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alogb n—1 f n*blOgb n—1 alogb np

alogb n nlogb a
nlogb a

[lepeBo pexypcun

Jonxb a? / nxb?
7 a’ [ nxb?

lao. + lao. ~
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j a’l f nxb’
log;, n—1
a’ f nxb? .
j=0
nlogba
nlogba
Temma 4.3. [lycme a , b3 — xonemanmst, f n — neompuuya

nesbHas Gyrnryus, onpedesénnas na namypatbusir cmenensr b. Pac
mompum Pynryuio g o, onpedesénnyro Popuyaoi

log; n—1
qgmn a’ f nxb’
i=0

‘dan n, aeamowurca cmenensnu b). Tozda

1. Feau [ n O nl°82=%  Jun nexomopoii xoncmanwmut € 9, m
I n O nlossa

2. Feau [ n nl°8 % mo g n nlogee p

3. Ecau af nxb cf n dag nexomopoii xonemanmol ¢ u O
scexn b, mogn fn
Toxazamesbcmso.

fn n” ! pa@ €
Y pa
gn fn  afnxb  d*f nxb® .. d"TUf kbt
n®  a nxb @ a? nxb? @ a1t pabiTl @

k B axb®
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n®  a nxb @ a? nxb? @ .
(8 pa
p N
nlogba y 7 nlogba n .
c
c
* c
qgmn fn n
b
C
n b
Jemma 4.4. Ilycms a , b0  — woucmawmwi, u nyemv fn —
neompuyamesbnas @ynryus, onpedeaénnas nwa cmenewsr b. Iycm:
T n — @ynwxyus, onpedeaéunas na cmenenwsr b coomuowenue.
Tn aT'nxb  fn npund uwT 0 . To2da:

1. Feau fn O nl°8 =% Qun nexomopoeo € &, mo T n

nlogba

2. Feau [ n nlogee  mo T n ploged g,

3. Feau [ n nl°8s S Qun nexomopozo e & u ecau af nkb
cf n dasg mexomopoid Kowcmanmsi c u das docmamouno 60.4b
wuzr n, mo T n fn
Hoxazameavcmso.

T n nlogb a 0] nlogb a nlogb a
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Tn nlogs @ fn fn

f n nlogb a+te

e d

1.4.2. Ilexble TpUGIMKEHNT CBEPXY H CHHU3Y

b kb

Tn al nxb fn

Tn al nxb fn.

n, nxb, nxb?, . ..

T
n, ?
T .
n;_1xb 10

x x

o n,

n
m 3 3

n
9 - -

b2 b '

n
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Tn f ng al ny
f ng af nq a*T no
J no af ny azf n2

qlosenl =1 ¢ M {log, n] -1 qUogynlp M log, r

|logy n]—1
nloss a’f n; .
i=0
n
b
T M logbn]
fn
n o
[logy n] -1
qgmn a’ f n;
i=0
nxbt 1
bx b
fn; O nlos *xq O nxbl losve
bixn 7

r '~  laoc. n
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L
n b logy, a
n; cC — —_—
fni b b
nlogb a b] b logy a
c , - —
a’ n b
nlogb a b log a
C - —_—
a’ b
nlogb a
al
c bx b logy, @
f n; O nlogb a—e
n
, L
nxb!
Yupaxuenuns
4.4-1 n;
4.4-2 fn plossa ko k
T n nlogba k+1 n
b
4.4-3
af nxb cf n
c e d

f n nlogb a+te

3agaumn

4-1 TMTowvieDET DeKVDDEeHTHLIY (',OOTHOI"EHWI‘;I
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Tn T nx n?
Tn T nx n?
Tn T nx n?
Tn T nx n
Tn Tn
T n T n

4-2 Hegocrarililee IUCI0

¢ ..n

C

On

4-3 Bpewms mepegaunm mapaMeTpoOB

. .
A_A F‘:IIIP HACrKODTLRLED DAK VIDDAHTUHLRLIY COOTHMNDIITIAHAL
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Tn
Tn
Tn
Tn
Tn

T nx
T nx
Tn
Tn
nT

nx
nx n
*N
n
nooon

-5 Ilepexoj OT cTeneHed K MPOU3BOJLHBEIM apryMeHTaM

Tn n
b
n
Tn hn
Tn hn n
b 0
hn O h nxb
'n O hn
T Tn
T nxd fn n d mg a b 0 fn
Tn n  no
T ng al ngxb [ ng . Tn
fn
-6 Yucaa duboHawIH
MpPOU3BO
[4IIYI0 (PYyHKIUIO dopmaIb
{BIM CTEIIeHHOM DA
o]
Hz' 2 2P 23 2 2° 26 27
=0
2 oz oz z 2 =z
z z
Z - =
z 22 pz pz pz pz
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~ _
1=0
H 10
®
I{i—I—Q @'

4-7 TecTupoBaHme MHKpPOCXeM
n
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> MHoxecTBa

5.1. MHoXecTBa

MmuoxecTBO 3JIEMEHTOB
x S x S
x S x S T % S
S b b
b b
S x5
C' D pasHbI
C D b b b b b b b
6] MycTO€ MHOXKE€CTBO
Z LeJLIX YHCeN Z
b b b b b b
R BellleCTBeHHLIX [JeMCTBUTEILHEIX YHCe!
N HATYPAJIbHBIX YHCE
1
N b b b

C
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D x C x D C MO MHOXeE
CTBOM D C D (
D C COOGCTBEHHBIM II0IMHOXKECTBOM
D C D
C D
C
c C C D
¢ D D C D FE
¢ D D F ¢ F C
g C
C
D
x x
7 xx x L
cC D
TeopeTHKO-MHOXKECTBEHHEIX Ollepalul
ITepeceuenue ¢ D

O6beguHenne ¢ D

Pasznocts C D

CsoucrBa mycroro MHoxectBa (empty set laws):

cC o o, C @ C.

W gemnorentHocTs (idempotency laws):

c o oo C C C.

KoMMVTaTHRHOCTE (commutative laws\:



HHRUACCLITOW L

uc. 5.1 [marpamma Bemma, mumocTpupyomas mepBe m3 3akoHOB e Mopra
ia (5.2). MuoxectBa A, B, C' m30o6paxeHE KpyraMu Ha [IOCKOCTH.

\cconnmaruBHOCTH (associative laws):

¢ D F ¢ b K C D FE ¢ b L

Tuctpubyrusnocts (distributive laws):

c D E C D C E,
c D E C D C E

3akoHbI norioimennd (absorption laws):

c ¢ p ¢ C C D C

3akonnt ge Moprauna (DeMorgan’s laws):

Cc D E C D C E,
C D E CD C E

¢ D F
YHHBEPCYMON
Z U B
JIOIOTHEHHE C C
J C cC U
c ¢ ¢ C o, o C U
DU
C D C D, C D C D.
¢ D HellepeceKalIuMUACS
C D @

q. A OTTOTTIAE
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S’i IIOIIapHO HE€ IIepeceKaTcd
Si S; o T ]

S
S S;
S, €S
S
s S
Si
S MOIITHOCTBIO
paszMepoM S
D KOHEeYHOI'O
0eCcKOHeYHBIX
CYETHLIMHI
He
CYETHLIMHI 7
R
C D
C D C D C D
C D C D
cC D cC D
C D C D C
D C D
n 7 3JIeMeHTHLIM 7
CHHIJIe TOHOM
k
k
S
S

MHOXK€CTBOM-CTEII€HbIO

{a.b} D,oa, b, ab S S

| <1



FL AU L L L f RO U R

a,b c,d

a ¢ b d
[lekapToBo npousBejgenne C
)
C D C L
C D ab o C b D
a,b a,b,c a,a , a,b, a,c, bya, bb, bc
cC D
¢ D C D.
n 017027...7Cn
n-0K N
o Cy oo O a1, a9, .., 4y a; C5 ) , T
a,b,c a,b ,c
a,b,c,d a,b,c ,d
cy, Cy ... C, cy Cy ... C4
AeKapTOBY CTeNeHb
cr o o Cc ... C
n (
cr cn n
n
yTipaKHEHIA
.1-1
.1-2

c, Cy, ... C, O Cy ... Ty,
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5.1-3
JIOV BKJIIOYEHHH M MCKII0YeHHH

¢popmy

Cy Oy 'y

Ch
Ch

5.1-4

5.1-5

5.1-6

3.2, OTHOIIEHNA

BunapubiM oTHOLIEHHEM

¢ D
¢ D a,b R
R
C

¢ C

a,b b N-MECTHLIM OT
Cy,Cqy ..., C
Cy Oy Ch

pediekcuBHBIM

HOILIIEHUEM 7
R C C

aRa

N

CHMMETPHITHBIM

aRRb bRa

a,b
R

TDAHRATHARHRIN



JHe U c i b

a,bec C
R a,b ab N a b

R R R
OTHOILIIEHHEeM JKBHBAJICHTHO-
TH R
C KJIacC 3KBUBAJICHTHOCTH
a C a b C aRb
a
a b a b
R
a a
a b b «a R
t b b ¢ a ¢ a b b ¢ b
R

[eopema 5.1 (OTHOLIEHNS SKBUBATEHTHOCTH COOTBETCTBYIOT Pa3GUeHUIM )
s 106020 OMHOWENUS IKE6USAAEHMHOCTIU HG MHoAHcecmee (' kaaccol
Keusatenmuocmy obpaszyom pasouenue C. Hanpomus, das wobo-

0 pazbuenus mnoncecmea C omuoutenue «bbimb 6 0IHOM KAGCCED
16AAETNCA OMHOULEHUEM IKEUE AAEHITHOCTIIU.

Toxazamesbcmso.
C
a a a
a b
c alRc bRe cRb
aRRb b a
; b bRz aRx
a b a b
O
R C aHTHCHUMMe-
"PHYHBIM
aRb bRa a b
a b b a a b

YaCTHIHOT'O IMopAgaKa
YaCTHIHO ynopdpgo-

TATTTTT TRA RATT AT e T R A



4 JULAURL S AFE FUL S L RE LY R

Y
x Y
Yupaxuenuns
5.2-1
Z
5.2-2
a b n
Z

a b qn
5.2-3
5.2-4 S

a

JMHEeHHBIM

b

z Y

MaKCHMaJdbHBIN
T

aRb
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).3. PyHKIIMHU

C D dyukuuen

C D f C D
a C
b D a,b f C o6ua
CTBIO ONpeeTeHus D
f
C D
C
D D
C

f ab a N b a

a,b f
b 3HAYEHHEM
apryMeHTa a b fa
f N N fn n f n, n
n N f,g C D PABHBEIMH
fa g a a C
f¢ bDog C D
Dy Dy fa ga a
Koneuynon mocieoBaTeIbHOCTHIO n

f

P 1

f . f ... fn Beckonew
HOHW TOCJIE0BATEIbHOCTHIO
N
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[ i Oy

Cn D fa17a27"'7an
[ oai,ag, y Ap, a; apryMeHToM
f
n a1,02,...,0y
b fa fCc D
cCb D b oGpasoM a
c’ C fc

Fc b D b fa a C'.
MHOXeCcTBO 3HAYEHHH f
fc
f N N fn n
/N m m n n N
fc D CIOpbeKInen Ha
JOXKeHneM D
b D a C
f N N fn nk
fn n
f N N
f ¢ D
Cwua D D
f ¢ D HHbeKIHen BJIO
KeHueM
fa fd a d
fn n N N
n
nk n
fn nx
f f
£ D) - A



Y hviile b

Z
N
Z
N
B3aMMHO OJHO3HAYHBLIMHM COOTBETCTBUAMHU
C D
C nepecTaHoBKOM
C
f o6paTHyio
~1
1o a fa b
fn ok
lm m, m
m m
yTipaKHEHIA
.3-1 C D f ¢ D
f C D
f C D
.3-2 f N N
fe Z 7
.3-3
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Puc. 5.2 OpmenTtwposaHHble mn HeopueHTHpoBaHHEe Tpadbl. (a) Opnm
entupoBanueal  rpadp (V. E), rme V = {1,2,3,4,5,6} m F =
{(1,2),(2,2),(2,4),(2,5),(4,1),(4,5),(5,4),(6,3)}. Pebpo (2,2) spasercs peSpom
mukiaoM. (6) Heopuenrupopanusmt rpad G = (V, E), rge V = {1,2,3,4,5,6} 1
E ={(1,2),(1,5),(2,5),(3,6)}. Bepumna 4 spiasgeTcs m3orupoBaHHON (He HMee"
cmexubix Bepumt). (8) Iloarpad rpada (a), noaydamommiics ero orpaHIYeHUEM H:
MHOXKeCTBO BepumH {1,2,3,6}.

).4. I'pacdbr

OpueHnTHpPOBaHHBLIA Tpad

V,G V G
V vV Vv
oprpadom
V MHOXKECTBOM BepIUINH
BepUINHON
G MHOXECTBOM pébep
péépamMu

pE6pa-IMKJILI

HEOPHEHTUPOBAHHOM 1 V.G
V HeVITODI TOUYAHHRIY
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U, v
SLIXOUT U3 U BXOJHUT
v
1 1 1 1 1
1 1 1 u7 v
HHIHIEHTHO U
)
1 1
1 U, v 1
MeKHa U U
v
U wow
1
Cremnennio
HCXO/ISIIYI0 CTemeHb
BXO4IIYIO CTENEeHb
CTEeNneHbIo
IIyTs gaunb: k k u v
Vo, V1, U2,...,0Uk
0w v v Vi1, V5 G ) R
k k COAEPXKHUT
Yo, V1, ..., Uk Yo,V1 , V1,V2 ..., Uk—1,Vk
Vg HAYAJIOM v KOHI[OM
H3 Vg B U} U u
p  u o u' mocTIKI
1a M3 U Mo myTH p ' U P
Py
MPOCTHIM

Morovrmn n 29 294 217
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HMuxaom

U1, V2, ..

Vo, V1y...45 Uk MIPOCTHIM
.y Uk
k
[ I
[ R R R
3
IPOCTHIM
Vo, U1y ..., Uk
Vo Uk
AIUKJINYE€eCKUM
CBA3HBIM

CBA3HBIMH KOMIIOHEHTA

CHJIBHO CBA3HBIM

CHJIBbHO CBA3HBbI€ KOMIIOHEHTBbI

k
k
[ ) [ )
OHUKJIOM
U1, 02y, Uk
[ )
MH
u v
[ )
)
I ov.ag I
Fvov

H30MOP(HBIMI

U, v G
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uc. 5.3 (a) [apa uzomopdueix rpados. (6) Henzomopdrbie rpadbl: BEpXHUIL UME
T BepIIMHY CTeNeHn 4, a HIKHUI — HeT.

I I/ V b b b b b
V! U, U, W, T, Y, 2 fv v f U
” v f w f v f y f z

I’ GV’ noarpapom I
G,V G G Vv I G,V
V/
I/ G/ V/
G’ w,v G uv V!

oTpaHuYeHneM 1

v I v

OPHEHTHPOBAHHLIA BapHAHT
w, v
U, v v, U

HEOPHEHTHPOBAHHLI BapUAHT

v, U w, v

oCNneoD TON e
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IHoaHbn

V,G
v

T'unep

JeMMY O PYKOIOXATHS:

U v U
ABY 1OJIbHEIM
Vi 1,
JecoM
AepeBoM
MyJabTHUrpadp
rpag
rumeppeépa
Yupaxuenuns
5.4-1
5.4-2 k
5.4-3
U
u v
" A A

X7 /Y



AP oR It

5.4-5

5.4-6

5.4-7

.5. [lepeBba

5.5.1. /lepeBba 6€3 BLIJEIEHHOT O KOPHSA

LepeBo

JecoM

Tanpewvia & 2 (Crotverra tenert.er)  Tiurme T V (3 —— veonieu
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Puc. 5.4 (a) [lepeso 6es Brigenennoro kopus. (6) Jec. (8) I'pad, c
IIUKJI, He ABASETCS HU AePeBOM, HU JECOM.

Puc. 5.5 /IBa nmpocTHX IIyTH U3 4 B v

4. I'pagp I ceszen u G |4 .

5. I'pagp I ayurxavueckui v G |4

6. I'pagp I ayuravuecxuti, no dobasaenue 1106020 pebpa K
poxcdaem yuk.

Hoxazameavcmso.
Pt P2 U
v
w
w P P2
z p
w z T p'
/ /!
Yy p p
z P1 w

P2 - p
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V ok V V
G V
1 G V
[ k
k
k
U v
w, v
U
v
.5.2. [lepeBbs ¢ kopHeM. OpHEHTHPOBAHHbIE TepPeBbA
[epeBo ¢ xopHeMm KOpHEBOe J1epeBo
KOpHeM
x r
rox
npeiKaMu x 1
x x MOTOMKOM Y
x x cO6CTBEHHEL

T TITDEeTKAMWA CORCTROATHLIMI TTOTOMII AN T

ot
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Puc. 5.6 (a) KopueBoe nepeBo BricoTH 4. [[epeBo HAPHCOBAHO OGBIYHEIM 06pa3oM
KOpeHb (BeplliHa 7) HAPUCOBaHA CBEDXY, COCEJHUE C HUM BEPIIMHEL ([J€TU KOPHS
BEPIINHEL [IyOUHBL 1) HapUCOBaHEL [0 Hel, BEPLINHLL CIE1YIOIErO YPOBHS (1eT!
JeTell KOpHs, BEPIIMHEL MIyOUHEL 2) o HuMu U T. 1. [id fepeBBeB ¢ MOPAIKOM H
JAeTAX I KaXk 1ol BepIIMHEL (PUKCUPOBaH MOPAAOK Ha MHOXKecCTBe €€ gerei. (6) T
JKe CaMoe KODHEBOE [ePEBO, HO C APYIHM MOPSAKOM (Cpefan geTell BEepLINHBL 3)
6ymeT APYIUM NEPEBOM C MOPATKOM Ha JeTAX.

x
x x
mojjgepeBoM ¢ KOPHEM B & x
Yy, x Z Y
poguTereM x oz pebenkoM y
6paThbaMu
JUCTOM
BHY TPEHHUMH

cTele
HBIO

T Iy 6uHON

oo TAT WA T A



L CPLOOR 4

*uc. 5.7 [Bomunrie gepepbs. (a) [lBomdnoe gepeBo, M306paKEHHOE TpaIUINOH
(bIM 06pa3oM. JleBBill peGEHOK BEPUIMHBI HAPUCOBAH CJIEBA-CHU3Y OT HEE, TIPABHII
— cupasa-cuusy. (6) [pyroe gBoudHoe gepeBo (OTIMHYME B TOM, YTO TENEPh y BEDP
IWHEL 7 €CThH HpaBBII peGEHOK 5 1 HET JAeBOro, a He Hao6opoT). Takoe pasmuH
03MOXKHO B JBOMYHOM JEDEBe, HO HE B epeBe ¢ HOPAAKOM Ha geTsax. (B) [Jobasmis:
[OIIOTTHUTENbHEIE JUCThS K AepeBy (a), MBL IOIyH¥aeM [ePEBO, ¥ KOTOPOI'O Kax Ja:
Tapas BEpIINHA UMeeT ABYX neren. [JobaBieHHble IUCThA N306PAKEHB KBAPATIL
(AMI.

[lepeBoM ¢ TOpAAKOM Ha AeTAX

.5.3. [IBonunble gepeBbd. Ilo3unmoHHLIE JepeBbA

/IBouvHoOe fepeBo

KOpHeM JIeBBIM MOJ Je
peBoM npa
BBLIM IIOJ IepeBoM

MYCTBIM
NIL
JIEBLIM Pe6EHKOM
MHARLIT DeBeHOK
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Puc. 5.8 Iloamoe gBomtHOe AepeBO BHICOTH 3 MMeeT 8 JIUCTHEB W 7 BHYTPEHHI:
BEPIIINH.

k
WYHLIX k k MO3UIMOHHOE [€
peBo
) k
k
IMoaubiM k-u4HBIM gepeBOM k k
k
k h
k
k? k
k" h
k n L
k h
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Yupaxuenuns

5.5-1

5.5-2 n 7

5.5-3 I V.G

Vo

5.5-4

5.5-5 n
n

5.5-6 BHYTPEHHIOI0O CYMMY [IJUH
BHelI
HIOIO CYMMY IJIHH
n T
5.5-7 —d d

HepaBeHcTBOo Kpadra

5.5-8 L

Lx , Lx

3agaumn

1 Pacvnaciwa rnacha
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1
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1
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5-2 T'padn u aogu

E_2 Pazrbmenmme TeDERLER HA UACTI
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b KoMm6uHaTOpuKa M BepOATHOCTh

3.1. IlogcuéT KoauvecTn

ITpaBmwia cyMMEI ¥ MpOU3BeIeHUI

TTnarw T CVMMLT e



L0UUCRCHE: U QRCLTIILD LU

IIpaBwio mpousBegeHus C
D C D C D
CTPOKH
Crpokon caI0Bax
S anpaBuTOM
1 1 1 1 1 1 1
k k-cTpokoum k IToxcTpo
con s s
s k-mo1cTpOKe
k k
k S
Sk Sk
k k k
S S
k S S S
k
TepecTanoBku

MTenecTadoORKOW q
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Pasmenienus 6e3 moBTOpeHUM

Pa3sMeNnieHu
6e3 MOBTOpEHHHU S n
k n
n k k
S k
n
k
nn n n —
n n
k
n k
a,b,c,d
ab, ac,ad, ba, be, bd, ca, cb, cd, da, db, dc.
n k
Coueranns
Coveranusmu k n k k
n
a,b,c,d
a,b , a,c, a,d, bc, bd, cd
n k k
n k k
k
n k
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SHHOMHUATbLHBIE KO3(PHITHEHTEI

n k EF
n
k
n n
Ek
n k En k
k n k
EF  ER
Eﬁ OMHOMHAJIbHEIE KO3((PUIHEHTHI
ounome HbioTona
n
k=0
x y"
k x n k Y
k n EF
r oy
n
n EF.
k=0
" n
EF k
JueHKY GMHOMHAJIBLHLIX K03(PHIueHTOB
k n
nn n k
Ey
kk
n k
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nn n k
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n*
k
% k
k
k n
nn
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0
An n'"
En An A An (1-2)n
A 1-x 7
A A
nH(\)
A A A A

(ZBOMYHOM) LIEHHOHOBCKOM SHTPOIHE]

Yupaxuenuns
6.1-1 k
6.1-2 ByaeBa ¢pyukius n
TRUE, FALSE ™
n
n m
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LU

0 1
EY Ej
TpeyroabHuKoM Ilackad:s
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PR 1
En E n—
k n
).1-6
& n
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k n
.1-7 k n
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6.1-13
2n
7 — O xn
2n T
6.1-14 A
A * *

3.2. BeposaTHocTh

POATHOCTHBIM IMPOCTPaHCTBOM
MeéHTapHBIMHA COOLITHIMH
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B€POATHOCTHBIM
reHepaTop CayYaWHBIX YHCe
RanNDoOM
RanDoOM a,b
a b RanDOM
*
b «a

Tr'eHe
DATOD TNICeRr nnc_nvqaﬁnmx gqucenn
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4 oW O L2000

TITION
Cp

RANDOMIZE
1 RAN

return P

PARTITION
RANDOMIZE

ifp r
then

}
}

Yupaxuenu:

8.3-1

8.3-2
QUICKSORT
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8.3-4

LU

3.4. AHam3 GBLICTPOM COP THPOBKH

QUICKSORT RANDOMIZED-QUICKSORT

8.4.1. AHaau3 HaWXYJIIETO CIyvas

RANDOMIZED-QUICKSORT
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8.4.2. AHaiu3s cpeiHero BpeMeHHu paGoThI

QUICKSORT
TION

Ananuz pazGuennn

RANDOMIZED-PARTITION

Cp
Cp..r
PARTITION
X
pPaHroMm
n T P
X n
z 0
X
Tt p

RANI

PARTIT

*T

PervhhelToOoe CONTHOTITOTTE TT9 cheTHero RheMeuw Dafo L
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n =1
Tk k yee oy T
n—1
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k=1
’ellleHNe PEKyPPEHTHOr'0 COOTHOIICHUS
Tn an n b ad
) a b
n—1
Tn — Tk n
n
=1
1
— ak kb n
k=1
n—1
b
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k=1
n—1
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n o



Ju

4 oW O LotCiiefyon CUPH QR P/UD R

a b
Tn — -2 n -n? —n
n n
a
an n —-n b n
a
an n b n b —n
a
a Zn
On n
[lokasaTeIbcTBO OUEHKH IJf CyMMEI
n o n
n—1
E k n* n
k=1
1,2 2
sneon n
n—1 n—1 nn
k ok n k
k
k nx Tk
n—1 [nx2]—1 n—1
k k k ok
k=1 k=1 k:[n*ﬂ
k Tk k Tk n
n—1 [nx2]—1 n—1
k k n k n
k=1 k=1 k:fn*?]
n—1 [nx2]—1
n k k —-nn
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Yupaxuenuns

8.4-1

8.4-2 q?
8.4-3

RANDOMIZED-QUICKSORT

8.4-4

RANDOMIZED-QUICKSORT C\, p, 1

Onk n nxk

8.4-5

8.4-6
RANDOMIZED-PARTITION

3agaumn

-1 nnanu,rn.nnrrm. THOITEe TVDLT Da2fmelrin a
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Cp..j Cj

-2 AaroputMm JloMmyTo aid pa3Ouenuns
PARTITION

Cp..i Ci ..j

x Cr
LOMUTO-PARTITION (| p, 7

x Cr
i P
for;j ptor

do if C'j; =

then: ¢
C'i Cj

ifi r

then return
else return ¢

LoMUTO-PARTITION

AT

PArTITION LOMUTO-PARTITION

LoMUTO-PARTITION
PARTITION n n

QUICKSORT
LoMUTO-PARTITION

PARTITIO!

RANDOMIZED-LOMUTO-PARTITION

C'r

LoMUTO-PARTITION

RANDOMIZED-LOMUTO:-

PARTITION q

RANDOMIZED-PARTITION por

-2 CoDTHDORKA TIO YACTAM

q
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STOOGE-SORT (1,

ifCqi0Cy

then C g
if ¢ j

then return
k 7 o1 *
STOOGE-SORT (1,7 k
STOOGE-SORT (¢ k,j
STOOGE-SORT (1,7 k

v VvV vV V

STOOGE-SORT

STOOGE-SORT

8-4 Pasmep cTeka npu GLICTPOM COPTHPOBKE
QUICKSORT

tail recursion

Quicksort' O, p,r
while p
do >
g  PartiTION C|p, 71
Quicksort' C, p, q

p g

QUICKSORT’

pa3Mep cTeka

STOOGE-SOR’
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QUICKSORT'
n n n

8-5 Pas6uenue ¢ MOMOIILI0 MEUAHBI TPEX JIEMEHTOB
RANDOMIZED-QUICKSORT

MeTOoJ MeJHAHLI TPE:

C n n c! n
P P i x
P ? R ) T
P1 Pn
" n
*
n
z
z O Nk 7 nx
n on



CopTupoBKa 3a JJMHEHHOE BpeMd

COPTHPOBKAMH CpPaBHEHHEM
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’uc. 9.1 Paspernaoliiee fepeBo A1 alropuTMa COPTHUPOBKHU BCTaBKamm, oGpaba
"BIBAIOIIETO TTOCAEOBATENLHOCTD M3 TPEX 37AeMeHTOB. [loCKOMbKY €mCa0 mepecTa
[0OBOK 13 TPEX BIEMEHTOB paBHO 3! = 6, ¥y mepeBa MOMKHO OBITH He MeHee 6 TMCTHEB

aspelraoliiie JepeBbi

paspeuiapliee JepeB

n ap, y Gp
a; a;
1, ] n
T T ,...,Tn T
n
a; a; a; a;
T
a7r(1)7 a7r(2)7 7a7r(n)

TS aag OITeuKa 1719 YV TIITern ¢ Tvaaa
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Teopema 9.1. Boicoma 06020 pazpewaiowezo depesa, copmupyrouje
20 N IACMENMOG, €CTNL N N .

Hoxazameavcmso.
n
n /
h n h
n d nxe™
h n n n e n o n,
C
CaegcrBue 9.2.
Aoxazameavemeo. On n
C
Yupaxuenuns
9.1-1
9.1-2 n
7]z:l k
9.1-3
n n
* *N
* e
9.1-4
a; a
a; a;
a; a; a; 0 a;
n
n o n
9.1-5
n n
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nxk

).2. CopTHPOBKA MOACIETOM

COPTHPOBKH TIOCIETOM

n
k k' On
On
T
T
E .k k
C ..n
D n
CounTING-SORT C, D, k
for ¢ to k
do F i

for 5 to length C
do FCj EC

> F
for 2 to k

do F 1 Ei FEi
> F

for j  lengthC' downto
I D s Vo
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Puc. 9.2 Pa6ora amropurma CoOU
COCTOSAIEMY M3 HATYPATLHBIX HHC
BCITOMOTaTeAbHEN MaccuB C' TIOC/Ie
C moc/ie BHITIOTHEHNSA ITHKJA B CTPO
TembHbI MaccuB C' TIoce ofHOTO,
3avepHEHHBIE KJIeTKH COOTBETCTBY
He npucsoentl. (e) Maccus B nmoci

C
n
Cy
C
D ECy
On
Ok n k

VETOTYTNROE TR K
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Yupaxuenuns

9.2-1

COUNTING-SORT k C s s sy s
9.2-2 COUNTING-SORT
9.2-3 COUNTING-SORT

for 5 to length C

9.2-4

COUNTING-SORT
D

9.2-5 n k

L

).3. lludposas copTupoBka

"Vld’)nﬂRﬂI‘;l CODTADORKHA
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d
d
RADIX-SORT (', d
for ¢ to d
do
d k
dn  kd
16
16
yTipaKHEHIA

} 2 1

d

COUNTING-SORT

L1
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9.3-2

9.3-3

9.3-4 n
n? On

9.3-5

).4. CopTHPOBKA BHIYEPILIBAHHEM

COPTHPOBKH BLIYEPNLIBAHUEM

JeDITAK .
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uc. 9.4 Pabora amropurma BUCKET-SORT. (a) Ha Bxog nogan maccus A 1..10
6) Maccus cruckos B 0..9 nocie BhionHenus cTpoku 5. CHUCOK ¢ HHAEKCOM i CO
€PKUT UHUCIa, Y KOTOPHIX MEPBHIN 3HAK TOCJE 3alATON ecTh t. OTCOPpTUPOBAHHBII
[ACCUB TIOIYIUTCS, €COU MOCJeI0BATEMLHO BhMCATh cimcku B 0 ,..., B 9.

BUCKET-SORT ('

n  length C
for ¢ ton
do 1 D nC'i
for ¢ ton
do D
D D ,....Dn
Cv Cj
On
On
D n; n;

N ray v A
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n—1 n—1
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1=0 1=0
) *n
n
*T ;
ni  k Egpt pE
Mn; np
M nf Dn, M?n,
Yupaxuenuns
9.4-1
BuckET-SORT C
1 1 * 1 * 1
9.4-2
On n
9.4-3 n
T Y
Q A_A Y

M n?
n;
n
P
Dn;, mnp P *7
n
On
1 1 * 1 1
n

ADAYVITICITIAG DACTIDO TO TOTTIA ¢
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9-2 CopTupoBKa 6e3 JONOJHUTEILHON NaMATH 32 JUHEHHOE BpeMi
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10 MeauaHbI ¥ TOPAAKOBbIE CTATUCTUKHA

i TOpAAKOBOI
CTAaTHCTHKOM MHHAMYM
MaKCHMyM
n MeaunaHon

n

? n * n

T nk T Nk

n
? n * ? n *
3agavya BRIGOD:

3JEMEHTA ¢ JaHHBIM HOMEpPOM
Mamo: C n )
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L0

[0.1. MUHUMYM M MaKCUMYM

MinimuMm C
min C
for ¢ to length C
do f mind C1
then min (2
return min

n MINIMUM

OIIHORDEMEHHT-JI‘;I TMONCK MAHAMVMA T MAKCAMVYVMA
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Yupaxuenuns

10.1-1

10.1-2

nx

a1,02,0a3, 44



@ A e e b i i e

IDOMIZED-SELECT C, p,r,?
fp r
then return C' p
RanNDoOMIZED-PARTITION C| p, 1

/
fi: k

q p
then return RANDOMIZED-SELECT C\ p, g,
else return RANDOMIZED-SELECT C ¢ stk
RANDOMIZED-PARTITION

Cp..r Cp..q Cuqg
: Cp..q

.T
-q

2 Cp..r vk
Cp..q
RANDOMIZED-
5CT 10k k
.. q
k Cyq ..r
RANDOMIZED-SELECT
RANDOMIZED-PARTITION
2

n

n
T n
RANDOMIZED-PARTITION
*N 10
*T0 7 n T n
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n—1
Tn - T N T
n
k=1
n—1
— Tn Tk (
n
k=[n*2]
n—1
— Tk On
n
k=[n*2]
Tn *n
Tn *n
Tn cn
c
Ty cj J n
n—1
Tn — ck On
n
k=[n*2]
c n nx n
n
o cn,
c Ccx
On
Yupaxuenuns
10.2-1 RAND
10.2-2
SELECT

10 o 9 s vt rTrr 1 O
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Cp..q Cyq ..r
Cp..q Cq T

[0.3. Bri6op 3a auHenHOE B XyALIEM CAydae BpeMs

SELECT
On
RANDOMIZED-SELECT
SELECT
PARTITION
SELECT 7
n o
n nx
Nk
SELECT x
Nk
PARTITION
k
n k
SELECT 7
1k 1k
10 k
SELECT
J
X
nx X
X
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SELECT
n o n
yTipaKHEHIA
10.3-1 SELECT
10.3-2 x
n
x
Tk
10.3-3
On n
10.3-4 1
10.3-5
10.3-6 k-xBanTHIgMH k
k
On k

n 9 ~

RANDOMIZED-SELECT

SELECT

LT
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Puc. 10.2 Kaxk mpoBecTn ¢ BocTOKa Ha 3amaj MarucTpaib, 9TOOB CyMMapHas [
Ha TOABO IANNK TPYGOIPOBOAOB GBLIA MUHUMAIHHA !

10.3-8 X ..n Y ..n
O n
10.3-9
n
3agaumn
10-1 CopTHpOBKA ¢ HANOGOJBLIINX 3JEMEHTOB
n 2
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0-2 Bspemennas MegHaHa

n Tiyennyn
w;
B3Bemennou MeguaHon
Tk
w; - w; -
T, Tk T, Tk
. *n
). n
On n
. SELECT
n

3agada o BuIOOpe MecTa IS MOUTHI

n P1y---3Pn n
Wiy enn, Wy P
e
Di =1 wid p,p;
dab
a b
).
dab a b

a
r1,y1 b T2, Y2 L1 da,b 71
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Nn-2 Havosw TeWUE 7-T'0 TTO ROTHUYUITE ATOMOTTA TTHIT MA TLIY 7

L



4 o LU AU R0E U FeUPaUMUDOIE LRI UL ITe U ivil

6. U, n n OT 1 n*t






[II] CTDVKTVDBI TaHHBIX



BBeeHne

JHHAMHRIIEeCKNX

CIOBaPEM
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Onepaunn Hag MHOXeCTBaMH

3anpochl
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SUCCESSOR PREDECESSOR
SUCCESSOR

Yoo gacTiw TTT

Rl

MiNUMUM S






11 JJjieMeHTapHbIe CTPYKTYPhl JaHHBIX

[1.1. CTeku u odepeau

DELETE

cTeKa

olepean

C'mor-1r
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Puc. 11.1 Peamsanus creka Ha 6asze maccuBa S. CBeTo-cepr
saeMerTamu creka. (a) Crek S cogepxkuT 4 s1eMeHTa, BEPXHUIN 3.
(6) Tor e crex mocie BEIOAHeHUs oreparmit PUSH(S, 17) u Pt
mocie Toro, Kax omnepaius POP(S) BepHyna snadenue 3 (mocie;
B CTeK 21eMeHT). XOTs YuCa0 3 MO-IPEXHEMY HPUCYTCTBYET B )
€ro yKe HeT; Ha BepIIMHE CTeKa — 9ucao 17.

S S top S

top S oycT top
mepenoTHEHH

STACK-EMPTY S

if top S
then return TRUE
else return FALSE

PusuH S,z
top S top S
S top S x

Por S

if Stack-EMPTY S
then error
else top S top S

matitrin & o &
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)uepenu

“NQUEUE
DEQUEUE

DEQUEUE

roJIoBa XBOCT
head () tail ()

head Q  head Q) .
ail () n
head ) tail Q)
head Q) tail Q)
head Q@  tail )

ENQUEUE DEQUEUE

K NQUEUE @,

Q tail Q x
if tail Q  length Q
then tail )

else tail ) tail Q)

DEQUEUE ()

x @ head @

if head Q  length Q)
then head ()
else head Q) head Q)

»atitrmie e
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Puc.11.2 Owuepen
KU 3aHATH DJIEMEH
mm Q 7..11). (6

J

QUEUE(Q,3) u EN
QUEUE(Q) (koTopa
cio 6.

Yupaxuenuns

11.1-1
Pusn S, Pus

11.1-2

11.1-3
ENQUEUE @,
ENQUEUE @,

Q
11.1-4

11.1-5

TOTI O™



LORASLUROIC LR

11.1-6

11.1-7

ENQUEUE DEQUEUE

[1.2. CBA3aHHbBIE CIIUCKU

CBA3aHHOM CIIMCKe

He CBA3AHHOT'O CIIUCKA
key

next x
prev x
T'0JIOBA

head L

OJHOCTOPOHHE CBI3aHHOM
prev yIop4J01eHHOM

DITOYEHHOT O

ABYCTOPOH:
next prev
x
prev x
NIL T
next x NIL T
XBOCT
L
head L NIL

HeYIo

KOIABITEROM CIITACKe
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Puc. 11.3 (a) [BycTopoHHe cBsizaHE
KB DJIEMEHT CIIACKA — 3TO 3aITiC
OBLIYIIAN U TOCAEAYIONIUNA SIEMEHTH
nose nexty XBoCTa CIIUCKA U B TIOJE P
(xocast uepTa Ha pucyHke); head L y
Te BHITTOMHEHNUs omeparmn LIST-INSE
HOBBII BJEMEHT C KIIOYOM 25; OH C
YKa3LIBaeT Ha OBIBIIYIO T'OJOBY — O.
BHIIIOTHeHa onepanus LIST-DELETE(]
4.

Ilouck B cnmucke

LisT-SEARCH L.

L1

LisT-SEARCH L,k

x  head L

while +  NIL key x
do z next x

return

MToGarTeaWe YTOMETTA B CTIIACOT
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I1ST-INSERT L, x

next x head L
if head . NIL
then prev head L x
head L x
prev & NIL

LisT-INSERT

V,Z[a.IIeHP[e JJeMeHTa U3 CITHCKa

LisT-DELETE

LisT-SEARCH

L1ST-DELETE L, 2
if preva  NIL

then next prevz nexrt x
else head L next

if nextx  NIL
then prev next x prev e

LisT-DELETE

DUKTUBHLIE DIeMEeHTEI

LisT-DELETE

L1ST-DELETE' L, x

next prev x next x
prev next r prev e

nil L

it riral

next

R

pre
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Puc. 11.4 Crucok L, ucnonssymomuil GuKTUBHEE sneMeHT nil L (Tém
npsaMoyrojbHuk). Bmecro head L ucmonbsyem nestnid L . (a) Ilycron
(6) Cuncok puc. 11.3a (saement ¢ kaodoMm 9 — roaosa, 1 — xBoct). (B)
cnmcok nocae nporeaypbt LIST-INSERT' (L, ), ecrm key z = 25. (r) Tlocae
anemMenTa ¢ KawdoM 1. HoBein xBocT nmeeT Ko 4.

nil L
next nil L

nil L
LisT-SEARCH NIL
head L next nil L
LisT-SEARCH L,k

x next nil L

while +  nil L keyx  k
do 2 next x
return z

LisT-DELETE

LisT-INSERT L,z

next x next nil L
prev next nil L x
next nil L x

prev x nil L



~ WAL LU L P o0 L fL

yTipaKHEHIA

1.2-1

11.2-2
Push

11.2-3

O

11.2-4
SEARCH

11.2-5

11.2-6

11.2-7

1 o O

-~ L

Por O

ENQUEUE  DEQUEUE

INSERT DELET!

UNION
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Puc. 11.5 Cmmcox pmc. 11.3a, mpegcTaBIeHHBII C IIOMOLILI TPOHKH MAaCCHBO!
(key, next, prev). Kax 10oMy 31€MeHTY CIICKa COOTBETCTBYET CBETIO-CEPHIN CTOIOUK
B Bepxmen cTpotvke BHIIUCAHBI MOPSAIKOBBIE HOMEDA, UIPAIOIINE POJIb YKAa3aTeaen
IENCTBIE yKasaTelel MOKA3aHO CTPEIKAMU. SHAUYeHne MepeMeHHon [ — yKasaTed
Ha T'OJIOBY CIIUCKA.

1.3. Peaauszauua ykasaTened U 3allMced ¢ HECKOALKMMH MOJAMHA

Hpe,qc'raBJIeHne C IIOMOIIIbIO HECKOJIBKHNX MaCCHBOB

key
next  prev
key x ,nextx ,preva

NIL
key
next prev

key x
key x ke:

nnpnrman,npnup © TTORMODWIITARTID OTHOT'O MACCTARA



CUAUosL U JRUoSICACL W ot O RUCHUADRUHRL TeU00 U “ A

'uc. 11.6 Tot xe cimcok, 9To Ha puc. 11.3a n 11.5, peammzoBanubl Ha 6a3e equm
TBeHHOro MaccuBa A. Kaxaon sammcu cOOTBETCTBYET TPOUKA WAVIIMX TIOADS]
neMeHTOB MaccuBa. [lomsam key, next u prev coorBercTBytfoT casuru 0, 1 n 2. Yka
aTeNb Ha 3aliCh — WHIEKC TEPBOTO U3 OTBEAEHHBIX s HEE 3meMeHTOB. CBETIO
ephle 3allCh BXOJAT B CIUCOK; CTPEJIKAMU U306pPAKEHO JEeUCTBUE YKA3ATEIEN.

Cj..k
kg
key next prev

prev i ? C
C

SBI,Z[eJIeHP[e 1/ 0c3060>K,qune naMaTnu

COODITTII MYVeaona
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Puc. 11.7 Pab6ora uponegyp ALLOCATE-OBJECT u FREE-OBJECT. (a) ToT xe crm
COK, 4T0 Ha puc. 11.5 (CBETIO0-CEPHII) U CHUCOK CBOGOAHBIX MO3UIUI ( TEMHO-CEPHIE)
Crpykrypa cnucka cBOGOIHBIX MOBUIMY H306paXxeHa ¢ MOMOLIBI cTpelok. (6) Bor
YTO MOLYYNTCA HOCkE BE30Ba ALLOCATE-OBJECT() (Bo3BpalaeT 3HaveHue 4), Ipy
cpanBarus key4d <« 25 u BrezoBa LIST-INSERT(L,4). Hoemill crmcox cBoGOAHBL
HO3ULNH HaduHaeTcsi ¢ 8 (TakoBo 6vLIO 3HadeHue next4 ). (B) Temeps MBI BHI3Ba
au LI1sT-DELETE(L,5), a sarem FREE-OBJECT(5). Ilosuuus 5 — roaosa HoBOD
CTIMCKa CBOGOHBIX TIOBWITNN, 3a Hell CAelyeT &.

n o m n om CBO
60 THBI

©
CTTUCIOM CROGO THLIY TTO2RITAITIAIN



CUAUosL U JRUoSICACL W ot O RUCHUADRUHRL TeU00 U < 1

uc. 11.8  Crmcku Ly (cBeTno-cepriit) u Ly (TEMHO-CEPHIN), a TaKKe CIUCOK CBO
OJHBIX MeCT (YepHBIN) XPaHATCA B OJHOU TPOUKE MACCHBOB.

\LLOCATE-OBJECT

if free NIL
then error
else ©  free
free  nextx
return z

"REE-OBJECT z

next x free
free
n
ALLOCATE
)BIJECT
O
next
/TIpak HeHn s
1.3-1
L B A
1.3-2 ALLOCATE-OBJECT FREE-OBJECT
1.3-3 ALLOCATE-OBJECT FREE-OBJECT

prev
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ALLOCATE-OBJECT
FREE-OBJECT
.M m

11.3-5 L m
key prev next n
deycmoponm

COMPACTIFY-LIST
L m m

[1.4. IIpeacTaBieHne KOPHEBLIX TepPeBbEB

MTrOMYIHLIC TeDERL T



LU CH RO A0RUE AU RCDOIL UCPC0000 P

uc. 11.9 IIpencrasnaenne asomtHoro mepesa 1. Kaxkpgas BeplImHa & BKJIIOYAE”
oast p « (cBepxy), left # (BHu3y cieBa) u right v (BHu3y cupasa). Kitoun Ha cxem
e TOKa3aHEL.

KOpHeBBIe A€peBbA C IIPOM3BOJIBHBIM BE€TBJACHHEM

k

hildy, childsy, . . ., childy left  right

«JIEBLII

. ©
Yo RAaTTAK — TIDARLIT COCE TY



ool 4 4 h i R R (i A - AR RS- ¥ el e g

Puc. 11.10 Ilpeacrabrenne gepesa T' mmo cxeme «n
B kax[oll samucu © IPUCYTCTBYIOT oM p £ (CB
u right-sibling x (BHusy cupasa). Kiatoun He moxa:

right-sibling x
x

x
left-child x  NIL x
right-sibling x  NIL

[pyrue cnoco6u1 npeicTaBIeHud JepeBhel

Yupaxuenuns

11 A 1



e S e e

key left right

NIL
NIL
NIL NIL
NIL NIL
NIL NIL
NIL NIL

11.4-2

11.4-3

11.4-4

11.4-5

11.4-6

3agaumn

1121 Chapmenmue DHDA2ULIY THATOR CTTUHCICOR
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SEARCH L,k

INSERT L,z

DELETE L,z

SUCCESSOR L,z

PREDECESSOR L, x

MiNIMUM L

MaxiMuM L

11-2 Peanusaiug cIuBaeMbIX Ky4 Ha 0ase CIHCKOB
cIuBaeMble KYy4Hd

MAKE-HEAP
INSERT MINIMUM EXTRACT-MIN UNION

11-3 TIlomuck B 0TCOPTHPOBAHHOM CXKATOM CIHCKE

key 1 key next next 1

COMPACT-LIST-SEARCH L, k

¢t head L
n  length L
while ¢ NIL keyi k
do j; RanNDOM ,n
if keyi  keyj keyj k
then :
v nextr
if keyi k

then return

»atitriy NTT

NIL




AL RN Fv e e ol L L4

G Xy

7 key 1

t
CoMPACT-LIST-SEARCH

G X n ran !

n—1 t+1
N s B
G Xt nx t

3|

CoMPACT-LIST-SEARCH O

key j

Ot

k






12 XeIm-TabJIuIbI

[2.1. IIpamas agpecanus

v v v
TafTHITew ¢ THIMOW aaDhecalimen
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Puc. 12.1 Peamusanusa guHaAMIYeCKOT0 MHOXKECTBA C MTOMOIIBIO TAGIHITE
Mmon agpecarmeri. MHOXKecTBO Bo3aMoXHBIX Kmoden ecth U = {0,1,...,9
MY U3 9TUX KAOYEl COOTBETCTBYET CBOE MeCTO B Tabamile. B mosurimss
¢ HoMepamu 2, 3, 5 u 8 (paKTUIECKN HCHOIb3YEMBIE KIIOUN) 3AlUCAHEL |
Ha DIEMEHTH MHOXECTBA, 4 B HEHCIOIb3YEMBIX [MO3UNUAX Tabauisl (TN
3amnucaH NIL.

MO3KLNL AYenKa

DIRECT-ADDRESS-SEARCH T, k
return 7' k

DIRECT-ADDRESS-INSERT T,z
T keyx x

DIRECT-ADDRESS-DELETE T,
T keyx NIL

Yupaxuenuns

19 1 1



AT U0 Qoo

12.1-2  BHTOBBEIM BEKTOD

m

12.1-3

DELETE

12.1-4
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Puc. 12.2 lcnonbzoBanme Xel-gpyHKIMH OIS OTOOpaXEHHNS KIIOYed B IIO3UIIN

Xe]_H—Ta6JII/H_[bI. XeH_[—3Ha"IeHI/Iﬂ KJIIO"IGI/UI k2 n k5 COBITIaTaOT — HUMEET MECTO KO.
JIM3UA.

k

h k  Xeumr-trabauue T ..m

h U RN ([

xel-pyHKIHen
h k Xelll-3HaYeHueM k
7
U

KOJJIHN3N.

AT TS T T T TR



AOCW=He Ut B {00

‘uc. 12.3 Paspemenne Kommany ¢ moMolbo mernodek. B mosummum T’ j xpaHmTC:
'KazaTelb Ha CIUCOK 3JIEMEHTOB C xeli-3HadeHueM j. Hampumep, h(ky) = h(ks) 1

(ks) = hiks) = h(kr).

?aspemeHMe KOJLIH3HU ¢ IIOMOIIIBIO IIEII0'1eK

CITOTT TOITIAITO Y TOMOITTNAD
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Ananus XCIIUPOBAaHUA C IIEIIOIKaMH

T m 7
Kosddunnentom 3amoaneHns
o nEm
o
n
n
n
m
«paBHOMEPHOT'(
XeIIUPOBAHUL»
k
h k
/
Thek
k

Teopema 12.1. [Tyemb T — zew-mabauya ¢ 4ENOUKAMU, UMEOUWAL KO
apPuyuenm zanoanenus «. Ilpednotodxcum, umo rewuposanue paso
mepro. Toeda npu noucke saemenma, omeymemeyOuwe20 6 MabAUYE
oydem npocmMompeno 6 cCpedHem « IAEMENMOE MAbAUYbL, U CPEIHE
BPEMA MAKO20 NOUCKA (6KAIOUAA BPEMA HA 6BIUUCAEHUE TEW-PYHRYUU
oydem pasmno .

Hoxazameavcmso.

nxm (87
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[eopema 12.2. IIpu pasnomepHom

JCEWHO20 NouUcCka 6 avew-mad/mue C yenouxkamu €cibp

de v — KoaPPuyuenm 3anoanenus.
Toxazamesbcmso.
o
o
n
n
n .
?
m

=1

nm

nm

Tewuposarnuu

6 peM
o

*M
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n O m « nxm O O «

Yupaxuenuns

12.2-1 h

12.2-2

hk

12.2-3

12.2-4

12.2-5

16 &
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2.3. Xemr-pyHKIun

Kakou gomxua 66ITh Xopouiag xen-QyHknua?
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Kiaoun xkak HaTypaJbHBIEC THCJIA

12.3.1. Jexenue c ocTaTKoM

MTOTOTIAYG ~ OCTAMICNTR



'uc. 12.4 XemmpoBaHWe MeTOAOM yMHOXKeHWS. Kmod k, mpeJcTaBIeHHBEIT B B
)~-6UTHOT'O YUCIa, YMHOXAeTCA Ha w-6uTHoe wmcio A - 2%, rae A — KoHCTaHTa W
urepsata (0;1). ¥ npomssegeHus 6epyT Miajume w GUTOB, a U3 3TUX W GUTO!
BIAEIAIOT p CTApUINX. JTO U eCTh Xell-a3Hadenue h(k).

hk k

2.3.2. YMHOXeHHUE

VMHAHOSKEeHH 9
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C * .
k m (
h k ,
1
1
1
12.3.3. YuuBepcaibHOe XeIIHpOBaHHE
h
n
n
YHHBEPCAIbHBIM XellIHPOBa
HHEM

U
RN ()

VHARACDCATLRHERIMNM



e

*M

*M

[eopema 12.3. [Tycmb nam neobrodumo nomecmumsv n Gurkcuposan
Wi Kaouetd 6 mabauyy pazmepa m, 2de m n, u rew-GyHKYUL 6bl
UPAETNCA CAYUATHBLM 06PAZ0M U3 YHUEEPCAAbHO20 cemeticmea. To20s
UATNEMAMUYECKOE ONCUDAHUE YUCAL KOAAUSUT, 6 KOMOPLIY YUACTNE YeT
Jannvli K404 T, Menbue eJUHUYDBL.

Toxazamesbcmso.
x Y *m
n
x
n *m
n m C
m
r
m a aAg, A1y ...y Uyp
m
1 1 7m
la
.
he @ a;x; m,
=0
T TOyL1yeeeyyp
h(l 1
a
mr—l—l

Feonemvia 12.4. Ce.ueticmaeo  Bunsxiiiii onnedeaenunoe no  bona
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Yupaxuenuns

12.3-1

12.3-2

12.3-3

12.3-4

16 9 &

<3 LT LAV g g v

Yo

hk

m kC

ag

hk

*M
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[2.4. OTKpBITaA agpecamus

1187070
emcsa
n
h U
U

n\Necm

OTKPBITOH ajpeca

NIL

6bIUUCASA

LM RN 1

HOCJIe,Z[OBaTeJIBHOCTB P[Cl'[pOﬁOBaHHBI)
TOCTEe TORATETLHOCTLE TINO A
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HasH-INSERT T, k
?
repeat j h k¢
ifTj NIL
then T j k
return )
else ¢
until ¢ m
error

NIL

HASH-SEARC]
k T j
NIL

HaAsH-SEARCH T, k

?

repeat j h k¢
ifTj; k

then return j
T
until 7' j  NIL i om
return NIL

NIL

DELETED
DELETED

DARHOMEDH(



ALY bRt Al odhdhatis T

TuneVHaS nmocjae10BaTeIbHOCTD 1'[p06

U y e,

JIP[Hef;[HyIO nmocjae10BaTeIbHOCTD 1'[p06
hki Bk i m.
2 Tk

Th k T Wk
e Tm T

KTACTNDNNR
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KBa,Z[paTP[‘IHajI nmocjae10BaTeIbHOCTD 1'[p06

KBaApaTHIHYIO IIOC/I€JOBAaTEJIbHOCT!

mpo6
h k1 Bk el cgi? m,
h/ (4] C9
Th k
m C C9
m
00pa3oBaHMs
BTOPHYHEIX KJACTepOB
I BoMHOE XelMpOBaHHe
I BouHOE XeUTMpOBaHHE
h
h ki hy k  the k m,
hy  he
k
m hl k
hy k
h2 k m
ho k' m d
m hy k *d
m
hy
m hy
m m



ZHichvyobiietbn ULy

'uc. 12.5 /lobaprenne sreMenTa B TabINIy C OTKPLITON aJpPeCaIlier P JBOMHON
emmposanun. B Hautem ciaydae m = 13, hi(k) = k mod 13, hz(k) = 14+(k mod 11)
) k = 14, To mocaefoBaTelbHOCTh Ipo6 6yaeT Takas: 1 u 5 3aHATH, 9 CBOGOTHC
OMelllaeM Tya.

m m m m m
m m’ k hy k
hy k
hi  hs
m m?
hy k by k

v v
\ A T2 YeTITHDORATINT ¢ OTKDLEITOW 2 Thecatimeln
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Teopema 12.5. Mamemamuuecroe oxcudanue wucia npod npu nOUCk
6 mabauye ¢ omrpuiMot adpecayueti OMCyMemsyioue2o 6 net stemen

ma ne npesocrodum x a  (rewuposanue npednoaazaemcs pasHo:
MEPHBIM, UEPES obo3naven koadduyuenm 3anoanenus).
Hoxazameavcmso.
o0
;.
=0
Pi 1
* o
a L
@)
* 1
* 1

CaegcrBue 12.6.

[a%

Hoxazameavcmso.
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l[eopema 12.7. Paccmompum mabauyy ¢ omrpbimot adpecayuet, xo
PPuyuenm 3anoAHERUL KOMOPOl pasen o . llyemov zewuposa
e pasnomepno. Tozda mamemamuueckoe oxncudanue wucaa npod npi
JCNEWHOM NOUCKE IACMENMA 6 MAbAUYE HE NPESOCTOIUM

- AR
(87 (87

CAU CUUMAMD, UMO KA0U OAf YCNEUHO20 NOUCKA 6 MAOAUYE 6bIOU
AEMES CAYUAEHDLM 00PA30M U 6CE MAKUE 6bIOOPBL PAEHOEEPOSATNHDL.

Toxazamesbcmso.
k
k
n
? ?
mm
* >*m mx m 1
m m m m
m m m m n
m *xm n * M *M
m
m Zdt m  mxm n
m—n
n
m*n mxm n * O * o C
1
1
yTipaKHEHIA

1 A 1
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C2

12.4-2

12.4-3
hy k

12.4-4

12.4-5

3|

12.4-6

19 A =

<3 LT LAV g g v

vhe k

hk k m

h/ (4]
hy h hs
HASH-DELETE
DELETED
HaAsH-INSERT HASH-SEARCH
h k,
m
b b 77T<
h2 k m
* % *
n
m
—n(n—1)x2m

NOCTOAHHAS JMWIep:
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I

3agaumn

12-1

12-2

12-3

Hau6Goubiiiee Yncio mpo6 mpu I106aBJIEHUHN 3JIeMEHTA

n n m*

*n

X

b b b n

P Xo n *N
X
O n
Ilonck B HeM3MeHIIOUIEMCE MHOXeCTBe
n
O n

NMarEsT TemoYyek MO XeTIIMDORAHWNT
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@k
k
k n—=k
EF — —
@ " n n
Py
k Py nQp
Qr €
cd
*n3 k¢ mnx n
k
P Mo cn n P M cn c
n n 7
O  nx n
12-4 IIpumep KBajgpaTHYHOM MOCIEJOBATEILHOCTH IIPO6
k
1 1 7m
h
1 1 7m
t hk j
2
7 7 mo1 1 g m
(4] C:

12-5 k-yHuBepcajJbHOE XelIHPOBAHHE

U s e, M

I(‘,-V"'l}l'RPn(‘ﬁ,TlL"T—.ﬂ\/l




JdWHCRUAUA v cAUWO0T

4~

hap @

he @



13 /IBonYHbLIe mTepeBbLA MMONCKA



LU U0 UOURHR AU UCPC0U e U0 R S

Puc. 13.1 /Isoutunbie gepeBbs moucka. JleBoe mojepeBo Ipou3BOILHON BEPUIUHEL ¢
COEPKUT KIOHN, HE TIPEBOCXOIAIINE key ¥ , MpaBoe — He MeHbIme key & . Pasaer
TBOUYHBIE JePEBDS TONCKA MOTYT MPEACTABISATEL OMHO M TO YK€ MHOXKeCTBO. Bpem:
BHIIIOTHEHNs (B Xy ALIEM CIy€ae) GOIBLUINHCTBA OEPAIUN IPOIOPLNOHATEHO BEICOT
Aepesa. (a) [lBoudHOe gepeBo moucKa BEICOTH 2 ¢ 6 BepumHamu. (6) Menee sddek
THBHOE [epeBO BHICOTHI 4, comepxkalllee Te Ke KJIIOHN.

[3.1. YTo Takoe ABOMYHOE A€peEBO MOUCKA?

ABOMTIHOM JR€peBe IIOUCKa

key
left right p
NIL
CBOW
CTBa YyNOPAOYEHHOCTH
x

Y x
key y key x Y x
keyy  keyzx

et nd e e <xre 11



JU

4 SO 4o AALURRAE UCPCOOR el

preorder
postorde:
INORDER-TREE-W

INORDER-TREE-WALK =z

ifz NIL
then INORDER-TREE-
key
INORDER-TREE-

Yupaxuenuns

13.1-1

13.1-2

13.1-3

13.1-4

19 1 =



4i040CH O VOV UM UCPCO0 <)

Puc. 13.2 Ilouck B gBom+nHoM nepepe. Mina ka4 13, MBI MAEM OT KOPHSA IO IYTI
15— 6 — 7 — 13. YT06B HAUTH MUHUMAIBHBIN K09 2, MBI BCE BpeMS UIEM HaJe
BO; YTOOH HATH MaKCAMAaJILHBIN K1o4q 20 — Hampaso. /l1a BepimHbl ¢ Kao9oM 1!
cleyouien Oy 1eT BepLUIMHA ¢ KI09oM 17 (3T0 MUHUMAIBHEIN KW B [IPABOM IO
JepeBe BEPLUIMHEL ¢ KII04oM 15). Y BepumMHE ¢ KitouoM 13 HeT mpaBoro mojjaepesa
MO3TOMY, 9TOOB HAUTH CAEAVIONIYIO 34 HEW BEPIIUHY, MBI [IOHUMAEMCS BBEDPX, II0
Ka He TpougéM 1o pebpy, BeAyIIeMy BIPABO-BBEPX; B [MAHHOM CJydae CAedyIOIIa:
BepIlIMHA TMeeT K0T 15.

[3.2. ITouck B IBOMYHOM JepeBe

SEARCH MINIMUM MAXIMUM SUC
CESSOR PREDECESSOR O h h

Houck

NIL

TREE-SEARCH z, k

ifx NIL k keyux
then return z
ifk keyux

then return TREE-SEARCH leftz | k

Alena watirwmia T’ QoA DATT varmhd A e
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4 SO 4o AAOULRRAIE UCPCOOoR feURC AR

Oh

ITERATIVE-TREE-SEARCH z, k

while . NIL & keya
do if & keyux
then z  leftx
else = rightzx
return r

MusnMyM ¥ MaKCUMyM

left

X

TREE-MINIMUM x

while left +  NIL
do =z leftx

return z

TREE-MINIMUM x

key x

TREE-MAXIMUM

TREE-MAXIMUM x

while right x  NIL
do =z rightzx
return =

Clne IIVK)"IV"‘;I T ITDeéeThI IIV"IVII‘;I ISTeMEeHTE
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NIL T

[REE-SUCCESSOR =

if right +  NIL
then return TREE-MINIMUM right

vy p
while y  NIL x  righty
do z gy
Yy Py

return y

TREE-SUCCESSOR

T
T
TREE-MINIMUM right x
T
T
) pa
T
TREE-SUCCESSOR /

Oh

TREE-PREDECESSOR

[eopema 13.1. Onepayuu SEARCH, MINIMUM, MAXIMUM, SUCCES
OR ¢ PREDECESSOR #a 8epeee ebicombl h evinoansiomcs 3a epe

s O h .
yTipaKHEHIA

13.2-1

HE

| ) ) &)
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D E

13.2-3
SUCCESSOR

13.2-4

13.2-5 k
SUCCESSOR Ok

13.2-6 T

key x

TREE

On

TREE

key y

[3.3. JoGaBiaeHne U ygaieHHe dIeMeHTa

MTafan ToITwo



F UUUROACLRUE W HULRALRUE JHACHRERITIEW

'uc. 13.3 JloGasaenune saemenTa ¢ KaodoM 13. CBeTao-cepblie BEPIIMHB HAXOISAT
1 Ha TyTH OT KOPHS [0 TO3UINN HOBOTO 3JeMEHTA. [IYHKTHUD CBS3BIBAET HOBHII

JEMEHT CO CTapbIMH.

[REE-INSERT T, 2

y  NIL
x root T
while z NIL

doy =
if key z  keyax
then x  leftx
else x  rightz
pz oy
if y NIL

then root T z

else if keyz  keyy
then left y z
else righty z

TREE-SEARCH

key z  keyzx

NIL NIL

/Ta Temmoe

TREE-INSERT
ITERATIVE-TREE-SEARCH

Oh
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4

SO W L

TDaewee 19



HOULROACRAWE O UUATLRUE JHACRTFITEW <

[REE-DELETE T, 2z

if left = NIL right z  NIL
then y =z
else y TREE-SUCCESSOR z
if lefty  NIL
then x  lefty
else x  righty
if 2 NIL
then p x Py
if py NIL
then root T x
else ify leftpy
then left p y x
else rightpy x

ify =z
then key z key y
> Yy
return y
Y
z z
z z
x
y NIL y
Y
ry
r  NIL y
Y
Z Y
z z Y
Y
Y
O h h

[eopema 13.2. Onepayuu INSERT u DELETE mo2ym Obimb 6binoaHent
o 6pens O h , ede h — evicoma depesa.

yTipaKHEHIA

13.3-1 TREE
NSERT

| ) @ &)
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13.3-3 n

TREE-INSERT
INORDER-TREE-WALK

13.3-4

13.3-5 y

Y
TREE-DELETE

TREE-DELETE

13.3-6

13.3-7 z TREE
DELETE z

A 13.4 CayuauHble JBOMYHBIE AepPeBbA MOMCKA

Oh h

('_TIV'-IHI‘;IHOE TROMAYHOE TeDeRrRO
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n
O n

Temma 13.3. llycmbs T — depeso, noayuaroujeecs nocae dobasaenus

L pazauunvir kaouet ki, ka, ...k, (6 yxazawnom nopadke) x usna

aavrno nycmomy depeey. Toeda k; seanemcs npedsom k; 6 T moad
I MoAbKO moz2da, Ko2da ¢ J, U Npu 2MoM

ki k[ [ U kl d k]‘
‘Ko k; Goavwe k; u ux ne pazdeasem nu odun kaow cpedu ky, ..., k;
1A

k; ki I duk kj

‘waow k; menvwe k; u ux we pazdeasem nu odun Kaou cpeo

317...7162')

Toxazameabcmeo. k; k;
ioJ
T;
3171627...7]62' Tz kz T
k; k]‘ T;
k;
g klv k27 3 kz
k;
k;
k;
o1 k27 L) kz k]
k;
k; k;
k; k;
k; k;
C

N A Tremopuae 12 A i
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k; T
dk,T I,
k;
ki, ook t J
t ) '7j I]
L;
J
kv kg

Jemma 13.5. [Iycmb ki, ko, ..., k, ecm
n Pazaudunble vuced. Jdas xadxcdoz2o i on
MAAbHBLT daemenm 6 muoxcecmsee  ky, k
MAKUT IAEMEHTNOE HA06€EM S :

S k; i nuk 0k

Toeda P S J¥ n *n?, 2de
2aPMOHUNECKO20 PAJG, a [3 ,  — KOP
Hoxazameavcmso.
ki, oo kg ? ?
?
S
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(1= 8)5H,,

e—(Inf—1)8Inn
p—(Inp=1)8

*nQ

3 C

l[eopema 13.6. Cpeduss evicoma cayuaiinozo deouunozo depesa nouc
¢a, MOCMPOEHHOZO NO N PARAUMHBLM Kuouam, ecmb O n .

Toxazameabcmeo. ki,koy ... ky
n T
J
t
d k;, T k; t
Iy L
tx
Pdk;,T t P I; tx P L; tx
P I; 23
U t t
v ke 0 k;
V1 7kj—1 k]
U
I; 23 U
u U
tx
U
P S tx S
I; % P S ix

D J 7. ra D s
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s B
Pdk;,T J¥ n P S J¥ n *n?.
n
B n
n
*n
*n
ﬁ n n
08 n *7
n o *n O n C
Yupaxuenuns
13.4-1
n
w n
n
13.4-2
n n
13.4-3 r t
t . *n”
13.4-4 RANDOMIZED-QUICKSORT
n
k0 c
cxnk
cn n

3agaumn

13-1 /IBomvHbIe AepeBbd MOMCKA M PaBHLIE KIIOYH

L Mr 11 ThnToom A
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bax

3-2 IIudposnie gepeBbs
a apay ... 04p b bobl...bq

4 JIEKCUKOT pPAauiecKn MeHbIITe b a
b
J - P:q a; b
) N | a; b;
P g a b U
J

IH(pPOBOro AepeBa

a  apdy...ap )
a; a;
S
n
S n

2.2 (ChendHITd TVIVOWHA ReDIITVHLT B CJIV‘IaﬁHOM TROUYIYHOM TeDere
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T n

rT PT, PTr -

6. Pn
n—1
Pn — P Pn
n
1=0
2.
n—1
Pn — Pk
k=1
d.

12-4 KaoarmudecT™rO DA2HULIY TROWUHLIY TODERLOT
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a bo
n—1
bn bkbn—l—k
k=0
n
6 D
Dz b,x"
n=0
D x zD z ?
D x — x
x
Psag Temropa [
°o f(k)
fx / ? e at
k=0
f(k) a k f a
6.
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x
—h h 1x2
n
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b, n  uncaoM Kartazana
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Puc. 13.5 MmuoxectBa (; u Lj;, cocTapasmoline MHOXKECTBO KIIOYMEH HAa MyTH K
xmouy k; = 17. (a) HepHble BepiuuHel cogepxat Kiaoun uz G, 6easle us L, ocTaib-
HBle BEPUIMHBI — cephle. Beigenen myTh K Kiaody k;. Kiown JeBee MyHKTHPHON
JEHUN MeHblue kj, KiIiodn pasee — Goxbite. (6) Muoxectso G = {21, 25,19, 29}
COCTOUT U3 KJIIOUeHl, 106aBJIeHHBIX paHblie Kiao4da 17 u Gompbumx 17. MuoxecTBo
G; = {21,19} comepxuT Kmoun, 6BIBIME GIMKANNIMME CIIpaBa K Kaody 17, To eCTh
OLIBIINE MUHAMAILHEIMI B YK€ MOABHUBLIENCS €acTH G;. Kiou 21 6u11 gobabiaen
HEPBBIM K G; u noran B G; kaod 25 He nonan (OH 6oiblie TEKYIIErO MUHUMYMA,
pastoro 21). Kuatou 19 nonagaer 8 (j, moToMy 410 oH MeHblue 21, a 29 — Her, Tak
wawxw 20 190 Muosceerra T T cmrmoamed ama TorTiameT™ 0f1ha2 0N
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14 KpacHo-4épHble fepeBbi

h O h
O n
[4.1. CBoHMCTBA KPacHO-YEPHBIX JePeEBLEB
Kpacuo-uépuoe gepeBo
cbamancH
POBaHHBIM
color
key left right P
NTL
NIL left  right

<

RB
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uc. 14.1 KpacHo-uépHoe gepeBo. HépHbIE BEPIINHB MOKA3AHB KAaK TEMHBIE, KPAC
ible — KakK cepble. Kaxgas BepimHa auGo KpacHas, 6o depHasd. Bce NIL-THCThs
iépubie. /leTn KpacHou BepiumHbl — 9€pHBle. [l KaX) 10l BEpIIMHBI BCE MyTH O
€€ BHI3 K JUCTBAM COJEPKUT OJAMHAKOBOE KOIMIECTBO TEPHBIX BePIMH. QKO
(a’K O BEPLINHBL (KpOMe JUCThEB) 3amucaHa eé 4€pHas BBICOTa. 1épHas BBICOT:
mcTheB paBHa 0.

T YEPHON BEICOTO]

Temma 14.1. Kpacno-uéprnoe depeso ¢ n 6HYMPEHHUMU 6EPUILHAM!

/m. €. He cHumas NIL-JlUCmbe@) UMEETN 6bICOMY HE 60</lbw€ n
JO?CGSGmeAbcm60. J
bh(z)
bh(z) 0
x k
k
k k
z
k—1
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hx
hx2

hox h n C

SEARCH MINI
MUM MAXIMUM SUCCESSOR PREDECESSOR
O n Oh
h n O n
TREE-INSERT TREE-
DELETE

Yupaxuenuns

14.1-1
e NIL

14.1-2

14.1-3 T

14.1-4

14.1-5 n
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'uc. 14.2 Omeparuu BpallleHUsT Ha TBOMYHOM HepeBe moncka. Omeparms RIGHT
YOTATE TipeoGpasyeT JeBoe JEPEBO B IIPABOE, MEHASI HECKOIBKO yKasaTernen. [IpaBo
€pEBO MOXKHO TIEPEBECTH B JeBoe oGpaTHon oreparmen LEFT-ROTATE. Bepuumsr
Yy MOI'YT HAXOIUTHCA B JTIO60M MecTe fAepeBa. Byksol o, 3 u v 0603HAYAIOT TIOH
epeBbsi. B 0601X fepeBbAX BBHIMIOMHEHO OHO U TO YK€ CBOUCTBO YIOPSAAOYEHHOCTH
JMIOYY U3 ¢ TIPEAIIECTBYIOT key & , KOTOPBIU IPEAIIeCTBYET KIodaM u3 3, KOTOPH
PEMIECTBYIOT key y , KOTOPBIA IPEAIIECTBYET KIIOUaM U3 7.

BpallleHHK
x
Y NIL 3
x Y
Y x
LEFT-ROTATE right x  NIL
JEFT-ROTATE T, 2
y  rightx > Y
right lefty > Y
x
if lefty  NIL
then p left y x
Py pr > x Y

if par NIL
then root T Y
else if ¢ leftpa
then left p x Y

PR PR AN S o
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Puc. 14.3 Ilg
JUCTHSA HE TIOK
TOT XKe€.

YupaxHeHu:

14.2-1

14.2-2

14.2-3

14.2-4
a By

14 9 F
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[4.3. /1o6aBiieHre BEPIIMHBI

RB-INsErT T, 2

TREE-INSERT T, x
color x RED
while @ rootT  colorp x RED
doifpa leftppa
then y rightppz
if colory  RED
then color p x BLACK
color y BLACK
colorppx RED
x ppx
else if ©  rightp
then z px

LErT-ROTATE T, 2

color p x BLACK
colorppx RED

RiGHT-ROTATE T, pp 2

PN PN

TREE-INSERT

v VvV vV V

v VvV vV Vv Vv
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uc. 14.5 Cuygan 1. Hapymeno ceoncTso 3: 7 u ero pognrenh — KpacHble. Harr
€lICTBUS He 3aBUCAT OT TOI'O, ABIAETCSH JU & NPaBbIM (a) uin JeBHM (6) CHIHOM
ce moggepeBbda «, (3, ¥, 0 W € MMEIOT YEPHBEI KOPEHb W OJMHAKOBYIO YEPHYE
picoTy. [Iporeaypa MeHseT IBeT BepUIMHEL p p & U €€ geTen. Lluka nmpogoaxaerc:
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Puc. 14.6 Cun
CBOIICTBO 3 KP
KpacHbie. Kopi
YEPHYIO BHICOT
BEpIIUH HA Iy
CBOMCTBA BHIII

RI

YupaxHeHu:

14.3-1
T

14.3-2

1A 92 9
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14.3-4 a oy b

k
14.3-5
n n o
14.3-6 RB-INSERT
4.4, Y nagenue
O n

NII
99 s 2l IS e B
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RB-DEeLETE T, 2

if left = nil
then y =z
else y 1
if lefty  nil
then z [
else =z 7
pr  py
ifpy nidT
then root T
else if y
ther
else
ify =z
then key z
>
if colory B
then RB-L

P



ac

JELETE-Fixup T,z

vhile #  rootT" colorz  BLACK
do ifx leftpua
then w  right p x
if colorw  RED

if

P Py

then color w BLACK
color p x RED
LErT-ROTATE T,p 2

w  right px
color left w BLACK
color right w
then color w RED
r px
else if color right w

BLACK

BLACK

then color left w BLACK

color w

RED

RicHT-ROTATE T, w
w  right px

color w color

P

color p x BLACK

color right w

BLACK

LErT-ROTATE T,p 2

x root T

v VvV vV V

v v
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w
x
x root T
RB-DELETE
O n
O n
O n
/TIpak HeHn s
4.4-1
4.4-2
b
4.4-3
4.4-4

R

w
P
X
RB-DELETE
O n
RB-DELETE-FI1XuPp O n

RB-DELETE-FI1XuPp

RB-DELETE-FI1XuPp
RB-DELETI

RB-DELETI

RB-DELETE-FI1XuPp
nilT

LEFT-ROTATE
NIL
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Puc. 14.7 Yerwipe ciay4as, BO3MOMKHBIX
DELETE-FIXup. YépHble BepIIMHBI MOKAa3
TéMHO-cepuIMI. CBeTI0-cephle BEPIIMHEL H



SLUULHRUW v o000 14

c count ¢

14.4-6

3agaumn

14-1 /IlunamMuYecKue MHOXKECTBA ¢ COXPaHEHHEM NPeAbIAYIINX BepCHl

S INSERT DELETE SEARCH
S
r/
key left
right P
a.
6. PERSISTENT-TREE-INSERT
k T

8. h
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Puc. 14.8 (a) [Bouuroe gepeso momcka ¢ kiaoodamu 2,3,4,7,8, ]
COXpaHEHHEM TPEALIAYIINX BEPCUU TOCTe NoGaBAeHUsA Kaoda 5.
COCTONT W3 BepIHH, JOCTYIHHX N3 TeKyIlero KopHA r’, a mpes
COEPAKUT BEPIINHBI, TOCTYIIHBIE W3 CTAPOro KOPHsA r. TE€MHO-cept
6aBieHB TIpU A06aBIeHNN KIIOWa 5.

O n

14-2 Omnepanus o6bLeJUHEHNS KPACHO-YEPHLIX AepeBbhel

o0beNHEHN
Sl SQ T
key x4 key x key x2 1 S1 a9

S Sl T SQ
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6. bh T
O n
e T,
Ty T T2
2.
d.

bh T,

bh T,

O
RB-JoIiN

n



15 IlomosHeHNe CTPYKTYP AaHHBIX

[5.1. TuHamMuvIecKHe MOPAIKOBBIE CTATHCTUKHT

Ilopsaako

REINM TEDERNOMN



F UL RCCHALE HUPAUAUDOIE LRI L ITe vl

NIL
x x size NIL
sizex  size left x size right
nil T
NIL size
Tonck -ro Mo BeJHYHHE dJeMeHTa
size
7
OS-SELECT z,1¢ )
x 1 T

OS-SELECT root T |4

)S-SELECT z,1%

r sizeleftx

if: r
then return z
elseif 7 r

then return OS-SELECT left x ;¢

Alen wmeatarmis YD Ot v smms it oA oA e
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Puc. 15.1 IlopsagkoBoe mepeBo. KpacHble BeplInH
cepbie, YEpHBIE — KaK TEéMHBIE. [[oMUMO OGBIMHBIX I
y KAk JIOU BEPIIUHBI & €CTh HOJE $ize T , TJ[€ XPAHUTC:
B T.

SELECT n (

Onpe,qe.IIeHne IIOpAAKOBOI'O HOMEPa J3JIE€MEHT:

OS-RANK
T
OS-RaNk T,z
r sizeleftx

y
while y  root T
do ify rightpy
then r r sizeleftpy
¥y Py

P R
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¥y Py
¥y pYy
x size leftp y
Py
y rootT r
Y
keyx r
Y
@)
OS-RANK  n 0]

DNomorTenne HHbDODMVATIAN O DazMenaxX Mo T TeDeRLER

R

O —~



4 Gl LS L4

Puc. 15.2 O6
HEeOOXOAMMO O
3HaYEHUE, M0C
MO TEPEBBEB, 1

YupakHeHus
15.1-1

(
15.1-2

(
15.1-3
15.1-4

k

1= 1 =



VAR Wb Lt R Uiietie o VUit i Lt L ity Y e i Ay e

15.1-6

15.1-7

15.1-8

O n

OS-SELECT
size

size

OS-RANK

Rt
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O n

size
OS-SELEC
RANK
size
OS-SELEcT  C

Jonmosuurenbuas HHGOPMALNUSL IS KPACHO-YEPHBIX J€peBbel

Teonema 15 1 (TTomoTHeHNE KDACHO-YODHOTO mTebhera). Prce.d
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px
O
NIL O n
O
O n
/
O n
size
O O
yTipaKHEHIA
15.2-1
O
|5.2-2
15.2-3
15.2-4
M
a M
fax ary ATy ... ATy, T1y T2y ey T
x
/
size

-8 T 4
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x k
a k b m n
m
[5.3. /lepeBbsi MPOMEXYTKOB
OTpeskom
t1,t2 t
t t ty t to Iloayunrtepsnal
HHTepBaI
th,tg i
low1 t{ JeBLIH KOHeII
high i ty TpaBbLIM KOHeEI
¢ 1 mepekpnIBalOTCH lowi  highi
lowi  highi 1
7
T
high1  low
highi'  low1i

TenerRoM TTDOMESKVTKOR



cPgeoon UM CALHITERUD

>uc. 15.3 Tpu BapuanTa B3aMMHOI'O DACTIONOXKEHHsA oTpe3Kkos 1 1 i'. (a) OTpesk
u 1’ mepexpHBaloTca. Bo3MOXKHO WeTHpe BapHaHTa; BO BCeX YeTHIPex low i
vight' w lowi’  highi. (6) hight  lowi' . (B) highs' lows.

ITar 1: BazoBag cTpyKTypa AaHHBIX

x nt x
lowint x

ITar 2: JomorHUTeTLHAS WH(pPOPMATINS

mar x

Mar 2 O6uorTeue TOTMOTHUTETLHOU WHhonMaTTIHT
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Puc. 15.4 JlepeBo mpomexky:
r'o JeBBI KoHell Gombiie). (6
5TOM CBOHCTBO YIOPAIOYEeHH

Illar 4: HoBbie omepaiim

INTERVAL
7
NIL

INTERVAL-SEARCH T, ¢

x root T’
while z NIL inta
do if leftx NI
then 2 4
else 2z :

»atitrmie e



JLPC00oR P URCALHITERUD

x root T ,

) mazx left x
ow1 x  leftx
1
) mazx left x low 1
x
, 2
i ;
1
) mazx left x low 1
T 1
) mazx left x low 1
x
, ) left x NIL
NIL
INTERVAL-SEARCH
mte 1
[eopema 15.2. [lycmb @ — npouzsoabnas sepuiuna depeeda, i — om

1€30K, HE NEPERPBIGIOUUTCA ¢ Nt & , U Mbl 6BINOAHAEM CMPOKU F—.
poyedypvl INTERVAL-SEARCH T, 1 . Toeda:

[. Fcau svinoansemes cmpoxa 4, mo aubo noddepeso ¢ xopuem left x
(1e60e noddepeso) codepaucum ompe3ok, NEPEKPLIEAOUUTCK € T, AU
60 noddepeso ¢ Kopuem right x (npasoe noddepeso) ne codeparcun
OMPE3KA, NEPEKPBIEAIOULEROCH C 1.

OO

Ecau evinoansemes cmpora 5, mo aeoe noddepeso ne codepacun
OMPeE3Ka, NEPEKPLIEAIOULECOCA C 1.

Toxazamesbcmso.
eft x NIL mazx left x low 1

left x NIL  maz left © low 1

’L/

mazx left x
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Puc. 15.5 Otpeskn B gokazarenbcTBe TeopeMmbl 15.2. IlyHKTHpOM moKazaHo 3Ha
. ., ¥

uenne maz leftx . (a) Caygain 2: MBl ujeM Hanpaso. Hukakoll uHTepBan i He IIe

pexpsiBaeTca ¢ t. (6) Caydan 1: Mbl mgeM HaleBo. BribepeM B J€BOM IIOJ L€pEB:

" S . oy
OTpe3oK ¢, aisa Koroporo highi = maz left x low 1 . Torga m6o ¢ mepekph
BaeTcs C 1, 60 1 JeKUT MeTIKOM CIIpaBa oT i, I { He IePeKPLIBACTCA HII C KAKIH)
oTpeskoM ¢’ 13 TpaBoro mojgepena, MOTOMY 4TO low i low " .
i i
?
max left x low 1
i
high i maz left 7/ low 1
VA
i i
i highi  low
T

hight  lowi  lowi” .

C
Yupaxuenuns
15.3-1 LEFT-ROTATE
mazx O
15.3-2 INTERVAL-SEARCH

1T 9 9



i T L S e

15.3-4

T i
0] nk n k

15.3-5

INTERVAL-SEARCH-ExAcTLY T¢
x T low int x lowr  highint x
NIL
? ?
INTERVAL-SEARCH-EXACTLY

O n
15.3-6 Q
MIN-GAP
Q [ ’ ’ MIN_GAP Q
GAP
15.3-7
On n

Rl

high 1

Min

3agaumn

15-1 Touka MaKCHMAaJIbHOM KPAaTHOCTH
rl‘ﬂ'-"(ﬂ]‘;l MHK(‘.WMH.HL“OI‘/’I KDATHOCTHA
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15-2 [eTckaf cuUMTAIKA
3agavua 0 JeTCKON CYATAIKE
m o nom

m
n m

m

a. m

6.
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16 [uHaMuIecKoe MpOrpaMMHUPOBaHNE

IO TAOATARNM NDNITTIAMIARAITIAIA
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16.1. IlepeMHOXeHHEe HECKOABKUX MAaTPHIL

Ci1Cy...C

n 017027...7Cn

MOTHOCTELEIO DACCTARTOHLET CKOOIIT



fCPCRAUALCRUTE RCCAURO VUL JLITE LWL

MaTrIX-Murtipry C, D

if columns C rows D

then error
else for to rows '
do for j to columns D
do F 1,5
for k& to columns C
do F 1,5 Eaj Cik Dkj
return F
¢ D
C D C P q D
o F p r
pgr
017 027 C(3
ChCy Cs
C1Cy
C3
Ch CC5
e
o8 C9Cs
3agaua 00 yMHOXEHHH MOCIEJ0BATEIbHOCTH MAaTPHUI
n 017027...7Cn
C; Pi-1 D

NCy. o Oy

COMTMIECTRO DACCTAHOROK CHKOGOK
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k n k
, n
P n—1
" PkEkPn k, n
k=1
yncea Kararana
Pn Fn ,
En —FE7, Tan®
n

Mar 1° eThoeBwe OTTUMATLHOW DACCTAHORKT CKOBOT
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Ilar 2: pekyppeHTHOe COOTHOIIIeHNE

Ci; CiCipr...C; VA B )
ni,J
Cij
Cl..n m 7n
m i, ) T
Cii €
m i, e ? R 1
m,j (A
CZCZ'.H O
Cz Ck Ck+1 .. C] {2 k ]
ni,J
Cik Chyr.j
Ci kCryr.j
Pi—1PkP;
m 27] m i7 k m k 7j Pi—-1PEP;-
k k
J i N |
k
. . i
g mik  mk L, piipkp; i
i ko7
mi,J
S$1,7
k
jz' i-l—l---Cj CZCk Ck-l—l---cj
s$1,7 k mv,j  mik

nk ] Pi1PrP;

: ©
TTar ¢ DT TUTAS TAITTAO ATTAITARIO TT ITATE M OTERT A T
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Ci Pi—1 Pi 7 y geees
P PosPLy--s P length p

m i, ) s ..n, ..n

MATRIX-CHAIN-ORDER p

n  lengthp
for ¢ ton
do m 1,1
for [ ton
do for ¢ ton [
doj ¢ I
mi,
fork itoj
do g mi,k mk ]
ifqg mid,j
then m ¢, j q
s$1,7 k

»atilrtrin o

Pi-
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Puc. 16.1 Tabmuuer m u s, BuraucaseMble mporeayporn MATRIX-CHAIN-ORDER
1 = 6 U MaTPHUIL CIEAYIONIEr0 PasMepa:

MaTpuna pasMep

A 30 x 35
Ao 35 x 15
As 15 x5
Ay 5 x 10
As 10 x 20
Asg 20 x 25

[aGmauiter TTOBEPHYTH TaK, 9TO TJaBHAs AWArOHATh TOPW3OHTalbHA. B Tabmuire
ICTIONBb3YIOTCA TOJIBKO KIETKH, JeXKAIlie He HUKE TIABHOU NUATOHAIM, B TabIMIIe
— TOJBKO KIETKH, JeXKAIINe CTPOTo BHIe. MuUHIMATLHOE KOMMIECTBO YMHOKE
i, Heo6XO0AMMOE A IEPEMHOKEHNS BCeX IIeCTH MaTpHIl, pasHo m 1,6 = 15 12F
Taper KaeTOYEK, 3AIITPUXOBAHHBIX OIUHAKOBOU CBETION IITPUXOBKOH, COBMECTH
SXOAAT B IIPaBYIo 9acTh (GOPMYIH B Ipolecce BhHuCIeHus m 2,5 (crpoka 9 mpo
1egypbl MATRIX-CHAIN-ORDER):
(m2,2 +m3,5 4+ pipeps =0+ 2500 + 35 - 15 - 20 = 13000,

m 2,5 =min m 2,3 + m4,5 + pipsps = 2625 + 1000 4 35 - 5 - 20 = 7125,
(m 2,4 +m 5,5 4 pipaps = 4375 4043510 - 20 = 11375.

m i, e ? R )
m i, )
muk mk . J
n
m i, ) ? j
m i, )
CiCitr...C;
oF O

m i, )
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MATRIX-CHAIN-ORDER O n?

Mlar 4: nmocTrpoenne OIITUMAJIBHOI'O PEIIEHHUS

MATRIX-CHAIN-ORDER

Cl..n

s ,8 ,n

Cl..sl,n 85 ,N y T
Csl,n—l—l..n

Cij
C C,Cq,...,C,
MATRIX-CHAIN-ORDER
CCy...C, MATRIX-CHAIN-

MaTRIX-CHAIN-MuLTIPLY C 8,1, ]
if j0 ¢
then X MATRIX-CHAIN-MULTIPLY
Y MATRIX-CHAIN-MULTIPLY
return MATRIX-MULTIPLY X,V

aleca wotiiren 7.
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Yupaxuenuns
16.1-1
p b b b b b b
16.1-2 PRINT-OPTIMAL-PARENS
S
MATRIX-CHAIN-ORDER
16.1-3 Ri,j
MATRIX-CHAIN-ORDER mau,J m
n n 3
o n n
R,
=1 j=1
?:1 i2 nn
n *
16.1-4
n n

[6.2. Koraa mpuMeHUMO JHHAMHYIECKOE NMPOTPAaMMHUPOBAHUE

OnTuMaIbHOCTD A TO0A3a1a4

ob6aajaeT cBOK

CTRO™RM OIMTMTMAMATEREHOCTIA TT9 29T
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HeperBIBaIO]J.IP[eCJI nmoasajgain

nepexKpuIBaIyecd 1mojsajgatl

MATRIX-CHAIN-ORDER

m 1
m m m m
m 1
mi,J
Ci; CiCipa...C;
RECURSIVE-MATRIX-CHAIN p, ¢, j
ife j
then return
mi,
for k itoj
do ¢ RECURSIVE-MATRIX-CHAIN p, 1, k
RECURSIVE-MATRIX-CHAIN p, k o] Pi—1PED;

ifg mi,j
then m 1, 5 q

et 11 1r A A A
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uc. 16.2  [lepeso pexypcun gas RECURSIVE-MATRIX-CHAIN(p, 1,4). B xaxgor
epIIVHE 3alUCaHBl 3HAYEHWs § U J. S3allTPUXOBAHBI IMIIHVE» BEPIIMHEL (BBIYH
EHWA B KOTOPHIX HOBTOPAIOT yXKe IPOJeTaHHbIe).

JHAIN p,
n
Tn
T ;
n—1
Tn Tk
k=1
k T
n
Tn
n—1
T n 1—1

RECURSIVE-MATRIX
i
i J
RECURSIVE-MATRIX-CHAIN p,

Tn k ) n o
? b b 7n
n—1
T n
=1
Tn n—l n n
T 0
n—2
n top
=0
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JunamMuieckoe MporpaMMHPOBAaHHE «CBEPXY BHHU3»

0]

MATRIX-CHAIN

MEMOIZED-MATRIX-CHAIN p

n  lengthp
for ¢ ton
do for j itom
do mi,j

return LOOKUP-CHAIN p, ,n

Lookupr-CHAIN p,1,J
ifmi,j
then return m ¢, j
ife j
then m ¢, j
else for k ttoj
do ¢ LoOKUP-CHAIN p, i,k
Lookup-CHAIN p, k
ifqg mid,j
then m ¢, j q

»atiririy 2 2 A

memoizatio:
REcUI
3 ] Pi—11
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m i, )
RECURSIVE-MATRIX-CHAIN MEMOIZED-MATRIX-CHAIN
m i, )
MEMOIZED-MATRIX-CHAIN O n?
MATRIX-CHAIN-ORDER
n2
MEMOIZED-MATRIX-CHAIN
Lookur-CHAIN p,i,j
7 Lookur-CHAIN p,i,j
n? On
Lookupr-CHAT
O n?
O O n3
O n? On
n
O n?
) O n3
n2
yTipaKHEHIA
16.2-1

| [ ¢) ©)
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RECURSIVE-MATRIX-CHAIN

16.2-3 MERGE-SOR1

16.3. Haubouabliasa o61ias mo Jmocae0BaTeIbHOCTD

Z 21,295 2k MO IMOCIeJOBAT b
HOCTBIO X X1y By ee ey T
7:177:27...72']g Zy $Z'J ] s 7...,]6
Z D, EF,D
X C,D,E. D, F,C,D

Yo 0

VA o6ie]
HoJIOoCAe [OBAT eILHOCTHIO
X Y A X
% X O, DEDFCD Y  DF,ECDC
7  D,EC 7
X Y
D,E,D,C D,E,D,C
X Y
D,F,C,D X
Y

© ©
32 TaUa O TAaAn TLIITET OATITOT TTO TIHOC Te TORAT e TLITOC TN



LU dA0WUR UUMUA HUUTULACUUOLRIICA0RULTITIGD

CTpoenne HamGOJbIIEH 06LIEH MO JIOC/Ie]0BATEeILHOCTH

X
4
m m
1 1 7m
X X1y T2y e vy T
npedukc ?
X; X1y Ty en.y T ) m
X C,D,EDF,CD X, CDED X
[eopema 16.1 (o crpoenun HOII). [lycms 7 21y B2y ey 2k

dna  u3  wmauboabwur  odwur  nodnocaedosameabrocmeti
X 21,29,...,8m uY  y1,Y2, ..., Y, . Tocda:

AL

da.

[. ecau &,  Yp, MO 2L Xy Yp U Lp_q ssasemes HOI dan X, _

U Yn—l;

OO

ecat Xy, Yp U Zp Xy, Mo Z seasemes HOI das X1 u Y

ecat Ty, Yp U Zk Yp, Mo Z seagemes HOI das X, v Y,_1.

Toxazameabcmeo. 2k T T
In Z
k
'k Lm Yn Xm—l Yn—l
L1
Tm  Yn
X Y VA
Zr T, A
Xmo1 Y VA X
Y Xmo1 Y
C

DarvDDeHTHAS hoDMVIA
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T, Yn
Xm—l Yn—l
Tm Yn T, Yn
X1 Y X Y
X Y
X Y
Xm—l Y X Yn—l
Xmo1 Y,
ct,)
X, i
ct,)
i J
¢ 27] ce 7j 27] 0 Ty
Civj 7Ci 7j 3 27]8 T

RT—.'I“'IJ{‘ MOITIAL T TITLTLY Hnn



LU UA0WUA UUWUR UV ULACUVOWITCADRULTILD

'ue. 16.3 Tabmumwr ¢ u b, cospamuble aaropurmom LCS-LENGTH mpum X -
A, B,C,B,D,A,B) nY = (B,D,C, A B,A). B xnerke ¢ xoopjunaramu (1, J
ATICAHBl YNCIO ¢ 1,] W cTpeaka b 1,7 . Ymcno 4 B mpaBoll HUXKHEHN KJIETKE €CT
mmaa HOIL [lpm ¢,5 0 sHadenwme c ¢, ompefgeiseTcss TeM, PABHEL JU T U Y, ]
BIYHACJAEHHBIMU paHee 3HaveHuaMu ¢t — 1,7, c4,7 —1 mct— 1,7 — 1. [Iyte &
TpeiaKaMm, BeAylu us ¢ 7,6 , samrpuxoBal. Kaxgas Kocas CTpeJKa Ha 3TOM IIyTI
oorercTByeT aneMenTy HOII (3Tn s1eMeHTE BB IEIEHEL ).

JCS-LENGTH XY

m  length X
n  lengthY
for ¢ tom
do c 1,
for 5 ton
do ¢ ,j
for ¢ tom
do for j to n
do if z; y;
then c 1, 5 c ]
bi,j
else if ¢ .j et g
then c i, j c ]
bi,j
else ci,j ci, g
bi,j

I N A



L JeiAA LS At A b L Iv

IocTpoenue HOII
b
Y Y1,925-- -5 Un
i, J
PrRINT-LC
PrRINT-LCS b, X, leng
PrRINT-LCS b, X, 4,7
if ¢ 7
then return

ifbe,5
then PriINT-LC

elseif b 7, j
then PRINT-LC
else PRINT-LCS b,

DEDC

Virvaimmenme amT oD TM:



e BRSO /WA HepjUU oY ds ARUoctUYoc A0 iUy A

Yupaxuenuns
16.3-1 (AN R T B B
1 1 1 1 1 1 1

16.3-2 X
L1, L2003 T Y1,92y -5 Yn O m n

c
16.3-3 LCS
LENGTH O mn
16.3-4

m,n O c

m,n O
16.3-5
n O n?
16.3-6
On i
2
[6.4. OnTUMaIbHAA TPHAHTYJAAIUA MHOTOYTOJbHUKA
MHoroyroabHHK
CTOpPOHAMH
BepUINHON
NPOCTEIM
BHY TPEHHOCTLIO
rpa
HHUIeH
BHEITHOCTHIO
BBINYKJIEIM

D DY Y. Y o
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Puc. 16.4 /IlBe TpwaHTyIAIIMN BHITYKIOTO CEMUYTOMbHUKA. KaXmasd eInT ceMm
YTOMBHUK Ha 7 — 2 = 5 TPeyroJbHIUKOB C MOMOIIBID 7 — 3 = 4 nmaroHaert.

n VpU1 V1U24...,U0p-1Up Un
Vo n
n
U5 v
U5 JUar oHAIbLIO
v;U; Uis Uit1y e+ -5 U5
V5, Uity ..., v; TpmaRTymramms
n
n
n

3anava 06 ONTHMAILHOM TPHAHTYIAIHA
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*uc. 16.5 [epesrs pas6opa. (a) [epeso pas6opa s ((A1(A2As3))(A4(As5Ae)))
0OTBETCTBYIOIIEe TaKkKe TPHAHTyIAImHu Ha puc. 16.4a. (6) CooTBeTcTBHE MeX T
"PUAHTYJIAIEN MHOTOYIOMbLHIKA 1 GUHAPHBIM gepeBoM. MaTpuiia A; COOTBETCTBY
T cTOpoHe Ti_10; (1 =1,2,...,6).

[pUaHTyJISIMH U PACCTAHOBKH CKOGOK

Aepe
30 pazbopa

Cy CCs Oy Cs5C4

V0o, U1y« -5 Un—1

VoUp—1
VoUp—1

YA~ 7Y 4 Y71V YA
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Vo, V1, U2, U3 U3, V4, Us, Us

VU3 U3Ve

n
n
chCs...C,
U,_10; ) 7 n
CiCy...Cp s Pi-1 PP
P U0y Uty « v oy U

w o VUV PiP;Pk-

MATRIX-CHAIN-ORDER

P v

U;,—10
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CTpoeHne ONTHMAILHON TPUAHTYJIAINH

T
n P VO, Uy e« oy Up VoUn,
VoV U k n T
0VkUn
VoUE Uy,
Vo, U1y« -y Uk Uk Uk4+1y--+5Un
: k
>eKyppeHTHAs (popMyJaa
m i, )
Vi1, Uiy e v ey U5 T ] 0mn
m o, n
Ui—1, 0 mhl ¢ ’ y
) ? Vi—1, Uy, y Uj
l
v kg Vi1V V;
Vi—1, Uiy ..., Vg
Uky Uk41y- -5 U5
)
»J muk mk ] W UV )
i kg
MATRIX
CHAIN-ORDER
n
n?
yTipaKHEHIA
16.4-1 n
n n

e A 9
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16.4-3

16.4-4

3agaumn

16-1 DBuToHHYecKad eBKINA0BA 3a4a4a KOMMHBOMKEDA
EBkaugosa 3agadya KOMMHMBOSKEpa

n

OMTOHUIECKHE IyTH

Puc. 16.6 CemMb ToYeKk Ha INIOCKOCTH B y3ilax eauHu4HOU pemérxu. (a) Kparwan
LM 3aMKHYTHU IyTh (QIuHbL &2 24,88), 06XOAALMI 5TH TOYKM. JTOT LyThb H
sBasercs 6uronndeckuM. (6) Kparuainmi 6HTOHUYECKUI Iy Th, 06X0ASALIMI Te XK

O O



UV v cJAR00C 14U

16-2 Pa36uenne a63ana Ha CTPOKH
n

16-3 CrTouMocTh peJaKTHPOBAHUL

Yy o..m
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r ..m y o ..n CTOH
MOCTBHb peJaKTHpPpOBaHHUA

Ty
16-4 Beuepunka B ¢pupme
16-5 Auaroputm Butepou
1 V.G o
w, v o u,v
Yo

Vo
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17 2KaHble ajJropuTMbI

KA JHBD
AITOPHTMOB

[7.1. 3agada o BEIGOpe 3aABOK

MM PO aDNAT



JULRU U OOIUUPC oA O U

¢t J COBMECTHBI

Siy fz S5y f]
fi s f; s 3apgada o BoIGope 3aIBOK
L oo
On n
f s
GREEDY-ACTIVITY-SELECTOR s, f
n  length s
C
J
for ¢ to n
do if s; f;
then C' C ¢
V)
return '
C
J
i Je B C

~d
o,

J
C J
(GREEDY-ACTIVITY-SELECTOR

]paBPIJIBHOCTB ajaropurTma

Foeonenta 171 A ionmurmu (IREEDYV_ACTIVITV_oSET BROTOR  Araern



i

4 JUiAUiY L

Dasrrn 17
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Toxazamesbcmso.

yTipaKHEHIA

17.1-1

I )
(GREEDY-ACTIVITY-SELECTOR

7.1-2

3ajava 0 packpacke HHTEePBAJIbLHO
‘0 rpada

| = 1 9
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7.2. Korjga npuMeHuM Xa THBIM AITOPUTM?

ITpunnun xazHoro BEIGOpa

NPHHIUI XA T
HOT'O BBIOOpA

OnTuMaIbHOCTD A TO0A3a1a4

ONITHMAJBHOCTHA [J4 MoA3ajga'



WWolh U RC /UM AU ROLW WACU Wi

S’ si

KaHbii alrOpuTM WM JAHAMHYECKOE IPOrpaMMHUpOBaHue?

,[[P[CerTHaj[ 3ajavda 0 pOK3ake

) ) v; w;

w w

HermpenLiRTAagd 29 Ta9U9 O DINI2 e
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Puc. 17.2 B ;
TaTh. (a) Bop
BEC He MPEBHIC
TOJIOKUTE B P
JOpOKe BCEX B
C TeMH Xe WC
eJVHUITY Beca

YupaxHeHu:

17 o 1



LHUV0E ALy Rt

17.2-2

OnW n

17.2-3

17.2-4

17.2-5 n T1, X2y, Tp

17.2-6

17.3. Koant Xadpdpmena

IBOMIHBLIA KO

KOJTOBBIM CJ0OBOM
PaBHOMEPHOI'O KOoJa

HEDaRHOMEDHT—JI‘/’I KOTT
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Puc. 17.3 3aga<a o Ber6ope koga. B ¢anne gmmmon 100 000 ciMBoJIOB BCTpevaioTC.
TOIBKO JaTHHCKKE GYKBEL OT a go f (B Tafumue yKasaHO, IO CKOJBKY pa3 Kax 1as)
Ecmm xaxayio 6ykBy 3akoaupoBaTh Tpems 6uramu, To Bcero 6yaer 300000 6uTob
Ecan ucrnons3oBaTh HEpABHOMEDHBIN KO (HIXKHSSA CTPOKa), TO focTaTo4Ho 224 00
61TOB.

IIpedukcHbie KoabI

npe

DU CHLIMITT KO TN



VU0 ALy Rt

'uc. 17.4 [lepeBbs, cooTBeTCTBYIOIIME ABYM Kogam puc. 17.3. B kaxmgom amct
KasaH COOTBETCTBYIOIIUI CUMBOJ U YACTOTA €0 UCHOJb30BaHus B TeKcTe. Bo BHY
PEHHNX y3JaX yKasaHa CyMMa 4acToT JJif JUCTHEB COOTBETCTBYIOUIETO TI0 I I€PEBA
a) [lepeBo, coorBeTcTByIOlIEE paBHOMepHOMY Koxy a = 000,...,f = 100. (6) [depe

0, COOTBETCTBYIOINIEE ONMTUMANbHOMY TpedukcHoMy kony a = 0,b = 101,...,f =
100.
K K
K
T
c E fec
dr ¢
C
DT fedrc

ceC

A FEY AN TR R A . T T e T
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IlocTpoenue xoga Xaddmena

Ha

F
c F fec
Q J
HurFMAN F
n F
Q F
for ¢ ton

do z ALLOCATE-NODE
x  leftz ExTrAaCcT-MIN ()
y  right z ExTrACT-MIN @)
fz fz [y
INSERT @, 2z

wattirin B~vTD AT NN )

T

koaoM Xaddpme

L



TOUUOL AL/ riintt (S A

uc. 17.5 Ilpumenenne anropurma Xadpdmena K Tabmie dactoT puc. 17.3. [Toka
AHBL [IOCJAEAOBATENbHBIE COCTOSHUS O4epein (B MOPSAKEe Bo3pacTaHus dacToT). H:
(A JIOM WIare CIUBAIOTCA ABA MO/ AEPEeBA C HAMMEHBIIUMHU YacToTaMu. JIucTha —
[PAMOYTOJIBHUKN, B KOTOPBIX CUMBOJ M €'0 9aCTOTa pasfeleHsl ABoeToqneM. Buy
"DEHHIE BEPIIUHBI K300paXeHbl KPYKKAMU, B KOTOPHIX YKA3aHBI CYMMBI YACTOT I
leren. Pebpo, nayuiee K aeBoMy peGEHKY, MOMEYEHO HYJEM, K TIPABOMY — €[IUHK
lern. B pesyabTupyoeM nepese Koj Jdio60ro CUMBOJIA HAIUCAH HA IIYTH, BEAYILEN
13 KOpHA K 3ToMy cuMBoiy. (a) HauambHas cragus: n = 6 IUCTBEB, 110 OJHOMY H:
umsoi. (6)—(x) IIpomexyrountie cragun. (e) I'oroBoe gepeso.

IpaBmabHOCTE aaropuTMa XaddmeHa

HurFFMAN

1 PR I 2 T & SUNNR AL 75 SR TR I ¥ P
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Puc. 17.6 /[okasarenbcTBo JeMMBl 17.2. 3pech b u ¢ — mambojiee ymaieHHBIE O
KODHS JUCTbSA-6paThsd, a £ U Y — JUCTbA C HamMeHbInuMu dacToramu. O6MeH & 1
b peppamaeT gepeso 1 B 1’, a o6men y u c npespamtaet 1" B T". Ilpn xax 10H 1
MEPECTAHOBOK CTOMMOCTH J€PEBa He BO3PACTAET.

T
b ¢ Ty
r oy
fe fb fy fe
T b =z
T c vy
T x oy
T//
DT DT DT" 1
T T
fbdrb faodra fbobdp b  fodpx

fbdrz fadrb

DT DT  fbdpb fadraz fbdra fadpb
fb fax drb  dra

fe  fb

DT DT" DT
DT// T//



TOUUOL AL/ riintt

HUFFMAD
F x oy
£’ E Ty
z
F x oy
El
Loy
z
El
FE x
c F fec
£ ;
e fuy
E

Temma 17.3. Cmoumocmu coomeememeyouur dpye dpy2y depesbe
" u T (npu onucannom coomeememeut) OMAUNGIOMCA HA 6EAUNUH]

fe fuy.

Toxazamesbcmso. dr ¢ dri ¢ c
o,y dr x dry dpr z

fadraz fydry fr fy dpz
fzdp 2z  fz  fy ,

DT DT  fz fy C
T/
[eopema 17.4. Ascopumm HUFFMAN cmpoum onmumatbubli npe

purcuwiii xod.

Toxazamesbcmso.
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4
HurFFMAN

Yupaxuenuns

17.3-1

17.3-2

17.3-3

17.3-4

17.3-7

1~  Q

El
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A 17.4 TeopeTHdecKHe OCHOBBI XKAaTHBIX AITOPUTMOB

17.4.1. MaTpou bl

Matpougom M S,
S
S
He3aBUCHMBIMHA
D cC D C
HacJeCTBEeHHBIM
C D C D

x D C ¢ oz

CBOHMCTBOM 3aMeHEI

MaATPpHUIHBIMHA MaTpPOUAaMH

rpadOBLIT MATPOH

SG G

Tannanvia 1785 Feran T YV (7 _—— yepnnuedrminneariinitt s>snadh

YY1 {
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¢ D 1

D o C k
VvV ok Vv
v
C Vv C D Vv D
Vv D Vv C D
T
C T
Uy U U v
C
C
x C
M S, x % C
HezaBucUMbIM oT (' C C x
e
C C

MaKCHMAaJab:
HBbIM

Teopema 17.6. Bce maxcumaabuble He3a6UCUMbIE TOOMHONCECTNER DaH
Ho2o mampouda cocmoam U3 0dUHAKOE020 UUCAL IAEMENTNOE.

Aoxazameavcmeo. ¢ D
C D
x x C C oz
C
Me
1
Mg V
1 MOKPBLIBAIO:
muM (OCTOBHBIM) JE€pPEBOM I
M S5, B3BelleHHBIM
S w
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7.4.2. 2Kaguble aIrOPUTMEI /i B3BEIIEHHOTO0 MAaTPOH A

M S,
OIITUMaJbHBIM
dagaia o HauMeHbIIIeM
1
€
wo
Mg
C
w’ C Vv Wy
v
1
Mg
C
M M S, S
w
SREEDY M, w
C
S M
forx S M x

do ifC =z M
then C (' x

watiirein £

cC M
NOKPHIBAIOLIEM
V.G

w' e wo
w C',
w/
S M M

JepeBe
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GREEDY
On n n S
n
fn
On n nfn
GREEDY
Jlemma 17.7 (cBOMCTBO XaJHOT'O BHIGOpA A MATPOUIOB).
IIyeme M S, — 63sewennblli mampoud ¢ 6eco6ot GyHKYU
et w. Iycmo x S — saeMeN HAUOOALULEZ0 6E€CA 60 MHONCE

cmee y Sy wnezasucumo . Toada x codepixcumcs 6 nexomopo.
onmumaabrom nodunoxcecmee C' S,

Hoxazameavcmso. D
zxD
(G T
D c’
D C
x D D C D
C w C wD wy wea Yy
D C
y D Yy
w T w Y x w C w D
C C
Jemma 17.8. Ecau M S,  — wmampoud, x S u T * , M

C z x JdasecexC S.

Jlemma 17.9 (CBOMCTBO ONTHMAALHOCTH MOJ3aad [JJIf MATPOUOB).
Hyemos M S, — e36ewennviii mampoud, u nycmv xS — ne
KOMOpbIli €20 2AEMENT, NPUUEM MHONCECTE60 T He3asucumo. To2d:
HEZA6UCUMOE MHOHCECTNEO HAUOOABULER20 6€ECA, CODEPHCAUEE T, AGAA
emca 00 vLeJUHERUEM T U HE3AGUCUMO20 MHONCECTNEA HAUOOABULER]
eeca 6 mampoude M' S’ ' 2de, no onpedeaenuio,

Sty S xy ,
D S x D =z

a 6ecosas Pynkyus Aeasemcs oepanuuenuen na S’ 6ecosoti Pynryur
das mampouda M M

AT r er T Tr T TTTE A
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Toxazamesbcmso.

L CUPCHIH R RCCAUE ULRUDDE AULURDEL UAcU Wi RU0 )

C

[eopema 17.10 (IpaBHILHOCTH XAJHOI'O AICOPUTMA JJIf MATPOMJOB).
B peayabmame pabomst atzopumma GREEDY, npumerénnozo x 636e
HEHHOMY MamPoudy, NOAYUAENC ONMUMAABHOE NOOMHONCECTNEO.

Toxazamesbcmso.
w
x S
: S
8 x
M/
C
yTipaKHEHIA
17.4-1 S
k
7.4-2 T
7.4-3 9,
C/
S !

™ A A J

M S,

C/
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17.4-5

A 17.5 3amada o pacmHCAaHUH

3aKa30B
Pacnucanmem

S S

3ajale o pacniMCaHUM [AJ4 3aKa30B paBHOf;[ JIUTEJIbHOCTH C €THH:
CTBE€HHBIM MCIIOJHUTEJEM, CDOKaAMH U ]J.ITpa(baMP[

S 1 1 1 n
n d17d27...7dn
CpoKaMu d;, n ) d;
)
n W1y, W2y ooy Wy
mrpadamMu ?
d; w;

¢ MPOCPOYeH

BEIMOMTHEeHHEREIM B CDOK



4. SLULHUW O puiebClei et A

KaHOHUYI€CKOM BH e

g
kEk d; d;
d; k d; 0 d; k
J
C
C
¢ S He3aBUCUMBIN
S
¢ S
4 PN 14 Nt C
C t

Temma 17.11. Jas ecaxoeo nodmnoncecmea C S caedyowue mp
JCAOBUS, IKEUEAACHITIHBL

. mnoncecmeo C' nesasucumo,
2. das ecex t s seee,n umeenm Ny C L,
7. ecau pacnoaodcums 3axasvt u3 muoxncecmea C 6 nopadre neyovi6a

HUSA CPOKOS, MO 6CE 3aKA3bL OYIYM 6bINOAHENDL 6 CPOK.

Toxazameabcmso. Ny C 0t t
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Teopema 17.12. [Iycems S — mnoscecmeo 3axa306 pasnoti OA4umeabro
CAU CO CPOKAMU, @

— CEeMEUCTNEO HEZAGUCUMBIL MHONCECTNG 3AKAZ06
Tozda napa S,

ABAAETINICA Mampouﬁodw.

Hoxazameavcmso.
cC D
Do C NeD N C t
t n t
k
k Ny C Ny D
k 0O Nk_|_1 D 0 Nk-|—1 C
x D C k ¢ C oz
t k Ny 7 Ny C t C
tok N, C" Ny C N, D t
D o
9, C
C
C
GREEDY O n?
n
On
Wy wWe
Yupaxuenuns

1™ = 1



LU HRU v cJAU00 17 A

d;

w;

Puc. 17.7 Ilpumep 3agatu o pacnucaHuy jJs 3aKa30B PABHOHU [IUTEIbHOCTH
eTMHCTBEHHBIM HCIOJHUTENeM, CPOKaMH 1 IITpadaMi.

17.5-2
o C C

3agaumn

17-1 Cpgava ¢ gowtapa

n

a. n
6.

Ak cd k
8.
17-2  Anwmkanmunbie mojrpadnl
a. 1 V.G

G, C

C

6. MaTpuien MHIUJEHTHOCTH
1 V.G vV 4 M
Mve v €
G,
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G
2. 1 V.G

d. Marpuiua HMHIMIEHTHOCTH
V.G Vv G

v

17-3 Emié o pacmucanumsx






18 AMOpPTH3aIMOHHLIA aHAIN3

aMOPTH3aIIHOHHBIM aHAJIHU30M

V'-I;.T“H T CTOAMOCTR



L CHUU cp/Yieie B /U0 RU A

MuLrirop

INCREMENT

[8.1. MeToa rpynnupoBKu

MeToa rpynnupoBKH
n Tn

T n *n

Omedamuniit co cTeKoOM
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Puc. 18.1
creka. MUL
IUT B COCTC
CTaHeT ILyC"
CeMU BJeMel

MuLrIPO!

while
1



HUeUU opJgieie b UL MU

*uc. 18.2  CocTosAHMA BOCBMUGHTOBOT'O ABOMYHOTO CIETYINKA B MPOITECCE BHITIOIHE
st 16 moceoBaTeIbHBIX oneparuii INCREMENT. 3allTpUXOBAHBI GUTHI, 3HAYEHIL
[OTOPHIX U3MEHATCA MPHU CAEAYIONIEN omnepanur INCREMENT. B npason rpade 1o
‘azaHa 061asg CTOMMOCTh BCEX OIMEPAINU 0 YCTAHOBKE WM OYUCTKE GUTOB, HEOD
OTUMHBIX, ITOGHl JOCINTATH [O AAHHOTO THUCIA. 3AMETHTE, ITO B CTPOKE HOMED .

Ta CTOMMOCTH HE MPeBOCXOAUT 2k.

TBOMYIHEIN cUETINK

**Qw

NCREMENT C
1
while ¢ length C'
do C'1
T 1
if v length C

+hawnw 74

C

INCREMENT
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IN:

CREMENT
C
k O nk
n
k
C INCREMENT
C
n nx
C' N
7 n n C 1
nkx 10 n 7
UgnJ 00
n
n
On ]
Ons*n O k
Yupaxuenuns
18.1-1
MuLrirop MuLTIPUSH
O
18.1-2 k
DECREMENT k
n INCREMENT DECREMENT
nk
18.1-3
7 7 7
n

[8.2. MeToa nmpeaomiaTh

MeTOoJy Npejo

T T T
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pe3eps

IMTeDATIHW CO CTeKOM



4 G LS Elaith i ol et

Murrip

Push

MuLrirop

[ BOMYHLIN CUET NI

INCREMENT

MENT

Yupaxuenuns

18.2-1

1Q ¢ &



AHECHUY 1eUTRCRIGULAUD A

18.2-3
RESET
n INCREMENT  RESET
On
k
8.3. MeToa IOTEHIIHAIOB
MeToj moTeHINAIOB
n F;
{2 FO
IoTennuan
IOTEH
OuaIbHOH (pyHKIHEen c
1 Y4ueTHOH CTOMMOCTBHIO 1
¢ F; Fi1,
n n
C; C; Fn FO
=1 =1
Fy

Fo
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Onepaunn CO CTEKOM

Pusu Porp
F; Fyq.
Push
MuLrirop
m m
m m
Popr
[ BOMYHLIN CUeTIMK
7
INCREMENT t;
INCREMENT
MENT t;

MuLr

b;

INCREMI

b;.



HHCHUU 1tUHRCRGULAUD

=1
bo k
n k
On
k
yTipaKHEHIA
18.3-1
Fq 7
7
18.3-2
18.3-3
INSERT
n
NSERT O n
O
18.3-4
MULTIPOP
18.3-5
b
INCREMENT

Q 92 £

INCREMENT

Fo

ExXTrACT-MIN

Sp,

n b
On

O

50

ExXTrRACT-MI

Pusu Pop
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8.4, IunamMudeckue TaGIUIILI

@)
TABLE-INSERT TABLE-DELETE
AIEHKY
Kod3(ppuueHTOM 3aNOJHEHUS T

aT

1R 41 Pactiiubpewuwe Taf TIITLT



FURURUHICCHRUT HebUJ 3o

DACIINPATH
*
TABLE-INSERT
table T
T numT size T
size T
num T
TABLE-INSERT T, 2
if size T
then table T
size T
if numT  sizeT
then new-table size T
table T  new-table
table T
table T new-table
size T size T
x  tableT
num T num T

TABLE-INSER1
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LARUEPIE RS {UURA0IN Wil WS




H URURLHICCHARLRT U QYO0

TABLE-INSERT

wm;
)
C; C;
num;
num;
num;

7

TABLE-INSERT

Size;  Siz€_q1 NUmM;  NUM;_q

&) &) 7 1—1

TABLE-INSERT

size;k Size;_1 num;_1 ¢ numy
1—1
num;  Size; num;_q,  Size;_q
num

num; Size;

18.4.2. Pacimmpenue u cokpailieHue TaOauIbl

" NEKIDAMIAT L

TABLE-DELETE

7

size,



4 oW 10O LARUPIH RS H{UURROIN Wittt lo

Puc. 18.3 Pasmep Tabuuusl (size;), uncno sammcenl (num;) u norennuan (P
2 - num; — size;) KaK (QYHKIAA OT €WCIa oleparmi TABLE-INSERT, o6ozmatder
ro 6ykBoil 1. ' padik num — CILIONIHAS TOHKAS JHHNA, TpadiK size — CILIOIL
KupHad auHAd, rpaduk ® — myraxTup. HemocpeacTBenHo Hepel pacuIIpeHmeM

o Y I e 1 TE v A A . T T T T T T T AT S T T T T T T e N vy s






4 oW 10O LARUPIH RS H{UURROIN Wittt lo

Puc. 18.4 Pasmep rabauust (size;), ©mciao samucenn (nun
> 2 - num; — size;, €CIN o
C size; 2 — num;, €CIn o
Kak (pYHKINA OT [mcaa omeparmi TABLE-INSERT m TABI
ro 6ykson . |’ paduk num — CIIONIHAS TOHKAS JUHUA,
KupHas JunusA, rpaduk ¢ — nyukrup. HermocpeacTsertc
COKpAaIlllecHreM TabGIUITHl MOTEHINAT PABEH KOJIUYIECTBY 3a

Yupaxuenuns

18.4-1 o
TABLE-INSERT

18.4-2

1Q A 9



LU HRU v U000 1O A

18.4-4 TABLE-DELETE

T numT  sizeT

TABLE-
DELETE

3agaumn

18-1 /BOMYHEIN CYeTYHK ¢ OGpATHEIM IIOPAAKOM GHTOB

o0pa
IeHnS GMTOB HHJEKCa C ..n
n kg Ca
C ra L @
a k
k-1 1
a i=0 @
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n n
BIiT-REVERSED-INCREMENT
n k
k
On
18-2 IuHaMHYeCKHH JBOMYHBIM IOMCK
n k
007017"'7Ck NE—1, Nk
k—1
n oon i—0 T
n; !
C;
007 .. 7Cn
INSERT
DELETE
18-3 CoanancupoBaHHEBIE IO BECY J€pPEBbA
x size 2
T
* o
-CcOATAHCHPOBAH
size left x o sizex
size reght x o sizex .

VeCOATATCTDORA T LIN
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ad *
INSERT DELETE

o
*
x
x size left x size right
T
T c X,
z€T:A(z) 2
c
o
*
* m
Om
o
o @)
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b-aepeBba

Theovr, 160 1 B . .- [ J
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uc. 19.2  /luckosoj

CTPYKTYPHI JaHHBIX HA JUCKe

14Th

KECTKHN AHCK

AOPOXKEK

OnepaTuBHAag ma

BrnenMa TocTvITa

CEKTOpOl



sOieisie 4

TDawes 10



viipoutatnc -vcpeodu

O

9.1. Onpegenenue b-aepeBa

B-xepeBom

x
a). nx
6). keyi ¢ keyoxz ... key,, 7
8). leaf x
x
LT ,CT e Cppyr &
key; x
ki keypx ko key x key, » x
k;
¢
h

MHHHMAJILHOH CTelleHbIo

knl’—l—lv
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6). t
t
t TOJTHOHU

- - OepeBo

Bricora B-aepeBa

Teopema 19.1. /Jas scaxoeo B-depesa T evicombr h u MUHUMAALHOT

cmenenu t , TPAHAULE20 N KA0UEU, 6LINOAHERO HEPABEHCNEO
n
h ¢
Hoxazameavcmso.
h
t
t t2
h th_l
t
h
h ' th
n ¢ gt ¢ A
t
=1
C
n
@) n
t
Yupaxuenuns
19.1-1 t

10 1 9 rFa



vinrtuonoe Ui iut ¢ DU peoosnu

Puc. 19.4 B-aepeBo BBICOTHL 3 COAEPKUT MUHIUMAJILHO BO3MOXKHOE HHUCIO KIIOUEN
BayTpn kax ol BepIIMHBI & 3AMKMCAHO YUCIO N & KIIOYEHd B HEM.

19.1-3

19.1-4

19.1-5

[9.2. OcHoBHBIE onepanuu ¢ b-gepeBbavu

B-TREE
SEARCH B-TREE-CREATE B-TREE
INSERT

Disk-READ

Moneck B B-renpenre
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TREE-SEARCH
B-TREE-SEARCH

k
k T
SEARCH root T |k root T
k
Y 2
keyy kK
NIL
B-TREE-SEARCH z, k
i
while : na kO key; x
do i ¢
ifi nuax ko key; x
then return z,:
if leaf

then return NIL
else DISK-READ ¢; x
return B-TREE-SEARCH ¢; @

0

7 nx
X
R
TREE-SEARCH
h N h
n T i whils
Ot O

Cozmamnmme TveToTro B- tehera



/CRUVOROIC Uiyt ¢ D=-UCUCOOoRMU

'uc. 19.5 Paz6umenne BepumnLL fepeBa MEUHMMaabHOU cTenenn ¢ = 4. /leanm Bep
mHy y Ha aBe: y u z. Kaod-Menmana S BEPIMHBL Y TIEPEXOAUT K €€ POAUTETIO &.

3-TREE-CREATE T

x ALLOCATE-NODE
leaf x TRUE

nx
DIsK-WRITE 2
root T’ x

B-TREE-CREATE
O

>a3bueHre BepiiuHbLI b-1epeBa HA 1Be

pasOuenne t
Y t

KT U=AMTETIAATA2 I(‘,P’ILL 24
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B-TREE-SPLIT-CHILD z,%,Yy

z  ALLOCATE-NODE
leaf z leafy

nz t
for 5 tot

do key; » key;ye y
if leaf y

then for j to t
do ¢; » Citt Yy

ny t
for; nz downto 7

do cj4q 2 c; T
Ciy1 & z

for ;  nz downto :

do key;jiq 2 key; x
key; x keyi y
naI naI
Disk-WRITE y
Disk-WRITE z
Disk-WRITE z

y t

MTobarmTeHe ATeMeHTa B B- TeDeRr(
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uc. 19.6  Puc. 19.6. Kopens r B-gepesa (c t = 4) aBasercs nonson sepuunHon. O
€JINTCS HA [[BE TIOJOBUHBI; IIPU 3TOM CO3[IA€TCS HOBBIU KOPEHB §, I€THMHU KOTOPO
O CTAHOBSTCSI >TU BEPINUHBI. HOBHIU KOPEHB § CONEPKUT KIOU-MEJUAHY CTAPOT
opus. Bricora B-gepesa ysemmaunach Ha equHUILY.

3-TREE-INSERT T, k

r root T

ifnr t
then s ALLOCATE-NODE
root T s
leaf s FALSE
ns
c1 8 T

B-TREE-SpLIT-CHILD s, ,r
B-TREE-INSERT-NONFULL s, k

lea 2 T'orre Trhvioermrbrm N ANTTTTT T o T
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B-TREE-INSERT-NONFUL
1 nx
if leaf
then while ¢
do Feyiiy
T
key, 41 x l<
nax nax
Disk-WRITE
else while ¢
do: ¢
T
DiIsSK-READ «
fnew
then B-TR
if ko

+hao
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bern 10 ™ 1 P - [ ST ST s J A
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Yupaxuenuns

19.2-1
H757Q7I(77E7L7
19.2-2
DISK-WRITE
Disk-READ
19.2-3
19.2-4 s e
19.2-5
19.2-6
O
19.2-7
t a bt
t

7T7V7W7M7R7N7P7C7D7X7Y7F7Z7G

DiIsK-REAL
B-TREE-INSERT

DISK-WRITE



et JACRCRIGW Ho D-U0PTEOW

3 ) y oz
Y k
x k
Y
x
k
t
¢

k/
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~ = o

Puc. 19.8 VYaanenue 5.
CTeleHb paBHa 3, T.e€. |
IIWHBL GBI U3MEHEHB!
qan 1: ygamenme GyKBE
6yKBa-TIpeaIeCTBEHHNLI,
caydan 2B: cuadana G
Toporo G u ygamum (¢
MOJKEM PEKYPCUBHO 06D
5TOMY COyCKaeM BHU3 /



LU RU v o000 4T

6).

WRITE

Yupaxuenuns

19.3-1

19.3-2

c; T 4
c; T
X
Oh
h
O Disk-REaD DiIsk

Oth Ot ,h

B-TREE-DELETE

3agaumn

101 Crervu ua

MTIACIK &
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P m pxm

O

19-2 O6beguHenne u pasaenenue 2-3-4 gepeBbeB
o0beNHEHN
S8 T key o’ key x
x/ S/ $” S//

S S a2 S” Pasperenme

key x'
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x
x
k
h/ h//
p T
k
S’ k
S’ 18,1y, ..., T
Ky kS, kL y T, =z T
i T 7m
p S//
S’ T
n

S//

T/

T! |

S//

height

T//

o n n

T//



20 BbuHoMuaabHbBIE Ky4dHu

CTARAAMEARI KVYIYNA
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[lBontntre Ky+qu Bunomunanbubie kyan — PuGOHATINEBH KU

IIpouenypa (B xysmem ciydae) (B xysmem caygae) (B cpexnem)
MAKE-HEAP O(1) O(1) O(1)

INSERT O(lgn) O(lgn) O(1)
MINIMUM O(1) O(lgn) O(1)
EXTRACT-MIN O(lgn) O(lgn) O(lgn)

UNION O(n) O(lgn) O(1)
DECREASE-KEY O(lgn) O(lgn) O(1)
DELETE O(lgn) O(lgn) O(lgn)

Puc. 20.1 BpeMmsa BHIIOIHEHNA PA3TUYIHBIX OMEPAITAN JJs TPEX BUIOB CIUBAEMBI
Kyd (n — oflliee “UCIO BIEMEHTOB B Ky4aX Ha MOMEHT OIEDALUN ).

SEARCH
DECREASE-KEY DELETE

20.1. buHOMHUATLHBIE JEPEBbA U OMHOMHMAJIBbHBIE KYIH

20.1.1. BunoMHuaabHBIE T€peBbLA

BunoMmuainunie A€peBbAMH
D07 D17 D27 s

Do
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Puc. 20.2 (a) PexypcusHoe onpeneneHne GuHOMUAIEHOIO fepeBa B
KU — O J€PEBbS C BHLAeleHHEIM KopHeM). (6) Jepesbs Bo—By. Hudyj
rny6uny BepiuuH B gepese By. (B) [pyroe npexcrasnenue gepesa B

Jlemma 20.1 (CBorcTBa GUHOMHATBLHBIX fepeBbeB). /epes
1. codepacum * eepuiun;

2. umeem evicomy k;

3. umeem E}g 6EPUWUN 2AYOUNDL 1,

4. wMeEm KOpenb, asagouulics sepuiunot cmenenu k;
HbIE 6EPUIUHBL UMEIOT MEHBIYIO CIMENEHb; demu KOPH

kopHamu noddepeeves Dy_1, Dp_o, ..., Dy, Dy (caesa
oxazameabcmeo. k Dy
D1
Dy, D1
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Dy
k Dy
k
Dk—27Dk—37 '7D17D0
Dy
CaexctBue 20.2.
n n
Toxazamesbcmso.
Ej,

0.1.2. buHOMUATLHBIE KYYH

Bunomuaanuas Ky41a

CBOMCTBA GMHOMMAJALHOM KyIH

YIIOpA101€HO B CMBICJI€E KY1

Ds Dy Dy

ToencTarTeInne OMHOMMATLBHBIX KVY B IDOTDAaMMe
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Puc. 20.3 Bunomnar
6MHOMUATLHBIX [epEB]
(Bcero 13 Bepummn). K
Kopun nepebbeB cBsz
(6) IIpeacraBueHne Ky
B TIpeICTABJIECHIN «JIEB
€€ crenens (degree).

stblin,
pa
x
sibling NIL

KODHERELIM CITUACTKONMN
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Puc. 20.4 DBunomuanbHoe gepeso Bs ¢ BepllHAMHE, IPOHYMEPOBAHHBIMU B ITOPS TK
«IEBOE IIOJNEPERO, ... , IpaBoe IO AEPEBO, BEPIINHAY; HOMepa 3aIlMCAHEl B JBOMT
HOI CHCTEME.

head
head NIL

Yupaxuenuns

20.1-1 x
sibling x NIL
degree sibling x  degree x

x
20.1-2 x
degree p x degree x
20.1-3 Dy,
k J

20.2. Omeparuu ¢ GMHOMUATBLHLIMYU KY 9aMH

Cor1anme HOROI‘/’I KVYNA
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Ilonck MUHMMAJILHOr'O KJIIOYA

BINOMIAL-HEAP-MINIMUM

BINOMIAL-HEAP-MINIMUM

y  NIL
x head
min

while z  NIL
do if keyx  min
then min  keyx

y X
x  sibling
return y
BINOMIAL-HEAP-MINIMUM
min
Y
MINIMUM

n
BINOMIAL-HEAP-MINIMUM

20.2.1. O6beguHenne ABYX Ky4

BiNnoMIAL-HEAP-UNION

BINOMIAL-LINK
).,

Dy
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MIAL-LINK y, 2

Y z
bling y
vild z

gree 2

child =

Y
degree z

y HAYWAAO

BiNnoMIAL-HEAP-UNION

1 2
BINOMIAL-LINK

BINOMIAL-HEAP-MERGE

1 2

MERGE

MIAL-HEAP-UNION 1, o
MAKE-BiINOMIAL-HEAP

read BINOMIAL-HEAP-MERGE 1, o
1 2
1

f head NIL

then return
yrev-r  NIL
; head
wext-r sibling ©

vhile next-xr  NIL
do if degreex  degree next-x

N I

stbling next-r  NIL

degree sibling next-x degree x
then prev-z =« >
x next-r >
else if keyx  key next-z
then sibling x stbling next-x

>
BINOMIAL-LINK next-z,z
else if prev-z NIL >

then head next-r b
else sibling prev-z next-zt>
BINOMIAL-LINK z, next-z
z next-r >

next-r  sibling x
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BiNnoMIAL-HEAP-UNION
1 2

BINOMIAL-HEAP-MERGE

BINOMIAL-LINK

9 BinomiaL-H
Bino

MERGE O m m

1 2

1 2

z

prev-z stbl

z

next-r

stblingx  next-z

HeaP-UNION

-1,
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'uc. 20.6 Yerwipe caydas B mponegype BINOMIAL-HEAP-UNION. Ha Bcex pw
VHKaxX BepIIMHA & — KOpeHb nepeBa By m k. (a) Caywan 1: degreex 3
egree next-r. Ykasarean mnpoasuratorcs Ha ogHy mnosuuumoo. (6) Coywan 2
egree x = degree next-r = degree sibling next-x . I B aToM ciaydae ykasaTen
POJBUTAIOTCS, W TPU CIEAYIONIEN WTepalii MUKJIA BO3HUKHET CAy<dan 3 win 4
B) Canywan 3: degreex = degree next-r # degree sibling next-z , u keyx

ey next-z. Mbl ynangem BepuMHy nezi-r m3 KOPHEBOI'O CITUCKA U TIOIBEIIUBAEN
é x BepunHe ©, nonydas gepeBo Biii. (r) Cayuan 4: degree x = degree next-z 3
egree sibling next-x , u key next-r  key x . MBI ynaiseMm BeplINHY & U3 KOPHEBOT

T TT T T8 AT TTTIT D A RA  Crrn T 3O TTTTTTTE 01 ot A T T AT FA ST T T Tt et ot F .
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next-x

z
T next-x
z
z
z
z
Dy 1
z
BiNoMIAL-HEAP-UNION
n 1 2
1 2
n
O n

BINOMIAL-MERGE

O

[lob6aBienne BepHUINHEI

key x

BINOMIAL-HEAP-INSERT , 2

! MAKE-BiINOMIAL-HEAP

px  NIL
child NTL
sibling NIL
degree x

head '

BiNnoMIAL-HEAP-UNION !

O
x O n

next-x

next-x

next-
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f,Z[aJIeHP[e BE€pPIIMHBEI ¢ MUHUMaJbHBIM KJII0Y0M

3INOMIAL-HEAP-EXTRACT-MIN

X
X
! MAKE-BiINOMIAL-HEAP
head '
BinomiaL-HEap-UnioNn 7
return z
O n
BiNoMIAL-HEAP-EXTRACT-MIN O

/MeHbIIIeHHe KJII0Ya

3INOMIAL-HEAP-DECREASE-KEY  , 2,k
if kO keyx

then error
key x k
y
z py
while 2  NIL keyy  keyz

1~ Tons s Ty o
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Puc. 20.7 Pa6ora nponengyper BINOMIAL-HEAP-EXTRA
HoMmanbHast kyda H. (6) Koprepas Bepumba ©, UM€O
yaaleHa 3 KopHeBoro comcka H. Ona 6bi1a KopHem B
xopHaMu By_1-, Br_2-, ..., Bo-gepebbes. (B) O6paiuas 1
TOMKOB BEpIIMHLL & B 6uHoMuaibayio kyuy H'. (r) Pes;
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*uc. 20.8 Pabora npouegypst BINOMIAL-HEAP-DECREASE-KEY. (a) Ilepes Haua
OM TIMKJA (KIOY BEPINUHEL Y GBI YMEHBIIEH W CTal MeHBIIE KI09a POAUTETHCKO]
epumabl z). (6) Ilepen BTopoil mreparmen mwkaa. [Iponmsomén o6MeH KiowTamy
'KasaTeaW y U 2 TIPOABMHYTH BBEPX, HO CBONCTBO MOPALKa ToKa HapyireHo. (B) Ilc
Jle cleflyiollero o6MeHa 1 CIBUTA yKasaTeslell y U z BBEPX CBONCTBO YHOPAJOYEH
[OCTH BBITIOMHEHO, 1 ITHKJ TpeKpaliaeTcs.

Y
4
key y key z Y
y 4
BINOMIAL-HEAP-DECREASE-KEY
O n x O n

while

V 19 Tenimme ReDITTIWHLT
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Key

Min

BINOMIAL-T
BINOMIA
BINOMIA

HeaP-DELE
O n

YupakHeHus

20.2-1

20.2-2

20.2-3

20.2-4

20.2-5

20.2-6

20.2-7

20.2-8

BiNoMm

OIN 9 0O
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20.2-10 BiNoMIAL-HEAP.

EXTRACT-MIN  BINOMIAL-HEAP-DECREASE-KEY BINOMIAL

HEAP-DELETE n n
BINOMIAL

HeAP-INSERT BINOMIAL-HEAP-MINIMUM

00
n n

3agaumn

20-1 2-3-4-xyum

2-3-4-xy4n

UNION e

MINIMUM
DECREASE-KEY x

INSERT x k
DELETE x
ExTrACT-MIN

UNION

20-2 TloMcK MUHMMAJILHOIL'O MOKPhBIBAaIOIIEro gepeBa ¢ UCIIOJb30BaHH
eM CTHARAAMEBRIXYX KVY



Uy U w u, v
1
w T w U, v
(w,v)ET
T
Vi
G u, v
MST-MERGEABLE-HEAP [
T
for v
do V; v
G; vi,v G 1I
while
do
G;
if:
thenT" T u,
Y
G; G G
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SEARCH

DECREASE-KEY
DELETE

21.1. CTpoenune pubOHATINEBON Ky TN

(pubonavyuneBon Kyden

px child

X

©
CITTIACITIC N T OmMmOIx Yy
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*uc. 21.1 (a) PuboHawunesa Kyda, cogepiKaiuasi 5 gepeBbeB u 14 pepumn. IlyHk
UPHOU JWHWEN TOKa3aH KOPHEBOU CHHMCOK. MuHumamibHas BeplimHA COIepKI
crr0d 3. Tpu oTMeveHHBIE BEPUINHBI BHIIEMEHB IEPHBIM MBETOM. [loTeHIMa® 3TO!
cyun paseH 5+ 2-3 = 11. (6) Ta xe Ky4a BMecTe CO CTPENTKAMH, OKA3HIBAIOLIIM!
HadeHus moiell p (crpenku BBepx), child (crpeaxu sHuz) u left u right (crpeaxu
TopoHsl). Ha ocTalbHBEIX pUCYHKaX 5TOH INIABHL TaKWe CTPEIKN OLYLIEHH, TaK Ka
HIM BOCCTAHABINBAIOTCA OJTHO3HAYTHO.

Y lefty  righty
Y
lefty  righty y

O
O
legree x
nark x
mark x x
left  right

KOPHEBBIM CIIHCKOM

MHUHEMAJIbLHO]
2 e DT O
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IoTennuan

t m
O
MaKCP[MaJIBHaJI CTeIl€eHb
Fn
F
n
Fn n
DECREASE-KEY DELETE Fn O n
21.2. Omepaiuu, IpeqyCMOTPEHHBIE A CIMBAEMBIX Ky
MAKE

Heapr INSERT MINIMUM EXTRACT-MIN UNION

Heviiond ToUeHHOE BUTHOMWATLHOE TeDerRoO
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Uk

Uk
Jo, Uiy o Uk

ExXTrACT-MIN

o3 janue HOBOU (GMOOHATINEBON Ky UM
MAKE-FiB-HEAP
n min NIL

t m

VIAKE-F1B-HEAP

Tlo6aBiaeHue BepIIMHEI

x
key x
F1B-HEAP-INSERT @
degree x
pxr  NIL
child NTL
left x x
right x
mark FALSE
x
if min NIL  keyx  key min

I o

Uk-1
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Puc. 21.2 [o6asienne Bepruusel. (a) Pubon
nocie 706aBieHUs BEPIMHEL ¢ Kao4oM 21. (I,
IEepEBOM, a 3aTeM M06ABMIM B KOPHEBOM CITHC
KOTOpas B JaHHOM CAy¥ae OCTajJach MUHUMAJ

X
BiNnoMm
FiB-HEAP-INSERT
INSERT
O
O

IMouck MUHIMAILHOH BE€pPIINHEBL

O
O

CloeTumenmne TRVY hiiBOoWTaUYmeRLIY KV
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F1B-HEAP-UNION 1, o
MaKe-FiB-HEAP

min min 1
2
if min | NIL min o  NIL min
then min min o
n n 1 n 2
return
n
1 2

FiB-HEAP-INSERT

FiB-HEAP-UNION
O

) v
Arr. amme MM TETOTW READIITAITLT

2

min

min
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FiB-HEAP-EXTRACT-MIN

z min
if 2 NIL
then for
do
px N1
z
if 2 right z
then min
else min
CONSOLI
n n
return z
FiB-HEAP-EX1
SOLIDATE
z
z NIL
z
z
min
z

VIILTOTHEHTHN ¢
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Fn
C
‘OLIDATE
or 7 to ' n
do C'¢ NIL
or w
do 2 w
d degree x
while C'd  NIL
doy Cd
if keyx O keyy
then x oy
FiB-HEAP-LINK ,y,x
c'd NIL
d d
Cd z
nin NIL
or 7 to ' n
do if C'7 NIL
then i
if min NIL  key (¢
then min i
IEaP-LINK ¥y, 2
Y
y z
ark y FALSE
CONSOLIDATE

NIL

key min

ATTT

degree x
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Puc. 21.3 Pa6ora uponeayper FIB-HEAP-EXTRACT-MIN. (a) dubonautmese
ga H. (6) MunuMansHas BepllnHa z ygaleHa M3 KODHEBOI'O CIMCKA; €€ IIOTC
BKIIIOY€EHEl B KOpHeBOU cimcokK. (B)—(a) Maccus A u gepeBbsi mocie Kax g0l u3
BHIX Tpéx uTepanui unkia for (crpoku 3-13 nporegypst CONSOLIDATE). Kopa
CIIUCOK IIPOCMAaTPUBAETCS ClAeBa HAIPaBO 10 KPYyry, HaduHas ¢ min H . (e)-(3)
Aytomas nreparus rukia for. Puc. (e) nokasbiBaeT cocTosHIE MOCIE HEPBOIO HC
HeHMA Teja MKaa while: Bepumaa ¢ K1owoM 23 o IBelIeHa K BEPIIUHE C KT
Ha KOTOPYIO Telepb YKa3bBAET . 3aTeM BepIlINHa C KJAToM 17 ToaBelmBaeT
K BepLINHE C KIOYOM 7 (XK), a HOTOM U BEpLINHA € KIOYOM 24 IHoABelINBaeT
Bepumae ¢ Kao4doM 7 (3). [Tockoabky saerika A 3 Gbira cBoGogHol, nuxa fo
BepiiaeTcss 1 A 3 ykasblBaeT Ha KOpeHB IodydeHHoro gepesa. (u)-(u1) Cocro
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FiB-HEAP-LINK

n
O F n
O F n
4
CONSOLIDATE
O F n
for
OFn C
FiB-HEAP-LINK
O F n
Yupaxuenuns
21.2-1

FiB-HEAP-EXTRACT-MIN

21.2-2

Uo, Uy, ...

21.2-3

o1 O A

Uk

L Us.
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21.2-5

- At e A A sdhaa

21.3. YMeHbIlIeHHe KII09a M YJaJ€HHEe BEPIIMHBI

FiB-HEAP-EXTRACT-MIN

O n
YMeHblileHue KI04a
DECREASE-KEY
Cur
FiB-HEAP-DECREASE-KEY 2,k
if k0 keyx
then error
key x k
¥y px
ify NIL keyax  keyy
then CuT 2,y

Cascapine-CuT L,y

if key «

+h A g

key min

oo

O n
FiB-HEAP-DELETE

FiB-HEAP
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pxr  NIL
mark x FA]

CascapING-CuUT
< py
if - NIL

then if mar
thes

PN PN
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Puc. 21.4 /IBa BBI3OB:
GoHaduneBa Kyda. (6)
CTAHOBUTCS KOPHEBOM,
35 yMmenbIltaeTcsa 10 5;
OBLT OTMEYEH, TAK 9TO
3aTeM TO JKE CAMOE TIf
KaHYIMBAaEeTCsA, TaK Kak
KODHEBOW, TO OHA CTa
ITocne sToro ocraércs

mway ().

DECREASE-KEY

Vramtewine ReNDITTHL



RO AU ACURLA0 R0 CHIECTICR G

FiB-HEAP-DECREASE-KEY
FiB-HEAP-EXTRACT-MIN

Yupaxuenuns

21.3-1

21.3-2 O
FiB-HEAP-DECREASE-KEY

e

21.4. O1leHKa MAKCUMAJILHOM CTEMeH’

O n
FiB-HEAP-EXTRACT-MIN  FI1B-HEAP-DELETE
Fn
n
O n
Fn n
FiB-HEAP-DECREASE-KEY
Fn O 3n
Fn o %) *
X
X X
X
x degree x
degree x
X
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k H
k
H, k
Heoy Hyo k
Jlemma 21.2. .
Hiyo H,
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das mobo20 k
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H
Her o H
k—1 k
Heyo He Hop o H H H.
=0 =0
C
_ Heyo 5 o
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Jemma 21.3. [Iycmb x — sepwuna gubonauuuesot Kyuu, UMEIOUL
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C
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21.4-1
n O n
n
21.4-2
k
k k
k Fn O n
3agaumn
21-1 /[Ipyrou cmoco6 yjgajeHHd 3JeMeHTa
FiB-HeAP-

DELETE

NEwW-DELETE ,x
ifz min
then FIB-HEAP-EXTRACT-MIN
else y pzx
if y NIL
+thawn (17T PO
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O

NEW-DELETE
T min degree x c

CascapING-CuUT
7

NEw-DELETE .,z

degree x ¢ t

NEW:
DELETE x  min

21-2 /lomoJHHMTeJIbHBIE ONlepanuu HaJ (GuOOHAUINEBLIMU KYJIaMHu

FiB-HEAP-
CHaNGE-KEY 2,k ;
k
k keyx k key x
kO keyx

FiB-HEAP-
PrUNE 71 rNn
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a b c d e f
b,d a b,d e f
€9 a b,d €9 /
a,c a,c b,d e, g f
1 a,c b,d e, g f
a,b a,b,c,d e, g f
€7f a/7b7c7d €7f7g
b7C a/7b7c7d €7f7g

Puc. 22.1 22.1 a) I'pad, cocrosiumit U3 4eTHPEX CBA3HBIX KoMmoueHnT: {a, b, c,d},
o £ 40 Ih V430 6) THocne toraTe TREHLTE CcOCTOIHITT CTIeTEeMET HeTTehec ek atoTT Ty —

N

>SS
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b,c,e, h c
d, fg f

UNION e, g

22.2. Peaausanua ¢ moMouUibI0 CIIMCKOB

MAKE-SET  FIND-SET
O MAKE-SET

FIND-SET
UNION
UNION z,y
L Y
Y
z
n
X1y X2y eny Ty MAKE-SET z; )

N ) n UNION zq,22 UNION zg, 23

TTATTAN A P TTANTTAN A A .
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MAKE-SET z1
MAKE-SET x4

MAKE-SET z,
UNION 1, 4
UNION 9,23
UNION 3,24

UNION Z,_1, %y n

Puc. 22.2 22.3 Bpemsa BHIIOIHEHNA KBAIPATHYHO 3aBUCH
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*uc. 22.4 Cxarne nyrell B npouecce omeparuu FIND-SET. a) JlepeBo mepes BEL
[onHeHUEM oleparmu FIND-SET(a). TpeyroisHukaMu 0G03HAYEHBI 1104 A€PEBBA
(OpHAMU B nz06paKeHHBIX BepumHax. 6) [locae ucnontenns FIND-SET(a).

29 92 1 TTInornavMALT
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x FIND-SET
X
X
X
Om n m
n MAKE-SET
n MAKE-SET f
f 1+fxn T f

f n

O ma m,n «@

n

FIND-S

o m,n
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uc. 22.5  22.6. Snauenus A(4,j) LI MaJbIX ¢ U J.

uc. 22.6 Puc. 22.7. Poct dyuknun Axkepmana. B Tabaune sHavenunt (puc. 22.6
oeAVHEHE paBHELe dncia. Macirrab 0o Nropu3oHTaIN COGIIOCTH HEBOBMOXKHO (13-3:
4eHb GEICTPOI'O POCTa).

n MAKE-SET
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MAKE-SET, UNION  FIND-SET

x
x x pazmepoi
x
T T rank z
MAKE-SET
-SET  LINK stze x
v x FIND-SET
E-SET «
LINK z,¥y
rank x rank y
Yy
x rank y Y
size y rank y
ink . ranky size' y  rank’y
Y LINK size' y size x  Sizey

/

y ranky
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LINK UNION
my MAKE-SET FINI
UNION
LNk S

FIND-SET LINK

Omy *n
Sy O my

MAKE-SET

m
SET LINK n

Om *n
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FIND-SET

SET z
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23.1. OcHOBHBIE AATOPUTMBI Ha rpadax
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Puc. 23.1 23.1 /IBa npen
poBauubn rpad G ¢ 5 Bej
C TIOMOIBIO CIIUCKOB CME:
MAaTPHUITH CMEXKHOCTH.

Puc. 23.2 23.2 [IBa mpe;
Bauubi rpadp G ¢ 6 Bepl
C TIOMOIBIO CIIUCKOB CME:
MAaTPHUITH CMEXKHOCTH.

v

O maz V,G oV
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Puc. 23.3 23.4 lcnoauenue aj
cJie IPOCMOTpa Kaxknoe peGpo
J€PEBO MOMCKA) WU IIyHKTHUPE
nepexpécrasie — Gyksonr C (¢
BEPIIUHBI TOKA3AHB BPEMEHA E

NIL

DFS

DFS
DFS-VisiT
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*uc. 23.6  23.7 (a) IIpodreccop TONOIOrNUECKH COPTUPYET CBOIO OAEKAY 110 yTpaM
>e6po (u, v) 03HaIaeT, YTO U JOIKHO OBITH HaZeTO A0 v. PaioM ¢ BepumHaMU II0
(a3aHBl BpEMeHa Ha<ala U KOHIa 06paboTku npu moucke B riay6uny. (b) I'pad Tomo
OIM<ECKN OTCOPTUPOBaH (BEPIIMHBEL PACIONOKEHE B IOPsiIKe yOLIBAHIA BPEMEHI
KoHdaHus o6paboTku). Bee pébpa uayT cleBao Halpaso.

eduNCTME ENHOCTIU nymu

)2 1 4 Tomomormyecikad CODTUNDORK A
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*uc. 23.7 23.9 (a) Opuenrtuposanusii rpad (' U €ro CHIBHO CBA3HBIE KOMIIO
ieHTH (nokasansl cepeiM). (b) TparcnonupoBasHB Tpad GT. Tlokasano jepes
[OCKa B TAYOMHY, BBIYUCAAEMOe B CTPOKe 3 Mporeqyphl STRONGLY-CONNECTED
JOMPONENTS Pe6pa nepeBa 06BefeHBl cepbiM. Bepiutet b, ¢, g, h, ABAAIONITECT KOP
(IMU JePEBBEB IOUCKa B riiy6uny (s rpada GT)7 BELJjeJeHbl YEPHBIM. (¢) Anukian
iecKuil Trpad, KOTOPHU MOAYUUTCS, ECIU CTAHYTh KAXAYI0 CHJIbHO CBA3HYIO KOM
oHeHTy Tpada G B TOUKY.
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Puc. 24.1 24.1 MunumanbHoe mokphiBamollee fnepeBo. Ha kaxjgom pebpe rpad:
yKazaH BeC. BblleneHsl pe6pa MUHIMAJIBHOIO MOKPHIBAIOLIETO JepeBa (CyMMapHBII
Bec 37). Takoe gepeBo He eguHCTBEHHO: 3aMeHss pe6po (b, c) pebpom (a, h), nory
9aeM JIpyroe IepeBo TOro XKe Beca 37.

oG Vv
oG VvV VvV
G Vv Vv G
24.1. IlocTpoeHne MUHMMAJILHOTO OCTOBA
1 V, G



ittt Ji bt it btV it oV AL R e

uc. 24.2  24.2 [IBa mso6paXkeHus OHOTO U TOTO XKe paspesa rpada ¢ pucyHka 24.1
a) Bepumae MHOXecTBa S ns06pakeHbl GEIEIM [IBETOM, €0 gomonHeHus V \ S —
epHEIM. Pé6pa, Tlepecekamolne paspes, COEAUHAIOT Gelble BEPINUHEI C TePHBIMNA
. IUHCTBEHHOE JErKoe pebpo, HepeceKkaollee paspes — pebpo (d, ¢). MHoxkecTBO /
OCTOHUT U3 BHIJEJEHHBIX CEPHIM IBETOM BhifenaeHo. Paspes (5, V \ S) coruaacosar
A (mm ogno pebpo mz A He mepecekaer paspes). (b) Bepumer mMuOX)ecTBa S

e ot T reba Dot Tt 10 @ mrrmaba o fim 1rmmm o o o o 1o 1o o T T e
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Puc. 24.3 24.3 (x gokasarenscTBy TeopeMsl 24.1). Bepumntr S — uépHsle, Bepiim
el V \ S — Geaste. M306paxeHBl TOIBKO péGpa MUHUMAIBHOI'O OCTOBa (HA30BE!
ero T'). Pé6pa MHOXKecTBa A BHIZEIEHBL CEPBHIM LBETOM; (U, v) — JIErKoe pebpo, Iie
pecekaoliee paspes (S, V \ S); (z,y) — pebpo efUHCTBEHHOrO IIyTH P OT U K U
T.

Uy U C.
T C
T U, v,
T U, v
T P u o
u v
S,V 5 P x, Y
C
C T X,y
U, v
T T T,y U, v
T u,v
S,V S T

B



uuuuuuuuuuuuuuuuuuuuuuuuuu

V/

V,G

S,V

V/

e

S



Al

bl ade 3

AL AL LIV IASO POV L Fe T VLR

oy Vs S



JCU P Ie 00 L) JHUHAWAW G 14 PR T

borre DA A DA A I arm e vt arn g L vxrrotr e e v amr I amraes DA 1 D o a e



CUROLELL A

Taewse DA |






Bt ade 3 APE AL LAV PRV L fe L vt v sy e Ve

f

1 V.G
w G R

u, vV MaxT U, v

o Vv?

T max u, v

oG v Vv

MST-REDUCE



gL W 14 0N

MST:
I/
T origz,y x,y T



4 JUL

bl ade 3

APE AL LLIIVA LU UL e vt sy Vb R S



25
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nYMAT U3 00RO GEPUIUNBL
1 V.G  nauasvnas seputy
s

KpaT4auuime nyTu B OJHY BeplIHHY: KOHEY!

v 14

KpaTyaummy nyTe MeXAy AaHHOW IapOM BepLIMH
v u v
u

v
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uc. 25.1 25.1 OpuenTrnpoBanaLIl I'pad ¢ peébpaMyu oTpHUIATEILHOrO Beca. Y Ka

<IOU BEPIIUHBI YKA3aH BEC KPATHYAUINEro MYTH U3 § B 3TY BePINUHY. [10CKOIBK]

epuinHbl € U f 06pasyioT MUK OTPUIATETHHOIO BECA, NOCTUKUMBIN U3 BEPIITHE

, Beca KpaTHdalllinX MMyTed B KaXAyIO U3 DTUX BepUMH paBHB —oo. Crenas He

KOJBKO TMKJOB, MOXKHO IOUTH B g, TAK 9YTO BEC KPATHAWUIIETO MYTH B ¢ TaKK

aBeH —oo. BepumHel A, ¢ U j HEIOCTIUKUMBL U3 §, TaK 9TO (XOTb OHU U JeXKaT H
N
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Puc. 25.2 25.2 (a) BaBelleHHEIN OpHEHTHPOBaHHEI I'pad; B BepU
Beca Kpardarmuux nyredl us s. (6) Cepble pébpa o6pasyroT IepeE
myTell ¢ KopHeM s. (B) Jpyroe gepeBo KpaTHaHInX IyTel ¢ TEM XK

depeso kpamua
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5.1. KpaTyauimme nyTu ¥ pegakcamusa
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Puc. 25.3 25.3 Penakcaius pe6pa (u,v). B
ro myTu. (a) [lockoabKy nepes perakcaryen
penaxcaruu d v yMeHblnaeTcs. (6) Yxe go
Penakcanusa muvero me mensier.
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uc. 25.5 Puc. 25.5. AmropurMm [lenkcrpr. Vcxonmas Bepimna — KpalHAs JeBas
IIEHKI KpaTYallllero My TH yKa3ansl B BepiimHax. CephiM [IBETOM BBIIEIEHB PEOD:
u,v), A8 KOTOPBIX T ¥ = 4. JEpHEBIe BEPIIUHEL JeKaT B MHOXECTBE S, OCTAIbHEI
axoasrcs B odepean @ = V' \ S. (a) Ilepes nepsoit nreparmen nuxiaa while. Cepas

epuirHa MMeeT MUHUMAJbHOEC 3HAYICHME dn BbI6I/Ipa.eTCE[ B KaYe€CTBE BEPIINHBL U 1]
B S
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Puc. 25.6 25.6 B myTu oT s 10 u BBIIeleHa €acTb (S—),
BHYTpH S, U IlepBasi BepLINHa Y, JexKalias BHe S (BO3MOKHO,

whil



AR QT feyiicth W pJLiattivClb il

S S w
v Q
U, v
d v dv,du
dv
S
s v

d v

Yy
dy
du
S
S
dv
w U,
s
U, v
P

JL

U S
d v
w U,



4 Ao < LY PRIt fegiicth o UURL

Mmoduduy

oV

DECrREASE-KEY Q,v,du  w u

G
oV GV
G
OG V
Q
Min O Vv
DECREASE-KEY O
DECREA
DECRE.
S

121,



LA Ui L0 MURUT U UMW

1

owv G

V.G
w G

7o,

7o,

ovVv G W

g

7o,



4 Ao < LAY PRI QL fegiieth o UURUUW DL UROL

Puc. 25.7 25.7 Anroputm Bermmana-®opga. Mcxoanas Bepimna — KpanHas e
(2). Ouenkn kpaTualllllero myTu ykasadsl B BepiimHax. CepbiM IIBETOM BbHIAEN
pébpa (u,v), It KOTOPHX 7 v = u. B jaHHOM IpHMepe HIpU KaxkJOU UTepa
NUKJIa B CTpoKax 2—4 pébpa MOABEPraloTCsi PEITAKCAINU B JEKCUKOIpapUHec
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S
ova
ova
oV O
1 V,G
w S
S
BELLMAN-FORD dv d s, v
v S
P S Vg,Uly...,Vp U
S v
k |4 ? )
d v; d s,
v
? ds d 8,8

1 dv,_q & 8,0



L= AU U JL

TRUE
v V
) I,
5 BELLMAN-FORI
FALSE
s
s
ForD dv § s, vl
I
s
v V
dv du wuwv
TRUE
U0
FALSE
W V1, ) s yeen k
d v;
1, Y5
) dv;, 0 duv;_y W V1, V5
FALSE
)
Y, v
z
m
u, vV 1
w v
m
m
v d s, v
dv d s, v
[ V.G
o Vva

21 vV N [



)L U 4 Ao < LAY PRI QL fegiieth o UURUUW DL UROL

5.3. KpaTyauiime nyTd B aMKJIN9eCKOM OPMEHTHPOBAHHOM rpade
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Puc. 25.9 T'pad orpanuveHuil, cCooTBETCTBYIOMWINI cucTeMe (2
LmmHe v; HammcaHo «uciao 8(vg, v;). Bekrop ¢ = (—5,-3,0, —1, -
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Puc. 26.5 26.6 Amropurma [[:KoHcoHa B puMeHerun K rpady puc. 26.1. (a) I
G’ ¢ ucxoaHON BecoBol GyHKIIM w. BemoMoraTerbHad BeplnHa § — 4YépHAad. |
TPU KaiK/0H BEpLIMHBL v 3anucaHo sHadenue h(v) = 4(s,v). (b) Kaxgomy pe
(u, v) npunucan HoBb BeC w(u, v) = w(u,v)+ h(u)—h(v). (c)—(g) Pesyasrars
60TH anropuTMma JleNKCTpH A1 BeeX BepumH rpada G ¢ BecoBoll pyHKIIt| |
KaX oM Caydae HadalbHasd BEPIIUHA BHIIeTeHa Y6PHBIM. BHYTPH Kaxk oW BEpII
sanucanbl BeawanHe 6(u,v) 6(u,v). Bec xparuatiero nytu dy, = §(u,v) p
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27.1. IloTOKM B ceTax
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Puc. 27.1 27.1. (a) Cetrs G = (V, E)
aykimn pupMbl « KreHOBBIE THCTHSY.
ckaan B Bumnurere. Ha xaxmom pe
KOTOpBEIE MOXKHO OTIIPABUTEL B JA€HB
19. IlokasaHbl TOMBKO HOJOKUTEIBH
CTOUT MPOIYCKHas CHOCOGHOCTD ¢(u
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ueV

fuyv



fUHUROG O COHitnL JJ

uc. 27.2 27.2 Cokpawenue. (a) Bepumnbr vy u ve. 3geck c(vi,v2) = 10 1
(v2,v1) = 4. (b) ExenneBro 8 A1MKOB NepeBO3AT U3 vy B vz. (¢) Jlo6aBumm BeTped
ble TIepPeBO3KN 3 ANMKOB B ficHb W3 v2 B v1. (d) COKpaTmim mpoTHBOIOIOKHEL
OTOKH — OCTanoch 5 ANMKOB B feHb. (e) /lo6aBmim mepeBosKy emé 7 AIMKOB
€Hb U3 U2 B U].

uc. 27.3  27.3 3ajgada o MAKCUMAILHOM TIOTOKA IS HECKOILKIX UCTOKOB 11 CTOKO!
BoguTcst K o6branon. (a) CeTh ¢ naTbio ucrokamu S = {s1, S2, $a, 84, S5} U TPeM.
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uc. 27.4  27.4 (a) Ilorox f B cetu G (kax Ha puc. 27.1). (b) Ocrarounas cerb Gy
 BITeJIeH TOTIOMHAONAN Ty Th p. Ero ocTaTowdHas MpomycKHas CIOCOGHOCTE Cf(p
aBHa ¢(vz,vs) = 4. (¢) Peayabrar gofaBieHns moTOKa BeIMHUHBL 4, IIPOXOMALIET
goas myTu p. (d) OcraTounas ceTh, NOPOXK AEHHAS OTOKOM PHC. (C).

uc. 27.5 27.5 Paspes (S,1) B cetu puc. 27.1 (b). 3gecy S = {s,v1,v2} (depubr
epumtel) u ' = {vs, va, t} (Geaste Bepumnst). Ipu stom f(S,T) = 19 (moTok 4yepe
aspes) u ¢(S,T) = 26 (mponyckHas crocoGHOCTS )
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Puc. 27.6 27.6 Pa6ora nponegypst FORD-FULKERSON. (a)—(d) Illaru BrimoateH:
mikaa. CreBa mzobpaxkena ocraTodHas ceTh Gy (IOHOMHAONII TyTh P BHIIE
CepHIM), CTlpaBa TIOKa3aH yBeAWTeHHHBIN MOToK. BHadate (a) poab ocTaToTHON cer
nrpaeT ucxoanas ceTb G. (¢) OcTaTowHas ceTh 6ojee He COAEPKUT TOMONHATONIE]
IYTH; TOTOK MaKCHMaJeH.
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uc. 27.7  27.7 (a) CeTs, gus koropol nporeiypa FORD-FULKERSON TpeGyeT Bpe
rean O(E|f*|), rae f* — makcumarbHbII moTOK BemmsuHE | f*| = 2 000 000. Brige
€H JOILOMHSOUNI Iy Th ¢ HPOoIycKHo crocoGHocThio 1. (b) Ioayuennas ocrarod
ast ceTh. BBIJe/eH TOMOMHMIOIMI IIyTh C TOM JK€ MPOIYCKHON CIOCOGHOCTBIO. (¢
[omy9eHHas oCTaTOYHAA CETh.
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27.3. MakcuMmaibHOe mapocodeTaHue B JBYJOILHOM rpade
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LU CHRALH0R/UT fepJUCURTCHRUE O VO HUUADRUMN o/ T JUe

uc. 27.9 279 Cers, cooTBeTCTBYIOLIAs ABYIoIbHOMY rpady. (a) By joibHbL
pad puc. 27.8. Brigenentre pé6pa 06pasyoT MakcuMalbHoe mapocoderarue. (b
‘00TBeTCTRYIOMAA ceTh (' U MaKCHMAaJILHEIN HOTOK B Hel. IIpomyckHas crmoco6
0CThb M1060T0 pebpa paBHA €IUHUITE; TTOTOK TI0 BHJETEHHBIM PEOpAM PABEH €IUHIT
€, IO OCTATBPHEIM — HyI0. Boigerenubie pebpa, COeTUMHAIONINE BEPITUHB W3 [
epumHamMn n3 R, COOTBETCTBYIOT MaKCHMATHLHOMY MapOCOYETAHUIO B ABYIOTHHOM

pade.
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Puc. 27.10 27.12 3agada o Beixoge. HavambHble TOYKN 9E€PHBIE,
aste. (a) Brixon ecTs (BBIgeneHH Iy TH, ero obecnednsatorue). (1

n i, ]
i J
3adaue o ewvizode
m
m  n?
L1, U1 5 2,2 55 TmyYm m

Hoxpvimuem nymamu
V.G P
V P

MUHUMAADHBIM TLOKPBUINMUEM NYIMAMU

I V.G
R I VLG

!
Vv Ly Llyeeeydp Yo, Y15+ Yn



O LU

vy n G1,Ga. ..
Ck
Pj
S, T
Pj
R;
j=1
I V.G
C U,V

c U, v
- 71

SO

Ck

s oyeen Gyt

k A



4 oW <7 AP A C U0 00U UV

Max-FLow-BY-SCALING

K d
O d
K
Max-FLow-By
SCALING OG?* FE
I V,G
f
Uy U bu,v fuv cuv
c b
/ I f  ¢ST
bT,S S, T
1
S, T
cS,T bT,S
I V,G
s t c
I/ V/7G/
c s’ [
vivo it
CHE siv v V u,t" u V s,t, t,s
U, v G d u,v cu,v  bu,v
w V dsu bViu d ut! bu,V
d st dits
1

I/






28 CopTupymoiye ceTH

Puc. 28.1 28.1 (a) KommapaTtop co Bxogamu z, y n Beixogamu z’, y'. (b) Tor x
KOMITapaTop B BUIe BepTHKAIBHOIN JUHUH. 110Ka3aHbl BXOIH & = 7, Yy = 3 1 BBIXOIE



e /vUMRBEU e U700 e

Puc. 28.2 28.2 (a) Cerr KoMuapaTopos ¢ 4 BxogaMu U 4 BHXOJaMU, KOTOpast SBJs
ercst coprupytoien. Ilokasansl BxogHEE 3HadeHus B MoMeHT 0. (b) 3BHadenus H:
BHIXOZax KoMmapaTopoB A u B B MmomentT Bpemenu 1. (c¢) B mMomenT 2 nossisorc:
BEIXOJHBIE 3HadeHUs KoMmmaparopoB C' u D; BhxoaHble sHadeHus by u by (Ho H
bz, bs) onpenenenrr. (d) Hakonen, ocraBume gBa BEIXOJAHBIX 3HAYEHUS IIOABIISIOTCS
Ha BHIXOax KoMmmapaTtopa F.

28.1. CeTn xoMmapaTopoB

Komnapamop
.y oy

x min x,y ,
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fa fa17fa27"'7fan

fb fb17fb27"'7fbn

a1,a,...

f

Darcn ODQ A

fx
f v,y f T,y
fa,fy
fa,fy
f oz y fa [y
min fx,fy fmmax,y
mazxr fx ,fy f max z,y
Ty /
y n,
a17fa27"‘7fan

B N, F 00 1)

Ty



RO WAL R0 4 CURRULHOE ST

uc. 28.5 (a) Coprupyiomwas cets pucyhnka 28.2 gt Bxogoe (9,5,3,6). (b) T

‘e COTR TTOCTEe TTHIMEemelnimd Moo TOEHOT Dy f(’r‘ e r’r 2" KO RCEMNM BYOTAM
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Puc. 28.6 CopTupymoias ceTh Aas 4 Gucen



A URGRICCARLGU CULT QU O WG e

uc. 28.7 IloxyouncTurens HALF-CLEANER 8 u aBe pasidYHBIE BXOIHBIE ITOC/E
OBATEJIHLHOCTU HyJel W eAWHUIl. Fcam BXogHAS TOCIEI0BATEIBLHOCTD ABISETCS O
OHIUYECKON TIOCIEA0BATENBHOCTHIO HYJIEH U eIUHUI], TO TI0Cke e€ 06paboTKu J060I
JEMEHT BEPXHEU IMOJOBIUHBI BHIXOJA MEHBIIE JI060I0 3JIeMEHTA HUKHEN MOJOBIHE
1M PaBEH €My ); OJHA U3 IOJOBUH — CHTOHWYECKas, a Jpyras COCTOUT TOJBKO I
YJIEH WM TOJBKO U3 €AMHUIL ((IUCTasy ).

Ve, OO0 O

e~ I AT Y T o mT wr IT
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Fn BITONIC-SORTER 7

1 n 1
F onx , n Fuk

Fn n

n

BITONIC-SORTER 7
n
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uc. 28.9 Bxogmas wacte cetu MERGER 8 (a) oramdaercs or cetu HALF
JLEANER 8 (b) TeM, uTo HuxHue 4 IpoBo1a epeBépHYTHL. (a) BxogHas HacTs ceT:
IERGER mpeo6pasyeT gBe BO3paCTaOIIe TOCIe0BATETBHOCTH (A1, ds, ... Uy /2) ]
Uy /2411 Qr 2425 - - - 3 Gn) B JBE GHTOHIYECKNE TOCTefoBATeIbHOCTH (b1, ba, ...  by/s
{bps241,bnjog2, .- bny. (b) Tor xe mpomecc B 0603HAMEHHAX IIOXYOYHCTHTE
A: GUTOHMYeCKAad BXOJHAA IIOCICJOBATEIRHOCTD (1,02, ... ,0n 2,0 /241, ;dn
peobpasyeTca B fBe GHTOHMYeCKHe MoCIefoBaTedbHOCTH (b1, bz, ... byo)

brj2+1,bnjagas .- ).

'uc. 28.10 Cerb MERGER n coeuHseT ABE OTCOPTHUPOBAHHBIE ITOCTEIOBATEIBLHO
i B oany. OHa momydaerca us ceTu BITONIC-SORTER MOAUMDUKAIIMEN ITEPBOT
ackaja: TEEPL CPABHUBAIOTCS {-ble C Hadalla U KOHIIa 31eMeHTH. (a) Obwas cTpyk
ypa CeTH: IEPBHII KacKaj, 3aTeM [1Ba 9K3eMILIIpa ceTH BITONIC-SORTER n 2 . (b
losHas cxeMa ceTn (cepble IPAMOYIOIBHUKY — CTPYKTYPHEIE SI€MEHTHL, Ha PEGpa:
OKa3aHBl 3HAYEHUs [JId OJHOIO U3 BO3MOXKHEIX BXOZOB).

X
4 X
YR
XYyFR Xy*R
MERGER n
Aly e ee s Opy2 Upx241y -+ - 5 0n

BITONIC-SORTER 7

k241 t gy s UK a;
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a1
n az,043, ... ,0y
n n
A1y...,0y
a1, A3, ... ,0n-1
A2,04, ... ,0p n
n n
Tk
On n
28.5. CopTupyromiai ceThb
SORTER 7
SORTER 7
SORTER nx
MERGER n MERGER
SORTER 7 n
s MERGER
s MERGER
k k s yeee, T nk

e, O 11 2 R T . S AN 1 J o
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Sk Mk
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UCTLOADIYEN
a
b
N, M ...,

HEMno-HeueéEmuas copmupyrowas cemn

i i+d

YEMHO-HEYEMHAA CAUECAIOULAA CEM

n
Uptls--- 5020
nx
ar, a3z ... ,0p-1 Ap41,Ap43 -+« 5 A2p-
Un+2sAntd - .- A2
2
2
a n
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29.1. CxemBbI U3 PYHKITHOHAJIBHBIX 3J€MEHTOB

29.1.1. OyHKIHOHATHLHBIE JIEMEHTEI

(Pynmuuonaanmﬁ QAEMERTT

A02UUECK U

NOT AND
OR XOR
NAND NOR

Darrn 90 1 £ X0 Yiu T [ [ 15 g
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29.1.2. CxeMbI U3 PYHKIMOHAIbHBIX 3J€MEHTOB

CTEMBL U3 gﬁyH?Cuu0Haﬂbel£ QNEMEHRHTNOE

nposodamu
6bIZOOHOT CITNENENDH
6x000M CTembl
sbizodom cze
bl
n

9.1.3. CymmaTop

CYMMAMOP x Yy
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Puc. 29.2 Cywmmarop. (a)
HUIY BPEMEHW TIOABIATOTC.
Emé wepes egmmuiy Bpem
F ray6ouser 2. (d) Ewé e
smeMenTa (G TIOABIAETCA Pt

¢ G

20 1 4 T'nvAéurma cYOML
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29.1.5. Pazmep cxeMbl

pazmep

29.1.6. YnpaxHeHus

29.1-1 x
Y z

29.1-2 n

29.1-3

29.1-4
29.1-5

29.1-6 F n n d
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n
O n
n n
n
29.2.1. Kackagnoe cioxenue
a
n Un—1,0p-2,.--,00 n
a
n—1
a a; .
=0
n a Un—1,0n-2,-.-,00
b bn—17bn—27---7b0 n S
SnySn—2,---,50

Puc. 29.3 29.3 Ilpu caoxenun 8-sHaunbix uncen a = (01011110) u b = (11010101
noxydaercs 9-3HauHoe wmcao s = (100110011). B i-M croabue ykasaHbL i-€ paspsj]
uqmcen a, b u s, a Takxke 6uT mepeHoca ¢;. BxogHon 6uT mepeHoca c¢o BCerjga paBe

0.

)
a; b;  exoduoi 6um nepenoca ¢
) s;
BLILOOHDIM OUMOM NEPEHOCA Cit1
Co Cn
Sn S; aq, bi7 C;
Ci+1 aq, bi7 C;
n
HC’O,bCh... 7mn_1 Ci4+1 1{72
mH_l Cp
—_—— D Ty o o B,

TVhae .. OO A T . e
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9,2.2. CroxeHWe ¢ TpeIBLIYNCICHHEM TE€PEHOCOB

C;
) a; b
C;
a; 7 C;
a; 7 C;
a; b Ci_
a; b ¢ Cio1

nunoe neperoca

‘uc. 29.5 Brixognon 6uT mepeHoca W THI IepeHoca cyMMaTopa FA;_1 B 3aBHCH
IOCTH OT d; ! b;.

Ci—:
Cit1

Cit1 Ci—1 ?

*uc. 29.6 Tun mepeHoca coeuHeHNs ABYX CyMMaToOpoB (Tabiuua omepaiun ©).

T; )

y @i—1 bi—1

x; , i1 b
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o 1 T, €;
C;
Lo
Yo
Y1, Y25« Yn
Yo Ti Yi-1 To T1 ... X
Yoy - - - Yn npegurcamu
g 1 .. Tp

Li Y

Puc. 29.7 29.7. Buadenusa x; u y; 1A npumepa puc. 29.3.

Jlemma 29.1 ) R 13
Yi C;
Yi C;
Yi
¢ ¢ Yo
o Cp )
Yi Ty &) €Ty
Ti-1 Ci—1 C; Ci—
¢
Yi
Yi i Yi—1
C;
Yi

29.2.3. BroIuncienne THIOB NepeHoca ¢ IOMOIILI0 NAPALIEILHON IIpe
AU ETOT YO LT



AL CHOE Ut CLAUACCROR L

Yi y

Yi

n ) PR Y05y Yn—1
Lo Yn

uc. 29.8 Cxema a1 TapalielbHOT0 BHUHCIeHNs mpedunkcos. [lokasana BHY

"DEHHSASA BEPUINHA, OTBEYAIONIAA 34 &; . . . Tk. JIEBOE O NEPEBO OOBEIUHAET BXOE
Yiy... ,Lj—1, IIPAaBOE — BXOABL &j,...,Tk. [lBa sreMeHTa @ (OAUH HCHOIB3YETC
[pU IPAMOM XOJ€, JPyroil — npu o6paTHoM) BeHucHsoT 6,k = 1,j—1 ® 7,k |

0,j—1 =10,i—1® i,5—1.

*uc. 29.9  29.9 Caywan n = 8. (a) Obuwias cTpyKTypa U BHIHHUCISEMBIE 3HAYEHIL
b) 3Ha4eHus, COOTBETCTBYIOIINE IPUMEPY Ha puc. 29.3

(%] Jik
i,k
! .
7] 72 27] .
.1
n
n O n
n

0 2 4. CvMMaTOD € The TREIYMCTeHMeM MeDeHOCOR®: OoKOoOHYaHue
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Puc. 29.10 29.10 CyMMaTOp ¢ OpeABEYUCIEHUEM LIEPEHOCOB (LOKa3aH CIydail n
8) cocroutr uz n 4+ 1 6aoka KPG ¢ Homepamu ot 0 10 n. Brok KPG; noay4aer E
BXO[ a; U b;, BEIYUCISET TUI TepeHOCca &; U 06pabaTHBAET BHIXOTHOE 3HAYMEHNE U
BHIAaBasA 1-bI OUT CYMMH S;. [lokazaHbl 3Havenns a1 mpuMmepa puc. 29.3

n KPG KPG 7
a;, b; z;
Yi

S; Gp41 bn-l—l Zo

O n n

29.2.5. CiaoxeHnne ¢ 3aIOMHHAHHEM TEPEHOCOB

T Lp—1,Tn—-2y---,20
) Yn—15Yn—25---, Y0 z Zn—15%n—25--+,%0 1
CAOAHCEHUA C 3ANOMUHARUEM NEPEHOCC
U Up—2, Un—2,---,20
v UnyUn—-1y-..,00 n
R VR A TR -
Uy Liy Yis 20
Vi41 LisYis 24
3 R ) g
U Up—1,Un—2,---,U0 v Ups Un—1,-.-,00

T Yy 2 u v

A A at



L CHOL Ut CAUACCROR L

uc. 29.11  (a). CxeMa CIOXKEHUS ¢ 3allOMUHAHUEM [EPEHOCOB. [[JIf CIOXKEHUS TPE:
~-GUTOBBIX YUCEN ,Y,Z BEMUCAAIOTCS 4ucia u (n 6uros) u v (n + 1 6uros), s
0TOpHIX & +y+2 = u+v. (b) 8&paspsaiHbIl CyMMaTOpP C 3allOMUHAHIEM [IEPEHOCOB
{aXk BT U3 CyMMaTopoB PA; momy4daeT Ha BXOJI i, Yi,2; W BHIIAET OUT CyMMEL U
- 6uT reperoca v;. Mbl momaraem vo = 0.

n a b
Yo, Y1y,---, Y8
n
n
KPG
Kpumuueckul
O n
n
n
n o n

e . OO0 10 AAOY 19 TV oo o o T
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*N
O n
29.3. CxeMBI 118 YMHOXEHUS
n
n a Un—1,0n-2, y @0 b
bn—17bn—27 7b0
n—1
K3
p ab m()7
=0
m@  q b a )
b; b; m;

YACTMUYHBIMU NPOU36 edenuamu

Puc. 29.13 29.13 ¥YmHoxenue wucen a¢ = (1110) u b = (1101) cronbukom; mpousse
genne p = a - b = (10110110). Kax g0oe 4acTu4HOE IPOU3BELeHUE m® IOy “TaeTC:

W3 a CABUTOM Ha ¢ PaspsAg0B BieBo, ecan b; = 1. B nmpoTuBHOM ciy<ae OHO paBH(
HYJIO.
n
2
n
2
n n

20 21 MaTHDUYHLIT VMEOKATETL
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(%)
FA;

uc. 29.14 29.14 Marpuanem ymuoXuTenb a1d n = 4. Jaement AND, o6ozna
()
J

OHTAJBHBIN PAJ CYyMMUNYIOIIUX 3JIeMeHTOB FA

emnpiit G, Boruucaser j-fi 6ur vacrmHoro npomssexenmt m'Y . Kax guiit ropn

gl)) NpeCcTaBisgeT cobou CyMMaTO]
3aMoMUHAHUEM TepeHoCoB. Miafime n 6UTOB MPOMW3BeAeHNA — 3TO OUT m(()0
~ u-6uTH, MOIyYaeMble B MPABOM CTOJIOIE B XOj€e CIOXKEHHS C 3allOMUHAHUEM IIe
erocoB. Crapiime n 6UTOB MOTYYAIOTCA Ha BHIXOE CYMMATOPa, CKJIATBIBARIIET(
-6UTHl v-OGUTHI, BHIXOAIINE U3 CYMMUPYIOIINE >JIEMEHTOB HIXKHEN cTpoku. [loka
aHbLI 3HAYEHNA I18 MHOXHTemen puc. 29.13.

wl ) n o)
n
m@ () (1) (1) w) ) (2
w2 n
u(l_l) U(i_l) m(l) 2 . , M
u(n—l) o1 n
n—1
1=0
p.
o) | ml?
) X LY y 1 U](‘Z) J ) y Lt Myt
..., m i
n o om

uc. 29.15  29.15 CymMmpoBaHne 9aCTHIHBEIX IPOU3BeJeHUIT: TOBTOPHOE CJOZKEHI!
3alloMHUHaHNEM IepeHoCcoB. Pasobpan npumep puc. 29.13 (a = (1110}, b = (1101))
[ycThle MecTa Tepel] 3HAKAMU PABEHCTBA CINTAIOTCSA 3AMOTHEHHBEIMU HyasMmu. M
BIYHCISIEM m(o) + m 1 +0 = u(l) =+ U(l), 3aTeM u(l) =+ U(l) =+ m(2) = u(2) =+ 0(2)
() 4@ L3 = @ _|_U(3)7 1, HAKOHEII, p = m@ +m® 1m@ 1m B = @) @
0) (4)

T~Tr ~rea T 'n,\—'rn( Tr A — agh a2 — 1 9 m o— 1
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(@)
(@) K (@)
I ' m; j ?
Z .
m(9) n
AY AW
o my) ugi_l) v
Uj+1
(n—1) .
Uj ] 9 7n
] b b 7n
i m()
uy) Ut j ? . N
(0) i
Po 7n0 Di u;
n
P2n-1,P20n-25--- 3 Pn
n—1 n—1 n— n—1
ugn—2)7ugn—3h“‘ 7u% 1) Uén—Qh

29.3.2. XapaKTepuCTHKN CXEeMEI

20 2 2 VuvwmoskeHue ¢ TOMOTILIO Tehera Yoameca

FA

N -
?
wld) ()
()
+n—1
P
(1) uV
i—1)
1 1 72.
1 7n
vgz:é), . ,vfln_l) .
n
n
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uc. 29.16 29.16 Jlepebo Wallace’a maa cloXeHHs YacTHYIHBIX IIPON3BEICHMUI
n© .. m7). Kaxgas cTpelka 0603HAYACT 9HCIO YKA3AHHON paspajHOCTH.

)0 2 4. XanakTeDWCTUKN CXeMEI
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n2
n
n2
29.3.5. YnpaxHeHnus
(%)
. K
1 1 1 Z? ? n? ? n 1 1 n
FA'
y =z s C gy My Ny My N
Ne Ny N
n, Ny N,
nC
n, Ny N
@)
O n O n?

Crema YUKRAUYECKO20 cdsuza
T Lp—1yLn—-2,---,20 s Sm—15 Sm-

Yy e 'y 'y .t . YN



L /U0 R LLEHD Ui

29.4. TakTHpOBaHHBIE CXEMBI

maxmupoeaHHble CTEMDBL

n
n n
n n
29.4.1. YcTpoucTBO NOGHTOBOrO CJIOXKEHAS
n
a Un—1,0pn-2-..,00 b bn—lvbn—Z--- 7b0

ap bo a; b

Puc. 29.17 ¥Ycrpoucrso noturosoro cioxerus. Mexay -m u (i + 1)-M ummnyibca
MU Ha BXOAHI CyMMaTopa FA mocTymaloT sHadeHws a; W b; M3BHE W 3HAYEHWE C; W
pernctpa. CyMMaTOp BHIMUCISAET 3HATEHHUA S; W Ci41; MOCTETHEE 3ATIOMWHAETCS 1
perncTpe AAs CAeAyIoNero mara. B Ha9albHBIIT MOMEHT PDErUCTD COAEPKUT 3HATe
uue ¢o = 0. Ha pucyHxax (a)-(e) HoxazaHbl ISATh 3TaloB caoxeHus ucel a = (1011
mwh—= {10010
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OUMOB020 CAOHCEHUA

ap bo

4]

51 €2

Uy, bn

29.4.2. XapaKTepuCTHKN CXEMEI

FA

e

290 4 2 Kacwn 1AL € TOSKOTTIIO T TTAATIMARAL © TOSK OTT I



LA UOLRRDIC CLEROD

9.4.4. O HOMEPHEIN YMHOXHATEIb

uc. 29.18 29.18 Ymuoxkenue 19 Ha 29 ¢ HOMOUIBIO PYCCKOI'O HAPOAHOI'O AJTOPUT
1a. B xKoJoHKe a Kax1oe Cleayrollee TuCIo MOAYIAeTCA U3 MPEIB AYIIEro AeaeHue!
ia 2 (ocTaToK 0TOpacHBaeTCs), a B KOJOHKe b -ymMHOXKeHueM Ha 2. CkiabBaior
S 9UCIa W3 TIPABON KOJOHKH, HAIIPDOTHB KOTOPHIX CTOAT HEYETHBIE YHCIA B JEBO
BhLeNeHBl cephM IBeToM). (a) Crnoxenne B gecstuunon cucreme. (b) To xe
[BOMIHON CHCTEME.

0 A 5 TInocTag Dea TI2aiima
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J
o) ald)
p(j+1) p(])
a
U+ agi)1
' i
b
) a,
?
n a(n)
p(”) a b
n
n
n
On 4
aé]) b

Puc. 29.19 29.19 /IBa 0THOMEPHBIX ¥MHOXKUTE.
aucenx a = 19 = (10011) ma b = 29 = (11101) 1
JKIBIM TIAT0M; 3HAYAIINE GUTHI BBIAEIEHEl CEPBI
(Bpems paboTm O(n?)). Ha xaxgoMm mare mcmo
STOMY WHTEPBAT MEXKAY TAKTAMHU [IOJKEH Ob
YMHOXKUTEND, UCIOJb3YIONIUN CAOKEHIE C 3AIT0
Tpebyer Bpemenn O(1). Beero tpebyercs 2n -
(ITocae 3Toro 0CTAITCS CAOKUTE U U U, LIS e
MPOIIECC CIOKEHUA C 3AMOMUHAHUEM TIEPEHOCO]

204 € Rriremnad mhea TU29iT g
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ut parity 87wl ol
9 ? n
majority bgi)p Ugi)p Uz(z)l t K
)
p(9)
ugj"'l) parity 7u])7vz(j)
9 ? n
, majority ,U(])pvz@l t n
)
. i n ali)
1 b Uu v
U v v
u U(?n—l)
-1) a b K
n n
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n
O
29.5. 3agaumn
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z *T
Yo, Y1, Y2, - -
. . 2
Yi+1 Yi TY;
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*T n *T
a Ys * € e d
2
Yir1 *x £
I
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30 AJIropuTMBI Hapa/LIeILHLIX BHITUCICHUH

napaaseAbHbl aaA20pUMMoe6

30.0.1. ITapawtenbHad MalIMHA ¢ NPOU3BOILHEIM foctynoMm (PRAM)

napaﬂﬂeﬂbnoﬁ MAUWUHDBL C NPOU3EO0AbHBIM 0ocmyn0J1

Po,... . Py

Pue 201 2W0 1 Verpouietro PRAM-viatvimer [Tootmeccopner P P P o e
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200 2 TMapartmeThlLIid U WeK TIO9YATeTLHLIE TOCTVIT W TTaN 4T



SO0 U LAANACU PRI 0L TR P UAATAD 0L DO WA

Modeab 08H06p€JI/l€HHOﬁ 3anucuy 06’!,[,4680 SHAUYEHUA

npou36o0AbHBLI 6bIOOP
npuopumEembl

KOMOURAYUA

0.0.3. Cunxpounsanusg

M DA TTlrearr mvooT T
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30.1. Ilepexoanl mo ykKasaTeaam

2011 Hoven B oTTUCICO



LCHCLUVOE FeU GRUSWITE TR

uc. 30.2  30.2. lcnoab3oBanue MeTOMa MEPEXOIOB M0 YKA3ATEMAM /A BHIYHACICHI
)acCTOSHUI 10 KOHIa crmcka 3a BpeMsa O(lgn). (a). HagaabHoe cocrosHue: BC
nadenus d pasael 1. (b)—(d). CocrosHus ciucka mocie Kax {000 BBIIOIHEHIS UKL
vhile B anmropmrme LI1ST-RANK. B konme smavenne d coBnmagaeT ¢ pacCTOAHHEM [

(OHITa CIIHCKAa.

LisT-RANK L
for
do if next 1
then d ¢
else d ¢
while

do for

do if nezxt 1
then d ¢
next 1

v hilAa

next 1

next 1
next 1

NIL

d next 1 NIL

3adauet 0 Homepe 6 cnUcKe

NIL

1 next 1

NIL
div dnextt
next next 1

NIL



4 JULAURL SV L LIV RS ETeJIUL PO bl L R PR

30.1.2. KoppekTHocTh

1 next 1
d next
next next 3 next
d next 1
d 7

30.1.3. Anaaus

~r 21,



LCHCLUVOE FeU GRUSWITE TR

obwue 3ampamst

LisT-RANK

n

aqzopumm C' ne menee afexmueen no aampaman

tem aqzopumm D C

C D

C afdexmusnvii no 3ampaman

0.1.4. ITapamrenbHas o6paboTka NpedHKCOB CIHCKA

n
) n
ipedurcos

L1, L2, y Lo
Y1525+ s Un W Ty

obpabomun
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Y

k
LisT-PREFIX L
for
do y ¢ X
while
do for
do if nex
then ¢

RANK 1

LisT-Ra

nextt  mnext )



Bl it - R A e

*uc. 30.3 30.3. Pabora amropurma LIST-PREFIX. (a). Buauane nus k-ro o6bexT:
HadeHne y paBHO K,k , a ykasarteab next k ykasweiBaeT Ha (k+1)-11 06bexT (yKasa
elib nocaegrero — Ha NIL). (b)-(d). 3HaueHus y u next mocie Kax J0ro BHIIOIHEHN
mkiaa while (ctpoxu 3-6). B konre amropurma (d) gas k-oro o6bexTa 3HAUEHUE |

aBHo 1,k .

NIL k Jk
! 7k k A 7n
t
k
k,k k,k ko k
k
LisT-RANK
k k . T
k Jk k Jk k Jk k

LisT-PREFIX
O n On n

01 5 MeTom 3TTeDORA TTHK TA



SULO LI S

TDawrn D
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30.2. CRCW- u EREW-aaropurmsr

30.2.1. Tloab3a mapaLIeIbHOTO YTEHUA

? parent i

parent i
? root

Finp-Roors H
for ?
do if parent i  NIL
then root ¢ ?
while ? parent
do for ?
do if parent i  NIL
then root 7 root parent i
parent i parent parent

= hila

NIL

NIL
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‘uc. 30.5 30.5. CREW-amropurM Haxox qeHna KOpHeH nepeBbeB. Homepa Bepiumr
)ACTIONOKEHBI PSAAOM C HUMU. BHYTpHU BepilumH NOKasaHbl 3Hadenus root. Crpen
(1 o6o3HadaoT cebliku parent. (a)—(d) CocrosHue gepeBa mepe] KaikK IBIM BELIOJ
ieHneM uukiaa while (crpoku 4-8). BameTum, 9TO MaKCUMalbHas AJIMHA IIyTH II
TpeaKaM Ha KaXKJOM Ilare yMEHbIIAeTCA BIBOE.

root parent
O d
LisT-RANK
n n
n
FinD.
100TS
d O n
0] n
) n
0.2.2. Ilob3a mapajlielbHON 3aMHCH
n
n
@)
C ...n
n2
Ci: (g L] n
Y
FasT-Max C
n  length C
PO P
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Puc. 30.6 30.6. OTbicKaHne MaKCUMyMa B MacCHBE 34 BpPEMs
ropurma FAST-MAX. [las kaxgon (ynopsgodeHHon) napst (1,
A= (5,6,9,2,9) B Tabnuile OKa3aH Pe3yJIbTaT CpaBHeHUS A 1
TRUE, F — FALSE). Eciu B cTpoke ecTh xoTs 65 0fHa GykBa |
UIAT DJEMEHT M paBeH FALSE, nHade — TRUE. JJeMEHTH Mac
cToablle m CTOUT 3HadeHue TRUE, ABIAIOTCS MAKCUMATbLHBIME
SAYENKY mazx).

do m 1 TRUE

for ¢ ton 7 to n
doif C¢ (Cj
then m 2 FALSE
for 2 ton

doif mi TRUE
then maz Cj

et 1T 2 o e
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'uc. 30.8 30.8. Teopema Bpenra. Cxemy pasmepa 15 u miiy6uHB 5 MOXKHO CMO
eaupoBaTh Ha CREW-mammse ¢ aByms mporeccopamu 3a 9 15 2 + 5 maros
)IEMEHTHL MOAEIUPYIOTCS CBEPXY BHU3 (B IOpsSJKe BO3pacTaHUs DIyGUHBL). JJe
[EHTHI, KOTOPHIE MOETUPYIOTCH OJHOBPEMEHHO, 00b€e JUHEHEL B IPYIIIEL ([I0Ka3aHE

ePHIM I[BETOM); [Js KaX OU I'DYIIE yKa3aHO, Ha KaKOM IIare MOIEIHPYIOTCH €
TeMEHTHI.

n;xp
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30.3.1. Ynpaxuenns

30.3-1
30.3-2
O nx n
30.3-3
n o on
O n
30.3-4
n on n?
n3
30.3-5

O wxp
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RANDOMIZED-LIST-PRE.

Puc. 30.9 30.9. PexypcuBHLII BEpOATHOCTHHII AIrOpUTM 06paboTl
crucka Ha mpuMmepe crucka u3 9 o6bekToB. (a) JEépHBIE OOBEKTEL t
ynanenns. (Cpegu Hux HeT coceanux.) (b) BHaueHMe KaXA0ro yzals
Ta COeNMHAETCS CO 3HAYEHUEM CJAeYIOIIETO; AITOPITM PEKYPCHBHO B
yMenblenaoM crucke. (c)-(d) B pesyabrare ynenepime saeMeHTH I
BUJBHBIE BHAYEHNA, & YAAJEHHBE 00BEKTH BHEMUCIAIOT CBOM TPepUKC

Ipeabl [YIINX.

Puc. 30.10 30.10. YpoBuu pekypcum jis aaropurma RANDOMIZED
Buawane cnmcok cogepxut 9 06bekToB. PekypcuBHBIE BBI3OBHI OCY
IO TEeX TOp, MOKA CIUCOK HE CTAHET MYCTHIM.

204.1. PekvDCHRHAS MaDaITeThEHad o6DaboTka nmhedkcor
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65536

30.5.1. Packpacku m MakcuMajdbHbLIe HE3aBUCHMEBIE MHOXKECTBA

Packpacxoi
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Puc. 30.11 30.11. ITocTpoenne 6-packpacki 1 COOTBETCTBYIOIIETO MAak
HE3aBUCUMOTO MHOXKECTBA. AJTOPUTM UCHOAB3YET N MPOIECCOPOB U |
spems O(lg* n). Bragane crmcok mz n = 20 06BEKTOB PacKpallleH |
(aro Tpebyer maTu 6uTOB). 3a ABa lara Ta packpacka CBOAUTCA K (
DaemenTe MIS mokaszaHbl “€pHBIM IIBETOM.

y @0 Ap—1, Qp.
z y nexrt x
a Ap—1,0p-2,...,00 b br—lvbr—Qv-" 7b0
? x T, 0
Y Jyb;
U
bi a;
k
r k
T T
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O *n *n
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30.5.3. IToryvyenne MaKcHMaIbHOTO HE3aBHCHMMOTO MHOXecTBa u3 6
DACKDACK A
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30.5.4. Ynpaxuenns
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uc. 30.12  30.12. O6paboTka HpedHUKCOB Ha OTpe3Kax (omeparus — CIOXKEHHE)
[oKa3aHbBI BXOAHBIE TIOCAETOBATENLHOCTI & U b U BEIXOJHAA TTOCTEIOBATENLHOCTS {
} TOM TIPUMEPE UMEETCA 5 OTPEIKOB.

, S
! !
a,z a, a: j, ~ Z,
b)
O n
c) n k
Ok n
n n
n
p on
m  px 7
O
m2xp P
m Pk
k
n
0] n p on
1 V.G
V G
v p v pv v
v p v P U
U v
depesbes cebliok
36e3dot pu  puv
U v
Uy U G v, u
Hooxk Juwmp
STAR star v TRUE
v
Hooxk I
STAR [
for w,v G I

doif staru pu O pv

I PO
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STAR [
for Uy U
doif staru pu po
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uc. 37.2 Pabora amropurma APPROX-MST-TOUR. (a) McxogHele Toukm e
caT B BeplinHax IenouncieHuon pewérku. (Hanpumep, pepumna f na 1 mpa
ee u Ha 2 poiue BepumHsl h.) CroumocTs pebpa omnpegenseTcs Kak (€BKIIM
0B0) paccrosiHue Mexgy Toukamu. (b) MuHumansHoe HOKpHIBatolee gepeBo T
octpoertoe amropurmom MST-PRIM. Bepumna a seasercs ero kopHem. (Au
YABUTHBIA TIOPAJA0K HA3BAHUN BEPIINH COOTBETCTBYET MOPAIKY WX [10OGABJIECHN:
xofte paborel amropurma MST-PRIM.) (c¢) O6xox gepeBa T HaumbaeTcs ¢ er
opast a. OTMedas BepPIIMHB Ha MYTH TyAa W OGPATHO, MBI IOJYYHM IOCTETO
arerpbHOCTh a,b,c,b,h,b,a,d e, f,e,g,e,d, a. Amropurm ob6xoga mepeBa B IOP/I
€ (BEpPUIMHA-TIOTOMKHU»Y IPOIYCKAET BEPIIUHB HA OGPATHOM TIYTH, U OCTAETC:
by hyd e, f,g. (d) CoorBercrBytommit muka H sBasercs pesyibraToM paboTr
amropurmMa APPROX-MST-TOUR. Ero croumocts npumepro pasea 19,074. (e
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