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(Perhaps the best formal method to use  for the description of the translation and

execution of programs is denotational semantics, which describes semantics using a series

of functions.)

(A hmdamental abstraction mrchamsm  in a programming language IS the use  of

names, or identifiers. to denote language entities or constructs.)

Iwnwdauh~  +YaasPls  hJ5%4~~~  66a:~ansd  muisn~  &I  $3 %Pls66nsuauloi
sl

(A fundamental step III describing the semantics  of a language IS to describe the

conventions that determine the meaning of each name used in a program)

womwdoein  30 da  nisGvier  855t1mdw5d  wmi~iM966nm  dl6Tb-4  &46~l%o

66U’3&1’lJt3~  dl66&3  (location) 66X dl (value)

Fil Zulu&  ¶hQ6bl~  &ddf%  6Yh6  hd%dlIJ  ThUX.&  t&J  FhJO~66tia

~I&J  &ads;nouJaiau  thhwbii4~  &ah  06  wwu~  6aviwTavos6anan”i&d

(Values are any storable quantities, such as the integers, the reals, or even array values

consisting of a sequence of the values stored at each index of the array.)
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(Locations are places where values can be stored. Locations are like address in the

memory of a computer, but we can think of them more abstractly than as the address of a

particular computer.)

~awwx~ua-a~a  zronLb%wp=d~  wio ihwm.&~:ii  i%$mhh  30 6.1

(The  meaning of a name is determined by the properties. or attributes associate to

the name.)

!2%?D&B  ni5da:niauos  Pascal

function f(n : integer) : boolean;

begin

end;
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(The number, names. and data types of its parameters (in this case, one parameter with

name n and data type integer))

(The  body of code to be executed when f is called (in thus  case, we have not written thus

code but Just indicated it with three dots))

(Declarations are not the only language constructs that can associate attributes to

names.)
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(allocates memory for au integer variable, that is, associates a location attribute  to it

and assigns this location to y*, that is, associates a new value attribute to y,)
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(translation time)

Redefined identifiers 6lhd u’o~iVUu”F~  boolean 66%  char UOJ  Pascal halIl?lIllWW
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Terrence W. "Pratt

(Binding is not a concept that allows a single precise definition, nor is binding time.)

mqn%ua  %u ni~~%dsAAnsu hhq fhiwuinm  Ah.~duafh nalunnlnnaluue~

Aanlnl5ynIJ~ A51010vjd~

fm-ynTf.lsuos  naJlSfllio~%dsAAflsaJ  fhl &wQA~AQw7~otil~~w$~ Il%qtAAnaJG  F&l4

d-4 &1i%"oln  RwluoaquAau~~~*Su%d~~

(We may speak of the binding of a program element to a paticula  characteristics or

property as simply the choice of the property from a set of possible properties.)

LZ Programming Languages : Design and Implementation Mu' 30
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(Opertor in Pascal, a symbol, consisting of a single character or group of characters,

that represents an operation to be performed on one or more values of a given data type,

culminating in a single result, not necessarily of the same data type,)

fllY1  (the symbol + is bound to a set of addition opertions at language definition time)

fllS&$%ll7~?n6~~~~~~  $Ulwl Qf%Jlol tl4 6XllVh~Wlf~6th4tl  (each addition

operation in the set is defined at language implementation time)

niz%=k@mQi  + 66viatnf~Iulds66nsu  ynhh  nisd@%muan  oth&  fll

6Xll66ddlh66nSl (each particular use of the symbol + @ a program is bound to a particular

addition operation at translation time)

operation for its operands is determined only at execution time.)

6awuowrsynIa-d  66nu nx6donn&0di~ua~  nisynFd6hWM  66ntmiyn

%W  dtl;  9104  fl’2l%lHtilnWtll~  9109  i7lIllFd766n3ol  (This set of bindings represents one

choice of possible bindings and binding times typical languages.)

rii3ihm  0ti19Mh~  nisynlusfhq  66ntmmsyn~u~  6thGhd6bwldlA  $14
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1. Write a statement in a language with which you are familiar. For each syntactic compo-

nent of the statement (variable names, operation symbols, etc.), list the various bindings

that are necekry  to completely determine the semantics of the statement when it is

executed. For each binding, identify the binding time used in the language.

2. Do Problem 1, but use a declaration instead of a statement. Declarations are usually

said to be elaborated instead of executed, so list the bindings (and their binding times)

necessary for a complete elaboration of the declaration.)
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Environment

Names - Locations

t$hJ  nlsynluwtba  9h4tiQW~adh  (storage locations) fhdlBilQC)  (values) Psun

il WiXlfl?llJ3l  (memory) do9oln  sh  M1amm.1  wriamaludi  9109  floaGaw~s”  0?S  (Yl4
$4

fl5anunii  store W% state) dounw&a~

Memory

Locations P Values

5.2 nlYlJ¶alfl  lJfil3nIlar  ahl

(Declarations, blocks, and scope)

nldWllff  W.&h  %khkf%4ih  dlMs’Yflflianlstjn~u4  (Declarations are a

principal method for establishing bindings.)

190 CT 314



procedure p;

.

1

declarations

of P

begin

.

end; (*P  “)

begin (* main *)

i

k declarations

of ex
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fmds~nln~l$u?v’o4~~  e x  Psunil nd~~niflb?una~  f+aun25d3~n7ff~liu?

&la+J  p drJni1  n1XhmMaw1z~  w%J  p

(Declarations associated to ex are called global declarations, while declarations

associated to p are declaration local to p.)

hJ7lI41  Algo LLtE  Algo168, ¶Ji;Dfl~~~tVW~XJ  ~?%J%~&W-J~¶J~+~  %&l%JB(aWj
*

uOJ begin-end fIl5¶.h~~lff  Qttlfjtln’9  begin Itf&ifiOU &l?lU&Mtl (the first statement)

$ulJdofl

&F&J lJih-IUOJfIlIJl  Algol60

begin

integer x;

boolean y;

x := 2;

y := false;

declarations

x := x + 1;

. .

end:
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{int  x, y; /* another block */

x := 2;

y := 0;

x += 1;

I

/* these are external to all functions and so global */

void main(void)

{iut  ij; /* these are local to main */

CT 314



‘UDWII~JI  IN&U  Algol  dl&RJfh tJn&dh&JU  A&o160  &I  nld53llff  ~~~WI%FIU

n”ltI4’JU declare Ml~fJ~fklUMt?l~  begin-end

$ht!fiU  fI’lkI1  A d a

declare x : INTEGER;

y : BOOLEAN;

begin

x :=2;

y := 0;

x := x + 1;

end;
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program ex;

procedure p;

var x:  mteger;

begm

end;

procedure q;

var x : boolean:

begin

end;

begin (* main *)

end.
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Pr1nl.l  lufmi  Pascal

program ex;

var x : integer;

begin (* main of ex *)

.

end, (* ex *)

C
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alnduoanlsiJs:nin  uulu oinip  mhwid7znin  llluwou  don &i3.m~ (: the

scope of a declaration extends from the poinf  just after the declaration to the end of the block

in which it is located.

9lfl$'h=il  “Turbo pascal”  ?-tP%l  525

Scope in Pascal, the scope of an identifier refers to the set of blocks in a program in which

the identifier can be used.
,

Rules of scope :

1. The scope of an identifier is the block in which it is declared. including all blocks nested

within that block.

2. An identifier may be referenced only within its scope.

3 . If an identifier is declared in block B nested in block A, then blockB  and all blocks nested

in it are excluded from the scope of the identifier’s declaration in block A.

* nlMI Pascal ?@%l aiqnm  aaacRsnlftPlslo.snisPls=nin  wi~k3&7

program ex;

r x : integer;V;u

.ocedure  p;

var y : boolean;

I

begin

end; (* p *)

procedure q;

var 2 : real;

begin

. . .

1 end; (* q *)

begin (* main of ex *)

’ end. (* ex *)
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A : begin

integer x;

boolean y;

x := 2;

y := false;

B : begin

integer a, b;

if y then a:=x

else b := y;

end;
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MODULE JZx;

PROCEDURE p;

BEGIN

x := 2; (* legal - global x defined below *)

END  p;

VAR x : INTEGER:

BEGIN (* Ex *)

END  Ex.

L

MODULE A;

VAR x : INTEGER;

PROCEDURE p;

MODULE B;

VAR y : REAL;

PROCEDURE 9;

BEGIN

cEND q;

E!ND B;

. .

END A.
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MODULE A;

VAR x : INTEGER;

PROCEDURE Pi

BEGIN

. .

END  p;

MODULE B;

IMPORT p; (* p now available in B *)

EXPORT y; (* y now available in A *)

var y : REAL;

PROCEDURE q;

BEGIN

. .

J3ND  9;

END B;
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B E G I N

END A

SUBROLWNE  P

COMMON A

B=A

A = A + 1.0

R E T U R N

E N D
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progmm  ex:

VCT x : integer;

r
procedure p:

V‘W x : boolean;

begm

x := me;  (* x p *)

end;

begin

x := 2: (* global x *)

end.
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each of which has a stack of declarations associated to it, such that the declaration on top of

the stack is the one whose scope is currently active.)

$X&s  Qaw^Ql5tUl  Fdsrm5amiui  Pascal BiOlnlii:

prosram symtabex;

var x : integer;

y : boolean;

procedure p;procedure p;

var x : boolean;var x : boolean;

procedure q;procedure q;

var y : integer;var y : integer;

beginbegin

..

end; (*q*)end; (*q*)

begin (*p*)begin (*p*)

..

end; (* p *)end; (* p *)

begin (* main *)

end.
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program ex;

var x : mteger;

procedure q;

var x : integer;

begin

x := 2;

Pi

end;

begm (:” main *)

x := 1;

4;

end.
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name bindines

(3---(F)
@---(-)

main+callofq-+callofp

208 CT 314



program barfoo;

var x : integer;

procedure p; .

begin

x := 77;

end,

T?i Wl3Ju'oPltXt4  t5194  Pascal syntax LVilGM
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procedure q;

var x : boolean;

begin

Pi

end;

begin (* main *)

Pi

4;

end.

210 CT 314



CT 314



A : begin

integer x;

boolean y;

.

B : begin

real x;

integer a;

.

end B;

. .

C : begin

boolean y;

integer b;

1 .

D:begin

integer x;

real y;

.

end D;

end C;

.

end A;
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X

Y

XFa

. . .

, .

. .

Location bindings of A

Location bindings of B

X

Y

Y

b

. . .

. . .

. .

Location bindings of A

Location bindings of C

.
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X

Y

Y

b

X

Y

.

. .

. .

Location bindings of A

Location bindings of C

Location bindings of D

end; (*p  *)
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writelntx”);
-~

FROM Storage IMPORT ALLOCATE, DEALLOCATE;

END Storageclient.

ALLOCATE (x, SIZE(INTEGER));

DEALLOCATE (x, SIZE(1NTEGP.R));
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int  f(void)

(static mt x;



const  n = 10; (* or any other positive integer *)

var pcount : integer; (* the no of times p is called *)

i : mteger;

function p : integer;

begin

pcount := pcount + 1;

p := pcount

end;

begin (* mam *)

pcount := 0;

for i := 1 to n do begin

if p mod 3 <>  0 then writeln(p);

end:

end.
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pcount := pcount + 1:

p := pcoumt;

end;

MODULE Count;

FROM InOut IMPORT Writecard. Wrtteln:

MODULE pcounter:

EXPORT p;

VXR pcount : CARDINAL;

PROCEDURE p(  ! :  CARDINi\L.:

BEGIN

INC(pcolmt);

RETURN pcount;

END p;

BEGIN (* pcounter  *)

pcount := 0;

END pcounter;

VAR 1 : CARDINAL;

BEGIN (* Count *)

FOR i := 1 TO 10 DO
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IF p( ) MOD 3 <>  0 THEN

Writeca.rd(P(  ),  1); Writeln;

E~ND;  (* IF *)

END; (* FOR *)

END Count.

lUfIlIl1  C. storage class designator Llplpl static 81OIhUl% IWdO$#pcount  %dfI'lU~U

mt p(void)

(static int pcount = 0;

return  (pcount += I):]

void main(void)

( int i;

for ti = 1;  1 <=  10; i++)

[if (p( ) %3 != 0) printf(“%du”,  p( ));I
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6.6

5.5.

CXUlbe drawn as follows:)
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int x:

wUla&  dxmff  x S&SW  nldi&  (reference) integer (nlui  Algo  Psunii  ref

int  mode) nl3f!lMW1  dll!fN x ?bfh %NIh y l&l  integer h%ianif~  Q&N dereferenced
.”  4’

x @au:
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(A static constant is one whose value can be computed prior to execution, while a

dynamic constant has a value that can be computed only during execution.)

n WI Pascal ~6Q%W  constants 66¶j¶Jfl9$  6n'l$U kV~~#Odlfki7h6Wl~  literal&6&6

n'lliOdTfl~~  6w'l~U~l4~#$U"lrplsr"lff~~iafls~  @h&J %UfW&3Wi

const  size = 42;

ib.td39  itl~d7~"Wf&Iian~wd ?-&YlWi fhiNifQ"~~~~U~l~l  Modula-2

CONST twoplusthree = 2 + 3;

size = 42;

max = size - I;

226 a = twoplusthree * size DIV 5; CT 314



e = 2.718336:

X = 1.0/e:

hfl9?!$U  Modula-2 &F6,6?h static Mil~~SiGllU  i714IJ53llH

CONST PI = 4.0 * arctan  (1.0);

w”FilU  Modula-2 6w5lh  5YyB’ dlPl%hn”w”U  arctan  %%I.hlIJn'~  t16 !ml!6dd%'h

66fWJ(4J"UQfdl6?hfl  UDCjk=lflsr"l  66M$=%J~  If~GIlt3171366h)  T~?Vj66kJ  nlPl1  Modula-2.  ?J

fll5Tht%  constant expressions 6~01~%Y?~U6%6  function calls UiU predefined functions &iU

fW&:nlFf  ?hn’lJ~  k 6bUk6 ~UnlEIl  Modula-2

CONST Null = CHR(0);

6w~FiadB  CHR hih$ dl=aTM~~  66tl7=  O~~Q"66Tll.d4hJ  au unknowu  user-defined

function

JVk61  Algo 6Kl: Ada OI@lPl %p1”a4 dynamic constants %&

l!iImdu

pi : constant FLOAT := 4.0 * arctan  (1.0);
I

6h Vhian~~~~‘$&W~~~1k!1  Ada Wah  ndmiff  c%fl.3Ghwx~  hciid  qfdoa

&.Gu

procedure Swap(x,  y : in out INTEGER) is

temp : constant INTEGER := x;

begin

x := y

y := temp

end Swap;



(Aa  alias occurs when the same object is bound to two different names at the same

time.)

type intptr  = *integer;

var x, y : intptr;

*e

new(x);

x” := 1;

y := x; (* xA and y^ now aliases *)
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i=p%tJ nl-rfhnudl  yA:= 2 w ' aWtlBWB nQ6p4umwu'lYdlYi



(A dangling reference is a location that has been deallocated from the environment,

but that can still be accessed by a program.)
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I ( I

accessed beyond its lifetime in the environment.)
s

~3odwhJq 'u-09  nlsJloJlIati1~~a ~3&&4?~&3M&  %lq~9~u!~o~119JL1~3

(A simple example of a dangbng reference 1s a pointer that points to a deallocated

object.)

fiXIu'1~IU P a s c a l  fW-'%# %lk&F~los”  d i s p o s e  Y!l%w'r&~  fll7~lUld~i~?~ Gaff

We intptr  = *integer;

var x, y : irltptr;

‘.

new(x);

y := x; (* yA and xh now aliases “)

dispose(x); (* yA now a dangling reference *)

writeIn( (* illegal! *)
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x = &y;]

/* *x  is now a dangling reference */
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Dispose Intptr(x);

wMw=6&Jafh ii

CT 314 235



x=y=z+w
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c := a * b:

&HJ tllWl6'%%l~  (object-oriented languages) 6ila nW’l  Smalltalk  66% C++ gfW!fl

$WOU%# 6%UU  user-defined functions %U~d667JIJ6%Jnfll~!~

fl~l9~ThllU  fllIJ1  LISP  %#~~66U¶H&JV&  4ElSfh  l’k predefiued lbtlt  user-defined

functions  &d  id^WOu” G%I~'%daUbu~~l~u?~~d  (fully-parenthesized) thi% Giat%6ihnir
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program sideEffect;

VX x : integer;

function f : integer;

begin

x := x + 1;

f := x;

end;

function p(a, b : integer) : integer;
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begin

p := b + a;

end,

begin

x := 1;

writeln(p(f.  x)):

end.

void mairxvold)
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false and x
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MJIJI~I~~I  (Exercises)

1. Assume the language Pascal, C, or Modula-2.  Give as precise binding times as you can

for the following attributes, and gke  reason for your answers :

(a) the number ot slgmficant  digits of a real number

(b)  the menrung  of char

(CJ  the sire  of an array vanable

(d)  the stze  of &an array parameter

(e) the location of a locai  variable

(f)  the value of a constant

ig) the location of a function

2 . DISCUSS rhe meaning of the following statement : early binding promotes security and

efficiency,  while late binding promotes flexibility and expressiveness

3.  In FORTRAN, global variables are created using a COMMON statement, but it is not

reqmred  that the global variables have the same name in each subroutine or function.

‘llus. in the code

FUNCTION F

COMMON N

E N D

SLiDROUTIKiE  S

COMMON M

END

Variable N in function F and variable M in subroutine S share the same memory, so

they behave as different names for the same global variable.
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(a) Compare this method of creating global  variables to that of Pascal or C. How is it

better’? How is it worse?

rb)  I>escribe  the difference between variables that are COMMON  and variables that are

4. In Pascal there is no distmctlon  between global variables and those local to the main

program. Is this distinction made in CP  Modula-21 FORTRAN? Is such a distinction

useful? Why or why not?

5. Execute the following Pascal program, and explain the resulting output :

program extent;

procedure p;

var y : integer:

begin

writelncyj:

y := 2:

end;

begin

p: p:

end.

6. Describe the scopes of the declarations in the following Pascal program. How would the

scopes change using dynamic instead of static scoping? What does the program print in

each case?

program scope:

var a. b : integer:
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function p : mreger;

vax  a : integer;

begin

a := 0; b ‘= I: p .= 2:

e n d ;

procedure prtnt;

begin

wrltelnta):  wrltelnr  b); ;?,-riteIn(

end;

procedure q:

var b. p : integer-:

begm

a := 3; b := 1: p ‘= 5: prmt:

end:

begin

a := p:

Cl:

end.

8. A common defimtlon  of side  effect is a change to a nonlocal variable or to the mput or

output made by a fimctlon  or procedure. Compare this definition of side  effect to the one

in the text.

9. Given the following Pascal program, draw box-and-circle diagrams of the variables after

the assignment ro x”, Which variables are aliases of each other at that point? What does

the program print?
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program alias;

We

intptr = ?nteger:

ptlptr = “imptr;

VLU

x : pnptr;

y : intptr:

2 : integer;

begin

new(x):

new(y);

z := 1;

y” := 2;

x” := y;

y.+  := Z’

writehi(

z := 3.-1

writem(

+A := 4;

writeIn(

e n d .

10. Explain the reason for me two calls to new in the previous exercise. What would be

printed if the call to new(x) were left out? The call to new(y)?

1 I. Pointers in a programming language are generally used with records to define recursive,

dynamic data structures such as lists and trees. In these cases, pointers always point to

records, as in the following declaration of a linked list of integers :
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type link = Yistrec;

lislrec = record

data : integer;

next : link;

end;

Suppose we decided to restrict the declaration of pointers to pcinters  to records. so thaw

the declaration

type ptrl = *integer;

is illegal but the declaration of link above remams  legal. Discuss the advantages and

disadvantages of such restriction.

12. Rewrite the following infix expression in prefix and postfix and draw the syntax tree :

/+\
A ii5 6 7

prefix expression : + / - 3 4 5 * 6 7

postfix expression : 3 4 - 5 / 6 7 * +

13. Write a BNF description of

a) postfix arithmetic expressions and

b) .prefix arithmetic expressions

a) <exp>  ::= <exp><exp><opr  I <number>
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<up>  ::= + I *

<number> ::= <number><digiu  I <digiD

<digit> ::= 0 I 1 I 2 I 3 I1 I 5 I 6 I 7 ! 8 I 9

II. In LISP the following unparenthesized prefix expression is ambiguous :

+3*4.5CJ

Why? Give two possible parenthesized interpretations.

flQ&QfJ  The problem is that the arithmetic  operations can take more than two operands,

so two interpretations of the expression are

(+.S(*456)

and

(+3(“45)6)

with values 123 and 29; respectively,

15. Test the following program on your FORTRAN compiler. Try to explain its behavior.

logical f

if (.false.  and. (sqrt(-1.0) .gt.  0.0))  then

print *, (OK’

e Ise

print *, ‘not-OK’

endif
I

if (.false.  and. fc  ))  then

print *, “OK’

else

print *. ‘not-OK’

endif

if (fi  ) and. (syq-1.0)  .gt.  0.0)) then
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print *,  iOK’

else

prmt *,  cnot-OK’

endlf

e n d

loglcal function f( )

print *,  iin  f!’

f = .false.

e n d

16. Some Pascal compilers use short-circuit evaluation of E(oole;~ns  even though StandCard

Pascal defines the Boolean operators as now<hol-t-c-a-cult ivr112  3 pqram  KO  test your

Pascal complier  for short-clrcmt  evaluation of both an8  and YT
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