CS 126 Lecture P3:
Data Structures

Outline
(This is a hard lecture--study these slides after clags.

¢ |ntroduction

* Array

e Structure

* Linked list

* Implementation: C pointer
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Why Data Structures?

\ Users’ views: students, bank records, ...
??7?7?
C basics: int, float, char, ...
Memory elements

* Users’ needs
- What to do when we have a large amount of data to deal
- Want to organize it in ways that are easy-to-understand
- Want to be space-efficient
- Want to be time-efficient

* What hardware gives us

- Just a bunch of uniform, individually addressable storage
elements

* Want to bridge the gap between the abstractions

with?
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Data Type and Data Structure

bata TYPE

* set of possible values for variables
* mnﬂans on those values

Ex: int, ;ﬂu_n'h char, ...

bata STRUCTURE

® collection of related values
* mechanism for uﬁnhizihg_infnrmnﬂuﬂ
xamples [stay tunedl:

* built=in: array, struct

® linked: linked list, binary tree

= compound: array of structs, list of trees

® READ SEDGEWICK, SECTIONS 3.4, 3.2, 3-3

L . T—
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Outline

* Introduction
* Array
e Structure

* Linked list
* Implementation: C pointer
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Array

Memory address Index Content array nameword
100 0 h 3rd letter:word[2]
101 1 e
102 2 I
103 3 | (analogy: seats and
104 4 0 students)

Fundamental data structure A

¢ HOMOGENEQUS collection of values
(all the same type)
¢ store values sequentially in memory
» associate INDEX with ecach value
®» use array name and index
L to quickly access kth for any k_
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Array (cont.)

Concise and efficient method for working
with large collections of data values

® Most important limitation:
need to know size ahead of time

e Natural applications
e vactor, matrix
e spreadsheet
e string of characters

e

Computer memory is a huge array
(array abstraction is ecasily implemented)
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IC Example of array use }

Symbolic manipulation of Pu1|.|lr|.pll.ia.l:.

C reprasentation sf x g + guc + 7
int a[10]; q 5
for i = Oy 4 < 105 d++] —\\\' K +3:‘ +I_"
{ afi] = 0y '|
\ald] = Ty a[5] = 3p a8l = 14

Passible memary representation of wp + kLol +7
T 'll . L-.‘-'"nj

+ 0 Use exponents as array indices
/Store coefficients in the array

A WNRFRO

Memory address

[assumes array stered in locatiens jee—iapl

ﬁ.l\-"nh'l‘nﬂ-l.l of array use for this application:
can get to Lach item quickly
index carries implicit infs, takes no space
bisadvantage: Uses up space for unused items

Fra



[ Hisfegqram program Sample run J

Histegqram of grades for a recent CO%a2d class

% more histo.data

60 69 67 65 60 68 67 9a(5s5d 21 96 55 243D &0
f4 65 23 64 94 63 65 BS 93 I8 92 6% 61 AT 57
55@95 B5 28 594 BE 53 53 B4 BE 53 B4 52 53 53
90 B4 BT BE S0 @5 ET 31 B7 87 BT 85 BS EA A7 8O
90 BS 81 B5 B4 TE S0 85 79 91 83 TS5 76 & 75 2%
75 TE B9 TE 90 81 74 T8 B0 76 A0 81 B4 TE TR T4 |
T3 B4 T4 77 B4 TE TE 82 T0 7T A3 TE T4 TO 83 Vo |
T2 73 BT A1 71 68 &4 83 V1 TZ B4 T 83 B3 To '."l.[
€9 B2 BT T3 A0 |

% oo histo.o |

% m.ont <« histo.data
1o
:D LR
3
ar
Eu TEREAATTCAAATEOOE
| Tl:l A A RN RRSRR R R R R YRR R NN RN LR L]
I au LR R R R RS E R ER SRS SRR RIS R R RS SRR RS R R EL R R

I g sEEddedFddddadiddbdbriidihea T

\

. —lp:

[_ Pample program: compute histogram :I
Based en key feature of array
use data as index

HISTOSGRAM: bar graph of numbar of sccurences
gf cach doata value

Ex: class grades in o-pp range
how many In a—p, 18—19. 28=19, Fe=3f, .~ ranigss

fipcluda cgtdis b _hh‘\.
maini] 1

| st g, 5. vels |_wlinitialize all the histo-bins to p.
int hi10]7 rl/
Lfor (i = 0; i « 10; Ses) hii] = 0 {i=val/10;

while {scanf{=%d", Eval)] |= EOF)

e T s !

I hivalsi0)++; F B 1h[i]++; }
Eor (1 = O3 § < 105 F++)
1 Calculate which bin;

prineri"=ad-xad =, 710, j10+9); Increment that bin;
for (L = OF 4 < Wijlr d++] | ’

\ printE( v ™)} I|I fOf a." bInS

I'M, printf{" "}; —=| print right # of stars for eaq
] —

22 alse Frogram 3.7 In Fedgewick



Demo 1

0 5

"
7 8 9

Outline
* Introduction
* Array
e Structure
e Linked list

* Implementation: C pointer
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{ tructures ]

(analogy: bag of
otentially different
hings)

Fundamerntal data sfructure
# HETEROSENEOUS collection of wvaluzs
(possibly different types)

* stere values in FIELBS

s associate NAME with cach field
4 use struct name and field name
+o access valut

* Built-in € mechanism:struct)
G_‘“’*'-'" for building “user-defined 1‘1.|1:£)

B .H.pplirnq*l'i.u-h:.
*database recerds
*linked list nedes (stay tuned)

Ex: C representation of C students

atudenkt i,
{ char nams [20]; fleat lill'lﬂ-'ll_}r)
strack studenk t, x, ¥ \
x.nams = "Bill Gates*; x.grada = &0.0;

y.name = "Steve Jobe"y y.grads = T0.0; !

\

Lf (®.grada » y.grada) £t = x; else © = ¥j
printf{"Petter stodeant; %a ", TC.nama))

Fik

{- typedef ]

User definition of type names

# Main use: put type descriptions in one place
(mokes code more portable)
Ex:

typedef float Grade;
= daf char name [20] Name;
struct student

{ Hame name; Grads :ﬂ:ﬂdﬂ?]
struct studeant £, x. ¥;

® Common use: aveid typing “struct”
(makes code more concise)

E=:
——
atruckE student
{ char name [20]; float grade; };
Gmﬂ&f gbruct student E:tudmt.i_]
El:u-ﬂ.ﬂ-:ﬂ.s B, X; ¥I
— [ —
Ex:
———— S =

typedaf struct { int p; int g; } Ratlional;
float x; Ratiomal t;
x = (1.0)*t.pfE.g




Outline

* Linked list
* Implementation: C pointer
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Linked List

forwarding

address

Fundamental data structure
= homogeneous collection of values
(all the same type)
* store values ANYWHERE in memory
i associate LINK with 2ach value
* use link to quickly access the NEXT value

* “Dynamic allocation”: allocate houses on demand
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@ Possible m ry r-'cpro.s;c.n'rnﬁon of x~9 + 3x~g e v
100: 9
101: 1

102: 240

198: 0
199: 7
200: 000

1

- & @

240:
241: 3
242: 198
Advantage: space proportional to amount of info
Disadvantage: can only get to *¥nex+* item quickh

5

® C specification of x~9 + 3x*5 + 7: @
Need to know:
®* how to associgte pieces of information
® how to specify links

® how to reserve memory to be used

e how Yo use links to access information

¢

& Polynomlal example illustrates tradeoffs
HPARSE polynomiak few farms, Inr!-l exponent
ax! Whjeesass + g mfgeaee ¥ 13
BEWSE polynomial: few monfers coefficiants
au: why + w6 ¥ Ixg + gty

Linked ws. }zquential allscatien ]

® Huge sparse polynomial

I ATTAY Llinked list
EPACE g
TIME
count bLerme huga einy
find cosffient of x+k iny
& Huge dense pelynemial
| array 1inked list
EPACE nages J*harge
TIHE
count Esrmms pET ] TR
find cosffient of x'k m hags

'Disrts,'.iu'ﬁ: o few programming axioms
* knew space and time costs

*® there is pever ehougk time or space
" it is easy to write programs thot waste both
= you will pet notice until it matters

® More axamples of linkad vs. sagquentiak
Programs 3. onfd 3.0 in >edgewick

147



Outline

* Implementation: C pointer
- pointers and simple variables

- pointers and arrays

- pointers and linked lists

- for each of these, understand how to
+ declare the variables involved
+ how to initialize them
+ how to use them
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Pointer

House address: House:

pointer to the name of the

variable: &x, p variable: x

\ 5. You: the value
F ﬁ contained in the
variable x, like 58

int x; build a house of type int and name x

int *p; p ¢an contain an address to any int-type house (decl)

p = &x; p|is now the address of house x (init)

x = 58; the person 58 moves into house x

*p = 58; the person 58 moves into the house at address p (use)

* &x andp are equivalent¥ returns address of house)
*x and*p are equivalent( gets to house at address)
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Pointer and Array
int a[100]; int *p; p = &a[0]; *p = 58;...
a[0] a[l] a[2] a[3]

Al e AR -

58 |O+1 |O+2 10 |O+3 125
P pointer to array (first item)
wp first array item
B pointer to second array item

=(p+1) second array item
. ®=(p+i) li+ilst array item
{ pfﬁ:) shorthand for the samez thing

*&x[i] andp+i are equivalent
*x[i] and*(p+i) are equivalent
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Pointer and Linked List

v to define a linked list type (recipe!!):
= To ﬂl.}}#{'ﬁﬂft infermation, u.'.l.{:.'tru:'l':.:}

g
~ ~ s

l'l.'t

Yy /

R =
Bt

1inx B
The meaning of variables and fieldSbut | haven't even told
P peintar fo s¥ructure/yoy how to initialize the
*p FITWETUrS pointers yet!!

. (*pl.coaf field in structure
. m:hurthnhd for the same thing
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e To reserve memory for a structure, use "malloc’)
' malloc(sizéofl?p);

malloc is a library function in stdlib.h

sizeof gives the number of memory words
needed for a node (*p is a node)

malloc reserves that much memory somewher:
and returns a pointer to it

* To use a pointer to access information, use.("-)")
( p->coef = 1; )

{ Build_the list for x~g + 3x*5 + 7

LA

- (rp = malloc(sizeof *p)
p->coef = 1; p->exp = 9; \
q = malloc(sizeof *p) Much more next lecture!
g->coef = 3; g->exp = 5;

r = malloc(sizeof *p)

r->coef = 7; r->exp = 0;
\ p->next = g; g->next = r; r->next = NULL;

[NULL is a special "no link™ indicator]

((sTUDY THIS CODE: Tip of the iceberg! )

Demo 2
Q-
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Closing

* Whew!

* Lots of material in this lecture.
* Pointers are confusing.

* Study these lecture slides.
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