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0.1.1 OO
O0O0O0O0OoOoooooo0OD0D0D00000 Concurrent Clean [0 Stan-
dard MLOOOOOOOOOOOOOO
class FSequence
SumO 0 sO000000000O
functions
public static
1.0 Sum[QT]:QT* - QT
1 Sum(s) &
2 Foldl|[Q@QT,@QT] (Plus|@T]) (0) (s)
3 pre is(s,Z%) Vis(s,N*) Vis_(s,N;*) v
4 is_(s,R*) Vv
5 is_(s,Q") ;
ProdO00O sO0O0OO0OOOOOOO
public static
2.0 ProdlQT]:QT* - QT
1 Prod(s) &
2 Foldl[@ ,QT] (Product]@QT1]) (1) (s)
3 pre is(s,Z*) Vis_(s,N*) Vis_(s,N;*) v
4 is_(s R*) \Y%
5 is_(s,Q*) ;
PusOOOOOOO
public static

3.0 Pls[@QT]:QT — QT — QT

1 Plus(a)(b) &
2 a+ b;

Product OO OOOOO
public static

4.0 ProductQT]:QT — QT — QT

1 Product (a)(b) &
2 a X b;

Append 000000000



public static

50 Append[@QT]:QT* - QT — QT"

1 Append (s)(e) &
2 sV el;

AverageO O sOO0O0O0O0O0ODOOO0O
public static

Average[QT]: QT* — [R]

Average (s) &
if s =]
then nil
else AverageAuz[@QT](0)(0) (s)post if s = ||
then RESULT = nil
else RESULT = Sum[QT](s)/len s;

6.

Sk Wi~ O

AverageAuz[QT): QT - QT — QT* — R

AverageAuz (total)(numOfElem)(s) £&
cases S :
[z] 7 2s — AverageAuz|QT] (total + z) (numOfElem + 1) (xs),
[| — total/numOfElem
end;

s W= O

IsAscendingInTotalOrder O O OO fOO0O0O0OO0O0OOOOOO sOO
O00DbOoooOooooooon
public static

8.0 IsAscendinglnTotalOrder[QT): (QT x QT — B) - QT* — B

1 IsAscendingInTotalOrder (f)(s) &
2 Vi,j€indss-i<j = f(s(i),s(j))Vs(i)=s());

IsDescendingInTotalOrder 0 O D0 0O f0 0000000 O0O0DODO sOO
0000000 bOOoDoDoOonon
public static

9.0 IsDescendingInTotalOrder|QT]: (QTxQT — B) — QT* — B

1 IsDescendingInTotalOrder (f)(s) 2
2 Vi,j€indss-1<j = f(s(j),s(1)Vs(i)=s(j);

IsAscending0 0000000000000 OO0OsOODOOOOOO
ogooooooad
public static



10.0 IsAscending|QT]:QT* — B

1 IsAscending (s) &
2 IsAscendingInTotalOrder(QT| (Az: QT y: QT -z < y) (s);

[sDescending0 000 0O; 000000000000 sO000O0OODOO
goououooud
public static

11.0  IsDescending|QT]:QT* — B

1 IsDescending (s) &
2 IsDescendingInTotalOrder[QT| (Az: QT y: QT -z < y) (s);

Sort OO0 fO0DOO0O0OO0ODOOOOOsOOOO0OOOOOOOOO
goog
public static

120 Sort[QT]:(QT x QT — B) - QT* — QT
5 e =
s T
5 Eﬁ%@ﬂ (f) ([zs (i) | i € inds as - f (a5 (i), 2)])
T nct Sort[QT](f) ([as (1) | i € inds s - = f (ws (4), 2)])

AscendingSort 0 00000 0000000DODO sODOOOODOO
googoo
public static

13.0  AscendingSort[QT]: QT* — QT™
1 AscendingSort (s) &

2 Sort[QT] (Az:QT,y: QT -z < y) (s)post IsAscending|QT]| (RESULT);
DescendingSort 000 00,0 0000000000 sO0000O0O00OO
goodooooobbbboooon

public static

14.0  DescendingSort|QT]: QT* — QT*

1 DescendingSort (s) &
2 Sort|QT| (Az:QT,y:QT -z > y)(s)post IsDescending|@QT| (RESULT);

[sOrdered 000000000 000000000000 truedOd0O
OO000d false0Ood
public static



150 IsOrdered[QT]: (QT x QT - B)" - QT* - QT* — B

1 IsOrdered (f)(s1)(s2) &

2 cases mk- (s1,52) :

3 mk- ([], []) — false,

4 mk- ([],-) — true,

5 mk- (-, []) — false

6 mk- ([z1] 7 @s1, [:c2] ™~ 1s2) —
7 if (hd f) (:pl,xZ)

8 then true

9 elseif (hd f) (22, 1)

10 then false

11 else [sOrdered[QT] (tl f) (wsl) (zs2)

A2 end;

Merge OO0 fO0D00O0DOODODOODOs1,s20000000000
public static

16.0 Merge[QT]:

—~

QT xQT - B) - QT" - QT - QT"

1 Merge (f)(s1)(s2) &

2 cases mk- (s1, s2

3 mk (DY) v

4 mk- (z,[]) — =,

5 mk- ([z1] Y as1, [22] 7Y 252) —

6 if f(z1,22)

7 then [xl] 7~ FSequence' Merge[QT] (f) (ws1) (s2)
S . else [z2] 7Y FSequence‘ Merge|QT| (f) (s1) (zs2)

InsertAt 000 sO00000000iIi000e0O00DOO0O
public static

17.0 InsertAt[@T] Ny - QT - QT* - QT~

mk- (1,

mk- (_7 H

mk- (4, [z]
end;

=R NG JURE R

RemoveAt OO0 sO0000D0OO0i0DO0O0O0OO00ODODOO
public static



18.0 RemoveAt[QT]:N; - QT* — QT

1 RemoveAt (i)(s) &

2 cases mk- (1, s)

3 mk- (1, [-] 7> as) — s,

4 mk- (i, [z] “¥ zs) — [z] 7Y RemoveAt|QT] (i — 1) (xs),
5 mic () —

6 end;

RemoveDup U OO sOODOOOOOODOOOOOO
public static

19.0 RemoveDup(QT]|:QT* — QT*
1 RemoveDup (s) &

2 cases S :
Reﬁ?oveDup[[f@] T][(xgiir[% T/(Ae:QT - e # x)(xs)),
A4 —

5 endpost = IsDup[QT| (RESULT);

RemoveMember 000 sO OO0 eOO0OOOO
public static

20.0 RemoveMember(QT|: QT — QT* — QT™

1 RemoveMember (e)(s) &

2 cases S :

3 [z] NYas —ife=u

A4 then zs

5 else [z] 7Y RemoveMember|QT] (e) (xs),
6 =1

7 end;

RemoveMembersU O 0O sOOO0O0 esOOOOOOOOOO

public static

21.0  RemoveMembers|QT]: QT* - QT* — QT
.1 RemoveMembers (es)(s) &

2 cases €S :
3 | — s,
4 [z] 7Y s — RemoveMembers[QT] (zs) (RemoveMember[QT] (z) (s))
5 end;
UpdateAt 000 sOD0O0O0O0OOD0i000e0D00OODODOODOO
gooooo
public static



22.0 UpdateAt[QT|:N; - QT — QT* — QT*

UpdateAt (i)(e)(s) &

1 (
2 cases mk- (1, s) :
3 mk- (-, ) = [,
4 mk- (1, [-] "> xs) — [e] ¥ as,
5 mk- (i, [z] " zs) — [z] 7 UpdateAt[QT] (i — 1) (e) (zs)
.6 end;
Take OO O sO 0010000000 O0O0O
public static
23.0 TakelQT|:Z — QT — QT"
1 Take (i)(s) &
2 s(1,...,1);

TakeWhile OO O sOO0OO0O0OOO0O fO0O0DODOOOOOOODOO
oo
public static

24.0 TakeWhile|QT]:(QT - B) - QT* — QT"

1 TakeWhile (f)(s) &

2 cases S :

3 (2] ™ 25 —

4 if f(z)

5 thenﬂ[x] "~ Take While[QT] (f) (zs)
.6 else ||,

7 =1

.8 end;

DropO 00O sO0O0i0D0O0OOOOOONO
public static

25.0 Drop|QT]:Z — QT" — QT~
.1 Drop (i)(s) &
2 s(i+1,...,len s);

DropWhileO OO sO 0000000 fO0OO0OO0OOODOOOOOODOO
public static
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DropWhile]QT]: (QT — B) - QT* — QT"
DropWhile (f)(s) &

-
if f(x)
then Drop While[QT] (f) (xs)
else s,

| =1

end;

N W

Span 000 0O0OOOOsOOO0O gooodoooood
doooooooooooooon
public static

27.0 Span|QT]:(QT - B) - Q7" - QT* xQT"
Span (f)(s) &

cases S :
[z] 7 zs —
1 (2)
then let mk- (satisfied, notSatisfied) = Span[QT] (f) (zs) in
mk- ([z] 7Y satisfied, notSatisfied)
else mk-([], s),

[| = mk-([], [}

end;

SubSeq OO0 sO000D0i000OO0ODOOOOODODOOOOOO
public static

280 SubSeq@T]:N—-N—-QT* —-QT*

1 SubSeq (i)(numOfElems)(s) &
2 Take[char] (numOfElems) (Drop[char] (i — 1) (s));

ooog o
ooooobo

DN oUW

Last OO sOO0OOOOOOOO
public static

29.0 Last[QT]:QT* - QT
1 Last(s) &
2 s (len s);

FmapOOOOOOOOODOOOOOOOOOO
public static

30.0 Fmaepl@QT1,QT2]:(QT1 - QT2) - QT1" — QT2"

1 Fmap (f)(s) 2
[f (s(2)) | ¢ € inds s];



Fiter 000000000 fO0O0OO0OOsOO0O0O0O0OOOOODDOOO
goouououououoood
public static

31.0 Filter[QT]: (QT - B) - Q7" - QT"

1 Filter (f)(s) &
o [s(i) i€ indss-f(s(i):

FoldlDOD sO0OO0O0ODODOODOOOO0OOOfOOsOOOODOOO)
public static

20 Foldl[aT1,672): (8T1 — 672 — GT1) — 671 — QT2
— QT1
Foldl (f)(args)(s) &
.
[z] 7Y xs — Foldl[Q@T1,QT2] (f) (f (args) (z)) (zs)

end;

Ttk W N

FoldrDDO DO sOOO0OO0O0O0O0O0O0O0DOO00O0fO0sO0O0O0OO0OO0O
public static

33.0 Foldrl@QT1,@QT2]:(QT1 — QT2 — QT2) —» QT2 — QT1*
— QT2

Foldr (f)(.args)(s) JAY
) — args,
[z] Y as — f (z) (Foldr[QT1,QT2] (f) (args) (zs))

end;

Tt W

IsMember OO0 OOOOOOOOODOO
public static

34.0 IsMember|QT|: QT — QT* — B
1 IsMember (e)(s) &

cases S :
[z] Y as — e =1z V IsMember|QT] (e) (zs),
[| — false

end;

IsAnyMember 0000 esO0 00000 sO0DOOO0DOODODODO
public static
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35.0 IsAnyMember[QT]:QT* - QT* — B
1 IsAnyMember (es)(s) &

2 cases €S :
3 [z] ™ 25 — IsMember|QT] (z) (s) v
IsAnyMember|QT] (zs) (s),
4 | — false
5 end;
IsbupUO 00 sO00O0OO00O0DOOODOODODOOO
public static
36.0 IsDuplQT]:QT* — B
1 IsDup(s) &
2 —card elems s = len spost if s = ||
3 then RESULT = false
4 else RESULT = —Vi,j€indss-i#j = s(i)# s(j);

IndexOOOOOOOOOedOdsO0O0OO0OO0OOOOODODOOOOOO
oooooooad
public static

370 Index[QT): QT — QT* — Z

1 Index (e)(s) &
2 let 2 =0 in
3 IndezAuz[QT] (e) (s) (i);

public static

38.0 IndezAuz[QT]):QT — QT* - Z —Z

1 IndexAuz (e)(s)(i) &

2 cases S :

3 ] — 0,

4 [z] Y as —

5 ifz=ce

6 then 7 41

7 else IndezAux[QT] (e) (zs) (i + 1)

.8 end;

IndexAllOOOOOODOOOe0O0sO000O0DOOOOO0O0OO0OO
ooooo
public static

39.0 IndezAll[QT]: QT — QT — Nj-set

1 IndexAll (e)(s) &
2 {i|i€indss-s(i)=e};

FlattenO OO sOOOO0O0O0O0O0OOO0DODOOOOOOOOOOOOOOO
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public static

40.0 Flatten|QT]: QT — QT*

.1 Flatten (s) &
2 conc §;

Compact OO0 sO000OnlOODOOOOOOOOO0O
public static

41.0 Compact|QT]:[QT]" — @QT™

1 Compact (s) &
2 [s (i) | i € inds s - s(i) #
nil Jpost Vi € inds RESULT - RESULT (i) # nil ;

Freverse OO0 sOOO0O0O0OO0OOreversed 00O O0O O O Freverse
oooooooooo
public static

42.0 Freverse[QT]|:QT* — QT*
1 Freverse (s) &
2 [s(len s +1—1)]| i€ inds s];

Permutations U OO0 sOOOO0OOOO
public static

43.0  Permutations|QT]: QT* — QT*-set

.1 Permutations (s) &

2 cases §:
3 0= {sy, , .
4 others — U{{[s (©)] ¥ | J €

Permutations|QT| (RemoveAt[QT] (i) (s))} | ¢ € inds s}
5 endpost Vo € RESULT - elems © = elems s;

IsPermutations0 00 sOO0 tO0000000OO0O00O0OOCOO0OO
public static

44.0  IsPermutations|@

T]:
1 IsPermutations (s)(t)
2 RemoveMempbers|[@ ?] (s)(¢) —

QT* - Q7" —- B
JAY

| A RemoveMembers|QT] (t) (s) = [;
UnzipOOOOOOOoOoOOoOoooooo
public static

11



45.0  Unzip[QT1,QT2]: (QT1 x QT2)* - QT1* x QT2*

1 Unzip(s) &

2 cases S :

3 H—>mk (0, 0,

4 [mk-(z,y)] " zs — _ .
5 Iet mk-(s,t) = Unzip[QT1,QT2| (xs) in
o Y™

Zipddoooooooboooooao
public static

160 Zipl@T1,@T2]: QT1* x QT2* — (QT1 x QT2)"
1 Zip(sl,s2) &
2 Zip2]QT1,QT2] (s1) (s2);

Zip20 0 000d000d00dooooobobobooooooooooooo
ogoooon
public static

470 Zip2[@T1,@T2]: QT1* — QT2* — (QT1 x @T2)*

1 Zip2(s1)(s2) &
2 cases mk- (s1, s2) :

3 mk- ([z1] Y as1, [22] 7Y 252) — [mk- (21, 22)] ry
Zip2[QT1,@QT2] (zsl) (zs2),
4 ke (-) =1

end FSequence
Test Suite : vdm.tc

Class : FSequence
Name ‘ #Calls ‘ Coverage ‘
FSequence‘Sum 4 53%
FSequence‘Zip 4 83%
FSequence‘Drop 2 v
FSequence‘Fmap 3 v
FSequence‘Last 1 V
FSequence‘Plus 24 Vv
FSequence‘Prod 5 53%
FSequence‘Sort 35 95%
FSequence‘Span 14 96%

12



Name ‘ #Calls ‘ Coverage
FSequence‘Take 4 V
FSequence‘Zip2 16 93%
FSequence‘Foldl 48 93%
FSequence‘Foldr 12 93%
FSequence‘Index 171 90%
FSequence‘IsDup 4 22%
FSequence‘Merge 16 94%
FSequence‘Unzip ) 95%
FSequence‘ Append 3 Vv
FSequence‘Filter 9 V
FSequence‘SubSeq 1 84%
FSequence‘ Average 3 41%
FSequence‘Compact 3 57%
FSequence‘Flatten 1 v
FSequence‘Product 15 Vv
FSequence‘Freverse 2 Vv
FSequence‘IndexAll 4 V
FSequence‘IndexAux 2717 95%
FSequence‘InsertAt 20 96%
FSequence‘IsMember 39 92%
FSequence‘'RemoveAt 62 94%
FSequence‘UpdateAt 22 95%
FSequence‘DropWhile 6 93%
FSequence‘IsOrdered 15 97%
FSequence‘RemoveDup 11 70%
FSequence‘TakeWhile 6 94%
FSequence‘ AverageAux 9 94%
FSequence‘ IsAnyMember 6 88%
FSequence‘IsAscending 2 88%
FSequence‘lsDescending 1 88%
FSequence'Permutations 24 1%
FSequence‘RemoveMember 86 94%
FSequence‘ AscendingSort 1 61%

13




Name ‘ #Calls ‘ Coverage ‘

FSequence'RemoveMembers 62 86%
FSequence‘DescendingSort 1 61%
FSequence‘IsPermutations 6 88%
FSequence‘lsAscendingInTotalOrder 2 V
FSequence‘lsDescendingInTotalOrder 3 vV
Total Coverage 84% ‘

14



0.2 FSequenceT

FSequence DO OO DO ODOMO
class F'SequenceT

types
48.0 public TestType = Z | char* | char;
public
49.0 Record::v:7Z
1 str : char”
2 ¢ : char
functions
public static
50.0 run: () — B*
1 run() &
2 let testcases =
3
A t1(),42(), 13(), 4(), 25 (), t6 (), ¢ () t8 (), 19(), 110 (),
5 t11 (), t12(), £13 (), 14 (), £15 (), £16 (), t17 (), £18 (), £19 (), £20 (),
6 21 (), t22(), t23(), t24 ()] in
7 FSequence' Fmap|F TestDriver: TestCase*, B] (FTestDriver run) (testcases);
0.2.1 0OO0OOOOOOO
51.0 t1:() — FTestDriver‘ TestCase”*
1 t1() A
2
3 mk-F'TestDriver‘ TestCase
A4
5 "FSequenceT01
\t254088A0830687A4D3092691 C67FB3059308B",
6 FSequence‘Sum|Z] ([1,2,3,4,5,6, 7 8,9]) =45 A
7 FSequence' Suml|Z] ([]) = 0A
8 FSequence* Prod|[Z] (|2, 3,4]) = 24 A
9 FSequence‘ Prod|Z] ([]) = 1 A
10 FSequence' Sum[R] (0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9]) =
4.5 N
11 FSequence' Sum[R] ([]) =0 A
12 FSequence‘ Prod[R] ([2,3,4]) = 24 A
13 FSequence' Prod[R] ([]) = 1 A
14 FSequence‘ Prod[R] ([2.1,3.2,4.3]) = 2.1 x 3.2 x 4.3)];

15



0.2.2 0OO00O0O0ODOOOOOO

52.0 t2:() — FTestDriver‘ TestCase”
t2() &

mk-FTestDriver TestCase

U W R

" FSequenceT02

\t2516898065E8F66079806304B1F3092691 C67FB3059308B",
6 FSequence*IsAscending|Z] ([1, 2, 4 4,7,8,8,8]) A
7 - F'Sequence‘IsAscending|R] ([1,2, 3, 1. 5]))]

0.23 0O0OO0O0OO0OODOOOOOO

53.0 t3:() — FTestDriver TestCase”

1 t3() 2

2 [

3 mk-F'TestDriver‘ TestCase

A4

5 " FSequenceT03
\t2516898065E8F964D9806304B1F3092691 C67FB3059308B",

6 FSequence‘IsDescending[Z] ([3,2,2,1,1]) A

7 FSequence' ]sDescendmg[nTotalOrder[ |AN2x:Zyy:Z- -z <y)([3,2,2,1,1])A

8 FSequence‘IsDescendingInTotalOrder[Z] ( Az : Z,y : Z -z < y)([3,2,2,1,2]) =
false)];

0.24 0OU00O0OO0OODOOOOOOOO
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54.0 t4:() — FTestDriver' TestCase"

1 t4() 2
2 [
3 mk-F'TestDriver: TestCase
4 (
5 " FSequenceT04
\t29806756A306B306A3063306630443083304B1F3092691 C67FB30593OSB "
6 let s¢ = new F'Sequence()
a fs =
8 (A2 :Z,y:7Z- -z <vy),
9 Az :char®,y : char* - FString' LT (x) (y),
10 Az :char, y : char - FCharacter' LT (z) (y)],
A1 =
12 Az : Record, y : Record -
13 FSequence‘ IsOrdered| Test Type] .14
16 FSequence* Sort[Record] (f)
A7
18 [mk-Record (10, "sahara",’c’), mk-Record (10, "sahara",’a’)])
19 [mk-Record (10, "sahara",’a’), mk-Record (10, "sahara",’¢’)|A
20 sq.IsOrdered (fs) ([3,"123",a’]) ([3, "123","A’]) =
true A
21 sq.IsOrdered (fs) ([3,"123",a’]) ([3,"123",°0]) =
false A
22 sq.1sOrdered (fs) ([]) ([]) = false A
23 sq.IsOrdered (fs) ([]) ([3,"123",°0’]) = true A
24 sq.IsOrdered (fs) (|3, "123" 0’ ]) () = false)];

0.2.5 0OUOOOOOOO

17



55.0 tb: () — FTestDriver' TestCase”

1 t5() 2
2
3 mk-F'TestDriver: TestCase
4
5 " FSequenceT05
\t230DE'3OFC3OBS3092691 C67FB3059308B",
6 let s¢ = new F'Sequence()
a fl=Ae:Z,y:7Z- -z <y,
8 f2 = Az :char,y:char- FCharacter'LT (x) (y) in
9 sq-Merge (f1) ([1,4,6]) ([2,3,4,5]) = [1,2,3,4,4,5,6] A
10 sq.Merge (f2) ("146") ("2345") = "1234456" A
11 sq.Merge (f2) ("") ("2345") = "2345" A
12 sq.Merge (f2) ("146") ("") = "146")];

0.26 OUOOOOOOOOO

56.0 t6: () — FTestDriver‘ TestCase”

1 t6() 2

2

3 mk-F'TestDriver: TestCase

4

5 " FSequence T06
\t265875B57521764 CDAF5C3092691 C67FB3059308B",

6 let s¢ = new FSequence()

7 sq-Take (2) ([2,3,4,5]) = [2,3] A

8 sq.Drop (5) (" ShmZSaham") = "Sahara" N

9 sq.Last ([1, 2, 3]) =3A

10 sq.Filter Az :Z -z mod 2 =0) ([1,2,3,4,5,6])
2,4, 6] A

11 FSequence* SubSeq[char] (4) (3) ("1234567890")
||456|| /\

12 FSequence' Flatten|Z] ([[1, 2, 3], [3, 4], [4, 5, 6]])

11,2,3,3,4,4,5,6])];

0.2.7 ODO0OOOODOO
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57.0 t7:() — FTestDriver TestCase”

1 t7() &

2

3 mk-F'TestDriver‘ TestCase

4

5 ("FSeguenceT07
\t230BD30FC30C83092691 C67FB3059308B"

6 FSequence* AscendingSort|Z) ([3, 1,6,4,2,6,5]) =
[1,2,3,4,5,6,6] A

7 FSequence* DescendingSort|Z) ([3,1,6,4,2,6,5]) =
6,6,5,4,3,2,1])];

0.2.8 ODUOOOO0OOOOOO

58.0 t8: () — FTestDriver TestCase”

1 t8() 2

2

3 mk-F'TestDriver: TestCase

4

5 " FSequenceT08
\t27A7A89817D20524A96643092691 C67FB3059308B",

6 FSequence: Compact[[Z]] (3,1, 6, 4, nil 2 ,6,5,nil]) =
3,1,6,4,2,6,5] A

7 FSequence* Compact[[Z]] ([nil ,nil |) =[] A

8 FSequence* Compact|[Z]] ([]) = []));

0.29 0OU00O0OO0OOOOO

59.0 19:() — FTestDriver TestCase”
t9() &

[
mk-FTestDriver: TestCase

U W R

" FSequenceT09
\t25217306E53 CD8EE23092691 C67FB3059308B™,

6 FSequence' Freverse[[Z]] ([3,1, 6, 4, nil ,2,6,5,nil ])
[nil | 5 6,2,nil ,4,6,1,3] A

: FSequence Freverse[[Z]] ([]) = [))];
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0.2.10 0DOOUOOOO

60.0 ¢10: () — FTestDriver TestCase*

1 t10() &
2
3 mk-F'TestDriver: TestCase
A4
5 " FSequenceT10
\t2980652173092691 C67FB3059308B"
6 FSequence' Permutatzons[[Z]] ([1,2,3]) =
7 {[1,2,3],
8 1.3.9].
9 2.1.3].
10 2.3.1],
11 3.1,2,
12 3,2, 1]} A
13 FSequence* Permutations[|Z]] ([1,2,2]) =
14 {[1,2,2],
15 2.1,2],
16 2.2.1]} A
17 FSequence Permutations|[B]] ([true, false]) =
18 {[true, false],
19 false, true] } A
20 FSequence* Permutations[|Z]] ([]) = {[]} A
21 FSequence* IsPermutations|[Z] ([1,2,3]) ([1, 3
22 FSequence* IsPermutations|Z] ([1,2,3]) (|2, 1
23 FSequence* IsPermutations|Z] ([1,2,3]) ([2, 3
24 FSequence*IsPermutations|Z] ([1,2,3]) (3,1
25 FSequence' IsPermutations|Z] ([1,2,3]) ([3, 2
26 FSequence* IsPermutations|Z] ([1,2, 3]) ([3, 2
false)l;

0.2.11 0O0OOOO0OO0OOLOOOOO
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61.0 t11:() — FTestDriver:TestCase*

1 tl1() A

2

3 mk-F'TestDriver: TestCase

4

5 "FSequenceT11 o
\t25217306E89817D2030431F3092691067 FB3059308B",

FSequence' IsMember[Z] (2) ([1,2,3,4,5,6]) A

.7 FSequence‘ IsMember|Z] (0) ([1, 2, 3, 4, 5, 6]) = false A

8 FSequence‘IsMember|Z] (6) ([1,2,3,4,5,6]) A

9 FSequence* IsAnyMember|Z)] ([6]) ([1, 2, 3, 4,5,6]) A

10 FSequence‘ IsAnyMember|Z) ([0, 7]) ([1,2,3,4,5,6]) =
false A

11 FSequence IsAnyMember|Z)] ([4,6]) ([1,2,3,4,5,6]) A

12 FSequence* IsAnyMember|Z)] (]]) ([1, 2, 3,4, 5, 6]) =
false)l;

0.2.12 FmapUQOQOQOO

62.0 t12:() — FTestDriver: TestCase*
t12() &

mk-F'TestDriver: TestCase
(
" FSequenceT12 : \t2Fmap3092691 C67FB3059308B",
FSequence Fmap[Z,Z] (Az : Z - z mod 3) ([1,2,3,4,5]) =

= IR B RO R

[1,2,0,1,2] A
7 FSequence Fmap|char®, char”]
.8
9 FSequence’ Take[char] (2)) ([" Sahara", " Sakoh"]) =
I:IISCLII, "Sa”])];

0.2.13 Index, IndexAllO O OO0
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63.0

S R NI NC

t13: () — FTestDriver: TestCase”

mk-F'TestDriver TestCase

"FSequenceT13

\t2[ndeaz 2IndexAll3092691 C67FB3059308B",

.7

.8

9

.10
A1
A2
13
.14
15
.16

let index = FSequence'Index,
indexAll = FSequence’ IndezAll in
index[Z] (1) ([1,2,3,4 5]) =1A

indez|Z] (5) ([1,2,3,4,5]) =5 A

index|Z} (9) ([1,2,3, 4, ]) =0A

index[char] (") (['a’,” b ) =2A
index[char] (°z’) (['a’, "0, 7¢’]) = 0 A
indexAll|Z] (9) ([1,2,3,4,5]) = {} A
indexALL|Z] (9) ([]) = {}

indezAll[Z] (1) ([1,2,3,4,1]) = {1,5} A
indezAllZ] (1) ([1,2,3,4,1,1]) = {1,5,6})];

0.2.14 AverageO OO QOO

64.0

1
2

3

4

5
\t2Av

.7
.8
9
1

0

t14: () — FTestDriver: TestCase”

mk-F'TestDriver TestCase

" FSeqvuence T14

erage3092691 C67FB3059308 B "

let avgl = FSequence’ Avemge[Z]
avg2 = FSequence Average|R] in

avgl ([]) = nil A

avgl ([1,2,3,4]) = (1 +2+3+4)/4A

avg2 ([1.3,2.4,3.5]) = 7.2/3)];

0.2.15 0OOOOOOO
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65.0

U W R

t15: () — FTestDriver: TestCase”

mk-F'TestDriver TestCase

" FSequenceT15

\t2633F51653092691 C67FB3059308B"

.7
.8
9
.10
A1
A2
13
.14
15

let insl = FSequence [nsertAt[Z],

ins2 = FSequence‘ InsertAt|char] in

ins1 (1) (1) (12,3, 4,5]) = [1,2,3,4,5] A
ins1(3) (3) ([1, 2, 4, 5]) =[1,2,3,4,5] A
ins1(3) (3) ([1,2]) = [1,2,3] A
ins1(4) (3) ([1,2]) = [1,2,3] A

ins1 () (3) ([112)) = [112.3] A

ins2 (1) (1) ("2345") = "12345" A
ins2 (3) ('3") ("1245") = "12345" A
ins2 (3) ('37) ("12") = "123")];

0.2.16 U0OOOOOO

66.0

(Ot W

t16 : () — FTestDriver: TestCase™

mk-FTestDriver: TestCase
(
"FSequenceT'16

\t2524A96643092691 C67FB3059308B"

.6
7
.8
9
10
A1
A2
13
14
15

let rm1 = FSequence’ RemoveAt[Z]
rm2 = FSequence‘ RemoveAt|char] in

rml1(1)([1,2,3,4,5]) = [2,3,4,5] A
1 (3) ([12,4,3)) = [1,2.3] A
rm1(3) ([1,2]) = [1,2] A

rml (4) ([1,2]) = [1,2] A

rm1(5) ([1,2]) = [1,2] A

rm2 (1) ("12345") = 12345

rm2 (3) ("1243") = "123"

rm2(3) ("12") = "12")];

0.2.17 0ODOOOOOO
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67.0
q

o

3
4
.5

t17: () — FTestDriver: TestCase”

mk-F'TestDriver TestCase

" FSequenceT17

\t266F465BO3092691 C67FB3059308B"

.7

.8

9

.10
A1
A2
13
14
15
.16

let upl = FSequence UpdateAt[Z]
up2 = FSequence‘ UpdateAt|char] in
upl (1) (10) ([1,2,3,4,5)) = [10, 2, 3,4,5] A

upl (3) (40) ([1,2,4,3]) = [1,2,40,3] A
upl (2) (30) (|1, 2]) = [1,30] A

upl (3) (30) ([1,2]) = [1,2] A

upl (4) (30) ([1,2]) = [1,2] A

up2 (1) (a’) ("12345") = "a2345"
up2 (3) (07) ("1243") = "1253"

up2 (3) ("c’) ("123") = "12¢" A

w2 (3) () (1127) = 1127

0.2.18 ODOOOOO0ODOOO
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68.0

U W R

t18 : () — FTestDriver: TestCase”

mk-F'TestDriver TestCase

" FSequenceT18

\t289076570524A96643092691 C67FB3059308B"

.6

let removeDup = FSequence' RemoveDup [Z],

7 removeMember = FSequence‘ RemoveMember|Z],

8 removeMembers = FSequence' RemoveMembers|Z] in

9 removeDup ([]) =[] A

10 removeDup ([1,1,2,2,2,3,4,4,4,4]) = [1,2, 3, 4]

11 removeDup ([1 2,3,4]) =[1,2,3,4] A

12 removeMember (1) ([]) =[] A

13 removeMember (1) ([1,2,3]) = [2,3] A

14 removeMember (4) ([1,2,3]) = [1,2,3] A

15 removeMembers ([]) ([]) =[] A

16 removeMembers ([]) ([1,2,3]) = [1,2,3] A

17 removeMembers ([1,2,3]) ([]) =[] A

18 removeMembers ([1,2,3]) ([1,2,3]) =[] A

19 removeMembers ([1,4,5]) ([1,2,3,4]) = [2,3] A

20 removeMembers ([1,4,5]) ([1,2,3,4,1,2,3,4,1])
2,3,1,2,3,4,1))];
0.2.19 zipODOOOO
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69.0 t19:() — FTestDriver: TestCase*

1 t19() &
2
3 mk-F'TestDriver: TestCase
4 (
5 " ESequenceT19 : \t22ip3092691 C67FB3059308 B,
6 let zip = FSequence' Zip|Z, char],
7 2ip2 = FSequence’ Zip2|Z, char],
8 unzip = FSequence‘ Unzip|[Z, char] in
9 zip ([J, []) =[] A
10 2ip ([1.2.3), Lo, b, )
[mk-(1,7a’), mk-(2,70"), mk-(3,7¢’)] A
11 zip ([1,2],['a’,’0’,7¢’]) = [mk-(1,7a’), mk- (2, 0")]
12 zip ([1,2,3],['a’,’0’]) = [mk-(1,"a’), mk-(2,0")] A
13 2ip2 ([]) ([[) = I A
14 zip2 ([1,2,3]) (['a’,’b’,¢’])
[mk-(1,7a’), mk-(2,70"), mk- (3,7 c")] A
15 unzip ([]) = mk-({], [J) A
16 unzip ([mk- (1,7a’), mk-(2,70"), mk- (3, 7¢")])
k-([1,2,3], [a’, 707, 7)) ;

0.2.20 SpanU 0000

70.0 t20: () — FTestDriver TestCase*

0.2.21 TakeWhile, DropWhile O 00O 0O 0O

26

1 120() &

2

3 mk-F'TestDriver: TestCase

A (

5 " FSequenceT20 : \ t2Span3092691 C67FB3059308B",
6 let span = FSequence‘Span|Z)],

T pl=Az:Z-x mod 2 =0,

.8 p2=Azx:Z-x <10 in

9 span (p1) ([]) = mk-([], []) A

10 span (pl) ([2,4,6,1,3]) = mk- ([

11 span (p2) ([1,2,3,4,5]) = mk-([1,2, 3,4,
12 span (p2) ([1, 2,12,13,4,15])



71.0 t21:() — FTestDriver TestCase”

1 t21() &
2
3 mk-F'TestDriver: TestCase
4
5 (“FSequenceT21
\t2 Take While, 2 Drop While3092691 C67 FB3059308 B"
6 let Take While = FSequence‘ Take thle[Z]
7 DropWhile = FSequence‘ Drop While[Z],
8 pl=AXzx:Z-x mod2=20in
9 TakeWhile (p1) ([)) =[] A
10 Take While (p1) (]2,4,6,8,1,3,5,2,4]) = [2,4,6,8] A
11 DropWhile (p1) (]) =[] A
12 DropWhile (p1) (]2, 4,6,8,1,2,3,4,5]) = [1,2,3,4,5])];

0.2.22 FoldlD OO OO

72.0 t22: () — FTestDriver TestCase*
1 122() A
2
3 mk-ETestDriver‘ TestCase
4 (
5 " FSequenceT22 : \t2Fold13092691 C67FB3059308 B",
6 let foldl = F'Sequence‘Foldl[Z,7),
7 f2 = FSequence‘ Foldl|char®, char],
8 plus = FSequence’ Plus|Z)],
9 prod = FSequence’ Product|Z)] in
10 foldl (plus) (0) ([1,2,3]) =6 A
11 foldl (prod) (1) ([2,3,4]) = 24 A
12 f2 (FSequence’ Append|char]) ([]) ("abc") = "abc")];

0.2.23 FoldrOODOOD
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73.0 123 :() — FTestDriver TestCase”
23() &

mk—F&TestDm’ver‘ TestCase
" FSequenceT23 : \t2Foldr3092691 C67 FB3059308B",
let removeAt = FSequence' RemoveAt|charl,
foldr = FSequence' Foldr|Z,Z],
f3 = FSequence' Foldr|Ny, char*],
plus = FSequence* Plus[Z),
prod = FSequence‘ Product|Z] in
foldr (plus) (0) ([1,2,3]) =6 A
foldr (prod) (1) ([2,3,4]) =24 A
I3 (removeAt) ("12345") ([1, 3, 5]) = "24")];

0N o T Wb

=)
W= O

0.2.24 IsDupUOO OO0

74.0 t24:() — FTestDriver TestCase”

1 t24() A

2

3 mk-F'TestDriver: TestCase

4 (

5 " FSequenceT24 : \t21sDup3092691 C67FB3059308 B,
6 FSequence* IsDup[Z] ([1,2, 3]) = false A

7 FSequence' IsDup|Z) ([1,2,2,3]) A

8 FSequence' IsDup|Z) ([]) = false A

9 FSequence‘IsDup|Z] ([1, 2, 3, 1]))]

end FSequenceT
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