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0.1 FHashtable

dooddopooooooooooooo
class FHashtable

PutOOaKey O aValueOOOOOOOODOOOOODO
functions
public static

10 Putj@T1,@T72]:(Z & (@71 B @T2)) — (Q@QT1 — QT1) —
QTl1 —

1 QT2 —

2 (z % (@11 B @T12))

Put (aHashtable)(aHashCode)(aKey)(aValue) &
let hashcode = aHashCode (aKey) in
if hashcode € dom aHashtable
6 then aHashtable | {hashcode +  (aHashtable (hashcode) f
{aKey — aValue})}
7 else aHashtable [v) {hashcode — {aKey — aValue}};

S It

PwtAllOOOODOOOODOODOOOOODOOO
public static

20 PutAll[Q@T1,@T2]:(Z &% (@T1 &% @T2)) — (@T1 — QT1)

N
1 (@11 % @12) —
(Z ™ (@T1 ™ QT2)
3 PutAll (aHashtable)(aHashCode)(aMap) &
4 PutAllAuz[@QT1,QT2] (aHashtable) (aHashCode) (aMap) (dom aMap);

o

public static

50 PutAllAuz]@T1,@T2]: (Z ™ (@T1 ™ @T2)) — (@QT1 — Z)
L (@T1™ar?) —
1 QT1-set —
(z % (@11 B @T12))
PutAllAuz (aHashtable)(aHashCode)(aMap)(aKeySet) &
if aKeySet = {}
then aHashtable
else let aKey € aKeySet in
let 6580 Hashtable = Put[QT1, @ T2] (aHashtable) (aHashCode) (aKey) (aMap (aKey)) in
8 PutAllAuz[@T1,QT?2] (65B0Hashtable) (aHashCode) (aMap) (aKeySet\
{aKey});

GetOODaKeyOOOOOOOODOODOO
public static
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10 Get[@T1,@7T2):(Z B (@T1 B @T2)) - (Q@T1 — QT1) —
QT1— [@T?2

1 Get (aHashtable)(aHashCode)(aKey) &
2 let hashcode = aHashCode (aKey) in

3 if hashcode € dom aHashtable

4 then FMap‘ Get[QT1,QT2] (aHashtable (hashcode)) (aKey)
5

else nil ;

Remove DD key OO0 O OO0 O0OOOOOOODOOOOODOODO
public static

50 Removel@T1,@QT2]:(Z & (@T1 & @T2)) — (@T1 — QT1)
—QTl — (Z3 (@T1 2 aT2))

Remove (aHashtable)(aHashCode)(aKey) &
let hashcode = aHashCode (aKey) in
{h +— ({aKey} < aHashtable (hashcode)) | h € {hashcode}} |
{hashcode} < aHashtable;

R

CearDO00O00O0O0O0O0OOODOOOO
public static

60 Clear[@T1,@T2): () — (Z ™ (@T1 ™ @T2))
1 Clear () &
2 ({=h)

KeySet 000000000000 keyOOOOQOOQ
public static

7.

[e=]

KeySet[@T1,@T2]: (Z 5% (@T1 B @T2)) — QT1-set
KeySet (aHashtable) &
let aMapSet = g aHashtable,
f=Xz:QT1 5 QT2 dom z in
if aMapSet # {}
then |J FSet' Fmap[QT1,QT2](f) (aMapSet)

else {};

ValueSet 0 0 Hashtable DO OO0 O0OO0OOOOOOOO
public static

3RS SO IC R C R

ValueSet[@T1,@T2]: (Z 5 (@T1 B @T2)) — @QT2-set

1 ValueSet (aHashtable) &

2 let aMapSet = rg aHashtable,

3 f=Xz:QT1 2 QT2 mgzin
4 if aMapSet # {}
5

6

8.

[e=]

then |J FSet' Fmap[QT1,QT2](f) (aMapSet)
else {};

Size 0 0 Hashtable 00 key DO 0000
public static



0.0 Size[@T1,@7T2]:(Z % (@T1 % @T2)) — N

1 Size (aHashtable) &
2 card KeySet[QT1,QT2] (aHashtable);

IsEmpty O 0 Hashtable OO0 key OO OO OOO0OO0O
public static

100 IsEmpty[@T1,@T2]:(Z 5 (@T1 B QT2)) — B

1 IsEmpty (aHashtable) 2
2 KeySet[@QT1,@T2] (aHashtable) = {};

Contains 0000000 aValueOOOOODOOtrueO OO0
public static

1.0 Contains[@T1,@T2]: (Z % (@T1 % @T2)) - QT2 — B

1 Contains (aHashtable)(aValue) &
2 let aMapSet = rng aHashtable in

3 if aMapSet # {}

4 then 3 aMap € aMapSet - aValue € mg aMap
5 else false;

ContainsKey 0000000 keyODOOOOODOOOOODOODO
public static

120 ContainsKey[Q@T1,@T2]:(Z % (@T1 5 QT2)) - QT1 — B

1 ContainsKey (aHashtable)(aKey) &

2 let aMapSet = rng aHashtable in

3 if aMapSet # {}

A4 then 3 aMap € aMapSet - aKey € dom aMap
5 else false

end FHashtable

Test Suite : vdm.tc
Class : FHashtable
Name ‘ #Calls ‘ Coverage ‘

FHashtable‘Get 5 94%
FHashtable‘Put 21 vV
FHashtable‘Size 4 80%
FHashtable‘Clear 1 vV
FHashtable‘KeySet 10 88%
FHashtable‘PutAll 4 90%
FHashtable‘Remove 5 vV
FHashtable‘IsEmpty 2 83%
FHashtable‘Contains 7 92%
FHashtable‘ValueSet 4 88%




’ Name ‘ #Calls ‘ Coverage ‘

FHashtable‘PutAllAux 17 93%
FHashtable‘ContainsKey 3 92%
‘ Total Coverage ‘ 93% ‘




0.2 FHashtableT

FHashtable OO OO OO0O0O
class F'HashtableT

functions
public static
13.0 run: () — B*
1 run() &
2 let testcases = [t1, 12,13, t4,t5, 6] in
3 FSequence’ Fmap[FTestDriver‘ TestCase™, B| (F TestDriver‘run) (testcases)
0.2.1 Contains, PutAllOOO0OO
values
140 tl=]
1 mk-FTestDriver: TestCase
2
3 "FHashtableT01 : \tContains, PutAll",
A4 let aHashCode = Az :Z - x mod 13,
5 pl = FHashtable PutAll[Z, char*] ({—}) (aHashCode)
.6
7 {1 — "Sahara",2 +— "Sato",14
"Sakoh"}),
8 ¢l = FHashtable* Contains|Z, char*] (p1) in
9 ¢l ("Sahara") A
10 cl (" Sato") A
11 cl ("Sakoh") A
12 cl("") = false)];



0.2.2 Clear, Remove, ContainsKey 0 00O 0O

150 t2=]
1 mk-FTestDriver: TestCase
2 (
.3 "FHashtableT02 : \ tClear, Remove, ContainsKey",
4 let aHashCode = Az : char® -if z =""
5 then ""
6 else F'Sequence’ Take[char] (1) (),
7 h2 = FHashtable' PutAll[char*, Z] ({—}) (aHashCode)
8 (
9 {"a" — 1,"b" — 2,"c" — 3}),
10 h3 = FHashtable‘ Clear|Z, char*] (),
a1 deletedh2 = FHashtable' Remove[char*, Z] (h2) (aHashCode) ("b"),
12 ¢l = FHashtable* Contains|char®, Z] (deletedh?2),
13 ¢kl = FHashtable‘ ContainsKey|char®, Z] (deletedh2) in
14 h3={—}A
15 FHashtable* Get[char®, Z] (deletedh2) (aHashCode) ("b") =
nil A
.16 c1(2) = false A
17 cl (1) A
18 cl(3) A
19 ck1("b") = false A
20 ckl("a") A
21 ckl("e"))l;

0.2.3 Put, GetODODOOO

16.0 3=
mk-F TestDriver‘ TestCase
(
"FHashtableT03 : \tPut, Get",
let aHashCode = Az :Z - x mod 13,
put = FHashtable' Put|Z, char*],
pl = put ({—1}) (aHashCode) (1) (" Sahara"),
p2 = put (pl) (aHashCode) (2) (" Bush"),
p3 = put (p2) (aHashCode) (2) (" Sato"),
p4 = put (p3) (aHashCode) (14) (" Sakoh"),
get = FHashtable‘ Get|Z,char*] (p4) in
get (aHashCode) (1) = "Sahara" A
get (aHashCode) (2) = "Sato" A
get (aHashCode) (14) = "Sakoh" A
get (aHashCode) (99) = nil )];
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0.2.4 KeySet, ValueSet 00000

17.0
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mk-F'TestDriver: TestCase

(
"FHashtableT04 : \tKeySet, ValueSet",

let aHashCode = Az :7Z - mod 13,
put = FHashtable* Put|Z, char*]

pl = put ({—1}) (aHashCode) (1) (" Sahara"),
p2 = put (pl) (aHashCode) (2) (" Bush"),

p3 = put (p2) (aHashCode) (2) (" Sato"),

pd = put (p3) (aHashCode) (14) (" Sakoh"),

k = FHashtable' KeySet|Z, char*],
v = FHashtable‘ ValueSet[Z, char*] in

E(p1) = {1} A

v (pl) = {"Sahara"} A

k(p2) = {1,2} A

v (p2) = {"Sahara", " Bush"} A

k(pd) ={1,2,14} A

v (p4) = {"Sahara", " Sato", " Sakoh"})];

0.2.5 hashCode 00O DODOOOODOOOOO

18.0

SRS B ORI R

7

mk-F'TestDriver‘ TestCase

" FHashtableT05 : \tSameHashCode",
let aHashCodel = Ax :7Z - x mod 13,
h1 = FHashtable' PutAll[Z, char*] ({+}) (aHashCodel)

(
{1 — "SaharaShin", 2 —

"SatoKei", 14 — "SakohHiroshi", 27 — " NishikawaNoriko"}),

.8
.9
.10

h2 = FHashtable Remove[Z,char®] (h1) (aHashCodel) (1

FHashtable' KeySet[Z, char*] (h2) = {1,2,27} A
FHashtable* ValueSet|Z, char®| (h2) =

{"SaharaShin"," SatoKei", " NishikawaNoriko"})];

4) in



0.2.6 SizeOOOOO

19.0 t6 =]
1 mk-FTestDriver: TestCase
2 (
3 " FHashtableT06 : \tSize",
A4 let aHashCodel = Ax :7Z - x mod 13,
5 remove = FHashtable‘ Remove|Z, char*],
6 h1 = FHashtable' PutAll[Z, char*] ({+}) (aHashCodel)
7 (
8 {1 — "SaharaShin",2 —
"SatoKei", 14 — "SakohHiroshi"}),
9 h2 = remove (h1) (aHashCodel) (1),
10 h3 = remove (h2) (aHashCodel) (2),
11 h4 = remove (h3) (aHashCodel) (14),
12 isempty = FHashtable' IsEmpty|Z, char*],
13 size = FHashtable‘Size[Z,char*] in
14 isempty (h4) A
15 size (h4d) =0 A
16 isempty (h3) = false A
17 size (h3) = 1 A
18 size (h2) = 2 A
19 size (h1) = 3)]

end FHashtableT



