CS 126 Lecture P5:
Abstract Data Type

Outline

¢ |ntroduction

* Stacks (and queues)
* Stack and queue applications
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Data Type and ADT

bata *_HE‘ ' e
s 52t of values
¢ collection of operations on these values
ex: short int
sset of values between -32768 and 32767

= arithmetic operations + - = /
Abstract data type (ADT) N
= data type whose representation is hidden

= —_——rae
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Interface, Implementation, and Client

] A

Im plementation

® /7

Volume Channel

Client Interface

s Separate implementation frem specification
INTERFACE: specify the allowed operations
IMPLEMENTATION: provide code for ops
CLIENT: code that uses them
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Advantages of ADT

Representation is hidden in the implementation
Client program does not need to know
*how* the implementation works

® Advantaqes
£ Eli?trthf clients can use the same ADT
* can change ADT withaut :hnnging clients

s Convenient way te organize large programs
¢ decompose inte smaller problems
s substitute alternate solutions
¢ separate compilation

ild librar

Powerful mechanism
for building layers of abstraction

Client can work at higher level of abstraction
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“Non-ADTs”
interface: typedef struct {int p; int g;} Rational;
client: Rational a; a.p = 3; Non-ADT
interface: typedef struct {int p; int g;} Rational; ADT

void setRationalP(Rational *r; int x);

implementation: void setRationalP(Rational *r; int x)
{r->p = x}

client: Rational a; setRationalP(&r, 3);

© Rational data type (Assignment 3) is NOT an AD1
representation is in interface
Are C built-i es ADTs 7
ALMO3T: we generally ignore representation
NO: set of values depends on representation
YE>: good programs use {limits.h} to function
properly independent of representation

Cs126 6-5 Randy Wang




Outline

ntroduction
* Stacks (and queues)

* Stack and queue applications
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Stack and Queue Definitions

*Frotatypical data types
set of operations on ganeric data )

STACK ("last in, first osut” ar LIFO)
puzh: add infe te the data structure
ep! ramove tThe Info meoest recentiy added
{initialize, tes+t if aemptyl

@RUWEUVE ('firs+ in, first out’ ar FIFO)
Eu-l", add infa +o +he doata structure
Ft'r: remave the info LEAST recently added
initialize, Test if amptyl

Could use gither
array gr linked lis+t
to implement zither
stack or queue

Client can woerk at higher level of abstraction

T ——

[2tay tuncd) pa—
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Interface, Implementation, and Client

] R

Im plementation
(stack.c)

‘ ﬂ include

Volume Channel

Client (myprog.c) Interface (stack.h)
N— B 4

#include

* “Client” needs to know how to use the “interface”

*“Implementation” needs to know what “interface” to
implement
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[ Stach interface and client -j

Interface (3TACK.R)

D —— T —

——

void STACEinmic():
—— e i
int STACKempty{):
vold STACEpushi{int):
int STACEpop();

Client (myprog.c)

(#im:lud.e "ETARCE.R"

mainygl

{ int a, b
STACKIinit ()
L en I
STACEpushia) 5
o e LR e ey

b = BETACEpop{)r

—

Client uses data type, without regard to how
it is represented or implemented




Index of 1st empty slo
_ '

Time

[ Array implementation of stack [of ints) ]

& Push and pop at the end of the array
[ #include «<stdlib.h>

#includs “STACE.h"

int s[1000]s

int Mj
Post-increment:
vold STACEinit() .
(W= 0;} s[N] = item;
int STACKampty() N+:1;
[ return H == 0Oy }
ool g Pre-decrement:
[ a[R++] = item;
int STACKpep() N-=1;
[ return a[==H]} 5
K_______ return s[NJ;

# Client and implementation bgth include >TACK.h
{could be compiled separately)
can be compiled with ene command

oo mMyprog.oc st uclﬁ.‘t‘t‘l}.‘.j
& . ouk

Problem: have to reserve space for max size
(see Program 4.4 in text for solution)

[: Array stack example ]

2[0] 2[1] a(2] =a[3]

o
e W
'
pushil} 2 3 "':":#1#_

t = popi} | 1

pushid4) | 2 ll-_ A
push(t} | 3 ol T ]/h{:l

&
push(5) | 4 B ]l il 1 V&3

Jtﬂpﬂpﬂ 3

t = popl}

ba
i
i

t = popi{} |1




[ Linked=lis+ implementation

)

af stack

# Push and pop nodes at the front of the list

finclude <atdlib.hs
Finsluda <STACE. hx

struct ETACKnods [ inc itemy
static link head;
link MEW{int item, link next)
B-*item = item; H=-rOoaxbt
return i
1
vold BTACKiniktd{)

{ head = NULL; }
int E'r.ﬁummt-:r”

{ return head == HOLL: }
H’mhl’inb iteam}

{ head = NEW|ite=m, haad);
int ETACEpop!)

{ int item = head-ritam;
1 = head->na=t;

typedef struck EBTACERods* link;

link next; }r

{ link = = malles{alzact *m))

= naxk;

Opposite ofmalloc
gives memory back
to computer

return item;
Nt

®3witch implementations without changing

interfase or client
—— i
L‘.ﬂ; myproeg . e dtackldst.o

A, o

I"

Demo Linked Li

st Stack
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E: Linked=list stack txample _]

push({3]

pushil]
3 i

t-n-u-:lu a 1=

pushi4] %l
rushit) ﬁ%‘
%b
push{5]
| Sy
3 |41
-] B g,

same G5 .t-[for array

Outline

* Introduction
* Stacks{and-gqueues)
e Stack and gueue applications
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[ Reverse polish (postfiz] notatien }

{Prnﬂi::ﬂ example of use of stock abstraction

& Put operator after operands In expression . . |
8 Use stach teo evaluate IanX._a +D
operand: push it on stack postfix: a b +
eptrater: pep eperands, push result  infix: 9*16"4 + 7*16"3+5*16"2 + 3*16"1
¢ Systematic way to save intermediate results ,{
4
Ex: convert grgy from hex to decimal ’
5 16 16 16 16 + = * * 7 16 16 16 = + +
£ 16 16 4 0N 16 1 4+

-

18

16 1§ 22 4+
16 16 16

16 16 16 14 L{-
16 1& Z56

16 4056

9 BE5538

588834

SE3834 7

WO M N R WD

Se0034 TEET2 LIED 48 L
589834 ZG6TI 1380 40
589834 28672 1329
533834 30001

618835

Ex: alternate implementation
_-'315-1+Lur’5’+1s*3+1m

i!-;?c—h pever has more than twe numbers en itf
HORNIR's METHOD (see lecture Al Bl

[ Postfin expression evaluatien in © _]

Classic pushdown stack cliant
[ﬁltlslwith. Frp!rqn 421

number of-inputs to main
array of input strings _
number of characters in string

finoclude «scdis.hs
#includa «<gkring.hs
Bincluds "Item.h”
Hincluds
meainf Lot char m

{ char *a -gmrn.]; int i, B =(strienis));

STACELndt (N} ; . .
i 1M/Vfor each charagcter in the string
: if (a[l] == rer pop two items, add them up, and push result back

( STACEpuch( ETACEpop | | # 8TRCEpop ) ) § )

if (afi] == rer)

if ((afi] »= f0’) && (ali] <= *9¢)) deal with digits:
STACKpush (0] ; -pop the previous digits,

whila {({a[i] »= ‘0] E& {a[i] == *Or}) .
BTACToush [ 10° BEACKpop | )+ (a [L44] <# 0 multiply the number by 10,

} add the new digit,
priotf("%d " ", EACEpopi))» and push the partial answer back.

}

% a.oat "I I 4"

4

% a.out "13 24 +°

36

Ba.cut "5 9 8 + 4 5 % &7 5 # B
2075

LT



Demo Postfix Calculator
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( PostScript :l

postfix lanquage, abstract stack machine

Ex;: conver ecimal
9 16 mal 7 add 16 mal 5 add

16 mul 3 add 16 mul 1 add

(Heeneq's
Stack: ﬁﬂm)
s operands for operators

& arguments for functions

areturn values for functions

GCoordinate system: rotate, translate, scale, ..
Turtle commands: moveto, lineto, rmoveto, rlinete
Graphics commands: stroke, fill, ...

metic: add, sub, mul, div, ..
Stack commands: copy, exch, dup, currentpeint, ...
Control construsts: if, ifelse, while, for, ...
Pefine functigns: /XX { ... } def

® Everyone's first program: draw a box
i
50 50 translate

0 0 moevets 0 512 rlinebas

E12 0 rlinmeto 0 =512 rlineto =512 0 rlineto
stroka

showpage




“First Class” ADTs

{ {
Stack s1, s2;
stackinit(); sl = stacklnit(); s2 = stackinit();
stackPush(5); stackPush(s1, 5); stackPush(s2, 8)
} }

*“First Class” ADTs
- An ADT that is just like a built-in C type
- Can declare multiple instances of them

inputs

* So far, only one stack (or queue) per program

- Pass specific instances of them to the interface functions as
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[ "WAR" using abstract data types ]

& Need "first class” queue ADT
* declare variables of type queue
# use them as arguments to functions
* hide representation from clients
8 Interface, implementation?
[“object-oriented programming: stay tuned]
“peace’ client code, FYI
__["QUEVE =} "@" in identifiers, for brevity)
fILt play{Q deck]

| { int Aval, Bwal, i, cont = D;(E‘T = qinit[}E}_H\

deal (deck) ;
[ while ((!{Qempty{Ah)) && (IQempty(B))])
{ cnk+4;
Aval = Qget(A); Bwval = Jdget(B];
if (randI(2)})

{ gput (T, Aval); Qput(T, Bval); }
| else { Qput(T, Bval); Qput(T, Aval); )
if (Aval % 13 > Bwal % 13)
|_ C;hiln { 1Qempey (T)) Qput{h, Qget(T)):

| alsa
while (!Qempty(T)} Qput(®, Qgeti{T)):

1
L return ank;
¥ I T

Advantaqe: aveid details of linked lists
mﬁnavnh+n§l:=dd details of interface

Randy Wang

Take one element
from the T queue at
a time, add it to the
A gueue, and repea
until the T queue

is empty.

(Not most efficient.)

t




Conclusion

* ADT is one of the most important concepts for managing
software engineering complexity

* Learn to identify the possible use of ADTs in a program

* Learn the proper decomposition and encapsulation using
interface and implementation files
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