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ABSTRACT 

In designing multicommoditynetwork, routing 
is an important subproblem. 

We may set ~p a programming mathmatical 
model to get an optimal solution, but it is very 
diffcult to solve it, even though we use the com
puter. 

In this paper we find out an approximate 
solution, we consider the traffic is carried by 
a given network through shared "links" of fixed 
capacity. For each source-destination pair, traf
fic is assumed to be restricted to a small number 
of permissible paths, each consisting of a string 
of links from source to destination. 

We use "Shift" and "Diversion" methodS to 
maximize the amount of traffic which can be acco
mmodated by allocating traffic among permissible 
paths. 

PROBLEM 

In designing and planning a telecommunicati~ 
on network, we may consider: 

i) Selection of nodes or tandem center; 
ii) Configuration of the network or selection 

of links connecting nodes; 
iii) Allocation of traffic to links or paths 
iv) Determing the capacity of the network; 
v) Estimating the quality of service (delays, 

reliability etc.) 
vi) Economical studies 
The routing problem addressed here was formu

lated as a subproblem to be solved as a component 
of such an overall "devide-and-conquer" approach 
to network design. We assume that the network top
ology is given; We assume that the nodes have suf
ficient capacity to do their job; We assume that 
the traffic demand is given, except that we don't 
know how much of tha.t traffic the network can han
dle. 

Our problem is simply to assign traffic to 
paths from source to destination to maximize the 
amount of traffic the network can handle. 

Let the nodes,links, and paths be numbered as 
follows: 

Nodes are indexed by n=1,2,------,M. 
Links are indexed by i=1,2,------,K. 
Paths are indexed by p=1.2.------,Q. 
Such as figure l.in this network involves 6 

nodes. n= 1.2,----6, 7 links i=1,2,---7, 49 paths; 
For each path P, let 
L(P)=set of links in path P; 
F(P)~fraction of the total traffic demand 

having the same sources and destination nodes as 
does P; 

X(P)=fraction of F(P) allocated to path P. 

Fig. 1 Test Network 

Also, let T be the total traffic demand for 
all node pairs. 

For each link i, let 
C(i) capacity of link i; 
P(i) = the set of paths which contain link i; 
Y(i) = "load" on link i. 

By the load on link i we mean 
Y(i) =2: TF(P)X(P)/C(i) (1) 

The objective is to maximize T. There are 
three types of constraints which must be met. Fir
st, all of the specified traffic demand must be 
allocated to permissible paths. That is, for each 
pair of nodes (m,n) with 1 ~. m ~ n ~ M 

~X(P)=l (2) 

Secondly. all link loads are limited to no more 
than a factor of 1.0. That is, for all 1 ~ i ~ K 

T ~ F(P) X(P)/C(i) = Y(i) = 1 (3) 
And finally. all allocations of traffic to paths 
must be non-negative. That is, 

X(p) = 0 for all p= 1,2, •••. ~. (4) 

The problem as posed is easily converted 
into a linear programming (LP) problem. 

Note that the size of this LP problem is: 
Number of Variables = Q + K + 1 

-One for each path, X(P); 
-One slack variable for each link,and 
-One objective function variable. 

Number of constraints = H(M-l)/2 + K 

-One for each pair of nodes. and 
-One for each link. 

So when the number of links and nodes incre-
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ase, the LP algorithms computation will be dupli
cated. The resources required are substantial. 

We seek a quick and inexpensive way of obt
aining approximate solutions to such problems. 

APPROXIMATE SOLUTION 

Considering the quality (efficiency and de~ 
lay time ). only II minimum hopsll paths -containing 
the fewest links connecting each node pair- were 
permitted for the algorithm development. Fig. 1, 
this test network contains 49 non-looping paths, 
but only 23 permissible paths (minimum hops), and 
9 unique traffic paths -the minimum hops paths 
are unique for some node pairs (1-2,1-3,1-5,2-4, 
2-6,3-4,3-5,4-6,5-6)- and 14 separated paths. 

The permissible paths of each pair shown 
in Table 1. 

Table 1 

Node Link Separated 

Pair 1 2 3 4 5 6 7 Path 

1-2 * 
1-3 * 
2:"4 *. 
"3-5 * 
4-6 * 
5-6 * 
3-4 * 
1-5 * * 
2-6 * * 
1-4 * * 1 

* * 2 

1-6 * * * 3 

* * * 4 

* * * 5 

2-3 * * 6 

* * 7 

2-5 * * * 8 

* * * 9 

* * * 10 

3-6 * * 11 

* * 12 

·-4-5 * * 13 

* * 14 

Obviously. node pairs which paths are uniq
ue traff ic paths only have one choice to allocate 
their traffic. So the key point is to allocate 
the traffic into separated paths for the node pa
irs which have seversl separated paths. 

If the test network traffic demand as 
Table 2 

We can compute the network minimum hops 
link data from Table 1 a nd Table 2. The unique 
traffic shown in 'Table 3. 

In Table 3. the unique traffic of link 2 
equals the traffic of node pairs 1-3 plus 1-5. 

Now, the problem is how to allocate the re
maining traf fi c into separated paths. 

First, we.al~ocate the traff ic routing bas
ed on equal SpllttlOg of traf fic over the permis-

sible paths shown in Table 4. 

Table 2 Traffic Matrix 

Node 1 2 3 4 5 6 

1 - 4 6 8 7 5 
2 - - 5 8 6 4 

3 - - - 6 5 4 

4 - - - - 9 8 

5 - - - - - 7 
6 - - - - - -

Table 3 Unique Traffic 

Link Number 1 2 J 4 5 6 7 

Unique 
Traffic 4 13 12 12 12 7 6 

Table 4 Equal Splitting 

Link 
Path 1 2 3 4 5 6 7 

, 
1 4.00 4.00 

2 4.00 4.00 

3 1.67 1.67 1.67 

4 1.67 1.67 1.67 

5 1.67 1.67 1.67 

6 2.50 2.50 

7 2.50 2.50 

~ 2.00 2.00 2.00 

9 2.00 2.00 2.00 

10 2.00 2.00 2.00 

11 2.00 2.00 

12 2.00 2.00 

13 4.50 4.50 

14 4.50 4.50 

Unique 4 13 12 12 12 7 6 

Total 14.17 24.83 24.17 24.17 23.87 17.17 22.67 

In Table 4. Link 2, it's load is 24.83 unit 

which is the maximum for l ink.we ca}- this "SCi.tu
rated Linkll. By the term IISaturated Link ll we mean 
a link carrying a load which is the maximun for 
any link in the network. 

In order to maximize T, we s hould balance 
the link load and find the way to minimize the 
IISaturated Link"load. 

We use the "Shift ll method t o s hi f t the tra_ 
ffic from the "most saturated path" to the "le::l.
st saturated path" over all pairs of nodes. By 
the term "most saturated path", we mean a path 
containing a most saturated link; by the term "m
ost saturated link" we mean a link carrying a lo
ad which is the maximun any link in the permissi
ble paths of the node pair. Such as node pair 1-4. 
it has two separat~d paths: Path 1, It lnc~ude s 
two links (1,3); Path2, it includes two links 
(4,4). The load of most saturated link is 24.83 
path 2 is the "most saturated path'~. In path 1, 
the maximun link load is 24.17. '\>Je called it as 
"least saturated link" load. 
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So in this case, we shift (24.83-24.17)/2 
o 33 from path 2 to path 1. 

. The amount of traffic shifted from the most 
saturated. path to the least saturated path is l~~ _ 
mited to the minimun of ~ 

1) The amount which balances the load on 
most saturated links in the most saturated and 

Table 5 After Shifting 
-- ~ .. - - -

Link 

Path 1 2 3 4 5 6 7 

1 4.33 4.33 

2 3.67 3.67 

3 1.67 1.67 1.67 

4 1.67 1.67 1.67 

5 1.67 1.67 1.67 

6 2.50 2.50 

7 2.50 2.50 

8 2.00 2.00 2.00 

9 2.00 2.00 2.00 

10 2.00 2.00 2.00 

11 1.83 1.83 

12 2.17 2.17 

13 4.50 4.50 

14 4.50 4.50 

Unique 4 13 12 12 12 7 6 i 

Total 14.50 24.50 24.50 24.00 24.01 17.00 22. 50 I 

least saturated paths; 
2) The amount of traffic on the most sa

turated path. 
Now we use the "Shift" method shift-ing 0.33 

units of traffic from path 2' to path 1 balacing 
the loads on links 2 and 3, and shifting 0.17 
units of traffic from path 11 to path 12 balaCing 
the .loads on links 4 and 5. Once these two shifts 
are performed, links 2 and 3 are saturated. Shown 
in Table 5. 

'Only using "Shift ll method, it may has a . 
deadlock condition. We ·set up a IlDiversion ll .meth
od ~i in this Ildivertll loop, the paths connect-ing 
a given node pair are examined to determine the 
number of saturated links in each. Any of the pa_ 
ths which have a positve traffic allocation and 
which contain more than one saturated link is 
called Il multisaturatedll • If one or more multisat_ 
urated paths exist, a small amount of traffic(cu_ 
rrently limited to 1~ of the traffic between the 
node pairs) is "divert" from the most multisatur_ 
ated path (the one with the most saturated links) 
and split equally among ali other paths connecti_ 
ng the particular node pairs. 

The need -for this "divert" process is best 
illustrated by example. Consider the test network 
(Fig. 1 ) with the traffic demand of Table 6. 

Table 6 Traffic for Divert Case 

Node 1 2 3 4 5 6 
1 - 2 1 0 0 3 
2 - 2 1 0 0 
3 - 2 0 0 
4 - 0 0 
5 - 0 
6 -

Assuming that all links a~~ of unit capacity and 
that only minimum hops paths are permitted, Table 
7 lists the initial equal allocation of traffic to 
all available paths together with the link loads. 

Table 7 Initial Equal Allocation 

Link Loads 

Path Nodes ~ 1 2 3 4 5 6 7 

1-2 1.0 2 0 0 0 0 0 0 

1-3 1.0 a 1, a a a a a 
1-2-4-6 1/3 1 0 1 0 1 a 0 

1-3-4-6 1/3 0 1 0 0 1 0 1 

1-3-5-6 1/3 0 1 0 l ' 0 1 0 

2-4 1.0 a 0 1 0 0 0 0 

2-1-3 1/2 1 1 a 0 a 0 0 

2-4-3 1/2 0 0 1 0 0 0 1 

3-4 1.0 0 0 0 0 0 0 2 

TOrAL LINl< LCYillS 4 4 3 1 2 I 4 
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(In Table 7 link loads are expressed in absolute 
traffic terms rather than as fractions). 

Every permissible path connecting nodes 1 
and 6,and nodes 2 and 3 contains a satura-
ted link. Therefore, the"Shift" loop cann-
ot find any change which redues the most 
saturated link load for the pa t hs connect-
ing any node pair. This traffic pattern 
constitutes a "shift deadlock". It does not 
however, minimizethe maximum load on any 
link. 

If 0.5 units of traffic is "divert" 
from the path (through nodes) 2-1-3 to the 
path 2-4-3 and the traffic on path 1-3-4-6 
is "divert" to path 1-3-5-6, we obtain the 
results shown in Table 8. 

With this routing pattern the maximum 
link load is reduced to 3.5 from 4.0 for 

the "shift deadlock" pattern of Table 8. 
The divert features attempts to avoid such 
"shift deadlock" 

The second feature added to enchance 
convergence was the reodering the pairs 
of nodes for considering in the mean loops 
which reallocate traffic,without t nis, reo
dering convergence was found to be quite 
slow for some cases. Several different reo
dering algorithm have been considered. the 
following principles seem to provide the 
best scheme: 

_ Prioriti~e node pairs according to 
the numbers of connecting paths and the n~~ . 
mbers of saturated links in the paths. 

_ Top priority should go to node 
pairs which contain both saturated paths 
and unsaturated paths. 

- Higher priority should go to node 
pairs having lower numbers of connecting 
oaths. 

_ Node pairs which have saturated 
connecting paths should be higher priority 
than those with onl y unsatUrated paths. 

- Possibly, the order of node pairs 
should be f .')rced to change. 

nn iterative heuristic algorithm 

Table 8 After Diverting 

Path Nooes 

1-2 

1-3 

1-2-4-6 

1-3-4-6 

1-3-5-6 

2-4 

2-1- 3 

2-4-3 

3-4 

X(p) 1 

1.0 2 

1.0 0 

1/3 1 

o 0 

2/3 0 

1.0 0 

1/4 0.5 

3/4 0 

1.0 0 

TOrAL ~,I~'1\ LOADS 3. 5 

NO 

called MAXFLOW was developed to compute practical 
solutions to restricted, symmetric, multi-co~~od
i ty routing problems. MAXFLO\\' shown in Fig. Z. 

LOOP 
OVER 
NODE 
PAIRS 

LOOP 
OVER 
NODE 
PAIRS 

DIVERT TRAFFIC 
FROM MOST 
MUL TISATURATED 
PATH 

SHI FT TRAFFIC 
FROM MOST SATURATED 
PATH TO LEAST 
SATURATED PATH 

Fig. 2 MAXFLOW Summary 

Link Loads 

2 3 4 5 6 7 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 1 0 1 0 0 

0 0 0 0 .0 0 

2 0 2 0 2 0 

0 1 0 0 0 0 

0.5 0 0 0 0 0 

0 1.5 0 0 0 1.5 

0 0 0 0 0 2 

3.5 3.5 2 1 2 3.5 

5.3A-4-4 



ITC 11 Kyoto September 1985 

R:<':FERENCES 
1) G. Danzig,"Linear Programming and Extension", 

Princeton, N.J. 1963 
2) H. Frank, M. Gerla, W. Chow, "Issues in the · 

Design of Large Distributed Network". Procee
ding of the IEEE. National Telecommunicat.rons 
Conference, Atlanta, Ga, Nov. 1973 

3) H. Gerla, 'tI. Chow, H. Frank, "Computational 
Considerations and Routing Problems for Large 
Computer Communication Networks 11 , Proceedings 
of the National Conference, Atlanta, .Ga, Nov. 
197J 

4) A. Tanenbaum, IIComputer Networks 11 , Englewood 
Clifis, N.J •• 1981 

5) H. Frank, I.T. Frisch. IICommunicat ion, Tran
smission. and Transportation Networks 11 , Read
ing, Mass.: Addision-Wesley, 1971. 

6) L.R. Ford, and D.R. Fulkerson, IIFlows in Net
works ll , Princeton, N.J., 1962. 

7) Howard Cravis, IICommunications Network Analy
sisll, Lexingt-onBooks, D.C. Heath and Company 
1981. 

8) W.L. Price, IIGraphs and Networks, An Introdu
ction. II , London: Butterworth, 1971. 

5.3A-4-5 


