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I tut0s.thy (~/lehre/FDS/SS18/public/exercises/)

143 Lemma pump_nondistinct_path:

144/ | assumes P: "path G u p v"

151  assumes ND: "-distinct p"

14) shows "Jp'. length p' > length p A —distinct p' A path G u p' v"
147(proof -

18| | from not_distinct_decomp[OF ND] obtain pl p2 p3 w where

149 *p = plelfflep2alflepz"

1s3text «
154 | \NumHomework{Split Lists}{May 18}

4

[Sau0sy1 23535 [3opiepis [ usneruswnooa [ ¢ [@)

[+

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

proof (prove)
T using this:
dxs ys zs y. p=xs @ [yl @ays @ [yl @ zs

goal (1 subgoal):
1. (Apl wp2 p3. p=pl@ [wl @ p2 @ [w] @ p3 = thesis) = thesis

Dl |

il
(8]~ [output | query | | symbals |

[140.21 t4564/5238) (isabelle,isabelle,UTF--Isabelle) im0 UG

34/857MB 1:39 PM|
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BT assumes ND: "~distinct p"
: 16 shows "Ip'. length p' > length p A —distinct p' A path G u p' v"
§ 147|proof -
Sl from not_distinct_decomp[OF ND] obtain pl p2 p3 w where
=) | 149 [simpl: "p = pla@lwla@p2@lwl@p3" by blast
150|
151 from P have foof]
152
1s3text «

154 \NumHomework{Split Lists}{May 18}
ss| Recall: Use Isar where appropriate, proofs using
156| <metis, smt, meson, or moura> (as generated by sledgehammer) are forbidden!

*2pi=p1s [ uemeiiswnzea | ¢

4

D

125]  assumes ND: "-distinct p"

1951  shows "Ip'. length p' > length p A —distinct p' A path G u p' v"
147proof -

128 = from not_distinct_decomp[OF ND] obtain pl p2 p3 w where

149 [simpl: "p = plalwl@p2a@lwl@p3" by blast

150]
151  from P have foo
152 apply simp]]

File Browser | 4 | B

154 text <
155  \NumHomework{Split Lists}{May 18}
156| | Recall: Use Isar where appropriate, proofs using

141

[l

[Sem0eus [e3e35 [ppispis [uonewawnoog [ « [@]

[¥]

proof (chain)
picking this:
path Gup v
Outer syntax errora: proposition expected,
but end-of-inputa was found

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

DN

proof (prove)
goal (1 subgoal):
1. 3wa. path G u pl wa A Gwa w A (3wa. path G w p2 wa A G wa w A path G w p3 v) — foo

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

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

DN

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

[151.18 (450676272

(isabelle isabelle, UTF-8-Isabelle) I o UG S7MB 1:40 PM‘ ‘152.15 (4621/6287) Input/output complete (isabelle,isabelle,UTF-8-Isabelle) o UG 37/847MB 1:41 PMl
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assumes ND:

145| ~distinct p" =]
1460 shows "Jp'. length p' > length p A —distinct p' A path G u p' v"

1a7|proof -

148 from not_distinct_decomp[OF ND] obtain pl p2 p3 w where

140| [simp]l: "p = pl@[wl@p2@[wl@p3" by blast

150|

15| from P have foo]

152 apply simp

153

154/ text <

155 \NumHomework {Split Lists}{May 18}

156  Recall: Use Isar where appropriate, proofs using =]

4] [}

[SouoauL a5 | soviepis | ueneasewnsea ] 4 @]

147[proof - 2]
18]  from not_distinct_decomp[OF ND] obtain pl p2 p3 w where

149| [simp]l: "p = pl@[w]@p2@[w]l@p3" by blast

150]

1s1{ | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v"

159 by auto

153 pe

154] -I

155|

1se[text <

1571 | \NumHomework{Split Lists}{May 18}

155|  Recall: Use Isar where appropriate, proofs using =

| Iv]

[Sau0sy1 [23535 [3piepis [usneruswnooa [ ¢ [@)

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

proof (prove)
goal (1 subgoal):
1. Swa, path G upl wa A Gwaw A (Iwa, path G w p2 wa A Gwaw A path G w p3 v) = foo

[¥] Proof state [] Auto update | Update |Search: | ~|[oo% |+
proof (prove) B
goal (1 subgoal):
1. 3wa. path G u pl wa A Gwa w A (3wa. path G w p2 wa A G waw A path G w p3 v) = foo

i D | ] D
(B[~ | output | Query | Sledgehammer | symbols (2]~ [ output | query | | symbals
|151‘15 (4606/6287) lisabelle isabelle, UTF-8-Isabelle) 1m0 UG 50/847MB 1:41 PM‘ ‘155.5 (4709/6375) (isabelle,isabelle UTF-B-Isabelle) im0 UG 72/827MB 1:43 PM|
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B tut05.thy (~/lehre/FDS/SS18/public/exercises/)
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147(proof - =
18  from not_distinct_decomp[OF ND1 obtain pl p2 p3 w where

149] [simpl: "p = pl@lwl@p2a@lwl@p3" by blast

150|

151 from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v"

152 by auto

1531  hence "path G u (n V"o

154{- - - -

155|

156 text «

1571 \NumHomework{Split Lists}{May 18}

159 Recall: Use Isar where appropriate, proofs using =

il [v]

[SsHesuL [ 9w oprtepis [ uomeweunsea | « [@]

File Browser | 4 | B

17)proof - =]
18| from not_distinct_decomp[OF ND] obtain p2 p3 w where

149 [simp]l: "p = plalwl@p2alwl@p3" by blast

150]

151 | from P obtain w' w'' where "path G u w'" "G w' w" "path G wp2 w''" "G w'' wW" "path G w p3 v"

152 by auto

153  hence "path G u (p1f] v"--

154 -

155]

156/ text <

1571 \NumHomework{Split Lists}{May 18}

15| Recall: Use Isar where appropriate, proofs using =

il [¥]

[Sem0eus [e3e35 [ppispis [uonewawnoog [ « [@]

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

proof (prove)
goal (1 subgoal):
1. 3wa. path G upl wa A Gwaw A (Jwa. path G w p2 wa A G wa w A path G w p3 v) — foo

DN

[#] Proof state [ ] Auto update | Update |Search: [ ~|[oo% |+
proof (prove) ]
goal (1 subgoal):

1. 3wa. path G u pl wa A Gwa w A (3wa. path G w p2 wa A G wa w A path G w p3 v) — foo

DN

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

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

[153,20 (4719/6396)

Input/output complete (isabelle isabelle, UTF-8-Isabelle) (im0 UG /827MB 1:44

PM

[153,22 (4721/6398)

(isabelle,isabelle,UTF-8-Isabelle) 1m0 UG 827MB 1:44

PM
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I tut05.thy (~/lehre/FDS/SS18/public/exercises/)

147(proof -
1480 from not_distinct_decomp[OF ND] obtain pl p2 p3 w where
[simp]l: "p = pl@[wl@p2@[wl@p3" by blast

File Browser | 4 | D
N
8

150f

151 from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v"
152| by auto

155 hence "path 6 u (plawfv". .

154000 b

155|

1s6|text <

157 \NumHomework {Split Lists}{May 18}
18] Recall: Use Isar where appropriate, proofs using

[H|

[SouoauL a5 | soviepis | ueneasewnsea ] 4 @]

[}

147|proof -
18] from not_distinct_decomp[OF ND] obtain pl p2 p3 w where
149| [simp]l: "p = pl@[w]@p2@[w]l@p3" by blast

150]
151 | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'"'
159 by auto

1s{ | hence "path G u (pl@@u]l) v,

1se[text <
157 \NumHomework{Split Lists}{May 18}
155) | Recall: Use Isar where appropriate, proofs using

" "path G w p3 v"

4

[+

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

proof (prove)
goal (1 subgoal):
1. Swa, path G upl wa A Gwaw A (Iwa, path G w p2 wa A Gwaw A path G w p3 v) = foo

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

T |

proof (prove)
goal (1 subgoal):
1. 3wa. path G u pl wa A Gwaw A (Jwa. path Gw p2wa A Gwaw A path 6 w p3 v) = foo

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

Dl |

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

il
(8]~ [output | query | | symbals

[153.24 (a723/6399) (isabelle isabelle, UTF--Isabelle) im0 UG

327MB 1:44 PM

[153.26 (4725/5403) Input/output complete (isabelle,isabelle,UTF--Isabelle) im0 UG

68/8L7MB _1:45 PM|
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B tut05.thy (~/lehre/FDS/SS18/public/exercises/)

| tut05.thy (~/lehre/FDS/S518/public/exercises/)

2 147(proof -
: 18  from not_distinct_decomp[OF ND1 obtain pl p2 p3 w where
% 149) [simpl: "p = pla@lwla@p2@lwl@p3" by blast
@ | 150]
Z/és| from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w E w''" "G w'' w" "path G w p3 v"
152 by auto
153 hence "path 6 u (plalwl@dalw] ) vt
154{- - - -
155|
156 text «

157 \NumHomework{Split Lists}{May 18}
158) Recall: Use Isar where appropriate, proofs using

4

[SsHesuL [ 9w oprtepis [ uomeweunsea | « [@]

D

2 17)proof -
t 128{  from not_distinct_decomp[OF ND1 obtain pl p2 p3 w where
g 149 [simpl: "p = plalwl@p2alwl@pz" by blast
@ |1150]
Ze1s| | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'" w" "
152 by auto
1s)f  hence "path G u (plalwl@p2elwlap2@I] ) v -
154 -
155]
156/ text <

157 = \NumHomework{Split Lists}{May 18}
15e| | Recall: Use Isar where appropriate, proofs using

path G w p3 v"

[l

[Sem0eus [e3e35 [ppispis [uonewawnoog [ « [@]

[¥]

proof (prove)
goal (1 subgoal):
1. 3wa. path G upl wa A Gwaw A (Jwa. path G w p2 wa A G wa w A path G w p3 v) — foo

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

DN

proof (prove)
goal (1 subgoal):
1. 3wa. path G u pl wa A Gwa w A (3wa. path G w p2 wa A G wa w A path G w p3 v) — foo

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

DN

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

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

[153.27 (4726164121 (isabelle isabelle, UTF-8-Isabelle) (im0 UG

72/817MB 1:45 PM|

[153,40 (4739/5420) Input/output complete (isabelle,isabelle,UTF-8-Isabelle) 1m0 UG

0/817MB_1:46 PM
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0 tut05.thy (~/lehre/FDS/SS18/public/exercises/) | I tut0s.thy (~/lehre/FDS/SS18/public/exercises/) -
2% proof - B 149f  assumes P: "path G u p v" ==Y
; 1480 from not_distinct_decomp[OF ND] obtain pl p2 p3 w where % 14| assumes ND: "—distinct p" %
2|l 149 [simp]l: "p = pl@[wl@p2@[wl@p3" by blast 2 14) shows "Jp'. length p' > length p A —distinct p' A path G u p' v" a
5| 150 g 1a7proof - 3
= 15|  from P obtain w' w'' where “"path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v" g 18]  from not_distinct_decomp[OF ND] obtain pl p2 p3 w where g
152| by auto i 149| [simp]l: "p = pl@[w]@p2@[w]l@p3" by blast i
155 hence "path 6 u (plalwl@p2a@lwl@p2elvlap3s) vifl H 150) g
154 ; 151 | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v" ;5
155 Fy 153 by auto [ el
1se{text < & 159 | hence "path G u (pl(ﬂ[B](ﬂpZ(ﬂ[E]@pZ@[M](ﬂpﬂ v" by auto S
157 \NumHomework {Split Lists}{May 18} El 154 El
18] Recall: Use Isar where appropriate, proofs using zg 159 Sk
[ D A o ||&

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

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

proof (prove)
goal (1 subgoal):
1. Swa, path G upl wa A Gwaw A (Iwa, path G w p2 wa A Gwaw A path G w p3 v) = foo

T |

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

proof (prove)
goal (1 subgoal):
1. 3wa. path G u pl wa A Gwa w A (3wa. path G w p2 wa A G waw A path G w p3 v) = foo

]

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

[153.47 (a746/6413) (isabelle isabelle, UTF--Isabelle) im0 UG 1817MB 1:46 PM

belle, UTF-8-sabelle) il mr o

[153.38 (4737/5421) (isabelle, i 73/80SMB _1:47 PM|

ceanQ|_ [B| ] | 2[2]2]4]m
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| tut05.thy (~/lehre/FDS/S518/public/exercises/) )

2 147(proof -
= b1as  From not_distinct_decomp[OF ND1 obtain pl p2 p3 w where %
£ l1a [simpl: "p = pla@lwla@p2@lwl@p3" by blast 8
5 150| §
Z/és| from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' w" "path G w p3 v" 5
152 by auto Il
153 hence "path G u (pl@lwl@p2@lwl@p2@lwl@p2) v" (is "path _ _ ?p' _") by auto §
154 B
155|
156/ text <

1571 \NumHomework{Split Lists}{May 18}

158) Recall: Use Isar where appropriate, proofs using
<

128{  from not_distinct_decomp[OF ND1 obtain pl p2 p3 w where =
149) [simpl: "p = plalwl@p2alwl@p3" by blast

File Browser | 4 | B
@
g

151 | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' Ww" "path G w p3 v"

152 by auto

153 hence "path G u (plalwl@p2@[wla@p2@lwl@p3) v" (is "path _ _ ?p' _") by auto

154  term ?p’

155) L
1s6/text < =

1571 \NumHomework{Split Lists}{May 18}
158l | Recall: Use Isar where appropriate, proofs using

159| <metis, smt, meson, or moura> (as generated by sledgehammer) are forbidden!
Ell [*]

[«
[Sem0eus [e3e35 [ppispis [uonewawnoog [ « [@]

¥ Praof state (] Auto update | Update | search |

proof (prove) =
goal (1 subgoal):
1. Jwa. path Gu pl wa A Gwaw A (Jwa. path G w p2 wa A Gwa w A path G w p3 v) — foo

DN

[#] Proof state [#]/auto update| | Update | Search: [ ~|[oo% |+

"pl @ [wl @ p2 @ [w] @ p2 @ [w] @ p3"
"'a list"

DN

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

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

[154,1 (4777/8443) (isabelle, isabelle, UTF-8-Isabelle) im0 UG 809MB_1:48 PM

[155.1 (a788/6452) (isabelle,isabelle,UTF-8-Isabelle) 1m0 UG 59/799MB 1:48 PM|
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| tut0s.thy (~/lehre/FDS/SS18/public/exercises/) I tut0s.thy (~/lehre/FDS/SS18/public/exercises/) -
153 hence P: "path G u (pl@[wl@p2@[w]@2@[w]@p3) v" (is "path _ _ ?p' _") by auto 1251 assumes ND: "-distinct p" =
154 15| shows “"Jp'. length p' > length p A —~distinct p' A path G u p' v

155  have "length ?p' > length p A —distinct ?p'" by auto
156 with P show ?thesis by blast

157'I

158

1590 term 7p*

160|

161|text <

1601 “\NumHnmwnrk{Sulit Listst{Mav 18}

File Browser | 4 | B

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

show Jp'. length p < length p' A - distinct p' A path G u p' v ==
T Successful attempt to solve goal by exported rule:
Jp'. length p < length p' A - distinct p' A path G u p' v
proof (state)
T this:
Jp'. length p < length p' A - distinct p' A path G u p' v

goal: m

No subgoals! g
[l D

|8~ [output | query [ sledgenammer | symbols

147|proof -
18] from not_distinct_decomp[OF ND] obtain pl p2 p3 w where
149| [simp]l: "p = pl@[w]@p2@[w]l@p3" by blast

151 | from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'"
153 by auto
153  hence P: "path G u (pl@lwl@p2alwl@p2@[wlap3) v (is "path _ _

" "path G w p3 v"

7p' _") by auto

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

155 have "length ?p' > length p A —distinct ?p'" by auto
1s{ | with P show ?thesis by blast

157|qed
15Al I~
« [»]
WlProot state 7l auto update | Update | search: | | [roo% [+]
have P: path G u (pl @ [w] @ p2 @ [w] @ p2 @ [w] @ p3) v =
proof (state) =
T this: —
path Gu (pl1 @ [w]l @ p2 @ [w] @ p2 @ [w] @ pP3) v

]

{1
(2]~ [ output | query |

| symbols |
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BT | shows "Jp'. length p' > length p A —distinct p' A path G u p' v" B Edtext « =
; 147|proof - % ; 1771 | \NumHomework {Estimate Recursion Equation}{May 18} %
2/c1a8  from not_distinct_decomp[OF ND]1 obtain pl p2 p3 w where 8 2| [17g 2
% 149| [simpl: "p = pl@lwl@p2@[wl@p3" by blast § % 179] | (Sledgehammer allowed again) §
=] | 150] 3 i || 180 =3
151  from P obtain w' w'' where "path G u pl w'" "G w' w" "path G w p2 w''" "G w'' W" "path G w p3 v" El 18| | Show that the function defined by <a @ = 0> and <a (n+l) = (a n)? + 1> 5]
152| by auto § 182l | is bounded by the double-exponential function <27(2*n)> é
153 hence P: “"path G u (pl@lwl@p2@[wl@p2@[wl@p3) v" (is "path _ _ ?p' _") by auto B 183)> B
154 [ o] 184 (o]
155. have "length ?p' > length p A —distinct ?p'" by auto = msun a :: "nat = int" where S
156 with P show ?thesis by blast 186/"a 0 = 0" | = El
157(qed 1g7]"a (Suc n) = an ™ 2 + 1" ;§
158| 1gg| i
1saltext < =] nmaltext < =l
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[ Proof state [] Auto update | Update | Search: | ~||too% | [¥] Proof state [¢] Auto update | Update | Search: | ~|[1o0% |+
have P: path G u (pl1 @ [w] @ p2 @ [w] @ p2 @ [w] @ p3) v (=l [+]
proof (state) _|
T this:
path G u (pl @ [wl @ p2 @ [v] @ p2 @ [w]l @p3) v
D D
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BT q[ Show that the function defined by <a 0 = 0> and <a (n+l) = (an)? + 1> = BT ] We strongly recommend to sketch the inequations on paper first. =l
t 182 1s bounded by the double-exponential function <27~(27n)> t 199
§ 183> § 1979 Hint: Have a look at the lemma @{thm [source] power_mono}, in particular its
& 184 5 108l | instance for squares:
Zlores fun a "nat = int" where || 109>
16("a @ = 0" | 200)

1871"a (Suc n) =an~2+ 1"

1sg|text <

190. We have given you a proof skeleton, setting up the induction.

11| To complete your proof, you should come up with a chain of inequations.
You may try to solve the intermediate steps with sledgehammer. H

[Ssiiooul [swis |soviepis | ueneasewnsoa ] 4 @]

‘Hint: It is a bit trickv to cet the abnroximation riaht. oo =]
< D

s0fthm power_mono[where n=2]

wilemma "an <2~ (2~n) - 1f
seaproof(induction n)

205  case 0 thus ?case by simp

oslnext

2071 case (Suc n)

20A) JH: "an <2 "2 *n - 1"

[»]

¥ Praof state ] Auto update | Update | search |

WlProot state 7l auto update | Update | search: |

v|[roo% |+
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proof (prove)
goal (1 subgoal):
l.an<272"n-1
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8 Ties] We strongly recommend to sketch the inequations on paper first. Bl
|| 196] F
5 . - - -
2|17 Hint: Have a look at the lemma @{thm [source] power_monc}, in particular its 8
2 .
@198  instance for squares: §
@ =
|l 199|> =
5
200| =
201/thm power_mono[where n=21 §
202] a
2
203 lemma "an < 2" (2" n) e
204/ proof(induction n) =1
205 case O thus ?case by simp =
oe|next Ll
2071 case (Suc n) 7i
>0l IH: "an<2"2"n-1" =]
{1 D
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proof (prove) =]
goal (1 subgoal):
l.an<2"~2"n-1
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