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0o ABSTRACT O

In this paper, we study the computational complexity of Convolutional neural
networks (CNNSs) that depend in their structure on skip connections and work to reduce
this complexity by making a simple change in the design of these networks to reduce the
number of connections and thus compress the structures of these networks. The
performance of the algorithm was evaluated by running a series of experiments with
widely used reference datasets for image classification tasks and comparing results with
modern algorithms that have shown promising performance in this area. This algorithm
achieved the best accuracy among all the modern algorithms compared with it on the
Cifar10 dataset and the Cifar100 dataset.
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led alall aal) ) cgiie dulun Alliie 3g0n goane Liad Jiai (8) Al ALY o Ll

S 2]y L (3) A i LS
2N + Nlog,(N) N+ Nlogz(N)( 9

2
Gty DU Juay) 4aiS) ASuil) sangl SH agiel) oy o) Allall 32l il 3 Lol Loy

.O(Nlog,(N)) s dayidl 43kl

Aa idal) Aghal) Gl dmy AN o2 A el DenseNet A4Sl ISl g agatl) 25)liay
Wi saagl) & JSU pn cVLa) s Gadd Ld Lo 4 Laadligbeal) gl dyda 34,
O(N logy (N)) gsals O(N?) e san5ll KU aail) missl UnitDenseNet Jlsiy)

s3) DBU Juaty) 24iS saag (10 A36Sa sy CNIN 4805 4] SN 2l sy NG
((RBs dggdl &) (o N o g5ad) RBU 4 saa5 (DBS Juai¥l 383 J<U e N e
JS i) e gane o JlatV) 485K Baagll 8 JSN o VLA 2o (mddlt ax PU sl 3aa

:Lﬁi 'SJA}

N
totalcomplexity = £l (1+ (log,(N) + 1)) =

totalcomplexity = Nlog,(N) + N+ 1 = N(log,(N) +1) +1 (10)
O(N(logz(N) + 1)) sa JSU 3l o€y i) Zuslyy vie 1) Allad) lsal 5 4l Layg
O(N?) bl S aiatl) (o Jify aintl Aplail (685 A gie 4o s

LZBlially galatl)

Chaxill ehal 2 (2) JSA 8 daiasallipe lsaDlabie 345 &5 ey lsal) ool i ol 0
sle aliaeYh @by python 4 alaasutDenseNet Unit Juaty) 44Kl 403l saay 4 e
bl el o dpa)ylall Sl &S 5 Gay (PYthONAR aesy g5kl alin saPyCharmeliy
-Nvidia GeForce GTX 106040 susyl) dadladll 325 alaaiulCifarl00 sCifarl0ams

sy canatll lad Cun e Lt lede 0Ll ln) s daapal) el e Biad) 3
GPU alasiuly il dglee Lgipind Al ALY aaey Jidiall sboad) agiaill ) &8LY L el el
+(5) Usaadly (4) dsaall (8 manse s LS 3)laal) il )lsad) (10 Ao gana g il 43)laa g

CIFARIO o &) Lzt laj el ¢ Ao ganay daiial) Ayaj sl co A3 2(4) Jgaad)

Parameters LT (4 )
CIFAR10 M =10 (o5 fsng

DenseNet(k=12) [7] 5.24 1.0M -
ResNet(depth=101) [6] 6.43 1.7M -
ResNet (depth=1202) [6] 7.93 10.2 M -
VGG [18] 6.66 20.04 M -
Genetic CNN [8] 7.1 - 17
Large-Scale Evolution [9] 5.4 54 M -
CGP-CNN [10] 5.98 2.64 M 27

[13] Al 4y e ) sl 4.3 21 M 40
Al Ay ot g A3e )53 45 1.3M 31
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ISV asaadl Lad Cus 3Rl Cilaa)y)salls Aniall dpa) lsall el il (4) Jsaal) s
3saall (CIFARL0 bl degane o Capatl) Uad ) ol S dgenll djlaall 58l il )il
Ay Jadl ) Jaasll apl e 8 painal) 32l G s ) 3geally il sae ) ady )
LG Ay sl U (e dle dagi oo $3UY) S ol 4l U saad) " Sl ey ol ) AdLaY,

Ut 50l ) A 3 Ly (amlaas) ) ol A0l 4y e 4 L g3 doaedl) (of il ekl
A lead) a5 el way AN Ay Jadia s Jaanill 13 ela) U ) Jeagill 5 ) A8l ae A3 )lie (gl
(VGG «ResNet «DenseNet) Loy dacadl &aall CNN @SS aea o G5t Joanill 2
(= (CGP-CNN <Large-Scale Evolution<Genetic CNN) lexs d3laall o3 Al 486E5H) cla)lsall
.CIFAR10 byl de gane Jo cayiaill Uad Jaze Cum

3o e Ji An il dpey sl alasiuly Ll deasill &3 Ay Juadl @iy sae of @bl moags WS
«Large-Scale Evolution «Genetic CNN) lexs a3adl cuci Al 456 il )lidd) asea 4 <l iUl
il s el L gualad) 3yl gall g asy 31 )38 A i) e ylsall 25 (ye) DA &llay (CGP-CNN
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CIFARL00 o i) iia say cilaj o) A ganay dasiall Load ol o 45stha 1(5) Jgand)

CIFARLO0 imin | ot
DenseNet(k=12) [7] 24.42 1.0M -
ResNet(depth=101) [6] 25.16 1.7M -
ResNet (depth=1202) [6] 27.82 10.2 M -
VGG [18] 28.05 20.04 M -
Genetic CNN [8] 29.05 - 17
Large-Scale Evolution [9] 23 404 M -
CGP-CNN [10] - - -
[13JASill Ay haed J8 da ) 5300 20.85 5.5M 84
AN Ay Jaa aay Ape ) 530 21.2 3M 75

Lol 3)lall ilaa) Hloally A iall A Hledll Ay pail) AU (5) Jganll sy Adphall (i
S L ol 4l 4y e 4y Ll A Jowll o il el Gus CIFAR100 il sac il
18 eha) Jf L) deasl) & A A8 ae A3l (sl Unad 50l ) 8 3 Lapesy (aalia
Gall CNN Gl pea o (3580 Jpatil) 2xy dpa) lead) (A5 Gl g ASl) 4y Jariiay Jpaadll
Genetic ) oaslEll oo lall Jde 388 WS (VGG «(ResNet «DenseNet) Lsy dccadl)
.(Large-Scale Evolution <CNN
e OB Aa il daa)plal) alasinly lgal) Jeasill 5 Ay Jumdl Cljially dae o il e gs LS
Large-Scale «Genetic CNN) lexs 43ladl caci Al 45l il ))oal) aoas 8 el 2o
Lgalall 3lsall By agy 75 0)38 dajiall e ylsall i (ga) P& &lldy (CGP-CNN <Evolution

il Aalidl)
45
40
35
30
25
20
15
10
5
0
J N
//@ \@»\ 0@ &o &e S&\OQ &% ‘ 3? . 3?
N ¢ o™ ¥ O S Wt o
il S > © 5 ¥ 7
& <& ¥ © > > >
* % Y LY
\?;\oo y}\ > y}\ R
B (%) casaill Uaa & il ) aae

Cifar100 i Audl) Ay ki 3ay claj sl Ao ganag aiall 4pag lsad) o 43 1(9) Jel

153



el ¢ Olaaiie ¢ g e AAlaly) el IGEN 8 oleadl 2gail) (a8

las Cim e Bldall @iliap sal ae AGEN Ao Jaad 3y B lsall o A5 (9) JS8 iy
Y .Cifarl00 clilull desene e @llds (10°) ledl Jomsill &5 40 Ay Juadl el 2205 (%) sl
B W Apsalall Dlsall SR i Bl Shaj Al pe Apall (LS Apap Al 2D ey iing

il JS 345 3 st

Gluagilly clalitiuy)
sl badg L ) Aelal) ol Al oleall agall Ay Gl e 4 5 -
G dS lemanat & AN G e A Al (8 s il ae il dailin) Gadie] L4ge) Al
@lally ResNet dggidl il s bl o Capall Jlae 8 Allad 0l calael Cua lajlaal;
s s IS ehall Ji e dacadl CNN clud sl e 223 ) DenseNet Juasy! 4ais
L bl eV Ll aladiul Gph e Uadll b ciliide 000 AlSe e culis
e e Yo il cilail e 2aaa a3 i) o dding s fue Jlial Ld -
At sany A JealS) peatl) Laglsish g JEN) &S Cua apeall g Lol s IS5 YL
IS A Tyl axe b osSs Al ) s ded ) s ) DenseNet Unit JlasY) dais
e Jili ) ALYl sas gl am JSI (s 8yl VLl o dadlas Cuay el s aiyle sl AES
Bang) Cpea YL oda
el Jeasill 3 A bl Ad8liey Cand) 14 A Leal il 3 A e plsadl Bl Ay 2y —
Al samg b cWLal) aae (mlensl of Cus Gl 210 i asaadll b Jad) sl 13a of Laag
: Il sDenseNet Unitdua! dags
LAl el aae (aléds) °
Al 5800 aas alidsl e
(A A Jedl ) Jgeasl) ) Fpaplal) 2 ey pRliss) e
Al s (ot Uad 0Ly ) @l 4 dagesy (alias) ) g Jiaally oy .
Neae A5l cas ) Al il sl paen 8 B8 e e 48 oda aS
shal ab g (B A 4 GlainY hadd daal) e lall alatiul & Jall dead) &0
A il diall 400))l5ad) an Ll alaadl il e OsS Gl (Juatia JS05 A5 o )il
caly cidg S ol Al

154



Tartous University Journal.eng. Sciences Series 2021 (9)2xxll (5) alaal) dsuxigll aslall @ (ushyla daala dlas

&bal

[1] Felsberg, M. (2017). Five years after the Deep Learning revolution of
computer vision: State of the art methods for online image and video analysis.

[2] LeCun, Y., Kavukcuoglu, K., & Farabet, C. (2010, May). Convolutional
networks and applications in vision. In Proceedings of 2010 IEEE international
symposium on circuits and systems (pp. 253-256). IEEE.

[3] Bratcu, A. 1., Makdessian, L., & Dolgui, A. (2003, July). Minimisation of
equipment cost for transfer lines with blocks of parallel tasks. In Proceedings of the
IEEE International Symposium onAssembly and Task Planning, 2003. (pp. 109-114).
IEEE.

[4]Chehade, H., Dolgui, A., Dugardin, F.,  Makdessian, L., & Yalaoui, F.
(2012).  Multi-objective  approach  for  production  line  equipment
selection. Management and Production Engineering Review, 3, 4-17.

[5] Dayoub, Y. (2015). Stochastic logicallinguistic approachMulti-level
automated object's dialogue control (MADC). Luwigl slef/ 4lule ISSN: 2079-
3081, 35(6).

[6] He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep residual learning for
image recognition. In Proceedings of the IEEE conference on computer vision and
pattern recognition (pp. 770-778).

[7]Huang, G., Liu, Z.,, Van Der Maaten, L., & Weinberger, K. Q. (2017).
Densely connected convolutional networks. In Proceedings of the IEEE conference
on computer vision and pattern recognition (pp. 4700-4708).

[8] Xie, L., & Yuille, A. (2017). Genetic cnn. In Proceedings of the IEEE
international conference on computer vision (pp. 1379-1388).

[9] Real, E., Moore, S., Selle, A., Saxena, S., Suematsu, Y. L., Tan, J,, ... &
Kurakin, A. (2017). Large-scale evolution of image classifiers. arXiv preprint
arXiv:1703.01041.

[10] Suganuma, M., Shirakawa, S., & Nagao, T. (2017, July). A genetic
programming approach to designing convolutional neural network architectures.
In Proceedings of the genetic and evolutionary computation conference (pp. 497-
504).

[11] Han, S., Pool, J., Tran, J., & Dally, W. J. (2015). Learning both weights
and connections for efficient neural networks. arXiv preprint arXiv:1506.02626.

[12] Kim, Y. D., Park, E., Yoo, S., Choi, T., Yang, L., & Shin, D. (2015).
Compression of deep convolutional neural networks for fast and low power mobile
applications. arXiv preprint arXiv:1511.06530.

[13]Ibrahim, K., Dayoub, Y., & Makdessian, L. (2021). Improving the
performance  of  convolutional  neural  networks using  evolutionary
computing. Association of Arab Universities Journal of Engineering Sciences, 28(2).

[14] Khan, A., Sohail, A., Zahoora, U., & Qureshi, A. S. (2020). A survey of
the recent architectures of deep convolutional neural networks. Artificial Intelligence
Review, 53(8), 5455-5516.

[15] Wu, J. (2019). Convolutional neural networks. Published online at
https://cs. nju. edu. cn/wujx/teaching/15 CNN. pdf.

155



el ¢ Olaaiie ¢ g e AAlaly) el IGEN 8 oleadl 2gail) (a8

[16] HOGAN, S. (2011). A gentle introduction to computational complexity theory,

and a little bit more.

[17] Devi, S. G., Selvam, K., & Rajagopalan, S. P. (2011). An abstract to calculate
big o factors of time and space complexity of machine code.

[18] Simonyan, K., & Zisserman, A. (2014). Very deep convolutional networks for
large-scale image recognition. arXiv preprint arXiv:1409.1556.

156



