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Preface 

This is an ANSWER BOOK. It provides solutions to all the exercises in The 
C Programming Language. second edition. by Brian W. Kernighan and Dennis 
M. Ritchie (Prentice Hall, 1988)*. 

The American National Standards Institute (ANSI) produced the ANSI 
standard for C and K&R modified the first edition of The C Programming 
Language. We have rewritten the solutions to conform to both the ANSI 
standard and the second edition of K&R. 

Careful study of The C Answer Book, second edition. used in conjunction 
with K&R, will help you understand C and teach you good C programming 
skills. Use K&R to learn C, work the exercises, then study the solutions pre
sented here. We built our solutions using the language constructions known at 
the time the exercises appear in K&R. The intent is to follow the pace of K&R. 
Later, when you learn more about the C language, you will be able to provide 
possibly better solutions. For example. until the statement 

if (expression) 
statement-I 

el!!!ie 

statement-2 

is explained on page 21 of K&R, we do not use it. However, you could improve 
the solutions to Exercises 1-8, 1-9, and 1-10 (page 20 K&R) by using it. At 
times we also present unconstrained solutions. 

We explain the solutions. We presume you have read the material in 
K&R up to the exercise. We try not to repeat K&R, but describe the highlights 
of each solution. 

You cannot learn a programming language by only reading the language 
constructions. It also requires programming-writing your own code and study-

*Hereafter referred to as K&R. 



ing that of others. We use good features of the language, modularize our code, 
make extensive use of library routines, and format our programs to help you 
see the logical flow. We hope this book helps you become proficient in C. 

We thank the friends that helped us to produce this second edition: Brian 
Kernighan, Don Kostuch, Bruce Leung, Steve Mackey, Joan Magrabi, Julia 
Mistrello, Rosemary Morrissey, Andrew Nathanson, Sophie Papanikolaou, 
Dave Perlin, Carlos Tondo, John Wait, and Eden Yount. 

Clovis L. Tondo 
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CHAPTER 1 A Tutorial Introduction 

Exercise 1-1: (page 8 K&R) 

Run the " h e  1 1  o ,  "' o r  l d" program on your system. Experiment with leaving 
out parts of the program to see what error messages you get. 

#include < s t d 1 0 . h > 

ma i n ( )  

p r 1 n t f C ''h e l l o 1  w o r l d '') ; 

In this example the newline character (\ n ) is missing. This leaves the cursor 
at the end of the line. 

11 n c l u de <s t d i o.h > 

ma i n ( ) 

p r 1 n t f ( 11he l l o ,  w o r l d \ n '' ) 

In the second example the semicolon is missing after p r  1 n t f < >. Individual C 
statements are terminated by semicolons (page 10 K&R) The compiler should 
recognize that the semicolon is missing and print the appropriate message. 

#i n c l u d e  < s t �i o . h > 

m a i n ( )  

p r 1 n t f C 11he l l o1 world\n'>; 
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In the third example the double quote " after \ n is mistyped as a single quote. 
The single quote, along with the right parenthesis and the semicolon, is taken 
as part of the string. The compiler should recognize this as an error and com
plain that a double quote is missing, that a right parenthesis is missing before 
a right brace, the string is too long, or that there is a newline character in a 
string. 
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Exercise 1-2: (page 8 K&R) 

Experiment to find out what happens when pr int f 's argument string contains 
\c, where c is some character not listed above. 

#include <•tdio.h> 

main<> 

pr1ntf("hello, world \y"); 
printf(•'hello, world\711); 
printf(''hello1 world\ ?'•); 

The Reference Manual (Appendix A, page 193 K&R) states 

If the character following the \ is not one of those specified, the behavior 
is undefined. 

The result of this experiment is compiler dependent. One possible result might 
be 

hello, worldyhello, world<BELL>hello, world? 

where <BELL> is a short beep produced by ASCII 7. It is possible to have a 
\ followed by up to three octal digits (page 37 K&R) to represent a character. 
\ 7 is specified to be a short beep in the ASCII character set. 
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Exercise 1-3: (page 13 K&R) 

Modify the temperature conversion program to print a heading above the table. 

l i n c l u de <stdlo.h> 

I •  pr i n t  F a h r e n h e i t -Ce l s i u s  tab l e  
f o r  fahr  • 01 2 0 ,  . . .  , 3 0 0i f l oa t i ng - poi nt  ver slon  • /  

ma i n ( ) 
{ 

float fahr , c e l s i us j  
i n t l ower , upper , s t ep ; 

lo�er • O; / •  l o�er l i m i t  of temp era tur e tab l e  • /  
upper • 3 0 0 ; / •  upper l i m i t  • /  
s t ep 2 0 ; / •  5 t ep s i z e  • /  

p r i n t f ( ''Fahr  C e l s i u s \ n'') ; 
fa'1r • lower; 
w h i l e  C fahr <• upper ) < 

c e l s i u s  • CS . 0 /9. 0 >  • C fahr - 3 2 . 0 > ;  
pr i n l f C "X 3. 0 f  X6 . l f \n" , fa h r ,  c e l o 1u • > ;  
fahr  • fahr  • s t e p ;  

The addition of 

p r i n t f ( ''Fahr C e l s i u s \ n '' ) ;  

before the loop produces a heading above the appropriate columns. We also 
added two spaces between x 3 .  of and X6. l f to align the output with the head
ing. The remainder of the program is the same as on page 12 K&R. 
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Exercise 1-4: (page 13 K&R) 

Write a program to print the corresponding Celsius to Fahrenheit table. 

# i n c l u de <•t d i o . h > 

I •  p r i n t C e l s 1 u • - F a h r e nh e 1 t  t a b l e  
f o r  c e l 5 i u s  • 0 ,  2 0 ,  . . .  , 3 00 ; f l o a t i ng-po i n t  vers i o n  • /  

ma i n ( )  
{ 

f l oat fahr , cel5 i u s ; 
i n t  l ower 1 upper , s t ep ;  

l ow e r  • 0 i 
u p p e r  • 3 0 0 ; 
• l ep • 20 ; 

I• lowe r  1 i m1 t  o1 t em p e r atu r e  t a bl e  •/ 

pr 1 n t f ( 1 1Ce:l 5 i u s  
ce l s 1 u s  • lowe r ;  

I• upper  l i m1t 
I •  s t e p  5 i z e 

Fa h r \ n 11 ) j 

wh i l e ( c e l • l u s  < • u p p e r ) { 
fa h r  • ( 9 . 0 • cel s i u s )  I 5 . 0  + 32 . 0 ;  
pr 1 n t f ( 11%3 . 0 f %6 . l f \ n••, c e l 5 i u s , fahr > ;  
c e l siu5 • c e l s 1 u s  + s t e p ; 

*I 
*I 

The program produces a table containing temperatures in degrees Celsius (0-
300) and their equivalent Fahrenheit values. Degrees Fahrenheit are calculated 
using the statement: 

fahr • (9 . 0 • c e l • i u • )  I 5 . 0  + 32 . 0  

The solution follows the same logic as used in the program that prints the 
Fahrenheit-Celsius table (page 12 K&R). The integer variables l ow er .  upper, 
and • l •p refer to the lower limit, upper limit, and step size of the variable 
c e l s 1 us, respectively. The variable c e l • i u• is initialized to the lower limit, 
and inside the while loop the equivalent Fahrenheit temperature is calculated. 
The program prints Celsius and Fahrenheit and increments the variable c els i u s  
by the step size. The wh 1 l e  loop repeats until the variable cel5lus exceeds 
its upper limit. 
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Exercise 1-S: (page 14 K&R) 

Modify the temperature conversion program to print the table in reverse order, 
that is, from 300 degrees to 0. 

#inc l ud e  < 5 t d i o . h > 

I• p r i n t Fah r enhe l t - Cel5 i u 5  tab l e  i n  r eve r 5 e  o r d e r  
m a  i n < J 
( 

i n t  fa h r ; 

• /  

f o r  ( f a h r  • 30 0 ;  fahr  > •  0; fahr  • fahr  - 20 ) 
p r l n t f < "X3d %6 . l f \ n",  fahr , (5 . 0 /9 . 0 ) • ( fahr -32> > ;  

The only modification is: 

f o r  ( f a h r  • 300 ; fah r > •  O; fahr  • f a h r  - 20 ) 

The first part of the for  statement, 

fahr  • 300 

initializes the Fahrenheit variable (f a  hr ) to its upper limit. The second part. 
or the condition that controls the f o r  loop, 

f a h r  > •  0 

tests whether the Fahrenheit variable exceeds or meets its lower limit. The 
f o r  loop continues as long as the statement is true. The step expression , 

f a h r  • f a h r  - 2 0  

decrements the Fahrenheit variable b y  the step size. 
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Exercise 1-6: (page 17 K&Rl 

Verify that the expression g e t  c har<> ! • EDF is 0 or I. 

# i n c l u de < •t d i o . h> 

main ( )  

i n t  c ;  

wh i l e C c  • g e t c he r ( ) ! • EDF> 
p r i n t f C "Xd \ n " ,  c ) ;  

p r 1 n t fC "Xd - a t  EDF\ n", c ) ;  

The expression 

c • g e t c ha r ( ) •· EDF 

is equivalent to 

c • C g e t c ha r ( ) 1• EDF ) 

7 

(page 17 K&R) . The program reads characters from the standard input and 
uses the expression above . While get c h ar has a charac ter to read it docs not 
return the end of file and 

g e t c h a r < > 1 • EOF 

is true. So I is assigned to c When t he program encounters the end of file, 
the expression is false. Then 0 is assigned to c and the loop terminates. 
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Exercise 1-7: (page 17 K&R) 

Write a program to print the value of EDF. 

11nclude <•tdlo.h> 

main() 

printfC"EOF i• Xd\n", EOFl; 

The symbolic constant EDF is defined in <•tdlo.h>. The EDF outside the 
double quotes in pr 1 n t f C > is replaced by whatever text follows 

#define EDF 

in the include file. In our system EDF is - I, but it may vary from system to 
system. That's why standard symbolic constants like EDF help make your pro
gram portable. 
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Exercise 1-8: (page 20 K&R) 

Write a program to count blanks, tabs, and newlines. 

# i n c l u de < 5 t d i o . h > 

I• count blanks, t a bs, and new l 1nes 
ma i n < >  

nb • 0 ;  
n t • 0 ;  
n I 0 ;  

I• number o f  bla nks 
/• number of ta b s  
/ +  number o f  new l i n e s  

w h i l e  ((c • getcha r ( ) ) 1 • EOF > { 
Jf(c • • ' ' )  

++n bi 
of Cc •• ' \ t' )  

++nt ; 
of ( c  =• ' \ n ' ) 

+ + n 1 ; 

p r in t fC"Zd Zd Zd \ n " ,  nb , nt1 nll; 

9 

• /  

•I 
• I  
• I  

The integer variables nb, n t ,  and 
tabs, and newlines. respectively. 
to 0. 

n I are used to count the number of blanks, 
Initially. these three variables are set equal 

Inside the body of the wh i I e loop. the occurrence of each blank. tab, and 
newline from input is recorded. All lf statements are executed each time 
through the loop. If the character received is anything but a blank. tab. or 
newline, then no action is taken. I f  it is one of these three, then the appropriate 
counter is incremented. The program prints the results when the wh • le loop 
terminates (g e t  cha r returns EDF). 
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The i f  - e 1 • e statement is not presented until page 21 K&R. With that 
knowledge the solution could be: 

# I n c l u d e  < • t d 1 0 . h >  

I •  c o u n t  b l a n k s ,  t e b s ,  a n d  new l i n e s  
main() 
{ 

i n t c, n b, n t ,  n l ; 

n b  . 0 ;  I •  
n t  . O ;  I •  
n l  . O ;  I •  
wh i l e  < C c  . g e t c h., r ( » ! • E D F > 

i f  < c  .. . . ) 
+ + nb ;  

e l s e  1f (c I \ t I) 
+ + n t ; 

e l s e  1f (c • \ n, ) 
+ + n 1 ; 

number 
number 
number 

pr i n t f < " Xd X d  Xd \ n ", nb , n t ,  n l > ; 

• I  

of b l a n k •  • I  
of t a b •  • I  
of n ewl.int!s • I  
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Exercise l-9: (page 20 K&R) 

Write a program to copy its input to it> output. replacing each string of unc or 
more blanks by a single blank 

11nclude <stdio.h> 

/• re plac e string of blanks with a single blank 

main() 

int c, last c ;  

lastc • HONBLANK; 
while ((c = get cha r ()) 1= EOFJ { 

l f ( C � : I I ) 

putchar(c); 

if (c == ' ') 

if <lastc 1= ' ' ) 

putchar(c); 

1 as t-: = c ; 

•I 

The integer variable c records the ASCII value of the present character received 
from input and I as t c records the ASCII value of the previous character. The 
symbolic constant NDNBLANK i nitializes !astc to an arbitrary nonhlank char
acter. 

The first , f statement in the body of the wh i I e loop handles the occurrence 
of nonblanks-it prints them. The second 'f statemen t handles blanks, and 
the third , f statement tests for a single blank or the first blank of a string of 
blanks . Finally. lastc is updated . and the process repeats . 
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The i f  - else statement is not presented until page 21 K&R. With that 
knowledge the solution could be: 

#in c l ude <5t d i o.h> 

•define NONBLANK 'a' 

I• rep l a c e  s t r i ng o f  blank s with a 5 1 ng l e  b l a n k  
main() 

l a s t c  • NONBLANK ; 
whi l e  ((c • g e t c h ar( ) ) 1• EDF> { 

if ( c ! .. , , ) 
put c h arCc > ;  

e l s e  if C l a s t c  ! =  ' ') 
p ut c h a r(c ); 

l a s t c  • c ;  

• /  

The logical DR <: : > operator is also not presented until page 21 K&R. With 
that knowledge the solution could be: 

lintlude < s td 10 . h> 

#define NONBL ANK 'a' 

I• repla c e  s tring of b l an k s with a sing l e  b l a n k  
main( ) 

int c, l a stc ; 

l a•tc • NONBLANK;  
whi l e <<c • g et c har( ) ) 1 •  E D F >  { 

lf C c !• ' ' :: l a s t c  !• ' ' )  
putchar(c ) ;  

la s t c  = c ;  

• I  
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Exercise 1-10: (page 20 K&R) 

Write a program to copy its input to its output, replacing each tab by \ t ,  each 
backspace by \ b, and each backslash by \ \ .  This makes tabs and backspaces 
visible in an unambiguous way. 

l 1 n c lu d e  < s t d i o . h > 

/+ r e p l a c e  t a b s  and bac k 5 p a c e s  w i t h  v i s i b l e  c ha r a c t e r s  • /  
me 1 n ( )  

i n t c ;  

w h i l e C C c  • ge t c h a r C ) l 1 •  EDF > { 
i f  C c • •  ' \ t' l  

p r i n t f ( 11 \ \ t" ) ; 
i f  C c  •• ' \ b' )  

p r 1 n t f C " \ \ b" l ;  
i f  C c  = =  ' \ \ ' )  

p r i n t f ( " \ \ \ \ " ) ;  
i f  C c  !• ' \ b ' l 

if Cc �"' ' \t ' >  
i f  C c � .. ' \ \ ' )  

pu t c h a r ( c ) ;  

The character received from input can be a tab, a backspace, a backslash, or 
anything else. If it is a tab we replace it with \ t ,  a backspace with \ b, and a 
backslash with \ \ .  Anything else is printed as is. 

A backslash character is represented as ' \  \ • in C. We print two back
slashes by passing the string "\ \ \ \" to p r i n t f. 
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The i f - e I • e statement is not presented until page 21 K&R. With that 
knowledge the solution could be: 

#Includ e <• t d lo . h> 

I• r e p le c e  teb5 and b ect s p aces � 1 t h  vl5 i b l e  cha r ac t e r 5  • /  
me in() 
{ 

i. n t  c; 

while < < c  • g e t c ha r < > >  1 •EDF > 
i f  C c •• ' \ t ' J  

p r i n t f C" \ \ t " >i 
e l • e  1 f  C c  •• ' \ b ' )  

p r i ntf ( " \ \ b" l ;  
el5 e i f  C c • •  ' \ \ ' ) 

p r i n t f ( " \11 \ " ) ;  
el o e  

p u t c ha rC c > ; 
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Exercise 1-1 1: (page 21 K&R) 

How would you test the word count program7 What kinds of input are most 
likely to uncover bugs if there are any'' 

To test the word count program first try no input .  The output should be: 
0 0 0 (zero newlines. zero words, zero characters). 

Then try a one-character word. The output should be: l I 2 (one newline. 
one word, two characters-a letter followed by a newline character). 

Then try a two-character word. The output should be: I I 3 (one newline. 
one word. three characters-two characters followed by a newline character). 

In addition, try 2 one-character words (the output should be: I 2 4) and 
2 one-character words-one word per line (the output should be 2 2 4). 

The kinds of input most likely to uncover bugs are those that test boundary 
conditions. Some boundaries are: 

-no input 
-no words-just newlines 
-no words-just blanks. tabs. and newlines 
-one word per line-no blanks and tabs 
-word starting at the beginning of the line 
-word starting after some blanks 
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Exercise 1-12: (page 21 K&R) 

Write a program that prints its input one word per line. 

l 1nc l u d e  <5 l d 10. h >  

"def i ne I N  
#de f i ne OUT 

!• ins i de a w o r d  
J• o u t sid e a word 

I• p r i n t in p u t  one w o r d  p e r  l i n e 
rna i n ( > 
{ 

i n t c ,  st a t e ; 

• t a t e  • OUT; 
whi l e  ( ( c  • g e t c ha r ( ) )  •· EDF > 

i f  Cc •• ' ' 1 1  c • •  ' \ n '  t I c •• ' \ t ' )  < 
i f  <•t a t e  • •  I N )  { 

p u t c h a r (' ' \ n ' ) ;  
• t a l e  • OUT; 

I• f i n 19h t h e  wor d 

•I 
• I  

• I  

• I  

e l • •  i f  < • t a t e  •• OUT > 
•t a t e  • I N ;  
p u t cha r < c > ;  

I• be91nnin9 of w o r d  •/ 

e l s� 
p u t c ha r ( c ) ;  

•t a t  e is an integer boolean that records whether the program is currently inside 
a word or not. At the beginning of the program, •t a t e  is initialized to OUT, 

since no data has been processed. 
The first i f  �tatement 

• I  

if Cc • • ' •  I I  c • •  ' \ n '  I I  c • •  ' \ t ' >  

determines whether c is a word separator. If it is, then the second if statement, 

if ( s t at e  • •  I N > 

determines whether this word separator signifies the end of a word. If so, a 
newline is printed and • la t e  is updated; otherwise no action is taken. 

If c is not a word separator, then it is either the first character of a word 
or another character within the word. If it is the beginning of a new word, 
then the program updates s t "  t e .  In either case, the character is printed. 
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Exercise 1-13: (page 24 K&R) 

Write a program to print a histogram of the lengths of words in its input. It is 
easy to draw the histogram with the bars horizont�l; a vertical orientation is 
more challenging. 

I include <stdio.h> 

l' de f i ne M A XH I S T 1 s /• ma x l e n g t h  of  h i s t ogram • I  
# de f i ne M A X WORO 11 /• ma x l e n g t h  of  a word  •I 
I' de f i ne IN / •  ins i de a wo r d  •I 
# de f i ne OUT / •  ou l s 1 de a wo r d  •I 

I •  p r i n t  h o r i z o n t a l  h i !!ilo g ram •I 
mai n ( )  
{ 

i n t  c ,  1 > n c ,  s t a t e ; 
i n t  J en; / •  l e n g t h  o f  each bar  • I  
i n t maxva l ue ;  / •  maximum va l u e  f o r  w! C J • I  
i n t o v f low ; /• numb e r  o f  ove r f l ow wo r ds • I  
i n t wl C MAXWORD J ; /• wo r d  le n g t h  cou n t e r s  • I  

• l a t e  • OUT ; 
n c  • 0 ;  I •  number  of  c h a r s  in a wor d •/  
ovf l ow • 0 ;  I• numb e r  of  wor ds > •  MAXWORD •/  
f o r  ( 1  • 0 ;  i < MAXWORD ; + •1> 

w 1 C i  J • 0; 
whil e ( ( c  • g e t c har ( ) ) 1 •  EOF l 

i f  C c  • •  ' ' : : c · • •  ' \ n '  : : c ... ' \ t ' >  < 
• t a t e  • OUT ; 
i f  C nc > O >  

i f  C n c < MAKWORD> 
+ + wl[ nc ] ;  

+ + ovf low ; 
nc • 0; 

e l• e  i f  < • ta t e  
• l a t e  • IN; 
nc • 1 ; 

e l  !!le 
+ + n c ; 

mexva l u e  • 0 ;  

OUT} 

/ +  b e gin n i n g of a new wo r d  

I• l TI!!ii de a wor d 

f o r  ( i  • 1; i < MAXWORD ; •• 1 )  
If C wl [ f l > ma xva l u e )  

ma xvafue • w l [ i ] ; 

•I  

•I  
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fer <1 • 1; l < MAXWORD; +q) { 
pr in t f C "ZSd - XSd : '' , i, w l l ,·]) \ 
lf(wi£1J > Q){ 

if ((!en wll1l • MAXHIST I maxvalu e ) <• OJ 
le n • 1 ; 

e lse 
!en • O ;  

while Clen > OJ 
pu t c har ('• '); 
- - len j 

p u t  c har ( '\ n ' ) i 

if ( ovf low > 0 )  
pr 1 n t f( " T h e r e  a r e  Xd words , .. Xd \ n11 , ovflow, MAXWORD>; 

A blank, newline, or tab marks the end of a word. If there is a word ( n c > O) 
and its length is less than the maximum word length (n c  < MAXWDRD). then the 
program increments the appropriate word length counter ( + +wl l nc J ) . If the 
length of the word is out of range ( nc > • MAXWDRD). then the program incre
ments the variable o v f  low that keeps track of the number of words greater 
than or equal to MAXWDRD. 

When all words have been read in, the program determines the maximum 
value (m a x v a l u e) from the array wl. 

The variable le n scales the value in w l l i l according to MAX HI ST and 
maxvalue. When wl [ i l is greater than 0, at least one asterisk is printed. 

#in cl ud e 

I' d e f i n e 
# d e f i n e 
# d e f i n e 
I d e fine 

/• pr l nt 
ma i n( )  

int 
int 
int 
int 

< s td 1 0 . h >  

MAXHIST 1 5  I• 
MAX WORD 1 1  /+ 
JN /+ 
OUT I• 

v ertic �l histogram 

c. l, I• nc , st ate ; 
maxva l u e ; I• 
ovflow; I• 
wllMAXWORDI; I• 

max l e n g t h  of histogram •I 
m"x length of a word •I 
i n� i d e " word •I 
o u t s i d e a word •I 

•/ 

ma x imum va l u e for wl[ J •I 
number of overflow words •I 
word l eng t h  c ounte r s •/ 
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5 \ a t e  • OUT ; 
nc • 0; 
ovf l ow • O ;  
fo r ( i • O ; i < 

w I [ i l • 0; 

Chap. 1 

I• number  
I •  number  

MA XWORD ; <+ i >  

wh i l e  ((c • ge t c ha r ( ) ) 1• EOFJ 

of c h a r s  i n  a wo r d  
of  wo rd• > •  MA XWORD 

if (c •• ' ' :l c  ' \ n' :: c .. • ' \ t ' ) { 
• l a t e  • OUT ; 
i f C n c > O ) 

i f  C nc < MAXWDRD> 
+ +\ilil l [ ri.c) ; 

+ + ovf l o w ;  
n c  • 0 · 

• l •e 1 f  (5\a t e  •• DUTl 
> l a t e  • !ti ; 
nc • 1 ; 

e l 5 e 
+ + nc i 

ma xve l u e  • 0; 

I• beg i n n i n g o f  a new w o r d  

I •  l n!i i de a w o r d  

f o r  < 1  • 1; 1 < MA XWORD ; • • i )  
i f  C w l [ i l  > ma xva l u el 

maxva l ue • w l C i l ;  

f o r  ( i  • MAXH J ST ; i > 0; · - i )  
f o r  C j  • 1 ;  j < MA XWORD ; + + j  l 

i f  ( w l [ J  l • MAXHI S T  I ma xva l u e  >- il 
printfC" • " ) ; 

p r i n t f ( 11 11 ); 
p u t cha r C ' \ n ' l ;  

f o r  ( i  • 1; i < MA XWORD ; ••il 
p r i n t f C 11%'4d 111 i )j 

p u t c h a r C ' \ n ' ) ;  
f o r  ( i  • 1; i < MAXWORD ; ••il 

printf("%4d ", w1£J J ) ;  
pu t cha r ( ' \ n ' ) ;  
1 f  ( ovf l ow > O >  

19 

•/ 
• I  

• I  

•I 

p r i nt f C 11There are Xd word!i >• Xd\n" , ovf l ow ,  MAXWORD > ;  

This solution prints a vertical histogram. It is similar to the previous program 
until ma xva l u e  is determined. Then it is necessary to scale each element of 
the array w l and verify whether an asterisk should be printed for each one of 
the elements. This verification is necessary since all bars are printed simulta· 
neously (vertical histogram). The last two f o r  loops print the index and value 
for each element of w l .  



20 The C Answer Book 

Exercise 1-14: (page 24 K&RJ 

Write a program to print a histogram of the frequencies of different_ characters 
in its input . 

#inc l u de < • t dio . h > 
1 inc l u de < c t ype . h > 

1 def 1 ne MAXH I S T 15 I •  max l en g t h  of  h i s t ogram  • I  
1define MA XCHAR 1 28 I •  max d i f f e r e n t  c hil!!lr a c t e r 5  • I  

/ •  p r i n t hor i z o n t a l  h 1 5 togr am f req . o f  dif f e r e n t  charac t e r 5  • /  
main( ) 

int c' 1; 
int l e n ;  I •  l e ng t h  o f  eac h ba r 
int maxva l u l! ;  I •  me x 1 mum va l u e  f o r  c c  I l 
int c c ! MA X CHARI ; I •  c he1rac t e r  c o u n t e r s  

for  Ci  • O ;  i < MAXCHAR ; ••1) 
cc [ l l • 0 ;  

whi l e  ( ( c  • g e t cha r ( ) )  1• EDF > 
i f  C c  < MA X CHAR>  

+ + c c ( c l ;  
maxva l u e  • 0 ;  
f or ( 1  • 1 ;  i < MAXCHAR ; ••1) 

if ( c c ! i l  > mexva l u e )  
maxva l u e • c c C i l ;  

f o r  C i  • 1 ;  i < MAXCHAR ; + + 1 )  
i f  U•p r i n t ( i J >  

p r i n t f < " XSd · X e  · XSd i ,  i ,  c c [ i l l ;  

pr i n t f ( "%5d · 

i f  ( c c ! i l  > Ol < 
- XSd : '', t ,  c c C i l > ;  

if < < l e n  • c c ! i l • MAXHI ST I ma xve l u e )  <•  O >  
l e n  • 1 ; 

e l •e 
l e n  • 0 ;  

w h i l e  C i e n  > O >  
put cha r ( ' • ' > ;  
·· I en ; 

p u t c har C ' \ n ' ) ;  

• /  
• I  
• I  
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This program is similar to the horizontal histogram in Exercise 1-13. Now we 
are counting the frequency of different characters. We use an array character 
counter of MAX CHAR entries and we ignore characters greater than or equal to 
MAX CHAR if they exist in the character set being used. The other difference is 
that we use a macro to determine if a character is printable. The include file 
<ct yp• . h > is discussed on page 43 K&R. ; .  p r i n t  is described on page 249 
K&R (Appendix B: Standard Library). 
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Exercise 1-15: (page 27 K&R) 

Rewrite the temperature conversion program of Section 1.2 to use a function 
for conversion. 

#incl ude <stdio.h> 

float celsius(float fahr); 

/* print Fahrenhe1t-Cels1us table 
for fahr z ol 20, . . .  , 300; float1ng-po1nt version •/ 

main() 

float fahr; 
ir,t 

.
lower, upper, s tep; 

lower O ;  I• lower 11m1t of temperature table •/ 

upper • 300; 
step 20; 

fahr z lower; 

I• upper l imit 
/• 5tep size 

while Cfahr <• upper) { 
pr1ntfC"l3.0f X6.1f\n", fahr, cel stusCfahrJ); 
fahr E fahr + step; 

/• cels1us: convert fahr into celsius 
float cel51us(float fahr) 

{ 
return CS.0/9.0> • Cfahr-32.0); 

We use a function to convert Fahrenheit into Celsius. The name of the function 
is c el• i u •, it receives a floating-point value, and it returns another floating
point value. The function returns the value of the expression via the return 

statement. Sometimes the expression is a simple variable, as in the function 
power (page 26 K&R). Sometimes we use a more involved expression, as in 
the function c el•, u •, because all the work can be done in the return state
ment. 

We declared 

float cels1usCfloat fahr>; 

because the function expects a floating-point value and returns another floating
point value after the conversion. 

•I 
•/ 

•I 
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Exercise 1-16: (page 30 K&R) 

Revise the main routine of the longest-line program so it will correctly print the 
length of arbitrarily long input lines. and as much as possible of the text. 

# i nc l u de < • t d 1 0 . h> 
ldef 1 n e MAX L I ME 1 0 0 0  I •  ma x i mum inp u t  l i ne s i z e  

i n t g e l l i n e ( c har l i n e [ ] ,  i n t ma x l 1 ne ) ; 
vo i d  co p y C c h a r  t o [ J ,  char from[ ] ) ;  

I •  p r i n t  l o ng•• ! i np u t  1 1 ne 
ma i n ( )  
{ 

i n t  l e n ; I •  c u r r e n t  l 1 n e  l e ngth  
i n t  ma x ;  I •  ma ximum length  seen  
cha r 1 i n elMA X L I ME l ;  I •  c u r r e n t  •npu t l i ne 
cha r l o n ge • t [ MA X L IME J ;  I •  l o nge • t  l i ne 5aved 

max • O ;  
wh i l e  ( ( J e n  • g e t l 1 n e C l 1 ne ,  MA X L I ME > >  > O >  { 

p r i n t f C '' ld , X s 11 1 l e n ,  l i ne ) ;  
d C l e  n > ma x )  { 

me x • l en ; 
c opyC ! o ng e • t ,  l i ne > ;  

i f  (max  > Q) / •  t he r e  was a l i ne 
p r i n t f C 11 Xs 11 1 l o n ge s t > ;  

r e t u r n  0 ;  

I •  g e t l l n e :  r ead a l i ne i n to •, r e t u r n  l ength  
i nt get l i ne C c ha r  •[], i n t  l 1 m )  
{ 

i n t  c ,  i ,  j ;  

j • 0 ;  

•o 

h e r e  

f a r  

f o r  C i  • 0 ;  C c  • ge t c ha r ( ) )  ! • EOF  ' '  c ! •  ' \ n ' ;  +•I) 
l f°C1 < l lm-2 > < 

•I 

• I  

• I  
• I  
•/ 
• I  

• /  

• I  

s C j J  • c ;  / • l i ne s t i l l  i n  bounde r i es • /  
+ + j i 
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if ( c  •• ' \ n ' )  
! [ j ] • c j 
.. + j ; 
.. + 1 ; 

s C J l  • ' \ 0 ' ;  
r e t u r n  1; 

The C Answer Book 

/ • c opy : co py 'f r o m '  i n t o  ' t o ' ;  a 5 5ume t o  i s  b i g  enough • /  
vo i d  copy C c her  t o l  J ,  char  f r om [ ] )  

i n t  i ;  

1 • 0 ;  
wh i l e  ( ( t o C i J • f r  om C i J > ' • • \ O • > 

.. + i ; 

The only revision in the main routine is 

p r i n t f ( 0'Xd , % 5 11 ,  le n, l i ne > ;  

This prints the length of the input line ( l e  n) and as many characters as it is 
possible to save in the array 1 1  n e .  

The function 9e t l i ne has a few modifications. 

f or C i • 0 ;  C c • 9etche r C » ! • E D F  & &  c ! •  ' \ n ' ;  + + i )  

The test for the limit of characters is not performed in the f o r loop anymore. 
This limit is not a condition for termination because 9 e t l  i ne now returns the 
length of arbitrarily long input lines and saves as much text as possible. The 
statement 

i f  ( l  < l i m - 2 >  

determines if there is room in the array (still within boundaries). The original 
test in the f,or loop was 

I < llm-1 

It was changed because the last index of the array • is 

l lm-1 

since • has l i m elements and we already read the input character. So 

i < l i m - 2  
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leaves room for a possible newline character 

!i C l im - 2 1  • '\n' 

and an end of string marker 

• C l l m- 1 1  • ' \ 0' 

The length of the string is returned in i ; j keeps track of the number of characters 
copied to the string •. 
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Exercise 1-17: (pa11e 31 K&R) 

Write a program to print all input lines that are longer than 80 characters. 

# I nc l ude < • t d l o . h > 
lde f l ne MA X L I N E 
1de f l ne LONGL!NE 

1 000 
80 

I• mdx i mum i np u t  l i n e s i ze 

i n t  g et l l ne( c her l i n e [ ] ,  int me• l l ne ) ;  

/ •  p r i n t  l in e •  l o nger then  LONGLI NE 
mai n( ) 
{ 

• I  

• I  

i n t  l e n ; 
char l i n e C MAX L I NE l ;  

I• c urre nt line l e n g t h  •/ 
I• c u rreTit i np u t  l i n e  • /  

wh i l e  ((Jen • ge t l i ne ( l l ne ,  MAXL I NE > >  > 0) 
i f  ( J e n  > LONGL I NE >  

p r i n t f ( 1'X s 1' ,  l i ne > ;  
r e t urn O ;  

The program invokes g• t 1 1  ne to read an input line. g e t  I i  ne returns the 
length of the line and as much text as possible. If the length is greater than 80 
characters (LONGL I NE ), then the program prints the input line. Otherwise, no 
action is taken. The loop repeats until get  I l ne returns length zero. 

The function ge t 11 ne is the same as in Exercise 1-16. 
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Exercise 1-18: (page 31 K&R) 

Write a program to remove trailing blanks and tabs from each line of input, and 
to delete entirely blank lines. 

1 1 n c l u d e  < s t d 1 0 . h > 
lde f i ne MAX LINE 1 000 I• ma x i m um lnp u t  l i n e s 1ze 

i n t  g e t l i ne ( c h a r  l i n e [ ] ,  i n t  ma x l i n e ) ;  
i n t  r emoveC char  5(] ) ;  

•I 

I• r emove t r a i l i ng b l a n k 5  and tab51 a nd d e l e t e  b l a n k 1 1 n e 5  •/  
ma  l n C >  
{ 

c h a r  l 1 ne C MA X L I NE J; I •  c u r r e n t  i npu t l i ne 

while C 9 et l i ne ( J 1 n e , MAXLIN E >  > 0) 
i f  ( r emove (J1 n e )  > 0) 

p r i n t f C 11 %5 1• , 1 1 n e > ;  
r e t u r n  0; 

• I  

I •  r emove t r a i l i ng b l an k s  a n d  t a b 5  f r om charac ter s t r i ng s • /  
i n t  r emove ( cha r s( l > 
{ 

i n t  l ; 

1 • 0 ;  
wh l l e  ( • ( l l 

+ +- i j 

wh i l e  < i > • 
- - 1 j 

i f C i > • O > 
+ + l i 
• ( i l • 
+ +- i j 
• ( l l • 

r e t u r n  i ;  

I • • \ n • > I• 

I• 
0 & &  ( 5 ( i l 

I• 

I\ TI I j I• 

I \ 0 I j I• 

f l  nd  newl i ne c hara c t er  •I 

b a c k  o f f  f r om ' \ n '  •I 
. 11 • ( i l .. • \ t.) )  

'" i t  a n o nb l a n k  1 i n e ?  •I 

p u t  new l i ne c ha re1c t e r  bac k •I 

t e r m i na t e t he • t r i n g •/ 

The r emove function removes trailing blanks and tabs from the character string 
1 1  ne and returns its new length. If this length is greater than 0, 1; ne has 
characters other than blanks and tabs, and the program prints the line. Other
wise, 11 ne is entirely made up of blanks and tabs, and thus ignored. This 
ensures that entirely blank lines are 

·not printed. 
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The remove function finds the newline character and backs off one po
s1110n. The function then steps backward over blanks and tabs until it finds 
some other character or no more characters are available ( i < o ). If , > • o, 

then there is at least one character. remove puts back the newline and the end 
of string marker, then returns , . 

The function get  I i  ne is the same as in Exercise 1-16. 
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Exercise 1-19: (page 31 K&R) 

Write a function rever.e< • >  that reverses the character string•· Use it to 
write a program that reverses its input a line at a time. 

# i n c lude < • t d 1 0 . h >  
ldef i ne MA X L I NE 1000 I •  ma x i mum i npu t  l ine 5iZe 

i n t  g e t l i ne( c har li ne( ) ,  i n t  ma x l 1ne ) ; 
vo i d  reve r s e ( c har s[ J ) ;  

I •  r ever se i n p u t  l i ne s ,  a li ne a t  a t i me 
ma i n ( >  
{ 

char l1 n e[MA XL I NE J ;  I •  c u r r e n t  i np � t  li ne 

wh i le C g etli neC l i n e , MA XL l � E >  > O >  ( 
reve r s e (  l i ne ) ;  
p r i n tf ( ''X s11 , l i n e ) ; 

I •  r ever s e :  r ever se s t r i ng ' 
vo i d  reve r se( c har 5 [ )) 

i n t  i , j ; 
cher t emp ; 

i • 0 j 
wh i le < • [ i J 1 • • \ 0 ' > 

+ + 1 i 
- - 1  ; 
i f  C • C i l  •• ' \ n ' )  

/ •  f i nd t he 

I •  ba c k  o f f  

end  

f r om 

- - 1 i 
j • 0 ;  

I •  leave n ewli n e  
I •  beg i n n i ng o f  

o f  • I r i ng 

I \ O I 

i n  p l a c e  
n ew • I r i ng 

whi le C j  < i )  I 
t emp • • C j l ; 

•[jl • • [ i l ; 
• [ i J • t emp ; 

-- 1 i 

I •  swap t he chara c t e r s  

+ + J ; 

5 

•I 

• I  

• /  

• /  

• I  

• /  

• /  
• • I  

• /  

The r eve r •  e function first finds the end of string •. It then backs off one 
position from • \ o • , so that the first character will not become an end of string 
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marker. If a • \ n '  exists, it backs off one more position, since like the • \ O • .  
i t  must remain at  the end of the line. 

j is the index of the first character of the string, and 1 is the index of the 
last character of the string. While swapping characters, 'i is incremented (moves 
toward the end of the string), and i is decremented (moves toward the beginning 
of the string). The process continues while j is less than 1 • 

The main program reads a line of input at a time, reverses it. and prints 
the reversed line. 

The function get 1 1  ne is the same as in Exercise 1-16. 
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Exercise 1-20: (p111e 34 K&R) 

Write a program de tab that replaces tabs in the input with the proper number 
of blanks to space to the next tab stop. Assume a fixed set of tab stops, say 
every n columns. Should n be a variable or a symbolic parameter? 

11nc l u d e  < • t d l o . h >  

ldefi n e  TABIHC 8 I• t e b  i n c rement • l ze •I 

I• r e p l a c e  t e b• w i t h  t h e  p r op e r  n u mb e r  of b l e nk• 
met nC > 

•/ 

{ 
i n t  c ,  n b , p o s ;  

n b  • O ;  I• numbe r o f  b l a n k s  n e c e s s a r y  •/ 
pc• • 1 ;  I• p o • i t i o n o f  c he r e c t e r  i n  ! i n• •/ 
while ( ( c  • g e t cher( ) )  !• EOF> { 

If C c  •• ' \ t ' ) < /• t e b  c h• r e c t e r  •/ 
nb • TABIHC - < pc• - 1 >  X TABIHC; 
whi l e  C nb > C> { 

p u t c he r<' ' ) ;  
• + pos ; 
--nb; 

e l se i f  (c •• ' ' n '  < /• n ew l i n e charac t e r  •/ 
putcher(c); 
p o s  • 1 ; 

e l •e < 
putcher<c>; 
••po!; 

I• a l l  o t h e r  c h e r e c t e r •  •I 

The tab stops are at every TAB IHC position. In this program TABIHC is defined 
to be 8. The variable po s is the position within a line of text where the program 
currently is. 

If the character is a tab, the program calculates the number of blanks nb 
necessary to reach the next tab stop. The statement 

nb • TABIHC - <po• - 1 >  X TABIHC 

deterrnines this value. If the character is a newline� then it is printed out and 
po 1 is reinitialized to the beginning of the line (po s • 1 ). Any other character 
is printed and pos is incremented ( .. pos). 
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TAB I NC is a symbolic constant. Later on, in Chapter 5 ,  you will learn 
how to pass arguments to the main program and you may want to allow the user 
to set the number of columns between tab stops. Then you may want to change 
TAB I NC into a variable. 

The program d e t e b  is extended in Exercises 5-11  and 5-12. 
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Exercise 1-21: (page 34 K&RJ 

Write the program en t "b that replaces strings of blanks by the minimum number 
of tabs and blanks to achieve the same spacing. Use the same tab stops as for 
det..b. When either a tab or a single blank would suffice to reach a tab stop, 
which 6ould be given preference? 

# i nc l ude < • tdlo . h> 

# de f i ne TAB INC 8 I •  teb i n c r ement  '1 z e  

I •  r ep l ., c e  • t r ing•  o f  b l ., n k •  w i t h  t a b •  "nd b l ., n k •  
m" i n ( )  
{ 

i nt c, nb , n t , p o s ;  

• I  

•/ 

nb • 0; / • I o f  bla n k •  nece • •a r y  • /  
n t  • ·.Q; /• I of tab!  nec e!!ie r y  • /  
f o r  < po •  • 1 ;  C c  • get c h .,r ( ) )  ! • EDF ; ••p o • )  

i f  Cc • •  ' ' ) { 
I f  Cpo •  x TAB INC ! • 0 )  

++ nb; 
e l !ie 

nb . 0 ;  
+ + n tj 

f o r  ( ; nt > O; - - n t >  
p u  t c h., r (  • \ t • > ;  

i f  (c ... ' \ t ' >  
nb • 0 ;  

I •  i nc r emen t  ' o f  b 1.,nk • 

I• r e5et • of bl., n k •  
I •  one more t..b 

I •  o u t put t a b C • >  
I •  f o r g e t  t h e  b l a n k < • >  

•( 

•I 
•I 

•I 
•I 

e l • e / •  o u 1 put b l a nk < • >  •I 
f o r  ( ; nb > O; - - nb) 

p-ut c he r'C' ') ; 
pu t char { c ) ;  
i f  {c  •• ' \ n ' )  

p o •  • O ;  
e l • e i f  C c  •• ' \ l ' )  

po� • po•  • CTAB I NC - C po•-1> X TABIHC> - 1 ;  

The integer variables nb and nt are the minimum number of blanks and tabs 
necessary to replace a string of blanks. The variable p o •  is the position within 
a line of text where the program currently is. 

The idea is to find all blanks. A string of blanks is replaced by a tab every 
time p o •  reaches a multiple of TABINC. 
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When the program finds a non blank, then it prints the tabs and blanks 
accumulated followed by the nonblank character. The program resets nb and 
nt to zero, and resets po5 to the beginning of the line if the current character 
is a newline. 

If the nonblank character is a tab, then the program prints only the ac
cumulated tabs followed by the current tab character. 

When a single blank suffices to reach a tab stop, it is easier to replace it 
with a tab because we avoid special cases. 

The program "n t 11 b is extended in Exercises 5-1 1  and 5-12. 
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Exercise 1·22: (page 34 K&R) 

Write a program to "fold" long input lines into two or more shorter lines after 
the last nonblank character that occurs before then-th column of input. Make 
sure your program does something intelligent with very long lines, and if there 
are no blanks or tabs before the specified column. 

l i nc l u d e  < • t d l o.h> 

lde f i ne 
•d e f i n e  

MA X COL 
T A B I H C  

cha r l i n e [ M A X C OL J ;  

1 0 
8 

i n t  exp t a b ( i n t pos> ; 
i n t  f l n db l nk ( i n t  p o s ) ; 
i n t  newpos(int po•); 
void pr i n l l ( i n t  po • >; 

I •  max i mum c olumn o f  i n put 
I •  tab i n c rem e n t  size 

I •  l npu t l l ne 

• I  
• /  

• I  

I •  f o l d  l o n g  i n p u t  l i ne •  into two o r  mo r e  •ho r ter l i ne •  • /  
ma i n ( >  
{ 

i n t  c ,  p o s ; 

p o s  • O ;  / •  p o s i t i o n  in t he l i ne • /  
while <<c • 9et c ha r ( ) )  !• E D F )  { 

l i ne C pos l • c; I •  s t o r e  c u r r e n t  c hara c t er • /  
if ( c  •• ' \ t ' >  I• expa n d t ab c h ara c t er • /  

po• • exptab<pos> ; 
el•e lf <c •• '\n') { 

p r i n t l ( p o • > ;  I •  p r i n t  c u r r e n t  i n p u t  l i ne • /  
p o s  .. O ;  

e l s e  i f  ( + • po • > •  MA X C OL> 
po• • f i nd b l nk ( p o s > ;  
pr i n t l <pos ) ; 
p o s  • newpo•<pos> ; 

I •  p r i n t!: p r i n t  l i ne u n t i l  po• c o l umn •/ 
vo i d  pr i n t l ( i n t po•> 
{ 

i n t  i; 



The C Answer Book 

for (i • O ;  i < p o s ; + + I )  
pu t che r ( l i ne l i l > ; 

i f  < p o s  > O >  / •  e ny cha r s  pn n t ed ? 
pu t c h a r ( ' \ n ' > ;  

• I  

I •  e x p t e b : e x p e n d  t a b  I n t o  b l e n « s  • /  
I n t  e x p t e b < l n t  pos) 
< 

l l ne l po s l  . . . ; I •  tab i s  a t  l e a s t  o n e  b l a nk • I  
for ( + + po s ;  p o •  < l'IAX COL " p o s  % TA B ! MC ! • 0 ;  • • p o s >  

l l ne l p o s l . . . ; 
if < p as < l'IA X COL> I •  r o om 1 e f  t i n  c u r r e n t 1 i ne • I 

r e t u r n  p o s ; 
e hl! < I •  c u:r r e n t  1 i n e  I •  fu l l  • /  

pr l n t l (po s ) ; 
r e t u r n  0 ;  I •  r.es e t  c u r r en t  p o s i l i·D n  • /  

! •  f l ndb l nk :  find b l a nk ' •  po•·l t i o n  • /  
I n t  fi nd b l nk( i n t  p a s )  
< 

wh i l e  < p a s  > 0 && l l ne l p o s l ! •  • ' )  
- - p o s ;  

I f  (pas . .  0 )  I •  n o  b l ank s l n t he l i ne ? 
tl!'t u r n  MAX COL ; 

e l s e  I •  ll t l e e s l  o n e  b l a nk 
r e t u r n  p os • 1 ; I •  p o s i t i o n e·ft e r  t h e  b l a nk 

/'* ·newpo s :  r ea r r a n ge l i ne w i t h  new p1>4 l l i o n  
i nl n ewpos(i n t  p o sJ 
< 

i n l l , j ;  

I f  C po s  < - 0 I I  p o s  't" l'IA X COL > 
r e t u r n  O i  

e l s e  � 
; • ·o ;  

I •  nol h l n g l o  r e a r r a nge 

f o r  (j • p o s ; j < l'IAXCOL ; • • J > < 
l i n e [  I ]  • l l n e [ J  l ;  
··-· i ;  

r e t u r n  i ;  I •  new .po s i t i on i n  l i n e  

• /  

• I  
• /  

• I  

• I  

• I  
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MAX COL is a symbolic constant .  It indicates the n-th column of input. The 
integer variable po•  points to the position within a line of text where the program 
currently is. The program folds input lines before the n-th column of input. 

The program expands tab characters, prints the current input when it finds 
a newline, and folds the input line when po• reaches MAX COL. 

The function f 1 nd b I n k searches for a blank starting at the index po• . It 
returns the position after a blank or MA x c OL if a blank does not exist . 

pr 1 n t I prints the characters between position zero and p o •  -1 . 
newpo• rearranges a line, that is, it copies characters, starting at po• , to 

the beginning of the line, then returns the new value of po• .  
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Exercise 1-23: (page 34 K&R) 

Write a program to remove all comments from a C program. Don't forget to 
handle quoted strings and charncter constants properly . C comments do not 
nest. 

# i nc l u d e  < 9 t d i o . h >  

v o i d  rc omme nt C i n t  c ) ;  
v o i d  l n_c omme n t ( � o t d > ;  
vo id echo_quo t e ( i n t c > ;  

I •  r emove a l l  comme n t !  from a va l i d C p r ogram 
me i n ( ) 

{ 

i n t  c ,  d ;  

wh i l e ( ( c  • g e t c he r ( ) )  ! •  EDF > 
r c ommen t C c > ; 

r e t u r- n  O ;  

• I  

I •  r c omme n t : r ead each cha r a c t e r , remove t he c omme n t '  • /  
vo i d  r c omme n t C  i n ti c l  

i n 1  d ;  

i f  ( c  • •  ' / ' )  
i f  ( ( d  • g e t c har ( ) )  • •  ' • ' )  

i n_comme n t C ) ;  / •beg i n n i ng c omme n t • /  
e l 9 e  i f  C d • •  ' / ' )  

pu t c har ( c ) ;  
rc ommen t C d ) ; 

e l 9e { 
pu t c har ( c ) ;  
pu t c ha r ( d ) ; 

e l ! e i f  C c • • ' \ ' '  I I  c • •  '11 ' ) 
echo_quo t e C c ) ;  

put c he r ( c ) ; 

• I 

/ •  n o t  a c omme n t  • I  

I •  quo t e  beg i n ! • I 

I •  n o t  e c ommen t  • I  



A Tutorial Introduction Chap. 1 39 

I •  i n_c omme n t : 1 n ! ide  o f  a ve l 1 d c omme n t  
vo i d  i n_ c omme n t < vo i d )  

• I  

{ 
i n t  c ,  d ;  

c • 9e l c har ( ) ;  
d • 9 e l c h a r ( ) ;  
wh i. l e C c � · ' • '  : t  d � ·  ' / ' )  { 

c • d; 
d • g e l c h!! r C J ;  

I •  p r e v  charac t e r  • /  
I • c u r r  cha rac t e r  • /  
I • s e a r c h  f o r  e n d • /  

I •  e c ho_qu o t e : e c h o  c � e r a c t e r 5  w 1 t h 1 n  q u o t e 5  
v o i d  e c h o _q u o t e ( l n t  c >  

•/ 

{ 

i n t  d ;  

pu t char ( c l ; 
wh I I  e ( ( d • 9e t char < > )  ' • c > { 

pu t c ha r < d > ; 
i f  C d • •  ' \ \ ' l  

pu t c h a r ( g e l c h a r < > > ;  

pu t c h a r  C d > ; 

/ •  5 ea r ch f o r  e n d  • /  

/ •  i g n o r e  e 5 c a p e  5 e q • /  

The program assumes that the input i s  a valid C program. r c omme n t  searches 
for the beginning of a comment (t • ) and when it finds it calls , n _ c omme n t .  

This function searches for the end of the comment. The procedure therefore 
ensures that a comment will be ignored. 

r c omme n t  also searches for single and double quotes and if it finds them 

calls echo_qu o t e .  The argument to ec h o _ q u o l e  indicates whether it is a 

single or double quote. e c h o _ qu o t e  ensures that anything within a quote is 
echoed and not mistaken for a comment. echo _qu o t e does not consider a 

quote following a backslash as the terminating quote (see the discussion on 

escape sequences on page 19 K&R and in Exercise 1-2). Any other character 

is printed as is. 
The program terminates when g e l  c ha r  returns an end of file. 
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Exercise 1-24: (page 34 K&R) 

Write a program to check a C program for rudimentary syntax errors like un
balanced parentheses, brackets, and braces. Don't forget about quotes, both 
single and double, escape sequences, and comments. (This program is hard if 
you do it in full generality.) 

# i nc l u de < • t d i c . h > 

i n t b r a c e , b r ac k , pe r e n; 

vo i d  i n_quo t e ( i n t  c l ; 
vo i d  i n_ c omme n t < vo i d l ; 
v o i d  • ee r ch ( l n t c l; 

I •  r u d ime n te r y  • y n t a x  c h e c k e r  f o r  C p r ogram• 
mei nC > 
{ 

i n t c ;  
e x t e r n  i n t  b r ac e ,  b r ae � , pe r e n; 

w h i l e  C C c  • g e t c h e r < »  ! •  EDF > { 
i f ( c • • ' / ' ) { 

i f  ( ( c  • g e t c he r ( ) )  
i n_c ommen t < >; 

e l • e 
5 ee r c h ( c ); 

, . , ) 
I •  i n ! i d e c omme n t  

e l  5 e  i f  < c • • ' \ '  ' l I c • • ' " ' > 
i n_quo t e ( c ) ;  I •  l n • i d e q u o t e  

e l • e  
see r c h ( c ); 

• I  

• I  

• I  

I f  ( b r e c e  < O >  { / •  ou t pu t  e r r or • • I  
pr i n t f < ''Un b e l e n c e d b r a c e 5 \ n''); 
bre c e  • O ;  

e l • e i f  C b rec k < O >  ( 
p r i n t f < "Unbe l a n c ed b r a c k e l • \ n • >; 
br e c k  • O; 

e l • e i f  C pe r e n  < O >  I 
pr i n t f C ''Unbe l � n c e d  p e r e n t he 5 e 5 \ n 11 ) ;  
pe r e n  • 0 ;  
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i f  ( b race > 0 )  / •  output  e r r o r s  • /  
p r i n t f< "Unba l anced braces \ n" > ;  

i f  C b  rac k > 0 > 
p r i n t f < "Unba l anced brac k e t s \n"> ; 

i f  < paren > 0 > 
p r i n t f < "Unba lanced pa rent heses\n" > ;  

I •  sea r c h :  search f or rud imentary syntax  e r r o r s  
vo i d  s ear c h l i n t  c >  
( 

extern  i n t  brace , brac t ,  pa ren ; 

i f  < c  • •  ' < ' >  
+ + brace ; 

e l se if ( c  . .  I }  I )  
.. -brac e ;  

e l s e  1 f  ( c  . .  I [ I ) 

+ + b r a c t ;  

e l se 1 f  < c  . .  I ]  I ) 

· - br ac t ; 
e l se i f  < c  . .  . ( . ) 

+ •pare n ;i,  . 
e l se i f  < c  . .  . ) . ) 

- -pe r e n ;  

I •  i n_co111111e n t : i ns ide of  a va l i d comme nt 
void  i n�c omme n t < v o i d )  
( 

i nt c 1  d ;  

c • get char ( ) ;  
d • get c h,a � O ; 
whi l e  < c  ! 111 ' • '  I I  d ! •  ' / ' )  < 

c • d ;  
d • get  c har < > ;  

I •  prev charac t e r  
I •  cu r r  cha r a c t e r  
I •  search  for  e n d  

• I  

• /  

• I  
• I  
• I  



I •  i n_qu o t e :  i ns i d e  quo t e  
vo i d  in _quo t e ( i n t  c >  
{ 

In t  d ;  
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• /  

wh i l e ·  < < d  • g e t c he r C > >  ! •  c >  
i f  ( d  • •  ' \ \ ' )  

g e t c h., r( ) ;  

I• search  end  quote  • /  

I •  i g n o r e  esce pe �eq • /  

This solution is  not done in full generality. 
The program checks for three syntax errors: unbalanced parentheses . 

brackets, and braces. Everything else is assumed to be valid. 
The function seer ch increments the variable b rec  e when the character 

is a left brace ( • < • )  and decrements it when the character is a right brace ( • > ' ) .  
The variables b r" c k and per  en  are handled similarly. 

During the search, it is legal for brace ,  b re c k ,  or pa ren  to be positive 
or zero. It is an error if br.,ce,  br"c k ,  or par en ever becomes negative ; the 
program prints an appropriate message. c c  [ (br"c k equals 3) is legal for the 
moment because 3 balancing right brackets might be found later in the search. 
l l J (br"ck  equals - 3) is illegal because there were no previous left brackets 
to balance these 3 right brackets; if there were 3 left brackets to balance them, 
then b r"c k should equal 0. The statements 

i f  < b race < O >  < 
pr i n t f < "Unb., lenced  br.,c e s \ n" > ;  
bra c e  • 0 l 

e l s e i f  < b r ., c k  c O >  < 
pr i n t f C "Unb., lenced  br.,c k e t s \ n" > ; 
bre c k  • D i  

e l se i f  c p  .. ren  ( 0 )  { 

pr l n t f < "Unb., lenced  P"re n t hese s \ n" ) ;  
par e n  • 0 i 

arc necessary because without them > < or l l I [ [ c or > > < < would be considered 
balanced. 

The main routine searches for comments, single and double quotes, and 
skips the characters within them. The braces, brackets, and parentheses inside 
comments and quotes need not be balanced. 

The program makes a final check upon EDF to determine if there are any 
open braces, brackets, or parentheses. If so, the program prints an appropriate 
message. 
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Exercise 2-1: (page 36 K&R) 

Write a program to determine the ranges of cha r ,  •hor t ,  I n t ,  and J o ng 
variables, both s l gnl!d  and u n 5 1 gned,  by printing appropriate values from 
standard headers and by direct computation. Harder if you compute them: 
determine the ranges of the various floating-point types. 

' i n c l u de < • t d 1 0 . h >  
# I nc l u de < l l m i t • . h >  

I •  d e t e rm i ne r a ng e •  o f  t yp e •  
ma i n  C > 

{ 
I •  " ' gned type• 
p r i n t f ( '' ! i gned  cher  m i n  
p r i n t f C ''5 1 9ned  cher  mex 
p r i n t f C "• i gned  s h o r t  m i n  
p r i n t f ( '1 ! i 9ned  5 h o r t  me x 
p r i n t f ( ''! i gned  i n t  m i n  
p r l n t f < " • l gned  I n t  max 
p r l n t f < "• l gned  J on g  m i n  
p r l n t f C " • l gned  J o n g  ma x 

• % d \ n " ,  S C H A R _M I N ) ; 

• l d \ n " ,  SCHA R_MA X > ; 

• % d \ n " ,  S H R T _M I N> ;  

• l d \ n " ,  S HR T _MA X > ; 

• % d \ n " ,  I NT _M I M> ;  

• % d \ n " ,  I NT_MA X > ;  

• X l d \ n" ,  LONG_M I N ) ;  

• X l d \ n" ,  LONG_MA X ) ;  

I •  u n • l g n e d  type• 
p r i n t f ( ''u n s i gned c he r  mex 
p r i n t f C" u n • l gned  • hor t max 
p r i n t f ( ''u n s i gned  i n t  mex 
p r l n t f ( "un•l g ned J o ng me x 

• X u \ n " , U C H A R _MA X> ; 

• Xu\n" , U S H R T _MA X ) ;  

• Xu\n" , U I N T_MA X l ;  

• X l u\n" , ULOMG_MA X> ; 
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• I  

• /  

• /  
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The ANSI standard for C specifies that ranges be defined in < 1 1  m i t • . h > .  

The ranges may vary from machine to  machine because the sizes for •ha r t ,  
i n t ,  and l o ng vary for different hardware. 

# I nc l ud e  < • t d i o . h > 

I •  d e t e r m i n e:  ran9e5  o f  t ypes • /  
mel n < > 
{ 

I •  • i g ned  t ype•  • /  
pr i n t f ( '' s ig ned c ha r  m i n  • X d \ n'' , 

- < c he r H < un • i g n e d  cha r )  -o » 1 » ;  
pr i n t f C '' s i gned char  mex • X d \ n'' , 

< cha r > < < un • l g ned che r )  -o > >  1 } ) ;  
pr i n t f ( '' s i gned shor t m i n  • Xd \n'' , 

- < • h o r l ) ( ( u n • l gned • h o r t } -o > >  1 ) ) ;  
pr i n t f ( '' s i gned  s ho r t  ma x • Xd\ n'' , 

< •h o r t > < < u n • i g ned  •h o r t >  -o > >  1 > > ;  
pr i n t f ( 11 s 1 9ned  i n t  m i n  • t d \ n" , 

- C i n t H < u n s i gned  i n t >  -o » 1 » ;  
pr i n t f C "• i gn e d  i n t  max . % d'\ n11 , 

( i n t H C u n • i g n e d  i n t )  -o > >  , ) ) ; 
pr 1 n t f < " • i gned  l ong m l n  . X l d l n", 

- < l o n g > < < u n • i gned l o n g >  - o  » 1 ) ) ;  
p r l n t f C " • i gn e d  l o ng mex . X l d \ n "- , 

< l o n g > C < u n s i gned 1 ong > - o  » 1 ) J ;  

I •  un s i g ned t yp e •  • /  
p r i n t f C '' u n s i gned  char ma x • % u \ n 11 1  

< u n • l gn e d  c ha r )  -o > ;  
p r i n t f ( 11u n s i g ri e d  sho r t  me x • Xu \ n " , 

C u n • l gned shor t >  -o > ; 
p r i n t f C '' uns t gned i n t  max • X u \ n'' , 

C u n • l gned i n t > -o > ;  
pr i n t f C "u n • l gned long  max • X l u \ n• ,  

< un • l gned  l o n g >  -o > ;  

Another possible solution uses bitwise operators (page 48 K&R). For 
example, the expression 

( c ha r )C < u n• l g ned c ha r >  -o » 1 )  

takes a zero and converts each bit to one 
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then converts the resulting quantity to an u n• ign"d  c h11r 

C u n • i g nl!!d chl! r )  -o 

and shifts the u n • i 9 n"d ch"r one position to the right to clear the sign bit 

( un • i gned c ha r )  -o » 1 

and finally converts the quantity to c hi! r 

C c hl!r ) ( ( u n • i gned  c he r )  -o » 1 )  

That is the maximum value for a • i g n ed character. 

45 
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Exercise 2-2: (page 42 K&R) 

Write a loop equivalent to the f o r  loop above without using u or I I .  

Original: 

for  ( i • O ; i < l im - 1  && ( c • ge t c h a r ( ) )  ! •  ' \ n "  && c ! •  EOF ; + + ). ) 

Equivalent: 

en"m I oop  { NO , Y E S  > ;  
en"m l o o p  o k l oop • YES ; 

i • 0; 
wh i l e C o k l oo p  • •  Y E S >  

I f  C l  > •  l l m - 1 > 
o k l oop • N O ;  

I •  o"t • l de o f  ve l l d  r a n g e ? 

e l • e I f  C C c  • ge t c he r C > >  ' \ n ' ) 
o k l oo p  • NO ; 

e l • e  I f  Cc • •  E O F >  / •  e n d  o f  f i l e ? 

o k l oop • N O ;  
e l  • e  { 

s [ i ]  • c ;  
+ + i ; 

• I  

• /  

Without u or 1 1  we have to break the original f o r  loop into a sequence 
of 1 f statements. We then change the tests. For example, in the original for  
loop 

i < l i m - 1  

indicates that 1 still i s  within boundaries. I n  the equivalent statement 

i > •  l i m- 1 

indicates that 1 is out of boundaries and the loop should terminate . 
ok 1 oop is an enumeration. As soon as one ofthe conditions is met o k 1 o op 

is set to NO and the loop terminates. 
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Exercise 2-3: (page 46 K&R) 

Write the function ht o i c • >, which converts a string of hexadecimal digits (in
cluding an optional ox or o x )  into its equivalent integer value. The allowable 
digits are o through 9, 11 through f ,  and A through F .  

#d ef i n e  Y E S  
#d e f i n e  N O  

/ •  ht o i : c o n ve r t  hex�de c i ma l s t r i n g  5 t o  i n te ger  
I n t  h t o i C ch11r  • [ ] )  
{ 

i n t h e x d i g i t , i ,  i nhex , n ;  

l • 0 ;  

i f  ( • [ i i  • •  ' 0 ' )  I •  • k i p  op t l o n11 l O x  o r  O X  
+ + l ;  
i f  ( s [ i ]  • •  ' x '  : 1  s C i l  • •  ' X ' )  

+ .  i ; 

• /  

n • O ;  / •  i n t e g e r  va l ue t o  b e  r e t u r ne d  • /  
i nhex • Y E S ; / •  a • • ume va l i d h e x11dec l m11 l  d i g i t  • /  
f o r  < i i nhex • •  Y E S i  + + i ) < 

i f  < • C i l  > •  ' 0 '  l& • C i l  < •  ' 9 ' >  

hexd i g i t  • • [ i l  - ' 0 ' ; 

e l se I f  < • C i !  >• ' 11 '  & &  • C i l  < •  ' f ' )  
hex d l g i  t . • [ i I 

e l se l f C • [ i I > •  ' A '  
hex d i g l t  . • [ i l 

" l  • •  
i nhex  • HO ; 

i f  C i nhex • •  Y E S >  

- ' II ' . 1 0 ;  

u • C I  I < •  I F , )  
- ' A '  . 1 0 ;  

I •  n o t  a v11 l i d hex11dec l m11 l  d i g i t  

n • 1 6  • n + hex d l g l t ;  

r e t L.t r n  n i 

The statement 

f o r  C ; i nhex • •  Y E S ; + + 1 )  

controls the function. The integer 1 is the index for the array • .  While • c 1 I 
is a valid hexadecimal digit, i n hex  remains Y E S  and the loop continues. The 
variable hexd  1 9 1  t takes a numerical value of 0 through 15. 

• /  
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The statement 

1f C i n hex • •  YES>  

guarantees that a valid hexadecimal digit was a t  • C '  l and its value i s  in  hex d i  -
91 t .  When the loop terminates, h t  o i returns the value of the variable n. 

This function is similar to " t o  i (page 43 K&R). 
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Exercise 2-4: (page 48 K&R) 

Write an alternate version of s quee z e l s 1 , • 2 >  that deletes each character in 
s1 that matches any character in the string s2. 

I • sque e z e : d e l e t e  e"ch ch"r in 51 wh i c h  l s  i n  s2 
voi.d 5q1.1ee z e ( c har .,. ,  ( ] ,  char  52[ l )  

i n t  i , j , l ; 

f o r  C i  • k • O ;  ! 1 C i 1  ! •  1 \ 0 1 ;  i • + )  < 
f o r  C j  • O ;  s 2 C j l ! •  ' \ 0 '  U s2 1 j l 1 •  s 1 1 l l ;  J . .  > 

• I  

i f  ( s 2 [ j l  • •  ' \ 0 ' ) I •  end of s t r i ng - no m" tch • I  
s1 1 k • • l • s H i l ;  

s 1  ( k l  • ' \ 0 ' ;  

The first statement, 

for C l • k • O ;  s 1 C l l  ! •  ' \ O ' ;  l • • >  

initializes t and k ,  the indexes of 1 1  and the resulting string (also 1 1  ), respec
tively. Each character in s 1 that matches any character in s2 is deleted. The 
loop continues until the end of the string s 1 . 

The second for statement checks each character in s 2 against the s 1 c i l 
character. This loop terminates when • 2 runs out of characters or there is a 

match. In the event that there is no match, s 1 c 1 l is copied to the resulting 
string. If there is a match, the statement 

i f  C !i2{ J l • •  ' \ O ' >  

fails, and s 1 c 1 l is not copied to the resulting string (it is squeezed out). 
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Exercise 2-S: (page 48 K&R) 

Write the function 11ny<  • 1 , •2 >, which returns the first location in the string 
• 1 where any character from the string • 2  occurs, or • 1 if • 1 contains no 
characters from • 2. (The standard library function • t r  pb r k  does the same 
job but returns a pointer to the location .) 

I• e ny :  r e t u r n  f i r s t  l oce t i o n i n  s 1  whe r e  eny cher f r om s 2  o c c u r s • /  
i n t  11ny<ch11r  • 1 1 1 ,  c h11 r  • 2 [ ] )  
{ 

i n t 1 , J ; 

f o r  ( 1  • O ;  s 1  [ i l  ! •  ' \ 0 ' ;  i + + )  
for  < J  • O ;  • 2 C j  l ! •  ' \O ' ;  j • • >  

i f  < • 1 C i l  • •  • 2 1 j  J )  / •  m11 t c h found? • /  
r e t u r n  i ;  I •  l o c11 t i c n  f i r • t  m11 t c h  • /  

r e t u r n  - 1 ; 

The statement 

f o r  ( i  • O ;  s 1 C i l  ! •  ' \ 0 ' ; i • • >  

I •  ot herw i s e ,  n o  ma t c h  • /  

controls the loop. When the loop terminates normally ( s 1 runs out of characters), 
11 n y returns - 1 to indicate that no character of • 2 was found in • 1 . 

The second f o r  statement, 

f o r  < J  • O ;  • 2 ! j l  ! •  ' \ 0 ' ; j • • )  

is executed for each value of i .  It compares each character of •2 with • 1 I ;  J .  
When a character in • 2 matches • 1 I l J the function returns i -the first loca1ion 
in the string • 1 where any character from the string s 2 occurs. 
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Exercise 2-6: (page 49 K&R) 

Write a function s e t b l t s < x , p , n , y >  that returns x with the n bits that begin 
at position p set to the rightmost n bits of y, leaving the other bits unchanged. 

I• s e l b i t s :  s e t  n b i t s  o f  x e t  p o s i t i on p wi t h  b i t s  of y · • /  

uns i g ned 5e lb i t s < uns l gned  K ,  i n t  p ,  i n t n ,  u n s i g ned y >  
< 

r e t u r n  x I -cc -o « n) « C p + 1 - n »  
C y  l · c - o  « n »  « < p + 1 - n > ;  

To set n bits of x to the rightmost n bits of y 

xxx . . .  xnnnx . . .  xxx x 
yyy . . . . . . . . . . . .  ynnn y 

we need to clear the n bits in x, clear all bits in y except the rightmost n bits 
and then shift them to position p,  and OR the quantities together. 

xxx . . .  xOOOx . . .  xxx x 
000 . . . 0nnnO . . .  OOO y 

xxx . . .  xnnnx . . . xxx x 

To clear the n bits in x we AND them with n bits of zeros staning at position 
p and ones everywhere else. 

-o cc n 

shifts all ones n positions to the left, leaving n zeros at the rightmost positions. 

-c-o cc n >  

places all ones at the rightmost n positions, zeros everywhere else. 

-c-o « n )  << <p • 1 - n >  

shifts these n 1-bits to position p and 

-c-c -o « n >  « C p • 1 - n ) )  
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sets n bits to zeros starting at position p ,  leaving ones everywhere else. 

x & -cc-o « n )  << < p • 1 - n »  

we AND this value with x to  clear the n bits of  x at  position p .  

To clear all bits in  y except the rightmost n bits we AND them with n bits 
of ones and zeros everywhere else. 

-co « n > 

places all ones at the rightmost n positions, zeros everywhere else. 

y & -co « n )  

selects the rightmost n bits of y .  And 

places these n bits starting at position p.  

x & - c - c o  « nl  « Cp • 1 - n »  
C y  & - c -o « n l >  « C p • 1 - n )  

we O R  the two values to set the n bits of x starting at position p to the rightmost 
n bits of y, leaving the other bits unchanged. 
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Exercise 2-7: (page 49 K&R) 

Write a function l n ve r t < x  , p , n > that returns x with the n bits that begin at 
position p inverted (i.e . ,  1 changed into 0 and vice versa) ,  leaving the others 
unchanged. 

I• i n v e r t :  i n v e r t s  t he n b i t s  of x t h a t  beg i n  at p o s i t i o n  p • /  
u n 5 i gned i nver t C un 5 i gned • ·  I n t  p ,  i n t  n l  
{ 

r e t u r n  x · CCO « n l  < <  C p + 1 - n ) ) ;  

C O  « n )  

shifts all ones n positions to the left, leaving n zeros at the rightmost positions. 

-c-o « n l 

places all ones at the rightmost positions, zeros everywhere else. 

shifts these n 1 �bits to position p .  

x • C -CO « n l  < <  < p • 1 - n »  

The bitwise exclusive OR operator ( · ) produces a I when two bits are different, 
otherwise it produces a 0. Since the objective is to invert the n bits starting at 
position p ,  it suffices to exclusive OR them with all ones starting at p for n bits 
(with zeros everywhere else). If the original bit is 0, exclusive OR with a I 
produces a I -it is inverted. If the original bit is a I, exclusive OR with a I 
produces a 0-it is inverted. 

The positions outside of the n-bit field are exclusive OR'ed with zeros: 
0 • 0 (bits are the same) produces a 0-nothing changed; 1 · 0 (bits are different) 
produces a I-nothing changed. Only the n bits are inverted. 
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Exercise 2-8: (page 49 K&R) 

Write a function r i gh t ro t <  x , n > that returns the value of the integer x rotated 
to the right by n bit positions. 

I •  r i gh t r o t : r o t a t e  x t o  t he r i g h t  by n po• i t 1 o n• 
u n � i 9ned  r i gh t r ot ( u n � i g ned  x ,  i n t  n )  

• I  

{ 
i n t wo r d l e ng t h < vo i d ) ;  
1 n t  r b i t ; 

wh i l e  < n - - > O >  { 

I •  r 1 9htmo•t  b i t  

r b 1 t • ( x  l 1 > < <  ( wo r d l engt h( ) - 1 ) ;  

• I  

x • x > >  1 ;  / •  • h i f t  x 1 p o • 1 t i o n r i g h t  • /  
x • x I r b i t ;  / • comp l e t e  one  r o t a t i o n  • /  

r e t u r n  x ;  

The variable r b ;  t takes the rightmost bit of x and shifts it to the leftmost 
position (wo r d l e n g t h < > - 1 ). 

Next, we shift x one position to the right and OR it with r b ;  t to complete 
one rotation. r i gh t  r o t  rotates x n times. 

w o r d l e n g t h <  > is a function that computes the word length on the host 
machine. 

I •  wor d l eng t h :  comp u t e •  word  l e ngth  of the  mac h i ne 
i n t  wo r d l e n g t h < v o i d )  

{ 
i n t  i. ;  
u n • l gned  v • C u n • i g ned ) ·o ; 

f o r  C i  • 1 i <v • v >> 1 )  > O ;  i + + )  

r e t u r n  i ;  

• /  



Types. Operators, and E><pressions Chap. 2 

This is a different solution to the same exercise: 

I• r i g h t r o t : r o t a t e  x t o  t he r i g h t  by n po• l t l o n •  
uns i g ned r l 9h t r o t < u n s 1 g ned x ,  i n t  n )  
{ 

i n t  w o r d l e ng t h C vo i d ) ; 
u n � i g ned r b i t � ;  

I f  ( ( n  • n l w o r d l e n g t h ( ) )  > Q )  
r b i t •  • -< -o < <  n >  I x ;  / •  n r i gh t mo s t  b i t •  o f  x 
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I• n r i gh t m o • t  b i t •  to l e f t  
r b i t s  r b i t •  < <  C w o r d l e n g t h ( ) - n ) ;  

• I  

• I  
• I  

x • x » n ;  / •  x • h l f t ed n p o s i t i o n •  r i g h t  • /  
x • x I r b i t s ; /• r o t e t l o n  c omp l e t ed 

r e t u r n  >e ;  

If the number of positions ( n) to rotate to the right is the same as the number 
of bits in an unsigned integer, nothing changes because x is the same as before 
the rotation. If n is less, then it is necessary to rotate n positions. If n exceeds 
the number of bits in an unsigned integer, then the number of rotations is the 
remainder (modulus operator) of n divided by the length of the word. As a 
result, no looping is necessary. 

·o « n 

·co (( n )  

all ones are shifted n positions to the left 
leaving n zeros in the rightmost positions. 

all ones are in the n rightmost positions. 

When we AND this value with x, the n rightmost bits of x are assigned to r b 1 t • .  

Then we move r b 1 t 1 to the leftmost position. We shift x n positions to the 
right. The new value of x is OR'ed with rb 1 t s  to complete the rotation of 
the unsigned x , n positions to the right . 

• I  
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Exercise 2-9: (page 51 K&R) 

In a two's complement number system, x & • < x - 1  > deletes the rightmost l · 

bit in x. Explain why. Use this observation to write a faster version of b 1 t -

C OU n t .  

I •  b i tco u n t : c o u n t  1 b i t 5  i n  x - f a 5 t e r  ve r 5 i on 
i n t b i t c ou n t ( u n • i 9ned x >  
{ 

i n t  b ;  

f o r  C b • 0 ;  x ! •  O ;  x & •  x - 1 ) 
+-+ b �. 

r e t u r n  b ;  

• / 

Take a value for x - 1 ,  for example, the binary number 1010, which is 10 in 
decimal. < x - 1 > • 1 produces x:  

binary 
1010 
+ 1 

1011 

decimal 
x - 1  10 

+ 1 
---

x 11  

We take < x - 1  > and add 1 to i t  to produce x.  The rightmost 0-bit of x - 1  
changes to 1 in the result x. Therefore, the rightmost 1-bit of x has a corre· 
sponding 0-bit in x - 1 . This is why x & < x - 1  >, in a two's complement number 
system, will delete the rightmost 1-bit in x.  

Consider an unsigned quantity of four bits. To count all 1-bits in this 
quantity, the original b i  t c o u n t  performs four shifts to check the rightmost bit. 
An alternative is to use the knowledge that x & < x - 1  > turns off the rightmost 
1-bit of x. For example, if x equals 9,  

1 0 0 1 value 9 in binary < x >  
1 O O O value 8 < x - 1  > 

1 0 0 0  x & ( x - 1 >  

and the rightmost 1-bit in x has been deleted. The resulting value is 1000 in 
binary, 8 in decimal. Repeating the process, 

1 0 0 0 value 8 in binary < x >  
O l l l value 7 < x - t > 

O O O O x & < x - t >  
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and the rightmost 1-bit in x has been deleted. The resulting value is 0000 in 
binary, 0 in decimal. There are no more 1-bits in x and the process terminates. 

The worst case is when all bits of x are- ones-the number of AND's is 
the same as the· number of shifts in bi tco1.1 n t. Overall, this a faster version. 
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Exercise 2-10: (page 52 K&R) 

Rewrite the function Lawer , which converts upper case letters to lower case , 
with a conditional expression instead of i f -e 1 • ". 

I •  l ower : c a nv• r t  c t a  l owe r c � • "  < A S C I I  o n l y >  
i n t l owe r ( i n t c )  

• I  

{ 
r e t u r n  c >• ' A ' && c < •  ' Z '  ? c + ' a ' - ' A '  c ;  

When the condition 

c > •  ' A '  & I  c <• ' Z ' 

is true, c is an upper case letter (ASCII only) . Then the expression 

c + 'e1 ' - ' A ' 

is evaluated and l ower returns a lower case letter. Otherwise , l ower  returns 
the character unchanged. 
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Exercise 3-1: (page 58 K&R) 

Our binary search makes two tests inside the loop, when one would suffice (at 
the price of more tests outside). Write a version with only one test inside the 
loop and measure the difference in run-time. 

I •  b i nseerc h :  f i nd x I n  v [ O J  <• v [ 1  J < •  . . . < •  v C n - 1  J • /  

I n t  b i n s ee r c h C 1 n t  x ,  i n t  v [ J ,  i n t  n)  
{ 

i n t  low ,  h i gh , m i d ;  

low • 0 ;  
h i gh • n - 1 ; 
m i d  • C l ow• h i gh>  I 2 ;  
wh i l e C l ow < •  h i gh I I  x ! •  v C m i d J ) { 

i f  C x < v C m i d l > 
h i gh • m i d  - 1 ;  

l ow • m l d  + 1 ; 
m i d  • C l ow• h i gh >  I 2 ;  

I f  ( x  • •  v { m i d l >  
r e t u r n  m i d ; found ma t c h  

r e t u r n  - 1 ; I •  no ma t c h  

• I  

• I  

.. 
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We changed the expression in the wh i l e  loop from 

l ow < •  h i gh 

to 

l ow < •  h i gh & &  x � ·  v [ mi d ]  

so we can use only one i f  statement inside the loop. This implies that we  have 
to calculate mi d before the loop starts and every time the loop is executed. 

We need to have a test outside of the wh i l e  loop to determine if the loop 
terminated because x appears in the array v. If x appears in the array, b i n  -
•ee r c h  returns m i d, otherwise it returns - 1 .  

The difference in run-time is minimal. We did not gain much in perform
ance and lost some in code readability. The original code on page 58 K&R 
reads better from top to bottom. 
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Exercise 3-2: (page 60 K&R) 

Write a function • • c a pe < • ,  t >. that converts characters like newline and tab 
into visible escape sequences like In and \ t as it copies the string t to • .  Use 
a • w i t c h .  Write a function for the other direction as well, converting escape 
sequences into the real characters. 

/ +  e s c a p e : e x pa n d  n ew l i n e a n d  t a b  i n t o  v i s i b l e  s e q u e n c e s  + /  
I •  wh i l e  c o py i ng t h e  s \ r 1 n 9  t t o  5 • /  
vo i d  e s c a p e < c ha r  s [ J ,  c h a r t ( ] )  

f o r  C i  "" J  = O i  t ( 1 J  � .. ' \ 0 ' ;  i • • )  

• w i t c h  C t [ 1 J >  { 
c a s e  ' \n' : 

c a s e  

5 [ j + + ] 

s C J . , l 

b r ea k  ; 
·, \ t ,  : 
• ( j  . .  l 
• ( J '  + l 
b r ea k  ; 

. \\ . ;  
, n ' ; 

• t ' ;  

I •  t a b  

• I  

• I  

d e f au l t :  / +  a l l  o t h e r  c h a r s  • /  
• ( j + + l 
b r ea k  ; 

• C J l • ' 1 0 ' ;  

The statement 

t ( l l ; 

f o r  C i  -= j • 0 ;  t C i J  �"' ' \ 0 ' ;  i • • )  

controls the loop. The variable i is the index for the original string t ,  and J is 
the index for the modified string • .  

There are three cases in  the ""'' t c h  statement: • \ n • for newline character, 
• \ t • for tab character, and d e f  11 u l t . If the character t c i J does not match 
one of the two cases, • • c a p e  executes the case labeled d e f a u  I t : copy 
t c i J to string • .  
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The function u n e s c11pe is similar: 

I •  u nesc•pe : c onve r t  e s c11pe s e quences I n t o  r e e l  c h11 r 11c t e r s  • I  
I •  w h i l e  c o py i n g t he s t r i ng t t o  s • /  
vo i d  u ne s cepe < c h 11 r  1 C J ,  c h 11 r  t C J ) 
{ 

l n t i , j ;  

f o r  ( I  • j • 0 ;  t [ i l  ! •  ' \ 0 ' ; I + • )  
I f  ( t e l l  ! •  ' \ \ ' )  

s C j • • l  • t [ l l ;  
e l s e / •  I t  I s  e bec k s l11 s h • /  

s w l t c h< t r • • l l )  
c a s e  

C ll !l e  

I n I :  

• C J • • ] . , \ft I ; 
b r ea k ; 
I t I :  
• C J • • ]  • ' \ t ' ;  
b r ee k ; 

d e f 11u l t :  

1 C j  l • ' \ O ' ;  

s C j • • l  • ' \ \ ' ;  
1 C j • • l  • t C I J ;  
b � ea k ; 

I •  ree l  new l i ne • /  

I •  ree l t e b  • /  

I •  e l l o t he r  c he r s  •I  

If the character in t c 1 1  is a backslash, then we use a s w l  t c h  statement 
to convert \� into newline and \ t  into tab. The defau l t  handles a backslash 
followed by anything else-copies a bac:kslash and t c 1 1  to string s. 

1w1 t c h  statemenu can be nested. Here is another solution to the same 
problem. 



Control Row Chap. 3 13 

I •  u n e9ce p e :  c o nve r t  e 1 cepe •equenc e •  I n t o  ree l c ha rac t e r •  • /  
I •  wh i l e  c opy i n g  the s t r i ng t t o  1 • /  
vo i d  unescape< che r 9 [ J ,  c har t C J >  
{ 

I n t  I ,  J i  

f o ra  ( i  • J • O ;  t C i l  I • ' \ 0 ' ;  i • • > 
1w 1 t ch ( t l l l >  < 
c••• ' \ \ ' :  

9W l t c h ( t ( + + I J >  
c a s e  , n , :  

s C j + + J  . ' \ n ' ;  
b r ea k ;  

ce •e " t , :  
s C j • • l  • ' \ t ' ;  
b r ea k ; 

deh u l  t :  
• C J • • I  • ' \ \ ' ;  
• C J + + J • t e l l ; '  
b r ea k ; 

b r ea k ; 
defau l t :  

s C J  + + I  •- t C  1 1 ;  
b r ee k ; 

s C J l • ' \ 0 ' ; 

I •  bec k • l • • h  • I 

I •  r e a l  new l i ne • /  

I •  r e e l  teb • /  

I •  e l l  e th e r c har• • /  

I •  n o t  e bec k s l a•h • /  

The outer swl t c h  statement handles the backslash character and every
thing ehe (de f a u l t ). The backslash case uses another swl t c h  statement as 
in the solution above. 
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Exerdle 3-3: (page 63 K&R) 

Write a function upa n d C  • 1 , •2 > that expands shorthand notations like a- z in 
the string • 1  into the equivalent complete list abc . . .  xyz in •2 . Allow for 
letters of either case and digits, and be prepared to handle cases like a - b - c and 
a - z 0 - 9  and -a - z .  Arrange that a leading or trailing - is taken literally. 

I •  expand :  expend 5hor t ha nd n o t a t i on i n  5 1  i n t o  5 t r i ng 52 • /  
vo l d  expand< c har • 1 1 1 ,  char • 2 1 1 >  
< 

che r c ;  
� n t i , j ; 

l • J • 0 ;  
wh i l e < < c  • • 1 l i • • l )  ! •  ' \ O ' >  / •  fetch  a c he r f r om • 1  C l • / 

i f  < • 1 1 1 1  • •  ' - ' u • 1 l i • 1 l > •  c >  
1 + + ;  
wh i l e C c < • 1 � i l )  / • expand •h o r t hand • /  

s 2 C j • • l  • c + + ;  
e l •e 

•2 1 j • • l  • c ;  
• 2 1 j  l • ' \0 ' ;  

I •  c opy the  cha r a c t e r  • /  

The function takes a character from • 1 , saves it in c ,  and then checks the 
next character. If the next character is - and the character after that is greater 
than or equal to the character in c, expand proceeds to expand the shorthand 
notation. Otherwise expand copies the character into • 2 .  

expand works for ASCII characters. The shorthand a-z expands into 
the equivalent list ab c . . .  x y z. The shorthand ! - - expands into ! "• . . ABC , • 

X YZ • •  abc  • .  xyz • .  I > -. 
This solution was provided by Axel Schreiner of the University of Osna

bruck, West Germany. 
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EJiercise 3-4: (page 64 K&R) 

In a two's complement number representation, our version of i to" does not 
handle the largest negative number, that is, the value of n equal to -(2w0"1- - 1). 
Explain why not. Modify it to print that value correctly, regardless of the 
machine on which it runs. 

#de f i ne "b • < x >  ( ( x )  < 0 ? - C x >  : C x ) )  

I •  i t oa : c o nvert  n t o  c he.-rec t e r s l n  is - mod i f i ed 
vo i d  i t o ., ( i n t  n , ch"r  5 [ ] )  
{ 

i n t i ,  5 i gn ; 
vo i d  r e ve r s e C c har  s [ ] ) ;  

5 1 9 n  • n ;  I •  r e c or d  s i gn 
i • 0 ;  

• I  

• I  

d o  < ! •.,. g e n e r a t e  d i 9 i t 5 i n  r ev�r s e  order • /  

} 

o f i • • l • a b o ( n  % 1 0 )  + ' 0 ' ; I •  g e t  next  d i g i t  • /  
I wh i l e  C C n  / •  1 0 ) ! •  0 ) ; / • d e l e t e  i i  • /  
i f  C 0 1 9n < O >  

s ( i + + J • ' - ' ;  
5 ( 1 ) • ' \  0 I j 

revens e ( s )  i 

_ (zwords.izc - l) 

cannot be converted to a P96itive number as in 

n • - n ;  

because the largest positive number in a two's complement representation is: 

The va'fiable • i g n saves the initial value of n. The macro " b "  finds the absolute 
value of n % 1 o. This avoids the 

problem because only the result of the modulus operator is made positive. 
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The conditional expression in the do -wh i I e statement has been changed 
from 

C n  / •  1 0 )  > 0 

to 

C n / • 1 0 ) ! • 0 

because if n remained negative throughout the loop, the loop would be infinite . 
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Eurdle 3-5: <.-. 64 KAR) 

Write the function l t o b C n , s  , b >  that converts the integer n into a base b 
character representation in the string s. In particular, 1 1 ob < n , s , 1 6 >  formats 
n as a hexadecimal integer in s. 

/ • i t o b :  c o nv e r t  n t o  c h a r ac t e r s  i n s - ba s e  b 
vo i d  i t o b C i n t  n ,  c ha r  s [ J ,  i n t  b )  

• I  

{ 
i n t  i ,  l • s i g n ;  
vo i d  reve r s e ( cha r  s [ J ) ;  

i f  < < s i g n  • n )  < O >  
n • - n ;  

1 • 0 ;  

I •  r e c o r d  9 i g n  • /  
I •  ma k e  n po s i t ive • /  

do { / •  gener• t e  d i g i t s  i n  r eve r s e  o r de r  • /  
I • n I b ;  / •  g e t  n e x t  d i g i t  • /  
t l i • • l  • C J < • 9 >  1 1 • ' 0 '  : j • ' a ' - 1 0 ;  

wh i l e  < < n  / •  b )  > O > ;  I •  de l e t e  i t  • /  
i f  C s i g n  < O >  

1 [ i •  .. ] • ' - ' ;  
s C i l  • " \ O ' ;  
reve r s e ( s ) ;  

The contents of n arc converted to base b so 

n I b 

returns a value between o and b - 1 , and 

n / •  b 

deletes that number from n. The loop COfttinucs while n i b  is greater than zero. 
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Exercise 3-6: (page 64 K&R) 

Write a version of 1 t 011 that accc:pts three arguments instead of two. The third 
argument is a minimum field width; the converted number must be padded with 
blanks on the left if necessary to make it wide enough. 

#def i ne 11b s ( x l  < < x >  < 0 ? - < x >  : < x l l  

I •  1 t oa : conver t  n t o  charac t e r s  i n  � ,  w charac ters  wide  • /  
vo id  l t oa ( l n t n ,  cher s [ J , I n t  w) 
{ 

I nt I ,  s i g n ;  
void  reve r • e ( cher 9 [ ] ) ;  

s i gn • n ;  
I • 0 ;  

I •  r ec o rd s i gn • I  

do < I •  genera te  d i g i t •  I n  reverse  o r de r • /  
• [ I + + ]  • e b s ( n  :t 1 0 )  + ' 0 ' ;  / • got  next d i g i t  • /  

} wh i le ( ( n  / •  1 0 ) ! •  0 > 1 / •  de l e te t t  • / 
I f  ( s lgn  < 0 )  

s [ i + + J  • ' - ' ; 
whl l e < I  c ., ) 

9 ( l + + l • , ' 
s [ i l  • ' \ 0 ' ; 
reve r se( !! ) ;  

I •  ped wi t h  b l e n k •  • /  

This function is similar to l t oe in Exercise 3-4. The necessary modification is 

wh 1 1  e ( I  < "' >  
s [ i • • l  • ' ' i 

The "' h i l •  loop pads the string •  with blanks if necessary. 



CHAPTER 4 Functions and Program Structure 

Exercise 4-1: (page 71 K&R) 

Write the function s t r  r i ndex<  s , t > . which returns the position of the rightmost 
occurrence of t in s , or - 1 if there is none. 

I •  s t r r i ndex : r e t u r n s r i ghtmost  i ndex of t I n  s ,  - 1  i f  "one • /  
l " t  s tr r l ndex (cher s [ J ,  c har t C J >  
{ 

i n t i ,  j ,  k ,  po!! ; 

pos • - 1 ;  
for  C t  • O ;  5 [ i ]  ! •  ' \ 0 ' ;  i • + )  

f o r  ( j • i ,  k • O ;  t ! k l ! • ' \ 0 ' & &  s C j l • • t C t l ;  J • + ,  k + + )  

i f  ( k  > 0 & &  t C k l  • •  ' \ O ' >  
pos • I ;  

re t u rn  pos ; 

s t r r l ndex is similar to the routine s t r i ndex (page 69 K&R). When 
s t  r i n de x finds a match it returns the position of the first element of t in s .  
On the other hand, s t  r r i ndex  records the position of t in s and continues 
searching because the function is looking for the last (rightmost) occurrence of 
t in s :  

i f  ( k  > 0 , ,  t [ k l  • •  ' \ 0 ' )  
pos • 1 ;  

Another possible solution is: 

69 
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# i n c l u de < 1 t r l n9 . h > 

I •  1 t r r l ndex : r e t u r n •  r i 9h t110 1 t  I ndex of t I n  1 ,  - 1  i f  none • /  
I n t  1 t rr l ndex ( c her  1 C l ,  c h e r  t C J > 
{ 

I n t  1 ,  j ,  k ;  

for ( I  • 1 t r l e n ( 1 )  - 1 t r len( t ) ;  I >•  O ;  1 - - l  { 
for < j • I , k • O ;  t C k l ! • ' \ 0 '  U 1 C j l • • t c k l ;  j + + ,  k • • >  

i f  ( k  > 0 ' '  t ( k l  • •  ' \ 0 ' )  
r e t u r n  1 ;  

r e t u r n  - 1 ;  

This is a more efficient solution to the same problem. It begins at the 
end of the string • minus the length of the string t .  If there is no match 
• t r r 1 n dex steps back one position and tries again. As soon as • I r r I n de x 
finds t in • it returns 1 ;  1 is already the rightmost position where t occurs. 
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Exercise 4-2: (page 73 K&R) 

Extend 11 t o  f to handle scientific notation of the form 

1 2 3 . 45e -6 

where a floating-point number may be followed by e o r  E and an optionally 
signed exponent. 

# I n c l ude < c t ype . h > 

I •  11 t of : conver t • I r i ng • to doub l e  
dou b l e  11 t o f ( ch11r 9 ( ] )  
{ 

doub l e  va l ,  power ; 
i n t  exp , i ,  '!l i g n ; 

for  C i  • O ;  i s s pa c e < s C i l ) ;  i + + )  

• l g n  • < • C i l  • •  ' - ' >  ? - 1  : 1 ;  
i f  < s C i l  • • ' + ' I I  s C i l  ' - ' > 

i + + i 
for C v11 l  • 0 . 0 ;  l s d i 9 1 t < • C 1 l > ;  i + + )  

v11 l • 1 0 . 0 • v11 l + < • ( i l - • 0 • > ; 
1 f  < • C l l  • •  ' . ' > 

i + + ; 
for <power • 1 . O ;  i • d i g i t < • f  i l ) ;  i + + )  

va l • 1 0 . 0 • va l + < '!I [ i l - ' 0 ' > ; 
power • • 1 0 .  0 ;  

va l • s i gn • va l I power ; 

i f  < • C l l  • •  ' e '  I I  • C i l  • •  ' E ' >  { 
s t g n • < s C + + i  l • •  ' - ' > ? - 1  : 1 ;  
i f  C s C i l  • •  ' + '  I I  s [ i l  • •  ' - ' >  

i + + ;  
for  <exp  • O :  l • d 1 9 1 t < • C I J ) ;  1 • • >  

exp • 1 0  • exp + < • C l l - ' O ' l ;  
I f  < s i gn • • 1 >  

• /  

wh i l e ( e x p - - > O >  / •  po• l t 1ve  exponent  •/  

e l se 
va l • •  1 0 ;  

wh i l e < e x p - - > O >  
VII I / •  1 0 ;  

r e t u r n va l ;  

I •  ne911 t 1 ve exponent  • I  
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The first half of the routine is a duplication of " tof  (page 71 K&R). The 
function skips white spaces, records the sign, and calculates the number. At 
this point the original " t o  f returns the value of the number and the modified 
version handles scientific notation. 

The second half of the function handles the optional exponent. If an 
exponent does not exist then a t  of returns the number stored in va l . If an 
exponent exists then the sign of the exponent is stored in the variable • i gn and 
the value of the exponent is calculated and stored in exp. 

The final operation 

i f  C • i g n  • •  1 )  
wh i l e  C ex p - - > O >  

va l • • 1 () ;  

whi l e  ( e x p - - > O >  
va l / • 1 0; 

adjusts the number according to the value of the exponent. If the exponent is 
positive, the number is multiplied by 10 exp times. If the exponent is negative, 
the number is divided by 10 exp times. va l then contains the final number 
that is returned to the calling program. 

val is divided by 10 rather than multiplied by 0. 1 ,  since 0.1 is not an exact 
fraction in binary. In most machines, 0.1 is represented as slightly less than 
0. 1 and therefore 10.0 times 0. 1 is rarely 1 .0. Repeated division by 10 is better 
than repeated multiplication by 0. 1 ,  but there is still a Joss of accuracy. 
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Exercise 4-3: (page 79 K&R) 

Given the basic framework, it is straightforward to extend the calculator. Add 
the modulus (X) operator and provisions for negative numbers. 

l l nc l ude < • t di o . h > 
# i nc l ude < ma t h . h >  / •  f o r  .. t of C )  • I  

lde f l ne 
#de f i ne 

MAX  OP 
NUMBER 

1 0 0 /• m"x • l ze of operand  or oper.,t o r  • /  
' 0 '  / 'IA  5 i gna l t h a t  a n umber w a �  f ound • /  

l Ti t  getopCch"r  I J > ;  
vo i d  pu • h Cdou b l e > ; 
doub l e  popCvo i d ) ;  

I •  r eve r 5 e  P o l i s h  c a l c u l a t o r  
m" i n C )  
{ 

i n t  type ; 
dou b l e  op2 ; 
ch" r • I MAXOPJ ; 

wh i l e C C type  • g e t o p C • > >  ! •  EDF > < 
• w i t c h  C t ype ) { 
c " • e  NUMBER :  

p u • h ( ., t o f C • l > ;  
b r ea k ; 

ce5e  ' + ' : 

c a !l e  

c a 5 e  

p u • h C p op C >  . pop( ) ) ;  
break ; 
, . , : 
p u • h C p op C >  . pope » ;  
b r ea k ; 
, - , : 
op2 • popC > ;  
p u • h C popC > o p2 > ;  
b r ea k ; 

c a ! e  ' / ' :  
op2  • popC > ;  
i f  C op 2  ! •  O . O >  

p u • h C popC > I op2 > ;  

pr i n t f ( '1error : z e r o  d i v 1 s o r \ n11 > ;  
b r ea k ; 

• /  
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c a s e  ' I ' : 
op2 • pop< > ;  
1 f < op2 ! • 0 .  O >  

pu•h( fmod < pop< > .  op2 > > ;  
e l s e  

p r l n t f ( ''e rror : z e r o  d l v i 5 o r \ n" > ;  
b r ee k ;  

c a s e  ' \ n ' :  
p r l n t f ( • \ t X . 89 \ n• ,  pop< > > ;  
brea k ; 

defeu l t :  

ret u r n  0 ;  

p r t n t f < 11er ror : unk nown c ommand X s \ n '' ,  s > ;  
b r ea k ; 

We made modifications to the main program and g e t  op. The routines 
push and pof> (page 77 K&R) remain unchanged. 

The modulus operator (X) is handled like the division operator (1) .  The 
library function fmod calculates the remainder for the top two elements on the 
stack. op2 is the top element on the stack. 

This is the modified g e t  op: 

# I nc l ude C s t d l o . h > 
1 1 nc l ude C s t r l ng . h > 
# I nc l ude < c t yf>e . h >  

ldef l ne HUMBER ' 0 '  I• s l gne l t h a t  e number we • f ound • /  

l n t  g e t c h(vo l d > ; 
vo l d  u n g e t c h ( l nt > ;  

I •  getop : ge t ne x t  opera t o r  o r  numer i c  operand 
1 n t ge t op <cher s C J >  
< 

i n t  c ,  1 ;  

wh i l e  < < s C O J  � c • g e t c h ( ) )  • •  • • I I  c • •  ' \ t ' l  

s C 1 l  • ' \0 ' ; 
I • O ;  
I f  C ! l sdlgl t < c >  • •  c ! •  • . •  6 1  c ! •  ' - ' >  

r e t u r n  c ;  / •  n o t  • nu•ber 

• I  

• I  
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l f  Cc • •  ' - ' >  
I f  C l ! d i g i t C c  • g e t c h < > >  I I  c • •  ' . ' ) 

s ( + • L l  • c ;  I •  nega t i ve number • /  

e l se 
l f  C c  ! •  E O F'>  

ung e t c h C c  > ;  
r e t u r n  ' - JI ;  

l f  C i s d i 9 1 t < c »  
wh i l e  C i s d 1 9 1 t C s ! + + I J  

i f  C c • •  ' . ' )  
wh i l e C l s d l g l t C s [ + • i l 

9 [ j, ]  • ' \ Q " ;  
I f  C c  ! • E O F' l  

u n g e t c h C c l ; 
r e t u r n  NUMBE R ;  

I •  c o l l e c t  I n t eger per t 
• c • g e t c h O »  

• I  

• /  

I •  c o l l e c t  f ra c t i o n  pa r t  • /  
• c • g e t c h C » >  

g e t  op looks one character past the minus sign to determine if it is a negative 
number. For example, 

- I 

is a minus sign followed by a number. But 

- 1  . 23 

is a negative number. 
The extended calculator handles 

- 1 
- 1 0  3 l 

The first expression produces zero: 1 + - 1 .  The second expression pro
duces - 1 .  
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Exercise 4-4: (page 79 K&R) 

Add commands to print the top element of the stack without popping , to du
plicate it, and to swap the top two elements. Add a command to clear the 
stack. 

I i n c l u de < o t d i o . h > 
I i n c l ud e  < me t h . h > I •  f o r  e t o f <  > 

#def l n •  MAX O P  1 0 0 I •  mex s i z e o f  ope r e n d  o r  oper a t or 
#def i n• HUMBER 

i n t g e t op < c he r [ ] ) ;  
v o i d  pu o h ( dou b l e ) ; 
d o u b l e  p o p C vo i d) ;  
vo i d  c l ea r ( vo i d J ;  

• 0 . I •  

I •  r ever s e Po l i s h  ca l c u l a t or 
me l n ( )  

{ 

i n t  t ype ; 
dou b l •  o p 1 , op2 ; 
c h a r  o C MAXDP I ;  

o i gne l t h a t  

wh i l e < < typ e  • ge t op< • > > ! •  EDF > < 
owi t c h  < type ) { 
c e o e  HUMBE R :. 

puoh< e t of < 5 ) ) ;  
br eek i 

c e s e  ' + " :  

c a s e  

c a s e  

p u o h< p o p C > + pop< ) ) ;  
br eak ; 
I .  I : 
p u o h< p op C >  . p o.p( ) ) ;  
br eak ; 
I - I :  
op2 • pop< > ;  
p u oh C pop C > - op 2 l ;  
b.r eak i 

c a s e '/ ' :  
op2  • pop< > ;  
l f  <op2  ! •  O . O > 

puohCpop< > I o p 2 > ; 

.. numb er we o 

p r i n t f( '' e r r o r : z e r o  d i v i s o r \ n 11) ; 
br eak ; 

fo und 

' I  

• /  
• I 

• /  
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c a s e  ' ? ' :  / •  p r i n t t o p  e l emen t  of t h e • l a c k  
o p 2  • pope > ;  
p r l n t f ( " \ t X . 89 \ n " , cp2 > ;  
p u • h < op2 > ;  
b r ea k ; 

I •  c l ea r  the • l a c k  

77 

• /  

• I  c e s e  ' c ' :  
c l e!!l r ( ) ;  
b r ea k ; 

ca5e  ' d ' :  I •  du p l i ca t e  top e l em .  o f  t h e  s tac k • /  
op2  • p o p < > ;  
p u • h < o p2 > ;  
p u • h < o p 2 > ;  
b r ea k ; 

I •  •wap t he t op two e l emen t s  
o p t • p o p < > ;  
op2 • p o p < > ; 
p u • h < o p 1  > ;  
pu•h< op2 > ;  
b r ee le ; 

ca5e  ' \ n ' :  
p r l n t f ( " \ 1 % . 89 \ n" , pop< > > ;  
b r ee lc ; 

defa u l t :  

r e t u r n  O ;  

p r i n t f ( '1e r r a r : u n k nown c omma nd % 5 \ n '' ,  s ) ;  
b r ea k ;  

The newline operator pops the top element on the stack and prints it. We 
added a new operator, • ?  • ,  that pops the top element of the stack, prints it. 
and pushes it back on the stack. We do not permanently pop the top element 
of the stack like the newline operator but we use the pop, print, push sequence 
to avoid letting the main program know about the stack or the stack position 
variables. 

To duplicate the top element of the stack we pop it and push it back twice. 
We swap the top two elements of the stack by popping them and by pushing 

them back in reverse order. 

• I  



11 

It is easy to clear the stack; set sp to zero. So we added a new function 
that does exactly that and we put it together with push and pop. This way only 
the functions that maintain the stack refer to the stack and stack position var· 
iablea. 

I •  c l e•r : c l e•r the s t •c k  
void  c l e•r<vold>  
( 

s p  • o �  

• I  
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Exercise 4-5: (page 79 K&R) 

Add access to library functions like s i n , e x p ,  and p o w .  See < - t h. . h. >  in 
Appendix B, Section 4 (page 250 K&R). 

l' l n c l u d e  < s t d i o . h > 
' I n c l ud e  < s t r i n g . h >  
' I nc l u de <m11 t h . h > I •  f o r  11 t o f < >  

' d e f l n e  MA X OP , 00  I •  m11x s l z e  of oper e n d  or ope r a t o r  
' de f i n e NUMB E R  ' 0 ' I •  s i g ne l t h ll t  II number wa 1 f ou n d  

• I  

• I  
• I  

' de f i ne f'I P M E  ' n '  I •  s i gn11 l t h11 t  II name lolll S f o u n d  • I  

i n t  9 e t o p C c h 11 r  C J > ;  
vo i d  p u s h < do u b l e ) ;  
d ou b l e  p o p < vo i d l ;  
v o l d  m11 t h f nc < ch 11 r  C J > ;  

I •  r e ve r s e  P o l i s h  c a l c u l a t o r  
me l n C l  
< 

I n t  typ e ;  
do u b l e  op2 ; 
c h a r  s IMAX OP l ;  

wh i l e < < t yp e  • g e t op < s > >  ! •  E DF >  < 
sw i t ch < t ype > < 
c a s e  HUMBE R :  

push < a t o f < s » ;  
bree k ; 

c 11 s e  HAME : 
ma t h f n c < s > ; 
brea k ; 

c a s e  ' + ' :  
p u s h < p op < > • pop< > > ;  
b r ee k ; 

c a s e  ' • ' :  
p u s h C pop< > • pop< > > ;  
bree k ; 

c a s e  1 - 1 :  
op2 • pop< > ;  
p u s h ( p op < > - o p 2 ) ; 
b r ea k ; 

\ 

• I  
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ca s e ' / ' : 
o p 2  • p o p ( ) ;  
i f  C op 2  ' •  0 . 0 )  

p u • h < p o p C > I o p 2 l ;  
e l s e  

p r i n t f ( 0e r r or : z e r o  d i v i s o r \ n " > ; 
b r e a k  i 

c a s e  ' \ n ' :  
p r i n l f C " l t t . 89 \ n" , p a p ( ) ) ;  
b r e a k  ; 

d • f a u l t :  
p r i n t f C " e r r o r : u n k n own c ommei n d  X s \ n 11 1 s ) ;  
b r ea k ; 

r e t u r n  O ;  

/ •  ma t h f n c : c h e c k s t r i n g s f o r  5 u p p o r t e d ma t h  f u n c t i o n s  • /  
v o j d  ma t h f n c C c h a r  s [ J )  

d a u b ! .,  o p 2 ; 

i f  < s t r c mp < s ,  11 5 i n '' ) • •  O >  
p u s h C • i n C p a p C > > > ;  

e l 5 e i f  ( 5 t r cmp C s ,  " c o 5 " )  0 )  

p u • h C c a • C p a p C > > > ;  
e 1 5 e i f  ( 5 t r c mp( 5 ,  11e x p 11 ) 0 )  

p u • h C ., x p C p a p C > > > ;  
e l s e  i f  ( 5 t r cmp C s ,  11 pow11 ) 0 )  

o p 2 • p a p C > ;  
p u s h C p ow C p o p C > ,  o p 2 J > ;  

e l s e  
p r i n t f ( " e r r o r : % 5  n o t  5 u ppo r t ed \ n11 , s) ; 

The source file for the modified g e t  o p :  

l i n c l u d., < • t d i o . h > 
l i n c l u d., < • t r 1 n g . h >  
# I n c l u d e  < c t y p., . h >  

l d., f i n ., 
1 d., f i n., 

NUMBE R 
NAME 

i n t  g ., t c h C v o i d l ; 
vo i d  u n g ., t c h C i n t > ;  

' 0 '  I •  s i gna l t h a t  e number wa s f o u n d  • /  
' n '  / •  s i gn a l  t h a t  a name wa s fou n d  • /  
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I •  9et op : g e t  n e x t  opera t or , nume r i c  operand , or me t h  fnc  • I  
I n t  9 e t o p C c h a r  • C l >  
{ 

i n t  c ,  i i  

wh i l e ( ( 5 [ 0 J  • c • get c h C > >  • •  ' ' I I c • •  ' \ t ' > 

5 [ 1 1 • ' \ 0 ' ;  
l • 0 ;  
l f  ( i o l ower ( c ) )  I •  command or  NAME 

wh i l e ( i o l owe r C s [ + + i l  • c • g e t ch( ) } )  

s [ i l  • ' \ 0 ' ;  

• /  

i f  C c  ! •  EDF>  
u n ge t c hC c > ;  

i f  C o t r l e n < • >  > I )  
r e t urn  NAME ; 

I •  we n t  o n e  c har t o o  far • /  

r e t u r n  c ;  

I •  > 1  cher ; t t  i •  MAME • /  

I •  i t  may b e  a c omma �d • I  

i f  C ! i o d i g i t ( c )  & &  c 1 •  ' . ' > 
r e t ur n  c ;  

I f  C i • d i g i t e e ) )  
wh i l e C i • d i g i t ( 5 [ + + i l  

I •  not a number  
I•  co l l ect  i n te ger  par t 

• c • g e t c h ( ) ) )  

• I  
• I  

i f  ( c  • •  ' . ' )  / •  c o l l e c t  f rec t io n  pa r t  • /  
wh i l e  C i • d i g i t ( o [ • + i l  • c • g e t c h < > > >  

5 [ i l . ' \ 0 ' ;  
i f  < c ! • EOF > 

u n g e t c h < c > ;  
re t u r n  NUMBER ; 

We modified g e t  op to be able to gather a string of lower case letters and 
return it with the type NAME. The main program recognizes NAME as one of the 
valid types and invokes ma t h  f n c .  

The routine ma t h f n c  is new. It performs a sequence o f  i f  statements 
until it finds a function name that matches the string • or it reports an error. 
If the string • is one of the supported functions, ma t hf n c  pops enough elements 
from the stack and invokes the math function. The math function returns a 
value and ma t h f  nc pushes it back on the stack. 

For example, • i n  expects an argument in radians and the sine of P I  I 2 
is one. 

3 . 1 4 1 59265 2 I • I n  
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The first operation divides P I by 2 and pushes the result back on the stack. 
The function • i n  pops the top element of the stack, calculates the sine, and 
pushes the result back. The result is one. 

3 . 1 4 1 592 2 I s i n  0 c o s  • 

produces 2 because the sine of P I / 2 is one and the cosine of zero is one. 
Another example, 

5 2 p o w  4 2 p o w  • 

raises 5 to rhc power 2, 4 to the power 2. and adds the two values. 
get op does not know about specific function names; it just returns strings 

as it finds them. This way it is straightforward to expand ma t hf nc to include 
more functions. 
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Exercise 4-6: (page 79 K&R) 

Add commands for handling variables. (It's easy to provide twenty-six variables 
with single-letter names.) Add a variable for the most recently printed value. 

l i nc l u d e  < s t d i o . h >  
• i n c l u de < me t h . h> I •  f o r  e t o f ( )  • I  

l de f l n e 
• de f i ne 

MAXOP 
NUMB E R  

1 0 0 I •  me x s i 2e o f o pe r a nd o r  o p e r a t o r  • /  
' 0 '  / •  s i g na l t hat e numb e r we s f ou n d  • /  

i n t  g e t  o p <  c ha r  ( l J ;  
vo i d  pu sh< doub l e l ;  
d o u b l e  pop ( vo t d > ;  

I •  r ev e r • e P o l i s h c e l c u l e l o r  
me I n O  
{ 

i n t  i ,  t ype , v a r  • O ;  
doub l e  op2 , v ;  
c h a r  • I MA X OP J ; 
doub l e  ve r i e b l e C 26 J ; 

f o r  l i  • O ;  I < 26 ; i • • >  
var i a b l e C i l  • 0 . 0 ;  

wh i l e  < < t yp e  • g e t o p < 1 > >  ! • EDF > { 
• w i t c h  < t ype> < 
c a • e  NUMBE R :  

p u s h ( a t o f < s ) ) ;  
b r ea k ; 

c a s e  ' + ' :  

c a s e  

c a s e  

p u s h ( pop< > . p o p < » ;  
brea k ; 
, . , : 
p u 1 h < pop< > . pop< » ;  
brea k ; 
, - , : 
op2 • pop ( > ;  
p u • h < pop< > • op2 > ;  
b r ea k ; 

c a s e  ' / ' :  
op2 • pop< > ;  
l f  C op 2  ! •  0 . 0 ) 

p u s h < pop< > I op2 > ;  
e l •e 

p r l n t f C "e r r o r : z e r o  d i v l 1 o r \ n" > ; 
b r ea k ; 

• I  
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pop < > ;  
i f  (var  > •  ' A '  & &  ver < •  ' Z ' ) 

ve r le b l e [ ve r  - ' A ' l • pop< > ;  
e l  !!l e  

p r i nl f ( ''e r r or : no  var i a b l e  neme \ n '' ) ;  
b r ea � ;  

c a !i l!  ' \ n ' :  
v • pop( ) ;  
pr i n t f ( " \ t X . 89 \ n " ,  v ) ;  
b r ea k ;  

defau l t :  
i f  < t ype > •  'A ' & &  t ype < •  ' 2 ' )  

p u • h < va r i ab l e [ t ype - ' A ' l > ;  
e l • •  i f  C t yp•  • •  ' v ' )  

p u • h< v > ;  
e l • •  

p r l n t f C 11er r o r : u n k n own c ommand X s \ n " , 5 ) ;  
b r ea k ; 

var • t ype ; 

r e t u r n  0 ;  

The variables we added are upper case letters from A to z .  The letters 
serve as the index to the array variable. We added a lower case variable v that 
contains the most recently printed value. 

Whenever the program finds a variable name ( A-Z,  or v) it pushes its value 
on the stack. We also have a new operator, • • ' ,  that assigns an element from 
the stack to the preceding variable name. For example, 

3 A • 

assigns the value 3 to the variable A. Then 

2 A + 

adds 2 to 3 (the value assigned to the variable A). At the newline operator the 
program prints 5 and also assigns 5 to the variable v. If the next operation is 

v 1 + 

it produces 6: 5 + 1 .  
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Ex:ercise 4-7: (page 79 K&R) 

Write a routine u nge t • < • > that will push back an entire string onto the input. 
Should u n g e t •  know about b u f  and b u f p ,  or should it just use u n 9 e t ch? 

# i nc l u d e  < • t r 1 n 9 . h >  

I •  u n g e t • :  pu•h • t r i n 9 bac k o n t o  t h e  i n p u t  
vo i d  u n9 e t • < c ha r  • [ ) )  

i n t J e n  • 5 l r l e n ( 5 ) ;  
vo i d  u n 9 e t c h ( i n t > ;  

wh i l e ( ! en > 0 )  
u n 9 e t c h < • C - - l e n l ) ;  

The variable ! e n  contains the number of characters in the string • (ex
cluding the terminating • \ o • ) ,  which is determined by the function • t r l  e n  
(page 39 K&R). 

u n ge t .  calls the routine u n g e t c h  (page 79 K&R) l e n  times, each time 
pushing back a character from the string • onto the input. u nge t • pushes the 
string back in reverse order. 

u n 9 e t  • does not need to know about bu f and bu f p. The routine u n · 

9 e t c h  handles b u f ,  b u f p ,  and error checking. 

• I  
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Exercise 4-8: (page 79 K&R) 

Suppose that there will never be more than one character of pushback. Modify 
get c h  and ungetch  accordingly. 

# i nc l ude < • t d 1 0 . h > 

ch11 r  buf • 0 ;  

I •  getch : get  a C p o � s 1 b . !  pu s h e d  b a c k )  charac t e r 
i n t 9et c h ( vo . d )  

• I  

{ 
i n t  c i 

i f  C bu f  ! •  O >  
• bu f ;  

e l  •e 
c • 9et ch11r ( ) ;  

buf  • O ;  
r e t u r n  c ;  

I •  u n9et c h :  pu •h  c h 11 r 11 c t e r  bec k o n t o  t he i nput  
void  unge tchC l n t  c )  
{ 

i f  C b u f  ! •  O >  
pr l n t f C "ungetc h :  t o o  m11 ny c h11 r 11 c t e r • \ n" ) ; 

e l • e  
b u f  • c ;  

The buffer, bu f ,  is no longer an array because there will never be more than 1 
character in the buffer at any time. 

bu f is initialized to zero at load time and get  ch resets bu f to zero every 
time it gets a character. u ng e t c h  checks for an empty buffer before it pushes 
a character back. If the buffer is not empty then ungetch  produces an error 
message. 

• I  
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Exercise 4-9: (page 79 K&R) 

Our 9 e t c h  and un9e tch  do not handle a pushed-back EOF correctly. Decide 
what their properties ought to be if an EOF is pushed back, then implement your 
design. 

# i nc l u d e  < 5 t d 1 0 . h > 

#def ine  BUF S I ZE 1 00  

i n t b u f [ BUF S I ZE J ; 
i n t bufp  • O ;  

I •  b u f f e r  for un9e tch  
I •  n e x t  f r e e  p o • i t i on i n  b u f  

I •  9e t c h :  g e t  a C po • • i b l y  pu •hed be c k )  chara c t e r  
i n t 9 e t c h (11o i d )  
{ 

r e t u rn C buf p > O >  ? bu f [ - - b u f p l  9 e t c he r ( ) ;  

I •  ung e t c h :  pu•h charac t e r  beck  onto  t he i np u t  
vo i d  u n 9 e tc h C i n t  c )  

i f  C bu f p  > •  BUF S I Z E >  
p r i nt f < 0u nge t c h :  t a o  me ny c her e c t e r 9 \ n "> ; 

buf l bu f p • • l  • c ;  

• I  
• I  

• I  

• I  

In the routines 9et c h  and u n 9 e t c h  (page 79 K&R), the buffer, bu f ,  is 
declared to be an array of characters: 

char bu f [ BUFS I ZE J ;  

The C programming language does not require a c har variable to be 
• i9ned or u n • i 9ned (page 43 K&R). When a char is converted to an i n t ,  
it might never produce a negative number. On some machines, if the leftmost 
bit of a c her is 1 ,  it will produce a negative number when converted to an 1 n t . 

On others , a char  is converted to an 1 nt by adding zeros at the left end. This 
conversion will always produce a positive number, regardless of whether the 
leftmost bit was 1 or not. 

In hexadecimal notation - 1 is OxFFFF (to 16 bits). When OxFFFF is 
stored in a cha r ,  the actual number being stored is OxFF. When OxFF is 
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converted to an i n t ,  it might produce OxOOFF, which is 255, or OxFFFF, which 
is - 1 . 

negative number ( - 1) -+  character -+ 
OxFFFF OxFF 
OxFFFF OxFF 

integer 
OxOOFF (255) 
OxFFFF ( - 1) 

If we are going to treat EDF ( - 1) as any other character, bu f should be 
declared as an array of integers: 

I n t b u f C BUFS I ZE I ;  

No conversions will occur and EDF ( - 1) or any negative number will be 
handled in a portable way. 
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Exercise 4-10: (page 79 K&:R) 

An alternate organization uses g e t  1 1  ne to read an entire input line ; this makes 
g e t  ch and u ng e t c h  unnecessary. Revise the cakulator to use this approach. 

# I n c l ude < • t di o . h > 
# I n c l ude <c type . h >  

1 0 0 # de f i ne 
#def i ne 

l'IA X L I HE 
HUl'IBE R " 0 '  I •  s i gna l t ha t  e numb e r  we5 f o und  • /  

i n t  ge t l i ne ( cher  l i n e ( ) ,  i n t  l im i t ) ;  

i n t l l • O ; I •  i nput  l i ne i ndex  
I •  one  I npu t l i ne c he r  l i ne ! l'I A X L ! HE I ; 

I •  g e t o p : g e t  n e x t  oper a t o r  or numer i c  operand 
i n t  ge top<cha r  • I l l  
{ 

i n t  c ,  i ;  

if  < l i ne l l l l  • •  ' \ O ' >  
i f  < ge t l i n e ( l i ne ,  l'IAXL ! HE >  • •  O >  

r e t u r n  EDF ; 

I i  • 0 ;  
wh i l e  ( ( • [ 0 l • c • l i ne ( I i • • l ) • • ' ' I I c • • '\ t ' ) 

•C. 1 l • ' \ 0 ' ;  
i f  ( ! i •d i g i t ( c )  J&  c ! •  ' . ' }  

r e t u r n  c ;  I •  n o t  s\ numbe r 
i • 0 ;  

I f  < i •d i g  i He H 
wh i l e  ( l • d l g i t C • l • • i l  

I •  c o l l ec t  I n t e ger pe r t  
• c • l i n e [ l i + + ] ) )  

• I  

• I  

• I  

• I  

• I  

i f  C c  • •  ' . ' )  / •  co l·l-e-c t f rac t i o n  pa r t  • /  
wh i l e ( l • d i g l t < • l • • i l  • c • l i n e ! l i + + ] ) )  

s [ i ]  • ' \ 0 ' ;  
l i - - ; 
r e t u r n  H UMBE R ;  

Instead of using getch and u nge·t c h  we use ge t l l n e in the function 
get op.  1 1  ne is an array that contains one entire input line at a time; I 1 is the 
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index for the next character in I i  ne. We made 1 1  ne and I i  external variables 
so that they will maintain their values between calls, unlike local variables. 

If g e t  op is at the end of the line (or we do not have a line yet) 

i f  ( l i ne l l i l  • •  ' \0 ' )  

then get  op invokes ge t I i ne to get a line. 
In the original get op (page 78 K&R) the function invokes get ch every 

time it needs another character. In this version we get the character at position 
1 1 ,  in 1 1  ne, and then we increment 1 1 . At the end of the function. instead 
of calling ungetch  to p11sh a character back, we decrement 1 1  because we went 
one character too far. 

Remember that any function may use and modify external variables in 
another function, so 1 1  and I i ne could be modified by a function other than 
g e t  op. Sometimes we want to prevent this from happening so we should declare 
the variables to be s t "  t i c .  We did not do so because •ta  1 1  c variables are 
not discussed until page 83 K&R. 
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Exercise 4-11: (page 83 K&R) 

Modify g e t  op so that it doesn 't need to use u n g e t c h .  Hint : use an internal 
• t a t  i c variable . 

# i n c l u d e  < • t d i o . h > 
l i n c l u d e  < c t yp e . h > 

l d e f 1 ne NUMBE R ' 0 '  / •  s i g n a l  t h a t  a n � mb e r  wa s f o u n d  • /  

i n t  g e t c h ( v o i d ) ; 

/ •  g e t o p : g e t n e x t  o p e r a t o r  o r  n u m e r i c  o p e r a n d  
i n t  g e t o p C c h a r  5 ( ] )  

i n t  C I  1 ; 
� t a t i c  i n t  l a 5 t c  • O ;  

l f  C l a • t c  • •  O >  

e l s e  
c • g e t c h < > ;  

c • l a s t c ; 
l a s t c  • O ;  

wh l 1 e ( ( 5 [ 0 l • c )  • • ' ' I l c • • ' \ t ' ) 
c • g e t c h ( ) ;  

• ( 1 J • • \ 0 . ; 
i f  C ! l 9 d i g i t < c )  U c  ' •  ' . ' >  

• I  

r e t u r n  c ;  / •  n o t  a n u m b e r  • /  
i • 0 ;  
l f  ( i • d i g i t ( c ) )  / •  c o l l e c t  i n t eg e r  p a r t  • /  

wh i l e C i • d i g i t ( • [ • • i l  • c • ge t c h < > > >  

i f  C c  • •  ' . ' )  / •  c o l l e c t f r a c t i o n pa r t  • /  
w h i l e C i • d 1 9 i t ( 5 [ • • i l  • c • g e t c h < > > >  

! { i ] • I \ 0  I ; 
l f  C c  ! •  E O F > 

l a s t c  • c ;  
r e t u r n  NUMBE R ;  

We modified g "  t o p  to have an internal • t a t  i c variable that remembers the 
last character that we should push back onto the input. Since we do not use 
u n g e  t ch we store the character ii! I a •  t c .  
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When g e t  o p  is invoked it checks for a previous character in l a � t c .  If 
one does not exist the function invokes get c h  to get a new character. If there 
is a previous character then g e t  op copies the character into c and zeros out 
l a s t c .  The first wh i l e statement changed a bit. The reason is that g e t  op 
needs to get another character only after it examines the current character 
in c .  
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Exercise 4-12: (page 88 K&R) 

Adapt the ideas of pr i n t d to write a recursive version of i t a"; that is, convert 
an integer into a string by calling a recursive routine. 

# i nc l ude  <ma t h . h > 

I • i t oa : c on ve r t  n t o  charac t e r 5  i n  5 j  re ; u r 5 1 ve 
vo i d  i t oe C i n t  n ,  c h a r  s( J )  

• /  

5t a t i c  i n t  i ;  

i f ( n / 1 0 )  
i t oa ( n  I 1 0 ,  � > ;  

i • 0 ;  
i f < n < O > 

5 [ i + + ]  
• [ 1 J 

! d i + + ] • ' - ' ;  

• ab • < n >  X 1 0  • ' 0 ' ; 
• • \ 0 . ; 

i t oa receives two arguments: an integer n and array of characters •. If 
the result of the integer division n I 1 0 is not zero then i t  oa calls itself with 
n /  1 O :  

i f ( n / 1 0 ) 
i t oa( n I 1 0 ,  • > ;  

When n I 1 o is zero in one of the recursive calls we are looking at the most 
significant (leftmost) digit in n . We use a . t  .. t i c  variable i as the index for 
the array • .  If n is negative we put a minus sign in the first position of the 
array • and increment i .  As i t o" returns from the recursive calls it calculates 
the digits from left to right. Note that each level adds a • \ o '  to terminate the 
string and the next level overwrites the ' \  o • ,  except the last. 
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Exercise 4-13: (page 88 K&RJ 

Write a recursive version of the function r eve r o e  ( • ) ,  which reverses the string 
• in place . 

I •  r e ve r s e :  r eve r s e  5 t r 1 n 9 5 i n  p l a c e  

v o l d  rev e r • e ( ch e r  5 ( ) )  
• I  

v o 1 d  r e v e r s e r < c he r  s ( J ,  i n t i ,  i n t  l e n > ;  

r e ve r 5 e r ( s , 0 ,  s t r l e n { 5 ) ) ;  

I •  r e ve r 5 e r : r e v e r 5 e  s t r i n g 5 i n  p l a c e ; r e c u r s i ve 
v o i d  r e ve r 5 e r ( c h e r  5 [ ) ,  i n t  i ,  1 n t  l e n l  

1 n t c , J ; 

j • l e n - ( i + 1 ) ;  
l f O < j l <  

c • !I ( j. ] ;  
• l i l  • s l j l ; 
o C j l • c ;  
r ev e r 5e r ( 5 , + •  1. ,  l e n ) ; 

We need to maintain the same user interface to the routine r e ve r o e  

regardless of implementation. Therefore , we pass only the character string to 
reve r 5 e . 

r e ve r s e determines the length of the string and then calls reve r s e r ,  

which reverses the string • in place. 
r e v e r s e r  receives three arguments: • is the string to be reversed, i is 

the left-side index for the string, and l en is the length of the string ( • t r  l e n c  • > ,  
page 39 K&R). 

Initially, i is equal to 0. j is the right-side index for the string. j is 
computed as 

j • l eri - ( i + 1 > ;  

• I  

The characters in the string are swapped from the outside in. For example, 
the first two characters swapped are • c o J and • c l e  n - 1  J and the second two 
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characters swapped are s c 1 l and • c l  e n - 2  l .  The left-side index, i ,  is incre· 
mented by l, every time r evH ser  is called: 

reverse r C 1 ,  + + i , l e n ) j  

The swapping continues until either the two indexes are pointing to the 
same characters ( 1 • • ) ) or the left-side index points to a character to the right 
of the right-side index (1 > ) ) . 

This is not a good application of recursion. Certain problems lend them· 
selves to recursive solutions-see, for example , the function t r eep r i n t  on 
page 142 K&R. Other problems are best solved without recursion. This is 
one of them. 
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Exercise 4-14: (page 91 K&R) 

Define a macro ""'"P< t ,  x .  y >  that interchanges two arguments of type t. (Block 
structure will help . )  

#def i ne • w e p c t ,  x ,  y >  t _ z ; 

_z • y ;  
y "' x j 

x • _ z  i 

We use the braces to define a new block. At the beginning of a block we 
can declare local variables. _ z is a local variable of type t that helps swap the 
two arguments. 

The swap macro works if neither of the arguments is _ z .  If one of the 
arguments has the name _ z ,  

5 w e p C i n t , _ z , x ) ;  

then when the macro is expanded, it becomes 

{ i n t  _ z ; _z !S _ z ; _z • x ;  x • _ z ; } 

and the two arguments are not swapped. The assumption is that _z will not 
be used as a variable name. 



CHAPTER 5 Pointers and Arrays 

Exe1·cise 5-1: (page 97 K&R) 

As written, get i n t  treats a • or - not followed by a digit as a valid representation 
of zero. Fix it to push such a character back on the input. 

# i n c l u d e  < s t d i o . h > 
# i nc l u d e  < c t ype . h > 

i n t g e t c h C v o i d J ; 
v o i d  u ng e t c h C i n t ) ;  

/ *  g e t i n t :  g e t  n e x t  i n t eger  f r om i np u t  i n t o  • p n  
i n t  g e t i n t C i n t • p n >  

i n t  C 1  d ,  s 1 9 n i  

• /  

wh i l e C i • s pa c e C c  • g e t c h ( ) ) )  / •  • k i p  wh i t e •pace  • /  

i f  C ! 1 5 d i 9 1 t < c >  & &  c ! •  EDF & &  c ! •  ' + '  & &  c ! •  ' - ' )  
u n g e t c h ( c ) ;  / •  i t ' 5  not  a number  • /  
r e t u r n  O ;  

5 i g n  • C c  • •  ' - ' )  ? 

if C c • •  ' + '  I I  c 
d . c ;  
i f C  ! i • d i g i t C c  

i f  C c  ! • 

. 

- 1  1 . 
I - I )  { 

9e t c h ( ) ) )  
E D F >  

u n 9e t c hC c ) ;  
u n9et c h C d > ;  
r e t u r n  d ;  

I •  remembe r • i g n  char  • I  
{ 

I •  p u•h  ba c k  n o n - d i g i t  • I  
/ •  p u • h  bac k 5 1 9 n  char  • I  
I •  r e t u r n  • i gn c ha r  • /  

97 



98 

f o r  C •p n  • 0 ;  1 5 d 1 9 1 t C c > ;  c • 9e t c hC > >  
• p n  • 1 0  • • p n  + ( c  - ' 0 ' ) ;  

• p n • •  ' i g n ;  
i f  C c  ! •  E D F > 

u n g e t c h ( c ) ;  
r e t u r n  c ;  

The C Answer Book 

When there is a sign character, g e t  1 n t  saves it in d and gets the next 
character. If the next character is not a digit and it is not EO F , g e t  i n t  pushes 
it back on the input. Then the function pushes back the sign character and 
returns the sign character to indicate this situation. 
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Exercise 5-2: (page fJ7 K&R) 

Write g e t  f l 011 t , the floating-point analog of g e t  i n t .  What type does g e t  -

f I 011 t return as its function value? 

# i nc l ude < • t d i o . h > 
# i nc l ude < c type . h >  

i n t get c h ( vo i d ) ;  
vo i d  ung e t c h ( i n t ) ;  

I •  9 e t f l o11t : get  n e x t  i l o11 t i n9-po i n t number f r om i npu t • /  
i n t 9e t f l oa t C f l o11 t  • p n l  
{ 

i n t  c ,  5 i g n ;  
f l  011  t p ower ; 

w h 1 l e  C i • • p 11 c e ( c  • g e t c h ( ) ) )  / •  • k i p  wh i t e • pa c e  • /  

i f  C ! • •d i g i t C c >  & &  c ! • EDF  & &  c ! •  ' • '  & &  
C ! • I - I " '  C ! • I o  I )  { 
u n g e t c h < c > ;  / •  i t ' 5  n o t  a numbe r • /  
r e t u r n  O ;  

5 i g n  • C c  • • ' - ' )  ? - 1  : 1 ; 
i f  ( c  • •  ' + '  i i  c ' - ' )  

c • getch< > ;  
f o r  C • p n  • 0 . 0 ;  i • d 1 9 i t ( c ) ;  c • getch ( ) ) 

• p n  • 1 0 . 0  • • p n  + ( c  - ' 0 ' ) ;  / •  i n t eger pa r t  • /  
i f  C c  • •  ' .  ' >  

c • g e t c h < > ;  
f o r  < power • 1 . 0 ;  i • d i g i t c c > ;  c • get ch< » { 

• pn • 1 0 . 0 • * PTI + C c  - ' O ' l ;  / •  f r a c t i ona l pa r t  • /  
power 1 0 . 0 ;  

•pn  • •  5 1 9n I power ; 
i f  C c  ! • EDF ) 

u n g e t c h C c > ; 
r e t u r n  c ;  

I •  f i na l  numbe r  • I  

The routine ge t f  l o11 t  is similar to the routine ge t i nt  (page 97 K&R). 
g e t f ! oat skips white spaces, records the sign, and stores the integer part of 
the number at the address in p n .  

g e t  f I oat also handles the fractional part of the number (but not scientific 
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notation). The fractional part is added to • pn in the same fashion as the integer 
part: 

•p n  • 1 0 . 0 • • p n  + Cc - ' 0 ' ) ;  

For each digit collected after the decimal point the variable power is 
multiplied by 10. For example, if 0 digits follow the decimal point p owe r equals 
1, if 1 digit follows the decimal point pow"r equals 10, and if 3 digits follow the 
decimal point pow"r equals 1000. 

And then 9" l f  ! oa t  multiplies the final value of • p n  by • i g n /pow"r to 
get the floating-point value. 

The function returns either E:Of or the ASCII value of the first character 
after the floating-point number. The function type is ' n t .  
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Exercise S-3: (page 107 K&R) 

Write a pointer version of the function • t r  c"  t that we showed in Chapter 2: 
• t r  c"  t< • , t> copies the string t to the end of • .  

I •  !! t rea t :  c o nca t e na t e  t t o  t he e n d  o f  s ;  p o i n t e r  v e r s i o n • /  
vo i d  ! t r c i!!i l C c ha r  • s ,  c h ei r  •t > 
{ 

wh i l e < • • >  
!I + + ; 

wh i l e  ( • 9 + +  • • t + • )  

Initially • and t point to the beginning of the character strings. 
The first wh i l e  loop increments the pointer • until it finds the end of 

string marker ( • \ o •) .  The statement 

whi l e  < • • >  

is true as long as the character is not the end of the string marker. 
The second wh i le loop appends the string t to the string • :  

The above statement assigns to • • whatever is in • t ,  increments both 
pointers, and continues as long as t does not point to the end of string marker. 
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Exercise S-4: (page 107 K&RJ 

Write the function • t ren d < • ,  t > , which returns 1 if the string t occurs at the 
end of the string •, and zero otherwise. 

I •  !! t re n d :  r e t u r n  i i f  5 t r i. n g  
i n t  5 t re ndC c he r  • s ,  c h8 r  • t >  

o c c u r 5  a t  t h e  end o f  5 

cher • b •  . ; I •  
cha r • b l  t ;  

f o r  ( ; • 5 ;  5 + + )  ! •  

f o r  ( ; • t i t .. + )  ! •  

for < ;  • 5  • •  • t ; 5 - - ,  t - - ) 
i f  ( \  • •  bt l :  • • • b • )  

r ememb e r  beg i nn i n g o f  

end o f  t h e  s t r i n g • 

end o f  t he s t r i n g  

5 l r 5  

• /  

• /  

• /  

• /  

break ; ! •  a t  t h "  beg i n n i n g o f  a • t r  • /  
i f  ( • 5 • •  • t  & &  t • •  bt & &  • 5  ! •  ' \ 0 ' )  

r e t u r n  1 · 

e l s e  
r e t u r n  O i  

We save the beginning addresses of the strings in the pointers b • and b t 
and then we find the end of each string as we did in • t r e a t .  To determine if 
the string t occurs at the end of the string • we start comparing the last character 
in • with the last character in t and move toward the beginning of the strings. 

• t r e nd returns 1 (the string t occurs at the end of the string •) when the 
characters in t match the characters in •, the pointer t is back at the beginning 
of the string, and the strings are not empty: 

i f < • •  • •  ' 1  & &  t • •  bt & &  • •  ! • ' \ 0 ' )  
r e t u r n  1 ;  



Pointers and Arrays Chap. 5 103 

Exercise S-S: (page 107 K&RJ 

Write the versions of the library functions • t r n c py, • t r n c a t ,  and s t r n cmp,  
which operate on at most the first n characters of their argument strings. For 
example, • t r n cpy < • ,  t , n >  copies at most n characters of t to s .  Full de
scriptions are in Appendix B (page 249 K&R). 

I •  s t r ncpy : c opy n c h a r a c t e r s  f r om to 5 
v o i d  5 t r ncpy< c har • 5 ,  c h a r  • t , i n t  n) 

wh i l e  < • t  & &  n - - > O >  
• 5 + +  • • t  .. + ;  

wh l I e ( n - - > 0 )  
• s + +  "" ' \ 0 '  i 

• I  

I •  s t r nca t :  c o nca t e na t e  n cha r a c t e r 5  o f  t t o  t h e  e n d  of s • /  
vo i d  s t r n c a t ( c ha r  • s ,  c h a r  • t ,  i n t  n )  
{ 

void s t r ncpy( c h a r  • s ,  c h a r  • t , i n t  n ) ;  
i n t  s t r l e n ( c har • ) ;  

s \ r n c pyC s + s t r l e n ( s ) ,  t ,  n > :  

I •  s t r ncmp : compa r e  a t  m o s t  n c h a r a c t e r s  o f  t w i t h s 
i n t  s t r n cmp C cha r  • s ,  c h a r  • t , i n t  n )  

• I  

for  ( ; • s .. ..  • t ;  s + + ,  t + + )  
i t  C • s  = =  ' \ O '  : : - - n  < "'  O > 

r e t ur n O ;  
r e t u r n  • s  - • t ;  

The functions s t r ncpy and s t r nc a t  have the type void as s t r c py on 
page 105 K&R. The library versions of these functions return a pointer to the 
beginning of the target string. 

• t r ncpy copies at most n characters from t to •· If t has less than n 
characters we pad the string s with ' \  o ' .  

s t r n c a t  invokes s t r n cpy  to copy at most n characters from the string 
t starting at the end of the string s .  

o t r ncmp compares at most n characters of t with characters of s .  The 
function is similar to s t r c m p  on page 106 K&R. This time we terminate the 
comparison when we find the end of the strings or we successfully compare n 
characters: 

J f < * • • =  ' \ 0 '  1 1  - - n  < ·  O J 
r e t u r n  0 ;  
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Exercise S-6: (page 107 K&R) 

Rewrite appropriate programs from earlier chapters and eJ1ercises with pointers 
instead of array indexing. Good possibilities include g e t  l i ne (Chapters 1 and 
4), a t o i ,  i t oa,  and their variants (Chapters 2, 3. and 4), reve r • e  (Chapter 
3), and s t r l ndex  and ge top (Chapter 4). 

# I nc l ude < • t d i o . h > 

I •  get l i ne : reed a l i ne i n t o  • ,  r e t u r n  l ength  
i n t ge t l i ne C c he r  •• ,  i n t l l m )  

• /  

{ 
i n t  c ;  
cher  • t  • 5 ;  

wh i l e < - - J i m > 0 & &  ( c •getcha r ( ) )  ! •  EDF  & &  c ! •  ' \ n ' )  
• s + +  • c ;  

i f  ( c  • •  ' \ n ' l  
• s • •  • c ;  

• s  • ' \ 0 " ;  
r e t u r n  '!i ... t ;  

g e t  I 1 ne receives a pointer lo an array of characters. We u:;e • • instead 
of • [ 1 I to refer to an element in the array and we increment the pointer • to 
travel down the array. 

The statement 

! C i • • l  • c ;  

is equivalent to 

At the beginning of the function, • points to the beginning of the array 
and we save that address in the pointer t :  

cher  • t  • '!i ;  

After get l i ne reads a line, • points to the terminating character ( ' \  o • ) .  
t still points to the first character in  the line so the length of the line is  • - t . 

# i nc lude  < c t ype . h >  

I •  e t o i :  convert '!i t o  i n t e ge r ;  p o i n t e r  ve r '!i i o n  
i n t  a t o i ( cha r • • >  
{ 

• I 
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i n t  n ,  s i g n i 

f o r  ( ; l s spa c e ( • s > ;  s + + )  I •  • k i p whi t e  •pace • I  

! l gn • < • s  • •  ' - ' >  ? - 1  : 1 ;  
i f  C • s  • •  ' + '  J I  • s  • •  ' - ' )  

s + + ; 
f o r  < n  • O ;  i s d i 9 i t C • s > t  5 • � > 

n • ' 0  • n + • s  - ' 0 ' ;  

r e t u r n  s i g n • n ;  

I •  • k i p • l 9 n  

• c i J is equivalent to • • .  • c i • • J is equivalent to • • • • . 

v o i d  r �ve r s e ( c h e r  • ) ;  

• I  

I •  i t oe : conver t  n t o  c h11!11r·a c t e r s  i n  s ;  p o i n t e r  ve r s i o n • /  
vo i d  l t o e (  i n t  n ,  c ha r • • )  
{ 

i n t  • l 9n ; 
c ha r  • t  • ! ; 

if C C ! 1 9 n  • n )  < 0 )  I •  r e c o r d  s i g n 
n • - n ; I •  ma t e  n p o s i t i ve 

d o  /• g � n � r a t �  d i g i t s  i n  r e ve r s e  
• s + +  • n % 1 0  + ' D ' ;  I •  ge t nex t d i g i t 

} wh i l e ( ( n  / •  1 0 ) > 0 ) ; / •  d� l e t e  i t  
i f  < • l g n  < O >  

• s + +  • ' - ' ;  
* !  • ' \ 0 1 ; 
rev e r s e ( t ) ;  

• I  

• I  
• I  

o r d e r • /  
• I  
' I  

The character pointer t is initialized to point to the first element in the 
string • :  

c h  e r  • t • ! ; 

The statement 

• s + +  • n X 1 0  + ' 0 ' ;  

is equivalent to 

s [ i + + J  • n % 1 0  + ' 0 ' ;  
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We invoke r ever oe with a pointer to the beginning of the string • 

# i nc l ude < s t r 1 n9 . h > 

I •  reve r s e :  reverse  s t r i ng s 1n p l ace 
void reverse< cher  • s >  

• I  

{ 
l nt c ;  
cha r • t ;  

for  C t • • •  < • t r len C • > - 1 > ;  • < t ;  • • + , t - - >  { 
c • • s ;  
• , • • t ;  
• t • c i 

s points to the first character of the string and we set the character pointer 
t to point to the last character of the string (excluding the terminating • \ o • ) :  

t • • • C s t r l en( s ) - 1 ) 

• • is equivalent to s C i l and • t is equivalent to • r J J . The test in the 
for  loop 

• ( t 

is equivalent to the test 

i < 

• • • has the same effect as incrementing the index 1 < 1 • • > and t - - has 
the same effect as decrementing the index J < J - - > .  

I •  s t r l ndex : return i ndex of  t I n  • ,  - 1  If  none 
Int  • t r i ndex< char • • , char  • t >  
{ 

• I  

char •b  • s ;  
char • p ,  • r ; 

I •  beg i nn i ng o f  • I r i ng • • I  

f o r  C ;  • !I ! •  ' \ 0 ' i  9 + + )  { 
for  C p • s ,  r • t ;  • r  ! •  ' \ 0 '  '' •p • • • r ;  p + • ,  r + + )  

l f ( r > t & & • r 
r e t u r n  !I - b ;  

r e t u r n  - 1 ; 

' \ 0 ' )  
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• c i J is replaced by • s, • c l J is replaced by • p, and t c k J is replaced by 
• r. b is a character pointer rhat always points to the first element of the string 
• (• C O  l ) .  p • • is equivalent to l • i .  r • t is equivalent to k • 0 .  

When the i f statement i s  true 

i f  C r  > t & &  •r • •  ' \ 0 ' )  

a match exists and • t r  1 ndex  returns the index of t in the siring o :  

r e t u r n  5 - b ;  

# i n c l u d e  < c t y p e . h > 

I •  ei t o f : c o nv e r t  5 t r i ng 5 t o  doub l e ;  po i n ter ver 5 i o n • /  
dou b l e  a t o f C c ha r  • • >  
{ 

d ou b l e  va l ,  powe r ; 
i n t  5 i g n ;  

5 i g n • ( • 5 • • ' - ' ) ? - 1 1 ;  
l f  ( + 5  • •  ' + '  f f  • 5  .., .  ' - ' )  

5 + + ;  
f o r  ( va l  • 0 . 0 ;  i s d i g i t < • s > ;  5 + + )  

va l • 1 0 . 0  • va l + ( • 5  - ' 0 ' ) ;  
l f  { t 5  • •  ' . ' )  

5 + + ; 
f o �  < p ower • 1 . O ;  i •di g i t ( • • > ;  • • • )  

va l • 1 0 . 0  • va l • < • s  - ' 0 ' } ;  
power I 0 . 0 ;  

r e t u r n  s i g n  • va l I powe r j  

• C  i • • l  is equivalent to • • • • .  

• /  
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# I n c l ude < • t d i o . h > 
# i n c l ude < c t ype . h > 

#de f i ne HUMBER ' O ' I •  5 i gn a l  t h a t  a number wa s f o u n d  • /  

i n t  g e t c h { v o i d l ;  
vo i d  un g e t c h ( i n t ) ; 

I •  g e t o p : get  n e x t  opera t o r  o r  n u mer i c  o p e r a n d ; p o i n t e r  v e r  • /  
i n t  g e t o p C c ha r • • )  

i n t  c i 

wh l 1 e ( C • s • c .. 9 e t  ch C ) ) "' "' ' ' : : c = "' ' \ t ' ) 

• ( 5 + 1 )  .. ' \ 0 ' ;  
i f  { ! 1 5 d i g i t < c >  u c ! •  ' . ' )  

re t u r n C i  
i f  < 1 " d i g d C c J l 

wh i l e C i 5 d i g i t ( • + + s  "' c 

I •  n o t  a n u m b e r  
I •  c o l l e c t  i n t e g er p a r t 

• g e t c h C l ) )  

• I  
• I  

i f  C c  • •  ' . ' )  / •  c o l l e c t  f ra c t i o n  p a r t  • /  
wh i l e C i s d i g i t ( • + + s  • c • g e t c h ( ) J )  

.. 5 .. , \ 0 '  i 
l f ( c I . EDF ) 

u nge tc h < c l ; 
r e t u r n  HUMBE R ;  

We use pointers to replace references to array elements. The changes are 
straightforward. Instead of 

" [ 1 J • • \ 0 .  ; 

we use 

• ( 5 + 1 )  • ' \ 0 ' j 

to place an end of string marker at the seconcr position of the array without 
changing the pointer. 
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Exercise 5-7: (page 1 10 K&R) 

Rewrite r ead l i ne •  to store lines in an array supplied by ma i n , rather than 
calling a 1 1  cc to maintain storage. How much faster is the program? 

l i n c l �d e  < s t r 1 n 9 . h >  

l'def i n e 
#de f i n e 

MAX  LEH  
MAX STOR 

1 0 0 0  /• ma x i mum l e n g t h  of  l i ne • /  
5 0 0 0  / •  s i z e  o f  ava i l a b l e  s t o r age  5pace  • /  

i n t  get l i ne < char  • 1  i n t > ;  

/ •  r ead l 1 ne s : r ead  i n put  l i ne s  • /  
i n t  rea d l i ne s ( c ha r  • l i n e p t r [ ]  1 c h a r  • l 1 n e s t o r , i n t m a x  l i n e s )  

i n t  l e n , n l i ne s ; 
char  1 1 ne C MA X L E N l ;  
char  • p  • l i n e s t o r ; 
char  • l i ne s t op • 1 1 ne• t c r  + MAX STOR ; 

n l i n es  • 0 ;  
wh i l e ( ( ! e n • 9 e t l 1 n eC l i ne ,  MAXLEN > >  > O >  

i f  C n l i ne s  > =  max l i nes  1 :  p + l e n  > l i ne s t o p )  
r e t u r n  - 1 ; 

e I • • < 
l i ne( l e n - 1 ] • 1 \ 0 1 ;  
s t r c pyCp , I ITi e ) ;  
l i nep t r C n l i ne s + + ] • p ;  
p • • 1 e n ; 

r e t u r n  n l  i ne 5 ; 

I •  d e l e t e  new l i n e  

The main routine supplies the array l i n e s t c r  where read ! i ne•  stores 
the text for the lines. The character pointer p is initialized to point to the first 
element of l i n e • t c r :  

The original routine r ea d  I i  n e  • (page 109 K&R) uses the routine a l  I cc 
(page 101 K&R): 

if ( ( n l 1 n e• >• max l 1 n e5 I I  Cp • a l l c c ( le n ) )  • • N UL L ) 

• I  
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In this version "ee  d l i n ,,. stores l i n e in l i nes t or starling al position 
p. The statement 

i f  ( n ! i ne s  >• mex l i n e s  I I  p + l en > l i ne s t op > 

ensures that there is available space in 1 1  ne s t  or .  
This version o f  reed!  i nes  is slightly faster than the original one. 
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Exercise 5-8 :  (page 112 K&R) 

There is no error checking in day_of _year or mont h_day. Remedy this 
defect. 

• tat i c  c ha r  daytab [2 J [ 1 3 1  • { 

> ;  

< O ,  31 , 28 , 3 1 , 30 , 31 , 30 ,  31 , 3 1 , 3 0 ,  3 1 , 30 , 3 1 > ,  
{ 0 ,  3 1 , 29,  31 , 30 , 31 , 30 , 3 1 , 3 1 , 30 , 3 1 , 30 , 3 1 > 

I •  day_of _yea r :  •e t  day o f  year f r om mo n t h  ' day 
i n t day_of_year ( i n\  yell<' , Int mon t h ,  Int day> 
{ 

I n t  I ,  l eap ; 

leap • year%4 0 & &  yea r%1 00 ! •  0 I I  year%400  • •  O ;  
i f  (month  < 1 I I mo n t h  > 1 2 )  

r e t u r n  - 1 ; 
I f  ( day < 1 I I  day > dayteb C l ea p H month D 

r e t u r n  - 1 ; 
f o r  ( i  • 1 ;  i < mon l h i i + + ) 

day • •  day t ab [ l eap l [ I J ;  
r e t u r n  day ; 

• I  

I •  m o n t h_da y :  •et  mo n t h ,  day f rom day of year • I  
vo i d  mont h_deyC l n t  year , I n t  yea r dey , in l  •pmont h ,  I n t  • pday) 
< 

I n t  I ,  l eap ; 

l f <year < 1 > 
• pmo n t h  • - 1 ;  
• pdey • - 1 ;  
r e t u r n ; 

l eap • yea r % 4  • •  0 && yea r % 1 0 0  ! •  0 I I  yeer l400 • •  O ;  
for  C i  • 1 ;  I < •  1 2  && yeer day > dayteb { l eep l l l l ;  I • • >  

yea rday - •  daylab l l eep l l l l ;  
i f  ( I  > 1 2  ' '  yeer day > deytab{ l eep l ! 1 2 l )  < 

•pmonth  • - 1 ; 
•pd•y • - 1 ; 

e l se { 
•pmonth  • i ;  
• pdey • yearda y ;  
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In d a y _  o f  _ y e a r we check for reasonable values in m o n t h  and day. If 
mo n t h  is less than one or greater than twelve , da y _ o f _y e a r  returns - ! .  If 
d a y  is less than one or d a y  exceeds the number of days for the month, the 
function returns - I .  

I n  m o n t h _ da y  we first check for negative y e a r .  You may want to add 
this kind of check in day _ o f  _ y e a r  also. Then we proceed to decrement y e a r  -
day while we check that the month (index i )  does not exceed 12. If the loop 
terminates with month 13 and the value in y e a r  d a y  exceeds the number of days 
in the last month of the year, then y e a r  d a y  started with an incorrect value and 
we set both month and day to - 1 . Otherwise the function m o n t  h _ d a y  received 
correct values. 
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Exercise 5-9: (page 1 14 K&R) 

Rewrite the routines day_of _year and mont h_day with pointers instead of 
indexing. 

• ta t i c  c h a r  dayt a b [ 2 J [ 1 3 J  • ( 

} ; 

( 0 , 3 1 , 28 , 3 1 , 30 , 3 1 , 30 , 3 1 , 3 1 , 30 , 3 1 , 30 , 3 1 } ,  
( 0 , 3 1 , 29 , 31 , 30 , 3 1 , 30 , 3 1 , 3 1 , 30 , 3 1 , 30 , 31 } 

I •  day_of _yea r : • e t  day  of year f r om mon t h  & day 
i n t day_of_yea r ( i n t year , i n t  mo n t h ,  i n t  day) 
( 

i n t  lea p ;  
char  •p ; 

leap • yea r X 4  • •  0 && year% 1 0 0 1 •  0 : I y ea r % 4 0 0  • •  O ;  
p • dayta b [ l eap l ;  
wh i l e < - -mo n t h )  

day + • • • • p ;  
ret u r n day ;  

• I  

I •  month_day : • e t  mon t h ,  day f rom da y of year • /  
vo i d  mo n t h_dayC i n t  yea r , i n t  yea r day , i n t  • pm o n t h ,  i n t  •pday) 
{ 

i n t  l ea p ;  
char • p ;  

leap • yearX4  • •  0 & &  yea r% 1 0 0  ! •  0 I I yea r % 4 0 0  • •  0 ;  
p • day t ab ( l eap l ; 
wh i l e < yea r day > • • • p l  

yearday - •  • p ;  
•pmo n t h  • p - < C de y t a b  + leap > ;  
•pday • yea rday ; 

p points to the first or second row of day tab depending on the value of l eap:  

p • day t a b ( l eep l ;  

The f o r  loop in the original day_of _yea r routine 

fo r ( i • 1 ; 
day 

i < mon t h ;  1 + + )  
dey t a b ( l eap l ( i l ;  
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i s  equivalent to the w h  i I e loop 

wh i l e ( - -mon t h >  
dey + •  • + +p ; 

in the revised d11y_of _yesr routine. 
The f o r loop in the original mont h_d11y routine 

for  C i • 1 ;  ye11r d11y > d11yt 11 b ( l e11p H i l ;  i + > }  
ye11 r d11y - ·  d11yt11b [ l e11 p J [ 1 J ;  

is equivalent to the statements 

p • d11yt11b [ l e11p l ; 
wh i l e  Cye11rd11y > • • • p >  

ye11 r d11y - •  • p ;  

in the revised m o n th_d11y routine. 

The C Answer Book 
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Exercise 5-10: (page 1 18 K&Rl 

Write the program ex p r, which evaluates a reverse Polish expression from the 
command line, where each operator or operand is a separate argument. For 
example, 

expr  2 3 4 

evaluates 2 x (3 + 4) .  

I Inc l ude < s t d l o . h > 
I inc lude <me t h . h > I •  f o r  e t of ( )  • I  

ldef 1 ne 
I def 1 ne 

/'IAXOP 
�UMBER 

1 0 0 / •  me x s i z e of operend or cpe r e t o r  • /  
• o •  I •  s 1 9n11 l thet  11 number we s f o und • /  

i nt getopC c he r C J ) ;  
voi d un9e t 5 ( c h11 r  ( J ) ;  
voi d  p u s h ( dou b l e ) ; 
doub le  pop<vo l d ) ; 

I •  r ever5e  Po l 1 5h  c a l c u l a t or ;  u'e9  comme nd  l i n e  
me l n ( l n t  11 r 9 c , che r  • 11r9v l l >  

• I  

{ 
c h e r  • I MAXOP l ;  
dou b l e  op2 ; 

wh i l e < - -e r gc > 0 )  { 
un9e t s C 11 " l t  
un9e t s ( • • • 11 r 9v > ;  
swi t c h  C ge t op< • > >  
cese NUMBE R :  

push< e t of <·• > > ;  
b r ea k ; 

cese  ' + 1 :  
p u sh C pop C >  + pop C > > ;  
br eak ; 

Ctl5e ' • ' :  
pushC po p C >  • popC > > ;  
b r ea k ; 

Cll � f! / - / : 
op2 • pop< > ;  
p u s h( pop< > - op 2 l ;  
brea k ; 

I •  pu•h  end of 11r 9ument • I  
I •  push  e n  11 r9ument •/ 
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C l!l 5 t!:  ' / ' :  
o p 2  • po p C > ; 
i f  C o p 2  1 •  O . O >  

p u 5 h ( p op < >  I o p2 > ; 

p r i n t f ( 11 e r r o r : z e r o  d i v i ! o r \ n '' > ;  
b r ea k ; 

de f e u l  t :  
p r i n l f ( " e r r o r : u n k n own c omma n d  l 5 \ n 11 , s ) ;  
e r gc • 1 ;  
b r ea k ; 

pr 1 n t f C " \ t X . 89 \ n " , p o p < > > ;  
r e t u r n  O ;  

This solution is based on the reverse Polish calculator on page 76 K&R. 
It uses the routines p u 5 h  and pap (page 77 K&R). 

We use u nge t 5 to push an end of argument marker and an argument onto 
the input buffer. This way we can use g e t o p  unchanged. g e t o p  invokes 
g e t  ch to read characters and gets the next operator or numeric operand. 

If an error should occur while reading in the arguments, argc  is set to l .  
The w h  ! J " loop in the main routine 

wh i l e ( - - a r gc > 0 )  

becomes false and the program ends. 
The result for a valid expression is on top of the stack and we print this 

result when the argument list terminates. 
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Exercise 5-11:  (page 1 1 8  K&R) 

Modify the programs ent11b  and det11b (written as exercises in Chapter I )  to 
accept a list of tab stops as arguments. Use the default tab settings if there are 
no arguments. 

# i nc l u de < • t d i o . h >  

#de f i n e MA X L I  ME 1 0 0 / •  ma x i mum 1 i ne 5 1 Z e  • I  
#de f i n e TAB I NC 8 / •  def11u l t  t 11 b  i nc r emen t  !1 1 Z e  • I  
#de f i n e Y E S  
# de f i n e NO  

vo i d  5et t a b C i n t  argc , char • e1 r g v C J ,  c har • tab ) ;  
v o i d  e n t a b < c har  • t ab ) ; 
i n t t11bpo • ( i n t  po• , c h11r • t 11 b ) ;  

I •  r e p l 11 c e  • t r i n9• o f  b l 11 n k •  w i t h  t e b •  
m11i n ( i n t  11 r 9c , ch11r  • 11 r9v C I >  

• I  

{ 
ch11r  t11b C MA X L I ME + 1 J ;  

• e t t 11 b ( 11 r 9 c , 11r9v , t 11b ) ;  
e n t 11 b (  t11 b ) ;  
r e t u r n  O ;  

I •  i n i t i 11 l i z e t11b  • t o p• • /  
I •  r e p l 11ce b l11 n k •  w/  l11b  • /  

I •  e n t e b : r e p l 11 c e  •t r i ng •  of b l en k •  w i t h teb•  11 nd b l e n k •  • /  
v o i d  e n t 11 b ( ch11r  • t 11b)  

int  C 1  p o ! ; 
i n t  nb • 0 ;  
l n t n t • O ; 

I •  ' o f  b l 11 n k •  n e c e • • e r y  • /  
I •  ' o f  t11b•  n e c e • • e r y  • /  

f o r  < po •  • 1 ;  ( c • 9e t c h11 r ( ) ) 
i f ( c • • ' ' ) {  

! •  EOF ; p o • • • >  

i f  < t 11 b po • < p o 5 , l 11 b )  . .  NO > 
+ + nb ;  I •  i n c r eme n t  , o f  b l 11 n k •  • /  

e l s e 
nb . 0 ;  I •  r e s e t  , of b le n k • • /  
+ + n t  ; I •  o n e  mor e teb • I  
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p u t c ha r ( ' \ t ' ) ;  / • o u t p u t  l a b ( • )  • /  
i f  ( c  • • ' \ t ' l  I •  f o r g e t  the  b l a n k ( • )  • /  

n b  • 0 ;  
e l • • I •  ou t p u t  b l a n k ( 5 )  

f o r  ( ; n b  > O ;  nb - - )  
put c har ( '  ' ) ;  

p u t c ha r ( c ) ;  
i f  (c  • •  ' \ n ' > 

p o •  • O ;  
e l s e i f  < c  • •  ' \ t ' )  

w h i l e  < t abp o s < po • , t a b ) ! •  Y E S ; 
+ +po  5 ;  

The source file s e t  t 11 b .  c :  

# i n c l ude < s t d l 1 b . h > 

#def i ne 
#def i ne 

MA X L ! H E 
T A B I M C 

#def l ne Y E S  

#def i n e HO 

t 0 0 
8 

/• ma K i mum l i ne 5 i z e  
I •  def11u l t  t 11 b  i n c r ement  

I •  • • l t11b : • e t  t11b • t ops in  11 r ray tab  
v o i d 5et t11b( i n l 11 r 9c , ch11 r • 11 r 9v C J ,  c ha r  • t a b )  
{ 

i n t i ,  pos ; 

i f  ( 11 r 9c < •  1 l / •  d e f a u l t  t a b  • t o p• 
for C i  • 1 ;  i < •  M A X L I H E ;  i • • l  

i f  < 1  X TAB I H C • •  O J  
t a b C 1 l  • Y E S ; 

e l • • 
t 11 bC 1 l  • H O ;  

• I  

• I  

• I  

e l • • I •  u 5 er p r o v i ded t11b • t o p •  • /  
f o r  C i  • 1 ;  i < •  MA X L I H E ;  i • • l  

t 11 b C 1 l  • H O ;  / •  t u r n  o f f  11 1 1  t11b • t op •  • /  
wh i l e < " -11 r 9c > 0 )  { / • w11 l k  thr o ugh 11 rgume nt  l i • t  • /  

p o 5  • e t o 1 C • + + s r 9v > ;  
i f  C p o •  > 0 l l  po• < •  M A X L ! H E >  

tab l p o • l  • YES ; 
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The source file t a b p o s . c :  

1de f i n e MAXL I NE 
• d ef i n e YES  

1 0 0 I• ma x im u m  l i n e s i z e 

I •  t a b p o s : de t e r m i n e  i f  p a s  t s  a t  a tab s t o p  
i n t  t � b p o 5 ( i n t  po! , c h a r  • tab > 

t f  C p o •  > MA X L I N E >  
r et u r n  Y E S ;  

e l  !!l e  
r e t u r n  t a b l p o • l ;  

The framework for this solution is the e n  tab program in Kernighan & 
Plauger, Software Tools (Addison-Wesley, 1976). 

Each element in the array t a b  corresponds to a position within the line, 
i . e . ,  tab l 1 l corresponds to the first position within the line (p o •  equals 1 ) .  If 
the position is a tab stop, then the corresponding element tab l i J equals YE s ;  
otherwise t a b  l i l equals N O .  

The tab stops are initialized in  the routine n t tab.  If there are no ar-
guments (a r g c equals 1), then we put a tab stop every TAB I N C position. 

If there are arguments, then we set the tab stops as the user specifies them. 
The routine e n t a b  is similar to Exercise 1-21 .  
The routine tabpo•  determines i f  the position is a tab stop. I t  returns Y E S  

i f  po•  exceeds MA X L I N E ,  otherwise it returns tab C p o • l .  

I i nc l u d e  < • t d i o . h > 

•def i ne MAX L I  HE 1 0 0  I •  mex 1 mum l i ne 5 i Z e 
•def i ne TAB I N C 8 I •  defau l t  tab i n c reme nt 
•def i ne YES 
•def i ne NO 

v o i d  • e t t a b C 1 n t  a r g c , c h a r  •ar gvl l ,  c ha r  < t a b > ; 
v o i d  detab( char  • t ab ) ;  
i n t  t abpo • C i n t  pos , c h a r  • t ab ) ;  

I •  r ep la c e  tab•  w i t h  b l a n k s  
ma l n ( t n t a r gc , char  • a r gv [ J )  
{ 

char  t ab l MAX L I HE • 1  J ;  

5 i ze  

• I  

• I  

• !  
• !  

• !  

s e t t ab(argc , a r gv , tab > ;  
detabC t a b ) ;  

I •  t n i l i a l 1 z e t a b  s t op •  • /  
I •  r e p l a c e  t a b  w/  b l a n k s  • /  

r et u r n  O ;  
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I •  d e t a b : r e p l a c e  tab  w i t h b l o n k 5  
vo i d  d e t a b ( c h a r  • t a b >  

1 n t c , p o , • 1 ; 

wh l i e C C c • g e t c ha r C ) )  ! •  E D F >  
i f  C c  • •  ' \ t ' )  { / •  t a b  c h a r a c t e r  

d o  
p u t c h a r ( '  ' ) �  

wh i l e C t abpo • C po • • + ,  t ab ) 1 •  Y E S > ; 

• I  

• I  

e l s e  i f  < c  • •  ' \ n ' >  { / •  new l i n e char a c t e r  • /  
p u t c h a r ( c ) ;  
p o s  • 1 i 

e l • e  C 
p u t c h a r C c ) ;  
+ + p o 5 ; 

/ •  a l l  o t h e r  c h a r a c t e r �  • /  

The framework for this solution is the d e t a b  program in Kernighan & 
Plauger, Software Tools (Addison-Wesley, 1976) . 

The routines ta bp o • and s e t  t a b  are the same as in the first part of this 
exercise . 

The routine de t a b  is similar to Exercise 1-20. 
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Exercise S-12: (page 118 K&R) 

Extend en tab and de t a b  to accept the shorthand 

e n t a b  -m + n  

to mean tab stops every 11 columns, starting a t  column m .  Choose convenient 
(for the user) default behavior. 

1 1 n : l u de < 5 t d i o . h > 

1d e f 1 n e 
1 d e f 1 n e 
#d e f i n e 

MA X L I  H E  
T A B  I HC 
YES  

1 0 0 

8 

I •  m a x i mum l i ne 5 i z e • /  
I •  d e fau l t  t a b  i n c r em e n t  5 1 ze • /  

# de f i n e HD 

v o 1 d  e 5 e t teb( 1 n t a r g c , c ha r  • a r g v [  l , c har  • t ab ) ;  
v o 1 d  e n t a b ( c ha r  • t ab ) ;  

I •  r e p l a c e  5 t r 1n9•  o f  b l a n k s  w i t h  tab•  
ma  1 n < i n t a r g c , ch  a r • a  r g v C 1 > 

{ 
c h a r  tab l MA X L I HE + 1  J ;  

•I  

e s e t t a b ( a r g c , a r gv ,  ta b > ;  
e n t a b( ta b ) ;  

I •  i n i t i a l i z e  t a b  5 t op 5  • /  
I •  r e p l a c e  b l a n k s  w /  t a b  • /  

r e t u r n  0 ;  

The source file e•e t t a b .  c :  

# i n c l u de  < • t d l i b . h > 

# de f i ne 
# de f i ne 

MAX  L I NE  
TAB I NC 

#d e f i ne Y E S  
1def 1 ne ND 

1 0 0  

8 

I •  ma x i mum l i ne 5 i ze • /  
I •  defau l t  t a b  i n c r ement  5 1 z e • /  

I •  e • e t t a b :  • e t  t a b  • t ops  i n  a r ray tab • I  
v o i d  e 5 e t t e b <  i n t  a r g c , c h a r  • a r g v C  J 1 cher  • te b >  

i n t i ,  i nc ,  po5 ; 
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i f  < a r g c  < •  1 1  / • d e f a u l t  tab  • t op •  
f o r  C i  • 1 ;  i < •  MA X L I NE ; i + + )  

i f  C i  X TAB I NC • •  O >  
t a b (  i l • YES ; 

t a b ( i l  • N O ;  

• /  

e l s e  i f  ( a r g c  • •  3 & &  I •  u s e r  p r o v i ded  r a n g e  • /  
• e r gv [ 1 ] • •  ' - ' & &  • ei r g v l 2 l  ' • ' )  { 

po•  • a t o i ( & ( • • + a r g v > ( 1  ] ) ;  
i n c • a t o i < & < • • + a r g v ) (  1 l > ;  
f o r  ( i  • 1 ;  i < •  MA X L I NE ; i + + )  

i f  C i  ! • p o s  > 
t a b C i l  • NO ; 

e l • •  < 
t a b (  i l • YES ; 
p o �  + • L nc ; 

e l • • < ! •  u • e r  p r o v i ded  tab • t o p •  • /  
f o r  C i  • 1 ;  i < •  MA X L I N E ;  i + + l  

t a b (  i l • NO ; ! •  t u r n  o f f  a l l  tab • t o p •  • /  
wh i l e < - - a r g c > O >  { / •  wa l k  t h r o u g h  a r gumen t l i • t  • /  

po5  • e t o i ( • + + e r g v l ; 
i f  < p o •  > 0 && p o •  < •  MA X L I N E >  

t a b ( po • l  • Y E S ; 

The framework for this solution is the en tab program in Kernighan & Pl auger, 
Software Tools (Addison-Wesley, 1976). 

This solution is similar to the en t ab program in Exercise 5- 1 1 .  The only 
modification is that the routine •et  tab was replaced by e .. t tab (extended 
•et  tab) . 

e • e t  tab accepts the shorthand notation - m + n. The statements 

pa• • a l o i < & < • • •a r g v > ( l l > ;  
i nc • a l o i ( & < • • • a r g v > C 1 l > ;  

set p o •  equal to the first tab stop and set i n c  equal to the increment size. 
Therefore, the tab stops begin at pa• and occur at every i nc position. 
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# i n c l u d e  < s t d 1 0 . h > 

# d e f i n e 
l d e f 1 n e 

M A X  L I  N E  
T A B  I N C  

# d e f i n e Y E S  
l d e f 1 n e H O  

1 0 0  
8 
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I •  ma x i mum l i n e  s i z e  • /  
I •  d e f a u l t  t a b  i n c r e m e n t  s i z e  • /  

vo i d  e s e t t a b ( 1 n t  a r g c , c h a r  • a r g v [ J ,  c h a r  • t a b ) ;  
vo i d  d e t a b ( c h e r  • t a b > ;  

I •  r e p l a c e  t a b s  w i t h  b l a n k s  
ma 1 n ( 1 n t  a r 9 c 1 c ha r  • a r g v ( ] )  
{ 

c h a r  t a b ! M A X L I N E • 1  J ;  

e s  e t  t a b ( a r g c , a r gv , t a b ) ; 
de t a b (  t a b > ;  
r e t u r n  O i  

• I  

I •  i n 1 t 1 a l i ze t a b  s t o p s  • /  
I •  r e p l a c e  t a b  w /  b l a n k s  • /  

The framework for this solution is the d e  t a b  program in Kernighan & 
Plauger. Software Tools (Addison-Wesley. 1976). 

This solution is similar to the d l! t a b  program in Exercise 5-1 1 and uses 
the routine e s  e t t a b  from the first part of this exercise 
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Exercise 5-13: (page 1 18 K&RJ 

Write the program I a i I .  which prints the last 11 lines of its input. By default. 
11 is 10, let us say, but it can be changed by an optional argument, so that 

ta i 1 - n 

prints the last n lines. The program should behave rationally no matter how 
unreasonable the input or the value of n .  Write the program so that it makes 
the best use of available storage; lines should be stored as in the sorting program 
of Section 5.6, not in a two-dimensional array of fixed size. 

# i nc l u de < s t d i o . h > 
• i nc l u de < s t d l 1 b . h > 
# i nc l u de < s t r i ng . h > 

1def 1 n e 
1def 1 ne 
#def i n e 

DE F L I HES  1 0  / •  defau l t  I of J i n e s  l o  p r i n t  
L I NES  1 0 0 / • max 1 of  l i ne s  t o  p r i n t  
M A X L E H  1 0 0 / • ma x l e n g t h  of  an  i np u t  l i n e  

v o i d  e r r o r ( c ha r • ) ;  
i n t  g e t l i n e ( c h a r  • , i n t ) ;  

I •  p r i n t l a s t  n l i nes of  t h e i nput  
ma i n C i n t a r gc , char  • a r 9 v [ ] )  

char  * P i 
char •b u f ; 
cha r  • b u f e n d ; 
cha r  J i ne C MA X L EH J ; 
char  • l i ne p t r C L I NES J ;  
i n t  f i r 5 t , i ,  la 5 t 1 l e n 1 

/ •  p o i n t e r  to l a r g e  b u f f e r  
I •  end  o f  the  b u f f e r  
I •  c u r r e n t  i n p u t  l j ne 
I •  po i n t e r 5  to l i n e 5  read 
n ,  n l i n e s ;  

• I  
• I  
• I  

• I  

• I  
• I  
• I  
• I  

i f  ( a rgc • •  1 > I •  no a r gume n t  p r e s e n t  • /  
n • DEFL I HE S ;  / •  u s e  dehu l t 1 o f  1 i ne s  • /  

e l s e  i f  ( a r g c  • •  2 & &  ( • + + a r g v > C O J  • • ' - ' ) 
n • a t o i ( a r gv ! O J + 1 ) ;  

e r r o r ( "u !u11 9e : t a i l  ( - n ] " ) ;  
i f  ( n  < 1 I I  n > L I N E S >  / • u n r ea s o na b l e  va l u e  f o r  n ?  • /  

n • L I NE S ;  
f o r  C i  • 0 ;  i < L l HE S ;  i + + l  

l i n e p t r C i I  • HU LL ; 
i f  < < p • b u f  • ma l l o c < L I NES  • MA X L E H > >  • •  NUL L >  

er r o r ( " t a 1 l :  cannot  e l l o c a t e  bu f " ) ;  
b u f e n d  • b u f  + L I NES • M A X LEN ; 
l a s t  • O ;  
n l i n e 5  • 0 ;  

/ •  i nde x of l a 5 t  l i ne  read 
I• numb e r  o f  l i ne s  r ead  

• I  
• I  
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wh i l e ( ( J e n  • ge t l 1 n e ( J 1 ne ,  MA X L E N J J  > O J  { 
i f  C p  + !en  + 1 >• b u f e n d )  

125 

p .. b u f ; / • b u f f e r  w r a p  a r ound • /  
! 1 n ep t r C l a s t l  p ;  
s t r c pyC l 1 n e p t r C l a s t l ,  l i ne ) ;  
i f  C + • l a s t > - L I NE S >  

l a s t  • 0 ;  I •  p t r s  t a  b u f f e r  wrap  a r o u n d  • /  
p • • l e n + 1 ; 
n l  l n e s + • ;  

i f  C n  > n l 1 n e s )  

n "' n l i nes ; 
f i r 5 t  = l a s t  - n ;  
i f  C f i r • t  < 0 )  

f i r s t  + •  L I N E S ;  

/ •  r e q .  l i n e s  mo r e  t h a n  r e c . ?  • /  

I •  1 t  d i d  w r a p  a r ound  t h e  l i s t • /  

f o r  C i  • f l r • t ;  n - - > 0 ;  i = C 1  • 1 >  X L I NE S >  
pr 1 n t f < " X s" , L 1 n e p t r [ i l > ;  

r e t u r n  0 ;  

I •  e r r o r : p r i n t  e r r o r  m e 5 s a ge a n d  e x i t  
v o i d  e r r o r ( c h a r  • s )  

• I  

p r L n t f ( '' t s \ n'' , s ) ;  
ex i t ( 1 ) ;  

The program prints the last n lines of its input. When a r  g c  is 1 ,  n has 
the default value DEFL I HES .  When a r gc is 2, the value for n is obtained from 
the command line. It is an error for a r gc to be greater than 2. 

The loop 

wh i l e  C C l e n • ge t l i n e C l i ne , MA X L E N ) )  > Q )  

gets a line at  a time until get l 1 ne  (Exercise 1 - 16) finds the end of its input. 
For each line read the program uses space in the allocated buffer. 

The statement 

i f  C p + 1 e n  + 
p • buf ; 

> •  b u f e n d )  

resets the pointer p to the beginning o f  the buffer when there i s  not enough 
room left to copy the current line. 

The elements of the array I i nep t r point to characters: the last L !HES  
lines read so  far. The index fo r  this array i s  the variable 1 a •  t .  

When I " •  t becomes equal to L I  HE  s i t  wraps around and the elements of 
I i  nep t r  and their buffers are then reused. 
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The total number of lines is nl i nes . The program prints the last n lines, 
so the number of lines requested cannot exceed the number of lines received: 

i f  C n  > n l 1 n e 5 )  
n • n l 1 ne 5 ; 

If the total number of lines exceeds L I N E S .  the index l a • t  wraps around 
and the starting index has to be adjusted: 

i f  ( f i r s t  < O >  
.f i r s t  • •  L I NE S ;  

The program then prints the last n lines: 

f o r  < 1  • f i r s t ;  n - - > O ;  i • C 1  • 1 >  X L I N E S >  
pr i n t f C 11 X 5 '' , 1 1 nep t r ( i ] ) ;  

Since i starts with the value of f ' r s  t and goes for n elemenrs .  it may 
wrap around. The modulus (remainder) operator maintains , between the 
values 0 and L I  NES - 1 :  

i • C i  • 1 > X L I N E S  

The standard library function e x i t  (page 163 K&R) terminates the program 
when an error occurs. ex i t  returns I indicating an error condition. 



Pointers and A(rays Chap. 5 127 

Exercise 5-14: (page 121 K&R) 

Modify the sort program to handle a • r flag, which indicates sorting in reverse 
(decreasing) order. Be sure that - r works with - n.  

I i nc l u d e  < • t d i o . h > 
• i nc l u d e  < • t r i n g . h >  

•de f i ne HUl'IE R I C  1 I •  nume r i c  • o r t  
•d e f i ne D E C R  2 I •  9 o r t i n  dec r e as i n g o r d e r  
• de f i n e  L I HE S  1 0 0  I •  ma x ' o f  I i  n e •  t o  b e  

i n t  numcmp ( c he r  • ,  c h a r  • ) ;  
l n t  r ee d l i n e • ( c her • l i ne p t r l l ,  i n t  me x l l n e9 ) ;  
vo i d  q • o r t < c h e r  • v i i ,  i n t  l e f t ,  I n t  r i g h t , 

i n t ( • comp > < v o i d  • ,  v o i d  • > > ;  

• o r t e d 

vo i d  wr i 1 e l i n e • ( c he r • l l nep t r [ J ,  i n t  n l i n e • , i n t  de e r ) ;  

s t a t i c  c h a r  op t i on • O ;  

I •  • o r t  I np u t  l i n e •  • /  
me i n (  i n t a r g c , c ha r  • a r g v [  I >  
{ 

• I  
• I  
• I  

c ha r  • l i n e p t r C L I H E S J ; 
i n t  n l  i ne s ; 

I •  po i n t e r s  t o  t e x t  l i n e •  • /  
I •  number o f  i n p u t  l i n e !li  r ee d  • /  

i n t  c ,  r e  • 0 ;  

wh i l e < - - e r g c > 0 ' '  ( • + •e r 9v l [ O J  • •  ' - ' ) 
wh i l e  ( c  • • • • e r 9v C O J >  

•wi t c h  ( c )  < 
c e s e  ' n '  : I •  nume r i c  s o r t  

o p t i o n I •  NUMER I C ;  
b r ee k ;  

c a s e  I t  I !  I •  so r t  i n  de: c r ee. 5 i n9 
op t i o n  I •  D E C R ;  
b r ea k ;  

defa u l t : 

o r d e r  

pr i n t f < " • or t : i l l e ga l o p t i o n  1c \ n " , c ) ;  
a r g c  • 1 ; 
r c • - 1  ; 
b r ea k ;  

• I  

• I  
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1 f  ( a r g c >  
p r i n t f C ''Usage : s o r t - n r  \ n 11 > ;  

i f  < C n l i ne 5  • r �a d l i n e • < l i nept r ,  L l HES > >  > 0 )  { 

i f  ( op t i o n & NUMER I C >  

e l s e  

q 5 o r t < Cv o id * * )  l i nep t r , 0 ,  n l i n e s - 1 , 
( 1 n t  ( • )  ( v o l d  • ,  v o i d  • ) )  numc mp > ;  

q s o r t C C vo 1d • • )  l i n ep t r , 0 1 n l  i n e s - 1 , 
( 1 n t  ( • ) ( v o i d  • ,  vo i d  • } )  s t r cmp ) j  

w r i t e l j n e s C l i nep t r ,  n l i n e5 1 o p t i o n & DECR J ;  
e l • e { 

p r i n t f ( " i np u t  too  b 1 9  t o  s o r t \ n" ) ;  
r e  " - 1  i 

r e t u r n  r e ;  

I •  wr i t e l i. n e 5 :  w r i t e  o u t p u t  l i n e s  • /  
vo i d  wr i t e l i n e5 ( c ha r  • l i nep t r ( ) ,  i n t  n l i ne s , i n t  de e r )  

i n t  1 ;  

i f  ( de e r )  I •  p r i n t  i n  d e c r ea 5 i ng o r d e r  • /  
f o r  C i • n l i. n e ".S - 1 ; i > =  ll ;  i. - - >  

p r i n t f ( 11 % s \n 11 , l i n e p t r ( 1 J > ;  
e l s e  / •  p r i n t  i n  i n c r ea s i ng o r d e r  • /  

f o r  C i  • O ;  l < n l i. ne s ; L + + )  

p r i n t f ( 1 1 % s \ n ° , l 1 n e p t r [ 1 J > ;  

The bits of the • t a t  i c character variable op t i o n  determine which options 
are requested.  

0th bit 

!st bit 

0 character string sort 
I numeric sort c - n > 

0 sort in increasing order 
I sort in decreasing order C - r > 

If there is an option present, then the bitwise inclusive OR operator ( : )  
sets the appropriate bit in the variable opt  I a n .  The statement 

op t i o n  I •  D E C R ;  

is equivalent to 

op t i o n  • o p t i on l 2 ;  
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The decimal number 2 is equivalent to 00000010 in binary. Since 

l OR anything = l 

the above C statement sets the 1st bit in the character variable o p t  I o n  to 1 .  
(The bits are numbered 0,  1,  2, . . . from right to left.)  

To determine if an option is set we use the bitwise AND ( &) operator. 
The expression 

o p t i o n & D E C R  

is true i f  the - r option i s  requested and false i f  the - r option is  not requested. 
"'r i t e l • n e • was modified to accept a third argument, de c r . The variable 

d e e r  is the result of the expression o p t i o n  & D E C R ,  which determines whether 
the sorted list is to be printed in decreasing or increasing order. 

The routines • t rcmp,  numcmp, '"'" P ·  q • o r t ,  and r ea d !  i n e •  are those 
used in the sort program (page 1 19 K&R) . 
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Exercise 5-15: (page 121 K&R) 

Add the option - f to fold upper and lower case together, so that case distinctions 
are not made during sorting; for example, a and A compare equal. 

I i nc l ude < • t d i o . h >  
# i nc l ude < • l r i ng . h > 
I i nc l ude < c type . h >  

ldef i ne NUME R I C  1 I •  numer i c  ! O r t 
ldef i ne DE C R  2 I •  5 o r  t i n  d e c r ea • i ng order  
ldef i ne FOLD 4 I •  f o l d  upper  and  1 ower C 8 '!5 1! 5  
ldef i ne L I NE S  1 0 0 I •  

i n t  c harcmp C c har • ,  char  • > ;  
i n t  numcmp ( c ha r  • ,  char  • > ;  

ma x , o f  l i ne 5  to 

i n t  r ea d l i n e 5 C char • l i n ep t r [ ] ,  int  ma x l i n e 5 ) i  
v o i d  q•or t ( char • v [ J ,  i n t  l ef t , i n t  r i g h t , 

i n t  ( • comp > < v c i d  • ,  v o i d  • > > ;  

b e  • o r ted 

void  wr i t e l i ne 5 ( char • l i n ep t r [  l ,  i n t  n l i ne 5 , i n t  order ) ;  

• l at i c  c har o p t i o n  • O ;  

I •  • o r t  i np u t  l i ne •  
ma i n ( i n t  arg c 1 char  • a r g v ( ] )  
{ 

• I  
• /  
• I  
• / 

• I  

char • l i nep t r [ L ! NES J ;  
i nt n l i ne 5 ;  
i n t c , r c • O ; 

I •  p o i n t e r s  t o  t e x t  l i ne5  • /  
I •  number  of  i n pu t l i ne5 read •/ 

whi l e  C - - a r gc > 0 && < • • •a rgv > I O J  • • ' - ' >  
wh i l e  C c  • • + +a r gv C O J >  

•wi t c h  < c >  { 
ca'!5e  , f , :  I •  f o l d  upper ond 

op t i o n I •  F OL D ;  
b r ee k ; 

c a 5 e  ' n ' :  I •  numer i c  5 o r t  
op t i o n  I •  NUME R I C ;  
b r ee k ; 

l ower c a 5 e 5  

ca5e  I r I : I •  • o r t  i n  decrea • i n g  order  
o p t i o n  I •  DECR ; 
b r ea k ;  

defa u l t :  
p r i n t f ( '' s o r t :  i l l eg a l  o p t i o n % c \ n11 , c ) ;  
a r g c  • 1 i 
re • - 1  ; 
b r ea k  ; 

• I  

• I  

• I  
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I f  C e r g c > 
pr i n t f < "Usege : s o r t  - f n r  \n .. ) ;  

.. 1 . ..  { 
i f  C C n l l nl!! • • r l!!ed l i ne• C l i nl!!p t r , L I HES> > > O >  C 

i f  (opt ion  & NUMER I C ) 
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q s c r t C Cvo i d  • • >  l i nep t r ,  O ,  n l i ne s - 1 , 
( I nt < • > < vo i d  • , v o i d  • > >  numcmp > ; 

l!! l • " l f  C o p t 1 o n & FOLD>  
q s o r t C <vo id  • • >  l i nep t r , 0 ,  n l i ne s - 1 , 

C in t  ( • ) ( v o i d  • ,  vo i d  • ) )  che r cmp > ;  

q • o r t C C vo l d  • • >  l l nl!!p t r , O ,  n l l nl!! • - 1 , 
( In t  ( • ) ( v o i d  • ,  vo i d  • ) )  • t r cmp ) ;  

wr i t l!! l i nl!! • C l inep t r , n l i nl!! • ,  o p t i on & DECR > ;  
" 1 . .. { 

r e t u r n  r c i  

p r i n t f ( 11 1 nput t o o  b i g  t o  s o r t  \n '' ) ; 
re • - 1  ; 

/ •  c h e r c mp : r l!! t u r n  < 0  if •<I , 0 i f  • • • t , >O i f  • > I  • I  
i n t c h s r c mp< cher  • ! , char  • t >  

f o r  ( ; t o l ower ( • s )  • •  t o l owe r C • l ) i  s + + , t + + )  
l f  " •  • •  ' \ 0 ' )  

r e t u r n  O ;  
r e t u r n  t o l owe r C • s )  - t o l owe r < • t ) �  

The framework for this solution is Exercise 5-14. 

2nd bit = 0 no folding 
= 1 folding < - f > 

If the user requests the fold option, the second bit in o p t i o n  must be set equal 
to 1 :  

o p t i o n  I •  fO LD ; 

FOLD (decimal 4) is 00000100 in binary (the bits are numbered 0, 1, 2, 3 ,  . 
from right to left). 

The function cher cmp compares strings like • t r cmp (page 106 K&R). It 
converts characters to lower case, to support the FOLD option, and compares 
them. 

The routines n11mcmp, •we p ,  q • o r t ,  r l!!ed l i nl!! • ,  and w r i t e l i ne• are 
those used in Exercise 5-14. 
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Exercise S-16: (page 121 K&R} 

Add the - d  ("directory order") option, which makes comparisons only on let
ters, numbers, and blanks. Make sure it works in conjunction with - f .  

# i nc l ude < 5 t d l o . h >  
# i n c l ude < c t yp o . h > 

#def i ne NUMER I C  I •  nume r i c  5 o r t  
#de f i ne DECR 2 I •  !!!i o r  t 1 n  dec rea 5 1 n9 o r d e r  
#de f i ne F O L D  4 I •  f o l d  upper  and  l ower  ca5e5  
#de f i ne D I R  8 I •  
#def i ne L I N ES 1 0 0 I •  

i n t  c ha r cmp( c h a r  • ,  c h e r  • > ;  
i n t numcmp C c har • 1  char  • ) ;  

d i r ec t ory  o r d e r  
m a x  " of  l i ne!li  t o  

i n t  r ead l i ne 5 ( char  • l i ne p t r [  l ,  i n t  mex l 1 ne 5 ) ;  
vo i d  q 5 o r t C char • v i  J ,  i n t  le f t , i n t  r 1.9h t , 

i n t ( • comp > (vo i d • ,  vo i d  • ) ) j  

be 5 o r t e d 

v o i d  wr i t e l i ne s < c ha r  • l i nep t r C l ,  i n t n l 1 nl! 5 1 i n t o r der ) ;  

5 ta t i c  char opt i o n  • O ;  

I •  5 o r t  i n p u t  l i n e !!  
mai n ( i n t  a r g c , c ha r  • a r gv [ J )  
{ 

• I  
• I  
• I 
• I  
• I  

• I  

char  • l i nep t r C L I N ES J ; 
i n t  n l i ne 5 ;  
i n t c , r c • O ; 

I •  p o l n t e r 5  t o  t e xt  l i n e 5  • /  
I •  number o f  i n p u t  l i ne s  r e e d  • /  

wh i l e  ( - · a r g c Y 0 • •  < • • • a r g v ) [ Q J  • • ' - ' >  
wh i l •  ( c  • • • • a r gv C O J )  

5 w i  t c h  ( c )  { 
C85e  ' d ' :  / •  d i r e c t o r y  o r d e r  

o p  t i  o n  l .  D I R ; 
b r ea k ; 

ce5e  I f I :  ! •  f o l d  upper  end  
o p t i o n  l .  FOLD ; 
b r ea k  i 

c e 5 e. I TI I :  ! •  nume r i c  s o r t  
o p t i o n  I •  NUME R I C ;  
b ,. ea k ;  

l ower c a s e !i  

case  I r I : ! •  s o r t  i n  decree  s i ng o r d e r  
o p t i o n  I •  DE CR ; 
b reak ; 

• I  

• I  

• /  

• I  
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d e f a u l t :  
p r 1 n t f ( '' 5 o r t : i l l e g e l op t i o n  X c \ n '' ,  c ) ;  
e r g c  • 1 i 
r c a - 1  ; 
b r � a k ; 

if C e r g c > 
p r i n t f C '' U 5 e g e :  s o r t  - d f n r  \ n 11 ) ; 

• l • e ( 
i f  C C n l i n e 5  • r e a d l i n e s C l i n ep t r ,  L I NE S > >  > O > ( 

i f  C o p t t o n  & NUMER I C >  
q 5 o r t ( ( vo i d • • )  l i ne p t r ,  0 ,  n l i n e 5 - 1 , 

C i n t  ( • ) ( vo i d • ,  v o i d  • > >  numcm p > i  

q 5 o r t ( ( v o i d  • • >  l i ne p t r ,  0 ,  n l i n e 5 - 1 , 
( i n t  ( • ) ( v o i d • ,  v o i d  • ) )  c ha r cm p ) ;  

w r i t e l i n e 5 C l i n ep t r ,  n l i ne s 1 op t i o n  & DEC R > ;  
e l s e ( 

r e t u r n  r e ;  

p r i n t f ( '' i n p u t  t o o  b i g  t o  s o r t  \ n '' ) ;  
r e  • - 1 ; 

I •  c h e r cmp : r e t u r n  < O  i f  s < t , 0 i f  s • • t ,  > O  i f  5 > t  • /  
i n t  c he r c mp C c ha r  • s , c h a r  • t )  

c h a r a ,  b ;  
i n t  f o l d • C ap t i o n  & F O L D )  ? : O ;  
i n t  d 1 r  • C a p t i o n  & D I R >  ? 0 ;  

do ( 
i f  C d  i r > ( 

wh i l e  ( �  i s a l n um ( • s )  & &  . .  
5 + + i 

wh i l e  C ! 1 s a l n u m ( • t )  & &  • t  

t + + i 

a • f o l d ? t o l owe r ( • s )  • s ;  

5 + + ; 
b • f o l d ? t o l owe r ( • t >  • t ;  
t + ... ; 
i f  Ca • •  b && a • •  ' 1 0 ' )  

r e t u r n  0 ;  
wh i l e  C a  b ) ;  

r e t u r n  a - b ;  

I • ' ' & &  . .  I • 

I • ' & &  < t  I • 

, ' a ' > 

' \  0 ' ) 
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The framework for this solution is Exercises 5-14 and 5-15. 

3rd bit 0 no directory order 
1 directory order ( - d) 

If the user requests the directory option, the third bit in opt 1 on is set 
to I .  

op t i o n I •  D I R ;  

D I R  (decimal 8) is 00001000 in binary notation (the bits are numbered 0, 
1, 2, 3, . . .  from right to left). 

The c h e r cmp routine (Exercise 5-15) was modified to handle both the fold 
option and the directory option. 

If the user requests the directory option then the wh 1 l e  loop 

wh i l e  C ! i � e l n um ( • s )  & &  *5 ! •  ' ' & &  • 5  ! •  ' \ Q ' )  

examines each character in the string • and skips over those characters that are 
not letters, numbers, and blanks. The macro 1 •a l num is defined in < c ty p e . h > .  
1 sa l num tests for alphabetic characters (a - z , A-Z) and digits (0 -9).  If • s is 
an alphabetic character or a digit then ' "" I  num< - •  > is nonzero; otherwise 
i •a I numC - • )  is zero. 

The next wh i I e loop 

wh i le ( ! 1 � e l num< • t > & &  • t  ! •  ' ' & &  + t  � ·  ' \ 0 ' )  
t + + ;  

examines each character in the string t and skips over those characters that are 
not letters, numbers. and blanks. 

When a letter, number, or blank is found in • and a letter. number . or 
blank is found in t ,  the routine char cmp compares the two characters. 

We could have taken another approach and created three functions instead 
of c ha r c mp:  f o l dcmp , d i r � mp ,  and f o l d d i rcmp.  f o l dcmp would fold and 
compare characters as char cmp in Exercise 5-15. d i r cmp would compare 
characters for directory order,  and f o I dd i r cmp would fold and compare char
acters for directory order. Each individual function would be faster than the 
current char cmp. We chose to complicate c ha r c mp instead of creating more 
functions. 

The routines nu mcm p , ' "'" P ·  g•or t ,  r ead l 1 ne• .  and wr i t e l 1 n e s  are 
those used in Exercise 5-14. 
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Exercise S-17: (page 121 K&R) 

Add a fie ld-handling capability, so sorting may be done on fields within lines. 
each field sorted according to an independent set of options. (The index for 
this book was sorted with -d f for the index category and - n for the page 
numbers . )  

# i nc l ude <• t d i o . h > 
# i nc l ude < c t yp• . h > 

#def i ne HUMER I C  1 I •  nume r i c  5 o r t  
1de f 1 ne DECR 2 I '  5 0 r t  i n  d e c r ea 5 1 ng o r der 
#de f i ne FOLD  q I •  f o l d  upper  a n d  l ower  c a s e s  
#de f i ne D I R  8 I '  
#de f i ne L I NES 1 0 0 I '  

i n t c har cmp C c har • c ha r  • ) ;  
v o i d  e r r o r ( c he.r • > ;  
i n t  numcmpC c har • 1 c h a r  • )  i 

d i re c t or y  o r d e r  
max I of l i n e s  

vo i d  reada r g 5 C i n t  a r g c 1 c h a r  • a r gv ( ) ) ;  

t o  

i n t  read l i n e s ( char  • l i n ept r C  1 1 i n t  max l 1 ne s ) ;  
vo i d  C1 5 o r t C c har  • v [ ] 1 i n t le f t ,  i n t r i ght  1 

i n t  C • c omp ) C v o i d  • ,  vo i d  • > > ;  

be  s o r t ed 

vo i d  �r 1 t e l 1 ne s ( c h a r  • l i nep t r [ ] ,  i nt n l 1 n e s 1  i n t o r d e r ) ;  

I • f i e l d  b eg i n n i ng w i t h  p o s 1 
c h a r  opt i on • 0 ;  
i n t p o • 1  • 0 ;  
i n t p o 5 2  • O ;  / •  end i ng J u  5 t b e f o r e  pos2  

I •  50rt  i np u t  l i ne5 
ma i n C i nt  a r g c , c har • a r gv [ J )  
{ 

c h a r  • l i nep t r [ L I NES J ;  
i n t  n l i ne 5 ; 
i n t rc '" O i 

r ea dar 9 5 (a r 9c , a r gv ) j 

I •  po i n t e r s  
I *  number  of  

t o  t e x t  l l n e s  
i np u t  l i n e s  

i f  ( ( n l i ne s  • r ea d l 1 n e s ( l 1 n ep t r , L I N E S ) )  > O >  { 
i f  < o p t i o n  & NUMER I C >  

e l s e  

q 5 or t C C vo i d  • • }  l i n ep t r ,  0 ,  n l i ne5 - 1 , 
( i n t  ( • } ( v o i d  • 1  v o i d  • > >  numcmp> ; 

q s or t ( ( vo 1 d  • • )  l i n ept r ,  0 ,  n l i n e 5 - 1 , 
( i n t  ( • } ( vo i d  • ,  vo i d  • ) }  c h a r cmp > ;  

wr 1 t e l i ne s ( l 1 n e p t r ,  n l 1 n e • , opt i on & DECR l ;  

read 

• I  
• I  
• /  
• I  
• I  

• I  
• I  

• I  

• I 
• I 
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e 1 , ., { 
p r l n t f ( " l n p u t  t o o  b 1 9  to 'p r t  \ n" ) : 
re • - 1  ; 

r e t u r n  r e ;  

I •  rea dar g s :  r ead p r o g ram argument 5 
v o i d  reeidarg 5 C i n t  a r gc , cha r  • a r g v C  ] )  

i n t c i 
i nt a t o i ( char  • ) ;  
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• I  

whi l e  < - - argc  > 0 && C c • C • + +argv ) ( Q J ) • •  ' - '  l l  c • •  ' • ' >  < 
I f  ( c  • •  && ! l • d l g l t < * C a r gv C O J + l ) ) )  

wh 1 l t! C c  • • • • a r gv C O J >  
• w i tch ( c )  { 
c a 5 e  'd  I : I •  d i r e c t o ry order • /  

o p t i o n  I •  D I R ;  
break  ; 

c a s e  I f I !  I •  f o l d  upper and l ower • I  
o p t i o n  I •  FOLD ; 
b r ea k ; 

c a 5 e  I n ' : I •  numer i c  5 o r t  ' I  
o p t i on I •  NUMER I C ;  
break  ; 

ca5e  I r I : I •  5 o r t  I n  deer . o r d e r  ' I  
o p t i o n  I •  DEC R ;  
b r ea k ; 

defau l t : 
p r i n t f C '' 5 o r t :  i l l e ga l opt i o n  % c \ n1' 1 c ) ;  
e r r or ( 11U5age : 5 o r t  - d f n r  C + po 5 1 ] C - po s 2 l '' 
b r eak ; 

e l 5 e  i f  C c  • •  ' - ' )  
po•2  • a t o l ( 11 r g v C O J • 1 i ;  

e l • e I f  < <p o • l  • ato l ( a r g v C O J • 1 > > < 0 )  
e r r o r C "U5ag e :  s o r t  - d f n r  C + p o ! 1  l C - p o 5 2 l " ) ;  

I f  ( a r g c  1 1  p o • 1  > p o • 2 >  
e r r 9 r ( " U•119<! : • o r t  - d f n r C +po • 1 l  C -p o • 2 l " > ; 

The source file numcmp . c:  

I i n c l u de 
I I n c l ude 
I' i n c l ude 

<ma t h  . h >  
< c typ o . h > 
< • t r l ng . h > 



Pointers and Arrays Chap. 5 

1def 1 ne MAX STR 1 0 0 

I •  numcmp : c ompa r e  51 a nd 5 2  nume r i c a l l y 
i n t numcmp < c h a r  • 5 1 , c har • 5 2 )  

{ 
do u b l e  v l , v2 ; 
c h a r  • t r C MA X ST RJ ; 

•ub • t r < • 1 , • t r ,  MAXSTR > ;  
v 1  • e t o f < • l r ) ;  
• u b • t r C • 2 ,  • t r ,  MAXSTR > ;  
v2 • e t o f < • t r > ;  
i f  ( v 1  < v2)  

r e t u r n  - , j 
e l • •  i f  ( v l  > v2 > 

r e t u r n  1 ;  
e l • •  

r e t u r n  a ;  

#def i n e 
ICfef i ne 

FOLD 
D I R  

4 
8 

I •  f o l d upper  end l ower ce•• • 
I •  d i r ec t ory  o r de r  

I •  c her cmp : r e t u r n  < O  i f  5 C t , 0 i f  5 • • t , > 0  l f  5 > t  

i n t  c he r cmp( c ha r  • 5 1  c h a r  • t > 
{ 

c he r  e ,  b ;  
i n t i , j ,  endpo S i  
e x t e r n  c har  opt i o n j  
e x t e r n  i n t p o s 1 , p o s 2 ;  
i n t  f o l d  • ( opt 1 o n  l F O L D >  ? 
i n t  d i r  • < opt 1 o n & D I R >  ? 

i • j • p o •  1 ; 
i f  < po • 2  > O >  

endpo• • po•2 ; 

1 : a ;  
1 : a ;  

e l • •  i f  ( ( endpo• • • l r l e n < • > >  > • t r l e n ( t ) )  
endpos • • t r le n ( t ) ;  

d o  { 
L f  C d i r )  

w h i l e  C i  < endpo• &&  ! 1 •a l nurn ( • [ 1 J )  &l  
5 ( i J  ! • , ' ' '  5 [ i ]  � - ' \ 0 ' )  

i + + ; 

wh i l e C J  < endpo• && ! i •a l nurn ( \ [ j l >  && 
1 C J 1 • • • •  u t C J l  ' · ' \ 0 ' )  

J + + ; 
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1 f  C i  < e n dpos && l < e nd po s )  { 
a • f o l d  ? t o l ower C • [ i J >  • [ i l ;  

.i. + .. ; 
b • f o l d ? t o lowe r C ! [ j l ) 
j + + ; 
l f  C a  • •  b && a • •  ' \ O ' l  

r e t u r n  O ;  

wh i l e  C a  
r e t u r n  e - b ;  

b U i < endpo•  & &  J < endpo• > ;  

The source file •ub•  t r .  c :  

# i n c l u d e  < • t r i ng . h >  

vo i d  e r r o r < c h a r  • l i  

I •  s u b s t r : g e t  a 5 u b • l r 1 n9 o f  5 a n d  pu t 1 n  • I r  
vo i d  sub 9 t r C c he r  • s ,  char  • s t r )  

• I  

{ 
i n t  i ,  j ,  l e n ;  
e x t e r n  i n t  po s 1 , p o s 2 ;  

l e n  • s t r l e n ( s ) ;  
i f  C po s 2  > 0 & &  ! e n  > p o • 2 >  

J e n  • po • 2 ; 
e l • e  i f  C p o • 2  > 0 && l en < p o • 2 >  

e r r o r ( "sub s t r : s t r i n g t o o  5ho r t '• ) ;  
for  C j  • 0 ,  i • p o 5 1  i i < l e n i  i + + ,  j + + )  

• l r C J l • • C l l ;  
• t d j l  • ' \ 0 ' ;  

The framework for this solution is Exercises 5-14, 5-15, and 5-16. 
The syntax of the son command is 

• • r t - d f n r  [ • po • 1  l r - po•2 l 

If you want to sort on fields within lines you can specify p o • 1  and p o • 2 :  
the sort begins at po• 1 and ends just before po•2 .  Otherwise p o •  1 and po•2  
are equal t o  0 and the entire line is the son key. 

The routine r eaderg•  reads the command line arguments. The wh i l e 
loop in reada r g •  is true while there are arguments and the argument is preceded 
by a minus sign. 



Pointers and Arrays Chap. 5 139 

The first 1 f statement 

l f  C c  • •  • - •  && ! i 5 d i 9 1 t C • < a r g v [ 0 J • 1 > > >  

is true if the argument is a minus sign followed by a non-digit. The 5 w 1  tch  
statement processes these arguments the same way as i n  Exercises 5-14 , 5-15, 
and 5-16. 

The next el 5 e - l f statement 

e l ! e i f  C t  • •  ' - ' >  

is true only if the argument specified is the optional - po 5 2 .  
The final e l  5e- i t  statement processes •po• 1 and makes sure it is greater 

than zero. 
char cmp is a modified version of the function in the previous exercises. 

This version handles fields. 
numcmp compares numbers like the previous version but requires a new 

routine 5 ub 5 t r  since a t  of does not take origin and length as arguments. It 
is safer to invent a new routine • u b •  \ r rather than to change the interface of 
a highly used function like " t a  f .  

The routines 5wa p ,  q s o r t ,  r ead l 1 ne5 ,  and w r l t 1! l l n l! 5  are those used 
in Exercise 5-14. l! r r o r  is the function from Exercise 5-13. 
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Exercise 5-18: (page 126 K&R) 

Make de l recover from input errors. 

• i n c l u de 
l i n c l u d l!  
# i nc l ude 

< s t d i o . h > 
< s t r i ng . h > 
< c type . h > 

e n  um 
e n  um 

NAME , PARENS , BRACKETS > ;  
NO , YES > ;  

v o i d  dc l < v o id ) ;  
vo i d  d i r d c l (vo i d > ; 
vo i d  e r rm5 9 ( c ha r  • ) ;  
i n t  g e t tok en(v o i d ) ;  

e x t e r n  i n t  t o k e n t ype ; 
ex t er n  char t o k e n [  l ;  
e x t e r n  char name C l ;  
e x t e r n  cha r o u t [ ] ;  
e x t ern i n t  pr e v t o k e n ;  

I • type o f  l a s t  t o k e n  
I •  la • t  t o k en • t r i ng 
I •  ide n t i f i er neme 

I •  de ! :  pa r s e  a dec l a r a t o r  
v o i d  d c l < v o i d )  

i n t  n5 ; 

f o r  C n s • O ;  9et t o k e n ( ) • •  ' • ' ;  
n s + + ;  

d i r dc l ( ) ;  
"'h i l e  (n 5 · - > Q )  

5 t r ca t < ou t ,  " po 1 n t e r t o" ) ; 

I •  d i r d c l :  par se a d i r e c t  d e c l a r a t i o n  
v o i d  d i r d c l (vo i d ) 

i n t  t ype ; 

i f  C t o k e n t ype • •  ' ( ' ) 
de I C ) ;  
i f  C t c k e n type � ·  ' ) ' ) 

e r r ms9 < 11er r o r :  m i ! s i n g 
e l s e i f  < t o k en t ype • •  NAME > 

s t r c py < name , to k e n ) ; 
' 

I• c o u n t  • ' 5  

I •  ( d e ! > 

> \ n " ) ; 
/• va r i a b l e name 

• I  
• I  
• I  

• /  

• I  

• /  

• I  

• I  
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e l s e 
e r rms9C 11 e r r o r : expec t e d  name or C d c l ) \ n '' ) ; 

wh i le C C type • get t o k e n C l l  • •  PARENS I I t ype • •  BRAC K ETS ) 
i f  C t y pe • •  PARENS l 

s t r c e t C ou t , 11 f u n c t i o n r e t u r n i ng'' > ; 
. 1  •• { 

s t r c a t ( o u t , •• a r r ay '' ) ;  
• t r c a t C ou t ,  t o k e n > ;  
s t r ca t C ou t ,  11 o f " ) ;  

! •  e r rmsg : p r i n t  e r r o r  me5sage a n d  i nd i c a t e  ava i l .  t o k en  • /  
vo i d  e r r m s g < cha r •msg>  

p r i n t f ( '' X s '' , msg> ; 
p r ev t o k e n • Y E S ;  

The source file g e t  t o k e n . c :  

• i nc l ud e  < c type . h >  
• i nc l u de < • t r i ng . h >  

en um 
e n  um 

NAME , PARENS , BRACKETS > ;  
NO , Y E S  > ;  

e x t e r n  i n t t o k entype ; 
e x t e r n  c h a r  t o k e n ( ] ;  
i n t  p r ev t o k e n • NO ; 

I •  type  o f  l e s t  to k en 
I •  l e • t  t o k e n  s t r i n g 
I •  t h e r e  i s  no p r ev i ou s  t o k e n  

I •  get t o k e n :  r e t u r n  ne x t  t o k e n  
i n t  ge l l o k e n ( vo i d l  

i n t  c ,  get c h ( vo i d l ; 
vo i d  u n ge t c h C i n t l ;  
cha r  • p  • t o k e n ; 

i f  C pr evt o k en • •  Y E S >  { 
p r ev t 9 k en • NO ; 
r e t u r n  t a k en t ype ; 

wh i l e C < c  • g e t c h C l l  • •  ' ' I I  c • •  ' \ t ' l  

• /  
• /  
• /  

• /  
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i f  C c  • •  ' ( ' ) < 
i f  ( ( c  • 9 e t c h ( ) )  • •  ' ) ' ) ( 

s t r c p y < t o k e n ,  ''( ) '' > ; 
r e t u r n  t o k e n t ype • PAREHS ; 

e l s e < 

u n 9 e t c h ( c ) ;  
r e t u r n  t o k e n t yp e  • ' C ' i  

e l s e  l f  C c • • ' [ ' )  ( 
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f o r  < • p+ + • c ;  < • p + +  • g e t c h < > >  ! • ' l ' ;  > 

• p . ' \ 0 ' ;  
r e t u r n  t o k e n t ype • BRACKETS ; 

e l s e  i f  C i sa l pha ( c ) )  ( 
f o r  C • p+ +  • c ;  i 9 e l n um( c • g e t c h < > > ;  

•p + +  • c ;  
• p . ' \ 0 ' ;  
u n ge t c h ( c ) ;  
r e t u r n  t o k e n t ype • HAME ; 

e l s e  
r e t u r n  t o k e n t ype • c ;  

We modified d l r d c l  a little because this function expects one of two 
tokens: a ' > '  after a call to de 1 or a name. If it is neither of these tokens we 
invoke e r rm s 9  instead of p r i n t f .  e r  r m s g  displays the error message and sets 
p r evt o k e n  to indicate to g e t  t o k e n  that a token is already available. 9 e t 
t o k en has a new i f  statement al the beginning: 

i f  C p r e v t o k e n • •  Y E S >  ( 
p r ev t o k e n • H O ;  
r e t u r n  t o k e n t ype ; 

That is, if there is a token available do not get a new one yet. 
Our modified version is not bullet-proof, but it has an improved error 

handling capability. 
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Exercise 5-19: (page 126 K&R) 

Modify u n d c  1 so that it does not add redundant parentheses to declarations. 

I i n c l u d e  < • t d i o . h >  
I i n c l u d e  < • t r i ng . h > 
I i n c l u d e  < c type . h >  

l d e f i n e "1AXTOKEH 1 0 0 

e n  um < NAME , P A RE HS , B R A C K E T S  > ; 

vo i d  d c l < v o i d ) ; 
vo i d  d i r d c l ( vo i d ) ;  
i n t  g e t t o k e n ( v o i d ) ;  
i n t  ne x t t o k e n ( vo i d ) ;  

i n t  t o k e n t yp e ; I •  t y p e  of l e • t  t o k e n 
I •  l e • t  t o k e n •Ir i ng c h a r  t o k e n C l'IA X TOK E H l ;  

c h a r  ou t C 1 0 00 J ;  

I •  u n d c l :  c o n v e r t  word d e s c r i p t i o n  t o  d e c l a r a t i o n 
me i n < >  
{ 

i n t t ype ; 
c har t emp C l'IAXTOK EH l ;  

wh i l e  < g e t t o k e n C > ! •  E D F >  < 

• t r c py<ou t ,  t o t e n ) ;  
whi l e  ( ( t yp e  • g e t t o k e n ( ) )  ! •  ' \ n ' )  

i f  < t ype • •  PAREHS I I t ype • •  BRA C K E T S ) 
• t r ce t ( ou t , t o k e n > ; 

e l • e  I f  < t yp e  • •  ' • ' >  < 
l f  ( ( t ype • ne x t t o k e n < > >  PAREHS I I  

t yp e  • •  BRACK E T S >  
• p r i n t f < t emp , " < • Xs > " ,  o u t > ;  

e l s e 
s p r 1 n t f < t emp , •1 • X s '' , o u t > ;  

• t r c p y C o u t , temp ) ;  
e l • e i f  C t ype • •  HAl'IE > < 

s p r i n t f ( temp , ''Xs  I s " ,  t o k e n , o u t ) ;  
o t r cpy < ou t , t emp > ;  

e l s e 
pr i n t f < " i nve l i d  i nput  e t  %• \ n " , t o k e n > ;  

p r i n t f C ''X s \n" , ou t ) ;  

r e t u r n  O ;  

• I  
• I  

• I  
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enum { N O ,  YES > ;  

i n t  ge t t o k e n ( v o i d J ;  

I •  ne x t to k e n : g e t  t h e  n e x t  t o k e n  and pu • h  i t  ba c k  
i n t  ne x t t o k e n C vo i d )  

i n t  t y p e ;  
e x t er n  i n t  prevt o k e n ; 

t ype • ge t t o k e n < > ;  
p r ev t o k en • Y E S ; 
r e t u r n  typ e ;  

For the description "x is a pointer to char," the input to u n d c I is 

x • c ha r  

and u n d c I produces 

• /  

char  < • x >  

The parentheses are redundant .  I n  fact, the parentheses are required only 
when the next token is either < > or c J • 

For example, "daytab is a pointer to an array of ( 13) int," the input for 
u nd c l is 

day t s b  • [ 1 3 ] i n t  

and u n d c I produces 

i n t  C • da y t a b J C 1 3 l 

which is correct. On the other hand, "daytab is an array of (13) pointers to 
int," the input is 

d a y t a b  [ 1 3 1 • i n t 

and u n d c I produces 

i n t  C • d a y t a b C 1 3 l l  

This time the parentheses are redundant. 
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We modified u n dc I to check if the next token is C > or [ I . If it is < >  or 
c I the parentheses are necessary, otherwise the parentheses are redundant. 
We look ahead one token before we make the decision about adding parentheses. 

We created a simple function called nex t t a k e n  that invokes g e t  t a k en ,  
records the fact that there is a token available , and returns the token type. 
get  t o k e n  is the function from Exercise 5-18 that checks if there is a token 
already available before it gets a new one from the input. 

The modified undc  I does not produce redundant parentheses. For ex
ample, for the input 

:x • char  

the modified u ndc  l produces 

char • x  

For 

daytab • [ 1 3 1 i n t  

is 

i n t  ( • dayta b ) C 1 3 l 

And for 

dayteb  [ 1 3 1  • i n t 

is 

i n t  •daytab C 1 3 l 
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Exerc:lse 5-20: (page 126 K&R) 

Expand d c I to handle declarations with function argument types, qualifiers like 
e o n s l ,  and so on. 

' i nc l ud t! 
# i nc l u d e  
' i n c l u dt! 

< s l d i o . h >  
< s l r i n9 . h > 
< c ty pt! . h >  

en um 
en um 

NAME , PAREHS , B R A C K E T S  > ; 
HO , Y E S  > ; 

vo i d  d c i ( v o l d ) ;  
vo i d  d i r dc l < v o i d ) ; 
vo i d  e r r m s g ( c h e r  • > ;  
i n t  gt! t t o k t! n (vo i d l ;  

e x t e r n  i n t  t o k e n ty p t! ;  
e x t e r n  c h a r  t o k e n [ ] ;  
e x t e r n  c h a r  nem e C J ;  
e x t e r n  c h a r  d a t a type ! J ;  
e x t e r n  c h a r  o u t C l ;  
e x t e r n  i n t  p r ev t o k e n ;  

I •  t y pe o f  l e s t  t o k e n  
I •  l e s t  t o k e n s t r i n g 
I •  i d e n t i f i e r name 
I• da t e  type • c har , i n t , e t c .  

I •  de ! :  p a r s e  a dt!c l a r a t o r  
vo i d  de ! ( v o i d )  
( 

i n t n s ; 

f o r  < n s • O ;  g e t t o k e n ( ) • •  ' • ' ;  
n s •  + ;  

d l r d c l < l ;  
wh I l t! < n s  - - > 0 ) 

s t r c e t ( o u t ,  '' po i n t e r  t o '' ) ;  

I •  c o u n t  • ' s  

I •  d i r d c l :  pa r s e  a d i r e c t  d e c l a r a t i o n 
vo i d  d i r d c l ( vo i d )  
( 

i n t t ype ; 
vo i d  parmd c l ( vo i d ) ; 

i f  C t o k e n t ype • •  ' ( ' ) / •  < d e ! ) 
de 1 0 ;  
I f  < t o k e n t ype ! •  ' ) ' )  

e r r m s 9 < 11e r r o r : m l s s i ng ) \ n " > ;  

• I  
• I  
• I  
• I  

• I  

• I  

• I  

• I  
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e l • • if < t o k e n t yp e  • •  MAME > < 
i f  C n eme ! O l  •• ' \ 0 ' )  

• t r c p y < neme , t o k en ) ;  

I •  ve r i a b l e  name • /  

e l • • 
p r e v t o k e n  • YE S ;  

wh i l e « t ype • g e t t o k e n ( ) )  • •  P A R E N S  1 1  t y pe 
t ype 

1 f  < t ype • •  PAREH S > 
s t r ce t < ou t , " f u nc t i o n  r e t u r n i n g '' > ;  

e l • e 1 f  < t y p e • •  ' < ' >  < 
s t r ce. t ( ou t , '' f u nc t i o n  e x pe c t i n g '' > ;  
pe rmdc l O ;  
s t r ce t < ou t , •• e n d  r e t u r n i n g'' ) ;  

e l  • e  { 
s t r ce t C ou t , 11 e r r e y '' ) ;  
• t r c e t < o u t , t o k e n > ; 
s t r c e t < ou t , " o f " ) ;  

B R A C K E T S  I I 
I ( I )  

I •  e r r m s g �  pr i n t  e r r o r  m e s s ag e  e nd i n d i ca t e  ave i l . t o k e n  • /  
vo i d  e r r m • g < c h er • m• g >  
{ 

p r i n t f ( '' l s'' , ms g l ;  
p r e v t o k e n  • Y E S ; 

The source file par md c l . c :  

# I nc l u de < • t d l o . h > 
# I n c l u de < • t r i ng . h >  
I l nc l u de < • t d l l b . h > 
1 i nc l u de < c t ype . h > 

# d e f i ne M A X T O K E M  1 0 0  

e n  um MAME , PARE H S , BRACK E TS } ; 
e n  um MO , Y E S  } ;  

vo i d d c l < vo 1 d > ;  
vo i d  e r rm59 ( c he. r  . ) ; 
v o i d  d c l • p e c ( vo l d ) ; 
i n t  type • p e c ( vo i d > ;  
i n t  t y pequa l ( v o i d ) ;  
i n t c ompe r e ( c her ' c h e r  . .  ) ; 
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i n t go t t o k e n C vo i d ) ; 
e x t e r n  i n t  t o k en type ; 
e x t e r- n  char  t o k l! n [  l ;  
e x t e r n  char  naml! [ 1 ;  
e x t e r n  char  da te t y pe C l ;  
e x t e r n  char o u t (  J ;  
e x t e r n  t n t  pr evt o ken ; 
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I •  t ype of l a s t  t o k e n  
I •  l e • t  t o k e n  s t r i n g 
I •  i de n t i f i e r name 
/ + d a t a  t ype • c har , i n t , e t c . 

I •  p a r mdc l :  parse  a p a r ame t e r  dec l a ra t o r  
vo i d pe rmd c l C vo i d ) 
{ 

do { 
dc l s pec C > ; 

} wh i l e C t ok e n t ype • •  ' , ' ) ;  

i f  C t o k en ty p• ! •  ' ) ' )  

e r r m ! g ( ''m i s s 1 n g  ) i n  pa rame t e r dec l a ra t i o n \ n'' ) ;  

• I  
' I  
• /  
• I  

• /  

I •  dc l •pec : dec l a r a t i o n  s pe c i f i ca t i o n  • /  
vo i d  dc l spec (vo i d )  
{ 

char  t em p C MA X T O K E H l ;  

t emp l 0 J • ' \ 0 ' ; 
get  t o k e n < > ;  
do  { 

i f  C t o k e n t yp e  ! •  HAME > 
p r ev t o k en • Y E S ; 
de 1 ( ) ;  

• l • e I f  C t ype spec ( ) • •  Y E S )  
s t r c a t < t emp , • •  '' ) ; 
s t r ca t C t emp ,  t o k e n > ;  
ge t t o k en( ) ;  

e l se I f  C t ypequa ! C )  • •  YES > 
s t r c e t C t emp , •• '' ) ;  
s t r ca t ( l emp , t o k e n > ;  
g e t  t o k e n ( > ;  

e h •  
e r rms9( '1 unk nown type  i n  pa rame t e r  l i s l \ n '' ) ;  

wh i l e  ( l o k e n t yp• ! •  ' , ' ' '  t o k e n lype ! •  ' ) ' ) ;  
s t r ca t C out , t omp > ;  
i f  < t o k e n t yp• • •  ' , ' >  

s t r c s t C o u t , " , '' ) ; 



Pointers and Arrays Chap. 5 149 

I •  type•pec : r e t u r n  YES  i f  t o k e n  i •  a t ype - • pec i f i e r  
i n t t ype•pec C vo i d )  
{ 

• t a t 1 c  char  • t yp e • ( ]  • I 
" c her" , 
II i � t II J 
"vo i d" 

} ; 
char  • p t  • t o k en ;  

i f  C b •ea r c hC ,p t ,  type • ,  • i zeo f C type• > l • l z e o f ( char  • > ,  
• i z e o f ( c har  • > ,  comp a r e )  • •  NULL > 
r e t u r n  ND ; 

r e t u r n  Y E S ;  

I •  typequa l :  r e t u r n  Y E S  i f  t o k en i •  a type- qua l i f i er 
i n t  typequa ! C vo i d )  
{ 

• l a t i c  c ha r  • t ypeq C J  • I 
"const " ,  
"vo l e l i le 11 

} ; 
c h e r  • p t  • t o k en ;  

i f  < b•ea r c h C , p t , typeq , • i zeo f C typeq>l • l z e o f C c ha r  • > ,  
• l z e o f < c har  • ) ,  c ompa r e )  • •  NULL > 
r e t u r n  NO ; 

e l oe 
r e t u r n  Y E S ;  

I •  compe r e : compa r e  t w o  s t r i ng s  for  bseerch 
int  c ompe r e ( c her  • • s ,  char  • • t >  
{ 

We expanded the grammar on page 122 K&R to include parameter dec
larators: 

dcl: 

direct-dcl: 

optional • 's direct-dcl 

name 
(dcl) 
direct-dcl (optional parm-dcl) 
direct-dcl (optional size] 

' I  

• /  

• /  



150 

parm-dc/: 

dc/-spec: 

parm-dc/, dcl-spec de/ 

type-spec dcl-spec 
type-qua/ dcl-spec 

The C Answer Book 

This is an abbreviated version of the part of the grammar that describes 
declarations. We recognize a few type-specifiers described on page 2 1 1  K&R. 
For example, 

vo i d . • ( • c omp ) C i n t • ,  char  • ,  i n t  ( • f n c ) ( ) )  

produces 

c omp : p o i n t e r  t o  f u n c t i on expec t i ng p o i n t e r  t o  i n t , p o i n t e r  
t o  cha r , p o i n t e r t o  f un c t i o n  r e t � r n i ng i n t  a n d  re t u r n i n g  
p o i n t e r t o  vo i d  

We modified the function d i  rdc 1 and added the functions pe rmdc 1 and d e  I •pee .  
We use the lookahead facility we developed for Exercise 5-18. Sometimes 

we need to peek at a token before we decide what action to take. Sometimes 
we have a token available that we cannot use yet so we push it back ; the next 
call to g e t  t o k en, elsewhere in the parser, retrieves that same token again and 
uses it. 

b • ee r c h  is a standard library routine that performs binary search. 



CHAPTER 6 Structures 

Exercise 6-1: (page 136 K&R) 

Our version of g e t  word  does not properly handle underscores, string constants, 
comments, or preprocessor control lines. Write a better version. 

l l n c l u d e  < • t d i o . h > 
l l nc l u d e  < c t ype . h > 

I •  9 e t wor d :  g e t  n e x t  word  or chere c t er f r om i np u t  
i n t  g e t wo r dCche r  •wor d ,  i n t  l i m )  
{ 

i n t  c ,  d ,  c omment C vo 1 d > ,  g e t c h C vo i d > ;  
v o i d  unge t c h ( l n t ) ;  
c har •w  • wo r d ;  

wh i l e  C i s • pa c e ( c  • 9 e t c hC > > >  

i f  C c  ! •  E D F > 
• w •  + • c ;  

i f  C i se l p he C c )  I I  c • •  '_ ' I I  c • •  ' 1 ' )  
f o r  ( i - - J i m > 0 ;  w + + )  

i f  C ! l se l numC •w • getch ( ) )  & &  •w ! • • _ • )  
u n g e t c h < •w) ; 
b r ea k ;  

e l � e  i f  C c • •  1 \ 1 1  J I c • •  ' 11 ' )  < 
f o r  < i - - l im > O ;  w+ + )  

i f  ( ( •w • g e t c h ( ) )  ' \ \ ' )  

t1 + + w • 9et c h C > ;  
e l •e I f  C •w • •  c )  { 

w + + ;  
b r e a k i 

e l • •  I f  C • w  • •  E D F > 
br  ee k ;  

• I  

151 
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e l �e i f  C c  • •  ' ! ' )  
i f  ( C d  • g e t c h ( ) )  

• w  • ' \ 0 ' ;  

r e t u r n  c ;  

c • c ommen t ( > ;  

u n ge t c h C d > ; 

, . , ) 

I •  c omme n t : ! k i p  ove r c omme n t  e n d  r e t u r n  a cha r ac t e r  
i n t  c omme n t < voi d )  

i n t  c ;  
�h 1 l e ( ( c  • ge t c h ( ) )  ' •  EOf > 

i. f  ( c  • •  ' • ' ) 

r e t u r n  c ;  

i f  < < c  • g e t c h ( ) )  ' / ' )  
bree k ;  

e l •e 
u n9etch( c ) ;  

To handle underscores and preprocessor commands we changed 

l f  < ! a l pha ( c ) )  

to 

i f  ( l se l phe< c l  1 1  c • •  • _ •  1 1  c • •  ' ' ' ) 

The alphanumeric characters and underscores that follow are treated as 
part of the word. 

String constants may appear within single or double quotes. Once we 
detect a quote we gather characters until we find the closing quote or EOf.  

We ignore comments and return the ending slash character. This part of 
the code is similar to Exercise 1-24. 

• I  
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Exercise 6-2: (page 143 K&R) 

Write a program that reads a C program and prints in aJphabetical order each 
group of variable names that are identical in the first 6 characters. but different 
somewhere thereafter. Don't count words within strings and comments. Make 
6 a parameter that can be set from the command line. 

# i n c l u d e  < 5 t d i o . h > 
# i n c l u d e  < c type . h > 
1 i n c l u de < • t r i ng . h > 
# i nc l u de < s t d l i b . h > 

s t r u c t  tn ode < 
char •w o r d ; 
i n t  ma tch ; 
• t ru c t  t n o de • l e f t ; 
s t r.uc t t no d e  • r i gh t ; 

} ; 

l d e f 1 n e 
lde f 1 n e 

MAX WORD 
Y E S  

#def i n e  H O  

, 0 0  

I •  
I •  
I •  
I •  
I •  

t h e  t r e e node : 
po i n t •  l o  t he t e x t  
ma t c h  f ou n d  
l e f t  c h i l d  
r i gh t  c h i l d  

5 t r uc t  tnode  •ad d t r eex( 5 t r u c t  t node • ,  c he r  • i n t , i n t  • ) ;  
vo i d  t r ee x p r i n t C s t r u c t  t node • > ;  
i n t  ge two r d C c h a r  • ,  i n t > ;  

• I  
• I  
• I  
• I  
• I  

I •  p r i n t  i n  a l phabe t i c  o r d e r  each g r oup of  va r ia b l e  neme5 • /  
I •  ide n t i c a l  i n  the  f i r • !  num c ha r a c t e r •  ( de fa u l t  6) • /  
ma i n C i n t a r gc , char  • e r g v [ ] )  
{ 

5 t ruc t t n ode  • r o o t ; 
char  wor d C MAXWORD J ;  
i n t  f ound • H O ;  
i n t num;  

I•  YES  i f  mat c h  wa 5 f ou nd • /  
I •  number o f  t h e  f i r s t  i d e n t . c h ar 5 • /  

num • < - ·argc U < . .  • a r gv > C O J  ' · ' > ? a t o i C a r gv C O J ' 1 > : 6; 
r o o t  • HULL ; 
wh i l e  C g e t wo r d C wo r d , MAXWORD> ! •  E D F >  

i f  C i 5 a l p ha(wor d [ 0 ] )  &&  5 t r l e n ( wo r d )  > •  n u m )  
r o o t  • add t r e exC r oo t , wor d ,  n u m ,  • f o u n d ) ; 

f ou n d  • H O ;  

t r ee x p r i n t C r o o t ) ;  
r e t u r n  0 ;  
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• t r u c t  t node  • t a l l o c ( vo i d > ; 
i n t  compa r e ( cher  • ,  s t r u c t  t node • i n t , i n t • ) ;  

I •  add t r eex : a d d  a node w i t h  w ,  a t  o r  be l ow p 
s t r u c: t  t node •add t r ee x ( s t r u c t  t node •p , char •w , 

i n t  num , i n t  • f ou n d ) 

i n t c o n d ;  

• I  

i f  C p  • •  NUL L >  / •  a new word ha• arr i ved • /  
p • t a l l oc ( ) ;  / •  ma k e  a new n od e  • /  
p - > w o r d  • •t r dup( w ) ;  
p - >me t c h  • • f ound ; 
p - > J e f t  • p - > r i 9 h t  • NULL ; 

e l • e 1 f  ( ( c o nd • compare ( w ,  p ,  num , f o und ) )  < 0 )  
p - > l e f t  • add t reexC p - > l e f t ,  w ,  num , f o u nd > ; 

e l • e i f  C c ond > O >  
p - > r 1 9n t  • a d d t r e e x C p - > r l 9 h t , w ,  num,  f ound > ;  

r e t u r n  p ;  

I •  compa r e :  c ompar e wo r d •  a n d  upda t e  p- >ma t c h  • /  
i n t  c ompa r e C c he r  • s ,  s t r uc: t t node • p , i n t  num , i n t  • f o u n d )  
{ 

i n t  i ;  
c ha r  • t  • p - >word ; 

for  C i  • O ;  • s  •• • t ;  1 + + ,  s • + , t + + )  
i f  ( • !I  • •  ' \ 0 ' )  

r e t u r n  0 ;  
I f  C i  > •  num> < / •  ide n t i ca l  I n  f i r • t  num char•  ? • I  

• f ound • Y E S ; 
p - >ma t ch • Y E S ; 

r e t u r n  *!I - • t ; 

I •  t r eexpr l n t :  I n- o r der p r i n t o f  t r e e  p I f  p - >ma t c h  • •  Y E S  • /  
vo i d  t r eexp r i n t < • t r u c t  t node  • p )  
{ 

i f  Cp ! •  NULL >  { 
t r eexpr i p t < p - > l ef t > ;  
I f  C p - > me t c h )  

p r l n t f C " l • \ n" , p - > wo r d > ;  
t r eexpr l n t < p - > r l 9h t ) ;  
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The program prints variable names that are identical in the first n u m  char
acters. If the number of characters is not specified in the command line then 
it is set to 6 :  

n u m "" ( - - a r g c & &  ( 1- + + a rg v ) [ Q )  "' "'  ' - ' ) ? a t o 1 C a r g v l 0 l + 1 ) : 6 ;  

The variable f o u n d  is a tJoolean. f o u n d  equals YES if the word is identical in 
n u m  characters to a word in the tree and equals N D  otherwise. 

The program places a word in the tree if its first character is alphabetic 
and its length is greater than or equal to n u m .  g e t  w o r d  is the function from 
Exercise 6- 1 .  The routine a d d  t r  e e x .  which is a modification of a d d  I r  ee (page 
141  K&R). installs a word in the tree. 

The routine c ompa r e  compares the word being placed in the tree to a 
word already in the tree. If there is a match in the first n u m  characters. then 
• f o u n d  and the match member ( p - > ma t c h )  corresponding to the word in the 
tree are set equal to Y E S .  

i f  C i  > "'  n u m )  
• f o u n d  = YES ; 
p - > ma t c h • Y E S ; 

The routine t r e e x p r  i n t  prints the words in the tree that are identical .  in the 
first n u m  characters. to at least one other word. 
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Exercise 6-3: (page 143 K&R) 

Write a cross-referencer that prints a list of all words in a document. and. for 
each word, a list of the line numbers on which it occurs. Remove noise words 
like "the," "and." and so on. 

l 1 nc l ude 
l i n c l u d •  
I' i n c l u de 
I i nc l u d e  

#def i n e 

< 5 t d .i. o . h > 
< • t r i n g . h> 
< c t ype . h > 
< • t d l 1 b .  h >  

MAX WORD 1 0 0  

• t r u c t  l i n k l i • t  { I •  l i n k e d  l i 5 t  of l i ne numbe r s  
i n t  l num ; 
• t r u c t  l i n k l i • I • p t r ;  

> ;  

• t ruc t t node { 
cha r  •wo r d ;  

> ;  

5 t r u c t  l i n l l i 5 t  • l i n e 5 ; 

• t r u c t  t node • l e f t ;  
• t r u c t  t node • r i gh t ; 

I •  
I •  
I •  
I •  
I •  

t h e  t r ee node : 
p o l n t s  t o  t h e  
1 i ne number 5 
l e f t  C h l ) d  
r i ght  c h i l d  

5 t r u c t  t node • e d d t r e e x ( 5 t r u c t  t n ode • cher  1 i n t ) ;  
i n t g e t wo r d C c he r  • ,  i n t > ;  
i n t n o i ,ewor d ( c he r  • > ;  
v o i d  t r eexpr i n t < s t r u c t tnode • > ;  

I •  c r o s , - r e f e r encer  
me  i n ( ) 
{ 

5 t r u c t  tnode • r o o t ;  
c ha r  w o r d ! MAXWDRD J ;  
i n t l i nenum • 1 ;  

r o o t  • NUL L ;  
whl l e  < 9 e t wo r d(wo r d , MAXWDRD > ! •  EDF > 

t e x t  

I f  C i se l phe (wor d [ Q J )  & &  no l se wo r d ( wo r d )  - 1 )  
r o o t  • edd t r e e x( r o o t , wo rd , l i nenum ) ; 

e l s e if (wor d ! O J  •• ' \ n ' )  
l i nenum+ + ;  

t r eexpr i n t ( r o o t > ;  
r e t u r n  O ;  

• /  

• I 
• I  
• I  
• I  
• I  

• I  
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s t r u c t  t n ode • t a l l o c ( vo i d ) ; 
5 t r u c t  l i n k l i 5 t  • l a l l o c ( vo i d } ;  
vo i d  edd l nC s t r u c t  t node • 1  i n t ) ;  
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/ •  a d d t r eex : add  a node w i t h  w 1  a t  o r  b e l ow p • /  
5 t r u c t  t n ode •edd t r ee x ( 5 t r u c t  t no d e  • p ,  c ha r  • w ,  i n t  1 1 nenum)  

int  cond ; 

if < p  • •  NU L L J  I •  a new w o r d  h a 5  a r r ived  
I •  ma k e  a new w o r d  p • t a l l o c < > ;  

p - >wo r d  • 5 t rdup< w> ; 
p - > l i ne •  • l a l l o c< > ;  
p - > l 1 ne s - > l n um • l i n enum ; 
p - > l i n e • - > p t r  • NUL L ; 
p - > l e f t  • p - > r t 9ht  • NUL L ;  

e l • • l f  ( ( c o n d  • • t rcmp( w ,  p - >wo r d ) )  • •  0 )  
ad d l n < p ,  l i n enu m ) ;  

e l • • i f  ( c o nd < O >  
p - > l e f t  • a dd t r eex< p - > l e f t , w ,  l 1 nenum ) ;  

e l 5 e  
p - > r 1 9 h t  • a d d t r ee x < p - > r i gh t , w ,  l i nenum ) ;  

r e t u r n  p ;  

I •  add l n :  a d d  a l 1 ne numb e r  t o  t he l i n k ed l i • t  
v o i d  ad d l n ( 5 t r uc t t node  • p , i n t  l i nenum)  
{ 

5 l r u c t  l i n k l i 5 l  • t emp ; 

t emp • p - > l i n e• ; 
w h i l e  < t emp - > p t r  ! •  NUL L && t emp - > l num ' •  l 1 n e num>  

t emp • t emp - >p t r ;  
i f  ( t emp - > l num ! •  l 1 nenum)  { 

temp- > p t r  • l a l l oc < > ;  
temp - > p t r - > l num • l i n enum;  
temp - > p t r - > p t r  • NU L L ;  

• I  
• I  

• I  

I •  t r e e x p r l n l :  i n - o r d e r  p r i n t  of t r ee p • /  
voi d t r e e x p r i n t < • t r u c t  t node • p >  
{ 

5 l r u c t  l i n k l i 5 l  • t emp ; 
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i f  C p  t .  N U L L > { 
t r e e x p r 1 n t C p - > l ef t l ;  
p r 1 n t f C '1 % 1 0 !i :  •• , p - >wo r d ) ; 
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f o r  ( t emp • p - > l 1 n e • ;  t emp 1 •  N U L L ;  t e mp • t emp - > p t r l  
p r i n t f C 11 % 4 d  11 1 t emp- > l n um > ;  

p r i n t f ( 11 \ n 11 ) ;  
t r e e xp r i n t ( p - > r 1 9h t l ;  

I •  l a l l o c :  ma k e  a l l n k l l 5 t  node 
• t r u c t  1 1 n k l 1 • t • l a l l o c C vo1 d l  
{ 

• I  

r e t u r n  < • t r u e !  l 1 n k l i • t  • )  ma l l oc ( 5 i z eo f ( 5 t r u c t  1 1 n k l 1 • t l l ;  

I •  n o i s ewo r d :  i d e n t i f y word a s  a n o i s e  w o r d  
i n t  no i sewo r d ( char  • w l  

s t a t i c  char  • nw [ ] • { 

} ; 

"a" I 
"a n" , 
"and 11 , 
"a r e " , 
11 i n" , 
II i 5 11 l 

" o f •• , 
11o r 11 , 
" t he t I I l 

" t he" , 
" t h  l !i 11 , 
" t o  .. 

i n t  cond , m i d ; 
i n t  L o w  • O ;  
i n t  h i gh • • i z e o f ( n w )  I • i zeof C c har  • )  - 1 ;  

wh i l e C l ow < •  h i gh )  { 
m i d  • C l ow • h i gh >  I 2 ;  
i f  C C c ond  • • t rcmp C w ,  nw[ m i d l l l  < O J  

h i gh • m i d  - 1 ;  

e l • e i f  C c ond  > O >  
l ow • m i d  + 1 ; 

r l! t u r n  m i d ;  

r e t u r n  - 1 ; 

• I 
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The tree contains one node per distinct word. Each node contains 

a pointer to the text of the word (word) 

a pointer to a linked list of line numbers ( I  i n" •) 

a pointer to the left child node ( I "f t ) 

a pointer to the right child node (r i gh t ) 
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Each element of the linked list of line numbers is a structure of type 
I i n  k l  i • t .  Each structure contains a line number and a pointer to the next 
element in the linked list. When there are no more elements in the list, the 
pointer is NlJLL .  

The routine e d d t r e e x  is a modified version of eddt  r e e (page 141 K&R) . 
e d d t r" ex installs the word in the tree and installs the line number in the 
corresponding linked list. If it is a new word, then the first element in the 
linked list gets assigned the line number: 

p - > l � ne s - > l num • L i ne�um ; 

If a word already is in the tree 

( ( c ond  • • t rcmp < w ,  p - > wor d ) )  • •  0 )  

then the routine add I n adds the line number to the linked list. 
add I n  traverses the linked list looking for an occurrence of the same line 

number or NlJLL:  

wh i l e C t emp - > p t r ! •  NULL && t emp - > l num ! •  l i n e n u m )  
t emp • temp - > p t r ;  

If the line number is not in the list, the routine adds the line number at the end 
of the linked list: 

if C t emp - > l n um ! • l l n enum)  { 
t emp- > p t r  • le l l o c C ) ;  
t e mp- > p t r - > l num • l i nenum; 
t em p - > p t r - > p t r  • NULL ; 

t r e e xpr i n t is a modified version of t r eepr i n t  (page 142 K&R). 
t r e e xpr 1 n t  prints the tree in alphabetical order. For each word in the tree, 
this routine prints the word and all line numbers where the word occurs. 
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n o l •eword is a function that searches a word in a • t a t i c  array of noise 
words. If a word is not one of the noise words, then the function returns - 1 .  
You can add your own words to nwC  J as long as you keep the array in sorted 
ascending ASCII order. 

We modified g e t  wo r d  to return • \ n • so that we can keep track of line 
numbers: 

wh i l e  C l • •psc e ( c  • g e t c h < > >  & &  c ! •  ' \ n ' l  
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Exercise 6-4: (page 143 K&R) 

Write a program that prints the distinct words in its input sorted into decreasing 
order of frequency of occurrence. Precede each word by its count. 

# i n c l u d e  
# i n c l u d" 

#d e f i ne 
#def i n e  

< s t d 1 0 . h > 
<c typ., . h > 

MA XWORD 1 00 
ND ! S T ! NCT 1 0 0 0  

I •  
I •  

th" t r ee nod":  
po i n t .  t o  t h  .. t .. x t 

• t r u e !  t nod" { 
char  •wor d ;  
t n t  c o u n t ; / •  n umber of o c c u r r e nces  

} . 

s t r u c t  t node • l e f t ; 
s t r u c t  t n ode • r i gh t ; 

/ •  
/ •  

1 .. f t c h i ld 
r i 9 h t  c h i l d  

s t r u c t  t n ode •add t r e e ( s t r u c t  t n ode • ,  char  • ) ;  
i n t  getwo r d ( char  • ,  i n t > ;  
vo i d  5o r t l i s t Cvo i d ) ;  
vo i d  t r e e s t o r e C s t r u c t  t node • > ;  

• /  
• /  
• /  
• /  
• /  

5 \ r u c t  t n od" • l i • I C ND I ST I NCT I ;  
i n t  n t n  • 0 ;  

I •  po i n t e r s  t o  t r ee node s • /  
I •  number o f  t r e e nodes  • /  

I •  p r i n t  d i s t i n c t words s o r t ed i n  dec r ea s i n g o r de r  � f  freq . • /  
ma i n < >  
{ 

s t r u c t  t node • root ; 
c h a r  wo r d C MA XWORD J ; 
i n t  i ;  

r o o t  • NULL ; 
wh i l e < 9etword ( w o r d , MA XWORD > ' •  EDF > 

i f  ( 1 •a lpha(wo r d [ O J > l 
r o ot  • add t r ee ( roo t , word ) ; 

t r e e ! t o r e< r o ot > ;  
• o r t l 1 0 t O ;  
f o r  C i  • O ;  i < n t n ;  i + + )  

p r i n l f ( "%2d : % 20 • \ n " ,  l i • t i i l - > c o u n t , l i • t l 1 l - >word) ; 
r e t u r n  O ;  
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/ •  t r e e s t ore : 5 t o r e  i n  L i s t i ]  po 1 n t e r 5  to t r ee node5  
vo i d  t r ee• tor e < • t r u c t  t n ode • p >  
{ 

i f  < p  ! •  NUL L >  < 
t r e e • t o r e( p - > l e f t ) ;  
i f  C nt n  < ND ! S T ! NC T )  

l i s t C n t n + + )  s p ;  
t r e e • t o r e( p - > r 1 g h t ) ;  

• I  

/ •  5 o r t l 1 s t :  s o r t  l i s t o f  po i n t e r s  t o  t r ee n o d e s  
vo i d  • o r t  l i • t < ) 

• I  

l n t gap , l ,  j ; 
s t r u c t  t node • t emp i 

f o r  < gap  • n t n/ 2 ;  gap > O ;  gap / •  2) 
for (1 c ga p ;  l < n t n i  i + + )  

g a p ) { f o r  C j  • i - ga p ;  j > •  0 ;  J 
i f  C C l i • t [ j  ] - > c ou n t )  > •  C l 1 0 t [ j • gap l - > c o u n t ) )  

b r ea k ; 
t emp • l 1 s t  [ J l ; 
1 1 s t l j  l • l i s t [ j • gap l ; 
i 1 • t l 1 • g a p i • t emp ; 

The maximum number of distinct words is ND l ST l NCT .  The structure 
t node is the one used on page 140 K&R. 1 1  • t is an array of pointers, where 
each pointer points to a structure of type t node .  The variable n t n contains 
the number of tree nodes. 

The program reads each word and places it in the tree. The routine 
t r ee• t o r e  then stores each pointer to t node in the array 1 1 0 t .  The rou
tine •o r t l i • t  is a modification of • h e l l • o r t  (page 62 K&R). • o r t l 1 s t  
sorts the array list in decreasing order of frequency of occurrence . 
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Exercise 6-5: (page 145 K&R) 

Write a function undef  that will remove a name and definition from the table 
maintained by l o o k up and i n • t  .. 1 1 . 

I •  u n def : r emove a neme e n d  def i n i t i o n f r om the  t e b l e  
vo i d  undef ( c h10r • • >  
{ 

i n t  h ;  
! t r u c t  n l i s t  • p r ev , • n p ; 

prev  • HULL ; 

• /  

h • h10• h< • > ;  I •  h10•h ve l u e  of • t r l n g • • I  
f o r  ( n p  • h a • h t 10b ( h l ; n p  ! • HUL L ;  np • n p - > n ex t )  

i f  C s t r c mp( s ,  n p - > n.,me > • •  O >  
b r ea k ; 

p r ev • np ; / •  r emember p r ev 1 o u 5  e n t r y  • I  

i f  < np ! • MUL L >  / •  found  name • /  
i f  C p r ev • •  MUL L )  / •  f i r • t  1 n  t he hash  l 1 • t ? • I  

ha • h t a b ( h )  • n p - > next ; 
e l • e /• e l sewhere l n  t h e  hash  l i s t • /  

p r e v - > ne x t  n p - > next ; 
f r e e C < vo l d  • l  np - > name > ; 
f r e e ( ( v o l d  • )  n p - > d e fn ) ;  
f r ee{ ( v o i d  • }  n p l ; / •  f r e e  al l oc a t e d 5 t r u c t u r e  • /  

The routine u nd e f  looks for the string s in the table . When u n d e f  finds 
the string • it exits the loop: 

i f  < • t r cmpC • ,  n p - > name l • •  O J  
brea k ;  

If the string • is not in the table, the f o r  loop terminates when the pointer 
np becomes HULL.  

If np is  not HULL there is a name and a definition to be removed from the 
table . An entry in h ... h t a b points to the beginning of a linked list. np 
points to the entry to be removed and prev  points to an entry preceding np .  
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When prev is N U L L  then np is the first entry in the linked list starting at 
hesh t a b C h J :  

i f  C p rev • •  NULL > 
ha • h t a b C h l  • np - > nex t ;  

prev - > ne x t  • np- > ne x t ; 

After removing the np entry, the space allocated for the name, the defi
nhion, and the structure itself is freed (f r ee .  page 167 K&R): 

f re e C Cvo 1 d  • >  n p - > neme > ;  
f reeC Cvo i d  • >  n p - > d e f n ) ;  
f reeC Cvo i d  • >  np > ; 
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Exercise 6-6: (page 145 K&R) 

Implement a simple version of the •def l ne processor (i.e . ,  no arguments) 
suitable for use with C programs, based on the routines of this section. You 
may also find g e t  c h  and u nge t c h  helpful. 

I' i n c l ude < • t d 1 0 . h > 
# i n c l ude < c t ype . h > 
# i n c l u de < • t r i ng . h > 

l'def i ne MAXWORD 1 0 0 

• t r u c t  n l i • t { 
s t r u c t  n l i 5 t  • n e x t ; 
c h e1 r  • name ;  
c h a r  • d e f n ;  

} ; 

vo i d  e r r o r ( i n t , c ha r • ) ;  
i nt g e t c h ( vo i d l ; 
v o i d  get def ( vo i d ) ; 
i n t g e t wo r d ( c he r  • ,  i n t > ; 

I •  teb l e  e n t r y :  
I •  n e x t  e n t r y  i n  the  cha i n  
I •  def i ned name 
I• r e p l e ceme n t  t e x t  

s t r u c t  n l i 5 t • i n s ta l l C char  • ,  c h a r • ) ;  
s t r u c t  n l i 5 t  • l o o k up< cha r  • > ;  
v o i d  • k 1 p b l e n k • < vo id ) ;  
v o i d  u n d e f ( c ha r  • > ;  
vo i d  u n g e t c h ( i n t ) ;  
vo i d  u ng e t 5 ( c he r  • > ;  

I •  s i mp l e  ver s i o n  of #def i ne p r o c e s 5or  
me I n( )  
{ 

c h e r  w C MAXWORD J ; 
s t r u c t  n l i s t  •p ; 

wh i l e  < ge two r d( w ,  MAXWORD>  1 •  EOF ) 

• I  
• I  
• I  
• I  

• I  

i f  C s t r c mp C w , •• 1 11 ) • •  O >  I •  beg i n n i ng of d i r ec t .  • /  
g e t  def < > ;  

e l • e  1 f  ( ! i •e l phe C w C O J > > 
p r i nt f C " ls0 , w) ; / •  cennot  be def i ned •/  

e l • e  if  < < p  • l oo k u p< w > >  HUL L >  

r � t u r n  O ;  

p r i nt f ( " l s " ,  w > ; / •  not def i ne d  • /  

u n g et • < p - > de f n > ;  I •  pu•h def i n i t i o n • I  
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I •  g e t def : g e t  d e f i n i t i o n  end i n • t e l l i t  
v o i d  ge t de f C v o i d )  

i n t  c ,  i ;  
c he r  def C MA XWORD J ,  d i r C MA XWORD I , neme CMA X WORD J ;  

• k i pb l e n k • C  > :  
i f  C ! 1 •e l pheC9etwor d C d i r ,  MA X WORD > J >  

e r r o r C d i r C  0 J ,  
''g e t de f : expec t i ng a d i r e c t i ve a f t e r  ' '' ) ;  

e l 5 e  i f  ( � t r cmp ( d i r , ' 'def i ne'' ) • •  0 )  { 
• k  i p b l e n k • C  > ;  
i f  C ! 1 •e lpheC9etwordC neme , MA!WORD> > >  

e r r o r ( name [ O l , 
11get d e f : no 11 - a l pha - naml! expec t e d " ) ;  

• k l p b l e n k • < > ;  
f o r  C i • O ; : < MA X WORD- 1 ;  i • • >  

: f  C C def C i l  • g o t c h ( ) )  • •  E DF I I 

bree1 k ; 
d e f  C :  J • ' \  0 '  ; 
i f ( : < • O >  

def [ i J • •  ' \ n ' >  
I •  e n d  of de f 1 n i t 1 o n  

! •  no d ef i n i t i o n  ? 

• I  

• I  

• I  

erro r ( ' \ n ' ,  ' 'ge t d e f ; i ncomp l e t e  def i ne'' ) ; 
e l 5 e / •  t n 5 t a l l  def i n i t i o n  • /  

i n s t a l l C name , def ) ;  

e l !l e i f  ( s t r c mp( d 1 r ,  11 u n d e f 11 )  O >  { 
s k i pb l e n k • C > ;  
i f  C 1 1 •e l p heC9e two r d C neme , MA XWORD > > >  

e r r o r ( name [ Q ] , ''ge t def : n o n - a l pha i n  undef '' ) ;  
e l s e 

u n d e f ( name ) ;  
e 1 !l e  

o r r o r C d : r C O J ,  
''ge t d e f : expec t i ng a d i r ec t i ve a f t e r  ' '' ) ;  

I •  e r ror : p r i n t e r r o r  me5 5age and !1 k 1 p  the  r e 5 t  o f  the l i ne • /  
v o i d  er r o r C i n t c ,  char  • s >  

pr i n t f ( '' e r r o r : X s \ n '' , , ) ;  
wh : l e C c  ' •  E O F  & &  c ! •  ' \ n ' ) 

c • g o t c h C ) ;  
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I •  5 k i p b l a n k 5 :  5 k i p  b l a n K  and t � b  c h a r a c t e r 5  
v o 1 d  s k 1 p b l a n k s C v o 1 d l  

i n t  c ; 

wti 1 l e ( C c • g e t c h C > >  • •  ' '  : 1  c • •  ' \ t ' )  

un9 e t c h < c l ;  

167 

The main program contains the body of this simple processor .  Directives 
(de f I n e ,  u n d e f ) are expected to follow a '  and the function g e t  d e f  resolves 
that. If g e t  word  does not return an alphabetic character, then the word could 
not have been defined and the program prints the word. Otherwise the program 
searches for a possible definition for the word. When a definition exists. the 
function u ng e t • (Exercise 4-7) pushes it back in reverse order onto the input 
stream. 

The function g e t  d e f  handles the directives: 

#de f i ne name 
lundef  name 

The name is expected to be alphanumeric. 

In a d e f i n e ,  the loop 

f o r  C i  • 0 ;  i < MA XWORD- 1 ; 1 • • l 
i f  C C de f [ i l  • g e t ch( ) )  • •  E D F  , , 

de f [ i l  • •  ' \ n ' l  
b rea k ; 

gathers the definition until it finds the end of the line or end of file. If a 
definition exists, g e t  d e f  installs it in the table using the i n • ta 1 1  function (page 
145 K&R). 

An u ndef directive causes a name to be removed from the table (Exercise 

6-5). 
We modified getwo r d  to return spaces so that the output resembles the 

input data. 

• I  



CHAPTER 7 Input and Output 

Exercise 7-1: (page 153 K&R) 

Write a program that converts upper case to lower case or lower case to upper, 
depending on the name it is invoked with, as found in e r  9 v c o 1 .  

I i n c l ud e  
# i nc l ude 
I i nc l ude 

( 5 t d 1 0 . h > 
< 5 t r 1 n9 . h >  
< c t ype . h > 

I •  l owe r : conve r t s  upper  case to l ower c e s e  
I •  u p pe r : conve r t s  l ower case t o  upper  case  
mei n C i n t  e r g c , c ha r  • e r gv C J >  
< 

i n t  c ;  

i f  ( 5 l r cmpC e r gv [ O J ,  " l ower " ) • •  0 )  
wh i l e ( ( c  • g e t c he r ( ) )  ! •  EDF > 

p u t c he r ( t o l owe r ( c ) ) ;  

wh i l e < C c  • ge t c he r ( ) ) ! •  E D F >  
p u t c he r ( t oupper ( c ) ) ;  

r e t u r n  O ;  

• I  
• I  

When the program is invoked with the name 1 ow e r ,  it converts upper case 
to lower case. Otherwise it converts lower case to upper. 

5 t r cmp returns zero when e r g v C  0 l is the string l ower .  

1 68  
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The statement 

i f  ( 5 t r c mp ( a r gv C O J ,  '' l ow e r ' ' )  • •  0 )  

works on UNIX because a r g v l O J  i s  the program name as the user typed it. 
On some operating systems a r gv l o  I is the full path where the program resides, 
as opposed to what the user typed. 

The program uses t o  l o w e r  and t o u p p e r  from < c t y p e . h > .  
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Exercise 7-2: (page 155 K&R) 

Write a program that will print arbitrary input in a sensible way. As a minimum, 
it should print non-graphic characters in octal or hexadecimal according to local 
custom ,  and break long text lines. 

# i n c l ud e  < s t d i o . h > 
# i n c l u d e  < c t yp e . h > 

rl d e f i ne 
l d e f i ne 

MA X L I NE 1 0 0 
OCTLEN 6 

I •  max n u mb e r  of c h a r 5  i n  o n e  l i n e • /  
I •  l e n g t h  o f  a n  o c t a l  va l u e  • /  

I •  p r i n t  a r b i t r a r y  i n p u t  1 n  a 5 e n 5 i b l e  way 
me i n < l 
{ 

i n t  c ,  p o 5 ; 
i n t  i n c ( i n t  p o 5 , t n t  n ) ;  

p o 5  • 0 ;  / •  p o 5 i l i on i n  t h e - l i n e 
wh i l e C C c • g e t c h e r ( ) )  1 •  E D F >  

i f  C i • c n t r l ( c )  I I c • •  • ' )  { 
I •  n o n - g ra p h i c  o r  b l e n k  

p o • • i n c C p o • , OCTLEN > ;  
p r i n t f C "  \ \ % 0 30 " ,  c ) ;  

I •  new l i ne c h ai r a c t e r  ? 
i f  ( c  • •  ' \ n ' ) { 

p o •  • 0 ;  
p u t c ha r (  ' \ n ' ) ;  

e l ?!i e  / •  g r a p h i c  c ha r a c t e r  
p o •  • i n c C p o• , 1 > ;  
p u t  c he r C  c > ; 

r e t u r n  O ;  

I •  i n c :  i nc r e me n t  po 9 i t i o n c o u n t e r  f o r  o u t p u t  
i n t  i n c (  i n t p o !! , i n t n )  
{ 

l f  C po •  + n < M A X L I NE l  
r e t u r n  po s + n j  

e l s e 
p u t c hl'!!l r ( ' \ n ' > ;  
r e t u r n  n ;  

• I  

• I  

• I  

• I  

• I  

• I  



Input and Output Chap. 7 171 

The length of an output line is MA x LI N E .  The macro 1 • c n tr I is defined 
in < c t  y p • . h >. i •c n t r  I finds the non-graphic characten,. the delete character 
(octal 0177) and ordinary control characters (less than octal 040). Blanks are 
also considered non-graphic characters. Non-graphic characters are printed in 
octal (preceded by a blank and a \ and followed by a blank) using O C T L E N  
positions. A newline character resets p o s :  

l f  C c • •  ' \ n ' )  � 
p o � • 0 ;  
put cha r C  ' \ n ' ) ;  

The function l n c returns the last position used and breaks a line if there 
are not n places available for output. 
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Exercise 7-3: (page 156 K&RJ 

Revise m i n  pr i n t  f to handle more of the other facilities of p r i n t  f .  

1 1 n c l u d e  < s t d i o . h > 
• i n c l u d e  < • l d e r g . h > 
• i n c l u d e  < c t y p e . h >  

l d e f i n e  L O C A L F M T  1 0 0 

I •  m i n p r i n t f :  m i n i m a l  p r i n t f  w i t h  va r i a b l e  a r g u m e n t  l i s t  • /  
v o i d  m i n p r 1 n t f C c h a r  • f m t  1 • • • ) 

v a _ l i s t  a p ; I •  p o i n t s  t o  ea c h  u n n a m e d  a r g  
c h a r  • p ,  • s va l ;  
c h a r  l o c a l f m l C L O C A L FMT J ; 
i n t  l , 1 va 1 ; 
u n 5 i g n e d  u va l ; 
d a u b !  e dva 1 i 

• I  

v a _ s t a r t < a p , f m t ) ;  / •  ma k e  a p  p o i n t  t o  1 s t u n named a r g • / 
f o r  C p  • f m t ; • p ;  p + • )  

i f  « p  ! =  ' t ' )  � 
pu t c , , e - C  • p l ; 
c o n t i n u e ;  

l • 0 ;  
l o c a l f m l [ i + + ]  = 1 X ' ; / •  s t a r t  l o c a l f m t  • /  
w h i l e  ( • ( p + 1 ) & 6  1 1 sa l p ha ( < ( � + 1  ) ) )  

l o c a l f m t ( i • •  1 = • + + p j  
l o c a l f m t ( i + + ]  
l o ce l fm t  [ 1 l 
s w i t c h ( • + + p )  
c a s e  ' d ' : 
c a s e  ' 1 ' : 

. • C p • 1 ) i 
' \  0 ' ;  

i va l  = va_ a r 9 C a p 1 i n t ) ;  
p r 1 n t f ( l o c a l f m t , i ve l ) ;  
b r e a k ; 

c a s e  ' x ' : 
c a s e  ' X ' :  
c a s e  ' u ' : 
c a s e  ' o ' : 

I •  
I •  

I •  

uva l = v a _a r g C a p , u n 5 1 9 n e d ) ;  
p r i n t f ( l o c a l f m t , u va l > ;  
b r e a lc ;  

c o l l e c t  
f o r ma t 

f o r ma t 

c h a r s  • I  
l e t t e r • I  

l e t t e r • I  
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c a 5 e  ' f ' :  
dva l • va_a r g (ap , dou b l e ) ;  
p r i n t f < l o c a l f m t , dva l ) ;  
b r ea k ; 

c a s e ' s ' :  
sva l • va_ a r g < a p 1 c ha r  • ) ;  
p r 1 n t f < l o c a l f m t , • va l ) ;  
b r ea k  ; 

d e f a u l t : 
pr i nt f ( l o c a l f m t ) ;  
b r ea k ; 

va _ e n d C ap l ;  I •  c l ea n  u p  

173 

' I  

m i n pr i n t f  walks along the argument list and p n n t f  does the actual 
printing for the facilities supported. 

To handle more of the other facilities of p r  i n t f we collect in 1 o c a 1  f mt 
the % and any other characters until an alphabetic character- the format letter. 
l oc a l fmt  is the format argument for p r i n t f . 
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Exercise 7-4: (page 159 K&R) 

Write a private version of •ca n f analogous to m 1 n pr i n t f from the previous 
section. 

# I n c l ude < • t d i o . h > 
# I n c l ude < • t dar g . h >  
# i n c l ude <c type . h >  

I def i ne LOCALFMT 1 0 0 

I• m l nscanf : m i n i ma l  ! c a n f  w i t h  vl!fl r i a b l l!  a r gume n t l i s t  • /  
vo i d  m i n s canf ( c h a r  • f mt , . . .  ) 
{ 

va_ l l • t  ap ; I •  po i n t !  t o  ea ch  u nnamed e r g  
cha r • p , • s va l ; 
char l o c a l f m t C LOCALFMT J ; 
i n t  c , 1 , • i va l ; 
y n s i gn e d  •uva l ; 
doub l e  •dva I ;  

• I  

J • O ;  / •  i ndex for  l oca l fm t  ar ray • /  
va_ • ta r t Ca p ,  f m t ) ;  I •  ma ke ap po i n t  t o  1 • t u nnamed a r g • /  
f o r  C p  • fmt ; • p ;  p • • >  { 

i f  C o p  ! •  ' X ' >  < 
l oca l f mt C i + + J  • • p ;  / •  c o l l ec t  c h a r 5  • /  
c o n t i nue j 

l oc a l f mt [ i + + ]  • ' 1 ' ; I •  s t a r t  f o rma t • /  
wh i l e < • < p • 1 > ' '  ! i •e l phe< • < p • 1 > > >  

l o ca l f mt { i + + ]  • • • • p ; I •  c o l l e c t  c har ! • /  
l o c a l f m t c i • • l  • t C p • 1 > ;  I •  f o r ma t l e t t e r • /  
l oca l f m t C i l  • ' \0 ' ; 
• w i tcnC • + + p >  
case ' d ' :  
ca!ie  ' 1 ' :  

i va l  • va_e r g < a p , i n t  • ) ;  
•canf C ! oca l fm t , I va ! > ;  
b r ea k ; 

case ' x ' : 
case  ' X  ' :  
C i!l !i l!  ' u ' :  
case  ' o ' :  

I •  f o rma t  l e t t e r 

uve l  • ve_er g C ap ,  u n s j gned  • ) ;  
scenf C l o c a l f m t , uva l ) ;  
b rea k ; 

• /  
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C t! 5 e  1 f 1 :  
dve l • ve_a r g < a p ,  doub l e  • > ;  
s c e n f C l oc a l fmt , dve l ) ;  
b r e e  k ;  

C el !!l e  1 !5 1 !  
!!iva l  • ve_e r g C i!!i p ,  char  • ) ;  
s c a n f C l oc a l fm t , !!I ve l > ;  
b r ea k. ; 

d e f a u l t :  
s c a n f C l oca l fmt > ;  
b r e a k ; 

l • 0 ;  

va_e n d C a p l ;  

I •  r e 5 e t  i n dex 

I• c l ean up  

175 

• /  

• I  

m i n• cenf  is similar to m '  n p r  i n t  f .  This function collects characters from the 
format string until it finds an alphabetic character after a x .  That is the l o -
ce l fmt  passed to s c a nf along with the appropriate pointer. 

The arguments to s c a n f  are pointers: a pointer to a format string and a 
pointer to the variable that receives the value from sce n f .  We use vd_a r g  
to get the value o f  the pointer and copy it t o  a local pointer and we call s c e n f .  
s c e n f  then reads a value into the user's variable. 
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Exercise 7-5: (page 159 K&R) 

Rewrite the postfix calculator of Chapter 4 to use • c a n f  and/or .. canf  to do 
the input and number conversion. 

# i n c l u d e  < • t d 1 0 . h >  
# i nc l u d e  < c t ype . h > 

l d f! f  i nl! NUMBER • o .  / •  5 i gna l that  a number  wa5  f ound • /  

I •  g e t o p : g e t  next  opera t o r  or  n u me r i c  operand  
1 n t  g e t opC char 5 ( ) )  

i n t c ,  1 ,  r e ; 
5 t e11 t i c c her la5 t c [ ] • 11 " i 

5 5 c a n f ( l a 5 t c , "X e " ,  &c ) ;  
l a 5 t c [ 0 1  • ' ' ;  / •  c lea r l a s t  chara c t e r  
w h  i l e ( C • [ 0 l • c > • • I I c • \ t • ) 

if C sc a n f C "X c " ,  & c )  
c • E DF' ; 

5 [ 1 ] a I \ 0 I j 
i f  C ! 1 • d i 9 1 t < c > && c • ·  ' . ' > 

r e t u r n  c ;  
1 • 0 ;  
i f  ( i • d  1 g i t  ( c } )  

d o  { 

E D F >  

I•  n o t  a numbe r 

I• c o l l e c t  i n t e ger part  

r e  • sc a n f ( ''Xc '' , &c ) ;  
i f  ( ! 1 5 d 1 9 1 t l • [ • • 1 l  • c »  

b r ee k ; 
wh i l e  ( r e ! • E DF > ;  

i f  C c  • •  ' . ' )  / • c o l l e c t  f r ac t i ori  p ea r t  
d o  { 

re • scanf ( ''1c '' , &c ) ;  
i f  ( ! i • d i g i t ( • [ • • i l • c ) )  

b r e a k  ; 
wh i l e  ( r e  ! =  E D F > ;  

5 ( i )  • ' \ 0 ' ; 
i f  ( r e 1 • E D F >  

la•  t c [ 0 l • c ; 
r e t u r n  HUMBE R ;  

The function g e t  o p  (page 78 K&R) is the only routine modified. 
One thing to remember between calls io g e t  a p is the character following 

a number. la•  t c is a two element static array that remembers the last character 
read (• •c a n f  expects a string). 

• /  

• /  

• /  

• /  

• /  
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The call 

s s c a n f ( l a s t c , '' X e '' , & c )  

reads the character put in l a s t  c C O  J .  You could use 

c • l a s t c [ O J 

instead. 
• c a n  f returns the number of successfully matched and assigned input items 

(page 157 K&R) . And it returns EDF on end of file. 
We also changed the expression 

i s d 1 9 1 t ( s [ + + 1 J  • c • g e t c h < > >  

into 

r e • s c a n f ( 11 % c 11 , & c > ; 
i f  < ' i • d 1 9 i t < s C • • i l  • c »  

b r ea k ; 

because we have to invoke s c o n  f ,  assign the character to the string s, and then 
test for a digit. 

It is possible that • c a n f  found E D F  and consequently did not alter the 
variable c. That's why we test for 

r e  ! • EDF 

s c a n f  does not help improve the original g e t o p  when we read one character 
at a time with s c a n f .  
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Another possible solution is: 

# i nc l u de < • t d i o . h > 
# i nc l ude < c type . h >  
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lde!f i ne HUMBER ·o • ! •  • i g ne l thet  11 numbe r  we• found  • /  

I •  g e t op : g e t  n e x t  opere t o r  or  nume r i c  operend 
i n t getop Cc her 5 [ ] )  
{ 

i n t  c , r e ;  
f l eet f ;  

whi l e  C C r c  • •ce n f < "X c " , l e »  ! •  EDr > 
i f  ( ( 5 [ Q J  • c l ! •  • • ll c ! •  ' \ t ' l  

b r ee k ; 
5 [ 1 ] • I \ 0 I j 
i f  C r c  • •  EDF > 

r e t u r n  E D F" ; 
e l • e  i f  C ! i • d i g i t ( c )  l& c ! •  ' . ' ) 

r e t u r n  c ;  
u n g e t c C c , • t d i n ) ; 
5 c; e n f ( " l f 11 , & f > ; 
!l p r i. n t f ( !I ,  11X f " , f ) ;  
r e t u r n  HUMBER ; 

We read a character at a time until we find one that is neither a blank nor 
a tab. The loop may also terminate due to end of file . 

If the character is either a digit or a decimal point, we push it back onto 
the frtput using the library function u n g e t c .  Then we read the number. Since 
get  o p  returns the number as a floating-point value, we use •pr  l n t f  to convert 
the value of f into a character string in • ·  

' I  
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Eurcise 7-6: (page 165 K&R) 

Write a program to compare two files. printing the first line where they differ. 

l i n c l ude < • t d i o . h > 
# I n c l ude < • t d l l b . h > 
# I n c l ude < • t r i n g . h >  

I def i ne MA X L I N E 1 0 0 

I •  comp : compare two f i l e • , p r i n t l n 9  f 1 r • t  d i f f e r e n t  l i ne 
ma i n ( i n t  argc , cher  • er gv ( ] )  

F I L E  • f p 1 , • f p 2 ;  
vo i d  f i l ecomp < F I LE • f p 1 , F I L E  • f p 2 > ;  

• I  

i f  C ar g c  � ·  3 >  { / •  i ncor r e c t  n umber of  e r gume n t 5  ? • I  
f p r i n t f ( ! t d e r r , ''c omp : need two f i l e neme 5 \ n 11 ) ;  
ex i t c 1  > ;  

e l  •e { 
i f  ( ( f p 1  • fopen< • • •ar gv , " r " ) )  • •  NU L L >  { 

f p r i n t f ( 5 t d er r 1 ''c omp : can ' t  open  15 \n '' ,  • e r gv > ; 
e x l t ( 1 ) ;  

e l •e i f  < < f p 2  • f open ( • • • a r 9v , " r " ) J  • •  N U L L > I 
f p r i n t f ( 5 t der r 1 ''c omp : can ' t  open  %5 \n '' , • a r gv > ; 
e x l t ( 1 > ;  

e l •• { / •  f ound and opened f i l e •  to be c ompa r e d • /  
f i l e c omp< f p 1 , fp2 > ;  
f c  l o • e C f p 1  > ;  
f c l o • e < f p 2 > ;  
e x l t ( Q ) ;  
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I •  f i l ec omp:  c ompa re twc  f i le •  - e l i ne a t  e t i me 
vo id f l l e c omp ( F I L E  • f p 1 , F I LE • f p 2 >  
{ 

che r  l i n e 1  [ MA X L I M E J ,  l i n e 2 C MA X L I ME J :  
che r  • l p 1 , • l p2 ;  

do < 
l p 1  • fge 1 • C l i ne 1 , M A X L I NE ,  fp 1 ) ;  
lp 2 • fge 1 • ( l i ne2 , MAXL I ME ,  f p 2 > ;  
i f  < l p1 • •  l i ne 1  II l p 2 • •  1 1 ne 2 )  

i f  < • t rcmp( l l n e l , l i ne 2 )  ! •  O >  

• I  

p r i n t f ( ''f i r 9t  d i f f e r e nce  i n  l i ne\n%5 \ n '' , l i ne 1 ) ;  
l p 1  • l p2 • MUL L ; 

e l • • I f  < l p 1  ! •  l i ne1 II l p 2 • •  1 1 n e2)  
pr i n t f ( ''end of f l r 5 t  f i l e e t  l i n e \ n l 5 \ n'' , l i ne2 > ;  

e l • e  i f  < l p 1  • •  l l n e 1  U l p2 ! •  l i n e 2 )  
p r i n t f ( ''end o f  5econd f i l e e t  l i ne\n%5\n 11 , l i ne 1 > ;  

wh i l e < J p l  • •  l l n e 1  II l p2 • •  1 1 ne2 > ;  
. 

The number of arguments should be three: program name and two file 
names. The program opens the files and f 1 J e c omp compares them a line at 
a time. 

f l  lec omp reads a line from each file . The function f ge t •  returns a 
pointer to the line read or MULL on end of file. If l p 1  and l p 2 point to their 
respective lines, neither file has ended and l 1 nee omp compares the two lines. 
When the lines do not match, f 1 l ecomp prints the line where they differ. 

If l p 1 or l p2 does not point to its respective line, one of the files has ended 
(E D F) and the files differ. 

If both l p 1  and l p2 do not point to their respective lines, both files have 
ended (EDF) and the files do not differ. 
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Exercise 7-7: (page 165 K&R) 

Modify the pattern-finding program of Chapter 5 to take its input from a set of 
named files or, if no files are named as arguments. from the standard input. 
Should the file name be printed when a matching line is found? 

# i nc l u de < s t d i o . h > 
# i n c l ude < • t r i ng . h> 
I i n c l u de < • t d l i b . h > 

# d e f i n e MA X L I ME 1 0 0 0  I •  max i mum i n pu t l i n e l e n g t h  • /  

/ • f i nd : p r i n t  l i nes t ha t  ma t c h  pa t t e r n  f r om 1 � t a r g u m e n t  • /  
ma i n (  i n t  a r g c , c ha r  • a r g v [  ] )  

c h a r  pa t t e r n [ MA X L I H E J ;  
i n t  c ,  e x c e p t  • 0 ,  number s O ;  
F I L E • f p ;  
vo i d  f p ai t ( F I L E • f p ,  c her • f namt , c h a r  • pa t t e r n ,  

i n t  e x c e p t  1 i n t n u m b e r ) ;  

wh i l e C - - e r gc > 0 & &  C • • • a r g v > I O l  • •  ' - ' ) 
wh i l e  C c  • • • • a r gv [ O J )  

• w 1  t c h  C c >  < 
c a s e  

c a s e  

' x , :  
l! X C e p t  1 ;  
b r ea k  i 
' n , :  
n u mb e r  • 1 i 
b r ei!!i k i 

d e f a u l t :  
p r i n t f ( '' f  i n d :  i l l e ga l  o p t i o n  X c \ n " , c ) ;  
a r g c  • 0 ·  
b r ea k  ; 

i f  C a r g c  > •  1 > 
• t r c p y C p a t t e r n , • e r gv > ; 

e l • e { 
pr i n t f ( " U • a g l! :  f i nd l · x l  ( · n l  pa t t e r n  [ f i l e . . .  l \ n " ) ;  
e x i t C 1 > ;  
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i f  ( a r 9 c  • •  1 )  
f p a t < • t d i n ,  

I •  r ea d  5 t a n d a r d  i np u t  
pa t t e r n , e x c e p t , numbe r ) ;  

• I  

wh i l e ( - - a r g c > 0 )  / •  g e t  a named f i l e • /  
i f  < < f p • f o pe n ( • • • a r 9 v , " r " ) )  • •  N U L L >  

f p r i n t f ( 5 t de r r ,  ''f i n d :  c a n ' t  o p e n  % s \ n 11 1 
• a r gv > ;  

e x i t < 1 l ;  
e l • e { / •  named f l l e h a •  b e e n  o p e n e d  • /  

f pa t C f p ,  • a rgv , pa t t e r n ,  e x c e p t , number > ;  
f c l o • e < f p l ;  

r e t u r n  0 ;  

/ •  f pa t :  f i n d  pa t t e r n  
v o i d  f pa t C F I L E • f p 1  c ha r  • f name , c h a r  • pa t t e r n ,  

i n t  e x c e p t , i n t  numb e r )  

c h a r  l i n e C M A X L I N E J ;  
l o n g  1 1 n e n o  • 0 ;  

w h i l e  < f g e t • C l i n e ,  M A X L C H E ,  f p >  ! •  
+ • l i n e n o ; 

H U L L >  

H U L L >  ! • e x c ep t >  { 

• I  

i f  < < • t r • l r C l i n e ,  pa t t e r n )  ' •  
i f  « f name ) I •  have e f i l e name • /  

p r i n t f ( " X, 5  - 11 

i f  ( n umb e r )  
p r 1 n t f C "X l d :  11 

p r i n t f C 11 1 5 11 , l i n e> ; 

f name ) ;  
I •  p r i n t  l i n e n u mbe r • /  

l i n e n o ) ;  

The main program processes the optional arguments as in Chapter 5 (page 
1 17 K&R). After that, it expects at least one more argument-the pattern. 
If file names do not follow the pattern, it uses the standard input. Otherwise, 
it opens a named file . In either case, it invokes f pa t .  

Most of the function f pa t is similar to the code in the original ·main 
program. It reads a line at a time until fge t • (page 165 K&R) returns N U L L .  
f p a t  looks for the specified pattern in each line. The possibilities are: 
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< • t r • t r ( J i n e ,  p a t t e r n )  ! •  N U L L )  

( d i d  n o t  f 1 n d pa t t e r n )  
( f o u n d  p a t t e r n )  
( d i d  n o t  f i nd pa t t e r n )  
( f o u n d  p a t t e r n )  

I • 

I • 
! • 

I •  

I • 

e x c e p t  

( n o t  • p e c i f l e d )  
( n o t  • p e c i f l e d >  
< s pec i f i e d )  
< • pec i f i e d )  

18� 

r e s u l t  

f a l • e  
t r u e  
t r u e  
f a l s e  

When the result of that expression is true, f pa t prints the file name (unless 
it is the standard input), the line number if it was asked for. and the line itself. 
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Exercise 7-8: (page 165 K&R) 

Write a program to print a set of files, starting each new one on a new page, 
:.vith a title and a running page count for each file. 

I i n c l u d e  < • t d i o . h > 
# i n c l u d e  < • t d l i b . h > 

# d e f i n e MAX BOT 3 I •  ma x i m um , l i ne5 .. t b o t t om p a g e  
# d e f i n e MAX H O R  5 I •  ma x i mum , l i n es .. t h e a d  o f  p a g e  
# d e f i n e MAX L I N E 1 0 0 / •  ma x i m um 5 i z e  of o n •  l i ne 
# d e f i n e MAX P A G E  6 6  I • ma x i mum , l i ne5 on o n e  pa g e  

/ • pr i n t : p r i n t  f i l e s - e a c h  n e w  o n e  o n  a n e w  p a g e  
ma i n ( i n t  a r g c , c h a r  • a r g v [  l > 
{ 

F I L E  • f p ;  
v o i d  f i l e p r i n t C F I L E • f p ,  c h a r  • f nam e ) ; 

• /  
• /  
• I  
• I  

• I  

i f  ( a r g c  • •  1 )  / •  n o  a r g 5 ; p r i n t 5 t a n d a r d  i n p u t  • /  
f i l e p r 1 n t ( 5 t d i n ,  11 ''

) ; 
e l • e / • pr i n t  f i l e < • >  • /  

wh i l e  ( - - a r g c  > 0 )  

r e t u r n  0 ;  

i f  ( ( f p  • f o p e n ( • • • a r g v , ''r'' ) )  • •  � U L L )  { 
f p r i n t f C • t d e r r ,  

" p r i n t : c a n ' t  o p e n  Xs \ n 11 1 • a r g v > i 
e x i t C 1 ) ;  

e l •e { 
f i l e p r i n t C f p , • a r g v > ; 
f c l o • e < f p > ;  

I •  f i l e p r l n t :  p r i n t  f i l e f n ame 
v o i d  f i l e p r i n t C F I L E • f p ,  c h a r  • f n a m e )  
{ 

i n t  l i n e n o 1 p a g e n o  • 1 ;  
c h a r  l i n e ! M A X L I N E J ;  
i n t h e a d i n g C c h a r  • f name , i n t  p a g e n o ) ;  

• I  
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l i n e no = h e a d i n g ( f name 1 pe g e n o + + ) ;  
wh i l e C f g e t • C l i n e , M A X L I N E ,  f p >  1 •  N U L L >  < 

i f  C l i n e n o  • •  1 > < 
f p r 1 n t f < • t d o u t , " \ f " > ; 
l i n e n o  • h e a d 1 n 9 C f name , p a g e n o + + ) ;  

f p u t s ( l i n e ,  s t d o u t > ;  
1 f  C • • l i n e n o  > M�X P A GE - MA XBOT > 

1 1 n e n o = 1 ; 
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fpr i n t f ( s t dou t , '1 \ f 11 ) ;  I •  page e i e c t a f t e r t he f i l e  • /  

/ • h ea d i n g : p u t  h e a d i n g a n d e n o u g h  b l a n k  l i n e •  
i n t  h ea d i n g (  c h a r  • f name , i n t pa g e n o )  

i n t l n • 3 ; 

f p r i n t f C 5 t d o u t , 11 \ n \ n 11 ) ;  
f p r i n t f ( 5 t d o u t , '' % 5  p a g e  % d \ n 11 1 f name , p a g e n o > ;  
w h i l e C l n • +  < M A X H DR ) 

f p r i n t f C s t d o u t , 11 \ n '' l ;  
r e t u r n  l. n ;  

The program is similar to c a t  (page 163 K&R). 

• /  

The function f i l e p r  i n t  takes two arguments: a pointer to an open file 
and a pointer to the file name (an empty string when the file is the standard 
input) .  f i l e p r  i n t  reads and prints lines. 

The character 

\ f  

is the form feed . 
The variable l i ne n a counts the number of lines on a page. The page 

length is M A X  PAGE . When l i n e no is equal to 1 ,  f i l e p r  i n t  puts a form feed, 
a new heading, and resets l i n e n a .  We also put a form feed at the end of the 
last page of each file. 

The function head 1 n g prints the file name and page number then puts 
enough newline characters so that there are MA x HDR lines at the top of the page. 

MA x BOT is the number of blank lines at the bottom of the page. 
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Exercise 7-9: (page 168 K&R) 

\ Functions like ' " u p p e r  can be implemented to save space or to save time. 
Explore both possibilities. 

I •  i 5 u p p e r : r e t u r n  1 ( t r u e >  i f  c 1 5  an uppe r c a 5 e  l e t t e r  • /  
i n t  i 5 u ppe r ( c h a r  c )  

i f  C c  >z ' A '  & &  c < •  ' Z ' l  
r e t u r n  1 ;  

r e t u r n  0 ;  

This version of 1 • u p per is a simple 1 f · e l •  e construction that tests a character. 
If the character is within the range of the ASCII upper case letters it returns 1 
(true), otherwise it returns 0 (false). This version of i • u p p e r  saves space. 

l d e f i ne « c l  > •  ' A ' '' ( c )  <• ' Z ' > ? 1 : 

This version of i • u p p e r  saves time and uses more space. 
It saves time because there is no overhead of the function call and it uses 

more space because the macro is expanded in line every time it is invoked. 
Another thing to keep in mind is the potential problem if the argument is 

evaluated twice. 
For example, 

c h e r  • p  • ''Th i s  1 5  e s t r 1 n91' ;  

i f  C i • u pper ( • p + + ) )  

The macro expands into 

( ( • p• + )  > •  ' A '  I &  C •p • • )  < •  ' Z ' >  ? 1 : 0 

which, depending on the value of •p,  will increment the pointer p twice. Note 
that this second increment will not happen when i •upper is a function because 
the argument to the function is evaluated once. 
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Normally this unexpected second increment of the pointer p leads to in
correct results. One possible solution is 

c h a r  •p • '' T h i s  1 5  a 5 t r 1 n g 11 ; 

i f  C i • u p p e r C • p > >  

p + + ; 

You have to be aware of macros that may evaluate the argument more 
than once. Examples are the macros t o u p p e r  and t o l o w e r  in < c l y p e . h > .  
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Exercise 11-1: (page 174 K&R) 

Rewrite the program c" t from Chapter 7 using r e" d, w r it e, o p e n ,  and c l  o • e 

instead of their standard library equivalents. Perform experiments to determine 
the relative speeds of the two versions. 

I i n c l u de 
I I n c l ude 
I I n c l u de 

< • t d i o . h > 
< f c n t l . h > 
11 !i y !i c a l l !i . h " 

vo i d  e r r o r C c ha r  • f m t , . . .  > ;  

/ •  c a t :  c o n c a t ena t e  f i l e !i  - r ea d  I w r i t e  I o p e n  I c l o !i e  • /  
m" i n ( i n t  " r g c , c h a r  • a r gv C J >  
{ 
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i n t  f d ;  
vo i d  f i ie c o p y < 1 n t i f d , i n t o f d ) ; 

I f  ( ., r g c  • •  1 )  / •  n o  a r g • ; c opy • t., n d ., r d  i n p u t  • /  

e l • e  
f 1 l e c o p y < O , 1 > ;  

wh i l e < - - ., r g c > 0 )  
i f  ( ( f d  • o p e n < • • •., r g v , D_RDOHL Y > >  • •  - 1  > 

e r ro r C ''ca t :  c a n ' t  o p e n  % 5 11 ,  • a r g v > ; 

f l l e c o py < f d ,  1 > ; 
c l o • e < f d > ;  

r e t u r n  O ;  
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I •  f i l e c o py : c o py f i l e i f d  t o  f i l e o f d  
v o i d  f i l e c o p y < i n t  i f d ,  i n t  o f d )  
{ 

l n t n ;  
c h a r  b u f C B U F S I Z J ;  

wh i l e ( ( TI  • r e a d ( i f d ,  b u f , BUF S l Z > >  > O >  
i f  (wr i t e ( o f d ,  b u f , n >  1 •  n )  

e r r o r ( ''c a t :  w r i t e e r r o r '' ) ; 

The statement 

i f  ( ( f d  • o p e n C < + + a r g v ,  O_RDONL Y »  • •  - 1 ) 
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• I  

opens a file for reading and returns a file descriptor (an integer) ; it returns a 
- I if an error occurs. 

The function f i l ec o p y  reads B U F S  I Z characters using the file descriptor 
i f  d. r e a d  returns a byte count of the characters actually read. While the 
byte count is greater than 0 there are no errors; a 0 indicates end of file and a 
- 1  indicates an error. The function w r , t e  writes n bytes, otherwise an error 
has occurred. 

e r r o r  is the function on page 174 K&R. 
This version is about twice as fast as the original version in Chapter 7 K& R. 
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Exercise 8-2: (page 178 K&R) 

Rewrite f open and _ f 1 1 1  b u  f with fields instead of explicit bit operations. Com
pare code size and execution speed. 

l in c l ude < f c n t l . h > 

" sysce l l s . h11 l1i nc 1 ude 
# de f i ne P E RMS 0666 I• RW for o w n e r  1 9r o u p t  o t h e: r 5  

I •  f o p e n : o p e n  f i l e ,  r e t u r n  f i l e p t r  
F I L E  • f o pe n ( c he r  • name , c h a r  • mo d e )  
{ . 

i n t  f d ;  
F' I L E  • f p ;  

i f  < • mode � • ' r ' l lr  •mode 
r e t u r n  HUL L ; 

f o r  ( fp • _ i o b ;  fp < _ l o b  
i f  C f p - > f l a g . i • _ r e a d  

b r ea k ; 
i f  C f p  > • _ i o b • OPEH_MA X >  

r e t u r n  H U L L ; 

! •  ' w '  && • m o d e  �· " e � > 

• O P EH_MAX ; f p • • )  
0 U f p - > f l a g . i 5 _w r i  t e  • •  0 )  

I •  f ou n d  f r e e  • l o t  

I •  n o  f r ee 5 l o t �  

i f  ( • mo de • •  ' w ' ) /• c r ea t e  f i l e  
f d  • c r e a t < name , PERMS > ;  

e l s e:  i f  < •mode • •  ' e ' >  < 
i f  ( ( f d  • o p e n < name , O_WROML Y ,  O > >  • •  - 1 ) 

fd • c r ee t ( name , P E RMS > ;  
l • e e k C f d ,  O L , 2 ) ;  

e l s e 
f d  • o p e n ( name , O_ROOHLY , O > ;  

• I  

• /  

• I  

• I  

• I  

i f  C f d  • •  � 1  > / •  c o u l d n ' t e. c c e: 5 5  neime • I  
r e t u r n  H U L L ; 

f p - > f d  • f d ; 
f p - > c n t  • 0 ;  
f p - > ba • e  • HUL L ;  
f p - > f l e g . i • _ u nb u f  • O ;  
f p - > f l a g . i •_ b u f  • 1 ;  
f p - > f l e g . i • _ e o f  • 0 ·  
f p - > f l a g . u _e r r  • O ;  
i f  < • mode • •  ' r ' > { 

f p - > f  lag . l • _ r ead • 1 ;  
f p - > f la g . i • _wr l t e • O ;  

e l • e < 
f p - > f la g . i • _ r e a d  • 0 ; 
f p - > f la g .  i • _wr i t e  • 1 ;  

r e t u r n  f p ; 

I• r ead • /  

I •  w r i t e  • I  
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I •  f i l l bu f : a l l o c a t e  e n d  f i l l  i np u t  b u f f e r  
I n t  f l l l bu f C F I L :  • f p >  

• I  

{ 
I n t  buf s l z e ;  

I f  C f p - > f l e g . i s _ r e e d  0 1 1  
f p - > f l eg . i s_ e o f  1 I I  

f p - > f l a g . l s_ e r r  l 
r e t u r n  EOF ; 

bu f s l ze • C f p - > f l a g . l s_unbuf • •  1 ) ? 1 : BUF S I Z ;  
i f  C f p- > ba s e  • •  H UL L >  / •  n o  buffer  y e t  • /  

i f  < C f p - > be s e  • < c har - >  ma l  l o c < bu h i Z e »  • •  HUL L >  
r e t u r n  E O F ; / •  c a n ' t  g e t  b u f f e r  • /  

fp- > p t r  • f p - > ba s e ;  
f p - > c n t • rea d ( f p - > f d , fp->pt r ,  b u f s i z e > ;  
I f  C - - f p - > c n t  < 0 )  { 

if C f p - > c n t  • •  -1 > 
fp - > f l a g . l s _ e o f  • 1 ;  

f p - > f l e g . i s _ e r r  • 1 ;  

f p - > c n t  • O ;  
return  EOF ; 

r e t u r n  ( u n s i g n e d  c h a r > • f p - > p t r • • ;  

The t ypedef for s t r u c t  _ l ob u f  appears on page 176 K&R. One of 
the members of _ l o buf is 

i nt f la g ;  

The variable f l a g  is redefined i n  terms of bit fields: 

s t r u c t  f l e g_ f l e l d  { 
u n s i gned i s _ r eed 
u n s i gned i s _wr i t e  
u n s i gned i s _u nbu f 
u n s i gned l s _ b u f  
u n s i gned i s  e o f  
u n s i gned i s _ e r r  

> ;  

In the statement 

i f  C < f p - > f l e g  I ( _READ 
b ree k i 

1 ; 
1 ;  

1 ;  

, ; 
1 ;  

1 ;  

_WR I T E ) )  • • 0 > 
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the values _READ and _WR I TE are OR'ed together: 

(_READ 
01 
01 I 

11  

_WR I TE)  
02 
10 

octal 
binary 
result 
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This means that the i f  statement is true when both lower order bits of 
flag are off (neither read nor write). It verifies that an entry in _ i o b is not 
being used for read or write. 

Bit fields explicitly test for this condition: 

if ( f p - > f l e g . i • _ r eed •• 0 && f p - > f l e 9 . i • _w r 1 t e  • •  O l  
b r l!e k ; 

The next modification explicitly sets the bits: 

f p - > f l e g . i • _ u nbu f • O ;  
f p - > f l e g . i • _ b y f  • 1 ;  

f p - > f l ., g . i • _eof • 0 ;  
f p - > f l ., 9 . l • _ e r r  • O ;  

Next, 

f p - > f l e g  • < *mode • •  ' r ' ) ? _READ : _WR I TE ;  

sets f l a g  according to m o d e .  If it is • r • , i t sets f lag  to _RE AD, otherwise it sets 
f l " g  to _WR I TE .  

With bit fields, if the mode is • r • ,  the bit i • _ r ea d is set to I .  If not, 
the • •-wr i te bit is set to 1 :  

i f  < • mo d e • • ' r ' )  { 
f p - > f l ., 9 . 1 1 _ r e" d  • 1 ;  
fp- > f l .,9 . 1 s_wr 1 t e  • O ;  

e l ! e < 
f p - > f l ., 9 . < • _ r e" d  • 0 ;  
f p · > f l " 9 ·  1 ' _wr i t e • 1 ;  

The function _ f i 1 1  bu f changes similarly. 
The function _ f 1 1 1  bu f returns an E OF for the following situations: the 
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file was not open for reading, an end of file already happened, or an error has 
been detected 

i f  < < f p - > f l e g  I < _R E A D l _ E O F l _ E R R > >  ! •  _RE A D >  

This condition i s  tested with bit fields: 

i f  ( f p - > f l e g . i • _ r e e d  0 1 1  
f p - > f l a g .  l • _ e o f  1 1 1  
f p - > f l e g . l • _ e r r  1 )  

Next, 

b u f s i z e • C f p - > f  l e g • _UNBUF > ? 

changes to 

bu f s i ze • C f p - > f l e 9 . l s _unbuf • •  1 > ? 

And 

fp - > f l eg I •  _EDF ; 
e l s e  

f p - > f l e g  I •  _ E R R ; 

becomes 

f p - > f l e g . i s _eof • 1 ;  

f p - > f l e g . l • _ e r r  • 1 ;  

BUFS I Z ;  

BUF S I Z ;  

The code size of the modified function was larger and the functions were slower. 
Bit fields are machine dependent and may slow down execution. 
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Exercise 8-3: (page 179 K&R) 

Design and write _ f l u s h b u f ,  f f  l u s h ,  and f c I o s e .  

I •  f l u 5 hbuf : a l l oc a t e  a n d  f l u s h  o u t p u t  buf f e r  
i n t  f l ushbu f ( i n t  x ,  F I LE • f p )  

• I  

u n 5 i g ned nc ; 
i n t  bu f s i ze ;  

I •  1 o f  c h a r s  t o  f l u sh • /  
I •  s i z e o f  b u f f e r  a l l o c . • /  

i f  C f p  < _ i ob I I f p  > •  _ i o b + OPEN MA X >  
r e t u r n  EOF ; / •  er r o r :  i nva l i d  po i n t e r • /  

i f  C C fp - > f l ag & ( _WR I TE I _ERR J >  ! •  _WR I T E >  
r e t u r n  EDF ; 

b u f s i ze • C f p - > f lag & _ UNBUF > ? 1 BUFS I Z ;  
i f  C f p - > be • e • •  NUL L )  { / •  no b u f f e r  y e t • /  

i f  C < f p - >be•e • ( c ha r • >  ma l l o c C b u f s i z e > >  • •  NU L L l  
f p - > f l a g  I •  _ERR ; 
r e t u r n  EDF ; / •  ca n ' t  get  bu f f er • /  

e l s � 
nc • f p - > p t r  - fp- > ba s e ;  
l f  Cwr i t e C f p - > f d ,  f p - > ba • • · 

f p - > f lag : •  _ERR ; 
r e t u r n  EDF ; 

f p - > p l r  • f p - > ba 5 e ;  
• f p - > p t r + +  • C che r )  x ;  
f p - > c n t  • bu f o i z e  - 1 · 

r e t u r n  x ;  

I •  

n c l 

I •  

/ •  
I •  

bu f f  er a l r ea dy e x i s t s • /  

I • n c )  { 

er r o r :  r e t u r n  EDF  • /  

beg i nn i ng o f  bu f f e r • I  

save c u r r � n t  c h a r  • /  

I •  f c l o s e : c l o 5 e  f i l e 
i nt f c l o • e C F I L E  • f p l  

• /  

{ 
i n t  r e ; 

i f  ( ( r e • f f l u • h < f p l l  1 •  E D F > { 
f r eeC f p - >ba• e > ;  
f p - > p t r • NULL ; 
fp - > c n t • O ;  
f p - >ba • e  • NU L L ; 
f p - > f lag  & •  � _READ I _WR I TE > ;  

r e t u r n r e ;  

/ •  r e t u r n  code • I  

I •  a ny t h i ng t o  f J u s h ? • /  

I •  f r ee a l l oc a t ed b u f f er • /  



The UNIX System Interface Chap. 8 1 95  

/• f f l u •h : f l u•h buffer • • • o c i e ted w i t h  f i l e fp 
Int f f  l u•h < F I L E • f p )  

• /  

{ 
i n t r c • O ; 

I f  ( f p  < i ob I I  fp > •  
r e t u r n  EDF ; 

i ob + OPE N_MA X >  
I •  error : i nval i d  po i n t e r • /  

I f  ( f p - > f  leg I _WR I TE >  
fp ) ;  r e  • _ f l u•hbu f ( O , 

f p - > p t r  • fp- >be•e ; 
f p - > c n t  • < f p - > f  leg I 
r e t u r- n  re ; 

UH B U F >  ? BUFS I Z ;  

_ f I u •hbu f returns an E OF if the file was not open for writing or an error 
has OCQlrred: 

i f  < < f p - > f leg & < _WR I TE 
re turn  EDF ; 

ERR ) )  ! • WR I T E >  

If there is no buffer yet, one is allocated as in _ f i I I b u  f (page 178 K&R). 
If the buffer exists, then its characters are flushed. 

The next step is to save the argument in the buffer: 

• f p - >pt r + +  • (char>  x ;  

The number of possible characters in the buffer ( f p - > c n t )  is then one 
less than the buffer size because of the character just saved. 

The function f c I o  oe invokes f f  I u • h. If the file was opened for writing 
it might be necessary to flush some characters. f c I o •  e resets members of the 
_ 1 obuf  structure so that f open will not encounter meaningless values in a free 
slot. The return code is 0 if no errors exist. 

f f  l u • h checks for a valid file pointer and calls _ f I u • hbu f if the file was 
open for writing. f f  l u • h then resets pt r and c n t, then returns r c .  
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Exercise 11-4: (page 179 K&R) 

The standard library functio!1 

i n t f • e e k < F I L E • f p ,  l o ng o f f • e t ,  i n t  o r i g i n >  

is identical to I a e e  k except that f p is a file pointer instead of a file descriptor 
and the return value is an i n t  status, not a position. Write h e e k .  Make 
sure that your f • e e k  coordinates properly with the buffering done for the other 
functions of the library. 

# i n c l u d e  •• 5 y s c a l l 5 . h 1' 

I •  f •e e k : • e e k  w i t h e f i l e  p o i n t e r  
i n t f • e e k < F I L E • f p ,  l o ng o f f • e t , i n t a r l g l n )  
{ 

u n 5 i g ned n c ; 

l o n g  r e  • O ;  

i f  < f p - > f l eg & _READ> I 

I •  ' o f cha r •  to f l u • h  
I •  r e. t u r n  c ode 

• /  

• /  
• I  

i f  ( or i g i n • •  1 )  I •  f r om c u r r e n t  p o • l t i o n ? • I  
o f f se t  - •  f p - > c n t ; I •  r emembe r c h a r s  i n  b u f f e r  • /  

r e  • l • e e k ( f p - > f d ,  o f f • e t , o r i g i n ) ;  
f p - > cn t  • 0 ;  / •  n o  c h a r a c t e r 5  b u f f e r e d • /  

e l • e i f  < f p - > f l a g  & _WR I TE >  { 
i f  < < n c  • f p - > p t r - f p - > be • e >  > 0 )  

i f  < w r i t e < f p - > f d , f p - > be • e , n c ) ! •  n c ) 
re • - 1  i 

I f  ( r e ! •  - 1 ) /• no e r r o r s  y e t ? 
re • l s e e k ( f p - > f d , o f f • e t , o r l g l n ) ; 

r e t u r n  < r e • •  - 1 ) ? - 1  : 0 ;  

The variable r e  contains the return code. It is set to - 1 when an error 
occun. 

There are two situations in f s e e k  : the file is open for reading or it is open 
for writing. 

When the file is open for reading and the origin is l, the offset is counted 
from the current position (the other cases are: origin 0, the offset is counted 
from the beginning of the file; origin 2, the offset is counted from the end of 
the file). To measure the offset from the current position, f • e e k  takes into 
account the characten already in the buffer: 

I f  ( o r i g i n  • •  1 )  
o f f s e t  - •  f p - > c n t ; 

• I  
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f s e e k  then invokes l • e e k  and discards the buffered characters: 

re • l • e e k ( f p - > f d ,  o f f s e t , o r i g i n > ; 
f p - > c n t  • 0 ;  

197 

When the file is open for writing , f s e e k  first flushes buffered characters 
if any: 

i f  ( ( n c • f p - >p t r  - f p - > be s e > > 0 )  
i f  C w r l t e < f p - > f d ,  f p - > b e • e , n c > ! •  n c >  

r e  • - 1 ; 

If there are no errors, f s e e k  calls l • ee k :  

i f ( r c ! • - t > 
re • l • ee k < f p - > f d ,  o f f • e t , o r i g i n > ;  

The function h e  e k returns 0 for proper seeks. 
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Exercise 8-S: (page 184 K&R) 

Modify the f • i z e program to print the other information contained in the inode 
entry. 

I i n c l u d e  < • t d i o . h > 
I i n c l u d e  < • t r i n9 . h > 
# i n c l u d e  < f c n t  I .  h >  I •  f l a g •  f o r  r" e e; d  a n d  w r i t e 
1 i nc l u d e  < • y • / t y p e • . h > I •  t y p e d e h  
1 1  nc l u d e  < •y • l • t a t  . h > I •  5 t r u c t u r e  r e t u r n ed by • t a t  
I i nc l u d e  0d i r e n t  . h " 

t n t  s t a t < c h e r  • , s t ru c t  5 t a t  • > ;  
v o i d  d i r wa l k C c ha r  • ,  v o i d  ( • f c n ) ( c ha r  • > > ;  

• I  
• I  
• I  

I •  f s i z e :  p r i n t i n o de 1 ,  mode , l i n k s ,  s i ze o f  f i l e ''name'' • /  
v o i d  f s i z e ( c ha r  • n ame ) 

• t r u c t  • t a t  • t bu f ; 

i f  < • t e t < name , & s t b u f ) • • - 1 ) { 
f p r i n t f ( s t d e r r , 0 f 5 i z e :  c a n ' t  a c c e s s  X s \ n 11 , name > ;  
r e t u r n ;  

i f  C C s t b u f . • t  mode & S _ I F M T l  • •  S _ I F D I R > 
d i r wa l k C n eme , f s i z e > ;  

pr i n t f ( " % 5 u  %60 % 3 u % B i d % • I n" , • t b u f . s t_ i n o ,  
� t b u f  . s t _mode , s t b u f  . s t _ n l i n k , s t b u f  , 5 t _ s i z e 1  name > i  

We modified f 5  i z e  to print the inode number, the file mode in octal , the 
number of links to the file, the file size, and the file name. You may choose 
to print more information-it depends on what is significant to you. 

The function d i rwa l k  appears on page 182 K&R. 
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Exercise 8-ti: (page 189 K&R) 

The standard library function c a  1 1  o c <  n ,  • i z e  > returns a pointer to n objects 
of size • I  z e ,  with the storage initialized to zero. Write ca 1 1  o c ,  by calling 
ma 1 1  cc or by modifying it . 

I i n c l u d e  

I •  ca l l o c : a l l o c a t e  n o b j e c t s  o f  s i z e � i z e 
v o i d  • c e l l o c ( � n s i g n e d  n ,  u n s i gn e d  s i z e >  

u n 5 i g n e d  i 1 n b ; 
c h a r  * P t  • q ;  

n b  • n • s i z e ;  
i f  < < p  • g • ma l l o c ( n b ) )  ! •  MUL L >  

f o r  C i  • 0 ;  i < n b ;  i + + )  
• p + +  • O ;  

r e t u r n  q ;  

• I  

The function c a  1 1  o c  allocates n objects of size • i z e .  The total number of 
bytes to be allocated is n b :  

nb • n • s i z e i 

ma I I cc returns a pointer to a storage area of n b bytes. 
remember the beginning of this allocated storage area. 
successful, the nb bytes allocated are initialized to 0: 

f o r  ( i  • 0 ;  i < n b ; i � • >  
• p • •  • O ;  

The pointers p and g 
If the allocation was 

c" l I o c returns a pointer to the beginning of the allocated and initialized storage 
area. 
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Exercise 11-7: (page 189 K&R) 

me 1 1  o c  accepts a size request without checking its plausibility; f r ee believes 
that the block it is asked to free contains a valid size field. Improve these 
routines so they take more pains with error checking. 

l i nc l u d e  · · � y s c a l l 5 . h "  

I def i ne MAXBYTES < u n s i g n e d >  1 0 2 4 0  

s t a t i c  u n s i g n e d  me xe l l oc ; / •  me x number o f  u n i t s  a l l oc a t ed 
s t a t i c  H e a d e r  be s e ;  / •  e m p t y  l i • t  t o  g e t  • t a r t ed 
s t e t i c  Heeder • f reep • H UL L ; / •  s t e r t  of f r e e  l i • t  

I •  ma l i ce : 9 e n e r e l - pu r po • e  •t o r e g e  e l l o c e t o r  
v o i d  •me l l o c C u n • i g n e d  nby t e • >  
{ 

Header • p ,  • p r evp ; 
s t a t i c  Header • m o r e c o r e ( u n s i g n e d ) ;  
u ns i g n e d  n u n i t 5 ;  

i f  C nby t e •  > MAXBYTE S >  
f p r t n t f < • l d e r r ,  

I •  n o t  mor e t h a n  MA X B Y T E S  

''e l l o c :  c a n ' t  e l  l o c a t e  m o r e  t ha n  %u b y t e s \ n " ,  
MAXBYTE S > ; 

r e t u r n  HU L L ; 

n un t t s  • ( n b y t e s  + s i z eo f ( He e de r >  - 1 >  I s i ze o f ( He a de r >  • 1 ;  

I • . • I  I •  e s  o n  p e g e  1 8 7 K • R  

• /  
• /  
• /  

• I 

• I  

• I  

# d e f i n e HAL L O C  1 0 2� I •  m i n i mum # u n i t s  t o  req u e 5 t  • /  

I •  m o r ec o r e :  a s k  s y s t em f o r  m o r e  memory 
s t e t l c  Header • mo r e c o r e1 u n s t g n e d  n u >  
{ 

c he r  • c p , • s b r k ( i n t > ;  
Hea d e r  · � ;  

i f  < n u < HALLOC > 
nu • HALL O C ; 

c p  • sbr k < nu • s i z e o f ( He a d e r > > ;  
i f  < c p  • •  < c h e r  • >  - 1 )  / •  no s p e c e  a t  e l l  

r e t u r n  HULL ; 
up • <Header • >  c p ;  
u p - > s . s i z e • nu ; 

• /  

• /  
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maxa l l oc • C u p - > 9 . � i z e  > mexa l l oc ) ? u p - > 5 . 5 i z e  
f r ee ( ( vo i d  • > < u p • 1 J ) ;  
r e t u r n  f r e t p ;  
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maxa l l oc ;  

I •  f r e e :  put  b l o c k  ap i n  f r ee l i • t  
v o i d  f r e e C vo i d  • a p >  

' I  

{ 

b p  • < Header • la p  - 1 ;  I •  p o i n t  to b l o c k  header • /  
i f  < bp - > • . s i z e  • •  0 I I b p - > s . • i z e > maxa l l o c >  { 

fpr i n t f ( 5 t d e r r ,  '' f ree : c a n ' t  f r e e  Xu un i t 5 \ n 11 , 
bp - > 5 . 5 i ze > i  

re t u r n ;  

f o r  < p  • f r eep ; ! ( bp > p & &  b p  < p - > • . p tr l ;  p • p- > 5 , p t r l  

• I  

The m a  l l o c function checks the number of bytes requested against some 
arbitrary constant MA XBYT E S .  Select a value for MAXBYTES that works best for 
your system. 

When mo r e c o r e  allocates a new block, the • t a t  ic variable ma xa l l o c 
remembers the size of the largest block used so far. This way the function f r ee 
can verify that the value of size is not 0 and it is not larger than the largest block 
allocated. 



202 The C Answer Book 

Exercise 8-8: (page 189 K&R) 

Write a routine bf re e < p , n > that will free an arbitrary block p of n characters 
into the free list maintained by ma l l o c  and f r ee. By using b f r e e ,  a user can 
add a static or external array to the free list at any time. 

• i nc l u d e  '' s y 9 c e l l s . h 1' 

I •  b f r e e : f r ee en a r b i t ra r y  b l o c k  p of n c h a r •  
u n • l g n e d  b f r ee ( c h a r  • p , u n • l g n e d  n )  
{ 

H e a d e r  • h p ;  

I f  ( n  < • i z e o f ( H eade r ) )  

• I  

r e t u r n  0 ;  1 �  t o o  sme l l t o  b e  u s e f u l  • 1  
h p  • < He a d e r  • )  p ;  
hp - > • . • l z e • n I • i z e o f ( Header ) :  
f r e e ( ( vo i d  • H h p • 1 » ;  
r e t u r n  h p - > s . • l z e ;  

The routine b f r ee takes two arguments: a pointer p and a number of 
characters n.  It will free the block only if its size is at least s l z e o f < H ea d e r ) ,  
otherwise i t  returns 0. 

The pointer p is cast to Hea d e r  type and assigned to h p :  

hp • < H ea d e r  • )  p ;  

The size of the block in units of s I zeo f <  H e a d e r > is: 

h p - > s . s i z e • n I s l z e o f ( H eade r ) ;  

The last step calls the function f r ee. Since f r ee expects the pointer to 
be just past the header area, we use (h p • 1  ) , as m o r e c o r e  does, and cast it to 
type (vo i d  • ). 

The routine b f r e e  returns 0 if the block fa too small, otherwise it returns 
the size of the block in s l z e o f < H eede r >  units. 



0 . . .  octal constant 3 
Ox . . .  hexadecimal constant 47 
OX . . . hexadecimal constant 47 
& address operator 122 
\\ backslash character 1 3  
\ 7 bell character 3 
& bitwise AND operator 
· bitwise exclusive OR 

operator 53 
I bitwise OR operator 

? : conditional expression 
\ escape character 3 

51 , 56 

51 
58, 186 

<< left shift operator 51 ,  53, 54 
&& logical AND operator 12, 16 
II logical OR operator 12, 16 

% modulus operator 55, -65, 73 
\0 null character 29 
� one's complement operator 44, 

5 1 ,  53 
> > right shift operator 45, 54 
_ underscore character 96 
. . . variable length argument 

A 

list 172, 174 

a b •  macro 65, 68 
a d d  I n  function 157 
address operator, & 122 

Index 

a d d t  re ex function 154, 157 
AND operator, bitwise & 51 , 56 
AND operator, logical && 46 
any function 50 
a r gc argument count 1 15 ,  1 17, 

1 19, 121, 124. 153, 168, 179 
argument count, a r gc 1 15 ,  117 ,  

1 19, 121 ,  124. 153, 168, 179 
argument list , variable 

length 172, 174 
argument vector, a r g v  1 15 ,  1 17, 

1 19, 121,  124. 153, 168, 179 
arguments to • c a n f  175 
arguments, command-line 115 ,  

1 17. ·1 19, 121 ,  124, 153,  168, 179 
a r gv argument vector 1 15 ,  1 17 ,  

1 19, 1 2 1 ,  124. 153, 168, 179 
array of pointers 149, 161, 162 
ASCII to floating point 71 
a t  of function 71 
" t o  f function, pointer 

version 107 
a t  o i function , pointer 

B 

version 104 

\b backspace character 
backslash character, \\ 

13 
13 

203 



204 

balanced parentheses 40 
beep 3 
bell character 3 
b f re e  function 202 
binary search 59 
binary search, usage of 158 
binary tree 153, 156 
b i n see r c h  function 59 
bit-field declaration 191 
b l l c o u n t  function 56 
bitwise & operator 51,  56 
bitwise AND operator, & 51 ,  56 
bitwise exclusive OR operator. 

53 
bitwise exclusive • operator 53 
bitwise operators 44 
bitwise OR operator, I 51  
bitwise I operator 51  
blanks, trailing 27 
boundary condition 15 
b s ee r c h  library function 149, 

150 
buffer, one character 86 
BU F S I Z  189 

c 

calculator program 73, 76, 83 
ce 1 1  oc function 199 
cast operator 44, 45 
c "  t program 188 
c e  l s  i u s  function 22 
c he r ,  range of 43 
c he r cmp function 131 , 133, 137 
c l "" r function 78 
c l  o.., library function 188 
command-line arguments 115, 

117, 119, 121, 124, 153, 168, 179 
c omme n t  function 152 
comments, remove 38 
c ompa re function 149, 154 
compare two files, program 
conditional expression, ?: 

179 
58, 186 
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conversion, ASCII to floating 
point 71  

conversion, ASCII to integer 
conversion, lower case to upper 

case 168 
conversion, upper case to lower 

case 58, 168 
c opy function 24 
c o s  library function 80 
c r ee l  system call 190 
cross-referencer program 156 
< c t y p e . h > header 21 

D 

dey_of _y e e r  function I l l  
dey_of _yee r function, pointer 

version 113 
de l function 140, 146 
de I spec function 148 
• d e f  1 ne 8, I I  
• de f i n e directive 167 
• d e f  1 ne processor program 
d e t e b  function 120 
d e t e b  program 31 
digits, hexadecimal 47 
d i r d c l function 140, 146 
directory order sorting 132 
do statement 65, 67 
d o - w h i l e  statement 65, 67 

E 

ec ho_qu o l e  function 39 
e n t eb function 1 17 
e n  t eb program 33 
e n u m  46, 143, 146 
enumerator 46, 143, 146 
E D F  7, 8 
E D F ,  pushed-back 87 

ERR 194 
e r  r m s g  function 141 , 147 

104 

165 



Index 

e r r o r  function 125, 166 
eocepe  function 61 
eoet  teb function 121 
exclusive 0 R operator, ' 53 
ex i t  library function 125, 126, 

179 
exp library function 80 
expe n d  function 64 
e x p r  program 1 15 
e x p t e b  function 36 

F 

\f form feed 185 
t c l  o • e function 194 
f c l o s e library function 
ff l u • h function 195 
f get • library function 
field sorting 135 
F I L E  179 

179, 184 

182, 185 

file comparison program 179 
f i l e c omp function 180 
f i l ec opy function 189 
f i l ep r i n t function 184 
files, print a set of 184 

f l l l b u f  function 191 
f ,  ndb l nk  function 36 
floating point, ASCII to 7 1  

f l u ohbuf function 194 
fmod library function 74 
fold long lines program 35 
folding sort 130 
fopen function 190 
f open library function 179, 184 
f o r  statement 6 
form feed, \f 185 
t p" t function 182 
f pr i n t  f library function 179, 

185 
f p u t •  library function 
f r ee function 201 
f r ee library function 
frequencies, histogram of 

185 

163, 164 
20 

frequency of occurrence 
f o e e k  function 196 
f • i z  e function 198 

G 

g e t c h function 86, 87 

161 

get cher  library function 7 
get def  function 166 
get f l oa t function 99 
g e t i  n t function 97 
g e t  I i  ne function 23 
g e t  I i n  e function, pointer 

version 104 
g e t  op function 74, 8 1 ,  89, 91 ,  

176, 178 
g e t  op function, pointer 

version 108 
g e t  t o k e n  function 141  
g e t word function 151  

H 

185 
47 

67 

hash table 163 
hea d i n g function 
hexadecimal digits 
hexadecimal integer 
histogram 17, 18 
histogram. of frequencies 
histogram, horizontal 
histogram, vertical 
horizontal histogram 
h t o i  function 47 

i t  statement 9 
if - e I• e statement 
inc  function 170 
i n t  , range of 43 
i nvert  function 53 

20 
17, 20 

18 
17 , 20 

10, 12, 14 
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i n_ c omme n t  function 39, 41 
i n_quot e function 42 
_ i ob u f , • t r u c t  191 
i • a  I n um library function 134, 

15 1  
i •a I pha library function 1 5 1 .  

152, 153. 172, 174 
i • c n t r l  library function 170, 

171 
i • d i g i t  I i  brary function 7 4 
i • I  ower library function 81  
i • p r i n t  library function 2 1  
i • • pa c e  library function 151 
i • u p p e r  function 186 
i •upper macro 186 
i t  oa function 65, 68 
i t o a  function, pointer 

version 105 
i t  oa function, recursive 93 
; t o b  function 67 

L 

l a !  l o c function 158 
left shift operator, < < 
< l i m i t • .  h >  header 
linked list 158, 159 

51,  53 , 54 
43, 44 

logical && operator 46 
logical AND operator, && 46 
logical OR operator, 1 1 12, 16 
logical 1 1 operator 12, 16  
long lines program, fold 35 
I ong, range of 43 
longest-line program 
lower case to upper case 

conversion 168 
I o.,er function 58 

23 

I • e e k  system call 190, 196. 197 

M 
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<ma t h .  h > header 79 
ma t hf n c function 80 
m i  npr i n t f function 172 
mi n • c a n f  function 174 
modulus operator, % 55. 65, 73 
mo n t h _ day function 1 1 1  
m o n t h_day function, pointer 

version 1 13 
m o r e c o r e  function 200 

N 

\n newline character 
62 

1 ,  27, 29, 6 1 ,  

nested • "'  i t c h  statements 63 
n e w p o •  function 36 
n e x t  t o k e n function 144 
no i • ewo r d  function 158 
non-graphic characten, 

printing 170 
H U L L  154, 157, 162, 163 
numcmp function 137 

0 

octal constant 3 
octal output 170 
one character buffer 86 
one's complement operator, -

51 , 53 
o p e n  library function 188, 190 
operators, bitwise 44 
OR operator, bitwise exclusive 

53 
OR operator, bitwise I 
OR operator, logical 1 1  
O_RDOHL Y 189 
O_WROHL Y 190 

p 

51  
12,  16 

44, 

ma I I o c function 200 
ma I I o c Ii brary function 

199 
191,  194, parentheses, balanced 40 

p a r md c  I function 148 



Index 

pattern-finding program 1 8 1  

pointers, array o f  149, 161 ,  162 

Polish calculator, reverse 1 1 5 

pow library function 80 

print files program 184 

printing non-graphic 
characters 1 70 

p r  i n t I function 35 

push back a string onto input 85 

pushed-back E D F  87 

R. 

ranges o f  types 43 

r c omment  function 38 

_ R E A D  191,  192, 194 

r ead  library function 188, 189, 

191 

136 r eada r g• function 
r ea d  l i ne •  function 
recursive, i t oa function 
recursive tree traversal 

109 

93 

154 

remove comments 38 

r emove function 27 

reverse a character string 
r eve r o e function 29, 94 

r eve r • •  function ,  pointer 
version 106 

29 

reverse order sorting 
reverse Polish calculator 

127 

1 15 

r ever  • • r  function 94 

right rotate integer 54, 55 

right shift operator, > > 45, 54 

rightmost occurrence of a 
string 69, 70 

r i ght  r o t  function 54, 55 

rotate integer to the right 54, 55 
rudimentary syntax, check for 40 

s 

•can  f library function 
177, 178 

175, 176, 

• c a n f , arguments to 175 

scientific notation 71 

sea r c fi function 41 

search, binary 59 

semicolon 1 

•et b i t  • function 5 1  

set  tab  function 
•hor t ,  range of 
shorthand notation 

1 18 

43 

64 
s i gned char  87 

signed character 45 

• i n  library function 80 

207 

" 1  z eof operator 149, 158, 200, 
202 

s k l p b l a n k s  function 167 

sort program 127, 130, 1 32 ,  135 

sort, folding 130 

sorting, directory order 132 
sorting, field 1 35 

sorting, reverse order 127 

s o r t J , ,  t function 162 

s pr i n t f library function 143, 

178 

•queeze  function 49 

5 5  c a n  f library function 
standard error 179 

standard input 179 

standard output 185 

• t a t  system call 198 

static variable 91 , 93 

176, 177 

< • t dar g .  h> header 172, 174 
• t de r r  179 
• t d l  n 179 

< • t  d i o . h> header 
< • t d l i b  . h> header 
• t do u t  185 

8 

124 

• t r c a t  function, pointer 
version 101 

• t r c py library function 1 8 1  

• t r e nd function 102 

• t r  i nd e x  function, pointer 
version 106 

< • t r i n g . h> header 69 

• t r l  en library function 81 

• t r  nca t function 103 
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103 
1 03 

s t  r n cmp  function 
s t r n c p y  funct i o n  

s t r r i n d e x  function 
• t r  s t  r l ibrary function 

69. 70 

s t r u c t  1 0 b u f 1 9 1  
5 u b 5 t r function 138 
s w a p macro 96 

1 82 ,  183 

s w i t c h statement 61 . 62 , 63 
s w J ! c h statement ,  nested 63 
symbol ic co nstant 8. 1 1 .  32. 35 ,  

37 
syntax , rudimen tary check for 40 

T 

\t tab character 
tab stop 3 1 .  33 
t a b p o s  fu nction 
ta i I program 

1 3 .  3 : ,  33, 6 1  

1 1 9 
124 

temperature conversion 
program 4. 5, 22 

ternary operator .  ? :  58 ,  186 
t o  I owe r l ibrary function 1 68 ,  

169 
t o l o 1o1 e r  macro 1 87 
t o u p p e r  library function 168 . 

169 
t o u p p e r  macro 1 87 
trailing blanks 27 
tree t raversa l ,  recursive 1 54 
t r e e s  t o r e  function 1 62 
t r e e x p r  i n t  function 154.  1 5 7  
two's complement 5 6 ,  65 
t y p e gua I function 149 
types ,  ranges of 43 
t y p e s p e c  function 149 
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u 

u n d c  I program 143 
• u n d e f  directive 167 
u n d e f  fu nction 1 63 
unde rscore character ,  _ 96 
u n e s c a p e function 62 .  63 
unget a string 85 
u n g e t  c library function 1 78 
u n g e t c h  function 86. 87 
u n g e t •  funct ion 85 
u n s i g n e d  c h a r  87 
unsigned characte r 44 
uppe r case to lower case 

v 

conversion 58 .  1 68 

variable length argume n t  l ist . 

1 72 ,  1 74 
va_a r g  l i brary function 

1 74 ,  1 75 
v a _ e n d  library function 
v a _ s  t a r t  library fu nct ion 

1 74 
vertical histogram 1 8  

w 

1 7 2 ,  1 7 3 ,  

1 7 3 .  1 7 5  
1 72 ,  

4 .  5 .  9 
1 5  

w h  i I e statem e n t  

w o r d  c o u n t  program 

word separator 1 6  
w o r d  I e n g  t h  function 

W R I T E 1 9 1 , 1 92 ,  1 94 
,. r i t e library function 

1 94 
w r i t e l i n es function 

54 

188 ,  1 89 .  

1 28 
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