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Course Information - Goals

“A general introduction to computer science concepts, algorithmic problem-
solving capabilities, and programming skills in C”

University bulletin

* Learn how to program, in C

* Understand basic Computer Science problems
* Learn about basic data structures

e Start to think as a computer scientist

 Use all of the above to solve real world problems



Course Information - Instructor

e Michele Merler

— Email: mmerler@cs.columbia.edu or mm3233@columbia.edu
— Office : 624 CEPSR
— Office Hours: Friday 12pm-2pm

* 4% year PhD Student in CS Department

* Research Interests:
— Image & Video Processing
— Multimedia
— Computer Vision


mailto:mmerler@cs.columbia.edu
mailto:mm3233@columbia.edu
mailto:mm3233@columbia.edu
mailto:mm3233@columbia.edu

Course Information- TA

* TDB
— Email: TDB@columbia.edu
— Office : TAroom ’7

— Office Hours: TDB


mailto: <dm2701@columbia.edu>
mailto: <dm2701@columbia.edu>

Course Information- Courseworks

We will be using Courseworks (https://courseworks.columbia.edu/) for:

* Message board for discussions
* Submit Homeworks

* Grades

Check out the board before you send an email to the instructor or the TA,
the answer you are looking for could already be there!


https://courseworks.columbia.edu/

Course Information
Requirements and Books

Requirements

* Basic computer skills
* CUNIX account
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Practical C

Progeaemning

Textbooks

* The C Programming Language (2nd Edition) —
by Brian Kernighan and Dennis Ritchie

http://www1.cs.columbia.edu/~mmerler/coms1003-1/C Programming Language.rar

* Practical C Programming (3rd Edition) by Steve Oualline


http://www1.cs.columbia.edu/~mmerler/coms1003-1/
http://www1.cs.columbia.edu/~mmerler/coms1003-1/
http://www1.cs.columbia.edu/~mmerler/coms1003-1/
http://www1.cs.columbia.edu/~mmerler/coms1003-1/
http://www1.cs.columbia.edu/~mmerler/coms1003-1/C Programming Language.rar

Course Information - Grading
* 5 Homeworks (10%, 10%, 10% , 10% , 10%)
 Midterm Exam (20%)

* Final Exam (30%)

HW1 HW2
mHW3 m HWA4
B HW5 MIDTERM

W FINAL




Course Information
Academic Honesty

It’s quite simple:

* Do not copy from others
* Do not let others copy from you

Do your homework individually

Please read through the department’s policies on academic honesty
http://www.cs.columbia.edu/education/honesty/



http://www.cs.columbia.edu/education/honesty/

Course Information - Syllabus

Go to class webpage

http://www1l.cs.columbia.edu/~mmerler/coms1003-1 files/Syllabus.html



http://www1.cs.columbia.edu/~mmerler/coms1003-1_files/Syllabus.html
http://www1.cs.columbia.edu/~mmerler/coms1003-1_files/Syllabus.html
http://www1.cs.columbia.edu/~mmerler/coms1003-1_files/Syllabus.html

What is Computer Science?

Computer science (sometimes abbreviated CS) is the study of the theoretical
foundations of information and computation, and of practical techniques for
their implementation and application in computer systems

Wikipedia

"Computer science and engineering is the systematic study of algorithmic processes-their theory, analysis, design,
efficiency, implementation, and application-that describe and transform information”

Comer, D. E.; Gries, D., Mulder, M. C., Tucker, A., Turner, A. J., and Young, P. R. (Jan. 1989). "Computing as a
discipline”. Communications of the ACM 32 (1): 9.

"Computer science is the study of information structures"

Wegner, P. (October 13-15, 1976). "Research paradigms in computer science". Proceedings of the 2nd
international Conference on Software Engineering. San Francisco, California, United States

"Computer Science is the study of all aspects of computer systems, from the theoretical foundations to the very
practical aspects of managing large software projects.”

Massey University '
12




What is Computer Science?

Computer Science is the discipline that studies how to
make computers perform tasks that are too complex
or boring for humans




Computer Science Areas

Theoretical computer science

Computational science

Computational physics

MNumerical analysis

Computational chemistry

Mathematical logic

Bioinformatics

Algorithms and data structures
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Why programming?
* We need a way to tell computers what to do

* |t would be nice to communicate with
computers in English, but...

— English can be ambiguous!
— Computers only understand binary!

* Solution: programming languages

There are 10
kinds of people
in the world:

those who

understand
binary code. and
those who don't.




What is a Program?

A Program is a sequence of instructions and
computations

We'll be designing programs in this course.
These programs will be based on algorithms

An Algorithm is a step-by-step problem-
solving procedure



Example

Add 3 large numbers
= 453 +782+ 17,892

Hard to do all at once
= Solution: “divide and impera”!
= (453 +782)+ 17,892 =
= 1,235+17,892 =19,127

Algorithms help us divide and organize complex problems into
sub-problems which are easier to solve (bottom-up approach)



Programming

Back in the day, programmers wrote in Assembly, a language where each

word stands for a single instruction add eax, edx
zhl eax, 2
add eax, edx
shr eax, 8§
sub cl, al

But then they had to hand translate each instruction into binary!!!
Solution: the assembler, a computer program to do the translation
From then, programmers could worry only about writing assembly code

Then they started to devise higher level languages (FORTRAN, COBOL,
PASCAL, C, C++, JAVA, Perl, Python, etc.), which get translated into Assembly
by compilers (we will use GCC, a C compiler for Unix)

High level Machine

Assembly :
language Instructions
Compiler Assembler



What is 6?

* Programming language developed by Dennis Ritchie in 1972
at AT&T Bell labs

* Why is it named “C”?
Well... the B programming language already existed !

Dexnts R‘J(‘h‘e
e Cis still the most used programming language for Operating Systems

* Popular because:
* Flexible

e C compiler was widely available

* Basis for other popular programming languages: C++, C#



What is 6?

Among the “high level” programming languages, C is one with the
lowest level of abstraction

Close to English, but more precise!
Easy to compile into Assembly => Fast

Rich set of standard function = we don’t have to implement everything
from scratch!

Compiled Interpreted
AR LELL. ; ;
e | z s i |
Translated before runtime | ciree | Java | php © .oy  .ruby Translated at run time
| VB.net : | : :
L____f____:_____!____f____— S
: CLR . JVM . php : Python : Ruby H
_________ : : g
C/Cs 2
__________________________ <
Assembler
MicroCode




Why G? Interesting Facts ...

Approximation of popularity of language using Yahoo API http://www.langpop.com/

C++
C
Java
PHP |
Perl ¥ |
c#
Python
Visual Basic
Shell |

Rubwy |
Delphi
JavaScript—|
sqL |
D
Lua |
Actionscript

Pascal _|
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Assembly
Lisp |
Fartran
Scheme
Haskell| |
Cobal [T}

Ada ]

Forth
Scalal]
Objective |}
Erlangl]
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Smalltalk||
Rexx
oCaml
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Slide credit: Priyank Singh


http://www.langpop.com/

Why G? Interesting Facts ...

Available language code available using Google code search http://www.langpop.com/

C

C++
Java

FHP

Perl

Shell
Python
lavaScript
Ruby
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Lizp
Fortran
sSQL

Obhjective C| |

Tl
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Actionscript
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Slide credit: Priyank Singh


http://www.langpop.com/

Why B? Interesting Facts ...

Jobs posting on craiglist.org, from website http://www.langpop.com/

PHP

sqQL

C

C++
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Java

CE

Ruby
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Visual Basic
Python
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Shell
ColdFusion
Objective C
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=
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4000 5000

Slide credit: Priyank Singh


http://www.langpop.com/

C/C++ Industry

Open Source Graphics and

Embedded
Slide credit: Priyank Singh



Example of C program

Hello world!



Announcements

* Homework 0 is out! Due at the beginning
of next class

* Bring your laptop to class
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Announcements

 Exercisel is out

 \We have a TA!

Gaurav Agarwal
— MS student in CS department
— Email: ga2310@columbia.edu

— Office Hours: Tuesday 11am-12pm in Mudd
122A (TA room)



What Is a Program?

A Program Is a sequence of instructions and
computations

We'll be designing programs in this course.
These programs will be based on algorithms

An Algorithm Is a step-by-step problem-
solving procedure



Example

Add 3 large numbers
= 453+ 782+ 17,892

Hard to do all at once
» Solution: “divide and impera”!
= (453 +782)+ 17,892 =
= 1235+17,892=19,127

Algorithms help us divide and organize complex problems into
sub-problems which are easier to solve (bottom-up approach)



What is 6?

* Programming language developed by Dennis Ritchie in 1972
at AT&T Bell labs

* Why is it named “C”?

Well... the B programming language already existed ! Derris RS

 Cis one of the high level programming language with the lowest level of
abstraction

» Low to be close to assembly and machine language == fast!
* High to be programmable by humans without (too many) headaches

Compiled Interpreted
F———=—=——-
| c# 4
| CLRC# Java .php py ruby
| VB.net

! clR i oM | php i Python : Ruby

Abstraction

MicroCode



CUNIX

 CUNIX refers to the Columbia Unix
environment

 For you: place where you develop your
programs!



Accessing CUNIX remotely

* Secure Shell or SSH Is a network protocol that
allows data to be exchanged using a secure
channel between two networked devices

* The SCP protocol is a network protocol that
supports file transfers

Your computer CUNIX



Code Developing Tools — Linux and Mac

* Open terminal

« SSHto cunix.cc.columbia.edu
ssh yourUNI@cunix.cc.columbia.edu

« Data transfer: scp or get/put
— Copying file to host:

scp SourceFile user@host:directory/ TargetFile

— Copying file from host:

scp user@host:/directory/SourceFile TargetFile

f\/f;( For MAC: use FUGU (graphical data transfer tool)
) http://www.columbia.edu/acis/software/fugu/
http://download.cnet.com/Fuqu/3000-2155 4-26526.html



http://www.columbia.edu/acis/software/fugu/
http://download.cnet.com/Fugu/3000-2155_4-26526.html
http://download.cnet.com/Fugu/3000-2155_4-26526.html
http://download.cnet.com/Fugu/3000-2155_4-26526.html
http://download.cnet.com/Fugu/3000-2155_4-26526.html
http://download.cnet.com/Fugu/3000-2155_4-26526.html

Code Developing Tools — Linux and Mac

To use windowing environment:

( 7 Mac users need only start X11 (found in the Utilities
folder) and log in to the X11 terminal like this:

ssh -X username@cunix.cc.columbia.edu

* Linux users: see X-Windows section in CUNIX tutorial



Code Developing Tools - Windows

« Xming and Putty to SSH and visualization
— http://sourceforge.net/projects/xming/

— http://www.chiark.qgreenend.org.uk/~sgtatham/putty/download
html

« WInSCP for data transfer
— http://winscp.net/eng/download.php#download?

* Notepad++ for editing (can be used in combination with
WinSCP)

— http://notepad-plus-plus.org/

c 10



http://sourceforge.net/projects/xming/
http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
http://winscp.net/eng/download.php
http://winscp.net/eng/download.php
http://notepad-plus-plus.org/
http://notepad-plus-plus.org/
http://notepad-plus-plus.org/
http://notepad-plus-plus.org/
http://notepad-plus-plus.org/

Code Developing Tools - Windows

* Launch Xming

* Open a session In putty with Host Name
— cunix.cc.columbia.edu

"
S oo
Category:
= S,assion Basic options for your PuTTY session
L Logging Specify the destination you want to connect to
= Terminal Port
- Keyboard a
el (¢ cunix.cc.columbia du| s
- Features Connection Type:
= Window ) Raw () Telnet ) Rlogin @ S55H () Serial
!—‘-ppea!ance Load, save or delete a stored session
- Behaviour
- Translation Saved Sessions
- Selection
- Colours -
Default Settings
(=} Connection Lopd
- Promy
- Rlogin
[H- 55H
-~ Seial Close window on exit:
() Mways () Mever @ Only on clean ext
Open ] [




Code Developing Tools - Windows

* Make sure the X11 option of the SSH category
IS enabled

ﬁ PuTTY Configuration d i U t { | ﬁ
Options controling S5H ¥11 forwarding
Remote X171 authentication protocaol
@ MIT-Magic-Coolkie-1 1 XDM-Authorization-1
Cp ] I Cancel

12



Code Developing Tools - Windows

* Use WinScp to transfer files

WinSCP Login

Sezzion Sezsion
Stored sessions Hozt name: Port nurmber:

E m-'irl:.unmen!: cunix.co.columbia.edu 2=
Directories

S5H Uszer name: Pazgword:

Preferences e ceseonsl

Frivate key file:

Frotocol
Eile pratacal: SFTR W Bl SCP fallback
[ &dvanced options
[ Ahout.. ] ’ Languages Login l [ Save... ] [ Cloze ]

13



Code Developing Tools - Windows

* Use WinScp to transfer files

aamm3Z233 - mm3233@cunix.cc.columbia.edu - WinSCP

Local Mark Files Commands Session Opkions Femote Help

8 o E- PES W & L Default - F-

My document = & 0o - o 2[4 | Fe _ymm3233 @ ie s at [2 ¢
C:hDocuments and SettingsiMichelghby Documents himtdzinue] AekeeDAud 3 mdAmm 3233

Mame Exk Size  Type Changed Marme Ext Size
= Parent directory 6022010 .. €
|=hAsk and Record Toolbar File Folder 12/7 /2009 I public_html £
[iDownloads Fil= Folder 91042010 ICFComs1003 €
[hgegl0.0 File Folder 9302009 = 1
@My Music File Folder af20/2009 = °
uﬂM';.f Pictures File Folder Q72010 EI b 1,455 ¢
[C3My Recordings File Folder 12)812009 361 ¢
BB by videos File Folder 1j22i2008 172 ¢
[CHUDC Output: Files File Folder 10/22/200 31 €
|hvisual Studio 2005 File Folder fajzo10 45 £
5 visual Studio 2008 File Falder 7/3002010 1,175 ¢
‘n Default,rdp 0 FRemote Deskio,,, 622010

_'_-} 78 Configuration 5., 62002009
< | EIES | >
0B of 12,807 KiB in 0 af 15 OB of 3,272B in0of 10

4 FZRename E3 FS Copy 3 F&Move 3 F7 Create Directory 3¢ F& Delete F97 F9 Properties T F10 Quit

5 sFr3 3 0:02:15

14



Code Developing Environment

CUNIX Tutorial



Compiling your C code

 GCC: GNU Compiler Collection

* When you invoke GCC, it normally does
preprocessing, compilation, assembly and linking

— Basic Command
* gcc myProgram.c
« Ja.out Run compiled program (executable)

— More advanced options

* gcc —Wall —o myProgram myProgram.c
 ./myProgram



Compiling your C code

 GCC: GNU Compiler Collection

* When you invoke GCC, it normally does
preprocessing, compilation, assembly and linking

— Basic Command
* gcc myProgram.c

« .Ja.out Run compiled program (executable)
Display all types of Specify name of
warnings, not only errors the executable

. gcc @yProg@ myProgram.c

 ./myProgram Run compiled program (executable)




Assignment

« Read PCPCh 1
» Read PCP Ch 2, pages 11 to 15, 33
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Today

Computer Architecture (Brief Overview)
“Hello World” in detail

C Syntax

Variables and Types

Operators

printf (if there is time)



Von Neumann Architecture

Central Processing Unit

 Data

% N )
[Program Counter [ } * Instructions
( Y )
\ FAY P,
( KA Registers Mai
& / Menau';ry

J

Control
Uniit ]< B

Arithmetic Logic
Unit

A

)

A"

Input/Output
System




Computer Memory Architecture

4

CPU
Registers

Level 1 Cache

Level 2 Cache

Physical RAM
(Main Memory)

Cost per hyte, access speed

Disc Storage
{Virtual RAM, Hard Drive)




Von Neumann Architecture

— Address 1
PC ——— — Address 2

p
The Program Counter (PC) points (= tells
the CPU) to the address in memory where

the next instruction to be executed resides > Main

Memory

— Address N




Von Neumann Architecture

— Address 1
Hello World -+ Address 2 Main
Memory
#1nclude <stdio.h>
int main(){ PC ——— —Address n | printf("Hello World\n");
printf("Hello World\n"); —Address n+1 | return(0);

return(0);

}

— Address N




Von Neumann Architecture

— Address 1
Hello World -+ Address 2 Main
Memory
#1nclude <stdio.h>
int main(){ —Address n | printf("Hello World\n");
printf("Hello World\n"); PC ——— —Address n+1 | return(0);

return(0);

}

— Address N




The Operating System

Manages the hardware

Allocates resources to programs

Accommodates user requests

First program to be executed when computer starts

(loaded from ROM)

User

Operating
System (OS)

—

* Windows

* Unix

* Mac OS

» Android
 Linux

* Solaris

* Chrome OS

Hardware

Program



Hello World

External Header

( (standard C library
Global containing functions
De?‘ina}tions < #include <stdio.h> > for Input/Output)
\ Function definition:
, , ~ *lIt’s called main
int main(){ " «It does not take any input ()
*It returns an integer
Body of printf("Hello World\n");
function < \ _
return(0); » Single statements




C Syntax

« Statements
— one line commands
— always end with ;
— can be grouped between { )
— spaces are not considered

 Comments
[/ single line comment
/* multiple lines comments

*/



Hello World + Comments

/*
* My first C program

*/

#include <stdio.h>
int main(){

printf(“Hello World\n”);

return(0) ; // return 0 to the 0S = OK



Variables and types

 Variables are placeholders for values
int x = 2;

x =x + 3; // x value 1s 5 now

* InC, variables are divided into types,
according to how they are represented in
memory (always represented in binary)

— int
— float

— double
— char



Variables Declaration

Before We can use a variable, we must declare (=
create) it

When we declare a variable, we specify its type and its
name

int x;

float y 3.2,

Most of the time, the compiler also allocates memory
for the variable when it’s declared. In that case
declaration = definition

There exist special cases in which a variable is declared
but not defined, and the computer allocates memory
for it only at run time (will see with functions and
external variables)



INT
No fractional part or decimal point (ex. +3, -100)
Represented with 4 bytes (32 bits) in UNIX

slgn
— unsigned : represents only positive values, all bites for
value
Range: from O to 2732
— signed (default) : 1 bit for sign + 31 for actual value

Range: from -2°31 to 2”31

Size int x = -12;
— short int : at least 16 bits unsigned int x = 35;
— long int : at least 32 bits short (int) x = 2;

— long long Int : at least 64 bits
— size(short) < size(int) < size(long)




float

Single precision floating point value
Fractional numbers with decimal point
Represented with 4 bytes (32 bits)

Range: -107(38) to 107(38) float x = 11.5;
Exponential notation : - O.f278 * 1073

sign exponent (8 bits) fraction (23 bits)
| | Il |

olof1l1]1]1]1|ololol1jololojolololololofolololololololalolololol = 0.15625

31\30 2\3122 (hit index) 9

f: bit 23 is considered to be 1,
unless mis all zeros

nlo — (_1)8 . ( f . 2—23) . 2m—127

=P



double

* Double precision floating point
» Represented with 8 bytes (64 bits)

exponent fraction
sign (11 bit) (52 bit)
|
o o o
63 =) 0

double x = 121.45;




char

» Character
* Single byte representation
0 to 255 values expressed in the ASCII table

char ¢ = ‘W




ASCII Table

Dec HxOQct Char Dec Hx Oct Html Chr [Dec Hx Oct Himl Chr| Dec Hx Oct Himl Shr
0 0 000 NUL (nall) 32 20 040 &#32; Space| 64 40 100 &#64; B | 956 60 140 &#96;
1l 1 001 50H (start of heading) 33 Z1 041 &#33; ! 65 41 101 &#65; & a7 6l 141 &#37; a
2 2 002 5TX [start of text) 34 22 04z &#34; 7 66 42z 10Z &«#66; b 95 62 142 &#93; b
3 3 003 ET¥ (end of text) 35 Z3 043 &#35; # 67 43 103 «#67; C | 99 53 143 &#99; ¢
4 4 004 EOT {end of transmission) 36 24 044 #3675 68 44 104 s#68: D |100 &4 144 &#l00; d
5 5 005 ENQ (endquiry) 57 25 045 &#37: % 69 45 105 «#69; E |10l 65 145 &#l01; e
6 6 006 ACE [(acknowledge] 33 Zo 045 &#387 & 70 45 106 #70; T |102 66 146 «#l02; €
7 7 007 BEL (bell) 39 Z7 047 &#39; ) 71 47 107 &#71: G (103 &7 147 &#l03: O
§ & 0l0 BES (backspace) 40 28 050 &#407 | 72 43 110 «#72; H |[104 65 150 &#104; h
9 9 0ll TAE (horizontal tahb) 41 Z9 051 &#4l; ) 75 49 111 «#73; I |105 69 151 &#1l05; 1
10 & 012 LF (NL line feed, new line)| 42 Z4 052 &#d2; + 74 44 112 &#74: T |106 A& 152 &#106; 7
11 B 013 ¥T ([(wertical tab) 43 ZB 053 &#43; + 75 4B 113 &#75: K |107 6B 153 &#107: k
1z C 014 FF (NP form feed, new page)| 44 =ZC 054 &#44: | 76 4C 114 &#76; L (105 6C 154 «#108; 1
13 D 015 CE (carriage return] 45 2D 055 &#45; - 77 4D 115 &#77: M (109 6D 155 &#109:; o
14 E 0lg 30 (shift out) 46 ZE 056 &#46; . 78 4FE 116 &#78; I (110 gE 156 &#llo: n
15 F 017 53I (shift in) 47 ZF 057 &#47: F 79 4F 117 «#79; 0 (111 &F 157 &#lll: o
lg 10 020 DLE (data link escape) 43 30 060 &#45; 0 g0 50 120 «#50; P [11z 70 160 &#llzZ: p
17 11 021 DC1 (dewice control 1) 49 31 061 &#49:; 1 81 51 121 «#51; 0 (113 71 181 &#ll3: o
15 12 022 DC: {dewvice control 2£) 50 32 06z &#50; 2 g2 52 122 «#82: R (114 72 le2 &#lld: r
19 13 023 DC3 (dewvice control 3) 51 33 063 &#51; 3 83 53 123 «#83; 5 (115 73 la3 &#lli; =S
20 14 024 DC4 (dewice control 4) B2 34 064 #5527 4 g4 54 124 «#54; T (115 74 164 &#lle; ©
21 15 025 HNAE [(negatiwe acknowledge) &3 35 065 &#53:; 5 85 55 125 &#55; T (117 75 1lghs &#ll7: u
22 16 026 5¥N (synchronous idle) £d 36 066 &#54: 6 g6 56 125 &«#86; ¥V (115 76 lee &#l15; W
23 17 027 ETE (end of trans. block) 85 37 067 &#55; 7 87 57 127 &#57; W (119 77 167 &#ll9; w
24 18 030 CAN (cancel) BB 358 070 =#56; 8 88 53 130 «#53; X (120 78 170 &#l20; X
25 19 031 EM  (end of medium) 57 39 071 &#57: 9 89 59 131 &«#89; T (121 79 171 &«#l121: ¥
26 1la 032 3UE (substitute) 58 34 072 &#58; 90 54 132 «#90; 2 (122 7Ta 172 &#liZ; =
27 1B 033 EZC (escape) B9 3B 073 =#59; ; 91 5B 133 «#91; [ |125 7B 173 «#123; |
28 1C 034 F5 [(file separator) G0 3C 074 &#60; < 92 5C 134 &#92; % (124 7C 174 &«#l24;
20 1D 035 G35 [group Separartor) 61 3D 075 &#6l; = 93 5D 135 &#93; ] 125 7D 175 &#125; }
30 1E 036 B3 (record separator) g2 JE 076 &#62; = 84 5E 136 «#94; ~ |1z 7E 170 «#126; ~
31 1F 037 U3 [(unit separator) £3 3F 077 «#63; 7 95 SF 137 &#95; _ |127 7F 177 «#l27; DEL

Source: www.LookupTables.com



Extended ASCII Table

122 ¢ 144 B 180 4 17 % 19z L 208 L 124 o 240 =
120 1 145 = 161 i 177 195 L 209 = 225 0 241+
130 ¢ 46 E 162 & 178 B 0 1M . 10 g i R L ¥ S
131 & 147 & 143 o 179 | 195 b 211 L 237 @ 243 <
132 & 148 & 164 @ 130 4 196 — 212 L 228z 24 [
133 & 149 & 145 0181 197 4+ 213 9 o 245 )
134 & 150 1 166 ° 182 198 F 214 230 0 46 =+
135 ¢ 151 167 ° 183 g 199 215 4 7ic) B Y. S
136 & 152 % 162 ;184 1 00 Looz16 £ 232 04 248 e
137 & 153 O 160 — 185 4 01 g o217 53 @ 249

132 ¢ 14 U gm - 1z | 02 L g o 23 o 2500
139 i 155« 171 % 187 g 07 o+ 29 @ 308 231 Ao
140 i 1% & 172 % 13g 4 04 | 20 g 0 23 = 252 =
I 157 £ 173 189 U 05 = 2 | 37 4 153 2
142 A 138 g 174 o« 190 06 4L oz | 23 o= 254 o
43 A 18§ 175 » 191 4 07 L 223 W 139~ 255

Source: www. LookupTables .com



Casting

Casting is a method to correctly use variables of different types
together

It allows to treat a variable of one type as if it were of another
type in a specific context

When it makes sense, the compiler does it for us automatically

Implicit (automatic)

x= 3 compiler automatically casted

int x = 1; (=converted) y to be an integer just for
float y = 2.3; .. :

this instruction
X =X +Y;

Explicit (non-automatic)

char ¢ = A" ; Explicit casting from char to int. The value of x
int x = (int) c; here is 65



Assignment
Arithmetic
Increment
Relational
Logical
Bitwise

Comma

Operators

[ % +
+H - 4=
< <= > >=
& 11!

& |~ A



Operators — Assignment

int x = 3;

Xx =7;

int xgv = 5; _. The comma operator allows

X=y=7; us to perform multiple
/ assignments/declarations

float y = 2.3@ 7 = 3@ q = 700;

int 1,j,k;
k = (i=2, j=3);

printf( “1 =%, j = %, k = %d\n” ,1,j.k);

22



Operators - Arithmetic |+ / % + -

« Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

« We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;
X=5%3;, [/ x=2

* We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3: float y;
float y; y=11/2; //y=0.00

'I}: y=x/2;//y=1.00



Operators - Arithmetic |+ / % + -

« Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

« We can use parentheses () to impose our precedence order
nt x;
xX=(3+5) * (@2 - 4)/ 2;

* % returns the module (or the remainder of the division)

Int x;

x=5%3; // x=2

* We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3; Possible fixes: float y;
float vy; I)float x = 3; y=11/2; //y=0.00
2)y = (float) x /2; : :
Possible fix:y = 1.0/2:
= 2 = 1. Theny = 1.50 y ’
y=x1/2;1ly 00 y Theny = 0.50



Operators - Increment

+H+ -- 4= -=

int x =3, vy, z;

X++: — XIS Incremented at the end of statement

HX » X Is incremented at the beginning of statement

y=+x +3; // x=x+1; y=Xx+ 3;

Zz=X+++3; // z=x+3;, x =X+ 1;

X -=2; /] x =x - 2;



Operators - Relational

< <= > >= == I=

 Return O If statement iIs false, 1 if statement is true

int x =3, y=2, z, k, t;
Z =X>V; /] z =1
k =x <=vy; /] k=0

t =x I=y; [/t =1



Operators - Logical
& 11!

* Avariable with value 0 is false, a variable with value !'=0 Is true

int x =3, y=0, z, k, t, g =-3;
z=x& vy, [/ z=0; xistruebutyis false
k=x1ly; /] k=1; Xis true

t = 1q; /] t =0:; q is true

27



Review: Operators - Bitwise

« Work on the binary representation of data

* Remember: computers store and see data in binary
format!

int x, y, z, t,q, s, V;

3; 00000000000000000000000000000011
16; 00000000000000000000000000010000

X
y

z = x << 1; equivalent to z=x - 2! 00000000000000000000000000000110

t =y > 3; equivalentto t=y -2 00000000000000000000000000000010

qa=x&y; 00000000000000000000000000000000
s =x | vy; 00000000000000000000000000010011
vV =X 1\ y; 00000000000000000000000000010011



printf

printf isafunction used to print to standard output (command line)

Syntax:

printf (“formatl1l format?2 ..

144

, variablel, wvariable?,..);

Format characters: Format

— %d or %1 Integer %0ni. n2t

— Qf float

— %1t double |_I

— G char type

— %u unsigned pad with zeros (optional) number of digits after

— %s string the decimal point

number of digits before
the decimal point



printf
#include <stdio.h>

int main() {

int a,b;
float c,d;

a = 15; :
b=a /2 Output:

printf ("%d\n”,b) ;
printf (”"%3d\n”,b) ; /
printf (”%03d\n”,b); 007

c = 15.3%;
d=c / 3;
printf(”"%3.2f\n",d) ; 5.10

return(0) ;



printf

Escape sequences

\n newline

\ 't tab

\v vertical tab
\ T new page
\b backspace

\1 carriage return



Assignment

* Read PCP Chapter 3 and 4



CS

CU
COMSW 1003-1
Introduction to Computer
Programming in G
Lecture 4 Spring 2011

Instructor: Michele Merler

c http://www1.cs.columbia.edu/~mmerler/comsw1003-1.html



Announcements

 HW 1is due on Monday, February 14t at the
beginning of class, no exceptions

 Read so far: PCP Chapters 1 to 4

* Reading for next Wednesday: PCP Chapter 5



1)

2)

3)

4)

5)

Review — Access CUNIX

http://www1l.cs.columbia.edu/~bert/courses/1003/cunix.html

Enable windowing environment
- X11, Xming, X-Server

Launch SSH session (login with UNI and password)
- Terminal, Putty

Launch Emacs
$ emacs &

Open/create a file, than save it with .c extension

Compile source code into executable with gcc


http://www1.cs.columbia.edu/~bert/courses/1003/cunix.html
http://www1.cs.columbia.edu/~bert/courses/1003/cunix.html

Review - Compiling your C code

e GCC: GNU Compiler Collection

 When you invoke GCC, it normally does
preprocessing, compilation, assembly and linking

— Basic Command
* gcc myProgram.c
e ./a.out Run compiled program (executable)

— More advanced options

e gcc —Wall —o myProgram myProgram.c
e ./myProgram



Review - Compiling your C code

e GCC: GNU Compiler Collection

 When you invoke GCC, it normally does
preprocessing, compilation, assembly and linking

— Basic Command
* gcc myProgram.c

e ./a.out Run compiled program (executable)
Display all types of Specify name of
warnings, not only errors the executable

e gcC @yProg@ myProgram.c

* ./myProgram Run compiled program (executable)




Review: C Syntax

* Statements
— one line commands
— always end with ;
— can be grouped between { }

* Comments
/] single line comment

[ * multiple lines comments

*/



Review : Variables and types

* Variables are placeholders for values
int x = 2;

x =x + 3; // x value 1s 5 now

* |InC, variables are divided into types,
according to how they are represented in
memory (always represented in binary)

—int 4 bytes, signed/unsigned

— float 4 bytes, decimal part + exponent
— double 8 bytes

— char 1 byte, ASCII Table



Review : Casting

Casting is a method to correctly use variables of different types
together

It allows to treat a variable of one type as if it were of another
type in a specific context

When it makes sense, the compiler does it for us automatically

Implicit (automatic)

x= 3 compiler automatically casted

it x =1, (=converted) y to be an integer just for
float y = 2.3; . )

this instruction
X =X + VY,

Explicit (non-automatic)

char ¢ = A" Explicit casting from char to int. The value of x
int x = (1nt) c; here is 65



Today

* Operators
e printf()

* Binary logic



Assignment
Arithmetic
Increment
Relational
Logical
Bitwise

Comma

Operators

[ % +
+H -- 4=
< <= > >=
& 11!

& |~ A

< >>



Operators — Assignment and Comma

int x = 3;

Xx =7;

1nt = 95;
0= _, The comma operator allows

x=y=7: us to perform multiple
/ assignments/declarations

float y = 2.3@ 7 = 3@ q = 700;

int 1,j,k;
k = (i=2, j=3);

printf( “1 =%, j = %, k = %d\n” ,1,j.k);

11



Operators - Arithmetic |* / % + -

* Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

 We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;
x=5%3; // x=2

 We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3: float y;
float y; y=11/2; //y=0.00

y=x/2;//y=1.00



Operators - Arithmetic |* / % + -

* Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

 We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;

x=5%3; // x=2

 We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3; Possible fixes: float y;
float vy; I)float x = 3; y=11/2; //y=0.00
2)y = (float) x /2; 1 15 e fixy = 1.0/2
= ; = Th = 1. -y = 1. .
y=x/2;//y=1.00 eny = 1.50 Theny = 0.50



Operators — Increment/Decrement

+H -- = -=

int x =3, vy, z;

X++; — X is incremented at the end of statement

HX; » X is incremented at the beginning of statement

X +1; v=x+ 3;

y=++x + 3; // X

X++ + 3; // z=x+3; x =x + [;

N
I

X -=2; /] x =x - 2;



Operators - Relational

< <= > >= == !:

 Return O if statement is false, 1 if statement is true

int x =3, y=2, z, k, t;
Z =X>V; /] z =1
k =x <=vy; /] k=0

t =x I=y; [/t =1



Operators - Logical
& 11!

 Avariable with value O is false, a variable with value !=0 is true

int x =3, y=0, z, k, t, g =-3;
z=x& vy, [/ z=0; xistruebutyis false
k=x1ly; /] k=1; Xis true

t = 1q; /] t =0:; q is true

16



Operators - Bitwise

 Work on the binary representation of data

« Remember: computers store and see data in binary
format!

int x, y, z, t,q, s, V;

X
y

Z

3; 00000000000000000000000000000011
16; 00000000000000000000000000010000

X << 1; equivalent to z =x - 2% 00000000000000000000000000000110

y >> 3; equivalentto t =y - 23 00000000000000000000000000000010

X &y; 00000000000000000000000000000000
x | y; 00000000000000000000000000010011
X ’l\ y; 00000000000000000000000000010011



printf

printf is afunction used to print to standard output (command line)

Syntax:
printf (“formatl1l format?2 ..

144

variablel, variable?2,..);

Format characters: Format

— %d or%1 integer %0nl.n2t

— 9f float

— %lf double |_I

— 9 char type

— %u unsigned pad with zeros (optional) number of digits after

— %s string the decimal point

number of digits before
the decimal point



printf
#include <stdio.h>

int main() {

int a.,b;

float c.,d;
2 i ;5; 5. Output:
printf ("%d\n”,b);
printf (”"%3d\n”,b) ; U
printf (“%03d\n”,b) 007

c = 15.3%;
d=c / 3;
printf ("%3.2f\n”,d) ; 5.10

return(0) ;



printf

Escape sequences

\n newline

\ t tab

\v vertical tab
\f new page

\b backspace

\ T carriage return



Binary Logic

e 1=true, O0=false

* Decimalto binary conversion

6,, = 110,



Binary Logic

e 1=true, O0=false remainder
}
* Decimalto binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol




Binary Logic

e 1=true, O0=false remainder
}
* Decimalto binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol

* Binary to decimal conversion
11001, = 1x29 + Ox2! + 0x22 + 1x23 + 1x2% = 25



Binary Logic

1 = true, O = false remainder
|
Decimal to binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol

Binary to decimal conversion
11001, = 1x29 + Ox2! + 0x22 + 1x23 + 1x2% = 25

AND x|y | v « NOT x| v ]
0 0 0

V=Xx&y v = Ix 0 1
0 0

(BN
R O
o

[EEY
=

 EXOR x|y | v

v=xMy

<

OR x|y v

v=Xx]|y

<

24

R B O O

R O L O

N N = =)
R P, O O
R O L O
o B L O



Homework 1 review

HOW TO COMPRESS/UNCOMPRESS folders in UNIX

 Compress folder ~/COMS1003/HW1 to HW1.tar.gz
tar -zcvf HW1.tar.gz ~/COMS1003/HW1

 Uncompress HW1.tar.gz tofolder ~/COMS1003/HW1lnew
tar -zxvf HW1.tar.gz -C ~/COMS1003/HW1new
(note: ~/COMS1003/HW1lnew must exist already)
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Lecture 5 Spring 2011

Instructor: Michele Merler

c http://www1.cs.columbia.edu/~mmerler/comsw1003-1.html



Announcements

e Exercise 1 solution out
e Exercise 2 out

e Read PCP Ch 6



Today

Review of operators and printf()
Binary Logic
Arrays

Strings



Review : printf

printf is afunction used to print to standard output (command line)

Syntax:
printf (“formatl1l format?2 ..

144

variablel, variable?2,..);

Format characters: Format

— %d or%1 integer %0nl.n2t

— 9f float

— %lf double |_I

— 9 char type

— %u unsigned pad with zeros (optional) number of digits after

— %s string the decimal point

number of digits before
the decimal point



printfExample.c

Review : printf

#include <stdio.h>
int main() {

int a.,b;

float c.,d;
2 i ;5; 5. Output:
printf ("%d\n”,b);
printf (”"%3d\n”,b) ; U
printf (“%03d\n”,b) 007

c = 15.3%;
d=c / 3;
printf ("%3.2f\n”,d) ; 5.10

return(0) ;



Review : printf

Escape sequences

\n newline

\ t tab

\v vertical tab
\f new page

\b backspace

\ T carriage return



Binary Logic
* |n binary logic, variables can have only 2
values:

— True  ( commonly associated with 1)
— False ( commonly associated with 0 )

* Binary Operations are defined through TRUTH
TABLES

AND x|y | v NOT x| v |
V:x&y 0 0 0 V=!X 0 1

0 1 0 1 0

1 0 0

1 1 1
OR EEE EXoR  ENED
v=Xx|y v=x”/y g w]u

0 1
1 0 1
1 1 0



Binary Logic

e 1=true, O0=false

* Decimalto binary conversion

6,, = 110,



Binary Logic

e 1=true, O0=false remainder
}
* Decimalto binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol




Binary Logic

e 1=true, O0=false remainder
}
* Decimalto binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol

* Binary to decimal conversion
11001, = 1x29 + Ox2! + 0x22 + 1x23 + 1x2% = 25



Binary Logic

1 = true, O = false remainder
|
Decimal to binary conversion 6|0
Divideby2 — ——
_ 3|1
base «——20" s alr
Most significant bit Least significant bit ol

Binary to decimal conversion
11001, = 1x29 + Ox2! + 0x22 + 1x23 + 1x2% = 25

AND x|y | v « NOT x| v ]
0 0 0

V=Xx&y v = Ix 0 1
0 0

(BN
R O
o

[EEY
=

 EXOR x|y | v

v=xMy

<

OR x|y v

v=Xx]|y

<

11

R B O O

R O L O

N N = =)
R P, O O
R O L O
o B L O



Review: Operators

Assignment =

Arithmetic * /0 1+ -
ncrement ++ -- +=  -=
Relational < <= > >= ==
Logical & 11!
Bitwise & | ~ N o«

Comma

9

>>



Operators - Bitwise

 Work on the binary representation of data

« Remember: computers store and see data in binary
format!

int x, y, z, t,q, s, V;

X
y

Z

3; 00000000000000000000000000000011
16; 00000000000000000000000000010000

X << 1; equivalent to z =x - 2% 00000000000000000000000000000110

y >> 3; equivalentto t =y - 23 00000000000000000000000000000010

X &y; 00000000000000000000000000000000
x | y; 00000000000000000000000000010011
X ’l\ y; 00000000000000000000000000010011



Operators - Arithmetic |* / % + -

* Arithmetic operators have a precedence
nt x;

X=3+5%*2-41]72;

 We can use parentheses () to impose our precedence order
nt x;

X=(3+95) * @2 - 4)/ 2

* % returns the module (or the remainder of the division)
Int x;

x=5%3; // x=2

 We have to be careful with integer vs. float division : remember
automatic casting!

int x = 3; Possible fixes: float y;
float vy; I)float x = 3; y=11/2; //y=0.00
2)y = (float) x /2; 1 15 e fixy = 1.0/2
= ; = Th = 1. -y = 1. .
y=x/2;//y=1.00 eny = 1.50 Theny = 0.50



Operators — Increment/Decrement

+H -- = -=

int x =3, vy, z;

X++; — X is incremented at the end of statement

HX; » X is incremented at the beginning of statement

X +1; v=x+ 3;

y=++x + 3; // X

X++ + 3; // z=x+3; x =x + [;

N
I

X -=2; /] x =x - 2;



Operators - Relational

< <= > >= == !:

 Return O if statement is false, 1 if statement is true

int x =3, y=2, z, k, t;
Z =X>V; /] z =1
k =x <=vy; /] k=0

t =x I=y; [/t =1



Operators - Logical
& 11!

 Avariable with value O is false, a variable with value !=0 is true

int x =3, y=0, z, k, t, g =-3;
z=x& vy, [/ z=0; xistruebutyis false
k=x1ly; /] k=1; Xis true

t = 1q; /] t =0:; q is true

17



Arrays

* “Aset of consecutive memory locations used to
store data” [PCP, Ch 5]

int X[4]; // a vector containing 4 integers
X[0] X[1] X[2] X[3]
Address n n+4 n+8 n+12

* |Indexing startsat O !

X[0] = 3;
X[2] = 7;

Be careful not to access uninitialized elements!

int ¢ = X[7]; gcc will not complain about this, but the value

of x is going to be random!



Arrays

 Multidimensional arrays

int arr[(4]1[3]; // a matrix containing 4x3 = 12 integers
arr[0][O] arr[0][1] arr[0][2]
arr[1][0] arr[1][1] arr[1][2]
arr[2][0] arr[2][1] arr[2][2]
arr[3][0] arr[3][1] arr[3][2]

* |Indexing startsat O !

arr[0][0]

1,
arr[3]1[1] 7

* |nitialize arrays
int X[(4] = { 3, 6, 7, 89};

int Y[2][(4] = { {19, 2, 6, 99}, {55, 5, 555, 0} };

int Arr[] = { 3, 6, 77} Thisautomatically allocates memory
for an array of 3 integers



Strings

» Strings are arrays of char

* ‘\O’is a special character that indicates the end of a

string
char S[i] = {‘H’, ’e’, ‘l’, ‘l’, ‘O’, ‘\0’};
We need 6 characters because there is ‘\0’ char s[6];
t S[0] \HY
IHI Iel III III IOI I\OI S [ 1 ] — \e[ I.
s[2] V17,
char s[10] = “Hello”; s[3] ‘17,
s[4] ‘o’ ;
IHI lel III lll IOI I\OI S [ 5 ] _ \ \ O ’ ;

e Difference between string and char

char ¢ =
char s[2]

‘a

’

5

(13 b4

l\ol

20




Strings functions

String specific functions are included in the library string.h

#include <string.h>

char s[6]; lllegal ! String assignment can be
s = "Hello”, |done only at declaration!

 strcpy() : copy a string to another

strcpy( stringl! , string2 ); Copy string2 to stringl

char s[6];
strcpy(s, “Hello”);,



String functions

String specific functions are included in the library string.h

e strcmp() : compare two strings

stremp( stringl! , string2 ); Returns :
O if stringl and string2 are the same

value =0 otherwise

char s1[] = “Hi”;

char s2[] = “Him”;

char s3[3];

strcpy( s3, s1 )

int x = strcmp( s1, s2 ); // x =0

int y = strcmp( s1, s3 ) // v =0



Strings functions

String specific functions are included in the library string.h

strcat() : concatenate two strings

Concatenate string2 at the
end of string1

strcat( stringl! , string?2);

7,

char s1[] = “Hello
char s2[] = “World!”;
strcat(s1, s2);

IHI lel III III IO) («q IWI IO) lrI III ldl I\OI

e strlen() : returns the length of a string (does not count ‘\0’)

strlen( string );

char s1[] = “Hello”;
int x = strlen(s1); // x =5



Reading Strings

Use functions from library stdio.h

e fgets() : get string from standard input (command line)

fgets( name , sizeof (name), stdin); Reads a maximum of
sizeof(name) characters

char s1[100]; of a string from stdin

fgets( s1, sizeof(s1), stdin):; and saves them into

string name

NOTE: fgets() reads the newline character ‘\n’, so we should
substitute it with ‘\0’;

name[strlen(name) - 1]

lHI lel lII lll lol l\nl

\\OI;

lHI lel lII lII lol I\OI

* sizeof() : returns the size (number of bytes occupied in memory)
of a variable (for strings it counts the number of elements,
including ‘\0’)



Reading numbers — Option 1

* First, read a string
* Then, convert string to number
e sscanf() : ge