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o 57 REN/ENF! R EN Hash function
o FMERKEMNZIEMSZE—REEKENEIRE

o FEA®AY Hash #=OF, ZURFEMSIRIZICCEA
= trait Hash { hash(Self) -> Int }

s "XE2—TIERIEERMNFERE" .hash() == -900478401
Af R
o FIBIRAHREL, IEEIEIRSIRIZNAEZRS|F, FHITIHRENANIN. EiE. BN

1. // ™F a: Arrayl[(Key, Value)l, key: Key, value: Value
2. let index = key.hash().mod_u(a.length()) // BE-—-KREH-—>KEHE--BUE-—>EHEHRS|

3. al index 1 = value // HKIISEHH
4. let value = al index 1 // &if
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. struct Entryl[K, VI { // =8 EX
key : K

mut value : V // ARFEMERE
.}

. struct Bucket[V] { // =ZHBREXNNES
mut val : Option[(V, Bucket[V])] // SiFRbHITIERIIRE
. }

. struct HT bucket[K, V] {

11. mut values : Array[Bucket[Entry[K, V]11] // FHBEXNIITIER, FRIIRNEE
12. mut length : Int // BEKE, shiS%F

13. mut size : Int // BREXRBEXKE, shSHEF

14. }
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. fn put[K : Hash + Eq, Vl(map : HT_bucket[K, V], key : K, value :

let index = key.hash().mod_u(map.length) // IHEXNZES|
let mut bucket = map.values[index] // #ZEIXIREGELEH
while true {
match bucket.val {
None => { // WIR2EGKE, NIMNFHRIBER
bucket.val = Some({ key, value }, { val: None })
map.size = map.size + 1
break
}
Some(entry, rest) => {
if entry.key == key { // WIRKR, WEFHE
entry.value = value
break
} else { // &N, GbucketFELNE/NNEM, RIEBHRSRLE
bucket = rest
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V) —> Unit {

if map.size.to_double() / map.length.to_double() >= load { // HRIEOHEFHHE

resize()

}
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1. fn removel[K : Hash + Eq, Vl(map : HT_bucket[K, V], key : K) —> Unit {
2. let index = key.hash().mod _u(map.length) // iTEXNZES|

3. let mut bucket = map.values[index] // ZEIXIRENIELEF

4. while true {

5. match bucket.val {

6. None => break // WFREHTFTHNIERL

7. Some(entry, rest) => {

8. if entry.key == key { // @IFRLE, MRS N L5

9. bucket.val = rest.val // { Some(entry, { val }) } —> { val }
10. map.size = map.size - 1

11. break

12. Iy

13. else { // BNWEEEH

14. bucket = rest

15. r}r L} }}
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B B#%&{E: 0; &5|: 0=0 (mod 5)
0
B: 1, |RHME: 1; 5| 1=1 (mod 5)
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1. struct Entry[K, V] { // 8EX

2. key : K

3. mut value : V // AI[RMERE

4. } derive(Default)

5.

6. struct HT open[K, V] {

7. mut values : Arrayl[Entry[K, V1] // ZHEEXNHEE
8. mut occupied : Array[Bool]l // EFHHBINMNEET NTHIEA
9. mut length : Int // AEAKE, ohiiS4ir

10. mut size : Int // BRERBEXNHE, shiSHP

11. }
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1. // MENBHRERAGEK, REMEHRNESE—TIENE UL ENERES

2. fn find_slot[K : Hash + Eq, Vl(map : HT_open[K, V], key : K) —> Int {
3. let hash = key.hash() // BHNWBEE

4, let mut i = hash.mod_u(map.length) // EEXWBRHEPRENLYBNKLE
5. while map.occupied[i], i = (i + 1).mod_u(map.length) {

6. if map.values[i].key == key { // WIRHEIXINAVEE, NREHZRS]
7. return 1

8. ¥

9. }

0. return i // B/UHBI={U NI

1. }

14



lRHR: G
o TRI/EITRLE

let index = find_slot(map, key) // FIFRHBIREHITER
if map.occupied[index] { // FlEr23LE TN ELEIE] T =M
map.values[index].value = value // #Z| 73R AYENHITER
} else { // BERENIIAZA
map.occupied[index] = true
map.values[index] = { key, value }
map.size = map.size + 1
¥
10. // WIABEEFTEY S
11. if map.size.to_double() / map.length.to_double() >= 0.75 {
12. resize(map) // fn resize(map) —> Unit
13. 1}
14. }

OCoo~NOOUIS WN -

fn put[K : Hash + Eq + Default, V : Default](map : HT_open[K, V], key :

K, value :
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V) —> Unit {
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. enum Status {

Empty

Deleted // IZHN“EMIFR"4IRiC
Occupied

. ¥

. struct HT openl[K, V] {

mut values : Arrayl[Entry[K, V]I

mut occupied : Arrayl[Status] // MA/REXIREIRIC
10. mut length : Int

11. mut size : Int

OooNOOUTERE WNBE
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. // MNENBEHRERNAEK, REEEE—THENTENENRS
. fn find_slot[K : Hash + Eq, Vl(map : HT_open[K, V], key : K) —> Int {

let index = key.hash().mod_u(map.length)
let mut 1 = index
let mut empty = -1 // 1I0ZE—M&EZIRVZ=U: EmptysfDeleted

while (map.occupied[i] === Empty).not(), i = (i + 1).mod_u(map.length) {
if map.values[i].key == key {
return 1
I3
if map. occupled[l] === Deleted && empty '= -1 { // EHZ{I
empty =
s
I3
return if empty == -1 { i } else { empty } // REIEZE—PZ{I
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. fn removel[K : Hash + Eq + Default, V : Default]l(map : HT_open[K, V], key : K) —> Unit {

if map.occupied[index] === Occupied {

1

2. let index = find_slot(map, key)
3.

4, map.values[index] = default()
5. map.occupied[index] = Deleted
6. map.size = map.size - 1

7. }

8. }
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1. fn init {

2. let mut 1 = 2

3. fn debug_i() { debug(i) } // #3Ki
4. 1 =3

5. debug_i() // %43

6. {

7. let i = 4 // BbidERid

8. debug_i() // %3

Q. }

10. }
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. fn natural_number_get_and_set()

—> ( () —> Int, (Int) —> Unit) { // (get, set)

let mut 1 = 0 // EFREELEEZIZE

fn get() —> Int { i}

fn set(new_value: Int) —> Unit { if new_value >= @ { i = new_value } } // ®ILARINN FEIERIRES
(get, set)

. tn init {
10.
11.
12.
13.
14.
15.

let (get, set) = natural_number_get_and_set()
set(10)

debug(get()) // 10

set(-100)

debug(get()) // 10
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. struct Mapl[K, V] {

get : (K) —> Option[V]
put : (K, V) —> Unit
remove : (K) —> Unit
size : () — Int

.}

. // FERtBuEsEIn

. fn Map::hash_open_address[K : Hash + Eq + Default, V : Defaultl() —> MaplK, V] { ... }
. /// BRSUX

. fn Map::hash_bucket[K : Hash + Eq, VI() —> MaplK, V] { ... }

. // ESYRIMANLNES. ..

. fn init {

let map : Map[Int, Int] = Map::hash_bucket() // {(XEZRVBHLRE, EERBLTERETH
// let map : Map[Int, Int] = Map::hash_open_address()

(map.put) (1, 1)

debug((map.size)())

.}
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1. fn Map::hash_bucket[K : Hash + Eq, V]() —> MaplK, VI {
2. let initial_length = 10
3. let load = 0.75
4, let map = {
5. values: Array::make(initial_length, { val : None }), // %I [5)ER
6. size: 0,
7. length: initial_length,
8. }
9. fn initialize() { ... } // EEXHAHTERNDIBMNL
10. initialize()
11.
12. fn resize() { ... }
13.

14. fn get(key : K) —> Option[V] { ... }
15. fn put(key : K, value : V) —> Unit { ... }

16. fn remove(key : K) — Unit { ... }
17. fn size() —> Int { map.size }

18.

19. { get, put, remove, size }

20. }
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}

(map.size) () ==

. fn Map::contains[K, V](map : Map[K, VI, key :

match (map.get) (key) {
Some(_) => true
None => false

}

fn init {

}

let map : Map[Int, Int] = Map::hash_bucket()
debug(map.is_empty()) // true
debug(map.contains(1)) // false

. fn Map::is_empty[K, Vl(map : Map[K, V]) —> Bool {
.

K) —> Bool {
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