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Uit T: Recurrence Reflasions and. Genevative fundions
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UMt T Euler and R Oman O .
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Bosics of Combinaterics ‘
- |
. An nduckive proot operolRs over 0. sulosek, of the set of postie 1
. Tt consists of sef of postne integers. ‘

5 Base case: P istrue
> Trduckine hypothess: ¥, (P -+ Plkat))

(i.e. ossurnpbion ﬂ\afli(m*of ony ke 7 A f PU s true then Plkst) is true)
Tooptner, frey form the, prindiple of modhernabical induuction, which helps
coodvuck on indudive prock. (Con. reached- Vo rulles of inference)

. Reol-Ufe exaroples: Falling ot dorninoes, dirnoing o doddas. ‘
0): Prove Aot the shen of the fist n posive intRgers s .%n(mo_ ‘
A- PLD: Tre sum o the fiest 1 postive inteogr is lgmui’ <1, whiohis me.%;“;

¥ w

Assurne thot PUQ - Trhe supn of the first k postive inteoers s Lkt

6 bue, e 11245 v k= Slelkat) . (Indudtie higthesie) =

Tren, 1324 B skalia) = Licliat) vt = et Lien -

. Y P(ket) : Tne sum ok the fist (k+l) positwe integers 15 L (rD(ke)t) " |

s true. 2

- By e p{\(\c:\pu.e A ma’ﬂreﬂnﬁ_coﬂ induckion, the gheell 1S proved.

Q: Prow thes the sum G the ficsk 0 0d postive integers is 1
A Base cose: T 1=, whidhis e

Mﬁh\j@ﬁ'\&ﬁ P = 4+ 3+ +(Q_k—l) @G ™ odd teiek. = 2%%-1)
S plkat) 2 1aR.x (kD) « a2kt T e, PO = Plrd).

12- (kaDlkr2),



P
n +
Q: Prove thax 2 >n¥neZ.
e case: P(1): 2851, which is true.
Induackive nypothesis: Pli): ok,
+ ot Bt E_“‘-»i < 222 2.0 (1 gkyp
Fente 2% 2% 4 s kel @ PLQ): ks et istrue, ie Plosp

e k),
= By e panciple o modhematical oduchon , the statenent is

Poveq .
Q: The mn\c RNy isc}emta:ibg Ho=1as 15+%+...+-}{-Prme'¢m Haxqun
where n is o NON-NRGgadive '\nt'aga‘. £

A. Bosecose: PLO): N> 149, o 151 whichis e

Indudiverypothess. p(1o): Ho zia,.‘é_ e A 13__%;(«-5': >1a Kk,

S { 1
H kal = + =+ A _i_-. —_ _1;___
. 2 3 o *2“»,1 ¥ ot
S e L TR Al 1 2
D3 ok i *2-51—_}.-&2-‘:}4 '—ng‘_‘ "2;; H%k+%
— =
SR 2% termms e 7
\E \‘:’UA&D: Fokat 3 14 "_*il istue. - P(kj-»{i{k-&i’),__hﬁ:nce bythe -
pandigle of madhenakico induction,, the oderet is proved .
- Note- Mmm‘ﬁ Seres is dl\l&taa'k)\@ H“-OOO as N>, .- o ’
W 7] g X 3 - 5 ! © s
Q: Prove hat for eveny se of Gires in o plone, 00O of which o pogalle)
these exsts 0. sngle poick o coneusrence. . elgmo. e 5

A- RBase cose: PLQJ.'.%-\ 2 non-parolle) Qines‘;c\t@;ect. Which is-(mg; " I
}ng:lcﬁve Pupothesss: \Nfe conit ossume PU) s e, Getawse P(2)P3) -
istodee: o : -

P@) s true ; Ve

P fole
= \\@ con't pnake o hupathesis Yeconse o \obermnediote stepis folse.
* The pindple o modnemadical indudion cogy # '

bie used. to prove this stert.
Tums ouk 4his stodernent is Ou:hmm;& Wsel. = ¥R
Q- Prowe thot the sum of the squares of the first x 0dd. positive integers Is
.1_3 (1 X2N+1X 204 D), A 1i | s
A Bose s PUO): £2- L(1X103), which s e,

|
;
.



Yy iy
Tnduekive hypothesis: Lex P(K) e twe, je.
et 23S r .+ Qe £ (e )Qkr1 N 2rD).
Adding tre square of e (ka2™ add. pustive infeger, fie. (2k+3)’, we get
x B Sk (al Vo (na3f - é Qe XA Qeam)s (2643 2k 3)

- i 1
(k3K 3\k+DLQ\c+D 3 (6k+9)) = (2[(&57(-13 (A3 Br1s Gk49)

| = (Q\wﬂ%k?_kz* W+ 10)) = %KQK*EXHD(QH 5) = L (D X QD+ D(2AK41)+3),
Fe. ARk (s .13 ((k* DX A 2k B), e Plkrt) s true.
 Po- Pllat) hence the st is proved by mathernodical induiction.
Q: Prove thok for all ron-negadive integres 0, 22, 3854 .2 (5“*‘.1)_
i=0

A- Bosecase- PlO): 357 3 (5%1), which is true.

Iﬂd»f-:m ‘\;avcﬁe:*s lex P be true, ie.

g T ok o
3 (geelp. 3 (5(1@?;5) = 2503t S (M gl
> : 7 -1, e Pl istue. -« PlK) = Plkst)
and e e, 1 proved. by Madhematical indauchon.

. Andtrer method. s the second. principke of matremadical indudion (strong ind")
> e venfy the base cose (PUD.
> \We Prove the trush of ol the stolements P2), D), PO, keN.
> Using tis We prove e tush of PlesD), e, We BIRMpE to prove
[P APE ... PAAL - Pl -
S Omeprmed,wemnwr\duae&mﬂrﬂ o true foroll 0. .
Q- Prove thok ony elronertt i the sex {nineNond n>17 con bgm{ten as
tre Droduct of One of pnore PrNRS, or is a prcne it
A. Bose case- PL2) istrue. (2-2Y (2is pArre)
Tnduchve S®P: Assurne thot for some keN [P@~PER..APII] s true.
Tn teyiog to pove Plk+d), '
€ ket s price, then Plat) is true (directty).
-~ i ks is Composite, then we can wite (oy de”) kale o, 140D j+1.
Buk GCCD(GT‘% o e (nduckne step, Plo) ond P oo tue. Hence
P kel s @ prodack of some UM of prmes, tuse Plext) is brue.
- By roodrernokcal induedon, the stk \s proved.
No: Stxong induekion 15 o belter, rore figorous foren O prook Kron the fies:
pricaple of masrermnalical irdaxction. ‘
Exbros:.
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“ Axiorns for the Sex of Positive Tntegars
. The numiber 1 is a pasitie integer. _ =
i T niso postive \rkeger, ite SuLCCRSSON, ie. N+, is also o positive \nhegep
|+ ExenyPosite integer greater than 1 s the suceessat of 1008 00 iy,
‘ - Welli- Ordesing Property: Every non-emphy subbser of the seX of positve ~“,M€3.
has o feod/mintnuen elerneok. —
Q: PO that  0e Z and. die Z*, thee exisk Urique q,reZ.” Suchthy;
: 0<r<d o o= d-Q,*\“. _
A Consider o s S¢ 1x:xe Z and X303 such that S= 10-09,qeZ}
(Note: § is o subsek of the nON-negafive integess)
- By the Well-ordeing property, S has a. Jeost AR e s g,
Lot Ueody, v20." :
T r2d, we conwete v: day’, wiee ¥ 20, :
Sinee red, a=dQo+ Y (for sore Qo) = AGo* d}r‘ > d(Qe+1)ar' fleg
Thus ¥-r'= A»0 - ¥'<r, Contradicking the assumption ok « i the
scooles ervent. = T2d is folge, s v<d. - -
| Thus e uniquensss of Yord g s proved.
. Reeocsie Definkon  (nofe: dealing only w, +ve ickegers ord 0)

|+ Fockodak of o non-vegadive integer. fact(n) = n-focktn1) ond. fact (0=
| ({wm-.n-_ewm-n 6 the reoucsive sep ond. focklD)=11s thw hose case)

- Rd\sixﬂa at\\irr\:ertoam(\-maoﬁve'mtega Power:

5

~ Base cose-, o= 1
= Recrsve step: o =a.-a™*
. The n* Tibonawcci nuneer: .
= Bose coge: Fio(1) =0, Fika(2)=4 -
| = Recusive step: T (n) = Rloln-1)+ Rs(n-2) e
‘ Q-.%um‘wehadefm the sex of pos\ﬁvéﬁ\ulﬁp&egoea |
| A Rosecose- 3€S ' :
‘ Recursive step- T xeSond yes fen xyeS .
| Q: Reasshely debire the Kleenestor (3170, which is the sek of ol stings o
A Bosecose- A (\is the emphy sting) |
Recursive step- T we 270nd xe ¥, then wxe 3" (sting maw\otﬂ“)
Q: Recursvely defire () sting Concatiation K'\'\')siﬂqlagu\
A () Bose case- TFwe 3 then wk=w . :
| 0 Recussive step- T Wy Wz € 3" ondxe S ten Wy 5= (W ) X
Extvos: ‘




~)

(i) Bose case- ten(MN=Q
Indwchive step- If w Gf.'r xey, then gt'r\(w’)t)-,_ len (w) +1.

Q: Recussive definbion, of g well- formed. formnulo. is as follows :
Base Cose - Evey adomic foraata (o single proposibon o otk Jike P
15 0 Well- fogrned forrmula (\NEE).
Recurive Stop- T A and % o WiTs then ~A lreqation), Ar®(conprction),
/\:\r“» '\dis)umh'on‘t, A B (ienplicndon) ard AL-P,‘(.F"k,mﬁn‘xnﬂ“) e
W0 Wi, Patentheses must e usad progesy, o <lart
Conwre- Nothing else is a WET except those ortoieed by fllomen tre oo nles
Show that the followng are ook Wis: () ~ (i) pa Gin) PA~g, () -~V (1) prghe
A () Inc onrdiete IR-\Lpf\on, NO focraulo ofter ~.
W) Tneomplete cagunction, MISSIg second. opesand.
(i) &) Tnvalid cotmbination of gpesands, No B0 struchyre.
W) N\\c,c.\(\a M‘POMQSEU C.‘Llﬂhj

|
|

Struchurold Tnduction
Tk is \ery siillor bo the fist prcciple of indyction, buk s 0pplied in differat areas,
Q: A s S is defined as follows: 3es
T xeS and yed thenxryeS
and A= {3n:ne N} Srow ok S=A. (IN:=11,23.%)
A To proe that S=A, we rneed 10 pove that A ond. S ave subsets of eadh dther.
AcS. BoseCose: 3eAarde S (By definiton).

-

[nducive hypothesis: xe A > XeS. = Lek x=2k, keN.
By the dekiniton, if xe S then xx3es (:3eS)

Notethod § A ond S ore defined exocily hesame (i-e.howe the same def™), then
ey o '

From tre defiation of S, we conwite ok f xeS, thenyaB e, (- 3eS) Now,
3x1€SwBeSn(BeS > BBeS) » B3+3eS = 6eS (3x2e8)
3v2eS, feSa(bes » 6x3€3) > BES ¢ e (3x3eS)
{ we con use modus panen a3 many imes o8 vegd.
ZkeS A (Bes o Ak ed) » Bwded » 3k)eS  (Forsome

Bu, by the Aefinition of N (1e N A (neN ~ n+teN)), we con corclude

thad the definbon of S (3.1 c S A (Bk e S 3uDes)) NCudes eveny NUMo
Wi is thnce of @ nodumd nurrors, 0NA o other NUMOR,

> Tre oefinion o S roouy e gtaked. as 13k: keN'Y, whichis the deficikon of A.
~ 9=A, Hence proved.

N



Q: \Neitw the recurshe defiition of 0. YOoted tree,
A. Base Cose: TF ¢ s siogle node, is a yooted tree.

Recuusive Step: T T4, Ta ... Ty 078, YOoted. frees with 1oots ¥1.%2,... 1 treng
PeW gragh where A new node ¥ Connected, to ol trees Ti oy ther rods
1s allsO a vooked. tree. -

Q- Wéte e eausve deficiton of a. fulll Binoay tree.

A: Bose Case: A singte vastex is afull biooay bree.
Recupee Step- T Ty 0L T grefuld 19e0ny ueeslgm 0. TYRW grogh where T
AT, or Children wrees £0 o mrew Toot ¥ 18 alsg inany e,

Q: Recume deffs. of the beight N0 ond. numboer of nades o™ of o ful
‘D\(\O-l\j tree ore 0s follows - .0 y o v

* Bose Cose. N(D=1 ond 1 for & Siegle vartex.
Recushe Step: If T:i ord T have respeckively n(T) and n(T,) nodes, ard

heghts KT ord h(T,), then NCT) = fen)e () and h(D- fame(rie)
(el oo vt e . o :

Proe by nducion fhot, i< %Oy
A: Base case: For o sodhe vetex, n(1)=1 ordW(1)=0, 50121, whichls true.
Trdudive Step: [et this be Yue for- bwo full 5\00!3‘&965 T ond T, i2.
)< 2-0"® n(T) e 2. 0Py

Now, ot a.new tree T, whese o Yodk nedet hos dnildren T and
NCT'Y = 10T 00, LTY=Lamox (h(T, hih))
o) 44 0T AA0) ¢ 1+ 2:2" 1, 9.0 o
': 9 QH(TQ* 0. Qh(‘l';')_ {
< 2.9 mo.x(h(.T[).th;)')* 0. QN\GF(hmlhﬂa))_i
‘ g 22mnx(h('mlrtm)

| i) =2i.+l'{‘l"l_1
i Extvos:

hefice the Stasemenk is proved by mathemaical induction.




. . e
. Product Rule - o tagk is broken down info K subtasks T, T, - T, Where

Ty con e donein ng Waugs, T, con be done in np Waws, ondk so m,ﬂmhnwrbef
of Wa@mpﬁ%ﬁnt‘r\eksusznmder and complete the task, is '[Tn ]

(MudEplicakion is represented tyy K Keyword, AND)

. Sumn Rule- 1§ 0. bosk con'be doe in N waws or i WOWS or.. fy Ways, thenthe |
nunAoer of wows ko pesforen the fosk is E,n (Addition is representad by "OR'), |

Q WHow mMany it shings of fenoth k exxst"
(i) Froma domom contouring) m elenrents to o codomain containing nelements,
o tnany Gunctions con o rade? WnaX oloud, injective furdtions?
(1) How many subsels does o SRX cor\mwg nelerrmts nowe?
A=) Eoon \oit con e eiter 0 or 1, ond we haw o filln k such bits. - SCRVS A
(u) for funckions, eoch alerrent in the domoin has N dnoices, ond 4eR Oem |
eleseerts in the dornadn, + No.of fusetions is ™. {1
 For one-orefunctions, nem. Soit's O i roen,
T t0<0, the fict derrent hos n choices, the secondnas (a1 chaices, the thicd
has (n-2) chaices, --- the n™ has (n-m+1) onaices.

» No. of ore-ore (injective) fundions = nla-1Xn-2).. An- mﬂ)-( « D

n-m).,

(i) Eoch of the n efements con bR either inthe sudsek or ouk of it
- Totod no. o subosals = (140)1= 20,

Q: How fnany posswords con be creoted Such thax
= every Chosodes is eithel QN UPPITOSE felter, aqcmsemoradxglt
> ltsler\gﬂﬂsaﬂemtﬁmdomm%
- trere shoud e afftenst 1digit apd L uppercase lekter? |
A: Tem The total numbe of wawys is Pa+ Py +Pg, Wrere ©: denctes the ﬁumba(f i
perrnissible passwords of fengthi. |
Tdeo 1: Seleck ore position for an uppercase (etter, andher one for a digit
ond §il the vamaining places asbitraniy.
«By= (6v26)= (5°10): B, Py - @)+ (6x10). 62"
= LS %)t (_-7! 10)*62‘ ;
Tden 2 ( Princigle of Mathernotical Tnchusion-Excusion): from alf possiblities, |
xude ol the invalid ores, wmmmoﬁmA rnistoke. ]
“ By e 62 10F- b 3¢S 10f B = 6F-52° gvjfbmoiq |
= Totod pwds. - Rugds. with Jekrs '
" Reds. with only ciig‘rbm fetters + Ruds. with only digits
{suhracked bwice) + Rwds. with Onlly Qowercase Jeltess (sulobrocked bwice)
Pr: 607-507364 %
Pa: 6t sgb %54 | |

9
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Rernosk: The adaition and. multiglication tules of courting rm;;ﬁ
@W&Eﬂh‘d os o ses of for Joops, as folllows: e

Addition Rule Mudtighicotion Rute

e O n:0

for | in yange (k1): for {in vange (W)
nend for i “(:JH,C.' (K2):

for | in Tange () vtm
Nl a

foc {in range (ken): for iin Yorge (kmn)-
N n=N+1

4 At the end Of s Progom, the |4 At the end. of this progras, the waye
£ \olue of nwillbe kiak2x... then, | 4 n widd oo kL 2% ¥k, AL for E‘m;sc

# Only ore for Qoop funsok atione. |7 vun sicvulforeoully (they ore nested in lgye)
o

Q: (osses A, Bond C are trvee clogses of TPvA addmsses, Waich O Tepreserted,
a shing of 32 bits. 1 2 ™
> Closs A: Tre Sick bit s 0, followed by o. 7-bit network port ond.o 24-6K hodt pod.
=~ Coss ©: Tre figt o Gis O 10, folowed ty 0. 14-bit reAwork Pod ondl & 16-t

hosk Pod. -
~ Closs €. The fied thvee bits ore 10, flliowedk by o 21-bit RAvork P ond. ca 8.6

| st post.

‘ Nore of the nosk posts Tray contoin ol 0s ox ol 1s. For closs A, the network port

- Coonet be ol 1s. How mony TR+ odoess can ke mode olongjing o fese closses?

A (F- DX P42)+(2*X 222)+ (#K 2.

| closs A Closs® doss C =

. Teee Diogrom: Tt 1s 0. represantation used 1o Jist oud ol possisifites. This can
e usad to dstain o count of the possibilities. - Fws = —

How m&ﬁtsﬁ\t\gs cof\bamode,swxholabﬁcanbeﬂﬁ\%iFowﬁbm

i
ge
s geik R olso (s? _
A /\ T rmk'xrgatreediagrmas
I feftrost Bt ., Srown, We Con courtt 5 passiele
/Q}\g/i\ : - b\tmgsmw&agwenmrd’
0 181y 1 S
% NI\ .
O 1¥AE LK 1 vigntost bit
ydé b v 0 e
Oooo o0t 00t Ot 1111 ‘it sting

| How manny Rt svings sither bRgA wih a1 or end, witha 007
A Usieg e pindple of nashemodical inclusion ¢ exclusion, (gee prev. 7
M.&Maw\gs' trok bRg)n witha 1+ Stings Gnod end witha
~ Siings thak both ‘oegjin with a 1 ondh end. with . 00 (counted 2¢)

%
i = Q-'ct- QG*Q'Q = 1.60.
‘ : Jeniuii s St o




- Tiis pirciple stotes thot if ket igeons By into k pigeonholes,there must
neoessodly ke a pigeocirole Containing miﬁm Pigeors. . S
+ T is Qlso known as Didieet's drowes pantiple.

Q: Svow $nod for eery positve intBger n, one con find o positive mudkiple of n
frade ue wodly of Osond s, e

A: Consides the set of (ewt) ruroess {1,411, ... 118+, where the K™ element
(1ekenl) is made upof kek (s, Let's coll thsset A. =

Recoll o Ony integer when diviced by n Seves . vermoindey belongingto

tRset 10,42, .. 1Y (see pg.6) lek's col fisset ®

+ By the pigeorhole prrtiple, there exist atteast 9 diginek numos toelonging to

Atrot feowe the some vemoinder (winich oejangs to B) when divided oy n. Lex's

€oU ¥ rmainder 1, (Oce<r) oot the oo MuivRss X ordy G

+ By Buckid's diision algprthm, = k nar -

A ' ' Y= Ky (e ksly) = 5 NG, o

= Xydka)n s exauty disiole by 1, and by the hatue of xondy . -

040q solely composed o 1, e sulotra.ion Inogpens. wihod borrowng, =

P lsstelyodend s oG Th e N

I Hmcem_ aBEE 8 e ol ;2 _‘ - i L... 1-11[“. (

'm.' ,,'-‘.A
i 24

. T

Riktmly SO0 12 ey, QLR ek VG o
.;,ai:-‘."r.'u'k‘i. !.",;.e l..!_:‘ i Pyl Py g Caddil i -LJL‘!: IL‘W” W LA S
WA sy 0 Thod B R

' woowdbee [od sAEGRnG

I.“ . 3 :‘ '_-‘._.l 5 ..‘ = " 'fé y 2 o e
Jz A :'\. -:‘L 1 ‘)h.':-ﬁ. _':""-‘ ¥

1 . - .
R h ol - T 'M p——
: bty W



AN -

¥ - Tre p'\geoﬁf\o&e panciple con altevnatively be stoted 0s: € N oni i \
loced \nto K boyes, the® exists okleast one box contoiieg odoe Q [i ' '.'.“""
QbJEC*S [_C'Eil U’}I\ = the 5’-!‘1\&0?&1&, \f \lf.:[;r‘r 2 A) . et CQIQ(N/”
pfd'*‘" Assusre, On the (',C.‘f\kfu”:\{, thok '?‘[Q“-! nox has f’ wer tron Ceeill f"',_[‘, i
Now, Qlsave thod RO

if %e, Z. » cell L?—'-“\ ‘;} s il Lt}b < ‘;T +1
[ ‘:Ze' AR ced L;i;') : ‘i:f,{ £ (0 fe1) = cerd {*%“) . ‘Jl 1
Herce, the total nuneoer of Objecks, i o), K 0oxes (s Jess ton of yual by
K(cﬂu%)-ﬂ < K(\‘%) =N (ie.odwous less ron N), o controdichion, g, "
totod nuenoes of oQjRds must be equal to N, Tre given hotarment is Prowed .

(- \Nha s the rricionum olue of N, such ok ceit () 312 Assurre re 7,
A LY 5 EleR 2 NOKED - Mioimum vabue: Kl

Q. A stordor. deck of 2 cords hos 4 suits (©, @, O, &), How mony cords shoy
o gnOsen suoh Yok there ore oifleost 3 cords of tre some suit ?
A et ($)33 o Mo 4la-at - ateast 9 cars should e crosen
Q: An Aadhaos cordh ririoes hos 12 digjts, and. the Aeoding NUCAoRrigiE) is noran,
- Assure the populaXion of Tndia to'oe 1.5 billion.
{1) How mony Aodinoos cord nustioers ofe passinle?
Y INXXK XXX YK NX € 10,...9%, N#O
ose e GOl decides to perit only certain vobues of MR (leading 4digt),
oukk of the axailorle 9000, How Mhomy sudn akues snould. they permn, such thay
sochTdion cikizen sl geks oL unigue Aodhoas rurdper? (0 min.)
A oot () oceReobesd For 1 volue of NYXK, thereore 10%nes,
. Tre leost volwe OF p such thok p-10°5 £5% s p=15.

Q1 Show thak asmong any n«d postive infgers, nane of wrichore grose thon 2n,

one muskiee 0, Multiols oﬁomﬁwer _ d
A: Werdthek-ony 2 \ntRgRMAM-Bewatlen 95 0~y

. . ' ol m ety k‘l k’- kml & AaYaY, s wat Sjmea i
lex sty to ned DOS\ﬁVeiﬂ\BgefssuchﬁMrﬁeoEMnisaﬂmﬁpb
of onothe.
\We nate ot it s possidle 10 Seleck N such in \iz. $0unH, .. 2043
Now we cont sefleck tre(niet)” nueoRrs to be 2n, Anis o MLl oF 0.
We contt, select o be fom 41,2,..n-4  either, becanse 3 o rultiple OF in the
N integes Anosen eoslier,

Prook (oy cortradicion): Lex 3 ke {1,n) suth trok nore of nined, on-Y ore
| divisiose oy k. Consider the forgest. multiple of k (<) botoe my ord. the serallet

itmhtble 0 Kk (5.2n) to bR ;. Tre clearhy crusk ke consecusive mudkiples of k. B |
Ma-mMy >2n-n=nrK, & hon. SO 1o sudh k exists.

L‘(ﬂs complites the proof.
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NS

Mem: AWJ saqumce of 1 read nuenicers st hove o 5ubSQqUEﬂCE 0@ 2 1
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.S, = 9 R XD .9 (00 (b Xet Yel) =
ot K=
C§ i 3 (R Xt YD)

=

Q) Por Pascal's identity: s
A. Rus i o 4 n L 5l

= —— =~
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(w2) sides into n triongtes, usiqg non-\terse cx'\rg diagorals.
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ol o N e S e

o T A AT T ey

| * e Lotysnop)3", Given 0,00d0y, ;
? Qg =04 =4 3 »
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~ Cose Zb: Tre vooks o€ Y of rudkiplicity wy, ¢, of PudkipRiclty My, .. Y, of
roudkiplicity my No ok myatty ¢+ Mg =k,
0= (Olgg+ g% . Sgan P T+ R L ST i L PO
+ (X go+0hyy +.-.*°‘-ﬂ“.nl'\m"l) TJ?.
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Assmpkct'c Notodon: This notodion efers only bo oppProvirale \;Qiueg,?
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’ lEedgeeJ1smxdﬂthROl\'\vmv 5
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| 0, otrennise.

- The 0djacRNce ThafiX is 0. SHUOM MR P“ddlt\omﬂln, undivected
Smd\d%n\s AR (s sgmi}:nc oloouk. the. eoin diagonol gy

- A1 in the prictipal diagonal &mendmmf@ema&ﬁM°

hmwneswﬂxqverw —_— o




000 : i B 2
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walk rroudn the S\\ of Kénigsoerg, russio that would, troces eveny edoe
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nce 0nd only once. Hasniltonian Rah: A poth
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- ﬁ/ f e AT A . 7 . . -
/ [ S o EU‘EF\OI\CAWAW
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S g : ﬂ s 1 Waich tvaces e:endedgle
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* Leannard Euller proved.in 1736 thad the problem hnos no sd”. | whidh vists evesy ron-
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| : i . Tt 'oegins and and
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twice tre nurdoes cfedges. - > Caaa) S
> Prook: Tre theomem conbe proved. by mcﬁm.k t) _ K i
- Bose cose: Null gragh -+ 0= 2x 0, which is txue. Pla) . o « oash
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(P » 4. Hence prowed.
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