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Hashing fruit — You are the client
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Library Interface Client Interface

// typedef x hdict_t;

// typedef key;
hdict_t hdict_new(int capacity) // typedef entry;’;
/*@requires capacity > 0; @/

/*@ensures \result != NULL; @/ ; key entry_key(entry x)

/*@requires x != NULL; @/ ;
entry hdict_lookup(hdict_t H, key k)
/*x@requires H '= NULL; @ int key_hash(key k);

void hdict_insert(hdict_t H, entry x)  P0ool key_equivlkey ki, key k2);

/*x@requires H != NULL && x !'= NULL; @/



// typedef * entry;
// typedef key;

Library interface

key entry_key(entry x)
/*@requires x != NULL; @/ ;

int key_hash(key k);

bool key equiv(key k1, key k2);

R — R

// typedef * hdict_t;

hdict_t hdict_new(int capacity)
/*@requires capacity > 0; @x/
/*@ensures \result != NULL; @/ ;

entry hdict_lookup(hdict_t H, key k)
/*x@requires H != NULL; @/ client-side types

void hdict_insert(hdict_t H, entry x)
/*@requires H !'= NULL && x '= NULL; @/

What should the postconditions of Lookup and 1insert be?



// typedef * entry;
// typedef key;

Library interface

key entry_key(entry x)
/*@requires x != NULL; @x/ ;

int key_hash(key k);

bool key equiv(key k1, key k2);

S — —————

// typedef x hdict_t;

hdict_t hdict_new(int capacity)
/*@requires capacity > 0; @/
/*@ensures \result != NULL; @/ ;

entry hdict_lookup(hdict_t H, key k)
/*@requires H != NULL; @/
/*@ensures \result == NULL || key_equiv(entry_key(\result), k); @x/ ;

void hdict_insert(hdict_t H, entry x)
/*x@requires H !'= NULL && x = NULL; @/
/*@ensures hdict_lookup(H, entry_key(x)) == x; @/ ;



coln hdict.co

hdict.c0:18.1-18.4:error:1dentifier 'key' at top level

Need to compile in this order:

ccO —-d lib/*.c@® hdict-client.c® hdict.c® main.co



Library Implementation:
structure definitions, data structure invariants
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typedef struct chain_node chailn; T
struct chain_node {
entry data; // '= NULL; contains both key and value
chainx next;
¥
typedef struct hdict_header hdict;
struct hdict header {
int size; // 0 <= size
chainx[] table; // \length(table) == capacity
int capacity; // @ < capacity

b



Data (representation) structure invariant

bool is_array_expected_length(chainx[] table, int length) {
//@assert \length(table) == length;
return true;

}

bool is hdict(hdictx H) {
return H = NULL
&& H->capacity > 0
& H->s1ze >= 0
&& 1is_array_expected_length(H->table, H->capacity);
/* more properties x/



typedef struct chain_node chain;
struct chain_node {

entry data;

chaink next;

};

typedef struct hdict_header hdict;
struct hdict_header {

int size;

chainx[] table;

int capacity;

hdict* hdict_new(int capacity) £

//@requires capacity > 0;
//@ensures is hdict(\result);

1
ndictx H = alloc(hdict):

H->s1ze = 0;

H—->capacity = capacity;

H—>table = alloc_array(chaink, capacity);
return H;




entry hdict_lookup(hdictx H, key k)
//@requires is_hdict(H);

//@ensures \result == NULL || key_equiv(entry_key(\result), k);
{

int 1

abs (key_hash(k) % H->capacity);

for (chainx p = H->table[i]; p !'= NULL; p = p—>next) {
if (key_equiv(entry_key(p->data), k))
return p—>data;

}

t NULL; . .
} A Pull this out as a helper function



entry hdict_lookup(hdictx H, key k)
//@requires is_hdict(H);
//@ensures \result == NULL || key_equiv(entry_key(\result), k);
{

int i = index_of_key(H, k);

for (chainkx p = H->tablel[i]l; p !'= NULL; p = p—>next) {

if (key_equiv(entry_key(p->data), k))
return p—>data;
I3

return NULL;
I3

What should the contract of 1ndex_of_key be”?



int index_of_key(hdictx H, key k)
//@requires is_hdict(H);
//@ensures 0 <= \result && \result < H->capacity;

{
return abs(key_hash(k) % H->capacity);

}



void hdict_insert(hdict* H, entry x)

//@requires is_hdict(H);

//@requires x !'= NULL;

//@ensures is_hdict(H);

//@ensures x == hdict_lookup(H, entry_key(x));

{

key k = entry_key(x);
int 1 = index_of key(H K);
for (chaln* D = —>tab1e[1] p '= NULL; p = p—>next) {
if (key_equ1v(entry_key(p—>data), k)) {
p—>data = Xx;
return;

¥

}

// prepend new entry
chainx p = alloc(chain);
p—>data = Xx;

p—>next = H->tablel[il;
H->table[i]

(H->size)++;

}



