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In this project, we propose a method to obtain a concise extended
formulation of a given optimization problem with linear constraints of integer coefficients, based
on the Non-deterministic ZDD (NzZDD) representation of the linear constraits. Our method is
applicable to wide classes of optimization problems such as LP, QP, SDP and MIP. Furthermore, we
propose an extention of our method to the 1-norm regularized soft margin optimization problem,a
standard formulation of learning sparse linaer classifiers. In the experiments on synthetic and real

datasets, our method often improves compuation time and maximum memory usage compared to the naive
application of optimization solvers.



X C—19. F—19—1, Z2—19 (58)

1. WFZERRME L IO 5

B FETT — Z I ESW B EREICB W TR ERA R R BN TH 5. EIRORKHE
By, A7 va—Ur 7ol ORI CTORBIERNBESS, By 75 —4% ] ZiEH L=
MR 7 8 Ol biT T EARRE R4, £, HETIE, HRAFRUSAOSEFICE T L
BWLITIAEZEEZ DN TS, BIIE, MEBBICB T 28LE2bEWOBREMEL, =3 /LF¥
—B¥ DT T v IRy 7 AREACHBEO 1 22 b,

B0 TIE, LIE LIE NP RNEERBEBURELRIEZ T\, £72, 7 —Z O KRB LIZED,
B A= AR R AR E TERT D2 ENROOND. LR - T, HE{bFEL, &
MR OB O B S 720 T L EBORET — 2 O (A=A M2 E) ZiE L1238
7B S 2GR OMNEND D . AROFFEHEZ BT 2 2800 TRV 1% TR — 21
WTET DRSS 2R Ui b ik a X0 8hsRb - B A= 2L ATREDN 2 F 72, &2 F THlhE/R
DN? ] Thb.

2. Mo E®

ARFZED B, BT — 2 OE 2 ZE LBt O RN EBREZH ST 52 L Th
5. 2T, A#FgETIE, TR —% OffidEEl) + TEEBEEERIUCE S < Kb, &
I ERE L, DED XS e bMBEIZHB N T, () ED X 5 el ER BN AR
2> ? (i) Z 45 BEBOE & R B RS U722 == e e b i al RED> 2 & v 9 —E O R ERE I HL
VT, ARBFIEIC K o THE DAL D S b B H IR 13 Rl b FIE O SR Ze @ik 7e LA AR
—2fbEE#EK L, By 7T —%] fTICRKRDICETHHDTHS.

3. WD ik
KEFFETIE, £91 NV AEREY 7 b~—Y U LREICESZ LIE- 7= LT, FEE LD
HEfFI R E T D NZDD LD/ ~— K~ — 2 U i b R AR L O Rt T4 [Fujita+, TCS20] DHEE
Rk T-. —F, 1 7 VAEANLY 7 b~—2 U EEERBREIC B A BIEEIFIIT NZDD @Y
FEEICESONWTEZ WM NARETHH Z EICHER L, EEERIORE LR AT

X512, ERROPEE R FENEBIR B OBIE S & FFo— MR A 72 i b PR L, 4k
RERDOHEMEE R L. SHITEEART—ZICBWT, RRFIEOMELZRIEEIT- 7.

4. WFERCR

[renE]
BEREDRIIGORBIN LT, £ DRI SIES AT/ 7 Mol & ST

WMAKBIC G 25Tk GLREAL) £ somscms .

A E 1, R (1) Ak NS T
ZRIB9 D NZDD Z2AEZE L, (2) NZDD (2HE5< s - it

RS E 54 5. © OWIRERILEEOM  aeiiimse foar st &[]=p

BOHIFIE (F—2 VA X)) [IRFEET, ®’
ELAT T T LD A RZDIMEFETH. L

NoT, LOEEILENRERTH-TH, (U a
BTHY) M@BRPES AT VT DRI 1H "%" lB
ROEY A RO/NS EEBEICEX MR ey o T
5D LNTE, RELEDRLTE S, BEG v sm) "o )
EREE 1 2 VAEANEY 7 b~— Ui

MEO KRB TF — % « EF—Z 2B TE F 10 FRREOHE

< DBAFERE - ek AT U RO KR

hE %~ L7 [Kurokawa+, arXiv22].



[ 2D DR ]

1. BELHE~DOF T A TR O

5G/66 RIS TIX, ZHETD 3G/46 LW\ o7 OFIEHAAZTES BAXTUNE -
WHRIE AL 0 bR OERARIRT 0, B (BRERERS) EXIEICHE

L0 REROERE SEICEET S 2 L. ONZDDBEER : WINE3VUT

115

ol

/I é #jiy %}gj {& O)%{& !i%%’ﬁ%%ﬂ b: J: 2 Tﬁﬁ‘]\& Mem. consumption [MB] Computation time [sec]
SNRF < A2 B T8, B AP CH R OB & e i /
BRICRIRY BN TS, AF—ATIE, < s [ -

T eV UTT I ET OIS V—T & L6 T, -

Ny T U —HIfITTOA T A 8RN = . e
LT, TEMRMRICES St a—U XT 47 o | e
REMZIAVT 4w b FEEISH L. B S — = ) e
Lab—va VBRETT T, RO T A — T RTFE e — e

SCHEHMIZEDO A LD L EMERETH Y, F 72 B B
I+ Ui+ %2 %% 5% L TU % [Hashima+ B 2: IREEBEFHEREDALT —F AT 5E
Globecom22] (E{E T.Z2D b v 742 Globecom2021 4 P

Eﬁ)ﬁ . ti N .
CERAR) . IS b B OBE TS FOA T4 v AR B
BREMBEICH LT, 274 o FPRIFEORHEZIT- 7.

2. o4 vEEREMEICEET 25T

F T A T RO R ERERFEE ORISR 2 T3~ <, X0 EREZ KB L 72831520972 8
RIS FIZB W TR OERE 22 4 > T A P IRFIEOIR AT > 2. B, iGN 5
ZONTEA T A v 2EATHIMTE RIS LT, A& &2 sk U728 LW IERMEIEIC S <
T4 TR TFEEEREZ L, Kb eiR o Bk B 2 =Rk L7z [Liut, ACML21] [Liul,
Mathematics22]. Z O#FFEIL log-det IERLDOE A2 WRIHBI D 1 >TH Y, 2 T4 v
BIZBIT 7 —ARAXT 0 L LTHEEREWE .



22 21 15 9

Yuta Kurokawa, Ryotaro Mitsuboshi, Haruki Hamasaki, Kohei Hatano, Eiji Takimoto, Holakou
Rahmanian

arXiv:2211.06065

Extended Formulations via Decision Diagrams

2022

Arxiv

DOl
10.48550/arXiv.2211.06065

Hashima Sherief Fadlullah Zubair Md Fouda Mostafa M. Mohamed Ehab Mahmoud Hatano Kohei
ElHalawany Basem M. Guizani Mohsen

On Softwarization of Intelligence in 6G Networks for Ultra-Fast Optimal Policy Selection:
Challenges and Opportunities

2022

IEEE Network

DOl
10.1109/MNET.103.2100587

Fouda Mostafa M. Hashima Sherief Sakib Sadman Fadlullah Zubair Md Hatano Kohei Shen Xuemin

71

Optimal Channel Selection in Hybrid RF/VLC Networks: A Multi-Armed Bandit Approach

2022

IEEE Transactions on Vehicular Technology

6853 6858

DOl
10.1109/TVT.2022.3163078

Hashima Sherief Fouda Mostafa M. Sakib Sadman Fadlullah Zubair Md. Hatano Kohei Mohamed
Ehab Mahmoud Shen Xuemin

Energy-Aware Hybrid RF-VLC Multiband Selection in D2D Communication: A Stochastic Multiarmed
Bandit Approach

2022

IEEE Internet of Things Journal

18002 18014

DOl
10.1109/J310T.2022.3162135




Liu Yaxiong Moridomi Ken-ichiro Hatano Kohei Takimoto Eiji 10
An Online Semi-Definite Programming with a Generalized Log-Determinant Regularizer and Its 2022
Applications
Mathematics 1055 1055
DOl
10.3390/math10071055
Mohamed Ehab Mahmoud Hashima Sherief Hatano Kohei Aldossari Saud Alhajaj 22
Two-Stage Multiarmed Bandit for Reconfigurable Intelligent Surface Aided Millimeter Wave 2022
Communications
Sensors 2179 2179
DOl
10.3390/522062179
Hashima Sherief Mohamed Ehab Mahmoud Hatano Kohei Takimoto Eiji
WiGig Wireless Sensor Selection Using Sophisticated Multi Armed Bandit Schemes 2021
Proceedings of 2021 Thirteenth International Conference on Mobile Computing and Ubiquitous 16
Network (1CMU)
DOl
10.23919/1CMU50196. 2021 .9638849
Hashima Sherief Fouda Mostafa M. Fadlullah Zubair Md Mohamed Ehab Mahmoud Hatano Kohei
Improved UCB-based Energy-Efficient Channel Selection in Hybrid-Band Wireless Communication 2021
Proceedings of 2021 IEEE Global Communications Conference (GLOBECOM) 16

DOl
10.1109/GLOBECOM46510.2021.9685996




Yaxiong Liu Ken-ichiro Moridomi Kohei Hatano Eiji Takimoto PMLR 157

An online semi-definite programming with a generalised log-determinant regularizer and its 2021

applications

Proceedings of The 13th Asian Conference on Machine Learning 1113 1128
DOl

Yaxiong Liu Xuanke Jiang Kohei Hatano Eiji Takimoto PMLR 157

Expert advice problem with noisy low rank loss. 2021

Proceedings of The 13th Asian Conference on Machine Learning 97 1112
DOl

Mohamed Ehab Mahmoud Hashima Sherief Hatano Kohei Aldossari Saud Alhajaj Zareei Mahdi 10

Rihan Mohamed

Two-Hop Relay Probing in WiGig Device-to-Device Networks Using Sleeping Contextual Bandits 2021

IEEE Wireless Communications Letters 1581 1585
DOl

10.1109/LWC.2021.3074972

Hashima Sherief Hatano Kohei Kasban Hany Mahmoud Mohamed Ehab 21

Wi-Fi Assisted Contextual Multi-Armed Bandit for Neighbor Discovery and Selection in Millimeter 2021

Wave Device to Device Communications

Sensors 2835 2835
DOl

10.3390/521082835




Mohamed Ehab Mahmoud Hashima Sherief Hatano Kohei Fouda Mostafa M. Fadlullah Zubair Md

70

Sleeping Contextual/Non-Contextual Thompson Sampling MAB for mmWave D2D Two-Hop Relay Probing

2021

IEEE Transactions on Vehicular Technology

12101 12112

DOl
10.1109/TVT.2021.3116223

Liu Yaxiong Hatano Kohei Takimoto Eiji LNCS 12607
Improved Algorithms for Online Load Balancing 2021
Proceedings of the 47th International Conference on Current Trends in Theory and Practice of 203 217
Computer Science(SOFSEM 2021)
DOl
10.1007/978-3-030-67731-2_15
Fujita Takahiro Hatano Kohei Takimoto Eiji 806
Boosting over non-deterministic ZDDs 2020
Theoretical Computer Science 81 89
DOl
10.1016/j .tcs.2018.11.027
Suehiro Daiki Hatano Kohei Takimoto Eiji Yamamoto Shuji Bannai Kenichi Takeda Akiko 32
Theory and Algorithms for Shapelet-Based Multiple-Instance Learning 2020
Neural Computation 1580 1613

DOl
10.1162/neco_a_01297




Hashima Sherief Hatano Kohei Takimoto Eiji Mahmoud Mohamed Ehab 24

Neighbor Discovery and Selection in Millimeter Wave D2D Networks Using Stochastic MAB 2020

IEEE Communications Letters 1840 1844
DOl

10.1109/LCOMM.2020.2991535

Mohamed Ehab Mahmoud Hashima Sherief Aldosary Abdallah Hatano Kohei Abdelghany Mahmoud 20

Ahmed

Gateway Selection in Millimeter Wave UAV Wireless Networks Using Multi-Player Multi-Armed 2020

Bandit

Sensors 3947 3947
DOl

10.3390/520143947

Hashima Sherief Hatano Kohei Takimoto Eiji Mohamed Ehab Mahmoud -

Minimax Optimal Stochastic Strategy (MOSS) For Neighbor Discovery and Selection In Millimeter 2020

Wave D2D Networks

Proceedings of the 23rd International Symposium on Wireless Personal Multimedia Communications 1-6

(WPMC 2020)
DOl

10.1109/WPMC50192.2020.9309495

Mahmoud Mohamed Ehab Hashima Sherief Hatano Kohei Kasban Hani Rihan Mohamed 65

Millimeter-Wave Concurrent Beamforming: A Multi-Player Multi-Armed Bandit Approach 2020

Computers, Materials & Continua 1987 2007

DOl
10.32604/cmec.2020.011816




Hashima Sherief ElHalawany Basem M. Hatano Kohei Wu Kaishun Mohamed Ehab Mahmoud

10

Leveraging Machine-Learning for D2D Communications in 5G/Beyond 5G Networks 2021

Electronics 169 169
DOl

10.3390/electronics10020169

Miyake Fumito Takimoto Eiji Hatano Kohei LNCS 11638

Succinct Representation of Linear Extensions via MDDs and Its Application to Scheduling Under 2019

Precedence Constraints

Proceedings of the 30th International Workshop on Combinatorial Algorithms(IWOCA 2019) 365 377

DOl
10.1007/978-3-030-25005-8_30

Horakou Rahmanian

OR

2023

2022

2023




Kohei Hatano

Extended formulations via decision diagrams

MIRAI 2.0 AI-TEG Workshop Theoretical aspects and foundations of Al

2022

, , , , , Holakou Rahmanian

1B152022

2022

s s , , Holakou Rahmanian

1B152021

2020

1B1S2019

2019




(Takimoto Eiji)

(50236395)

(17102)

Amazon

Prince Sattam Bin Abdulaziz
University

Idaho State University,

Western University




