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ABSTRACT

The purpose of this paper is to illustrate the advantage of

modeling in the design of a language. An h-graph model is con-

structed to reflect the basic version of SIMPL-T. As new features

are added to the language, the model is extended accordingly.

Several h-graph models are presented. The first describes

the basic version of SIMPL-T which recognizes ‘integer ’ as its

only data type. The model is then extended to reflect the addi-

tion of escape mechanisms to SIMPL-T. The EXIT and ABORT state-

ments have been added, whereas the RETURN statement has been

assigned an expanded role.

The model is then again extended to reflect the version of

SIMPL-T that recognizes ‘ string ’ as well as ‘integer ’ data types.

Strings are described in two 1e’.’..~1s of detail: 1) as single units

of information, and 2) as lists of individual characters.

Because modeling provides a rigorous definition of the lan-

guage, the effects of changes made to the language can he detected

in the model. New features can be added without sacrificing the

reliability of the original language. The family of h-graphs

presented in this paper supports these contentions.
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INTRODUCTIO N

Semantic modeling provides a set of tools for designing a language

in a formal and systematic manner. It provides a rigorous definition of

the features of a language that is free of the details of implementation .

The model is therefore able to present a high level description of the

language which can be of benefit to a wide range of users. The user who

is unfamiliar with the language may use the model as a general , yet ac-

curate description of the language , whereas the more experienced user

may find it useful as a template for showing how new features might in-

teract within the existing language . The costs involved in making such

changes are made clear by the model.

To support these contention s, a family of models will be presented

in this paper. The language being modeled is SIMPL—T , a procedure—or-

iented , str uctured programming language . The semantic facility chosen

is the Hierarchical Graph Language (HGL) [1]. It provides a sufficiently

general set of primitives which makes it possible to construct a model

that will reflect SIMPL—T as closely as possible. The model must not be

so ri-st rlctive as to preclude the possibility of being extended for new

language features , but at the same time must not be so general as to lose

its usefulness as a guide to the specific language in question . The mod-

el described in Chapter II of this paper presents a reflection of SIMPL—T

which is extended in Chapter III to include escape mechanisms , and in

Chapters IV and V to reflect the inclusions of string data in SIMPL—T.

Ei ther one , or both of the extensions can be added without compromising

the integrity of the original model.

1
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CHAPTER I

HIERARCHICAL GRAP H LANGUAGE (HGJ~)

At its most basic level , HGL consists of a set of primitives which

are defined as a set of nodes and a set of transition functions that

change the complexion of these nodes . Each node may be thought of as re—

representing a unit of information about the language. Associated with

the node may be some atomic data value , some further substructure of in-

formation , and some set of attributes. The a tomic val ue (v) can be

thought of as r ep re sen t ing  some program da t a  which  may change during ex-

ecution ; the structured value (h) as representing program or data struc-

tures; and the attributes (a) as r e p r e s e n t i n g  some comp i l e — t i m e  p r o p e r t i e s

of that  node which remain s t a t i c  du r ing  execu t ion . These can be def ined

more formal ly as mappings .  Let

N be a set of nodes

D be a set of atoms

A be a set of a t t r i b u t e s  and

G be a set of graphs

d e f i n e d  over e lements  of N . An a t t r i b u t e d  h i e r a r c h i c a l  graph (h— graph )

over (N,D,A ,G) is a 4—tup le (N ,v ,h ,a) where N C ~., v:  N ~ D ,

h: N C , and a : N x I~ A where I~ denotes the first k positive

integers.

The execution of a program in the model is defined as a sequence of

states. Each state is represented by an h—graph which in turn repre—

sen ts the program and its data structures at some point in the execution .

An actua l state transition is caused by some change in one of the three

2 
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3

mapp ings v, h, or a on the node, or the inclusion or removal of a node

from the set N of nodes. The functions responsible for these changes

are :

setv which assigns an atomic value to a node

seth wh ich ass igns a graph value to a node

seta which assigns an attribute to a node

define which adds a new node to the nodeset of the h—graph

delete which removes a node from the nodeset of the h—graph.

These f unctions are more f ormally defined in Table 1.

It is now the respons ib i l i ty  of the user to define the structures

and functions that can be used in conjunction with the HGL primitives to

bui ld  a model for  his language . The data structure is specified by the

definition of some particular graph structure over the nodes (e.g., sets ,

l ists , trees , directed graphs) along with a set of c o n s t r u c t i o n  and ac-

cessing primitives that permit the building and traversing of that graph

s t r u c t u r e . The con t ro l  s t r u c t u r e  is specified by the definitio n of a

meta—control language defined over the HGL primitive transition functions

and the graph accessing and construction primitives. These basic primi-

tives and structures can now be used as building blocks in the construc-

tion of the abstract syntax and semantic functions for the language be-

ing modeled.

Before discussing the details of the particular model presented in

this paper , a glance at the fo l lowing f igure  may help put  the various

elements of the model into their proper  perspect ive . Each block is b u i l t

us ing the d e f i n i t i o n s  of the  ones below in conjunction with its adiacent

block.

— _ _ ._~~~~~~~~~~~~~ _
-
~~:

_

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
.
~~~ — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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ABSTRACT SEMANTIC FUNCTIONS

SYNTAX for L for L

DATA CONTRO L
STRUCTURES STRUCTURES

BAS IC RGL

PRIMITIVES

Two data structures have been chosen for the  modeling of SIMPL—T:

the directed graph and the list. The directed graph structure is de-

fined as a 4—tup le (N ,E ,n ,e ) whereg g g g

N
g 

is a set of nodes (nodes ( g ) ) ,

E g is a set of edges (denoted by arcs  ( g ) ) ,

fl g 
is a dist inguished node ~i11ed the entry n ode (denoted by entry

eg is the edge label  mapp ing .

The directed graph is used in the compile time environment to cre-

ate a model which is able to represent the ordering of statements that

is implicit in a SIMPL—T program. Its set of arcs , along with its corre-

sponding ed ge mapp ing, enable the model to follow a program ’s f l ow of

control. Once compilation is complete and all statements have been in-

terpreted , the directed graph structure is available for traversal and

access. No alteration to these graphs is necessary from this point on.

Inasmuch as this paper presents a model that is to he used in the run—

time environment when graph construction is already comp le te , only those

primitives that are needed to traverse the graph will be described below :

padj — returns the set of nodes that terminate an outgoing arc from

a spec ified node in the graph

- 

~~~~~~~~~~~~~~ - ~~~ ~
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
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nadj — returns the set of nodes that begin an incoming arc to a

specified node in the graph.

Data storage can be handled in a strictly linear fashion . A simpli-

fied versior. of the directed graph wh ich allows each item to point only

to its ininediate neighbor has therefore been chosen: the list structure .

The algorithms generated at execution time follow a strictly linear order-

ing, and so they too can be handled by this same data s t r u c t u r e .

A list is defined by the 4—tuple ~~~~~~~~~

where N is a set of nodes

E is a set of edges defined by the node pairs (n ,m),

n ,m E N such that each node iii N (except for the

first node) appears as the first element of a node

pair defining an edge exactl y once , and each node in

N (except for the last node) appears as the second

element of a node pair defining an ed ge exactly once

n~ is the first node (denoted by entry ( £))

is the last node.

Lists are both generated and accessed during ex~~~ut  ion and so the

following primitives are defined:

(a) list construction primitives

push which adds a node to the beg innin g 01 a l ist

pop which removes the first node 01 a list

append which adds a node to the end o f a l ist

list which builds a list from a single node

(b) list accessing primitives

last returns the last node of a list

next returns the next node of a list

~~~~~~~~~~~~~~~ 
. — - ~~~~~~~~ — - - — —.— —.--- --—-—— —
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1
item returns a designated node of a list.

A more formal definition of the graph primitives is to be found in

TABLE 2, and that of list primitives in TABLE 3, TABLE 4.
- 

The control structures chosen for the modeling of SIMPL—T consist

of set expressions , recursive functions , and conditional expressions . 
-

I
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TABLE 1.

HGL STATE TRANSITION PRIMITIVES

Let S . = (N 11 v11 h11 a1
) be the h—graph representation of the pro-

gram in state S~ and (N
i+1,v .+1,hj+1,ai+i

) be the h—graph representa-

t ion of the program in state S~~ 1 
. The primitives associated with the

state transition from S. to S . are defined below :
1 i+l

setv : N~ x D -
~ 
N1

The execution of setv(n ,d) for n c~ Ni 
and d € D returns the

node n and generates the state S~~ 1 
whose only new component is

v . define d byi+l

vi+i (m) = {vi(m)~ rn E 
~~~~~ 

m n

(assigns an atomic value to a node and returns the node)

seth : ~~~~. x C N .
1 1

The exorution of seth (n ,g) for rt E N
1 

and g E C returns the

node n and grnerates the state S
1~ 1 whose only new component is

h +l dot m e d  by

h (m) = {hj(m)~ m E Nj÷1, in ii

i+l g , ni

(as.-.igns a gra~ i I structure to a node and returns the node)

+
seta : N x I x A N .I k i

The cx tc utl on of scta(n ,j,p) for n E N . , j E i~ , and p E A

returns the node n and generates the state S
1~ 1 whose only new com-

ponent is a .÷1 dcflned by

a ( f)  r = I P ’  in n , 2~ = j
1+1 la 1(m ,~) otherwise

(seia assigns an attribute to a node and returns the node) (11

a . — -‘— - -  -
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Note: The parameters of the primitive operations setv , seth , seta are

evaluated in random order.

define : N -* N i
The execution of define returns a node in E N — N

1 
and generates

the state S
1~1 

which is defined in terms of S
i 

as follows :

- N
~+1 Nj U {n)

(v (in) , in E Nv1+1 i i 
- 

I
undefined , in n

h fh1
(m) , m E N1

1+1 1,~undefined , in = n

ía (m,j), m E N  , j E
a — 4 1  1 k1+1 lundefined , in = n

(define adds a new node to the nodeset of the h—graph)

In addition to this version of the function wh ich appears with no

parameters , the following version can be used

define (n I v(n) = d , h(n) g, a(n,l) = a1,. . ., a(n,r ) a )

which combines the addition of the new node to the h—grap h along with its

associated v, h , a mapp ings .

delete : N -
~~ N .— I i

The execution of delete (n) returns a node n € N . and gener ates

the state S1~1 which is defined in terms of S1 
as follows :

N
1÷1

= N
1

_ {n}

V
1+i (m) = v

1
( m ) ,  V m E

h1~1(m) h1(m), 
V m E N 1~~1

a1÷1
(m ,k) = a

1
(m,k ) ,  V ~ E N ,~~1

(delete removes a node from the nodeset of the h—grap h)

- . 
-
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TABLE 2

GRAPH ACCESS LNG PRIMITIVES

N x G *

The execution of padj(n,g) returns the set of nodes that terminates

an outgoing arc from node n in graph g defined by

{m E nodes(g) I (n ,m) E arcs (g) }

N
N x C 2

The execution of nadj (n,g) returns the set of nodes that begins

an incoming arc to node n in graph g defined by

{m E nodes(g) I (m,n) € arcs(g) }

TABLE 3

1.1ST CONSTR UCTION PRIMITIVES

L x N • L

The execution of push(~.,n) rrturns the list ~~
‘ which is d e f i n e d

b y

nodes ( . ‘) nodes (..)  Ij {n)

arcs (
~ ‘ )  a r c s  ( k )  U {n ,n~~( f ) )

fn (
~ 

) = n

n k ( R.~~) n

(push adds a node and its associated arc to the beginning of the

list and returns the list)

The execution of push(f,n) where ~ is tile empt y l i s t , returns

the l i s t  9.’ which  is def ined  by

- . - ~~~~~~~~~~~ -~--- . -—~ - . -~~~~ ~~- ~~ .
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nodes (2 . ’ )  n

arcs (2.’) — 0

~ n

— n

p~~~ : L* L

The execution of pop(2.) returns the list 2. ’ which is defined by

nodes (2.’) = nodes (2.) — {~~f ( 2 . ) )

arcs (2.’) arcs (2.) — {(n~ (Z ) ,in) m E nodes ( 2 . ) )

= (m I m E nodes (2.) A {~~
f
(2.) ,m) € arcs (2.))

1. ,  2.n (~ 
)

(pop removes the firs t node of the list along with its associated

arc and returns the list)

The execution of pop(~ ) , where i is a list containing one node ,

returns the list ‘ which is defined by

nodes (2.’) = 0

arcs (2. ’) 0 -

ri(2.’) = 0
n
2
(l ’ )  = 0

append : L x N - L

The execution of append(2 ,n) returns the list 2. ’ which is de-

fined by

nodes (2. ’)  = nodes (~ ) U 
{n}

arcs (9. ’)  = arcs (~ ) U {n
2.(~ ),n}

=

n
9.(2’) n

(append adds a node and i t s  assoc ia ted  arc to the beg inn ing  of the

list and returns the list)

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - —- - - -
~~~~~-
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The execution of append(2.,n) , where £ is the empty list , re—

turns the list 2.’ wh ich is def ined by

nodes ( 9 . ’ )  — n

arcs ( 9 . ’ )  0

— n

— n

lis t : N * L

The execution of llst(n) returns the list 2.’ which is defined

by

nodes ( 9 . ’ )  n

arcs (I ’) 0

f
n (Z’)

2. - ,n (~~)

(list builds a list for the node n )

~~~ -~~~~

-----
~
-

- - - - ~—~
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TABLE 4

LIST ACCESSING PRIMITIVE S

last : L n

The execution of Iast(i) returns the las t node of the list 2. ,

i.e., t~ e node which has no outgoing arc emanating from it , defined by

2
(9 .)

next : N x L • n

The execution of next (n ,2) returns the node of list 2. which has

an incoming arc that emanates from node n , def filed by

I (n,m) € arcs ( 2 . )  A El #

item : I x L • n

The execution of item (1 ,1) retLrns the ith node in the list I.

defined by

next(next(. ~~~~~~~~~~~~~~~~~~~~

L ~~~~~~~~~~~~~ ~~~~~~~~~~ 
—

~~~~~
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CHAPTER II

SIMPL—T (BASIC VERSION)

1. SIMPL—T Syntax

The language being modeled in this section of the paper is

the basic version of SIMPL—T. It recognizes data only of type integer.

This data is stored either In an integer variable or in a one—dimensional

integer array which is defined as an ord.red collection of elements.

These elements are numbered 0,1,... ,n—l where n is the number of ele-

ments in the array , as declared by the user at compile time .

These data configurations appear as terms of a SIMPL—T expression .

In its simplest form the expression is a simp le variab le (e.g., x), or

an element of an integer array (e.g., A(i)). It may also take the form

of a function (e.g., fact (x) ), or a primitive operation (e.g., a+b ,

a<b , -,a ) ,  or a combination of both. In each of these cases the expres-

sion i t se l f  represents  a value which mus t be computed by the program at

execution t ime .

The program itself consists of a set of global variables , a set of

functions , and a non—empty set of procedures , one of which is designated

as the starting procedure. The global variables are integer variables

and array s that are known to all segments (functions and procedures) of

the program. If the value of this global variable is not initialized

by the program , it is undefined when execution of the program begins .

SIMPL—T is a structured programming language whose flow of control

is governed by the execution of its procedures and functions . It is

therefore necessary to examine these basic building blocks in some de-

tail.
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A procedure is defined by a set of formal parameters , a set of

local variables , and a sequence of statements. When the procedure is

invoked , the actual parameters supp lied by the user are passed to the

procedure , and the sequence of statements is executed . Control then re-

turns to the caller. The user may choose to include a RETURN as the

last statement in the sequence . It , h owever , has no effect on the exe-

cution of the procedure .

A function is similar to a procedure in that it uses its parameters

and local var iab les , toge ther  wi th  the  g lobal  v a r i a b l e s  known to the

prog ram , to execute Its specified sequence of s t a t e m e n t s .  I t  d i f f e r s

in t h a t  upon e x e c u t i o n  i t  r e t u r n s  the  value of t he  e x p r e s s i o n  s p e c i f i e d

in the RETURN s t a t e m e n t .  This express ion  and the fu n c t i o n  itself mus t

both  be of type  i n t e g e r .  Tile f u n c t i o n  RETURN , u n l i k e  the procedure

RET U RN , is a r e q u i r e d statement which must appear as the  last  s t a t e m e n t

of a f u n c t i o n . Both p r o c e d u r e s  and functions may be recursive .

The execution of a program has been defined as a sequence of states.

It is the execu t ion  of the s t a t ement s  of a segment  that causes these

state transitions to be made . A description of the SI~IPL—T statements

fo l lows :

a) The assignment s t a t e m e n t  ass igns  the  value of an expres s ion  to a

var iable .

b) The IF statement causes the conditional execution of a sequence

of one or more statements. The expression is evaluated at execution

time and the appropriate action is determined. If the conditional

express ion is found to be true (~ 0) ,  th e THEN portion of the state-

men t is executed , otherwise execution continues with the ELSE por-

tion (if it exists).

_ _ _ _ _ _
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c) The WHILE statement provides a means of writing iterative code . As

long as the value of the conditional expression Is non—zero , the

designated statement list is executed. If its value is zero , exe-

cution continues with the statement following the WHILE.

d) The CASE statement provides for the execution of one of a group of

statements. The value of the conditional expression is evaluated at

execution time and its value is matched against the value assigned

to each statement in the group . When a match is found , the corre-

sponding statement is chosen for execution . If no match occurs , the

statement referenced by ELSE is chosen (if it exists).

e) The CALL statement causes a specified procedure to be executed. It

passes a list of arguments (actual parameters) to the procedure.

These arguments must agree In number and type with the formal para-

meters defined by the procedure itself. Upon comp letion of the pro-

cedure , execution resumes with the statement following the CALL state—

ment.

f) The RETURN statement signifies the end of a procedure or function .

In the case of a function , it desi gnates the expression whose value 
V

is to be returned.

For a more detailed discussion of the language features SIM}’l -l .

consult the SIMPL—T manual [3] (pp. 3—17).

2. H—Gr aph Syntax

With this Introduction to SIMPI.—T complete, h—grap h synt ax for the

language can now be described . The basic unit of information in the

model is a variable . It Is represented by a node which has associated

wi th  it a value , a graph , and a set of a t t r i b u t e s .  The a t t r i b u t e s  re—

main constan t th roughout the e x e c u t i o n  of the program but the value of
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the var iable may change at any time merely by modif ying the v mapping

associated with the node. 
V

Variables may be linked together in list form to create a one—dimen-

sional array . This array is represented by a node whose graph consists

of nodes representing the individual elements of the array . The number

of eLements in the array and the type of the array , together with other

Identifying characteristics are reflected in the attributes associated

with the array . At the same time, each element of the array retains its

own value , graph , and attributes , as described above .

In addition to the simp le variable and simple array just described ,

the recursive variable and recursive array are necessary for the imp le-

mentation of this model. Simple variables are joined together in a list

structure to form a recursive variable; simple arrays are joined to-

gether to form a recursive array . The use of this additional form of

data will be made clear when procedures are discussed.

The syntax for an expression Is defined either as an operation node

or as a node containing a variab’e node . The oper .~tion node in turn

translates into an operator followed by a list of operands. The operands

are themselves expressions. It is because a variable node eventually

appears in the operand list associated with the operator , and because

the elements of the operand list mus t be unique , that we nest the vari-

able node in an additional node . This then permits us , for example , to

add the variable x to itself. The graph of the evpression would

look like [~~~~~~~ .
] [ [ x l  [x ] ]  .

The graph of the program node Is defined as a set of global vari-

ables (i.e., simp le va ri ables and si mple  a r r a y s ) ,  a set of functions ,

and a non—empty set of procedures , one of which is designated as the

h~~__ ~~~~~~~~~~~ _ V  V .
: - - —_ _ _ _ _ _ _  
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entry node of the graph. The procedure node consists of a parameter

list , a set of locals, and a statement list. These parameters and

local va riables descr ibe nodes wh ich per tain only to a particular pro-

cedure at a particular point in time. En order to preserve the integ-

rity of the procedure at each nested level of recursion , every one of

the variables (both local and parameter) is stored in Its own stack ac

a recursive variable or array . The description of the actual execution

of the procedure is reserved for the section which deals with the seman-

tics of the model.

A function is similar to a procedure in that its graph contains a

parameter list , a set of locals , and a statement list. In addition ,

however , its graph contains a node representing the return expression .

It is here that the evaluated expression that is returned by the function

is to be stored. The evaluated expression and the function itself must

both be of type integer.

The list of statements forms tile major portion of both the proced—

ure and function nodes . Three of the statements in this model , namely the

CALL , assi gnment , and RETURN statements are treated as operations con-

sisting of a semantic operator followed by a list of operands. The re-

maining three statements , namely the IF , CASE , and WHILE statements are

represented by a node whose grap h must  be t r a v e r s e d  at execution time .

The value that results from the evaluation of the entry node of the

graph determines the path of traversal.

BNF Notation

The notation used to describe the h—graph syntax is an extension to

BNF notation , The following extensions are defined :

_ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a) <a> : : — [sb> ] I

~a> is defined as (1) [<b>], a node whose h value is given

by <b ’;

(2) [< c~~] , a node whose v value is given

by c~ .

b) <f> :: = [~ g>]; att 1 
= val1, . . . , at t  = val [sd>]

e f>  Is def ined  as (1) a node whose h value is given b y <g>

and whose a . value is given by val .

for all attributes a . associated with
1

the node ;

(2)  a node whose h value is given by ~~

and which has no attributes associated

with it

( I . e . ,  has p recedence  over

*
c) <h> :: = < I >

<h> is defined as a directed grap h from an element of class <i>

to an element of class ‘k- ’ w ith a dfrc~ ted ark - from

to <k> whose label Is an element of < j— ’ . The entry

node of the graph is ‘-I>

*
d) <h> :: = < I >

<h> is defined either as a directed graph or as a list from an

element of class ‘- i -’ to an element of class ek> . The

ent ry  node of t h e  graph is <I ’

e) < 9. >  :: [<m 1> , .  .., ~mj>
*
,..., <m s]

~~~- > may be defined as a node whose ‘~.due Is a graph w ith

n disjoint components from classes <m
1
> , em

2
> ,. . . , em > .

The entry node of the graph is <m
1
>

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
~~~~~~~~~~~~~~~~~~~~~~~ -- . ~~~~~~~~~~ ~~~~~~~
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It should be noted that the model syntax guarantees the uniqueness

of variables passed as arguments to a procedure or function by virtue of

the fact that the nodes of a list must be distinct . It is not desirous ,

however , to p lace this uniqueness restriction upon the variables appear-

ing in an operand list. For this reason , each variable in the operand

list is nested in an expression variable node . Althoug h the expression

variables themselves are distinct , the variables nested within them need

not be unique .

For example:

Non—uni que variable may be added together as follows

[add]  [ [x ]  [x l ]

but unique argune:ts ar e  passed by a CM .1. statement as follows

[ c a l l]  [PROC A [x’y]]

Shorthand Notation:

Due to the extensive use of opo r it ions thro ii~ bont this paper , a

sho r thand  form of the h—grap h notation has been auop tcd:

[name l [ ‘x  > ‘ x >  • ... -~ c x > ]n

will be written as

nam e ( <x 1’ , <x 2 > , . . . , c x ’ )

Some a d d i t i o n a l  abbrev ia t ions  are defined on p. ~O.

Data

Var iabl es
V 

Vi <va r i ab l e>  : : ‘-simple var> <rec var>

V2 <simple var> <integer var> 
F

V3 < in t ege r  var> ::  — [< i n t e g e r ’ J ;  class ’dat a ’ ,~ y~~~’’ in t ege r ’ ,

structure= ’scalar ’ ,form ’simp le ’ I

- - -~~— - -
_

j_ 
—

--
~~~~~~~
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- ~~~~~~~ ~~~
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[undefined] ;class= ’data ’ ,~~~~ ,= ‘integer ’,

s t r u c t ur e ’scala r ’ , for m ’simp le ’

example

<integer var>

m t  I 
_ _ _ _  

c1ass ’data ’,,~~,~~,= ’integer ’ ,[ j structure= ’scal ar ’,form = ’sm mp le ’

V4 <rec var> :: = <rec integer>

V5 crec integer:’ :: = [<integer var> *{.<integer var’}°];class ’data ’ ,

• t~~~~,= ’ in t eger ’ , st r u c t u r e = ’s ca lar ’ , form ’rec ’

Arrays

Al <array- - :: = <simple array> <rec array >

A2 <simple array> :: = <integer array:-’

A3 <Integer array> :: = [<integer var - t~t~-~~ r v d r > ~~~J ;c1ass= ’ da t a ’ ,

tyj~~=
’ integer ’ ,structure= ’array ’ ,form = ’simple ’ ,

ar r a y _~~ :~e _ : u s i ;~e( h ( . in t L . p~V r  a r r i v - )

example

<integer array>

m t  array A(3)

class= ’data ’ ,~~~~ = ’integer ’ , _ _ _ _  
class= ’data ’ , class ’data ’T]

structure= ’scalar ’ , . ... . ..

_ _ _ _ _  
f o r m ’ simple ’ 

_ _ _ _ _

class= ‘da ta ’ 
~~~~~~ 

‘ i n t ege r ’ ,
- 

structure= ’array ’,form= ’simp le ’

array s I ze 3
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A4 ~rec array > : : <rec Integer array ’

AS <rec  in teger  a r r a y>  :: — [ ‘-integer a rr ay> *{V. < in teger  a r ray> }~~];

class ’dat a ’,~ yp,~,~ ’mnteger ’,struCture ’array ’,

form ’ rec ’ , V~r t ~~y~~ize ns ize ( h (<r e c  in teger

a r r a y > ) )

Expressions

El <expr> :: ‘~operation~~’re f predieate~~ [evari able~ ];

class ’exp rvariable ’

1* A variab le is nested within an outer node so that the

variable can be repeated in the operand list — denoted

by cLe~ s= ’exprvariable ’ *1

example

(a) <expr>

[<variable>] ; class” ’exprvariable ’

I 
l~~~ ’eXp rVaI’iable ’

c1ass-~’data
’ ,

ç,~~ ,= ’intege r ’
structure ’scalar ’
fo rm” s i m p le ‘ _,,,_j

Ope rat ions

01 <operation> :: <primitive o p e r a t i o n> J cuser opera t ion>

*
02 <pr imitive operation> :: = (<operator> --‘~<operand l ist>];

~‘1ao s ‘operat ion ’

03 <operand list> :: [<operand> *(~*.zoperand>)~~]

04 <operand> :: = <exp r <

L. ~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~ 
- — ‘:

~~~ -~~~~~~~~~ - - — - ~~~~~-
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05 <opera tor>  :: = <primitive binary function> ;form”b inary ’,

category= ’primitive ’

<primitive unary function>;forin’~’unary ’ ,

category = ’ primitive ’

06 <primitive binary function :: = <binary integer function>;

optype= ’integer ’ I
<binary relational function> ;a yp~~~

’rel ’I

~h i n a r v  ] o p ica l ~uth- t io n- ; t v p ~~ lug ’

07 <b inary in t ege r  f u n c t i o n >  : : [
~44] I [~ji~,J I [~~~J I [ 1  [ Z - Z s ]  [9.cs ]

I ft~ .l I (bitand] [b i t or ]  [ bit  x or ]

08 <binary relational function> :: = [ i t ]  [~~ J [
~~,] I L&~

] [ .~~~~] I [~~ i

09 < b i n a r y  log ical f u n c t i o n >  :: [an d ]  [or)

010 <primitive unary f u n c t  ion:’ : : cun ary  integer hi n t ion>;

opLv p e~~’ i n i e 1~e r ’

- u n a r v  log ical function>;oj t yje ’log ’

Oil <unary intege r function - :: = [ r n i n u s ] I [ c o m~~]

012 <unary logical function> :: = [ n o t ]

example

(b) <exp r --

<primitive operation>

1+1 c lass= ’operat ion ’

* —~~~~~
________ _________________________________

form= ’bm nary ’ , class= ’exprvar iabl e ’i — ~lass

[~~~~~~ categ~ ry= ’primit ivr’ , 
L~~~~

] 
~~~ J~~bLe

~p.~ii~ = integer 
_ _ _ _ _  _ _ _ _ _ _ _

V - -  - -- 
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*
013 <user operation> :: = [<user opera tor> •~ arg l i st > ] ; c l ass~.~’operat ion ’

014 <user operator> :~ = <user functmon>;category ’fun ction ’

015 <user function’ :: = < fun c def>

016 <ref predicate> :: [<ref operation>];class ’operation ’

017 <ref operation> :: ref(.zarray>,eexpr>) 1* [ref]-~[<array>-*<expr>] *1

example

(c) <expr>

<ref pred icate>

A ( I )

_________________ class” ’operation ’

A
* class = data

I ~~ ‘
‘intepcr ’ , 1 f 2~~ ,~~~’exp r—

ref  ( structure= ’arrav ’ , * ii variable

~~ L j i2!~r ’ simP ie ’~ 
— -

~~

azraysize=3

w h er e  A is defined as an <integer array >

I is defined as an <integer var>

Program S t r u c t u r e

n * nP1 <program> :: [{<global var-’) ,‘proc def> ,{‘-segment def>)0
] ;

class= ’ program ’

P2 <g lobal var> :: = <simp le var >;scojn~~’glohal’ (<simp1e array>;

scope= ’global ’

P3 <segment  d e f >  :: — <proc dci’ <fun c d e f >

Procedures

*
P4 <proc de f>  :: — [ < f o r m a l  p a r l i s t > , < l o c l i s t ” , <s tmt  l i s t >  ] ;

class= ’program ’ ,segtype= ’proc ’

_____________________ - -  
- - . — .
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Functions

*
-~ P5 <func def> :: [<forma l pariist~ ,<loc1ist> ,<stat list> ,<ret var>];

cIass ’pro~ram ’ ,type = typenanie> ,segtype= ’ fun c ’

P6 <typename > :: = ‘integer ’

P7 <re t  var> :: = <simple var-’ ;role=’return ’

P8 <forma l parlist’ ; :  = [ ‘-par - ‘-par ’~~~];class= ’parlist ’ J  [ ] ;

c1ass~’ ‘parlist ’

P9 <par :: ‘- roe var’;calltypc =’callnaxne>I<rec array’;

calltype=’ reference ’

PlO <cailname> :: = ‘value ’ I ’ reference ’

P11 <locUst> [~ 1oc> *{,,1oc~~
fl ];c1ass=~ locljst I I [ 1;~~~~~ = ’1oclist ’

P12 ‘-b c - ’ :: ‘-r on var >I<rec array>

statements

Sl ‘stat list~- :: [< s t a r *{ ~- st a t > }~~] ;  class ’progra m ’

S2 < s t a t >  :: <if stmt>i<while stmt> I<c ase stmt>~ sassign stmt> I

<call  s tm t  ‘ ‘-return $tmt~

S3 <call stmt> :: [<call oporation>];ciass= ’operation ’

S4 <assign stmt> :: = [<assi gn operation >J ;class= ’operation ’

*J~ <stat list>~~S5 <If stint> :: = [<convert predicate>~ 1~~ end>];ciass= ’program ’
(W !estat list>}/

0

S6 <convert predicate> :: = [<convert operation >];class= ’operation ’

general ‘-if stint>

_________ 
class
‘program ’

- . ___________ ________ 
c l a s s =  operation

cate~~~~ = ’seman tjc ’ <stat

L 
conve~~ 

_ _ _  
_ _

L _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ --~~~~~~~~ -~~~~~~~~



- - - - - - --

25

ex le

if A(I) = S then FOUND : 1 end

c lass= ’ program ’

* 
class ’operation ’

________________ ~ja,~~~ ’operation ’

category ’sem antic ’, 
V

category form= ’blnary ’, * ciass operation

‘semantic ’ )ptype= ’rel ’ 
_____

_______ 
op e r a t i o n ’

9~ tegO t’Y
‘semantic ’

FOUND

-N

r -
~~~
ij

~~~. <sta t list>

S7 <case s t i n t >  :: = [<case expr>
~~~~~~~ ~~~~~~~~~~

end>1 ;class ’pr o gram ’

S8 <case expr~ :: — (.nVai”V operatlon>];class= ’operation ’

S9 <case opera t ion’  :: c a l cu l a t e ( z ex p r - ’) 1* [c a l c u l a t e J  • [<exp r > ] *1

-

. 

T:. ~~~- f l R1 - ” ’
~~~ m

V t~~~l ~~~~~ - - ________________ V -
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SlO <while stmt> :: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

general <while stint>

_______ 
ciass=
‘program ’

* class= ’operation ’L cat: :?

s J ~~~~~~~~~~~~~~~~~~

11

~~

example

while 1<2 do <stat list>

class ’ p rogram ’

* class ’operation ’

class ’opcrat Ion ’

____ ____ ‘-statpr imitive i
orm ’binary ’ expr— ex-pr- ,.—4 list>

~~~e o  pe= ’rel ’ 
‘ 

~
v ar 1able’ variabld

semantic

~ Thnvert
1~~ ~~~ 

> 
r~_ _

iJ
-_

~~~~~J 
_ _

where I Is defined as an <integer var>

Sli <return stmt> :: [<return o p e r at i o r i > ] ; c l a s s ’opera t ion ’ I

[<freturn operation>];class= ’operation ’

S12 <assign operation> :: — assj~~,(<c? p -’ ,<expr>)

/*j e [assi g~ J -
~ 

[<Q p ’ ‘ ~e x p r> ]  *1

- ~~~~~~~~

. 

_ _ _ _ _ _  

. 
V ~~~ 

_ _ _
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Sl3 < .p> :: = <variable> ( ’ref predicate>

example

<assign stint>

FOUND : = 1 where l m f t N i i  is defined as an <integer var>

class
‘operat ion ’

category semantic 
-~~~~~~ 

1 
class= ’exp r v ar i a h l e ’

L 5 ’  
~ I 

________

Sl4 <call operation > : : = C .il l (V p r oc d i f - , ’ a r p  li s t -’)

/* [ ca l l i  [‘- p r o c  d e f >  ~~‘ arg list > ) */

Sl5 <arg li st :: = [‘-,ir~: 
*{ ‘ r g }~~]

Sib ‘-arg : : = < ,irray - ‘o p e r a t i o n - ’ I <ref ~ed icit c > I ~variable>

/* The a r g u m en t s  in V ifl arg i I :—t must be un1~~n i - , t h a t  is , an argu-

ment may not appe -ir in t i n  l i s t  re han o n - ~ . Therefore ,

lie v a r i a b le  nod e m o o d  not i c  reduced In e hi r level * /

Si7 <convert operat ion - ’. : = c o n v e r t (  V e : V : ~~V I  > )  / *  [ c o n v e r t ]  ‘ [< e x p r > ]  *1

S18 <return operation : : = retura ( ) 7* procedure return

[ ] */

Si9 <freturn oper ation - : : = fretiirn (<expr > ) 7* f u n c i  l o u  r e t u r n

I r &tunii ~ [ ‘  exp r -
~ 

] *7

S20 <end> : : = [no~~p ]

S oman t j C~~~p e r a L  Ions

*
Fl < s e m a n t i c  op ( ’r at  ion V : : = I o , n , I n t  Ic operator - ‘‘ semantic operand list>]

class ‘operation ’

F2 <semantic operator’ : : = <semant i C funct I O u  V ~ e~ o r v =  ‘s e m a n t i c ’

~~~~~~~ - -— -~~~~ 
— -~~~~~~~ - 

~~~~~~~~
-

~~~ - ‘ ~~~~~~~~~~— 
2 

— -~~~~~~~~~~~
— - - —

~~~~~
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F3 <semantic function> :: = [assign ]~~[call)~~[convertfl [CalCulatel~

[ retuim 1 I [ I return I I [  eval) I [ f call)I [ ref Ill leveleval] 1 addlevel ]

[installpar ] I [evalargs) [va iuenode]  I [refnode] I Ebuildbuffer ] I
[installargs] I ~~~~~par) I [parattr ] I [installocals] I [installocil
[pushloc] I [installocarray] I [iocattr]I [rebeaselocs] I [~~~~~~~ 2~~ s] I

[release] I [popstack] I
F4 ‘-semantic operand list> :: [< semantic operandV~ {~~<senantic operand> )

’1]

l E ]

F5 <scn .in t in operand> <i xo r> ~\~m~ur m l  e~ - - se~ m L-Iu t def>

<semanti c ope ration>~ <forma l parlist>~ <1oc1ist> ’<arglist~

An examp le of a program wh ich, consists of three global variab les and

a single procedure follows :

m t  I = -1, FOUND = 0

m t  array~ A ( 3 )  = (2 ,5 ,5)

~~~~ F1ND5

while I < 2 do 1 := 1+1

if A(1) = 5 t hen  FOUND : 1 end

end

start FINDS

c las s ‘program ’

I FOUND __________________

H El -~L~ii-~iIflFIND5 
_____________________  

ciass ’pro gram ’

* 
NI Vc1ass= ’ope1i~ tioni 1 

— 

c ass.
‘

~~~~~~~~~

‘i

~~~~~ V~~~~~~~~~~~~~~~~ 
‘operaJ~~~~ 

N3~~~~~~~ r~ m ’

__ _

_

_  __ _  _ _ _ _ _  _ _  

__ 1T11111 111

— - - —- -
~~

-
~I 

— - - “ - . - - - -~ -- 
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N4

N5 class ’operation ’
<sta tb - V 

* 

-

* 

‘opera t ion ’

___________________________ s= ’program ’

*N7 cb~~~~~’operatiOfl
’ class 

——-—- N9 program
N8 

- - -- 

~~~~~~ ‘operat iOn ’ 
NlO I i

‘- stat2> 

~~~~~~~~~~~~

‘ 

V V _ ~~~~~~~~~
_

~~~~~~~~~ 
=

* 
c 1 V n~- opera t ion ~~~~~~V -- ~-~ — cx r a- —

iab e

k~~~~~
ere H I V~~~~~~~~~~~~~~~~~~~~~ 

__
_________ 0 L~1~

N 1.0

ciass ’ex , class=’ ’operation ’
prvarlab l

stat 3> * [_.__V__.____ j___ ••
~~~ F OUND

_ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

-

~~~~

- 
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3. Semantic Functions

The semantics of a programming language are defined as a set of Se—

mantic functions over an Instruction set consisting of the state transi—

t ion primitives , the graph structure construction and accessing primi-

tives , and some mathematical primitives. Some of theu-.e semantic routines

specify the sequence of control and are called control functions , where-

as others define the meaning of the language components (e.g., procedures)

relative to one another. These are called component functions . The con-

trol functions define a mechanism wh ich permits the execution of the com-

ponent functions .

At the time of execution of these functions , it is assumed that com-

pile—time syntax checking Is complete and that the arguments satisfy the

conditions which make them valid for use by the routines. These assump-

tions are enumerated in the brackets that precede the instruction set

of the semantic functions.

The control functions execute, traverse , nextnode are now defined.

The definition of the component functions will follow.

Shorthand Notation

The following abbreviations are used by the semantic functions :

elt (set) 7* any element from a set ~/

size (set) /* the number of elements in the set

nsize (h(node)) 7* the number of elements In h(node) ~/

*node = en t ry  ( h ( n o d e ) )  1* the en try  nod e of the graph associated with

a node */

a (node) — {a t t 1( n o d e u }  1* the set of attributes of ‘nod e’ */

oper l(node)  *n e x t ( *node ,h ( n o d e ) )  1* the  f i r s t  operand node of the

operand list node associated with ‘node ’ */

-~~~~~ - -~~~ -- - -V - V -  ~~~~~~~~~~~~~~~~~~ 

- -  
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oper2(node) — next (operl(node),h(next(*node ,h(node))) 1* the second

operand node of the operand list node .i~ sociated with

‘node ’ . *1

oper3(node) = next (oper2(node) ,h(next(*node ,h ( nod e ) ) )  1* the third

operand n ode .. . *1

op er4(~ ode) = next (oper3(node), h(uext(*node ,h (node))) 1* the fourth

operan d node ...
pars (segment )  x I x uV. neth um (hu (segment)) r c l a s s ( x )  ‘ p~~r l i st

/* the parameter list of the segment definition

‘segment ’ *i’

CONTROL FUN CTI ONS

1* Execute

A single node Is passed to thi~ routine and the value resulting

f rom its execution is returned. The manner in wh i ch the node is actually

executed depends on the composition of the node itself. Ii the node refers

to  i sing le fun -t Ion ( i n  w h i c h  c I S C  its class It t rib u t V 
~ -uld be ‘opera-

tion ’) ,  the contents of the node are evaluated by iI~e component function

eval and the execution ol the node Is considered comp lete. I f , however ,

the node refers to  a gr ap h c o n t ai n i n g  a sequence of nodes (in wh ich case

its class attribute would In ‘program ’ ) ,  additional c o n t r o l  functions mus t V

be u t i l i z e d  b e f o re the  execu te  function In able to return a value . The

traverse function provides the means for moving along the graph descr ibed

by t h e  node to be executed. */

(1) execute (node) =

class (node) = ‘operation ’ ~ class (node) = ‘program ’

class (node)  = ‘o p e r a t i o n ’ evai (node)

( V l a .4 s (n o d e)  ~~~~~~~~ -~~ traverse (*node ,node)

_ _ _ _  V 
_ _ _ _ _
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1* Traverse is a recursive procedure which controls the path of traversal

through a graph. I t  calls for  the execution of the node ‘curren t node ’

(via the execute function) and uses the value of the mode returned by

its execution to ca lcula te  the next node in the graph (via the nextnode

function). Traverse then examines this new ‘current node ’. If it is a

data node , we know that the previous node had been the last executable

node (see l ine (c) of nextnode) . The new node is returned and the

traverse function terminates at this point . If the new node indicates ,

by way of a message generated by the execution of the previous node ,

that  a function ’s RETURN statement had been encountered (i.e., if

~(current  node) freturn ), traverse stores the value of the RETURN ex-

pression in the graph of the function definition.

If neither of these above conditions has been met , traverse calls

itself recursively to calculate the next node in the path and then sub-

jects the new ‘current node ’ to the checks described above . */

(2) traverse (current node , nodeset)

class (current node) = ‘data ’V -,

(v (current node) = freturn A segtype (nodeset) ‘ func ’ A

type (xlrole(x)= ’return ’ A x E nodes(h(nodeset)))—type

‘~ (*current node) A type (*current node)=type(nodeset))

1* type of RETUFN expression = type of function *1 V

class (current  node) ‘program ’ V

class (current  node) ‘operation ’

class (cur ren t  node) = ‘data ’ ~ current  node /* end of

traversal  */

class (cu r ren t  node) ‘return ’ ~

assign (x~~role(x)  — ‘return ’ A x  E nodes (h(nodeset)),

curren t node)

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  
- -.- --- -~~~~~~- - ~~~~~~~
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1* store value of RETURN expression in the graph of the func—

tion definition */

class (current node) = ‘progrVc :.’ v class (current node) =

‘operation ’

~ traverse (nextnode (execute (current node), current node ,

nodeset), nodeset) /* continue traversal */

/* Nextnode examines tIlL previous node (‘lastnode ’) and the node con-

taining the value resulting from the previous node ’s execution (‘Iastnode—

value’). If the previous node had been a function Et PUN statement

(line b), a message to this effect is sent back to traverse. If the

previous node had been any ot h V r terminal node (line c), the traversal

of the graph is complete , and the p r e v i o u s  node is passed back to the

— traverse function. If t h e last node (V~~e~ (I l t C d  h~ d not been a terminal

node and had had one i t :  directed to the newt node (line d), this new

node is returned to trdvtit- ;~~. If, however , more than one arc had ema-

nated from the last node exe cnt ed , the arc’ label nus~ he matched against

the value resulting from ti e execution of the previous mo le (line e,f ) .

When a unique match Is found , t:bIe next node to he ,VX fun d Is returned

to traverse. *1

(3) nextnode (laotnodevalue , l a s t  c I , nodo t ) =

V ( la s t n od . v a l i u L  ) n o d ’ -  H u e d  V

V ( l V I V V t f l o d cv:i l t u e ~ ft~~t irn A si :~e (pad] m l  s t ui di .

h(node ;et))) = 0 v

1* RET U RN V I ~~V I • V V 1 rn as last statement In the graph */

0 � si ~‘ i (p.sl
~ 
(1 i ;  t n i l ’  ,h (n od~~u u e t  ‘

~ 
) ) ~ 1

/~ 0 or 1 successors ~/ ‘~

( ( (,Jx ) x ( paU i (lastnode ,h(nodeset)) A e (lastnode ,x )
h(nodeset)

V (lastnodevaliue ) / * u~~~t ching -u-c label for IF , W H I L E ,

CASE stuitements *f ~

— — — - I 
-~~~~~ ~~V~~~ VS — ~~~~~~~~~~~~
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(,~~c) ~ E 
padj(lastnode ,h(nodeset)) A e (lastnode),x) ’else ’)

h(nodeset)

~ size(padj (lastnode ,h(nodeset))~ e(1,astnode ,x)
h (nodeset)

v(lastnodevalue)  ~ e(lastnode ,x) = ’ else ’) l)
h(nodeset)

/*only one match exists*/

1* (a) pass on error message *1

v (lastnodevalue) undefined ~ lastnodevalue

1* (b) pass on return message *1

v (lastoodevalu e) = freturn lastnodevalue

1* (c) no arcs emanating from lastnode , indicating that it  was the last

executable node in the graph — pass on its value *1
size (padj(lastnode ,h(nodeset))) O ~ d e f i n e  (x ~ c l a s s(x ) ’dat a ’

‘
~ (x) v (lastnodevalue))

1* (d) return the one successor to lastnode in the graph */

si,~e (padj(lastriode ,h(nodeset))) = 1 ~ elt (padj(lastnode ,

h ( n o d e s e t ) ) )

1* (e) choose the appropriate node from among the multip le successors

to lastnode (app lies to IF , WH I LE , CASE statements). (Iota)

denotes a ‘choose ’ function which selects the unique value for

which the condition is true . */

C x)(x E padj (lastnode ,h(nodeset)) A e (lastnode ,x) =

h (nc’dcset)
v (lastnodevalue))

(~~x ) ( xE  padj ( l a s t n o d e ,h ( n o d e s e t ) )  A e (lastnode ,x) =

h ( t i o d e s e t )
v ( l as tnodeval ue ) )

1* (f) choose the node from among the successors to lastnode whose arc

l abel is ‘else ’ (applies to CASE statement) */

GJ x) (xE padj (lastnod e,h(nodese t ) )  A e (lastnode ,x) —

h(nodeset)
V ‘else ’) 

‘‘~~~~~~~~~~~~~~~~~ u I f V V  l l t I l J r JI 1 u 1 f 1 ] T f  A Ifil ~ Jll ‘ 
-]
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( m x )  (XE padj (lastnode ,h(nodeset)) A e (lastnode ,x) =

h(nodeset)
‘else ’)

An example might be of help in understanding the flow of control

dictated by time functions defined ,iI OVL . Using the program described on

page 28 fo r  t h i s  purpose , t h e  s te ps g e n er a t e d  b y the  e x e c u t e  command

will be described in det ail , beginnin g at the p o i n t  where I = 1

The procedure }VINI)5 is examined by the e < ,~~
- i1~~~ routi ne and is

found to have clas s = ‘ p r o g r a m - u ’ . flue nodes of th~- p u c ’ h u l r e  mus t

t h e r e f o r e  be traversed , beg huin m ug with Nl , the U’}iILE V t atement. The

conditional expression (I < 2) is ev ,i l m i t e !  aod is found to be true (i.e.,

1) . The nextnode rout inn ri,itc hi-s thi is value 1 .ug,li n st the ed ge labels

e m a n a t i n g  I ron N I  and d e t e r m i ne s  m a t  he n e x t  node to be traversed must

be N 3 , a s t a t t ’r u i -n t  l i s t .  ~lV h u j m i  St u l t c u m i ’n t l i s t  mu s t  i t - u ~~ i f  he t i , , v e i ~~ ed ,

b e g i n n i n g  w i t  h the  e’sI ~ un:,~’n t s t  , i t e m en t  in N~. . [‘pun cou p let iu n  of the

IS~ j~~l lflt - l l t  - mn-x t  le ft’ l~- t e r m in eS l ie n e x t  node in t h e dii 01 t r a v t ’r s , I  I

Only one arc emanates from Nn and so t im next node mu s t  therefore be Nb ,

the IF statement. The cond it ional exnress ion (A(I) = 5) is evaluated

and is found to he true (1). liv matc h ing the ed ge labels a g a i n s t  this

value , ue x t n oie de te rmine s t h V i t  N9 , the st ; i t e u m m V ”ut list ,issociated with

the IF is next . T i m e  ,- imis I pnmu -~ - mu I is ~ , t l ~~’ atici nextnode again Is c a l l e d  to

find th e mu xt u-u t ( V J 1  . No new t~~de can lie found and a dat a node is ret urned

to signal tI lt end of the ot  ~i t V Im ~,V F ( 1 lo t contained In N 1 . Likewise , no

new node can in’ found to foil eu N9 ciii] tV hI V data node Is returned to

si gnal the end of th~ I F  m~ t It I L l  at In N o . A g i  i n next node is cal  l ed to

continue t i l l  I raversal o f  tim , stat taI nt list ass ’ci at ed with t h e  WHILE

st a t e m e n t  ( N 3 ) ,  bu t  no moth’ Ill be found  to fo l low N b .  f i l e

traversal of  N i i i  said t o  be comp lete. One arc emanates from this nod e ,

V -~~~~~~~~
‘_ - ~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - _ _ _ _ _ _ _ _ _ _  ~~,- V
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and nextnode therefore chooses Nl to be the next node in the path. The

WHILE loop will be en tered once again .

The value of I is now 2, however , and the conditional expression

(I < 2) is found to be false (i.e., 0). The next node in the path is de-

termined to be NIl by the next’-’iode routine. Traverse returns a data

node , and the execution of the procedure FIND5 is complete.

Example

wh ere 1 1

P refers to the procedure FIND5

Qrefers to a node whose value is 1,® to a node whose value

is 0

refers to the expression variable whose variable node has

a value of 1

FOUNt) data refers to a data node whose value is tile value of

FOUN U
cx = e x e c u t e
tr = trave rse

ex P = t r (  Ni , P) no = nex t  n ode

= tr (nn (ex (N1),N 1,P),P)

e v a l ( N l )

convert (N2)

nn (®,N1 ,P)

= tr(N3,P)

= tr (nn(ex(N3),N3 ,P) , p)
--

i r (N4 ,N3)

t r ( n n ( e x ( N 4 ) , N 4 ,N 3), N 3 )

eval (N4)

assign(I ,N5)

V -1--~L -- 
. VVV ~~~~~~~~
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tr (nn( I ,N4 ,N3) , N3)

~~~(N6 ,N3)

t r ( nn (ex(N 6) ,N6 , N 3) , N3)

tr(N7,N6)

t r ( n n ( e x ( N 7 )  ,N7 ,N6) ,N 6 )

ev a l ( N 7 )

convert (N8)

tr(nn(®,N7 ,N6 ) ,N6)

t r (  (N~ ,Nh )

~~~~~~~~~~~~~~~~~~~~~~~~ , N 9 ,N6) ,N e )

~~ I~; J

i r ( n n ( ex (  ~.1O) , .N , N 9 )  , N~~)

, ‘ y j l  ~~~~~~

‘s~j~u(FOtJND

t t - ( n n ( } a I T N D , N b , N~ A , N Q )

L~~
( E h ! N1) ! , I t  1

I u U N P  J V l t a, N I , N I )  , N~- )

tr (F PND data ,N6)

tr (nn (FOUN D dat ci ,Nf ,N3),N3)

tr (FOUND data ,N3 )

t _ ( f l ( FV mj ~~~ .I) data , Ni , U) , P)

= tr (N1 ,P)

1—2

— tr (nn(ex(N1),N 1,p),p)

e vs I (Ni)

cot-i ve r t ( N 2 )

— tr(nn((~~ ,Nl ,P)

— tr(Nll ,P)

—

-
~~~ ~~~~~~~~~~~~~~~~~~ L., ~~~~~~~~~~~~~~~
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COMPONENT FUNCTIONS

/~ ~~!
A ning le parameter (node) is passed to this routine for evaluation .

If the node contains data , the node is returned and the evaluation is

complete. If the node is an expression variable (i.e., class(node) =

‘exprvariable ’ ) ,  it is evaluated by an auxiliary routine leveleval

which examines the inner mode for data. If the node represents an oper-

ation , the action taken depends on the type of operation specified .

An operator which is in a category called ‘primitive ’ indicates that

some bas ic in tege r ~~~~~ add) or r e l a t i o n a l / l o g i c a l  (eq, not , and)

operation is to be performed on some integer expression(s). The node

whose operator is of the category ‘function ’ is directed to the fcall

routine for further evaluation . The frail routine calculates the value

of the expression designated in the RETURN statement and passes the

node containing this value (albeit encased In an additional node) to

the eval routine. The eva l routine , in turn , passes this node to its

user and the  e v a l u a t i o n  is comp l e t e .

All other operations passed to this routine Involve the evaluation

of semantic functions . The value of the operator determines which of

the routines descrIbed below is to be executed. The node returned by

the executing routine is returned to eval which then returns it to its

user.

_ _ _  
—

~~~~~~~~
- 
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(4) eval (node)

class (node)= ’data ’ A (form(node)= ’rec ’ lo rm (iuede ) ’simple ’ )  ‘~

cla s s( n o d e )=  ‘ exprvariable ’ ~

~ class(node)= ’ o per at i o n ’ ( ( c a te g or y ( * n o d e ) = ’ p r i mj tj v e ’

A ( ( 10 L m ( * f lOde) ’b in ar y ’

~ (optype(*node)= ’integer ’ ~ optvpe(*node)=
(

I

‘ rd 1 
~ o p t v p c~~~u m c a I ~~~ ’ log ’)

,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l a m  eeere~pr (oper~

(n od e) )~~l)

~ (form (*node)~~’un,iry ’

A (ptypc (*n~~
, ) h i tlte u~ur ’ o p t v p e ( * uo de) ’ l o g ’ )

~ 1 t t r ’~~ - : - ‘j-r(operl (uodefl=I;))

c i t  ui :Ju-v (* ,l ode) = ‘ I j o t  ion ’
I—

~ ( t e ~ V ( * f lo d e )= ’ m e d i c ’ ~

m i  ‘c  , (~~e m  de) ~~:vmm v~’rt

v(*node)~~ ail~~~

~ \(*flode )V.. retiAri~ ~
<1

u v(*node)~

I I V v e h . \ V a l  ~ v(*node) addlevel ~

v (* lj ~~(ie ) — i uus ~~I I I çam \ ( ‘ui i I& ’) =

‘ v , u l j r ”i ‘. v ( * node~~~v a l n e n e d ,  ~

_____ ~ v (*riode) buIid_ ~

5 
b u I l t \‘ v(*nod e )=1 n scah1a r~~ ~

v( *no de )  
~~~~~~ 

V v(*node)

p ara t t r  V v ( * n o d e ) = I n s t a l l o c a l s  ‘~

v (*node) j ns ta11c~ V v( *nocle)=

~ v(*node) installoc_

! 11 , ,’ V \I(*node)

- _ _ _ _ _ _ _ _ _  ‘ ,_ -
- 
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7 
Iocattr ~j(*i’iode) re1easelocs V 7

- ~j(*node)releasepars ~ v(*node)=

r e lease v v (*node) popstack V

v (*node)~l.pass)))

/~ node to be evaluated u - u a data node */

class(node) ’data ’

form (node) ’rec ’ -~

form(node) ’simp le ’ ~ node

1* node t~ be evaluated is a variab i node */

class(node) ’exprvariable ’ =~ levell-v V il (node)

1* node to be evaluated represents an operation *1

c l a s s ( n ode) ’ope r - i t  ion ’

c a t  t g r y ( * iiode) ‘ p r i m i t i v e ’

V (*node ) (e va l(  ~p ’  rl (uuode)) , -v i (operd (node) ) )

1* where  it  v ( * n o d , c )  - - i i . d add ( v i i  ( op e n  (node))

ei.~il (operd (nouIe)))

-
~~ suh (ev I (,Juuerl(node)),

e’V V l (  ~~~I r 2  (n ~ d~~A ) )

~‘t c. */

f o r m ( * n o , h c ) ’ uu n , i r v ’

u (*nodc)(ev~~ (open1 (i~ode)))

/* node to be evaluated represents d function call */

catego ry(*node) ’functlon ’ fcall (*nod e,padj(*node),pars(*nou!e))

/* node to be evaluated represents a semantic function */

cat egory(*node)= ’semantic ’

v(*node) assi~ p ~ ai~~j~~(operI(node),opcr2(node))

—

~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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v ( *node)=convert ‘ convert (operl (node))

v (*node)=calculate calculate(openl (node))

v (*node)=call —~ c al l( o p e r l  (node) ,oper2(node),

pars (operl(node)))

\c(*node)=re t ~i ref(operl (node),eval (oper2 (node)))

\)(*node) retul-n ri ’ turr ([ ])

~j (*node) freturn - - f r ~ t u m n ( o p t ’ r l  (node))

V (*n o d e ) = leve l e v a  1 ~ levebeval (i perl (tiode))

V (*node) =add I v ii add_level(op&’rI (miode )

V (*node)=instaij,p~ r ~~ ins talI 2 V -r(eperl(node ), sptV r .~(node))

V (*no de)~~c~~~] ,~r c ,  ~ ~ l a ijm u- ( o p e r l ( u u c ’ d V -)  ,sper2(node)

oper3 (node) ,opt’r4 nodc))

V (* nod c) v a lu e n o de  ~ v a l i c n s i e( o p t - r l  (node))

\‘ (*~~ - A1 ~’) ~- re node ~ rem node (o~~. - r 1 (node)

V (*node ) ~b’ i i i  1db  i l l  r —
~ h u  I ldh~if fc’ i’ ( open I (node)

opcr2(node))

V (*nod ) -~~I Ie V t i l  ar~ 
V~~ in s t a l 1  m l r g V V (of e m l  (node )

opu ’r2 (node) ,ope r3(node , ~- i- r4 (node))

V *uu de) p uu- -d ij ~. r  ~-i 1 i - ~~~~~i r (  1 et V l (node) , ope r 2  (node)

A) (*tiode )=2arattr ~ ~~rat tr (up V rl (nod e~ )

V (*node) i~m stii l i o i  m u m - -~ t r u ; t m u l i o i - i l s ( o p e r l ( n o dc ) )

V (*~od~ )j~~sial~~oc ‘~~insta1loc (operl (node ),oper2(node))

V ~~~~~~~~~~~~~~~~ pushloc (operl ( n u l l ’ ) )

A., (*node)~~~~~t~ iocarrd~~ ~ 
1 ,~~l lo c,~j~ra (operl (node),

open2 (node) ,oper3(node))

v (*node).~locattr -~~locnttr(operl (node))

v (*node) releaqelocs 
~~ 

r e1eimue1om -~;(operl (node))

_ _ _ _ _ _  _ _ _  
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~
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v(*node )~~re 1easepars ~ releasepars(operl(node))

v(*node) release release(operl (node) ,oper2(node))

v(*node)~ pp,pstack popstack(operl (node))

v(*node)~~~~~ 2~~~ (operl (node))

1* This routine examines the entr y of the expression variable ‘node ’

for data. It returns a data node nested in an outer node (i.e., ex-

pression variable node). *1

(5) leveleval (node) =

class (node)=’exprvar i Vl l I e ’ A

c lV ss(*node) ’ l i t a ’ A (forin(* ,uc ,lc ) ’simp le ’

form(*node) ’rt~~’)

form(*node) ‘s h umup le ‘ ~ nod e  /* rI-t unn ex f u r t -ssion vari ab lt *i

‘ 

~eC ’ ~ add ie-ve 1(~’ ’ - o c l  )

-~~ choose i li t rv o h  ct-c ursive

variable and  m t-st it in an

expres sion varIable */

/ * This rout I n c  gui ar aiutct-s that an expression is ret it cued by bui iding

Vi new node a r m und the m r  ig i nal node passed as -u p, r a n e  tei .

(6) addleve l (node)

define (x cl .ass(x) = ‘exprvariahle ’ , h(x) list (node))

/* ~~si~~~ evaluates t he  r i g h t  par t ‘rp ’ of t h e statement and a s s i g n s

its value to the node represented by ‘ ip ’ . Be in g that rp ’ signifies

an expression , the inne r  node ’s va lue  (namely v(* e v a l ( r p ) ) )  is used In

the assignment. ~/

(7)  assj~~ (L p , rp) =

1* assIgnment to integer variable or integ er array element by

_ _ _ _ _ _  V~~~~VV ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

-

~~~~~~ ~~~~~~~~~ 
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an integer expression ~/

(integervaniable (~ p ) l  integerarrayelement (up)=l)

A integerexpr(rp)=i

integervariable (~ p ) l  setv (eval (-~p),-u(*eval(rp)))

integerar~~ \’element(t p ) l  setv(*ev al(~ p),v(*eval(rp)))

/* r e f  r e t  urn s an e x p r e s s i o n  v a r i a b l e  whose inner

node is assi gned a value */

/* Ref uses the evaluated expression (‘var ’) as an index into ‘ar ray ’.

It calls addlevel  to en ~us the desired array element in an expression

var iable  *1

(8) ref (array ,var)  =

type(*var) ’in tm ger ’ 1* index into array is an integer *1

A struct ir~~(arr,cv)~~
’arrdv ’ A (form (array)” ’rec ’’~

form(arrav~ = ’simple ’)

o � \(*var )  ~ arr y~~tze(array ) ~ 1* el eumue nt l ies  w i t h i n

bounds of array *1

form(arra-)= ’rec ’ m V l l l e v f - I ( i t e m ( v ( * v ar )  + 1, h(*array)))

fornm ( irrav) ’simple ’ addlevel (item(v (*va r )  + 1 , h ( a r r a y ) ) )

T ~ addlevel (de’fine (x(v (x)~~undefined ,c 1 mum-ms (x ).= ’data ’) )  f~ error

conditon *1

1* Convert evaluates the expression contained in ‘node ’ and returns a

node whose value is 1 If the condition is satisfied (i.e., evaluates

to non—zero), and 0 oth erwise ~/

(9) convert (node)

(node)=<exp r~’

V (*~\,a],(node)) O r~ define(Xjc (X) 0)

s i

— V -- V~~~ ~~~~~~ ~~V 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
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v ( * eva l(node) )~~0 ~ define (x l v ( x ) = l )

/* Calculate evaluates the expression contained in ‘node ’ and returns a

node whose value is that of the  e v a l u a t e d  express ion . */

(10) calculate (node) =

(node)~~ expr>

define ~xjv(x ) c(*ev al ( no d e ) ) )

/* The parameter list for a procedure return is empty. Being that the

RETURN statement is the last statement of the procedure , it does not

affect the flow of control and no action need be taken . *1

(11) return (node) =

(node)= [ ]

node

/* The parameter list for a function f r e t  u r n  represents a variable ex-

pression. A message  node is returned whose v a l u e  is f r e t u r n  and whose

graph c o r r espond ~a t h a t  i tb ,~ evol m , t e d  expression *1

(12) freturn (node)

(node)~~ expr -

def ine (x!v m ,x) fi~~Lurn , h(x)=h (eval (node)))

1* This routine ret — ‘rims the value 1 if ‘expr ’ is an j u t  - ?m t r expression

and 0 otherwise. ~~

(13) int ,~~~~~~x,j~r (expr)  =

cluiss(expr) ’oper ,*tion ’ A (optype(* expr) ’lnt-ege n ’

~ opiype (*(~xpr)= ’re1’ ~ opt vpt (*expr) ’iog ’ )

. typc( *e xp r ) = ’ lnteger ’ ~ I

T

V 
- ~~~~:‘t ~~~~~

— ---‘- — ——-
_ _ _  - - 
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1* ThIs routine returns the value 1 if ‘node ’ is an integer array

element and 0 otherwise. *J

(14) integerarrayelement (node)

class(node)’~’operation ’ A V (*node)~~ref A type (oper l(node)) =

‘integer ’ 1

T

1* This routine returns the value 1 if ‘node ’ is an integer variable ,

and 0 otherwise *1

(15) i nt e g e r var i a b l e  (node)  =

structure(node)~’’scalar ’ A type(node) ’integer ’ 1

T

1* Call executes the sub p rogr ia ~l ui ch is i-epren~ i it ed by the list:

[it~~~~1l ar(args ,pars)1* (instaliocals (proc) 3 ‘ proc

~re leasel ocs ( pr oc) 3 r e L  :i - - -j ~ u r m ; ( p r o c )  3

The l i s t  p r i m i t i v e  append is used to construc t  th e  l i s t  */

(16) ca l l  (proc ,args ,p a r s)

proc=<pr oc del> ~

args=< lr( ml is t> ‘,

p a r s = < f o r m m m a i  p a r l i s t  - A pars  
~ 

n od es ( h ( p r o c ) )

A class(pars) ’ parlist ’

execute (define (x ~class(x) ’program ’ , h ( x )

append(append(append(append(1 1st ([inst a1j~~~ (args ,pars)))

Ins t a l l  o n  Is (proc) 3) , p roc)  , re I e l s e  I ocs (proc) 1)

[ r e I e m u - su ’f a r s ( p r o c )  } ) ) )

1* The function call routine I call e x e c u t e s  the subprogram which is

represented by the list:

—~ . - - .. . - •, 5—- —~~~ 
V - - 

~~~~~~~~~~~~~~~~— -- 
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[installpar(args ,pars)j* -~ [installocals(func)) -~ f unc -
~

[relea selocs(func)] -* [r e le a s e p a r s ( f u n c ) ] [
~~ m~~

(x role(x)=

‘return ’ A x E nodes(h(func)))] *1

(17) f call (f unc,args ,par s)

fun ,o~<func def> A

args = <arglist> 
~

pars= <formal parlist > -‘~ pars € nodes (h(func)) A class(pars)=

S
‘parlist ’

execute (define(x ~ class(x)t~’program ’ , h (x )

append (append(appcmnd (append(append(list([installpar(arg s ,pars)]),

h is t a l i t  il s (func) 1) , f unc)  , [ r t ~- ii’ ,IO - 1 tu (f unc) 3)

[releasepas (futuc)]),~ jm~ ss(x role ixl = ’return ’,~ x

nodes (h(func))) 1)))

1* The folh c w i n ~m routines assign the arguments (‘args ’) supp lied by the

calling routine to t i l e  parameters (‘pars ’) declared in the segment defi-

nition . Each parameter in tu r n  is examined and if it is to be passed

by value , the corresponding argument is evaluated and its value is

stored in a buffer. Otherwise, the graph of the corresponding argument

is stored in the buffer. Wh en the parameter list h as been exhausted ,

each parameter is again examined in succession . If the parameter is to

be passed by value (I.e., cailtype ‘value ’), the value stored in the

buffer is assigned to its corresponding parameter. If the paramter i’-

to be passed by reference (i.e., cailtype = ‘reference ’) ,  the graph of

the argument Is assigned to the corresponding parameter. This process

continues until all parameters have been assigned.

L - — , -~ -.— - - .‘
~~~‘ ~‘——  
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Upon entry to these routines it Is assumed t h a t  t h e number of

paramete rs  is equal  to the number of arguments , and that each evaluated

argument agrees in type and structure to its corresponding parameter.

~~~~~~~~ initializes the buffer to the empty node , the index

1, and then calls evalargs. *1

(18) installpa r (args ,pars) =

eval ar~s (define ,define(zjv(x)’-l) ,args ,pars)

1* Evalarg~ stores the evaluated argument in a b u f f e r  f o r  each parameter

passed by value , and stores the graph of the argument in a buffer for

each parameter passed by reference *1

(19) eva1a~~,~ (h u f f er ,index ,arg”- ,pars ) =

nsize(h(args)) nsize(h(pars)) A

structure(item(v(index) ,h (pars)))-~structure(eval (item (~~(index)

h ( a r g s) ) ) )  A

~ tvpe (Item (v (index) ,h(pars)))=type (eval (Item (,-(index),

h(args)))) —
.
~

form(ltem (mj (index),h(pars)))= ’rec ’ ~ class (item(~~(index) ,

h(pars)))= ’data ’ A

(form(eval(iten(v(index),h(args))))= ’simp le ’ ~

form (eval (item(v(lndex) ,h(args))))= ’rec ’) _
~~

((calltype(item(mj (index) .h(pars)))= ’val ue ’ A,

((class(item (~~(index) ,h(args))) ‘data ’

~, c l a s s ( I t e m ( v( in d e x ) , h m ( a r g s ) ) ) = ~ sca lar ’)

V class(Item (v (index),h(args)))= ’operation ’ ) )  V

(ca l l t y p e ( i t e m ( v ( I n d e x )  ,h ( p a r s ) ) )  ‘ r e f e r e n c e ’ ~

(class(Item(~~(Index), h ( args) ) ) ’data ’

V ,~ _ _ _ _- 
~~~~~~~~~~~~~~~~~~~~~~~~~
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3 ‘~ (class(item (- V (iudex),h(args)))= ’operation’~

v(*item(v(index),h(args)))= ’r e f ’ ) ) ) )

v(index) > nsize (h( a rgs) )  ~~l1a~~~ (b u f f e r,setv(index ,1),

args ,pars) 1* buffer construction is complete */

v(index) < nsize(h(args))

/* parameter passed by value */

calltype(item (-. (index) ,h(pars)))= ’value ’

/* evaluate argument , store it~ value in buffer , and then

proceed to process next argument *1

evalargs (buildbuffer (buffer ,valuenode (eval (itetn (V(index) ,

h(args))))),setv(index ,c (index)+l), 1* increment index *1

args ,pars )

/* parameter passed by reference */

calltype (Item (v(index), h~ pars))) ’reference ’

* evaluate argument , stork node in buffer , and then proceed

to process next argument *1

eva l a r i~s ( b u i l d b u f f e r ( b u f f e r  , r e f n o d e ( ev a l ( i t em ( v ( i n d ex ,

h ( ar gs ) ) ) ) ) ,

s~~tv(index ,v(Index)+l), 1* increment index *1

args ,pars)

1* Valuenode returns a node whose value is equal to that of an evaluated

argument ‘node ’ */

(20) va luen o de  (node)  =

(class (node) ’u-xprvariab le ’ ~ tvp e(*node) ’integer ’) ~

(class(node) ’data ’ A typc (node) ’integer ’)

class(node)= ’exprvariahle ’

type(*node) ’intege r ’ def ine(xIv (x)~ v(*node))
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class(node)= ’data ’ ~

type (node)= ’integer ’ 
~ define(x V (x)=~’ (node))

1* Refnode returns the evaluated node , stripp ing the outer node of an

expression variable , if necessary */

(21) r v t m u o d e  (node ) =

class(node)= ’exp rvar ia b le ’ 
~ class(node)= ’data ’

u - l a s s ( n o d e ) = ’ ex p r v ar i a b l e ’ *no dc

class (node) ’data ’ ~ node

1* Bu ildhut Icr adds a node to the buffer and returns the buffer */

(22) (mu l l ( ‘ mit fer (buffer , node) =

s e t h ( b u f f e r , ap p e n d ( h ( b u f f e r )  , node ) )

/* Inst ,illa r pops t h e buffer containing the evaluated arguments and

assigns th e s e  arguments to their appropriate parameters . *1

(23) installar hj1 (bu fter ,1ndex ,ar~ s,pars)

v (index) nsize(h(args)) ~ define(x~v(x)=true) 1* param e ter

installation complete *f

v ( in dex) nsiz e ( h ( a rg s ) )

execute(deffne (x{class(x) ’program ’,h(x)=

append (list [pushpar(item(v (index) ,h (pa rs ) )  ,*buf 1cr) 3)

[installargs(scth(buffer ,pop (h(huffer) ) )

setv(Index ,v(index)+i), args ,pars)J)))

/* pop buffer , Increment Index , th en proceed to

Install next p u m ~ lm et e r  *1

/* Pu j~~r adds  the  e v a l u a t e d  argument onto the beginning of the approp—

r m ite p - l r i m t - t  t- r list.

(24) 1m ’um- ’ltj tr (parameter ,b u f f t ’r n o d e )

p a r a t t r ( s e t h ( p a r a m e t e r , p ’ m s ( i ( h ( p a r a m e t e r )  , h u f f e r n o d e ) ) )

--V . - — --- -.5—. - 
--—- - ---- 5 —-
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1* Parattr assigns the attribute of the p t c - .- icus firs t node to the cur—

rent f i r s t  node */

(25) parattr (parameter)

seta(*paranleter ,a(next(*parameter ,h(parameter))))

/* The f o l l o w i n g  r o u t i n e s  add a variable to the list associated with

each scalar local variable , and add an a r r a y  to  the  list associated

with each local array variable . The value of the local is undefined

upon entry into the segment.

I r is tal locals  i nit i al lacs  Index to 1, and calls installoc. *1

( 2 6 )  in st a h l o c a l s  ( segment)

segment <segment def> ~,

locs <loclist~ A locs € n o d e s ( h i ( s e~~m e n t ) )

3
Installoc (define(x~v(x)=1) ,locs)

(27) installoc (index ,locs) =

(structure(item (v(index) ,h(locs)))= ’scalar ’ ~

structure(item(v (index) ,h(locs)))= ’array ’) ~

form (item (v(index),h(locs)))= ’rec ’ A

type (ltem(v (index),h(locs)))= ’integer ’

u(index) > nsize(h(locs)) 
~~~ 

define (xlv (x)=true) ,~~* installation

of locals

complete */

v(index) ‘c nsize(h (locs)) ~

structure(item(v (index) ,h (locs)))= ’scalar ’ ~

- executc (dcfIne(x~ class(x)= ’p rogra m ’,h(x)=

append (list ([j~ushloc (item (v(iiidex ),h(1ocs)))J),/*install

var iable */

_ _ _ _ _  -- * 
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[ I n s t  a l i s - i,u-etv( index ,v ( index) +1), lo c s ) } ) ) )

1* proceed t o  process next local *1

structure(item(v (index) ,h( lo cs ) ) ) ’ ar ray ’ ~

execute(derlne (x-Llass(x )= ’p rogram ’ ,la(x)=

a p p e nd ( 1 i s t (rj n s t a 1 l o c a r - r a \ ’ ( d e f in e ,d e uj n e (x ~~~(x) ..

arravsize(item (-v(index),h ( l oe s ) ) ) ) ,item (~~(index) ,

— ‘ i i n c ta l l array *1

[fnstalloc (setv(indcx ,v (ind -xl-+-l)jocs)fl))

/* proceed to p ro cess  n e x t  local ~/

1* ~s o c  adds a local v a r i a b l e  to I t s  cor res 1’ i n d i n g  s t a c k .  The stack

is i n i t i a lly  set  to ~ single node w i t h  a t t r i b u t e s . *f

(2 8) ~~ sh l ~~c ( loca l ) =

s tr u c t ur e ( l o c a l ) = ’ s~- i i a r ’ ~ f~~r m ( l u m - u l ) ’ r-~- ’ A,

t y p e ( loca l) ’~’ l n t e g e r ’

se th (loc il ,p,msh( (,(la- al) , de f in e ( x~ a ( x ) = a ( * ] o c a l ) ) ) )

1* I n s t a 1 1o C a I r , i ’~’ build s an irr~ v lcd th en  id is it to its corresponding

stack. (The stack Is a recursive a rmnv which Is Initi a ll y set to an

ar ray  w i t h  a t t r i b u t e s . )  -A r r a y  Is initially set to 3 and v (count)

Is set to the size of the array. C ant is -l. -cr. ’m m ,t cd u n t i l  the array

has been e omnp h -t e d .  The push pr ~m -m~ t lye is used to i n s t a l l  the a r r ay  on

Its stack . */

(29) installocarray (array ,count ,stac k)

type(stack)= ’Integc r ’ A 1orm (stack)= ’rec ’

v (count) 0 ~ /~ array r eads ’  t o  he added to stack */

lo c a t t r ( m o ’ t h i ( s t a r k , p u s h( h ( s t  a ck )  ,nrray)))

V (cotmtmt )~~i ) ~ /~ array biti h d ln g st i ll in progress *1 
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t yp e (sLik) ’ intesl ’r ’

instal I . i m  rav (seth (V lr m a v ,push(h (arrdV -) ,defin~ (y~ a ( y )

a ( * ( * s t d c k ) ) ) ) ) , s e t v ( c e u n t , v ( c o u nt ) _ l ) ,

Si a k

1* proceed to install n e x t  e l e m e n t  of ~i r r a v

1* Lo - it t r assigns the at i t  i l m i t  e of the pr ev i ot is f i r s t  ar m v  to the

current first array ~/

(30) l ’ - a t t r ( s t ac k )

set a(*s t ar k , ~i(nt-xi (*st ack ,h ( s t ack)  ) )  )

/* The following routines release the locals and parameters . Releaselocs

calls on r~~1e.se to release locals . R - 1 e i - ~ -1m .irs calls on release to re-

lease parameters . *1

(31) releaselocs (segment) =

segtnent= ~seI ’n len t  ( e f -  ~

locs— <loc llst~ ~ 
locs E nodes(h (segment)) ~, class(locs)

‘locu st ’

release(define(xly (x)=l),locs)

(32) r . - l e V i m V e j m a r s  (segment) =

SC~~i m i & ’ i i t ~ - < segment  d e f ’

pars < f or m a l  parl 1st’ A p ar s  E n o l ( ’s  ( h ( s e g m e n t ) )  A

class(p -ir-~)= ’par1ist ’

release (def1ne (x~v(x)=1) ,pars )

1* Release is used to release both locals and parameters. The value of

Index is initially set to 1. It calls on jm tjm sta~- k to pop the local or

parameter */

(3)) release ( i n d e x , l o c s o I t i r - ~)

v(index) > nshze (h(locsorpars)) -~ dcfine(xIv(x )~
.true)/*reJease

is comple te*/

- - --
— — - — - - - * - V - V-i __VV-Vi•5 — —  —— - - -



,— 
_~~____~~

--1______
~~~~~~~

_

~~

_ -

53

‘v( ln,t~~;’; n , i : c (i i(locsorpzars ) ) -
~~

•~~~~ ut~~~~i2 f 1 n i ( x c a ~~- (z) -’ pr ogr anT , h (x )~

~i p - nd(] I - t (  [: ‘~~~s~~~~k( ¶te-a (v (index) ,h( loi~surpars) )) 1)

~h c a s e ( s o t v ( i o - i ’ -~, (~ ndex)+i),iocsorpars)))))

/~ p r oc - -~~ to l - - m i- ~ e n c m x t  in - a l  or parameter *1

(34 ) ~~ ~- e - (loc-~rnar ) =

set L (loco1 p V l~~,po~;(lt(1ocor~~ar)))

(35) ~~ - s (node) node

P r i m i t  l”o Functic-mis

/* Th.es~ fun t ~oco per foci .i ft p r i ! t ~ t i - s  fun ct ions (AD D , SUB , ~d 1 N L ~~,

etc .) tip em I t n up~-r ar -. ni su~~t , l  i- The ope r a n d s  are ex p r e s s i o n  variables ,

each of which con’ ains a v ari m i~ - - n-dc. l I t - r e su l t  of the operation

U~~Ofl thi- s p ec i  ~ v ar  - able ii- :dcs j
~i’ st - red In a nod ..- which becomes

neSt -
~ in an .mxm - ’ ouh Ion ~‘ar t  d I c  l~~’! or b e i n g  returned to the e-val rou-

t i n e .  *1

<op~’ (ope rand 1 op r a n d 2 )  =

, i d d l & m v e l (de t i ne  (~ 
A.t t x )~~( x . t * o~~~c ml n d l) j- v( * o p er an d 2 )  )

a ( :-: ) =a ( *5 r ood 1 ) ) )

/ * 
~~j  i m — - ne ‘ ‘a t  it i t  em; ~ - 1 n e t  Ion and bull d’, a node contain—

lrt .- 1 - - reto~l t ti c- e”a l a’. i o n .  This  node Is nested within an

outer nod. I-cf ori l.eJI( ~ r t ~ L i , tied. ~/

‘op - ( - ~ i- r tnd j

i I d I . - ’ ’ - t  ( ( ,  t l r i . - ( x  v(x) op v - ~~- - - t iod i ),

p . r  andl .~ ) )

1* l’ i~~ r y  r o u t  Inc ~-v a1.ii t - t h e  l u n c t l . - n  siol builds a node contain-

ing t ~~ yes’ I t  (It 0 • ‘ 1iiat ~ on . Thi s node Is nested within an

o u t e r  nod e be lor e  l-~- i t ~i~ ret urned. /

- -- V~~~’. 
—- V— - —

— — -
~~~ 
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EntAI F Mi- CH A~ ~MS 1

1. SIMI L—T -\‘m mt ax

This section of t h e  paper dt-s cr item , extensions to the base model of

Slh~’L—T which reflect the ~~I i I t I~~im of escape mechanisms to the language .

These mech in Isms , namel y the EXT I , RhTt KN , amm d A RO R f statements , affect

the pro~ r im ’s flow of contr ol and all ow the user to cause the early termi-

natIon of ~i WHILE l o p ,  a p r  .cediire , a futi ct ion , or t t.. program itself —

when his  pre— det ined conditions are rmm .m t.

The EXIT s t a t e m e n t  prov ide s a means 01 cc ap i n g  t rom a WHILE loop.

In i ts  u n l a b e l l e d  for ;n , i t ca t n .e s  t h e  t er mi n a t i o n o f t h e innermost WHILE

loop containing the EXIT statement. By specifying Its label in the EXIT

statern e ti t , however , any one -o( the ioops w i t h i n  which the EXIT is nested

may be te rmm mi nated. Normal execution proceeds upon termInation of the

proper loop .

The R E I V E N  statement causes a return to  the  c a l l i ng  p rocedure  or

1unction . In the  extended version of S U4PI -- 1 , the  R I - tU R N may appear any-

where within the statement list of the segment and need not be the last

s t a t e m e n t .

The ABORT statement causes the Immediate termination of the entire

SI MPL—T p r o g r a m .

2 .  H -Gr ~~~~~~~~n t a x

T h e  changes to the control struc ture of t h e  l an guage described above ,

will  a f f e c t  on ly  the  c o n t r o l  s t a te m e n t s  ot the SIMPL—T model — the re—

mainder of the model is virtuall y unchanged. liii- control functions will

54
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in e f f e c t  I g n V J r e  t i -  t:’I’0~ Ii i .’ at ~ ri ‘- ,‘ i t i i  i r m  the WHILE 1 c - p  (s) after

an E X I T  s t a t en c u :  u n - - de& e - in I ~t V i ~ a ci -~1 11 ‘me re t h e  r e m a i n i n g

s t a t e m e n t s  within tin .- segri mit • t t  Ci EN ~ t or  e n en t  has  been encounter -

ed. For the coaL -  of at A U O ~~V~ , i i i  :~~-~~~ i m i i n p  O t i t i c i f l vf l t S  in the p r o g r a m

arc  i g n a m -d , ane c c -  - - t h u  } Ii i c ’ i ’ ’ !  -~ i Lerm- l ina t i- - .

The tu d i f icot ions ii . ~ a d - em s L u  h~ so’ ~ I of Sl~-t i L— T f o l l o w .

When m mii I , of a rou~~the t~~ ur i~ , 
- d - rurm that p resented in Chapter II,

the  n o t at i o n  ‘ . . . ‘ is u u - - m I r u  d. • h o m i c h a m i C e d  port ion . Tha t  portion

of a r o u t i n e t i m i m  has h tv~fl i~~ ii - - s l r r i , i t -d he a v - c t  ical line

Sy n t a x  ch a n~ r-s V oi d .1 L c . -~~ -o- dcd I t i e  cot-responding line

n u m b e r  of Chapter II ~~ i t o x i  t i  hi th e  sn~~t ix .x . th is section

uses tl-i e sut fix .1 . h. - -~~c ml , . : -  -ti c to t i m e  semantic functions

are handled in a d m 1  ,,, -

SYNTAX: EX1 I , ELFUId. , Ahu.- i

S t i t e i i m r  i t t ~

S 2 . l  “tat - - : : = - i t  s u t - - -. - , ‘ t .  ~ • -  
- cam ;e s t m t > I < t m ; i g n  s t l n t > I

V~~ t 1 j  s t ~ v t  - ;  -
~~ r. - m c -  ~re il1rn s t i m t ’ ‘-ab o r t  s t m t >

I <etat listTl
SlO .l <w h i l e stmt ’ : - 

~~c o n v c i l  tell - mi t , < 1 ;
~~~-- c i i d

(i l S i V ~ 1 - l i d  ar ’ , 1 l e l =  m l  t i l e ]  n ame - , st o- L t t v j ~e ‘wh i l e ’

/ *  ~- t j I 1. a t  t itel : -, l i t s  can be labelled */

S2l . 1 ‘ C x i t  S t  n i t  > : = .— t - t - - l  I u~~- i t j u t - — ; elits s ‘opt~-ra tion ’

‘ I t  o I i t t  . r I ~V Ii i t ic -

S22 .1 ~ - xlt op . - r a r _ i o n - • : - ‘ t ~ Ii

t i n , t _ I i ,id i t t  i t ion t o t [exit ) * I 3

— — - 
- 
5* -- —-

~~~~~~~ - ~~~
‘ -

~~~~~~~~~~
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~~~~Ple

<exit St m t >

V d1ass t operation~

~~~~xIt de ir <lahelname>
semantic ~ 

- - - —  —

S23.l <labelname> : : ii , m m t l f l , - r ‘0’

S24. l <abort stmt> :: [:mhert ( ));cLiss = ’-pe rati on ’

F3.l <semantIc i,,n,-t i - ce - : : = * . . exit abort

3. SemantIc_ Fun t~~ons

CONTROL FuNd loNi;

/* T r a v e r s e is a r e c t i  siv e  i - r ce lu r e  w it ich - t i t r e l s  the traversal

through a graph . It calls for t h e  e x e c u t i o n  c- f t he  iiode ‘ cu r r e n t  node ’

(via the execute function) and uses its value to calculate the next node

In t h e  gra~dm being traversed (via the  i , e x t m ~n d e  f — ~ i c t  ( o t t) .  Traverse then

examines the new ‘current node ’ . If it Is a I m it a n o1. , we know that the

previous  node had been t h e  hin t en - ut ab lin node ( vi e h o e  ( c )  of n e x t n o d e ) .

The new node i s  r et u r n e d  - m d  the  t i n -c i s -  f ,inc t j o~~ t i n . i  m a t e s  a t  t h is

point.

I f  the  new node m d i  ci t cc , b wi v of i ri , 5 SO~~C (‘i n c rot ed by the exe-

cution of the previous node , that it EXIT statem ent had n.en encountered

(i.e. , if v (current node) —e xlt , t r e .  se  c lo t -k s  t o  S c  if ‘nodeset ‘ cor-

responds to the WHIIVE loop which is t o  I s -  termin ated . If It does not ,

the E X I t  message is p i t  sed a l i r i g  tint i 1 t r a v e rse -~i m  - (V -ds In finding th.

proper WHILE l oop . When t i e  t itle 1 o t  ‘n i d es e t  ‘ - i r r e sp o n d s  t o  t h e  label

of a W H I L E  loop, a dummy node I s  t- , - t  t r u e d  -no1 t h e  message is in e f f e c t

‘ 
I -~ - 
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erased.

,~~ if the ne~ node Indic~~ es that a p r o c n d i r e  F E1 ’URN s t a t ement  had been

encountered (i.e., If v (current m - -:-ic t~~return), t raverse then checks to

see if ‘nodeset ’ represents a p r o c e d u r e .  I f  I t  does not , the RET URN mes-

sage is p a- cad along u n t il  traverse succeeds in finding the innermos t

procedure. When the procedure is found., a thumny node is returned , and

the RETURN message is it m effect erased. If the new node indicates that

a f u n c t  inn RETURN s t a t e l m c m t had b e en  -n  - - j i t C i ed , (i.e. , v(current node)

freturn ), the value of the E m l ihd-  e x p m e m ; s i v i n  is s to red  in the  graph of

the  function def i nI t i o n .  The node containing the stored evaluated ex-

pression is r~ turned an-i the RETURN i m m o s s a p e  is in ci fect erased.

If the new n o d e  indicates that an ~iIh t j-lT s t t  <mont had been encounter—

ed (I.e., if v (cur rent node) abort), t he ABORT message remains unchanged

and t h e  exe it t  1cr .  i t  ti n - p ing : r. t e r : I a a t - r .

If none of t i , r -me o l-ove c o nd s t ~~n uo 11, 1 been I c t  , traverse calls it-

se l f  r i c m  iv e l y  t i  c i l l c r i l a t c  L I i c  n e a t  node  In t hi ~ p a t h  and then sub jec t s

the new ‘current  node ’ to t i c  Cu OC ’iiS d’:meilbe d above. *1

(2 .1)  t r a v e r s e  ( c i i i  r i-t m tel - , t udece t) =

I ,i m m  ( imLri i .t nede)~ ‘dtita ’

~ v (  i i i  rent node) i~~ti i r im’ (scgt j- - h - -cr -t ) ’proc ’ \ )

(~~mm 3 x ? nodeatV t E i i~ dcs (1
n ( )  ) ~h (x) ht~~~ (h i (x )  )A

se gt~~~- . (x )= ’ proc ‘ ) )  
‘I

~ v ( cu r r e n i  n o d e ) = f r . t ti n . ( ( s e g t vj e (n o - : I s e t ) ’f u n c ’ ~

t c p e ( x~ i l i - ( x ) ~~’ r e t n m i i ’~~n~~ i mi . i i - s (h (n o d e s e t) ) )~

t v p V V ( * , u r r c n t  i ti de )  / ( ty p e  t t d c t ) ~~

tv 1 . - ( *c r i  r r e i r t  node) ) )

\ (~~ m 3 x  ? nodevi. Vt ~ nodes (h (x)) A

I (xi)-Ii I~(x)) A t-s-g t ype (x) func ) )

I

- ~~~ 
-~~T-z-::::~ --.—- ---—— - - - -  —-—--— - -

-—---

~~~~~~~~



-~~~ 
p-V -~ 

— V —
— -V ‘---V

58

~ n~(cu r rent  node )= *x lL

~ v (current node)’~aboi~

~ closs(curr~~ t ~od e)~~’oper atici. ’

~ diViOs( cum rent node)= ’progc0 . ’

class(  - : r r e n t  no d e)= ’ da t a ‘ n a t  cu t rnd.c *, m d  of t r a v e r s a l * /

U (cur re . .~ n o d e ) = r e t t t r n  r~ / * nroc ed , i r e  L E 1 L R N * /

s e g t v p e ( no d e s et ) = ’pr oc ’ d c f in e (x ~ a ( x ) = t m ~ e )

T ~ cu r r e n t  node ,‘ *pass ot t  -ic ssage ,

V 
~ oa t  inuC se t r c h  f o r  p r  l i i r c */

\ ( c ur r en t  n o de) f r e t u ~- ,t =m- /~~~u n c t i o i i  U } I ~~~~ /

segt y p e ( n o d e s e t ) = ’fu n c ’

assI~~~(x ~ r o l e ( x ) -~’ r etu r :1 ’ \ x ~ 
t i o d , - s ( h ( t t c d c s e t ) )

c u r r e n t  n i - I

/~ store v due of RETU R I - o’Xp t o-s ion in prap l m of the

f u n  t. - m m

T ~ c u r r e n t  node /*pass  or ra-scage cent i n ue sea r ch

fu n ~~t 1on ’~/
v ( - i i r r ent  node) exit

st m t ty p e ( n o d e s et ) = ’w h l l e ’

label  (nodese t )  =d e- - I U~~~t or ( i :-u r  r en t  nor j ( - )  ~

d e s i c -  - i t . o r ( c u t r c r t t  nocle) - ’O ’ ~) Il l  Lne(xjv(x)=truc )

/ ~p rope i 1.11! Il . I I o p  has l i e e i i  foun d , e r i v i .

message k/

I ~ - - u n — n t  r i - - l a  /~~Im .ivivi on mo’cr-age , continue s ea r ch

fo r  WII I LE*/

v(current node)=abort ~~ri,rrent i.. - I /~~p-,as oil message*/

V .
-- 

-
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class(current node) ’op era t fom : ’ ~ class(current node)= ’prograni ’

~ traverse(nextnode (emVm s, ite(current node) ,current node ,

nodeset) ,nodeset)

/* continue traversal */

1* Nextnode examines the previous t i m - i c  ( ‘ la s tnode ’ ) and the node con—

talnit?g the value resulting from the previous  node ’s e x e c u t i on (‘last—

nod evalue ’). If the p r ev i o u s  node had l i e n a R E t U R N , EXIT , or ABORT

s t a t e m en t  ( l ine b ) ,  a message t o  t h i s  ~ f : c c t  is sent back to traverse.

If the previous node had beet, a t e t t i  itmi l node (h oe c) , the traversal of

the graph Is comp lete , and iIi - pre ~ inls node is returned to the traverse

function. If the previous node 0 m m :  et ited lad l i d  one arc directed to the

nextnode (line d), this new node is ri-turned to traverse. If , however ,

more than one arc had emanated from the last node executed , the arc

label must be matched against the value resulting from the execution of

the p rev ious  node ( l ine  e , f ) .  When a unique match is f o u n d , t h e  next

node to be examined is ret i 1 0 - e 1  I L c o ve r s e .

(3.1) nextnode (lastnodevalue , Im istil ode , Ilodeset)

u (lastnodevalue) undefined v

V v(lastnodevalue) return v (lastnodevalt,e )—freturn ~*

v (lastnodevaluc)=exit V v(iastnodevalue)=abort ~

0 < size (padj (lastnode ,h(nodeset))) � 1 1*0 or 1 succe ssor s *f ~

(((3x)xEpadj(lastnode ,h (nodesct))Ae(lastnode ,x)
~ v(lastnodeva1ue)

h(nodeset)
1* matching arc label for IF, WHILE , CASE statements*/V

~ (3x)xm ~p a d j ( 1 a o t t t d , h(nodeset))Ae(1astnode ,x)~~
’e1se ’)

h(nodeset )

A size(padj(1astuode ,h (nodeset))te(lastnode ,x).’~
v ( l a stnodevalue )

i
) h ( n o d ese t )

V e (1astno I- ,x)~~’els e’)’d) I*onl y one match exists*/
h(nodeset)

.‘~~~~~~~ - 
-
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/* (a) pass on error iutass~ige k/

v ( l a s tu o d e v aj u e ) = , e J ~~m j n e d  ]as Lrjmi Je ;J ue

1* (b) pass on return , ex i’ , or si-art niessage *7

v(l a s t i, o J e v , ju e ~~~r e t u r n  V v ( t a s t m - i o d ev a l u e ) = f r e t u r m  V

e ( m :i~t t n m d c  valu .)’abort

, la st n o d e v a l t ~,--

1* (c) . .

COMPONENT FUNCTION S

(4 .1)  eval (node) =

~ ( c a t e - o r y (* m Q d e ) ’ ; V i j l i l tj c ’ . . .~~ /

v ( * nade )~~i m x f t  ~ u ( * t,ode)=abor t . . . ) ) )

1* node to be evaluated re l tic sT- ’nts a sitrmait t ic function */

~~~~~~~~~~~~~~~~~~~~~~~~~ ~

u(*nod e )~ exft ~~ex I t (de f -[n e ( x f i e t m 1 t n -i r o r ( x )

d es I go it or (n ode) ) )

v ( *n o d e ) = a b o i - t  ~~ abor t ( [  1)
(11.1) return (node)

node.~[ J

define (x~ v(x )=rctuin) 7* t rocedure RETU RN *7
(12.1) freturn (node)

node~’<expr>

det ine(x l v ( x ) f r~-tttrn ,h(xt=Ii (eva1(node))) /*functlon

RETURN */

_ _ _  -~~~~~~ =
-
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1* ExIt creates a message node which signals that an EXIT statement

has been encountered. If no label appeared in the EXIT statement , the

designator of the input  ‘node ’ wou ld be ‘0 ’ . lf a label did appear in

the EXIT statement , ti-ic designator of the input ‘node ’ would be the label

name . In either case , the value of the node is set to exit to indIcate

to the contro l functions (traverse , nextnode) that an EX1T statement has

been encountered. */

(36.1) exit (node) =

designator(node)=<labehname>

def ine (x~designator(x)~~designator(node) ,n (x)=exit)

1* Abort  c reates  a message node which  signals to the control functions

( t r ave r se ,  n ex t n o d e )  t h a t  li e p r o g r a m  is to  be t e r m i n a t e d , The input

‘node ’ is empty. *1

(37.1) abort (node) =

‘

~~node=( J 

‘

~~

define (x$v (x )=aimvrr)

As an example , consider a SIMPL—T statement whose syntax and h—graph

representation are given below :

w h i l e  <exp r’ do ~s t a t h

while <expr> do ‘stat2>

exit

end

<st at 3>

end

- .— —.‘--t • — ----V- -~
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The statement W Is examined by the execute routine and is found to

have cl ass ’prograin ’. The nodes of the statement must therefore be tra-

versed , beginning with the conditional expression represented in Ni. By

assumption , the expression is true (i.e., evaluates to 1). The nextnode

routine matches this value 1 against the edge labels emanating from Ni

and d~ ter~,ines that the next node to be traversed is N2 , a statement list.

Each s t a t e m e n t  of the statement list must be examined , beginning with N3

and then proceeding to the WHIL E loop represented in N4. The class of

N4 is ‘program ’ so it too must be trs-’crsed . Its traversal begins with

N5 , which  by assumption is a true expression (i.e., evaluates to 1).

The nextnode rout ine matche s this value 1 against the edge labels emana-

ting from N5 and chooses N6 as the next node to be examined. The state-

ment list represented in N6 mus t be examined one statement at a time , be-

ginning with N? and then proceeding to the EXIT statement found in N8.

Evaluation of the EXIT results In a node whose value is exit and whose

designator attribute is ‘LAB i’ . This node serves as a signal to the con-

trol functions that the normally sequential flow of control is being

altered . The message is transmitted by the nextnode routine to the

traverse routine which checks to see if a WHILE statement has been com-

pleted. Toward this end , first N6 and then N4 are examined . A WHILE

statement Is indeed represented in N4 hut its label does not agree with

the designator of the EXIT statement and so the search for the proper

WHILE statement mus t continue . The traverse routine examines N2 and

then W. A WHILE statement (W) whose label matches the designator of the

EXIT statement has been found . Execution of statement W is complete.

The execu t ion  of the statement is described below . Tu e following

shorthand notation is used:

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- — —--



refers to a node ~l :se - ‘ - - t I n e  is I

EXIT node refers to a a ~u i ~ttere \‘(;13de)~-~axit and

designator  (node)  t at  Inan:c ’

ex~’execute

tr traverse

nn=n ext node

It is assumed that both Inst m ti m mme5 of expr~ in t b -  example are true .

ex(W) tr(N1,W)

tr(rtn (ex(Nl) ,‘-~ I , ,-~) ,W)

tr(nn (e’,-u l (Nl) ,~-Il ,W),W)

tr(nn(Q,Nl ,w) ,W)

= t r ( N 2 , W)

~ t r ( n n ( e x ( N 2 )  ,N2 , I f lw)

t r ( N 3 , N 2 )

tr (jim (ex (N 3) ,N ~, N: )  , N t )

eval (N3)

t r ( N - +  ,N2)

t r ( n n ( e x ( N 4 )  , N 4 , N2)  , t-1 2)

tr(N5 ,N-~)

t r ( n n ( e x ( N 5 )  , N5 , N i ) , N 4 )

ev a l (N 5 )

t r(nn(O,N5 ,N ) , NV 4 )

tr(N6 ,N4)

tr(nn(ca (N6),N6 ,N ) , N-~)

tr i N -  ,N’- )

vr (:~~(~-x I:7) ,N7 .: ) ,N )

eval (Ni )

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~



-‘ - - -~~ -V- — - -~~~ _ _ _

65

t r ( n n ( t r ( n n ( t r ( nn (tr (N8 , N 6 )  ,N6 ,N4) ,~~
‘ - )  , N 4 , N 2 )  ,N )  , N ’  ,1~~) ,~ J )

tr(nn (ax (Nb) , N 8 , N r )  ,Ntm )

eva l(N8)

tr(nn(EXIT node ,N S ,N6) ,N6)

t r ( E Y  I neil.- , N6)

tr(nn(EXIT node ,N6 ,N 4 ) ,N-~+)

t r ( E X I T  node , N-. )

tr (nn(EXIT node ,Nb ,N1 ),Nt)

/*labels do not match*/

tr(EXIT node ,N 2 )

tr(nn(EXIT node ,N 2 ,W) ,W)

tr (EXIT node ,W)

= true

/*labels  m a t c h */

L. -~~~~ -
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CHAPTER IV

m .~H , - i m N 2

(STR iNGS ( I ) )

1. SIMPL—T Syntax

In the basic version of the ~ INI’l ~--T language  d e s c r i b e d  above , the

only data type recognized was ‘integer ’ . An extended version of the lang-

uage wh ich incl udes ‘string ’ d at o typ es will now I - c  d e s i :r i h e d .

A string is a finite sequence of cliroc t e r s . In t R i m ;  first version V

of string extensions to S1HPL—T , this sequence of characters will be

treated as a unit whose value is the value of ti m e s t r i ni ’ . No attemp t

will be made to consider the char acters as Ind iv idual -mni ts of informa-

tion .

A s t r i n g  has two lengths associ;t m c j with it: a mm iximum length which

reflects the maximum length declared by the user , and a current length

which reflects the actual number ot ch irac t i- - In t L  s t r i n g  at a par-

ticular point in time .

Strings may be linked ti)getht ’r to form a -it ring array . All elements

of th is  a r ray  must  have the  s i r e maximum l e t i g t h .  Thus a s t r i n g  array

declara t ion  includes two static len 1-t I d ec lmiie t t I - i t s :  i -n e specif ying the

maximum s ize of a s t r i n g  w i t h i n  tI n - rray , and time other specifying the

n&nnber of elements (i.e., strings ) In t i r e  a r r a y .

Binary relational o p e r a t o r s  can be iim- ~ d in con i unct tori with string

opera nd s , as can t lie two n ow o p e r a t o r s  t h a t  are  ln t r o l r. - e d  in this sec-

tion : concatenate and substr ing. The c m’n - i t e n at e operator con genera tes

a string by joining together two exi st lug opel itt - i strings . The substring

66
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opera tor  generates  a s t r i n g  by e x t r a c t i n g  a s u bst r i n g  f rom an ex i s t i ng

s t r ing.

The assignaent statement for strings assigns the value of a string

expression to a s t r i n g  variab le . it is also possible , by using the sub-

string operator on the left side of t ’ e assignment statement , to assign

a value to  a por t ion  (i.e., substring) of a string operand. Vfhjs facility

is called substring assignment .

A string function is a function whose value Is a string. Th e r ules

govern ing ~~‘ e use of string functions are analogous to the rules for

integer functions described in the basic version of SIMPL—T . Similarly,

the conventions followed for passing strings and string arrays as argu-

ments to user procedures and functions are the same as fo r integers and

intege r arrays.

The extended version of SIMPL—T defines several intrinsic functions

that facilitate programming with strings . Two of these functions are

modeled in this paper: trim (which t runcates trailing blanks) and digits

(which checks to see if each char nter is a digit).

For a more detailed descript ion of strings , see SIMPL—T manual [3)

(pp. 25—39).

V 
2. H—G raph Syntax

The h-graph  syn tax  of the extended model of Sl~~ L—T has been ex-

panded to include string as wi ll  as integer variables . The string vari-

able is represented as a node whose value is the value of the string.

Two lengths , a max imum and a current length , are associated with the

node . Be ing  t h a t  t he  maximum length remains constant throug hout the

program , I t  is assigned to an attribute (maxsize) of the node . The cur—

rent  length , howeve r , changes dynamicall y durIng execution and has there—

-V- - ~~~~~~~~~ ~~— ‘~ 
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fore  been assigned to a node within the string.

S t r i n g  variables may be linked together in list form to create a

one—dimensional  s t r i n g  array . This array is represented by a node whose

graph consists of nodes representing t h e individual strings of the array .

The number of elements in the a r r a y  ( a r r a y ’s iL e ) , t o g e t h e r  w i t h  o the r  iden-

t i f y i n g  c h a r a c t e r i s t i c s  are r e f l e c t e d  In t h e attributes associated with

the array . At the same time , each string of the array retains its own

val ue, list structure , and attributes.

Simple string variables are joined together In a list structure to

form a recursive string variable; simp le string arra ys are joined to-

gether to form a recursive string arra . Ii , -se additional forms of data

are necessary for the imp lementation of procedur .-s and functions.

The addition of string functions has been made  p o s s i b l e  merely by

expanding the d e f i n i t i o n  of < t v p e r i ; i m -  t m  i n c l u d e  ‘ st r iil g ’ . The gen-

e r a l  ru les  g o v e r n i n g  the  use of f m ; i u i t i n s  need n i t  he m o d i f  led .

The flow of control in the ex panded  rm del , t o g e t h e r  with its associ-

ated control functions , remain unch .inhed by the addition of strings .

The component functions , however , mus t be adapted to recognize this new

da ta  type.

Since in teger  operands may not  be used in conj unc t ion  wi th  the two

new operators Introduced in this section , con and substring, type check-

ing must be performed at compile time to enable the proper evaluatIon by

the eval r o u t i n e .  The assi gn rou t ine  as wel l  assume s extensive  type

checking upon i ts  p a r a m e t e r s  at comp ile t ime  to  ensure  t h a t  s t r i ng s  and

in tegers  are hand led  p r o p e r l y .  In a d d i t i o n , til e ;mss I~~~ r o u t i n e  has been

expanded to allow for  su b s t r i n g  assignment.

The extensions to the base model of SIMPL—T follow . 

-V -
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SYNTAX

Variables

V 2 .2  <s imple  var> :: < in t ege r  var~ <string var>

V6.2 <string vary :: = [<len ~ r lu - string ’];~~~ass ’ data ’ ,t~~~~~’string ’,

structure = ’scalar ’ ,form~~’sirn p 1c ’,rnaXSize <iflteger>

V 7 .2  < s t r i n g>  :: < c h a r l i s t >  [

V8.2 <charlist > :~ [a n y  sequence of  l ega l  c h a r a c t c r s J

V9.2 <length> :: [<integer>]

examp le

<string var>

s t r i n g  F O U N D I 3 1  ‘ NO ’
_ _ _ _ _ _  V lass ’data ’ ,

* 
tv~ e’.- ’ 5tring ’,

L~~~~~~~~~~~

—

~~~ ±J sti~~~t r e ~~ scalar ’ ,

/* The rules governing the p a s s i n g  o t  s t r in 1  p i r iatters are analogous

to those for passing Integer parameters . 1~ocal variables and parameter

varIables are defined is r e c u r s i v e  v a r i a b l e s  c o n t a i n i n g  t h e i r  own

stacks . These stacks are defined by a list structure. Recursive string

va r i ab l e s  and r e c u r s i v e  s t r i n g  a r r ay s  are now d e l i n e d :

V4. 2 < rec var> : : ~rec h r m t u ’ R i ’ r - 
~- r e ;  st r l n g V

VlO.2 <r ec string> :: (.-s trlng var> {‘<str lng var-’) J ;  c ia ss= ’ data ’ ,
0

~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ m - -  I I

Array s

A2 .2 <simple array - : : = ~iti t u-g ~-r ar u u ~ - 
~strlng ti ray

* nA6.2  < s t r i n g  a r r a y > :: [ < s t r i n g  v a r >  (~~-s t r ing var> } ];class= ’data ’ ,
0

- ~~~~~~~~~~~
-
_~~~~~
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~= ‘s tr ing ’ , s t ru ctu re ’array ’ , form~” simp le ’ ,a r raysize

n s i z e ( h (< st r i n g  array > V
))

A4.2 <rec array> :: — <rec integer array> I <rec string array>

A7.2 <rec string array> :: [<string array>*{~sV<str ing array’}~~];

class= ’data ’,~~~~ ,”’strIng ’,str ucture’~’array ’ ,form ’reC ’,

ar rays ize n si z e(h (<r e c  s t r i n g  a r r a y > ) )

/* The syn tax for <expr> and <operation> is unchanged from that de-

fined In previous sections. The syntax for - operator> has been ex-

tended.  */

El <expr> :: = <opera tion>I<ref pred i - a te V [‘~variable>];

class ‘exprvarlable ’

~~~~~~~~~~~~~~~ OtiS

01 <operation>:: = <primitive operation
~~I<user 

operation>

02 <primitive operation> :: [<operator ~
*
~ <operand list>];

class= ‘operation ’

05.2 <operator> :: = <primitive unary function> ;form ’unary ’ ,

category = ‘p r i m i t i v e ’

< p r i m i t i v e  b i n a r y  fu n c t i on ’ ; f o rm — ’b inary ’ ,

category ’primitive ’

<primitive tertiary functionm ’;form— ’tertiary ’ ,

ca tegory= ‘p r i m i t i v e ’

<primitive qu jut f t i n ,  t I on ;form= ‘ qu tn t

category ’pr irn itive ’

010.2 < p r i m i t i v e  unary f u n c t i o n >  :: — . . .~~~un ary  s t r i n g  f u n c t i o n > ;
V 

2ptype ’str lng ’

018.2 <unary s t r i n g  f u n c t i o n’  :: = [~ r_1j~ J f [d ig its]

06.2 <prImitive binary function’ :: = .. .I<binarv string function> ;

~~~~~~ 
‘string ’

~~~~1~ -- - - ----
-

~~~~~~~~~~ 
~~~~~~~~~~ - - ~~~~~~~ ~~~~~~~~~ ~~~~~~— 
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019.2 ‘-i [nary string func tion - : : = [con ]

020 .2  < p r i m I t i v e  t e r t i a ry  f u n c t i o n > :: = < t e r t i ar y  s t r ing  f u n c t i o n > ;

y~~~ ‘string ’

021.2 <tertiary string function> :: = [ su h s t r i n ~~r t n }~ [ s u b s t r i n g ]

0 2 2 . 2  < p r I m i t i v e  q u i n t  f u n c t i o n >  :: < q u i n t  s t r i n g  f u n c t i o n > ;

~ptype 
‘s t ring ’

0 2 3 . 2  < q u i n t  s t r i n g  f u n c t i o n > : :  = [ su b s t r i n ~~iss4~g~~]

~ rue

P6.2 ‘-tv pi- n an ie ’ : : ‘ I n t ege r ’ ‘ s t r ing ’

S13.2 ‘-~
p
~
’ :: <variab 1e>~ <r ef predicate>ksubstrlng predicate>

S 2 5 . 2  ~- s ub s t r i n g  p r e d i c a tc~ :: [ < s u b s t r i n g  e - p er a t l o n> ] ; c l a s s= ’opera tion ’

S26 .2  < s u b s t r i ng  opera t ion>  :: s ub s t r f n g ( < ~ xp r> , - o xpi - > , < expr> )

Seniant IC i t -  m i t  t o i l s

F 3 .2  ‘ - s e m a n t i -  f u n c t i o n >  . [strlngcva lfl ~~~~~~~~~~~~~~~~

3. SCT>CtOt Ic F ’r n c t  ions

C0~{P0N~~N T FUNCTIONS

(4.2) eval (node) =

c las s (node)= ’ d a t a ’A ( f o r m ( n o d e ) = ’ rec ’ V f o r i : m ( n o d e ) ’s imple ’ ) V

class (node)= ‘exprvariable ’ _v

c lags (node) = ‘ operat ion ‘A (  (cat cue ry (*no de  ) ‘  pr imi t lye ‘A

A ( ( f o r n 1 ( * no lt )~~’b i n a r y ’ ~,

( ( ( o p t v p e ( * i m o d e ) ’ l nt e g er ’ \ optype(*node)=

‘V ‘ rd ‘ \ p t  v~’~ (* it~ u1e~~ ‘log ’)

A I i t  e~~er xpr (‘j’crl (node) )l

A lntegerexpr (ope r2  (n o d e )  ) 1 )

((optype (*n d,V )= ’st ring ’ ~ optype(*nod e)

‘tel ’)

~~~~ V 
— -~~~~~~~~ -
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~, st r in g exp r ( o p e r l ( n o d e ) )= l

ii~ st r ing expr ( o p er 2 (n o d e )  ) 1) ) )

~ ( f o rm ( * nod e)= ’ un ary ’

.m (((optype(*node)= ’integer ’ V op type (*node)=

‘rel ’) A integerexpr(operl(node))—l)

~ (optype(*node)= ’string ’

A st ririgexpr(operl (node))=l)))

V (form(*node)= ’ t e r t -iar- v ’

A optype(*node)= ’string ’

A ~~~~~~~~~~~~~~~~~~~~~~~~

A integ~ rexpr (oper2 (node))=1

A integerexj~~(oper3(node))=1)

V (form(*ncude)= ’quint ’

A optv~me (*node)= ’string ’

A stringexpr(operl (node))=l

A ~~~~~~~~~~~~~~~~~~~~~~~~~

A Integerexpr (oper3(node))=l

A integerexpr(oper4 (node))=l

A into re~p~ (oper5(node))=l)))

V category(*nod e)= ’function ’

V (category(*node)= ’semantic ’

A (v( *n ode)=assi~~~ V . .

V (*node)=str1n~ eval

V (*nod c~) = s u b s t r i n ~~ev a 1 ) ) )

/* node to be evaluated represents an operation*/

class(node)= ’operatlon ’ -~

~ategory(*node)= ’prim itIve ’ 
~ H

V 

form(*node)= ’binary ’ ~ 

.

_ _ _ _ _  V -~~~~~~ 

- 

~~~~~~~
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~;( * t~ d e) ( e v a l ( o p e r l ( n t m d s ) ) , ev a l ( op e r 2 ( n od e ) ) )

/~‘ w h e re it  v~~~t m o c e ) = a d d  add(eval(oper l

(node)) , i \ J I ( e p L r 2 ( n o d e ) ) )

v (*~~ i~~- i e) ~~~~jb sub (eval (operl

(n cm ~ e ) )  , eval (ope r2  ( n o d e ) ) )

v (‘~ne3e )=cun ~ c on (ev a l ( op e r l

(node)),eval (oper2(node))) etc.*/

forin (*ocVIc)~~’ Im;mnrv ’

v (*node)(evai(operl(node)))

t o r m ( * u i e ) = ’ t er tj a r y ’ 

~ 
(

v ( k n~~d, (ep ,Vi l (node) , per2 (node) , oper3(node))

/k w he r e  If v(*nodc) subslrlng rtn ~ substringrtn

( o p e r l ( n o d c ) , o p e r 2 ( n o d e ) , op e r 3 ( n o d e ) ) * /

f o r m ( * n od e)= ’ q , i i n t ’

v(*uiLdc) (operi (node), oper2 (node), op er3(node),

o~~~~ r4 ( n ode)  , ope r5  (:m ~ d~ ) )

1* node to be e v a i u a t , d 1c I reser’t s  a sem i nt  Ic f u n ct i o n  */

c at e ~~or~~(*node)~~’ s e m a nt i c ’

v ( * node)=as 4~~ ~ (op e r l ( i t u i e )  , o p e r 2 ( n o d e ) )

U(’tmode )=strlngeval (operl (node),oper2(node))

\m(* Ilo ,h ) = s u b s t r I t y g ~ val ( o p e rl (n o d e ) , o p er 2 (n o d e ),

ope i (uied, ) Ope r~ (nod e ) )

/* The 
~~~~~~~ 

r o u t ine , to g e t h er  w h t t  st r in 1j ~ y a l  and s u b s t r I i ~~ev a l , evalu-

ate  the  r I g h t  s ide (‘  rp ’ ) of  t h e  s i - i t  ei~~~- i i t  j i ;d  155 ip n  i t s  v a l u e  to  the

node r e p r e s e n t e d  by ‘ 
~~~

‘ . ~~ in~ t h a t  ‘ i p ’ des i~ut it u an expression , its

— L- - 
— -- 

— 
- 
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nested node ’s value is used in the assignment . The rou t ine  is written

in modular fashion to avoid the possibility of side effects. Type check—

1mg Ia performed to ensure that strings are not assigned to integer varI-

ables and Integers are not assigned to s t r ing  variables. *1

( 7 . 2 )  assign (gp,  rp)

((IntegervarIable(~ p)=l  V thtegerarraye 1entent (~ p)=1)

A in t e g e r ex pr ( r p )— l )

V((stringvarlable(zp)=l V strlngarrayelement (tp)=l)

A str ln g e x p r( rp )= l )

V(class(zp)= ’operation ’ A v (*tp) substring A

1* assignment to in teger  va r i ab le  or integer a r r a y  element by

an integer expression *1

integervariable(zp)=l setv(eva l (fp), \ (*ev a l ( r p ) ) )

integerarray~ l ement (tp)=l setv(*eval (tp) ,v(*eval(rp)))

1* ass ignment to string variable or string array element by a

s t r ing  expres s ion  */

st ringvarfable(fp)=l stringeval (eval (zp),eval(rp))

str1ngarrayelement (~p)=1 stringeval (*eval (fp),ev a l ( r p ) )

1* assI gnment to a subs t r i ng  of the s t r i ng  va r i ab le  specif ied

in the l e f t  p a r t  ( ‘ I p ’) of the s t a t emen t  by the  expression

specified in the ri ght par t  (‘ rp ’) of the s ta tement .

The s t r i n g  va r i ab l e  specif ied in the ‘ tp ’ of the state—

inent Is represented by o p er l ( ;p ) .  The f i e ld  t h a t  speci-

fies which character of the string is to serve as the be-

ginning of the substring is represented by oper2(tp)

The l eng th  of the  subs t r i ng  is represented  by oper3(~ p)

An add itional routine substringeval is needed so that

L - 

_
~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

- ~~~~~~~~~~~~~~~~~~~~~~



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- - —~~ ---_ _-- -~~~~~~~~~~~~~_ _- -

75

each of t h e  p r ar t t~V t c r s  [S CVI I no t e d  on l y once , t he reb y elim-

i n a t i n g  the  p o s-~i t i 1 1 r ~ of iV VlC  e f f e c t s .  The 1 -; r t i i e t er s  of

the  sutust ring e p c r m i t  i n  up -ear ill; aim the I ef t side of t h~

s t a t e m e n t , a i~~n~ wi t b  t e xj i esm; ! on appear Lu g 00 tile right

hand side are L~VV I 1 i t o  ed a i . i  pa ~~eJ t o  sub s t r  ingeva l  f o r

f u r t h e r  processing . I f  [lie fi eld V I I V e C i I y 1ng the  t o ng t l l  of

the s u b s t r i ns  (o~~, V r ~~( ~p ) )  In  i uin i I t ed , i t  is assumed t hat

the  s u b s t r i n g  is [a c-oi tn i sL or mu c l i n r i c te r s  of the  o r i g i n a l

s t r i n g  begin nin~ at  t h I OC V IL inn spin i f l e d  by ope r2  ( ~p )

The empty  node  i s  then passed  ~i l u i g  t o  f i l l  t h e  p l a c e  of the

o m i t t e d  p a r am et e r .  A l l  p a r a ; t e t ~ - r s  p a s s ed  to S P O t  r l n ~~eva 1

( ex cept  for the c ir~ r : i , d V ~~) e Co ex p r e s s  ion v ar i a b l e s .

class (up)= ’ope r i t icrI A ~,( *~~p ) ~~~~ i p V t r i t t ~~

si ;’c (ptiui i (- -per ? ( -  ~ ) h~~~1: (pid ( *  p,h((p))))))0

1* o p er 3 ( c p )  ~m m t i t t e d * /

<
~ s ubs t  r i ni?c v V:l t, e p o i  I ( p ) OVO I o j m .— r 2  ( p )  ) ,

d !  I , ~~ ~V ( ‘ ) )

Sj~~e ( t V i d ~~(m m [m, V r ( V l ), t~~~ ~t ( 1~ ;d j ( * < p ) , h ( ~~p ) l ) ) ) )  > 0

/~~ opci~ 3~ i )  in c  ‘id ~ -d lit ~~i bm- ’ r i ng

- OpeC. t I o n  /

~e su ul s t r i : t p -viI (o~ -r ( i~
) ,~~v ; l ( t u p - r 2 ~~c p ~~) ,

cv ,J  ( 1 , 1  l (cp ) I ,ev.-ri (rp))

1* St r i t g~y~~~ ass i gn s  t hc  s tr i n g  ci~-n ~~t y , ’ i~t~,.’d hr  s i t l i s t i  h i ; u t r t m i  to the

s t r i n g  v a r i a b l e  ‘ c-p ’ . Su i I ’s t I i t u r l n  i s  L r i V V 1 t E V ! ilS .l p r imitive I m l m , r o t  ion

which creates ii copy of t I -  s t r i u p .  ‘ rp ’ t t t I i i C O t i i t  to t h e  m a x i m u m  length

of ‘ip ’ , if n o ; - E V s s a r v .  T ire  p U V ; l r t I V t  ,VV t V r; pissed to sub m it r imi ~~~rt i i ire expres-

sion var iables wh it-h are I- i  thed i; fof hin O

L ~~~~~~ - . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
-

~~~-
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parameter 1) the str ing to be copied ,

parameter 2) the starting location of the string to be copied

(r 1) , and

parameter 3) the length of the string to be constructed .

Substringrtn returns a string nested within an expression variable. The

graph of the new string Is assigned to ‘Zp ’ and the  s t ringeval  rout ine ,

as well as the assign routine , are comp lete .

(The string construction is described in detail in Chapter V where

substringrtn Is treated as a semantic function (46.3).) */

(38.2) A~~4~~e�~al (ip , rp)

class(rp)=’exprvariable ’ A type(*rp)= ’string ’

A class (Qp)= ’data ’ A type(i.p) ’string ’

1* length of ‘rp ’ does riot exceed maximum length of ‘ ip ’ *1
maxsize (fp) � v(**rp) ~

seth (ip ,h(*substringrtn (rp,add1evel (define(x~ v(x) l ,

type(x)= ’integer ’) ) ,ad d lev el(d ef ine (x~ v (x)

v(**rp),type(x) ’jnteger ’) ) )) )

1* length of ‘rp ’ exceeds maximum length of ‘ip ’ *1

maxsize (tp) ~< y(**rp)

seth ip,h(*substringrtn(rp ,addlevel(define (x~ v(x)~ l ,

type(x)’~’integer ’)),addlevel (define(x~ v (x)

maxsize (9p),type(x) ’integer ’) ) ) ) )

.0 -
~‘i 1  Is re ferenced  by the a9si 3~ rou t i ne  fo r  the purpose of

ib. ~r r i n g  ‘V V i r la b l e ‘ rp ’ to a string designated by the sub—

, . .r  f i r s t  three parameters of the substringeval rou—

- V~~ . ~r I i i  les  w h i c h  fu rn i sh  I n f o r m a t i o n  re la t ing  to the

V — — — — — — — —V-- ___~V 
~~~~~~~~~~~~~~~ -



V VV ~~ V-__ ~VV- - 
VVV~~~~~

7?

s t r i n g  1 origin al su r jn p .~~~ . ni

va n l o c i t  j~~
VV ~ af f t V hi V Ir . t e r  w ithin string t o  be

i ssi gued (Fl)

va r ? = nt i :iiu i m  of C V I S t O I
V
S -~ - I ) -  ~5 i p l e ! ( itt )

The fourth p i t  VIn i er r i -  -; -
~ ~~~~ s o  ~— . m r ib 1e  ‘. -h i c h i  r e p l e - - - - n [ s  t h e

s t r i n g  v a r i a b l e  t h a t  is to  - .iuOiI yI .iI to t i -  - .ii b stt lug ap p e a r  ir i s  on t h e

left side of t h u  t s s i g n ; t m e n t  at ;’ osl O -

I f  v ar ?  L~ ei~i p ty ,  i m-l ~~~at iri r~ V t  h -  t o m  t t m  f i l t h  W u s  o m i t t e d , th e

leng th  of t he  subs t  r i ng  is i l - u  j r  - - d aI d  Lim e s u b m i t ri i m ~j :t -o [ ~~p r .  itt joe j~

then invok , V d .  T h i s  r o u t i ne , e b b  - !  ~‘ C ’ - tflt 3 t i r e  ac’.ual a s s i g n m e n t , s h a l l

be t r e i t e d  as a pr im it i’ . ’~ o p u - r a t  h url i ’i i ! I ~ S a c t i ~ ’tt of the p ip er. lire

parameters passed to tim e r o l l !  r e a - is - 1~ as foIl ‘es

parameter 1) o,cpr
V s[oui var - b ihI- - - c o i r t : a i - i i t i ’. o r i g ir ’a l  st r in g

parameter 2) :~[ r -  lu l l  -:~~~1 i l ’ l . - . l r i t . i i f l i n g  th’- - o t  r i n g  variable

to be assi b o d  l i i  t i l e ~ V

p al im-me t e r  3) t’xnressiu ’iu var i mr b ~ e ti •~~~~~~l t b -  l i V t t i O f l  w i t h i n

t h e  e r i t ~in a 1  ~u t r  i n s  ~V ei !sh i t in :I~~ 5j ~~ t i i1 ie r i t  will

b e g in

p riC e- lu - t. or ~) e,~pr i  ss io n v t  r I . t l , l  o - ‘ot a l i m i  t i p ,  I ; - I e n g th  ~ the sub—

st r ing t o  be a an i ‘. -

p i r l i m I e t e r  5) a n b  W I I V O O  value is i t t  i t  h a l l v  set I a 1 .

t pon i— — t u r n i n g  f r in l u l l  ;rt!; ~m b gIt , at !! 1 siibs t ht i ~ ii  i ntl . .;o i~~n

routine s are comp l e t e.

( l b ~ air l u s t  r litg assignment. I a P ;  ri h - P  In P i t  i I I Ill i h i t p t e r  V

rt - st il t s i r I tar us i_sn Is t t i -  ~t ,  I -
~ t s(-mV - itI t Ic f il l t I n  (:i . 3) . ) * /

( 3 9 . 2 )  t oi bst r in ~ rv m 1 ( a t  r i n u l , v an , v i i - ? , rp )

c I i m ; i  ( a t  r i og i ) ‘expiv ~t t  - i t  - ‘ . c i  atu s lv i  r I )~~~‘ e x p t v ; - i r i - t b  I c ’

_____________ _______________ - - ~~~~~~~~~~ VT~~1 _--_ . . r ~:.-. T - -~~TT r u-— . ~- ri Ir .~~~. - r ~~~~~~~~~~~~~~~ ~ ~~ ~~~ 
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(c lass (v ar 2 ) ’exprvariable ’ V var2 [ 1) A class(rp).’

‘exprvariable ’ A type(*rp) ’string ’ A

s.ubst r i i u ~~~v t t t i V ~ (*s t n ing l  ,*varl ,*var2)t 1

1* substring syntax OK

\i(*varl) > 0 /* Fl positive *1

v(*var2)=0 ~ def ine(x  v(x)~true) / *F2=0 , no ac t ion  taken*/

nsize (h (va r2 ) ) ~~O A \(*varl) � \u(**string l)

/* F2 o m i t t e d  and Fl f a l l s  within bounds of string */

1* F2 omitted *1 ~ substringassign(string l ,rp,va rl ,addlevel

(define(x j v(x)=e (**str ingl)-.v (*var l)+l ,type(x)=

integer ’ ) )  , def In c  (x v ( x ) = l , t y p e  (x)~~’ integer ’ ) )

v(*var2) .~~ 0 A v (* v a r l ) + : ( * v ar 2 ) _ l  � y( **s t rin g l )

1* F2 positive and lies within bounds of string*/

1* F2 positive *1 ~ substringassign (string l ,rp,varl ,var2 ,d ef in e ( x~ v (x)=l ,

t y p e ( x )  ‘ in teger ’ ) )

T define (xlv(x)=undt-firred ,clag s(x)= ’data ’)

error condition *1
T -

~~ define(xlv(x)=unde fined ,class (x)= ’data ’ )

1* error condition *1

1* Valuenode returns a node whose value is equal to that of an evaluated

argument node. *1

(20.2) valuenode (node)

cla s s (node )= ’exp rvar i ab le ’ A (type ( *n o d e ) = ’ thteger ’ V

type (*node)~~’str ing ’) V

c lass (node)— ’data ’ A ( t ype (n ode )= ’ -lnteger ’ V

type (node)= ’s t r ing ’)

V ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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class(node)= ’exprvarl abl e ’

type(*node)= ’integer ’ -
~~ define (xlu (x)=v(*node))

V
~1

type(*node)= ’string ’ assign(defIne(x~ type(x)= ’string ’ ,

— class(x) ’data ’,structure(x)= ’scalar ’ ,

form(x)= ’simple ’,naxsjze (x)=naxsize (*node)),node)

c1ass(node)~~’data ’ ~

type (node)= ’ integer ’ -
~~ define(x~ v ( x ) v ( nod e ) )

type (node)~~’string ’ ~ valuenode (addlevel (node))

1* P u s h lo c  adds a local variable to its corresponding stack */

(28.2) p~~~~oc (local)

(type(local)u_ ’ integer ’ V type(local )= ’string ’ )

A structure (iocal)= ’sc -i la r ’ A form(local)= ’rsc ’

type(local)= ’integer ’

s et h  (1 c c - ri  , p u s h  it ( i n c  ~.1 ) , d e f  i ns  (x  a (x ) a ( * l i u u - a l ) ) ) )

( l a - i l  )= ‘ at r i f l e ’ ~

t h ( l e a l , p u s b t ( h i ( 1 , e 1 l ) , u l u . I  i r u V ( x ~~V r ( x ) r ( * 1 u , m r l ) , h r ( x )

append ( l i s t  (def  in c (y~ v ( y )  = 0 ) )  , de f m e )  ) )

(29.2) Instal b ;rrrav (arrmlv u n t  , stack) =

( ty p e  (stack)= ‘ i n t eg er ’ V ty p e  (stmi ck)= ‘at t ing ’ ) A

f;urm (sta (Vk)= ? re(.’

v(count)=0 ~ 1* array r e a d\  to  be added to stock *1

I n - i t t  r( n eth( sto- k ,ptIsIl (Ir (st rek) , a t V r i r y ) ) )

v ( c o t r n t ) ~~0 ~ 1* a r r a y  b u i l d i n g  s t i l l  in p rogress  *1

type(stack)= ’i-tt ring ’ -~~

I nst i l linar rmt v( se t li (;it rry .push(h(array)

P &fine (y a (v ) ‘~;r (**~~ ire k) ,ii (y) =append

- 
(list (deflnc (xIv (x)=0)),define)))),

— —— -~~~~~~~~~~~~~ -V - ~~ : 
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setv (count ,-m( count )— l),

stack)

/~ proceed to install next element of

array *1

t yp e ( s t a c k )  ‘ i n t e g e r ’

1* This routine returns the value 1 If ‘nod e ’ is a s t r i n g  v a r i a b l e  */

(40.2) stri~~ variable (node)

st r u c t u r e ( n o d e ) = ’ s c a b m i r ’ A tvpro (node)= ’string ’ ‘~~ 1

T

1* T h i s  r o u t i n e  r e t u r n s  t . t r c  v a l u e  1 i f ‘tiode ’ is a St ring array

e l e m e n t  *1

( 4 1 . 2 )  strinj~orrayebemen t (node)

c la s s  (node)= ‘ oper it 1011 ’ A v (*nodc) ref A type (open (n ude) )

‘string ’ I

T

/* This r u a  inc returns the v a l ue  I if tlir , syntax ot  the su ihst ring

is valid , i.e., ‘node ’ is of type string, Fl and F2 i r e  i n t e ge r  C V X _

r a s i on a , F2 may he omitte d . */

( - . 2 . 2 )  s ub s tr i ng s y nt ax  (node , Fl , F2)

type (node) ’string ’ A t h t e j~e rt x p r ( F 1 ) = 1

A ( i n t e ~~~V r r ! x p r ( F ? ) ~~ 1 V ns ize(h(F2 ~ )=0) ~~ I

T

/* T h i s  r u t  inc returns the value 1 if ‘ex pr ’ is a string ex lu tess ion *1

(43.2) st r ii 1~~~xpr (rxpr)

(c[ass(expr)= ’operation ’ A optype (*expr)= ’str-ing ’)

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
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V type(*expr )= i s t rj ng ~ 1

T

/
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CHAPTER V

EXTENSION 3

(STRINGS (II) )

In this section an added level of detail will be introduced into the

modeling of strings . The <charlist> which heretofore has been treated

as a unit , will now be treated as a node which itself is composed of in-

dividual nodes of information . Each of these nodes represents one char-

acter of the string. A list structure is used to describe this sequence

of characters.

Because of the added level of detail , the Imp lementation of routines

that were called in the previous section can now be described. The list

construction primitives push and append are used by these routines

to generate new strings , whereas the list accessing primitives Item and

next are used to address individual characters within an already exist-

ing string.

1. H—Graph Syntax

Data
V6.3 <str ing var> : : [<length> *~i.<stringm .J; class— ’d ata ’,~~~~ — ’string ’,

structure— ’scalar ’,form— ’simple ’,maxsize—

nsize(h(<charlist>))

V8.3 <ch arlist> = [<character> *{~*<character> }~~J

examp le

<string var>

string FOUND [31 ‘NO ’

r~——-
.----

~~
-- —------—-I class— ’data ’,1VV_

1 1 1 1 ‘string ’
2 ~~ N ~) 

0 I I structure— ’scalar ’

_ _ _ _  _ _ _ _  le ’
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Operations

/* The primit ive operations Introduced in the previous section will now

be t r ea ted  as semantic func t ions . The additions of the previous section

per ta ining to primitive operations can now be dele ted.  ~ /

Semantic Operations

F3.3 <semantic f u n c t i o n>  — ... f [substringassigp J~~[substring](

[substrin]~~~ I [substringrtn] 1 [builds rim ]

[set value ]  [setbianks] [trim] [trimexprj !

[d ig its] [d~~ j~~~~j~~J I [i~aJ

• 2. Semantic Functions

COMPONENT FUN CT I ON S

(4 .3)  eval (node) =

~ class(node)=
’da ta ’ A ( f or m ( n o d e ) ~~’ rec ’ V fo rm (node) ’ aimp le ’)  u~

class(node) ’exprv ar iable ’ 
~

class(node) ’operation ’ A ((category(* node) ’prirnitive ’

A ((form (*node) ’binary ’ A (optype(*node)

‘integer ’ V optype(*node) ’rel’

V optype (*node)’ ’log ’)  
~ 

in t ege rexp r

(operl(node))~~l ‘, intege rexpr(oper2(node)) l)

I 
V (form (*node )~~’unary ’ ~ (optype(*node)

- 

‘ in teger ’ V optype(*node) ’log ’)

\ integerexp~~(operl(node)) l)))

V category(*node) ‘function ’

‘. (category(* node) ’semantic ’ ~,

(v ( *no de)~~assign ~ ... V v ( *node)~

str lnieval V v (*node)~

subs tr ingeval  V ~ (*node).

-~~~~~~ ~~~~~~~ , 
. - -——--

~~ 
- -  

- -- V
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substr ingassign V v (*node) sub str ing

V V v(*node)_substrinA3 V v( *node)~

su b s t r i ngrtn  V v(*node) buildstring

V v(*node)~~con V v(*node)~~setvalue

V v ( *node) setblanks V v(*node)~

d ig i t s  V v ( *node)adigit exp r V

v(*node) t r im V d r ( *node) tr 1me~cpr ) ) )

/* node to be evaluated represents an operation *1

class(node)= ’operation ’ ~

category(*node)= ’primitive ’ ~

form(*node).~’b inary ’ ~

v(*node)(eval (operl(node)),ev al( oper2(n od e ) ) )

1* where if v(*node)=ad d ~ add(eval ( o p e r l (n o d e ) ) , e v a l( o p e r 2 (n o d e ) ) )

v (*node) =sub ~ sub ( ev a l ( op e r l ( n o de) ) ,

e v al ( op e r 2 ( n o d e ) ) )  *1

form (*nod e)~~’un ary ’

v(*node) (eval (operl (node)))

1* node to be evaluated represen t s  a function call */

category(*node)= ’function ’ .. .

1* node to be evaluated represents  a semantic function */

category(*node)= ’semantic ’

v (*node)=substringassjgn 
~ sub stringassign (operl (node),

o p e r 2 ( n o d e ) ,  . .. , oper5(node))

~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~ V _ ~~~~~~~~~~~~~~~~ V V~~~~~~~~~~~~~~~ _

. - ~~~~~~~~-s
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v(*node)msubstring subst r ing (operl(node) , oper2 (node) ,

oper3(n ode))

v(*node) substring3 substrin~~ (oper l( node) ,oper2(node),

oper3( node) )

v (*node) substringrtn substringrtn(operl (node),

oper2(node) , oper3 (node))

‘J(*node) buildstring buildstrin~ (operl (node),

oper2 (node) , . .  . , oper6 (node ))

v ( *node) con ~ con(operl(node) ,oper2(node))

u(*node) setvalue ~ setvalue (operl (node),

oper2 (node) ,op er3( node ) , oper4 (node))

v(*node)~ setblanks ~ setblanks(operl(node) ,oper2(node),

oper3(node))

v(*node)=di8its digits(operl(node))

v(*node)=digitexpr ~ digitexpr(operl (node),oper2( nod e ) )

v(*node)=t rim ~ tr im (operl(node))

v(*node)=trimexpr trimexpr(operl (node),oper2(node))

1* The substring operator generates a string by extracting a substring

of length F2 from its string operand , beginning at character position

Fl. The str ing operand in this routine is the node ‘string l’ . The two

fields Fl and F2 of the substring operator may be any integer variables

and are nested In the expression variables ‘varl’ and ‘var2’ respec tivel y.

The F2 field nay be omitted , in which case the substring from character

Fl to the  end is iTlip l ied . If F2 is omitted , the substrip~ rout ine cre-

ates a node to simulate the F2 field before calling substring3. ~ /

(44 .3)  su b st ~~j~~ ( s t r i ng i , van , va r2 )

v(*van l )  > 0 /* Fl pos i t ive  *1

~ 

• [1 ~-- I~ ~~~ : .
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/*F2 omitted*/ n si ze (h (var2 ) )~ 0 ~ su b s t r i ng 3 ( s t rt h g l ,varl , addlevel

(def ine (x~v (x)~ -v (**stringl)_v (*varl)+l ,

type(x)— ’integer ’,class(x)= ’data ’ ,

fo ru r (x ) ’s imp le ’ ) ) )

/*F2 included*/ nsize(h (var2 ) )  > 0 substring3(stringl ,varl ,va r2)

~,~(*var 1) � 0 ~ d e f i n e ( x I - v ( x ) au n d e f i n e d , cla s s(x )= . ’dat a ’)

/*error condition */

1* Substring3 returns an expression variable containing the null string

or invokes substningrtn to build the new string, in which case the ex-

pression variab le containing the new string Is returned. *1

(45.3) substring3 (stningl , varl , var2) =

substringsyntax(*stringl ,*varl,*var2)=l

/* substnirtg syntax OK *1

v ( *varl)-4-v(*var2)..~l � ‘~u (**stringl) ~ /*substring lies within

bounds of stringl*/

/*F2#O*/ v(*var2)  > 0 ~ substringrtn (string l,vanl ,v a r 2 )

/*bulld new string */

v(*var2)~ 0 addlevel (define(xlclass(x)= ’da ta ’ ,

ty p e ( x ) = ’s tn i n g ’ ,s tr u c t u r e ( x) ’ scalar ’

f o r m ( x ) —  ‘simp le ’ ,maxs ize(x) 0 ,h ( x )

append ( l i s t  (de f  m e  ( x l v  (x) O) ) , d e f i n e ) ) )

/*F2 < 0*! v(*var2) ~ 0 d e f i n e ( x ~v(x)=undefined ,class (x)= ’data ’)

/*er ror  cond i t ion */

V ‘v(*vanl)+v(*var2)_l > v(**str ingl) ~ d e f i n e ( x l v ( x ) u n d e f in e d ,

class (x) ‘data ’)

/~ error cond i t i on  — s u b s tn i n g  does not l ie  w i t h i n  bounds

of string l *1

V V ~~~~~~~
-- -
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/* Substringrtn creates a substring from the  node nested in ‘s t ring i ’ ,

beginning at character position v(*varl). The length of the substring

being created is v(*var2). The resulting string consists of a length

component and a character list component . The string is nested in an

expression variable b e f o r e  being returned .

~n auxi l Ia ry  rou t ine  b u I ld s t ri i t~ is invoked to gene ra te  the list of

characters . */

(46.3) subs t r i ng r tn  ( s t r i n g l , van , v a r 2 )  =

c lass (s t r ingl)= ’exprvan iable ’ ~, class(varl)= ’exprv ar iable ’

.
~ 
class(var2)= ’exp rvar iable ’ A

substrId gsyntax(*stringl ,*v~~~ ,*var2) 1

addlevel (defIne (~~ class(z)= ’data ’ ,type(z)= ’string ’,

structure (z)= ’scalar ’ ,for-tn(z)=

simp le ’ ,maxs iz e ( z ) =~~(*var2) ,h (z )

!*length component*/ uppend (list(defIne (y~ v ( y )~~~(*va r 2 ) ) ) ,

/*cbaracter list component*/ buildstning(de fine ,

/*first character*/ defi; e (xjv (x)=v(item (v (*v a r l) , h(next

(**s tr i i t g l , h ( * u,t  n i n g i ) ) ) ) ) )

coun t = 0*, d e f i n e ( x l v ( x ) = 0 ) ,

/*node containing original

charac ter  l i st */ next (**stringl ,h ( * sirlngl)),

/*$tart location */ va n ,

1*stibstr ing length*/ var2))))

1* Buildstning is a recursive routine wh i ch builds a no de whose grap h

is a cha rac t e r  l i s t .  The l i s t  eon ! a ins the chaca I e rs i - f  t h e  o r ig ina l

s t r i n g  (‘ cha rat r i ng ’) beg inn ing  at J i a r ru t~~r pos i t ion  v( *V .l) and con—

t in u in g  for  v( *V2) cha rac t e r s . One ‘node ’ at  a t i m e  Is appended to

~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

V ~V_  ~~~~A — 
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the list. When the counter indicates that the string is complete, (i.e.,

when v (count)= (*V2)) , the node ‘stringlist ’, whose graph is the corn—

pleted list of characters , is returned. *1

(47.3) buildstr~~~ (stringlist , node , count , charstring, Vl , V2 )

class (Vl) ’exprvariable ’ A class(V2)= ’exprvar iable ’

v ( c o u n t)~~v ( *V 2 )  ~ s t r i ngl is t  /*s t r i n g  comp let ed*/

v (coun t)  < v (V 2 )

buildstning(seth(stringlist ,append(h (stningllst) ,node)),

def ine (x~v(x)=v(item(v(*Vl)+v (count)+l ,h (charstring)))),

setv(count ,v (count)+l),

charstring, Vi , V2 )

/* This routine assigns a value to a substning of a string variable.

The input to substningassi gn is as follows :

left: expression variable containing the string variable under-

going assignment

night: expression variable containing the string variable whose

value will be assigned to a substring of ‘left ’

position: expression variable containing the node wi-rose value is

the start ing position within the original string variable

at which the  replacement  w i l l  beg in

length :  expression variable containing riode whose value corresponds

to the number of characters to be replaced , as specified in

the substring operation .

Index: node whose value is initiall y set to 1.

Beg innthg at character position v(*I altion ) of tire original

s t r i n g  va r i ab le , the  f i r s t v ( * l e n g t h )  l i a r - - c t  e rs of node (* r i g h t )

V 
are assi gned . If  v ( *l e n g t h )  exceeds the  l e n g t h  of t h e  s t r i n g  in ‘ r igh t ’ ,

— 
--

•~~~~~~ - - - 

-
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-
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the value of the specified substring is extended with trailing blanks so

that the rep lacemen t of the d e s i r e d  number of L l r a r a c t e r s  can be made corn—

plete. The remaining characters of t i c  o r ig i n a l  st r i n g  ( ‘ l e f t ’ )  are no t

changed , nor Is the length of ‘~~~ft ’ Juaag~-d . *1

(48.3) substningasslgn (left , rig ht , position , length , index) =

class (left) ’exprvariable ’ A tvpe (*left)= ’string ’ A

type(*right) ’str irtg’ •~ c l ass(r ~~g~ t ) ’ exprvan iab le ’ ~

c l a ss(p o sI t i on j t ex f I r v l r i ab 1o~ A t ;r e ( k p o s it i o n ) = ’ i nt e g er ’ A

class ~l e n gt h ) =  ‘ ex p r v a r i  rb  ~e ‘ A t yp e K’- [t - n g t h ) ’ in t e g e r  ‘ A

ty p e ( in d e x ) = ’ in teger ’

\t (*length) � v(**right) ~ / *b e n g t h  of r i ght  s t r i n g  exceeds sub—

string t o  be replaced*/

v ( i ndex) � ~ (**r ig h t )  ~ /* ea~~~gn f i r s t  L 1C :ig th  of l e f t

st r i n g )  ch a r a c t e r s  *!

execu te  ( d e f i n r e ( x  class (x) ’ pr ogr 1r2’ ,h(x)=append(list(

setvalue (lef t , r i g i l t  p o s i t  ion , index) 1)

subuu t r i n  i - r U  ft , r i g h t  , posi t ion , length ,

et v ( i n d e ~~, \ 1( i n d e x )~~l)~~1) ) ~

/ *l~;1• .~Ic eel to n e x t  ii )O racter */

v (index) > v( **rl gt i t )  :~ d e f t n e ( x l v ( x ’t .- t rue)

/ *assi gnment  comp let  e*/

v (*length) > v(**right ) ‘~ 
1
~~1 curctli of left -uuha tring to be re—

p l a c e d  excc~~0s lerr 1 t lr of r iglit stning */

V 
v (Index ) � v(**ri giu t) /*assign irarite ters of ‘right ’

to ‘left ’ st ! i t u g ~~/

execute ( i f  Inc ( x l  V t 0-u (x ) = ’ p r og ram ‘ , b ~xY n r p p e n d  (list

( tv alti e(lc ft , r I g h t  ,posltion , index)]),

- -  ~~~~~~~~~~~ V~~~~~~~~ V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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[subs tringassign (left ,right , position , length,

setv(index ,v(index)+l))])))

/*proceed to next character*/

v (index) > v(**ri ght) ~

v(index) < ~.(*length) ~ 1* add trailing blanks */

execute(define(x~class(x)= ’program ’ ,h(x) append

(list( [se tblanks  (left ,p3sition , index) 1)

[substringassign (left ,r ight ,position ,length ,

setv(index,v(index)+l))J)))

/*proceed to nex t character*/

~ (index) > v (*length) define (x 1 v ( x ) = t r u e )

/*assignment comple te*/

1* Setvalue assigns a character from right string to left string begin-

ning at location ‘position ’ *1

(49.3) setvalue (left , r igh t , position , index) =

type(*left)= ’string ’ A class(right)= ’exprvar iable ’ A

type (*right)~~’string ’ A class(position)= ’exprvariable ’ A

type(*positlon)= ’integer ’

setv(item(v (*position )+~ (index)_l ,h(next(**left ,h(*left)))),

~(item (v(index),h(next (**right ,h(*right))))))

1* Setbianks assigns blanks to h~t t  string beginning at location

‘position ’ *1

(50.3) setblanks (left , positi on , index ) =

type(*left)= ’strfng ’ A

type(*position) ’ integer ’

setv(item(v (*posit ion)+v (index)_1 ,h(next(**left ,h(*left)))), ~b 
)



91

1* This r o u t i n e  conc a tc r~~t h. u ics  i s  t t ~d i t ~ ‘~~ t i ing i’ and ‘str ing2 ’

and r e t u r n s  the r e s u l t i n g  nod e I1csi~ . .~ i n  ~:i r.ttt~~r ~~dc .  The a u x i l i a ry

rout ine  b u i l d st r in g  is used t C~~L i L C  ~ c o v  or tltt ’ ch a r t c t e r  l ist  of

‘s t ring l’. The rou t ine  i~ t :H  n c ;l I h-d :- c c t i d  m e  H append  the  char-

acter l i s t  of ’ s t r i n ~~ t~ t 1~~~~ t . ~t~ iy crc:  ed l i s t .  ‘[his l i E t  Is then ap-

pended to the  l e n g t h  ~~~~~~~~~ t t o  cHn [~1H t  t hC  ~~O h  it  . l i d t IOfl . *1

(51.3) con ( s t rin g l , s t r i c t

3 c l a s s ( s t r in ~~l )~-~’ c x i ’ ; a t i i h 1 ~~’ ,, t y p c ( * st r i n ~~J ) : ’ s tr l n g ’ A

c l . iss ( s t r i nr2 )~~’ v~~i~~j h1~ ,‘ L v p e ( * s t r i n g 2 ) = ’ s tr i n g ’

addl_cvc 1(d~ iu c  (~ I ci ~~~ - -~ i~ t~~’ , tv pt~ z) = ‘ s t r i n g ’

., 1~i r ’ , r~ ix ~

(* s t I  iti~~1) ~~~~~~~~~~~~~~~~ ~ t i : .) ,

fOrJ .j )~ ‘~ ;t : 1 . J~~ ’ , h t ~~
)

/*length component */ st I. I c. (~ ~
. ( v ) = - ~~~(~~~ s t r i n g ) )  4

‘ (~‘~~ct  i~~~:~) ) )

/*charh. tcr list .~~ nent ~/ i t  i ~~ l . ~ i l ~1~ tij ~j Jc t i n t , d i t  the (x v (x)=

( i t t  ~ t , h ( n c ~ i (*~~~ t i i ~~~~ I

/*copy strlng l*/ I (*~,~ i t i c t ) ) ) ) ) )  , : t  int (xlv(x) 0),

1~~~~ S (.~~. ,, t i u  I , h ( ~~H i r i n~~l ) ) ,

‘v~~I ( de IL te  (x l  v (x) = 1))

~~~ l ( ~l t t  t i (x ~ ~(x )

(I • ‘H I v ( x i  -~ ~i ( i t  em(  I , h ( H (**s I r ing2

i in ~~~ ) ) ) ) ) ) ,

/*str ing2*/ de [ine(x 1 ’ (x)~ 0),

~ xt ~~~~~~~~ rti~~ ,h (*~ t rln g2) )

add~~c~: 1 (d-f inc(x ~ c(x) .1))

;i~I dIt’ ’’ t l (~1t ’~ Iitt ( x v ( x ’i~~v( ~~~H
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1* Digits returns an expression variable whose inner node has the value

1 if each charac ter in the string is a di git (0—9) and otherwise returns

an expression variable whose inner node has the value 0. In order to

avoid side effec ts , the string expression Is evalua ted only once by the

eval routine. The digits routine separates the string variable Into Its

character list and length components. It then calls on digitexpr to

perform the actual examination of each of the characters. *1

(52.3) di&ics (string)

class(string)= ’exprvar iable ’ A type(*string)~.’string ’

/*null string*/ ‘e(**str ing) = 0 ~ addlevel (defIne (xf’v (x)=O)

v(**string) >0 ~ digit (next(** str ing ,h(*str in g ) ) ,

** str ing)

/* The ‘charlist’ parame ter for the d i~ itexpr routine corresponds to

the characters of the string under scrutiny . The ‘counter ’ parameter

indicates the number of characters that have still not been examined.

Its initial value is set to the total number of characters in the string .

it is then decremented until all characters have been examined . If each

character lies between 0—9, a nes ted node is re turned whose val ue is

1. *1

(53.3) dI~ Itexpr (charlist , coun ter) =

v (counter)~ 0 addlevel (define(xlu (x)=l)) /*only digit found*/

v(item (v (counter),charlIst)) 0 V v (item(v (counter),

charl ist)) 1 V

V v ( i t em (v ( c o un t e r ) , c h a rl is t ) )~’9

digitexpr(charlist , setv (counte r  , v ( c o u n t e r )— l ) )

T a d d le v e 1( d e f in e (x fv ( x )~~0))  /*non_ dfgi t  found */

1* TrIm bu i lds  a s t r ing  which corresponds to the s t r ing  contained in

- —
~~~~~~~~~~~~~~~

- --- 
~~~~

— ---- - -
~~ 

.-
~~~ .-
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the exp ression var iabl e ‘string ’ t H i t i c . ~~~ , .1 to  remove trailing blanks .

The resulting string is n & s t c i  i~ ~~ t~~p r . :~sion var i ab le  be fo re  be ing

returned by the trim routiri~~. The ck i g inal string remains unchanged .

To avoid side effects , the string &x I ~~c~~ ion is evaluated once by the

eval routine . The trim r o u t i ~~~ separates t1~ stri ng variable into its

charac ter list and length components. It then calls on trimexpr to per-

form the actual truncation . *1

(54.3) trim (string) =

class (strIng)= ’e~ 1 r ~- ii i i ~~Ie ’ A t y p e ( * s t r f n g ) ’st r i ng ’~~

.~)(**string) 0 ~~ s t r i ng  /* null string *1

v(**string) >0 -~~~ j x~~r ( i i . .:.. t ( A ~~~L r i n g , h ( * s t r i n g ) ) , **st r i n g )

1* The ‘charlist ’ parameter fo i  t i H  t i  i n - ~~~ rou t i n e  c o r r e s p o n d s  to the

characters of the string being c~ ac~tn~ d . The ‘counter ’ parameter indi-

cates the number of charact r~ t hat  ~Htv:  not v ct  been examined . I t s

initial value is set t o t l t c  t o t  t i  t t c ’ t . ~~ 1 of characters in the string .

It is then  d e c rem e n te d  to  r • f l c t ~ numh r of non—blank characters in

‘charl ist ’ . The auxiliary routine b f l d st r !j ~& is used to build the

truncated character list. */

(55.3) trimexpr (charlist , c e t t i t o r )  =

v (counter)~ 0 A v (jtcn (su (counttr) ,c l I a t J t s t))= ~

trimexpr(char) 1st • ~i t  v ( oii nter ,‘,j(counter)—l))

/* check f .r b I a n k H  . t ; h ]  decrement ounter *1

T ~ 1* build string ~/

add1ev el (def1ne(zIcL1:~
i(z)

~~
’ i,1 t I ’ ,ivpe ’. .~)~-

’strfng ’,

structure(z)~~’s aIa r ’ , fo rrn (i)= ’simp le ’ ,maxsize(z)

counter ,h(z)-~

append ( l ist (def  in e(y~ v(y)—countcr)),

-- ;_.__~ ~:~~i_ ~~_—~_-_ -- - ----—~~~~
——-—— 

-~~~~~
- _1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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bui ldstring (define,

d e fin e (x lv ( x )= v ( i t e m (l ,h ( c h a rl i st ) ) ) ),

d e f in e (x lv ( x ) ’ O) ,

• charlist,

addlevel (define(x~v(x)’l)),

addlevel (define(xl’~(x)=counter))))))

I
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CONCLUSI ON

Several h—graph models for SIMPL—T have been presented in this pap—

er. These models attest to the fact that it is possible  to extend

the or iginal model without destroying its basic framework . The inclusion

of string da ta in Chap ters IV , V required additions , bu t very few

changes , to the original component functions of the base model. The

control functions presented in Chapter II were easily adapted to provide

the flow of control necessitated by the addition of escape mechanisms in

Chapter III. The model is cognizant of what has preceded a particular

statement , and can therefore EXIT f r o m  a WI-IILE loop or RETURN from a

procedure with no major c h a n g e s  to  the control functions. Had SIMPL—T

included a COTO statement among Its escape mechanisms , however , major re—

visions to the original model would have been necessary, since the con-

trol functions , as presented in these models , have no provision for for-

ward jumps. The basic model pre ~ cnted in this paper did prove sufficiently

f l ex ibl e, however , to includ e t h o  l a n c u i g e  f e a t u r e s  t h a t  a c t u a l l y  exist

in S[MPL — T.

The mode l s  t h e m se l v e s  a re  ci mp i o x , k~~~t they mere l y r e f l e c t  the  com-

plexity of t he  s e m an t i c s  ef tin u n d e r l y ing  language . They are w r i t t e n

in modula r  f a s h i o n  so as t o  preserve t he  Independen t  cha rac t e r  of the

extensions. The a d d i t i o n  of an F X T T  ~t i t e ment , f o r  examp le , has no ef-

fect on the handling of strings, and vice versa . When adding a new

f e a t u re  to the language , t h e  1 o i g t u - r  H e e l  not be concerned with the

e f f e c t s  h i s  hanges may have on u n r e l , i t e d  f e a t u r e s  of the  l anguage . He

can r i t l o r focus  h i s  a t  t e n t  ion w i  id t he ,sk of 4 n c o r p o r a t  ing  t h e  new

f e a t u r e s  w i t h i n  the e x i s t i n g  f r a m e w o r k .  In  t h i s  w a y ,  he can con t inue

to use modeling as a tool for r h .  f u r t h e r  d e s i g n  and m o d i f i c a t i o n  of the

language .
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