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AN INTRODUCTION TO NETWORK 
ANALYSIS 

Don Robinson 

ABSTRACT 

Network a n a l y s i s  t echn iques  o f f e r  a  
r e l a t i v e l y  simple way of so lv ing  many 
complex problems i n  t h e  management of 
fores ts .  Computer mock 2s are eas i ly  and 
cheaply  availabZe t o  a s s i s t  i n  t h e  
solution of variable cost  problems and 
some models w i l l  cope o i t h  fixed cos t s  
as wel l .  The technique does not require 
a  f ormal ,nuthematical background. This 
pubZication gives a  brief  introduction 
t o  the  use of network analysis  and uses 
two examples  t o  emphas i se  v a r i o u s  
points. 

INTRODUCTION 

E f f i c i e n t  management in todays worl d 
r e q u i r e s  the c o s t  of a c t i o n s  and 
o p e r a t i o n s  to  be p r e d i c t e d  with 
reasonable certainty.  The selection of 
the cheapest par t s  of any proposed 
action does n o t  guarantee t h a t  the 
optimum o v e r a l l  s o l u t i o n  has been 
achieved. When faced with complex 
problems having many possible solutions 
the usual solut ion method i s  to use 
t r i a l  and e r r o r  methods tempered with 
judgement gained by long experience. 

This publication gives an introduction 
t o  the sol uti on of compl ex i nter-re1 ated 
problems using Network Analysi s techni - 
ques on a Personal Computer. Network 
analysis i s  not the only way to handle 
such problems, b u t  i t  i s  an e a s i l y  
understood method using a mix o f  
graphical representation of the problem, 
mathematical analysis (performed by the 
computer), enhanced by good common sense 
t o  ensure that  the solution arrived a t  
i s  sensible. 

The f i r s t  appearance of network planning 
techniques for personal computers in the 
fores t  industry was in the l a t e  1970's 
when Carson and Dykstra presented three 
programs fo r  a Hew1 et t -Packard 9830 
c a l c u l a t o r .  Unfortunately they were 
quite machine specific and in any case 
the avai 1 abi 1 i  ty of personal computers 
i n  the New Zealand forest  industry has 
only reached the stage required t o  make 
such programs useful in the l a s t  two t o  
three years. 

I n  1986 Dr J Sessions presented a 
workshop a t  L I R A  which explored the 
avai 1 able network analysi s programs and 
gave some forest  industry employees the 
background information needed t o  appre- 
c i a t e  the potent ia l  o f  the technique. 
His program i s  available, in the United 
S t a t e s  and some New Zealand companies 
have purchased a copy for their  own use. 
Demonstration copies are a1 so avail able 
although naturally they are limited in 
the s i z e  of problem they are  ab le  t o  
solve. A1 though the Sessions ' program i s  
s p e c i f i c a l l y  aimed a t  the "Landing t o  
Mill " t r anspor t a t ion  problem, i t  i s  
adaptable t o  o ther  problems provi ding 
the operator has an understanding of the 
solution techni -ques. Sessions' program 
can account for fixed and variable costs 
on l i n k s ,  as well as discounting cash 
flows for multiple period sales. 

Subsequent courses by FRI and L I R A  have 
reinforced the potent i  a1 of network 
ana lys i s  as a fo res t ry  planning t o o l ,  
and as L I R A  has ava i lab le  a computer 
program f o r  use on IBM s t y l e  personal 
computers, there  i s  a need f o r  a few 
notes on the background and p i t f a l l s  of 
the technique. 



The LIRA p rograms wh i ch  have been 
a v a i l a b l e  t o  members a t  a  nominal charge 
a r e  n o t  p a r t i c u l a r l y  u s e r  f r i e n d l y  
a1 though they  a re  power fu l  and r o b u s t  i n  
o p e r a t i o n .  A l a t e r  v e r s i o n  o f  t h e s e  
programs u s i n g  o n l y  v a r i a b l e  c o s t s  and 
h a v i n g  easy i n t e r a c t i  ve f u l l  s c r e e n  
i n p u t  and e d i t i n g  s h o u l d  be a v a i  1  a b l  e  
f rom LIRA i n  October 1988. 

USES 

Transpo r t a t i on  problems and f l u i d  f l o w  
problems have been t he  t r a d i t i o n a l  areas 
f o r  ne two rk  a n a l y s i s .  These a r e a s  
however, a re  by no means, t h e  o n l y  areas 
t o  wh i ch  t h e  t e c h n i q u e  i s  u s e f u l .  A 
sound u n d e r s t a n d i n g  o f  t h e  g e n e r a l  
p r i n c i p l e s  o f  network a n a l y s i s  and a l s o  
t h e  f e a t u r e s  and s h o r t c o m i n g s  o f  t h e  
p a r t i c u l a r  program i n  use, a re  e s s e n t i a l  
i f  t h e  b e s t  use i s  t o  be made o f  t h e  
program. Some programs a l l o w  upper and 
l o w e r  l i m i t s  on t h e  f l o w  i n  n e t w o r k  
l i n k s  w h i l e  o t h e r s  do n o t .  O t h e r  
p r o g r a m s  a l l o w  f o r  m u l t i p l e  t i m e  
p e r i o d s .  I n c r e a s i n g  s o p h i s t i c a t i o n  
i n e v i t a b l y  makes t he  program e a s i e r  t o  
use b u t  l e s s  adaptab le  t o  o the r  types o f  
p rob l  em. 

I n  t he  f o r e s t  i n d u s t r y  a  wide range o f  
p rob lems  can be s o l v e d ,  o r  a t  l e a s t  
p a r t i a l l y  solved, by t h e  sens ib l e  use o f  
Network a n a l y s i s  techniques. 

MODELLING USING NETWORK ANALYSIS 
TECHNIQUES 

Termi no1 ogy : 
- - - - - -- - 

As i n  any new a rea  i t  i s  necessa ry  t o  
f i r s t  unders tand the  terms used t o  come 
t o  any unders tanding o f  t he  technique.  

I n  F i g u r e  1 I r e f e r  t o  a  road  t r anspo r -  
t a t i o n  n e t w o r k .  It i s  i m p o r t a n t  t o  
emphasise t h a t  t h i s  i s  o n l y  an example 
and i n  no way l i m i t s  the  use o f  network 
a n a l y s i s  t o  t h e  r o a d  t r a n s p o r t a t i o n  
area. I n  t h i s  f i g u r e  major  New Zeal and 
N o r t h  I s 1  and c i t i e s  and towns a r e  
"nodes"  wh i ch  a r e  t h e  s t a r t  and end  
p o i n t s  o f  " l i n k s " .  A c o l l e c t i o n  o f  
i n t e r connec ted  l i n k s  between nodes makes 
up a  n e t w o r k .  A node i n  t h i s  t y p e  o f  

n e t w o r k  i s  any f e a t u r e  t h a t  may be 
t r e a t e d  as  t h e  p o i n t  o f  d e p a r t u r e  o r  
d e s t i n a t i o n  o f  some p a t h  t h r o u g h  a  
p o r t i o n  o f  t he  network. For  example:- 
nodes w i l l  o f ten  be towns, c i t i e s ,  road  
i n t e r s e c t i o n s ,  changes i n  c l a s s i f i c a t i o n  
o f  t h e  r o a d ,  changes i n  g r a d i e n t ,  
b r idges ,  o r  changes i n  t h e  ease o r  c o s t  
o f  t r a v e l  1  i ng. 

I n  s t udy ing  t h i s  s imple example, i t  may 
be t h a t  t h e  o b j e c t i v e  i s  t o  f i n d  t h e  
s h o r t e s t  r o u t e  between W e l l i n g t o n  and 
Auckland. Al though i n  t h i s  example t h e  
s o l u t i o n  f r o m  p r a c t i c a l  e x p e r i e n c e  i s  
obvious, i t  would be p o s s i b l e  t o  so l ve  
t h e  n e t w o r k  f o r  a  number o f  c r i t e r i a  
such as:- 

1. s h o r t e s t  r o u t e  
2. s h o r t e s t  t ime  
3. l e a s t  f u e l  used 
4. l e a s t  t i r i n g  t o  t he  opera to r  
5. most scenic,  e t c ,  

p r o v i d e d  t h a t  t h e  c o s t s / b e n e f i t s  
a s s o c i a t e d  w i t h  t h e  l i n k s  r e f l e c t  t h e  
problem. I t  i s  a l s o  p o s s i b l e  t o  e a s i l y  
r e - run  t h i s  network problem w i t h  changes 
i n  t h e  l i n k  c r i t e r i a .  The ease o f  a  r e -  
r u n  i s  one of t he  ope ra t i ng  advantages 
o f  network a n a l y s i  s. 

The u s u a l  a im  i n  p e r f o r m i n g  a  ne two rk  
a n a l y s i s  i s  t o  f i n d  t h e  minimum t o t a l  
c o s t  pa th  through t he  network. Var ious 
network models a re  a v a i l a b l e  f o r  o t h e r  
s p e c i f i c  f u n c t i o n s  such as t h e  l o n g e s t  
p a t h ,  and so on, b u t  by f a r  t h e  mos t  
u s e f u l  i n  s o l v i n g  t h e  u s u a l  r a n g e  o f  
p rob lems  i s  t h e  minimum t o t a l  c o s t  o r  
maximum t o t a l  va lue  type.  

The number i ng  sys tem used  i n  node 
i d e n t i f i c a t i o n  i s  q u i t e  a r b i t r a r y  , bu t  
t h e  l i n k s  a re  re ferenced by t h e  nodes a t  
w h i c h  i t  b e g i n s  and ends.  L i n k s  a r e  
o f  t e n  b i  - d i  r e c t i  onal . 
Of ten  1  i n k s  w i l l  have d i f f e r e n t  va lues 
a s s o c i a t e d  w i t h  t r a v e l  i n  o p p o s i t e  
d i r e c t i o n s ,  even though they  rep resen t  
t h e  same l e n g t h  o f  road. For  example:- 
I f  t h e  l i n k s  have d is tance  values, then  
l i n k  1-2 i s  t he  same as l i n k  2-1. I f  



Figure 1 - Road Transportation Network 



t he  va lue assoc ia ted  w i t h  t he  l i n k s  i s  
t r a v e l  t ime  then the  l i n k  1-2 may have a  
v a l u e  o f  125 whereas 1  i n k  2 - 1  has a  
va lue of 115. 

Th i s  d i s t i n c t i o n  i s  impo r tan t  and u s e f u l  
when d i f f e r e n t i a t i n g  between t h e  c o s t  o f  
h a u l i n g  l o g s  on a  f a v o u r a b l e  g rade  i n  
one d i r e c t i o n  and an un favourab le  grade 
i n  t he  oppos i te  d i r e c t i o n .  

Drawing the Network 

B e f o r e  any i n p u t s  a r e  made t o  t h e  
compute r  ( i n  any p rogram a v a i  1  a b l e  a t  
t h e  p r e s e n t  t i m e )  i t  i s  necessa ry  t o  

draw t he  network on paper. Whi le t h i s  i s  
be ing  done i t  i s  sens ib l e  t o  p u t  arrows 
on t h e  1 i n k s  t o  show p o s s i b l e  d i r e c t i o n s  
o f  f l o w  and t h e  c o s t s  a s s o c i a t e d  w i t h  
t h a t  f l ow .  I f  c o n s t r a i n t s  such as upper 
and l o w e r  bounds a r e  a1 1 owed, t h i s  i s  
t h e  t ime t o  p u t  them on a lso .  A scheme 
shou ld  be adopted i n  t h i s  drawing and i t  
i s  impo r tan t  t h a t  i t  be unambiguous and 
easy t o  f o l l o w ,  say i n  s i x  months t ime 
when y o u  may w a n t  t o  r e v i e w  t h e  
s o l u t i o n .  My own scheme, w h i c h  i s  
recommended, i s  demonstrated i n  F i gu re  
1. I f  t h e r e  a r e  upper  and l o w e r  con -  
s t r a i n t s  they  must be q u i t e  unambiguous 
and c l e a r l y  n o t  t h e  f l o w  o r  c o s t  
components. 

~ i g u r e  2 - ~abeZZing Scheme on Links 

Note  how t h e  f i g u r e s  when b e i n g  r e a d  
r i g h t  way up r e f e r  t o  f l o w  f rom l e f t  t o  
r i g h t .  When f l o w  i s  i n  o n l y  one 
d i r e c t i o n  t h e r e  can be no amb igu i t y  and 
l i b e r t i e s  can be taken i n  t he  l a b e l l i n g  
scheme. 

Computer g r a p h i c s  a r e  g e n e r a l l y  n o t  
ava i  1  abl  e  on personal  computer programs 
as b o t h  t h e  c o m p l e x i t y  and memory 

r e q u i r e m e n t s  a r e  t o o  h i g h .  E i t h e r  
be fo re  o r  a f t e r  t h e  drawing stage i t  i s  
necessary t o  make a  t a b l e  o f  va lues  and 
i t  makes sense t o  have t h e  t a b l e  drawn 
i n  t h e  same format  as the  computer i n p u t  
r e q u i r e s  i t .  F o r  example: -  I f  t h e  
p r o b l e m  i s  t o  f i n d  t h e  s h o r t e s t  r o u t e  
f rom We l l i ng ton  t o  Auckland then  f o r  t h e  
LIRA program t h e  i n p u t  s u i t a b l e  f o r  t h e  
computer would l ook  l i k e  Table 1. 



Table I - Input Table for the  Network 
i n  Figure 1 

LOWER UPPER VAR 
O R I G  DEST BOUND BOUND COST 

Many o f  the  l i n k s  i n  t h i s  t a b l e  should 
have f l ow  p o s s i b l e  i n  bo th  d i r e c t i o n s .  
I n  t h e  i n t e r e s t s  o f  a  compact t a b l e  f o r  
t h i s  example I have o n l y  g i v e n  a  few 
l i n k s  t h i s  f e a t u r e  and these are l i s t e d  
t w i c e  i n  t h e  t a b l e  eg. l i n k  15-16 and 
l i n k  16-15. 

When drawing t he  network i t  i s  impo r tan t  
t o  know i f  t h e  computer i n p u t  r e q u i r e s  a  

c l o s i n g  o r  " f eedback "  l o o p  f r o m  t h e  
d e s t i n a t i o n  t o  t h e  s t a r t  node. Some 

programs a u t o m a t i c a l  l y  p r o v i d e  t h i s  
c l o s i n g  l i n k .  The LIRA programs r e q u i r e  
them t o  be e n t e r e d  j u s t  as any o t h e r  
l i n k .  They are a  necessary p a r t  o f  t he  
setup f o r  a  s o l u t i o n .  Without t h i s  l i n k  
t he  program cannot f i n d  a  c losed  network 
s y s t e m  o n  w h i c h  t o  o p t i m i z e  t h e  
s o l u t i o n .  I f  t he  program a l lows ,  i t  i s  a  
u s e f u l  check  t o  p r o v i d e  a  r e a l i s t i c  
upper and lower  l i m i t  on t he  f l o w  i n  t he  
c l o s i n g  l i n k .  The c l o s i n g  l i n k  may have 
f l o w  c o n s t r a i n t s  which f o r c e  a  f l o w  i n  
t he  feedback l i n k .  I n  Table 1 above f o r  
i n s t a n c e  I have f o r c e d  1 u n i t  o f  f l o w  
t h r o u g h  t h e  feedback  l i n k  t o  make t h e  
s o l u t i o n  t o  t he  problem g i v e  t h e  t o t a l  
c o s t  f o r  1 u n i t  o f  f l ow.  

I t  i s  a l s o  i m p o r t a n t  t o  p l a c e  a1 1  t h e  
known i n f o r m a t i o n  on t h e  d r a w i n g  even 
though some may appear  t r i v i a l  o r  
unnecessa ry .  "The o b v i  ous s o l  u t i o n  
w o n ' t  i n c l u d e  t h i s  l i n k  so I w i l l  leave 
i t  o u t "  i s  n o t  a  good approach .  The 
computer a n a l y s i s  w i l l  t ake  care  o f  t he  
redundant l i n k s  and i t  i s  impo r tan t  t o  
keep a1 1  t h e  p o s s i b l e  e l emen ts  o f  any 
p r o b l e m  a v a i  1  a b l e  f o r  t h e  computer  
ana l ys i  s .  

AVAILABLE ALGORITHMS* 

The s h o r t e s t  pa th  a l g o r i t h m  i s  probably  
t h e  mos t  common a v a i l a b l e  and can  be 
e x p r e s s e d  as minimum c o s t  , t i m e  o r  
d i  s t a n c e .  The o t h e r  common a1 g o r i  thms 
such as opt imal  f low,  maximum f l o w  and 
so on, a1 1  have some d i s t i n c t  advantages 
f o r  p a r t i c u l a r  p rob lems.  The LIRA 
programs are  based on t h e  Out o f  K i l t e r  
a l g o r i t h m  which has as i t s  fea tu res : -  

1. It f i n d s  a  f e a s i b l e  minimum c o s t  f l o w  

2. It i s  s u i t a b l e  f o r  networks i n  which 
t h e r e  a r e  l o o p s  w i t h  a  n e t  n e g a t i v e  
cos t .  

3. I t  w i l l  a t tempt  t o  f i n d  t he  s h o r t e s t  
p a t h  wh i ch  i n c l u d e s  any l i n k  a l t h o u g h  
t h i  s  i s  n o t  gua ran teed .  Exp l  o r a t o r y  
examinat ion though can u s u a l l y  t e l l  i f  
t h i s  i s  so. 

* An a l g o r i t h m  i s  a  r u l e  o r  p r o c e d u r e  

used t o  so lve  a  problem 



4. It w i l l  f i n d  t h e  maximum p o s s i b l e  
f l o w  by a s s i g n i n g  a  v e r y  l a r g e  u p p e r  
bound on t h e  c l o s i n g  1  i n k ,  a  ze ro  lower  
bound, and a  l a r g e  nega t i ve  c o s t  t o  t h e  
f l ow .  

5. Super sources and super s i nks  can be 
a p p l i e d  t o  a l l  ow f o r  mu1 t i p l e  o r i g i n  o r  
d e s t i n a t i o n  networks.  

6. Non L i n e a r  cos t s  can be ass igned t o  
l i n k s  as  l o n g  as  t h e  t o t a l  c o s t  as a  
f u n c t i o n  o f  f l o w  i s  a  non l i n e a r  convex 
f u n c t i o n .  A s i n g l e  l i n k  i s  rep laced  by a  
s e r i e s  o f  1  i nks w i t h  t h e  a p p r o p r i a t e  
c o s t  a s s o c i a t e d .  The o u t  o f  k i l t e r  
a l g o r i t h m  w i l l  ass ign f l o w  t o  t he  l e a s t  
c o s t  1  i n k  f i r s t  and t h e n  t o  t h e  n e x t  
cheapest and so on. 

7 .  It i s  p o s s i b l e  t o  have u n b a l a n c e d  
f l o w s  a t  nodes. T h i s  f e a t u r e  i s  n o t  
norma l l y  used b u t  may be u s e f u l  f o r  some 
speci  a1 p rob l  ems. 

8. It l e n d s  i t s e l f  r e a d i l y  t o  a  
s e n s i t i v i t y  a n a l y s i s  as any changes do 
no t  mean a  complete r e c a l c u l a t i o n  o f  t h e  
network.  I n  l a r g e  networks t h i s  can be a  
r e a l  advantage where computing t ime  runs 
t o  many hours.  The LIRA program does n o t  
a t  t h i s  s t age  t a k e  advan tage  o f  t h i s  
f e a t u r e .  

9. It i s  u s e a b l e  w i t h  v a r i a b l e  c o s t s  
o n l y  on l i n k s  t o  g i v e  an o p t i m a l  
s o l u t i o n .  

10. It i s  p o s s i b l e  by the  use o f  va r i ous  
t r i c k s  t o  a l l o w  f o r  f i x e d  cos t s  on any 
l i n k  a l though  t h i s  i s  n o t  implemented i n  
t h e  L IRA p r o g r a m .  A c o m m e r c i a l l y  

a v a i l a b l e  v e r s i o n  w i l l  be  m a r k e t e d  i n  
New Zealand i n  l a t e  1988 which has t h i s  
f ea tu re .  

I n  f i n d i n g  t h e  s h o r t e s t  pa th  ( o r  l e a s t  
c o s t )  mos t  p rograms e x p e c t  i n p u t  i n  
t e r m s  o f  c o s t .  As a  n e g a t i v e  c o s t  i s  
e q u i v a l e n t  t o  revenue, t h e r e  i s  a  s imple 
mechanism t o  cope w i t h  b o t h  c o s t s  and 
r e t u r n s  i n  any problem. 

Optimal Solutions 

Most programs which a re  e a s i l y  a v a i l a b l e  
can  o n l y  cope w i t h  v a r i a b l e  c o s t s  
a s s o c i a t e d  w i t h  any l i n k .  T h i s  w o u l d  
t y p i c a l l y  mean cos t s  expressed as $/m3 
f o r  f l o w s  expressed as m3, o r  $/km when 
t h e  l i n k s  a re  i n  km. 

F i x e d  c o s t s  a s s o c i a t e d  w i t h  t h e  
p a r t i c u l a r  l i n k  can  be h a n d l e d  b y  
c o n v e r t i n g  them t o  a  v a r i a b l e  c o s t  by 
t a k i n g  t h e  f i x e d  c o s t  and d i v i d i n g  i t  by 
t h e  e x p e c t e d  f l o w .  T h i s  o f  c o u r s e  i s  
f i n e  i f  t h e  f l o w  i n  f a c t  goes t h r o u g h  
t h e  l i n k  b u t  i f  i t  d o e s n ' t  t h e n  t h a t  
1  i n k  has  been u n d u l y  p e n a l i z e d  i n  t h e  
c a l c u l a t i o n  o f  t h e  o p t i m a l  p a t h .  
S e s s i o n s '  p rog ram t a k e s  t h i s  i n  t o  
account by i n c l u d i n g  t h e  v a r i  ab l  i s a t i o n  
o f  f i x e d  c o s t s  i n  t h e  p rog ram.  The 
i n c l u s i o n  o f  f i x e d  c o s t s  i n  any network 
a n a l y s i s  a1 g o r i  thm changes t h e  s o l u t i o n  
f r o m  o p t i m a l  t o  one t h a t  i s  m e r e l y  
f e a s i b l e .  O f t e n  t h e  s o l u t i o n  i s  n e a r  
op t imum b u t  some c a r e  i s  r e q u i r e d  t o  
ensure t h a t  t h e  s o l u t i o n  f rom t h i s  type 
o f  program i s  sens ib le .  An e a r l i e r  LIRA 
network program a l lowed f o r  f i x e d  c o s t s  
on any l i n k  bu t  cons iderab le  t r i a l  and 
e r r o r  i n  ass i gn ing  w e i g h t i n g  f a c t o r s  was 
r e q u i r e d  and c a r e  was n e e d e d  i n  
i n t e r p r e t i n g  t he  ou tpu t .  

Table 2 - S a m ~ l e  O u t ~ u t  for the Problem 

LOWER UPPER V A R  ACCUM 
O R I G  DEST BOUND BOUND COST FLOW COST 



The usua l  f o r m  of o u t p u t  f r om n e t w o r k  
p rob lems  i s  s i m i l a r  t o  t h a t  shown i n  
Tab1 e  2. The ou tpu t  f rom some programs 
show a l l  l i n k s  r e g a r d l e s s  o f  f l o w  o r  
not .  The o u t p u t  f rom programs a1 1  owing 
f i x e d  c o s t s  t o  be a s s o c i a t e d  t o  1  i n k s  
may be s l i g h t l y  d i f f e r e n t  again, b u t  t he  
bas ic  elements o f  the  above example w i l l  
always be p resen t .  

A f t e r  t he  s o l u t i o n  has been found i t  i s  
o f t e n  d e s i r a b l e  t o  h i g h l i g h t  the  op t ima l  
r o u t e  on t h e  o r i g i n a l  d iagram.  It i s  
always e s s e n t i a l  t o  make sure t h a t  the  

s o l u t i o n  g i v e n  by t h e  compu te r  makes 
sense. While t h e r e  should be no problems 
w i t h  an opt imal  s o l u t i o n  a l g o r i t h m  t h e  
use o f  f i x e d  c o s t s  and t h e  a s s o c i a t e d  
t r i a l  and e r r o r  s o l u t i o n  makes c a r e f u l  
c h e c k i n g  o f  t h e s e  t y p e  o f  s o l u t i o n s  
e s s e n t i a l .  

A FURTHER EXAMPLE 

Be1 ow i s  a  s i m p l e r  example w i t h  a  
f o r e s t r y  bent .  It i s  the  example used by 
Carson and D y k s t r a  i n  t h e i r  o r i g i n a l  
paper and i s  presented here i n  t h e  same 
format .  

Figure 3 - Source map for ExampZe 2 

Figure 4 - Netuork Diagram 



Table 4 - Input and Ouput for 
Examole 2 

INPUT INFORMATION 

LOWER UPPER VAR 
O R I G  DEST BOUND BOUND COST 

T h i s  s o l u t i o n  i s  c o n s i s t e n t  w i t h  
C a r s o n ' s  o r i  g i  n a l  one. The a1 g o r i  thm 
used i s  n o t  t h e  same as Carson used and 
t h i s  network diagram r e q u i r e d  a c l o s i n g  
l i n k  and t h e  a d d i t i o n  o f  a  "super s k i d "  
t o  ensure a  balanced f l o w  was ob ta ined  
i n  t h e  network.  

I n  t h i s  example t h e  s u p e r  s k i d  12 
r e p r e s e n t s  t h e  t o t a l  f l o w  o f  wood 
through l and ings  5, 7  and 11, and hence 
t o  t h e  m i l l .  It a l l o w s  t h e  feedback  
l i n k  1 2 - 1  t o  be  i n c l u d e d  and b a l a n c e s  
t h e  t o t a l  wood s u p p l i e d  w i t h  t h a t  
a r i  s i n g  f rom t h e  va r i ous  1 andi  ngs . 

L I N K S  h a v i n g  no c o s t  
b u t  j o i n i n g  a l l  f l o w s  
t o  a  common node 

Figure 5 - A "Super Skid" 
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