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?BOTSC~!ON NETWORK O~SIGN 

This invention relates to a method of allocating spare 

capacity in a fully or partly meshed communications 

nel:work. 

It is known 
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to allocate spare capacity in a communications network, 

i.e. the disposition of the spares, by a two phase method 

10 in which spares are progressively added in the first phase 

to achieve a desired restorability target (the Forward 

S~nthesis phase), and the second phase removes redundant 

spares without violating the restorability target 

{Tightening phase). In the known allocation method, in the 

15 forward synthesis phase each step which adds a notional 

spare or spares - computes the respective network 

restorability and designates the spare or spares which 

produ~e the greatest increase in network restorability. 

According to the present invention there is provided 

20 a method of allocating spare capacity in a communications 

network comprising a fully or partly meshed arrangement of 

connected nodes, the method comprising the steps of 

{a) selecting a span of the network; and 

(b) calculating the network restorability 

25 corresponding to the addition of a notional spare link to 

the selected span, the method being characterised by the 

further steps of: 

(c) calculating the corresponding network 

restorability merit; 

30 (d) repeating steps (a), (b) and (c) for other spans, 

there being no more than one notional spare link added to 

the network at any one time; 

(e) if step (d) produces at least one notional spare 

link which increases network restorability, choosing the 

35 respective notional spare link giving the greatest value of 

network restorability merit; 
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(f) designating such chosen notional spare link as an 

actual spare linltof the network; and 

(g) ~epeating steps (a) to (f) until a desired value 

of network restorability has been reached, or until step 

5 (d) fails to produce a notional spare link which increases 

network restorability. 

The term network restorability merit as used herein 

means the network restorability value for money. In some 

embodiments of the invention, this may be expresse~ in the 

10 form of network restorability divided by protection network 

cost, i.e. the actual restorability value for a notionally 

added spare link divided by the total cost of the 

protection network lthe cost of all the actual spare links 

of the network together wi-"th the cost of the notional spare 

15 link). In other embodiments of the invention, this may be 

expre~sed in the form of the increase in network 

restorability due to a notionally added spare link divided 

by the cost of the notionally added spare link. 

Preferably there- is included, if step (d) fails to 

20 produce a single notional spare link which increases 

network restorability, modified steps (a) to (f) are 

performed in which the selected span and associated 

notional spare link are replaced by a pair of spans and 

_:respective notional spare links. 

25 Preferablr_, on each occasion that modified -step ( f) 

designates a pair of notional spare links as actual spare 

links of the netwerk, original steps (a) to (g) are 

performed. 

Preferably, on each occasion that modified step (d) 

30 fails to produce a pair of notional spare links which give 

an increase in network restorability, there are inc~uded 

the steps of (h) randomly choosing a span which is not yet 

fully r.estorable, and (i) adding, as actual spare links of 

the network, a sequence of spare links as a restoration 

35 route for the randomly chosen span. 

--------

1111m1ii1mtr: 



-· 

- 3 -

Preferably, after step {i) has been performed, 

original steps (a) to (g) are performed. 

The term route as used herein means a sequence of 

spans between two nodes and includes both complete end-to-

5 end paths in the network as well as partial paths. 

Preferably there are included the modifications that 

in step (b) multiple-failure network restorability is 

calculated instead of network restorability, and that step 

(b) comprises the substeps of selecting groups of two or 

10 more spans, and for each group ranking the spans of a group 

in order of priority, notionally failing the spans of a 

group simultaneously, and resolving any contention for 

spare capacity by the spans of a group on the basis of 

their relative priorities. 

15 In a method arranged to simulate failure of a 

plurality of spans, and being arranged to add the sequence 

of spare links to the network, there is preferably 

included, before adding the sequence of spare links to the 

network, the step of checking that each of the sequence of 

20 spare links is not associated with one of the plurality of 

selected spans, whereby the restoration route does not fail 

in the event that the plurality of spans fail 

simultaneously. 

Alternatively or additionally, there may be included, 

25 before add~ng the sequence of spare links to the network, 

the step of checking that each of the sequence of spare 

links will not form part of a restoration route for a span 

of higher priority. 

In order that a network designed to have protection 

30 sufficient to cope with a failed node, preferably the 

concept of failing a plurality of spans includes the steps 

of storing for each node the identities of the routes 

associated therewith, notionally failing a node by 

selecting as a said group of spans all the spans associated 

35 with the notionally failed node, and determining multiple­

failure span restorability for the notionally failed node. 

------·--· -------·-----------
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of the present invention the 

the steps of (j) notionally 

removing n spare links and adding m spare links, where n is 

a positive int:eger and m is zero or a positive integer, 

5 provided that this reduces the cost of the network, (k) 

calculating the corresponding ne_twork restorability, (l) 

designating the or each notionally removed spare link and 

any notionally - added spare link as an actually removed 

spare link and an actually added spare link, respectively, 

10 if the network restorability does not fall below the 

desired value, and repeating steps (j) to (l) until a 

desired criterion has been reached. 

Where a span co~prises a plurality of subspans, which 

can fail independe~tly of ea.ch other, there may be included 

15 the step of designating a respective not1onal intermediate 

node ~or each subspan other than a first ~f the plurality 

of subspans. Alternatively, there may be included the step 

of designating a respective notional intermediate node for 

each subspan. 

20 Because there is some variation in the meanings of 

terms used in the art, the following terms as used in this 

application will now be defined. A node is a cross-connect 

switch (CCS) or an add/drop multiplexer (ADM). A link is 

~ block of bidirectional traffic capacity,- e.g. a single 

25 line system or pearer, and corresponding to the switching 

granularity of the CCSs and ADMs. A span is the set of all 

links which directly-connect a pair or nodes, i.e. there 

being no intermediate nodes. A subspan is a subset of all -

links which directly connect a pair of nodes, and a link 

30 can appear in only one subspan. A path is an end-to-end 

combination of links through the network. A worker is a 

link which is carrying traffic. A spare is a link which 

does not normally carry traffic and can be used for 

restoration in the event of a worker failing. A spare is 

35 also known as a.protection link. Span restorability is the 

proportion of traffic capacity which can be restored on 

-- ----·------·--·--------
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protection links if the span ~s severed. Network 

restorability or span-cut restorability of a network is the 

weighted average of the span restorabilities in the 

network. Multiple-failure span restorability is the 

5 proportion of traffic capacity which can be restored on 

protection links if a group of two or more spans fail 

simultaneously, and multiple-failure network restorability 

is the weighted average of the multiple-failure span 

restorabilities of a set of such groups. 

10 Preferred embodiments of methods of allocating spare 

capacity in accordance with the present invention will now 

be-described with reference to the drawings in which:­

Figure 1 shows a flow chart of a forward synthesis 

phase used in a method of the present invention; 

15 Figure 2 shows a flow chart of a tightening phase used 

in a met-hod of the present invention; 

Figure 3 shows a hypothetical network to illustrate 

the use of notional intermediate nodes on subspans; 

Figure 4 shows a hypothetical network for which a 

20 method of the present invention is to allocate spare 

capacity; 

Figure 5 shows a table of the spare allocation 

produced by a method of the present invention for the 

network o~ Figure 4; and 

25 Figu~e 6 shows a table of the number of allocated 

spares in the network of Figure 4, the cost of the 

allocated spares, and the run time of the method used, for 

different values of maximum hop. 

A method of allocating spare capacity in a 

30 communications network in accordance with the present 

invention is performed by a suitably programmed processor 

residing in a network management centre and storing 

information relating to the nodes of a network and a list 

of workers between the nodes. At the start of a forward 

35 synthesis phase shown as a flow chart in Figure 1, the 

processor in step 10 determines whether the ·network 

--- --- ---- -----·---
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restorability target has been reached, and if the answer is 

''no" moves to step 12 which selects each of the spans in 

turn and for each span notionally adds a spare and computes 

a respecti'le ~ralue for "network restorability merit" which 

5 is defined as mentioned above as the increase in network 

restorability due to the notional~y added spare divided by 

the cost of the notionally added spare. 

The processor in step 12 selects the notionally added 

spare corresponding to the highest value of network 

10 restorability merit and enters details of the selected 

notionally added spare in.to its store, designating that 

spare as an actual spare of the network. It will be 

appreciated that thi~ spare may not be physically pres:nt 

at this time but the proces-sor will continue as if it were. 

15 The processor now returns to step 10 to determine 

wheth~r-with the newly added spare the restorability target 

has been reached. The forward synthesis phase ends when the 

desired restorability target has been reached. 

Assuming now that the target has not been reached, 

20 step 10 repeatedly causes step 12 to be executed until 

there cannot be found any one notionally added spare which 

increases the network restorability. If the target has 

still not been reached, the process.or proceeds to step 14 

which is similar to step 12 but instead of adding a single 

25 notional spare,_ adds two notional spares and proceeds to 

select a pair corresponding to the greatest value of 

network· restorability merit. 

If the target has still not been reached, step 14 ends -

when no notionally added pair of spares increases the 

30 restorability and the process proceeds to step 16 which 

randomly selects a span which is not yet fully restorable 

and adds a complete path of notional spares to restore the 

randomly selected span, again designating the notionally 

added spares as actual spares of the network. As shown in 

35 Figure 1, step 14, when successful, returns to step 10 to 

determine whether the network restorability target has been 
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reached after the addition of the spares to the network, 

and the phase.proceeds to step 12 to see if a single spare 

link can now be added1 and s.tep 16, when successful, 

returns to step 10 to determine whether the network 

5 restorability target has been reached after the addition of 

the spares to the network, and the phase proceeds to step 

12 to see if a single spare link can now be added and step 

14 to see if a two spare links can now be added. 

When the network restorability target has been 

10 reached1 the forward synthesis phase ends and a tightening 

phase shown in Figure 2 now starts. The processor in step 

18-selects one of the spares of the network, temporarily 

cancels the designation of that spare as an actual spare of 

the netwo.r.:k, i.e. notionally removes the spare from the 

15 network1 and tests whether notionally failing any of the 

spans would produce a network restorability less that the 

target value i.e. violate the target. 

If step 18 is successful in removing a spare without 

violating the restorability target1 the processor continues 

20 step 18 iteratively until there is no single spare which 

can be removed without violating the restorability target, 

at which point the processor moves to step 20 which is 

similar to step 18 but which instead tries to remove two 

spares and add one spare without violating the 

25 restorability target. Similarly, when step 20 ceases to 

have any further effect, the process moves to step 22 which 

tries to remove three spares and add two spares violating 

the restorability target. The tightening phase ends when 

step 22 ceases to have any success. Each time that step 20 

30 and step 22 is successful, the tightening phase returns to 

s_tep 18. 

In alternative arrangements of the present invention, 

step 20 deletes one spare and adds one spare subject to the 

network restorability target still being met and the 

35 network cost being reduced. In other words, the cost of 

the added spare is less than that of the deleted spare. 
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Similariy in such arrangements, step 22 is modified to add 

two spares and delete two spares. If required, further 

steps may be included, for example adding three spares and 

deleting three spares, at all times subject to the 

5 restorability target being met and the network cost being 

reduced. Where a plurality of_ spares are added, the 

deletion of spares is performed one at a time and a check 

is performed at-each deletion to see whether the target is 

still met. If the target is not met then no further_spares 

10 are deleted. 

Figure 3 shows a simple_network of four nodes 30, 32, 

34 and 36 wherein node 30 is connected to node 32 via a 

span 38 which has .. no subspan structure, node 32 is 

connected to node 34 via two subspans 40 and 42, node 34 is 

15 connected to node 36 via two subspans 44-and 46, and node 

36 is connected to node 30 via three subspans 48, 50 and 

52. A subspan is a group of links which can fail 

independently of another group of links of a span because, 

for example, where d'I'fferent subspans run in different 

20 ducts taking different physical routes between the nodes, 

or where two nodes are connected by a satellite link and a 

submarine cable. In such cases the spare allocation method 

provides a notional intermediate node for each subspan 

o_ther than a first subspan whereby the subspans can be 

25 treated as indi~idual notional spans. This can be seen in 

Figure 2 where subspans 42, 46, 50 and 52 have respective 

notional intermediate- nodes 54,56,58 and 60. In this way 

each subspan is treated as if it is an independent span -

going to a respective node, for example, subspan 42 can be 

30 designated as 11 span11 42a between nodes 32 and 54, and as 
11 span11 42b between nodes 34 and- 54. In alternative 

methods, each subspan has an associated notional 
-

intermed-iate node. 

The above described spare allocation process or method 

35 . is based on the concept of notionally failing a single span 

at a time. Where the method is to be used to allocate 

-----.. -·-----·----
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spare capacity so that restoration routes can be found for 
multiple subspan failures, then there will be contention 
for spare capacity. Contention is avoided by prioritising 
the failed spans. If a restoration strategy involves the 

5 use of pre-planned routes, then the routes which are found 
by this spare allocation method can be used as the actual 
pre-planned restoration routes. If the restoration 
strategy involves a distributed route-finding algorithm in 
real-time, then the restoration will only be successful if 

10 the real-time failures are prioritised in the same order as 
when allocating spare capacity (the network design 
al -gori thm) . 

Where an allocation method is to provide restoration 
for multiple failures, then step 16 is modified to check 

15 t~at any added restoration route will not itself fail as 
-

part of -the notional multiple failure event and that a 
higher priority restoration attempt will not use part of 
that route for itself. 

The above method of spare allocation having the 
20 capability of handling multiples failures can be used to 

design networks which are resilient to node failures by 
notionally failing all the spans associated with the node 
at the same time. The method will determine all the 
network paths which pass through the notionally failed node 

25 and will determine whether to allocate spare capacity for 
end-to-end restoration or just between nodes on the path 
which are adjacent to the failed node depending on the 
actual restoration strategy to be employed in the real 
network. 

30 Figure 4 shows a hypothetical international network 
having 12 nodes having network identities from O to 11 and 
28 subspans, numbered from O to 27. 

Figure 5 shows the cost per link in each of the 
subspans of the network of Figure 4, the number of workers 

35 on each subspan, and also the number of spares allocated by 

the method of the present invention to each subspan for 

- - - - -----------
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three different values of maximum restoration path length 

defined by hops or spans traversed. 

If, as an example, there is damage to a cable duct 

affecting s.ubspans 9 and 10, then the spare capacity for 

S subspan 11 (6), subspan 18 (2), and subspan 16 (3) is 

sufficient to provide restoratiop for the subspans 9 and 

10. Similarly, restoration is possible if subspans 12 and 

19 fail together, or subspans 21 and 22 or subspans 23 and 

26. 

10 It can be seen from Figure 6 that the network of 

Figure 4 comprises a fewer n~mber of spares for a hop limit 

of 5 than for hop limits of 3 or 4, and also has a 

correspondingly lowe~ network cost. However, it will a~so 

be seen that ~he g.reater-number of hops the longer the run 

15 time needed for the method to complete processing, and 

there _will be a corresponding increase "in the run time 

taken by a real-time restoration algorithm in the event 

that restoration paths of maximum hop have to be found. 

In the abovediscribed embodiment the network 

20 restorability merit is in the form of the increase in 

network restorability due to a notionally added spare link 

divided by the cost of the notionally added spare link. It 

will be understood that in alternative embodiments the 

qetwork restorability merit may be in the form of network 

25 restorability divided by protection network cost, i.e. the 

actual restorability value for a notionally added spare 

divided by the total- cost of the protection network (the 

cost of all the actual spare links of the network together -

with the cost of the notional spare link). This would be 

30 readily achieved by the use of, for example, an accumulator 

storing the accumulated cost of al~ actual spare links of 

the network, and to which is added the cost of each 

notionally added spare link when it is converted into an 

actual spare link of the network. 

-----------·-·-·------
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CLAIMS 

1. A method of allocating spare capacity in a 

communications network comprising a fully or partly meshed 

arrangement of connec~ed nodes, the method comprising the 

5 steps of 

10 

(a) selec~ing a span of the network; and 

(b) calculating the network restorability 

corresponding to the addition of a notional spare link to 

the selected span, the method being characterised by the 

further steps of: 

(c) calculating the corresponding network 

restorability merit; 

(d) ~epeating steps (a), (b) and (c) for other spans, 

there being no more than one notional spare link added to 

15 the network at any one time; 

(e) if step (d) produces at least one notional spare 

link which increases network restorability, choosing the 

respective notional spare link giving the greatest value of 

network restorability merit; 

20 (f) designating such chosen notional spare link as an 

actual spare link of the network; and 

(g) repeating steps (a) to (f) until a desired value 

of network restorability has been reached, or until step 

(d) fails ..to produce a notional spare link which increases 

25 network restorability. 

2. A method as claimed in Claim 1 wherein, if step (d) 

fails to produce a single notional spare link which 

increases network restorability, modified steps (a) to (f) 

are performed in which the sele~ted span and associated 

30 notional spare link are replaced by a pair of spans and 

respective notional spare links. 

3. A method as claimed in Claim 2, wherein, on each 

occasion that modified step (f) designates a pair of 

··------··-· ·----········-------------·----------
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no~ional spare links as actual spare links of the network, 

original steps Ceil to (g) are performed. 

4. A method as claimed in Claim 3, wherein, on each 

. occasion tha~ modified step (d) fails to produce a pair of 

5 notional spare links which gi V! an increase in network 

res~orability, there are included the steps of (h) randomly 

choosing a span which is not yet fully restorable, and (i} 

adding, as ac~ual spare links of the network, a sequence of 

spare li~ks as a restoration route for the randomly chosen 

10 span. 

5. 

Ci> 

A method as claimed in Claim 4, wherein, 

has been·- pe~formed,- -original steps (a) 

after step 

to (g) are 

performed. 

6. · A method as claimed in any of Claims 1 to 5, including 

15 the modifications that in step (b) multiple-failure network 

restorability is -calculated instead of network 

restorability, and that step (b) comprises the substeps of 

selecting groups of two or more spans, and for each group 

ranking the spans of a group in order of priority, 

20 notionally failing the spans of a group simultaneously, 

and resolving any contention for spare capacity by the 

spans of a grou~ on the basis of their relative priorities. 

7. A ·method as claimed in Claim 6, when dependent on 

either Claim 4 or Claim 5, including, before adding the_ 

25 sequence of spare links to the network, the step of 

checking that each of the sequence of spare links is not 

associated with one of the plurality of selected spans, 

whereby the restoration route does not fail in the event 

that the piurality of spans fail simultaneously. 

30 8. A method as claimed in either Claim 6 or Claim 7, when 

Claim 6 is dependent on either Claim 4 or Claim 5, 

--·-- ···----·-··---··--=--·--:--------··--
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including, before adding the sequence of spare links to the 

network, the step of checking that each of the sequence of 

spare links will not form part of a restoration route for 

a span of higher priority. 

9. A method as claimed in any one of Claims 6 to 8, 

wherein for each pair of nodes there is a preferred route 

of one or more workers, each separate route having a 

respective identity, and including the steps of storing for 

each node the identities of the routes associated 

therewith, notionally failing a node by selecting as a said 

group of spans all the spans associated with the notionally 

failed node, and determining multiple-failure span 

restorabil~ty for the notionally failed node. 

-
10. A method as claimed in any one of Claims 1 to 9, 

15 including the steps of (j) notionally removing n spare 

links -and adding rn spare links, where n is a positive 

integer and rn is zero or a positive integer, provided that 

this reduces the cost of the network, (k) calculating the 

corresponding network restorability, (1) designating the or 

20 each notionally removed spare link and any notionally added 

spare link as an actually removed spare link and an 

actually -added spare link, respectively, if the network 

restorability does not fall below the desired value, and 

repeating steps (j} to (1) until a desired criterion has 

25 been reached. 

11. A method as claimed in Claim 10, wherein n has the 

same value as m. 

12. A method as claimed in any one of Claims 1 to 11, 

wherein the network is constituted by a subset of the nodes 

30 of a larger communications network. 

I lllllll llllll lllll lllll II llll-
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13. A - method as claimed in any one of Claims l to 12, 

wherein a span lromprises a plurality of subspans, and 

including the step of designating a respective notional 

intermediate node for each subspan other than a first of 

5 the plurality of subspans. 

14. A method as claimed in any one of Claims l to 12, 

wherein a span. comprises a plurality of subspans, and 

including the step of desi-gnating a respective notional 

intermediate node for each subspan. 

---- -------- -------- ---.-. 
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