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3.2 HypsaldmSudanai AL (Notation for Algorithms)
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14 SanoSiulondn (Recursive Algorithms)
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SaneTfn mnots Fan1sudilapn facduaou

(An algorithm is a step-by-step method of solving some problem.)

Sane3iy Sueyiy winverinadamani Sumnmédyiuinademany
wazdnaouiinge; Tumsmmamanyaailapn Faezgn nsziinig Tao newiames wa

¥ »
wamiudesotie dudidy vewunoud1ey adugndas
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3.1 aNN3IU9aY (Introduction)

Qs o g = o o 1 = LN 3/ Qs dy
PANOINH HINHOT LKA VDI ATAIAA Iﬂﬂilﬂmﬁu‘ljﬂ wnyua adu

o L < 1 o ¥ v
® ﬂ')"lligﬂﬂﬂq (precistony YUAHUAN ﬂ?ﬁcl!ﬂul'.]ﬂﬂﬂﬂﬂ

L
b 4

3 1 ar I'd [ o o
® anuilunilaia (uniqueness) HAdWE voudazduadY YDIMIINTEIINIG
=) .' ] 794 toar e ar o z [ 3
s uniiaon g;az*ﬁuagmjauml HAZHAANTUDITUADY ADUNTIIY
9
MY
o et N g >R ¥ & o & o VoA o o 3
® M3INR (finiteness)  sanainy 3U1H nam MF Iwuwammi sida 14
FUMINTZMINGG
® JUWN (input) HANDINY TUDUWN
& R RS ¥ e S B0
® (DINN {output) BANBINY IMIZIWN

o WA (generality) danniiin tszgnd 19y wavsBunm

A10EN9 DIND TR PaNITAY 181381
[. XxX:=a
2. fb>x,thenx :=bh

3. if ¢ > x, then x :=¢

W
a

FIN ANAGA 110 VNI o b Uy ¢ ANUAAYeIDanss Nuilfe
¥

=
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=i o L) 1 :-1 rd' 3};1' ar d‘! a =
AT79Q Y NaT ITUIU LAV ENIUT ATHINNNES 'l’ﬁ'l GI'JLHJS X LOIVDANDT

3
=1

o Ay v = Qs
X %Lﬂumﬂlmﬂuﬂmqua °1ummmumu
a o (=TSN ¢ = LRI .
AYNIU vy :=z HUWHIL MIEWU A1UD3 2 19 y ( copy the value of z into
y) %o anumnovidoudy “unuiaiilegtiu wed y d2om1wes 2’ (Creplace the
current value of y by the value of z ) MIGHREE y =z Qﬂﬂi:‘ﬁmﬁ Mupd z Taf

ndownias 15u50n 1IN599MLI = 11 HINNUAM (assignment operator)
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1 Y 3 1 ar o R 3 by dy o ' 1
ﬂE)Ilﬂ‘ﬂﬁblﬁ'ﬂ{‘liﬂkﬁlﬂ“&ﬂﬁﬂ@iﬂh YRAUU NTETNMING AU a, b HAT ¢ 'E)EJN“lS

AIF$IADUIY 1L 5ENIT NISHINIO (race) OUALLUIAN AUUAN

a=1 R b=S5 S c=3
o o ¥ = 1w
V3INeN | W x Iaumoy a [x = 1)
U5INAN 2 b > x [5> 1] Wuasa
¥
daiu B x Ay b [x = 5]
o o =1
YITHAN 3 ¢ > x i (3> 5] Aume
Yidoahiozls aaiu x iy s [x = 5]

= A -
C]Niﬂulﬂﬂnlu‘ﬂ111-””1119\ VO a4, b HDY ¢

] = k2 a a8
anll apsanuai a = 6,b=1MDT ¢c=9 UX] trace BANDINY

¥
p=1

ar 1 @ o e a ' = | s & Y o v U 4
Tsadanan danoiiu di001ed Saneidnsuiandaiinarn idau
» » ¥
Yunoudin vesdaneiin dnadmualigndor  Tupoun1eg veadled il
[ Y Y L] =1 :"1 @ ar -1 =l ¥ o
nan 13 gndesadiudsanaaidanainiy anniodoudie s llsunsy uaznizi

[VARY] A ~ o
M3 e AemnIsanaunInes
o 1 1 =y ' :/, ar P 3/ a’ 4 E’Q 1
MIHUAN ARG YOIOUNN 1AazTUABY VDIBANDTNN THuaantiunileog
G101y MM UARI
a=1 b=5 |, ¢c=3
o oA a - ar ' ot oA " 9 | d'l
VISHAR 2 4948005 NUAI00N x aNAiINY 5 11U i ian wID nded
o o o ar R =1
ADURIADS ATZHING DANDINN DAY
as o4 @ ; o v o as 3 a a o £% ]
Sanosny sual HAIINTUADY IUIUNINDENINA IHAIABLAUAID I GI18814
¥V 9 r )
[ w -~ =] o o Y Y e ° =4
@y sana3misl 91 wdin mutuaeu uaz W Awiniiga Yo e 1uu 7
o ¥
fAviua I
ar e a L= ¥ 3 a o 4 &/ [] dy as ) 1
danoshu Su duwn vaz 19 16mn  danaTNuAIBE L JU BUNY whuat veq
¥ ¥ ]
a, b uag ¢ unz W dmm i Ao x
sanoiiy dealdidiahl  daneTiu dredn aunsomANANga el 1ay

ﬁms}"‘nnuim (any three numbers)

HUUHPYA

4 =1

1. 2oy daneiiy w1 mnFndaRlianiesiiga s¥nIe a, b, noz ¢
(Write an algorithm that finds the smallest element among a, b, and ¢.)
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a1 ¥ 4

2. wilou daneiiy w1 andndrifianlosiiga iy Suduaes 910 &, buaz ¢ Taw
¥
AUNAT AUBY a, b 4 ¢ 1IN
(Write an algorithm that finds the second smallest element among a, b, and c. Assume

that the values of a, b, and ¢ are distinct.)

s d o s ar o
3.2 @eynsmi d1151 dand3Ny (Notation for Algorithms)
= 3/

st 190t MBI INING (ordinary language) 92 WOIHOY § M5V Vouda-
neSTN ud tinadlamans tazinAouRuAes 911NN YU SHaANEN (pseudocode)
Lﬁmmﬂ ﬂ'ﬂllgﬂé’fﬂd, Iﬂ‘idﬁ'ﬁyﬂ uazmmﬁ‘]umﬂammﬂu (because of its precision,
structure, and universality) Sﬁﬂlﬁﬂu ﬁﬁﬂymxmﬁauﬁu%mmﬁu ﬁﬂ ﬁuﬂﬁ'wﬁu sHa

Py [} @ o w
939 (JUsunsy) vo9mMBT 19U Pascal az C  3Wanfioy 3 WA 1983 FY (versions)

f0819
Algorithm 3.2.1 Finding the Maximum of three numbers.
5aﬂa§‘ﬁuﬁy ﬁ’ummﬁﬁﬁmmﬁqw Vodlav a, b, Uiy ¢ (This agorithm finds the
largest of the numbers a, b, and c.)
Input : Three numbers &, b, and ¢
Output : x, the largest of a b, and ¢
1. procedure max (a b, c)
2 X = a
3. if b > x then // if b is larger than x, update x
4. x:=b
5.if ¢ > x then J if cis larger than x, update x
6. X:=cC
7. return (x)

8. end max

bd 1
f=}

o o Wy a A A X Aov & w oo \ VoA 9
DONDTNUUNAUL 3 FOITDI (title) UMDTUWIDNDINUDHIIYD ﬂu‘v‘!ﬂllﬁzl'ﬂ“‘!ﬂ

o o ~ 7 &= Y o & & R . w o A
voidanainy uaz Tlsamaes ¥alszneuais M1daa19 (instructions) V9IdaANBT NN
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SanoSiy 321 Usenouaie nitilsdeed wioltielumsdrtadazuIsna
I4 3 5 o
meluldsdiaey 1ense 131z ldiaviiussvia (line number) 151

. i d
Tagna1d  Taseadhe if-then Ngduwy Gl

if p then

action

¥ A ]d_l a . ° ' a ¥
& Fouly p W13, action 9QRNTEINIANG UAZMINIVAY azera lalda donaw
&9 MUV action
Y A ] v [ o [ . L]
& Gonlu p ihuite msadugu ezdallis dennude awmal action NUA

o = & A 9/ . Pl a d"
anmadennile o Tnsadie if-then-else Njduuuasyl

if p then
action 1
else

action 2

9 A =Y . [} [] . o
& dou'ly p 1934, action 1 (1% action 2) 92gNATEIIAMT HAZNTAIUAY
aalaléa fanuds mMuwda action 2
9/ A =4 R rq 0 . o
& (ouly p i, action 2 (W% action 1) 93gANIZINING HAZATIAILAY
aalg danmda AN action 2
= t ¥ Vv . . A = o & o 4
azifu 15714 donih (identation) HBLARAIDY Toanudadng dulsznaunuuy
. A oy oy . y M o )
S action  uenmniinds §1 action 13znOUAIL VOANW HANY USTNA (multiple
“" . . 3t ‘:’ 1 3 o ' .
statements) (31AY (delimit) YOANUAAURATUY é’aﬂmm begin uas end
s T . . 3/ “’ .
M79819 multiple statement action Tudoanuda if
if x =0 then
begin
x=x-1
a=b+c

end
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4 o - d ;

INS0ININGY slash ABIAD (/) MINBDL MITTUAY YOI ADIINUA (comment) B9

vow 1oy 3wussna  9nluddedia danashy 321 ldun
// if b is larger than x, update x
o T ¥ a a ] y 1 (! g v

ApuuA as98 W e danasiiy 1ddwdu ua Yoy dauil 1 lild
JUNMIATTINNG

3/ @ R N = o T asr ' as

VoAU return (x) 94 DU (terminate) 113 HAD3 UardInay et x s
W e A a EaY) PR @ 9 & 1t
38N (invoker) voaeltlsanaes A lulleradandu donwda return ("luu (x)) HaadINd

»

‘o Tlsdaed Mmiu unzezegnou 13sMA end

Tus@ans #all doa1wds return (x) wwwode Wandu (function) F1 Tawmu

¥
[ a o ) P>y o = as

(domain) UsznauAY A1 gndsananue dmSUMIIIINDS (parameters) Uaz WY (range)

o as A ] o’;‘ Aé ' & P o
voaflandu fe mvasrianua F1 wzgnaindu Tae Tsimes

1) ¥

ieldvaniion 1519219828 1TUMIA U (arithmetic operators) AQil 4+, -, *

(A) 14T / (M3) IFWALINY AIRUTUMITUAUT (relational operators) =, 7, <, >, <

uas =

AR UUUNTATINY (logical operators) AR and, or uaz not 319z 1¥ 1nTeq
WIB = BIIBDE AIRNTUNITINY (equality operator) 18219 nFDInING = vsnuda
v o ' . : o v 3 o :ﬂ ¥ v 4
MINMNUAAN (assignment operator) VNATY 1519219 YA iunams Hesnni
Y 1 [} =] o, A g o A A & 1 M
(AI001FY 1Hen @ x ' S) Weadeimsidious aluauls anumine Tavnalyd
ﬁ ar 3 94 o Y= A = ::é ¥ 3 ]
HaMRaEvad LUUAMTATY Aoams daneThu Nndsezdeu Tugduundwanliiviu wu
Tudaneiiu 3.2.1
ar ¥ = S o o o a3 ] 9/ o
ussiaaen voe Ilsdaes 41 ganszimisawdidy Undldun Jenrwda
AYUAn (assignment statements), ‘lTE)ﬂ’;lmﬁdﬁﬁﬂu'lﬂJ {conditional or if statements), Tg‘.lﬂ
v v 9
(loops), 90A1N& AR (return statements) #aMITIWAY Vo Toaudunai]

T 1

. td
Tnssadn g #aialszTownd Bn wilawiia 18un while loop T3ty Aail

while p do

action

%4 action vANTERINIG (U aswlefl p Ausse 151500 action 11 body vod gl
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"oAa a 3 o . oA 3 . ¥ Y o ' &
@WuReIvy T Yennwds if na1Ae &1 action szneudln Yeanudainndn wil
U4 (multiple statements) 151 $117@ Yo nudanaril Aufri1 begin 1Az end Fe9z

v ar AR o L 5/ [ dy
nad vy Tuoaneinuaiote 1NaNN

Algorithm 3.2.2  Finding the Largest Element in a Finite Sequence
as Y= J ¥ PSP <4 o W o as d,, 5/ .
sanasiiuil Aunuaviiiiaunniiqe ludwys, s, .. ., s, noiFuil 19 while
ol
Input @ The sequence S, S, . . ., S and the length n of the sequence
output : large, the largest element in this sequence

| procedure find-large (s, n)

2. large == §,

3. =2

4. while i < n do

3 begin

6. it § > large then [/ a larger value was found
7. large == S,

8. =i+l

9. end

10. return (large)

| 1. end find-large

99 trace (MUTOY) BANDTAY 322 11D n=4 1Az S AD MAL

S, = -2, S, =6, S, =5, S.=6

Qs

Qi =1 Q9 G:' o o % 1 Q d
Tudaneiiy 3.2.2 mmiuaou mwddy Taeld duals @ Fudu adwdy 1t

e .

@ e p=) [ B ¥ 3 . P)
n, Hgivilamey Gandy for loop Mdunin uasiosnia 19 umu while loop N3dluvy

@

3

=iy gy

for var = init to Umic do

action -
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mitoudy domuds if uae while gl Andrunudr &1 action szneudae
multiple statements 138 ATeATWH AN §20/171 begin 1Az end 1o for qUl gn
n5zHING, action 92QANTEMINIS AMTVMIAY Y8 var 910 init D9 limit WAY@
QUi init oz timic T el Fallaudu Sy
afausn danls var Amua Wi ini, & var < limit 032N action  9INNTY
wan 1 iy var, aszuumsil fhdng A, msthdn seifossunszie var > limit
Tusadunadn &1 init > limit, action 92 hildFumsnszdhms uasdnla

Algorithm 3.2.3  Finding the largest element in a finite sequence

Input : The sequence S,, S,, . . ., S and the length n of the sequence

Output : large, the largest element in this sequence

1. procedure find-large (s, n)

2. large = §,

3. for i ;= 2 to n do

4, if S, > large then // a larger value was found
v large = §,

6. return (large)

7. end find-large

5 A ]

LYl a Y. ] 0’4 ' : T u..: a
TupisWanndaneSiniu  dovass  anwhAana Ae ulyméaudy eenilu
L 5 1 J A at -4 u
Doymdenq daud aeagaiuly  Tilsdaos wiliya gawanntiuw 1Ay maudilgm
» b4 » E4
uAazaudes wanniy Tlsdaedinail saudhdody iaduwamanliiy ymds
1AL
at Y [Y) -y o Ay P & ' o o
AUNAD ABINITANBINN W1 S ummz Alanieehga F1 nad Suwmd
4
wInFstmua v (to find the least prime number that exceeds a given positive integer.)
Joymr dmua Suoudunnn W doamsm Sz p Fdiawlaviige
Uas p>n
] d’, ] : ar o =R & 1 o
wwisilymiieoniiu asilymides, duusniandoneiiiu tomi S
o & e ﬁ ° -] 1 : ¥ - dy A ° v g
@upan vias ifudauewiznio i vimiu 19 danesinil ilomsmummzanioy

e 2 L] o & o L 4
Nga ¥ VI MIUIUANUIN "Iﬂﬂ’l"uﬂ']ﬂ
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Algorithm 324 Testing Whether a Positive Integer is Prime
Sanosind wamouh Swouduuan m dudnowemeniell , S du
true 1 m Ao Swamamz nazndmn i faise Mm il ez
Input : m, a positive integer
Output : true, if m is prime
fase, if m is not prime
procedure is-prime (m)
for i = 2 to ml do
if m mod i =0 then // i divides m
return (false)
return (true)

end isprime

as - o ’ 1 & J ° =] P

fanosin 3.2.5 M fumwzaesiga FunnA7 SwANYIA o W
o & [l T ] ar . 5 4 L4
fmuald msSen Tidaos Fededu a1 wu ludaneiiy 3.2.4 Avsuente TusHees

~t o s A < =) oA ' o o o
aiton TUsHaes ¥o proc e lilnsdeny arlag @oudal

call proc (p,, py --+» P

A =2 oo o 11]“
610 pi P +. p HUNUDA 15D WUUA 916 proc

Algorithm 3.25 Finding a Prime Lager Than a Given Integer

Sanoifuil 1 $wmame @niga ¥ 1nnT1 SRNIN n
Input : n, a positive integer
Output : m, the smallest prime greater than n
procedure large-prime (n)

m:=n+ 1

while not isprime {(m) do

m:=m+ |
return (m)

end large-prime
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udnvia - 3.2

= ar ey o ' A o Sa 9 a 0o a
wilsudanesin Tugtuuudednn 1 Aummnindnlianiosnga Tuday vea
U

S, ..., S(N)

<4 ar Y- o/ [} -} sy q’;’ =Y
vudisudanes iy Tugtuuudieds 1 dumassril J ves mamaniusn va aandn
ar d‘d ] ci Q o
aniaunniga Tudanvesduau

S(l)’ 4oy S(N)
ar ) [] o o &
(Fwohury  MHddufe
62,89,42, 89
Q = L] -1 1
aNDINY VTAINY A1 2)

=l ar Y| " [] d! T M o4 - A’; r
wvgusanainy Tugtuuudiedie 1 Fdsiuassriiveimsnaniusn ¥e
KEY ludrduvesmednusy

S(1), ..., S(N)
& key lildegluddu daneTitu azdadu mo
@001 1AV
‘MARY’ ‘JOE’ ‘MARK ‘RUDY’
< [ bl ar - o8 L - ] )
uwaz KEY fla ‘MARK ®daneiiu szaifu a1 3)

- | ar -y ar 1 =t o é L] =4
vadsudaneiiin lugduuudedna 1 Aumassyilvessosnvseyausn Filild5es
NAVMUADNYS TUSAVUDITWONUTE

S(1), ..., S(N)
»
MmednUTENIMLA GIRRUMUAISINT Sanashy diAuU a1 0
(A10811%Y 19UAD
‘AMY ‘BRUNO ‘ELIE ‘DAN’ ‘XEKE
ar Y- 1 1A ¥
anp3INY d4AU A1 4)
o | ' = L L] o ] ar
HeusanvInu 1uzﬂzmumaun 1 ﬁ'aunmj (reverses) a181l
S(1), ..., S(N)
ar 1 [} o o N
@rethary Mdwude

‘AMY ‘BRUNO  ‘ELIE’
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as Y1 [ | o o
DONDINY VLAY d1RL
‘ELIE’ ‘BRUNO ‘AMY")
= Y a as [ ' ° o °
6. vuluBanas Ny TugduuuaIede 1 naaeuM SwawAuLIn N> 1 Wusou
W (prime) ¥3D12?
= @ o =R s L] 9/ o [ d' é J
7. sa@oudanosiy lugduuualeds 1 Aumsnuewizanissiga Fannnd
a =1
IUIUANVIN N

P | ar ﬂﬁ s 1) as 9/ ] ;
8. NIUDANDITVIU 1‘1!21]1!‘!J‘1JWJ?JUN I 9INAINHYNANY

( START)

/
INPUT N
1:=1
S=0
AN
OUTPUT S S=5+1
I=1+1

STOP

9. vananaldiuh daneiiu veunnifnwade s Ufiiansednals & N=3

[y e o 9 s
10. 9anoINu Mﬂﬁtmﬂﬂﬂ‘ﬂﬂﬂl@?ﬁ mmma:"h?
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o a as [ v a o o
1. vadgusanesiin lugduvudiedis 1 @duna Muaz N dlusmuduuon)

DIVIDE M BY N
R := REMAINDER

Jn No @ Yes

M:=N OUTPUT N

-1 [] [ =y ar o [
12. vnaasldfimud saneinuvesuuiilniade 11 suawetwls & M=¢6 ua

N =10
ar o a9 o
13. 9ano3Ny YouULAnHad 11 fwawez sy
P ar = [ ~ P s d v o o r
14. 29WsUBANes N Su duwn Faduwming voswnnudius R naznaaouh R iy

& ' . . . . . .
mIgznounse i (Write an algorithm that receives as input the matrix of a relation

R and tests whether R is reflexive.)

15. suvoudanesiin Yu Sunn Fuihs nmindyes nnwdiut R uaznameudn R

dhulfeunasuielair
=4 a o of a a & o d a W ]
16. vaiudaneinu v Buym duilu wsndues anuduWus R wasnageuh R

Wuiarsuniali
-1 ['Y] o 2 as a .& = o o o o g
17. sudeudanesiy 5u duwn St amindves anuduius R uazlmdywilu

WNSNE vod ANNFUNUEHNAY R
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3.3 dana3iuuuUYAGA (The Euclidean Algorithm)
s o = é 1 J :Id'l =4 v oo Y- @ o @ r
Fanos iy Fuiwnuazi¥odos lAun danainuues gada &MU w1 AIms

$IUBN VO TIUIUANADIFD
@ [ o - s 4 t v ar o :;’ ]
HIN37UUIN VD TNIUIAY T0IAT m 1Az n (F9 Thnugue Miag) WAL

o o 7= % o o’: v
Snnwdnnn ugiiga Fam1s m uaz n MAY
(The greatest common divisor of two integers m and n (not both zero) is the largest

positive integer that divides both m and n.)
FIBENAYY SINITIIVNIN VDI 4 1S 6 1D 2 FINITIIWAIN V84 3 UAY & Ao

1 dudu
b ° d = 2 as
& a, b uaz g Aus @y, bZ 0 Taoh a =bq 151WA b ¥1T a B (we

»
say that b divides a) naziiguasil b | a
»
Tuns@u q ﬁ‘lu HAaH19 (quotient) waziSon b1 AN (divisor) Y93 a

¥
¥ ' o 1%
81 b 115 a e Weunadll bfa

e 8.3.1
&
1Wo49In 21 = 37
¥ ¥
Aatiy 3 W19 21 aId Woudatl 3| 21

24
HaW1T Ae 7

unieny
o [ o ;’f 4 g '
W muay o Sy Swowdy bihdy qud g damsTawes muaz o

HIOB IR 9 13 m uaz n AFAE  AINTIWAND 1INYAI FINITINAL

A luyiga vas m uaz 0 AWouAl
ged (m, n)

A10619 8.8.2 WM ged (30, 105)
115590009 30 1Aun

1,2,3,5,6, 10, 15, 30

HazA%153 Y0 105 1Aun
1,3,5, 7, 15, 21, 35, 105

§aUu A3 Y03 30 waz 105 1dun

1,3,5, 15
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]
¥ ~

dd At A o
1“7“4 AINUAT lnﬂ'nZIﬂ AB 15 INT1IERIUU

ged (30, 105) = 15

NgERUN 3.8.3

1 a Dudwawduuan Wsaay, b du Swwduuon
uay a-=bg+r ,05r<b
214

ged (a, b) = ged (b, 1)

#0814 8.3.4
fusmis 105 w30 |, ald
105 = 30°3 + 15
-] = ¥ ¥
iy fie 15 nmguundiadu
ged (105, 30) = ged (30, 15)
usmis 30 10 15 0214
30 = 152+0
- -
WY fv 0 IANqufun
ged (30, 15) = ged (15, 0)
MI1EN ged (15, 0) = 15
»

MIRTUU ged (105, 30) = ged (30, 15) = ged (15, 0) = 15

Algorithm 8.8.5 Euclidean Algorithm

» )
gandINuil M @amssaun vee suduuan Bildiay a uas b e a

¥
o o

uaz b Tilygud vy

(This algorithm finds the greatest common divisor of the nonnegative integers a and
b, where not both a and b are zero.)

Input : a and b (nonnegative integers, not both zero)

Output : Greatest common divisor of a and b
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1. procedure gcd (a, b)

2

// make a largest
3. if a<b then
4. swap (a, b}

// that is, execute

// temp :=a
// a=Db
// b= temp

5. while b % 0 do

6. begin

7. divide aby btoobtaina=bg+r,0<r<b
8. a=>hb

9 b:=r

10. end

11. return (a)

[2. end gcd

f10819 INT ged (504, 396) 1AUAINTBY DANDINY 3.3.5
W a=504 Az b=1396 M523 a>b 1518001 vs3viaR 5 MIEd b £ 0
isnlszanana VIsHAR 7 1o 1T a (504) §30 b (396) 9214
504 = 396°1 + 108
antiu Gty ussviad 8 1 a = 396 uaz b = 105 danduhhissviad s
W12 b #£ 0, Useinana UsTHAR 7 1ieMIs a (396) @30 b (108) v21¢
396 = 108°3 + 72
ao i
108 = 72°1 + 36
72 = 36°2 + 0

o’z’ o o b 1 o |
INUY U1 UTINAN & 15319 a=368r b=0 a@ndy 1ﬂ YITINAN S
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¥ ] [
vzl b=0 wuldussiai 11 Wodindy a 36) Fu G590 Voa

396 1ny 504

10.
11.

12.

14.
15.
16.

unitlnia 3.3

90 1-6 vam S quaz r el a=bg+r,0<r<b

. a=45b=6 2. a=106,b=12

a=66,b=11] 4. a=221,b=17

.a=0,b=31 6. a=0,b=47

0 7-16 93ldSaneTfiu vo1 gnda Anam Aamssann ves Sy

uAnzg
60, 90
110, 273
220, 1400
315, 825
20, 40
331, 993

. 2,091; 4,807

2,475; 32,670
67,942; 4,209

490,256; 337

126
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3.4 dano3nuSuN (Recursive Algorithms)
o o A o -~ o s A o v W
Nilsamasisond wuwde Ismaes suSen AU
(A recursive procedure is a procedure that invokes itself.)
ar asg o : =< @ = ] c;l b 4 A o :
danaSnuSundt nuiude daneiny ¥ Usznoudle 1dsmaosiiend
(A recursive algorithm is an algorithm that contains a recursive procedure.)
= o A a Yk A [y ' '
maBong it STuuusssund 19188 aeaw weudilymaieg vualvgy
»
HJaynwrtialt ud1v1d Taold matiamamniawnnpze vy (using a divide-and-conquer
. & [ =3 = =Y = as = -
technique) il vzgniniseemiiu ywudng Fauiluaiiadorfvilyrindu original
¥ [} [ 4 M 9 [ Y4
problem) tigaz flymidos gnutisdasaall sunsziamslszuiona Tnadnsily Pam
dou #1 aunsoud1u1] luitasahlasan gaie wamas Wiy dyvies dwnsa

[ b o L
A 9218 mawmaoldny Jywuau

A20en9 1
urnneiSoa n (n factorial) fowdai
| if n=0
n! =
nn-1)n-2)...21 if n2> 1|
Wufe 82 n =1, o whiu wogw ved Snuduanue szue L fen da o
o 1dilu 1
AIDYIITU
A =321=6
6! = 6:5-4:3-2-1 = 720
Tlsadunai udaneSoa o awnsodou TumouveIa Ul (in terms of
itself) ﬁuﬁa

n'=nln-IxXn-2)... 21

=n(n- I)!
AI0UNUTY
51 = 54321
= 5-41
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M1312 3.4.1 asdnszuaumsudilopn msdam s

Problem Simplified problem
5! 5-4
4! 4-3!
3 32!
21 2-1!
It 1:0!
o None
TN 342
Problem Solution
¢! I
1 10! = |
2! 2:1t=2
3! 3U=32=6
4 43'=46=24
5t 54! =524 =120

] 'l P ar = = :e o L = as o~ ] d’
a9l s uveusanaT NS unT AMuIuw a1 uinvaGsa sanosnuil uilavin

2/ T dy
AUMTUVNAINY

Taonsa

(Next, we write a recursive algorithm that computes factorials. The algorithm is a

direct translation of the equation)

danosny 8.4.3

n!=n'(n-N!

NSAIUIUNIAT factorial n

@ S oA o’ dy o
DANDINUITUNFIU ATUIWUKT n!

128
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Input : n, an integer greater than or equal to 0

Output : n!

1. procedure factorial (n)

2. if n=0 then

3. return (1)

4. return (n * factorial (n - 1))

5. end factorial
v aa o w ' o o
2anNNY 3.4.4 MINUIUHININITTIUNALVULTBNET

Sano3imuBendnii w1 §3nssomnn ve9 S1undy Wl fau « wazy b e
a uaz b Nilym ﬂuﬁﬁqﬂ: (where not both 2 and b are zero)

Input : a and b {nonnegative integers, not both zero)

Output : greatest common divisor of a and b

procedure gcd_recurs (a, b)
/I make a largest

1. if a<b then

!\)

swap (a, b)

3. if b=0 then

4. retarn (a)

5. divideabybtoobana=bg+r, 0<r<b
6. return (ged_recurs (b, 1))

end gcd_recurs
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ik 3.4

1. 93 trace ’5ﬂﬂ0§ﬁu 3.4.3 Lﬁﬂ n=4
2. 99 trace OONDINY 344 LD a=5uazb=20
3. 99 trace OANBINN 3.4.4 (10 a=55U0% b =20

4. 9ildgas

S,=§,,+n, nz2
P= | s A = o, ]
IWEUDANDINUTUNTLY ATUIUN
Sn=1+2+3+... +n

5. valdgas

S,=S,,+2n , n22
=4 o - e o
WEUDDNDTNY AUIUM
§5,=2+4+6+... +2n
P! g - -9 v =4 o’ d.l L3
6. vudoudanainy lil¥msGandn Wofdun n!

(Write a nonrecursive algorithm to compute n!)
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3.5 ANNFUYDUVBIDANBINN (Complexity of Algorithms)
Y s a i v as T L
Tilsunsuneuninges 18w daneifuiignass uatiuey luiilse Tomilaq
) o a = Yo e o A A 4 ' 4 Ao
15 ounm Vil i namsuiiu e qun) Tilsunsy wie mheRuRduiy
wainudeya daums Tsunsy nazoun Tswannamull
auuan Awuald X Ten¥n n @) auBnundiiiduas vedaRlad
3 o T & A o ey [] EY a Y P =1
AVANIIH I IUIUATDEUDI X FINAFATUAIDINUDINFANIIAT AUNANUT UVLY
o Y- 8o r :/‘ Y ] c; = ~ ] b
BaNINUIMMUIUFAIDY MIHUAUDY X UGNTD 1¥to FIUMNFNTUAIDL1UDY
o o @ am a9 ¥ - ) At
192 iy implement dana3iuyail IiluTsunsunouiames o nmiiil
¥ » ]
MNEN n A1 elismtosnanua 2" ga aniu Tlsunsy Jdoamanmeiniesiga 2
v 1 4 1
#1720 TuNInszi (execute) MUIWUBIIM 2 VLNUAUBONIIAGT 1o n Uan
1 4 ) ¥ [ ]
du ondy e o damden aaiudadu 1y lildieSaTusunsy
MITAUN WTRBIANNMINI ¥8d Tsunsunaufiuaes (uauen
; 1 ar as [ T A =Y sy Y e d‘ 3/
uazyupgnvilesonaad i wy inTeaneuiumoin 1y Fnsunuhdeyauas Tilsunsu
Qﬂuﬂalﬁ’lﬂuﬁ]ﬁdlﬂ?ﬂi156&1015 (Determining the performance parameters of computer
program is difficult task and depends on a number of factors such as the computer that is
being used, the way the data are represented, and how the program is translated into
machine instructions) 03 NMsUsTIMAELeY v Uszanimmueslusunsu
Y ° a4 a ¥ o P o o
Foniherdedeaag nfinsade sraumandludszToni o ldunn msinses
ANNFUSoUVRITANDI NI
& o Qs a4 & w 9/ .
nauienssmmsdanssin (Wuiladfuvesioya (The time needed to execute
1 o o as
an algorithm is a function of the input.) Li‘lumsmnﬁﬁ:mqﬂwmu’fﬁ v¥01 WHanyu
= ¢ ar Y] = A 1
MIBATIZHBANDINN WD nszuumIvesmsudas meadizanua na
Aw o & [ 9 9! A 3 Y b=y
s tion 71 Suiludesldienszihmsdaneiiy
(Analysis of an algorithm refers to the process of deriving estimates for the time
and space needed to execute the algorithm.)
@ 3 [ 2 < £ b= o d{ - ] o :5
ANUFUNOUYBIBANOINN HIED UTinuvaanawaz e A NI &3
o 9/ 9/ A © @ Y-
sniudanald (e nszviinis danesiu
(Complexity of an algorithm refers to the amount of time and space required to

execute the algorithm.)
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» :i é ] 5 8} A o Y] o ]
13WTD MUK IAIBINga °]Ni]1l,ﬂu¢!m1‘ﬂ INBATSNINT BRNDINN TEUTIN
» ¥
Buymianua vina n  natil Fendy A nsdiange  d iy Suwn vwan
(We can ask for the minimum time needed to execute the algorithm among all
inputs of size n. This time is called the the base-case time for input of size n.)
d’ P o 3 9/ A o ar = R
N30 0w naunafiga Faududedld enszihins danesiy
» td
FEHIN DUWNMNINUA YA n Tl Genh e Asdlueliga dmsy Bunn va n
(We can also ask for the maximum time needed to execute the algorithm among
al inputs of size n. This time is caled the worst-case time for inputs of size n.)
Ad g w o ' & oA o o = & A o 3 A
ATUNTAYINDUNY UL AD A INTURAE HU WY nmmaumuﬂuwaﬂ‘mwa
»
nIERING Sand3iy ¥oe (radita wos Buymiinuaying n
(Another important case is average-case-time . the average time needed to execute
the algorithm over some finite set of inputs all of size n.)
o d'o 3 9} ar Y- ] a o o o
13130 248 M muﬂumﬂ‘ﬁ Y04 danaInu 1agn3iil 314U 1o Mde
= o P - b ) v ' °
B ICPANTTNING  INNHUNONHUIAD 10 1ameue iz 1wy $1uu
c* 1 o ] = o LY o g : 2 a =
nan %&tmaxgﬂ QN NITMINY HATININITUNANYBIBANDI NI AD MmsalSouiiey
[} 4; - ; = =) o o W a o :a, =) =
BUNNAYU 'lu TNUMTITHIAVYOYA 131913UY TUIUATY ‘Ui’NﬂTﬁL‘LﬁUUmU‘U Una
wrerwlanisdszmnumlaotill mszh vnfildddedaunaldh  anwawnsoeds
. o =¥ t; ' as .Y
(actual performance) ¥94M5 implement T1lsunsy ve3 danesiin sxvuagivileivvans

9014
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T8 Lm0l X 8 0 X JA 00 x £ 1A 00 x ¥ G D08 01 x b 098 0] X § 038 0 X9 008, 0f X8 vl
SIVASTS SR Ay unu £19g 235 | DS CIN DI L] X TS L 0L X L 908 L0l x T 298,01 X ¢ M
sAep 71 Y SRS 28407 98, O X ¢ 008 01 DN L0l x @ IS Pfox v D8, 0] X 6 U
208 {3 238 T 05 01 908, 0 X L0305 L 08 ) g 08 0l Xy 208 (] X ¢ 908 () x T 93,0l x¢ u 3w
RRL SRER NG 205 0] 2V, 01 908 0 % ¢ D05 01 298 5 0F X 6 I8 0 x 9 D98 0] X € u
MW DE X T8, gl x ¢ IS 01 IS G 0L X LD, ) X G DI, 0] Xy 008, 0] x € D08, Of X £ 098 0] XT 3|
I 0 X P WG] K F D08 Ol K€ DI, X € D38, 0] X T 998, 0] x T I8, 0l x¢ SR 298, (1 v 3} g
298, 01 298 4 (] 298, 01 205 0] 298, 01 208, 0l 295 0] 298, 0l 238, 0] I
0T 01 00071 001 08 A 6 9 £ u g Jo
mduj 10}
= U J] 213X 0} duay UONEBUIULID |,
0} sdaig
Jo RqunN

2IN08x3 0) PUODasOIDIW | Saxe] dalg auQ §| wyjLobjy ue ayndax3 0] awll  'SE IVl
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U 1 1 Aﬂ' 8 W g @ (o) d' o
daoeha 1 msdumannniga tu Swusina, uwumumi‘lumq Wunaveanansgi-
14 ¥
115 AB $IUIMVOINIIMNH1 (iterations) UB4 while g1 Mwuniiowil, worst-case, best-
¥

case 0% average-case HHIUBUNNNIA n 7D n-1 M31251 gUnszinig n-1 ATaee
[] 5 ddé - = |d' o ci 3/ o 9 2y ]
Uoons 1 15 auly nsdianga vie nidinghige 939 vewrm WlEnsziims vewanasTnu
b ¥ o -] el 1 A =~ A -;

veuni nandfiganieudiiqa tlusdls evinavesduwniiu

AUUAN worst-case time YOI 5ﬁﬂ€]?ﬁm§ﬂ“ﬁ<‘l ﬁ@

t(n) = 60n + Sn + 1 (1)

o & o a ' 2 v
AMSUBUNN YWIA n, EMIV o VUIAIHD oW 60n Tavdszuim 9TMIAD Kn)

(@ AN 3.5.2)

7119519 3.5.2
n t(n) = 80n + 5n + 1 60n
10 6,051 6,000
100 600,501 600, 000
1,000 60,005,001 60,000,000
10, 000 6,000,050,001 6,000,000,000

1 a & a 2 as ' :ly @
U MIANTUYDS t(n) adioRy 6on ndetail 1 3a worst-case
time #m5Y Suyn 1A ndrwmiae Tui (i seconds) 9g 1@ N

z s 1
TN)=n + _n+ _

60 60
e w [ v A -1 ] =1 dy
ABN1TIA worst-case times MIHIUDUKN YUIA n wmmﬂu UIN (Mminutes)  YUTU
| :; T . o -é =y 1] A cg
umsnlasuutas vuY (units) ¥oIn153A A 'l.uuwa“lm A9 NMIINVYY YD worst-case
s n’; r L4 = a" % r $ b e
time @iy o liaule dudszand satlumneit 70ld deauudgiuil 1n)
A' J ) 2 d' A. dy ] P='} LYY 2 Pl [ dy
INUYY 1HUOU n 100 0 IWNUW 5IWAN t(n) AD DUAY Y04 o IUUUANU
2
t(n) = @ (n")
[ ] 2
21U N “t(n) is theta of n "
~ J d’d a:; =Y ad 2 9 = S
ANUAANUTIU UAD MTUNUN UNIU IFU t(n) = 60n + Sn + 1 AWUNIU N

' ' v 2 & a o | @ w
WA 1Y n ‘]Nlﬂlliﬂ ﬁ”«lﬂ DRIUMUBUAUNU t(n)
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o @ W o v oY 9 s Qg _S o
dmiuiaglszasd vae madsznaanim haeamily vesdanasiu aeilang
o & ° W ~ v ' & o = P ' Y
Wsufton Wensziming midouiu  dosase duiiszlomineziinisdszanum 14
] [=Y o § [] [] P=% =N 1 ¥
4N ¥D9 WISUIABINN ANWANTD MINATT AT YD wswesmat mslse-

¥
] [} Qs s 'd Y 1
inuanruil 1odydnval Tedrlnal (‘big oh” notation)

ynfiens 1 W fuay g duiladduuu (1,2, 3, ..
=]
BRI
f(n) = O(g(n))
¥ R o os ) d' = 4' L= d‘
uazwan fony Wy duduedhunniiga gm) Milmasiivon ¢ egese Taoh
f| < ¢ [em)
dmsunem waz o dudwauduuimnnedisina
P}
SRITAY
fm) = C2(gm))
v o o & P = P T o a
uagyad f(m) Mududvilesiga gn) Milsnaiivan ¢, agasa Taoh
t] = clgm)
iy Swneduuin n wndiie

(5T
fw = @ @m)

LAZWAN f(n) dhidudu g(n) i f(n) = O(gn) Uz f(n) = '&g(n))

(Let f and g be functionson {1,2,3,...]

We Write
fin) = O(g(n))

and say that f(n) is of order at most g(n) if there exists a positive constant C, such that
[f] < ¢ fgem

for al but finitely many positive integers n.

We write
fn) = Lgmy)

and say that f(n) is order at least g(n) if there exists a positive constant C, such that

[e| 2 Cyfgm)|
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for all but finitely many positive integers n.

We write

fm) = @eEoy
and say that f(n) is of order g(n) if f(n) = O(g(n}) and f(n) = Q(g(n))

tiwond lugunn f(n) = Ogn)) 590N big oh notation VDA f

TuieudsInu f(n) = ((gm)) 156071 omega notation YN f

nag f(n) = @(g(n)) 138N theta notation V84 f

AI0eN 2 (1D39n
2 2 2 2 2
n +n+3 < 3n+3n +3n = On
W ¢, =9 winumilow 1 9zl

n2+n+3=0(n2)

favena 8 s wmu SANIEaEAa 1,2, ....n 48 0 W RAUIN L +2 4 ...
+n, HavInvelianal wausld

142+ ...+n £ n+n+n+...4+n=np =n
nnuntiv 121dn

142+ .,..+n= O(nz)
Tun1su1 lower bound 15T UAN ATEUIUNMITNAY UazumuSIMRNIARSAT 1, 2 ...,
ndw 1 lumawan 12+ ... +nold

'
142+ .,,.+n 2 14+1l+...41=n

HARIN 1+2+...+n=Qm

s [ ] ° Py o [] @
fete 4 o k duswdAuun wazumududuueazal 1, 2, ..., ndau n

K x ko & k k k+1
1l +2 +...+nNn>=n +n +...+ n =n
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k K k K+l
l +2 4...+n < Om )
Tun15¥1 lower bound

k

l—njz—lk+... +(n-l)k+nlc

> [wate ..+ a2 ¥ [
[+ 1)/21 [z

\%

k k
I +2 +...+n

2 (n/2)(n/2)
=R
a7l
M4 an = QaTh
oy

k 4 +1
PRI () PR

e I EACEL

3 2
3n +6n +4n+2

IN

3 2
3n +6n -4n+ 2

3 3 "3 3
6n +6n +6n + 6n

IA

IA

24n
92147

2 3
I +6n -dn+2 = Om)

et sxl1E nameh wquw (polynomia) T n vea 03m k A

U(nk)

v
nguijun1 v
k k-1
an +a_n +...+an+a,

Sl wypuw o ves eam k udn

an + an,lnle +...4an+a, = O(nk)
figoy I
C = max {laki’ ak—l" !al" ]aoh
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uén

k k1 < k k-1
lann +ta,,n +...+an+ apl > lakln + ldk_lln + ...+ |a1,n + [ao,

k -1
< Cn +an +...+Cn+C
K k k X

< Cn +Cn +Cn +Cn

k
= (k+ I)Cn

k k-1 k
an +a,n +...+an+a, = Om)

uniieny 2 idanesiy deald fn) mihevosnan ey nidiange dmiy Suwn
YUIA 0 uaz

t(n} = Of(g(n))

T ad & 3/ 9 s Y- [ V'] [] - ~ =4
Igan !’Jﬂ'lﬂ'ﬂf:fﬂ‘]ﬂﬂﬂil‘lf Iﬂﬂﬂﬁﬂﬂ‘i‘l’m ﬁlu BuﬂUi‘JUNU”Iﬂ'Vlﬁ;ﬂ g(n) MID 1791A

Naadideanis1¥ Tas sanesiiu de OEm) Twhwewdordu &1 sanesiy daq

as

19 «(n) MvvesIm oy nydingiige My Buwn vina n uag

tn) = O(gn))

¥ e .:§ b4 ar Y- ] ar Y] v =1 - ci
FIAN nmzw‘nqawh Tavdanainu Lﬂuauﬂv BUNUINNYA g(n) M50 NIAWYN
] w a

qaddels Tay SanoTiiu fle Ocgmy)

3 o = Y k4 ] ni =] ci o [ a

008NN A9 1(n) Wievaurm WO ATRINAY TIHIV DUNN YA
n oy

tn) = O(gn))

1 - A ¥ b1 a o o as 1 P =)
RN IS sman foqly Tne aNDINU ﬁluauﬂu DUNNNNGA g(n) 150 1NN

-~

i é at =)
maviidesld Tau danesiiy e O(g(n))

(If an algorithm requires t(n) units of time to terminated in the base case for an

input of size n and

) = O(gn)),

we say that the best-case time required by the algorithm is of order at most g(n) or
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that the best-case time required by the algorithm is O(g(n)). Similarly, if an agorithm
requires t(n) units of time in the worst case for an input of size n and

un) = O(gn)).
We say that the worst-case required by the algorithm is of order at most g(n) or that the
wor st-case time required by the algorithm is O(g(n)).

If an algorithm requires t(n) units of time to terminate in the average case for an

input of size n and

tn) = O(g(n)).

We say that the average-case time required by the algorithm is of order at most g(n)

or that the aver age-case time required by the algorithm is O(g(n)).

. 9 1= 9 v
Taomsunus 0 ddo O uaz “at most)’ A “a least” Tu umilonuinay

P ar o %
Lﬁ‘ﬂﬂﬁ’ YNUYINUDE best-case worst-case ‘M“?El average-case time UBIDANDINY °d]f\3

ar o 8/ d‘
Gy suduiiesiiga g(n)

da0619 6 AunAN danasiuganila deans
2
n +n+3

] [} o o v - 3 W 1 ¥
wiae ¥o3 miwanud Hviudunm ve n 5 Iduaadliitudnndieds 1 5

1 o

a aq @ ¥ A A 2
Al dana3 Ay aed e iy Om)

A10813 7
2 2 2 2 2
60n +5n +1<60n +50 +n =66n forn 21
b4 =Y Y
5 ¢ =66 nnuniinw axldn
2 2
60n + Sn+l1= O(n)
111834910

60n2+5n+l 2 60n2 for n =1
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51ewld ¢, =60 Nnunilon 9z1d
2
6on +5n+ 1= Q@)
' 2 2
IW31Z 60n + Sn+ 1 = O(m)
War  60n + Sn+ 1= Q)
60 +5n+ 1= @)

faoena 8
Lo | 1 d" b4 =] o 4 '
lumils@oduil 5719 1gn umu log, n (ABNNITAY Y94 n §IU 2) IN51EN
lgn<n @MiU n2>1
2n+31gn < 2n+3n = 5n for n 2 1
¥
Ay
2n + 3 Ig n = O(n)
war  2n+3lgn = 20 for n2 |

»
@

UY

2n+3 lgn= Q(n}
mswn:ifu

2Zn+31gn =®(n)

18819 9
»
94U theta notation lMMANYEY o FWMIU U A5 YBI AIATTIING

(execute) ‘\sl’ﬂﬂ’lmﬁd X=x+1

I. for i:=1to n do
2. for j = 1toi do
3. X=x+1

q‘.'f . 4 d.' . ='n ol d’ 9 n’/’
Vunsn i gn set Wiy 1, vasi j Saon 1 1 1, wssvia® 3 ganszins 1 a3y

] ] ] ¥
Aol i gn set Willw 2, vauzd  599n 1 Wl 2, wssviaf 3 gonszihins 2 asa
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| > ¥ » ) ¥
ool duiu Swauads Wanua vea ussviah 3 ezgn nsziims Aell

2
I+2+...+n =@(n)
¥ » ]
#2171 theta notation §MFU §1UIUATI VB TOANWAT x = x + | PANTZIINT MR

® @)

dt:!d‘ o4 []

Qs o ar o &6 ”» " i
fa0ena 10 2afuIum daynsal “big oh” nidiAnge nadiughga uay nidimady veq

Ay ¥ L ar Y-, r dy al oa
nm#aeals lunms asziinms (execute) DANDI NI FUUAT BUWN YU N

1 »

HaztIA W RIUIY (un time) Y9danesnuil Ao S1usuaieveamsSouiou sz
¥ T )
fvuaoun 3 aunddri anudlulldohdu N + 1 vee KEY azegiidumialan Tu

o a A 1 ] o @ a 9 s
f1au wio ewwes lilieg tudwy T i

Algorithm Searching an Unordered Sequence
-3 -3 Qo ‘é o Y
fmua SdD wiliga Al

S,s ..., 5

Wt

¥
=3

nazen key, sana3iuil AuM @MU (location) 101 key § U key 1BMM
@ o= F-
Y01 Sanesiy azuauiy o
Input = S,s ..., 5 . n andkey (the value to search for)

Output : The location of key, or if key is not found, 0

1. procedure linear-search (s, n, key)

2. for i =1 1to n do

3. if key = § then

4, return (1) // successful search
5 return (0) // unsuccessful search

6. end linear-search
1 o Iy & :JJ a 3
0151=k£y,DiiﬂﬂﬂZ%Qﬂﬂixﬂﬁﬂiﬁuﬂﬂﬁﬂ AdUU

. ar =R 9 a dy A
The best-case time of HNDINN YNAUU AD @(1)

The worst-case time 91137 key acﬂuﬁwéfuﬁa @ ()
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qAMY NO15) average-case time YBISANOTAN 81 key gnwWU Adwmiad |
) v 3
UsINiai 3 gnATeIIMs i ATY uod key lillagludvy ussiiah 3 9zgn sz

1 » ¥ v 3
115 n ASY ANTH Sunaundo ussNaN 3 Fezgnnsyhms fe

(1+2+ ... +n)+n
n+1
¥
YUSH
(1+2+ ... +n)+n Z R +n
n+ 1 n+l

= nn+1y = n
n+1
: ] Qs o 2R &
HITRRSUU NauRay 193 8andiny - A9
Om)
o ol @ o -2 J -4 a‘ =4 rai o = [ =
TNTUDDINBINUY, NIMINRY HaZATUUUNGA YOI NAMUUUNUNINU AID

& Y e e I 3] v Y= A
l‘l.lf)chi wyanyl big oh  HAAIANUMINNTD (performance) YDIWDANDINY A

Ao o W 5 Wy - v q W + = e
nddydeszaniiovene uldinme madszinuafigeaaduiniy (only an upper
estimate) AMIUANTI V81 WinilmaiaanIn Mstau duswend nsdmae
o o Y e o Y] M 2 3 o ar
NAAWTUNY Y03 SanpiTin A nozdaneiiu B Ao Owm) uaz Om) muddu 151
§in1831 daneifiu A Ahiga odulsfaw mzh s amemslszinudigand

] ) ] a’: ] t ~ 24 Y dﬂl nt'l =)
uaove luithumniuduey  ualaelnd 1510mden Rensu g(n) ANYA INBOTUW
o/ ar ) ar a8
puAY Og(n)) ¥9I9aN2TNY

a o Y] ar Y-} 3 47 o [] Q
AUNUAD DANDINUY A UDZDANDINY B ABINMTIUONYWUIAIN O(n) taz

ar

2 o a o hd =y 1 { [ a ) 1 =T
O(n) muday dmivdunnlan nnevesdinih owszdiiy A2019u adh

L1

BUNN V1A 0 BaneTiy A F84013 3000 MHILVBIANNEY uBdaneINN B AN
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“Biz Oh” form Name
O Constant
Odg g n) Log log
Olg n) Logarithmic
Om) Linear
O 1g ) nlogn
O(nz) Quadratic
O(HB) Cubic
O’ ) Polynomial
O(m’), m > 2 Exponential
O(n!) Factorial
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Hwiye g = log to the base 2
m is a fixed nonnegative integer
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uuveln¥ia 8.5

dio 1-32 paidon theta notation 910 M 353 dwify finedd udazya
L. 6n+1

2. 2n2 +1

3 6n + 120 + 1

2
.3n +2nlg n

N

h

.2lgn+4n+ 3nlgn
6. 6n°+n+4

2+44+64... +2n

~

8. (6n + l)2
9. (6n + 4)(1 + Ig n)

10. (n + D(n + 3)

n+2

2
11. (n + lgn)n + 1)

z
n+n

12. 2+4+X+ 16+ . . . +2

Y8 13-15 puaen theta notation FH3V f(n) + g(n)
13. 1) = @A), o) = @)@)
3 2
14. f(n) = 6n + 2n + 4, g(n):®(nlgn)
5. f(n) = () @y, g(n) =@(nm)

Yo 16.26 vudon theta notaion mn @A) g n),Bm) . @ 0 1gn)
® "), ® o), @ @) v @Wawy awsy Suaundad fennuda
X = x + 1 2zansziims
16. for i = 1 to 2n do

Xi-X+ |

CT 203 145



17.1 := 1

while i £ 2n do,

begin
x=x+1
i=i+2
end
18. for i := | to n do
for j :=1to n do
X=X+ 1]
19. for i := 1 to 2n do
for j ;=1 to n do
X=x+1
20. for i := 1 to n do
for j ;= 1to LI/gJ do
XxX=x+1
21. for i ;=1 tonpn do
for j := 1 ton do

for k :=1ton do
X:i=x+ |
22. for i ==1to n do
for j :=1ton do
for k :=1toi do
X=x+1
23. for i := 1 to n do
for j :=1toi do
for k :=1toj do

Xi=x+1
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24.j :=n
while j 2 | do
begin
for i ;= 1toj do

X:=x+1

i:=Lisl

end
25.0 = n
while i = I do
begin
X:=X+ 1
i:= Lilz_j
end
26. i:=n
while i 2 1 do
begin
for j ;=1 to n do
X:=x+ |
i o= Li/Z_J
end
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