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Abstract Data types

eAnN abstraction is a view or representation of an ent
that includes only the most significant attributes.

e [he concept of abstraction is fundamental in
programming (and computer science).

eNearly all programming languages support
process abstraction with subprograms.

eNearly all programming languages designed since
1980 support data abstraction.
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Introduction to Data
Abstraction

» An abstract data type is a user-defined data
type that satisfies the following two
conditions:

» -The representation of, and operations on,
objects of the type are defined in a single
syntactic unit.

» -The representation of objects of the type is
hidden from the program units that use
these objects, so the only operations
possible are those provided in the type's
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Encapsulation

Original motivation :

Large programs have two special needs:

Some means of organization, other than simply division
subprogrames.

Some means of partial compilation (compilation units tha
smaller than the whole program).

Obvious solution : a grouping of subprograms that are
logically related into a unit that can be separately compiled.
These are called encapsulations.
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Examples ofEncapsulation
Mechanisms

Nested subprograms in some ALGOL-|
languages (e.g., Pascal).

FORTRAN 77 and C - Files containing one
more subprograms can be independentl
compiled.

FORTRAN 90, C++, Ada (and other
contemporary languages) - separately
compilable modules.
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Language Requirements for Dat
Abstraction

» A syntactic unit in which to encapsulate the
type definition.

» A method of making type names and
subprogram headers visible to clients, while
hiding actual definitions.

»Some primitive operations must be built
into the language processor (usually just
assignment and comparisons for equality
and inequality).

»Some operations are commonly needed,
=t Tiiustcbe defined:byther typendesigner.

LANGUAGE)

» e.g., iterators, constructors, destructor



Language Design Issues

»Encapsulate a single type, or
something more?

» What types can be abstract?
» Can abstract types be
parameterized?

» What access controls are
provided?
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Language Examples

1. Simula 67

Provided encapsulation, but no information
Hiding.
2. Ada
The encapsulation construct is the package
Packages usually have two parts: Specification

package (the interface)

Body package (implementation of the entities
named in the specification.
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Evaluation of Ada Abstract D
Types

»Lack of restriction to pointers is
better -

» Cost is recompilation of clients
when the

» representation is changed.

»Cannot import specific entities
from other Packages
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Parameterized Abstract Data Ty

1. Ada Generic Packages

Make the stack type more flexible by maki
the element type and the size of the stack
generic.

---> SHOW GENERIC_STACK package and
two instantiations .
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Introduction

Two fundamental abstraction facilities

— Process abstraction
Emphasized from early days

— Data abstraction
Emphasized in the1980s
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Fundamentals of
Subprograms

Each subprogram has a single entry point

The calling program is suspended during
execution of the called subprogram

Control always returns to the caller when th
called subprogram’s execution terminates
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Basic Definitions

A subprogram definition describes the interface to and the action
subprogram abstraction

In Python, function definitions are executable; in
all other languages, they are non-executable

A subprogram call is an explicit request that the subprogram be exec

A subprogram header is the first part of the definition, including the n

the kind of subprogram, and the formal parameters

The parameter profile (aka signature) of a subprogram is the number,
order, and types of its parameters

The protocol is a subprogram’s parameter profile and, if it is a functio
return type
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Basic Definitions (continued)

Function declarations in C and C++ are often called pro

A subprogram declaration provides the protocol, but no
body, of the subprogram

A formal parameter is a dummy variable listed in the
subprogram header and used in the subprogram

An actual parameter represents a value or address used in
subprogram call statement
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Actual/Formal Parame
Correspondence

Positional

— The binding of actual parameters to formal paramet
position: the first actual parameter is bound to the firs
parameter and so forth

— Safe and effective

Keyword

— The name of the formal parameter to which an actual parameter i
be bound is specified with the actual parameter

— Advantage: Parameters can appear in any order, thereby avoiding
parameter correspondence errors

— Disadvantage: User must know the formal parameter’s names
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Formal Parameter Default

In certalHanguages (e.g., C++, Python, Ruby, Ada, PHP), formal
parameters can have default values (if no actual parameter is passe

— In C++, default parameters must appear last because parameters are
positionally associated

Variable numbers of parameters

— C# methods can accept a variable number of parameters as long as they are of th
type—the corresponding formal parameter is an array preceded by params

— In Ruby, the actual parameters are sent as elements of a hash literal and the
corresponding formal parameter is preceded by an asterisk.

— In Python, the actualis a list of values and the corresponding formal parameterisan
with an asterisk

— In Lua, a variable number of parameters is represented as a formal paramete
three periods; they are accessed with a for statement or with a multiple ass
from the three periods
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Ruby Blocks

Ruby includes a number of iterator functions, which ar
used to process the elements of arrays

Iterators are implemented with blocks, which can also b
defined by applications

Blocks are attached methods calls; they can have parame
(in vertical bars); they are executed when the method
executes a yield statement

def fibonacci(last) first, second = 1, 1 while first <= last
yield first

first, second = second, first + second end

end
puts "Fibonacci numbers less than 100 are:" fibonacci (100)
{|num| print num, " "} puts
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Procedures and Functions

There are two categories of subprogram

— Procedures are collection of statements th
define parameterized computations

— Functions structurally resemble procedures
but are semantically modeled on
mathematical functions

They are expected to produce no side effects
In practice, program functions have side effects
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Design Issues for
Subprograms

Are local variables static or dynamic?

Can subprogram definitions appear in other subprogra
definitions?

What parameter passing methods are provided?
Are parameter types checked?
If subprograms can be passed as parameters and subprogra

can be nested, what is the referencing environment of a
passed subprogram?

Can subprograms be overloaded? Can subprogram be generi
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Local Referencing
Environments

Local variables can be stack-dynamic

Advantages

Support for recursion

Storage for locals is shared among some subprograms
— Disadvantages

Allocation/de-allocation, initialization time

Indirect addressing

Subprograms cannot be history sensitive

Local variables can be static

— Advantages and disadvantages are the opposite of those for stack
dynamic local variables
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Semantic Models of Parameter Passi

In mode
Out mode
Inout mode
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Conceptual Models of

Transfer

Physically move a path Move an
access path
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Pass-by-Value (In Mode)

The value of the actual parameter is used to initialize th
corresponding formal parameter

— Normally implemented by copying

— Can be implemented by transmitting an access path but not
recommended (enforcing write protection is not easy)

— Disadvantages (if by physical move): additional storage is require
(stored twice) and the actual move can be costly (for large
parameters)

— Disadvantages (if by access path method): must write-protect in
called subprogram and accesses cost more (indirect addressing)
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Pass-by-Result (Out Mode)

When a parameter is passed by result, n
value is transmitted to the subprogram; t
corresponding formal parameter acts as a

local variable; its value is transmitted to
caller’s actual parameter when control is

returned to the caller, by physical move

— Require extra storage location and copy operati
Potential problem: sub (pl, pl);
whichever formal parameter is copied

back will represent the current value of pl
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Pass-by-Value-Result
(AQQ%nMggﬁ)pass-by-value and pass-

result
Sometimes called pass-by-copy Formal
parameters have local storage
Disadvantages:

— Those of pass-by-result
— Those of pass-by-value
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Pass-by-Reference

phlogikMogla)

Also called pass-by-sharing

Advantage: Passing process is efficient (no
copying and no duplicated storage)
Disadvantages
— Slower accesses (compared to pass-by-value)
to formal parameters
— Potentials for unwanted side effects (collisions

— Unwanted aliases (access broadened)
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Pass-by-Name (Inout Mode)

By textual substitution

Formals are bound to an access method a
the time of the call, but actual binding to a
value or address takes place at the time of
reference or assignment

Allows flexibility in late binding
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Implementing Parameter-Passing

Methods ,
In most language parameter communicati

takes place thru the run-time stack

Pass-by-reference are the simplest to
implement; only an address is placed in th
stack

A subtle but fatal error can occur with pass
by-reference and pass-by-value-result: a
formal parameter corresponding to a const
can mistakenly be changed
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Languages
— Pass-by-value

— Pass-by-reference is achieved by using poi
as parameters

C++

— A special pointer type called reference type

pass-by-reference
Java

— All parameters are passed are passed by value
— Object parameters are passed by reference
Ada
— Three semantics modes of parameter
transmission: in, out, i1n out; 1inist
default mode
.~ Formal parameters declared out can be

Unit-3 (PRINCIPLES OF
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PRINCIPLES OF PROGRAMMING LANGUAGES(231T508)

Parameter Passing Methods of

Languages (continued)
Fortran 95
Parameters can be declared to be in, out, or inout mode
CH
Default method: pass-by-value

— Pass-by-reference is specified by preceding both a formal para
and its actual parameter with ref

PHP: very similar to C#

Perl: all actual parameters are implicitly placed in a
predefined array named @

Python and Ruby use pass-by-assignment (all data values
objects)
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Type Checking Parameters

» Considered very important for reliability
FORTRAN 77 and original C: none
» Pascal, FORTRAN 90, Java, and Ada: it is
always required ANSI C and C++: choice is
made by the user
» — Prototypes

»Relatively new languages Perl, JavaScript,
and PHP do not require type checking

»In Python and Ruby, variables do not have

«&ypes.{abjects.da), so parameter type
checking is not possible . """
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Multidimensional Arrays as Paramet

»If a multidimensional array is
passed to a subprogram and the
subprogram is separately
compiled, the compiler needs to
know the declared size of that
array to build the storage
mapping function
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Multidimensional Arrays as Parame
and

Programmer is requirgcT?o include the
declared sizes of all but the first subscrip
the actual parameter

Disallows writing flexible subprograms

Solution: pass a pointer to the array and the
sizes of the dimensions as other parameters;
the user must include the storage mapping
function in terms of the size parameters
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Multidimensional Arrays as Paramete
Ada

Ada — not a problem

— Constrained arrays —size is part of the
array’s type

— Unconstrained arrays - declared size is part o
the object declaration
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Multidimensional Arrays as Paramet
Fortran

Formal parameter that are arrays have a
declaration after the header

— For single-dimension arrays, the subscript
irrelevant

— For multidimensional arrays, the sizes are sen
as parameters and used in the declaration of t
formal parameter, so those variables are used i
the storage mapping function
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Multidimensional Arrays as

Parameters: Java

Similar to Ada C#

Arrays are objects; they are all single-
dimensioned, but the elements can be arra
Each array inherits a named constant

(lLengthinJava, Length in C#) that is set
to the length of the array when the array
object is created
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Design Considerations for Paramet
Passing

Two important considerations

— Efficiency

— One-way or two-way data transfer
But the above considerations are in conflict

— Good programming suggest limited access t
variables, which means one-way whenever
possible

— But pass-by-reference is more efficient to
pass structures of significant size
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Parameters that are

Subprogram Names
It Is sometimes convenient to pas

subprogram names as parameters

Issues:
Are parameter types checked?

What is the correct referencing environment fi
a subprogram that was sent as a parameter?
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Parameters that are Subprogra
Names: Parameter Type
Checking

C and C++: functions cannot be passed as parameters
pointers to functions can be passed and their types i

the types of the parameters, so parameters can be ty
checked

FORTRAN 95 type checks

Ada does not allow subprogram parameters; an alternative
provided via Ada’s generic facility

Java does not allow method names to be passed as
parameters
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Parameters that are
Subprogram Names:
Referencing Environment

Shallow binding: The environment of the c

statement that enacts the passed subprog
- Most natural for dynamic-scoped

languages

Deep binding: The environment of the
definition of the passed subprogram
- Most natural for static-scoped languages

Ad hoc binding: The environment of the ¢
_statement that passed the subprogram
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Overloaded Subprograms

An overloaded subprogram is one that has the samen
another subprogram in the same referencing environ
— Every version of an overloaded subprogram has a unique proto
C++, Java, C#, and Ada include predefined overloaded
subprograms

In Ada, the return type of an overloaded function can b
to disambiguate calls (thus two overloaded function
have the same parameters)

Ada, Java, C++, and C# allow users to write multiple versions

of subprograms with the same name
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Generic Subprograms

A generic or polymorphic subprogram takes parameter
different types on different activations

Overloaded subprograms provide ad hoc polymorphism

A subprogram that takes a generic parameter that is used
type expression that describes the type of the parameter
the subprogram provides parametric polymorphism

A cheap compile-time substitute for dynamic binding
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Generic Subprograms
(continued)

Ada

— Versions of a generic subprogram are create
by the compiler when explicitly instantiated
a declaration statement

— Generic subprograms are preceded by a
generic clause that lists the generic variables,
which can be types or other subprograms
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Generic Subprograms
(continued)

C++

— Versions of a generic subprogram are create
implicitly when the subprogram is named in a
or when its address is taken with the & operat

— Generic subprograms are preceded by a
template Clause that lists the generic variable
which can be type names or class names
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Generic Subprograms
eantinued)

- Differences between generics in Java 5.0 and those of
and Ada:

1. Generic parametersin Java 5.0 must be classes

Java 5.0 generic methods are instantiated just once as trul
generic methods

3. Restrictions can be specified on the range of classes that
can be passed to the generic method as generic
parameters 4. Wildcard types of generic parameters
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Generic Subprograms

(continued)
C# 2005

Supports generic methods that are simil
to those of Java 5.0

One difference: actual type parameters i
a call can be omitted if the compiler can infe
the unspecified type
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Examples of parametric
polymorphism: C++

template <class Type>

Type max (Type first, Type second) {
return first > second ? first : sec

The above template can be instantiated for any type for
operator > is defined

int max (int first, int second) { return firs
second? first : second;

}
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Design Issues for Functions

Are side effects allowed?

— Parameters should always be in-mode to reduce side effect (
Ada)

What types of return values are allowed?

— Most imperative languages restrict the return types

— Callows any type except arrays and functions
— C++is like C but also allows user-defined types

— Adasubprograms can return any type (but Ada subprograms are n
types, so they cannot be returned)

— Java and CH# methods can return any type (but because methods a
not types, they cannot be returned)

— Python and Ruby treat methods as first-class objects, so they
returned, as well as any other class

erinciriesor ki@ allowsfunactions tm’gwm&@#e values
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Operators can be overloaded in Ada, C++
Python, and Ruby An Ada example

function "*" (A,B: in Vec Type): return
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User-Defined Overloaded Operators

Integer 1is

Sum: Integer := 0;
begin
for Index in A'range loop
Sum := Sum + A(Index) * B(Index)
end loop return sum;
end AR A ;
c =a * b; -— a, b, and ¢ are of type Vec Type
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Coroutines

A coroutine is a subprogram that has multiple entries
controls them itself — supported directly in Lua

Also called symmetric control: caller and called corouti
on a more equal basis

A coroutine call is named a resume

The first resume of a coroutine is to its beginning,
subsequent calls enter at the point just after the
executed statement in the coroutine

Coroutines repeatedly resume each other, possibly forever

Coroutines provide quasi-concurrent execution of progra
units (the coroutines); their execution is interleaved, but
overlapped
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Coroutines lllustrated: Possi

A Execution Controls

resume o
o from master o
® [ ]
® @
resume Bi ®
. \; resu
® ®
® @
resume B — s
&
\_\\ i
—» resu
o
&
®
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Coroutines lllustrated: Possi
Exegution Controls

resume -
from master &

resume B :_____,,_-————7 resume A

resume B
> —— | — resume A

7

resume B —
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Coroutines lllustrated: Possible
Execution Controls wit
I_Aoops
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The General Semantics of

and Returns
The subprogram call and return opera

a language are together «calle
subprogram linkage
General semantics of subprogram calls
— Parameter passing methods
— Stack-dynamic allocation of local variables
— Save the execution status of calling program
— Transfer of control and arrange for the return

— If subprogram nesting is supported, access t
nonlocal variables must be arranged
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The General Semantics of Calls

and Returns
General semantics of subprogram return

— In mode and inout mode parameters must
have their values returned

— Deallocation of stack-dynamic locals
— Restore the execution status
— Return control to the caller
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Implementing “Simple” Subprogram
Call Semantics

Call Semantics:

Save the execution status of the caller
Pass the parameters
Pass the return address to the callee
Transfer control to the callee
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Implementing “Simple” Subprograms

Return Semantics:

— Restore the execution status of the caller
— Transfer control back to the caller

Required storage:
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Return Semantics

— |f pass-by-value-result or out mode paramete
used, move the current values of those param

to their corresponding actual parameters

— If it is a function, move the functional value to
place the caller can get it

— Status information, parameters, return addre
return value for functions

Unit-3 (PRINCIPLES OF
PROGRAMMING LANGUAGE)



HTTPLWTHTICTHILITTE JHTIPLT
Subprograms:
Parts

e [wo separate parts: the actual cod
the non- code part (local variables and
that can change)

. The format, or layout, of the no
code part of an executing subprogram is
called an activation record

e An activation record instance IS a concret
example of an activation record (the
collection of data for a particular
subprogram activation)
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An Activation Record f
“Simple” Subprogram

Local variables

Parameters

Return address

UAGES(231T508) )
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Code and Activation Records of
Program with |
“Simple” Subprograms [

A< Parameters

Local variables

Local variables

Data < Return address

Local variables

B< Parameters

Return address

Local variables

C< Parameters

Return address

Code <
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Implementing
Subprograms with Stac
Dynamic Local Variable

More complex activation record

— The compiler must generate code to cause
implicit allocation and deallocation  of local
variables

— Recursion must be supported (adds the
possibility of multiple simultaneous activations
a subprogram)
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Language with Stack-Dy
Local Variables

Local variables

Parameters

Dynamic link

Return address
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Implementing Subprograms with St
Dynamic Local Variables:
Activation Record
The activation record format is static, but its size may
dynamic
The dynamic link points to the top of an instance of the
activation record of the caller

An activation record instance is dynamically created whe
subprogram is called

Activation record instances reside on the run-time stack
The Environment Pointer (EP) must be maintained by the run

time system. It always points at the base of the activation
record instance of the currently executing program unit
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An Example: C Function

volid sub (float total,
{

int part)

int list[5]; float sum;
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Parameter

Parameter

Dynamic link

Return address
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An Example Without
= »Recursion

C(y) 7
}

void B(float r) {
int s, t;

N main calls B
} B calls A
void C(int q) { Acalls C
}
volid main () {

float p;

].3.(1.3);
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An Example Without
Recursion

ARI
for B

ARI
for MAIN L

ARl |
for A
«<—Top
Local T
Local g
Parameter R ARl
.<
Dynamic linke{—, forB
Return (to MAIN)
Local ARI
for MAIN

N

ARI |
for c
~<—Top
Local Y
Parameter X
Dynamic link e ARI
for A
Static link
Return (to B)
Local T
Local s
Parameter R AR
Dynamic link @— for B
Return (to MAIN)
ARI
Local Wil

ARI = activation record instance
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Ry

b 7 i

Parameter

Dynamic link e+—

Static link

Return (to a)

Local

Parameter

Dynamic link @—4—

Static link

Return (to B)

Local T
Local
Parameter R

Dynamic link @+—

Return (to MAIN)

Local




Dynamic Chain and Local
Offset

eThe collection of dynamic links in the stack at a g
time is called the dynamic chain, or call chain

eL_ocal variables can be accessed by their offset fro
beginning of the activation record, whose addre
in the EP. This offset is called the local offset

eThe local offset of a local variable can be determined
the compiler at compile time
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An Example With
Recursion

The activation record used in the previo
example supports recursion, e.g.

if”ﬂn <= 1) return 1; 1
else return (n * factorial(n - 1));
<{-—————"""—""—-"—"—"\—"\——————————— - 2

}
volid main () {
int value;
value = factorfat (37, """~
< - 3
}
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Activation Record for

factorial

Functional value

Parameter

Dynamic link

Return address

Return address

PRINCIPLES OF PROGRAMMING LANGUAGES(231T508)
Unit-3 (PRINCIPLES-OF

PROGRAMMING EANGUAGE)




Nested
Subp rams
tatic-s

Some non-C-based ped languages (e.g., Fo
Ada, Python, JavaScript, Ruby, and Lua) use stack-
local variables and allow subprograms to be nested

All variables that can be non-locally accessed reside in
activation record instance in the stack
The process of locating a non-local reference:

Find the correct activation record instance
Determine the correct offset within that activation record instan
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Locating a Non-local
Reference

Finding the offset is easy

Finding the correct activation record insta

— Static semantic rules guarantee that all non-
local variables that can be referenced have be
allocated in some activation record instance t
is on the stack when the reference is made
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Static
Scoping

A static chain is a chain of static links that connects c
activation record instances

The static link in an activation record instance for sub
A points to one of the activation record instances of A
parent

The static chain from an activation record instance connec
to all of its static ancestors

Static_depth is an integer associated with a static scope w
value is the depth of nesting of that scope

PRINCIPLES OF PROGRAMMING LANGUAGES(231T508)
Unit-3 (PRINCIPLES-OF

PROGRAMMING EANGUAGE)



Static Scoping

(continued)

The chain_offset or nesting_depth of a nonlocal refere
the difference between the static_depth of the referen
and that of the scope when it is declared

A reference to a variable can be represented by the pair:
(chain_offset, local_offset),
where local_offset is the offset in the activation
record of the variable being referenced
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Example Ada

~Ssdgrrogram

proce ure Brgs
A, B, C : Integer;
procedure Subl is
A, D : Integer;
begin -- of Subl
A :=B + C; < e ————— -1
end; -—-of Subl
procedure Sub2 (X : Integer) is
B, E : Integer;
procedure Sub3 is C, E :
Integer; begin -- of Sub3
Subl;

FE := B + A: < 2
end; —-- of Sub3
begin -- of Sub2

Sub3
D + E; <= m e — —— -3
end -— of Sub2 }
begin -- of Bigsub
Sub2 (7);
end; -- of Bigsub
begin
Bigsub;
end; of Main 2 }
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Example Ada Program

Call seque%?%ﬁﬂ%?_ g )

Main 2 calls Bigsub
Bigsub calls sub2
sub?2 calls sub3 sub3
calls Subl
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Stack Contents
at Position 1
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ARI for
SUB1

ARI for )

SUB3

ARI for |

SuUB2

ARl for |

BIGSUB

ARI for

Unit-3 (PRINCIPLES MAIN_2

PROGRAMMING LANGUAGE)

N

L

Local iD_TOp
Local A
Dynamic link e
Static link L e
Return (to SUB3
Local E
Local c
Dynamic link e
Static link *-—[--- 3
Return (to suB2 i
Local E :
Local B i
Parameter 7| x :
Dynamic link . i
Static link e
1
)

Return (to BIGSUB)

Local

Local

Local

Dynamic link

Static link

Return (to MAIN 2)

Local




Static Chain

Maintenance
At the call,

The activation record instance must be built
The dynamic link is just the old stack top pointer

The static link must point to the most recent ari of the
static parent

Two methods:
Search the dynamic chain Treat subprogram calls
and

definitions like variable
references and definitions
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Evaluation of Static
Chains

» Problems:

» A nonlocal areference is slow
if the nesting depth is large

» Time-critical code is difficult:

» Costs of nonlocal
references are difficult to
determine

PRINCIPLES OF PROG%IQLQGQG?(BHQOJ;] a n ges Ca n C h a n ge
the nesting depth; and’



Displays

e An alternative to static chains that
solves the problems with that approac

e Static links are stored in a single arra
called a display

. The contents of the displa
at any given time is a list of addresses
the accessible activation record
Instances

PRINCIPLES OF PROGRAMMING LANGUAGES(231T508)
Unit-3 (PRINCIPLES-OF

PROGRAMMING LEANGUAGE)



Blocks

» Blocks are user-specified local scopes for
variables

» An example in C
» {int temp;

» temp = list [upper];
» list [upper] = list [lower];
» list [lower] = temp

> }

» The lifetime of temp in the above example

«hegins.when,.control enters the block
»An advantage of using a local’Variable like
temp is that it cannot intéfrferd with’ahv




Implementing
Blocks

Two Methods:

Treat blocks as parameter-less subprogram
that are always called from the same locatio

— Every block has an activation record; an instanceis
created every time the block is executed

Since the maximum storage required for a bloc
can be statically determined, this amount of
space can be allocated after the local variabl
in the activation record
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Implementing Dynamic
Scoping

Deep Access: non-local references are
by searching the activation record inst

on the dynamic chain

- Length of the chain cannot be statically determined
Every activation record instance must have variable nam

Shallow Access: put locals in a central plac
— One stack for each variable name
— Central table with an entry for each variable na
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USITYE DIldWUwW
Access to
Implement Dyna
Scoping

void sub3 () {
int x, z;

X =u + v;
}
void sub2 () {
int w, Xx; A
} " 2 C
void subl () {
int v, w; MAIN_ﬁ MAIN;ﬁ B

} 1] Vv X

void main () {

int v, u; (The names in the stack cells indicate the
prigrLE o procranine Lnauiceseos - program units of the variable declaration.)



Summary

A subprogram definition describes the actions represe
the subprogram

Subprograms can be either functions or procedures
Local variables in subprograms can be stack-dynamic or s

Three models of parameter passing: in mode, out mode, a
inout mode

Some languages allow operator overloading
Subprograms can be generic
A coroutine is a special subprogram with multiple entries
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Summary

Subprogram linkage semantics requires
action by the implementation

Simple subprograms have relatively basic
actions

Stack-dynamic languages are more comple

Subprograms with stack-dynamic local
variables and nested subprograms have two
components

— actual code
— activation record
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