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17 PARAMETERSAND FUNCTIONS

It is the aim of this chapter to show how we can extend our language and its compiler to all
value-returning functions in addition to regular procedures, and to support the use of paramr
Once again, the syntactic and semantic extensions we shall make are kept as simple as pc
should be familiar to the reader from a study of other imperative languages.

17.1 Syntax and semantics

The subject of parameter passing is fairly extensive, as the reader may have realized. In th
development of programming languages several models of parameter passing have been
and the ones actually implemented vary semantically from language to language, while
syntactically often appearing deceptively similar. In most cases, declaration of a subprogral
segment is accompanied by the declaration of a ligirofial parameters, which appear to have
status within the subprogram rather like that of local variables. Invocation of the subprograr
accompanied by a corresponding lisacfual parameters (sometimes calledrguments), and it is
invariably the case that the relationship between formal and actual parameters is achieved
positional correspondence, rather than by lexical correspondence in the source text. Thus i
be quite legal, if a little confusing to another reader, to declare

PROCEDURE AnyNanme ( A, B)
and then to invoke it with a statement of the form
AnyNarme ( B, A)

when thea in the procedure would be associated with&lrethe calling routine, and tteein the
procedure would be associated with #ha the calling routine. It may be the lack of name
correspondence that is at the root of a great deal of confusion in parameter handling amon
beginners.

The correspondence of formal and actual parameters goes deeper than mere position in a
list. Of the various ways in which it might be established, the two most widely used and fan
parameter passing mechanisms are those knowatlasy-r efer ence andcall-by-value. In
developing the case studies in this text we have, of course, made frequent use of both of r
we turn now to a discussion of how they are implemented.

The semantics and the implementation of the two mechanisms are quite different:

® In call-by-reference an actual parameter usually takes the forasfableDesignator.

Within the subprogram, a reference to the formal parameter results, at run-time, inac
reference to the variable designated by the actual parameter, and any change to that
parameter results in an immediate change to the corresponding actual parameter. In ¢
real sense, a formal parameter name may be regardedléasdar the actual parameter
name. The alias lasts as long as the procedure is active, and may be transmitted to ot
subprograms with parameters passed in the same way. Call-by-reference is usually
accomplished by passing the address associated with the actual parameter to the suk
for processing.



® [n call-by-value, an actual parameter takes the form @&xanession. Formal parameters in
subprogram (when declared in this way) are effectively variables local to that subprog
which start their lives initialized to the values of the corresponding actual parameter
expressions. However, any changes made to the values of the formal parameter varie
confined to the subprogram, and cannot be transmitted back via the formal parameter
calling routine. Fairly obviously, it is the run-time value of the expression which is hani
over to the subprogram for processing, rather than an explicit address of a variable.

Call-by-value is preferred for many applications - for example it is useful to be able to pass
expressions to procedures |i® TE without having to store their values in otherwise redunda
variables. However, if an array is passed by value, a complete copy of the array must be ps
the subprogram. This is expensive, both in terms of space and time, and thus many progra
pass all array parameters by reference, even if there is no need for the contents of the arra
modified. In G+, arrays maynly be passed as reference parameters, althouglp&mits the us
of the qualifierconst to prevent an array from being modified in a subprogram. Some languz
permit call-by-reference to take place with actual parameters that are expressions in the ge
sense; in this case the value of the expression is stored in a temporary variable, and the ac
that variable is passed to the subprogram.

In what follows we shall partially illustrate both methods, using syntax suggested by C. Sim
scalar parameters will be passed by value, and array parameters will be passed by referen
way that almost models tlopen array mechanism in Modula-2.

We describe the introduction of function and parameter declarations to our language more
by the following EBNF. The productions are highly non-LL(1), and it should not take much
imagination to appreciate that there is now a large amount of context-sensitive information
practical parser will need to handle (through the usual device of the symbol table). Our proc
attempt to depict where such context-sensitivity occurs.

ProcDecl arati on = ( "PROCEDURE" Procldentifier | "FUNCTION' Funcldentifier )
[ Formal Paraneters ] ";"
Bl ock A

For mal Par anet er s = "(" OneFormal { "," OneFormal } ")"

OneFor mal = Scal ar Formal | ArrayFormal .

Scal ar For mal = Parldentifier .

ArrayFor mal = Parldentifier "[" "]"

We extend the syntax fé&rocedureCall to allow procedures to be invoked with parameters:

ProcedureCal | = Procldentifier Actual Paraneters .

Act ual Par aneters = [ "(" OneActual { "," OneActual } ")" ] .
OneAct ual =  Val ueParaneter | ReferenceParaneter .

Val uePar anet er = Expression .

Ref erenceParaneter = Variable .

We also extend the definition Bhctor to allow function references to be included in expressic
with the appropriate precedence:

Fact or = Variable | Constldentifier | nunber
| "(" Expression ")"
| Funcldentifier Actual Paraneters .

and we introduce thReturnStatement in an obvious way:
Ret ur nSt at enent = "RETURN' [ Expression ] .

where theExpression is only needed within functions, which will be limited (as in traditional C
Pascal) to returning scalar values only. Within a regular procedure the effdRétafsBtatement



is simply to transfer control to the calling routine immediately; within a main program a
ReturnSatement simply terminates execution.

A simple example of a Clang program that illustrates these extensions is as follows:

PROGRAM Debug;

FUNCTI ON Last (List[], Limt);
BEG N
RETURN List[Limt];
END;

PROCEDURE Anal yze (Data[], N);
VAR
Local Dat a[ 2] ;
BEG N
WRI TE( Last (Data, N+2), Last(Local Data, 1));
END;

VAR
d obal Dat a[ 3] ;

BEG N
Anal yze(d obal Data, 1);
END.

Thewrl TE statement in procedureal yze would print out the value @l obal Dat a[ 3] followed
by the value ofocal Dat a[ 1] . G obal Dat a iS passed t@nal yze, which refers to it under the ali
of Dat a, and then passes it onltast , which, in turn, refers to it under the aliag ot .

17.2 Symbol table support for context-sensitive features

It is possible to write a simple context-free set of productionsithsatisfy the LL(1) constraints
and a Coco/R generated system will require this to be done. We have remarked earlier tha
possible to specify the requirement that the number of formal and actual parameters must 1
this will have to be done by context conditions. So too will the requirement that each actual
parameter is passed in a way compatible with the corresponding formal parameter - for exe
where a formal parameter is an open array we must not be allowed to pass a scalar variabl
identifier or an expression as the actual parameter. As usual, a compiler must rely on inforr
stored in the symbol table to check these conditions, and we may indicate the support that
provided by considering the shell of a simple program:

PROGRAM Mai n;

VAR GL; (* global *)
PROCEDURE One (P1, P2); (* two fornal scalar paraneters *)
BEG N (* body of One *)
END;
PROCEDURE Two; (* no formal paraneters *)
BEG N (* body of Two *)
END;
PROCEDURE Three (P1[]); (* one fornal open array paraneter *)
VAR L1, LZ2; (* local to Three *)
BEG N (* body of Three *)
END;
BEG N (* body of Main *)
END.

At the instant where the body of proceduneee is being parsed our symbol table might have .
structure like that in Figure 17.1.
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Figure 17.1 A symbal table structyre with links from procedure entries to
formal parameter entries

Although all three of the procedure identifiere, Two andThr ee are in scope, procedurese
andTwo will already have been compiled in a one-pass system. So as to retain information ¢
their formal parameters, internal links are set up from the symbol table nodes for the procet
identifiers to the nodes set up for these parameters. To provide this support it is convenient
extend the definition of theABLE_ent ri es structure:

enum TABLE_ i dcl asses
{ TABLE_consts, TABLE vars, TABLE_progs, TABLE_procs, TABLE_funcs };

struct TABLE nodes;
typedef TABLE nodes *TABLE_ i ndex;

struct TABLE entries {

TABLE_al f a nane; /1l identifier
int level; Il static |level
TABLE_i dcl asses i dcl ass; /1l class
uni on {
struct {
int val ue;
} ¢ /'l constants
struct {
int size, offset;
bool ref, scalar;
}ov; /] variabl es
struct {
int params, paransize;
TABLE i ndex firstparam
CGEN_| abel s entrypoint;

} P /'l procedures, functions
H

Source for an implementation of thasLE class can be found in Appendix B, and it may be he
to draw attention to the following features:

® Formal parameters are treated within Bhaeck of a function or procedure in most cases a
though they were variables. So it will be convenient to enter them into the symbol tabl
such. However, it now becomes necessary to tag the entry for each variable with the ¢
field ref . This denotes whether the identifier denotes a true variable, or is merely an a
a variable that has been passed to a procedure by reference. Global and local variabl
scalar formals will all have this field defined toflze se.

® Passing an array to a subprogranrdfgrence is not simply a matter of passing the addre:
the first element, even though the subprogram appears to handle open arrays. We sh
need to supply the length of the array (unless we are content to omit array bound che:
This suggests that the value of thee field for an array formal parameter can always be
We observe that passing open arraysdye, as is possible in Modula-2, is likely to be
considerably more complicated.



® Formal parameter names, like local variable names, will be entered at a higher level ti
procedure or function name, so as to reserve them local status.

® For procedures and functions e ans field is used to record the number of formal
parameters, and thér st par amfield is used to point to the linked queue of entries for th
identifiers that denote the formal parameters. Details of the formal parameters, when |
for context-sensitive checks, can be extracted by further member functiong asitEeclass
As it happens, for our simplified system we need only to know whether an actual para
must be passed by value or by reference, so a simple Boolean furetopar amis all that
is required.

® When a subprogram identifier is first encountered, the compiler will not immediately ki
how many formal parameters will be associated with it. The table handler must make
provision for backpatching an entry, and so we need a revised interfaceitodheoutine,
as well as anpdat e routine:

class TABLE {
public:
void enter (TABLE entries &entry, TABLE index &position);
/1 Adds entry to synbol table, and returns its position

voi d updat e( TABLE entries &entry, TABLE_index position);
/1 Updates entry at known position

bool isrefparan{TABLE entries &procentry, int n);
/'l Returns true if nth paraneter for procentry is passed by reference

/] rest as before

}s

The way in which the declaration of functions and parameters is accomplished may now be
understood with reference to the following extract from a Cocol specification:

ProcDecl arati on
= TABLE entries entry; TABLE_index index; .)
entry.idclass = TABLE procs; .)
entry.idclass = TABLE funcs; .)
entry.p.parans = 0; entry.p.paransi ze = 0;
entry.p.firstparam = NULL;

CGen->storel abel (entry. p.entrypoint);

Tabl e- >enter (entry, index);

Tabl e- >openscope(); .)

( " PROCEDURE"
| " FUNCTI ON"
) ldent<entry. name>

For nal Par anet er s<entry> (. Tabl e->update(entry, index); .)
] WEAK ";"
Bl ock<entry.level +1, entry.idclass, entry.p.paransize + CGEN_header si ze>

For mal Par amet er s<TABLE entri es &proc>
= (. TABLE_ index p; .)
"(" OneFornal <proc, proc.p.firstparaner
{ WEAK ", " OneFormal <proc, p>1} ")" .

OneFor mal <TABLE_entries &proc, TABLE_index & ndex>
= . TABLE entries formal;
formal .idclass = TABLE vars; fornal.v.ref = fal se;
formal.v.size = 1; formal.v.scalar = true;
formal.v.of fset = proc. p. paransi ze
+ CCGEN_headersize + 1; .)
| dent <f or nal . nane>

[ "[ ] (. formal.v.size = 2; formal.v.scalar = fal se;
formal.v.ref = true; .
] (. Table->enter(formal, index);

proc. p. paransi ze += formal . v. si ze;

proc. p. parans++; .) .
Address offsets have to be associated with formal parameters, as with other variables. The
allocated as the parameters are declared. This topic is considered in more detail in the nex
for the moment notice that parameter offsets stanteEN_Header Si ze + 1.



17.3 Actual parametersand stack frames

There are several ways in which actual parameter values may be transmitted to a subprogr
Typically they are pushed onto a stack as part of the activation sequence that is executed t
transferring control to the procedure or function which is to use them. Similarly, to allow a ft
value to be returned, it is convenient to reserve a stack item for this just before the actual
parameters are set up, and for the function subprogram to access this reserved location us
suitable offset. The actual parameters might be saitedthe frame header - that is, within the
activation record - or they might be stotasfiore the frame header. We shall discuss this latter
possibility no further here, but leave the details as an exercise for the curious reader (see T
(1986) or Brinch Hansen (1985)).

If the actual parameters are to be stored within the activation record, the corresponding fori
parameter offsets are easily determined by the procedures specified by the Cocol grammai
earlier. These also keep track of the total space that will be needed for all parameters, and
offset reached is then passed on to the pars& dok, which can continue to assign offsets for
local variables beyond this.

To handle function returns it is simplest to have a slightly larger frame header than before. '
reserve the first location in a stack frame (that is, at an invariant offset of 1 from the base pu
BP) for a function’s return value, thereby making code generation fdretiuenSatement
straightforward. This location is strictly not needed for regular procedures, but it makes for «
code generation to keep all frame headers a constant size. We also need to reserve an ele
saving the old mark stack pointer at procedure activation so that it can be restored once a |
has been completed. We also need to reserve an element for saving the old mark stack po
procedure activation so that it can be restored once a procedure has been completed.

If we use the display model, the arrangement of the stack after a procedure has been activi
called will typically be as shown in Figure 17.2. The frame header and actual parameters al
by the activation sequence, and storage for the local variables is reserved immediately afte
procedure obtains control.

This may be made clearer by considering some examples. Figure 17.3 shows the layout in
for the array processing program given in section 17.1, at the instant where fuastidras just
started execution.



