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ABSTRACT 

The thesis describes the theory and design of a general 

problem solving system. The system uses a single general 

heuristic based on a formal definition of differences within 

the framework of means/ends analysis and employs tree search 

during problem solution. A comparison is made with two other 

systems using means/ends analysis. The conditions under 

which the system is capable of solving problems are 

investigated and the efficiency of the system is considered. 

The system has solved a variety of problems of varying 

complexity and the difference heuristic appears comparatively 

accurat� for goal-directed search within certain limits. 



1.1 Introduction 

1 

1. INTRODUCTION 

One of the often stated basic goals of Artificial 

Intelligence research has been the construction of machines 

which perform tasks requiring some form of 'intelligence' 

[9, 21, 28}. Since a good deal of natural intelligence is 

involved in solving everyday problems, the study of the 

concepts and techniques of problem solution has long been an 

active area of research in computer science. 

Clarity is required as to the question of the scope of 

the study of problem solving. It has been observed by Ernst 

and Newbll [9} that from the user's point of view a computer 

is a general problem solver and that any working set of 

programs is in fact the solution of some problem. However 

problem solving at this level is usually not considered and 

most work in the field has been more concerned with the 

discovery of general rules and methods involved in the 

solution of problems rather than with the attainment of a 

solution for any particular problem. 

The thesis describes the design and implementation of 

the problem-solving system SDPS (Syntactic Deductive Problem 

Solver). SDPS is intended as a general purpose problem 

solver in that it can deal with a wide variety of problems 

within a single type of problem formulation. It uses a 

single general heuristic technique for goal-directed tree 

search. The system was developed largely to investigate the 

heuristic power of the method and to consider the effective 
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generality of the heuristic technique. The SDPS system,is 

written in a version of ALGOL compatible with the NUALGOL 

compiler for the Univac 1106. Algol was selected mainly for 

reasons of efficiency of execution as this broadens the 

universe of problems which may be considered. A listing of 

the system is given in Appendix B. 

SDPS uses the general concept of means/ends analysis for 

goal-directed search. Means/ends analysis has featured in 

the design of a number of problem solving systems, e.g. 

GPS [9}, FDS [22, 23} and STRIPS [12}. Means/ends analysis 

consists essentially of establishing some measure of 

differences between a given problem object and a goal object 

and of ,using these differences to direct the search for a 

solution which consists of a sequence of object transformations 

until the goal object is attained. The basic model of a 

problem used by such systems is given in section 1.4. 

Chapter Two contains a brief outline of the GPS and FDS 

systems and considers their relationship to SDPS. 

The differences used by SDPS are established by the use 

of a specific object representation and a formal definition 

of the differences which may occur between two objects in 

terms of their constituent elements at particular positions 

in the representation. Chapter Three is devoted to a 

summary of the SDPS system design. The object representations 

are described and the formal concept of differences defined. 

The use of these differences for the selection of operators 

which transform an object towards the goal representation is 

explained. SDPS employs a general disjunctive tree search 
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and the use of the heuristic for ordering nodes is discussed. 

Tree search enables the use of some standard measures of 

heuristic power, namely penetrance [6} and effective branching 

factor [21}. 

The effective generality of the system is essentially a 

consideration of the type of problem SDPS is capable of 

solving. Chapter Four considers this question rather 

formally by the use of a model of a problem and the 

establishment of conditions under which SDPS will obtain the 

solution to a problem. The algorithm used by SDPS is also 

given here. 

The last chapter defines the measures of efficiency used 

by SDPS 1 and gives some examples of the type of problem solved 

by the system. 

The rest of the introductory chapter considers the two 

major approaches to problem solving systems and the 

conflicting aims of generality and efficiency. It also 

defines the basic concepts of problems and heuristic search 

used by systems like SDPS. 

1.2 Approaches to Problem Solving 

There have been two major lines of attack in computer 

studies of problem solving. The first has been to develop 

problem solving systems which serve as a model of cognitive 

processes for use as an aid to understanding natural (human) 

intelligence. This is primarily an approach from the field 

of psychology. An example is the work of Newell and Simon 

[20} in which a theory is constructed which considers a person 



4 

as an information processing system (IPS). A model of an 

IPS is developed and applied to specific task environments, 

and an attempt is made to ally these results to those of 

humans involved in similar environments. The General 

Problem Solver (GPS) of Newell, Shaw and Simon [9} was 

originally developed for studying natural intelligence. 

The second approach is that of building systems which 

will solve problems irrespective of whether they use human 

methods or not, i.e. the 'intelligence' they exhibit need 

have no relation to natural intelligence. One example here 

is theorem proving programs employing the resolution principle 

[ 281 . 

Th� line taken in the SDPS system falls somewhere between 

these two extremes. Although a descendant of GPS employing 

the same technique of means/ends analysis as a heuristic, the 

method of obtaining the heuristic information is probably 

closer to the second approach than to the first. 

1.3 Efficiency and Generality 

Another area in which conflicting approaches have been 

made to problem solving is on the question of the degree of 

generality or expertness of the system. Questions of 

generality concern the breadth of the universe of problems a 

problem solver is prepared to work in and the generality is 

achieved by the use of universal methods and universal 

problem representations. The expertness of a problem solver 

is measured by the quality of the answers achieved. 

In general it may be said that the more general a problem 
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solver the less efficient it is. To quote Feigenbaum [11}: 

'A view of existing problem solving programs would 

suggest, as common sense would also, that there is a 

kind of "law of nature" operating that relates problem 

solving generality (breadth of applicability) inversely 

to power (solution successes, efficiency, etc.) and 

power directly to specificity (task specific information).' 

As GPS was originally designed to model natural 

intelligence, little attention was paid to the quality of 

problem solving. The SDPS system uses the same universal 

concepts as GPS and as a result suffers to some extent from 

the lack of problem specific heuristics. 

1.4 Heuristic Search in Problem Solving 

The following formulation of a problem has been described 

previously (21, [8} and has been called the problem solving 

problem. A task environment always contains a set S of 

problem situations and a set F of operators which may be 

applied to elements of S. Given an initial situation s E S 

and a set of desired situations w � S, a solution to the 

transformation problem is then a sequence of operators 

f (f 
1

( ... f
i (s) ... ) )  E w 

n n-

Most problem solvers attack this problem by searching the 

tree of all possible operator applications. The operators 

are in effect partial functions since not every operator is 

applicable to every problem situation. Heuristic search is 
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used if the order in which the nodes are selected is 

determined by the heuristic properties of the nodes themselves. 

The heuristics may be any features of the task environment 

which suggest the potential location of the goal. Heuristic 

search is obviously essential for any non-trivial problem as 

the complete problem tree may be of infinite size. 
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2. MEANS/ENDS ANALYS!S IN PROBLEM SOLVING 

2.1 Means/ends Analysis 

Means/ends analysis is a general heuristic search 

technique employed to order the selection of operators to be 

applied to problem states (9, 28}. An operator is selected 

as a function of the differences between the given state and 

the required state - selection being based on the probability 

that application of the operator will remove at least one 

difference between the states. Differences may be defined 

in a number of ways, e.g. they may be a list of features 

which occur in one state but not in the other, or they may be 

a parti�l list of reasons why the given state does not 

satisfy a test for the goal state, etc. 

Problem solvers based on means/ends analysis usually 

employ a recursive problem reduction approach. If an 

operator is judged as likely to remove a difference and the 

operator is not immediately applicable to the current state, 

a subproblem is set up to transform this state into one in 

which the operator is applicable. 

Nilsson [21} has introduced the concept of 'key operators', 

i.e. operators which must be applied at some staqe in the 

solution sequence. Differences may be used to identify such 

potential key operators. The original problem then reduces 

to the subproblem of transforming the initial state to a state 

in which the key operator is applicable, and the subproblem of 

transformation from this state to the goal state. The 

subproblems may of course themselves be reduced to a set of 
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subproblems. 

Some of the importance of the means/ends approach lies 

in the fact that it appears to be a general technique 

employed by most human problem solvers in certain task 

environments [17}. 

2.2 The General Problem Solver 

The GPS was originally envisaged in 1957 and existed in 

a number of forms until 1969. It is a very general 

multipurpose problem solving program employing the heuristic 

technique of means/ends analysis. The final version has 

been very completely documented in [9}. The following is a 

brief summary of certain features relevant for comparison to 

the SDPS system. 

A problem as specified for GPS consists of: 

(1) An initial object; 

(2) A set of desired objects; 

(3) A set of operators. 

Objects are represented as a general tree structure, 

each node having an arbitrary number of branches. Each node 

may also have a local description consisting of a number of 

attribute-value pairs. 

Two types of operator occur in GPS. The operators 

transform objects into new objects. Schema operators are 

represented as a pair of objects containing variables: the 

first object giving the form of the input, and the second 

giving the form of the output. Move-operators are somewhat 

more flexible. These consist of a set of constraints and a 
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set of transformations: the transformations indicate how the 

input is to be modified and the constraints specify the 

conditions under which the operator may be applied. 

In addition to the problem formulation, it is necessary 

to provide, among other things, the following: 

(1) A set of differences; 

(2) A table-of-connections; 

(3) A difference ordering. 

The table-of-connections provides an explicit user

defined link between the differences and the operators 

relevant to removing them. Differences in GPS are user

specified and the differences detected during problem solving 

consist 1 of a difference type, difference value and the 

position of the node where the difference occurred. 

Operators are selected by retrieving from the table-of

connections those operators linked to difference type. The 

differences are ordered in terms of degree of difficulty. 

GPS uses the standard recursive approach to tree search 

outlined in 2.1, but in fact employs four general types of 

goal. These are: 

(a) Transform object A into object B; 

(b) Reduce difference D on object A; 

(c) Apply operator Q to object A; 

(d) Select the elements of set S which best fulfil criterion c. 

The solution procedure is roughly as follows: If a 

difference D is detected between objects A and B during any 

attempt to achieve a goal of type (a), then a subgoal of type 

(b) is set up. If the table-of-connections indicates that 
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an operator Q is applicable to reducing D it is applied if 

possible otherwise a subgoal of type (c) is set up to make it 

applicable. Goals of type (d) were introduced in later 

versions of GPS to handle situations in which it is necessary 

to select elements of some set of objects on the basis of 

their similarity to a required object structure. 

The type of search is essentially depth first - GPS works 

on a goal for as long as it seems desirable. 

has called this the labyrinthine approach. 

Sandewall [25} 

GPS requires 

differences to get easier and easier as problem solving 

progresses. An operator is rejected if it leads to a 

difference more difficult than the difference for which the 

operat9r was selected. 

GPS has solved a wide variety of problems [9} but is on 

average a very slow performer. However it can work on 

problems requiring both inductive and deductive reasoning. 

2.2.1 Some Limitations of GPS 

The slow speed of GPS limits the variety and complexity 

of problems it can be applied to. 

Labyrinthine search tends to limit the attention of GPS 

to one particular area of the goal tree for considerable 

periods of time. The program requires a more global view of 

the entire task environment and requires the ability to 

select goals globally rather than locally. 

The problem solving actions and the efficiency of GPS 

are strongly related to the particular problem representation 

selected by the user. 
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2.3 The Fortran Deductive System 

The FDS system (22, 23} was developed in the late 1960's. 

It is to some extent a descendant of GPS, employing the same 

heuristic technique of means/ends analysis. 

A problem is specified to FDS as: 

(1) An initial object; 

(2) A desired object; 

(3) A set of operators. 

All objects are represented as prefix polish strings. 

Differences between objects are determined by testing 

corresponding elements in the strings. In contrast to GPS 

there is no explicit linking of operators and differences, 

I 

and no definition of the differences is supplied by the user. 

The system itself sets up tables to detect whether an operator 

is relevant to reducing a difference. 

The operators are specified in the form of compiler-like 

productions. Similar to the GPS schema-operator, they 

consist of a pair of objects: the first object specifying 

the input and the second the output. 

analogue of the GPS move-operator. 

There is no FDS 

FDS differs from most problem solvers in that it does 

not employ tree search. 

approach is used. 

Instead a top-down depth first 

The procedure is roughly as follows. 

The top level consists of the initial object s, the 

desired goal g and an ordered set of operators relevant to 

removing differences between the strings. The ordering of 

the operators is based on the probability that the operator 
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will remove a difference. 

The first operator is selected from the list and matched 

with string s. If it can be applied, a new string s' results. 

The level is increased by one and the initial and goal string 

at this level are s' and g respectively. If an operator is 

not applicable a subgoal g' is set up, the level is increased 

by one, and the initial and goal string are s and g' 

respectively. A new ordered set of operators is generated 

for this level. 

The procedure continues in this way. If a subgoal is 

solved the operator which gave rise to it is applied and 

search continued. As each new (s,g) pair is generated a 

goal te�t is applied. 

If the depth bound is exceeded without a solution being 

obtained, the level is decreased by one and the procedure 

restarted. If all the operators at a level are exhausted 

search is restarted at the next higher level. 

Search continues until either a solution is obtained, 

the allotted time is exhausted or all operators have been 

attempted without success. 

2.3.1 Some Limitations of FDS 

The major drawback of the FDS system lies in the top-

down approach. Although it prevents the explosive growth 

of nodes which may arise in standard tree-search procedures, 

efficient search requires a highly selective ordering of the 

operators to be applied at each level. If an incorrect 

operator is selected at a fairly high level above the depth 
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bound, the search below that point will effectively be blind 

in that all operators below that level must be exhausted 

before control returns to the level. This type of search 

gives little idea of the heuristic power of the methods used. 

By overwriting paths which may already have occurred at 

a lower level, FDS tends to repeat steps until a sufficiently 

high level is reached for a complete solution sequence to be 

obtained. This type of repetition is far simpler to isolate 

in tree search and again detracts from the efficiency of the 

system. 

The only criterion of efficiency used in FDS is that of 

time to solution. This makes it difficult to draw 

comparisons with other problem solving systems as the time 

taken is to a large extent dependent on the language used, 

the machine the problem solver is implemented on, etc. A 

measure of efficiency such as penetrance [6} in tree search 

would enable a better test of the formal type of means/ends 

analysis used in FDS. 

The lack of an operator similar to the move-operator of 

GPS makes the formulation of certain type of problem 

extremely awkward. However this type of operator would be 

very difficult to incorporate in the FDS structure. 

2.4 The SDPS system 

The problem solver under consideration was originally 

developed along the lines of the FDS system. As a result 

the formal concepts of operators and differences are similar 

to those used in FDS. 
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When the problems inherent in the top-down approach to 

search were discovered by practical observation, it was 

decided to adopt the more conventional method of tree search. 

However the approach taken is not that of the GPS labyrinthine 

search but is more similar to the backing-up techniques of 

MULTIPLE [27, 28}. When an operator has been applied or a 

new subgoal set up, the new node is evaluated and this value 

backed up through the tree. Each node in the tree has 

associated with it the name and value of its best successor. 

It is then a fairly simple procedure to determine the 

potentially best node in the entire tree and this node is 

selected for expansion. Sandewall [25} refers to this as the 

best-bu� method of tree search and the intention of using it 

is to get an overall view of the partial state of solution of 

the problem. The method differs from that of MULTIPLE in 

that only one successor of a node is generated at a time 

whereas MULTIPLE expands all immediate successors before 

evaluating the nodes. 

SDPS employs only one type of goal as opposed to the 

four used by GPS. This goal is the equivalent of GPS goal 

type (c), i.e. apply operator Q to object A. GPS goal types 

(a) and (b) are implicit in the SDPS design and there is no 

SDPS analogue of goal type (d). 

The SDPS system is thus a general problem solving 

program employing heuristic search techniques based on a 

formal concept of means/ends analysis. It defines its own 

differences and table-of-connections and employs a general 

technique of tree search to discover a solution sequence of 

operators. 
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3. THE SDPS SYSTEM 

3.1 The Task Environment 

The system works within the framework of the standard 

heuristic search problem paradigm. A problem specification 

consists essentially of a triple (s, F, t) where s is an 

initial (given) object, t is a desired object and F a  set of 

operators. The operators transform object states to new 

object states in the state space. A problem is considered 

solved when a solution sequence is obtained, a solution 

sequence being a sequence of operator transformations 

f (f 
1

( .... f (s) ...• )) h 
n 1 n- i 

where h is equivalent to the goal object t. 

No attempt is made to optimize the solution sequence in 

the sense of finding the shortest path from the initial state 

to the goal state. 

3.2 The Representation of Objects 

The set of symbols used to represent objects consists of 

a finite set of constant symbols C and a countably infinite 

set of variables V. These form the alphabet of the problem 

space. 

The constant symbols are programmer-defined and are 

specific to the problem under consideration. 

the context of the problem. 

They provide 

Formally, the set C consists of the union of all sets 
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c. where C. is the set of all constant symbols of degree i. 
l l 

The sets are non-intersecting, i.e. no constant symbol may 

have varying degree. 

� in the context of propositional calculus, the set 

c 0 
fP, Q, R} where P, Q, R are propositions of degree 0, 

Ci 
[~l, a unary operator, and C

? 
the set of binary operators 

The variables V are not problem specific - they are 

considered as free variables and are represented as V., i > o. 
l 

The use of constant classes is a convenient method of 

grouping similar constant symbols for various types of 

problem, e.g. the use of classes of similar operators in 

group theory. 

The classes form a cover D for the set of constants 

where D = U D. (i = 1, ... ,m). All the constants in D. are 
i 

l l 

of the same degree for all i and every constant symbol is in 

at least one D .. 

All constant symbols are held in a symbol table giving 

their degree, class, etc. 

Objects in SDPS are represented conceptually by tree 

structures. The constant symbols of degree greater than 

zero form the non-terminal nodes, variables and constants of 

degree zero form the terminal nodes. Formally an object may 

be defined as a well formed structure as follows: 

(1) A variable or constant of degree zero is a well formed 

structure. 

(2) A node of degree n with n ordered successor well formed 
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structures is a well formed structure. 

The ordering concept is necessary to allow comparison 

between structures. 

� in elementary algebra, the expression ((-A)+ B * (C-D) )/E 

could be represented by the tree in Fig. 3.1. 

Figure 3.1 

Note that the first minus sign J_s unary. 

defined are n-ary. 

The trees as 

Two object structures may now be compared in terms of 

the relative positions of their substructures. This requires 

some method of numbering or ordering the node s to allow 

direct references to any subsection of the tree. 'l,.he nodes 

of the structure are numbered in the order in which they 

would be visited by some fixed technique of traversing the 

tree - in SDPS pre-order traversal is used and any reference 

to traversing an object tree will mean pre-order traversing. 

Pre-order traversal means that the root node is the first 

visited and is assigned the positional value of one. Any 

other method of traversing or numbering could be used 

provided consistency is maintained. 

Pre-order traversal for binary trees is defined recursively by 

Knuth (14} as: 

(1) Visit the node; 
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(2) Traverse the left subtree; 

(3) Traverse the right subtree. 

Although the object structures are in fact n-ary trees, 

any n-ary tree may be simply transformed to a binary tree [141. 

The transformation is achieved by linking together the sons 

of each node and removing the vertical links except between a 

father and his first son. 

The system does not, as yet, consider an object as a 

forest, where a forest is defined as an ordered set of O or 

more trees. This is possibly a more flexible approach than 

the above, as an object structure could be considered as a 

set of attributes. 

In practice it is found that virtually all object 

structures arc already binary trees, as the operators in most 

theories considered are either unary or binary. 

As a basis for comparison between objects and to 

facilitate the discovery of differences between them the 

following terms must be defined. 

The size of the tree N(s) is the number of nodes in 

tree s. 

The symbol s. is the value of the i 'th node (as 
l 

determined by the traversing). 

S (i) is defined as the subtree rooted at node L 

The direct successors of any node are ordered in terms of 

first son, second son, etc. The ordering is from left to 

right and any refercnc0 to the i 'th direct successor of node 

j is defined by the relationship in which the sons stand to 

the parent node. 
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/ � 
A B 

A is considered the 

first son, B the 

second. 

The tree structures used are usefully flexible as 

virtually any problem object can be defined in terms of them. 

3.3 The Storage and Retrieval of Objects 

Objects in SDPS are stored by filing them in a binary 

tree structure similar in concept to the canonical tree of 

GPS. 

To facilitate comparison between problem structures in 

the goal tree each object is given a unique name when it is 

first generated. �1e objects are filed in node number order. 

The nodes in the discrimination tree contain 5 items, 

packed for storage efficiency: 

( 1) rffiC; value of the node; 

(2) The name of the node; 

(3),(4),(5) 

The left branch, right branch, and the parent of the node. 

The boolean procedure NAMELT is used to file the strings 

and to determine whether the particular string is already in 

existence. Filing is done by comparison between the value 

of the node and the value at the current position in the 

string. If a match is obtained the right branch is taken 

and the st.ring pointer incremented; if tlwre is no match the 

left branch is taken. If the end of the string is reached, 

the node is tested to determine whether the string has been 
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named or not. If at any stage of the procedure the right 

branch is empty, the rest of the string is filed to the right 

of the node. If the left branch is empty, the first value 

is filed to the left of the node and the rest of the string 

filled in to the right of the new node. 

� Given structures with ordered nodes 

to be filed 

the tree would be 

l 

Figure 3.2 

-+ABC 

-BC 

+AB 

-+ABD 

The numbers indicate the order of filing. 

The filing procedure allows for fairly quick 

identification and storage of objects. It is well suited to 

the notation used as a large number of the objects generated 

during solution of a particular problem have the same initial 

sequence of symbols, leading to the �,aving of a quite 

considerable amount of storage. 

The name of the structure is the number of the last node 

in the string, e.g. in the above tree the object - +AB D has 
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name 11. 

The structure name is used to retrieve strings from the 

tree. The object is obtained by backing up from the named 

node to the top node, returning in order the values of those 

nodes reached by a right branch from the parent. 

Once a string has been retrieved it i� transformed 

(procedure POSMAP) into a tree-like structure by providing 

forward and backward links between substructures. This 

mapping facilitates manipulation of the objects during the 

detection of differences and the selection of operators. 

3.4 THE COMPARISON OF OBJECTS 

To facilitate the comparison of objects it is necessary 

to consider the following concepts. 

Roughly speaking two structures arc equivalent if they 

have the same shape and each node contains the same information, 

i.e. they have the same interpretation within the probl8m 

environment. Formally two objects s and t are equivalent if 

N(s) = N(t) and for every ordered node i in the structures 

either 

( i) 

(ii) 

s. = t. = V. for some J, i.e. both nodes equal t.he same 
l.. l.. J 

variable, or 

s., t. 0 D
k 

for some k. 
l.. l.. 

Substitution for any of the terminal nodes V. is allowed, 
l.. 

provided this substitution is consistent throughout the 

structure. A substitution function sub (V., u, s) is 
l.. 

defined as the object structure which results from replacing 

each occurrence of the variable V. in the structure s by the 
l.. 
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well-formed structure u. 

A structure may be a substitution instance or 

specification of another structure, written sSt:.. 

s st if there exists a substitution sequence 

(sub (V . . , U . , s ) , j iJ J 
l , . . . , n ) such that:. s and 

Formally 

sub (V. , U (sub (V. 
1

, U J ( ... (sub (V
i
.J_' u1

, t)))))) are 
in n i n- n-_ 

equivalent:.. 

The s true tures s, t:. in Figure 3. 3 are s S t. 

s and t 

Figure 3.3 

The relationship of correspondence J_s used to compare 

elements within structures. It may be defined recursively 

as follows. Given two object structures s and t 

(i) s J C t
i
, i.e. the root nodes correspond, 

(ii) s. C t:.. if there exist nodes P,, rn such that 
i J 

(a) 

(b) 

( C) 

s C t '
(! m 

s" s t 
v rn 

s(i) and t(j) are the n'th ordered sons of nodes 

s
1

, t:.
m 

respectively. 

/� 
A I3 

Figure 3.4 

�3-:.. given the structures in Fig. 3.4 then s
i

c t
i
, s

2 
c t

;, 

and s 3 C t 5• 
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3.5 A FORMAL CONCEPT OF DIFFERENCES 

Differences between structures are selected by the 

syntactic concept of elements which correspond to each other. 

Differences occur when two corresponding elements arc not 

specifications of each other. If the element in the second 

object is a variable, the first element is substituted for it 

throughout the object and differences are again taken. 

The advantage of this definition lies in its generality 

- it is in no way dependent on the particular task under 

consideration. 

A difference between two objects s and t is an ordered 

pair (t', k) where t' = some t
j 

and t
j 

C s
k

. 

The difference set between two structures s and t is 

defined as 

( 1) The set of pairs (t', k) such that t' 

(a) t. C s
k J 

(b) t. is not a variable 

( C) t. is not a specification of s
k. J 

some t. and 
J 

(2) The set of pairs ( t' , k) such that t' -- t. and there 

exist JL m with the properties 

(a) s C t 
m p 

(b) t
p 

is variable 

( C) (t' , k) belongs to the difference set between 

sub (t
f'.
, s (k), t). 

� given the two objects in Fig. 

s / � 
-1- 2 Vl 

5 

"' 
b 3 

VJ 
4 

Figure 3.5 

t 
+ 

/ 
,/ 2 

/� 
a 3 b 

� 
C 

4 

s and 
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the differences would be (a, 3) by (1) above, and (c, 5), 

(b, 4) by (2) above. 

This definition of differences is rather limited in 

scope and in certain circumstances provides not much knowledge 

about the problem under consideration. 

� between structures in Fig. 3.6, the only difference 

detected is (-, 1). 

Figure 3.6 

3. 6 '11HE REPRESENTATION OF OPERATORS 

Opera tors in SDPS are held in the same form c1s schE!rna 

operators in GPS. An operator consists of a pair of objects, 

written I: = 0, in which thG first (left hand) object gives 

the form of the input and the second (right hand) object. gives 

the form of the output.. 

variables 

The operator objects usually contain 

Operators are applied to an object by matching the input 

of the operator either to the current structure or to some 

substructure within the object. If the structure is not a 

substitution instance of the operator input, the operator 

cannot be applied. If it is a substitution instance, U1e 

particular set of substitutions required are isolated and are 

used to replace the same variables in the output object. 
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The set of operators is called F and individual operators 

are f . E F, i = 1 , ... , n. 
l 

Operators may be applied at any 

node in the object. The notation f .. will mean that opera tor lJ 

f. is to be applied to the structure rooted at node j. 
l 

� given rule f
i 

above to be applied to the object is 

Fig. 3.7(a) at the top node, the result of f
ii

(s) is 

Fig. 3. 7 (b). 

Figure 3.7(b) 

Figure 3.7(a) 

/ � 
A B 

/ 

/ '\ 
+ B 

/\ /\ 
A B B C 

C 

The substitutions required to make the object a 

specification of the operator input are (V
i
, + AB), (V 2 , - BC). 

In using the concept of differences to direct the search 

for a solution it is necessary to have some technique of 

linking differences with those operators likely to remove 

them. In GPS these links are defined explicitly by the 

table-of-connections. 

To this end it is necessary to have some efficient 

method of assessing the effect of applying an operator at any 

node. Even if the operator cannot be applied immediately, 

there must be some technique of determining the possible 
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effects if it could be applied at a later stage in the 

solution process. Before initiating the search for a 

solution the operators are analyzed by means of a rough 

matching technique between the input and output structures of 

each operator. 

Application of an operator will tend to modify the 

'shape' of the object tree as well as changing the values of 

the nodes. The analysis of the effect of changes is therefore 

done in terms of the effective position within the well-formed 

structures, i.e. at those points at which the shape is 

similar. 

Fig. 3.8 

- 1 

,// 
.--, 

// 
V1 

3 v ? 
4 

(a) 

Figure 3.8 

V:, 2 
v, 

I 

- 1 

/// "''," 
V 3 ,1 V :) 

(b) 

The shape of the object has been altered and the effects 

of the changE: would be noted in the right hand structure only 

at those points at which the two structun)s roughly match, 

i.e. at node 1, 2 & 3 in (b). Node 1 is unchanged, node 2 

has become V
1 and node 3 is now a minus sign. 

nodes are effectively ignored. 

The other 

As differences are defined in terms of elements which 

correspond to each other it would appear logical to analyze 
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the operators only i�t.o. the differences which arise between 

the input and output objects - the operators are then capable 

of removing these differences. This approach was initially 

attempted and found to be somewhat too restrictive. As a 

result the concept of comparing only those elements which 

correspond to each other is not used, i.e. it is not necessary 

for matched nodes to have parents which are specifications of 

each other in order to determine the effects of modification. 

� rule V 1 + (V:, - V 3): = (V 1 + V;c,) - V3. 

V ;c, 
l 

Figure 3.9 

(a) 

1 

V 4-
? 

(b) 

'rhe only difference which would be detected is at the 

top node (-, 1) as any lower nodes would not correspond to 

each other in terms of the definition. However tlie analysis 

is taken a step deeper to include nodes 2 and 5 in (b). 

This has the offect of providing a deeper knowledge of the 

operator effect. 

When an operator is applied to a structure, two types of 

symbol may be distinguished in the output object. Firstly 

there are those symbols which are constants in the r.h.s. of 

the operator and which remain invariant for any application 

of the rule. Secondly there are those variable symbols 

whose values in the output object are dependent on the 
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root. The value recorded here is however a pointer to the 

second table which records the position(s) of the variable in 

the input object by showing the relation of the variable to 

the root node of the input. Again if a variable is in the 

same position in both the input and output its value is not 

recorded. The second table may be used to quickly find the 

substitution value of any variable by applying the same links 

to the current object. 

During analysis a value is o.ssociated with each operator 

as a measure of its complexity. This value is used as a 

parameter in evaluating the 'worth' of any operator in 

removing some set of differences. The current tendency is 

to attempt to use the simpler opera tors first, as 'more' is 

known about the effects of an operator application and 

usually less effort is required to make an operator applicable. 

The complexity is determined by such factors as the size! of 

the input and output objects (smaller structures being 

favoured), the difference in size and general shape, the 

number of positions at which the values are altered, etc. 

3.7 TIIE SELECTION OP OPERATORS 

The purpose of applying any operator is obviously to 

reduce the differences between the current object u.nd the 

goal object. The operators selected must be ordered in 

terms of their potential usefulness. Similarly to GPS the 

aim is to select operators which make the problem ec1sier and 

easier. However whereas GPS will abandon completely a line 

of approach which is considered to be getting more difficult, 
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such operators in SDPS are not rejected but they receive a 

low estimate of potential worth. As difficulty of problems 

can only be measured by the number and type of differences 

which occur, the aim is to select operators which remove more 

differences than they introduce. 

To select operators a look-ahead procedure, similar in 

concept to Sandewall's use of images [24), is carried out. 

The differences selected by the method of section 3. 5 are 

called zero-level differences. An operator will remove a 

difference (t', k) if the value at node k is transformed by 

the operator to be a specification of t'. To achieve this 

the operator must be applied to some structure containing 

node k. 

Each difference (t', k) is selected in turn and the 

following procedure applied for each operator f., i = 1, ... ,n. 
l. 

The structure at node k is isolated and the first entry for 

the operator in the fir::� t table above is inspected. If it 

is a specification of t' 

zero-level operator. 

the operator f .
1 

is included as a 
l S: 

It is then necessary to consider those structures 

containing node k. f is set initially to the parent node of 

k and the matching procedure applied to the structure at node 

p. -� is then reset to be i l:.s own parent node and so on .. 

The cycle of backing up and matching is continued until the 

root node of the object structure has been dealt with. 

In dealing with each structure containing k, the first 

table is examined to determine whether there is an element 

loosely corresponding to k, or to some substructure containing k. 
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If such an entry exists and is a fixed constant which is a 

specification of t', the operator f. n is included in the set 
l X, 

of zero-level operators. 

If the entry is that of a variable, the second table is 

used to identify the required substitution in s. If there 

is an element, say s , 
m 

in this substitution structure which 

matches sk and is a specification of t', then f
iy 

is included 

as a zero-level operator. 

If the element s is not a specification of t' the 
m 

following situation arises. If s could be transformed to a 
m 

specification of t' then the opera tor f. 1 under consideration 
l} 

could be used to remove the current difference. A new 

difference ( t ', m) is thus in traduced with the hope tha.t if 

this difference could be removed, application of the current 

operator would remove the current difference. The difference 

(t', m) is added to the set of first-level differences. 

W11en all the zero-level di ffcrences 11ave been dealt with 

the c;c 1. of first-level differences is handled in exactly the 

same way. Any operators which remove these differences are 

placed in the set of first-level operators. Again the 

examination of these differences may lead to th1:; discovery ri r 

second-order differences, and so on. 

This 'look-ahead' for potential operators is halted 

either when a pre-determined level of differences is reached 

or when the n'th level of differences is empty. No operators 

or differences are added to a set if they already exist in 

this set or a lower set. 

The selection of operators is based only on the 'rough 
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matching' concept embodied in the tables. There is no test 

as to whether the structure the operator is to be applied to 

is a specification of the operator input. 

3.8 ORDERING OF OPERATORS 

Operators must be ordered in terms of their potential 

ability to remove differences. The node under consideration 

in the goal tree then retains the ordered .list of operators 

relevant to its own differences. 

The factors taken into account in evaluating the worth 

of an operator include the following: 

(1) The various levels at which the operator was generated 

i.e. the level of difference the operator would remove. 

If an operator can remove a zero-level difference its 

value is obviously greater than one which could remove, 

say, a fourth-level difference. 

(2) The number of differences which generated the operator. 

( 3) 

An operator which can remove a number of differences is 

of greater value than one removing only one difference. 

'l'he complexity of the opera tor. Simpler operators tend 

to get preference as there is usually less work involved 

111 making the operator applicable and more is known 

about the effects of the operator. 

(4) W11ether an operator contracts or extends the object in 

reL:1tion to whether the current object:. must be contracted 

or extended to attain the goal object. 'l'be tendency is 

to modify structures towards the required size. 

(5) The potential amount of work required to make the operator 
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applicable. This is measured by comparing the operator 

input to the structure and making a quick estimate of 

the differences. Operators which can be applied 

immediately have higher value than those which require 

the setting up of subgoals. 

(6) A small factor which relates Lhc size of the object 

substructure to the size of the operator input structure. 

Each of the factors has a bias attached to it which can 

be varied by the user to increase or decrease the effect of 

any factor. It is found that in different task environments 

some factors tend to be more effective than others. 

3.9 THE STRUCTURE OF THE PROBLEM SOLVING TREE 

'I'he problem solving tree is a disjunctive goal tree 

generated during the search for a solution by the selection 

and application of operators thought likely to remove 

differences between object structures. 

Each node in the tree is essentially an independent 

definition of a particular subproblem. 'I�e root node defines 

the original problem supplied by the user. The nodes 

contain packed information such as the name of the current 

object, i.e. the object resulting from a particular sequence 

of operator applications, the name of the desired (goal) 

object, an ordered list of operators relevant to reducing 

differences between the objects, the value of the node?, the 

best successor of the node, the level of the node, the 

operator which generated this node, etc., as well as linkage 

information. Nodes are linked by a pointC?r to the parent 
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node, a pointer to the first son and a pointer to a brother 

node (Fig. 3.11): 

Figure 3.11 

For each node the subproblem is to reduce the current 

object to the desired object. 

If an operator can be directly applied to the current 

object at a node, a new node is generated as the son of the 

node under consideration. This node has the same goal 

object as the parent node but the current object is the 

result of applying the selected operator to the current 

object of the parent node. 

If the selected operator cannot be applied directly a 

new son is generated containing the same current object as 

the parent but the new goal object is constructed in such a 

way that solution of the subproblem defined by the node will 

transform the current object to a state in which the operator 

is applicable. Assuming the object is to make operator f .. lJ 

applicable, the goal is constructed recursively as follows. 

Let O mean any operator of degree n - in effect this is n 

a variable with degree. Given any node j in the object 

structure, let h(j) be a function which returns a value m if 

j is the m'th son of the parent node. A goal object t is to 

be constructed. The following algorithm is performed: 
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(1) set t =  input object of operator i; k J • 

(2) If k is the root node, exit. 

( 3) Set m h(k), k = parent (k). 

(4) Let P be the highest index of a free variable in t and 

let the degree of k be n. A tree Tis constructed s.t. 

the root node is O and the ordered sons cl.re Vr 1, ... , n /+ 
V l' 8+m-_ 

t, vn1 +11••-,v0 . 
r,--m v+n 

(5) Set t = T and go to (2). 

At completion of the algorithm the structure t is of 

essentially the same shape as the current object. 'IIJ:1e 

structure rooted at node j of the current object corresponds 

to the input structure I. of opercl.tor i. 
l 

All other 

non-terminal nodes in t are variable operators corresponding 

to the equivalent operc1.tors in struc t.urc s and all other 

terminal nodes arc free variables corresponding to elements 

of s. 

s ( j ) 

The only differences detected will thus be be twc"en 

and I .. 

Current object Fig. 3.12(a). If the aim is to apply £12 

to Fig. 3 .12 (a), the qoa1 structure 1A1ill be cl.S in Fig. 

3. 12 (b) : 

(a) 

On 

// ·� + 
/ � 

V7 V;, 

(b) 

Figure 3.12 

The depth of search in terms of the number of levels of 
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subgoals generated in the a U:.cmpt to make an opera tor 

applicable is limited by a user supplied parameter n. The 

top node is given the subgoal level of n. If a subgoal is 

generated it is given level n-1, and if a subgoal of this 

subgoal occurs it has level n-2 and so on. If a successor 

node is reached by the direct application of an operator it 

is given the same level as its parent. If a subgoal is 

developed with a level of less than zero it is ignored. A 

distinction must be drawn between the subgoal level of a node 

and the depth of a node. 'l7hc subgoal level is the number of 

subproblems the system has 'looked ahead' in order to make an 

operator applicable. The depth of any node n is simply the 

number of nodes on the path from the top node to node n and 

is defined as the depth of its parent plus one. The top 

node hus depth one. 

When a new node is generated it is necessary, in ord0r 

to prevent cycling, to determine whether the particular 

subproblem has been attempted previously. 'l'he testing is 

done by holding all previously generated object pairs. Dy 

filing each structure in the canonical tree� it can be 

determined whether a stxucture has occurred before. If both 

the current structure and the goal structure of the node are 

not new, a binary search is employed to isolate the current 

object in the list of generated first membf::,rs of the objec t. 

pairs. The goal object is then compared with a linked list 

of goal objects allied with the particular initial obj cc t. 

Comparison is by canonical name. 

If the pair has occurred previously at a depth much 
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greater than that of the newly generated node the sub tree 

rooted at this node is transferred to the new node as a 

shorter path to a goal is now possible. If the matched pair 

is at a depth less than or equal to the depth of the current 

node, the current node is simply deleted and the next best 

node selected for expansion. 

When a new node has been generated it is necessary to 

detect the differences, if any, between the current object 

and the goal object. If there are any differences a 

(possibly empty) list of operators relevant to reducing the 

differences are generated and linked to the node. If there 

are no differences the current object is a specification of 

the goal object and the subproblem is solved. If the goal 

object is in fact Lh<c, original goal the entire problem is 

solved - the node is marked and a backing up procedure applied 

to isolate the �,olu tion pa th. 

If the goal object is not the top goal it is necessary 

to select the opera t_or which generated the particular su1YJOal. 

This is done by backing up through the tree to the point at 

which the subgoal was first set up. This operator is then 

applied to the current object and a new node is generatc,d to 

contain the result. As the subproblem has been solved the 

subgoal level of this node is incremented by one. The goal 

object is then that which was c1imed for immediately before 

the subgoal was generated and is obtained from the parent 

node of the original subgoc1l. 

The new node is then put through the same sequence of 

difference detection, selection of operators, etc. 
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3.10 LIMITATION OF OPERATORS 

For efficiency in terms of time and space it is necessary 

to attempt to restrict the set of operators attached to each 

node as far as possible without eliminating those operators 

necessary for a solution. �1is restriction is achieved in 

two ways. Firstly by limiting the number of levels of 

difference and hence levels of operator by a given parameter 

(section 3.7) and secondly by keeping track of th<2 purpose of 

subgoals. 

When a subgoal is originally established it is in effect 

an independent subproblem. As a result it has no knowledge 

of the original differences which the operator would remove 

and little knowledge of the position the operator is to be 

applied to. It is necessary for the subproblem to be viewed 

in terms of some global strategy rather than in isolation as 

the danger arises that in transforming a structure to match 

the subgoal the final application of the operator may not 

remove the differences it was originc1lly intended to. 

When operators are selected by examining the second 

analysis table it is on the basis that some element of the 

structure s would remove a difference if transferred to the 

position corresponding to the difference. Such elements arc 

considered 'essential elements' of Li1c operator. If during 

transformation of the object the position or ?alue of such 

elements is altered, application of the original operator 

would no longer remove the difference. 'rhe position at which 

the operator is to be applied must be held constant for the 

same reason. 
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Each subgoal thus contains two additional items of 

information, viz. the position of the operator which gave 

rise to the subgoal and the position of its 'essential 

element'. One or both of these may be empty: an operator 

may be to be applied to the root node in which case no 

transformation could alter its position and an operator may 

be selected from information in the first analysis table, 

i.e. the difference is removed by fixed constants in the 

table. The information is held as a packed linking structure 

showing the relationship to the root. 

Any operator generated below a subgoal is tested to 

determine whether it destroys the purpose of this or any 

higher subgoal. Any such operators are deleted. 

3.11 THE EVALUATION AND SELEC'rION OF NODES 

In order to select any particular node for expansion it 

is necessary for each node to have some value indicative of 

its potential worth. Each node has an ordered set of 

opera tors, together with their values, attached to it. 'l'he 

node value is determined by a function of the n best operators 

at the node together with factors based on the depth of the 

node in the tree and the level of the node :in terms of 

subgoals. n is a user-supplied parameter - if there arc� 

less than n operators then only these operato:::-s are considered. 

As the operators are to some extent ordered so that 

operators which can be applied directly are favoured over 

those which require modification of the object., the tendency 

is to favour nodes which do not give rise to new subgoals. 
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The depth and subgoal level factors tend to favour those 

nodes nearer the root of the tree i.e. to add a bread th

first dimension to the search and those nodes which tend to 

be in the upper subgoal level. 

is exhausted have value zero. 

Nodes whose onerator list 

Every node in the tree contains the name of its best 

successor - if the node itself hus a greater value than any 

successor it is considered its own best successor. When a 

node n is expanded it is re-evaluated in terms of the reduced 

operator list. Its new successor node m is also evaluated 

and the best successor of node n is selected. A backing-up 

procedure then alters, if necessary, all best successor names 

on the path from node n to the root node; if at any stage no 

alteration is necessary U1e procedure is halted. Only this 

pa th need be considered as all other nodes in the tree re tc1in 

their best successor values. 

A new node is initially given some user-supplied bias 

value to allow the system to force Ll1e search to some extent 

to follow a current pat:.11 of solution before selecting another 

node. The bias decreases with increasing depth on a path. 

The best successor of the top node is then the best node 

in the tree and is selected for expansion. If there is no 

best successor the problem is unsolvable. 

The backing-up procedure is similar to that of MULTIPLE 

[ 27 l: the mJ.jor difierence being thdt any node in the tree 

may be selected whereas MULTIPLE only deals with tip nodes. 
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3.12 OUTPUT OF RESULTS 

The problem is solved when there are no differences 

between the current object and the original goal. In this 

case a backing-up procedure stacks the sequence of 

transformations from the goal node back to the root and 

outputs these in the correct order together with the series 

of operators applied. 

The problem is unsolvable if there are no nodes 

containing operators left. The procedure is also halted if 

the maximum time specified by the user is exceeded. 
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4. A FORMAL APPROACH 

A formal approach is considered in an attempt to clarify 

the conditions under which the SDPS algorithm would be 

successful or unsuccessful. Ernst (8} has derived sufficient 

conditions for the success of the GPS algorithm. These 

conditions depend, however, on the ability to establish a 

fixed ordering on the static set of differences and on an 

explicit linking of the operators and differences. Ernst 

has noted that if a 'triangular' table of connections can be 

established convergence of the algorithm is assured. 

Banerji [2} has developed a similar model and has derived 

a series of axioms under which a GPS-like algorithm will 

achieve success. 

Both of these approaches are too inflexible to fit the 

SDPS model and the approach of this chapter will be merely to 

note the conditions under which the solution to a problem can 

be derived from the SDPS concept of differences. The model 

of a problem used is based on a general type called a W-problem 

by Banerji. 

4.2 THE MODEL 

A W-problem is a triple< S, F, T >where S is a set of 

situations (states), T a  subset of S called the goal states 

and F a  set of partial functions on S x S. The set of 

situations to which an operator f .. is directly applicable is 
lJ 

denoted by S
f ... 

lJ 
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Given a W-problem and an initial state s0 E S  a solution 

sequence for s 0 is a sequence of functions 

The length of the solution is n. To simplify matters 

the notation f for f. . will be used where no confusion m lmJm 
could be caused. 

The general aim in constructing a problem solver is to 

select some strategy for the construction of a solution 

sequence. Most heuristic strategies of this type are 

concerned simply w ith the selection of the next operator to 

be applied; see e.g. Nilsson [21}. However, a strategy for 

a subgoal bui ld ing algorithm must have the ability to 'look 

ahead' for operators to be applied later in the sequence, and 

to select operators relevant to reaching a state in which 

these operators may be applied. 

The first concept to be defined is that of distance from 

a goal. A state s is at a distance i from a goal state if 

there exists a solut ion sequence for s of length i. 

Let B' be 

the transitive closure of B, i.e. if S i B' s1 then the state 

S j can be reached from si by a f inite sequence of operator 

applications. 

Let G
j k be any particular sequence s. t. sj B' sk and let 

G
j l{ be the set of all such sequences. 

A set T. is defined as the set of all states s of d istance 
l 

i from the goal state t such that the sequence of operators 

will not reproduce s in some Tk' k < i. 
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Formally, let T = t and for i > o. 
0 

T. 
1 l+ 

[sj(:3f)(f E F & f(s) E Tl.) and ;if G . l E G' . l O,l+ 
. 

O,l+ 

such that a subsequence G . 
k 1 

will reproduce s 
O, l- + 

in Tk for any k + 1} . 

Obviously the sets are not disjoint but cycling is 

avoided by the second condition. 

4.3 DIFFERENCE-DERIVABLE SOLUTIONS 

Although it is possible to consider problem solving 

strategies based on the sets T. more flexibility is required 
l 

to consider both the concept of subgoals and the idea of a 

strategy based on differences. 

Rather the set of states is considered for which a 

difference-derivable (DD) solution of some length exists. 

Formally the set V. consists of those states s of length i 
J_ 

from the goal such that s E Ti and such that a DD solution 

exists for each s. Obviously V. c T .. 
J_ - l 

As any problem may 

have a number of DD solutions the sets are not disjoint. 

To handle the concept of subgoals it is necessary to 

consider the solution of problems in which the goal is not the 

original t. In SDPS a subgoal is used to transform a state 

to one in which a specific operator is applicable. If f .. 
lJ 

is to be applied then the current state s must be transformed 

to the set of states in which f .. is applicable. lJ 
m 

states is denoted by sf .. 
(s ) . 

lJ 

This set of 

A new set of states z. is introduced. 
l 

These are those 

states of distance i from a goal 

solution sequence is DD. If Z 0 

Z = S (s) for which a 0 f .. 
lJ 

= t then Z. = V. for all i .  
l l 
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m s E z. and a DD solution sequence . 
l 

then f i(sm) does not necessarily 

belong to z. 1. 
l-

This is due to the possible occurrence o f 

additional subgoals in deriving the sequence. 

0 Let the ordered pair < s , t > represent the problem of 

0 transforming s to t. A solution to the problem could be 

considered as an ordered sequence of operator applicati ons 

represented by an ordered n-tuple 

Note 

l Let F (X) denote the set of operators discovered by the 

SDPS method given state si and goal X .  A solution G to a 

problem is difference-derivable (DD) i f either 

(a) 
0 s s t, i.e. s F: 'T' 

�o' or 

(b) :3 some fk (" G n F0 (t) such that the ordered solution 

0 0 (f 1 , f 2 , • • •  , fk_1) to the problem < s , s
fk

(s) > is DD and 

k-1 o ) for some particular s F: Sfk(s) the solution (fk+i•···, fn 
k-1 . k-1 to <� fk(s ), t > is DD . (s · is the result of the correct 

solution to the first problem.) 

i.e. 0 then s 

Z k. n-

E 
zk-l and i f z

0 
= t then 

The ordering of the solution to the subproblems is 

essential - if it is solved by another sequence the resulting 

k-1 S may not be the correct state in the context of the 

entire problem. 

Loosely the definition implies that for each node 

m < s , X > on a solution path in the goal tree SDPS must have 
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in the set of operators either f 1 or some f in the correct 
m+ p 

sequence. At each state in the path SDPS must at some stage 

be able to select the correct operator to be applied to that 

m m state, i.e. given s the differences between s and the 

current goal must at some depth of subgoal generate f
m+l· 

This operator is obviously only valid if the current goal is 

on a correct path. 

m For each state s , (m = o, ... ,n-1) which is correctly 

attained on a DD path we may consider the state sm+l as 

m derivable from < s , z > for some goal Z if one of the 

following holds: 

(a) 

(b) 

( C) :3 some fk E Fm (Z) n G such that sm ,I sf 
k 

m+l . -:i • bl s is Qeriva e m from <: s , > -

and the state 

A solution to a problem < s, t > is thus obviously not 

DD if at any stage it is not possible to generate the correct 

successor to a state. 

In terms of the concept of DD solutions it may be 

informative to reconsider the conditions under which a 

particular opera tor f. . is selected. lJ 

Zero-level differences are selected by the method of 

section 3.5. The higher level differences are generated as 

described in 3.7. 

For any operator f. let I denote the input structure and 
l 

0 the output structure. For any two structures s and t, let 

sk L t
m 

mean that element sk E s loosely corresponds or 

matches to element t E t. m This concept of loose 
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correspondence need not be the same as that of SDPS. 

To select a particular operator f .. it is necessary that 
l] 

some difference (t', k) exist such that one of the following 

three conditions holds. Any reference to Ip E I will imply 

that I 1 C s., i.e. the matching is against substructure s(j). 
J 

1. (a) 

(b) 

( C) 

( d) 

I£ L Sk for some £; 

I£ L Om for some m; 

0 E Ci m 

0 S t I • 
m 

i.e. there exists some constant symbol in O which is 

equivalent to t'. 

2. (a) 

(b) 

( C) 

( d) 

(e) 

I f, L Sk for some 

I£ L 0 for some m 

0 = V m a 

:3 q s. t. s(q) C 

0 = I V ; 
m p a 

S s t I • 

I r L s for 
n 

Ip L 0 for 
rn 

some 

some 

£ i 

mi 

s ( j) 

R, 

m; 

3. (a) 

(b) 

( C) :3 r s. t. s(r) � s(j) 

0 = I = V ; 
m p a 

and s L I for some p s.t. q p 

n and s (k) C s (n) 

and s L I for some p and 
r p 

(d) :3 q s.t. s(q) c s(r) and Sq L Sk for structures 

rooted at r and n respectively; 

(e) 

The particular difference (t', k) may be either a zero

order difference or it may be generated from such a difference 

(t', m) by the procedure outlined below. 

If the s generated by 2 or 3 above is not a 
q 
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specification of t', a new difference (t', q) is generated. 

If q = k the correct difference has been generated. If qi k 

it is necessary that there exist some operator which will 

generate a new difference (t', r) using difference (t', q), 

and so on. To generate (t', k) it is thus necessary that 

there exist a sequence of opera tors ( f. . , ... , f. . ) such 
liJi lbJb 

that given a zero level difference (t', m) a set of 

progressively higher order differences (t', r
i
), (t', r

2
), ••• 

(t', rb) is generated and rb = k. Each new difference 

(t', rk_1) serves as input to the operator f. . to 
ik-lJk-1 

generate (t', rk). 

Both the outline of the recursive definition of DD 

solutions and the generation of higher order differences take 

no note of the limitations placed on these in SDPS by limiting 

the depth of subgoals and the number of differences allowed. 

These restrictions are purely for efficiency and do not 

detract from the basic definition. 

To illustrate the concept of DD and non-DD solutions 

three simple examples are considered. The examples are 

selected from the area of propositional calculus. 

Example 1 

A solution path for which no subgoals are necessary, i.e. 

the algorithm will determine the correct operators to be 

applied to each state immediately. 

The operators are: 

Dl 

D2 

= ~V l V V 2 .  

The operator representation is in Figs. 4.l(a) and (b). 
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The problem is to prove that 

A=> (B V C) : = ~A V (C V B) 

- the representation of the input and goal structures are 

figures 4.2(a) and (c) respectively. 

The solution is (f 11, f24). The initial difference 

detected is (v,1) and operator f
11 is the only operator 

capable of transforming=> to v so is immediately applied, 

giving the result in 4.2(b). The differences selected 

between 4.2(b) and 4.2(c) are (B, 6) and (C, 5), which again 

f24 will remove immediately. 

=> 

/� 
V1 

V
2 

V 

/� 
V

J. 
V

2 

Figure 4.1 

=> l 

/ � 
A 2 V 3 

= 

(a) 

( C) 

/� 
B 4 C s 

(a) 

Figure 4.2 

/� ~ V
2 

V
1 

/� 

V1 V2 

= 

V
l 

v 2 

(b) 

( d) 

(b) 

V
2 

V 
1 

/� 2 
V 4 

/� 
A 3 C s 

( C) 

B 6 
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Example 2 

A problem showing the use of subgoals to derive a 

solution. 

The operators are: 

Dl V
l 

� v
2 

D3 (V l V V 
2) 

D4 ~ V l 

The problem is to 

= ~ V
l 

V
l 

= V
l 

prove ~ 

V V
2. 

I\ 
~ 

v
2 · 

(A � B) 

Fig. 4.l(a) 

4.l(c) 

4.l(d) 

= A A ~ B the 

initial and goal structures are given in Fig. 4.3(a) and (d) 

respectively. The solution sequence is (f 12, f 2i, f3 2). 

The initial difference detected is (A, 1). f2i is the 

only operator capable of transforming~ to A but it cannot be 

directly applied. A subgoal of attaining a state equivalent 

to the input of f 2 is established, i.e. the goal is the input 

structure in Fig. 4.2(b). The difference between this goal 

and 4.3(a) is (v, 2). Rule f2 1 will remove this difference 

and is applied, giving 4.3(b) which is now a specification of 

the subgoal. Application of f2i then gives 4.3(c) and the 

difference between 4.3(c) and 4.3(d) selects f 3 ?, giving the 

desired result. 

/� 
A 3 B 4 

(a) 

Figure 4.3 

A 

/"" 

(b) 

B B B 

A 

( C) (d) 
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A non-DD solution. 

The operators are: 

D2 

D3 

51 

and the problem is to prove ~ (B v A) = ~ A " ~ B ; the 

initial and goal structures are Figs. 4.4(a) and (c) 

respectively. 

selected is 

The initial difference 

(", 1) and the only operator capable of removing 

l l 
However s E S

f 
(s ) and f 31 may be applied 

31 

immediately, giving Fig. 4.4(b). The differences here are 

(A, 3) and (B, 5) but there is no operator capable of removing 

them. There is no way that SDPS can detect from the formal 

definition of differences that f22 must be applied before f 31• 

" 

I"" / 

T / " 
B A B A A B 

(a) (b) ( C) 

Figure 4.4 

4.4 THE SDPS ALGORITHM 

The problem solving steps taken by SDPS are summarized 

in the algorithm set out below. Let son (k) denote a note 

which is a direct successor of node k ; parent (k) denote the 

parent of k. Let (s
k

, t
k

) refer to the current state s
k 

and 

the goal t
k 

at node k in the tree. Let level (k) refer to 
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the subgoal level. 

(1) Set s 1 = s, t 1 = t, k = 1, level (k) = max. subgoals. 

Generate first set of operators. 

(2) If there are no expandable nodes left or if maxtime is 

exceeded, exit with failure. 

Select best operator f .. at node (k). 
lJ ( 3) 

( 4) If s
k

(j) S I. (i.e. operator can be applied immediately) 
l 

k k then generate new node n = son (k) with (f .. (s ) , t ) E n, 
lJ 

level (n) = level (k) and go to (6). 

(5) If level (k) is such that a new subgoal (n) would have 

level ( n) <:: 0 then go to ( 11) . Otherwise set up node 

( n) ( k) with (s 
k 

s ( s
k
) ) level (n) = level (k) -1. = son I E n. 

f .. 

( 6) 
n 

t
n
) 

lJ 

If (s I lS not new, delete node n and go to (11) • 

(7) Generate differences. If there are differences generate 

( 8) 

(9) 

a set of operators, file these and go 

If t
l 

= t
n 

exit with solution. Else 

which generated this subgoal. 

Set up node f 

level (f) == leve 1 

= son (n) with (f .. (s
n
), 

lJ 

(m), n == .£. Go to (6). 

(10) Evaluate node n. 

to ( 10) . 

find f .. at node 
lJ 

m g ) E :f, 

(11) Select best node i in the tree. k = l .  Go to ( 2) . 

m 

The algorithm will find a DD solution of finite length 

if one exists, subject to the constraints of maximum time and 

the practical considerations of the maximum depth of subgoals 

and level of differences allowed. 

Cycling is prevented by step (6). If a correct solution 

is obtained an exit is made from step (B) and failure is 

admitted at step (2). To ensure that all nodes within a 
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certain depth in the tree will be searched the depth of the 

node is used as a factor in evaluating the node, and carries 

decreasing weight with greater depth. This prevents too 

deep a search beyond the limits of a probable solution as the 

factor will eventually lower the value of any deep node 

sufficiently to allow any shallower nodes to be expanded. 
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5. RESULTS AND CONCLUSIONS 

5.1 EVALUATION OF PERFORMANCE 

To determine the efficiency of a given heuristic technique 

it is necessary to establish some measures of performance of 

the system. The criterion of time-to-solution is rather too 

dependent on extraneous factors such as language of 

implementation, machine used, etc., and measures are required 

which show how well the search is directed towards a goal in 

tem'S ofthe shape of the problem solving tree. Two such 

measures are penetrance (P) and effective branching factor 

(B) 16, 21L 

If L is the number of nodes on a solution path attc1ined 

by dirc::>ct. c.1pplica tion of an operator plus the initial node 

and T is the tot�d of such nodes in the tree then the 

penctrancc P is defined by 

P f,/T 

The defini Lion icJnorcs those nodes which simply define 

new subgoals. This is in order to allow comparison with 

those systems �1ich do not use a subgoal concept. 

Penctrancc ac-3 a measure of efficiency varies with the 

difficulty of the problem as well as the efficiency of the 

search meLJ1od and is thus only really useful for comparing 

problems of a similur standard. 

'l'hc dcfini lion of U1e effective br;:rnching factor, B, is 

based on the conccp t o [ a lrcc equal in dcp U1 to the solution 

path length u.nd having a total number of nodes equal to the 

number generated during search. 13 is then the constant 



55 

number of successors that would be possessed by each node in 

the tree. In SDPS all nodes in the tree are considered. 

If Mis the number of nodes in the solution path and Q the 

total number in the tree then the effective branching factor 

is defined by 

(B-1) Q 

B cannot be calculated directly for given values of M 

and Q .  To overcome this problem in SDPS a large number of 

values of Q were calculated for successive increments of M 

and a range of values of B for each M. Using Lagrangian 

interpolation it is possible to derive values of B for 

integral values of Q, given some value for M. A large table 

of such values is held in a disk file to be indexed for the 

particular values of Q and M resulting from the solution of a 

problem. 

5.2 SOME EXAMPLES 

Appendix A contains eight examples of the type of 

problem solved by the SDPS system. Each example is discussed 

briefly below and the notation used is outlined. 'I'he 

examples specify the particular operators presented to SDPS 

in the form of the first line giving the input structure and 

the second the output structure . The solution sequence of 

transformations is given with the operators applied to attain 

each new state and the time taken to achieve solution, the 

penetrance and the effective branching factor (EBF) are also 
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included. 

The routine which translates from the internal 

representation to some standard external form assumes a left

to-right sequence of evaluation so that operators of equal 

precedence do not have the left-most set of brackets inserted. 

For this reason an expression which may in the context of the 

problem be most naturally represented by e.g. (x + y) + z 

will appear in the listing as x + y + z. 

Most of the examples given have been solved by other 

problem solving systems. However any comparison for problems 

solved by FDS can only be on the basis of a time-to--solution 

criterion of efficiency. 'I'he figures achieved for SDPS may 

in cC:Ortain cas8s suffer from the fact that on the Univac 1106 

system at U.C.T. the time taken to solve any particular 

problem may vu.ry with the user load on the machine. As GPS 

uses the four types of goal as opposed to the one of SDPS no 

simple compc1rison on the basis of any empirical measurement 

can be mudc. 11owcv8r it is worth noting that for problems 

solved by botl1 SDPS u.nd GPS the formal concept of differences 

is sufficient to determine solutions in certain cases which 

in GPS requires the explicit operator/difference linking 

supplied by the table-of-connections. 

5.2.1 PARSING SENTENCES 

Generative grammars of certain languages may be defined 

by a set of phrase-structure rules. Words of the language 

are divided into classes called parts of speech. The rules 

of the language may be used as operators to parse sentences 
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to determine whether they belong to the language or not. 

The rules of the particular language presented to SDPS 

for this problem are: 

(1) NP VP NP 

( 2) NP VBP AP = 

( 3) AP / adjective � 
-, / 

( 4) 
/ 

/ adjective 

(5) AP ------ noun / 
' 

' 

(6) ,/ noun 

( 7) adverb ' 
: 

/ verb = 

( 8) 
/ verb -, 

,, 

(9) adverb / verb-be 

(10) 
/ verb-be 

'l'he: symbols used arC:' defined as: 

S Sentence 

NP Noun phrase 

AP Adjective phrase 

VP Verb phrac'3C:' 

VBP Verb phrase for-to-be. 

s 

s 

AP 

AP 

NP 

NP 

VP 

VP 

VBP 

VBP 

To specify the operators for SDPS a linear connective of 

second degree ( .c.) is introduced to order the constituent 

phrases of each rule, e.g. rule (l) above is represented as 

NP.C. VP.C. NP : = S. 

The: problem given was to parse the sentence: 

Free variables cause confusion. 

A set of terminal classes is defined for adjectives, nouns, 

etc., and each word in the sentence is defined as belonging 
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to its specific class, i.e. 'Free' belongs to the class of 

adjectives, 'variables' to the class of nouns, etc. 

Both the penetrance and the EBF show a fairly direct and 

efficient solution of the problem. The problem is a good 

example of the close relation between the SDPS operators and 

compiler productions. 

The problem is identical to one of these presented to 

GPS [91. GPS also found a fairly direct proof involving 19 

goals but did of course require the explicit linking of 

operators and differences. 

5.2.2 EIGHT-PUZZLES 

The 8-puzzlc is one of a large class of sliding block 

puzzles and has been widely used as an example in problem 

solvers, particularly those employing a state-space approach 

( 6, 201. It consists of eight numbered, movable tiles set 

in a 3 3 frame. One ce 11 of the frame is ctlways empty, 

making it possible to move an adjacent tile into the empty 

cell. 

The configuration may be conveniently represented by a 

3 > 3 matrix using a zero to designate the empty space. 

Twenty-four operators arc necessary for the SDPS formulation, 

each having the form, e.g. 

V1 V ,, v, Vi V2 V3 

V.s V,, 0 Vs 0 V,, 

V7 V5 Vs V 7 \_T 5 Vs 

Two problems were given to SDPS, one requiring five 

transformations to achieve the goal and one requiring ten. 

On the shorter puzzle SDPS proved very efficient, achieving a 
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penetrance of 0.714 and an EBF of 1.091. For the identical 

problem Nilsson [21} obtained results of P = 0.108, B = 1.86 

for breadth-first search and P = 0.385, B = 1.34 for a state

space search using a simple evaluation function. 

On the longer problem SDPS did not do so well and a 

trace showed that this was due to a tendency to lose its way 

near the base of the problem solving tree. Search tended to 

be rather random until a reasonable distance from the goal 

was achieved. Lengthening the look ahead factor had no real 

effect on this tendency. 

5.2.3 BOOLEAN ALGEBRJ\ 

The problem is taken from Modern Applied Algebra 

(G. Birkhoff and T.C. Bartee) [3]. 

A Goolean al9ebra may be defined as a set A with two 

binary operations ( , V), two universal bounds (0, I) and one 

unary operation ' such that a given set of axioms hold for 

all x, y, :;,: r A. 

The following subset of the axioms were given to SDPS as 

operators: 

(1) 

( 2) 

( 3) 

( 4) 

( 5) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

,\ y 

!\ (y 

V (y 

(, '' (x 

V (x 

A (y 

V (y 

- X 

= y (1 X 

/\ z) = 

V z) 

V y) 

r1 y) ---

V z) = 

A z) = 

X V X X ( Idcmpotcn t) 

X V y y V X (Commutative) 

(x !\ y) t1 

(Associative) 
(x V y) V z 

)( 

(Absorption) 
X 

(x A y) V (x (\ z) 
(Distribution) 

(x V y) I\ (x V z) 
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The symbols A, V are called 'wedge' and 'vee' respectively. 

The problem given to SDPS is to prove Lemma 2 in the reference 

(page 131), i.e. that the axiom of Modularity may be derived 

from the given axioms where the axiom of Modularity is defined 

as: 

X ,\ r y V (x (\ z) l (x !\ y) V (x /\ z) . 

SDPS achieved the solution in 38 seconds with a 

penetrance of 0.139 and an EDF of 1.267. Al though the 

solution path is fairly short the system appeared to have some 

difficulty in selecting operators. However the problem does 

show that SDPS is capable of solving problems which humans 

find fairly difficult. 

5.2.4 PROPOSITIONAL Cl\LCULUS 

The operators for these problems are a set of lc'ogi tima te 

transformations of propositional c.J.lculus of the form c.a. 

" l\ i\ ( 1, ⇒ l\ ) : = ,, , B 

Five problems were given to Lhc system in the same form, 

e.g. Prove that (A ⇒ B) A B  is equivalent to ~ A. 

As each problem was proved it was added to the set of 

opcrc1tors as a theorem. As logicc1l notation is not available 

on the printout, the words AND, OR, NOT and IM were used for 

(\, V, , ,  ⇒ respectively. 

The solutions are fctirly direct and the SDPS system works 

very efficiently here. The same set of problems and operators 

were presented to FDS \221 and in terms of a time-to-solution 

criterion SDPS and FDS have roughly the same efficiency. 

The algorithm performs well as each proof has a direct 
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transformation property in that each line of the proof is 

achieved by the direct application of an operator to the 

preceding line. More general proofs in propositional logic 

which require flexible use of the rule of detachment (i.e. 

given A and A �  B, infer D) cannot be easily specified in 

SDPS as these proofs essentially involve the manipulation of 

a set of inferred clauses. This implies that sub-proofs 

would have to be obtained independently and linked together 

at later stages of the proof sequence. As the operation of 

SDPS is inherently sequential and each node completely 

defines one complete state achieved with its current goal, 

this linking of subproblems does not appear to have a simple 

solution. 

For the same reason the proof of predicate calculus 

theorems using tl1e resolution principle as an operator is not 

feasible in Uw SDPS format. 

5.2.S ELEMENTARY ALGEBRA 

Six sL:mdard rules for the manipulation of simple 

algebraic expresc3ions are specified c1s operators in the form 

e.g. X + Y : = Y + X . 

The theorems to be proved are given as simple algebraic 

statements of the form: 

prove that (x - y) + y is equivalent to x. 

Solu ti.on then involves 111c:rnipula ting the input expression with 

the given operators until the goal expression is achieved. 

As each theorem was proved it was added to the set of operators. 

The proofs are in general fairly direct and SDPS performs 
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of the river and whether the father is present or not, and a 

unary operator BOAT which determines whether the boat is on 

the left or right bank. As SDPS has no concept of simple 

arithmetic, the addition and subtraction of the sons must be 

explicitly stated by the operators. 

SDPS achieves a solution in seven seconds and the fairly 

low penetrance and high EBF show that search is not exceptionally 

well directed. GPS solved the identical problem in 33 goals. 

5.2.7 A LOGIC PUZZLE 

The following formulation of a logic puzzle is taken from 

one presented to FDS f221. 

'There are two opponents, Ed and Al, each of whom either 

always tells the truth or always lies. A philosopher 

c1pproaches the pair and asks if the library is to the 

ec1st or vies L. Ed mutt.c�rs sornc,thing and Al �3tatc:s "Ed 

says east but he's a liu.r". In which direction is the 

librc1ry? 

SDPS uses the following sets of constant symbols: 

cl) 

!SAYS, IS, IM (implies), EQ (equivc1lent), ANDl. 

I NOT l . 

\TTLR (truthteller), LIAR, EAST, WEST, DIRN 

direction), AL, ED, DATA\. 

El\S'r, WES'r and DIRN are dee lc1red as be longing to the same 

constc1.nt class. 

The SDPS operators and the problem specification are 

given in Appendix A together with the solution found. SDPS 

obtains a solution in 32 seconds which is rather slower than 
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the FDS solution but the penetrance and EBF indicate a 

reasonably well-directed search. 

5 . 2 . 8 nrn MONKEY AND BANANAS PROBLEM 

The monkey-and-bananas problem is often used in artificial 

intelligence to demonstrate the operation of problem solvers 

designed to perform reasoning [9]. The problem can be stated 

simply as follows: 

A room contains a monkey, a box and some bananas hanging 

from the ceiling out of reach of the monkey. The 

bananas can only be reached when the monkey is standing 

on the box when it is under the bananas. What sequence 

of actions will allow the monkey to get the bananas? 

The SDPS formulation uses the following sets of constants: 

C: =- i AND, AT (position of) \. 

C I 
i NOT\. 

fMON (monkey), ONHOX (monkey is on the box), nox, 

HB (monkey has bananas), A, B, C (positions in 

the room) 1. 

'l'hc solution achieved by SDPS is direoct which it should 

be with the limited possibilities offered by the opera tors. 

5.2.9 OTHER PROBLEMS 

SDPS hus been upplieod to a number of similar problems. 

In most cases solutions were achieved with results similar to 

those above and in certain cases no solution could be obtained 

in the time allowed. No problems of this type were found 
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which failed due to an inability to discover a difference

derivable path provided a sufficiently general problem 

representation was selected. 

5.3 CONCLUSIONS 

The SDPS system performs well on a certain set of 

problems whose proof sequences are characterised by the direct 

transformation property in that each new state may be derived 

directly from the previous state by the application of a 

single operator. SDPS has achieved the solution of problems 

which humans may find relatively difficult. On problems 

with a short solution pa th the use of differences is 

sufficient to find efficient proofs but on longer problems 

there is an obvious drop in efficiency. This tendency is 

found in most problem solvers employing trGe search as in 

g cneral there is some difficulty in establishing the first 

sta_ges of a long solution path. As a single genera_l 

technique the? formal difference heuristic functions very well 

but is obviously not as efficient as those systGms using 

problem-specific heuristics. 

As a large variety of problems can be formulated within 

the framework of the direct transformation property the 

system may be said to be general purpose. Questions on the 

effective generality of Li1e difference technique were 

considered in Chapter Four. From the conc1i tions noted there 

it can be seen that there a_re obviously problems for which 

SDPS would not be capable of attaining a solution. Although 

this is an obvious limitation on the system it would appear 
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in practice that such problems are rare, given adequate 

formulation of the problem environment. In most cases 

considered SDPS obtained a solution although it need not find 

the shortest path or the most obvious solution. 

Although the formal difference heuristic does not appear 

sufficiently powerful to solve 'complex' problems within a 

limited time it compares fairly well with the performance of 

other systems. It naturally suffers from the generality/ 

efficiency conflict discussed in section 1.3 and its most 

feasible use is probably in conjunction with the employment 

of problem-specific heuristics to enable a more accurately 

directed and hence deeper search within a more limited problem 

environment. 
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SOME EXAMPLES OF SDPS OPERATION 
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x-Y+z 

I S E Q U I V ,, I. r I I f T 0 

X+!Z-Y> 

------------------------------

SOLUTIOtl TIHE(SECSI: 

p EIIETJ� AtlC [ 2.souo,-01 

1.1370•+01) 

7 

1 , '' ., r, ;1 , + o o 

8 

ArPLY OP 0 

APPLY OP If 

APPLY OP 6 

APPLY OP 0 

APPLY OP 'l 

APPLY or 7 

APPLY OP 8 



[FFEcT1vE l\HAIICIII!Jr, FACTOH: 

x-Y+z 

Z+IX-Y) 

z+X-Y 

X+IZ-YI 

C XE C IJ T I otl T I 11 [ '1.9 •. 11 7 S[C:OIIDS 

1,2077• +00 

APPLY OP 0 

APPLY OP l 

APPLY OP 10 

APPLY OP 6 

APPLY OP 



rlHD" E.LEJ1FIITAf(Y /\LCi[OH1\ P:n.lflL[rtS 
;JXGtT 
!! E G I N [ X EC ll T I {1 I J • 11 U AL (i O L L I f\ r? A It Y L l V [ L 6 • 2 , F f.13 • I S • 1 '-I 7 'i 

PROVE THAT 

X-Z-IY-ZI 

IS EQU!V/\LfllT TU 

X-Y 

------------------------------

SOLUT I OIJ T Il1E I SECS I: 

f'Ell[TR/\l!CE , •• 1 b J 1 , -.a 2 

[FFECT!VC 11111\IJCHJllG F/\CTOR: 

------------------------------

P frn VE TI I AT 

x+z-<Y+ZI 

IS EAIIJV1\J_l
°

IIT TO 

X-Y 

SOLUTivU TI1:EISFC'il: 

rEIIETRAIIC[ 7.Jl72,-02 

------------------------------

PIWVE TIIAT 

IS EQUIVALr:JJT TO 

X -l +y 

------------------------------

SOLLJTIUII TIIIC{Srcs1! 

p EI JET R Ml CL 6.6667,-01 

2 7 't 

l • 3 J ii 'I , + 11 D 

2D'I 

1,372.b•+OO 



r f F E C T I V [ II H II 11 C II I 11 i, r ,\ C T O R : 

PROVE TIIAT 

Y.-Y-7 

JS [<JUIVALf lJT TO 

x-z-v 

------------------------------

S O LU T I O IJ T I II r I S [ C S > : 

pEJJETRI\IICE l • 11 l fl l • - 0 l 

E F F [ C T I V E fl R A II C 11 I tr <i F I\ C T O I� : 

PHOV[ THAT 

X+Y-Z 

IS [(JU!VALf-ilT T!l 

x•<Y-Zl 

SOLUTl1.1fl TJ11r1scc,>: 

rEIIFTt<AIJC[ I. tJOUO, +OU 

PHOVC TIIAT 

X-IY•ZI 

IS [(llllVALllJT TO 

X-Y-Z 

------------------------------

SO L\1 T 1 CJ I I T l 11 [ I Sr: Cc; l : 

pEMLTH/\IIC[ l.SJAtt,-01 

CF �- l C T I V r: H R II I IC 11 I l I<, F AC T OR : 

I • 0 5 f, ? • + l I il 

I 7 

21 

I • 6 'I L 't • + U 0 



---------------------
---------

PHOVE Tl!/\T 

X+IY-ZI 

15 EnUIVI\LL'IT Tu 

X-17-Yl 

------------------------------

S0LUTIOII Tl11EISCcs1: 

pENETRl\llC[ 2.6U86,-0J 

t: F F E C T I V [ 11 R 1\ I J C 11 I 11 G r I\ C T O I? : 

------------------------------

rROVF, Tllr.T 

x-v+z 

IS [Ql![Vf1l.Lt1r To 

X• <Y-'Z l 

---------------------
---------

SOLUTl\ltl Tlq[IS[CSI: 

p[IJ[TrU\IICL 3 • .:'333,-01 

I 3 

l.'trJ97•+00 

3 

l,!:.>611•+lirl 



,JHl>G r II TIILi{ '"rn c;ci11s rronu.:r, 
il XO T 

0E\JI1: �.x[CUTIO'l. "Ill I\Lr.iOL LIO!),\l!Y L[VEL 6.)., rLr,. lS, 197'1 

OP[R/\TOH 

v 1 • LL r r n A, n, • J. • A.? 1, •• Bo Ar •• LE r r • 

VI ,Lf.F ffll\llK, I ,/\Ill , ,nOAT, ,R ICIIT, 

OPEr?1\TOR 2 

V I , l. r. r T n /\ ! I • I , /\ I I i' , , II O I', T , , L F r T , 
Vl ,LEFrRAIH,,U,AII( •• nOAT, ,RIGHT. 

OP U� A TOR .) 

V 1 , L Er T LI /\ ' 't:' , 1 , A i JI , , , r; 0 I\ T , , n 1 Ci 11 T • 

V l • L E F T B A 11 •: , ?. , I\ I l ( • , , r O A T • , I E r T • 

OPERATOH 

VI ,L[f"fnAllt ,U,A,tf,. ,IIOt,T, ,hl<iHT. 
VI .LCFTllAlh •• } .Al![,, ,(10AT, .u:rr. 

OPERATOR 

V I • L E F TL A I'!\ • J. , /\, 11 , • C, 0 f, T , , L n· T , 

v 1 • Lr Fr n II r 11� • , 1 • A i, r, •• fl o" r • , R 1 <� 11 T • 

OPERATOR 6 

v 1 • u: r r,, A 111� • , 1 • "111, •• , , 0 Ar •• r{ , <, 11 T • 
V l , L r r T A ,, . I � , J. , 1, , , , , , fl O ,, T , • L E r T , 

OP(RATuR 7 

J.L[rT11A'lt ,Vl,,.\ill ,,llll/\T.,Lrrr. 

(J , LE I- TI, I\ I l i,: • V I , A;! I, •• I\ 0 AT • • R I 1� 11 T , 

OPEPATOH fl 

0 , L f I T (; I\ I Ir , I/ I • I\ f I 11 •• 'In/\ T •• ll I (, II T • 
1 • Lr Fr ri 1111 t... • v 1 • /Ir 1, •• no II T • , LL r r • 

------------------------------

PfW\ll Tlll\ T 

I 5 f (� U J VAL 1-: f JT T (1 

0 • LE F TH I\ r r K • 0 • A I l r, • , I\ OAT • , R I r, ti T • 

------------------------------



SOUJTIOII Tl1;r1SLrSI: 

pEllf.TRAII([ 2.unun,-01 

[fF"[CT1vr llfUIIJCIII:Jr; FACTOR: 

0 • LC F T 1; A II t, • 'J • /\ i In • • Ii OAT • •  LE.I" T • 

0 • LE r Tr' A I Jr. • �) • /I I I 11 • •  , j O 1\ T • •  R l (i 11 T • 

ExLcur1n11 TI 1L 

aBHKPT rrnr1Ti 

7 

1 • 1 11 , 1 u , + n 1 , 

AF'PLy OP 0 

APPLY OP 5 

APPLY OP 'I 

APPLY OP 7 

APPLY OP 3 

Af'PLY OP S 



.!Xt.,T 
-eEr,l� F,r;ECu-TION, �u-�LGot- LIRRARy LEvEL b,2, fEB, IS• 197� 

OPERATOR 

V I • SAY ', • V 2 
Vl,lc;,.TTLR,,EQ,V2 

OPEf'hTotR 

Vl.l<;,,LIAR, 
,NOT.191,IS, ,TTLR•I 

(tpfRAT JR 

- ,r.O"f:,c<l-5T, 
,WEST, 

OPERATJR 

,NOT,, EST. 
,EAST, 

'lPt:P.t.T1F< 

V I • En ,-,_, 2 , A 14 0 , -. NOT , v .2 
,DAT�,. IH, ,iloT.VI 

OPLRATL•R 

v1.c,.v2 
\/2,E"•-tl 

OPERlT,,fi 

VI ,E•" 1112,1::&,1131 
'JI ,E,i, ,2,E\l,V3 

OP[r.AT..,R 

Vl,L�,.�OT,VZ 
.�uT,1h1.cQ.v21 

pf!(J1•E THAT 

2 

J 

'I 

5 

b 

7 

a 

• AL • : <; - Y 5 , , ED. , 5 A Y '>, • EA 5 T, , All[). ( , AL, •SAY S , , r:1 , • IS, • LI AR , I 

IS (,,11 I VALEIIT TO 

,OAT,\,, IH,,DIRtl,' 

-SOU•'f I ·1N T IHE·tSECS I� 32 

PENET"n,\Net: �, !>OOi.l • -0 r 

� 

l-:_•;.\-_:_ 
n 



Efn:rT l VE r,RANCIIJ:1c; fACT()f<! ·1 , I I I 7, +liO 

,AL, .S,YS• ,[(', ,SAYS• ,F.AST, ,AHi), C ,AL• ,SAYS, ,Fu,. rs. ,LIAR,) 

, Al. , : c; ,, Y S , • f;) , • SAY!> , , f. AST , • ,\ ! l () • ( , ..\ L , , I <; , , TTL R , , E () , , f. i) , , I S • , L I AR , l 

, AL , : <; r y S • , f. !', , SAY'> , , •:,.. <; T • , A f! D, I , 11 I , • I S • , TTL R, • EI) , , M IJ T , • E !) , , I S , , TTL R , l 

,A1, ,c; .ys, ,r.r.,,c;Ay:;. ,f ASi, ,A1,:-, •• 'f•JT, ,Al.,. IS,, TTLR• ,Et,• .EO,. rs,, TTLR, 

, AL , . I , • , TTL R • , � r, • , En • • <; � r S , , F. /1 ST , • I\ Mr, • , 1-10 T, , AL , , I S , • TTL P , , f.Q • , E O • , I S • , TTL H , 

, AL , • l , • , T TL P. • • f {) • • r r, , • I -; , • T TL � , , r:, .• , E A s T , , A ; Ir, , , r.; 0 T , , AL , , I <; , , T TL R • , C: Q , , r. D • , I S , , T T LP , 

• At. • , I .., , , T TL R • , E._. • , C :> • • I ; • • T TL !'l • , r 1, , , E A <; T • • ,\II f'I , , 'HJ T , , AL , , l S , , T TL R • , E 1,1 , , ED • , I S , , T TL H , 

, i::,. s T • •  t.o , • IIL •• 1 s •• r r1.1 · •• E ,, •• c r •• 1 c; •• r TL ri •• 11 ! ,fl • , 110 r •• AL •• rs •• r TL R •• £1,i •• E o , • rs , • Tr L � • 

,OAT�,. IM, ,!!OT, ,[A'., T, 

,OAT, .•• It·,, ,\'FST, 

EXLC"T10:1 Tl!•E 
<»EIIOIT PRIJIT£ 

.3 'f , .3 t, , '., [ ( 0 'I l ::; 

Af'f'LY OF-

Af'PLY Ot> 

APPLY Op 

APPLY Op 

APPLY OP 

APPLY OP 

APPLY OP 

APPLY OP 

APPLY OP 

APPLY OP 



,J HD G II fJ ti I( LY I\ I; I I I' /Ii I Ai 1/,:. 11 IW Bl. [ II 

�J X l;) T 
r:EGIN E>iECUT!Ofl. IIU ,,LGUL LICliU\�y l_[vll. 6.L, F[[ L 15, 197'1 

UP ER A Tur{ 

• 1 JOT • • U t J HUX •• /\ 11( > • I • I JCHI •• A T • A l 

,NOT, •t)IIROX •• All[', I .tlOM. ,AT.GI 

OP[RATOf? 2 

• "'0 T •• 0 r J (\ () X •• /\ r Ir, •• 11 ()II •• A T • n • A 11 [) • ( • 11 0 X •• 1\ T • [I I 

• l'-1 0 T , • 0 I 1110 X , , A 11 [; , • 11 0 IJ • , /1 T , C • A I I [J • ( • h OX • • AT • C I 

OPCRATOH 3 

• tJOT. • ()IJ£10)i,. Allr,, .11011., /\ T. VI, AIJ(J. (. r,01.. •• AT. V l I 

• 0 l'-1 A O X , • A 11 D , I • B O X • • /\ T • V l I 

OPERATOR 

• 0 MOO X • • At II) • • fl (l X , , AT • C , Al'll1 , • I l OT , • It r, • 
,HO, 

------------------------------

PROVE TII/\T 

• ti OT , • O 11 I\ 0 X • , 1\ II P • • I IO; I •• AT , 1\ • Ari fJ • , H CJ X , • ii T • n , /\1'10 •• I.JOT • • ll 13 , 

15 Et�UlVALf!IT TCJ 

,HU, 

------------------------------

SOLUTIOII Tlr,E(SLCSI: 

pF..N[THAIICE l,UOOU,+llO 

EFFECTIV[ l\RAIICll!llf1 rACTQR; l,IJ 

• ti OT •• u II" (l X •• A /Ir, •• I 10; I •• AT • A • A ii[) •• [, ll X •• A T • R • /1 lj I) •• r IO T •• It A • 

• I l OT •• u,, flu X •• /1 II r• • •  ii O I l •• AT • Ll • Ai In •• Fl OX •• II T • (1 • /\ ,4 [J •• ti OT •• H IJ • 

• tJOT • • (ll!f)OX •.AND• .11011,, AT. C •Ali[)., ;:,ox •• AT, C. All[)., HOT., ltfl. 

, 0 i� R. 0 X • , A I J IJ • , n O Y. • , ,'\ T • C • A 11 D • • I IO T • • I l U , 

• : ti). 

APPLy OP 0 

/\PPI.Y OP 2 

APPLY OP 3 

APPLY OP 't 
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�uLTtru:.sorc;,rz 
I 
2 
3 
'I 0(<,111 
5 COHllf.tlT 
6 
7 
II 
9 

1n 
11 
17 
13 
I 'I 

IS ,; 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• • • • 

•• THE si,rs PfWOLEH SOLv I NG SYST(H •• 

•• •• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I 6 I I IT I: GE I- 11 AX f. L T • II l. X Tr L T , TOP G L • II A>. G L , II EX Tu O AL • HA X GO AL S • f' AC TOR • 
I 7 MAX ,I() DES , ., C X Tl In l'l C •III\ X Of' S , r fl CEO p S , L fl ST Op • 11 AX STRING• HA X T I II E • 
18 11AxSuRGOALS, ll[x TSuoor, IIAXSUA0PS ,MAxRu1.ts • rtAxSYHflOLS tt1AXO lf'F'S • TOTRULE • 
19 11Ax TAUS I zr, SYltTOT ,IIAX!:TAX, LCIIGTHU I AS S 
20 REAL CVAL0f'ft•EVALO[f'TH•F.VALSUB•ERR,nEpTttBIASl•DEPTHBIAs2•0EPTH81AS3, 
2 I DC p T It !I I AS 'I , D IF' r II I AS I , 0 IF' r A I AS 2 , t, IF' r 111 AS J , 0 IF' F' 8 I AS 'I , co HP 1J I AS, SpE CB I AS, 
22 nl;fAcTORl•OIF'FAcTflRZ,llcrAcTnn1,RcrAcTOR2,RcrAcTOR3,Rcr•cTOR'I, 
23 HCFACTORS S 
?.'I 
;,c; 
2 6 L I ST ti fl XV ALU CS t 11 AX Ci O AL S • ti AX G L • 11 AX SU I\ 0 PS• 11 AX CL T • ti AXT I 11 E , 11 AX Op S, 
27 IIAXllflO(!; oltAxSTII IUG I S 
28 LIST 11AxvALU[S2111Ax5llBG0ALS 1 HAXSYHijOLS,11AxOIFF'S•TOTRuLE,HAxTA9SlzE, 
29 5YHTOT•HAx5T�x•HAxRULl51 S 
lO LIST CvA1.Typ[C[vALOPS•CVALO[f'TH•EvALSUBI s 
31 LIST or.:rTHTypf.lO[pTllf)!ASI •0EpTHIJIAS2,0EpTHRIASl•OE,>THelAS'II S 
J2 LIST DlfF'Typf.tOIF'FtlASl•nlrrutAS2•0IF'F'RIAS3•DIF'FatAS'l,olf'F'AcTORI, 
33 OIFTACTOH21 � 
J'I LIST 11cTypEC11crAcT0111,RcrAcT0112,RcfACTOHl•RcrAcTOR'l•RcF'AcTORSI S 
JS fORHAT F'HAXlll,8[r;I S 
36 rOHMAT fEVALIA,JH6,31 S 
37 FORMAT roErTIIIA•'IR6,JI � 
l8 fOIIHAT rotrflA,bHb,31 S 
J9 FORMAT F'RCIA,5�6,JI S 
'10 
'I I rHOCt.:1,rrnr tlA Ill! S 
'12 
'13 
'f'I co1111E1JT MAIIJI L:llcLOSC� Tt-eE t.:llTIRf. SulTE or rROCEOUHCS, IT ALSO OEF'INES 
'15 THE GLOOAL AHRAyS A:tr, \'AR I ABLF:s s 
'16 
'f 7 lJ f Ci I ti 
'18 111 T t: c; L II AR II A y 5 Y MT A fl I I ! MAX Sy M 1l O L 5 , I : 5 I • 
'I 9 (') IF' f 5 I I : 11 AX D If r 5 , I : 2 I , 0 If F'S [ T C n ! I U I • R UL C I  I : TOT RULE , I : S I , 
r; IJ II IJ L t S II I I ! MA X R IJ L CS • I : 2 I , HU L ESL I I ; 11 A X f(U L C S , I : 2 I • 
r; I Op L IS T I I : 11 AX n IF' F'S • I : 3 I , EL T I I : tt AX EL T • I : S I , n U F' FER C I : HA x S T11 I NG I , 
S 2 GO AL IS T I I ! HA X GL • I : 2 I , GO AL S I I : MAX GO AL 5 I , l.jQO E I I : HA X N 0 0  E 5 , I : IO I , 
5 J or C IH I : It AX OP 5 • I ; ,, I , ST HA I I : HA XS Tfl I NG • I ! S I , ST RR I I : HA XS TR I IIG • I : SI , 
5'1 Tf.nHTAAI I !HAXTAnstzr, I !'fl •vARTAol I !MAxTABSIZE• I !'II, 
r;c; slJAorL IS T t I! 11AXSUl)OPs I, Tt.Rt1TAIIF:NTRY CI! HAXRULf.S I S 
r, 6 <;TH I ll Ci 'i Y: 1 VAL II F: I 5 nt TOT I S 

.... 



r,7 fffAL /1,IRl\y H(l)'lf'll:·1A xRuLf<;l,OpvAL1Jf(l:,11\xOlrrs1,11oofvAL1l:HA 11:llOOFSI, 
'>A OJ'[RVALll:!IAXllP!:I \ 
<; Q I I IT L<; CH I • J • H • 11 , C 1 , C: 7. , p I , L 1 • N 7. , I.;> • p 2 , C 3 , I) I fr II lJ M , pH A I N , R II L 01 0 , 
60 Opl�LJII • O�· I, r • L['hiA, Lfllc;R • OPDlfV[L • T TL,rllT • VATpt•T s 
61 
f..2 (UMr•fllT I\Ssr:110LE� rROcr:our1Es I\RL llSlll TO PACK 11'10 l)llpAcr DATA TO PARTIAL 
63 WOIW<; S 
6'1 
65 
66 
67 
bA 

6 Q 
70 

7 1 
72 
73 

7'1 
75 
76 
77 
7A 
79 

AO 
0 I 
n2 
1'3 
A'I 
115 
A6 

EXT F. ll I I II I. L I (JI'' II r. Y p 11 n CE I) lJ RI. f> ACK 6 ( A , h I $ 

ItlTEGCR IIHRAY I\ \  
! IH Er; CH n 5 5 
ExTl::F?IIAL LIORA�Y pf!OCCOlJHf IJllpACli,61(1,AI 5 

VALUE II $ 
INTCc;CR ANRAy I\ $ 
IHT[Gf.H A s s;  
[xTLRIIAL Llf\RARy p,>O(COURL PACK2(A,11,c1 s 
VIILlf[ Atf) $ 
IIITEc;E11 l\•P.•C s \ 
F.:xH:RIIAL LIRRI\RY Pt/OCEDUH[ UNPACr.21A,B•CI s 

I IJT E Gr'/ II 'n ' C <; s 
rxTU�IIAI LlllflARY F'l!ClC[OIJPf rACKJ(A,11,c,01 S 

VALUC ll•fl•C 5 
INT[r;fR 11,0,c,o � S 
EX H .. R ti AL L I fl RARY r PO CC O llll C IJ Np ACK J I A , R , C , r, I 5 
VALllE A \  
111 Tl c; r II /\ ' D • C • D $ !; 

fl7 f}00L[AIJ p WCLOIIHL t/Allf.L TI HUff[R, tJAHf I $ 
nn I IITEGER AIH?A'( llUfTCH .. 
AQ IIITEc;fR IIAME 'i 
?Q 

QI c011Hf.lH r�OcEr,uHF. Of.TLHII I tl[S 'NII[ THER A STR;icTuRE HAS sEEll I I LED I ti THE 
Q 2 T RC F • I r II U T I T I 5 f I L E O A I JO T H C ti A H E R E TU R ,� E O W I T It T II E p ll O C ED ll R [ 
?3 VALUE �ET TO fALSf. $ 
9'1 
95 nu,111 
0 1, ltlTtr.£1> Pl,P2,Cl,f\UITLEIIG•IH.:,1t.lllK•uACKPl!T s 
9 7 n O O L F. A N fl L [l f. L T , I� E ''I I II S 
oa 

09 

10'1 

In I pH,,crr>uRF SEARCtt:IAr,E Tflf[ ( TP.[Epr,T 'UUff PIIT I $ 
102 I IITLGCN TflfCpllT • Oliff pNT S 

103 

l'l'I c01rnr11r r1rnc:rn11flF I<, 11<;[0 fOR RECuf<Slvt. SEARCH Of THE TREE i 

I O <; 
!Of.. OEGIN 
107 Jr OltrlE,11BllfFf'IIT,II Ceil ELT(TRLfpllT•ll TIIEN 
108 llE<,111 
109 

110 co1rn['Jr Ir L'L[Ml:IIT'i AH[ [(�llAL T11EII Ir THE BUffE°R IS fULLY :,EARCHED THE 
111 STRUC fl/RE IS NOT IIC-.:I S 
1 I 2 
113 Ir OlJFfptlT [QL n11rrL[IIG THUi 

' 



I I 'I 
I 15 
I 16 
I 1 7 

fl r<; I ;J 
; Ir�·· I II = r II Ls r 1, 
;i/111[ z TR[[PIJT ,; 
Ir [LT I TR[frflT, 2 I [QL O Tiff.ti 

IIA 11rGIM 
I I 9 1) Lr, r. L T ,. 1· AL SC .,_ 

120 [LT I TRClrriT • 7. I = TRE[PIJT S 
121 ['If) 
1 ;, 2 �-LS C UL O CL T :i T II II f 1. 
17.3 f.lJO 
1 2 'I F. L <; C RE t, II I 
125 
126 co1-111flJT Ir T11C l!IGIIT fll:11t1c11 Is EMpTy T11r. OuJf.cT IS NEw OTHLHwtsc SE:ARCH 
1 ;, 7 T II E TH [ f HOOT f. 0 II T T 11 [ R I (, 11 T AR II ll C II S 

120 
129 If CLTITRf.[p:IT,'11 LQL O THUi 
130 fltGltl 
131 OLDf.LT • rALSC � 
132 RAO:plJT = RlJffplfT • 1 S 
133 IICWL I 'IK = TRL[plJT $ 
13'1 NEWIii "' THllC 1. 
135 CtlD 

136 [LS[ SEARClllll\t1ET111:[ I EL TI TR[fpNT •'II •nu� f"P�H • 11 S 
137 n11, 

138 [Ill) 
1 3 9 

I 'IQ com1[fl T If" ELLIILIIT'., 111:f 'IOT [QUAL Allf) TH[ LEfT nRAIICH IS Nor1-E11pTy , 
I'+! SEARCH T11r TREE ROOTEf) AT TIIE Lf.f"T ORAIICH OTHf.RwlSE THE OuJECT IS NEw 

I ' 12 
l'IJ ELSE 
l'l'I IF" ELTIT,{EEN!T•JI IICQ U THLr1 
l '15 S l II R c I Ill A II ETHE E I f. LT I TR Er r ll T , J I , BU r f p II T I 
1'16 El.St: UE<illl 
1'17 OLOCLT = f"ALSf. S 
I 'I� E 1. T I TI! EE pf J T .J I "' ti [ •:; L I N K "' 11 EX T F. L T S 
1 '19 I f" ll l x T f L T C. El) 11 I\ x ( L T T H [I I ERR OR l'I R I T f I I I 
ISO C1.<;E 11cxTE1.T '" ll[XTELT + IS 
I 5 I CL T C 1-1 E ,/ L I N 1-. • I I • r, lJ r r ER I B lJ ff r ti T • I I S 
152 ELTl!IEv:LINt.•51 " TREEPIIT ,;, 
153 flllC KPIIT • 11urr1•'JT + JS 
IS'! Ir OACKPIJT c;Tll rwrrLEtlc; THUi 

l'iS IIF.GIIJ 

156 •1c1·, I�, • r ALSE \ 
157 fLTlll[Wllllr.•21 = tlAl"f "' llt.'..ILINK S 
150 l llO 

I 5 9 f. LS r II L ,/ I N = T n Ur s 

160 [tJ()$ 
16 t c:Ha 
162 
163 
16'1 hEGIII 
165 Pl • 1'2 " I S 
161, our r1.ct,G ,. nurF"El? 1 r 1,"' s 
167 SEARCIHIA11CTl![Elpl ,P21 'S 
16A 
169 con11E11T I f  l\'I OLO sTnucTuRC THf. pROCEDuRE 15 TRuE OTltERwlSE INSERT THE 
I 7 0 R f <; T U F' T It f S T f!IJ C T II f? E I N TO HI C C A U O ti I C II L T R f. E S 

, 



171 
172 Ir UL[)[LT THOI IIA:IF"LT • TRlJ[ 
17J rLSl f\[1;1.i 
17'+ MAMCI T :: fALSE S 
175 If" fl[\t/111 TIIUI IIU;l'I 

171, i:-un C:I = HACKPMT ';TEp I lJIITIL flllff"l.t.N(i DO 

177 IIEGIII 
17A r1.r,,ir�·1.l111,.,'il = IICXTLLT 1i 

179 LLTIMfXTELT,'>1 ,. llf.VILINK S 
1130 CLTIIIExTF.LTtl) • nuFF'[Rlcl,11 S 

101 1ffl'ILIIIK • li[XTELT S 

1 0 2 I F" II [ X TE L T r; f (J II A X CL T T II F. N CH R O I C • R I T F I I I 

I nJ £.LSf. ilLX TCL T ::s IIEX TEI. T + I \ 
10'+ [II)' 
185 F.LTl1ff11Llllr.,21 11 II AIIE " IJC11Llll1< S 
106 F.IHJ1i 

187 f.lll)S 
188 FND'J. 

lOq CN[)1i 
l 91) 

l 9 I 
I 92 
I 9 3 p If u ( ,: r, U fl f. fl E T R I �. V F L T I ; l A :,, E , h U F f f R • 8 U F' f L [ NG I s 
I 9 'i J 1J T f. GI'.: H AHR A y h U FF' CR $ 
195 I :nr.GrH IIAIIC, RllffLEIIG $ 
I "I. 

197 c011r1[llT pROcFour:r HL TlJl/11S AfJ 0f)J((T sr11ucT11RE FROM T►iE (AN01JICAL TREE 
198 AY OUILf"IINr. A l\\lfff.P. or [L[H[IITS lrJ NOOE l�UMBEP ORDER, 
199 IT oACKS UP Fl?Ot1 TIil IIMtE or THE STHlJCTUH[ AtlO OUTPUTS EACH VALUE 
200 RE Ac11ro IIY A PIGif T r;RArlCH , 

201 
202 REG I II 

20J [tlT[GFR 1'1,PJ.,LAST 't 
20'+ I IJTE.GEH ARIIAY OlJrHly I I: I OiJ I $ 

2 0 5 I f" I L T I II A II E • 2 I CUL :-J T H [ IJ [ R R O R fl R I T l I 2 I $ 
206 PI :: I $ 

207 P2 " NA11F S 
218 OU'111Y I I I = CL TI IIAllt:, I I S 

209 LI: 
21n IF' p2 II[() I THEIi D[ulll 

211 LAST • 1'2 S 

212 p2 = ELTlp2•5l � 

21J IF ELTlf'2,'il f.QL LAST Tlll:.ll 
21'+ nf.c,111 
215 Pl = l'l + 1i 
216 DUHHylptl • ELTlr2, I I 1i 
21 7 u1:,s 

218 r.O TO LI i 

219 
220 

221 
2?2 

22J 
22'+ 

225 

226 

227 

EIIDi 
R ll f F L  Ell C. "' P I S 

LAST z I S 
fOR r2 a rt STEp -1 UNTIL I DO 

BEc, Ill 
nurrEHII.AST,I) • nu11t1YCP.7.I S 

LAST = LAST + I s 
[11115 

EtJOi 



2;, {l 
22Q 
2 JO 
2Jl rRocFnuRr pACKELTllLT,or,A,p,N) $ 
232 I tlTf.GF.!1 /\Hl!Ay A $ 
233 INTF:.:c;[R [LT•Of'•rtrl $ 
2 J '+ 
23S c<h,r1l:.llT f'ROcEnuRF PACr,':; THf POSITION or Atl •ESSENTIAL' ELEt1t:NT FOR 
236 All Opl:r?A TOR $ 
237 

:l3fl llt:c,111 
239 ltiT[GF.R ARRAY c;TACKlll:61,STACK21l!HAXSTAXl $ 
2'+0 
2 '+ I 
2'+2 
2'+3 
2'+'+ 

INTFG[H l• J•C1,c2,cJ $ 
I = [LT + p S 
J = riontop,FAcTORl ♦ r Cf; 
Cl = n $ 
IF f.LT LSS ll TIIEtl tlOP[(N,61 = ELT 

2 '+ 5 [ L 5 f. fl f: lj rn 

2'16 fiJII c1=c1+I 1:IIIL[ I ti[() J ()0 
2'+7 81.G I 'I 
2'+A STACK21Cll = All,21 S 
2'+Q I = AIJ,31 $ 
2c;n Ei i0$ 
251 c1 = c1 -1 $  
2 5 2 I f C I 1; TR 5 Ht [ r� U, RO R \', R I T t ( I O I $ 
253 (3 = ,, 
2 s '+ r 1) 1{ c 2"' 1 c 1 • - 1 • 1 , n 1) 
255 RLGI� 
256 STACKl(c31 • STAC�:llC?I $ 
257 CJ = C3+ I s 
2<;ij ENOS 
259 STACK I (61 = Cl S 
260 PACK61STACKl•IIOOCIIJ,6)1 $ 
26 I CIID� 

262 [ND<;; 
263 
2 b '+ 
265 
266 pROc[n1iHL rACi-;StJ[l()r(Op,STR,r■tl[XTl � 
267 I tlTfGfR AP.RAY STI? $ 
2 6 tl I tH EC.CR OP , I' , II [ X T $ 
2b9 
2 7 0 COMM f. IH r RO C EDU ll E I' AC r. S THE p OS I Tl ON A T �.' H I C It AN Op I S TO 1, E App L I E O S 

271 
272 f\[Gl'l 
273 IIHt.Gttl l•J•fl•Cl,C2 $ 
2 7 '+ I M T F. 1; E H A R R A y S T A C K I I l ! 6 I • S T A C K 2 ( I ! M A X S T A X I $ 
275 I z Of'//f'"ACTOR $ 
276 J = HOfl(OP,fACTORl + pS 
277 H = Cl • U S  
278 
279 cOt1MENT Ir 0ErTt1 ()f up LSS 2 T11EII INSLl?T TO tl()Of. DIREcTLy oTHER·iilSE 
2sn STACK p()'.,ITIOIIS Ill SllflOPL.IST AIIO sET POIIITERS AT NODE S 
2 fl I 
2 A 2 I F '> T II C J , J I [ r) L O O II ST R ( ST R I J , 3 I • 3 l E Q L O THEN A E G I N 
203 11 :: 11 i C2 = STrHJ•21 $ EtlO 

2A'+ CLSE BEGIN 



2 0 !> C 2 = 'H > T •; ll fl CJI' + I 1, 
2111, FOH 11 = d+t \'lllll" •;rr11J• ,, 11r.,1 U DO 
2 A 7 f• l ,, I 11 
20d <;TACt.ll'll :: STIH,1,21 S 
2 0 q .J = c; T II I J • :'I ) !. 
2911 1.111,,. 
2?1 II = II - I 1i 
297. J " !J !I. 
293 FO� lll'XT.,lll10p = IIL,<TSlJl,OP + I �,Hill J 1,TR O 00 
2 9 '+ tH· Ci 111 
295 roR Cl ::(l,l,b) nn 
2?6 Ir J (, TR O THC:11 
297 11rc, 111 
298 STACt,.IIClt = STACt,.21Jl S 
299 J = J-1 \ 
.3'10 ['IO 
3 0 I LL c; L '.; T /\CI'. I I C I I = O 1. 
.302 1'A(l(n(STAC�.l•S1J110rL15Tlll[xTSU00P)) S 
30.3 [NU\ 
.30'1 11rxTSllhl)f' = IIFx T<;lJt,Of' - I S 
305 r:1wi. 
306 PACK,)( I •,2,11,IJOl>Fl'lrxr,71 I \ 
.30 7 [ 1/.),;. 
30/l 
309 
.3 I n 
.3 l 1 PRO Cr O I l II I" lJ I Ir AC r Op I (1 r , ST fl • r I , I Ill I 't 
.312 I IITL(;C� ArtRAy 5Tf• $ 
.3 I 3 I I IT L <i CH OP , P l , 'J: I $ 
31 'I 
315 c01111r II r rr,uccounr: IJtlf'ACrS Tlf( POSIT I 011 AT ,It I CH A"I CJpERAT011 IS TO 6[ 
Jib Al'PLILO Ill STIIIICTIJR[ STR, lJSEO FOIi RE�TRICTIOII OF OPERATOJ,S S 
317 

3 I U fl F <i l I J 
319 IIIT[CiC:i; I •J•ll,PIIT•<.l , C2•C.3 1i 
320 IIITlt;C:P. f\RRAY STACY. I I l: 6 l <1, 
.321 llllPAC►'Jll!l)OF'.lilll•/1,1,rtJT,NI \ 
322 J :: Pt !!. 

.) 7..) 
31'+ com1F11T IF 1,f.pT11 LS!; 2 TH[II SC:L[cT pOSlTIOII OIR(cTLy OTHER,.ISE uNpA(I( 
.3 2 S T If I" ST A Ct Ur I' O I lJ T I: l'I:, 'Ii 
326 
.3 2 7 
3 211 
329 
330 
331 
.332 
333 
33'1 
.3 JS 
336 

337 

3 .3/l 
339 
3'1U 
3'+ I 

I F- I I I.IJ I u T ti Li I 
HEG I :1 
IF f'IIT L:.S 2 TIIL:I J = J + l'NT 

fLSf' 0[1, I I 
J = .J + l s 
r OR C 3 = I 2 , I , p I J T l O n ,J = c; T I{ I J , 'I ) + I $ 
CtlO 

f. �, fl 
CLSl' nu; I 'I 

r �IT = ,. 11 r - 1 1 
r OR r I IT " I' I J T + I 11111 L £. ti <i T II I l O 0 

1:1 I. I, 1 I J 
If II GTR n T1tE,1 CI = 6 

t. L � I. C 1 ., 1 l $ 
.JI Jr AC 1, b I ST AC t. 1 • SI JO Op I I S T I p NT I l S 



J'l2 
J'IJ 

3'1'1 
3'+5 

3'16 
3'+7 

3'18 
3 '19 

J o;o 
351 

J'",2 
353 
3"\'l 
355 

3S6 
J57 
JSR 

FOf! C2a( 1, 1,CJ I 110 
IICCil.J 

J • .J + t \  

r O I� C 3 = I 2 , 1 , S T A C K I I C 2 I I O 0 
J • STRIJ•'II + I $ 

r 11ri!-

., .. !J-6 $ 
EIH>� 

[•,0$ 

OP "' I • FACTOR + J - l'l \ 

[110'!; 

35'1 000LFAIJ Pi!OC[llllf/F 1,IIISCARClflG• 11l $ 

Jon IIJT[t;EH (i ell c;, 

361 
362 co1111F!IT rt/U(L(JlJnE p[l�r OR11S A 0I NARy SE/\RCH ON THE LIST or FIRST ELE t1EN 
J6J or All onJfCT/c;OAL p/\IR AND RETuRIIS Ttt[ ELUtEtlT POSITION PLUS T11[ 

36'1 VALUf. THU[ If IT LXISTS $ 

Ol<, I IJ 
1 ·�T[<;[II I, urp[H ,L0,1[1� $ 
LOw[R ,. I S 
IIPPER = TOPC,L + 1 $ 

J7o s1: 

3 7 1 I = t ll P P L ;{ + L O V' F. R I I I 2 $ 

372 tr GOALISTl!,11 FOL G THF.M 
3 7 3 n F: ,; I JI 

I� = I S 37'1 
375 

371-, 

377 
37A 

37'1 
381) 
3 n 1 
307 
.303 
30'1 
31'15 

n ltlSLARett " TRtJC: .-; 

c;,1 TO S 2 $ 
LIID\ 

IF c;OAL!<;TIJ,tl LSS G THF:11 

IIE..-;IN 
IF LO\/ff{ EOL 
L0\1CR "' I 5 

GO TO S 1 5 
f"IJO 

fLSC f;f.(,IM 

TH[II GO TO S3 5 

1 F lJ Pr ER E CH. I T II ft I GO TO S 3 S 
301, lJf>P[R = I S 
307 GO TO SJ 5 
3 0 A l lW ._ 
38'1 <;3: 
3 9 f'J A I NSF A I/ C r4 • r AL SF: ., 
391 s2: 
392 ENIH 
39.) 

39'1 
395 noou:Atl Pl!OCfr>tJR[ T[S TGOAL I (j I, G2, ti I '5 

396 IIIT[GfR Gi,G2,N \ 
3'17 
.3 °0 COMMl"IIT pl10cEour11: 0CT[r?t1IN[5 WH[TltfR Al� OnJf.CTIGOAL pAIR H/15 occuRREO 

.. 



399 PRf.V(<,U5LY nY 5f.ARC 11 1tJG T11f. LJsT of 5TOR(O PAIRS S 
4+00 

'tOI A[Glll 
't O 2 I IH C <i r: II I , C 1 • NEXT , VAL , DE P S 

't O 3 I f B I II S E ARC H I G I , I I Tli t ll 
'tO' t DECilH 
'IOS Cl • GOALISTll•21 ' 
'tOo SI: 

'+07 UNPACKllhOALSICll,VAL,HEXT•O[pl S 
'+08 IF VAL IIEQ Ci2 THlll 
't09 AEGIN 
'+10 If tlEXT ra:o U TIIEtl OEGIII 

't I I C I • ll EXT S 
'+12 CiO TO SI S 
'+13 Etlll 
'+l'I f.LSf A[�Jll 

'I IS Nl::X TGOAL c IIEX TciOAL + 1 S 
'fib If IIExTr,OAL GTR 1 1AxGOALS THf:J ERRORYIRITEl'fl S 
'117 rAcK31vAL,MExTGOAL•DEP•G0ALSICIII S 
'I I 8 I' ACK 3 I <, 2 • 0 di , GO AL S I II C X T GO AL I J $ 
'119 TESTGOAL • FALSE $ 
'120 [i�O 

'121 ENO 
'122 ELS[ HCG I I TfSTGOAL • TRUE S 
't23 N = UEP ' 
'+2'1 ENOS 
'125 fND 
't2b (LSr. nu,1·1 

'127 T(STGOAL • FALSE $ 
'I 2 8 NE VI G O A L I G 1 , G 2 • ti I S 
' t  29 C,H,, 
'fl() EtlO' 
't 3 I 
'f 32 
't 3 3 p RO c E O IJ Ii r I ti 5 ER T GO AL I G I • G 2 , ti I s 
'tl'I INTF.Gf.P GI ,G2.tl S 
'+35 
'flo COMMENT IF THE CllRR[tlT STRUCTURE AT A IIOOE JS OLD 1:iUT THE GOAL IS NEW 
'137 FILE THE rAIR AT THE POSITIOII (NDEXEO BY THE INITIAL STRuCTURE S 
'flR 
'139 AECi I 11 
'!'IQ IWflGE:1-1 1,cl,vAL,IIExT,O[P ' 
'I'll If UIIISEARCHIGl,11 T11Etl 
'+'+2 nEGltl 
'+'13 Cl ., GOALISTII,21 s 
'f'l'I SI! 
'1'+5 1JllpAcK31GOALSlcl 1,vAt.,NExT•OfpJ S 

'+'+o , F ,�ex T riro a Tt1 ct1 

'1'+7 BEGIN 
'1'18 Cl = NE�T s 
'1'19 GO TO SI S 
'!SrJ ENDS 
'IS I ll[X TGUAL • llfX TGOAL + 1 S 
'152 If ttExTGllAL GTII MAXGOALS TllfM LRPOHV!RITEl'I) S 
'153 pAcKllVAL,NlxTGOAL•OCP•GOALSICI I I  S 
'15'1 PACKllG7•0dl,G0ALSINExTG0AL)I S 
'155 [110 



'I <;A 

"r; 7 
'Is fl 
'+�o 
'li>O 
'16 l 
'162 

I 1. c; 1. t II \IC, ll /\ L C l; I • (. J , ;i 1 'I> 
[110·1, 

pR1lctnuh� 11E11,;0"Llr,l,c,2dll $ 

I I IT I 1; [ I-' c; I • C.? • M !>. 

'I 6 J C 'J 111 I l II T I f" fl ' IL I · I 'ii T I fl L A I� n c; 0 A L � T RU C. T IJ q r O C C lJ R fl T A 11 0 0 I rl L [ T HEH 

'16'1 
'16<; 
'I 66 
'167 

'I I> G 
'169 
c+7n 
'171 
'17 2 

'17 3 
'17'1 
'17!", 
'I 7 6 

0 ( ,; I II 
TOPt,I. = Tl)PGL + I CJ, 
I f T () p G L G [ '-l 11 A X (j l. T II C e.l C R R OP 1·1 R I T f" C 'I I 1, 

�OALl5TITOPGL• I I = 111 'Ii 
N[xTc;O/\L = NrxTtiOAL ♦ I ' 
11 r1Fx T1, 0AL c;rQ 11/\xr.OALS THEN [HPOH.iR I TLC'+ I 'Ii 
c;OALISTCTOrc;L,21 "' IILxTc;OAL $ 
f' AC t,, J C c; 2 , J • 11 • c, 0 AL 5 I ; I l X T Ci O AL I I 'Ii 

LIH1'1-

'177 pl·lll(FOIJf�l J'HJ!LOC,ClflLCA,pl ,J,1;,p2•C•CLI � 

'170 INT!c;[R /\JNAY A•n•c � 

'179 JIITrtit.P Pl ,r2,J•CL S 

'+an 
1♦ A l C O I HI l N T p PUC L O U lff L 5 T A r. 1. I S H L 5 fl S l I h G O A L F O .� A S T R lJ C T U R E A H I C H I S 
'IA} Tu nf Tn \iJc;rOR1tl.o �I) THAT Op[pfl Top n (Al� 1,E APPL I ro s 

'+ n .l 
"n,. 

'105 

'I ll6 
'I fl 7 

'100 
'!A9 

'190 
't? I 
'19 2 
'1° 3 
'19'1 
'195 

... ,,, 

'197 
'I 9 l} 
'199 
!>!JO 
so, 

502 
so.) 

S 0'1 
sns 

506 
507 
sno 

509 
!>II) 
S 11 
SI? 

II l (; I I 
IIITF<,r:•.; Cl,C2,(.1,nAXVAli•f\AC► $ 

IF '"�l•Jl lffu fl T11r11 
nEt, J IJ 
ti A XV A i? = 0 !> 
FOIi Cl = p2 ST[p I UIITIL CL on 

If CCCltll 1.55 IIAXVAR TH[IJ 
�AXV/\P = ccc:1,11 � 

II fl CK = fl I J • .) I S 
Pll,ll = AIBACY.,:,l � 
C: 7. = I ,. 
roh Cl = ST[p I IJIIT!t. fl([,/\(1,:,Sl !JO 

IH Ci I ·1 
I� C:I L ll A(J,2) THF:tl 

FOR CJ = 1'2 STfl' I lJllTIL CL ['0 
1,rr,111 

C2 = C2 + I !I 
OIC2,I l = CIC.1, I l $ 

E /ID 
[LSt.: 11rc;111 

CL ., (7 + I $ 
'IAXVl\11 ,. IIA,x VflH - I $ 
RCC2,11 "' IIAXVI\I? '-

r II()� 
[ NO i. 
J = kAC► 

FOrl Cl = 
CCC I ti l 

f>7. = I ,_ 

ST[f" I llllTIL C7 1)0 
11 IC I , I I '!. 



SIJ CL = Cl. • 

!:, I 'I 
515 co1111r·�r Ir IIQT YI T /IT l•AsE 11f <;TP.UcTURf T1t1 II AUILO T11[ uOAt. TO ANOT !i ER 

516 L[Vfl \ 

S17 
!:> 1 s 111 i 1 1 o ,; u " 1. , A , r 1 , ., , 11 , r i , c • c L , '> 

!:, 1 q f.11[1$ 
52..J rrrn» 

521 
522 
!:,23 PlhlC[Ollf'l COPY(/\,f'l•n•P21 S 
!., 2 'I I fl T Hi CH /IR I� A Y A • I\ •• 
S 2 5 I ti TL(, f. 1? P I , P 7 :5 
S 21, 

S 2 7 CO IHI [ I J T C Ill' I l !, 0 II [ ST I' II CT lJ I? L TO fdJ (1 T II E II S 
!>2A 
529 
!:>3n 

531 
532 

533 
S3'1 

SJ5 
!:,36 

537 
538 
S39 
s 'I I) 
S'H 

S'Jl 

S'+'t 

INT[r,f.il Cl ,C2,C.I $ 

C:2 = 1'2 •• 
r OH C I = P I •; T CI' I ll N T I L A I p I , 'I I O O 
£1f.r,JII 
f O ,I C 3 = '.; T EI' I I JI IT I L 5 l'l 0 

IIICl•C.31 "' A(C:l,C31 ,; 
CJ ,. CJ + I � 

[iini 

[ NO'• 

PR()([P Jn'l LI 111. (III, :12 I ii 

ltlTLGC<? 111,117. 'i 

S'IS cOnME IT f'l'OcEnurn L '"•· <; SOIi MI TO FA Ttil R N/. (IY A f I RST 50"-'.JHOTltERS 

!., 'I 1, 
!:,'17 
!:,'18 
5'19 
!:,SO 
551 
552 
553 
!., c; 'I 
555 

S 56 

S57 
s c; il 
5!i 9 
son 

561 

So 7. 

LI tll< , 

II f (, J I I 

I II T f G f. r? l I , L /I S T $ 
11 0 ,l r: ( 11 .! • I I = 'I J 'I> 

I r , IO I'\ ( I 11 I , 0 I r: IL rJ T It [ 11 
II n (Ir ( II I • I\ I = ,� 7. 

ELSf :SfGlfl 
LAST = MOil! tilt ,Ill $ 

r Cl R C I = IO O [ I LA!:, T , <> I �.II I L F: C I ti Lr, v O 0 
L/1!:,T :: (I S 

tfl)OLILA!>T•91 " 112 ._ 
C 11D,. 
IIOOf. I'll• q I 
f ll(J o 

S63 f'ROcroulH IIACt< IJP I .,,,nr 1, 11001:21 'i 
!Jo'! I IITf.c,f.H il()OE I• :1or,r2 $ 

565 
5 6 l, C: 0 1111 f. ; IT p IH) C: r O II R F T /I Y. I. s A II E I'/ "0 [> t: A II I) r s T 1\ fl L I s H E s I T s p O s I T I ON A s A 
!:i67 pO<;S I a1.r I\FST SlJCC[S<;On TO I TS AtJcE.STORS 9, 
56A 

569 LIU, I :1 



1_,7n 
571 
!,72 
57.1 
!, 711 
!, 7 !", 

!, 7.., 
'..,77 
S 71\ 
'..,79 
Sfln 

111 ff <i F. I( 111 , I\ E •; T '!. 
N1 = :H'l'F.I $ 
11 t.: •� T = , 1 n r, [ , : 1 1 , 3 , �, 

I Oil Ill = J(l0l.(lll,1) l'IIILE IJI ,JF 11 0 no 
OEGIII 

Ir tlOoLvAL(f\f.',;T) ,_,;:, IIOl)[vi'q_(IIOfJ[(t1l•J)) THfli 
IILC.111 
;'\f:<;T = JOl>l.(l•Jl '• 
-ill To <;Tl $ 
[ •I• 

F.LSf. IHH,(1111,Jl = 'tF.ST 1' 
!,(\ I Fll(>'i. 

!,ll;> STI: 
'.., (\.) 
50'+ c01-111F.MT l?ETu,11� TII[ 11[;,T IJOOL Ill TRll ELS[ l![Tl)f/lJ z[RO IF Nu11E £. )( ISTS S 
5135 
586 Ir 1100EVAL(l\f.STl LS'i nm TH[N IIOl)f2 = 0 
Sfl7 ELS[ llOOF.2 = nr.sr $ 
!:>OA LIIOi 
!,A9 
!,00 
591 
5?2 PIH1<.IOIJIII. f\ACkOllf.(;h)(,[l•AIIOD[l $ 
5 9 .1 I NT 1: c, f F II OD [ I • 0 I IO O C S 
59'+ 
!, 9 S C O 1111 E II T p II O CC O II lff TA I( l •; /I Rf -Ev A LlJ ,AT r D t l O O L A ti D ES T AR L I SHE!:, I T S 6 EST 
596 s11ccE550R A:to II[•,, REL1\Tlot1 To IT<; AllCESTOR llODES $ 
S97 

591\ l1[G I ,I 

t,(JO 
601 
602 

I 11 T r. (j [ fl I I I ' II :! I f\ Es T ;; 
II I = trn ll E I S 
nrsT .. :1ooc1111,:i1 s 
FOR 'l I : I IO O !. ( I l I , I l \''I I 11 f. t l I tlf Cl O f' 0 

603 nrr. 111 
60'+ N2 = 1111()[111!,Ul $ 
t.05 sr1: 

6::Jb If .:ool VAL 11101,C (,a, .l I I r, TR :iooF.v/lL ( nLS Tl T11ltJ 
6.17 RfST = tJOOF.1117.•31 o; 
t,00 ll.7 = tl01>L1112,'ll '!. 
609 IF :12 llf () 0 T1tF.IJ <iil TO STI q. 
blO 
6 I I CU 1-111 E ti T EST AOL I 'i H [IE<; T II O I) f I tl TI IC TR E.F. S 
t,12 
613 IF 111:>EVIILllll l 1;TH IOOLVALIHCSTI THUi 
bl'+ tlO()Lllll•.1> " O[ST = Ill 
bl'> U.Sl IJOliFllllt.31 = l\(ST $ 
616 [1,/01, 
b I 7 I F .JO ll l VAL I B [ST l L;, c; ER H TH r N [\ IJ O I) [ = fl 
o 1 a E L s r n 111> D E = n r. 'i T 'ii 
610 Cllt)i 
t,2() 

621 

622 r1rncfl)lll{r I IISfflTors Ill) 1, 
023 IIITF(i[R II S 
62'+ 

625 c011Mf.llT f'HOcEounr: Llllr. S st::T or orERATOllS To NOOE S 
62b 



c,2 7 
62ll 
62 0 

630 

t•fG I I 
1l4r1_f•['l CJ !. 

p ACK 21 or-1;u•1, r11t..:t:Ol'S, :1noE (II• .. , I \ 
rim CI "' I srrr I lJ'IT IL OP1Hl11 DO 

631 flt:,;1:I 
i,3;> OP1.Rlrt11.1:or�.,, • OrLISTICl,11 s 
633 nru:iirrnr:ot> <;,21 "' llPLISTICl,21 S 
63'+ orfHlfll[forc;,J) • nrLISTICl,JI 5 

635 OPF:l'VAl.(f'llf.r:ors, ., CJJ>VALlff.lC 11 S 
oJA rnr1.nr� • orrn1rnr:1nps,i+1 , 
i,J7 If' f"Rf[ors r11L LA<;TOp Tt1f.lJ EIHIOl'V,HITflol S 
<>30 [II:>� 
639 [II().!, 
6'f0 
6'f I 
6 If 2 I' 11, 1 c r n, J Ill' r I u 1111 r, r 1 • JJ , ,� 2 , L L v , s T 11 , r.11 T , or r I s 
6'f3 IIITF:,;CII 111,112,LEV•!;TP,ttlT•Ofp \ 
6 If 'I 
6'fS <:01111E,H pR<,c[OUIIL LOAn� rAHAH[TEHS f() 1101)[ S 

o '16 
6'f7 
6'1A 
6'f9 
6 c; rJ 

6Si 
052 
653 
6 S'f 
65, 
6 <; I, 
657 
65A 
6 <; 9 
660 

Ii Cr; I • f 
NOfH.llllxT,100[,.l) • lll•f'ACTOH + 1.2 \ 
IIOOLlllf..<T'IO()f.,3I • 0 S 
NO i) r I IH.). T II O Of , 5 I • L f. V 1' 

iIoot::Illt.:.<T'�OOF:tllll• [)[p S 
�•OOflllt:XHIOOC,AI • a S 

IIOOCVALCIIClCTIIUO[I • 0,1.l S 
tl(lCTIIOl•l • ll(XTIIO()[ • I 'l, 
If N[XTIIOOE liTr? 1111x:1oor.s T1tlr1 

f.�HOl-ti:HITF.1°1 \ 

661 Plh/C[fl'lfll LVALUAT(IAIIOl'll \ 
662 I IH t.:fi[R A ·,oor. S 
663 
6 6 'f CO IHI L 'H P IHI Cf DU II r <; !; I r, 11 !, A v AL II f TO A II O [) f O II T II f. r AS I S Of THE OE PT H • 
66', 5URGl)AL Llvf.L Atlri TIil VALUf" or THL OpLRATuRS S 
666 
667 nt:GIII 
obll IIITFGfn c1,c2,r,1T,ors s 
669 RfAL r2, TOT/It '> 
6 7 0 U II P I\ 0' 2 I I hl O [ I 11111) t, r. , 'I I , ll I'<; • pt J T I i 

cn11·1EtJT ,, NO or� srT VALlJf To zfRO , 
673 
o7'+ 1r 'If'" f:()L n TIii.ii 

67S IIOUl'VALll\1101)(1 • J,0 
676 ELSl:. lllf,I I 
677 TOTAL a n,u � 
6 7 fl 
679 (OIIHCIJT SELF(T <• N 11r<;T l)pfl'ATOflS 11110 cALcuLAT[ AvlRAGE VALUE ' 
oOO 

681 Ir 1)f•S (,T� [vALOp'; Tll[tl C2 . LVALOt•s 
�82 LL�r Cl • OPS 1 
ollJ I 011 CI ,. I STF.p I 1111T II. C2 l)Cl 



b;i'I HfGl'I 
bo5 T,JTAL ,, TOTAL + �lf'l.HVAL1PIIT1 1, 
bOi, P�T = OP[RlrlJT,'ll $ 
bfl7 i:Ims 
b I\ II T tJ T fq_ = TOT II L / C 2 -:; 
bA0 51: 
b9n 
691 co1111EIIT flf)I) rAcTnHS F"tH: ()[f•TII 11•11, SlJ[lGllAL LCV[L S 

692 
t.93 H:l = ·101,CIAIIOO[,lul + I S 
69•1 T0TI\L = TOTflL - R.!IF.VALl)[f'TH \ 
& <> <; H.Z = liOr,f""(AIIOOC,Sl .. I � 
1,91, TOTAL = TOTAi. + 1O/F:VALSU0 \ 
697 IJ1)1>LVI\LlldlO()[I = TOTAL $ 
690 f.NOS 
t,99 Cl = AIIOO[ > 
10n 

70 I c011MC•H flF.'>L T Tllf. ['[ST suc("(.SSfJH TO Tltl:. tlO()f'. S 
702 
703 PIH = 'IOO[ I AIIU�f., 0 I S 
70'1 If 1'1lT L()L lJ TH[JI 
7 0 <; NO I> L I A ,1 n f) E , 3 l ,. I\ II Or, l 
701, [L5E 
707 HEGIII 

708 sr1: 
709 Ir 'IODLVALWOnElp;)T,311 c;TH IIOOLvALf(ll TH[IJ 
710 Cl = IIOD[ff'IIT,31 S 
711 pllT s:: IIOO[lpiJT,91 l-
7 I 2 I F p IJT I J E Q O T 11 [ I J GO Tl) ST I S 
7 I .1 110 I 1 [ I A II 1)0 ( • .1 l :: C I S 

7 I 'I CIJO'lo 
715 r.1101, 
711> 
717 
7 I 8 P H O C t:: f> I I II r E H R O 1?"1/11 I T L I K I $ 
710 IIITl:.G[I� � $ 

12n 

7'Jl co11H[llT pf?O([Olllff OUTf'l)T'.; F"HROR 11ESSAGf. At11, f.lTriEH SELECTS •iExT pROaLE 

722 OR HALTS CXECUTIOIJ S 
723 
72'1 HfGIN 
7 2 5 5 .'I I TC, 1 I �HO I! = E. I , L 2 , 1:. J , f. 'I , E. 5 , L 6 , 1:. 7 , E 13 , E 9 , E I O S 
726 �o TD [rHOHlrl s 
7 27 r I: 
728 1·1HITrl'11AxltllJl1 SToHA(jC Ill cArlOtllcAL Tnf.E CxcEEoE0•1 S 
7 29 c;o TO l)A I ;f[IJO S 
730 Ll: 
731 •JfdT[l'lllcOf<l!ECT Ao1,ncss ron sT1/l'lG Rf.T1;JFvAL'I S 
73') GO TO Hl\lil[IIO s 
733 [3: 
73'1 11f<ITf'.('HAxlHlJ11 r111i111rn or GOALS r.xcooE0•1 S 
7 35 r,O TO MA I ,l[IJD S 
731, f.'I: 
737 ,1RITE(•11Axlt1t111 rtu:11,Ln or HELi) SllflGOIILS LxcEEoEO'I ' 
7 3A GO TO tlA 111[110 S 
739 r.s: 
71fl) PRITEl•ff<10R JII Jflp11T f)I\TA•l S 



7'11 C.\l TO L:II S 
7'12 ro: 
7'13 \'!RI Tf I' '•"X l lllJII ll111111r:r> or Op[RATORS <,ENE:�A Tro • J $ 
7'1'+ CO TO MAl'IE!IC $ 
7'!<; (7: 
7 4 6 vifn Tr I' t1 fl X 111 lJ M ST R ll C TU PL S lZ ( [ X C rt:. I, [ 0 ' I $ 
7'17 Go TO f 11 S 

7'1/l r:➔: 
7'¼9 V!RIH.l 'Too t1ANy SYtll\OLS nE:rlNEO' I S 
750 GO TP HA I :J(llfl <; 
751 [9: 
752 11Rlrr:1•r1flxl11 Utt N111111CR or NODES ,;ft4l1HTr1,•1 $ 
753 GO ro t1A l,lf.NO S 
75<+ c10: 
755 1/RIT[l•Too M/\tly (ip[nf\TOHS or:r,1110•1 S 
756 GO TO HA I IEIJD S 
757 r.11: 
758 CNo f. 
759 
760 
761 
767. PIIOCFOIHH. P0Si11\f'IA,rl,LII � 
763 1 IITLG[R /\,rnAY A 11 
76'! I IITLGCI� PI, LI � 
765 
766 co1111F.IIT pRll([DURf TRA.JSJ"OR11 S POLISH STHlf4c; JIITO TR[[ STRlJCTiJRE llY 
767 Sf.TT I IJ(; lH' (IACt.�IARP AllD FOR�•Al{O LIN� S S 
768 
76Y 
770 
771 
772 
773 
77'! 
775 
776 

ll[G I ,I 

I t IT l \, r. f� /\ rm A y ST A(. r, I I : : t AX ST Ax , I : 5 I !. 

lllll!,fq l'Ti•f'T2•0[c;,cl S 
�IPt,51 = Alrt ,21 = AIPl,31 z O $ 
AIPl,'¼I = Pl \  
If OPERATJRIAlpl,1),f'l[r,J THLN 

777 (l)MIJ['lr Ir I.Lt.JIF.MT IS All OPFRATOF< TACK IT .. 1T11 [)[GREE AND <.uRRUIT 
770 f>U:,ITIOII $ 
779 
7 8 11 A I I' I , S I = 0 l •i $ 
7111 pT/. = I t 
7 13 7. S T ACK I I' T l , I I = U $ 
783 STAC�IPT2,21 = STACrlpT2•JI = DEG $ 
78'! STACKll'T7.,'1) = Pl s; 
78S STACK!l'T2,51 = I S 
786 roR pTJ = pl•1 STEr I ullTIL LI [)0 
787 uEr.111 
788 
709 cOM 11E'IT oF.c1�C 11 EtH Top or Slflcr. D[GREF AND lflSf.RT p,Ac� pOINTLR � 
790 
79J STACKIPT2,2l = STA(t.,lpT2•21 - I $ 
792 AlpTl,21 "' ISTACt<IPT2,JI - STflCKlrT2,2ll S 
793 AlpTl,Jl = 'iTAC1<:IPTi','¼l S 
79'! IF or[HArORIAlpTl,11,oEGI TH[rl 
795 OtGI� 
796 
797 cOM1-1[tlT I• l)p[RATOR <;TACK IT V/ I Tit r,E(iRL[ 1, 



7 9 f\ 
799 
llOrJ 
un1 

ll lJ 2 

A03 

tl 0'+ 
soc; 

ll06 
(107 

eon 

t,09 

ll I 0 
b 1 I 

PT2 • PT2 + I !. 
<;TAC1<Crr2,21 = STACl(Cf'T2,31 = orG S 
STACtdf'T2•11 = ACPTt,21 S 

<;TAC► lpT2•'ll "' PTI $ 
STACrCrT2•�1 = il ' 

AIPTl•f>I • llf.G ' 
Elli, 

cu111-1f.:1T If' l)pf.RAIIO I :1sERT FClR11ARO ro I ttTf.R TO Sf.Lr 

f. LS [ h I: G I H A I p T I • '+ I = f' T I ' 

AIPTl,SI = 0 S 
Eno, 

012 ro� Cl I 5Tlf> I ltllTIL PT2 00 
fll3 <;TAC1<«c1,s, " 5TAc;r.tcl,5) + I s 

bi'+ <;J! 
015 
816 cOttMEllT If AIL Ot•ERAllo<; OF TOp Op[l(ATOP. IIAvF. ntFN DEALT wllli SELECT 
bl7 HfXT LO�f.H OPERATOR i 

018 
819 
820 
821 

tl22 
tt23 

02'+ 
825 

026 
027 

b28 
829 

IF STACKIPT2,2l U::-i O THEN 

lll.Cil'I 
At<;TACKIPT2,'tl,'+) = STACY.IPT],'+I + STACKIPT2,51 - I S  

PT2 = PT2 - l S 
I� pT2 IILq O T11E11 G,1 TO SI S 

EIID'i 

830 A00LfAII P'?OC[(1llll[ TCRMSl'EClll) ,tl21 S 

831 INTEG[P 111,112 S 
8 3 2 

833 cU11Mf11f pR!lcEouRE O[TUm1:1Es v•IIFTH[R CCitlSTA�Hs Ml Allo 142 A1:[ E t1 ulvALENT 

03'+ HY ClllCKll�c; TttAT T11Ey {\[LU'IG To Tit[ SAMf. cONSTHIT CLASS Ok IF EITHER 

835 IS A VAl'IAIILE orEr.ATOR•THAT THEY IIAV[ TH[ SAM[ DEGREE S 

U36 
II 3 7 II f. G I , I 
030 Ir ii I '1�-IJ ll2 Tlt[II 

839 OEGI� 

II'+ n 
U 'I I 

ll'f 2 

ll'f 3 
fl'+'I 
ll ' 1  S 
8 '+6 
8 '17 

0'+6 
6'19 

050 

851 
652 
853 

us-. 

IF <;YtlTAntll!,JI tll_r) SYtlTARIN2,ll fllEtl 
Tlllt1Sl'LC "' ft;L�C 

EL5r bCCi I If 
If SYl1TA!IIIIJ,2> [(•L SYMTAR(N2,2) THEN 

TEIH151'EC " TRtH: 
ELSE DEGIM 

I F S Y M T A B C I� I • 7. > [ q L O O fl c; y M T A I\ I I I 2 , 2 I E Q L O T HE N 
T[flHSP[C = TRUC 

f I 5 C T C IHI Sp EC = 1· A 1. S C S 

[11D 

El,O 
[NO 
CL�f T[Hi!SPEC = nwr. s 

[NO> 

-



i,55 
8'>6 
857 n00LfA.J �Rocr1,uHL CIIRRf.LTIA,pl,Ll•8•P2•L21 \ 
85A 1 'JTl:,l;CR Aili/AV A• II $ 

O'i9 INTfliC'{ rl,Ll,P2,L7 s 
860 
b 6 I COM HF. I J T p rm C ED II rn: ll ET f P II I I J [ S I F' F. I E II F 11 T f' I Of A CORRE Sp O II tl <; TO EL EH ENT 
A62 P 2 OF II " 
863 
86'1 A[CillJ 
06S l lH(r,[1: II I, 112 \ 
066 IF IHlll(;HIIATCIHA,pl,1.l•fl•P2,L21 THfN 

867 U[blN 
U6A 
869 cu11ttE H IF' T11C: f.LC:111:'IT"i ROtJc;HLy HATCH THLIJ l)[T[RHIIH.: Ir EActt Ll"K IS A 
07f) srr.c Ir Jc AT 1011 or I Ts COlJIITfRl'ART 1. 

871 
A7'1 IF' Pl ll[O LI Tll(II 
U7 3 11r.c; I II 

07'1 Ill = LI '5 

87S 112 " L2 $ 
876 r,1: 
i,77 NI = AIIII ,JI $ 
0713 1�2 a f\1112,JI s 
679 Ir IJOT rrn11Spl:(IA(IJl,ll•Ul'l2,l>I THOI GO To F'AIL S 
!!Ml IF' Pl 'ILO Ill TIIEII GO TO SI S 
uo1 
Ull 2 
883 
118'1 

E t1D S 
COf:R[L T " TRt/E \ 

E II 0 
£. L SE 

oac; 1·AtL: 
8A6 C0NRf.LT 2 fALSL S 
UA7 C:IIO'S 
000 
080 
091) 
!!91 (10,)l_fAII ,.�oCLl)lJRL r:nuGHIIATCHIA,pl•Ll•A•r2•L21 S 
tl92 IIITL<;Ell ARRAY A•ll 5 
tl93 IIITHiER l'l,Ll,P2,L2 c; 
89'1 
895 c01111EIIT p1>11cCr,11nE nr.TER11 I tll5 ·.111£ TH� R ELF'ME•IT p I or A ROUGIIL y 11ATcHES 
896 TO [LL11EIJT r2 or (I 5 

897 
890 HEG I 11 
899 IIITt.GC•� ARRAY C5TACr.ll!tlAXOPS•1!7J S 
900 l11Tl<;ER cl,C2,cJ,pT 5 
90 I ROU

1.,
HIIATCII " TRIil S. 

902 L2 = r2 � 
90:l If f' I t..t1L LI THflJ c;o TO S2 ' 
90'1 PT a LI � 
90� Cl " 0  S 
90,', LOl)f> I! 
907 
9011 cOt1HEtlT STAc1-, OIICK''/ARt, Llllt;S or A TOG[THF.R wlTH oEr.RE( or LACH OP S 

900 
910 Cl " Cl + I i 
911 CSTA(l<ICttll a A(f"T,21 $ 

, 



912 
9 I.'\ 

9144 
9 I c; 
916 
917 
9IA 

cc;rAcKcc-1,21 = AP'r,s> 1 
Ir Pl IJL1J rT TIIEll 11rc-,1 11 

l'T = /\IPT,3) 'i 
c;O TO L1)·1r I '-

f.llf)'S 
PT = P2 '.i 

919 com1r11T nAT(H roIrnAIrn Ill II uc:;111,, Lllli-:S 111 sTACr, Ir MATCH IS NOT 
92n POSS I [IL[ T11r11 r A IL 'f; 
921 
922 f"Oll Cl = Cl ';TEP -1 l/llTIL 2 00 
923 f\F: c ,111 
9 2 44 I F h I p T , S l M [ Q CST AC t,_ I C 7 • 7. l T tin, G 0 TO Rf A I L S 
92<; PT = PT + I S 

Y26 rCJH ("J = 2 !;f(p I l)flTIL C<;TACKIC2-1,ll r,o 
97.7 PT = J,lpT•'ll + I 't 
921'1 ,--ins 
979 L2 = PT i 
930 GO TO �2 i 
9 3 I I/ F A 11. : 

932 R()Uc,IIIIA Tcil = FALSE S 
933 <;2: 
9344 EIIU'i 
9 3 c; 

936 
937 
93tl UO()L[ fl l r�OCfJ>IJJ{l vl'f.RA TOR Ir• L > S 
939 I tJT[G[r> p, L S 

9110 
9'il (0HHE11r f'h\l(t.OUI-H: l>f.Tfld!Jlll'c; 11t1f.TH(R A (OflsTAIIT IS All OpE.RATOR ANO 

9'12 Rf T(1R11S I Tc; OECiREF. 'Ii 

9443 

944'1 liEG I ii 
9'15 
9'16 
9'17 
9 'I fl 
9'19 
950 
951 
95 7. 
9c;3 

OPERATOM = FALSE $ 
IF p GTH O Tttt:ll 

BE,, 111 

I F SY 11 T fl U I P , I ) <, T p O TI tr 11 
rlF.:GIIJ 
OPI RA TOH " TRUE S 
L = SY 11 TA Ii Ip , I l $ 

E,�O'li 
PIUS 

Y5'1 [tJO � 
955 

956 
957 rROcFOlJflF OlrrcllLCt cc;,1,_•rl S 

Y5A lflTFGEt< C,•K•P 1i 
959 
961l C0Mf1tilf p,WcL:ouRE t11sr.11T5 IH1•1 [)lrFF"RfNcf.s JtlTO TttE Olff(RE1,c£ SET $ 
96( 

962 1.J[r,111 
963 IIITL�rR Cl S 

96'1 FOR CI " I ST[p I Lt'H IL :) i FPIUH 00 
96<; If c; LYL (llrrs<cl,I) Atl(.) K EQL 01,rs<cl,2) THEtl 
966 
967 

960 

i;u TO 0(110 '5 
l> I fFllllH = 0 I rrtlUM + I S 

01rrc;rrcr1 = utrrsCTCpl • 1 s 
-



Y69 t11r1 Slt)frfNIHl,t I = S 
97n 111rrs1n1rr111111,2, = Y ,-

971 nEl10: 

''72 l.lltJ'; 

971 

97'+ 

97r; 
971, PIIOCI.011nr zCR001rr:;1A,R•C:,•GI S 

977 IIIH.c;fl! AHRAY A•i; � 

970 J�TLGCR s,c; $ 

979 
9R0 C0HHUIT pl'!llcLr,tJR[ l>fT[1�1, 111[5 TIil SfT or zE1:0-LEvf.L O lff[RElicES nETwEEN 
YO! <;THUCTURf A Atlo II •R00TE0 AT s All[) G R[SpF:CTlvELy s 

YR7. 

H E<i I ,J 983 

9ll '1 
905 

906 

9R7 
90A 

JIITfr,En ARllAY STACK 11 :HAxSTAx I ,SvAR( I !HAXSTAx • I :-i, s 

IIIH.l.,fR rl ,P2,cll,vl •v2,CI •C2,CT•P s 
Ctl = p = J s 

P2 =VI =v2 =o S 
roR rl = <; STrr I u:JTIL AIS•'II DO 

9R9 !:IE<, 111 
990 
991 c0t111E'IT lr T•tffll IS A CORR[SP0IIUIIIG corisTA·1T t::LCHEIIT aETv:Et.•1 A&n THEI� 
9 9 2 Tt. ST I r TH LY A I? L [ c, ll I VALE ti T S 

993 

99'1 tr CllPl<f:LTIA,S,rl,11,c;,1'21 TtlOI 

9 9 S n El, I II 

9° 6 

997 

9o9 

999 

IF l'(P7,11 <,TR 0 THfN 
I\ rr, 111 

I F" 'I (I T 0 I r f SP L C I A I p I • I I di I p 2 ,t l , ', V A R , C ti I T H E II 

D I r I c 11 cc: K , n 1 ,, 2 , 1 , , r 1 , r , ,. 
1.110 

(LSf: Ir A(f'l, l I c,rn 0 TH[II 
1\1.(,11 

1001) 

l lJ O I 

1002 

1003 

I 00'1 

1005 

1006 

C0Htl[IIT If THE C0RRESpntl[)ltlG ELE.t1EIJT trl A IS VARIAI\LE,SUBSTJTUT[ TH[ 

11)07 
1000 

1009 

I (J I 0 

IO l I 
I U 12 

111 I 3 

I U I 'I 
IUIS 
I U 16 

I U 17 
I I) I A 

1019 

IU2U 
Ill 2 J 
I CJ 2 2 
1023 

I 02'+ 

1025 

,iArcH Ill A, Ir THIS VARIAALE OCCURS IN HORE THAM ON[ pOSITJOII TEST 
THf Rf.SIJLTI JG STRtJ(TlJRf AGAll�ST A FOR DIF"fEREN(f.S S 

CT = n s 
�01? Cl = G <;Tt::r I UNTIL [ilc;,'11 Ou 
Ir 1,lcJ,ll (QL 111r2.i1 AJI0 Cl 'l[u P2 TH[IJ 

i!EGIII 
CT = CT + 

STACt,.ICTl 
I 110 i 

$ 

., CI $ 

If CT GTH CJ THf. 1 1 
FOR Cl ,. I STf.p I utJTIL CT no 

fi[G 111 
tr CORRF:LTClitG•STACKICI I •A•S•VI I T11Ct4 

f o " c 2 ., r I s T c r 1 u r4 r I L A , p 1 , '+ 1 o o 

0EGIII 
,r CORRELTIA,Pl,C2,A,v1,v21 THf.N 

!IF.GIii 
Ir II0T 0IFfSl'ECIAIC2• I I ,AIV2tl 1,svAR•cNI 

UIF"F"CHCC:KIAl(2,II •V7,pl $ 

ft/OS 

T11EN 

l 



IU26 
I 027 
IU2A 
1029 
l 1) :l ') 
1U31 
1U37. 
l U 3 3 
I 03 'I 
1 Cl'\<; 
1036 
1()37 
IOJA 
I 03'1 

I IJ'IO 
I U'¼ I 
I U q l 
I O'¼:l 
lU'¼'i 
I U'¼S 
1 U'¼b 
I 0'+7 
1 U q ti 
I U'¼9 

IU50 
105 I 
IU52 
10<;.1 
1 US'i 
l Ur; 5 

I IJ<; 6 
1 u<; 7 
lfJSA 
lrJS9 
1060 
l Ub I 
1062 
IU6J 

lUb'I 
IU6S 
IU66 
1067 
1 Ob fl 
I 069 
I07n 
1071 
I CJ 7 l 
I 07 3 
I U7'1 
I 07!:i 
1U76 
IU77 
1078 
1U79 
l OAO 
10111 
IUl32 

� ,,,, <; 
F j1,._ 

I II:)$ 
[:JI>$ 

1:.1 l f' 'li 
r111. � 

1100L1.A'I pR()ClllUi!L l)trrSt'LC(A,11,vAR,(.lll 'i> 
I IJ r L (; r fl A'? RA y VA n !, 
llllLc;[II A•n•C'I S 

com1t:t1 r prWcfl)lJf'F f)[ TLl/11 I 111 S ·,,11( THlR 1 .• o cu:.11EIITS AR( EQUIV AL ENT $ 

hf c; I I 
(llTf.1,FI: fl[<i•CI 'i 

C n Ill I C 'IT I r [i V A fl I A fl L f r II C t I (\ u T () '1 A T I C H I\ T C It $ 
IF II LS'> l TIIEM 

n I FT Sr Le = Tf:ur 
CL5[ fl[;(ll 

Ir A LS<; '.) THL:11 '\Lr; I fl 
If (lpfl/i\Tllfno•t1f�) THL1f Dlrrspr.c 

fl.SI 11f"Gltt 

1 ·1111 Cl :: I 5Tfp I 1JIITIL CIJ DO 
Ir VAf�(Cl,ll COL A Tll[II 

l'I Fr, 11 I 
I f V A II ( C 2 • 2 l L () L I I T H I 11 

f, I rr'>P[C = Till)[ 
LLSr 111rrs,.cc 
._,I) TO 51 $ 

(Ifni 
CN = CN + 1 'L 
VAi/iC.ii• I l = A 1, 

VARICll,2) c f\ c, 
0IrrsI·I·c = THUE $ 

r,o TO SI S 
I N(1 

FALSf. $ 

fAt.SE 

I,. <1nT11 A J. fl AH( CO'ISTAIITS 1)0 cn11sT AllT TEST i 
I.fir) 

[L<;f Ir rr1111s1·rc111,111 TIIE:r OIFfSP[C • TR11f. 
F.L Sf ell rrSpEc "' r AL Sl s 

I tl[) s 

•.; I : 
I lf!1 'S 

pfl()r_f n11l'L ()1/l"lfROpS ._ 



IUA3 
lull'! 
IUAS 
I (1/l 6 
I Utl 7 
luAS 
I Oll9 
tu9o 
lu91 
I 09 2 
IU93 
IU9'1 
I U9<; 
I U9 b 
1097 
I 1J98 
IU99 
I 100 
I l O I 
l l O 2 
I I 03 
110'1 
I l 05 
IIOb 
1107 
1100 
I I 09 
I l l (J 
I I I I 
I l I 2 

I l l 3 
I I I 'I 
l I I 5 
I I I t, 
I 117 
I l I 0 
I I I 9 
I I 2 IJ 
I I 2 I 
1172 
I I 2 3 
l I 2 'I 
1125 
112b 
1177 
l12EI 
I 129 
I 130 
I I 3 I 
I l 3 2 
I I 33 
111't 
I I 35 
I 136 

l I J 7 
I 1 3 fl 
1139 

II[(; J 11 
I! IT 1. r, C' C I , C 2 , C .1 , TI 11 r I , TC ll P ;> , T [ II f' .1 'i 
flf.l\L Tl 11f'VAL $ 
FOR Cl = I STFr I tlllTIL cop:iu:1-11 DO 

II f.,; IN 
Ct = Cl \ 
f"lll! c.l = Cl+-1 <;TL:r I LJIITIL OPIIUM ('0 

If O!'vfllllrtc31 (ilr! Of'Vl\llJE.ICZI Tl,[tl 
CZ = CJ S. 

IF C: / l(t) C: l Tll[II 
11rc.1o1 

T[''f'l = OpLISTICl,11 $ 
T['IJ'2 llPLISTICl,21 $ 
TFitl'3 = llpLl5TICI ,JI S 

T[flPV�l = Of'VALIJCICII S 
OPt.lSTl(l,11 OpLISTlc;>,11 $ 
OpLISTICl,21 = 0PLISTIC2,71 $ 
OpLl�TICI ,.11 • 0PLISTl(7,JI s. 
orvl\tlJLICII = OPVALIIF.IC?I $ 
0PLISTIC2,11 = T[t1PI S 
0PLISTIC2,21 � TCHP2 S 
OrLISTIC7,31 • T[HPl S 
OP VI\ l. ti C IC 2 I = Tr II p VAL $ 

LIIO' 
F. Ill)$ 

CI = U > 
FOi� Cl=Cl•I IHIILF Cl LLQ OplllJII DO 

IF OPVALUllCII l'>5 LRH Tlt[ll OPIIUI! = Cl-I S. 
Lill)$ 

pROCIDlll/[ OPCH[Cl\ll•J•f"•O•A•Pl,LLTI 5 
IHTLr,F.� I •J•P•O•[LT•PI S 
IIITU;F.11 ARRI\Y A \ 

c01111E.IT rRucEr,ur.L EvALIIATf5 AIIO FILL<; A NE,: OpfRATOR. IF IT HAS uEEtl 
GFIIERAT[D rRCVIOUSLY IT IJf'OI\TI S TII[ VIILUE � 

HCGIII 
IMT[<if.l' Cl,C7,T[llf",PT S 
RF AL n I r r I • D I r f 2 • r1 p • 0 I $ 

Olf"FI = t�uLCSLCl•21-RULF<;L([,I)) - (RUL[SHl[,21-RuLESRtltlll S 
OIFF"Z = n \ 
DP ., P 'Ii 
Tf�p • l•FACTUP + J S  
PT = Pl + J $ 

C011HE.J T Df rr,rn 111[ ,/H(TH[R Ill"\� OH OLD 01•ERATr)R $ 

FOR CI • I ST[p I UIH IL or:11m 00 
It OpLISTICl•ll 1:01. Tl:llp TltF'I r,O To Fl $ 

CO r1N EI IT I r II F •:: I II SI: RT TO L I <; T ANO G I VE V AL u r I} AS f. 0 0 N LEVE 1. ANO 
CllHPLLxlTY $ 

OPUUM = llP/IUtl + I $ 



11 '+0 
11 '+ I 
I I'+ 2 
I I '+ 3 

I I 'l'+ 
I I '+ <; 
I I '+6 
I I 'l 7 
I I '+8 
I I '+9 

I I 50 
I l 5 I 

I I 52 
I l r, .) 
I l !i '+ 
I 155 
I 1 S 6 
I I r.7 
1 1 SA 
I 159 
1 1 6U 

I 1 6 I 
1 I 62 
1163 
l l 6 q 
1165 
1 1 bi, 
1167 
1 1 6A 
I I 6 9 
I 17r:J 
I I 7 I 

1172 
I I 7 3 

I J 7 c+ 
l I 7 <; 
I I 7 6 
1177 
I l 7 A 
l I 7 9 
I I 8 '1 
I I 8 I 
I I A2 
I 1 8 .'.l 
I I A•♦ 
I I 8 r, 
lll'li, 
I I 87 
I I 88 
I In 9 
I I 91) 
I I 9 I 

I I 9 2 

I I 9.) 
I I 9c+ 
I I 9 <; 
I I 96 

OPL Is TI Op lllll' I I = rr:llr > 
OPLIST,ur;1u11,2, = LLT "' 

OPVALll[IOr>lllJMI = ll[PTtlf)lf\SIIIO[pTHF11AS7•()r> + Q[pTIIE\IAS'+I + HCOHPIII• 
co·1r,1"1 t 11!i � 

c011HEIJT If STfllJCTUII(. f<; Sp[( or l)p lllpuT A11.:, SpF'(AIAS ELSE f\00 A 
VALUf 11ASf-O Otl At10llllT OF \"ORI( RC011IREL> S 

IF" <;p[clrlcATIOIHfl,n11LE•pT,RuLESLll,lll Tll[II 
U £: r, I, I 
0PLl�T (0f'NUH•ll = I I 

OP11ALULl,')plllJMI = o rvALlJEIOf'Nl)MI + �rEC11IAS $ 

EIIO 
F"l. sr P.Et, '" 

OPLl<.,TIOl'IIUH•31 " IJ <. 
()l = OIFf[VALIRIILf:,RtJL[SLll,11,A,pTJ $ 
OPVAI.UEIOPIIUIII = OPVALUEIOPilUMI + 01 1i 
E llO S. 

cO,nt[IH A(ill FACTORS FOIi ()lfFfqLJJcE Ill SIZE PLUS wt1fT11ER Op TRAN5,=-0Rt-1S 

S TRUC TtJIH. Tvr!APr,:. H[l)ll 1 R[O SI 7f S 

OpvALU[lllptlUIII = OpvALuf1Drll11H I +olf F"OIASl/(Af\SIOIF"fl-OIFF"21 + 
fl If ff' I AS 2 I 1i 

nlffl = HUL[St.11,21 -RUL[SLll,11+1 ,; 
�lf�2 = A (pT,'ll - rr + I $ 

0 p V A L lJ f I Or I I ll M ) = 0 r V ,, L IJ l I Or II lJ M I + ll I f f 11 I A S l / I Ah S I O I f F" I -0 I Ff 2 I + 0 I f F 8 I A S '+ I 
c;O TO f :./ ,; 

FI: 

c01111EJ1T "'"' FA(To11 TO lll(RCAS[ vALuf. o, ou., Op .�ltlCII RE110vt.S AIIQTH[R 
DI r fL�r•!CI s 

OPVI\LIILICI) = orvflLlll:ICI I + Of.PTll!llll<;l/tr'lfplHfllAS3•DP + oEPTHBIAS'+I 

P[A( pfll(fOURL lllrJ~rvALIA•rJ,O,P21 '> 
I N T L<, I': r A ,rn A y A ' h " 
I II T F (j L R r I , r 2 <; 

c011t1C1JT pP.OcfouRf i)f.RlvfS A FAcTOR TC l!EfLl"c:T T11[ pROnAoLE flHOuNT OF 
•vUR>. llf<)lllt?[O To lJAr.C /\ti OpfRATOR APPLICAhLE $ 

hLGlrJ 
Rl:.I\L � � 
11 IT l:.1, r. R C I , C 2 , C 11 � 

I 11 T E G f R A R I� A Y V A ll I I : 11 A X S T A X • I : 2 I $ 
1'1 "' 11,J S 

co1111E'lr LO/,() FA(TOll IJ' THL 11ASfS Olff[I< $ 

If 110T 111rrs1·1c1A(p l,l),13lp2,1l,vAR,cNI Tt�(t� 
0 = l)(ffACTfll'I s 

CI "' PI � 

, 



I I ? 7 
I I o I\ 
I 190 
12()0 
120 I 
1202 
I 2i1J 
l:l::J'I 
I 2 J<; 
1206 
12;)7 
I 2!1/l 
1209 
I 2 I fJ 
I 2 I I 
1212 

1213 
121 'I 
I 2 I 5 
I 2 I 6 
1217 
I 2 I 11 
I 2 I 0 

122!1 
I 2?. I 
1222 

1223 
I 7. 2 'I 
I 2 2 c; 
122b 
1277 
I 2 211 

);l2Q 
123,J 
123 I 
1232 
1233 
123'1 
I.! 3<; 
123n 

12:\7 
1230 
123'? 
12'10 
12'1 l 
12'12 
12'13 
12 'I 'I 
12'15 
l 2'1n 

12'17 
I 2 'I A 
I 2 '19 
I 2 '>O 

I 25 I 
1252 
1253 

C2 = f>7. '5 
LC1l1f': 

co111,i:.1r C•JltllT f'OS IT I O!J'� or i) I rri::t?f 11cr � 

IF 1uT 111rrsr[CIAICI ti) •fllC2, ll •VAH•CII) TIIF:N 
r, = I) + I , U 1 

It ,\ICl•r,J fl[,) 1,1c2,!;) T11r11 
HF. til'I 
Cl C AICI•'+) $ 
Cl. = hlC7.•'IJ 'Ii 
E'Jr1$ 

C:I = <.I + I $ 
Cl = C:7. • I $ 
IF Cl LrQ A(pl•'II 11110 C2 L• ti r,lp2,'tl T,,[11 GO To LOOp I 

r,IFFfVAL = nlrrA,Tnr.210 Ji 
F: 110 'i 

f'H()c,l l)OJI,[ 01'111FFc;r:1J1 RATrlA,n,1->1 ,p2,,,,u· 11 ,ltr11 $ 
I HTt.<,f:� A"Rf\y A• II � 
IIITEGrq rl,P2,f'•llll tl.l.V $ 

co1111E'JT f>1'll(EMJHr: AccrpTc; A SFT ur zFRu-LEvfl. l•IFrEHENCF.S flltO (;UIERATE� 
SLTc; <II tfl1;t1[11 LEVfL 11lfT[REflCES All() 1lPERATORS I 

tl[<i I ! 
JtlTr,, r q A'rnAy C<;TAct.11 :IIAX<;TAX, I :71 •OPTrSTI I :HAXSU�GOAL':,, I ;'II• 

�VAH(l:�AXSTAx,1:21,nrpOSI 1: IOUl,�TAct II 1:61 , 
I II TI c, I. II f', I , I' u I II T , r T • r G • I' K • n • n I r r L [ v f 1. • !H.  x TO I r r , p TR , pH • p � , C I • C 2 , p II T , 

C J , C 'I , ( t-. , I I A P , P L , C i I , [ L T , C 5 , T T r , P l , n P , 5 lJ f> Or <; , PO s , R A C K , I • J , O I L [ V [ L , L • K , 11 
i'O!lll·A'I f'LAGJtlLAr,2 $ 
ILflGI = tALSf q; 

Ir LIV l.<;S llfl)(<;IJf\<,(lfll.S T11r11 

1,F.,, I ti 

cu11:1r:1r <;[CTJOII A<:i5l<;T•, 1:1 1-1rsTHl(TIIIG orE.1AT1)11 GEll[HAllOII BY KflPltlG 
THAO' or r,n: l'URPOS[ ,ir SUBGOALS, POSITIOII or APPLICATION ANO THE 
'F.sc;r..JTIAI.' fl.FrtEIIT (<;I Of fAII orlfllllOP. GLNERATEO THE suo,,OALS ON 
Tit I 'i PA T;r A'lf IIOTl:11 $ 

'>UuOrS = J $ 
f'tl<; :o I 1i 
hACt = 1111 S 
npLf vrL = Lrv ,. 

fUR <;11nOr-S "' su11urs + I ,,,, I LL OpLEvCL Ill.) MAx SUf\GOALS Du 

I 01! l'll=pll+I 1:IIIL[ 'IOT(IIOOClt,ACK•Sl [QL OPLEVEL ANO 
ll1)pLl'IQ()[(11flc1<•ll,SI GTJl OrL[vEL) ()1) UflCK = NOOE(Bfl(tc.•ll s 
11:JrflCK3(1lOO[(nflC)',7) ,I ,ptlT,lll S 
J = Pl S 

cOr1H f 'IT 1,- tip 11IH1l11 flf>ST Lfv[1. or 5T11ucTuR[ oETERMIIIE pO�JTIOIJ DIREc1 

Tltfll 

, 



I 2 r; '+ 
I 25<; 
1256 
l.?57 

I 2 SP. 
I 2c;<> 
12/.1) 
I 2 i, I 

I 2 6 2 
I 21. 3 
I 26 '+ 
1265 

1266 
1267 

1268 

1269 

1270 

1271 
1272 

I i7 J 
127'1 
127!, 
I 271> 

1277 

1278 

127? 

120() 
I 2 RI 
1282 

12n3 

I 28'! 
I 2 05 
12/li, 
l.?07 

1288 
1289 
1290 

129 I 
129;, 
1293 
I 2 9 '+ 
I 2 9 c; 
I 2 9 6 
1297 
12911 
1299 
1300 
I JO I 
I 307. 
1303 
I 30'+ 
I J O!i 
1 3 nn 
1307 

13011 
130Y 
I J 111 

Ir l'MT L'.;<; 2 TIILII ,I • J • l'NT 
I L'>L fl[l• I I 

J & ., ♦ ' 5, 
rori CJ •C,?,1,p!ITIOu ., • AIJ•'fl ♦ I '.I, 

f.flt) � 
OpTf.ST(',u:,or<;,.)J . J '  

C:llMME'H Ir or To nr Af'f'I.IF.O AT PASI. SET NC�AT1vr f"LAG [LS[ Il�StRT ITS 
f>USITJOIJ Ill Tllf tjTHIICTIII!( 'i 

If J EQL Pl T11FN Of'Tr.STISllOOPS,71 • -I 
fL�f. 11r:r, 111 

l')pT[STISlll\Of.>5•21 " I " 
flr>Tf5Tl5unor>S•II • pOS � 
Op roe; I pOS I • pr,T i 

r>OS • p05 + I S 
r.trn 

f" Ip 
f"l.'>r lif"C, I I 

(Ot1H(;,r ,,- Of> nr:1.0.1 r11:sT LF.vf.L TIILIJ !j[T Ut• STAci,: OF Lllll(S TO ILJ(MTIFy 
rOSITIVII i 

PIIT IC t'IIT - I s 
opTrsrcsunor�, 11 
OPTl<;TISUOOPS,21 

rUl-i pllT • PIJT + 
HU; J ti 

• ros s 
• 11 S 

1/ H I L f II G TH O D 0 

I f fl 1; T f"I b T II f. t I C I • h 
1.LSl Cl • II S 

1 t t I I' AC K 6 I 5 TA C K I , !; IJ n Or LI S T I p �IT I I I 
ron c2■11o1,c:11 uo 

11 r. c, 111 
J • J • I s 
0 PP <1 'i I P O S I • S T A C K I I C 2 I ' 
ros • ros • 1 � 
ron C3 • 17.,i,STAC1t'IIC211 (JO 

J • AIJ,'tl + I S 
[IIDS 

ii • 11-1, S 
urn, 

(011MC IT SL T POSIT I 011 or cs�f.llT I Al. LL[MUIT � 

OpTf"<;Tl�IIIIOPS,31 • .J $ 
C'H1$ 

r,011t◄f1H IF ,,,, Sll(II f"LCMCH <;ET FLAG IIL,,ATlvE OTHfR,:ISE StT tJP STACK or 
P•llllH'.11S $ 

Ir HlOllnACK,bl (.:,<; 0 Tllf" orTESTISUP.0P5,'+I • NOIJElbACK,61 
r L � r f\ t: <, I II 
U NP A C K b I S T A C K I • 110 I) [ I r, AC K • 6 I I ' 
0 P Tr 5 T I !i II fl Or S , 't I • !i TAC r I I ,. I , 
r O 11 C I • I I • I , S TACK I I 6 I I O 0 

nr,; 111 
(') P P O S I I' l S I • •; T A C 1: I I C J I '6 

-



1 J 1 1 
1 31? 
131 3 
131 'I 
I 3 l <; 
I 31 b 
1 3 I 7 
I 31 tl 
131 9 
1320 
132 I 
1322 
1323 

I J2'1 
1325 

I 321, 
1327 
1320 
1329 
1330 
I 331 

1.l32 
1333 
133'1 
1335 
I .J36 
1337 
13311 
l33Q 
I 3'1tl 
l3'H 
13'12 
13'13 
l.l 'I 'I 
13'15 
13'16 
1 Jlf 7 
I 3 'I I\ 
I 3'19 
I 3 <; I) 
I JS I 
I 3 <; Z 
I J'jJ 
I 35'1 
13t;S 
1356 

1357 
I 35/'I 
J3<;q 
136n 
136 I 
1362 
1363 
I 36'1 
I 36<; 
1366 
I .)6 7 

ros = l'OS + 1 s 
[11[1$ 

f"/111$ 
OPL[Vll 2 0PLEV[L + I $ 
kA(K = IIOO[lµACK'il $ 

flliJi. 
sunors = suoops - 1'i, 
roR Cl=IJ,l•<;lJ00P51 ()0 

If OPTt.<;TICJ,21 GTII (J OH QpTf.5T(cJ,'1) r.Co O TIIEN fLAGI 
I IH)' 
0 = ( C /I I P I , 'I I -P I I - I II I P 2 , 'I I • P 2 I I $ 
OP'llJtt = ll $ 
f' 11 = P II ,. 0 S 

co1111filT 'i[T 1111 TI AL V/\llt[S f0H O I ffl.R[11cl �fTS /IND FIRST DI Ff $ 

SI: 

PT = U $ 
0 I •fLfVEL = 0 I fPllJrt '!i 
N(XTOlfr = 1 $ 

Ir tH X Tt, 1 ff <, TR () I ffllUtt TH[II r;O TO l)pO[II() s 

(Otlfl[,IT 5LU.cT IIEXT ()lff[HEtlCE A,Hl ST/let: ITS PO<;ITION Ill RLLATl'1N 
TO TH[ 11/\'.,l $ 

LI: 

PG = n1rrsc11t:xro1rr, 1 1  $ 
P t = () I ,-r '.i C I IE X T l) I r f' , 2 I '.S 

f'L ,. l'P :: Pt: $ 
PTR = 0 $ 

PTH = PTn + 1 S 
CST/,Cl,.(l'TH,11 rn 'io 
C S T A C I, ( P T 11 , 2 I = /I I I' L , 2 I '6 
rL = PH $  
PR = A(l'l?,.31 $ 
1 f PI/ 'I [ Q () T 11 [; 1 r, O TO L I .I, 

co1111E:IT (l[l, I., MA I II LOOr• f"OH ALI. Ol'LRA TORS ; 

FOR CI = I S Trp I UIIT IL f?ULCt,O (10 
DC,; I II 
TTp = rL = 
fOH CZ = 

111:_C, Ill 

TfH:tT 1111r11nn CC I I '!i 
STEP I 111/T(l rTn 1)0 

C0Ht11.'IT SELi.CT rollJT or 11rrLICATJOll Of" ()p(IIAlOII S 

PH " C.�TACt: ICl., 1 1  $ 
F O fl C 3 = 1 S T [ r I lJ II T I L C 2 0 0 

!JfG 111 

cOt111[IIT SCLFcT pOIIIT or Dlf'ftR[Nc[ OR sTRucTuRE cOIJTAININc; rOINT Of' 
Olff[Rt::11CE S 

p� C C�TACKIC3,I) s 
I'll = C�TACylC2,ll $ 

fLAr.7. = FALSE S. 



I 36!\ 
1.369 
137n 
1371 
1372 
1373 
13 7'1 
137<; 
1376 
1377 
I 3711 
1379 
13AQ 
Dill 
I 31\2 
1303 
130'1 
13(1!', 
1386 
IJ07 
I 3 ll tl 
I J 9c,, 
I J 9 o 

I 3 9 I 
I 39 7. 
1393 
I 39'! 
13q5 
1396 
13q7 
139H 

13q9 
I '!On 
I 'I :)I 
I 'f O 2 
I '103 
I 'IO'f 
I 'IO c; 
I '106 
l '107 
I 'I QA 
I '109 
I 'I I 0 
I 'I I I 
I 'I I 2 
I '11 3 
1 'I I 'f 
I '115 
1 '116 
I 'I I 7 
1 'f 1 n 
I 'f I 9 
I '120 
1 'f 2 I 
l '122 
I '123 
1 •12 'I 

T rP = l'L S 

cu1111UJT \l()f-/t-- rOr,\/j\f,/f) I,, oP f AFIL[ To f' I 0 1 1T or I) I rf"[Rf.llcE • IF" AT At!Y 
ST AGE TH I. FI) R II l'I I' 0 S T [ P I S II OT r> 0 5 S I n L [ I , T • 0 , 1-1 A TC 11 DIC. 0 P f. NO Of Op 

TH[tJ ,;11y I\ T IH:x T F'O I llT or APPL I CAT I 011 $ 

FnR C'f =IC2••1,C)+tl UO 

nf. r, tti 
Pl = CSTACr.lC'fdl $ 
If TU:r,TAOITTp,'!l LS'> 0 TIIEII 1.,0 T,1 llf"�Tl S 
Ir- lll)T TfRt1r.pfc<T1.P11TA11ITTp•'fl,A( 1'll•II) THl::11 GO Tu IJ[)l, Tl S 

TTP = T[fH1TAhlTTp,2l S 
Foq cs " c2o1,csrAc1.1c'l•2•1 on 

IF T Tr• f r>L l) Tll[,l (jO TO NEx TI 
lLSF TTP = TEJHITl\ll(TTP•3l S 

I F TT p f r. l. 0 T tin, c; o TO II f X T I S 
(ti[)$ 

co111-1EIH Ir T.rf. POSITIOII IS lJNALTCRE.O Tltfll rxIT $ 

IF Tl HIil 1'111 I TTp, I l [OL O THF"ll GO TO tl[X TI S 
I F TE R tt T AO I TT r • I I r, T R O T II F. IJ 

ALCi 111 

cOMHr:;JT IF ()!FF 11ATc11Ec; A collSTAtlT T1 1 E11 T[5T DIR[cTLy S 

EL T :: -I S 
I F D I F" r Sp f. C I p G • TC II 11 T AU I T T f' ,I I • S VA II • C ti l T II E 'I GO TO C II f C tr 2 S 
\lo TO ll[XT I 'ii 

r. 1JI) 
[LSf nrc, 111 

CO II :1 E II T I r O I Fr It A TC II E '; A V AR I Ar, L [ T II E II I s 1) LA TE MA TC H I N C lJ RR [ N T 
S TRUC TURI S 

L 2: 

r,, " -TFRIIT110ITTP,tl i 
FL AG;> = TRIii" 1o 

p11 ., csr11cts1c2,11 s 
C'f = c2+1s 
F O ,, C 'I = C 'f -I 1·1 H I L C Pr� c; TR O D (I 
nE<, IN 

If AIP'l,ll IIE\) VAflTl\h(F'Q•ll TttCN c;O TO CltECKI S 
I'll : P'I + IS 
fOH C!:> = 12.1,VAHTAl)lpQ,3\l DO Ptl " I +  A(ptl,'!l S 

Po ., VARTAOCP(l,'ll S 
[II()\ 

co1111t11r 
IF vARIA�LI f1/'\Tc11ES Su1;<;TRucTuHE coNTAlllltl(j DlfFpOIIH T11[1� !•ATCH 

,,1r11111 S1rnsTR1 1cTuP.E TO OETEHMl(IE co,rnccr CORR[SpONDING [LEMF:IH \ 

IF pc; IIUJ r� Tll[II 
iH GI II 
Ir tlOT CORlll.LT(l\,1'S•Pl(,/l,p11,ro1'1TI THI.II GO TO CHE.CK! $ 
PII = POitiT '§ 
[,JOS 



l '125 
I 'I 26 
I '127 

I '170 
I '129 
l '130 
I '13 I 
I '13 2 
l '133 

I '13'1 
I 'I 3 <; 
l '136 
l '137 
I '13A 

l '139 
l '1'10 
I 'I 'I I 
l '1'12 
I 'I 'I 3 
I 'l'l'I 

l'l'+S 
I 'I '16 

I 'I '17 
l '1'18 
I 'I 'I 9 
I '+ S 0 
I 'IS I 
I 'I 52 
I '15 3 
l '15'1 
I 'I 55 
I 'I Sb 
I '15 7 

I 'ISO 
I '!Sq 
I '16 o 
I 'I 6 I 
I '162 
I '163 
I '16'+ 
I 't 65 

I '166 
l '167 
I 'I 6Sl 

I 'I 69 
I 'I 7 ll 

I 'I 7 I 
I '172 
I '17 J 
l '17'1 

l '175 

I 'I 7 6 
I '177 
l '17 8 

l '179 
I 'I An 
I 'IA I 

co:111('JT If T,tC [L[11ftlT IS IJOT A sPfc or THf. GOAL TH[II INSET A tdGHER 
L1Vrl (1lf"l1RcllCf. $ 

tr IJ!)T nlrfSpEClrG•A(pfl,ll•SvAR,ct11 THUi 

0 I r f C 11 LC K ( I',; • P ,� • r T + I I 
I LS ( Rf l, I, I 

CHFCK2: 
r r fl AG I Tllf.11 

R[;; I IJ 

co1111t::rJT Ir 't[((SSARy ()f"T[Rt1INE "HET1tfR Op[i?ATOR NEGATE.S SU11GOALS BY 
Cll[CKIIIG flGAIIIST E/\CII STACr,;fO OP[flATOK ANO ELEMfNT S 

J = Pf'. :I. 
rOII C'I= I I, I, SUIIOl'S l 00 

fiLGJII 

POS = (JpTESTIC'l•ll S 
If (0f'T[STlc'l•31 CifQ J MIO OPTL'>TIC'l,.31 LEn AIJ•'II} THEN 

hf.GIii 

If" OPT[ST(C'l•21 GTR (J AIJD OPTESTIC'lt 31 GTR J THEN 

A[G Ill 
TTF' = T[RIIT/\Jl[IJTRYICI I $ 
1 • OPTCSTIC'!,JI S 

= � = OpT[ST!C'l,tl • OPTESTIC'l,21 - I� 
f"OR I• A l  I ,3 1 WHILE I l�[Q PH l'lO L • L-1 S 
fOR C"> = IL•l•KI 00 

REC, I :J 
If" T[RIITABITTp,'IJ LSS O THEN 

I\ E� I ti 
rr T[H11TA[IITTP,tl LSS U T11n1 r.o TO Cllf.CKI 

LL Sr GO T l1 C II f. 0. :l S 
[ • I[)$ 

TTP " TF:RIITAI.IITTP•.21 S 
ro•? c6z(2,t,Qpposcc51} 00 

If" TTf' Cl}L U Tll[ll GO TO CHLC�l 
ELSL TTP a T[RIITAAITTP•31 S. 

If" TT p CO I. .J T II f I l GO TO C It f. CK I '.o 

[IIDS 
If T[Rr,T AF, I TTp, 11 L';S O Tl!E;J c;o TO CtlEC� I S 
c1n .. 

L = K • OPTf.STIC'l•'II - IS 
If" 11PTESTIC'l,'II c;TR U Tttftl 

AC,, 111 
f" u ,< CS= I K • I , I • L I DO 

u[G Ill 
tr TLRMTARITTP,41 L'>S O THCH 

(l(G 111 
IF" T(RtlT/\tdTTP,11 LSS O Tlt[M GO TO (l![CKI 

fLS[ GO TO CH[Cr,J 'i 
lllO'-

TTr • T[RHTAOITTr,21 S 
ruR C6=12,i,Opp0Slc51 I on 

If" TTP f.OL O T11r.11 GO TO CHECK I 
[LSL TTP = T[f?IIT AB I TTP, JI S 

If" TTp EQL O TltflJ GO TO Cll[CK I 'I> 



I 'tq.2 
I 't I\ .l 
I 'tA 11 
I 'ill'> 
I 'tA6 
I 't ll 7 
I 't 81\ 
I 't09 
I 't90 
I 't? I 
I 't92 

1 't93 
l 't9'1 
I 'I 95 

I '19 I, 
I 'I q 7 
I '198 
I '199 
I SOIJ 
I SO I 
1502 
1503 
ISO'+ 
I !>OS 
I !>06 
15:J7 
1S08 
15:J9 
1510 
I !, I I 
I !, I 2 
I !> I 3 
I !, I 'I 
I !, I c; 

IS I 6 
IS I 7 
IS 18 
I S I 9 
I!, 2o 
I !, 2 I 
1572 
1523 
I !, 2 'I 
IS 2t; 
15 26 
1527 
I!, 28 
I 5 2" 
I!, 3n 
I !, 3 I 

1!,.12 
1533 
I !, 3 'I 

1 r,35 
I !,3 t> 

I !..37 
I!, 111 

� rlf)<S 
II T1 1/J1T/lll(TTl',11 JILO n T11r:1 (,0 T(• c11rn< 1 \ 

l:fl,'io 
lll11S. 

(llf(K3: 
r11n, 

[IH>"> 

nrc111 Cr IC I, rR-p It p T •fl• A' I' It IL T) 'I, 
f.JJO!. 

CllfCKI: 
I r fl I\ r, "} T II r I I II [ (j I ' I 

If"" VA!PAl\ll' (l •'ll I.:;<; 0 T!l[N t1LGIN 

LIJO'G 
l ti() 'i 

:JF.X T I; 

J'I/ = PO + I S. 
..,o T,1 L'l 1, t:111,s 

E Ill).., 
f ll[H, 

rlf>. TRULf I: 
f N() • 

COHIIENT 
lllc�f.11f IT Lfv[l ur {lf'fRAToR/1, 1 ,rFRfNcf 11 IIEcf:c;SAl?y Attn p·sr If" 

MA XU VIL fXCfU)f.O, S 

1 r 11tx r,,, rr r 01. n I rru:vt:L THEIi 
At <i I ' I 

r r = ,. r + s 
Ir pT (jTR p r11r:1 1;0 TO Op()[ll() 'I, 
n1r1 Llvl:.L = ()(ff 11111 $ 

f1101o 
rnxrri,rr = 11cxro1rr + 1 $ 

GI I T ,, s I $ 
opor11u: 

l 110 '6 

I\OQl.f/\of t•ilO(ff>URL Sf'[ClflCATICJ'JIA•O•Pl > 1•?.l $ 
I IITt r,EI' A,�R/\y A 'II $ 
111ru;rr ,. 1 ,1•;> s 

co1111r:11r t>fHl([{)JfRl: Tl srr; r:HETIIER STf.lUC Tu RE II IS II sunsT I Tur I ON 
IN«;TAIICC Of"" n S 

11 fr, I :1 
(IIH.1,F"J{ /\iHl/lY sT11c1:<1;)1AXSTAx•l;2l,c;vARll;"1AXSTAx•l:21 <!, 
IIITLGf,� Cl,C7.,C3,C't•C5,CTl,CT7 S. 

COJIM[IIT If I11)TII STR11cn11H:s it/IV!. <; I 7f Ullf n,, flH Irr T[ST S 

tr rdl'I •'ll f11L l' I All() n<r2,'ll [(Jl Pl TH['I 
fl El, 111 
If A IP I , I I L <; S U /HI HI I-' 2 • I I LS S U T It f N 

... 



!SJ</ 
I �'IQ 

I S'I I 
I 5'12 
I S 'I 3 
I c; 'f 'I 
I S'+S 
I 5 'I" 

IS'H 
l 5'1A 
15'19 
I 5 ",:J 
1551 
1557 

1553 
15 5 'I 

15sc; 
1 S 56 

1557 
I !>58 

I 559 
I Sbfl 
I Sb I 
1562 
156J 
156'1 
I !:>br. 
1566 
IS b 7 

1S6A 

1�69 
157n 

I!:, 7 I 
1572 
1573 
I 57'1 
I 5 7<; 
1576 
IS77 
157A 
157? 
I 5 An 
15 A I 
I SA 2 
1583 
1 s0" 
!SAS 
1586 
JS87 
1!:,118 

I !..119 
1590 
I !:,9 I 
I 59 7. 
I 5 9 3 
I !:, 9 'I 

I !.,9<; 

L l: 

<;1•rc11 1CAT111!J = Tl'llf 
f.L<;[ Sl't:Clf"ICATlllil c T[fHISPFCIA(f'ld),l,(P2•1ll $ 
(j\1 TII q1_1 I� :;; 

1: 11 I•,► 
SPECIFILATlllll = TP.11[ $ 
Cl = Pl :,,  
C7. = P2 -. 
CTI = CT2 = n '> 

co1111r.tJr ,, .  or lllrrl.lll11c; (1E1;11F.E Tll[ll rx1T \"IITH fAJLllRf. S 

I r ,. I C I • 2 l I l [ IJ O ( C 2 • 2 l THEN II LG I rJ 
,r (I tff.J pl Tllfll Gn T() rAIL $ 
fll"'> 
I F ;,t C .7 • I l c:; TR II TI Ir II I, Fl, I IJ 

CO 1111 C-I T I r C ,ll IS T A' IT I : I f\ n: ST I OR <; I' LC OF I N [) I V I DU AL ELENE I, T S • $ 

IF llllT orrrsp[C(A(Cltll,0((2•1l,SvAH•CTll TH[M 
Gil Tu fAIL $ 

Cl = Cl + I '5 
C2 = CL +  I £ 
f .II) 

F.L '>l 1;F,, 1 ·1 

co1111[ IT If" vARIApLL Fl'I[, IT:, 5lJl}STITUTIOM vALuF AND TEST Wt1ETH[P 
A:� OT, I u� I l) L: IT I C AL V AR I A!. L [ II AS ll E E I I 5 lJ p, 5 T l T II TED TO , I f 5 0 T [ 5 T 

THAT 5Ul!ST I T:JT I 011 VAL11r5 ARF E()U I VALFNT $ 

ru,1 C:3 = l STEf' I IIIITIL CT2 ()0 
IF <\(C2,!l E•ll STACY.(C3,ll Tll[r-. 

i.JFG I rl 
C'I = STAC�(C3•7.l � 
f'1J'-I cs = CI STEP 

i-\FGJII 
\)IITIL A<cl,4) tin 

I r A I C 5 , I l 11 [ 1 A t C 4 • I > TH [ Ii GO TO r ,, I L $ 
C'I = C'I + I $ 

LfJl)S, 
Gu TU L2 � 
[illl $ 

CT2 = CT.l + I � 
c; TAC I' t C TL , I l = r, ( C;, , I > '• 
STACl'(CT2,7.l = Cl � 

Cl " C2 + l $ 
Cl = A(Cl r 'll + I $ 
LIii)\ 
tr Cl L' r1 A(pl,'il �:Ip c2 I.Et) f)(1•7•'11 TIILN (iO TO LI S 
rr <.;I 'IL,) (Alpl•'ll+l) OIi C2 lll�'l ((l(P2•'1l+II THErl 

1· A IL: 
<_j •• L er I I C A T I r,: J = r ,\Ls [ s, 

()UJK: 
f tlO-!. 



I ':,?o 

I !,9 7 
I !, 9 ,J 
I !>'?9 
I o:"lll 
I<, u I 

I o,12 
160.) 
I bO' I 
I 68!'> 
I oOi, 
loJ7 

l oOfl 
I /,OQ 

I li I 0 
ltd 1 
1 l, 17 
1 b I J 
1 <, 1 'I 

lblS 
I b I I, 
1617 
1 6 In 
I c:, I 9 
1620 
l t, 2 I 

l 627 
1623 
I t, 2 'I 
1625 

I b 7 A 
1627 
In 2 0 
I b 29 
I b.):l 

l t,J I 
I <,3 2 
1633 
Io 3 'I 
1435 
lb36 
11,:n 
1630 
lo39 
1 o'ln 
lb'll 
I i,'l 7 
I 6 ' I  3 
16'1'1 
I l, '\'j 
I 6'fb 
I 6'17 
I i,'lll 

1 i,'19 

1 b5tJ 
1 o S 1 
1652 

f'l'?JLf"lllJi t POLISt1!'11·JXl,\,PI $ 
If j r I:,; r � h ,: II A y " S, 
111Trr.r11 r s  

rl11111(IH ,,qucf"('1l)l-ff T11h:1r,roR11S llllLRt!AL !,TR 11 cTuRI. TO 
r11f?11 f"1II' Uc;ltllLITy A'IO rHI'IT'.; Ttff lllf"l)( ,·0R11 ,S 

f\ f. G I I 
I N H. ,� f"' R h RH A Y O ll H II y Cl ; I 2 0 I , 5 T h CJ(( I ; ti AX S T AX .J ; 2 I $ 
1 M T I:(, I: R C: 1 , C 2 , C 3 , r o I! I T , r 1 • P L $ 
<;lRJllc; lll)tf"'f.Rt36ul ,(.(fff"]( 12ul $ 
rOH tlAT I lcll<;l2u•Al 1 $ 

Pl = fl;> =  0 S. 
ro·i Cl = I' STfr lJ'ITIL A<r•'II 110 
II [r, f 11 

IF' AICl,11 L,<;<; tl 01� SYMTAHIAICl,11,JI f.:�L Cl THEIi 
AC 'J I ti 

f'L Z f'l + $ 
n111111v<r21 AICl,11 $ 

I llf I ,: 

I� pl tl[Q ll THL:I ';TAcrlrf,21 = STAO;lploll - l $ 
<,1) TO ,,rcHEcr. > 

[IJ()S 

cn1111f.•1T Jllc;E11T opfJ!ATOIIS AIIO OEGR[[ l() <;Tr.o. S 

I' I = r I • I i 
5 TACK II' l , I I 
ST AC r I I' l • 2 I = 

OPCllfCK: 

A IC 1 ,t I > 
Sy11TA1J(AICl, l I, I l $ 

If pl ff,) ll T11L:II 
fl F ,, ) II 

(Ot111F11T IF <,TACK or:i; r:[r AT zfRO l11$LRT TO iJlJll!1Y All() ot:cRE11L 1T 
STACK f>()Jt!Tf.R, '> 

If" STAC►IPl,71 l11L U TIH:t� 
llu, 111 
P 2 = ,. 2 + $ 
:-l 111111 y I I' l I S TAC r. I P I , I l S 
f't = l'l - 1 '>  
If r) ll[Q O Tt1(:1 <;TA(llf'l,21 = STAC�(rl•21 - I S  
1; 11 T lJ !1 PC II EC r. \ 
lll() \ 

LIJ11$ 
LIIO� 
POIIJT = l'l S 
pl = p7. : 0 $ 
r,O Tll ?,} • 

SI : 
POldT = l',1lllT - I � 

s2: 

If"' 1,IJllllY(J'tllllTI L'i<; 0 TH[ll 
l\f. J III 

C:UHM[tlT ,,.. vARIA11L[ 1·,�r1n 'V'ANI) llUtlOfR $ 
.. 



I o'>J 
165'1 
1 c,C,lj 
I b�,6 
I <> r-; 7 
1658 
I 6!:.9 
1660 
166 I 
1662 
1663 
I 66 't 
1665 
1666 
1667 
1<>6/l 
1669 
167n 
167 I 
l672 
1673 
16 7 'l 
l67S 
1676 
1677 
1670 
1679 
1600 
I 68 I 
I t,02 
I t.ll3 
160'1 
16RS 
lbllb 
lbA7 
l6RA 
1689 
169n 
I 6 9 I 
1692 
1693 
169'1 
lb9S 
I t,9b 
16?7 
I 69R 

lb?9 
1700 
I 70 l 
1732 
1703 
170'1 
170'> 
1706 
1707 
I 7 01\ 
1709 

f"J = Pl • I !i-
lllJt f[Rll'l l = -[llffltlYIPOIIITl \ 
f' I = Pl + J 't. 
II lJ � F C r? I P l l = • V ' '.b 
c; 0 T II ;, '! \ 
f � II 'Ii 
I r Sy I: T A. ll I O lJ I I' I Y I P ll I II T I • I l COL .J T II I II 

fl l<i I 11 

CO I HI F: 11 T I • CO II� T /I I IT Of" r ll '" IIJ I I� 5 f.' f{ T SY Mb O L I C VAL lJ F. $ 

C.3 • OlJIIHYlpOIIITl \ 
FOH c2 = Sy11T/lntcJ,f,l sTF.r -1 lJflTll. Sy11Tr.r.1cJ,'1) DO 
� [r, I 'I 

Pl = Pl + I $ 
illlffLHlpll ::o SYtlVflLI/EIC:?.l $ 

r: I irl !, 
r; Q TO S 'I !. 
r �,H, 
I'} "' f" l + I \ 
STACKll'7,ll = DUIIIIYll'Olt/Tl \ 
STr.cr1P2,21 c o s  

Ir 1"2 [C)L 2 TH[II 
BEGIN 

cO�lt'lllT l'l',fHT RIGIIT nRAo.LT II COIIOITIOIJS HOLD $ 

5'♦: 

tr (<;y11TAnlSTAcr.<r2,11,Jl LSS SyllTAOISTflCKlt>2-l t ll,JII ')R 
I <; y 11 T 1\ f\ I S T A (. K I p 2 , I I , 3 I f. 1� l. S y 11 T ,\ B I 5 T A C K I p 2 - I , I I • 3 I At I l) 
'> T II C: Y. I f' 2 -I , 7 I [ !J L 0 l T II [ II 

H[(jJII 
l'I = l'l + I S 
l\ll r ff I/ ( r l , ,. • I • $ 
E1JD$ 

[fl!)$ 
(jl) TO i,1 !. 

Ir f-2 E.f1L O Tlt[lf (iO To S[tll) \ 
STACklP2,21 • STACrlP2,21 • I 5 
I I S T fl C 1- I P 2 • 2 l [ <1 L J. THE 11 GO TO Sb :S 

,. '> • 
�');q,r. H Ir II vAP.IAriLE Op[RATOR l'lSfRT �Ot1E Lil!;TINCTlvE SYH t 0L•$ 

I r Sy 11 T lql( S TACK I I' 2 , l l , 2 l [ Q L O T fl r N 
Alt;lll 
Pl = Pl + I \ 
JllJFF[Rlpll = '  ' \  
PI " PI + I 'Ii 
rnirrFRtpll " 5Yt1Ti\fl(STACK(f'2•ll t l) 'Ii 
Pl = Pl + I 'Ii 
Hll�f[f�lpll = •s• S 
Pl : Pl + I S 
nurrER<pll = • • s 
['IO 

fl SC Rr.1; t :I 



I 710 
I 7 I I 

I 7 I 2 
1 7 1 3 

17 I'! 
I 7 I <; 
I 7 16 
17 I 7 
I 7 I A 
1719 

1720 

1711 
1722 
172J 

17 2'1 
I 7 2'i 
1726 
1727 
172A 
1729 
11Jn 
I 7 JI 
1732 

1733 
I 73'1 
1735 
1736 
1737 
17311 
1739 
17'10 
I 7 'I I 
17'12 
I 7'13 
I 7'1'1 
I 7 'I<; 
I 7 '16 
I 7 '17 
17'10 
17'19 
17511 
175 I 
17S2 
1753 
175'1 
17S5 
1756 
17S7 

1758 
I 759 

1760 
1761 

1762 
1763 
I 7 b 'I 
1765 
1766 

CO H Hf" 1 IT I r A C <> f I<; Th! IT I 11 SERT c; y M ll O L I C II r p Rf Sr I! TAT I Of I , S 

CJ = 5ThCr,IP2,ll i 

,OR c2 " SyllTARlc3,!,I STLp -1 UflTIL SYMTARICJ•'+I DO 
RF<, I II 
PI = I' I + I 1i 
RoJ,FT!?lpj) " Svttvt.LUEIC]l s 

[lll)S 
,-110 'f; 

Ir Syt!Tlq� C 5T "CK C p2, 11 •II c;Co 2 THEIi c;O TO SI ELSE c;O TO 57 S 

c; 6: 

I F P 2 C ll L 2 T II EI� 0 L c; I ti 
I f" C S Y M T I\ 0 C 5 T A C 1; C p 2 , II • J I L 5 5 S YI-I T A II C S T h CK I p 2 -I ,I I t3 l I OR 

(<;yt(TAoCSTAo:<p2,ll,.)l EqL Sy11TA0CSTA(Klp2-l,ll•3l AIILt 
STACKIP2-l,71 EnL. QI THO! 
nrr,111 

Pl = f'l + I S 
r•llrFrRCf'l) = 'I' s  
[IJ;)'.. 

� 110 i 
c; 7 : 

P2 = 1'2 - I S 
c;n Tn �•1 s 

SDIO: 
I' 2 " I 3. 

C0MMEIIT t11vr�T STf'llr!G 1\11D PRIIIT Ill 120 CIIAR LIIIES S 

FOIi Cl = Pl ST[p -1 urrTIL I DO 

A[(, 111 
nurr2cp21 " nurrCPcc1 > s 
P?. = f' .l + I � 
I f P 2 [ 'J L I ?. O T II f. 11 

u[Glll 
11nTr.1r1u,11urr21 s 

P2 • I S 
[1105 

E'�us 
VI R I T C I f I n , n II f f 2 I S 
[IH>\ 

pROC[f)IJIH Af'f'l.Y0f'(A,f'l,0f'•ij•P21 'S 

IIITLc;[R ARRAY A•b 'S 
IIIT[�[R r1,r2,np S 

COHHE'IT f'RO([DUIH' App1_l[S OpERATOP Op TO STRUCTURE A ROOTE1, AT 
PI TO PROl•UCE ll ROOTCI> AT p2, S 

kl.t;lt◄ 

I IITU;ER ll'lflAY VFCl,VCC21-ttAXSTA>.:I> S 
I NT l <,ER I • J • C I , C 2 • C 3 , C 'I •CS , Co • C 7 • TA<, , D I • I> 2 , VAR • I' NT , N 2 S 



1767 
I 7 6 fl 

176q 

17711 

177 I 
1772 

1773 
I 7 7 'I 
1775 
1776 

1777 

I 77A 
177q 
1780 

I 7 A I 
1702 

178:\ 

I 7 0 <+ 
1785 

1786 

1787 
1788 

11oq 
1790 

179 I 

1792 

1793 

I 7 9 'I 
1795 
1796 

1797 

179A 
1799 

1000 

I 8 0 I 
1002 

11303 
180'1 

1ans 

IL On 
1807 

l!JOO 
1809 

1810 

I fl I I 
I t'312 

1813 
I 8 I 'I 
1815 

I fl I 6 

IAl7 

I !J I 0 
1819 

1820 

I 8 2 I 
18.:>2 

1823 

1 = II r //I" ACT (II/ S 
J = IIODIOP,rAcTORl $ 
DI = NULfSLC l■ll $ 
02 = RlJl[IOl,'11 s. 
T A<i = U $ 

C O 1-11� Pl T I I II T I A L I S [ VE C T OR F OR V A R I A R L E � I II A A I� r, II O T E H IIH I i q M , 
v£c1,vr:c2 KE[P TRACK or VARIAl'\LE IIAME ANO POSITIOM s 

FOR Cl= rt STCP I IIIITIL ACPl,'ll DO 
tr ACcl,l) LSS O Tll[N 
AC c, I II 

VLC2CACCl•lll a OS 
IF AIC:l•ll LS!. TAG THEIi TAG • AICl,11 s 
E 'IP 1. 

If TAG LSS O TltCII TAG = TAG - I $ 

co11MEIIT IIOTE ro111T AT nlllCH Op IS TO BL APpLIF.D AIID THE VALuES 
IN A tJIIICII REPLACE T11r vARIAl'Lf.S Ill T!tf. ltlplJT Of or S 

roR Cl= 01 STEp 1 l)IITIL D2 ()0 
If ,;_lJLE(CI, 11 LSS O THf:tl vCcl CHU( ECCi, 111 -= 0 $ 

PJIT = rt+J 'S 
roR Cl = ()1 STf.p I UtlTIL D2 DO 
I r rt 111 f I C I , I I Ci E () 0 TH f. I� PIH = r tH + I 
ELSE. llCGl'I 
V A R = 111 J l. C C C I , I I $ 
Ir vr.CtlVARI [QL J Tll['I vfCIIVAf-11 = l'tlT 

►LSE 
If 1\IVECIIVARl,ll L<:iS O THEIi 
fl C <i I :1 

CJ= AIVCCIIVARl■Jl S 
If AIPIIT,11 (iTI-! 0 Tltf.11 \ 

VLC21CJ I= V[(ltVARI = p;JT S 
ftlO 
ELSL 

I F A I p II T ti I LS<; 0 T II E ti 
vi:c7.tll(PIIT,fll = VlCIIVARl $ 

PIil = AIPIIT,'l) + I $ 
LIIOS 
J = I' 1 + ,I S 
CI = r I :!. 
C2 = r2 $ 

L JOP ! 
I F C I LL 1) A I P I • 'l I TI IC ll 1;1 E Ci I tJ 

I f C I I If:,� J THE ti n F G f I� 

COMll[IIT Ir \'/ORK I tl 
OR GT IIIJ•'ll Ill� 

yAf{l A(ILL NEQU IR 

SECTIOIJ OF A ouTSIIJ[ OPERATOR I,[, LT J 
LUE OIREcTLv To ouTpuT UllLESS IT ts A 

VIILUL $ •-� 

I I A IC I • I I 
IH:i, 111 

J - IF SO �f.LECT CORRECT SuAST 

1•111 C�L O THEN 



I 112'1 

I b.75 
I U 21, 

11\27 
10211 
lu29 
IUJn 
1 ll 3 I 
I k:12 
1833 
I B3't 

1835 

1036 
lfi37 
I A3fl 
11139 

I 0'+ o 
I U'I I 
I il '+ 2 
I U'+3 

I 8 '+ 't 
111 'IS 

I U'l6 
I 8'17 
I S'IR 
I U'l9 

IUSIJ 

1051 
1as2 
1053 

I 8 c; '+ 
I tl 5 5 
11156 
I tJS 7 
185A 

1uso 
1 ll 60 
1 ll 6 I 

IU62 
IU63 

Ill 6 'I 
I 86!:°, 

I 86 h 

IU/,7 
I H61J 
1069 

I 07rJ 
I U71 

IU72 
1073 
I 87'1 

IO 7 c; 
lt376 
IH77 
J87R 
1 ll 79 
IUAO 

flC,2,Jl AICl,11 c; 
CL ,. C2 • 1 S 
C1 = C1 • I s 

Elli1 

flS[ fl[GIII 
M2 = V[C2(AICI, Ill � 
r lHl r 3 = I I 2 <;TE p I I I fl T I L A CJ 12 , 't I £> O 

fl[_, I 'I 
ACC2oll = A((.3•11 'I, C2 = C7+1S ['ll)!b 
Cl = Cl + I S 

F.110 

r1rn 

f.L'.>t. !Hr.Ill 

corrnEJJT IIISLRT ouTf>11T Op TO A - tr CONSTA•rr ltlSERT r,IRCCTLy (LS[ 
r111n cORRCcT Su11<;TIT11TIOII vAL11E roR vARIA11LE S 

112 = Rlll.ESHI I, I I 'i 

f OH CJ = 112 STfp I IIIIT l L RIILE C N2 •'II [)O 
Ir RUlt:Cc3,J) r,TR O Tlfl:.11 

RE(,IN 
�(C2,JI = RllU.CC.J,1) 'l. C2 = c2•1 'G [Nr, 

l"LSL Ir VF"C I ( '?lll.L I cJ, 111 F:QL O Tll[I� 
flEG I 'I 

COM 11 ['IT I f- S I 11 PL y I Ir '1 VA H I AOL. F T II E II I NS ER T - TA r; USED T 0 
PIILvCtrT curiru5 I 0 11 VI I Tl! Ex I sT I IIG VAH I At,LES !i 

I r TA,; [ Q L fl T II C: I Ii I C 2 , I l = R tJ L F" C C 3 • I I 
ELSE hlC2• 11 = TA,; $ 

C2 = Ci •  I S 
[IH"l 

ELSL fl(1., I 'I 
C'+ = VCCIIIWl.[ICJ,1 1 1  S 
ro,1 cs = C'I c;T[p I lJllTIL Alc't,'11 o,> 

I I 1\ C C �. , I I C, TR l1 fl r. 
V[C21AIC5, 111 E,)L u 

THEIi OEGIII 

UIC.l,11 = AICS,11 :t. C2 = C2+1 \ [110 
[LSf. OCGl:t 

r O II It E 'I T C I I  [CK r O 1-1 S 1 ,n S T I TUT I O; I<; .I I T If I ti SU fl'., T I T lJ T I O ,� S A·� D 

I IISEHT COR1!£CT VALUE $ 

C6 = VEC2(AIC�,ll I i 

F O fl C 7 = C 6 � T [ I' I IJ IH I I. A I C 6 o'f l D 0 

A E (; I I� 

[r�,>� 
EIID I> 

OIC2,11 = AIC7,II \ C.l = C2•1 $ EII01i 

Cl = /\IJ,'11 + I S  
[Ill)\ 

r,O TO LIJOp $ 
[N() • 

POSHAp(l1,r2•C2-ll $ 

c01 1ttl:IIT PLAcr O JII co1111rcT FORII ,OH f'f-lOC:ES<;lllc; \ 



18A I 
IUR2 

1883 
188'1 
1885 
1086 

1887 
1888 
1889 
1899 
1 ij9 I 
1892 

1893 
I 8 9'1 
1895 
1896 

1897 
1898 

1899 
1900 
I 9 0 I 
1902 

1903 
I 9 0'1 

1905 
1906 
1907 
190A 
1909 
191 0 

I 9 I 1 

1912 

I 9 1 3 

I 9 I 'f 
1915 
I 9 I 6 

I 9 I 7 
1918 

1919 
1920 
19 2 I 
1922 

1923 
I 9 2 'I 

1925 
1926 
1927 
1928 

1n9 
1930 

1931 
1932 
1933 

l 9 3 'I 

1935 
1936 

1937 

pROcEouHE AIIALySEnuLCINUMAERI s 

I NT I:: GER �I UMBER S 

cOMMEIIT pRUcEounE AIIALvSCS AN OpERATOR TO DETERMINE THE pROttABLE 
EFTECT or AppLylllG IT. Two TAoLEStTLR11TAn &VARTABI RESpECTivELy 

REcORo TI1E pOSJTION or cOIISTAtH sn11\0LS IN THE ouTpuT sT i- ucTuRE ANO 

THE pOSITION OF 01JTpuT vARIAIILES IN TERMS or THEIR POSITION · 
IN THE INPUT S 

HEGIII 
JIITEGER ARRAY PACKSTA(K( I !HAxSTAx• I !3I,vTAAI I !MAxSTAx• I :21, 
LSTACKll!MAXSTAX,1!2I S 
INTEGER LPOIIIT,PL•PR,C1,C2,C3,VCoUNT,TEHP,TAA,TEsT S 

AOOLCAN fLAG1,FLAG2 S 
REAL fl•F2,DJ,02 S 
f I = RULL SL I tlUMt.lCR, 21 - RULE SL I NUMBER, I I + I S 
f2 = RUL[<;RIIIUIIBER,2I - RULF.SRIIIUMBER• 11 + I S 

COM t1 E II T SE T I r. I T I AL p O I II TE RS ANO CORRE C T L I N K S FOR I Np UT A ti D 

OUTPUT STHUCTURF.S s 

SI : 

VCOIIIJT • LPOINT "' O S  
PL = RULr:SL I NlJMAER, I I s ' 
PR = RULL SR I llUIHlER, I I S 

POSMAPIRULE•PL,RULESLINUHO[R,2I I S 
PO S 11 AP I RULE • I"' R , R lJ LES R I ti UHDE R , 2 I I l 

TAO ., Tf.R11TABEIITRyllllJMRf.RI a TTflpNT + I S  
TEST • VATPIIT + I S 

If" PR U.Q RULESR I :Iur10ER • 21 THEN 
BEGIII 

C011HENT IF nlTIIIN STRucTuRE INCREMENT HAIN TABLE POINTER s 

TTAplJT = TTOPNT + I S 
TERIITABITTBPNT.3I "' 0 S 
I f" L p O I IH NE Q O T II EI I B E G I II 

COMMENT DECREASE TOp OpvALuF.: - pAC�STAcK CONTROLS LINKS RET;,EEN 

SUOSTIWCTURES S 

PAC1<STACKILPOIIIT,1 I • PACKSTACKILPOINT,1I - 1 S 
If pACKSTACKILPOlNT,J I LSS pACKSTACKILpOlNT,3I THEN 

A EG 111 
Cl •TERHTAfllPACKSTACKILPOINT,2I,ll S 

SJ: 

COMMENT I r  AT CORRCcT pOSITIOtl rn TLRHTAs ltlSERT FORWARD POINTER 
TO CURRENT SUBSTRucTuRE � 

Ir TCRHTARICl•JI EQL O THEN T[RHTAnlCJ,3I • TTijpNT 

ELSE fl(GIN 



19,� 

19 39 
1 9 '! u 
1 ',"I I 

I 9 '17 
l 9 l.f 3 
I 9 '! '♦ 

19 'IS 
I 9'if.> 
I 9'!7 
19 'I ,l 
I 9 '19 
I9r:,n 
195 I 
I 9 r; J. 
19<;.} 

1 9 S '! 
1955 

19C:.6 
1957 

I 9Sfl 
I 95 9 
l96U 
l 9 6 I 

I 9 6 ;> 
196J 
I Yb'f 
196", 

1966 
1967 
I 9611 

l 9 6 o 
I<,> 7 fJ 
I 97 1 

197;> 
197 .1 
I 9 7 11 
I97� 
1976 
1977 
I 9711 
I <; 7 '? 

19130 
1 9 ri I 
19A;> 
I 9 n 3 
I9n,; 
191"1'; 

19'16 
1 9 n 7 

1 9 n 1i 
1 91"1 '> 

19"'1 
l 9Q I 

I 'I O l 
19?i 
199 11 

C .1 = T I  '.'' iT 1\ 11 ( ( .1, I I '- (, 11 T n <; 3 'i, I" 1 r, ':, 
r·11r,. 

1·. Hl J. 
11· ri I IL l < , , r; , 1 > 1 · C! 1_ , • l' l. l. 1 P 1 .  , 1 > T t11. 1 1 

•l I li 1 J; 

(•ll(l11 ,JT 1r v•\LII[ I<; IJ'l<"lli\:11;11, liJ<;[,iT ;fro ro Tl to11T�n rL<;f 1·1Sf.f1T 
I/ 1\ L 11 F. 'lo 

r L A ,; I = r I\ I ..., I. 'i, 
TIY 1T 111 ( TTr,pl/T, I 
t:,in 
u. •; r Pu; 1 u 

r I I\ I", 1 = TI/ I' L .,, 
I F I I 'I T II ii ( T T / ,I' I / r ' I l = 11 l/ I L ( r ,{ ' I I 'i, 

co,•1111",Jf 11· VI\Lllf II. •1;1TruT IS ()pfRI\TfJl-i THAT MI\TcH[S 

(OIISTI\IIT (ll<;ERT To f'A(t c;Tl\c�. , l:lcRE:1l ,T Fl?c;T sot/ 
A VI\•� I l\1\1.I l :i,;r11T zr;ir, TO r I H�, T SOil t 

1 1 ·  I: (IL f. ( I' II • ', 1 r, T ;1 , I T II r' I 
I\ I G l 'I 
I I 11111 I I f'l., I I c, Tl' .1 TIil.ii 

" I ,; I I I 
1.r-n11,r = 1.1,01;IT • 1 "
• • 1\ C K ', T 1\ Cl I l. I' IJ I II T • I > 
)'i\(Y.'>TA(I (I ruI'IT,;') 

I ACl''iTAC�(l.f'tJl'/T,.il 
= TTi 1'1JT " 

Tl ll 1 'T /\f' ( TTHPliT, 2. l 

1: ,I) 
r:1,<;I 1,1 ··,IJJ 

I 1 ·  fl I IT 1H, ( TT I f'1 • T • .' ) 

I .111 
[L',I :1,1 ,, l ll 

f.' l/ I L ( I' Ii , ', ) 
= TT1,r:,T + I 'l> 

= u '!, I' 11 

I '!i 

l llf'!JT 
Ir l T 

(.J1111f.ll <;ET rIHST '..,().J Ttl 1.r,10. 1 1 ·  u11Tpl)T V/\LUI: I:, \'ARll\,1Lf. 
Tf 'i T I r I T II A'> rd: r. 'I r, 1· I\ L T ·r I fl l [ I\ 1, L I f ,, , ;; 

T 1. P II TA 1 ( TT I I•:/ T , 2 ) ,J •; 
1 1- fl I J 1. r < ,. r1 , 1 1 l. c; :- t1 A , ir, r 1 11 ,; 1 1 , , 1:. 1 

I, [ I' I 11 
I O I, C 1 = <;Tr I' 

I r I/ T ,\ fl I C 1 , I ) 

I•'--t, I . I 

11 ! , T I I. V ( (J, I' IT 
f,, I •� 111. f. f ,, 1.; , I l 

r,u 

T tl r. 11 

Trr,•:T/11\ ( TTl,f-• IT. I 
, , 1 r·,;. 

= vT,\-•fCl,7> ., r;,, rn "? 

1. ,1 li; = r tq i, c <:. 

J111tf If <..i It cT ltATc Ill I,, \'1'1ili\j\( l (<,) Iii P'r11r - 11'>C I ',TA(► I I 

f I'll\ (r>f;..>l("T l•l\(Kd/li'i"'l 1111, r, 1.. 



1995 
1996 

1997 
1998 
1999 
2000 
2001 
2002 
2003 
200'+ 

2UOS 
2006 

2007 
2008 
2009 
2010 
2 0 I I 

2012 
2013 
20 I'+ 
2UIS 
2D16 
2017 

2018 
2CJ I 9 

2029 
2021 
2022 

2023 
2 0 2 If 

202S 
2026 
2027 
2028 
2029 
2030 
2031 
2032 

2033 
2U3'+ 
2035 
2036 

2037 
2038 

2039 
20'+0 
2 0 '+ I 

20'+2 

20'+3 

20'+ '+ 

2U'+5 
20'+6 

2 U '+ 7 
2 0 '+ 8 
2U'+9 
2uso 

2051 

IF RULE<C1, I) (Ill. RUL[(PR, 11 THt:N 
BEG l t·I 

C2 = 0 $ 
TErtp :a Cl $ 
f O R C 2 "' C 2 • VJ II I L f. T EM p N f. Q O D 0 

B Ee; IN 
LSTACKIC2,ll • TEMP $ 
LSTAcr.lc2,2) :a RUL[(T[Hp,2) $ 
TEMP • RULE ( TEltP, 31 $ 

EtlDS 

CO H tt ENT I f" HORE THAN O IH: VAR I A fl LE S [ T f LAG I N VAR TA 8 S 

If FLAG2 THEtl VARTAR(VATPNT,'+I :a:: -1 
ELSE I\EGltl 

VCOUNT .. vcouNT ♦ I $ 
vTAntvcOuNT•ll = RULElpR,1 I s 

vTAfl(VCOuNT,2) c TERHTAfl(TTBPNT, I I = -<vATplH + 11 $ 
LNOS 

fLAG2 :a TRUE s 

COHHENT lllSf.RT POINTERS IN f0R\'JARD ORDER TO VARTAB FROM 
L S T A C K , f' 0 I N T E R S S H O '.'I R E L A T I O N T O 8 A S E O f I N p U T , $ 

If C2 [QL 2 THEIi 
BEG 11·1 
VATPtJT "' VATPtlT + l $ 

¥, 

VARTARIVATPNT•ll = VARTAUIVATPNT,21 = 0 $ 

ENO 
ELSE FOR C3 = c2-1 ST!.:P -1 UtlTIL 2 Do 

�EGl:-J 
VATP'IT = VATPIJT + I S 
VARTABIVATPNT,11 : RULf.lLSTACr,IC3, II •II $ 
VARTABIVATPNT,21 = RlJLEILSTACKIC3,ll•Sl $ 
VARTARIVATptlT,31 :s LSTACKIC3-l,2l $ 
VARTAOIVATPtlT,'11 = VATPNT + l S 

ENOS 
VARTAH(VATrtrT,'11 = O S  

COMMENT INCRENENT POINT[R F"OR INpUT $ 

PL :a RULEIPL,'+I $ 
E tJ D $ 

If NOT F"LAG2 THEN 
BF.GltJ 

COMMEIIT If VARlAttLf. OtlLY EXISTS IN OUTPUT H!Etl INSERT VALUL 
To TERHTA� ANO SET FIRST SON To - FOR INDICATOR $ 

fERHTAOITTbPNT•ll s RUL[IPR,l I S 

TERl1TABITT11rrn,21 = -1 $ ENO$ 
ENO$ 

ENOS 

s2: 

C011HENT RESET PACKSTACI: TO LOWER LEVEL OF Op If NECESSARY i 



ZUt;] 
2u�, l 
2t.'> '+ 
2()5", 
2uS6 
2 ur; 7 
21J5f3 
]US9 
2U61l 
2ll61 
2u62 
2(J6J 
2 0 6 '+ 
2U6S 

2U66 
2U67 
2(J6A 
2069 
207(1 
2 ll7 I 

2072 
2073 
2 0 7 If 
2U75 
2071, 
2U77 
2U78 

2079 
2CJlln 
2uo1 
l (J A 2 
2 c, n J 

208 .. 
20AS 
7. UA 6 
2UR7 
2088 
21Jf\9 
2U9U 
2u9t 
2U92 
2U93 
2(19 If 
2u9S 
2U96 
l097 
2()9fi 
2 U <> 9 
llOIJ 
2 IO 1 
2102 
2 I n :\ 
2 IO If 
2 I or; 

21Qi, 
2107 
210H 

Ir u·o t tJT '1[11 u Tt1Eo1 Of.G 1 :1 
IF t-'AO..STACl<ILl'Ol'IT,11 [QL ll THLII B t: r;IM 

L I' 0 I II T = I.. f' n I ;H - I S (j O T O S 7 -� E II fl S 
Ltl(11, 

cor111F IT 11!(.Rf.rtEIIT pOIIITf.R<; FOR JllpuT A:I() OuTpuT $ 

PL = PL + I 1. 
PR = PI? + I $ 
GO T tl <; I '.i 
Ult) li 
0 1 = ,J • ll .i 
FOR Cl '" TAO STlp 1 UIITIL TTRpNT 00 

IF TE Im T Ar\ IC I , II tlf O O TH r II I> I = 0 1 + 1 • 0 'S 
Cl2 ., V/\TPIIT - TEST + 1 $ 

C O M I·! E ii T C O r I I' U T E V fl L 11 [ T O R C F L [ ( T C o M p L E X I T y O F Op $ 

RCOHPlll11•111fRI :c RCFAcTORI/IHcr11cTOR2+ol+RcFAcToR3•Af:iS(Fl-r2l I 
•RCFACTCl�'f/lrt+f2) •l.OIIR(f"A(TOR'>+r,21 � 
Fili>'> 

PROCffllJRf CLI.ARIIP $ 

c'-'�:11Er1T pROc[ourir R[Sf.T:, ALL AIIRAyS TO iERO AND RE-INITIALISES 
Tiff P•I r IITlw; $ 

ll[r,l,J 
IIITLr,fR Cl ,C2,CJ ,; 
FOR Cl=ll•ltllAXfl.TI Oil 
F O '? C 2 = I 1 • I • 5 I O O L I T I C I • C 2 I = 0 S 
, a R c 1 = , 1 , 1 • H A x cJ o A L s > n o (j o A L s , l 1 1 = a � 

FON Cl=(t,l•MAX�LI no 
FOP Cl =11•1,21 01) GOAL(STICl,(21 = 0 $ 

FQ:{ CI = I I• 1, .IAxllOr,[s I 1)0 OE(, I tJ 
IIOfll.VALICII = 0.11 \ 
F<rn C2 =II, l ,JJI l)Q llOOL(Cl •C2) = U 1i 
l.NI)\ 
FOt< Cl = 11,1,·111xop<;) DO 

OPLRICl,�I = CJ+I$ 
FRO.OPS "' I S 
LASTOI' = :IAXOpS !> 
FOH Cl•IJ,l•IIA)(<;lJ[lr)pSI OU 5llH0PLISTICII • u S 
11Ex rs1,nnp = 1 s 
IIEXTEl.T :: 2 $ 
11[>.Tr,OAL .::: U $ 

TOPt;L = ll S 
� �IDS 

P R O t E r, ti lff P. f. SU L T p R I II T I L n r • I' E I JT , r E M L I S 

I tlTLt,[R Lf\F S. 
Rf.Al f'[IIT,p[IJL 'lo 



71n9 
2 I I 11 
2 I I I 
2 I I 2 

l l 13 
l I I 4 

2 l I!:, 
2 l I 6 
2 l I 7 
2 I I fl 
2 l I q 

2 I 7 (J 

2 I 2 I 
2122 
2 I 2 3 

2 I 7 4 
2 J;>S 
2 I 2 6 

7. I 2 7 
2 l 2 fl 
2179 
21.1n 

2 I 3 l 
2 l 3 7. 

21.1.1 
2134 
213'i 
2136 
2137 

213H 
2139 
7 I 4(1 

l I 4 I 

2 I 4 2 

2 l 4 3 
2 I 4 4 

l l 4 i.; 
2 l 4 6 
l l 4 7 
l l 41! 
l14q 
215() 

2 l SI 
2 IS 2 

2153 
l I 'i '-I 
21ss 
2J5o 

21S7 
2 l '",ii 

2l5Q 
2 l h 11 

2 l /, I 
21t>l. 
21;,.3 
2164 

216', 

CuMllF.'lr f-'<'OCF.OllPI. PrTLilllHJE:s P[N[Ti:/IIICf. A!lfJ EFFECTIVE BRAl�Ct1ING 
F fl(T,JF nr SOLIJTIOII ·� 

11 LL, I 'I 
PF.AL A�RAY X(�;l71 � 
ItlTL<;Frl GI •<il $ 
\', R I T F. ( ' ' I $ 
P[IIL = PPIL/r[:JT $ 
\,"l-llfrl'p[IJLTRtdJC[',1-'ErlLI $ 
11 R I r r ( • • 1 $ 
Ir Lhf f()L I ori IJCxTIIL)('F c;TR .1UU TtJltl 

\/1� I T f. t '!IO [ r, f" CAL CI J LAT F. ll' I 

r l. 5 [ R r (,I :. 
tr u,r rQL (tl[XT;J()IJL-11 THfM 

., i? I T [ I ' Er F [ C T I V C n RA�, C I  l , ,. ti FACTOR : I • U ' I 

LLSC !lf.c;JIJ 
f•uSIT!OlllfIL[l'A',UII $ 
1,I = (,2 = ILl\f-2l•30Ll +(IIE.xTl,ODE-21 f. 

r•: E" Al, I F I L [ I ' A ' , 1i � I , X I $ 
,, I = ; IO f) I G I , 2 fl I 'ii 
IF x(t,11 L5S IRrl T11Ell �/RIT[(•tiO �-OF ALCULATEL'l 

Et.SF: 1:RIT[(•[Ff[(T!v[ (IPA'•cHitlG FA(TOR:•,xtr,111 $ 
rt HJ !Ii 
fJJl)<t, 

[:J(J$ 

(Ut1MF. 0H f'HllcEr,uriF (OIITr.01.s 1)p[HAT!Qtl or SO;•S ALGORITHM, 

I I <; 0 Lt I T I o I I l 5 \) R T A l : J r D ::: I Tf I I ; I T I I I f L I r 11 T I T I 'i P R I N T E O 

LLSF: fl f""ll!UIH[ ME�S,\(,f IS GIVE.IJ, $ 

ll [ Ci I J 
ltJTFr;c,, Al/RAY tJfxTA,!J[xTR•TOrr,OAL( I ;t!AXSTRil•(;ol:S> $ 
S T I? I I Jri I ' f' f? ( J O I 1> 

,a: AL r F II L • f' f.11 T $ 

I �, T 1 · c, F f,: C I • C 7 , f1 r: 5 T 'IO[) E • Sn L T I : 1 F. • 0 r I • N Ar, l I • t J A M E 2 • 0 PL£ V [ L , S I , S 2 , 
ti E \' Cl r , I' 1 , p 2 , I , ,J , C lJ r r: F: I IT n CI' TH , C LI RR [ I J TL EV f. I. , Ci I , G 2, f AT HER , EMT , 
It FA I> • p 11 T • TO r· (j O LI I AM l , i·J l X T • ti r x TO f' , IJ , LAST • C 3 , C '+ • N t X TB EST , 

l.lH , Tnr s. 

llOlJLEf\l'I •1E11A ,11[•11, $ 
LISr Ll5T21'APPLY Cl(•' ,Gll 'l> 
IOR11AT FJOIAO,l•JbO,Sfl,1.31 Ji 
r CJ I� 1 I AT F l I I S 3 1; , A I • I l $ 

1011,!AT Fl21JIU,SIU,Al,ll $ 
rUHMAT 1·1JIJIU1S17,Al, I I � 

(f)Hl1L:1r llilTIALIS[ r1nsr 110['[ f\Y E<;TABLl5HliJ(i 
C fl! In' l I CAL. 11 A 11 CS Or I I I I T I A I. ST I< u CT l JI� ES Al-ID SETT P JG 

f' A II AMI. TU/5 r (JR P[I' Til, '.;1111GO AL. LLv EL, E Tc, 

rvALIJAH: Tll[ fJRST i!Of1[, $ 

F O i-1 C I = I I • I • .1 lJ l ll O I' r II I ( I l = ' - ' ; 

Cl =c2 = I $ 

f.l = G2 = I 'l> 



2j66 
7167 
2 I 6 fl 
2}6Q 
2 1 7 '1 
2 I 7 I 
2172 
217J 
2 I 7 44 
217<; 
2176 
2177 
2170 
2179 
2 1 A I) 
2 1 fl I 
2 I fl 2 

2 1 n J 
21nq 
21(\5 
2 I fl 1, 
21n7 
210A 
2 1 fl 9 

219n 
2 191 
2192 
2 I 9 .3 

21 Qq 
2 1 9 !; 
2 1 9 /, 

2197 
219A 
2199 
22nn 
22n1 
ll'J2 
220.) 

2 2 :::J-. 
220'-

22:16 
:?287 
22:w 
220<) 
2 2 I 'J 

2 2 1 1 

2 2 1/. 

22 I .3 

2 2 1 ,, 

221c; 
2211, 

l217 
2 2 I fl 
..!219 
222n 
21.7 I 

�227 

l'[tlL : P[.-IT z l).1) ·& 
PO '.'i .1 AP I S T fl A • C I , L ['I (j f, l � 
1'115,tAP ( S TR fl• C 7, LLll(if\ I :I, 
ii R I T F ( r 1 I , PI' r> l S. 
v: R I T F I f 1 2 • ' r R o V r: T I I A T ' I 'Ii 
POL I <; H I 11 r I X I S T ll A , (j I l $ 
�HI I T [ I F I .3 • 'I S E II ll I V AL ( N T TO ' I $ 
J'0L)<;Hl11rixlr.TR[l,G21 $ 
11P.ITflFll•PPPl $ 
IHI I Tl I ' • I S 
Ir ,JAt1ELTl5THAollA11r11 T11Et1 lRROHr,IHTCl61 

f.LSE Ir IIAM[LTl5TH11o11A11L:2l T11[11 [RRORY:RITEll.l S 

COPY I :. Th IJ • C I • TOP<, 0 AL , C I I $ 
TOPl,OLIIAMf = IIAl!E2 'b 
C U R lff II T n lf' T II = I 'o 
11AxTll1E c 11AxTI11r.•tr,f10U s 
1n:,H,IJALIN1\r,[J ,IIAM[2,cuRf<[IIT11rpTH) $ 
110,1,·11,1, = U � 

110:11-. I I• 2 l " IIA;1E I •r ACTOR + IIA;1[2 '!> 
nrs TIIOOI: ::, I s 

:1L X TIIOD[ = 2 '• 
IIOl')Ell,71 = MC'IO[lt,91 = 0 '.> 
'IOOl:I I, ltll = I $ 
ilOIH.11,<jJ = IIAX'>\11\(,0AL'i 1i 
OPLLVLI. :s: OPOL[VLL 'L 
Dlf�lllJM :s O S.  

Z [ R II O I FF-, I ST RA , !:, Tl? 11 • (j I , l, 2 I c;, 
._ 

IF 1JIFfll11H EQL 1J THfll GO TO SUCCLSS $ 

SULTIM[ = U $ 
ll = TIML '.i 
0 r:) I f f G F .'Jr RAT f" I 'j T II A • S TH I, , C I • C 7. , <; r L £ V [ L , I I AX S lJ [I e, 0 AL S , l l $ 
IF Opll1J11 [QL IJ Tltf.11 CO TO r A IL I S 
l) P [) [ flO f" �, i 
I 11 S l RT() I·� ( l> F. S T' IC It) F: l $ 
t.VALlJAT[(O[STtlO[i[l 1. 

ST I : 

CUI-IME,JT It 'JO 110f{f. llno1i:s OH TIHE THFN IIOHIT FAILURE, 1i 

SOLTIII[ -= 50LTI:1L + TIIIL $ 
I f Sn L T I 11 f. 1..i TI' 11 A X T I I If. T II l IJ <, 0 T O F A I L 2 S 
IF :,F:STil1)0[ r.,�L n TttrlJ (i() To FAIL) !. 

((H,t1f.,·IT 5[1.FcT llfxT n1•[f1/ITOH AT 8[ST tlCl()F • rn:-r.vALlJATL 
THL 11,)11[ 1\IJO [STAuLl!:;11 ITS R[LAT!Otl Tu HF.ST or TREES 

U II I' ACK 2 I I irJ [) [ ( (\ [ 5 T ! IO f> C , '+ I , IJ , 0 P I ) $ 
p II CK 2. ( 11-I , 0 I' [ R I O I' I , ,, l , I IO f) f. I II l ST 110 DE , 'I l I S 
0 I' lt.,( L A S T ,)J> • q I = 0 r I $ 
LA'>TOI' = or I 'i, 
r V A l.l J A T f I U ES HW !) l I 'b 
H II C � 0 II [ I fl f. ST II OD F , 11 L X T f. f. ST I -:; 
S I = :,, 0 DE I fl [ST fl O l, [ , 2 I //I AC: TOR $ 
s;, = 11or,1:ior,r.1ntsT11oor,2,,rAcT01:, s 
ClJl?t<f.JJT[1fPTII = IIO()£(r,E5TJWDL,IUI +I $ 
cuR11rrJTtLV[L '" IIO[)Ll[.[STIIOOf,S) $ 
I F ,) r E H ( (I r I • .) , r. I) L I T It L I I 



227.:1 
2224 
22 2r; 
'l 2 '2,., 
27.?. 7 
l 2 2 P. 
222Q 
2L311 
2231 
2237 

2233 
2234 
l23t; 
2.: 3 l, 
? 2 .3 7 
123� 
22JQ 
2 2 I./ fl 
2 'l'I I 
2 21./ 2 
22'1.3 
22'+1.f 
22'+5 
221./b 
2 2 '17 
221./11 
2 2 'IQ 
� 2!'°,(} 
2 2c-, I 
2 .:SJ. 
22S3 
2 2 S 'I 
�2SS 
2 2 c; b 
2257 
22sri 
22S9 
2260 
226 I 
2 2 b 7. 
22b.3 
7. 2 6 '+ 
226S 
7.lbt, 

2267 
22611 

226Q 
/ 27 II 
2271 
21.7 7 

2.273 
227'+ 
2275 
2 2 7 1, 

2277 
227il 
2279 

n C ., I ti 

CU f I Hf.,; T I r O I' C A I I I If. A f I I' l. I L [) T II LI j l., L ii f. 1 ! AT I" II [ !,/ ST R l IC TU,: ( 
fiY APPIYlli,� )T TO f([Tl'!Fvt:o 0I·,JFCT. $ 

R [ fH Ir.VF.LT ( 5 I , 5 TI! A , l. L Nt, A I 'D 

PO SI 1 ,\I' ( ST RA , ,; I • 1-. [ II c; A I $ 
ll['VOP = OPr:H(Of>l t 11 $ 
1lE\iB = r AL SE $ 
APPL vn1• I :iTHA, GI, IJL•:np, IJEX TA, r,2 I $ 

!'EfJT =Pf.llT + I ,ll $ 

I F I: Ar 1 EL T ( f I [ X TA • I I A 11 [ I I T 11 [ l·l N l '.·VA = 1· A I.SE 
fLS�. 11[\IA = T�lff ,; 

PE r l< 1 r: v r LT < s 2 , 11 c x T,; , L [ i Ir, Fl > i 
tJ A 1·1 [ 2 = S 2 s 

P ,J '.:i 11 AP I 'If XTO , G I , L [ I /j II I $ 
I: j I [l 

f. LS l flf: \, I I 

C ()11 '1 ( , I T I F lW E H A T O I-! · l u T A f> PL I C A u L f T HE I I SF. T IJ p 5 Un G f) AL 
T O A T T A I 'l S T A T [ I: I ··1 H I C H I T M A y R [ AP t' L I (;) , 
I� LEvrL ''F TIiie; 'i11r.Gf)AL IS Arwvr r:Axli1I1M THEIi 

c; [L [ C T , IL X T II F. 5 T 11 '.) r, r $ 
.. 

c.uH,<EIITLI "JF"L = CURf/LlfTLfvFL - I $ 
) f ( l rn R f fl f L L V f. L f. � L (1 f ff l II 

(, .I T I l 1, <) il AC►• I 'l> 

r I : I 'I. 
PETH I [ V r LT I S I , 11 [ X T .\ , L [ N 1; A I :; 

IIAHf. I = �;I 1-
p O 5; 1 AP ( f I l X TA , I' 1 • L F. i ! •.:. A ) � 

11['/A = FALSE • 
f. :� T = 0 I' r R ( 0 P I , .� ) "> 
11 F.'' 11 P = - 0 f' ( II ( 0 P I • I I $ 
I = Ol'[IIIOPI, J 1//rACTOR .._, 
.J = ti(J[)(()p[f?{OpJ,Jl,rAcTor-1 'fi 
f' 2 = I '!> 
Cl = J + I l 
COP y I R ff L [ • P. UL F SL I I , I I • 'I [ X TR • f' 2 I $ 
L[�,, ) n = nuLE�1 f I, 2 l - RULf.:»L (I, 1 > + p] _; 
R IJ I U' <i O AL I I J [ X TA • f • I , C I • S T n fl • r 2 • II I" X TU • LE IJ 'in I g, 

ros11Ar<11rxrr1,p2,LC11,;n1 1". 
IF ,IA11t:LTIIJ[xTn-r1A11L.?.I THF:1 IJ[111L, = FALSE 
(L c;r: llf"\ll\ = Tr!llf. i 
c.11() .,. 

'.,; T 2; 

cn1111[fJT Ir I.ITl(f,f, ST�11cTulll IS •J['1i FILf THL tit)[)[ [LSE 
of.TF.f?Mlll[ 1r THIS c011r,ll!AT1C1:J HAS occuPfffrJ l,t.FIJfl($ 



2281] 
2281 
22A2 
2283 

228q 
2285 
2 201.. 
2287 
2201' 
22A9 

2290 
2291 
2292 
;> 2 9 3 

2 2 9 't 
2295 

229b 
2297 

.229(.l 
2299 
2300 
2301 
2382 
2303 

23J't 
230S 
2J06 
2307 
l30B 
2309 

231.J 
2 3 I I 
231? 
2313 
2Jlq 
7. 3 I S 
2316 
2317 

2 3 I ;1 
2 3 I'? 
2 J 21) 
2371 

23 2 7. 
7.323 
2 J 2 't 
J.37S 

7.321, 

2. J 2 7 

2 :J 7. a 

2. 3 2? 
233:J 

233 I 
2332 

/. 3 3 1 
2. .3 3 'I 
7.33r; 

2.336 

m: IC. n I\ L ( : l A M [ I , I� A 11 r 2 , , , f. X Tl� OP E I 
[l5f. BF.I.ii l 

IF I ti OT 'l[IIA l A!ln IIL',',O TH[il 
I i l � UH l i O I\ L I 11 Ml f. J • i I A H E l • '� ( X T •JOO [ I 

ELS[ f'![1;lll 

c011Mr. 1JT Ir THIS IS /\II 0LO cOt!BINATIOtl F.5TA11LISH 
/dtLTHlP /\ SIIORTr:H cn111?[(T pATII IIAS nE.UI Fuut10. IF" 

I F 5 O T PA II<; r E R O L D I In I) E T O I� f. I, p Uc; I T I O "l , I t I E I TH [ R 
CASf CYCII le; I<; PR[VCtlTU>, b 

fl = :11.:xr lOD[ $ 
Ir TESTc;OALIIJAll[l,111\(1F.2,1·1) Tiff.ti n[r,11� 

I F C l I II H f.11 TO 1: p T II L :, S NO[) F I I I , 1 0 ) T H t.:l·i f' r (j I � I 

� A T H I. I� = M I) (l [ ( 11 , I I 'S 
it[AO = pllT = llODElfATll[H,lll $ 

LAST = 1J $ 

1 F PtlT C 1�L II Tlt[II 
flEGl'I 
IF LAST [qL O Tlllfl 
tJonE Ir A THF.R, 81 = IIOL>l I 11[ AD, 9 l 

EL�I. IJOL)[(LJ\ST•9l = ,rnoF.IPIJl ,9) 'S urn 
lL<;[ f1l.;ll� 

LAST = PIJT $ 
plJT = NOO[(ptJT,'}l 'Ii � 
IF f'IIT LQI. U n1r:1, l:trnOR\"RlTl(f3) $ 
r,n TO ST3 <i; 

FI�(>$ 
flf.xT = F''IT = IJO(J[(FATH[R•8l $ 

IF ptlT lfEQ O AfJ[J tlOO[(FATll(fl•3l FQL II THFN 
ii L<i I :J 
r O I? tr L X T = t JO l > L I r l r X T , 9 I '.'/It I L F. 1-1 E X T NE() U r, 0 

I F ; IO D [VAL (11 r: X T I c; TR IJ O Or VAL I PI-IT I THE 11 P tJT z: IJ EXT $ 

If' :J()()[VALIPIITI 1,Tf� IIOD[VALIFATH[Rl TME;, 
IIOuF.IFATHER.Jl = pllT 

ELSE IWO[(rATH[H,.11 = FJ\TH[R $ 
tiACy()IJ[4pt1T,rt1TJ 'S 

(llD:i. 

CUHME,H 

IF r101ir. IS <;�.' I Tei![[) L J llr IT I !J /\NU f?ECOIIF I GlJR[ TH[ TR[[, $ 

LIIIK!nFST,fO()l,111 $ 

I"\ A C K UP ( I I , !i f S T i·J O D [ ) '5 
GO TO <;TJ \ 

r: r JD 
[L'.,f: ,,u TO (jl)fJAet: I $ 

[IH) � 

£:II()$ 

rrms 

C O 1'111 [ 11 I (, [ I I I.I 11\ T t. S [ T , l F z [ R O L F V f L lJ I r r [ R FM ( E: S , <f, 

(l!Ff;JIIM = I) $ 
z F. 1: n r, 1 Fr s , rJ r: x TA , 1 ir. x TI' , c; 1 , r. 2 , i 

IF IJ I rr,1u:1 [f)L O TIIUJ 



2337 
.?33/\ 
233? 

23'+n 
.2 3 '+ I 
23'+2 
23'+:l 
2 3 '+ '+ 
23 '+'i 
23'+6 

23'+7 
23 '+8 

23'+9 
2350 
2351 
2352 

2353 
235'+ 

2355 
2JS6 
2357 
2358 
2359 
2360 
2361 
2362 
2363 
236'+ 
236«; 
23bt, 

2367 
2368 
.?369 
2370 
2371 
2372 
2373 
2 3 7 '+ 
2375 
2376 
2377 
2376 

7.379 
230n 
2381 
.2382 
2303 
230'+ 
2385 
238b 
231\7 
231\0 
2309 
2390 
2391 

.2392 
2JQJ 

c0�111CNT Ir 1m CllrrERF:llcEs r,F:TEr!HINC: ":Hl'Tllf,1 HAltJ pROALEM SoLVE.o!i 

Ir (II RRI IHL f.v EL EQj. IIA .( SUBGOAL s OR JJ AHE l EQL TOpGOL N AHE THEN 
GO TO SUCCESS 

EL S L n L c, I :� 

c01•1Hf.NT If A SllnGOAL HAS riF.rN SOLvr.o f I LE THE NODE• nETER11 I 1lE 
Opf.RAT()R ,HllCH G(IJF.RATCO SUBGOAL AtlO APPLY IT. S 

Lll�KlhESTfl0!1E•UExTlhJOfl S 
C 1 • ll 'Ii 
f'NT = llf.X TtlOOE S 
ttonEIPIIT,7) • tlt,,op S 

r I u:1100[ I ,IAHC I, tJAtt[2, cuRRf.NTLf:vEL •CI• C 1 • cuRREtHc,EpTH I S 

NOUEIPNT,'+I = 0 S 
IIOflLIPilT,31 • PflT S 
IIOOLVALIP'ITI = u $ 
ClJRRF:IIT(1fpTII • CURf'![IITOlpTH + 1 $ 
FATHER = D[STIHlDE 'Ii 

ST'+: 
tr ./Of)f.lrATIIER,·",) f. ')L NOf)f.(pNT,51 A/JO 
SIJflGOALlfATIICJ!l THEil Of'I = IJODEIFATHER,71 
EL<;[ OEG I ti 

F'ATIIF.R = tlooElfATIIER, I I > GO TO ST'+ s EIIDS 
UllPACKOPIOPI •IIEXTA,PI ,F'AT11ERJ 'Ii 
N[\IOP • Op I S I 

CO r·111 E IH RE TR I EV [ SU f\ (j O AL VAL I D U E f OR I. TH I S S l/ 8 GO AL S • ARTE D • S 

rATH(R = IWDEIF'ATlf[ll,11 i 
IIA11r.2 = 110olNooC(fATIIER•71 •FACTOR) $ 
P f T H I f V l: L T I II A 11 E 2 , N [ X T 11 , L C N GU I S 
rOSMAr 111rx TB, P2, LEIJ(i(, I S 
NCWll = t ALSE S 
COPYIIJF.XTA,rl ,STt!A,rl I 'Ii 

cor111f:'1T c;EIILRATE ll[\J STRUCTURE rlY APPLYING op. OETERHltlE 
rl II E T If E R fl t:.: S IJ L T I S II C �-r O R O L D A N D R F. 5 E T 5 IJ ll G O AL L E V E L • S 

APPLYOrlsTRA,rl •UPI du.:xTA•P21 S 
PENT • f' [ iH + 1 • 0 S. 
Jr tJA11ELTINf:xrA-rlM1El I THEN 

tlF.�/A = FALSE [LSI: 11[\,'A = TnuE S 
Cl/RH[IITLFVEL = "IODL IF A TH[R, SI � 
Of<;TilOOE = f-'IIT '.£ 

C0�1HEIIT RETulHI To T[<;T IIEw 110D[ FOR CYCLIMc;, S 

GO TO 'iT2 S 
fl m S F. I If> '> 

Ci1Mf1[1H c;FIJF.HA Tr. sCT OF Or,[l�A TOHS RELEvENT TO O) ff[RDICES 
II ,JOIIF. GO To SELEcT IJExT fl[ST NOOE FOP. ExpANSION, s 

I r r Ir.,/ (l ►' L s s ( J T II EI J p NT :: C ll RR [ r H LEVEL ♦ I 



239't 
2395 

2396 

].397 

2398 

1.399 

2't00 

2 't O 1 

2't02 

2't03 

2't0't 
2't05 

2't06 
2't07 

2't08 

2't09 

2't l 0 

2 't l I 

2 '11 2 

2 '11 3 

2'tl'I 

2'+15 

2'+ 16 

2 't l 7 

2 '118 

2't 1 9 

2'120 
2 '121 

2't22 

2't23 

2'+2't 

2'125 

2'+26 
2't27 

2'128 

2'+29 

2'130 

2 't 3 l 

2'+32 

2't33 

2'13'+ 

2'+35 

2'f3o 
2'137 

2'138 

2'139 

2'1'10 

2'1'11 

2'+'12 
2'1'13 

2't't'I 

2'1'tS 

2'1'16 

2'1'17 

2't'l8 

2'1'+9 

2'+50 

ELSE PNT • CURRENTL[VEL S 
OPDIFfG[NERATE 1 NEXTl,NEXT8,Gl•G2,0PLEVEL,PNT,8ESTNODE 1 s 
IF OPNUH EQL O THEN GO TO GOBACKI S 

COHMF.IH OR()ER OpERATORS AND ATTACH TO HOOE , 
FILE AND LINK THE NOOE , S 

ORDLROPS S 
I NSERTOps I NEx TtJODE I s 
LINKIBESTNODE•tlExTNOOEI S 

N • NEXTNODE S 

IF NEwOP LSS O THEN oEGIN pACKSUeOpl•NE�op,NExTA,pl•NExTIIODE)S 
PAcKELTIEHT•-IJEwop,NExTA,pl•NExTNooEI s EtJD 

ELSE NOOEINEXTNOoE,71 • NEWOP S 

FILENOoEINAHEl,NANE2,cuRRENTLEvEL•cl•Cl•cuRRENTDEpTHI S 

COMMENT EvALuAT[ THE NODE ANO SELECT THE eEST NOOE FOR 
EXPANSION, RETURN TO START OF CYCLE, S 

EVALUATE c:n S 
BACKUPIN,RESTNOOEI $ 

GO TO STl S 
GOBACK!! 

BESTNODE • NExTBEST S 

GO TO ST! S 
FAlll! 

COHHENT ADMIT FAILURE DUE To ExcEEDING HAXTIHE OR 

NO NODES LEFT TO EXPAND S 

\�RITE( 'tlO SOLUTION fOUND' I S 

GO TO SOLyENO S 

fAlL2: 
wRITEl'HAxTlt1E rxcEEoEo - stcoNoS'I s 

SOLTIHE • SOLTIHE//10000 S 

WRITE I SOLT I HE I S 

GO TO SOLVENO S 

success: 

COMMENT OUTPUT SOLUTION WITH MEASURES Of EFFICIENCYS 

1·1RITE(• 1 1 S 

SOLTIHE � SOLTIMEl/10000 S 

WRITE('SOLUTIOtJ TIHE(SEcs>:•,soLTIHEI s 
FATHER • NF.XTNODE S 

LINKIAESTNOOE,NExTNODEI S 

NOOEINEXTNOOE,71 • NEWOP S 

FILf.NOOEINAHEl,NAH[2,cuRRENTLEVEL•Cl•Cl•CURRF.NTDEpTHI S 
C 1 � 1 $ 

OPLISTICltll • rATHER S 
NAHE2 a NOOEIFATHER,21//rACTOR S 

LDf • l s 
FOR FATHER • NOOEIFATHER,11 WHlLE FATHER NEQ O 00 BEGIN 

LAF ,. LRF + 1 S 

I F ti OT SUBGOAL I FAT If ER I THEN BEG I N 
NAHEl m NOOE(fATHER,21//rAcToR S 

If t� AH E l E Q L MAHE 2 T Ii EN 



2'1S I 
Z't52 
2'153 
2'15'1 
2'15S 
?.'156 
2'157 
2'15f! 

2'159 
2 'I 6f) 
l'16 I 
2'162 
2'16J 
2'16 11 
2'16S 
2 'I 6 b 

2'I 6 7 
2'16A 

2'169 
2'170 

2'171 
2'17 2 
2'17J 
.2'17 'I 
2'175 
2'176 
2'177 
2'17A 
2 '179 
2'180 
2 'I /'I ' 

2 'I 07. 
2'1AJ 
2'1A'I 

2'105 
2'106 
2'1A7 
2 'I llA 
2'1/lQ 

2 'I 91) 
2'19 I 
2'192 
2'19:l 
2'1911 
2'195 
2'191, 
2'197 
2 'I 9 fl 
2'199 
2!>00 

2501 
2�,0?. 
2!,0J 
25:"l 'I 

250f, 
2506 
2!>07 

II L ,; If I 
C I = ,I " 
PL:1IL = l1 i 
Lhf = I $ 

[!JO J. 
Cl "' Cl + I \ 
!-'EIIL = pCt/1 + I, I) 1> 
OrLISTICloll " l".\TIIF:11 $ 

t: IHl 'Ii 
F.Mll '!: 

RCSULTPRltlTIL(1r,f•f.ilT•PEtH.I S 
!-' I = I 5 

rnP c2 =1c1,-1.11 no 

1l[(,l1J 
·1A11c2 = IIO()(IOrLISTIC2•11,7.I//F"ACTOR $ 
(ii =llfOQf.l()plJ�Tl<:2, 11 ,7111/F"ACTOR $ 

1RITElflO,LJSTll 5 
RE TR I L VE L T I II A t1 C 2 • ST Ru , LE t I<. ll I 'Ii 

pOSMlip(STRr .. rl •LfMGOI $ 
p OLIS fl lttr I )(( S Tfl ll ,r> I I \ 

l:111>\ 
SOLvfflO: 

EflO\ 

c:->1�t1Cn pl(t>cEouHf fil11Li)$ TII[ SYMHOI TA11LC f"OR THE co11sTA/JT5, IT ALSO 
rLAcfc; THl: OpERATOHS llf THflR (ORflF.cT sTRucTuRES AIIO READ!, THE pROeLEM\ 

llEGIII 
t·nr.r,r:R ARHAy Llll�.•t!JO.l::11,cou11r1u:91 5 
STk(llc; COHHAl,IJl:101 ofllPUTIAO I, l:ITVALll('JI S 
J:Jff.c;ft� Cl •C2•C3•, ,rr[xTSYl1•SYl1f"OS,IJ(GREE•IWL[f"IITdlfxT � 
ft O O L f A II l:I IO II I CA ll D , I II I/ AL I D , LE f T $ 
Ll!,T lflp((f"OI' cl•ll,J,3JJ) no f(JR c2=«1,t,JI 00 Ll11t.l(l,c211 S 

f O 'I II AT ,- 11 I I A I , .1 I 11 I $ 

f"Oll,1A T Ftr2 I A I, S31) I '> 

f OR 11 A T r �I 3 I A I , S II U I 'I-

S w If C II cn11Typf = Tt, T.3,T7•Tl'l,T7.0 " 

pROcfOIJRr SfL[CTCOM:-tAIJO ( pOS' I I ,. 
I 11 H. c; F: il p q S • I S 

ctJr1rt['fT t•HOcfOUflf 1>fTF.R111:1[s .,HETHf'I( fl <:OM 1fdlO IS DEF"ltlJt:c; cOIISTUITS• 

Opf1�AT0f'S OR f'ROBt.CH'.j OY t•ATC11IN<, 4GAPIST A TRF.E Of' PREC'Lr!NI O 
SYt1110l� \ 

O[G I :1 

I 'ITF.(;ff: I' l • Ct)llf'/IT i, 

7 



250A 
2S09 
2510 
2s1I 
2S12 

2513 
2S 1 '+ 
2S1S 

2516 
2517 
2S 1 ll 
2519 

2S20 
2521 

2522 
2523 

2 S 2 '+ 
252S 
2S26 
2527 

2S213 
2S29 

2530 
2S31 

2532 
2S33 
253'+ 

2535 
2536 
2S37 

2538 
2539 

25'+0 
25'H 
25'+2 
2 S '+ 3 
25'+'+ 
25'+5 

25'+6 
2 S '+ 7 
2S'+0 
25'+9 

255() 
2551 
2552 

2S53 

255'+ 
2555 
255b 
2557 
255li 

2559 

2560 
2 56 I 
2562 
2563 

256't 

I = 0 S 
COMPllT ::s I ' 
FOR r1=I2.i,rosI oo 

13[(,II! 
I F 11 J f' IJ T I P 1 I E Q L CO I 1 H A t ID I C OH p II T I TH OJ 

BEG 111 
I f l. I ti K I CO Hp I IT , 2 I [ Q L O THE I I 6 f. G I 11 

If P l ti EI� p OS T II E IJ G ll TO F 2 $ E fl ['l 
ELSE COMPllT • LINKICOtlPIIT,2I $ 

ENO 

ELSE Pt.GIN 
IF LI MK I COHpNT, 1 I CQL O THE ti GO To F 2 

ELSE B[GIN 
COHl'tlT • LlllKIC0IIPIH,1I S 

Pl z: Pl-1 S 
ENOS 

ENOS 
E,rns 

I • LIIIKICOMPIIT,3I $ 

ttlTLc;EH pROCEt,URf. CLASSlp0Sl ,p0S2IS 

INTEGEn P0Sl,p0S2 S • 

f>[GIN 
JNTEGf.R Cl•C2,TOT S 

TOT = U S  
f0R Cl•(p0S2•l•l•r0SII no UlGltl 

FOR C2 •I1,J,l0I DO 
IF IIJpuT(CI I Eal ltITvALIC2I THUi c;o Tl) Tl S 

ERRORIIR I TE I 5 I $ 
Tl: TOT ::s T0T•J0+C01JIITIC2-l I S 

EIIOS 

CLASS 2 TOT S 

f.NDS 

INTEGER PR0CEOIJRE pRCCEDfMCEI0EGI S 

INTEGER DEG S 

c0HHE"H pR0cEDUI![ Df.TE11t1IIH'.S pnf.cEc,uicc OF CONSTANTS fOR CORRECT 

0IJTPUT f0RMAT S 

FIEGIII 

If l)E(i l:1JL 2 THEN pRECEDCMCF. : I 
ELSE IF DEG f.QL l THEN pRECf.Dt:tJCE = 2 

ELSE PRECEOEIICE = 0 S 
f.110$ 

Ill Tt. G C � PRO Cf. 0 IHI l TA n V ALU E I P I • r 2 I S 

IIH[GCR Pl ,P2 S 



2565 
2566 

2567 
2568 
2569 
2570 
2571 
2572 
2573 

257't 
2575 
2576 
2517 
2578 
2579 
2580 
2581 
2582 
2583 
258'1 
2585 
2586 
2587 
2588 
2589 
2590 
2591 
2592 
2593 
2S9't 
2595 
2S96 
2597 
2598 
2S99 
2600 
2601 
2602 
2603 
260't 
2605 
2606 

2607 
2608 
2609 
2610 

2611 
2612 
2613 
2 61 't 
2615 
2616 
2617 

2618 
2619 
2620 
2621 

cOHHENT pROcEouRE loENTlrlCs THE INOEx or A SyHaOLIC CONSTANT IN THE 
SYHBOL TABLE S 

BEGIN 
INTEGER Cl•C2,pNT,Dlff S 

Dirr • P2-P1 S 
If lNpuTCpll EQL ••• THEN BEGIN 

TABVALUE• • CLASSIP2,p11 S GO TO ExlT S 
END 

ELSE FOR Cl•( I ti ,NEXTSYH•l I DO 
BEGIN 
If Dirr EQL (SYHTABICl•SI-SyHTAB(Cl,'1)) THEN 

BEGIN 
pNT • pl S 

FOR C2 •ISyHTA91Cl,'ll•l•SyHTABIC1•51J 00 
If SYHVALUE(C21 NEQ INPUT(pNTI THEN GO TO NEXT 

ELSE PNT • PNT + l S 

TAB VALUE • Cl S 
GO TO Ex IT s 

ENDS 
NEXT: 

ENOS 
ERRORWRITEISI S 

EXIT: 

T I : 

ENOS 

BEGIN 
NEXTSYH • SYHPOS • 1 S 
INTVALll,101 •'0123'156789' S 
FOR Cl•I0,1•91 DO COUNTCCII • Cl S 
READlfNJ,INPll S 
REAOlfN2,COHHANDI S 

COHHENT JUHP ON COHHANO IDENTlflER S 

READlfNl,INPUTI S 

T2: 

TJ: 

If INPUTI 11 EQL •z• THEN 
fOR Cl •12•1,801 DO 

Ir INPUTICl I EQL • • THEN GO TO T2 S 

ERRORWRITECSI S 

c1•c1-1 s 
SELECTCOHHANOICI, 11 S 
GO TO COHTYPEIII S 
ERRORWRITEISI S 

C0HHENT Ir A sET or CONSTANT oErlNITIONS oETERHINE THE DEGREE ANO PLACE 

EACH CONSTANT IN THE SyHBOL TAeLE wITH ITS DEGREE,cLASS ANO pREcEoENc 
AS WELL AS POINTERS TO THE OICTIONARY S 

READIDEGREEI S 

T't: 

REAolfNl,INPUTI S 



2622 
2623 
262'+ 
2625 
2626 
2627 
262A 
2629 
2630 
263! 
2632 
2633 
263'+ 
2635 
2636 
2637 
2630 
2639 
26'+n 
26 '+ I 
26'12 
26'+3 
26'+'+ 
26'15 
26'+6 
26'+7 
26'+8 
26'+9 
2650 
2651 
2652 
2653 
265'+ 
2655 
2656 
2657 
2658 
U,59 
2660 
2661 
2662 
2663 
266'+ 
2665 
2666 
2667 
2660 
2669 
267() 
2671 
2672 
2673 
267'+ 
2675 
2676 
2677 
267A 

C2 • -1 S 
FOR Ci "' C2•2 IIHILE C1 LEQ RQ 00 

REtilN 
FOi-( C2"(Cl•l,80) 00 OEGIN 

If 11'Pl)T(C2) Col •s• THEN GO TO Ti S 

IF INpuTIC21 EqL ',' THEN GO TO TS S 
ENl)S 
GO TO T't S 

TS: 

T 6 : 

p: 

c2•c2-1 s 
FOR C3•<c1.t,c21 DO 

IF INPUTIC31 EQL •:• THEN GO TO T6 S 
ERt{ORWH I TE IS I S 

SYHTABINEXTSYH,11 • OEGHf.f. s 
SyMTAOINExTSyH,21 "' CLASS(c2,c31 S 
SYHTARINEXTSYH•ll a PRf.CfDENCEIOEGREEI i 
SyHTAnlNExTSyH,'+I • SyHpOS $ 

SYHTAAIIIEXTSvr,1,S) • 5YHPOS •cJ-cl-1 S 
NEXTSYH • NEXTSYH + 1 S 
SYHvALUE I SyHpos • SYHPOS•c3-c 1-11 • I llpUT IC 1 ,c.3-11 S 

SYHPOS a SyHPOS + C3-CI S 
ENDS 
GO TO T't S 

com1EIH If Tit[ COHMAIIO OEF INES A sf.T OF OpERATORS oETERH I ti[ THE NUMBER 
AND FOR EACH READ TH[ INpuT AND ouTpuT STNucTuRES•SETTING THE 

CORRf.CT POINT[HS TO EACH STRUCTURE S 

RULEPtlT • I S 
READ I RlJLEl�O I S 
FOR Cl • ll•l•RULEtJOI 00 

AEt;lll 
RULESLICl,11 z RULEPNT S 

rs: 

T9: 

TIU: 

T I I : 

REA[ilfN3,lt1PttTl S 
EllOOFCARD • FALSE S 
C2 ,. I S 

FUN cJ • lc2,l,AQI DO nEGIN 
If INpUT(cJI [QL • ' r11n1 GO TO TIO i 

I f I Ii PUT I C 3 I E IJ L ' : ' THE 11 GO T Ll T I I S 
IF .  INPUTICJI EQL •;• THEN GO TO Tl2 S 

IF JNpuTlcJI EwL ,s, THEN GO TO Tl'+ $ 
E:,os 
EIIOOFCARD "' TRUE '!i 

RuLf.ll<uLEPNT, 11 = TABVALU[lc2,c3-1 I $ 

If ltlVALID THEil ERRORVIRITEIS) S 
RULEPtlT • RllLEPNT + I S 
C2 • CJ +  I S 

Ir EI-IOOFCARO THEtl GO TO Ta ELSE GO To T9 $ 

RuLEIHULEPNT,11 " TAAVALU[IC2•C3-ll S 
IF PJVALIO Tlf[II CURORVIHITEISI S 
qULfSLIC1•21 = RULErNT S 

... 



2679 
)(J f,� 
2 6 fl I 
2 6 0 2 
26A."\ 
.260'1 
lbBS 
2t.,P.f. 
26�7 
2t,Of\ 
lb09 
lbQO 
2691 
2bq ;> 

2693 
269'+ 
26Q!:, 
2696 
2b97 
269� 
2699 
21:10 
l701 

l702 

270:\ 
27J'+ 

270<; 
006 

2707 
270fl 
2709 
2710 

2 7 I 1 

2712 
2713 
2 7 I '+ 
2 7 l !) 
.?716 
2717 
2 7 I II 

l719 
l72n 
2121 

2122 

2723 
272'+ 
2725 
2726 
2727 
272P. 
.2729 
27 3() 

2731 
2 7 J .7. 
273."l 
.2 7 3 't 
27.:\'; 

RlJL[f-'MT • IHILfPIIT + I <;. 
IIULl:'jl: f CI, l l • 1\11.LPIJT $ 
,; t I T \l T .I $ 

111 1 l,f. I I-' l • L l. P ti T , I I "' T A f\ V A I. U F: I C 2 • C 3 • 1 I 1i 
If I 'IV AL I[) Tll[IJ t:rH1o;w11 I TF I!, l i 
RlJL[�I\ICl•?.l • fWl.r.PllT S 
I� II L r r I J T • fW L L: I' 11 T ♦ I $ 

TI ..3: 
fll')f. 
GO TO Tl $ 

T I '+ : 

C Ot-rnt NI C Otll. C, tl[R[ 1111(11 (\)111•1 A fin DE rt Ill S Pl-<OB LEM I Npu T S 

IJ[ X T • U i 
Lf.FT • TRUE \ 

T I!,: 
lffA1>tn1J,IllPUTl S 
� I Hin f C " 1-1 ') • r AL � f. i, 

Cl :: 1 � 
Tl b: 

T 1 7: 

T I tl: 

T I 'I : 

T2U: 

f\J;� C2 • (Cl ,I •<lO) no 1,LGIII 
f I (I Ip I J T I C 2 l f. 1J L • ' T I I ( I J c; 0 TO T l 7 S 

If" IIIPUTIC:l I L'lL ':' Tl!Etl GO TO T 18 'i 
rr lllruTfr.21 r:q1, •;' THU, (;() TO Tl9 $ 

Eo1D' '-
t•l!)OfCflqlJ • TRUl ", 

NF ,._ T :: �I [ X T + l 'Ii 

If LEFT T11f.11 sT11A(ilLxT• 11 "' TAr1VALlJEICl ,cl-l l 
�L�f. STRDlll[XT•ll • TAOVALUflCl•C2•ll I 

If JtJVALIO THEIi [fH'ORWHJT[(!,1 \ 
C:I • Cl+l S 
( f [ : ID Or C AR [J TH l 'I ,_; 0 T O T l S [ L S L G O T O T I 6 ' 

NE>.T m llf.XT•t \ 
S Ti? A I r It. x T , l I • T An V A LU [ I C l • C '2 -1 l ' 
IF I IIVAL 1 Cl T11E11 rRIWfrnH l TE I c; l 'D 
u:� T • FALSE S 
u: ,� r, A II: I� [ X T ,. 
tlEXT • {I S 
GO TO Tl� $ 

tlExT • ll(XT + 1 ii; 

STHnl11lxT,l) "' TA11vALLJF(Cl•CJ.-I I S 
Ir l'IVALID THL•l f.P.POIH•/lnTEl!->J s 
t.E lf,U = ·H.:x T s 
GO TO Tl S 

FND> 
EMO'!, 

fl O O 1. r. A '1 p HOC [ l'ilJ I< l S l I f\ G O A L I hi I $ 

11nu;r1� 11 s 



2736 
2737 
273R 
2739 
27'+0 
2 7 '+ 1 
274+2 
27'+3 
27'+'+ 
274+5 
274+6 
274+7 
27'+A 
27qq 
2750 
2751 
2752 
2753 
2754+ 
2755 
2756 
2757 
2758 
2759 
276n 
2761 
2762 
2763 
276'+ 
2765 

2766 
2767 
2768 
2769 
2770 
277 1 
2772 
2773 
277'+ 
2775 
2776 
2777 
277El 
277q 
27130 
2781 
2782 
2783 
278'+ 
2785 
2786 
2707 
27A8 
2709 
279U 
2791 
7.792 

Co"1Mf"!H PRoC[DIJRE J:STABL(SH[S VIH[TH[R A NoDE rs A SUBG011L 
bEG(M 

I F �lO D lC I-! t 7 ) G T R 2 • • 2 3 T II EM SUB GO AL • TRUE 
ELSE SUBGOAL = rALSE $ 

END$ 

UEG I :,1 
TTBPllT = VATPIH z l $ 

FACTOR ., 32768 $ 

COHHEIH SET UP OpERATons AND PROBLEM 

INPUTOATA $ 
FOR Cl=( l • l •RuLENO) 00 AllALvSERULElcl I '5 

F O R C 1 • 1 S T E P l lJ :H J L IHJ L L: N O D 0 
£1E() JN 
WRJTEC'OPERATOR'•Cll $ 
\IRITEC' 'J $ 
POLISHINFJXCHULE•HULESLICI •II I i 
P0LISHltlFIX IRULf•RULESRICl • 111 $ 
WRITE(' 'I $ 
ENDS 

FOR cl • I sTEp I lJIITIL MAXOPS 00 
0PF.RIC1•'0 11 Cl + I $  
FREL:OpS = I $ 
LASTOp = MAXOrS $ 

C O I IM E ,H S TA R T P RO AL E II SOL V I I l C, P RO CF.: DU RE. $ 

SOLVER2 $ 

rtlDi 
EtlD-. 

COMMENT INITIALISE ALL PARAMETERS $ 

RI:: A l) C FM /I X • 11 A X V ALU E S l $ 
REAO(FMAX,MAXVALIJF.S21 $ 
RF.AO I ERR I $ 
REAulFEVAL,EVALTvrEI $ 
REAtilFDEPTH•D[PTHTYf>[) 5 
REA�ICOMPOIASI S 
REAOISPECAIASI $ 
REA1>IF(,IFr,01rrTyp[.I $ 
R E A o C Ff{ C , R C T Y p E > $ 
REAnlLf.l�GTfl£llASI $ 

tJEx T<iUF\Op = I $ 
tlEXT[LT = I $ 
tJF.XTGOAL = n So 
T Op tj L = 0 $ 

11 A I rl I i 



fl A I tlF. lllJ: 

EMOS 

:»f° I tl 
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