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A Fable         (by John C. Reynolds, 1983)
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int SymTable_put(
SymTable_T oSymTable,
const char *pcKey,
const void *pvValue);

void *SymTable_get(
SymTable_T oSymTable, 
const char *pcKey);
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Retelling the Fable

5

Programming in the Large Steps

Design & Implement
Program & programming style (done)
Common data structures and algorithms (done)
Modularity  <-- we are here
Building techniques & tools (done)

Debug
Debugging techniques & tools (done)

Test
Testing techniques (done)

Maintain
Performance improvement techniques & tools
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Goals of this Lecture

Help you learn:
How to create high quality modules in C

Why?
Abstraction is a powerful (the only?) technique available for 
understanding large, complex systems
A software engineer knows how to find the abstractions in a large 
program

s 
abstractions via its modularity

This is one of the two most important things that will get you 
promoted from programmer to team leader ( . . . to CTO)
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Abstract Data Type   (ADT)
A data type has a representation

and some operations:

struct Node {
int key;
struct Node *next;

};

struct List {
struct Node *first;

};

struct List * new(void) {
struct List *p;
p=(struct List *)malloc (sizeof *p);
assert (p!=NULL);
p->first = NULL;
return p;

}

void insert (struct list *p, int key) {
struct Node *n;
n = (struct Node *)malloc(sizeof *n);
assert (n!=NULL);
n->key=key; n->next=p->first; p->first=n;

} 8

struct List;

struct List * new(void);
void insert (struct list *p, int key);
void concat (struct list *p, 

struct list *q);
int nth_key (struct list *p, int n);

An abstract data type has a hidden 
representation; 
must access the type through its 
interface operations:

Barbara Liskov, a pioneer in CS

Barbara Liskov and Stephen Zilles.
"Programming with Abstract Data Types."
ACM SIGPLAN Conference on Very
High Level Languages, April 1974.
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Specifications

the implementations of insert, 
concat, nth_key), then how are 
you supposed to know what they do?

struct List;

struct List * new(void);
void insert (struct list *p, int key);
void concat (struct list *p, 

struct list *q);
int nth_key (struct list *p, int n);

new()

insert

concat

nth_key
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Reasoning about client code
struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

new()

insert

concat

nth_key

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

p:[]
p:[]  q:[]
p:[6] q:[]
p:[7,6]  q:[]
p:[7,6]  q:[5]
p:[7,6,5]  q:[]
p:[]   q:[7,6,5]
return 6
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A dumb (but correct) 

implementation

struct List {int len; int *data};

struct List * new(void) {
struct List *p = (struct List *)malloc(sizeof(*p));
p->len=0;
p->data=NULL;
return p;

}

void insert (struct List *p, int key) {
int i;
int *a = (int *)malloc((p->len+1)*sizeof(int));
for (i=0; i<p->len; i++)

a[i+1]=p->data[i];
a[0]=key;
p->len += 1;
p->data = a;

}

void concat (struct List *p, 
struct List *q) {

int i;
int *a = (int *)malloc((p->len+q->len)*sizeof(int));
for (i=0; i<p->len; i++)

a[i]=p->data[i];
for (i=0; i<q->len; i++)

a[p->len+i]=q->data[i];
p->len += q->len;
p->data = a;
q->len = 0;
q->data = NULL;

}

int nth_key (struct List *p, int n) {
if (0 <= n && n < p->len)

return p->data[n];
else return 7;

}

3
7
6
5

len
data

12



A smarter 
implementation

struct Node {int key; struct Node *next;};
struct List {struct Node *first;};

struct List * new(void) {
struct List *p = (struct List *)malloc(sizeof(*p));
p->first=NULL;
return p;

}

void insert (struct List *p, int key) {
struct Node *n;
n = (struct Node *)malloc(sizeof *n);
assert (n!=NULL);
n->key=key; n->next=p->first; p->first=n;

}

void concat (struct List *p, 
struct List *q) {

struct Node *t = p->first;
if (t==NULL) {

p->first = q->first;
} else {
while (t->next != NULL)

t = t->next;
t->next = q->first;

}
q->first = NULL;

}

int nth_key (struct List *p, int n) {
struct Node *t = p->first;
while (n>0 && t!=NULL) {n--; t=t->next;}
if (t==NULL) return 6;
else return t->key;

}

7 6 5
first
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Representation vs. abstraction

7 6 5

3
7
6
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p:[7,6,5] 

p:[7,6,5] 

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

p:[]
p:[]  q:[]
p:[6] q:[]
p:[7,6]  q:[]
p:[7,6]  q:[5]
p:[7,6,5]  q:[]
p:[]   q:[7,6,5]
return 6

No matter which implementation
is used, the client program

(Might be faster with
the smart implementation)
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Underspecified behavior

7 6 53
7
6
5

int nth_key (struct List *p, int n) {
if (0 <= n && n < p->len)

return p->data[n];
else return 7;

}

int nth_key (struct List *p, int n) {
struct Node *t = p->first;
while (n>0 && t!=NULL) 

{n--; t=t->next;}
if (t==NULL) return 6;
else return t->key;

}

nth_key
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ADT modules in C (wrong!)
list.h
struct List {int len; int *data};

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

#include "list.h"

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

client.c list_array.c

#include "list.h"

struct List * new(void) {
struct List *p = (struct List *)malloc(sizeof(*p));
p->len=0;
p->data=NULL;
return p;

}

void insert (struct List *p, int key) {...}

void concat (struct List *p, *q) { ... }

int nth_key (struct List *p, int n) { ... }
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ADT modules in C (right!)
list.h
struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

#include "list.h"

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

client.c list_array.c
#include "list.h"

struct List {int len; int *data};

struct List * new(void) {
struct List *p = (struct List *)malloc(sizeof(*p));
p->len=0;
p->data=NULL;
return p;

}

void insert (struct List *p, int key) {...}

void concat (struct List *p, *q) { ... }

int nth_key (struct List *p, int n) { ... } 17

ADT modules in C (alternate implementation)

list.h
struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

#include "list.h"

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

client.c list_linked.c
#include "list.h"

struct Node {int key; struct Node *next;};
struct List {struct Node *first;};

struct List * new(void) {
struct List *p = (struct List *)malloc(sizeof(*p));
p->first=NULL;
return p;

}

void insert (struct List *p, int key) {...}

void concat (struct List *p, *q) { ... }

int nth_key (struct List *p, int n) { ... } 18



What happens compiling client.c
list.h

struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

#include "list.h"

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

client.c

struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

int f(void) {
struct List *p, *q;
p = new(); 
q = new();
insert (p,6); 
insert (p,7);
insert (q,5);
concat (p,q);
concat (q,p);
return nth_key(q,1);

}

p->field

sizeof (struct List)

sizeof (*p)
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enforcement

list.h
struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

struct List; struct List {fields...};
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discipline

list.h

#include "list.h"

. . .

client.c list_linked.c
#include "list.h"

. . .
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list.h
struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

#include "list.h"

struct List {int len; int *data};

int f(void) {
struct List *p, *q;
p = new(); 
if (p->len > 0) 

return p->data[0];
else return 8;

}

client.c

struct List;
struct List {fields...};

Doctor, it 
hurts when I 

do this
do that!
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Finishing up the module interface

struct List;

struct List * new(void);
void insert (struct List *p, int key);
void concat (struct List *p, 

struct List *q);
int nth_key (struct List *p, int n);

void free_list(struct list *p);
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freeing a List

struct Node {int key; struct Node *next;};
struct List {struct Node *first;};

void free_list(struct list *p) {
struct node *u, *t = p->first;
free (p);
while (t!=NULL) {

u=t->next; 
free(t);
t=u;

}
}

7 6 5

6 5

6 5

7 6 5
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Module Design Principles

We propose 7 module design principles

And illustrate them with 4 examples
List, string, stdio, SymTable 

Continued in next lecture . . .
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