29 Jue.

Lroduction to 'wWIDvdLa‘Hma/‘ Complexrty [ P&S Che;,;s.g]

Beblews vs. instances [see PES §1.2]

UD “+o JrLuS @ow(i I "H’LQ Wse T have éé@m

%§WWW /oo_se in iy L»(Sagg of +Hee weved “Dmb
Bt Hure is o distinclion  betueen a mé

o

and an MW oK a Dmb/em ond #H s

mpm& +o keep Hse —foo 'deas §-€PWcU{'€

iéofﬁfammwm Z wll be us.m

conelilly (et _problens sets_ il shll be _

called pmbw ée%s even  “Hough W%s %v

| gSlflﬁu/d be ca | MSch sef2! )

j_,/;l Dmb s &zscvsbeci bv é@ear%em

T and e desived properkes of the

N Qeneral +erms the Fovu ol i mm‘f

f""/m wetance of a Dmbem T a Speorﬁc,

MSDl,d' [iwhich  can consist £ umeneal

Cj a_é.a a j‘/&?k, Sd\g 0‘? Z{V'\,Qaf fMgH&!AT@g;

e%c)




Examples.

— PROBLEM: _Integer wiu -(—tp cahon.

IADM'i Two M‘Féaetfs . Mcf .

Q;fpwt The pmolue:%- wmn

— INSTANCE = 241 x 87,

| “"’INSTANCE: — ¢ x 408,

— INSTANCE: 15208 x 3818,

- %3LEM A/(u/umum SDMWM.Q ’Hee

Tiput: A comected undivectse! graph G=(VE

cwld A ‘gwtd'tou W * E-R SDecrg,AM ec(cge
wesghtts.

Ouwe u?é A 5P6MWM *fvee ( V, T) of winimum
o edqe wagid’ | i
— _@@TA NCE: | ,;}%c E )%

2N
e X 19

NN

e

d = _wwwwm.wweﬂm




29 dug |

Tiwe_bounds _and asymm‘a‘—/w‘c notation [PES £8.27]

,flm—w Hews much e will an alaorith

‘ILaEe 4o §o/ve an _inStaunce @‘@ A Pm\jof ’?

%OererH'xtm D«#emw(' cmmdw; yurt at

\hferenct cpeeds, co # s net mm}um%

Launswer His gueston in -/*ewms A §€comd5

;:Ets-l“eacf whéin we Qav u-hme. we  will

velly wgan Hhe pumber of elewendary ngem:hbns%

must he ?:)em—ovmecf

— El@memiaw @W&“}?&W$ Camn IVIC(ACLQ,

— Basic ' m(%mdﬂc, mmcl?—v ons /;d&%m,

S(/(b‘}'md-v@ﬂ I/Mu 4‘19 marhm dwii’s«@*ﬁa

rew au wd.ew\)

— Caw@wcsw:s l/ e.q., eval s,{a:%zm a-?

or = v cee whe-wa e hrue o
fulse) | .

- Qea&m a_ volue o nenory,
| wm»hm; a vafu.e ‘o memeony,

SWﬂP‘DuM He values ot W@ aﬁab £<

—*andxunq\ /@DPMC?\ 'ﬁmcﬁovt call w/td re'fwfn

i E— O‘Q’@M 748 d@, PM‘@‘:@«JM al QW"M&%

k,md C"f g@v&ié{ﬁiﬁ?‘y i’ aﬁm d&WJVMCfES

7/(@7 eXamp! N M a §@r~;’im a!%fw%mx

most of +he eewmfv m@m:%mag ave

COW;P&WSO‘WS. go} ; V’Ma/lée % @mai;{s@sg




VLM%’{ L{Md

m VMWM ’EW O/‘E an Q/QO’V‘T‘H/IM N ay\

nstavce is he numbor of eemevcktw opevetions

@@v%fmd bv Hie alasvithm —to "<olue *f'&e
nstauce. S |

Etample. Tioding the wiiniwos dewet ia

an Wd@ed Slist. (Thic is He ‘Dmb

OW"‘ ut: “The Wummw 4m+eqear Hiat sppoars

I/LPLdZ A wmp‘fv (Guite) it of 'n :w%eqevg.

in He list.

TInstance: /é 3, Jo, —4, 8 -"7 2\>
S TSomﬂ |

/{( ﬂ"mﬁrgirtm

2. If 1> n, return Wl(d//tcl 54779‘)' T

3. Let p be Jhe th clomant of Hhe st

Fw‘p‘»‘f-“>'<ll44 %mg:s

Gt T el wd go buck o sty 7




Hewo wany eemem%w/ memﬁws does

Hus dfc’(ow#\m ~tale +D So ve e qivm.

mcha

' L Elawwc}m opS
7 ge% m:= é = 2. 2 assiqrwests
2. T i>7.— Lake. I wvw:amsm

3. H 3<¢ (‘HM) Set Wt--vg. | ié‘mw; Iasssqn

Set =2+, 4o back o step 2. 1 ad, 14 assian, 7 Jum

d.
2. ¥ i>7. Lo, 7 Campa,nson

3. If 10<«3... — flee. ‘ 1 Comparicen
d Set ;- =3+1 g0 back + step 2 7 2dd, .Zass«qm 1 jump
2. T i57... —Lalee. 7 Cawpmsw
3 I -4<3 Grue), set m==4. 1 comp, 1 assign
L. S@f s=t] 4o back 4-0 step 2. 1 adcl I assign, 4 Jump
2, If 1>7..— -@Jse 1 mpmsm
3 I 8<—4_ —Lake. 1 wwwnsm
LIL- Set !*'5‘*1 40 bac,lt +» S‘{’ep 2. fac(d fasg;m 13 [ump
2. e 1>t -—'"ﬁnlse R i Cmtpmsm
2T —7<-4 (-frue) <et wm:= -7, .';(mep 1 ass:av\
L% Set 5= é-;-j qo bad‘% s+ep 2. L/adcl .‘(ass:avs :f Jump
2. W is7.. = fake. 1 wwmrrsm E
3. I Z<"“1L ’-pa[se 1 comparison
4. Set 5 =7+1, g0 back -fo step 2. 1add iasssqu 1] Jump

2. ¢ i>7 /"}me) yetum —7. iWP. 1 Yehom

— TOTAL 37 @?@m@n%ary

@WwH@ws




Novwally we dent analyze algorithms n fhis |

Much é)(ac"mg Aetail " becasze s wosy -fvo

tocdious.

—-q

ictead, e smphly Yhe analysic (hle abo

walding - wove Mm( mcl Mce ymere

useuly =

Cand —@mclmupoerbowd o e

ko of eme,z/&vm/ @ch"zawzs

wm ‘H«z worst case / as d -g;mc%m

— e ignere Covstardt &9@4’@

lewer-ovder “erms in Huis Fnction

by MS&M agﬂw +otic notection.
{ .

Sushleation:

— The C"rc'@em/cce bdwwn M &fmum

. §

L

"h-

Fhot Hakes n Q‘f'eos ond an 0«?@1’!‘7"

LM

Hot abes 2n s+e.os vanishes i€

the gecond S VYuUn m a prﬁew

s wice as fast 2¢ e frst.

+Hat —fnkes n sﬁaﬁé will a;lwaws %ﬁ

—@15‘/'&/‘ than pum a/'@w-%(nm Hhat +al

iceS

V) stess. regardlets of Huw d«z%ewc,e

Peec! ehween e wo mfud%%s.




o Asvm Iobic viofation [PES Tefn 8.1]

Thfu.

j/l,e‘(' -a( Mc(q &Ma%ms%m%

fDos H'z ve xn%@% -+o "H/LQ fposrhve veals.

(D We sorite ﬁ@ = O(4) ¥ thore exis

tonstands >0 and N=1 such $hat

‘;Z/m)é 6464) o ’ Vl>‘N

&) We Wn-l'e 'Jgfn) ﬂ(q(@) F Jere exict

Lovstante 0>0 and N>1 such Yt

-ﬁ(ﬂ-’> Ce a(@ Lov all n>N).

10 We write 7o = O30 ¥ Hhwre exist

mﬁmf’s ¢, ¢ >O and N=7 such +hat

VX 4(n)< %34 ¢/ q(n) Lor all ne N,

[Observe:

o« F)=Q(30) W qb) = O(fo).

[ #v2c-gbd & gl £ 4D

o+ §)=004) F [A=000d) and #0=1(g0)].




Tochusbion:

-je(m)"’ O(C{é@\) weoaums M —ﬁ(m? fS

Q§‘4’MD‘L’5‘%’\%H? zjéﬁg 4{, ém/w-e Conste

| VVW“"&Df @@), O(vz) vw .

4 "F’@) (2 ( a(n) Wiean g ‘

-[?{w) 55'

&Svmmﬁ%mﬁv C?chf*er (sonme cof

VMuM@ o) bJ(ﬂ)

Note: O(a@) ﬂ(q(@) 9( a(mi) ctm

i)

pe. \fléw\@d as %S @‘5 —émg:,'ig"z&uif; “@(@ Hoat

5&%5& e de%m%m . whidh eoce

We chbuld write ) & O/ q(»«‘)‘) ete.

Bt it is tenmumen ?Vac}m;a e rite
-@Cn) = O(a (@3 |

56 careful. *%Mz’b! ’7%5 st me(
Cpuialih -ffm Oe) and hiey= O

(m’)j )

o not IVMD L) = h(aﬂ




29 June

A f@mﬁ@élqw‘va/édg delinthons

-t

)eQ/L Let £ and 4 be Functions Fron Hhe

’DOSr-fw ve me +o :}JJ& ,Pos\r’—?ve veals .

E(a) We write £01) = O 364)3 W o mmfZ

£

. P sy 2
< aet+r
luM Su,o A M‘F sup D < Q.

72
n=sool Jv/ NEN  k3n j"""

( b) We DUH"'@ ‘f(rl)ﬁﬂ{qfﬁﬁ ?"; 460 = O( —%«E}.

(&) We write &)= @/a(yﬁf) ¥ )= Diaéfzﬁ and

D= ...Q.,.Cc? ).

; ﬂ
:NOJ'Q T‘p ,WM acm QXls‘l:S "H\M ,!Wl —M l -Fw

S J 5‘42,3(“\ j@’:} SR

o /tm jfm eyists /a,md is ess’#wao@

the. #a) = O(5 q@)- But limsup - )

ﬂlwavg exists, even if /zm 0L Jooc not

OIM\

k #towlfl possibly i sup % = oo

.§o
7

e tonverce s ot yiecesm&'w e,




