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Exercise Sheet 2 i Have a look at Isabelle/HOL’s standard function fold.
thm fold.simps

In order to fold over the elements of a tree, we could use fold [ (inorder t) s. However,
. . from an efficiency point of view, this has a problem. Which?

Exercise 2.1 Folding over Trees
Define a more efficient function fold_firee, and show that it is correct

Define a datatype for binary trees that store data only at leafs.
fun fold ltree == “('a = 's = 's) = 'a ltree = 's = 's”

datatype ‘a liree = lemma “fold f (inorder t) s = fold_ltree ft s”

Define a function mirror that reverses the order of the leafs, i.e., that satisfies the
Define a function that returns the list of elements resulting from an in-order traversal of following specification:
the tree.

lemma “inorder (mirror t) = rev (inorder t)
fun inorder :: *'a ltree = ' list”

Have a look at Isabelle/HOL's standard function fold.
thm fold.simps Exercise 2.2 Shuffle Product

In order to fold over the elements of a tree, we could use fold f (inorder t) s. However, To shuffle two lists, we repeat the following step until both lists are empty: Take the

from an efficiency point of view, this has a problem. Which? first element from one of the lists, and append it to the result.
That is, a shuffle of two lists contains exactly the elements of both lists in the right
Define a more efficient function fold_ltree, and show that it is correct order - &
fun foldltree : “('a = 's = 's) = 'altree = 's = 's” Define a function shuffles that returns a list of all shuffles of two given lists
lemma “fold f (inorder t) s = fold liree £ 1 5"
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Exercise Sheet 2

Exercise 2.1 Folding over Trees

Define a datatype for binary trees that store data only at leafs.

datatype ‘a ltree =

Define a function that returns the list of elements resulting from an in-order traversal of
the tree.

fun inorder :: “'a ltree = 'u list”

Have a look at Isabelle/HOL’s standard function fold.

thm fold.simps

In order to fold over the elements of a tree, we could use fold f (inorder t) s. However,
from an efficiency point of view, this has a problem. Which?

Define a more efficient function feld ltree, and show that it is correct

fun foldltree = “(‘a = 's = 's) = a liree = s = 's”
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Exercise Sheet 2

Exercise 2.1 Folding over Trees

Define a datatype for binary trees that store data only at leafs.

datatype 'a ltree =

174,219 v

Define a function that returns the list of elements resulting from an in-order traversal of

the tree.

fun inorder :: “‘a liree = 'a list”

Have a look at Isabelle/HOL’s standard function fold.
thm fold.simps

In order to fold over the elements of a tree, we could use fold [ (inorder t) s. However,

from an efficiency point of view, this has a problem. Which?

Define a more efficient function fold ltree, and show that it is correct

fun fold ltree == “('a = 's = 's) = 'a ltree = 's = 's”
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2 thm fold_simps 2 2 "fold f (x#xs) s = fold T xs (f x s)" =
L § by auto g

©| lemma (| [w]
"fold f [] s = s" & &

"fold T (x#xs) s = fold T xs (f x s)" |2 definition “fold_ltree_inefficient f t s = fold f (inorder t) [J| S

by auto ] @

g =&

F 5

el end EX

HE T :

& len E zg

[v]

= fold 7T []1 ?s = ?s
» fold ?f (?x # ?xs) ?s = fold ?f ?xs (?f ?x ?s)

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«

47

[

consts
fold ltree_inefficient

"('"b = 'a= 'a) = 'b ltree = 'a = 'a"

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+

DN

<
(o]~ output | query | sledgehammer [ symbols |

|
(2]~ [ output | query [ | symbols

[16.1 (3581470)

(isabelle,isabelle, UTF-8-sabelle) im0 UG

MB 12:46 PM

[23,67 (521/544)

i

belle, i

belle, UTF b

nroUG IER0/1175MB 12:48 PM|

debian(D| _ || &) 1|2 3 | 4 | @lammich@lapnipkow10: r-/\ehreJFDS/ex/e...IﬁIsahellezﬂlﬁ—l—tulﬂz.(hy(modﬁed)
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O tut02.thy (~/lehre/FDSfex/ex02/) = |0 tuto2.thy (~/lehre/FDS/exfex02/) o=

>] thm fold_simps =12 ] by auto (=l
5 [o] 5 [o]
§ ©| lemma 3 § S
= iRttt " 5 " =
2 “fold f [] s =¢s" 3 2 definition "fold_ ltree_spec T t s = fold f (inorder t) s 3
2 "fold f (x#xs) s fold f xs (f x s)" 2 2 7
by auto § fun fold_ltree "('b= 'a= 'a) = 'bltree = 'a = 'a" where §
o | "fold ltree f = undefined" (o]
L2 = =
2 L2
definition "fold_ltree_inefficient f t s = fold f (inorder t) sff 2 0 lemma "fold ltree f t s = fold ltree_spec f t s" 5
(o] (o]
& b
@ =
T end E c@|end ES
@ R o
S S
& i
1l Y A I
] Proof state (7] Auto update | Update | Search: [ hdll N4 [¥] Proof state [ Auto update | Update | Search: | ~|[1oo% |+
consts 1=l consts 1=
fold_ltree_inefficient :: "('b = 'a = 'a) = 'b ltree = 'a = 'a" fold ltree "('b = 'a = 'a) = 'b ltree = 'a = 'a"
Found termination order: "{}"
<1 DN 1 ]

(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbals
[23.66 (520/542) (isabelle,isabelle, UTF-B-1sabelle) /v 0 UG ER2/1175MB 12:48 PM  [28,1 (627/696) (isabelle isabelle, UTF- UG MB 12:50 PM|
wanC|_ [m[ 9] [1]2 3]+ 1 -tutoz.thy IR ENEEE @O (&2 |z s 10: ~flehref Isabelle2016-1 - tut02.thy [ = . e
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File Edit Search Markers Folding View Utiities Magros Plugins Help Eile Edit Search Markers Folding View Utiities Macros Plugins Help

= 5 \p = - < = & 7 - - & E
OD@dE & 9¢ XEE0 @& B & @ DE®dE & 9¢ XHO & & & @

O tut02.thy (~/lehre/FDS/ex/ex02/) vl |0 tut02.thy (~/lehre/FDS/exfex02/) v
=] by auto <1E 2] by auto =
g g g g
E3 2 H 2
2 definition "fold_ltree_spec f t s = fold f (inorder t) s" % L definition "fold_ltree_spec f t s = fold f (inorder t) s" %

g g
= i |z
fun fold_ltree "('b = 'a = 'a) = 'b ltree = 'a = 'a" where ] fun fold ltree "('b = 'a = 'a) = 'b ltree = 'a = 'a" where S
“fold_ltree f = undefinedEl ol | 'fold_ltree f = undefined" Mol
3 [
S L=
lemma "fold_ltree f t s = fold ltree spec T t s" 2 lemma "fold ltree f t s = fold_ltree spec T t s" =
o g
=& =||T
@[end E ©|end ES
2 2
S El
& g
< Dl 1= 1] Dl =
[ Proof state [v] Auto update | Update |Search: [ | [Loo% | [¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
consts B consts =]
fold_ltree "('b = 'a= 'a) = 'bD ltree = 'a = 'a" fold_ltree "('b='a= 'a) = 'blitree = 'a = 'a"
Found termination order: "{}" Found termination order: "{}"
< DN | DN

(o]~ output | query [ sledgehammer | symbols (2]~ [ output | query [ | symbols
[26.31 (621/696) (isabelle,isabelle, UTF-8-1sabelle) | m . 26,2 (s92/696) (isabelle isabelle, UTF- UG I64/1176MB 12:54 PM]
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® tut02.thy (~/lehre/FDSfex/ex02/) = B tut02.thy (~/lehre/FDS/exfex02/) o=

by auto

definition "fold_ltree_spec f t s = fold f (inorder t) s"

File Browser | 4 | B

fun fold_ltree :: "('b = 'a = 'a) = 'b ltree =
(1] "fold ltree f (Leaf x) s = f xI

a='a

lemma "fold_ltree f t s = fold ltree_spec f t s"

where

[SlioouL [seis | sviopis | Ueneasewnsea ] 4 @]

D

by auto

File Browser | 4 | B

fun fold_ltree :: "('b =
"fold ltree f (Leaf x) s = f x s"

definition "fold_ltree_spec f t s = fold f (inorder t) s

'‘a = 'a) = 'bltree = 'a =

@| | “fold ltree f (Node 1 r) s = Tolff
lemma "fold ltree f t s = fold ltree_spec T t s"
©|end

a" where

[sau0sy1 [ 23235 [opiepis [usneruswnooa [ ¢ [@)

4]

D

Inner syntax error: unexpected end of inpute
Failed to parse prop

] Proof state /] Auto update | Update | Search: | v [roon [+

Inner syntax error: unexpected end of inpute
Failed to parse prop

[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

<1 DN 1 D
(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbals
[26.36 (626/702) (iszbelle, sabelle, UTF-8-sabelle) 1 0 UG 6MB 12:55 PM  [27,37 (665/742) {isabelle isabelle, UTF-
\uian@_ e 1|z 3[4 0: ~/lehre/FDS/exfe...| &) 1 - tut02.thy (modified) mn@_ oy 2 1|z 3|a ic i 10: ~flehref| Isabelle2016-1 - tut02.thy (modified)
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[ tut02,thy (~/lehre/FDS/ex/ex02/) - 9 t1t02 thy (~/lehre/FDS/exfex02/) -

by auto

definition "fold_ltree_spec f t s = fold f (inorder t) s"

File Browser | 4 | B3

fun fold_ltree "('b = 'a =
"fold_ltree f (Leaf x) s = f

a) = 'b ltree =
X s"

a='a

lemma "fold_ltree f t s = fold_ltree_spec f t s"

| 'fold_Ttred f (Node 1 r} s = [fold_ttreq f r (foldllireq f 1 s)" ||

where

[S5osuL [ 93 [pprepis [uomeweunsea | « [@]

[v]

File Browser | 4 | B

fun fold ltree :: "('b =
"fold ltree f (Leaf x) s = f x s"
| "fold_ltree f (Node 1 r)

unfolding (keyword)

definition "fold_ltree_spec f t s = fold f (inorder t) s
'a = 'a) = 'bltree = 'a =
s = fold_ltree f r (fold_ltree f 1 s)"

lemma "fold ltree T t s = fold ltree spec T t s"

a" where

[Se1080L [=3e35 [ontepis [uomemwnooa [ « | B)

[v]

consts
fold_ltree "('h = 'a =
Found termination order:

a) = 'b ltree = 'a = 'a"

"(Ap. size (fst (snd p))) <*mlex*> {}"

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«

47

[

proof (prove)
goal (1 subgoal):
1. fold ltree f t s = fold_ltree_spec T t s

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+

<
(o]~ output | query | sledgehammer [ symbols |

|
(2]~ [ output | query [ | symbols

[27.54 (682/772)

(isabelle,isabelle,UTF-8-Isabelle) 1m0 UG 11176MB 12:58 PM

[30.11 (766/783)

(isabelle isabelle, UTF- ro

mw@_ | 1|z 3 | 4 | |@lammich@lapnipkow10: r-/lehryFDSfe\(/e...IﬁIsahellezali—l—tumz.(hy
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® tut02.thy (~/lehre/FDSfex/ex02/) = |0 tuto2.thy (~/lehre/FDS/exfex02/) o=
definition "fold_ltree_spec f t s = fold f (inorder t) s" =

"fold ltree f (Leaf x) s = f x s"

File Browser | 4 | B

lemma "fold_ltree f t s = fold ltree spec T t s"
unfolding fold_ltree_spec_def

definition "fold_ltree_spec f t s = fold f (inorder t) s"
fun fold_ltree :: "('b = 'a = 'a) = 'b ltree =

| "fold ltree T (Node 1 r) s = fold_ltree T r (fold ltree T 1 s)"

a" where

[SsuoouL [ o315 |soviopis | ueneasewnsea ] 4 @]

D

fun fold ltree ::
"fold_ltree f (Leaf x) s = T x s"
| "fold_ltree f (Node 1 r) s fold_ltree f r (fold_ 1t

File Browser | 4 | B

lemma ffed  t s = fold ltree_spec f t s"
unfolding fold_ltree_spec_def
apply (induction t)
apply auto

@|end

"('b = 'a = 'a) = 'b ltree = 'a = 'a"

where

ree f 1 s)"

[sau05y1 [ 23235 [piepis [usneruswnooa [ ¢ [@)

D

proof (prove)
goal (1 subgoal):
1. fold_ltree f t s = fold f (inorder t) s

] Proof state /] Auto update | Update | Search: | v [roon [+

proof (prove)
goal (1 subgoal):
1. fold_ltree f t s = fold_ltree_spec T t s

[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

<
(B~ | output | query | sledgehammer | symbols

{1
(2]~ [ output | query |

| symbols

[3L.7 (7961813)

(isabelle, isabelle, UTF-8-Isabelle) i o UG

[28.17 (7191845

(isabelle,isabelle, UTF-8-sabelle) Mt o

wwanC]_ [ 2| [1[273]4]

0: ~flehre/FDs/exte. .| &

1 - tut02.thy (modified)
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O tut02.thy (~/lehre/FDS/ex/ex02/) - (0 tut02.thy (~/lehre/FDS/exex02/) -
definition "fold_ltree_spec f t s = fold f (inorder t) s" =] L} definition "fold_ltree_spec f t s = fold f (inorder t) s" =
fun fold_ltree :: "('b = 'a = 'a) = 'b ltree = 'a"  where g fun fold_ltree :: "('b = 'a = 'a) = 'b ltree = 'a = 'a" where

"fold ltree f (Leaf x) s = f x s" g "fold ltree f (Leaf x) s =T x s"
| "fold_ltree T (Node 1 r) s = fold_ltree f r (fold_ltree f 1 s)" < | "fold_ltree f (Node 1 r) s = fold_ltree T r (fold_ltree f 1 s)"

File Browser | 4 | B3

lemma "fold_ltree f t s = [fold ltree gpec f t s"

unfolding fold_ltree_spec_def
apply (induction t)
apply auto

[55HosuL [ 9338 [opiepis [uomeweunsea | « [@]

[v]

lemma "fold ltree f t s = fold_ltree_spec T t s"
unfolding fold_ltree_spec_def
apply (induction t)
apply autol

@|end

[Se1080s [=3e35 [ontepis [uomemwnoa [ €| @)

[v]

proof (prove)
goal (1 subgoal):
1. fold_ltree f t s = fold_ltree_spec f t s

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«

47

[

proof (prove)

goal (1 subgoal):

T 1. ,’\tl t2. [fold_ltree f t1 s = fold f (inorder t1) s; f
= fold_ltree f t2 (fold f (inorder t1) s)

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+

old_ltree f t2 s = fold f (inorder t2) s]
= fold f (inorder t2) (fold T (inorder t1) s)

DN

<
(o]~ output | query | sledgehammer [ symbols |

|
(2]~ [ output | query [ | symbols

[28.40 (742/845)

(isabelle, isabelle, UTF-8-Isabelle) im0 UG MB 1:01 PM

[32.15 (828/845)

(isabelle,isabelle, UTF-g-sabelle) 1m0 UG I8L/1129MB 1:02 PM|

ﬂjan@_ | 1|z 3 | 4 | |@lammich@lapnipkow10: r-/lehryFDSfe\(/e...IﬁIsahelleznls—l—tumz.(hy
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O tut02.thy (~/lehre/FDSfex/ex02/)

B tut02.thy (~/lehre/FDS/exfex02/)

definition "fold_ltree_spec f t s = fold f (inorder t) s"

fun fold_ltree "('b = 'a= 'a) = 'b ltree = 'a =
"fold_ltree f (Leaf x) s = f x s"

| "fold_ltree f (Node 1 r) s = fold ltree f r (fold_ltree

File Browser | 4 | B

lemma "fold_ltree f t s = fold ltree spec f t s"
unfolding fold_ltree_spec_def
apply [(induction t)ff
apply auto

gn

where

f1s)"

[SouoouL [ o315 |sbrepis | Ueneasewnsea ] 4 @]

D

definition "fold ltree_spec f t s =

fun fold ltree "('b =
"fold_ltree f (Leaf x) s = T x s"
| "fold_ltree f (Node 1 r) s =

File Browser | 4 | B

lemma "fold ltree f t s =
unfolding fold_ltree_spec_def
apply (induction t arbitrary
apply auto

@|end

‘a = 'a) = 'b ltree = 'a =

fold f (inorder t) s"

gn

fold_ltree f r (fold_ltree f 1 s)"

fold_ltree_spec f t s"

where

[sau05y1 [ 23235 [piepis [usneruswnooa [ ¢ [@)

D

proof (prove)

goal (2 subgoals):

1. Ax. fold_ltree f (Leaf x) s =

T 2. At1 t2. [fold_ltree f t1 s = fold f (inorder t1) s;
= fold_ltree f (Node tl t2) s =

fold f (inerder (Leaf x)) s
fold ltree f t2 s =
fold f (inorder (Node t1 t2)) s

] Proof state /] Auto update | Update | Search: | v [roon [+

fold f (inorder t2) s]

proof (prove)

goal (2 subgoals):

1. Ax. fold_ltree f (Leaf x) s =
T 2. Atl t2. [fold_ltree f tl s =

fold

== fold_ltree f (Node t1 t2) s =

T (inorder (Leaf x)) s

fold f (inorder t1) s; fold ltree f t2 s =
fold f (inorder (Node tl t2)) s

[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

fold f (inorder t2) s

] D] il D]
(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbals
|31‘24 (813/845) (isabelle,isabelle, UTF-8-Isabelle) /1 - o UG BI78/1129MB 1:05 PM‘ ‘31‘35 (824/857) (isabelle,isabelle UTF-8-Isabelle) 1 o
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B tut02.thy (~/lehre/FDS/ex/ex02/) ~| 9 tut02.thy (~/lehre/FDS/exex02/) v
<) definition "fold_ltree_spec f t s = fold f (inorder t) s" B[ L} definition "fold_ltree_spec f t s = fold f (inorder t) s" (=l
§ fun fold_ltree :: "('b = 'a = 'a) = 'b ltree = 'a = 'a" where g g fun fold_ltree :: "('b = 'a = 'a) = 'b ltree = 'a = 'a" where ‘,E,’
g "fold ltree f (Leaf x) s = f x s" 3 g "fold ltree f (Leaf x) s =T x s" 3
2 | "fold_ltree T (Node 1 r) s = fold_ltree f r (fold_ltree f 1 s)" n’:;' < | "fold_ltree f (Node 1 r) s = fold_ltree T r (fold_ltree f 1 s)" “3

s 5
lemma "fold_ltree f t s = fold_ltree_spec f t s" % lemma "fold ltree f t s = fold_ltree_spec T t s" %
unfolding fold_ltree_spec_def % unfolding fold_ltree_spec_def %
apply (induction t arbitrary: Su e apply (induction t arbitrar i
apply auto ? apply autol ?
[ e
=| & =&
El El
d B @|end 8
- — LSk
[l LY S 4] Y
[ Proof state [v] Auto update | Update |Search: [ | [Loo% | [¥] Proof state [#] Auto update | Update |Search: [ v|[oo% |+
proof (prove) = proof (prove) |
goal (2 subgoals): goal:
1. /\x s. fold_ ltree f (Leaf x) s = fold f (inorder (Leaf x)) s No subgoals!
2. Atl t2 s,
E[ [[f\s fold ltree f t1 s = fold f (inorder tl) s; As. fold ltree f t2 s = fold f (inorder t2) s]
= fold_ltree T (Node tl t2) s = fold T (inorder (Node t1 t2)) s H ||
DN DN

<
(o]~ output | query | sledgehammer [ symbols |

|
(2]~ [ output | query [ | symbols

[31,36 (825/858) Input/output complete

(isabelle, isabelle, UTF-8-Isabelle) i o UG IEM/L129MB 1:05 PM

[32.15 (841/858)

(isabelle,isabelle, UTF-8-1sabelle) 1 o UG IEEE/1129MB 1:06 PM|
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® tut02.thy (~/lehre/FDSfex/ex02/) - 0 tut02.thy (~/lehrefFDS/exfex02/) -
fun fold_ltree "('b = 'a= 'a) = 'bltree = 'a = 'a" where =
fun fold_ltree :: "('b = 'a 'a = 'a" where "fold ltree f (Leaf x) s = f x s"

= 'a) = 'b ltree = 'a
"fold ltree f (Leaf x) s = f

¥ 5"
| "fold_ltree T (Node 1 r) s = fold_ltree f r (fold_ltree f 1 s)"

File Browser | 4 | B

lemma "fold_ltree f t s = fold ltree spec T t s"
unfolding fold_ltree_spec_def
apply (induction t arbitra
apply auto

[SouoouL [ s3eis |sviepis | Ueneasewnsea ] 4 @]

4 [ +]

| "fold_ ltree f (Node 1 r) s =
lemma "fold ltree f t s = fold ltree_spec f t s"
unfolding fold_ltree_spec_def
apply (induction t arbitrary: s)
apply auto
done

File Browser | 4 | B

T end

fold_ltree f r (fold_ltree f 1 s)"

[sau0sy1 [ 23235 [3opiepis [usneruswnooa [ ¢ [@)

[

] Proof state /] Auto update | Update | Search: | v [roon [+

proof (prove)
goal:
No subgoals!

theorem fold_ltree ?f ?t ?s = fold_ltree_spec 7f ?t ?s

[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

< DN { [v]
(B~ | output | query | sledgehammer | symbols (8]~ | output | query | sledgehammer | Symbols
|33‘7 (848/865) lisabelle isabelle, UTF-8-Isabelle) /i1 r o 29MB 1:06 PM 35,1 (858/869) (isabelle,isabelle, UTF-8-sabelle) i o

][] 5 |13 [ mimm

0: ~/lehre/FDS/ex/e...| & 1 - tut02.thy (modified)

174.21% Vv

Define a more efficient

fun fold ltree = “(‘a = 's = 's) = 'a ltree = s = 's”

lemma “fold f (inorder t) s = fold_liree f t 57

Define a function mirror that reverses the order of the leafs, i.e., that satisfies the
following specification:

lemma “inorder (mirror t) = rev (inorder t)

Exercise 2.2 Shuffle Product

To shuffle two lists, we repeat the following step until both lists are empty: Take the
first element from one of the lists, and append it to the result.

That is, a shuffle of two lists contains exactly the elements of both lists in the right
order.

Define a function shuffles that returns a list of all shuffles of two given lists

fun shuffles == “'a list = ‘a list = 'a list list”

cebanQ)_ |By| | [T 2|34 ilemmich@lapnipkow1o: ~lehre/fDs

[ ex02.par

nnCl_ [ | | [ 3] monm

@lan|(ex02.pdf

10: ~flehrefF [0
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Define a function shuffles that returns a list of all shuffles of two given lists

fun shuffles == “'a list = 'a list = "a list list”
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lemma "fold_ltree f t s = fold ltree spec f t s"
unfolding fold_ltree_spec_def
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fun fold_ltree "('b = 'a = 'a) = 'b ltree = 'a = 'a"
"fold ltree f (Leaf x) s = f x s"
| "fold_ltree f (Node 1 r) s = fold ltree f r (fold_ltree f 1 s5)"

where
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lemma "fold ltree f t s =
unfolding fold_ltree_spec_def
apply (induction t arbitrar
apply auto
done
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fold ltree _spec f t s"

[sau0sy1 [ 23235 [3piepis [usneruswnooa [ ¢ [@)

D

Ab. shuffles [] b =
Aa. shuffles a [] =
Found termination order:

undefined
undefined
e

apply (induction t arbitrary: s)
apply auto w| fun shuffles :: "'a list = 'a list = 'a list list" where
done - L
I "shuffles (x#xs) (y#ys) = undefined"
T end T -
=] & lend =]
4] 1] 4] 1]
] Proof state (7] Auto update | Update | Search: [ hdll N4 [¥] Proof state [ Auto update | Update | Search: | ~|[1oo% |+
theorem fold_ltree ?f ?t ?s = fold_ltree_spec ?f ?t ?s | consts |
shuffles "'a list = 'a list = 'a list list"

Missing patterns in function definition:

<
(B~ | output | query | sledgehammer | symbols

{1
(2]~ [ output | query |

| symbols |

34,5 (857/869)

(isabelle, isabelle, UTF-8-Isabelle) i o UG

29MB 1:12 PM

[37.5 (526/995)

(isabelle,isabelle, UTF-8-sabelle) Mt o

wwanC]_ [ 2| [1[273]4]

0: ~flehre/FDs/exte. .| &

tut02.thy

sl [T 2| [ 22]3]4

Isabelle2016-1 - tut02.thy (modified)

4 Isabelle2016-1 - tut02.thy (modified) _E@x 4 Isabelle2016-1 - tut02.thy (modified) _&Ex
Flle Edit Search Markers Folding View Utilities Magros Plugins Help Elle Edit Search Markers Folding View Utilities Macros Plugins Help
DEd@E & 9 ¢ XDE @@ C B & @ DEd@E & 9¢ XHAE 8@ - (2}

B tut02.thy (~/lehre/FDS/ex/ex02/) - 9 t1t02 thy (~/lehre/FDS/exfex02/) -

[l

[v]

=] apply (induction t arbitrary: s) <1& 2] apply (induction t arbitrar =
t apply auto = t apply auto =
g done g ¢ done ‘,E,’
& 3 |8 E
& 1 & o term "l@[x]" :
= S

fun shuffles :: "'a list = 'a list = 'a list 1list" where (| term "map (Al. 1@l[x]) I [w]
"shuffles xs [] = undefined" § i

| "shuffles [] ys = undefined” [ & w3

| "shuffles (x#xs) (y#ys) = undefined" g fun shuffles :: "'a list = 'a list = 'a list list" where :g

|| & "shuffles xs [] undefined" |8

= | "shuffles [] ys = undefined" L]

7(3" | "shuffles (x#xs) (y#ys) = undefined" §

& len & =&

[v]

theorem fold_ltree ?f ?t ?s = fold_ltree_spec ?f ?t ?s
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"map (Al. 1@ [x1)"

"'a list list = 'a list list"

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+

DN

<
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8 term "1@(x]" /=1 B

t % t term "1@[x]" %

§ term "map (Al. 1@[x]) " 3 § S

s " " <

s 3 2 term "map (AL. la@lx]) z

o 2 ) 2

T o i =3

fun shuffles :: "'a list = 'a list = 'a list list" where g g

"shuffles xs [] = undefined" 2| fun shuffles :: "'a list = 'a list = 'a list list" where (o]

| "shuffles [] ys = undefined" 2 0§ 'shuffles xs [] = undefined" g

| "shuffles (x#xs) (y#ys) = undefined" 2 | "shuffles [] ys = undefined" 28

H % | "shuffles (x#xs) (y#ys) = undefined" 2

& b

H &

16 H

end 8 H
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[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

"map (AL, 1 @ [x])" consts
"'a list list = 'a list list" shuffles "'a list = 'a list = 'a list list"
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= term "1@[x]" = — term "1@[x]" =

@ e @ =

@ 9 @ 9

3 " " g s " ! <

2 term "map (Al. 1@[x]) 3 = term "map (Al. 1@[x]) 3

@ E @ 2

s @ s o

s g

fun shuffles :: "'a list = 'a list = 'a list list" where (| @| fun shuffles :: "'a list = 'a list = ‘'a list list" where [w]

(1] "shuffles xs [] = [xsl | "shuffles []1 ys = undefined" § "shuffles xs [] = [xs]" i

| "shuffles (x#xs) (y#ys) = undefined" 2 | "shuffles [] ys = [ys]" 2

g | "shuffles (x#xs) (y#ys) = undeff] Mg

@ I

El El

end 5 = 5
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Inner syntax error: unexpected end of inpute consts
Failed to parse prop shuffles :: "'a list = 'a list = 'a list list"
Found termination order: "{}"
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Exercise 2.2 Shuffle Product

To shuffle two lists, we repeat the following step until both lists are empty: Take the
first element from one of the lists, and append it to the result.

That is, a shuffle of two lists contains exactly the elements of both lists in the right
order.

Define a function shuffles that returns a list of all shuffles of two given lists

fun shuffles = “'a list = 'a list = 'a list list”
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term "map (AL. 1@[x]) " B

fun shuffles :: a list = 'a list = 'a list list" where
"shuffles xs [] = [xs]"

| "shuffles [] ys = [ys]"

| "shuffles (x#xs) (y#ys) = map (Al.

x#1) (shuffles xs (y#ys)) @ map (Al. y#l)| (shuffles (x#xs) ys)"

[sau0sy1 [ 23235 [piepis [usneruswnooa [ ¢ [@)

41 [

[¥] Proof state [ Auto update | Update | Search: | v|[1oo% |+

consts
shuffles :: "'a 1ist = 'a list = 'a list list"
Found termination order: "(Ap. length (snd p)) <*mlex*> (Ap. length (fst p)) <*mlex*> {}"
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fun shuffles :: "'a list = 'a list = 'a list list" where
"shuffles xs [] = [xs]"

| "shuffles [] ys = [ys]"

| "shuffles (x#xs) (y#ys) = map (Al. x#1)

a
]
E3
2
&
@

(shuffles xs (y#ys)) @ map (Al. y#1) (shuffles (x#xs) ys)"

lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys" -

[ 5508 uL | 9w3s [plrepis [uomeweunsea | « [@]

fun shuffles :: "'a list = '& list = 'a list list" where
"shuffles xs [] = [xs]"

| "shuffles [] ys = [ys]"

| "shuffles (x#xs) (y#ys) = map (Al.
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x#1) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)"

term "off

lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys" =

[Se1050s [=1e35 [ontepis [uomemwnoa [ €| @)

Found termination order: "(Ap. length (snd p)) <*mlex*> (Ap. length (fst p)) <*mlex*s {}"
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1l D] 1]
[ Proof state [v] Auto update | Update |Search: [ | [Loo% | [¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
consts 1= Malformed command syntax 12|
shuffles :: "'a list = 'a list = 'a list list"
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|
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fun shuffles ¢ "'a list = re fun shuffles i1 "'a list = 'a list = 'a list list" where
2 A . ecard Temporary Macro Con Com 5 ; .
g shuffles xs [] = [xs] Run Temporary Macro Cin Cip 2 shuffles xs [] = [xs]
2 | "shuffles [] ys = [ys]" Run Other Macro... 2 | "shuffles [] ys = [ys]"
g | "shuffles (x#xs) (y#ys) 5 RescanMacros (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)" % | "shuffles (x#xs) (y#ys) = map (Al. x#1) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)"

term g

lemma "1 € set (shuffles xg

c
Clipboard
Editing
Emacs
Files
Interface
Java

Misc
Properties
Text

length ys"

0
+

[SiioouL [swis |sviepis | ueneazewnsea ] 4 @]

term "cf

lemma "1 € set (shuffles xs ys) = length 1 =

length xs + length ys"

[sau05y1 [ 23235 [3piepis [usneruswnooa [ ¢ [@)

Inner syntax errora
Failed to parse term
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fun shuffles
"shuffles xs [] = [xs]"

| "shuffles [] ys = [ys]"

| "shuffles (x#xs) (y#ys) =

File Browser | 4 | B3

lemma "1 € set (shuffles xs
applkyll

map (AL. x#1)

ys) = length 1 =

‘a list = 'a list = 'a list list"

(shuffles xs (y#ys)) @ map (Al. y#1)

length xs + length ys"

where

(shuffles (x#xs) ys)"

[5osuL [ 9w3s [plitepis [uomeweunsea | « [@]

[v]

fun shuffles :: "'a
"shuffles xs []
| "shuffles [] ys

| "shuffles (x#xs)
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lemma
apply [ﬁnduction

end

"l € set (shuffles

list =

(y#ys) =

XS ys

‘a list =

map (Al.

Xs ys) = length 1 =
rule: shuffles.induct)fj

x#1) (shuffles xs (y#ys)) @ map (Al. y#1)

‘a list list" where

(shuffles (x#xs) ys)"

length xs + length ys"

[Seu0a0s [=1e35 [ontepis [uomemwnoa [ ¢ | @)

[v]

proof (prove)
goal (1 subgoal):

1. 1 £ set (shuffles xs ys) = length 1 =

length xs + length ys

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«
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proof (prove)
goal (3 subgoals):

3. Ax xs y ys.

1. Axs. 1 € set (shuffles xs []) = length 1 =
2. Av va. 1 e set (shuffles [] (v # va)) = length 1 =

[1 € set (shuffles xs (y # ys)) = length 1 =

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+

length xs + length [1]
length [1 + length (v # va)

length xs + length (y # ys);
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"shuffles xs [] = [xs]"
| "shuffles [] ys = [ys]"
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lemma "1 € set (shuffles xs ys) = length 1 =
apply (induction xs ys rule: shuffles.induct)
apply autof]

fun shuffles :: "'a list = 'a list = 'a list list" where

length xs + length ys"

| "shuffles (x#xs) (v#ys) = map (Al. x#1) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)"

]
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"shuffles xs [] = [xs]"
| "shuffles [] ys = [ys]"

| "shuffles (x#xs) (y#ys) = map (Al. x#1) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)"

lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys"
apply (induction xs ys rule: shuffles.induct)
B apply auto
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proof (prove)
goal (2 subgoals):
1. Ax xS y ys xa.

1 =x # xa]
= length xa = Suc (length xs + length ys)

[ Proof state [] Auto update | Update | Search: | ~| [roo% [+

[x # xa € set (shuffles xs (y # ys)) = length xa = length xs + length ys;
x # xa € set (shuffles (x # xs) ys) = length xa

= length xs + length ys; xa € set (shuffles xs (y # ys));

? 2. A< %s v ys xa.
[l
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0|end
< [»]
[7] Proof state ] Auto update | Update |Search: ~| oo [+]
proof (prove) =
goal (1 subgoal):
1. 1 € set (shuffles xs ys) == length 1 = length xs + length ys
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lemma "1 € set (shuffles xs ys) = length 1 =

apply (induction xs arbitrary: 1)
apply auto ||
(4] done

c@|end

length xs + length ys"

| "shuffles (x#xs) (y#ys) = map (Al. x#l) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)"
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'] | "shuffles (x#xs) (y#ys) = map (AL. x#1) (shuffles xs (y#ys)) @ map (AL. y#l)| (shuffles (x#xs) ys)"
g
s
@
e lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys"
apply (induction xs arbitrary: 1)
apply auto
o done
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proof (prove)
goal (2 subgoals):

1. Al. 1 € set (shuffles [] ys) = length 1 = length ys
2. Aa xs 1.
T [Al. 1 € set (shuffles xs ys) == length 1
— length 1 = Suc (length xs + length ys)

length xs + length ys; 1 € set (shuffles (a # xs) ys)]
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proof (prove)
goal (2 subgoals):
1. AL. 1 € set (shuffles [] ys) == length 1 = length ys
2. Aa xs 1.
T [/\1. 1 € set (shuffles xs ys) = length 1 = length xs + length ys; 1 € set (shuffles (a # xs) ys)]
— lenmgth 1 = Suc (length xs + length ys)
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® tut02.thy (~/lehre/FDSfex/ex02/) = B tut02.thy (~/lehre/FDS/exfex02/) o=

term "map (Al. 1@[x1) "

fun shuffles a list = 'a list = 'a list list" where
"shuffles xs [] = [xs]"

| "shuffles [] [E]”

| "shuffles (x#xs) (y#ys) = map (Al. x#l) (shuffles xs (y#ys)) @ map (Al. y#1)| (shuffles (x#xs) ys)" =

File Browser | 4 | B

lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys"
<

term "map (AL. l@[x]) "

fun shuffles a list = 'a list = 'a list list" where
“shuffles xs [] = [xs]"

| "shuffles [f] vs = [ys]"

| "shuffles (x#xs) (y#ys) = map (Al. x#1) (shuffles xs (y#ys)) @ map (AlL. y#l)| (shuffles (x#xs) ys)"

File Browser | 4 | B

lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys"
4 [*]

[SuseuL [swis |svrepis | Ueneazewnsoa ] 4 @]

[Sau0sy1 23535 [piepis [usneruswnooa [ ¢ [@)

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«

consts =l
shuffles :: "'a list = 'a list = 'a list list"

Found termination order: "(Ap. length (snd p)) <*mlex*> (Ap. length (fst p)) <*mlex*s {}"

consts
shuffles :: "'a list = 'a list = 'a list list"
Found termination order: "(Ap. length (snd p)) <*mlex*= (Ap. length (fst p)) <*mlex*> {}"

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
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=] | "shuffles (x#xs) (y#ys) = map (Al. x#l) (shuffles xs (y#ys)) @ map (Al. y#l)| (shuffles (x#xs) ys)" <118 '] | "shuffles [] ys = [ys]" =
= = — | "shuffles (x#xs) (y#ys) = map (Al. x#1) (shuffles xs (y#ys)) @ map (Al. y#l)| (shuffles (x#xs) ys)" =
2 s 2 g
& z &5 E
£ lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys" § e lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys" 5
apply (induction xs arbitrary: 1) § I apply (induction ys arbitrary: 1) g
apply auto (| apply auto [w]
thm shuffles.simps & thm shuffles.simps [
@ done L= @|  done =
(o] (o]
F 5
©@|end el end -3
< g < DL 8
& g
IProof state [#]Auto update | Update | Search: ~|[roox [+]= [7IProof state [¢]Auto update | Update | search: MITE
consts el proof (prove) =l
shuffles "'a list = 'a list = 'a list list" goal (1 subgoal):
Found termination order: "(Ap. length (snd p)) <*mlex*> (Ap. length (fst p)) <tmlext> {}" 1. Aa vys 1.
T [/\1. 1 e set (shuffles xs ys) == length 1 = length xs + length ys; 1 € set (shuffles xs (a # ys))]
= length 1 = Suc (length xs + length ys)
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O tut02.thy (~/lehre/FDSfex/ex02/) = B tut02.thy (~/lehre/FDS/exfex02/) o=
>] lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys" ] lemma "1 € set (shuffles xs ys) = length 1 = length xs + length ys"
t apply (induction xs ys arbitrary: 1 rule: shuffles.induct) t apply (induction xs ys arbitrary: 1 rule: shuffles.induct)
§ apply auto § apply auto
s done 2 done
2 2

T end

4T

[v]

fun lsum "nat list = nat" where
“lsum [1 = 8" | “lsum (x#xs) = x fj

T end

[v]

[SuseuL [s3%15 |soviopis | ueneazewnsea ] 4 | @]

[Sau0sy1 [ 23235 [3abiepis [usneruswnooa [ ¢ [@)

theorem ?1 € set (shuffles ?xs ?ys) = length ?1 = length ?xs + length ?ys

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«

DN

Inner syntax error: unexpected end of inputa
Failed to parse prop

roof state [v] Auto update | Update | Search: | ~|[oo% |+
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"lsum [] = 0" | "Llsum (x#xs) = x + lsum xs"

definition "lsum' 1 =

T end

=] apply auto L]

= done ad

§ § fun lsum :: "nat list = nat" where

g L "lsum [] = 0" | "lsum (x#xs) = x + lsum xs"
£ fun lsum "nat list = nat" where 2

definition "lsum' 1 Ifold (op +) 1 O"

D]

Proof state [¥] Auto update

Update | search:

[S3uoeuL [ 938 [obrepis [uomewaunsea | « [@]

roof state  [v] Auto update

[S5u0a0s [=1e35 [ontepis [uomemwnoa [ ¢ | B)

update | Search:

~| oo [+

consts

lsum' "'t = ('a='b='b) = 'alist = 'b = 'b"

«
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consts
lsum'
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B tut0Z.thy (~/lehre/FDSfex/ex02/) A |0 tuto2.thy (~/lehre/FDS/exfex02/) =
=] =] ] "lsum [1 = 0" | "lsum (x#xs) = x + lsum xs" =
5 - = 3 R El
§ fun 1sum "nat list = nat" where & § definition "lsum' 1 = fold (op +) 1 O o)
3 I — v " _ " = 3 =
s Tsum [1 = 0" | "lsum (x#xs) = x + lsum xs 3 2 3
A 2 o lemma "lsum 1 Tsum' 1" i

definition "lsum' 1 = fold (op +) 1 @" g unfolding lsum'_def g
o | apply (induction 1) (o]
lemmal] 2 apply auto g
B =
end H @ =P
= d o
@ ©|end ©
= El
= Z =3
< Y ] 1] v 7|8
@ o
vl Proof state v Auto update | Update | Search: ~ ~|= roof state [¥] Auto update | Update | Search: - ~|=
v] Proof vl pd pd h 100% f v pd. pd. h: 100%
consts 1~ proof (prove) 1=l
Tsum' "'a list = 'a" goal (1 subgoal):
1. lsum 1 = 1sum' 1
<1 DN 1 D

(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbals
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O tut02.thy (~/lehre/FDS/ex/ex02/) vl |0 tut02.thy (~/lehre/FDS/exfex02/) -
=] "Tlsum [1 = 0" | "lsum (x#xs) = x + lsum xs" = 2] lemma aux: "fold op + 1 & = & + Llsum 1" =]
— = h apply (induction 1 arbitrary: a) =
@ iaad " ' " g o =
§ definition "lsum' 1 = fold (op +) 1 @ g § apply auto g
o E ) E
2 i 8 done :
2 lemma "lsum' 1 = lsum 1" 2 2 =

unfolding lsum'_def ] lemma "lsum' 1 = lsum 1" S
apply (induction 1) 3| unfolding lsum'_def [w]
apply auto & apply (simp add: aux) || [
2 =
2 @|end [ o
o o g
end g :
el (=
E ES
« ] i bl 8
& g
IProof state [#]Auto update | Update | Search: ~|[roox [+]= roof state [l Auto update | Update | search: MITE
consts 1= proof (prove) 12|
Tsum' "'a list = 'a" goal:
No subgoals!
< DI |
(o]~ output | query [ sledgehammer | symbols (2]~ [ output | query [ | symbols
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O tut02.thy (~/lehre/FDSfex/ex02/) - 0 tut02.thy (~/lehrefFDS/exfex02/) -
=] fun lsum "nat list = nat" where =} "lsum [1 = 0" | "lsum (x#xs) = x + lsum xs" =
t "lsum [] = 0" | "lsum (x#xs) = x + Llsum xs" t
§ § definition "lsum' 1 = fold (op +) 1 0"

s definition "Tlsum' 1 = fold (op +) 1 @" 2
E B lemma aux: "fold op + 1 & = a + lsum 1"
lemma aux: “"fold op + 1 a = a + lsum 1" apply (induction 1 arbitrary: a)
apply (induction 1 arbitrary: a) apply auto
I apply auto | done

done H

lemma "lsum' 1 = lsum 1"
unfolding lsum'_def
< D]

41

lemma "lsum' 1 = lsum 1"
unfolding lsum'_def il
(*using aux[where a=0] apply simp *)

1] D]

1«1

[SuseuL [s3%1s | sovropis | Ueneazewnsoa ] 4 @]

[Sau0syL [ 23535 [3abiepis [usneruswnooa [ ¢ [@)

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«
proof (prove) =
goal (2 subgoals):

1. Na. fold op + []1 a =a + lsum []
2. Nalaa. (Aa. foldop + La=a+ lsum 1) = foldop + (a # 1) aa = aa + lsum (a # 1)

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
proof (prove) 2]
goal:
No subgoals!

<
(B~ | output | query | sledgehammer | symbols

{1
(8]~ | output | query | sledgehammer | Symbols
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Note: The set function converts a list to the set of its elements.

Exercise 2.3 Fold function

The fold function is a ver

/ generic function, that can be used to express multiple other
interesting functions over lists.

Write a function to compute the sum of the elements of a list. Specify two versions, one
direct recursive specification, and one using fold. Show that both are equal.

fun list_sum “nat list = nat”

definition list_sum' :: “nat list = nat”
lemma “list_sum | = list_sum' [”

Homework 2.1 Distinct lists

Submission until Friday, May 12, 11:59am. Submit your solution via https://vmnipkow3.
in.tum.de. Submit a theory file that runs in Isabelle-2016-1 without errors.

Define a function contains, that checks whether an element is contained in a list. Define
the function directly, not using sef.

fun contains :: “'a = 'a list = bool”

[ ex02.par
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fun contains :: “'a = ‘a list = bool”

Define a predicate Idistinci to characterize distinct lists, i.e., lists whose elements are
pairwise disjoint. Hint: Use the function contains.

fun Idistinet = “'a list = bool

Show that a reversed list is distinct if and only if the original list is distinet. Hint: You
may require multiple auxiliary lemmas.

lemma “ldistinet (rev as) «— ldistinct zs”

Homework 2.2 More on fold
Submission until Friday, May 12, 11:59am.

Isabelle’s fold function implements a left-fold.
right-fold foldr.
Use both functions to specify the length of a list.

Additionally, Isabelle also provides a

thm fold.simps

deban®|_ | | [T 2] 3] 4] @lemmich@lzpnipkow10: ~flehrers
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If s or len is out of range, return a shorter (or the empty) list.
thm foldr.simps

fun slice == “'a list = nat = nat = 'a list”
definition length_fold :: “'a list = nat” where

definition length_foldr == “’a list = nat” Hint: Use pattern matching instead of if-expressions. For example, instead of writing f
e = (if x>0 then ... else ...) you should define two equations f = ... and f (Suc n)

lemma “length_fold | = length 1 =....

lemma “length_foldr | = length "

Some test cases, which should all hold, i.e., yield True
3.4,5,6:int] 28 =
4.5,6:int] 2 10
3.4,5,6int] 10 10 = |)

3.4]” — In range
.4.5.6]" — Length out of range
Start index out of range

Homework 2.3 List Slices value “slice (0.1

Submission until Friday, May 12, 11:59am. Specify a function slice zs s I, that, for a

list 2s=[z0,...,z,] returns the slice starting at s with length 1, i.e., [2q,.. @ jon]- Show that concatenation of two adjacent slices can be expr
out of range, return a shorter (or the empty) list.

ed as a single slice:

If s or len is

lemma “slice zs s 11 @ slice s (s+11) 12 = slice zs s (11+12)
: “'a list = nat = nat = 'a list”

Show that a slice of a distinct list is distinct.

Hint: Use pattern matching instead of if-expressions. For example, instead of writing f
>0 then ... else ...) you should define two equations f0 = ... and f (Suc n)

lemma “ldistinet zs = Idistinct (slice zs s [)”

eld True

Some test cases, which should all hold, i.e.

-
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Show that a slice of a distinct list is distinct. fun lisi_sum :: “nat list = nat”

definition list_sum' :: “nat list = nat”
lemma “list_sum | = list_sum' "

lemma “ldistinct xs = ldistinct (slice zs s 1)

Homework 2.1 Distinct lists
Submission until Friday, May 12, 11:59am. Submit your solution via https: //vmnipkow3.
in.tum.de. Submit a theory file that runs in Isabelle-2016-1 without errors.

Define a function contains, that checks whether an element is contained in a list. Define
the function directly, not using set.

fun contains :: “'a = ‘a list = bool”

whose elements are

Define a predicate Idistinci to characterize distinct lis
pairwise disjoint. Hint: Use the function contains.

“l

fun Idistinct a list = bool”

3 Show that a reversed list is distinct if and only if the original lis tinet. Hint: Youn

may require multiple auxiliary lemmas.

lemma “ldistinet (rev zs) «— Idistinct xs”

Homewaork 2.2 More on fold
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0 tut02.thy (~/lehrefFDS/exfex02/) =
=} apply auto
= done
3
H
2 lemma "lsum' 1 = Tlsum 1"
2 unfolding lsum'_def

(*using aux[where a=0] apply simp *)
apply (simp add: aux)
done

[v]

[Sau0syL [ 23235 [3piepis [usneruswnooa [ ¢ [@)

theorem lsum' ?1 = lsum ?1
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=] apply auto '] apply auto
= done = done
g g
= =
2 lemma "lsum' 1 = lsum 1" L lemma "lsum' 1 = 1lsum 1"
2 unfolding lsum'_def 2 unfolding lsum'_def

apply (simp add: aux)

[l done

T end

(*using aux[where a=0] apply simp *)

(*using aux[where a=0] apply simp *)
apply (simp add: aux)
done

T end
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proof (prove)
goal:
No subgoals!
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theorem lsum' ?1 = lsum ?1
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