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Raymond Fielding

2.1

(Java

char =flab[] = {
"actually",
"just"'
"quite",
"really”,
NULL

1

NULL

(* Tookup: sequential search for word in array =/
int lookup(char =word, char =array[])
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©int 1;
for gi = 0; array[i] != NULL:; i++)
if (strcmp(word, array[i]) == 0)

return 1i;
return -1;
}
C C++ char *array[] char **array
strchr strstr C C++
Java String i ndexOf C++ find
HTML

" typedef struct Nameval Nameval;
struct Nameval {
char xname;
int value;

1

/% HTML characters, e.g. AElig is ligature of A and E. =/
/= Values are Unicode/1S010646 encoding. =/

Nameval htmlchars[] = {

"AETig", 0x00c6,
"Aacute", 0x00cl,
"Acirc", 0x00c2,
[ .. %/
"zeta", 0x03b6,
}
(
)
1 NELEMS

printf("The HTML table has %d words\n", NELEMS Chtmlchars));

/% lookup: binary search for name in tab; return index =/
int lookup(char =name, Nameval tab[], int ntab)
{
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int low, high, mid, cmp;

Tow = 0;
high = ntab - 1;
while (Qow <= high) {

mid = (Qow + high) / 2;
cmp = strcmp(name, tab[mid].name);
if (cmp < 0)
high = mid - 1;
else if (cmp > 0)
Tow = mid + 1;
else /+ found match =/
return mid;

return -1; /% no match =/

2.2

ht m chars
half = lookup("fracl2", htmichars, NELEMS(htmlchars));
2
2
1000 1000
1 20
( )
(quicksort) 1960
( )
(

qui cksort

log,n
10

C. A. R. Hoare
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/# quicksort: sort v[0]..v[n-1] into increasing order =/
void quicksort(int v[], int n)

{
int i, last;
if (n <= 1) /= nothing to do =/
return;
swap(v, 0, rand() % n); /= move pivot elem to v[0] =/
last = 0;
for (A1 =1; 1 < n; i++) /* partition =/
if (v[i] < v[0])
swap(v, ++last, i);
swap(v, 0, last); /* restore pivot =/
quicksort(v, last); /* recursively sort =/
guicksort(v+last+l, n-last-1); /= each part =/
}

éwap swap quicksort

/+ swap: interchange v[i] and v[j] =/
void swap(int v[], int i, int j)

int temp;
temp = v[i];
v[il = v[jl;
v[jl = temp;
}
« ) ( | ast)
( i) | ast =0 i=1 n-1
p
last 1 n-1
for 1 | ast last+1 i-1
i n-1 v[i]>=v[0]
v[i]
p <p >= p
0 1 last i n-1
0 | ast
<p p >= p

0 Tast n-1
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2
. n n/2
. n/2 n/4 4
. n/4 4 n/8 8
log,n
+2x n/2+4x n/4+8x n/8 (log,n ) nlog,n
2 nlogn
nZ
e
n2
0
2.3
C C++
C
gsort gsort
void*
(
)
scnp

strcnp

./« scmp: string compare of =pl and #p2 =/
int scmp(const void =pl, const void =p2)

{
char =vl, =v2;
vl = =(char »=) pl;
v2 = =(char »%) p2;
return strcmp(vl, v2);
)]
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strcnp gsort
&str[i]( char **) stri]( char*)
N
str[0] —
str[1] -
stri2] N
[of |

str[N-1] ————{?crings|

str[0] str[N-1]
( ) gsort

char =str[N];
gsort(str, N, sizeof(str{0]), scmp);
icrmp

/+ icmp: integer compare of »pl and =p2 =/
int icmp(const void #pl, const void #p2)

int vl, v2;

vl = «(int =) pl;
v2 = x(int =) p2;
if (vl < v2)
return -1;
else if (vl == v2)
return 0;
else
return 1;

? return vl-v2;
vl v2

gsort
int arr[N];

gsort(arr, N, sizeof(arr[0]), icmp);

ANSI C bsearch gsort bsearch
( gsort ) bsearch
bsearch NULL bsearch HTML

/* lookup: use bsearch to find name in tab, return index x/
int lookup(char xname, Nameval tab[], int ntab)
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Nameval key, =#np;

key.name = name;

key.value = 0; /+ unused; anything will do =/

np = (Nameval =) bsearch(&key, tab, ntab,

sizeof(tab[0]), nvcmp);
if (np == NULL)
return -1;
else
return np-tab;

gsort
nvcnp Nameva

/% nvcmp: compare two Nameval names =/
int nvcmp(const void =va, const void =vb)

{

const Nameval =xa, =b;

a = (Nameval =) va;
b = (Nameval =) vb;
return strcmp(a->name, b->name);

scnp
bsearch key

bsearch

C++ sort

int arr[N];

sort(arr, arr+N);
C++

2-1

(Hoare

2.4

Java

Java
Java sort

Java
qui cksort

gsort

key
Nanmeval
strcnp
gsort
bsearch
O(nlogn)
)
Conpar abl e
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Java C C++

Obj ect
Cnp
Obj ect
interface Cmp {
int cmp(Object x, Object y);
// Icmp: Integer comparison
class Icmp implements Cmp {
public int cmp(Object ol, Object 02)
{
int i1 = ((Integer) ol).intvValue();
int i2 = ((Integer) 02).intValue();
if (i1 < i2)
return -1;
else if (il == i2)
return 0;
else
return 1;
1
}
// Scmp: String comparison
class Scmp implements Cmp {
public int cmp(Object ol, Object 02)
{
String s1 = (String) ol;
String s2 = (String) o02;
return sl.compareTo(s2);
}
}
Obj ect
int double
I nt eger i nt
C qui cksort Java
Cmp | eft

Java
- // Quicksort.sort: quicksort v[left]..v[right]
static void sort(Object[] v, int left, int right, Cmp cmp)
{

int i, last;

cnp

| nt eger

right
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if (left >= right) // nothing to do

return;
swap(v, left, rand(left,right)); // move pivot elem
last = left; //  to v[left]

for (i = left+l; i <= right; i++) // partition
if (emp.cmp(v[il, v[l1eft]) < 0)
swap(v, ++last, i);

swap(v, left, last); // restore pivot elem
sort(v, left, Tast-1, cmp); // recursively sort
sort(v, last+l, right, cmp); // each part
}
Qui cksort.sort cnp swap

// Quicksort.swap: swap v[i] and v[j]
static void swap(Object[] v, int i, int j)

{
Object temp;
temp = v[i];
v[il = v[jl;
v[j] = temp;
}

left right ( )

static Random rgen = new Random();

// Quicksort.rand: return random integer in [left,right]
static int rand(int left, int right)

{
return left + Math.abs(rgen.nextInt())%(right-Teft+1);
}
Mat h. abs Java
sort swap rand rgen Qui cksort
Qui cksort.sort String

String[] sarr = new String[n];

// fi11 n elements of sarr...

Quicksort.sort(sarr, 0, sarr.length-1, new Scmp());
sort

2-2 Java ( Integer)
Obj ect Qui cksort.sort

2.5 O
n( )

n logn
n? nlogn
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CPU ( )

n n S “« o
(order) “ O(logn) ” “ logn
n " O(f(n)) n f(n)
O(n?) O(nlogn)

O(nlogn) n

O(n?)
O(nlogn) ( O(m) )
0 (O(nlogn)

o(1)

O(logn)

O(n)

O(nlogn) nlogn
o(m)

o(n°)

o(27)

O(1)
O(logn) strcnp n
o(n) o(n?) n
n2

o(2) n

2-3

2-4 n
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( n )
2.6
HTML
n O(27)
C++ Java
C struct
Naneval
Java C++

typedef struct Nameval Nameval;
struct Nameval {

char =name;
int value;
b
struct Nvtab {
int nval; /% current number of values =/
int max; /% allocated number of values z/
Nameval =xnameval; /* array of name-value pairs =/
} nvtab;

enum { NVINIT = 1, NVGROW = 2 };

/* addname: add new name and value to nvtab =/
int addname(Nameval newname)

{

Nameval =nvp;

if (nvtab.nameval == NULL) { /« first time =/
nvtab.nameval =
(Nameval =) malloc(NVINIT = sizeof(Nameval));
if (nvtab.nameval == NULL)
return -1;
nvtab.max = NVINIT;
nvtab.nval = 0;
} else if (nvtab.nval >= nvtab.max) { /x grow =/
nvp = (Nameval =) realloc(nvtab.nameval,
(NVGROW=nvtab.max) = sizeof(Nameval));
if (nvp == NULL)
return -1;
nvtab.max == NVGROW;
nvtab.nameval = nvp;
}
nvtab.nameval[nvtab.nval] = newname;
return nvtab.nval++;
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addnanme -1
real |l oc
NUL L reall oc
real | oc
o2
2 nvtab.nameval = (Nameval =) realloc(nvtab.nameval,
? (NVGROW=nvtab.max) = sizeof(Nameval));
(NVI NI T=1)
reall oc C voi d*
C++ (
) ( )
C C++ C
/* delname: remove first matching nameval from nvtab =/
int delname(char xname)
{
int i;
for (i = 0; i < nvtab.nval; i++)
if (strcmp(nvtab.nameval[i].name, name) == 0) {
memmove (nvtab.nameval+i, nvtab.nameval+i+1,
(nvtab.nval-(i+1)) = sizeof(Nameval));
nvtab.nval--;
return 1;
1
return 0;
1
menmove menmnmove
ANSI C mencpy
menmove
menmove
mennmove
int j;

for (j = i; j < nvtab.nval-1; j++)
nvtab.nameval[j] = nvtab.nameval[j+1];
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2
menmove
nmenmove
NULL
O(1)
2-5 del nane real |l oc
2-6 addnanme del nane
2.7
¢ )
—— Lisp— C++
Java C
C
4
head
NULL
data 1 data 2 data 3 data 4
E)
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C Li st HTML
Naneval

typedef struct Nameval Nameval;
struct Nameval {

char «name;

int value;

Nameval =next; /+ in list =/

h

newi tem

/#* newitem: create new item from name and value =/
Nameval xnewitem(char =name, int value)

{

Nameval xnewp;

newp = (Nameval ») emalloc(sizeof(Nameval));

newp->name = name;

newp->value = value;

newp->next = NULL;

return newp;
}

emal | oc mal | oc
4 emal | oc

/% addfront: add newp to front of listp =/
Nameval =addfront(Nameval =1istp, Nameval =xnewp)

{
newp->next = listp;
return newp;
}
addf ront
addfront

nvlist = addfront(nvlist, newitem("smiley"”, 0x263A));

o(n)

/= addend: add newp to end of listp =/
Nameval =addend(Nameval =1istp, Nameval xnewp)

{

Nameval =p;

if (listp == NULL)
return newp;
for (p = Tistp; p->next != NULL; p = p->next)
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p->next = newp;
return listp;

addend 0(1)

next

/= Tookup: sequential search for name in listp =/
Nameval =Tlookup(Nameval =1istp, char =name)

{
for ( ; listp != NULL; listp = 1listp->next)
if (strcmp(name, listp->nhame) == Q)
return listp;
return NULL; /* no match =/
}
O(n)
apply
appl y apply
apply

/+ apply: execute fn for each element of Tistp =/
void apply(Nameval =1istp,

void («fn)(Nameval=x, void=), void =arg)
{

for ( ; listp != NULL; listp = listp->next)
(xfn) (Qistp, arg); /= call the function =/
}

apply voi d

void (=fn) (Namevalx, voids)
fn voi d fn
void fn
Nameval * voi d* fn

apply

/* printnv: print name and value using format in arg =/
void printnv(Nameval =p, void xarg)

{

char =fmt;

fmt = (char =) arg;
printf(fmt, p->name, p->value);
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apply(nvlist, printnv, "%s: %x\n");

/% inccounter: increment counter =arg =/
void inccounter(Nameval xp, void =arg)

{
int =ip;
/% p is unused =/
ip = (int =) arg;
(xip)++;

}

int n;

n=0;

apply(nvlist, inccounter, &n);
printf("%d elements in nvlist\n", n);

/% freeall: free all elements of listp =/
void freeall(Nameval =1istp)

{
Nameval =next;
for ( ; Tistp != NULL; listp = next) {
next = listp->next;
/% assumes name is freed elsewhere =/
free(listp);
1
}
listp
i stp->next (next)
2 for ( ; Tistp != NULL; Tlistp = Tistp->next)
? free(listp);
| i st p->next free
freeall i stp->name Nameva

newi tem freeal

Java

/* delitem: delete first "name" from listp =/
Nameval xdelitem(Nameval =1istp, char xname)
{

Nameval =p, =prev;

name
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prev = NULL;
for (p = Tistp; p != NULL; p = p->next) {
if (strcmp(name, p->name) == 0) {

if (prev == NULL)
Tistp = p->hext;

else
prev->next = p->hext;
free(p);
return listp;
1
prev = p;

eprintf("delitem: %s not in list”, name);
return NULL; /% can’t get here =/

}

freeal
eprintf

delitem name

eprintf

(STL)

(LIFO)

2-7

2-8 reverse

2-9 C Li st

C++ Java

2-10

2.8

Obj ect

C++

o(1)

voi d*



Chinaspupecom

0
| eft
right
Naneval
typedef struct Nameval Nameval;
struct Nameval {
char «name;
int value;
Nameval =left; /= lesser =/
Nameval =right; /+ greater =/
1
| esser greater
Nameval
ASCII
"smiley"
0x263A
"Aacute" "zeta"
0x00c1 0x03b6
"AETig" "Acirc"”
0x00c6 0x00c2
O(n) O(logn)
Nameval

/% insert: insert newp in treep, return treep =/
Nameval sinsert(Nameval =treep, Nameval xnewp)

{
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int cmp;

if (treep == NULL)

return newp;
cmp = strcmp(newp->name, treep->name);
if (cmp == 0)

weprintf("insert: duplicate entry %s ignored",

newp->name) ;

else if (cmp < 0)

treep->Teft = insert(treep->left, newp):
else

treep->right = insert(treep->right, newp);
return treep;

'}
i nsert
(CYT]O::O) 1 ”
O(1) O(n)
weprintf eprintf
warning eprintf
O(logn)
right
| ookup i nsert

/+ lookup: look up name in tree treep =/
Nameval =Tlookup(Nameval =treep, char =name)

{

int cmp;
if (treep == NULL)
return NULL;
cmp = strcmp(name, treep->name);
if (cmp == 0)
return treep;
else if (cmp < 0)

“ ”
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return lTookup(treep->left, name);
else
return lookup(treep->right, name);

| ookup insert

| ookup
| ookup

got o whi | e

/% nrlookup: non-recursively look up name in tree treep =/
Nameval =nrlookup(Nameval =treep, char xname)

{
int cmp;
while (treep != NULL) {
cmp = strcmp(name, treep->name);
if (cmp == 0)
return treep;
else if (cmp < 0)
treep = treep->left;
else
treep = treep->right;
}
return NULL;
}

/+ applyinorder: inorder application of fn to treep =/
void applyinorder(Nameval =treep,
void (#fn)(Namevalx, void=), void =arg)

{
if (treep == NULL)
return;
applyinorder(treep->left, fn, arg);
(=fn) (treep, arg);
applyinorder(treep->right, fn, arg);
}

applyinorder(treep, printnv, "%s: %x\n");
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/% applypostorder: postorder application of fn to treep =/
void applypostorder(Nameval =treep,
void («fn)(Namevalx, voidx), void =arg)

{

if (treep == NULL)

return;

applypostorder(treep->left, fn, arg);

applypostorder(treep->right, fn, arg);

(+fn) (treep, arg);
1

( 1)
(
B

mid = (Jow + high) / 2;

N

mid /
7N\
+ 2

Tow high

9

2-11 | ookup nrl ookup

2-12

2-13

2.9
« ) ( )

Internet
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Java
C C++ ( i ” )
symtab[NHASH]:
NULL
NULL name 1 name 2
NULL value 1 value 2
NULL
NULL
NULL name 3
NULL value 3
n n/( )
0o(1) ©

typedef struct Nameval Nameval;
struct Nameval {

char wname;

int value;

Nameval =next; /% in chain =/
1
Nameval xsymtab[NHASH]; /= a symbol table =/

2.7
( )
/
create | ookup

/% lookup: find name in symtab, with optional create #/
Namevals lookup(char xname, int create, int value)
{

int h;

Nameval xsym;

h = hash(name);
for (sym = symtab[h]; sym != NULL; sym = sym->next)
if (strcmp(name, sym->name) == 0)
return sym;
if (create) {
sym = (Nameval «) emalloc(sizeof(Nameval));

e o(1)
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sym->name = name; /« assumed allocated elsewhere #/
sym->value = value;

sym->next = symtab[h];

symtab[h] sym;

}

return sym;

if (lookup("name") == NULL)
additem(newitem("name", value));

0(1)

hash

ASCII
31 37

enum { MULTIPLIER = 31 };

/% hash: compute hash value of string =/
unsigned int hash(char =xstr)
{
unsigned int h;
unsigned char =p;
h = 0;
for (p = (unsigned char =) str; #p != '\0’; p++)
h = MULTIPLIER * h + #p;
return h % NHASH;

C C++ char

Java

16 8 9
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http://ww. .htm

URL)

O(xsizex ysizex zsize)
Supertrace Supertrace
Supertrace

Supertrace (

)

2-14

2-15

2-16 | ookup

2-17

2.10

(O(

( .java

)

Gerand Holzman

0

)

Supertrace
Supertrace

O(n)

.cl ass

) URL

37)

0(1)

NHASH

Java
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2
( )
O(n)
Bob Sedgewick “ " (Algorithms Addison-Wesley)
C++ (Algorithmsin C++) 3
Don Knuth (The Art of Computer
Programming Addison-Wesley) 3 ( 2
1998)
Gerard Holzman (Design and Validation of Computer
Protocols Prentice Hall 1991) Supertrace
Jon Bentley Doug Mcllroy “ Engineering a sort function” (Software——Practice

and Experience, 23, 1, pp.1249~1265, 1993)
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