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[* Hash tables (fixed size)

*15-122 Principles of Imperative Computation, Fall 2012
* Frank Pfenning

*/

#use <string>
#use " hash-string.cO

/******************************/

[* client-side implementation */

/********** ****************/

ﬁ Ke‘g A wrapper function for our string
hashing code. The library expects

truct  wcount {
string word;
int count;

_ 7 (needs) a function with this name
3
(Jq-f a4 / and type.
int hash(string s, int m){
r et ur n hash_string(s, m); [* from hash-string.cO */

}
bool key_equal(string s1, string s2) {

r et ur n string_equal(sl, s2);

}

string elem_key( struct  wcount* wc)
//@requires wc '= NULL;

r et ur n wc—>word;

}

/*************************/

lent—side interface *
/*************************/

t ypedef struct wcount* elem;
iypedef string key;

Connecting the types between the
client and the library.

int hash(key k, int  m)
//@requires m > 0;
/l@ensures 0 <= \result && \result < m;

bool key_equal(key k1, key k2);

key elem_key(elem e)
/l@requires e '= NULL;

/**************************/

[* library side interface */

/**************************/

struct ht_header;
t ypedef struct ht_header* ht;

ht ht_new( int capacity)

//@requiTes capacity > 0;

: bacty Notice how short the client interface
elem ht_lookup(ht H, key k); /*O(1) avg. */ with the library is.
void hrmsernt H, elem e) /* O(1) avg. */
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ht.cO
/l@requires e '= NULL;

/*******************************/ a #0 M
[* library—side implementation */ > d ‘#
/****-k**************************
stru list_node { > Nt ref- cowH
@ta; /* data 1= NULL */
ct list_node* next; (VeloXg d
¥ '7
t ypedef struct list_node list; Coun #
struct  ht_header {
int size; [* size >= 0 */
int capacity; [* capacity > 0 */
list*[] table; [*\length(table) == capacity */
H ) .
/* to be filled in */ h7L H) LOaC{ FOC tor '
/*
. . . 1 | ‘
E/ool is_chain(...); H =2 9922 /H,_) c‘{,a(;v)-y )
bool is_ht(ht H) { -
if (H== NULL) return false; 7
i f ({(H->size >=0)) r et ur n false;
i f (I(H—>capacity > 0)) r et ur n false;
ll@assert \length(H->table) == H->capacity; ﬁ f>
[* check that each element of table is a valid chain */
/* includes checking that all elements are non—null */
r et urn true; o .
} This is a really weak specification ‘1_,_3
_ _ function. How can we improve it?
ht ht_new( int capacity) |
//@requires capacity > 0;
ll@ensures is_ht(\result);
ht H = alloc( struct  ht_header);

H->size = 0; .
H->capacity = capacity;
H->table = alloc_array(list*, capacity);
/* initialized to NULL */
returnH; — NULL-terminated linked lists--no dummy nodes.

}

/* ht_lookup(H, K) returns NULL if key k not present in H */
elem ht_lookup(ht H, key k)
/l@requires is_ht(H);

int i = hash(k, H->capacity); '% Hash to find the correct bucket and then
list* p = H—>table[i]; look through everything in that linked list.
while(P!=  NULL) ammm——
//'loop invariant: p points to chain
{

l/@assert p—>data != NULL,; . , . .
i f (key_equal(elem_key(p->data), k)) Client functions in action.
r etTr n p—>oata,
el se
p = p—>next;
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/* not in list */
return NULL;

}

void ht_insert(ht H, elem e)

/l@requires is_ht(H);

/l@requires e '= NULL;

/l@ensures is_ht(H);

/l@ensures ht_lookup(H, elem_key(e)) '= NULL;

{
key k = elem_key(e);
int 1= hash(k, H->capacity);

list* p = H—>table[i];

while(p!=  NULL) )
//'loop invariant: p points to chain

l/@assert p—>data !'= NULL; ; |
[ f{(key_equal(elem_key(p—>data), K)) ( _>\ "“)) |
\

m [* overwrite existing element */

p—>data = e;
return,
} else{
p = p—>next;

}
/l@assert p == NULL,; ) )
I* prepend new element */ Pay close attention to where we insert!
list* q = alloc( struct  list_node);
g—>data = e;
g—>next = H—>table[i];
H->table[i] = q;
(H->size)++;
return;

}
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