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Review

Modularization Principle of
Parnas [Par72]

. begins with a list of di

ficult design

decisions or design decisions which are likely
to change. Each module is then designed to
hide such a decision from the others.




Quiz #1 (10min)

Criticize the code from a
viewpoint of modularity.

It determines whether
parentheses like
O[] {} in a string match.

Algorithm: scan from left to
right; with an open paren.
push it on the stack; with a
close paren, pop from the
stack and check matching.

Int corresponding(char* string) {
char* stack = malloc(...);

int top = 0;

for (inti = 0; i < strlen(string); i++) {

char ¢ = string([i];

If (is_open(c))——.

stack[top++] = c;

is ¢ an open paren?

else if (is_close(c) && (top==0 ||
ack[--top] '= opening(c))

return fals&:

}

return true: | IS c a close paren?

}

gives a matching
open paren for c
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Quiz #2 (10min.)

We separate the implementation
of the stack. Criticize from a
viewpoint of modularity.




Quiz #3 (5min.)

B Discuss what a module interface
defines.

Note 1: a module has an interface and an
Implementation

Note 2: defines = what kind of information we
should write

> You can use the stack data structure as an
example.



Internal data representation

(Quiz #1)
M Internal
representations
are likely to
change
M eg. stack

» array + index
> linked list




Module mechanism in general

user

/ uses implementations
through names in the IF

interface ‘

/ defines names of
functions, variables and

types

Implemen-
tation

defines bodies of
functions, variables and

types
(covering those defined In

the IF)



Module mechanism in C

Interface: *h (header file) Fnclude “stack.n®
_ int corresponding(char* str) {
prototypes with extern stk s;
V stk_init(&s);

typedef struct stack { char* c; int t; } stk; for (1I=0;1<..;i++){
extern void stk_init(stk* s);

extern void stk_push(stk* s, char c); USGI’:I _ :
extern char stk_pop(stk* s); SpeCIfy via #include

' Kk *S); tack.h :
extern int stk_empty(stk* s);  stac use functlons, vars.

#include "stack.h" stack.c SIK_PUPLGs) = UPETITgLL
void stk_new(stk* s) { ... } return false;

void stk_push(stk* s, char c) imp|ementati()n'
{ s-=>c[stk->t++] = c; } .

char stk_pop(stk* s) { return g Specify IF via #include
int stk_empty(stk” s) {retun ¢ defines functions, vars.




Enforcement of
the module mechanisms

B enforcing (i.e., iInformation hiding): users
can use only names In the interface
»Uusing other names causes an error

»changes of non-exposed functions etc.
won't affect the users

B not enforcing: interface serves merely
as a guideline to the users



C: non-enforcin

H definitions In a
module can be
accessed from
outside by writing
extern decls.




Problem of modular data
representation (Quiz #2)

#include "stack.h"
users depend on int corresponding(char* str) {

internal representation stk s;

stk_init(&s);
typedef struct stack { char* c; int t; } stk; for (I=051<..;i++){

exter - * <) char ¢ = str[i];
Ziiii Internal data representation

p— should be hidden! o
;[/yo?gd VS

(e>d users have to use be able to

ns| aCCess some data represent’n




Abstract data types!-274

B Module mechanism for data types

e uses provided type
user 1 names | .
 uses provided functions

interface‘ ___—"+ names of providing
types and functions

* Internal representation

implemen- |_— oftypes

:  function bodies wirt
tation representation




CLU

[LZ74, LAB+79

data type definition

data type =
provided funcs.
+ Internal repr.
+ Impl. of funcs.




CLU

[LZ74, LAB+79

data type definition

str: array[1..] of char;

S: stack; user
I iInteger;

use of type
fori=1to...

char c = str]i];
if(is_open(c))
stack$push(s,c);
else if (is_close(c) &&
stack$empty(s) ||
stack$pop(s) != opening(c))
return false;
end for;
return 1;

stack: cluster is push, pop, empty;

rep = \i provided functions

(tp: integer;

stk: array[1..] of Chaﬁﬁ? internal repr.

create ... end

push: operation(s: rep, v: char);

S.tp = s.tp+1,;
s.stk[s.tp] ;= v; iImpl. of functions

return;
end
pop: operation(s: rep) returns char;
S.tp :=s.tp -1;
return s.stk[s.tp+1];
end
empty: operation(s: rep) returns boolean,;

end stack



Guarantees given by

a module mechanism

B As long as:
»the interface is not changed,

»a module provider defines functions as
defined by the interface, and

»a module user uses only functions defined
In the interface,

a module system guarantees that

the provider can Safely?

change module implementations



Safety guaranteed by
a module mechanism

B A program can be executed
vs. modules are failed to be connected
B A program "runs”
vs. a function to be called is not defined
vs. when a function is called, the program stops

~roughly equivalent to be type safe

type safety: when a program passes data,
the type of the data is the same one as expected



IS this
a correct stack definition?

#include "stack.h" stack.c
struct { char* c; int size; int head; int tall; } stk;

stk* stk_new(intlen) { ... } z

void stk _push(stk* s, char c) { f f
s->c[stk->tail] = c; head tail
stk->tail = (stk->tail+1)%stk->size; }

char stk_pop(stk* s) {
stk->head = (stk->head+1)%stk->size;
return s->c[stk->head]; }

Int stk_empty(stk* s) { return s->tail == s->head,; }



Liskov substitution principle
[Lis87]

If for each object o, of type S there is an
object o, of type T such that for all
program P defined in terms of T, the
behavior of P is unchanged when o, IS
substituted for o,, then S is a subtype of T.



Behavioral subtyping!-V®4

B An interface defines abstract states and
behaviors of a module

» Behaviors: precondition + postcondition

B Eqg: a stack
» (abstract state) | : list of elements
» push(x) : (post cond.) |,oq; = lype i X

» pop(x) : (pre cond.) I, # @
(post cond.) ret = last(le), |05t = butlast(l,)



How behavioral subtyping
IS used

H Interface
» Abstract state & behavior

B Module provider

» defines correspondence between internal state
and abstract state, and

» defines functions so that "when each function is
executed under a state where preconditions are
satisfied, the post conditions will be satisfied"

B User
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Liskovig #2 R Bl [LW94]

Subtype Requirement: Let ¢(x) be a
property provable about objects x of type
T. Then ¢(y) should be true for objects y
of type S where S Is a subtype of T.
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ALGOL68 module



typical module systems

B module name
M exports

B use / Imports

M interface

B implementation
M “signature”



5 Z [XCXOIAVATIE

HC:
>interfaceld~NyF TJ7A)L
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B Java
>interfaceld 7L (V5 ATEZHNKA)
>exportsidpublicEE§
>useldZiL (import(X B % A& ED)




EDa1— )LD A EE LR &Y

1)

A EDES

BE DA (EDQERES

W2 <= EH

BEHZLFOZEH =L a1—ILOREE
>RYrIRT
>BHMERY




DE|IQ /NI



EDA— )LD RE™

BEZMMZ TR > BESMZ THHEFFAY
[Z&h<

AR &
>V INAIJLTED., [T D—Hl
>EHOEETEIZR DT &7




MR —>21



CLUE:E



[BlRE: [/ 23 T7x—X 1D HYA

BESTHRRIEIT DN

Eoa—)L

BEE (—HRMGEIED2—IL)):
> RELGVATLDE D ZERT H5ED
>DED 2—ILEDEEFENFHIBIEINTLNS




IR EZ8 4 & (behavioral subtyping)
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