[bpBeTa 3a TbpceHe

Tpudbon TpudoHos

CTpyKTypy OT AaHHW W NPOrpamupaHe,

cney,. KomntoTbpHn Hayku, 2 notok, 2015/16 r.

11 — 18 pekemspu 2015 .

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



IbpBeTa 33 ThbpceHe

OpraHusauns, kosiTo No3BossiBa ObP30 HAMUPaAHE Ha EJIEMEHTN B
4BPBOTO

PazuuTta Ha nuHeliHa Hapeaba Ha enemeHTUTE

OcHoBHY onepauuu:

create() — cb3fgaBaHe Ha NPasHO ABPBO 3a TbpCeHe
insert (x) — BKJIOYBaHE Ha efleMeHT

remove (X) — W3KNOYBAHE HA E/IEMEHT

search(x) — TbpceHe Ha efleMeHT

ObunkHoBeHO enemeHTuTe ca ABOMKN (K/IHOY,CTORHOCT)

EnemenTuTe Ca HapeaeHn OTHOCHO KJIFOHOBETE CU

CroiiHocTuTe HOCAT AAQHHUTE Ha €/1IEMEHTA
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lBon4Ho AbpBO 3a TbpCeHe
Hedvnnuns (JsonyHo gbpeo 3a TbpceHe)
@ [lpasHoTo gbpeo L e OAOT
o (X,L,R) e AT, ako

o X e no-ronsiMo OT OT BCUYKMN efieMeHTn B L
o X e no-masnko oT OT BCUYKW eneMeHTn B R
o Lun R cbwo ca 44T

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe

N



[ABounyHo gbpBO 3a ThpceHe

lBon4Ho AbpBO 3a TbpCeHe

Hedvnnuns (JsonyHo gbpeo 3a TbpceHe)

@ [lpasHoTo gbpeo L e OAOT
o (X,L,R) e AT, ako
o X e no-ronsiMo OT OT BCUYKMN efieMeHTn B L

o X e no-masnko oT OT BCUYKW eneMeHTn B R
o Lun R cbwo ca 44T

Mpumep: °
) (8
(2) () ()
@ @
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TbpceHe Ha enemeHT

Tpudon Tpuconos (CAM-KH 15/16)

AbpBeTa 32 TbpceHe

DA



BkatoyBaHe Ha eneMeHT
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BkatoyBaHe Ha eneMeHT
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AbpeeTa 3a TbpceHe

DA



[BonyHo ABLpBO 3a TbpceHe

BkatoyBaHe Ha eneMeHT

A A AA
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AbpeeTa 3a TbpceHe

DA



[ABounyHo gbpBO 3a ThpceHe
I3kntoyBaHe Ha enemMeHT
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[BonyHo ABLpBO 3a TbpceHe

I3kntoyBaHe Ha enemMeHT
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AbpeeTa 3a TbpceHe

DA



[BonyHo ABLpBO 3a TbpceHe

I3kntoyBaHe Ha enemMeHT
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DA



IskntousaHe Ha eneMeHT — obuy cay4aii
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AbpBeTa 3a TbpceHe

DA



IskntousaHe Ha eneMeHT — obuy cay4aii
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DA



Banancupann gepeeta

OnTuManHa BUCOYMHA Ha ABbpPBO

CnoXHOCTTa Ha BCUYKM Onepauun 3a ABOMHHO AbpBO Ao Tbpcete e O(h),
KbAeTo h e BMCOYMHATA Ha ObPBOTO.
3Haem, ye logy(n+1) < h < n.

@ h=n <> [BpBOTO € N3POAEHO A0 CMMCHK

@ h =logy(n+ 1), koraTo ABLPBOTO € MbLIHO
@ camo ToraBa nm?
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BanaHcupaHo obpBO
Dedunruuns (Banavcnparno gbpeo)

@ [lpasHoTo gbpBO L e banaHcupaHo
e (X, L, R) e banaHcupaHo, ako

o |h(L) — h(R)| < 1

o L n R cbwo ca banaHcupaHu
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BanaHcupaHo obpBO
Dedunruuns (Banavcnparno gbpeo)

@ [lpasHoTo abpeBO L e banaHcmpaHo
e (X, L, R) e banaHcupaHo, ako

o |h(L) — h(R)| < 1

e L n R cbwo ca banaHcupaHu

o & - = DA
Tpudon Tpuconos (CAM-KH 15/16) Abpeeta 3a TbpceHe




Banancupanu abpeerta
BanaHcupaHo obpBO

Dedunruuns (Banavcnparno gbpeo)

@ [lpasHoTo abpeBO L e banaHcmpaHo
e (X, L, R) e banaHcupaHo, ako

o |h(L) — h(R)| < 1

o L n R cbwo ca banaHcupaHu

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe




OnTumanHa BUCOYMHA Ha BanaHcupaHo AbPBO
Teopema

3a banaHcupaHun [bpBETa BUCOYNHATA € Bb3MOXXHO Hali-MaJika

o & - = DA
Tpudcon Tpuconos (CAM-KH 15/16) Abpeeta 3a TbpceHe




OnTumanHa BUCOYMHA Ha BanaHcupaHo AbPBO
Teopema
h = [loga(n+1)].

3a banaHcupaHn AbpBETa BUCOYNHATA € Bb3MOXXHO Hali-Masika, T.e.

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



Banancupann gepeeta

OnTumanHa BUCOYMHA Ha BanaHcupaHo AbPBO

Teopema

3a banaHcupaHn AbpBETa BUCOYNHATA € Bb3MOXXHO Hali-Masika, T.e.

h = [loga(n+1)].

ObpaTHoTO BSIpHO NN €7

[m] = =
Tpudon Tpuconos (CAM-KH 15/16) Abpeeta 3a TbpceHe



Banancupann gepeeta

OnTumanHa BUCOYMHA Ha BanaHcupaHo AbPBO

Teopema

3a banaHcupaHn 4BpPBETA BUCOYMHATA € BB3MOXHO Hal-Masika, T.€.
h = [loga(n+1)].

ObpaTHoTO BSIpHO NN €7

Hel

u]
o)
I
i
it
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Banancupann gepeeta

peanto banaHcupaHo AbpBo

Hedunnuns (Mpeanto banaHcuparo gbpeo)

o [lpasHoTo abpBO L e npgeanHo banaHcupaHo
e (X,L,R) e npeanto banaHcmpaHo, ako

o |s(L) —s(R)| <1, kbpeto s(T) osnauasa bpos Ha Bb3AuTe B T
o L u R cbwo ca ugeanHo banaHcmpanu
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Banancupann gepeeta

peanto banaHcupaHo AbpBo

Hedunnuns (Mpeanto banaHcuparo gbpeo)

o [lpasHoTo abpBO L e npgeanHo banaHcupaHo
e (X,L,R) e npeanto banaHcmpaHo, ako

o |s(L) —s(R)| <1, kbpeto s(T) osnauasa bpos Ha Bb3AuTe B T
o L u R cbwo ca ugeanHo banaHcmpanu

Mpumep:
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BanaHcupatn v ngeanto banaHcupaHun gbpeeTa
Kakga e Bpb3kaTa Mexay banaHcupaHu u ugeanHo banaHcupaHu abpeeTa’?

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe

N



Banancupann gepeeta

BanaHcupatn u ngeanHo banaHcupaHu abpeeTa

Kakga e Bpb3kaTa Mexzay banaHcupanm n ngeanHo banaHcupanm gopeera’

Teopema

Bcsiko ugeanHo banaHcmpaHo gbpso e banaHcupaHo. J
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Banancupann gepeeta

BanaHcupatn u ngeanHo banaHcupaHu abpeeTa

Kakga e Bpb3kaTa Mexzay banaHcupanm n ngeanHo banaHcupanm gopeera’

Teopema

Bcsiko naeanro banancuparo bpso e basaHcupaHo. J
[okasaTencTeo.

NHaykums no BncovmHaTa Ha AbPBOTO. DJ
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Banancupann gepeeta

BanaHcupatn u ngeanHo banaHcupaHu abpeeTa

Kakga e Bpb3kaTa Mexzay banaHcupanm n ngeanHo banaHcupanm gopeera’

Teopema

Bcsiko naeanro banancuparo bpso e basaHcupaHo. J
[okasaTencTeo.

NHaykums no BncovmHaTa Ha AbPBOTO. DJ

ObpaTHoTO BSIpHO Jin €7
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Banancupann gepeeta

BanaHcupatn u ngeanHo banaHcupaHu abpeeTa

Kakga e Bpb3kaTa Mexzay banaHcupanm n ngeanHo banaHcupanm gopeera’

Teopema

Bcsiko ugeanHo banaHcmpaHo gbpso e banaHcupaHo. J
[okasaTencTeo.

NHayKums no BMCOYMHATA Ha L bPBOTO. DJ
ObpaTHoTo BsipHo sim e? He: °
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Banancupann gepeeta

[locTposiBaHe Ha naeanHo banaHcMpaHo AbPBO

Mo magjeH copTupaH CNUCHK MOXKEM Aa MOCTPOUM UAeanHo BanaHcmpaHo
LBONYHO ABPBO 3a TbPCEHE.

CTpoum pekypcrBHO:
@ l3bupame 3a kopeH X “cpefHus’ enemeHT Ha CNUCHKa

@ JIaBoTO NoaABLPBO CTPOMM OT MOACNUCHKA BAABO OT 'cpeaHus’”
eNeMeHT

@ [lacHOTO NoaabpBO CTPOUM OT MOACMUCHKA BAACHO OT '‘cpeaHust’
enemMeHT

,El,BaTa noaAcnnCeKa nmat I'Ipl/l6J1VI3VIT€J1HO PaBHU OBJIXXKNHN

Pekypcusita Hu rapaHTupa ngeanHa banaHcupaHocTt

‘1[2[3[4]s 6 [7[EoTI0 ITTI2]
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AVL pbpeeta

CamobanaHcupaliy ce abpeeTa 3a TbpceHe

Moxem ga nocturtem cnoxtoct O(log n) Ha onepaumnTe ThbpceHe,
BKJIIOYBaHE U N3KtOYBaHe, ako paboTum camo ¢ banaHcupaHn gbpeeTa.
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AVL pbpeeta

CamobanaHcupaliy ce abpeeTa 3a TbpceHe

Moxem ga nocturtem cnoxtoct O(log n) Ha onepaumnTe ThbpceHe,
BKJIIOYBaHE U N3KtOYBaHe, ako paboTum camo ¢ banaHcupaHn gbpeeTa.

Npes: ako abpeoTO ce pasbanaHcupa cnef BKAKOYBAHE AU U3KIOYBAHE,
fa ro banaHcmpame HaHOBO.
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AVL pbpeeta

CamobanaHcupaliy ce abpeeTa 3a TbpceHe

Moxem ga nocturtem cnoxtoct O(log n) Ha onepaumnTe ThbpceHe,
BKJIIOYBaHE U N3KtOYBaHe, ako paboTum camo ¢ banaHcupaHn gbpeeTa.

Npes: ako abpeoTO ce pasbanaHcupa cnef BKAKOYBAHE AU U3KIOYBAHE,
fa ro banaHcmpame HaHOBO.

Wwma pasnnynn Bapuauun Ha camobanaHcupaliy ce gbpBeTa:
@ 2-3 nbpBO
e AVL abpeo
@ 4epBEHO-YEPHO ABPBO
@ Koco gbpeo (splay tree)

e [lekaptoBo AbpBO (treap)
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AVL pgbpeo

Mpepnoxerno ot Agenbcon-Benckuii n Jlanguc npes 1962 r.

OcHosHa nges: Besko nogaspeo T = (X, L, R) noaabpxa koedpuumeHt
Ha banaHc:

b(T) = h(R) — h(L)

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pekemspu 2015 r. 15 / 28



AVL pgbpeo

Mpepnoxerno ot Agenbcon-Benckuii n Jlanguc npes 1962 r.

OcHosHa nges: Besko nogaspeo T = (X, L, R) noaabpxa koedpuumeHt
Ha banaHc:

b(T) = h(R) — h(L)

Eano AVL abpeo T e 6anaHcmpaHo
<~
b(T") € {—1,0,1} 3a Bcsiko nogabpeo T’ Ha T
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CamobanaHcupare
banaHca Ha Hakol Bb3en!

4 OI'IepaLI,I/II/ITe 3a BKJIFOYBAHE N U3KNKOYBAHE MOXXE fa NPOMEHAT

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTa 3a TbpceHe

N



AVL pbpeeta

CamobanaHcupate

o OnepauunTe 3a BKIOYBAHE U U3KIKOYBAHE MOXE [a NPOMEHAT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)
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AVL pbpeeta

CamobanaHcupate

o OnepauunTe 3a BKIOYBAHE U U3KIKOYBAHE MOXE [a NPOMEHAT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)
e PasbanaHcupane ce nonyyasa npu b(T) = +2

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pgekemspu 2015 r. 16 / 28



AVL pbpeeta

CamobanaHcupate

o OnepauunTe 3a BKIOYBAHE U U3KIKOYBAHE MOXE [a NPOMEHAT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)
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e b(T)= —2 — nsBoTO NOAABPBO € C 2 HNBA MO-BNCOKO OT JSICHOTO
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AVL pbpeeta

CamobanaHcupate

o OnepauunTe 3a BKIOYBAHE U U3KIKOYBAHE MOXE [a NPOMEHAT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)

e PasbanaHcupane ce nonyyasa npu b(T) = +2
e b(T)= —2 — nsBoTO NOAABPBO € C 2 HNBA MO-BNCOKO OT JSICHOTO

o b(T) =2 — AACHOTO NOAABPBO € C 2 HNBA NO-BUCOKO OT NISIBOTO
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AVL pbpeeta

CamobanaHcupate

o Ol'lepaLl,VIVITe 3a BKJIKOYBAHE N U3KNKOYBAHE MOXE Oa I'IpOMEHﬂT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)

e PasbanaHcupane ce nonyyasa npu b(T) = +2
o b(T) = —2 — nABOTO NOLABPBO € C 2 HNBA MO-BUCOKO OT ASICHOTO

o b(T) =2 — AACHOTO NOAABPBO € C 2 HNBA NO-BUCOKO OT NISIBOTO

o [ledbuHnpame onepauun 3a “3aBbpTaHe’, KOUTO Bb3CTAHOBSIBAT
banaHca.
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CamobanaHcupate
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AVL pbpeeta

CamobanaHcupate

o Ol'lepaLl,VIVITe 3a BKJIKOYBAHE N U3KNKOYBAHE MOXE Oa I'IpOMEHﬂT
banaHca Ha Hskoil Bb3en!

o [lpomsiHaTa HsiMa Kak fa e ¢ nosede ot £1 (3awo?)

e PasbanaHcupane ce nonyyasa npu b(T) = +2
o b(T) = —2 — nABOTO NOLABPBO € C 2 HNBA MO-BUCOKO OT ASICHOTO
o 'aBbpTame HagsAcHO' 3a aa banaHcupame
o b(T) =2 — AACHOTO NOAABPBO € C 2 HNBA NO-BUCOKO OT NISIBOTO

o "zaBbpTame HansBo' 3a ga bGanaHcupame

o [ledbuHnpame onepauun 3a “3aBbpTaHe’, KOUTO Bb3CTAHOBSIBAT
banaHca.
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AVL pbpeeta
3aBbpTaHe HagscHo (zig)

L 4

Tpudon Tpuconos (CAM-KH 15/16)
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

L 4

b(Y)=?
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

L 4

K(Y)=?
>0
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AVL pbpeeta
3aBbpTaHe HagscHo (zig)

(i

p(Y)=?
| cn. b(X) >0 = h(B) > h(A)

Tpudon Tpuconos (CAM-KH 15/16)
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3aBbpTaHe HagscHo (zig)

AVL pbpeeta

B(Y) =7
| cn. b(X) > 0 = h(B) > h(A) = h(X) = h(B)
Tpudon Tpuconos (CAM-KH 15/16)
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

b(Y)=?

| cn. b(X) >0 = h(B) > h(A) = h(X) = h(B)

— b(Y) = h(C) — h(X)

Tpudon Tpuconos (CAM-KH 15/16)
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

b(Y)=?

| cn. b(X) >0 = h(B) > h(A) = h(X) = h(B)
h(X) = h(C)

— b(Y) = h(C) — y

h(B) -1
b(Y)
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

b(Y)=?

| cn. b(X) >0 = h(B) > h(A) = h(X) = h(B) + 1
h(X) = h(C)

— b(Y) = h(C) — y

b(Y)

Tpudon Tpuconos (CAM-KH 15/16)

h(B)—1 = B(Y)=b(Y)+1
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

L 4

B(Y)=?
I cn. b(X) <0

Tpudon Tpuconos (CAM-KH 15/16)
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AVL pbpeeta
3aBbpTaHe HagscHo (zig)

L 44

b'(Y)=?
Il cn. b(X) < 0= h(B) < h(A)
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3aBbpTaHe HagscHo (zig)

AVL pbpeeta

b(Y)=?

Il cn. b(X) <0 = h(B) < h(A) = h(X)

Tpudon Tpuconos (CAM-KH 15/16)
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AVL pbpeeta

3aBbpTaHe HagscHo (zig)

b(Y) =2
h(A) — 1

Il cn. b(X) <0 = h(B) < h(A) = h(X)
= b(Y)=h(C) -
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= h(A)
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AVL pbpeeta

3aBbpTane HagscHo (zig)

N (X

At 440

Il cn. b(X) < 0 = h(B) < h(A) = h(X) = h(A) +1
= b(Y) = h(C) — h(A) — 1 = h(C) — h(B) + h(B) — h(A) ~1

b (Y) b(X)
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AVL pbpeeta

3aBbpTane HagscHo (zig)

N (X

A .
AA AA

Il cn. b(X)<0:>h(B)<h(A):>h(X):h(A)+1
= b(Y) = h(C) — h(A) — 1 = h(C) — h(B) + h(B) — h(A) ~1

b (Y) b(X)

= b(Y) = b(Y) — b(X) +1
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3aBbpTaHe HagscHo (zig)

AVL pbpeeta

b(X) + 1,

(v) = b(Y)+1,
b(Y)

ako b(X)
Tpudon Tpuconos (CAM-KH 15/16)

ako b(X) < 0

AbpeeTta 3a TbhpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

L 4

B(X) =7

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTa 3a TbpceHe

DA



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

L 4

b(X) =?
I cn. b(Y) <0

Tpudon Tpuconos (CAM-KH 15/16)

AbpBeTa 32 TbpceHe

DA



AVL pbpeeta
3aBbpTaHe HagscHo (zig)

i

b'(X) ="
lcn. b'(Y)<0= h(B) > h(C)

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



3aBbpTaHe HagscHo (zig)

AVL pbpeeta

b(X) =
I cn. B(Y) <0 = h(B) > h(C) = H(Y)=h(B)+1

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

b(X) =
I cn. B(Y) <0 = h(B) > h(C) = H(Y)=h(B)+1
h(A)

— H(X) = H(Y) -

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

— H(X) = H(Y) -

b(X) =
I cn. B(Y) <0 = h(B) > h(C) = H(Y)=h(B)+1
h(A) = h(B)

h(A) +1
b(X)

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

— H(X) = H(Y) -

b(X) =
I cn. B(Y) <0 = h(B) > h(C) = H(Y)=h(B)+1
h(A) = h(B)

b(X)

Tpudon Tpuconos (CAM-KH 15/16)

h(A) +1 = b/(X) = b(X) + 1

AbpeeTa 3a TbpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

(b 44

B (X) =?
Nen b(Y)>0

Tpudon Tpuconos (CAM-KH 15/16)

AbpBeTa 32 TbpceHe

DA



AVL pbpeeta
3aBbpTaHe HagscHo (zig)

L 44

b'(X) =2
Il cn. b'(Y)>0= h(B) < h(C)

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



3aBbpTaHe HagscHo (zig)

AVL pbpeeta

b(X)=?
Il cn. B(Y) > 0= h(B) < h(C) = K(Y) = h(C) + 1
Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

B(X) =7

Hen. B(Y)>0= h(B) < h(C) = h(Y) = h(C)+1

— H(X) = h(C) +1— h(A)

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

3aBbpTane HagscHo (zig)

N (X

v

Y

Ilcn. b'(Y)>0= h(B) < h(C) = H(Y)=h(C)+1
= b'(X) = h(C) +1—h(A) = h(C) — h(B) + h(B) — h(A) +1

b (Y) b(X)
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AVL pbpeeta

3aBbpTane HagscHo (zig)

N (X

v

Y

Ilcn. b'(Y)>0= h(B) < h(C) = H(Y)=h(C)+1
= b'(X) = h(C) +1—h(A) = h(C) — h(B) + h(B) — h(A) +1

b (Y) b(X)

= b(X) = b(X) + B(Y) +1

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 17 / 28



AVL pbpeeta

3aBbpTaHe HagscHo (zig)

Y)+1
- b(Y)
X

b(X)+1,

ako b(X) >
ako b(X ) < 0
ako b'(Y) <0
b(X)+ b (Y)+1, akob'(Y)>0
Tpudon Tpuconos (CAM-KH 15/16) Obpeeta 3a TbpceHe -

=



AVL pbpeeta

3aBbpTaHe HagsicHo (zig)

) —b(X)+1, ako b(X)<0
B(X) b(X) + 1, ako b'(Y) <0,
b(X)+ b (Y)+1, akob'(Y)>D0.

B(X) > b(X), b(Y)> b(Y)

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pgekemspu 2015 r. 17 / 28




AVL pbpeeta

3aBbpTaHe Hansgo (zag)
\[\ Q

DA

Tpudon Tpuconos (CAM-KH 15/16)

AbpBeTa 3a TbpceHe



AVL pbpeeta

3aBbpTaHe Hansgo (zag)

B(Y) = b(Y)+1, ako b(X) >0,
| B(Y) = b(X)+1, ako b(X) <O0.
B(X) = b(X) + 1, ako b'(Y) <0,
S bX)+H(Y)+1, ako K(Y)>0.

Tpudon Tpuconos (CAM-KH 15/16) Obpeeta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe Hansgo (zag)

b

b(Y) b(Y)+1, ako b'(X) >0,
YY) - (X)+1, ako b(X)<O0.
b(X) = b'(X)+1, ako b(Y) <0,
CP(X)+b(Y)+1, ako b(Y)>0.

it
)
»
i)

Tpudon Tpuconos (CAM-KH 15/16) Obpeeta 3a TbpceHe



AVL pbpeeta

3aBbpTaHe Hansgo (zag)

b(Y) = {b(v)
H(X)

b(Y)+b’(X)—1
Cbx) -1
O ex) -

ako b'(X) >0,

ako b'(X) < 0.
ako b(Y) <0

Tpudon Tpuconos (CAM-KH 15/16)

— Y
ako b(Y) >0
AbpeeTta 3a TbpceHe

b(Y) -1



AVL pbpeeta

3aBbpTate HansBo (zag)

(X) A

OV N Y

ooy ) B(Y) =1, ako b'(X) >0,
vy = {b(Y) +b(X)—1, ako b(X)<O.

iy ) BX) =1, ako b(Y) <0,
Hx) = {b(X)—b(Y)—l, ako b(Y) > 0.

B(X) < b(X), b(Y)<b(Y)

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pgekemspu 2015 r.
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BanaHcunpane HagscHo

@ Bobptum HagsicHo, ako b(Z) = —2

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



BanaHcunpane HagscHo

@ Bobptum HagsicHo, ako b(Z) = —2
o Bhumanue: Ako b(Y) =1, To

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



BanaHcunpane HagscHo

Y%

@ Bobptum HagsicHo, ako b(Z) = —2
o Bhumanue: Ako b(Y) =1, To
o M(Z)=b(Z)+1=-1

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



BanaHcunpane HagscHo

Y%

e Buptum HagsicHo, ako b(Z) = —2
@ Bhumanuve: Ako b(Y) =1, To

o M(Z)=b(Z)+1=-1

o b'(Y)=b(Y)+1=2

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta

BanaHncupane HagscHo

@ Bobptum HagsicHo, ako b(Z) = —2
@ Bhumanuve: Ako b(Y) =1, To
o W(Z)=b(Z)+1=—1
o B(Y)=b(Y)+1=2
e Tpsbea pa nogeurypum, ve b(Y) <0...

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a TbpceHe 11 — 18 pekemspu 2015 r.
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AVL pbpeeta

BanaHncupane HagscHo

Bbptum HagsicHo, ako b(Z) = -2
Buumanne: Ako b(Y) =1, 1o

o W(Z)=b(Z)+1=—1

o B(Y)=b(Y)+1=2
Tpsibea ga nogcurypum, e b(Y) <0...

...C MpPefBapuTEesHO 3aBbpTaHe Hanseo!

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r.
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AVL pbpeeta

[BoiiHo banaHcupare HagsicHo (zag-zig)

e Ako b(X) =1, nbpBo 3aBbpTamMe HassiBO 0kosO X.

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta

[BoiiHo banaHcupare HagsicHo (zag-zig)

e Ako b(X) =1, nbpBo 3aBbpTamMe HassiBO 0kosO X.

e Taka b'(X) <0mb(Y)<O

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe




AVL pbpeeta

[BoiiHo banaHcupare HagsicHo (zag-zig)

e Ako b(X) =1, nbpBo 3aBbpTamMe HassiBO 0kosO X.
e Taka b'(X)<0m b (Y) <O

@ Beue Moxem ga 3aBbpTMM HagsicHo okosio Y.

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 20 / 28



AVL pbpeeta

[BoiiHo banaHcupare HagsicHo (zag-zig)

e Ako b(X) =1, nbpBo 3aBbpTamMe HassiBO 0kosO X.
e Taka b'(X)<0m b (Y) <O

@ Beue Moxem ga 3aBbpTMM HagsicHo okosio Y.

e Cnep banancupane cme curyphu, 4e b (Y) < h(Z), T.e. HamansiBame
BMCOYMHATA.

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 20 / 28



AVL pbpeeta

BanaHcnpane Hansgo

YN

@ Bobptum Hansiso, ako b(Z) =2

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe



AVL pbpeeta
BanaHcnpane Hansgo
YN
@ Bobptum Hansiso, ako b(Z) =2
@ Buumanuve: Ako b(Y) = —1, 1o

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta
BanaHcnpane Hansgo

YN

A

@ Bobptum Hansiso, ako b(Z) =2
@ Buumanuve: Ako b(Y) = —1, 1o
o b(Z)=b(Z)-1=1

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta
BanaHcnpane Hansgo

YN

A

@ Bobptum Hansiso, ako b(Z) =2

@ Buumanuve: Ako b(Y) = —1, 1o
o b(Z)=b(Z)-1=1

o H(Y)=b(Y)—1=-2

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta
BanaHcnpane Hansgo

YN

A

@ Buptum Hansio, ako b(Z) =2
o Bhumanue: Ako b(Y) = —1, 10
o M(Z)=b(Z)-1=1

o M(Y)=b(Y)-1=-2

e Tpsibea pa noacurypum, ve b(Y) >0

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta

BanaHcupaHe HansiBo

BbpTtum Hansiso, ako b(Z) =2
Buumanne: Ako b(Y) = —1, To

o V(Z)=b(Z)-1=1

o B(Y)=b(Y)-1= 2
Tpsibea ga nogcurypum, e b(Y) > 0...

...C MPefBapuTEsIHO 3aBbpTaHe HaAsICHO!

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 21 /28



AVL pbpeeta

[BoiiHo banancupare Hansigo (zig-zag)

e Ako b(Z) = —1, nbpBo 3aBbPTaMe HaAsICHO OKoJo Z.

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe



AVL pbpeeta

[BoiiHo banancupare Hansigo (zig-zag)

e Ako b(Z) = —1, nbpBo 3aBbPTaMe HaAsICHO OKoJo Z.
e Taka b'(Z)>0mn b (Y)>0

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbhpceHe




AVL pbpeeta

[BoiiHo banaHcupare Hanseo (zig-zag)

e Ako b(Z) = —1, nbpBo 3aBbPTaMe HaAsICHO OKoJo Z.
e Taka b'(Z)>0mn b (Y)>0

@ Beue MoxeM pa 3aBbpTUM Hansiso okosio Y.

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 22 /28



AVL pbpeeta

[BoiiHo banaHcupare Hanseo (zig-zag)

e Ako b(Z) = —1, nbpBo 3aBbPTaMe HaAsICHO OKoJo Z.
e Taka b'(Z)>0mn b (Y)>0

@ Beue MoxeM pa 3aBbpTUM Hansiso okosio Y.

e Cnep banancupane cme curyphu, de h'(Y) < h(X), 1.e. HamansiBame
BMCOYMHATA.
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AVL pbpeeta

Kora ga banancupame?

(] KOFaTO BKJIFO4YBaMeE WJIN N3KNKOYBaME €JIEMEHT, Tpﬂ6Ba Aa cneamm
Kora banaHCcbT ce NpoMeHs

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pekemspu 2015 r. 23 /28



AVL pbpeeta

Kora ga banancupame?

(] KOFaTO BKJIFO4YBaMeE WJIN N3KNKOYBaME €JIEMEHT, Tpﬂ6Ba Aa cneamm
Kora banaHCcbT ce NpoMeHs

@ [lpu npomsHa Ha banaHc e Tpsbea ga npebanaHcupame

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pekemspu 2015 r. 23 /28



AVL pbpeeta

Kora ga banancupame?

o KOFaTO BKJIFO4YBaMeE WJIN N3KNKOYBaME €JIEMEHT, Tpﬂ6Ba Aa cneamm
Kora banaHCcbT ce NpoMeHs

@ [lpu npomsHa Ha banaHc e Tpsbea ga npebanaHcupame

@ 3aToBa e peannsmpamMme BKJKOYBAHETO N N3KTKOHYBAHETO PEKYPCUBHO

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 23 /28



AVL pbpeeta

Kora ga banancupame?

o KOFaTO BKJIFO4YBaMeE WJIN N3KNKOYBaME €JIEMEHT, Tpﬂ6Ba Aa cneamm
Kora banaHCcbT ce NpoMeHs

Mpu npomsiHa Ha BanaHc we Tpssbea aa npebanaHcupame

3aToea e peannsmpamMme BKJKOYBAHETO N N3KTKOHYBAHETO PEKYPCUBHO

Ha obpaTHusi xof Ha pekypcusitTa we npebanaHcupame npu HyXaa

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 23 /28



AVL pbpeeta

Kora ga banancupame?

o KOFaTO BKJIFO4YBaMeE WJIN N3KNKOYBaME €JIEMEHT, Tpﬂ6Ba Aa cnegnm
Kora banaHcHLT ce npomeHst

Mpu npomsiHa Ha BanaHc we Tpssbea aa npebanaHcupame
3aToBa LWe peasm3npamMe BKAIOYBAHETO N U3KIOYBAHETO PEKYPCUBHO

Ha obpaTHusi xof Ha pekypcusitTa we npebanaHcupame npu HyXaa

BanaHcbT ce NPOMEHA KOraTo BUCO4YMHATA Ha AETETO CE € yBe/nm4dnna
nan Hamanumna

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pekemspu 2015 r. 23 /28



BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE
BanchmpaHe npn BKAKOYBaHE
=] = - = o



AVL pbpeeta

BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE

BanchmpaHe npn BKAKOYBaHE

(] ﬂpm ABbHOTO Ha BK/IKOYBAHETO BNCOYMHATA BUHArm ce yeeam4daea C 1
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BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE
BanchmpaHe npn BKAKOYBaHE

(] ﬂpm ABbHOTO Ha BK/IKOYBAHETO BNCOYMHATA BUHArm ce yeeam4daea C 1

@ Ako BUCOYMHATA Ha NO-HUCKOTO Aere ce yeeJnm4unm, To BACOHNHATA Ha
poanTensa HE Ce€ NPOMEHA

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTta 3a ThpceHe 11 — 18 pekemspu 2015 r. 24 / 28



AVL pbpeeta

BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE

BanchmpaHe npn BKAKOYBaHE
(] ﬂpm ABbHOTO Ha BK/IKOYBAHETO BNCOYMHATA BUHArm ce yeeam4daea C 1

@ Ako BUCOYMHATA Ha NO-HUCKOTO Aere ce yeeJnm4unm, To BACOHNHATA Ha
poanTensa HE Ce€ NPOMEHA

o ﬂpm 63J'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JeTeTo
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AVL pbpeeta

BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE

BanchmpaHe npn BKAKOYBaHE
(] ﬂpm ABbHOTO Ha BK/IKOYBAHETO BNCOYMHATA BUHArm ce yeeam4daea C 1

@ Ako BUCOYMHATA Ha NO-HUCKOTO Aere ce yeeJnm4unm, To BACOHNHATA Ha
poanTensa HE Ce€ NPOMEHA

o ﬂpm 63J'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JeTeTo

BanchmpaHe npn N3kKnko4BaHe
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AVL pbpeeta

BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE

BanaHcupaHe npu BkatoYBaHe
o [lpn 4BHOTO HA BKIOYBAHETO BUCOYMHATA BMHArM ce yBennyaea ¢ 1

@ AKO BUCOYMHATA Ha MO-HUCKOTO AeTe Ce YBeNNYM, TO BUCOYMHATA Ha
POAUTENSA He Ce NPOMeHs

o anI 6aJ'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JOeTeTo

BanaHcupaHe npu nskntoysaHe

@ [lpy ABLHOTO Ha MU3KNKOYBAHETO ABLHOTO BMCOYMHATA BUHAMM Ce
Hamansea c 1
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AVL pbpeeta

BanchmpaHe Npn BKJKOYBaAHE N N3K/TKOYBaHE

BanaHcupane npu Bkato4BaHe
o [lpn 4BHOTO HA BKIOYBAHETO BUCOYMHATA BMHArM ce yBennyaea ¢ 1

@ AKO BUCOYMHATA Ha MO-HUCKOTO AeTe Ce YBeNNYM, TO BUCOYMHATA Ha
POAUTENSA He Ce NPOMeHs

o anI 6aJ'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JOeTeTo

BanaHcupaxe npu uskntousaHe

@ [lpy ABLHOTO Ha MU3KNKOYBAHETO ABLHOTO BMCOYMHATA BUHAMM Ce
Hamansea c 1

@ Ako BMCOYMHATA Ha NO-BUCOKOTO AeTte ce HamMmann, ToO BUCOYHMNHATA
Ha poanTens HE C€ NMPOMEHS
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AVL pbpeeta

BanchmpaHe NMnpn BKJIKOYBAHE N N3KNHOYBAHE

BanaHcupane npu Bkato4BaHe
o [lpn 4BHOTO HA BKIOYBAHETO BUCOYMHATA BMHArM ce yBennyaea ¢ 1

@ AKO BUCOYMHATA Ha MO-HUCKOTO AeTe Ce YBeNNYM, TO BUCOYMHATA Ha
POAUTENSA He Ce NPOMeHs

o npl/l 6aJ'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JOeTeTo

BanaHcupaxe npu uskntousaHe

@ [lpy ABLHOTO Ha MU3KNKOYBAHETO ABLHOTO BMCOYMHATA BUHAMM Ce
Hamansea c 1

@ Ako BMCOYMHATA Ha NO-BUCOKOTO AeTte ce HamMmann, ToO BUCOYHMNHATA
Ha poanTens HE C€ NMPOMEHS

o Ako cnep banatcupane b(T) # 0, 3Hau4n cMe KOMMEHCUpanu 3a
HamasieHaTa BUCOYMHA Ha [ETETO
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AVL pbpeeta

BanchmpaHe NMnpn BKJIKOYBAHE N N3KNHOYBAHE

BanaHcupane npu Bkato4BaHe
o [lpn 4BHOTO HA BKIOYBAHETO BUCOYMHATA BMHArM ce yBennyaea ¢ 1

@ AKO BUCOYMHATA Ha MO-HUCKOTO AeTe Ce YBeNNYM, TO BUCOYMHATA Ha
POAUTENSA He Ce NPOMeHs

o npl/l 6aJ'IaHCV|paHe BMHArn KOMnNeHCcnmpame 3a yBeJsin4e€HaTa BUCOHYMHa
Ha JOeTeTo

BanaHcupaxe npu uskntousaHe

@ [lpy ABLHOTO Ha MU3KNKOYBAHETO ABLHOTO BMCOYMHATA BUHAMM Ce
Hamansea c 1

@ Ako BMCOYMHATA Ha NO-BUCOKOTO AeTte ce HamMmann, ToO BUCOYHMNHATA
Ha poanTens HE C€ NMPOMEHS

o Ako cnep banatcupane b(T) # 0, 3Hau4n cMe KOMMEHCUpanu 3a
HamasieHaTa BUCOYMHA Ha [ETETO

e Ako cnep banaHcupane b(T) = 0, 3Ha4m BUCOHMHATA Ce € HaMauIa
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B-obpeeTa

Nedunruuns (B-gbpeo)
B-abpBo ot pen n Hapuyame n-apHo gbpeo (n > 3), 3a koeto:
@ BCMYKM NNCTA Ca Ha eAHaKBa BUCOYMHA

@ BCEKWN BB3EJS CbADBPXKaA Hali-MHoro n — 1 knro4a nogpeneHn B

HapacTBaly, peg

@ BCekn Bb3en (OCBeH KopeHa) Chabpxka Hali-manko | 251 | kntoda

@ BCEKM Bb3en C m KnoYa ki, ..., ky, nin HaAMa nopggbpeeTa, uin uma
TO4HO m + 1 Henpa3Hu nopgabpeeta Tg,..., Iy, KOUTO Ca
Pa3noNoXeHn MakcumanHo Basigo (T.e. Tpi1,..., I Ca NpasHu).

@ ki e no-ronsim oT BCUYKK KAtoYoBe B noaabpeeTaTa T 3a j </

® ki e No-ManbK OT BCUYKM KNOYOBE B noaabpeeTata 1j3a j > i
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[Mpumep 3a B gbpeo oT pepn 4
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AbpeeTta 3a TbhpceHe



BkatoyBaHe Ha eneMeHT

o ﬂpasm Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO

o & - = DA
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BkatoyBaHe Ha eneMeHT

o I'IpaBM Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO

@ AKO ce OKaxe, 4Ye ce onuTBame 3 BKJOYNM €JIEMEHT B JINCTO, KOETO
BeYye e NbJiHO ¢ N — 1 knwoya:
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BkatoyBaHe Ha eneMeHT

o I'IpaBM Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO

@ AKO ce OKaxe, 4Ye ce onuTBame 3 BKJOYNM €JIEMEHT B JINCTO, KOETO
BeYye e NbJiHO ¢ N — 1 knwoya:

o Pasuensame Bb3ena Ha gBa Apyru ¢ npuban3nuTenHo efHakbe bpoii
eNeMeHTN
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BkatoyBaHe Ha eneMeHT

o I'IpaBM Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO

@ AKO ce OKaxe, 4Ye ce onuTBame 3 BKJOYNM €JIEMEHT B JINCTO, KOETO
BeYe € NbJIHO C N — 1 KAtoYa:
e Pasuenesame Bb3ena Ha gBa Apyru C npubansnTesHo egHakbe bpoii
eJIEMEHTN
] Cpep,va no roJlIEMMHa KAKO4Y Ce€ ONNTBaME Na BMBbKHEM B pOp.VITeJ'IH

Tpudon Tpuconos (CAM-KH 15/16) AbpeeTa 3a TbpceHe 11 — 18 pgekemspu 2015 r. 27 / 28



BkatoyBaHe Ha eneMeHT

o I'Ipasm Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO
@ Ako ce OKa)ke, 4e ce onnTteaMe Aa BKJAKYUM €JIEMEHT B JINCTO, KOETO

BeYye e NbJiHO ¢ N — 1 knwoya:
e Pasuenesame Bb3ena Ha gBa Apyru C npubansnTesHo egHakbe bpoii

€NEMEHTM
] Cpep,va no roneMmnHa K4 ce onnTBamMe Aa BMbKHEM B poanTens

o Ako B poanTena se4e nma n — 1 KN1K04a, NOBTapsiMe CbllaTa CXeMa
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BkatoyBaHe Ha eneMeHT

o I'Ipasm Ce ONWUT 3a BKJIKOYBAHE HA €NIEMEHT B HAKOE JINCTO
@ Ako ce OKa)ke, 4e ce onnTteaMe Aa BKJAKYUM €JIEMEHT B JINCTO, KOETO

BeYe e NbJHO ¢ n — 1 kntoya:
o Pasuensame Bb3ena Ha gBa Apyru ¢ npuban3nuTenHo efHakbe bpoii

€NEMEHTM
] Cpep,va no roIEMNHaA KNKO4Y CE ONNTBaM€E Aa BMBbKHEM B POAUNTENA

e Ako B poauTens Beye uma n — 1 Katoya, NoBTapsiMe CblyaTa CxeMa
@ AKO CTUrHEM [0 KOpeHa, NpaBUM HOB KOPEH CaMoO C efAuH KoY U fBe

noaabpBeTa
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IskntouBaHe Ha enemeHT
o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
=] = - = o
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3kntouBaHe Ha enemeHT
o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
o Ako e B NNCTO, N3TpnBame ro

Tpudon Tpuconos (CAM-KH 15/16)

AbpeeTta 3a TbpceHe
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
o Ako e B NNCTO, N3TpnBame ro
e AKo e BbB BBbTPELLEH BB3€EJ, 3aMEHAME IO C!
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
o Ako e B NNCTO, N3TpnBame ro
e AKo e BbB BBbTPELLEH BB3€EJ, 3aMEHAME IO C!
@ Hai-mankusa katod > K, nan
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
e Ako e B INCTO, U3TpMBaMe ro
@ AKO e BbB BbTpeLUEH Bb3€es, 3aMEHsIME o C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
e Ako e B INCTO, U3TpMBaMe ro
@ AKO e BbB BbTpeLUEH Bb3€es, 3aMEHsIME o C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
e Ako e B INCTO, U3TpMBaMe ro
@ AKO e BbB BbTpeLUEH Bb3€es, 3aMEHsIME o C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
"] AKO 6pOﬂT Ha KNKO4YOBETE B JIMCTOTO NagHe nog MMHNMYMa:
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I3kntoyBaHe Ha enemMeHT

o [lbpBo Hamupame kntova K Ha eneMeHTa B A4bpBOTO
e Ako e B INCTO, U3TpMBaMe ro
@ AKO e BbB BbTpeLUEH Bb3€es, 3aMEHsIME o C:
@ Hai-mankusa katod > K, nan
@ Haii-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
e Axo 6pOﬂT Ha KNKO4YOBETE B JIMCTOTO NagHe nog MMHNMYMa:
o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
ABaTa cbcega
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I3kntoyBaHe Ha enemMeHT

@ [1bpBo Hamupame kntoda K Ha enemeHTa B AbPBOTO
e Ako e B INCTO, U3TpMBaMe ro
o AKo e BbB BbTpELLEH Bb3€Js, 3aMEHSIME O C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
@ Ako BposAT Ha KIOYOBETE B IMCTOTO MafHE NOJ MUHUMYMA:
o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
[BaTa cbcega
o AKko 1 fgBaTa cbCefa CbLO CbAbPXKAT MUHMMAJIEH Bpoli KioYoBe
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I3kntoyBaHe Ha enemMeHT

@ [1bpBo Hamupame kntoda K Ha enemeHTa B AbPBOTO
e Ako e B INCTO, U3TpMBaMe ro
o AKo e BbB BbTpELLEH Bb3€Js, 3aMEHSIME O C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
@ Ako BposAT Ha KIOYOBETE B IMCTOTO MafHE NOJ MUHUMYMA:
o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
[BaTa cbcega

o AKko 1 fgBaTa cbCefa CbLO CbAbPXKAT MUHMMAJIEH Bpoli KioYoBe
@ JluctoTo ce cimBa C HSAKOI OT ABaTa Cu Cbcega
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I3kntoyBaHe Ha enemMeHT

@ [1bpBo Hamupame kntoda K Ha enemeHTa B AbPBOTO
e Ako e B INCTO, U3TpMBaMe ro
o AKo e BbB BbTpELLEH Bb3€Js, 3aMEHSIME O C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
@ Ako BposAT Ha KIOYOBETE B IMCTOTO MafHE NOJ MUHUMYMA:

o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
[BaTa cbcefa

o AKko 1 fgBaTa cbCefa CbLO CbAbPXKAT MUHMMAJIEH Bpoli KioYoBe
@ JluctoTo ce cimBa C HSAKOI OT ABaTa Cu Cbcega
] |'|0He>Ke 6pOFIT Ha nogAbpBeTaTa B POAUTENSA HaMasiBa C 1,

nNpexBbpIsiMe B JINCTOTO KNKO4Ya, KOWTO e cTosn Mexay ABETE CNETU
NINCTa B poaunTens
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I3kntoyBaHe Ha enemMeHT

@ [1bpBo Hamupame kntoda K Ha enemeHTa B AbPBOTO
e Ako e B INCTO, U3TpMBaMe ro
o AKo e BbB BbTpELLEH Bb3€Js, 3aMEHSIME O C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
@ Ako BposAT Ha KIOYOBETE B IMCTOTO MafHE NOJ MUHUMYMA:
o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
[BaTa cbcega
o Ako n fBaTa CbCefa CbLLO CbABPXKAT MUHMMAJIEH DPOiA KIOHOBE
e JluctoTo ce camBa c HAKoll OT ABaTa cu CbCeaa
] |'|0He>Ke 6pOHT Ha nogAbpBeTaTa B POAUTENSA HaMasiBa C 1,
nNpexBbpIsiMe B JINCTOTO KNKO4Ya, KOWTO e cTosN Mexay ABETE CNETU
NINCTa B poaunTens

o CurypHu cme, ye B HOBOTO JIMCTO BPOSIT KIOHOBE He HafBMLIABRA
Makcumyma, nonexe 2 [ 251 | <n—1
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I3kntoyBaHe Ha enemMeHT

@ [1bpBo Hamupame kntoda K Ha enemeHTa B AbPBOTO
e Ako e B INCTO, U3TpMBaMe ro
o AKo e BbB BbTpELLEH Bb3€Js, 3aMEHSIME O C:
@ Hai-mankusa katod > K, nan
@ Hali-ronemus ka4 < K
@ TaKbB KJAKOY 3a4bJ/DKUTENHO LWE C€ HaMuMpa B JUCTO
@ Ako BposAT Ha KIOYOBETE B IMCTOTO MafHE NOJ MUHUMYMA:
o OnnTeame ce fa 3aeMeM KJHOY U CbOTBETHO MOAABPBO OT HSIKOW OT
[BaTa cbcega
o Ako n fBaTa CbCefa CbLLO CbABPXKAT MUHMMAJIEH DPOiA KIOHOBE
e JluctoTo ce camBa c HAKoll OT ABaTa cu CbCeaa
] rIOHe)Ke 6pOHT Ha nogAbpBeTaTa B POAUTENSA HaMasiBa C 1,

nNpexBbpIsiMe B JINCTOTO KNKO4Ya, KOWTO e cTosn MeXay OBETE CNeTn
NINCTa B poaunTens

CuUrypHn CMe, 4Ye B HOBOTO NINCTO BPOSIT K/IIOYOBE HE HAZABMLLIABA

Makcumyma, nonexe 2 [ 251 | <n—1

@ Ako cera BposiT Ha KJIKOYOBETE B POGUTENS MagHE MOg MUHUMYMA,
NOBTapsMe CblliaTa npouenypa 3a HEro
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