CS 126 Lecture P1.:
Introduction to C

Outline

e Administrivia

* Background
* Syntax

* Libraries

* Algorithms
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To Get Started

* Visit course web page:
- http://lwww.cs.princeton.edu/courses/cs126
- Keep up with announcements

* Get course packet from Pequod (readw)

* Makeup precept by Lis&pm. Wednesday

* Programming assignment 0 due Wednesday night
* Get started on readings and exercises

*Lab TA schedule on the web

* PA1 in course packet has a typo (see web)
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Learning C

* No prior programming experience assumed!

* Don’t expect to learn C solely from these lectures--
they are just some examples

* Readings for C programming
- K&R: for people who have had C or other programming
- D&D: for beginner programmers
~ first 170 pages for the first two weeks
~ next 100 pages for the third week

* Experiment with code fragments on your own
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Outline

o Adrministrivi
* Backaround
* Syntax

* Libraries

* Algorithms
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Background

* Born along with Unix in the early 70s,
one of the most popular languages today

* Features:
- Exposes much of machine details
(Remember “abstractions”? C exposes low level abstract
- Terse syntax

* Consequences:
- Positive: you can do whatever you want
-- flexible and powerful
- Negative: you can do whatever you want
-- easy to shoot yourself in the foot!

ions)
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Aspects of Learning to Program

* Syntax -- like learning English

* Algorithms -- like learning to tell a coherent story
(not necessarily in English)

* Libraries -- like learning to reuse plots written by other
* These are quite different learning processes
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Outline

o Adrministrivi
- Baekground
* Syntax

* Libraries

* Algorithms
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Functions

o @ w

* A C program is a sequence of functions

e f. a C function is very much like a math function

* g: can have more diverse inputs than you have seen
example: numbers, strings, more complex data structures
* h: doesn’t have to have outputs

- their purpose is “side effects”
- like Pascal “procedures”
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Defining a Function

(sl )-autput type
X \ f(float X, ﬂQ? @W

input name
f X+y @temporary scratch space

S Z=x+Y;

y | [z UL

* First two lines: called “Prototype”, or the “interface”

* The rest (enclosed by {}): is the body, or the
“implementation”

* Remember the concept of abstractions?
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[ CO% b Lecture Pu Intreduction o © ]

¢ Programs are a sSequence of FUNCTIONS
that manipulate DATA

FURNCTIONS are built-in_or defined by users
* library #includa <stdic.hs

s usar-defined | Float E({float =)

{ ratuzn 2.0 - x x*®; }
function PROTOTYPE apecities types
of ARSUMENTS and RETURN WALUE

Functions consizt of

a sequence of DECLARATIONS
fallawed by
a sequence of STATEMENTS

DECLARATIONS nams data variables
ard spacify th

* float
" infeger

STATEMENTS manipulate data, centrel execution
. n:.;i.ghnl.n'l" Moo = D.0p
® contral whila (imeo < 2.00 [ ..
e funetion call | printe(...)

[ Mnhateomy of a C program J

sSample program:

function
body

print fable of vaiuas of a function
ﬁin:luﬂi cEkdia, s f
et
float f£(float x) o+ Farction
[ ratuesn 2.0 - %ugew; )
maini -
{ decle tat .
float hy™ L main
h = 08.0;
while {(h < Z.0)
i f
printE("%4.1f %E.3fwn", h, E{hl};
h=h + B.1;
I T statemen™
1
o - * Remember

& Your asals
this weeh:

“abstractions”?

uhjtrsjgﬁ. programs like this

neEt weehk: write programs like this
- 6 LR X

dunchde dstdip by :  "Syshem"” declacations




[ Running a pregram J

# When you type commands,
you are en'n-trullinsh an abstract machine

called the UNIX 1)

COMPILE: convert the program
rom “human's” language (C)
te “machine’s’ I-:.'ngun.’t (stay tuned)

t lece function.o i

Result of :ﬂhgilq'ﬁn?:
L «15t try: errors in C program 3YNTAX
*eventually: a file named a.out

HECUTE “start the machine’
=] sfarts at machine language instruction
l corresponding to first statement of main

c>

Result of
i = 151 try errors *m C program SEMANTICS

s eventually: desired "printf eoutput

I/i:;.c:c: function.o
kﬁf_a.nut
= = E(a)
2.000 2
1.999
1.9592
1.5973
1.938
1.B75 O -
1.784
1.657
1.488
1.2T1L
1.000
0.669 <& 7
0.272
=0 .197
=0.744
-1.375 o
-2.098 -4'
=3.913
=3 .832
=4 .8589

Ll
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Outline

e Libraries
- Commonly needed codes written for you already
- Get an idea of what's there (look at back of K&R)
- When you see a possible use, understand the interface
- Another application of abstractions

* Algorithms
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E- printf hbrary function ]

# Contact between your C program
and the sutside world

a primtf puts characters sn "standard sutput”
{default: “terminal”’ that you're typing at)
Ex:

printf [ "Hello, worldin®};

Al numbers are rapresented internally
in BINARY [#3 and 13), but we rnrdl.|
wish to sz them in that form

s printf also converts numbers to character
sequences that represent tham

How do you wart the numbirs +to quh“'j

ifits: how many digits?
floats: hew many digits after decimal point?

Ex: P —
= (FEmic@a Baran, b, s )
"o RNE :

P P e b
BOSORBERNOE
T

w» Wary flaxible: see KGR pp. 13, 154
——
Ex: Could print out title line for table with
@_z_inuu H £(x)\n®):)




[_ Example Program: Random Integers _]

w Print 12 randem integers
library funetion rand (in s+dlib.hl
returns positive integers { RAND_MAX
RAND_MAX is usually gapéd - 3 '¢

(;innludlu spbdio. b= i tar B ul-’ri
finocluds <stdlib.hve. [ l'l""'-
madni}
L
ime K;
for (i = DfF i < 10; i+#)
pri-ﬁt!!"d:.x. zand(]};

S 1

S

Qutput:
16838
5758
10113
17515
314051
58527
23010
T419
16314
4086

|ﬂ qwﬁ|%\ét3
i EIL

" pows Ly

[r_- Randem Reals ]

# Print 10 randem numbers between o and

Binclude «<stdio.hr
Bincluds «<mEdlib. ko
mainil
i
imt 4;
for (1 = Op 4 < 107 d++]
printfi"%sfin", l.0%rand(} /RAND HMAX) ;

] %

el ™
D awd 1

Integer divisien {E.l"! a2 3]
C has conversion conventiens fer
mied types [Le¥plq = 3.35]

Output:
0.513871
0.175726
0.308634
0.534532
a.547630
0.171728
0.702231
0.326417
0.454766
0.1z4639

o\ bebuese O aa |

i

Lr

* Sometimes you don’t
see a precise match in
the library...

* See if you can leverage
what's there to
accomplish what you
want.




* Algorithms

Outline

CS126

Print s b
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Top-down Design

loop 9 times
(print a random row at a time D)

loop 9 times

@rint a random element at a time )

: vy _
if head print “*”
else print “ *

* Break down a big problem into smaller sub problems

* Break down small sub problems into smaller subsub ones
* Repeat until all details are filled out
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[ Rondom Wumbers 77 _}

Examplie: Print g-by-p random pattern

||I #includs <stdioc.h>
fincluda <math.h>
maini]

{
int i, J;
for (4 = 0y 9 < 8y J++)
{
for {4 & Of 4 < 95 d4+4)

TR (PRI > Print one element

prEAnEL|*+*") ;

s S > Print one row

intE["\n"}; &
e > Print all rows
L E—— g
E‘. th mat ju:l‘ use the -fﬁllnhlin-g tast?
if [randAl] % Z) ...
A Randem numbers are net random

s often, rig‘h'hnnrr bits alHternate
depands on implementation {see next alidel

Mever can have walie pr i andem bits
Ex: sequencd 15 always the same!

Moral: check assumptions about Iibrnrq functions
LFES%RT Cosmic qu:.'.'



Reading Code

* Top-down is the use of abstractions
* Top-down is how programmeygite code

* When weread code
- First, we pretend to be the computer, and “trace” the execgution

- In the process of tracing, the goal is to discover/understand the
top-down structures (abstractions)
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i i i
L Apnother Example: Gambler s Buin _j|

* Simulate gambler placing %1 even bets
* How lofig does the game last?

(ﬁinc;udu <gtdio.h>
Bimeluds <sbdAlib.he
main)
{ imt i, cash, sesd;
poanf {"%d wd*, kcash, &oeed);

srand|seed) §
whila [cash » 0]
4

while I still have money, repeat:

iFf {[cand{)>>13]&1) cashes; alsa cagh-- make a bet
for (i = 07 i « cash; i+s) princl{® "}/ . s ”
printf("*\in*); print a star at the “right” place
¥
L] 5
stan! function takes Input frem terminal
srand mitiahzes randem rumber geRerater
- —
b oa.ouk W om .,k
i 1aii 4 1234
L] L]
& -
- -
- L
- -
L] -

Hemmmm.




( Gambler's Ruin Experimant :I

f;Encludu cgbdie. ha
jinclude <stdlib.h>
int dolt(int cash]
{ ink cnt;
far {ent = 0; cash = 0y oot++)
if {{rand{}>>131&l) cache+; ales cashe-=;
return ooty

1
ma il )

= o Vhuechion
{ ine 3§, &

J,Loop for different

for ( § = 23 § <« 10 d++) JETLIn2

, W bets |

printfi=had ", Fii

(marrying previous two programs)

Just like the last slide,
exceptthat it returns # of
trials instead of printing
stars

starting amounts (rows)

for (£ = 07 £ €« S5; E&b}

pEintE{™ %7d", dﬁihijbﬁr---.____
printf{®\n®)] ]

G =

Qutput:
2 F| [ 304 2 -|
3 33 17 15 53 24
4 23 1024 Taz0 22 54d
5 243 a5 il 7 244
L] 94 14 124 152 14
7 293 33 531 as K|
E 18 10E50 36 42048 240
3174080315 B3ISTS 288 759 64

¥ Well=3tudied randem process in mathematics
Bef: Feller. Probability Theery and Applications

Try 5 times for each
amount (columns)
[ Printtheresult

of each trial
(acell)

Experiment [main()]
Ruin sequence [doit()]
Random bit [rand()]

LEVELS® OF ARSTRACTION \
» random bit, ruin scquence, t':"l‘h"'ni_)‘l




