"”.r"-_

"+ 4o daloll yajeg Usoai o )

wJlal)o

www.mrajati.net

waal (neghi thateianag dldiwa dratlei dnia ga wnilealia 2690
:L__dgig UuMlhll daiilha dailwa dlaadg aclwa wvnatlei tngina @iagi wnll
Jalall = gl M Jliall Juw wile = ¢ll3 wia Las (aleallg jgalll
Au)aill GhLidYl 3lai Glealiall (Jasll Gligl «Glnalall dayleill
20 JolSill guasly tneui gai @ailwall draul=ill algallg «lagypill
tnlgg aleallg wllhll aalna @3y la) drawyll draleill aaghiall
.Gailallg gaill @iadi wa ggleig jab go lua alll wis wgalll

dpayleill Jglallg Glealjall ¢pull @ilall Jgngll lisuhi Jas .lia wié Ells

GET ITON Download on th

e Google Play S ﬁ.pp 5‘tl:‘.nr|[-;I

© : e Lilhluws gyli


https://www.mrajati.net
https://www.mrajati.net
https://t.me/mrajatinet

...'1 ...i.
'-"I'-- - @ _.I'"'-

i b it | 5138 23yl T it Guag=uwll Gy el d4alogll
M--'.Irum.ljﬁ“-m | el
pl — il ajljg

Ministry of Education

Oyt 283 - (g g3LETY mucdal
AN At

sty 2025-1447 daus



2 \££1 raliell i o3 35,8 ©)

E.m’l..'n.q..u ‘__.,.".'Er:j]i 35,1
CGTEN A - Sl ladl allad - A g3l e WX - e lila ol clSAT

2 VEEY b 0 - aliald b gl S,
ew Y0,0 X YV { o ¥T4

VEET /AAVY: 2 gl @3,
WA= T-0V 8-+ Y V=11 dlas,

alall| 351507 AL paome piill g pudall (3 gl

WWW.moe.gov.5a

"l ypre nio” (gle Gpclag alyl) slgo

len.edu.sa

~

roul2illg 8l edmo | JSg ggoll cllgly cillallg ullnlly wilalsallg | juslsall Lieljcl
Liolainl | Jao pailayibeg suujasll Llis)l poln i) S lalgd Useuwy

foien.edu.sa




duaplacll calaasl] pghad 355 1 )

Readlal el ys5ka3 45,55 Binary Logic SA 34 o Asls AU Lz gas 201 3
dudgasidl duyall 88Laall § plasau (2022/0003 pd) 2is)

Binary Logic SA 2025 © 24l Gai=

5l liludl ploAat dakail § dupsd gl jatdall i (e i 5l Fad Jaou Y A gims Fadall puas
S8 03] 090 ll3 p gl Lepeasill 5l 3 goiall Foasilly ol LS80 g dig ASY) Alsug Sl ol S sl alis
Lzrelddl s

IS8 o e gl Y By ASU) g ] Jals) e laSUN A (9 ;L Le Aol gyl
lgzlis=s aslyll od &85 Olasal g §5lal JA Binary Logic 35+ Of 243 .Binary Logic

Auryls g A8 pBlsa | Bgime (8 A ghanall oS Y Ll Y algracdlag
dujland obadle gl sl coladle (950 A3 L 35S Lol B 20 gl olanaiall ehal i lonsl sladalls jlatd]
Binary 385 (5 3 gheall Uiy 8 (1 2l pusls paigilly Cispazll i dadh pasands dlbd
&adle Tinkercad s . pieall dyloall Colalall $ile oils (s dall 5l diley of L5yl 61 3423 Logic
454 dlmas dsjlans leMe Python wiljlas F:n.rthun ani Autodesk Inc A5 Aldud djled
Axi Project Jupyter A5:4] Akt &l Ale Jupyter 4«3 Python Software Foundation
aS4) Alseus 4yled 4ade Arduino 4 .CupCarbon 454 a5 4jlas &Me CupCarbon

.Cyberbotics Ltd 454 dl5.s 4ijles A)ke Webots 4ai Arduino SA

e (Babiai gl 4 7 pai gl S L edlel 5595 all iladiiall ol &I (£5 Y

o (95ud 154 pgia (51 el Jaiie 03 96 1319 433K & Sl (Bedsell e o 1l AU Jals
Aoy Lyl J W et St AU 53w  £l50



dalde

JOUSA S U SR | D90 T P PN e S 0% - D, S B S PP POROR b1 PTTLS T [0 S -

sz 2030 2 pacd) 2y ) ZEL R0 Rl s Al Lgialisl jugtad dagass e il 351 38 (e Ll pon g 451 psiing

Al Al (112 el feli s Sl e B e 2ol @ acll il hoien alinlalagel 350 el e
fonns R gaaatl Rups pall €0ty a3 o ata Ui g 1 sin Ll 153 ] ot g1 bt e Lt 3

EF -5 I

Al sanie Joa L3O alll @ glada et M) a0olad e Fgdly (s paead) A pall RSl Liilogt oLVl 0B 3ujs
Ama ALY thaith e it

J.J._{..J!_,j..ql.ﬂ_lli___.ﬂl._r.JLL..-t.qﬁL..ﬂ..l.h..t...'ui.'ﬁ:i__._.l_j..n.'ll.*-!,_l!J__L‘!l;_i,_j_,ﬂldhuhmlhljﬂﬂ_jﬁj.: .
e gl @l e Aatlal g gty @aSl A SIS e 5 e €45 a0 Tsga Bl AL 2 A gl

el e p2ee Gl Glasal sdagtlad) fogll o I g mlaaladl 2 2lisn d) laninl) aa 3l g Lap A0al) Luals @
el 3 g Sildlacin s

e gy plaee 185 30 dal e £ g Ll L2 el da s e Al 8 ®

el | il g Jaall By A o] Gaegall Gpla ¥l g Rpalall cbemiaiatly Glad¥l o il sy @

el flin i dudaiol o jlaag dilide e de 32054 0000 | ladpamariaiosdadaddind A dlallmar  ®
s

N e Alae oy RuapdlBl A ) b S 281 Ay e 1y ALl Rl Ay e Rl 5 @
aladl aataal s Ladts ya

Ale | bl s s ghonilly ihammd! pa Lkl e maicled | Al deam ity diill ol jlgtle adlall g3 .

Fladi s dige slaled e fpamamll 1 fa Slhaalond! 1] Lo R gl cul sl oz i ol Tl alsl o pill iy @
Apmleialesls le tpaadl g dan i s LEIL
PRPICIE TR DRVIET-1E LT b CANEONPE SIS R St SV JOST NOORE PO IO B N L= o3

e 3T Reemenind 5 jlos sl e jlne 2 Lo Altall o et i Ll Rpie 2ELIL 5 Aale i¥lma 4.

Jams Lo gy 3 laontl g it jloca (i il anlnll mgle jloss o Jlae¥1 2 00 slosa s e p 500 Ll s my gl s glpae

TSR WINTR IO [ |

g 203030l Ay gl daladdl yiail ol Asclicall 55358 ol dlata ps 20l 30 3 bsdin a3 Mgt Sgmy
Aol ol gl g o NS S oy Lbal! (800 2 slga 3 ai!

7 DR Y PR PR, JENPE T [ RSP WL () PO DR 1 VRS DS P O g it [P B | PSS (PSP JOR
i Baaids gl s Aagacms Sy s

et Byall alSa 2SSy mglaans mgilaladt apiad 3wl s egiilelsy LAl 5o i Fudad iy Jgee wolize ©
bl mgalomy i p8 pa e Las

el e eyl ol e ol g o Tt 2 ol Rl o s b i Al eal] eglaill faall @
AElas g lieaii s patall 2 Lisy ALY BN s e

s Sl 3y pal e s L e ddlall s 3 el ®

@1ﬁlﬁm1uﬂmrfiu7mb‘*gl-“umJH'CE‘-';JG'JHI'JJ.#LE!%LHHHWJL:‘?'M a

R e 9



Adlaall g lzbasll g Fae S g A g o ,_,.:._,.......J,_,.L.:.:l_;.l......l;lr.uu L!,.n:.é‘..dlj ,m;,;.ruhﬂl,-z.q.dlﬁhﬂlaljhﬁ.
ST S LT Y P | HL_;&-.-IE.:.I_,.,:.IIE.;_ l_,it.'.i.-.'l!a.“ .I-EL-.quj.‘...L.h t__:.:-ﬁJ‘ f__l...'l':""'
S PUPRDSCE N BUSPINE L JJNCY. P BRSSP PR PRSP SIPRE BN L P e 1) PP BRI P

,_L-n.'li ,__'._._...'n.:.:.-!._.H_....! L.._,.‘.L‘..‘I‘I i.l.:.Jirg_ii:._u.:_....M o=l gLl S gl g e bl 1:_,..!.: JL—-.-!;_'_I-FIE.,J'L:.[L”

-:!L_JL‘.UI.]L.-I{:_.I r-_iJLI.“jiI.jJ.!ﬂ _E_ﬂ'.-l-jii-'_;i—:'-.d .'IJ."I ,_,-E[-_..'-Unfl J‘_p_ja-..rr_f -L_;_;_..‘;._J':L]LU,._,..'UJ_'.._.HH'HI HQL&JLJ1
cbmatl By e st g3 B Ypapa bl aaaid s ) s JleCe WAL il ua,

s it [|._l|_.nLi.l|- E.!_ﬂﬁ:_-r.‘ﬂd‘ﬁh_llhli_m_f#ul r_.’l.r.__l:.Lﬂ.n I-t_.l-l.....!.EJJ-l algll aa) g;L'..h.....‘:n'l o800 Faks Al g

el )3l s mdadll g 35 Sl Bad Sl c¥lna Suc 2 lisill sha cidags e sebi e Lp dda s ) ity e lila o
ot Leath o gng o lita W1 IS B als  HEa s pas M 3 gy A gt Bus LT o L]y Ly g Ll
ST PR~ PEN S ACTT OS-34S, U . DY RO, | N1 JE i~ O, BT Y PRSTu JTT D3 LS o
Al U Biites bty gltie e 5Lt piis Lanits LS Banuilall lill) Eatlan Ratally sl palt | Lo 231N LWL 2has

sl el o Bl st gl Bl | Oligis Sl il [S1E ot Lol

e (gl Al Laa 3y s Fuge 0y it polic a3l m aa bl ebilana¥ S50 LA s

il | fbald pl.lll:l_g,?i:L'l.Lm.n::I“

Adbeed! MO s Bl gl s el ] fos Gl dal 52

ABptay dilis b e 2l e 2l e F el

olactly it ciladas 3 @t 5 5l

Sal€ia S din Loy Lot €iLigions dasl 55 alaaa¥|

bl ol gl & ALl wlimi cadags alaall

s A2 il g5 e Ly Ly Bl g3 2 e ol i s alaa

gl e dlalfisdopema mlaall Jagiae colila oWl Aol Sla Sl Sl Jladl loa & 8 dlall 2l o Ll 81,1

—ale i madlall e A e dall p Bl il ] ] AL Al s pal) Byl ol 3 Al e el Al
ey @ b0l At B 05es o€ Lot slall e 20l Luat g3l s Aot il

_‘1._';5‘1 i‘—'ut#;‘—ilﬁﬂi"]‘th-’.'JJ‘ﬁ':'L:mhf'!!;J .ﬁq_,..-!_..l.ﬂu_h:J_g_-ulL._.;-.iJ_.L'l ‘i_i.d.!a.ﬂ L.'.fﬂ_;-,_r_:ﬂ |T-L."E:.1l |_':|_.H|II:||._:_.:|:|I :1|_-._,J-:|_!

5ailing dats

Gl taallly






8 L1 Tt |
L R e TR R 2 paldl SBLLY At ys

B S e R AR Sl sl

AR oo e oo g e e e e e s S E'_,!J'—‘"""I'

250 ... 0 x40 351 g Spuned | Slia )yl g L5

O B R R Sili a3
298 e - Epaal

300 ....... &anﬂlj{_,a:l.'.hu":'t:liﬁﬂ b
Ja¥1 g !

(A1 gyt

o | [P |
323_:_1:_-1:-!3- rrrrrrrrrrrrrrrrrrrrrrrrrrrrr 2 i_ﬂ.JH’ ,Jl -:ll .‘ A _|h-l !‘1

v gl

M i e bilaaW! ¢ ISUM Olwlaui .1
Ja¥ 1w st

I g i
23 i pelilae W IS0 B OB JSLa
5D EEELLRERERNEELLIOARENRERLEYLE LR S YR LAY LR LEELL. am-ru-

O L% T |
B3 v rriiara e rasness Raladdl jui Shlod 5l

EE R I R O A e L s '-'l.dd.‘ll.lll.l.-'--'--‘.lllt’}_l—"—‘_!l

. —— e lilaw¥! & IS Sl .2
J ¥ (w
S R e e g L L P A ]

A g !
Geall dupd gy o Gaay 5l 35
S o T [ L TY L | P [

eaJ I g pad
Eg R T .I.:rjﬂl IJ'I‘F-“'HI JIJ'EJ' :'I'_"-ilii
1':'5 R e T e I-:ﬂ"l-:l-l___?.-.s

a0 e gt
P wrs-s swvi | OSSN [ PP P S
113 FdEFFeriF+rrFd b FFEr s T i dE TR i Eddd IR FFE R R TE &L-}u-

130 v i e s e e e e )

| —— duacdal! Slalll doiae .3

3 Lyl
AT gyt
154 c.ovenrnsnenersnnnsssessnnssnosssns dimgall pui a3l

L | PN |
1?2 T R L T e BT BT AR e -I-ﬂlj1 i-‘-_IJ_’E

- S



g:l‘i“ ;j.e;”
das) JJ1 3w ot
spall Sl <ol

dusalnt! 3 oJ!

Sl 3L g Cpmll cilis 51 05

AwsLud| 3o g
hn__-:::_-rJJ_g '___.I,..‘_Ll.h....aT" e Sl






BY - U‘.c&).a:'d‘ 4

LSy ds gl pud g dom ol @lad oL it g1 SOLA B Y Uall OB pa
e L£3{ 3 o e (Image Recognition) js—all o—ie o8 paill Legads sl
gasans of DILH guotl g3 T y3um isiual e 15318 eiiad § Ay yul g 3 el
L&, uds 4 ua.S (Image Generation) jsall sl Lo Luasi U8 ek g

Agiiadl g e dolan)| ge led LB ol 3o Y1 JLaS] 4

:
AP (I TRV
F Ol ole 1518 LI Bl & a8y ul o | 00d Aulgis
Apuailiai aliniisg Al Andlas jeualt gllay <
sgeall Casialy poli A ga elad Figad i) <
Al AT IS 8 ey <
394all pianly palin 4 ga il lad zhgad widd <
- iaad dui 53 e ¢ Li | im0 T <

LAuad) g A3 ,la Fllane 5 ygue 2 Aadlid o) 3 W LaSs <

=

:JI_’.".E"I
(Jupyter Notebook) ;i 5 ,5ae <
(Google Colab) %S J852 <

' rer
ke T4

=
-

]
[

: :




J_rg‘.".'l."' *_,..u__}l...'l...l'-l
3

sgualt Sl dox ot @lalt

E |
wwa lan adusa

Supervised Learning for Computer Vision wwwulsg! dagy 2. d.:-;.ti .;u.!.t.di
csaknd! 3 5 alas e _,5‘,.1‘_.;41!34__,.&.1:...:‘11 IS = loes "pa Lmﬁfl;uitumputervlarﬂn] ._._...'u..n-n_.,_-,.n.u
Zibaglall e sl '_,J.E_iﬂl it 3050 4 ga il ‘q_.TaLn..nj d_iaf o]l _u....njl 1:.i.J.:-m...... Cypaaaiag cdagiy I__‘,JJJ. ;q.!L.t.ﬂ i A3 3o
=Y oSS & dadas Mol 5% aS L_-;.Llr _,...!l+l-!| gl _--l..-u_g bl j,_p-uL:i'_m'ﬂ jl’l—t—uT‘ Lie Lglalasg a5, 1!

el ol aludll o il ) )3 SLasY rlaglall pis aluszal g pdidl ol o LeS wilatl "%, (1
NP RRIUN B[ V9 PROPSTPEAN. - SN -0 1 VS JOV. & PSPPSR | FN
Julo I35 (ye il aW miie 3 e Bummeall Bule 3 2 prmniell o LY Conlatl A aelid o (1S igdall sl @
Aalaall ALEV g s aaie Lad) orS Il pugeatl g ! RREV! ¢ fSe Audall jgual
Jis_iing_,il.:lJLi[L,l;hiﬂ.,__th day, iM‘J'ﬁEﬁJ‘}EJL}H' W B Y P | = spaluall 45l 3 ls 41l @
3eli€ silals 122N fon Lgi ity gaudl g 5 plall 2 cilaiall g 3LAL 5 oda g dalatl 5 Ll
delis s s *-JL:LL.LH iljj _lfé;:.-égu-.‘jit_i_nﬂl sgac dudsascal=enall u.:..ﬂ-.d.........h-..'l'i da'yy rq.::.'n.u:-: FEFERL daon @
il gt g il S g ol Ll
Agna Labazl e LaaWI Sle 2 il (50 )k (pe Lo pe Jebiatl g 2l e cilgu ol S bead sl By rmﬁ:agﬂgl .
o " £ g & i
S sy il Ayl aulai 2 Aaili a5 plas ladset o AW @l fpa fraidy regi dangl] 2 sdapll @ laill s
4.-4_;.1' thld1wkdﬁdl¢nuﬁil_ﬁuaﬁ __-}.L.Lu.T' C_J:Lc..d_g _J._}...:ﬂ waﬁﬂub}m-ui:w_;#umj_ﬂ?umyﬁ
-l.:n.TLi.i..’_.,,_._,_Jn Laa ™S, a0 Faagll v UJL.H Jl‘.‘i‘ L]ﬂuhj‘llli..d.ﬂn-}rl jujj,'lfn.l....'l ‘_.,..L:_l.....-..ﬂ_;-l..l,_; PR I S
gl Julad e sl 1ha 3 Legadad @luss (NLG) duasdali Slal ad g3 (NLP) duaudali Silatn!
Fj . RO b 5.1 Craghie L i 3 ,51 = Ej_;.i.;.-n yutbilocle gema ‘_,.L;-._n_u.l:h;lej_ﬂj_-Laﬂi}H J...F_.ﬁuj.n.'-.'ll ;;-Fq—ﬂ.'-:l
R TR | Sl | I PP u_:jL;-.iLtL:_L....nuJLAul Lg.u.ﬂdj_(_.ulh_pul_:ul 2 dgLAal a3y doadad d ia ] gl gl {ﬂ._!.l..-_l
(Texture ) La@udt ol fel < 5e Leiy 38 nitl b h,.!..-. e Lis Ll.n-ﬂ.ﬁ.lL-.’i:;II 3.=J1 f__u;.-_.Ju;.311 H—.iqidl ﬂ.hd_}__;l_j.'h- I.I_m...ﬂ

S TR VW SR T PRPPR | JRFSRRL S Ny L



&

A 5l e panaid doe A gl cile gasea e claa gl s gl F._a._._n__._._..,.... WJolatl s
Ol ] ghe JS el gdabail o w3 haalle 13 das Bsa 3 4] g @ grasaptade 5l 5550 KT 3 S0ne
25l e 4l ol elatll a il 5 a3 UL e e 3300 S guiadll plalie o jeall Cacia (e
382 38 50 @ieawy (4.1 S 1201 AN JSIAIRALI jpaall  de SLL datadll (ya Ratind ¥ e
e @;JIUL:,#J.:JI
SN 8 e il Lgiigin il gan _,J.;;.H_ujuljha.wlui.-_“uu# fdu.u LI
a_;_}-n,_]ﬂh_gm.[u uhhlﬂ}qﬂiﬂh}f@‘&ahﬂ_ﬂm aai. L_le-u-I.ltnﬂjj-_:LL,aﬂt_q:u:Lu'
(ki) cat o (it )eagle : J2a. ldﬂ‘-d-u-..s-i-u.ﬁ-iﬁ.;iﬂ#f
-1 T L I {q.'l.-...;.! E.uj.q.-.!.h_d_nLu..u.TH,:}q,m-_-.a_jJ.J’ ﬂ.J:-}itLuld_ﬁrl‘F_ud_m_}_]}Per
sliall e (3% Ll gh;d,ds!_._-...,.a! dua)ylgzll ans h=,,_..11 coxnil bl Siaty Ladss A% of v 5
Laglal oy 0Ly il Ao pame 2 ikl
plolia o jyaall (pe Lgule s ol 5 30 i Aleaiin Ae pasma e o 3Las ] @ i 3 gaddl 3 O 3 o
L,ln;LHaﬂ|ul=tl...ﬂl 3343y STl s il A gamma pe JLiaa Wl Bc gama calinty dllal @il ¢ gaudll
T ALPYSR TR (P b d,mL_ﬂi,L;{ua;r]:at_.muuLulﬂm lLLlleh,_u B sl bl
) B | I..:_q..-..-':-_-.'-"_u'.'l' 3eli g e i EJ}-.J a3 ;u.uu_! sl I Lagdd Bl s
Ol s i pmgeaitl Jla bl e dalind gl 3V 4a gl q“l'-"-" rLa-*’fﬁ--.Gl' Lolaal! o€ s M A2l A deall 455
B Jeand) B Fage ga L€ 5 saza il Sadll ya Lgas Jalall 3 Rigacs ;37 43 Lo sale 15,00 il

Aol Sl avad Cbdsw (4.1 Jsus

AST Lgtiladg Lgiadlas Jams Les cnibilill (e 508 1uaf e jpeall o020 | Aulle 30,10 clilul
il AT il koW aabiaal) 2l S o i gl il alal! yia W gaica slas¥l
E;'I ._I.‘_...a..a.ll SO S S-ERNr g I 4 | PLA N _‘.a-.i_;q_..:.T' palic Sls ol IS0

Agin 3 juiaadl as o e il is g BT 1w 2aS5 ) 1Sias Byl

l._-l-_,:l—"'~I ! I_j-i'-j u-u__j.u.l."_g -h'-Ll.ﬂl:'th ﬂ_}.l-lSJ‘hl_l.l.ﬂLd.IJLIM _J._:L-.:,_jl‘__,.S.un | Ehj.’;;-ii___ﬁ_}.ﬂﬁb!.y.”
Crrdac) jlegesea it 1 Maalo¥l A wad deedailgicad laad | 5, lials e

atsans Al SilBludl g aalill o pualiall fue auaall ool 3 Re gl | A5 (1 bl dulall degitag
aﬂ-cﬂ.?jl-_:_g.l.;dj J__Ln.l.r_.}..-s J_iﬂ.-.ﬂhlgm_hzr:h.lluh Fiasea 415 a

1"=,.|J'l Sludzil 5o ofl ala NolicSs . ﬁ.-.n.;.:..‘m..n-_-.dLu| FPrpe LB W P JL\u.!' il o allaty ool sl ol g) A o
Aol Sl SN e 35150 i...::..ln.ur.-lt ary {u.'l...n_....'lL....-' o hL..n"le gl 30l s aigll waliliasal S

2 (Python) sl 38 al sl 3,58 1Y yull misgs

Al gl o il Aegama Jues ¢

ol Bt i e Lga s 0l (S B Liia ) jgeall Lisod @
kel alils olegemas il Slils clegema I A ) Slilod! @auuas

158



Bsia yailad g lalall 2l s W bl Jdad

Aol jeeall fglin 3l Lgalasesil (o Al Caciianll o 3hed cupuih idialaiiull clilidl alassll @
LS Legl pie B agasl 390 (1,730) 0300y Linnrass all e Lpaimiodion (3l clilid! Ao gama (g5
ol 358 0 it Galadl ds ol @il Alie Ao gases g2 L (Sl guad! (e

Loading and Preprocessing Images a.d 3% lgisl laa g ygeall Jues

Sy Lganea i geisalt Juasd aaierad o 2l Sl Gon Ringania N oot alaal] 330w
dua®y daas Al Lgligsdy [al..'lj._..-...!l_a_ﬁ-.j] LHI-Animal-Faces

Zscapture

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 imoge monipulation
from skimage.io import imread # used toread arow imaoge file (e.q, png or jpg)
from skimage.transform import resize # used toresize images

# used to convert an image to the "unsigned byte"” format
from skimage import img_as_ubyte

laall Gl ity Lgeedi sla¥l Lt il e 2 syl IS 535 o dagl ;‘i'-"J' =l )yl g cllam
shasl Lot s s Lgha JS @mes S 0a0s (A ull sl input_folder ;s jpuall 1,5 SN syl
lganii o yall 5 Jalall

def resize images(input folder:str,
width:int,
height:int
):

labels = [] # o list with the label for each image
resized_images = [] #alist of resized imoges in np array formaot
filenames = [] #a list of the ariginal image file names

for subfolder in listdir{input_folder): # foreoch sub folder

print{subfolder)
path = input_folder +« ‘/' =+ subfolder

for file in listdir(path): & for each image file in this subfolder

image = imread(path +« /' + file) #reods the imoge

resized = img _as_ubyte(resize(image, (width, height))) #resizes the imoge
labels.append(subfolder[:-4]) #uses subfolder name without "Head" suffix
resized_images.append(resized) # storesthe resized imoge
filenames.append(file) # stores the filenome of this imoge

pue

.*7.. return resized_images, labels, filenames



resized images, labels, filenames = resize images{“AnimalFace/Image”,
width=1688, height=180) # retrieves the imoges with their lobels and resizes them to 100 x 100
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1 Sl aaudi @ails Ll 255-0 3uuiill ¢ 542.25550 :0ns
o e Dot T J(Unsigned Byte) 5;La! Hgus
o (R 3 R e 55 3L 30 sl s

Beal 33 Jauall g o JalSIL paanl gt (35S (25500 10) dasall 3 oSl YU Jais e o L1 301 Y
Joatl gy Jal€tle 3551 il (y9€aae (0.0.255) Laiall 33 Lol g Lal€IL punail g (39S (0,255 .0)
gl gl 39S (0.0.0) Lagall 53 JuSull g il digt (98 (2551255 .255) desall 43

VX obdlunl Vs ieelyigin e gptad alad LABAC LS L€ 08033 RGB ;oY alinis
s U L e (Image Matrix) jgealt a2 sauae @b 3 S0 oa 1 jLaSs 5 0l 2 g
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# reads an image flle, stores it in a variabe and
# shows it fo the user in o window
image = imread('AnimalFace/Image/LionHead/lioni78.1pg")

plt.imshow(image)
image.shape

(169, 169, 3)

g o gy Wlesnadn g Lol o pfie g 2l 2 Mlan s 1169 % 169 Angiens fre 5 pnll K2 Aol (2 283
RGB )l ¥ allait (3,31 / sund] / yeal) &30 ol gial! SN sgaall 23 o3 Biss i Jus, (28,561)
15 ypeaall 03a Con ¥ Sl 3l o1 A A1 el il i JULT i e

" Wthe pixel at the first column of the first row [1862 68 66]
print(image[8][6])
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:( Float-Based ) ,!,a._.z;.:.u..:ul.:.a.':i.....;@._.....i:ui[ RGB 5uuiiva jeeall Ligsd M el juid gob

resized = resize(image, (188, 1080))

print{resized.shape)
print{resized[8][B8])

(168, 180, 3)

[6.40857161 ©.27523827 0.26739514]

RGB &350 ol il @i (31,100 % 100 slas! ol 3 dagiicma I e pad- dmayaua Orm il e

resized = img_as_ubyte(resized)
print(resized.shape)
print(resized[6][8])
print(image[8][e])

o

20

60

E 20 44 &0 80

Lj.l_'-_'l. J:.": '_..I| _._. r"-'.i'_!l—" 4-3 _!_'-n..‘_

Gt 1 i 5 s Lgligsa 3alel Sais 10 o deid it 3 5530 (Normalized) gt guud o3 Lo,y IS

Al eyl adaBll 13 e 3 LA g el

(1@@, 1@e, 3)
[164 78 B8]
[182 &8 66]

Lo Lalzs! iq.zy_n_;-;i,_é,hﬂ LSl RGB 5 oI oud calisd
ldliﬂllﬁﬂwir;jaq Alo¥l 3 jpeall 3 3agagl] @adll fhe
Lo 528 0 8l el i ] o 23
Gepbliliag 4.3 SN Ll .S, Lo guzng 13l Lgal o
100 % 100 5o 1 169 % 169 g2l Jeu,n.a

& displays the resized image
plt.imshow(resized);

Saacll ol fpa sl wladll i)l 55 e ool e L3
Sl degamad S3gagll jpuall ,;,.AE-_;_&....:.,.:QF cuilS ) 3] Laa
(100,100 .3) Gunill A3:tas 1l

violations = [index for index in range(len{resized_images)) if
resized_images[index].shape != (186,100,3)]

viaolations

[455, 1587]

alls ':'f ;,_-QPJ_._E_I_':...&_.! Y | LJJSJHHJEJLE.JHJJP .5_’.-.3-_5;1_:_1:._‘:.-}..-11 :__!a.E.lll | L LS
,_JLJLJ|,_;|L|.1.&_JH.1| labasll asss bl acgemad 3agasll j3all Buai; "-F-'-'-"ﬂ#-" resize_image( )
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Tiger

= 20 40 fid i

35 [kt Ml e Bl ot 3 j0e 4.5 52

posl = vialations[@]
pos?2 = vialations[1]

print{filenames[posi])
print{resized_images[posi].shape)
plt.imshow(resized_images[pos1])
plt.title{labels[posi])

cowl.gif
(180, 168, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[posz]);

tigergo060008168. jpe
(100, 168)

o | j_.__;j.{lﬂﬂJﬂu A) alas 83 IS5 Lt s gV 3 gl
Guwitl! 1389 JRGB Guiais e Yuu RGBA Gui Lgii 4
'__,_.jl {Alpha} L.n.Tl..:Ll_'.,_,_.r__:._:LJl_J LﬂLﬂ-l ] I_.,_!.r___.;_!_n._-_l

B (e le s dasy S Ata xR

# prints the first pixel of the AGBA Image

# o value of 255 reveals that the pixel is not transparent
at ail.

resized images[posi][e][e]

array([135, 158, 84, 255], dtype=uint8)

Sl 14y, (100.100) slad 93 J€ & Lot o180 5 53l
(Grayscale) wala ypr 343 5.eeini 3 jpenl o ole AN )
Fa [pduel Jlal ety REB geaasiccwdla
idays e il sl (Misleading Yellow/Blue)
i3 jgeall el il 1S5, imshow A3 Lgadal d sy
ol LS a3lal! Seag i gala ! 5t

plt.imshow(resized_images[pos2], cmap = 'gray’)
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£33 sl s @3 e 35kie L IS day (S RGB ol g2 (e Waiy) dadiaul 508 Lyt goba ! 75l e
AL L e nasdl ot 255 ol Aad P Lk s 3ga¥ yaltl O Lkl B il s 4255 1 O s

resized_images[pos2][a][a]

168

legemad Dlaandjpn 8 0laie 80 liim, SN ol ball s s mlilidl Bas 2 L) jLoslS,

:.;;L'.L_._JJI
# used to count the frequency of each element in a list. Counter({'Bear': 181 .
from collections import Counter 'Cat': 168,
‘Chicken’: 186,
label cnt = Counter(labels) ‘Cow’: 184,
label cnt '‘Deer’': 103,
‘Duck’: 183,
'Eagle': 161,
'Elephant’': 108,
‘Lion': 182,
i:ﬂ___.#gﬁ#;hlﬂ'@'%‘g;%ﬁqm "Monkey ' : 188,
e gaiady (Zaudall 4f Nature) Nat * 'Nat': 8,
S llEl A5 e dash pualie Ak 'Panda’: 119,

'Pigeon’': 115,
'"Rabbit': 168,
'‘Sheep': 168,
'Tiger': 114,
‘Wolf': 188})

J3ea (e 883 A jpall e puill Caagaald3 g Radall e 5 5] jaeegailil g jgue e cilibill Lo gazea 590

Lasiegdas joum Slel e goinds (Taplall) Nat Lgilgie 1105y iiimdfin e (2l 1all) Counter a2, .oyl gl
Ohgane SN
Ol g

(Laslall) Nﬂtﬂﬂgﬁﬁﬁ|l}uﬂd§nﬁjﬁj ..4_.-;.‘|Lq__;." EJ.\."..“ E_IF_FEEEAE_;_Ful:;k?Jul ,,'__,qr.n_HJl Lo 2 11:__’.25

N = len(labels)

resized_images = [resized_images[i] for i in range(N) if i mot in violations
and labels[i] '= "Nat"]
filenames = [filenames[i] for i in range(N) if i mot in violations and
labels[i] = “Nat*]
_dabels = [1abels[i] for i in range(N) if i not in violations and labels[i] =
*=*-T: _-:l—:"ﬁat“]



i—tlj_}iuﬂ-du,“ Cr2gbiall @ilads (Lga=s ,_j.'x_-il Jeaall) resized_images Lo 2 2 0150 sglasd! 155
Lucul U.III_JI h,:-.:_;.-i'jéa.al":.i.-;u..u sl %y lia gl ed frn ol 4B La s [,le.-u} Numpy
FEN plall alga 2 Mgill o fyaglially cililo Jj.ﬂaJL.JlirmJJ1{J{ Y) ol st

import numpy as np
X = np.array(resized_images)
¥ = np.array(labels)

X.shape

(1728, 186, 108, 3)

tram_,test_s.pht{} q.'u,-. r'i.l:.!r.-_n.-.:l ui-s Rpoee .{J,HS.J [ *.5*]' :lEH:I x 100 ,aL.gL,. I.,p,_m_.j .HH}MI

olod | Ao pamagian ;iAo gems M Sl 3cgases Fn._-.-..n.ﬁ._'r.‘ sklearn AlEa pa

from sklearn.model_selection import train_test split

X_train, X_test, y_train, y_test = train_test_split(
X,
yl
test si1ze = 08.280, #uses20% of the data for testing

shuffle = True, # to randomly shuffie the dato.
random_state = 42, #itoensure thot data is olways shuffled in the same way

AR @5yl D e canaa e JE cya ggead] Gl AT o e i il gt e ko o (03
Juesi) shuffle=True daos ccnl=tl 4 Hlxea 2 Lol cculia) )l 3l Cpn cpaall s 3| a3 (535 4By
Lul_g.-.u.-‘.-._1i.1|..|.|.|| i 3 Bale! aesdl s 1:-'..:!.1-3.1_5 AR I als L'ud.LL...J| e il alad l-'L{-_..uJ..ﬁ salel

ney |_£| 'i..i‘:!‘!,'-.-l:"!

Prediction without Feature Engineering ailas!| duwiis (ol sudd!

Gaanalls yad @G W]y Gt M ) e '_g:n-J..ﬂ,,_g.J!.......ﬂ ﬁ_“.um_mnuj_h;..} Ol el e
HLEH%HJ1WA31HHAM#H-JLJ1J$H#UAEJuﬂlFthvLMUﬂijijJHJA“dJ%?HuJJi$AJ“¢JL&jud+LﬂM
LﬂJLuhUFUHWPJIJEJLAM—HJJJE—hJﬂuJ'ﬂ.k:*aJhLJ.LLJHEJL#Jhrn{;iaﬁﬂ N s 8 gty

Aa AN Gl e i B8 S R g il Aazi S gt Lai

X_train[0].shape

(188, 1806, 3)
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Figuns JSa, .l._-..JlL;:n'.;.lmi.aJHJE{HHHEH}E.uh.uJuJLmﬁ-)JJlt_hnU |.J_".|.-_|_-.u|‘_3.i-|.1-—u.l-£
24330,000 = 100 % 100 X 3 diasd mlacus 435 425aS Ahicn

X_train_flat = np.array([img.flatten() for img im X_train])
X_test_flat = np.array([img.flatten() for img in X_test])
X_train_flat[e].shape

(306860, )

milni gl Lol uga ol i (ps Bl auini i)l (o g elacd] Gl (i alaseid (Sa
2 gl t.h.ﬁ.’.' e REPE S B S S| S | Lu.-.l.i.ﬁuii:'il_"m ,‘_3.“__-.” .n\.ul..ﬂ.” E.L__H.r.uj s._f_;.:l-j I W
sasall 2 2haul il e poant Lo aiad ol ga) (Naive Bayes — NB) zilud) julicans ALl

i | el |

from sklearn.naive_bayes import MultinomialNB # imports the Noive Bayes Classifier

model MNB = MultinomialNB()
model MNB.fit{X_train_flat,y train) #fits the model on the fiat training data

MultinomialNB( )

from sklearn.metrics import accuracy score # usedto megsure the occuracy

pred = model _MNB.predict{X test_flat) #getsthe predictions for the flat test set
accuracy_score(y_test,pred)

0.36046511627906974
b Ay ol 250l Aaladi( Confusion Matrix) a3 a2 gaas I oea ! pladll o e

z%capture
!pip install scikit-plot
import scikitplot

scikitplot.metrics.plot confusion matrix(y test, #octuallobels
pred, # predicted lobels
title = “Confusion Matrix",
cmap = "Purples”,
figsize = (10,18),
x_tick _rotation = 98,

it LTS .. - normalize = True # toprint percentages
¥ : T W@ }

E{JJ
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S e ool Wloes ctlia o Liadd 340 Agiinn 15554 Lis el
(alextl) Pigeons Cauiarsy zalud! jabir3pai Slades La ke, Lt
Cats Ll e (L3531 ) Wolves caiuas 3l (4swc) Eaples Ll e
LEHLLJ|JHLHLJJ’MH5HLN_JLJ¢£1 3. dals®)
LF1._._;_1U_._1||E.:L4,|.|1 Cya9 q_.J:ﬂuLum{.imL.uJ__,ldij O
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elis 23 00ill &l 35l daaa e pntl L3I SGDClassifier z3sel Laas
OI2¥ Aepama e el 2 B dlls fs il g syl 2l e
Leads Ll AN g ( Loss Function )3 jlsdt adls [pe s 3
it ki 3 Raiod! (o glially Aasgitl (yaghiad! G G5l
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from sklearn.linear_model import SGDClassifier

model _sgd = SGDClassifier()

model sed.fit(X train_flat, y train)
pred=model_segd.predict(X_test flat)

accuracy_score(y_test,pred)

8, 46511627906976744

g lall @]

:+( Standard Scaling )
rdiﬁeﬁgldhﬁi#rﬂ##iﬁﬁiib‘
pailas @it 2 Bl o fas
] e an
Hi}jhﬂ:eeLdih dacugia &3
.iipjﬂiéJL:HQHng

6% [ye a5 Jagada S 5 Lol 335 SGDClassifier catiaa 33
Silaaijles i dasls Lo ol 13 Jass Lgde MultinomialNB
liﬂdaﬂhéic#hﬁhulzaad‘iJuﬁn}ﬁaﬁ;;iEJ};LU{liiﬁézhiéLdﬁ
#.@j;1?hmm1:5ﬂ'hu: th;l”‘_,..q!.iua...q.;.UL_g
JS 5 | ass SGDClassifier ue)ylss ol cagyall oz LS b
casand! gy 4 pblacaBll 1 555 LS Sl et Latin Juia)

il masesed sklearn €. ope [E,.....L_..an ,[u',u.il] StandardScaler ;.| A eyl adadll ozt

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[8]) # the volues of the first imoge pre-scaling
print(X _train_flat_scaled[0]) #the volues of the first image post-scoling

[144 142 151 ... 76 75
[ B.33463473 0.27468959
-8.26774175]

g6 ]
8.61198285 ... -8.65178221 -0.62004162

Lgaumad @ ANl Sllall cilegases aladeiils o )Los ] 5 dudo 73500 00 a3 O¥1 S

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)

;]LHJJ'PI.._.L._I}J‘: muljlé;.LmLM]bJﬂ__ldi ,‘__L-:n.:l.“;,..n!.qu.._,:_._zll' da paus] dg g o E..frll.i.'l' Ja

el 8 bl A gama po ki s gl Jia00 dasing (555



Prediction with Feature Selection jaila®! ¢ G50 5.0

kg il @l s siain (na 2 Sbild adad G pl Ge o bl S e bl msl! 3,
L A4 padlaaint! aigd LoV aLily

Bg ol Syl Ay SN Slalaind)  +3pnd! S Ll liaal) a3 2

: ( Histogram of Oriented Gradients -HOG) ddl el oy sgdadll A e

e A gl syl Byl Sl bl a g 35 CREF I ESNWL IR Pt (N SEN TR P B
Ll ol o it n g Jlased raiae aloal 15, at .(Histogram of Oriented Gradients -HOG)

3ageall B ASICH IS8 gty ot e e S8 llaball Lanin 3 0¥ g iyl J S
sl Jageid L gagll ol ynlld 1 <

d_oSa s rgb2gray( ) Aol alass bl 100 ALt o ey gsbayryagaly joa M RGB G fra
:sckit-image

from skimage.color import rgb2gray # used to convert o multi-colar {rgb) imoge to grayscale
# canverts the troining data

X _train_gray = np.array([rgb2gray(img) for img in X_trainl)

# converts tne testing dato

X_test_gray = np.array([rgb2gray(img) for img in X_test])

plt.imshow(X train_grayl[8],cmap="gray’'); plt.imshow(X train[@]);

0 0 =0 3]E B0

galeyrsuS )i e 4.9 105 Lo ¥ 1L 3 e 48 jEs
] - - —

:3%100 * 100,41 255! RGB Gawsitl! (pa ¥oir 1100 X 100 3wy zesesl 53500 JSI ] IS5

print{X _train_grayie]l.shape)
print(X_train[6].shape)

(186, 188)
(160, 1608, 3)



Gulind Sang slilall 23 ypm (ST Agaall il yunll g1 €30 daasel! paliliais. o123 2 Ll 3glaslt  Bais
2 IV 5l e Wlia I e ! pladll 2 Dagag SCKit-image a8 ;s hog( ) Atls 3 (el
i yl] Silils Az gaces

from skimage. feature import hog

hog vector, hog img = hog(
X_train_gray[a],
visualize = True

)

nog_vector.shape

(B1@a, )

AadAlag o aW 3 0Lt g5 waddl galai 4 oia o8 hog vector

gt Bt il il ot 6 et 14,10 e Gl LSadll 5 glaig 3 jgnll | Sadl lgal a0y S,
'.Il_..l_g._-i.;,__,,'l,__, 4_-:,._5,_L| |5l

AR

% Ain

plt.imshow(hog_img);
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G e pad | Il 3 0 s s e Bl et o g 3 Bl
ol Acgemay il Aogems e IS 2 5l

X _train_hog = np.array([hoe(img) for img in X _train_grav])
X_test _hog = np.array([hog{img) for img in X test _gray])

sasasdl Jiea 1aa e SGDClassifier o jas oY S

# scales the new daoto

scaler = StandardScaler()
X_train_hog scaled = scaler.fit_transform{X_train_hog)
X_test _hog scaled = scaler.fit_transform{X_test_hog)

& treins o new model

model sgd = SGOClassifier()
model_sgd.fit(X_train_hog_scaled, y_train)

& fests the model

pred = model_sgd.predict{X_ test_hog scaled)
accuracy score(y_test,pred)

B.741860845651162791



scikitplot.metrics.plot_confusion_matrix(y_test, #octuallabels

pred, # predicted lobels

title = "Confusion Matrix", #title to use

cmap = "Purples”, #colorpaoleltetouse
figsize = (10,18), #figure size

X _tick rotation

);

Confusion Matrix
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Prediction Using Neural Networks dcaal! SUSUAN aldsdiuls gudt
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ipip install tensorflow tKeras 4.5, tensortiow

'pip 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 dato
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()

A#Exnmpie
*print{y. train[:51) # first 5 labels
print{y _train numl:5]1) #first 5 labels in integer format



['Elephant', "Duck', ‘'Monkey', 'Cow', ‘Sheep’', 'Wolf', 'Tiger', 'Deer’
"Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon’', 'Chicken’', 'Eagle', 'Bear’ i

[*Panda’ ‘Pigeon' 'Monkey’' ‘Panda' 'Sheep']
[11 12 2 11 &)

Aaliie cliide JCE2 dune 35 (L Keras 3.8 oy (aulal) Sequential 3lal alasinl o3 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 previeus loyer.
from keras.layers import Dense

# builds o sequential stack of layers

model = Sequential()

# odds o dense hidden loyer with 200 neurons, and the RellU octivation function.
model.add{Dense(268, input _shape = (X_train_hog.shapel1],), activation="relu'))
# odds o dense output layer and the softmax activation function.

model .add(Dense(len(classes), activation='saftmax'))

model.summary( )

Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (Nane, 288) 1620206
dense 1 {Dense) (None, 16) 3216

™
Total params: 1,623,416
Trainable params: 1,623,416

Non-trainable params: @
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# compiling the model
model.compile(loss = 'sparse categorical_crossentropy’, metrics =
[ ‘accuracy'], optimizer = "adam')

ilec 2 (model.compile()) psasdillidag allsKeras a o€a 3 SOl #3252l slael 3l 1...3.;_5..:
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model.fit(X_train_hog, # troining dota
y_train_num, # lobeilsin integer formot
batch size B0, #number of samples processed per batch
epochs = 48, # number of iterations over the whole dotoset

)
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Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17

1/48

[==::n::===================a===] - 15 1ﬁm5f5tep - lLass: 2.
2/48

[s===ses====sss=cs==s=c=c=c22==] - @s 15ms/step - loss: 1.
3/48

[==============================] - s 15m5f5tep - loss: Q.
4/40

[==================:=:=:=======] - [= 15m5;5tEF - loss: @
5/48

[==============================] - s 1Em5f5tEF - loss: A.
36/48

[==::n::===================a===] - s 15m5f5tep - loss: @
37/48

[==============================] - s Ilmﬁfﬁtep - IEEE: 1l
18/48

[=:======ﬂ=======n====n==u===== - s 15m5f5tep - loss: @

39/40
[;:============================] - fBs IEmSEEtEp - loss: A.
40/48
[=:n:z::::==::n=:==:n:r==u=:n::] - [ lEmngtEp - loss* 8

22668

1182

/198

4978

3676

.BB85

.DO8e

.BB76

Be73

.B871

accuracy: 8.3333
accuracy: 8.7256
accuracy: 0.B155
accuracy: €.9631

accuracy: 0.9388

accuracy: 1.86086
accuracy: 1.06006
accuracy: 1.0806086
accuracy: 1.8088

accuracy: 1.86808
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pred = model.predict(X_test hog)
pred[8]1 # prints the predictions for the first imoge

14;1& E:=n:::n::=:n===nz==:===::==:==] - B5 zmﬁfﬁtEp

array([4.79123509e-03, 9,79321003e-081, 8.39506648e-03, 1.978B4417e-03,
7.83501855e-86, 3.5B834678%e-084, 3.45465224e-87, 1.198545B5e-85,

1

5

4, 41945267e-85, 4.11721296e-04, 1.27362555e-85, 9.83431892e-06,
1.97038025e-04, 2.347448140-03, 5.49758552e-084, 1,57057808e-03],
dtype=float32)

pTEdiﬂ[]mlJHI&E.hiimhdngﬁﬂ sl p'| AR 2SN 3y iall sklearn 408 s predict{]iJl.m*,.g.!aEL..i:.,.
sles¥ np.argmax( ) atls alasial 1S adlall p.::.n‘.s';_.a_-..:'-._;il Cragliad! S WL sl Keras .2
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# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print{classes[np.argmax{pred(al)])

¥ uses axis=1 to find the index of the mox value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))

1
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L i.a JS Y_train dlgaasy X_train a2gawes Lesag NUMPY o8 LSBgane il e

RGB Gauiuy 100%100 stasls 359we Jie (100 100.3) asa X_train adsicae
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from sklearn.naive_bayes import MultinomialNB #imports the Noive Bayes Clossifier fram skiearn

X_train_flat = np.array( )

model _MNB = MultinomialNB() # new Naive Bayes model

model MNB.fit( I ) # fits model on the fiat training dota
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from skimage.color import = #used to convert a multi-color (rgb) image to groyscale
from sklearn, import StandardScaler # used to scole the doto

— e i w— i c—— e w— e i i —

from sklearn.naive_bayes import MultinomialNB #imports the Naive Boyes Clossifier from sklearn

X_train gray = np.array([ (img) for img in X_train]) # 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 LJ gi Lgislas g jguall Juass
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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’', 'vellow', 'gray’, 'purple’,'orange’,
'pink','black', 'brown’]

_al=s) input_folder :va (clilgsd!_ssss) LHI-Animal-Faces cilily de seme jaaa d St @3 | 5
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def resize images v2{input_folder:str,

width:int,
height:int,
labels to keep:list
)z
labels = [] # o list with the label for each image
resized images = [] #alist of resized images in np array formot
filenames = [] # a list of the original imoge 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 nome without the "Head" suffix
if label not in labels_to_keep: continue
labels.append(label) #appends the label
#loads, resizes, preprocesses, anid stores the imoge
resized_images.append(ime_as_ubyte(resize(imread(path+'/ +file),
(width, height))))
_gni filenames.append(file)

. .

-

return resizec_1images, labels, filenames
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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'] 1
)
BearHead MonkeyHead
CatHead Natural
ChickenHead PandaHead
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 some order
connected = list(zip(resized images,labels,filenames))

“ vandom.shuffle(connected)
v Wdisconnects the three lists

resized_images,labels,filenames= zip(+connected)
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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)
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X_flat = np.array([img.flatten() for img in X])
X _flat[a].shape

(158528, )

X_flatlg] # printsthe first fiat image

array([107, 146, 162, ..., 91, 86, 188], dtype=uint8)
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X norm = X_flat / 255
X_norm{@]

array([0.41966784, 68,.57254902, 0.4 , +.+y B.3568B6275, 0.3372549 ,

8.52352941])
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Axcapture
'pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initinlizes the tool
tsne.fit(X _norm, y) #uses TSNE to reduce the dato to 2 dimensions
tsne.show( );

TSNE Projection of 1085 Documents
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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set_link_color_palette(color_palette) #sets the color polette
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)
plt.show()
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AC = AgglomerativeClustering{linkage = 'ward' 6 n_clusters = 18)
AC.fit(X _norm) # applies the tool to the dato

pred = AC.labels_ #gets the cluster labels

pred

array([9, 6, 3, ..., &, &, 3], dtype=int64)
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from sklearn.metrics import homogeneity score, adjusted_rand score,
completeness score

print('\nHomegeneity score:', homogeneity score(y, pred))
print{'\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness _score(y, pred))

Homogeneity score; ©,89868725008128477
Adjusted Rand score: 0.83B254515%88926826

Completeness score: 0.1818971236896584
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from skimage.color import rgb2gray

from skimage.feature import hog

# converts the list of resized imoges to an orray of grayscole imoges

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscole image in the array

X_hog = np.array([hog(img) for img in X_gray])

X_hog.shape

(1885, 54756 )
Hiearins Ll (ypuiesgday ) (o At is deudy dnde s e (W 53 0 IS o Upaell cililil JS2 (2 28,
(54,756) [iaias g By
gt Gl |3 jugeat TSNEVisualizer stal N e pull aladll aiizos
*“"tSne = TSNEVisualizer(colors = color_palette)

D tsne. f1t{! hog, v)
tsne.show();



TSMNE Projection of 1085 Documents
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plt.figure()

linkage 2 = hierarchy.linkage(X_hog,method = ‘ward')
hierarchy.dendrogram(linkage 2)

plt.show()

100

e ol 421 RS

lHDG.:l'Li-‘-}- b ! 5 La_:uh.-l-.nl-_l.-l-’_-.", _'-'q.|j..__1-.||:r|.1_-_-_|:.|:.!:.r-.n_" f

3 "_':l £
"l



atadl! i . adlie 5y AL msall saall caial da sl gagadlic L g S0l @yl > 505
il pigll 35 yglads (LESSH puesnil!) AgglomerativeClustering 31l Gilag 1N s G syl
A58

AC = AgglomerativeClustering(linkage = 'ward', n_clusters
AC.fit{X _hog)
pred = AC.labels_

5)

2]

print('\nHomogeneity score:', homogeneity scoref{y, pred))
print('\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogeneity score: 0.4846348612330986
Adjusted Rand score: 0.29998205334627734

Completeness score: B8.6306921317382154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 18)
AC.Fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_scorel(y, pred))
print('\nAdjusted Rand score:', adjusted rand_score(y, pred))
print{'\nCompleteness score:', completeness _score(y, pred))

Homogeneity score: ©.5720932612704411

Adjusted Rand score: 0.412435402971036865

Completeness score: 0.617016965322667
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from keras.applications.vgglt import VGG16 # used to occess the pre-trained VGG16 model
from keras.models import Model

model = VGG16() # loads the pretroined VGG16 model
& removes the output layer

model = Model{inputs = model.inputs, outputs = model.layers[-2].output)

Sl @ @umad : 150 VGG16 33 g0l Lgatlans all Lgads s 3001 Estladl I o pull plaal] 3l
:150 ;e sS! RGB

from keras.applications.vgglfé import preprocess_input (1685, 224, 224, 3)
X_prep = preprocess_input(X)
X_prep.shape

.L.H:_.;‘Ild x 224 Lﬁ.‘lLﬂT L‘.u: E_.u.undﬂ' .E_Jj.-.ﬂ gjdLn:rj‘_;—qﬁhj:d1 ',,5; v Gl L.SJJI-._-.;.UL_.:JI JL.‘.,_;'I Juay
336 8,096 (ya (35€a dala I 5 3500 IS Lignil plaiall z3sadll aluiiol ey olih sasg [RGB iyl ol 23

X_VGG16 = model.predict(X_prep, use_multiprocessing = True)
X_VGG16.shape

(1085, 4096)

IO opa ddaall m ot (3aoaal! Aatlall Luwdt) multiprocessing=True sauall asdlall it da
szgeatd I oyl ptaill miie o pranill Batad JLaSt Ly g3lgill 3oaaill jpallcibgaill Gl
:( Vectorized Data ) agsal! Slalodd

tsne = TSNEVisualizer(colors = color_palette)
tsne, fit(X VGG16, labels)

. «tsne,show( );
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linkage_3 = hierarchy.linkage(X_VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage 3)

plt.shaow()
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = &)
AC. flt{ﬁﬁ?ﬁﬁlﬁ]

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))

Homogenelty score: 0.5846B7456015823

Adjusted Rand score: 8.37265351562538257

Completeness score: 0.91931412482868559

AC = AgglomerativeClustering(linkage='ward',n_clusters = 18)
AC.fit(X_VGeG1e)

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))

Homogenelty score: 0.8483973102586642
Adjusted Rand score: @.766734821176714

Completeness score: 0.85891451622B8217
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from import AgglomerativeClustering & wsed for agglomerative clustering
AC = AgglomerativeClustering(linkage="ward', .
A_narm = # normalizes the daoto
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import scipy.cluster, hierarchy as hierarchy #visualizes and supports hierarchical clustering tasks

import as plt

A_norm = # normalizes the data

plt.figure() #creotesonew empty figure
linkage flat=hierarchy.linkage(
hierarchy. (linkage flat)

e e e — e — — — — — — — — ——

plt.show() #shows the figure
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Y“%capture

!pip install diffusers
'pip install transformers
'pip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used fo represent images

Text-to-lmage Generation Lai (ve 5 5ual .LJ_;.!"
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¥ a tool used to generate imoges using stable diffusian

from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from_pretrained( " CompVis/stable-diffusion-vi-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[@]
plt.imshow(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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¥ pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loods a pretrolned generator model

generator = StableDiffusionImg2ImgPipeline.from_pretrained(”"runwayml/stable-
dgiffusion-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 imoge to prepore it as input of the model
plt.imshow(init_image);
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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[@]

plt.imshow(image);
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# generate o new image based on the prompt and the
¥ initial imoge using the generator modef

image = generator(prompt=prompt,

image = init_image, strength=1).images[a]
plt.imshow(image);
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init_image = Image.open(“cat_1.ipg")

init_image.thumbnail((768, 768))
plt.imshow(init_image);
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prompt = "A photo of a tiger”

image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]

plt.imshow(image);
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image = generator{prompt=prompt,
image = init_image, strength=0,75).
images([ ]

plt.imshow(image);
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# tool used for text-guided imoge in-painting

from diffusers import StahLEDIFfu51nn1npa1ntPipEllnE
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);
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generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting"”)
generator = €enerator.tol "cuda”)

prompt A photo of an astronaut”

image = generator({prompt=prompt, image=1nit 1mage, mask 1mage=mask image).
images[8]

plt.imshow(image);
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init_image Image,open( "desk. jpg").resize( (512, 512))
plt.imshow(init_image);

mask image = Image.open("desk mask.jpe").resize((512, 512))
plt.imshow(mask_image);
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prompt = "A photo of a boak”
image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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A Working Example: Optimization for the Team-Formation Pruhlem
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import random
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def create problem_instance(skill_number, # total number of skifls

waorker number, # total number of workers
required_skill_number, # number ofskilis the team hos to cover
max_skills_per worker # maxnumber of skills per worker

)
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¥ creates the global list of skills 51, 52, 53, ...
skills = ['s' + str(i) for i in range(1l, skill_number+1)]

worker skills = dict() #dictionory that mops each worker to their set of skills
for i in range(1, worker number=1): # foreach worker

# makes o worker id (wl, w2 w3, ...)
worker id = 'w' + str(i)

# randemly decides the number of skills that this worker should have [ot least 1)
my skill number = random.randint{i, 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, ‘reguired_skills':required_skills}

Allea ol jlgs pde s NS Lgalabans A 0 (pa Tl o L8S! M (i Gl 3 ol WY1 5L Lo W) gt

Jale 18 adl Iafiol e guad b Has A5ig

x10 Gf

LA P e

i
Sllgs pie T

2lan

X5 \%ﬂ X5 X6

sl o B0 =l sLge e ( |

TS ST PRERU TR ([ LS DPIRL, R YO8 L o




# the following code represents the above test
sample_problem = create problem_instance(18, &, 5, 5)

# prints the skills for each worker
for worker_id im sample _problem[ 'worker skills']:
print{worker_id, sample _problem[ 'worker skills'][worker_id])

print()

# prints the required skills thot the team has Lo cover
print('Required Skills:', sample_problem[ ' required skills'])

wl {'s18'}

w2 {'s2', 's8', 's5', 's6'}

w3 {"s7";, 's2'. ‘si'; 's5'; 's1'}
whi {'s9', "s4'}

ws {'s?7', 's&4'}

we {'s7', 'sie'}

Reguired Skills: {'se', '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 elementis
from itertools import combinations

L = ["wl', "w2', "wd', 'wit']

print(‘pairs’', list(combinations(L, 2))) #oll possible pairs
print{'triplets’', list{combinations(L, 3))) #all possible triplets

pairs [(*w1', 'w2'), ('wl', 'w3'), ('wl', 'wi'), ('w2', 'w3'), ('w2’',
'wa'), (‘'w3d', 'ws')]
 triplets [('wl', 'w2', 'w3'), ('wl', "w2', 'w&'), ('wl', "w3', 'w&'),
com (w2, 'wd', ‘wi4')]
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def brute_force_solver{problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem['reguired skills']

worker _ids = list{worker skills.keys{)) # getsthe idsof all the workers
worker _num = len(worker_ids) # totol number of workers
all_possible_teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#lor each possible team size (singles, poirs, 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: # foreoch team of this size

skill_union = set() # union of skills covered by aoll members of this team
for worker_id im team: # foreach team member

# adds their skills to the union

skill union.update(worker skills[worker_id])

# if oll the required skills are included in the union
if required_skills.issubset{skill_union):

# if this is the first team thot 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 prablem
best_team = brute_force solver(sample_problem)
print(best_team)

s

(‘w2', "'w3', 'wi')
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problems with_S workers = [] #5 workers

problems with_10 _workers
problems with 15 workers
problems with 20 workers

[] #10 workers
[1 #15 workers
[1 # 20 warkers

L1

for 1 in range(168): ¥ repeat 100 limes
problems with 5 workers.append(create problem_instance(18, 5, 8, 5))
problems with_10 workers.append(create_problem_instance(16, 16, 8, 5))
problems with_15 workers.append{create problem_instance(16, 15, 8, 5))

problems_with_26_workers.append(create_problem_instance(18, 28, 8, 5))
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import time

def gets solutions{problems,solver):

Ll
t:;'..' --_1-"':'
. & @ @

total_seconds = @ # totalseconds required to solve all problems with this solver
total solved = G #total number of problems for which the soiver found o solution
solutions = [] #solutions returned by the solver

for problem im problems:

start_time = time.time() # startsthe timer

best_team = solver{problem) #computes the solution

end_time = time.time() #stopsthe timer
solutions.append(best_team) #remembero the solution
total_seconds := end_time-start_time & computes total elapsed time

if best_team != None: #.ifthe bestteam is a valid teom

total_solved «= 1

print("Solved {} problems in {} seconds".format{total _solved,

total_seconds))

return solutions
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brute solutions 5
solver

gets_solutions(problems_with_5_ workers,
brute force solver)

brute_solutions_18 = gets solutions(problems_with_18_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_ 28 workers,
solver = brute force_solver)

Solved 23 problems 1in B8.86819948482513&427734 seconds
Solved 88 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 189.1198268%9933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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def greedy solver(problem):

worker_skills = problem|[ 'worker skills']
required_skills = problem|’ 'required_skills’]

# skills thot still hove not been covered

uncovered_required_skills = reguired_skills.copy()

best_team = []

# remembers only the skills of each waorker 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)

L intersections{ ) il Hh,
& while there are still required skills to cover

ole dagh sotmiiasas degame
while len(uncovered_required_skills) > ©: s s A8 ikt gt
best_worker_id = None # the best worker to add next ﬂ": Siimpdl) laal ':"'J_L&"
# number of uncovered skills required for the best warker te cover = J'}""J'{ worker_skills
best_new_coverage = 0 .gh-_i_;:-.-:,.-d_‘,ﬂl dugllaall

Auncovered worker_skills

for worker id im uncovered worker skills;:

# uncovered reguired skills that this worker can cover
my_uncovered_skills = uncovered worker_skills[worker_ id]

& if this worker can cover mare 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
best_new_coverage=len(my_uncovered skills)

if best_worker_id != None: #ifg best worker was found
best_team.append(best_worker_id) # adds the warker to the solution

#removes the best warker'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 skilis 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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greedy_solutions_5 = gets solutions(problems with_5 workers,
solver = greedy solver)

greedy_solutions_10 = gets solutions(problems with_16_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 0.08889970664978027344 seconds
Solved 88 problems in 8.886997304916381836 seconds
Solved 94 problems in 6.86819958B6669921875 seconds
Solved 99 problems in 8.0019943714141845783 seconds
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# creates 100 problem instances of o team formation problem with 1000 workers
problems_with_1008 _workers = []

for i in ranee(1088): # repeats 100 times
problems_with_1800_workers.append(create_problem_instance(1l6, 1Gea, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy_solutions_1000 - gets_solutions(problems_with_1008_workers,
solver = greedy solver)

Solved 168 problems in 8.895745563507688688 seconds
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def compare(brute_solutions,greedy_solutions):
total_solved = @
same_size = 8

for 1 im range(len(brute_solutions)):

if brute_solutions{i] '= None: #if o solution was found
total_solved += 1

& if the solvers reported a solution of the some size
if len(brute_solutions[i]) == len(greedy_solutions[i]):
same _size = 1

return round{same size / total solved, 2)

3 tally e iaddl s e pnazdall prnayylgad! Adela @5 lal compare( ) At alazs ol ;_-EHQS-;
Slale oy pfiall g Sale it Taddly Jlae

print({compare(brute_solutions 5,greedy _solutions_5))

print{compare(brute_solutions_10,greedy_solutions_18))
print{compare{brute_solutions_15,greedy solutions_15))
print{compare(brute_solutions 20, greedy solutions_28))

1.8

0.82
8.838
8.85
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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 = recuired skills. () #skills not covered
best team=[] # best solution
uncovered worker skills={}

for worker id im 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 odd next

best_new_covera éé -8 # number of uncavered reguired skills covered by the best worker

for worker_id in uncovered_worker_skills: # for each worker
my_uncovered_skills=uncovered worker skills{worker id]
# if this worker con cover more uncovered required skills than the best warker so for
if len{my_uncovered_skills)>best_new coverage:

best worker id=worker id # makes this worker the best worker

best_new_coverage= (my_uncovered_skills)
if best_worker_id!= : K if a best worker wos found
best_team. {best_worker_id) # addsthe worker to the solution

#removes the best worker's skills from the skills to be covered

uncovered_reguired_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
L =k
"I+ return best team

a 0




FAISEe JS 2y i aBi gl wllall pe RaliSna Criaad O S GG 831 o
,gpyuu,,iaiu.-.f._,..al .
Sl g 3l aguall e ndlia oyl @

a3l g Jaladl St G Syt RACEN e VS 24006 Ak pall 5ealt e yiss 2 Jlaatl au e Salu juCig 131 e

Fi_,._an.-.'h.l'l

el =l aylja

SAnhict I.-I'-. | 8]
_[_:_ = .

266



h,i-l:ﬂ! LJ"""-.J"I'“

Ayl odt AJ gl ANSlie

WA BT RO LSS

Scheduling Problems & gt O MISie
ay Cytass Ryl 53 ata mlgl 3giioa 3 Vg amsuaied MG L sl Jloce 2 ASLE Ll pusd! S5 Sia
Lajlad! of Crae ity algl! Sad I Asladl s a A bl 553 8 suadl cOISCEL (5555 Ladale g idus gunsl] )l s
dummacall Aule il 5 J2il g posiacatll Lgls Loy Rt N Laed (pm cgiiad] B2 pag oOISER 5iny ool Slgill sl 2

W HSEL @l g Jod Al wldas Jlaol Gaple Do Grsedll Gilia e 2 pupal! 108 2 Geain o LELT 55101

Al guotl Jalo | Ao lons Aaloee 0% lowe e SlEdad 5.1 Jodo

d..n._JlSJ_gi_g_;LlE.l.e_]élZd I'E..—':-"'":"I'I M:EFL!-:-I_E-"J.}“M #_]LLLI'M}.L?-

#
I L | PO LR L as adlall ag s T :t"'?l dlade A o EL_-.:.'Ill LEMEYE 5
L.,.d.Li}L.J.;.II '.Ijll_!l_'h- ,__—_l_._u:l-__.n_" ‘ﬁjL::JLHL;LQLJL;ijIJ_.lLLJJ1 '.i_:-].._""ll -l.:l._!j_l,:_-.- i 1'-.....u_.!_|q.:|-. ilJl,L'l-

sty ol i

aa et iz o2l A Ll L daadl lanl tonalagall bae o 53 oS ST Lol 38 sadlaan
TR EN [N v LT By v rlﬁ!j-_ﬁ._nlml Lalad

-.J.;Jml_q:tdﬁl v Jadanl :M'LJ;'_}UM -—J.::J-__E-EEJ?I'UJ.LL

asgeadl M Npagdl 3ol 13! 3N 4 __;lL.ti.-‘.-I P PR B, | P [ P B PPN Ii:.'j.Lr.}H Jolace Al g
Al el 2aais ol ZIW] ae Silal SN

Aalsll A Ll ol et tola S0l 3 aill o seall Lee ol S ponadd il sell dfgan
Allaall _-__.JE;:._,L*_.L:__::-._].;.-.' S I EN

; E%. i

L_.;._._-'I_l_'l. l'__.l__l.l...'l_"I.H I_'-l'_:! |_"._.



( Single-Machine Weighted Tardiness - SMWT ) 51 331 G54 (195381 3.::.1....:_:!15_:..: r.._'-.s..;..:f....w_,.s.!‘ iad
gl SIS Ll ) st byl ead (Sas a8 =] e JLS

S o1 A (393081 Blalil) AlS e
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import random
# creates an Instance of the Single-Maochine Welghted Tardiness problem.

def create problem_instance(job_num, # number of jobs to create
duration_range, # job duration range

deadline_range, # deadline range
weight_range):# impartance welght range

# generates a random durotion, deadline, and weight for each job

durations = [random.randint(-duration_range) for i in range(job_num)]
deadlines = [random.randint(+deadline_range) for i imn range{job_num)]
weights = [random.randint(-weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary
_ return {'durations’:durations,
. 5 8 ‘deadlines’ :deadlines,
- 'weights ' :weights}
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for i in range(5):# prints 5 random integers between 1 and 10 6
print{(random.randint(«[1, 18])) 5
5
18
1
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create_problem_instance{10, [5, 28], [5, 58], Iii 31)

—-

cbgall asgall FHta3

{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 92, 19], -
'‘deadlines’': [39, 31, 6, &2, 48, 10, 39, 16, 34, 35],
'weights': (2, 2, 3, 2, 1, 3, 2, 1, 3, 11}
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# computes the totol welghted tardiness of o given schedule for a given prablem instance
def compute schedule tardiness({problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem[ 'durations’], problem[ 'weights'],
problem[ 'deadlines’]

b job_pum = len(schedule) # getsthe number of jobs
e finish times = [68] = job num # stores the finish time for each job
. N schedule_tardiness = @ # initiolizes the weighted tardiness of the overall schedule ta 0
for pos in range(job_num): # goesover the jobs in scheduled order

270



271

job_id=schedule[pas] # schedule/pos]is the id in the ‘pos’ position of the schedule
if pos == O: Fifthisis the job that was scheduled first {pasition 0)

# the finisn time af the job thot storts first is egual to its run time
finish_times[pos] = durations|job_id]

else: #joroll jobs except the one thot was scheduled first

# the finish time is equal ta 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 welghted tardiness of this job and odds it to the schedule's overall tardiness
schedule_tardiness += weights[job_id] « max(finish_times[pos] -
deadlines[job _id], @)

return schedule tardiness,finish_times
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N =0 a8 Lasial (aiell 1 glusd! ‘e (6, 1, 2)
i (5. W gas 51 = 120 S5lin 5 (8, 2, 1)
N=10 o5 et i8S 850 ol 35 suiall (1, 8, 2)
N =11 055 Lesie s . 101 = 3,628,800, El* 2, ‘3';
. 2, 8, 1
111 = 35,916,800 2 e ==
e (2, 1, 6)
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import itertools
def brute_force_solver(problem):

# gets the infarmation for this problem
durations, weights, deadlines=problem[’'durations’], problem[ 'weights'],
probtem[ 'deadlines”]

job_num = len(durations) # number of jobs

# Generates all possible schedules
all_schedules = itertools.permutations(range{job_num))

# Initializes the best solution and its total weighted tardiness
best _schedule = MNone #initialized to Nane

# 'inf’ stands for ‘infnity’. Python will evoluate all numbers as smaller than this value.
best tardiness = float('inf')

# stares the finish time of each job in the best schedule
best finish_times = None # initaolized to None

for schedule in all schedules: #forevery possible schedule

#evalutes the schedule
tardiness,finish times=compute schedule tardiness(problem, schedule)

if tardiness < best tardiness: # thisschedule 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,
‘tarciness’' :best_tardiness,
‘finish_times':best_finish_times}
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sample_problem = create_problem_instance(5, [5, 28], [5, 38], [1, 3]}

brute force solver(sample problem)

{'schedule': (8, 2, 1, 3, 4),
., L e*90s  ‘tardiness': 164,
$ 82 "s Wt e “finicgh times': [5, 11, 21, 36, 51]}
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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 o list of fob indices sorted by their deadline in non-decregsing orger
schedule = sorted(range(job_num), key = lambda j: heuristic(j, problem})

# evaluates the schedule
tardiness, finish_times = compute_schedule {tardiness(problem, schedule)

# returns the results as o dictionary

return {’'schedule’:schedule,
‘tardiness’:tardiness,
'‘finish_times';finish_ times}
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# returns the deadline of o given job
def deadline_heuristic(job,problem):

# occesses the deodlines for this problem and returns the deadline for the job
return problem[ ‘deadlines'][job]
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greedy sol = greedy solver(sample problem, deadline_ heuristic)
greedy_sol

{'schedule': [3, 1, 4, 8, 2],
'tardiness’': 124,
'finish_times': [15, 26, 32, 4B, 571}
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# returns the weighted deadline of o given jab
def weighted deadline_heuristic(job,problem):

& accesses the deadlines for this problem and returns the deadline for the fob

return problem['deadlines'][job] / problem[ 'weights'][jobl
weighted greedy sol=greedy solver(sample problem, weighted deadline_heuristic)
welghted _greedy_sol

{'schedule': [3, 2, 1, &, 6],
'tardiness’': B9,
'finish_times': [15, 24, 35, 41, 571}
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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’], probleml‘weights'l],
problem['deadlines’]

job num = len({durations) # getsthe number of jobs
# uses the greedy solver to get a first schedule
# Lthis schedule will be then iteratively refined through local seanch

greedy _sol = greedy_solver(problem, greedy_heuristic) # the best schedule so far

best schedule, best tardiness, best finish_times = greedy_sol['schedule'],
greedy_sol{ 'tarcdiness'], greedy_sol['finish times']

# 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() #creote acopy of the schedule
¥ swaps jobs ot positions posl ond pos2

new_schedule[posi], new schedulelpos2] = best schedule[posz],
aue best_schedulelposi]
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# computes the new tardiness after the swaop
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:

LedS JULT s 2 ot 3
# the new_schedule becomes the best one
best_schedule = new_schedule
best tardiness = new tardiness
best finish _times = new_finish times

0= Lgale J geant! pis ) gl

Sl Ccegae s lERD Gl
..'il!'_l_l.i__..l_‘i:]n_-l atalowg lodl

of gt |

# returns the best solution
return {'schedule’:best_schedule,

'tardiness':best tardiness,
'finish times':best _finish _times}

LagilSa Juo e gy 1 laall Jatod| 2 ol sie (iag ¢ L 350 e 13 Lua RN A1 3105

def random swap(schedule):

job_num = len(schedule) # gets the number of scheduled jobs

posl = random.randint(8, job_num - 1) #samples a rondom position
posl = posl
while pos2 == posl: # keeps sampling until it finds o pasition other than posl

pos2 = random.randint(8, job_num - 1) #somples another randem position
return posl, pos2 # returns the two paositions that should be swopped

Jadodl 2 3 jgloeia cndidl gl ;_',:Lli’i ﬁ"ji"ﬂl Lalasls .._'J_J;'l_gi._.ﬁ.lﬁjr_.: duse Gl po AN 3 A A
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2<>13 1535 3¢50 daza (oS a1 c¥aLl
def adjacent_swap(schedule):
job_num = len(schedule) #getsthe number of scheduled jobs

random.randint(8, job_num - 2) #samples o random position (excluding the last

posl
ane|
pas2

pasl = 1 # gets the position gfter the sampled one

return posl,pos2 #returns the two positions that should be swapped
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print{local_search_solver(sample problem, weighted_deadline_heuristic, random_
swap, 1868))

print(local_search_solver(sample problem, weighted_deadline_heuristic,
adjacent_swap, 1868))

{'schedule': [3, &, 2, 1, B8], '"tardiness'; 83, "finish times'; [15, 21, 38,
£1, 571}
{'schedule': [3, &, 2, 1, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
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#Dotaszet 1
problems 7 = []
for i in range(1008):
problems_7.append(create problem_instance(7, [5, 28], [5, 5@], [1, 3]))

_#Durﬂset.E
“problems 38 = []

"wofor 1 in range(186):

problems_30.append(create _problem_instance(36, [5,28], [5, 58], [1, 3]))
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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 oll tardiness values it achieves for the problems in the given dataset

results = defaultdict(list)
for problem in problems: # foreoch problem in this dotset

#uses eoch 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, 1808)['tardiness’'])

results['ls-random-deadline’].append{local_search_solver(problem,
deadline _heuristic, random_swap, 10808)[ 'tardiness’'])

results|’'ls-adjacent-wdeadline'].append(local_search_solver(problem,
weighted deadline_heuristic, adjacent_swap, 1886)[ tardiness'])

results['1s-adjacent-deadline’ ] .append(local_search_solver(problem,
deadline_heuristic, adjacent_swap, 1000)[ 'tardiness’])

for solver in results: # foreoch solver
# prints the solver's mean tardiness values
print(solver,numpy.mean(results[solver]))

:Lag i€ problems_30 ;problems_7 ULl e gams o compare( ) alls alazs oy h_,s..;

compare(problems_7,True) brute-force 211.49
greedy-deadline 308,14

greedy-weighted_deadline 255.61
Ls-random-wdeadline 212.35
ls-random-deadline 212.43
ls-adjacent-wdeadline 228.62
ls-adjacent-deadline 224.36

compare{problems_30,False) greedy-deadline 18126.18
greedy-weighted _deadline 8527.61
ls-random-wdeadline 6647.73
el P ,o®9s ls-random-deadline 6650.99
| e ls-adjacent-wdeadline G6666.47
ls-adjacent-deadline 6664.67
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def brute force solver{problem):
¥ 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))

# initiplizes the best solution and its total weighted tardiness

best_schedule = # initiolized to None

# 'inf’ stands for ‘infnity". Python will evaluote all numbers as smaller than this value.

best _tardiness = float(' 1 )
¥ stores the finish time of each ;nh .‘n the beﬂ schedr.nfe

best finish_times= ~__ #initolized 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_schecule=

best_finish_times=

¥ return the results as o dictionary

return {’'schedule’ :best _schedule,
"tardiness’:best_tardiness,

g 000
-

_abd

. @

*finish_times':best_finish_times}

cilio
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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 solver to get a first schedule.
# this schedule will be then iteratively refined through focal search

greedy_sol = L - _[pruhlﬂm, greedy_heuristic) # remembers the best

schedule sa for D
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
# chooses which two positions to swap

posl,pos2= (best_schedule)

new_schedule = best schedule. ( Y# creates a copy of the
schedule | |

# swaps jobs ot positions pasl and pos2

new_schedule[posi], new_schedule[pos2] = best_schedule[pos2], best_
schedule[posi]

# computes the new tordiness after the swop

new_tardiness, new _finish_times = compute_schedule tardiness(problem,
new_schedule)

# if the new schedule is better than the best one 5o far

if new tardiness < best tardiness:

# the new schedule becomes the best one

best schedule =

best tardiness =

best finish times=
# returns the best solution
return { schedule':best schedule,
'tardiness':best_tardiness,

.I'...- _1-!:'“.:
Bealt. .Timne ‘finish_times':best_finish_times}
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'pip install mip #install the mip library

# imports useful tools from the mip librory
from mip import Model, xsum, maximize, BINARY

g B

”u-:.raluﬁ = [28, 10, 23, 15, 7, 7] #volues of availoble items
" weights = [5, 106, 19, 8, 11, 2] # weights of available items
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. Jdotal _weight
« = Ttbtal_value = 8 # stores the total volue of the items in the solution

C = 48 ¥ knopsock copocity
1 = range(len{values)) #creotes anindex for each item:0,1,2.3,..

solver = Model("knapsack™) ¥ creates o knapsack solver
solver.verbose = 0 #setting this to 1 will print more information on the progress of the solver

= [1 #represents the binary decision variobles for ench item

# for eoch items creates and appends o binary decision variable
for i in I:
x.append(solver.add _var{var_type = BIMARY))

# creates the obfective function
solver.objective = maximize(xsum(values[i] * x[i] for i imn I))

# gods the capocity canstroint to thesolver
solver += xsum(weights[i] - x[i] for i in I) <= C

¥ solves the problem
solver.optimize()

<0OptimizationStatus.OPTIMAL: &>
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@ # stores the total weight of the items in the solution



for i in I1: £ foreach item
if x[1].x == 1: #ifthe item was selected
print({‘'item', i, 'was selected’)
# updaotes the total weight and value of the solution
total_weight += weights[i]
total value += values[i]

print('total weight', total_weight}
print(‘'total value', total_value)

item 8 was selected
item 2 was selected
iter 3 was selected
item 5 was selected
total welght 34
total value 65
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import randam

import numpy
from itertools import combinations

def create_problem_instance(num_locations, distance_range):

# initinlizes the distance matrix to be full of reros

dist_matrix = numpy.zeros((num_locations, num_locations}))

# creates locotion ids: 0,1,2,3.4,..

location ids = set(range{num_locations))

¥ creates oll possible locotion pairs

location_pairs = combinations({location_ids, 2)

for i,3j in location_pairs: # for each pair
distance = random.randint(-distance_range) # samples a distance within range
# the distance from [ to f is the same os the distance from | to i
dist_matrix[j,i] = distance
dist_matrix[i,j] = distance

¥ returns the distance maotrix, locotion ids and the startstop vertix
return dist_matrix, location_ids, random.randint(®, num_lecations - 1)
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dist _matrix, location_ids, startstop = create_problem_instance(8, (5, 28))
print(dist _matrix)
print{startstop)
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[(Sp19. 17. 15. 18. 17. 7. 15,

]
[19. @15, 18. 11. 6. 28. 5.]
[17. 15. %Eged7. 15. 7. 5. 11.]
[15. 18, 17. @s.19. 7. 7. 16.]
[18. 11. 15. 19.GRa7. 20. 17.]
[17. 6: 7. T.A7 _g 35. 14, ]
[ 7. 28, S. 7. 28. 15.79@%.14.]
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Creating a Brute-Force Solver for the Traveling Salesman Problem
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from itertools import permutations

def brute force solver(dist_matrix, location_ids, startstop):
# excludes the starstop location
location ids = location_ids - {startstopl
# generate all possible routes (location permutations)
all routes = permutations(location_ids)
best_distance = float{ inf') #initinlizes to the highest possible number
best _route = None #& bestroute so far, initinlzed to None

for route in all_routes: #foreoch route
distance = 8 ¥ totol distance in this route
curr loc = startstop # current location

for next loc in route:

distance += dist matrix[curr loc.,next loc] #aoddsthe distonce of this step
curr_loc = next_loc & goesto the next focation

distance +«= dist _matrix{curr_loc,startstop] #goestothe starstop locotion

if distance < best_distance: # ifthis route has lower distance than the best route
best _distance = distance
best_route = route

¥ odds the stortstop locotion at the beginning and end of the best route and returns
return [startstop] + list{best_route) + [startstop], best_distance

Etartsmptuj..ml o S ;_,.L:JIJSA....{‘H permutations( ) 5!/ d:._,...li 3aall b Auayles PRE S
L (1 POUPURRL P 01 RPN PO - PUNTPS T WA B S RSO, Y I W QPR el (80 11 (PR Y B A
G5 (caBgally 3L L3N ) Startstop s 2ss 520 a2sll 51S5.35.24.14.0 p 3050 day o ells 1]

ol LS Al Lol ol 3508

for route in permutations({1,2,3}):

print{route)

(1, 2, 3)

(1. 3, 2)

(2, 1, 3)
?ji", ﬂ._ [21 34- 1}
sa t, %% ane| (3.1, 2)

(3, 2, 1)
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brute force_solver(dist _matrix, location_ids, startstop)

(I3, 5, ¥, 7, 1,4, 8, &, 31, 13.8)
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Using MIP to Solve the Traveling Salesman Problem

i sl Lo ((TSP) Janill bt At tia ot (MIP) Alalisndl domusmiall 3l ¥l Rowe p ol
Sk pSL AU ha 38y e guisgll ANl NS L Auuialy
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arr = numpy.full((4,4), @) #creotes a4dx4 array full of zeros [[6 8 & 8]

[8 8 8 8]
print(arr) [6 8 8 @]

[6 8 6 ©]]
arrld, 8] = 1
arr[3, 3] = 1 [[1 00 0]

[e 8 8 8]
print() [e 8 8 8]
print(arr) [e 8 8 1]]

e Al ll a Bl ll WL S0 0 cas sl ustitertools 3 oS00 0y« product( ) 31 Y| oyl plaill e i
s JEL e

ids = {8, 1, 2}
for i, j in list{product{ids, ids)):
print(i, 1)
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from itertools import product ¥ used togenerote all possible transition
from mip import BINARY
from mip import Model, INTEGER

solver = Model() #creates osolver
solver.verbose = @ # setting this to 1 will print info on the progress of the solver

# ‘product’ creates every transition from every locatian to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) # number of locations

# cregtes o square numpy array full of 'None' values
x = numpy.full{(N, N), None)

# adds binary variobles indicating if transition (i->j) is included in the route
for i, j in transitions:
x[i1, j] = solver.add_var(var_type = BINARY)

+_t|).-.l.-.1| _J.-:l.'-.-.l MNxMN () num[}"" 1:_}4-.-::,1 iL-.-u'ﬂ numpy. fU"[} -ﬂ't.'.ll r_q.LL-.u-!l 4_,.-:.'-.1__:.-.!.“ :_J:t.a.'.r lll.l-"!-.l'l.u.l:
B & Pt bl |

Ma—lcj—n_,ll il h_,ll_l,ulji_l'..LLhﬂ.tl_'Il._ljl ,_,.J:..!JJJ1CJH.LI| |:_|..:.-_|_._.,.1QS.-;.! .'F:J|J,,¢_T| _J.......L.l.ui_-al

0= dist_matrix[l,]] Lealoea iy J& T San JLEI S e ) pS3IL 31 Ay s Jjﬂ--ﬂ ~p.__11....1l

M s glae W e dist_matrix]i,j] sx[i,j]l= l.ljhj_l_-.-.hj._-l-.ﬂ..il_!i_;l!'ﬂl zlsal@ilals. X[i,j] La }_-._,.J_u
L‘lﬁl.‘l-uqu.ul_;.n.ﬂfrdﬁt matrix[i,j] *_.j..m...b 1l

# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distonce
solver.objective = minimize(xsum(dist_matrix[i,j]l=x[1][j] for i,j in
transitions))

Jn_ﬂ:huulj:_?ltﬂjﬂﬁnjhﬂjwju.ﬂ 3.1;.'[1_).41:-.:3._1.1 331 gl 1L..|£LJ'|_.,J|LJ|.J| dgtasdl caags
3 a ptga S 3alade ‘_,_g_t.-.“ ::...IL.Jl Al Sad L.d-_-._u.u:I-{L.n.'.!l_}-l-“_j L&}L!:J'ﬂ} startstop t_.!_j.-l ™ Bt I

L_ulus.uc_mmjld.n__;ln.”,_; ,e.l.n:lﬂ.l_--lj
laiaiinlsdeaiae € 1 Loy o
dad8 3l g3 pa nBga 5 Cra jalay @

1?QMHH#&EJJUJ‘545¢3]‘J}§&L&LQS-“L

Sow, oW for eoch location id

' ‘For i in location_ids:

solver +«= xsum(x[i,i] for j inm location_ids - {i}) 1 # exactly 1 arrival
solver += xsum(x[j,i] fer j inm location_ids - {i}) == 1 # ewactly 1 departure
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# odds o decision vorioble for each locotion
- [solver.add_var(var_type = INTEGER) for i in location_ids]

y,=0.y,=1.y,=2, :ﬁmvﬁg;@.néJ%1%—4&3%—(1:93_-..1@1513”@&““1:
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# adds o connectivity constraint for every transition thot does not include the startstop
for (i, j) in product(location_ids - {startstop}, location ids - {startstop}):
¥ ignores transitions from a location to itself
, kA T &L B
solver += y[j] - y[i] == (N+1) « x[i, j] - N
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from itertools import product
from mip import BINARY,INTEGER
from mip import Model

from mip import xsum, minimize

def MIP solver(dist_matrix, location_ids, startstop):
solver = Model( )# creates a solver
solver.verbose = @ #setting this to 1 will print info on the progress of the solver
# creates every tronsition from every location ta every other location
transitions = list(product({location_ids,location_ids))
N = ten{location_ids) # number of locations
# create an empty sguore matrix full of 'None' values
x = numpy.full((N, N), None)
# odds binary decision variables indicating if transition (i->§) 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[i]1[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}
solver += xsum(x[j,i] for j in location_ids - {i}
# adds o binary decision variable for each location
y = [solver.add_var{var_type=INTEGER) for i in location_ids]
# adds connectivity constroints for transitions thot do not include the startstop
for (i, j) im product(location_ids - {startstop}, location_ids - {startstop}):
if 1 != j: #lgnorestransitions from a location to itself
solver += y[j] - y[i] >=(N-1)+x[i,j] - N
solver.optimize() #solves the prablem
# prints the solution
if solver.num_solutions: #ifaosolution was found
best route = [startstop] #storesthe bestroute
curr_loc = startstop # the currently visited location

1 #exoctly 1 arrival
1 -# exoctly 1 departure

)
] -

while True:
for next_loc in location_idas:# for every possible next focation
if x[curr_loc,next_locl.x == 1:; #ifxvalue far the curr_loc->next_loc tronsition is 1

best route.append(next_loc) #oppends the next location to the route
curr_loc=next_loc # visits the next location

Sen a0l break
et PR 2, L if next_loc == startstop: #exitsifroufe returns to the storistop
T P break

1 =, return best_route, salver.objective_value # returns the route and its total distance
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same_count = @
for i in range(186);
dist _matrix, location_ids, startstop=create_problem_instance(8, [5,28])
routel, distl = brute force solver(dist matrix, location ids, startstop)
route?, dist2 = MIP solver(dist matrix, location ids, startstop)
# counts how many times the two salvers produce the same total distance
if distl == dist2;
same count += 1
print{same count / 168)

1.8
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import time

start = time.time( ) #startstimer

for i in range(1868):
dist_matrix, location_ids, startstop = create_problem_instance(28, [5,26])
route, dist = MIP solver(dist matrix, location_ids, startstop)

stop=time.time() #stops timer
print(stop - start) #prints the elopsed tirne in seconds

188.98876133872986
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from itertools import permutations

def brute_force solver(dist_matrix, location_ ids, startstop):

back to the stortstop location

# excludes the staristop location
location ids = | }

# generates ofl possible routes (location permutations)

all_routes = ( )

best distance = float('inf') # initiolizes to the highest possible number

best_route = None # best route so far, Initiolized to None

for route in all_routes: # foreach route

distance = @ #totol distance in this route

curr_loc = N # current location

for next loc in route:
distance += [curr_loc, next_loc] #odds the distance of this step
cure loc = 0000000 # goes the next location

distance «= [curr_loc, ] #goes to

if distance < best_distance: # if this route has lower distance thon the best route

best_distance = distance

best route = route

# odds the startstop location ot the beginning and end of the best route and returns

return [startstop] + list(best_route) « [startstop), best_distance
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def MIP solver(dist matrix, location_ids, startstop):

solver = () #creotes o 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 locotion

transitions = list( (location_ids, location_ids))

N = len(lecation_ids) # number of locations

# creates an empty square motrix full of ‘None’ values

X = numpy.full((N, N), None)

# odds binary decision variables indicating if transition (i->j} is included in the route
for i, j in transitions:

x[1, il = solver. (var type= )

# objective function: minimizes the distonce

solver.objective = (xsum(dist_matrix[i, 31 = x[i]1[3j] for
i, j im transitions))

# Arrive/Depart Constraints
for i in location_ids:

solver «= xsum( for j in location_ids - {i}) == 1

salver «= xsum{_____ - for j in location_ids - {i}) == 1

# Adds o binary decision varioble for each location

pleiieniver) 00 {var_type= ) for i in
location_ids]

# Adds connectivity constroints for transitions that do not include the startstop

for (i, j) in product(location_ids - {startstop}, leocation_ids -
{startstop}):

if i !'= j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N « 1) « x{i, j] - N

*ssa Solver. () #solves the problem
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from controller import Robot =
import numpy as np  # used for mothematic operations

import os  # used for folder creation

import cv2  #used for imoge monipulation and human detection e f"'i'”‘", aall gals yr 8050 (opind
from PIL import Image  # used forimoge object creation aaitc. M (oigsy) Robot da
P o 3

from datetime import datetime # used fordote and time Bosgssiall 355008t kil gl ot
s A =

¥ auxiliary function used for calculations
def clamp(value, value_min, value_max):

return min{max(value, value_min), value_max)

class Mavic (Robot): @t

¥ constants of the drone used for flight

# thrust for the drone to lift

K_WERTICAL_THRUST = 68.5

# vertical offset the drone uses gs targets for stabilization
K_VERTICAL OFFSET = 8.6

K_VERTICAL P = 3.8 # P constont of the verticol PID (Constants) cutgall Aiss

K_ROLL P = 58.60 # P constant of the rall PID | . e Ly ’

K_PITCH_P = 308.6 # P constant of the pitch PID 2 EITE P P
Ay ol el

MAX_YAW_DISTURBANCE = 8.4

MAX_PITCH_DISTURBANCE = -1

# precision between the target position and the drone position in meters
target_precision = 8.5

def init (self):
# initinlizes 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(“egps”)
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(@8.7)

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_moteor,
self.rear_ left_motor, self.rear_right_motor]

Sen aut for motor in motors: # massinitiolization of the four motors

$3..%. " 08 motor.setPosition(float('inf'))

il IO SE IS - motor.setVelocity(1)

il — 1l Al

321



def

def

self.current _pose = 6 « [8] #X ¥ Z yow pitch, roll
self.target_position = [8, 8, @]
self,target_index = 8
self,target_altitude = @

L

move to_target(self, waypoints):

& Moves the drone Lo the given coordinates

& Parameters:

& woypaoints (list): list of XY coordinates

& Returns;

& yow_disturbance {float); yow disturbance (negative value to go on the right)
# pitch_disturbance (floot): pitch disturbance (negative value to go forward)

if self.target_position[8:2] == [8, @): #initialization
self.target positionf@:2] = waypoints[@]

# if the drone is at the position with a precisian af target_precision |
if all([abs(x1 - x2) < self.target_precision for (x1, x2)
in zip(self.target _position, self.current_pose[6:2])]):

self.target_index «= 1

if self.target_index > len(waypoints) - 1:
self.target_index = @

self.target position[B:2] = waypoints[self.target index]

# computes the angle between the current pasition of the drone and its target position
# and normailizes the resulting angle to be within the range of [-pl, pi]
self.target_position[2] = np.arctan2(
self.target_position[i] - self.current_pose[1],
self.target_position[@] - self.current_pose[8])
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 occording 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.logl@(abs(angle_left)), self.MAX_PITCH_DISTURBANCE, ©8.1)

return yaw_disturbance, pitch_disturbance
run{self):

# time intevals used for odjustments in order to reach the target aititude
tl = self.getTime()

roll_disturbance = @
pitch_disturbance = @
yaw_disturbance = @
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¥ specifies the patrol coordinates
waypoints = [[-38, 28], [-60, 268], [-75, 8], [-48, -16]]
¥ targel altitude of the drone in meters
self.target altitude = B

(3 atall dulsi) waypaoints
while self.step(self.time_step) != -1:

5 pecall 3 35l 1a0l 4

& reads sensors

roll, pitch, yaw = self.imu.getRollPitch¥aw( )
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 targel aititude,
& computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 6.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
tl = self.getTime()

# caolculates the desired input values for roll, pitch, vaow,
# 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, 3.8)

# calculates the motors' input values bosed on the
& desired roll, pitch, yow, 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_1input + 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 eoch motor based on the motors’ input values colculated above
self.front_left motor.setVelocity(front_left_motor_input)
self.front_right motor.setVelocity(-front_right metor input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear_right_motor.setVelocity(rear_ right _motor_input)

robot = Mavic()
+ﬂ;mhnt.run[]
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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()
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# gets the curréent working directory

cwd = os.getcwd()

# sets the nome of the folder where the imoges

# 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!")

alse:
print{f "Folder \“detected\” already exists!")

Image Processing 3 js«al! dxllas

. self.getTime( ) - t2>5.0"

# initiotes the rmage processing and detectian routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from comero
.« cameralmg = self.camera.getImageArray()
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# reshapes imaoge array to (channels, height, wiath) format

cameralmg = np.transpose(cameralmg, (2, 8, 1))
cameralmg = np.reshape(cameralmg, (3, 248, 468))

0150

- -
-

— —

- e -

¥ ¥
LT 4}
——_'_'__
— R -\--‘—\q_
- e
_—___ -\---\_ ——

E e | 1
24250

L P T L B 6 T




PHTRES TIPSR P 0 T .o [ vPS P ESUUNORPRPT| BC PN [ PPOO | [N [ & L pr o
plamials Lgla a5y 0 m_lj_.!.,_.h_._ul_m_g LN Lgil gl il g3 (s pamndl| agn 333 g9 (451 2 ¥
] s el ) cpa Wy (end s pansd (3531) e s o€ 0 ol 5 e Lol 3 merge() 1.l

iyl Gle (041.2) fa Y (2.1.0) e300 Lebodias 599 ol 5. (353

# creotes RGEB image from merged channels
img = Image.new('RGB', (4088, 248))
img = cvZ.merge((cameraImg[2], cameralmg[1], cameraImg[a]))

J_::Lt.i paxig all eviColor( ) atlal alazes b gabla dl pyastl 1 3 g all (Ligad @i Nipuaindy
galaptl zpstl M pas Wiy ,naWIg 555Y) (ye o) oY et COLOR_BGR2GRAY

¥ canverts image to grayscale
gray = cv2.cvtColor(np.uintB8(img), cvZ.COLOR_BGR2GRAY)
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¥ lpods ond applies the Haaor cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade fullbody.xml')
humans = human_cascade.detectMultiScale(gray)
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# foop, through detected humon imoges, annotates them with o bounding box
# and prints a timestomp and on info message on the console
for (x, y, w, h) in humans:

t2 =

# the imoge, the top left corner, the bottom right corner, color and width of the rectangle
cv2.rectangle(img, (x, v), (x+w, y+h), (255, 6, 8), 2)
current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"

.format(x_pos, y_pos)) L [

# saves annotated image to file with timestamp ~
current_time = current_time.strftime("%Y-%m-%d_%H-¥M-%5")
filename = f'detected/IMAGE {current time}.png®

cv2.imwrite(filename,

self.getTime()

img)
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def run(self):

# time intervals used for adjustments in arder to reach the torget altitude
tl = self.getTime()

# time intervals between each detection for humaon figures

t2 = self.getTime()

roll disturbance = 8
pitch_disturbance = @
yaw_disturbance =

# specifies the potrol coordinotes

waypoints = [[-3@, 28], [-6@, 38], [-75, @}, [-48, -18]]
# target altitude of the drone in meters

self.target_altitude = B

# gets the current working directory

cwd = os.getcwd()

# sets the nome of the folder where the images

# with detected humans will be stored

folder_name = “detected"

# joins the current woarking 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, vaw = 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 oltitude,
# computes the disturbances to go to the given woypoints
if self.getTime() - t1 > ©,1;
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)
tl = self.getTimel)

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.8:

# retrieves imoge array from camera
cameralmg = self.camera.getImageArray()

- # checks if imoge is successfully retrieved
' if cameralmg:



# reshapes image array to (channels, height, width) format
cameralmg = np.transpose{cameralmg, (2, 0, 1))
cameralmg = np.reshape(cameralmeg, (3, 2408, 408))

# creates RGA imoge from merged channels
img = Image.new( RGB', (408, 248))
img = cv2.mergel((cameralmgl2], cameralmg[1l], cameralmg[8]))

|

¥ converts image to groyscale
gray = cv2.cvtColor(np.uint8(img), cv2,COLOR_BGR2GRAY)

# loads and applies the Hoar cascade classifier to detect humans in image
human cascade = cv2.CascadeClassifier('haarcascade fullbody.xml')
humans = human_cascade.detectMultiScale(gray)

# loop, through detected humaon imoges, onnototes them with o bounding box
# ond prints a timestamp and on info messoge on the console
for (%, v, w, h) in humans:

cv2.rectangle(img, (x, vy), (x+w, v+h), (255, 8, @), 2)

current_time = datetime.now()

print{cuirrent_time)

print{"Found a person in coardinates [{:.2f}, {:.2f}]"
.format{x_pos, y_pos))

# saves onnotated image to file with timestamp

current_time = current_time,strftime( "%Y-%m-%d_%H-%M-E5")
filename = f"detected/IMAGE {current time}.png"
cv2.imwrite{filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yow,
& ond altitude using various constants ond disturbance values
roll_input = self.K_ROLL P + clamp(reoll, -1, 1)

+ roll acceleration + roll disturbance
pitch_input = self.K_PITCH_P » clamp(pitch, -1, 1)

+ pitch_acceleration +« pitch_disturbance
yaw_lnput = 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, 3.8)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

« yertical_input - yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST

+ yertical_input + yaw_input +« pitch_input + roll_input
rear_left_motor input = self.K_VERTICAL_THRUST « vertical_input

« yaw_1nput - 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 colculoted 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)
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