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. Losic is the foundalion of all mothemalics and compuking

* 4o learn hows o moahe cormect conmclusions

. ‘eomql) .unm\:isu.ws nokalion kelps others to understand
exocty whal is meant

The Mon wnd the Portwik

Q. man wos leching ok o portroik.
Someone ashad | " Whese P.‘clwg ot yorn |eo\un5 ok ¥’
The man replied, " Brothers and sisters howt T none,
buk +his man's falher is my Podher's son .

Whe is on 1he P;clw-c?



PROPOS/TIONS

The stalements with which mathemalicions work

ore colled propesitions,

A
p&s&@né@ n°

: buk not @& mafler of

vaosil-'ons ore eilher “ria o Lalse

oPc‘m'on .

So shatements that can be considered Hrue by one person
ownd false \as Ganother person oxe NOT Pmposi'zions.

EXOMPLE ( propositions)

() This person is female.

@ x=13.

(i) Sundsvadk iz un SPM
() The naember Y is o prime,

) The numker § is net o prime.

EXAMELE ( slodementt which axe not E_LgFosi-l;ohs 2

(Y My box is heany.

() The nedd ossignment is diflicult
() Go home !

o) Shall we go home ?

v) X

wi 4o



We sholl dancte prposidions by lower cose lebters | such a

p: Brothar and siclers howe J mone

&

?= M Mmen's &M{ 3‘3 % 'gagw‘s Son .
Z

. S-‘mPle“ stalements [he thise o collid primative propositions.

COMPOUND PROPOSITIONS oxre combinotions oe Pn’mﬂ::‘ve

Propos-"L\‘ons Uting NOT, AND or oR.

NEGATION (NOT)

{a’.&%.g:z}
p: T am femaols M@Tf : 3 am neot femals
?z x% § ' MOTQ : X%S (or Xfﬁ)

NoT p  hos the opposite tukh values to p, that is
NOT p is 4rue exnd:\:, when p is folse.

NOTATION: We tusrile 1? or ~p o-rF +0 mean NOT P-



CONIUNCTiON CAND)

P: T am o female ‘ 9 T arm a lechirer

PAND% : Icumafmo.h ?i‘;?.\ T om a lecturer

The Conéunc\l-'on p ANO$ is trua cmlﬂ whwn  BOTH Pmpési-lions
P and g ort true.

NOTATION : We usvite P9 to mean PAN°$-

DisJuNncTioy (OR)

p! I am o femela 9: T am a shudent

FORQ: T am o female or I am o g¢ludunt.

The dgjwﬂdw'on pORg & Hue When ok least cne of the

pro posiLions p and g i o .

voTATioN: We wmte Pvg to meon P OR q-



TRUTH TABLES

A trudh doble s a way of onalysing cmpblcnieel compound
pmposib‘ons o oblain thetr trudh voluas , and of esl-o.blisl\irs
e?u:.vol,e;gu_s belusesn different propositions.

Q.n5 Pm'iaos.'fl-ien is ether e or folse.

Let O (or F) represent FALSE | and

bk | CorT) represert TRUE.

The mam\.-.a'on “EF of o Pmp@si&ion P is ‘\‘M Pre&‘s@\ﬁ when
p is Lodse. We da.sm!ae‘@ﬁs wn the EQM3 toble :

F [
i
© 1
i &
5 g 8 a3 g
he Bk bably e e




The Cmgwnc-}ion Pa is drue onlﬂ when Le&}a Proposi-&:‘ons

The +ruth toble for P g thaus looks Lke thes:

Plod | Fe
a & o
7 ) 7~
8 o -
I N 9 1

i ]

The da‘sjunchon pvyg is e W ok leost one of 4he two
PTDPQS;Lu‘QnS P O.ndg s +rae .

 The hudh dable for prg thus locks Lke this:

Pl 3 9
O © o
o) ! |
{ o i
| | i




Radss ‘eo‘- com\aim'.ng AND,OR ond NOT

Twe compomnd.  slalements are said 1o be agmy&!@n%) N4 '”“"5
toha on  exacHy the same +ruth values for ol possib/e values
of the pmpcs:kons from which H\es are bwld.

¢ P wnd g are egw‘vculenl Fmposi'):ions Wwe Wrﬂ:c ;’.‘;@} $

THEOREM
(Pas)v (PA r) & PA(svr)

(F ‘vfﬂ% S (&Pw%;t% L= ?W(ﬁ.&ﬁ;}

NoT (prg) <=> (NoTp) v (NOTq) R
4

Morse.h's Laws.
VoT (pvg) &= (NoTp) ~ (NoTyg)



a Pmpas:%ioh which is odasrans -l-m is <callad a +m¢oL035 y

molsagelee

.i‘ propesition  which s alwnﬁs fodse s Cs..uae‘ o Conbhdiction.

" EXAMPLE

(1@" P

(1P)vf’

as con be seen frow lhe trukh dables:

s a

5. a

conkvodiclion

P_1'p |Cp*p
0 { 0
L o 0

(TP) Y P

G,



CONDITIONRBL PROPOSITiONS

In ma«}}»am@iics we offen house ;&mﬁcwd fmf@si'éian$ of the é‘jfe
IF P THEN 3

where p and g ar Fo-u:miiive f@pasiéfgns.

EXOMPLE Consider the ColLo-wa:ns Propos:’&fon about :'nkaerw
Cer) '

IF x>2  THEN x> 9.

s s

§

a5
¢

This Proposib'on is tan for anu volms of x.

g

The .‘n-!egw o be dividad inks thea dﬁ%@iﬂ% Saubsels
1o,08,04,-3)  Leae0,0, 2 49,9,5,6,... 0

Lel ws compuke the dredh  volie

for p Md$ for on
X n each of dhase: |

Prx32 | g x>y | IF p THEN g
xei....)-s‘-q,-ﬁ o | ] |
X€3-2-1,01, 2} O O -4
x&i3ys,... ) o\ \ o

CONCLUSI{ON: The fr@ipes;éfon TFp THENg is oMLY FALSE

m wHEN p  is due  and g s folse,

¢




Notokion
Thert ore mony ways n which fo express dhe ‘orbfosilion

TF P THEN Q-

In symbols we wwte ths as p=g or p=Dg

or Guen 3«-? or gt—?-l)

In words we Sauy
@ IF p THe g W) ok g, 6 g
(&) g i§ P &) g om p

(iv) P ;mf!i@s 9 (i) g
(" P is o sufficcent (¥
wrdition for 9
(g is & necassomy (v g o oM vl
C@md.ihm\ @M F i?m P.



We concuded oboue thet P=>$ 'S only folse when p s TRVE

and 9 s FALSE . Thus  the huth toble for P=g locks as

Lolliowss :
1 | Py
[ o {
) | |
! o) o
| { |

This has imPoa{m W!icmkiems for  mothematicol, Pm‘es o~k
%ummhs:

X T¢ P is tus and we Ourg us, correcillﬂ) wh Con  WEVER
reoch o folse condusion.

* How, 18 p s -ealse) we con ohlown either a 4 oo

o folse condumsion.

EXBMPLE
lz:o =) [+ =]+0 => 9=| “Lodse = Lalge "
lso = -0 =00 = 0:0 “Podse =) brae”



The case of tha s#u? id defence Iowg_ef_:

In o land where |os\‘c Fuhs I.‘fe,

& mon has been accused oe robbe:g and s in cout.

The collw—:ns stalements are made 63 the Iorosecuior'
ard the defence lawer.

prosecukor: IF the defendant ( the mw\ accuged) is 3@,&3

THEN ha had an @écomflice (medbretisii-g).

dafencs. ¢ Thad is net trus !

ka is  this the wonst Poss;\;h 'Ll“;'"ﬁ the de-l’ence‘ /a_%er coudd

howa said ¢

A bod preof of a cormect theowm

Exercise : Proaa for Oma Naumber X hek x2-8+) = (x-2) (x+2)

2
Ong_student wele: BEV:S: axa-SH (Fx-2) (x+2)
-4 = xoaxeax-y
3
x-y = xl.y
. |
© = o0

Lse ol den Sisla raden ar Sa.n.n) s& ar den

L5rede rden, dwt. x -S4l = =) (x+2) sann. V.SV,

W\‘b did the lecluwer not accept thes ‘:»rbog 2

Howw does o apod Per for s Ldenl;l5 look 2



Lek us n%umfio the duwth Leble for P =q¢:

P p=3
© {
© ! t

p _IF AND ovly TE g

ot

(Fjovm {‘:&".&‘ @”v‘ﬁi’”ﬁ"& e ﬁ)

This slalemend is fua exadlﬁ when beth p=>¢ and 9=>p ose

-I-m) thet is When P and q howt the same Irudh valus.
W Me @ i < fwaid RN 41 ko L&’z S%’:‘&-@(ﬁ Py %f
e Petg or p n@g ) W;_@uwwg_ sl

3
WL e
i

We hae dhe eollms hdh table

Pl g | Pg | 1P | (prpd~(g=p)

) o I ] [

(o] | { 0 o
{ 0 o) l o




QUANTIRERS

Mothemotical f’rbposilions oflen contain the words “for all” or

"t exists” | for example

@ For all nkegers n | ntl is an nkeger.
®) Thew exists an keaer n such that n'=o.
Q) f“""‘b nokurol Paumber 1S Pcsilive.

@) Thue is an n’nksex betusern 3 and S.

We wse {he Sambaol V (<X sMhmé-no‘&aimn Lo u'ﬁe-r CJL“

S 4

Gnd we use W § a3 sh&-ﬁ}‘ﬁm«‘}h M'&@ia‘@ﬂ ‘cém’ “hare @ “lq

We cen tham wade dha clove meosi'lions:
(@) YneZ : (nane 2

() dnez: nzf‘-e

) Vnel: n'>0

d) 2 xeZ: 34x<S

When m,sa'k.ing ngesi&ions wn\-&.w"»ﬁ guw;iiexs V and 3)
these ek e:cbmsed for ench olher |

p: YneZ: =0 1§:§n§22 n*%0
! 5



_PROOF

The concept of Pmef is a vital 'pma‘. of makhe mokics :, ‘% olouwss
ws to demonstrale dhat slatements am Hue. Tn generol we cannot
do s by simply cheching thak thuy wosh for o few, or ewn

monsy ) voluas j b may be covreck Cor Jhese and yet fail for

othass .
We sholl lock ob thres mwadhodse of chﬁ. These owe:
@ DI‘TQC'L Pmo{’

@ Preot 53 contradiclion

Proof 53 Trduction

Before we con stok prowing o proposition wa must moke suw-e
that whatever we balk. obouk is. well-delined | that is alk
Umple propositions can be undastood by evtey weder unombiquously
ond euvesy proposition must moke sense » the siluakion we ase in.
Consider the followning:

Delindion G jmmovekie 5::5,%. is a ?es-L which con not be

hrochad ornr 53 Mﬂ\-}\,mg

G oo shinle 1l js & cannonbell which

hrocks oaer w’&‘}%&"ﬂﬁ 'n ks Faﬂa.
Ts this o good definition ?

Gueskion : Whok lmwem 2 an imesishble cannenboll
hts an nmovebla Fes%, ¢



it e
e

D Direct Prect

To prot. : P=9

- Mathod

r We slot 53 asswming P_is true.  and 53 a  Seguence

of ‘Qsicod. Lm‘a\;cc&ions end wp with 9 is hrua

Q&&sm

P9 s only fodse when p is frus and ¢ is folse .

[55 QY ing dhed p i dren :'m,)!e’es 9 is"m) we hm
elminoked this case.

EXOMPLES

ol ‘,u A“ﬁ s 2
SIALT O

€ x is an even 'mie&er then x* 'S aNn €uen im‘ge(.



We sow eoslier on P‘@ that there are moruy  LWONMS of
ex pressing the Pm,:osi%ion P=9 (‘9 IHPUESy)

There is one more egw‘VQ’en"- wowy of exprssing p=9,

namely
MQI# => NoOT P_.

This is hnown os the :@mé‘fmpm; {ive ;ggviz::féiémmg @f f&%“””?g

T+ can be Prb»ul by budh bobles thal the {weo slatements

vy esu;va\en-}.) but we shall nol do so on this cowrse.

Howeuer, t3 gives US One More oy of presing ’)3>$ d:’recuﬁ)

nowmelsy :

Cew\mpesili ve fmof

e m—————
mmer—

To prove: P:sg
Method. : Proue “NOTS = NOTPK.'

Recson : ‘“Pag“ and " NOTg = NOTP“ are losv‘ca"g e_guivqleni.

EXAMPLE

For all integers n

IF ~ is even THEN n is even.



Proc? by contradicdion

To Prouc : P=3$

Hethod  : Assume that (p ANO not g) is hur and obtain a
conlmdiction ( Some'”u'.ns fodse ).
Reasor. @ Tf we stadt with a Praposi{:fcn ond o-rgus cmc-Hﬂ
1o ohlain Some*ﬂuins calae) we st hewe  slosded
with a folce PmPes;-Lfen
So if we slot by (p2 19) and rach o contrmdyiclion,
then (pag) is false, so 1(paTg) is drua, and s
'05 e fo—uws drudh dable Wt hau prosed pg
P ¢ P23 P* g 1(pag)
o o | o |
o v | o )
| o (o) | o
! f | o /
EXQnPLES
o |he smallesh éw;‘iw jﬁ‘f;m i ”ﬁ~ 4 “ 8 Uiy ’i”‘j"“ ne Do, o

e 12 1s on irrekionel Mﬂbei(

® Proue for ol x,yelR thak if X+y 21000 thaa X2500 or y2Soo

@)



Proving bicondidional slatements

%Pm&: P<=>$

Method : Proue  both il and q=p.
(somelimes wa nsed nol aru. 'd;)bui Qn prot P<-‘—)$ d.«:red\%;
we shall see an %i;,}:“x%:‘. of dhs Iq-l-er)

Reason : By delinition (f=>$) A (3-‘-3’)) s eguu‘valen'l: to /><=>7g.

E XAQmPLES

For oll .Lr|'|-e§r5 n, ntis euan &> n is even.

Xo=4 =85 3 and only, i X323 er x=-3

L



Proof b5 cemkrexmp\e

To prove @ The prb'f;osilion W, poy is folse.
Method : Find an x wh{.vfe pe s fadse ( Coun-?-erexampie)

Recson : T€ there exisis an x 'ffm— which poo s -(’o.lse,
then +the Pmpos:écbn Vx,’:cx) is fodse .

EXBNMPLES

(O toeryone in this rom has grey eues.
W) M@ne in this  rom s askep.
W) VxelR | xtyx.

L]
W Ynelv 22+4 is prime

i
) 2
- A
mal g F 4 i ?5 EN Y g n .
o Pk TeE
¢
S
s k|
&
%’5:@ :i “*x% = }2 % = 13 e
> o3 o, P,
¥
5* .
s 3 4 ;
7 ' ® - 3 .
o %’ > ] =4 o Y “;vp\«“&.
L]
2% .
e 1 f 5 o ,;;;‘a' PP
H E LRI pelen g
i
-
,?' .
. W .
} . st H ] § iy i ; . , N
o g T f; ;T e} . « i(*i.’w”"?‘fi‘,f



@ Proof bg induc}ion

The idea:
he!

N

2 ) domino - e@@ec{-“

T2 domine 4 is hnockid dewn then domine 2 folls and dhen
2 knocks down T ond So on..

Thot is, if domino A fc..bls) then domine h+l folls too

rsuwgsa we &m@w the fmﬁ Luse -Lh;gng

(i) Domine number 4 folls
L G Domine h folie =D Domine he! folls o

Co«nc)us:on: Domine n Q@J&S ‘g@'r ol nzl.

v y 7
i T8 we bre
g‘ ,\ Do kYol ¥ ;'?%%3“‘1

£ y e

r Domape B #olls ™ Vamidae nel Llle

=~ gy 14 iy R
. E I Y S i e B3 g L TS K| By il
Condunsion: Demina n foile woe all 53 %,




“domino n falls' then

Let pen) denote the Propos:'!:ion )

IF

G) p(i) is frue

@ p(R) = plea) for any inkeger k2|
THEN p(m) is  4rua Lor alt integers n2|

Mere qerenl,

IF
@ plb) s true  (for some fixed bose-number b)

(&) P(H = P(\uﬂ for Gurnay im!’escr h2b
THEN pm is hue fon- oll in}eaers n2 b

EXRMPLES

@} 5*2’2,“?‘%”‘?~““§-% E 2, = Soerr N2

nl 2 Lor n2y.

wa&z‘m ;’3. . P .
(3) Let o number seguence be given %
S’ = fj .

Wegy ¥ W+ (ned) tov R0,

"“@;ﬁ’%\ Yo =L
e g s
B N 7 {ne) (aned) s
Shose thad o= b for ol nzo

QUESTION: Ts n'+n+Yl a Pn‘.me fer all fn*ejers nZo :

2




Primes 2, - 353!

- Ut W

11

17
19
23
29

31
37
41
43
47
53
59
61
67
71

73
79
83
89
97
101
103
107
109
113

127
131
137
139
149
151
157
163
167
173

179
181
191
193
197
199
211
223
227
229

233
239
241
251

263
269
271
277
281

283
293
307
311
313
317
331
337
347
349

353
359
367
373
379
383
389
397
401
409

419
421
431
433
439
443
449
457
461
463

467
479
487
491
499
503
509
521
523
541

547
557
563
569
571
577
587
593
599
601

607
613
617
619
631
641
643
647
653
659

661
673
677
683
691
701
709
719
T27
733

739
743
751
757
761
769
773
787
797
809

811
821
823
827
829
839
853
857
859
863

877
881
883
887
907
911
919
929
937
941

947
953
967
971
977
983
991
997

1009

1013

1019
1021
1031
1033
1039
1049
1051
1061
1063
1069

1087
1091
1093
1097
1103
1109

1117

1123
1129
1151

1153
1163
1171
1181
1187
1193
1201

1213

1217
1223

1229
1231
1237
1249
1259
1277
1279
1283
1289
1291

1297
1301
1303
1307
1319
1321
1327
1361
1367
1373

1381
1399
1409
1423
1427
1429
1433
1439
1447
1451

1453
1459
1471
1481
1483
1487
1489
1493
1499
1511

1523
1531
1543
1549
1553
1559
1567
1571
1579
1583

1597
1601
1607

1609

1613
1619
1621
1627
1637
1657

1663
1667
1669
1693
1697
1699
1709
1721
1723
1733

1741
1747
1753
1759
1777
1783
1787
1789
1801
1811
1823
1831
1847
1861
1867
1871
1873
1877
1879
1889

1901
1907
1913
1931
1933
1949
1951
1973
1979
1987

1993
1997
1999
2003
2011
2017
2027
2029
2039
2053

2063
2069
2081

2083

2087
2089
2099
2111
2113
2129

2131
2137
2141
2143
2153

-2161

2179

2203

2207
2213

2221
2237
2239
2243
2251
2267
2269
2273
2281
2287

2293
2297
2309
2311
2333
2339
2341
2347
2351
2357

2371
2377
2381
2383
2389
2393
2399
2411
2417
2423

2437
2441
2447
2459
2467
2473
2477
2503
2521

2531

2539
2543
2549
2551
2557
2579
2591
2593
2609
2617

2621
2633
2647
2657
2659
2663
2671
2677
2683
2687

2689
2693
2699
2707
2711
2713
2719
2729
2731
2741

2749
2753
2767
2777
2789
2791
2797
2801
2803
2819

2833
2837
2843
2851
2857
2861
2879
2887
2897
2903

2909
2917
2927
2939
2953
2057
2963
2969
2971
2999

3001
3011
3019
3023
3037
3041

- 3049

3061
3067
3079

3083
3089
3109
3119
3121
3137
3163
3167
3169
3181

3187
3191
3203
3209
3217
3221
3229
3251

3253 -

3257

3259
3271
3299
3301
3307
3313
3319
3323
3329
3331

3343
3347
3359
3361
3371
3373
3389
3391
3407

‘3413

3433
3449
3457
3461
3463
3467
3469
3491
3499
3511

3517
3527
3529
3533
3539
3541
3547
3557
3559
3571




EXAMPLE

h (n+1)
A+2+3+--- t n = 2

go'r OJL h=l,2)3,~..;,
PROOF
Base case (n=1)
LKHS =)

(0 -2
Rbs = !(.:--H)= 2.

Se LHS=2RWS fev n=l.

Induclive ,'\ﬂgcflhgsié (Swedish = $5- n&&o‘i k2 3)

b (k)
Assume 142+--+h = a, or Some Azl.
: R
base
Induckion sle :
= = (k) (ha\+1)
We must nosws prove l424---th+tks] = 2

3t
LHS of @ = 142+ +hel = (14244 h)+ kel
= 5—(—%:!;) + (k) b& the nduckive %3?‘1?”?@’3«&

G (3 )

(R« 1) (h;z,z)

W

(h+)) (he2)
= 2
RHS of @

So lhe reswlk hads for nthel alse and dherefore holds for-
ok n2l by indmction. B .



| Example 3.12 Ea:ample of a proof by inductidn.'

 Prove by induction that for alln > 4, 2" < .

~ Base Case: n=4. 216 and 41 = 4 X3X2x1=24.
‘- '_Therefore 24 < 4' as requzred e

',Inductlve hypothesm T he result zs true for some. n = k>'~/
that is 2'1C < k' e R SR |

'-:':»__'-..Inductlve step We need to prove that thzs 18 true for

| ""_.:’"n—k—}-l i.e. that 2k+1 < (k—l—l)

(k + 1)k’ L
(k+1)2% (by the znductzve hypotheszs)

2% 2% (as k>4 andthusk+1>2)
2(k+1) .

(k L 1)'

‘n 4 v n‘

Therefore (k + 1‘)3 > ‘2(’“‘“), and so the result holds by the
principle of induction. o




EXAMPLE
The seguence 3“’"‘ bs

T
Wpy, = Upt N+ for N0, ...

ond W =0 has the generod Lerw

nne) (n+))
Un = A #m— oll n20.

PRoOF

bose coase ( n=0)

o-{0+1) (10+1) _ n(ne)(2n+4)
6 0  go for n20: Ua= 6

We=0 and

Tnductive hupo thesis

k (he) (2h+1) o
e gor Somn@ k20

(swedish : 25 @3@% k2so)

(het) (Ra1+1) (2(rs) +1) ®
We maast prose “b.'\-\: 6 .

Buk |
LHS of ® = uh+,= Wy + (b;n)l bs the ‘recumence velation

Rk} (2ktY) 2 ‘
= A + (k) by the nduckie 3:3 po Lo

= (ht?) (-‘3%32 +(Rh+ l)>

1y Rt :
. () { +h, : bt ) < (a) (_z_p_ggie_)

L) (“2*3)“‘“’) = Rbs ¥®

Sothe vesuwlk holds for nskt) and thus for ol n20 by inducds
Yy Uucrioh, ‘



Recurrence relations

Recall from block 2 that a recwnenc relalion s o way
of delining & seguance i&d:a by expresting the n'th
leremn G derms of ils Pmdecessm Queiy Bnegyory Gy y Go

. )]
Logethir tith some inkiol. terms ‘Lo et the secumsion staried.

E xo.mghs

@ The Fibonace’ Se,uu.nce IS Biven bf.’)
G,° Qn * 0., Jor nz2

wnd wutinl cendilions Gzl ) a =l

() The ng seguence 1S gqiuen by
| 2h= ngn_l for N2z

ond niliok Condition 04 = 1.

@uzzg@m Con wa find o closed. exprssion for the

ST

5 . N fi 3
%%3 t.e. ene thebt dees not

Limg s . & 4 4
trwolae, obhar le Y

= %3

%ﬁ% é‘aﬁig Lol e

Tz\aé s called 4o SOLVE ithe recumence redation.

ﬁ"b la



Some recurrence wlalions owe easy o solue. Bou Con
@ Guass o. solukion and +hen

Proe b: induckion thal Your Quass is Coavect.

EXAMPLE

Let 0p,=20,, for n2l and &g=!

Qnohas;s t Gz 2Ga., = 2(20,,)¢ 2" Goey
2 :
= 2 (2 &n-s\ = 2 Qn-s

= 23(1&"!-%) = 2‘.'&’\"‘" ® &

Prowe c‘nzzn for n20 Bb inducln‘on,l




We shalk learn how to solue o special kind of recwrrence
vlokionn colled o lineowr !nomosencous reCunrence reloliown
wath constant coeflicients. Tt is of Lhe "Bpe

Gn= Cq,  + CiGny t C4 Qoo * 0+ € Gp_ye

where  €,,¢;,.., ¢ art conslant real mumber.
The recurtnce relabion is said o be of onler r i ¢ 0

GJ'\& Cr*\.: 0 = Cr*t: see R Ck.

EXAMPLES

Which of the Qohms tecurrence welalions are Linear, Aom%meous

with constonk coellicients ?
The Fiberaces Seguancs:  Qa= Gt Q. ,

@ The factora) "se,wu\u * Q. haG,

On=2a,._,

@ .= anag,
Q= Q. t2



So!v.‘n3 linear homogenecus recurrence welations with conslant
c"_oeggiuen%:

Gnz o, 460, + -+ G, for n2k
whar €,,¢,...) G owe constonts, with initial berms

Go, 0, RN ka._'(, qiven.

Substitule @.;"-‘-LL Lz 0,4,..,n  nko 'ﬁ:ke‘r.r. -4

. - ne -k
Feel ved PO Cooe Iy
L |
" ket ke o
teet +ed +t gt

¢ ® ket k-2
T e T

This is knewr as the chowacteristic equalion of the rec. rel.

(D Fird the k wots of the chomclenshic egualo‘oh
10 ol k roots are dishinel nuumbers dn*z)---)'“k)
dhan Phe solukion of Ung vee. vek . is ©f the form

n ) L)

whare A A L Ak o constants

@ T some m™ols o K»;pe«leo\ rau'Ls) e.g. Lj
TG T A thin the dems e he
Solukion Sovr bhais Rfeedeo\ ot wdl be

A. 7 . n 2 A ' mel N
AL' dsi. + Al.z*h'_'f’(" +Ai3nd£° o ‘*Ai,‘ n 0(‘.,,

&
? | ¢
>8s! cps! o6s !
‘wn the solukion.

DCkmihg A”An... Ak em-m the Enﬁli‘al -[-e.-ms.




EXQMPLE

Seolve the wcCurrence wlekion

Gt da,.,*Ya,., forn22

Loakln ;M'L\‘QL conditions G,z @ = |

“-

NER YA T

4

£ =3ty

3

{“3!:‘"! =0 (dhorocteristic eguq-l.'on)

33 9+ y
(@) Reots of Lhe chamclenstic eguoul.‘on are 2 é

Se o249 and &, -|.

‘ henu. bhe SenemL solukion o U\e ecurtence lokion

is of Lthe form
G,z A| q" + Al(-f)n

@o-‘-l So I = A.“"oet- Al(ﬂ)o

11Al-tz\’.=;
a:z| - | = YA, - A
Se 5A, 72 @ A:'ﬁsé = Algé
Q The solukion is
w54 drg(..)" for azo




EXBMPLE

Sole the recumence relalion

with il condilions

£ = et- 9™

)
(-9
)

E'-(t+9 - o)

@ Roots of the charoc teristic e,ual:on ot

Q-n= éqnq - q G-y..z go\" n 2,
Goz 0,1

( chomctersstic equcd-.‘on)

6* Vag-aC

2 =3

¢ &,*3 and o,:3 , e 3 s a rol of md*.c")[icil‘s 2.

Hence the genermk solukion o the tecunrence relakion
is of the fonn

@ Go=1 Se

G =\ So

@ ne seludion is

ap= A3 +AnY

1= A3+A 0.8

3

A=l
= [-3 +A,-1-3
)
-2
A 3

Gnz 3 - ind (3-2n)3" fov n20




EXAMPLE
~ Solve the recumence wlalion

Qp 2-Gp., fov n22

with wikiel condilions G630, a =l

it v
v
{L“’ |=0 C dnowrncleristic Q’\Am\-\‘w)

@ Roots of the characlenstic eguql-‘on ore L and -i)
So &,=i and dy=-L.
"‘eﬂce the 3en.un.L }SoLA-.ion of U\c ol ST 02 -u\e form

Qnz AL+ A, i)

‘ ao=0 So 0 = A| *Al

= Avv Ak

£
"

4
'

C
0

Ai+ At
AvsA, ()

)
[1}

J—
§¢

L0,

@ The solution is . | R . .
foe ) n20: Q,,:—?l:-i—i‘“?(.n =£(L + (-4) )






