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A doubly-linked list

A structure cannot contain another gapf the same kind of structure (thisould cause an infinite
regress), but it can contain a pointer to anothey obghe same kind of structure.

—On the Web at
http://i5. nyu. edu/ Omb4/ x52. 9232/ src/ doubl y. c

/*

Let the user type in positive nunbers, not necessarily unique. Store themin
ascending order in a dynam cally allocated doubly linked Iist. The small est
nunber will be at the head of the list, and the biggest nunber at the tail.
Then print the list fromhead to tail and fromtail to head.

Each nunber is stored in a structure called a node_t. Each node is nalloc’ed
separately. head is the first node, tail is always the |ast.

The next field of each node holds the address of the next node, or is NULL if
there is no next node. The prev field of each node holds the address of the
previous node, or is NULL if there is no previous node. The O that the user
types in to terminate the input is not stored in the |ist.

*/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#include <limts.h> /* for | NIT_MAX */

typedef struct node_t {

int n; /* the payload */
struct node_t *prev; /* the address of the previous node */
struct node_t *next; /* the address of the next node */
} node_t;
int main()
{
node t head = { 0, NULL, NULL};
node t tail = {INT_MAX, NULL, NULL};
node t *p, *q; /* for looping through the Iist */
int n; /* each nunber that the user types in */
head. next = &t ail
tail.prev = &head;
printf(
"Pl ease type positive nunbers |ess than %l.\n"
"Press RETURN after each nunber.\n"
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"Type a negative nunber to delete the correspondi ng positive number.\n"
"Type 0 when done.\n", | NT_MAX);

for (;;) {
scanf ("%", &n);
if (n ==0) {
br eak;

}

if (n>0) {/* Insert a new node. */
node_t *new = mal |l oc(si zeof (node_t));
if (new == NULL) {
fprintf(stderr, "Can't allocate % u bytes.\n", sizeof(node_t));
return EXI T_FAI LURE;

}
new >n = n;
/*
Search the list to find the insertion point.
The insertion point will always be between head and tail.
*/
for (p = &ead; (q = p->next) != &ail; p =2q) {
if (g->n >=n) {
br eak;
}
}

/* Insert the new node between the ones that p and q point to. */
printf("Found the insertion point.\n");

new >next = q;

new >prev = p;

p->next = new,

g- >prev new,

}

else { /* Delete an existing node. */
n = -n;

/[* Let p point to the node to be deleted. */
for (p = head.next; p != &ail; p = p->next) {
if (p->n == n) {
got o found;

}
}
fprintf(stderr, "The nunber %l is not on the list.\n", n);
conti nue;
found:;
p->prev->next = p->next;
p->next ->prev = p->preyv;

free(p);
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printf("Print the Iist fromhead to tail:\n");

for (p = head.next; p != &ail; p = p->next) {
printf("%\n", p->n);

}

printf("\nPrint the list fromtail to head:\n");

for (p =tail.prev; p != &ead; p = p->prev) {
printf("%\n", p->n);

}

return EXI T_SUCCESS;

}

The abwe list is never empty: it alvays contains at least the dwnodeshead andt ai | , and possi-
bly other nodes between them. The following list may be empty: it doesvetigatwo permanently resi-
dent nodes. This makes it more complicated to insert and delete.

—On the Web at
http://i5. nyu. edu/ Chnb4/ x52. 9232/ src/ doubl y2. c

/-k

Let the user type in positive nunbers, not necessarily unique. Store themin
ascendi ng order in a dynam cally allocated doubly linked Iist. The small est
nunber will be at the head of the list, and the biggest nunber at the tail
Then print the list fromhead to tail and fromtail to head.

Each nunber is stored in a structure called a node t. Each node is nmalloc’ed
separately. The variable head holds the address of the first node, or is NULL
if there are no node’s yet. The variable tail holds the address of the |ast
node, or is NULL if there are no nodes yet.

The next field of each node holds the address of the next node, or is NULL if
there is no next node. The prev field of each node holds the address of the
previous node, or is NULL if there is no previous node. The O that the user
types in to termnate the input is not stored in the |ist.

*/

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

typedef struct node_t ({
int n; /* the nunber */
struct node_t *prev; /* the address of the previous node */
struct node_t *next; /* the address of the next node */

} node_t;

int main()

{
node t *head = NULL;
node t *tail = NULL;
node_t *new;, /* the new node that the user typed in */
node_t *p, *q; [* for looping through the list */
int n; /* each nunber that the user types in */

printf(
"Pl ease type positive nunbers.\n"
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each nunber.\n"

"Type a negative nunber to delete the correspondi ng positive nunmber.\n"

)
for (;;) {

ype 0 when done.\n"

scanf ("%", &n);
if (n==20) {
br eak;

}

if (n>0) {/* Insert a new node (four cases). */
new = mal | oc(si zeof (node_t));
if (new == NULL) {

}

fprintf(stderr, "Can't allocate % u bytes.\n", sizeof(node_t));

return EXI

new >n = n;
if (head == NULL) {

}

/* Case 1:
new >next
head = tai

T_FAl LURE;

the list was enpty. */
= new >prev = NULL;
I = new,

else if (n < head->n) {

}

/* Case 2:
new >next
new >pr ev

head- >pr ev

insert new at the head of the list. */
head;
NULL;
= new,

head = new,

else if (new>n >= tail->n) {

/* Case 3: insert new at the tail of the list. */
new >prev = tail;
new >next = NULL;
tail ->next = new,
tail = new,
}
el se {
/* Case 4: insert newinto the interior of the list.

Fdl 2006 Handout 12

Search the list to find the insertion point. */
for (p = head; (q = p->next) != NULL; p = p->next) {

it (a-

>n >= n) {

br eak;

}
}

/* Insert
new >next
new >pr ev
p- >next
g- >prev

nted 12/21/06
0:37:10 AM

new between the nodes that p and q point to. */
= q,
= p,
new,
new,

-4- hesenea ©2006 Mark Meretzky
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del eted. */
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fprintf(stderr, "The nunber % is not on the list.\n", n);

rst node. */

\n");

}
}
else { /* Delete an existing node.
n=-n;
/* Let p point to the node to be
for (p = head; p != NULL; p = p->next) {
if (p->n == n) {
got o found;
}
}
conti nue;
found:;
if (p ==head) {/* Delete the fi
head = p->next;
} else {
p->prev->next = p->next;
}
if (p==tail) {/* Delete the |ast node. */
tail = p->prey;
} else {
p->next ->prev = p->preyv,
}
free(p);
}
}
printf("Print the Iist fromhead to tail:
for (p = head; p !'= NULL; p = p->next) {
printf("%\n", p->n);
}
printf("\nPrint the list fromtail to head:\n");
for (p =tail; p != NULL; p = p->prev) {
printf("%\n", p->n);
}
return EXI T_SUCCESS;
}

A binary tree: K&R pp. 139-143

—On the Web at
http://i5. nyu. edu/ Ohmb4/ x52. 9232/ src/tree. c

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

typedef struct node_t ({

Fadl 2006 Handout 12{55733 %" _5_
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char *string;
struct node_t *left;
struct node_t *right;

} node_t;

node_t *insert(node_t *root, node_t *new);
void print(node_t *root);
voi d di smantl e(node_t *root);

i nt

{

}

mai n()

char 1ine[ 256];
node_t *root = NULL; /* The tree is initially enpty. */

printf(
"Press RETURN after each line,\n"
"control-d after the RETURN after the last line.\n"
"The lines will be output in al pahabetical order.\n"

while (gets(line) !'= NULL) {
node_t *new = mal |l oc(sizeof (node_t));
if (new == NULL) {

fprintf(stderr, "Can’'t malloc menory for node to hold \"%s\"

return EXI T_FAl LURE;
}

new >string = malloc(strlen(line) + 1);

if (new>string == NULL) {
fprintf(stderr, "Can't malloc menory for \"%\".\n", line);
return EXI T_FAl LURE;

}
strcpy(new >string, line);
root = insert(root, new;

}

print(root);
di smant | e(root);
return EXI T_SUCCESS;

node_t *insert(node_t *root, node_t *new)

{

Fdl 2006 Handout 12155935 -6- hesenea ©2006 Mark Meretzky

if (root == NULL) {
/* Insert the new node into an enpty tree. */
root = new;

}

else if (strcnp(new >string, root->string) <= 0) {
/* Insert the new node to the lower left of the root. */
root->left = insert(root->left, new;
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el se {
/* Insert the new node to the Iower right of the root. */
root->right = insert(root->right, new;
}
return root;
}
void print(node_t *root) /* in order */
{
if (root !'= NULL) {
print(root->left);
printf("%\n", root->string);
print(root->right);
}
}
voi d di smantl e(node_t *root) /* post order */
{
if (root !'= NULL) {
di smantl e(root->left);
di smant| e(root->right);
free(root->string);
free(root);
}
}

Suppose that the abmlinked list and the alve binary tree each contain

. n . i . .
n items. Onthe aerage, you would therefore & rnakeE comparisons to find the correct insertion
point in the list, but only logn comparisons to find the correct insertion point in the binary tree.

Make bibliography

See the three digressions wake in the textbook on pp. 241-242, 254-256, and 265-26ge
numbers bele refer to the 9-page manual pagake(l). Seealso make(1p) (Posix) andrake(1lu)
(Ultrix). Also print (with minus lowercase L sixty)

1$ neke -p -f /dev/null | pr -160 -h "make internal rules | Ipr
See alsManaging Projects with mak 2d ed.,by Andrav Oram and Stee Talbott; O'Reilly & Associ-
ates, 1991; ISBN 0-937175-904tt p: / / www. orei | | y. cont cat al og/ make2/

Sample C program to demonstrate make

/* This file is func.h. */
int f(void);

/* This file is var.h. */
extern int i;

Fdl 2006 Handout 121559353 -7- hesenea ©2006 Mark Meretzky
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#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

int main(int argc,

/* This file is main.c.
<stdi o. h>
<stdlib. h>
"var. h"
"func. h"

char **argv)

gcc
gcc
gcc
gcc

-C nmin.c
-c func.c
-c var.c

{
printf("%l\n", i + f());
return EXI T_SUCCESS;
}
/* This file is func.c.
#i ncl ude "func. h"
int f(void)
{
return 2;
}
/* This file is var.c.
#i ncl ude "var. h"
int i = 1;
#!/ bi n/ sh

-0 prog main.o func.o var.o

#Conpil e and |ink the above C program

#create main.o
#create func.o
#create var.o
#icreate prog

Which files need to be recreated?

A . o file needs to be recompiled if it is older than the correspondinfile or ary of the. h files
that it#i ncl ude’s. An executable file needs to be relinked if it is older thag ahthe. o files it com-
prises.

1$ cd $mi6/ make

2% Is -1 |
STWr--T--
STWr--T--
STWr--T--
STWr--T--
STWr--T--
- T WXT - XT - X
STWr--T--
STWr--T--
STWr--T--

tail +2

1 nmmb4
nm64
nm64
nm64
nm64
nm64
nm64
nm64
nm64

PR RPRPRRRPRERE

Fdl 2006 Handout 125555355

users
users
users
users
users
users
users
users
users

73 Dec
40 Dec
496 Dec
136 Dec
1764 Dec
40688 Dec
55 Dec
40 Dec
428 Dec

00 0O 00O 0O CO 0O 00 00 0O

13:
13:
13:
13:
13:
13:
13:
13:
13:

21
24
25
22
25
26
27
24
25

func.
func.
func.
mai n.
mai n.
prog

var.c
var. h
var. o

o 060 SO0

All rights

resened ©2006 Mark Meretzky
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33 Is -1t | tail +2

STWr--T-- 1 mb4 users 55 Dec 8 13:27 var.c
- FWXT - XT - X 1 mb4 users 40688 Dec 8 13:26 prog

STWr--T-- 1 mb4 users 428 Dec 8 13:25 var.o
STWr--T-- 1 mb4 users 1764 Dec 8 13:25 nmmin.o
STWr--T-- 1 mb4 users 496 Dec 8 13:25 func.o
STWr--T-- 1 mb4 users 40 Dec 8 13:24 var.h
STWr--r1-- 1 mb4 users 40 Dec 8 13:24 func.h
STWr--T-- 1 mb4 users 136 Dec 8 13:22 main.c
STWr--T-- 1 mb4 users 73 Dec 8 13:21 func.c

The dependency tree

func. h

var. h

gcc -c main.c .
nmai n. o

mai n. ¢

func. h

gcc -c func.c gcc -0 prog \

main.o func.o var.o

func.o

prog

func.c

var. h

gcc -c var.c
var. o

var.c

A simple makefile

Put all of the. ¢ and. h files of your C program (except for thén files in the/ usr/i ncl ude
directory) into one directoryogether with the file namedakef i | e shavn belav. Sncenakefil e is
not a shellscript, do not start it with or turn on its thre& bits.

The file before the colon is tharge. The files after the colon are tldependentsA line with a
colon and the line(s) indented beldt constitute arule. Do not indent the line with the target and depen-
deng files, but indent the line(s) b&lothem that tell hav to create the target file. Skip an empty line
between rules.

Fdl 2006 Handout 121559353 -9- hesenea ©2006 Mark Meretzky
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In makefi | e, dl indentation must be by EXTLY ONE TAB CHARACTER. Donot indent with
blanks. Thisis the only place in Unix where the difference between blanks and tabs is signifibant.
Unix Hates Handbook(by Simon Garfinkl, Daniel Weise, and Sten Srassmann, with a foneard by
Dennis Ritchie; IDG Books, 1994; ISBN 1-56884-203-1), p. 185, sagsording to legend, Stu Feldman
[the creator ofrake] didn't fix make’s syntax, after he realized that the syntax was broken, because he
already had 10 usets.

The folloving makef i | e contains four rulesA rule is executed if the target doegrexist, or if the
target is older than grof its dependents, or if there are no dependents listed to the right of the colon.

prog: main.o var.o func.o
CC -0 prog main.o var.o func.o

main.o: main.c var.h func. h
CC -Cc main.c

var.o: var.c var.h
cc -c var.c

func.o: func.c func.h
cc -c func.c

You can create anof the targets in themkef i | e. make will do all the compiling and linking that
is necessanand no more.

1$ cd to the directory that contains thén and. c files and therakefi | e

2% nmake prog createpr og
3% nake main.o createmai n. o
4% nmake var.o createvar. o
5% nake func.o createf unc. o

If you give make no command line argument, you will create the first target inmttieef i | e by
default. Thats why the target at the root of the tree is listed first innthkef i | e. The other targets can
be listed in ap order.

6$ nmake createpr og
7% make Nothing happens the second time.
‘prog’ is up to date.

v Homework 12.1: play with make

The filesf unc. h,var. h, mai n. c,func. c,var. c, andrmakef i | e are in the directory
$mi6/ make. Copy them to a directory namekHOVE/ pr og. Then

1$ cd $HOWE/ prog

2% nake
3% Is -1 Look at the ne files created by theake command.
4% prog Run the pogram aeated by therake command.

Then run therake command again and verify that no additional compilation or linking takes place.

Now edit one of the c files, and verify thatrake compiles only the edited file and then relinks the
executable. Theredit one of the h files and verify thatrake compiles gery . ¢ file that#i ncl ude’s
the. h file (but no other c file) and then relinks thexecutable.

Instead of editing ac file, give thet ouch command to let you experiment more rapidly.

5% Is -1 main.c
SITWTI--r-- 1 abc1234 users 136 Dec 8 13:22 mmin.c

Fdl 2006 Handout 12155915 -10- hesenea ©2006 Mark Meretzky
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6% touch main.c faster tharvi main. c
7$ Is -1
SITWTr--r-- 1 abc1234 users 136 Dec 8 13:29 mmin.c

You can confuserake by saying

8% vi main.c This would normally causeake to recompilemai n. c.
9% touch main.o

10$ touch prog

11$ make Doesnake recompilermai n. c?

{ }around a shell variable: p. 148

1$ Ipq -Pth_hp4si _1
2% 1 pg -Ped_hp4si _1

#1/ bi n/ sh
#Print the queue for each Hew ett Packard 4Si |aser printer.
#Wt hout the {}, the echo would print the wong variable.

for pinth ed

do
echo ${p}_hp4si _1:
| pg - P${p}_hpdsi _1:
done
exit O

Put parentheses or curly braces around the namesgyf mak e macro if the name is more than one
character long.

A makefile with macros

$@and$* are internal macros, i.e., variables to whigtke gives dfferent values automatically in
each rule where tlyeare used. See p. 5 make(1). $@is the name of the target file, afitl is the name
of the target file with the suffix rermed (i.e., the basename of the target file). Contrary to whatrgime
says$* can be used outside of suffix ruleéou can useb* only in an indented line, not in a colon line.

CC, CFLAGS, and OBJ S are non-internal macros; see p. 255 in thébtmok and pp. 3-5 imake(1).
A non-internal macro can @ any mme you want, but please pick names that agree with those output by
themake - p command abee.

Fdl 2006 Handout 121559153 -11- hesenea ©2006 Mark Meretzky
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#makefile for the above C program using macros.

CC = gcc
CFLAGS = -0 #optim zation
OBJS = main.o func.o var.o

prog: $(0BJS)
$(CC) $(CFLAGS) -0 $@ $(OBJS)

0

mai n.o: main.c func.h var.
$(CO) $(CFLAGS) -c $*.

o

func.o: func.c func.h
$(CO $(CFLAGS) -c $*.c

var.o: var.c var.h
$(CO $(CFLAGS) -c $*.c

v Homework 12.2: create a makefile for moon

1% cd

2$ nkdir noon

3% cd noon

4% cp $mi6/ moon/ noon*. [ch] . Handout 1, p. 14
5% chnod 644 noon*.[ch] if you plan to edit these files

Create arekefi | e for noon in your $HOVE/ noon directory Hand in themakefi | e. Use the
internal macro$@and$*. Create the macroSC, CFLAGS, and OBJS. Leave the CFLAGS macro empty
if you don't want optimization:

CFLAGS =

Also create a macro name@ADL | BES to hold the- | moption ofgcc thatnoon requires. Write
$(LOADLI BES) at the end of the line that contains $@
A

Other ways to create a mak macro: p. 3.
Instead of defining a macro in yomakef i | e, you can pass a command line argumemtethe:

1$ make CC=gcc No space around the equal sign.

or set an environment variable:

2% setenv CC gcc do this in your. | ogi n file.
3% env | nore see the names and values of all your environment variables
4% make

If you a macro without defining it gimvhere,make will use the default definition you printed out
with themake - p command. Theseiles also include the defaults foryamles you left out of your
makef i | e. For example, if you doh'say haw to create a o file from a. c file, make will use the. c. o
default rule displayed by theake - p command.

A makefile for an archive

An archie is made out of. o files, just as a o file is made out of ac file. The. o files inside of
the archiel i bppm a are named i bppm a( ppm_i nheader . 0),
i bppm a( ppm_out header . 0), etc. Usebackslashes to dde a long colon statement into separate
lines.
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The internal macr&? in the folloving mekef i | e holds the names of all theo files in the library
that need to be recompiled (i.e., that are older than the correspomdiites); see p. 3. The macro
$(?:.0=.c) is$? with the. o’s a the end of each word changed ©’s; see p. 4.

Each indented line counts as a separate shellsdigpiwite a multi-line command such as
i f-then-el se-fi,you musttherefore use backslashes.

#1/ bi n/ sh
#What goes wrong if you omt the senicol on?

grep word file
who

grep word file; who

#!1/ bi n/ sh
#What goes wong if you omit the sem col ons?

if grep -q word file
t hen

who
fi

if grep -g word file; then who; fi

#This file is $mi6/ ppnl src/ makefile.
CFLAGS = -1/ home/ m 64/ 46/ ppm i ncl ude

i bppma: \
[ i bppm a( ppm_i nheader. o) \
[ i bppm a( ppm_out header. o) \
i bppm a( ppm_negati ve. o)
$(CC) $(CFLAGS) -c $(?:.0=.¢)

if [ -f $@];\
t hen\

ar rsv $@9%7?;\
el se\

ar crsv $@ $?;\
fi
rm $?

#Di sabl e the default rule for creating a .a file out of .c files to
#al | ow t he above rule to be used instead.
.c.a:;

A taller tree

The abwe tee diagram had only threevéds: the root, the legs, and one il in between. Br
tasks with more steps, the tree may be much taller.

A file written by human beings is calledurce code Not all. ¢ and. h files are source code: some
are written by programskEor example, human beings writey files and. | files and feed them tpacc
andl ex:
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1$ yacc hoc.y createy. t ab. c: pp. 233-287
2% lex lexer.l createl ex. yy. c: pp. 256-258

The resulting filey. t ab. ¢ andl ex. yy. ¢ must then be compiled intoo files. Hereis amakefil e
for a tree with four leels:

OBJS = main.o y.tab.o lex.yy.o

prog: $(0BJS)
$(C0) -0 $@ $(OBIS) $(LOADLI BES)

main.o: nmin.c
$(CO $(CFLAGS) -c $*.c

y.tab.o: y.tab.c
$(CC $(CFLAGS) -c $*.c

lex.yy.o: lex.yy.c
$(CC $(CFLAGS) -c $*.c

y.tab.c: hoc.y
$(YACC) $(YFLAGS) hoc.y

lex.yy.c: lexer.|
$(LEX) $(LFLAGS) |exer.|

If the source filehoc. y andl exer .| were put under the protection RICS thennmake would
need an additional preliminary step to get these files R@8 The tree would then ke five kevds:

hoc. y:
co hoc.y
| ex.|:
co lex.|
A forest

A forestis two or nore trees.A makef i | e may contain a forest instead of a single tree. The root
of one tree will usually be thexecutable file we want to creat&he roots of the other trees may be also be
files that we want to create, but more often are merely names for groups of commands that vee w
execute.

For example, there is no file named eanup, nor will there @er be. Typemake cl eanup to lead
make to beliese that we want to create a file nameldeanup. make will then execute the indentedm
command, believing that this will createeanup.
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OBJS = main.o filel.o
SOURCES = prog.h main.c filel.c

prog: $(0BJS) #The root of the first tree
$(CC) $(CFLAGS) -0 $@ $(OBJS)

main.o: nmin.c
$(CO $(CFLAGS) -c $*.c

filel.o: filel.c
$(CO $(CFLAGS) -c $*.c

#Remove all files that are not source code.
cl eanup:
rmprog $OBJS

print:
pr -160 $(SOURCES) | Ipr #minus | owercase L sixty

test:
prog < test.data > test. out
if cmp -s correct.out test.out;\
t hen\
rmtest.out;\
strip prog;\
mv prog /usr/local/bin;\
el se\
echo 'Failed the test.’;\
fi

1$ neke

2$ make main.o
3% make test

4% make cl eanup
5% make print

Print only the files of which you hare no up-to-date printout: p. 265
Add the following rule to the end of the firshkef i | e in this handout.

print: func.h var.h main.c func.c var.c
pr -160 $? | Ipr
touch print

The first time you sayrake pri nt, the indented commands will bexeeuted because the file
print does not ist. Themacro$? will hold the names of all the dependents of this rdleet ouch
command will then creater i nt .

Every subsequent time you sagmke pri nt, the macro$? will hold the names of only those
dependents that are newer than thedilé nt . The indented command will print only the files thatéa
been edited since the last time you seadte pri nt .

Use the same technique to back up only the files tivatlizeen modified since the last time yhweere
backed up.
O
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