v
{4 LT ——

Erman (B2 GRS ¢ FenelS ¢ (a8 el Lo b

w8 axly oDl ol)"| oKl

Coonl g 0,18 (Gl 1L ghman 9o 50 (s y
]

Uosgel «gom Lhals deosls Sy |y ol Coenl g 330 5 o Loman g o ot > glos IS ) i oyl
O35S 5 e yile OPErAtions ;| sals> )y G allf callin Lol Bus 003 o medsi amb b5 Judoi g coae sloasiis
Slp 275 5 oS laby, 5l il egian Giga 4o layl las IS 5 (SVD) aiwis Jdos (PCA) (s paial Jlo o Jas
Olyie 4 a5 das e i bl el oud solaiul egias hge sleais Gl jo b oo sleo S 58 L)
SeS Woosls felowi g Laei sl (gloainge doosls (Fapzmn 2ol5 dagsll olulid 4 esran (B9o )0 p3Y 5 558 5l S
el e | i oo )5 (seghan Ghew 039> o oS Shgzmisly g Gl Saagh sl (el @20 S plyie 4 i ol S e

ojlgunls

52 525 (o0 518 ookl 0590 Cilitie galio 0 005 b 4 gl pole 0 4 phey (Slaoje> I (o plgie 4 (egran B9a
Oldas @ (olusly ) 5l asls S Glgie 4 as o ol Jas iz 0,.5 o0 )8 colainl 0590 039> (] jo AT cwlul gl il )
cgims ualS daosly oo i 0 5 oS 0 SS (SVD) riris oo g (PCA) (g paiall Julow o oz ygmms )55 ¢ o yilo

)1 ot GBS o (L) el g (orae slaaSid (550l

il 5l

ooz Sl > glp (o2b; Al slagig, )l Gladns jo sele sloojsm o Jaid i 5l (Sl 4 estan Gise
o9 e ;68 o Sles g sl o Sl i woledl, ol Sle 5l (S plgre 4 s pa cles (nl 50 00 00 0y

(LU 5 SVD 4505 aiile) o sl (sloas 5 5 s o el lo s b e yile aile (slasly anlive 51 (5 Lo 05 oo i) e 5o
gl oo 48,5 IS &y coas slbaSid g Bras 6 Sl slode Ll 4



2 »
29 % st bt BN (et i S e D §

; ¢ .Emglme'md
el LSy Plos )3 (Slowlone (S (oyman (92 50 byl eslital )3 mee sla Ay 5 (So Jl ol L
odle 5 )ls Lo g8 B Slewloee mlie @ i SLsL, Clasls gl 2l g o Jow (g 5lwaigy doosls I camwg pae (5lo

39790 slatudgazme g b il g aiSloy eatan Ghan slaoe (giluaiis 5 (b 0 b B cw)p 4 Ghagh (ol 5o
e LS LSS d‘)b )'| o oo &8s &l}él 3 S;Lwl;u ‘_,’J“I)lf Sgugo 6‘)-.‘ ‘silm)liml) Oy AD KEPE N dw) Qil 59
235wyt 18 (o p 390 (b

&lgw

30 Cawl 423l drwgd ailio g 00 gud Djgo a4y bl Job 10 9 50,5 cop (i (Sloy90 A Loian (igr o s x5l eolanl
oS o0 0yl esran hgp ;o Jat s slo )5 g Ule G et 5l (B il

5 SG et aiile il (glaojsm ;o Wosls (gilw Jow g Julow 6l 2ol )l SO Glaie 4 das VA0 VAT sloans
a3 )3 a0 caian (hen y0 s o il eslaiul gl Al st Glaie 4 Wlgi e 090l .2B,8 18 oolaiul 550 cwdige
Ogls

Eoman omac sloasy Y

Silodae $lp (bt 2 sl egian (oas GladSd (b 5o GLllin Blyie @ i Wy 5 ElsS S o)l NP aro Lyl
28,5 8 ax i 3)50 (Soras Jieb )0 bt pr Sles IS sl 5 (S plgre 4 SIS cnl s S oolitul (ceae glaased o
Q4 b e (5t smas Al 5 CEPLION 5 (slaaSl wisle) Yo vac slaaSiil anwgi L:VAA 5 1AV slaans
b ooliiul loaSids (b9l 5 (90 1 (295 dmmile lp 598 IR S e

b L) siledoe @lp (b p2 5lioetle 20k ot sl cn ol 5 (S Dl 4 (o (g 5, 137 ans Lyl

2,5 oolawl b psie (o

ol g lools Jdow g 420 gl s o 5l gam ioalS g, S u‘y.ccu(PCA) Gradl Ldzs VA 5 1AV slaaas

A ool uite yolie o Lol
il Sllos g gunyile 355 ¥

Sy90 Eoas g 0 sy glalnl 5 swlal Olexe 4 Ko e ple Sldos § owuyile ST VAV 915 sloans
S5 4 Jop obol 5wl Ls.w)}é—‘ GLQ'-U{—‘)-"’ 30 5 mas Sl sl aY e g5 dwle gl Dlles plad T 18 colatul

59 55#
(SVD) nionts Julos

by Jelos g ools (gory ls gl s s (658 sloylpl 51 (SO olsse 4 (SVD) miwis Judo V29 5 VAA: sladns



2
{4 LT ——

5 6)305}).24\&5 Q)?”“?g}‘}ﬁ?).‘ oolaul ‘Msmcdb&MgMdrfob Lgl;apleil\)}e‘.lbb:\"\' g Veee slaans
LSL“’["'Z-.’.)?i” LS)L““L‘-"Q‘ 9 (G u,.,.aolS uj)}.g dLmoblo J.J;u 9 6)L~.JJ..\A LS‘)Z’ &519} = 0,90 UJ‘ ) 8l alal (S Fman oy
28,5 )18 oolazwl 0590 e (5 S0k

led oo 5V

lboaies; ;0 Il (pl S (o0 )3 oolital 0590 (egmas (hem 13 69,52 g p3Y Rl o Bl 4 (o e a5 VAT ans
Wy yse H a4 bosls o ian g omiile 90 o )5 b L5 Jlod oK lulis asile salises

iSoae Shgn o b o sleslatul asls 5l slasds

Erman amac gaSlly Lo g b o das o sleslaial VAP ans Ll

comas oAl 15 s Slo ;5SS 5 solainl g PCA uile (gum 2alS (sla yog, dxwgs :VAA: 5 1AV - sladas

srmb by s g gam zalS 10 (SVD) rdais Lo 5l eolatwl Ve oo 5129 slaans

Gt omae $aSll 5 Gaes (6,5 0L slopi Xl o as i 5les i colaiul e 4y g Ve Ve Ao

10 (5503 S Sygo & s o leolaul ‘Mwséhdiugjwkgffob Sl ;o joeb LYoV g Vee e gloans
S ;53! (gilwaiin g cgam Jrals oI )5 sleosls Jdow 5 g3l Joe sl sh iz 050 (pl 5o .28l dslol egian yige
28,8 )18 oolazul 0590 Cpaiile (5 S0k

ed slas 5 Y

Goaie) ;0 jlnl pl oS so )8 eoliiul 5 )50 (ootan gm0 (50,52 g Y NI SO Glgie 4 as a4 5 VAT ano
Ay e0 L5 4 eools Ui 9 sQ:ai‘JLo Ol sleo 8 ‘u’_'.,.,.!a L')Lg)‘ JNEEINY] @L»L;.;’n asle ‘S(LL».ZA

(Eoman Gogd 4 L lesliiul ailu l glasds

Ermas omac a2l o das o sleslatal VAP ans Ll

smas aSiil o pwn le aST ool g PCA sl o OeblS sl g, arwgi :VAAL 5 VAV slaans

b 0y Jdos g gom palS 4o SVD) riarid Jdss jloslatul Ve v 9139 slaaas



v
{4 LT ——

slrojs> aline 13 ot g 00, jsb s ol Jsb )0 (egiae 3so 55 03V 5 (658 Il S Oy 4 S p (5 55k
Sl dalol gl a8 5 13 oolaswl 0,50 ple oyl

ad) 5w la iegh g oode OYo 3l (6 ks ;o omiile (5 250k g (otan Jhgn j0 ol slaylnl 5l (SO leie 4 o
M.Su,,a ss) ‘) Sl 00l solazul lmuijokpdfw)jdm_xolz“l)e ]

s ) ooliinl g Gaes mas (oSl w,p 4 dlis ol (Deep Learning" (LeCun, Bengio, and Haffner, 1998"

33185 o0 aSls ol Sl g bigel yo o

ImageNet Classification with Deep Convolutional Neural Networks" (Krizhevsky, Sutskever, and "
ol 00l oolazul )"5L"’ J,.l;u 9 Q")b)’ 6‘)" 6]4} = LQLQM )l e UJI )é (H|nt0n, 2012

(PCA) Lol slaaalge Jd=xi ¥

o ol sloo 5 5 (S a5 wsls y PCA SLiSS o dllis ! (Principal Component Analysis" (Jolliffe, 2002"

Lol baosls slal rals ;o o

cilizee slacSsSs 9,0 4 allie oyl (A survey of dimensionality reduction techniques" (Cao et al., 2014"

S0 oS s bl o as > aS sjls e slal zalS

Oeole 6 S0k s, Y

b e leslaul g Lo, Jgol mesg 4 dlis ol ,o (Support-Vector Networks" (Cortes and Vapnik, 1995"

] 00 4.~.’>L)JJ SVM ‘_ngM)jiH o

Sl b > sla by, 5l dlae ol o «(A fast learning algorithm for deep belief nets" (Hinton et al., 2006"
sl 00 oolawl Gaos L;l!bd.im uu)yo]



b
"“"""”"“"' i ot ol e o
Cvert Mace -
“

osls L= . F

2 b > 0,5 4 dlas ol (Feature Selection via L1 Regularized Logistic Regression" (Tibshirani, 1996"

(Dimensionality Reduction and Visualization of Gene Expression Data Using PCA" (Ringner, 2008"
O obe osls il gl PCA 5l solizul

)fwy 61-‘”0-';-“‘-:-“ LSL‘”‘-Q#‘-Q' 0

o) (Matrix Factorization Techniques for Recommender Systems" (Koren, Bell, and Volinsky, 2009"

B3l o0 Saog Gapivaw 0 b e LSSl eslaiul 4 Alie

5 b x> slao 5 4 LS ol s (Image processing and computer vision" (Gonzalez and Woods, 2008"

ROWI PR 4,.>|.>)4 wlﬁ ‘saL..u 9 ).’5..44 g)")b]’

Sl 9 (b 54l Y

s 2 e Jlae (63lwdinge 5 Judos 4 LS o) (Convex Optimization" (Boyd and Vandenberghe, 2004"

WS oo sy |y Earan Gism 50 ol sloo S g Silo e >

5 cgmlal Sl SO laie 4 ot el 4, IS @ lal o s o aS aiiee ola g 5l odsu s oY oy
S H5eb o polae job 4 oz sl iashy 9 95 oo )18 eolitul )50 (Ble (6T0l 5 (Soian (her Wit slaars;

(b e Sl

;s yle Operations



v
{4 LT ——

25 smae LAl Gl aY o (>g 5 dnle jo (b3 x> Sllee (S awlul 1 (SO Glaie 4 g pile 0S5 1 g Sle IST

D9y ) 4 Joz bol S wle L39e] slaany] )

o}:fsn)|)5 oalaw! 0)}4&}&.@55[&%&5 ML?LA 6|).1 PCAE?’U}""")‘?))Q ‘)M))Jl.o uu}ix.c uAﬁJ)’LA uujixn

S r el ;5025 o0 8 oolanal 550 p3Y 5 (555 Jlnl S plsie 4 (osian (90 6 S meeal 5 (St 00 b 2>
fV"‘So‘" o)L.i'J o9 u—" o u’.fa.'> gecs L_,;Lo‘ sl p)ls

(Linear Regression) s e 5, .

B9y (S (oo ool atls 5 Jiis sl psiie (e (b Lally) (il doe sl (b ez 5l S (g )T, Wesls iy
plldls cwd Jas e )T sl ookl b les co (Jlie laie 4y .0 15 co 3 colaiwl 5550 (goas sloosls co i 40 o%ug 4

@ Sledbl oyl g0 oo ooliiul oo slas ¢ (cOefficients) lacaasS acule lp (das g )5, 10 o o laosls Lo

S o oS L i (e Ll yign 5,5 g Laools Ll
(PCA) s yarall ko ¥

oeolS g Wools sl i 30 05ug 4 gy (pl S e colainl ooy gumy malS (gl a5l (g il o i gum el
GraS slooss a1y (5 pgal sloosls PCA i oslatul b lg5 co o Jlio olaie 45 .0 15 so 13 oolatul 050 (Slawlre (Fouzy

D50 (8 yS prndl § (S Jatd Sl (pl g olo rals

3590 srawbs ) Judod g Wools (gumy 2olS jo as > gla 5l 51 (SO e 4y riens oo (SVD) e WES
w'»&.ﬂ.aksxhhloub)k}hl;u?s_iuwy ..\.uLA ‘S,Lmo);)lfja °)"54"g)"5) k)"‘ QJ.S‘SQ )|)5 OQLL.MJ‘

Egman gmac sloasy Y

4 255,99 a5 i ile 0o 31,k 5l 5 0 (o) dnule sl e px cac sloASLD (319, 8 (g5 Al
S oo oS ools cim iy 5 bagSIl SLlulid 4 Sldes () .04, 00 S

oolitul Uas palS g lagyg silwainge slp b px 3 (Jop obol S asle plaem hjgel anl)d )0 daasiss (30

3358 s )18 ookl 850 (riile (55050l (gl Sl Sjaal 50 35 4 L bgy (al iS e
Uz oS sl g, ¥

2O 059 A by, (pl oS oe eolitul 0265l (sla el )b (g 5lwaig g Loy bol 5 aulxe slp (ot 5l oo S cpl i Jg5 bol,S
35S oo )18 ool 5550 (redile (5 xS0l slap 5K 5 jge]

Sy e 2g,5 dnule Gl (Eaian (her yo ar e Slles o cwlil 5SS Glaie 4 o pile 13SE i p Sle 2SS
D550 55 4 Joz bol,F asle L350l slaaT)d )5 5 s sloasis



2
{4 LT ——

b b el 0

s oe ;o (Jlie (sl 0gd o oolainl s sosls o g s5luoe lp o jo cornds by Jedow j0:0L5 ol Jow
g0 )5 a4 DlelS 48y Jiml arilore (gl s oz a5 Jleiz! glo s 5lo 0l K 5 5 6l X

slayie ;o gate b cuie sentiment lubs sl sentiment s g 450 0 o3 > Sentiment s g 450
o o owliiilyy S 9 Glyiin olfaye Jdow ale oo )5 10 05g 4 g, (nl 0,5 o0 18 colaiwl 550 calire

S pilbiogs £

U‘Jﬁ) U"‘ .)5“.:‘5‘9 oolaw! U‘)")U 6&00‘0 uuLw‘ » way ol 6‘]} 6]4} = 4&.4)).,.1*5.,..09; Lgl.‘bw B LbA:..Ay b

2355 oo )18 ooliiul 350 (wge S slap ity 5 (T w3 slacule wile ples )5 45 0hg &

W85 B omyp 90 e (sale SVlEe y3 Lol Jsbo )3 ia3Y 5 (598 Jlpl G plgie 4 (egman Sgn )3 (b ol eslinl
S oo 0 )Ll Wlos )57 oolaiwl egian yhgd 0je> o s po il aT Lele sl )lS g VA (e 5l B el o ]

SEoas Jhge 3 b e sleo )5

i Egan omac glaasil

4 osdg,9 5 byss msbe oy Guyb 5l ey 2 (29,5 Al sl (a> oz (aras GleaSllE 15155 e (g, Al

0950 58

oolial s als 5 lagyjg (silwaie sl (b pz 5l Joz obol S asile ot S Ghjgel annl s )0 ilaasics Jbjgal

Uas u,....aslf LSL"’uf’?)

2 09 4 (b, (nl S e ealitul 02, sl el b (gilwaigy 9 ool S e gl (ot a5l e Sl e pLol S
S oo 58 oolil 9550 (el (g S0l slapy 5Nl 330!

Sy e 2g,5 dnule Gl Eaian (her yo ar e Sldes i cwlil 5SS laie 4 o pile 13SE i p Sle 2SS
D550 55 4 Joz bol,F asle L350l slaaT)d )5 5 s sloasis

ek 0L Jelos

D?“‘gs“ oolawl (s dLboblo J.J?u 9 ‘_g)LuJJA ‘_gl).g 6]4> = ‘M UL’) J.».l?u ) UL’) (_g)l.wJ..\.a

slayie jo e b cuie sentiment lubs ol p sentiment s g 4500 0 o3 > Sentiment s g 4500
258 oo )ly8 oolainl 850 Calizs



b
29 % st bt BN (et i S e D §

g gn ooliiul )l slaesls Lulal s baaogs el gl s o oKy liogs lapians ) lados colo
segan hom o i e 3 ) slasdls

S e S aosls i s BsSl olulid 4y as o aools im i

S (oo SaS (G5 el g (St Jedeed g Bools (Sauzey (RelS 4 as e igum GialS

g o0 08liil o3 801 (6o el b (s 3luainge slp (Jor oLl asile (Bjgal laanlyp o (b px isiludings 9 (Bjgel
Dy oo 8 skl 9550 siie loosls (g3l Jae g Sl o aS ez i ereb 0L Sl

AR oSl Glulid & (6 S el 9 (b ) (Fghan 92 50 p3Y 5 68 IRl S plgie 4 (S e (IS 5k 4
B,18 aelol g A g0 SIS ooy o g ol oS! (g 5ludings dosls (Faomn

U"‘ é}m‘sn oolaw! Lb;)-’j C‘)"“‘“"B‘)"ﬁl“" &.u],.la_‘) ‘6)L“"):’.5“a" asle ‘S:L.JAL B 0)954.:).)5..4) uu)ld]: )J&?P
..\.._5‘540)[5]45[..4;bdﬁédbﬁuwu)‘éfﬁbw)au“@bm

2 by e bt ) b,

el 2y dolie Jold poas (3l )3 (S pexr IS B

31 aled b fuSoy 5l i ile G Glye @ Glgioe ) noad 2 g Sl Gloie 4 polad fiel

Sgi ca ool jglat o5 g K 2ls ol (kernel matrices) LU,S slam jlo 5l pglas Ko 2lé
g ge oolitial (5)l0 5 slad @y pslal o 5 lensal Glp b3 ez igile s

g om ool 5lad 3 nge sl Ty gl sl SVD  PCA wiile s oo slacSiSs o S 5l

25 GBIy 5 b i sles )5 ¥

ialo 5l S o )l 8 oolaiul 8 90 il sladine] j0 paal (il jo b
o b 5 o g0 bl (asis sl i FeelS 2l

0yt 5 o Sy gl uglal am felS sl ipgal felos

g0 srosls leolawl b was palai adgy (ol p TSNS polas ades

S r5a G LS S99 S yild (6l WS (33l

2 (B3l 50 b 2 ol g Llse 0



2
{4 LT ——

Technahogy Corspuner a0 Telecorsmmization

Y da M

YU oolal o pglas b I8 ol

Slewlos a3 5 (o) Shals

redundant wledbl zals 5 vpe sl S5y 7l Sel
tcolae

M ol e 5 oz Slanlons 4 5L

Al Al e 0 Sles 3)lse (B 50 Sl (e
Laools cds g pglal CodS 4y bl

e Sloj g STl S o0 SS 09> (pl )0 eauzy Pl Jo a4y oS el pgal B3l slp 688 )l S (b
D3y 50 b p colee g Lle & azgi 4 5L (Jl cnl Lol 092 b S gl Sl 5 (S iS5l pgal 4 5LS ST ol
.d)L) 0?5 uoL> 0)5].1 ]b )Q M U"‘ )l wl.uo osolau! 9 ]J}*AJ

Erman Gugr 10 o o sleslaiul gblse
oS o0 0 )Ll Ll ol 51 B 0 as aelol jo aS o s (gouio bl oias Sign jo ot x> il eolaill
ool M

WS oo ol B 1y Gl ol gl so oalainl (5508 glad jo aosls Jied (sl 698 )by S plgie 4 Jhs ok Soend 5 (Solu
oS I esle S5 4 LT L g ools iales by yilo g o )ls 10 & jg0 s | oduzen (sloosls o

w3 1) Sl ol 48 i1 i oS el ol on ools ialod Loy yile 5 bl g ) (sloosls i oS Julod oLl
S 5,5 (6 ool JSE 4y | s slaaka o LagSl a5 oS e

SVD (Singular Value 4 (PCA (Principal Component Analysis ssle an ialS slacsiuss s Sloe Sgup

sobaie 4 osls sla S5 olass jzals 4 la i, ol S oo oolatwl leosls aay 2olS gl > > ;| (Decomposition
WS g0 SaS Slewloes loy Juals g o, Slas Sguge

30 05y 4 ol plauS po SeS ool i5lo s gl osls Slawlre b 5 lej LialS a4 Waosls asy ralS ilawlrs ley rals

| [ uj)}g 6L°°°‘°



2
29 % et ot ! ot el B e N § et
@ Cverd o . oee
“

iemas slaasil

i 00 S 5 e gl Jlad o Sy L a5 L s Sy laie 4 g5 b o Shat e orae slodSad o sl (sjluesly
Ly Ol (09 oo eolawl a5l Y ja 50 lagyg 5 sla 29,5 (Gabgez 9 lagy5g e sl (s o 050 0 (55l oo
p,...f Ls)‘L.;ooL‘gf GJSoQL» wa.v £ ‘) eas GL“M aS A.:Sb.n ﬁ,.:aljs

.A.zSGM_ioSu'b)’y—l oley LealS 50 Slas dgupy 4 mas soaSl o s o sl eslatl i Slas Sgugo

u.,..ulo 6):§°l-.’. 6L°LJM drwgs

J> 9 25 gl s e 51 (SVM (Support Vector Machine 5 s e ,5, aiile oo Joe o Jos (jluosly
QS oo oolaiwl Wosls syt 9 il Joe slp jlo 1 g o s pile 5l la Jow cpl .aisS oo ool 05 SLusly SYoles

A5 o SoS Uas alS g CBd dguge 4 il (6,50l sla oo jo e o 5l eolaiul icBs Seuge
wedoe polie o

S8 eolaiwl 0,90 das slacy &5 5l eolaiwl b il jaos S¥olee Jo (gl chs iz gaome polie oo o oaony Pluw J>
S 0 S ozm Plase S 999,00 51 @ SigealS pole 5 qwiige 0 g, (nl 05 o0

S e oS sz Blos S (1 05k Slslome mlie 5 oy 2alS a4y s slaaa i 5l solizul iloslre (o) alS

gl G810 9 polal wlys

LQ&.)L».LQ.C U"‘ OBMLSA oolazw! )"SL‘S &u).‘.l.»ﬁ 9 LS‘)LA)J}.AJ Jsle @LJ—Q.C L.S‘)" ‘5‘49 Brd ‘)45.‘4.0 u,o)‘é).a B )JBLA.I ;».J.»S Ogude
S o S ol CuiS 35eg 4 5 W oo plol (kernel matrices) Lb,S b sl 5l osliiul b Vgons

WS g0 SaS pelar o3ls sl ojli Slewlee milin g oy GalS 4y o gy ol Laigd oo oolaiul

Sl g (i oo

ol so,ld, (gilhJoe 5 sedwaw SYobae Jo sl b sile o 9 smpie Jelog (o eaory sla s, (gle Joe
o 0pE g 60La15| ‘65‘)“’9 GL‘Z’W 6)LMJJ¢.\A J.QL.: u"‘ Dl oo oolawl

WS o SaS Uas palS g gyt S88 See 4 ilu e jo s o leslatul i g i S8 Seuge

(S pdlS Sl



v
{4 LT ——

oS Sty 65 e S a1, Lo e 45 08 o ol 1) el gl 395 oo oolitl b ke (g lusdingy 5 litice dnslons

S o SS90l loj LialS a o Jow (g5ledige o das o jleolanl t bge] loj ialS
oS o 5 a5

s il 51 (LDA (Linear Discriminant Analysis sule «pile (5 5ol slapi o3l S5 50 ilaosls sa tals

Gilon ly ol (Slaslos glie g oloy AalS 4 (g (al w09 s coliiul laosls Julod g any 2al5 sl 1S (0 Sz sS
WS o SaS laosls

S g S8 U 0l (SIS 288 S50t & 0T 055255 b il 3 s8liil S 85 S

s sloosls gy

b 3l e an Tl aS Wed se ag st leosls cyile (5,0l laJas Siisel (Sly g0 By 50 15 Sge Bl
23 90l (65 Fge JSi | L Joe a5 S o ol 3 1) ISel ol ST oo ooliinl segran (S slajls p adss sl

S o SoS abgy e slaai e ralS g Bl sbeools 4y Lo el 4 s glaosls adgi i adly slaosls 4 jls alS

:Jef)l.o LSL‘”“;‘?’.‘;} J...l:e.“-

ool alizes OV o JWl s 5l o g o ya5 (6l ‘5‘49 2 i3S Jlo gloo yuziy Judow jo by sla)lis, (gile o
WSS oo SeS Ly sla,lis,y Ll g g3l 4 (g, (pl 05 o

Blas S 6lys 035 hosbone mlio 5 ol (20l &) B35S Lo (sloo iy o o s o 51 ool :lilons (loj LialS
J“SLSA &J om

Aoasils Judow g 4550

o rile oo 5 siledae Gl (b (sl slaaSis asile daaSiis Julou g 4o j0 1 cloix] sloasis Lo
S e SaS Sy Sealiys 5 5l ign 55 4y by, ol Sgdiee ool Sylan

SoS aosls y53ls 5 (sly o3l Slawlors milie g loy (ials a4y lbasils Jdog jo o o sl eslatul iolwls Loy SralS
S o
w03lo Sy Judos

oolauwl puilo $ob elons 65 o K d  elS > el o woloS ;s 5,0 tbosls v gl
Oele (65500 slapty g2 9 o el sl sl 2R S, 2 R
WS o SaS Wmools u3ls 5 (sl o5l Slewloes il g Loy GralS 4y gy cpl Nigl 0

WS oo SaS Uas 1alS g o i D80 Sguge 4y 00T 5 udos o e sla baws T eslatl i cn i CBS Sguge



b
29 % st bt B (et i S et N §

gl (o310 g polal oy

oalawl )451..44 &J)».LJBLS)LMJJJW sle C:”L"L“c 6‘)’ u’.|a>),...’> s)J}aA.l u.;)b).» 9 (EFan ).sjl.a; J.«JBJ BN ).’3[.«:4 AMLSQW

pobas (ol s gl o5l Slawloee ailin g loy Lol 4y polad isls 5 adgs jo e o sl eolaiul iolbuslxe (yloj ialS

o Ll culas cpl 5l >  dalol jo aS 0518 58 colee crioren Lol o )lo (goowine Ll egian (hgn j0 bt o 5l oolaiul
S s

:aiwlgsl g redundant oledlbl 4 colus

oMbl ol il 4l st o Sles anulyml s redundant clodlbl jsas o col (Ko oy gl e 5o SIS

Wgd (gilwJae jo las o)l cely ailgs oo

549 redundant cledbl i g losls (518 p s a0 5L ol Sos «Mio ol 2alS (gl slmools 55ls i a0 LS

ROV PRVE ST IS S o U SRR

i e slaakal) g5lo Joe 10 Cosgazae

Ol D90 oalinul b Sy gl 5 uslal S 2l «sile gl wile Slibos (o ohug 4 gl (Biloy o b
S e S gl Uy (g pookes S 4 L s 5 Loy il SaS s oSS

reas Golon 5o b e )15 b,
il 2 Jolpe ol pgad g o b 2 S s,
21 Gioles b uSey 5l le S e 4 Glion |y o o ilagm Sle Glyie & polas Juies
Do o 00l s olal Saus 9 K ks ol (kernel matrices) LU,S slo s yilo 5l by Ky s
s R9ual S 9 Sy S flo ling
2o sn oaliinl (5,00 sLad 4y pglal howi 5 il psal Glp b s sl g
A}smu;o oolaw! )ajL.aj )l ] 6Lb‘;):5 C‘)?b...u‘ 6‘): SVD 9 PCA disle 6]4> g Lgl.bs_ia.a.i: Lﬁ‘;fj Cb?c....u‘

2y P30 50 by slas )5

ialas 510 08 o 18 colainl 5)50 alide slaaise) 10 paal usley jo Ja> o

.0)5.{‘- 9 sLQQ)}o s:L.w‘ ua.a.’x.w.’ ‘_ng. ‘5)45.».».0[5 L;!Lo.o.‘



2
{4 LT ——

Technahogy Corspuner a0 Telecorsmmization

Y da M

opt g o Shs gl vl polal axy ialS gl i pgar oo
Dg>g0 gloosls )‘l solaiul b agos J_lgl..a: adg 6‘)-.‘ (S yan )ijLaS g
&yl G liSms Sgupn 5 S yild gl JuSs G33lo

Ryl 3l 50 (et colae 5 Lo

Ll

Vb slal jo pslai b )15 <ol

Slwlxe 430 5 ooy GRalS

redundant cledlb! zalS 5 vpe slo S5y 2! 5!

reolae

Y Slolme gl 5 oz Slolme 4 5L

il a3l s 3,8Khes S )lge F 45 el (Soe

Laools cds ¢ pglal CodS 4y bl

Ehan (hed )3 (b po jleslinul bl

oS 00 0Ll Lo ol 51 (B s el jo a8 5 ls (gousie Llye (eoran Bsp o (a5l eolaul

osls M

S oo o2l,8 1y ISl (b ogd oo oolaiul (g)loy (slad jo Wosls s slp 698 by SO Glaie 4 s o i Souegd g Solu
.M.;S)lS):ooL»JiLa\.,LQJ—lleeoolo Oinles b yile g o jls 5 & g0 4y 1) oduzmy slaosls oS

028 1) Sl (2l 45 w5l 6y oS ot ol a0l ialed b pmayile 5 Lol s &y 4y (losls 2o Ll colils
oS S50 (g ool JSb 4y 1y oauony saakaly o LSl oS WS o

Wy lals

SVD (Singular Value 4 (PCA (Principal Component Analysis ssle am ialS slacsiuss s Sloe S4up0

sobiie a5 Leools sl F5sg olass 2alS 4y o g, (pl .0S o oolatw! hosls wsy als” ol s > ;| (Decomposition
WS g0 SaS Slewlos loy Juals g o, Slas Sguge

30 05y 4 ol plauS po SeS ool 5le s (gl o5l Slawlre b 5 lej LialS a4 Wosls asy ralS ilawlre ley rals

| [ uj)}g 6L°°°‘°



2
=""‘-—v-"~'-- ! ot el B e N § et

hovak .Emgl.me'ud
ol 008 S 3 a1 il bt b S b a8 e s K s 4 e, 0Kt aras sboaSed o il gjluesly
) QBGl ol 09 oo oaliinl aSets slay 5o )0 lays 5 sl oz, onper 5 o)) dnlns sl (b3 p 0980 s5Lue

oS (silwosly (s yioole JSG a 1) cuac loaSl oS WS o o0l 8

.A.zSGM_ioSu'b)’y—l oley LaalS 50 Slas dgupe 4 mas soaSl o s o sl eslal i Slas Sgugo

u_..wLe LS):SQL% 6LQJM dxugh

J> gy, slp b3 > 51 (SVM (Support Vector Machine g a3 5,5, asile oloJos o Joe (55lwosly
S oo oolaiwl Wosls cn i 5 silw e sl jlo s 5 b ile 5l a o ol oS oo oolaiwl 595 SLosl, O¥sles

A5 o SoS Uas alS g CBd dgugy 4 il (6 S0k sla e jo e ol eolaiul ieBs Seuge

D94 ).ol.;c J...l:e.“-

S8 eolaiwl 0,90 das slacy &5 5l eolaiwl b il jaos S¥olee Jo (gl chs iz gaome polie oo o oaony Pluw J>
S 0 S ozm Plase S 999,00 51 @ SigealS pole 5 qwiige 0 g, (nl 05 o0

IS e S gz Bl U (sl 035 Slomsbes e 5 oy LalS 4y oo sl 5 5l oolil sloslone (o LialS
gl (10 9 polal wlgs

Lbﬁ.izﬁwﬂ.!a.?‘)dd;))|5ﬁ)é Ll 00l f‘,bsbédbdag\) Silw e slﬁwjjbgshsﬁzdﬁ,%JMI pas

b Gres (srae slaased anle ;505 oSS 4 5l Sl (S (Sl 28 slaalal) siledae 1 %00 G 4 s

a5l 43l syzy s é eile 6Tl sl 5l
W Glawlre @lie 4 5L

PCA (Principal 4 (SVD (Singular Value Decomposition asils o y> locSuss 5l (S5 reouzmn Slowlxe
255l Vb Slawle mlie g sauzn Sl 4 L5 (Component Analysis

ol 9 Sy ooy (o ohg a4y il pole ) sl (S Slawloe (il i0gs pyle;



b
29 % st bt B (et i S et N §

Al asly Cusgamme )5 L sleosls a4 6 pdy wlhide jo conl (S

8 b o8 GSaSS aile Koo oSS 4 5L cnl (See (55 laosls 4y (g iy Wl (g1 1500 ST 4 LS

Al asls sg>g
o el )l s o OIS

L{bu] 6[.%)*40‘)[)]:.“.9;54“»[4 oqm w‘ui.e..odqgw U?‘-"'“'J)f) LglleJ..o M[A&}Pdlﬁdda)l ‘f).: )...M.Ju LS?J...?L\J
RV R PV

a8l lrosls b LIS jo codgame
el aiilys oo Wosls cplail ailas H95 0, Sles (@l slaosls jpam ;0 cul S bt iz 1 a8l slrosls 4 Conlus
g (g3 Joe yo Las il

als 092y (a8l (glrosls 10,5 5 g Wosls 5310 5 s a4 Ls Cnl (e (IS ol ralST (gl leosls bsle b s @ 5LS
ML ow 9 )JULQ) w‘ us.o.c )lS LJ"‘ as u.\.wl.l

:Joleials slooslo b LIS jo0 oS
Sglaie Lo oS ;o ddiges slaw a5 i SiacdS sloools aiile) wiws Joleol ools aS™ 65 )lge ;o : Jolaial slrosls )—UL

Slosliiwl b jlaenl (250y59 aiile ;500 b SuSS 4 5L Conl (San )lge oyl j0 0, Sles 3900 sl 1,500 S SLESS 4y 5L

Al ails 092y ol yile (6 S oL slapi oSl

S slroslo b )5 5o Cuogase

ool cpul.abl aislas o5 o, Slee ol (San o o GlaSaST el o5 Wools slasy a5 (65 lge 10 16 pdy whide pac
Gl (ySae ISl a8 il ails 095 i sloesls (5 5laen 4 jLs ol S 0, Shoe S5t sl s sloosls & LS
3k anie g pobe;

L’y ‘_gl.malo L )lS ) OIS

Ol ol ol alilys oo 0 Sloe Conl Ko o po i 53y 5055 g Lgy Waosls a5 (69l90 10 15 pdyBlasil puc
gl (g5l ae o las mol3dl caely allgs oo

Sl ;oSG Sbey slaJoe ausle 5500 Bl SusT Lo el (Sow gy slaosls (gile e gl 1,50 Gl SuSS @ LS
Aol axils 0ezg ol yuiile (6500

e ool L IS jo Coogase



(3 L] —
Technahogy Corspuner a0 Telecorsmmization

Y da M

osls oyl .abl atilas o5 o, Slee 2l L;lza@»%#‘d.ﬁl.o e sosls L 15 o conl (See s iz 16 pdySlasi] pac
Al ple) g oduzmn Gl (S IS el aS il axils (gilo p glad a4 o 4 jls cl (S

L;me.‘;i”ill L ‘5-.,.,.19 OLJ)’ sl oo aiile )i.o LSS @ )L_1 W O (ke srosls b )lf 6‘)-.‘ :/.iia LSS @ )Lq

Aol ails 0gzg ol yuiile (5,500

(S peal ool b )l5 jo oIS

Jawd 4 5k el (e Wrools ol aisly atilas os5 o ,Slos el (S s 2 (5 gl Gloosls L IS 10 16 pdyBllasil poe

J..wl; )JQLQ) 9 0duTs Cn] ui.o.o )lS u;‘ as ‘J...M:L: acsle L;)L))) 6La$ L
L e SMolS pone (gloaSict aile 50 (LSS5 4y 35 sl (y5coe s g (glaools b IS 6y £, %00 (lacSuiSs 4 Lo
5l 4251 393y Lol pmble (g S0l slagis )5S

See slrosls L IS 50 Codgasme

@ o a3l cal (See bosls plall aiiles oem 0 Slos conl (San oz 1o Fao soslo b IS 1016 pdyBlasil pac

.\...ul) )JULG) 9 OM | us.o.o )lS u;‘ aS sMLI sy 6)|¢).| le.«a&

6me.‘;.i)9ill L 6)'%-1. Jes sl Joe wiile )iio LSS @ )L; S o (S seoslo b )LT Lglﬂ :)iie LSS @ )L_;
Aol asls 0ezg ol iile (5,500

isley soslo b SIS o cosgame

4 b 4 5ls cal e bosls pl ol alilas g5 8 S conl (o o o« bloj saosle b IS 0 15 pdySlasil pac
A.wl; )"ULQ) 9 a..\.;&v_».a s_a....»‘ k)SM )LT ‘).)‘ 45 ngJ ML) 6)L)J.1 LgLAS

oy g gls

ool Saomy (uals dagSIl Lol a5 egian Sign 10 p3Y 5 598 il SO Glgie 4 as o a5 wao oo lis ol
039> 0 &S Glhgmmiils g ol Xingh sln shol azpo S Glgie 4 Allie ] aiS o SS aools Julow 5 e oSl (5 5lwaigs



2 »
29 % st bt BN (et i S e D §

dournal of Machine Learning Research (JMLR

Principal Component Analysis

Walter Pitts, 1943 .A Logical Calculus of Ideas Immanent in Nervous Activity" (Warren S"
Bulletin of Mathematical Biophysics
Perceptrons (Frank Rosenblatt, 1958)

Cornell Aeronautical Laboratory

Learning Representations by Back-Propagating Errors" (David E. Rumelhart, Geoffrey E. "
Ronald J. Williams, 1986, Hinton

(C. Reinsch, 1970 , Singular Value Decomposition and Least Squares Solutions" (G. H. Golub"

Numerische Mathematik
Charles F. Van Loan, 1983 ; Matrix Computations" (Gene H. Golub"

Johns Hopkins University Press

Hinrich Schiitze, Foundations of Statistical Natural Language Processing" (Christopher D. Manning"
1999

Deep Learning (lan Goodfellow, Yoshua Bengio) ,Aaron Courville, 2016

Applications of Linear Algebra in Artificial Intelligence



2
{4 LT ——

@ ! ot el B e N § et

of Machine Learning Research", "IEEE Transactions on Neural Networks and Learning
Systems"Artificial Intelligence

Pattern Recognition and Machine Learning" (Christopher M. Bishop, 2006)
The Elements of Statistical Learning" (Trevor Hastie, Robert Tibshirani, Jerome Friedman, 2009)
Jolliffe, I. T. (2002). Principal Component Analysis. Springer.

Hinton, G. E., et al. (2006). A fast learning algorithm for deep belief nets. Neural Computation.

Boyd, S., & Vanden



