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"AOUT 0 OALAAUI O
(insertionsort)
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AAU Al 6AAUO OUAOE]I OE OUI

Al OGEI A OAI AAUAOGO OUAEAOUOAA

Al AT AEAO ET AAOET AAI OA OUT OEOE AA
Al AAOUT OAT A OAI ACUAITI & E@iA&j\\/”\//7/77
Al AT AEAO (U0 TAI 17iDEIE U6 0T OOOAT AAL

W (quicksord

vOOUAE Ol I &
(mergesort)

+ OPAAOAT AAWX
(heapsort)

| AAUi O




AL ACEAOAROIOE CAJOEIT A 1 A GEcRetefminAl1])A

Agi i UOAOOOE AAIAN)A IA@ELRA AT i DR A
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AOAT AAUAGO OUAEAOUd A OEI A Al A

AOAT AAUAOI Al OUAEAOQOUd OEI A Oi C
A. 30A1 AGEAR
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Ae) B 2L 2w ge)

A-ACEAOAGONGE AN | ET E1 ¥ ts&r&mimhjolf | .(613

+ EOUI AOUOéselextiohsardyUi O,

A-ETEI OI EEOU]I AGUOGUOT 6 OAT AALLL O4
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2. Ezeket megoldjuk
A(CA A TACI 1T AAT Ag | OF

Alic ACUBEBAORO] AT i ]
A%CUT AET T 64 OCUANAUUA
algoritmussal




v OOUA&EI Ol | &
(MergeSort)
Ani OUA | AC évO OOAI ET AEG
Al AT 669 AcU OAT AAUAT Ag
A 2 eset:
A- 0RO 10 AU ACUATI AT J «
Aeleve rendezettek

A Hosszabb sorozatok:

A e -SorozAbtiugyanezzel a
| e AOUAOOAIT OAT AAUUI

] |

ok
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Al OA1 A Astrde@dRatréBidzetten
EOOUAA&E Oil EI E




A3 OAAET OA1 AAUI O
Ai ACEOUE AU ACUAI T & EOI AOT AL
AOAT ARUAOGO Oi OUOGEI AEE EOOUA/

AOAGI1 A AAl 11 AAIE Oi OUOEI
Al §OUEO A EAI Ui OA
A- 5OA1T AGECT T UA

A MT,,4(n),mT,,s(N)N g (nlogn) @

Al A CU A1l Adroodibkhtisiviszonylag gyorsan rendez

AMTMS(n)AOUEI'E)O'l'OEEC)OAT I BOEI Ul EO
AU 718 EOOUAEAOIT pOeée OAT AAUi OAE EEUEOO
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OA

: Q”“l'#‘ﬁm'll (A T[nﬂ)

B:Tn|: Bl0..n):= A[0..n)

Sort B[0..n) into A[0..n) non-decreasingly:

ms( B, A)

Gna‘{ B, J?. : ‘J'[-n.]D

Initially B[0..n) = A[0..n).

Sort B[0..n) into A[0..n) non-decreasingly:

n>1

m = EJ

ms(A[0..m),B[0..m)) // Sort Al0..m) into B[0..m)

SKIP

ms(Alm..n),Blm..n)) // Sort Alm..n) into Blm..n)

merge(B[0..m), Blm..n),Al0..n)) // sorted merge
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I & OA

(

Gnm‘gv[f‘[ T B:Tm] : C: ‘J'[-n.]D

sorted merge of A and B into € where [+m =n

k:=0//in loop, copy into C|k]

i:=0:7:=0// from Ali] or B[j]
i <INj<m
Ali] < BJ[j]

Clk] == AJi] Clk] := B[j]
i=i+1 j=7j+1
k:=Fk+1

1<l

Clk..n):=Afi..1)

Clk..n):=B[j..m)

N\
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public static void Main() ¥ &
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i nile O
I W .
inmt[] array = { 5, 2, 9, 1, 5, 6 }; ; aﬁ"*\’
18 _ *\ =
MergeSort{array); ci¥t
Conzole.WriteLine{string.Join(", ™, array)); k3




Aamergg @ AT EUOUO | ]
AC.Iengthzn

A Az explicit ciklus:

A Az implicit ciklusok:
Ak = . Al AET

AN AOEQ) |

Ao Al EUOUO 01 OUI

Ado k-0 OEKDEA@EAAES OAl 8

OOAOpOUOI EAA OAEOOA EAI ATTAE

UAdq

Acsak az egyik fo@i COA E AREGMG EAE & OA
UvOOUASRK) dE OAOUAE &

O

MergeOEUOCUI AOA
AAmergeC')'I' OO0 OOMmargd gOADBOOAO APl EAEO AEEI O0OUT AE
A Al =B[j] => Al]-0 | U GH]-baE A
A AzAGT OUOET A BAICAU GEIEAEO A [ ET AEAOOS

~ s ~ A £ N £ s s

OAOOAI I AUE

ATAAE H GA A aErgysiA €UAITTA A CBU
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HAMTMS(H)’ mTys(M™ g(nlogn) g]
A" EUI T UpOUOA OUAITil AOAOAT ¢ j 1 AOAI
Al 1 30AI AOAE Omérde@Biog Al BUO DO AGT CUE Al

AmTerge(o)M Trergd®" 9 (@nollAU AEOOUI EO Gichy®El A ET OOUA j
A OABEBAP AT EUOUO | ET AAT EpOUOAAT AEAI AUE A OAT AAU

. ~ ~ - ya

U! OAE OOUdge+ 14ziatje kiah 8

A.ETAAT OAE O OnegeEd CANOE TEO AT UAOET AEABOBCAEOO 1| AEAAEE
A+EOi OA1 AU Al 668 ACU OACU Ei O OUE]I 6d EAOAOAAA

U%wCU O0AOOUEIT AgelgbE OAWED O A OIVRADAT A Ci 1 Ui 6 EOOUAAAOA

A AGUET 0A1IBIAN ABOBECiTUO A OUEIT OAE Og@lbgndAl OUIT Ol UOA 1
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AMUGECi T U OEI AEEOA(

Ani i 0OA0GF OACi AOGEIT A

Al i EUT U OACi AOUI O Us

AA OAEOOUPO EpOUOI E AAIETI EOUOOUI UOUT AE O
U Sy g (n+logn) =g (n)

Azgc")E'AATq, ﬂ

@ Sustm™ g (n)
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Al AEA TAC A OAT AAUi OE &EAl AAAO ODAAE
A-EO TAOAUITE OOGAAEI OAT AAUT O AEe

Al OAT O1 6 OAT AAUiI OAE EEUIT 1Al UEE O
A- ATTUE A AAOUT OUOI 6 OAT AAUI O 1 JOAI
A- A1 1T UE AU EOOUAE Ol 1 i OAO OAT AAUiT O
ﬁ! AEA T AC A OAT O1 6O GAG EAGKIUEOM [ CE IE O1 O
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Algoritmusok es
adatszerkezetek!|l.
2. Eloadas

Elemi adatszerkezetek es adattipusok:

a verem (Stack) es a sor (Queue) tipus.

Lancolas, egyiranyu listak




Tartalom

Awl AT E AAAOOUAOEAUAOAE 10 AAAOGOPDOC

AVeremétaCkCl AAAOOpDHOOG , ) &/

v L} 7z N N ~

Asor queusd AAAOOPDOOd &) &/

7z LI 7z Pl 7 rd

Aosc U E O UEIG@iémiay or singly linked lists)
A AGUT 05 OATAAUI O (X, 1EOOUEOA
AV OOUAE Oi 11 O0hO OAT AAUT O 3X.




Adatszerkezet data structure)
Al AKAGT E OUOIT UOUT AE 10 Al OAT AJAUT O

AAAA@TE AlTOTOAR 1 &AT OpOUOA
A

v LI v Pl 7z v d

v LI} v Pa pd v d
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Verem Stack] A A A OO pLBt@gout) )

Alu 60611 E0UOA AATTA Al GUOIT OR i 0O |7 C A

™,

Stack
— A: T[] J 1s some known type : A.length is the physical
— constant m0 : N, := 16 // size of the stack, its default is m0.
—n:N // ne0.Alength is the actual size of the stack
+ Stack(m : Ny :==m0) { A = new T[m] : n:=0} // create empty stack
+ ~ Stack() { delete A }
+ push(z : T) // push x onto the top of the stack
+ pop() : T // remove and return the top element of the stack
+ top() : T // return the top element of the stack
+ isEmpty() : B {return n = 0}
+ setEmpty() {n =0} // reinitialize the stack




A stack(a)
A push(3)
A pusha)
A push2)
A push(9)
1&p0p0:9

bl wf AN ©
-]
I
H

W AN N O

a & )
/ T

A UAET O AGE Al EAI I

A cALL sSTACK
A+EEAEAUI OAE PI O

IIIIII

VEE @ Al Ol UOA

Aoi 66EEG £ 0i A EE

i OOT EAT 1 O
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AOAIT | JOAI A

)

¢

A- 3 OAT BDEG & d
U. Ai OAOOAIT T AU A
Apushi J OAT ADd
AmTnmgj xq
A My g p)

ATy gj xQq Y

El:ml;l(*l"llll_—‘arrm' (LA ‘J'HD
|
B : T[] := new T|2 % A.length]

t:=0to Alength — 1
B[i] := Ali]
delete A: A:=B

EEI OOC

N R C
-
@len'l{::pnsh{:c ; TJ)
|

n = A.length

/

doubleFullArray( A) SKIP

Aln] ===

n—+ +

@1&1:'1{::];(”;{‘]:@
|

\ n =0

n——

return A[n]

StackUnderflow

- =)
Q‘)l m'l~,:::1I opl ) .f];;

n >0

return Aln — 1] | StackUnderflow




0i I AA A OAOAI EAO
U ETDOO AAAOGI E EEpOUOA

= .
Aread@x2):¥ £l GCOi T U (teverse())
AA EGOOAI O EI DOOOET 11 OAO |
AROGEEAOAG | OEOOUAGT Oi 064 E¢Auqg Y’ dtack
AT ETAG iic O6igA AU Elpool pe  read(z)

AbeovassacAA A EEOAOEAUE ET POO i A A @'lllp@l.‘-;ll(.j"jl

ASEEAOOATI Al j OEOOUADGI Oi Od AL EPASy(

Aoi cA OAT AU ET DOOT AE ,

Ao i 001 EA AAEET EUI AOI AT | write(v.pop())
Awrite(xq d A EOOOAKIOCODIOBPO®OOA pOEA




Aaritmetikai £ E £A E A Ui
A Infixalak 4+5
A Prefixalak +4 5
A Postfixalak 45+

ALengyeIforma:

A Egyaritmetikai E E /EA po#tflt dlaRja

A Janl OEAOHERAE AU

A ReversdPolishNotation

A NemtartaimazU 0 0& EAT AEAO

071 I AA A OAOAlengkeA®rar U |

. AOperandusok:
O

Pl OC

¢

Aovuoil 6i Uer Eil OOAT O

Aoi O0AT AEA

D
oy

| kfixEDEABAUE

A-ET AAT

operandusai

| DAOUOI OO EEUOAC

PAOUOI Ol E
A-50A1 AOE EAI AL

Ar 0 Al OicUi Oi E O OOAT AEi



Megnevezés

Operator

Asszociativitas

Els6dleges operatorok

0o .-

balrdl jobbra

vy i MR >y LI} ~ v d

| PAOUODDAABAROAEOBHAI AE

Egyoperandusu !~- ++ - & * sijzeof | jobbrél balra

operatorok

Aritmetikai operatorok I % balrél jobbra
+ -

Biteltolé miveletek << >> balrdl jobbra

Relacios operatorok < <= > >= balrél jobbra
== I=

Bitmuveletek balrdl jobbra

Logikai miiveletek && balrél jobbra
I

Feltételes operator ?: jobbrol balra

Ertékado operatorok = += .= jobbrol baira

A1 66UT AAGEGEOUO
A Az azono® OAAAAAT AE U
I PAOUOT OT EAO OAQ
EEAAEAUT OAEAAT A
Avip i OOUOA(
A https://slideplayer.hu/slide/2140789

/

V

Vessz6 operator

balrdl jobbra




AT CUAI & Oi A Al Ci OE
A1 CUAT A&l O$hantinkyag Blgotitind U O A

ACA A 01 0i1 EEOAOGEAUE EAOAEOAO ¢
AOperandus:\"( outputra
Al pAOUOI O¢
A BJ tpus :
1.Y irfi a vermet az outputra

Aaz el nlthU <precedend]i operttorig (ezt mlr nem belé rtve)

/&ha ilyen nincs => a verem@dj

Ana (-t I& => medll

2 .Y verembe



AT CUAIT & Ol A Al CI OE
AT CUAIT A1 O$haAntingyas @lgotitipus U O £
A JB tpus':

1.Y irfi a vermet az outputra
AAU Al COPDEARBEREDABUBT OEC j AUO 10O 1AI i
AEA E1UAT 1TETAO BI A OAOAI Al EUEC
Aha0 1006 B TACUIlI

2.Y verembe

A (Y verembe

A):

1.Yi OpOE A OAOI AO AUgi OODOOOA A EEOAOEAUE

2. Kivesziafeth AA AUO T Ai pOEA AU i1 OODPOOOA
A(A A EEEAEAUI O OAl AT ATTUE EAOAEOAOI
Bl A OAOI AO EEI OpOEI E AU 1 OOPOOOA
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al=b +c¢c/ (d-e )+ f~rg" ( * ) [ ( k | ) *
AvVerem:
= (| ¢
( ( Al A N AN _
/1l/ / / N Al A n ALY ( (
+ +| [+ + + ||+ + + [+ + +|[ [+ + + +| [+
ALengyeI forma: -
a b cde - [/ + f gh i * 2 [+ | m * + =
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Lengyel formaE E 7 O O i eiza/RPNal@oAtmus
A(A A Ol Oil1T EEOAOEAUe EAOAEOA
Al DAOAT ADG ver@de Ei O
An A O E 68803 bf)i O |
1.EEOA @edmietE
A, ... x

IIIII

Aeiciid A OAOAI AAT AOAE A EE
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AVerem:

4

itk

b=4

a=8

a*b=32

A6i CAOAA

6 |8 4 * + 5
+
b=32
a=6
a+b=38
32
6 38

v
nn

e

38

b=5
a=38
a-b=33

33




Sor Queued A A A O O [Fis&rtFgst@u) ¢

Queue
— 7 T[] // T is some known type ; Z.length is the physical
— constant m0 : N, :=16 // length of the queue, its default is mo0.
—n:N//nel.Zlength is the actual length of the queue
— kN // ke0.(Zlength —1) : the starting position of the queue in Z
+ Queue(m N :=m0){ Z :=new T|m|;n:=0:k:=0}
// create an empty queue
+ add(z : T) // join x to the end of the queue
+ rem() : T // remove and return the first element of the queue
+ first() : T // return the first element of the queue
+ length() : N {return n}
+ isEmpty() : B {return n = 0}
+ ~ Queue() { delete 7 }
| + setEmpty() {n:=0} // reinitialize the queue




AQueue(4)
A add(3)

A add(a)
A rem(): 3

31 0 bil AA

Arem(): 4
A add(2)
A add(9)
A add(7)

AIO pufferek

A- cUEI 1 00T 1 CUIl AGE DPOI CO
Asii UAT AOi OAT AUi O

A UBUET O RRAEIVIOBD A

A3 Uil AOGOI CE EAOAOI O COU

A ACOEOGEAAAA

' UAEIT Ol AOE Al E/

@

n=0 n=1 n=

2 N=3

G k

iO EAOAOI O

Al I AUuUC

Al ET 1

T A



X 9

A- JORT BDEAR &

Al AA 1 30ATA
AmTnmgj xq
AmT(ny g )
AAToy gi xa,

S
o £

\_/

AdoubleFuIIQueueArra@Z, K)
AEA 100 OAI A OAI

310 I JOAI A

G.)ll{*ll{*::l'iral () : ‘J’)

n =10

return Z|[k] QuenelUnderflow

r:(_gui*ui*::rvln{] ; ‘]')

n>=>>0

n——

1 :=k

QuenelUnderflow

k=

(k+ 1) mod Z.length

return Z|i

@Qlleuezzadd(;r ; ‘T))

n = Z.length

N

IQueneArray(Z, k) SKIP

UAOGAOiIi T EA T A 1TACUI AAQA

[(k+n) mod Z.length] := x

n—+ +




., El AUOEO AAAOOUAC

4ET ABEEOOUE

OAMT AAGUT OUO T OE @) O AAIg@(Z(QDI Ub AE& OAQ(
AMT AcU Al AT i1 AE &} XxqQi OAQd)

, UlL Al 1 O | BSSSQOUEA E OBE
AwcUE QaT BEOUT UT
A-'I'U(;Uédo AOAESAE O EWOOAERITTAEE @& IOEAA | Al 8 OEAN
AFejclemes EAEAT AT Til1EilE



%C U E O WEIQabidway or singly linked lists)
A%QUOUAOJ A C BIE-lhpléOne-wiaH SXO U E

Ly = ©

Ly —— 9 = 106 = 4 =110

AFejeIemesA C U E O EIgHIU=®ne-way List with Header node

Ly ——— S

Ly —» o 4] F— 8] J oo
/\_/_\/
A6i CAl Al AO ACUEOUT UT 1 EOOUE

L, —=| 20 [4—| & [4+—| + |\

ACEEI EEOO ACUEOUI UT 1 EOGOUE

/

— ]

.-‘_4—} 23 +—>| -4 = 9 ——>| 135 —+—>| -3




%CUE OWEIGMIAH AET AE

' &

Kl

+key T

... // satellite data may come here
+next : E1*

+E1() { next =0 }

Ap: E1*- pointer:
AE16p DOOT | A Bdktairiabhatia Mgioi O
AA mutatott objektum: *p
A. AUsE | AARAOOACEAEQQ,
/8(* p).key/ p->key
*p).next/ p->next



~

93&al SNXE S 3eé A Siinpledway [fish) a o

A L,->key=9;L,->next>key=1;L,->next>next= %

~ Vs ~ ' P

~ ~ s pd Ve

AHapDi ET OAOT AE T Al AAGTE i 00i EAO
U *p; p>next p->keyA A FET EUT AOI AT T E



t St RIFY $32a
A S1L lengthCE1*)=
ALDAOAI i OAO

A absztrakt (logikai) szinten: lista

Alqwxed A A& Cccoilu Ul ¢
EATI UAOQi eidAA BT OAIT A

| Al S OEAADI FAUATNE Ob GEBA
A.30A1 AGECi T Ud

A n:azL lista hossza

AacikusnE OAOUAESO OF CAU

u Tsy tengtn(M ™ g (N)

_)

(SIL length(L: E1%) : N)
n =10
p:=1L
P# O
n:=n-+1

p = p — nert

returm n

UUI p Ol



Fejelemed E @H1U-Heademode+ Tway Lis)

AMindig tartalmaznak egy fejelemet
Al EREAI AI poididr A UDDA OB OE A
Akeymezs d AAEET EUI AOI Al
A Next pointere: a Hll-nekmegfeleg S1-tAUT T 1T Op OE A
A 0AG (X, 4

Avanfejeleme
A next pointere ®

AL ->keyd AR EE LBisk=d) Al N
AHIL_lengthHE1%)s (1L, length(H - £1%) - N

| | _
Thi tengtn(M N g (N)

return SIL length(H — next)




nS I\ SN\

AoC UE @ EIGERIEAT i OA
A, EOOAAT Al AE 1 ACAEAT Al

~

%C U E O ETGDIAD i

e

UOI Ul AT 1 UOA

ArrRoiieie A £Ai A0l I
Ax00061iEi 6 AAAOGTE

// Let *p be followed by xq.

EOOUAA OUT OUO

q — next .= p — next

Azp Al Al A ayGtijekund@d U E

p — nexrt == q

ATng)

AOI COAEAEXQNUOAT AlIGe DG oourA I UUA

r

Vd ~ n ~

A+ EE5 Ui O

rovided that *p is followed

AEFZD 4NO O A

'/ by *q, unlink xq.

Acuiuo O
A pY next=ql ®

p — next (= q — next

ATn g,

q — next ;= Q|

UOAEJ UigOrexthl O Al EACUEAUE

JOAI AO




PN\ A

%CUE O WEIMIWEIAAE | JOA

AeAEATI AT AOG ACUEOUI UT 1 EOOUE j (X, q
Al U Al ADi JOAI AGAE OACPpOOI Ci OAI i'T ART EO

AwcCUOUAO] ACUEOUT U7 1 EOOUE j3X,q

1. i Al jeNg AAOUT OUOA A 1 EOOA 1 ACAl AEi OA
2. % 68 Al Al EEEIUI OF OA

1 e

e

// Insert q at the // Unlink the first element of list L.

// front of list L. q:= L
q — next .= L L :=q— next
L:=q [g — next 1= ®]




- JOAI AOAE ACUEOUIT |
+ AOAOT Oc¢

AS EE A O A O = A O A rKltares_S1 L(L:E1*; k:T):E1* ‘ rKEI'ES_H'IL(L:E'I*; k:T):E1*
Apb! U KEIGO& OF A

ASEEAOOAT AT E|[PY preLosnext
A p= @ p+oeés p->key #K p+0és p->key #Kk

p:=p->hext p:=p->next

@ - JOAT A @@)@ﬂi Ud return p return p




AEgyedi kulcsok
Ay oii ol ehi 6 TAI
+71 0 £00¢é DI EI
ApepAi 6 O0E Al Al
ASEEAOARAO EAOAOI
A ETAO AkasdT OUC
ASEEAOOAT Al EAC
A AGUT OUO O OITIuE

- JOAT Aoeci|l U

- JOAI AOAE ACUEOUI

N

Ui

pe:=%);

Beszur_S1L(&L:E1*; k:7):B

p:=L

p=oeés p->key =k

pe.=p
p:=p->next
e -
S p# _ —
T H“'H_,__N- ..--____.________,_F F
e
return False | g:=new E1
q->key:=k
N\ pe=©S #,f"#'.j
\ s
T _f"f =
L \f"ﬁp
L:=q | pe->next:=q

return True

(
Beszur_H1L(L:E1*; k:7):B

pe:=L; p:=L->next

p+©es p->key #K

pe:=p

p:=p->next

p#6
T F

return False | q:=new E1

q->key:=k

pe->next:=q

return True




Ari 6 EOOE
ApepAi e O0E
AIEEAOOAT A
A ET AO-BE®
ASEEAOAO E
ArEEI U O i
->True

- JOAT AOEKH

Torol_S1L(&L:E1*; k:T):B

pe:=Q; p:=L

p+0eés p->key *k

pe:=p
p:=p->next
p=0
T F
return False pe=0
T F
. L:=p->next | pe->next:=p->next
Udq,
delete p
return True

- JOAI AOAE ACUEOUI U7l

{ Torol_HAL(L:E1*; k:7):B

pe:=L ; p:=L->next

p*Qeés p-~key *k

pe:=p

p:=p->next

=0
T F

return False | pe->next:=p->next

delete p

return True




3X, 10 (X, EOOUAE
S1L H1L

A3i E OEOEA 1 EOOA A+ ROAOAAA AOAOOUT OO
U3UECI EEEEUT O A OUOE(;uTAD/SEET AEEIC BOAA QAT EA OOUIT
U&AEAT Al AE ARAT EWE 0OBO MG ET AEC OAI AT E T ECI I

/EC)OUOI‘EII%A(?O EAIAIOe%/O(;a;é%\IEOééE%O' AE E S
AjDIS EAOpOé OUAI UEN E,%\OU AElOIAIE A O /Silg AL{
A%gu i O OUqQAAI AAAOA = 00QUO ' | AEC
IAQA@%&AHQM&OJAI/ﬂyd%U%%mg
IeAIObOAIE. AEREAT AT R OF CAT Al

Al 1 EOOA Al 6& Al Al A AZGE@;@(I"I AAild A1 BAIOUION E

marad



cut(L: E1* )n:w): E1*

ALEAOGOI OUCUOA j . q =

A

Al 0 ARIOEI i OLBeACUE A

6EOOUAAAEA A |1 EOOA
AUTTT opoé bPi ET OAOO
| EOOAAI Al AE Ol O

7 T 11k RN Ta
cut(L : E1* : n:N): E1*

|
p:=1L

n > 1

n:=n-—1

p = p — next

q = p — next

p — next .= Q

@ (M) g (1) ﬂ

return g

@Y



H1L read() : E1*

AFeIadata:
PAAAT1I OAO ACU AAAGOI 06 A EOL &l
Aoemenet sorrendje szerintegyHXD i Bp O AAT &1 1 E

DEOOUAAAEA A AEAESf—F2

~
0 ~~

(P.H.Lread() : El’@

Aread(&x: D)\ |

AEEOAGEAUE A ABD H :=v = new El

read(x)

AigazEA A AARI 1 OAC

vi=1v — next := new El

volt adat a bemeneten

v— key :— X

AEAT EOG EilETAAI
Al

xAAEET EVI AO] // satellite data may be read here

return H

A &Rl AAAOd 6 AQueueih @QOO@EI WA CA@QUEOUIT Uoy OBCADAI AO

I EO



SAYIFYATdzZA YSYs NAI

Ai AEAEOOI T E AET Anews O A& ODAEI UL OliElefete E O O
A)C)p PDOOT [ AEAEOSBI T O EI U iA- pﬁoDBCh‘” A Q80 U0 BOXAD U ASAEACEARD EA u/:(pdc
ApIOOAOé
A ap=newTOOAOp OUO OuQOAEAEOJUEH%@8§@A§6AAU@&U@@U' EO
UA | 66A06e AAEI AOUAEEEUT AE ngéé PRAT 6AVUEEQUA 5p©§b@©é§@
(;U/EI(;C}IIU Or COAEA
A Az absztrakt programokbamew/ deleteOOAOp OUOT E | J OAI AOECi T U/
A+il00AT 0 igapeiADRADU] E
A6Al sEUAAT T AI OOAEOER [ ATl UES

U! 1 AEAOE | ACEAOAhévA DiefedO EAGHO WD IEDAOD &\



"AOUT O

e OAIl AAUI

(H 1L _insertionSort(H : E 1*))
|

r:=H — next

r# O

S =1r — nexrt

s#O

@D | §

r— key < s — key /

m1rs(n) € O(n)

ATrs(n), MTrs(n) € ©(n?) )

r— nexrt .= 5 — next

p:=H:q:=H — next

q — key < s — key

pi=q:q:=q— next

s —+mnexrt :=—q:p—nexrt :—s

S =1 — next

SKIP

Vd

O



v OOUAE Ol 11 OA0 OAI1]

4 (Il(l”((Ll LZ E1%) EL) h
! szrge.‘%ort(&ﬂ- ; EI*D L1 — key i: L2 — key
/) Lis Lm S1L. L:=t:=Ll L:=t:=12
n := S1L_length(L) L1 := L1 — next L2 := L2 — next
ms(L,n) L1£ONL2#S
L1 — key < L2 — key
f 6115(&L' : E1* 1 n ND t:=1— nexrt .= L1 t:=1t— next .= L2
n :L 1 L1 := L1 — next L2 = [2 — nexrt
nl:=|%] L1#0
L2 = cut(L,nl) t = next := L1 t — next := L2
ms (L, nl) SKIP return L
ms(L2,n —nl) pl
L = mergell, 12) mTys(n), MTys(n) € O(nlogn)
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%l I Al e OUé ET OAT

AAdAa meg a StackQueuel OU O ZIOEI AEASD O A U A dldparditz & O
O& DA O & A Gtaktdgramjaival A C U | M2angi a verem egyes
oA | ABGQdddegE= Ei OOe

AAdAa meg a StackQueuel O U O @R QU E Origh eiikiis,i UT AEIOO
D OA U A alapdzditE 18 DA Odl QUUOENA élr@klto&ramjalvalA cCul O
Mennyiaveremegyesl J OA | ADBEIdEEE Ei OOe

AAdAa meg a Queuel O U O GIAGIUE Odikikisifdjelemesi U1 A EIO®
D OA U A alapdzditE 18 DA Odl QUUOENA siOKtogramjaivalA CU 1 O
Mennyiaveremegyesi J OA|T ADBEIdHEE Ei OOe

AMerek a tanult | E 1 Aate@te®ezetek?Mennyi ezekneka A A OUTaOU
OE Oilletvexzi.elemAl i O1 aiJIOBHE AOECi I UAe

AMilyenO b DIODN A E o éiMikazegyesOp D BOisE BADOUT U
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*  drPdder Margit f- docens Rendszer- és Szoftvertechnoldgia Tanszék. (n.d.).
https://slideplayer hu/slide/2140789/ (2025. 01. 30.)
*  oktatas:programozas:algoritmusok:lengyelforma [szit]. (n.d.).
https://szit hu/doku php?id=oktatas:programozas:algoritmusok:lengyeiforma (2025. 01. 30.)
*  Prezi M. W. O. (n.d.). Lengyel-Forma. prezi.com. https://prezi com/p/150uthé1cilu/lengyel-forma/ gous. o )
. Lengyel forma. (n.d.). https://people.inf elte hu/veanna/algl/segedanyagok/T engyelForma/index htm (s on. 300

. https.//ntibi web elte hu/programozas/elmelet/L engyel-forma pdf (2025. 01. 30.)



https://slideplayer.hu/slide/2140789/
https://szit.hu/doku.php?id=oktatas:programozas:algoritmusok:lengyelforma
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Algoritmusok es
adatszerkezetek I.
3. Eloadas

Sor megvalositasa listaval
Kétiranyu listak




Tartalom

A3i 0 i ACOAI 8O0pOUOA Oi CAIAIAO 1 EOOUO
Azi O i JOAI AOAE

At OEOUIT two-walydi ddlyliked lists)

Aciklikust i OEDEDOU E

A EOCOAEAUAI & 1 JOAI AOAE

Aoi i AUE #W¥, 1 EOOUEOA

ACAl I AUI JOA]I AGAE DB@G®I Ol £OOUEDAOGT |




N\ Vv

310 |

Al

| EOOUOA Ei O

Atrailer. A
Ol O
AsetEmpty’ q degduktar:g i)
AGEAAEG gj XQ
AnA EEI Op OAT As
A newi Odelated 0 A O b iU
ATih. anew® O A 6 b OUOI
AAT ACAT Ae A 1 Al

A

Ava e Op OO0 Qieuel DOOAI UO A
Afist AU Al 08 Al Al OA

i 1T Al AAEEI EUI O E C
| JOAI ACAET AE 1 JOA

~N

El I

~

z first trailer i)

=3[ N
! |

first trailer

Queue

— first, trailer : E1* a one-way list with trailer represents the queue

—n:N // nis the actual length of the queue

+ Quene(){ first ;= trailer :==new E1 : n:=0 }
+ add(x : T) // join x to the end of the queue

+ rem() : T // remove and return the first element of the queue
+ first() : T // return the first element of the queue

+ length() : N {return n}

+ isEmpty() : B {return n = 0}

+ setEmptyv() reinitialize the queue

+ ~ Quene() { setEmpty() : delete trailer }

create an empty gueue




Queuel J OAIl AOAE

((_Qumw::ﬂl:lnl{r ; ‘J'))

trailer — key == x

trailer = trailer — nexrt := new L1

n—+ +

r

Q{_311E*11E*::1'f1'a1 () : T)

n =70

return first — key | QueuelUnderflow

((_)11{*115*::1‘{*111{) ; ‘J')

n =10

r = first — key

n— —
p:= first
first ;== first — next

delete p

return r

QueneUnderflow

[{_Qumw::am Empty() )

|
first & trailer

p = first

first .= first — next

delete p

n:=10




+7T OE MW AQUE
(two-way or doubly linked lists)
AncUOBROE ®EOOU Bimplems-wayTist)
AA 1 EOGOA | e AT OpOUOAET O EIi 1 ET AEU&ET DPPAT EAIT T I
Aalistaclsr 001 1 OseleetEEUAI 1 O
A(AdGpoOE OUAI UT U1 EAOUI Ui EOE

Ly = Q prev. Ley  next

\ /
N |

16 4| T/ 1o

>
-

/_\_/_\_/
AFejeIemesciinkusE i OE O B Q@D £Cyclitwo-way List with header)

A Gyakoribb T~
Al EOOAI AT OpOe 1 JOAI AGAE( — T
e

AACUOUAOIAAAE i 0O EAOI EITUAAAAE




Oklikus] S U A NJA f@2H) TyclicTwo-way List)

Arejelemesrss AAEAT Al 1Ti1EITE #W,
AMegegyeznek:
Al fAaGt ] SESYSAYySi—nxs R
Aalap/et! listakezel Y EB S t ()5 | +prev, next : E2%
AcSest Sy Kbalyttlil — ey e L
AbSYy 18tf INfly |STstyay

Al NNBa trAadtol OftooL: E&ddmpdd a
AT dziztas tA&GFSESY (1 NI SASI
U[ Aadlr 181 Stsa G20t00 S3eal SNKEAI R




Listakezél Y £OS f S

Vd

0

@1‘(3(1(3(1(} (q,r : ET”‘D
|

// (*q) will precede (xr)

p =T — prev

pi=q— prev:r:.=q— nert

p—nexrt :=r . r — prev.=p

q —» prev = q — next = q

i7

|
N | —1 | | | < q— prev:=p:q— next :=r
q p — next :=r — prev = (
Gmlink( q EQ}"D L0 9 |
| : | ]
// remove (xq) p r
C |

L'l —_—

@:Jll(m*( Pq EZ}:‘D
|

// (xq) will follow (xp)

r=p— next

q— prev:=p;:q— nexrt :=r

p —» next :=r — prev :=(




Awi & EAT O OAC PR

0i | AUE # Wplicel EOONIEDA

q q2 r->prev (=p1) r

AZpT @qugyanannak a [P s = Y I 0 O O

L

I S-S || S -

s 1=

C2L-nek az elemei

zpO O 8 Evhlaholzq (p=qislehet)

A aC2L[p, ..., ] szakaszanemtartalmaz

A semfejelemet

A semazrelemet

A zrelem ennek,vagyegyl U O®lEnekeleme
Asplice(p, g, r)elemii EOOAIT J OAIl AC

splice(p. q.r : E2%)

pli=p — prev: g2 := q — next

pl = next == q2 ; q2 — prev = pl

pl :=r — prev

p— prev:=pl:qg— next :=r

pl — next :=p:r — prev:.=q

A AfentiAl & £AT1 01 OAT 1 Al

A C2L egy adottp,...,qy OUAEAQUUO |

pi g2

v
S <~ R "L |

A majdazA1 0 U Odzakaseipy@@lemeA i &5 U E
Q)

U -3 OAI Ac‘gagx.{j Ud

r->prev (=p1) p g r

gl T3l T3 T3t T3l [3f




O1T | AUE # LprenUﬁEIOEOUUCIELDO\ (
A%‘I e ’CEA ‘I O I O A i [ G})li(t(z(;}. q.r: E2% D
A zpi @gugyanannakaC2L-nekazelemei

[
pl =p— prev: q2 = q — next

A zpO O 8 Evhlaholzg (p=qislehet) pl — next :==q2; g2 — prev = pl

A [p, ..., gl nemtartalmazzasema fejelemet,semazr elemet pli=r — prev
p— prev:=pl: q— next :==r

A zrelem ennek,vagyegyl U O®LEnekisleheteleme
Aappend(L,H)A | EUOUO
A 06 mIL@BLOT CialldLelemeit

pl — next :==p:r — prev :=q

A eredeti sorrendben @pptznd( L. H : E2* D
|

H — next # H

A hA 6 U1 allice An |
~e— R — _ splice( H — next, H — prev, L) SKIP
fo- JOAT AGE Qit—r

)

N\

r pl q2pl P g
L*lHA-_DiI E-ANS-TNE-SlS-AE ¢ > Rt s s = l';-*—.lll*;




0i I AADPOI COAIT E # WY,

. .
@Ength(ﬂ: E2%) : Nj
4 1 " ) R ) [ e : |
[C,-ZL_I{_.d(.l(l&.H. E2 D @p_rEmpt}'fH : EZ"D n— 0
H := new E2 p:=H — prev p:=H — next
read(x) p#H p#*H
p = new E2 unlink(p) n:=n++1
p— key:=ux delete p p = p — next
precede(p, H) p:=H — prev return n
U TC‘ZL i‘cad(”) 7 U reetEmpt-y(”) < (_)(”)Q] ? T:!'-Eﬂght(n'J € @(Iljj
U




# W, | EOQUEOA
Gllﬁtfl'titmsort(H: E2*‘D h T qH - m | 2] 7<= [ 6] T<=! |1‘SI |

[
r:=H — next : s :=r — next

s# H Hﬂmfmztllmﬂuaumwzmmm
r— key < s — key 1}
unlink(s) <
p =71 — prev
S oy > 5 — Jo H—> (1] s [ 2] b [9] ~eL (6] el [ 3]0
p# HANp— key > s — key m-_LD"_:L ;
p = p — prev 0
: r S
follow(p, s)

5 =1 — next J H_,mi‘md—:i|1]-|;¢|_|2|ﬁr_‘_[5-|qq \?I =03

?RTIS(??.) - Q(n) S P S r
ATys(n). MTys(n) € O(n?) o I_T_I'_Llj::t 1] se | 2] 5% [ 3] L [5] el (6]




Aunionlntersection (H,, H; : E2¥)

(Al Il AUl JRidhohOKBaY, | E

AwOAAiii U

A H,i &:szigmon.i E GehdezettCoL ek — A K1 E OO fdeddl £ 6binazokOT E & |
A Hi A G Eklenteitd0 AHI E 60O UA A

A H1 E OOHIAKG O Uikatrd E

As Al 0i OA1 Atq [

Gllli()llhlt(?l‘&i(.‘.(fti()Il (Hy, H; : EZ*D
[

As0AE 1 EOOAAI

q:= H, — next ; r .= H; — next

q#* H, Nr # H,;

A EI RO AAAIEU]

q— key <r — key \ q— key >r — key \q— key =1 — key

AlMT(, n)* g 1, +n)
A H,C2L hosszan,
A H. C2L hosszan,

q:=q — next

pi=r
r.=r — nexrt q = q — next
unlink(p) r=1r — nexrt

precede(p, q)

A-Eieio 1 E0OL

r # H,

p:=r:r:=r— nert; unlink(p)

A3UEci or AT 111

precede(p, H,)

I E OA Eréngldkdtt C2L



%l | AT 8 OUé& Ei OA]
Al AEA | AC A +i OEOUT Ui AEEI EEOO 1 EOO
ArOEA TAC A OAI O1 O OAT AAU&E Al Ci OEOI
I Al OO Ei O OUEGCI OT AT 1 1T11T0OIT 1TEOAEA
L Ac&£ZAI A1 ¢ AT AT AE UOAJUI Oi OAI Al €
Al 0 1 EOOUAAA ' | UOEE [T EOOA 1 AATT1TO
ArOEiI T AL EUOUOOR (1 AI U AU Al sUs &EAl AAAOE]
meg:

+7 O EAIT AU | AOOUAOI O

Avio EAITAU Ei 1T EI AOi Ci O
A+i o EAITAU OUEI i AOOEEDO AEAEAOAT AEUEUO
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Algoritmusok es
adatszerkezetekI.
4. Eloadas

Gyorsrendezes




Tartalom

A Ui 00O0AT AAUT O

Apartition i ccoOoilu

A cui 00@didkshrblU & E& AEA

A CcUi 000AT AAUGOAI ARBEAEOROOQ |

(N ] TN A A | D R

A6 ACUAO CUI OOOAT AAUI O




" Ul OO OAQuickstrti O
Aselenieg AT EOI AOI TE Al £l CAAEAOE

d - Y

EAOT EI T UOUGCT OOAAEI 10EAEOI OC

'y
ATl Ui AT 16 1 EOOUEOA Ui OAT
Ei AA O UheAy@orol00 A

AOOOAOUOE




>r‘r1,/(')UA i AC

1.Tengely pivotq EEOUIORD ABWAAGEE j Oi OUQOEI A ACU
2.27 OUAE OAD MO @ EOAEAMfiobinglyd 4 Ei A UOOAT AAUT OA
AT ET AATR A OAI] CAIl WA 1OATECERAOAA RTAT Al
Aanagyobbak-l OOUT A
Al 6Ad CAT 1 UAITA UG AATUESEE Oi OUAA
NaAT cAl U A Oicli ACAO EAI Ui OA EAOQI I

,,,,,,

S ~ pe Ve ~

41 OAEOOUEe Al ADAOAOAE
Ai 0A6 106 AU ACUAI AT J Oi OUOEI AEE
UEB AOGA Ei OUAll AATHAAE &EAO OAT AAUT Es




UAOAT CAI U

(Quicksort(A : T[n]

~
,Il [
vy

Quicksort(A,0,n — 1)

Sort A[0..(n—1)].

EEOUI AOUOUOA

U4EAAE | AET PPAI
U! 1 eAOUAOAE EITEOI O 1A
erdOAT AAAI 1T UUOT T EA A OA

UAcui 60

U&gi 1 61 6 EEOAOGATI 11T Uq

~

I ET AUOEO EAgAAI]

Ui OO00AT AAUT O Al C

i O A Oi OUAEOA AI

r

sz_gnirl{a'm (AT :p,r: ND

Sort Alp..r].

p<r

q := partition( A, p,r)

Quicksort( A, p,qg — 1)

Quicksort(A, g+ 1,7)

SKIP

cuob



Partiton £l CC Oi_| 1 Ud

(partition AT :p,r:N): N)

U*AlElT OAEQ | )
U Ak.my xé ha! I(ki 1T m):AlY xi i = random(p,r) // Select a random pivot
U Alk.m]dxe hal I(ki 1T m):Al]JIx swap(Ali], A[r]) // A[r] is the pivot

U BemenetAlp.ry Oi OphVOtESIpAD 8 ET AAGS Al Aigq ‘=p
p i r i < rNAli] < Alr
A5 [3[8]5 (6171
5 5 =141
A5 3[81|64]|T7|® | pivet =A[r] =5 ;<
U1l.cikusi ACEAOAOE AU x8 OA1 QAT UT T L, AT ATADC | EA
plifi r :
Al 5 [3lslt]ela]7|® J=r
UAjA EEOAOEAUé AlAloA UIiQxa Alj] < Alr]
L. D . = L
U pii<ii T : 7 swap( Alz]. A[7]) t =1
S EH EIE 8 1,. AR D | = L AD g Alp..r) < Alr]
U AzA[p.r¥ Oi OUOEI A inQUIAEAOUAEd i W8 1i=1+1
U Alp.iq pivot pl j1:=73+1
U Ali.jq pivot i< Hﬁ.&'ﬂ];[;ﬁ[i]__ 4[?“
U A[j..r) (ismeretlen) jl return i

U Alr] (pivot) r




PartitonZ&£l CCOi1 | U

Al 01 OUAAEAEAAT ¢ AU EOIA[ —imoid g

¢ := random(p, 1) Select a random pivot

A O I O A AT A | @éy’[] ’QIAA iUA E i O U A E A O U swap(Ali], Alr]) // Alr] is the pivot c

Li=7p

AAipc AU EOI AOAGI Al OUAEAOGLU AR
Asiciiq A G GAIOE ET O OU "

j<r

Al 10061 AEE OUAEAOU Al 6i 1| [ w -

SKIP | // Alp..r)

UAT EAOI T i OA dlembtid]j] <Al 6sdtieh EO A U =

| ACAOAOi Tl EIE A 1 UOI AEE OUAI swap (Ai], A[r]) '|
, return
UE E OA O E AalQuickéotd gem stabil

< z < 7 < r
Alp..i) < pivot, Ali..j) = pivot, A[j..r) (ismeretlen).  Alr] (a pivot)




Partition £l CC O

A Alj] = 1<pivot=5
A cserelj], Alil
A Al -> azAlp.1 1. OUAEAOUUET U
i A OATi@BmeyT i
A Al (azive A1 Aeallisgkasz
i A OATJelBmekdzakasza)
A3UAEAOUEAOUSI+E+OUI Of U
(cikl. inv. igaz maradjon)
AAl D @ivot=5
AAjl-O Ei UUUOAOOUI E A we

N\

Al ws AEE]I 606
(&
D 1 r
A:-]5 8 G 7B
UDOA
P ] r
A 1 6 710

Aj++ @




Partition £l CC O

AA[j] = 4 <pivot= 5

A cserepil, Alil)

Ai++

Aj++ (~1. eset)

UAlj] B pivotk 5

AAjl-0O Ei UUUOAOOUI E A w8

Aj++
UAp.ry Oi OUOEI A

O-/

U w8

U

AEE]

w8 AEEI OO O

@

)

P

AT T OUOUO AAAEAE

=

A:l) 61470

p i ]|

CAH 68|70

D 1 1T

(A5 |, +5 (87| 6
vyUOI E




PartitonZ£l CCOi | U

AapartiiontvE AT UAOOT Ci 1 AE Al A
| T C AA A EEOAOEAUé EAI EI ;
AAp.:azApry OEI A EAUAAGE UI4API
apartiion £1 CCOi T U | ACEpOUOAET O8

—  AapartiionfvAl & £AT O OAT Adq,
Ao pkr<A.ength(p,rafv-AT AAT 11 EIT OOAI O
/

N\






Static int PsPtithﬁf:’t[] A, int

[ 1Nt p, int r)

a
F{andam rand = new F:andc:m-”-'
L

1nt pivotIndey =

l"ﬂﬂd.NEJ{tl:p + 1

. » T H

Swap(a, PivotIndex, r}; J
3

while

I
L

(i <r 2 .ﬂ.[i] <= ',:,'[r..]:,

1+4;

>

private static woid Swap(int[] A, int i, int j)

{

public static void Main()

{

int[] array = { 3, 8, 2, 5, 1, 4, 7, 6 };

Console.Writeline("Eredeti tomb: + string.Jloin(", ™, array));

QuickSort(array, &, array.lLength - 1);

+ string.Join(™, ", array));

Console.Writeline("Rendezett tomb:



Il CUI OOOAT AAUOAI ANBE,

Al EAT OE patitiongO U GOAT AOECi 1 UA 1 E1 AUOEO
UA Ei O AEEpO OX AEPABAOUAE&e O Oi CAU
A- 30A1 AGECI T Uq,

mT(n), ATNNgi I 11 C q
MT(n)N g j?)

Al OGUOEAGE OACU UOIACI O 1 J0OAI AGECiIiT U AOUEI DO
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+ key T /T
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Node®

+ Node(z

+ Node() { Eeft = right == Q } eovesiesu fat képez beldle

T) { left :=right =Q : key :=z }

Node3

+ key - T

+ left,right, parent : Node3™*

J valamilven ismert tipus

+ Node3(p:Node3*) { left := right := © : parent :==p }

. T. p:Node3*) { left := right .= ® : parent :=p : key .=z }

+ Node3(z
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public class MNode<T>

1 public static wveid LevelOrder<T»>(Node<T:>? node, Action<T> process)
public T Key { get; set; } {
public Node<T>? Left { get; set; } if (node == null) return;
public Mode<T>? Right { get; set; }

Queus<Node<T>> queue = new Queus<Node<T>>();
public Node() queue . Enqueue (node ) ;
1
Left = Right = null; while (queue.Count > &)
¥ 1

Mode<T> current = gqueue.Dequeue();
public Node(T key) process(current.Key);

1

Key = key; if (current.lLeft != null) queue.Enqueue(current.Left);

Left = Right = null; if (current.Right != null)} queue.Engqueue(current.Right);
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static void Inorder<T:>({Node<T»? node, Action<T: process)

Inorder{node.Left, process);
i = TaT]
process{node.Key);

Inorder{node.Right, process);

+
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class Binary

{

M

Tree

public static Mode3<T» InorderNext<T:>{Node3<T> p)

{

A i AAQ 1 O0UOUI U | ACOA]

{

null) return null;

Mode3<T» q = p.Right;
if (g != null)
1

public T Key;
public Mode3<T» Left, Right, Parent;

while (g.Left != null)
1

public Mode3({MNode3<T> p)
{

q = q.Left;

Left = Right = null;
Parent = p;

1.
J

return q;

public MNode3(T x, MNode3<T> p)

{

q = p.Parent;
while (g != null && g.Left != p)

Key = x;
Left = Right = null;
Parent = p;

public static void Main{string[] args)

{

= 03
q.Parent;

L T
]

Mode3<int> root = new Node3<int»>{18, null);
root.Left = new Node3<int>(5, root);

root.Right = new Mode3<int>(15, root);
root.Left.lLeft = new Node3<int>(3, root.Left);
root.Left.Right = new MNode3<int>{7, root.Left);
root.Right.Right = new Mode3<int>({18, root.Right);

return q;

Mode3<int> next = InorderNext({root.Left);

Console.WriteLine(next != null ? next.Key.ToString() : "null"|
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Algoritmusok es
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7. Eloadas

Binaris keresofa, prioritasos
sor, kupac
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