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1. Introduction 

Many important optimization problems in management and engineering take 

the form of integer linear programming problems. Thus a great deal of recent 

research has been directed toward the development of algorithms that produce 

either exact or heuristic optimal solutions to such problems. 

In most cases the effectiveness of these algorithms can only be measured 

empirically, i.e., by comparing the performance of the algorithms on a specified 

set of test problems. Naturally, a large, diverse and widely available collec-

tion of test problems is required. Unfortunately, it is well recognized that 

the present supply of suitable test problems is quite limited; sound empirical 

research in integer programming has been correspondingly restricted. 

The effectiveness of any optimization procedure can ultimately be measured 

only against problems taken from the actual setting where the algorithm is 

proposed for implementation. However, data for such "real world" test problems 

are often strictly proprietary, or at least poorly documented and difficult 

to obtain. They may also reflect atypical characteristics of a specific 

application site. Thus, such test problems do not seem to offer a practical 

source of the great volumes of flexible test data needed by algorithm developers. 

For these reasons integer programming researchers, like empirical 

researchers in many other scientific fields, have often turned to "laboratory" 

abstractions of real problem data for a more adequate supply of test cases. 

The approach used is to randomly generate test problems from a population 

described by parametric problem properties (number of rows, number of columns, 

coefficient density, coefficient size, etc.). Such problems are synthesized 

by a generating code from a sequence of pseudo-random numbers. 
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Although they provide only models of true problems, and are thus subject 

IIto all the validation concerns inherent in any model, randomly-generated problems 

offer a variety of conveniences. Their number is virtually unlimited because 

each change in the seed of the pseudo--random number generator will yield a new 

problem. The problems are also compactly reported and communicated because only 

the code and the parameters are necessary to reproduce a test. Since problem 

characteristics are under the parametric control of the researcher, algorithm 

performance can be studied over a wide range of problem conditions. Perhaps 

most important, randomly generated problems provide the only available approach 

to measuring the effectiveness of complex heuristics designed for large-scale 

integer problems. When problems are too large to be solved exactly, one cannot 

know the degree of optimality of a heuristically-obtained solution unless the 

solved problem was generated so that its exact optimal solution is known a priori. 

In this context the authors and others ([ 3], [4 ], [5 ], [6 ], [7 ], [8]) II 

have proposed over the last few years a series of concepts and techniques that 

may be employed to generate random integer programming test problems with known 

parametric properties. This report presents the most recent and comprehensive 

product of that research. Under sponsorship of the National Bureau of Standards 

Division of Applied Mathematics, the authors have developed and preliminarily 

tested a generating code RIP (Random Integer Program) which controls, to at 

least some degree, a large number of problem properties usually considered by 

integer programming researchers to be importantly connected with algotithm 

performance. 

All problems generated by RIP are general linear integer or linear 

mixed-integer programs that are feasible and have finite optimal solutions. 

Coefficients in the constraints are integers, but costs are real. At the 

completion of problem generation, both an optimal solution to the full problem 

and the optimal solution to its linear programming relaxation are available to 
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the user along with the problem data. Table 1 outlines the parameters under at 

least partial user control in RIP. Details on inputs and outputs of the RIP 

code are presented in Section 8. 
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TABLE 1 

SUMMARY OF PROBLEM CHARACTERISTICS UNDER AT 
LEAST PARTIAL USER CONTROL WITH RIP 

Problem Size and Form  

• Number and Mix of Continuous, 0-1 and General Integer Variables 

• Number and Mix of Equality, Greater Than and Less Than Constraints 

Constraint Matrix Coefficients 

• Density of Nonzeroes 

▪ Nonnegative or Mixed-Sign 

• Magnitude of Nonzeroes 

Linear Relaxation Solution Properties  

• Mix of Fractional and Integer-Valued Basic Integer Variables 

• Mix of Tight and Slack Inequalities 

• Determinant of the Optimal Basis 

• Mix of Degenerate and Nondegenerate Basic Values 

Integer Solution Properties  

• Mix of Tight and Slack Inequalities at Integer Optimality 

• Percent Difference Between the Linear Relaxation and Integer Solution Values 

Similarity Between the Linear Relaxation and Integer Solution Vectors 
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2. A Random Cut Concept  

The most theoretically challenging aspect of generating random integer 

programs with known optimal solutions arises in guaranteeing a specified 

solution is optimal without explicitly solving the problem. Practical, 

necessary and sufficient conditions for optimality that would provide such a 

guarantee are not available for most integer problems. However, reasonable 

sufficient conditions can be formulated. Any problem construction which 

creates a solution satisfying such a sufficient solution can produce problems 

with known optima. 

In [ 4, 5, 6] Fleisher and Meyer developed one such set of sufficient 

conditions for integer optimality as a generating tool. The approach taken in 

RIP is quite similar, and identical in some special cases. However, it will 

be developed here from a very general random cutting plane point of view 

that is quite different from that of Fleisher and Meyer. 

To see the basic strategy of a random cut generator, assume that slack 

variables have been added to any inequality rows so that the generated problem 

is to have the form
1 

min 	cx 

s.t. 	Ax = b 

d > x > 0 

x, integer for j 
3 

1H ereand throughout this report upper case Latin letters represent 
matrices and lower case Latin letters represent vectors. The symbol 0 represents 
either a scalar, a vector or a matrix of zeroes as consistent with context. 
When particular components of a vector are discussed, subscripts are added to 
the vector name, e.g., xj  is the jth  component of x. 



liered...ortarlyslack -variablesamid.--1 for 0-1 variables. A 

system of cutting planes 

Hx > h 
	

(2-5) 

is said to be valid if every solution to (2-2) - (2-4) also satisfies (2-5). 

Furthermore, it is clear that any x that solves  (2-1) through (2-3) plus 

(2-5) and also happens to satisfy  (2-4) also solves (2-1) through (2-4). 

The random cut strategy combines this observation with the fact that 

(2-1) through (2-3) plus (2-5) form a linear program, and convenient optimality II 

conditions are available. If an integer problem and some implied valid cuts 

are generated so that a known solution solves the linear relaxation including 

the cuts, then the solution solves the integer problem as well. More specifically  

the strategy proceeds as follows: 

(i) Generate constraints of an integer linear program in the form (2-2), 

(2-3) and (2-4). 

(ii) Select a solution x that satisfies all constraints. 

(iii) Randomly select a number of cutting planes (2-5) from a large family 

of valid ones for the constraints (2-2) through (2-4). 

(iv) Construct costs c so that the specified x satisfies Kuhn-Tucker 

optimality conditions for the linear program (2-1) through (2-3) 

plus (2-5), i.e., so that c is an appropriate randomly weighted sum 

of the binding constraints at x . 

(v) Discard the random cuts and return the problems (2-1) through (2-4) 

to a test problem user. 

Clearly the difficult part of implementing this approach is finding a 

IIrich family of cutting planes for step (iii). In fact, cut generation is further 

complicated by the need to construct optimality conditions in (iv). Any cut 
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that is satisfied as a strict inequality by the solution x *  will have no role 

in the Kuhn-Tucker equations expressing c as a weighted sum of binding con-

straints. Thus it is not only necessary to find a family of valid cutting 

planes from which a random sample can easily be drawn, but all chosen cuts 

must be binding (satisfied as equalities) at x * . 

The family of valid cutting planes used in RIP is characterized by Lemma 

1 below. In that leuuua and all discussion later in this section, it will 

be assumed that A, x, c and d have been partitioned so that 

A = [B,M,N] 

where B is a specified basis matrix 

x = [xB ,xm ,xN ] 

c = [cB ,cm ,cN ] 

d = [d d d ] B' M' N 

M and N are characterized by the vector x, the basic solution corresponding to 

B. Specifically, 

X.113 = B
-1

b - -1 B NxN  (2-6) 

where all components of 	equal 0 and all components of xN  equal the correspond- 

ing components of dN . 

Lemma 1  

Consider the constraints 

xB = B
-1b - B 
	

(2-7) 

xm  ? 0 	 (2- 8) 
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xN < dN 
	 (2-9) 

x. integer integer for j tY . (2-10) 

Let RI,/  = 0, RN  = dN , xB  be as in (2-6), and k be an integer vector of the same 

dimension as xB  with nonzero entries only on components j belonging to T. Also 

let 

G
m 

= 12,13 1M 
	

(2-11) 

aN = 2,B-1N 
	

(2-12) 

and (f) = the fractional part of ZXB • 	Then if 4) > 0 the following is a valid 

cut for (2-7) through (2-10): 

14  7 	1 	7 
(21) 	1(XMj -XMil 

4_ 	
L
<0 

-Nj' 
( 
xNj -7cNj )  

a
Mj

>0 
(5M -- 	 GNj 

(2-13) 

+/ 	(-aMi )(xm  -N.) + 	 - (1) 
a
Mj

<0 	 a
Nj

>0  

Proof. The definition of 2, assures 9,xB  must be integer for any xB 

 satisfying (2-10). Since (0 > 0, either 2,xB  < 2,7B  - (1) or 2.xB  > 9,RB  + 1 - 4), 

i.e., either 

-gxB - xB)  > 
	

(2-14) 

Or 

£(XB  - xB) > 1- 4) 
	

(2-15) 

Substituting for xB  and xB  via (2-6) and (2-7), either 

1 
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or 

-t(-B lb + B 

- 1

Mxm  + B-1  NxN  + B
-1
b - 

-1 
B Nx

N 
 ) > 1 - cl) 

-t(B lb - B 

- 

Mxt,  - B
-1
NxN  - B-1b 	B-1  m-5e-M B-1  NxN) > 

-- 

Rearranging, and using the definitions of am  and 6N , either 

1 -43, 
 (am)(xm  - xm) + 10°  (aN)(xN  - xN) > 1 - 	 (2-16) 

or 

(-aM)(xM 	3"1,1) 	(-aN)(xN 	7c1I)  ?- 1  - 
	

(2-17) 

Now by definition of 	andd xN , together with (2-8) and (2 -9), 

(7cm  - xM) = (0 - xm) < 0 

(xN  - xN) = (dN  - xN) > 

Thus (2-16) and (2-17) can further be simplified to 

7 	(G ) 	
, 	- (1) 	v 	(a  )r, 	- x ) > 1 - 0 	(2-18) 

0 . L 	mj (Ni xmji 	0 	Nj"-Nj 	Nj 
Mj >0 	 Nj <0  

or 

j <6-CFMj )(XMj 	X141j) 	
aNj 

>0 (-aNj )(XNj - XNj

- 

) > 	 (1) 	 (2-19) 

Recognizing that if one or the other of the totals in (2-18) and (2-19) exceeds 

1-(1D, then so must their sum yields the cut (2-13). 

The derivation so far has developed a very broad family of cutting planes 

that can easily be generated by taking random linear combinations integer- 
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restricted rows of a constraint matrix expressed in terms of a given basis. 

It remains to show how cuts of this family can be made tight at integer 

optimality. The following lemma justifies the approach taken in RIP. 

Lemma 2  

Let x*  be a solution to (2-7) through (2-10), and let X, cl m , ax , t and 

be as in the hypothesis of Lemma 1. Then if 

(1) xMj  = xMj  whenever amj  > 0 

(ii) x
Nj

- 

 = xNj  whenever a
Nj 

< 0, and 

* < (xB - xB ) < 1, 

the cut (2-13) is satisfied as an equality by x* . 

Proof. From (iii), 2.(x/j; - xB) is a fraction. Now the fact that xB 

 satisfies (2-10) and that t has nonzero coefficients only on integer com- 

A-0 *  ponents of xB assures  xB  is an integer. Thus ,e(x,"3  - xB) = 	- ,xB  = fractional 

part (7tX
B
) = 1 - fractional part (ZX

B
) = 1 - 	On the other hand, substitution 

to x" and x
B- 
 via (2-7) gives 

- ;i13 ) = Z(B lb - 	- B
-1

Nx
* 
 - B

-1
b + B 
	

+ B-1 Nxii) 

1 

= -aM 6 M 	;-cM) 	aN (xIs; - 3(N)  

Using (i) and (ii), we have 

* = 	- xB) = 	(-am .)(x;.; - x

- 

m) + 	(-an .)(xN  - xN) 

	

a
Mj

<0 	j 	 a
Nj

>0 

Observation that (i) and (ii) render the first two sums of (2-13) equal to 

zero yields the lemma. 
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3. General Strategy  

RIP employs the theory in Lemmas 1 and 2, together with a series of 

well-known algebraic properties, to generate random integer programs in a 

sequence of four phases. The problem is generated in the form 

min cBxB  + cpxp  + ceQ  + c sxs  + cTxT 

 s.t. Bx.B  + Pxp  + QxQ  + Sxs  + TxT  = b 

O < xls  < dB  0 < xp  < dp  0 < xQ  < 
dQ 

O <x <d 	0<x <d 
S 	S 	— T 	T 

x. integer for jET 

Here B is the optimal basis matrix of the linear relaxation, P and Q collect 

nonbasic variables in the linear relaxation that change value in the integer 

solution, and S and T are nonbasic portions that do not change in the integer 

solution. P and S are distinguished from Q and T in that variables in P and 

S are nonbasic lower-bounded; those in Q and T are nonbasic upper-bounded. 

Thus, the M and N of Lemmas 1 and 2 satisfy M = [P,S], N = [Q,T]. At the com-

pletion of generation, columns are randomly 
1/ rearranged, so that algorithms 

cannot easily exploit this (B,P,Q,S,T) partitioning. As with Lemmas 1 and 2, 

x = (KB ,

- 

 xp,

- 

 x

Q' 

x
S'

- 

 xT

- 

) represents an optimal linear relaxation solution, 

x*  = 	 ' P 
(x*
B  x*' Q 

 x*
' S 
x*
' T 
x*) denotes an optimal integer solution, c = (c B, c

P' 
c
Q' 

c S' 
cT
) is the cost vector and d = (dB, dP'  d0,  dS' 

d
T
) is the vector of the 

1/ Here and in all further discussion the term "randomly" should be understood 
to mean any outcome in the required range is equally likely. 
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upper bounds. The problem may have any specified mix of equality rows and 

inequality rows, but we shall imagine adding slack variables to x for all 

inequalities. 

Phase 1 of generation concentrates on the optimal linear relaxation 

basis matrix, B. Taking advantage of the well-known fact that any integer 

matrix can be reduced by elementary row and column operations to a diagonal 

matrix, B is constructed as 

B = R
1
D C

-1 	 (3-1) 

where R
1 

and C
-1 

are integer, triangular, unimodular matrices, and D is a 

diagonal matrix. The factorization of (3-1) will be seen to facilitate con-

trol of numerous properties of B and the corresponding basic solution components 

xE  and xE  

Simultaneously with the creation of B in Phase 1, a matrix L of cut 

multipliers is generated. Each row of L produces one linear combination, 

vector in Lemmas 1 and 2. Basic solution vectors XB 
and x*  are created 

to satisfy, property (iii) of Lemma 2, i.e., 

0 < L(x: - XE) <1 

as well as numerous other user-specified parameters. 

Phase 2 of RIP centers on P and Q, the nonbasic sectors where x may 

differ from x* . Sign conventions are enforced so that all cut coefficients, 

LB
1 (P,Q), have the signs required by properties (i) and (ii) of Lemma 2. At 

- - * 
the same time coefficients of P and Q, and solution segments xp, x

Q
,x
P 

and 

x* are chosen so that 

B(xB  - x11) + P(ip  - x;) + Q( Q  - x;) = 0 	 (3-2) 11 

* 
i.e., so that the problem will be feasible with x = x and x T 

= x* 
T. 

12 



RIP's Phase 3 turns to costs, c. Random, feasible and complementary 

dual multipliers, u for the main constraints and v for cuts, are generated 

for both the linear relaxation and the integer solution. The implied cost,c, 

is then computed by the Kuhn-Tucker equation as the specified sum of binding 

constraint and cut rows. Finally, a reduced-gradient-like procedure is 

employed to make the cost yield as nearly as possible the desired ratio of 

the optimal linear and integer solution values. 

Problem generation is completed in Phase 4. The relatively free S and 

T segments of the problem are generated to produce the desired A matrix 

coefficient density while retaining Kuhn-Tucker optimality of both the 

linear and integer solution. The right-hand-side vector, b, is then com-

puted via direct substitution of one generated solution vector into the con-

straints. 

13 



4. Phase 1: Basic Aspects and Cuts  

The first major phase of RIP generates the optimal linear relaxation 

basis matrix B, corresponding solution and bound vectors x B , 3q3' and dB , and 

the cut-creating linear combination matrix L. To assure B will be the basis 

produced by any linear programming code, x is constructed as the unique linear 

relaxation optimum. The dimension of B is, m, the user-specified number of 

constraint rows. As outlined above, B is generated in factored form (3-1), 

where R 1 and C
-I are integer, unimodular and triangular matrices, and D 

is a matrix with diagonal entries S. satisfying 

Determinant (B) = Ii S i  
1=1 

S i  integer for i = 1,2,...,m 

(4-1) 

(4-2) 

S i  divides 6 1+1  for i = 1,2,...,m-1 	 (4-3) 

RIP users may specify the S i directly or merely input the desired determinant. 

In the latter case, RIP computes a (5 factorization that minimizes the number 

of(S.=1.Ineithereventthe6.are available at the beginning of : ase 1 

and establish the determinant of B. 

Let b be the corrected right-hand-side when nonbasic upper-bounded vari-

ables in the linear relaxation solution have been considered, i.e., 

-1 	-1 	-1 	-1 

	

b = b- B Px - B Qx
Q 

- B-1 	- B TxT 

If xB 
is to be feasible in the linear relaxation, we must have 

14 



BxB = R1DC
-1Tc.13 	 (4-5) 

At the same time x
B- 
 must satisfy a series of specific conditions on its makeup 

(no. fractional components, etc.). 

For ease in later generation of P, Q, S and T, RIP constructs an all-

integer b. The approach taken is to first construct xB  with all the desired 

properties and then choose C-1  so that C
-1- 

 xls  is of the form (y 1 /(5 1 ,y2 /6 2 ,...,ym/c) 

with all y i  integer. Clearly if C_ lxB  has such a form, b = Bx B  = R 
1 
 DC

-1- 
 xB  will 

be integer. 

To generate xB  we shall introduce a categorization of the rows.
1 Rows 

1 through m
slk 

will have an inequality slack as the basic variable at linear 

relaxation optimality. Rows (mslk int 

	

+1) through mint 	have integer-restricted 

(jElOdecisionvariablesbasicatintegervalues.Rows(mint
+1) through m 

cont 

will have continuous (not integer-restricted) variables basic. Finally, rows 

mcont
+1 through m will have integer-restricted variables basic at fractional 

values. If the first three groups are further subdivided as to whether the 

row's basic variable is degenerate (X = 0 or d Bj ) or nondegenerate 

	

B 	
d 

	

j 	
Bi 

(0 < xBi

- 

 < dBi ), it is clear that any mix of xB  characteristics mandated by 

the "Linear Relaxation Solution Properties" in Table 1 can be easily constructed. 

Moreover, control of the number of nondegenerate rows among the first mslk 

is exactly control of the fraction of tight constraints at linear optimality. 

Of course row categories for any grouping not present in the desired problem 

form (e.g., continuous variables in an all-integer problem) is merely omitted 

in the above. 

RIP generation of x
B- 
 begins with creation of dB

. The first mslk 
components 

are + 00, integer variables which are to be 0-1 have dBj  = 1, and all 

other dBi 
are drawn from a uniform distribution over the 

lj As with the column categorization, row sequence will be randomized at the com- 
pletion of problem generation, so that row categorization cannot be easily 
exploited by an algorithm. 
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(4-8) 

(4-9) 

allowablerange.Eachx
5.1

- 

	
is then constructed as n./T i  with integers n.

1 
 and 

T i  satisfying 

• Either n. = 0 or n. = d
Bi

T
i 

for degenerate rows i 
1 	1 

• 0 <.

- 1

/T. < dBi 
 for i = 1,2,...,m 

—  

(4-6) 

(4-7) 

• T i  divides T . 
	
for i = 1,2,...,m-1 

• T
m 

divides d
m 

of D 

• Ti  divides ni  for i = 1,2,...,i f-1 

• Ti  and n i  are relatively prime for i = 

Here i
f
indexes the starting point of the fractional portion of x

B- * 
Clearly 

(4-6) and (4-7) assume x
Bi 

= n
i
/ T

i 
is within its bounds and degenerate where 

required. Also, (4-10) and (4-11) make X
Bi 

integer for i < i
f 
and fractional 

thereafter. Properties (4-8) and (4-9) will be exploited below in the genera-

tion of C
1 . Our assumed row categorization, together with the requirement 

	

that b be integer, leave anyicm  int+1 ' mc 	
an admissible choice for i f . 

on r 	 +it i   

RIP selects i
f 
randomly within that interval. Denominators T

i 
satisfying (4-8) 

and (4-9) are obtained by randomly "sliding left" the S i . The T
i 
with 

1 < i < i(1) all equal the first non-unit 6 k' 
say 6k(1); those in the interval 

i(1)+1,...,i(2) equal 6k(1)+1: etc. 

The next generation step is creation of C
-1

. Although entries may be 

added or deleted to affect problem density, the general form of RIP's C
-1 

matrix is 
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mslk 
m. 
int 

m
cont 

m 

(4-12) 

The matrix is upper triangular. All rows have +1 diagonal entries, so that 

C
-1 is unimodular as required. Each row also has at least one integer entry, 

a., in the shaded area to the right of the diagonal. 

Observe that (4-12) is further subdivided according to the row categories 

already introduced. Here, and in many later generation steps, different row 

and column groups will receive different treatments. In (4-12) columns 

1,2,...'mslk are positive or negative unit vectors so that corresponding 

columns of B will be appropriate for slack variables. A block of zeros is 

maintained above the diagonal in (4-12) to facilitate cut computations at 

(4-17) below. 

When row/column groups are treated differently, a greater variety of 

problems can be obtained if all or nearly all possible combinations of treat-

ments actually occur. The "effective integer area boundary," 
 m int' of (4-12)  

is derived with such considerations in mind. If user input precludes enough 

rows in the interval [m. +1, m
cont ja s110-1' m int -  ] some of those in r 	 1 are 

int 

17 



transferred to create an "effective continuous region", [ra' +1, m 
int 	cont 

with m +1 < 	<m 
slk — int — int .  

Recall that we wish to have 

I 

-1- 
C xB  = (y1 /6 1 ,y 2 /5 2 ,...,ym/dm) 

for integers yl ,y2 ,...,ym . Property (4-9) makes this automatic for row m. 

To accomplish it for other rows, we must choose some C
-1 

coefficients rather care-

fully. Specifically, when there is exactly one ai  in the shaded part of each 

(4-12) row, we must have 

Y. 	n 	n k 
d 

= —i + a. — , 	 (4-14) I! 
i t i 	Tk 

where k > i is the column of C
-1 containing ai . Rearranging (4-14), yields 

the diophantive equation form 

(Tk)y. + ( -fl 6.)a. = (n.6.Tk  /T.) il 
(4-15) 

with unknown integer variables y
i 
and a

i
. The right-hand-side is integer 

because k > i and (4-8). A solution can easily be obtained by the Euclidean 

algorithm (see Blankinship 	]) if gcd(Tk , -110 i), the greatest common divisor 

of (Tk) and (-no i), divides (l icS iTk/T i). To see that this will always be the 

true recall properties (4-8) through (4-11). If k > i f , (4-11) assures 

gcd(Tk , -rik6 i) is the came as gcd(Tk , -S i), and so divides (n iTk/T i) times S i . 

If k < if , (4-10) makes Tk  = gcd(Tk , -n0 i). But since i < k must also be 

less than i
f' 

T
i 
divides n.. Thus the right-hand-side for this case is the 

required integer multiple of Tk . 

The next problem component to be generated is x -'11, the basic segment of 

the solution that is to be integer optimal. Non-slack components of xB are 

generated by shifting x
B 
values up or down to integer-feasible values. Where 
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options are available in choosing 	a special RIP distance distribution 

- 
selects IxB  - x12. 1 relatively large or small as indicated by a user parameter.

—/ 

Slack components of x; are chosen to satisfy the desired degree of integer 

solution constraint slackness. The linear relaxation basis contains a user-

specified number of positive-valued slacks and a separate number of zero-valued, 

degenerate slacks. A third user parameter selects how many of these slack 

variables are to be positive in the integer optimal solution, 4. Thus by 

controlling the three parameters, the user can make the x solution more or 

less tight than the x*  one and either can be very tight or very slack. 

To see how to complete the basic sector of our problem, we first look 

ahead to the generation of RIP's random cuts. The cuts are created by an 

integer linear combination matrix, L, having the form 

1 mslk 
	

mint 
	m

cont 

(4-16) 

Zeroes in columns for the slack (i < i < m 
S1 
„

K.
) and continuous (mint < i < m cont) 

— — 	 —  

sectors assure that rows of L place weight only on integer-constrained variables 

as required for Lemma 1. The number of rows of L is the user-specified number 

of random cuts. 

1/ See Table 3 below for details of the distribution. 
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The cut-controlling matrix, L, is constructed in the form 

 L = FC
-1  

where F is an intermediate integer matrix of the form (4-16). The carefully

-1placed zero block of C 	(see (4-12)) assures the (4-16) structure of F is 

transmitted to L = FC . 

To conform to condition (iii) of Lemma 2, an L generated via (4-17) must 

satisfy 

0 < L(x; - XB ) = i[c-1 (x; - xB)] < 1 

At the same time, we shall wish to control the sign of LB
-1 to achieve condi-

tions (i) and (ii) of Lemma 2. Define F = LB -1 . The scheme employed in RIP 

requires 

1 

F0 = LB-1Q > 0 

whereQisadiagonaLorientationmatrix-Diagonalentriesw.of 0 are 0 on 

slack (1 < 	
ni 	

and continuous rows (m. 	< 	
Imcont) rows; co. equals +1 

slk 	 int 	-- 	 1 

or -1 elsewhere, with greater than or equal to inequalities having +1, less 

than or equal to inequalities having -1, an equalities having a random choice. 

	

* - 	 - 
When xB and C

-1 
are completed, C -1  (xB - xB) is easily computed. F is 

then randomly constructed--one row at a time--to satisfy (4-18) and take a first 

step toward (4-19) by keeping 

FQ > 0 
	

(4-20) 

Components f ki 
conforming to (4-16) and (4-20) are generated in random i-order-- 

each a random portion of the remaining slack in the inequality 

0 < f kC
-1

(x* -x
B  ) < 1 . 
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Now by (4-17) and (3-1) 

-1 	-1 -1 -1 -1 	-1 -1 	-1 F = LB = (FC )(R DC ) = FC CD R = FD -1R 

F and D
-1 

are fixed, so our one remaining opportunity to satisfy (4-19) is 

through picking R to obtain 

FDRQ > 0 

(4-21) 

(4-22) 

On the other hand B = R 1D - must still lead to a difference B(x *  - xB ) 

that can be matched in the P, Q, S and T portions generated later. The specific 

requirement is 

1 	* 
0 < QB(x31 - TrB) = OR DC

-1 
 (x$ - xB) 

The only unfixed component is R
1 , which must at the same time be integer, 

(4-23) 

lower triangular and unimodular. 

RIP's strategy for meeting these specifications on R and its inverse is 

essentially one of careful bookkeeping. The R form generated is 

ms lk 

    

 I 

mint 

mcont 

  

(4-24) 
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Diagonal elements are all 1 to assure unimodularity of R-1 . The first mslk 

vectors of both matrices are unit vectors, so that R = R - 1DC-1  has unit 

vectors for basic slack variables. The zero (unshaded) block at the bottom of 

1 	 - 
columns mint+1  through mcont  assures that FD, which has the structure of 

(4-16), times the R of (4-24) will yield an LB -1  of the form (4-16). Shaded 

elements of R and R
-I are generated randomly, one column at a time. Running 

totals are maintained on the conditions (4-22) and (4-23) to assure they are 

simultaneously satisfied in the results. 

This approach is greatly facilitated if R and R-1  can be thought of as 

being generated simultaneously. To achieve this simultaneity, one additional 

technique is employed. If at any time an entry of R's column i is placed in 

row k (>i by triangularity) then when the time comes to generate column k, 

it is left a unit vector. The effect of this scheme is to make off-diagonal 

entries in R-1 the negatives of those in R. 
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5. Phase 2: P and  0 

Phase 2 of RIP generates the P and Q sectors of the problem, i.e., 

variables that are nonbasic in the linear relaxation solution, but may change 

value in the integer solution. The P variables are nonbasic lower-bounded 

at linear optimality and the Q variables are nonbasic upper-bounded. 

As with Phase 1, the process begins with the generation of appropriate 

upper bounds, dp  and dQ . RIP permits no slack vectors in P and slack vectors 

cannot be nonbasic upper-bounded (e.g., in Q). Thus all dp i  and dQj  are 

finite, with those for 0-1 variables fixed at 1 and others randomly chosen 

within the user-controlled range. 

The second Phase 2 step is selection of the solution vectors R p , xo , 

Xp*  an 	N. 	By definition and 	* 

X 	= 0 (5-1) 

RQ  = dQ . (5-2) 

Values of xP and xt are random integers satisfying 

dp  > 	> 0 (5-3) 

dQ >xQ >0 (5-4) 

andchosentoconformtoM"suser -controlleddistributionof1 3 1.21  

Generation of the coefficient matrices P and Q is the most complex 

aspect of Phase 2. These coefficients must simultaneously assure conditions 

(i) and (ii) of Lemma 2, and feasibility of the R and x *  solutions. The 

* 
P 

- 
T feasibility requirement is (3-2) because 	= xS x = xT implies no deviation 

1/ 
See Table 3 for details. 	23 



, 	 ...• . 

, , 

between linear and integer solution row sums can be'resolved after P and Q are 

set. In our full matrix form, conditions (i) and (ii) of Lemma 2 mandate 

LB-1P = FP < 0 
	

(5-5) 

and 

LB -1Q = FQ > O. 	 (5-6) 

To meet these requirements we generate P and Q in the format 

Q 

mslk 

mint - 	-- -- - • • -- 	--1 . . 	) -*:`-'::I'" ...7,t11r...„..;p 	.. ..„._, ,, 	 .2,-, 	.4re. 	. . „."."5.-'14_,.,, ,  ,c-4144• 	_...i. 00.,  .,.n..,....  ...„0- ....".48,t_I-,t . 	• :),......v . ...,-,..,...c-e ■..,77 	7 , ;,:745,1."t',:lli,  

'` 	
iir'.  . 

	-  
4 	 _,. ... 	

. 

	' - 	• 	- -- 	 .7 '-`',,,f" 	. . , 	_ ..... 	t. - 	,!:. 	--rf-1'",.97 '''...:1 .' ..-;. jfr,i4.. - . ,- ,....,..n..6..71.n...4 . ■44,;,: , .,..-"''- m
cont     	 ?-., ,. 	ii— .•...-,w'-••;411 ,-,-4c71 • ..L •11:'- - 

(5-7) 

Coefficients of the slack and continuous rows regions (solid shading) are 

unrestricted in sign. Coefficients p ij  in the integer (cross-hatched) areas 

of P must satisfy the sign convention 

w.p 	< 0 
ij — 

where the Co. are as defined in Section 4. Integer-region coefficients 

of Q conform to 

(5-9) 

Of course, if the user specifies the A matrix to be nonnegative, no negative 

coefficients are created in any part of P and Q. 

Recall that F has the form (4-16) and that its columns are oriented so 

(5-8) 

q ij  
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that FQ > 0. This implies slack and continuous rows will receive zero weight 

when F premultiplies either P or Q. Sign orientation of integer rows in (5-8) 

and (5-9) yields (5-5) and (5-6). 

The remaining issue is feasibility, i.e., (3-2). Phase 2 constructs 

feasibility by generating rows of (P,Q) one at a time. Coefficients are chosen 

in random column order to conform to (5-8) and (5-9), each being formed as a 

random portion of the remaining slack in (3-2). It is important to note that 

it might be impossible to achieve feasibility with (5-8) and (5-9). Together 

with (5-1) through (5-4) those limits show 

	

Q[P(TCT, 	Q(XQ 	X;)] 

= O[P(0 - 	+ Q(d - x;] > 0 	 (5-10) 

However, from (4-23) we know OB61  - 	< 0. It follows that suitable p ij  

and q.. can be found to make each row of (3-2) sum to 0. 

Although it may have little practical significance, it would be at least 

esthetically displeasing if continuous variables always took on integer values 

in RIP solutions. We have already seen that choice if i f  in (4-10) and (4-11) 

allowsarandomnumberofcontinuousx_b
.to be fractional. A final adjustment 
l 

to continuous xpi  and xclii  assures some of them are fractional in the RIP 

integer solution. The above generation process is first completed with all 3.c!. 
rj 

and x*
4j 
 integer. Then, for continuous components, a denominator V. is generated 

as 

	

v .  = d
J
jgcd(d.,x!) 	 (5-11) 

	

J 	 J J 
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Achangeofvariablesreplacesx.by x./v. 
J J 

Correspondingly revision of problem 

data as 

P. = v.P. or O. = V.Q. 	 (5-12) 
J 	J J 	 J J 

C. 	 (5-13i 
J J 

	

d. = d./v. 	 (5-14) 
J 	J J 

	

x. = x./V. 	 (5-15) 
J 	J J 

	

x. = x'!/v. 	 (5-16) 
J 	J J 

creates some fractional x
* without impacting other problem properties. 
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6. Phase 3: Costs  

Suppose for the moment that S and T are vacuous. Then, in addition to 

the already-assured basic structure and primal feasibility, Kuhn-Tucker opti-

mality conditions for the linear relaxation problem are 

c
B 

= u

- 

B 	 (6-1) 

c > u

- 

P 	 (6-2) 

cQ  < u

- 

Q 	 (6-3) 

u i 	0 for id' 	 (6-4) 

u.

- 

 < 0 for la. 	 (6-5) 

u.

- 

 = 0 for rows i slack at x 	 (6-6) 

where u is an optimal dual solution, F = {i: row i is a greater than or equal to 

inequality} and A = 	row i is a less than or equal to inequality}. Condi- 

tions (6-1) through (6-5) assure dual feasibility, and (6-6) plus the equality 

in (6-1) provides complementary slackness. The strict inequality of (6-2) and 

(6-3) is valid because xp  = 0, x
Q

- 

 = d Q  and necessary because the x 

- 

solution 

is to be unique. 

In terms of the P, Q, S, T partition, cut (2-13) have the form 

 

f P (x . - xn.

- 

) 	/ 	 f Q.(x , - x .

- 

) 
k j Pj 	rJ 	f Q.<k 	k J QJ 	QJ 

j f P.>0 	(I)k 
k j 

 

+ 	X 	
(-fkj 

P.)(x
Pj 

 . - 	. Pj) + 	
(-fkJ 

Q.)(x
QJ 
 . - Q.) 

fkj 
P.<0 	 f

k 
 Q.50 

(6-7) 



f S.>0 	k 	
k j 	Sj 	f T.<0 	ic  

k j 	 k j 

	

y f S.(x
Sj  - 	.) 	Y   fk j 

 T.(x
Tj 
 - x

Tj 
 .) 

	

1 -11) k 	 1-q 

+ 	(-f S.)(x 	- X ) + 	(-f T.)(x 	- X ) 	1- 
k 	Sj 	Sj 	 k j 	Tj 	Tj > 

	
—4) k 

f S.<0 	 f T.>0 
k j 	 k 

where clp ic  is the fractional part of .e. kXB , .2k  is the kth row of L, and 

fk  = .ekB
-1  , the kth row of F. However, the sign conventions (4-19), (5-8) 

and (5-9) assure the first two sums are vacuous. Moreover, primal feasibility 

gives the equality 

B(xB  - x

- B

) + P(xp  x

- p

) + Q(xQ  - xQ) + S(xs  - Xs ) + T(xT  - xT) = 0 	(6-8) 

Adding fk  times (6-8) to (6-7) and simplifying, gives the restated cut 

	

tk (xB  - xB) + y 	— f s.(x - 	) + L 	— f T (x 	- x ) > 1 th ( 
1 1 

	

f S. 	 -J 	Si 	f
k
T
j
<0 (I)k k  j Tj 	Ti" 	

--'k (6-9) 	II (!) 	k 	q" 

k
>0 k 

j 

It is in this (6-9) form that RIP considers cut rows in constructing 

integer optimality. Note that the coefficient row for x B  is Lk ; xp  and xQ  

have zero coefficients. Accordingly, integer optimality conditions corres- 

ponding to those of (6-1) to (6-6) are 

c
B 

= u*B + v*L (6-10) 

c 	= u*P (6-11) 

cQ = u*Q (6-12) 

v* > 0 

u* > 0 for iEF 
i — 

u* < 0 for iEA 
i — 
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u. = 0 for rows i slack at x *  
1 

(6-16) 

Here u*  is an integer-optimal dual multiplier for the main constraints and 

v*  is the corresponding dual multiplier for the cuts. 

Of course, full optimality conditions must also include the sectors 

corresponding to S and T. However, the requirements imposed by those rela-

tively "free" matrices are easily satisfied. Thus RIP proceeds to pick dual 

multipliers and costs in Phase 3 considering only (6-1) through (6-6) and 

(6-10) through (6-16). Corrections will be added for S and T in Phase 4. 

The approach taken in Phase 3 is to first construct u, u * , v* , c
B
, c

P 

and cQ  that provably satisfy the above conditions, and then to search for 

choices that produce a ratio of the optimal integer and linear relaxation 

solution values closely approximating the user-specified value. The first 

constructed solution derives from randomly generated nonnegative vectors 

v*  and r* , together with their sum 

r = r* + v* 
	

(6-17) 

The u and u*  are then created as 

u = rF 
	

(6-18) 

u*  = r*F 	 (6-19) 

Initial cB, cP and cQ 
 follow directly from u, u *  and v*  via (6-10), (6-11) and 

(6-12). 

Recall that F has zero columns in the slack area and nonzero columns 

oriented positively for id' and negatively for lc/1. These facts, together 

with nonnegativity of r and r *  demonstrate our construction satisfies (6-4) 

through (6-6) and (6-13) through (6-16). Properties (6-17) through (6-19), 

together with (5-5) and the (6-11) cost computation yield 
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UP = rFP = r*FP + v*FP < r*FP = u*P = c 
	

(6-20) I 

Similarly the dual construction plus (5-6) and (6-12) gives 

uQ = rFQ = r*FQ + v*FQ > r *FQ = u*Q = cQ 	 (6-21) II 

Finally, (6-1), (6-17), (6-18), (6-19) and F = LB-1  lead to 
	

I 
cB 

= uB = rFB = r *FB + v*FB = u*B + v*L 
	

(6-22) 

Relations (6-20), (6-21) and (6-22) essentially prove (6-2), (6-3), and 

(6-10), respectively. The only issue is whether inequality in (6-20) and 

(6-21) is strict. Such will be the case if v *FP and -v*FQ are strictly posi-

tive vectors. RIP addresses this requirement by rejecting columns P. and, Qj  

inPhase2thatdonotsatisfyFF.>0 and FQ. < 0. That rejection scheme 

together with a choice of v -  strictly positive Phase 3 assures that this 

strict inequality carries over to (6-20) and (6-21). 

Before proceeding to the cost improvement procedure, we consider one modi-

fication. The (4-16) structure of F, together with (6-18) and (6-19) pro-

duces not only the desired (6-6) and (6-16), but also 

u = u = 0 for i = m. 	...,m cont .  

However, it is easy to see that none of the proofs (6-20) through (6-22) are 

impacted by making such U
. 
and u* nonzero, so long as they remain equal. The 

actual RIP construction assigns such nonzero values to the continuous region 

u. before computing c's. Of course, the values are chosen to conform to 

(6-4) and (6-5) or (6-14) and (6-15). 

For a user-specified fraction, 	of the gap between the optimal linear 

relaxation solution value 	that of the integer optimum, we would like to 

have 
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q, cBB (x*  - XB  ) + c
PP 

 (x! - X
P 
 ) + c

Q 
 (x*  - X

Q 
 ) 
 

Ic
BB 
x! + cP  x*P 

 + c
Q 
 xI 

(6-23) 

Substituting for c
B'  cP 

 and cQ  via (6-10), (6-11) and (6-12), and collecting 

terms gives 

* 	 -* * [B(3011 - XB) + P($ - Xp) + Q(xQ  - xo)] + v* [L( AB  - X B)] 
P 

+u* [Bx*  + Px*  + Qx* 1 + v* [Lx* ] 
Q — 

(6-24) 

where the plus denominator applies when cx *  > 0 and minus is chosen otherwise. 

Primal feasibility of (3-2) implies the u *  term of the (6-24) numerator is 

always zero. Under our Phase 3 convention that S and T are vacuous, the u * 

 term of the denominator is + u*b. Thus the objective function gap ratio 

can be rewritten as 

v 	x * L( * B - xB
) 

0(u*  v*) - + 
* 

	

. 	* u*b + v L(x
B - xB) 

(6-25) 

with + as in (6-24). 

Phase 3's cost ratio improvement procedure interatively modifies u and v* to 

bring 0(u* ,v* ) closer to the user-specified 4. Of course, care must be taken 

to assure that the optimality conditions constructed above are maintained. 

Specifically, the implied 

u = c
B
B 1 = u

* + v*F 
	

(6-26) 

must continue to satisfy (6'-1) through (6-6); u* and v* must fulfill (6-13) 

through (6-16). 

At each iteration, the direction of change in (u * ,v*) is derived directly 

from the gradient of 0(u* ,v*). If E(u*  ,v*  i ) is too small, the direction parallels 
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the gradient; if e(u * ,v* ) is too large, the negative gradient is used. Each 

step proceeds until a satisfactory O(u *v*) is reached or until further move-

movement would violate one of the constraints on u *  and v* . Thus, the scheme 

can be viewed as a reduced gradient algorithm (see for example Bazaraa and 

Shetty [ 1]) truncated when an objective function threshold is reached, or 

when a basis change would be required. 

1 

32 



1 

v- 

11  

7. Phase 4: S, T and b  

The only remaining elements of our problem to be fixed are the right-

hand-side vector b and components connected with the nonbasic submatrices 

S and T. Phase 4 sets these problem segments. 

As with other phases, the process begins with the generation of appropri-

ate upper bounds d s  and dT . S may contain slack vectors that must have 

dsj  = co. Components of either xS  or xT  that are to be 0-1 variables must have 

dsj  or dTi  equal 1. All other upper bounds are picked randomly over the 

allowed range. 

Once ds  and dT are set, the definition of S and T mandates 

1 

1 2s = 4 = (7-1) 

T = xT  * = dT . 	 (7-2) 

The next step is generation of the S and T matrices themselves. Since 

(7-1) and (7-2) hold, S and T figure neither in primal feasibility nor in cut 

tightness. Thus they are essentially open to completely random generation. 

RIP uses this opportunity to establish the user's desired density of nonzero 

entries in the full constraint matrix, A. The total number of entries so far 

generated in B, P and Q is counted, and the desired remainder placed randomly 

through S and T. The only restrictions enforced are that each column must 

have at least one entry and that S and T are nonnegative if the user desires. 

Completion of S and T makes possible direct calculation of b via 

	

b = BRB  + P2p + QRQ  + Sx5  + TiT 	 (7-3) 

or equivalently 
	= BxB + PxP + QxQ + Sxs + TxT  
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The last needed problem elements are costs c and c
T
' In terms of the 

dual multipliers u *  and v *  generated in Phase 3, integer optimality requires 

v* f k   
c 	

k  
Sj > u

*
S. + 	1 	S. for all j 	 (7-4) 	II 

— 	j f S.>0k 	J k j 

v* f 
c 	< u*T. + 	

k  T. for all j 	 (7-5) 
Tj — 	j fk T.<0 (i)k 	J 

where f
k 

and cl)k 
are as in (6-9). Noting (6-13), (6-26) and 0 < cl)k 

< 1, 

and 

v* f 
- 	... 	r 	* 	 k k s 

J 	j 
uS.=u"S.+L (v f )S. < u *S. + 	1 	4) 	j k kkj— 	j f S.>0 	k 

k j 

v*f 
uT.=u*T.+1 (v*f- )T. > u

*T. + 	X 	
k k • 	T 

kkj— 	j f
k
T
j
<0 (Pk 	j  

(7-6) 

(7-7) 

1 

We can conclude that the linear relaxation optimality conditions c Sj 
> USj 

and c
Tj 

< uT . will hold if (7-4) and (7-5) are satisfied as strict inequalities. 

Phase 4 computes c s  and cT  in exactly this way. 

The term c
S  xS 

 = c3 (0) has no effect on the cost ratio (6-23). However, 

cTxT  does add the constant cTxT  = cTxT  = cTdT  to the denominator. Thus, some 

final adjustment is necessary to be sure the cost ratio balance achieiied in 

Phase 3 is not destroyed in Phase 4. 

As a function of a denominator constant, E, the ratio (6-23) is 

(ex*- cX)  
0( c) = l cx* + El 
	 (7-8) 

Figure 1 plots a typical e(E). Observe that a given vi > 0 can be achieved at 

1 
1 
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either of two E I S. One makes the denominator cx *  + E < 0, and the other has 

cx* E > O. These cases can be loosely interpreted as making the generated 

problem a maximization or a minimization respectively. 

The last step of Phase 4 is to increase or decrease the c Tj 
and d

Tj 
to 

achieve one of the two available Cs. If both can be achieved while (7-5) 

remains a strict inequality, the nearest is selected. Otherwise, the RIP 

chooses the one E that can most nearly be attained. 

On some individual problems it may not be possible to reach either 

without violating (7-5). RIP partially anticipates this difficulty by 

empirically biasing T. coefficients and the Phase 3 ratio goal toward Phase 4 

flexibility. Although initial testing showed these adjustment techniques 

are sufficient, only approximate fulfillment of the user-specified ratio can 

be guaranteed. 
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8. Using the RIP Generator  

The RIP generator is implemented as a series of (relatively) machine . 

independent FORTRAN subroutines, all having names beginning with the three 

letters RIP. Users need only prepare a proper call to subroutine RIP. 

That routine supervises all subsequent generation activities and finishes 

by returning the problem to the user's program. 

The problem that is returned should be thought of in the form 

min cx 

S t A(Ks) = b 

d>x> 0 

xs 0 

x. integer for jeT 

Here x
s 

is a vector of slack and surplus variables of inequality constraints 

and all other notation is as above. The call to RIP that yields such a problem 

has the format 

CALL RIP (AAA, ACOL, RHS, CCC, DDD, ROWTYP, 

* VBLTYP, XBAR, XSTAR, DENBAR, DENSTR, SOLBAR, SOLSTR, 

* PARAM) 

CCC, SOLBAR, SOLSTR and RHS are real,-
1/ but all other parameters are integer. 

Details of their definition and meaning are given in Table 2. The following 

definitions apply throughout 

n = the dimension of x, c and d 

s = the dimension of x
s 

m = the number of rows in A, i.e. the dimension of b 

x = an optimal vector x for the linear programming relaxation of the 
full problem 

1/  DOUBLE PRECISION for UNIVAC or IBM, REAL for CDC. 
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Item Description  
Required User 
Dimension 

 

Notes 

    

TABLE 2. ELEMENTS OF THE RIP CALL 

AAA The list of nonzero components 	(2, max{1000,0) 
in the A matrix, packed by 
columns. 	 1/ 

where for single precision 

t,‘,l ,20m+5n+3n(m+no.cuts)(A matrix density) 
3. 

 

	

and for double precision 1/— 	4. 
tk;40m+5n+3n(m+no. cuts)(A matrix density) 

AAA(l,k) = The row number in which a non-
zero entry falls 

AAA(2,k) = The nonzero entry 

Unusually large dimensions are required 
because AAA is also used by RIP as tem-
porary work area 
The A matrix density (times 1000) is 
specified in PARAM. 

1.  

2. 

ACOL The vector of right AAA sub
scripts corresponding to the 

(n+s) 1. Nonzero entries for column 1 are in AAA(l,k) 
and AAA(2,k) 	for k=1,2,...,ACOL(1). 

last entry for a particular 
column 

2. Nonzero entries for column j > 1 are in 
AAA(l,k) and AAA(2,k) for k=ACOL(j-1) +1,..., 
ACOL(j) 

RHS The right-hand-side vector b (m) 1. RHS is really . 

CCC The cost vector (ms's) 1. CCC is real 
1/ 

DDD The upper bound vector d (n+s) 1. DDD(j) 	will equal 1 for a 0-1 x. 

ROWTYP A vector of codes showing the 

form of each row 

(m) 1. ROWTYP(i) = -1 if row i is > 

0 if row i is — 
+1 if row i is < 

VBLTYP A vector of codes showing 	the 
type of each variable 

(n+s) 1. VBLTYP(j) = 1 if j refers to a surplus variabl 
for a > constraint 

= 2 if j refers to a slack variable 
for a < constraint 

= 3 if j refers to a continuous 
variable 

= 4 if j refers to a general integer 
variable 

= 5 if j refers to a 0-1 integer 
MIN NM 	Mt. MI MIN 	 IIMI, INN MB AMC, MI 	 MN MI MI 



Notes 

1. x can be obtained from XBAR by 
dividing all entries by DENBAR 

1. x*can be obtained from XSTAR by 
dividing all entries by DENSTR 

1/ 
1. SOLBAR is real— 

1. SOLSTR is real1
/  

1. See Tables 3 and 4 for definitions and 
restrictions on parameters 

TAB.2  TfaT;Drser r r 	err as mos 'raw r 	 r r owl 

Required User. 
Description 	 Dimension  

The vector of numerators of the 
	

(n+s) 
(unique) solution linear programming 
relaxation of the problem, i.e. x 

Item 

XBAR 

XSTAR 

DENBAR 

DENSTR 

SOLBAR 

SOLSTR 

PARAM 

(n+s) The vector of numerators of the 
(possibly not unique) solution 
to the full,(mixed) integer pro-
blem, i.e. x *  

The denominator of x values 
above 

The denominator of x *  values 
above 

The value of the linear pro-
gramming solution, cx 

The value of the integer pro- 
gramming solution, cx 

A vector of input parameters passed 
to RIP by the user to describe 
characteristics of the problem to 
be generated 

none 

none 

none 

none 

(m+65) 

1/ DOUBLE PRECISION is used on IBM and UNIVAC, SINGLE PRECISION (i.e., REAL) on CDC computers. 



x
s
= an optimal vector xs 

for the linear programming relaxation of the 

full problem 

x = an optimal x for the full integer problem 

x*= an optimal x
s for the full integer problem 

Users describe desired characteristics of the output problem through 

the parameter vector PARAM. Table 3 shows the meaning, allowable range, 

and default value (if any) for each parameter. RIP automatically checks 

that PARAM values fall within the allowable range and then replaces zero 

parameter values by defaults where defaults are provided. RIP also checks 

a number of internal consistency properties which should be satisfied by the 

parameters. Table 4 details those properties. 

If either range tests or internal consistency tests of parameters fail, 

RIP prints brief error messages and proceeds to a STOP 2. The user should 

correct the indicated errors and call RIP again. 

RIP is also equipped with an internal verification routine that checks 

Kuhn-Tucker optimality conditions on generated problems. The verification 

feature is activated by making PARAM (41) = 1. Normally this would only be done 

by users installing the program for the first time. When errors are detected, 

verification routines print brief error messages including the words "VERIF 

FAILURE". Although a program bug may be evident these messages usually indi-

cate a need to adjust internal RIP tolerances rather than a true failure of 

optimality. The generated problem may still be useful for user experimentation. 

1 
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TABLE 3. RIP INPUT PARAMETERS 

Parameter 
Number 

 

Description 

 

Minimum 	Maximum 	Default 
Value 	 Value 	Value 

         

A 40-character problem 
name (10 A4) 

none none 

Sign limitations on A 
matrix coefficients 

0 1 

(0= mixed sign 
1= nonnegative) 

Ten times the percent non- 50 900 
zero coefficients in the (i.e 5.0%) (i.e.90.0%) 
non-slack part of A. 

13 	Maximum absolute value 	0 	 1000 	 50 
of random nonzero coefficients 
in A 

14 	Not used 	 0 	 0 	 none 

15 	m = the number of 	 6 	 500 	 none 
constraints 

16 	n = the number of decision 	10 	 1000 	 none 
variables 

17 	Number of equality 	 0 	 500 	 none 
constraints 

18 	Number of > inequality 	0 	 500 	 none 
constraints 

19 	Number of < inequality 	0 	 500 	 none 
constraints 

20 	Number of decision variables 6 	 500 	 none 
basic in the x solution 

21 	Number of slack/surplus 	0 	 494 	 none 
variables basic and 0 
(i.e. degenerate) in the 
x
s 

solution 

22 	Number of slack variables 	0 	 494 	 none 
basic and positive (i.e. 
nondegenerate) in the 
x
s 

solution 

1-10 

11 

12 

none 

none 
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TABLE 3. (CONT'D) 

Parameter 
Number 

 

Description 

 

	

Minimum 	Maximum 	Default 

	

Value 	 Value 	 Value 

         

23 	Number of tight rows (equalities 	3 	 500 	 none 
and * tight inequalities) in the . (x,x) solution 

24 	Number of slack rows (inequalities 0 	 500 	 none 
with positive slack) in the 
-fl* 

(x,x
s
) solution 

25 	Number of continuous (not 
	

0 
	

900 	 none 
integer constrained) decision 
variables 

26 	Number of general integer (integer 0 	 1000 	 none 
constrained, but not necessarily 
0-1) decision variables 

27 	Number of 0-1 decision 
	

0 
	

1000 	 none 
variables 

28 	Number of continuous variables 	0 	 494 	 none 
in the x basis at degenerate 

II values (i.e. = 0 or = d.) 
J 

in the x basis at nondegenerate 	 11 
29 	Number of continuous variables 	0 	 494 	 none 

values (i.e. < d. and >0) 
J 

30 	Number of general integer 	 0 	 494 	 none 
and/or 0-1 variables in the 
x basis at degenerate (and thus 
integer) values (i.e. = 0 or = d.) 

31 	Number of general integer variables 0 	 494 	 none 
in the -x basis at nondegenerate 
(i.e. interior) integer values 
(i.e. > 0 and < d and thus not 0-1) 

32 	Number of general integer and/or 	3 	 500 	 none 
0-1 variables in the x basis 
at fractional (and thus nonde- 
generate) values > 0 

33 	Number of nonbasic and lower 
	1 
	

500 	 none 
bounded decision variables in the 
x solution that change value in the 

x solution 
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TABLE 3. (CONT'D) 

Minimum 
Value 

Maximum 
Value 

Default 
Value 

1 500 none 

1 500 none 

1 500 none 

a none 

0 1 0 

0 100 10 

0 0 none 

10 500 100 

(i.e. 	1%) (i.e. 	50%) (i.e. 	10%) 

3 500 none 

0 3000 1000 
(i.e 300%) 	(i.e. 100%) 

Parameter 
Number 

Description 

   

   

34 	Number of nonbasic and upper 
bounded decision variables in 
the x solution that change value 
in the x solution 

35 	Number of nonbasic and lower 
bounded decision variables in 
the x solution that keep the same 
value in the x

* 
solution 

36 	Number of nonbasic and upper 
bounded decision variable in 
the x solution that keep the same 
value in the x *  solution 

37-40 	Not used 

41 	Verify switch (1=do check gen- 
erated problems for verifiable 
optimality, 0=do not) 

42 - 	Maximum value of generated 
upper bounds d 

43 	Not used 

44 	Ten times the desired percent, 
p, that the linear relaxation 
to integer solution value gap 
forms of the absolute integer 
solution value 

45 	Number of random cutting 
planes to be constructed 
by RIP 

46 	Ten times the percent by which the 
probability that 	IR. - x*  .I = a 
changes as a changes t; ct+1 
(e.g. 1000 implies distance 
is uniformly distributed, 900 implies 
near distances are more probable 
and 1100 imples far distances are 
more probable) 

	

47 	Not used 

	

48-49 	The seed pair for the main 
RIP pseudo-random number 
generator ((49) must be 
positive and odd) 

0 

0 

65535 

none 

none 
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TABLE 3. (CONT'D) 

Parameter 	 Description 	 Minimum 	Maximum 	Default 
Number 	 Value 	 Value 	Value  II 

50-51 	The seed pair for the RIP pseudo- 	0 	 65535 	generated 
random number generator used to 	 from (48) II 
generate the basic portion of the 	 and (49) 
(x,xs )-. solution ((51) must be odd 

 

if not 'defaulted) 
I 

52-53 	The seed pair for the RIP pseudo- 	0 	 65535 	generated 
random number generator used to 	 from (48) II 
generate the LP basic portion of 	 and (49) 
the (x,xs ) 	solution ((53) must be 
odd if not defaulted) 

54-55 	The seed pair for the RIP pseudo- 	0 
random number generator used'to 
generate thR LP-basic portion of 
the A matrix and the random cutting 
planes ((55) must be odd if not 
defaulted) 

	

56-57 	the seed pair for the RIP pseudo- 	0 
random number generator used to 
generate the LP-nonbplc portions 
of (x,xs ) , A and (x,xs

) 	that 

change between (x,x s ) , and . * * 
(x,x ) 	((57) must be odd if not 
defaUited) 

	

58-59 	The seed pair for the RIP pseudo- 	0 
random number generator used to 
generate costs c.((59) must be 
odd if not defaulted) 

	

60-61 	The seed pair for the RIP pseudo- 	0 
random number generator used to 
generate the LP- nonbasic portions 
of (x,xs) , A and (4xd 	that 
do not change between 
(x,x5) and (cx ) 	k(61) must 
be odd if not daaUlted) 

65535 

65535 

65535 

generated 
from (48) 
and (49) 11 

11 

generated I 
from (48) 
and (49) 

generated 
from 48) II 
and (49) II 

62 	The logical unit number of the 
	

0 
	

99 	 6 
user's FORTRAN printer 

63 	The desired level of RIP printout 	0 
(0 = none, 1 = summary of problem 
parameters and properties, *  
2 = as 1 plus the x and x vectors, 

3= as 2 plus c, d, A and b. 
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TABLE 3. (CONT'D) 

Parameter 
Number 

 

Description 

 

Minimum 	 Maximum 	Default 
Value 	 Value 	Value 

         

64 Right dimension of the AAA 
matrix in the RIP call 

1000 100000 none 

65 The determinant of the optimal 
basis in the linear programming 

0 1000000 product of(66) 
through 

66-(65+m) 

relaxation (if not 'defaulted_ must 
be a product of positive integers 
each < 541 with at least one to 
a nonunit power) 

The elements of the Smith 
diagonal partitioning of the 
determinant of the optimal 
basis in the linear programming 
relaxation (if not defaulted each 
is positive and divides the next) 

0 

(65+m) 

none 	generated from 
(65) 



TABLE 4. RIP Parameter Properties Checked 

Reference 
Number Property (Numbers'in parentheses are parameter numbers). 

  

901 	 (15) = (17) + (18) + (19) 

902 	 (15) = (20) + (21) + (22) 

903 	 (15) = (23) + (24) 

904 	 (16) = (28) + (29) + (30) + (31) +(32) +(33) + (34) + (35) 
+ (36) 

905 	 (20) = (28) + (29) + (30) + (31) + (32) 

906 	 Some parameter (66) through (65+m) does not divide its 
successor 

907 	 Both (65) and n m (65+i) are 0 
1=1 

908 	 (24) < (18) + (19) 

909 	 (21) + (22) < (18) + (19) 

910 	 (24) < (21) + (22) 

911 	 3 < (28) + (29) + (30) + (31) 

912 	 (16) = (25) + (26) + (27) 

913 	 (65) is nonzero and not the product of integers each 
of which is < 541 

914 	 (31) < (26) 

915 	 (30) + (31) + (32) < (26) + (27) 

916 	 (28) + (29) < (25) 

917 	 Right member of a specified pseudo-random number seed 
pair is not odd 

918 	 Either the specified (64+m) is 1 or (65) is not 
a product of integers with at least one to the 
second power. 

919 	 The first ((21) + (22)) of nondefaulted (66) through 
(65+m) are not unity. 

920 
	

(32) < (45) 

921 	 Inadequate AAA dimension, (64). 
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As indicated under PARAM (63) in Table 3, RIP users have the option to 

select any of several levels of automatic problem printout. A PARAM (63) 

value of 0 produces no RIP print. A value of 1 produces the log of problem 

characteristics and input parameter values illustrated in Figure 2. 

A user can quickly verify whether he has reproduced the same problem 

as another researcher by comparing the "DATA CHECK TOTALS" of the Figure 2 

printout. Those values are modulo-reduced sums of problem data that should 

exactly match if the same parameters are supplied to RIP. The only allow-

able exceptions are small variations in the "CCC" check total caused by 

differences among computers in the accuracy of real arithmetic. 

Setting PARAM (63) = 2 yields this problem summary plus the optimal 

solution vectors x and x* in the format shown in Figure 3. When users 

choose PARAM (63) = 3, the full generated problem is printed out. A para-

meter summary like the one in Figure 2 is followed by a column-by-column 

statement of the generated problem. Figure 4 shows an abridged example. 

The meaning of entries for each column is as follows: 

COL = the column number 

XBAR = the linear relaxation solution component x j  

XSTAR = the generated integer optimal solution component 

C = the cost c. for the column 
3 

D = the upper bound d. for the column 

TYPE = the type of this variable (3 = a continuous variable, i.e., 

j0; 4 = a general variable, i.e., j0; 5 = a 0-1 

variable, 	ja and d. = 

p IN ROW i = a nonzero coefficient p is in row i of the generated column 

(zero entries are not reported). 

The level 3 print illustrated in Figure 4 concludes with a row-by-row 

listingoftheright-hand-sidevector,b,and a listing of row types. 
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-1 for greater than or equal to rows iEr 

ROW TYPE = 
	+1 for less than or equal to rows i_EA 

0 for equality rows i 
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**********************-11.** 
* RIP PROBLEM SUMMARY * 
************************* 

PROBLEM NAME=1ST TEST 
NUMBER VARIABLES= 	25 
NUMBER CONSTRAINTS= 	12 
NUMPER INTEGER VARIABLES= 	20 
LINEAR RELAXATION SOLUTION VALUE= .50547077E+04 
INTEGER SOLUTION VALUE= .561.57864E+04 
DENSITY OF NON7FRO COEFFICIENTS DESIRED= 	300 
ACTUAL DENSITY OF NONZERO COEFFICIENTS= 	300 
-SOLUTION GAP PERCENT (iF JP SOLUTION DESIRED= 
ACTUAL SOLUTION GAP PERCENT OF TPE01UTION= 

INPUT PARAMETER LIST-- 

100 
100 

/ 11= 0/ 12= 300/ 13= 0/ 14= 0 
/ 15= 12/ 1G= 25/ 17= 4/ 18= 4 
/ 19= 4/ 20= 9/ 21= 1/ 22= 2 
/ 23= 10/ 24= 2/ 25= 5/ 26= 10 
/ 27= 10/ 28= 1/ 29= 1/ 30= 2 
/ 31= 2/ 32= 3/ 33= 4/ 34= 4 
/ 35= 4/ 36= 4/ 37= 0/ 38= 0 
/ 39= 0/ 40= 0/ 41= 1/ 42= 0 
/ 43= 0/ 44= 100/ 45= 5/ 46= 0 
/ 47= 0/ 48= 0/ 49= 42237/ 50= 0 
/ 51= 0/ 52= 0/ 53= 0/ 54= 0 
/ 55= 0/ 5G= 0/ 57= 0/ 58= 0 
/ 99= 0/ GO= 0/ 61= 0/ 62= 0 
/ 63= 1/ G4= 5000/ 65= 64920/ 66= 0 
/ 67= 0/ 68= 0/ G9= 0/ 70= 0 
/ 7 1= 0/ 72= 0/ 73= 0/ 74= 0 
/ 75= 0/ 76= 0/ 77= 0/ 

ENDING RANDOM SEED PAIRS-- 
1= 59090 61605 
2= 40520 19505 
3= 25236 45167 
4= 63813 55151 

4782 56549 
6= 38349 18839 
7= 8714 15697 

DATA CHECK TOTALS--
AAA= 
PHS= 	 -8655 
CCC= 	-21397 
nnui= 	1096 
>MAP= 	 5538 

.STAR= 	1478 
ROWTYP= 	 21 
VBLTYP= 	1363 

FIGURE 2. RIP 

PROBLEM SUMMARY PRINTOUT 
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VARIABLE 	 ,.BAR (J) 	 XSTARI-1) 

1 0. 
2  O. 
3 .51324707E-01 
4 0. 
5 n. 

.10000000E+01 
7 .10000000E+01 
8 .55000000E+01 
9 0. 
10 .10000000E+01 
11 0. 
12 . 1.0000000E+01 
13 .10000000E+01 
14 '.30000000E+01 
15 .10000000E+01 

16 .10000000E+01 
17 .10000000E+01 
18 0. 
19 .25000000E+01 
70 O. 
21 .10000000E+01 
22 0. 
23 0. 
74 .35000000E+01 
25 .50000000E+01 

FIGURE 3. RIP PRINT LEVEL 

2 SOLUTION PRINTOUT 

.10000000E+01 

.50000000E+01 
O. 
.10000000E+01 

0. 
.10000000E+01 
.10000000E+01 
.50000000E+01 
.10000000E+01 

O. 
.10000000E+01 

0. 
.10000000E+01 
.20000000E+01 

.10000000E+01 

.10000000E+01 

.10000000E+0 1 

 0. 
.30000000E+01 

0. 
O. 
.10000000E+01 

0. 
.50000000E+01 
.48868867E+01 



mi EMI 	 IMO MI NMI 	 lila MI 	 I= MI • 

************************** 
* GENERATED PROBLEM DATA * 
##*#.11****-1111*************** 

COLUMN DATA-- 

COL= 
	

17XBAR= 0. 
/ 
	

7 IN ROW 10/ 

COL= 	2rYBAR= 0. 
2 IN ROW 	9/ 
—5 IN ROW 10/ 

,MAR= 
1 

,XSTAR= 
12 
98 

.10000000E+01,C= 
IN ROW 	8/ 

.50000000E+01,C= 
IN ROW 	2/ 
IN ROW 11/ 

—.38014371E+03,D= 

.98716907E+04,D= 
—12 IN ROW 	3 

8,TYPE= 3 

8rTYPE= 4 

COL= 
/ 

C01= 

• 
• • 
a 

24,XBAR= .35000000E+01,X8TAR= .50000000E+01,C= —.58855191E+02,D= 
1 IN ROW 10/ 	 10 IN ROW 	2/ 

251.XBAR= .50000000E+01,XSTAR= .48868887E+01,C= —.28827883E+05,D= 

8,TYPE= 3 

5,TYPE= 3 

—30 IN ROW 4/ —27 IN ROW 12/ 78 IN ROW 10 
—3 IN ROW 1/ 3 IN ROW 7/ —249 IN ROW 11 

RIGHT—HAND—SIDES -- 
/ 

	

—37. IN ROW 1/ 55. IN ROW 2/ —88. IN ROW 3 
—239. IN ROW 4/ 202. IN ROW 5/ 1. IN ROW B 

91. IN ROW 7/ —179. IN ROW 8/ —120. IN ROW 9 

—55. IN ROW 10/ -573. IN ROW 11/ —94. IN ROW 12 

ROW TYPES- 
/ 	1 ON ROW 1/ 	—1 ON ROW 2/ 1 ON ROW 3/ —1 ON ROW 4 

/ —1 ON POW 5/ 	0 ON ROW G/ 0 ON ROW 7/ 0 ON ROW 8 

/ —1 ON ROW 9/ 	1 ON ROW 10/ 0 ON ROW 11/ 1 ON ROW 12 

FIGURE 4. RIP PRINT LEVEL 3 

PROBLEM DATA PRINTOUT 
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APPENDIX: RIP FORTRAN CODE 
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COCCJGPRuGkkm RIPTsTIINPUT.CONOT.TAPEi.IAPOT.TAPEO.OUTPUTI 
C 	PRLIGRAm TO IEST LkELUTc TN:. RIP RANJOM INTEGER FRUGRAP 
C 	GENERATOR 
C 

IMPLICIT 4NTEGER (A—Y) 
C 

OIn_NSI r( AmA(2.5,LI,ACUL(37),RHS117).CCC(37),000(37) 
• 
• RONTYP(1/1.VALTYP(371,XdAR(371,XSTAR(371.PARAM(77) 
• .(10.12.1 

C 
DOUdLE PRECISION CCC,SOLSTR,SOLBAR•RHS 

C 
DATA PARAm/ 

• 4HIST .,NTEST.4H 	.4H 	 1,4H 
• 4t4 	1,4H 	titti 	 gJout12925141,414.9t 
• 1.2.11..2.5,10,1L 
• 2113,41.4t4.4.0.v,..11 
• 1,3,1s1JL 
• J,L.L.,..1.0.(,0,1.L.L. 
• .E492,1, 
• 11,./.6,ust.,UNd,Z,LeU,Li:,/ 

C 
DATA NAM/ 3HIST.3H2N0,3H3R0.3H4THON5TH93H6THe 

• 3H7TH.3HdT11,3H9TH...H1u1H00111fH. 
• 4M12TH,4H13THO4H14TH,4H1TN.4H16TH, 
• 4H171H,4N18THO.H19TH,4H2LTN/ 

C 
DO 191JE TLST.1.Z1 

C 
PARAM(I).NAHITESTP 
PARAM(b).o4921., 
IF(mODULST.2).E0.0)PARAM(65).6561 
PARAM(49).42237 

IF(MOO(TEsf/2,21.E0.1)PARAM(49)=13 
PARAm(1I)=d 
IF(TEST.GT.,IPARAN(111.1 
LF(1EST.Lc.d)G0 TO dU)D 
PARAm(171.6 
PARAMI10).12 
PARam(1()., 
IF(TEST.L.1.12)Cu TO MILL 

PARAm(1 ,)1.12 
IF(TEST.LL.10)G0 TO tii,a0 
PARAm(1)1..1 
PARAM(I71.i2 

PARAM(21)=, 
PARAm(2e). 

e.064mte.)=i2 
PARAm(231.12 
1FCNsT.CT.17iGa TO 1LLC 
PA'-{A0(3,1=p, ARAH(3.141 
P4r.6 .4m(311=PARAM(31)+1 
PARAm( -.'2)=PARAM(32)+1 
PA,6.7134)=PARAM134)—I 
P.R4ml3s1=PARAM(351-1 
PARAMI30=PARAM(361-1 

C 
ab,id C.ILL RIP(AAA.ACUL,RMS.CCCODO.ROWTYP.VOLTYP.XBAR. 

• XSTAR,OENBAR,DENsTk.SOLdAR.SOLSTROARAM) 

C 
319,J6 CJNTINOL 

C 	EXIT 

90,4 CulArINuE 
;,T UP 
tHO 

C 
C 	  
C 
C 	SUBROOTINt RIPIAAA,ACOL,RHS.CGC000,ROWTYP,VBLTYP, 

C 	XBAR. 
C 	• 	xsTAR,OLN8R,DENSk.SNBAR,SNSTR,PARAmi 
C 	MAIN SUPERVISING SUBROUTINE OF THE RIP RANDOM INTEGER 
C 	PROGRAMMING PROBLEM GENERATOR. PARAMETERS OF THE CALL 

C 	ARE AS FOLLOWS-- 
C 	 AAA=THL AAA MATRIX NONZERO COEFFICIENTS IN THE 

C 	 FORMAT 
C 	 110000=THE ROW NUMBER CF THE COEFFICIENT AND 

12 1 XXXI=THE (INTEGER) CC::FFIGIENT 

C 	 ACOL=A VECTOR POINTING TO THE LAST 2-TUPLE OF AAA 

C 	 CONTAINING 
INFORMATION OF EACH COLUMN 

C 	 RHs=TH, RIGHT—HAND-SIDE VECTOR OF THE GENERATED 

PROBLEM 
C 	 CCC=TH., COST ROW OF THE GENERATE.) PRCEILEM 

C 	 C00=THL VECTOR OF UPPER dOONUS FUR THE GENERATED 

C 	 PRObLEm 
C 	 .014•Typ.A VECTOR SHOWING THE CONSTRAINT TYPE OF 

EACH ROW 
C., FOR 	 FOR .E0.,.+1 FOR .LE.) 

C 	 VdLTYP.A VECTUi,  SHCWING THE TYPE OF EACH VARIABLE 

C 	 (=3 FUR CONTINUOUS VARIALILE:ip =4 FOR GENERAL 

INTEGER 

I= MN 41= n  MIL 	 MN 	 11= I= MN 



C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C  
C NA1E I 	PURPOSE 

C 

• 

RIP 	I MAIN ROUTINE 

C 

• 

RIPPH I SUPERVISCR OF 
C 	I ALL CALCULATION 
O 
C -
C 
C 

T4: RIP CuiJE IS ModULAR WITH A NU+BER 
OF SUbROUTINES ANL FUNCTION S . EACH SUCh SUBPROGRAM 
HAS A NAME BEGINNING WITH THE LETTERS RIP SO THAT 
A US:R WILL NOT HAVE TO Dr CONC,:e6E0 WITH DUPLICATING 
uld. WITHIN THE COOL EACH SUBPROGRAM IS INTRODUCEU 

HI' A 
MRLEF DESCRIPTION OF ITS FUNCTION ANO A DEFINITION 
of ALL ITC PA4Al5Tii, S. THE FCLLOMING TABLE 
PKES:.NTS AN OVERVIEW OF THE PURPOSE AND CALLING 
STRUCTURE RELATING THE SUBPROGRAMS. 

T.1IS SCHEH:. BY.N:':TAINING A LIST OF THE FINST 
3-1UPEE FUR EACH COLUMN (OR RCN). 

• --4 

I CALLED BY 
	

I 
--4 

I RIFPH,RIPERR I USERS 
	

I 
I kIFUAF 	I PROGRAMS 
	

I 

I MIFPRM,RIPUNFI RIP 
	

I 
I RIFSEQ,RIPTYPI 
	

I 
I kIPPHI.RIP,,H2I 
	

I 
I RIPPH31RIPPH4I 
	

I 
I kIPORGORIPJERI 
	

I 
I NIPERR,RIPEUCI •	 

I 
I 
I 
I 

•	 
I CALLS 

I LXECUTLS PHAS II 1 RIPUNF,RIPOSJI RIPPH 
C 	I 	 1 HIPSPL.RIPAOLJI- 
C 	I 	 I RIPVFM 

G

• 

RIPPH4 I EXECUTES PHASE 
C 	 I 	III 
C 	* 	 • 	 * 	 
C RIPPH.. I EXECUTES PHASE IV I NI - FUNF,RIPADDI RIPPH 
C 	I 	 I RIPOEL,RIP2DTI 
O 1 	 I RIPVPR 	I 
C 	r 	 t 	 
C RIPADO I STORES A 3 - TuFLE I NONE 
C 	• . 	 • 	 
C RIPOEL I DELETES A VECTOR I HONE 
C 	I OF 3-TUPLES 	, I 
C 	+ 	 + 	 
C RIPOOT I DOTS 2 VECTORS 	I NONE 

•	 
I RIPUNF,RIPROTI RIPPH 
I 	 I 

I 
I 
I 

I 
I 

--a 
I 
I 
I 

I RIPPH1,RIPPHZ1 
• --4 
I RIPPHI,RIPPH4I 
I 	 I 
	 --r 

I RIPPHI 

C RIPPH I ExECUTES PHASE I I MIPUAF.RIPPRNI RIPPH 
C 	I 
C 	I 
C 	I 
C 	I 

 

I RIPAEu,RIPSEOI 
I RIFEECIRIPOSTI 
I RIFOCTORIPOKI 
I RIPOEL,RIP•OTI 
 4 

 

   

um =I 1101 4 	EN um I= 	Ime — N. 1.0 INN sr =I f  ime no 	ir 

FL• 	INTL6,;( VAkIABL=:0 
uplIp!AE 	PRCGi•AMMING Rc:EAXATIGN 

1HE E_AOMINAIL• UE*BAR) 
IT•vOGH TWSSIMLY NOT Trim ONLY) INTEGER 

L /LUIIGh 
V•LL) OF ThL SOLUTION )(DAR 
V4LUL OF THE SOLUTION XSTAR 

uF INPUT PAi.ANET6Rs SUPPLIED TO 

ALP 	 BY TH: USER. 

uF 1H. 	 CC0 ARE DOUBLE 
PR:.EICILJA 

ANU.ALL Ii1.1.R VARIABLES ARE INTEGER. 

GITH•.R +IP v:0,IABL,S AND V_CTORs ARE DEFINED IN THE 
OJNTiXI WIn t TWY LASE EXCEPT FJII THOSE WHICH 

COfil-..:Wohl, • 
EXACTLY Tu (Hr 4%;.,S EK,ZO IN TH:_ RA,(DIN AND LIN PAPER 

FH•. PIP Gr.NiAAIUq. ..,UCH VARIABLE NAMES ARE 
oY TRIPLING THE VAFIAdLE NAME WITHOUT 

FOTH.,K 
DEFINIlLuN. 	!iAT.,ICES AAA.Bda.PPP,000rSSS,TIT,RRR,R- 

ASIAR,L-INC:kSi AND FFF OF THE kARDAN AND LIN PAPER 

NOT AGIoALLv .i.:PN.SENTEG AS MATRICES IN THE PROGRAM. 
INSTEAO, NONZERO ENTRIES ARE LINKED IN LISTS. 
TH!. 1.4 . UKAM VARIALILLS LiEd,PPP.000.SSS AND TIT LIST 

CGLOHIL. IN AAA tiLLUhG11JG TU THE CultmEsPUNUING 
sulimAtKICL. 

AK.A VA1.- 	PAKAmErix AAA IS EXTENSIVELY 
USED HY TH, KIP PAUGFAM AS A SCRATCH NOM( AREA. 
NUm_RGo3 T...kPORARY VECTORS AND MATRICES ARE 

OyNAIILALLY 
AcSIGN:,( S,LuTORS CF THE SPEGIFIED AAA DIMENSION AS 
(Hi Pku,;.:An PRUCArSSES. 

TW.jUGHOU1 LGST OF THIS DYNAMIC USE OF AAA, MATRICES 
sTER_u .S LINKED 3-1UPLES. NITNIN EACH 3-TUPLE 

GGNpoN_NI (I,XxX)zTHE ROW (UK COLUMN) OF A 
NOWLr0 7_4IkY IN A ',CLOWN (OR ROW) 

CcmPuN_NI (2,xwx)=THE NONZERO VALUE ITSELF 
13.Xxx)=A POINTER Tu THE NEXT ENTRY 

FJi THIS COLUMN ICk ROW) 
If ._DUAL ; , IF .THERE IS NONi 

INDIVIDUAL NATkIC:S CAN HE NETKIEVEO THROUGH 



C 	 t 	 t 	 + 	 + 	 • 	CiTUG,CIIIIFRA,OI!-,=AT,LCOHT,...FkAC,i ._INT,..SLIC, 
C .IPCT I GL,. .,I 	‹Ak)um 	I RIuNF 	I RIPPH1,RIPPH2I • 

•
F,:,-.L.,INFIN.LImi-,LIMALP,LIeu,LImF,LIMR,LImAK, 

C 	 1 x-oi,IANC. 	 I 	 I RIPNu 	 I  
.

LINVAN.LImVmx.ElmwhN.LImHmx,LUPk,LvLPRT. 
C 	 + 	 . 	 ♦ 	  -a  mAALUN,HAxCUT.NAxINT,NAK i.1111.Hu. 
C KIP K ,i I i-rn1.1_, .qmAk 	I NW4i 	 I RIP.kIPPN 	I

▪ 	

NN,A.Nw
l(

iP,NNNQ,NHNs,NNNE,NUMER,NXTHAT,PRECN.PSLK, 
C 	i i.c a-,..l.'. 	 1 	 1 	 I 	 • 	RfiLtSi-LCl2,71,SSLK,IOLMU,V.4IFY.V.ERSN 
C * 	 f 	 ♦ 	  ••••♦ 	 Co 
C t<IFU... 1 z..uLV. J u[0'11..,! 	I NUN:. 	 I RIPPHI,RIPPH I 
C 	I TIN_ EiJUATiUw, 	I 	 I I 	

OlmE,IuN AAAIIA.ACOLII/.KHSIII.C6C(0.000I11, 
• KuwivPI1), 

C 	 . 	  . 	 I 	  -. 
C .<IPALI 	I GL,4_,:ml. I azNUP. 	I .I , OSI,IPUNFI RIPPrQ 	I 	

• 	VIILTYPt11,X04k111,XSTAR(11,PAkAmIll,LIMPHN(55), 
• LIHPNA(551 

C 	 i L.,,,NiiNuLuS x.:..TAR 	I 	 I 	 I 	 1,,  
C 	  t 	 ♦ 	 r 	+ 
L ,<IPoR6 I i.L.JRt,Ilsi rATRIXI NukE 	 I 	 I 	

uuLhiE. PL3ISION CCC.SNHAk,'SNSTR,RH. 

C 	I 1.41J , K AnA 	 1 	
RIPPH 

I 	 I 	
• O..UaL: 

ILA. 
P R E C ISION SOL4A.R.SCL.5TR,TOLmoV.TCLOFL.TOLCPT. 

G 	  . 	 + 	 . 	.  

sTP,TuLVEq 

C w.IPPlui I ,LTu,H3 PR1m,2", I RIPPHI,RIPPH I I N01.E 
 C 	  . 	 . 	 ♦ 	 . 	
6 	Ldw_.,  LIMIT`_ON INPUT PARAMETERS 

C APK6T I Our, 2 vECTOI.3 	I NONE 	 1 RItIPH3,RIPPHII 	
uATA LIMPhN/.,5 ,..,t,t,ii...J..1.,0,1J,6,3,0,0, 

C 	 I t. I.. FLOATING PTII 	 I RIPPH4 	 I 	
• 	%. . J.,... ,O, 3,1,1, 1 g 11. 9.09 il,, p 

C 	 + 	+ 	 • 	
• 	s• 4J4,1-4311L,O.14(.41.014•46.41.4.4,14U4C4,41.J4: 4 

C NIP:)-O . RANJJAILS Uft.:. ,:k 	I RII=UNF 	 I NIPPH.RIPPH1 I 	
• 	,: , i.,..t/ 

CI CF R Ll.,T „IF NOS. I 	 I RIPSPL 	I 	
1... 

C 
	

• 	 4 	 # 	 '' 4 

	 UPPLM EMITS CN INPUT PARAMETERS 

C ,IP_IrE I r, .. Jui'lLY OIVI6:S 	1 KIr..KIPUNFI RIPPH2 	 I 	
. W.I. : i,i..1:1Priy( /1.9 . id 0. L ,.. , g U g 7U u s 3...■ . J 4 5,,i 45J6 Oa L 95 .10 44 g.es 

C 	 I R o_IGHIA TOTAL I 	 I 	 I 
C 	  . 	 a 	 • 	 * 	

• 
• 	

5...56.1,..0.1.GL,I.,O,494,494,494.494,5.10.5:6.50. 6, 

C ,,!IPFYI-. 1 kANJUMLY At,S1r.NS 	I KIt'UNF 	 I kIPPH 	 I 
C 	 I TYP- 	lu CJLOHNS 	1 	 I 	 I 	

• 
	FLU, 

• 3...L.v.603.1,10C01.1.500'5LU,3Lu.,,J.05535,65535,

C 	 s 	 t 	 + 	
o5.P.), 

C ,<IPONF I LE.'4_KAIS ,<ANUOM 	

• 

I NONE 	 I ALMOST ALL 	I 	
* 6535.65:035.65535.05536,65535.6535. 6 55 35 , 65535 . 

C 	 I UNIFORM vA ,-,.IATES 	I 	 I RIP ROUTINES I 	
• 05535,

C 	 t 	 I 	 + 	 a 	
• 	b5A5,b5515,9 ,),11391t0C..101 , .;g./ 

C 
C -,IPVLIR I ViKIFIL:, P-e0oLEM I RUNE 	 I RIPPH 	 I 	 C 	SO" C-I<SIuN AND PRECISION INDICATORS 
C 	 I Fk3PKTIFS 	I 	 I 	 I 
C 	+ 	 4 	 r 	

V_RSN.A0J725 
PRECN.2 

C RIPVPR I FKIHFS NATkIC::S 	I NONE 	 I kIPPH1,RIPPH2I C 
C 	 I 	 I 	 I RIPPH4 	 I  C ".SE,;TION TO CHECK PARAIETER VALUES FOR ERRORS••• 
L 4 ♦ ♦  C 

 

C 
-,AJOK6uTIH_ RIP(AAA,ACLL.RHS.CCC.UiD,RUHTYP,VaLTVP, C 	=1 13!1H THE PRINTER 

• clAR.  LUPR=PARANio2) 
• x , TA.t,L)LhuRgELNik,SNEA.sNSTRePARAM)  IFIPARAM(02).LE..)LOPk.6 

IMPLILIT 1NTEGE 4. (A-Y) 

LoMMO /miPL:CM/ ,,JLdAfr.GL .Am.TULMANTULOFL,TOLOPT. 
• Ti..'‘Jr".iLl1.16CONT,E.0 ■ANT.d0IIT.EloSLK,.3FRAC I  
• 6 1N1. 0 .A.K.aTiTt,T,LC<EUT.LJATuP,OA1TYF,DELTr e  
• OLN....U.:N.:J,),N-P,i. -...NSPO,GENSO.OEL-kh e  

C 	E.,TALISR THE NUMBER CF PARAMETERS 
MAXPAR.o:i 

C 	C0c:CK UPPER AND LOR/R LIMITS CN MAIN PARAMETERS 

Ou 2,., Pl.r2.11,1AXPl, k 
IF(F4mA11(PAKI.G:..LIMPMH(PAR - 1r 1  

• .ANU.PAAri(P4k).LE.LINPHK(PAK - Ii.) 

• .,K.PAKAtI(FA ,A.EO.VERSNIGO TO 25J6 

11•11 INN MI I= MN 	 MI MI MN MIA I= 	=I As In MI MI 



MI I= 1= 4  11114 	 EMI 	Me 11/1 11.1 111. I=1 re um 4110 Ns I= NEN 

,...LL 1,10:.kNIF,40 	 iF1.'.AAA1::A.LT.PAR1:1(2t1+PARAN(291)CALL RLPERR(91b) 
25L. CuliTINU. 	 IF(1'.1.A1(z:).GT.Pw41•:12i1$CALL kId'i.lk(914) 

C 	C ,i. :1,4 S11TH uIA..uLAL lAs'Ul IF ..NY 	 IF(PAI, AMII4o14.PA ,:AN(71.L.T.PARAm(3.14.PARAM(311 
mmAzAmx (vhpid.L.;.1,1) 	 • 	*OARAdISiA1C4LL !.IPERk(915) 
OLUFA,.=PAmAr(nol 	 LIIL=FA...Ai..(42) 
LL.J 2o-. 	1: 1 1= 1 , M 1:i 	 Ju 21.1. •..1.1,7 
IF(FAKA1(11,str)10,:._)Gu TO 255, 	 PAR.voC.S.-_0 
LAIL AIO.KRIIII ■ u:1 	 4.4:::0I:.,:lLul.PA 0.AH(PA) 
GJ TJ Z..1 	 SL'i0(29.-Pia1=PAR0.HIPAkf11 

2551. IF(LLUFA .(. 1... . );1.,  ru ..o. 	 IF(,L6(2,SLOI.LE..)Gu TO 29.,i 
C 	G.L:,:K If :_At.h HIVIJr:, 1W N XT 	 iFleL;u1.cLJ(2.5!:01,ZA.NE.IICALL RIPAR0517) 

IFV"L.I. • A , Ae.(111).uLdIA.q).N(...)CALL RIrERRC9_61 
tkor4w=o.e.:AptlIT•tt.1 	

29- . OJAI LNU.: 

2oub LJN ■ INU. 	
VL..'AT.PAKAM(63/ 

mU=PA.ANI•,1 
C 	CI-L,K r—LAr:un,q1t5 !I TRF_N PAriA.L:T.:RS ANu SAVE 	 LImA.,-FA,Am(13) 
C 	THJ. -; 	HUH ,IiiNAL No.1. 	 UiSAT=PAkAm146) 

IFO, A ,,,, A(171tdA- ,.arlin).PA-Am(131.NE.manICALL FIPERP 	 IF(FAKAMI:s2I.GT.PAnAhl,b5)ICALL kIPERR(920) 	. 
• (9.1) . 	 C 
IF[FArAi(:: IfFA2ATA2114,1 A ,,Ag(22).NE.MMMICALL 	 C 	SET NUNAUtuMATIC 6:FAULTS 

• .1eLNmli 2) 	 IF(LINII.ELI. .1L110..IL 
IF I l'Af, A,1 L314-PA J.,1. (i .. 4 ).14z .M , Ift) GALL RIPERRO9.31 	 IF(LINA.60.1/LINA.5, 	- 
1/J4K=1,44,<ANLI)roAhAhl..21 	 IFIcISRAT.L0.u1OISRAT.ILL: 
IF( ,-, AwiLi).GT.dtLK)LAIL RIPERR(10d) 	 P,OC=1 
IdJS._K=P4,0 -.1(21) 	 Uu 295 -, III.1.14MN 
IFtPA;,'A.i(:0)*PA.arf19).LT.8.,LKILALL RIPERP(9.:91 	• 	 PKUC.PRUO•PARAM(bt., +III) 
IF(-.•Alit.$)+PA?Ar(lq).LT.P.02Amte4lICALL raPEkR(5A) 2956 CJWIINU 
IF(PAC, A1L',).GT.8LLIOLALL kLPERkl41J1 	

L 
IFIFkOO.E0....ANO.OETERN.E.O.ACALL kIPLKR19971 

NONP=PA-04m(33) 	 IF(Fq00.N‘..A0E.TERN.PROO 
NvINO.PAqAh1.t4; 	 C 
NANS=PAKAM(z5) 	 C 	MAORI.  RUN UN PARAMETER ERRORS 
NNNI.PARAN(3o) 	 299. CALL RIPERRIt;1 
MAXLCN=PAKAP(251 	 C 
11AXI14T=PARANI261 	 C 	• "'SECTION TO SET NON PARAMETER PROGFAM LIVITS•• 
mAX 1=PmkAN(c71 	 C 
NNN.,.PsiKkillItA 
IFIAXL,UN+NAX.IiMAXINT.NE.NNNICAL e  RIPERR4912I 	 NSA 
dOCONT=P.RAml2o1 	 FTEii 

PI  

OCJNT=PARAm(29)4.0VCONT 	 IhNSO=Oc.WSP 
uuTNI.P.W.km(3;) 	 LLNSPO.UENSP 
d INT=PARAACt,114-,i4INT 	 LIMALF.mAX:;(1,LINA/4) 
IF(AINT*Li'uONT.IT.31CALL kIV.RRIVILI 	 LINF.IL 
dFkAC=P.KAm(32) 	 Illik.LIMALP 
SUM.00UNT , LIINT•tsFPAC 	 LINSLK=MMMoLIMO/3 
IF(AN.14L.PANAk(21)KALL KIPERR(9:5)  1.1mUmN=2., 
ifl , um*N 4 1N144 NNNONNNSiNhNT.NE.NNNICALL RIP ,NRI9u41  IfmVmX=2.I. 
CATTYP.PANAr(11) 	 I 	 IHFIN=1.46Cu 
mAKLUT.P.rrAp(.5.) 	 L1M4mN=1U 
V.:RIFY.PAr:AMI,11 	 LIMNMX=1UL 
OLN,A=PAKAM(12) 	 TULNU=2,1 
01;TrAM=PAA.AM(b) 	 TOLMCV.1it 



	Fit 	 1N. N IN!.G_, mid FKACTIONAL KOWS 	 EoREOP.MAX.IPHI,Pma,E=1.3,•H4) 
FRKE.J..t. 	■ .+C*1. 	 C.)k ICP= (GoA TOP/ in.)* i 
IF 1 r,:uNr--Ji. GNI.G1 	I FRALA.FRACI-KIPUNF 1: odCONT- 	 C 	EsTImkT- Cuki kAolt, LrENT.i 

• OuLuoT.i) 	 Zw0.0<=3,0LASA 
	.14v!; 	 ,u4 luuN;s lo :.FF‘GT1V,_ TKLATMENT VALUES 	 1.4ORK=2WOKK/1...:'•NNWAMAX(.:UTfmMMItCjRTOP 

IF(ivOkK.LI.CCROOT)G0 TO E

- 

IA(.01 
GALL KIPERR(9211 
C.LL hIPERIAJI 

TL 32Z. 	 L 	CKLL 	MAIN SOOKOUTINE 
- I 	 t INT LmLL kIPPH(XWAR,XSTAMoACOL.AAA(ACOTI,AAApAAA,AAA s  INI 	 • 	AAA(duto, 
Go 	

• 	AAA(PPPI,AAA(000),AAA(SS41sAAACTTT/,CCC, 
32UL IF•IL:UNT.6.:..N1-0/4)GU i0 3..12 	 • 	OCO,RH,ROWTYP,VIJLTYPIAAA(OMEGA/rAAAIOELTA), 

• AAAIUOARX.AAAIUSTAkb,AAAIVSTARI,PAkAM,AAA(NU), 
C 	SHIRT t, o• -It INL;L• - INTEGLN ,COWS TO EFFECTIVE 	 0.ANARgdENSTR1 
C 	CUiviIhUOU.; 

34i1 T=KIP0NFil,)INT*2/3.1) 	 sE43AK=SOLUAR 
SmSTk.S0LsTR 

A

- 

N7=-1MT-4HIRT 	 OLNdk=0ENGAR 
C 	-ET AALIK 1..:CLENTi 	 OLNSk=DLNSTR 

C 	
RETURN C 	 •••-6TIUN TO SETUP CALL TO MAIN WORKING 	 ENO 

C 
C 	SET MATRIX WORK VECTOK SUOSEAIPTS 

4.410 dd8=PARA110,)•2 ■ Mh4.1 
PPP ,, eau-liNNP 
01.40.PPP-NNNN 

SSS.COU-Num...-NN IP 
ITT -SSS-HAMT -NNIO 
UOAK‘. I I i-PRECN*imi, 
IF UdAr, /2•2 cOoffii.P, UNAR=UOAR•1 C suakauTINE RIFPN(MBAR,ASTAR,ACOLIACUTOATRL,MATR2o 
USTAK=UAKR-I,=CA•MNM 	 C 	NATR3sER8t 
1LIT;R=L5TAR...PAN*1AXLLIT 

C 	• 	PPP,000,SSS'ITT,C.CCIDDID.RHS,ROWTYP,VOLTYP,OMEGA, 
0,1::GA.V4TAR-PkE;;N•IMMo•MAxGUTI 	 C 	• 	0.- LTA/UtiAR.USTAK,VSTAR,PARAm00,0ENOAR,DENSTRI 
sC.REK=Gm:_GA 	SOdRUUTIN:- TO SUPERVISE PROCESSING OF THE FOUR PHASES 
NU.CALW-NIN 	 OF THE RIP RAhOOM INTEGER PROGRAM GENERATOR. 
ACUT=NO-NNN. 	 PARAMETERS 
0,LTA=At,UT-mwl 	 NUT OEFINE:0 IN THE LIN AND RA6DIN PAPER ON THE 
CAJOT.3'Atu_LT4-11/31 	 GENERATOR 

	

C 
C 	GALCULAT, IN: W.WI( vECTUr AK@A RAIER:Al ABOVE NATR3 	 C 	ARE AS FOLLOWS-- 

RM1.14.MAx IPK:t;O•mmm,DimPK:M14,6•mHM.2•mAXCUT 	 C 	 mATRI.,MATR2,MATRa.THE (EOUIVALENL:E0 THROUGH THE 
Pm2.0•NHaNt,•NNAP.2•MAXCLET.IMM 	 I 	C 	 CALL) 
PM 3.2• MAXEUT ► 1 tORLCN • 13•mAX,UT+3•11HM.2•NNNP+2•NNNO1 	 G 	 RIP GENERAL MATRIX WORK AREA IN 1-TUPLE.2 - TUPLE, 
PH4.2•MAx0T.1...3REGN•MmM•mMM 	 AND 3-TUPLE FORM RESPECTIVELY 

3d2L P.AK= 

uTIIST.IAK-PARAMIJK) 	 •••EXIT SECTION••• 
S4LK.PAtArifio)+PAFAM(191..8StK.-P5LK 

CONTINUL 

IME 	.k MIL 	 NMI IMO s 	I= MN AIN 1.111 IIMII III•11 	MI =I MN 



EN lom 4r4  r 	 r 	— rino ma or me e r r 

Rm;=fri Pr.:ALM ,I6P(7-mANO-;IO_ IECICk LITTLE D 
C 	 ROAIVP=A V Grjk 	 RuW TYPES (-1=.GE., 

C 	 VullYP , .. V Cruf. GLFIr.I.dG 	VA4IAMLE TYPE AT EACH 
C • 

(ml ruk. ; 4. 4LA1;K..2 FC ,  .LE. SLACK ■ =3 FOR 
,JrriNduo, 

G:i4r16.L INT_GR,r5 FOR .-1 INTEGER) 
O 	 0..•4.A=A v4GTAA SHUNIAL 	 LRINTATIONS OF 
O 	 c.iLOANB OF TH1 FFF MATRIX IN RIP. 1=-1 ON .LE. 

mij 

..0. INLC..11 WOWS. = ► 1 ON .GE. AND 
A,SIGN 6 

C 	 .EQ. IhTE ,;:k 	 UN CONTINUOLS AND SLACK 
1, 	 r,JNSI 

NJT41 	SPAL I. US.0 IN LATE PHASES AS 

PApAA=TH4 VE:141R JF INFOT PARAN47cAS TU 
C 	 litwAr(“HL 0:nOmInm1ok in; CUmPJN.NIS OF XiAR 

uic0 TO AVUI3 RLUAGoFF ERRORS 
OcN,TR=THE 0:NOMINAT01,  OF CuMPUNATS OF XSTAR 

u3.1, TO A•0I0 dCONOwFF ERRO2S 
• ACUT=A POINVA VL-CTOR sIMILA4 TO AGOL THAT RECOROS 

TNE LOCATION OF CUT COEFFICIENTS 
ACUITIUN TO THESE PAAAm.::TER$, MANY VECTORS 

CI;LATEu FCR ..,P,7CIFIC PHASE.; OF 2IP GENERATION 
C 	dY compdilliG LJAo POINTS NITHIN MAT•1. THOSE 

INVC4V..J 	S2:+,F.4L SEPAi....T. CALLS ARC THi FOLLOWING-- 
C 4CCA4=1H. I3T MATRIX 3-TUPLE OF A COLUMN IN THE 
C 	 AAA ilAIrlx 1WHILE IT IS IN 3-TUPLE (LINKED) 

FukMI 
C 	 LRovi.=TH.. 1ST NATEIX 3-TOPL4 OF ROWS OF THE MATRIX 

LLL 
C 	 FRcw4=IH: 1ST MATRIX 3-TUPLE OF RUNS OF THE MATRIX 
C 	 FFF 
C 	 SORLN=A dORK VcCTURS 	FOic MANY INTERMEDIATE 

k_SULTS 
C 

SOiROU1IN4 -;IFPIA(XBAkoXSTAR,ACOL,ACUT.MATRI.IMATR2. 
• MAII, S.LWNI 
• PPP,000,SSS,TIT,CLC,000,AHS,ROWTYPIVOLTYP,OMEGA. 
• DEL1A,UOAkOSTAR.VSTAR,PARAMINU.JENUAROENSTR1 

C 
IMPLICIT INTEGER (A-Y) 

C 
t.JAHUN /(1e•40/1ULOA , sULTKOULMLIV.TOLLFL.IOLOPT, 

• iliLiP,F.A.Vi.2,u4UNT1,01.160Nr,'WINTI1iILAK.4FRAC. 
• JIN:.1.:A.K.OTIT-T.COREU(0..0ATuP.DATTYf.U.ELTN, 
• ,IEN.....)....sF.1.1.;P.CLUSPU.OiWUQ.041-Rt, 
• J1Fu.6.'ul111/41,11SAT.;CuAT,.:FRAC,c/NI,45114,  

• FkALlgINFIhipLIMA.L1HALF.LIMU'LiNFtLIMR.LIMSLK, 

• LIVIlliN.LIIIIMK$LL,WMN.LIAMMX.LUPP.LVLPRT. 
• MAXC.J.I.MAXGUTymAXINT,hAX.1,1MM,NO. 
• NNN,NNNP.NNNIgNaNSONNT.NUMEi.R.NXIMAT.PRECh.PSLK. 
• 2T F .1,LK,•:IEE C( 2.711S SLKsTO LMU, VcHI FY,VERSN 

C 
LJL9AR.SOLSTA,TOLMOV.TCLOFL,TOLOPT, 

• TOLTP,TGLVER 
C 

0111 NSIUN XBAR111,XSTARIO,ACOL11).ACUT(11,MATR11111. 
• NATk21,:.1). 
• MAIk3(S.11. ,338(11.PPP(11.000111.SSs(11.TIT(11. 

• CCL111.00011),mHS410.EOWTYP11.1.V3LTYP11/.0HEGA111. 
• UATA(11.UBAR(11.USTAR(11.VSTAR1111PARAM(111,NU(1) 

C 
0JUALE PRcGISION RWORK.USTAR.UBAR.VSTAR.RHSeCCC.RELX13. 

• R.A_X3 
C 

AUIVALENC.-- 1INTGN0.7RELNO) 

C 
OAT.. LITd.LITF.LITO.LITS.LITT 

• /1H6IIHP,1NOtIHS,1HT/ 
C. 
C 	 ••SLCTION TO SET PREVIOUSLY UNSET PARAMETERS•*• 

C-----bELTAS OF THE SMITH NORMAL FOR—CHECK IF PRESENT 
IF(aARAM(u:A.E0.61G0 TO 14LC 

C 	INITIALIZ4 DELTA TO A VECTOR CF ONES 

DJ 131•LT1=1.11411 . 
OELTA(III)=1 

1314 GUNTINU.: 
	FACTJR THc DETERMINANT 10 BUILD THE DELTAS 

PKOE=D4TEKA 
00 1394 NUM=1$0IMPRM 

PT !! thl IPPRM(NUMI 
IF(PAIME.GT.PRODIGU TO 15u6 

135u IFIMOD(PRO3.PRINE).NE.D1G0 TO 139.1 
PROO=FROO/PRIME 
OLLIA(III)=OELTA(IIII ► PRIME 
IF(Ek0U.EO.1160 TO 1514 
III=III-1 
IF(III.LE.ESLKIIII=MMM 

GO TO 1.11 
1396 CuNTINU4 

C 	O4 7:4c1NANT NOT SUITABLE PROOLCT OF PRIMES 

CALI. NIPLKIR(9131 
139:, CALL i-IPEmR(L) 

Gu,TJ 



INPUT Pk•4t...1 MS AS ;P:AFIE0 Lk6TAS 
UJ 
U.LT ,i(llyi.PAnA , (1111 

IF(111.6T..11iLKI . +0 1O 1,2 

IFIG_LTAIIIII.N,..1ILALL AIPE.i1/419141 
LJNIINUE 
GJ TO 13 .P, 

16,4 LifiLK=1,:,..(L14,LK.,. , ..t...i/ULTAIMmtill 
TO 151: 

CALL Alk._,RTM10:0 
GJ TG 

C 	 ,.T O.k o_NOt.INATOP 
151u DELTH=ULLTAIhMMI 

C 
C 	GLNE..ATE NAAcCM NUMDEk SE.iOS IF NL.CESUANY 

UJ 	ULJ=:,7 
IFISEE0(21,1A.A:..)GO TO 150, 
SELO I: ,cul =n 1PANF 

SLEC12,SL01.4•KIPUNFC,37b7,114, 1 
136 CJNTINU 

C 	 •••SECTION Ti ALLOCATE ROW AND COLUMN TYPES•• 

C 
C 	S.T UIFFIcULTY UEGkr'A 

IF(OATTYP.CO.•)nIFD,G=1 
IFIDATTYP.E0.110IFOLG=2 
IFIDATTYP.E0.1.ANCLIPAAAMI171*2.GE.MMM.CR.PARAMI19I 

• •.Cc.HMM11 
• OLFUE6.3 

IFIGAITYP.E0.1.ANG.PARAM119I*10—GE.MMM.9/0IFVG=4 
	INITIALIZA ALL ROMS AS IF .Li. 

BO 23eL I11=1,m3m 
RuNTYPIII11.1 

2320 CuNTINLJE 
C 	INITIALIZE ALL CUT kONS TO .GE. 

Du 2322 uuT=1.MAKCuT 
RJHTYPIMMI•CDTI=-1 

2322 C,,NTINur: 
R(.MFAC.LFAAC 
IC_MEO=PAnW11171 
00 232 	ILOmk•L=1.2 
IFIR_MEU.LE.. )GL) 10 25,4 
III=mMm-ICOMTL,i 

kLHEq=m-AL1-1 
• REMFAL=R:.,WAL-1  

2325 LJ'I:II,U 
IFI ,:-AE0.LE.,IGO TO 25;,_ 

C 	PLACE TH 	 THOS IA THE ECONT kANGE 
LAIL RIPScOIMATRI,LGONT.1,ECONT•EJLK+EINT/ 
P.,1=CO4T-PLK 

C 	LUAC OTHER EQUALITY GAN010AIES INTO RANLOmIZATION AREA 
IF1,11%T.LL.‘1G0 TO 235A 

Du 214t III=1.EINT 
Pai4=01,441 

mAT41(PsN)=IIIi.::SLK 
234. CJNTINu., 
2354 IF(gLAFRC.L:..)60 TO 237C 

OJ 23o 	III=1,R.EMFRC 
P_,N=PSNI-1 

23E, GuNT1mUL 
C 	kAveLmIZ CANOIlATC LIST 
237,. ',ALL kIP5O11mATtIOSN.1,(.1 

'Ou 239, 1, 11=1,kcmL0 
III=eATKLIPSNI 

C 	TAG AN LOUALITY 
kuRTYP(II1)=C 

239, CONTINUL 
C 
	PLACE THE .GE. INEOuALITIz.S 
250, IF(PARAM(18).LE.GICO TO 2o00 

mAx=mmh71 
IF(P0kAmI1al.E0.MMmInAX.MPIM 
CALL 5IPSLOIMATileMAx.i.MAxi 
NUmG.E=1; 
Du 23u F, H=1,MAX 

IF(wCWTYP(III).E0.(;1 GO TO 253J 
NUMG:.=NUMGL.1 
RUNT/1) 11111...1 
IFIAUMGE.GE.PARAMI16)IGO TO 2Edi, 

253,. CuNTINUE 
C 
C 	S..T OmECAi ALTERNATELY 

266L OMIEN=I-11•PARAMI17/ 
IFIFAi0M117I.GE.21G0 TO 2630 
IF(PAk4m110).LE.GIGO TO 263i; 

2o3g DJ eLbL III=1,MMM 
ONECAIIIII.: 

• mmm-EFAAGIGO TO 205A, 
IFI41NTYPIIIII.L0..1G0 TO 2bile 

ulz:C.11111z - kebitYP(III) 
Gu TO 21Dc. 

MI NM MN INC =I MI IIMII 	 MI I•111 	 MIN 	 II•11 



INN 	111.1 INII4 	am an yr air' ow me Imr. 	am 0-  um 	 sim 

204i, ,HI;i1=-J 	 MiNI=BSLK*1 
wil.CA(11::/=,k1:_l 	 mAxd-48SLK*30INT 

205G cuuTlhu. 	 GILL kIPTVP(VOLTYP.h.ATK1.JP$N.Hdd,MINO,NAX4.NUM:4$ 
iFloAhAJ(171.Gc.1)01%,..Atrild1=-4A(mmm-11 	 • 	NUMIHT,INFIN) 

C 	 C 	..,sIGN CONTINUOUS 'iii i COLUMNS 
C 	P(!:-PAKL TU AC-ilf.IN ,:uLti4h l'ir"!-: .(0 PIJITIoNS 	 242o It(dLuNT.LE.IG3 TO 253L 

..10.1N... 	 miN1.13SLK*uINT•1. 
NUM 1.L. 	 mhXd.nmM-LTAAC 
MUm,CN=: GALL RIPTYP(VOLTYP,MAIR1,JP.AtdddeMiNdsMAXdgINFIN, 
NUMINT.. 	 • 	ImFIN,NUMCON) 
oAx.PAN.HTLI)•PANA 1(3.,, 	 C 	pLi:IIGN FRACTIONAL INTEGER Odd 
♦ FImAX.L7....)G0 TO 29. 	 243. IF(OFkAC.LE.E) GO TC 294C 
CALL ATO3L3IVAT'21.MAKs1INNh.RAXI 	 mlmd=mhi-aliACti 

C 	..:;SIGN dud iLACKS 	 CALL kIPTYP(VOLTYP,NATRI,JPSN.HddiMINO.MMm.NUmLi, 
IFI1SLK.L-.,iGO TC 2i9i-J 	 • NUdINT,INFIN) 
OJ 231, do,Lh=1,iSLK 	 C 	ASSIGN ,Ei1AINING PPP COLUMNS 

. sLKPsN=sLKy1411 	 294. IFINNNP.•.PL-LK.LE..AGO TO 2954 
-.LKJJJ=,ImieCiII:LKP5N, 	 miNf.P5LK+1 
ulUldPtP11..6LKJJ) 	 l.ALL,kIPTVP(VOLTYPeNATR18JPSN,PPP,MINP,NNNP,NUMOle 
ViLTYPCz.LKJJJ)=2 	 • 	huNINT.NUNC011 
IF(iGATYPluPsN).LT... ► vdLTYPf,LKJJJ)=1 	 C 	ASSIGN (TOO COLUMNS 

211. GJNriuuL. 	 295, CALL MIPTYPIVBLTYF,MAIR1,JPSN.Q00,1,NNNO.NOMulo 
C 	AoSIGN PPP ::.LCKS 	 • 	NWINT,NUMC011 

2026 .F(;=..;LK.Lz. , )G0 TO 2d.... 	 C 	 ASSIGN REMAINING SSS COLUMNS 
uu 233t i.P.:;r4=1,PSLK 	 IF(NNNS-SSLK.LE.AGO TO 237.; 
:iLl<P,U=AKP:A4•1 
.,LKJJJ=OATKI1SLKP5N) 	

MitCS.SSLIOrl 
CALL RIPTYP(90LTYP,HAIRltJPSN'SSSOINS,NNNSOUM:1* 

i-PPIPeillzKJJA 	 • 	hUmINT.NUNCOH1 
VriLTYV(_LKJJJ1.1 	 C 	ASSIGN TTT COLUMNS 

2,130 CuNTINu, 	 217.. CALL klelYPCVdLTYP,PAIR1,JP5NgTTYpltNNNT,NUMLls 
C 	ASSIGN ..):. SLACKS 	 • 	hUMINT,NUMC041 

2640 4F(S:A.K.LL.L)C0 TO 29., 	 IFALVLPHT.LT.OGO TU 3ILL 
UO .ASS 'SPsN=T.i.SLK 	 C 	PRINT HEAUL1.14 INTRUOUCING HIGH PRINT LEVEL PRINTOUT 
JLICPsu..iLKPyh•L 	 pixITLILuPh. ■ 300511PAAAPIKKKI,KRK.14.A.VERSN1PRECN 
sLKJJJ.JAircl(SLKPSNI  3GQ5 FURMATC1H1/11X.1115H 	 Tv2H 4 • 
SS$C.,PsAl.sLi<jjj 	 • 	/11X,11.•110(.314RIP FPOBLEm GENErtATICN PRINTOUT 
VuLTYPts6(JJJ1=1 	 • 	•14X.1H• /11X,IH•,10X.SHNANE=,1644.1H• 

2c5O CuNTINUi 	 • 	/11X,1H•.10X,12HRIP VERSION..I6.1N-tI1,25X,114• 
C  • 	 • 	/11X,21••,11(5H 	I /IX'  
C 	HANOOmI7L OLGISION VAkTABLE NUMdZ1S TO ASSIGN TYPES 	 C 	HINT SUOMATRIX ASSIGNMENTS 
2..0 LALL k1PS:UIVAT,i1INNH,IONN) 	 3u11. FORMAT(/3H MA$I4.3H,N=II4,4H,NP=IpT4t 

JOSH=. • mHsti0=1,1414H,NS.91.894NINi=1140/HOIAXCUT2.151 
C 	AsSI(IN Iffi:_NICR INTEGER tibb iALUHAS 	 ',MITE. ILUPR.3Ulu I IIMMONN.NNNP,AFINIIONNStNNNT.MAXCUT 

IF( . ilNT -.0U1N1.L::.LICO TO 291, 	 342E FORMAT(/21H COLUMNS IN SUOMATFIXILX,A1 
M14'2=AiLLOODIAT*1 	 • 	/(tiX.12I5)) 
mAXO=u;,LO-dIhT 	 3‘34, FuRmATI/6.4 OSLK=.I5sEHIESLX.II50)4•1INT=gI5,6H,EINTs. 
;,ALL kIPTYPCV•ILIYM,MAIR1,JF,Hydda,MIN3IMAXi f IitFIN. 	 • 	15, 

• hurINT,INFINI 	 • 	7m,86UNT.05,7H,EGONT.,It.,7m.VhAC=9I5,7H,EFRAC=,I5 
C 	A.;SICN Li_w_N,AT: INTCGiR ddl CULUINS 	 • 	/7H FKAC1=s150, 4,1,IFCCG=s151 

2910 IF(OL:INT.6;;...1G) lu 2'121 	 IkITILUP,6303u1d$LR.LSLKOINT.aNT•HCONT,ECONT, 



IF,,AL • . 
MINI I . 	 AL i 1 1, 13[1, (P:. ∎ 4 I, F, 1 ,1 3,911MM) 

2 , )LIIPIliPP1'(e.A10. 4.1,10114.1 
'11 I _ 	 -2 	LI ; 	locf, tr.:.N , 	Pri Inman 

WhITLILU 0 A , J.2 ,, IL1iT,4111(PL111,PsN=IONNT) 
O 

TO 	 rH• 3-TqPLE NATkiX AREA 
C 	 FON 	 dY PHAS,S 1, II Ariu III*** 
C 
C 	 IAIiI.LIE. z - TUdLc J ': 	 h FKE:. LINKED LIST 
31E4 HIN. ,,GKIJP/.:f: 

NAX ,, Cohoul/E 
LJ 	P...;4=MIN,MAW 

34,4 CUNTIMJ:. 

NKTAAT=HAK 
C 
C 	 •••sEGTICH T7 CALL THE PHASE I SUUROuTINE•*• 
C 

POIATEKS TO SHUN ALL 4ECTUKS EMPTY AND 
C 	ALL Nu=1 

mAXJJJ=NNN.PAkAl(idl+PARAm(141 
Du 33:— JJJzE,MAXJJJ 
04 ,;OL(JJJ1m. 
IF(JJJ.Gi.NNk)G0 TO 335E, 
ACUTIJJJ)=E 
NUIJJ3)=1 

33511 CoNTINUE 
C 	SET HOkK VECTOR SU3SCtIPT. FOR PHASE 

•F ,<ON1.1 
LkOR1=FkJwIthAX:UT 
S ,A ,:lii.L ,2UW11, MAXCUT 
1 Fli ,:keril/Z.EQ.SCRCH1)5CRL41=SGiC141.1 
SuRCH 2 =SL:NCHI.MAXL(DINPkM,PAECN•MANT 
s,AGA3=SUKCH -,:imilm 

ETA.SCAGH5rMhM 
FAU=.-_TAroaM 
AKaiii.TAu 
HINv,41= L F,, 
GUS.TAu.moM 
SCRCHA.GSGrmhm 

	CALL THE sUuhOuTINL 
CALL AIPPHIlmAT23,YDAk.xSTAR.AC0L,NU$JEETA,B013. 

• mATA143CkGH11, 
• mATRIA;CHGH21,HATR1fSCkCM31,MATRII_TAI,MATio1ITAU1s 
• UNEGA.KOHIYP.VULTYP.mATR1(FROHII,HAT61(LROW1). 
• mATkItAKLH11.HATAI(KINVRII.MAT,AUCCG),000, 
• mAN1(SCRZH41,  

4 	M4TRIACChl,grATP:.,RH,, 
C 

• **SE4;iION TJ CALL Tiq PHASE II .iLIJRCUTINE*•• 

11-LTOR SU9SG;KIPI, Fuk PHA1; 	II 
U_LO.Lkjoli.mhx,AT 
D_LY.LELUiNNNC 
4 ,ACHI=ULX+NHN)4NNNe 
s;RCHi.SCACHitNNNO.NNHP 
0_Ld.sCHCH2eNNNQYMINF 
LIVK.EILLdrmkri 
LiVU=LIVX+NNNPI.vNNO 

C 
C 	CALL THc sUdkOUTIHE 

GALL AIPPH2(mITR3,ACGL.NU.XHAF,XSTAR,ddd,PPP. 
• OCCI,JAEGA,VULTYP.x0PITYF.MATRIAJEL0), 
• mArki(UcLX),•ATFLISCkCH1),PATHI(SCRCH2). 
• ehIRINEL8)•0ELTA,O0C.RHS,MATRIALIVX1,mATR1(LIVO). 
• SsS,TTT1 

C 
C 
	

•••SECTION TO CALL THE PHASE III SULAUUTINE**• 
C 

ScT HOAK VECTOR SUBSCkIPTS FOR PHASE III 
LuELKB=LHOW.L+MAXCUT 

IFILO: - LX9/2•2.EO.LOELXBILOELX6=LDELX0.1 
LIdSfP=LO.AXO+PFECN*MAXCUT 
MJVV=LXiSTR'PRECN•HAXCUT 
MuVUST.MOVV*PRECN*MAXGUT 
MOVudA.11OVUST4P ,(ECOMP1M 
MOVHP=MOVUdR.PRECN•HMm 
WWWF.MOVWP.PRECH*NNNP 
moOJ=1064P+PRECN*NNNP 
WHOO.MOVHOPRECH*NNWI 

SORCH=WWW04.PRECN•NNHO 
kdAk=HOVV 
RsTA;i.LUIsTR 

C 

	CALL THE SUdkOUTINE 
CALL kIPPH3IHATR3,ACOL.ACUT.1168,PPP,17011.0MEGA. 

• A.ATYP,MATglIFROWII.HAIR1ILR0WII.CCC,USAR 

• .uSTAM$VSTAR,MATkLILDELX21. 
• mATHI(LX8STR),NAIR1IMOVVI,rATRi(MOVUSTI, 
• m4Tk11lIOVUERI,NATA1(HOVWP),mAT4i(RwH4), 
• mATRIIHUVHOI.MATP1(WWw0),MAT ,i1(SCRGH), 
• mATHI(RdARI ■ MATR1(hSTA4).DELTA,XdAR,XSTAR,RHS) 

C 

C 
C 	 ***SECTION TO CALL THE PHASE IV SUBROUTINE**• 

C 	SITUP RORK AREAS 

me pm Ami 	EN mu as 	we- as — sum 	 11.1 =I INN 111.1 



MI MN VIM IIIMe 	MI MI 	 MI NIB 	11•11 	MI flINI 

C 	 XiACH.L.0.0WII.MAXCWT 
C 	CuRm_LT 	 (JATA FJR OE6LPINA70R5 AND NU 	 1FIX,ALH/E•2.EQ.XLL'UmIX•CH=XCRH+1 

muLTxu=uuddAk/U LTN 	 DIA5=XGRCH+PRECN•NNN 
Du 	t JJJ=1,NIN 
DJ %21. 	C.LL TH> SUOROUTINI,  
J.J.TO.UumlkSN) 	 CALL AIPPHNIMATK3,SES.TTT,ddd.VSTAR.USTAR4UDAF, 
IF1j.W.N1-..JJAGU To 	 • 	CCCIpiO44$MATRICLROW1/9hATAI1FkOW1/. 
	XDA..KSTAhl000 11 Xxx6 	 • 	ACOL4ACUT.OMEGA,XdAM4X5TAROCO,RONTYF.VOLTTP, 

xJA4(JJJ).rld... -“JJJT•NULTxu/NUIJJJ1 	 • 	HAIRi(XCR';H), 
X_JAMUJJ1 2 X;;TA<IJJA/uEL;N*GENST,<INUIJJJ, 	 • 	mATRI([dIAS1) 
uuDIJJ.P.oUu1JJJ)/uATM/Nu(JJ.1) 
GJ TO 	J. 

‘2, ■, 	 •*•SECTION TO LOKPLETE PROBLEM GENERATION , • 
C 	 

C 	 

xJAR,xsTak,OUJ NU1 	IN 	XXXA 
XdAQIJJil=xdAiIJJJP*DZNOAii/NUOJji 
X,TARIJJJ).TA 4 (JJA•uZNSTRINU(JJJ) 
00al.M1=uJOUJJP/Nui.1.1,11 
C,,C,AAA.A:JAk AND CHECK TOTALS 
IF(No(JJJ).CT.I.AND.DATTYP.E0.61=1JJJ)=CCC(JJA 

C 	 

C 	 

CALL THE NaNORY REORGANIZATION SUdROUTINE 
CALL RIPORGINATR34mATE24ACOLIACUTI 

COMPUTE STAR DENOMINATOR AS LCN OF THE NUIJJA 
DAiTM.NO(1) 

• • NuIJJJ1 DJ 	JJJ=IoNNN 
IFTNUIJJA.CI.i.AND.DATTYP.E0.L.4NDOWAACJJA.E0.0 PWC.DENSTR•NUIJJJ1 

• CCLAJJA.(CCC(JJJ)-.011)!NUIJJA..L..1 DUNmY=RIPr.U ■APROD,OENSTR,NUIJJJ1,OUNMY2.GC01 
IF(Nu(JJJ).GT.L.AND.DATTYP.E0.1.AND.XuARIJJA.NE4(1 D_NSTR=PROD/GC0 

• . 	CCCIJJJ)=(CCC(Jii)..01,1)•NUIJJA-4Jul 415L CONTINUE 
MIN.1 C 	 COMPUTE dAR DENOMINATOR AS LCM OF OENSTR AND DELIN 
IFIJJJ.GT.1)HIN=ALOL(JJJ-11+1 PROO.DENSTRIDELTM 
NAX=ACOLIJJJI DUNMY.RIPEUC(PROD40ENSTR.OELTH2OUNNY2,GOD) 
OU 	432E 	Pt,N=NIN.HAx DENBARAPROU/GC0 
N4TP2(2,PSN)=mATR2(2,PSN)•NL(JJJ) 
PR3U.JJJ•mATR2(1,PSNI•mATP212,PSN) C 	 PRINT DENdAR,DENSTR AND NU 
CHKAAF..HOU(CNKAAA ,PhOD,32701 IF(LVLPRT.LT•AIGO 	TO A150 

4324 CuNTINUE 4120 FORNATUIIN 	••*OENBAR=,I298H/DENSTR=DI20,31-1**•1 
I‘;CC=CCC(JJJ)*.5 4LIL FjRMATI/1X,9HVECTOR NU /15X,1015)1 
CHKCCL.1.UteNKCCL+ICCC,327u71 
cHKOCO.MOUILNK000.03NOUJJ1•JJJ11327671 1 

WkITC1LUPRofti2010ENdAR,DENSTR 
NKITELLUPA/4130)(NU(JJA4JJJA14NNN1 

CmKx.d.mOulCHKXST+KSTARLIJJT•JJJ.32767) 
CHCOIN.NOLACHAKHRrxmAP(JJA•JJJ.3E76/1 C 	 CLEAN CHECK TOTALS 
CHKVIT.NDJICHKVTY.VuLTYPIJJA•JJJ,327671 
MIN.ACuLtNNNIti 

4/54 CNKAAA=u 
CHKCCC=0 

IF IJJJ. GT.IIMIN=AUUTIJJJ - 11 +1 
mAX=ACUTIJJJ1 

CHKOOU.J 
CmKxST.0 

IFIPIN.GT.mAxIGU 	TO 	45.JU CNKX8f6=MJUIUENBAR,327671 
Du 	LIS:, 	PJN=HIN,MAX 
INTINO.MAIR212,PSN1 

CHKRHS=HjUCOENSTR,32767/ 
edKVIY=6 

ZmELNC.ULLND•NUUJJ1 
MAIRG12,P4141=INTGNO 

I  
i 

CNK4TY.43 
OJ •17L 	III.I.NMN 

4340 CONTINUE IlmS=RHS(III14.5 
45LU CuNTINUE LHKRHS=NJu(CHKRmSrIFHS•III,32707) 

OKeiTY.MJUGHKRTY...Ww1VP1IIII•IIIII327671 
C 	 CALL 	Irk:. 	I 	RIFICATIGN 	kCuTINi 	IF 	;PECIFIED CUNTINUE 



);U 10 
C 

C 	o.. V.. NLC::i.,;1..Y VALUCS AND CC4RLETz. RLARRANGEW:NT 	 • 	12x,I6,1m=,2I1L)) 

C 	dYP-1 	11' LVLFRT . ,-,E. i 	 C 

53,11 1...A4T1hUi 

52ID CATINu..1 	 6211. FORMAT(//26H DATA CHELK TOTALS--/ 

mATAilLUktUP*MtIm+IIII.ROWTYPIIIII 	 • 	5X,7mMOWTYP.,I9/5X,7MYEILTYP:$191 

DO 53,.. III=1,mim 	 • 	Sge4HAAA=.112 /5)(04MRHS=.112/5)(1.4HCGC=.112/ 
MAT<LICuATOPr/III.KMS(IIII+.3 	 • 	5Y,4H00U..I12 /5X,5NXBAR..I11/5X,6mXSTAR=a1u/ 

Da 	3*.,. 111.1,MAM 	 • 	CmiadR,GmKXST,CNKRIY,CHKVTY 
IiiEw.Um,6A(III) 	 C 

mATdf1,PsN)=ON,-_6A(III) 	 C 

Ou 52'.i PsN=1,LAsT 	 wRITC ILUPR,6176 I (KKK, SEED 11 'KKK) 9SEED12 , KKKI e 

IF(LVLPI.Guoi)60 To 6u,i 	 ClZ, FukmATI//2714 ENDING kANDLM SEED PAIRS-- / 

III.MATm211,PSNI 	 • 	KKK=1,71 

HRITilLUPR,621LICHKkAA.CHKRHS,CHIWCG,CHKODU, 

11S(TNEml.mAT6III.cp-TOP+III) 	 IFILvLPKT-21910.,65t ,68Li_ 
nJWTYPIIII:.M/=MATklIG0),TOP+MMI•IIII C 	PRINT SOLUTION VLLTORS 

5356 CONTINUE 	 63.E FuRmAT(//414 ITARIAbLE,6X,714)WARTJ),12X) 
C 
	

4 	8pIXSTARIJI/LY,7(6 1-1 	 1,114-) 
C 	 •*•SECTION TO PkINT TiESULTS• 
C 	

c631U FUMMATIII,,E15.9.5X,E15.81 

C 	PRINT PARAHLTER SUmMAA1 
6(.40 IFCLALPRT.LE.AGO TO 9.iut. 	

65UU WaTrALUPitio3001 
Ou 6556 JJ.J.104NN 

TkUOiN=ACOLINNNI•16Lu/(NMM*NNNI 	 R_LXO.X8AktJJJ) 
RwORK=sULsTR 	 RLLxd.RLLX3IDEN4AR 
IFIkMORK.LT.LIRWOKK.-kWORK 	 RELYS.XSTARTJJA 
TKUkAT=.+ISOLSTR-SOLOART•IG.10/RNAK  RiAAS=RELX'S/DENSTk 
NuHINT.PANAMt20,AAMAr1271 

61,D FamAT111-11//,X,545m 	I 	
WkITEILLIPM,b3100JJJ,RELMBIRELYS 

b554 CONTINUE • 
• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

/2 X,2.14• 	RIP PkOuLiM 	SUMMARY 	• 
.2LX,I.:MRIP 	YTHSIOh=g1v.11.1•141 
ieLx,56H 	) 
//14H 	PRCoLE11 	NAME.,1LA4 
/1oH 	NOMd cR 	)4/1).TAHLCS..I 
/2.m muMOLR CUW.JkAINTi=,I5 
/2OH 	utio8,A 	INTEGER 	ITARIAJLES..I5 
/3414 	)...mi_u4 	..c,, LAxAlICN 	SULUTICjI 	VALUE=,Z15.8 
/24N 	INTEGER 	SOLUTION 	riALUE=,E15.8 
/,114 	i_NSITY 	OF 	NONZERO LoEFFIAENIS DESIRED=,I6 
/4 	H ACIU*1. 	J. - Nz-, ITY 	CF 	NOM2ERU COEFFICIZNTS=.18 
/45H SuLUTIOM GAP PLACA! OF Id SOLUTION 0E- SIREUa, 

In 
/44m ACTUAL 	SOLUTION GAP PEKC.i(T OF 	IP SOLUTION., 

Id) 

C 
G 	 

6&)L. 
6diu 

C 

GU 	TO 	91)Uu 

PiINI FULL PROBLEM 
WKITCILUPm,u81.01  
FURmATILHL/2iJX,1,1 4 ,515H 	 

/2LX,2m , 	,22mGENERATED 
/26X,1II•,51514 	 I 

//14H COLUMN DATA--) 

DJ 09LL 	JJJ=1,NMN 
R.i.XdrWARTJJJ1 
RiLXO=REOW/OEN8AR  
lic.LYS.XSTARTJJA 
REL)(S=kc:LAS/DENSTk 

) 
PROBLEM DATA,2H 	• 

WaTLILUPR,6106)VR1N,PRECN,iFAkAA(KKx),KKK=1,1ZIONN, 
cALL KIPvLR1hAT.<2,1ATi•2 ,pm2,,CCC,JOD,UuAA,USTAR0(DAR, 	 • 	MMM, 

• x .,, TA , kJwiVP , V.LTYmiusTAA.ACOL,ACUT,EdB,NUOMEGA, 	 • 	NumINT,CLBA4,SOLSTR,UENSA,TRUUEH0D,TNURAT 
• i7LNDA,J;NST41 	 C 

FJRmATW23m INPuT FAkAmETER LIST--/ 
C 	KANocmIL Rut') NOmU7ks 	 • 	lex,4(111/0[3,1N.,I1L111 
6.AL CALL R10301(CmGA,mmm,1,hmm) 	 mAx.65.mmm 

L.C:j T.ALul 1,0a4 1 WKIT.ALUPk.o15CITKKK,PARAMIK1041,KKK.11,MAXT 

ININ AIM 	 MN MI 11•11 . 	MN NM 	NINI Mt MN INN 	 MN 



MI 	11INI 	 MINI IIIMI 	11•1` MI IMO 	 MI 	 INN III•11 

MiA=1 
IF(JJJ.GT.3)IN.ALOL(JJJ-1).1 
MAX=ACEA.AJJJ) 

Bd36 FuRAATI/:JH ECL=iI.,03H,XEAR.,E11).s. 
• TH.X,T.R.IE15.0,3H.C=1E1:,.8,3H,0.,11., 
• 03.-1,TTR=.13 
• /15X,3(1), /,11..7H IN R014,1,111 

C 
tRiii(LlirN,Ud36.1jjj,k,LXUlk-0(S, 

• COL(J1J)oDOU(JJ.1)eVEILTYPUJJ1,1MATR212.1(KK), 
• m.rkztioom, 
• XicK=AIN,mAX1 

C 
4:591,1J OJNIINt__ 

C 
042u FJRMAT(//19H qIGHT-HAHD ■ SIOES ■ -• 

• /(5)(113(18/.F1.. .7M IN RCWIII ,..))1 
WRITE(LUPR,G920().HSIIIII.III.III*1101MH) 

C 
oi5(; FORMAT 1//12H ROW TYPL:,-- 

• .0 (5x,,(IN/,I3,7H OH RON.I4111 

NRITO(LUrR,E95b11kOnT1P1II1),III,III=1,11MM1 
C 

IFILVLPRT.LT.41O0 TO 9001 
C 	PRINT RJR REARRANGEMENT MAPPING 

1,10 FORMAT(//27M ROW FEARNANGEM_NT MAPPING 
• .29H(NUT USED IF LVLPRT .GE. 51-- 
• /(5)(.4(1N/.13,74 OfCANi,14111 

WRIT(LUPR,Iiii(fITI.CMEGAIIII1.11I41,MMM1 
C 
C 	•••EXIT SECTION••• 
C 
Bud!) CONTINUE 

RETURN 
END 

GHL4A1JR. FARAN -ETLNS NUT OEFINEJ in RIPPH OR THE 
CORRI:ii•JNOING 

RAROIN ANL, LIA PAPzi; .  AR: AS FCLLOWS- 
C 
	

HATRIX.EHE INTEGER' V.-.R.,ION OF TH. GENERAL RIP 
1. 
	

a-TuPLL flINKEUI MATRIX STORAGE AREA 
C 
	

SCRLH1,2.3 AND .,=WORK VECTORS USED FOR NUMEROUS 
C 
	

7,APORARY 
C 
	

00ANTITIES 
C 
	

kROW1=THE VECTOR OF MATRIX 3-TUPLE STARTING POINTS 
C 
	

FUR ROWS 
C 
	

Of THE MATRIX KRR (THIS VECTOR IS EQUIVALENCE() 
C 
	

THROUGH THE 
C 
	

CALL TO TAU) 
C 
	

:INVE41.THE 11OTOR OF MATRIX 3'.1 . UPLE STARTING 
C 
	

POINTS FOR ROWS 
C 
	

OF THE MATRIX R-INVERSE (THIS VECTOR IS 
C 
	

EQUIVALENCE() 
THROUGH THE CALL TO ETA) 

C 
	

GGG.AH INTERIEUIATE VECTOR DEFINE() AS 
C 
	

L'..INVERSE*(XBARXSTAki 
C 
	

xCNCR.A (DOUBLE PRECISION VALUE() SCRATCH VECTOR USED 
FOR TiMPO4ARY QUANTITIES (THIS VECTOR IS 

C 
	

EQUIVALENCEO 
C' 
	

THROUGH THE CALL WITH SCRCH11 
C 
	

1ATRIX=A FLOATING POINT VALUE() VERSION OF THE 3- 
C 
	

TUPLE 
C 
	

MATRIX AREA (THIS VECTOR IS EQUIVALENCEO THROUGH 
C 
	

THE CALL WITH MATRIX) 
C 

SUBROUTINE RIFPH1IMATRIXIXBARI,XSTARIACOL1.NU.DELTA, 
• dBas SCRCH1 
• SCRCH2.SCRCH3,ETA.TAU,OMEGA,RORTYP.VOLTYPIFROnie 
• LROwl, 
• RRQW1.RINVRIIGGG,000.5CRCH4iXCROHoZATRIX.RHS) 

C 
IMPLICIT INTEGER (A - YI 

C 

C 
C 
C 
C  aURAJUTINE RIPPHIIHATRIXIXBAR0XST4R,ACOL1,NUIOELTA, 
C 
	

8130,SCCH1, 
C 
	

• 	3CRCHE.3CRCH3,ETA,TAU.OM:GAI,RUWTVP,VELFIP,FROW1, 
C 
	

LdOW1, 
C 
	

• 	k , t0WITRINVR1.GGGI00O,SORLH4,XGRCH:ZATRIX.RHS1 
C 	SUB R OUTINE TO EXECUTE PHASE I OF THE RIF RANDOM 
C 
	

INTEGER PROGRAM 

COMMON /RIPCOM/SOLBAR,SOLSTRoTOLMJV,TOLCFLOOLOPTI 
• TOLSTP.TOLVER.BOONT.B000NTpdOINTIBOSLKO3FRAO. 
• dINT.BSLK.EITITST.CORBOT,CORTOPIDATTYPOELTM. 
• tENSA,0::NSFOENSP.OENSPO,DENSOIDETERM. 
• DIFD ■ GlipIMPR4,DISRATOEL.ONTFRAC,EINT,ESIK, 
• FKACIPINFIhtLIMA,LIMALPIAAMOtLIMFOLIVROLIMSLKO 
• LLMV1N,LIHVMX,LIMWMNOLIMWMXILUOR,LViPRTI 
• MAXCON,MAXCUT,MAXINT.MAX2110MMOOP 
• NNNINNNPOONO.NNNSINNNT,NOMERR,NXIMATIPRECN,PSLR, 
• RTPSLK,SEEC(2,7).SSLX,TOLMU.VERIFINViRSN 

DIMENSION MATRIX(3,1)10(BAR(1).XSTAR(1,,ACOLI(110NU(Iit 
• OELTAIII, 

C 



• ddd(1),s6 , LH111 1 ,SG , G 1-2(1 1 ,SL.,.6 ,43(1),ETAT11,TAU(1), C 	 LA.J-ONE 	114TEGE ,t 
• Ou,(1) 214. Uo0(JOJ)=.1 
• 
• 

,,ILGA(1),•GArYPIIP,VuLTY ,, (1),Ft0 ,01(11,020141(1), 
R 4 0.41(,), ,, 1NV.<111),LGGLI,JCkCA,11).xCRCHIII, 

TU 	215_ 

Gu 	10 	kir., 
	 0.G.L- NERAT, 	CASES 

• ,RHS(1) 215, IF(CmLGA(III)12157,2155,2160 

C 2155 1F(41PUNFI.,1,21.E0..)G0 	TO 	216, 
0JUJLL 	 53LuAR,0(_,TR,TJLMUV.IGLOFL.TOLOPT, 

• TOLSTP,T,AVL-' 
2157 EIAIIII)=TAU(III)•000(JJJ) 

Gu 	TO 218. 
OUUdLE PRLC1A0,4 	NHONN,x1RGH,FTUL,RHS,RIPNOT 216, EIA(III)=,  

C C 	 S,J 	*BAR Ana MULTIPLY 	OCD 	dY DiLTAlumml 
DATA 	LT.:1 10.1-TRKIL1k1NVoLTE180,LTLLLIILTFFF,LTFTIL. 210‘ XdA ■WJA=LTAIIIIT ► OiLTAINMM1/TAUII1I1 

• LIdEsU IFITYP.GL.31000(JJJ)=OODUJJ1•DELTA(Mmul 
• /..HLInu,3HRR,4HNINVHBuds3HLLL,3HFFF,AHFTIL, C 	 LIO 	OF 	III 	LOOP 
• 3HUdU/ 22,, CoNTINUZ 

C C 
C ""FILJN 	TO 	LLTERMINi_ 	nASIC PART OF *JAR C 	 PKEPmRL 	A LIST 	OF PRIMES NOT 	OIVIJING 0!LTA(mmM) 
C 'OLUT1Gh••• TU 	Gt,iTTF. FRACTIONAL PARTS RELAIIJELY PRIME TO THE  
C C TAU 
C 	 FIND 	THc 	FIKLT 	AON-UNIT 	UcLTA NAXPRN=L1 

00 	2:5, 	II1=1,MmH 00 	2411 	PRA=1,0ImPke. 
IF(fli_TA11111.GT.1)60 	TO 	2JiJ LLST=RIPPRA(PQm1 

2_51 GUNTINuL OJOT.OLLTA(MNMI/TEST 
C 	 LUJP 	TO 	TAU, 	GOO 	ANO 	INIEGEk PART OF 	)(BAR IFtQuOT•TLA.E0.DELTAIMMMIIGO TO 24J0 
C NON-kATJR MAYFRM=MAXPRM+1 

2,70 TAU1=111 RCH1(mAxPRm1=TEST 
OU 	22J6 	III.I.N1M 24.L CONTINUE 
	SLA. 	TAU C 
2_90 TAU(IIII=U:.LTV.III) C 	 LOOP THRUuGH FRACTIGNAL VARIABLES TJ INCREASE ETAS 

IFIIII.LT.TAD11FAUIIII)=DELTA(TAU11 C FJR FRACTIONAL PARTS 
C 	 FIND VAAIAdlc 	INOLX 	ANO VARIABLE 	TYPE DU 	2OuL 	III=FRACidimm 

JJJ.ddb(11Il JJJ=E60(IIII 
TYP=VOLTYPIJJJ) P400=1 

TYPE 	TJ 	S-=T 	UDC 	..NU 	INTEGER 	ETA IFTmAXPRm.E0.U1G0 	TO 	2591 
Cu 	TO 	I21.u.211:1,212L,213.,214f0.TYP LIm=RIPUNFI1,TAU(III)-1.21 

C 	 SLACKS/SURPLUSES P.114..1 

2116 IFIIII.LE.uLSLRICO 	70 	Zit. 	 tic.XT 	PRIME. 
MULI=RIPUNF(1,LIMSLK,21 2520 PN.PSN.1 
ETA(IIII.TAUIIIIl•MoLT PRM=SCRCHilPSNI 
GJ 	TJ 	2:18_ C 	 ULGTOE HHLTHER TO USE 	IT 

C 	 GJNTINUuu., 	VARIAHL: 254E IFIFOU•PbA.GT.LIMIGO 	TO 	2590 
2120 DJOUJJ1=q1FuNF(2.LIMO,31 IFILIM•RIPUNF(3,1,0,,2)/Pk00.LE.PRM•1000)G0 	TO 	2521 

1FIIII.LL.USLR+AINT*BLOONTIG0 	TO 	2150 PROO=PROD•PRN 
2125 mULT.RIPuuF(1,000(JJJ1-1,2) 

ETAIIIII=1Au(III)•MULT C 	 
Gu 	TO 254, 
RLSET 	ETA AND )(BAR FOR FRACTICNAL PART 

GO 	TO 	213 259. LiAlIII ► =LTAIIII)+PRO0 
C 	 GEN,RAL 	inTLGER 	VAkIABLE KJA+(JJJ)=L- TAIIII•ELTAIMMM)/TAUIIII 1  

2130 000(JJJ)= .(IFUNFI2gLI116.31 26L0 CJNIINUti 
IF(III.Lc.8S1K+ODINT)GO TO 	215 IFILVLPRi.0.4,G0 TO 	3001 

GJ TO 2125 	 PRINT RUHTYP,Om.iGA,ETA,TAU,OELTA 

MI MN 	 Mill 11•111, 11=11 	MB 	 II•11 	1111111 MI -MI 



am am 1IN —, no me r -ar and as ma 1.1.4 air 	a• ow I= 1.1 

23JL F.A1AT(/....1 	 CA_...,Al7A,3111..TA97K,3mTAU. 
• -.)X,5AJ L1 if.Y .i ti,LLc , 3I..11 

• TAOIIIII, 
• U.-_LIA(111),III=1,Mh1l 

C 
C 	•••mAIN SLCTION TO GENERATE C-INVERSE (IN THE dtld 
C 	 MATRIX ARA)• 

C 	LOOP TH4LJuGH BASIL LOLumNJ 
MAXIII=mo.1-1 
Do 	III=1,MAx111 
JJ)=60u(III1 
TIP=VuLTYRIJJJI 
GJ Ti) 131.o,,J10,,3Z.:..53I49334LI.;0

C 	  SLACK/Su,WLUS VARIABLiS 
31.0 CuEF=•ORTYPIIIII 

CALL hIPA:JOtHAT%11,,ACLLIIJJJ1.111,COEFI 
	',LAC: NH, CU,FFICI NT TO TH: RIGHT 

C 	GLNENATE NO STORE AN ALPHA COEFFICIENT 
3150 JNER=BEW(IiiLw) 

NuLT=I 
IF ( IhLR.GL.FkACI.ANu.TAUCINLRI.GT.OELTAIIIIII 

• muLT=FAUCIAEwliOtIlAtilli 
Llm=LINALP/muLT 

ALPHA=RIPUNF(I,LIM, ,.)•NuLT 
CALL HIPAuUtrATRIx.ACULL(JNiw),LII,ALPHA) 

C 	AFTErPT TU PLACE A SECOND COLFFICIENT IN SLACK ROWS 
C 	WWL4 
C 	hoRE OrNSITY IS RLOolhE0 

IF(TYP.GT.11 GO TO 35LL 
IFICENSA.LE.Z U.OR.INERAO.INCWZIGO TO 35L0 
JNEW=d0o(INEW2) 
MuLT=1 
IFIINE. R 2 .G.FRACI.AND.TAUIINEW2).GT.DELTA(III)) 

• ROLI=TALUINEW21/DELTACIIII 
LiM=LINALP/RULT 
LLm=rAX,ILINtil 
ALPHA‘RIPONFILILIM.41 4 NULT 
CALL mIPAOJIMATRIX.ACCLI(JNEW),III,ALPHAI 
GO TO 35L. 
	CoNTINUOUS VARIABLE:, 
32u4 CALL AIPALW(MAN/X,4COL1(JJAIIII,11 
	SLPARATE uUT FRACT16NAL ROWS 

IFCIII.LT.FRACOGO Tj 325. 

GU TO 323 

	G,_MERAT:: ANO STJRL AN ALPHA IN TrE FRACTIONAL AREA 
3220 IFIJAUCIIII.LE.OELTAIIIIIIGO TO 3ic., 

NAX=rmN-III 
CALL RIPSLOISCR ,;MLAxo.,mmml 
Uu 3225 PL.N=1,MAX 
INCii=SGACHIIPSNI 
IFUrEGAlINEW).E0.0NEGAlI/IIIGJ TJ 323L 

322. CuNTINu_ 
323L ..hiw.auutimews 

CoEFL=.-LTATINEWI•LELTA(ITI) 
ALPHA.RIPLUCTMIF:BLUtFl$TAU(INEW1..iAMMAT,GGO) 
CALL kIPADUIMATRIX.i.C4L1(JNi01),IIL.ALPHAI 
Gu TO 

C 	INTEGER VALUE() :ONTINUUOS VARIABLE 
3e5L INER=RIPONFCESLK*1.MAXIII.41 

IFIINEW71111315d,325.015, 
	INTEGER VARIABLZ 
33L, CALL RIPAUU4HATRIX,ACUL1(JJJJ.III,I) 

C 	SLPAr4AT, UUT FRACTIONAL ONES 
IF(III.CE.FRACI)C0 TO 322, 

C 	ENO MAIN RUN LOOP 
35LL CJNTINUE 

C 	SET LAST .OW CF C-INVERSE 
JJJ=8BBINMM) 
i;ALL RIPADOINATRIX.ACOLI(JJJ),MNM,11 

C 	•••SECTION TO GENERATE XSTAR SOLUTION FOR BASIC 
C 	 VARIABLES••• 
C 
C 	RANDOMIZE ORDER OF CHANGE OIRECTION ALTERNATION 

CALL klPSLOISCRCHIOMMOOMM) 
DIRECT=-1 
SLKFSN.L 

C 	Luaia THROUGH ROWS 
OJ 3gCL PSN=1.NMM 
III=SCRCH1(FSNI 

4 
TYP=VBLTYPIJJJ1 
PTDCWN=KBAkIJJJ1 

I 
	

IFITYP.GE.31G0 TO 37;:; 
C 	SLACK/SURPLUS VARIABLE 

IF(ACPSN.GE.OTITSTIGO TO 309L 
4 
	

C 	MAK: ROW TIGHT IN STAR SOLUTICN 
SLKPiN=sLKPSN*I 
XiTAW(JJJ)=L 

I 
	

Gd TO 39,:L 
C 	PKOVICE SLACK IN THF STAR SOLLEION 
309w PTUP=LIHSLK•DELTA(MrNI-XBARIJJJ1 

4 
	

Go TO 3B1. 

4 

4 

41 



• ,Fi.mj) 
• GO To 4o:. 

UNCH.,;_.F,ACIAPLk.kuW-cLONT 

GGLiluW1.61.iu(R041401Ff.VATek,K12.H:iN1 
4o5L 

Gj TO 
471u CONTINU E 

C 
Ii4i6A:c AR:AS OF L-II.01G4 	TO REDUCE GGG 

C 	AHO INLKASL B84 0::NSITy 
C 

[JO 	KKK=1,MAXKKK 
III=KRRt,sLx 

IFIKKR.6T.EINT1III=II1•ELONT 

IF(KKK.6:..m.XKKR-111,0 TO ,9J: 
1F11AuslouG(KRK)).LE.OELTAWmPT/3160 TO 499? 

LuLUmNS OF OPPOSITE Or(IENTATION IC REDUCE GGG 
mIN.mocfl 

mAx=mAXRKK 
uo 	IOLR=PIN,mAx.2 

IFIKNEN.C.I.EINTIINEN=INEw*ELONT 
IFTDm -iGAl;NEmi.E0.0MEGATIIIIIGO TO 49uu 
JNE4=8BJ1INEwl 

• OIFF=xMAR(JNER)-XSTARIJNEW) 
IF(DIFF.EU..)GO TO 49‘J 
mULT=1 
IFTINEw.C.E.FPACIlt..ULT=TAUIINEWI/DLLTAIIIII 
ALPHA=-GoOTxxxl/ImULT*01FF1 
AIPMA.ALPHA•rULT 
IFIALFHA.01. ,  IGO TO 44Ji. 
IFTIAuS(GGG(KKRTI.LT.LJELTA(mmm).AAD.GGGIKKRIf 

• ALFmA•LJ)FF.E.I.::TALFNA=ALPHA-mULT 
IFTALFNA.Eu.•IGO TU 44J0 
CALL HIPADOimATRIx.ACOLITJN:MI,III.ALPHAI 
Goolxxo()=GGGTXKKI+ALPHA*DIFF 

44vil LoNTINo 
	ORILNI GGG 
4490 GOG(xxX)=GGG(RKKI•OmEGATIII) 
5E30 CoNTINUE 

C 
C 	MAIN LOOP TO GEAERATE RCRS OF F-TILOA AND CUTS 

Do 5/LL EuT=1,mAxCuT 
C 	INITIALUL LIST POINTER 

FROwilLUTT=L 
C 	SET SPLCIRL PRO..:ESSING OF 1ST EFRAC CUTS 

IF(CUT.GT.1)G0 TO 519  

C 	ALL oTmLR TYPOS 
37:. PrOF.uUJ(JJA-XO41-(JJJ) 

C 	CAL:,K IF WILY DOWN IS FEASIBLE 
IF(FTUP.GE.I)GO TO 4d,L 

C SST xSTAR UUWN FRGM XdAR 
376, U.,T=,IPU;TTPTCONN,3) 

IFIIII.6T.ESLK.ANO.III.LE.ESLx+EINTI 
• DA=UELTA(Mmml 
IFTIII.LT.mmm-EFRAC) 

* f:T=mUuTXBAR(JJJ).0ELTA(Mmm)l 
TRUEx..(2*Tx0ARIJJJI-OST)+0ELTAIRMA1I/(2*DELTA(MMMII 
Cu 10 36d, 

C 	CHECK IF oNLY UP IS FOASIdLE 

Id.. IFIFTUORN.GE.1TGO TO 3831 

C 	SO.  )(STAR UP FROM XOAR 

3b1. D -JT=..IPUiTIPTUP,311 

• 0,1%UaTAIMMml 
IF(III.GT.Mmm-EFRACT 

• osT=UELTAITIMMI-mOU(XdARTJJJ),DZITAlmhmil 
T'oJx=12*(X8AR(JJJ).b.DST)+DELTA(MMmli/T2*DELTATMMMI) 

GJ Tu 3calt. 

C 	Boni DIRECTIONS FEASIBLE—SET IF INTEGER AREA 
363L IF(UmEGAIIII)13761,3d5G,381( 

C 	DoTH DIRECTIONS POSSIBLE—ALTERNATE DIRECTIONS 

IFTDIRECT13760076-'3610 

C 	MULTIPLY )(STAR dY DELTAIMmml 
3861, XTAR(JJJ)=DELTA(Mmml*TRUEX 

X4TAR(JJJ1=MAX0IXSTARIJJJ),o1 
iF(TYP.6E.3)XSTARTJJJ1=hINGIXSTARUJJ)117001JJJ 11  

39co CONTINUE 
C 
C 	 ***SECTION TO GENERATE F-TILUA AND LLL MATRICES*•,  

C 
C 	COMPUTE CGG=C-INVERSE•(X8AR-XSTAR) --INTEGER ROWS ONLY 

mAXxxx=EFRAC+EINT 
DO 	KKK=.1.MAXXKK 
GGGTxKK1=o 

45,11, CONTINUE 
DU 47,,C KKK=1,MAXKKK 

C 	OETERmINE JJJ INDEX 
111=KKK , ESLx 
IF(RRK.GT.EINTIIII=III.ECoNT 
JJJ.EBBIIIII 
OIFF.x8ARTJJJ1-XSTAR(JJJ1 

C 	AUO UP A COLUMN OF L.-INVERSE TIMES RIFF 
PN=ACOL11JJJ) 

46.L IF(PsN.LE.,AGO TO 47. 
RoR=mATRIXII,PSN) 

ANN 0, MI, MI INN IMO Mil MU 	MI AIM 11101t - MI NM • 



OM 	11111111 4 1.11 4  11.111 	 11.11 ‘1 1111.1 11111 	11110 4 111. 1■111 MAIM MI 1.11 

	 NO CUT LOW- 	 Uu J1L. KKK=1,BAKKKK 
7uU CUNTINI_ 	 .t:B2(KKKI=MAKKKK-KKK.1.1 

C 	 510.„ GJNEINO 
•••S --;11LN TO GEr,:,A1:, 	 Gu TO 521. 

C 	 51 ,1„, IFICUT.GT.EFRACIGO TO 52U 
POINT.iqS 	 :,.:B2(UT)=SCRCH2(1) 

0,1 o_5, I11=1,MiN 	 S.RCH2(1)=41AxRKK-01.1 
kkOWI(I111.. 	 GU TO b21_ 

6U5t. CJNTINU_ 	 G 	k„Naom.u.: COEFFICIINT ASSIGNMENT ORDER 
C 	 52—, CALL RIPSLOISCRON2.NAXKKK,4,U) 

N_G•'LV= 	LJUP TWOJU(iH I0 CALCULATE (URIENTan F-TILOA ROW 
PuSACV= 	 521. x_MAIN=OELTAImmli 

FuT.NTIAL 4LGATIV1 AND POSITIVE RECEIVER ROWS 	 00 53LL PSA=1,BAXKKK 
KKK.SCkHIFSN) 

Go 00., 111=h1WIII.MBB 	 IFIGGGIKKKI.LT.IGO TO :;256 
	S.1T CO:FFI6IENT 	 GGG VALUE 

IF(III.6T.E,LR+.:INT.ANO.III.LE.M1.14-EFRACIGO TO 6511 	 :;;JRC.NIAKKR)=RIPLINF11,LIMF,41 
RKK=II1 	 Cu TO 53w, 
1F(111.,.,..FNACIAKKK=KKK-LCuNT 	 GGG 
KKK.KKK- =E LK 	 525o SGRCHIIKKR)=G 
,twOrLK=G_LTAiIII , 	 IF(-GGG(RKK).GE.R1mAINTGO TO 530U 
:m4(IIII=GGG(KKKI•rWONK/LELTAINNm) 	 SCRCHIAKKR)=REMAIN/I-GGGIKKK)1 

	

x:C_IvuR TAG ARIA 	 RmAIN.,tEmAIN*SCRCH1(wKKI•GGGIKKKII 
61.1 .›<ZN3(III)=L, 	 IFtiL.:NAIN.GT.AGO TO 53oL 

C 	SPLIT LASLS BY iM:GA 	 St;RCH1(KKK)=SCRCH1(KKKI-1 
1E1i:tic:GA I II 1 	 bt-, 3.; 	 WLMAIN=REtIAIN-GGG(KKKI 

6.)2U PJ'..3,GV=PusliLV41 	 53,4: CoNTINU::: 
Sn;RGH2(POSRLVI=III 	 TOT=. 
Go TO bou 	 UJ 54LL KKK.1,11AINKK 

653D NEG-iCV=Nz.GR,V*1 	 TJT=TOT.GGGIKSKI•SCRCKIKKKI 
SOKCB1(r4,rt-MCV)=111 	 5401 LJNTINUE 
GO TO 	CjMPRESS RESULTING ROW INTO STORAGE 

6t:)40 NLGRCV.NL6p6A41 	 OJ t)tiLL KKR=1,MAKRWw 
L;k1.;.-111NLGRLV)=111 	 IF(kGRIAKKKI.LO.CIGO TO 5500 

606C OuNTINLL 	 III=KKK+ESLK 
C 	TAG LAT LONTINUouS ROW TO NOT 0c A SENDER 	 IFIKRK.GT.EINT)III=III+ECONT 

S.;R6H3trilm-EFRAC1=1 	 GALL RIPAOD(WATRIX,FROW1ICUTI*III,S6RCH1(KKK) 
MINN:G=1 	 • 	•OmEGAIIIIll 
MINFOS=1 	 5501 GJNTINUE 

C 	 C 
C 	MAIN LOOP To GENERATE RCWS of RRR 	 C 	MULTIPLY F-TILDA ROW BY C-INVERSE TO. OBTAIN LLL ROW 

GALL kIPAUO(MAT.41X,kR6W1(MMAIOMM.1) 	 LROWIAGUT)=G 
MAXIII.MHM-1 	 STRT=FROWI(CUT) 
00 090 ,.. I1I=1.MAYIII 	 Ou 5o.0 III=1.111M 

OIAI;OhAL TO +1 	 JJo=0B04IIII 
CALL kIPAuolmATaY,RLWIIIII1,111,11 	 IF(III.EU.Z)STRT=-1 

C 	UYPASS roKI- HLR GEWiRATION IF ALR,ADY A RECEIVER OR 	 LjEJ=KIPLIOTSBANIX.STxT.ACOLLIJJA,SCRCH4,MH111 
C 	SLACK 	 IF(COEF.E.O.AGO TO :0,0 

IFI,LLN;(1111.EL1.1.01 ,-111.LE.ESLIOGU TO tAul, 	 GALL kIPA00(mATRIX.LRCW1(CUT),IIIICJEF) 
C 	SET GOLFFICI:NT 	 50GL CuNTINU:: 



6ALL RIPALw(mATPIx.WIMh-1(11,1,a1 	 LJ ,_FzkIPUNF1-LIAR,-1,A1 
C 	MAIN Wow LOuP 	 C 	IoTtGLk VAIARL-J kOw 

Ou 	 C7_, IFIIII.LE.mMM-EFkAG.ANO.III.GT.ESLO-EINT1 
C 	GLLAR 	 . 	GO TO 66.! 

SCA:A1(111).: 	 C 	INC_ASE mINS IF NECESSAWY 
11AKKKK=III-1 	 IFSPINNEG.Ed.LIGO TO 672: 
DJ 722. KKK=1,•AKKKK 	 671, IFI5O'RCHI(MINNEGI.GI.IIIIGO TO 072L 

M1Nh:G=MINNEC4, 1 
7220 COATiNo- 	 IF(yINNLG.LL.NEGRGVIGO TO 67IL 

C 	LOOP 1. 11 ,6000” _Lzh,AT6 OF nkk Row 	 MINkiG=d 
NOwK.ko.Lw1(1111 	 072E IFININPOS.E0.AGU TO 1751 

7300 KKK.4AI ,C1X(i,NOWK) 	 673E IFISCALHZIMINFOSI.GT.IIIIGO TO 675C 
IF(KKK...Q.1IIIG) 10 755: 	 MINPO5=MINPOS*1 
Cu:F=mhTtIX(2.NOAK) 	 IF(rINPOS.LL.POSRGVIGO TO 6731 
	LOJP TmOuCki CORwtSPJNU:G k-INVERSE ROW 

NOW.A1 , 4VPIIKKK1 	 C 	SPLIT LAStS BY OMEGA 
733E PSN ,=mATAIK(100WR) 	 675. IFICM:GAIIIIII677L.64L0.676C 

auACH1( 0 5N1=t,CRONI(FSNI-1.0.F•MATRIX(2,NCWRI 	 676, IFItINNLG.E0.CIGO TO 1901 
NOWR=mATRIXC.i.NOWk/ 	 PoN.A1PUNF1MINNEG.NEGkCV.A1 
IFINcwA.G1. 100 1u 733, 	 Ruol=3Ck0HICFSNI 

C 	LAO KKK LULW 	 Go TO With, 
7356 NOWKzmATWIxd3,NawKI 	 677E IF1PINPOS.E0.1160 TO 1.94)L 

IFtNOWK.GT. IGO TU 73.,, 	 PSN.RIPUNFOIThPOS.POSRCV.41 
C 	PACK 	OkLATE0 kOW 	 ROW=SCRCH21PSNI 

RINVRIIIIII., 	 GJ TO 6o6L 
Ou 736. KKK=I,III 	 C 	CONTINUOUS ROW 
IFISONLAIIKAKI.E0.u1G0 TO 73d1 	 680t ROW=RIPONF(IIIrI,MMM-EFRAC,A1 
CALL RIPWOolmATRIY,FINVRI(III),KKK.sCRCHIIKKKII 	 C 	STORE COEFFICIENT ANO TAG RECEIVER ROW 

738C CONTINU. 	 6880 IFIRGW.LE.ESLICrEINT.OR.RON.GT.MNM-EFRAC)G0 TO 6885 
C 	Ew0 III LOOP 	 IFIOATTYP.E0.1.0R.OENSA.LE.200/SCRCN3IROW)=1 
740„ GoNTINO,. 	 LFIOATTYP.E0.0.ANG.RIPUNF1092.41.NE.01COEF.-COEF 

GO TO 609, 
IFILVLPNI.L1.51Gu TO 751.1 	 C 	INTEGER NEW ROW 

C 	Prakf LcG,C-INVEe-E.F-TILOAORR ANO R-INVERSE 	 68d5 SCRCA3(kOw1=1 
7A2L1 FuRmATI/56 GGG.,51. 11/15X,5I1811 	 KKK=III-ESLK 

MAYAKK.LFRAL+EINT 	 IF1III.4C.FiACI1KKK.KKK-ECONT 
WRITL(LoPK,7A2,11000(KKKI.KKK.I.AAXKKKI 	 IF(GGGIKKKI.E0.u1G0 TO 6690 
CALL RIPVPR12,HATkIK,ACOLI,mMP,813411.1.11MM.2.LICINVI 	 IF1SCRCHAlROWI.GE.-21G0 TO 1396L 
CALL KIPVPRII,MATKIX,FROWS,MNM.SCRCH1.1.HAXCUT.I. 	 RWORK=OELTA(IIII 

• 	LTFTILI 	 COEF2=GGGIKKKI*RWORK/DELTAIMMMI 
CALL kIPVPRII,maTkIX.RkGw1.MMm.SGRCH1.1.MMM,I,LIRRRI 	 COEF.M:a.(CJEF,-(SCRCH4IROW14, 21/COEF2) 
CALL RIPVPRII.NATRIX,RINVRLOMm,iORCH1.1.11MM,1.1.TRDW) 	 IF(CULF.EQ..)G0 TO 159,8 

C 	 SURCHAIROWI=SGRON41kURI+GGG1KKKI , C0.:F 
C 	***TIUN rJ LOPPLCrE BOB BY PRCMULTIPLYING C- 	 689c CALL NIPAUJ(MATRIX,RRCW11ROW1,III$COEFI 
C 	 IN4tWL1 lY 	 C 	END ANN LOOP 
C 	 TNT U-MANIK ANU THIN R-INVERSE*** 	 WILIL CoNTINUE 
C 
	

C 
C 	LOOP Ti JUOn GuLokki5 OF Ewa 
	

C 
	

"'SLCIILiN TO INVERT RRRIP**• 
75VG 00 77L. .11.1,Mim 

JJJ.8ou1IIII 
	

71.cL RINVW1.111.6 

MI MN 	4111111 . 	NMI • AM A, Ili MINI MI 	MN • MN 



MI OM ANN 	NM INN MI 	r 111111' 11111 r11111 x  NM/ - 1■■1 	IMI1 	11101 

C 	MULTIPLY uY TM. Li- IkI , Ix AND EXFA0 THE uOLOmN 	 haWm.P.ATwIX ( 3,N3wi- I 
Co /O., 	kkx=1,11k 	 C 	LN3 ,,i01 LOOP 
o.:-‹011(KICKI.. 	 IFfht:WR.G1. ) G3 T0 7d5( 

70,,L .;JATINO_ 	 C 	:..,4U FFF LOOP 
NJw=ACuLIAJJA 	 HUWF=mATKIX13.NOWF) 

7o2L wP(K=MAT-clx(1,X011 	 IF(NOWF.GT.ACO 10 %yak, 
..a.:R ,: m1IKKICI=oATIxT2,NOw)*U_LTAIKKKI 	 C 	R.:.EASE ULti ROW SPAL 
mOw.mAl ,tiXIL.Os0A1 	 C.,LL hIPOLLImATRIX,FROW1(CUI1) 
IFINCw.GT.,100 TO 7EZ 	 C 	CO,P,:sS Nz:w R04 

C 	R..L...1AL uLJ LCLUMN SPI•Cc 	 Ou Tad: IIIsl,MMM 
w.ALL RIPO:_LfmATRIX,ACcLI(JJJ1) 	 IFIxLkLH(IIII.LE.FTCL.AND.XCRCH(IIIi.GE.-FTOLIGO TO 

C 	OJT _KPA0.O::11 COLUMN WITH oUwS OF R-INVERSE • 
 uo 70d. 100<=1,mmm 	 ZCZ4:XCWEH(III) 

, .;J F. RIPLjUrIMA 14. 11( *RINVR1(KKK), - 12SCH1,MPIMI 	 GALL RIPAUO(MATRIX,FRORIACLITI$IIIIZL'OEF) 
IF(EU:_F.co.,1G0 TO 761•; 	 7dd: CONTINUE 
LALL WIPAuutmATRIX,ACLL14JJA,KKK,CJEF) 	 C 	tit) • CUT Rod LOOP 

7od,i LoNfINth, 	 79,.., CONTINUE 
C 	:O III LOOP 	 C 	• 
77;..0 uJmTINu_. 	. 	 C 	.k.L...ASE RRW MATRIX AREA 

C 	Pc.INI 8:Fi mATp.IX 	 DJ 742l III=101MM 
IFILVLP1.GE.5) CALL 	 CALL RIPOLIMATRIX,RROWIIIIIII 

• KIPvexL.NAT,• Ix.i■ GLLIOMm.fid11.IIIMMM,21.LTBOBI 
C 	

c 7i2L CuNTIMUE 

C 	kLL=.ASt W-LT.VERE- mAIkIX SPACE 	 C 	 **•SECTION TO COMPUTE CUT RHS (1-PHI1m 
00 772t III=1.mmm 	 C 
CALL RIPOELtmAT-UX.kIhVkl(111)/ 	 C 	GET TRUE XdAR VALUES 

7720 CUNTINUt: 	 d2uO Ou . 03_1. Pw4=1.MIM 
C JJJ=Edu(PSHI 
C 	 •**SECTION TO PoST MULTIPLY dY 0-INV•RRR TO  
C 	 ComPLATE 	

xUkCHIPS14)=X8AR(JJA 
X,;RCHIPSNI.XCRCH(PSN)/OELTM 

C 	 ANU FLOAT Tft. mATRIx FFF.•• 
C 	

cd3.1 CONTINUE 

FrOL , 1 	 C 	COMPUTE 1-PHI . 1-FkkCPTILLL•XOAR) 
Efin.FluL/Ce•ULLTA(mmtll 	 Cu d....,i, Cui=1.MAXCUi 

C 	LOOP THROUGH FLOWS OF FFF 	 kkokx=RIPkJT(MATRIX,-1.LROWIICUTI.XCRCHomMI 
uo ld.:i. LAJT.I.mAxCuT 

C 	Ci..t:h,i kt]JdLT ARA 	
WoRK=kWURK 
LF(kwokx.LT.0.)wOkx=wORK-1 

OJ 7:1.6 III=LoMM 	 RwSiMMMtCUTI=1.-RWOR.K*W0kg 
X..;REH(IIII.L d4uL CuNTINUE 

7d J0 CONTIN:k 	
G  

C 	LOOP THKouGm ELEMENTS OF A ROW OF FFF 	 IF(LVLPWT.LT.4)G0 TO 90UL 
N0WF=FRomIlCUT) 	 C 	PKIhT CUT WIGHT-HAND-SIDES 

762G CoEF.mAT ,UXG.NOwF) 	 ddLL FoRMATI/2,H **•OUT RHS 1-PHI•••/ 
RJN.mATRIxli.NOwF) 	 • 	(i)(01E12.5,7H IN ROW.Iwt1H/O)) 

C 	LOOP TH ,,tuuCH ELEMENTS uF kRk Row 	 WRITEI LUPR,d6Oul(RHSIIII+MMMI,IILIII=1,MAXCUT) 
kawk.kku ,cAk0w1 	 C 	 PKINI LLL AND FFF 

780 KKK.maTwIA(L.NOwk) 
Ri4JRR=L_LiA11,0W) 	 •

CALL kIPVPR(L.MATRIX,FROWI.MMM,SCRCH1,1,MAXCUT,1,

CACHIKKKI=xCRCH(KKKI+COEF*MAIRIX12/NONR1 	

• 	LUFFI 
IFILVLPWT,GL.5)OALL RIPVPR(I.MATRIX,LROWi'MMM, 

• /RwOWK 	 • 	SCHCHIg1,MAXCUT.3,LTLLLI 



• wi,NNIIP,NNNI,NNNsoinNr.numetotsuxrmwz.PRR,Psi.K. 
C 	 "'EXIT :,:CTION•• 	 • 	RIPSLKISEE0(2,71,SSLW•TOLMU.VERIFY,VERSN 
C 
	

C 
LONTINUL. 	 couaLL PRECISION SOLdARDSULSTR.TOLMOV,TOLOFLOOLOPT I  
R,CTU ,iN 
	

• 	TOLSTP,TULYER 
cNO 
	

C 

C 
C 	  
C 
C 	sUB , JUTIN._ FIFPH2 (rATRIk•ALJLI.NJ•XUAR,XSTAR.BOB,PPP, 
C 	• 	cou.omLun.vbLryR,RLAryP.L.,Lo.oAx,,ckcHI,sckcHz. 

oELo,uLl_rm.u).Hs,Livx,t_rvo.Jsirrri 
C 	SUO1JUITHL Tu EXLLOP;-  PHA_ii II OF THE RIP RANDOM 

INTEGER PkJG1:ot GENcRijUk. PAFAMETERS NOT DEFINED 
RIPPH UR IN THE kAkDIN ANL) LIN PAPER ARE AS 

C 	 FOLLUH.i-- 
c 	 scRcHI,A.,cH2=woRK VECTOKS USEJ FOR SEVERAL 
C 	 Tc.10(,Y QUANTITIES 
C 	 DELo=r,ft VECTOR OF NET CHANGE IN SOLUTION FROM 
C 	 TH: dA, 	 FUR 000 TO THE STAR VECTOR 
C 	OcLX=THE VECTOR OF NET CHANGE IN SOLUTION FROM 
C 	 1H. LiAk V:CTok FOR PPP (EXC.IPT SLACKS/ AND 
C 	 000 TAK ,A TOGETHER 

odA3=THE VECTOR OF NET (013 IN 10VING FkJM THE 
C 	 BAR TO TH._ STAR SCLUTION IN THE BBB SUUHATRIX 
C 	 LIVX.. LIST L;Ok,ISI-ONDING TO D_LX OF COLUMN 
C 	 SULICRIPUI STILL ELIGIBLE c .JR NONZERO ENTRIES 
C 	 LIVO=A LILT :OkrESFONDING TO D .1LQ OF 000 COLUMN 
C 	 SUBSChIPTi STILL ELIGIOLE FOR NONZERO ENTRIES 
C 

SUBROUTLN_ kIPP12 (NATRIX.ACOLleNJ•XBAR,XsTAR,BBB •PPP, 
• 060,01EGAOOLTYP.ROWTYP,DELOtULXI.ARCHIDSGRCH2, 
• OU801::LTA.000,RHStLIVX,LIVO,SSSOTTI 

C 
I•PLICIT INTEGER (A-Y) 

C 
CJMMEN /RIPCLM/';UEBAR,SOLiTk,TOLMJV,TOLCFL,TOLOPT, 

• TOLSTP,TOLVER,HCUMEO6ONT.BUI4TIUZSLK,OFRACt 
• BINT,LL,LW,dTIT.',T,CORd0(,LORTUP,DATTYF,UELTM, 
• CLNSA,JENSF,IENP,ENSPO,DENSQ.DETERH, 
• DIFOz6.011.ER1,01SRAT.ICOHT,EFR.,G.EINTIILSLR, 
• FkACI,INFIN,LIMA,LINAL ,O,LIMU,LIMF,EIMR.LIMSLK I  
• LLMV1A.LIrVMX.Llhwril.LI1HAX,LU,'R,LVLFR1, 
• NA KLJN ,IAXCU T. WI XI hi 11:0( 1 , WM, MU,  

Ule1:wLJN MATRIX(3,11.ACOL1(11,NU(1),XBAR(110(STAR(11, 
• Idulil. 
• PFP(i1,000111,OHLGA111,VdLTYP(1),ROWTYP(11, 
• OLLO(/).OELX(11,SCRCh1(11.SCCH2(1),CEL0(1), 
• 13LTAIII.0100(11,kH5111,L•VX(1111LIV01111SSSIlls 
• ITT(It 

C 
ouuaLE PRECISION kHS 

C 
DATA LIPPHeLTOON,LILSSoLTTTI/3NPPP,314000,3HSSSI3RTTT/ 

C 
C 	 •••STION TO CALCULATE NHS DIFFERENCE OF HAR 
C 	 AND STAR SOLUTIONS••• 
C 
C 	CLEAR DELTA BBB AND RHS 

Do 22,1 III=1,MIM 

2204 CONTINUE 
C 	LOOP JHROUGH FRACTIONAL XXXB 

UU 24C1, PSN=FRACtoMMM 
JJJ=EBB(PSNI 
	CALCULATE XXX CHANGE 

OLL.XdAk(JJJ)-XSTAROJA 
STAR.XSTAk(JJJ1/0ELTAIMMM) 

C 	MULTIPLY BY CORRESPONDING VECTOR OF 8138 
NOW=AGOL1AJJJ1 

235L III.MANIV(1,NOW1 
OLL8iIIII.OEL8(III)-OEL•NATRIX(2,NOW) 
RRSIIII)=RNS(TIII•NATRIX(2,NO•STAR 
NoW.MATRIX(3,NON) 
IF(NGW.G1.6)G0 TO 235L 

24uu CONTINUE 
C 	DIVIDE dY DELTAIMMM) TO REDUCE TO TRUE VALUE 

OU 	III.I.MAM 
DELB(III)=OCLO(IIII/DELTAIMMM) 
CONTINUE 

C 	LOOP THROUGH WHOLE INTEGER XXXB 
MAX.FRACI-1 
DO 2 ❑ .L PSN=1,MAX 
JJJ.OBB(PSHI 

C 	cA,cuLAL_ xxx CHANGE 
D-L=IX8A.“JJJ)-(STARIJJJ11/UELTA(IIMR) 
SIAR.XSTAROJA/OELTANINMI 

11111 	 1M1, 	MN 	111M1 MS. 11•1 	.1E1 MI MI In MI MI MN MN 



ro ow Ars Nor um me was I= s' ow' I= me ram 4  me re 	 =I sal INE 

C 	NJLTIPLY :$f ,LOR:::.PONLIING V CTUR JF tIdU 	 Go TO 444- 
NuR=ALOLIOJil 	 C 	G_M_,iAL INTEGER VAkI4NLE 

235u Iii.frAT•:1X(Iph04) 	 343c Ou0(JJJ)=KIPURF11,1-10.31 
u_LJIIIII=J_L6(III)-0EL•i.AT ,;Ix(2,40W1 	 XAAri(JJJ1.000(JJJ1-kIPCSTICOC(JJJ)13) 
KA311111...1:,(11!/tNATRIx(2.NOWSTAW 	 Gu TO 34')- 
How.mATIXi.z..14001 	 C 	Z 

 
..k0 	IITEGEt VARIABLE 

IFINCw.CI.LIGO TO 255, 	 3451. OUB(JJJI.1 
201,0 CuNiINU_ 	 XsTA,.(JJJ)=, 

C 	PxIKT ['LLB 	 C 	FINIH UOU CASES 
IF(LVER:ti.LT.5)(;0 TO 31t 	 349, XdAR(JJJ1.0001J1J) 

2o.:,U F,J,tmAT(/,.1H *.•:JEL6•••.5I-L/111X,JILLII 	 X.iTA(JJJ1=MING(XSTAF(JJJI,000(JJA-11 
WRITEILOPq.iocullO ,.LBIIIII.III=1,1MM) 	 U.A0(RS,41.XBAR(JJJ1-XSTAkIJJJ) 

C 	 KkK=RKKr1 
C 	 •••S.:GII6h T) G,NEk4It UPPER &JUNUS MOO 	 LIVXIKKKI=JJJ 
C 	 SULuTIGN VALUES FLk XXXI,  ANJ XXXII" , 	 LIVO(PSNI=JJJ 
C 	 OLLx(KKK)=X6AR(JJJ)-XSTARIJJJI 

31J0 KKK.. 	 35LL CONTINUE 
C 	PPP PORTION 	 C 	ASSURE UNE 000 HAS A UNIT DELX 

UJ 231,. PoO=1.N4NP 	 XJTARIJJJI=0001JJJ/-1 
JJJ=FPP.(PN) 	 0.LX(KKKI=1 
xuA ,:(JJJ/.4 	 ELLOINNNOI.1 
IfP.V3LTIW(JJJ) 	 HAXXXIC=KKK 
iiJ I. , (33.,,33J ,321,93i3.$325A,1YP 	 C 

C 	L:oNTINUdJ VkIiIktiL 	 C 	 ••*SECTION TO CREATE ROWS OF PPP ANO GOO•** 
321i, CALL AIPNOUSTA ,AJJJI,O001JJJI,NU(JJJI.C•31 	 C 

GU TO 321 	 C 	LOOP THROUGH ROWS 
C 	G,L. N:AAL INTECiR VAI-IAULE 	 I 	 PPPFSN.4 

3230 OJO(JJJI=KIPuRF(1,LImC,31 	 I 	 mAXPRP=NNNP-PSLK 
XSTA.-iiJJJ)=RIP03T(C00(JJJ),3) 	 MAXCOO.NNNO 
GJ TO 32'i. 

C 	Z2RO-ONE INTEGER VARIABLE 
3250 OUO(JJJI=1 	 DF;99C-ICOMPL=1,MMM 

XSTAk(JJ,J1=1 III.L.NMM-ICOMPL 
C 	CUMPL.LTE PPP CAS T S 	 C 	  SEPARATE UUT INTEGER ROWS 

3290 X.)TAiLJJJI.MAX0(1.XSTAR(JJJ11 	 IFIIII.GT.ESLK.AND.III.LE.ESLX+EINT)GO TO 5500 
KKK=KKKr: 	 IF(III.GT.Mmm - EFRAC) GO TO 550;: 
cIVXIKKK)=JJJ 	 C 	PKOCESS A FREE ROW 
0.:LX(KKKI=-xsTARIJUJ) 

334b CUNTINUE 	
BRK.LIATTYP+MAXKKK 
CALL RIPSPL(SCRCHI,OLLX,DELBIIIII,DELBIIIII,LIMA, 

C 	kiSUNE UN_ PPP HAS A UNIT BELK 	 * 	MAXKKK.SCRCH2$5,GENSPO,BRKI 
XsTAkJJJ)=1 	 IFIFSLK.E0.JIGO TO 5310 
ULLX(KKKI...1 	 C 	AUJUST FOR SLACK OR SURPLUS IF APPROPRIATE 

C 	 IF(III.LE.ESLX.OR.ROWIVP(III)sEO.,IGO TO 5300 
C 	0 , g) PukTIoN 	 C 	GREAT SLACK/SURPLUS COLUMN 

Ou 3.1, P.A.I.NNNO PPPFSN=PPPPSNil, 
JJJ.00U(PA)  TYP=VALTYPOJJ1 JJJ,.PPPIPPPPSNI 

IFIRIATYPIIIII.E0.11VaLTyPIJJA=2 
GO TO 135-J,35u ,,,3410.3436$3450/sTVP 	 CALL _RIPAUUlmATRIx,ACCLLIJJA,III.RONTYP(III)1 

G 	CuNTINUUUs VAIABLE 	 C 
3410 CALL RIPNUIXSTARijjj1,000(jjAgNUWJA o 1 0 3) 	 C 	SHIFT SOME COEFFICIENT WEIGHT TO THE SLACK/SURPLUS 



ULN =Di 4 ..r 

5611: CALL ,IP;PLI,G.,14,,u.I.K.,,:LATI:),O,L3(1Ill,LINA, 
• 
4F(III.LT.H , --11Gu TO 56; 
UJ Joc, KocKs1.1.4xp.PP 
IFTE.Lx ( KKK 1 .EG:. - 1.ANJ.SLIWAKI.wt.L1 

• GO fu ':03l 
5b2L L.JN(INu.. 

U_NJ=L6%. 
GJ 

503L Ju 	00(.1,MAYP.JF 

IF(GOLF.:U.AGO TL SbSJ 
JJ).LIvAIRKK, 

CALL AIPAQuINAIr.IX,ACGLLIJJ.1),III.CUEFI 
5b5u UUNTINUL 

GU TO bu„. 
C 
C 	LJ;IFF1L1:NTS IN Odfl 

5710 CALL kIP,PL4CR,-.;m1.01,LO.UiLdTIIII.OELdlIII/9LIMA. 
• lAxOug's.kG6120.'..0ENS0,mAx00(11 

IFTIII.LT.milm-IIGu TO 573. 
DJ .42.. 100(=.mAxU00 

IFIJACITIONT.E0.1.ANO.SCRLN,TXKKI.NE.0 
• GJ TJ 

5720 LJNTINU, 

GJ TU 57/. 
5730 UJ 5751. KAK.1.m4x000 

CJEFCRCHlIKKKI 
IFICOEF.EU..) GJ TO 575 
JJJ:LIvU(KXK) 
KmSTILII.Kmi, IIIII•C.OLF•XSTARIJJJ, 
CALL kIPALluimATRIX.AGULINJJI.III.COEF) 

575U LJNTiNUL 
C 	ENO RUN LuJP 
C 

°LOCI IFTICONPL.NE.EFIAC)GO TO 7950 
C 
C 	LJRA-CT 1,G.CUuUS OR LNFTY INTEGER ROW 
C 
C 	PPP PukTIuN 

x4NIFT=J 
DJ 75 t P',N=1,MAXPPP 
jjj.ppplP;A•-SLKI 
LIVx(Psq-xsNIFTI.LIVXTPSN! 
0 ., Lx(PSN - x4NIFTI.M.LXTPSN/ 
IFTAGOLIAJJJ).N ,..LIGO TO  

UJ S. 7, 100<=1,N.0(KKK 
IFT.L.w3ypTIIII• .iCi.G1.1(KKKI•NLxTIO(K)1522-.,5270.525 

C 	UK TJ LiEGASE OOLFFILIENT NACNITUOZ 
5226 L.6m.,ITP,;LK•IAESTSCRGNI(KKKII/16..0 

kjj.,( Ipui4FIL,LIA.5) 
AL0=mIN..(A.IJ,3AiSTSG14.4411KKKI-111 
51/1 6.;.,TAR+ADJ•IAE15(01LX(KKKI) 
IFTliCALNIIKKKI.LT.LIADJ.-A0J 
5•;RC.Po1lKKKT.SGRCH1(KKX1-A0J 
GJ TJ 9 27. 

MAGNITUDE 
550. LINILIAA-1AHSTiChere1IKKKIII 4 kTPLK/1.a.0 

A01.4AX.ItAJJ.1) 
STAk=sTARtAUJ'IABSIULLX(KKK)) 
IFTLC:iCNi(KXX).LT.LIAOJ.-A0J 
SLRCH:(KKK)=SCRCN1410(K).AUJ 

C 
A.A.A/SURPLUS VALUE 

x,TARTJJJ1=STAR 
C 

C 	ALIO 1,1 , 1 RON COEFFICIENTS TO AAA MATRIX 
53,L 00 53bL KKK=1,MAxKKK 

CJiF=SGRONI(KICK) 
Ifik;GEF.EU.LA GU TO 5380 
JJ.I=LIVx(a100 

C 	STOR COEFFICIENT 
533, CALL RIPAu0(MAT.2IX,AGLLi1JJ.JI,III.CUEF) 

RHSTILTI.RRSIIIIT*COEF•XSTARTJJJI 
5306 CoNTINUE 

GU TO 6JJ, 
C 
C 	PKOC,:SS AA INTEGER POW 

55LL IFIOATTYP.E0.1IGO TO 5ouL  

C 	mIXiU SIGNS IN AAA I..ATRIX 
ORK.-NAAPPP•OMEGA(III) 

555i. CALL AIPSPL(SCRCNI,OELX.OASIIII),Or:L8TIIII,LIMAs 
• NAXIMK,SCRCH2,5,DENS,BRKI 

IFIIII.LT.NMN-IIGO TO 534J 
UJ 559L Xl<01,MAxiiKK 
IF10::LXIKKKI.E0.-1.AND.SCACN1M1(1.NE.C)0KP=1 
IFT0a.X(KKKI.E0.1.ANO.SCRCHIWKI.NE.U1OKO 21 

IF(GKP+oKIA.GE.ICONPL)G0 TO 530, 
559L CoNTINU:: 

CI:AS=1000 
GO Ti 555, 

C 	NONNIGATIV:: AAA NATPIX CASES 

5150u IFTENLGACITII.GT.LIGO TO 57GU 

C 	CJEFFIGIENTS IN PPP 

IIIIII NM AIM MIL IIIIII 	• 	•. WIC 1E11 MI AIM 	 IIIII 1111. 



11011 	 • INN 	11M1 	MI Mil 	4  Mr MI 	 IIIII • 

• 

IF(C.ATTYr , ..-. 1:.1...NE, ..D.I.M.XPPP),;() TO 75o. 	 U,NIFT=i1SHIFT*1 
NUCJJJI=1 

x;T.m(JJJ).xoAKIJJ,1) 	 hiCIT=NNNT+i 
TTTINNNT1=Q00(PSNI 
Go TO 

CHIFT=J 	 (kla(P:SN - (L'HIFT1=000(PSN) 
C 	 85,,L 
C 	0011 ■-“JkTi_IN 	 NNNO‘NUNLI-US'HIFT 

UJ 7i,. 
JJJ.COUCH.,N1 . 	 89 	IFILvLFRT.LT.5)G0 TO 896E 
KKK=PSN+NNAF-PSLK 	 PPP AND 000 
LIVX(KKK-(:,HIFTI=LEVXIKKKI 	 CALL RIPVP(2,MAT , 1)r,ACOL1,MMM,PPP•1,NNNP,2•LTPPPI 
JLL x (KKK- 	I FT 	LX IKKKI 	 CALL ii1PVPm(2.MATPIX,ACOLI,MMM,0QQ1111INNNO,2•0(100I 
LIVQ(PSA-4;;HIFT1=LIVOWSN) 	 895, FJRrAT(/25H COLUMNS NOW IN SUBHATRIX•1X,A3/ 
OLLIIPSA-u:,HIFTI=b,.L0(PSN1 	 • 	(x,121511 

IFf4LJL;(11J1.N:. ICU TO 79, 	 896, IFILVLPRT.LT.4)G0 To 90C.L 
IF(C.TTV ,...,A.1.ANU.PSh.E.U.NmN0160 TO 79EG 	 IF(hhNP.G1-1 
X,HIFT=XHIF111 	 • 	whITEILUPR.8951LIFPP,(PPP(PSN1•PSN=1,NNNP1 
O,HiFt=41h71.1 	 IFIhhNO.GT../ 
X.,T..(J1J1=L 	 • 	wRITGALUPR,895LILTOC10,111QQ(PSN),PSN.I.NNNW 
xdA.R(JJJ)=., 	 War:ALUPK,895UILTS5S,(SSSIPSNI,PN=1ONNSI 

7T34 0JNTINUE 	 WRIT:ALUP1(.8950ILTITT0ITTIOSNI.PSN.LONUTI 
C 	 C 

MAXOUO.NN,Q-OSHIFT 	 C 	 ••*EXIT SECTION**• 

MAXKKK=.1AXKorK-XiHIFT 
C 	 91J1,6 CONTINUE 

199u L;JNT1NU- RETURN 

C 	 ENO 
C 	 •• 4.s:t;riON TO MOVE VACUOUS COLS TO SSS AND ITT•• 
C 

P.A1FT=o 
IF(hhhP.EQ.L1G0 Tu 
Du nJ,, P,N=1,NUNP 
JJJ=H, P(P:MI 
IFCALOLIIJJJ.11.1160 TO 02,i; 

HU(JJJ) =1 	 C 	SudROUTINE RIPPH3(MATAIX,ACOLI,ACUT1.880.PPP.0OO. 

N,OS.VINI7St1 	 C 	OMEGA. 
SINIIN:0 ,'PPPIPSN) 	 • 	kuRTYP,FROwl,LROwl,CCCOBAR.USTAR.VSTAR.LDELX13. 

6,1 TO b.L. 	 C 	* 	Lx25TR.MOVV.MOVUST,MOVudR.h.OVWP,WWWPOOVW09 

8250 PPP(PSN-P:AIFT1=PPRIPsN1 	 C 	• 	wwWO.SCRCH,RBAR.RSTAR,DELTA,XBARO(STAR.RHS/ 
83.14 CurIT1Nth: 

NNNF.NNNP-PSHIFT 	 C 	SodkOUTINE TO EXECUTE PHASE III OF THE RIP RANDOM 

C 	 C 	INTEGEk PROGRAM GENERATOR. PARAmiTERS NOT DEFIhED 

C 	3 ,10 SELTIuN 	 C 	IN RIPPH OR IN THE PAPER BY RAROIN AND LIN ARE 

84•0 0.H1FT 	 C 	As FOLLOWS-- 

IF(KKNO.EiJ.61G0 TO 69LL 	 C 	 LUELXO.LLL*(XBBAk-XBSTAR1 

P:A.10NNO 	 C 	 Lx6STR=LLL•XiSTAk 
JJJ.COU(P:A4) 	 C 	 MOVV.THE OIRECTION OF CHANGE IN VSTAR (THIS VECTOR 

IFIACULI(JJJ1.NE.L1G0 TO d53.: 	 C 	 IS EOUIVALENCED THROUGH THE CALL WITH RBAR1 



C 
C 
C 
C 
C 
C 
C 

C 
C 

`iUVO.)TzTm; OIk; :TION OF ,NANC_ IN USTAK 
IOVU1 , =TN: OF L:NANG:. IN UUAR 
4MNP.Tm_ V.;A:TOS OF UFTI1ALITY ;DNUITIONS FCR 

PPP VAI, IAAL: -.; 
m6~=TM: 	 CF CNANC;: IN NWN4 
www0=1H;: VLCTOP OF OPTIMALITY , OAUITIONS FOR 

OUIJ 
mUVW1=ENt. 0I•LLTIOh OF CHANOL /N HWNC 
SCKLM.A wuhK Vt.A0h FUn T:NPORARY VALUES 

KIFPM31iATFIXIAGCLIIIACJTIsddEoPPPIOOUt 
• 011...UA. 
• . ..h.RTYPIFI...0,11,LAGNI.CCLWAAA,UTAR,VSTAN.LIYLXH. 
• LX(1;;Jnii11LVVIliOVUt.T,MOVCk,POVHPOINWP,MoVNU F  
• HINI.CRLH•ecIAN•NSTA k •JELTA• XJ AR,XSTAR,RHS1 

IMPLICIT INT-Gt: 	(A-V) 

cOMMOH /RIeLUM/40L3AR.SCL-iTmOULM3V•TULDFL,TOLOPT• 
• TuL ...)TPIToLlit.t,b;UNI•rUCUNTedUlATodJSLK,qFRAC I  
• E:.KT.d...6K,BTITST,CCReoToLJFTOPeDATTYP,OELTM• 
• J -J4L, A.J_N•JF,ItWiP,LENSPO.DENS.1,DET•RM, 
• DIFL):.•,;.0111Fitm.bis.?irriiu,MT,:fxaC,CINI.;:sLK. 
• FAI...1,101h,LDIA,LImALP•L1pUsLimF,LIPR.LImaLK• 
• LItivAN.L1.4m<oL1mwvA.L..mwmx.LurR • LiLFRI. 
* mAxt,114,msk*CUT,r.AXIni.rAx 
• NriNoialiP,NI*0• NNNS,NhNf,numERK.NXTKAT.PRECNOSLK, 
• RIPSLK,SEr_0(2,71.SSLK.TOLMU,VLIFY,VERSN 

UOUBLu PR_k;It.ION SULBARDL■ UL.STR,TOLNOV.TCLOFL,TOLOPTo 
• T0LSTP,TCLVER 

DJUdLE PRLIAOA C•.L,WAF•USTAR,VaTARDLEELXdoLXOSTR, 
• NOVV.OuVU:do 
• MOVVAR,NOVLO , iMAVNP,NLIRP,MOVW004NRO,VARe 
• Fli ikT4TMU,104S4T,SIZP.:1C...A•RIPROT ■ 
• FO,kM4.RLUEF/OLL.RWFW,RANAU2 

EOUIVALEW,a TZNANU•IhTGN01 

LJIMNSIUN MAIiI(13,11IACOL111),ACUTI(11,08d(1).PPP(1). 
* 00011.1. 
• JN:G4111,NOWTYP(1).FRONIIII,LRuN1111.CCC11). 
• UdA 0. 1 1 1 1U0A ,;(1111V:,TAR111,LOELXB(1)0 
• LAd;Tilll,FUVVIII,MOUU.a(119MUJUOR(1)00VHP(11. 
• NNI0(1),MOYW1(11.NWRO(11,SCRCH(11,RBARti),RSTAH(1), 
• ITLTA1.103A.:(11.XSTAATLI,RISTA 

DATA LIUKfiTikilPILTUOL,L.TV7TR.LILXOS•iTia(DOLTAHS 
• i,HDAA,,VMDSTRO3HCLC,...HVAR,4HONS,YHLUXB,3HiliS, 

TCL ,_RANCES 
TuLUPf.4 
TULOFT.TOLOPT/ILLIkIMMNI 
TOLSTP.TULOPT/LIMNMX 
IJLAP=TULyTP/LImwmN 
TULM0/.14.•TOLUPT 
IFATCLnoV•4.1.1.1TCLmOV.1. 

C 
C 	 ••S:-CTIUN TU GENLRATE INITIAL DUAL PULTIPLIERS*•* 
C 
C 	CLEAR UUU DUAL VELTURS 

Du 2L III=1,MMM 
UOAR(III)=L; 

25,:‘ CONTINUE 
C 	LUOP THROUGH CUTS 

UU i4JL GUT.1•MAXCUT 
C 	INITIALIZE CUT OUALS, 

VsTAk(CuT)=RIFUNFILIMUMN.LInvmx,6) 
C 	NSTAk WIACHTS 

1,L,TAkILUTI.RIPUNF(LIMWMN,LIMNMX,61 
C 	NdAr WcIGHTS 

kJAQ(CUT)=RSTARICUT)*•VSTARILUTI 
C 	AUU UP UUU DUALS 

LiAR.ROARILUTI 
STAR.RSTARCCUTI 
NUN=FROW1lCUTI 

27:y IFINOW.LE.LAGO TO MiL 

III=mATRIX(1.604) 
IaTC(10=mANIX1201Lwi 
UuAR(IIII.USAAIIII)*BAR*ZRELNC 
UiThk(III)=STAR*ZWELNO.USTAR(III) 
NJW.NATRIXISINOW1 
Cu TU 271),. 

C 	ENO CUT LOOP 
294L CaNTINUE 

C 	PRINT kdArt ANO RSTAR 
IFILVLPRT.LT.53G0 TO 31U6 

ZWL FORmATI/1X08(3H*••)/1X93HCUT,SX,4HRdAROXI5HRSTAR/l1X. 
• I3s2ILL)) 

WRITEALUPR,4201(CUT,RBARICUTIIIRSTAR(CUT), 
• CUT=1,MAXCUTI 

C 
C 	CUR.RCT UUU VALUES 

OJ 315L 
IFIIII.Le.ESLKIGO TO 3151 
IFTCM:GACIIII.NF..L1GO TO 3150 
MULT.-RONTYP(III) 
IFTPULT.N1...../C0 TO 312i, 
MULT.-I 

C 

C 

NM NM An 	 MI MI 	1111L 	NM 	.( 111111 MN NS SIMI lin IMO 1•11 



En ism glim « End — 	r — • imir 	 ra4 um me 	t 	=I um ow 

IMULT.i 
3121. Uu..Itililz1uLT•J1eUNFCLIm4mN,LImomK,o1 

315U cumrINui. 
C 

CHIT 1:1 
„if:11 .114F1M 

C 
C 	LUIWUlL LLL • IXIJOI•K-7044Ahl AND LLL•XILiTAR 

UJ :45. uti1 =1.HAMLUT 

LOMK(L.UT).,. 
HUW.LkU4:At.:Ui) 

3400 IFINCw.Eu..1GO TO 345 
Til.e4T.WW1.0.04) 
JJJ=eu1t1111 
rolOmx.x,,fAkIJJJ1-xiAkUJJ1 
K40.0(=kwukK/G:Aim 
i...k.Lxd ( 6 0 T).LOLLxbICuIl.kW0 ,,V0 11ATRIX(2.1hOwl 
WHJ-0(=xiTAK(JJ.1) 
eNOKK.K4o ,6</JaTM 
LiciA ,NWuT). , ww:ak(CuT)+KWO , K 0 mArtIk(?..10W) 
HuW.mATKIx(2.hOW) 
GU To 

345(1 GurifINu_ 
IF(Lvi_PKT.L.T.51GO TO .0,;L 
t,NIT.:giu 1,-(, , •. 251LTLOXh,41.0EIABICUT).CUTi1,MAXCUT) 
votTrILUPR ,,,2 !. 1 LTLXr3 ::,(iXd-TRICUIT•GUTT.1.4A)(CUT) 
wkIf ,( LJP ,t , 4 , 2 ,ALT;:HS.friHS(ITT),I11.1,MMNI 

C 	 WRITEILUPR4442011TCCC41CCCIJJ,11.JJJ=1,NNNI 
C 	 ".S:.4.4104 TO COMPUTE C0_4 ROW IWO TEMPORARY 	 C  
C 	 SuLuTTUn VALUES•• 	 C 	DECIDE WHETHER TO ACCEPT CCCAS IT IS 
C 
C 	add FukTILJN 	

4450 IFICAUM4GT4MMM•0IFOLG)G0 10.900J 
IF(SIEP.LT.TOLSTP)G0 TO 900u 

4.:00 SULST., 	 IPISOLSTR)4600.9LGL.4050 
;;;JIAA,<=4 	 C 	SJLSTR HLGATIVE 
UJ 432. ILI.1.MMM 	 htivw TECHSTMU4GE4CIFOEG•MUIGO TO 9U,0 
JJJ=Gdu(1111 	OiRECT=1 
CUCIJJJ ) =k 1 PCT(MATkI)1 ,-1.ACOLIAJJ 1)1,U8AROMMI 	 VAR.OTFU:i.G•mU-RTSTmU 
3JLSTh=auLSTNtC ,:C 1 JJJI•xSTAkCJJA/DiLTAiMmill umitcliAk/IL,t 
6 J 1. 13,4 k.:iuLdAkrCCCIJJJI•x6ARIJJJ),JELTA(etiml  IFISOLSTW4GE4•1-LIMWMNIGO TO %AO 

4320 CJPITINW_ 	' 	 GU TO 5JuL 
C 	PPP PukTitm 	 C 	SJLSTR POSITIVE 

IF(Ria4P4LL4.3 G1 TO 437, 	 4b5O lEIViSTMU4GE4MIN,IMU45d)4AMO4TESTMU.LE4MU/ 
Uu 41:,_ PaH=1,14•10 	 • 	GJ Tu 9.06 
JJJPPP(P_N) ui(ECT.1 
Ck;C ( J.J.)1 .1f4- rT(mAlkIx,-7.,ACAAAJJJ).USTAKOMMI  IF(T.:STAU.GT.mU101k,CT.-1 
.SJLIK..i.),.0t 4 CCC(JJJP.XSTAKAJJJ1 	 VAR=m1N_ImU.56)-RTSInu 	• 

43.21, CJNIIiiii.... 	 TECTiSTMU4GT4MWVAR.MU-RTSTMU 

IFIUATTYP.E0.11CCLIJJJ)=CCCUJJ1+.LA 
C 	01Q )-GfiTIoN 
437, IP(NraNO.Lc. A GO TO 446i• 

UJ 	PS61=1.NliNO 
JJJ.COO(P:-.N) 
CCOIJJJ).xTPKCTImAlrIX.-1,ACOLI(JJJ),USTAROmml 
z,JLAK=SuiSTR4CCCUJWISTARIJJJ1 
ul.tAKm ..; JLOAIOCCC(JJJ)•)10.1)((JJA 

43d6 JuHhINUL. 
IFIOATTVP.L11.11CCCIJJJI.CCC(JJJ1-.0,1 

C 
44:6 lovuriK.u).TPe 

IFIPoORK.I.T.L.)SGNST4=-1 
IP(KweRK.W..G.IRTSUU=CSOLSTR-sOLBARI/IRWORK•SGNTP) 

I_SINIUmkTSPIU 
C 

IF(L4LPkT.LT.5)G0 TG 4450 
	PKIhr CUWRENT STATUS 
441, FuRmAT4/611 ***** ,514CNUM=.14.0H,SGNSTR=II2, 

• dHoiTSTmO=,E15.6,645H 	 
• /1H FESTuU=.15,4HOW=.15,0H.SOLOAR=,i15.39 
• t114450,.STR=4E15484bM4STEP.4E1548) 

waT.111UPK4441vIChUmeSGNSTR4RTSTMU4TESTMUOU4SOLBAR. 
• SOLSTRISTEP 	• 

442u FOr,,,T(fix,71iVECTGR ,A4/15X,5E12.5)) 
waTimuPk,44261oubAx.tuaARIIIII.III.lomm; 
boarciLuPR,4420ILTusTR.tusTARIIIIt.III=t,mmm, 
witmi(Lue.K.44201LivsTR,(usTAR(lowom.limAxcuT) 



4F I Aft .; F. 	. .-01 , .. st:LLTr..LL.1+LIHW1N)G0 TO 9 , . 	 POAT:ON tr-THANSPOS31 
C 	 UJ 	CUT=1.NAXLUT 

F" Fliv,IbG A 	 OF IMPROVEMENT 	 kcJ,J=HUVV(CuT1 
1;4 	 Nui.FkOW1IGUT) 

	

JuAL luLlIPLII 	AND T•:: .;UST PATIO•• 	 553. IFIN,N.L...160 TO 554 
C 	 III.mAIRIx(1,k04) 
506i NJvy.40... 	 INTGNO=NATH1X(2,Now) 

NucisT.. 	 HuVo1141IIII=MOVUuktIII1+RCDEP•ZRELNO 
mAwmU2.1...6L:.1k-iCLUA41/ScL:AR••2 	 NON.mATAIX(3,h041 

NJV:HiNT 'OlKiCTION 	 GJ tC 553. 
uu 	cut=1.1AYLUT 	 554. CJATINue. 
K 4 U 1 K=S 6 NST.. •( LEL*H(LuTI/SuLSTR-LX3STR(CUT)•4ANNU2) 	 C 	Gu•PUIL CHANGE IN PPP OPTIMALITY CONDITIONS 
HushilLuTI.,,cp4LRK•01-RECT 	 IFINhNPLL..) GO TO 56GL 
IF(k.OYYLuT).LT.. .ANn.VSTAKICUTI.LE.TULMOVINOVVICUTI.0 	 UJ 	Ps1=10NNP 
aulivAh.oulivh..0.404,KomcV01...uTI 	 WwwP4PSNI=.. 
o uvSst=oiVs:J.Hiply(CUII•Lx6STRICUT) 	 mJ0WPIPSN)=. 

5291.1 4Ji4T1hu_ 	 59oi. CuNTINU: 
uLTAK otkLCTILN OF HOYEM.,NT 	 UJ 	CUT=IIHAXCUT 

UJ 437. 111.:,HAH 	 SNT=FkuNI(CUT) 

	

TO 532.. 	 Du tit:9,, P:iii.I.NANF 
C 	SLkCK k.04--L.UAL 00E.S NOT CHANGE 	 JJ.“.PPPIPsNO 

NJO.SIII11)=L 	 IF(ACOLLIJJA.LE.L)GO TO 559C 
Gu TU 5 37. 	 FH=HIPROTENATRIX.STkToACOLIAJJJ1,SCRCH.MMMI 

C 	MAIN I.44 	 SIRT=-1 
532. mui/u5Tti111z-OIxELI•SCW:JKAWMU2•RHSIIII) 	 04HPIPSNI=WHHP(PSNI-FP•VSTARtCUTI 

muVwP(PSNI.MOVWPIPSNI-FP•MOVVICUT) 
C 	A .GE. rluw--boAL huST STAY , 40NNEGATIVC 	 559&. CuNT1NuE 

533L 	 C 	• 	CUNPUTE CHANGE IN 000 OPTIMALITY CONDITIONS 
• levuTtIIII=. 	 560C IFiNr.NO.Lc..1G0 TO 5640 

GU Tu 517 	 DU 5616 PsN=I.NNNO 
C 	A 	Huw--NuAL huST STAY NONPOSITIVE 	 wwW01P5N1.4 

535L IFIAU ■101, 1(111 1 . (4.:.AND.USTARIIIII.GT.-TOLMOV) 	 mUVWOIPSNI=L 
• 1Lvu.:T(1111=, 	 56Iu CJNT1NUE 

537L 	 Du 503.: CUT=1,MAXCUT 
C 	ZCHJ 	 FLH USTAkS ON SLACK MEHNEkS OF PPP 	 I 	 STRT=FkOWLICUT) 

IF(FsLK.Lu..)G0 TL 55.0 	 Du 563L PSH=1,NNNO 
Ou 5,2_ e.:N.i•P3LK 	 JJJ.000(PSN) 
JJJ.PPP(P:.-.N1 	 IFtACOLLIJJJI.LE.LIGO TO 5630 
NUN.AL61.:(JJA 	 FU=k1PkOT(MATRIX.SikT,ACOLL(JJP,SCRCH,MMM) 

STRTz-1 
MJVuST114.11.L 	 kNNO(PSN)=Www0IPSN)+FO , VSTAk(CUT) 

5,20 CuNTINuL 	 MuVHOWSNI=MOVNO(PSNI.F0*MOVVICUTI 
C. 	COmPuTL ...HAGE IN U8AN--usTAR PoKTIUN 

	
5635 GuNTINUE 

550G UO 	111=1.mim 
	

C 
HWJtoc..-.3...4]11‹.K0o , U2.,HS(II4.1 

	

	
C 	 • 4 •SECTION TO STEP ALONG THE CHOSEN DIRECTION*•• 

C 
NJ 1JT=Iluvsz.T+HA5(11I) , HuVu'L;T(111) 

	
C 	L:UM•UTL S .ftP SIZE 
5b4u ST:P=INFIN 

552U k:UNTINu 
	

STEP.ST:11 • •2 

C 	VTAk UR ()LIAR SIGN LIMITS 

=MN 	I= • I= MEI MIL MI 	 - NM A NMI IMO • I= 



MN MN 111M =I.'  I= MI 	 /11*  IM 	.r40111 	 111111 MIN 

UU 	 III=1.M1m 
IF (R011 Y13  (ill )) it5. ,54.9L ,5b7. 

ko4 
5650 IF(moVUiT(111)..W..1 GU Ti., 

RAJK=U:iT.R(IIII/(-NOVOSTC/III/ 
IF(K4OKK.LT.:,TOISItP.AVUKK 

5660 IF(KCVUJNIIII).6E. 1GU IC 5t14 
NtAiF=U6An(iII)-TULUPT 

Aw0)(=k0u_F/(-mlvu:Ik(III)) 
IF(RAokK.LT.OEP)STEP=RAGRK 
GU TO 569% 

C 	.Lt. ROA 
5070 IF(mOVUST(III).LE. ) GO TO 	e.; 

Rwomp(=-LLiTAR(III)/mOvuSTAIIII 

IF(kmokK.LT.LTEP)STEP=RNORK 
5660 IF(mOvUum(IIII.LE. )GO TO 5645 

NGO:F.-UOAR(III)-TOLOPT 
IFIRLOLF.LT.-UOAR(III)-1.IRCOEF=•J6ARC4I)•1. 
R40qA=NCULF/mOVUNk(III) 
IF(RAONK.LT.STEPISTEP=RNORK 

5610 CJNTINuL 
C 	V:.TAR NONNEGATIVITY 

Ou 5726 CoT=1.MAxCul 
iF(MCVV(CuTI.GE.:) GO TO 672.1 
1640)(K=VSTAR(CUT)/(-M0VVICUT)V 
IFIRmukK.LI.STEPIsTIPARwoRk 

5720 CtJNIINUr. 
C 	PPP OPTIMALITY LIMITS 

IF(NNNP.LL.4)G0 TO 575U 
Du 574C P..N.1.NNNP 
IF(MOVAPIPSNI.GF..t)G0 TO 574:: 
MGOEFzNAAP(FSN)-TULOPT 

IFIRCOEF.LT.NMKPIPSNI•LORCUL:F=WWAP(PSN)•1. 
RALAK.-NC.LEF/NOVNP(PSN1 
/F(RNORK.LT.STEPISTEP.RNORK 

57.0 CONTINUE 
	000 OPTIMALITY LIMITS 
5750 IFINNNO.LL.DIGO TO 5940 

Ok) 57t4 P:.44.1,NNNO 
IFIMCVNOWSNI.GE.UPG0 TO 57bU 
RGOEF.WNHUiPSNI-TOLOPT 

IFIRCUEF.LT.AWNO(PSNI-1.1RCOEF.NWHO(PSNI-1. 
RAORK.•RCuEF/rOvw0(PSN) 
IFIRRORK.LT.TEPISTEP.RNURK 

5760 CJNTINUE 
C 	VARIANCE KEACNE:: 7fRO 

59110 IFINUVVAIA.NE.).1kNORK.VAR/NOVVAR 
IFIMuvvAN.NL.J..ANO.RwoRK.LT.STEP)STEr=RWORK 

C 	SoLSTA REACNtS ITS MINIMUM AuSOLUIE VALUE 

IFIFILVSST.Nz:....1kW0kX=CSGNSTR*SOLST ,(•LIMBMNI 

* /NOVS:4T*SGNSTR 
IF(NCVSST.W2.G..AND.RNORK.LT.0..ANO.-.RWORK.LT.STEP) 

* STEP=-RNORK 
	RAISE USTAA AND INITIALIZE UBAR 

DU 5924 III=10MM 
USTAR(IIII=USTA ,MII).STEP*MOVUSTIIIII 
UOAN(III)=0 

5924 CONTINUE 
VSTAR AND COMPUTE VSTAR*FFF TERM OF UBAR 

00 594L CUT.LINAXGUT 
V,TARICUTt=4STAPtCUTIYSTEP 4 HOVVICUTI 

NCUEF=VSTAR(CUT1 
NUN=FROWICCUT1 

593k IF(N4A•LE.4)G0 TO 594( 
III=MATRIX(1,N041 
IATGNO=NATKIXIZ,NOK) 
UOAR(IIII.UBAR(III)+RCOEF*ZRELNO 
NJW.NATKIX(3,110W) 
GO TO 5930 

5944 CONTINUE 
C 	COMPLETE UBAR 

CO. 596L III=LOMM 
WAR(III)=UBAR(III)+USTARIIII3 

5960 CONTINUE 
C 
C 	LOUP OACK TO REVISE COSTS 

CNUM:CNUN*I 
GO TO 4000 

C 
C 	 ***EXIT SECTION*** 

C 
904+0 CONTINUE 

IFILVLPRT.NE.41G0 TO 9500 
WRITElLUPN,44101CNUM,SGNSTR,RTSTNUtTESTNU,NU.SOLBAR. 

• SOLSTR.STEP 
WRITECLUPRe44201LTUBAR,(UOAR(III1f)II=1,MMNI 
NAITE(LUPRI14420)LTUSTROUSTARIIIIIIIIIII=1,MNM) 
WRITEILUPR.44201LTV5TROVSTARLKKKIIKKX=1,MAXCUTI 

9500 RETURN 
END 

C 

C 



C 	 C 	-St./Oka/TINE PIPPHG(HATkIx,SSSOTT,JHH.VSTAR,USTAR, 

C 	ss$ PukTIL/H 	 C 	• UMAkoCCC,NHS.LRCN1.FRCRi.ACOL104CUTI,OMEGA,XBAR, 

TL E45, 	 XSTAR.000.RCNTYF,VULTYP,XCRCH,TdIASI 

UJ 	PsH.1,NANS 	 C 	SUHROUTINL TO EXECUTE PHASE IV OF THE RIP RANDOM 

JJJ.Ssz,lk_,H) 	 C 	INTEGER PROGRAM GENERATOR. ALL VARIABLES ANO NAMES 

XJA.WJA.,. 	 C 	ARE AS UEFINEO IN THE RAROIN AND LIN PAPER ON 

XSTAktJJA=, 	 C 	RIP OR A3 OEFINEO IN SUBROUTINE RIPPH. 

IF(VULIYPIJJJJ.LE.2)G6 TU 23JJ 	 C 	 XCRCd=4 OOU1LE PRECISION WORK VECTOR 

DOONJJ1zkIFuNF(1.LI1C.7) 	 C 	 TBIAS.A VECTOR OF INTEGERS USED TO BIAS THE 

IF(VHLTIT(JJJ).E0.51000CJJJ1.1 	 C 	 TTT SUBMATRIX TOWARD A NONNEGATIVE ITT COST 

23Gli GJNTINu.: 
C 	 SUBRJUTINE RIPPH4(MATkIX,SSS,TTTed0J.VSIAR.USTAR, 

C 	TTT PuNTIoH 	 • UEAR.COG.kHS,LROkl.FROME.AGCLivACUTI,OMEGA,XBAR, 

2.S 	IF(NNNI.LE..)G0 TO 31!„. 	 • XSTAR.OUO.ROWTYP.VBETYPOCCRCH,TdIASI 
UU e7 L P,H=1,NHNT 
JJJ=ITT(PsN) 	 ImPLICIT INTEGER (A-YI 
UU01JJJ1=k1FoNFII,LIm6,71 
IF(VdLTYPIJJJ).E0.51000(JJJ)=1 	 COMMON /KIPCOM/SOLBAR.SOLSTROULMOV.TOLOFL.TOLOPT. 

XJTAk4JJJ)=OUDIJJA 	 • 	TOLSTP.TOLVER.BCCNT,B000mT,BOINT,BUSLK,BFRAC. 

XiA-(1J1).000(J1J1 	 • 	BINT.BSLKOTITST,GOREOT,CORTOP.DATTYF,DELTM. 
25,IG LUNTINUL 	 • 	Ds:NSAIUENSF,OENSP.UENSPO,UENSO.DETERM, 

C 	 * 	DIFUEBsOIMFRM.DISRAT.EGONT,EFRAC.EINI,ESLK ,  
C 	 •••SECIIC,x TO GLNERATE SSS AND TTT SOMATRICES*•* 	 • 	FRACI.INFIN.LIMA.LIMALF.LIPO.LIMF.LIPR.LIMSLK. 
C 	 • 	LImVMN.LIMVMX.LIMWMN,LIMRMX.LUPR,LVLFRI, 
C 	6uUNT NUMuLk CF MATRIX CELLS FILLLD 	

▪ 	

MAXCLIN.MAXCUT,MAXINT,HAXEl.MMM,MU, 

• NNNOHNP.NNNO,NNNS,NhNTOUMEkR.NXTMAT,PREGNIPSLK, 
CJL5., 	 • 	RTPSLK.SEEC(2,7),SSLK,TOLMU,VEkIFY,VERSN 
UJ 32SL JJJ=1.NNN 
IF ( AGuLI (JJJ) .EO.L 1 COLS=COLS.1 	 DJUBLE PRECISION SOLBAR,SOLSTR,TOLMOVITOLOFL,TOLOPT, 
NOW.ACOLI(JJ,J) 	 • 	TOLSTP,TOLVER 

32IJO IF(NCw.EQ.L)GO TO 325E 
HAVE.HAVE+1 	 I 	 DIMENSION MATRIX(3,1).SSS(11,TITtil,OBB(1).VSTAR(D, 
NUW.mATRIX(3,N04) 	 • USTAR11).UBARITA.CCC(1).RHSWiLROWI(1). 
GO TO 32u, 	 • 	FROWLISA.ACOL1111 ■ ACUT1(1),XCRGH(1),XBAR(1). 

350 coNrinur: • XSTAR(1).000(11,ROWTYPX1P,VALTYP(11,0MEGA(1). 
C • TBIAS(11 
C 	Oz.Clot TH% NUmCFR LEFT TO FILL  

m4ORK..NHiemMm•OKNSA EQUIVALENCEIINTGNU,ZRELNO) 
0.:.SIME=KWuRK/20:,..5  
NEEU.OLS1,<L-HAVE 	 DuUELE PRECISION SIGMA,RIPRUT,XCRCH.BARISTAR.RWORK. 
LEFT.MMA•c.OLS 	 • 	TTTCST. 

C 	 • 	CjGorSTAR,USTAR,UBAR,RHS.TGOAL,RMU 
C 	LOMPUTE ITT COEFFICIENT BIASES 	 • 	.TITAJJ,TUP.TDORN 

Ou 35,, III.1011M 
AGRCm(IIII=USTAKIIIII 	 OITA IITOIS,LUSSSTLITTTIsLiTCCCILITOOD•LITXOR,LITXST. 

35u0 LJNTINU.: • LIICUT/ 
LJJ 354, uuTzl.MAxLUI  • 4HOIASOHSSS,3HTTT.3mCCC.3mUDJ.4 4 X8Aki4HXSTR. 3 kCUT/ 
NON:FkOW14CUTI 

3526 IFINGw.LL...1Cd TO 354, 	 C 	 •••SiCTIUN TO SET oOLNOS ANJ V.LUES FOR SSS AND 

TIT*" 

=I MN 	 NMI 4,1111111, 	 III• 	IMO 



im4 	=I NE ism 	 rm am 	 I= I= 

C 	atORE Lu..FF1E1.:1T 	 L4IGNU= ,1A1,(IX(2.0uw1 

435u 0,411 PIPA0u(NANIA,AGL1.1(JOIP,III,COEF) 	 X.RCH(III).*CFC0(III)*ZRELNO 0 V3TACOUT) 

NEEO=NELJ-1 	 * 	/(1-,01.(LUT01NM)) 

IF(NE:U.Lc.cf.13)G0 10 45. 	 NoW=mAT11XA.i,N0•) 

C 	E.40 OuLFFIOlisT 160P 	 GJ TO 352. 

440U 6oNTINU:. 	 354. OoNTINUL 

C 	OE*LqAT-... 101 Co_FFIG1,'N15 (IF ANY1 	 U. i5EIL III.1•MAN 

4500 JO 40'-t 60.1gA4XLUT 	 ZWORK=XUKCH(III) 

SIOIA=K- IP,Or(HAN,Ix.F,0 ,41(COTI,A6011(JJJ),XCRCH,MMMI 	 2049..AB.AZWORKI 
KwOriK=.2 

• .OR.SI6m4.OE....AliD.X0AN(.I.J.1).E0.000(JJ.1)) 	 10.10qK=ALOGIAZALIS*1) 0 kWOPK**(0IFOCG-2) 

O G0 Tu YoJ 	 luG=814U ,(Kt1. 

.11G9A=SIGmA/(1.-slm00+CUTI) 	 T0IA.IIII)=10G 

CALL PIPA0u(hATtlY,ACOTLIJJA,CuT.ZIG11Al 
40U1 CONTINUE 	 3560 CONTINUE 

C 	 IFILVLFRI.G.51NRITLILUPROa1CILITBISfITBIAS(III/ 

C 	S/T PRLLINI0AkY COST 	 • 	,II1=1,NMm1 

0TAR.RIPkuTINAT).1Y,-1,ACUL14JJ1),USTAR,MMNI  
• 4-NIFRJT(NATRiX,ACOTI1JJJ1.•111VSTAROAXCUT1 	 C 	MAIN COLUMN GENRATING LOOP 

IF(XemP(JJJ).CT.L1 GO TO 47.5 	 Do 49.0 JJJ=1,NAN 

C-----LOWER liOUNULO 1/41,1AULL 	 IFIACUL1(JJJ1.GT.L)G0 TO 49LU 

• GGG1JJJ1=sTARJRIPUNF11,LIMA,71 	 CULS=CULS-1 
GO TO 41— 	 C 

801.1hU_O VAPIAOLE 	 00 44.1 Iii=1,119m 

47011 IF1]TAK,4c...1CLAAJJJ1..99*,TAP-.11 	 C 	OCCICE WHLTHER TO PLACE A COEFFICIENT 
IF(0TAR.Lf...)COGIJJJ1.1..1•STAk-.01 	 D_NGA=MALKuIC,Nt.E01 0 160L/LLFT 

C 	 LEFT=1LFT-1 
C 	LliD OF GLNERATION L001 	 IFIRTPUNF11.HMN-EFRAC,71.LE.III.ANO.ACOL1(JJJ).E0.(1 

N9l10 CUNTINU.:. 	 • 	GO TO 4151i 
C 	 IFIRIPUNFIJ.100J,7).GT.OENGEN/G0 TO 4400 
C 	PRINT Si5 AND TTT 	 I 	415E 8111S=.131AIIII1 

IF(1V1PRE.1.1.51 01,0 TO 	 IFIOATTYP.NE.AGO TO 4301 

1411 RIPVeK(2.m4ThIX,i.CCL1,milti,S.S.1.NNNS,24,LITSSS) 	 C 	DATA TYPE . COEFFICIENT 
LALL RIP ,OR12.N4TTIX,$COLl.NMM,TTT,1,NNNT,2,LITTTT1 	 42UL IFI1iTAR(JJJ).ED.IAGOEF=RIPUNF(-1IMA.I.ItAal 

5.0U FURMATit1Xp7HVEI:TOR ,A4/(X,5E12.5)1 	 IFIXSTAR(JJJ).EQ.UODIJJA.AN0.19IAS.GT.0) 
5.110 FJRNAT1/11,7HVLCTUR ,A4i(5X,5I121) 	 • 	GOLF=RIPUNF(-1IMA/DIAS,LIMA 0 8IAS,71 

WiITEILUPK ,501 . , LITGCu,(00C(JJJ),JJJ=1,NNN) 	 IFIKSTAR(JJJ).E0.000(JJJ).AND.BIAS.LT.0) 
wRITE(LUPR,5.16)11TD0b,IOUD(JJA,JJJ=1,hNN) 	 • 	COEF=RIPONFMNA•BIA5,-LIMA/BIAS,71 

WRITLILUPR.S.ILILITXN1-,(XOAR1JJJ1,JJJ.1.11NN1 	 IFACJEF.EQ.:;IGO TO 42,0 
WRITECLOPRIL/LITXST,IXSTAR(JJA.JJJ.loNNN) 	 GU 10 435u 

	DATA TYPE 1 COEFFICIENT 
C 	 •*SELTICN TO COFRiZT Ulf COST CONTRIBUTION TO 	 4361: IFILiTAPIJJJ/..EQ.L1C0cF.IiIPUNF11,LIHA,71 
C 	 ZERO*• 	 IFOLiTARIJJJ).EQ.000(JJ.11.ANO.BIAi.LE.3.AN0. 
C 	 • 	ACOL11JJJ).GT.t.AND.NEEO.LE.LEFT1C0 TO 4401..! 

6JU0 IFINNNT.LL.AGO TO 	 IFIXSTANIJJJ1.1.Q.0001JJA.ANO.01A3.GT.j1 
C 	TOTAL TIT GUST GONTRIOUTION 	 • 	COEP.KIPUNFILItA/2•BIA5.1IPA•OIAS,71 

IFIKSIAR1JJA.EQ.000(JJA.ANO.BIAS.LT.J1 
TfT4U.1.. 	 • 	GULF.RIPUNF(:,-LIMA/EIAS,71 
TUTGST... 	 IF(GULF.LL..)CO:F=1 



DJ bl, P_>m.11N(NT 	 C 	TIT GOAL Ii NEG•TIV: (TRY TC MOJIFY 000 TO GET U) 

JIJ.TIT(P,m, 	 Co.,,, DO 000. PSN=1,NANT 

TTICST=TTIGSIsCCIJJJ(*XSTARCJJJ1 	 JJJ.ITTIPN; 

TsTA-i=TJTARsxiT4PIJJJ1 	 kRuRK=CCU(JJJ)*XSTA(“JJJ1 

IFICCL(JJA.LT. .1ITTA0J=TTIADJ-(1001JJJ)-11*CCC(JJJ) 	 1FCCCCUJJ1.GT.,.AN0.118LTYPIJJA.NE.51G0 TO 670J 

IFICCL(JJA.GT...ITTTAUJ=TTIADJ+0.(D(JJ.11•CCCIJJA 	 C 	C,,C IS NEGATIVE OP V4L IS 0-1 

61.10 CONTINUE 	 T3TAR.TSTAR-000(.1JJ)+1 

G 	 DoU(JJJ)=1 

C 	SLT TIT TOTAL COST GOAL 	 x;;TAi(JJJ1.1 
xuek(JJJ1=1 RNU.I.,.-hO 

kmU.kmU/1.J_ 	 T00AL=PWAL-RNORK+CCG(JJJ( 

TUP=J, 	 Gu TO 675, 

IFISULBAK.LT...1TuP.-SoLMAk 	 C 	CSC IS POSITIVE  
TUP=IwnU4 (SoCSTkrluP1-tScceAi+TuP), 	 07uL T.,TAM.T4TA2+ODU(JJ.11 

• /(1.-.ZmuIsTU• 	 CODUJJ)=UUO(JJJ)*2 

i001110%.. 	 xsTAR(JJJ).000(JJA 

IF(SJLSTR.01.1.111lowN=-SO,srm 	 PJAM(JJJ)=0001JJJ1 

TuOWN:4(R,,U-2.1*C•OLSIRsluOwm14-4SJL8AR41OONNI) 	 T6OAL.TGOAL-RNORK+CCC(JJA*XSTARIJJA 

• /(1.-wmul+TOuwm 	 C 	CHECK IF NON NONNLGATIVE 

IFTTUP.GT.ITTGST.ITTAUJIGU TO 615. 	 07, IF(TGOAL.GE.c.IGO TO b251 

C 	ma UP OPTION IS POSsIhLE 	 08... CONTINUE 

TuUAL.ITILuT-TUB' 	 L 

IF(SOLSTR.GL. .160 TO 023. 	 G 	 •*•SLCliCN TO NRAPUP HOUSEKEEPING•*• 

C 	MU OUWN uRTIon I:, beT1...R 	 C 
6154 TCOAL=TTICT-TUoWN 	 di.., IF(LuLPIKT.L.T.S)G0 TO ElIOL 

C 	 ticli. FuRmATI/31.14 ***FINAL OEVN FROM TTT GOAL***.E14.71 

C 	PRINT TTILST STATUS 	 NRITECLUPR,66101TGOAL 

6220 FORMAT (/i41-1 ***STARTING TOTAL OF ITT GCSTS•**,E14.7 	 NRITEILUPR,500(11LITLCC,ACCCIJJ.(1,JJJ=1,NNNI 
• /21m .••TIT MAX ADJUST••*,E14.7 	 VRITECLUPR,50101LITODO,CODO(JJJ),JJJ=1.NNNI 
• /2_H "'ITT COST GUAL***.E14.7 	 WRITE(LUPk.5016)LITXBA,IX8AR(JJJ),JJJ=1,NNNI 

• /ION •**TIT UP DIST••.E14.7 	 NRITE(LUPR,5016ILITXSTIlXSTARIJJJJ.JJJ=1.NNNI 

• /2A-I ***TTT UONN DIST•*•(...14.7( 	 C 
E23u IF(LvLPRT.GE.4)wkI1LtLuPR,622LITTICST,ITTAOJ,TGOAC. 	 C 	CURFicCT FFF AND LLL STORAGE 

• TOP,T0oWN 	 81.1L DU 0306 CUT.1.MAXCUT 
C 	 C 	DELETE FFF RON 

IFITGUAL.LI.LXCU TO 65,..; 	 CALL RIPOELINATRIX.FREW1ICUT/1 
C 	TTT COST uuAL IS NONNLGATIVE (SPR_AO POUTIVE PART TO 	 C 	MOVE ILL TO CUT AREA BENEATH 888 
G 	GET 0) 	 NON.LRON1IGuTI 

6250 Du 63.1. PSH=1,NNNT 	 62Ju IFINON.LE.,,G0 TO 0251: 
JJJ.(TI(PLN) 	 III=MATRIX11,NOWI 
GoALzOT1.6AL/TSTAR 	 JJ.J=288(III) 
RWORK=RIPUNFI ,C0AL,71 	 ZGOEF=MATiaX(2.MON) 

IF(TGOAL.I.T.kNOPK*KSTARTJJJ()RwORK.TGUAL/xSTAk(JJJ) 	 CALL RIPAUJIMATRIX,ACUT1(JJA.CUT,Z00EFI 
COC(JJOI.LcCIJJ1)-RNORK 	 NUW=1ATRIXE3,NOW) 
TSTAR.TSTAR-XSTARIJJJ1 	 Gu TO 020u 
TOTAL.TGuAL-mw0.+K•xSTAR(JJJ) 	 C 	DLLETE ILL ROW 

63•0 CamTINu_ 	 625L GALL RIPOLL(MAT-UX,L ,, OW1(CUTI) 
C(:CIJJJ1=C(JJJ1-T6O•L/XsTA1tOJJ1 	 03,0 CONTINUE 
T6OAL.L. 	 C 
Gu TO Ou., 	 C 	emIhr CUTS 

INN 11M1 	 IM1 



EN 	liwC 	we we on -rmr` 	IIIIII 	 ION 	 11.1 	 IME 

• F , ALI,INFII ■ ,LI:—.LIAAL 0 .1.11, C).LImf,LIPR,LIMIX• 
• Lihvild,k.loVmg,Lli,wvo•LImwmx•LuPR.LwLFRT, 
• oAxLud.mAxCUT,NpxINr,mAx_10H1,HO, 
• rthi,,ANAP,NHNI,UHNS,HAAr.wuri,..Rk,NxIaAl•NaCHOSLK• 
• kIPSIA,:.LLO(2,7)*SSLA,IuLlU•VE -aPv.VERSN 

C 
WW1,' PR_CP, ION L.uLfl•RISOLSTF,11.16MOV,TCLOFL*TOLOPT. 

• ICLSTP.TOLVER 

OIMEN4IjN MATiI4 (3,11 
C 
C 	AJVANLL NkTkIX J-TUPLI POINTER 

P.,N=NXTAA' 
N(TH.T=1AIx(1,PSNI 
1F(NAINAI.GT. -:/ rAO TO 1:ou, 

C 	ZiaTkIX Am.:A GVERFLOW 
12..; FuRNATI1H.,4k***kow LAmINATED OTC TO INADEQUATE AAA 

• ofti.wAorsi 
waT,(4.0PK,i)u) 
5TJP 

C 	FLAG. _ NEW inliy AT HEAD OF THE L1.T OF COL1 
15.4 HATMIX(3.EiN)=CL1 

mAT•1x(2,FSHI.CO:.F 

CJi.1.P5N 
C 
C 	EXIT 

%JD CJNTINUE 
k:.11kN 
ENO 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

  

 

SUBROUTIN:_ RIP01.(mATIX,4oLil 
t/HROUTIH-_. TU FREE (DELINK) ALL MATRIX ENTRIES OF THE 

RIP 1•TUPLE A;EA THAT cCREPONO r0 A GIVEN COLUMN 
OR ROW. pANAtiETLAS APL AJ FOLLOW4.” 

MATkIX.THE GENEkAL STOAAGi AREA 
COL1.IHIE 3-TUPLE IN MATRIX WITH THE FIRST DATA FOR 

THI4 CGLUMN OR E<OW 

SUOROUTIW. RIPOEL(MATF , IXOAL1) 

 

 

IMPLIG1T .iNT:GE? (A-Y)  

IF(LVLERT.L7.41 Go 	dmL 

CALL kIPVeR(E,MATMIX,..CUT:.,MAXWT,AISOLI.10N4N,3, 
• LITL.UT) 

C 
C 	LUNPUTE SOLOTIOQ VALUES ANU RIGHTHANO•SIDES 

64, L IF INNNT .Lts 	GO TO 9: ) 
UJ is L P .aN.I9NANT 
JJJ:rTT(P6HI 
SJL8AM=SOLJAk+CSCIJJJI•XBARIJJA 
SJLSTR=SOLSTRXCSCIJJJI•XSTAR(JJJ) 
NUW.ACOL1(JJA 

445- IF(NCII.E0...)G0 TO 85L1i 
III=r.TRIx(1,1%041 
kliSCI111.F.H4(IIII+MATKIX(2040W1 4 XSTAR(EUJI 
iww=MATKIX430.041 
Go TO 4,5. 
CoNTINUE 

C 
"'SECTION TO EXIT••• 

C 
9d..6 CJNTIHUE 

ic_TLRN 

C 	SU8WOUTINE RIPAnImATAIX,C04.1•III,CJEF) 
C 	SUNRDUTINE TO ADO ONE 3-TUPLE ENTRY IN THE GENERAL 
C 
	

MATRIX' 
C 
	

AmEA OF THE THE RIP GLNLRATOR. PARAMETERS ARE AS 
C 
	

FOLLOW- 
C 
	

MATkIX=THE GENERAL STORAGE AREA 
C 
	

CJL1=THQ 3-.TUPLE IN MATRIX WITH THE FIRST DATA FOR 
C 
	

THIS COLORN Ok ROW 
C 
	

III=THE INCEX WITHIN THE COLUMN OR RCN AT WHICH WE 

C 
	

WISH TO ADO A COEFFICIENT 

C 
	

CjEF=THE COEFFICIENT 
C 

SUD K UUTINE ROADD(MATRIX.COLItIII,COEF) 
C 

IMPLICIT INTEGER (A-Y) 
C 

CWIRON /RIPCOM/SOLBAR.SOLSTROOLMJV,TOLOFLITOLOPT, 
• TOLSTP,TOLVER,LICONT0BOCONT.ODINT$ODSLKOFRAC. 
• 8INT,E1:4KOITITST.GORBOT,COXIDP.DATTYP,DELTM. 
• DENSA,LIENSF,DENSF,CENSP0,0ENSOOETERN, 
• OIFULGIOIMARNOILmATIECONT,EFRAC,EINT,LSLK, 



Ur THE sECUN9 VICTOR 
C 
	

Cl.=- 	IF T4 	V:L:10 , 	 EXIST AS .:XPANu) 
C 
	

)(1 . A.,No=;HL 14J,K A-1,41 INTO Wi41C1 JNL VICTOR WILL 
_gFA.NU_D IF HJIH J LUN 	10 MATRIX 

C 
	

LEN6IN.THL L- - HGTH CF 7.1. VECTORS INVCLVEO 
C 

FuNL,T7ON •I. PDOTI11A7A. IX,STRTI,STRT2.EXPANO, 
• LENG1H) 

C 
IMPLILIT 	 (A-Y) 

C 
CumMCN /RIPCGm/SOLNA.SOLTR,TOLMOV,TULOFL.TOLOPT, 

• TOL:,FP,R;LI/E 4 .-,CCHT,20,:uNT,ODINT.BUSLK,OFRAO, 
• dINT,U:,LK,uTIT'ST.CORt01,CO;TuP,DATTYP,DELTm. 
• OENE.A,O_HSF,i)tN5P,LCHSPO,DENsq,DiTERm, 
• DIFULGsuinFRR,DIAT.:NT.EFRAC.EINI,ESLR, 
• FRAL, E,INFIR.L10.)4.LIAAL1,LIPU.LIMF,LInk.LIMSLR. 
• LIMVNN,LlmvmX,LIrwmN,LIARMX,LUPR,LVLPRT, 
• mAXLON.. 1 .0( LUT,rAXINT,MA(1,101N.MN. 
• NNN,NNNP.NNWI,NNNs,NRN:,NUmEKR.NXIMAT,PREON,PSLK, 
• RTHSLK.s,ECC?_.71.SSLK,TCLML,VERIFY,VERSN 

C 
OuUllc 	 I.ULLJA , OLTR,TOLMJV'TOLOFL.TOLOPTII 

• TOL!.,TP,IuLtER 
C 

DIMENSIUN EXPRNU(I),HRTKIX13,11 
C 
C 	CHECK FUR VACUOUS VECTOk 

IF)5TRII)22.L.25L.,25,L 
C 	15T VtCTOR IS PRE-EXPANCED 

22u4 NuN.STRT2 
Gu TO 41Ju 

C 	CIALCK FUR VACUOUS VECTOR 2 
25uC IF)STRT2)26,3JJ o3U,u 

C 	2N0 VEGTUR IS PRE-EXPANOEU 
26017 NOR=STRT1 

GO TO 4J.L 
C 	EXPAND VEL.TUR I IF NEITHER PRE-EXPANDED 

3004 DU 22L, KKK.I.LENGTH 
CXPANDIKKK)=L 

32CG CJNTINU. 
NOw.STKII 

3504 IFCNCh.LE.LIGO TO 39td 
KKK=MAT1IX(10, 0N1 
LXPANDIKKK)=MATRIX(2.NOH) 
1404=MATilX(3OUN) 
GO TO 3DJL 

C 	MULTIPLY TH:: UNEXPANOCO NY THE LXPANUiD 
391){1 NOW=5TkT2 
40611 RIPJUT.J 

U 
LoMMON /RIPLOm/SOL.0-,SCLSTR,10Lmu4,TuL0FL.TOLOPT, 

• TGLSTP.ILLJEt,GCLNT.ED,ANT.u.iIAT.00SLK,BFRAC. 
• 1IRT,d,LKOTITsT.CORUOI.CORTUP,DATTYF,DELTM, 
• OiNSA.OEF.SF,OEHsF,6ENSPO,DENSO.DETERK, 
• 01FD....G,JIMFRm,DISRAT,ECONT,IFRAC,EINT,ESLK. 
• FRAt..1,INFIH.L1hA.LIMALP.LIMOsLImFgLImR,LIMSLK. 
• LImVPIN,LIHVHx.LIrwmN.LIMwMX.LUPR.LVLFRT, 
• vAXCON.NAXCUT,rAXINT,MA/LI,MMM,MU, 

• Nht4,141414P,NkNOtNNNS,NISNT'hUM.:J(RpNXTMAT,PRECN,PSLK, 
• RTPSLK.SE012,71,SSLX,TULMUrVEKIFY,ViRSN 

C 
OuU0LE PRECISION !-ALHAR,SOLSTR,TOLMUV,TOLOFL,TOLOPT, 

• TOLSTP.TGLVER 
C 

DIMENSION NATRIX(3,1) 

	CHECK FUR VACUOUS CHAIN 
HYT=COLI 
IF(NXT.cQ._IG0 TO 91JL 

 LuCATE ENO OF A CHAIN 

2w4J.L NUN=NXT 
NKT=HATKIM(3,h0.4) 
IF(NXT.GT.L)G0 TO 2LL( 

G MOVE ENTIkE CHAIN TO CHAIN OF AVAILABLE 3-TUPLES 

MATi:IX13,NOW)=NXTMAT 
NXTMAT=COLI 
CULI=U 

C 	EXIT 
90.1u CONTINUE 

RETURN 
END 

C 
C 
C 
C  INTEGER FUNCTION RIPDOTIMATAIX,STRTI,STRT2,EXPAND, 

C 
	

LENGTH) 
C 	FUNCTION TJ RETURN THE OOT PRODUCT OF TWO VECTORS, 

C 
	

AT LEAST ONE OF WHICH IS STORED IN THE GENERAL 

C 
	

RIP 3-TUPLr: STORAGE AREA. BOTH VECTORS ARE INTEGER. 

C 
	

PARAMETERS ARE AS FCLLOWS-- 
C 
	

mATRIX=THE GENERAL MATRIX STAORA5E AREA 

C 
	

5TRT1=THL STARTING 3-TUPLE OF THE FIRST VECTOR 

C 
	

(=-1 IF THE VECTOR ALREADY EXISTS AS EXPAND) 

MIL 	1M11 	 IM1 JIM n INK MI MI fril= — 	11M1 



ow no low mir I= I= um um *Irr 	am ‘rasa Nor 	 um 

C 

C 
C 
C 

IF(New.l...160 TO q.) 
KKK=Akin.LX1.1.0404 I 
KieflUT=NIPUUT•i.XPANO I KKKI •HATSIX (2.r.1014) 

tioN.MANIXI3IN04) 
GO Ti 42u. 

C 
C 	LXIT. 

W_TURN 
END 

C 
C 
C 
C INTEGER FUNCTION PIPOSTTLINIT.GENRT 
C 	FUNCTION TO RETURN J. OBSE4VATION FROM THE SPECIAL RIP 
C 	RANGUM X-SPACE DISTANCE G,ENERATOR• THE VALUE RETURNED 

C 	FALL; isTWEEN U AND THE PARAMETER LIMIT. EACH UNIT OF 

C 	DISTANCE AWAY FROM 1 HAS DISRAT IA USER-SPECIFIED 
C 	PARANLT-R EXPRESSED IN 1/10 PERCENT) TIMES THE 

C 	PKOXIluli TY OF THE PREVIOUS UNIT. GENR PICKS THE 
C 
C 	• S:A0 PAIR USED. 
C 

INTEGER FUNCTION RIPO5TILIMIT.GENR1 

C 
IMPLICIT INTEGER (A-Y1 

C 
COMMON FRIPCON/SOLBAP.SOLSTR.TOLMOV.TOLOFL.TOLOPT. 

• TOLSTP,TOLVER.NCONT,ODCONT.NOINTOOSLKOFRAC. 
• BINTOLiLKOTITST.COREOT,CORTOPIDATTYP.DELTN. 
+ 	OENSAILIENSF.OENSPIICENSPO.OENSOOETERNI 

DIFDLSOIMFRH2OISRAT.ECONT,EFRAC,EINI.ESLKI 
FRAC1,INFIN.LIMA,LIMALP,LIMD.LIMF,LIPRILIMSLKs 
LIMVMN.LiHVHX,LINNMNpL1HHNXILUPRgLVLFRT, 
MAKCON.NAXCUT,MAXINT,MAXLI..MMN.HO• 
NNN.NHHP.NNN7.NNNSIN•T.NUNERR,NKTMA1,PRECN,PSLK , 

 RIPSLK.SEED(2.71,SSLKOOLNU.VERIFINVERSN 

DOUBLE PRLGISION SOLDAR.SOLSTRITOLMOV.TCLOFL,TOLOPTE 

• TOLSTP,TOLVER 
DOUBLE PRECISION WEIGHT.TERM.RATIO0UNM 

CHECK IF THr.RE AQE UPTIOhi 

Kiposrm, 

iF(Litar.LL. 1G) lu 9 : 

DI:A't1HUTIUA EASE 
IFIOISkAT.u.1.16..)GO lu 2 

RLPO;T=RI , ONF(4.C.O . IT.GzN.E1 
GJ TO 5JJ- 

C 	
 
COmPuTi ToTAL PROBABILITY WEIGHT 

20)0 W_IGHTsi.. 
TLRWEE., 
WE.TIU.UIst_AT 
RATIc.1.46.T.:O/1'4 
UJ 22 , 1 V-L=1,LINIT 
T_Rm=TcRwRAT:0 
W_IGHTsWEIGHT•TcRM 

22:11 4.;JNTINUL 
, ANOCM cummuLtaIg. ROINT 

GOmm=wcIUHT/1 U 
0,-TL4NIHE COi;REPGNOING RIPaST 

Do 25.:. VAL.itLIMIT 
IFEW,IGHT0SE.CUmmIGO TO 3,,u6 
TEim.TERM•RAT10 
FLIGHT=WEIGHTETEkh 

25,U CJIITINU 
RIPOSTLIDIT 
GU TO 90.it 

C 
3u.v WIPOSTAVAL-1 
	ExIT 
9U,0 CONTINUE 

RETUNN 
END 

C 
C 	  
C 
C 	SUdqOUTI.•L RIPERRTNUM1 
	SOORUUTINc TO TIPORT PARAMETER ERrORS IN THE CALL 

C 	TO TH:. RIP RAhOON INTEGER PROGRAM GENERATOR. 
C 

	

	 AUM=TH:_ LRRU 0  NUMBER 0.:J-CTED EXCEPT THAT NUE1=6 
Sun UP 

C 
SUNRCUTIu- K1.'E•6(INUNI 



C 
C 	

IdTE6-A, 	FUNCTION 	Li.1.1ILJEF..COLF1,CUEF2,30L2,GCGT 
FUNCTION 	TO 	 Ih 	147;G:: , S 	TIC; 	ElUATION 

IAPLIEIT 	IHTECL - ? 	IA -Y) 

CJMNCN /NIPEOM/SOL9Ai-..SOLSTR,TUIMJV,TULCFL.TOLOPT, 

C CiLF.=1,Ls_FI•i01.1•0..iF2•SoL2 TOLSTP.TOLVE2.BCCNTIAUCONTsdaINTOUSLK,9FRACII 

C 
C 
C 

USING 	TN.; 	.U.L1'1-'i.N 	ALGON11 ,44 FON 	THE 	GAEATEST 
CJMMLoi 	 (Gt;II 	IF 	CJ-F1 	ANU 	C..IEFZ. 	AFT5FR, 

A SP.7CIFIL 	SLLUiIot 	I 	UBTAINED. 	THE UNE 	WITH SMALLEST 

• dINT,dL.LKOTIUST,GORe0T.CO;TuP,OATTYFOELTh, 
• 0:.W•A.0.-_NSF,JENP.UENGPC),0ENS0,0.7:TERM. 

• OIFOLGOJIMFRH2OTENAT,ECOAT,EFRAC.EINI,ESLK• 

C 
C 

C 

PJSIIIV_ 4011 	 SJL1 CF DOTI 
SJLLTIOd 	IS 	,"..7TUNN! U 	A] 	NIR_UC. 

INTEGtit F11[41.1104 	,,IFiAX.WOLFJ,COF.F1,CUP2IISOL2.6C0) 

• F-iAGI,1NFIt%,LINA,LIMALP.LIMO,LINFolltR,LIMSLK, 
• LINfiHN,LIMVMX,LIMWNH,LIMHMX,LUPR,LVLWRT, 

• MAXCON,MAXCUT,MAXINT,MAX:i.MMH,MO, 
NNNONNP,NWJ,NNMS,NANTgMUMt-AR,NXTMAZORECNiPSLK, 

• RTPLK,5EE0(2,71,SSLK,TOLMUgla:RIFYIYERSN 
IMPLIIT C 

0,PiLL PR:.CISION SULBAR,SULSTR,TOLMOVITCLOFL•TOLOPT. 

• 
• 
• 
• 
• 

EJMNL:4 /IIPLLM,33LOAq,'LCLiTk.TOLMAI.TOLCFL.TOLOPT, 
T,LL,TPITGLVE6w;ONTICJI00NT,301..T.BOSLK9iFRAC$ 
dIN7.iSLKOTITST,CO2BLI,LUCTUP.OATIVP,UELTM, 
CzNsA.DL;4:.F,1.NSPINSPO.OENSO.DETERM, 
3iFG::GIODIFil,GISRATO-..LJI4T,EFR.ClEINT,ESLKo 
F;ALI,INFIN,LIm4ILI,PLP,LIMOrLIMF0LIhRgLIMSLKI 

C 
C 	 

• TOLSTP,TOLVER 

0:JERMINE WHETHER IS THE SUM UP CALL 

	

GO 	TO 	2:, 
IFINUM:.RN.LL.1;/G0 	TO 	W.I. 

• 
• 
• 

LamV1a.LIMVM(.LIMWIld,LlawrIK,LUr'RoLVLPRT, 

MAK(;oN.NA), COT.MEKINI.MA1 , 1,MWM.HU, 
NNN.NNNP,NNNI,NNNS.NNNT.NUMENR,NKTMATsPRECN,PSLK. 

FuRmAT(//2SH •**RUN 'TERMINATED OUE TO ,151.17H 
* 	PARAMETCN ERRORS/ 

• 1H1) 
• WIRSLK,sEAI2,7),SSLKsIOLMUsVERIFY,ViRSN )4,41TILLOPH,15ii4)NumiRk 

STOP 2 

• 
DJUBLE PN,CIION SOLBAR.SULTR.TOLMOV,TCLOFLOOLOPT, 

TULSTP,TOLYE-! 
C 	 

2J 	c 
CASE OF A PARAMETER RANGE ERROR 
IF(NUM.GE.96U)GO TO 	3400 
NUMERR=NUMekR.I. 

DIMENSION EUCMAT(2,3) 
C 
C 	LUAU WORK MATRIX 

OJ 	kuW=1,2 
OJ 	CuL=20 
EUCMATIRUNtCELI.L. 
IF(;EN*1.01.L0L)EOCMATIN0W'COLI=1 

150 CONTIdU7. 
EUCHATI/,:,I=IABS(COEFII 
LUCMAT(2,-I.IABSICOEFil 

C 	PICK THE CPEPATOR POW 
17.0 uPRiuk=1 

IFIEUUMATIOPvTOR.11.E0.U/oPkTOR=OPRTOP41 
IF(LUCMATIOPkTOR11/.GT.EUCMA1(2,1).ANU.iUCMAT(2.1) 

• 
• OF.TJR.2 

C 	PICK CP:.RANU ;OW 
OPRAND=UPKTCk.1 
IFTCH”ANU.GT.?loPFAn0.1 

C 	CdECK FUR TuNMINATION 
iG 3..L  

FURMATI18N RIP PARAMETER NO.,I4,24H OUTSIDE ALLOWABLE 
• RANGO 

MxITE(EOPR•2100)NUA 
GO TO 9U.N. 

C 	CASE OF A PARAMETER RLLATIOHSIP ERROR 

3L10. NUMERR=NEIMERR.1 
31.6 FjRMAT(27H RIP PARAMETER PRCPERTY MO..15, 

• 1ki DUES NOT CHECK) 
WNITE(LUPK.310UINUM 

C 	EXIT 
9wwu CUNTINUE 

WITURN 
ENO 

C 
C 

OM MI ANN 	• 11.11 MI 	Olt* 	IIIII AEI 	OM INN 	 11111 



or ow -1IN • nisi' or um re um emIr EN um rim p um =I no 4% am I= ow um 

C 	V.LOE 	hJI. 	 RANOOM SELO PAIR 
C 	tiE0 
C 

SUBROUTIN_ HIFNUTCTA ,,LUO,NLI.ONJRAS,GEhk1 

IMPLICIT INTrGER (4-Y) 

	PEtF.;LN AHG.IN ITERHTION iff THE EUCLIDEAN ALGORITHM 
UJOT=:UCHATIUPH4NO.:1/E-UUHATIGPRTok,11 

UJ 2i. 	GUL.1.3 
LuL:mhT(OPNAnO,C)L).LULMATIOPRANO,601.1- 

auOT*LuiAATI3PRTUR.COL) 
251,1 CdNTINUE 

C 
CUMMCN 1,1PLutqiUlqi44,•ClaTwyTAMNITULCFL,TOLOPT, 	 GU TU 17‘. 

• TOL:J02TCLo,;UNI$ObO'ONT.101iT,U0SLK,L3FRAC, 	 C 
• JINT.EiLKOTTILT.GGROGT,LuRIOP,OATTYP,OELTM, 	 C 	 
• 0NLA.L,:WjF,itPill.,N4P0.OENSO,OETERM, 	

Sri THE FIRST So.::LIFIC SOLUTICH 
.-. 

• 01FGLG.U11.4.R1,0IkAT,0oT.EFRAC,EINT.E3LK, 	
3oLC G.:J=EUGOATWPRTOR.1) 

• FliACI.INFlh,LIMA,L10ALM,LImO,LIMF,LIMRILIMSLK, 	
SuL1=EUCMATIOPRTOR,21•COEFUIABSCCOEF11 

• LIMVMH,L1i4mx.LIMMGA,LIMwmX,LURR,LVLPRT, 	 C 	

SuL2=EUCMATIOPRTON.31•COEFUIABS(COEF21 

• Mw Xi smoaliCurphkx11404.X 1,MMMOU. 	
AuJUO4 SuLUTICN FOR RHS.A MULTIPLE OF GC0 

oc  
• • NHN,NH1P.NNNQiNNNS.NNNI,NUMERH,NXTMAT.PRECNOSLK, 	

SJLI=SOLI,CCtFi;/GC0 

• RTPSLK,iE,0(2.7),SLLx,TOLMU,ViRIFY,VERA 	 C 	

SOL2-2SOL2*COEF0/GC0 

LIJUiLE PKA.;i-T04 SlAdkqeSUL,TRITOLMOINTCLUFL,TOLOPT, 	
kAISE TO THE SOLUTION WITH SMALLEST 1ST COMPONENT C 	 

.2 	
6 	.GT... 

• ToLsTP,TCLVE  
INULT=5OLI/LOEF2 

	LJNPUTE PtLLINI4AhY Oii AHD XSTAR 	
IF(SCL113tiJ ■.,36.'.,37., 

ilOO.k1PUAFII'LI1O.GLNi.) 	
366 TNULT.TMULT-COEF2/IABS(COEF21 

GJ TO 461o. 

000=GOO•NU 
	EXIT 	MAKE SURE XaTAR IS NOT A 4ULTIPLE OF NU 
9u 	CONTINUE 

X;TAR=XSTAR • NLiRIPONF(1,NU-1,GENR) W,TURN 
IF(XSTAR.GE.UCOIXSTAR=XSTAR-NU•  

C ENO 

	EXIT 
%JO RETURN 

ENO .  

C 
C 

DA•=k1POST I, , G03-1 GEM 
3o,1 TAULT=-COEFZnAiSIGOEF2) 

LbTmmAXO1_,0LT) 
XTAR.UST 	

Go TO 4u v 

IF(LINOwA.,11.11x:OAR=O00-JST 	
IF(IMULT•GUEF2.EQ.SOL1ITMULT.TMOLT-C,OEF2/1AOSIGOEF21 

1. 
SST NU IF UOG 	

4000 SoL1=SOL1-TMULT•C0=7F2 
No=RipuliF1L.11lio/2.1,GLIA) 	 sw.2=40L2.TKULT•COEF1 
IF(Nu.t(1.:)Gu TO 9.0C 	 RIPEoC=SOL1 
mAKL 000 . muLTIPLL OF NU 

C 
C 
C 
C SULIk6UTINI kICOrtG(MATi.3.11ATh2,ACOL.eACUT) 

SOBRJOTINL Tu RiORGANIZE MEMORY Al THE ENO OF THE 

C 
C 
C SuaROUTINL KIPNU(xSTAR.00DOU.ONONAS,GEAR) 

C 
C 	SuakoUTIFic TO GENFATE XSTAR,000 AND NU VALUES ON 

GJNTINUUU5 VARIABLES. UNOWAS20 IF THE 0 VALUE 

C 	IS NOT ALLOWED FOR )(STAR. ANO ONDWAS=I IF THE DOD 



If 	 IGO () L3, 	 fHPEE PHA3-:i OF 	f-,NCOM INTEOER-FRuGRAM 
C 	Nuol 3-TOPLE was Pfr_vICojL 1  NAE0 JOHN 	 MATNE gMD NATR3 Ami THE 2-TUPLL ANO 

3-TUPLL II.E. LINK•u ,r40 UNLII, KEUI JERSIuNS OF 
Gu To 42.. 	 C 	MkIN MATRIX STU.!AGE. PESPECTIVELY. 

C 	NJH - 474Y ACTUALLY XisTS 	 C 	ALL CTH.:Ji VARIAlLt NA•ES ARE AJ IN THE RARDIN AND 
43Ju 

	

	 LIN PAPER ON RIP GP AS DEFINED IN kIPPH. 
CuEF=mATRJ(2.NOH) 
	CH:LK IF KELOCATIGN SPAL Is FREE 	 SuORJUTINE RIPOROIMATI.3.1, ATRZ.ACOL.ACUTI 

L43T=LAST+1 
IFIm.,TR3(:,LA.i1).E0.INFINIGC TO 4-.0J 	 INPLILIT INTEGER (A-Y) 

C 	SAC NOT EMPTY--mOVE 	 TU 
mAT.33(I.Nui4)=PATR3(:,LASTI 	 CUMMCN /RIPG0M/SOLOA , ,SCLSTROuLMJV.T0LOFL,TOLOPT. 
M.TR312.NuH)=AAIR3IL,LAS1) 	 • 	TOLSTP,TOLVER,HCONT.8DOONT.BOINT.80SLK,t3FRAC, 
NATR::(J.NCHI=mAik3(3.LASI1 	 • 	MINTOSLK.OTITST.CCm80T,GOATuP.DATTYP.DELTm. 
mATS313.LAOTI=-NOw 	 • 	OENsA0ENSF,7ENSP.NENSP0.DENSO,DETERM. 
GJ TO 441. 	 • 	OIFDEG0JIMFR4.DISPAT.TCONT.EiRAC.EINT,ESLK. 

NUH 	LAA 	 • 	FRACI,INFIN.LIMA.LIMALP,LIKO•LIMF.LIPR,LIMSLK. 
44 L Mnik3(304 )=INFIN 	 • 	liMVAN,LIMYMX,LIMOIN,LiM101X,LUPR,IALFRT, 
4410 tiiii3(11,LN:ii).111 	 • 	MAXCON,MAXCUTgMAXINT,V0XL1OMMtHU, 

Mmr&3I2vl...SI1=C1.F 	 • 	NNNOINNP,NNN4,NNNSOINNT,NUMEPR.NKTMAT.PRECN,PSLK, 
C 	AJVANLL IL NE4T,COLlimh ENTRY 	 • 	RTpSLK.SEED(2.71,SSLK,TOLMU.VERIFY,VERSN 

IFINKT.EO..IGU TO 461.1 
NUW.NXT 	 OuU8LE PRECISION SULOAR,SOLSTR,TOLMOV.TOLOFL,TOLOPT, 
Go TU 42o: 	 • 	TOLSIP,TOLYER 

ACOL TO LAST !MIRY 
48:0 AGUL(JJJ)=LAsT 	 DIMENSION MATk3(3,11.MATIL212,13,AOOL(11 .AGUT(1) 
	ENO LuLUNN LOOP 
49,0 CoNTINUE 	 C 	 ••SECTION TO REORGANIZE MEMORY INTO UNLINKED 

COLUMN 
C 	CUT sTURAGE Pi:ORGANIZATION LOCP LISTS*" 

Co 5 ,3 , JJJ=1.NNN 
Nuw=ACUT(JJJ) 	TAG EMPTY 3-TUPIES IN THE MATRIX AREA WITH INFINITY 
1FINLH.EO..)G0 TO 58u( 	 MAX=CORIOP/3 

C 	LOOP IHRouGH COLUMN ENTAILS 	 OU 3,5L Psti=i,mAx 
52,0 NXT=ATRi(i.NOW) 	 MATR3(3.PSNI=INFIN 

IFIN41.G,..160 TO 53;11 	 305L CuNTINUE 
	NUN 3 - TUPL:1 WAS PREVIOUSLY MOVE() UONN 	 NKT=NXIMAT 

NOW=-NKT 31LL 
00 TO S24  IFINUA.EU.J1C0 TO AILJL 
	NuR 	 ACTUALLY OUSTS 	 NXT=mATR313.N0H1 
53.0 III=PATR3Ii.NONI 	 MATk31300411=INFIN 

CuEF=14.,TR:(2,NOA) 	 GU TU 31JE 
C 	CHECK AF 1,JLOOATION SPACE IS FREE 

LHST=LAsT4.1 	 C 	MAIN GuLUMN REORGANIZATION LOOP 
IFIMATIL3(:,,LAST).0),INFINIGO TO 5,U3 	 40JL LAST=.: 
	SPAC_ NOT _NPTY--MOVE ENTHIES TO NOW 	 DJ 49,8 JJJ=104NN 

MATFil(.N0H)=pATP3(1,LASTI 	 NOH=AGOLIJJJ) 
MATR342,NoW4=PAT4342,1A5T1 	 IFINCW.EO•JIGO TO 48u, 
MATA3I3.1.6H1=mATP3(3,LAS1I 	 C 	LUUP THROUGH COLUMN ENTRIES 
MATR3(3.LA.,T)=-NUN 	 42Jo NXT=MATR3I3.NOWI 

- - AIM 	Mil Mil MI 	 MI MI 	 1 	MI MN 



C 

C 
C 	 

C 	 

uu ru i)41 
	C.JPY Nu4 INTU L•S1 
$4',L NAT-3(3.riu4N=INFIN 
5410 mNT,311.L..01.111 

LAT , LA2.LAST)=C0EF 
C 	oVANLL Tu N.. XT COLUNN tNTRY 

IF(NXI.E.U..160 TO 
NuW.NKT 
GU TO SZ- 

C 	Sri 0:LUT TO LAST r:NTAY 
56.,U ACUI(JJJ).=LA!,T 

C 	L40 LAJT L;ULUMN LOU,  
LuNTINUE 

C 
C 	', ACK 3-TU ,, LEL> INTO 2-TUPL,-SS 

DJ 09.t. P.,N=1.LAST 
mAT.+211,P',N1=MATR3(1,1-3N) 
MAT ,12(2.P4N)=MATR3(2,FSN) 

69.:6 LuNTINUc. 
C 
C 	 ._T CoRTjR 

LJRTUP=Z•LAST 
C 
C 	 •••LXIT StCTION••• 
C 

91..2U CJNIINUL 
R:TU4N 
ENO 

• LIrmimq,LIMIA4.L14.LIMIIMX,LUPR,LVLFRT. 
rAACU4.0.0(CUT.HAYIbT.HAX.1.MHMIMU. 

• NkNO4NP,W.NO,NNINNNI,NUMEH.6N<TMAII,PRECN.PSLK, 
RIPSLK,JtE0(2.7),SUR.TULMU,VERIFY.VERsN 

0,1u?Li 	 SOLHARISULSTR,TOLMJV.TCLOFLOOLOPT, 

• TOLSTP,TOLVER 

OtOcNAON PhIPE(1,A 
DATA RHILic/ 

• e 	.3 	.5 	.7 	,11 	.13 	,17 	.19 	.23 	.29 	9 

• S1 	137 141 	143 	.47 	.53 	.59 .61 	.87 	.71 1 

• 73 	,79 	.63 	039 	.97 	.1:1 ,1J3 .1,17 .119 .113 
• .2; .131 .137 .139 ,149 .151 .157 .103 .167 .173 
• 179 .161 .191 .193 .197 .199 ,211 .223 .227 .229 

• 233 .239 •241 .251 $2'57 ,263 1209 .271 .277 .281 

• 255 .213 ,3(7 .311 .313 017 031 037 047 .349 
• 353 .359 067 .373 .379 .383 .389 .397 0401 .4:9 

• /19 .421 $431 .433 .439 0443 049 .457 .461 .463 

• 4o7 0+79 .487 .491 .499 .563 .5.19 $521 .523 .541 / 

EXTRACT TABLE ENTRY 
klPFRM.PKIM ,i(NUM) 
EXIT 

9061 CuNTINUC 
RETURN 
LHD 

AM MI 	Mir MI MI 11•111 INN Nor Ime 	" air 	ow we yr MB NMI 0•111 

C 
C 
C 
C 
C 
C 

C 

C 

INTEGLR FUNCTION RIPPkH(NUM) 
FUNCTION TU . RETURN PRIME NUMBER (NUN) OF THE 1ST 100 

INTLGtR FUNCTION RIPPkN(NUN) 

IMPLICIT INTEGEH (A-YJ 

1.:LIMMCN /RIPEGN/SOLHAR$S0LSTN,TOLM0V,TuLCFL,TOLOPT. 
• TOL,TP.I1NAE4,EICONT.EUCONTIRUINT,OOSIK.9FRAC, 
• 8INT,L3A.K.NTITST.CCINEOF,LORTJP,OATTYP$OELTHI 
• OLNSA.LiLNSF,UENSF,GENSPO.OENSO.OET:AM, 
• DIFOEG.OINFRN,UISKAT.FCONT.EFR.C.EINT.ZSLW, 

FriN C 1 .INFIN.LINA.LINALF,LIND,LINF.LIPR.LINSLW. 

C 
C 
C 
C  DOUBLE PRECISION FUNCTION RIPROT(NATRIX,STRT1,STRT2, 

C 
	

EXPANC,LENGTH) 
C 	FUNCTION TO RETURN THE DOT PRCOUCT OF TWO VECTORS, 

C 
	

AT LAST ONE OF WHICH IS STORE° 14 THE GENERAL 
C 
	

RIP 3-TUPLE STROAGE AREA. THE FIRST IS FLOATING POINT 
C 
	

TH'E 2ND IF INTEGER AND THE RESULT 13 FLOATING POINT. 
C 
	

HOWEVER, THE 2ND MAY ALSO Bt FULL P,iECICION 
C 
	

DJU8LE PRECISION IF IT IS PRE-EXPANOED. 
C 
	

PARAMETERS ARE AS FOLLOWS-- 
C 
	

NATRIA=THE GENERAL NATNIX STACNAGE AREA 
C 
	

STRT1=THC STARTING 3 -TUPLE OF THE FIRST VECTOR 
C 
	

(=-1 IF THE VECTOR ALREADY DUSTS AS EXPAND) 

C 
	

STRT2=THE STARTING 3-TUPLE OF II< SECOND VECTOR 

C 
	

(=-1 IF THE VECTOR ALREADY EXIST AS EXPAND) 



C 	 XPwvl = iH 41 'K 	INTL. 	 014 Vt-L.TOR WILL 
.xe.NO.D iF •,OTH B:LCNG i0 WATPIX 

C 	 I.NGTH‘TH: L:NG7H iF THE VE6TUS INVOLVE) 
C 

(OBEL,: 	 FUMCiiON RIPRUT(lATRIXISTRTI.STRT2. 
• z.XPAAO.L:NGTH) 

■; 
IARLILIT 141,:GEO (4.•YI 

C 
CJMMGOI /....PGLP/'; ,A!)..w. -.;CL,TROOLMoV.ToLOFL.TOLORT, 

• TAOPeTGLIP:',LIC6N1.E0uO4T.90IapOUSlKOFRAC. 
• BINT,LL,LK. -3TITS1,CO'EGiiiLlATOPI,OATTYF,OELTM. 
• Oz.1ISA,N_N.J. ,...F;(11.L,Jo!JP0.1:11S0.0E1.IRM, 
• OIFO-G.01rFRA,UT:',Rm1iONfttFR4C.LINT.CiLWII 
• F ,,-LI.A4FIRoLIFA.LINALP.LIMO.LIMFILIPR,LINSLK. 
• LINVMNILIhVMX,LImiWigLINWMXgLUPR.00LFRT I  
• HAlluOA.NAYCUT.MAYINT.rAX IINIMM.M00 
• NNNOTNNP0 -14N4.NNNSONI ∎ .TWHER.NKTMAT,PRiCN,FSLK. 
• RiNSLAsiE:.C12,71.SSLK.WLMUIV....:IFYIVERSN 

C 
OJUHLr_ 	 SULti4R,LLTR.TULMOV.TCLOFL.TOLORT. 

• TGLSTP.TOLVE 
C 

LIJUeL, P ,c01:10 ,4 txPAk4,,k,uF 
LQUIVALiNL, 	(ZR7ILNU.I•TGNB) 

C 
OIMERSION LXPANOII/0MATRIA(3,1) 

C 
FO-.! VALL045 V.CTuk 

(ST":T 	Z2...2:)-L.25L6 
V,CTUR I 	12,!&..EXF4NOEU 

22.0 NJW=STkT2 
W3RW1RA2 
Go T3 4j., 

C 	CHECK FOR VALNJOBS V:CTUR 2 
25j0 IFTSTRT2146:.,3:::L.3, 

C 	2N0 Vi.CTOR IS PRE-EXPANOCO 
20 0 NoW. -JTRII 

WoRK.LR.1 
GJ TO 4d. 

C 	EXPAMO VLL.TO.,  I IF NEITHER PRE-EVANUED 
34.4 0O J2oL KKK=I.L,:NGTH 

EXPANOIRKKT=L 
32J0 CJNTINUL 

MOB.STial 
• 35,A IFINCW.LE../G0 TO 39Li 

AKK.HATRIKTI.k04T 
IHTGkO=HAIHIxT2.NOH1 
cAPANU(KKKI.ZRELMO 
NOW=MATRIA(3.N04)  

Go TU 
	moLTIPLY TH.. UN_YFARN,0 BY THE .APANOE0 
39.ti NOA.STRT2 

14J,0(..k=2 

42.0 IFINCW.LE.-)G0 TO g.- 
KKK.HA7RIX11.1.0W) 
1ATGN0=NATRIX(2,NOW) 
IFTWORKR.:10.11RCOEF=ZRELNO 
IFTWORKER.E0.21KCOEF.INTGNO 
RIPQOT.NIPR.DI+EXPANDlicKio•RLOEF 
mum=mATAIx(5,%04) 
GU TU k2u. 

C 
C 	
96_, itTTINU:: 

RLTO,04 
END 

C 
C 
C 
C 	SUHOUT:NE RIPSEOILISTOAXPSN.G:ENNUMOAXPTI 
C 	SUBROUTINE TO RANDOMIZE THE NUMBERS IN LIST. 
C 	 LIST.THE VECTOR CF NUMBERS TO RANDOMIZE 
C 	 MAXPSN=THE NUMBER OF ENTRIES IN LIST 

GiANUM.THE RIP RANDOM NUMBER GF-NERATOR TO EMPLOY 
C 	 mAXPT.ImE VALUE OF THE LAST ENTRY IN THE LIST IF 

THE SUBROUTINE IS TO CREATE THE INITIAL LIST. 
C 	 IF MAXPI.U. THE LIST IS PRECREATEO. 
C 

SUBkOUTINE RIPSEOILIST.MAXPSN.GtANUH.MAXPTI 
C 

IMPLICIT INTEGER (A-Y1 
C 

COMMON /RIPCOM/SOLBAF,SOLSTROOLMOV.TOL0FL•TOLORT0 
• TOLSTP.TOLVER,BCONT,BDCONTIBOINTOOSLKOFRAC. 

HINT.TAKOTITSTsCUR20T,COFTOP,0ATTYFIOELTM. 
O_NSA,0LNSFOENSP,DENSPO.0ENS0.0iTERNs 
UIFUr.G9uIriFRM.OISRAT.ECOkT.EFRAC,ELNT.ESLK. 
FRACI,INFIN.LIHA.LIMALPILIMO,LIMF,LIMR,LIBSLR, 
LIHYMN,LIMVHX.LIHION.LIHRHX,LUPR.LVLPRT. 
HAXCUN,MAXCUT,MAXINT,MAX ,..IIMIIM.PIth 
NNNOANNPINNNO.NNNSINANT.NUMERR.NXTMAT.PRECN.PSLK. 
RTPSLK.SEED(2,7),SSLW.TOLMU'VERIFY.VERSN 

- - -OM 	 11N1 	MI 	 11111 	MI h. 	 11111 



am am -am em -4 um ow ow 	oar am am rata 4' 	 IN MB SIM 

C 
uJO,!LE 	 E ,./LuLR,!—LsT4.7.ILMJV,TCLMFL.TOLUPT. 

• TuLSTP.TuLVER 

C 
6.01_11:11.,14 

C 	CHE.:K IF LIsl P , ELuAlito 
IFCRAxpT.LQ..1G) TO itj. 

C 	LVAC TH= LIST WITf,  VALUES UP- TO NOWT 
OFFS.-_T.HKAPTMAXPN 

P's11 =1.M4XFSN 
LisT(PSAlsPsN4OFFSET 

17,I1 LJNTINUL 
C 	PcRF)KN i141( ►•.A .eANJOM PAIR INT.:At:SHANG:ES 

UJ 	P -4i4.7.1,MAXFSN 
.SNAP.kIPoAFII.MAxPsN,bEhNUml 
HJLC=LI.iT(PSNI 
LISTOSNI=LILT(sMAP) 
LISTIsNAPI=NULO 

2.66 LoNTINUE 
C 	E<IT 

961J0 CONTINUE 

END 

C 
C 
C 
C RIFSPLI.PLIT,MULTSOINlOT,MAvTOT.MAXVAL. 
C 
	

RumSPL.KNOSEN.G , NNUM,NENSOREAKI 
C 	SAIROUTINE TU RANUJmLv PLACE IN TAE VECTOR SPLIT 
C 
	

INTEGERS. 
C 
	

WHICH. AHEN NEIGHTE.0 by THE VECTOR MULTS. HAVE 
C 
	

A TOTAL dETWEEN MINVAL ANO nAIVAL. PARAMETERS ARE AS 
C 
	

FOLLUPL•. ■ 

C 
	

PLIT.THE OUTPUT ViCTOK 
C 
	

moLTS.IHE INPUT HEIGHT- VECTOR 
C 
	

KINTuTsTHL MINIMUM ALLORAALE TOTAL 
C 
	

mAxTOT.THE MAXIMUM ALLCNAULE TOTAL 
C 
	

AumSPL-.THE LENGTH OF THE ...PLIT VECTOR 
C 
	

MAKVAL=THE MAKIrUM AaSALUTE VALUE OF GENERATED 
C 
	

INFEGErS 
RNosE.O.A PORK VELTui;. 14.(tm CF ;;,ME LENGTH AS OTHER 

C 
C 
	

G_NNU.IzTH; RIP r,.NLUP .rU , IEK G_NERATCR Tj NE 
C 
	

LMPLOV:'U  

6 
	

C.:NS=THE DESIRED DHS1TY ON NONZERO ENTRIES IN THE 
OUTPUT 

C 
	

•AEAKATHE POINT A; WHICH OLTPUT ENTRIES CHANGE 

C 
	

SIGN. 
C 
	

IF MKEAKA.- ILL ENTRIES AKG. OF MIXED SIGN 

C 
	

IF BREAK.LT._ ENTRIES UP TO IADS(BREAK) ARE 
NONPOSITIVE 

C 
	

ANU THOSE AFTERPARO ARE NOANEGATIVE 

C 
	

IF EIKEAK.GT.. ENTRIES OF TO BREAK ARE 

C 
	

NONNEGATIVE 
C 
	

ANU THOSE AFTERPARO AKE NOAPOSITIVE 

C 
SUB ,+ JUTIME. RIPSPL(SPLIT0ULTS.NINTOT.MAXTOTOAXVAL, 

• NUNSPLIRNOSECI,GENNUM,DENSIOKEAKI 

C 
ImPLICIT INTEGER (A - Y) 

C 
COMMON /RIPCOM/SOLOAR.SCLSTROOLMOV,TOLCFL,TOLOPT. 

• TOLSTP,TOLVEROCONT.FDCO ,J.NOINTOUSLK.BFRACA 
• HINT.8SLK,EITITST,COREOT.COFTOPOATTYP,DELTM. 
• DENSAJJERSF.OENSP,LENSPO,OENSQ,DETERm. 
• OIFDEGOIMeR4sOISkATAC.ONTILFRAC.EIN3,ESLK, 
• FkAC1,INFIN,LIMATLINALF,LIM0,LIMF,LIFR,LIMSLX, 
• "LIMM,LIMVMX,LImwrN.LIMWMx.LUPR.LVLPRI,. 
• MAXGUN,MAXCUTOIAXINTOAX,1,MMMeMU, 
• NNN,NNNP,NNNOONN4.NNNT,AUMEkNoNATMA1,PRECN,PSLK$ 
• RTPSLK,StECl217),SSLK,t0LMU'VERIFY,VERSN 

C 
OUUtILE PRECISION SOLBAR,SOLSTR,TOLMOV.TCLOFL.FOLOPT, 

• TULSTP.TOLVER 
DJUELE PRECISION RWOXKOINREM.MAXREM,ABSVAL,MINV,MAXVI 

• TEMMIN, 
• TEMMAX,AOJ 

C 
DIMENSION SPLIT(1),MATSIII,RAOSEQ11) 

C 
	INITIALIZE CONTROL VALUES 

AOSUAK=IAuS(BREAK) 
AuSvAL=HAVVAL 
NONLER.m 

C 	CALCULATE MINIMUM AND MAXIMUM POSSIBLE TOTALS 
IFIUREAK12.1U.221,2.3J 

C 	NEGATIVES 15T 
2..16 T=7AdSVAL 

AuJ=ABSVAL 
Cu Tu 2.51. 

C 	NIVEL) SIGNS OK 

miNV=-AHSVAL 



N-001=AusVAL 
T_Mihx=AAE,,, 	 AuJ. 
Ts_MmlN=MINV 	 • 	 Gu TO Z.. 
IFT ..;PL.L_.410(.6,.A638h.K.E0.:IGJ TO 3E9 	PJ.;lilV,—S 1ST 

0-3, M1NV=. 
T_MM11.=TtO4iak.A0J 	 MAKV.At./AL 

VA-1AhAE FA ,A, 1, uNNING TOTALS 	 AuJ=-AB.;VAL 
IF(PuL13l.PL)131 	.33 	,32t, 	 C 	CALCULATE MINIMUM AND MAXIMUM PJSSIBLi. TOTALS 

C 	ff_GATIV 	 2L5. MIA,(EM=, 
31.0 MINE.m.M1vELm-, mOLTt,(SPLi•TEM,IAX 	 MAX,M.6 

Do Lii SPL=1,NUmSPL 
LURM:, X=1M.XTE,7- ,;UFTEIT-NAXEMI/MULISTSi, L1 	 C 	LAANGi SIGNS IF NzCE_SSARY 
C.JRmiN=TO.NiLT-,UKTUT-NINmENlimuLTSTSPLI 	 IFT7,:FL.NE.ABSFIRK+1.0R.ABSBRK.iA.UlGJ TO 
GJ 16 	 MINV.MINV+ADJ 

NULTIPLIE 	 M4XV.MAXV.A0J 
mlN ,:_m.m/NRar-MMETSCSE . L1 0 1EMilIN 	 C 	UIVIOE UN MULTIPLIEk SIGN 
mAX,i_m=71,E:ti-MULTS(SEL/ 4 TEMIAX 	 21,. IF(rULTS(sPL))215,25Ej,22u -J 
LORmIN=(mAXTUT-GURTUT-mAX-tEM)/MULTSTSPL/ 	 C 	N:,GATIV:1 MULTIPLIER 
E:JRm;.X=CMINTUT-CURTOT-MINrEEm)/MULTSTSPLI 	 215. MINR:M=MINR:.M•MULTS4SPLI•MAXV 
GJ Tu 3th, 	 mAXEm=mAXREM+MOLTS(SPLI•MINV 

i. 	Z_RC r,ULTIPL1:R 	 GJ TO 
33.0 IFTRIPul4Flu.l.D,GENNU•1.LE.DENS.ANELHONZER.EU.11G0 	 C 	PJSITIV:: MULTIPLIER 

• To 34u 	 22., mIN ,LM=MINRFIrMOLTS(SPL)*MINV 
A Litt, ENTRY 	 mAX , -,ImmmAXREM4MULTSISPLI•mAXV 

St'Llf1SPLI=E 	 2x.. GJNTINUL 
Go TO 39. 	 IF FiASIBLE 

C 	C-CEATE A NONZ' -.RO ENTRY 	 IF(hINREM.LL.MAXTOT.ANO.MAXAEM.GE.NINTOT)GO TO 290L 
34,4 SPLITISPLI=RIFUNFITEMMIN.TEMMAX,GNNUA3 	 C 	EXPANU .ANGc 

IFTSPLITTSPL1.EQ.U1G0 TO 34., 	 AESVAL=2•ABSVAL 
NuNZZR=1 	 GJ TO 2uto. 
Cu TO 39., 	 C 	RANDOMIZE ASSIGNMENT SEQUENCE 

C 	CLOS: Ih LIMITS AND SET VALUE ON NONZERO MULT 	 294E CALL PIPSEQ(RNOSEQ,NUMSPL,GENNUM,NUMSPL3 
35E4 FIX=TAMIN 	 C 	ASSURE LAST ENTRY IS UNITY OR POSITIVE 

CURMIN.MAE.ILURMIN,FIX) 	 LAST=RNOS:ACNUMSPLI 
F1X=T:-.MmAx 	 IFTIABStMULTS(LAST/).LQ.1)GO TO 340. 
LuRmAX=MINALURmAX,FIX) 	 0,) 295E PSN=1,NUMSPL 

C 	U:_C1CL IF :AIRY SHOULD BE ZERC 	 SPL=RNOSEUIPSNI 
IFTCORMIN.LE. .4ND.CURMAX.GE..1.ANU.RIPUNFTJ,1L4,:, 	 IFTIAdSTMULTS(SPLII.LT.1.UR.IABS(MULTS(EPLI).GT. 

• GZNNUM).GT.DENS 	 • 	IAHS(MULTS(LAST)1160 TO 295u 
• .ANU.Nw4ZER.E0.1)GU TO 3351 	 RND30OCPSNI.PNOSE04NOMSPLI 

3t,L4 SPLITISPL)=KIPUNF(CURMIN,LURmAX,G_NNUm) 	 RmOS:A(NUMSPL)=SPL 
IFICUf4 MIN.oE. , :URMAX.ANU.SPLIT(SPL).E0.L, 	 IF(T,+DSIMULTSISPLII.EO.i)GO TO 3J14 

• Gu Tu aoLi 	 LAST.SPL 
IFISFLITTJPLI.NE.NONZER.1 	 295k CJNIINUE 
CURNT.CURTUT.SPLIT(SPLI•HULTS(SPL) 	 C 	MAIN LOOP TU SPLIT THE TOTAL 
	LAO LOOP 	 3L,E CURTOT=J 
39,4 CJNTiNU_ 	 IFINUMSPL.LL.ABSOkK.OR.AUSBAK.E0.AGO TO 3J51: 
3996 CuMTINUL 	 m1NV=MINV-AuJ 

LNIRY TJ HAV1 	 F:A,IULE ABSOLUTE 	 mAXV=11AXV-A0J 
C 	VALLe 	 3,5o Uu 399u PsN=1.NUmSPL 

MI 	-1=11 	111011 	INN 	NIL MI Mil AIM 	MI JIM 	1111111 11=1 



IIIIII 	M•11' 	 11111 111E11 	 MI *MI 	OM OM 4' MI IMO MI IMO 

DOUOL,L 	 .',GLBP',SJI—JR,TOLMOV,TOLUFLITOLOPT, 
• T6LSTe.rULVE ,  

C 
01,1:_NAChl Vdlifelll.JLISTill.SUbM(11,AVAIL(3) 

C 
C 	LOOP THRJUGH 	 P•SITICNS 

UJ 37.6 P-O.PIIN';:N,fAXPsN 
	AOSIGN A JJJ TO TN:: SOOMATklX POS.TIUN 

JPSNaJHSA , J, 
JJJ=JLISTAJFSN1 
SJDNIFSNI=JJJ 
NJW40, 
/F(NUdOjO.G.1AXGLOIGU TO 24t, 

C 	SJHE GLINIINUNUS VARIAULES AL: AVAILABLE FOR ASSIGNMENT 
NuRAV.NON40•1 

AVAILINOR4V/s3 
29e6 IFINVNINT,G1.i1AXINTIGG TU 244' 

OCN:.t:AL INTEGIR VARIAOL7S AR_ AVAILABLE FOR 
C 	ASS. GNMLNT 

NJAA,fsi,i0A,,v4.1 
AJAILINOR4V1=A 

29AL 1FiNO , LI.L,i.e.Ax lIGO 10 3.uL 
C 	S:ME 	VARIldLES ARi AVAILABLE FOR ASSIGNMENT 

NJAAV..NONAV•I 
AUAIL(NURA0=5 
	FICK INC 1YFL FOP THIS POSITION 
30.0 Soo.A1PUNFII,NONAV.1:1 

TYP.AVAILISUNI 
ViLTYPIJJ.M=TYP 
GO TO C39,u,390,.31c.32L. p331;JI.0 3  

31.0 1FIKUMCOU.NE.INFIN ► NUMAN.NUMCON+1 
GJ TO 3'36. 

32.6 IF(NumINT.NL.INFININUmINT.NUMINT•1 
GJ TO 39,. 

33 u 
39.0 CONTINUE 

C 
	EXIT 
90,0 CuNTINUE 

R1TURN 
. END 

C 
C 
C 

GO4TOT=OLMTOT-S., LITCSPL1•MULTS(SPL1 
IF•AtimAX.GT.A GU TO 42L, 
50LIT(SPL1=GUAMAX 
GJ TO 

/ GO 70 43 " 
sPLIT(sPL1sQUAMIN 
Go TO 45u, 

43,L :)PLIT(SPL1=. 
45.. GORTOT=GURTOTASPLITISFLP, MULTSCSPLI 

C 	IAN 
96./6 CONTINUE 

MORN 
ENO 

C 

	alDPJUTINL RIFTYPIVuLTYP,OLIST.JPN,SUBM,MINPSN, 
C 	oAXPSN, 
C 	• 	NUOL19NUMINTINUMGONO 
C 	iUOKOUTINL TO ALLOCATE COLUMNS RANDOMLY ARRANGED IN 
C 	THE 
C 	LIST JLIST INTO Curq-ONEhTS MINPSN TO MAAPSN OF 
C 	 SUUMATNIX 

LIST SUoN. NUm:i.NUMINT ANO NuNGLIN ARE RESPECTIVELY 
C 	THE NUMBERS OF 	GENERAL INTLG.R AND CONTINUOUS 
C 	VARIABLES ALREADY ASSIGNED. 
C 

SOBPJUTINE RIFTYPIEVULTYP.JLIST.JPSN$SUBN.MINPSN. 
• mAxPsN. 
• NUMLI,NUMINT,NUmCON/ 

C 
IMPLICIT INTEGER 1A.•YI 

C 
COMMON /RIPCOM/30LBAR,SOL3TROULMJV,TULOPL,TOLOPT, 

• TOLSW,TOLVE2,000NTseDIANT.00INTO0SLKIISFRAG. 
• HINT,OSLK,OTITST,CCROOT.CORTOP,OATTYPoOELTN. 
• 0iNSA,0::NSF,OENSP,CENSPOIOENSO,D.:TERM. 
• UIFOLC.OIMPRM,UISRAT,ECONT,EFRAC,LINTsESLK9 
• FkiliC1,INFIN.LINAILINALPIPLIMO,LIMF,LIMR.LIMSLK, 
• LIMYNN,IIMVMX,LUMMNAINNMX,LUPRILVLPRT, 
• MAXCON,MMXCUT,NAX1NT,MAX•:19MMMO0, 
• NMN,NNNP,NMN 11.14NNS,NhNT,NUMi:AR,NXTMAT,PRECN,PSLK, 
• RIPSLK,SEED(2,7),SSLK,TOLMIYOVERIFYIVERSN 

C 



C 	Lat.;_1-; FuN,T104 RIFAH,F(L.Fi.RIG•T.GLNNum, 	 6 

C 	FuN.,TIuA TJ GtN.RAT:. , UNIF.AP (L:.FTekIGHTI ITTiGEp 	 C 	  

C 	USING RIP k.NCOA NOF.8 ,, S._'..o FAI: NOHJLA G.INNUM 	 C 

C 	 C 	SUBROUTINE RIFVPINATIX,ZATRIX,RHS,CCC,000,UBAR, 

C 	 r1:. !ILT.10U USES A MOE i IPL IC,..T 14'. :0AGRUEN I IAL APPROACH C USTAKONAR, 

C 	KITH MuLTIPLIE• E.-. t1 ANO 4oO=2*•32. ARITHMETIC ON  C 	• 	RSTAR.POWTYP,VOLTYPOISTAR.ACCLIACUT,HODIINU,SCRCH, 

C 	Jr_COS IS udia, AASL 4 •• :U=b:i .A0 la AVUI0 OV-FRFLON AND 	 C 	• OENOARtOCNSTR) 

C 	HAK_ TH1 P ,(„ CF.Si RORToLt ...).TRiA S,;ILNTIFIC MACHINES. 	 C 	SUBROUTINE TO V.i.IFY KUHNTUCKi.R OPTIMALITY CCNCITIONS 

C 	SEE0(1,6..NNOm1 >NU SE:D12,C NhUml ARE THE LEFT AND 	 C 	FiR THE LINEAR ?ELAxATICN AND THE INTEGER SOLUTIONS OF 

C 	 MIGHT 	 C 	PADdLcliS GENERATED 8Y THE RIP Rmuuua INTEGER PROGRAM 

C 	HAS:: 2••:0 OIGITS. 	 C 	GLNimATOR. ALL PA 4:AhtTEA NAMES ARE AS IN THF RARDIN 

C 	 G 	AaD LIN PAPER 04 THE PIP GENERATOR? OR AS DEFINED IN 

I4TEG.iii FUNclION fcIPUNF(LEF ■ tFIGHT.GENNUMI 	 C 	.IOBROUTINE RIPPA. 

C 	 C 

IMPLICIT INTEGE 	(A-Y) 	 .ii1ElkiOUTINE RIFVER(MAT , IX,ZATRIX,RHS,GCCoODDOBAR, 

C • 
COMMON /.(IPLLM/ALHAi..SOLSTR,TULNJV.ToLCFL,TOLOPT, 	

• 	USTAR,AdAR, 
* 	XSTAROKUHTYP,VOLTYP,VSTARsACOLgACUTgeOESOU,SCRCH, 

• TOLSTP.TOLVE,HCON1,ENc0aTtODIOTOUSLRodFRAO. 	 • 	DENBAR,DENSTR) 

• dINTed3LK,t1TITSTFCLquUrst•OATUP,DATTYFoOELTMe 	 C 

• J:(4;.4,01,sF,!:)ENsP•iLNSPOIUENO,DETERM, 	 IMPLICIT INTEGER (A -Y) 

• UIFOLL,J1LE41 IC , IS'ti-T,Uhr,EF ,,LACtEINT.:SLK, 	 C 

• FKALI,I4FiN,LIhA.LIMALO.LIe1.LIMF,LIPRILINSLKs 	 CJMMON /RIPCCP/SOLHA•,SOLsTR,TOLMOV.TULDFLorOLOPT, 

• LIMVaN.Li!-V9X.Llmwr4,LIMAMA.LiWR,LVLFRIs 	 • 	TGLSTP,TOLVEq,DCGNT,E000Nt.00INT.00SLK96FRAG, 

• MAXCiii,MAXZOT,UkX1NroMAX 1.11mM.MUI 	 OINT,OSLKO3TITST.CORd0I.COATOP,DATTYP.DELTM, 

• NNN,NNNPONN4.NNNS.NNNT,NUMERm,NAIMAI,PRECN,PSLIC, 	 ELAsA.DENSF,JENSP,DENSPO.DENSO.DETEkM, 

• ,irPSLK,SELO12,71,St_LK,TULMU.VERIFYIViRSN 	 DIFEJEC,UIMPRM,DISPAT,EUUNT,EFRAC,EINT.CSLX, 

C 	 FRACI,INFIN,LIMA,LIMALPpLIMU,LIMF,LIeReLIMSLKo 

DJuOLE PR:GISIO4 SGLOAR.SULsTR.ITOLMOVITCLUFL,TOLOPT, 	 LIMVMN,LIMVMX,LIhWMN,LIMHMX,LUPR,LVLP4T, 

-• 	TOLSTP,TCLVER 	 maxecluo.mAxeur.mAxiivr.max:l.mlimou. 
UJUdLE PRECISION NANG:. 	 NNN,NNNP,NNWIINNNS,NNNTIINUMiRRINXIMAT.PRECNIIPSLK• 

C 	 + 	RIPSLK,SEE0(2,71.SSLK,1OLNU,VERIFY,VERSN 

C 	MULTIPLY sEED BY b1.69 = I•t5S3o t 3533.1 AND MOD 	 C 
C 	2•*52 	 DOURcE PRECISION SOLOAR,SOLSTR,TOLMOV,TOLOFLOOLOPTio 

vJAKI=3:)3•S,: -. 011,GENNum) 	 • 	TULSTP , TOL VER 

RJRK2=3:,3 *SEED (21,GE NNUM) 	 C 

SEE041,i,ANUm1=AORK2/t5530.SEED(2,GENNUM)+MOC(NORKI. 	 1 	 DIMENSION MATRIX(2.1).RRSti).CCC(11.000(1).UBAR(1), 

• e5t.30) 	 I 	 • 	USTAR(1),X8AR(11,X5TAR(1).R04TYPID.VaLTYP(1 ),  

SEE0(1,G.A1OM)=100(SEI3(1.GENNUM).655361 	 1 	 • 	ACOL(1)0388(11,ACUT(11.SCRCH(11,0STAFIlioNU(1 1,  

SEE1(2,6ENNUNI=MOOHOPK2,E155361 	 ZAThIX12,11 

C 	SET UNIFJAN vALOC USING ONLY THL LEFT to HITS OF SEED 	 C 
RANGi=k16HT-LEF1ti 	 DOUBLE PRECISION CCC•UBARtUSTAR,VSTAR,ADJCST,RELX 13 ,  

RIPONF=:l7__Ull,G:NNUMI•RANGE/65536 	 • 	RCOEF.RMS, 

PIPUNF=RIPUNFSLLFT 	 • 	SOLVAcirCRCH,TOLSUM0RELXS 
C 	EXIT 	 C 

9ci:0 LUNIINUE 	 C 	s;:l•  TOLERANCES 
RA•uAN 	 TOLVER=.IjE 
ENO 	 TULSUN.luL•TOLVT( 

IFITULSUM.GT.NNN•TOLVERITOLSUM=NNN•TOLVER 

C 
C 	PRINT VERIFICATION HEADER 

NM ON AIN . NM, MN MI NEI 	). 	NE NM .11IN . 	NIII 	. NW 	NM NM 



- - Aumi " Nor am me am -am " Nor am me 11111 ant all 	111111 11111 	11111 

1 	 IIHI/, K., (7,1  	LAZ,;K L0.3EFICIENT sIGh 
• p ∎-ua_M V:RIF1,14TIOh,;.:0 • 	 IF(.3oLF.G1.,.OR.GLLF.LT.L.AH0.0ATTYP.E(1.,,1 
4 	/2.x,,i7H 	 1/1X1 	 • 	G0 TO 

345. F.P111(/23N "AAA V'HIF FAIL1k.:**,12HCO-IFFICIENT=, 
• 1. 1),IiH AT All,P).1Hyt15,1H1/1.:X9 

C 	•••.:1.;i1ON TO 	 T.-IL LINEAR RELAXATION (BAR) 	 4 	2 HWROiiG FCR DATA TYPF=.1. 21 
C 	 SuLuTIOn•*• 	 WtIT(LUPms3454)COEF,1II,JJJ,CATTYP 

13 ,; ,20, 11I11=SCRCH(II11+RCOi.F•x8AR(jjJ1/0ENaAR 
	OLEA.,  korV:UM VECTOR 	 AUIC:A=A0A;ST-USAP(III)•COEF 

bo 2t.. 111=1.tOm 	 30JL_CONTINUE 

22..6 CJITINV- 

C 	LOOP THROU,N COLUMN:, 

Do 3'1., JJJ.11WIN 
C 	CHECK UPP,R 60U140 VALUE 

IFIVr.LTYPIJJJI.NE.5.AN0.000(JJJJ.GT.u)G0 TO 316.. 
IF(000(JJJ).E0.1)G0 TO  

365., FuRMATUZSH ••000 VLkIF FAILUKE••03HVAFIA0LE. 
• oJUNO=.115/1LX,24NWRONG FOR VAFIABLE TYPE=1 
• 131 
W ,tIT(LUP,..3L5u)JJJ,0DO(JJJ),VBLTYPIJJA 

C 	CL AR AOJUSTEG COST 
311.0 AU1GT...; 

SoLVAL.JuLVAL•GGG(JJJ1•xBAR(JJ.1)/UENHAR 
G 	LouP THROUGH COLUMN ELEMENTS 

MlN=1 
IF(JJA.GT.JIMIN=ACOL(JJJ-114.1 
MAK=AGOLIJJ,J) 
IFIMAK.GE.AIN1GO TO 315- 

3114 FORMAT(/23H "AAA VEkIF FAILURE••,7H COLUHNII5, 
• 11H IS VACUOUS) 

WKIJECLUPK.311:1)JJJ 
Gu TO 3o3 

315J 00 3u.L 
III=MATRIX11,FSN) 
L,J.F=1ATmi<L. 0 ;;1) 



42.4 	 ;0 %Eh, 	 OPTIhALITY CONCITIONS 
42;:41 	(Lifr- 9 492 	 303 ►  k.IJCL.TgAJJO“...;',CIJJJ) 
4234 FJ2nm1I/CJA "34 , . 	V; IF 	 PCW,Ivs 	 Uo 3115, P;ii --, 1,H1H 

• NH DUAL CF.E12. -3.0 4 WilUnG FU. PZOW TYP4.,13/ 	 JJJi=d1IMP4N1 

CJ TG •J. 	 IFIJJJU.EO.JJAGO TO -.17Cl 
C 	CHECK LOMP‘tM - NTA;VY 	 L.J1TINUE 

4251: 	 iF1A0JCJI.G.:.TOLVIP/I,OR.ACJCT.LE.-TOLVER/It) 
• SC, , CH11111.0iAk(1111.LE.1L4V.RIGJ TO 	 • 	Go TO 
waTLTLuP,.42c.PITT.Bom 4 11I:),SC ,c,HIIII1 	 367, F.JimATI/13w •-O4k V:hIF FAILURr.•.6HVARIAOLEs 

4264 FJiHATC/c34 "BA+ 1,1-,' , IF FAILURE•,4H ROW,I, 	 • 	Ia/I,X237HIS NOT IN ENH HUT HA., 	ADJUSTED COST) 
• BH DUAL 0F.E12.5.1iw Alw WOW SUM,E12.5 	 W , •: IT:ALUPK4'.367:1JJJ 
• /1.X,:n4 NOT COMPLLW-NIA4Y1 	 37.. IFIXdANAJJJ113711,3751.10864 
GJ TO 446 	 C 	NEGATIVE *BAR 

iOw 	 371e. MLLXH=XUAKCJJJ1 
43tu IF1S6HTIIII.I.T.-TLLLUA.OR.SCRLH1IIII.GT.TULSUMIGO 	 R..Lvd.kELKO/DENDAI. 

• TU 	 wKITEALUPR,3715/JJJ,RELX8,0001JJJ1 
Gu TO 	 3715 FURMAN/23H •*BAR VZkIF FAILURF•e9H VAKIABLE,I5I ■ 

414 	 • 	3H AT,E12.5/1LX921H OUTSIDE BOUNDS= L• 10,115) 
4566 IF(SL•LAtIIII.GT.TOL5UA/G0 11.1'415 	 GO TO 396L 

IFIUti4kt11,1.GT.TOLVEA1GG TO 422; 	 C 	ZERO XtMIR 
GJ TU 425 	 375. IF(AUJLST.GE.-TOLVEAIGO 7O 39LL 
	LAO riJw LOOP 	 3755 RELK10(11Ak1JJJ1 
49uC CuNTINUE 	 KL.I.KcI=WELX3/DENWAk 

C 	 WRITE(LUPR.376•ADJCST,JJJ,RELKH,000(JJJ1 
C 	CHECK SOLUmR VALUE 	 376i. FuRPIAT1/2:1H "BAK VEAIF FAILURE•. 

IF(SoLVAL.Li.'1.0LoA ,:*TLLJun.ANC.SOLVAL.GE. 	 • 	1,H ADJUSTED Ui$T,E12.5,1914 WRONG FOR VARIABLE, 
• SuLuAw-TOLWHIGo Tc,  SE. 	 • 	I5,1 X,3H AT,E12.5.16H WITH DOUNUS. 1 10.I15) 

4956 FuRMATI/23u **13,14 111:R1F FAILUWL•.17HSCLUTION VALUE 	 Cu TU 3/v 
• ice. 	 C 	P.JSITIVt: V.3AR 
• Et4.5.12H hOT. SOLB4k.,Li2.5' 	 3o.‘ IF(XBARIJJJ)-01/01JJA•DENdA413823,384v,3710 

WiITEILUPk.49vISOLVAL.SOLOAR   TRICTLY WITHIN BOUNDS 
C 	 3132i. IFIAOJCST.GT.TOLVER.OR.ADJCST.LT.-TOLVER1 

• **SECTION TO VERIFY THE INTEGER (STAR) SOLUTION••• 	 • 	GO TO 3755 
C 	 GO TO 39uu 
	CLEAR ROW..UM VECTOR 	 C 	UPPER BOUNDED XBAR 
50L41 ti4X:mmH , BAKCUT 	 3646 IF1AOJCST.GT.TOLVERIGO TO 3755 

0• 54.i. III=1.HAY 	 C 	040 LOOP 
39Uu CONTINUE 

52.41 Cd4r1hUE 

	LOOP THROUGH ROWS TO CHECK ROW CONDITIONS 
C- 	LOOP THROUGH COLUMN:, 	 00 •16L 

SuLVAL=J 	 IFIRUNTYPIIIIII416t14301124500 
OA 64,1, JJJ=1,NNN 	 kOw 
R_Lx'J.x.STA.<1JJJ1 	 414,, IFISCRCW1III).G.-TLLSUM)G0 TO 42J6 
li...LX,=Maxi/VN3Tk 	 41,A. WKIT4ILUPK.41EL,III$SCRCH(I1110(04TYPIIIII 
	CLEAR AUJUSTLO COST 	 41b,; FURNATi/23H ••BAR VERIF FAILURE••.4H RCW,I5, 

SoLVmLaSOLVAL•CCCIJJJ1•RILKS 	 • 	11H HOW SUM OF,E12.5/1..X,20H WRONG FCR ROW TYPE", 
ADJC:IT=CCLAJJ.11 	 • 	131 

C 	LOOP THKuU6H COLUMN ELEMENTS 	 GU TO 49 -.11. 
61.0 MIN=1 	 C 	CHECK DUAL FEASIBILITY 

NM 	411111 ♦ 	 IMO all MI INN . MIL 	MI AIM 	• 	A 	MN 	111= 



NM NI 	* 	UN NMI II1N1 111111 	NM MI "11•• * Nig MI NM MIMI MN In MI 

ir1JJJ.Gf.iltIN.ALOLIJJJ-1.141 
N,K=ALOLWA 
IF(P..X.MIN)G0 	T6 	ul..): 
Gu 	Tu 	bo.! 

6 	 

C 	 

LJOP THkaUGH ;204G 	TO 	GHL, CK 	gOlo k:04DITIONS 
OU 	7i:, 	III.104M 
If IACHTYPI1II1171...734:,15Lt: 
.,...:. 	ROW 

615w Ou 	6-.: 	. 	P...I.v:H.miot 71.. IFISOtCH11111.G.-TOL:WHIGO TO 	72.i. 
III=rl;T,<1x(1,F3q ►  715. WRITZILUPR.71EJIIII,SCRCH(IIII.PO4TYPCNI1 
(.:JF.PIAT.,1X1Z.Pitil 71oL FJRPIATU2SH 	•*STA• 	V:•IF 	FALLURE•,..H ROMII5e 
SCRCn(III)- at  • 11H ROM SUM OF,E12.5/1 	XaCH WRONG FOR ROW TYPE=, 
AoJC,,T.AoiCT-uSTAR4IIII•CoLF * IS) 

boki, 
C 

GJNT1NUE 

G 	 
GU 	TO 	74::, 	. 
CHECK DUAL FEASHILITY 	 . 

C 	 AdJUI 	4d.02 FCR 	IHE 	DENOMINATOR 72LA IFIUSTARIII17.GE. - TOLVEQIGJ TC 	723!: 
bga,.:./ ii...Lx,3Lx0.4,(JJJ) 722. WNIT:ALUPk,7230)111.USTAPAIIII.R04TYP(Ill) 

R_LX4.- k•Lx4/UMf30,  723L FJitH4T11/23H 	••STAR 	VERIF 	FAIIURI.•.4H 	RGH,I5, 
C 	 LUiP 	1KiU06H 	::.UT 	ELzMiNTS • NH DUAL OF.E12.5•204 wkOhO FO.( ROW TITE=.13) 

6611.. MiNtAt.uL(.4AN)+I GJ 	7J 	746 .: 
IF(JJJ.GT.1111IN=ACUI1JJJ-i)+1 C 	 Gq6CK GONPLaIENTAPITY 
m4x..LJTAJIJI 725, IFIISCRCH( III)*USTARIIIII.GE..•TOLVER.ANO. 
IF(?,1h.GT.AJoilGO 	TJ 	674k • SCkCHIIII)•USTARIIIIi.I.E.TtLVEi)G0 	TO 7406 
UU 	bui. 	M,11=MIN,MAX WRITfLUPR,726j1III,UliTARIIII),SCRCH(III1 
III=rATAIx(1. 3 5NI.mMi 726‘ FJ2mAT1/231.4 "STAR VIRIF FAILLikL*•,4N RON.IS. 
ks.,ULF/47.1X(.!. 0 5N) * 101 DUAL 	OF,E12.5.12H ANO ROW 	SUM1E12.5 
st.:H( IIII..tiG;GHIIII)4RGUZF•1 1.7iL ,L,-.2ELX8) • ii:;X,I.BN 	NOT 	COMPLEMENTARY) 

661.; 
AUJCJI=AUI;ST ■ RCOi_F•VSTAk(111..MHHI 
OJATiNuL G 	 

GU 	TO 79u, 
.01. .ROM  

G 	 
67. U 

C 	 

G•E.CK LoLu•m 	OPTIMALITY CONCITION. 	, 
.1F(R_LXS1c7i1 	.675LotALL, 
NAArIVE X)TkR 

23s: 
• 

IF(SCRCNIIII).LT.-TOLSUM.OR.SCRCHIIIII).GT.TOLSUMIGO 
TO 	715'. 

GU TO 7254 
6710 	Nr<ITE(LOPn.67151JJJ,RtLX5,.0BOLIJJ1 C 	 .LE. 	RON 
6715 ViRMATUZSA ••STAR VERIF FAILURE**.9N VARIAOLE.I5• 7500 IF(SCRCHIIIII.GT.TOLSUMIGO TO 715J 

• 3m 	AT,,12.5/1Lx,2im OUTSIOE 	BOUNDS= 	U 	TOgI151 IF(USTAR(III/eGT.TOLVER)GO 	TO 	72Z5 
GJ 	TO 	biti% Gu 	TO 	725i 

C 	 
67-)6 

2,:RO 	x5T,I., 
IF(AOJCST:C.c.....TOLVZ,OGO 	10 	091.; 

C 	 
79U 

LAO RON LOOP 
CONTINUO 

675 RkIT:. (LUP , ,b7O.; 1 AUJLS To JJJ,iiLLXS,L/01) (JJ..1) C 
6764 FuRmAII/2,:g 	••STAR 	vikIF 	FAILURE*•. C 	 CHECK CUT RUN OPTIMALITY 

• 
• 

144 AUJJST 	0 	COST,E12.S$19H 	HRjRG FOR VARIABLE, 
' 	I')/1.)(0314 	AT,E12.5.1814 	WITH 	dUUNOS= 	C 	TO,I15) 

CO 	7931. 	CUT=1,MAXCUT 
ku.I.CUT+mliM 

C 	 
Go 	TO 69. 
RoSITIVL 	...14'q * 

IFIVSTARCCUTI.LT.-TOLVERINRITE(LUPR,723C)RON, 
VJTARICUTJ,RuNTYPIkOwl 

68 . 0 IFCR 	LXS-uOUCJJ1116n2.,12E4:1,671- IFISCRGH(RdWF.GE.-TLLSUH.AND.SCRCH(i0W).LE.TOLSUM) 
C 	 STRIL:ILY 	wiTHIN 	BOUNDS * GU TU 793C 

6820 
• 

/F(AOJLST.CT.TOLVLi.Ok.AGJCST.LT.-TOLVER) 
Go TO 1755 

792L 

• 
FURmATI/23H 	*•STAR 	VERIF 	FAILURE**94H CUT,I5, 

IIH %OW SUM OF,E12.5/1.X0MNOT TIGHT) 

C 	 
Gu 	TO 65, 
UPPER BOUNOLO )(STAR 793u 

KRILALUPR,792GICUT,SCRCH(ROW) 
CJNTINU6 

6640 IF(ALJUST.uc.TOLVLNIGO TO 	b755 C 
C 	 ENO LOOP C 	 CHECK SOLSTH VALUE 
69,0 CLNATImoE IF(SCLVAL.LE.SOLSTR+TOLSUm.ANO.SOLVAL.GC. 

C  • SULSTR-TOLSUMIGO TO 9660 



77,. 	 vAIF FAILUI_••.17HSLLUTION VALUE 
• z,J1n0117 1 14 	A 1PVPkI ku %:, ;EAT I IX0C.UL IELE NGTHILIST0MI N S U 1t 

• 
-7 

• 1.E.i,12H NOT SOLSTP.,E12.51 
1.1•.IT.ALOPA ■ 7950SOLVAL,SOLSTR 

C 	 C 
IEPLIUIT IN1,..; (A - Y) 	 C.' 	•••LXIT SECTION•*• 

C 
CJiMull /k ■ PC6:1/;OLEIAOL,Tm.TULdiV,ToLCFL.TOLOPT, 	 itit. CoNTINU, 

• TJLSTP.TCLY.L.,NI,ELP.:d'I.0,1IAT,DuSLR,UFFAC, 	 C 	PrAla TRAILLR 
• 1:NT.q,LX.•TITST.CONbOT.CUATJP.OAFTYP.DELTM, 	 1 ■.1L FdRMATI//201 ""ENO OF VERIFICATIJN••//I 
• C:ISA.u.LNSF.DENL.P0,A.,PD.ui.NA.OET_RP. 	 WRIT:ILUPH,911110 
• 01Fii_G.JIN.:R.U1s',.?ArUNi,tFR.CItINT.t3LK, 	 R_TLIRN 
• F:,,1.1.1NFIN.LIMA.LINALP.L1 0 D.LIMF,LIPR,LIMSLX, LHO 
• LIMEEMW.LIVYMXELIM00--N,1;MAmX,LUPR9LVLPRT0 

 

• MANCOH,HAXCUT,MAXINTtMAX 1,MM1,MUI 
• NNEWENuP,NNNUONNS,NNN;ENUMERWENATMAT,PRECN,PSLK, 
• RTPSLKESEE042,71ISSLK•TOLMU0VEAFY,VERSN 

C 
OJOPL-_ PR:CISTON SOLBAIISOLSTR,TULHOV,TOLOFLOOLOPT 0  

• TOLSTP.TULOEP 	 C 
C 	 C 	  

OLML;c,IoH IATI;I4(3.11.COLI(IE•LISE11),EXPAND(5E ) 	 C 
• IkAOCL12),ZXPAND11) 	 C 	SUdkOUTIN1 RIFVPRIROC,MAIRIX,COL1,LNGTH.LIST,MINSUB0 

C 	 C 	MAXSUD, 
LUDIVmLENLE I:XPANO.ZXPANd102RELAO,INIGNO/ 	 C 	,jPTH,NAHEI 

C 	 I 	C 	adJROUTINL TO P4I!IT ON UNIT LUPR A SEQUENCE OF VECTORS 
DATA RWOCL/AH ROWEAH COL/ 	 C 	STORED IN THE GENERAL RIP 3-TUPLE MATRIX 

C 	 C 	AREA. PARAMETERS OE AS FOLLOWS-- 
C 	PkIki HLAD:R 	 C 	FOC=1 IF THE NATFIX IS STORLU dY ROWS 
1500 FJRHATI///1114 •• •MATR IX ,A4,-FH •••) 	 C 	 =2 IF THE HATkIX IS STORED dY COLLMNS 

WiI .E.,(LOP,1: 1 UINANL 	 C 	MATRIX=THE GENtRAL MATRIX AREA 
C 	LJOP THROUGH TH, RANGE OF SUBSCRIPTS 	 C 	COL1=THL VECTOR OF PCINTERS TO VECTOR STARTING 3- 

Ou 3,o, Soo=mINSOo0AxsOB 	 C 	 TUPLLS 
	G.,:uN oureuT AR,:d 	 C 	LENGTH=THE LENGTH OF THE VECTORS BEING PRINTED 

UJ 2.:..I. P,ti=1,1:NGTH 	 C 	LIST=A LIST GIVING THE COLUMN POSITICNS IN COL1 
L4PAq01P,11I.: 	 I 	C 	 DLSIRt:D 
IFICPTN.LU.3.0R.DP714.01.4IZXPANUIP5W=U 	 C 	 IUStd ONLY WHEN OFTN=2I 

2211, CiNTINUE 	 C 	mINSud=THE SuQSCI•IPT OF THE 1ST COLUMN TO PRINT 
C 	E4TAdLISH COL1 SUBSCRIPT 	 C 	MAXSUO=THE SUBSCRIPT OF THE LAST CULLMN TO PRINT 

SOd1=SUO 	 C 	OPTN=1 IF MINSUB ANO MAXSU9 REFER TO A RANGE OF 
IFICPTN.t0.2.04.0PIN.E0.41SUO1=1LiTISUBI 	 C 

G. C 	 S..: IF V . TOk IS VACUOUS 	 C 	 =2 1F MINSUB ANO mAxsOB REFER TO A RANGE OF THE 
NOW=CuLIIJUo11 	 C 	 THE INDIRECT REFERENCE LIST. 
IFINGW.GT.AGO TO 26ti 	 C 	 =4 IF MINSUB AND MAXSUEI ARE AS IN 1 OUT MATRIX 

2346 FJRHAII/A...1X .15, AN VACUOUS) 	 C 	 IS 
wal,(LuP, ,23'3)RwOCL(ROC),SoBI 	 C 	 FLOATING POINT 
Go TO 3d. 	 C 	 =4 IF MINSUB ANO MAXSUB ARE AS IN 2 BUT MATRIX 

C 	LOOP THROUGH A NON-VACUOUS VECTOR 	 C 	 IS 
2E60 PJN=HATRIXII.NOWI 	 C 	 FLOATING POINT 

INTGNO=HAIRIx(2,N0wl 	 C 	hAmE.TNE. tA41 NAME OF THE PRINT JUT 

NMI- A MIL MI MI MI 	A MIL 	NM .MI ■ A Mt MI 21111 A MI 	 MI 



MI MI WIN F NMI 	1•11 NM 11 III 	1•111 MI 	' =IV - 	AMR MI 1.111 - 

iFIZET1,.LU.r..0%.J1, 11..:(1.,IZIOA4::,( 0 S41=ZhELNO 
,1dor.mAT-IX0041 
IF(NCW.Gr..)G0 r0 ib- 

C 	P ,ahr tAL 
23Lu 	 )/(11.Xib(I491 1-4 1)) 

)/(11X.41L12.5.1H //I 

• WkILAL9 1'1:92)!,11FW , . CLI , O,),SUJI•IEXPANU(PSN),PSN.I. 
• 

• WkITL(LUi'ka911)kWUCLIKLi41,SUJI,IZXPANOWSMI.PSN=1, 
• L.A4C114) 

CUNTINU 

C 	LXIT 
9Lrac cAwilNu_ 

NLTuRN 
LHo 
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