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CORATIFRIC X W IE SNz, B4 7 CNN Tz
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3.2 Local Binary Convolutional Neural Networks
oA DFEHITTNE R T 2B AL 2B,
Juefei-Xu 5 7%2%¢3 % Local Binary Convolution (LBC)
11 2 5. MFHETIL, W7 CNN 12351 584
AHER IBCRETRET LI LT, stEEHIME EHL
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Binary Convolutional Neural Networks (LBCNN) & If:(E
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MOEASEINY IO R EMETH Y, /3
y — VARG T T = a Y ETIACHWS
NTwab, 22T, LBP HEEOFEMTEEZ, B 21K
3. LBP H#E 2z BN A8, FHGo—E /8y 5L
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DIEEEL, ZORBDEZROBE L 2 BT 4. 2L %,
JELE R OMEE AT LE R OHE L ) L RE T 1, b
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P5, Xy F BT HZHLHED LBP HE S 2 5. 4%
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BT, =R VDTG RXI %0, HDHVIE1DP-1DF
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LBCNN BIEHIZY Y TNV RET N TH LI 0b b
I, BFEEEI DL, )Y — AR S 2 BB
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CONN & Mg U CatE & 2 KIRICHI L 22255, MNIST,
SVHN, CIFAR-10, ImageNet 77— % t v I % 725
TILHE D CNN &L FFEOURELZER L TA5.
KAZZ0EZFEEIED, 77)r—3aroiEn
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L—=hrDELIHIRFETTFORHEL, 2y FT—27HIED T
2 LT, CNN FEHOBOMBEEHIHEAFTEL0T
EhewheEz/ B, IhoTr7L— MIHWSN
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A=A NVELTHEETAIERE, H—FNT T L— ML
L5

Za—=F WAy NT—=T RO T A 5L, FEHIZLo
THRBZMEISEMN C EHICHEHEINS., 22T, wmEARMH
LI DI, BREBOELYRNNITIEOZIELETHA.
T, FEIELBE, —BOCARETESHw S
5. AEETEEZACERLETCE, £REITLIE, 20
JE$TRTH/XT X 7 ICT AR OAE, ThbbLZ
NZEND/NT X 5T DR %Ko LEBHY, Z
NPFEEOFTHIAMPREL L2 —HEL 5TV,
A= NT T —MUUZELY)—EDI/NT X5 ZEET S
LT, FOREELIZINTG A ZIIHT B EHUIEIARE L
b7, EHMHEA BT LI ENTED.
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=T v T L— MEA CNN OB#MEER L OFHE
BHICKITTHBIIOWCHHEL ., T4 —TF—=v 77
L— 27— Td % Chainer[13] LTl %47V, MNIST
F—%+%v »[14] £ CIFAR-10 ¥—% v b [15] £ & H
WT CNN #2278 X872, MNIST ¥—% t v k%58 &
72 CNN E7 V%K 512, CIFAR-10 7—% v &4
BHEEZCNNEFNVEE 6 127K,

BT L= A—FRVELTIE, ESREITHECHEA
¥ (Higher-order Local Auto-Correlation: HLAC) [16]
WD WTHE LR T IR 25 /88 — Y 2 v, &
HIARBOE 1 BO—2 2D B HDOTFT > T — b —
IV CREE L7z, HLAC 1%, Fi{REERD 720 ORI
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H—FINF 7L — MEEHETE | 864
H—ANT L — ME#EHEE | 189

HICBWTHEHSGLLEDDH L8557 25 OF%RLT
W5,

M8 MolcBnT, A=V Tr7L—Meax#HL
ToE LB L T WGE 2N ENOERRIEE © g4
bE, FRBEIBWTCR A —ANVT T L— MEax#EAL
T EDRDPRRBHEBEMIT LT 5, #Is R
EREFLNZEDPHERTES. —/TE 1 LD, CNN
D—JEHIZBWTEHIELLEDH 537 X ¥ ORI,
=2 NWT T L—MEIZED 864 25 189 £C, #78%
HICTEDL I EDHERTE L. LI2So T, =TV
7L — Mg, FREREEIED 2 L (CEHERZHINT 5
TOICEMIEZEZEZ NS,

5. CNN #mLENDEEBFHADICA

KRETIE, CONN HEFRULFR 264 2 SHE R o HAH
IZOWTIHRN, BICHiEE TTR_ =2 VT v T L —
MbAZBEH L CHEAICBITA, HEHVULEOEHEIZDOWT
HAED %179 .

5.1 ESTEBHAIC & 2 HFWEDHIR

RHEFHAE &L, FHRICHWA A S oM AR L
THE, MEADZL B2 HEFHEPLEE 2o 708, RIEL
TBWeH D ZHAHAT 52 L THEFRBRZAKL, &
HEZ M5 FETHAH. ok, FHEHANIE, BEEAEE
HEIZBWT, HEBEED L) ZEVEEICH L TR E
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=2 EH - HEEOMEEE =3 )VT v 7L — MU

HLEIH/REEE | fixed8 float16 float32
1~5 | 142152 | 96793.6 | 102700.0

6~10 8101.7 | 28584.9 | 29299.1
11~50 | 16622.8 | 15218.4 | 14451.2
51~100 2453.2 546.7 540.7
101~500 686.2 241.2 233.6
501~1000 14.9 0.0 0.0
1001~5000 0.0 0.0 0.0
5001~10000 0.0 0.0 0.0
10000~ 0.0 0.0 0.0
FAEHRE | 42094.0 | 141384.8 | 147224.6

® 3 RE - WERBOMAEEE W —F VT v 7L — MU#EHE)

WHLEE/FEEE | fixed8 | floatl6 | float32
1~5 || 11958.5 | 22390.0 | 22659.7

6~10 5698.2 | 8117.4 | 8155.7
11~50 5017.7 | 3269.6 | 3225.7
51~100 71.1 11.4 11.0
101~500 91.9 89.7 89.7
501~1000 102.4 102.1 102.1
1001~5000 227.8 228.0 228.0
5001~10000 4.9 4.9 4.9
10000~ 0.3 0.3 0.3
MAEREL | 23172.8 | 34213.4 | 34477.1

BT L7097 5330777297 ThHholzh, N—F
YT EYR—- T A TTuL Y EH I
LIEHT AR SNTWE, FRH0HICIE, Hiys
WX LT, AT Y RSB EFE—Tho G EICE T
BWT DL Vo MRER SO S, BERV—TRT 1
OMIE F LD TEKTHLDOET, EE RS TY
b, AFETIE, ONN 2B 206§ 5 FHEEF O
W & 2 MR IR E OB D W TRET T %

BHETH B/ L 91, CNN TG S8 <H
WHENTWEA, —RICEEFOHLEROERMEE, Z
OFFEEHFZEOBEME L, FTWEE L DEMICH B LA
MohTwa 17, 2wz, CNN O AJJHE{E % B3
BHEFHEM, WX, AN~y TEBRT 5 EHEICH R
DWhHHEEZONL, Tl A1 CTHRRIT—F2 VT
7L —MbEZ CNN I LGB L2354, 7 7L —
NH— RV ERERCT A EHEMIE 2 S 2 D720, BAA
HIFRIZNL, AN~y TOERMEE I —ANDINT X 5l
EWRE CHAEDLE L R DRENS CETN, FHRFFIH
CHHESEWEELZ NS,

Z 2T, HERRLEICH L CRMERMAIERIE 2D D S
DEMERT D720, T - WRBOMAEDEHNF L TH
5 &) R E ORI E ORI T 2 o T
AL
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5.2 HAERR

M 6 IZRTETFIVO—EHIZBI B EARAMEEIZ DWW
T, I—ANWT 7= Mex#EHALZWGEEEA L
BEENZNUIBNT, T - PERMOMA G HLEDE L
ThHhHL)RFEEPEOBERBT202MELL. 2B
—BHIZBWT 1 ATy 7TETENLIREORR I,
J— K32, /J—FAF¥YANVES KFrArNVIZBIT5S
DB AARFERERAE 30 x 30, —FEDOBEMAALTETEN
HAEEAB I3 LD, 777,600 B THAH. 3.1 Hi Tz L
)12, ONN TII/RF A ¥ DB ENL 2 L 7%
Wz, 735 A% % Chainer HEH#TH % 32bit {FBI/NEA

TERIELESEIZOVWTORE L. AEHEE, &R 2
BLUE 3 IIRT.

INHORIT, BAAETITTONLFERIZBNT,
B BB OMAEIMTHHBIL 20 %, W UEHE2TH
NPT AL TORLADDOTH Y, Sbit [FHE/IN L
BICET L L7284 (fixed8), 16bit B/ AIZE 1L
L72%4 (floatl6), m=T1LEITH R WHEE (Hoatd2) D%
NENORER T LDOTWDE, LBRIORLIHEIZ, AT
F—=Fty bS5 I A0l ERIRL, 22N
L CHERG 2 AT ) BRICHN A B OWTHRAE LR D
FIHETH 5.

Bl Z1EFR 2128V T, floatd2 DFID 51 ~ 100 DT
540.7 LW EDRLENTWE, ZhE, =7 bziTb %
WA, X6 127R L7 CNN O —J& H D& AiARE TITh
NHLFEEITBNT, #9540 MOFH - g7 I3 L C,
ZNZEN 51 ~ 100 HF LA fTTDONI L) T EEE
LTWwa2,

F 205, 8bit EE/MEEICETAL LA, H3E
Bhs 50 % W 2 5 ek - HRBMOMAS DEDNSE A
LTBY, FUREY - BEPOMAEDEIZL L FEETE
RN B LFEITENT VD I EDHERTEL, Lal,
wLOFEIC LD ST, HIHEEAS 500 [l %8z % &
)AL AEHFELTESL T, FHEEAHZ VT
B TEXLRBIIRENTHDLEEZOND.

— 5T, E3IRT, I—ANVFrTFL— MbE#EHBL
72 E ORI, BHANCIERTES  OFHEPER L
TWB I EMRRTEN, FTH5 1 RIS 4% TF
L TWEZENL, SHEHEAAICL 2 ETEEHIMAER)
WZEHLTHA) ZEBTFHTEL, A2 —F VT VT
L— Mbx @3, T bb@EHLawins, EELT
WRWIRE DN — 138 147,224 8 5 720, FHEFEF
I & o TRERIEA 19% (= 147224/777600) F THI
WCTEBD, H—FNT 7 L— MLz L2 E T,
I 4.4%F THIW T &, HIZ Sbit EE/INEEIZET
L7256 Clt, EEMELYH 3.0%E THIRITRETH S
ZEVTNB.
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6. BBHYIC

KA TIE, CNN OFEICET 2 UHEEHEE B E L
T —A W7y 7 L— MExREL, F7: CNN OHEFRIC
B4 L EHIEE HAYE LT, CNN &I 555
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MR TE, SHEHAHOMEIFIIRE L 25 2 LTl
T&7:, SH%oOPFEL LTE, LIl ZT 7L —F
B —ANVOE, BLY, BIEFAHL ST 5 EAK%
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SENH

[1]  Krizhevsky, A., Sutskever, I. and Hinton, G. E.: Im-
ageNet Classification with Deep Convolutional Neural
Networks, Advances in Neural Information Processing
Systems 25 (NIPS 2012), pp. 1097-1105 (2012).

[2] Simonyan, K. and Zisserman, A.: Very Deep Convo-
lutional Networks for Large-Scale Image Recognition,
arXiv:1409.1556 [cs.CV] (2014).

[3] He, K., Zhang, X., Ren, S. and Sun, J.: Deep Resid-
ual Learning for Image Recognition, Proc. IEEE Conf.
on Computer Vision and Pattern Recognition (CVPR)
(2016).

[4]  Russakovsky, O., Deng, J., Su, H., Krause, J., Satheesh,
S., Ma, S., Huang, Z., Karpathy, A., Khosla, A., Bern-
stein, M., Berg, A. C. and Fei-Fei, L.: ImageNet Large
Scale Visual Recognition Challenge, Int’l Journal of
Computer Vision (IJCV), Vol. 115, No. 3, pp. 211-252
(online), DOL: 10.1007/s11263-015-0816-y (2015).

[5] Kim, Y.-D., Park, E., Yoo, S., Choi, T., Yang, L. and
Shin, D.: Compression of Deep Convolutional Neural
Networks for Fast and Low Power Mobile Applications,
arXiv:1511.06530 [cs.CV].

[6] Rastegari, M., Ordonez, V., Redmon, J. and Farhadi, A.:
Xnor-net: Imagenet classification using binary convolu-
tional neural networks, Furopean Conference on Com-
puter Vision, Springer, pp. 525-542 (2016).

[7]  Miyashita, D., Lee, E. H. and Murmann, B.: Convolu-
tional Neural Networks using Logarithmic Data Repre-
sentation, arXiv:1603.01025 [cs.NE] (2016).

[8] Chen, T. et al.: DianNao: a small-footprint high-
throughput accelerator for ubiquitous machine-learning,
Proc. 19th Int’l Conf. on Architectural Support for Pro-
gramming Languages and Operating Systems (ASP-
LOS’1}), pp. 269-284 (2014).

[9] Denton, E., Zaremba, W., Bruna, J., LeCun, Y. and
Fergus, R.: Exploiting Linear Structure within Convo-
lutional Networks for Efficient Evaluation, Proc. 27th
Int’l Conf. on Neural Information Processing Systems
(NIPS’14), Vol. 1, pp. 1269-1277 (2014).

[10] HERRETE], MIER, SOBEN, HEAEE = X -



ERAEF MR RS Vol.zolfs-ARc-22302l g% }
IPSJ SIG Technical Report

ANV OFEEIZ IS CEBEHEZIT) CNN 7725 L —
5 ORES, 1B (ETNET2018), Vol. 2018-ARC-230,
No. 31, pp. 1-6 (2018).

[11] Juefei-Xu, F., Boddeti, V. N. and Savvides, M.:
Local Binary  Convolutional Neural Networks,
arXiv:1608.06049 [cs.LG] (2016).

[12] Mahendran, A. and Vedaldi, A.: Understanding Deep
Image Representations by Inverting Them, Proc. Conf.
on Computer Vision and Pattern Recognition (CVPR),
pp. 5188-5196 (2015).

[13] Tokui, S., Oono, K., Hido, S. and Clayton, J.: Chainer:
A Next-Generation Open Source Framework for Deep
Learning, Proc. of Workshop on Machine Learning Sys-
tems (LearningSys) in the 29th Annual Conf. on Neural
Information Processing Systems (NIPS) (2015).

[14] LeCun, Y., Bottou, L., Bengio, Y. and Haffner, P.:
Gradient-based Learning Applied to Document Recogni-
tion, Proc. of the IEEE, Vol. 86, pp. 2278-2324 (1998).

[15] Krizhevsky, A. and Hinton, G.: Learning Multiple Layers
of Features from Tiny Images, Technical report, Univ. of
Toronto (2009).

[16] Otsu, N. and Kurita, T.: A New Scheme for Practi-
cal Flexible and Intelligent Vision Systems, Proc. IAPR
Workshop on Computer Vision, pp. 431-435 (1988).

[17] Miguel, J. S., Albericio, J., Jerger, N. E. and Jaleel, A.:
The Bunker Cache for spatio-value approximation, 2016
49th Annual IEEE/ACM International Symposium on
Microarchitecture (MICRO), pp. 1-12 (online), DOL:
10.1109/MICRO.2016.7783746 (2016).

© 2018 Information Processing Society of Japan 7



