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NYU SCPS X52.9546 Section 1 Unix Tools

Fall 2004 Handout 3

Examinethe symbol table of a C program

/* This is filel.c. */
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>

void f1(void);
static void f2(void);
void f3(void); [* external */

int gl; [* inmplicitly initialized */
int g2 = 10; /* explicitly initialized */

extern int e;

int main()

{
int i; /* Doesn’t appear in synbol table. */

f1();
f2();
f3();
printf ("%l %\n", gl, e);
return EXI T_SUCCESS;
}

void f1l(void)
{
}

static void f2(void)

{
}

/* This is file2.c. */
#i ncl ude <stdi o. h>
int e = 10;

voi d f3(void)
{
}

A . c file whose symbol table has U’s or V’s is not a complete program. See KP p. 106 for the argu-
ments of sort .
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1$ gcc -c filel.c Createfilel. o
2$ nmfilel.o | awk "NR >= 3 {print $5, $1}' | \
sort +0f -1 +0 -1 +1df +1d | nore

23468. o:
Bi nd [ | ndex]
| OB [ 10]
| OB [ 11]
| OB [12]
| OB [13]
| GLOB [7]
| GLOB [8]
| GLOB [9]
| LOCL [1]
| LOCL [2]
| LOCL [3]
| LOCL [4]
| LOCL [5]
| LOCL [6]

3% gcc -c file2.c Createfil e2. 0
4% nmfile2.0 | awk 'NR >= 3 {print $5, $1}' | \
sort +0f -1 +0 -1 +1df +1d | nore

23468fil e2. o:
Bi nd [ ndex]
| GLOB [5]
| GLOB [ 6]
| LOCL [1]
| LOCL [2]
| LOCL [3]
| LOCL [4]
You can even see the symbol table of a successfully linked executable. In this case all the U’s and V’s
have changed to other letters:

Fall 2004 Handout 3 %235 an -2- heerves ©2004 Mark Meretzky



NYU SCPS X52.9546 Section 1 Unix Tools

5% gcc -0 prog filel.o file2.0 Create pr og
6% nmprog | awk 'NR >= 3 {print $5, $1}’
sort +0f -1 +0 -1 +1df +1d | \

—

pr -2 -129 -t | nore minus lowercase L 29
| LOCL [15]
Bi nd [ 1 ndex] | LOCL [16]
| GLOB [59] | LOCL [17]
| GLOB [ 61] | LOCL [18]
| GLOB [ 62] | LOCL [19]
| GLOB [ 63] | LOCL [ 2]
| GLOB [ 64] | LOCL [20]
| GLOB [ 65] | LOCL [21]
| GLOB [ 66] | LOCL [22]
| GLOB [ 68] | LOCL [ 23]
| GLOB [ 69] | LOCL [ 24]
| GLOB [ 70] | LOCL [ 25]
| GLOB [ 72] | LOCL [ 26]
| GLOB [ 73] | LOCL [27]
| GLOB [ 74] | LOCL [ 28]
| GLOB [ 75] | LOCL [29]
| GLOB [ 76] | LOCL [ 3]
| GLOB [ 77] | LOCL [ 30]
| GLOB [ 78] | LOCL [ 31]
| GLOB [ 79] | LOCL [32]
| GLOB [ 80] | LOCL [33]
| GLOB [ 81] | LOCL [ 34]
| GLOB [ 82] | LOCL [ 35]
| LOCL [1] | LOCL [ 36]
| LOCL [10] | LOCL [37]
| LOCL [11] | LOCL [ 38]
| LOCL [12] | LOCL [39]
| LOCL [13] | LOCL [4]
| LOCL [ 14] | LOCL [40]
| LOCL [41] | LOCL [53]
| LOCL [42] | LOCL [54]
| LOCL [43] | LOCL [55]
| LOCL [ 44] | LOCL [56]
| LOCL [45] | LOCL [57]
| LOCL [ 46] | LOCL [58]
| LOCL [47] | LOCL [ 6]
| LOCL [48] | LOCL [7]
| LOCL [49] | LOCL [8]
| LOCL [5] | LOCL [9]
| LOCL [50] | VEAK [ 60]
| LOCL [51] | VEAK [ 67]
| LOCL [52] | VEAK [ 71]

v Homework 3.1: which .o file is trying to use a missing function or variable?
Try to make an executable file out of three object files that 1’ve already made for you:
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1$ cd $d46

2% gcc -0 “/bin/prog undefinedl.o undefined2.o0 undefined3.o
3% gcc -0 "/bin/prog undefined*.o

4% gcc -0 “/bin/prog undefined[123].0

5% gcc -0 “/bin/prog undefined[1-3].0

The error messages will be

cc: undefined[1-3].0: No such file or directory
cc: No input files

Which of these three object files (maybe more than one) are trying to use these undefined functions or vari-
ables?
A

v Homework 3.2: which library do you have to link in?

Write a C program that calls an undefined function. Then write a shellscript with a for loop to look
for that function in all the libraries in the Zusr/1ib directory.
A

strip

You can strip the symbol table from an executable file but not from a .o file. This makes the
executable file smaller, but has no effect on how much memory it uses when it runs.

1$ Is -1 prog

See how big prog is.

-rwX-----—- 1 abcl1234 users 6508 Jan 9 00:36 prog

2% strip prog Remove the symbol table from prog.

3% Is -1 prog

-rwX-----—- 1 abcl1234 users 4104 Jan 9 00:36 prog

4% nm prog ...but you can no longer see prog’s symbol table.
prog:

5% prog prog still runs.

6% gcc -s -o prog filel.o file2.0

7% bc
2713
8192

8% bc
2 * (2713)
16384

9% bc
3 * (2713)
24576

Create a stripped executable.

Create a library of text files

Print ar(1). Create four text files and archive them in an file named Iibdate.a. The name of a
library will always begin with 11b and end with .a. Some versions of ar allow an optional dash at the
start of the first argument.
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1$ cd

2$ date > datel

3$ date > date2

4% date > date3

5$ date > date4
6% |s -1 date[1-4]
STW------ 1 mMmb4 users 29 Jan 9 00: 36 datel
STW------ 1 mMmb4 users 29 Jan 9 00: 36 date2
STW------ 1 mMmb4 users 29 Jan 9 00: 36 date3
STW------ 1 mMmb4 users 29 Jan 9 00: 36 date4

7% ar crv libdate.a datel date2 date3 Create |l i bdate. a

ar: witing libdate.a

a - datel

a - date2

a - date3

8% Is -I libdate.a

STW------ 1 abc1234 users 278 Jan 9 00:36 |ibdate.a

9% ar tv libdate.a Display the library’s table of contents.

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 datel

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date2

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date3

10$ rm date[ 1- 3]
11$ ar pv libdate.a datel Print dat el on the standard output.

<dat el>

Fri Jan 9 00:36:22 EST 2004

12$ ar xv libdate.a datel Create (“extract”) a new copy of dat el from the library.
X - datel

13$ Is -| datel Make sure the file dat el reappeared.
STW-- - 1 abc1234 users 29 Jan 9 00: 36 datel

14$ ar dv |libdate.a datel Delete dat el from the library.

ar: witing libdate.a

d - datel

15% ar tv libdate.a Make sure dat el is deleted from the library.
Frw------ 50766/ 15 29 Jan 9 00:36 2004 date2

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date3

16% ar rv |libdate.a datel Put dat el back into the library.

ar: witing libdate.a

a - datel
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17$% ar tv libdate.a Make sure dat el is back in the library.
Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date2

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date3

Frw------ 50766/ 15 29 Jan 9 00:36 2004 datel

18% vi datel Create a new version of dat el.

19% ar rv libdate.a datel Replace the dat el in the library with the new dat el.
ar: witing libdate.a

r - datel

20% ar rv libdate.a date4 Add a new file to the library.

ar: witing libdate.a

a - dated

21% ar tv libdate.a Make sure the new file is in the library.
Frw------ 50766/ 15 29 Jan 9 00:36 2004 date2

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date3

Frw------ 50766/ 15 29 Jan 9 00:36 2004 datel

Frw------ 50766/ 15 29 Jan 9 00: 36 2004 date4

22% nore libdate. a Don’t try this with any other library.

You can nor e | i bdat e. a because it contains only text files. See if you can decipher the header
information at the start of each text file. ar (4) will confirm your guesses.

v Homework 3.3: create a library

Create and play with a little library of text files.
A

A library of .o files

The real purpose of ar is to build a library (e.g.,/usr/1ib/libc.a,/usr/1ib/libm a)con-
taining . o files that were created with gcc - ¢c. These . o files do not constitute a complete C program: for
example, they have no mai n function. They contain individual functions and variables (e.g., pri nt f and
_i ob) that other people will use as part of their C programs.

Every library has a . h file (e.g., / usr/i ncl ude/ st di o. h,/ usr/i ncl ude/ mat h. h) declar-
ing all the functions and variables in the library. The people who use the library must #i ncl ude the . h
file in their C programs. Note that the library contains only the . o files; the . h file and . ¢ files are not
stored in the library.

When creating a library of . o files or adding extra . o files to it, always give the s option along with
the r option (e.g., cr vs orr vs). This will add a new member to the start of the library named
64ELEL_ (eight leading underscores) containing an index of the functions and variables in all
the . o files. In some versions of Unix, this index has a different name (e.g., SYMDEF) and is created by a
separate r anl i b command after the ar command instead of the s option to ar .

/* This file is astor.h. */

voi d nyprintf(void);
voi d nyscanf (void);
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/* This file is myprintf.c. */
#include <astor.h>

void myprintf(void)
{
}

/* This file is myscanf.c. */
#include <astor.h>

void myscanf(void)
{
}

1$ gcc -1. -c myprintf.c myscanf.c

2% -s -1 myprintf.o myscanf.o

-rwW-—-—————- 1 mm64 users 536 Jan
-rwW-—-—————- 1 mm64 users 536 Jan

9 00:36 myprintf.o
9 00:36 myscanf.o
3% ar crvs libastor.a myprintf.o myscanf.o

ar: writing libastor.a

a - myprintf.o

a - myscanf.o

4% ar tv libastor.a
rw-——————-— 50766/ 15 536 Jan 9 00:36 2004 myprintf.o
rw-——————-— 50766/ 15 536 Jan 9 00:36 2004 myscanf.o

The standard library Zusr/1ib/libc.a (which contains all the functions declared in stdio.-h
and stdlib_h) is automatically linked to every C program. To link another library to your program,
#include the .h file for that library and specify the name of the library with the —1 (minus lowercase L)
option of gcc; see 1d(1). The -1 option must come after the names of the .c, .s, and .o files. Put no
space after the lowercase 1, and chop off the leading 1'ib and the trailing . a from the name of the library.
For example, if your program calls functions in the math library Zusr/1ib/1ibm.a,

5% cd "mm64/46/moon
6% gcc -0 “/moon moonmain.c moonphase.c moondraw.c -Im
7% gcc -0 "/prog prog.o -Im -1X11 two libraries

gcc assumes that libraries are in the Zusr/1ib directory. Use the —L option before the -1 option
to change this assumption; see 1d(1). For example, to use the library Zusr/libby/libastor .a,

8% gcc -0 “/prog prog.o -L/usr/libby -lastor

You can even see the symbol table of each .o file in a library with the —r option of nm:

9% nm -r libastor.a | \

awk *$1 ~ /"libastor\.a/ || $1 == "[Index]" || /\|FUNC/”
libastor._a[myprintf.o]:
[Index] Value Size Type Bind Other Shndx Name
[41 1| o] 12|FUNC |GLOB |O 12 Imyprintf.o-myprintf
libastor.a[myscanf.o]:
[Index] Value Size Type Bind Other Shndx Name
[41 1| o] 12|FUNC |GLOB |O 12 |myscanf.o:myscanf

When linking in two or more libraries, (i.e., when giving two or more -1 options to gcc), you may get an
error message saying that a symbol is undefined even though the symbol is present in one of the libraries.
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If this happens, put the —1 option for that library last.

v Homework 3.4: examine some libraries of .o files with ar tv and nm -A

Does the C library Zusr/lib/libc.a really contain the file printf.o? Does that file
printf._o really contain the definition of the function printf?

Does the math library Zusr/1ib/1ibm_a really contain the file sqrt.o? Does that file sqrt.o
really contain the definition of the function sqrt?

Does the X Window library Zusr/1ib/1ibX11 _a really contain the file XOpenDis.o? Does
that file XOpenDis. o really contain the definition of the function XOpenDisplay?

Does each library begin with 64ELEL_? Does any library contain two files with the
same name?
A

Digitized images
A picture is stored in a file with one of the following suffixes:

-gif CompuServe graphic interchange format
-Jjpg or_jpeg Joint Photographic Experts Group

-ppm Jef Poskanzer’s portable pixmap

-ps Adobe PostScript

1% cd

2% cd public_html

3% lynx -source http://www.nyu.edu/images/torchl.gif > torchl.gif
4% Is -1 torchl._gif

5% chmod 444 torchl._gif

Now you can point your browser at http://i5._nyu.edu/~abc1234/torchl._gif.

6% head -c8 torchl._gif
GIF87a2
7% od -c torchl.gif | more

8% giftoppm torchl.gif > torchl.ppm

9% lynx -source http://www.nyu.edu/images/torchl.gif | giftoppm > torchl.ppm
10$ Is -1 torchl.ppm

11$ head -c2 torchl.ppm

P6

12$ od -c torchl.ppm | more

Conventions to prevent bugs
We adopt three conventions in code to manipulate . ppm files:

(1) Whenever we talk about the codrdinates of a point, the x cotrdinate will come before the y coordi-
nate.

(2) x and y coobrdinates will be zero-based. For example, if the image is 600 columns wide, the X
codrdinate will go from 0 to 599, not from 1 to 600. The origin (0, 0) will be in the upper left cor-
ner.

(3) The name of each function will begin with ppm_. The return value will be of type int: -1 for fail-
ure, 0 for success.
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Generate a test .ppm file: http://i5.nyu.edu/"mm64/x52.9546/little.gif

Your ppm_ function will be easier to debug if you feed it a tiny . ppmfile instead of one containing
thousands of pixels. You can’t type a little . ppmfile with vi , however—it contains binary data. Run the
following C program instead:

/[* This file is testgen.c. */

#i ncl ude <stdi 0. h>
#i ncl ude <stdlib. h>

mai n()

{
printf ("P6\n");
printf ("3 2\n");
printf ("255\n");
printf ("%%%", 0, 0, 0);
printf ("%%%", 128, 128, 128);
printf ("%%%", 255, 255, 255);
printf ("%%%", 255, 0, 0);
printf ("%%%", 0, 255, 0);
printf ("%%%", 0, 0, 255);
exit (0);

}

Fall 2004 Handout 3 %5 an

/*
/*
/*

/*
/*
/*

/*
/*
/*

format of .ppmfile */
wi dt h and height in pixels */
maxi mum col or val ue */

x=0, y=0 (upper left): black */
x=1, y=0 (top center): gray */
x=2, y=0 (upper right): white */
x=0, y=1 (lower left): red */

x=1, y=1 (bottomcenter): green */
x=2, y=1 (lower right): blue */

Each of the printf’s in lines 12-18 above could have been written as three put char’s. For
example, line 18 could have been written as

put char (0); /[* red */
put char (0); /* green */
put char (255); /* blue */

1$ gcc -o testgen testgen.c
2$ rehash

3% testgen > little. ppm
4% 1s -1 little. ppm

1 abc1234 users
5% head -3 little. ppm

P6

32

255

createt est gen

29 Jan 9 00:36 little.ppm

heerves ©2004 Mark Meretzky
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6% tail +4 little.ppm| od -An -v -tul | \
tr -cs '[:digit:]" "[\n*]" | tail +2 | nore
000
000
000
128
128
128
255
255
255
255
000
000
000
255
000
000
000
255

#!/ bi n/ sh

tail +4 little.ppm|
od -Ad -v -tul |
tr -cs "[:digit:]" "[\n*]" |
awk ’
BEGN {n = 3} #col ors per pi xel
{
p=NR/ n #di vi de by nunber of primary col ors
#t 0 get pixel nunber
if (p>0&%p %n ==0) {

print "" #out put enpty |ine between rows

}
printf "93d (%, %) 9%3d %38d %3d\n",
NR, p %n, int(p/ n), $1, $2, $3
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1(0,0 0 0 O
2(0,0 0 0 O
3(1, 00 0 0 O
4(1, 00 0 0 O
5(1, 00 128 0 O
6 (2, 00128 0 O
7(2, 0128 0 0
8 (2, 00255 0 O
9 (0, 1) 255

10 (0, 1) 255
11 (0, 1) 255
12 (1, 1) ©
13 (1, 1) ©
14 (1, 1) ©
15 (2, 1) 255
16 (2, 1) ©
17 (2, 1) ©

[cNoNoNoNeoloNoNeNo)
[cNoNoNoNeoloNoNeNo)

18 (0, 2) 16
19 (0, 2) ©
20 (0, 2) 255
21 (1, 2) 18

[oNeoNeoNe
[oNeoNeoNe

Could you make the above program also print out the name of the closest color to each pixel in the
file/usr/1ib/X11/rgb.txt?

Make a negative

Geta.gif or. ] peg file and change it into a . ppmfile. Input the . ppmfile into the following C
program which will output a new . ppmfile. Then convert the new . ppmfile back to . gi f with
ppnt ogi f.

The scanf assignment suppression characater * in line 18 lets you avoid having to create a dummy
variable:

char dunmy; [* input the newline after the maxcol or */
scanf ("% %%%l% ", format, &w dth, &height, &maxcolor, &dunmy);

See pp. 157, 245 in the second edition of the K&R C book.

/* This file is ppmnegativel.c. Read in a P6 pgmfile fromthe standard i nput,
and wite to the standard out put another P6 format ppmfile which is a negative
of the first file. */

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>

int main(int argc, char **argv)

char format[256];
i nt width, height;

i nt maxcol or; /* this nunmber means full color; 0 means no col or */
int x, vy;
unsi gned char red, green, blue; /* unsigned to avoid sign extension */
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/* %c will input (and discard) the newine after the maxcolor. */
scanf ("% %d%%l% c", format, &w dth, &height, &maxcolor);

if (strecnp(format, "P6") !'= 0) {
fprintf (stderr, "%: input nust be P6 format ppmin", argv[O0]);
return 1,

}

printf("P6\n% %\ n%l\n", wi dth, height, maxcol or);

for (y = 0; y < height; ++y) {
for (x = 0; x <wdth; ++x) {
if (scanf("%%%", & ed, &green, &blue) '= 3) {
fprintf(stderr, "%: EOF when x == %, y == %\n",
argv[0], X, y);
return 2,

}

printf("%%%",
maxcol or - red,
maxcol or - green,
maxcol or - blue);

}

return O;

1$ gcc -o $HOWE/ bi n/ ppm negati vel ppm negativel.c

2$ rehash

3% ppm negativel < original.ppm> negative. ppm

4% giftoppmoriginal.gif | ppmnegativel | ppntogif > negative.gif
5% chnod 444 negative.gif

6% nmv negative.gi f $HOVE/ public_ht n

Write a main function and ppm_ function in separate files

The ppm_ function should no longer output error messages or call exi t :

/* This file is main_negative.c. */

#i ncl ude <stdi 0. h>
#i ncl ude <stdlib. h>
#i ncl ude <ppm h>

i nt

{

mai n(int argc, char **argv)
const int r = ppm.negative(stdin, stdout);

if (r 1= 0) {

fprintf(stderr, "%: ppmnegative function returned %\ n", argv[O],

return 1;

}

return O;
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17 }
1/* This file is ppmnegative.c. Input a P6 ppmfile fromin, and wite to out
2 another P6 ppmfile which is a negative of the first file. */
3
4 #include <stdio. h>
5 #include <string. h>
6 #include <ppm h>
7
8 int ppmnegative(FILE *in, FILE *out)
9 {
10 char format[256];
11 i nt width, height;
12 i nt maxcol or; /* this nunber nmeans full color; O means no color */
13 int x, vy;
14 unsi gned char red, green, blue;
15
16 /* %c will input the newline after the maxcolor. */
17 fscanf(in, "%%%d%%c", format, &w dth, &height, &maxcol or);
18
19 if (strecnp(format, "P6") !'= 0) {
20 return -1,
21 }
22
23 fprintf(out, "P6\n% %\ n%l\n", w dth, height, maxcol or);
24 for (y = 0; y < height; ++y) {
25 for (x = 0; x <wdth; ++x) {
26 if (fscanf(in, "%%%", & ed, &green, &blue) = 3) {
27 return -1;
28 }
29
30 fprintf(out, "%%%",
31 maxcol or - red,
32 maxcol or - green,
33 maxcol or - blue);
34 }
35 }
36
37 return O;
38 }

1$ gcc -1$mi6/ ppm i ncl ude -o $HOVE/ bi n/ ppm negati ve \

mai n_negative.c \
ppm negative. c
2$ rehash

Let the user specify an input file as a command line argument: pp. 130-131

Most Unix programs assume that a command line argument that doesn’t start with a dash is the name
of an input file. If there are no command line arguments that do not start with a dash, then the input is

taken from the standard input.

1$ sort -n file
2% sort -n
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All rights
reserved

©2004 Mark Meretzky



NYU SCPS X52.9546 Section 1 Unix Tools

Here is an improved mai n_negat i ve. c file for the above program. A command line argument is
assumed to be the name of an input file. Otherwise, input is taken from the standard input.

The mai n function should do nothing except process the command line arguments and call your
ppm_ function. If your ppm_ function requires a FI LE *i n, have mai n f open a file or give it st di n.
If your ppm_ function requires a FI LE * out , have mai n give it st dout .

Before mai n uses any command line argument (i.e., any member of the array ar gv), it must make
sure that the argument exists (i.e., that ar gc is big enough). Also make sure that there are not too many
arguments.

1/* This file is main_negative.c. */
2 #include <stdio. h>

3 #include <stdlib. h>

4 #include <ppm h>

5

6 int main(int argc, char **argv)

7 {

8 FILE *in;

9 int r;

10

11 if (argc > 2) {

12 fprintf(stderr, "%: at nost one conmand |ine argunent\n", argv[0]);
13 return 1,

14 }

15

16 if (argc == 1) {

17 in = stdin;

18 } else if ((in = fopen(argv[1l], "r")) == NULL) {

19 fprintf(stderr, "%: couldn’t open input file %\n", argv[0], argv[1]);
20 return 2;

21 }

22

23 r = ppmonegative(in, stdout);

24 if (r 1=0) {

25 fprintf(stderr, "%: ppmnegative function returned %d\n", argv[O0], r);
26 return 3;

27 }

28

29 return O;

30 }

3% gcc -1$mi6/ ppni i ncl ude -o $HOVE/ bi n/ ppm negative \
mai n_negative.c \
ppm negative. c

4% rehash

You can now use ppm_negat i ve in any of the following ways:

5% ppm negative < original.ppm > negative.ppm

6$ ppm_negative original.ppm > negative. ppm

7% giftoppmoriginal.gif | ppmnegative | ppntogif > negative.qgif
8% chnod 444 negative.gif

9% nv negative.gi f $HOVE/ public_ht n
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Pass a numeric command line argument to a C program

If your ppm_ function requires a numeric argument, let it be the first command line argument. See p.
251 in the K&R C book, second edition, for at oi , at ol and at of .

1/* This file is main_hstretch.c. */

2 #include <stdio. h>

3 #include <stdlib. h>

4 #include <ppm h>

5

6 int main(int argc, char **argv)

7 {

8 FILE *in;

9 int r;

10

11 if (argc < 2 || argc > 3) {

12 fprintf(stderr, "%: requires 1 or 2 command |ine argunents\n",
13 return 1,

14 }

15

16 if (argc == 2) {

17 in = stdin;

18 } else if ((in = fopen(argv[2], "r")) == NULL) {

19 fprintf(stderr, "%: couldn’t open input file %\n", argv[0], argv[2]);
20 return 2;

21 }

22

23 r = ppmhstretch(in, stdout, atoi(argv[1]));

24 if (r <0) {

25 fprintf(stderr, "%: ppmhstretch function returned %\ n", argv[O],
26 return 3;

27 }

28

29 return O;

30 }

1$ ppmhstretch 2 original.ppm| ppmyvstretch 2 > stretched. ppm

v Homework 3.5: writea ppm_ function and a main function to call it

Write one or more of the ppm_ functions declared in $mi6/ ppni i ncl ude/ ppm h, or invent
your own ppm_ function and send me mai | describing its arguments and what it does. Also write a mai n
function to call your ppm_ function.

Common bugs:

(1) If you read the input pixels in nested f or loops, be sure to keep the y loop on the outside and the
x loop on the inside, as in Handout 3, p. 9, lines 27-28.

(2) Make sure that every number that you store in an unsi gned char variable is in the range zero to
255 inclusive.

(3) Make sure that every color that you output is in the range zero to maxcol or inclusive.

Write the two functions in separate . ¢ files named mai n_negati ve. ¢ and ppm_negati ve. c
(for example). The two . c files must both #i ncl ude <ppm h>. Since ppm h is in the directory
$mi6/ ppni i ncl ude, you’ll have to compile the . ¢ files with the - | $mA6/ ppni i ncl ude option of
gcc.
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Hand in your two . c files. Use ppnt ogi f to change the . ppmoutput of your C program back to a
. gi f,and link your home page to the original and processed . gi f ’s.

Copy the two . c files into the $mA6/ ppni sr ¢ directory and chnod themtor--r--r--. (First
make sure that files with these names do not already exist there.) chrod the . o file that contains your
ppm_functiontor--r--r-- and archive it into the library $md6/ ppm 1 i b/ | i bppm a:

1$ cd to the directory where your ppm_negat i ve. c file is

2% gcc -c -1$mi6/ ppm i ncl ude ppm negative. c create ppm negati ve. o
3% Is -1

4% chnod 444 ppm negative.o

5% I's -1

6% ar rvs $mi6/ ppnilib/libppma ppmnegative.o
7% ar tv $mi6/ppnilib/libppma | nore
8% rm-f ppmnegative.o

(First make sure that a file with the same name is not already in the library.) Copy the executable C pro-
gram into the $n46/ ppm bi n directory and chnod it to r - xr - xr - x. (First make sure that a file with
the same name does not already exist there.) Edit your . | ogi n file to insert the directory

/ honmel/ m 64/ 46/ ppm bi n into your $PATH just before the . at the end of the path. (You can’t
use the variable $m46 in your . | ogi n file before you set env it.) Then log out and log in.

If your ppm_ function doesn’t work, debug it with the little 3 x 2 . ppmfile shown above instead of a
. ppmfile of normal size. Or dispense with the input and output files and take the rows and columns of pix-
els from a small two-dimensional array which you initialize yourself:

typedef struct {
unsi gned char red;
unsi gned char green;
unsi gned char bl ue;

} pixel;

pi xel input[2][3] = {
{{ 0o, 0, 0}, {128, 128, 128}, {255, 255, 255}}, [/* y =0 */
{{255, 0, 0}, { 0, 255, 0}, { O, 0, 255}} [*y =1 %/

i

Deposit the output image in another two-dimensional array of st ruct pi xel ’s which you can then print
as rows and columns of numbers. Take the data from an input file only after you can successfully process
the pixels in an array.

A

Call afunction from a C program or from the Unix command line
1$ rmnyfile
#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>
#i ncl ude <uni std. h>

int main(int argc, char **argv)

{
if (unlink(argv[1l]) != 0) {

fprintf(stderr, "%: couldn't renove the file %.\n", argv[0], argv[1l]);

return 1;

}

return O;
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}
The r mcommand is merely a program that calls the unl i nk function. See
2% man -t rm| grops | Ipr the command
3% man -t 2 unlink | grops | |pr the C function
4% chnmod 644 nyfile
The following st rt ol is like at oi or at ol , except that the input number is in base 8.
#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <sys/ node. h>
#i ncl ude <sys/types. h>
#i ncl ude <sys/stat.h>
int main(int argc, char **argv)
{
const nmode_t node = strtol (argv[1], NULL, 8);
if (chnod(argv[2], node) !'= 0) {
fprintf(stderr, "%: couldn’'t chnod the files %.\n", argv[0], argv[2]);
return 1,
}
return O;
}

(By the way, instead of writing 0644 in your C program, you should take advantage of the macros
that are #def i ne’d in the file / usr /i ncl ude/ sys/ node. handwrite S_ | RUSR| S_| WUSR|
S I RGRP| S_| ROTH)

The chrmod command is merely a program that calls the chnod function. See

5% man -t chnod | grops | |pr the command
6% man -t 2 chnod | grops | |pr the C function

Suggested ppm__functions

/[* This file is $mi6/ ppnt i ncl ude/ ppm h, which nmust be #include'd by any .c file
that calls a function in $mi6/ppmlib/libppma. Wen conpiling the .c file,

give the -1$mi6/ ppniinclude option to cc.

Since ppmh uses the data type FILE which is defined in stdio.h,
you must #include <ppm h> after you #incl ude <stdio. h>.

*/

/* Make a negative of the image. This function is shown in the Handout.
i nt ppm.negative(FILE *in, FILE *out);

/* Change the green and bl ue conponents to zero; |eave the red untouched.
int ppmtored(FILE *in, FILE *out);

/* Change the red and bl ue conponents to zero; |eave the green untouched.
int ppmtogreen(FILE *in, FILE *out);
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/* Change the red and green conponents to zero; |eave the blue untouched. */
int ppmtoblue(FILE *in, FILE *out);

/* Convert to black and white using this formla:
gray = .299 * red + .587 * green + .114 * blue */
int ppmbw(FILE *in, FILE *out);

/* 1If a pixel would be lighter than or equal to the cutoff val ue when converted
to black and white, change it to pure white. Oherw se, |eave it unchanged. */
int ppmcutoff(FILE *in, FILE *out, int cutoff);

/* 1If a pixel would be lighter than or equal to the cutoff val ue when converted
to black and white, change it to pure white. Oherw se, change it to pure

bl ack. */

int ppmkodalith(FILE *in, FILE *out, int cutoff);

/* Change rows interval-1, 2*interval-1, 3*interval-1, etc., to the specified
color. Leave the other rows unchanged. */
i nt ppm_hgraph(FILE *in, FILE *out, int interval, char red, char green, char blue);

/* Change colums interval -1, 2*interval-1, 3*interval-1, etc., to the specified
color. Leave the other colums unchanged. */
i nt ppmvgraph(FILE *in, FILE *out, int interval, char red, char green, char blue);

/* Add this nunmber to the value of each color of each pixel. Positive will
[ighten, negative will darken. Make sure that each color output remains in
the range 0 to maxcol or inclusive. */

i nt ppm.darken(FILE *in, FILE *out, int darker);

/* Multiply the value of each pixel by this nunber. A nunber greater than
1.0 will lighten, less than 1.0 will darken. */

i nt ppm. ndarken(FILE *in, FILE *out, double darker);

/* Add the last three argunents to the red, green, and bl ue val ues

(respectively) of each pixel. Positive argunents will therefore nake each

pi xel brighter, negative will make each pixel darker. |If the pixel’s value

plus the argunent is greater than maxval, nmake the pixel nmaxval. |If the pixel’'s
val ue plus the argunment is |l ess than zero, make the pixel zero. For exanple,

the three argunents 0, -255, -255 will do the sane thing as ppmtored. */

int ppmadjust(FILE *in, FILE *out, int red, int green, int blue);

/* Turn down the contrast, with O <= contrast <= 1. |If contrast == 0, |eave the
pi cture unchanged. |If contrast == 1, change each pixel to maxcol or/2.

The exact formula is: change each pixel to

(1 - contrast) * pixel + contrast * (maxcolor/2) */
i nt ppm.downcontrast(FILE *in, FILE *out, double contrast);

/* Turn up the contrast, with O <= contrast <= 1. |If contrast == 0, |eave the
pi cture unchanged. |If contrast == 1, change each pixel that is lighter than or
equal to maxcolor / 2 to pure white, and change each pixel that is darker than

maxcolor / 2 to pure black. The exact formula is: change each pixel that is
lighter than or equal to maxcol or/2

to (1 - contrast) * pixel + contrast * maxcol or, and change each

pi xel that is darker than maxcolor/2 to (1 - contrast) * pixel. */
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i nt ppmupcontrast(FILE *in, FILE *out, double contrast);

/* Horizontal mirror image (left to right), and vertical mrror inage (top to
bottom */

int ppmhmrror(FILE *in, FILE *out);

int ppmvmrror(FILE *in, FILE *out);

/* Rotate the imge countercl ockwi se 90*direction degrees. |If direction < O,
the rotation will be clockwise. |If direction is even, the resulting image wll
have the same width and height as the original. |If direction is odd, the width
of the result will be equal to the height of the original, and the height of the
result will be equal to the width of the original. Any int is a legal value for
the third argunent, even 0. */

int ppmrotate(FILE *in, FILE *out, int direction);

/* Superimnmpose two i mages by outputting their average, not their sum They nust
have t he same height, w dth, and maxi mum col or val ue. */
i nt ppm superinpose(FILE *inl, FILE *in2, FILE *out);

/* Wi ghted superinposition. The two input files nust have the sane height,

wi dt h, and maxi mum col or value. The first file makes 100 * (1 - weight) percent
of the contribution; the second file makes 100 * wei ght percent of the
contribution. For exanple, if weight == .5 they nake equal contributions. */

i nt ppmwsuperinpose(FlILE *inl, FILE *in2, FILE *out, double weight);

/* Concatenate two i mages side by side (or one above another). They nust have
t he sane height (or w dth) and maxi num col or val ue. */
int ppmhcat (FILE *inleft, FILE *inright, FILE *out);
int ppmvcat (FILE *intop, FILE *inbottom FILE *out);

/* Stretch horizontally (vertically) by a factor of n. */
int ppmhstretch(FILE *in, FILE *out, int n);
int ppmvstretch(FILE *in, FILE *out, int n);

/* Squeeze horizontally (vertically) by a factor of n, which nmust be a divisor
of the width (height). Each output pixel will have the average color of n
consecutive pixels. */

i nt ppm hsqueeze(FILE *in, FILE *out, int n);

i nt ppmvsqueeze(FILE *in, FILE *out, int n);

/* Add a right (left, top, bottom) margin of a given width and color. */

int ppmrmargin(FILE *in, FILE *out, int width, char red, char green, char blue);
int ppmlmargin(FILE *in, FILE *out, int width, char red, char green, char blue);
int ppmtmargi n(FILE *in, FILE *out, int width, char red, char green, char blue);
int ppmbmargin(FILE *in, FILE *out, int width, char red, char green, char blue);

/* Add right, left, top, and bottom margi ns of the specified color to make the
i mage the desired height and width. The right and |l eft margins must be of equa
wi dt h, and the top and bottom margi ns nmust be of equal w dth. */
int ppmcenter(FILE *in, FILE *out, int width, int height,

char red, char green, char blue);

/* Qutput only the subrectangle Iying within the starting and endi ng positions,
i nclusive. Mist have start <= end. 0 is the top row of pixels and height-1 is
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the bottomrow. The subrectangle has the sane width as the original inage, but
its height is only end-start+1 pixels. |In other words, chop off the top and
bottom of the inage. */

int ppmhcrop(FILE *in, FILE *out, int start, int end);

/* Qutput only the subrectangle Iying within the starting and endi ng positions,
inclusive. Mist have start <= end. 0 is the |leftnmost colum of pixels and
width-1 is the rightnost colum. The subrectangl e has the sane height as the
original image, but its width is only end-start+1 pixels. In other words, chop
off the left and right ends of the inage. */

int ppmvcrop(FILE *in, FILE *out, int start, int end);

/* Replace the indicated subrectangle by one of the specified color
Must have
0 <= top <= bottom < hei ght
0 <= left <=right < wdth
*/
i nt ppmcensor(FILE *in, FILE *out,
int top, int bottom int left, int right,
char red, char green, char blue);

/* Move each pixel inrowr to the right [slant*r] places, where [] is the

greatest integer function. The pixels inrow O will therefore never be noved,
and if slant == 0 this function will have no effect. |If slant < 0, the pixels
will be noved to the left. Add two right triangles of the specified color to
the image, so that the resulting imge will be a rectangle. The width of the
resulting image will be original_width + fabs(slant) * original_height. The
hei ght of the resulting imge will be the sane as the original height.

S + Fomm e e oo - + Fomm e e oo - +

I I I\ Vo |/ Il

| | original | \ \' | slant > 0 | / / | slant < O
I I |\ Vi |/ I
S + Fomm e e oo - + Fomm e e oo - +

*/

int ppmslant(FILE *in, FILE *out, double slant,
char red, char green, char blue);

/* Divide the image into rows and colums of little rectangles all of the sane
wi dt h and height. The width of each rectangle nust be a divisor of the wi dth of
the i mage; the height of each rectangle nust be a divisor of the height of the

i mge. Replace each rectangle by a solid color which is the average col or of
all pixels in the rectangle. You need to malloc only enough nenmory to hold a
two- di nensi onal array of |ong unsigned s, one for each little rectangle. */

int ppmdigitize(FILE *in, FILE *out, int width, int height);

/* Divide the image into n by n squares. The width and hei ght of the inage

must be multiples of n. Replace each square by a black circle on a white
background. The center of the circle should be at the center of the square.

The di ameter of the circle depends on the average col or of the square; the exact
formula is: diameter in pixels = factor * n * average_col or_val ue / maxcol or

Let factor = 1.0 for the initial experinents; then adjust. */

int ppmlichtenstein(FILE *in, FILE *out, int n, double factor);

/* Change the picture to horizontal scan lines to make it | ook Iike a photo of a
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bl ack and white video screen. The scan lines are all parallel and are all the
same length, which is equal to the width of the inmage. The scan lines are all

pure black, with pure white between them n is the nunber of scan |ines, which
nmust be a divisor of the height of the image. The width of each scan line wll
al nost always vary fromleft to right. Therefore the width of the white

hori zontal bands between the scan lines will also vary. The mininumw dth of a
scan line is one pixel, and the maximumw dth is (height/n)-2 pixels. */

int ppmyvideo(FILE *in, FILE *out, int n);

/* The output has the sane width and height as the input, but is cropped to one
of the foll owi ng shapes. */

i nt ppm_bi nocul ars(FILE *in, FILE *out, char red, char green, char blue);

i nt ppm_keyhol e (FILE *in, FILE *out, char red, char green, char blue);

i nt ppm_heart (FILE *in, FILE *out, char red, char green, char blue);

i nt ppm._di anond (FILE *in, FILE *out, char red, char green, char blue);

/* Apply a function to the y coordinates of the picture to give it a "nelted"
effect. */
int ppmnmelt(FILE *in, FILE *out);

/* Draw horizontal white |ines. */
int ppmd4h_split (FILE *in, FILE *out);

a

Fall 2004 Handout 3 %235 an -21- heerves ©2004 Mark Meretzky



