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ABSTRACT-

Although the linear binary-integer problem, a problem 
where the variables are either 0 or 1, is frequently en­
countered, no simple method for solving it exists. However 
there are several rigorous and many heuristic methods by 
which the binary-integer problem can be solved. One of the 
methods of solution involves forming two problems related 
to the original problem. One of the problems is a 
Lagrangian and the other is a linear programming problem. 
Here the shadow prices from the linear programming problem 
are the multipliers in the Lagrangian problem. The tech­
nique iterates on the two problems to converge on the 
optimum solution.
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INTRODUCTION

Frequently managers are forced to decide from a list of 
possible projects which projects to attempt and which to 
discard or delay. One method of doing this is to create a 
mathematical model of the problem and solve the model. The 
model will consist of maximizing the expected benefit 
(profit, utility, usefulness, etc.) of all the projects that 
are to be done while making sure that for the projects that 
will be done the total man-power needed doesn't exceed the 
man-power available, the total cost doesn't exceed the bud­
get, and the material needed doesn't exceed the material 
available.

Problems of this type might be typified by the back­
packer who was planning to spend several days in the country 
and there are many items that he would like to take. How­
ever his pack has limited size, he can only carry so much 
weight, and many items must be purchased. Given a list of 
all items, a measure of the benefit or usefulness of each, 
the size, the weight, and the,cost of each item, the maximum 
allowable weight, the maximum size, and the budget limita­
tions, he wishes to maximize total utility without violating 
any of the limitations. Mathematically, this can be 
formulated as

Maximize H(x)=Jp H.X.
i=l 1 1
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n
Subject to C.(x)=X C* .X.<c . j=l,2,33 i=l 3/1 1 3

X . =0 or 1 H .>0l l for all i and j

where H. is the benefit associated with the ith item, C, .l 1,1
is the cost of the ith item, C2   ̂ is the weight of the ith 
item, C -3 . is the size of the ith item, c, is his budgetO # X X
allowance, c^ is the maximum total weight, c^ is the maximum
size, and X.=0 if the item is not included, and X.=l if the 1 1
item is included in the pack.

This problem type is also encountered in loading sub­
marines where size and weight are critical; planning space 
projects where size, weight, and moment of inertia must be 
considered; and in almost any problem based on a go, no-go 
decision.

It is the.purpose of this thesis to present one method 
for solving problems of this type, called linear binary- 
integer problems. The basic idea of this technique, pre­
sented by B r o o k s , used linear programming in an iterative 
manner to solve the binary-integer problem.
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THE LINEAR BINARY-INTEGER.PROBLEM 

In general, the binary-integer problem may be modeled_
as:

n
Maximize H(x) = 21 H.X.

i=l
n

Subject to C.(x)= 2T C. . X .<c . j=l,...,m3 i=1 I/i i 3

where L  = the return or profit from doing project i,
C. • = the amount of resource j required to dol/i

project i,
c. - the total amount of resource j available,
3

m - the number of resources considered,
n = the number of projects proposed,

and the variable X. is either 0 or 12.
X. = 1 if project i is to be done and 0 otherwise.

Note that when the problem has been solved, because X^ is 
either 0 or 1, H(x) then becomes the sum of the returns of 
the projects that are to be done and (x) becomes the amount 
of resource j needed for the projects selected.

Another problem frequently encountered is one in which 
the variables assume non negative integer values. How­
ever this problem can be reformulated into a binary-integer
problem by replacing each such variable Y. by 2°X, . +1 -L , 1
1 k-12 X~ . +...+2 X, ./where k is sufficiently large suchp 1 f 1

kthat 2 -̂Y?. Here Y? is the least upper bound on the
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variable found by setting all other variables to 0. Also
for each variable Y. the constraint1

2 °X, . + 21X0 .+...+2k“1X1 . £ Y?1,1 2,1 k ,l l

must be added. Here Y° is an integer and X. .is either 0l ^ 3 , i
or 1. For example the problem 

Max. Z=3 Y1 +4 Y2

Y1 +2 Y2 5 6 
3 Y + Y. — 10

Y^ Y2 are non negative integers 
could be reformulated as

Max. Z=3 X1 x+6 X2 -ĵ+4 X± 2 + 8 X2 2

S.T. X1(1+2 X2;1+2 X1(2+4 X2;2<6

3 Xl,l+6 X2,l+ X1 ,2+2 X2 , 2 " 10

Xl,l+2 X2 ,1 - 3

Xl,2+2 X 2,2 53
X. . =0 or 1

since from Y-^+2Y2<6, ^2<3; and from 3Y^+ Y2<10, Y^<3. Some 
difficulties in doing this are that the number of variables 
can become quite large,the coefficients increase rapidly in 
magnitude, the number of constraints increase, and the linear 
binary-integer problem is frequently hard to solve.

Although the problem looks simple, solving problems 
with relatively few variables can become herculean. This is
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because the variables are either 0 or 1 and thus the problem 
doesn’t yield itself to linear programming. However there
are several rigorous methods such as explicit enumeration,

(2) (3)implicit enumeration done by Balas , Geoffrion , and
Plane and branch and bound done by Davis^^, Lawler , and
Tuan that yield optimal solutions. These rigorous tech­
niques involve searching over all 2n potential solutions 
where n is the number of variables. Explicit enumeration 
involves examining all possible solutions directly, elimina­
ting those that are infeasible and finding the.optimum.of 
those that are left. Implicit enumeration involves examining 
a few solutions explicitly, and based upon these solutions 
eliminating all solutions that are obviously not feasible or 
better than the present optimum. Another solution is then 
examined explicitly and the procedure is repeated on those 
solutions that haven't been examined or eliminated. Branch 
and bound sets up a tree, as in figure 1, and proceeds down 
a branch until the end of the branch is reached, the solution 
becomes infeasible, or no solution down the branch will be 
better than the present optimum. At this point the routine 
then bounds to another branch. This procedure is.continued 
until all possible branches have been investigated. There
are also many heuristics, one of which is a vector search

(8)technique by Senju . This technique, although it doesn't 
guarantee an optimal solution, does provide a near optimum 
solution very quickly. It does this by setting all the



THE BRANCH AND BOUND TREE FOR THREE VARIABLES

Figure 1
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variables equal to 1, and ordering the variables in terms 
of benefit/use of resource. Then it sets the variables equal 
to 0 starting at the low order until a feasible solution is 
reached.

(9)Everett's technique of Generalized Lagrange Multipliers 
can also be used to solve binary-integer problems. Everett's 
technique involves reducing the original problem to an un­
constrained optimization problem through the use of lagrange 
multipliers. The main problem in this technique is. that 
Everett doesn't present any method by which the multipliers 
may be found. However Gulley showed that in problems
with one constraint the multiplier is determined by the ratio 
of the coefficients of the objective function to the coeffi­
cients of the constraint. It was also shown that in this 
case Everett's technique reduced to the Slippery Algorithm. 
Terry presented a method of finding the multipliers by
a random search technique in the general problem.
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SOLVING THE LINEAR BINARY-INTEGER PROBLEM WITH G L M

The G L M Technique
Everett states that one way to solve 
Maximize U(x)
Subject to Rj(x)5r^ j=l,...,m, (2)

where U(x) and R .(x) are any function of the vector x, is to 
reformulate it as

Maximize U (x) - £ X  R . (x) (3)
j 3 3

Then for any set of non negatived ’ s, ...,m, the set of
X's (x*) that maximizes (3) also maximizes (2) over every
set xeS (where S is the set of all possible solutions) such
that Rj. (x)^Rj .(x*) for all j . That is the solution to (3) is
also the solution to (2) where the r̂  are determined by
Rj(x*). Therefore by determing several different X 's, and
the corresponding r^■s it is possible to perform sensitivity
analysis by comparing the different r^ and the corresponding
U(x*). Although having x* determine r^ is beneficial in
sensitivity analysis, it also introduces the added problem
that the r^ determined by x* may not be the r^ that were
desired. Therefore if there is a solution set, x*£S, that
maximizes (3), it may not provide the optimum solution to (2)
if the in (2) are fixed. Therefore to solve (2) the
following must be done:

1. Generate a set of lambdas,(A ) based upon 
. ipast A s and the corresponding solution sets
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k k2. Determine the set x corresponding"to A .
3. If x is not acceptable then set k to k+1

and return to step 1, otherwise stop.

k kThis requires that a method for determining A and x
kis known and a means of knowing when x is acceptable. While

in general it may be difficult to find the/maximum of the
unconstrained problem, with the linear binary-integer
problem it is very simple. All that must be done is computed 

m
A . =H . - •£■ . C . .

l  l  ^  l. D , i

for each i. Then if A a is negative, set X^=0 and if A^ is 
positive, set X,.=l. The case where A^=0 is a special case as 

can be either 0 or 1, without affecting the maximization 
of the Lagranaian function. Therefore when A.=0 the" i
resource requirements for both cases should, be considered to
determine which answer is best. The other requirements,

k knamely determining A and knowing when x is acceptable, will
be discussed in the next section.

However, there is another problem and it is that there
are usually lattice points in' the constraint space that
cannot be generated by any set of lambdas. That is there
are combinations of the X.'s for which no A 1s exist or therel

are c.'s for which no combination of X.'s exist, such as 
J ■ i
3X1+5X2<7.

(9)These lattice points, called gaps , are influenced by the 
number of constraints and the number of variables. Since
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the optimization is done over the n+1 dimensional space of
(9)payoff versus resource expenditure (PR-space) , increasing 

the number of constraints aids in reducing the number of 
gaps, or modifying the location of the gaps so that they 
become less critical to the problem. However, adding con­
straints to a problem doesn't seem to help remove the gaps. 
This is because the added constraints usually have the same 
gaps that all the other constraints have and only increases 
computational time. Although optimality cannot be verified 
where a gap exists, bounds on the solution may be obtained 
and near-optimal solution can be computed. By looking at 
the solutions that require more resources than at.the gap an 
upper bound can be obtained and by searching over the solu­
tions that require less resources a lower bound can be found. 
And as a set of lambdas define the right-hand sides of the 
constraint, it is possible to determine what can be done with 
a little extra resource.

Using Linear Programming to Determine the Multipliers
As was mentioned before,, a means for determining A is 

needed. To do this B r o o k s r e c o m m e n d s  the use of linear 
programming. A linear programming problem is a problem 
where the objective function and the constraints are all 
linear and the variables are all non-negative real numbers. 
Associated with every linear programming problem, called 
the primal, is a related problem called the dual. The
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primal problem is formulated as
Max. Z=£d.X .

i 1 1
S.T. Ha. .X.<b. j=l,...,m] ,i i j J

X.>0.
The associated dual is formulated as 

Min. V=zb.Y.
j 3 3

S.T. ra. . Y . <d . i=l,...,n'j 3 r3- 1

Y.f 0.l
Here a. . , b. , and d. are the same in the two problems.] /1 D i ■
It is obvious that Yj is related to the jth primal constraint,
and in fact Y*r is referred to as the shadow price of the jth
constraint. These shadow prices are used by Brooks* as
Everett's multipliers. The primal problem is usually solved

(12)by the simplex method which yields the solution to both
the primal and the dual by solving only one.

Brooks' recommendation is based upon the observation
that if (2) is a linear programming problem then x° and A °
satisfy the condition that x° maximizes (3), where the
X 's are the elements of X °, if x° solves (2) and A ° solves
the dual of (2). Therefore by solving

n iMaximize Y(u)= Xu.H(x )
i=l1
n

Subject to W(u) = 2Tu . C . (x )<c . j=l,...,m
i=l 3 3
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the shadow prices become the multipliers. Here u is an 
arbitrary variable, and the x1 is a given solution set. 
Thus, to solve (1) by the method recommended by Brooks, m+2 
different elements of the set S are required in order to 
provide the coefficients of the linear programming problem. 
The right-hand side c^ is the same as in the linear binary- 
integer problem (see example 1). Once the shadow prices of 
the linear programming problem are known they are assigned 
as values of the lambdas .(A*) . These lambdas are used to 
compute a new x*. This new x* is used to compute new co­
efficients for one of the variables of the linear program­
ming problem. The coefficients that will be replaced are 
the coefficients of one of the variables that remained non 
basic. This process is continued until

H.(x*)-J^*Ci (x*)<A*
i

where X * is the shadow price associated with the constraint 
n
ST u.=i. 
i=l 1

For example,' if the original problem is 
Max. Z=4X1+3X2+2X3+ X4

S.T. 3X1+4X2+2X3+ X4<6

X1+2X2+3X3+4X456

X .= 0 or 1l
and the following vectors are chosen from among possible 
solutions:
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(0,0,1,1^
(0,1,0,1)
(1,0,0,1)
(1,0,1,0)

Then the linear programming problem is
Max. • Y=3u, +4u04-5u_ + 6u „1 2  3 4
S.T. 3u^+5u2+4ii2+5u^^6

7u^+6u2+5u^+4u^<6

Ul+ U2+ U3+ U4=1 
Where the coefficients of u^, u^, u^, and u^ are determined 
by (0,0,1,1); (0,1,0,1); (1,0,0,1); and (1,0,1,0) respec­
tively.

It is obvious that the initial solution vectors used 
to start the problem can greatly affect the number of 
iterations. Also, since there are not limitations on the 
elements of the set S used, the initial solution vectors 
used can be either feasible or infeasible. Therefore, if 
one knew which solution vectors will produce the optimum 
set of lambdas, the problem could be run very quickly. 
However, there is no way of knowing beforehand which solu­
tion vectors will produce the desired result. For this 
reason the vectors used in the program were the rows of an 
m+2 and m+2 identity matrix. However, after the final 
answer was obtained many of the vectors used to obtain the 
linear programming problem were infeasible. This would
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indicate that possibly a better starting solution vector 
would be one that is infeasible or possibly a set of vectors 
where some are feasible and some are infeasible.

As was mentioned before, if there are gaps in the 
region of the optimal solution, then optimality cannot be 
verified. In this case the technique will do one of two 
things. First the technique may find a nearby solution.
This nearby solution may be either feasible and suboptimal 
or it may be infeasible. The infeasible solution is sus­
pected to be caused by the linear programming problem 
linearizing over the gap. In this manner infeasible solu­
tions may be introduced into the G L M technique through 
the multipliers. If the technique fails to find a nearby 
solution then the technique will start looping. That is, it 
will obtain the same solution repeatedly, choose the same 
column to replace, and.in this way it will fail to obtain 
an optimal solution.

The Algorithm
From the previous discussion the following algorithm 

for the solution of the linear binary-integer problem has 
been developed.

kStep 1: Arbitrarly choose x £S k=l,...,m+2
k kStep 2: Compute H(x ) and (x* ) for all i and j

Step 3: Set up the linear programming problem
Max. z=XuvH(x^) 

k K
kS -T - Zili-C+ <x )£c-ik k 3 D



T-1509

Z u  =1
k .

Step 4: Solve the linear programming problem and set
A j= the shadow price of the jth constraint =

j=l/ ... • /HI
'V = the shadow price ofju, =1 
° k k

m
Step 5: Solve Max. H(x*)~X A*c.(x*)

*x £S 
m *

Step 6: If H (x*j - £  . C . (x*) =X stop.
j=l 3 3 °

Otherwise find k such that u^=0.
Replace Cj (x ) with Cj (x ) j=l-> • • .-/in
and H(x^j *with H(x ).
Go to Step 3.
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COMPUTATIONAL RESULTS

To determine the efficiency of the technique Of Brooks 
and Geoffrion, the author has solved several problems using 
a FORTRAN IV program on a Digital Equipment Corporation PDP- 
10 owned by the Colorado School of Mines. The method of, 
Senju and Toyoda was also programmed to provide computational 
times and answers to aid in determining the efficiency of the 
technique proposed by Brooks and Geoffrion. The optimal 
answers were found by either a Balas code or, in cases where 
the number of variables was less than 5 or there was only one 
constraint, the answers were obtained by hand. As was men­
tioned before, there are some cases where A.=0. In thesel
cases the corresponding X- was set to 0. At the end of the 
program if A^ was 0 then was set to 0 and flagged with a 
-1. It should be noted that for the problems run if all 
the X^1s that were flagged with a -1 are set to 1 the solu­
tion is still feasible. This would seem to indicate that if 
A^=0 then X^ should be set to 0 unless optimality has been 
reached then X^ should be set to 1. Table 1 shows the 
results of the program and the last column shows the value 
of the objective function if all variables where A.=0 are 
set to 1.

Note that in all cases where G L M obtained a feasible 
solution, the method of Senju and Toyoda was'as good as if 
not better than the solution obtained by G L M. Also, as
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expected, there was a problem where G L M failed to find a
solution. It should also be pointed out that in all cases
where an answer was found the objective function was better
than 75% of the optimum. However there were a few cases
where the solution was infeasible, and depending upon the
problem this may be unacceptable. Also the degree of error
in the suboptimal solution might be unacceptable.

The problems used to check out the program and to
determine the efficiency of the technique of Brooks and
Geoffrion came from three sources. Seven of the problems

(13)were from an article by Peterson , five were from an
(14)article by Trauth and Woolsey , and three were developed 

by the author to check against a hand solution.
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CONCLUSION

For the problems run, the use of linear programming to 
find the multipliers required more time than the method of 
Senju and Toyoda. Also, although the method of Senju and 
Toyoda cannot guarantee an optimal solution, it was in each 
case equal to if not better than the answer from G L M.

It is the author's opinion that for problems with few 
variables some other technique might be used, as in general 
these techniques require less time on small problems than 
the method of using linear programming to. find Everett's 
multipliers. However, as this technique is rather insensi­
tive, in terms of time, to increases in the number of 
variables and constraints, when compared to most other 
methods, it might prove to be efficient on large problems. 
The major drawback is that the technique cannot always 
guarantee an optimal or feasible solution. However, in 
problems where the amount of the resources available is not 
absolutely fixed, the solution is the best for the resources 
used. Also,' if the solution is feasible it can be fed into 
a branch and bound algorithm as a lower bound to obtain an 
optimum, or if the solution is infeasible it can be adjusted 
to where it is feasible and then fed into a branch.and bound 
algorithm.
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APPENDIX

.Contained in the following pages is the listing of ’the 
FORTRAN IV program used to solve the linear binary-integer 
problems reported in this paper. Also contained is the 
output from the linear binary-integer problems run.



C O M M O N / S E N j U t / A  (50, 5|2 ) , B < 5 3)  -, C < 58)
i'. I M E N S  1 0 N L A B f . L ( 2 0 ) , L F O R M < 2 0 )  . I X ( 7 0 ) , I Y < 7 0 )  .INTEGER TTY,CDS.BLANK 
D A T A  T T y . C D R . L P T / 4 . 5 , 6 /1 F O R M A T  ( 2 1 1 3 )

2 F O R M A T  ( 2 0 A 5 )
3 F O R M A T  (/» T H E  O P T I M U M  V A L U E  I S ' , 110)4 F O R M A T  ( / / f e X . ' T H E  V A L U E S  F O R  x F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  AS

1 F O L L O W ' S ' / / 2 6 X , * S E N J U » , 5 X , ' B R O O K S * )
5 F O R M A T  ( 1 3 X , ' X ( ! , 1 3 . ' > = ' < 2 X » I 2 » 9 X > 12)
6 F O R M A T  < / 6 X .  ' T H E  T I M E  R E Q U I R E D  T O  R U N  B R O O K S  W A S  ' , 1 6 . '  M I L H S E C U *

I D S ’ , / / 6 X i ' T H E  V A L U E  OF T H E  O B J E C T I V E  F U N C T I O N  W A S  ' , ! 1 0 , / 6 X , <  W H I C  
2 H  IS ' i F 7 , 2 ,  ' P E R C E N T  OF T H E  O P T I M U M ' )7 F O R M A T  ( / / f i X . ’T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W a S ' , 1 6 , '  M I L L I S E C P *It’S' , / / 6 X ,  ' T H E  V A L U E  OF T H E  O B J E C T I V E  F U N C T I O N  W A S  ' , I l 0 , / 6 X , '  W H I C  
2 H  IS ' i f 7 .2< ' P E R C E N T  O F  T H E  O P T I M U M ' )

8 F O R M A T  ( 6 X . ' B R O O K S  F A I L E D  T O  O B T A I N  A S O L U T I O N  T O  T H E  P R O B L E M  V / 6 X
1 , ' t m e  v a l u e s  f o r  x o b t a i n e d  b v  s e n j u  a r e *//)

? f o r m a t  < i e f 3.3>
6 3  F O R M a T (' F O R  T H E  P R O B L E M ' / / )6 1  F O R M A T  (/>

R E A D  ( T T Y , 2) 1 N L I F . I O F I L  
C A L L  IF I LE ( C D R , I'NL I F )
C A L L  OF IL E  ( I P T . I O F I L )R E A D  ( C q R ,2) ( L A S E L < I ) , 1 * 1 , 2 0 )
R E « D  < C O R »l> m ,nR E A D  C C D R * 2> ( L F C R M d ) ,  J ? l , 2 0 )cC I N P U T  t h e  d a t ac C O 1 0  I s 1,R E A D  (C d R . L F O R H )  (A ( I ,J ),J * 1 , N ), B ( I >1 0  c o n t i n u e  .
R E A D  ( C O R . L F O R d )  ( C (J ) , J * 1 ,N )
W R I T E  (l P T , 2 H L A 8 E L U > ,  1 = 1 , 2 0 )W R I T E  (l P T ,61 )
W R I T E  ( L P T , 60 )  .
W R I T E  (L P T ,9) ( C ( J ) , J  = 1 , N )
W R I T E  1 L P T , 61>
C O  6 2  1 = 1 , HW R I T E  ( L P T , 9 )  I A ! I »J ), J = 1 » n }, g ( I )

6 2  W R I T E  ( L P T , 61)
C A L L  R T i m e  ( I T 1 )CC S O L V E  T H E  P R O B L E M  U S J N G  T H E  M E T H O D  O F  S E N J U  A M D  TOYOOA

C C A L L  S E N J U  (M > ?! • I X )
C A L L  R T I m f  (ITS)

C
C S O L V E  T H E  P R O B L E M  U S  I. N O  C L Hc

C A L L  B R O O K S  ( « , B , I Y , N K )
C A L L  R T i ME ( 1 7 3 )
I T S « 1 T 2 - I T 1  
I T g s  n 3 - 1 T2  S O P T s 0 ,
B O P T  = .0,
R E A D  ( C o R . l )  I O P T

Cc O U T P U T  T HE R E S U L T S



c
W R I T E  (L P T i 3 > I O P T  
IF'(NK) 1 6 , 1 1 , 1 1

1 1  W R I T E  ( L ^ T , 4 )
O O  15 1 = 1, N
W R I T  E !L p T , 5 ) I , 1 X ( I ) , I Y ! 1 )
I F ( I X ( I )) 1 3 , 1 3 , 1 2

12 S O P T = S C P T * C ( I )
1 3  I F ! I Y ( I ) > 1 5 , 1 5 , 1 4
1 4  e n P T  = 3 0 p T * c <  I )
1 5  C O N T I N U E

P C T 3  = 1 0 0 . » B O P T / F L O a T( IOP-T)
P C T S  = 1 0 0 , « S O P T / F L O a T( I O P T )
I B O P T s & O P T
W R I T E  (l P T ,6) 1 T 8 , I B 0 P T , P C T B1 S C P T » S. 0 PT
W R I T E  (L p T ,7 ) I T S , I S O P T . P C T S  
S T CP

1 6  W R I T E  (L P T ,8)
C O  18 I r 1» NWRI f EL (L p T , 5 ) I, IX < I >
I F ( T X C I )) 1 8 , 1 3 , 1 7

17 S O P T s S O P T ^ C (I)
18 C O N T I N U E  I S C P T s S q PTP C T S  = 1 U 0 , * $ O P T / F L O a T ( I O P T )

W R I T E  ( L ^ T , 7 ) ITS, I S Q P T , P C I S  ...
S T O P
EMC
S U B R O U T I N E  S E N J U  (M , N » I X )cC T H I S  R O U T I N E  S O L V E S  B I N A R Y  I N T E G E R  P R O B L E M S  U S I N G  T H E

C T E C H N I Q U E  OF S E N J U  A N D  T O Y O Q A
C

D I M E N S I O N  I X ( 7 0 ) # R ( 5 0 )  # S ( 5 » > i G ( 5 0 ) , AI (.50)
C O M M O N / S E . M J U l /  A t 5 0 # 5 0 ) f B C 5 0 ) , C ( S 0 )
E R R * 0 , 3 0 0 0 0 1  
00  4 J a 11 N 

A I X ( J ) ? 1
CC SET UP  THE V E C T O R S  ...C S M » 0 ,

D O  8 I » 1 , M 
R R » 0 »
DO 5 Ja1, N 

$ R R a R R ♦ A ( I r J )
P( I ) = R R 
S S s R R - R  < I )
If ( S S - E R R )  8 , 6 *7

6 '$Sa0,
GO  TO  8

7 S M a 5 M * S S * S S
8 Sc I ) asSS 

I F ( S M - E R R )  24  »24 9 9
9 S M a l . / S Q R T C S M )

DO  10  I s? 1, M
10 s( i j=r( 1 >#sh _

DO  12  J s l , w  
U = 0 ,



00 11 Jsl,M11 U = U + A( I,
0 (J ) * C ( J ) / u12 A I C J J s J  CC O R D E R  t h e  v e c t o r sc C A L L  3 Q R T 2  ( Q ,A f > N }
I U XcC DETERMINE: w h i c h  v a r i a b l e s  a r e  t o  b e  s e t  t o  2 E « 0

c
17 J J 5 A K . I I )1 N D «1CO 14 ] = 1 , M

R ( I > = R < I > - A < I , J J >I r ( R ( n - 8 ( I ) ) 1 4 / 1 4 , 1 3
13 -lNOa-214 C O N T I N U E

I X (JJ ) S0
GO TO (15*16) IND.

16 I I * II ♦!GO TO .1715 DO 16*1 si, M18 S ( I ) = R ( i ) * B ( I )J I 5 I I *• 100 22 Ka.l,Jl 
11* 11—1 
^ J s A I ( I I )DC 20 I s1,M
IE (3 ( I.) 4 A ( I , J J) 5 20,-20 >.2220 C O N T I N U E
1 X ( JJ> *3LGO 21 I s 1 , M

21 S ( I ) = S ( i ) 4 A ( I * J J )22 C O N T I N U E24 RETURN.
23 F O R M A T  (30I2)' e n d  •S U B R O U T I N E  S 0 R T 2  ( A #8 *N)
cc t h i s  r o u t i n e  o r d e r s  a n y  V E C T O R  a W I T H  n  e l e m e n t s  a n d  P U T SC the E L E M E N T S  of b  IN the C O R R E S P O N D I N G  O R D E R .
c D I M E N S I O N  A (501 #8<50) ....

N N 3 N - 1
CO 4 I » 1 , N N  A M J _N a A (I )
1 N C » 1
m m■ CO 2 J ® I I » N 
I F ( A M I N - A ( J )  ) 2 * 2 , 11 AH I Nr A (J )
I H O L D ® J  J N C * 2

2 C O N T I N U ECO TO ( 4,3) i W  _
3 B M IN = 3 ( I H 0 L 0) .

A(IN0 L0  > BA(D  
E(IHOLO)sB(I)  -



A ( I ) = A H I N
6 ( I 5 “ B H j fsi

4 C O N T I N U E
R E T U R N
E N D
S U B R O U T I N E  B R O O K S  < M , N , J Y , N K )

C
C T H I S  r o u t i n e  U S E S  T H E  H E T H O O  P R O P O S E D  b y  br o o k s  a n d
C G E O F F R I O N  TO P I N O  E V E R E T T S  M U L T I P L I E R S  F O R  T H E  S O L U T I O N
C O f  T H E  BI N A R Y ’- I N T E G E R  P R O B L E M
C

C O M M O N / S C N J U 1 / A ( 5 0 , 5 0 > # B C 5 0 > # C < 5 0 >C O M M O N  / G L M 1/ 0 ( 5 0 , 5 0 ) i H 4 # N 2  
C O M M O N  / G L M 2/ I I ( 5 0 ) , J I (50)
DIMENSION U ( 5 vO i 53) , IY ( 70 ? ,A L A M C 5 0 )
E R R = 0 , 0 0 2 0 0 i 
NK*25 N N s N + i  
h H % s M ♦ i
h l * M * 2  
N 2 a M ♦ 3

C
C S E T  U P  T H E  L I N E A R  - P R O G R A M M I N G  P R O B L E M
C C O  4 J 3 i •M 1 

U U i  J ) * C < J )
3 I L a iD O  4 I * i » H

i t s I L + iU ( IL # J ) s A ( I # J )
4 C O N T I N U E

0 0  5 I s i . M
1 L = I ♦ 1

5 L ( IL ♦ N 2 ) s B (I )DO 2 J * t »N22 U ( M i * J ) a 1 ♦6 D O  7 1 * 1 * M 1
• D O  7 J a i * N 2

7 C ( I » U ) * U ( I i J )
0 0  8 I * 1 • M 1
w'l ( I ) a I ♦lil

8 I I ( I ) * I 
C
C S O l v E  THE L I N E A R  P R O G R A M M I N G  p r o b l e mc

C A L L  L P
C
C FI N O  T H E  M U L T I P L I E R S
C ..DO 25 1=1, HI 
2 5  A L A M d j s B .C M A X s 0 ,

DO 11 U = 1 , Ml I J a J I C J >
I F ( I J * M l )  9 * .9 * 1 09 I F ( D ( 1 . j > - C N A X >  1 1 , 2 4 , 2 4

24 J J * IJ
C M A X s D f 1.J>
G O  TO 11

10 A L A M < I J « M 1 )=0 < 1 , J )



1 1  C O N T I N U EC
C S O L V E  T H E  B I N A R Y - I N T E G E R  P R O B L E M  U S I N G  f e v E R E T T ' S  T E C H N I Q U E
C W I T H  T h e  M U L T I P L I E R S  J U S T  D E T E R M I N E Dc F T * Z .

C O  1 6  J s l , N  
F =C < J )
IL R 1
D O  12 I = 1 , M
i u * i l ♦ i

1 2  F - F - A L A M ( I L > * A U f  J)I F ( F - E R R )  2 6 i 15*1.4..
2 6  I F ( F * E R R >  1 3 , 1 5 , 1 5
1 3  I Y f J ) ae*

G O  T O  16
14 n c j ) n

FT-s FT + F 
G O  T O  16

1 5  i v ( J ) = n
1 6  C O N T I N U E
4 4  F O R H A T (15 )

I F ( J J - L J J ) 9 1 « 6 3 , 9 1
6 3  I F (N K - O g  ) 6 4 , 6 5 , 6 5
6 4  !\K = NK + 1 G O  TO 9 2
CC IF T H F  S O L U T I O N  J U S T  D E T E R M I H F 0 IS N O T  O P T I M A L  U P D A T E
C t h e  L I N E A R  P R O G R A M M I N G  P R O B L E M  a n d  I T E R A T E  A G A I N ,
C O T H E R W I S E  s t o p ,c9 1  N K 5 0  

U J s J J9 2  I F < F T * A L A M  <M l )- E R R ) 1 9 , 1 9 , 1 7
1 7  D O  2 5 1  I ? 1 , H M 1
2 5 1  U U , J J ) b 3,

CO 16 Jz1 ,N 
I F ( I Y ( J ) )  1 6 , 1 3 , 2 3  

2 3  U l i  J J ) s U < i ,  J J ) * C < J >  -I L » 1
D O  2 0  1 = 1 , M 
I L*  11 * 1

2 0  U U  L i J  J ) r A < I ,J ) * U  C 1 L ,J J )
1 8  C O N T I N U E  G O  T O  6
1 9  C O  41 I s 1 , M 

B B * 3 ( I )
DO 37 J =1,N 
XF CIY C J ).) 37,37,36 .36 B R = B B - 4 ( I , J )

3 7  C O N T I N U E
C O  4 1  J = 1., N I F C I Y ( J ) )  3 8 , 4 1 , 4 1

3 8  U' ( S B - A (  I, J) ) 3 9 , 4 1 , 4 1
3 9  * I Y ( J ) s |
4 1  C O N T I N U ER E T U R N
6 5  N K * - i  

R E T U R N  
E N D



S U B R O U T I N E  G A U S S  ( K . U ) /
T H I S  R O U T I N E  P E R F O R M S  G A U S S  J O R D A N  E L I M I N A T I O N

C O M M O N  / G L M 1 / A < 5 0 , 5 0 ) # M # N  
AP = 1 , / A ( K , - U )A ( K i I ) sa P 
D O  3 I ? 1 , M 
IP(I-K) 2 , 3 . 2  
AOs-AC I , L ) * A P  
A ( I . L ) = A C 
D O  6 J - 1 « N  I i* (J-L-) 4 , 6 . 4  
A< I » J ) = A ( I . J ) * A { K ,  J)#A-C C O N T I N U E  
C O N T I N U E  D O  1 J s i . N  
I F { J-L) 5 , 1 , 3  
A ( K i J ) e A ( K , J ) * A P  
C O N T I N U E  
R E T U R N
end
S U B R O U T I N E  I P

T H I S  R O U T I N E  U S E S  T H E  S I M P L E X  M E T H O D  T O  S O L V E  T H E  P R I M A L  
F E A S I B L E  L I N E A R  P R O G R A M M I N G  P R O B L E M

C O M M O N  /GLMl/ A { 5 0 ,5 0 ) ,H ,M 
COMMON /GLM2/ 11 {50),JI(50 J DO 10 J s l . N  

1 0  A { 1 1 J > A (1» J )
1 J C C L - 0  C M A X = 0 ,

DO 3 J s l ♦ ‘I Ir ( A ( l , J ) - C M A K ) 2 , 3 , 3
2 C M  A X - A ( i , J )

U C 0 L = J3 C O N T I N U EJ F {J C O L )  9 . 9 , 4  ,
4 I R C W = 0  

R M { N = 1 0 0 0 0 0 0 0 ,
D O  7 I s 2 # M
IP" C A { I , j C O L ) - 0 . 0 0 0 0 0 1 )  7 # 7 #  5

5 R = A ( i , N ) / A ( I , j a O L >
I F ( R - R M I N )  6 / 7 § 7

6 I R Q w s IRMJNcR
7 C O N T I N U EI F { IRON) 9 , 9 , 3  
.6 C A L L  G A U S S  ( I R p ^ J C O l )IS s 11 ( J rj Q L )

1 1 {J C O L  > * J 1 ( IROU) '
JI U R Q W ) s i S  GO TO 1 

9 R E T U R N
e n d



P E T E R S O N  P R O D U C T  #1

F O R  T H E  P R O B L E M

2 . 0  6 0 3 , 0  1 2 0 0 , 0  2 4 0 3 , 0  5 B 3 . 0  2 0 0 0 , 0

8 . 0  1 2 , 0  1 3 , 0  6 4 , 0  2 2 , 0  4 1 , 0  8 0 , 3

3 . 0  1 2 , 0  1 3 , 0  7 5 , 0  2 2 , 0  4 1 , 0  9 6 , 0

3 . 0  6 , 0  4 , 0  1 8 , 0  6 , 0  4 , 0  2 0 , 0

5 . 0  1 0 , 0  8 ,0  3 2 , 0  6 , 0  1 2 , 0  3 6 , 0

5 . 0  1 3 , 3  8 , 0  4 2 , 0  6 , 0  2 0 , 0  4 4 , 0

5 . 0  1 3 , 0  8 , 0  4 8 , 0  6 , 0  2 0 , 0  4 8 , 0

0,0 0,0 0,0 0,0 8,0 0,0 10,0

3.0 0,0 4,0 0,0 8,0 0,0 18,0

3 . 0  2 , 0  4 , 0  0 , 0  8 , 0  4 , 0  2 2 , 0

3 . 0  2 , 0  4 , 0  8 , 0  0 , 0  4 , 0  2 4 , 0

T H E  O P T I M U M  V A L U E  15 3 8 0 0

T H E  V A L U E S  F O R  X  F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  A S  F O L L O W S
S E N J U  B R O O K S

X! ! > s  0 0
XI 2) = 1 0
XI 3 ) 5  1 1
XI 4)5 0 0
XI 5 ) 5  0 *>1
XI 6)5 1 1

T H E  T I M E  R E Q U I R E D  T O  R U N  0«OjOKS W a S 6 0 0  M I L L I S E C O N D S
t h e  v a l u e  o f  t h e  o b j e c t i v e  f u n c t i o n  w a s  3200
W H I C H  is 6 4 , 2 1  P E R C E N T  O F  T H E  O P T I M U M

•THE T I « E  R E Q U I R E D  TO R U N  S E N J U  W A S  ?■ M ILL I S E C O N D S



t h e  v a l u e  o f  t h e  o b j e c t i v e  f u n c t i o n  w a s
W H I C H  is 1 0 0 . 0 0  P E R C E N T  O F  T H E  O P T I M U M

3 8 0 0



P E T E R S O N  P R O B L E M  #2

f o r  t h e  p r o b l e m

6 2 0 ,  1 310.,5 1 5 0 0 , 0  3 8 5 0 , 0  1 8 , 6  1 9 8 , 7  8 8 2 , 0  4 2 0 0 , 0  4 0 2 , 5

2 0 . 0  5 , 0  1 0 0 , 0  2 0 0 , 0  2 , 0  4 , 0  6 0 , 0  1 5 0 , 0  8 0 , 0
45.0,0

2 0 . 0  7 , 0  1 3 0 , 0  2 8 0 , 0  2., 0 8 , 0  1 1 0 , 0  2 1 0 , 0  1 0 0 , 0
5 4 0 . 0

60.0 3,0 5 0 , 0  100,0- 4 , 0  2 , 0  2 0 , 0  4 0 , 0  6,8
2 0 0 , 8

6:8,8 8 , 8  7 0 , 8  2 8 8 , 8  4 , 0  6 , 8  4 0 , 0  7 0 , 0  1 6 , 0
3 6 0 . 0

6 0 . 3  1 3 , 0  7 0 , 0  ' 1 5 0 , 0  4 , 0  1 0 , 0  6 0 , 0  9 0 , 0  2 0 , 0
4 4 0 . 0

6 0 . 0  1 3 , 0  7 0 , 0  2 8 0 , 0  4 , 0  1 0 , 0  7 0 , 0  1 0 5 , 0  2 2 , 0
4 8 0 . 0

5 , 0  2 , 0  2 8 , 8  1 0 0 , 0  2 , 0  5 , 0  1 0 , 0  6 0 , 0  0 , 0
238.0

4 5 . 0  14 ,8 6 0 , 0  1 8 0 , 0  6 , 0  1 0 , 0  4 8 , 0  ..160,0 2 0 , 03 6 8 , 8

5 5 . 3  1 4 , 0  8 0 , 0  2 0 0 , 0  6 , 0  1 0 , 0  5 0 , 0  1 4 0 , 0  3 0 , 8
4 4 0 . 0

6 5 , 8  14,'0 8 0 , 0  2 2 0 , 0  6 , 0  1 0 , 8  5 3 , 3  1 8 8 , 0 ’ 3 0 , 0
433.0

T H E  O P T I M U M  V A L U E  IS.. 6 7 0 6

'OR X P 013 T H E D I F F E R E N T  J E C H N
S E N J U tSROOXS

X( l ) c , 1 ■«1X( ? > # 1 1X( 3 ) s 1 1
X{ 4 ) ? 0 ' 3 .

3 2 7 , 8

40.8

4 0 . 8  

1 2 , 3  

20,0

2 4 . 8  

2 8 , 0

8 , 8

0,0

4 0 . 0

5 8 . 0



xc 5 ) a 1 0Xf 6) = 1 1xc 7)j? I 0
xc 8 ) 3 1 1xc 9) = 0 0
xc 10) a 1 1

T H E  T I M E  R E Q U I R E D  T O  H U N  B * O Q K S  W A S  5 5 0  M I L L I S E C O N D S
T H E  V A L U E  OF THE O B J E C T I V E  F U N C T I O N  W A S  6 8 3 6
W H I C H  IS 7 8 , 5 2  P E R C E N T  UF T H E  O P T I M U M

T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  3 3  M I L L I S E C O N D ?
t h e  V A L U E  o f  TH E  O B J E C T I V E  f u n c t i o n  w a s  
w h i c h  j s  9 5 , 7 6  p e r c e n t  j f  t h e  o p t i m u m

8336



EEIEhSon PROb’ L £ H # 3

THE PROBLEM

■' L 0 <• 0 20 0.0 14.0 . 3
93,04 ; H ̂   ̂ ■*}  ̂it1 £' • vj j

,, - - r* p- ̂t • & * K<
3 0 0 , O

300.0
650.0

400,0 205,0 120.0 160,0

a . 0 
10 0.0

4 . 0X o P ̂C * i-.;

13.0
20.0

c rr r*O t- » t-!
1 <c'0 • 0

70.0
40.0 80.0

550,0
45,0 15,0 28,0

6.0 
13 0.0

4 4, 0
32.0

n  ■?J. w ♦ *
40,0

1,30.0
160.3

100.0 .
40,0

. 90, O
700.0

75.0 25.0 28,0

3.0
40,0

6 .0 
6 • 0

/ r r“t » ■/;
3.0

ft ftc ̂
2 0 * &

20,0
5,0

30.0
130,0..

8,0 3.0 12*0

5.0
60.0

9. 7 
16»£

6 .71 * "Xli, f >V
40.0
30.0

30.0
25.0

40,0
24.0,0

16*0 5.0 18,0

5.0
70.0

11 . 7 
2 1,7

7,7
17,0

50.0 
30.,3

40.0
25.0

40, 0
280 * 0

19.0 7,0 18,0

5,0
70.0 11,0

21.0
7,0

17.0
55.0
35.0

40,0" " 
25,0

. 40, 0
310,0

21.0 9.0 18.0

0.0
30.0

0.0 
3 .0

jiX f 0/^ !?:

« ft ft j, 4- » sc>
70 • 0

4 . 0 
10,0

10.0
110,0

0,0 6.0 0,0

3.0 * 
40.0

4 . 0
9 * 0

5.7" 
12 • 0

20, 0 
100.0

14 , 0 
20*0

20,0
205.0

6,0 12.0 10,0

3.0
40,0

6.0
18.0

9. o 
13 .3

30.0 
110'. 0

2 9 .0
20.0

20.0
260.0

12.0 12,0 .10.0

3.0 
42.0

8.0.7 /T|& V ; •  •;.

9,0 
18.7 '

35.0■: ft, t.\ (7 j. A. iV f c-
29.0
20.0 ,

20,0
275,0

1 6 ,0 15.0 10 ,0

' ;H£ OPT j H’jr1 VALUE J3 4015; ...

TWE VALUES FOR X FOR' t p e  n IFFERF-WT TECHMIQU’73 ARE AS. f o l l o w s

S
( 1) s' 

x( 2 ) ~
X( 3>*

EUJU.
1
1

b r o o k s
1
1
•X

6.0

>0 , 0



a ( 4 ) 5 0 X
X< 5 )  = *0 i
X ( t  ) = 1 1
X ( 7 ) 2 0 1
X ( 6 ) 2 1 0
X ( 9 ) s 1 1
A ( 10)2 a 1
A ( 1 i ) = 3 0
A i 1 2 )  5 1 0
X ( 1 3 )  = V; ' 0
X ( 1 X ) = X 0
AC 1 5 )  = 1 1

t h e  t i m e  r e q u i r e d  t o r u m  b l o c k s  h a s  U 6 6
THE value OF t h e  objective function was 
which is 77.33 PERCENT OF THE OPTIMUM

THE TIME REQUIRED TO RUM SENJU W A S  50 M
THE VALUE OF THE OBJECTIVE FUNCTION WAS 
Wh i c h  j S 93.65 PERCENT OF TnE OPTIMUM

H I L L  I S E C O N D S  
3105

1 LI I SECONDS 
3760



HE TEHSON PROBLEM

THE P^OBLEI

U'd.Z 220, £ 90.7 400.0' 3?;0.0 400,0 ?05,8 120.0 160.0 -560’, 0
400.0 140.0 100.0 1300,0 650.0 320.0 400,0 60.0 60,2 2550.0

8.0 4.0 13,9 b0,2 70.0 60,0 45.0 15.0 28,0 90,0
130.0 32,0 20,1 120.0 40..£ 30,0 20,0 6.0 3.0 180,0
55 0  , 0

8.0 44,1 13.2 120.0- 120,0 90,0 75,0 25,0 .28.* 0 128.0
138.0 32.8 40,0 168.0 48,8 60.0 55,8 10.0 6.0 248.0
it- V

3.0 6.0 4,1 20,8 20,0 30,0 8.0 3.0 12*0 14,0
6.9 3.9 20.0 5,0 8,0 5,0 3.0 8.0 28,8

9 •

5.0 9 . 8  6.0 ' 40,8 30,0 48,8 l6,0 5.0 1 6 * 0  24,0
60.8 16,9 11.9 ;<0.0 25.0 10,8 13.0 5.8 1.8 60.0

240.8

5.8 11.0 7,9 58.0 48,0 40.0 19,8 7.0 1 6 .I 29,0-
70.0 21.0 17,8 30.0 25,0 15.0 25,0 5,8 .1*0 100,0

250.8

5.0 ll,8 7.0 55.0 40,0 40.0 21,0 9.0 18*8 29.0
73.8 21.0 17.8 35,0 25,8 28.0 25,0 5.0 2*0 118,8

310.8

0,8 : 0 . 0  "1.0 18'. 0' 4.0 18,-0“ 0,0 6.0 0.0 6,8
■3-2.8 3.0 0,8 70.0 10,0 0,0 0.0 0,0 0*0 8,0

110.8

3,0' 4,8 5 . 2 0 . 3  14,8 28.8 6.0*" 12,0' 18,E 18,0
42.0 9,9 12.0 190,0 28,8 5,0 6.0 4.8 1*E 28.8

205.0

• 3 , 8  6.0 -9,8 38.8 29,0 28.0 12.0 12.0 IE * £ 30.0
42.0 is.0 16,8'' -11S.8 20.8 15,0' 18,8 7.8 2*8 *8.0

268.8 _ ;

' 3 , 8  8,8 9 . 0  35,0 29.0 20,8 16.8 15.8 18. E 30,8
42.8 28.0 18.7 .  128,0 2 0 . 0 _  2-2,0 22,0. 7.0 3*8 58,0

2/5.8



the optimum value is' 6120

t h e V4LUES rO» X FOR THE DIFFERENT TECHNIQUES ARE AS FOLLOWS
S l n JU BROOKS

A 1 ) s 1 1
X 2 )  = i 1
A 3 )  = " 1 0
X 4 )  = J 0
X 55 = 0 8
X 6 5 = u 8
X 7 )  = 0 8
.X S ) = u 0
X 9 )  = 1 1
X 1 0 )  = Li 1
X 1 1 )  = 2 8
X 1 2 )  = 0 ..... 8
X 13 5 = ~... 0™..... ....... 0
X l H )  = ' 1 ’ ' ' 1
X 155 = 1 1
X 16 5 = 1 1 ,

A ' .17 5 = 1 1
A 1 6 >  = 1 1
X 1 9 )  = 1 1
A 2 0 )  = 1 1

i HE I InE «tOu JHEii TU Hui'i BROOKS ^AS 16 J 3 •">ILLl$ECQNQS
THE VALUE OF THE OBJECTIVE FUNCTION WAS 6500
WHICH IS 106.21 PERCENT OF THE OPTIMUM

t h e TI-e REQUIRED t o R u n SENJU WAS 33 MILLISECONDS
I HE VALUE OF THE OBJECTIVE FUNCTION WAS 6010
WHICH jS 96,20 PERCENT Up THE OPTIMUM



P E T E H 3 0 M  PhOtl.UCM # 5
\

ro'< imp prosllh

l Ox? &

> n r;-. i“ i .v.. // • v.-
/ >■ * , k- 

1 £ 0 . ?■
220.0 14 0,0 

1100.0
90,3 

100.0 
950, •/.

400, £ 
1300.7 
4 p 0 . £•

300.0 
670 .0
370.0

430 . 0
320.0
220.0

20 5.3 
460,0 
230,3

120,0
60,0

520,0
160,0
60.0

560.0
2550.0

8 . 2
1 0 % , 0 o • . •* M£Ci-: i «•

4 . ■' ■
3 2 * >’> 50.3

13,0” 
2 0 , " 
30,0

60,0 
1 2 & , 0 
60.0

70.0
40.0
12.0

80.0
30.0
5,0

45.0
20.0 8.0

15.0
6.0

18.0
28.0 
3.0 

9 30 ,0
9 0 . 0 

160,0

f\
132. 7 
290.3

4 4.3 
3? . 3
I'- !-? » ;

'i ?/,x, \? • '* •
4 3 . £■ 
90 . 0

J C"0 . 0•< v f7 f*¥A O V;-; * jc*'
70.2

12 0., 040.0
27.0

90.0
63.0
17.0

75.0
55.0 
8,0

25.0
X b • 4J
28.0

28.0 
6 «-0

1210,0
12.0,0 
2^40,0

3. 3 
4 0 . 3  
20,0

6  » 0 
6.0
 ̂k3 .

4 . 2 "7 ~
10 . 0.

2 0.0 
4' k? • k- 
0.0

p\ ■*%C v:: » !tj
5.0
5.0

30.0
0,0y f?.P I ̂ '

8,0
5.0
0,0

3.0
3.0 

10,0
12.0 
0.0 

272 ,0
14.0
20.0

,v ,-̂f 0
C t ?-/

9 . 3 
16.02 y'} « ’

6 .1
11.0< •. fr-c ̂  • ■>

; r>. X*4 • sv
30.0vl • /

30,0
25.3
1 /'. if

40 , 0 
10.0 5 ,0

16,0 
13 • 0 ^3.0

5.0 
5 • 0

20, 0
18,0
1.0

426.0
24,3
60,0

5.0
70.0

11.0 
21, £ 
^ > • *

7f « s -
17.0 
22 ,0

r‘ 'T. r?
:ro * b
'2 -7 7 ,«y ♦ *-■*
6* t; • £

40.0
25.0
15.0

40.0
15.0
1 5 .0

19.0
25.0 
6,0

7 .0~
5.0

20.0
...18,0

1.0
532.0

29,0
100.0

r\
2 * '0-

i ■% r*
/ % * - ■.
7 0,0 ‘

11 . 0 
>1 . 0

>5.0

7 {7.

17.0
20,7

r  k  fv
if J  t i-

-< 4, i? 0  -> * c-
'. f*
:? k' . #

4 0 . 0
25.0
20.0

40.0
20.0 
15,0

21,0
25,0
6 . 0

9.0
5.0

20.0
18.0
2,0

572,0
29,0

110 , 0

7 r» • «•'

22.0
3 kJ , $

■;•; . '■/ ■ 

3.0 
10.0

* ■7.
j. .

0 , 0 
,7£! . y.

9  ,7 y

70 . 0 
10.0

4.0
10 .  0
1 #  Pi*  if-’ p

10,0 0 . 0 
5,0

0.0
0.0
0.0

6,0
0.0

10.0
0 .0 
■0 ,0 2 40.0

6,0
•0,0

3,0
4 2 , 3

50,0
4 .  0

9 . 2 
39.0

«j ;7,

1 4  » £

5,0

!», (7 rt? 
<• i '  ♦ k-

1 k' k; . 4
2 0 . £

14 ,0
r% j*7. 

A ;3',- t  &

2 0''» S
23.0 
5.0

10.0
6.0
6 . 3

10 ,0
12.0
4.0

20.0
ie.,0

1 . 0400 ,0
18,0
20,0

3,0
4 2,0
60.0

¥

6.0
1 f t  . i'V

5 0 . 0

9.0
13,0
23.2

30.0
110.0 

,  •• c  <*, 
£  J  * '

29.0'
20,0
25,0

20*0 
15.0 
15, 0 -

12.0
18,0
10.0

12.0
7,0

28.0
10,0 
2.0 

4 70 ,0
30,3
40,0

3.0
4 2.0 
60,0

8.0
22.0
> 5 . 3

9 , 8  J
1 A-y+t ¥

25.0
. 35.0

'” 120.0
Tt tf. i?  v  fr' . *'

29,04 ̂ P!<_ C ( C-'
4 6,0

20,0 
20.0 
1 5 ,0

16,0
22.010.3

15.0
7.0

28.0
18.2, 
3 .0 

4 90.0
30.0
50.0



the OPT 1 him VALUE IS 12400 (
BROOKS F'AlLtU 70 ObTaIL A SOLUTION TO THE PROBLEM
THE VALUE- FOR X OBTAINED BY SENJU ARE

X- 15 - X
X 2) ~ X
X 3) ~ 1
A 4 ) 0
X 5) 0
X 6) = . _ 0
X . 7) s '0 ““
X 8) s 0
A 9) £ 1
X 10) £ 0
X 11) £ U
X 12) r 0
X 13) = 0
X 14) - 1
X 1 5 ) r X'
X 1 6 ) £ 1 '
X 17) £ 1
X 18) £ i
X 19 ) £ 1
X 20) z 1
A ? i ) £ 1
X 22) £ 1
.X 23) £ 1
X 24) ■£ 0
X 25) £ 1
X 26) £ i
X 27) £ X
X 26) £ X

THE TINE REQUIRED TO RUN SENJU WAS 67 MILLISECONDS
TH£ value OF THE OBJECTIVE FUNCTION UAS 1.2400
UHICH IS 103.00 PERCENT OF THE OPTIMUM



P E T E R S O N  P R O B L E M  # 6 ( ?j. 6 (?*<h)

f o r  t h e  p r o b l e m

560 ,,0 1125.0 300.0 620,0 2100*0 431,0 68,0 323,0 47,0 122..0
322.,0 196.0 41.0 25,0 425,0 4260,0 4 16 , 0 115.0 82.0 22,
631,,0 132.0 420 .0 86,0 42.0 103,0 2 l 5 ,0 81.0 91,0 26,.0
49,,0 420,0 316,0 72,0 71,0 49.0 108,0 116,0 90,0

4 0 , 0 9 1 , 0 1 0 , 0 . . 8 0 , 0 1 6 0 , 0 2 0 . 0 3,0 1 2 , 0 3,0 1 8 , 0
9 ,0 2 5 . 0 1,0 1,0 10,0 2 8 0 . 0 1 0 , 0 8,0 1,0 1,0

49.0 8 • 0 21.0 6,0 1,0 R r*.J % nW 10,0 8.0 2,0 1.0
0.3 10.0 42.0 6,0 4,0 8,0 0,0 10.0 1,0 600,0

16,3 92.0 41,0 16 ,0 150,0 23.0 4,0 18,0 6.0 0.0
12.0 8,0 2,0 1,0 0,0 203,0 20,0 6,0 2,0 1,0
70.0 9.0 22,0 4,0 1,3 5,0 10.0 6, 0 4.0 0.0
4,0 12*0 8.0 4,0 3,0 0,0 10,0 0,0 6.3 500,3

38,0 39.0 32.0 71,0 80,0 26,0 5,0 40.0 8.0 12,0
30.0 15.0 0,0 1,0 23.0 100.0 0 , 0 20.0 3,0 0,0
40,0 6,0 8.0 0,0 6,3 4,0 22,0 4,0 6,0 1 s 0
5,0 14,0 8,0 2,0 8,0 0,0 20,0 0.0 0,0 -500.0

8 , 0 71.0 3 0 , 0 6 0 , 0 2 0 0 , 0 1 8 . 0 6 , 0 3 0 , 0 4 , 0 8 , 0
3 1 , 0 6,0 3 , 0 0 ,0 1 8 , 0 6 0 , 0 2 1 , 0 ' 4 . 0 0 , 0 2 , 0
32,0 15.0 31,0 2,0 2,0 7,0 8.0 2.0 8,0 0,0
2.0 8,0 6 . 0 7,0 1,0 0,0 0,0 20,0 8,0 500,0

38.0 52.0 30,0 4 2,0 170,0 9,0 7.0 20,0 0,0 3,0
21,0 .. 4 , 0 1.0 2,0 14,0 310,0 8,0 4,0 6,0 1,0
18.0 15,0 38,0 10t0 4,0 3,0 6,0 0,0 0,0 3,0
0.0 10.0 6,0 1,0 3,0 0,0 3,0 5.0 4,0 600,0

THE OPTIMUM VALUE IS 10618

THE VALUES' FOR X F"OR THE DIFFERENT TECHNIQUES a r e  a s f o l l o w s

x i 1 > 3
S E N J U

1
BFfOO

1
Xi 2 ) 8 . 0 . .  1
X c 3 ) 8 . . n > . 0
X( 4 ) s 1 1
X( 5 ) 3 0 0
X( 6 ) 3 1 1
X ( 7 ) * 1 0
X ( 6 ) 3 0 1
X( 9 ) 3 0 1
X( 1 0 ) 3 1 0
x  (. 1 1 ) 3 1 1



XC 12) s 1 0
x c 13)2 I 1xc 14) 3 1
x c 15)2 1 1
x c 16)2 1 1xc 17)2 1 1
x c 18)2 ia 1
x c 19)2 1 1
x c 20)2 1 1
x c 21)3 0 1
x < 2 2 5 3 1 0
x c 23)2 1 1
x c 24)3 1 0
xc 25)3 % 1
x c 26) 3 1** 1
x c 27)3 I 1
x c 28)3 X 1
x c 29)3 1 1
x c 30)2 1 1
x c 31)2 1 1
x c 32) 3 1 1
x c 33)3 1 0
x c 34 5 3 1 1
x c 35)2 1 1xc 36)2 1 1xc 37)2 4 1
X c 30) 2 1 1
x c 39)2 1 1

T H E  T I M E  R E Q U I R E D  T O  R U N  B R O O K S  H A S  1 3 8 3  M I L L I S E C O N D S
T H E  V A L U E  or T H E  O B J E C T I V E  F U N C T I O N  WAS 11403
W H I C H  IS 1 0 7 . 3 9  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  S 3  H I L H S E C O N D S
t h e  V A L U E  o f  T H E  O B J E C T I V E  F U N C T I O N  W A S  1 0 1 9 2
W H I C H  IS 9 5 , 9 9  P E R C E N T  O F  T H E  O P T I M U M



PETcRSQN PROBLEM §7[

FOR THE PROBLEM

5 6 0 » 2 1125.0 300.0
r _ , 

6 2 0 . 0 2100.0 431,0 68,0 328.0 47,0 122.
322 ,0 196.0 4 1,0 25.0 425.0 4260.0 416 . 0 115,0 82.0 22,
631,0 132.0 422 . 0 86.0 42,0 103.0 215,0 61.0 91,(2 26,
 ̂9 ,0 420.0 316.0 72.0 71,0 49,0 108.0 116.0 92,0 738,

811,0 430.0 3060 . 0 ' 215,0 58.0 296,0 620,0 418.0 47 , 0 81,

40,0 91.0 1 0 . 0 30.0 1 6 0 . 0 2 0 , 0 3,0 1 2 . 0 3,0 18,
9.0 25,0 1 . 0 1 . 0 1 0 , 0 2 6 0 , 0 1  2  » 0 8 . 0 1 , 0 1  *

49.0 8 , 0 2 1 . 0 6 , 0 it 0 . 7 5.0 1 0  , 0 8 .0 2 , 0 1 .
0 . 0 1 0 . 0 42,0 6 . 0 4,0"' 8 , 0 0 , 0 1 0 , 0 1 . 0 40,

6 6 . 0

800.0
1 1 . 0 1 2 0 . 0 0  , 0 3,0 32,0. 2 8 , 0 13.0 2 , 0 4,

1 6 ,2 92 . 0 41.; 1 6 , 0 150.0"" " 23,0 4.0 18.0 6 , 2 0 *
1 2 , 0 8 , 0 2 . 0 1 . 0 0 , 0  I 2 0 0 , 0 2 0 , 0 6  » 0 2,0 1 ,
70,0 9.0 22.0 4.0 1 . 0 5,0 1 0 . 0 6 , 0 4,0 0,
4,0 1 2 , 0 8.0 4,0 3.0 1 0 . 0 1 0 . 0 0.0 6 . 0 28,

93.2
650.0

9 » 0 30.7 2 2 , 0 0,0 36,0 45,0 13.0 2 , 0 2 ,

38.0 39.0 32.0 71,0 60,0 26,0 5.0 40,0 8,2 12,
30,0 15. 0 0.0 1,0 23,0 100,0 0,0 20,0 3.0 0.
4 0 , 0 6*0 8.0 0,0 6,0 4,0 22.0 4,0 6.0 1,
5.0 14 , O 3,; 2,0 8.0 0,0 20.0 0.0 0.0 6,

12.0
550,0

6 . 0 80.0 13,0 6,0 22,0 14.0 0.0 1,0 2,

3.0 71 .0 30,0 60.0 230.0 18.0 6.0 30.0 '4,0 8.
31.0*' 6*0 o . & 0,3 18,0 60.0 21,0 4.0 2, , 0 2,
32,0 15.0 31,0 2,0 2,0 . 7,0" S.0 2.0 6 , 0 0,
2,0 8.0 6 . 0 7.0 1.0 \ 0,0 0,0 20.0 8*0 14,

20.0
550.0

2.0 40,0 6,0 1,0 14,0 20.0 12.0 0,0 1,

38.0 5 2 .3 33.0 ' 42,0 17 0 , 0 9.0 7,0 20.0 0.0 3.
21.0 4 * 0 1. , 3 2.0 14.0 310,0 * 8.0 :4 . 0 .6 . 0 1,
16.0 1.5 . 0 38,3 10.0 4,0 8,0 6,0 0,0 0,0 3,
0,3 10,0 6.0' 1.0 3‘.0 0,0 3.0 5.0 4,0 0,

30.3
650.0

12. 0 16.0 18.0 3.0 16,0 22,0 30.0 4,0 0,

pHE OPTIMUM VALUE IS 165.37

THE VALUES FOP X FOR"THE DIFFERENT TECHNIQUES APE AS FOLLOWS
SFRJU BROOKS

0
0
0
0

0

0
0
0
0
0

0
0
0
0
0

0

0 '

.0
0
0

0
0
0
0
0

0
0

0

0

0



THE ti

t h e  va 
w h i c h

THE. TI

X ( 
XC
x  C
x c  
x <  
XC 
X t 
X ( 
XC
A  (
x c
x c
x c
xc
X {
x c
X (
x c
X c
x c
xc
X ( 
X c
x c
x c
x c
x c
x c
x c
x c
X (
x c
x c
x c
x c
x c
x c
x c
X {
xc 
x  i 
x c  
x c
X C
x c
x c
x c
x c

1) ■ 
2 ) 
3)
4 ).
5)':
6) 
73: 
6) 
93

103
4 * \14/
123
13 3
14 3 
153' 
16). 
17 > 
183
19):
20). 
21) 
22) 
23  3 
243  
253  
26 3
283 
v) 

323 
31) 
323
33)34)
35)
36 3
37 3 
383 
393 
4 S 3 
4.13 
423 
433 
44 ) 
453'
46)
47) 

" ' 4 8  3
X i 4 9 3 s 
XC 5 0 3 -

;E REQUIRED TO PUN BROOKS WAS
,UE OF THE OBJECTIVE FUNCTION WAS 
IS 108.54 PERCENT OF THE OPTIMUM

2 5 6 7  B I L L I S E C O N D S  
17949

!£ QUIRED TO PUN SENJU WAS 17 MILLISECONDS
t h e v a l u e  of t h e  OBJECTIVE FUNCTION w a s 1 5 8 3 2



W H I C H  IS 9 5 * 7 4  P E R C E N T  O P  T H E  O P T I M U M



T R A U T H  a 'n O w o o l s e y  p r o b l e m  # 1

F O R  T H E  P R O B L E M

2 0 . 0  1 8 . 0  1 7 . 0  1 5 . 0  1 5 , 0  1 0 , 0  5 . 0  3 . 0

3 0 . 0  2 5 , 0  2 0 , 0 .  1 8 , 0  1 7 , 0  1 1 , 0  5 , 0  2 , 0
6 0 . 0

t h e  O P T I M U M  V A L U E  15 52

T H E  V A L U E 5  F O P  X F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  A S  F O L L O W S
S E N J U  B R O O K S

XC 1)5 0 0
X ( 2 ) a 0 0
X( 3 )  s X 1
x c 4)5 0 0
x c 5)5 1 1
x c 6)5 1 1
x c 7)5 1 1
x c 6)5 1 1
x c 9)5 1 1
x c 10)" 1 1

T H E  T I M e  R E Q U I R E D  T O  R U N  9 R 0 0 K S  W A S  33 M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  5 2
W H I C H  IS 1 0 0 , 0 0  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  17 M I L L I S E C Q N Q S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S
W H I C H  IS 1 0 0 , 0 0  P E R C E N T  O F  T H E  O P T I M U M



T R a U T H  a ^ D  w o o l s e y  p r o b l e m  #2

F O R  T H E  P R O B L E M

2 0 . 3  1 8 . 0  1 7 . 0  1 5 . 0  1 5 . 0  1 3 . 0  5 , 0  3 . 0

3 0 . 3  2 5 . 3  2 0 . 0  . 1 8 , 0  1 7 , 0  1 1 , 0  5 , 0  2 , 0
6 7 , 0

T H E  O P T I M U M  V A L U E  IS 58 .

*H E  V A L U E S  F O R  X F O R  T H E  d i f f e r e n t  T E C H N I Q U E S  A R E  A S  F O L L O W S
S E N J U  B R O O K S

x< 1)S 0 0
xc 2 ) s fa*/' 0
X( 3) = 1 1X( 4 > = k* 0
xc 5 ) 3 X 1
xc 65 = 1 1
Xf 75 = 1 i
xc 65 = I %
X( 9) = 1 1
X( 10) = 1 1

T H E  T J M e; R E Q U I R E D  T O  R U N  B R O O K S  W A S  3 3  M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  5 2
W H I C H  is 8 9 . 6 6  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  1 7  M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  f u n c t i o n  W A S
W H I C H  is 89,66 P E R C E N T  O F  T H E  OPTIMUM

5 2



T R A U T H  A N D  W O O L S E Y  P R O B L E M  # 3

F O R  T H E  P R O B L E M

2 2 , 0  1 6 , 0  1 7 . 0  1 5 , 0  1 5 , 0  1 0 . 0  5 , 0  3 , 0

3 0 . 0  2 5 , 0  2 0 , 0  1 8 , 0  1 7 , 0  1 1 , 0  5 , 0  2 . 0
7 0 . 0

T H E  O P T I M U M  V A L U E  IS 6 2

t h e  v a l u e s  F O R  X F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  AS F O L L O W S
S E N J U  B R O O K SXC 1)3 0 0

XC 2)S 0 0
xc 3 ) 9 1 1
xc 4 ) 3 0 0
xc 5 >® i %
xc 6 ) 9 1 %
xc 7 ) 3 1 I
xc 8) = 1 Xx c 9) = 1 Ix c 10 ) a 1 X

T H E  T I M E  R E Q U I R E D  T O  R U N  B R O O K S  W A S  3 3  M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  5 2
W H I C H  IS 6 3 . 8 7  P E R C E N T  O F  T H E  O P T I M U M

THE,. T p i E  R E Q U I R E D  T O  R U N  S E N J U  W A S  e M I L L I S E C O N D S .
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S
W H I C H  IS 8 3 , 8 7  P E R C E N T  OF T H E  O P T I M U M

5 2



T R A U T H  a N D  W O O L S E Y  P R O B L E M  #4

F O R  T H E  P R O B L E M

2 3 . 0  1 0 . 0  1 7 , 0  1 5 , 3  '’ i B . O  1 0 , 0

3 0 . 0  2 5 . 3  2 0 , 0  1 8 , 0  1 7 , 0  1 1 , 07 5 . 0

T H E  O P T I M U M  V A L U E  IS 67

T H E  V A L U E S  F O R  X F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  A S  F O L L O W S

x< 1 > B
S E N J U

0 B R O O K S
0

x< 2) ? 0 0
X( 3 ) 5 1 1X( A ) n 1 * 1x< 5 > » 1 1
X( 6 > a 1 1x< 7 )3 1 1X( 8 ) 3 1 1X( 9 ) 3 1 1
xc 1 0 ) 3 1 1

t h e  T I M £  r e q u i r e d  T O  R U N  B R O O K S  W a s  3 3  M I L L I S E C O N D S  
t h e  v a l u e  o f  t h e  o b j e c t i v e  f u n c t i o n  w a s  52
W H I C H  IS 7 7 , 6 1  P E R C E N T  O F  T H E  O P T I M U M

THE.. T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  1 7  M I L L I S E C O N D S
t h e  v a l u e  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  6 7
W H I C H  IS 1 0 3 , 0 0  P E R C E N T  O F  T H E  O P T I M U M

5 . 0  3 . 0  1 , 0  1 . 0

5 . 0  2 . 0  1 , 0  1 , 0



■/
T R a U T H  A*»0 W O O L S E Y  P R O B L E M  *‘5

f o r  t h e  p r o b l e m

20.1? 1 8 . 0  1 7 , 0  1 5 , 0  1 5 , 0  1 0 , 0  5 , 0

3 0 . 0  2 5 . 0  2 0 , 0  1 8 , 0  1 7 , 0  1 1 , 0  5 , 0
80.0

T H E  O P T I M U M  V A L U E  IS 68

T H E  V A L U E S  P O P  X F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  A S  F O L L O W S
S E N yl U b r o o k s

X( 1 ) 5  0 0
X( 2 >'5 0 0
X( 3 >« 1 X
X( 4 ) 5  1 1
X( 5 ) =  x XX( 6 ) 5  1 X
X( 7 ) =  1 X
X( 8 ) 5  1 XX( 9 ) 5  1 1
X( 1 0 > *  X *A

T H E  T I M E  R E Q U I R E D  T O  R U N  B R O O K S  W A S  1 7  M I L L I S E C O N D S
T H F  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  6 7
W H I C H  IS 9 S . 5 3  PERCENT OF T H E  O P T I M U M

T H E  TIME R E Q U I R E D  T O  R U N  S E N J U  W A S  0 M I L L I S E C O N D S
T H E  V A L U E  OF T H E  O B J E C T I V E  F U N C T I O N  W A S  6 7
W H J C H  IS 9 3 , 5 3  P E R C E N T  O F  T H E  O P T I M U M

3 . 0  1 , 0  1 , 0

2.0 1,0 1,0



t e s t  P R O B L E M  n
f o r  t h e  p r o b l e m  

i .e 2.0 3,0 4.0

4 . 0  3 . 0  2 . 0  i . 0  4 , 0

1 . 0  4 , 0  2 , 0  3 , 0  6 , 0

t h e  O P T I M U M  v a l u e  i s  7

t h e  v a l u e s  F O P  X F O P  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  a s  f o l l o w s

S E N J U  B R O C K S
XC l )a 0 0
xc 2 ) m 0 0
X( 3 ) 5 1 1XC 4)=? i 1

t h e  t i m e  R E Q U I R E D  T O  R U N  B R O O K S  W A S  3 3  M I L L I S E C O N D S
T H E  v a l u e  o f  t h e  O B J E C T I V E  f u n c t i o n  W A S  7
W H I C H  IS 1 0 3 , 0 0  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I H e  R E Q U I R E D  TO P U N  S E N J U  W A S  0 M I L L I S E C O N D S
T H E  V A L U E  OF T H E  O B J E C T I V E  F U N C T I O N  W A S  7
W M J C H  IS 1 0 0 . 0 0  P E R C E N T  OF T H E  O P T I M U M



T E S T  P R O B L E M  #2

F O R  T H E  P R O B L E M

3 . 0  2 . 0  4 , 0

1 . 0  1 , 0  1 , 0  2 , 0

2 , 0  1 , 0  4 . 0  5 , 0

T H E  O P T I M U M  V A L U E  i s  S

T H E  V A L U E S  F O R  X F O R  T H E  D I F F E R E N T  T E C H N I Q U E S  A R E  A S  F O L L O W S
S E N J U  B R O O K S  

X< 1 1 =  1 1
X< 2> a 1 - 1
X( 3 i s  0 0

t h e  t i m e  R E Q U I R E D  T O  R U N  B R O O K S  W A S  1 7  M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  3
W H I C H  IS 5 0 , 0 0  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I M E  R E Q U I R E D  T O  R U N  S E N J U  W A S  0 M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  5
W H I C H  IS 8 3 , 3 3  P E R C E N T  O F  T H E  O P T I M U M



T E S T  P S 0 9 L E M  #3

F U R  T H E  P R O B L E M

2  • 3 . 0  4,0 6 , 0

1,0 4 , 0 3 , 0

2.0 6,0 7 . 0 12,0 1 5 , 0

7 . 3 3 , 0 2,0 11,0

T H E  O P T I M U M  V A L U E  IS S

t h e  v a l u e s  F O R  X F O R  T H E  d i f f e r e n t  T E C H N I Q U E S  a r e  AS- F O L L O W ?
S E N J U  B R O O K S

XC 1) a X 1xc 2 > = 0 , 0
xc 3) a 0 1X? 4 > = i 0

T h e  t i m e  R E Q U I R E D  T O  R U N  B R O O K S  W A S  6 6  M I L L I S E C O N D S
T H E  V A L U E  O F  T H E  O B J E C T I V E  F U N C T I O N  W A S  6
W H I C H  IS 7 5 , 0 0  P E R C E N T  O F  T H E  O P T I M U M

T H E  T I H e  R E Q U I R E D  T O  R U M  S E N J U  W A S  0 M I L L I S E C O N D S
T H E  V A L U E  OF T H E  O B J E C T I V E  F U N C T I O N  W A S  8
W H I C H  IS 1 0 2 , 0 0  P E R C E N T  O F  T H E  O P T I M U M
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