredness",
"runny nose", "stuffy nose",
"sneezing", "sneezing",
"sore throat", "cough",
"cough" "runny nose"
1, ]
"flu: [ }
"fever", }
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# Patient 1

my_symptoms=['abdominal pain', 'fever', 'vomiting']
diagnosis=diagnose_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

# Patient 2

my_symptoms=['vomiting', 'lower back pain', 'fever' ]
diagnosis=diagnose_v1(my_symptoms)

print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=["'fever', 'cough', 'vomiting']
diagnosis=diagnose_v1(my_symptoms)
print('Most likely diagnosis:',diagnosis)

Most likely diagnosis: ['food poisoning', 'appendicitis']
Most likely diagnosis: ['kidney stones']
Most likely diagnosis: []
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# Patient 1

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json' , 3)
print('Most likely diagnosis:',diagnosis)

# Patient 2

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json' , 4)
print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=["'fever', 'cough', 'vomiting']
diagnosis=diagnose_v2(my_symptoms, 'symptom_mapping_v2.json' , 3)
print('Most likely diagnosis:',diagnosis)

Most likely diagnosis: ['common cold', 'flu', 'allergies']
Most likely diagnosis: ['common cold']
Most likely diagnosis: []
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def diagnose_v2(patient_symptoms:list,
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symptom_mapping_file:str,
matching_symptoms_lower_bound:int):

diagnosis=[]

with open(symptom_mapping_file) as f:
mapping=json.load(f)

# access the disease information
disease_info=mapping[‘diseases']

# for every disease
for disease in disease_info:

counter=0
disease_symptoms=disease_info[disease]

# for each patient symptom
for symptom in patient_symptoms:

# if this symptom is included in the known symptoms for the disease
if symptom in disease_symptoms:

counter+=1

if counter>=matching_symptoms_lower_bound:
diagnosis.append(disease)

return diagnosis
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from collections import defaultdict
def diagnose_v3(patient_symptoms:list,
symptom_mapping_file:str,
very_common_weight:float=1,
less_common_weight:float=0.5

):

with open(symptom_mapping_file) as f:
mapping=json.load(f)

disease_info=mapping['diseases']

# holds a symptom-based score for each potential disease
disease_scores=defaultdict(int)

for disease in disease_info:

# get the very common symptoms of the disease
very_common_symptoms=disease_info[disease]['very common']

# get the less common symptoms for this disease
less_common_symptoms=disease_info[disease]['less common']

for symptom in patient_symptoms:

if symptom in very_common_symptoms:
disease_scores[disease]+=very_common_weight

elif symptom in less_common_symptoms :
disease_scores[diseasel+=1less_common_weight

# find the max score all candidate diseases
max_score=max(disease_scores.values())

if max_score==0:
return []

else:
# get all diseases that have the max score
diagnosis=[disease for disease in disease_scores if disease_scores
[disease]==max_score]

return diagnosis, max_score
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symptom_mapping_file="'symptom_mapping_v3.json'

with open(symptom_mapping_file) as f:
mapping=json.load(f)

print(json.dumps(mapping, indent=2))

{ "fever",
"diseases": { "headache",
"covid19": { "tiredness",
"very common": [ "sore throat",
"fever", "cough"
"tiredness"”, 1,
"cough" "less common”: [
1, "stuffy nose",
"less common": [ "sneezing",
"headache", "runny nose"
"sore throat" ]
] h
1, "allergies": {
"common cold": { "very common": [
"very common": [ "stuffy nose",
"stuffy nose", "sneezing",
"runny nose", "runny nose"
"sneezing", 1,
"sore throat" "less common": [
1, "headache",
"less common": [ "tiredness",
"cough" "cough"
] ]
h }
"flu": { }
"very common": [ }
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import pandas as pd #import pandas to load and process spreadsheet-type data
medical_dataset=pd.read_csv('medical_data.csv') #load a medical dataset.

medical_dataset

fever cough tiredness headache stuffy nose runny nose sneezing sorethroat  diagnosis

[} 1 1 1 0 0 0 0 0 covid19

1 0 1 | 1 0 0 0 0 covid19

2 1 1 1 0 0 0 0 0 covid19

3 1 1 1 0 0 0 0 ) covid19

4 1 1 1 0 0 0 0 0 covid19
1995 0 1 0 0 1 0 1 1 common cold
1996 ) 0 0 1 1 1 1 0 common cold
19097 0 0 1 0 1 0 0 1 common cold
1998 [} 0 0 0 1 0 0 1 common cold
1999 0 1 0 0 [} 0 1 1 common cold
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# Patient 1

my_symptoms=["headache", "tiredness", "cough"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)

# Patient 2

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json')
print('Most likely diagnosis:',diagnosis)

# Patient 3

my_symptoms=["stuffy nose", "runny nose", "sneezing", "sore throat"]
diagnosis=diagnose_v3(my_symptoms, 'symptom_mapping_v3.json', 1, 1)
print('Most likely diagnosis:',diagnosis)

Most likely diagnosis: (['flu'l, 3)
Most likely diagnosis: (['common cold'], 4)
Most likely diagnosis: (['common cold', 'flu'l, 4)
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from sklearn.tree import plot_tree
import matplotlib.pyplot as plt

my_tree=diagnose_v4(train_data) # train a model
print(my_tree.classes_) #print the possible target labels (diagnoses)
plt.figure(figsize=(12,6)) #size of the visualization, in inches
# plot the tree
plot_tree(my_tree,

max_depth=2,

fontsize=10,

feature_names=medical_dataset.columns[:-1]

)

['allergies' 'common cold' 'covid19' 'flu']

fever <= 0.5
gini = 0.75
samples = 1400
value = [354, 345, 358, 343]

/

sore throat <= 0.5 sore throat <= 0.5
gini = 0,606 gini = 0.507
samples = 791 samples = 609
value = [354, 340, 71, 26) value = [0, 5, 287, 317)
runny nose <= 0.5 tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
gini = 0.497 gini = 0.182 gini = 0.387 gini = 0.309
mples = 526 samples = 265 samples = 317 samples = 292
value = [354, 101, 58, 13] value = [0, 239, 13, 13] value = [0, 2, 235, 80] value = [0, 3, 52, 237)
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from sklearn.tree import DecisionTreeClassifier
def diagnose_v4(train_dataset:pd.DataFrame):

# create a DecisionTreeClassifier
model=DecisionTreeClassifier(random_state=1)

# drop the diagnosis column to get only the symptoms
train_patient_symptoms=train_dataset.drop(columns=["'diagnosis'])

# get the diagnosis column, to be used as the classification target
train_diagnoses=train_dataset['diagnosis']

# build a decision tree
model.fit(train_patient_symptoms, train_diagnoses)

#return the trained model
return model
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from sklearn.model_selection import train_test_split

# use the function to split the data, get 30% for testing and 70% for training.
train_data, test_data = train_test_split(medical_dataset, test_size=0.3,
random_state=1)

#print the shapes (rows x columns) of the two datasets
print(train_data.shape)
print(test_data.shape)

(1400, 9)
(600, 9)
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# functions used to evaluate a classifier
from sklearn.metrics import accuracy_score,confusion_matrix

# drop the diagnosis column to get only the symptoms
test_patient_symptoms=test_data.drop(columns=["'diagnosis'])

# get the diagnosis column, to be used as the classification target
test_diagnoses=test_data[ 'diagnosis']

# guess the most likely diagnoses
pred=my_tree.predict(test_patient_symptoms)

# print the achieved accuracy score
accuracy_score(test_diagnoses,pred)
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confusion_matrix(test_diagnoses,pred)

array([[143, 3, 0, 0],
[ 48, 98, 5, 4],
[ 2, 1,127, 12],
[ 1, 3, 31, 122]])
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sore throat <= 0.5
gini = 0,606
samples = 791
value = [354, 340, 71, 26)
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tiredness <= 0.5 sneezing <= 0.5 headache <= 0.5
ini i = 0.387 gini = 0.309
samples = 317 samples = 292

value = [0, 2, 235, 80] value = [0, 3, 52, 237)

runny nose <= 0.5
gini = 0.497
samples = 526
value = [354, 101, 58, 13]

samples = 265
value = [0, 239, 13, 13]
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Awd)lens (BFS) ihuy'ﬂ}”hm'hﬁ))b}ulcwuluLﬂ.JAJ}@).U ALY ey waliti Basgll sia 2
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Creating Maze Puzzles in Python
33 (St Lol 3gum 2 Balull 3543

0 Al sl Jawl 2 Gt 4l pinge 35
Bl A8lgied | Ll I Jgngll 5a gl
s (gl 1 JLEY! cee S oSy X aadlally
(Il daBsl 3 55lma 32 5l

Muuﬂi 217 Jsa
',,.mg.\,_.;.:uy_»au.t; 52. 17Js_mawjxluul JLA\J.....HL;; Ble Gle ggimi @ 13] 32515 A1 05<s
_hcwusuyxdw‘unw}uwuu_cw\,u%La..Lch,,u&u,nu}um_.,m =ls=Il o2 . (Blocks)
Ol S e (2. 18@Lﬁh_.usu!ulmjla),l.uu)l_a.mdlujlé)m,l 1”|u,,gldgwdmm

0 1 2 0 1 2
0 3 0
1 . 1 E)
2 ey 2 -

Ll il s 5l 225l Als g 1 (5508 51 rady 5l ol U JLE¥! D S 12,18 S

L 5ae J3V1y a3V 5Ll slal ga Caagl!
3yl Ll ) e @2 by LT and
g Y1 gyl e DU Ay 505 43353
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mdle e g535 1 10.000x10.000

import numpy as np

# create a numeric 3 x 3 matrix full of zeros.
small_maze=np.zeros((3,3))

# coordinates of the cells occupied by blocks
blocks=[(1, 1), (2, 1), (2, 2)]

for block in blocks: ujuﬁamd&lzu)jll s leadl
# set the value of block-occupied cells to be equal to 1 . X
small_maze[block]=1 sl gltd! ?—?—4)_31\ eleat! ‘—xl..\::u.a\ OSas

JLL5ed @lly egama LY osildl

small_maze s i
-2.18 JSall 2 gl
array([[0., 0., 0.],
[e., 1., 0.1,
[e., 1., 1.11)

sy da il i 5 e sl 50l 5052 e (DFS) Groal) Bt sl oo 2 als T JUI o e
ORI VISP V- J N ST PCURIUL[SUCONPIUNE- D L DV (P NE-AL IO
ol a3 1s3 0 il om0 201 e ol 585 5 ol Sl S e s Lalesy
1 mal) 51 (e 1 8 s LBl s (S Vs a5l oiin Liogo 55 (DFS) ool sty
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def get_accessible_neighbors(maze:np.ndarray, cell:tuple):

import random

# list of accessible neighbors, initialized to empty x1,y-1 x1,y X1, y+1
neighbors=[] random_maze=np.zeros((10,10))
x,y-1 X,y X, y+1
X,y=cell x+1,y-1 x+1,y | x+1,y+1 # coordinates of 30 random cells occupied by blocks
. ~ blocks=[(random.randint(0,9),random.randint(0,9)) for i in range(30)]
# for each adjacent cell position
for i,j in [(x-1,y-1),(x-1,y),(x-1,y+1),(x,y-1),(x,y+1),(x+1,y-1),(x+1,y), for block in blocks:
(x+1,y+1)]: random_maze[block]=1

# if the adjacent cell is within the bounds of the grid and is not occupied by a block
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and
maze[(i,j)]==0:

EREN R ER RV IRPNEEW

neighbors.append(((i,j),1)) import matplotlib.pyplot as plt #library used for visualization

def plot_maze(maze):

return neighbors
¢ ax = plt.gca() # create a new figure
. e e e . . N ax.invert_yaxis() # invert the y-axis to match the matrix
ALalSy @ Ly pad ol Ll ) of Ludal el i 3 y5loma (651 I Ads oy JLaD) e IS O Goadasdl 108 (0 y3dy ax.axis('off") # hide the axis labels
ax.set_aspect('equal') #make sure the cells are rectangular

ST (s Gl 108 0ya GoY 92 A yall o2a 2 1l Ble] @i aza3inl; 5y Laylade
- o :.’ I
8 eile JLaBl dog 4 & g plt.pcolormesh(maze, edgecolors='black', linewidth=2,cmap="Accent"')

Al a2 3abil b 3l5les 2 get_accessible_neighbors() alls el ciluadlos S asieind plt.show()
- . s 2 - . - .. :'
Al 5kl g L2l Al LS o stias AN ] (e 3Bl eVl Aenll 3x3 Aalull s plot_maze(random_maze)
Jsaasll
0 1 2
0 # this cell is the northwest corner of the grid and has only 2 accessible neighbors
1 get_accessible_neighbors(small_maze, (0,0))
2

[(Ce, 1), 1), (1, 0), 1]

il cila yoll
# the starting cell (in the southwest corner) has only 1 accessible neighbor T
get_accessible_neighbors(small_maze, (2,0)) e ’_34_‘)
cgedl olay ol ~Lajlae !
O ¥y s lsally Usids

[((1, 0), 1)1

Calil) 2 s 6V 5 5slall LI Lot ISy colalit| ¢ Las) 3a codles o aas
Sl IO (e Bl o LaiSs i) mll a3l el o 311 35 sl L
adadl Caugll Ads 1) Aol A e und¥I Ll

N 2dlstie jals> alaziol 10x10 2alie Jies 12,19 J<a

5 skatl L3LSI1:2.20 S pul il éjlig
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shortest_distance[start_cell] =

# remembers the direct parent of each cell on the shortest path from the start_cell to the cell
parent = {}

#the parent of the start cell is itself

parent[start_cell] = start_cell

while len(to_expand)>0:
next_cell = to_expand.pop(0) # get the next cell and remove it from the expansion list

if verbose:
print('\nExpanding cell', next_cell)

# for each neighbor of this cell
for neighbor,cost in get_neighbors(maze, next_cell):

if verbose:
print('\tVisiting neighbor cell',neighbor)

cell_visits+=1
if neighbor not in visited: #if this is the first time this neighbor is visited

visited.add(neighbor)

to_expand.append(neighbor)

parent[neighbor]= next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost

# target reached
if neighbor==target_cell:

# get the shortest path to the target cell, reconstructed in reverse.
shortest_path = reconstruct_shortest_path(parent,
start_cell, target_cell)

return shortest_path, shortest_distance[target_celll,cell_visits
else: # this neighbor has been visited before
# if the current shortest distance to the neighbor is longer than the shortest
# distance to next_cell plus the cost of transitioning from next_cell to this neighbor
if shortest_distance[neighbor]>shortest_distance[next_cell]

+Ccost:

parent[neighbor]=next_cell
shortest_distance[neighbor]=shortest_distance[next_cell]+cost

# search complete but the target was never reached, no path exists
return None,None,None

AL AN o 2 pLul Y Azgl gly ot Asa )yl gdm plddniul

Using BFS to Solve Maze Puzzles

)L..Jl J.:.J (BFS) glus¥i asglgls coomat1 3 a)l 5> o joondl |.LALL4.J|)LM1| bfs_maze_solver() ais \;M
3011 get_accessible _neighbors() als C;,_.u.ll laa ?M RE-RWi| - WS ulmlm?lmb aalutl
4..,:,1....‘,...“@))\?),& 3 ymma g ectemydl LB Alaz g mwusu@l 35l LI elesciad SleSL
el sale¥ JaulL w}tl reconstruct_shortest_path() &l e_\a_....m u_o,.-.g.ﬂ a2l e (BFS) glusy
Al A ) Cogd) Bds (e Beae B gy sl gy i cable sl 531 Ll

def reconstruct_shortest_path(parent:dict, start_cell:tuple, target_cell:tuple):
shortest_path = []
my_parent=target_cell #start with the target_cell

# keep going from parent to parent until the search cell has been reached
while my_parent!=start_cell:

shortest_path.append(my_parent) #append the parent

my_parent=parent[my_parent] # get the parent of the current parent
shortest_path.append(start_cell) #append the start cell to complete the path
shortest_path.reverse() #reverse the shortest path

return shortest_path

Jad ¥ 298 gls o 81 e )yl g3 ot Liyssley L reconstruct_shortest path() als ‘a.lz_u..uu
get_accessible_neighbors () cazl ! w,uun).]adh, w)m laaz il Lg..s\)L“.J.\(A* search)
Al 5=l LLe bfs_maze_solver() alls ..\.m.uus.u uu_mL...\l reconstruct_shortest_path()s

from typing import Callable #used to call a function as an argument of another function

def bfs_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
verbose:bool=False): # by default, suppresses descriptive output text

cell_visits=0 # keeps track of the number of cells that were visited during the search
visited = set() #keeps track of the cells that have already been visited
to_expand = [] #keeps track of the cells that have to be expanded

# add the start cell to the two lists

visited.add(start_cell)

to_expand.append(start_cell)

# remembers the shortest distance from the start cell to each other cell
shortest_distance = {}

# the shortest distance from the start cell to itself, zero
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def get_accessible_neighbors_weighted(maze:np.ndarray,

::o. 04 cell:tuple,

. .: horizontal_vertical_weight:float,
diagonal_weight:float):
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Sgtan A JLEY Jd Sl &.\,dl LubL..-J\ Jsa_mu (BFS) glusyt glols ._g..m‘t_.ay..u\_m t“‘
.to_expand eus wLe.j visited s a..\;\) degeme umgill ol em, (ALl gl

ALl e Lﬂlf-4&A))[}>J‘J{ﬂi}‘dﬁylk,l:BJ;L‘jzl_ACLA‘:{=ﬁ&rﬂ|Le>L>J‘LK AVl deganll painn
IS Byl autieind g S 35l LoSandl (o i Las ot e o 01 Lol JS 20801
Bls S I Al 3s e BV Ll Jobs Lagia J5¥1 daans .parent shortest_distance crwsal®
a1 5Ll 2 L 1 5052 S iy L o3
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gl I Bl e 3V Ll Jobo Jras g2l

ol VL m}.\l 3x3 5 juiuall aalall =1 bfs_maze_solver() ails ! o il dazll \,M

start_cell=(2,0) #start cell, marked by a star in the 3x3 maze
target_cell=(1,2) #target cell, marked by an "X" in the 3x3 maze

solution, distance, cell_visits=bfs_maze_solver(start_cell,
target_cell,
small_maze,
get_accessible_neighbors,
verbose=True)

print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Expanding cell (2, 0)
Visiting neighbor cell (1, 0)

Expanding cell (1, 0)
Visiting neighbor cell (@, 0)
Visiting neighbor cell (@, 1)
Visiting neighbor cell (2, 0)

Expanding cell (0, 0)
Visiting neighbor cell (e, 1)
Visiting neighbor cell (1, 0)

Expanding cell (@, 1)
Visiting neighbor cell (@, 0)
Visiting neighbor cell (@, 2)
Visiting neighbor cell (1, 0)
Visiting neighbor cell (1, 2)

Shortest Path: [(2, @), (1, @), (e, 1), (1, 2)]
Cells on the Shortest Path: &4

Shortest Path Distance: 3

Number of cell visits: 10
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Using A* Search to Solve Maze Puzzles

s (A* search) Juad¥iayhsh comd 18 15 amd ¢ (BFS) plud¥ayglsls et aa))lss 2 LS
L ¥ 5 gl i g 55 s Ladnsd Ll Jgumsll (S0 8 55loma Bss IS (s 350 S 2 50
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s mLmua,: dudﬁ._\.@.‘_ul‘ Gl I duladtl 25Lt| (Overestimate) ,ouas 2 datldlaue L,_J;‘..Ll
M\wﬁ&w)wﬁdl ERVSSAPEN|] JM@ML’JLJLI}AJJ.@‘L:.” aagadlasludl oye ,uST
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def constant_heuristic(candidate_cell:tuple, target_cell:tuple):
return 1
y o P . .
@ 1 @ O otel 13m0 i o0 ST Y1 L J5latl o J¥a¥l 13 o s @2 01 e
USS yplaia PV @303 @i (S o el I (535 L udias| @l
oY @l 102 2 e (S o Judl e gl
ol e 12,22 e P ey LgasangS oy G LS e pgiall 3lane Yl Al Al A1 ausd

def get_best_candidate(expansion_candidates:set,
shortest_distance:dict,
heuristic:Callable):

winner = None

# best (lowest) distance estimate found so far. Initialized to a very large number
best_estimate= sys.maxsize

for candidate in expansion_candidates:

# distance estimate from start to target, if this candidate is expanded next

neighbors=[1]
x,y=cell

for i,j in [(x-1,y-1), (x-1,y+1), (x+1,y-1), (x+1,y+1)]: #fordiagonal neighbors

# if the cell is within the bounds of the grid and it is not occupied by a block
if i>=0 and j>=0 and i<len(maze) and j<len(maze[0]) and maze[(i,j)]==0:

neighbors.append(((i,j), diagonal_weight))
for i,j in [(x-1,y), (x,y-1), (x,y+1), (x+1,y)]: #for horizontal and vertical neighbors
if i>=0 and j>=0 and i<len(maze) and j<len(maze[6]) and maze[(i,j)]==
neighbors.append(((i,j), horizontal_vertical_weight))

return neighbors

ulSﬂuLzAwaznu)};l].ls’kmb_nuls):Jl Y|uls):auumu‘)5u;\:u_u‘swd\.dlcm.u
glusy! Aoglols 2 ot Bai An ulg q[JL.,.LI (Weughted Version) ._w,xl,n_w;n?m\ 15 .43,1.;.,3\

b LeS (sSt ilanll ub «(BFS solver)

from functools import partial

start_cell=(2,0)

target_cell=(1,2)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution, distance, cell_visits=bfs_maze_solver(start_cell,
target_cell,
small_maze,
partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),
verbose=False)

print('\nShortest Path:', solution)
print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)

print('Number of cell visits:', cell_visits)

Shortest Path: [(2, @), (1, @), (e, 1), (1, 2)]
Cells on the Shortest Path: &4

Shortest Path Distance: 7

Number of cell visits: 6



shortest_path=reconstruct_shortest_path(parent,start_cell,target_cell)

return shortest_path, shortest_distance[target_cell],cell_visits
for neighbor,cost in get_neighbors(maze, best_cell):

if verbose: print('\nVisiting neighbor cell', neighbor)

cell_visits+=1

# first time this neighbor is reached
if neighbor not in expansion_candidates and neighbor not in fully_expanded:

expansion_candidates.add(neighbor)
parent[neighbor] = best_cell #mark the best_cell as this neighbor's parent

# update the shortest distance for this neighbor
shortest_distance[neighbor] = shortest_distance[best_cell] + cost

# this neighbor has been visited before, but a better (shorter) path to it has just been found
elif shortest_distance[neighbor] > shortest_distance[best_cell] + cost:

shortest_distance[neighbor] = shortest_distance[best_cell] + cost
parent[neighbor] = best_cell
if neighbor in fully_expanded:
fully_expanded.remove(neighbor)
expansion_candidates.add(neighbor)

# all neighbors of best_cell have been inspected at this point
expansion_candidates.remove(best_cell)

fully_expanded.add(best_cell)

return None, None, None # no solution was found

shortest_distance cyws sl S el dx sl 211 s bfs_maze_solver() a2 Ll LS
Sl 12828 35 ool 5032 dadg o6 530 B g I Bl 0l 3 oye o391 Ll Jslo da 2o parents

|

e..\m_u.uu_@& lgarwgio LM a3 alis A mgie astar_maze solve() g Gl @l g
Al pasid S IS 2 ey ey Lgmasd Se 1 LSS C_a:d expansion_candidates
13 ey Ll 3 11 LS (e &1 s get_best_candidate()

A1 oS 11 Lg 3yglaell LI S jaal FOr 1 ,Sal %?M‘best cell s L 2l Hlast s
a3 L) 255 5lell ALl LY 30ie best_cell .y (A 3 pall i 3 gLl

candidate_estimate=shortest_distance[candidate]+heuristic(candidate, target_cell)
if candidate_estimate < best_estimate:

winner = candidate
best_estimate=candidate_estimate

return winner
¥ s Zegenll 2 i b 1 LI it FOP 1 ,Sall 2l Le L 4l HLELN Gaadl TSI
B Lol 90 JasY! l—*‘)‘” ana3 2 (Priority Queue) 4.13.‘3?‘)3.'\14 ‘.M a3 w;\.aS).aS\ Gkl
s dlaulgs saclus 1l get best_candidate() 215 ‘s.l:_n.uu 35,S3a3 Sosim u\:;u)l\ S s I
GlIXS Gudanll las ‘a_\,_,_..u L Al Il aslsyl, . L Ln_\ﬁd._zu:)ll astar_maze solver()
L.a.\l reconstruct_shortest_path() sget_accessible_neighbors_weighted() u_u.ml_ﬁ..ll i ]
Gl @ull 2 Lagdl
import sys
def astar_maze_solver(start_cell:tuple,
target_cell:tuple,
maze:np.ndarray,
get_neighbors: Callable,
heuristic:Callable,
verbose:bool=False):

cell_visits=0

shortest_distance = {}
shortest_distance[start_cell] =

parent = {}
parent[start_cell] = start_cell

expansion_candidates = set([start_celll])
fully_expanded = set()

# while there are still cells to be expanded
while len(expansion_candidates) > 0:

best_cell = get_best_candidate(expansion_candidates,shortest_distance,heuristic)
if best_cell == None: break
if verbose: print('\nExpanding cell', best_cell)

# if the target cell has been reached, reconstruct the shortest path and exit
if best_cell == target_cell:



print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Shortest Path: [(2, @), (1, @), (e, 0), (o, 1), (0, 2), (1, 2)]
Cells on the Shortest Path: 6

Shortest Path Distance: 5

Number of cell visits: 12

el omd¥1 Ll e 55ty Bg3sll Wlall o e astar_maze_solver() 55u3 g5kl miasd
Al Lyl e g 12 .5 Layud adlen a3 [(2.1) ((2.0) . (1.0).(0.0).(0.1) (0.2)]
e o dae] ol aiialy ST Joul) slmgl (e S g8 3 s my Bl

( (apigrusl! aulx1l) target_cell )

big_maze=np.zeros((15,15))

# coordinates of the cells occupied by blocks

blocks=[(2,8), (2,9), (2,10), (2,11), (2,12),
(8,8), (8,9), (8,10), (8,11), (8,12),
(3,8), (4,8), (5,8), (6,8), (7,8),
(3,12), (4,12), (6,12), (7,12)]

for block in blocks:
# set the value of block-occupied cells to be equal to 1
big_maze[block]=1

Aaliall anigull sy Al ol 3i2.23 I

Llodl 2y ) start_cell

Sl gmamsll Layglod e SUI e i chJgWUJ;P\,,JIwMuk 515x15 aalill oia
._.,..mzda.nmg(BFSsoIver)tL....mu,:,m_.;...JuLJ;.mm‘;MPa qub;m!dml

sazndl 35S Balill o2 (e Lighell yud g Aigisll il sl s¥l ot (A* search solver) (had¥i s glshs

solution_bfs_unw, distance_bfs_unw, cell_visits_bfs_unw=bfs_maze_solver(start_cell,
target_cell,
big_maze,
get_accessible_neighbors,

start_cell=(14,0)
target_cell=(5,10)
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Algorithm Comparison Ol )yl gded! (s A3)Lats
Ladl5ng (BFS) plaus ¥V i o7 gl coomd a3l 0 A5 L) o 2l 3glas
Juaa ,iSTy Lima 0T 2alie 2 (A% search) Jud¥i i gtsls comdt
Aalill olg) a3) Hited + LY sl Bl Il mn yll il 2Bt

Pl _cillaylig

My 3 yglamt] Al o2a 31 5Ll (IS 131 dazs STy a3 (e 3 y5lonl | A1) omomd 513 i pa ¥ ooy
535l 35lll uanuhu‘u_ﬁ Jumal lie le Jaall Al cyie 131 Gladl HLutl e .n3i best_cell
Jas:y PM Lejwl_q| Lot L,_u)_.‘\ﬁ'l slad! @z 33LeY expansion_candidates dcsens I

:3x3 uL..ll)J.U (Unweighted Case) @ g)st! & Wlti It astar_maze_solver() Ll e !

start_cell=(2,0)
target_cell=(1,2)

solution, distance, cell_visits=astar_maze_solver(start_cell,
target_cell,
small_maze,
get_accessible_neighbors,
constant_heuristic,
verbose=False)

print('\nShortest Path:', solution)

print('Cells on the Shortest Path:', len(solution))
print('Shortest Path Distance:', distance)
print('Number of cell visits:', cell_visits)

Shortest Path: [(2, @), (1, 0), (e, 1), (1, 2)]
Cells on the Shortest Path: &

Shortest Path Distance: 3

Number of cell visits: 12

e ¥y 5 n3¥ Jandl Ll oy (A* search solver) fzad¥i Tustsly i 2 ot 35T e
s Jondl sy 3 (BFS solver) gLusy 4.13.!_,\.1 G 12 L 13131 e St ,38T 12085208 12 ams
LSy.astar_maze_solver() sLa,y P“‘*-‘““ ol gYumw¥ db b I g faa dazs LS 10 jaxd
Sl ISy ol slamal (o B ol 31 oS ol ¥l A alasiad oS el I G i
aalill Jo e 55318 (A* search) Juad¥i g gt gl coodt e ))lsa cOlS 131 Le @i oo 201 35 Lasl

Yl Lt lian ol le sgtall 2 (BFS) pludy 1 ashsls cmdt 3usdlss cliia all Lig3sll

start_cell=(2,0)
target_cell=(1,2)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution, distance, cell_visits=astar_maze_solver(start_cell,

target_cell,

small_maze,

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),

constant_heuristic,

verbose=False)
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big_maze,
partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),
verbose=False)

print('\nBFS weighted.")

print('\nShortest Path:', solution_bfs_w)

print('Cells on the Shortest Path:', len(solution_bfs_w))
print('Shortest Path Distance:', distance_bfs_w)
print('Number of cell visits:', cell_visits_bfs_w)

solution_astar_w, distance_astar_w, cell_visits_astar_w-astar_maze_solver(start_cell,

target_cell,

big_maze,

partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),

constant_heuristic,

verbose=False)

print('\nA* Search weighted with constant heuristic.')
print('\nShortest Path:', solution_astar_w)

print('Cells on the Shortest Path:', len(solution_astar_w))
print('Shortest Path Distance:', distance_astar_w)
print('Number of cell visits:', cell_visits_astar_w)

BFS weighted.

Shortest Path: [(14, 0), (14, 1), (14, 2), (13, 2), (13, 3), (12, 3), (12,
4), (11, 4), (11, 5), (10, 5), (10, 6), (9, 6), (9, 7), (9, 8), (9, 9), (9,
10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (4, 11), (5, 10)]

Cells on the Shortest Path: 26

Shortest Path Distance: 30

Number of cell visits: 1235

Ax Search weighted with constant heuristic.

Shortest Path: [(14, 0), (13, @), (12, 0), (11, @), (10, 0), (9, 0), (9,
1), (9, 2), (9, 3), (9, 4), (9, 5), (9, 6), (9, 7), (9, 8), (9, 9), (9,
10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (5, 11), (5, 10)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1245
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verbose=False)

print('\nBFS unweighted."')

print('\nShortest Path:', solution_bfs_unw)

print('Cells on the Shortest Path:', len(solution_bfs_unw))
print('Shortest Path Distance:', distance_bfs_unw)
print('Number of cell visits:', cell_visits_bfs_unw)

solution_astar_unw, distance_astar_unw, cell_visits_astar_unw=astar_maze_solver(
start_cell,
target_cell,
big_maze,
get_accessible_neighbors,
constant_heuristic,
verbose=False)

print('\nA* Search unweighted with a constant heuristic.')
print('\nShortest Path:', solution_astar_unw)

print('Cells on the Shortest Path:', len(solution_astar_unw))
print('Shortest Path Distance:', distance_astar_unw)
print('Number of cell visits:', cell_visits_astar_unw)

BFS unweighted.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (1@, 4), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (4, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1237

Ax Search unweighted with a constant heuristic.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (1@, 4), (10, 5), (10,
6), (9, 7), (9, 8), (10, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13),
(6, 13), (5, 12), (6, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 1272

start_cell=(14,0)
target_cell=(5,10) 2
horz_vert_w=1
diag_w=3

solution_bfs_w, distance_bfs_w, cell_visits_bfs_w=bfs_maze_solver(start_cell,
target_cell,
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Manhattan (A, B) = [x1-x2| + |y1l-y2|
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maze_bfs_w=big_maze.copy() maze_astar_w=big_maze.copy()
for cell in solution_bfs_w: for cell in solution_astar_w:
maze_bfs_w[celll=2 maze_astar_w[cell]=2
plot_maze(maze_bfs_w) plot_maze(maze_astar_w)
(.(A* search) Jaa¥l Lslsl el '4__,.‘:5)\3;) ( <(BFS) glua¥l ayslsly el dueslsan )

Ju¥1 Buglgly am iy LWl By camal sl Gl o B30 12,24 U<
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A% Search unweighted with the Manhattan heuristic.

Shortest Path: [(14, 0), (13, 1), (12, 2), (11, 3), (10, 4), (9, 5), (8,
6), (8, 7), (9, 8), (9, 9), (9, 10), (9, 11), (9, 12), (8, 13), (7, 13)
(6, 13), (5, 12), (5, 11), (5, 10)]

Cells on the Shortest Path: 19

Shortest Path Distance: 18

Number of cell visits: 865

A+ Search weighted with the Manhattan heuristic.

Shortest Path: [(14, 0), (14, 1), (13, 1), (12, 1), (12, 2), (12, 3), (12,
4), (12, 5), (12, 6), (12, 7), (11, 7), (11, 8), (10, 8), (9, 8), (9, 9),
(9, 10), (9, 11), (9, 12), (9, 13), (8, 13), (7, 13), (6, 13), (5, 13), (5,
12), (5, 11), (5, 10)]

Cells on the Shortest Path: 26

Shortest Path Distance: 25

Number of cell visits: 1033

ool e )ls3 el dal aieiad (Sa (M}anhattan Distance) ¢yilgsle 2alus J¥uiwl ol 25kl 4S5
e dS 2 LS e e J31 iy 3l 3 el sladl e Hstall 2 (A search) Juad¥iag gt
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def manhattan_heuristic(candidate_cell:tuple,target_cell:tuple):

x1,yl=candidate_cell
x2,y2=target_cell
return abs(xl - x2) + abs(yl - y2)

astar_maze_solver () e oSl J¥omu¥ s ol il 350l 5LanY I eyl a3l o i
giall yuds Bgill @VLll po JS 2 gyl Sy camdl 2

start_cell=(14,0)
target_cell=(5,10)

solution_astar_unw_mn, distance_astar_unw_mn, cell_visits_astar_unw_mn=astar_
maze_solver(start_cell,

target_cell,

big_maze,

get_accessible_neighbors,

manhattan_heuristic,

verbose=False)

print('\nA* Search unweighted with the Manhattan heuristic.')
print('\nShortest Path:', solution_astar_unw_mn)

print('Cells on the Shortest Path:', len(solution_astar_unw_mn))
print('Shortest Path Distance:', distance_astar_unw_mn)
print('Number of cell visits:', cell_visits_astar_unw_mn)

horz_vert_w=1 # weight for horizontal and vertical moves
diag_w=3 # weight for diagonal moves

solution_astar_w_mn, distance_astar_w_mn, cell_visits_astar_w_mn=astar_maze_
solver(start_cell,
target_cell,
big_maze,
partial(get_accessible_neighbors_weighted,
horizontal_vertical_weight=horz_vert_w,
diagonal_weight=diag_w),
manhattan_heuristic,
verbose=False)

print('\nA* Search weighted with the Manhattan heuristic."')
print('\nShortest Path:', solution_astar_w_mn)

print('Cells on the Shortest Path:', len(solution_astar_w_mn))
print('Shortest Path Distance:', distance_astar_w_mn)

print('N QPer of cell visits:', cell_visits_astar_w_mn)
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from sklearn.feature_extraction.text import CountVectorizer

# the min_df parameter is used to ignore terms that appear in less than 10 reviews.
vectorizer_vl = CountVectorizer(min_df=10)

vectorizer_vi.fit(X_train_text) #fitthe vectorizer on the training data.
# use the fitted vectorizer to vectorize the data.
X_train_vl = vectorizer_vl.transform(X_train_text)

X_train_v1

<40000x23392 sparse matrix of type '<class 'numpy.int64'>"'
with 5301561 stored elements in Compressed Sparse Row format>
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# load the train and testing data.
imdb_train_reviews=pd.read_csv('imdb_data/imdb_train.csv')
imdb_test_reviews=pd.read_csv('imdb_data/imdb_test.csv')

imdb_train_reviews

text label &?‘3.3 S Al 2 x iy LaSy
0 | grew up (b. 1965) watching and loving the Th.. 0 DataFrame =Uilo ae
1 Wnen | put this movie in my DVD player, and sa 0 1 pd5es Sl g5iss
2 Why do people who do not know what a particula.. 0 -l ® -
| .
3 Even though | have great Interest in Biblical ... 0
4 Im adie hard Dads Army fan and nothing will e...

39995 "Western Union® is something of a forgotten cl..
39996 This movie is an incredible piece of work. It ..

39997 My wife and | watched this movie because we pl..

39998 When | first watched Flatliners, | was amazed...
39999 Why would this film be so good, but only gross.. 1 z .

s Lo 3 0 2l
40000 rows x 2 columns L;La_l_‘ ‘““ a5 1 2l »
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# extract the text from the 'text' column for both training and testing.
X_train_text=imdb_train_reviews['text'] o £ . - -
X_test_text=imdb_test_reviews['text'] Laale Y5 X501 i
SBLd (e X jaid dx gt @laid |
#extract the labels from the 'label’ column for both training and testing. el e Yo« asal
Y_train=imdb_train_reviews['label’] FERVIRY]
Y_test=imdb_test_reviews['label']
X_train_text #training data in text format

) great intere
ds Army fan

DataFrame clile aeseme cpe (X__train__text) coul atisl e 3550 :3.4 IS
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# delete the dense matrix.
del X_train_v1_dense

: (Classifier) «.sun".‘
\A.\ézlmjcﬁ}dy a¥l oo i
um,l ol 3 Ll dalz jupat

(g.\.gdl}bmaﬂ u_mJ..\.ng Jaliea
ALl @5 (g a3aadl (opoll Lol
bl el @b Joo wlyally

P NYNES

13,8120 (e

‘g.u.d.'“ [geres) B dase ;L'g

Build a Prediction Pipeline
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(K9 \AM -(Naive Bayes Classifier) c;L..J!,ahMl,_vadL.
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from sklearn.naive_bayes import MultinomialNB

model_v1=MultinomialNB() #a Naive Bayes Classifier

model_vi.fit(X_train_v1, Y_train) #fit the classifier on the vectorized training data.

from sklearn.pipeline import make_pipeline

# create a prediction pipeline: first vectorize using vectorizer_v1, then use model_v1 to predict.
prediction_pipeline_vl = make_pipeline(vectorizer_v1, model_v1)

(sl O Lol @ aaBl) T 030 L 5 515 3gcma ma yull gl 1308 i UL o e

:L“,.V‘.L..Jl

prediction_pipeline_v1.predict(['One of the best movies of the year. Excellent

array([1, 0], dtype=int64)

cast and very interesting plot.',
'I was very disappointed with his film. I
lost all interest after 30 minutes' ])

# expand the sparse data into a sparse matrix format, where each column represents a different word.
X_train_v1_dense=pd.DataFrame(X_train_v1.toarray(),

columns=vectorizer_vl.get_feature_names_out())
X_train_v1_dense

00 000 07 01 02 04 05 06 07 08 .. 2c0 ZOOM ZOOMINg Z00MS ZOMO Zu Zucco Zucker Zzulu Uber

© 0 0 00000 GO0 OO o 0 0 0 00 0 o o o
1.0 0 00 0 0 0 0 0 0 o 0 0 0 o0 o 0 o 0

2 0 0 000O0O0O0CO0O 0 0 0 0 00 0 o o o

3 0 0 00000 0O0CO 0 0 0 0 L 0 0 0 0

4 0 0 00000 OO O ] o 0 0 00 0 o o o
098 0 0 0 0 0 0 0 0 0 O ] o 0 0 00 0 o o o
399 0 0 0 0 0 0 0 0 0 O 0 0 0 0 00 0 o 0
W97 0 0 0 0 0 0 0 0 0 O 0 [ 0 0 00 0 o 0 0
998 0 0 0 0 0 0 0 0 0 © 0 0 0 0 00 0 o o o
W9 0 2 0 0 0 0 0 0 0 O 0 0 0 0 00 0 o 0 0

40000 rows x 23392 columns
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$-e gl (Bytes) coldl (Python) gsiuldtaal2 LIS @ s sus3 3l getsizeof () adlul

:IMDb bl saeLall daganll alasiul e 5 S0 2 050

from sys import getsizeof

print('\nMegaBytes of RAM memory used by the raw text format:',
getsizeof(X_train_text)/1000000)

print('\nMegaBytes of RAM memory used by the dense matrix format:',
getsizeof(X_train_v1_dense)/1000000)

print('\nMegaBytes of RAM memory used by the sparse format:',
getsizeof(X_train_v1)/1000000)

MegaBytes of RAM memory used by the raw text format: 54.864133
MegaBytes of RAM memory used by the dense matrix format: 7485.440144

MegaBytes of RAM memory used by the sparse format: 4.8e-05



%%capture
Ipip install scikit-plot; #install the scikit-plot library, if it is missing.
import scikitplot; #import the library

class_names=["neg", 'pos'] # pick intuitive names for the 0 and 1 labels.

# plot the confusion matrix.
scikitplot.metrics.plot_confusion_matrix(
[class_names[i] for i in Y_test],
[class_names[i] for i in predictions_v1],
title="Confusion Matrix", #title touse
cmap="Purples", #color palette to use
figsize=(5,5) #figure size
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prediction_pipeline_vl.predict_proba(['One of the best movies of the year. Ex
cellent cast and very interesting plot.',
'I was very disappointed with his film.
I lost all interest after 30 minutes' ])

array([[0.08310769, 0.91689231],
[0.83173475, 0.16826525]1)
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# use the pipeline to predict the labels of the testing data.
predictions_v1 = prediction_pipeline_v1.predict(X_test_text) #vectorize the text
data, then predict.

predictions_v1
array([e, 0, 0, ..., 0, 0, 0], dtype=int64)
s LY Jais it Bl doglad 515 yugenty Julodd @l 0¥ (e apaall Osildl 230 535
Sab el 458 (4o (Confusion Matrix) 283128 gawas Ll s ¢ ,uI8 . 3480 (4 accuracy_score( )
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from sklearn.metrics import accuracy_score
accuracy_score(Y_test, predictions_v1) # get the achieved accuracy.

0.8468
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# explain the prediction for this example.

exp = explainer_vl.explain_instance(easy_example.lower(),
prediction_pipeline_v1.predict_proba,
num_features=10) —

# print the words with the strongest influence on the prediction.

exp.as_list()

[('terrible', -0.07046118794796816),
("horrible', -0.06841672591649835),
('boring', -0.05909016205135171),
('plot', -0.024063095577996376),
('was', -0.014436071624747861),
('movie', -0.011956911011210977),
('actors', -0.011682594571408675),
("this', -0.009712387273986628),
('very', 0.008956707731803237),

('were', |-0.008897098392433257))]
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# visualize the impact of the most influential words.
fig = exp.as_pyplot_figure()

Local explanation for class pos

terrible
horrible
boring
plot

-0.07 -0.06 -0.05 -0.04 -003 -0.02 -0.01 000 001
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%%capture

'pip install lime #install the lime library, if it is missing
from lime.lime_text import LimeTextExplainer

# create a local explainer for explaining individual predictions
explainer_vl = L1meTextExplalner(class names=class_names)

# an example of an obviously negative review

easy_example='This movie was horrible. The actors were terrible and the plot
was very boring."’

# use the prediction pipeline to get the prediction probabilities for this example

print(prediction_pipeline_v1.predict_proba([easy_examplel))

[[0.99874831 0.00125169]]
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# get the correct labels of this example.
print('Correct Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.
print('Prediction Probabilities for neg, pos:',
prediction_pipeline_vl.predict_proba([mistake_example]))

Correct Label: pos
Prediction Probabilities for neg, pos: [[0.8367931 0.1632069]]
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# explain the prediction for this example.
exp = explainer_vl.explain_instance(mistake_example, prediction_pipeline_
vl.predict_proba, num_features=10)

# visualize the explanation.
fig = exp.as_pyplot_figure()
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exp.show_in_notebook()
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# an example of a positive review that is mis-classified as negative by prediction_pipeline_v1
mistake_example= X_test_text[4600]
mistake_example

"I personally thought the movie was pretty good, very good acting by
Tadanobu Asano of Ichi the Killer fame. I really can't say much about the
story, but there were parts that confused me a little too much, and overall
I thought the movie was just too lengthy. Other than that however, the
movie contained superb acting great fighting and a lot of the locations
were beautifully shot, great effects, and a lot of sword play. Another
solid effort by Tadanobu Asano in my opinion. Well I really can't say
anymore about the movie, but if you're only outlook on Asian cinema is
Crouching Tiger Hidden Dragon or House of Flying Daggers, I would suggest
you trying to rent it, but if you're a die-hard Asian cinema fan I would
say this has to be in your collection very good Japanese film."
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raw_text='The movie was too long. I fell asleep after the first 2 hours.'
tokenized_sentences=tokenize_doc(raw_text)
tokenized_sentences

[['the', 'movie', 'was', 'too', 'long'l],
['i", 'fell', 'asleep', 'after', 'the', 'first', '2', 'hours']]
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sentences=[1 #list of all the tokenized sentences across all the docs in this dataset

for doc in X_train_text: #foreach doc in this dataset
sentences+=tokenize_doc(doc) # get the list of tokenized sentences in this doc

# build a phrase model on the given data

imdb_phrase_model = Phrases(sentences,o
connector words ENGLISH_CONNECTOR_WORDS, o
scoring="npmi’
threshold=0. 25) freeze() @
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%%capture

'pip install nltk #install nltk
'pip install gensim #install gensim

import nltk #import nltk
nltk.download('punkt') #install nltk's tokenization tool, used to split a text into sentences.

import re #importre

from gensim.models.phrases import Phrases, ENGLISH_CONNECTOR_WORDS # import tools
from the gensim library.
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# convert a given doc to a list of tokenized sentences. e sent_tokenize() )
def tokenize_doc(doc:str):
return [re.findall(r'\b\w+\b',
sent.lower()) for sent in nltk.sent_tokenize(doc)]
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#an example of an annotated document from the imdb training data
X_train_text_annotated[0]

'i_grew up b 1965 watching and loving the thunderbirds all my_mates at school watched
we played thunderbirds before school during lunch and after school we all wanted to
be virgil or scott no_one wanted to be alan counting down from 5 became an art_form
i took my children to see the movie hoping they would get_a_glimpse of what i_loved
as a child how bitterly disappointing the only high_point was the snappy theme_tune
not that it could compare with the original score of the thunderbirds thankfully
early saturday_mornings one television_channel still plays reruns of the series
gerry_anderson and his_wife created jonatha frakes should hand in his directors chair
his version was completely hopeless a waste of film utter_rubbish a cgi remake may_be
acceptable but replacing marionettes with homo_sapiens subsp sapiens was a huge error
of judgment'
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from sklearn.feature_extraction.text import TfidfVectorizer

# Train a TF-IDF model with the IMDb training dataset

vectorizer_tf = TfidfVectorizer(min_df=10)
vectorizer_tf.fit(X_train_text_annotated)

X_train_tf = vectorizer_tf.transform(X_train_text_annotated)
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imdb_phrase_model[tokenized_sentences[0]]
['the', 'movie', 'was', 'too_long']
imdb_phrase_model[tokenized_sentences[1]]
['i', 'fell_asleep', 'after', 'the', 'first', '2_hours"']
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def annotate_phrases(doc:str, phrase_model):
sentences=tokenize_doc(doc)# split the document into tokenized sentences.

tokens=[] #list of all the words and phrases found in the doc

for sentence in sentences: # foreach sentence
# use the phrase model to get tokens and append them to the list.
tokens+=phrase_model[sentence]

return ' '.join(tokens) #join all the tokens together to create a new annotated document.
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# annotate all the test and train reviews.
X_train_text_annotated=[annotate_phrases(doc,imdb_phrase_model) for doc in X_
train_text]
X_test_text_annotated=[annotate_phrases(text,imdb_phrase_model)for text in X_
test_text]
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# create an explainer.
explainer_tf = LimeTextExplainer(class_names=class_names)

# explain the prediction of the second pipeline for this example.
exp = explainer_tf.explain_instance(mistake_example_annotated, prediction_
pipeline_tf.predict_proba, num_features=10)

#visualize the results.
fig = exp.as_pyplot_figure()
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# train a new Naive Bayes Classifier on the newly vectorized data.
model_tf =MultinomialNB()
model_tf.fit(X_train_v2, Y_train)

# create a new prediction pipeline.
prediction_pipeline_tf = make_pipeline(vectorizer_tf, model_tf)

# get predictions using the new pipeline.
predictions_tf = prediction_pipeline_tf.predict(X_test_text_annotated)

# print the achieved accuracy.
accuracy_score(Y_test, predictions_tf)

0.8858
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# get the review example that confused the previous algorithm
mistake_example_annotated=X_test_text_annotated[4600]

print('\nReview:',mistake_example_annotated)

# get the correct labels of this example.
print('\nCorrect Label:', class_names[Y_test[4600]])

# get the prediction probabilities for this example.
print('\nPrediction Probabilities for neg, pos:',prediction_pipeline_
tf.predict_proba([mistake_example_annotated]))

Review: i_personally thought the movie was_pretty good very_good acting by tadanobu_
asano of ichi_the_killer fame i really can_t say much about the story but there_were
parts that confused me a little_too much and overall i_thought the movie was just too
lengthy other_than that however the movie contained superb_acting great fighting and
a lot of the locations were beautifully_shot great effects and a lot of sword play
another solid effort by tadanobu_asano in my_opinion well i really can_t say anymore
about the movie but if_you re only outlook on asian_cinema is crouching_tiger hidden_
dragon or house of flying_daggers i_would suggest_you trying to rent_it but if_you re
a die_hard asian_cinema fan i_would say this has to be in your_collection very_good
japanese film

Correct Label: pos

Prediction Probabilities for neg, pos: [[0.32116538 0.67883462]]
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from .naive_bayes import MultinomialNB

from sklearn.pipeline import make_pipeline

from sklearn.feature_extraction.text import

vectorizer = (min_df=10)
vectorizer.fit( ) #fits the vectorizer on the training data
X_train = vectorizer. (X_train_text) #uses the fitted vectorizer to vectorize the data

model_MNB=MultinomialNB() # a Naive Bayes Classifier
model_MNB.fit(X_train, ) #fits the classifier on the vectorized training data

prediction_pipeline = make_pipeline( ’ )
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from import LimeTextExplainer
text_example="I really enjoyed this movie, the actors were excellent"
class_names=["'neg', 'pos'] #creates alocal lainer for explaining individual predictions
explainer = (class_names=class_names) # explains the prediction for this example
exp = explainer. (text_example.lower(),prediction_pipeline. ,

=10) # focuses the explainer on the 10 most influential features

print(exp. ) # prints the words with the highest influence on the prediction
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BBC open dataset

https.//www.kaggle.com datasets,shivamkushwaha,/bbc-full-text-document-classification

D. Greene and P. Cunningham. "Practical Solutions to the Problem of Diagonal Dominance in Kernel Document Clustering”,Proc.
ICML 2006. Al rights, including copyright, in the content of the original articles are owned by the BBC.

# used to list all the files and subfolders in a given folder

from os import listdir

# used for generating random number
import random shuffling lists

bbc_docs=[] #holds the text of the articles
bbc_labels=[1 # holds the news section for each article

for folder in listdir('bbc'): #foreach news-section folder
for file in listdir('bbc/'+folder): #foreach text file in this folder

# open the text file, use encoding="utf8' because articles may include non-ascii characters
with open('bbc/'+folder+'/'+file,encoding="utf8"',errors="ignore') as f:
bbc_docs.append(f.read()) #read the text of the article and append to the docs list

# use the name of the folder (news section) as a label for this doc
bbc_labels.append(folder)

# shuffle the docs and labels lists in parallel

merged = list(zip(bbc_docs, bbc_labels)) #link the two lists

random.shuffle(merged) # shuffle them in parallel (with the same random order)

bbc_docs, bbc_labels =

zip(*merged) # separate them again into individual lists.
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# used for tfi-df vectorization, as seen in the previous unit

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering

# used to visualize and support hierarchical clustering tasks
import scipy.cluster.hierarchy as hierarchy

# set the color palette to be used by the 'hierarchy' tool.
hierarchy.set_link_color_palette

(['blue','green','red','yellow', 'brown', 'purple’,'orange', 'pink','black'])

import matplotlib.pyplot as plt #used for general visualizations
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vectorizer = TfidfVectorizer(min_df=10) # apply tf-idf vectorization, ignore words that
appear in more than 10 docs.

text_tfidf=vectorizer.fit_transform(bbc_docs) #fit and transform in one line

text_tfidf

<2225x5867 sparse matrix of type '<class 'numpy.float6s'>'
with 392379 stored elements in Compressed Sparse Row format>
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print('Number of unique words in the BBC documents vectors:',
len(vectorizer.get_feature_names_out()))

Number of unique words in the BBC documents vectors: 5867
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tsne = TSNEVisualizer(colors=['blue','green','red', 'yellow', 'brown'])
tsne.fit(text_tfidf,bbc_labels)
tsne.show();

TSNE Projection of 2229 Documents
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%%capture
!pip install yellowbrick

from yellowbrick.text import TSNEVisualizer
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AC_tfidf-AgglomerativeClustering(linkage="'ward',n_clusters=7) # prepare the tool,
set the number of clusters.

AC_tfidf.fit(text_tfidf.toarray()) #apply the tool to the vectorized BBC data.
pred_tfidf=AC_tfidf.labels_ # get the cluster labels.

pred_tfidf

array([6, 2, 4, ..., 6, 3, 5], dtype=int64)
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plt.figure() #create a new empty figure

# iteratively merge points and clusters until all points belong to a single cluster
# return the linkage of the produced tree
linkage_tfidf=hierarchy.linkage(text_tfidf.toarray(),method="ward"')

# visualize the linkage
hierarchy.dendrogram(linkage_tfidf)

# show the figure
plt.show()
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Word Vectorization with Neural Networks
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import gensim.downloader as api

model_wv = api.load('word2vec-google-news-300"')
Al S day o 350l 128 fox_emb=model_wv['fox']
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from sklearn.metrics import homogeneity_score,adjusted_rand_
score,completeness_score

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_tfidf))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_tfidf))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_tfidf))

Homogeneity score: 0.6224333236569846 degama () ha g 1 Il yal a5l
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Adjusted Rand score: 0.4630492696176891
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AC_tfidf=AgglomerativeClustering(linkage="ward',n_clusters=5)
AC_tfidf.fit(text_tfidf.toarray())
pred_tfidf=AC_tfidf.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_tfidf))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_tfidf))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_tfidf))
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%%capture

import nltk #import the nitk library for nip.

import re #import the re library for reqular expressions.

import numpy as np # used for numeric computations

from collections import Counter #used to count the frequency of elements in a given list
from sklearn.manifold import TSNE # Tool used for Dimensionality Reduction.

# download the 'stopwords' tool from the nltk library. It includes very common words for different
languages
nltk.download('stopwords')

from nltk.corpus import stopwords #import the 'stopwords’ tool.
stop=set(stopwords.words('english')) #load the set of english stopwords.
30 Al 1 e 1Y B il e garma (pe Aliaill LSl ¢pe A auoaet! LasY 2591 2311 ﬁ;.;:‘j
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def get_sample(bbc_docs:list TR o S el S :
get_samp t(ch eI 545Gl CLlS 5 7a3 (201 AaSLAY) B b Y1 CLalSH (y22ms
): - (0ga55a) are o (0gsa) is 9 (J1) the 4 (1) a » (Stopwords)

word_sample=set() #asample of words from the BBC dataset

# for each BBC news section
for label in ['business', 'entertainment', 'politics', 'sport', 'tech']:

# get all the words in this news section, ignore stopwords.
# for each BBC doc and for each word in the BBC doc
# if the word belongs to the label and is not a stopword and is included in the Word2Vec model
label_words=[word for i in range(len(bbc_docs))
for word in re.findall(r'\b\w\w+\b',bbc_docs[i].lower())
if bbc_labels[i]==1label and
word not in stop and
word in model_wv]

cnt=Counter(label_words) # count the frequency of each word in this news section.
# get the top 50 most frequent words in this section.
top50=[word for word,freq in cnt.most_common(50)]

# add the top50 words to the word sample.
word_sample.update(top50)

word_sample=list(word_sample) # convert the set to a list.
return word_sample

word_sample=get_sample(bbc_docs,bbc_labels)

JauSl Aminge () FOX Ll goall crancmall IV 3 yiall sLas¥YI

fox_emb[:10]

array([-0.08203125, -0.01379395, -0.3125 , -0.04125977, 0.05493164,
-0.12988281, -0.10107422, -0.00164795, 0.15917969, 0.12402344],
dtype=float32)
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pairs = [
('car', 'minivan'),
('car', 'bicycle'),
('car', ‘'airplane'),
('car', 'street'),

('car', 'apple'),
]
for wl, w2 in pairs:
print(wl, w2, model_wv.similarity(wl, w2))

car minivan 0.690760363
car bicycle 0.5364484
car airplane 0.42435578
car street 0.33141237
car apple 0.12830706

el oY ALl Aueil el e sgiall I e sl gl al s (S

print(model_wv.most_similar(positive=["'apple'], topn=5))

[('apples', 0.720359742641449), ('pear', 0.6450697183609009),
('fruit', 0.6410146355628967), ('berry', 0.6302295327186584), ('pears’,
0.613396167755127)]
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%%capture

Ipip install sentence_transformers
from sentence_transformers import SentenceTransformer

model = SentenceTransformer('all-MinilM-L6-v2') #load the pre-trained model.

text_emb = model.encode(bbc_docs) #embed the BBC documents.
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saliies 3l Sees Lo anls JS cadlic 8 1) 50 gyl e 11 3151 503,28 JSaI1 2 ioga 50 LS
sail] Gulie Gl g aBliall Giluasd 75381 s ! ooyl pdadll ity
AC_emb=AgglomerativeClustering(linkage="ward',n_clusters=4)

AC_emb.fit(text_emb)
pred_emb=AC_emb.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_emb))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_emb))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_emb))

Homogeneity score: 0.6741395570357063

Adjusted Rand score: 0.6919474005627763

Completeness score: 0.7965514907905805

ISl sl 2ol sgaialle aBlie 5 (o pamentl sl al il Lgasandsale) @3 ab esliledl cols 13)
A il e S ¢3Sy ¢l ) @i o3el
AC_emb=AgglomerativeClustering(linkage="ward',n_clusters=5)

AC_emb.fit(text_emb)
pred_emb=AC_emb.labels_

print('\nHomogeneity score:',homogeneity_score(bbc_labels,pred_emb))
print('\nAdjusted Rand score:',adjusted_rand_score(bbc_labels,pred_emb))
print('\nCompleteness score:',completeness_score(bbc_labels,pred_emb))

Homogeneity score: 0.7865655030556284
Adjusted Rand score: 0.8197670431956582

Completeness score: 0.7887580797775077

anlad¥l Bma 11 2 (SBERT) S gt (s oL ¥ A0S e s 5 53hiad al il of 5l gl
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tsne = TSNEVisualizer(colors=['blue','green’, 'red', 'yellow', 'brown'])

tsne.fit(text_emb,bbc_labels)
tsne.show();

TSNE Projecton of 2225 Documents

2%

>

elisaazall (T-SNE) TS e g55t1 Gilpdall sslall raiss doliud :3.23 JSis
(SBERT) ci¥fgonll ¢ye olo¥1 2515 Jandl jun 3 cidLied Alanal gy 2ill
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plt.figure() #create a new figure.

# iteratively merge points and clusters until all points belong to a single cluster. Return the the linkage of
the produced tree.

linkage_emb=hierarchy.linkage(text_emb, method='ward"')

hierarchy.dendrogram(linkage_emb) # visualize the linkage.
plt.show() #show the figure.
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from sentence_transformers import
from import TSNEVisualizer model = ('all-MinilLM-
L6-v2') #loads the pre-trained model.
docs_emb = model. (Docs) #embeds the docs

tsne =['blue','green','red', 'yellow'])

tsne. ( ’ )

tsne.show();
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import gensim.downloader as
import re

model_wv = 8 ('word2vec-google-news-300")

old_sentence='My name is John and I like basketball.'
new_sentence=""

for word in re. (r'\b\w\w+\b"',old_sentence.lower()):

-(TF-IDF) (ruSalt e ) 1 ySG—ellaal | 51,85 (pulidt daloi ¥ doe p 01 caills g 7 »af o

replacement=model_wv. (positive=['apple'], =1)[0]

new_sentence+=

sentence=new_sentence.strip() LN
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Paraphrase() afa fx

mn@nzw_sdlmtdju@ J&lthgs,ayogsiluamaiwt;uu\‘&ﬁ
2 iy sl (WOrd2Vec) asitt 1) welst z3gas alaulsy Al <Ll L aglane 5
PPN u.ls..d.u..ll 2 40 Jlacwls (Word2Vec) A;J.IL,.H Al 73905 g B Galaall !
e 3l pusnd 3 L oiia Jhe coioily (zLs) apples & (4_»L¢.) apple Jlow! e Lyt
AL 2SI ALY A ;_.l:)a.u alias @uad 5 gl fuzzywuzzy
:J.LMYL‘ "4:“4‘ 90 Lé.a.ud.l il
def paraphrase(text:str, #textto be paraphrased
stop:set, #setof stopwords
model_wv ,# Word2Vec Model

lexical_sim_ubound:float, #upper bound on lexical similarity
semantic_sim_lbound:float #lower bound on semantic similarity

words=word_tokenize(text) # tokenizes the text to words
new_words=[1 # new words that will replace the old ones.
for word in words: # forevery word in the text
word_l=word.lower() #lower-case the word.
# if the word is a stopword or is not included in the Word2Vec model, do not try to replace it.
if word_l in stop or word_l not in model_wv:
new_words.append(word) # append the original word
else: #otherwise
# get the 10 most similar words, as per the Word2Vec model.
# returned words are sorted from most to least similar to the original.

# semantic similarity is always between 0 and 1.
replacement_words=model_wv.most_similar(positive=[word_1],

topn=10)

# for each candidate replacement word

for rword, sem_sim in replacement_words:

# get the lexical similarity between the candidate and the original word.
# the partial_ratio function returns values between 0 and 100.

# it compares the shorter of the two words with all equal-sized substrings
# of the original word.
lex_sim=fuzz.partial_ratio(word_1,rword)

# if the lexical sim is less than the bound, stop and use this candidate.
if lex_sim<lexical_sim_ubound:
break

|DJ|JQ fuzzywuzzy aoss I yis fuzz )

e
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sy e ol Jelall 4 s Lie yum 5ale 5 - Jadll e gyims 6201 Al ouid 5o (Predicate) (aatt o
Jadll 355 1 A eud 5o (Subject) Jelatt

<l 5 plee 3t 21 sl 5l Gaseddl ) judy sueis 5l @ul 5 (Direct Object) 4 Jgaill *
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cdlsall e Gl Apnpdall SLUI s e A

%%capture

!pip install wonderwords
# used to generate template-based randomized sentences
from wonderwords.random_sentence import RandomSentence

# make a new generator with specific words

generator=RandomSentence(
# specify some nouns
nouns=["lion", "rabbit", "horse","table"],
verbs=["eat","run", ”laugh"], #spec:fysomeverbs
adjectives=['angry', 'small']) # specify some adjectives.

# generates a sentence with the following template: [subject (noun)] [predicate (verb)]
generator.bare_bone_sentence()

'The table runs.'

# generates a sentence with the following template:
# the [(adjective)] [subject (noun)] [predicate (verb)] [direct object (noun)]
generator.sentence()

‘The small lion runs rabbit.'

AA.I;LAA_LU&Q}JA:J‘ gl gl e Gil) duagdall culalll .L.Jy‘a.l:u_m.\uu.‘ sl eVl Aty &..ay
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Using Selection-Based NLG
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2022 Il Gl A1 3L g i 2L Al 5 Jumill 1 2 a2t JED1

# reads the input document that we want to summarize
with open('article.txt',encoding='utf8',errors='ignore') as f: text=f.read()

text[:100] #shows the first 100 characters of the article

‘It was a consecration, the spiritual overtones entirely appropriate.
Lionel Messi not only emulated '

Ll oo gl 2w 2wl s el sty T A0S alatualy il 3550 Ryladl 2

import re # used for regular expressions

# tokenize the document, ignore stopwords, focus only on words included in the Word2Vec model.
tokenized_doc=[word for word in re.findall(r'\b\w\w+\b',text.lower()) if word
not in stop and word in model_wv]

# get the vocabulary (set of unique words).
vocab=set(tokenized_doc)
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# quality check: if the chosen candidate is not semantically similar enough to
# the original, then just use the original word.
if sem_sim<semantic_sim_lbound:
new_words.append(word)
else: #use the candidate.
new_words.append(rword)

return ' '.join(new_words) #re-join the new words into a single string and return.

I

(.J;Jdv ol (pa i Luus 3LE 5ltin) 3 5l )

a3l a5l 25 paraphrase () 2l ee . e33Ul el g U8 31yl L ome yll cdaill ahit o
text uall | aiedl il (Paraphrase) aalualtssle | 23 b 55 e Junosi colis]

%%capture

import gensim.downloader as api # used to download and load a pre-trained Word2Vec model
model_wv = api.load('word2vec-google-news-300")

import nltk

# used to split a piece of text into words. Maintains punctuations as separate tokens
from nltk import word_tokenize

nltk.download('stopwords') #downloads the stopwords tool of the nltk library
# used to get list of very common words in different languages

from nltk.corpus import stopwords
stop=set(stopwords.words('english')) # gets the list of english stopwords

Ipip install fuzzywuzzy[speedup]
from fuzzywuzzy import fuzz

text='We had dinner at this restaurant yesterday. It is very close to my
house. All my friends were there, we had a great time. The location is
excellent and the steaks were delicious. I will definitely return soon, highly
recommended! "

# parameters: target text, stopwords, Word2Vec model, upper bound on lexical similarity, lower bound
on semantic similarity

paraphrase(text, stop, model_wv, 80, 0.5)

'We had brunch at this eatery Monday. It is very close to my bungalow. All
my acquaintances were there, we had a terrific day. The locale is terrific
and the tenderloin were delicious. I will certainly rejoin quickly, hugely
advised!"’

e el 393l ¢ya 3 BLinly S (ol (S e sl M 5ol 3 Y climgtll 2 LS
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from networkx.algorithms.community import louvain_communities
from collections import Counter # used to count the frequency of elements in a list

def get_communities( G, #the inputgraph
tokenized_doc:list): #the list of words in a tokenized document

# gets the communities in the graph
communities=louvain_communities(G, weight='weight')
word_cnt=Counter(tokenized_doc)# counts the frequency of each word in the doc
word_to_community={}# maps each word to its community
community_scores={}# maps each community to a frequency score
for comm in communities: # for each community
# convert it from a set to a tuple so that it can be used as a dictionary key.
comm=tuple(comm)
score=0 #initialize the community score to 0.
for word in comm: # for each word in the community
word_to_community[word]=comm # map the word to the community
score+=word_cnt[word] # add the frequency of the word to the community's score.

community_scores[comm]=score #map the community to the score.

return word_to_community, community_scores

Build_graph() ’A.N;fx
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# tool used to create combinations (e.g. pairs, triplets) of the elements in a list
from itertools import combinations
import networkx as nx # python library for processing graphs

def build_graph(vocab:set, #set of unique words
model_wv # Word2Vec model
Nk
# gets all possible pairs of words in the doc
pairs=combinations(vocab,2)

G=nx.Graph() # makes a new graph

for wl,w2 in pairs: #forevery pair of words wl, w2
sim=model_wv.similarity(wl, w2) #gets the similarity between the two words
G.add_edge(wl,w2,weight=sim)

return G

# creates a graph for the vocabulary of the World Cup document
G=build_graph(vocab,model_wv)

# prints the weight of the edge (semantic similarity) between the two words
G['referee'][ 'goalkeeper']

{'weight': 0.40646762}
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word in model_wv] #ignores words that are not in the Word2Vec model
sentence_score=0 # the score of the sentence
for word in sentence_words: # for each word in the sentence

word_comm=word_to_community[word] #get the community of this word
sentence_score+=community_scores[word_comm] #add the score of this
community to the sentence score.

scored_sentences.append((sentence_score,raw_sent)) # stores this sentence and
its total score

# scores the sentences by their score, in descending order
scored_sentences=sorted(scored_sentences,key=lambda x:x[0],reverse=True)

return scored_sentences

scored_sentences=evaluate_sentences(text,word_to_community,community_
scores,model_wv)
len(scored_sentences)

61
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for i in range(3):
print(scored_sentences[i],'\n")

(3368, 'Lionel Messi not only emulated the deity of Argentinian football,
Diego Maradona, by leading the nation to World Cup glory; he finally
plugged the burning gap on his CV, winning the one title that has eluded
him - at the fifth time of asking, surely the last time.')

(2880, 'He scored twice in 97 seconds to force extra-time; the first a
penalty, the second a sublime side-on volley and there was a point towards
the end of regulation time when he appeared hell-bent on making sure that
the additional period would not be needed.')

(2528, 'It will go down as surely the finest World Cup final of all time,
the most pulsating, one of the greatest games in history because of how
Kylian Mbappé hauled France up off the canvas towards the end of normal
time.")

word_to_community, community_scores = get_communities(G,tokenized_doc)
word_to_community['player']1[:10] # prints 10 words from the community of the word "team’

(' champion’,
'stretch’,
‘finished',
'fifth',
‘playing’,
‘scoring’,
"scorer',
'opening',
"team',
‘win')
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Evaluate_sentences() 4t fx
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from nltk import sent_tokenize # used to split a document into sentences

def evaluate_sentences(doc:str, #original document
word_to_community:dict,# maps each word to its community
community_scores:dict, #mapseach community to a score
model_wv): # Word2Vec model

# splits the text into sentences
sentences=sent_tokenize(doc)
scored_sentences=[ 1# stores (sentence, score) tuples

for raw_sent in sentences: # foreach sentence

# get all the words in the sentence, ignore stopwords and focus only on words that are in the
Word2Vec model.
sentence_words=[word
for word in re.findall(r'\b\w\w+\b',raw_sent.lower()) # tokenizes
if word not in stop and #ignores stopwords
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QA={
"Q1l":"What type of courses are you interested in?",
"A1":[["Courses in Computer Programming","2"],
["Courses in Engineering","3"1,
["Courses in Marketing","s4"11,

"Q2":"What type of Programming Languages are you interested in?",
"A2":[["Java",Nonel,["Python",Nonel],

"Q3":"What type of Engineering are you interested in?",
"A3":[["Mechanical Engineering",Nonel,["Electrical Engineering",Nonell,

"Q4":"What type of Marketing are you interested in?",

"A4":[["Social Media Marketing",Nonel,["Search Engine
Optimization",None]]

Chat() s fx
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import numpy as np # used for processing numeric data

def chat(QA:dict, #the Question-Answer script of the chatbot

model_sbert, #a pre-trained SBERT model

sim_lbound:float): #lower bound on the similarity between the user's response and the
closest candidate answer

qa_id="1' #the QAid
while True: #an infinite loop, will break in specific conditions

print('>>',QA['Q'+qa_id]) # prints the question for this qa_id
candidates=QA["A"+qa_id] # gets the candidate answers for this qa_id

print(flush=True) #used only for formatting purposes
response=input() #reads the user's response

# embed the response

response_embeddings = model_sbert.encode([response], convert_to_
tensor=True)

# embed each candidate answer. x is the text, y is the qa_id. Only embed x.

print(scored_sentences[-11) # prints the last sentence with the lowest score
print()
print(scored_sentences[30]) # prints a sentence at the middle of the scoring scale

(0, 'By then it was 2-0.")

(882, 'Di Maria won the opening penalty, exploding away from Ousmane
Dembélé before being caught and Messi did the rest.')
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Load the Pre-Trained SBERT Model
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%%capture
from sentence_transformers import SentenceTransformer, util
model_sbert = SentenceTransformer('all-MinilM-L6-v2')

Create a Simple Knowledge Base aka.cua 3.'9,.;4 ddcld o Lin) .2
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chat(QA,model_sbert, 0.5)

>> What type of courses are you interested in?

cooking classes

>> Apologies, I could not understand you. Please rephrase your response.
>> What type of courses are you interested in?

software courses

>> You have selected: Courses on Computer Programming

>> What type of Programming Languages are you interested in?

C++

>> You have selected: Java

>> Thank you, I just emailed you a list of courses.
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candidate_embeddings = model_sbert.encode([x for x,y in candidates],
convert_to_tensor=True)

# gets the similarity score for each candidate
similarity_scores = util.cos_sim(response_embeddings, candidate_
embeddings)

# finds the index of the closest answer.
# np.argmax(L) finds the index of the highest number in a list L
winner_index=np.argmax(similarity_scores[0])

# if the score of the winner is less than the bound, ask again.
if similarity_scores[0][winner_index]<sim_lbound:
print('>> Apologies, I could not understand you. Please rephrase
your response.')
continue

# gets the winner (best candidate answer)
winner=candidates[winner_index]

# prints the winner's text
print('\n>> You have selected:',winner[0])
print()

qa_id=winner[1] # gets the qa_id for this winner

if qa_id==None: # no more questions to ask, exit the loop
print('>> Thank you, I just emailed you a list of courses.')
break
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chat(QA,model_sbert, 0.5)

>> What type of courses are you interested in?
marketing courses

>> You have selected: Courses on Marketing

>> What type of Marketing are you interested in?
seo

>> You have selected: Search Engine Optimization

>> Thank you, I just emailed you a list of courses.
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excellent and the steaks were delicious. I will definitely return soon, highly
recommended! "’

# encodes the given text into tokens
encoded_text = tokenizer.encode(text, return_tensors='pt')

# use the generator to generate more tokens.
# do_sample=True prevents GPT-2 from just predicting the most likely word at every step.
generated_tokens = generator.generate(encoded_text,

max_length=200) # max number of new tokens to
generate
#decode the generates tokens to convert them to words
# skip_special_tokens=True is used to avoid special tokens such as '>' or "' characters.
print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
ALl my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended!

I've been coming here for a while now and I've been coming here for a while
now and I've been coming here for a while now and I've been coming here for
a while now and I've been coming here for a while now and I've been coming
here for a while now and I've been coming here for a while now and I've
been coming here for a while now and I've been coming here for a while now
and I've been coming here for a while now and I've been coming here for a
while now and I've been coming here for a while now and I've been coming
here for a while now and I've been coming here for a while now and I've
been coming here for a while now and

# use the generator to generate more tokens.
# do_sample=True prevents GPT-2 from just predicting the most likely word at every step.
generated_tokens = generator.generate(encoded_text,

max_length=200, # max number of new tokens to
generate

do_sample=True)

print(tokenizer.decode(generated_tokens[0],skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
and the steaks were delicious.I will definitely return soon, highly
recommended !

If you just found this place helpful. If you like to watch videos or

go to the pool while you're there, go for it! Good service - I'm from
Colorado and love to get in and out of this place. The food was amazing!
Also, we were happy to see the waitstaff with their great hands - I went
for dinner. I ordered a small side salad (with garlic on top), and had a
slice of tuna instead. When I was eating, I was able to get up and eat my
salad while waiting for my friend to pick up the plate, so I had a great
time too. Staff was welcoming and accommodating. Parking is cheap in this
neighborhood, and it is in the neighborhood that it needs to
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%%capture

!pip install transformers

'pip install torch

import torch # an open-source machine learning library for neural networks, required for GPT2.
from transformers import GPT2LMHeadModel, GPT2Tokenizer

# initialize a tokenizer and a generator based on a pre-trained GPT2 model.
# used to:

# -encode the text provided by the user into tokens

# -translate (decode) the output of the generator back to text

tokenizer = GPT2Tokenizer.from_pretrained('gpt2"')

# used to generate new tokens based on the inputted text
generator = GPT2LMHeadModel.from_pretrained('gpt2"')

£(GPT-2) 5ol G (5ot 5301 I3k (o AT slotaan ¥ 4l] ity b€ I ittt 223

text='We had dinner at this restaurant yesterday. It is very close to my
house. All my friends were there, we had a great time. The location is
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bl # Generate tokens with higher diversity
. generated_tokens = generator.generate(
el il (e 35S cile g Cllany AV @las e Gl dapdall elall udgs .1 encoded_text, max_length=200, do_sample=True, temperature=2.0)
PRI

print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

.(POS) sy ‘QLaél P3a (e 35 90 Jaall 2
We had dinner at this restaurant yesterday. It is very close to my house.

o 2 . s i i i i
I A gl w3 L el e 3oaln 52 .3 All my friends were there, we had a great time. The location is excellent
= ¢ 2 cllyall e ) el = ‘“3"" N A= 8 = and the steaks were delicious.I will definitely return soon, highly
-(POS) wXSI alecdl aguuy (se Aindie 55em recommended!
.L;J‘z';"“ 1 LSt :{u"-“ .\:S.H sidlie o claiiel! 4 Worth a 5 I thought a steak at a large butcher was the end story!! We were

lucky. The price was cheap!! That night though as soon as dinner was on
my turn that price cut completely out. At the tail area they only have

aa\_;;n LR:E'UML‘}'IQWJMJ':}'LAS;E}):SiuA)J‘QHA)MAS french fries or kiwifet - no gravy - they get a hard egg the other day too
- . s they call kawif at 3 PM it will be better this summer if I stay more late
'452’““ sacls i with friends. When asked it takes 2 or 3 weeks so far to cook that in this
house. Once I found a place it was great. Everything I am waiting is just
perfect as usual....great prices especially at one where a single bite

would suffice or make more as this only runs on the regular hours
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# Too high temperature leads to divergence in the meaning of the tokens
generated_tokens = generator.generate(
encoded_text, max_length=200, do_sample=True, temperature=4.0)

print(tokenizer.decode(generated_tokens[0], skip_special_tokens=True))

We had dinner at this restaurant yesterday. It is very close to my house.
All my friends were there, we had a great time. The location is excellent
.(NLG) 2 Bl LA o 930 Adbisue Gl 13 &M e e and the steaks were delicious.I will definitely return soon, highly
s - b recommended! It has the nicest ambagas of '98 that I like; most Mexican.
And really nice steak house; amazing Mexican atmosphere to this very
particular piece of house I just fell away before its due date, no surprise
my 5yo one fell in right last July so it took forever at any number on
it being 6 (with it taking two or sometimes 3 month), I really have found
comfort/affability on many more restaurants when ordering.If you try at
it they tell ya all about 2 and three places will NOT come out before they
close them/curry. Also at home i would leave everything until 1 hour but
sometimes wait two nights waiting for 2+ then when 2 times you leave you
wait in until 6 in such that it works to
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from sentence_transformers import , util
from import combinations # tool used to create combinations
model_sbert = ('all-MinilM-L6-v2')

def get_max_sim(L1,my_sentence):

# embeds my_sentence

my_embedding = model_sbert, ([my_sentence], convert_to_tensor=True)

# embeds the sentences from L2
L_embeddings = model_sbert. (L, convert_to_tensor=True)

similarity_scores = .cos_sim( ’ )

winner_index=np.argmax(similarity_scores[0])

return
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from import combinations # tool used to create combinations
import networkx as nx # python library for processing graphs
def build_graph(vocab:set, #set of unique words

model_wv, # Word2Vec model

similarity_threshold:float

pairs=combinations(vocab, | 7) # gets all possible pairs of words in the vocabulary

G=nx. # makes a new graph

for wl,w2 in pairs: #for every pair of words wl,w2

sim=model wv. | (wl, w2)# gets the similarity between the two words
if
6. (wl,w2)
return G
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resized_images, labels, filenames = resize_images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100

BearHead EagleHead PigeonHead Ogutss el alomall o Lowsd IV
CatHead ElephantHead RabbitHead ﬁj_(u“.)) Head o Sl plazall
ChickenHead LionHead SheepHead N | . Ty -

. Dseall Gaglic s lew¥I
CowHead MonkeyHead TigerHead Sagrsed ‘)_ﬁ o
DeerHead Natural WolfHead el
DuckHead PandaHead

SRGB Ly Byt 3 y5all ()51 s imread () alls G
@Hu‘xfc_“jjgmukwn [EWSNIEL IV
oy Yl s RGB o3 allad 25 0513 (o Bnaal s Ay
Ol By g€ A3 Lo Gt 1l B 3G R
(G = Green) jas¥1oslils (R = Red) yaa¥105lll g
oy 5 S Sy JS Sl - (B = Blue) @5¥1 sl
IS (oY sl 3Lz EUNN (TS BV PO [T )
a3 Sl 3a o Sy (8-bit) e Ailes (35l
ol G eeanly Loyl 255-0 Gaaitll o 53 . 2555 0 0
.(Unsigned byte) 5,Lal g

e Baaaly Be gz e i L1 ulp 33 o0 o el i
Lol 3 Juuly c JalSIL yan is! (S (2550 .0) gl 3 Juull  JIL s e« Juu 1 2 515131
Sty JalSIL 3531 4 (98 (010255 ) Banall 5 JuuSlly  JalSIL s gl (0980 (0.255..0)
<33l g7 058w (0.0.0) Fagall 93 JuuSlly sl 430 (958w (255255 .255) daall 93

Yo X ollanl Jidsasels agais e g5 ola 1 8 LB I8 S Lkl @505 3 RGB 59 aliis.
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# reads an image file, stores it in a variabe and

#shows it to the user in a window

image = imread('AnimalFace/Image/LionHead/lioni78.jpg")
plt.imshow(image)

image.shape

(169, 169, 3)
Crtieny a9y Hiaany La (0 5o s 2L 1 Man by (169 X 169 dagiime (e 3l S delils (2 555
RGB 15091 alait (@551 / sl / yanl) codall ol il il spanll 23 <3500 oy o JusSs (28,561)
3 sall 0208 (ye J5V1 Sl 315091 ad L syl il s ¢ JUL s e

#the pixel at the first column of the first row [162 68 66]
print(image[01[0])
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st Lo g5 e T 03259 33500 (1,730) M5 Hhaneny Cll e Lponiiadion ) Ll e sama 55703
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Loading and Preprocessing Images 4 o¥ Lginflaeg yguall Jrosds

il Aegams (pa syaall Jemd auitd Ul LaSI (e Aagama LI maydl g3l 3yt
130a3) Laso 1 Lgligsds (bilsustl_og>3) LHI-Animal- Faces

%%capture
import matplotlib.pyplot as plt #used for visualization
from os import listdir # used to list the contents of a directory

Ipip install scikit-image # used for image manipulation
from skimage.io import imread #used toread a raw image file (e.g. png or jpg)
from skimage.transform import resize #used to resize images

# used to convert an image to the "unsigned byte" format
from skimage import img_as_ubyte

il O 13l s sl Ll il Agame 2 syaall S 055 o i pll el iyl callas
3T L 055 oomy Lo IS 5235 (@Sl ) input_folder ¢ye ssamtt 1,5 IS oma !
Lguai gl Jolall

def resize_images(input_folder:str,
width:int,
height:int
)8

labels = [] #a list with the label for each image
resized_images = [] #alist of resized images in np array format
filenames = [] #a list of the original image file names

for subfolder in listdir(input_folder): #foreach sub folder

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path): #jfor each image file in this subfolder

image = imread(path + '/' + file) #reads the image

resized = img_as_ubyte(resize(image, (width, height))) #resizesthe image
labels.append(subfolder[:-4]) # uses subfolder name without "Head" suffix
resized_images.append(resized) # stores the resized image
filenames.append(file) # stores the filename of this image

return resized_images, labels, filenames
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posl = violations[0]
pos2 = violations[1]

print(filenames[pos1])
print(resized_images[pos1].shape)
plt.imshow(resized_images[pos1])
plt.title(labels[pos1])

cowl.gif
(100, 100, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);

tiger0000000168. jpg
(100, 100)

@251 5.14_\5‘(100 2100 .4) skl g3 S Lgd s 3631 3 5enll
Gl 128 5« RGB Guwas ¢y Yooy RGBA it Lgsl 4
Sl (Alpha) Lati 3L e s ) Aalsl 3L8 e g5im

B e e L JS Bpla s i

# prints the first pixel of the RGBA image

# a value of 255 reveals that the pixel is not transparent
atall.

resized_images[pos1][0][0]

array([135, 150, 84, 255], dtype=uint8)

Lt s 0 (100.100) slasl 53 JS s Lt i slit) 3,5l
(Grayscale) ssba g suiis 50l o (e e ol
3551 /bl Jlatl ewinlly RGB Gewdy cowdy
Ay ya sy Bl cadl (Misleading yellow/blue)
13 gall e sl 58l JS g Imshow a1l Lgailad 3!

b LeS o3l (Sang e gala 1 ol

plt.imshow(resized_images[pos2], cmap = 'gray')
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201

:(Float-based) auas sue e wituws e 1) RGB Gaeads (ya sumll a3 N @]y 6350

resized = resize(image, (100, 100))
print(resized.shape)
print(resized[0][0])

(100, 1600, 3)
[0.40857161 0.27523827 0.26739514]

RGB &Ll ol s 13l @3 0Ls 100 X 100 shasf ol Aagiima I Lgaman 5ol 4335500l o (e @)l e
Sacas Il 651 3 5 Lgligai salel Sang 15 0 o Beid ol 3 (05Sa (Normalized ) Lgis g @3 Juss JSI
A eyl padll M5 (ye 35LA] g el

resized = img_as_ubyte(resized) (100, 100, 3)

print(resized.shape) [104 70 68]
print(resized[0][0]) [102 68 66]
print(image[0][0])

Loy (B30 ez ;2 (o201 JuS AT RGB )l 51¥1 (0 Lt
ALl 5LV (e sy Ao 55all 2 535250l @udll (e
Agamn 52 13 psenll delids e camad] s (e 22301
e mliliey 4.3 AN E ol LS Loguns 431 Lail e

2100 x 100 3eeus 11 169 X 169 Zagiinll daiis

# displays the resized image
plt.imshow(resized);

32l !y sl @letll closdlsi le ool sy S
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Loaz 2ot il ol 33500 4.3 S

violations = [index for index in range(len(resized_images)) if
resized_images[index].shape != (160,100,3)]

violations

[455, 1587]

A3 Y g i5ie ek 1y sl Gl Gillan jud 55 352 (e me sl pladll 1ia (28,
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._.\J,ML,H Cgbiall ‘l,éﬁ(Lg,in\_il J3uall) resized imagesd_._P.:‘Lul:Jl sodasdl Jhan
Laluju!,u,dlthmﬁm sl gy cilia )l o5 (ya aaall dad, La;_._ub(h_;Lw)Numpy
1adsll el ples 2 Mgl e Cpaglially bl Jiad 5Ll Lﬁw S (XY eyl
import numpy as np
X = np.array(resized_images)

Y = np.array(labels)

X.shape
(1720, 100, 100, 3)

32 e 2L RGB uaaii 390 (30 i g Biamang call e Lallatinl ALl X il B gama S gy
train_test_split() alls alasiol (e 5unl . (JuiSs 3975 550 61) 100 x 100 slasls Lgasan s -ilsiall
olad Aegemas oy degema Il liludl degeza quusi sklearn 2o ;e

from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(

X,

'

test_size = 0.20, #uses20% of the data for testing
shuffle = True, # to randomly shuffle the data.

random_state = 42, #toensure that data is always shuffled in the same way

3Ll @353 2 Lie et aloma S (o sguml] 0l 331 585 1 1lme i clilguond] sgum il alma 0¥ (515
Juais) shuffle=True darig okl a9 Jlome 2 Anls il eadl (e dpiadl Julias 1 eI 6355 13y
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Prediction without Feature Engineering ‘,a:nhasm A gy T8
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X_train[0].shape

(100, 100, 3)

ol s 035 0 3olae JuuSs S Ay (&) RGB 153 (e Vo) dais 35 3L5 Ll g3l ) 5ol 5300
JEL i e -G sl 255 LSl 2ed oS Loy 350 (5001 0 JuSll e oS im0 255 31 0 e

resized_images[pos2][0][06]
100

degema 2 Olgun Bygun IS Ol 5 1S5 ol L ool pladll agds cliladl 33520 2 Ll HLas Sy
bl

# used to count the frequency of each element in a list. Counter({'Bear': 101,
from collections import Counter ‘Cat': 160,
'Chicken': 100,
label_cnt = Counter(labels) ‘Cow': 104,
label_cnt ‘Deer’: 103,
‘Duck': 103,
'Eagle': 101,
'Elephant': 100,
'Lion': 102,
'Monkey': 100,
'Nat': 8,
'Panda’': 119,
'Pigeon': 115,
'Rabbit': 100,
'Sheep': 100,
'Tiger': 114,
'"Wolf': 100})

L a3 lanall Aeaall B3, i Lia
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Leutie s cdazd pem ilal e g3y (@u\) Nat Lgilsie 10a 3 yuian 25 ye (slaall) Counter ca iy bl sl
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N = len(labels)

resized_images = [resized_images[i] for i in range(N) if i not in violations
and labels[i] != "Nat"]

filenames = [filenames[i] for i in range(N) if i not in violations and
labels[i] != "Nat"]

labels = [labels[i] for i in range(N) if i not in violations and labels[i] !=
"Nat"]
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X_train_flat = np.array([img.flatten() for img in X_train])
X_test_flat = np.array([img.flatten() for img in X_test])
X_train_flat[0].shape

(360000, )

oailad duaig 2 Lol aga J;\,Q,;@L.a@@a:u;)\,géib‘@‘mw\l;mf,l.\xulosu
el il iy 3se il uml,m.n Loatia e Flie N @ sl oy« 6,_4 ER
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from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier

model_MNB = MultinomialNB()
model_MNB.fit(X_train_flat,y_train) #fits the model on the flat training data

MultinomialNB()

from sklearn.metrics import accuracy_score # used to measure the accuracy

pred = model_MNB.predict(X_test_flat) # gets the predictions for the flat test set
accuracy_score(y_test,pred)

0.36046511627906974
13l a4 < Llae ¥ 251l 2slsl(Confusion Matrix) a8t 28 gaae Il Goee sl plasll (o ya

%%capture
!pip install scikit-plot
import scikitplot

scikitplot.metrics.plot_confusion_matrix(y_test, #actuallabels

pred, #predicted labels

title = "Confusion Matrix",

cmap = "Purples”,

figsize = (10,10),
x_tick_rotation = 90,

normalize = True # to print percentages
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from skimage.color import rgb2gray # used to convert a multi-color (rgb) image to grayscale
# converts the training data

X_train_gray = np.array([rgb2gray(img) for img in X_train])

# converts the testing data

X_test_gray = np.array([rgb2gray(img) for img in X_test])

plt.imshow(X_train_gray[0],cmap="gray'); plt.imshow(X_train[01);

0 20 ) ) 20 0 20 40 60 80

@3l o8 i3 5550 14,9 IS Bl Ol 53500 4.8 S5
:3x100 x 100_,31 il RGB Gawdl (o ¥y 0100 X 100 Geuiis emi 3 500 JSI ! S

print(X_train_gray[0].shape)
print(X_train[0].shape)

(100, 100)
(100, 100, 3)

from sklearn.linear_model import SGDClassifier

model_sgd = SGDClassifier()
model_sgd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X_test_flat)
accuracy_score(y_test,pred)

0.46511627906976744
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from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()
X_train_flat_scaled = scaler.fit_transform(X_train_flat)
X_test_flat_scaled = scaler.fit_transform(X_test_flat)

print(X_train_flat[0]) # the values of the first image pre-scaling
print(X_train_flat_scaled[0]) # the values of the first image post-scaling

[144 142 151 ... 76 75 80]
[ ©.33463473 0.27468959 0.61196285 ... -0.65170221 -0.62004162
-0.26774175]

slgaazad @ Gl bl cilegams aluzialy oslasly was 73565 Cayo5 oY Sa

model_sgd = SGDClassifier() 0.4906976744186046
model_sgd.fit(X_train_flat_scaled, y_train)
pred=model_sgd.predict(X_test_flat_scaled)

accuracy_score(y_test,pred)
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scikitplot.metrics.plot_confusion_matrix(y_test, #actual labels
pred, #predicted labels
title = "Confusion Matrix", #titleto use
cmap = "Purples", #color palette to use
figsize = (10,10), #figure size
x_tick_rotation = 90
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from skimage.feature import hog

hog_vector, hog_img = hog(
X_train_gray[0],
visualize = True
)

hog_vector.shape

(8100,)

b %ey YT 2L 53 sl oLl azie 54 hog_vector
53 At Sl 55185 dalains 4,10 S5 (6 pumnd] a5 gla09 43yl Jiient Lgalaseianl (pSasg Busae
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plt.imshow(hog_img);
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X_train_hog = np.array([hog(img) for img in X_train_gray])
X_test_hog = np.array([hog(img) for img in X_test_gray])

sl Jiaill 13 Lle SGDClassifier cuyus ¥ oS

# scales the new data

scaler = StandardScaler()

X_train_hog_scaled = scaler.fit_transform(X_train_hog)
X_test_hog_scaled = scaler.fit_transform(X_test_hog)

# trains a new model
model_sgd = SGDClassifier()
model_sgd.fit(X_train_hog_scaled, y_train)

# tests the model

pred = model_sgd.predict(X_test_hog_scaled)
accuracy_score(y_test,pred)

0.7418604651162791



['Elephant', 'Duck', 'Monkey', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer',
'Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']
['Panda' 'Pigeon' 'Monkey' 'Panda' 'Sheep']

[11 12 2 11 4]

Awlie olad K4 2 duae 33 <L Keras .08 (e (L)) Sequential HA] plazl OV Sy

from keras.models import Sequential #used to build neural networks as sequences of layers
# every neuron in a dense layer is connected to every other neuron in the previous layer.
from keras.layers import Dense

# builds a sequential stack of layers

model = Sequential()

# adds a dense hidden layer with 200 neurons, and the RelU activation function.
model.add(Dense(200,input_shape = (X_train_hog.shape[1],), activation='relu'))
# adds a dense output layer and the softmax activation function.

model.add(Dense(len(classes), activation='softmax'))

model.summary()

Model: "sequential"

Layer (type) Output Shape Param #
dense (Dense) (None, 200) 1620200
dense_1 (Dense) (None, 16) 3216

Total params: 1,623,416
Trainable params: 1,623,416
Non-trainable params: 0
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!pip install tensorflow
Ipip install keras
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# gets the set of all distinct labels
classes=1list(set(y_train))
print(classes)

print()

# replaces each label with an integer (its index in the classes lists) for both the training and testing data
y_train_num = np.array([classes.index(label) for label in y_train])
y_test_num = np.array([classes.index(label) for label in y_test])

print()

# example:
print(y_train[:5]) #first5 labels
print(y_train_num[:5]) #first5 labels in integer format



Epoch
17/17
Epoch

Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17

1/40
[ ] - 1s 16ms/step - loss: 2.2260 - accuracy: 0.3333
2/40
- 0s 15ms/step - loss: 1.1182 - accuracy: 0.7256
3/40
[== - 0s 15ms/step - loss: 0.7198 - accuracy: 0.8155
4/40
== - 0s 15ms/step - loss: 0.4978 - accuracy: 0.9031
5/40
== - 0s 16ms/step - loss: 0.3676 - accuracy: 0.9388
36/40
- 0s 15ms/step - loss: 0.0085 - accuracy: 1.0000
37/40
[== - 0s 21ms/step - loss: 0.0080 - accuracy: 1.0000
38/40
[ ] - 0s 15ms/step - loss: 0.0076 - accuracy: 1.0000
39/40
== - 0s 15ms/step - loss: 0.0073 - accuracy: 1.0000

40/40
[==

- 0s 15ms/step - loss: 0.0071 - accuracy: 1.0000
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# compiling the model
model.compile(loss = 'sparse_categorical_crossentropy', metrics =
['accuracy'], optimizer = 'adam')
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model.fit(X_train_hog, #training data
y_train_num, #labelsin integer format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset
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pred = model.predict(X_test_hog)
pred[0] # prints the predictions for the first image

14/14 [

- 0s 2ms/step

array([4.79123509e-03, 9.79321003e-01, 8.39506648e-03, 1.97884417e-03,
7.83501855e-06, 3.50346789e-04, 3.45465224e-07, 1.19854585e-05,
4.41945267e-05, 4.11721296e-04, 1.27362555e-05, 9.83431892e-06,
1.97038025e-04, 2.34744814e-03, 5.49758552e-04, 1.57057808e-03],
dtype=float32)

predict() aJ‘A).g]&Eu_.':Lail 4:‘133:‘@3-" Ylaan! 3V oylsiall sklearn aass y» predict () 3]|A)@B§LA.Z._9
Hlebb¥ np.argmax () Us alusinl S i oia 2 4;..2,’1\ Osbiadl S e¥lasl Keras aasa 2.
Al Y1 lgiall 550

# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print(classes[np.argmax(pred[0]1)])

# uses axis=1 to find the index of the max value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))

1
Duck
0.75296021558872305
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Prediction Using Convolutional Neural Networks
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from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_flat = np.array( )

model_MNB = MultinomialNB() # new Naive Bayes model

model_MNB. fit( 5 ) #fits model on the flat training data
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Understanding Image Content
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from skimage.color import

# used to convert a multi-color (rgb) image to grayscale

from sklearn. import StandardScaler # used to scale the data

from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_gray = np.array([ (img) for img in X_trainl) #converts training data

X_train_hog =

scaler = StandardScaler()
X_train_hog_scaled = .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model_MNB.fit(X_train_flat_scaled, )
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Loading and Preprocessing Images l;d,i i laa g yguall Jad
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%%capture
import matplotlib.pyplot as plt
from os import listdiry

Ipip install scikit-image

from skimage.io import imread

from skimage.transform import resize
from skimage import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.
color_palette = ['blue','green','red','yellow','gray', 'purple’,'orange’,
'pink', "black', 'brown']
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def resize_images_v2(input_folder:str,
width:int,
height:int,
labels_to_keep:list

labels = [] # a list with the label for each image
resized_images = [] #a list of resized images in np array format
filenames = [] # a list of the original image file names

for subfolder in listdir(input_folder):

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path):

label=subfolder[:-4] #uses the subfolder name without the "Head" suffix

if label not in labels_to_keep: continue

labels.append(label) #appends the label

#loads, resizes, preprocesses, and stores the image.

resized_images.append(img_as_ubyte(resize(imread(path+'/'+file),
(width, height))))

filenames.append(file)

return resized_images,labels,filenames
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import numpy as np # used for numeric computations
X = np.array(resized_images)
Y = np.array(labels)

X.shape
(1085, 224, 224, 3)

il L il 390224 % 224 sLal el Lgia 3350 S 03300 1,085 Jeiins Lail (e il IS 3
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Clustering without Feature Engineering yaLad| dwdis (93 (o graait!
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X_flat = np.array([img.flatten() for img in X])
X_flat[e].shape

(150528, )

X_flat[@] # prints the first flat image
array([107, 146, 102, ..., 91, 86, 108], dtype=uint8)

e Balad! sl 2902555 0 cny 71,35 RGB o)l ded il el ) Gl 1308 2 s 3ad S
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X_norm = X_flat / 255
X_norm[0]

array([0.41960784, 0.57254902, 0.4 , ..., 0.35686275, 0.3372549 ,
0.42352941])
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resized_images,labels,filenames=resize_images_v2(
"AnimalFace/Image",
width = 224,
height = 224,
labels_to_keep=['Lion', 'Chicken', 'Duck', 'Rabbit', 'Deer',
‘Cat', 'Wolf', 'Bear', 'Pigeon', 'Eagle']

)
BearHead MonkeyHead K
CatHead Natural & dall Gagliall o2a
ChickenHead PandaHead Lgel il @i )
CowHead PigeonHead
DeerHead RabbitHead
DuckHead SheepHead
EagleHead TigerHead
ElephantHead WolfHead

LionHead
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import random

#connects the three lists together, so that they are shuffled in the same order
connected = list(zip(resized_images,labels,filenames))
random.shuffle(connected)

# disconnects the three lists

resized_images,labels,filenames= zip(+connected)



from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set_link_color_palette(color_palette) #setsthe color palette
plt.figure()

# iteratively merges points and clusters until all points belong to a single cluster
linkage_flat = hierarchy.linkage(X_norm, method = 'ward')
hierarchy.dendrogram(linkage_flat)
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 10)
AC.fit(X_norm) # applies the tool to the data
pred = AC.labels_ # gets the cluster labels

pred
array([9, 6, 3, ..., 4, 4, 3], dtype=int64)
Adjusted Rand 4. (JL«xs¥!) Completeness . (l=ul) Homogeneity el » &ge e.us;._ufkl;.“._;‘\j
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%%capture
!pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initializes the tool
tsne.fit(X_norm, y) #uses TSNE to reduce the data to 2 dimensions
tsne.show();
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TSNE Projection of 1085 Documents
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plt.figure()

linkage_2 = hierarchy.linkage(X_hog,method = 'ward')
hierarchy.dendrogram(linkage_2)

plt.show()
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from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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from skimage.color import rgb2gray

from skimage.feature import hog

# converts the list of resized images to an array of grayscale images

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscale image in the array

X_hog = np.array([hog(img) for img in X_grayl)

X_hog.shape

(1085, 54756)
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_hog, y)
tsne.show();



Clustering Using Neural Networks d.cucat! OISt altniuly aiasd!

Dk o | g e 55 (3250 Sl 15 sl gl SIS ) ol 2306 alasiat eus

RENUL| VLA JOPUN| DS [ - DTS TS | - N BN YY) [{E LLA4{FLJQ1')5*QJ|C*A>QL445445 Bl adlegdgdala))len g
AL“J,AU.ALQMJ;‘_.LA}M t\).'x.a_my (Extractors) u\.»,:.“.xlmuu.lc)}.an e Aozl 350 phall e

et Jlall 2.5 i by Mgl B3y Aubeal o2 3 pitss o oSans ¢ L‘Awmb,dlwuu,w oi al iy

ml;.ulu_,a(g_c)llu_lg “Goladl o) 2 peaosil 3 LSy w3 ] Ralsly AL patbany als il 2uols

Sl 8 3o LS Y1 ‘C_.L,Al O Jadlly L@&mq:.,ll il yuall (o) ,Sall dalasell bgoniz oo (Descrlptors) EP

Ww\ump“v.\“)muwl el iy g3 B (e pmmail] Jlome gy STl JLeS e

bl l),uwuaumm,m),u\,mMuﬁwxuﬂwl ‘d_..dtd_\l).u _uA-L_w‘,‘\_u 5 Ll Ll

1Leud Loy dpnall a1 Lmqwomam 3 Guaily (399 205 1 prand ] 605 Lan

(Dense Layers) aadsti oladall ©

(Pooling Layers) auexitt olads o

(Dropout Layers) slad¥iolads ©

Laiee Ao alaiinl (A 3l Cpe oY Gusl) 2 Appmall 3S201 S
(WOrd2Vec ) asitf 31 aelSI 5 3505 (o dspemne duls 2he &35 (o A3sSa
i el QAR AR 8 e G a2 I RIS 35 5 A B 2 Al S
bl aa bl 2l gl S LG;-‘*" -(Google News) 43 53 )Ll (ya Lex ¥l i Sha e g5imd 1 1 3 S @il
e ANIAELIE GBSy e 2 Ll 2508 e )5l Bgamal) €l 3 A5
Rdall 2 il e SLLEY papsd | el it gt 1 VGG £ 39 elld e 535 gall 31331 (yag
BRI SRl AGAN S 3L el e 20315 ARsee 3yLens VGG 16 23503 gt sl e 3 s3]
Gy hadome A5y Alanlys ALl 1 SEUGS L s Sy e e i Ly s im0 Bl
(Activation Function)) daacat i adis tﬁy(ImageNet);,d!Mwaé;.}ﬁb}.A\yz,ﬂs@mﬁ degea
sl an bl N AN SBLE Gle e (0 VGG L6 30k Ll cnyutll il Ao gasma (1pS5 Al
AL VDA gl gt ;).@O‘,ﬁsd&:wihgm‘mﬁtwmmt?
Aomingll An ) Ao 8 il Bnma| 3L A ) p2 e g3 yguall (pe dalisll
e 53 sl 1ais Al LA VEG16 £3sa auiions 4.22 JCa0l 2
:(Pooling Layer) el ddds o aade 2 Ll 133 p5um S St Bureme Bl iy Bicug BV a5
Lnad| GlSall 2 aad H eI VGG16 £ 3503 oS3 ¢,Sia oS el 124 g (OUtpU Layer)
el sladl d_,u geall Cateat! JoW1 2 00D a0l (ya 0 1 le gl
N ' bk Liasae 033 5201 VGG16 £ 350l Yo @
w@wl,Pylu_.uuw_u%cgwnuﬁpgl@u»ta
aAhUJlC)zﬂ
! &Ll z3531- (Truncated Model) bh:ﬂ‘caw“s.téﬂu‘o

+(Dense Layer) 42l dadal

+(Dropout Layer) s L.aiy! WGl

L,a 4=4+u ﬁ;l;ﬁ 45 . B
) .td,ﬁ ULy Aegame 235500 S Jusmdl ¢ —die 3,05 Y] Aadall coalalal
sy Caang YT L0 & 302 dfie 1) (il sl 3 5) Animal Faces
uJ&?»!JSJM@H]L:JP}A Aad
il &ljg 03 (e Bl el il ¢ GBS pranill a i @
Ministry of Education
2023 - 1445

eaill iy adlie 55 de AL mmenll sl Cant el s oy Blie Beed (5ymdd] @)l 205
ol y a3l C_‘.L*A)@!a;, (Al ueull) AgglomerativeClustering 5150 gadasy 7Y s Sl e )
Eptiill

AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 5)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.4046340612330986
Adjusted Rand score: 0.29990205334627734
Completeness score: 0.6306921317302154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 10)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))
Homogeneity score: 0.5720932612704411
Adjusted Rand score: 0.41243540297103065
Completeness score: 0.617016965322667
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TSNE Projection of 1085 Documents
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linkage_3 = hierarchy.linkage(X_VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage_3)

plt.show()
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Conv 1-1
Conv 1-1
Pooling
Conv 2-1
Conv 2-2
Pooling
Conv 3-1
Conv 3-2
Conv 3-3
Pooling
Conv4-1
Conv4-2
Conv4-3
Pooling
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Conv 5-3
Pooling
Dense
Dense
Dense

VGG16 3565 aylans :4.22 U<
35 G Jgamsll Galaall Gyl 2 Legile bl cnnlll Keras &.o<ay TensorFlow aae aluasiul ¢ Ses
gllall ol ¥ pren 31yl 2 31 35l e caellaly VGG 16

from keras.applications.vggl6 import VGG16 # used to access the pre-trained VGG16 model
from keras.models import Model

el

s N
B C U OSSO - N | -
model = VGG16() #loads the pretrained VGG16 model ( gl e 3 Hall Su=y

# removes the output layer
model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

Ol B ol s VGGG 3505 Loy 2l Lgreai Area L1 3051 ol I e 5ol dal] Siny
150 ou sSIRGB
from keras.applications.vgglé import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape

3155224 % 224 Laslal Lgia 3550 S 13 )50 (y93Lels Gruaig Catl sl 50 LaS iy il IS o daany

<302 4,096 (ye (35€s dxn (133500 S o) Al 350l alaiial Sy IS aas [RGB il cil5i

X_VGG16 = model.predict(X_prep, use_multiprocessing = True)
X_VGG16.shape

34/34 [

1 - 57s 2s/step
(1085, 4096)
IS (e Aleadl 5ol (33ill axdlall Luass) multiprocessing=True sl asdlall st da sl

sl I eyl pladll i prasil Bsla JLaS] 51631530 3ausill g all el Gl
:(vectorized data) zga=it! cbled!

tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_VGG16, labels)
tsne.show();
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from import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage="ward' )
X_norm = # normalizes the data

AC.fit(X_norm) # applies the tool to the data

pred =

Aada ) guall porasd

# gets the cluster labels

3 “‘l)huiclgaJLqu‘lelﬂ.MlhlﬂuM:.\c e
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 4)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.504687456015823

Adjusted Rand score: 0.37265351562538257

Completeness score: 0.9193141240200559

AC = AgglomerativeClustering(linkage='ward',n_clusters = 10)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.8403973102506642
Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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3L 0] ) Bl 5 gl B0 5 ) il B 1 L)y SO 5 e )
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import scipy.cluster.hierarchy as hierarchy # visualizes and supports hierarchical clustering tasks

s 2 eline¥l o ISIY Alusiw

Using Al to Generate Images gl ieonty | o5 U
ey l) 2 Lgmpags 65 A sl B slgalolsn 0385 Ladee
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plt.show() #shows the figure
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Image Generation and Computational Resources
(1) -(32> 3,522) New notebook .,le @5« (cals) File Lle dassl <
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s ) et OO P W41 .1 (Graphics Processmg Units — GPUs)
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File Edit View Inset Runtime Tools Help Aallas sus g i &S ﬁLgi\u_Au_wl, degema s Jelaall Lalla el (Central Processing Unit - CPU)
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%%capture

!pip install diffusers
!pip install transformers
Ipip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used to represent images

Text-to-lmage Generation ‘_,a.ﬁvn 3 394l .m,s

il dmgill e il H5e a g diffusers 2 ose alasiul Le (S 3 uﬂ)ul (@l |2 @Ay
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# a tool used to generate images using stable diffusion

from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from_pretrained("CompVis/stable-diffusion-v1-4")
# specifies what GPUs should be used for this generation

generator.to("cuda")

image = generator("A photo of a white lion in the jungle.").images[0]
plt.imshow(image);
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Generating Images with Generative Adversarial Networks (GANs)
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# a detailed prompt describing the desired visual
# for the produced image

prompt = "A realistic mountain
landscape with a large castle.”
image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);

0.75 = 553 5330 oo e 35500 14.32 IS
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# generate a new image based on the prompt and the
# initial image using the generator model

image = generator(prompt=prompt,

image = init_image, strength=1).images[0]
plt.imshow(image);

1 = 553 2l 5550 < Lasl 1433 <
S8 I 6935 35l yaine ad 3Ly 0 4.33 52 30311 55 enll a5
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init_image = Image.open("cat_1.jpg")

init_image.thumbnail((768, 768))
plt.imshow(init_image);
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image = generator("A painting of a white lion in the style of Picasso.").
images[0]
plt.imshow(image);
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Image-to-Image Generation

with Text Guidance
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# pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loads a pretrained generator model

generator = StableDiffusionImg2ImgPipeline.from_pretrained("runwayml/stable-
diffusion-v1-5")

# moves the generator model to the GPU (CUDA) for faster processing

generator.to("cuda")

init_image = Image.open("landscape.jpg")
init_image.thumbnail((768, 768)) #resizes the image to prepare it as input of the model
plt.imshow(init_image);
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(@) stable-diffusion-inpainting s 5l Z3sed! wﬂllwﬁm‘j‘wwjﬂwuw prompt = "A photo of a tiger"
. | | sl — Ly — image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]
Ui (Mask) glis «iliag M(,lc&ﬂa)}_md__wg'u ma ! elaill asdg (il | —HLamy plt. inshow(inage);
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# tool used for text-guided image in-painting

from diffusers import StableDiffusionInpaintPipeline
init_image = Image.open("cat_on_bench.png").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("cat_mask.jpg").resize((512, 512))
plt.imshow(mask_image);

image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting")
generator = generator.to("cuda")

prompt = "A photo of an astronaut"

image = generator(prompt=prompt, image=init_image, mask_image-mask_image).

images[0]

plt.imshow(image); pul il a)ljg
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init_image = Image.open("desk.jpg").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("desk_mask.jpg").resize((512, 512))
plt.imshow(mask_image);
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prompt = "A photo of a book"

image = generator(prompt=prompt, image=init_image, mask_image-mask_image).
images[0]

plt.imshow(image);
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# creates the global list of skills s1, s2, s3, ...
skills = ['s' + str(i) for i in range(1, skill_number+1)]

worker_skills = dict() #dictionary that maps each worker to their set of skills

for i in range(1, worker_number+1): #foreach worker

# makes a worker id (w1, w2, w3, ...)

worker_id = 'w' + str(i)

# randomly decides the number of skills that this worker should have (at least 1)
my_skill_number = random.randint(1, max_skills_per_worker)

# samples the decided number of skills
my_skills = set(random.sample(skills, my_skill_number))

# remembers the skill sampled for this worker
worker_skills[worker_id] = my_skills

# randomly samples the set of required skills that the team has to cover

required_skills = set(random.sample(skills, required_skill_number))

# returns the worker and required skills

return {'worker_skills':worker_skills, 'required_skills':required_skills}
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A Working Example: Optimization for the Team-Formation Problem
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import random

def create_problem_instance(skill_number, # total number of skills
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worker_number, # total number of workers
required_skill_number, # number of skills the team has to cover
max_skills_per_worker #max number of skills per worker
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def brute_force_solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['required_skills']

worker_ids = list(worker_skills.keys()) #gets the ids of all the workers
worker_num = len(worker_ids) # total number of workers
all_possible_teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#for each possible team size (singles, pairs, triplets, ...)
for team_size in range(1, worker_num+1):

# creates all possible teams of this size
teams = combinations(worker_ids, team_size)
for team in teams: # for each team of this size

skill_union = set() #union of skills covered by all members of this team
for worker_id in team: #for each team member

# adds their skills to the union
skill_union.update(worker_skills[worker_id])

# if all the required skills are included in the union
if required_skills.issubset(skill_union):

# if this is the first team that covers all required skills

# or this team is smaller than the best one or

if best_team == None or len(team) < len(best_team):
best_team = team # makes this team the best one

return best_team #returns the best solution
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# uses the brute-force solver to find the best team for the sample problem
best_team = brute_force_solver(sample_problem)
print(best_team)

258

# the following code represents the above test
sample_problem = create_problem_instance(10, 6, 5, 5)

# prints the skills for each worker
for worker_id in sample_problem['worker_skills']:
print(worker_id, sample_problem['worker_skills'][worker_id])

print()

# prints the required skills that the team has to cover
print('Required Skills:', sample_problem['required_skills'])

wl {'s10'}

w2 {'s2', 's8', 's5', 's6'}

w3 {'s7', 's2', 's4', 's5', 'sl1'}
ws {'s9", 's4'}

ws {'s7', 's4'}

wé {'s7', 's10'}

Required Skills: {'s6', 's8', 's7', 's5', 's9'}
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Decision Making with a Brute-Force Algorithm
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# used to generate all possible combinations in a given list of elements
from itertools import combinations

L=['wl", 'w2', 'w3', 'w4']

print('pairs', list(combinations(L, 2))) #all possible pairs
print('triplets', list(combinations(L, 3))) #all possible triplets

pairs [('w1l', 'w2'), ('wl', 'w3'), ('wl', 'w&'), ('w2', 'w3'), ('w2',

‘wa'), ('w3', 'ws')]

triplets [('wl', 'w2', 'w3'), ('wl', 'w2', 'w&'), ('wl', 'w3’',

('w2', 'w3', 'ws')]

‘wa'),
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brute_solutions_5 = gets_solutions(problems_with_5_workers,
solver = brute_force_solver)

brute_solutions_10 = gets_solutions(problems_with_16_workers,
solver = brute_force_solver)

brute_solutions_15 = gets_solutions(problems_with_15_workers,
solver = brute_force_solver)

brute_solutions_20 = gets_solutions(problems_with_20_workers,
solver = brute_force_solver)

Solved 23 problems in 0.0019948482513427734 seconds
Solved 80 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 109.11902689933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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problems_with_5_workers = [] #5 workers

problems_with_10_workers = [] #10 workers
problems_with_15_workers = [] # 15 workers
problems_with_20_workers = [] # 20 workers

for i in range(100): #repeat 100 times

problems_with_5_workers.append(create_problem_instance(10, 5, 8, 5))

problems_with_10_workers.append(create_problem_instance(10, 10, 8, 5))
problems_with_15_workers.append(create_problem_instance(10, 15, 8, 5))
problems_with_20_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets_solutions(problems,solver):

total_seconds = 0 # total seconds required to solve all problems with this solver
total_solved = 0 #total number of problems for which the solver found a solution
solutions = [] #solutions returned by the solver

for problem in problems:

start_time = time.time() #starts the timer

best_team = solver(problem) #computes the solution

end_time = time.time() # stops the timer
solutions.append(best_team) # remembero the solution
total_seconds += end_time-start_time #computes total elapsed time

if best_team != None: #if the best team is a valid team
total_solved += 1
print("Solved {} problems in {} seconds".format(total_solved,
total_seconds))
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greedy_solutions_5 = gets_solutions(problems_with_5_workers,
solver = greedy_solver)

greedy_solutions_10 = gets_solutions(problems_with_10_workers,
solver = greedy_solver)

greedy_solutions_15 = gets_solutions(problems_with_15_workers,
solver = greedy_solver)

greedy_solutions_20 = gets_solutions(problems_with_20_workers,
solver = greedy_solver)

Solved 23 problems in 0.0009970664978027344 seconds
Solved 80 problems in 0.000997304916381836 seconds
Solved 94 problems in 0.001995086669921875 seconds
Solved 99 problems in 0.0019943714141845703 seconds
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# creates 100 problem instances of a team formation problem with 1000 workers
problems_with_1000_workers = []

for i in range(100): #repeats 100 times
problems_with_1000_workers.append(create_problem_instance(10, 1000, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy_solutions_1000 = gets_solutions(problems_with_1000_workers,
solver = greedy_solver)

Solved 100 problems in 0.09574556350708008 seconds

Pl cillgjljig

Ministry of Education

262

def greedy_solver(problem):

worker_skills = problem['worker_skills']
required_skills = problem['required_skills']

# skills that still have not been covered

uncovered_required_skills = required_skills.copy()

best_team = []

# remembers only the skills of each worker that are required but haven't been covered yet
uncovered_worker_skills = {}

for worker_id in worker_skills:

# remembers only the required uncovered skills that this worker has
uncovered_worker_skills[worker_id] = worker_skills[worker_id].

intersection(uncovered_required_skills) -
( intersections( ) &l gl
# while there are still required skills to cover Sle dadd goimi s degaza
while len(uncovered_required_skills) > 0: w;,v»;ii;:@d'a';l@d'

best_worker_id = None # the best worker to add next B oagzsall JLaall ‘:"JVLé‘

# number of uncovered skills required for the best worker to cover "’lei «worker_skills

best_new_coverage = 0 o2 Ggis @ Ul Aygllacl
.uncovered_worker_skills

for worker_id in uncovered_worker_skills:

# uncovered required skills that this worker can cover
my_uncovered_skills = uncovered_worker_skills[worker_id]

# if this worker can cover more uncovered required skills than the best worker so far

if Tlen(my_uncovered_skills) > best_new_coverage:
best_worker_id=worker_id # makes this worker the best worker
best_new_coverage=len(my_uncovered_skills)

if best_worker_id != None: #ifa best worker was found
best_team.append(best_worker_id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered_required_skills = uncovered_required_skills -
uncovered_worker_skills[best_worker_id]
for worker_id in uncovered_worker_skills:
# remembers only the required uncovered skills that this worker has
uncovered_worker_skills[worker_id] =

uncovered_worker_skills[worker_id].intersection(uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered
return None # no solution could be found

return best_team
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def compare(brute_solutions,greedy_solutions):
total_solved = 0
same_size = 0

for i in range(len(brute_solutions)):

if brute_solutions[i] != None: #ifa solution was found
total_solved += 1

# if the solvers reported a solution of the same size
if len(brute_solutions[i]) == len(greedy_solutions[il]):
same_size += 1

return round(same_size / total_solved, 2)
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= = = J s | B Y Sl g b J print(compare(brute_solutions_5,greedy_solutions_5))

print(compare(brute_solutions_10,greedy_solutions_10))

print(compare(brute_solutions_15,greedy_solutions_15))

print(compare(brute_solutions_20,greedy_solutions_20))

1.0

0.82
0.88
0.85
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: def greedy_solver(problem):
worker_skills=problem[ 'worker_skills'] # worker skills for this problem
required_skills=problem['required_skills'] # required skills for this problem

uncovered_required_skills = required_skills. () #skills not covered
best_team=[] #bestsolution
uncovered_worker_skills={}

for worker_id in worker_skills:

uncovered_worker_skills[worker_id]-=worker_skills[worker_id].

(uncovered_required_skills)

while len(uncovered_required_skills) > 0:

best_worker_id= # the best worker to add next

best_new_coveraéézé “# number of uncovered required skills covered by the best worker

for worker_id in uncovered_worker_skills: # foreach worker
my_uncovered_skills=uncovered_worker_skills[worker_id]
# if this worker can cover more uncovered required skills than the best worker so far
if len(my_uncovered_skills)>best_new_coverage:

best_worker_id=worker_id # makes this worker the best worker

Gty Jptadlane Su (o SAL e U3 p2% S (Ao pal 139511 Aa) 195 2 Jlaall s Balyjr Cead 3] e best_new_coverage= (my_uncovered_skills)
Seubawamtt T
if best_worker_id!= : #if a best worker was found
best_team. (best_worker_id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered

uncovered_required_skills=uncovered_required_skills - uncovered_
worker_skills[best_worker_id]

# for each worker

for worker_id in uncovered_worker_skills:

# remembers only the required uncovered skills that this worker has

uncovered_worker_skills[worker_id]=uncovered_worker_

skills[worker_id]. (uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered

return # no solution could be found

return best_team
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Single-Machine Weighted Tardiness (SMWT) Problem

(A gl e a5 AT e gl 5o il algn Wlsun 2 C;.A;gj o s AISAL 03a aiagid

‘;ﬂ:&ﬂw).\ﬂ

3yl ol AT gl AUl

www.ien.edu.sa

e a5 0 ¥ sl e sl Rl laa by Ll Bl S @ Scheduling Problems 4t gt O Mo

W‘waym)ﬂwds . s (s Byl 33.0a0 Ll B35 35150 o ol LY tomannl e 2 3L gl 9IS e

ieall 3 55 aLall Sl al 331 ave (5Seeds 5Ll et 2 algll JS 3Lail Jumiand | (oa OIS 131 L3l o e o aLatl 228 ) Lol 2 Je Aol 353 i g S 055 La sl s snstl 1)
Sleil aesll 2 5o I Gttt s alall SLadly al 3 aue e 2415 J31 Sleil aesll 2 Ll Bl M5 215 it L Loy Batuiell ¥ lontl (o putal) 230 yage oIS o0y Sl Sl el 2

g NSl g Jond Lalin] calias JLsl Gyl (e il ciliadslsn 2yl 138 2 Gaxiien gosLal 35000

108y WJSJ (ﬁul)).»mupj_\l@.ud\@lm}anwu)h alel! U)-bu-‘ (Goal) caugtt
AL 520 Joud Feall (el Eiln3 s B gl 2101 By (3950 (g 3501 LN g yama ol

> Sl

‘MM@; Lgasledtd st M}l‘gu)\xlvﬁ)wd).a”w\.ur'ul&h@u 1512 (Lateness) yusladt Coumy
«—'\-@u' o L e e ALt (335 el JLaSY (MUItipliers) s Juslgas eLe-Uu‘)}‘
e Js-b-!“—wi Ly o all e 25152 uAaLAU-\Au'J}'} 3(*3%3 1o He%uhmyﬁb ISy ¢y poll Sl e clad ERE P { Yl aks s Y dadass
3 ) el Lol gt o e s 83032 03 2l Sl by 53mll aopll 2.1 05 4_5411

W gt Tl 11 B Lows aline S Lne (30 Sleda3 :5.1 Jyui

2S5 5 >l e Julmd i 5 5l Aa Y alglly 515kl apnis oLl Wgun

3XL1X2=5 gslow 3ishl SLAN gpmme o s s 3 seg e 3oty el Lol o i e Do sl et 13l Jae 35 S £ 3U3] g Ol palall dagla Agin
cadlsanly sl s
(QL““@”*““) ( ;“‘*‘f“h) o et i 80 i) & il gLl il gl fae 38 s s VLAY S 0 Algan

0 Aol gy lalal al 3l cadlall Jdas

IS LY (s JulE bl 20515l s | bl e LY g

Zw' : : 12eeut! Dsgendl I Jgamgll 330 3 taal3W1 o1 LAkl e ciliMe ¥l codgs dlgun el filuy Ugan
Alell Jedodd mings @y 5.4 JS R SN LYW ';\)‘:.N\ ca&l:'x}”j

LSO i Akl 2 oyl 128 e EESEN

Al leall CalIS5 JulE e Joadl ol 30 IO

|
0 ‘ 11
|

| | |
o e
3 \ 3 23 \ 20 IR
2 \ 1 18 \ 17 R

0335t 3BLa Gl 15.5 S
Sl 5 u;lau‘y 3l u’mup,,u}.ﬁumgmyaa_.w s ’
Ve ‘:la_»YuSMJ»J.Aal ;@\J..;;.Lu?u.u ;.mtaLwl \_.\..l)..

A Jol e Jguantt PR . 3 .
Bite 2 Badwe WIS 2dlie Muu,suam,«wu&,ﬁﬁt 5 % | .
S Pl cillalig LieL |

Mipistry of Education farden Sy o 233 dalaiea 15.3 S8

2625 - 1445

el Sla 3 pusnid

268



e\@)’ub;';:&)h ling VX o Als-die paman sae wdga random. randint(x,y) alul ‘u;';..ﬁ
ALSLEN B el S e YA 038 250 (X)) Gegazma ol [X,Y] 3a3le ,u0g3 2 Jiem allull sia
JEL Jees Lo 33y L‘..J\ul,ulzc_m,ﬁ%us

for i in range(5):# prints 5 random integers between 1 and 10
print(random.randint(+[1, 10]))
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create_problem_instance(10, [5, 201, [5, 501, [1, 31)

{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19],
'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
'weights': [2, 2, 3, 2, 1, 3, 2, 1, 3, 1]}
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# computes the total weighted tardiness of a given schedule for a given problem instance
def compute_schedule_tardiness(problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(schedule) # getsthe number of jobs

finish_times = [0] * job_num # stores the finish time for each job
schedule_tardiness = 0 #initializes the weighted tardiness of the overall schedule to 0
for pos in range(job_num): #goes over the jobs in scheduled order
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import random

# creates an instance of the Single-Machine Weighted Tardiness problem.

def create_problem_instance(job_num, #number of jobs to create
duration_range, #job duration range
deadline_range, #deadline range
weight_range):# importance weight range

# generates a random duration, deadline, and weight for each job

durations = [random.randint(+duration_range) for i in range(job_num)]
deadlines = [random.randint(+deadline_range) for i in range(job_num)]
weights = [random.randint(+weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary

return {'durations':durations,
‘deadlines':deadlines,
'weights':weights}



import itertools

def brute_force_solver(problem):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],

problem[ 'deadline

s']

job_num = len(durations) #number of jobs

# Generates all possible schedules
itertools.permutations(range(job_num))

all_schedules

# Initializes the best solution and its total weighted tardiness
None # initialized to None

best_schedule

# 'inf' stands for 'infnity'. Python will evaluate all numbers as smaller than this value.
float('inf")

best_tardines

s =

# stores the finish time of each job in the best schedule
best_finish_times

= None # initalized to None

for schedule in all_schedules: # for every possible schedule

#evalutes the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness < best_tardiness: # this schedule is better than the best so far
best_tardiness = tardiness
best_schedule = schedule
best_finish_times = finish_times

# returns the results as a dictionary

return {'schedule'

:best_schedule,

'tardiness':best_tardiness,
'finish_times':best_finish_times}
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sample_problem =

1
create_problem_instance(5, [5, 201, [5, 301, [1, 3])
brute_force_solver(sample_problem)

{'schedule': (0, 2,
164,

‘tardiness':

'finish_times':

[s,

1, 3, 4), ( EWEIWETN )( NS E SN JPRWS )

11, 21, 36, 51]}
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job_id=schedule[pos] # schedule[pos] is the id in the 'pos’ position of the schedule
if pos == 0: #ifthis is the job that was scheduled first (position 0)

# the finish time of the job that starts first is equal to its run time
finish_times[pos] = durations[job_id]

else: #for all jobs except the one that was scheduled first

# the finish time is equal to the finish time of the previous time plus the job's run time
finish_times[pos] = finish_times[pos-1] + durations[job_id]

# computes the weighted tardiness of this job and adds it to the schedule's overall tardiness
schedule_tardiness += weights[job_id] * max(finish_times[pos] -
deadlines[job_id], 0)

return schedule_tardiness,finish_times
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greedy_sol = greedy_solver(sample_problem, deadline_heuristic)
greedy_sol

{'schedule': [3, 1, 4, 0, 2],
'tardiness': 124,
'finish_times': [15, 26, 32, 48, 571}
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# returns the weighted deadline of a given job
def weighted_deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job

return problem['deadlines'][job] / problem['weights'][job]
weighted_greedy_sol=greedy_solver(sample_problem, weighted_deadline_heuristic)
weighted_greedy_sol

{'schedule': [3, 2, 1, 4, 0],
'tardiness': 89,
'finish_times': [15, 24, 35, 41, 571}
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def greedy_solver(problem, heuristic):

# gets the information for this problem
durations, weights, deadlines = problem['durations'], problem['weights'],
problem['deadlines"]

job_num = len(durations)# gets the number of jobs

# Creates a list of job indices sorted by their deadline in non-decreasing order
schedule = sorted(range(job_num), key = lambda j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute_schedule_ltardiness(problem, schedule)

# returns the results as a dictionary

return {'schedule':schedule,
'tardiness’:tardiness,
'finish_times':finish_times}
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# returns the deadline of a given job
def deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem['deadlines'][job]

aadleadl ol = (greedy_solver) Aadind| S| Aia )yl 93 I J,aL,..,s deadline_heuristic ul;ﬁw
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# computes the new tardiness after the swap
new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far
if new_tardiness < best_tardiness:

LS JLLT 12 2 Jond 1 O
# the new_schedule becomes the best one e Lgsle Jguant| @i Jol>
best_sche(liule = new_schedyle Uit o "\Z‘_"*)’é
best_tardiness = new_tardiness
best_finish_times = new_finish_times

2 Loguadga Alaliag ot
Jgaatt

# returns the best solution

return {'schedule':best_schedule,
'tardiness':best_tardiness,
'finish_times':best_finish_times}

gl s st (5201 laall J3an| 2 pils e g sl A e los A1 A1) S5

def random_swap(schedule):
job_num = len(schedule) # gets the number of scheduled jobs
posl = random.randint(@, job_num - 1) #samples a random position
pos2 = posl
while pos2 == posl: #keepssampling until it finds a position other than pos1
pos2 = random.randint(0, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
Il 2 o sl (il s (ol 1l Ll ly 3 dLitins desl sl U A1) st
O (0030 10 2] s alge ppsT (oo 33588 RIS e ] I Jpoind) OIS 130 JLLT s e - Laghald
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def adjacent_swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs
posl = random.randint(@, job_num - 2) #samples a random position (excluding the last
one)

pos2 = posl + 1 #gets the position after the sampled one

return posl,pos2 #returns the two positions that should be swapped
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) # getsthe number of jobs

# uses the greedy solver to get a first schedule

# this schedule will be then iteratively refined through local search

greedy_sol = greedy_solver(problem, greedy_heuristic) # the best schedule so far
best_schedule, best_tardiness, best_finish_times =
greedy_sol['tardiness'], greedy_sol['finish_times']

greedy_sol['schedule'],

#local search
for i in range(max_iterations): #foreach of the given iterations

# chooses which two positions to swap
posl, pos2 = swap_selector(best_schedule)

new_schedule = best_schedule.copy() #create a copy of the schedule
# S4ps Jjobs at positions pos1 and pos2

. ‘B&hschedule[posl] , new_schedule[pos2] = best_schedule[pos2],
Jeve best_schedule[pos1]
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from collections import defaultdict
import numpy

def compare(problems,use_brute):
# comparison on Dataset 1
# maps each solver to a list of all tardiness values it achieves for the problems in the given dataset
results = defaultdict(list)
for problem in problems: # foreach problem in this datset

#uses each of the solvers on this problem
if use_brute == True:
results['brute-force'].append(brute_force_solver(problem)

['tardiness'])

results['greedy-deadline'].append(greedy_solver(problem,deadline_
heuristic)['tardiness'])

results['greedy-weighted_deadline'].append(greedy_
solver(problem,weighted_deadline_heuristic)['tardiness'])

results['ls-random-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-random-deadline'].append(local_search_solver(problem,
deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-adjacent-wdeadline'].append(local_search_solver(problem,
weighted_deadline_heuristic, adjacent_swap, 1000)['tardiness'])

results['ls-adjacent-deadline'].append(local_search_solver(problem,
deadline_heuristic, adjacent_swap, 1000)['tardiness'])

for solver in results: #foreach solver
# prints the solver's mean tardiness values
print(solver,numpy.mean(results[solver]))

:LegaalS problems_30 5 problems_7 wlilyll e gases ga cOMpare () als alasiul oY us.q:

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted_deadline 255.61
1s-random-wdeadline 212.35
1s-random-deadline 212.43
1s-adjacent-wdeadline 220.62
1s-adjacent-deadline 224.36

compare(problems_30,False) greedy-deadline 10126.18
greedy-weighted_deadline 8527.61
ls-random-wdeadline 6647.73
ls-random-deadline 6650.99
ls-adjacent-wdeadline 6666.47
ls-adjacent-deadline 6664.67
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print(local_search_solver(sample_problem, weighted_deadline_heuristic, random_
swap, 1000))

print(local_search_solver(sample_problem, weighted_deadline_heuristic,
adjacent_swap, 1000

{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,

41, 571}
{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
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#Dataset 1
problems_7 = []
for i in range(100):
problems_7.append(create_problem_instance(7, [5, 20], [5, 501, [1, 31))

#Dataset 2
problems_30 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20]1, [5, 501, [1, 3]1))
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def brute_force_solver(problem): Bus gl AT

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],

problem[ 'deadlines"']

job_num = len( ) #number of jobs

# generates all possible schedules

all_schedules = itertools. (range(job_num))

# initializes the best solution and its total weighted tardiness

best_schedule = # initialized to None

# 'inf' stands for 'infnity". Python will evaluate all numbers as smaller than this value.

best_tardiness = float(" ")

# stores the finish time of each job in the best schedule
Splgs pasd (Ao STl g B |91 AYSAY (3538t Bl L) S die Aot (Jalond 1) RSkl Jglundfsue oS e

best_finish_times= # initalized to None

for schedule in all_schedules: #for every possible schedule

#evalute the schedule

tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness<best_tardiness: # this schedule is better than the best so far

best_tardiness=

best_schedule=

best_finish_times=

# return the results as a dictionary

ret! ny {'schedule':best_schedule,

'tardiness':best_tardiness,

'finish_times':best_finish_times}
Pl il ajljig pl il a)ljig
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_
iterations):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len( )# gets the number of jobs
# uses the greedy s
# this schedule will be then iteratively refined through local search

greedy_sol = (problem, greedy_heuristic) #remembers the best
schedule so far
best_schedule, best_tardiness, best_finish_times=greedy_

sol['schedule'],greedy_sol['tardiness'],greedy_sol['finish_times']

#local search

for i in range( ): #for each of the given iterations
to swap

# chooses which two p

posl,pos2= (best_schedule)

new_schedule = best_schedule. ()# creates a copy of the
schedule

# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2], best_
schedule[pos1]

# computes the new tardiness after the swap

new_tardiness, new_finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far

if new_tardiness < best_tardiness:

# the new_schedule becomes the best one

best_schedule =

best_tardiness =

# returns the best solution

return {'schedule':best_schedule,
‘tardiness':best_tardiness,
‘finish_times':best_finish_times}

281



e 2L (Lels of thle}e) it (Mathematical Expression) by yesis :L_Q;}.’A}f‘ Al iilus @
e 2l aaladl 28 8a5y ccadlsull Juls of B)J\;;\f;:J:‘Mtquwmu\,mﬁy@mm@w
gl Ll il alasialy 5530182 Lo (S5 Sy llondl ol e e 2L Bl 53 LeS e i
el ) Ae »dlg (Linear Programming - LP) adasadt e podd 1 s cdussly ) doma yll e tl,_'.‘l Bac asgs
.(Mixed Integer Programming - MIP) alalist| vl slie ¥ iova ,1g (Quadratic Programming - QP)
Sae 51 ,a0 el e Lggd 1 L) MSEL 2 dadineddl Al A gmenll SlaeYl Ea s ol Gyl 128 360

) Gtall sLasd g Algasl eI te : fie A m il

The Knapsack Problem ,glal) dcds> AlSive

e gl A1 A2 Lol Bl B el 1 e @ﬁﬁuwnﬁaﬁd&@l/owt%m
Gy o uoliall (e e gazmag 3amg CEls Gsumd Aawy ygls s clpuld s Il pmill e A ALN 3539 358l
Lesemes Audond] 253 g8 Cigllally ¥, Ay W, peaiall (339 Laa 2ol il litin (s 00 p2itin § e IS0 (150
ER VI ORISR - P FET [N T e I E FONONPR-IE TP L V- JR- JEN EUIN R |
Loy calds M5 X, = 000585 Loy (il A3l i yoniall 5Lanl @3 131X, = 100585 G pglall 2 pis
el oy I (o puolial] (pa e 55 Ao garma L35I 2 augl!

-C gsamil Bacadl (g 030 Y Ly 3Ll uoliall o)l 34f g 5ama s (Constraint) watt o

A B 3l o L 3L jusliall @3 psae :(Objective FUNCEON) due st 211431 @

By gl Aty 33 ma 033 (sl sl B (0 B35S gl i Allie e Y150 5.6 ISl g
Lol Mip jaall Ao gmall ¢5ld) 2 oy I eyl pladll sl 3oy crasl (g5led 5amd
gyl il amgll 35ty 0 1/0 pglall Agds A ie Lnesd Jod Alaliel) Gm il 3 el ey

Ipip install mip #install the mip library

# imports useful tools from the mip library

from mip import Model, xsum, maximize, BINARY

values = [20, 10, 23, 15, 7, 7] #values of available items
weights = [5, 10, 19, 8, 11, 2] #weights of available items
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for i in I: #foreach item

if x[i].x == 1: #if the item was selected C = 40 #knapsack capacity
print('item', i, 'was selected')
# updates the total weight and value of the solution I = range(len(values)) #creates an index for each item: 0,1,2,3,...
total_weight += weights[i]
total_value += values[i] solver = Model("knapsack") # creates a knapsack solver

solver.verbose = 0 #setting this to 1 will print more information on the progress of the solver
print('total weight', total_weight)

print('total value', total_value) x = []1 #represents the binary decision variables for each item.

# for each items creates and appends a binary decision variable

item 0 was selected for i in I:

item 2 was selected x.append(solver.add_var(var_type = BINARY))

item 3 was selected

item 5 was selected # creates the objective function

total weight 34 solver.objective = maximize(xsum(values[i] * x[i] for i in I))

total value 65

# adds the capacity constraint to the solver

L . - N solver += xsum(weights[i] * x[i] for i in I) <= C
Joexitl g ld| AUSine
Traveling Salesman Problem # solves the problem

solver.optimize()
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from itertools import permutations import random
import numpy

def brute_force_solver(dist_matrix, location_ids, startstop): from itertools import combinations

# excludes the starstop location

location_ids = location_ids - {startstop}

# generate all possible routes (location permutations)

all_routes = permutations(location_ids)

best_distance = float('inf') #initializes to the highest possible number
best_route = None # best route so far, initialized to None

def create_problem_instance(num_locations, distance_range):
# initializes the distance matrix to be full of zeros
dist_matrix = numpy.zeros((num_locations, num_locations))
# creates location ids: 0,1,2,3,4,...
location_ids = set(range(num_locations))

for route in all_routes: #foreach route # creates all possible location pairs

dhstanEs = 0 fasllcliEee i s e location_pairs = combinations(location_ids, 2)
curr_loc = startstop #current location for i,j in location_pairs: #foreach pair
distance = random.randint(=distance_range) #samples a distance within range
for next_loc in route: # the distance from i to j is the same as the distance from j to i
distance += dist_matrix[curr_loc,next_loc] #adds the distance of this step dist_matrix[j,i] = distance
curr_loc = next_loc # goes to the next location dist_matrix[i,j] = distance
distance += dist_matrix[curr_loc,startstop] # goes to the starstop location
if distance < best_distance: #ifthis route has lower distance than the best route # returns the distance matrix, location ids and the startstop vertix
best_distance = distance return dist_matrix, location_ids, random.randint(®, num_locations - 1)
best_route = route
. 2 .
Oyl & ‘ Sl A5 A S e A LAY LS Ba,lgdl At ] | all anss
# adds the startstop location at the beginning and end of the best route and returns 8 ety s s Jy2il Sl Al (e B LY Lol 3,1 21 ‘.’"u el pladl o
return [startstop] + list(best_route) + [startstop], best_distance :2055&.‘:'{3‘)393‘-3@\3@5 2lge
startstopgy:oi LY 1S J!\é 1’!!Js;L;x.;‘ipermutations()slj Z.Ie);il 5}3@};‘“})‘}«}\2 s dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))

print(dist_matrix)
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[["0:.19. 17. 15. 18. 17. 7. 15.]
[19. @:.15. 18. 11. 6. 20. 5.]
for route in permutations({1,2,3}): [17. 15. @».17. 15. 7. 5. 11.]
print(route) [15. 18. 17. @:.19. 7. 7. 16.]
[18. 11. 15. 19. @x.17. 20. 17.]
[17. 6. 7. 7. 17. @u.15. 14.]
(1, 2, 3) [ 7.20. 5. 7.20.15. 0s14.] calblecall Fah (g la3 daiell o dany
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from itertools import product # used to generate all possible transition
from mip import BINARY
from mip import Model,INTEGER

solver = Model() #creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver

# 'product’ creates every transition from every location to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) #number of locations

# creates a square numpy array full of 'None' values
x = numpy.full((N, N), None)

# adds binary variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[i, j] = solver.add_var(var_type = BINARY)

eyl ¢33 NXN @y NUMPY d3520m < LasY numpy.full () 3050 sl el pladll ausny
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# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl*x[1i]1[j] for i,j in
transitions))
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# for each location id

for i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
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brute_force_solver(dist_matrix, location_ids, startstop)
(s, s, 2, 7, 1, 4, 0, 6, 3], 73.0)
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Using MIP to Solve the Traveling Salesman Problem
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arr = numpy.full((4,4), 0) #creates a4x4 array full of zeros [[6 60 0]

[0 00 0]
print(arr) [0 0 00]

[0 06 0 0]]
arr[e, 0] = 1
arr[3, 3] = 1 [[1000]

[0 00 0]
print() [6000]
print(arr) [0 00 1]]

e el 13151 YL s e itErtOOISs 281 e Product () 31531 eyl pladll auitoy
OB Jee
ids = {0, 1, 2}

for i, j in list(product(ids, ids)):
print(i, j)
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itertools import product
mip import BINARY,INTEGER
mip import Model

mip import xsum, minimize
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def MIP_solver(dist_matrix, location_ids, startstop):

solver = Model()# creates a solver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location
transitions = list(product(location_ids,location_ids))
N = len(location_ids) # number of locations
# create an empty square matrix full of 'None' values
x = numpy.full((N, N), None)
# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:
x[1, jl=solver.add_var(var_type = BINARY)
# objective function: minimizes the distance
solver.objective = minimize(xsum(dist_matrix[i,jl+x[i1[j] for i,j in transitions))
# Arrive/Depart Constraints
for i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
# adds a binary decision variable for each location
= [solver.add_var(var_type=INTEGER) for i in location_ids]
# adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)*x[i,j] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best_route = [startstopl] #stores the best route
curr_loc = startstop #the currently visited location

while True:
for next_loc in location_ids:# for every possible next location
if x[curr_loc,next_locl.x == 1: #ifx value for the curr_loc->next_loc transition is 1

best_route.append(next_loc) #appends the next location to the route
curr_loc=next_loc #visits the next location
break
if next_loc == startstop: #exitsif route returns to the startstop
break
return best_route, solver.objective_value #returns the route and its total distance
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# adds a decision variable for each location
= [solver.add_var(var_type = INTEGER) for i in location_ids]
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
if i 1= j:
solver += y[j] - y[i] >= (N+1) * x[i, j] - N
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same_count = 0
for i in range(100):
dist_matrix, location_ids, startstop=create_problem_instance(8, [5,20])
routel, distl = brute_force_solver(dist_matrix, location_ids, startstop)
route2, dist2 = MIP_solver(dist_matrix, location_ids, startstop)
# counts how many times the two solvers produce the same total distance
if distl == dist2:
same_count += 1
print(same_count / 100)
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import time

start = time.time() #startstimer

for i in range(1600):
dist_matrix, location_ids, startstop = create_problem_instance(20, [5,20])
route, dist = MIP_solver(dist_matrix, location_ids, startstop)

stop=time.time() # stops timer
print(stop - start) #prints the elapsed time in seconds

188.90074133872986

Ol yTugn 5 )She huatil danin o (sl lead! Andlen 353 e detenin 3l iadtill w3y 0l e ol e
S el Q‘A}Wtuun.’ Jodl Gl 33l gy sl 3 piiw ol o yaal!

ot A o e B g L€ Gl sae o Slge¥l 2 a1 S I3 Ll oypun liiag
3530 Coglaal l 5 530 g 300l (a1 el 13a Jias Litine L5y )1a 191 = 121,645,100,000,000,000
a3l (S LS Yoot prsesms LamLind | AL 2 Lt 0183 JLRall ol 3 ko ¢y 5l 13 gy 2l 310
Sy J2aY1 G plall o o Alabinll T eall Slae¥ dma y o

a3y Baaly 1 A Sl LB Ligl Lo g s Ll ol 1358 Ll Uil W) el 1 sl Ll o e 1 e
ol Aol i el Al sy 3523013 B skl Al (sl Lo om0l 32l | SIS Ball Bl (55 Y
Ll olegomt At s By J1a3 3 Ll W1 ko 52l 3530 Ciglil (pn 53S0 ¢ sl il 1) Bmn 5l 0 0 02,01
ey 38T My Ll Gy al) 2 eBostl IVl sl a2 YL 0308 S 2 3 Sl



oy I e 50| plaal LS| IS (o (I3t a3l | AUSLAR Bl 2013201 (o eyl 01 St e Lot | Ol i 3 @ (eiinly 31 Aimn pd | plinianls Logl (S Cptaunil | MSiia (o (WIS Julon'ls o3 o
(o At L M1 3L g (Juad Y1 SLadf AT gtal NPT DRERTINICTTICT PP

from itertools import permutations

def brute_force_solver(dist_matrix, location_ids, startstop):

# excludes the startstop location

location_ids = - { }

# generates all possible routes (location permutations)

all_routes = ( )

best_distance = float('inf') #initializes to the highest possible number

best_route = None # best route so far, initialized to None

for route in all_routes: # foreach route

distance = 0 #total distance in this route

curr_loc = # current location

b o SIS AlSle (e BaliSue (s OIS &I S5 o

for next_loc in route:

distance += [curr_loc, next_loc] #adds the distance of this step
curr_loc = # goes the next location
distance += [curr_loc, 1 #goes to

back to the startstop location

if distance < best_distance: #ifthis route has lower distance than the best route

best_distance = distance

best_route = route

# adds the startstop location at the beginning and end of the best route and returns

return [startstop] + list(best_route) + [startstop], best_distance
Pl il g)ljig

Mipjstry of Education
2
2c 23? - 1445



N\

Pl il ayljg
Minisfry of EdudQLion

20281445

ALl sl o ke e Clloy s Juungs 38 55 2 Jaad b 0 5
Al 255 ke 3lga ] 39 plall Jpogal 3eLiS

Cragda 353 e g35e S 35l 31 (pSe slane 3l slomi] 2 ol P
(TSP Jsanitl bt alSien e Jlie AL 00s o] gse I) 335001 (@3

3 (po Laac bl g ot J3ihl (Ll RIS e e B3 el ¢ LSS s
3 20 Il lag 5 (e Jlie IS 2 Bl gl g 12 1

i 5l il @3 MatplOtib Lk al it by dal s @y alls &l
20 a5 3 A il o da 20l ok ol el iy ol Al
g

O JS o] dola @3 ‘matplotliwb e aluznaly %Lz.’. o als Gl
Aalisel | Loeymeintl slue ¥l dora ys o duedylging dls yall 3430 Jon A ra))lgn
<Legie wslatly

213136 LS o gmins La clings 01 Slill d (5315 | 5 g | s 135 (8
Legie S asaey Ll ag cJontl e lss

e a3 pdagtl JLeST IS (yo o) 3kl L) AUSAY AlaGi | Aoaomial| 31e ¥ Aivs po I Tucsyyls3 il e

tlomioio £ LE01 JLai¥ 1 3948 5 5 220 O ;die LELS G (I

def MIP_solver(dist_matrix, location_ids, startstop):

solver = () #creates a solver

solver.verbose = @ #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location

transitions = list( (location_ids, location_ids))
N = len(location_ids) # number of locations

# creates an empty square matrix full of 'None' values

x = numpy.full((N, N), None)

# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:

x[i, j] = solver. (var_type= )

# objective function: minimizes the distance
solver.objective = (xsum(dist_matrix[i, j] = x[i][j] for

i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids:

solver += xsum( for j in location_ids - {i}) ==

solver += xsum( for j in location_ids - {i}) ==

# Adds a binary decision variable for each location

y = [solver. (var_type= ) for i in
location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids -
{startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) = x[i, j] - N

solver. () #solves the problem
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self.current_pose = 6 = [0] #X, Y, Z yaw, pitch, roll

self.target_position = [0, 0, 6]
self.target_index = 0
self.target_altitude = 0

T .
alygay (X Ve 2) B panall g g
NEIRN N P )

move_to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of X,Y coordinates

# Returns:

# yaw_disturbance (float): yaw disturbance (negative value to go on the right)
# pitch_disturbance (float): pitch disturbance (negative value to go forward)

if self.target_position[0:2] == [0, 0]: #initialization
self.target_position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1 - x2) < self.target_precision for (x1, x2)
in zip(self.target_position, self.current_pose[0:2])]):

self.target_index += 1

if self.target_index > len(waypoints) - 1:
self.target_index = 0

self.target_position[0:2] = waypoints[self.target_index]

# computes the angle between the current position of the drone and its target position
# and normalizes the resulting angle to be within the range of [-pi, pi]
self.target_position[2] = np.arctan2(
self.target_position[1] - self.current_pose[1],
self.target_position[0] - self.current_pose[0])
angle_left = self.target_position[2] - self.current_pose[5]
angle_left = (angle_left + 2 * np.pi) % (2 * np.pi)
if (angle_left > np.pi):
angle_left -= 2 % np.pi

# turns the drone to the left or to the right according to the value
# and the sign of angle_left and adjusts pitch_disturbance
yaw_disturbance = self.MAX_YAW_DISTURBANCE * angle_left / (2 = np.pi)
pitch_disturbance = clamp(
np.logl0(abs(angle_left)), self.MAX_PITCH_DISTURBANCE, 0.1)

return yaw_disturbance, pitch_disturbance
run(self):

# time intevals used for adjustments in order to reach the target altitude
t1 = self.getTime()

e
iﬂl_disturbance =0
pitch_disturbance = 0
yaw_disturbance = 0

from controller import Robot
import numpy as np  #usedform 1

import os # used for folder creation s 2 o
import cv2  #used forimage manipulation and human detection e (“f“w' el 2e g

from PIL import Image # used for image object creation A Il (@g9,) Robot ais
from datetime import datetime  #used for date and time 25 ytunn EFCTRIEPRIETISRA

# auxiliary function used for calculations
def clamp(value, value_min, value_max):
return min(max(value, value_min), value_max)

Lgllaadl ool ol il
Jallaally bl

class Mavic (Robot):

# constants of the drone used for flight

# thrust for the drone to lift

K_VERTICAL_THRUST = 68.5

# vertical offset the drone uses as targets for stabilization

K_VERTICAL_OFFSET = 0.6
K_VERTICAL_P = 3.0
K_ROLL_P = 50.0
K_PITCH_P = 30.0

# P constant of the vertical PID
# P constant of the roll PID
# P constant of the pitch PID

Constants) ol il 4
2193 o

el Gyt (S 39250l
Dl yEalg o yulatl

MAX_YAW_DISTURBANCE = 0.4

MAX_PITCH_DISTURBANCE = -1
# precision between the target position and the drone position in meters
target_precision = 0.5

def __init__(self):
# initializes the drone and sets the time interval between updates of the simulation
Robot.__init__(self)
self.time_step = int(self.getBasicTimeStep())

# gets and enables devices
self.camera = self.getDevice("camera")
self.camera.enable(self.time_step)

self.imu = self.getDevice("inertial unit")
self.imu.enable(self.time_step)

self.gps = self.getDevice("gps")
self.gps.enable(self.time_step)

self.gyro = self.getDevice("gyro")
self.gyro.enable(self.time_step)

self.camera_pitch_motor = self.getDevice("camera pitch")
self.camera_pitch_motor.setPosition(0.7)

self.front_left_motor = self.getDevice("front left propeller")
self.front_right_motor = self.getDevice("front right propeller")
self.rear_left_motor = self.getDevice("rear left propeller")
self.rear_right_motor = self.getDevice("rear right propeller")
motors = [self.front_left_motor, self.front_right_motor,
':: self.rear_left_motor, self.rear_right_motor]
fmmotor in motors: # mass initialization of the four motors
motor.setPosition(float('inf"'))
motor.setVelocity(1)
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>
> @ Viewpoint

> @ TexturedBackground
> @ TexturedackgroundLight
> @ Foer Vioor

> @ Pedestrion “pedestrian(2)”
> @ Pedestrian “pedestrian(1)”
> @ Road “road”

> @ Pedestrian “pedestrian”
> @ Windmill “windenil”
>
>
>
>
>

>

>
v

indmit “wisdeni1)"

@ Windmil “windeil2)"

@ SmalManor “small manor

@ Squarehanhole “"manhele”

@ CardbosrdBon “cardboard box"
eslaModeniSimple “vehicie™

ceest

@ Mavic2Pro “Marvic 2PRO" 9
translation 000531 -1.9e-UPELEST

rotation 0.0349 73¢-070.999 3.4

rame “Mavic 2 PRO"

controller “mavic2peo_patrol*

contrellerargs

window "<generic>

customData **

supervisor FALSE

synchrenization TRUE

battery
® tedysion
> @ camensict
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file Edit View Simubtion Buld Overdays Tools Hep

DI Mavic 2 PRO demo.

@ ¢ @ © @ B O oo -o M P> H» O © B < « U
IMPORTABLE EXTERNPROTD

@ Woddinfo B

@ Controter choice

Please select a controller from the list
(it will Start at the next time step)

<none>
<extern>
<generic>
braitenberg
drone_controller
mavic2pro
manic2pro_patrol

Sumo_supenvisor
% ==

SIS Lall Juisy @Snill gali sl oyl Sl 131 :6.14 S

324

# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 301, [-75, 0], [-40, -10]]
# target altitude of the drone in meters
self.target_altitude = 8

(G2l blas) waypoints

while self.step(self.time_step) != -1: e 6301 5Ll Buolinl
# reads sensors 23 sl 35Ul 4

®%0 aobot oM
% rebot aUie)
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roll, pitch, yaw = self.imu.getRollPitchYaw()
Xx_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
t1 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,

# and altitude using various constants and disturbance values

roll_input = self.K_ROLL_P * clamp(roll, -1, 1) +
roll_acceleration + roll_disturbance

pitch_input = self.K_PITCH_P = clamp(pitch, -1, 1) +
pitch_acceleration + pitch_disturbance

yaw_input = yaw_disturbance

clamped_difference_altitude = clamp(self.target_altitude -

altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P =
pow(clamped_difference_altitude, 3.0)

# calculates the motors' input values based on the
# desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left_motor_input)
self.front_right_motor.setVelocity(-front_right_motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_right_motor_input)

cO)
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# reshapes image array to (channels, height, width) format
cameralmg = np.transpose(cameraImg, (2, 0, 1))
cameralmg = np.reshape(cameralmg, (3, 240, 400))
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# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

Creating a Folder s ¢ LS|

BB Gl (o 12 St e B B 2l i Bl B2 L @i 1 Bl gl i i
el 2 sgeall e e elue g3l 2gieY)

S anll ) @€nil galiyd Il (Jandl s 5lane 3,50 getewd( ) Al ansis of e ¥4l
@) detected :euly sl wlanll 4 g 5301 OIS e ol ydl i o (il sl ity
sylandl ety il abond] @l Al 5Ll sl day ) Path jOIN( ) 1l et opomy « (LY
cpo loma 5L @ Bll 25 Y T Jadlly 150 el OIS 131 Les 33301 23,531

# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

Image Processing 5 yg.al! dxflae
SO oY o< algloma (13 Lgintlal 3Lgandl oy 3 yganll (351,3) 3l yaul o8 cliCes codgull 1382

Ly il 2 e g a LS dazag |FM§HML¢»;(&H,¢)M\L,J@MLA
."self.getTime() - t2>5.0"

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:
c00®
o gecrfefes image array from camera
.areraImg - self.camera.getImageArray()
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Drone Report and Saving of the Detected Images
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.;5311@@3;&5 getTime( )

# loop, through detected human images, annotates them with a bounding box
# and prints a til p and an info on the console
for (x, y, w, h) in humans:

# the image, the top left corner, the bottom right corner, color and width of the rectangle

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp
current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)
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# creates RGB image from merged channels
img Image.new( 'RGB', (400, 240))
img cv2.merge((cameraImg[2], cameraImg[1], cameraImg[0]))

Jslat pusnas 3l evtColor() Al alusiuly sl zyall Il 3osaall Jussd @ | el
w1 5l ) yan 1y 5m3 V15 35591y o)l5I¥1 5 a8 COLOR_BGR2GRAY

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

Human Silhouette Detection 4y ,icd! 3 gist! jgue BLLIS)

3%a3,ls> say . (Haar Cascade Classifier) wsuls jla caiae ‘.M O dlile (3 )5all CaiiaSs =
18 alasiay gedll plolia 5l jgenll 2 LSS byt ﬁMj.uyt ‘Q_\,J‘,l;.\_@uumul_a:.sv
e ) Lf‘gﬂlwmluxgdwumudlwu,wukuw(‘LUC;,M._.).”UI CLNMI
RENESARPOSN || LE_LuJaLmlu.c._._sz EWPSI PPN As G s teyl I.x.mu_lc‘sya.-}!‘;)_,.b}mu_lgj
2039 e ol gl iy gl JMAAJM;Lulul;J}uJJU))I}:J‘aMPMAALdlLj SIS
L}wu_»ls.nL,g..suﬁs_.‘rJlmbllUM&»JS,au))bJJUMJMYMJJ:Hj ymc_h.m
el du:.su_,hpal_s Lu)_.,‘_xc,,maml__.)_.w Amanieseliny L ua sl Ui 5 s ja
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\;M 3 «CascadeClassifier () ¢,51<8 J.AL..AS ‘z_x.m_j (0penCV) 2w (yi9l 208a (e 125 Sy

~3Laz¥l duless alall detectMultiScale () il

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml')
humans = human_cascade.detectMultiScale(gray)
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# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameralmg, (2, 0, 1))
cameraImg = np.reshape(cameraImg, (3, 240, 400))

# creates RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2. merge((cameraImg[Z], cameraImg[1], cameraImg[0]))

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml"')
humans = human_cascade.detectMultiScale(gray)

# loop, through detected human images, annotates them with a bounding box
#and prints a t/mestamp and an info message on the console
for (x, y, w, h) in humans:

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp

current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_P * clamp(roll, -1, 1)

+ roll_acceleration + roll_disturbance
pitch_input = self.K_PITCH_P = clamp(pitch, -1, 1)

+ pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped_difference_altitude = clamp(self.target_altitude

- altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P = pow(clamped_dlfference_alt1tude, 3.0)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

+ vertical_input - yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST

+ vertical_input + yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input

+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input

- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self oferent_left_motor.setVelocity(front_left_motor_input)

se'lf ofrOnt rlght motor.setVelocity(-front rlght motor_input)
s-e'l.f'r’e&r left_motor.setVelocity(-rear_left_motor_input)

‘self. rear_rlght_motor set\/eloc1ty(rear_rlght_motor_lnput)

ol L @€mtll el s ALl FUN () 11 853 () cams il gl o S 3] tns

def run(self):
# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()
# time intervals between each detection for human figures
t2 = self.getTime()
roll_disturbance = 0
pitch_disturbance = 0
yaw_disturbance = 0
# specifies the patrol coordinates
waypoints = [[-30, 20], [-60, 301, [-75, 0], [-40, -10]]
# target altitude of the drone in meters
self.target_altitude = 8
# gets the current working directory
cwd = os.getcwd()
# sets the name of the folder where the images
# with detected humans will be stored
folder_name = "detected"
# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)
if not os.path.exists(folder_path):
# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")
else:
print(f"Folder \"detected\" already exists!")
while self.step(self.time_step) != -1:
# reads sensors
roll, pitch, yaw = self.imu.getRollPitchyaw()
X_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]
if altitude > self.target_altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
t1 = self.getTime()
# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:
oo o & @trieves image array from camera

saneralmg self.camera.getImageArray()
e00

# checks if image is successfully retrieved

e,
oo,
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