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ABSTRACT

The contribution of this thesis is the development of a CAD (computer aided
design) tool for current mode multiple-valued logic (MV1) CMOS circuits. It is
only the second known MVL CAD tool and the first CAD tool for MVL CMOS.

The tool accepts a specification of the function to be realized by the uscr.
produces a minimal or near-minimal realization (if such a realization is possible),
and produces a layout of a programmable logic array (PLA) integrated circuit that
realizes the given fnn(;tion. The layout is 1. MAGIC format, suitable for submission
to a chip manufacturer. The CAD tool also allows the user to simulate the realized
function so that he/she can verify correctness of design.

The CAD tool is designed also to be an analysis tool for heuristic minimization
algorithms. As part of this thesis, a random function generator and statistics gath-
ering package were developed. In the present tool, two heuristics are provided and
the user can choose one or both. In the latter case, the better realization is outpui
to the user. The CAD tool is designed to be flexible, so that future improvements
can be made in the heuristic algorithms, as well as the layout gencrator. ‘Thus,
the tool can be used toaccommodatenew technologies, for example, a voltage mode

CMOS PLA rather than the current mode CMOS currently implemented.
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I. INTRODUCTION

A computer-aided design (CAD) tool has been created at the Naval Postgrad-
uate School to design multiple-valued logic programmable logic arrays (MVL-PLA).
The CAD tool accepts a function specification and produces a circuit layout. Small
MVL-PLA's can be designed by hand. However, for most practical applications,
hand design is too time consuming and prone to errors.

The CAD tool performs the following:

o Accepts an input function specification. specifically an algebraic expression.

o Minimizes the expression producing a realization that occupies the least

amount of space.

e Produces a layout which can be used to generate the MVL-PLA chip.
The CAD tool is designed toaccommodatefuture improvements in:

¢ Tle minimization program and

e MVL-PLA layout.

It is expected that as knowledge is gained about these aspects of MVL-PLA
design, there will be new subroutines that will substitute for these parts of the tool.
The whole program has been written so that such changes can be easiiy made.

This CAD tool, which applies to current-mode CMOS technology, is only the
second known tool for multiple-valued logic circuit design. A CAD tool exists for

the design of multiple-valued CCD PLA design [Ref. 1].




A. BACKGROUND

The promise of current-mode CMOS circuits for compact realizations has gen-
erated much interest. Japancse researchers have developed a binary multiplier in-
tegrated circuit using bi-directional current-mode multiple-valued CMOS [Ref. 2].
The circuit has speed almost equal to the fastest binary multiplier [Ref. 3] but
requires half the chip area and dissipates half the power. Researchers in Holland.
France and the United States have also fabricated current mode multiple-valued
CMOS circuits.

Since this technology is new, no design tool has been developed for it. Design
tools are absolutely needed to produce practical circuits since modern VLSI circuits
are so complicated. It is the lack of such tools that has motivated the resecarch

described in this thesis.




II. PROGRAM DEVELOPMENT

The package developed in this thesis is a comprehensive program written in
the “C” language to run on the VAX-11/785 computer at the Naval Postgraduate
School. As “C” is highly structured, the program is easy to maintain and easy to
develop into a large program package. Also, use of “C” assures compatability with

presently available binary VLSI design tools such as the Berkeley CAD tools [Ref.
4].

A. APPROACH TO THE PROBLEM

A top-down programming technique was used. First, the tasks were defined
which the program needed to perform. Then, each task was developed through a
serics of steps to identify very specific routines required to perform each task.

The major tasks are as follows:

Data Entry

Logic Minimization

¢ Logic Simulation

Layout Generation
1. Data Entry
— Allows the user to enter input expression from an input data file.
~ Partitions input expression into identifiable parts, called tokens.
— Examines each token for errors.

~ Flags errors when they occur.




2. Logic Minimization
— Three minimization algorithms are used.

* Pomper and Armstrong [Ref. 5].
* Dueck and Miller [Ref. 6].
* Gold [Rel. 7].
— All of them are heuristic and based ow the direct cover approach.

— Minimization produces a minimal or near minimal solution, thus reducing

the chip area needed.

This routine will be discussed in more detail in the following section.

3. Logic Simulation

Verifies the minimal solution from the Logic Minimization routine by

applying test vectors given by the user to it.

4. Layout Generation

— Uses a minimal solution from the Logic Minimization routine to produce

a layout which will be used for MVL-PLA chips.

B. ORGANIZATION OF THE PROGRAM

The basic organization of the program is shown in Figure 2.1. The solid lines
show flow of control. The user supplies input expressions via the data entry routine.
These are applied to the logic minimization routine for obtaining the minimized
expression. The minimized expression is then passed to the logic simulation routine

for verification. Then it is used for layout generation for MVL-PLA chips.




A CAD TOOL
Layout for
input MVL-PLA
Expression >
N Data Loglc Logic { Layoul | _ Chips
Entry Minimizetion Simulation Generation

Figure 2.1: Program Organization

PLA design using this program resembles program development under an op-
erating system. An editor is used to develop the source file (input expression). This
is compiled by the data entry routine. If it is free of syntax errors, it is asscmbled

(minimized) and run (a layout is produced).
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III. PROGRAM DESCRIPTION

The CAD tool is best described by considering a specific example. The user
starts with a logic diagram (or Karnaugh map) of the input expression to be realized.
An example of the logic diagram is shown in Figure 3.1. It shows a 4-valued 2
variable expression. Without a CAD program, an inexperienced user might spend
half an hour to find a minimal solution of the expression. What is worse, when
the expression is complicated because of a large radix and/or a large number of
variables, it may be ir.npossil)le not only to find the minimal solution, but also to
visualize it.

Since the CAD program is designed to find a minimal solution of the expres-
sion, the user is not required to minimize the expression. All the user has to do is
specify the expression correctly. Figure 3.2 shows one way the function of Figure
3.1 can be expressed for the CAD tool. Here each circle represents a product term.

Equation 3.1 shows an algebraic equivalent of the function of Figure 3.2.

4:2: (3.1)
+2 % X1(1,2) + X2(0,0)
+3 % X1(3,3) * X2(1,1)
+2 % X1(0,0) * X2(1,2)
+1% X1(0,0) * X2(2,3)
+2x X1(1,1) * X2(1,1)

+2+ X1(1,1) + X2(2,3)




+1* X1(1,1)* X2(2,2)
+2* X1(2,3) * X2(1,1)
+1+ X1(2,2) « X2(1,2)
+1* X1(3,3) * X2(2,2)
+3* X'1(2,2) * X2(3,3)
Equation 3.1 is represented according to the standard format of the expression

shown in Table 3.1. Any multiple-valued logic function f(X1,X2,X3,---,Xn) can

be represented by the following format:

f= radix : number of variables : (3.2)
+cy * X1(al,bl) * X2(a2,b2) % --- * Xn(an, bn)

+cz * X1(cl,dl) * X2(c2,d2) % - - - ¥ Xn(cn, dn)

+en * X1(f1,91) * X2(f2,92) % -+ * Xn(fn,gn)

where ¢y, ¢;, - - - and c, denote a logic value hbetween ‘1’ and ‘(radix -1), the symbol
‘** denotes the minimum operator, Xn(an, bn) denotes a literal function of the input
variable ‘Xn’ with lower bound ‘an’ and upper bound ‘bn’. Specifically, Xn(an, bn)
is (radix -1) if an < Xn < bn, and 0 otherwise. The symbol ‘4’ represents the
truncated arithmatic sum (truncated to (radix -1) if the actual sum exceeds (radix
- 1)).

According to Equation 3.1, the expression has radix 4 and 2 variables and a
li ¢ of terms (11 terms in this expression). A term is composed of a coeflicient and
a list of variables (2 variables for each term in this case). The expression shown in

Equation 3.1 is entered into the CAD system via the data file.

7
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Figure 3.1: An Example of Logic Diagram for 4-Valued 2 Variable Ex-
pression
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Figure 3.2: An Example of Logic Diagram for An Input Expression Spec-
ified by the User
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Exprossion Aadix : Number of Variables : A Ust of Ie(ms
Term Coelliclent ®# A List of Variables
Varlable X { Varlable 1D ) { Lower Bound, Upper Bound )

TABLE 3.1: Standard Format of an Input Expression for a CAD Tool

A. DATA ENTRY

Figure 3.3 shows the flowchart of the Data Entry routine. The input expression
from the input data file is applied to this routine first. It examines all the expressions
in the data file. There is a special function, called the parser/scanner in this routine.
It partitions the expression into identifiable parts, called tokens. Then, it passes each

token to the next three consecutive error checking subroutines — the syntax error

checker, the grammar error checker, and the range error checker.

If an error is found, the corresponding error message is presented to the user
and the program execution stops. The user needs to go back to the input data
file and correct it. If all the expressions are correct, all are stored in the allocated

memory space. Figure 3.4 shows the data structure of the input expression. It is

developed toaccommodatethe input expression.

10




Input Data File

INPUT

EXPRESSION

more
expressiol
l Y

parser / scanner

error msy
/ sLlop

syntax Y
erro
N

yrammar Y
rror

error msy
/[ stop

N
range Y
error

error msy
/ stop

SAVE

Figure 3.3: Flow Chart of the Data Entry Routine
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. \‘\ s
Expression

radix
nvar
‘ nterm
¥term
\ The number of Terms
, \ Term ‘
—1 coeffl | coeff | coeff coeflf | coeff
Kbounds| kbounds|¥bound *boundsjrbounds
Bounds
loverlupper lovweriupper loverjupper
The Number lowver jupper loverjupper lowver|upper
var io‘f;,les ' . § ...........
lower |upper foverfupper lowerjupper

Figure 3.4: Data Structure of the Input Expression

12




According to the Figure 3.4, three data structures form a complete input
expression. They are the Expression, Term and Bounds data structures. The radix,
number of variables and number of terms in the input expression are saved in the
Expression structure.

The size of the array for the term lists is determined by the number of terms of
the expression. Also, the size of the bounds array is equal to the number of variables
used in the expression. Therefore, all the components of the input expression are
saved into this data stru~ture.

Once this data structure for the input expression is formed, it will be used

throughout the CAD program.

B. LOGIC MINIMIZATION

The data structure of the input expression is formed in the Data Entry routine.
This is then used by Logic Minimization routine to minimize the expression. Figure
3.5 shows the flowchart of the Logic Minimization routine.

First, a working copy (f) of the original input expression is made. If f is fully
covered (made up of only zeroes and don’t care terins (rad:x)), the program stops.
The minimization process is accomplished. Otherwise, the program finds the most
isolated minterm first, then picks the best implicant (or product term) from among
the possible implicants which cover the chosen most isolated minterm.

The best implicant chosen is saved as a part of the minimal solution of the
input expression. Then it is taken out from the working copy (f). This process is
repeated until the resulting expression has no more minterms.

As mentioned earlier, three heuristic algorithms are used in this thesis. As
shown in Reference 7, neither that of the Dueck and Miller [Ref. 6] nor that of and

Pomper and Armstrong [Ref. 5] is consistently better than the other. That is, there

13




F<-- input

expression

Is F
fully covered?

Find the most
isolated term, 1

Pick the I_bestbest
implicant covering 1

lnclude 1_best

in the solution

J ]

Subtract I_best
from f

Figure 3.5: Flowchart of Logic Minimization Routine
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are functions where the first does better than the second and vice versa. Thus, the
technique of Gold is introduced in Reference 7. This is simply the application of
both algorithms followed by a choice of the best realization. Since the CAD tool is
also used to analyze minimization algorithms, implementation of all heuristics is an
integral part o1 the program. All of them work in an identical manner except in two
ways. One is the way a minterm is chosen, and the other is the way an implicant is

chosen.
e Pomper and Armstrong [Ref. 5]

The minterm is chosen randomly. However, the implicant is chosen as the
one which drives the most minterins to zero when subtracted. If more than one
implicant is available, the largest is chosen. If there are more than one largest, the

first generated is chosen.
o Dueck and Miller [Ref. 6}

In this algorithm, an isolation factor (I1F) is calculated for each minterm with
the smallest value beginning with all 1 minterms, 2 minterms, etc. The minterm
with the largest IF is chosen and if there are more than one, the first generated is
chosen. IF is calculated as the inverse of the clustering factor where the clustering

factor is as follows:

CF, = DEA, x (radiz — 1) + EA, (3.3)

where DEA is the number of variables (directions) in which a minterm (a) can
be combined with a non-zero number of minterms (called direction of expandable
adjacency). EA is the number of adjacent minterms with which a minterm (o) can

be combined in an interval literal (called expandable adjacency). CF provides a

15




measure of the degree of which a specific minterm can combine with other minterms
in the expression.

The minterm with the smallest CF is chosen as the most isolated minterm.
All implicants that cover this minterm are then generated. A measure called the
relative break count (RBC) is calculated for each. This provides a measure of the
degree to which the expression is simplified if the implicant under consideration is
chosen. The implicant with the smallest RBC is chosen as the best implicant. If

there are more than one best implicant, the first generated is chosen.
o Gold [Ref. 7]

Gold is a heuristic in which the algorithms of Pomper and Armstrong and
Dueck and Miller are applied, and the best realization (the one with the smallest
number of product terms) is chosen. It was inspired by the observation that these
algorithms display a diversity in realizations and one algorithin is not consistently
better than the others over all expressions. However, certain classes of expressions
do show that one algorithm does perform consistently better. With Gold, the com-
bination of algorithms takes advantage of the best features of each.

Table 3.2 shows the comparison of three heuristic algorithms. When logic
minimization is accomplished, the minimal solution of the original input expression
is as shown in Figure 3.6 and Equation 3.4. Note that the number of product terms
in the input expression in Equation 3.1 was 11 (eleven). Now the minimal solution
(Equation 3.4) has 8 (eight) product terms in it. There is about 25% reduction in

the number of product terms.

16
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Figure 3.6: The Minimal Solution of Input Expression from Logic Mini-
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. Choice of | Choice of
Algorithm . .
Minterm Implicant
1. Pomper and fandom Drives Most
Armstrong Mintetms to O
Largest IF Smallest NBC
€. bueck and (isolation (relative break
Miller factor) count )
3. Gold Best of 1 and 2

TABLE 3.2: Comparison of Minimization Algorithims

4:2:

+1+ X1(0,2) * X2(2,3)
+1 % X1(3,3) * X2(0,2)
+1% X1(1,1) % X2(3,3)
+1+ X1(2,3) * X2(1,1)
+2 % X1(2,2) * X2(3,3)
+2 % X1(1,3) * X2(0,0)
+2 % X1(0.2) * X2(1,1)

42+ X1(0,1) * X2(2,2)

18
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C. LOGIC SIMULATION

This routine is used to verify the minimal solution from the logic minimization
routine. The user can specify certain specific values or range of values for each
variable in the input expression (called test vector). The logic simulation routine
evaluates the minimized function value for each coordinate from the test vector.
The user can do the verification test by comparing the original expression with the

output of the Logic Simulation routine.

D. LAYOUT GENERATION

The output of the Logic Minimization routine is used to produce a layout file
(called a magic file) for MVL-PLA chips. This routine is discussed in more detail

in Reference 8.

19




IV. CONCLUSION

This thesis presents a CAD tool for design of multiple-valued current-mode
programmable logic arrays. It was desigued to be user friendly, requiring little
knowledge of programming techniques. Appendix A contains a user manual written
for the first time user. In the interest of clarity, details of the program have been
omitted. However, for the interested user, the program has been extensively docu-
mented. This documentation and the program are contained in Appendix B. Three

main conclusions have resulted {rom this work.
o Conclusion 1 - Design/Analysis Tool

The CAD tool can be used for two purposes. One is as a design tool and
the other as an analysis tool. It is used for designing practical current-mode MV,
CMOS circuits and also used for analyzing and comparing the different minimization
algorithms. In fact, it is designed to get the statistics for each minimization program,

which is very useful to obtain insight into logic minimization algorithms.
o Conclusion 2 - Further Improvement in CAD

Further research and unprovements are needed in two specific arcas. These
are 1) Logic Minimization and 2) Layout Generation. Still there are cases which
the heuristics give poorer realizations than supplied the user. Programs are desired
which can find the minimal solution closest to the optimal solution. In MVL-PLA
layout, there is some waste of the chip area. The further optimized layout confign-

ration should be considered.

20




T

e Conclusion 3 - Ezecution Speed Improvement

The Profiler Utility shows how many times each routine is called and the

percentage of time spent in executing that routine. Below is an example output from

. this routine. According to the profiler output shown in Table 4.1, there are several
subroutines which are called most frequently throughout the program execution such

as _eval, _vcopy , and _next_coord. Typical runs show these three routines as the

most time consuming. If those subroutines are carefully examined and improved,

the total execution time will be reduced significantly.

21




%time cumsecs f#call msa/call name

92.0 141.83 863184 0.16 _ eval

1.3 143,79 863184 0.00 _vcopy

2.1 147.08 443878 0.01 _next_ coord

0.0 147.13 6133 0.00 next_implicant
0.0 147.16 1789 0.01 _copy_implicant
0.0 147.17 391 0.03 _yylook

0.0 147.18 358 0.03 _yylex

0.0 147,18 358 0.00 _next token

0.0 147.19 356 0.03 _strcat

0.0 147.20 244 0.04 stremp

0.0 147,20 244 0.00 _match

0.0 147.20 170 0.00 _strlen

0.0 147.20 164 0.00 _ filbuf

0.0 147,20 162 0.00 _ doscan

0.0 147.20 162 0.00 _sscanf

0.0 147.20 158 0.00 _malloc

0.0 147.20 140 0.00 _free

0.0 147.20 112 0.00 _alloc_bound
0.0 147.20 96 0.00 limit

0.0 147.20 80 0.00 _alloc_term
0.0 147.20 80 0.00 _var_id

0.0 147.20 80 0.00 _var_ list

0.0 147.20 80 0.00 _variable

0.0 147.20 77 0.00 _realloc

0.0 147.20 38 0.00 _bcopy

0.0 147,20 32 0.00 _gen_bounds

0.0 147.20 32 0.00 _injt implicant
0.0 147.20 32 0.00 _subtract_implicant
0.0 147.20 32 0.00 _term

0.0 147.20 32 0.00 _term list

TABLE 4.1: The Output of the Profiler
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APPENDIX A
Getting Started

A few examples are included in this appendix A in order to demonstrate
the use of this CAD tool,the appearance of a terminal session, and the
capabllity of the utility functions.

1. DESIGN PROCEDURES
(a) LOGGING IN
- LOG IN ON A VAX TERMINAL.
- CHANGE TO SUBDIRECTORY 'mag' IN YOUR WORKING DIRECTORY.
% cd mag
(b) CREATING THE INPUT DATA FILE
- BY USING 'vi'EDITOR, MAKE AN INPUT DATA FILE.
$ vi tt2.mvl

(1) WHEN THE USER HAS A SINGLE INPUT EXPRSSION

4:2: "

+2%X1(1,3)*X2(1,1)

+1*+X1(1,3)*%X2(1,3)

+24X1(1,2)*X2(0,2)

+14X1(1,2)*X2(3,3)

+2+X1(0,2)*X2(0,2)

+2%X1(3,3)*X2(2,3)

+3*X1(0,2)*X2(0,0)

+1*X1(1,2)*X2(0,2)

+1%X1(0,3)*X2(1,2)

+14X1(1,2)*X2(1,2)

+1#X1(1,2)*X2(0,1);

( tt2.mvl is the name of input data file. In this example there is
only one expression. It is a 4-valued 2-variable expression with
11 terms in it. A ;(semicolon) terminates the expression.)

(2) WHEN THE USER HAS MULTIPLE EXPRESSIONS,THE INPUT FI1LE MAY LOOK AS
FOLLOWS. THERE ARE THREE EXPRESSIONS AND ALL OF THEM ARE 4-VALUED
2-VARIABLE LOGIC EXPRESSIONS.

4:2:
+2+X1(3,3)*X2(1,3)
+3+X1(1,3)4X2(1,2)
+1*%X1(1,3)*%2(1,1)
+14X1(1,3)*X2(1,3)
+24X1(1,2)*X2(0,2)
4:2:
+1%X1(1,2)*X2(3,3)
+2+X1(0,2)*X2(0,2)
+24X1(3,3)*X2(2,3); ,
4:2:
+14X1(1,2)*%X2(1,2)
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(3)

(4)

(c)

+1%X1(1,2)*X2(0.1)
+2+%X1(0,0)*X2(1,1)
+34X1(0,1)*X2(1,3);
(input data file; tti.mvl )

WHEN THE USER APPLIES TEST VECTORS TO EACH VARIABLE FOR VERIFICATION,
THE INPUT DATA FILE LOOKS AS FOLLOWS.

4:2:
+24X1(1,3)*X2(1,1)
+1%X1(31,3)*X2(1,3)
+2+4X1(1,2)*%X2(0,2)
+1%X1(1,2)*X2(3,3)
+2#X1(0,2)*X2(0,2)
+2+X1(3,3)*%X2(2,3)
+3+X1(0,2)*X2(0,0)
+1+X1(1,2)*X2(0,2)
+1%X1(0,3)*X2(1,2)
+1*X1(1,2)*%2(1,2)
+1%X1(1,2)*X2(0,1);

X1(0,3)%2(0,3);

(test vector for the irout expression above. Be sure to put ';' at the
end. No need to put '*' between variables. In this case test vector
has the range 0 through 3 for both variables X1 and X2. The user can
specify any arbitrary test vector to each variable, for instance,
X1(0,1)X2(2,2).)

( ipput data file; tt4.mvl )

WHEN THERE ARE DON'T ,CARE TERMS IN THE EXPRESSION,USE '?'(QUESTION MARK)
FOR THE COEFFICIENT,AS THE FOLLOWING EXAMPLE.

4:2:
+2+X1(1,3)*X2(1,1)
+1*X1(1,3)*X2(1,3)
+2+X1(1,2)*X2(0,2)
+2+%X1(1,2)*X2(3,3)
+2*X1(0,2)*X2(0,2)
+2%X1(3,3)*X2(2,3)
+3*X1(0,2)*X2(0,0)
+1+%X1(1,2)*X2(0,2)
+1+X1(0,3)*X2(1,2)
+14X1(1,2)*Xx2(1,2)
+1%X1(1,2)*X2(0,1);

X1(0,3)X2(0,3);

( input data file; tt5.mvl )

( Don't care term is 4th term from above with its coefficient '?')

HOW TO PERFORM LOGIC MINIMIZATION AND SELECT OUTPUT OPTIONS TO GET THE
DESIRED RESULTS.

GETTING HELP:THERE 1S A HELP ROUTINE FOR THE USERS WHO ARE NOT FAMILIAR
WITH ALL OPTIONS AVAILABLE IN THIS CAD.

TYPE THE FOLLOWING COMMAND FOR HELP

$ mvli -- ’ .
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(The following HELP messages appears on the screen...... )

MVL V1.0 Copyright 1988 Naval Postgraduate School

usage: mvl [-elmrsvqDPG) [-0.0] [-oFile] ([-xFile] [file ...}
-e - Print the original expression, as parsed
-1 - Print each implicant found
-m - Print the Karnaugh map of the original and each

successive expression
WARNING: impractical for nvar > 3

-v - Verify the minimal solution

-s - Print statistics on selected heuristics

-q - Quiet, don't print final results

-0.0 - Build source expressions for all solutions

whose ratio to the original number of terms
exceeds this number and output them to a file
(default is "x.mvl")

-D - Execute the Dueck & Miller heuristic (default)

-p - Execute the Pomper & Armstrong heuristic

-G - Execute the Gold heuristic

-xFile - Output source expressions built using -0.0 to "File"
instead of "x.mvl"

-oFile - OQuput formatted solutions to "File"

(Note; In the above HELP messages "print" means "output to CRT".)

(EXAMPLE 1) USING POMPER AND ARMSTRONG ALGORITHM ON tt2.mvl, OUTPUT ORIGINAL
EXPRESSION AS PARSED AND FINAL RESULT.

(command line is as follows...... )
ece: /work/mag
$ mvl -Pe tt2.mvl

{ the following appears on the screen...... )

MVL, V1.0 Copyright 1988 Naval Postgraduate School

Expression:

radix: 4
nvars: 2
nterms: 11
coeff: 2
X1(1,3)
X2(1,1)
coeff: 1
X1(1,3)
X2(1,3)
coeff: 2
X1(1,2)
X2(0,2)
coeff: 1
X1(1,2)
X2(3,3)
coeff: 2
X1(0,2)
X2(0,2)
coeff: 2 '
X1(3,3)
X2(2,3)
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coeff: o
X1(0,2)
X2(0,0)

coeff: 1
X1(1,2)
X2(0,2)

coeff: 1
X1(0,3)
X2(1,2)

coeff: 1
X1(1,2)
X2(1,2)

coeff: 1
X1(1,2)
X2(0,1)

P&A: 3/11

implicants - 0.27

{ the last line shows that the POMPER AND ARMSTRONG heuristic produced a
realization of 3 product terms

reduction of 27

%)

starting with 11 product terms, for a

(EXAMPLE 2) USING DUECK AND MILLER ALGORITHM ON tt2.mvl, OUTPUT

EACH IMPLICANT FOUND AND FINAL RESULT.

(command line is as follows .

ece: /wcrk/mag
% mvl -Di tt2.mvl

( the following appears on the screen

L

)

MVL V1.0 Copyright 1988 Naval Postgraduate School

DEM MIM: 2*X1{

Imp: 2*X1(
D&M MIM: 3*X1(

Imp: 3*X1¢(
D&M MIM: 3*X1(

Imp:  3*X1i(
D&M: 3/11

1, 1)*X2(
1, 2)*X2¢(
3, 3)*x2(
3, 3)+x2¢(
2, 2)*X2(
0, 2)*X2(
implicants

(EXAMPLE 3) USING GOLD ALGORITHM, OUTPUT THE KARNAUGH MAP OF THE ORIGINAL AND

EACH SUCCESSIVE EXPRESSION AND FINAL RESULT.

(command line is as follows ...

ece: /work/mag

$ mvl -Gm tt2.mvl

( the following appears on the screen

)

MVL V1.0 Copyright 1988 Naval Postgraduate Schoo

Orlg map (D&M):
3. 3. 3. 0
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3. 3 3. 3
3. 3 3. 3
V] 2 2 3
3. 3. 3. 0
3. 3. 3. 1.
3. 3. 3. 3.
0 0 0 3.
3. 3. 3. 0
3. 3. 3. 4.
3. 3. 3. 4,
0 0 0 4.
4. 4. 4. O
4. 4. 4. 4.
4. 4. 4. 4.
(/] 0 0 4.
Orig map (P&A):
3. 3. 3. 0
3. 3. 3. 3.
S | 3. 3.
0 2 2 3.
4, 4 4. O
4. 4 4. 3.
4. 4 4. 3.
0 2 2 3.
4. 4 4. 0
4, 4. 4. 4. ..
4. 4 4. 4.
0 2 2 4.
4. 4 4, 0
4. ¢4 4. 4.
4., 4 4. 4.
0 o 0 4.

Gold(===): 3/11 implicants - 0.27
(Note; .(dot) after a number denotes a highest logic value or don't

care generated in the course of a minimization. Don't cares in the
original function have no dot.)

(EXAMPLE 4) USING POMPER AND ARMSTRONG ON tt2.mvl, OUTPUT THE ORIGINAL
EXPRESSION AND K-MAP OF THE ORIGINAL EXPERSSION AND EACH
SUCCESSIVE EXPRESSION WITH FINAL RESULT.

( commnad line is as follows ...... )

ece: /work/mag

$ mvl -Pel tt2.mvl

( the following appears on the screer..... )

MVL, V1.0 Copyright 1988 Naval Postgraduate School




Expression:

radix: 4
nvars: 2
nterms: 11
coeff: 2
X1(1,3)
X2(1,1)
coeff: 1
X1(1,3)
X2(1,3)
coeff: 2
X1(1,2)
X2(0,2)
coeff: 1
X1(1,2)
X2(3,3)
coeff: 2
X1(0,2)
X2(0,2)
coeff: 2
X1(3,3)
X2(2,3)
coeff: 3
X1(0,2)
X2(0,0)
coeff: 1
X1(1,2)
X2(0,2)
coeff: 1
X1(0,3)
X2(1,2)
coeff: 1
X1(1,2)
X2(1,2)
coeff: 1
X1(1,2)
X2(0,1)

P&A MIM: 3*X1( 1, 1)*X2( 0, 0)
Imp: 3#*X1( 0, 2)*X2( 0, 2)

P&A MIM: 3+X1( 3, 3)+x2( 3, 3)
Imp: 3*X1( 3, 3)*x2( 1, 3)

P&A MIM: 2#XI1( 1, 1)*X2( 3, 3)
Imp: 2#X1( 1, 2)*X2( 0, 3)

P&A: 3/11 implicants - 0.27

(EXAMPLE 5) USING DUECK AND MILLER OM tt2.mvl, OUTPUT THE ORIGINAL
EXPRESSION AND K-MAP WITH FINAL RESULT.

(command line is as follows...... )

ece: /work/mag

% mvl -Dem tt2.mvl

(the following appears on the, screen....... ) .

MVL V1.0 Copyright 1988 Naval Postgraduate School

28




Expression:

radix: 4

nvars: 2

nterms: 11
- coeff:

Orig map (Ds&M):
N .

)
0
3
3
3

N W
N W

.

OFAs CuLw Owww Owww
Osss Cuuw owuww
Ofsr Quww owuww
sa20 pes0 wwuwo

D&M: 3/11 implicants - 0.27
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(EXAMPLE 6) USING GOLD AUGORITIM ON tt2.mvl, OUTPUT THE ORTGINAL EXFRESSION,
K-MAP AND EACH IMFPFLICANT FOUND WITH FINAL RESULT.

( command line is as follows...... )

ece: /work/mag

t mvl -Gelm tt2.mvl

{ The following appears on the screen....... )

MVL V1.0 Copyright 1988 Naval Postgraduate School

Expression:

radix:
nvars:
nterms:
coeff:

4

2

11
2

X1(1,3)
X2(1,1)
coeff: 1
X1(1,3).
X2(1,3)
coeff: 2
X1(1,2)
X2(0,2)
coeff: 1
X1(1,2)
X2(3,3)
coeff: 2
X1(0,2)
X2(0,2)
coeff: 2
X1(3,3)
X2(2,3)
coeff: 3
X1(0,2)
X2(0,0)
coeff: 1
X1(1,2)
X2(0,2)
coeff: 1
X1(0,3)
X2(1,2)
coeff: 1
X1(1,2)
X2(1,2)
coeff: 1
X1(1,2)
X2(0,1)

Orig map (Ds&M):
3. 3. 3.

3.
3.

0

3.
3.

2

3.
3.
2

D&M MIM:
Imp:

O W ww

O WWww

O W W

2*X1( 1,

W wiw o

0
3.
3
3

2¢X1( 1, 1)*X2( 3, 3)
2)*X2( 3,

3)
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DsM MIM: 3+X1( 3, 3)+x2( 3, 3)
Imp: 3*Xt( 3, 3)*#x2( 1, 3)

3. 3. 3. o
3. 3. 3. 4.
3. 3. 3. 4
0 0 0 4

D&M MIM: 3+X1( 2, 2)*X2( 0, 0)
Imp: 3*X1( 0, 2)*X2( 0, 2)

ons»
oman
onss
samo

Expression:

radix: 4
nvars: 2
nterms: 11
coeff: 2
X1(1,3)
X2(1,1)
coeff: 1
X1(1,3)
X2(1,3)
coeff: 2
X1(¢1,2)
X2({0,2)
coeff: 1
X1(1,2)
X2(3,3)
coeff: 2
X1¢(0,2)
X2(0,2)
coeff: 2
X1(3,3)
X2(2,3)
coeff: 3
X1(0,2)
X2(0,0)
coeff: 1
X1¢1,2)
X2(0,2)
coeff: 1
X1(0,3)
X2(1,2)
coeff: 1
X1(1,2)
X2(1,2)
coeff: 1
X1¢1,2)
X2(0,1)

Orig map (Ps&A):
3. 3. 3. 0
3. 3. 3. 3.
3. 3. 3. 3.
0 2 2 3.
P&A MIM: 3*X1¢ 1, 1)*x2( O, 0)
Imp: 34X1( 0, 2)*X2( 0, 2)
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wWWwWiwO

O >
S XX
(Y-S

P&A MIM: 3*X1( 3, 3)*X2( 3, 3)
Imp: 3*X1( 3, 3)*X2( 1, 3)

4. 4 4 0
4. 4 4. 4.
4. 4 4. 4.
0 2 2 4.

PSA MIM: 2+#X1(¢ 1, 1)*32¢ 3, 3)
Imp: 2*X1{ 1, 2)*X2( 0, 3)

4. 4. 4. O
4. 4. 4. 4,
4. 4. 4. 4
V] 0 4] 4
Gold(===): /11 implicants - 0.27

(Note; Gold(===) means that both PgA and DsM have the same result and
the resulting expression of D&M is chosen on ties.)

(EXAMPLE 7) USING GOLD ON tt2.mvl, OUTPUT STATISTICS ON SELECTED ALGORITHM
WITH FINAL RESULT.
(command line is as follows....... )
ece: /work/mag
% mvl -Gs tt2.mvl
(The following appears on the screen...... )
MVL V1.0 Copyright 1988 Naval Postgraduate School
Gold(===}): 3/11 implicants - 0.27

Statistics for DeM:

Num Num Num Avg Hum
Radix Var Expr Terms Term/Fxpr
4 2 1 11 11.00
Eval Comp Pick Comp Gen Next valiad
Expr CF MIM RBC Bounds Impl Impl
Tot: 1254 173 4 23 3 27 24
Avg/Expr: 1254.00 173.00 4.00 23.00 3.00 27.00 24.00
Avg/Term: 114.00 15.73 0.36 2.09 0.27 2.45 2.18

Statistics for p&A:

Num Num Num Avg Num
Radix var Expr Terms Term/Expr
4 2 1 11 11.00
Eval pPick Gen Next Valid
Expr MIM Bounds Impl Impl
Tot: 534 4 3 30 27
Avg/Expr: 534.00 4.00 3.00 30.00 27.00
Avg/Term: 48.55 0.36 0.27 2.73 2.45




(EXAMPLE 8) USING GOLD ON tt4.mvl, VERIFY THE MINIMAL SOLUTION BY TEST
VECTORS SPECIFIED IN THE INPUT FILE.
{command line is as follows...... )
ece: /work/mag
% mvl -Gv tt4.mvl
( the following appears on the screen...... )
MVL, V1.0 Copyright 1988 Naval Postgraduate School
Gold(===): 3/11 implicants - 0.27
Verification:

X1(0,3)
X2(0,3)

(0.0)
(1.0)
(2,0)
(3,0)
(0.1)
(1,1)

W G W BN N DD s e
et " N e N N N P ot

| I I O N I N OO IO N N B I B |
WNNOWWWWUWWWWOWWW

L O T SR

o~~~ P o~ o~~~
W OWNMFOQWN

(EXAMPLE 9) USING GOLD ON tt5.mv1,OUTPUT THE ORIGINAL EXPRESSION, IMPLICANT
FOUND, K-MAP, STATISTICS ON THE SELECTED ALGORITIHM,AND VERIFI-
CATION OF FINAL RESULT.
INPUT EXPERSSION HAS A DON'T CARE TERM IN IT.

(command line 1s as follows...... )

ece: /work/mag

$ mvl -Geimsv tt5.mvl

(The following appears on the screen...... )

MVL V1.0 Copyright 1988 Naval Postgraduate School

Expression:

radix: 4
nvars: 2




nterms: 11
coeff: 2
X1(1,3)
X2(1,1)
coeff: 1
X1(1,3)
X2(1,3)
coeff: 2
X1(1,2)
X2(0,2)
coeff: 4
X1(1,2)
X2(3,3)
coeff: 2
X1(0,2)
X2(90,2)
coeff: 2
X1(3,3)
X2(2,3)
coeff: 3
X1(0,2y
X2(0,0)
coeff: 1
Xi(1,2)
X2(0,2)
coeff: 1
X1(0,3)
X2(1,2)
coeff: 1
X1(1,2)
X2(1,2)
coeff: 1
X1(1,2)
X2(0,1)

Orig map (D&M):
3. 3. 3. o0
3. 3. 3. 3.
3. 3. 3. 3.

o 4 4 3.

DeM MIM: 3#X1(

Imp: 3#*X1{(
3. 3 3. 0
4. 4 4. 4,
4. 4 4. 4.
0 4 4 3.
D&M MIM: 3*X1(

Imp: 3*X1(
3. 3. 3. o0
4. 4. 4. 4,
4. 4. 4. 4.
0 4 4 4.
D&M MIM: 3#X1(

Imp: 3*X1(
4. 4. 4. 0
4. 4. 4. 4,
4. 4. 4. 14
0 4 4 4

34

3,
o,

3)*X2(
3)*X2(

3)*x2¢
3)*Xx2¢(

2)*X2¢(
2)*X2¢(

1,

0)
0)




Expression:

radix: 4
nvars: 2
nterms: 11
coeff: 2
X1(1,3)
X2(1,1)
coeff: 1
X1(1,3)
X2(1,3)
coeff: 2
X1(1,2)
X2(0,2)
coeff: 4
X1¢1,2)
X2(3,3)
coeff: 2
X1(0,2)
X2(0,2)
coeff: 2
X1(¢3,3)
X2(2,3)
coeff: 3
X1(0,2)
X2(0,0)
coeff: 1
X1(1,2)
X2(0,2)
coeff: 1
X1(¢0,3)
X2(1,2)
coeff: 1
X1(1,2)
X2(1,2)
coeff: 1
X1(1,2)
X2(0,1)

Orig map (P&A):

3. 3. 3. o0
3. . 3.
3. 3.
0

- W W
- W W
» .

3.

P&A MIM: 3#*X1( 2, 2)*X2( 1, 1)
Imp: 3*X1( 0, 2)*X2( 0, 2)

4. 4. 4. o0
4. 4. 4. 3,
4. 4. 4. 3,
0o 4 4 3.

P&A MIM: 3#X1( 3, 3)*X2( 2, 2)
Imp: 3*X1( 1, 3)*X2( 1, 3)

L3 W9

4 0
4 4.
4. 4
4 4

Q

Gold(PsA): 3/11 implicants - 0,27
Verification: e
X1(0,3)
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X2(0,3)

(0,0) = 3
(1,0) = 3
(2,0) = 3
(3,0) - 0
(0,1) = 3
(1,1) = 3
(2,1) - 3
(3,1 = 3
(0,2) = 3
(1,2) = 3
(2,2) = 3
(3,2) =~ 3
(0,3) = 0
(1,3) = 3
(2,3) = 3
(3,3) = 3

Statistics for D&M:

Num Num Num Avg Num
Radix Var , Expr Terms Term/Expr
2 1 11 11.00

Eval Comp pPick Comp Gen Next valid

Expr CF MIM RBC Bounds Impl Irpl
Tot: 1334 169 4 31 3 36 33
Avg/Expr: 1334.00 169.00 4.00 31.00 3.00 36.00 33.00
Avg/Term: 121.27 15.36 0.36 2.82 0.27 3.27 3.o00

Statistics for PsA:

Num Num Num Avg Num
Radix Var Expr Terms Term/Expr
4 2 1 11 11.00
Eval Pick Gen Next valid
Expr MIM Bounds Impl Impl
Tot: 811 3 2 54 52
Avg/Expr: 811.00 3.00 2.00 54.00 52.00
Avg/Term: 73.73 0.27 0.18 4.91 4.73

(EXAMPLE 10) USING GOLD ON tt2.mvl, IF USER DOESN'T NEED FINAL RESULT
SPECIFY —q FLAG.

(command line is as follows..... o)

ece: /work/mag

% mvl -Gg tt2.mvl

( the following appears on the screen......)

MVL V1.0 Copyright 1988 Naval Postgraduate School

L]
(d) HOW TO GENERATE LAYOUT FILE IN MAGIC FORMAT.
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SPECIFY INPUT , OUTPUT FILE AND THE SELECTED MINIMIZATION ALGORITHM.
THE FINAL RESULT WILL BE STORED IN THE OUTPUT FILE WITH FOPMATTED

SOLUTION.

(command line is as follows. input file: tt2.mvl, ocutfile: tt2.out
and output file should have -o flag.)

ece: /vwork/mag

$ mvl -G tt2.mvl -ott2.out

( The formatted final solution will be saved in an output file which
will be used for layout generation. If the minimization result is
worse than the original expression, the original expression will be
output for producing the layout.)

( the following appears on the screen...... )
MVL V1.0 Copyright 1988 Naval Postgraduate School

Gold(===): 3/11 implicants - 0.27

(The formatted output is as follows.)
# of input } of output
coef f .
lower upper
lower upper
éé.(sentinel)

/* § of input = § of variables

} of output = § of expressions */

(an example of the formatted output)

1

w W

VOO W (WWWkH NN
NN

9
( The following command initiates the layout generation
by using output file ,called tt2.out )

ece: /work/mag
$ mvpla tt2.out

(The following appears on the screen ..... )

RARARIARR AT AR AR A AN R R A AR R AR IR R ARk kbbb hk

Input : tt2.0ut
Output file : tt2.out.mag .

ARARRIRBRARRARRARARNRRRAARRAARR AR AR AR AR ARA AR A
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Check:
2 inputs 1 outputs function

fO = 2x0(1,2)x1(3.3)
+ 3x0(3,3)x1(1,3)
+ 3x0(0,2)x1(0,2)

Now, generating CMOS-MV-PLA layout in magic format......

£0 =~ 2x0(1,2)x1(3,3)

+ 3x0(3,3)x1(1,3)

+ 3x0(0,2)x1(0,2)
Output to tt2.out.mag...

Done !

KAhhkhkrhkahhrh EXIT Aarkrrtdntas ks

( Once layout file with the Magic format is created,
the user needs tc invoke the Magic graphic package.)

( command line is as follows..... )

ece: /work/mag

% Magic tt2.out

(The following appears on thg.screen ..... )
Magic - Version 4.10 - Last uypdated 12/6/85 at 18:33:06

Using technology "scmos".

tt2.o0ut: 500 rects

(After the whole layout is displayed on the CRT, the user can create a file
for use 1in generating a hard copy of the layout and exit by typing the
the following command to create the .cif file for plotting.)

:rcif write tt2.o0ut
d:quit

(The following command line allows the user to have a hard copy of layout.)
ece: /work/mag

% Cifplot -r tt2.out.cif

(1] 20267

ece: /work/mag

%t Window: -10950 12600 -2100 51000

Scale: 1 micron is 0.0198588 inches (504x)
The plot will be 0.39 feet

(1) Done cifplot -1 -P /tools/berk86/1ib/patterns -r tt2.out.

(the following is an example of a hard copy of MVL-PLA layout.)
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AR RREAARRN AR AR AR AR A ARRAN R IR RN R A A AR AR R AR R AR AAARRA AR AR R A AR R AR AR AR A ARk
ARRRRRRRNAARARAN R AR R R AR ARRA ARSI R R R AR R AR R AR A A AR R A R A AR AR R AR AR AR IR AR AR AR A AR Ak kA
AARRARRAARRRANRRRARAARRAAA AR AR ARRARRRAARARARAR AR AR R R AR R AR AR RN AR R AR AR AR Ak &

THIS COMPLETES THE DESIGN PROCEDURE FOR THIS CAD TOOL.

AARARRAARAARAAARRANRI R R AR AR AR R AR IR AR R AR R IR R AR AR ARARNR R RAR AR RA AR AR R AR R A AR AR Ak ®
RARKRIRRRRNER R R AR AR IR AR AR AR I AR AR AR R AR AR AR R AR AR AR AR A AR AN R AR AR A AR IR A AR Ak &k
RXRAIRARRARAR KRR ARARRAR R AR R A I N R R A AR RR AR AR A AR AR AR KRR AR RAR AR AR R R AR AR ARk Ak AR Ak Ak

2.ANALYSIS PROCEDURES
THERE 1S A RANDOM EXPRESSION GENERATOR IN THIS CAD. THE USER CAN GENERATE

A SET OF RANDOM EXPRESSIONS OF A SPECIFIC CLASS AND ANALYZE THE DIFFERENT

MINIMIZATION PROGRAMS.
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(A) HOW TO GENERATE RANDOM EXFPRESSIONS

(EXAMPLE 1) THERE 1S HELP MANUAL FOR USERS WHICH CAN BE OBTAINED AS FOLLOWS.

ece: /work/mag
% mvitest -—-

(The following HELP messages appears on the screen..... )
MVLTEST V1.0 Copyright 1988 Naval Postgraduate School

usage: mvltest [-sN -rN -iN -tN -oN}

- 8N Cyele Lile random seed N cimes (default = 0)
~rN - Set radix to N (default = 4)

-iN — Set number of inputs to N (default = 2)

~tN - Set number of terms to N (default = 1)

~oN - Set number of output to N (default = 1)

(EXAMPLE 2) THE FOLLOWING COMMAND INITIATES A RANDOM FUNCTION GENERATOR
TO CREATE A SET OF RANDOM EXPRESSIONS. IT CYCLES THE RANDOM SEED 50
TIMES AND GENERATE 20 EXPRESSIONS OF 4-VALUED 2-VARIABLE LOGIC EXF
RESSION. ALL OF THEM ARE STORED IN tt6.mvl AND HAVE 10 PRODUCT TERMS.
THE NUMBER OF OUTPUTS 1S THE NUMBER OF FUNCTIONS IN THE SAMPLE SET.

(command line is as follows. ' ..)
ece: /work/mag
% mvlitest -s50 -r4 -12 -t10 ~020 > tt6.mvl

(The following is a set of random expressions generated by
the previcus command.)

4:2:
+2*X1(1,3)*X2(3,3)
+1#%#X1(0,0)*X2(1,2)
+1*X1(0,3)*X2(1,2)
+14X1(1,2)%X2(1,2)
+1+X1(1,2)*X2(0,1)
+2%X1(0,0)*X2(1,1)
+3*X1(0,1)*X2(1,3)
+2*X1(3,3)*X2(0,1)
+3+X1(0,3)*X2(1,1)
+2+X1(0,3)*X2(0,0);

4:2:

+1#X1(0,3)*%X2(0,3)

+24X1(1,1)*X2(0,3)

+1+X1(1,2)*%X2(0,1)

+14X1(1,1)*X2(0,2)

+3+X1(0,0)*X2(2,2)

+1#%X1(3,3)%%X2(0,3)

+24X1(1,2)*X2(1,1)

+24X1(1,1)*X2(2,2)

+3%X1(3,3)*X2(0,3)

+1#X1(1,1)*X2(1,1),

4:2:
+2+X1(1,2)*X2(0,1) a ,
+34X1(1,2)*X2(0,3)
+3%X1(2,3)*X2(0,1)
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+24X1(0,1)*X2(2,3)
+24X1(1,3)+X2(2,2)
+14X1(0,2)4X2(3,3)
+3%X1(1,1)*X2(0,1)
+1#X1(1,2)*X2(0,0)
+2*X1(0,0)*X2(0,2)
+3#X1(3,3)+X2(0,2);

4:2:

+24X1(1,2)*X2(3,3)
+2%X1(1,2)*X2(2,3)
+1#X1(0,1)*X2(1,2)
+1*X1(1,3)*X2(3,3)
+3*X1(0,3)*#X2(1,1)
+1+X1(3,3)*X2(2,3)
+3%X1(3,3)*+X2(1,2)
+1*X1(1,2)%%2(3,3)
+1#X1(0,1)*+X2(3,3)
+34X1(0,1)*X2(1,3);

4:2:

+2-X1(3,3)*X2(2,2)
+3+X1(2,2)*X2(3,3)
+1*X1(0,1)*X2(1,3)
+3%X1(1,3)4X2(2,3)
+24X1(1,1)*X2(0,2)
+3*X1(0,2)*X2(2,3)
+1#X1(2,2)*X2(1,1)
+1+X1(2,2)*X2(1,2)
+1%X1(2,2)*X2(2,2)
+34X1(0,1)*X2(1,2);

4:2:

+3*X1(1,2)*X2(1,2)
+3%X1(2,3)*X2(1,1)
+1*X1(2,2)+X2(0,0)
+3%X1(1,2)*X2(1,1)
+1*X1(3,3)*X2(1,2)
+3*%X1(1,3)*X2(0,0)
+24X1(0,2)*%X2(1,2)
+1%X1(0,1)*X2(1,3)
+1*X1(0,1)*X2(0,0)
+3%X1(3,3)*X2(0,0);

4:2:

+3+X1(0,3)*%X2(1,3)
+3%X1(1,1)*X2(1,3)
+2+X1(0,3)*X2(0,2)
+34X1(2,3)*X%2(0,1)
+2%X1(0,1)*X2(3,3)
+3#X1(0,2)+X2(3,3)
+3%X1(1,1)*X2(0,3)
+34X1(1,1)*X2(1,1)
+24%1(0,1)#*%X2(1,1)
+34X1(2,2)4%2(0,3);

4:2:

4:2

+3+X1(1,2)%X2(1,2)
+1%X1(0,3)*%2(2,3)
+24X1(3,3)+X2(2,3)
+3+X1(0,3)*X2(1,1)
+2%%1(2,3)*X%2(2,3)
+2%X1(0,0)*X2(0,0)
+3#X1(0,0)*X2(1,1)
+3%X1(0,1)+X2(1,2)
+34X1(2,3)*X2(0,0)
+34X1(2,3)*X2(0,1);

+34X1(2,3)*X2(0,3)

+3%X1(0,2)*X2(0,2)
+3+X1(1,2)*X2(2,2)
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+1+X1(0,0)*X2(2,3)
+14X1(0,3)*X2(2,2)
+2*X1(1,3)*X2(0,0)
+2#X1(1,1)*X2(1,3)
+1*X1(0,2)*X2(0,1)
+3%X1(0,1)*X2(3,3)
+24X1(2,2)*X2(1,1);

4:2:

4:2

+3*X1(2,2)*X2(0,1)
+1%X1(0,2)*X2(2,2)
+3+X1(0,3)*X2(2,3)
+24X1(0,1)*X2(1,3)
+2*X1(0,0)*X2(1,2)
+1+X1(3,3)*X2(0,3)
+2+X1(1,3)*X2(2,3)
+1*X1(0,3)*X2(0,0)
+2+X1(3,3)*X2(1,3)
+3+X1(0,0)*X2(1,1);,

+1#X1(0,3)*X2(2,2)
+3%X1(1,3)*X2(0, 3)
+1#X1(2,2)*X2(0,2)
+1%X1(1,1)*X2(0,1)
+14X1(1,3)*X2(1,1)
+1+X1(3,3)*X2(2,3)
+3*%1(2,3)*X2(2,3)
+24X1(0,1)*X2(1,1)
+1#X1(1,3)*X2(0,2)
+1#X1(0,0)*X2(3,3);

4:2:

4:2

4:2

4:2

+1#X31(0,1)*X2(2,3)
+2+X1(1,3)*x2{C,2)
+3*X1(1,3)*%2(2,3)
+I4X1(1,3)*%X2(2,3)
+1%X1(0,2)*X2(0,1)
+3#X1(0,1)*X2(0,0)
+2*%X1(2,2)*%X2(1,3)
+34X1(2,2)*X2(0,3)
+1+%1(1,3)*%2(0,0)
+1#X1(0,1)*X2(0,2);

+1*X1(0,3)*X2(3,3)
+2*X1(0,3)*X2(2,2)
+1*X1(0,3)*X2(0,3)
+14X1(0,1)*X2(0,2)
+14X1(2,3)*X2(0,3)
+3#X1(1,3)*X2(0,2)
+2#X1(0,1)*X2(0,2)
+1#X1(2,2)*X2(3,3)
+1*X1(1,1)*%2¢0,3)
+34X1(1,2)*X2(2,2);

+2+X1(0,0)*X2(0,0)
+1*X1(2,3)*X2(1,3)
+34X1(2,3y+x2(0,3)
+1'x1(3,3)*x2(o,3)
+24X1(3,3)*X2(1,2)
+3-x1(0,0)*x2(2,2)
+2%X1(0,1)*X2(0,2)
+2*X1(2,3)*X2(1,3)
+2*x1(1.1)*x2(1,2)
+2#+X1(0,1)*%2(3,3);

+24X1(1,3)*X2(1,1)

+2+X1(0,2)*%2(0,3)
+1%%1(0,3)*X%2(3,3)
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e

+24X1(0,3)#X2(0,0)
+34X1(0,2)*X2(0,3)
+14X1(1,3)*X2(1,1)
+14X1(0,0)*X2(1,3)
+3+X1(2,2)*%X2(0,0)
+3+X1(2,3)*X2(1,2)
+2+X1(0,3)*X2(0,2);

+24X1(2,3)4%2(2,2)
+2+X1(1,2)*%X2(1,1)
+3*X1(2,3)*X2{1,2)
+24X1(3,3)%X2(1,1)
+1+X1(1,1)*X2(3,23)
434X1(0,3)#+X2(0,1)
$34X1(2,3)4X2(1,3)
+1+X1(3,3)*X2(2,2)
+1+X1(1,2)*X2(1,3)
+2#X1(2,2)*X2(2,3)

+3%X1(1,2)*X2(0,0)
+3I*X1(0,1)*X2(3,3)
+3+X1(2,3)*X2(2,2)
+2+%1(3,3)*%2(3,3)
+1*X1(0,0)*X2(1,3)
+1+X1(1,1)*%X2(2,2)
+1%X1(0,3)*X2(1,3)
+3+X1(0,1)*X2(1,1)
+3%X1(0,3)*X2(1,2)
+2+4X1(3,3)*X2(2,2);

+3%X1(0,3)*X2(0,0)
+1+¥1(0,2)*X2(1,1)
+34X1(0,1)*X2(2.2)
+14X1(2,2)%X2(3,1)
+24X1(3,3)*%2(1,1)
+3+X1(0,3)*X2(1,2)
+14X1(1,1)*X2(2,3)
+3*#X1(1,1)*X2(0,2)
+3#X1(1,3)*X2(0,3)
+1%X1(3,3)*X2(2,3);
4:2:
+3+X1(0,3)*X2(0,0)
+1%X1(1,3)*%X2(0,2)
+34X1(2,3)*X2(0,1)
+2+X1(0,1)*X2(1,1)
+1+X1(0,2)*X2(0,0)
+1#X1(1,1)*X2(0,1)
+2+X1(3,3)*X2(3,3)
+2+%X1(0,3)*X2(3,3)
+3*X1(1,3)*X2(1,1)
. +2%X1(0,2)*X2(0,3)y;
12t
+3+X1(2,2)*X2(1,3)
+1+X1(2,3)%X2(2,2)
+1*X1(0,0)*%2(1,2)
+2+%1(0,1)*X2(0,3)
+34X1(0,3)*X2(0,0)
+2*X1(1,1)*X2(1,2)
+34X1(0,3)*X2(0,2)
+3+X1(2,3)*X2(0,0)
+1#X1(0,2)*X2(0,2)
+2+X1(1,3)*X2(0,3);
(data file; tt6.mvl)
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(EXMMFLE 3) THE FOLLOWING COMMAND LINE APPLIES Gold OH tt6.mvl. THE
STATISTICS AND THE FINAL RESULTS ARE FOLLOWED.

ece: /work/mag
% mvl -Gs tt6.mvl

MVL Vi.0 Copyright 1988 Naval Postgraduate School

Gold(PsA): 6/10 implicants - 0.60

Gold(===): 6/10 implicants - 0.60

Gold(===): 3/10 implicants - 0.30

Gold(===): 5/10 implicants - 0.50

Gold(===)1: 4/10 implicants - 0.40

Gold(Ds&M): 4/10 implicants - 0.40

Gold(w==): 3/10 implicants - 0.30

Gold(===): 4/10 implicants - 0.40

Gold(===): 1/10 1mplicants - 0.10

Gold(===): 7/10 implicants ~ 0.70

Gold(===): 3/10 implicants - 0.30

Gold(P&A): 6/10 implicants - 0.60

Gold(===): 3/10 implicants - 0.30

Gold(===): 5/10 implicants - 0.50

Gold(===): 3/10 implicants - 0.30

Gold(===): 4/10 implicants - 0.40

Gold(D&M): 4,/10 implicants - 0.40

Gold(===): 2/10 implicants - 0.20

Gold(===): 5/10 implicants - 0.50

Gold(===): 3/10 implicants - 0.30
Statistics for DgM:

Num Num Num Avg Num
Radix var Expr Terms Term/Expr
4 2 20 200 10.00
Eval Comp Pick Comp Gen Next valid
Expr CF MIM RBC Bounds Impl Impl
Tot: 31979 3012 101 943 81 904 970
Avg/EXpr: 1598.95 150.60 5.05 47.15 4.05 45.20 48.50
Avg/Term: 159.89 15.06 0.51 4.71 0.40 4.52 4.85
Statistics for PsA:
Num Num Num h Avg Hum '

Radix var Expr Terms Term/Expr




Tot:
Avg/Expr:
Avg/Term:

20

Eval
Expr
16€238
831.90
B3.19

200 1C.

Fick
MIM
101
5 05
0.51

00

Gen
Bounds

81
4.05
0.40

Next valid
Impl Impl

1032 1033
51.60 51.65
5.16 5.17

(EXAMPLE 4) HERE GENERATE ANOTHER SET OF RANDOM EXPRESSIONS,10 EXPRESSIONS

OF 4-VALUED 3-VARIABLE LOGIC EXPRESSION AND SAVE THEM IN THE DATA FILE

tt7.mvl,

(command line is as follows......

ece: /work/mag
% mvlitest -r4 —-i3 -t& -o0l0 > t+7.mvl

(EXAMPLE 5) APPLY Gold ON tt7.mvl, GET THE FINAL RESULTS AND STATISTICS.

(commmand line 1s as follows.....

ece: /work/mag

$ mvl -sG tt7.mvl

(the following appears on th?‘screen
MVL, V1.0 Copyright 1988
Gold(===):
Gold(Ds&M) :
Gold(===):
Gold(PsA):

Gold(D&M):
Gold(D&M):
Gold(D&M):
Gold(D&M):
Gold(===):
Gold(=~=):

4,7
6/7
7/7
8/7
17
5/7
6/7
7/1
1/1
/7

Statistics for D&M:

Num
Radix Var
4 3

Tot:
Avg/EXpr:
Avg/Term:

Num
Expr
10

Eval
Expr
51192
5419.20
774.17

implicants - 0.57
implicants - 0.86
implicants - 1.00
implicants - 1,14
implicants - 1.00
implicants - 0.71
implicants - 0.86
implicants - 1.00
implicants - 1.00
implicants - 1.00

Num Avg Num
Terms Term/Expr

70 7.00

Comp pick

CF MIM

252% 74
252.50 7.40
36.07 1.06
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Comp Gen Next
rBC Bounds Impl
1126, 64 922
112.60 6.40 92.20
16.09 0.91 13.17

valid

Impl
1257
125.70

17.96




Statistics for PsA:

Num Num Num Avg Numn
Radix var Expr Terms Term, Expr
4 k] 10 70 7.00
Eval Pick Gen Next
Expr MIM Bounds Impl
Tot: 25434 79 69 1269
Avg/Expr: 2543.40 7.90 6.90 126.90
Avg/Term: 363.34 1.13 0.99 18.13

vValid

Inpl
1333
133.30

19.04

(EXAMPLE 6) OUTPUT SOURCE EXPRESSIONS FOR ALL SOLUTIONS WHOSE RATIO TO THE

ORIGINAL NUMBER OF TERMS EXCEEDS 1.00. ALL WILL BE STORED IN tt7.out

WHICH HAS -x FLAG ON IT.
(command line is as follows...... )
ece: /work/mag
$ mvl -1.0 -xtt7.out -Gs tt7.mvl
(the following appears on the screen...... )
MVI, V1.0 Copyright 1988 Naval Postgraduate School
Gold(===): 4/7 1mplig?nts - 0.57
Gold(Ds&M): 6/7 implicants - 0.86
Gold(===): /7 implicants - 1.00
Gold(PsA): 8/7 implicants - 1.14

Gold(D&M) /7 implicants - 1.00

Gold(DsM) : 5/7 implicants - 0.71
Gold(DsM): 6/7 implicants - 0.86
Gold(D&M): /7 implicants - 1.00
Gold(===): /7 implicants - 1.00

Gold(===): /7 implicants - 1.00
Statistics for DgM:

Num Num Num Avg Num
Radix var Expr Terms Term/Expr
4 3 10 70 7.00
Eval Comp pick Comp
Expr CF M1 RBC
Tot: 54192 2525 74 1126
Avg/Expr: 5419.20 252.50 7.40 112.60
Avg/Term: 774.17 36.07 1.06 16.09
Statistics for PsA: a .
Num Num Num Avg Num
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Bounds
64
6.40
0.91

Next
Impl
922
92.20
13.17

valid

Impl
1257
125.70

17.96




Radix Vvar Expr Terms Term/EXpr

4 3 10 70 7.00
Eval Pick Gen Next Valid
Expr MI1M Bounds Impl Impl
Tot: 25434 79 69 1269 1333
Avg/Expr: 2543.40 7.90 6.90 126.90 133.30
Avg/Term: 363.34 1.13 0.99 18.13 19.04

(EXAMPLE 7) THE FOLLOWING SHOWS ALL THE EXPRESSIONS WHICH EXCEEDS THE

SPECIFIED RATIO IN THE PREVIOUS COMMAND LINE.

f reA:8/7
4:3:

+2+x1(1,2)*x2(1,2)*x3(0.,1)
+2+x1(0,1)*x2(1,3)*x3(1,3)
+1*x1(0,0)*x2(1,1)*x3(1,1)
+3%x1(1,3)*x2(1,3)*%x3(0,3)
+1#%#x1(1,1)*x2(0,.)*x3(0,0)
+1+%x1(0,3)*x2(0,3)*%3(0,2)
+1%x1(1,1)*x2(0,3)*x3(0,1);

¥ DsM: 8/7

4:3:

+1%x1(1,1)*%2(0,1)*x3(2,3)
+24x1(1,3)*x2(2,2)*x3(0,3)
+3*x1(0,2)*x2(0,1)*x3(1,5)
+2*x1(0,2)*x2(0,0)*x3(0,3)
+3%x1(3,3)*x2(0,2)*x3(0,1)
+3*x1(3,3)*x2(1,1)*%3(2,2)
+2*x1(2,3)*x2(1,1)*x3(1,3)

f pPsA: 8/7

4:3:

+2#x1(0,3)*x2(0,3)*x3(1,1)
+1*x1(3,3)*%x2(2,3)*x3(1,3)
+34x1(1,2)*x2(0,1)*%x3(2,2)
+3+x1(1,1)*%x2(3,3)*%x3(2,2)
+3+%x1(2,2)*%x2(3,3)*%x3(0,3)
+2+x1(0,1)*x2(1,3)*x3(1,1):

f PsA: 8/7

4:3:
+3+x1(0,2)*x2(3,3)*x3(3,3)
+1+x1(1,1)*x2(0,3)*x3(0,3)
+24x1(1,1)*%x2(1,1)*x3(1,2)
$1%%1(0,1)*x2(1,1)*x3(3,3)
+2+x1(0,1)*x2(2,3)*x3(1,1)
+2*x1(0,1)*x%2(0,1)*x3(0,0)
+3+x1(2,3)*x2(1,3)*x3(0,2);

(data file; tt7.out)
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APPENDIX B

Program Listing

THE FOLLOWING ARE THE MODULES USED FOR THE MVL-CAD. THE ENTIRE PROGRAM

1S ABOUT 4,000 LINES LONG.

HERE 1S A BRIEF OVERVIEW OF WHAT 1S INCLUDED.

(1)

(2)

(3)

(1)

(3

VERSION BANNER, HELP DISPLAY AND GLOBAL DATA STRUCTURES FOR MVL-CAD.

main.c

THIS MODULE 1) PROCESSES COMMAND LINE ARGUMENTS 2) OPENS FILES AND
3) CONTROLS THE PARSING, LOGIC MINIMIZATION AND OUTPUT FUNCTIONS.
ALSO, IT INéLUDES Gold(), WHICIH{ IMPLEMENTS THE GOLD MEURISTIC ({(
WHICH CHOOSES BETWEEN POMPER-ARMSTRONG AND DUECK-MILLER, PREFERRING

DUECK-MILLER ON TIES.)

defs.c

THIS MODULE INCLUDES ALL GLOBAL VARIABLE DEFINITIONS,

parse.l

THIS MODULE IS A LEX SPECIFICATION FILE FOR THE INPUT SCANNER/PARSER

FOR THE MVL-CAD. IT SPECIFIES THE GRAMMAR OF EXPRESSIONS INPUT BY THE
USER. ALSO, IT INCLUDES verlfy(), WHICH ALLOWS THE USER TO DETERMINE

THE FUNCTION VALUE STORED.

dm.c
THIS MODULE IMPLEMENTS THE DUECK-MILLER HEURISTIC FOR MINIMIZING AN
EXPRESSION.
THE FOLLOWING SUBROUTINS ARE INCLUDED IN THIS MODULE.
a) Dueck_Miller()
~ performs the Dueck and Miller heuristic on the input expression
and returns the number of implicants used to cover it.
b) _cf(E,X)
- computes the clustering factors at X, where X is a vector of

! 1
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coordinates of a non-zero minterm which has the smallest value.
- returns the clustering factor, an integer.
c) *mim(E)
- finds the most isolated minterm determined by the minterm with
smallest CF and returns a vector of integers representing the
coordinate of it or NULL if no more minterms

- the function value at that location is also returned as the last

integer in the vector.
d) valid_implicant(1)

- checks implicant validity and returns 1 if the proposed impli-
cant is valid; else returns 0.(An implicant is valid if it is
indeed an implicant of the function.) '

e) compute_rbc(l{
- accepts implicant I and calculates the relative break count of it.
f) *pick_implicant(>*

- finds the most isolated minterm according to the smallest CF.

- generates all implicants that covers this minterm.

- computes the rbc for each and chooses the implicant with the

smallest rbc (best implicant).

-~ returns the best implicant.

(6) pa.c
THIS MODULE IMPLEMENTS THE POMPER-ARMSTRONG HEURISTIC FOR MINIMIZING
AN EXPRESSION.
THE FOLLOWIMNG SUBROUTINES ARE INCLUDED 1IN THIS MODULE.
a) Pomper_Armstrong()
- performs the Pomper-Armstrong heuristic on the input expression
and returns the number of implicants used to cover it.
b) *mim(E)
- finds the most isolated minterm in the input expression based
on the random weight generated by random number generator.
- returns a vector of integers representing the coordinates of

the most isolated minterm or NULL i{f no more minterms.
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-~ the value of the function corresponding to the most isclated
minterm is also returned as the last integer in the vector.
¢) random()
~ returns a random number using a linear congruential method.
d) valid_implicant(I)
- checks implicant validity and if valid, returns 1 and the num_
zeroed, the number of minterms driven to zero by this implicant
when subtracted, else returns 0.
e) *pick_implicant(X)
- finds the most isolated minterm randomly and then produces all
implicants that cover this minterm.
- computes num_covered, the number of minterms covered by this
implicant.
~ plcks the best implicant which drives the maximum number of
minterms to zero. If there are more than one such implicant
the largest implicant is chosen.

- returns the best implicant.

{7) common.c
THIS MODULE INCLUDES HEURISTIC SUPPORT FUNCTIONS COMMON TO DUECK-MILLER
AND POMPER-ARMSTRONG.
THE FOLLOWING SUBROUTINES ARE INCLUDED IN THIS MODULE.
a) *_eval(E,X)
-~ evaluates the expression at (x1,x2,x3,....,xn)
b) *next_coord(T)
- computes the next possible coordinate for term.
- returns an integer vector(X) containing the coordinates.
c) *gen_bounds(X)
- generates the permissible bounds around location X in the work-
ing expression for use in plcking the next implicant that covers
X.
- returns a bounds array.

d) *next_implicant(B)
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- chooses X as the first implicant.
- On each call, returns the next implicant with a bound array(B)
from *gen_bounds() that specifies the implicant.
e) subtract_implicant(I)
- adds the best implicant(I) to the working expression as a neg-
ative term (negated coefficient).

- Also adds the best implicant to the final expression.

(8) alloc.c
THIS MODULE INCLUDES ALL MEMORY ALLOCATION FUNCTIONS, SUCH AS alloc_
term(), alloc_bound(),and dealloc(),etc. IT IS USED TO ALLOCATE SFACE
FOR A TERM ARRAY, BOUND ENTRIES AND DEALLOCATE OR DUPULICATE THE EXP-

RESSION.

(9) mvlitest.c
THIS MODULE IS A TEST SOURCE FILE GENERATOR. IT GENERATES ANY TYPE OF

MVL EXPRESSIONS ACCORDING TO THE SPECIFICATION GIVEN BY THE USER.

(10) Makefile
TH1S MODULE KEEPS TRACK OF WHICH SOURCE FILES ARE DEPENDENT ON OTHERS

AND PROVIDES FOR AN EFFICIENT RECOMPILATION OF A PROGRAM.

52




/* mvi

- A multi-valued logic expression compiler/analyzer/optimizer

1.CDR Jobhn M.

Yurchak

LT Hoon Seop Lee
Dr. Jon T. Butler

Copyright 1988 U.S. Naval Postgraduate School, Monterey, California
All rights reserved Y

finclude "defs.h®
finclude <ctype.h>

/* Version banner and help display */

static char

*version = "\nMvi V1.0 Copyright 1988 Haval Fostgraduate School\n\n",
*usage = "usage: mvl [-eimrsvqDPG) {-0.0) [-oFile} [-xFile) [file P AV L

*help(] = {
" -e
-1

-v
-9
-9
-r
-0.0

~-D
-p
-G
~xrile

2 3 3 3 3 32 2 3335 3 3 3 3 213 3

-ofile

=
<
-

-

= Print the original expression, as parsed®,

= Frint each implicant found",

- frint the KRarnaugh map of the original and each",
successive expression®,

WARNING: impractical for nvar > 37,

- Verify the minimal solution",

= Print atatistics on selected heuristics",

- Quiet, don't print final results”,

-~ Permit negative coefficients in terms",

- Build source expressions for all solutions™,
whose ratio to the original number of terms",
exceeds this number and output them to a file®,
(default is \"x.mvi\")",

- Execute the Dueck & Miller heuristic (default) ",
- Execute the fomper & Armstrong heuristic”,

= Execute the Gold heuristic”,

= Output source expressions built using -0.0 to \"rile\"",
instead of \"x.mvl\"",

- Ouput formatted solutions to \"rile\"",
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/* Global data structures —-—=-——ms oo e 4
/* Logic expressions:

E_orig
~ holds the original input expression as parsed

E_work
- a copy a E_orig
- implicants are subtracted from this expression as terms
during the coures of optimization

£ finall]
~ the result expression (starts out empty)
- each term is one implicant found during optimization
- each heuristic has its own E_final (for comparison)

*/
Expression
E_orig = { 0,0,0,NULL ),
£ work = { 0,0,0,NULL ),
£ finalf2) = {
( 0,0,0,ttULL |,
{ 0,0,0,NULL }
);
int HEUR; /* Current heuristic
* HEUR indexes into E finallj
* depending upon the currently
* active heuristic
*/
int FINAL; /* Index of the selected final
* expression
*/
char
errression[MAX_BUF+1], /* Parser working buffer */
if name [MAL TATH+1], /* Input file name */
xf name {MAX_PATH41) = "x.mv1\O®, /* Expression output file name */
*tmp_name = "mv]1XXXXXX",
of_name [MAX_PATH+1]: /* Output file name (for result) */
int token_type:; /* Scanner token code */
int completed; /* rlag:
* 1 if s complete sentence has been
* recognized, 0 otherwise
*/
jrp_buf eof context: /* Saved context for lex end of file */
/* user options */
int r_flag = 0,
e flag = 0,
i flag =~ O,
m_flag = 0,
s_flag = 0,
v_flsg = 0,
D_flag = 1,
P_flag = 0,
G _flag = 0,
q_flag = 0;
int nvar, /* Number of variables in the current expression */
radlix; /* Radix of the curzent expression */




int tot expr = 0, /* Total number of expressions optimized */
tot terms = 0; /* Total number of terms in all input expressions */

MVL_stats
*STAT, /* Fointer to the current statistics record */
DM_stat, /* Stats record for the D&M heuristic */
FA_stat; /* Stats record for the P&A heuristic */

float ¥O_ratio = 0.0;
FILE *xfile:

/*
- yywrap{) is called by lex on EOr.
- Thus, we execute a non-local goto back to the setjmp call which
saved the context, at vhich point we open the next input file.
~ Notice that yywrap() never actually returns.

*/

yywrap ()

(
longjmp (ecf context,));

}

(¥ ]
<




main(argc,argv)
char *argvi]:
/Q _________________________________________________________________________
tfunction:
- Process command line arguments
-~ Open files
- Control the parsing, optimization and output functions

register ap;
char *p:

fprintf (stderr, "$s", version);
/* Do the options */

for {ap=1; ap < argc; ap++) |
p = argviapl;
1f (*p+t == r-7) |
/* loop through an option string */
while (*p) {
switch (*p++) |
case 'D':
D_flagt+;
break;
case 'P':
p_flagts;
1 (D_flag==1)
D_flag--;
break;
case 'G’!
G_flagt+;
D_flagh+:
v_flagt+;
break:;
case 'v’:
v_flagtt;
break;
case 'x’:
if (*p) |
strcpy (xf_name,p);
/* terminate the while loop */
*p o= '\O*;
|
else |
fprint € (stderr,"mvl: filename expected after -x\n");
frrintf (stderr, "Ss", usage);
exit (1);
}
break;
case 'o":
if (*p) |
strcpy (of _name, p);
/* terminate the while loop */
*p = '\D';
)
else |
fprintf (stdexr,"mvl: filename expected after -o\n"};
fprintf (stderr, "Y4s”, usage);
exit (1);
)
break;
case 'q’:
q_flag+s;
break;
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case ’'s’:

s_flagts;

break;
case 'r’:

r_flagt+;

break;
case 'm’:

m_flag++;

break;
case 'e’:

e _flagt+;

break;
cage ’'{’:

i fiagtt;

break;
case ' !
cage '0’:
case ’'1’:
case '2':
case "3':
case ‘4’:
case 5’
case '6’
case '7':
case 'B’
case '9’:

p-=:

sscanf (p, "V£", LFO_ratio);

fp = \O';

break;
case ’'-':

fprintf (stderr, "%s", usage);

for (ap=0; helplap]; ap++)

fprintf (stderr, "$s\n", helplapl):

exit (0):
default:

fprintf(stderr, "mvl: unknown switch - %c\n",p(-1}]);

fprintf (stderr, "Ss",usage);
exit (1)

)

/* Erase the old expression file {if there is one) */

unlink (xf_name);

/* 1f the user specified an output file
1f (of_name(0]) |

*/

/* erase the existing output file and open the new one (append) */

unlink (of name);
mktemp (tmp_name) ;
if ({yyout=fopen (tmp_name,"a")) == NULL)

{

fprint £ (stderr, "mvl: can’'t open temp file - %s\n",tmp_name);

exit (1);

J

/* Init the scanner */
token_type = TOK_EOL:

/* For each input fille */

for (ap=1; ap < argc; ap++) |
p = argviap}:
/* skip the option arguments */
1f (Ap == 7-1)




continue;

strepy (1f name,p)

if ((yyin:fopen(if_name,'z”)) == NULL) {
fprintf (stderr, "mvl: can’t open %s\n",if name);
exit (1);

)

init_stats(sDM _stat);

init_stats(&FA_stat);

/* Set the EOF context */
if (setjmp(eof context) == 0} {

/* While still expressions to parse in this file ... */
while (expr() > 0) |

nvar = £ orig.nvar;

radix = E orig.radix;

tot_terms += E orig.nterm;

tot exprt+;

i£ (D_flag) { /* do the Dueck & Miller */
Dueck Miller():
FINAL = D_M;
}
1f (p_flag) { /* do the Pomper & Axmstrong */
Fomper Armstrong():
i€ (lD_flag)
FINAL = P_A;
]
if (G_flag) { /* do the Gold (which chooses between above)
Gold ()
if (of_name(0]) /* output the final expression */
output_expr {HEUR) ;
FINAL = HEUR;
}
else |
1f (cf_name|0}) |
if (D_flag) /* output the final expression */
output_erpr(D_M):
else if (p_flag)
output_expr(F_A);
)
)
verify ();
dealloc_expr (4E_orig):
)
)
else 1t (lcompleted)
syntax_error (ERR_UNEXF_EOF);

/* Print the statistics */
if (s_flag) |
Lf (D_f1mg)
print_DM_stats();
i1f (P_flaq)
print_FA_stats{):
}
fclose (yyin);
)
if (of_name(0)) |

/* Bulld the output file for the layout ge=nerator by aprending
* the list of final expressions in the temporary file to
8 header consisting of radix, inputs and outputs.

*
*
* Final format is:
*

*/




radix inputs(nvar) outputs(tot_expr)
coeff

lower upper

lower upper

99 (sentinel)
coeff

lower upper
lower upper

99 (sentinel)

etc

(AR AR R B N N NN

~

/* Close the temporary file, reopen for reading and open

* the final output.

*/

fclose (yyout) !

if ((yyin = fopen(tmp_name,"r")) == NULL) {
fprintf {(stderr, "mvl: can’t open temp file - %s\n",tmp_name):
exit (1)

)

if ((yyout = fopen{cf_name,"w")) == HUL?) (
fprintf (stderr, "mvl: can’'t open output file - %s\n",of name):
exit (1}

}

/* Build and ocutput the header */
sprintf {expression, "%d %d $d\n",radix,nvar,tot_expr);
fputs(expression,yyout);

/* Append the temp file, then delete it */

while (fgets(expression,MAX_BUF,yyin) 1= NULL)
fputs (expression,yyout);

fclose (yyout);

fclose (yyin);

unlink (tmp_name) ;




Gold{()

tfunction:

- Implement the Gold heuristic (which chooses between F&. and D&M,

preferring D&M on ties).
:globala:

E _final(]

E_orig

HEUR
tcalled by:

main{)

char *p:

if (F_finallD_#).nterm < E_finallF_A].nterm) {
HEUR = D‘M;
p =~ "D&MT;
)
else if (E_final|D_M).nterm > E final|P_A}.nterm)
HEUR = P_A;
p = "PLA";
)
else |
HEUR = D M;
p=- "---:;
]
i€ (1q_flag) |
printf (™ Gold(%s): %4d/%-4d Aimplicants - %4.2
p,Z_final (HEUR] .nterm, £ _corig.nterm,

{

£3%\n\n",

{float)Er _final[HEUR].nterm/(float)E _orig.nterm):
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print_map ()
2 I e T it
:function:
- Frint the Karnaugh map of E_work in its present state
tglobals:
E_work
tcalled_by:
bueck Miller{)
Pompet_Azmstzong()
tcalls:

register i,3:
int X{MAX VAR+1]:
int *v;

for (1=0; i < nvar; 1+44) X[i) =~ O;
for (i=0: i < nvar;) |{
V = _.evsl(KE_work,X}:
printf ("N3dsc™, VIEVAL], V[HLV]}?' .77 7);
X(1)4++;
for (;1 < nvar;) |
1f (X[{]) >= radix) |
X[(i] = 0;
if (4 < 2)
printf("\n");
144,
X{1)+44;
)
else |
1 - 0;
break;
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print_implicant (s, X, I)

char b H

int *X:

Term *1;

7 gy Wy Ry g gy S °

tfunction:
- Print the Most Isolated Minterm X and the implicant selected

to cover it I.
icalled by:

Dueck_Millet()

Pomper Armstrong()

____________________________________________________________________________ %/
(
register {;
printf£(® %s MIM: %2d",s,X{nvar])):
for (i=0; {1 < nvar; i+4)
printf ("*Xtd (%2d, 82d) ", 141, X4}, x({1));
printf{"\n"});
printf(" Imp: %2d",1->coeff);
for (1=0; { < nvdr; 1++4)
printf("*X%d(%2d,%2d)",441,1->B[i]).lover,1->B(i].upper):
printf ("\n\n");
)
pzint_tezms(t)
Expression *E;
IR e e
tfunction: .
- Print the expression pointer to by E
icalled by:
Dueck _Miller ()
Pomper_ Armstrong ()
____________________________________________________________________________ ﬂ/ -

int 4, 3;

printf ("\nExpressicn:\n\n");
printf(® radix: $%2d\n",E->radix);
printf{" nvars: $2d4\n",E->nvar);
printf (" nterms: %2d\n",E->nterm);
for (i=0; 41 < E->nterm; 41++) [
print (" coeff: %d\n",E->T[i].coeff);
for (3=0; J < E->nvar; 3j+4)
print £ (™ X%d (%4, 8d) \n",
j+1,E->T{i}).Blj].lower,E->T(1}.B(§] . .upper);

)
printf£("\n");




output_expr (heur)
int hevur;

tfunction:
- Append the final expression to the temporary file.
=~ heur indexes into E_final.
~ If the final expression is not at least as good as the original
input expression, output the original,
- Output format as follows:

coeff
lower upper
lower upper

99 (sentinel)
tglobals:
yyout
stdout
E _orig
E_final
:called_by:
main() \

register §,3;
Expression *E;

if (yyout le stdout) {
if (E_orig.nterm < E_finallheur).nterm)
E = g orig;
else
£ = g€ _finallheur);
for (i=0; i < E->nterm; 14+) |
fprintf {yyout, "%d\n",E->T{i]|.coeff);
for (3=0:; 3 < E-d>nvax; j++4)
fprintf (yyout,"%d %d\n",
E->T[1]).B{]j).lower,
E->T(1}.B(j) .upper);
}
fprintf (yyout, "99\n");




print source(E,s,n)
Expression *f;
char lH
R e e m e —m—mm— e — e ————
tfunction:
- Frint the exr cssica jointe! &~ by ® #5 tha file xf name in
the form recognizeable by the parser.
tglobals:
xf_name
tcalled by:
Dueck Miller ()
Pomper Armstrong ()

register 1, 3;
FILE rE

if ((f = fopen(xf_name, "a")) w= NULL) {
fprintf (stderr, "mvl: can’t open %s\n",xf name}:
return;

}

fprint (£, "§ %s: %d4/%d\n",s,n,E~>nterm);
fprint £ (€, "sd:8%d: ", E->radix,E->nvar);
for (1=0; 4 < E-Snterm; 1++4) {
fprintf (£, "\n +8d",E->T[1].coeff);
for (3=0: 3 < E->nvar; j+4) |
fprint£(f, "*x%d(¥d, 8d) ",
341, E->T(1]).8B{j] .lower,E->T[1)]).B(]}) .upper):
!
)
fprint€(f,":\n");
fclose (f);
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init stats(s)
MVL-;tats *S;
/A o e
tfunction:
- Initialize statistics structure pointer to by 8
tcalled_by:
main{)

tot_expr = 0;

tot_terms = 0;

S->calls eval = 0;
8->calls cf = 0;

S->calls mim = 0;
S->calls_gen_bounds = 0;
S->calls_pick_implicant = 0;
§->calls next_implicant = 0;
8->calls_valid_implicant = 0;
S->calls_compute_rbc = 0;

print PA stats()
IR e oo
:function:
- Print the stats on the P&A heuristic
tglobals:
tot_terms
tot expr
radix
nvar
PA_stat
tcalled by:
main{)

printf("Statistics for P&A:\n\n");

print £ (" Hum Hum Hum Avg Num\n");

printf("Radix Var Expr Terms Term/Expr\n");

printf("%4d %4d 864 8%6d 8§8.2f\n\n",
radix,nvar,tot_expr,tot_terms, {(float)tot_terms/(float)tot_expr):

printf (" Eval Flek Gen Hext valid\n™);
printf (" Expr MM Bounds Impl Irpli\n");
printf ("Tot: $111d $81d %81d %8ld %8ld\n",

PA_stat.calls eval,FA_stat.calls mim,
FA_stat.calls gen bounds,FA_stat.calls_next_ implicant,
FA_stat.calls valid_implicant):
printf("Avg/Expr: $11,.2f %6.2f %8.2f %8.2f %8.2f\n",
(float)PA_stat.calls eval/(float)tot_expr,
(float)PA_stat.calls mim/ (float)tot _expr,
(float)FA_stat.calls gen | bounds/ (float) tot _expr,
(float)PA_stat.calls next 1mp11cant/(£loat)t0t _expr,
(float)PA stat.calls valid 1mp11cant/(float)tot expr);
printf ("Avg/Term: $%11.2Ff %8.2F %8.2f %8.2f %8.2f\n\n",
(float) PA_stat.calls eval/{float)tot_terms,
(float)PA_stat.calls mim/{float)tot_terms,
(float)FPA stat.calls gen_| bounds/ (float) tot _terms,
(float)PA stat.calls next 1mp11cant/(tloat)tot terms,
(float)PA stat.calls valld _implicant/(float)tot_terms);

65




print_DM stats()

tfunction:

- Frint the stats on the D&M heuristic
tglobals:

tot _terms

tot expr

radix

nvar

DH_stat
tcalled_by:

main()

printf ("Statistics for D&M:\n\n");

printf (" Num Num Num Avg Num\n"});
printf ("Radix Var Erpr Terms Term/Expr\n®");
printf("%4d %4d %64 %6d $8.2€\n\n",
radix, nvar, tot_expr,tot_terms, (flnat)tot _terms/(float)tot _expr);
printf(" , Eval Comp Fick Comp Gen Hext validin
printf (™ Expr cr MIM RBC Bounds Impl Imp1\n”
printf ("Tot: %111d $81d %81d %81d %81d %B81d %01id\n", '
Dty _stat.calls eval,DM stat.calls cf,DM_stat.calls mim,
DM_stat.calle compute_rbc,
DM _stat.calls gen_bounds,DM_stat.calls next implicant,
DM _stat, calls “valid 1mp11cant),
print£{"Avg/Expr: %11.2f %0.2f $8.2f %0.2f %0.2f %8.2f %8.2f\n",
(float)DH stat.calls eval/(float)tot_expr,
(float) DM _stat.calls cf/(float)tot expr,
(float) DM stat.calls mim/ (float)tot _expr,
(float)pt! stat.calls compute_rbc/(float)tot_expr,
(float)DM_stat.calls_gen_bounds/(float)tot expr,
(float)bM stat.calls next implicant/(float)tot _expr,
(float)DM_stat.calls valid 1mp1£cant/(£loat)tot _expr);
printf ("Ava/Term: $11.2f %8, 2F $8.2f %8.2f %8.2f %8.2f %8.2f\n\n" R
(float)bM _stat.calls_eval/(float)tot_terms,
(float)DH stat.calls cf/(float)tot_terms,
(float) DM stast.calls mim/(float)tot terms,
(£loat)DM_stat.calls_compute”rbc/(float)tot_tezms,
(float) Dl _stat.calls_gen_bounds/(float)tot _terms,
(float) DM _stat.calls next 1mplicanr/(£loat)tot _terms,
{float) DM stat.calls_ valid implicant/(flout)tot terms};

fatal (s)
char s,

fprintf (stdery, "¥s\n",s);
exit (1);
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/* defs

.h

- External definitions for mvl

*/

finclnde <stdio.h>
finclude <setjmp.h>

fdefine
fdefine

fdefine
fdefine

fdefine
fdefine

fdefine
fdefine

fdefine
fdefine

/* pars

fdefine
fdefine
fdefine
fdefine
fcdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine

fdefine
fdefine

fdefine
fdefine
{define
f{define
fdefine
fdefine
fdefine
fdefine
fdefine

extern
extern

extern
/* MVL
typedef
typedef
typedef
typedef

struct

MAX_BUF 4096
MAX_FATH 64
MAX_VAR 32
MAX_INT 32765

YES 1
RO O

EVAL 0
HLV 1

DM o
P A 1

er definitions and data structures

TOK_EOF
TOK_HULBER
TOK_VAR
TOK_COLON
TUK_STAR
TOK_LEAREN
TOK_COMMA
TOK_RFAREN
TOK_S1GNED
TOK_DONTCARE 10
TOK_SEMI 11
TOR_FPLUS 12
TOK_MINUS 13

WVA~-NANDWND

TOK_EOL 14

TOK_SYNERR -1
ERR_PADIX_RNG
ERR_NVAR_RNG
ERR_COEFF_RNG
ERR_VARINDEX_RMG
ERR_DUF_VAR
ERR_LOWER_RHG -7
ERR_UFFER_RHG -8
ERR_UFPER_LOWER -9
ERR_UNEXP_EOF  -10

-2
-3
-4
~5
-6

char expression(MAX_BUF+1}];
int token_type;

FILE *yyin, *yyout;

definitions and data structures */
struct expr_struct Expression;
struct term _struct Term;
struct bound struct Bound;

struct term struct Implicant;

expr _struct {
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{nt radix,
nvar,
nterm;

Term *T;

struct term struct |
int coeff;
Bound *B;

)

struct bound_struct ({
int lower,
upper;
)

extern Expression
E orig,
E:work,
E_final(2);

extern int MHEUR,FINAL;

extern int
nvar,
radix;

Term talloc_term():
Bound *alloc_bound();

extern char
1f name {MAX_PATH41},
xf name [HAX_FATH+1]),
of name {MAX_PATH+1}:

extern r_ flag,
e flag,
i flag,
x_£lag,
m_flag,
G_flagq,
v_£lag,
q_flag:

extern FILE *xfile;
extern int completed;

extern
int tot_expr,
tot_terms;

struct mvl _stats {(
long

calls eval,
calls cf,
calls mim,
calls gen bounds,
calls next implicant,
calls pick_implicant,
calls valid implicant,
calls compute_rbc:

}:

typedef struct mvl stats MVL_stats;

extern MVL_stats
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*STAT,

DM stat,
EN_stat,
G_stat;

extern float FO_ratio;

int *mim();

int *next coord(}:
Bound *gen_bounds{):
Term *next implicant{();
Term *pick implicant():
int *eval(),*_eval();




/* parse.l

- lex specification file for the input scanner/parser for the MVL
parser/compiler

.

expreasion grammar:?

expr =
radix ’:’ num var ‘:’ term_list

term list :=
term '
! term 4’ term list

term :=
coeff '4!’ var_ list

var_list :=
variable
] varjable ’#4’ var_ list

variable t=
var_id ' (' limit ¢, 1imit *)°

verivication test grammar:

verificstion 1~
varisble ’;°*
I variable verification

constraints:

radix >= 2

num_var >- 1

1 <= coeff <= radix (radix == don’t care)

0 <= 1imit <= radix-1 and lower_ limit <= upper_ limit
*x1" <= var_id <= "x{(num_var)"

data structures
expression

radix }

nvar |

nterm }
term * |

- An expression structure contains the radix of the logic




expression, the number of varisbles, the number of variables
and a pointer to an array of terms

term

{ coeff )
{ bounds *]

- A term structure contains a coefficient and a pointer to a
1ist of bounds (length equal to the number of variables
allowed in the expression)

bounds

[ lower }[ upper )
[ lower } [ upper )

- A bourds list is an array of pairs (lower and uprper bounds)
which may range over the radix of the expression, one pair
for each possible variable in the term

./
finclude "defs.h"

%)

£ 1]
"#"{*\n)*\n {
}

I\t )*
}

[0-95+
strcat (expression, yytext);
return (TOK_NUMBER) ;

}

(+-1(0-91+ {
strcat(expresslcn,yytext):
return (TOK_SIGNED) ;

}

I?l '
strcat (axpression,yytext):
return (TOK_DONTCARE) ;

)

IxX}[1-9)[0-9]* {
strcat (expression,yytext);
return (TOK_VAR) ;

}

strcat {expression, yytext);
zetutn(IOK_COLON);

nan

strcat (expression,yytext);
return (TOK_STAR) ;




» -
"t
strcat (expression,yytext);
:etuzn(TOK_LPAREN);
)

ﬂ+ﬂ ‘
strcat {expression, yytext);
return (TOK_FLUS):

L |

strcat (expression, yytext);
return (TOR_MINUS) ;

L L] (
strcat (expression,yytext);
return (TOK_COMMA) ;

b Il |
strcat {expression,yytext)
return (TOK_RFAREN);

return (NO) ;

FA
strcat (expression,yytext);
return (TOK_SEMI);

[ \e\fAn\r) |
expression(0) = *\0';

}

L 1]

/* parser NT functions for expressions */

axpr ()
{

int rad,nvar;

inlt_expr():

erxpression|0) = "\0';

1f (lyytext[0] 1! match{":"))
next token();

completed « 0;

i1f (token_type == TOK_EOr)
return(0);

if (tradix val()) |
syntax error (TOK_SYNERR);
return (NO) ¢

}

sscanf (yytext, "%d", £rad);

tf (rad < 2) |
syntax_error (ERR_RADIX_RNG):;
return (NO);

)

E_orig.radix = rad;

next token{();
1f (Imatch(":")) |
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syntax error (TOK_SYRERR):
return (NO) ;
!

next token():

if (Inum_var(}) |
syntax_error (TOK_SYNERR) ;
return (NO} ;

)

ascanf (yytext, "%d", &nvar);

1f (nvar < 1) |
syntax_error (ERR_NVAR PNG);
return (NO) ;

!

E_orig.nvar = nvar;

next token{):

1f (tmatch(":™)) |
syntax*ezzor(IOK_stERR):
return (NO) ;

)

next token();

if (fterm_1list ()) {
syntax_erro - {TOK_SYNERR}:
return (NO) ;

]

if !!'match{(";")) |
syntax _error (TOK_SYNERR) ;
return {NO} ;
)
completed = 1;
return (YES) ;
)

radix_val ()
{
if (token_type == TOK NUMBER)
return (YES) ;
return (NO) ;
)

num_var ()
{
if (token_type == TOK_NUMBER)
return(YES);
return (NO) ;
}

term 1list ()
{
register {;
1f (1term{))
return (ND) ;
1f (match("+") | match{("-")) |
next token(};
while (term list()):
)
else
while (term list());
for (1=0; { < E orig.nvar; i44) [
if (E_orlg.ils_ozig.nterm—]].B[l].lower - ~1)
E_orig.T(E_orig.nterm-1).B{i}.lower = 0;




return{(YES)
)

term()
{
int coeff;
i¢ ((token_tyre id TOK_NUHBER) It (token~type hadd TOK_SIGNED)) {
sscanf(yytext,“%d“,&coeff);
if ('r_flag) {
1f ((coeff < 1} !{ (coeff >= E_otig.zadix)) {
syntax_eztor(ERR_COEFY_RNG):
return (NC) ;

)

1

else if (token type == TOK_DONTCARE) {
coeff = E_orig.radix;

}

else |
return (NO);

)

£ crig.ntermti;
€ orig.T = alloc_term(z_ozig.T,coefi,t~o:ig.ntezm):

next tokan{);

if (Imatch("*™))
syntax~etror(TOK_SYNERR):
return (NO);

l

next_token();

1f (tvar list())
return (NO) ;

return(YES);

}

var_list yy
{
1€ (lvariable())
return (HO) ;
next token(}):
1f (match("*")) |
nﬂzt’token():
while (var_1ist()):
1
return(YES);

}

varlable()
{
{nt varindex, lower,upper;
if (tvar_id0))
return {NO);
sscanf(&yytextlll,'\d",&varindex);
1¢ ((verindex < 1} [{ {varindex > E_orig.nvar))} {
syntax_ertot(ERR_VARINDEX_RNG):
return (NO);
)
varindex--~;
1f (H"ﬁrig.Tl!_oriq.nt-tm—l).Blvazindex].lowez t= -1) |
syntax_erzoz(ERR_DUP_VAR);
return (NO) ;
)

next token():
{f (Imatch(" (")) |




syntax _error (TOK_SYHERR) ;
return {NO) ;

)

next token{):

1f (Tlimic ())
syntax_error(IOK_SYNERR);
return(NO) ;

)

sscanf (yytext, "%d",&lover);

if ((lower < 0) || (lower > E orig.radix-1)) |{
syntax error (ERR_LOWER_RNG) ;
return (NO) ¢

)

next token{):

1f (Tmatch(", ™)) |
syntax_error {TOK_SYHERR);
return {NO) ;

}

next token(};

1€ (T1imit ()
syntax error (TOK_SYNERR);
return (NO) ;

]

sscanf (yytext, "%d", kupper);

1f£ ((vpper < 0} || (upprer > F_orig.radix-1)) {
syntax error (ERR_UFFER_RNG);
return (NO);

)

if (upper < lower) |{
syntax _error {ERR_UFPER_LOWER);
return (NO);

)

next'token();

1f (Imatch{™) ")) |
syntax_error (TOK_SYNERR);
return (NO);

)

E_orig.T{E_orig.nterm-1].B(varindex].lower = lower;
E_ orig.T{E_orig.nterm-1}.B(varindex].upper = upper;
return(YES);

}

var_id{()
(
if (token_type == TOK_VAR)
return{YES);
return (NHO} ;
)

1imit ()
{
1f (token type == TOK_NUMBER)
return{YES);
return (NO) ;
}

/* verification NT functions */

verify ()

{
reglster {;
Bound RIMAX_VAR+1}:
Term T




int first, first time = 1;
int *value, *X;

for (::) {
if (match(":"™))
next token();
T.B = B;
for {(2=0; 1 < nvar; i++4)
Bli{].lower = -1;
if (lver _variable(B))
return;
completed = 0;
while (ver variable(B));
if (‘match("; "))
syntax error (TOK_SYNERR)}
completed - 1;
it (1v_flag)
continuve;

first = 1;
1f (first _time) |
printf ("Verification:\n\n");
first time = 0;
]
for (41~0; i < nvar; 14+4)
print£(" X%d(%d,%d)\n",141,B(i].lower,Bli}.upper);
printf{("\n;;
while ((X = next_coord(&r,first)l f= NULL) {
first « 0;
value = _eval (¢F_f£inal|FINAL}J,X);
printf (" (")
for (1=0:; 1 < nvar: 1+4) |
print£("8d", X{1));
{f (141 < nvar) printf(",");
!
printf(") = %$3d\n",value[EVAL]);

}
printf ("\n");
)

ver_vaziable(B)
Bound *B;
{
int varindex, lower,upper;
1f ('var_id{))
return (HD) ; .
sscanf (Eyytext (1]}, "%4", evarindex);
4f ((varindex < 1) (| (varindex > nvar})) {
syntax_ezroz(ERRyvnRINDEX_RNG);
return {NO) ;
}
varindex—--;
1f (B(varindex).lower 1= -1) |
syntax‘ertor(ERR_DUP_VAR):
return (NO} ;

next token():

1f (imatch(" (")) |
syntax error (TOK_SYNERR);
return (NO) ;

}

next token();

1€ (12imit V) |
syntax_error (TOK_SYNERR)




return (NO) ;

)

sscanf (yytext, "8d",Llovwer);

if ({lower < 0) (]| (lower > radix-1)) |
syntax_errox (ERR_LOWER RNG}:
return (NO} ;

next-token():
1£ (Imatch(","}) |
syntax_ezroz(TOK_SYNERR):
return (NO);
)
next token();
1€ (11imit (})
syntax error (TOK_SYNERR);
zetuxn?Nc): -
)
sscanf (yytext, "$d4", Gupper);
1f {(upper < 0) || (upper > radix-1)) |
syntax error {ERR UFPER_RHG);
return (NO) ; - -
) .
1f (upper < lower) |
syntax<e:zo:(ERR_UFFER_LOWER);
return (NO) ; ‘
)

next token();

1f (tmatch(")")) |
syntax_etzox(TOK_S!NERR);
return (NO) ¢

)

B{varindex).lower = lower;

plvarindex}.upper = upper;

next_token();

return (YES);

)

/* scanner utility functions

syntax_error (code)
{

static char *erxrors{) = {

/* TOK_SYNERR *#/ T"syntax error",

/* EPR_PADIX_RHG */ ‘"radix out of range (>~ 2}7,

/* ERR_NVAR_RNG */ "} of var nut of range (>= 1)%,

/* ERR_COEFF_RHG */ "coeff out of range (1 <= coeff <= radix-1)",
/* ERR_VARINDEX_RNG */ "var index out of range (1 to f of var)",

/* ERR_DUP_VAR */ "duplicate variasble id",

/% EPR_LOWER PHNG *#/ ®lower bound out of range {0 to radix-1)",

/* ERR_UFPER_BNG 4/ “upper bound out of range (0 to radix-1)°",

/* ERR_UFFER_LOWER */ "upper bound must be >= lower bound",

/* ERR_UNEXP_EOF */ “unexpected end of file",

NULL
}:

code = sbs(code};
printf("ts\n%s\n",errors{code},expression);
exit (1)

!

next_token ()
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token_type = yylex():

if {token_type == TOK_SYNERR) | -
syntax_e::or(ToK_SYNERR);

}

r¢« ‘urn(token_ type);

)

match {s)
char L H

1f (tstremp(s,yytext})})
return {YES);

elsge
return (NO) ;




/% dm.c

~ This module implements the Dueck & Miller heuristic for minimizing
an expression.

Q/‘
finclude "defs.h"
Dueck _Miller ()

tfunction:
~ Ferform the Dueck ¢ Miller heuristic on the input expression
talgorithm:
Start with s working copy F_work of the original function E_orig:
Inftialize & final function—m_final:
While (there are still minterms to pick) |(
Pick a minterm X from E_work;
Pick the best implicant 1 for X;
Subtract 1 from E_work;
Add I to E_final;
)
:globals:
E orig
e:flag
m_flag
q flag
G_fleg
¥O_ratio
:side effects:
STAT
HEUR
E_work
E_finalf)
tcalled by:
main ()
tcalls:
dealloc_expr ()
dup_expr()
print _terms()
print_map ()
mim()
pick_implicant ()
subtract implicant ()
print_source()

int pum_i-rt = 0O;

int *x;
Term Lo &
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float ratio;

1f (£_final(D_M].T !~ NULL)
dealloc_expr(&E_final(o_ﬂl);

STAT = &DM_stat;

HEUR = D_M;

dup_expr (§F_work, &E_orig);

E final {HEUR].nterm = 0O;
E:flnaIIHBUR].zadix - E_orig.radix;
E_final [HEUR] .nvar = !_orig.nva:;
E_final [HEUR].T = NULL;

if (e_flag)
print_terms(&t_oxig):

it (m_flaqg) |
printf (" Orig map (D&M):\n");
print_map();

for ;)
. 1f ((X = mim({&E_work)} == NULL}
break;
1 = pick_implicant (X);
num_1implé4;
subtract _implicant (1);
1f (i_flag)
print_implicant ("D&M",X, 1):
it (m_£flag)
print_map();

ratio = ({float)num_impl/(float)E_orig.nterm);
J£ (ro_ratio 1= 0.0) {
if (ratio > FO_ratio) (
p:int_sou:ce(sz_ozlg,“D&M",num_impl):
I
)
if (lq_flag && 1G_flag) |
printf(" DEM: %44/%-4d implicants - 84.2£%%\n\n",
num_impl,E_o:ig.ntezm,zatio);
)

dealloc_expr (4E_work):
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static int cf(E,x)
Expression *L;

int x;
/Q _________________________________________________________________________
:function:

- Determine the clustering factor for (x1,x2,x3,x4....xn}

- Builds a vector of coordinates for _cf()

- Local to dm.c

tcalls:

_cf()

treturns:

- An integer clustering factor
___________________________________________________________________________ »/
{

int *X;
X =« (int *) &x;
return{ cf(£.X));
)
static int _Af(E,X)
Expression *E; '
int *X;
R o e
:function:

- Compute the clustering factor at X, where X is a vector of

coordinates,.

- Local to dm.c

:globals:
radix
nvar

:aide _effects:
STAT

tcalled by:

mim{)

tcalls:

_eval{()

vcopy ()

!returns:

- An integer clustering factor
_____________________________________________________________________________ a/

int nterm = E->nterm;
register {,3,k;
int valuel2}§,
expanded,
valli2},
val2l(2):;
int cf = 0,
dea = 0,
ea ~ 0;

STAT->calls _cf4i;

veopy (value, eval(E,X))

1f ((value|FVAL] < 1) |
return {MAX_INT):

{ (value{EVAL] >= radix))

/* for each variable {(direction)... */
for (1=0; 1 < nvar; 144 ) |
expanded = 0;
/* 1f not on a left hand edge, move left */
1£ (x4
X(i}--;
vcopy (vall, eval(E,X));
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if (vall|EVAL) >= value[EVAL)) |
expanded++;
eatt;
)
X(L]++;
)
/* 1f we didn’t start on a right hand edge, move right */

1f (X{i] < (radix-1)) |
X[1)++;
veopy (val2, _eval(E,X});
if (val2|EVAL] >= value|[EVAL)) {
expanded++;
eat+;

)
X(i1--;

)

1f (erxpanded)
deat+;

/* compute the clustering factor */

cf = (dea * (radix-1)) + ea;
return{cf);
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static int *mim(E)
Expression *E;
7 gy gy gy
:function:
- rind the Most Isclated HMinterm in the expression pointed to
by E, and return ite coordinates as a vector.
- Lecal to dm.c
tglobals:
nvar
:9ide_effects:
STAT
tcalled by:
Dueck_Miller ()
tcalls:
next coord{)
_eval()
veopy ()
_cf()
treturns:
~ A vector of integers representing the coordinate of the most
isolated minterm, or NULL if no more minterms,
- The value at that location is also returned as the last integer
in the vector. '
______________________ Bl ettt ittt T R R T P ¥4
{
int cur_val = E->radix,
cur_CF = MAX_INT,
cf,
value(2},
term;
int ‘x,‘next_coord(),i:
static int save coord[MAX_VAR+1):

STAT->calls mimt+;
for (term=0; term < E->nterm; termi+) |
i = 1;
while ({(X=next coord(&{(E->Tltexm]),i)) != NULL) ({
vcopy (value, eval(E,X));
1f (value[EVAL] > 0) {
if (value[EVAL] < cur_val) |
cur_val = value|[EVAL];
for (i=0; i < E->nvar; i++) save coord(i] = X([i);
cur CF = cf(E,X);
}
else if (value|EVAL} == cur_val) |
cf = cf(E,X);
1f (cf < cur_Cr) |
cur_CFf = cf;
for (i=0; 4 < E->nvar; i4%) save_coord(i) = X(i);

if (cur CF == MAX_INT)

return (NULL) ;
save_coord{E->nvar} = cur_val;
return{save coord}:
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static int valid implicant(I)
Term *1;

:function:
- Decide upon the validity of implicant 1I
- Local to dm.c
:globals:
E_work
E_orig
toside _effects:
STAT
tcalled _by:
pick_lmplicant()
tcalls.
next cocczd()
_evaf()
veopy ()
ireturns:
1 if » valid implicant
0 if not

int +*x;

int init = 1;

int value = I->coeff;
int vol[2),vw(2]);

STAT->calls_valld_implicant+4;
while {((X = next coord(I,init)) I= NULL) |
init = 0;
veopy {Vw, _eval (§€_work, X)) :
vcopy (Vo, _eval (6E_orig, X))
1f ({((Vw]{EVAL] < value) && IVw[HLV]) && (Vo[EVAL] < (radix-')})
return(0);
)

return(l);
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static int compute rbc(I)
Term L &

:function:
- Compute the RBC for the given implicant
- Local to dm.c
tglobale:
radix
nvar
:9ide_effects:
STAT
:called by:
pici_lmplicant()
tcalls:
next coord()
_eval()
vcopy (}
treturns:
- an integer RBC

int *X;
int ¥_value = I->coeffy
register i:
int value(2},
neighbor_value(2},
good,
bad,
rbc = 0,
init - 1;

STAT->calls_compute rbct+;
/* for each coordinate in the implicant ... */
while {(X = next_ coord(l,init)) != NULL) {
init = 0;
vcopy (valve, eval(&f work,X)):
it (value(EVAL] == radix}

continue;
/* for each direction ... %/
for (1=0; 1 < nvar; 1+4) {
good = 0;
bad = 0;
1f (value{EVAL} == I value)
good = 1;

/* 1f there i3 a left neighbor, examine it */
if ((X[1} 1= 0) 68 (X[i] =~ I->Bli).lower)) |
X[i)--;
vcopy (neighbor_value, eval (6E_work,X)):
X[i1+4;
if (neighbor_value[EVAL) != 0) {
if (neighbor_value[EVAL} == (value[EVAL] - I _value))
good = 1;
if (neighbor_value(EVAL] == value(EVAL])
bad = 1;

)

/* 1€ there is a right neighiyjor, examine it */
1f ((X[1)] 1= (radix-1)) &6 (X[4) == 1->B{i}.upper)) {
X(1)+4;
vcopy (neighbor_value, eval (&E_work,X)):
x(i)--;
if (neighbor_value[EVAL] != 0} {
if (neighbor_value{EVAL} == (value[EVAL) - I_value))




good = 1;
if (neighbor_value{EVAL] == value[EVAL])
bad = 1;
)

}

/* update the rbec */

tbc = (rbc - good) + bad;

)
)

return{zbc);
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static Term *pick_implicant (X)
int *X;

/. __________________________________________________________________

tfunction:
- tick the best implicant for minterm X
:globals:
radix
tside effects:
STAT
tcalled by:
Dueck Miller ()
tcalls:
init_implicant ()
gen_bounds ()
next {implicant {)
_eval()
veopy ()
compue_rbc ()
copy_implicant ()
valid_implicant ()
rreturns:
~ A pointer to a term representing the best implicant.

int cur_rbc = MAX INT,
rbhe = 0
Implicant *1;
static Bound I_bound[MAX_VAR+1]);
static Term I_best;
Bound *B;
int v([2):

STAT->calls _pick_implicant++;
I_best.B = I _bound;
init _implicant (X);
B = gen bounds({X);
while ((I = next {mplicant (B)) != NULL) ({
vcopy (V, eval (§E _orig,X}):
1f (VIEVAL] == (radix-1)) {
for (I1->coeff = X[nvar): I->coeff < radix; (I->coeff)++)
it (valid _implicant (1)) |
tbc =~ compute_rbc(I);
1€ (rbc < cur_rbe) |
cur_trbe = rbe;
copy_3implicant (§1_best,1);

)
}
else |
I->coeff = X{nvar};
if (valld implicant (1)) {
rbe = compute_rbc(I);
if {rbe < cur_rbe) |
cur_rbe = rbe;
copy implicant (61 best,I};

)

)
return(&I_best):

{




/* pa.c

- This module implements the Fomper-Armstrong heuristic for minimizing
an expression,

*/
finclude "defs.h”
Fomper_ Armstrong{)

tfunction:
- Perform the Pomper & Armstrong heuristic on the input erxpression
tglobals:
FO_reatio
E_orig
e flag
m_flag
q_flag
i flag
G_flag
:side_effects:
STAT
HEUR
E_work
£_finall}
tcalled by:
main()
tcalls:
dealloc_expr()
dup_expr ()
print_terms(}
print_map()
mim{()
pick_implicant {)
subtract implicant{()
print_souzce()

int num impl = 0;
int *Xx;

Term *1;

float ratio;

1f (£_finall{P_A}.T |= HULL)
dealloc_expr(§E_final{P_A}}:

STAT = GFA_stat;

HEUR = P _A;
dup_expr (¢E_work, §E_orig);

88




E final [HEUR]) .nterm = 0;

E_£inal (HEUR].radix = £ orig.radix;
t_final {HEUR].nvar = E_orfg.nvar;
E_final {HEUR).T = NULL;

if (e_flagq)
print_terms(&r_orig):

if (m_flag) |
pricntf (" Orig map (P&A):\n"):
print_map():

for (::) ¢

if ((X = mim(S§E_work)) == NULL)
break;

1 = pick_implicant (X):

num_impl++;
subtract_implicant (I);
if (i _flag)
print_implicant ("PEA",X,I);
1f (m flag)
p;int_map();
)
ratio = ((floatinum_impl/(float)Z_orig.nterm);
1£ (rO_ratio 1= 0.0) {
if (ratio > FO_ratio) |
print_source(§E_oxig, "P&A", num impl):
)

}
if (1q_flag €& I1G_£laqg) |
printf(" FEA: %4d/%-4d implicants - 8%4.2f%%\n\n",
num_ impl,E_orig.nterm, ratio):

1

dealloc_expr (6E_work):
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static {nt ‘*mim{(Z)
Expression *E;
I T
:function:
- Return a vector corresponding to the coordinates of the current
Most lsolated Minterm
tglobals:
radix
nvar
:side_effects:
STAT
icalled by:
Pomper_Armst:ong()
rcalls:
next coord{()
_evai()
veepy ()
random ()
treturns:
- A vector of integers representing the current Most Isolated
Minterm, or NULL if no more minterms.
- The last integer in the vector is the value of the function at
that coordinate. '

int weight = MAX_ INT;

int tmp;

inc *X,{, *next_coord{(};

int first:

static int save coord[MAX_VAR#1l) = { -1 };
int value{2}:

int term;

STAT->calls _mimt+;
for (term = 0; term < E->nterm! term++) |
first = 1;
while ((Xﬂnext_coord(ﬂ(E->T(texm):,flzat)) {= NULL) |
vcopy(value,_eval(E,X));
Lf ({value{EVAL] > 0) && (value(EVAL] l= radix)) {
tmp = random();
{if (tmp < weight) |
for {(1=0; { < nvar; 1+4)
save_coordii] = X{i):
save coord(nvar) = value{EVAL]:;
welght = tmp;
)
!
first = 0O;
}

)

1f (welght 1= MAX INT)}
return(save_coord);

return {(NULL) ;
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static int random{)
/Q —————————————————————————————————————————————————————————————————————————
:function:
- Return a number between 0 and 32766 using a linear congruential
method
:called_by:
mim()

static long a=100001;

a = (a*125) % 2796203;
return((int) (((float)a/2796203)*32767));
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static int valid_implicant (1)
Term *1;

:function:
- Decide upon the validity of implicant 1
:globals:
radix
:side_effects:
STAT
tcalled by:
pick_implicant ()
tcalls:
next_ coord()
_eval{)
veopy ()
treturns:
num_zeroed if valid
0 if not

int *X;

int init = 1;

int num_zeroed = 0:
int value = I->coeff;
int vVo{2),vw(2]):

STAT->calls valid_implicanti4;
while ((X = next_coord(l, init)) = NULL} |
init = 0;
vcopy {(Vw, eval (6E_work,X)):
veopy (Vo, _eval (&E_orig, X))
1€ (((YW{EVAL) < value) 66 IVN[HLV]) && (Vo[EVAL}] < (radix-1)})
return(0);
1f (Vw{EVAL] <= value)
num_zeroedt+;
)

return (num_zeroed);
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static Term *pick_implicant (X)
int *X;

tfunction:
- Plck the best implicant for minterm X
:globals:
nvar
radix
tside_effects:
STAT
:called by:
Pompe:_Azmsttong()
tcalls:
lnlt_implicnnt()
gen_bounds ()}
next implicant ()
_eval()
vcopy ()
copy_implicant ()
treturns:
- A pointer to s Term representing the best implicant.

int cur_num zeroced = -1,
cur_num_covered = -1;

int num“coverqd,
num_zeroed?

Implicant *1;

static Bound I_bound [MAX_VAR+1]);

static Term I_best;

Pound *B;

int V[2);

register {;

STAT->calls pick_implicant++;
I_best.B = I bound;
init_implicant (X);
B = gen_bounds{X};
while ((I = next_implicant(R)) I= NULL) {
vcopy (V, _eval (¢E_orig,X));
1f (VIEVAL] == (radix-1)) {
for (1->coeff = X[nvar): I->coeff < radix; (I->coeff)++) |
if (num zeroced = valid implicant (1)) {
num covered = 1;
for (1=0; 1 < nvar; 1+4)
nur -nvered #*= (I->B{i].upper = I->B[i]).lower + 1):
1f ((num_zeroed > cur_num_zerced) || (
Tnum_zetoed == cur_num_zeroed) &&
(num_covered = cur_num covered)
| A
cur_num_zeroed = num_zeroed;
cur_num_covered = num_covered;
copy_implicant (4I_best, I);

}
)
else |
J->coeff = X{invar]:
if (num_tzeroed = valid _implicant (1)) {
num_covered = 1;
for (i=0; 4 < nvar; 1+4)
num_covered *= (I->B{i}.upper - I->B[i]}.lower + 1)
if ((num_zeroed > cut_num_ze:oed) ¢
{num_zeroed == cur_num_zeroed) &é&
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(num_covered = cur_num covered)
Nt
cur_num_zero=d = num_zeroed;
cur_num_covered = num_covered;
copy_implicant (§I_best,1);

}
)
return{&l_best):;
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/* common.c

- Neuxistic support functions common to D&M and FEA.
*/
finclude "defs.h®

int teval(E,x)
Fxpression *E;

int =x:
/i _________________________________________________________________________
s function:
- Evaluate the expression at (x1,x2,x3,x4,x5.,..xn)
- Bullds a vector of coordinates for _eval()
tcalls:
‘eval()

tretarny:
- A vector containing the integer result 0 <= eval() <- radix
and a flag set {f the value reached the highest logic value

int *X;

X = (int *) &x;
return{_eval(E,X)};

int * eval(E,X)
Expression *E;
int *x;
/¥ e e e e ——————
tfunction:
- Evaluate the expression at X, where X is a vector of coordinates
tglobals:
nvar
radix
tside_effects:
STAT
tcalled by:
mim{) - pa.c
valid implicant() - pa.c
pick_implicant() - pa.c
mim() - dm.c
valid_i{mplicant{) - dm.c
pick_implicant() - dm.c
_efl)
compute_rbe ()
eval (}
gen_bounds ()
print_map{)
treturns:




- A vector with the value ~f the expression at the specified
coordinate as its first element, and a flag set 1f this value
has attained the highest logic value (HLV)

int nterm = E->nterm;
register 1,3, k;

int out_of_bounds;

static int Vv({2];

register rml = radix-1;

STAT->calls _evalts;
VIEVAL] = O;
VIHLY) = O:

/* for each term ... */
for (1=0; {1 < nterm; 14+) |
/* for each variable ... */
for (j=0,out_of_bounds=0:; j < nvar: 3++) |
i

(Xt31 < E->T(1).B(3].1lower) ||
(X14] > E->T(4).B{3].upper)

)t
out _of bounds = 1;

break;
)

)
if (out_of_bounds)
continue;

/* 4f this is a don’t care, return the radix */
1f (E->T[i).coeff == radix) (

V{EVAL) = radix;

returni{v);

}

VI{EVAL] 4= E->T(1].coeff;
if (VIEVAL] >= rml) {
/* set a flag which means £_orig was saturated at this x */

V{HLV) = 1

}
i£ (V{EVAL) > rml) |
V{(EVAL] = rml;

}

else Lf (V{HLV) &8 (V[EVAL) <= 0)) {(
VIEVAL] = radix;
return{V):;

}

)
return(v);
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int *next coord(T, first)

Term *T;
int first;
0

:function:
- Compute the next possible coordinate for term *T
- If first == 1, initiaslize the coord vector
tcalled by:
mim() - pa.c
valid implicant () - pa.c
mim{}) - dm.c
valid_implicant () - dm.c
compute_rbe ()
treturns:
- An integer vector containing the coordinates.

static int coord{MAX_VAR+1);
static 1}

/* Lf the first time through, load the vector */
1f (first) {
for (1-0; 1 < nvar; {44) |
coord{i] = T->B[i].lower;
}
)
else |
i = 0:
coord(i]++;
for (::) {
if (coord(i] > T->B[i}.upper) |(
coord{i] = T->Bli}.lower;
f44;
1£ (1 >= nvar)
return (NULL) ;
coordii)++;
}
else |
break;
)
)
}

return(coord) ;




Round *gen_bounds (X)
int *X;

:function:
- Generate the permissible bounds around location X in the
working expression
:globals:
radix
nvar
E _work
E orig
:side_effects:
STAT
:called_by:
pick_implicant() - pa.c
plck_implicant() - dm.c
tcalls:
_evall)
veopy ()
treturns:
- A bounds array

statiec Bound B{MAX_VAR+1);
int nterm = F_work.ntexm;
regliste 1,3,k;

int value,Vw(2]},vVo(2);

int Xp(MAX_VAR#1):

valve = X[nvar)};

STAT->callas _gen_boundst#+;
/* for each variable (direction)... */
for {(i=0; 1 < nvar; {++ ) |
/* dup the coordinate */
for (3~0; 3§ < nvar; j++) Xpi3i = Xt3);
B{i].lower = X[i];
/* while not on a left hand edge, move left */
while (Xpti] > 0) |
Xp(i)--;
veopy (Vw, _eval {(6E_work, Xp)):
vcopy(Vo,_eval(nnﬁorig,Xp)):
/* 1f can’'t expand to left ... */
1f (1 {{value > Vw[{EVAL]) && (Vol[EVAL] < (radix-1)))) {
B(i].lower = Xpl(i]);
)
else
break:
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/* dup the coordinate */
for (j=0: 3 < nvar; Jj++) Xp{j) = X(j):
B(i).upper = X{4i]);
/* while nct on a right hand edge, move right */
while (Xp[1] < (radix-1)) {
Xpli)++;
vcopy (Vw, _eval (§E_work,Xp) )
veory (Vo, _eval (§E_orig,Xp));
/* if can't expand to right ... */
if (! ((value > Vw[EVAL}) && (Vo[EVAL]) < (radix-1))}) (
B(i].upper = Xpli);
)
else
break;

)

return (B);

99




‘

/* Working structures for picking the next implicant within bounds */

static Bound IB{MAX_VAR+1}:; /* Current bounds */
static Term I; /% Implicant */
static int

1_var,

I_first,

I_val;
int X _orig{MAX_VAR+1}:; /* Where we start */

init_implicant (X}
int "X
/i _________________________________________________________________________
tfunction:
- Infitialize the static term structure above from which successive
implicants wil}l be returned
- X is the starting minterm
tside_effects:
- The structures above
:called _by:
pick_implicant() - pa.c
pick_implicant() - dm.c

int nterm = E_work.nterm;
register i;

/* initialize the implicant */

I.B = 1B;

I.coeff = X[nvar};

for (1<0; 41 < nvar; {44) |
I1.Bli).upper = X{1];
I.B(1}).lower = X[i]};

)

1_var = 0;

1 _ first = 1;

1_val = X{nvar]};

for (i=0; 1 < nvar; {++) X origli) = X{i]);

Term *next_implicant (B}
Bound *B;
/Q _________________________________________________________________________

tfunction:
- On each call, return the next implicant within bounds B
:side effects:
STAT
tcalled_by:
pick_implicant() - pa.c
pick implicant() - dm.c
treturns:
- An implicant as a term structure

int nterm = £ work.nterm;
int Xp(MAX_VAR+1);

STAT~>calls _next_implicant+4:
1€ (1_¢irst) |

1 _first = 0O;

return{&1);

while (1_var < nvar) |(
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/* expand left */
!.P:X“va:].lower——:

/* if we can't go further left, then ... «/
if {(1.B[I_var).lower < Bl1_var]).lower) {

/* move back and go right #/
1.B[1_var].lower = X_orig[l_var);
1.B(1_var).upper++;

/* if we can’t go further right, then .., */
if (1.B[I_var]).upper > B{1_var].upper) |

/* reset and go to the next higher dimension */
I.B[I_var).upper = X_origl1_var];
I_vart+;
continue;
)
)

Y var = 0;
return(s1);

}
return (NULL) ;
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int copy_implicant (dest, src)
Term *dest, *src;

:function:

- Copy the implicant pointed to by stc to dest
icalled by:

pick_implicant () - pa.c

pick_implicant() - dm.c

____________________________________________________________________________ A/
{
register i;
dest->coeff = src->coeff;
for (1-0: i < nvar; i+4) |
dest->B{1].1lower » src->B{i].lower;
dest->Bli].upper = src->B(1i).upper;
)
)
subtract implicant (I)
Term 3 &)
S S Uy oSy U
tfunction:
-~ Add implicant I to the working expression as a negative term
(negated coefficient)
- Add implicant @ to tthe final expression
tglobals:
HEUR
nvar
tside_effects:
E_work
E_final{)
____________________________________________________________________________ Q/

register i,term;

term = £ work.nterm;
E_work.ntermt4;
£ _work.T = alloc_tetm(t_uotk.T,-(!->coe££),E_wo:k.ntezm):
for (1=0: i1 < avar; 144) |
E_work.T{term].B{i{].lower = I->Bli].lover;
E_work.T(term).B([i].upper = I->B{4i) .upper;
}

term = £_final [HEUR) .nterm;
E_tinal {HEUR] .nterméd;
E_final {HEUR).T =~ alloc_term(B_final (HEUR}.T,1->coeff,E_final (HEUR].nterm);
for (1=0; 1 < nvar; 1+4) |
E_£inal (HEUR).T[term]} .B[(1)]).lower = 1->B[il}.lower;
E_£inal [HEUR]).T(term] .B(i]).upper = 1->Bli).upper;

)
/* vecopy ()

- coples the value vector from s to d
*/
vecopy(d, s)
int *d, *s;
(
d[0] = 8{0):
di1} = sl1);
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finclude "defs.h"
/* memory allocation functions ~------c-e-mcmemcmnc e oo */

Term *alloc_term(p,coeff,n)

Term *p;
int coeff,n;
/¥ s e e e rae e s e, e m e — e — e ———————

tfunction: :
- Allocate apace for a term array, initializing the last element

- 1f p is NULL, allocate new space
- If p is not, realloc

treturns:
- A pointer to the Term

char *malloc|{), *realloc{);
Bound *alloc_bound();

if (p == NULL) |
12 ({p*(Term *)malloc{sizeof (Terxm)*n)) == NULL)
fatal ("alloc_term{(): out of memory\n"):
p->coeff ~ coeff;
p->B = alloc_bound,);
|
else |
1f ((p=(T=zm *)realloc{p,9izeocf (Term)*n)) == NULL)
fatal("alloc_Term(): out of memory\n");
pin-1] .coeff = coeff;
pin-1).B = alloc_bound{();
)
return{p):

)
Bound *alloc_bound{)

tfunction:
- Allocate space for F_orig.nvar bounds entries and initislize
each bound to -1,E orig.redix-1,
- If p is NULL, allocate new space
:globals:
£ orig
treturns:
- A pointer to the Bound array

Bound *p;
char *malloc();
reglister {;
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if ((p~(Bound *}malloc(sizeof(Bound) *(F_orig.nvar))) == NULL)
fatal("alloc bound(}: out of memory\n"):

for (1~0; 1 < E_orig.nvar; 1+4) (
pil).lower = -1;
pli}.upper = E orig.radix-1;
)

return(p):;
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init_expr ()

/%

tfunction:

- Initialize E_work, E_orig and E_final
:aide_effects:

E_work

E_orig

E_final

E_work.T = MULL;

£ orig.T = NULL:
g_orig.nvar = 0;
E_orig.nterm = O;
E_orig.radix = 0;
E_final(0).T = NULL:
E_final(1}.T = NULL;

dealloc_expr (=)
Expression *e;

/*

tfunction:

- Deallocate the expression pointed to by e

Term ‘p:
register i;

if (e->T 1= NULL) |
for (p = e->T,i=0; 1 < e->nterm; 1++)
if (p{i].B 1= NULL}
free(pll).B):
free(p):
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dup_expr (E_dest,E_src)
Expression *E_dest,*E src;

IR o D o e -
:function:
- Duplicate the expression pointed to by E_src by allocating
and copying into the expression pointed to by E_dest.
tcalls:
alloc_bound()
____________________________________________________________________________ ./
(
Term T

Bound *B;
register i,3:
char *malloc{);

E_dest->radix = E_src->radix;
£_dest->nvar = E_src->nvar;
E_dest->nterm = E_src->nterm;

t€ ((T=(Tearm *)malloc(sizeof (Term)*(F_dest->nterm))) == HULL)
fatal {"dup_expr(): out of memory\n");

for (1-0: 1 < E_src->nterm; i++) |(
Ti1).coeff = E src->T[{i).coeff;
T(1).8 = alloc bound():
for (J=0: 3} < i_szc—>nvar; J+o)
T{i}.Bl3).lower = £ src->Tf{i}.B[]}}.lower;
T{i].Blj).upper = E_src->T[1).B[]}).upper;
}
)
E_dest->T = T;
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——-—_——*

/* mvitest.c

~ A test source file generator

*/
finclude <stdio.h>

« char '
tversion = "\nHVLTEST V1.0 Copyright 1988 Naval Postgraduate School\n\n",

*uysage = "usage: mvltest [-sN —xN -iN -tN -oN]\n",

*help(} = I
- -sM - Cycle the random seed N times (default = 0)",
h . -t - Set radix to N (default - 4)*",
" -iN - Set number of inputs to N (defaylt = 2)",
" -tN - Set number of terms to N (default « 1)°%,
»

-oN - Set number of output to N (default = 1)%,
NULL

main{argc,argv)
char targvi(};s

int nterms = 1;

int reps = 1,
radix « 4,
nvar = 2,

toeff = 1;
int seed = 0;
int 1,9,k;

int *b,*get_bhound();
float random();

char ‘p:

register ap;

for f(ap~1; ap < argc; ap++) {
p = argviap};
1f (*ptt = =) |
while (*p) |{
switch (spi4) |
case 'r':
sscanf (p, "Vd", kxadix);
QP - '\0';
break:
case "1’
sscanf (p, "Vd", &énvar);
Qp - '\ol'.
break;
case ‘t’:
sscanf (p, "¥%d", éntezms)
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Qp - '\OI'.
bresk;
case 'o':
sscanf {p, "8d", Ereps);
Op - 1\0".
break;
case ’'9':
sscanf (p, "%d", &seed) ;
*p o= "\O’;
break;
case ’'-':
fprintf (stderr, "¥s¥s™, version, usage);
for (ap=0; helpfap); api+)
fprintf (stderr, "Ss\n",helplap]));
exit (0);
default:
fprintf (stderr, "mvltest: unknown switch - %ci\n",pl-1));
fprintf{stderr, "%s", usage);
exit (1)

1
for (1=0; {1 < seed:; i+4) random():;
for (1 = 0; i < reps; 1+4+) |
printf("%d:8%d:", radix,nvar);
for {(3=0; 3 < nterms; 3j+4) |
printf ("\n +3d", (int? {random () * {float) (radix-1))+1);
for tk=1; X <= nvar; k++) |
b = get _bound(radix):
printf ("*X8%d(%d,%d) ", k,b(0),bl1)});
)

}
printf(";\n");

int *get bound(radix)

{
statiec int bi3);
float random{) ;

for (:;) |
b(0) = (int) (random()*(({float) (radix}-0.001})});
b1} = (int) (random{) *((float) (radix)-0.001)};
1 (b0] <= b(1])
break;

return(b);
)

£loat random{)
(
static long a=100001;

8 « (a*125) & 2796203;
return((float)a/2796203);
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f Makefile for mvl

f

CFLAGS~-0O

OBJS=main.o dm.o pa.o common.o parse.oc alloc.o

all: mvl mvltest

mvl: $§(OBJS)
cc $(CFLAGS) $(OBJS) -o mvl -11

mvlitest: mvlitest.o
cé § (CFLAGS) mvitest.o -o mvitest

main.o: main.c .
alloc.o: alloc.c
pArse o: parse.c
dm.o: dm.c
pa.o: pa.c
common.o! common.c
pacse . ¢! parse.l
lex parse.}
mv -f lex.yy.c parse.c

mvlitest.o: mvitest.c
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