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This research proposes an optimization model for the network service (NS)

mapping and scheduling problem with uncertain processing time in network function virtualization. We

model processing time uncertainty through the G-robustness approach, which provides different
degrees of robustness against processing time uncertainty. We formulate the problem to minimize the
worst-case makespan over the given uncertainty set. We show the NP-hardness of the considered
problem. We develop a heuristic that divides the problem into subproblems. It has polynomial time
complexity to calculate the worst-case makespan over the uncertainty set. It has better scalability
than the corresponding mixed integer linear programming (MILP) problem and obtains the same
worst-case makespan as the MILP problem. The numerical results show that the proposed model
outperforms the conventional model with deterministic parameters regarding worst-case makespan.



Bk X C—19, F—19—1 (JLl)

1. WFSEBHR YW DTS &

T77AT VA=, B— KNG oY — Ry NI =T RLARNTURAL—=FREDFRy NU
— 7 FEEIE, FIAFEOSELRERFMEZWETHDIC, T—F B ¥ —8¥ERy NU— T 5
TIKSBHENTWS, —EAF =1 (SC:servicechain) 1%, B DOxR > U — 7 HiES
WMAGbElRry N =27 —E2AOEEMERE L TER SN D, SC Tk, MRERLELRDL R
v N — 7 BSEER OMBIERFREBE IND, 1ROy T —27 Tid, Fv MU — 7 #RRITHA
DN—FR7 7 LTHEREIND, *y NT—JERAFEIL, MBI HOT—X N T v IRy
N — 7 BREEFTEDNEF Tl T 2 L 912 SC ZRET 5, T, ZENOTFEHRMFEOE
72O —EADERNPHIIM L TWD, kDR >y MU —27 TlE, #Hii-7e SC Ok EE K
WXL TH LDIAN— R = 7 2N - RET HDHLERDH Y | B2 A MBI ONEH = 2
FO¥ERERHL,

N=RU =T DOFy N —IEREOHIRZ RS 5T Fr—F L LT, *v b7 — 7 HREIR
k. (NFV: network function virtualization) H#FOWISEEIFE NI THIL TS, NFV TlX, &
FAN—Ro=zT7hbxy NI —JHREEZDBEL, *y N — 272 HY— S ETEET S
V7 T ELTEESTS, 2OV 7 2T EEMARy U — 78 (VNF: virtual
network function) LIRS, X v MU —ZERBITH - REEOY — B RAERICH LT, #HLW
=R =T HEANTEHZ L7, VNF #x%v hU—7 EORAY— NI4T~ K THRIE
TE5, 2k, oA MBEEND EEBIC, Xy P — 7 HREDFER T OEED
FARPER M B9 5, NFV BREE R\ T SC it 285A. *y MU —Z@#EMAH T, HEk
Ay b —7 FICREINAME LRy B U —2 (VN: virtual network) OfRAE/ — K (LA
T. /—RK&MES) EIZ VNF ZEfid 25, SC T 5 % v bV — 7 EEDNEEF % Z 8
L CiEtlic VNF 2388 - i35 2 ik, SC BRI T D Z v TE 5,

=)o End-torend ORI NE VY SC 2R3 572D12i1%, SC D~y B 7B L)
A 2= T ETIONENH DL, v v B EiL, SC 38R+ 5 VNF 2 VN Lo/ — KR
WEIDV Y THRZLETHD, A rVa—l 7 lid, 120/ — K ETHEED SC H3FE CiEEIR
ZIAHTHEIT, SC M2 VNF OB OERIEN 2 522 Z & Th D, HED SC ORREEK
WX LT, SCOVY LT « A7V a—Y T7I2i, 2RO (XA 7 ANY) &k
INTT BHEN B B, TERMIZE TlL, & VNF OABMEENET L2V FEER TH D) & LT,
SCvy BT « AT a—1 T OWENMTbNTET,

L LZNE EEDOXRy U — 7 @ERICBWTIE, VNF OALBERE IS AR ETEDNTFET D,
BARMIZIL, VNF OLEPEREAER 2 22 BRI 2R (B 20, LH P — OB A5, VNF [ OEr
FEJEHG) 2L o TR s, VNF OO EE§ 2, VNF ORI IS A EPE DT
BT 556, MERINRTA—FEZMNNTY v B T A7V a—) v TERETDHE, AT A
INUMEERTDHEMEND D, RO SC~ v « 27—V 7 AL, VNF O4LE
PEREDRNEERITH D Z EHRELTE Y, VNF LEVERED RHEEMENEE STV, A
FTlE, FHEEMNEDH D VNF UEMEEEZZE L7 SC~ vy B 7 « A7y a—1 v 7 a4
ETEDLNENIIVICE R D, KEFXDOMELIZ LY, 3y MU —27#EHE L, NFV B T
BWTERR TR SC #3252 LA TX 5,

2. WO BW

ARFZED B, REEMEDH D VNF UWHEMREEZZE L7 SC~y B « A va—U v
THREMBT D Th D InsE
Hix, SCwube s« ArYa— V¥
Vo 7zxt LT, 4 VNF OMLEE:

Uz
(EEEIE: 1)

SCEXTE Z3k VNFALE B
SC1|fi—f h 2

ERTEEN T 5 & UE LIS A e ST, AR
L: 7(/]) 7 é/\o y%%/J\@:ﬁéiﬁﬁ FE{rxy F7—2 (VN virtnal network)
BT NERL, TOMEEZR L 1 VN 3L 0 SC 2% E TR Ol

[Y. Zhang, HPSR2019], [Y. Zhang,

TNSM2020], ZHUZ k> T, REFKUEDO FIZBITH SC~y BT « A Va—1 v 7O
IO BN SN TWAS, — . REEEMED & % VNF ZLEVERE D E 7 AL i b T 1E A
Et S TuZany,

X 1~3Z2MHWT, SC¥y bt « 2752 a—Y v FoflZERT, K112 VN BILOSC #
EEROF 2 R7, f1, 2, 3 D 3FEHD VNF /8 VN LRI sn<chh, SC1BLUSC2
D 2MEHD SCHEERNPGFET D, SC1IiL, 7—¥ % VNFfl TOHE L7=1Z, VNF 3 TLLE
TAHZLEHEERL TS, SC21E., 5—#%% VNF 2 T4 A LAZTERLTWDE, /— K
11X VNFf1 & VNFf2 %, /—F 21X VNFf2 & VNF {3 %, #nFnfift+s, &/ —Fn
[FIRF AL ATREZ VNF X 1 & %, 4/ — RIZBIT% VNF 1, 2, f3 OLEERIZ, £h
Fh2, 38, 1¢95%, J—F1&/—FR2DEDY 7 OREEBIES 1 LT 5,

X 212, VNF OBEMEREDRHEN THIHEED SCLENRSC2D~v vy B T « A7V a—]1



¥ T DFEATREMR OB & 2 (ERT, FATH]

ez 1 (1M 2(2)) Tit., SC11%. f1 %/ — i
R1C, 3%/ —F2 CERZTRAIT :

%, SC 2%, 24/ — K1 COE4 5,
J— R 1Tl fl ORESTHhRIZHIC 2

7 2A4v: 5| PP ELTIR

7 —Fl:f; ==

J—=F1fh

J—FLf i
7 — ¥2: f; | 0

IS DA P a—) U7 u21T 9, FAT 0, S |

AfEfE 2 (K 2(b)) TiE, SC1IE, f1 &/ A I R B

— N1 T. 8%/ —F2 CTENFINIES o 1 2 3 4 5 0o 1 2 3 4 5

b5, SC 213, 2%/ — K2 CLEd 5, (a) EFTATRE B¢ (b) FFThE =

J— R 2 TIE.£2 OB T4 £3 M2 SCvo byl e AbrTa—l

BB DAY a— ) VT EAT D, AT 7 o <

AIREME 1 R ON2 DA A T AN E, EE

5 KT 4 chbéo VNF @ﬂfi'ﬁ;ﬁ%ﬁ)ﬁﬁ SC1 SC2 VNFAESMLS

ERTH D50, EITREME 2 DS HE = mm = :

TTRIREAE 1 K0 & A A 7 280 A, SE g
—7J7. VNF OWEMERED RHEME A /- Fua s o B s A

J=Frp

BLZBE. Lo 2 DOFEITAREMD ég

AA 7 ANVIER D, [31C, VNF I == A BN ==
BT 2 MBS AL LA D~ v & YRR ey np
LR S e ) T DT ) — (a) SRATHIE (b) SRATFIHE
KF1& 202 DARERI 322548 L X3 SCvvb LT« AV a—0 7

THIZ72YD . 7 — K20 £3 ORLFREERE A Dl

1B EFHLT 3R T 5, =D

e SEATAREMAE 1 (K 3(a)) B2 (M 3(0) DAL 7 ANRANTENEFNT & 81275, VNF D
AERPERE S HETE M 70355 LIT B2 | FATRIHEME 2 O FNFITRHEME 1 LV L A A 7 AR08
EL< 5,

3. WHEDITIE

SC DFREEFERDODERVRH LN LOEZ LNLFHFNTFT Y FITKH LT, SCvy BT - A7
2a— V7 HRERET S, FHET VA2 ERL L, RETEOHEEMEE O T 5, s
ENINETOR Y NT =T FHFOMIETEE -T2 % v b T — 7 (RO RE, BL O, v
A Mg b oF AR, He, 10C20218], [S. Khouangvichit, IEICE2020] #iEM L T. VNF AL
REf O LB 2 R T AHEHERETED D, FHEMERITHT D2HRRKOAAL 7 AR EH
M3 27012, K2 IR LIE L D R FEITAIREMED A Y A X U ABMB T T 7L LTHRL, %
TR L TIRRD AL 7 AR HRODT T XL LB RELTFEEZEHT 5, £720 01
BOEBELEOHRBIIR LT, EHMNRERETSCvy By S - 25V a— o PR EE
TERWEAEEEEB L, XM UERE2EH LR RANT VY X AR T 5, UNF ALEER
M OARMeEMZ LB Lo LIBE ORI R D A A4 7 2]y (B FR) & RNiEEMEE 58
LW LB Z RN T 3 DX ) ICAEEMEZ BB L TROIZAAL 7 AR (KT
R) EARLBLT, fIER’BELVELLI RS a2Rd, 2, BBRFRICI B AL 7 20D
HiJEiR & VNF ALERFER] O 2 BhEEPH & OBMR 2 50295, BAMT LT U XAIZOW T, &
WL TFEEZEH LIS E ERRED A A 7 AR OBIBERENE LD Z & 2R,

4. WFIERLE

4.1 VNF ALERRF RN ARRERE R NS v v B 7 e 27V o — U o I 5 il
ARWFSEIL, NFV BREE T2V T, VNF LR DS AREFE R NS v v B T RV a— 1 U JRiE
kT A EE(LET AV ERIRRZ LT[V, Zhang, TCC2023], Fkx %, VNF MPRRERI O RFEEE G-
robust 7 72— [D, Bertsimas, OR2004]% HWNTETFT AL L. FReFEM:Z LS PR D4

TOARRREBICE BEA T 2ME KD DT2DIC, G ONIEARHEIMEES ECTRECL A
AA T AN MU BRI IRGEEGEE L U OERME Lz, Z ORBEOFH R EHE

ERRAT L, i ‘
NP K] 5 P
arm L NS IM—’M Procedure 1
o ERT f: —>
;/1/%%2 < NS2 @"’6 Edge Weight:
z i + 05 O pg;
Eaole B s 3Gy Pai + 85 or py
R %0 4y
BTy E . SE 4B AE (= F A 2 4 S
A% BT M4 FERTICAWS 7 277

WA kL



oo OBV TR a— 00T D pmm—m—m—m—me— ] e

WENG 2 ENAHAMEICAILT, [ ynpq roTIeRes o I
RHEEMEE SIS DREOH GO |1 ' : VNF2 !
AA T AN R DHZEAXREEE 22885808085 —VNF 2 |eacooooaaan '
MEAFORRFET LVTY XA Host 1 Host 1

< o - 3 N N N
ZBA%E LTz, BI%E L7 %6 T T L =5 UNF U4 A s

Y XA, IREEEGHEED T 7

0—F XD A=) T (0 ITE

nd (K4), ZoORAMTETALITY X AE, [V, Zhang, NOMS2020] THE/R Sz b O Tldth
2R, BB E ) — KRN EET5EREOEL WA — FEOFRy U — 7 BIEE#Z[E L
TWo, KRERWFET VI AL AT LI LT BEBEETVE, RERN AT A—2%H
WIERESRDET N EHWTZ 2 ODOR—=RT A L BT 5D, BIpD RiEFEMESDOY A X, F
NS OF 2% SC K, FEYELBRF 6 O RZEE, KON, Ry MU — 27 BIED R 5 H#iH %
EBRE L, IRETT VOMREZ AFHPICRHE Lz, BUEFHE O, 1IRETT VT, IERI/NT
A= EHWZ2 ODORX—RF 4 U EHIG LT, REOAA 7 ANRNCEHIBTHZ L xR LT,
Flo, MEETNVOMREICHT 2Ry NU—7 bR o—0OEE ST LT,

4.2 fEARF N T — I HREE ) A DL 7 LRI R I e — B AT T L

NFV i%, VNF % 7= &0 F2dk72ex v Servicel. VNEL Higher
FU— 27— ZDOE A TR & T St —( )
b, —ERAORMF L, —ERIZK ]II}
Ofﬂfiéﬁgﬁ%*%{%fl Lfotb§fb, Servicel, VNF3
W FE7 UNF 7R A b EIZEID ST 50 —————_JII}
ERH DN, —EREA[RERIRY %) _ o
REEMET 2 = & IR Ch D, Gt SWE&ETL_EDI}. Priority
S92 [F. Malandrino, TON2019] Tl
ORI L, HEBESEEMT  Servicel, VNF2

AR X ervicel, %:IJ:I:I‘

BB THN WF A AE A5
BOV—CATHET D FIEZHREL
TW5b, LrL, BRDHWNF A RZ Y
Z TR ARG IR O LF1TIT > T

W, TNEABEICT D Z & T, HEER Host
FIHO S 572 5B FFCTE 5,
AT AWFECIE, HIROIA L 6 Per-host priority

SEMAEXa—Z2FAH L ThE= A b

EHR/MET AR E Lic, *y MU —ZRERIBMEICB T 2 — B RAEUEET L E2 RS
L 7= [Akahoshi, Globecom2021], [Akahoshi, TNSM2023], #BRZEEF /A TIL, FEITHIITHhND
VWNF VYA 712k oTC, R—FARED VNF £V AZANRKA OFEERYILET S
(M 5), &HIZ, ThZENOBRA MIELREMNE X2 —OflAaz@E4 5 (K6), 22T,
FICH—ER, INF, FA N EOT7a—{ZZRUELEEZHV B TELOLE L, 2% per-host
priority EFES, R ET VA, Y —E X2 A N & R/AMET dECIEE L TESME L,
T EEAN R TR IR TFE (FlexSize) ZFE L1-, F—&A LD VWNF A4 A F
ANFEER A LA LRNET LV ER—ZATA VETIVE L, BBETNANR—ZATA ET
NEHEN, =R A MR LD KREHRAEETHD Z L 2R LT,

BT, B—fEo 7o —, $hbbE—0V—E X, VNF, A MIBTIZ7e—Il8R5
B E % 5 2 5 per—flow

priority % & % L 7

[Akahoshi, APNOMS2022],

[Akahoshi, TETCE2023]. Per— —O
flow priority TI%, 7ua—o

TEME = & B 50 O R 2 T El : Flow with priority

FEL, £ 7o —OEEREITE
DOFFAPN 2 D AR (2E D 24
<bLnd @1, Zhicko,

(a) Per—flow priorityZ @A LizF 12—

b AR BT 57 10—, r—J m r+j

ENrOBEO T —X0H 5D 51,V _
MR TEEEDE D, L) Ty —J 2 2t
ZENREBTEX S, KiFET S22 o ® o
3. per—host priority %3 fH .

A ey et (b) 7O —BOREBESEETL (—E57)

FlexSize % . per—flow

i X o L
priority M2 5 £ 5 Bl L 7 Per-flow priority



72 Per—flow priority & per—host priority ZLCEEHME L, FiFOFN—E A2 X &
LY KREHIERRETHD Z L EBR LT,

[ZE&3CiK]

[Y. Zhang, HSPR2019] Y. Zhang, F. He, T. Sato, and E. Oki, “Optimization of Network
Service Scheduling with Resource Sharing and Preemption,” 20th IEEE International
Conference on High Performance Switching and Routing (HPSR 2019), May 2019.

[Y. Zhang, TNSM2020] Y. Zhang, F. He, T. Sato, and E. Oki, “Network Service Scheduling
with Resource Sharing and Preemption,” IEEE Trans. Network and Service Management,
vol. 17, no. 2, pp. 764-778, Jun. 2020.

[S. Khouangvichit, IEICE2020] S. Khouangvichit, N. Kitsuwan, and E. Oki, “Optimization
Approach to Minimize Backup Capacity Considering Routing in Primary and Backup Networks
for Random Multiple Link Failures,” IEICE Trans. Commun., vol. E103-B, No.7, pp.726-
735, Jul. 2020.

[F. He, ICC20218] F. He, T. Sato, B.C. Chatterjee, T. Kurimoto, S. Urushidani, and E.
Oki, “Robust Optimization Model for Backup Resource Allocation in Cloud Provider,”
IEEE ICC 2018, May 2018.

[Y, Zhang, TCC2023] Y. Zhang, F. He, and E. Oki, “Service Mapping and Scheduling with
Uncertain Processing Time in Network Function Virtualization,” IEEE Trans. Cloud
Computing, vol. 11, no. 2, pp. 1315 - 1333, Apr.-Jun. 2023

[D, Bertsimas, OR2004] D. Bertsimas and M. Sim, “The price of robustness,” Oper
Res., vol. 52, no. 1, pp. 35-53, Feb. 2004.

[Y, Zhang, NOMS2020] Y. Zhang, F. He, and E. Oki, “Network Service Mapping and
Scheduling under Uncertain Processing Time,”  IEEE/IFIP Network Operations and
Management Symposium (NOMS 2020), Apr. 2020

[F. Malandrino, TON2019] F. Malandrino, C. F. Chiasserini, G. Einziger, and G. Scalosub,
“Reducing Service Deployment Cost through VNF Sharing,” IEEE/ACM Trans. Netw., vol.
27, no. 6, pp. 2363-2376, Dec. 2019.

[Akahoshi, Globecom2021] K. Akahoshi, F. He, and E. Oki, “Service Deployment Model
with Virtual Network Function Resizing,” IEEE Globecom 2021, Dec. 2021.

[Akahoshi, TNSM2023] K. Akahoshi, F. He, and E. Oki, “Service Deployment Model Based
on Virtual Network Function Resizing,” IEEE Trans. Network and Service Management,
vol. 20, no. 1, pp. b47-562, Mar. 2023

[Akahoshi, APNOMS2022] K. Akahoshi and E. Oki, “Service Deployment with Per—-Flow-
Priority-Based Virtual Network Function Resizing,” Asia—Pacific Network Operations
and Management Symposium (APNOMS 2022), Sep. 2022.

[Akahoshi, IEICE2023] K. Akahoshi and E. Oki, “Service Deployment Model with Virtual
Network Function Resizing Based on Per-Flow Priority,” IEICE Trans. Commun., vol.
E106-B, no. 9, pp. 786- 797, Sep. 2023



41 41 9 3

Akahoshi Keigo He Fujun Oki Eiji 20

Service Deployment Model Based on Virtual Network Function Resizing 2023

IEEE Transactions on Network and Service Management 547 562
DOl

10.1109/TNSM.2022.3198664

Yanase Souhei He Fujun Taka Haruto Kawabata Akio Oki Eiji E106.B

Migration Model for Distributed Server Allocation 2023

IEICE Transactions on Communications 44 56
DOl

10.1587/transcom. 2022EBP3046

Ito Mitsuki He Fujun Yokouchi Kento Oki Eiji E106.B

Robust Optimization Model for Primary and Backup Capacity Allocations against Multiple Physical 2023

Machine Failures under Uncertain Demands in Cloud

IEICE Transactions on Communications 18 34
DOl

10.1587/transcom. 2022EBP3024

Takahashi Tomoki Sato Takehiro Oki Eiji 221

Scheduling model for simultaneous update of multiple service function chains with state 2023

consistency

Computer Networks 109520 109520

DOl
10.1016/j .comnet.2022.109520




Chatterjee Bijoy Chand Ahmed Imran Wadud Abdul Maity Mukulika Oki Eiji 19

BPRIA: Crosstalk-Avoided Bi-Partitioning-Based Counter-Propagation Resource ldentification and 2022

Allocation for Spectrally-Spatially Elastic Optical Networks

IEEE Transactions on Network and Service Management 4369 4383
DOl

10.1109/TNSM.2022.3158962

Takeda Kenta Sato Takehiro Chatterjee Bijoy Chand Oki Eiji 19

Joint Inter-Core Crosstalk- and Intra-Core Impairment-Aware Lightpath Provisioning Model in 2022

Space-Division Multiplexing Elastic Optical Networks

IEEE Transactions on Network and Service Management 4323 4337
DOl

10.1109/TNSM.2022.3157387

Chatterjee Bijoy Chand S Basavaprabhu Oki Eiji 4

BPA: Approximation Batch-Processing Algorithm for Static Lightpath Requests in Elastic Optical 2022

Networks

IEEE Networking Letters 189 193
DOl

10.1109/LNET.2022.3211150

Zhang Jingxiong He Fujun Oki Eiji 3

Service Deployment Model on Shared Virtual Network Functions With Flow Partition 2022

IEEE Open Journal of the Communications Society 2178 2194

DOl
10.1109/0JCOMS .2022.3221168




He Fujun Sato Takehiro Chatterjee Bijoy Chand Kurimoto Takashi Urushidani Shigeo Oki Eiji 10

Robust Optimization Model for Primary and Backup Resource Allocation in Cloud Providers 2022

IEEE Transactions on Cloud Computing 2920 2935
DOI

10.1109/TCC.2021.3051018

Korikawa Tomohiro Oki Eiji 19

Memory Network Architecture for Packet Processing in Functions Virtualization 2022

IEEE Transactions on Network and Service Management 3304 3322
DOI

10.1109/TNSM.2022.3159091

He Fujun OKi Eiji 19

Shared Protection-Based Virtual Network Embedding Over Elastic Optical Networks 2022

IEEE Transactions on Network and Service Management 2869 2884
DOI

10.1109/TNSM.2022.3178350

Kang Rui He Fujun Oki Eiji 217

Fault-tolerant resource allocation model for service function chains with joint diversity and 2022

redundancy

Computer Networks

109287 109287

DOl
10.1016/j .comnet.2022.109287




Ito Mitsuki He Fujun OKi Eiji

E105.B

Backup Resource Allocation of Virtual Machines for Probabilistic Protection under Capacity 2022

Uncertainty

IEICE Transactions on Communications 814 832
DOl

10.1587/transcom.2021EBP3144

Zhang Yuncan He Fujun Oki Eiji 19

Service Chain Provisioning With Sub-Chain-Enabled Coordinated Protection to Satisfy 2022

Availability Requirements

IEEE Transactions on Network and Service Management 1629 1649
DOl

10.1109/TNSM.2021.3124920

Zhu Mengfei He Fujun Oki Eiji 19

Resource Allocation Model Against Multiple Failures With Workload-Dependent Failure Probability 2022

IEEE Transactions on Network and Service Management 1098 1116
DOl

10.1109/TNSM.2021.3135906

Kotachi Seiki Sato Takehiro Shinkuma Ryoichi OKi Eiji E105.B

Fault-Tolerant Controller Placement Model by Distributing Switch Load among Multiple 2022

Controllers in Software-Defined Network

IEICE Transactions on Communications 533 544

DOI
10.1587/transcom.2021EBP3090




Bao Bowen Yang Hui Yao Qiuyan Yu Ao Chatterjee Bijoy Chand Oki Eiji Zhang Jie 19

SDFA: A Service-Driven Fragmentation-Aware Resource Allocation in Elastic Optical Networks 2022

IEEE Transactions on Network and Service Management 353 365
DOl

10.1109/TNSM.2021.3116757

Zhu Mengfei He Fujun Oki Eiji 19

Optimization Model for Primary and Backup Resource Allocation With Workload-Dependent Failure 2022

Probability

IEEE Transactions on Network and Service Management 452 471
DOl

10.1109/TNSM.2021.3114714

Halder Joy Maity Mukulika Oki Eiji Chatterjee Bijoy Chand 26

Shared Backup Path Protection-Based Resource Allocation Considering Inter-Core and Inter-Mode 2022

Crosstalk for Spectrally-Spatially Elastic Optical Networks

IEEE Communications Letters 637 641
DOl

10.1109/LCOMM. 2021 .3139801

Otsu Ryo Shinkuma Ryoichi Sato Takehiro OKi Eiji Hasegawa Daiki Furuya Toshikazu 10

Spatial-Importance-Based Computation Scheme for Real-Time Object Detection From 3D Sensor Data 2022

IEEE Access 5672 5680
DOl

10.1109/ACCESS .2022.3140332




Kang Rui He Fujun Oki Eiji

18

Virtual Network Function Allocation in Service Function Chains Using Backups With Availability 2021

Schedule

IEEE Transactions on Network and Service Management 4294 4310
DOl

10.1109/TNSM.2021.3096254

Ito Mitsuki He Fujun OKi Eiji 18

Robust Optimization Model for Probabilistic Protection With Multiple Types of Resources 2021

IEEE Transactions on Network and Service Management 4711 4729
DOl

10.1109/TNSM.2021.3093066

He Fujun OKi Eiji 18

Main and Secondary Controller Assignment With Optimal Priority Policy Against Multiple Failures 2021

IEEE Transactions on Network and Service Management 4391 4405
DOl

10.1109/TNSM.2021.3064646

Yahya Widhi Oki Eiji Lin Ying-Dar Lai Yuan-Cheng 18

Scaling and Offloading Optimization in Pre-CORD and Post-CORD Multi-Access Edge Computing 2021

IEEE Transactions on Network and Service Management 4503 4516

DOl
10.1109/TNSM.2021.3101862




Yanase Souhei He Fujun OKi Eiji 3

Approximation Algorithms to Distributed Server Allocation With Preventive Start-Time 2021

Optimization Against Server Failure

IEEE Networking Letters 191 195
DOl

10.1109/LNET.2021.3116235

Oka Masamichi Shinkuma Ryoichi Sato Takehiro Oki Eiji [Iwai Takanori Nihei Koichi 21

Takahashi Eiji Kanetomo Dai Satoda Kozo

Spatial Feature-Based Prioritization for Transmission of Point Cloud Data in 3D-Image Sensor 2021

Networks

IEEE Sensors Journal

23145 23161

DOl
10.1109/JSEN.2021.3106963

KAWABATA Akio CHATTERJEE Bijoy Chand OKI Eiji E104.8

An Optimistic Synchronization Based Optimal Server Selection Scheme for Delay Sensitive 2021

Communication Services

IEICE Transactions on Communications 1277 1287
DOl

10.1587/transcom.2020EBP3178

Li Chongyu Shinkuma Ryoichi Sato Takehiro Oki Eiji 21

Real-Time Data Selection and Merging for 3D-Image Sensing Network With Multiple Sensors 2021

IEEE Sensors Journal

22058 22076

DOl
10.1109/JSEN.2021.3102749




Kang Rui He Fujun Oki Eiji

18

Robust Virtual Network Function Allocation in Service Function Chains With Uncertain 2021

Availability Schedule

IEEE Transactions on Network and Service Management 2987 3005
DOl

10.1109/TNSM.2021.3076511

Zhu Mengfei He Fujun Oki Eiji 18

Optimization Model for Multiple Backup Resource Allocation With Workload-Dependent Failure 2021

Probability

IEEE Transactions on Network and Service Management 3733 3752
DOl

10.1109/TNSM.2021.3079937

FUJITA Risa HE Fujun OKI Eiji E104.8

Analytical Model of Middlebox Unavailability under Shared Protection Allowing Multiple Backups 2021

IEICE Transactions on Communications 1147 1158
DOl

10.1587/transcom.2020EBP3176

Chatterjee Bijoy Chand Wadud Abdul Oki Eiji 39

Proactive Fragmentation Management Scheme Based on Crosstalk-Avoided Batch Processing for 2021

Spectrally-Spatially Elastic Optical Networks

IEEE Journal on Selected Areas in Communications 2719 2733

DOl
10.1109/JSAC.2021.3064594




Chatterjee Bijoy Chand Wadud Abdul Ahmed Imran Oki Eiji 29

Priority-Based Inter-Core and Inter-Mode Crosstalk-Avoided Resource Allocation for Spectrally- 2021

Spatially Elastic Optical Networks

IEEE/ACM Transactions on Networking 1634 1647
DOl

10.1109/TNET.2021.3068212

SATO Keiichiro SHINKUMA Ryoichi SATO Takehiro OKI Eiji IWAI Takanori ONISHI Takeo E104.B

NOBUKIYO Takahiro KANETOMO Dai SATODA Kozo

Creation of Temporal Model for Prioritized Transmission in Predictive Spatial-Monitoring Using 2021

Machine Learning

IEICE Transactions on Communications 951 960
DOl

10.1587/transcom.2020EBP3175

YANASE Souhei MASUDA Shuto HE Fujun KAWABATA Akio OKI Eiji E104.8

Heuristic Approach to Distributed Server Allocation with Preventive Start-Time Optimization 2021

against Server Failure

IEICE Transactions on Communications 942 950
DOl

10.1587/transcom.2020EBP3145

Hirano Yuki He Fujun Sato Takehiro Oki Eiji 18

Preventive Start-Time Optimization to Determine Link Weights Against Probabilistic Link 2021

Failures

IEEE Transactions on Network and Service Management 2275 2293

DOl
10.1109/TNSM.2020.3045145




He Fujun OKi Eiji 18

Unavailability-Aware Shared Virtual Backup Allocation for Middleboxes: A Queueing Approach 2021

IEEE Transactions on Network and Service Management 2388 2404
DOl

10.1109/TNSM.2020.3026218

Kang Rui He Fujun Sato Takehiro OKi Eiji 18

Virtual Network Function Allocation to Maximize Continuous Available Time of Service Function 2021

Chains With Availability Schedule

IEEE Transactions on Network and Service Management 1556 1570
DOl

10.1109/TNSM.2020.3007712

KOTACHI Seiki SATO Takehiro SHINKUMA Ryoichi OKI Eiji E104.8

Multicast Routing Model to Minimize Number of Flow Entries in Software-Defined Network 2021

IEICE Transactions on Communications 507 518
DOl

10.1587/transcom. 2020EBP3064

Otsu Ryo Shinkuma Ryoichi Sato Takehiro OKi Eiji 9

Data-Importance-Aware Bandwidth-Allocation Scheme for Point-Cloud Transmission in Multiple 2021

LIDAR Sensors

IEEE Access

65150 65161

DOl
10.1109/ACCESS.2021.3075275




KHOUANGVICHIT Soudalin OKI Eiji E104.B

Optimization Model for Backup Network Design with Primary and Backup Routing against Multiple 2021
Link Failures under Uncertain Traffic Demands

IEICE Transactions on Communications 378 390

DOI
10.1587/transcom.2020EBP3084

53 1 53

A. Kawabata, B.C. Chatterjee, and E. Oki

MHND: Multi-Homing Network Design Model for Delay Sensitive Distributed Processing Applications

IEEE Consumer Communications and Networking Conference (CCNC)

2023

V. Kumar, J. Halder, M. Maity, E. Oki, and B.C. Chatterjee

XTawVNE: Inter-Core and Inter-Mode Crosstalk-Aware Virtual Network Embedding in Spectrally-Spatially Elastic Optical
Networks

IEEE International Conference on Advanced Networks and Telecommunications Systems (ANTS)

2022

Y. Zhang, F. He, and E. OKi

Availability-Aware Service Provisioning with Backup Sub-chain-enabled Sharing

IEEE Globecom 2022

2022




T. Sato, S. Kotachi, R. Shinkuma, and E. Oki

Resource Allocation Models for Efficient and Fault-Tolerant Software-defined Networks

2022 International Conference on Emerging Technologies for Communications

2022

H. Yokoi, K. Koshiji, T. Matsukawa, T. Miyamura, and E. OKi

Optical Path Design Method for Reducing Maximum Spectrum Slot Number by Selecting Alternative Routes and Using GNPy

Asia Communications and Photonics Conference (ACP 2022)

2022

M. Zhu and E. OKi

Resource Allocation in Multiple Backup Modes under Reliability Guarantee with Workload-Dependent Failure Probability

IEEE Global Internet (GI) Symposium 2022

2022

H. Zhang and E. Oki

Simulated Annealing with Mixed Evaluation Methods for Shared Backup Allocation of Middleboxes

The 13th International Conference on Information and Communication Technology on Convergence (ICTC)

2022




Z. Zhang and E. OKi

Joint VNF Scheduling and Deployment: A Dynamic Scenario

The 13th International Conference on Information and Communication Technology on Convergence (ICTC)

2022

T. Takahashi, T. Sato, and E. OKi

Simultaneous Update Model of Multiple Service Function Chains Guaranteeing State Consistency

Asia-Pacific Network Operations and Management Symposium (APNOMS 2022)

2022

S. Horimoto and E. OKi

Virtual Network Function Placement Model Considering Both Service Delay and Availability

Asia-Pacific Network Operations and Management Symposium (APNOMS 2022)

2022

K. Akahoshi and E. OKi

Service Deployment with Per-Flow-Priority-Based Virtual Network Function Resizing

Asia-Pacific Network Operations and Management Symposium (APNOMS 2022)

2022




H. Ueoka, T. Sato, and E. Oki

Crosstalk-Aware Backup Network Design against Probabilistic Link Failures in Multi-Core Fiber Optical Path Network

27th OptoElectronics and Communications Conference/Photonics in Switching and Computing 2022 (OECC/PSC 2022)

2022

J. Halder, E. Oki, and B.C. Chatterjee

Regenerator-Aware Inter-Core and Inter-Mode Crosstalk-Avoided Resource Allocation for Spectrally-Spatially Elastic Optical
Networks

23rd IEEE International Conference on High Performance Switching and Routing (HPSR 2022)

2022

V. Kumar, J. Halder, M. Maity, E. Oki, and B.C. Chatterjee

Inter-Core and Inter-Mode Crosstalk-Avoided Virtual Network Embedding in Spectrally-Spatially Elastic Optical Networks

23rd IEEE International Conference on High Performance Switching and Routing (HPSR 2022)

2022

B.C. Chatterjee, 1. Ahmed, A. Wadud, M. Maity, and E. OKi

Impact of Counter-Propagation and Bi-Partitioning in Resource Allocation for Crosstalk-Avoided Spectrally-Spatially Elastic
Optical Networks

iPOP 2022

2022




J. Halder, M. Maity, E. Oki, and B.C. Chatterjee

Resource Allocation Considering Inter-Core and Inter-Mode Crosstalks in Path-Protected Spectrally-Spatially Elastic Optical
Networks

iPOP 2022

2022

H. Taka, F. He, and E. Oki

Service Placement and User Assignment in Multi-Access Edge Computing with Base-Station Failure

IEEE/ACM International Symposium on Quality of Service

2022

K. Yokouchi, F. He, and E. OKi

Backup Resource Allocation Model with Two-Stage Probabilistic Protection

8th IEEE International Conference on Network Softwarization (NetSoft 2022)

2022

N. Kita, F. He, and E. Oki

Unavailability-Aware Backup Allocation Model for Middleboxes with Two-Stage Shared Protection

8th IEEE International Conference on Network Softwarization (NetSoft 2022)

2022




S. Noda, T. Sato, and E. Oki

Fault-Tolerant Controller Placement Model based on Load-Dependent Sojourn Time in Software-Defined Network

8th IEEE International Conference on Network Softwarization (NetSoft 2022)

2022

R. Kang, M. Zhu, and E. Oki

Implementation of Service Function Chain Deployment with Allocation Models in Kubernetes

IEEE INFOCOM 2022

2022

J. Halder, M. Maity, E. Oki, and B.C. Chatterjee

Crosstalk and Noise Avoided Resource Allocation Based on Quantum-Key-Distribution for Spectrally-Spatially Elastic Optical
Networks

IEEE 1CC 2022

2022

J. Zhang, F. He, and E. OKi

Service Deployment on Shared Virtual Network Functions with Flow Partition

IEEE 1CC 2022

2022




T. Ricker, K. Salehin, Y. Wang, A. Chen, E. Oki, and R. Rojas-Cessa

A Machine Learning Approach to Estimating Queuing Delay on a Router over a Single-Hop Path

IEEE 1CC 2022

2022

R. Kang, F. He, and E. OKi

Resilient Virtual Network Function Allocation with Diversity and Fault Tolerance Considering Dynamic Requests

IEEE/IFIP Network Operations and Management Symposium (NOMS 2022)

2022

M. Zhu, R. Kang, and E. Oki

Implementation of Real-time Function Deployment with Resource Migration in Kubernetes

IEEE/IFIP Network Operations and Management Symposium (NOMS 2022)

2022

I. Ahmed, E. Oki, and B.C Chatterjee

Crosstalk-Aware vs. Crosstalk-Avoided Approaches in Spectrally-Spatially Elastic Optical Networks: Which is the Better
Choice?

5th IEEE Workshop on Recent Advances in Photonics

2022




M. Zhu, F. He, and E. OKi

Robust Function Deployment against Uncertain Recovery Time with Workload-Dependent Failure Probability

IEEE Consumer Communications and Networking Conference (CCNC)

2022

K. Kono, T. Sato, and E. OKi

Gradual Control Method for Program File Placement in Hierarchical Cloud-Edge Platform

IEEE Consumer Communications and Networking Conference (CCNC)

2022

A. Kawabata, B.C. Chatterjee, and E. OKi

An Optimistic Synchronization Based Server Selection Scheme with Successive Participation

IEEE Consumer Communications and Networking Conference (CCNC)

2022

Y. Inagaki, R. Shinkuma, T. Sato, and E. Oki

Data Importance Aware Periodic Machine Learning Model Update for Sparse Mobile Crowdsensing

IEEE Consumer Communications and Networking Conference (CCNC)

2022




A. Kawabata, T. Tojo, B.C. Chatterjee, and E. OKi

An Optimal Allocation Scheme of Database and Application for Delay Sensitive loT Services

IEEE Globecom 2021

2021

N. Kishi, R. Shinkuma, M. Oka, T. Sato, and E. OKi

Multi-Object Tracking for Road Surveillance without Using Features of Image Data

IEEE Globecom 2021

2021

K. Akahoshi, F. He, and E. OKi

Service Deployment Model with Virtual Network Function Resizing

IEEE Globecom 2021

2021

B. Bao, H. Yang, Q. Yao, C. Li, B.C. Chatterjee, E. Oki, and J. Zhang

Link-Oriented Spectrum Resource Balancing for Hybrid Edge/Cloud Elastic Datacenter Optical Networks

Asia Communications and Photonics Conference (ACP 2021)

2021




B.C. Chatterjee, I. Ahmed, A. Wadud, and E. Oki

A Crosstalk-Avoided Core, Mode, and Spectrum Allocation Scheme Based on Priority for Spectrally-Spatially Elastic Optical
Networks

iPOP 2021

2021

T. Sato and E. OKi

Resilient Software-Defined Network Controller Placement Based on Load Distribution

iPOP 2021

2021

M. Zhu, F. He, and E. OKi

Demonstration of Reliable Resource Management Controller in Kubernetes

iPOP 2021

2021

R. Kang, M. Zhu, F. He, and E. OKi

Implementation of Virtual Network Function Allocation with Diversity and Redundancy in Kubernetes

IFIP Networking

2021




C. Li, R. Shinkuma, T. Sato, and E. Oki

Two-Level Processing Scheme for 3D-Image Sensing Network

IFIP Networking

2021

S. Horimoto, F. He, and E. OKi

Delay-Aware Backup Resource Allocation with Probabilistic Protection for Network Services

22nd 1EEE International Conference on High Performance Switching and Routing (HPSR 2021)

2021

S. Ozaki, T. Sato, and E. OKi

Service Chain Provisioning Model Considering Traffic Amount Changed by Virtualized Network Functions

22nd 1EEE International Conference on High Performance Switching and Routing (HPSR 2021)

2021

M. Zhu, R. Kang, F. He, and E. Oki

Implementation of Backup Resource Management Controller for Reliable Function Allocation in Kubernetes

7th 1EEE International Conference on Network Softwarization (NetSoft 2021)

2021




F. He and E. OKi

Robust Virtual Network Function Deployment against Uncertain Traffic Arrival Rates

7th 1EEE International Conference on Network Softwarization (NetSoft 2021)

2021

T. Korikawa and E. OKi

Memory Network Architecture for Packet Processing in Functions Virtualization

7th 1EEE International Conference on Network Softwarization (NetSoft 2021)

2021

B. Bao, H. Yang, Y. Wan, Q. Yao, A. Yu, J. Zhang, B.C. Chatterjee, and E. OKi

Node-Oriented Traffic Prediction and Scheduling Based on Graph Convolutional Network in Metro Optical Networks

Optical Fiber Communications (OFC) 2021

2021

R. Kang, F. He, and E. OKi

Resilient Resource Allocation model in Service Function Chains with Diversity and Redundancy

IEEE 1CC 2021

2021




K. Takeda, T. Sato, B.C. Chatterjee, and E. Oki

Jointly Inter-Core XT and Impairment Aware Lightpath Provisioning in Elastic Optical Networks

IEEE ICC 2021

2021

Y. Zhang, F. He, and E. OKi

Availability-Aware Service Chain Provisioning with Sub-Chain-Enabled Coordinated Protection

IEEE/IFIP International Symposium on Integrated Network (IM 2021)

2021

E. OKki

Reliable Resource Allocation for Network Function Virtualization

17th International Conference on the Design of Reliable Communication Networks (DRCN 2021)

2021

R. Kang, M. Zhu, F. He, T. Sato, and E. OKi

Design of Scheduler Plugins for Reliable Function Allocation in Kubernetes

17th International Conference on the Design of Reliable Communication Networks (DRCN 2021)

2021




M. Zhu, F. He, and E. OKi

Load Balancing Model under Multiple Failures with Workload-Dependent Failure Probability

17th International Conference on the Design of Reliable Communication Networks (DRCN 2021)

2021

M. Ito, F. He, and E. OKi

Robust Optimization for Probabilistic Protection with Primary and Backup Allocations under Uncertain Demands

17th International Conference on the Design of Reliable Communication Networks (DRCN 2021)

2021

, , , , , , 2021

216

(Sato Takehiro)

(40793279) (14301)







