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We have developed an optical network modeling method which can handle
optical functional blocks composing optical nodes and can be processed in an automated manner. We
have also developed a transformation algorithm between the developed physical model and an
abstracted logical model (e.g. OpenROADM model). The automation realized by the FBD model will be a
key to resolve the complexity required for SDN controllers or NRMs due to the disaggregation
approach. We have demonstrated control and resource management system based on the developed model
implemented on a real hardware testbed including swift optical physical layer topology update
enabled by the automated processing.



¥ X C—19,. F—19—1, 2—19 (58

1. WHEBHARZS IO 5=

WEREIIEHNO—FE2T-E>TEY, JRIBMOA R LTT =22 ZNIRRESH L) HHE
WCIARIEZ YRy R U — 7 HAOBEAN G < EHE I TV 5, INERMEEE TIL I E T, L3
TRHERE 2 O R Te R 2 (B AN & 375 T — A U R & O HRFIE
DO TE R, —FH, xRy NI — 7= — RXIZFREK « Gl - R3S T 5729,
R TFIETHD (T4 AT 7V F—va v OFwmsERIELTWD, T4 AT 7Y
F—a v FRITEEEE 2R T L IS E LB S U TR S DY D TIE T, SEER
TEEER A TREE 25 (W1), T4 AT 7 V= ary FREEICEBT L7012, Fv b
T — 7 AR TOREE 7R3 SRR - FEEMERRZFEICE B L, S IC, EEEROZE IS
BNHIGET DHERDH D, ZOFD, ERENTIHARMNCE 2 2V AT NEBEIRNMEE 72D,

(@) EDA—IWAVTUSRTLs

|

(b) RFENEDON TN TART IV F—2av P AT L

FNAUTOLRT LT
WA Bk —7

TART IV —2av Y AT LT

RIEHAREMAEC L2 E WpEnsxsbo—7

AEMEEE ALY BB THEREnE | RANVT-RHERER

RSk B EERET AEICIECTERE AR =M= — XI5 IS A B
LT ke B RURTI— DR TR EREER
AT RR TR AN  BEEROTE (ST G NE

K1 : A= NA VTV AT AFRET A AT 7V =g v AT AFRD L

2. WHEOHB

ARFZED AL, & 5 HmEMEl ~mrEiE « KER - IRBIERE % v U — 7 28 Al
ETDH. xRy NU—7 O - BEVEEGIE S AT AFNOM R TH D, HEVLIEDE
A OIEEIX. ABHT T —D ) AT 273D, S%INF AR THELE IS
Yery NU—7 & RERIZR BRI AN 7e < T b s O i (2 T RE &9 B A B IAE
AT NOFESLIZ T T HEDOHEANTH 5,

BARAZ2BRSETRE L LTI 2. T4 AT U F—2a o FRICHEATTREZR., T74bb, &
BOMBER PO R SNty NV —2 2 HR—E LY AT AL LTEMBIET
REL T D EEHIRET VOB TH D, 5 I, r vy b —27 OFEFHIHEH S 2T Kb S A
RERARNERFEMZ M L, A7 —F U T ¢ 2R LIS beT v~ BB A B8 OB &
Thd,

3. WDk

POy FU— 7 EHBIEICB T D %y U= T (LI, BT T L EFRES) 1L,
BV ot AR & L. mE IS L anmBEE T V2 AT 5, WENEKRTH D
Fery RU—7 LERBLET L E OB, By =T ) IV RRENTE T, L
L2 B, SRR et - BB EREEZ2NET DT A AT 7V A= a v TR, 20
X9 R EBIRISIEARATRETH D, T b b BT T LV E WP ER L N ICHBI TERAE SN S,
L LWET METIERBLE L 25, TNEERT D720, 1. HEEOHEESE AL TR/,
Thbb, fIREORNET UL EZRIOIIT., 2. BHIREDOET V& EEOREERRIZH -
THABRDETCEEDONF Yy N =TTV EHEER L, 3. NERMBEE TEHBETIE N,
VY —=RER—=A L LTl T METIEZRET D, BETETIIRIICHERRZZO
FEET M (LUK, BEET IV ERES) 75720, MIROMMER R Y2 X0 E EMMA[FET
bbb, IHIZ, MEET AL ARERERE R CIWREOESWNET V~BEERT 52 LT,
B R ORE R 2 HEIICEYNC BN ~MEIR T D 2 E RN AREL 72D, £ T A OGILIE,
Fv NI—=IBKRORr—7 )7 458b°, BIEOR Y NT—7EFH L AT AL OFFMED
BACHERFETHD,



4. WFTEARR

FUART IV =g FREFERT L)X TORBEE LT, 2y b —7 2RI 5k
VIR—R v MR EOEZENEINT S, EHITIEFENS OMEAE D EOEINT XV EERHE
ML T D20 B D, TNEMRRTHEF & LT, 35t a v R—3% 2 MHEOET ALK&
WD FIEZ B LT, 2 |ZBA%& L7z Functional Block-based Disaggregation &
L (FBD &5 /V) O Z R, WERFIETIE, /—R2—205 (FI7v 7Ry A) &L
THEZLT D Lo RET MRS TV (KF Ry T —27 L-ULETIUY), BIF L
FBD €7 /VTlL, AL v F R EDNarR—3x v "EaET /WEL, TN O OHER bR e P&
WU ) —FRL~LbeT L, J— RO R hAe 2Rk LEzxy hU—Z7 LLET L E
WO X MG A LD L O ICREI L TV, BT R — 3R PN ORI ERERE
BRI R EE &0 D B e FECERML L, TN AW Hi/2 T VS35 FBD €7 LN
WZHLDIAA TN D, ZOREE, il / — FORBEER EEMIT-C Ry N —27 2RICbhT2 5
R EZ BB CUET L ENAREE 20, T4 AT 7V =2 a v FRORE L 72 5 &5 B
HI OREHE S & BEVLELZ X0 R ATREZRE T UL Rk & e o T D,

JF—FR P ETA S = FLARILEFNL FY P T—ZLNILETFI

N
??TI}T??
CCEDFAB

SEHIESS

[X| 2 : FBD &5 /L DS

FBD EF VB IRy b U —7 FBEIHET 2T o, fiRET L, o R—x o MEER L O
2% K 3127 T, FBD B 7 MIFEEOBEGHENRE T O EEET /MET 5720, v AR—x2 K
HEEROE BIZALE S 5, FBD ET/LIX, X v MU —27 &K%EET UL A[RE7 2 %, FBD &7 /L%t
JE LB A Y NU— 7 BHEEIE AT A2HOUE, vy hT—Z I E L CHERATRETSH
% (MH kA OREERLR), — 5T, WEROMEGE 7 /113 YANG/Netconf <> REST APT (ZHEHL L T
BY, A—Trar =T AR ETHRENEDA—T Y —ADF v U — 7 FEFIE T A
TAELBIMER S D, — 7T, BT T VITEBEOMEER T FOE T RBTHHLOTILE
W=, ERIBHZE I X A Hardware Abstraction Layer (HAL, EF /N & FEE L DM O~ 7
REETHILD) AL THRIUR

— 3 MESRLET L LICRD > — o EEIBRE|AES R T
(B4 foe /e OB BAER) o [ (SDNTCoﬁtrIc;IeZ‘POpi:allgNeﬁfmﬁigljﬁ]e;iglz/lﬁager) }
AWFFETlE, FBD EF /L & hhigeE

THNEOREBBEHRT LT LA Northbound Interface

U X L&BAFE L, FBD BT /LMt HWMREFIL

€7 o AEEHAL & L THERE OpenConfig OpenROADM| TAPI

TH L EHEE L, RARICE = :
WoEDT 1 o n v ) 7osdas | TEAIBEZES ) (HW Dff IReverse HW

TEEFRASHED AT D OpenROADM & DHAL || Mapper )|  Mapper IIMaPPef |

LSBT L L FBD B L !(Wf% [

OB OERT LT X LZFHFEL

7= (b e o BB R AR) . W Southbound Interface
Mapper I3, % v b7 —2 OFIHEEA ey R—2 s hsss

REICAE 3% 702 ) XA T, FBD Ay F. SerEiEees D
ETATRBMLESNIZAY FT—7 AT RS

5L % OpenROADM &7 /L " C D L #HI~ ¥ 3 : FBD &5 /LN &S}




LB H9 %, Reverse HW Mapper (Z. Yo/ S ZADO®IREMEOBIZERAT AT /LY X AT,
OpenROADM OB TRIFE L2 AR EME D 2~ K%, FBD EF/LOER, Thbb, Foa
VR M EDXHITEET OMNIERT LTI XA THD, HW Diff Mapper I, %
vy NU—7 hARu VOEERCHEHT L7 VI XAALAT, BIEOFR Yy NU—7 hARn VL AEE
HBOFRY NU—27 AR L& FBD BT /MZBWT, Thbb, #llery MU — 7 MR L
&wﬁwﬁb\%ﬁmowf\%mMMM%?w®7y7?—b%:va%éﬁﬁéiju
ALTHD, KEHETNLVITY XALZLY, 8EEIHS T ) FCBT 28t A —x 0 MEA
MONNAEIRETCO—HOBENEL 5 3UUNTIET T DLW EREE ek, tarR—=x
¥ NOEREHEEETEERNSEA LMD LD TH-T2) M4 ICEROKRTOEEEZRT,

Vg,ﬂﬂ"y

o e l
[*]
|CTORE
. — B
: lnl!ﬂ’a”d mmal EnmySava‘
" =

——

4/

X4 : EIEEBROBRT - '4:‘9%0)7 /775>T4’7<77 Ur— ]\ji_t FoMEgish, BEFIEC
L0 I S NIORIELEE, SINETS & L, PEMRAITO Z SR 0 FEREM (o < I35
g, 60km DL T 4K EEME Y 7V F A DBEOIREZAT o 7o, BEAANEE PG 6E >
Thy =T Oayy—VEET, EliERy hU—27 Lok TN — FLoL ol z L
T2,

AFFETIL E 512, South Bound Interface & L T FBD-Blade Abstraction Interface (FBD-
BADDBER 1T o7~ Z4iE. M3 @ South Bound Interface I123%47 5 & DT, LHELALE
Yo AR —%r MR (K, Disaggregated Blade) OfilffloA > % —7 = —Z &Gk L, =
DERZBINT HMTHDH, BERY NTU—27 FAAL Y (Fx VTHE. T—2 v 28 ZiE
L7z Fy hU—27F A MRy RE#EE L, FBD-BALIZ X 5% v b U— 7 HlfHOEFER&Z1T
Ste, %%y T =27 FAAL O & LT, Transport API (TAPI) & OpenROADM
Network Model 72 E DA —TF > « f L H—T =2 —RAETFTNVEZHAL, TOT X —L AL LT
FBD 7 /13 KON FBD-BAI 2 UICEIET 5 2 & 2R Lz, EIEERICB W T, @H O
YR 2ADBREMBEITIN A, HEEIRS T ) FOEIMEIToT-, HEROF—LA T HFRD
ROADM ZEE DO— bR A LRz L, — 8 47 4 A7 7V 5 —h «- 7L —RT
BEEXHZ D) HCBNT, 2y R —3x NELOET WL TH S FBD E7 /L2 KD AJHE
RAHRFER Y FT—7 L A2 FOFAHENIC XL, BEUNCEFEE RN AEE L /2D 2 & A2 FEEE
L7z ZHUCED BBEER y hT—Z 2L AV NORBRLTRER Y NU—27 KA A V&Y
BT 27200k Lo, FBD 54X FBD-BAI oA A2 /R LT,

ARFFED BRI RN & & < Tl 2 52 0, Ll EICB W THR S 2 EESED . FrICERIRE
MDROHNDRANT Y RTA o _X—= =R EE O, HEOEBESE CHRBREZITV., &6

D%, EWNA TEEORREREZZ T T D



3 3 0 1

Ishii Kiyo Namiki Shu 14
Scalability of integer linear programming path computation for functional block-based 2022
disaggregation supporting a flexible grid mechanism [Invited]
Journal of Optical Communications and Networking Al34 Al134
DOl
10.1364/J0CN.439820
Ishii Kiyo Xu Sugang Yoshikane Noboru Takefusa Atsuko Tsuritani Takehiro Awaji Yoshinari 39
Namiki Shu
Automatic Mapping Between Real Hardware Composition and ROADM Model for Agile Node Updates 2021
Journal of Lightwave Technology 821 832
DOl
10.1109/JLT.2020.3048424
Ishii Kiyo Takefusa Atsuko Namiki Shu Kudoh Tomohiro 37
Optical Network Resource Management Supporting Physical Layer Reconfiguration 2019
5442 5454

Journal of Lightwave Technology

DOl
10.1109/JLT.2019.2935789

14 7 9

Subhadeep Sahoo Sifat Ferdousi
Biswanath Mukherjee

Massimo Tornatore

Towards Large-scale Disaster-Resilient Network-Cloud Ecosystem Facilitated by Open Disaggregation and Cooperation

Technologies

ICM

2022




Shu Namiki, Kiyo Ishii

“ Digitalizing” Optical Layer for The Green Computing Continuum As The Future Digital Infrastructure

2022 Optical Fiber Communications Conference and Exhibition (OFC)

2022

Sugang Xu, Kiyo Ishii, Noboru Yoshikane, Takehiro Tsuritani, Yoshinari Awaji, Shu Namiki

Integration and Control of Heterogeneous Telecom and Data Center Optical Networks Aided by FBD and TAPI for Enhancing Large-
scale Optical Path Services and Network Resiliency

2021 European Conference on Optical Communication (ECOC)

2021

Kiyo Ishii, Shu Namiki

Mathematical Model of Optical Functional Blocks for Automating Fully Disaggregated Optical Networks

2021 Optical Fiber Communications Conference and Exhibition (OFC)

2021

Sugang Xu, Kiyo Ishii, Noboru Yoshikane, Takehiro Tsuritani, Yoshinari Awaji, Shu Namiki

Blade Abstraction Interface for Diverse Blade Integration and Unified Control of Disaggregate/Legacy ROADMs

2021 Optical Fiber Communications Conference and Exhibition (OFC)

2021




Kiyo Ishii, Shu Namiki

Functional block-based disaggregation model for optical network automation supporting diverse node structures

Photonics West 2022 On Demand

2022

Sugang Xu, Kiyo Ishii, et al.,

An Approach to Large-scale Disaster-Resilient Optical Networks with Openness and Disaggregation

Cs

2021

Sugang Xu, Kiyo Ishii, et al.,

Towards Large-scale Disaster-Resilient Open and Integrated Disaggregated/Legacy Optical Networks

ACP2021

2021

Ishii, Kiyo; Casellas, Ramon; Vilchez, Fco. Javier; Vilalta, Ricard; Martinez, Ricardo; Fabrega, Josep Maria; Nadal, Laia;
Svaluto Moreolo, Michela; Munoz, Raul; Namiki, Shu

Two-Level Abstraction Approach for SDN-based Service Provisioning in Open Line Systems Featuring TAPI Externalized Path
Computation

46th European Conference on Optical Communication

2020




171

2020

2020

Kiyo Ishii, Sugang Xu, Noboru Yoshikane, Atsuko Takefusa, Shigeyuki Yanagimachi, Takeshi Hoshida, Kohei Shiomoto, Tomohiro
Kudoh, Takehiro Tsuritani, Yoshinari Awaji, Shu Namiki

Automatic Resource Mapping using Functional Block Based Disaggregation Model for ROADM Networks

2020 Optical Fiber Communications Conference and Exhibition (OFC)

2020

Kiyo Ishii, Sugang Xu, Noboru Yoshikane, Atsuko Takefusa, Shigeyuki Yanagimachi, Takeshi Hoshida, Kohei Shiomoto, Tomohiro
Kudoh, Takehiro Tsuritani, Yoshinari Awaji, Shu Namiki

First Demonstration of Automated Updates of Disaggregate Blades in Multi-Domain/Layer Optical Path Network

2020 Optical Fiber Communications Conference and Exhibition (OFC), Postdeadline

2020




Functional Block based Disaggregation

2020

(Xu Sugang)

ICT

(10350448) (82636)
(Tsuritani Takehiro)

(Yoshikane Noboru)

(Namiki Shu)

(30415723) (82626)




(Awaji Yoshinari)

(50358876)

(82636)




