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ResNet-50/101/152. ciluil dalajll zie 4 (7-5) J<al

Residual Networks (ResNet) i<.i 4-5

5l Ay S axaias dImageNet 2012 dalua <3l iy CNN (AlexNet) o 26 duy Jol ey
(ladal) e B 2ae pa 138 g (Undl) Jaee Q) disee dxigrne K08 8 Rl (e 23l dasY
o b dhine Gl Al 80 A0l AlSA. aag @bl e up Laie (Sl
Slly as 1€ o 0 gradient / =, zamy of ) 138 g25 .Vanishing/Exploding gradient
NP\ F:EN Y PRESTRRA| as Jaee Leadl sy cctaaball aae uy Ledic

ot Buas 4 2015 Hle & Microsoft Research i (gialy g il llg ResNet i o
.(Residual Network) 4zidl) 4<.30)
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:(Residual Block) 4:isal) 4Lt

4l sda i ((vanishing/exploding gradient) jagall / ) lasiV) AlShe s dal e
by VLAV it ceod A aladia) 2y ASA 020 3 L AGA) ASA) ewn Tans Losgie
A ke 5ydlie Jostig il Bae (e canpll lads DIA (e Sl

zleud) 2 ((MapPIng) ouludl) Cpaill cilislall alas o)) (pe Yo 4l g 3<uill o2a S padinal) il
gl pal) ity 340

H e gills F () = H (X) = X b L 3080 asin ¢ Jo¥) cpantll (H (X)) J58 e Yy el
(Residual Block) duasall ALl 4y eiagy (8-5) Jally -(x): = F (X) + X

X
Y
weight layer
]_—(X) ! relu %
weight layer identity
Flx) +x

(Residual Block) 4l 4l 4, (8-5) J<al
PCIRAP I
Al i Cun VGG-19 (g Blagives Glihall (e 220 (0 435K dle 4<% Aoiy AED da a2d00
AKs Al Jagaty sda jlaid¥) Y Lail o588 Cusy (Shortcut connection)  jLaia¥) Jls)

.

. .
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layer name | output size 18-layer 34-layer SO-layer 101-layer 152-1ayer
convl | 112x112 7x7, 64, stride 2
3x3 max pool, stride 2
[ 1x1,64 ] [ 1x1,64 ] [ 1x1,64 ]
M ] ¥ £l
GomEx | 0% w”wm 0 MHWM S axaes e || axaet |3 || a6 |3
. _ | 1x1,256 | | 1x1,256 | 1x1,256 |
: 1|y : [ 1x1,128 ] [ 1x1,128 ] [ 1x1,128 ]
convix | 28x28 w”w_mw x2 w”w_mw x4 | | 3x3,128 | x4 3x3,128 | x4 3x3,128 | x8
Lo Lo e | Ix1,512 | | 1x1,512 | Ix1,512 |
. A o 1x1,256 11,256 ] [x1,256 ]
comvdx | 14x14 w”wwwm 2 w”wwm <6 || 3x3.256 [x6 || 33,256 |x23 || 3x3.256 |36
LT Lo | 1x1,1024 | 1x1,1024 | 1x1,1024 |
, Ty . [ 1x1,512 ] 1x1,512 1x1,512
convy x Tx7 w”w_mw X2 w”w_wm X3 |1 3x3,512 [x3 3x3,512 | x3 3x3,512 | X3
LT Lo | 11,2048 | 1x1,2048 1x1,2048
1x1 average pool, 1000-d fc, softmax
FLOPs 1.8x10° 3.6x10° 3.8x10° 76x10° 11.3x10°

)

ialls il (9-5)

e

| ResNet

o

-
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3 x Conv2_x

Conv: 1x1, 64
Conv: 3x3, 64
Conv: 1x1, 256

Conv: 1x1, 512
Conv: 3x3, 512
Conv: 1x1, 2048

Convl Pool
Patch: 7x7 ——»  Patch: 3x3
Stride: 2 Stride: 2

3 x Conv5_x 36 x Conv4_x

Conv: 1x1, 256
Conv: 3x3, 256
Conv: 1x1, 1024

v

8 x Conv3_x
Conv: 1x1, 128
Conv: 3x3, 128

Conv: 1x1, 512

Resnet]52 i< 4 (10-5) J<a)

Stemblock o >XInception- _ poguction-A 10 x Inception-
resnet-A resnet-B

L4

Dropout Average 5 x Inception-

(keep 0.8) Pooling AR Reduction-B

Inception-Resnet-v2 i<us 4 (11-5) Jal)

InceptionV3 4<.i 5-5

ast oY) i)y Hguall Jilat b sacluall Inception dlile (ye 2uadd5 dsisiac 4SS Ay (A
Factorized 7 x 7 5 Label Smoothing alaiiu) clly & Lo Glseasl) e aaell o)al

-

batch alaiiul as) Al Label claglas ydal (auxiliary) Sla) ciias aladiuls cconvolutions

.(«\&lall normalization

LBy depud) Gun e ol el Gl cpe 8K Caeadial (Sl 53t INception dSui cuilS

feb LS L daslall cljlaay) A e ) sae el ) il b jslai (gal s

Inception v1
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Inception v2 and Inception v3 e

Inception—-ResNet e

Inception V3 e lia, & Ladel) @l jlaaYl dlke ulf Gawsd o laal JS QIS dusy

.(Inception-ResNet
Google (e &l jlaayl yuxig .Googlenet 1 (module) dulact saseS A<0E] oda colay Mg
Gle il a1 U JaY) i e 5 llg cInception Convolutional Neural Network
el ae e Laleall ae el 1Sl # Lawdl InceptionV3 s (e 2adll (IS5 IMageNet
AlexNet 4Kl ligile 60 2 435ke ¢ jiahl Oola 25 (e Ji Ao (sgind gd dJan € IS5 gail) 00
Glankall e aaall 4 Inceptionv3 4y aladsul ael My SN Cagea e Inception acla
58 lalasin) oda asly ImageNet sl bl Zie e Ts 4500 2030 L Wlley cAabiad)

:InceptionV3 d<.é 4.,
t ) JSall sgladsy 55ad (Lanyi INCeption V3 ASus Ay ol Sy

A 4 deaial)l el sae e dlsjall 238 Jlis :Factorized Convolutions ~1

el ) 635 Lles sl el ae ST (ol Jlagud :Smaller convolutions -2

3 Glall legia 3 x 1 wlall 3 x 3 Galaly) Jlasa! S :Asymmetric convolutions —3
Gl e Sl el el ane (ysSnd 2 X 2 Galialls 3 x 3 el Jlagid 2313 .1 %
el Jilaall e
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Filter Concat

Filter Concat

Asymmetric convolution 58d muagi (12-5) J<al
¢ canall e cladall o Lllay) 2 5y CNN 4w e 5le s :Auxiliary classifier —4
Bac Lusal) i) alasind &5 cGoogleNet & .4l ASal 5l ) Lol 3)ledl) Calial
.(regularizer) ki Ciiadl 138 Joss (Inception v3 & Lein ¢ Gac) 4ua

1x1x1024
Fully connected
8x8x1280
5x5x128
1x1 Convolution
Inception
5x5x768
//-é;g;;;rage pooling with stride 3
17x17x768

Auxiliary classifier 8,84l zucasi (13-5) J<al

-(pooling) aeaill cibilee 31yl (e ld 2 W sale :Grid size reduction -5
t oY) Sl (el 3 odkel 8)oSall aaliall aan et 4y

54



Input: 299x299x3, Output:8x8x2048

Convolution gl:;p;(lms
XOX,
- aﬂ;ﬁ Rt Final part:8x8x2048 -> 1001
= Concat
= Dropout
mm  Fully connected
m  Softmax
Jalll InceptionV3 ius J<a (14-5) J<al
Conv Conv Conv padded Pool
Patch: 3x3 Patch: 3x3 »  Patch: 3x3 »  Patch: 3x3
Stride: 2 Stride: 1 Stride: 1 Stride: 2
v
2 ti Conv Conv Conv
* n;e;: ;on Patch: 3x3 Patch: 3x3 |« Patch: 3x3
mode Stride: 1 Stride: 2 Stride: 1
L 4
. . Pool .
5 x Inception 2 x Inception > Patch: 8x8 " Linear
model 3 - q i
model 2 Stride: 0 Logits

(sheas S InceptionV3 a<us 4y ddaya (15-5) J<al

VGG16 < 6-5
At yal) duatigl Ao gana puls Cuen Bl disiac A5 Ay o0 Blie a9 ,OxfordNet Liad o
ILSVR  diliay jaall lgalasicd o3 clgiysha ) )5l e (Visual Geometry Group)
2014 s A 35T daals b (ImageNet Large Scale Visual Recognition Challenge)
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Glaseal (g Baaly yiiady ey Gl Jo jgall o Capill Llall diee @lKE ()gin Allaa
by degens o Ay chladl 5 el 00 7192.7 z3saill i Crmy Bhaal) Lngalall gl 23l
At 1000 ) el $9em Ogle 14 Je (ggins 2l ImageNet

Osale 138 Mss leoals oyl Lol diks 16 e gas 3aal) o M) VGGI6 & 16 a3
A2k 19 5 VGG19 e pal A jign LS Lujs jull

ImageNet 5l bl degana o lase Ljaal) fie¥) (o desans Jranly 7 3salll ot

@sins \RGB sysal s 3 an Jus 224 x 224 58 VGG16 hkl alidVl Jasy) ana
2 gshiy 2X2  jils maxpool daky 1 (stride) sshad e 3X3 ey Gl Glads e+ 3gail)
ik 3ga o S 5 A el e S 3 3sm e Yo ikl 8 VGGI6 Sua Le
aaal) Julin e Jalaill 2y WS Ll Padding/ séall (et aladial 23y 1 59lad e 4wi$e 3 X3 Calaal
ilaia oyl 2 FC(Fully Connected) (e (gging dlgll 3.2 X 2 a) paaaill 315k 0o
.zha softmax . desiie saie 4096 o Lagia US (gsind (JaSIL

e Sy V) Ll o e pl) o) Tas Asee A2k 303 195 16 el 232014 ple b
(o 38 Gl

224 x224x3 224 x224 x 64

12 x 112 x 128

LD L0 7x7x512
28x 28X 512 14 x 14 x 512

1x1x4096 1x1x1000

=) convolution+ReLU
max pooling
fully nected+ReLU
softmax

Jal<ll ISl VGG16 aus 4 ()
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INPUT Vv

Conv 1-1
Conv 1-2
Pooling

Conv 2-1
Conv 2-2
Pooﬁng

Conv 3-1
Conv 3-2
Conv 3-3
Poohng

Conv 4-1
Conv 4-2
Conv 4-3
Poohng

9L -99A

Conv 5-1
Conv 5-2
Conv 5-3
Pooﬁng

Dense
Dense
Dense

OUTPUT

Jemiall JSaIL VGG16 3Su s idasia ()
VGG16 1S A (16-5) J<al
(Transfer Learning) Jaill alaill 7-5

@bl Glesense oyl paulad a5 Ll daial) 20800 43 guasl) 30 23l Gyxius S
Lyl Z 3l (e z3saill il alaind sale) & Aaleall sda jlais) (3l saa) Jidtig Lo 50
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Ser JImageNet jsall e Capill alge Jie cdjlaall bl cile genal lapglas 23 Al G
Apsalal) L5l COKEe Jal s #3gar 8 Lgaed sl (Brdilae Lgaladiiadg 2l JeadYl z3lall Ly
desana o Vhse Lyrall Liigrmnl) 208l 8 (e Aanii€all A paall 580 ) Jailly alail) ellaas i
A prall madg ALl Cupn due Lgd g Al suaall COIKEA Jal dalia (Bile ) dima cilily
Alldly Lalall @bl degans (o AL dial) (o 5aliisall 5aaal) ddjeall e (Alssall)ddlal)
o g yaall Ll A 52L) Jie (AT il pe Wl ¢ a€ (K Jaills aletl) alasind S5 ¢ Jallg
ccpall Ll el A< dallas Jal

e 5V dagall (o galad @3 A 2 3gail e i€ 1Y) Gaanl) aletl) & La ) aleil Qs
Caulagi Balels ashi o3 cdagas duulud Cilily degana o Auulid 3<us Canymy Yol agis (Jalls a3
b3a i .338 degay by degens o Loy 2 Caagll AN ) clelin ol cdaa€al) el
Baasal) Lagal) (ge Yy cagly Apusled) algall (o S0 Aauslin Ll iny L clale el il 1) Alanll
oalll) dagall

Giia cjial) 7 3gail) diiyha 1-7-5

aaal) 3l Crny Aalial) 23l (e Ve ()0 dean z3sad HLES) S0 ¢ jeaal) Zigalll aaad —1
g e LA dndyal)

dage (o z3gal (Uil ALES Tse 403 &5 (53 7 3gaill aladinl Koy 1 dgalll aladind Sale) -2
Aedticed) dadail) a8 e aldie) caie el o QoI 2 dgail) alaid Gl Jady 38 200

dagall Aalial) ZhaYly JUaY) clily e aband o 4enSs ) z3sall lisy 38 :zigail) Jasa -3
gl

L et Jailly aletll baseloy of oS0 ) sacluall lae Le La (giald) Jeluy of oSa oSl
LSS Al dplall dae ledl) guall Laladl bl de gane Capiealy (3laiy Lad Jlsudl 12 e dilaY L

ag ) ) A 2y b
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Oe ol cale JSang cdadl ol e Joaal) o cdgll pdal jlais) cuead Jaill abell ey
Aanlly 7 3gaill ygdat ey V) Jlaall & Jaill abeil) alasiod) (e 523l ellia (ysSic 43l paalsl

Jall aleil) 3,k 2-7-5

JSLie dat il (8 and) elY) @l QKA apoil Alled dliy o8 Jal 3yl e sl o cps
IS deaas Laal) Aienll CNN IS () celld aag Uladl ans Loagane Loy Lolaall (il
oy i e bsl) e Gapall e

adan e (ggns ) JalSIL Alaiall dadall Jlaiial sy oJaill alail o oY1 Bshadl) 8 (el
L))y Laladl) sadaal) Cavanl) cilalia) il dvigrasl)l LA (e 23a0 230 (goal dday Anigriac
(e

Sos LS we Sl @l ae o @) Javall o deail) 4 Gaks i OIS 13 Le e
bl Zaliall @bl aas

o GanllY) ISl Ja vie Gkl WIS aadiad ool opalgd Gabisd) oY) g Suall
s lalls & S Caieatll ) Bl ey g 3 @liah ) sae Gy bl aas (aget
Gy sale] @ @A sanly drisaeac dlas L) GIGAY 6 JalSIL dliall lial) aues Llaiad
Liad Laxie Cayiaill 4y softmax dihg ¢ JalSll dlaiall dapdall elly & Lo o Lle il &35
Dt 332 DA e LelaSh ISl (s sale] ol JalSIL Alaial) dilal) (3 1) lial) dsenty
LB Alls 8 ol ielyll) Jascal ol aal) e

JEL alail) & Saataal) clad)icd) 3-7-5
Lagalasiod oy Galll Gaeilall cpmanhal) 58 Pa e lle daagall geal) Caiaa daga dalles &5
Lvally claadl 21l Laay lasss dojaall CNN cil€uds alasiiady Jailly alaill gadas die aila <y

. a8l

:Feature Extraction | il z)aiu -1
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o Adagiosall ULl Jsrding liee 2050% A0a] L0l sae 22 (e Luladd bl = b o5
o 52l Tosnse oyl z3gaill ol AS0ED) (e B2linY) ) ) e aa (el cuynig DA
Y (KA 8 e 9o LS ¢(Buas (il Alad aaa z el o) Ay B Lgie cladll

Prediction Prediction Prediction
Trained in New classifier
classifier assifi (randomly initialized)
Trained Trained Trained

convolutional convolutional convolutional
base base base
(frozen)
- -

} } }

Input Input Input
Glitaall hadi & Cuny (il dxiguac 4035 Ao clpdl 2 hada) Gubs muag (17-5) <)
[S5] daaaddall saclall udiy Laliaa¥) 2 Loy

el ol gt i ol ) o anll Caieaall A5 8 "deaa’ AalS e 13baaDle

dyae gl JalSIL Abaiall coliadall (ye de gana Lo) danddl) sac il Aef (oSl Caieadll (555 o o Sa
.softmax Jaudii ;i ae 445 dida g2y B2alg global aueas dauk

G Y Ciad) g1 lis Baaas 5acl aag YV ailh Logae dalad) Gl 8 )5 Lo e lalael
Bl ) ale JS4 Baalg Global Pooling daus aladsal (sag ([S56] (8 4bay & WS (Sl conlaicl
Aadall o3 8 cpeaill il iahls dgag adal Tl @iy avadl)

UA.LEB S Jt\';d\ adll u}s ci:\.wu 8 rua g_l)laﬂ\ ‘:g EPRERIN| u:l)id\ QLGJA;A U{jj c&tﬂbj
z Ay softmax laisn dnk A 5ale Glsdall L35 4 sasly global baugie auead dauk
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LlaiaV) by £aaddal sac ) olsl "asea’ L Lt ¢ pail) U add Llell caliieaal) ol Ganaas Sy
palall cOlial e i ) jgeall Caiat 48 Caanall Ciadll alaty cdaphall sdgr « s (50 g
O deinall (g ¢ pagaliia Cangll Jlaally Hrmall (IS 1305 . Lelladd jreaall 73505 lhsse lgalas 1)
NS dyman Wil Cpeas N 6L Alghial) A jeal) (5255 o (Sang Citeaall Bk LA o8 (35S

:Fine Tuning [ &84 hual) -2

S Gl Zhaial G o dibiaa sghd 4 o gaa) vl o JEa cpsSll ) i) oS
caal) 2 haaY Tole Leatiel) L) 5ac Gl Llall chlidal) (el (g)Las) Cayi sale] (e ()5S0
Gl (<8 5,831 4l giales A jadl) z3seill Taas ASY) cOlaal daes ay ikl s3gss
(g ) ACEAN o) Cargl) el Alia ST Lglaal

fen and e Lalially il sae il Llad) clialall ey dsead slall DA (o clld (3 (e
ZA0Y Tl aatieal dwn Chaall aladial dlide (<6 Ll el cuyny gAY Ll
bl JKEN 8 s 5o WS eyl

Feature Extraction Fine-Tuning

Input Input

, |

Convolutional
Base

e

Prediction Prediction

|:| Frozen
I Trained

Gaal) Tavalls cilyaall 2 haiad 4lae (18-5) J<al

S 13 Y) Tiaese Dja% 8Dl s2e ) Llal) lishal) Javca oK Y o[55] 1 Tty al L)) sLaY) agad) (10

i (2l Lyne Ciaall €0 ol 13 4 s anaally - Jadlly Thscss 4y 3 38 Lgigh g gal) Chiaal

las 5 oyl ol 3K yue i ) Uadll 5] (oSt (N dasi . Jlpdie J<a 4yl dgs
Moslee 2l a0 ) Lgialas Al 53 ymall UGN Jibaatl Saenall j (fys¥) Enaat Sy
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zhaiY il Jaeall o Ji alet Jara aladiody 38all Javall shals Liad g cdgaliie il
-l aal)

dale e ) i laall cladall o g Jadh Lled) cilial) saeat olal] ey cannd) o SAL uaallg
OS1 IS b ally Al e sadiaall ) ) Glad) ciliadall ud Laty Al co Ak
Glahall gkt ) Sl O ¢ Ml alal e Jeal) 8 AN oy 5 (lly sasall Jlaally
Glhal) giales ) el o cpn V) (e draly desana dalledd ale IS dualia oY)
[50] 23ma Jlae JSI Jaaet ) a3 Ll

JEL abailly (gundail) aledl) 43)la 85

e oy Buaal) Glbull gl gy bl 8 Ll e dpadil)l V) alaill Cilie) lsd e
Baas plgal Hhaall (e zilall el Bale] Cany JUllig daraa plga alaal Loulil) AN alat ilia) loa
(il degane lgilhae) iy Go e Jexd Z3lall ) (ol L laly gl callay 13ag 4y
Bijea gl L eonll) Lgi€ar ¥ bans Al Ja LeadSs die Ll V) Baaas dage ol i Alam Lgila
LS L suas ol Bl e Al iy degane () L) Cilaa loal) o2 zliad Laily lhse daiSa
Gaaad) alail) 23l s Le Ll Ul (e Al liaS V) aletl) e lsd alaee Liad il
Hdaye il alal bl bl Gadle )

Aedoal) L) Bals (e ey 430 V) ¢ griall A Jlae 3 TS 1o (A Gaendl aladl) o a1l
eyl clllaially

Gl daga (30 Abpedl) J8 DS e Buds Fage (b plall e e Jany (53lg Jaills alel) Bas sl
o O Lo Gyl BaS e ) LAl s (Ka Me e ailly ealad 5 Ala
pleall plas adiay (Juills aleill (i s aall paalial) Gans Ji 3k o Asgen Ll e ol
Alls BaY Ll Jgamslly ddjaall (13585 daai loall (e Cans clhsnsa Lalad o3 A slgall o 32l
sl zalall Jie sane Gaily ale z3galll of ol iy

OsSis ¢lgalad oy Al Baaad) el e J8 dae dgag pe alaill Aoy e Jaill alaall ayy Sl
il alaill 3 LA slaal) bl £aeS e oy 43 LS 5asall Dlle cila e 7 3] 8 6yl da sl
Bale padle Glaaly (AalS Capmn Uil ladg 3 o5 Lovie Jaid alats o Zaay lsall o€ar clasles Ul LS
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acanlly z3gaill oLy Al Aie ()< 8 5 DY) e dalie il ol (55 Y Ay Ll

.l

Traditional ML

y N 3
(” \ Leaming
Dataset1 ) => System
\ Task 1
< 5
s

p N
Leaming
Dataset 2 — System
Task 2

VS Transfer Learning

/
/[

—
/ >\’
Learning
‘ Dataset 1 =D System
Task 1
-

\
"\

‘Knowledge
o N " Leaming |
[ Dataset =D System
\ B Task 2

Greal) alalls (st} Hlal d3lie (19-5) J<al

(Ensemble Learning) .zl alail) 9-5

¢ alaill 138 Canyag Baaaiall Ciieail) dalail alad of cilesanall e &3 alanll ol asesll alal)
2\:\1.«4&\ Z\:MJJ\)AJ\ (e 48y )'.'\ST a:m‘)‘)b: ;LZJ}[ LLA 3= a__t:l).i'a CJL@ JT 5\9.1‘9.\.‘4; CJLu e\.ﬂ;:u.u\ ?-%M
aladia) (e Yas .[57] Ay dogl (il il el daeBlall Jlall sl iy ke Jead A
aeally Sliiadll (10 degana sl puly JS0 Gl ganall Gyla aladinl oy (m gl el Baslg daa))led
.O_.}_.guhjﬁ\ Cnalziall de gana deganall 02 _audy ¢da g JT dpaia Glhuadl 22 cilS glow ¢lgin
Aiyhg [58] Cawled) palwiall (o JSI 381 HLEAYL aoeatll Al ddlad] Zowlad) Blal (sles

S caladia] Aailig 8yl el (Byla (pay - Auilgall daill 2 LY e

(ool o) Jaseadl) Jansgiall e -

(g)sall Clguayl Jin sl cApaaall o Laay) (AuleY)) cugeaill —

aladiuy) daili Cile ganall alad ciliajlsd 1-9-5
:4iall) [Bagging

63



ol e clghad Layy dlggn LSH Glesand) o Linall Glu sl ol e Baaly 8
Sl Afileie g pladial Al & Glitad) i Je Jganll & . [59](Breiman 1996)
(Jaia¥) aa) Slpdie <o il Sl (re Ailide L b Cilegana o Jpeanl) S Gy ol
Ciias cupl Cupll Glily (e dacsd degane JS ol 2 L leleSh canpnl) Glily de gans
b ) Aule YL cugaatll 3k g L3l Clitad) zad b e 2 gl el (e Calida

degandl I o Glitadll e e ST olias M) Caeaill G s (Y Al

Bagging
2/ o

Parallel

Bagging il lsd deal ascags IS4 (20-5) J<all

: Juadl) [ Boosting

Gob oo @l a Laa S lly clilall aaead sale] DA e Glibadll (10 degene ol 2
3ald) ASY) Capl) iy gl el IS i) sale) dibee dungd o Caans Aule Yl Cugeal)
4,5 oy C1 Jo¥) Ciaal) tdiinia Cilitas S pliil asi Supeall IS5 IS . e Chias (S
Ciiaall Cupll bl Zue il de ganall Ll L Aaliell Coyuil) lly (e dblsde Lo de gana
Clily e C2 s oy ¢y .C1 o slaaeVh aild Y Le il deganall gl e C2 )
b i hld < dlias AV Ciuailly (C1 dalgy s (S0 bt lgheal Ciial o Al )il
Giliad) om aeal) S dlgill 5 .C25 Cl ledde caliny Al eVl ae C3 Glll] Cliadl) s
AN Anle Y cugeaat DA e ZDU
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Boosting

Sequential

Boosting cilua)lea Jeal anagi J<5 (21-5) J<al)

:AdaBoost

Gilesanall o A @il lsal) <) e o AdaBoost (Adaptive Boosting) ¢ Jsill oS
Glivasll AdaBoost.M2 cCaiaill (ilud AdaBoost.M1 (e elslVl o waall Ly Byeds
.regression (Sliul AdaBoost.R (diascall

:uisal) aseadl) [ Stacked Generalization
oo ilie alasiuly Yol liiadl (e desans canpsi iy (el 5l) Wolpert 1 oall penll i
Ahall Ciliias Capal @lld aas Lgilaae padied Al (JgY) (ginnal) Cldian oLy oyl il
e <yl Gl Al 513 L dbjes o daalad) 5S4 L [60](Wolpert 1992) st
Wadl by el dalin (o disns dilaie monea e U (e Ciiae aled 1) Ul s e
138 alas e ol S (goindd) Ciiean ()5S 38 cdilaiall @l e dadldl) YA Casiaal 3 lpaials
el 13 Jie st 4y Jlly (gAY Cliiall Luwi€all GbSoludl aa galaills @l
I (sginall (g hinan IS Canys g AES T ) Lol oyl il e gana el o+ slial
DLaaY) T Akl e Caias JS i 5 o8 canpail) cilily (e ABS T=1 (g0 dabide de gene e Gy
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Transfer Learning
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Fine Tuning

Ensemble Learning
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Stacked Generalization
meta-learner

Stacked Generalization Ensemble
Weighted Average Ensemble
Train Set
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Support Vector Machine SVM
K-nearest neighbors KNNs
Multi—-Layer Perceptron MLP
Remaining Useful Life RUL
Random Forests RFs
Recurrent Neural Network RNN

Adaptive Network Based Fuzzy
ANFIS

Inference System
Particle swarm optimization PSO
Sequential Quadratic Optimization SQP
Directed non-periodic Graph DAG
Long short-term memory LSTM
Convolutional Neural Network CNN
Chest X-ray Radiograph CXR
Polymerase Chain Reaction PCR
Clinical Decision Support System CDSS

Densely connected convolutional
DenseNet

networks
Residual Networks ResNet

ImageNet Large Scale Visual
ILSVR

Recognition Challenge
Federal Aviation Administration FAA
Adaptive Boosting AdaBoost
Musculoskeletal Radiographs MURA
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Applying Collective Intelligence in Decision Making
ABSTRACT

Algorithms are becoming increasingly important in decision-making, and they may
also enhance and support human decision-making. It was noted that as more data
becomes available, the increase in the use of machine learning algorithms provides
an opportunity to make better decisions - by combining human and machine
intelligence in an intelligent way.

We conducted a study of collective intelligence, its tools and the mechanism of its
application in the field of decision-making in general and medical decision-making
(in the diagnostic aspect of image classification), especially through the
development of software models to assist in the medical decision-making process.
In this research, a study was conducted on the application of decision-making using
associative learning, and we also worked to shed light on decision-making in the
medical field with the aim of helping doctors in general in making the appropriate
decision for the case studied.

Through research, we worked on real data (MURA sample data for radiographic
Images) so that radiography is an important technique for the medical community to
detect abnormalities, and interpretation of images takes a long time and is prone to
error by radiologists who are exposed to external factors including possible tiredness
from working long hours, being tired, or thinking about other things in life.

We worked on developing two learning models for classifying radial images based
on deep learning by applying two stages: Transfer learning and Ensemble learning
to classify radiographic images. and its relevance to the study case that we have
chosen. The first stage provided very good results in terms of improving the
classification accuracy and improving the performance of the selected models. In
some cases, the accuracy improvement reached from 82% to 88%.

In the second stage, which is the application of ensemble learning, two ensemble
models were developed and their performance was evaluated on the data sample,
and the classification accuracy was already improved by about 2% in both models.
This confirms the effectiveness of the proposed models in improving the
classification of radiological images.

Keywords: decision making — collective intelligence - deep learning - transfer
learning - decision making - machine learning - image classification - MURA -
radiographic images - DenseNet - convolutional neural network - ensemble learning.
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