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Steps of C Compilation

® Preprocessing phase - The preprocessor (cpp) modifies the
original C program according to directives that begin with the #
character.

For example, the #include <stdio.h> command in line 1
of hello. c tells the preprocessor to read the contents of the
system header file stdio.h and insert it directly into the
program text. The result is another C program, typically with
the .i suffix: hello.i

¢ Compilation phase - The compiler (cc1) translates the text file
hello.1i into the text file hello.s, which contains an
assembly-language program. Each statement in an assembly-
language program

Building a C Application (Revisited)

Pre- . .
hello.c DToBESE0r hello.i C?:lpln)er hello.s
Source (cpp) Modified Assembly
program source program
(text) program (text)
(text)
1 4#include <stdio.h>
2 #include <stdlib.h>
3
4 intsmain ()
5 {
© printf ("Hello world!\n"); @
7 return 0;
8 } hello.o
9 i |
Relocatable Executable
object object
programs program
(binary) (binary)2
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Steps of C Compilation [2]

® Assembly phase - Next, the assembler (as) translates hello.s
into machine- language instructions, packages them in a form
known as a relocatable object program, and stores the result in
the object file hello.o

® Linking phase - Notice that our hello program calls the printf
function, which is part of the standard C library provided by
every C compiler. The printf function resides in a separate
precompiled object file called printf.o, which must somehow
be merged with our hello.o program. The linker (Id) handles
this merging. The result is the hello file, which is an executable
object file (or simply executable) : hello.exe that is ready to
be loaded into memory and executed by the system.




Compiling C using gcc

°* GCC gax191n GNU (g-noo) Compiler Collection
(originally: GNU C Compiler) L‘.ﬁ%‘i;ﬂ compiler 289
ATHIGY €) 1% C/C++, Ada, Java, Pascal ....

[ . { a [ a aa
* GCC 1ilu compiler Mthauaznmw luszuuliians
AIENA unix

* szuuilguans windows 198N 50 1Y GCC lagns
install MinGW GCC Wsa

¢ Cygwin is a Unix-like environment and command line
interface for Microsoft Windows

Compiling C using gcc 2]

* 14115 compile program A1#1 C @28 GCC 1311Y
Ad gec
$ gcc -Wall hello.c -o hello

@ o 6 o
* 140119 run program Niiuuaans v lalag
$ ./hello

Tutorial 1: Creating Files - method 1

1. aFvinaanaslu folder N@BIN13%D hello.c
Click 271 waztaan New -> Text Document
< A &
Rename File m%auazmuaqa‘lﬁﬂu hello.c

2. wan click 277t8an "Open with Sublime Text" w3@ "Edit with

Notepad++" e

&/ Open with Atom
Open with Sublime Text
7-Zip

w Edit with Notepad++

3. NAN source code avluamnlna

4. e Cygwin bash prompt 2wlu folder LABIN
@819 click 2374a7L8an "Bash Prompt Here"

| Open command window here
Bash Prompt Here

Compiling C using gcc 3]

$ gcc —Wall hello.c -o hello

/

ﬂags(orconnnandﬁnefhgs)

* 114n15%1197%U% command line environment N1IAAWA
2] le 1 ¥ [~ a
flag Tun15i3anlgAa9a19 9 (gcc Twnsdiit) LuI5
dl” e A . Yo o
#ngwlunsszy adan (option) lumslgads

° N5 compile program A1#1 C ALATES gcc b §INTITD
) 10 &
vila lagladsuiuaasiinisey flag

» Default output file 7@

$ gcc hello.c
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gcc Command Line Flag

) -wal

-Wextra
-Werror

-ansi

» -
» -o filename

Treat all warnings as Errors

Optimize

Optimize even more

More at: https://gcc.gnu.org/onlinedocs/gcc/Overall-Options.html#Overall-Options
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- gcc does not requires these flags, but they

encourage people to write better C code.

Enables all construction warnings

Enables even more warnings not enabled by Wall

Compiles code according to 1989 C standards

Produces debug information (GDB uses this information)

Names output binary file "filename"
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Compiling Multiple Files

] . ¢
* Twnydbn project & source code nag @

factorial.c

factorial.h

main.c

#include "factorial.h"

int factorial(int x)

{

int result = 1;
for (; x >= 1; x--) {
result = result * x;

}

return result;

t#tinclude <stdio.h>

int factorial(int x);

=

C header file content
® Directives & Macro
619 ) 12
#include
#define

® Function prototype

#include "factorial.h"

int main ()

{

int x;
printf("Please input x: ");
scanf("%d",&x);

int ans = factorial(x);
printf("ans= %d\n",ans);

return 0;
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gcc Compilation Steps

113 compile source code 11 C AAaA1ES gec Usznauaan

Ao 4 YA

ﬁ;'aasi’m!,ﬁ%g"gcc -0 hello.exe hello.c" Usznaunas

UADWAI W
STEP1: Pre-processing:

$ cpp hello.c > hello.i

STEP2: Compilation:
$ gcc -S hello.i
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L3
Li’lﬁ’]N'ﬁﬂﬂ’ﬂ%@la%ﬂaﬂ ) ‘l%ﬂ’li compile

Taansly -v (verbose) flag.
For example,

$ gcc -v hello.c -o hello.exe

(The -S option specifies to produce assembly code, )

STEP3: Assembly:

$ as -o hello.o hello.s

STEP4: Linker:

$ 1d -o hello.exe hello.o ...libraries...

a £ =
tiJ@ Cygwin bash prompt 2wl folder NABINT

A28n19 click 227118 7L8an "Bash Prompt Here"

&34 folder project AYAH

$ mkdir factorial

Change directory 1211114 folder @3na12 Ad@A1H

$ cd factorial

d519 lWaLilan factorial.c factoria.h main.c

$ touch factorial.c factorial.h main.c

Edit file @28 Sublime Text ©38 Notepad++
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Tutorial 2: Creating Files - method 2
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Compiling Multiple Files [ 2]

. EY . ¢ A Y
® N13 compile ILMadI compile nnlﬂamn 8289

$ gcc -Wall main.c factorial.c -o factorial

=

v
aldg

* ARINNNAIFILINTS compile luannase
* ¥ project Auwnalnal (Usznauaqalna source code

o P (3
I1IBANIN) wazdn1sun b file tivaglainlWld nozaas
compile nﬂlﬂﬁﬂ‘mj

Solution: Makefiles
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C - Compiling: Makefiles

® Makefiles consist of one or more rules in the following form.

Makefile Rule Format

Makefile for "gcc foo.c bar.c baz.c —o myapp"

target .. : prerequisites .. |myapp: foo.o bar.o baz.o
[TAB]recipe gcc foo.o bar.o baz.o -o myapp
[TAB].. foo.0: foo.c foo.h

[TAB].. gcc -c foo.c

bar.o: bar.c bar.h
gcc —-c bar.c

baz.o: baz.c baz.h
gcc —-c baz.c
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make and Makefiles

¢ Makefile ﬁ)wanlaada compller Yﬂ"ﬁ uae flag ‘n‘l‘%‘l%ﬂ’li
compile, TWd source code NAaINS compile, %alﬂa

output

° Makefile ’[mmﬂmwmnm'amma A Tﬂﬂmmsn‘nm
compile source code Toaai mwumu‘nums
wWaswulasuaziin objet file (.0) &1 link dAudEIwi
Tafianuasnwuilas

* Tag Makefile 2zLNN1Y compile (.c -> .0) aanan
N3 link (.o -> executable)

* 19%n135 compile laan131% Makefile 9e¥iNHIBAIF
make
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C - Compiling: Makefiles [2]

* lnalia@a9n13 compile program &350 LBANES make AN
A28 B target NABIN138319 winlaiszy default Ao target

wsniilsinglu Makefile |$ make myapp

factorial: main.o factorial.o
gcc -Wall -o factorial main.o factorial.o

main.o: main.c factorial.h
gcc -Wall -c main.c

factorial.o: factorial.c factorial.h

gcc -Wall -c factorial.c
Makefile Rule Format

target .. : prerequisites ..
[TAB]recipe

[TAB]..

[TAB]..
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Tutorial 3: Compiling with Makefile

a &
1. 1)@ Cygwin bash prompt Ul project folder (factorial)
A8 click 221U4a3LAan "Bash Prompt Here"

2. &@391lna Makefile a2gA1&9
$ touch Makefile

3. Edit file @28 Sublime Text ¥38 Notepad++

4, Compile project AUAFI

$ make factorial

5. Run program Alaanns compile AUAFI

$ ./factorial
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C - Compiling: Maketfiles [4]

* 15I&@IN150 1T variables (macros) Twn1518aw Makefile Ta 124
GCC=gcc
FLAGS=-Wall

all: factorial

factorial: main.o factorial.o
$(GCC) $(FLAGS) -o factorial main.o factorial.o
@ @

| #-c = compile only |

main.o: main.c factorial.h Note:
$(GCC) $(FLAGS) -c main.c Taanaldln Makefile azdinns
@ @

& v A [
#3519 clean target 13 1o l%
TumsaulWannlnanlals
source code Lﬁa‘l?ﬂ%nirﬁﬁ

factorial.o: factorial.c factorial.h
$(GCC) $(FLAGS) -c factorial.c
@ @

v ¥ -
maonﬂsinunﬁScompnenn
clean: d

rm main.o factorial.o factorial

Tlalnsine project
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C - Compiling: Maketfiles [3]

o o ] . [
° ARANHIUINVBIUARE recipe MBI tab (' \t')

* msiesaw i dlasianaiigasaslwansmse
dependency nulWalaaiasanilalay

gcc -MM foo.c outputs foo’s dependencies to the

console.

makedepend adds dependencies to the Makefile for
you, if you already have one. E.g., foo.c bar.c

baz.c.
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C - Compiling: Maketfiles [5]

* dainadn Iandwinana (Suffix) .0 3zgn compile 310 Trla
Aad o o
.C NABalRaInt
* 138NN pattern rule unwlw Makefile 1oy

GCC=gcc
FLAGS=-Wall
all: factorial
factorial: main.o factorial.o

$(GCC) $(FLAGS) -o factorial main.o factorial.o
#-c = compile only Automatic Variables
%.0 : %.c factorial.h

$(GCC) $(FLAGS) -c $< -0 %@

clean:

rm main.o factorial.o factorial
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C - Compiling: Maketfiles [6]

Notable Automatic Variables
* S@
The file name of the target of the rule.
*$%
The target member name
° $<
The name of the first prerequisite
° $?
The names of all the prerequisites that are newer than the target,
with spaces between them.
o A

The names of all the prerequisites, with spaces between them.
21
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Command Line Interface

® Command Line Interface

“Provides a means of communication between a user and a
computer that is based solely on textual input and output.”

¢ Shell

A shell is a program that reads and executes the commands
entered on the command line. It provides “an interface
between the user and the internal parts of the operating
system (at the very core of which is the kernel).”

The original UNIX shell is sh (the Bourne shell).

Many other versions exist: bash, csh, etc.

23
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BASIC UNIX COMMANDS
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Unix - Beginner: Basic Commands
WovingAownd | Note |

1s List directory contents

cd Change working directory

pwd Display present working directory
1n Make links between files/directories
mkdir Make directories

Searching Files and File Content

find Search for files in a directory hierarchy
grep Print lines matching a pattern

echo Display a line of text

exit Cause the shell to exit

history Display the command history list

touch Change file timestamps (creates

empty file, if nonexistent)
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Unix - Beginner: Basic Commands
Manipulating Files | MNoe

mv Move (rename) files

cp Copy files (and directories with “-r")
rm Remove files (or directories with “-r”)
cat Concatenate and print files

chmod  Change file permission bits

Looking Up Commands

man Interface to online reference manuals
which  Shows the full path of shell commands

locate Find files by name

Managing Processes

ps Report current processes status
kill Terminate a process
jobs Report current shell’s job status
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Using the rm Command

- rm ./filename — deletes file “filename” in current
dir.
- rm ./*ame — deletes all files in the current

directory that end in "ame"

- rm -r ./* —deletes all files and directories inside
the current directory.

- rm -r ./directory — deletes all files inside the
given directory and the directory itself.

27
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man page Section

° @189 man foo WaMI manual page (351%) Fds oo, laefi oo
a1uﬁintf]%15ﬁd any user command, system call, C library
function, etc.

e 1%‘1J’10nitﬁ program, command 130 function 16\ maﬁ%asﬁﬂgf
o & o & . o o
AN Li'rp'nﬂuéfao 3¢1) section 289 manual page 289 A&I /
function NAaIN13

(e.g., man 3 printf gets you the man page for the C library
function printf, not the Unix command printf).

¢ How do you know which section you want?

whatis foo
man -f foo

man -k foo lists all man pages mentioning “foo.”

26
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Pipes & Redirects

° A pipe (|) between two commands sends the first

command’s output to the second command as its input.

¢ A redirect (< or >) does basically the same thing, but with a

file rather than a process as the input or output.

Option 1: Pipes

$ find * | grep name

Option 2: Redirects

$ isMagicSQuare < input.txt > output.txt

28
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¢ Computer Systems: A Programmer's Perspective (2nd Edition) by Bryan and

O'Hallaron
¢ https:/lwww3.ntu.edu.sg/home/ehchual/programming/cpp/gcc_make.html
° https://gobyexample.com/command-line-flags
¢ https:/lgcc.gnu.org/onlinedocs/gcc/Overall-Options.html#Overall-Options
® http://lwww.thegeekstuff.com/2012/10/gcc-compiler-options/

° http:l/tumrai.com/ﬁ'lé’fdgﬁﬂc’:'f_Unix_Command_N"m_SSH_Secure_SheII_
11i29A%
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