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7]
gtext {* \ExerciseSheet{6}{18.~5.~2018} *}

1oftext «\Exercise{Complexity of Naive Reverse}

1| | Show that the naive reverse function needs quadratically many
12| | <Cons> operations in the length of the input list.

13 | (Note that <[x]> is syntax sugar for <Cons x []>!)

File Browser | 4 | B
©

16{thm append.simps

1g|fun reverse where
1| "reverse [] = []"
"reverse (x#xs) = reverse xs @ [x]"

20] |

21.

22| (** Define cost functions and prove that they are equal to quadratic function *)
23]

adftext <

|  \Exercise{Simple Paths}
26| | Recall the definition of paths from last exercise sheet:
27| >
<
8 [~ | output | query | sledgehammer | symbals
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12l «Cons> operations in the length of the input list.
13 (Note that ¢[x]> is syntax sugar for <Cons x []:!)

16{thm append.simps

18{fun reverse where
19 "reverse [] = [I"
x|| "reverse (x#xs) = reverse xs @ [xI[]

2| (** Define cost functions and prove that they are equal to quadratic function *)
23|
24 text <

25  \Exercise{Simple Paths}

26) Recall the definition of paths from last exercise sheet:
27>

[SsuioouL [ a5 |sviepis | Ueneasewnsoa | 4 @]

41

4

[v]

a7 =] BT 2]
t gtext {* \ExerciseSheet{6}{18.~5.~2018} *} | t gtext {* \ExerciseSheet{6}{18.~5.~2018} *} =
E w|text <\Exercise{Complexity of Naive Reverse} E 10/text <\Exercise{Complexity of Naive Reverse}

T u| Show that the naive reverse function needs quadratically many [ | 1| Show that the naive reverse function needs quadratically many [

12| <Cons> operations in the length of the input list.
13 (Note that <[x]> is syntax sugar for <Cons x []:>!)

16[thm append.simps

1g[fun reverse where
1|  "reverse [1 = [I"
2n|] "reverse (x#xs) = reverse xs @ [x]"

22 (¥* Define cost functions and prove that they are equal to quadratic function *)

24 text «

25|  \Exercise{Simple Paths}

26| Recall the definition of paths from last exercise sheet:
27>

[Sau0syL [ 23535 [piepis [ usneruswnooa [ ¢ [@]

I41

[+]

[B]~] output | query | sledgehammer [ symbols |

[l
(2]~ ] output [ query | | symbols |
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ngrimrec append :: a list = 'a list = 'a list" (infixr "@" 65) where
7olappend_Nil: "[] @ ys = ys" |

7|lappend_Cons: "(x#xs) @ ys = x # xs @ ys"

73|primrec rev "'a list = 'a list" where
74|"rev [1 = [1" |

75|"rev (x # xs) = rev xs @ [x]"

[SeiesuL | ow3s [phrepis [uomewounsea] « [@]

Elli

|

2T a["butlast (x # xs) = (if xs = [] then [] else x # butlast xs)" 5] =]
: 62} t gtext {* \ExerciseSheet{6}{18.~5.~2018} *} |
§ s3|lemma set_rec: "set xs = rec_list {} (\x _. insert x) xs" § 9 o
21l 6 by (induct xs) auto 24 1text «\Exercise{Complexity of Naive Reverse}
z)| o % u|  Show that the naive reverse function needs quadratically many

sfldefinition coset :: "'a list = 'a set" where 12| | <Cons> operations in the length of the input list.

67| [simp]l: "coset xs = - set xs" 13 | (Note that <[x]> is syntax sugar for <Cons x []>!)

68| 14>

15/thm Eppend. simps

18| fun reverse where
19|  "reverse [] = []"
20| "reverse (x#xs) = reverse xs @ [x]"

[Semoeus [e3e35 [ppispis [ uonewawnoog [ « [@]

22 (T* Define cost functions and prove that thev are eaual to auadratic function *)
<

Dl ]

- [leys=tys
« (?x # ?xs) @ ?ys = ?x # ?xs @ ?ys

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

DN

=[] @7?s =7ys
= (?x # ?7xs) @ ?ys = ?x # ?Xs @ ?ys

[¥] Proof state [¢] Auto update | Update | Search: | ~|[100% |+

DN

<
[2 ]~ [ output | query [ sledgehammer [ symbols |

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

[69.1 (1497/236142) Input/output complete
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) -
a7 L} gtext {* \ExerciseSheet{6}{18.~5.~2018} *} =
T | gtext {* \ExerciseSheet{6}{18.~5.~2018} *} H ~l o
§ 9l 1 § 10/text <\Exercise{Complexity of Naive Reverse} B
% 1o|text <\Exercise{Complexity of Naive Reverse} % 1| Show that the naive reverse function needs quadratically many
T u| Show that the naive reverse function needs quadratically many T 12| <Cons> operations in the length of the input list.

<«Cons> operations in the length of the input list.

[SsioouL [ a5 |sviepis | Ueneasewnsea ] 4 @]

13] | (Note that <[x]> is syntax sugar for <Cons x []:>!)

[Sau0syL [ 23535 [3piepis [usneruswnooa | ¢ [@)

[v]

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

13 (Note that ¢[x]> is syntax sugar for <Cons x []:!) 14] >

14> 15|

15| 15/fun append :: "'a list = 'a list = 'a list" wherelJappend_Nil: "append [] ys = ys" |

16{thm append.simps 17|  append_Cons: “append (x#xs) ys = x # append xs ys"

17| 18]

18 fun reverse where 19)

19l "reverse [] = []" z0(thm append.simps

20| "reverse (x#xs) = reverse xs @ [x]" 21

2 2[fun reverse

22("“* Define cost functions and prove that thev are eaual to guadratic function *) 23 . "reverse [1 = 1" o =
IProof state [#]Auto update | Update | Search: [7IProof state [¢]Auto update | Update | search:

« [1 @ ?ys = 7ys = consts

« (?7x # 7xs) @ ?7ys = 7x # 7xs @ 7ys append :: "'a list = 'a list = 'a list"

]

il
(B~ | output | query | sledgehammer [ symbols |

<
(2]~ [ output | query |

| symbols |
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P tut06.thy (~/lehre/FDS/SS18/public/exercises/) v B tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
B text {* \ExerciseSheet{6}{18.~5.~2018} *} B[ BT (=l
; E _:% ; z0(thm append.simps %
210 10{text <\Exercise{Complexity of Naive Reverse} L8 2l a 2
% 1| Show that the naive reverse function needs quadratically many § % 22(fun reverse where §
T | 12l <Cons> operations in the length of the input list. & i|l 23 ‘“reverse [] = []" z
130 (Note that <[x]> is syntax sugar for <Cons x []>!) Il 2| "reverse (x#xs) = reverse xs @ [x]" 5]
14/ > § 25) é
15| B 26| fun t_reverse where B
15/ fun t_append "'a list = 'a ist = 'a list" where (2| 27|  "t_reverse [] = 0" [o]
17| append_Nil: "t_append [] ys = 0" | & || "t_reverse (x#xs) = t_reverse xs + 1 @I[x]" H
18]  append_Cons: "t_append (x#xs) ys = x # t_append xs ys" = 29| E1
19| 3 30) ]
20| & al| (** Define cost functions and prove that they are equal to quadratic function *) 2]
21[thm append.simps 22 =]
= [ ]
Al fl‘m reverse where + =] [7IProof state [¢]Auto update | Update | search: ~| oo [+]
] Proof state /] Auto update | Update | Search: | ~||toon |+ iz:i;dszzt::r:;rg:zp B
Type unification failed: No type arity list :: zero =
Type error in application: incompatible operand type I~ =
<

DN

<

DN

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

[
(2]~ [ output | query [ | symbols |
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) |
I w B LY B
; 20/thm append.simps é ; 22| fun reverse where 7%
% 21 =l e % 23| | “"reverse [] = []" a2
E 22{fun reverse where § f 24| "reverse (x#xs) = reverse xs @ [x]" *g
T 230 "reverse [] = [1" B ||| g
24| "reverse (x#xs) = reverse xs @ [x]" i 26| fun t_reverse where i
5| § =z | "t_reverse [] = 0" §
26/ fun t_reverse where H =|| "t_reverse (x#xs) = t_reverse xs + t_append (revErsd xs) [x] + 1" 5
271 "t_reverse [] = 0" (o] 29| [a]
(| "t_reverse (x#xs) = t_reverse xs + 1 + t_append (t_[] @ [x]" & 3 o
29 El a| (** Define cost functions and prove that they are equal to quadratic function *) El
30| § 32 §
a|(** Define cost functions and prove that they are equal to quadratic function *) e sftext « 2]
32 = | | \Exercise{Simple Paths} =
Cll [¥] | [v]
[ Proof state [] Auto update | Update | Search: | | [oow |« [¥] Proof state [¢] Auto update | Update | Search: | ~|[oo% |+
Inner syntax erroro <] consts =
Failed to parse prop reverse "'a list = 'a list"
Found termination order: "length <*mlex*> {}"
] D] il D]
(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbols
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
8T B BT (Note that <[x]> is syntax sugar for <Cons x [1:1) B
; 2{fun reverse where % ; 14> %
¢l 23 “"reverse [1 = [I" = £l 1 =2
i 24| "reverse (x#xs) = reverse xs @ [x]" 7§ f 16[fun t_append :: "'a list = 'a list = nat" where §
| 2 E |l 17 "t_append [] ys = 0" | g

26| fun t_reverse where Il 18| "t_append (x#xs) ys = 1 + t_append xs ys" El
27] _reverse [] = 0" § 19) é
2| "t_reverse (x#xs) = t_reverse xs + t_appendl(reverse xs) [x] + 1" B 2o[thm append.simps B
29| 9 21 w
20| 3 zzun reverse where 3
a1|(** Define cost functions and prove that they are equal to quadratic function *) = 23|  "reverse []1 = []" El
2| § 24| "reverse (x#xs) = reverse xs @ [x]" §
aaltext « 18] 25 3]
34 ‘\Exercise{simple Paths} oo = 26l fl‘Jn t reverse where - -
< D < »
IProof state [#]Auto update | Update | Search: ~|[roox [+] [7IProof state [¢]Auto update | Update | search: ~| oo [+]
consts = « []1 @ ?ys = ?ys =]
t_reverse : a list = nat" « (?x # 7xs) @ ?ys = 7x # ?xs @ ?ys
Found termination order: "length <*mlex*> {}"
< D 1l D

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

|29‘45 (608/4745) (isabelle isabelle,UTF-8-sabelle) im0 UG 1298MB 12:27 PM‘ ‘21‘1 (444/4745) (isabelle,isabelle, UTF-81sabelle)/im o UG 1298MB 12:28 PM|
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™ tut06.thy (~/lehre/FDS/SS18/public/exercises/) -l |1 tut06.thy (~/lehrefFDS/SS18/public/exercises/) -
274 (Note that <[x]> is syntax sugar for <Cons x []>!) <18 BT dfun t_append :: "'a list — 'a list — nat" where (=]
et o 5l Y "t_append [] ys = 0" | o1
o = w " = " o
2| 15 7; HISt t_append (x#xs) ys = 1 + t_append xs ys S
@ o 16/ fun t_append 'a list = 'a list = nat" where S ||| 19 8
o 2 @ 2
T 171 "t_append [] ys = 0" | s | zo/lemma "t_append xs ys = length xs + length yi-- o
5 5
18] "t_append (x#xs) ys = 1 + t_append xs ys" = 1 B El
19| § 220- - é
so|Lemma "t_append xs ys =J-- H 23[thm append.simps e
al- (2 | o 2]
o &
22| = 4 o
23[thm append.simps = [IProof state [#]Auto update | Update | search: | = oo [+] ]
. El ES
2 5 proof (prove) [=]|&
@ 5
=|(fun reverse where 8] goal (1 subgoal): L]
26l_ "reverse [] = []" i~ 1. t_append xs ys = length xs + length ys
0 [ Auto Quickcheck found a counterexample:
] Proof state /] Auto update | Update | Search: | ~|[loo% |+ xs = []
Inner syntax error: unexpected end of inputa [<] ys = [au]
Failed to parse prop Evaluated terms:
t_append xs ys = 0
length xs + length ys = 1
cl Dl | q |
|8~ [output | query [ sledgenammer | symbols (8]~ [ output [ query | | symbals |
|20‘25 (451/4782) Input/output complete (isabelle isabelle,UTF-8-/sabelle) im0 UG 98MB 12:28 PM‘ ‘20‘45 (471/4802) (isabelle isabelle, UTF-8-Isabelle) 1m0 UG 37/1335MB 12:29 PMl
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v B tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
BT "reverse (x#xs) = reverse xs @ [x]" Bl BT [~ =
—| = =l =l 3 o]
3 . . . T
2| zoflemma [simpl: "length (reverse xs) = length xs" by (induction xs) auto 2 2o s2fun t_reverse where []|8
5 5
a || 30 § sl 33 | "t_reverse [] = 0" _§
2 =l © E
|| 3 2 i| 3| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" 4
5 5
32| fun t_reverse where =] 3| |7
EE _reverse [] = 0" § 3| (* é
a|| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" B 37. to=0 B
) e 3 t(n#l) =tn+n+1 =
g by
36. o 39) T
7] El 0]*) El
38| Ed 4 S
3 F
39| 2] 22 2]
a0 (** Define cost functions and prove that they are equal to dquadratic function *) = 4l : o =
] D < »
¥ Praof state ] Auto update | Update | search | ~][oow [+] ] Procf state [¥]Auto update | Update | search: | ~|[roce [+
consts = consts 1]
t_reverse : a list = nat" t_reverse :: "'a list = nat"
Found termination order: "length <*mlex*> {}" Found termination order: "length <*mlex*s {}"
DN DN

« <«
(o]~ output | query | sledgehammer [ symbols | [B] > [output [ query | sledgehammer [ symbols |

[36.1 (77314889) (isabelle,isabelle, UTF-8-Isabelle) 1 ¢
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
>] ol =)&) ] 34|| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" ==
; 2{fun t_reverse where % ; E: %
2| 33| "t_reverse [] = 0" 2 2/ gl (* 2
% 34| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" § % @ tOo=0 :§
)| = g | g t (ntl) =tn+n+1 g
36{ (* El ES El
@ to=0 H agl*) g
Al t (h+1) =tn+n+1 = al 5
30| (o] spvalue "map (An. t_reverse (replicate n (0::int))) [0,1,2,E,4,5.6]1" [a]
a0/ %) & a3 S
41 ; 44) ;
2] E as| (** Define cost functions and prove that they are equal to quadratic function *) s
43| i 46} E
44("“* Define cost functions and prove that they are eaual to guadratic function *) + I~ 47‘Ex‘axt < o -
] Proof state /] Auto update | Update | Search: | ~|[roo% |+ [¥] Proof state [ Auto update | Update | Search: | ~|[roo% |+
consts =] "[o, 1, 3, 6, 10, 15, 21]" =l
t_reverse :: "'a list = nat" 11 "nat list"
Found termination order: "length <*mlex*> {}"
D] ] D]

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

[
(2]~ [ output | query |

[38.1 (786/4928)

(isabelle,isabelle, UTF-B-sabelle) l/m 0 UG 72/1334MB 12
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
BT "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" Bl BT to=o0 [~ =
;35 = ;35 t(n#l) =tn+n+1 =
21| ol (* L g HIE: g
i 7l te=0 ElE} f 40|*) B
T |3 t(n+tl) =tn+n+1 2 || a &

30 Il a2lvalue "map (An. t_reverse (replicate n (0::int))) [0,1,2,3,4,5,6]" 2
40*) § 43 é
Fil B s2flemma "t_reverse xs = length xs * (length xs + 1) div 2" B
s2lvalue "map (An. t_reverse (replicate n (0::int))) [0,1,2,3,4,5,6]" (o 45|  apply (induction xs) apply auto done [o]
43 % 46} %
24 = 57] (** Define cost functions and prove that they are equal to quadratic function *) 7;
45| (** Define cost functions and prove that they are equal to quadratic function *) % ~70 D l%
::text < :_ [ Proof state [#]Auto update | Update |search:[ =[[100% |+ .

1 bl proof (prove) 2]

¥ Praof state ] Auto update | Update | search | ~][oow [+] goal (1 subgoal):

"0, 1, 3, 6, 10, 15, 211" =] 1. Aa xs. t_reverse xs = (length xs + length xs * length xs) div 2 —-

;: "pat list" (length xs + length xs * length xs) div 2 + t_append (reverse xs) [a] =

(length xs + (length xs + (length xs + length xs * length xs))) div 2

< D 1l D

(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

a1
sfvalue "map (An. t_reverse (replicate n (0::int))) [0,1,2,3,4,5,6]"

|
35.
(

33l "t_reverse [] = O" =18 ] 27]|| "reverse (x#xs) = reverse xs @ [x]" e
34| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" =l —il| 2|
b
35| 2 2|| olemma reverse_length: "length (reverse xs) = length xs" by (induction xs) auto =
3 E
36"* § IR [
a7 t0=0 B T 2
5
g t(n+tl) =th+hn+1 =4 33|fun t_reverse where
29| § = "t_reverse [] = o"
a0/*) § al| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1"
2]
&
@
El
g
B

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

1. t_reverse xs = length xs * (length xs + 1) div 2

DN

EE 7l to=20
alemma "t_reverse xs = length xs * (length xs + 1) div 2" # t(n+l) =tn+n+1
as| apply (induction xs) apply (auto simp: t_append_conv reverse_length) done 0 o
T D] il Dl ]
¥IProof state [/ Auto update | Update | search | ~][roow [+] [IProof state [#]Auto update | Update | search: | | [roos [~]
proof (prove) =l consts =]
goal (1 subgoal): t_reverse :: "'a list = nat"

Found termination order: "length <*mlex*> {}"

]

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

{1
(2]~ [ output | query |

| symbols

[36.
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) - O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
271] "reverse (x#xs) = reverse xs @ [x]" =l BT "reverse (x#xs) = reverse xs @ [x1" =]
28| t 28]
2o[Lemma reverse_length: "length (reverse xs) = length xs" by (induction xs) auto = g 2o[Lemma reverse_length: "length (reverse xs) = length xs" by (induction xs) auto =
30| @ 30)
31. % 31

32| fun t_reverse where

[S5osuL [ ow3s [pbrepis [uomewounsea | « [@]

32| fun t_reverse where

[Ssuos 0L [=3e3s [ontepis [uomemwnoa [ ¢ | B)

DN

33| _reverse [] = 0" 3| | "t_reverse [] = 0"
a|| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" 34[| t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1"
35| 35)
36| (* 3| (*
a7 to=0 @7l to=0
3 ti(n+tl) =tn+n+1 3l t (ntl) =tn+n+1
39| = 39) =i
i vl i T+
[ Proof state [l Auto update | Update | Search: | ~|[Loon |+ (¥l Proof state [¥] Auto update | Update | Search: | ~|[oo% |+
theorem reverse_length: length (reverse ?xs) = length 7xs 1| consts =
t_reverse :: "'a list = nat"

Found termination order: "length <*mlex*> {}"

DN

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

|
(2]~ [ output | query [ | symbols |
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
24 B B[ TRecall the definition of paths from last exercise sheet: ==Y
; 32| fun t_reverse where % ; 52| > %
2| 33| "t_reverse [] = 0" L2 2]o s3lfun path "('a = 'a = bool) = 'a = 'a list = 'a = bool" a
% 34| "t_reverse (x#xs) = t_reverse xs + t_append (reverse xs) [x] + 1" 75 % s4f | where §
2| = g E|| ss| "path G u [] v — u=v" g

36| (* i se||| "path G u (x#xs) v «— G u x A path G x xs v" i
@l to=0 H E g
s t(n+l) =tn+n+1 § ss{ Llemma path_append[simp]l: "path G u (pl@p2) v «— (3w. path G u pl w A path G w p2 v)" i
39| (o] s | by (induction pl arbitrary: u) auto [a]
auI) & 60) S
41 El 61| El
a2lvalue "map (An. t_reverse (replicate n (0::int))) [0,1,2,3,4,5,61" ] soltext ¢ s
43 e 63| | A simple path is a path without loops, or, in other words, a path TE
K| - : - : S - [v] Ol : - e : S - I
¥IProof state [/ Auto update | Update | search | ~][roow [+] [IProof state [#]Auto update | Update | search: | | [roos [~]
consts = consts =
t_reverse :: "'a list = nat" path :: "('a = 'a = bool) = 'a = 'a list = 'a = bool"
Found termination order: "length <*mlex*> {}" Found termination order: "(Ap. length (fst (snd (snd p)))) <*mlex*> {}"
] D] il D]

(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbols
|ﬂ0‘1 (826/5144) (isabelle isabelle,UTF-8-/sabelle) /im0 UG 05/1337MB 12:41 PM‘ ‘50‘1 (1467/5144) (isabelle isabelle, UTF-8-Isabelle) 'm0 UG 9/1337MB 12:45 PM|
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/)

(01 tut06.thy (~/lehre/FDS/S518/public/exercises/)

B8

47

«

D

= [x] =
&8 |—{— 66} | ==
= Hint: Induction on the length of the path % ; 67| | Show that for every path, there is a corresponding simple path. %
2|1 70[> 2 2 e 2
i 7[thm measure_induct_rulelwhere f=length, case_names shorter] § f g9l | Hint: Induction on the length of the path §
)| 72 5 )|} 70| > by
73thm not_distinct_decomp El 7fthm measure_induct_rulelwhere f=length, case_names shorter]l :i
74 § 72 %
7s|Llemma exists_simple_path: B 73[thm not_distinct_decomp B
76) assumes "path G u p v" (2| 74 (o]
771  shows "Jp'. path G u E] v A distinct E" & 7s|lemma exists_simple_path: S
78 oops El 76| assumes "path G u p v" e
79 8 7| shows "3p'. path G u p' v A distinct p'" 8
80l :i 78|  oops TE
K - - — E— vl i ¥l
] Proof state (] Auto update | Update |Search: | v||Loo% | (¥l Proof state [¥] Auto update | Update | Search: | ~|[1o0% |+
— distinct ?ws — dxs ys zs y. ?ws = xs @ [yl @ ys @ [y] @ zs =l (Ax. (Ay. length y < length x = ?P y) = 7P x) = ?P ?a =l

<

DN

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

[
(2]~ [ output | query [ | symbols |
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

71|thm measure_induct_ rulel

72{thm measure_induct_rule[where f=length, case_names shorter]
73
7a{thm not_distinct_decomp
75|
76|Llemma exists_simple_path:

771 assumes "path G u p v"

78] shows "Jp'. path G u p' v A distinct p'"

[SSisouL a5 |soviepis | Uoneazewnsea ] 4 @]

<

nfthm measure_induct_rule
72[thm measure_induct_rule[where f='Lengh, case_names shorter]

7althm not_distinct_decomp

76 Lemma exists_simple_path:
77| | assumes "path G u p v"
76| shows "Jp'. path G u p' v A distinct p

3] = [>] =
&6 — &6} =

t 671 Show that for every path, there is a corresponding simple path. t g7 Show that for every path, there is a corresponding simple path.

] b

|| eg 2| o8

@ || go| Hint: Induction on the length of the path = gg| Hint: Induction on the length of the path

o o

T 70| > i© 70| >

[Sau0syL [ 23535 [piepis [ueneruswnooa [ ¢ [@]

[

[»]

Proof state Auto update

update | search: [

~|[roo% [+]

[IProof state [#]Auto update | Update | search: |

~|oos [+]

(Ax. (Ay. ?fy<?7fx — 7P y) — P x) — 7P 7a

DN

(Ax. (Ay. length y < length x — 7P y) — ?P x) — 7P 7a

]

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

{1
(2]~ [ output | query |

| symbols

[71.24 (1823/5168)

(isabelle isabelle,UTF-8-Isabelle) 1m0 UG
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B tut06.thy (~/lehre/FDS/SS18/public/exercises/)

| tut06.thy (~/lehre/FDS/S518/public/exercises/)

71/thm measure_induct_rule

72/thm measure_induct_rule[where f=length,lcase_names shorterl]
73|
74/thm not_distinct_decomp
75|
76/Llemma exists_simple_path:

771 assumes "path G u p v"

78] shows "Jp'. path G u p' v A distinct p'"

[S5osuL [ 9w [pbwepis | uomeweunsea | « [@]

{1

[v]

7fthm measure_induct_rule
72{thm measure_induct_rulelwhere f=length, case_names shorter]l

72fthm not_distinct_decomp
76| Llemma exists_simple_path:

77|  assumes "path G u p v"
78|  shows "Jp'. path G u p' v A distinct p'"

a = [] 5
&6 — 66} =

= & show that for every path, there is a corresponding simple path. ~| & show that for every path, there is a corresponding simple path.

2| s 2 e

i ssf Hint: Induction on the length of the path f g9l | Hint: Induction on the length of the path

E|L 70> |l 70>

[Ssuoa 0L [=3e3s [ontepis [uomemwnoa [ ¢ | B)

Clli

Iv]

Proof state [¥] Auto update | Update

(Ax.

(Ay. length y < length x — ?P y) — ?P x) — ?P ?a

search [ ~|floow [+]

47

«

D

(Ax.

(Ay. length y < length x — ?P y) — ?P x) — 7P ?a

(¥l Proof state [¥] Auto update | Update | Search: | ~|[100% |+

<

DN

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

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

[72.40 (1853/5168)

(isabelle,isabelle, UTF-8-sabelle) 1 ¢
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

76|Lemma exists_simple_path:
assumes "path G u p v"
shows "Ip'. path G u p' v A distinct p'"

77|
78|

80
81|
sz|text <\NumHomework{Stability of Insertion Sort}{May 25}
e3 Have a look at Isabelle's standard implementation of serting: @{const sort_key}

[SioouL [s15 |svieis | usneasewnsea ] 4 @]

<

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

|

CHl
|8~ [output | query [ sledgenammer | symbols

BT 52 thm measure_induct_rule = Ll =
t 72lthm measure_induct_rule[where f=length, case_names shorter] t 74/thm not_distinct_decomp

% 73 % 735

@ 74thm not_distinct_decomp @5 7elemma exists_simple_path: L
]| 7 | 77| assumes "path G u p v" E|

75. shows "Jp'. path G u p' v A distinct p'"
7olproof (induction p rule: len_induct)

80|

81

<«

) o " i14 " B v B

[»]

proof (prove)
goal (1 subgoal):
1. Jp'. path G u p' v A distinct p*

[Saui0syL 23235 [3piepis [usneruswnooa [ ¢ [@)

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

]

<1
(2]~ [ output | query |

| symbols

[78.3 (z008/5164)

debian(0| _ |Ty| = |T234|!|
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B tut06.thy (~/lehre/FDS/SS18/public/exercises/)

(01 tut06.thy (~/lehre/FDS/S518/public/exercises/)

so|proof (induction p rule: len_induct)

81|

82|

g3 text <\NumHomework{Stability of Insertion Sort}{May 25}

[H|

aill__Have a look at Tsabelle's standard imnlementation of sartina: @{const sart kew} |

] 75| I~ L] 79 1=
=& 76/Lemma exists_simple_path: = 7eLemma exists_simple_path:

|| 77 | assumes "path G u p v" 2l 7 | assumes "path G u p v"

2|l 7 shows "Jp'. path G u p' v A distinct p'" 2L 74 | shous "Jp'. path G u p' v A distinct p'"

2)| 7 Y | = % 7| using assms S|

slproof (inductflon p rule:
81
82
gaftext <\NumHomework{Stability of Insertion Sort}{May 25}

len_induct)

anl Have a T1nnk at Tsahallae's standard imnlemantatinn af sartina-

aLeonst sart kavl

[T|

[+

[SsiosuL [ow3s [pmepis [uonewsunsea | « [@]

[Sstioa s [=3e35 [ontepis [uorewswnoa [ €| B)

IProof state ] Auto update | Update | Search | ~|[roox [+] [7IProof state [¢]Auto update | Update | search: ~| oo [+
proof (prove) = proof (state) =
goal (1 subgoal): goal (1 subgoal):

1. 3p'. path G u p' v A distinct p' 1. Ax. [Ay. [length y < length x; path G uy v] = Jp'. path G u p' v A distinct p'; path G u x v]
T — dp'. path G u p' v A distinct p*
Proof outline with cases:
case (shorter x)
then show ?case sorry
qed
<« D 1l D
(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
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781 shows "Jp'. path G u p' v A distinct p =
i 79| using assms

go|proof (induction p rule: len_induct)
T‘ﬂ case (shorter x)

g2| then show ?case sorry

s3(qed]]

84

File Browser | 4 | B

85
sstext <\NumHomework{Stability of Insertion Sort}{May 25}
& =7l Hava a 1nnk at Tsahalla's standard imnlemantatinn nf sartina: afeonst sart kavd =]

< D]

77|  assumes "path G u p v" =
78|  shows "Jp'. path G u p' v A distinct p'"
79| using assms

go|proof (induction p rule: len_induct)

al| | case [Fhorter x)l

s2|  then show ?case sorry

s3lqed

e

o
o
3
8
g
o

85|

& nszY'l‘ ANumHamawnrk {St+ahilitv nf Tnsartinan Sart+}{Mav 25} o =
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[SsusaUL [#3%15 |soviopis | uoheasownsoa ] 4 | @]

[ Proof state [v] Auto update | Update |Search: [ ~| oo |«
proof (state) [~]
goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G u y v] — Jp"'.
= dp'. path G u p' v A distinct p'
Proof outline with cases:
case (shorter x)
then show ?case sorry
ged

path G u p' v A distinct p'; path G u x v]

D]

[Saui0syL 23235 [3piepis [usneuswnooa [ ¢ [@]

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
proof (state) 2]

this:
T « [length ?y < length x; path G u ?y v] —> Jp'. path G u p' v A distinct p'
« path Gu x v

goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G uy v] = 3p'. path G u p' v A distinct p*; path G u x v]
— dp'. path G u p' v A distinct p'

]

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

<1
(2]~ [ output | query |

| symbols |

[83.4 (2117/5275) Matches line 76: lemma exists_simple_path (isabelle,isabelle, UTF-8-Isabelle) |/ 0 UG 82MB 12:54 PM
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771 assumes "path G u p v"

78| shows "Jp'. path G u p' v A distinct p
79| using assms

so|proof (induction p rule: len_induct)

| case (shorter pf]

g2) then show ?case sorry

a
]
E3
2
&
@

77|  assumes "path G u p v" =]
76| shows "Jp'. path G u p' v A distinct p'"
79| using assms

sofproof (induction p rule: len_induct)

all case (shorter p)

g2|  then show ?case sorry
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IProof state [#]Auto update | Update | Search: [7IProof state [¢]Auto update | Update | search: | [roox [+]
proof (state) = proof (state) =
this: this:
T « [length ?y < length p; path G u ?y v] = Jp'. path G u p' v A distinct p' T « [length ?y < length p; path G u ?y v] = 3p'. path 6 u p' v A distinct p’
« path Gup v « path Gup v
goal (1 subgoal): goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G u y v] = 3Jp'. path G u p* v A distinct p'; path G u x v| T 1. Ax. [Ay. [length y < length x; path G u y v] = 3p'. path G u p' v A distinct p'; path G u x v]
=— Jp'. path G u p' v A distinct p* — dp'. path G u p' v A distinct p*
<« D 1l D
(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
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78] shows "Jp'. path G u p' v A distinct p'" Bl 78| shows "Ip'. path G u p' v A distinct p'" [~ &

79| using assms =l 79| using assms 51

go|proof (induction p rule: len_induct) 2 go|proof (induction p rule: len_induct) a

Fl 3

g| rcase (shorter p)l Ef gl case (shorter p) £

82 - “54 82 - %’»

g from not_distinct_decomp[of pl. = Ea--l El

sy then show ?case sorry H 84 g

ss|qed H gs|  from not_distinct_decomp[of pl- F

86 (o] ss| | then show ?case sorry i

-] 2 wlnad =&

“al Y i Dl |®

B ES

[ Proof state [] Auto update | Update | Search: | ~|[roow [+]|8 [¥] Proof state [¢] Auto update | Update | Search: | ~|[roow [~]|8

@ o

proof (state) e proof (state) = 3

this:
T « [length ?y < length p; path G u ?y v] =— Jp'. path G u p' v A distinct p'
«path Gup v

goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G u y v] = 3p'. path G u p* v A distinct p'; path G u x v]
= dp'. path G u p' v A distinct p'

D]

this:
T « [length ?y < length p; path G u ?y v] = 3p'. path G u p' v A distinct p’
« path Gup v

goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G uy v] = Jp'. path G u p' v A distinct p*; path G u x v]
= Jdp'. path G u p' v A distinct p*

Dl |

il
(B~ | output | query | sledgehammer [ symbols |

{1
(8]~ [output | query | | symbals |
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this:
T « [length ?y < length p; path G u ?y v] = Jp'. path G u p' v A distinct p'
« path Gup v

goal (1 subgoal):
T 1. Ax. [Ay. [length y < length x; path G u y v] = 3Jp'. path G u p* v A distinct p'; path G u x v|
=— Jp'. path G u p' v A distinct p*

D

BT shows "Ip'. path G u p' v A distinct p'" 15 B 5 Tusing assms [~ =
; 79| using assms % ; sofproof (induction p rule: len_induct) %
2o solproof (induction p rule: len_induct) 2 2| a| case (shorter p) 2
% g| case (shorter p) ] % &) 3
z| ez - 5 o e show ?case proof cases g
s:;--l El 84 assume "distinct pEIshow ?thesis sorry 15]

84- - H g  next H

gs| from not_distinct_decomp[of pl- ; 8] assume "~distinct p" show ?thesis sorry §

ss| then show ?case sorry (o a7  gqed [a]
S g

e iy =] m

5 S

IProof state [#]Auto update | Update | Search: v foow [~]|8 [7IProof state [¢]Auto update | Update | search: ] [roo% [+]|8

proof (state) =] proof (prove) =&

goal (1 subgoal):
1. dp'. path G u p' v A distinct p*

DN

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

<1
(2]~ [ output | query [ | symbols |
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<

Clli

Iv]

proof (state)
T this:
- distinct p

goal (1 subgoal):
1. - distinct p = Jp'. path G u p' v A distinct p'

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

D]

proof (chain)
picking this:
Ixs yszsy. p=xs @ [yl @ays @ [yl @ zs

875 using assms [<]124 i assume "distinct p" then show ?thesis using shorter.prems by blast =l
9 P 9 P y
—o solproof (induction p rule: len_induct) = o 8|  next
] g =
2|l a| case (shorter p) 2 2/l| g assume "~distinct p*
3 3
al| g2 g || g7 from not_distinct_decomp[OF this] obt
@ = o
T - g2f show ?case proof cases = ||| egl-r: (keyword)
. . N . 2
84| assume “"distinct E" then show ?thesis using shorter.prems by blast =2 - R obtains (keyword)
ss|  next § a0l show 7thesis sorry
e assume "—distinct H" show ?thesis sorry § al | qed
g7 fqed (o 93 a
2 =% wl__from nnt distinct Inf nl -]
=
3
g
B

[¥] Proof state [¢] Auto update | Update | Search: | ~|[100% |+

[Seui0syL 23235 [3piepis [usneruswnooa [ ¢ [@]

Dl |

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

{1
(8]~ [output | query | | symbals

[86.23 (2216/5463)

(isabelle, isabelle, UTF-8-Isabelle) /i o UG /1216MB 1:00 PM
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o| from not_distinct_decomplof pl
od__than chow ?rase sarrv
4

el from not distinct dacoamnlnf nl

[T|

[+

8T assume "distinct p" then show ?thesis using shorter.prems by blast Bl BT 5 assume "—distinct p" =]
=17 ) next = =17 9 from not_distinct_decomp[OF this] obtain pl p2 p3 u where "p=pl@u#p2@u#p3"
2| assume “"-distinct p" 2 I by auto
i 87 from not_distinct_decomp[OF this] obtain pl p2 p3 u where “"p=pl@u#p2@u#p3" § f gof- -
|| s by auto]] ,565, &) oof-+r-- E
89| show ?thesis sorry 2 al-FLEL-
o gqed H ) show ?thesis sorry
a B o3 | qed
g
;
g

[Sstioa s [=3e35 [ontepis [uomemwnoa | ¢ | @)

IProof state [#]Auto update | Update | Search: v [oow [+] [7IProof state [¢]Auto update | Update | search: ~| oo [+
have (Apl p2 p3u. p=pl @u # p2 @ u # p3 — ?thesis) — 7?thesis = have (Apl p2 p3 u. p=pl @u # p2 @ u # p3 — ?thesis) — ?thesis =
proof (state) proof (state)

T this: T this:
p=pl@u#p2a@u#ps p=pl@u#p2au#nps3
goal (1 subgoal): goal (1 subgoal):
1. - distinct p = 3Jp'. path G u p' v A distinct p' 1. - distinct p = Jp'. path G u p' v A distinct p'
<« D 1l D
(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
|EE‘14(231115561) (isabelle,isabelle, UTF-8-Isabelle)/lm o UG 7SMEl‘03PM‘ ‘917’ (isabelle isabelle, UTF-8-sabelle) im0 UG 7EMBl'03PM|

debion(O|_ || 2 |T2 3| 4 | j@lammich@lapnipkow10: ~/lehre/fDS/S51... | 4 Isabelle2017 - tut06.thy

[f&315abelte2017 - tutos.thy

)
deban®|_ | W] [T 2] 3] 4] mmlemmich@lspnipkow10: ~fiehre/FDS/S51...| g Isabelle2017 - tut0s thy (modified) [/ 1sabelie2017 - tutoe.thy (modified)




4 Isabelle2017 - tut06.thy
File Edit Search Markers

(@dbE & 9¢ X0OBE & &

Folding View Utilities Magros Plugins Help

CEEE B & @

4 Isabelle2017 - tut06.thy.
Elle Edit Search Markers

NEdho & 4 ¢ X a8 -

Folding View Utilities Magros Plugins Help

B EE

0 tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

9T next

t 85 assume "-distinct p"

§ 7| from not_distinct_decomp[OF this] obtain pl p2 p3 x where "p=pl@x#p2@x#p3"
% E by auto

T/ e

a0 hence "path G u (plax#p3) V(]|
91

2] show ?thesis sorry

s ged

a

<

76| Llemma exists_simple_path:

77|  assumes "path G u p v"

78|  shows "Jp'. path G u p' v A distinct p'"
79| using assms

File Browser | 4 | B

al| | case [bhorter p)l

82

g3l | show ?case proof cases

& assume "distinct p" then show ?thesis
nayt

[l [»]

using shorter.prems by blast

so|proof (induction p rule: len_induct) -

D

proof (prove)
T using this:
p=pl@x#p2a@x#p3

goal (1 subgoal):
1. path G u (pl @ x # p3) v

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

[SsusaUL [23%15 |soviopis | Ueneasownsoa ] 4 | @]

D]

[¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
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(B~ | output | query | sledgehammer | symbols
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| symbols
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IProof state ] Auto update | Update | Search |

[7IProof state [¢]Auto update | Update | search:

~| oo [+

theorem path_append: path ?G ?u (?pl.0 @ ?p2.0) ?v = (3w. path ?G ?u 7p1.6 w A path ?G w 7p2.0 ?v)

47

D]

BT "path G u (x#xs) v — G u X A path G x xs v" Bl B next =]
; 57 % ; 8| assume "-distinct p"
2|c sslemma path_append[simp]l: "path G u (pl@p2) v «— (3w. path G u pl w A path G w p2 v)" 8 2o from not_distinct_decomp[OF this] obtain pl p2 p3 x where "p=pl@x#p2@x#p3"
2] o by (induction pl arbitrary: u) auto § 5| e by auto
2|| o o (& Z) oo hence “"undefined (path 6 u p v)[Japply simp--

51. i 90}

eftext « H ol hence "path G u (pl@x#p3) v"

63 A simple path is a path without loops, or, in other words, a path ; 92

64 where no node occurs twice. (Note that the first node of the path is (o 3 show ?thesis sorry

=l nnt includad siuch that thare mav he a simnle nath from cis tn cin ) =] & al_|_nad =]

[H| D ; [T| D]
g

proof (prove)
goal (1 subgoal):
T 1. p=pl@x#p2a@x#p3—=

undefined (3w. path G u pl w A Gw x A (Iw. path G x p2Z w A Gw x A path G x p3 v))

[Sstioa s [=3e35 [ontepis [uoremwnoa [ ¢ | B)
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(o]~ output | query | sledgehammer [ symbols |
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(2]~ [ output | query [ | symbols |
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B e next [<]124 a4 assume "distinct p" then show ?thesis using shorter.prems by blast ==Y

; o8| assume "-distinct p" % gs| | hext %

£lo 77 from not_distinct_decomp[OF this] obtain pl p2 p3 x where "p=pl@x#p2@x#p3" 2 S assume "~distinct p" a

i o8| by auto § e;l from not_distinct_decomp[OF this] obtain pl p2 p3 x where "p=pl@x#p2@x#p3" §

£o g hence "foo" using shorter.prems apply clarBimp 7%" ag) by auto 7%3

0| = e hence "path G u (pl@x#p3) v" using shorter.prems by auto 2]

o o1 hence "path G u (plax#p3) v" H o) g

o2 H a show 7thesis sorry F

o3| show ?thesis sorry (o] s  ged i

| (2 zl&

un“ﬂﬂﬂ ol Li =J M_E

E ES

[ Proof state [] Auto update | Update | Search: | ~|toon |+ § [¥] Proof state [¢] Auto update | Update | Search: | ~|[1o0% |+ §

@ o

proof (prove)
goal (1 subgoal):
1. Awwa. [p=pl @ x #p2 @ x # p3; path G u pl w; Gw x; path G x p2 wa; G wa x; path G x p3 v] = foo

D]

have path G u (pl @ x # p3) v
proof (state)

this:
T path G u (pl @ x # p3) v

goal (1 subgoal):
1. - distinct p = Jp'. path G u p' v A distinct p'

Dl |

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

{1
(8]~ [output | query |

| symbols
|59‘47 (2358/5647) lisabelle,isabelle, UTF-8-Isabelle) ! o UG 23MB 1:07 PM‘ ‘57‘1 (2218/5623) (isabelle isabelle, UTF-8-Isabelle) 1m0 '1105MB 1:07 PMl
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) I B tut06.thy (~/lehre/FDS/SS18/public/exercises/) 7
8T e by autoe Bl Ll g with shorter.prems obtain x1 x2 where [~ =
= = E "path 6 u pl x1" "G x1 x" "path G x p2 x2" "G x2 x" "path G x p3 v" =
S1| 89 . e 2l P P P P P P B
2o oo from shorter.prems obtain x1 x2 where a 2L a by auto 8
g " wom won won non " 3 IS 3
alta path G u pl x1" "G x1 x" "path G x p2 x2" "G x2 x" "path G x p3 v Bt sl o B
|| o by auto 2 i|| o 4

5 5

a3 = o4 21
o4 hence "path G u (pl@x#p3) v" using shorter.prems by auto § o) %
95| g oAl ~l&
- = Cll D s

96| show ?thesis sorry i w
ol “nnrl I -l & [¥] Proof state [¢] Auto update | Update | Search: | -|[roow [+]|%
E proof (prove) =

¥ Praof state ] Auto update | Update | search | | [roo [+] g goal (1 subgoal): ¢

have (Apl p2 p3 x. p =pl @ x # p2 @ x # p3 — ?thesis) — ?thesis e[| 1. path G u (pl @ x # p3) v =l

proof (state)
T this:
p=pl@x#p2a@x#p3

goal (1 subgoal):
1. - distinct p = dp'. path G u p' v A distinct p'

DN

DN

[l
[2 ]~ [ output | query [ sledgehammer [ symbols |

<1
[B ]+ [output [ query [ sledgehammer [ symbals |

|93.1 (2a51/5762)
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

o2 then have "path G u (pl@Ex#p3) v" by auto
93
ol. o0 b

ES A |

a6 show ?thesis sorry
a7 qed

o8|

9T e assume “—distinct p"
t 7| from not_distinct_decomp[OF this] obtain pl p2 p3 x where "p=pl@x#p2@x#p3"
§ E by auto
G gl with shorter.prems obtain x1 x2 where
|| o "path G u pl x1" "G x1 x" "path G x p2 x2" "G x2 x" "path G x p3 v"
al by auto

[SSioouL a5 |sviepis [ Usneasswnsea ] 4 @]

4]

52 then have "path G u (pl@Ex#p3) v" by auto
o4 thm shorter.IH[OF _ this]..-.
o) show 7thesis sorry

o | ged

sl from not_distinct_decomp[of pl

gy assume "~distinct p"

&7 from not_distinct_decomp[OF this] obtain pl p2 p3 x where Ip:pl@x#pz@x#p3"
g9 by auto

B with shorter.prems obtain x1 x2 where

90 "path G u pl x1" "G x1 x" “"path G x p2 x2" "G x2 x" "path G x p3 v"

all by auto

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

[

[»]

Proof state Auto update

update | search: [

~|[roo% [+

[#] Proof state [#] Auto update | Update |Search: [ | hoo% |+

have path G u (pl @ x # p3) v

proof (state)

T this:
path G u (pl @ x # p3) v

DN

proof (prove)
T using this:
Ixs yszsy. p=xs @ [yl @ays @ [yl @ zs

goal (1 subgoal):

[T

D]

il
(B~ | output | query | sledgehammer [ symbols |

il
(8]~ [output | query |

| symbols
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/)

(01 tut06.thy (~/lehre/FDS/S518/public/exercises/)

B Tal case (shorter p)

t 82|

§ g3 show 7case proof cases

% 84 assume "distinct p" then show ?thesis using shorter.prems by blast
o es| next

ssfl | assume “-distinct p"

88| by auto

89| from shorter.prems obhtain x1 x2 where

90| "path G u pl x1" "G x1 x" "path G x p2 x2" "G x2 x" "path G x p3 v"
a1 by auto

o2 then have "path G u (pl@x#p3) v" by auto

o3

o4 from shorter.IH[OF _ this] show ?thesis by simp

os[ qed

onlaed

g7 from not_distinct_decomp[OF this] obtain pl p2 p3 x where [simpl: "p=pl@x#p2@x#p3"

[
[SeosuL [ ow3s [opwepis [uomewounsea | « [@]

[H|

[}

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

proof (prove)
T using this:
path G up v

DN

L] sofproof (induction p rule: len_induct)
~| a| case (shorter p)
§ 82)
24 e | show 7case proof cases
= sal assume "distinct p" then show ?thesis using shorter.prems by blast
ss|  next
8] assume "~distinct p"
& from not_distinct_decomp[OF this] obtain pl p2 p3 x where [simpl: "p=pl@Ex#p2@x#p3"
o by auto
89 from shorter.prems obtain x1 x2 where
el "math G nl LY - 1 " Mnath G n on NG 2 " Vhmath G n LVl

Iv]

[¥] Proof state [¢] Auto update | Update | Search: | ~|[100% |+

[Sstoa s 135 [ontepis [uomemwnoa [ ¢ | @)

proof (state)
goal (2 subgoals):

1. ?P = 3p'. path G u p' v A distinct p*
2. - P = Ip'. path G u p' v A distinct p'
Proof outline with cases:

case True

then show ?thesis sorry
next

D

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

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

[86.1 (2194/5715)

(isabelle,isabelle, UTF-8-Isabelle)irm o
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
BT assumes "path G u p v" [<]124 BT using assms ==Y
; 78| shows "3p'. path G u p' v A distinct p'" % ; so|proof (induction p rule: len_induct) %
2|l 79| using assms E 2|l m| case (shorter x) E
% so|proof (induction p rule: len_induct) g % &) B
T @| case (shorter x) 53 Z|| g term x term p 53
82 i B84f- - i
sl term x term pJ H gs| show ?case proof cases g
840 - § =) assume "distinct p" then show ?thesis using shorter.prems oops by blast i
ss| show ?case proof cases (o] s7| next [a]
ES assume “"distinct p* then show ?7thesis using shorter.prems oops by blast |3 £ assume "-~distinct p* s
= navt 1? [ el Froam mat dictinc+ A FAE +hicl ahtadin nl nwd n2 v chara Foimnl: "nenlavéndav#ndn L?
I D} o i
S S
IProof state [#]Auto update | Update | Search: ] [roow [~][&] [7IProof state [¢]Auto update | Update | search: ] oo [+]|&|

[= proof (prove) =]

"'a list" using this:
» distinct p
« path G u x v
goal (1 subgoal):
1. 3p'. path G u p' v A distinct p*'
] D] il D]
(B~ | output | query | sledgehammer | symbols (2]~ [ output | query | | symbols |

|Ei15(2105/5739) lisabelle,isabelle, UTF-8-Isabelle) ! o UG 348MB 1:18 PM‘ ‘52‘1 (2080/5739) (isabelle isabelle UTF-8-/sabelle) /o UG 38/938MB 1:18 PM|
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B tut06.thy (~/lehre/FDS/SS18/public/exercises/)

| tut06.thy (~/lehre/FDS/S518/public/exercises/)

[H|

[

D]

BT using assms |2 2T & case (shorter p) B
; so|proof (induction p rule: len_induct) % ; &)
2| a| case (shorter p) 2 2|| g3l thm shorter.prems assms
g 82| § g B4l
Z | e thm shorter.prems asEms & Z|| o
84)- - El gs| show 7case proof cases
85|- - § 87 assume "distinct p" then show ?thesis using PATHIoops by blast
g5 show ?case proof cases ; ss] next
87| assume "distinct p" then show ?thesis using shorter.prems oops by blast (o 89 assume "~distinct p"
eg next | & TQU from not_distinct_decomp[OF this] obtain pl p2 p3 x where [simpl: "p=pl@x#p2@x#p3" o
| M diedied ha | pury| — N +. Ad

[Sstioa 0L [=1e3s [ontepis [uomemwnoa | €| B)

« path Gupv
=« path Gupv

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

DN

proof (prove)
using this:

» distinct p

« path Gupv

goal (1 subgoal):
1. dp'. path G u p' v A distinct p*

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

DN

<
[2 ]~ [ output | query [ sledgehammer [ symbols |

<1
[B ]+ [output [ query [ sledgehammer [ symbals |

[83.23 (211355752)
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| tut06.thy (~/lehre/FDS/SS18/public/exercises/)

I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

) go|proof (induction p rule: len_induct) =1 golproof (induction p rule: len_induct) ==Y
T | case (shorter p) % a| case (shorter p) %
% 82] E 82 E
E gz| thm shorter.prems assmsl § g3| show 7case proof cases §
T a4 - g a4 assume "distinct p" then show ?thesis using shorter.prems by blast g
8s- El sl next El
s| show ?case proof cases § ES assume "-distinct p* §
&7, assume “"distinct p" then show 7thesis using PATH oops by blast § &7 from not_distinct_decomp[OF this] obtain pl p2 p3 x where [simpl: "p=pl@Ex#p2@x#p3" i
s next (o] £ by auto [a]
89| assume "-distinct p" & &9) from shorter.prems obtain x1 x2 where &
I & dictioet d IoE thicl ohtain ol ol n2 = L L+ ln=olaxiaSiaxind i ol 75 e "path 6 u pl x1" "G x1 x" "path G x p2 x2" "G x2 x" “"path G x p3 v" g
5 a1 by auto S
¥ Praof state ] Auto update | Update | search | ~|[roon[]|&] o then have "path G u (plex#p3) v" by auto 2]
proof (prove) = o3}
using this: o from shorter.IH[OF _ this] show ?thesis by simp =
T . distinct p Clli I
» path Gupv [¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
goal (1 subgoal): show Jdp'. path G u p' v A distinct p' [2]
1. 3p'. path G u p' v A distinct p T Succgssful attempt to solve goal by expor’Fed.ru'Le: I
H (distinct p) — Jp'. path G u p' v A distinct p' ||
1~ o F_(et+atal Ad|
4 D ] D
|8~ [output | query [ sledgehammer | symbols | (8]~ [output | query | | symbals |
|ES‘25 (2122/5749) lisabelle isabelle, UTF-8-Isabelle) 1m0 UG 329MB 1:21 PM‘ ‘55‘1 (2187/5715) (isabelle isabelle,UTF-8-Isabelle) im0 UG J7/910MB 1:22 PMl
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/)

List.thy ($ISABELLE_HOME/src/HOL/)

o[ qed
s qed
97|

a
]
E3
2
&
@

og|text <\NumHomework{Stability of Insertion Sort}{May 25}

102 Show that this function is a stable sorting algorithm, i.e., the
103 with the same key is not changed during sorting!

o6/ Lemma "[x«— k xs. k x = a] = [x—xs.
107  oops

10|
w9term "[x—xs.

k x = a]"

P x]"

1000 Have a look at Isabelle's standard implementation of sorting: @{const sort_key}.
101 (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"})

order of elements

[SeosuL [ ow3s | oprepis [uomeweunsea | « [@]

naltext
«

75| "sort_key f xs = foldr (insort_kEy f) xs [1"
376

W

BT 3  "sorted [x] «— True" [~ 1=
= ss7|by simp_all %
§ 368 E
24 39 primrec insort_key "('b = 'a) = 'b = 'b list = 'b list" where §
|| " fx 1= [xI"| i
(" f x (y#ys) = 2

a2l (if f x < f y then (x#y#ys) else y#( f x ys))" %

373] a
gis|definition sort_key "('b = 'a) = 'b list = 'b list" where %

o

El

]

spp|definition insort_insert_key "('b = 'a) = 'b = 'b list = 'b list" where

a78|"ihsort_insert_key f x xs =

azs] (if f x € f ° set xs then xs else f x xs)"

380)

2 a‘llnhreuiaf'inn "sort = sort kev (Mx. x)" o &

Proof state Auto update

update | search: |

v [oow [+

[l Proof state (7] Auto update ~| oo [+

update | Search:

theorem exists_simple_path:
path ?G ?u ?p ?v — Jp'. path ?G ?u p' ?v A distinct p'

DN

DN

<
[2 ]~ [ output | query [ sledgehammer [ symbols |

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

|98.1 (2559/5715)
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0 tut06.thy (~/lehre/FDS/SS18/public/exercises/) - I tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
BT qed =1 BT qed ==Y
; os|qed é j-} oe|qed é
2| 97 2 B 2
& o8| g 5 ogf %
2 goltext <\NumHomework{Stability of Insertion Sort}{May 25} B & ggltext <\NumHomework{Stability of Insertion Sort}{May 25} g

10| Have a look at Isabelle's standard implementation of sorting: @{const sort_keyf}. i 100| = Have a look at Isabelle's standard implementation of sorting: @{const sort_key}. i
101/ (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) § 10| | (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) §
102 Show that this function is a stable sorting algorithm, i.e., the order of elements ,g 102] | Show that this function is a stable sorting algorithm, i.e., the order of elements ,5
103 with the same key is not changed during sorting! =yl 103]  with the same key is not changed during sorting! i ey
104> & 104 > &
105] El 109 El
106 Lemma "[x+<sort_[ey k xs. k x = al = [x+~xs. k x = a]" E 1og[Lemma "[x—Sort_key k xs. k x = al = [x-xs. k x = al" ]
07| o0o0ps i 107]  oops E
108| 108|
woterm "[x+<—xs. P x]" 10/term "[x+—xs. P x]"
naltext < = naltext < ~

il [¥] Cll [v]

[ Proof state [v] Auto update | Update |Search: [ v||100% | [¥] Proof state [#] Auto update | Update |Search: [ v|[100% |w

proof (prove) [] 2]
goal (1 subgoal): =

1. [x—sort_key k xs . k x = a] = [x—xs . k x = a] = =
] D] il D]

(B~ | output | query | sledgehammer [ symbols | (2]~ [ output | query | | symbols
|106‘16 (2831/5715) lisabelle,isabelle, UTF-8-Isabelle) ! o UG ‘105.11 (2926/5715) null parsing complete, 0 error(s) (isabelle isabelle UTF-8-Isabelle) 1 o
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4 Isabelle2017 - tut06.thy -5 X 4y Isabelle2017 - tut06.thy - X
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O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v O tut06.thy (~/lehre/FDS/SS18/public/exercises/) v
8T o qed Bl B Tio [ Show that this function is a stable sorting algorithm, i.e., the order of elements [~ =
; a7 é ; 103)  with the same key is not changed during sorting! é
% o8| a g 104> a
E og|text <\NumHomework{Stability of Insertion Sort}{May 25} § f 109 §
i 10f Have a look at Isabelle's standard implementation of sorting: @{const sort_key}. 2 i oice|lemma "[x—sort_key k xs. k x = al = [x—xs. k x = al]" 4

101 (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) A 10791  oops 15]
102 Show that this function is a stable sorting algorithm, i.e., the order of elements § 108 %
103 with the same key is not changed during sorting! B 109fterm "[x—xs. P x]" B
104> (o] 11oftext < [=e]
105] 3 111. Note: @{term [source] <[x<xs. P x] >} is syntax sugar for @{term [source] <filter P xs>}, il
106{Llemma "[x«<sort_key k xs. k x = a] = [x«—xsl k x = a]" ; 112 where the filter function returns only the elements of list <xs> for which <P xs = True>. ;
107 o00ps 8 113 E
108| & 114 | Hint: You do not necessarily need Isar, and the auxiliary lemmas 2]
109(term "[x—xs. P x]" 119 you heed are already in Isabelle's library. @{command find_theorems} is your friend!
10(text < 116] >
1 ? Ixe >} i <filter P xs:% =] 117l =]
< [v] [l D]
IProof state ] Auto update | Update | Search | <] [roox | [7IProof state [¢]Auto update | Update | search: ~| oo [+]
proof (prove) = =]
goal (1 subgoal): =
1. [x<sort_key k xs . k x = a] = [x—xs . k x = a] I~ -
< D] 1l D]

(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
|IUE‘42 (2957/5715) (isabelle,isabelle, UTF-8-Isabelle)/lm o UG 17/879MB 1:26 PM‘ ‘111.1 (3003/5715) (isabelle isabelle, UTF-8-sabelle) im0 UG f879MB 1:27 PM|
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I tut06.thy (~/lehre/FDS/SS18/public/exercises/)

term "[x—xs. P x]"

__vou need are alreadv in Isabelle's librarv. @{command find theorems?} is vour

oops

text <
Note: @{term [sourcel <[x<xs. P x] »} is syntax sugar for @{term [source] <filter P xs>}
where the filter function returns only the elements of list <xs»> for which <P xs = True:>.
Hint: You do not necessarily need Isar, and the auxiliary lemmas

4

fri i =

[SsusouL [sis | oviepis | Ueneazewnsoa ] 4 @]

[v]

1oolterm "[x—xs. P x]"
10[text <

116l
[]

100 Have a look at Isabelle's standard implementation of sorting: @{const sort_key}. = BT  (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) =l
101 (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) t 102| Show that this function is a stable sorting algorithm, i.e., the order of elements

102/ Show that this function is a stable sorting algorithm, i.e., the order of elements § 103l | with the same key is not changed during sorting!

1039 with the same key is not changed during sorting! % 104>

104> || 1e9)

105| 106{Lemma "[x—sort_key k xs. k x = a] = [x—xs. k x = a]"

105/Lemma " [x—sort_key k xs. k x = a] = [x—xs. k x = a]" 10791  oops

1| | Note: @{term [source] <[x<xs. P x] >} is syntax sugar for @{term [sourcel <filter P xs>},
112. where the filter function returns only the elements of list :«xs»> for which P xs = True:.
113]

114  Hint: You do not necessarily need Isar, and the auxiliary lemmas

115 you need are already in Isabelle's library. @{command find_theorems} is your| friend!
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2 e Bl B Ta| | (Use Ctrl-Click to jump to the definition in @{file "~~/src/HOL/List.thy"}) [~ =
; 105/Lemma " [x—sort_key k xs. k x = a] = [x—xs. k x = a]" % ; 102l  Show that this function is a stable sorting algorithm, i.e., the order of elements %
£/ 107 oops g 2| 103 with the same key is not changed during sorting! g
i 108| g 3 104] > 5
| g term "[x—xs. P x]" 2 | 109 S
1o(text « Ell 105l Lemma "[x—sort_key k xs. k x = a] = [x—xs. k x = al" 15]
11| Note: @{term [source] <[x«xs. P x] >} is syntax sugar for @{term [source] <filter P xs>}, § 107  oops %
12| where the filter function returns only the elements of list <xs> for which <P xs = True>. ; 10| §
113 2] 1gfterm "[xe—xs. P x]" Em
114. Hint: You do not necessarily need Isar, and the auxiliary lemmas HlE 110/ text < i
115] you need are already in Isabelle's library. @{command find_theorems} is your friend! = 11| Note: @{term [source] <[x<xs. P x] >} is syntax sugar for @{term [source] <«filter P xs>}, e
118(> 8 12| where the filter function returns only the elements of list <xs> for which <P xs = True-. g
117| i 113 i
118| 114 | Hint: You do not necessarily need Isar, and the auxiliary lemmas
u9(text <\NumHomework{Quickselect}{May 25} 115 you heed are already in Isabelle's library. @{command find_theorems} is your friend!
190l el =]
< (| D]
IProof state [#]Auto update | Update | Search: [7IProof state [¢]Auto update | Update | search: ~| oo [+]
=l "filter P xs" 1=l
it "'a list"
< D 1l D
(o]~ output | query | sledgehammer [ symbols | (2]~ [ output | query [ | symbols |
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a 139| Bl L} 139 [~ &
; 140{fun quickselect :: "'a::linorder list = nat = 'a" where % ; 10| fun quickselect :: ::linorder list = nat = 'a" where %
2/l1| "quickselect (x#xs) k = (let E 2/lim|  "quickselect (x#xs) k = (let E
% 142| xsl = [y—xs. y<x]; § % 142 xs1 = [y—xs. y<x]; §
= 143. xs2 = [y—xs. —(y<x)] DSS | 149 xs2 = [y—xs. —(y<x)] f;i
144)  1in 2 144l | in| 2]
1a5) if k<length xsl then quickselect xsl k § 145 if k<length xsl1 then quickselect xs1 k §
146] else if k=length xs1 then x H 149 else if k=length xs1 then x F
147] else quickselect xs2 (k-length xs1-1) (o] 147] else quickselect xs2 (k-length xs1-1) [a]
i 3 148 | ) S
19| "quickselect [1 _ = undefined" | 5] 19| "quickselect [l _ = undefined" HE]
150| % 150) = g

152 text <Your first task is to prove the crucial idea of quicksort, i.e., that
153 partitioning wrt.\ a pivot element $ps$ is correct.

154l > =]

157/text «Your first task is to prove the crucial idea of quicksort, i.e., that
153 | partitioning wrt.\ a pivot element $p$ is correct.

141

Found termination order:
[l

"(Ap. size (shd p)) <*mlex*> (\p. length (fst p)) <*mlex*> {}" =l
D]

15l >
{1 Dl 1l D]
[ Proof state [v] Auto update | Update |Search: [ | [Loo% | [¥] Proof state [#] Auto update | Update |Search: [ ~|[oo% |+
consts = consts
quickselect "'a list = nat = 'a" quickselect "'a list = nat = 'a"

Found termination order:

[« Ol»

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

D

[
(B~ | output | query | sledgehammer [ symbols |
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| symbols |
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8T else quickselect xs2 (k-length xs1-1) Bl B else quickselect xs2 (k-length xsl-1) [~ =
|18 )" = g [ |
5 . . T . -
2|lagf| "quickselect [1 _ = undefined" 8 24| "quickselect [] _ = undefined" 2
2 3 IS 3
HIRE g g [ R of
Z] | 151 =3 ]| 151 =1

- - . - - . ] . - - . . - i
1s2itext <Your first task is to prove the crucial idea of quicksort, i.e., that = 1s2text «Your first task is to prove the crucial idea of quicksort, i.e., that =21
e . - —_— o e . - — w
1531 partitioning wrt.\ a pivot element $p$ is correct. e 153l | partitioning wrt.\ a pivot element $p$ is correct. a
154> g 154 > g
2 2
155 (o] 155 (o]
155/Lemma partition_correct: "sort s = sort [x—xs. x<p]l @ sort [xe—xs. —(x<p)]" 3 155 partition_correct: "sort xs = sort [x—xs. x<pl @ sort [x—xs. —(x<p)]" H
1571  oops El 157 | oops]] El
H 2
158] g 159 e
3 —||=
1so(text < 2] 1softext « |
160 Hint: Induction, and auxiliary lemmas to transform a term of the 150f Hint: Induction, and auxiliary lemmas to transform a term of the
161 form @{term <insort x (xs@ys)>} when you know that <x> is greater than 161 form @{term <insort x (xs@ys)>} when you know that <x> is greater than
180l all elements in <xs> / less than or eaual all elements in <vs 160l in < in <vs> =l
[H| 4] (D
IProof state [#]Auto update | Update | Search: [7IProof state [¢]Auto update | Update | search: ~| oo [+]
proof (prove) = =]
goal (1 subgoal): =
1. sort xs = sort [x<xs . x < p] @ sort [x-—xs . = x < pl =] =l
< D] 1l D]
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a
151
t 1s2{text <Your first task is to prove the crucial idea of quicksort, i.e., that
g 153 partitioning wrt.\ a pivot element $p$ is correct.
E 154>
|| 155
1s6{Lemma partition_correct: "sort xs = sort [x—xs. x<p] @ sort [x—xs. —(x<p)]"
157 | oops
158
1ssftext [
1600 Hint: Induction, and auxiliary lemmas to transform a term of the
161 form @{term <insort x (xs@ys):>} when you know that <x> is greater than
162 all elements in <xs> / less than or equal all elements in <ys>.
163 >I
164|
165|
166l

[SousouL a5 |sobiepis | ueneasewnsea ] 4 @]

[v]

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

1690 text <Proceed by computation induction, and a case distinction according to the
179| cases in the body of the quickselect function>
ia|proof (induction xs k rule: quickselect.induct)
172| | case (1 x xs k)

173

174 | text <Note: To make the induction hypothesis more readable,
179 you can collapse the first two premises of the form <?x=...»
17 by reflexivity:»

1771  note IH = "1.IH"|IPF refl ref'l]l

17al_ text «Tnsert vour nroof here!

141

[l

[¥]

[Sati0sy. [ 23235 [piepis [usneruswnooa [ ¢ [@)

proof (state)
this:
« [k < length [y—xs . y < x]; k < length [y—xs . y < x]]
— quickselect [y—xs . y < x] k = sort [y—xs . y <x] ! k
« [~ k < length [y—xs . y < x]; k # length [y—xs . y < x];
k - length [y—xs . y < x] - 1 < length [y—xs . -y < x]]
— quickselect [y—xs . =y < x] (k - length [y—xs . y < x] - 1) =
sort [y—xs . -y < x] ! (k - length [y—xs . y < x] - 1)
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BT ie text <Proceed by computation induction, and a case distinction according to the = B if k<length xsl1 then quickselect xs1 k [~ =
; 170) cases in the body of the quickselect function» % ; 148 else if k=length xsl then x %
2lc1za|proof (induction xs k rule: quickselect.induct) 2 21|14 else quickselect xs2 (k-length xsl-1) 2
2172 case (1 x xs k) § |14 )" §
2| |17 & % 1| "quickselect [] _ = undefined" 5
174  text <Note: To make the induction hypothesis more readable, Ell 150| El
175| you can collapse the first two premises of the form <?x=...> § 151 %
176| by reflexivity:» ; 1s2text <Your first task is to prove the crucial idea of quicksort, i.e., that §
1771 note IH = "1.IH"[OF refl refll] (o 153  partitioning wrt.\ a pivot element $p$ is correct. [a]
l78l % 154> [ %
170l text <Tnsert vour nroof here! = 2eal =I5
< g [l ] 2
IProof state [#]Auto update | Update | Search: E [7IProof state [¢]Auto update | Update | search: ~|oo% | E
proof (state) = consts =]
this: _| quickselect "'a list = nat = ‘'a"
« [k < length [y—xs . y < x1; k < length [y—xs . y < x| L Found termination order: "(Ap. size (snd p)) <*mlex*> (Ap. length (fst p)) <*mlex*> {}"
— quickselect [y«—xs . y < x] k = sort [y«~xs . y <x] ! k
« [~ k < length [y—xs . y < x]; k # length [y«~xs . y < xI;
k - length [y—xs . y < x] - 1 < length [y—xs . =y < x]|
— quickselect [y—xs . =y < x] (k - length [y—xs . y < x] - 1) =
sort [ye—xs . =y <x] ! (k - length [y«xs . y < x] - 1) =] =l
< D < >
‘I:Ilv‘lOulpu(|QuerylS\edgehsmmerlsymbu\sl . \u|v||output|ouery| | symbols | .

[178.1 (s598/5715)

(isabelle,isabelle, UTF-8-Isabelle) im0 UG~ 6/857MB 1:33 PM

[151.1 (4s81/5715)

debion(O|_ || 2 |T2 3| 4 | j@lammich@lapnipkow10: ~/lehre/fDS/S51... | 4 Isabelle2017 - tut06.thy

[f&315abelte2017 - tutos.thy

deban®|_ | | [T 2] 3] 4] @mlammich@lspnipkow10: ~flehre/FDs/s51...| g Isabelle2017 - tutos thy [/ 1sabelie2017 - tutos.thy

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

857MB 1:33 PM|



