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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
DYNAMIC MODULES –  

 
Part  6-1 0:  Design  guide – Intermediate control ler  

for mul tiple  dynamic module systems 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter referred  to  as  " I EC  
Publ i cati on (s ) " ) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparat i on .  I EC co l l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  comm i ttee  has  representat i on  from  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recommendati ons  for  i n ternati onal  use  and  are  accepted  by I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  maximum  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cati on  bod ies  provi de  conform i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  o r  agents  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or 
o ther damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cat i ons  i s  
i nd i spensable  for the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l ements  of  th i s  I EC  Publ i cati on  may be  the  subject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

The  main  task of  I EC  techn ical  comm i ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm i ttee  may propose  the  publ ication  of  a  techn ical  report  when  i t  has  col l ected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  normal l y publ ished  as  an  I n ternati onal  Standard,  for  
example  "state  of  the  art" .  

I EC  TR 62343-6-1 0,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcomm i ttee  86C:  
Fibre  optic  systems  and  acti ve  devices,  of  I EC  techn ical  comm i ttee  TC 86:  Fibre  optics .  

The  text  of  th is  techn ical  report  i s  based  on  the  fo l l owing  documents :  

Enqu i ry d raft  Report  on  vot i ng  

86C/1 381 /DTR  86C/1 422/RVC  
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Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  techn ical  report  can  be  found  in  the  
report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  documen t has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2.  

A l i s t  of  al l  parts  i n  the  I EC  62343  seri es ,  publ i shed  under the  general  t i t l e  Dynamic modules,  
can  be  found  on  the  I EC webs i te.  

The  comm i ttee  has  decided  that  the  con ten ts  of  th is  documen t wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data re lated  to  
the  speci fi c  document.  At  th is  date,  the  documen t wi l l  be  

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains  colours which  are considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore  prin t  th is  document  using  a  
colour printer.  
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INTRODUCTION  

Software  defi ned  networking  (SDN)  technology i s  widel y recogn i zed  as  a prom is ing  so lu t ion  
for f l exible  and  effi c ien t  provis ion ing  of  networks  by vi rtual i z i ng  thei r  i n frastructures,  wh ich  
resu l ts  i n  cost-effecti ve  real i zati on  of  h igh  capaci ty,  l ow energy consumption  and  even  l ow 
latency.  SDN  technology wi l l  remain  h i gh l y i n f l uen tial  over  g l obal  i ndustries ,  societ ies ,  and  the  
envi ronment  for  many years  to  come.  

Optical  f i bre  commun ication  technology has  offered  su ffi c ient  transport  capaci ty wi th  a f i xed  
phys ical  topology.  However,  recen t  technolog ical  progress  i n  optical  networking  enables  
phys ical  reconf igu rati on  of  optical  paths  by con tro l l i ng  mu l t iple  dynam ic  modu les  such  as  
wavelength  d i vis i on  mu l t i plexi ng  (WDM)  devices  and  swi tch ing  devices.  Here,  the  key i s  to  
have  an  i n termed iate  contro l ler  that  contro ls  and  main tains  the  mu l t ip le  dynam ic  modu les  i n  
an  i n tegrated  fash ion ,  accord ing  to  the  upper l ayer contro l l er of  the  SDN .  

I n  order  to  real i ze  such  a  reconfigurable  and/or  dynam ical l y swi tchable  optical  network 
i n frastructures  at  a  hardware  level  i n  a  cost-effecti ve,  re l iable,  scalable  and  low-carbon  
manner,  i t  i s  importan t  to  i n i ti ate,  i n  a  t imel y manner and  to  a wide  extent,  conceptual  and  
techn ical  d i scussions,  particu larl y on  the  i n termed iate  contro l ler  for  fu tu re  s tandard i zati on .  

I t  i s  very importan t  for  i ndustries  to  i denti fy requ i rements  for network arch i tecture  and  
devices/componen ts  i n  a  t imel y manner,  and  to  improve  the  technology development  and  
i nvestment  effi ci encies .  

The  obj ecti ve  of  th is  part  of  I EC  62343  i s  to  con tribu te  to  the  standard i zation  of  basic  
requ i rements  of  the  dynam ic  optical  path  networks  us i ng  the  i n termed iate  con trol ler .  
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DYNAMIC MODULES –  
 

Part  6-1 0:  Design  guide – Intermediate control ler  
for mul tiple  dynamic module systems 

 
 
 

1  Scope 

This  part  of  I EC  62343,  wh ich  i s  a  Techn ical  Report,  d i scusses  the  rat ionale,  conceptual  
def in i t ion ,  and  m in imum  l i st  of  functions  for  an  i n termed iate  con tro l ler that  de l i vers  a  dynam ic  
con trol  s ignal  to  mu l ti ple  dynam ic  modu les.  These  modu les  are  i ncluded  i n  an  optical -swi tch -
based  network node,  accord ing  to  the  upper  l ayer  con tro l ler  of  software-defi ned  optical  
networking .  

2 Normative references  

There  are  no  normati ve  references  i n  th is  document.  

3 Terms,  defin i tions and  abbreviated  terms 

3.1  Terms and  defin i t ions  

No  terms  and  defi n i t i ons  are  l i s ted  i n  th is  document.  

ISO and  I EC  main tain  term ino log ical  databases  for  use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia.org /  

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

3.2  Abbreviated  terms  

AWG arrayed  wavegu ide  g rati ng  

C/D/C-ROADM  colourless/d i rection less/con ten tion less  reconfi gu rable  optical  add-drop 
mu l t iplexing  

I /F  i n terface  

IP  i n ternet  protocol  

m I /F  modu le  s ide  i n terface  

MCOS mu l t i cast  optical  swi tch  

OCM  optical  channel  mon i tor  

ODU  optical  data un i t  

OXC  optical  cross  connect  

PLC   p lanar l i gh twave  c i rcu i t  

ROADM   reconfi gurable  optical  add-drop mu l t ip lex ing  

Rx  receiver  

SDN   software  def ined  networking  

TPA transponder  aggregator  

Tx transm i tter  

Tx/Rx transceiver  

http://www.electropedia.org/
http://www.iso.org/obp
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WDM wavelength  d i vis ion  mu l t ip lexi ng  

WSS wavelength  se lecti ve  swi tch  

WXC wavelength  cross  connect  

4 Background  of  the software defined  networking  and  i ts  control  plane for 
optical  nodes  

Optical  networks  are  evolvi ng  from  stat ic  l i nk services  to  f lexible  l i nk services  to  provide  
fu ture  dynam ic  transport  services.  Software  def ined  networking  (SDN)  i s  one  of  the  network 
arch i tectures  that  enable  f l exible  and  dynam ic network contro l .  The  basic  i dea of  SDN  i s  to  
separate  the  contro l  p lane  from  the  data plane,  al l owing  consol idati on  of  hardware  
i n frastructure  to  save  the  overhead  associated  wi th  per-service  deployment  of  a  c l osed  set  of  
resources  such  as  computation ,  s torage,  and  network.  For optical l y swi tched  networks  such  
as  co lourless/d i rection less/conten tion less  reconfi gu rable  optical  add-drop  mu l t iplexing  
(C/D/C-ROADM)  based  mesh  networks  to  be  dynam ical l y con tro l led  th rough  SDN,  the  contro l  
scheme shou ld  be  des igned  to  be  as  s imple  as  poss ible ,  as  they associate  wi th  complex 
conf igurati ons  of  mu l t iple  dynam ic  modu les .  I n  part icu lar,  common  con tro l  i n terface  i s  a  key 
for real i zi ng  the  contro l  plane  for  such  an  opti cal l y swi tched  node;  thus,  these  i n terfaces  
shou ld  be  properl y defi ned  from  not  on l y the  software,  bu t  also  the  hardware  aspect.  Such  an  
i n terface  enables  qu ick network bu i l d ing  wi thou t  hardware  restricti ons.  

5 Research  activi ties on  h igh-performance node systems where intermediate 
control ler plays key role 

5.1  Photonic  network wi th  OpenFlow®1  control l er  

There  are  several  ki nds  of  h i gh-performance  node  systems  for  recen t  h i gh-speed  
communicati on  systems,  such  as  the  in ternet  protocol  ( I P)  rou ter  i n  the  f i e ld  of  data 
communicati on  and  the  reconfigurable  optical  add-drop mu l t i plexi ng  (ROADM)  system  i n  
transport  systems.  A h i gh-performance  node  system  i tsel f  i s  supported  on  an  ag i l e  contro l  
bas is .  OpenFlow® is  the  f i rst  standard  commun ication  i n terface  defined  between  the  
con trol l i ng  and  forward ing  p lane  of  an  SDN  arch i tecture.  The  OpenFlow® con trol ler i s  a  wel l -
organ i zed  network con tro l  method  that  enables  the  real i zation  of  f l exible  network contro l .  The  
OpenFlow® con tro l ler,  wh ich  hand les  the  OpenFlow® protocol ,  was  i n i t i ated  by the  Open  
Networking  Foundation  that  g rew ou t  of  work at  Stanford  Un ivers i ty.  Several  vendors  are  
al ready supporti ng  OpenFlow® to  be  featu red  i n  mu l t i -vendor i n teroperabi l i ty,  scalabi l i ty and  
support  of  d i verse  envi ronments .  As  a  resu l t,  network users  can  make an  i ndependent  contro l  
envi ronment  from  network confi gu rations.  The  techn ical  documents  are  al ready avai lable  for  
practical  use  [1 ] 2.  

5.2  Dynamic optical  path  network wi th  a  network control ler  

Dynam ic optical  path  swi tch ing  systems  can  provide  an  end- to-end  connecti on  i n  a  network 
wi th  huge-capaci ty l i nks.  I n  a  network confi gu ration  having  optical  swi tches  mu tual l y 
connected  i n  a  mesh  conf igurati on  in  a  transport  network,  the  optical  l i nk services  are  
dynam ical l y provis ioned  i n  an  end-to-end  manner.  I n  th is  case,  energy consumption  wou ld  be  
much  smal l er compared  to  h i gh -end  rou ter  chains .  The  Nati onal  I nst i tu te  of  Advanced  
I ndustrial  Science  and  Technology (AIST)  proposes  to  cal l  such  networks  dynam ic  optical  
path  networks  [2] .  Of  course,  th is  system  requ i res  an  add i t ional  contro l  p lane  network;  
therefore,  the  necessary communicati on  capaci ty for  the  con tro l  p lane  network i s  prepared.  I n  
th is  network,  d ynam ic  modu les  i n  systems  can  be  con trol l ed  by a s i ng le  network contro l ler  
having  a j o in t  contro l  i n terface  to  the  con tro l  p lane.  Th is  s i ng le  l i nk on  the  con trol  plane  needs  
to  be  wel l -organ ized .  

___________ 

1  OpenFlow® i s  the  trademark of  a  product  suppl i ed  by Open  Networki ng  Foundati on .  Th i s  i n formati on  i s  g i ven  
for  the  conven ience  of  users  of  th i s  document  and  does  not  consti tu te  an  endorsement  by  I EC  of  the  product  
named.  Equ i val en t  products  may be  used  i f  they can  be  shown  to  l ead  to  the  same  resu l ts .  

2 Numbers  i n  square  brackets  re fer to  the  B i bl i og raphy  
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5.3  Control  in terface of  the Photonic  Layer-2  

Future  photon ic  nodes  that  i ncorporate  technolog ies  such  as  d ig i tal  coherent  optical  
transceivers  and  f lexible-grid  WDM  can  create  optical  paths  wi th  arbi trary bandwidths  over a  
large  dynam ic  range  of  around  30  dB,  rang ing  from  1  Gbi t/s  to  1  Tbi t/s.  Th is  can  enable  the  
f lexible  and  eff ic ient  u t i l i zat ion  of  f i bre  capaci ty i n  the  smart  photon ic  c loud .  For  effi ci en tl y 
con trol l i ng  the  h ypothetical  network and  syn thetic  of  each  photon ic  node,  common  in terface  of  
the  node  shou ld  be  prepared.  The  Task Force  Group of  the  Photon ic  I n ternet  Forum  is  
al ready promoti ng  f lexible  con tro l  schemes  for optical  network nodes  [3] .  Th is  forum  tri es  to  
i ncrease  the  number  of  the  h ypothetical  network l ayer  and  extend  the  dynam ic  range  of  s l i ce  
capaci ty,  owing  to  the  f lexible  spectral  arrangement  and  sub-waveleng th  path .  

6 Intermediate control ler for mul tiple  dynamic module systems 

6.1  Descript ion  of  the  control ler  

6. 1 . 1  Control l er of  mu l t iple  dynamic  modules for  a  network node  

For confi guri ng  a  s i ng le  network node  as  a h i gh-performance  node  system ,  the  contro l  part  
shou ld  be  a  s i ng le  i n terface  to  the  network contro l  p lane.  The  contro l  i n terface  i s  a  network 
con trol l er  that  un i f ies  mu l t i p le  dynam ic  modu les  wi th  various  hardware/software  componen ts  
to  make i t  behave  as  a  s i ng le  network node.  Th is  concept  he lps  i n  bu i l d ing  up  the  optical  
network system  i n  a  way that  s impl i f ies  the  en t i re  hardware  conf igurati on .  F i gu re  1  shows  a  
conceptual  b lock of  the  con trol  i n terface  for  mu l t i ple  dynam ic  modu les  and  network devices.  
From  a network confi gurati on  po in t  of  view,  th ree  l ayers  ( the  appl ication  l ayer,  con tro l  l ayer,  
and  i n frastructure  l ayer)  work as  a coord inated  network.  A l arge  amount  of  communicati on  
equ ipment,  such  as  opti cal  transport  systems,  i s  d i stri bu ted  i n  the  in frastructu re  l ayer,  and  
system  confi gurati on  i n  the  i n frastructure  l ayer has  an  impact  on  the  ad jacent  layer.  The  
i n termed iate  contro l ler  has  the  ro le  of  wrapping  up  several  network devices  and  dynam ic  
modu les  i n  the  system .  Thus,  the  i n termed iate  contro l ler  provides  a  s impl i f i ed  communication  
envi ronment  to  the  system ,  and  i t  can  be  a  wrap-up  contro l  port  of  the  h i gh-performance  node  
system .  

 

Figure 1  – Conceptual  block of  the  control  in terface  
for  mu l tiple  dynamic modules and  network devices  

Optical  communicati on  systems,  such  as  h igh -performance  node  systems,  employ a vari ety of  
modu les  and  componen ts.  An  i n termed iate  con tro l l er  i s  requ i red  i n  the  system  for contro l l ing  
the  ent i re  set  of  componen ts.  The  contro l ler  shou ld  work as  a s ing le  con trol  i n terface  to  
convey con tro l  s ignals  to  mu l t i ple  dynam ic  modu les ,  such  as  OXC,  WSS,  and  WXC,  because  
a  s i ng le  resource  management  system  sends  ou t  the  network configu ration  order  to  the  
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system .  Therefore,  the  system  shou ld  have  a  proper  reception  block of  the  contro l  s i gnal  of  
the  dynam ic modu les,  wh ich  i s  the  ro le  of  the  i n termed iate  con trol ler.  Typ ical l y,  the  contro l ler  
has  several  functi ons  i n  a  system .  For a  h i gh -performance  node  system  i n  a  transport  system ,  
the  i n termed iate  contro l lers  contro l  the  fo l lowing  dynam ic modu les  i n  the  system :  

– OXC (optical  cross  connect) ;  

– WSS (waveleng th  selecti ve  swi tch ) ;  

– WXC (wavelength  cross  connect) ;  

– MCOS (mu l t i cast  optical  swi tch) ;  

– OCM  (optical  channel  mon i tor) .  

These  modu les  also  have  some  speci f ic  i n terfaces,  and  the i r  speci fi cati ons  are  avai lable  i n  
IEC  s tandard  documents.  

6. 1 .2  Structure  of  the in termediate control ler  

The i n termed iate  con tro l l er i s  l ocated  between  mu l t ip le  dynam ic  modu les  and  speci fi c  network 
services  i n  the  contro l  l ayer  for  mu l t i ple  dynam ic modu les  and  network devices.  Fi gure  2  
shows  the  structure  of  the  con tro l  i n terface.  I t  consists  of  a  contro l  s i de  i n terface  ( I /F)  for  the  
network contro l  p lane,  modu le  s ide  I /Fs  (m I /Fs)  for various  dynam ic optical  modu les ,  and  a  
programmable  b lock that  has  reconfi gurable  l og ic  functions  as  a  hardware  abstraction  layer.  
The  con tro l  s ide  I /F  can  be  a s i ng le  i n terface  to  the  network contro l  p lane.  The  l og ical  and  
phys ical  defi n i t i ons  of  I /Fs  are  cons istent  wi th  the  on-going  s tandard i zati on  of  the  network 
con trol  p lane  for SDN  and  dynam ic optical  path  network.  Th is  contro l  i n terface  provides  wrap-
up  functi ons  for mu l t ip le  dynam ic modu le  systems,  and  several  types  of  dynam ic  modu les  of  
mu l t i - layer and  mu l t i - level  systems  are  con tro l l ed  un i form l y from  the  network contro l  p lane .  

 

Figure 2  – Basic  block of  the control  in terface  
for  mu l tiple  dynamic modules  

The con tro l  s i de  i n terface  i s  a  gateway port  to  the  network con trol  p lane,  and  i t  works  as  a  
command  sender/receiver to  the  contro l  p lane.  Several  phys ical  l ayers  can  be  set  to  th is  port  
such  as  Ether port,  a  network i n terface  card ,  and  a  transceiver  for  the  con tro l  p lane.  

The  programmable  block i s  located  between  the  con trol -s i de  I /F  and  the  modu le  s i de  I /F.  I t  i s  
also  known  as  a  hardware  abstracti on  layer.  I t  i n terprets  con tro l  commands  from  the  network 
con trol  p lane  to  the  dynam ic optical  modu les,  and  the  b lock refers  to  the  i n formation  shared  
wi th  the  network con trol  p lane  and  the  dynam ic optical  modu les.  I t  has  a  memory and  look-up  
table  as  programmed  resources.  Mon i tored  in formation  of  the  modu les  i s  also  avai lable  for  
sharing  th rough  the  in terface  to  the  contro l  p lane.  Th is  programmable  block provides  the  
functi on  of  wrapping  mu l t i ple  optical  modu les  us ing  hardware  resource  i n formation .  Th is  b lock 
needs  to  store  the  fo l lowi ng  i n formation :  
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a)  conf igurati on  i n formation :  

– constrain t  i n formation  (netl i st) ;  

– command  in formation  ( i n terpreter) ;  

– i n ternal  l i nk i n formation  ( l ook-up table  between  contro l  s i de  I /F  and  modu le  s i de  I /F) .  

b)  connecti on  in formation ;  

c)  mon i tori ng  in formation .  

Confi guration  i n formation  and  connection  i n formation  are  necessary for  the  con tro l  s i de  I /F.  
However,  these  two  aspects  are  completel y d i fferent  con tro l  targets  from  the  system  viewpoin t,  
and  th is  d i fference  shou ld  be  wel l -organ i zed .  Fi gu re  3  shows  the  d i fference  between  the  
connecti on  i n formation  and  the  conf igurati on  i n formation  based  on  typical  optical  f i bre  
connecti on  for  ROADM.  These  aspects  are  described  i n  fu rther detai l  i n  6. 3 .  

 

Figure 3  – Di fference between  connection  information   
and  configuration  i nformation  

The  modu le-s i de  I /Fs  are  speci fi ed  as  connecti on  in terfaces  to  the  devices,  especial l y for  
dynam ic  optical  modu les  wi th  proper device  dri vers .  I n  essence,  the  dynam ic optical  modu les  
are  optical  componen ts  provid i ng  the  optical  path-swi tch ing  function .  Example  modu les  are  
OXC,  WSS,  WXC,  transponder  wi th  wavelength - tuneable  functions,  optical  data un i t  (ODU) ,  
and  mon i tor  modu les  such  as  OCM.  Standard ized  dynam ic optical  modu les  i n  I EC enable  the  
use  of  l og ical  and  phys ical  def in i t ions  of  modu le  s i de  I /Fs.  

6.2  Functions  

I n  terms  of  function  categori zati on ,  the  i n termed iate  con tro l ler for  mu l ti ple  dynam ic  modu le  
systems  has  th ree  importan t  functions:  wrapping ,  main tenance,  and  commun ication .  
Paragraph  6 . 2  describes  each  function  i n  the  en ti re  node  system  in  detai l .  

The  contro l  i n terface  provides  a  wrap-up functi on  for  mu l t i ple  optical  modu les .  Wrapping  can  
be  performed  i n  two  ways;  hori zon tal l y and  vert i cal l y.  One  of  the  ways  to  organ i ze  mu l t iple  
optical  modu les ,  such  as  a l arge  number of  WSSs  wi th  a  large  number of  ports,  i s  hori zon tal  
i n tegration ,  where  the  con trol  i n terface  makes  a  s ing le  connecti on  to  the  con tro l  i n terfaces.  
The  second  way i s  vertical  i n tegration ,  where  vari ous  kinds  of  dynam ic  modu les,  such  as  OXC 
or  WXC,  are  wrapped  together.  I n  the  case  of  vertical  i n tegration ,  i n terpretation  of  commands  
for each  dynam ic  modu le  shou ld  be  real i zed ,  where  the  i n terpreted  commands  can  be  sent  
ou t  to  the  dynam ic  optical  modu les  from  the  network contro l  p lane.  

IEC  



IEC 62343-6-1 0:201 7  © I EC  201 7  – 1 1  –  
 

For  main tenance  of  the  contro l ler,  the  contro l  i n terface  can  keep  the  connection  and  
constrain t  i n formation  of  dynam ic  modu les  and  the i r  mon i tori ng  s tatus  wi th  the  network con trol  
p lane.  These  i n formation  b locks  can  be  used  for provis i on ing  and  mon i toring  purposes.  
Typical l y,  a  look-up table  i s  set  to  th is  b lock along  wi th  computi ng  and  in te l l i gence  functions,  
wh ich  can  be  optional .  

The  commun ication  function  i s  for  transm ission  and  reception  of  i n formation  to  and  from  the  
con trol  p lane.  Connecti on  i n formation ,  constrain t  i n formation ,  and  mon i tori ng  s tatus  shou ld  be  
shared  th rough  th is  communicati on  functi on ,  and  examples  of  i n formation  shared  th rough  th is  
functi on  are  modu le  cond i t i ons ,  alarms,  and  reports .  F i gure  4  shows  the  function  coverage  of  
the  in termed iate  con tro l l er.  Th is  function  has  s tri ct  re lat i on  to  the  processing  speed .  Proper 
tim ing  of  the  process  needs  to  be  set  i n  the  con tro l l er.  

 

Figure 4  – Function  coverage of  the  i n termed iate control l er  

6.3  Shared  information  between  the  control  i n terface  and  the network control  p lane  

Paragraph  6. 3  describes  necessary in formation  to  be  s tored  in  the  prog rammable  b lock.  The  
con trol  i n terface  and  the  network contro l  p lane  need  to  use  conf igurati on ,  connection ,  and  
mon i toring  i n formation .  Configurati on  i n formation  i ncludes  the  fo l l owing :  

– constrain t  i n formation ;  

– command  in formation ;  

– i n ternal  l i nk i n formation .  

Constrain t  i n formation  has  l im i tat ion  cond i t i ons  for dynam ic  modu les  and  restricted  
connecti on  pattern  in  the  contro l ler.  For  making  any special  connection  that  i s  ou t  of  the  
sequence  on  the  process,  th is  i n formation  i s  used  as  d isorder  type.  The  command  i n formation  
is  for  trans lat i ng  an  i nheren t  command  of  the  modu le  to  a  speci fi c  network command.  Th is  
i n formation  provides  a  way to  contro l  mu l t i -vendor types  of  modu les.  The  i n ternal  l i nk 
i n formation  i s  for  f i xed  connecti on  of  the  modu le  for a  data plane  i n  the  system .  Any modu le  
characteris tic,  such  as  wavelength  characteristi cs  and  d i fferences,  can  be  s tored  in  the  
i n ternal  l i nk i n formation .  

Connection  i n formation  i s  primari l y for  networking  of  the  optical  ci rcu i ts  i n  the  node  system .  I n  
other words,  th is  i n formation  corresponds  to  the  optical  path  having  data p lane  connections.  

Mon i tori ng  i n formation  i s  g i ven  by performance  mon i toring  i n  the  system ,  and  i t  can  be  stored  
i n  the  prog rammable  block.  

Shared  i n formation  wi th  descript ions  i s  described  i n  Table  1 .  
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Table  1  – Shared  information  in  the  i n termediate control ler  

Category In formation  Example  

Confi gu rati on  i n formati on  Constrai n t   Lim i tati on  or  restri ct i on  for  cond i t i ons/connecti on  patterns  

Command   Command  trans lati on  of  the  modu l e  

I n ternal  l i nk  I n i t i al  connecti ons  i n  the  system  

Connecti on  i n formati on  - - -  Mai n l y  for  networki ng  of  the  opt i cal  paths  

Mon i tori ng  i n formati on  - - -  Performance  mon i tori ng  i n  the  system  

 

7 Example of  mul ti -degree ROADM systems 

An  example  of  a  mu l t iple  dynam ic  modu le  system  has  the  fo l l owing  th ree  blocks:  an  optical  
swi tch  block,  a  wavelength  swi tch  b lock,  and  an  optical  transceivers  and  e lectrical  swi tches  
block.  F igure  5  shows  an  example  of  a  s i ng le  node  of  the  mu l t i ple  dynam ic  modu le  system .  I t  
cons is ts  of  an  optical  swi tch  functi on  part ,  i nclud ing  an  optical  mesh  network,  transceiver  for  
optical  f i bre  transm ission ,  WSS,  and  TPA.  Al l  dynam ic  modu les  i n  the  system  are  contro l led  
th rough  a  un i f i ed  i n terface,  wh ich  i s  an  i n termed iate  con tro l l er.  

 

Figure 5  – Example of  a  mu l tiple  dynamic module  system  

There  are  several  types  of  mu l t i -degree  ROADM  systems.  Fi gure  6  shows  a conf iguration  
example  of  4-degree  ROADM  node  arch i tecture.  I t  cons ists  of  arrayed -wavegu ide  g rati ngs ,  
power spl i tters,  wavelength  se lecti ve  swi tches  (WSSs) ,  and  transceivers  (Tx/Rx) .  The  s i ng le  
i n termed iate  contro l l er  for these  componen ts  can  set  i n  the  node  systems.  A s i ng le  mu l t i -
degree  ROADM  system  can  be  con tro l l ed  by us ing  the  con tro l l er.  
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Figure 6  – Example of  4-degree ROADM  node  arch i tectu re  

Figu re  7  shows  arch i tecture  for  ROADMs wi th  co lourless  and  non-d i recti onal  capabi l i ty [4] .  
Th is  type  of  arch i tectu re  provides  fu l l  i n terconnection  among  f ibre  rou tes ,  as  wel l  as  fu l l  
i n terconnection  to  add/drop  ports .  F igure  8  shows  an  example  of  a  compact p lanar  l i gh twave  
ci rcu i t  (PLC) -based  transponder aggregator (TPA)  to  real i ze  any co lour  and  any d i recti on  
con figuration  [5] .  The  TPA can  ass i gn  any wavelength  and  any i npu t/ou tpu t  f i bre  wi thout  
s i gnal  con ten ti on .  Implemented  dynam ic  modu les  such  as  WSS,  transceivers,  and  c l i en t-s ide  
f ibre  cross  connects  are  targets  of  the  con tro l .  

 

Figure 7  – 3-deg ree ROADM  node wi th  colourless,   
non-d i rectional  add/drop ports  
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Figure 8  – Compact  PLC-based  transponder aggregator  
for  colourless and  d i rectionless  ROADM  

8 Conclusion  

I nd ividual  con tro l  of  each  of  these  dynam ic  modu les  and  network devices  by u s ing  a  network 
con trol  p lane  i s  necessary to  real i ze  h i gh -performance  node  systems  wi th  a u n i f i ed  s ignal  or  
d isaggregated  s i gnal  implemen tations .  Th is  document  explained  the  conceptual  def in i t ion  of  
an  i n termed iate  contro l ler  that  con tro ls  mu l ti p le  dynam ic  modu les  and  network devices  along  
wi th  techn ical  trends .  
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