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k Wi EAY Y@wawp@En)a) , AWYEUAWI 41 O >0 0
YaYIl aWbatywEWAERW na BdoRWAaT(A)

E“ ?W\I‘ U (n)

Ya ¢ a L) YTinD EWﬁﬁUlUYNEW)MﬁaI llr}m —W

Gt YT() = O(f(n))

DY AyWwa gl U o 45 2]
ond 1 5n2logn = O(n®) WU Wa yuln = T °on08n

n e .
2logn = Oln) WU Wa & ),

E



gWwi I UYOdZalE®@ Il & a W(dr |

Y-UWT F UYBX&PBAT Y auy
k wi EAY Y@ wawy Gma) , AU AWT 41 0 >0 0
YaYIl aWbatywEWARW na doRWAa(A)
gayaEger YWi U ()
AWYO P Ya 6aU Y EWES UIOREDWE 1 LW

- Lo A n—>ooT()
Eya AOWa aYAIEAUD atl WYUAW A

Gt YT(d) = Y (f(n))

DY AyWwa gl U
2n3 + 5n?logn = Q(n?)

2nlogn = Q(n)

WU Wa y

~

WU Wa y

nS

A
n—oo 2n3 + 5n?logn

n

im =0
n—oo 2n logn
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FUYOYakAYT A PV ay

Al YAOWAWPEBDRUE a Wi EAIW EWwWa G6(
P Q1[n)B | Ya(f(n)

» §>
'C

(1
zau YTEn) E W HE UTORERDVE TE ngmau
S s moT vErday EAUT At WYUAW A

Gt YT() = U(f(n))
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T(n)

G Y1) =1 (f(n))

DAY Aywagl U

on = o(n?) yeeA  2n”#o(n?)
. n® n? (n®)’
a n a3 1 - — 1 p— 1
n. = 0(2 ) yar Yél_{iglo n nh_{]go enln2 nh_EI;O (enln2)l
an® ! al

n—o0 (In2)enn2 n—voo (In2)°

U :
6ay VAN EWEE UIUALDONE i rial
? j n— 00 f(n)



oWYUOSUYaAaE? YavYU

» g B=0(g) EUp=0(h) YT ¥ WO(h).
« g B = Wg) E Ug=Wh) YT T3 h).
» g B=Q(9) EUg=0Q(h) YT ¥ WQ(h).

DA | WAWYAE?Y YavYUy

» g E=0(h) E U= 0(h) Y Y Wg=O(h).
» g B =Wh) E Ugg=Wh) Y ¥ Wg=Wh).
« g BH=Q(h) EUg=U() YT ¥ Wg=0Q(h).

g7 YI UAAWa U
. f=0@) ,f =Y @, =0()
dzi I I WYT 4 Uy

- £=0() U g=U(f
=7 (@U g=Y(f



O(nlogn)
YWYT U O-EQ(i2) |
E1 @4 E O3

~ F\

0T &1 OET 4G ,1d>0

. WEAWYabg) ,r>1

len n  nlgn n? n> AL n!
0 1 0 1 1 2 1
1 2 2 4 8 4 2
2 4 8 16 64 16 24
3 8 24 64 512 256 40320
4 16 64 256 4096 65536  20922789888000
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gwrt |
vael i+ w
URé& a waliy A
fl( ):n5/4
fa(n) =nlogn
f3(n) =n!
fa(n) = 10"
f5(n) = nlog™

AeliT+W Yal UUT UEAYO wi

Wia O Ya FWsgUBRYW a

Gauy yRI WwifgWora WEaW Y U é
f=0(g)

gUP YU UTTasgl R WEU:
{UI/EWI < { WEA
{fo o} < {fs.f4}
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YAeT 1 W Yal UUYT UEAYO wi
> YWira O Ya WgUeaRYW a
Gauy yRI WwifgWora WEaW Y U é
f=0(g)
gU?Y YU UTTagégl RI WEU:
{UT/EWI < { WEAWYAEA4
{f o} < {fsf4}
1 ! 4
= lim (log n) lim —— =20

n— 00 (n1/4)’ - n—oo nl/4
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UadelTi1 W EYU yayvYAelilW Yal UUT UEAYO wi
UReawaiva aeETrYWa Ol Ya FIWsgU@RYW a
_ 5/4 P,

fi(n) =n Gay yRIT WwWifgWworar WEW Y U é
fa(n) = nlogn f=0(g)

n) =n! . . s . a .
f3(n) gUF YU Ui T asl RFWEU:
fa(n) = 10" (UT/EWI < { WEAWYaEA
fs(n) = nlogn {fi,f2} < {faf4}
AOT 1t We(n)=o(fi(n))

. nlogn . logn . (logn) , 4
dm e = S =l ey = i o =0
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UadelTi1 W EYU yayvYAelilW Yal UUT UEAYO wi
UReawaiva aeETrYWa Ol Ya FIWsgU@RYW a

_5/4 . A
fi(n) =n Gay uyRI wifgWwora WEW Y U é
fa(n) =nlogn f = 0(g)

n) =nl . -

fa(n) gU?P YU UiTasl BRFWEU:
fa(n) = 10" UI/EW < {WEAWYaEA&4
fs(n) = nlogn {f, 1o} < {f3,f4}
AOT 1 I Wg{n) = o(fa(n)):
k WT EI JgvWy Eya U Rgh'®WY (logn)?, log10™ = nlog10

0 WYUwOAa Ll Y Yy=Aldgin =W < log 10 - 27 lim —

QJ)

logn

AY URnd, fi(n), fs(n), fa(n)

15



U T W EU vauyvYAeli W Yal UUYT UEAYO wi
UReawaiva aeETrYWa Ol Ya FIWsgU@RYW a

_ 5/4 . e
filn) =mn Gay uyRT WifEgWorar WEW Y U é
fa(n) =nlogn f = 0(g)

n) = n! . )

fa(n) gU?P YU UiTasl BRFWEU:
fa(n) = 10" UI/EW < {WEAWYaEA&4
fs(n) = nlogn {f.7} < {fsfa}

AOT 1 I Win)=o(f3(n)):
k \fvT EI dgv&y EVa U Rglof wipgl0-n, log(n!) =0O(nlogn)

log10 < logn = n-logl0 <n-logn lim £:0

n—oo N

a AY U, f1(n), fs(n), fa(n), f3(n)
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g@gt T aAll 1T UQUWVIUWAT RiEtE a
[Gale-Shapley 1962] M







wW EAAW WU,L UWyl 1 UAY éTl aﬁ.l]\av% Pl a
WEYPT (4wOl) UYUF Vi v we W T W8t 7 o P
TUATOITE Ta EYIl@ia yur uuawYW1A ULTL_ yWweaA, .
EAAW EY F@I T A40Wa O 2 UyayaAh
i) awlamil WY UwAYTalg AEN. y A Byl
dzi Eyi AAWa UeWUESVENMEAMWEBEY EUa & wYUI
To kAedi kébe kOpPov givar TovAdyotov
TG0 HEYAAO OGO AVTO TOV YOVEQ TOV.
. a
log,n 215(10]3 |7 |11{15({17]|20|9 [15(8 |16|X
T A~—"T "

ea AYWORIsRA:YU EAAWvWwW AGWE]YHY AT aOW 1T w
g1 EAUAEIYET Ul aWy k&aw) WwWO&DWa k ey
G§ay EAAW ETVT l:@arenti YRALI/2AA W a

leftChild (i) = 2i,
rightChild (i) = 2i+1
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c 0AAW wWYI a®Wegylv)
c gUI wY AVeaaay ¢ Og A1 /| wEUaOWy KEI EUaA
-WUaéWwxAEERAOWYT B EN YWRey)i |

To kAedi kéBe kOpPov givon ToLAGY IGTOV
1060 PeYGAo 6GO aVTO TOV YOVEQ TOV.
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CreateHeap (n):
WoawYESEWAWOT Y H AYT al hwEYAOQW] BaEW
gl OAEIl UDO(p)a wa

Insert(H,v ):

Wa w Ard Wav Y 1 a O W, Heapify -up)yd OHog k) (
Delete(H,i ):

yaUgiYAly WaYl a OWy | W YHeapify &déwén) 8i0(log h)i  H |
Findl\/lin(H)'

~ AN

WRY WRETFYWI 11T wYbB@OWyIli1 WYl E H

ExtractMin(H ):
WRT W& uvyausT Uy £ | AEJOWIVEANGogWY T & OW,
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UWi F UYOE&E EW o) )
GnN)=T(n-1) +n, g any O 2
G(n) = 1, gangl

oAAlyl a guygei warl :

c 0AAT YyNEly 4y Ue Owal UEUYUylT I A (YyadEYYT T UEL

c UUEUYeaUYaEd@ERADAN @Ial yauyyt 1 + Al

c 0AAT yi 1 UYUEYAaBWOWAWEI yWwa it ge Wo al

c QAAT Wwileleys A1 | Wyygeavr E

c GUwaE?Y UWFYT al U agtdt Thedrem) f E (0

c T YUl +aeE&T UEUyiI Tl FIaE&AT WwWOAwWAT

HT Awal 1l EUa wi EITUYAEY 1 e@mBwWEWAW &éA

U E & @ Wacours¥!l
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dzt EyiT UwlF? 1T uydEuyl 11 UEUuYYT I I £ EL

GN)=T(n/3) + T(2n/3) + cn, @ any O 2

G(n) = O(1), 6 an o1
c DA WAIATg awUl UYT I gVl 4V a:d(2/mB)
c AOTHUYUAEYY T 1 Uy T=l141a & Uhg &g,, N

¢ DZ T @&:Wat O(n log n)
gUY yWa éa Woug oy £ WYl
Gn)Odnlogn,gay EAUI ag>0vYUAW A

T(n) = T(n/3)+T(2n/3)+cn
< d(n/3)log(n/3) + d(2n/3)log (2n/3) + cn
= d(n/3)(logn —log3) + d(2n/3)(logn — log (3/2)) + cn
= dnlogn —d((n/3)log3+ (2n/3)log (3/2)) + cn
dnlogn — d((n/3)log3 + (2n/3)log3 — (2n/3)log2) + cn
= dnlogn —dn(log3 —2/3) + ¢cn
< dnlogn
UliT awOlRWAa csaBp/)l og 3

27



0

0

0AAT yl 1 YaWwW@AR YT E
Gn= 2 T( a4an gany O 21 og n
G(n) = O(1), 6 an o1
UAYT T I WgmA¥ U n=2" EUaA &rm=2m2;
T2M=2T(2"2) + m
UAYIT ESIyETE™ 4 OT 1 W,
S(m)=2S(m/2) + m
DA 1 G6EOY | Al $(h)WO{nYog m)
GIN)O 2/®Jf4cn Y T(n)=0O(nlogn)

ol U,
G @) = T(2m) = S(m) = O(m log m) = O(log n log log n)
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GUWaEY UWFPY al W agsk Ggorénl) F E  (

g(1) ifn=1

2 = 2/3
aT(g)+g(n) ifn>1 Gn)=16T(n/8) +n

(O(n'°8s aélolgg n) ifa>pg7
2 + . — QY
T(n) = ¢ O(n logg n) if o =p
O(n" logg n) if o <pY, and (y >0o0rd>1)
L O(logg n) ifa<land~vy>0andd <1
y = 16, © = 8, % = 2/3, y = 0

ge WYAAT I\gp Wi16/823 > 1
a1l LUWI J UYOWwa:

??

T(n) = O(n"" logs; n) = O(n'°8s 1% logd n) = T'(n) = O(n?/3)
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GUwWaE?Y UWPY al W agsE: ueorénd) f E
g(n) = O(n" logy n)
g(1) ifn=1

T(n) = Y
(n) <aT(%)+g(n) _— Gn)=T(2n/3) +1
(O(n'°8s aélolgg n) ifa>pg7
+ e

T(n) = ¢ O(n” logg n) ?f a=p"7

O(n" logg n) if o <pY, and (y >0o0rd>1)

L O(logg n) ifa<land~vy>0andd <1

U = 182, 6= = = 0

ge WYAAT 1@ Wi/ (3/2)°=1
a1 BRUWI y UYOWa:

T(n) = O(n"* logss n) = O(n° logé/z n) = T(n) = O(logn)

(
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Mergesort .
» ea Uyl WwWw
s gEUyT T I aE
. dzi 6 OF EWT W
wWW 4EUE U
A L G

A B C D E F G H

—

7

Ue o

P TMBerddsdrtl

YIE UJEUEYU WY
A YUeaEFP I aww
W YUY yil | awh
e/ a YUeaEl Ll a
Jon von Neumann (1945)

O R | T H M S

| T H M S yauyyi Waay

H I M S T YUéaErT 2Taa)Ww

~

E y R U V)

_|
=3
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dzZi ¢ OFf EBA WD.OE WRWY W U é a Bl | Vel VRE T, é , a
EUB=b ,b, éhb,wWW Ay EA&AUY YUeGeaEeEll al&dEa & w
[Tpocaptnon tov wKpOTEPOL
0o To. a; Ko b oty £6000.
11 | ai A
2ZVYYOVEVUEVO /
OTTOTELEC L \ 17Th; B
i=1,j=1
while (69 Ugse aaGUUd Uelss PHas Us
if (a ¢b) "1 6dY) Ugiilldg 2alGUU Ushlieg ieUs Ui
else }elY) Ug@ld esalGUU Uahlieg jpUs Ui
}
"1380Y30UdqGU UU g fRoess U Gd¥EsedadaWgdgd cdUd s

OWOi 1T adel 8OF EWI wa yRI erdDWJYn eéinfvawa £A1 1 1
gUFr.®WYA UUP EAAW WwWRSEWAIWA Yal Weéeruyli
i WP ET T W YT EPWYITT WwWYT wYTlT aowyl UTq
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] Ueé g? IMerBdsdrtl dg EA@ HWA EAEA D4 &7 Uel E

Jon von Neumann (1945)

[T [ e o e o v
HINEEE R oo e
REIERE NSRS 7vescrranw

SN OIREE 7 curven
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gEAei wa BAd BEBEKEEdKRYWII I AEA dzO4

J 1 awm@m)i=H. DZI mergesort WW Wy Wl yl n.l Wgd AT 11

~

gEUuyT I | a EMergdsara.w a

A yvuel RWYWI U:

O R W &(n) = O(n log, n).

36



0196y UUT UUAEO

¢

O

Insertionsort  « | (?)
Countingsort « | (+ny)
Radix sort « ] )

0AYOD 971 Ag YUnlog n)



\\ Ve

gégti aAll a GuUeaEeEtT awal

o We WY AwU I W Uelgil T & Ali 1
¢ Mergesort -] (logn)
¢ Heapsort -] (log n)

Oy ul RI W:

¢ Insertionsort -] (?)
¢ Countingsort -] (+ny)
¢ Radixsort -] (@ Ck)

gUAY Ol T E WUy wal :

¢ Bubblesort -] (?)

¢ Selectionsort -] ?)

¢ Quick sort -U(n?) (EUBRYWI a FF&4&wa UWI yUYOwa)
¢ Bucket sort - (), il (0,1]
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» k wwey uyy WwWil@glitTewRWYUa |ay @AwWa yWyl
Uyt yue Bwhk Wa l. AWWA I
o WYT aE A& ‘iimmémai\?umé awYT T 9FfFE | WYUeR
.k GUAIT &t s L UyU2)1@&, n.
 k QUALT &1l &@,a)) Wl 1 :a
cGY YT UsEG@HEY awYT §iE<jEyeaka.

Gl Ul Ryau
4 1 2 3 4 5 gEYawyl Iy
3-2,4-2

1 3 4 2 5

]

YI /E B aUWsée W Qnéd) b WY g Ak Ga)
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DZ Wi E A.fMedye -and-Count] AEUBRYU@ AET | al &
GWeé aE A EU[edkiwand)@oant] LYUYeaEl !l al 4E
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y=min(12, 21)
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. EZUEIF &1 | WYUeR AWi gyl afrE EVP I OOE

.k wOAwa ¢§g: yaUEYT avYa&l, ytUyYyateéal, will
» DY AFWYT T a FWeaAAMhEN, BI|EY £ UYT I

v={123,4,56,7,8}
E={12,1-3,2-3,2-4,2-5,3-5,3-7,3-8,4-5,5-6 }
n=238

m=11
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gEUAALYawa UJT 7 Y UBréadity Birst DFedkcli IBFS) (
BFSuy a uaw"gjaév\/@mz\mﬂﬂhfwwunai & Wi \? I yi EUYY
EUYWi AREWWaAA YT EYUI g&\muﬂwi‘ eUEA
) S L L, — .. L
J yYUest IBEAL T 1 T — ™
cLo=ts) L
s L=t el a la oW YIEWI YIi
. L,=t el a Il a EY!I @l a ULAyBNEA WEOEEIE B) BAYA
E? I @1 L.YT 1
-
. L,=v &l a la Erlr@gla UlIT ywWE UEMAEUJYIEE wWW
AOITE UEIFZA FWLAEY E?F @I YII
UwrtT abagy EXAWUT YWeaWy Yya yYyur veéelil YIi
UUur wYuywa iyBragmgiBAy oOwa 1 ET UAYa 6uyayyl
WYItBE EUa IWEILEWA WW EAUT al WU UWyl
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W E? I @it LL[V.E £BWE @hdel W
E Wée WYAAI T b, WU&E QEnUE
E WUUXD®RF B 6ay YAaE WUWeW g Uy
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gEUAALYawa UYTFYU EUYA GAATI

DFS vaUagdAWvyWwREawa UU?Y EAUI AT E EVP | dlé: u

UET 81 1 NERIBNV( UEUEU@RUYI EYUT YI E wvz2), | WY

UEUEUE RUWITEE Yz2UT EI E

] yUegri aA(R:IT WEBI &l EYIFQGOE UIT &4O0I1TE UE
DFS(u):

Ynuelwae aTL To u "EEepeuvnBnke” kol mpoobBeoe To v otV R
For kabe opn (w, v) Tou TPOOKELTHL OTOV KOPBO U
If 0 koppoc v Bev exel omuewwBel oTL "EEepeuvnBnke” then
Koheoe oovobpopke v DFS(v)
Endif
Endfor
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