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COMPUTATIONAL EXPERIENCE WITH KARMARKAR'S ALGORITHM FOR LINEAR

PROGRAMMING. PART I.

This paper summarizes the computational results of Karmarkar's algorithm
for linear programming as applied to four small numerical examples.

The computer code for the algorithm was written in SPEAKEASY, a very
convenient package of mathematical subroutines. The algorithm, however,
was not efficiently encoded. Efficiency was not the objective of this
study. For example, the matrix (BBT) is inverted anew at every itera-
tion, while it is possible to use an updating procedure.

The results presented here, nonetheless, show the relative impro-
vement in the speed of convergence of the algorithm obtained by parame-
terizing ar, the step size, and q, the convergence tolerance. All the
symbols are defined as in Paris. The reader is referred to that paper
for the explanation of the algorithm. A glossary of terms employed in

the computer printouts is given as follows:

GLOSSARY
A : a (mxn) matrix of coefficients in a LP problem, Ax = b.
ALPHA : the 0 parameter in the step size appearing in the recur-
sive relation x" =a_ - dré.
ARTIFC : the artificial objective function's vector, c, in Phase I.
AUGMENTA : the augmented matrix (A, -DISCREP) in Phase 1I.
B : the RHS vector of coefficients in a LP problem, Ax = b.

BBTROOTS : the eigenvalues of the (BBT) matrix,
] : the objective function's vector of coefficients in a LP
T
problem, c x.
CONVERG : the value of the convergence criterion c'Tx'/c'Tao.
CMAX : the estimated current value of the dual objective function,
bTy.
CMIN : the estimated current value of the primal objective
T
function, c¢ ' x.
CPUF1 : the CPU time (in seconds) employed to complete Phase I.
CPUF2 : the CPU time (in seconds) employed to complete Phase II.




CPULP

DDUAL

DISCREP

DUAL

INTERIOP

ITER

LPMAX

LPMIN

PRIMAL

OLDX

XPRIME

.. .. ..

- 9

the CPU time (in seconds) employed by either LPMAX or
LPMIN to solve a given LP problem.

the dual optimal solution returned by either LPMAX or
LPMIN.

the discrepancy d = Axo - b in the initial step of
Phase 1I.

the dual solution vector in Karmarkar's algorithm.

the strictly interior point returned at the end of Phase I.
iteration number.

a SPEAKEASY subroutine to solve a LP maximizing problem
using the simplex method.

a SPEAKEASY subroutine to solve a LP minimizing problem
using the simplex method.

the primal optimal solution returned by either LPMAX

or LPMIN.

the optimal primal solution vector of the original pro-
blem returned by Karmarkar's algorithm.

the precision parameter q in the convergence tolerance
criterion 279,

the vector b in Ax = b.

the x' vector in the initial specification of Karmarkar's
algorithm.

The four numerical examples analyzed in this paper are characterized

as follows:

Example
N. 1 N, 2 N. 3 N. 4
Dimensions of A 3Ix4 5x11 3x6 3x7
Min or Max Min Max Max Max
Nondegenerate yes yes no no
Multiple Optimal T
Solutions no no Dual Primal
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The pattern emerging from the results shows that the speed of

convergence depends crucially on the parameters & and q, as CPU time

and number of iterations (roughly) double as a and q are halved.

Compared with the CPU time employed by thle simplex method, the

computer code of Karmarkar's algorithm used on the four examples is

at least 30 times slower. This is not a bad result if one keeps in
mind that the algorithm was inefficiently encoded using SPEAKEASY,

Example N. 1.
Example N, 2.
Example N. 3.

Example N. 4.
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i 1k, v
EXAMPLE N, 1 A (3x4) Min, Unique solution
Phase 1 Phase 1II Total
2 a q Iter CPU Iter CPU Iter CPU
) Simplex - - - - - - e -e43
] Karmarkar .25 25 50  68.44 48  66.25 98 134.65
w90 25 24 29.16 29 39,62 53 67.78
.90 25 9 12,79 11  14.96 20 27.75
1.00 25 infeasible
.50 30 28 30,03 200 273.09 228 311.12
.95 30 converged to wrong point. infeasible.
«25 15 34 44,89 29  38.30 63 83.19
95 15 5 7.08 7 9.36 12 16.44
1.00 15 4 5.63 6 8.14 10 13.77
1.10 15 overflow
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EXAMPLE N. 2 A (5x11) Max, Unique solution
Phase I Phase I1 Total

o q Iter CPU Iter CPU Iter CPU
Simplex - - — — -_— =-— - .48
Karmarkar .25 40 111 197.88 85 149.39 196 447.27

.50 40 50 83.52 39 67.87 89 151.39

.75 40 29 49,65 27  47.09 56 96.74

.95 40 converged to wrong point. infeasible

.90 30 18 29.94 14  23.18 32 53.12

.50 30 41 73.28 23 39.13 74 112.41

.50 50 60 107.44 200 348.16 260 455.60

.85 50 converged to wrong point. infeasible
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Phase 1 Phase II1 Total
£ a q Iter CPU Iter CPU Iter CPU
. Simplex — - -— - -— == - .40
Karmarkar .25 15 34 47.31 38 55.25 72 102.56
90 15 16 20.86 23 31.06 39 51.92
«75 17 converged to wrong point. infeasible
.75 16 converged to wrong point. infeasible
ol 15 8 10.90 15 21.05 23 31.95
.90 15 6 8.40 13 17.0« 19 25.44
1.00 15 3 4,12 12 17.21 15 21.33
1:20 15 overflow
1.00 20 converged to wrong point. infeasible
1.00 10 3 4.35 8 10.82 11 15.17
1.20 10 overflow
.25 20 converged to wrong point. infeasible
.90 20 converged to wrong point. infeasible
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