Recutsion

Recutsion caglutes the ides of Someiwing debined in derms of wserf

b>point a video camera @ o TV J:sg\ogc.\ﬁ Mat Hre video
Cawmela 1S tecoto!{u;

1> point twe wirfoss ot €ach chner

> A fowckon can call irself
* Selotion ks guzzles (Tewel of Hano:)
® Searc\A:u3/ So{-\-;wr} (Binary [ Meiqe)
® ComputationS ( Euclideen Aleptriliw )

b> sequences oefived by tecorcence celmtions

A we need Yo e very cateful Mok to create A

circolar  definitions

te. Al defintions Mmusk be in detms of Simplef
Miﬁi\-:oﬂ,s
€. Ens\iS\r\
We annet vse ‘Yhe wetd we ace o:\-\-ew\'\-m’ Yo defive

in ' own debinikion . Wetds wmust be defined in
Yems of Simplel o\feady estoblisued words.

S;".'\"l'}o Wt o fonchim wece Yo call itseld with
e Same npot/ aiqumedtS, this would (esult In on
infinite bop & the proqramt Ledd not termivate



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Twet oL

s‘l-at-\m?’ fosition. Eml'mg Position (mﬂ

All 114

oWl disks o the \eltmost- ey ot Jdisks on Hhe tiawhmost
Stacwed accocd g o Size SQacked accocdcwﬁ W Size
Roles

t—swcav\w\m%e "’9 Asw of any St {o awmcther ()65 90\04.3 as
You Wever pghce o \oseyes odisk on ¥op ol o swaller one.

ari— g

Q\. P\\ ot ithwm Hhat Solves Hae

Pol%\e Coc oS U i
QL: Min ¥ o woves t@quired L

v sowe a potl\e u[ " disks Hre b] e disk is \eigef

Yan Yue ced clisic 8o
w cawnot oo glaccaf on the
Yed owne.
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Let's ?\agj_i
n=4 (4“"'3 a Single ot:sk.)

L1l =111

GAME OVER, WE WIN!

w=34
1er's Yhinlt efore we act,

o We Kview the red disk wust ve wmoved ficst
G4 75 e onlby disW ot We bop ot a &l-ac\(.)

® We want the Yle disk = end @ }he
Yottom of e r.‘j\rﬂ»mag\- ()93 (3wss 1S

Yalf of the Goal" in this case)
§ - therefore, lets Keep Yhat tuirdl peq
GME oveR wE WIN

ogen (o dlve b move Yo (ed is the
Swallest A:Sk, So i+ wil) alwaqs ve

abl v move o oy peg of any Hime.
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n=3 we vneecl o (-Ma.s'«d-ejv Hat works M geweial,

Idea. We wou\o\ \ive o wove g(eew Ce.e.
Yne \argest olisk) .l.cecl-b} fo fre (ightrmost pesy

‘e .(-.rﬁ- (oM ov\lj) +me 1 4 [ wwec\ 'F(,( Mg
H Wappen, e woud need ‘*we Gv\\owm,

t Slep 1 conbiqucation Yo oceul
hcknncl R
Yo figure cvt
Wow '\'o oet o r
%\S M'*‘M v

Yowatel qoal
fiom. 4.\%(3

Step L° We need the blue disic on the bottom of  Fne
middle Py So we beqin ¥y WMoving fed ‘o

Yhwe t.ts\'\'mos-\- 983 (\eavmj ‘e widdle opew G Wue)

LIS LU= )

Use 3 wmoves = ¥ move's «e«tucceJ for 2 disw
prodblem

5.4’_2&_2-_'. We st need +o wmove ted off Ve So it
Can ‘oe placed on lop of afeen

P ifu.

USe 3 moves = x(mwes iettu;fecl for 2 disw
problem
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The n-disk qame

AN

this essentialy
amounits o Sa\u:q3 e
-t dlisy qoewme erceft
the \ geax s +he
re =9
mJJte cne

Yhis esscM:auj aWMouWts
-\
S‘.ee a " o So\ul¢3 Me w-l disk

Yome wf he ulval qogl
The tecursive !e\cl-.'onS\\iQ

but B’mc-Hw,, N e
;Ig 'Miolohc

Hn 2 min ¥ o6 wmoves (eqouecl ‘> selve the
n-disw qane

Hoe=Ho v Lo+ W
= lan + 1_ (Ahis looes Lowmdliar)

@ ‘H“= QK. 1 ‘ +his answers both

(1essen &0) Qovestions 9 £3.
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Avctrer way to View e alootithm

TPB p(esence of ﬂ“ 50%333\-3 a connection ‘o b}mqu) coow\‘iﬂ%

n-dis¥ opme counking ftowm 0 to lﬂ-l

W ,
X lacgest disk " bim cij_ol:“);“’

+\\
Move the £lip the k™ wir € oVl bids

\atoest olisk to
e ;e‘.') | 4o the ciqur of ik

€3. w=41

ML: This werks for O'"j w“ & even '“\cvj\l\
k;Mf’ Cwﬂi\aj won+ \ae\p US viow which P fo

Move the next disk o, there eill only be 1 legal
WMowe aty tiwe the Swmallest disk is wor beig moved





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Q' How ooes e Jop disk wmove 7
A T4 depends on wnetner W is evew o odol

I‘(’ W s oe!dl L{(st\- woeve takes Swallest
Aisk o Lot acs\d- ge3

TE v is Eved : ficst wove Fakes Swallest
disic w wmiddle peg

& oHer the first wove Sweud be clear Wou o
move tue Smallest disic \keeping Hre opol in wmind.

docodle

G‘_?_‘l : P“V\" Step ou 5\‘39 wasifuckions o So\v:.ncs the W diskk
loweis of Hawo xaWe .

TOuefS(Y\,A,B,C)
TE€ w=0 Yhewn fetutm

Else ettt Tewers(N-Y, A,C,B)
peint Upove fop disk of (peg) A o (rexy) N

Towers(n-1,8,A,C)
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Eack Call 0(’ -\'he TOuefs -(\mc\-.'ov\. w[ ’m?d‘ W cesuWsS
W duo fecotsive CallS b We TowetS fonetion e
ingut ﬂ-\,& 1 nshuekion S ?ﬁn-teo! vnless W=0
M which case Yhe fuwckion (ehumnS,

Ttae ey Yhe code _on swmell examples

Towess( 1., A B,C)
Towers(o, A,B,C)@ Return
Move top disw o6 A 4o C 4
Towers (0,8, A,C) () Rerura

I *»nng

A B C






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Towers(a,A,B,C)
Towers(4,A,cC,8)
Tawers(o, A, B,C)0) Retucn
Move dop disk of A te B
Touets (0,C, A, B) () retun
Move dop disk of A % C *SQ’
Towers( 4, BIA,C)

TowessCo, 8.C,AN) Retum
Move hp disk. of B 40 C %%«

Towers(o, A,B,C)¥) Retuen





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Exewcise: fill in
TO wess (3, A, B, C) e ‘Wli”'M‘j aﬁumevﬂs
Towe's(a’ ) ) & ?dwl- State wme nts

Towets(i, ’ )
Touers (o, 1y ) V)

@

Towecs(d, ) )Q

'E:wets(i, ;) )
Towets(o, ) )0

" TOuefS(O, ) ) ) §)

- _
Towers (2, y 5 )

Towers (1

f

Tovers(1,, |
Towers (o, | ;)9

J ] ) )
'Towecs(o‘ ' )

L Towers(o, | , IV

Y

To“’e‘S(°J ) ) )0


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mecae Sott

m two Lsonches of o Compony ole va’ WMy a vtew

unified office Space . Both brewches Keep Jueid fecords in

a\pmbel-.'ccl otdel & wow e combined collection of tecocds
wust be alphabetized. As Ine ongaick wtemn, twis tosk i3S

Je |efja,’cea' fo oo,

NN

Y
N

_Sio\ul-ioﬁ-;- Cowawe Hoe ‘op dwo ?499‘3 of cacn StracK .
Toce the one Hhat comes first (in e dickonary
order) face dowm on the igble £ (epeat.

[ La_ uo‘ocmle Vst w/
(Cod-,eaQ \;s&s) ?se gif\?:is in B\c:_eas;uj
otde
L = emphy Tist

while k) & 12 botr vionewphy,

fSmove dmaller of Lirst elements of L,
& Lz from its \ist ; potil at the end of L
i Yhig temaval Makes ove \ist emgly

then (ewmove al\ Blements fyom dhe other

s+ £ append Hem o L
rCtuenn .
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Elementary Opetatin
(i) Compar iSons of mteqers

Sppose L, is o list of length ™M
€ L2 iS o ¥st of lemgtu M

=> M+ -1 compatidons aie fequited in +he

wofSt Case Scewafco,

prock:  Suppse (withost loss of qenecality)
that M 2 N £ wmoteover nEkK=m

whete KeN=5012,..3.

| B At A

La
-3ﬂl--- Iﬁw;

La
2 I ' .

Flal--- :V\. X,

%g]...

Yist of \enﬁ\-h n =m-K

Now, xkf{,(cj’i<KK*;+\ ¥ign

(€. the werge glopritm  allerwates between appending an












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Clement Fiom Ly thea one from Lz ontil botn ave

@wphy )
Yaete will be Jdwn- COMgeri Sons n blal \elore
the wetqe i complete.

'e'.—%._ .é.'_iE ‘_§J~7 l ! C'\-;_ 3)

_c_mgc:sus
i 1<3 = [@
3¢5 =  Tal3
5¢7 '&lgr,i

d
3
4 7<10 =
) o< = T&Gls[zo)

- La

-]'h'.s Pm\res wax ¥ Co“va(ims usedd W the
merqe olgorthm  y, n+w - |

\'\ouevef, Jhee can e ot Mot Ynis Wewy
compasiloas used Simce each cowpatiton fesulls
M one Vst Jemecsiu’ in \eug-\-‘a b-,_ j_

& onte one \ist i3 emph) ne Clewents from

Yhe tewaining Vst (fuere is of least 71 sucu) weeds
o be cowmpeied wf anytuing else.
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A€ e weigug the
Yue bamdnes (ecordS

A ealthgualte Scattefs
Hue popefs everjumere.
You collect Yuem into
2 swnqle gile aqain Yot
Now -they ave \-ohl'j
our ol ocd el .

Tor Simp\.‘cil«, , We assowme e ¥ ¢ page(s is o

power of 2, Say L™ Twe Yoss understasds

Fhat Sd\-inj ¥he papers s wme Wil fequife much
Wote work than Simply metging jwo collections of

alten‘tj dohabe fized Stacws, so he assewbles o
teawm of people  (incuding gorsek ) dp  fix Wis wess.

S_ff_u.n.*_eq%_’-_ Divide & Conque

\ ¥

M) Successively diride
the_siacu ok gagers
/ \ M v\ each
;m-\ 2«\-\ s:::;{e t\:s;:;? ’o.«":‘g
Z\ /' \
1%"1 lﬂ - 2'“ -2 zm -4
7\ /N 0 N
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Then, undo Yuis segeration process by
Saccess;vel-, w\euﬁ'\aj We twe alves of o Stack
(+\nis (equifes usS bo keep tvack of tue et ovchy ok  Skecks Jisions)

=3 74582136

/ \ P=divide

/\ /\ ;s:d?A
\VAR'4 Vv Vv
yy 5% 12 36
N \V
157 \23¢
12345678
PS_C;qucoJE L=a, a4 —
unSocked i3t \ist
I.F n"l They\
M::LV\M_J

L1:=ay,..., Ay

l"-::amn,...,a,‘
7= meel (L1), (L2))
Retuin L
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Coﬂ\exlb of MecaeSott-
Elewentury Ogecation

(t) Compatisons of it eqels

L stace w/ g™ pagers in it

d Staexs w/ 2™ papecs in €ach
Y Stecws o/ 2"4 papers in @ach
¥ Stacws w/ 4 -3 pape(s in eacl

X
2 Stacws e/ lm-K papels N €ach

1“ Stacws w/ 1 papef n Cac\n

| &
Mefaing L Stacks fequices K uses of the
Mef%e -&Nld‘ic‘f\ (eacn usavu-} at most Q-2 -K-\
Q)mpa.ﬁSOnS)

K4\

B K-l
Hevce, KZ::l (:L “1) is the X of
=\

Comparisons weeded
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