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Description 

This  invention  relates  to  a  computer  based,  adaptive  traffic  routing  and  network  management  system 
according  to  the  preamble  of  claim  1  . 

5  This  system  serves  for  the  control  of  traffic  routing  in  telecommunication  networks,  where  communica- 
tions  between  nodes  (exchanges)  of  the  network  are  established  over  inter-node  transmission  facilities 
(trunks). 

The  principal  function  of  the  invention  is  to  route  traffic  in  the  network  such,  that  the  revenue  is 
maximized.  The  routing  mechanism  of  the  invention,  therefore,  uses  the  distance-  and  service  differentiated 

io  tariffs  applied  in  the  network  as  control  parameters.  The  invention,  therefore,  specifically  applies  to: 
1)  intercity  telephone  networks,  where  different  tariffs  are  applied  for  communications,  depending  on  the 
distance  between  the  nodes  and  sometimes  depending  also  on  the  hour  of  the  day: 
2)  integrated  services  networks  (ISN),  where  in  addition  different  tariffs  may  apply  to  different  types  of 
services. 

75  However,  the  invention  makes  use  of  a  general  purpose  routing  algorithm,  so  that  it  can  also  be  used  in  flat 
rate  networks,  such  as: 

3)  metropolitan  telephone  networks, 
4)  private  (PABX)  networks, 
5)  data  communications  networks, 

20  6)  security  and  military  communication  networks. 
Any  type  of  nodes  can  be  used,  however,  the  network  must  accommodate  at  least  5  nodes  of  the  so  called 
Stored  Program  Control  type  to  benefit  from  the  invention.  In  other  words,  at  least  5  nodes  of  the  network 
must  use  computer  control. 

Fig.  1  shows  an  example  of  a  telephone  network,  where  nodes  1  through  5  are  telephone  exchanges  of 
25  the  Stored  Program  Control  type  (computer  control)  and  nodes  6,  7  and  8  are  exchanges  using  marker 

control  (mechanical  relay  control).  Any  type  of  transmission  facilities  between  the  nodes  can  be  used.  Each 
such  facility  can  accommodate  several  channels,  or  trunks,  which  constitute  a  trunk  group.  The  trunks  can 
be  of  one-way  type  (to  be  used  in  one  direction),  or  of  two-way  type,  which  can  be  used  in  both  directions. 

30  PRIOR  ART 

A  system  as  defined  in  the  preamble  of  claim  1  is  known  from  the  Applicant's  article  in  the  PROCEEDINGS 
OF  THE  ELEVENTH  INTERNATIONAL  TELETRAFFIC  CONGRESS,  4th-1  1th  September,  1985,  pages  615- 
621  :  "Adaptive,  tariff  dependent  traffic  routing  and  network  management  in  multi-service  telecommunica- 

35  tions  networks". 
The  matter  discussed  in  this  article  proposes  a  system  for  the  control  of  traffic  routing  and  network 
management  in  multi-exchange  (multi-node)  telecommunication  networks  with  the  following  characteristics  : 

-  Routing  of  traffic  is  based  on  distant  sensitive  tariffs,  that  is  on  tariffs  applied  between  the  different 
nodes  (cities)  of  the  network.  This  is  clearly  shown  in  the  article  by  the  symbol  "Cij"  which  denotes 

40  the  tariff  used  between  nodes  i  and  j.  As  can  be  seen  in  the  Article,  only  tariffs,  dependent  on  the 
distances  between  the  nodes  are  used  in  the  condition  for  finding  a  path  through  the  network. 

-  The  control  applies  to  a  single  service  type,  for  instance  the  telephone  traffic;  different  service  types 
cannot  be  discriminated. 

-  If  any  other  type  of  service  is  also  switched  by  the  network  (for  instance  TELEFAX)  it  is  treated  in  the 
45  same  way  as  the  telephone  traffic. 

-  Network  management  is  performed  without  regard  to  differences  in  requirements  of  the  various 
service  types. 

A  typical  example  of  a  network  for  which  the  proposed  system  would  be  applicable  are  the  present  intercity 
telephone  networks,  where  different  tariffs  are  being  applied  for  communication  between  the  exchanges 

50  (nodes)  of  the  network,  depending  on  the  distances  between  cities. 
The  Article  discusses  therefore  the  management  of  network  on  a  global  basis,  disregarding  the  manage- 
ment  of  a  large  number  of  service  types  individually. 
Moreover,  the  matter  discussed  does  not  consider  the  actual  network  status. 
The  presently  used  conventional  telecommunication  networks  use  both  the  hierarchical  and  non-hierarchical 

55  design.  In  both  cases  the  network  is  dimensioned  such,  that  for  a  given  node-to-node  communication  traffic 
intensity,  the  amount  of  network  equipment  is  determined  so  that  the  probability  of  network  congestion  does 
not  exceed  a  given  predetermined  figure. 
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The  set  up  of  the  necessary  connection  for  a  communication  between  an  originating  node  and  a 
destination  node  is  made  in  a  fixed  and  predetermined  manner.  The  direct  trunks  between  the  nodes  are 
used  as  a  first  choice  for  the  connection.  Should  all  the  direct  trunks  be  occupied,  the  connection  can  be 
set  up  as  overflow  over  other  nodes  using  two,  or  more  trunks  in  tandem.  The  traffic  routing  scheme  in  the 

5  case  of  hierarchical  design  can  be  briefly  characterized  as: 
*  sequential  and  hierarchical  hunting  for  a  free  path  between  the  call  originating  node  and  the 

destination  node; 
*  step-by-step  set  up  of  connections; 
*  each  node  makes  indvidual  routing  decisions. 

io  In  such  a  network  design,  overflow  calls  may  enter  the  network  even  if  from  the  distant  tandem  node  no 
further  path  to  the  destination  exists  due  to  overload,  or  equipment  out-of-service.  This  sort  of  unsuccessful 
connections  produce  an  extra  and  ineffective  traffic  load  in  the  network,  which  in  extreme  overload  situations 
can  lead  to  serious  operational  network  disturbances.  In  those  situations  network  managers  perform  network 
management  by  rerouting  of  traffic.  This  is  done  by  changing  traffic  routing  tables  in  the  different  nodes.  At 

is  present  this  procedure  is  executed  on  a  more  or  less  manual  basis.  Since  it  is  time  consuming  the 
interventions  may  be  too  late  and  hence  they  may  be  inadequate,  have  no  effect,  or  may  even  worsen  the 
situation. 

Due  to  the  particular  way  of  routing  overflow  traffic,  the  different  trunk  groups  carry  both  the  direct 
traffic  to  the  destination  and  overflow  traffic  to  another  destination  node.  The  prior  art  of  traffic  routing  in 

20  telecommunications  networks  disregards  the  fact  that  the  different  traffic  parcels  are  subject  to  different 
tariffs,  which  is  the  case  for  instance  in  the  intercity  networks. 

BACKGROUND  OF  THE  INVENTION 

25  In  present  telephone  networks,  alternative  routing  is  used  to  handle  traffic  between  a  call  originating 
exchange  node  and  the  destination  exchange  node.  The  direct  trunks  between  these  nodes  are  used  as  a 
first  choice  for  the  establishment  of  the  connection.  Should  all  the  direct  trunks  be  occupied,  the  overflow  is 
routed  over  one,  or  more  other  nodes  in  tandem.  Thus  a  trunk  group  between  two  nodes  may  handle  direct 
traffic  to  a  destination  and  some  portion  of  overflow  traffic  to  another  destination. 

30  Existing  traffic  routing  systems  in  telephone  networks,  route  traffic  without  regard  to  applied  tariffs. 
However,  in  the  case  of  intercity  networks  different  tariffs  are  applied  for  calls  to  different  cities,  depending 
on  the  distance.  Since  an  overflow  connection  occupies  two,  or  more  trunks  in  series,  it  blocks  in  this  way 
paths  for  the  direct  traffic  in  several  trunk  groups.  It  may  occur  that  a  low  revenue  overflow  connection  has 
blocked  paths  for  the  more  profitable  direct  traffic  parcels.  This  may  be  especially  true  during  overload 

35  situations  when  the  percentage  of  overflow  connections  is  increased. 
The  situation  may  be  even  more  accentuated  in  the  future  integrated  services  networks  (ISN),  where  the 

tariffs  will  depend  not  only  on  the  intercity  distances,  but  also  on  the  type  of  service  provided.  Since  the 
present  traffic  routing  systems  disregard  tariffs,  they  do  not  result  in  maximum  revenues. 

Another  deficiency  of  present  routing  systems  is  that  each  node  routes  traffic  without  regard  to  the 
40  actual  out-of-service  and  overload  status  in  the  entire  network.  Thus,  calls  may  enter  the  network  even  if  no 

free  path  to  the  destination  exists,  relevant  equipment  is  overloaded,  or  out-of-service.  These  calls  must  be 
released,  but  have  occupied  the  network  for  some  time  without  being  successful,  blocking  in  this  way  paths 
for  calls,  which  could  get  through.  This  phenomenon  contributes  to  non-effective  traffic,  loading  the  network 
and  resulting  in  drop  of  revenues.  As  mentioned  earlier,  the  presently  practiced  network  management  on 

45  manual,  or  semi-automatic  basis  is  too  slow  for  the  relatively  quick  traffic  variations.  Late  interventions  may 
be  inadequate,  have  no  effect,  or  even  worsen  the  situation.  The  objective  of  the  invention  is  to  eliminate 
these  defficiencies  and  to  provide  a  traffic  control  mechanism,  which  results  in  maximum  revenue  traffic 
routing. 

50  SUMMARY  OF  THE  INVENTION 

The  object  of  the  present  invention  consists  in  an  extension  of  the  known  system  and  its  possibilities  of 
applications. 
According  to  the  invention  this  object  is  achieved  by  means  of  characteristics  described  in  the  characteriz- 

55  ing  parts  of  claim  1  . 
In  this  way  the  new  system  permits  to  route  traffic  in  telecommunication  networks  with  regard  to  applied 
distance-  and  service  sensitive  tariffs,  such  that  the  total  revenue  from  handling  traffic  by  the  network  is 
maximized  and  such,  that  the  revenues  are  automatically  protected  in  case  of  overload  in  the  network.  In 
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routing  the  traffic,  the  system  automatically  performs  also  the  following  functions: 
1)  by-pass  of  overloaded  and  out-of-service  network  equipment. 
2)  Blocking  of  calls  at  origin  to  overloaded,  out-of-service,  or  hard-to-reach  destinations. 
3)  Blocking  of  calls  at  origin  to  restricted  destinations. 

5  Based  on  tariff  differences,  the  system  can  for  instance  control  discount  traffic  on  a  24  hours-a-day  basis. 
Apart  from  the  automatic  network  management  functions,  the  system  had  facilities  for  on-demand 

interventions,  which  can  quickly  be  activated  over  computer  console.  These  are  for  instance: 
4)  Reservation  of  path  between  two  nodes  for  a  given  point  of  time. 
5)  Definition  of  restricted  destinations. 

io  6)  Blocking  of  given  nodes,  or  trunk  groups  for  certain  type  of  services. 
7)  Definition  of  network  scanning  interval. 
8)  Modification  of  network  definition. 

The  on-demand  interventions  are  executed  by  means  of  a  special  System  Management  &  Intervention 
Language  (SMIL),  which  due  to  modular  design  can  easily  be  extended  to  accommodate  other  on-demand 

is  interventions  as  needed. 

DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  of  a  network  using  the  stored  program  control  (SPC)  exchange  nodes  features 
20  of  the  present  invention. 

Figure  2  is  a  schematic  of  an  intercity  telephone  network  according  to  the  present  invention  consisting 
of  five  PSC  exchange  nodes  and  the  transmission  connections  between  them  (trunk  groups). 

Figures  3a-d  is  a  schematic  showing  various  feasible  tandem  paths  existing  between  an  originating 
node  and  a  destination  node. 

25  Figure  4  is  a  flow  chart  illustrating  the  possible  paths  which  a  call  may  take  utilizing  the  present 
invention. 

Figure  5  is  a  schematic  showing  the  general  design  of  a  computer-based  simulator  and  the  relationship 
between  the  real  network  and  the  configuration  in  the  computer-based  simulator. 

Figure  6  is  a  chart  showing  the  statistical  results  obtained  when  using  the  hierarchical  routing 
30  techniques  of  the  prior  art. 

Figure  7  is  a  chart  showing  the  statistical  rates  obtained  using  the  adaptive,  tariff  dependent  routing 
method  of  the  present  invention. 

Figure  8  is  a  schematic  of  an  intercity  network  configuration  using  the  prior  art  fixed  hierarchical  routing 
method. 

35  Figure  9  is  a  graph  showing  the  results  of  a  study  demonstrating  the  difference  in  the  number  of 
choices  tried  in  a  node,  both  in  the  case  of  the  prior  art  fixed-hierarchical  routing  and  in  the  case  of  the 
adaptive,  tariff  dependent  traffic  routing  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
40 

For  reasons  of  convenience,  where  necessary  the  invention  will  be  abbreviated  by  AR-NEM  system. 
Although  the  invention  can  be  used  in  different  network  applications,  here  it  will  be  described  only  for 

networks  where  distance-  and  service  differentiated  tariffs  are  applied,  (see  also  FIELD  OF  INVENTION). 
Two  examples  of  such  network  applications  are  for  instance  intercity  telephone  networks  and  integrated 

45  services  networks  (ISN).  The  invention  can  operate  in  the  mixed  digital  and  analog  switch  and  transmission 
environment,  but  requires  a  certain  number  (c:a  5)  of  switch  nodes  in  the  network  to  be  of  the  Stored 
Program  Control  (SPC)  type  for  beneficial  operation. 

The  SPC  nodes  are  controlled  by  a  computer,  while  the  non-SPC  nodes  are  assumed  to  be  controlled 
by  any  type  of  relay  marker  equipment.  First,  the  invention  will  be  described  for  networks  accommodating 

50  only  SPC  nodes.  Then  it  will  be  explained  how  calls  originating  in  non-SPC  nodes  can  benefit  from  the  AR- 
NEM  system. 

Figure  2  shows  an  example  of  an  intercity  telephone  network  consisting  of  5  SPC  exchange  nodes  and 
transmission  connections  between  them  (trunk  groups).  In  contrast  to  present  intercity  networks,  here  the 
exchanges  do  not  need  to  be  organized  in  hierarchy  levels.  Any  of  the  exchange  nodes  can  originate  calls, 

55  receive  calls  and  can  be  used  as  tandem  for  transit  connections.  Fig.  2  shows  one  of  several  possible 
realizations  of  the  invention.  It  is  built  up  of  equipment  available  on  the  market.  It  consists  of: 

*  a  computer  for  programs  and  fast  access  data, 
*  a  disk  memory  for  data  bases, 

4 
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*  a  tape  station  for  storing  statistics  and  back-up  programs, 
*  a  screen  and  console  terminal  for  system  operation, 
*  a  printer  for  printing  operational  reports. 

All  this  equipment  is  duplicated  for  reliability  reasons.  Display  of  network  sectors  can  be  done  on  terminal 
5  screen,  although  a  wall  screen  can  be  used  optionally.  The  computer  is  connected  to  the  SPC  nodes  of  the 

network  over  two-way  data  communication  links.  The  computer  programs  stored  in  the  computer,  perform 
the  specific  control  function  of  the  adaptive,  tariff  dependent  traffic  routing  and  automatic  network 
management  as  defined  in  the  invention.  The  equipment  constitutes  the  operational  aids. 

The  invention  (AR-NEM  System)  performs  the  control  of  traffic  routing  in  the  network  based  on  the 
io  following  parameters: 

a)  distance  and  service  dependent  tariffs;  these  are  stored  in  the  computer's  memory; 
b)  definition  of  restricted  destinations; 
c)  service  dependent  network  access; 
d)  the  actual  traffic  load  and  out-of-service  indicators  for  the  SPC  nodes  and  interconnecting  trunk 

is  groups; 
the  indicators  are  obtained  through  periodic  scanning  of  the  network  by  the  AR-NEM  computer;  the 
scanning  interval  depends  somewhat  on  the  actual  network  application;  normally,  the  scanning  interval  is 
in  the  range  of  3  -  20  sec. 
For  the  functional  description  of  the  invention,  the  following  symbol  definitions  are  used: 

20  m  =  total  number  of  SPC  transit  nodes  in  the  network; 
i  =  the  number  of  an  originating  node; 
j  =  the  number  of  a  destination  node; 
Njj  =  number  of  channels  in  service  in  the  trunk  group  between  nodes  i  and  j; 
D|  =  the  identity  (number)  of  data  link  connecting  the  AR-NEM  system  computer  and  node  i; 

25  yij(k)  =  call  intensity  for  calls  of  service  type  k,  originating  in  node  i  and  destined  to  node  j; 
hi(k)  =  average  holding  time  for  successful  connections  of  service  k,  originating  in  node  i; 
h(k)  =  average  holding  time  for  the  whole  network,  servie  k; 
Cij(k)  =  tariff;  charging  unit  for  calls  of  service  k,  per  time  unit  of  connection  between  nodes  i  and  j; 
Pij  =  traffic  indicator  for  trunk  group  i  -  j;  it  gives  the  actual  number  of  occupied  trunks  in  the 

30  trunk  group  between  nodes  i  and  j; 
Njj  -  pij  =  number  of  free  trunks  in  trunk  group  i  -  j  ; 

Njj  -  pij  >  0;  trunk  group  between  nodes  i  and  j  can  be  used  for  service; 
Njj  -  pij  =  0;  trunk  group  between  nodes  i  and  j  cannot  be  used  for  service; 

qij(k)  =  network  access  for  service  k;  qij(l)  =  N̂ ; 
35  Pij  <  qij(k);  service  k  is  allowed  to  use  trunk  group  i  -  j; 

Pij  k  qij(k);  service  k  is  not  allowed  to  use  trunk  group  i  -  j; 
The  switching  elements  in  the  nodes  that  are  required  for  the  set  up  of  connections  are: 

*  receivers, 
*  senders, 

40  *  connecting  network, 
*  Central  Processing  Unit  (CPU). 

All  the  elements  must  be  available  for  the  successful  set  up  of  a  connection.  If  any  of  the  above  elements  is 
out-of  service,  no  connection  can  take  place.  Similarly,  if  any  of  the  elements  is  overloaded,  the  call  will  be 
rejected,  or  must  wait  to  be  switched.  Should  the  delay  exceed  a  certain  limit,  the  waiting  call  will  be 

45  nevertheless  rejected  due  to  time-out.  Thus,  a  composite  traffic  and  out-of-service  indicator  is  used  for  the 
nodes,  as  follows: 

5 
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70 

r ^ x   =  1  i f   a  r e c e i v e r   of  t y p e   x  in  node  i  c a n  
be  u s e d   f o r   s e r v i c e ;  

r i x   =  0  i f   no  r e c e i v e r   of  t y p e   x  in  node  i  i s  
a v a i l a b l e   f o r   s e r v i c e ;  

Six   =  1  i f   a  s e n d e r   of  t y p e   x  in  node  i  can  b e  
u s e d   f o r   s e r v i c e ;  

s i x = U   i f   no  s e n d e r   of  t y p e   x  in  node  i  i s  

a v a i l a b l e   f o r   s e r v i c e ;  

75 

20 

25 

f  <  = 

v.  = 

v i  

1  i f   t he   c o n n e c t i n g   n e t w o r k   of  node  i  

can  be  u s e d   f o r   s e r v i c e ;  
0  i f   t he   c o n n e c t i n g   n e t w o r k   of  node  i  

c a n n o t   be  u s e d   f o r   s e r v i c e ;  
1  i f   t he   c e n t r a l   p r o c e s s i n g   u n i t   of  node  i  

can  be  u s e d   f o r   s e r v i c e ;  
0  i f   t he   c e n t r a l   p r o c e s s i n g   u n i t   of  node  i  

c a n n o t   be  u s e d   f o r   s e r v i c e .  

30  In  modern  SPC  telephone  exchanges,  means  exist  for  proper  assignment  of  indicator  values.  The  composite 
traffic  and  out-of-service  indicator  is  then  defined  as: 

■Mx  Hx  Sjx  fj  Vj 

35  If  the  resulting  value  of  the  composite  indicator 

40 

45 

^-ix  =  1  t ne   node  i  can   be  u s e d   f o r   s e r v i c e   a s s o c i a t e d  

w i t h   t he   r e c e i v e r   and  s e n d e r   of  t y p e   x ;  

R^x  =  0  t he   node  i  c a n n o t   be  u s e d   f o r   s e r v i c e  

a s s o c i a t e d   w i t h   t he   r e c e i v e r   and  s e n d e r  

of  t y p e   x .  

IX 

The  values  of  the  indicators  (Rix)  can  be  set  automatically,  or  manually  by  the  operator  of  the  node.  In  the 
case  of  automatic  setting,  the  tresholds  depend  on  the  type  of  switch  used  in  the  different  nodes. 

The  memory  of  the  computer  accommodates  definitions  of  network,  network  access  for  each  service, 
50  service-  and  distance  dependent  tariffs  and  restricted  destinations.  The  network  is  defined  by  the  following 

parameters: 
*  number  of  trunks  Njj,  between  nodes  i  and  j; 

55 
i  =  1,  2, 
j  =  1,2, 

m; 
m; 

6 
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*  trunk  type  for  each  trunk  group  i  -  j;  one-way,  or  two-way. 
In  the  case  of  two-way  trunks,  the  same  trunk  type  and  number  of  trunks  will  appear  for  trunk  group  i-j  as 
for  trunk  group  j-i. 
The  service  dependent  network  access  is  defined  as: 

5 
q,j(k);  qij(k)SN,j 
i  =  1,  2,  —  m; 
j  =  1,2,  —  -  m;  i  *  j; 
k  =  1,  2,  —  K; 

10 
The  tariff  information  is  stored  in  form  of  charging  units  for  calls  of  service  k  per  time  unit  of  connection 
between  node  i  and  j: 

cu(k); 
is  i  =  1  ,  2,  -  —  m; 

j  =  1,2,  —  -  m;  i  *  j; 
k  =  1,  2,  —  K; 

where  K  is  the  total  number  of  services  in  the  network.  As  a  rule,  for  the  same  service,  Cjj(k)  =  Cji(k).  The 
20  computer  data  files  accommodate  also  information  on  restricted  areas.  These  are  service  dependent  and 

are  defined  as  nodes,  which  do  not  accept  service  k  calls.  These  calls  will  be  rejected  at  the  originating 
node;  they  will  not  be  allowed  to  enter  the  network. 

By  periodic  scanning  of  the  network,  the  computer  collects  from  each  node  the  traffic  and  out-of-service 
parameters: 

25 
Rix;  yu(k);  hi(k); 

and 

30  p̂   or  N|j  -  p^ 

These  data,  once  collected  are  stored  in  the  computer's  memory. 
The  transfer  of  information  from  the  SPC  nodes  to  the  computer  is  made  over  data  links.  Thus  from  node  1 
the  parameters: 

35 
Pij;  Rix;  yij(k);  hi(k); 
j  =  2,  3,  —  m; 
k  =  1  ,  2,  —  K; 

40  are  transferred  to  the  computer  over  data  link  Di  .  From  node  2  the  parameters: 

Paj;  R2x;  y2j(k);  h2(k); 
j  =  1,3,  —  m; 
k  =  1  ,  2,  —  K; 

45 
are  transferred  to  the  computer  over  data  link  D2,  a.s.o.  until  the  required  data  has  been  transferred  to  the 
computer  from  all  the  SPC  nodes.  In  the  practical  realization  of  the  system  a  certain  flexibility  exists.  For 
instance,  only  the  parameter  p̂   needs  to  be  transferred  at  each  scanning.  The  parameters  Rix  can  be 
transferred  only  when  a  change  occurs,  not  necessarily  at  each  scanning  of  the  nodes.  Similarly, 

50  measurements  of  the  parameters  yjj(k)  and  hj(k)  are  performed  in  the  different  nodes  over  a  longer  period  of 
time  and  with  lower  frequency  than  the  network  scanning.  The  average  holding  time  for  the  entire  network, 
h(k)  is  calculated  in  the  system's  computer. 

The  scanning  of  the  nodes  can  be  performed  in  a  sequential  fashion.  Should  a  data  link  be  out-of- 
service,  it  will  be  indicated  to  the  computer,  so  that  it  does  not  wait  for  transfer  of  information  from  the 

55  corresponding  node.  In  that  case,  the  system  will  not  receive  any  new  data,  but  can  still  operate  based  on 
previous  data,  until  the  data  link  connection  has  been  reestablished.  In  normal  cases,  this  is  a  temporary 
situation. 

7 
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Once  the  data  has  been  transferred  from  the  nodes  to  the  computer,  the  system  has  a  global  view  of 
the  actual  situation  in  the  network,  in  terms  of: 

*  actual  traffic  load  in  the  different  trunk  groups  and  nodes; 
*  out-of-service  situation  in  the  different  trunk  groups  and  nodes; 

5  *  actual  offered  traffic  originating  in  each  node,  destined  to  any  other  node  for  each  type  of  service; 
*  actual  holding  time  for  each  type  of  service. 

Based  on  this  global  network  view  and  on  the  data  stored  in  the  system's  computer,  such  as: 
*  network  definition, 
*  network  access  parameters, 

io  *  restricted  area  definitions, 
*  service  and  distance  dependent  tariffs, 

the  system  determined  traffic  routing  instructions  for  each  SPC  node  and  each  type  of  service,  destined  to 
any  other  node.  At  the  same  time  the  system  performs  automatic  network  management  interventions,  such 
that: 

is  1)  Calls  to  restricted  destinations  are  blocked  at  the  originating  exchange. 
2)  Calls  to  overloaded  and/or  out-of-service  destination  exchanges  are  blocked  at  the  originating 
exchange. 
3)  Calls,  which  do  not  have  a  free  path  to  the  desired  destination  are  blocked  at  the  originating 
exchange. 

20  4)  Overloaded  and/or  out-of-service  transit  exchanges  are  automatically  by-passed. 
5)  Congested  and/or  out-of-service  trunk  groups  are  automatically  by-passed. 
6)  Optimum  traffic  routing: 

*  maximizing  revenues  in  tariff  differentiated  multi-service  networks; 
*  maximizing  traffic  throughput  in  flat  rate  networks; 

25  *  service  protecting  in  grade-of-service  differentiated  multi-service  networks. 
In  situations  described  in  items  1)  through  3)  the  calls  never  enter  the  network  and  consequently  do  not 
contribute  to  the  noneffective  traffic  load  in  the  network.  As  a  result,  the  incident  of  network  overload  will  be 
reduced.  In  multi-service  networks,  the  AR-NEM  system  may  issue  different  routing  instructions  for  the 
different  services.  In  the  case  of  tariff  differentiated  networks  this  is  the  consequence  of  different  tariffs 

30  applied  to  the  different  services.  In  flat  rate  networks,  this  is  the  consequence  of  different  network  access 
assigned  to  the  different  services.  Once  determined  in  the  AR-NEM  computer,  the  routing  instructions  are 
transferred  to  the  different  SPC  exchanges  and  are  used  for  routing  traffic  until  modified  after  next  scanning 
interval  or  later.  The  transfer  takes  place  over  the  respective  data  links.  In  the  SPC  nodes,  the  discrimination 
between  the  services  can  be  done  either  by  subscriber  category  or  by  means  of  dedicated  service  codes. 

35  In  addition  to  the  automatic  network  management,  the  system  has  features  for  on-demand  network 
management  interventions.  These  can  be  executed  over  the  AR-NEM  computer  console  (terminal)  by 
means  of  a  special  System  Management  and  Intervention  Language  (SMIL).  For  example,  the  following 
interventions  can  be  performed: 

1)  Modification  of  network  definition. 
40  2)  Modification  of  restricted  areas. 

3)  Modification  of  service  dependent  network  access  and  tariffs. 
4)  Modification  of  network  scanning  interval. 
5)  Blocking  of  given  exchanges  and  trunk  groups  for  traffic. 
6)  Reservation  of  path  between  two  given  exchanges. 

45  7)  Blocking  of  network  for  low  priority  services.  Reservation  of  network  capacity  for  certain  type  of 
services. 

For  example,  by  defining  two  different  tariffs,  one  for  discount  service  and  one  for  regular  service,  the  AR- 
NEM  system  will  automatically  perform  routing  and  management  of  the  discount  traffic  on  a  24  hours  a  day 
basis  and  such  that  the  revenues  are  maximized. 

50  The  network  access  parameters  qij(k)  are  used  for  the  two  functions: 
1)  to  control  routing  of  different  services  in  flat  rate  network  applications, 
2)  as  an  instrument  for  the  on-demand  network  management. 

The  principle  is  the  same  in  both  cases.  A  service  k  may  use  a  trunk  group  i-j  for  connection  if  the  actual 
number  of  occupied  trunks  p̂   in  the  group  is  lower  than  the  service  related  network  access  qij(k).  Since  the 

55  probability  of  network  congestion  depends  on  network  access,  these  can  be  determined  such  that  the 
probability  of  blocking  in  a  trunk  group  i-j,  for  the  different  services  k,  satisfy  given  predetermined  figures  ek, 
e.g.: 

8 
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Blocking  for  service  k:  Ejj(k)  a  ek 
i  =  1,  2,  —  m; 
j  =  1,2,  —  -  m;  i  *  j; 
k  =  1,  2,  —  K; 

In  this  way  a  grade-of-service  differentiated  routing  is  achieved. 
Provided  that  the  values  for  ek  are  given,  the  network  access  in  a  trunk  group  for  the  different  services 

can  be  determined.  For  instance,  for  three  services  this  can  be  done  in  the  following  way: 

q ^ j d )   =  N  -  n e t w o r k   a c c e s s   f o r   s e r v i c e   1 ;  

q j j ( 2 )   =  M  «  n e t w o r k   a c c e s s   f o r   s e r v i c e   2 ;  

q j j ( 3 )   =  L  =  n e t w o r k   a c c e s s   f o r   s e r v i c e   3 ;  

A  =  t r a f f i c   o f f e r e d ,   s e r v i c e   1 ;  

a  -  t r a f f i c   o f f e r e d ,   s e r v i c e   2 ;  

b  =  t r a f f i c   o f f e r e d ,   s e r v i c e   3 ;  

t  =  p r o b a b i l i t y   of  t r u n k   g r o u p   b l o c k i n g  
f o r   s e r v i c e   1 ;  

E'  =  d i t t o   f o r   s e r v i c e   2 ;  
E"  =  d i t t o   f o r   s e r v i c e   3 ;  

The  blocking  probabilities  can  be  expressed  by  means  of  recursive  formulas  as  a  function  of  network 
access. 

For  s e r v i c e   1  : 

'  
F  =  

A'Er-1,M,L 
Lr,M,L  r+A-EM)MjL  r » M + 1 , —  

r  (A+aj-Es-Ls.-i.L  S-L  +  1,—  ■ 
s t S ) s , L -   s+ (A+a) -E8- i , 8 - i ,L  

-  N 

-  M 

For  s e r v i c e   2 

C  '  _  r-Er-1,M,L  -  
t r ,M,L-   r+A-Er_1)M,L  tr .M.L 

v i c e   2:  < 
r'  (A+a) -Es- i , s - i ,L  

l / s , s , L -   s+(A+a)-Es .1)S- i ,L  

"  
P"  -  r'Er'-1.M,L  -  

J  t r , M l L -   r+A-EM)MlL  n - - , M , L  
v i c e   3:  <  

F"  -  S ^ s - I , s - 1 , L   p 
l ^ i - s . s . L -   S+(A  +  a)-Es-l ,s-1,L  ^ s . s . L  

■I'  , = F '   =F  -  <A+a+b>1/  V   (A+a+b)" 
-L,L,L  tL)L(L  LL(L)L  L,  /   f o * *  

For  s e r v i c e   3:  <  

(A+a+b)" 
li! 
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The  network  access  parameters  M,  N,  L  can  be  determined  such  that: 

EN,M,L  "  £l  ENiM(L  £  £2  En)M)L  £  £3  

During  the  network  operations,  the  network  access  parameters  can  be  maintained  constant  or  can  be 
modified  on-line,  depending  on  operational  objectives. 

Different  services  may  have  different  or  the  same  network  access,  e.g.: 
10 

q,j(1)  =  q,j(2)  =  -   =  q,j(K); 

This  feature  can  be  used  for  the  on-demand  network  management  functions.  For  instance,  using  the  AR- 
NEM  computer  console,  the  parameters  can  be  set  as: 

15 
q,j(1)  =  N,j;  q,j(2)  =  --   =  q,j(K)  =  0; 

Using  these  parameters,  the  network  will  only  handle  service  of  type  1  calls,  until  the  parameters  are 
changed  again.  Thus  in  emergency  situations,  the  network  can  be  assigned  to  handle  only  certain  type  of 

20  service  of  services. 
In  intercity  networks,  the  tariffs  depend  also  on  distances  between  the  different  nodes.  In  order  to 

explain  the  principle  of  routing  traffic,  such  that  the  revenues  are  maximized,  the  case  of  network  providing 
only  one  type  of  service  will  be  considered  first.  Then,  extension  will  be  made  to  multi-service  networks. 

The  general  principle  for  routing  traffic  according  to  this  invention  is  as  follows: 
25  1)  Calls  originating  in  a  SPC  node  i,  destined  to  a  node  j  are  routed  over  the  direct  trunks  between  nodes 

i  and  j  as  a  first  choice. 
2)  Should  all  the  direct  trunks  between  nodes  i  and  j  be  occupied,  out-of-service  or  non-existing,  the  calls 
are  routed  over  any  other  SPC  node,  which  can  be  reached  from  node  i  and  which  can  reach  node  j; 
in  this  case,  the  path  is  built  up  of  two  trunk  groups  used  in  series  (tandem); 

30  this  alternative  is  used  as  a  second  choice; 
3)  Should  also  all  the  two-link  paths  between  nodes  i  and  j  be  occupied  or  non-existent,  any  combination 
of  three-link  path  can  be  used  for  the  establishment  of  the  connection; 
in  this  case  3  trunk  groups  are  used  in  series  and  two  SPC  nodes  are  used  in  tandem  between  the 
originating  node  i  and  the  destination  j; 

35  this  alternative  is  used  as  a  third  choice. 
In  principle,  paths  utilizing  more  than  two  tandem  nodes  can  also  be  used.  However,  using  paths  with  more 
than  3  links  in  series  does  not  result  in  substantial  increase  of  the  network's  capacity,  but  would  complicate 
the  system. 

The  direct  path  between  the  originating  node  i  and  the  destination  j,  does  not  require  any  intervention 
40  from  the  AR-NEM  system.  The  originating  node  can  perform  the  necessary  test  of  free  direct  trunks  itself. 

The  role  of  the  AR-NEM  system  is  to  find  suitable  tandem  paths  between  each  SPC  node  and  each  other 
node  (destination)  to  be  used  in  case  the  direct  trunks  to  the  desired  destination  are  occupied. 

The  selection  of  nodes  as  candidates  for  tandem  connections  is  made  according  to  a  special  algorithm, 
as  follows: 

45  a)  A  two-link  path  is  candidate  for  tandem  connection  if  the  expected  revenue  from  the  connection  is 
greater  than  the  estimated  loss  of  revenues  from  directly  handled  traffic  in  the  two  affected  trunk  groups, 
due  to  occupied  trunks  by  the  tandem  connection. 
b)  A  three-link  path  is  candidate  for  tandem  connection  if  the  expected  revenue  from  the  connection  is 
greater  than  the  estimated  loss  of  revenues  from  directly  handled  traffic  in  the  three  affected  trunk 

50  groups,  due  to  occupied  trunks  by  the  tandem  connection. 
The  condition  for  allowing  a  two-link  tandem  connection  to  be  set  up,  can  be  deduced  in  the  following  way: 

The  expected  revenue  from  a  tandem  connection  of  service  type  1  ,  between  node  i  and  j  is: 

h(i)-c,j(i)  ; 
55 

If  the  tandem  connection  is  not  established,  the  expected  revenue  from  traffic  handled  over  direct  trunks  in 
group  i-t,  during  the  period  of  h(1)  time  units  is  estimated  to  be: 

10 
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h(1)'yit(1)-[1  -  B(N,t;p,t)]'c„(1)'h(1)  ; 

and  if  the  tandem  connection  is  established,  the  corresponding  revenue  is  estimated  to  be: 

5  h(1)-y,t(1)-[1  -B(N,t-1;p,t)]'c,,(1)'h(1); 

Consequently,  the  expected  loss  of  revenues  from  the  directly  handled  traffic  in  trunk  group  i-t,  due  to  an 
established  tandem  connection  is  estimated  to  be: 

w  h(1)'y„(1)'c„(1)'[B(N,t-1;p,t)-  B(N„;p,t)]'h(1)  ; 

where 
B(Nit;pit)  =  conditional  probability  of  all  Nit  trunks  being  busy,  given  pit  trunks  have  been  observed  to 

be  occupied  at  the  moment  of  network  scanning. 
is  This  function  is  also  dependent  of  the  parameters  h(1)  and  yit(1). 

It  can  be  obtained  either  by  using  theoretical  formulas,  or  by  means  of  statistics.  In  the 
first  case,  experience  shows  that  also  simple  approximations  give  satisfactory  perfor- 
mance.  For  instance,  Erlang's  loss  formula  has  been  used  as  an  approximation  with 
satisfactory  results.  In  that  case  (see  page  26), 

20 
B(N„;p,t)  =  E(Nit;Ait(1))  ; 
A,(1)  =  h(1)*yit(1); 

However,  when  scanning  the  network,  the  number  of  occupied  trunks  in  each  trunk  group 
25  Pit  is  transferred  from  the  different  nodes  to  the  AR-NEM  computer.  This  applies  also  to 

the  state  pit  -  Nit.  Statistics  can  therefore  be  used  to  approximate  the  function  B(Nit;pit). 
In  a  similar  way  the  expected  loss  of  revenue  for  trunk  group  t-j  can  be  obtained.  Consequently,  it  is 
profitable  to  allow  a  tandem  connection  between  nodes  i  and  j  to  be  set  up  if 

30 

35 

45 

' i j d )   > C i t ( l ) . A i t ( l ) . | B ( N i t . -   l ; p i t )   -  B ( N i t ; p i t ) J  

+  c t J ( l ) . A t j ( l ) . [ B ( N t j -   l ; p t j )   - B ( N t J ; p t j ) j  

else,  at  this  point  of  time  (until  next  scanning)  it  is  more  profitable  to  use  the  trunks  in  groups  i-t  and  t-j  for 
handling  direct  traffic,  or  use  them  for  tandem  connections  between  other  nodes. 

The  resulting  algorithm  used  for  the  search  of  tandem  path  between  nodes  i  and  j  is  as  follows: 
40  1)  A  node  t  can  be  used  as  tandem  for  a  two-link  connection  between  an  originating  node  i  and  a 

destination  node  j  if  the  following  conditions  are  all  satisfied  at  the  same  time: 
Rtx  =  1  ;  node  t  is  available  for  service; 
Nit  -  pit>0  ;  trunk  group  i-t  can  be  used  for  service; 
Ntj  -  ptj>0  ;  trunk  group  t-j  can  be  used  for  service; 

50 

j<1>  >   c i t < l ) . A i t ( l ) . | M N i t -   l ; P i t )   .  B ( N i t ; p i t ) j  

+  C t j ( l ) . A t J ( l ) . j B ( N t J - l ; p t j )   - B ( N t j ; p t j ) j  

55 

2)  Nodes  t  and  u  can  be  used  as  tandems  for  a  three-link  connection  between  an  originating  node  i  and 
a  destination  node  j  if  the  following  conditions  are  all  satisfied  at  the  same  time: 

Rtx  =  1  ;  Rux  =  1  ; 

Nit  -  pit>0;  Ntu  -  ptu>0;  Nuj  -  puj>0; 

11 
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c i j ( 1 )   > c i t ( l ) - A i t < l ) . | M N i t - l ; p i t )   - B ( N i t ; p i t ) J   + 

+  c t u ( l ) . A t u ( l )   ( b ( N C u -   l ; p t u )   -  B ( N t u ; p t u ) J   + 

+  c u j ( l ) . A u j ( l ) . ^ B ( N u j - l ; p u j )   - B ( N u j ; p u j ) J   ; 

10 
Should  any  of  the  traffic  and/or  out-of-service  indicators  not  satisfy  the  conditions,  the  corresponding 
network  element  will  be  excluded  from  the  path  search  and  automatically  by-passed  when  routing  a  call 
through  the  network.  Similarly,  if  Cij(1)  does  not  satisfy  the  inequality  condition,  it  implies  that  it  is  not 
profitable  at  this  moment  to  route  a  tandem  connection  from  node  i  to  node  j  over  the  nodes  t,  or  t  and 

15  U. 
3)  The  path  search  between  nodes  i  and  j  is  performed  only  if  the  destination  node  j  is  in  service,  e.g.: 
Rjx  =  1;  Should  this  condition  not  be  satisfied,  calls  destined  to  this  node  will  not  be  allowed  to  enter  the 
network,  but  will  be  rejected  at  the  originating  node  i. 
4)  In  multi-service  networks,  when  performing  the  path  search,  the  network  access  qij(k)  assigned  to  the 

20  different  services  is  taken  into  account. 
5)  Similarly,  the  on-demand  network  management  interventions  are  respected  during  the  path  search. 
Thus  calls  to  restricted  areas  or  to  blocked  destinations  will  be  rejected  at  the  originating  node. 
For  practical  realization  of  the  invention,  computer  programs  have  been  developed  for  the  evaluation  of 

the  algorithm.  The  programs  are  stored  in  the  AR-NEM  computer,  which  performs  path  search  for  each  SPC 
25  node  to  any  other  node,  based  on  the  network  data  and  according  to  the  algorithm's  conditions.  Once  the 

path  search  is  completed,  routing  instructions  are  sent  to  the  different  SPC  nodes. 
A  feasible  path,  if  existing  is  defined  in  terms  of  node  identities.  For  instance,  a  two-link  path  is  defined 

by  the  tandem  node  t  and  a  three-link  path  is  defined  by  the  node  identities  t  and  u.  Although,  in  principle  a 
tandem  connection  can  be  set  up  over  more  than  three  links,  for  practical  reasons  the  number  of  links  that 

30  can  be  used  for  tandem  connections  is  here  limited  to  three.  The  routing  instructions  are  then  valid  until 
next  scanning  is  performed  and  a  new  set  of  tandem  identities  is  transferred  to  the  SPC  nodes.  During  the 
path  search  process,  several  cases  may  occur,  such  as: 

1)  no  feasible  tandem  path  exists  between  nodes  i  and  j; 
2)  only  one  feasible  tandem  path  exists  between  nodes  i  and  j; 

35  3)  several  feasible  tandem  paths  exist  between  nodes  i  and  j. 
In  the  first  case,  the  tandem  identity  is  replaced  by  a  special  code  (-1).  If  also  all  the  direct  trunks  to  the 
desired  destination  are  occupied,  the  code  indicates  network  congestion.  Calls  to  node  j  in  that  case  will  be 
rejected  by  the  originating  node  i,  without  being  allowed  to  enter  the  network. 

If  several  feasible  tandem  paths  exist  between  nodes  i  and  j,  the  AR-NEM  system  will  select  two  paths 
40  at  random,  I  and  II,  to  be  tried  in  that  order.  Should  the  principal  path  I  be  snatched  away,  the  second  path 

(II)  can  be  used  automatically.  Some  possible  situations  that  can  occur  are  shown  in  Fig.  3a  through  3d.  The 
type  of  information,  in  terms  of  tandem  identities,  defining  the  tandem  paths  depends  on  the  actual  situation 
in  the  network.  Each  node,  however,  will  receive  two  identities,  e.g.  ti  and  t2.  Should  only  one  path  exist,  t2 
will  be  replaced  by  (1-).  Should  there  not  be  any  feasible  tandem  path  between  nodes  i  and  j,  both  ti  and  t2 

45  will  be  replaced  by  (1-).  The  arrangement  in  the  nodes  to  accommodate  the  information  and  how  it  should 
be  utilized  for  call  routing  depends  on  the  type  of  switch  used  in  the  nodes.  The  arrangement  includes  also 
the  limitation  for  any  tandem  connection  to  use  more  than  three  links.  Although  the  arrangement  has  been 
developed  for  some  type  of  switch,  it  cannot  be  generally  covered  in  this  document,  as  it  must  be  adapted 
to  each  particular  network  application. 

50  The  actual  procedure  for  routing  a  call  through  the  network  is  shown  in  Fig.  4.  It  applies  to  the  case  as 
shown  in  Fig.  3a,  but  can  be  generally  adapted  to  all  the  other  cases  and  to  more  than  one  service. 

The  described  algorithm  is  valid  for  the  case  when  the  originating  node  is  of  SPC  type.  This  restriction 
does  not  apply  to  the  destination  node,  which  can  be  of  any  type.  For  calls  originating  in  non-SPC  nodes  an 
addition  must  be  made.  Non-SPC  nodes,  as  a  rule  have  marker  control  of  mechanical  type.  Consequently, 

55  these  cannot  communicate  with  the  AR-NEM  system  computer  and  cannot  receive  routing  instructions  from 
the  system.  Calls  originating  in  non-SPC  nodes  can  still  use  the  direct  trunks  to  the  destination  as  a  first 
choice.  A  tandem  connection,  however  can  be  set  up  over  the  SPC-node  network.  In  order  to  benefit  from 
the  adaptive,  tariff  dependent  traffic  routing  a  call  originating  in  a  non-SPC  node  must  connect  first  to  one  of 

12 
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the  SPC-nodes. 
So  far  the  function  of  the  system  was  described  assuming  only  one  type  of  service  in  the  network.  In 

order  to  describe  the  system  for  more  than  one  service  it  is  necessary  to  define  the  relationship  between 
the  different  service  types.  Here,  it  assumed  that  the  service  types  differ  in  tariffs  such  that: 

5 
Cij(1)>  Cij(2)>  - - >   Cij(K)  ; 

The  principle  of  the  invention  is  to  route  traffic  in  a  network  such,  that  maximum  revenues  are  achieved 
from  the  network  operations.  It  is  then  obvious  that  the  high  tariff  service  will  be  handled  with  somewhat 

io  higher  priority  than  the  low  tariff  services.  However,  it  must  be  underlined,  that  the  network  must  be 
designed  such,  that  at  the  engineering  traffic  level  the  assigned  grade-of-service  must  be  satisfied  for  all  the 
services  as  required.  Due  to  traffic  variations,  low  tariff  services  will  be  handled  by  network  facilities  when 
and  where  the  intensity  of  high  tariff  traffic  is  rather  low  and  vice  versa,  the  high  tariff  traffic  will  be 
protected  during  periods  of  network  overload.  In  this  way  maximum  possible  revenues  will  be  achieved. 

is  The  algorithm  for  routing  traffic  in  multi-service  networks  is  similar  to  that  for  one-service  networks.  The 
only  difference  is  in  the  condition  for  setting  up  the  connection.  For  multi-service  networks  this  condition  is 
as  follows: 

1)  A  call  of  service  k,  originating  in  node  i  and  destined  to  node  j  is  allowed  to  use  a  direct  trunk  between 
these  nodes  if 

20 

25 

30 

35 

40 

45 

50 

55 

: i j ( k ) > ( B ( N i r   l ; P i j )   - B ( N i j ; p . . ) ]   - Z c i i ^ p J - A i ^ u )   ; 
H»1 

2)  A  call  of  service  k,  originating  in  node  i  and  destined  to  node  j  can  be  set  up  as  a  two-link  tandem 
connection  over  node  t,  if 

k 

C i j ( k )   >  ( B ( N i t -   l ; p . t )   -  B ( N i t ; p i t ) )   - £ c i t ( u )   .  A i t ( p >   + 

k 

♦  [ B ( N t j -   l ; p t j )   - B ( N t J ; p t j ) ) . £ c t j < j i ) . A t j ( u >   ; 
r 1  

3)  A  call  of  service  k,  originating  in  node  i  and  destined  to  node  j  can  be  set  up  as  a  three-link  tandem 
connection  over  nodes  t  and  u,  if 

k 

C i j ( k )   >  [ B ( N i t -   l S p l t )   -  B ( N l t ; p i t ) ]   £ c i t ( u )   - A l t ( u )   ♦ 

k 

+  ( B < N t u - 1 ! P t u > - B < N t u S P t u > l - 2 Z c t u ( P > - A t u ( P >   + 
r 1  

k 

+  I B " , u j - 1 5 P u J ) - B < N u j 5 P u j > ) - Z c u J ( P ) - N x j < P >   • 
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where  Aj(k)  =  yu(k),h(k)  ; 
Note  that  services  of  higher  tariff  than  Cjj(k)  satisfy  also  these  conditions. 

The  traffic  routing  algorithm  can  also  be  used  in  flat  rate  networks,  such  as  the  metropolitan  telephone 
networks.  In  those  networks  the  same  tariff  is  used  for  all  calls,  independently  of  service  type,  or  the 

5  distance  between  the  originating  node  and  the  destination.  Thus,  the  tariff  can  be  set  to  be: 

Cij(k)  =  1; 

for  all  i,  j  and  k  values.  In  those  cases  the  condition  is  as  follows: 
io  1)  A  call  originating  in  node  i  and  destined  to  node  j  is  using  a  direct  trunk  be  trunk  between  these  nodes 

as  a  first  choice.  Should  all  the  direct  trunks  be  occupied,  or  not  available  for  service,  then: 
2)  a  two-link  tandem  connection  can  be  used,  if: 

l > [ B ( N i t - l ; p i t ) - B ( N i t ; p i t ) J . A i t   + 

+  ^ ^ t j - ^ . P t j ^ B C N ^ - . p . ^ j . A ^ ;  

20 
3)  and  a  three-link  tandem  connection  can  be  used,  if: 

l > ( B ( N i t . - l ; p i t ) - B ( N i t ; p i t ) j . A i t   + 

+  ( B ( N t u - l ; p t . u ) - B ( N t : u ; p 1 : u ) J . A ( : u   + 

+  ( B ( N u j - 1 ' P u j ) - B ( N u j ; p u j ) J . A u j ;  

where 
Aj  =  total  traffic  offered  from  node  i  to  node  j. 

35  In  the  case  of  flat  rate  networks,  the  traffic  handled  by  the  network  is  automatically  maximized.  The  tandem 
connections  will  be  allowed  if  it  is  expected  that  these  will  result  in  increased  traffic  handled.  Tandem 
connections  will  not  be  allowed  if  it  is  estimated  that  these  would  prevent  the  trunks  from  handling  direct 
traffic  resulting  in  higher  total  handled  traffic.  This  will  be  mostly  the  case  when  the  network  is  overloaded. 
Thus,  the  invention  (AR-NEM  system)  protects  automatically  the  network  against  undesirable  effects  of 

40  overload. 
In  all  the  cases  the  tandem  nodes  must  satisfy  the  conditions: 

t*i;  t * j ;  
u  *  i;  u  *  j;  u  *t; 

45 
The  tandem  identities  once  stored  in  the  nodes  are  valid  until  next  set  of  feasible  tandem  identities  has 
been  determined  and  sent  to  the  different  nodes.  This  feature  provides  an  automatic  back-up  system.  In 
case  all  the  data  links  are  out-of-service,  or  the  AR-NEM  system  computer  is  out-of-service  the  network  will 
still  operate  based  on  the  tandem  identities  stored  in  the  nodes.  These  data  will  be  used  until  faulty  devices 

50  have  been  repaired  and  put  in  operation  again.  At  that  moment  the  network  will  automatically  return  to 
normal  AR-NEM  operations.  During  the  period  of  complete  system  failure,  the  network  will  route  traffic 
depending  on  the  last  network  situation  observed.  In  the  best  case,  the  routing  scheme  will  correspond  to 
that  shown  in  Fig.  3a. 

As  an  example,  feasible  two-link  paths  will  be  determined  between  node  1  and  2  in  the  5-node  network 
55  as  shown  in  Fig.  2.  It  is  assumed  to  be  an  intercity  network,  providing  only  one  service.  The  following 

assumed  data  apply: 
*  all  nodes  in  service; 
*  average  holding  time,  h(1)  =  200  seconds; 

14 
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for  simplicity  reasons,  the  function  B(N;p)  will  be  approximated  by  Erlang's  Loss  Formula, 

B ( N ; p )   « E ( N ; A )   = 

15 
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rABLE  1.  Nji  ,  Number  of  tfrurlks  "in  o p e r a t i o n .  

FROM  TO  NODE  j 
NODE  j  2  3  4  5 

1  —  10  15  10  20 

2  12  —  10  12  15 

3  16  12  —  15  12 

4  10  12  10  —  0 

5  18  12  15  0  — 

TABLE  2.  p . . ,   Number  of  occupied  t r u n k s .  

FROM  TO  NODE  j  
NODE 

i  1  2  3  4  5 

1  —  10  10  7  16 

2  10  —  6  10  11 

3  13  8  —  15  6 

4  7  9  8  — 0  

,5  15  8  15  0  — 

TABLE  3.  A . . ( l ) ,   The  ac tua l   t r a f f i c s   in  e r l a n g s  

FROM  TO  NODE  j  
NODE 

i  1  2  3  4  5 

1  —  7.0  10.0  8.0  15 .0  

2  11.0  —  7.0  11.0  11 .0  

3  13.0  8.0  —  15.0  6 .0  

4  7.0  10.0  8.0  —  0 .0  

5  16.0  7.0  15.0  O.n  — 
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TABLE  4.  C i j U ) ,   T a r i f f s .  

FROM  TO  NODE  1 
NODE 

i  1  2  3  4  5 

1  —  2  3  4  2 

2  2 - 2 3 3  

3  3  2  —  2  4 

4  4  3  2  —  2 

5  2  3  4  2  —  

The  possible  two-link  paths  between  nodes  1  and  2,  as  shown  in  Fig.  2,  are: 
(i  -  1  -  j):  1 - 3 - 2  

1 - 4 - 2  
1 - 5 - 2  

Further  from  Tables  1  and  2  it  can  be  seen  that: 

N13-P13  >  0; 
Nu-pu  >  0; 
N15-P15  >  0; 
N32-P32  >  0; 
N42-P+2  >  0; 
N52-P52  >  0; 

Feasible  two-link  tandem  paths  are  those  for  which: 

c i j U ) ^ F t « c i t ( l ) . A i t ( l ) . | E < N i t -   l ; A i t ( l ) )   -  E ( N i t   ; A i t <   1  )  )J  + 

+  c t j ( l ) . A t j ( l ) . ^ E ( N t j -   l ; A t j ( l ) >   - E ( N t j ; A t j ( l ) ) j   ; 

vhere  E(Nyz;Ayz(1))  can  be  obtained  from  Erlang's  table. 
ror  i  =  1  and  j  =  2,  ci2(1)  =  2.  Then  for  t  =  3,  Ci3(1)  =  3  and  C32(1)  =  2,  the  value  of  F  can  be  calculated 
iccording  to  the  above  formula: 
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F3  =  3 - 1 0 . 0 - ( E ( 1 4 ; 1 0 . 0 )   - E ( 1 5 ; 1 0 . 0 ) )   + 

+  2 - 8 . 0 - ( E ( l l ; 8 . 0 )   -  E ( 1 2 ; 8 . 0 ) )   = 

-  3 0 . ( 0 . 0 5 6 8   -  0 . 0 3 6 5 ) +   16  •  (0.  0813  -  0 . 0 5 1 5 )   -  1 . 0 8 6  
S i m i l a r l y ,   f o r   t = 4 ,   c 1 4 ( l ) = 4   and  c 4 2 ( l ) - 3   F4  -  2  9 2 0  

For  nodes  3  and  5,  ci2(1)>F3  and  ci2(1)>F5  respectively.  Hence,  these  nodes  can  be  used  as  candidates 
for  feasible  two-link  tandem  paths.  For  node  t  =  4,  ci2(1)<F+.  In  this  case,  therefore,  it  is  more  profitable  to 

75  use  the  trunk  groups  1-4  and  4-2  for  direct  traffic. 
For  the  purpose  of  system  testing  and  network  performance  testing,  the  AR-NEM  software  has  been 

used  to  create  a  computer-based  emulator.  Additional  software  modules  have  been  developed  in  order  to 
generate  traffic  and  perform  traffic  measurements,  as  well  as  print  statistics.  Fig.  5  shows  the  general 
design  of  the  emulator  and  the  relationship  between  the  real  network  configuration  and  the  computer-based 

20  emulator.  Since  the  emulator  is  using  the  real  AR-NEM  programs,  running  the  emulator,  the  statistics  will 
reflect  the  AR-NEM  system  performance  and  the  network  performance  as  they  would  do  in  real  life.  Several 
system  and  network  studies  have  been  performed  using  the  emulator,  as  regards  normal  load,  overload  as 
well  as  different  out-of-service  situations,  such  as: 

*  a  node  is  out-of-service, 
25  *  one,  or  several  trunk  groups  are  out-of-service, 

*  the  AR-NEM  computer  is  out-of-service. 
The  results  of  the  studies  have  been  presented,  as  mentioned  earlier,  at  the  11:th  International  Teletraffic 
Congress,  in  Kyoto,  September  4-11,  1985  in  the  paper  "Adaptive,  Tariff  Dependent  Traffic  Routing  and 
Network  Management  in  Multi-Service  Networks".  Using  the  network  emulator,  networks  using  present 

30  routing  techniques  can  also  be  studied.  Figures  6  and  7  show  extracts  from  results.  Fig.  7  shows  the  results 
of  network  performance  when  traffic  routing  is  performed  under  the  command  of  the  AR-NEM  system  and 
Fig.  6  shows  the  results  when  the  fixed-hierarchical  traffic  routing  is  used.  The  results  apply  in  both  cases  to 
the  same  network  and  the  same  traffic  conditions.  It  is  a  16-node  intercity  network,  handling  two  types  of 
services.  The  results  demonstrate  the  following: 

35  *  as  can  be  seen  in  Fig.  6,  the  present  art,  fixed-hierarchical  routing  does  not  take  into  account  the 
service  and  distance  differentiated  tariffs;  the  node-to-node  congestion  is  the  same  for  the  two 
services,  or  0.057,  which  is  the  same  as  the  average  for  the  entire  network; 

*  in  Fig.  7  it  can  be  seen  that  the  adaptive,  tariff  dependent  routing  provides  much  better  grade-of- 
service;  the  average  congestion  for  the  entire  network,  in  this  case  is  only  0.01  1  as  compared  to  0.057 

40  above;  the  high  tariff  service  1  ,  experiences  somewhat  lower  congestion  opr  0.005,  than  the  low  tariff 
service  2,  which  experiences  a  congestion  of  0.017; 

*  similarly,  it  can  be  seen  that  the  adaptive,  tariff  dependent  routing  results  in  higher  revenues  than  the 
present  art,  fixed-hierarchical  routing;  in  addition  to  the  better  grade-of-service,  the  total  revenues  in 
the  first  case  are  183  227.2  units  while  in  the  second  case  the  total  revenues  are  177  682.2  units; 

45  *  as  could  be  expected,  the  increase  of  revenues  is  mainly  coming  from  the  high  tariff  service  1,  from 
119  595.6  to  123  878.2,  while  the  revenues  for  the  low  tariff  service  2,  increase  only  from  58  086.6  to 
59  349.0  units;  this  effect,  clearly  demonstrates  the  efficiency  of  the  adaptive,  tariff  dependent  traffic 
routing  mechanism. 

For  other  results,  see  the  paper  referenced  above. 
50  The  capacity  requirement  for  the  AR-NEM  system  computer  depends  on  the  number  of  nodes  in  the 

network,  but  not  on  the  traffic  load  in  the  network.  Therefore,  the  AR-NEM  system  is  practically  insensitive 
to  network  traffic  overload.  However,  the  incident  of  path  snatching  increases  with  increasing  network  load 
and  with  increasing  length  of  scanning  interval.  The  scanning  interval,  therefore,  should  be  kept  on  a  low 
level. 

55  In  the  present  art,  fixed-hierarchical  networks,  when  searching  for  a  free  trunk  in  the  originating  node, 
several  trunk  groups  may  be  tested  before  a  free  trunk  is  found.  Especially  in  the  intercity  networks,  the 
number  of  choices  tried  can  be  in  the  range  of  five,  see  Fig.  8.  It  is  time  consumming  for  the  control 
systems  (CPU:s)  of  the  SPC  nodes.  In  the  case  of  adaptive,  tariff  dependent  routing,  the  situation  is 
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different.  The  computer  of  the  AR-NEM  system  provides  the  SPC  nodes  with  information  on  trunk  groups 
where  free  trunks  can  be  found.  Consequently,  the  SPC  nodes  do  not  need  to  test  all  the  choices,  but  at  the 
most  two  trunk  groups  as  defined  for  the  two  alternative  tandem  paths  I  and  II  by  the  respective  tandems  ti 
and  t2.  The  search  for  a  free  trunk  is  in  this  case  much  less  time  consumming  and  hence,  the  invention  is 

5  deloading  the  CPU:s  of  the  different  SPC  nodes.  Fig.  9  shows  results  of  a  study  demonstrating  the 
difference  in  the  umber  of  choices  tried  in  a  node,  in  the  case  of  fixed-hierarchical  routing  and  in  the  case  of 
the  adaptive,  tariff  dependent  traffic  routing. 

Claims 
10 

1.  A  computer  based,  adaptive  traffic  routing  and  network  management  system  for  telecommunication 
networks,  comprising 

a  plurality  of  nodes 
a  plurality  of  transmission  trunks  connecting  the  nodes  and 

is  wherein  the  plurality  of  nodes  are  Stored  Program  Control  (SPC),  nodes; 
means  for  determining  a  tariff,  in  communication  with  the  nodes,  for  communication  between  nodes 

depending  on  distance  between  the  nodes, 
means  for  providing  the  nodes  with  instructions  for  routing  connections  within  the  network  of  nodes 

such  that  revenues  are  maximized  and  such  that  trunks  and  nodes  which  are  not  available  for  service 
20  are  automatically  bypassed,  said  means  comprise  a  computer  having  a  data  base,  the  tariff  information 

being  stored  in  the  data  base; 
and  wherein  for  connections  originating  in  each  SPC  node  i  to  each  other  destination  node  j,  the 

direct  trunks  will  be  indicated  to  be  used  as  a  first  choice  and  two  other  alternative  paths  I  and  II  will  be 
indicated,  each  of  them  comprising  a  two-link  path  over  a  tandem  node  t  to  be  used  as  a  second 

25  choice  and  a  three-link  path  over  tandem  nodes  t  and  u  to  be  used  as  a  third  choice, 
characterized  in  that 

said  system  comprises  means  for  handling  a  plurality  of  different  service  types  in  the  same 
network,  such  as  public  telephone  traffic,  emergency  traffic,  computer  data  traffic,  TELEFAX  traffic,  etc., 
and  also  in  different  network  types  such  as  metropolitan  networks,  intercity  networks,  private  networks, 

30  computer  networks,  military  and  security  networks,  mobile  telecommunication  networks,  etc.; 
said  system  providing  means  for  determining  tariff  for  each  service  type  for  communication  of  the 

different  service  types  between  the  nodes,  depending  on  service  type  provided  and  on  destination; 
means  for  providing  the  nodes  with  instructions  for  routing  each  of  the  different  service  types  in  the 

same  network  to  each  destination  such  that  revenue  from  handling  the  ensemble  of  service  types  is 
35  maximized  and  such  that  service  management  objectives  for  each  service  type  and  for  each  pair  of 

nodes  are  satisfied; 
said  routing  instructions  being  determined  for  each  service  type  and  for  each  pair  of  nodes  utilizing 

the  actually  economic  network  paths  being  part  of  service  related  network  access  and  depending  on 
tariffs  applied  for  each  service  type  to  each  destination  and  on  traffic  intensity  for  each  service  type 

40  between  each  pair  of  nodes; 
said  routing  instructions  being  determined  taking  into  account  the  actual  global  network  status  and 

such  that  out-of-service  trunk  groups  and  nodes  which  cannot  be  used  to  handle  a  particular  service 
type  are  automatically  bypassed; 

said  routing  instructions  being  determined  such  that  during  network  overload  the  high  tariff  service 
45  types  are  automatically  preferenced  and  such  that  service  and  network  management  interventions  are 

respected, 
and  wherein  the  routing  instructions  are  sent  to  the  nodes  in  terms  of  indicators  for  using  direct 

trunks  and  tandem  nodes  t  and  u  for  each  service  type  and  for  each  SPC  node  i  to  each  other 
destination  j  and  wherein  the  routing  instructions  are  revised  and  sent  to  the  nodes  with  a  frequency  as 

50  required  for  optimum  utilization  of  each  network  type; 
said  network  access  being  assigned  to  each  trunk  group,  for  each  service  type  and  for  each  pair  of 

nodes  in  accordance  with  service  management  objectives,  service  requirements  and  restrictions  applied 
to  each  service  type  and  to  each  node; 

said  data  base  accommodating  information  relating  to  overall  network  status  in  terms  of 
55  -  node-to-node  call  intensities  for  each  service  type  between  each  pair  of  nodes,  and 

-  holding  times  for  each  service  type  in  each  node,  and 
-  actual  number  of  occupied  trunks  in  each  trunk  group,  and 
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-  actual  traffic  load  in  each  SPC  node,  relating  to  Central  Processing  Unit  (CPU)  and  to  switching 
unit,  and 

-  availability  of  trunk  groups  and  nodes  for  each  type  of  service, 
wherein  the  information  stored  in  the  data  base,  in  communication  with  the  nodes  is  automatically 

and  frequently  up-dated  and  accomodating  information  relating  to 
-  tariffs  for  each  service  type  and  for  each  node  to  each  destination,  and 
-  network  access  for  each  service  type  and  for  each  pair  of  nodes,  and 
-  service  and  network  management  interventions,  wherein  the  tariffs,  network  access  and  interven- 

tions 
for  each  service  type  can  be  manually  modified. 

The  system  defined  in  Claim  1  wherein  said  data  base  is  accommodating  also  information  relating  to, 
-  offered  call  intensities  for  each  service  type  and  for  each  node  to  each  other  node, 
-  actual  out-of-service  status  of  trunk  groups  and  nodes,  and 
-  network  access  for  each  service  type. 

The  system  defined  in  claims  1  and  2,  wherein  for  calls  of  each  service  type  said  direct  trunks  and  said 
alternative  paths  will  be  indicated. 

The  system  defined  in  claim  3  wherein  the  indicators  for  paths  in  terms  of  direct  trunks  and/or  identities 
of  tandem  nodes  t  and  u  respectively,  are  determined  for  each  type  of  service  originating  in  an  SPC 
node  i  to  any  destination  node  j  according  to  the  following  algorithm: 

a)  calls  of  service  type  k  with  the  related  tariff  Cjj(k),  where: 

Cij(1)>Cij(2)>  —  -  >Cij(K); 

will  be  indicated  to  use  direct  trunks  between  node  i  and  j  as  a  first  choice,  if 
*  the  destination  node  j  is  available  for  service,  (Rjx  =  1)  and 
*  the  trunk  group  between  node  i  and  j  has  at  least  one  trunk  available  for  service,  (Njj-pjj  >  0) 

and 
*  the  actual  traffic  and  occupancy  status  for  the  trunk  group  between  nodes  i  and  j  is  such  that 

the  expected  revenue  from  a  connection  of  service  k  is  greater  than  the  estimated  loss  of 
revenue  due  to  this  connection,  from  services  of  higher  tariffs,  which  mathematically  can  be 
expressed  as: 

C i j ( k ) > ( B ( N i j "   ^ P l j )   - B ^ i j . S P i j ^ C i j ^ . A i j ^ ) ;  

r  = i  

b)  node  t  as  a  feasible  tandem  for  a  two-link  path  is  determined,  if 
*  the  destination  node  j  is  available  for  service,  (Rjx  =  1)  and  such,  for  which 
*  the  tandem  node  t  is  available  for  service,  (Rtx  =  1)  and 
*  trunk  groups  between  nodes  i  and  t  as  well  as  between  nodes  t  and  j,  each  have  at  least  one 

trunk  available  for  service,  (Nit-pit  >  0  and  Ntj-ptj  >  0)  and 
*  the  expected  revenue  from  the  service  k  tandem  connection  is  greater  than  the  estimated  loss 

of  revenues,  due  to  this  connection  from  traffic  that  could  be  handled  over  direct  trunks  in  the 
two  trunk  groups  i-t  and  t-j,  which  mathematically  can  be  expressed  as: 
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k  

C i j ( k ) > | B ( N i t -   l ; p i t )   - B ( N l t ; p l t ) J   £   c i t   (u  )  •  Aic  (u  )  + 

r 1  
k  

+  ( B ( N t j - 1 - . P t j > - B ( N t j ; p t j ) j . ^ c t j ( u ) . A 1 : j ( u )   ; 

w  P  

c)  nodes  t  and  u  as  feasible  tandems  for  a  three-link  tandem  path  are  determined,  if 
*  the  destination  node  j  is  available  for  service,  (Rjx  =  1)  and  such,  for  which 
*  the  tandem  nodes  t  and  u  are  available  for  service,  (Rtx=  1  and  Rux=  1)  and 

is  *  the  trunk  groups  between  nodes  i  and  t,  between  nodes  t  and  u  and  between  nodes  u  and  j 
each  have  at  least  one  trunk  available  for  service,  (Nit-pit>0,  Ntu-ptu>0  and  Nuj-Puj>0)  and 

*  the  expected  revenue  from  the  service  k  tandem  connection  is  greater  than  the  estimated  loss 
of  revenues,  due  to  the  tandem  connection  from  traffic  that  could  be  handled  over  direct  trunks 
in  the  three  trunk  groups  i-t,  t-u  and  u-j,  which  can  be  expressed  mathematically  as: 

C i j ( k ) > ^ B ( N i t -   l ; p i t )   -  B ( N i t ; p i t ) ]   - J ^ C i t ( u )   .  A i t ( j i )   + 
u = l  

k  
+  f B ( N t u -   l ; p t u )   -  B ( N t u ; P t : u ) ]   . y " c t u ( u ) . A t u ( u )   + 

+  [ B ( N u j -   l ; p u j )   - B ( N u j ; p u j ) 1   . ^ c u j ( u ) . A u j ( u )   ; 

where: 
i  =  number  of  an  originating  node;  i  =  1,  2,  —  m; 
j  =  number  of  a  terminating  node;  j  =  1,2  —  m;j  *  i; 

40  m  =  total  number  of  Stored  Program  Control  nodes  in  the  network  which  can  be  used  as 
tandems; 

k  =  number  of  a  service  type;  k  =  1  ,2,  —  K; 
K  =  total  number  of  services; 
Cij(k)  =  tariff  per  time  unit  of  communication  between  nodes  i  and  j  for  service  type  k; 

45  Rjx  =  availability  indicator  for  node  j;  Rjx  =  1  indicates  that  node  j  is  available  for  service 
associated  with  receiver  and  sender  x; 

Nij  =  total  number  of  trunks  in  operation  in  trunk  group  between  nodes  i  and  j; 
Pij  =  the  actual  number  of  occupied  trunks  in  trunk  group  between  nodes  i  and  j; 
Ajj(k)  =  traffic  of  service  type  k,  offered  from  node  i  to  node  j;  Ajj(k)  =  yjj(k).hj(k); 

50  yij(k)  =  call  intensity  of  service  type  k,  offered  in  node  i  to  node  j; 
B(N;p)  =  conditional  probability  of  all  N  trunks  busy,  given  p  trunks  have  been  observed  to  be 

occupied  at  the  moment  of  network  scanning;  can  be  approximately  calculated  from: 
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B(N;p) 

5 

v=0 
70 

A  =  total  traffic  offered  to  N  trunks; 
t  =  identity  (number)  of  tandem  node  1  ; 
t  =  1,2,—  m;  t  *  1;  t  *  j; 

75  u  =  identity  (number)  of  tandem  node  2; 
u  =  1  ,  2,  —  m;  u  *  i;  u  *  j;  u  *  t; 
hi(k)  =  average  holding  time  for  service  type  k,  originating  in  node  i. 

5.  The  system  defined  in  claim  4  wherein  the  algorithm  is  applied  to  only  one  type  of  service,  e.g.: 
20 

Cij(1)  >  0  and  cu(2)  =  cu(3)  =  —  =  cu(K)  =  0; 
Aj(1)  >  0  and  Aj(2)  =  Aj(3)  =  —  =  Aj(K)  =  0; 

in  which  case  the  system  is  directly  applicable  to  present  intercity  telephone  networks  and  if  setting  the 
25  tariff  for  a  communication  equal  to  unity,  e.g.: 

cu(1)  =  1; 

the  system  is  directly  applicable  to  flat  rate  networks,  such  as  the  present  metropolitan  telephone 
30  networks. 

6.  The  system  defined  in  claim  4  wherein  the  two  alternative  paths  I  and  II,  if  existing  are  selected  at 
random  and  where  alternative  I  is  used  as  a  principal  tandem  path  and  alternative  II  is  used  only  in 
case  path  I  is  found  to  be  snatched  away. 

35 
7.  The  system  defined  in  claim  6  wherein  the  use  of  a  trunk  group  as  a  part  of  the  feasible  path  between 

nodes  i  and  j  depends  on  network  access  parameter  qij(k)  assigned  to  each  trunk  group  ij,  for  each 
service  type  k,  such  that 

*  a  trunk  in  group  ij  can  be  used  for  a  connection  of  service  type  k  only  if  the  number  of  occupied 
40  trunks  p̂   observed  in  the  group  at  the  last  network  scanning,  is  lower  than  the  corresponding 

network  access  parameter  qij(k),  and  where 
*  the  assigned  network  access  parameters  qij(k)  can  be  maintained  constant  or  be  modified  during 

the  network  operations  according  to  operational  objectives,  and  where 
*  the  tariffs  can  be  disregarded,  in  which  case  the  system  can  be  used  for  service  dependent, 

45  grade-of-service  differentiated  routing  of  traffic. 

8.  The  system  defined  in  claim  7  wherein  the  routing  instructions  in  terms  of  tandem  node  identities  are 
transferred  to  the  SPC  nodes  over  data  links  provided  between  the  nodes  and  the  system's  computer 
and  wherein  these  data  links  are  also  serving  for  transfer  of  data  from  the  SPC  nodes  to  the  computer 

50  in  terms  of  indicators  for: 
*  node-to-node  offered  call  intensities,  yij(k); 
*  trunk  group  availabilities,  Pjj  or  -  p̂ ; 
*  average  holding  times,  hj(k); 
*  node  availabilities,  Rix; 

55 
9.  The  system  defined  in  claim  8  wherein  the  service  dependent  network  access  parameters  qij(k)  are  also 

used  for  the  on-demand  management  of  traffic  and  network  resources,  such  as: 
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*  blocking  of  network  resources  for  certain  type  of  service  by  setting  the  corresponding  network 
access  parameter  qij(k)  =  0,  and/or 

*  reserving  network  resources  for  certain  type  of  service  by  setting  the  corresponding  network 
access  parameter  qij(k)  =  =  a  total  trunk  group  capacity, 

5  and  where  also  the  other  on-demand  interventions,  such  as: 
*  modification  of  network  definition, 
*  modification  of  restricted  areas, 
*  modification  of  tariffs  and/or  network  acess  parameters, 
*  modification  of  network  scanning  interval, 

io  *  blocking  of  given  nodes  and  trunk  groups  for  traffic, 
can  be  performed  over  the  system's  computer  by  means  of  a  special  System  Management  and 
Intervention  Language,  (SMIL). 

10.  The  system  defined  in  claim  9  wherein  the  last  routing  instructions  stored  in  the  SPC  nodes  for  each 
is  service  type  serve  as  a  back-up  for  routing  the  different  service  types  in  case  all  communication  means 

between  the  SPC  nodes  and  the  AR-NEM  system  computer  are  out-of-service. 

Patentanspruche 

20  1.  Ein  auf  Computerbasis  beruhendes,  adaptives  Verkehrsleitweglenkungs-  und  Netzmanagementsystem 
fur  Fernmeldenetze,  welche 

-  eine  Mehrzahl  von  Knoten 
-  eine  Mehrzahl  von  Verbindungsleitungen  zwischen  den  Knoten  umfassen  und  in  welchen  die 

Mehrzahl  der  Knoten  vom  Stored  Program  Control  (SPC)  Typ  sind; 
25  Mittel  fur  die  Bestimmung  eines  Tarifs,  in  Verbindung  mit  den  Knoten,  fur  Verbindungen  zwischen 

den  Knoten  in  Funktion  der  Distanz  zwischen  den  Knoten; 
Mittel  fur  die  Ausrustung  der  Knoten  mit  Instruktionen  fur  die  Verkehrsleitweglenkung  innerhalb  des 

Knotennetzes  derart,  dass  die  Einnahmen  maximalisiert  werden  und  dass  die  Verbindungsleitungen  und 
Knoten,  welche  fur  den  Betrieb  nicht  benutzbar  sind,  automatisch  umgangen  werden;  diese  Mittel 

30  umfassen  einen  Computer  mit  Datenbank,  wobei  die  Tarifinformation  in  der  Datenbank  gespeichert  ist; 
und  in  welchem  fur  Verbindungen  ausgehend  von  jedem  SPC-Knoten  i  zu  jedem  anderen 

Zielknoten  j  in  erster  Wahl  die  direkten  Verbindungsleitungen  angegeben  werden  und  zwei  andere, 
alternative  Wege  I  und  II  bestimmt  werden,  wobei  jeder  dieser  Wege  einen  zweigliedrigen  (Zweilink) 
Weg  uber  einen  Tandemknoten  t  als  zweite  Wahl  und  einen  dreigliedrigen  (Dreilink)  Weg  uber  die 

35  Tandemknoten  t  und  u  als  dritte  Wahl  umfasst, 
gekennzeichnet  dadurch,  dass 

besagtes  System  Mittel  umfasst  fur  die  Behandlung  einer  Mehrzahl  verschiedener  Dienstleistungs- 
arten  in  ein  und  demselben  Netz,  wie  offentlicher  Telefonverkehr,  Notfallverkehr,  Computerdatenver- 
kehr,  Telefaxverkehr,  usw.,  und  dies  ebenfalls  in  verschiedenen  Netztypen,  wie  Stadtnetze,  Fernver- 

40  kehrsnetze,  Privatnetze,  Computer-Netze,  Militar-  und  Sicherheitsnetze,  mobile  Fernmeldenetze,  usw.; 
besagtes  System  Mittel  umfasst  fur  die  Festlegung  der  Tarife  jeder  Dienstart  fur  den  Verkehr  der 

verschiedenen  Dienstarten  zwischen  den  Knoten,  in  Abhangigkeit  von  Dienstart  und  Bestimmungsort; 
Mittel  vorgesehen  sind,  fur  die  Ausrustung  der  Knoten  mit  Instruktionen  fur  die  Leitweglenkung  der 

verschiedenen  Dienstarten  in  ein  und  demselben  Netz  an  jeden  Bestimmungsort  derart,  dass  die 
45  Einnahmen  aus  der  Gesamtheit  der  Dienstarten  maximalisiert  werden  und  derart,  dass  die  Dienstmana- 

gementobjektive  fur  jede  Dienstart  und  fur  jedes  Knotenpaar  erfullt  werden; 
besagte  Leitweglenkungsinstruktionen  fur  jede  Dienstart  und  jedes  Knotenpaar  bestimmt  werdenun- 

ter  Benutzung  der  jeweiligen  wirtschaftlichsten  Wege  als  Bestandteil  des  Netzzuganges  des  bezugli- 
chen  Dienstes  und  in  Abhangigkeit  der  Tarife  jeder  Dienstart  nach  jedem  Bestimmungsort  und  der 

50  Verkehrsintensitat  jeder  Dienstart  zwischen  jedem  Knotenpaar; 
besagte  Leitweglenkungsinstruktionen  bestimmt  werden  unter  Berucksichtigung  des  jeweiligen 

globalen  Netzzustandes  und  derart,  dass  die  Leitungsbundel  und  Knoten,  welche  fur  gewisse  Dienste 
nicht  benutzt  werden  konnen,  automatisch  umgangen  werden; 

besagte  Leitweglenkungsinstruktionen  derart  festgelegt  werden,  dass  wahrend  Netzuberlastung  die 
55  hochtarifierten  Dienstarten  automatisch  Prioritat  erhalten  und  derart,  dass  die  Managementinterventio- 

nen  betreffend  Dienste  und  Netz  befolgt  werden; 
und  wobei  die  Leitweglenkinstruktionen  an  die  Knoten  in  Form  von  Indikatoren  gegeben  werden  fur 

die  Benutzung  der  direkten  Leitungen  und  Tandemknoten  t  und  u  fur  jede  Dienstart  und  fur  jeden  SPC- 
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Knoten  i  nach  jedem  anderen  Bestimmungsort  j  und  wobei  die  Leitweglenkungsinstruktionen  revidiert 
und  mit  einer  fur  die  optimale  Benutzung  jedes  Netztyps  benotigten  Frequenz  an  die  Knoten  gesandt 
werden; 

besagter  Netzzugang  jedem  Leitungsbundel  fur  jede  Dienstart  und  fur  jedes  Knotenpaar  zugewie- 
sen  wird  in  Uebereinstimmung  mit  den  Dienstmanagementobjektiven,  den  Dienstanforderungen  und 
den  fur  jede  Dienstart  und  jeden  Knoten  geltenden  Einschrankungen; 

besagte  Datenbank  Informationen  enthalt  betreffend  den  globalen  Zustand  des  Netzes  in  Form  von 
-  Knoten-zu-Knoten  Anrufsintensitaten  fur  jede  Dienstart,  und 
-  Belegungsdauern  fur  jede  Dienstart  in  jedem  Knoten,  und 
-  momentaner  Zustand  der  gleichzeitig  belegten  Leitungen  in  jedem  Leitungsbundel,  und 
-  momentane  Verkehrsbelastung  der  Zentralen  Processor  Einheit  (CPU)  und  die  Koppelanordnun- 

gen  in  jedem  SPC-Knoten,  und 
-  Verfugbarkeit  von  Leitungsbundel  und  Knoten  fur  jede  Dienstart, 

wobei  die  in  der  Datenbank  gespeicherte  Information,  in  Verbindung  mit  den  Knoten,  automatisch  und 
haufig  erneuert  wird,  und 
welche  Information  enthalt  betreffend 

-  Tarife  fur  jede  Dienstart  und  fur  jeden  Knoten  zu  jedem  Bestimmungsort,  und 
-  Netzzugang  fur  jede  Dienstart  und  fur  jedes  Knotenpaar,  und 
-  Interventionen  bezuglich  der  Dienste  und  den  Netzbtrieb,  in  welcher  die  Tarife,  der  Netzzugang 

und  die  Interventionen  fur  jede  Dienstart  manuell  verandert  werden  konnen. 

System  nach  Anspruch  1  ,  in  welchem  die  besagte  Datenbank  ebenfalls  Information  erhalt  betreffend 
-  angebotene  Anrufsintensitat  fur  jede  Dienstart  und  von  jedem  Knoten  zu  jedem  anderen  Knoten, 

und 
-  momentaner  Ausserbetriebszustand  von  Leitungsbundeln  und  Knoten,  und 
-  Netzzugang  fur  jede  Dienstart. 

System  nach  den  Anspruchen  1  und  2,  in  welchem  fur  Anrufe  jeder  Dienstart  die  besagten  direkten 
Leitungen  und  die  besagten  alternativen  Wege  angezeigt  sein  werden. 

System  nach  Anspruch  3,  in  welchem  die  Wegindikatoren  in  Form  von  direkten  Leitungen  und/oder 
Tandemknotenidentitaten  t  beziehungsweise  u,  fur  jede  in  einem  SPC-Ausgangsknoten  i  angebotene 
Dienstart  zu  jedem  Bestimmungsknoten  j  gemass  dem  folgenden  Algorithmus  bestimmt  werden: 

a)  die  Anrufe  der  Dienstart  k  mit  dem  entsprechenden  Tarif  Cjj(k),  wo: 

Cij(1)>Cij(2)>  >  Cij(K); 

werden  angewiesen,  direkte  Leitungen  zwischen  Knoten  i  und  j  als  erste  Wahl  zu  benutzen,  wenn 
*  der  Knoten  des  Bestimmungsortes  j  fur  den  Dienst  verfugbar  ist,  (RjX=  1),  und 
*  das  Leitungsbundel  zwischen  Knoten  i  und  j  mindestens  eine  Leitung  fur  den  Dienst  verfugbar 

hat  (Njj  -  Pij)>0,  und 
*  der  momentane  Verkehrs-  und  Belegungszustand  des  Leitungsbundels  zwischen  den  Knoten  i 

und  j  so  ist,  dass  die  erwartete  Einnahme  aus  einer  Verbindung  des  Dienstes  k  grosser  ist  als 
der  geschatzte  Einnahmenverlust  wegen  dieser  Verbindung,  von  Diensten  mit  hoheren  Tarifen, 
was  mathematisch  wie  folgt  ausgedruckt  werden  kann: 

k-1 

cj.  (k)  >  [B(N..  -  1 ; p ; . )   - B ( N . . ; P i j ) ]   •  ^   Cjj  <p>  -  Ajj  (u)  ; 

F"1 

b)  Knoten  t  als  moglicher  Transitknoten  fur  einen  zweigliedrigen  Weg  ist  bestimmt,  wenn 
*  der  Zielknoten  j  fur  den  Dienst  verfugbar  ist,  (RjX=  1)  und  fur  welchen 
*  der  Transitknoten  t  fur  den  Dienst  verfugbar  ist,  (Rtx=  1)  und 
*  die  Leitungsbundel  zwischen  Knoten  i  und  t,  sowie  zwischen  t  und  j,  jedes  mindestens  eine 

Leitung  fur  den  Dienst  verfugbar  haben,  Nit  -  pit  >  0  et  Ntj  -  ptj  >  0,  und 
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*  die  erwartete  Einnahme  von  der  Dienst  k  Verbindung  uber  den  Transitknoten  grosser  ist  als 
der  geschatzte  Einnahmenverlust  wegen  dieser  Verbindung  von  Verkehr,  welcher  uber  die 
direkten  Leitungen  in  den  zwei  Leitungbundeln  i  -  t  und  t  -  j  abgewickelt  werden  konnte,  was 
mathematisch  wie  folgt  ausgedruckt  werden  kann: 

k 

c .   ( k ) >   [ B ( N . t -   1 ; p | t )   -  B < N . t ; p i t ) ] . £ c . t < p > .   Ajt  <jj>  ♦ 

F-1 
k 

+  [B(Nt j -   1 ; p t j )   -  B ( N t j ! ; p t j ) ] . ^ c t . ( / i ) .   At j ( | j )   ; 

c)  Knoten  t  und  u  als  mogliche  Transitknoten  fur  einen  dreigliedrigen  Weg  sind  bestimmt,  wenn 
*  der  Zielknoten  j  fur  den  Dienst  verfugbar  ist  (RjX=  1)  und  fur  welchen 
*  die  Transitknoten  t  und  u  fur  den  Dienst  verfugbar  sind,  (Rtx=  1)  und  (Rux=  1)  und 
*  jedes  Leitungsbundel  zwischen  den  Knoten  i  und  t,  zwischen  den  Knoten  t  und  u  und  zwischen 

den  Knoten  u  und  j  wenigstens  eine  freie  Leitung  zur  Verfugung  hat,  Nit  -  pit  >  0;  Ntu  -  ptu  >  0 
und  Nuj  -  Puj  >  0,  und 

*  die  erwartete  Einnahme  von  der  Dienst  k  Verbindung  uber  die  Transitknoten  grosser  ist  als  der 
geschatzte  Einnahmenverlust  wegen  dieser  Transitverbindung  von  Verkehr,  welcher  mittelst 
der  direkten  Leitungen  in  den  drei  Leitungsbundeln  i  -  t,  t  -  u  und  u  -  j  abgewickelt  werden 
konnte,  was  mathematisch  wie  folgt  ausgedruckt  werden  kann: 

k 

c ; , ( k ) > [ B ( N i t -   1;p-lt)  -  B ( N i t ; p i t ) ] . y   cJt  <p>  - A ; t ( u )   ♦ 

k 

+  [B(Ntu-   1 ;p tu)   -  B(Ntu;p tu) ]   c tu(p)   -Atu(u)   + 

k 

+  [B(Nuj-  1 ;puj )   -  B(Nuj ;puj ) ]   •  ]jT  cuj (u)   -  A u j ( u ) ;  
p-1  

wo: 
i  =  Nummer  eines  Ausgangknotens; 
j  =  Nummer  eines  Zielknotens; 
m  =  totale  Anzahl  SPC-Knoten  im  Netz,  welche  als  Transitknoten  verwendet  werden 

konnen; 
k  =  Nummer  einer  Dienstart; 
K  =  totale  Anzahl  der  Dienste; 
Cij(k)  =  Tarif  pro  Zeiteinheit  einer  Verbindung  zwischen  Knoten  i  und  j  fur  Dienstart  k; 
Rjx=  Verfugurbarkeitindikator  fur  Knoten  j; 

Rjx=  1  bedeutet,  dass  Knoten  j  verfugbar  ist  zum  Dienst  mit  Empfanger  und 
Sender  x; 

Njj  =  totale  Anzahl  von  in  Betrieb  befintlichen  Leitungen  im  Leitungsbundel  zwischen 
Knoten  i  und  j; 

Pij  =  momentane  Anzahl  der  belegten  Leitungen  im  Leitungsbundel  zwischen  Knoten  i 
und  j; 

Ajj(k)  =  von  Knoten  i  nach  Knoten  j  angebotener  Verkehr  der  Dienstart  k;  Ay  =  yij(k)  *  hj(k)  ; 
yij(k)  =  im  Knoten  i  in  Richtung  Knoten  j  angebotene  Anrufsintensitat  der  Dienstart  k; 
B(N;p)  =  bedingte  Wahrscheinlichkeit,  dass  alle  N  Leitungen  belegt  sind,  angenomen  dass  im 

Moment  der  Netzsondierung  p  Leitungen  als  besetzt  beobachtet  worden  sind;  dies 
kann  annaherungsweise  mit  der  folgenden  Formel  berechnet  werden: 
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B(N;p)  «  

A  =  totaler,  an  N  Leitungen  angebotener  Verkehr; 
t  =  Identitat  (Nummer)  des  Transitknotens  1;  t  =  1,2,  m;  t  *  i;  t  *  j; 
u  =  Identitat  (Nummer)  des  Transitknotens  2; 

u  =  1,2,  m;  u  *  1;  u  *  j;  u  *  t; 
hi(k)  =  mittlere  Belegungsdauer  fur  Dienstart  k,  ausgehend  vom  Knoten  i. 

System  nach  Anspruch  4,  in  welchem  der  Algorithmus  nur  auf  eine  einzige  Dienstart  angewendet  wird, 
z.B.: 

Cij(1)>  0  und  Cij(2)  =  Cij(3)  =  c^K)  =  0; 
Aj(1)>  0  und  Aj(2)  =  Aj(3)  =  Ajj(K)  =  0; 

in  welchem  Falle  das  System  direkt  auf  die  gegenwartigen  Fernverkehrsnetze  angewendet  werden 
kann,  und,  wenn  der  Tarif  fur  eine  Verbindung  gleich  eins  gesetzt  wird,  z.B.: 

cu(1)  =  1; 

das  System  direkt  auf  Einheitstarifnetze,  wie  die  gegenwartigen  Ortsnetze,  angewendet  werden  kann. 

System  nach  Anspruch  4,  in  weichem  die  zwei  alternativen  Wege  I  und  II  -wenn  existierend-  aufs 
Geratewohl  gewahlt  werden  und  in  welchem  Alternative  I  als  Haupttransitweg  benutzt  wird  und 
Alternative  II  nur  benutzt  wird,  falls  Weg  I  schon  als  weggeschnappt  befunden  wird. 

System  nach  Anspruch  6,  in  welchem  die  Benutzung  eines  Leitungsbundels  als  Teil  des  moglichen 
Weges  zwischen  Knoten  i  und  j  vom  Netzzugangsparameter  qij(k)  abhangt,  welcher  fur  jede  Dinstart  k, 
jeder  Leitungsgruppe  ij  zugeordnet  ist,  derart,  dass 

*  eine  Leitung  des  Bundels  ij  fur  eine  Verbindung  der  Dienstart  k  nur  dann  benutzt  werden  kann, 
wenn  die  Anzahl  der  belegten  Leitungen  p̂   aufgrund  der  letzten  Netzbeobachtung  kleiner  ist  als 
der  entsprechende  Netzzugangsparameter  qij(k),  und  in  welchem 

*  die  zugewiesenen  Netzzugangsparameter  qij(k)  wahrend  dem  Netzbetrieb  konstant  gehalten  oder 
verandert  werden  konnen  in  Uebereinstimmung  mit  den  Netzmanagementobjektiven,  und  in 
velchem 

*  die  Tarife  unbeachtet  gelassen  werden  konnen,  in  welchem  Falle  das  System  fur  die  Verkehrsleit- 
weglenkung  in  Abhangigkeit  des  jeder  Dienstart  zugeordneten  Ausnutzungsgrades  (grade-of- 
service)  benutzt  werden  kann. 

System  nach  Anspruch  7,  in  welchem  die  Verkehrsleitweglenkungsinstruktionen  ausgedruckt  als  Tran- 
sitknotenidentitaten  an  die  SPC-Knoten  uber  die  Datenvermittlungsleitungen  geleitet  werden,  welche 
zwischen  den  Knoten  und  dem  Computer  des  Systems  installiert  sind  und  in  welchem  diese  Datenver- 
mittlungsleitungen  ebenfalls  dienen  fur  die  Vermittlung  von  Daten  von  den  SPC-Knoten  zum  Computer 
in  Form  von  Indikatoren  fur: 

*  angebotene  Knoten-zu-Knoten  Anrufsintensitaten,  ŷ   (k); 
*  Verfugbarkeit  der  Leitungsbundel,  p̂   oder  Ny-  p̂ ; 
*  mittlere  Belegungsdauer,  hj(k); 
*  Verfugbarkeit  der  Knoten,  Rix; 

System  nach  Anspruch  8,  in  welchem  die  von  der  Dienstart  abhangigen  Netzzugangsparameter  qij(k) 
ebenfalls  fur  das  bedarfsmassige  (on-demand)  Management  der  Verkehrs-  und  Netzeinrichtungen 
benutzt  werden,  wie  z.B.: 
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*  Blockierung  von  Netzeinrichtungen  fur  eine  gewisse  Dienstart,  indem  der  entsprechende  Netzzu- 
gangsparameter  qij(k)  =  0  gesetzt  wird,  und/oder 

*  Reservation  von  Netzeinrichtungen  fur  eine  gewisse  Dienstart,  indem  der  entsprechende  Netzzu- 
gangsparameter  qij(k)  =  Njj  =  totale  Kapazitat  des  Leitungsbundels  gesetzt  wird, 

5  und  in  welchem  auch  andere  "on-demand"  Interventionen,  wie  z.B.: 
*  Aenderung  der  Netzdefinition, 
*  Aenderung  der  Zonenbeschrankungen, 
*  Aenderung  der  Tarife  und/oder  Netzzugangsparameter, 
*  Aenderung  des  Netzsondierungsintervals, 

io  *  Blockierung  von  Knoten  und  Leitungsbundel  fur  Verkehr, 
durch  den  Computer  des  Systems  vorgenommen  werden  konnen  mittelst  einer  besonderen  Sprache 
fur  das  Management  des  Systems  und  die  Interventionen  (SMIL). 

10.  System  nach  Anspruch  9,  in  welchem  die  zuletzt  in  den  SPC-Knoten  fur  jede  Dienstart  gespeicherten 
is  Leitweglenkungsinstruktionen  als  Reserve  fur  die  Leitweglenkung  der  verschiedenen  Dienstarten  dienen 

fur  den  Fall,  dass  alle  Datenverbindungsleitungen  zwischen  den  SPC-Knoten  und  dem  Computer  des 
AR-NEM  Systems  ausser  Betrieb  sind. 

Revendicatlons 
20 

1.  Un  systeme  d'acheminement  adaptif  de  trafic  et  de  gestion  de  reseaux  de  telecommunication,  a  base 
d'un  ordinateur,  comprenant 

une  pluralite  de  noeuds, 
une  pluralite  de  circuits  de  transmission  interconnectant  les  noeuds  et 

25  dans  lesquels  la  plupart  des  noeuds  sont  du  type  controle  par  programme  enregistre  (Stored  Program 
Control  =  SPC),  SPC  noeuds; 

des  moyens  pour  determiner  un  tarif,  en  communication  avec  les  noeuds,  pour  communications 
entre  les  noeuds,  en  fonction  de  la  distance  entre  les  noeuds, 

des  moyens  de  munir  les  noeuds  avec  des  instructions  pour  I'acheminement  des  connexions  dans 
30  le  reseau  de  noeuds  de  telle  fagon  que  les  revenus  sont  maximalises  et  de  telle  fagon  que  les  circuits 

et  les  noeuds  qui  sont  hors-service  sont  automatiquement  contournes,  ces  moyens  comprenant  un 
ordinateur  avec  une  base  de  donnees,  I'information  concernant  les  tarifs  etant  emmagasinee  dans  la 
base  de  donnees; 

et  dans  lesquels  pour  les  connexions  en  provenance  de  chaque  noeud  SPC  i  a  chaque  autre 
35  noeud  de  destination  j,  les  circuits  directs  seront  designes  a  etre  utilises  comme  premier  choix  et  deux 

autres  chemins  alternatifs  I  et  II  seront  indiques,  chacun  d'eux  comprenant  un  chemin  de  deux  circuits 
en  serie  par  un  noeud  de  transit  (tandem)  t  pour  etre  utilise  comme  second  choix  et  un  chemin  de  trois 
circuits  en  serie  par  les  noeuds  de  transit  t  et  u  pour  etre  utilise  comme  troisieme  choix, 
caracterise  en  ce  que 

40  ledit  systeme  comprend  des  moyens  pour  gerer  une  pluralite  de  differents  types  de  services  dans 
le  meme  reseau,  tels  que  trafic  de  telephone  public,  trafic  d'urgence,  trafic  de  donnees  entre 
ordinateurs,  trafic  de  telefax,  etc.,  et  aussi  dans  differents  types  de  reseaux  tels  que  reseaux  urbains, 
reseaux  interurbains,  reseaux  prives,  reseaux  d'ordinateurs,  reseaux  militaires  et  de  securite,  reseaux 
de  telecommunication  mobiles,  etc.; 

45  ledit  systeme  est  muni  de  moyens  pour  determiner  les  tarifs  de  chaque  type  de  service  pour  les 
communications  des  differents  types  de  service  entre  les  noeuds,  en  fonction  du  type  de  service  et  de 
la  destination; 

comporte  des  moyens  de  munir  les  noeuds  d'instructions  pour  I'acheminement  des  differents  types 
de  service  dans  le  meme  reseau  a  chaque  destination  de  telle  maniere  que  le  revenu  provenant  de 

50  I'ensemble  des  services  est  maximalise  et  de  telle  maniere  que  les  objectifs  de  gestion  de  chaque  type 
de  service  et  chaque  paire  de  noeuds  sont  satisfaits; 

lesdites  instructions  d'acheminement  sont  determinees  pour  chaque  type  de  service  et  pour 
chaque  paire  de  noeuds  utilisant  les  chemins  les  plus  economiques  du  reseau  et  font  partie  de  I'acces 
au  reseau  en  fonction  de  chaque  type  de  service  et  des  tarifs  de  chaque  type  de  service  a  chaque 

55  destination  et  en  fonction  de  I'intensite  de  trafic  de  chaque  type  de  service  entre  chaque  paire  de 
noeuds; 

lesdites  instructions  d'acheminement  sont  determinees  en  tenant  compte  de  I'etat  actuel  et  global 
du  reseau  et  de  telle  maniere  que  les  circuits  de  transmission  hors-service  et  les  noeuds  non- 
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disponibles  pour  un  certain  type  de  service  sont  automatiquement  evites; 
lesdites  instructions  d'acheminement  sont  determinees  de  telle  maniere  que  pendant  la  periode  de 

surcharge  du  reseau  les  types  de  service  a  tarifs  eleves  sont  automatiquement  privileges  et  que  les 
interventions  en  ce  qui  concerne  la  gestion  des  services  et  du  reseau  sont  respectees, 

et  dans  lequel  les  instructions  d'acheminement  sont  communiquees  aux  noeuds  en  termes 
d'indicateurs  pour  I'utilisation  de  circuits  directs  et  noeuds  de  transit  t  et  u  pour  chaque  type  de  service 
et  pour  chaque  noeud  SPC  i  a  chaque  destination  j  et  dans  lequel  les  instructions  d'acheminement  sont 
revues  et  transmises  aux  noeuds  avec  une  frequence  necessaire  pour  I'utilisation  optimale  de  chaque 
type  de  reseau; 

ledit  acces  au  reseau  est  attribue  a  chaque  groupe  de  circuits  pour  chaque  type  de  service  et  pour 
chaque  paire  de  noeuds  conformement  aux  objectifs  de  gestion  des  services,  aux  exigences  des 
services  et  aux  restrictions  appliquees  a  chaque  type  de  service  et  a  chaque  noeud; 

ladite  base  des  donnees  comporte  I'information  relative  a  I'etat  global  du  reseau  en  termes 
-  de  I'intensite  des  appels  pour  chaque  type  de  service  entre  chaque  paire  de  noeuds,  et 
-  de  la  duree  de  connexion  pour  chaque  type  de  service  dans  chaque  noeud  et 
-  du  nombre  effectif  de  circuits  occupes  dans  chaque  groupe  de  circuits,  et 
-  de  la  charge  effective  de  trafic  dans  chaque  noeud  SPC,  relative  a  I'Unite  Centrale  de  Processeur 

(CPU)  et  au  reseau  de  connexion,  et 
-  de  la  disponibilite  des  groupes  de  circuits  et  des  noeuds  pour  chaque  type  de  service, 

dans  lequel  I'information  emmagasinee  dans  la  base  de  donnees,  en  communication  avec  les  noeuds, 
est  automatiquement  et  frequemment  renouvelee,  et 
comprend  I'information  relative 

-  aux  tarifs  pour  chaque  type  de  service  et  pour  chaque  noeud  a  chaque  destination,  et 
-  a  I'acces  au  reseau  pour  chaque  type  de  service  et  pour  chaque  paire  de  noeuds,  et 
-  aux  interventions  de  gestion  des  services  et  du  reseau, 

dans  lequel  les  tarifs,  I'acces  au  reseau  et  les  interventions  pour  chaque  type  de  service  peuvent  etre 
modifies  manuellement. 

Le  systeme  defini  en  Revendication  1  dans  lequel  ladite  base  de  donnees  contient  egalement 
I'information  relative  a 

-  I'intensite  des  appels  offerts  pour  chaque  type  de  service  et  de  chaque  noeud  a  chaque  autre 
noeud, 

-  I'etat  effectif  de  hors-service  des  groupes  de  circuits  et  des  noeuds,  et 
-  I'acces  au  reseau  pour  chaque  type  de  service. 

Le  systeme  defini  selon  Revendications  1  et  2,  dans  lequel  lesdits  circuits  directs  et  lesdits  chemins 
alternatifs  seront  indiques  pour  les  appels  de  chaque  type  de  service. 

Le  systeme  defini  selon  Revendication  3  dans  lequel  les  indicateurs  de  chemins  en  termes  de  circuits 
directs  et/ou  respectivement  d'identites  des  noeuds  de  transit  t  et  u,  pour  chaque  type  de  service  en 
provenance  d'un  noeud  SPC  i  a  un  noeud  quelconque  de  destination  j  sont  determines  selon 
I'algorithme  suivant: 

a)  les  appels  d'un  type  de  service  k  avec  le  tarif  correspondant  Cjj(k),  ou: 

Cij(1)>  Qj  (2)>  >  Cij(K); 

seront  indiques  d'utiliser  les  circuits  directs  entre  les  noeuds  i  et  j  comme  premier  choix,  si 
*  le  noeud  de  destination  j  est  disponible  au  service,  (RjX=  1),  et 
*  le  groupe  de  circuits  entre  les  noeuds  i  et  j  a  au  moins  un  circuit  disponible  au  service,  (Ny  - 

Pu)  >  0,  et 
*  I'etat  effectif  de  trafic  et  d'occupation  du  groupe  de  circuits  entre  les  noeuds  i  et  j  est  tel  que 

le  revenu  attendu  provenant  d'une  connexion  du  type  de  service  k  est  superieur  a  I'estimation 
du  revenu  perdu  a  cause  de  cette  connexion,  provenant  de  services  a  tarifs  plus  eleves,  ce  qui 
peut  etre  formule  comme  suit: 
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k-1 

c;j  (k)  >  [b(N;}  -  1;p-,j)  -  B ( N i j ; P i j ) ]   '  ZLCij   (>J)  '  A0  <>J)  '' 

b)  le  noeud  t  comme  noeud  de  transit  faisable  pour  un  chemin  a  deux  chaTnons  est  determine,  si 
*  le  noeud  de  destination  j  est  disponible  au  service,  (RjX=  1)  et  pour  lequel 
*  le  noeud  de  transit  t  est  disponible  au  service,  (Rtx=  1)  et 
*  les  groupes  de  circuits  entre  les  noeuds  i  et  t  comme  entre  les  noeuds  t  et  j,  chacun  a  au 

moins  un  circuit  disponible  au  service,  Nit  -  pit  >  0  et  Ntj  -  ptj  >  0,  et 
*  le  revenu  attendu  provenant  du  service  k  achemine  sur  le  noeud  de  transit  est  superieur  a  la 

perte  estimee  a  cause  de  cette  connexion,  provenant  de  trafic  direct  qui  pourrait  etre  traite  par 
les  deux  groupes  de  circuits  i  -  1  et  t  -  j,  ce  qui  peut  etre  exprime  comme  suit: 

k 

C l j ( k ) >   [B(NU-   1 ;PH)   -  B ( N ; i ; p i t ) j . ^ c i i ( u ) .   A: t (p)   + 

♦  [B(N{j-  1 ; p t . )   -  B < N t j ; p t j > ]   •  £   cfcj  <p>  •  A .̂  (/M)  ; 

P"1 

c)  les  noeuds  t  et  u  comme  noeuds  de  transit  faisables  pour  un  chemin  sur  trois  chaTnons  sont 
determines,  si 

*  le  noeud  de  destination  j  est  disponible  au  service,  (RjX=  1)  et  pour  lequel 
*  les  noeuds  de  transit  t  et  u  sont  disponibles  au  service, 

(Rtx=  1  et  Rux=  1)  et 
*  chaque  groupe  de  circuits  entre  les  noeuds  i  et  t,  entre  les  noeuds  t  et  u  et  entre  les  noeuds  u 

et  j  a  au  moins  un  circuit  disponible  au  service,  (Nit  -  pit  >  0,  Ntu  -  ptu  >  0  et  Nuj  -  puj  >  0)  et 
*  le  revenu  attendu  provenant  du  service  k  achemine  sur  les  noeuds  de  transit  est  superieur  a  la 

perte  de  revenu  estimee  a  cause  de  cette  connexion,  provenant  du  trafic  qui  pourrait  etre  traite 
sur  les  circuits  directs  par  les  groupes  de  circuits  i  -  t,  t  -  u  et  u  -  j,  ce  qui  peut  etre  formule 
comme  suit: 

k 

c;j  ( k ) >   [B(Nit -   1 ; p ; t )   -  B ( N i t ; p i t ) ]   .  £ c i t   (/J)  •  AJt(^)   ♦ 

k 

+  [B<NtlT  1;ptu>  ~  B<Ntu;ptu>]  * Z , c t u ( > J )   ' ^ u ^ '   + 

^ 1  
k 

+  [b (Nuj -   1;puj)   -  B(Nuj;pu-)]   •  £ c u j ( p )   •  Au-(u)  ; 

p -1  

i  =  numero  d'un  noeud  de  depart 
j  =  numero  d'un  noeud  d'arrivee 
m  =  nombre  total  de  noeuds  SPC  dans  le  reseau  qui  peuvent  etre  utilises  pour  le  trafic 

de  transit; 
k  =  numero  d'un  type  de  service 
K  =  nombre  total  de  services 
Cij  (k)  =  tarif  par  unite  de  temps  de  communication  entre  les  noeuds  i  et  j  pour  le  service  du 

type  k; 
Rjx  =  indicateur  de  disponibilite  au  service  pour  le  noeud  j; 
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10 

RjX  =  1,  noeud  j  est  disponible  pour  le  service  associe  avec  le  recepteur  et 
I'emetteur  de  type  x; 

Njj  =  nombre  total  de  circuits  operationnels  du  groupe  de  circuits  entre  les  noeuds  i  et  j; 
Pij  =  nombre  effectif  de  circuits  occupes  du  groupe  de  circuits  entre  noeuds  i  et  j; 
Ajj(k)  =  trafic  du  type  de  service  k  offert  du  noeud  i  au  noeud  j;  Ajj(k)  =  yij(k)  *  hj(k)  ; 
yij(k)  =  intensite  des  appels  du  type  de  service  k  offerte  du  noeud  i  au  noeud  j; 
B(N;p)  =  probabilite  conditionnelle  de  la  totalite  des  N  circuits  occupes  etant  admis  que  p 

circuits  ont  ete  observes  comme  occupes  au  moment  du  dernier  sondage  du 
reseau;  peut  etre  calculee  approximativement  de  fagon  suivante: 

B(N;p)  ~  
15 

A  =  trafic  total  offert  a  N  circuits; 
20  t  =  identite  (numero)  du  noeud  de  transit  1  ; 

t  =  1,  2,  -----  m;  t  *  i;  t  *  j; 
u  =  identite  (numero)  du  noeud  de  transit  2; 

u  =  1,2,  m;  u  *  i;  u  *  j; 
hi(k)  =  duree  moyenne  de  communication  pour  le  type  de  service  k  en  provenance  du 

25  noeud  i; 

5.  Le  systeme  defini  selon  revendication  4  dans  lequel  I'algorithme  est  applique  a  un  seul  type  de 
service,  par  exemple: 

so  Cij(1)>0  et  Cij(2)  =  Cij(3)  =  -----  cu(K)  =  0; 
Aj(1)>0etAj(2)  =  Aj(3)  =  Aj(K)  =  0; 

dans  ce  cas  le  systeme  est  directement  applicable  aux  reseaux  de  telephone  interurbains  existants  et, 
si  le  tarif  pour  une  communication  est  egal  a  1  ,  par  exemple: 

35 
cu(i)  =  1; 

le  systeme  est  directement  applicable  aux  reseaux  a  tarif  unitaire,  tels  que  les  reseaux  telephoniques 
urbains  existants. 

40 
6.  Le  systeme  defini  selon  revendication  4  dans  lequel  les  deux  chemins  alternatifs  I  et  II,  s'ils  existent, 

sont  selectionnes  de  fagon  aleatoire  et  dans  lequel  I'alternative  I  est  utilisee  comme  le  chemin  de 
transit  principal  et  I'alternative  II  est  utilisee  seulement  lorsque  le  chemin  I  est  deja  pris. 

45  7.  Le  systeme  defini  selon  revendication  6  dans  lequel  I'utilisation  d'un  groupe  de  circuits  comme  partie 
d'un  chemin  faisable  entre  les  noeuds  i  et  j  depend  du  parametre  d'acces  au  reseau  qij(k)  attribue  a 
chaque  groupe  de  circuits  ij,  pour  chaque  type  de  service  k,  de  telle  maniere  que 

*  un  groupe  de  circuits  ij  peut  etre  utilise  pour  une  connexion  du  type  de  service  k  seulement  si  le 
nombre  de  circuits  occupes  p̂   observe  dans  le  groupe  des  circuits  lors  du  dernier  sondage  du 

50  reseau,  est  inferieur  au  parametre  d'acces  au  reseau  qij(k)  correspondant,  et  ou 
*  les  parametres  d'acces  au  reseau  attribues  qij(k)  peuvent  etre  maintenus  constants  ou  peuvent 

etre  modifies  pendant  les  operations  de  gestion  du  reseau  selon  des  objectifs  operationnels,  et 
ou 

*  les  tarifs  peuvent  etre  negliges,  dans  quel  cas  le  systeme  peut  etre  utilise  pour  acheminement  de 
55  trafic  selon  le  grade-de-service  dependant  de  et  attribue  a  chaque  type  de  service. 

8.  Le  systeme  defini  selon  revendication  7  dans  lequel  les  instructions  d'acheminement  de  trafic  en 
termes  d'identites  de  noeuds  de  transit  sont  transferees  aux  noeuds  SPC  par  les  circuits  de 
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transmission  de  donnees  installes  entre  les  noeuds  et  I'ordinateur  du  systeme,  et  dans  lequel  ceux-ci 
sont  utilises  pour  le  transfert  de  donnees  des  noeuds  SPC  a  I'ordinateur  du  systeme  en  termes 
d'indicateurs  pour: 

*  I'intensite  d'appels  offerte  entre  les  noeuds,  yij(k); 
*  les  disponibilites  des  groupes  de  circuits,  p̂   ou  Ny  -  p̂   ; 
*  les  durees  moyennes  de  connexion,  hj(k); 
*  les  disponibilites  des  noeuds,  Rix. 

Le  systeme  defini  selon  revendication  8  dans  lequel  les  parametres  d'acces  au  reseau  dependant  du 
type  de  service  qij(k)  sont  egalement  utilises  pour  la  gestion  sur  demande  du  trafic  et  des  ressources 
du  reseau,  tels  que 

*  le  blocage  de  ressources  du  reseau  pour  un  certain  type  de  service  en  mettant  le  parametre 
correspondant  qui  commande  I'acces  au  reseau  qij(k)  =  0,  et/ou 

*  la  reservation  de  ressources  du  reseau  pour  un  certain  type  de  service  en  mettant  le  parametre 
correspondant  qui  commande  I'accee  au  reseau  qij(k)  =  Ny  =  capacite  totale  d'un  groupe  de 
circuits, 

et  ou  egalement  les  autres  interventions  sur  demande,  telles  que: 
*  la  modification  de  la  definition  du  reseau, 
*  la  modification  de  zones  restreintes, 
*  la  modification  de  tarifs  et/ou  de  parametres  d'acces  au  reseau, 
*  la  modification  de  I'intervalle  de  sondage  du  reseau, 
*  le  blocage  de  noeuds  et  groupes  de  circuits  pour  le  trafic, 

peuvent  etre  executees  par  I'ordinateur  du  systeme  en  utilisant  un  langage  special  de  gestion  du 
systeme  et  des  interventions  (SMIL). 

Le  systeme  defini  selon  revendication  9  dans  lequel  les  dernieres  instructions  emmagasinees  dans  les 
noeuds  SPC  pour  chaque  type  de  service  servent  de  reserve  pour  I'acheminement  des  differents  types 
de  service  au  cas  ou  tous  les  moyens  de  communication  entre  les  noeuds  SPC  et  I'ordinateur  du 
systeme  AR-NEM  sont  hors-service. 
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FIG.   3 
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