
The LP program so l ves  t n e  l i n e t r r  max im isa t ion  and 

m i n i m i s a t i o n  problems w i t h  e  s l i g h t l y  m o d i f i e d  Simplex 

method.Slack v a r i a b l e s  a r e  --- n o t  e x p l i c i t l y  used . to  save 

memory space.Thc :;~GI[ l c x  nnximioa t i o n  pr0Dlem can be 

descr ibed  as  f o l l o w s :  

A numtrer o t  p o s i t i v e  v a r i a b l e s  a r c  submi t ted  t o  e  n u o t e r  

o f  constr:!intr. o f  t n e  form: 

gl(xl ,xz,. .. ,xn) 6 bi f o r  i=l ,Z.. . . .n 
where t h e  gi a r c  l l n e a r  f unc t i ons .  

Tne problem S ta ted  i s  t o  f i n d  a  se t  o f  s o l u t i o n s  

(x1,x2, .. .,x ) f o r  the  c o r ~ s t r o i n t s  gi so a s  t o  maximize n  
a  g i v e n  l i n e a r  f u n c t i o n  f (x l  ,x2,. . . ,xn) . 
A sample proDlem: xl + 3x2 ( Jpp 

The problem can be representea i n  m a t r i x  form as: 

Thus, a- s imp lex  problem w i t h  m conskra;ntr and n v a r i a b l e s  

can be mapped on an (m+ l ) x (n+ l )  ma t r i x .  

The LP r o u t i n e  pub l i ehad  h e r e  r e q u i r e s  such an  i n p u t  m a t r i x .  

The bot tom row s tands f o r  t h e  f u n c t i o n  t o  maximize. 

REMARK: I f  f(xl.x2, ..., xn) c o n t a i n s  a  cons tan t  i t  must be 

en te red  a s  t h e  bot tom r i g h t  element o t  the  i n p u t  m a t r i x  bu t  

w i t h  o p p o s i t e  s i g n !  

e.g. i f  t(x1,x2)-28x1 +39x2 +I@? , the  bot tom row o t  t h s  
I 

i n p u t  m a t r i x  becomes: L 2 9  3P -1gpJ 
L P l  and LW a r e  i n i t i a l i s a t i o n  r o u t i n e s  t o r  t h e  gene ra l  

i n p u t  -ou tpu t  r o u t i n e  t o r  dimensioned a r r a y s  1 have w r i t t e n .  

You can a lways use y o u r  own f a v o r i t e  i n p u t  scheme i ns tead .  

Take c a r e  t o  i n i t i a l i z e  the  f o l l o w i n g  data  b e f o r e  a  run o f  LP: 

R97: s t a r t i n g  address o f  t h o  m a t r i x  

Ry8 : number o f  columns=number o f  v a r i a b l e s  +l 

HQ9 : number o f  rowsrnumber o f  c o n s t r a i n t s  t1 

F l a g  2: c l e a r  f o r  mex im isa t ion ,se t  f o r  m i n i m i s e t i o n .  



S i z e  requ i rements :  To keep t r a c k  o t  t h e  b a s i c  and s l a c k  
v a r i a b l e s  i n v o l v e d  i n  the  a l g o r l t r n  ,an e x t r a  row o f  

da ta  i s  used.The s t a r t i n g  address o t  t h e  i n p u t  m a t r i x  

must be 16 o r  h i g h e r .  

Back t o  the  sample prob1en1.A run  o f  LI' on t h e  i n p u t  

m a t r i x  y i e l d s  t h e  f o l l o w i n g  m a t r i x :  - 
- 2  v . 4  la' I 

-v .4  -9.2 32 

b 4 . 2  P 
86 342v - 

The upper 5 rows a r e  h a r d l y  o f  any f u r t h e r  i n t e r e s t  t o  

the  use r . r he  bot tom row s tands t o r  t h e  s o l u t i o n  a s  t o l l o w s :  

-42 and x2=86 g i v e  a  maximum o f  3429 f o r  t h e  f u n c t i o n  - 
t ( x l  ,x2) . T n i s  can be v e r i f i e d  by s u b s t i t u t i n g  t h i s  s u l u t i o n  

i n t o  t h e  c o n s t r a i n t e  gi. 

F o r  t h e  m i n i m i s a t i o n  problem, t h e  c o n s t r a i n t s  a r e  o f  t h e  

form gi(x1 ,x2 ,..., xn)),bi.The o b j e c t i v e  f u n c t i o n  f must be 

minimised.As desc r i bed  above, the problem can a g a i n  be mapped 

on a  m a t r i x .  

The LP r o u t i n e  e s s e n t i a l l y  s o l v e s  t h e  m a x i m i s a t i o n  problem. 

To s o l v e  t h e  m i n i m i s a t i o n  p r o b l a m , i t  i s  t r ans fo rmed  i n t o  t h e  

fo rmer  one.This i s  ach ieved  b y  f i r s t  t r a n s p o s i n g  t h e  i n p u t  

matr1x.a few changes i n  t h e  s l a c k  v a r i a b l e  takeover  r o u t i n e ,  

and f i n a l l y  t r a n s p o s i n g  t h e  m a t r i x  aga in .Th is  i s , o f  course,  

n o t  t h e  f a s t e s t  way t o  s o l v e  the  m i n i m i s a t i o n  prob lem,but  i t  

saves a  l o t  o f  e x t r a  s l a c k  v a r i a b l e  r e g i s t e r s  wh ich  a r e  needed 

when u s i n g  o t h e r  methods.Flag 2 i s  used t o  s e l e c t  e i t h e r  t h e  

f i r s t  o r  t h e  second o f  b o t h  problem types.  

t n e  r o u t i n e  which t ransposes the  m a t r i x  i n  t n e  znd case 

has been w r i t t e n  a s  a s tand  a l o n e  rout ine.Here a l l  c r e d i t s  

go t o  JOHN KENNEDY (PPC 918) ,who w r o t e  an  e x c e l l e n t  TP program. 

The v e r s i o n  p u b l i s h e d  h e r e  o n l y  d i f f e r s  from h i s  o r i g l n s l  

v e r s i o n  i n  t h a t  i t  uses t n e  f u n c t i o n  REGMOVE i n s t e a d  o f  t h e  

PPC ROM "BM"  he Tp r o u t i n e  t ransposes any m a t r i x  s p e c i f i e d  

b y  R97,We and V Y , l i k e  t h e  m a t r i x  rou t ines .The  c o n t e n t s  o f  

wkl and Rv9 a r e  exchanged by  TP,of course. 



T e c h n i c a l  d e t a i l s  : 
Da ta  r e s i s t e r s :  

w / :  s t a r t i n g  eddress o f  m a t r i x  

w8: number o f  columns-number o f  v a r i a b l e s  +l 

w9 : number o f  rows=number o f  c o n s t r a i n t s  t1 

R l a :  ISG c o n s t a n t  f o r  row s e l e c t i o n  

R 1 1 :  ISG p o i n t e r  t o  c o n s t r a i n t  c o n s t a n t s  

R1Z : I!iG p o i n t e r  t o  o b j e c t i v e  f u n c t i o n  co l l f  f i c i s n t s .  

R13: save p i v o t  address 

R14: ISG c o n s t a n t  t o  e x t r a  row. 

e l p h e  r e g i s t e r s  M,N and 0 a r e  used f o r  s c r a t c h  and l o o p  

con t  r o l  . 
PPC KOK KOUTINES USED: 
"BC " , WBX " , "E,2 " , UM3 " , .aM4 " , "M5" 

f l a g  2 :  used 

d i s p l a y  mode :not used 

angu la  r mode :not ueed 

A qood--e-emple p - r o b & ~  f o r  those  i n t e n d i n g  t o  ana l yze  t h e  

eystem i s  t h e  f o l l o w i n g :  

Xi +2x2 + X3 62 
2x1 +3x2 + X3 ( 3  

Xi + X2 +4x3 4 4  

Maximize 18xi +24x2 +16x3 

The s o l u t i o n  i s  xl =8/7 x2=8 x3 =5/7 meximum=32 

PHILIPPE ROUSSEL PPC4367BCl 

Perhaps t h e  method used needs some more explanat ion.  I t  can be 
understood by observing t h e  following: a t  t he  s t a r t  of t h e  
s o l u t i o n  method, all s l ack  va r i ab le  c o e f f i c i e n t s  a r e  e i t h e r  s e t  t o  
1 or  0. When t h e m a t r i x c o l u m n  pe r t a in ing  t o  a s l a c k v a r i a b l e  i s  
changed f o r  t h e  f i rs t  time, t h e  column pe r t a in ing  t o  one of t h e  
main va r i ab les  becomes a un i ty  base vector  (such a s  <0,0,1,0>). 
Such columns a r e  not e x p l i c i t l y  needed. They simply i n d i c a t e  t h a t  
the  main v a r i a b l e  r e l a t e d  t o  i t  "has been taken over11 by a s l a c k  
var iable .  By keeping t r a c k  of t h i s  takeover process i n  an e x t r a  
matr ix  row, t h e  u n i t  vec tors  a r e  no longer e x p l i c i t l y  necessary i n  
t h e  system matrix. Espec ia l ly  f o r  l a r g e r  systems, t h e  number of 
s to rage  l o c a t i o n s  needed can be reduced using t h e  above method, 
which is c e r t a i n l y  i n t e r e s t i n g  when implementing t h e  Simplex 
method on small  systems l i k e  t h e  HP-41C*. 
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Non-Syntho' (RPN) version of 'LP', renamed 'SIM' 
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