1 Comparison of programming languages constructs

1.1. Global criteria:

1. Reliability

2. A well-defined syntax and semantic

3. Machine independence

4. Readability and writability

5. Efficiency

Ad 1) Type checking, exception handling, without aliasing

· Syntax graph, BNF,

· Operational (interpretive) semantics – use abstract simple machine code,

· Axiomatic semantics – use rules (precondition & postcondition) proving correctness of the program,

· Denotational semantics – define program in the terms of mathematical functions.

Ad 4)

· Simplicity (contra example: C=C+1; C+=1; C++; ++C)

· Orthogonality (small set of primitive constructs can be combined into other constructs. All combinations are legal.) contra example – in C:

· structure can be returned from function

· array can’t be returned form function

· structured statements

· structured data type

· support for abstraction

1.2. Expressions and Assignment
 dereferencing

X1):=X2)+5*fce(alfa)  


X1) left value




     


X2) right value

· site effect of functions

X:=fce(X,Y)

· order of expression evaluation

f(X,Y)*X;   f(Y)*X

1  ?  2

2  ?  1

  ! Languages don’t define the order of operands evaluation

· boolean expression

A and B

(if A=false, B needn’t be evaluated)

A  or  B

(if A=true, B needn’t be evaluated)

But what if B is a function with a site effects?

Solution in ADA:  

· if A and then B then S1 else S2 end if;

· if A or else B then S1 else S2 end if;

Solution in Java (i=1;j=2;k=3;):

· if (i == 2 && ++j == 3) k=4;  ?result

· if (i == 2 & ++j == 3) k=4;  ?result

For the disjunction Java uses || (short evalution), | (full evalution)

· Similar problems – ambiguity of assignment

A[i]:=fce(i);

Pascal

X=F(i)+(i=i+2);

C

#include "stdio.h";

int f(int *a);

main()

{int x,z; int y=2; int i=3;

 x = (i=y+i) + f(&i); printf("%d\n",i);   y=2; i=3;

 z = f(&i) + (i=y+i);

 printf("%d\n",x);

 printf("%d\n",z); printf("%d\n",i);

 return 0;

}

f(int *i)

{int x;

 *i = *i * *i;

 return *i;

}
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#include "stdio.h";

int f(int *a); int g(int *a, int *b);

main()

{int x; int y=2; int i=3;

 x = f(&i) + (i=y+i);

 printf("%d\n",x);   y=2; i=3;

 x = f(&i); x = x + (i=y+i);

 printf("%d\n",x);   y=2; i=3;

 x = (i=y+i) + f(&i);

 printf("%d\n",x);   y=2; i=3;

 x = (i=y+i); x = x+f(&i);

 printf("%d\n",x);   y=2; i=3;

 x = f(&i)+g(&i,&y);

 printf("%d\n",x);   y=2; i=3;

 x = g(&i,&y)+f(&i);

 printf("%d\n",x);

 return 0;

}

f(int *i)

{*i = *i * *i;

 return *i;

}

g(int *i,int *y)

{*i = *i + *y; return *i;

 }

Control statements

If statement:

Original Fortran form:


IF (Boolean expression) statement

Results in too many jumps. More appropriate is 


if  ... then ... else

construction

Problem with nesting:


if x=0 then [(if y=0 then z:=1)1) else z:=2;]2)  dangling else

No syntax indicator for 1st or 2nd in the Pascal construction

Better form:

if ... then ... else ... end if

if ... then ... end if

Case statement:

Pascal:

case expression of  


constant_list : statement1;



....


constant_listn : statementn;

end;

Dialects have alternative else

C, C++, Java

switch (expression) { 


case constant_expr1 : statements;



....


case constant_exprn : statementsn;


default : statements

}

To separate the alternative, break has to be used ( decreased reliability, increased flexibility

ADA:

subranges as  
5..10      and OR as 
5|6|7|10   are allowed

Cycle:

	· loop ... end loop; 
	simple form

	· while ... ;
	End condition is included

	· ... until;

	· 

	· iteration
	


Original Fortran construction:

DO 10 I = 1, 5

...

10

· Pascal construction:

for variable1) := init to final do statement;


1) after finishing has    undefined value

· C++, Java can include variable definition

for (int count = 0; count < fin; count++) { ... }

But in C++  the scope of the count is till the end of the function, in Java the scope of the count is that of the loop body

· ADA       the parameter of cycle is local (default declaration)

Goto statement

Decrease the readability, efficient translation (but problem of local/global label)

Example in PL1: 
Label can have the form of variable.

B1: BEGIN; DCL L LABEL;


...

B2: BEGIN; DCL X,Y FLOAT;



...

L1: Y=Y+X;



...

L=L1;

END;


...

GOTO L; ...

END;

The compiler is not able to recognize an error. Run-time error (goto on the nonexisting label)

! Use the goto at least as possible. 

There is not GOTO in Java (break or continue can replace it partly)

Data Types

Type checking –  compatible types

Compatible type 
– legal



– implicitly converted (coercion)

Strongly typed languages – each name in the program has a single type, which is known at compile time (type errors are always detected). 

Examples nearly strongly typed: ADA, Pascal, Java.

Weakly typed : C++, C, Fortran

Compatibility 
–   name of type

· structure of type

Example: Pascal – neither completely by name nor by structure

type type1 = array [1..10] of integer; 1)

type2 = array [1..10] of integer; 2)

type3 = type2; 3)

1) and 2) – not compatible

2) and 3) – compatible

A: array [1..10] of integer;

{anonymous type}

B: array [1..10] of integer;

C,D: array [1..10] of integer;

not compatible

R := I;

Problems with a type conversion:

a) narrowing
R ( I

(rounding/truncation)

b) widening

I ( R
ad a) I := round(R); I := trunc(R);
conversion can be unfeasible 

ad b) possible loss of precision

PL/1 -takes the concept of coercion to the extreme (coercion between all types)

Example:
DCL
Q
DECIMAL 
FIXED(10,5);


DCL 
N
BINARY
FIXED(15,0);


...


N = 0;


Q = N + 0.1)1;




 1) – converts to binary 0.0001100011...



– truncates to 0.0001

( Q shall be 0.06250

Q = DEC(N) + 0.1

gives right result

Example:

(1/3 + 25) in the case of nonspecified precision of attributes


– gives 5.333 ... 33


– because division shall use highest precision (15,14) and addition has to have the same precision as its operands (numeric character 2 is cut off)

Type binding to variables 


           – static (known before run-time and remains unchanged through execution)

– dynamic (occurs during run time or can change in the 

    course of execution) LISP, APL, SNOBOL

Storage binding for variables
-static





-heap dynamic






-stack dynamic

Scope of variables 
– static




– dynamic

procedure P;

var x: integer;

procedure S1;

begin


... x ...

end; {S1}

procedure S2; var x: integer;

begin


... S1 ...

end; {S2}

begin 


...

   S2;

   …

end; {P}

Pointer Types

– range of values are memory addresses and nil/null (null – ADA)

– used for – indirect addressing


– dynamic storage management (heap)

– pointer operation – assignment



– dereferencing 

– Problem of dangling pointers

[image: image2.png]


new(P1); P2 := P1; dispose(P1); now is P2 dangling pointer

– Problem of lost variables 

new(P1); .... new(P1);  *


* lost variable in the heap

Pascal 
– only heap variables


– full implementation of dispose (to disallow dangling) isn’t 



possible


– dereferencing 

name^

ADA 
– only heap variables (access type)


– dangling pertly alleviated  

– out of the scope of pointer variable its  

heap storage places are implicitly freed  (release)


– dereferencing  (pointer . name_of_item)

C, C++

* dereferencing operator

& operator for producing the address of  a variable

Danger: 

main()

{ int 
x, *p;


x = 10; 
/* p =&x */


*p = x;


return 0;

}

main()

{ int 
x,*p;


x = 10; p=x;  
/* p =&x */

  printf(“%d”,*p);


return 0;

}

Hoare:  “The introduction of pointers into high level languages has been a step backward” (flexibility ( safety)

Java 
– doesn’t contain pointers


– has reference variables (points to objects instead into memory)


– reference variables can be assigned to refer to different class instances. Because Java class instances are implicitly deallocated, you can’t have a dangling reference.


– Heap allocated memory is reclaimed (by the garbage collector) when the system detects it is not longer used.

Example: 

String1) str 2) ;     

...

str3) = “This is a string”;

the same effect as str = new String(“This is a string”);

1) Standard Java class

2) reference to a String class instance (initially set to null)

3) sets reference to the String object “ ... “

Common form:

Class_name
reference_variable_name  // reference variable 







//declaration


...

reference_variable_name = new Class_name4)(parameters if any);

4) constructor has in Java the same name as a class

1.3. Array Types

homogenous aggregate of data elements

Categories:

– Static – subscript ranges are constants, storage is allocated before run-

time (Fortran77)

– Fixed stack-dynamic – static subscript ranges, allocation is done at declaration elaboration time (Pascal procedure’s arrays, arrays of C functions without the static specification)

– Stack-dynamic – subscript ranges are dynamic, storage allocation is done during run-time. They remain unchanged during the lifetime of the array (ADA)

– Heap-dynamic – subscript ranges and storage allocation are dynamic and can change during the array’s lifetime. 


Flexible - Fortran90


ALLOCATE
(M(10, NUMBER_OF_COLS))






...



DEALLOCATE(M)


if it is declared:



INTEGER, ALLOCATEBLE, ARRAY(:,:)::M

C

malloc

int *p;




free


p = malloc(100); /* 100 bytes */

C++

new


int *p;



delete

p = new int [100];



  Java
new


int ref_var [ ] = new int [100];
– Associative array – an unordered collection of a pair of entities (key, value)

In Perl they are called hashes (implemented by hash function)

Example: 

%salaries5) = (“Petr” => 20000,...,”Jane” => 15000);

$salaries6){“Tom”} = 12000;

adding an element
if (exists $salaries {“Petr”}) ...

  delete $salaries{"Anna"};

5) name must begin %

6) reference to individual element

Java – associative arrays supports by the standard class library

Array Operations:
– array initialization

ANSI C and C++


int list[] = {3, 2, 12, 1};

compiler sets the array’s length => errors are not possible to detect

ADA

	list : array(1..4) of integer := 
	(3, 2, 12, 1);

	[image: image3.png]


list : array(1..4) of integer := 
	( 3 => 12, 1 => 10, other => 1);

	
	aggregate values


Pascal – standard has not any initialization of arrays

	– assignment
	[image: image4.png]


A := B
	 enables to use block    instructions

	– comparison
	A  = B
	


– Slices/Dices


a slice is some substructure of an array

Example: 

Fortran 90
INTEGER MAT(1:3, 1:3), CUBE(1:3, 1:3, 1:4)

[image: image5.png]



MAT(1:3,2)

MAT(2:3,1:3)

CUBE(1:3,1:3,2:3)


MAT = CUBE(1:3,1:3, 2)

ADA

only slices of single-dimensional array consisting of consecutive elements

Example:

LONG_VECTOR : STRING(1..20) := “...”;

MY_SHORT_VECTOR : STRING(1..6) := LONG_VECTOR(3..9);

– Arithmetic operations

APL: 

A + B, 

A (1) B, A +.(2) B

1) math inner product (vector of products)

2) sum of inner product

1.4. Records

heterogenity of elements ( fields are referenced by identifiers

– Form of declaration:

Cobol, PL/1

01  EMPLOYEE

02  NAME

03  FIRST CHARACTER(10),

03  LAST CHARACTER(10);

02  SALARY

03  GROSS DECIMAL FIXED(6),

03  TAKEHOME DECIMAL FIXED(6);

Pascal, ADA fixed record

EMPLOYEE : record

NAME : record

FIRST : STRING(1..10);

LAST : STRING(1..10);

end record;

SALARY : record

GROSS : INTEGER;

TAHKEHOME : INTEGER;

end record;

end record;

Reference:

FIRST OF NAME OF EMPLOYEE
EMPLOYEE.NAME.FIRST

Operations:

assignment – types must be identical

comparison ( =, /= ) in ADA

– Union

a type that may store different type values at different times

– Free unions (C, C++, Fortran) – no language support for dynamic type checking

Example: union u_type {int i; char ch;} v1,v2,v3;

– Record variant (Pascal)

Example: 

type R = record


...

case RV : boolean of  
     /*discriminated union*/

false : (i : integer);

true : (ch : char)

end;

var V : R; ...

V.RV := false; V.i := 2; V.RV := true; write(V.ch);

It is legal translated but writes a nonsense.

Example:

type R = record

...

case boolean of


/* it is a free union */

false : (P: pointer);

true : (i: integer);

end;




It is not possible to use a garbage collector
– ADA unions  
only discriminated

Example:

type SHAPE is (CIRCLE, TRIANGLE, RECTANGLE);

type COLORS is (RED, GREEN, BLUE);

type FIGURE (FORM : SHAPE := CIRCLE) is 

record FILLED : BOOLEAN;

COLLOR : COLORS;

case FORM is 

when CIRCLE => DIAMETER : FLOAT;

when TRIANGLE => LEFT_SIDE : INTEGER;

RIGHT_SIDE : INTEGER;

ANGLE : FLOAT;

when RECTANGLE =>  SIDE_1 : INTEGER;

SIDE_2 : INTEGER;

end case;

end record;

FIGURE11) : FIGURE; – unconstrained variant record

1) default is CIRCLE, but you can change it by assignment to the whole record including discriminant

FIGURE1 := (FILLED => true,

COLOR => RED,

FORM => RECTANGLE,

SIDE_1 => 10,

SIDE _2 => 10);

FIGURE22) : FIGURE(RECTANGLE);  – constrained variant record

2) can not be changed to the other form

Always allows type checking ( perfectly safe

Program structure

– Block - allows to define a new static scope in the code

– ADA  
...  
declare V : integer;


begin V := 5; 



Global := V + 1;



end;
...

– Pascal hasn’t blocks

– C, C++, Java blocks { ... }

... if (list[i] < list[j]) {

int V;

V = list[i];

Global = list[j];

};  ...

Rem.: C++, Java allow variable definition to appear any where in a function. Its scope is from the place of definition to the end of  the function.

– Subprograms

– each subprogram has a single entry point

– calling program is suspended during execution of the called

– control returns to the caller when called is finished

Forms of header:

SUBROUTINE name(parameters)

FORTRAN
procedure name(parameters)

ADA

void name(parameters)


C

– Parameters

– positional notation (binding actual-formal by position)

– named notation (binding actual-formal by name)

– ADA, C++, FORTRAN90 formal parameters can have default values

Example (ADA): 

function F(IN: FLOAT; EX : INTEGER := 1; T : FLOAT) return FLOAT;

V := F(200.0, T => 0.01);

Example (C++):

float F(float IN, float T, int1) EX = 1)

V = F(200.0,  0.01);

1) default has to be the last

– Local variables storage

– Static 
+ efficient (no indirect access, no run-time overhead)

 


- inability to support recursion 




  pre 90Fortrans, static declared locals in C and C++

– Stack dynamic

+ enables recursion

+ sharing of memory (today not too much important)

- cost of allocation and deallocation

- can not be history sensitive (retain data of locals between calls – E.g. pseudo-random numbers generation)

Example:

int add(int list[ ], int listlen){

static int sum = 0;

/* static */

int count;



/* stack dynamic */

for (count = 0; count < listlen; count++)

sum += list[count];

return sum;

}

Pascal and descendants, Java, Fortran90 when subprogram is specified as recursive.

– Parameter Passing

mode: 
– in



– out



– in out

The way of data transfers: 
– actual value is physically moved




– access path is transmitted (pointer)

int factorial(int n) {


if (n <= 1) return 1; else return (n * factorial(n-1);

}

void main( ) {


int v;


v = factorial(3);

}
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AR 2.call
dynamic link
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static link
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return address





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






function value





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






parametr   n
          3





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




AR 1.call
dynamic link
             





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






static link





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






return address





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




AR main
main variable v        


Implementation models

– Pass by value

the value of the actual parameter is used to inicialize the corresponding formal parameter. It then acts as a local variable in the subprogram (in mode). Usually realized by actual value moving (otherwise write protect needed), additional storage is a disadvantage. 

Pascal, C, C++, Java, ADA in parameters.

– Pass by Result

formal parameter acts as a local variable, but before return its value is passed to the actual parameter (out mode). Extra storage and move operations are needed. 

Some problems: – call sub(a1, a1)



if declared  sub(f11), f21));




1)  different resulting values can return

– time of address evolution is implementation dependent (time of call / time of return)


Example: parameter list[index2)] 



2) changed by the subprogram

ADA out parameters are this case

– Pass by Value Result

combine pass by value & pass by result. Also called pass by copy (in out mode). Problems as in both previous cases - ADA in out parameters, Fortran 77, 90

– Pass by Reference

It transmits the access path instead of transmitting data values forth and back (address is passed) – in out mode

+ passing is efficient (in time & space)

-  indirect addressing ( slower access

- the actual parameter can be erroneously changed 

Example: Fortran before 77  
SUBROUTINE S(I)

...

I = 5

END

...

CALL S(3)

Rewrites the constant 3
– Aliases can appear 

Example: 

void fun(int *a, int *b){ ... }

...

/* called */ 
fun(&c, &c); 
/* a,b shall be aliases in fun */

Similar aliasing is possible in Pascal

C, C++ pointer parameters

Pascal var parameters

– Pass by name

In out mode. It behaves as if actual parameter is textually substituted for the corresponding formal parameter.

Form – actual parameter binding to a value or an address has to be delayed until the formal parameter is assigned or referenced

+ flexibility

- slowness of passing mechanism (code segments called thunks must be called for every access to  parameters in the subprogram).

Example:

real procedure SUM(x,j,n);

real x; integer j, n;

begin  real S;

S := 0; for j := 1 step 1 until n do S := S + x;

SUM := S

end;

Called as: 
SUM(A[i] * B[i], i, 10);



evaluates : 


but: 
SUM(p + 5, k, 100); => 100 * (p + 5)



  for scalars it behaves as the call by reference

Subprograms as parameters

C, C++ function can not be passed, but pointers to functions can. 

ADA subprogram can’t be passed  -  solved by generics subprograms

– Binding of passed subprogram

procedure SUB1;

var x : integer;

procedure SUB2;

begin write(‘x=’, x);

end;

procedure SUB3;

var x : integer;

begin x := 3; SUB4(SUB2);

end;

procedure SUB4(SUBX);

var x : integer;

begin x := 4; SUBX

end;

begin x := 1; SUB3

end;

1) Shallow binding – the environment of the call statement (SUB4) is the valid -prints 4

2) Deep binding – the environment of the definition of the passed subprogram is the valid (SUB1) - prints 1

3) Ad hoc binding – the environment of the call statement that passed the subprogram  as a parameter is valid (SUB3)- prints 3

E.g. block structured languages use 2, SNOBOL use 1, 3 is not used

Overloaded Subprograms

similar as overloaded operators (multiple meanings)

Overloaded subprograms must differ in

– number 
or

– order 
or

– types  
of its parameters or

– in returned type
if it is a function

Possible to use in C++, Java, ADA

In the case of default parameters in C++ may rise to ambiguity

Example:

void fun(float b = 0.0);

void fun();

...

fun();

/* will cause compilation error */

C++ and ADA enables user-defined overloaded operators

ADA:

function "*"(A, B: INT_VECTOR_TYPE) return INTEGER is


S: INTEGER := 0;

begin


for I in A'RANGE loop



S:= S + A(I) * B(I);


end loop;


return S;

end  "*";

C++

int  operator *(const vector &a, const vector &b);  //function prototype

Summarizing the issues for subprograms:

· what parameter passing methods are used?

· are the types of the actual parameters checked against the types of formal parameters?

· are local variables allocated statically or dynamically?

· if subprograms can serve as parameters, what is the referencing environment?

· if subprograms can serve as parameters, are the types of parameters checked in calls to the passed subprograms?

· can subprogram definitions appear in other subprogram definition?

· can subprogram be overloaded?

· can subprogram be generic?

· is either separate or independent compilation possible?

· are side effects of function possible?

· what types of function values can be returned?

Generic Subprograms

Software reuse 

-polymorphic subprograms

· ad hoc polymorphism (overloaded subprograms)

· parametric polymorphism (generic parameters)

– 00 polymorphism

Parametric polymorphism in C++, ADA

C++ general form:

template<class parameters> function definition that may include the class 

parameters

Example:

template <class Typf>

Typf max(Typf first, Typf second) {

return first > second ? first : second;

}

instantiation is possible for any type where > is defined, e.g. integer

int max(int first, int second) 

 {return first > second ? first : second;}1) 





1) the effect is as this

C++ template function is instantiated implicitly, either when the function is named in a call or when its address is taken with the & operator

Let
  int a, b, c;


char d, e, f;


...


c = max(a, b);


f = max(d,e);

ADA generic functions:

generic


GENERIC FORMAL PARAMETERS

function NAME (PARAMETERS)  return TYPE;

function NAME (PARAMETERS)  return TYPE  is


DECLARATIONS

begin


STATEMENTS

end NAME;

generic 


type ITEM is (<>);

function MAXIMUM(X, Y: ITEM) return ITEM;

function MAXIMUM(X,Y: ITEM return ITEM is

begin 


if X > Y then return X;



    else return Y;


end if;

end MAXIMUM;

function instantiation:

function GRTR_INT is new MAXIMUM(ITEM => INTEGER);

function GRTR_CHAR is new MAXIMUM(ITEM => CHARACTER);

used as

declare


I: integer;


CH: character;

begin


I := GRTR_INT(10, 20);


CH := GRTR_CHAR('c', 'a');


…

end;

ADA generic procedures

with TEXT_IO; use TEXT_IO;

procedure PLANETY  is

 type SLUNECNI_SOUSTAVA is    (MERKUR,VENUSE,ZEME,MARS,JUPITER,SATURN,




      URAN, NEPTUN,PLUTO);

 type TYP_HUDBY is (JAZZ,FOLK,SONATA,METAL);

   generic

      type VYJMENOVANY_TYP is (<>);

   procedure TISK_VYJMENOVANY_TYP;

   procedure TISK_VYJMENOVANY_TYP is

       package VYJMENOVANY_TYP_IO is new 

  

ENUMERATION_IO(VYJMENOVANY_TYP);

       use VYJMENOVANY_TYP_IO;

   begin for I in VYJMENOVANY_TYP loop


   PUT(I); NEW_LINE;


 end loop;

   end TISK_VYJMENOVANY_TYP;

   procedure TISK_PLANETY is new


 TISK_VYJMENOVANY_TYP(VYJMENOVANY_TYP => 

SLUNECNI_SOUSTAVA);

   procedure TISK_HUDBY is new


 TISK_VYJMENOVANY_TYP(VYJMENOVANY_TYP => 

TYP_HUDBY);

begin -- hlavni program

   TISK_PLANETY;

   TISK_HUDBY;

end PLANETY;

Generic formal subprograms in ADA

generic


with function F(X:REAL) return REAL;

procedure INTEGRATE(A,B: in REAL; RESULT: out REAL);
…


end INTEGRATE;

function MY_FCE(X:REAL) return REAL:
…


end MY_FCE;

…

procedure INTEGRATE_MY is new INTEGRATE(MY_FCE);

…

INTEGRATE_MY(FROM, TO, RESULT_VALUE);

1.12 Moduls
-precursors of ADT
Tools for collecting of mutual pertinent resources (constants, types, variables, procedures, functions, classes, modules, exception-handlers, parallel executable parts)

Enables:
encapsulation,


separate compilation,



reuse.

Modul
-interface describing part



-implementation part

Pascal 
units
C, C++
files of related function,  class containers 
ADA

packages
Java

packages, interfaces

ADA modules:



package NAME is





visible declaration;



end NAME;



package body NAME





hidden declaration;



begin





initialization statements;



end NAME;


Context specification clauses:



with 
names of program units;



use
names of program units;

package STACK1 is --specifikace

  subtype STACK_ITEM is INTEGER range -10_000..10_000;

  procedure PUSH(ITEM:STACK_ITEM);

  function POP return STACK_ITEM;

end STACK1;

package body STACK1 is --telo, tvori se specifikaci jednu



      --kompilacni jednotku

  --deklaracni cast

  STACK_SIZE: constant INTEGER := 1_000;

  STACK_ARRAY: array(1..STACK_SIZE) of STACK_ITEM;

  top: INTEGER range 0..STACK_SIZE;

  procedure PUSH(ITEM: STACK_ITEM) is

  begin

    TOP := TOP + 1;

    STACK_ARRAY(TOP) := ITEM;    

  end PUSH;

  function POP return STACK_ITEM is

  begin

    TOP := TOP - 1;

    return STACK_ARRAY(TOP + 1);

  end POP;

begin    
--inicializacni cast

  TOP := 0;

end STACK1;


--hlavni program, vyuziva kompilacni jednotku STACK1

with STACK1,TEXT_IO; use STACK1,TEXT_IO;

procedure STACK1H is

  package STACK_IO is new INTEGER_IO(STACK_ITEM);

  use STACK_IO;

  X,Y: STACK_ITEM;

begin 

  PUSH(5);

  X := 4;

  PUSH(X);

  PUT(POP);  --vystup 4

  Y := POP;  --vystup 5

  PUT(Y);

  NEW_LINE;

end STACK1H;
P1: ^integer;


	...


new(P1);


	...
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