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grep — print lines matching a pattern

Ah Love! could you and | with Fate conspire
To grasp this sorry Scheme of Things entire,
Would not we shatter it to bite -- and then

Re-mould it nearer to the Heart's Desire!

Search for the pattern “ould”

v

Ah Love! could you and | with Fate conspire

Would not we shatter it to bite -- and then

Re-mould it nearer to the Heart's Desire!




Structure of the program

Pseudocode / Function getline

while ( there is another line)

if ( the line contains the pattern ) then

print it T

endif

> Function strindex

endwhile

X' Function printf

File getline.cpﬂ File strindex.cppPJ File main.cppj

l l l

function getline function strindex function main (driver)




grep project — getline function [1]

Project - Add to Project > New

*. grep - Microsoft Yizual C++

“Eﬂa Edit ¥Wiew Insert Project Build Tools Window Help
|||% =L | b BB S i |Eﬁ = |Eﬁ|matrix_vectur_pmduct ;H "H|

vepEsRNe v s
==
Wurkspacc 'grep': 1 project(s]
=-E8 grep files

(1] Source Files

(2 Header Files

“-_] Resource Files

e
B

Files | Projects I Other Documents

i#] Active Server Page * Add to prci--+
ne

2| Binary File -
& Bitmap File larep 1. project grep
&1 C}IC++ Header File

[ C++ Source File

%: Cursor File File H
Fortran Fixed Format Source File !tl— 2 - Sou rce fl Ie
[ Fortran Free Format Source File getling

SIHTML Page ~ getline.cpp
| Jlcon File Location:

L= Macro File [FACOURSE\Z0D8SUMMERIC_LA .|
5l Resource Script

=1 Resource Template

SQL Script File

Text File




grep project — getline function [2]

*ol grep - Microsoft ¥Yiznal C++ - [getline cpp]

[#] File Edit View Inmg Project Build Tool: Window Help

S == R
@lﬂl !EL@I %E.%malac

=l x|
s Workspace "grep": 1 project{s]
- grep files
--£3 Source Files
getline.cpp
Header Files
[ Resource Files

. Source file getline.cpp

=T Gy |matrix_vectur_pruduct

™
¥

#include <stdio.h>

;=

¥ % ¥ R ¥

int

getline: get line into s, return length

input - 1lim :
uuptut = 5 =

maximum size of character array s
contains one line from stdin

return lengh of string s

getline{ char 5[], Ql

int ¢, i ;

i=8,;

wvhile{ --1im > B && (c=getchar()) *= EOF && c *= '\n' ){
s[i++ T =7¢ ;

y Q2

s[i] = "\@" ;

return i ;

definition of getline

Question 1: why we need input parameter lim?

Question 2: what is execution order in predicate of while-loop?

J



grep project — strindex function [1]

Project - Add to Project > New

*.. grep - Microsoft Yisual C+4 - [getline.cpp]

|: Fils Edit View Insert Project Build Toolk Window Help
H|§1’| | ==ldE B9t |'Iﬁ,iﬁ =¥ |Eit|matrix_vectnr_pmduct j| MI

eE 1R EnESHLE] ) ]

o (|
5 Workspace "grep”: 1 project[s]
ERE fil
: %egn:::e Files Files | Projects I Other Documents
: I:lHE] ggtlin:.icpp 2| Active Server Page W Addtr —— |
eader ries 0E Binary' File -
i i (o]
_31 Resource Files & Bitmap File |grt:p 1 . prOJeCt g rep
[1 C}C++ Header File
EfC++ Source File
% Cursor File File
[el Fortran Fixed Format Source File | rind
[l Fortran Free Format Source File Al s
[$]HTML Page -
' Jlcon File Location:
= Macro File |F:\COUH3E\2|]M§UMMEH10_LA _]

)Resource Script
= Resource Template
SQL Script File

B Text File 2. source file
strindex.cpp




grep project — strindex function [2]

*o grep - Mictosoft Yizsnal C++ - [smindex cpp]

[ Fil= Edit View Insert Project Build Tools Window Help

3 = E LR = B Eih|mr:1tri>-=:_'«.-nf:mlnr_prlu||1um j "
S e BeEsE L. %
2l

EEE ! " i . . . .
Wurkspace grep”: 1 projectfs] f#* strindex: veturn index® of t in 5, -1 1if none

=& grep files _ *= input - s: arbitrary string
- {3 Source Files * t: contains pattern to be matched
getline.cpp

*
strindex.cpp * return starting index of string s that matches the pattern in t if matched
71Header Files * otherwise, return -1
(1 Resource Files * . ) L
* note: array in c starts from B, -1 means invalid index of an array
*/

source file strindeX.CpP| ;.¢ cerindexc cnar s[]. char £[] ) N

{

int i, j, k ;

for { i =8 ; "\@" %= s[i] ; i++ }{
for ( j=i, k=8 ; "\@" t= t[Kk] && s[j] == t[K] ; j++, k++) (
’ ff,Fur j >-
if ( B < k && '\@' == t[k] ){ /7 match whole pattern in t
return 1 ;
H
VS For i
return -1 ; /7 don't match pattern in t Y,
4 definition of strindex

Question: what is procedure of function strindex ?



grep project — main function [1]

Project - Add to Project > New

|[P File Edit Yiew Inset Project Build Took Window Help
|||§1’| =EHa = L EE,E T ;Eﬂ]matrix_vectur_pruduct - | H

PED OB ESHLA L S
= |
5 Workspace "grep": 1 project{s)
=] grep files

=3 Source Files

Pl getline.cpp

: strindex.cpp

~{_JHeader Files

“-|_]Resource Files

Files ] Projects ] Other Documents

z¢#lActive Server Page ¥ Add to project:
% Binary File rgrep— -
i Bitmap File :

i1 C{C++ Header File 1. project grep
C++ Source File

% Cursor File File
[i2 Fortran Fixed Format Source File
[ul Fortran Free Format Source File
[8] HTML Page )
| Hlcon File Location:

4 =Macro File |F:ﬁcnunfazuuasummmc_m J

Imain

L Resource Script
=d Resource Template

B SOL Seript File 2. source file main.cpp

Text File
I




grep project — main function [2]

*o gprep - Macrosoft Yisnal C++ - [main.cpp]

[ File Edit ¥iew Insert Project Build Tool: Window Help

S == - M B B G |matrix_vector_product  ~| ‘4
2@ ELN SR E S 8 H R :
=l =
";:E?i'l::sgmp +1 project(s] #include <stdio.h>
=3 Source Files f#define MAXLINE 1888 /* maximum input line length x/
getline.cpp
pp /= e in order to do type checking =/
yp g
[#] strindex.cpp </ int getline({ char s[], int 1lim } ; _ -
(] Header Files | | int strindex( char s[], char t[] ) ; declaration, not definition

[ Resource Files
char pattern[] = "ould” ; /= pattern to search for =/
. : f# find all lines matching pattern =/
source f||e maln.Cpp int main{ int argc, char =argu[] )
{

char line[MAXLIME] :
int found = 8 ;

while{ 8 ¢ getline(line, MAXLIHE} ){
if { B8 <= strindex(line, pattern) ){
printf{"%swn", line });
found++ ;
5 oend if
¥/ F end while )
return found ; remember to add new line character

Question: who does function main return found to ?



grep project — in Linux machine

Upload project grep by sftp first

[im=lflinuwx grep]s
[imalflime grepls l=
article.txt getline.cpp grep.dsw grep.opt main.cpp 1. Comp”e 3 source files
Debug grep.dsp grep.nch  grep.plyg strindex.cpp ‘/////
[imsl@linu grep]$ icpc main.cpp strindex.cpp getline. cpp
[im=alflinw grep]ls ls
Debhwg grep.dsp grep.nch grep.plg strindex.cpp
article.txt getline.cpp Jgrep.dsw Jgrep.opt Lain.cpp
[im=s1flinux grepl§ . a.out < article.txt
Ah Lowve! could you and I with Fate conspire
Would not we shatter it to bite -- and then
Fe-mould it nearer to the Heart’s Dezire'e
[im=sldlimw grepls echo §7
3
[imzlllimax grepls I

2. feed article.txt into a.out

article.txt

Vs J & rr, 7 I I i
3. IIE{?F‘J':J i el [F'[@ Ah Love! could you and | with Fate conspire
To grasp this sorry Scheme of Things entire,

Would not we shatter it to bite -- and then

Re-mould it nearer to the Heart's Desire!




“grep” iIs embedded in Linux machine

[imz1@linux grepls

[imsl@linux grepls which grep

shin/fgrep

[ims1llinux grep]s I

[i]]lSl@liI'ﬂ.JJ{ grep]gs man I;[IEIJI Search manual Of grep

GREF(1) GREF (1]

HAME
grep, egrep, fgrep - print lines matching a pattern

SYHOFSIS
grep [options] PATTEEN [FILE...]

grep [options] [-e PATTEEN | -f FILE] [FILE...]

DESCRIPTION
Grep searches the named input FILEs (or standard input if no filezs are

named, or the f£ile name - iz giwven) for lines containing a match to the
giwven PATTEEN. By default, grep prints the matching lines.

In addition, two wariant programs egrep and fgrep are available. Egrep
iz the same as grep -E. Fgrep is the same as grep -F.

1. pattern
[imzl@linux grepls ¢———-**‘”””'——————"~‘ﬂ

[imsl@lime grepls grep ould article.txt-t\\\\\\\
= 2. File

Al Love! could you and I with Fate conspitr
WMould not we shatter it to bite -- and then
Fe-monld it nearer to the Heart’ s Desire!t

[imz1@lirme grep]s I




Function definition

E%’ﬁ@
return-type function-name ( argument declarations)
{
declarations and statements
}

Y F%Tl/ (grammar, page 234, 235)

function-definition:
declaraction-specifiers(opt) declarator declaraction-list(opt) compound-statement

\ declarator:

4

pointer(opt) direct-declarator

declaration-specifier:
storage-class-specifier declaration-specifier(opt)
type-specifier declaration-specifier(opt)

A 4

type-qualifier declaration-specifier(opt) direct-declarat
irect-declarator:

Identifier
direct-declarator( parameter-type-list )




definition of main function

declaraction-specifiers

declarator

[1]

compound-statement

main

{ int argc, char =argu[]

)

type-specifiers
|

int

if

found++

VA oend if
¥// end while
return found ;

char line[MAXLINE] ;
int found = 8 ;

while{ B < getline(line, MAXLINE) ){
8 <= strindex(line, pattern) ){
printf{"%s\n", line };




definition of main function [2]

declarator:
Pointer(opt) direct-declarator —

~direct-declarator:

direct-declarator ( parameter-type-list )

Identifier

compound-statement:
{ declaration-list statement-list }

main int argc, char =argu[]

char line[MAXLINE] ;
int found = 8 ; if ¢

while{ 8 < getline(line, MAXLINE} ){
B ¢{= strindex(line, pattern) ){
printf{"%s\n", line };
found++ ;
v/ oend if
¥/ end while
return found ;




Why we need declaration of getline and strindex in main.cpp

#include <stdio.hZ>

fidefine MAXLINE

/* declaration of function prototype in order to do type checking =/

int getline( char s[], int 1lim ) ;

int strindex{ char s[], char t[] ) ;

char pattern[] = "ould”
/* find all lines matching pattern =/
int main{ int argc, char =argu[] )
{

char line[MAXLIHE] ;

int found = 8 ;

while{ 8 < getline{line,
if { 8 <= strindex{line,
printf{"%s\n", line };
found++ ;
VAFoend if
¥/ end while

return found ;

pattern}) }){

; /= pattern to search f

MAXLINEY €4——

1888 /= maximum input line length =/

or *f

Compiler 2137 {5 % E%F}
main.cpp = 5l

getline(line, MAXLINE)E = type
checking, fi' kLl getllne pJ (ﬂgflntlon
L7 getline.cpp ], ™ 1 it

, i I

main.cpp, 77! 125 2= call getline
VHFE getline pﬂ%ﬂ .
1= #: compiler FIFEf— &, BT 4

LV

2= compiler{=type checklng YH
!})ér ey



r EEJ}"FI > -- [1] main.cpp

SETRN
7 [[;[\ IJI \IH%

[imzlElinue grep]s

[imz1@linu< grep]s

[imzl@linue grep]$ o+ -v main.cpp getline.cpp strindex. cpp

Beading specs from fusr/lib/gcc-lib/is86-redhat-linux/3.2.2/3pecs

Configured with: ../ confiqure --prefix=susr --mandir=/usr/shares/man --infodir=/usr/share/info --en

ahle-shared --enahle-threads=pogix --disable-checking --with-syatem-zlib --enable-_ cxa atexit --h

ost=i386-redhat-linux

FLEI
Thread model: pozix C++ x ;I\IJ E,L
goc version 3.2.2 20030222 (Red Hat Linux

Ausrflib/goc-1ib/i386-redhat-linu /3. 2. Zfcclplus | -v -D_ GNOC__ =3 -D_ GNOC_MINOF.__ =2 -D_ GNUC_PATC
HLEVEL =2 -D__ I_&BT ¥ER3ION=102 -D_ ELF——Pwrmix -D_ e lirmx  -Dlinmax -D ELF_ -D_ unix -
D g limax -D lime -D unix -D limax -Asystew=posix -D NO INLINE  -D 3TDC HOSTED =1 -
D _GNU_30URCE -Acpu=i3de -imachine=i3d6 -Diidge -D__ 1386 =D 34386  -D  tune i386 main.cpp -D GND
=3 -I DEPRECATED -DI EXCEPTIONS -quiet -dumpbase|main.cpp |-wersion -o Jtop/ccVBEx0Gh. s
GNIT CPP wersion 3.2.2 20030222 (Red Hat Limax 3.2.2-5T icppiib) (1386 LImo7ELF]

GNUI C++ wersion 3.2.2 20030222 (Red Hat Limax 3.2.2-5) [ifd86-redhat-linuax)
conpiled by GHT C wersion 3.2.2 20030222 [(Fed Hag Limax 3.2.2-5).

ignoring nonexistent directory "SusrsidSe-redhat-linud/Sinclude™

#includE rr.-.rr Search starts hEIE: yJi ;f/\l:f L\ %:‘:A
ginclude <...» search starts here: mr}%ﬁé/””ﬂi‘ [DFIFI
. P .
,-’usr,f}nn::lude,-"c-l—l-,-“S.E.E _ _ _L"{A“;I\JZI}HET& maln.Cpp
fusr/includefocH/3. 2. 2/1386-redhat-1inux r

Ausrsinclude fo+-430 2.0 2 /backward
Ausrtlocal finclude
Ausrflib/gec-libsidge-redhat-linu /3. 2. 2/inclade
Ausr/include

End of seapsolir—td-me

as -¥ -0y|-o StmpsocEgexst.o StmpfoctREx0Gh. =

GNU assembler fﬁ%ﬂi”ggﬁ& object code, ccEg6xsf.o fiff



r EE-J}"FI » -- [2] getline.cpp

Aariflibfgoc-1ib/i386-redhat-linu /3. 2. 2 cclplus -v -D__GNUOC__ =3 -D__ GNUOC_MINOER_ =2 -D__ GNUC_PATC
HLEVEL =2 -D__ @4 ARI VERSION=10Z -D_ ELF -Immix -D_ ogou linu -Dlinue -DELF -D unix -
D o lima -D lingy -D unix -D linma -A3ystem=posix -D_ MO TNLINE  -D 3TDC HOSTED =1 -
D _GNUT_S0URCE -Acpu=1i386 -Awmachine=i386 -Di3gd6 -D_ i386 =D__i3g6 =D tune i386  getline.cpp =D

GNOG =3 -D_ DEPRECATED -D EXCEPTIONS -cquiet -dumpbase| getline.cpp |wersion|-o Stop/cciBEx0Gh. s
GHNU CPP wersion 3.2.2 20030222 [(Red Hat Linux 3.2.2-5) (cppli&d] (13896 Linux/ELF) I

GO C4+ wersion 3.2.2 20030222 (Red Hat Limax 3.2.2-5) [(i386-redhat-limae)
compiled by GNO C werzion 3.2.2 20030222 [(Red Hat Lin J.2.2-5]).

ignoring nonexistent directory "/usr/iig6-redhat-lime</include™ SO A ==
ginclude "..." =zearch starts here: %rf7¥ A F[nr[r[
#ginclude <...> search starts here: SR l-

/usr/include /o3, 2. 2 Hﬂ\r'fn‘?# getiine.cpp

Ausrfinclude /o473, 2. 2/1386-redhat-1imoe
Ausrfinclude /o473, 2.0 2/backward

Ausrflocal finclude
Auasr/lib/fgec-1ib/i386-redhat-linu /3. 2. 2/1include
Ausriinclude

End of sea =
as -V -0y o JstopSoocnlisxn.o Atop/ccVBx0Gh. =
GHU assemhl i P oe B SR i llnux] u31ng BFD wversion 2.13.90.0. lE EDDSDEDE

?ﬂ%?'?’?‘y object code, ccnNjsxn.o fif



e

C++ H\F}%”%E'

susr/lib/gocec-1lib/sis86-redhat-linmux /3. 2. 2
HLEVEL =2 -D_ Gx¥_ABT VERSION=10Z -D__ ELF
D mm limee D limad
D GNU _S0URCE -Acpu=1i386 -hmachine=i3Sa -Di3ge -D

_GMUG_ =3 -D_ DEPRECATED -D_ EXCEPTIONS

cclplus

__ 1386 -
-quiet -dumpbase

-v -D_

~ -Dunix -D_ g limaoe

- unmix -D_ linax -Asystem=posix -D_ MO _INLINE
i3de6

GNTIC

i - -- [3] strindex.cpp

=3 -D__ GNUIC_MINOR
__ELF
_D_

-Dlimes -D

=D tune 133

strindex.cpp

-VEr31l0on

GNUO CPP wersion 3.2.2 Z0030222 [(Red Hat
GO C44 wersion 3.2.2 20030222 (Red Hat
compiled by GHNO C werzion 3.:2.2

Limw 3.2.2-5) |
Linux 3.2.2-5)

pplil

ignoring nonexistent directory "Susr/iige-redhat-limmxsinclude’

rr rr
L] L]

#include search starts here:
#include <...> search starts here:
AusrdincludefcH+7/353.2.2
Ausr/include/c+/3. 2. 2/15386-redhat-1imo
Ausr/include /o473, 2.0 2 /backward

Ausrflocal finclude
susr/lib/gocc-lib/i386-redhat-limm /3. 2. 2 /include
Ausr/include

End of seapelr—ti=es
as -V -0y |-o0 JtmpfccQdUtul.o StumpsccVBx0Gh. =

NI azzenb er—versromrertSrSgriri—{T300—re

fﬁ%ﬁ??’%‘y object code, ccQJUtuu.o Fit

L3585 Linux/EL

[i386-redhat-limn)
20030222 [(Red Hat Lin

3.2.2-5).

b % .mr =% strindex.cpp

=Z -D__GNUC_FATC
=D unix
ATDC_HOSTED =1
strindex.cpp -DI1

-0 /ftup/coTRx0Gh. 3

I

i
__1 ARy
i

>

) g\
A
—4
il

dhul—linux] uzing BFD wersion 2.13.90.0.18 20030206



Aasr/libsgoc-1lib/idge-redhat-1linu /3. 2.
nker flib/ld-linux.so.2 fusrslib/gcc-1lihb

A~ — linking process

Collect2 ¥ [=EEld (GNU linker 3155 23 )

d/collect?

0 CT
B P ) I ot I i) B H Y

t-linux/3.2.2/.

-—eh-frame-hdr -m elf 1386 -dynamic-1i

et forel.o fasr/slib

Sgoco-lib/isge-redhat-linux 3. 2.2/, . /.. /.. fcetilo fusr/lib/goc-lib/isg8e-redhat-limm /3. 2.2

Socrthegin.o -LJAus

w3220

goc -lc -lgoc_ = —lgcc Ausr S lib /S go =ttty

:ﬂlih{gr‘r‘ ik i ooe redlhat _limar i3 o 2 L s il

Jtop focculMOager. o

Stmp foceSeinh. o

StopsoccOGl5=0. 0

F ] Lol Do I

Jqoc-1ib/i386-redhat-1in
-lztdc++ -1lm -lgoc s -1

idg6-redhat-limw 3. 2. 24 4. . F. . fortn. o
[imsldlimax grep]s I

4 -
= L LLILLA S o ey L

end.o fusr/lib/gcc-1ib/

main.cpp getline.cpp  strindex.cpp
Source code
Compiler | Assembler | Linker Executable
g++ / icpc as collect2 / Id file a.out
Assembly object
code .s file code .o file
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Precedence and Associativity of operators [1]

#include <stdio.h>

‘\n*

/* getline: get line into s, return length
*
* dinput - 1lim : maximum size of character array s
* opuptut - s : contains one line from stdin
*
*# return lengh of string s
*f
int getline{ char s[], int 1lim ) Execution Order
{

int c, i ;

i=108; t&i&

while{ --1im > 8 && (c=getchar()) *= EOF && c *= "%n" }{ //////////////

s[ i++ ] = ¢ ;
Q2 c t=

b

i) - e B8

return i ;
b

--1lim > @

Question 2: what is execution order in
predicate of while-loop?

{c=getchar({)) *= EOF




Precedence and Associativity of operators, page 53

and Associativity of C Operators

Symboll

[1().—-= postfix ++ and postfix ——

prefix ++ and prefix —— sizeof & * + — w1

typecasis
E ‘||" %
+ —_—

arithmetic,

s

S =

relational

logical

-

L R

assignment

Type of Operation

Expression

Unary

Unary

Multiplicative
Additive

Bitwise shift
Relational

Equality

Bitwise-AND
Bitwise-exclusive-OR
Bitwize-inclusive-0OR
Logical-AND
Logical-OR
Conditional-expression

Simple and compound assignment2

Sequential evaluation

[2]

Associativity

Left to right
Right to left
Right to left
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Right to left

Right to left

Left to right

Precedence : () > arithmetic > relational > logical > assignment



ParSing tree of | --1im > 8 && (c=getchar()) *= EOF && c %= ‘"\n’

Execution order / \
1. bottom-up / \ = A

2. Left subtree - right subtree —~1im > B (c=getchar()) ?= EOF

associativity of && el

l=is higher
is left to right than &&
> is higher Gl 1= is higher CR
thany than &&
-- is higher L =
() is higher °
than >/ \ than !/ \

——1im
(c=getchar{)) EOF



Three equivalent coding style

int getline{ char s[], int 1lim } int getline{ char s[], int 1lim )
{ {
int ¢, i ; int c, 1 ;
i=8; i=8;
while{1}{ while{ --1lim > B8 && (c=getchar()) *= EOF && c *= "\n' ){
1lim = 1im - 1 ;
— ifF { 8 £ 1lim }){ s[ i++ ] = ¢ ;
¢ = getchar({} ;
—— 1iF { EOF *'= ¢ ){ «—— ¥
if ( '\n' = ¢ ) s[i] = "\O@" ;
s[ i++ ] = ¢ ; return 1 ;
Yplse 3
break ;
M A endif  "wnt t'=c )
yelsed
break ;
Y /f endif ( EOF ?'=c ) int getline{ char s[], int lim )
yelsed {
break ; int ¢, 1 ;
v/ endif ( 8 ¢ 1im )
Y/ Forever i=0:;
s[1] = "AB" 3 while{ ( —-lim > 8 ) &&
return 1 ; ( (c=getchar{)) t= EOF ) &&
¥ {(c?*= "\n")

< AT

s[ i++ ] = ¢ ;

c is well-defined

’
s[i] = "\@" ;
return i ;




Question: what's procedure of function strindex ?

Given pattern string t
for each position i of string s > For (i

@ ; '\B" t= s[i] ; i++ X

check if substring s|i:i+strlen(t)]=t |

fFor ( j=i, k=8 ; "\@" ?= t[k] && s[j] == t[k] ; j++, k++) {

endfor , 1 for j

if found, then return starting index of matched string in s \

otherwise, return —1 if ( 8 < k && '\0' == t[k] )}{ // match whole pattern in t
return 1 ;

¥

return -1 ; // don't match pattern in t
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External/internal objects [1]

External objects
- external variable (global variable): defined outside any function

- functions

Internal objects
- variables inside function without declaring static
- parameters of a function

Grammar in page 234

translation-unit:
external-declaration
translation-unit external-declaration

external-declaration:
function-definition
declaration

declaration:
declaration-sepcifiers init-declarator-list(opt)




External/internal objects [2]

file main.cpp

#include <{stdio.h>
#idefine HMAXLIHE 1888 /= maximum input line length =/
/* declaration of function prototype in order to do type checking =/

int getline{ char s[], int 1lim ) ;
int strindex{ char s[], char t[] } ;

External variable’s char pattern[] = “ould" ; (/= pattern to search for =/

. F* find 411 l1ines matching patterp =/
definition - int main{ int argc, char *argu[]

{
char line[MAXLINE] ; | Local variables

int found = 8 ;

External object: while( ® < getline(line, HAXLINE) ){
‘< if { 8 <{= strindex({line, pattern}) ){
function main it SRRl
found++ ;
5 oend if

¥/ end while
return found ;




External object:

function strindex <

file getline.cpp

int strindex

{

char

5[], char t[] )

int i, j, k ;

Local variables

For { 1 =8 ;
for { j=i,
S ff,Fur j
if (8 <K

return

¥
M For i

return -1 ; f/

'\@' t= s[i] ; i++ ){

k=8 ; '\@' t= t[k] && s[j] == t[k] ; j++, k++) {
&& *\@' == t[k] ){ // match whole pattern in t
i

don't match pattern in t

#include <stdio.h>

/* getline: get line into s, return length
*
# ipput - 1lim : mazximum size of character array s
# puptut - 5 : contains one line from stdin
*
* return lengh of string s
*f
int getline(|char s[], int 1lim b
{
int ¢, i: Local variables
i=18;
while{ --1im > ®8@ && {(c=getchar{)) *= EOF && c *= "\n’
s[ i++ ] = ¢ ;
s
s[i] = "\@" ;
return i ;
s

file strindex.cpp

External object:
M

function getline
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Scope and visibility

The scope of a name is the part of the program within which the name can
be used.

For automatic variable (automatic storage) declared at the beginning of a
function, the scope is the function in which the name is declared.

Local variables of the same name in different functions are unrelated. The
same is true of the parameters of the function, which are local variables also.

The scope of an external variable or a function lasts from the point at which
it is declared to the end of the file being compiled.

External variable in filel can be accessed by functions in file2 if it is
declared by keyword extern in file2.

static external variable is encapsulated inside a filel, no other functions of
file2 can access it.



Scope graph

|

Level O File main.cpp File getline.cpp File strindex.cpp
|

Level 1 |

File scope | char pattern|] function main function getline function strindex
| | I

LeV_EI 2 int arge char line[] char s[] int ¢ char s[] int i
Function scope char* argv([] int found int lim int i char t[] int j
block scope :

. g W, C y int k

o
I

int getline{ char s[], int lim }

{

int ¢, i ;

int main{ int argc, char =argu[] ) : ;
{ int strindex{ char s[], char t[] }
char line[MAXLINE] ; L
int found = 8 ; int 1, j, k ;




Lifetime (% gr il ﬂJ»EJ) [1]

“Lifetime” is the period during execution of a program in which a
variable or function exists. The storage duration of the identifier
determines its lifetime.

|dentifiers with static storage duration (global lifetime) are alive
during (main) program execution and die when program terminates.
Example: global variable, static variable

Identifiers, which are defined inside a function, with automatic
storage duration (local lifetime) is allocated new storage each time
the function is called and die when function returns.

Example: local variable, function parameter

Although an identifier with a global lifetime exists throughout the
execution of the program, it may not be visible in all parts of the
program.



i

= function main =

X

S

« function getline =

S

#

= function strindex =

#

= Ah Love! could you and | with Fate conspire =

L|fet|me (:E II[H rljﬁ J)

H s
char® argv|]
s

[2]

o x x Time
int arge _ char line[] global var. »

int found “char pattern|]

] char s| |

int lim

s

=

e e X ® b3 s X
int ¢ char s[] intc char s[] intc¢ char s[] int ¢
kS . - S b . . ks . . s s . . s . . S * . . ® . - *
int i int lim inti mt lim nti it lim inti
. 3 . §
e o S A
char s[] char s[] char s[] char s[]
= char t[] = = char t[] = x char t[] = « char t[] =
int i,j,k int i.j.k int i,j.k int 1,j.k
* s ¥ s
)
» Would not we shatter it to bite -- and then =
s
S s

» To grasp this sorry Scheme of Things entire, = = Re-mould it nearer to the Heart's Desire! =

= s



MSDN Library: search “extern”

£ MStcrageElassSpeci:‘ied .C
#include <stdioc.h>

void other( woid };

int maind)

{

!

// Beference to i, defined below:

int iz

S/ Initial walue i3 zeroc; & i3 vwisible only within main:

static int a;

S/ b is stored in & register, if posaible:
register int b = 0;

// Default storage clas3 i3 auto:
int c = 0;

!/ Values printed are 1, 0, 0O, 0O:

printf s{ "%d\n%*d\n¥d\n%d\n", i, &, b, o )
other({):

return;

| int i = 1; Qlobal variable

void other{ void )

{

f/ Addreas of global i a3signed to pointer variable:
static int *external i = &i;

S/ 1 iz redefined; global i no longer wisikle:
int i = 16;

S/ This a is visible only within the other function:
static int & = 2;

a += 2;

S/ Values printed are la, 4, and 1:

printf s{ "%d\n¥d\n¥d\n", i, a, *external i }:

extern and static [1]

A variable declared with the extern
storage-class specifier is a
reference to a variable with the
same name defined at the external
level in any of the source files of
the program.

The internal extern declaration is
used to make the external-level
variable definition visible within the
block.

Unless otherwise declared at the
external level, a variable declared
with the extern keyword is visible
only in the block in which it is
declared.



extern and static [2]

file main.cpp

#include <{stdio.h>
fidefine HARLIHE 1888 /= maximum input line length =/

/* declaration of function prototype in order to do type checking =/
int getline{ char s[], int lim } ;

int strindex{ char s[] } :

char pattern[] = "ould” ; definition earch for =/

/* find all lines matching pattern =/
int main{ int argc, char =argu[] )

{
char line[MAXLIHNE] ;
int found = 8 ;
vhile{ 8 < getline({line, HARXLIHE) }{ . .
file strindex.cpp
if { 8 <= strindex{line) ){ -
extern char pattern[] ; declaration
printf{*"%s\n*, line };
found++ ; int strindex{ char s[] }
¥/ end if { _ o
Y/ end while int 1, 1, k ; _ _
return found ; for { 1 =8 ; "\@" t= s[i] ; i++ }{
d for ( j=i, k=8 ; °"\@" *= pattern[k] && s[j] == pattern[k] ; j++, k++) {
y A For j
if { 8 < k && *\@" == pattern[k] }{ // match whole pattern in t
return i ; —
H
YV For i

return -1 ; // don't match pattern in t
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C ProProcessor (cpp) [1]

 File inclusion
#include “filename”
#include <filename>

e Macro (=15 ) substitution
#define forever for (; ;) // infinite loop
#define square(x) (X)*(x)

e Conditional inclusion
#ifndef _INC_STDIO
#define _INC_STDIO

[* content of stdio.h */
#endif /* INC _STDIO */



C PreProcessor (cpp) 2]

[im=l1@limwe grepls
[imzl@linux grepls man n:ppl

HAME
cpp - The C Preprocessor
SYHOPSIS
cpp [-Pmacro[=defn]...] [-Unacro]
[-Idir...] [-¥warn...]
[-M&-MM] [-MG] [-MF filename ]
[-MP] [-MD target...] [-MT target...]
[-x lanquage] [-std=standard]
SO rce COde infile outfile
u
Only the most useful options are listed here; zee below for the remain-
der.
DESCRIPTION
The C preprocessor, often khowm as cpp, 15 & macro processor that is
C preprocessor used automatically by the C compiler to transformw your program before
compilation. It iz called a macro processor because 1t allows vyou Lo
Cpp define macrozs, which are brief abbreviations for longer constructs.
Compiler Assembler Linker Executable file
> > > a.out
g++ /icpc | Assembly as object code | collect2 / Id '

code .s file .0 file



CPP — macro substitution

[imz1@linux max]s

[im=lflite max]% cpp main.cpp
# 1 "main.cpp"

# 1 "<huilt-ine"

# 1 "<command line>"

# 1 "main.cpp”

Question: Why no max operation in math.h

—» #idefine HAX({ A, B ) { (A) > (B) ? (A) = (B) )

int main{ int argc, char= argu[] ) int wain( int arge, char®* argv[] )

{
int ®,y,z ; int x,v,=
¥ =3 ; X =3:
y==5; ¥ =5
2 = HAX( %, Y ) ; z = [ (x) > (¥ 2 (x) ¢ (¥) ) ;
return 8 ;
¥ return 0 ;

¥

[im=l@linuwe max]s I

| cpp handles this but the compiler don't
see this statement



CPP - #include “filename” [1]

F=
Program 1: entrace to G-language

Ref: page 6 in the book, “The C programing Language, Kernighan'.
fis you print out the message "Hello World"” in the screen, then you

enter the palace of C-language.
*f

ginclude <stdio.n> CPP Tﬁ?ﬁ?%ﬁ stdio.h Z[[I=f#%'I"] {1 compiler [=type checking
fidefine HELLO_STRIHMG "hello, worldyn®
int main{ int argc, char= argu[] )

¢ printf{ HELLO_STRING ); Cpp}[ﬁﬁﬁi HELLO_STR|NG

return 8 ;

[imzl@linuy helloWorld]s 1=

a.out  helloWorld.dsp hellolWorld.nchk helloWorld.plg output.txt

Debwy helloWorld.dsw helloWorld.opt main.cpp

[im=lflinue helloWorld]s - o .

[imslBlinux helloWorld]é cpp main.cpp -0 main cpp.txt ﬁ,}“g‘ﬁ&i main Cptht
[imzal@linux helloWorld]s

[imslAlinux helloWorld]$ cat main cpp. txt | mDrEI

FIMt% main_cpp.txt - %~ I



CPP - #include “filename”

[2]

[imslflinux helloWorld]s cat main cpp.tHt | more
# 1 "wain.cpp”
"Thuilt-in="
"<oonmand line-"
"main.cpp”

12 "main.cpp"

rr

#
#
#
#

rr

# 258 "/usrfincludesstdio.h’ 3

# 1 "/usr/include/features.h™ 1 3
# 291 "Augr/include/features.h”™ 3
# 1 "/usr/include/sysscdefs ™ 1 3
# 292 "/fusr/include/ffeatures.h™ 2 3
# 314 "susr/include/features.h’™ 3

# 1 "/usr/include/gqmusstubs.h™ 1 3
# 315 "Ausr/include/features.h”™ Z 3
# 29 "/usr/includesstdio b’ 2 3

extern "C"

# 1 "/usr/libfgoc-lib/idg6-redhat-linme /3. 2. 2/inc lude fstdde
# 213 "Afusr/lib/goc-lib/isge-redhat-lime /3. 2. 2/nclude fatd
typedef unsigmed int size t;

# 35 "/usr/include/stdio.h”™ 2 3

# 1 "/usr/include/bits/types.h’™ 1 3

# 28 "Ausriinclude/hitsitypes.h™ 3

# 1 "/asr/include/bits/wordsize.h™ 1 3
# 29 "/usr/include/bitsitypes.h™ 2 3

# 1 "/usr/libfgoec-lib/idg6-redhat-linuex /3. 2. 2/include /stdde
# 32 "Masrfinclude/bits/types.h™ 2 3

[imzlfllinax imsl]4 cat fusrsinclude/stdio.h | more

/% Define I50 C stdio on top of C4+ iostreams.
Copyright (C) 1991,1994-1999 2000,01,02 Free Software Foundation,
This file iz part of the GNUO C Library.

Inc.

The GNU C Library is free software; vou can redistribute it and/or
modify it under the terms of the GNT Lesser General Public

License asz published by the Free Software Foundation; either
wversion 2.1 of the License, or [at your option) any later wersion.

The GNU C Library is distributed in the hope that it will be useful,
but WITHOUT AWNY WARFANTY; without ewven the implied warranty of
MERCHANTABILITY or FITMESS FOR 4 PARTICULAR PURPOSE. See the GNU
Leszer General Public License for more details.

Fou should hawve receiwed a copy of the GNU Lesser General Public
License along with the GNU C Library;; if not, write to the Free
Software Foundation, Inc., 59 Tewple Place, Suite 330, Boston, Ma
02111-1307 USh, +/F

J,-'ﬂ‘

+

*/

I50 C99 SFtandard: 7.19% Input/soutput <stdio.

gifndef STDIO H

#if !'defined need FILE &
# define STDIO H
# include <features.h>

'defined need FILE

1
line 28, include feature.h

FE e T

__EEGIN DECLS

# define need size_t
# define need NOLL

Recursively file inclusion, %ﬂﬁ'ﬂhi[ﬂﬁ'\'@

"]




CPP - #include “filename” [3]

typedef G fposad t© fposed t;

# 133 "/usr/includesstdio.h™ 3

# 1 "fusr/includesbits/stdio_lim.h™ 1 3
# 139 "jusr/includesstdio.h™ 2 3

standard input
e
extern struct _T0_FILE *sztdin;
exXtern struct _I0_FILE *stdout:

extern struct I0 FILE *stderr: \ i
- = Standard OUtpUt extern int fgetc (FILE ¥__ stream) ;

extern int getc (FILE *_ stream) ;

extern int getchar (woid) :

extern int fprintf (FILE ¥ _ stream,
const char * _ format, ...} ;

extern int printf (const char * _ format, ... !

extern int sprintf (char * _ =,

extern void funlockfile (FILE * zstream)
const char * _ format, ...) ! -

# 679 "/fasrsincludesstdio b 3

H

extern int wfprintf (FILE * _ 2, const char * _ format, # 13 "main.cpp” 2

__gmuc_wa_list _ arg)

extern int wprintf (const char * _ format, _ fqmuc_wa list _ arg)

o int maini int arge, char® aroge[] |
{
extern int waprintf (char * _ 5, const char * _ format, printfi| "hella, worldiyn™ I
__grmac_wa_list _arg) »
o return 0 ;
N '

[imzl@linux helloWorld]s I




CPP — conditional inclusion [1]

#include {stdio.h>
B T
int main{ int argc, char= arqu[] ) ZL f/\;l% —W,I_I‘\IBZ_"\FI&AI% —WIN32—
{ I, FIE A
#if defined(_WIN32) || defined{__WIN32_ )
Prantf("This is Wind2 Applicatiomn™);  grintf("This is Win32 Application\n");
printf(“This is Linux Applicationin™);

endif F\[ F 3t = AR = ﬁ%

return 8 ;

} printf("This is Linux Application\n");

ftelse

Result in Visual Studio
oy "FACOURSEZODESUMMERV. LANGAEX AMFPLEVCHAPAufdef\Debuglifdef exe"®

Thiz iz Wind2 Application

Presz any key to continue

Result in Linux

[imzlllinux ifdef]s l=
Debwy ifdef.dsp ifdef.dsw ifdef.nch ifdef.opt ifdef.plg main.cpp
[im=lllinue ifdef]s icpc main. opp
[imz1Rlinux ifdef]s ls
Debug ifdef.dsp ifdef.dsw ifdef.nch ifdef.opt ifdef.plg wmain.cpp
[imzlRlinux ifdef]s ./ a.out
Thiz is Linux Application
[imslBlimu ifdef]s []




CPP — conditional inclusion [2]

[imzlllimax ifdef]$ icpc -D WIN3Z=1 main.cpp

[imslllinax ifdef]s . J/a.out
Thiz 1=z Windg Application
[imsl@linw ifdef]s |

Macro _WIN32 is always defined in
Visual Studio

[im=zl@limoe ifdef]s
[imsl@limu ifdef]$ man icpc]

I!{name}[={value}]
Define the macro <name> and

DEFATLT: Hﬂiname} defines the macro <hame> with a <walue> of 1.

[imzldlimw ifdef]$ man goco
GCC{L) GHTT

HAME
gocc - GNO project C and C44+ compiler

SYHOPSIS
goo [-cA-58-E] [-std=standard]
[-g] [-pg] [-Olewel]
[-Wwarn...] [-pedantic]
“Idir... “Ldir...]
[-Pmacro[=defn]... ]| [-Umacra]

[-o outfile] infile...

= = hine-option...

]

azsociate it with the specified
<yaluex=. Edquiwvalent to a #define preprocessing directiwve.




CPP — causality ([<f! &) [1]
-“______________________________

Files | Projects | Other Documents |

+#] Active Server Page v Add to

% Binary File

i Bitmap File ] ] grep

B cic++ Header File - 2dd header file getline.h

24 C++ Source File

%Cursur File File
Fortran Fixed Format Source File .
Fortran Free Format Source File !]ﬂ“mﬂ|
[#] HTML Page _

- Jlcon File Location:

4= Macro File _ #include <stdio.h>
iT/Resource Script

i Resource Template /* add prototype of function getline =/

50QL Script File #include "getline._h"

Bl Text File
/* qgetline: get line into s, return length
¥*
= dinput - 1lim : maximum size of character array s
= puptut - s : contains one line from stdin

. *
Content Of getllne-h = return lengh of string s
=/
f* test for nested file inclusion =/ :"t getline( char s[], int 1im )

= finclude "strindex.h" . .
int ¢, 1 ;

/* prototype of function getline =/ i-=-8:

int getline( char s[], 1nt lim } ; while{ --1im > 8@ && (c=getchar()) *= EOF && c = '\n’

s[ i++ ] = ¢ ;

s[i] = '\@" ;
return i ;




CPP — causality (F<4 )

[2]

Files |F‘rujects Other Documents |

s#] Active Server Page
1% Binary File
Bitmap File

[ C++ Source File

T Cursor File

Fortran Fixed Format Source File
Fortran Free Format Source File
(8] HTML Page

- Jlcon File

L= Macro File

S Resource Script

=/ Resource Template

SQL Script File

[E] Text File

content of strindex.h

i) cic++ Header File 2dd header file strindex.h

v Addto |

grep

File

strindex]

i

Location:

FAcoursel

/* add prototype of function getline =/
#include “strindex.h"

F= test for nested file inclusion =/
#include “getline.h™

/* prototype of function strindex =/
int strindex{ char s[], char t[] ) ;

int strindex{ char

{

int i, j, k ;

for { 1 =8 ;
for ( j=i,
Yy /f for j
if ( 8 €k

return

H

Yif for i

return -1 ; #/

5[], char t[] )

"\B' = s[i] ; i++ )¢

k=08 ; *\@' t= t[k] && s[j] == t[k] ; j++, k++)
&& '\0' == t[k] ){ // match whole pattern in t
i;

don't match pattern in t




CPP — causality (F<4 )

==

Workspace 'grep': 1 project(s]
- grep files

-3 Source Files
getline.cpp
0P
strindex.cpp
-3 Header Files
getline.h
strindex.h
L2 Besource Files

#include <stdio.h>
f#idefine HAXLINE

int getline{ char s[

int main{ int argc,

{

int found = 8 ;

¥/ oend if
/7 end while
return found ;

"= ClassView | E] FileView ]

1888 /* maximum input line length =/

], int lim ) ;

int strindex{ char s[], char t[] ) ;

char pattern[] = "ould" ; /= pattern to search for =/

char =argu[] )

char line[MAXLINE] ;

vhile{ @ < getline(line, MASLIME) }{
if { B <= strindex(line, pattern) }{
printf{*%s\n", line });

found++ ;

[3]

/% declaration of function prototype in order to do type checking =/

|
A

Compiling...
getline.cpp

F:\cnur59\2ﬂﬂsgummer\c_lang\Example\chaph\grep\getline.h(3) H
f:\course\2@8088sunner\c_lang\exanplelchapiigrepigetline .h(3)

strindex.cpp

F:\cuurse\2Bﬂssummer\c_lang\example\chaph\grep\strindex.h(5)
f:\course\20808sunmer\c_lang\exanpleichapiigrepi\strindex.h(5)

Error Executing cl.e

Question 1: why we have infinite recursion?

Question 2: How to solve infinite recursion?

Xe.

: fatal error C1076: compiler limit

warning C4182: #include nesting level is 363 deep; possible infinite recursion
: internal heap limit reached; use /Zm to specify a

: warning C4182: #include nesting level is 363 deep; possible infinite recursion
: fatal error C1076: compiler limit :

internal heap limit reached; use /Zm to specify a



CPP — causality (<1 &) [4]

getline.h

#ifndef GETLIME_H
#idefine GETLIME_H

F* test fFor nested file inclusion =/
#tinclude "strindex.h"

/* prototype of function getline =/
int getline({ char s[], int 1lim } ;

#endif /7 GETLIME_H

getline.cpp

strindex.h

#ifndef STRINDEX_H

#define STRINDEX_H

/% test For nested file inclusion =/
#include “getline.h”

/* prototype of function strindex =/
int strindex{ char s[], char t[] )} ;:

#endif /7 STRINDEX_H

strindex.cpp

#include <stdio.h>

/* add prototype of function getline =/
#include *“getline.h"

F*

LI I I ]

int

getline: get line into s, return length

input - 1im : maximum size of character array s
ouptut - s : contains one line from stdin

return lengh of string s

getline({ char s[], int lim )

int ¢, 1 ;

i=8;

while{ --1im > @ && {c=getchar()) ?= EOF &&k c *= ‘\n' }{
s[i++ ] = ¢ ;

s[i] = "\@" ;
return i ;

/* add prototype of function getline =/
#include “strindex.h”

int strindex{ char s[], char t[] )

{
int i, j, k ;
for (i =8 ; "\@" t= s[i] ; i++ }{
for { j=i, k=8 ; *\B' *= t[k] && s[j] == t[k] ; j++, k++)
y f7 For j
if ( 8 < k && "\@*' == t[k] )}{ // match whole pattern in t
return 1 ;
e
¥ for i
veturn -1 ; //f don't match pattern in t
¥




CPP — causality (P4 )

[5]

preprocess source strindex.cpp

1. no macro STRINDEX H is defined

1 ,
#ifndef STRINDEX_H \/
: 2. define STRINDEX_H
? #define | STRINDEX_H — ) )
4 4. no macro GETLINE_H is defined
/= test For nested file inclusion =/ . \u/( -
3 #include "getline.h" >‘ #ifndef GETLINE_H
/= prototype of function strindex =/ 5 #define | GETLINE_H 5. define G[:TLINE—H
9 int strindex{ char s[], char t[] )} ; . . .
/* test for nested file inclusion =/
#endif // STRINDEX_H eGSR L IR
‘= prototype of function getline =/
3. include header file getline.h 8 int getline( char s[], int lim ) ;
#endif // GETLIME_H
7

7. STRINDEX_H is defined, |/

ignore these codes

#ifndef STRIMDEX_H X

/

fidefine STRIMWDEX_H

¥* test for nested file inclusion =/
#include "getline.h"

¥= prototype of function strindex =/
\_ int strindex{ char s[], char t[] ) ;

#endif /7 STRINDEX_H




