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3arajbHi MOJI0KEHHA

JlaGopatopHi poOOTH € JIOTIYHUM IIPOJIOBXKECHHSAM JICKIIIMHOTO KYypCy 3
TUCIUIUTIHU « TeXHOMOT1l PO3NOIIIEHUX CUCTEM Ta MapajieIbHUX OOUMCICHbY 1
€ TEepEexXiTHOI JaHKOI BiJ TEOPETHYHOIO KypCy A0 HaOyTTs MNpaKTHYHHUX
HAaBUYOK 3 PO3POOKM MporpaM MOBOIO MpOrpamMyBaHHs Java 3 OpraHi3aii€ro
OJTHOYACHUX OOYHUCIICHD B JEKIJTBKOX MOTOKAX.

Koorcna nabopamopua poboma micmumos maxi euou pooim:
aHaJI3 YMOBH 3aja4i 1 po3po0Ka miaxomy A0 ii po3B’s3Ky;

MIOKPOKOBY PO3pOOKY aIrOpUTMy PO3B’S3KY 1 1Oro OIuC;

OOTpYHTYBaHHSI aJITOPUTMY;

HAIMCAaHHS MMPOTPAMH, IO Peajizye el alropuTM;

JEMOHCTpALIisl MPaBWJIbHOI pOOOTH MporpaMu Ha 0OpaHOMY Ha0OpI TECTIB;

CKJIQJIaHHSI 1 3aXHUCT 3BITY.



JlabopaTtopna po6ora Nel.
Bu3snauenna egpekmuenocmi cnocooie oopooku oanux
6 00UUCTIIOBANbHUX CUCHeMaX
Merta poOoTH: 3aKpiMUTH TEXHIKYy BH3HAU€HHS EQEKTUBHOCTI CHOCOOIB

00pOOKHM JaHUX B OOYUCITIOBAIBHUX CUCTEMAX.

Teopernuni BizomocTi
CyuacHi mmporecopu MaroTh OaratoeTarti KOHBeepu koMan[. KoxkeH eran
(cramis) KOHBeepa BIAMOBiAA€ IHIIIKA [ii, IO BHUKOHYE Mporecop. Ko
KOHBEEPHUU MPUCTPIH € |-cTamiitHuM 1 00poOKa JaHWX Ha KOXKHIHM cTaii TpuBae

OAMH TaKT, TO JJI1 BHKOHAHHIA 1N HOCJ'IiI[OBHI/IX onepauiﬁ Ha IbOMY HpI/ICTpO'l'

notpiOHO BUTpaTuTH |+N —7 TakTiB. SIKIIO X 1eW MPUCTPili BUKOPUCTOBYBATH Y

MOCJIIOBHOMY PEXKHMI, TO KUIBKICTh TakTiB Oynme piBHa |*n. Ilix dac
BUKOPUCTAaHHS BEKTOPHUX KOMaHI y (OpMYJl ISl TPUBAIOCTI 0OpOOKH JaHUX
Ha KOHBEEPHOMY IIPUCTPOI 10AA€THCA 11I€ OJUH JAOJAHOK G — e yac (y TakTax),
HEOOX1THUM JUIs 1HIIIasi3a1i] BEKTOPHOT KoMaHu. ToMy 3araqbHUN yac piBHUN
o+l+n-1.

Axmo mig ePeKTUBHICTIO 0OpPOOKH PO3YMITH pealibHY MPOIYKTUBHICTh
KOHBEEPHOTO MPUCTPOIO, PIBHY BIAHOIICHHIO YKCIIa BUKOHAHUX OTMepaliii N 10
Jacy iX BUKOHaHHs t(N) , TO 3aJIeXKHICTh MPOAYKTUBHOCTI BiJl TOBKUHH BX1JTHUX

BEKTOPIB BU3HAYAETHCS HACTYITHUM CI1BB1IHOIICHHSIM:

_ n _ n _ 1
T = oy = Ton D — ArC =D/m)r (1.1)

1€ T — TPUBAIICTh TaKTy POOOTH KOMII IOTEpA.

Hexaii ty,1,,...,1; — TpUBaJOCTI BIAMOBITHUX CTaaiil KOHBeepa. Tol mepira
ormepailis 00poOku Oyne TpuBaTu t;+...-+t; TakTiB, TOMy 3arajbHa KiJbKICTh
TaKTiB, HEOOXIMHMX IS BUKOHAHHS N omepalii, piBHa t = t;+...+t; +
(n— Dtypax + 0. Jag MOCHIZOBHOTO TpoIlecy OOpPOOKHM JaHUX KiTBbKICTh

TaKTiB, HEOOXiJHA 11 BUKOHAHHSA N olepailiii, BU3HAYAE€ThC 3a (HOPMYJIOO



t = (t;+...+t;) n. Tpuckopennss S(N) mix yac BUKOHAHHS N omeparii, ske
JOCSITAETHCS 32 PAXyYHOK BUKOPUCTAHHS KOHBEEPHOIO CIOcO0y 0OpOOKH JaHUX,

BHU3HAYA€THCA BCIIMYMHOIO!

S(n) = t1 ettt (=D tmaxto (1.2)
['pannune npuckopeHHs S = S(n) piBHe
S(n) = (Eat-+t) (1.3)

tmax
3aNeXHICTh TMPOJYKTUBHOCTI BiJ JOBXHHU BXIJIHUX BEKTOPIB BHU3HAYAETHCS

HACTYITHUM CITIBBITHOIIICHHSIM:

(n) = n (14‘)

(t1+. A+t Fm—Dtpaxto)t

3aBaanus

JIns BX1THUX JaHUX BIJTIOBIIHO BapiaHTy HEOOX1HO:

1. OOumcnuTH KUIBKICTh TakTiB, HeoOXigHy Juisi BukoHaHHa 2000
ornepauii 0OpoOKM JAHUX 32 YMOBH, IO MPUCTPIN MPALIOE: 1) Y MOCIIJOBHOMY
peXUMI; 11) Y KOHBEEPHOMY PEKUMI.

2. IMigpaxyBaTu MIKOBY MNPOAYKTUBHICTb CUCTEMH JUIsi 000X pPEKHUMIB
(GyHKIIIOHYBaHHS CUCTEMH.

3. BuzHauutu HaliMEHITy KiJIbKICTh OMepalliid, MiJ 4ac BUKOHAHHS SIKUX Y
KOHBEEPHOMY PEXHUMI JOCIATAETHCA MPUCKOPEHHS HE MEHIIE 3a (BLAMOBIAHO 10
BapiaHa) BiJl TPAHUYHOTO MPUCKOPEHHS.

4. BinoBiCTH HA KOHTPOJIbHI 3alTUTAHHS.

Hpuknaa. O0pobka naHUX HA KOHBEEPHOMY MPUCTPOI CKIATAETHCA 13 5
CTajiii, TPUBAJIOCTI SKMX piBHI 3, 5, 2, 6 Ta 4 TakTH BiANOBIAHO. BU3HauuTH
e(heKTUBHICTh OOpPOOKH JaHMUX BIAMOBIAHO 1 — 3, BBa)KarOuu, 110 1HIIIATI3aIlIs
KOHBe€epa moTpedye 2-X TaKTiB Ta TPUBAIICTh OJHOTO TAKTy CKIIAJA€e 5 HC:

Po36’a30k. 3anuiemMo xapakTepUCTUKNA KOHBEEPHOTO MPUCTPOIO:
l=50=271=5-10"%,t; = 3,t, =5,t3 = 2,t, = 6,t5 = 4.

Tomi, ty,q, = max{ty,...,ts} = 6.
3HaleMo IIyKaHy KUJIbKICTh TakTiB y Bunajaky n =1000 y mociigzoBHOMY

pexKUMI:



ts(n) = (t1+...+t) ' n
t;(1000) = (3+5+2+6+4)-1000 = 2000
0) y KOHBEEPHOMY PEXKHMI:
te(n) = (ty+...+t) + (n — Dty + 0,
t.(1000) =204+999-6 + 2 = 6016.

[TizpaxyeMo MKOBY MPOAYKTUBHICTb CUCTEMH JIJIsI 000X PEKUMIB:
_ 1 1
(t1+..+t)T  20-5:107°
1 1
T, = = — =107,
tmaxT 651079
BusnaunMmo 1IyKkaHy KUIBKICTh oOmepaliid n, sika 3aJ0BOJbHSE YMOBY

S(n) = 0,9S:

g

20n 20
> 09—
20+46(n—1)+2 6
n 0.9
>
6n + 16 6
>114_24
n > =

Bionosiob: n =24

BapianTu 3aB1aHb
Bapiant Ne 1
OOpobOka maHuX Ha KOHBEEPHOMY TMPUCTPOI CKIAAAEThCs 13 6 crami,
TPUBAJIOCTI siIkuX piBHI 4, 7, 5, 2, 6 Ta 4 TakTH BIJANOBIAHO, IHIIIATI3AIIS
KOHBeepa NoTpedye 3-X TaKTIB Ta TPHUBAIICTh OJHOTO TAaKTy CKJagae 2 HC.
Busnauntn xapaktepuctuku 1-2 nns BuxoHanHs 2000 omepariiii oOpoOKu
naHuX. Bu3HauuTH HaWMEHIy KIUIBKICTh ONepalii, Mpu BUKOHAHHI SIKUX Yy
KOHBEEPHOMY PEXKHUMI JOCITAEThCS TPUCKOPEHHS HE MeHme 3a 95% Bin
I'PaHUYHOTO TIPUCKOPCHHSI.
BapianTt Ne 2
OOpobOka maHuX Ha KOHBEEPHOMY MPHUCTPOI CKIIAAETHCA 13 7 CTaliid,
TPUBAJIOCTI sIKUX piBHI 3, 4, 2, 5, 2, 6 Ta 4 TakTU BIANOBIIHO, 1HIIiaTI3aIlisg
KOHBeepa MoTpedye 1-ro TakTy Ta TPHBAIICTh OJHOTO TaKTy CKIamae 4 HC.

Busnauntn xapakrepuctuku 1-2 mist Bukonanus 500 omneparitiii 0OpoOKy JaHUX.



BusHauntu HaliMeHIIy KUIBKICTh OMNEpaiiid, Npd BHUKOHAHHI SKUX Yy
KOHBEEPHOMY PEXHUMI JOCITA€ThCA TMPUCKOpeHHsT He MeHme 3a 80% Bif
I'PaHUYHOTO IPUCKOPEHHS.
Bapianr Ne 3

OOpobOKka JaHuX Ha KOHBEEPHOMY MPHUCTPOI CKIAIAETHCA 13 5 CTaliid,
TPUBAJIOCTI SKUX PpiBHI 4, 3, 6 Ta 4 TaKTW BIJAMOBIJIHO, 1HIIIAJI3AIllI KOHBEEpA
noTpedye 2-X TaKTiB Ta TPUBAIICTh OJAHOTO TAaKTy ckiamae | Hc. BuzHauwmth
XapakTepucTuku 1-2 s BukoHaHHs 1500 omepaniii oOpoOKu JTaHUX.
BusHauntu HaliMeHIIy KUIBKICTh OMeEpaliid, Npd BHUKOHAHHI SKUX Y
KOHBEEPHOMY PEXKUMI1 JOCITAEThCS TMPUCKOPEHHS HE MeHie 3a 98% Bia

I'PaHUYHOIO IIPUCKOPCHHA.

BapianT Ne 4
O6poOka JaHWX HAa KOHBEEPHOMY MPHUCTPOi CKIATA€ThCs 13 7 cTauii,
TPUBAJIOCTI SIKUX piBHI 4, 2, 6, 5, 9, 6 Ta 3 TakTH BIAMOBIAHO, 1HIIIaI3aIlis
KOHBeepa MoTpedye 1-ro TakTy Ta TpHUBAIICTh OAHOTO TaKTy CKJIajgae 4 HC.
Busznauntu xapakrepuctuku 1-2 mist Bukonannst 800 omepariiii 00poOKU JTaHUX.
Buznaunutu nianaszoH Jj1s yucia omneparlii, Ipu BUKOHAHHI SIKUX Y KOHBEEPHOMY
PEXKUMI JTO0CATAETHCS TPUCKOPEHHS, sike ckiagae Bil 85% 1m0 95% rpanudHoro
MPUCKOPEHHS.
Bapiant Ne 5
OOpobOKka fmaHuX Ha KOHBEEPHOMY MPHUCTPOI CKIAAEThCA 13 6 CTaiid,
TPUBAJIOCTI SKKMX piBHI 2, 3, 1, 9 Ta 3 TakTH BIAMIOBIIHO, 1HIIIATI3AIlisT KOHBEEPA
noTpedye 2-X TakTIB Ta TPUBAIICTH OAHOrO TAKTy ckiaaae 2 HC. BusHauutu
xapaktepuctukd 1-2  nns BuxoHanHs 3000 omeparniii oOpoOKM JTaHUX.
Buznaunutu mianaszoH 1S yucia omneparlii, Ipu BUKOHAHHI SIKUX Y KOHBEEPHOMY
peXUMI JIOCATAETHCS TMPUCKOPEHHS, HEe MeHme 3a 85% Big TPaHUYHOTrO

MPUCKOPEHHSI.

Bapiant Ne 6



OOpoOka nmaHuX Ha KOHBEEPHOMY MPHUCTPOI CKIAAETHCA 13 7 CTaiid,
TpuBajocTi skux piBHi 3, 10, 2, 7, 2, 6 Ta 3 TakTH BIAMOBIAHO, 1HIITIATI3aIlIS
KOHBeepa noTpedye 4-X TaKTIB Ta TPUBAIICTh OJHOTO TakKTy ckiamae 1 HC.
BusnauuTtu xapakrepuctuku 1-2 nms BukoHanHs 500 omepariiii 00poOku JaHUX.
BusznauuTu niana3oH ajis yucia onepaiii, Ipu BUKOHAHHI SIKMX Y KOHBEEPHOMY
pEeXKUMI JOCITaeThCsa MPUCKOPEHHS, sike ckianae Bia 85% a0 95% rpaHuyHOro

IIPUCKOPEHHS.

Bapiant Ne 7
OOpobOka fnaHuX Ha KOHBEEPHOMY MPHUCTPOI CKIIAJIAE€ThCA 13 6 CTaiid,
TPUBAJIOCTI AKUX piBHI 6, 7, 5, 10, 6 Ta 3 TakTU BIANOBITHO, 1HIIIATI3AIIA
KOHBeepa moTpedye 3-X TakTIB Ta TPUBAIICTh OJHOTO TaKTy ckjiagae 1 Hc.
Busnauntn xapaktepuctuku 1-2 nns BukoHanHs 3000 omnepauiii oOpoOku
NaHuX. BuU3HauMTH Alana3oH IS 4ucia ONepaliil, Mpu BUKOHAHHI SKUX Yy
KOHBEEPHOMY PEXKHMMI JOCSTA€ThCsl MPUCKOPEHHS, HEe MeHme 3a 85% BiA
TPAHUYHOTO TIPUCKOPCHHSI.
Bapiant Ne 8
O6poOka JaHWX HAa KOHBEEPHOMY MPHUCTPOi CKIIATAEThCs 13 8 cTajii,
TPUBAJIOCTI SKUX piBHI 2, 3, 5, 6, 2, 6, 4, 2 TakTH BIAMOBIAHO, iHiIiaJi3aIlisg
KOHBeepa MoTpeldye 3-X TaKTIB Ta TPUBAIICTH OJHOTO TakTy ckiagae 0,5 Hc.
Busnauntn xapaktepuctuku 1-2 nns BuxoHanHs 1500 omepauiii oOpoOku
JaHuX. Bu3HaumTH nOiama3oH JUIS YWCia olepalliif, Ipu BUKOHAHHI SIKUX Y
KOHBEEPHOMY PEXKHUMI JOCATAETHCA TPUCKOPEHHs, He MeHme 3a 90% Bin
I'PaHUYHOTO TIPUCKOPCHHSI.
Bapiant Ne 9
O6poOka JaHWX HAa KOHBEEPHOMY MPHUCTPOi CKIIAMAEThCS 13 5 cranii,
TPUBAJIOCTI sIKUX piBHI 4, 3, 8, 6, 4 TakTH BIAMNOBIAHO, 1HIIIA/I3allisl KOHBEEpa
noTpedye 1-ro Takty 3 TpuBajicTio 6 HC. BusHauntu xapakrepuctuku 1-2 s

BukoHaHHs 700 omepariii 0oOpoOku maHuX. Bu3HauuTH giana3oH aJjis 4uciia



omepailiii, NpuM BHUKOHAHHI SAKUX Y KOHBEEPHOMY PEXKUMI JOCATAETHCS

MIPUCKOPEHHSI, HE MEHIIIe 3a 86% BiJ TPAHUYHOTO TPUCKOPEHHSI.

Bapiant Ne 10
OOpoOka maHuX Ha KOHBEEPHOMY MPHUCTPOI CKIIANAETHCA 13 5 CTaii,
TPUBAJIOCTI SKKUX piBHI 3, 8, 5,4, 6 Ta 2 TakTH, 1HIIIaTi3aIlis KOHBEEpa MOTpedye
2-X TaKTIB Ta TPUBAIICTh OJTHOTO TakTy — 2 HC. Buznauntu xapakrepuctuxu 1-2
st BukoHaHHst 4000 omepauiid oOpoOku naHux. BuszHauuTu niamason muis
yyciia Onepauiid, Npu BUKOHAHHI SKHX Y KOHBEEPHOMY PEXHMI JOCATAETHCS

MPUCKOPEHHsI, He MeHIIe 32 80% BiJ rpaHUYHOTO MPUCKOPEHHS.

KonTpoabHi 3anuTaHHs
1. JlaiiTe BU3HAYEHHS MOHATTIO «I1apajieai3zM».
2. HaBenite kmacu@ikaiio mapajieIbHOCTI 3a pIBHAMU Ta HaBEIITh
MPUKJIAAN CHCTEM JIJIS KOXKHOTO PiBHS.
3. Sxuii rpadik Mae 3aneKHICTh MPOTYKTUBHOCTI KOHBEEPHOTO MPUCTPOIO
B1JI IOBXKUHH BX1JHOTO HAOOpy?

4. Tllo o3Havae A0JAHOK G 'y (POPMYITi MPOTYKTHBHOCTI?

10



JlabopaTtopna po6ora Ne2.
Xapakmepucmuku cucmem )yHKUIOHATbHUX NPUCMPOTE
MeTta po0OTH: 3aKpIMUTH TEXHIKY BU3HAUYCHHS XapaKTEPUCTUK CHCTEM
(GYHKI[IOHaTbHUX MPUCTPOIB.
TeopernuHi BizomocTi

Bynp-sika oOuuciioBabHA CHCTEMa SBIISIE COOOI0 CYKYIHICTh AESKHX
¢dynkionansHux npuctpoiB (POII). [ns omiHku skocTi i poOOTH BBOASTHCS
XapaKTepUCTHUKH: peajibHa MPOAYKTUBHICTH Ta MIKOBA MPOAYKTUBHICTb.

PeanpHa MpOAyKTUBHICTH CUCTEMHU MPUCTPOIB — KIIBKICTH OMEpalii, sKi

peanbHO BUKOHYIOTBCS y CEpPeAHbOMY 3a OJUHUIIO 4acy. PeanbHa
TIPOAYKTHBHICTh CHCTEMHU ITIPUCTPOIB BH3HAYAETECA T = Y.o_,  P;iT;, A€ m; —
MiKOBa MPOAYKTHUBHICTB, P; 3aBAHTAXKCHICTh I-TO MPHUCTPOIO. 3aBaHTAKCHICTD

CHCTCMHU € BCIIMYHMHA

p= Zl'=1 X; Di, A€ X;= — (2.1)

Zﬁ':l T[i’
[TikoBa MPOJIYKTUBHICTh — MAKCUMaJbHA KUIBKICTh OINEpalii, sIKI Morjia

O BUKOHATH CHCTEMa 3a OJUHULIO Yacy y BUIAJKY BIACYTHOCTI 3Bs 3KIB MIXK ii

®II. ITikoBa MPOIYKTUBHICTh piBHA -
max-

[TpuckopeHHsM peanizallii aaropuTMy Ha JaH1i 00YMCITIOBANIbHIN CUCTEMI

T

(@00 mpocTO  TPUCKOPEHHSIM)  Ha3UMBalOTh S = — MakcumaipHa
i
IPOAYKTHBHICTH CUCTEMHU ['pyax BUPAKAETHCS POPMYJIOFO:
Tmax = L minm;, de 1 < i <, (2.2)

3aBaanus
Jns rpady cuctemu ¢yskuioHanbHux npuctpoiB (PII) naBenenuit Ha
puc. 2 1 MIKOBUX MPOAYKTUBHOCTEH MPUCTPOIB CHUCTEMHU (BIAMOBIAHO 10
BapiaHTa) HEOOX1THO BU3HAUMTHU: 1) 3aBaHTAXKEHOCTI1 YyCIX MPUCTPOIB CUCTEMHU;
2) peajbHy MPOJYKTHUBHICTh KOXKHOI CHCTEMH; 3) 3aBaHTaXEHICTh CHCTeMH; 4)

MIPUCKOPEHHS CUCTeMH. BiMOBICTH HA KOHTPOJIBHI 3alUTAHHS.

11



Mpuxnaa. I'padp cucremu @Il naBenenuit Ha puc. 2.1. Bimomi mikoBi

Ne| O]21]2 3|4 5|67 |8]|9]|10 1112
T |10 5 8|6 |7]|9]12, 8|10 4|6 | 4|6

MPOYKTUBHOCTI MIPUCTPOIB CUCTEMU:

3HaiiTi xapakrepucTuku 1 — 47

" : i

10 11

12

Puc. 2.1. I'pad cucremu OII

Po3zé’sazox. Sk BugHO 3 puc. 2.1, cucreMa CKIAagaeTbcs 3 TPHOX
HE3AJIeKHUX MiJACUCTeM. J3TiiHO A0 1-ro  3akoHy Awmjana peanbHa
MPOJYKTUBHICT KOXKHOI 13 MIJICUCTEM BU3HAYAETHCA MPOAYKTHBHICTIO
HalMEHII TPOAYKTUBHOIO MPUCTPOIO LI€T MIICUCTEMHU.

Hexait ) — peanbHi IpoayKTHBHOCTI, 3 SIKUMH HpPAIOIOTh yCi IPHCTPOI

i-cucremy, | =1,2,3. ToGToO,

n=.=rs=rD,

Te =...=Tg =1,

Tio =...= 133 =13,
Toxi r® =5 r® =g r® =4

3aBaHTaXEHOCTI p; MpUCTpoiB mepiuoi miacucremu piswi W /m;, (i=1,...5):

5 . 5. 5 5.
=15 P2=Lps=5Ps=0 Ps=1;

3aBaHTAXEHOCTI p; PHUCTPOIB Apyroi miacuctemu pisai r? /m;, (i=6,...9):

12



8 2, ) 4
p6=;’ p7=§’p8=11p9=5’
3aBaHTaXKEHOCTI p; MPUCTPOiB TpeThoi miacuctemu pisui r® /m;, (i=10,...13):

Pio=1,p11 = %i P12 =1, p1z = é,
3a mepmmM 3akoHOM Awmpjana (muB. TBepmkenHs 2.4) r® = -r(),
ne l; — KUIbKICTh MPUCTPOIB 1-1 mijcuctemMu. Tomy
rM=5.5=257r@=4.8=32,r®=4-4=16
OTxe, peanbHa MPOTYKTUBHICTD I' = 25+32 + 16=73.
JlJiss 3HaXOIKCHHsI 3aBAaHTAKEHOCTI CUCTEMH BHKOPHUCTAEMO (POpMyTy

T = p T, 1€ P — 3aBaHTaXXEHICTb, | | — MKOBa MPOJIYKTUBHICTh cCUCTEMH. To1
= 7T1+...+T[13 =
=10+5+8+6+7+9+12+8+10+4+6+4+6=95
r 73
= —5 = 0,77

T 9

Tomy p =
JI1s1 3HAXOKEHHS MPUCKOPEHHS CHCTEMH CKOpPUCTAeEMOCS (popMyIIoro:
S=r/n;,
tomi S=73/12=6,08.
BapianTu 3aB1aHb

13

9
3
2 6‘\/ ’ 4 t
8 y

10 12

Puc 2.2. I'pa¢ cucremu ®I1

BapianTu
Bapiant Ne 1

[TikoB1 IPOAYKTUBHOCTI IPUCTPOIB CUCTEMHU.

Ne |O |2 |2 (3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14

T |5 |8 |4 (6 |7 (6 (9 |12 |9 |15(4 |8 |10 |8 |11
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BapianT Ne 2

[TikoB1 MPOAYKTUBHOCTI MPUCTPOIiB CUCTEMHU.

Ne |O (2 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
© |7 |5 |10|8 |6 (6 |9 |12 |8 |5 |11 |8 |7 |8 |8
Bapianr Ne 3
[TikoBi MPOJYKTUBHOCTI IPUCTPOIB CUCTEMH.
Ne |O (2 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
©~ 1519 |4 |8 |7 |6 |9 (128 |12 |7 (8 |10 |8 |11
Bapiant Ne 4
[TikOB1 IPOAYKTUBHOCTI IPUCTPOIB CUCTEMHU.
Ne |O |2 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
T |9 |6 |12 |7 |5 (8 |3 |10 |8 |7 |11 |9 |7 |8 |8
BapianT Ne §
[1ixoB1 MPOAYKTUBHOCTI MPUCTPOIiB CUCTEMHU.
Ne |O |2 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
|9 (8 |5 (8 |7 (6 |9 |12|9 |15|7 |8 |10 |8 |11
BapianT Ne 6
[1ixoB1 MPOAYKTUBHOCTI MPUCTPOIiB CUCTEMHU.
Ne |O |2 |2 (3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
|4 |3 |10/8 |2 (4 |9 |3 |8 |9 |11 |8 |6 |8 |8
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BapianT Ne 7

[TikoBi MPOYKTUBHOCTI IPUCTPOIB CUCTEMH.

Ne |O |2 |2 (3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
T |7 |5 |4 |7 |5 (8 |7 (129 |5 |14 |8 |10 |8 |11
Bapiant Ne 8
[TikoB1 IPOAYKTUBHOCTI IPUCTPOIB CUCTEMH.
Ne |O |2 |2 (3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
© |7 |5 |10|8 |6 (6 |9 |12 |8 |5 |11 |8 |7 |8 |8

Bapiant Ne 9

[TikoB1 IPOAYKTUBHOCTI MPUCTPOIB CUCTEMHU.

Ne |O |2 |2 (3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
©~ |8 |8 |7 |5 |9 (10|9 |12 |7 |14 5 |8 |12 8 |14
Bapiant Ne 10

[TikoB1 IPOAYKTUBHOCTI IPUCTPOIB CUCTEMHU.
Ne |O (2 |2 |3 (4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14
~ |5 (10|8 |6 |7 (6 |9 |12 |8 |5 |11 |8 |7 |8 |8
KoHTpoJibHi 3an1uTaHHA
1. JlaiiTe BU3HAYEHHS TEPMIHY «peabHa MPOAYKTUBHICTh CUCTEMM.
2. 3a sSKOi yMOBHU aCUMITOTHYHA MTPOYKTUBHICTH Oy/ie MaKCUMAaIIbHOIO?
3. Ha ocHogi knacudikarii @miHHA HA3BITh YOTHPH KJIACH apXITEKTYPH.
4. Ha ocHoBi 3anpornoHoBanoi @eHroM kiacudikailii mepeyuciiitTh YOTUPU

KJIACH KOMIT FOTEPIB.
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JlaGopaTopHna podora Ne3.
I'pagh anzopummy ma konyenuii napanenizmy
Meta po06OTH: 3aKpIIUTH TEXHIKY MOOYJIOBH Ta aHaJi3y MapajieibHUX (opm
OO0YHCITIOBAIEHUX aJTOPUTMIB.
Teopernuni BinomocTi
Skmo cucremMa MicTUTh | ONHAKOBMX TPOCTHUX  YHIBEpCAIbHUX
MPOIIECOPiB, TO TPHUCKOPEHHS peajizamii alropuTMy Ha Iliii cucTeMi

S;(n) MmoxHa 00YHCITUTH 332 (HOPMYJIOIO

Ty
S =12, (3.1)

ne T;(n) — 4dac, 3a IKuUi MOXKHA peaiizyBaTd ajJroOpuUTM Ha OJHOMY IPOIIECcOpi,
T;(n) — wac peamizarii aaropuTMy B CHCTeMi (BHCOTa alTOPUTMY), N —
PO3MIPHICTH 3a/1a4i.

EdextuBnictio E;(n) peamizamii aaroputmy y HapaieiabHIH cucTeMi
HA3WBAETHCS BIJHOIICHHS MPUCKOPEHHS JI0 KIJIBKOCTI MPOIECOPIB CHCTEMH,

TOOTO

s
E/(n) = z(ln)’ (3.2)

3aBaaHHA

300pa3utu rpad alIropuTMy napageaIbHOTO OOYUCIICHHS 3HAYEHHS BUPaA3y
BIIMOBIHO JO BapiaHTa Ha OOYMCIIOBAIILHOMY TMPUCTPOi 3 KUIBKICTIO
MPOIIECOPIB  BIAMOBIAHO N0 BapiaHTa. J[ns koxkHOI mapanenbHol (Qopmu
o0yucIUTH 1i BHUCOTY, HIMPHUHY, MPUCKOPEHHS Ta €(PEKTUBHICTH peami3alli
anroputMmy. BilmoBiCTH Ha KOHTPOJIbHI 3alTUTaHHS.

IMpukaaa. 300pasutu Tpad anropuT™My MapaIeabHOTO OOYHCICHHS
3HAYCHHS BUPA3y

a,a, + ayaz + aza, + azas + asag + aga, + a,a,
Ha 00YHUCITIOBAILHOMY MPUCTPOI:

1) 13 OJHUM yHIBEpCAIBHUM MPOLECOPOM;

2) 13 TpbOMa yHIBEPCATBHIUMH MPOIECOPAMHU.
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Po3é’sa30k. Bynemo BBaxaTH, 10 y alTOPUTMI CIIOYATKY OOYMCIIOIOTHCS
3J1iBa HaMmpaBo yci 7 moOyTKiB, a MOTIM — 6 cyM (y TakoMy camomy mopsaky). Ha
puc. 3.1, 3.2 HaBemeHO peadizallil0o AJIrOPUTMY Y TIOCTIOBHIA CHCTEMI, Yy
CHCTEMI 3 TPhOMa MPOLIECOPaMH BiIOBIIHO.

Busnaunmo xapaktepucTuku pearnizamii anroputmy npu [ =1 maemo
n=7,T,(7) =13,5,(7) =1, E;(7) = 1.

13
3

Jnst | = 3 maemo n=7, T3(7) = 6, S3(7) = 13/6 = 2,17, E3(7) = ==

0,72.

Puc 3.1. I'pad anroput™my y mocnizjoBHiii cucremi
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Puc. 3.2. I'pad anroputMy y mociaiIoBHIN CUCTEMI 3 TPhOMa MPOIIECOPAMU

BapianTu 3aB1aHb
Bapiant Ne 1
300pa3utu rpad anropuTMy napajiebHOr0 OOYUCICHHS 3HAYEHHS BUPa3y

etf

g+h
=
k-l

n+d
mn+—

(a+b+c+ad)

(3.4)

BapianTt Ne 2
300pa3utu rpad anropuTMy napajieibHOro 0OYMCICHHS 3HAYEHHS BUPa3y

e+f

a
E—(C+d)+g7

— 3.5)
P ) (
wmn-p+q)
Bapiant Ne 3
300pa3utu rpad anropuTMy mapajgeabHOTO OOUYHCIICHHS 3HAYCHHS BUPa3y
a c\.(etf

G+a)(Gn)
i m (3.6)
k-l( n _q)

18



BapianT Ne 4

300pa3utu rpad anropuTMy mapaaeabHOTO OOYHCIICHHS 3HAYCHHS BUPA3y

at+b ¢\ i-j
( c-b +d) k-1 37
ef (m_g) ’ (3.7)
g-h*n q
BapianT Ne 5
300pa3utu rpad anropuTMy mapaaeIbHOTO OOYHCIICHHS 3HAYCHHS BUPA3y
a, c eyg
a,c R
h
(b_ d.)g + A (3.8)
(e-ng " 2
Bapianr Ne 6
300pa3utu rpad aaropuTMy rMmapajeIbHOr0 OOUNCIICHHS 3HAUCHHS BUPA3y
atb e .. m
(22 +m)-(Gj+k-D+(Z-w-0)) G
Bapiant Ne 7
300pa3utu rpad anropuTMy napajiebHOro OOYMCIECHHS 3HAYEHHS BUPa3y
((a-b—g)—(e-f—g-h))+(i-j+k-l+%), (3.10)

Bapiant Ne 8

300pa3utu rpad anropuTMy mapanaeabHOTr0 OOYHCICHHS 3HAYCHHS BUPa3y

a_b.ﬁ_g.ﬁ.(m+2), (3.11)

Bapianr Ne 9

300pa3utu rpad anropuTMy mapaaeabHOTO0 OOYHCIICHHS 3HAYCHHS BUPa3y

%_;Th GJ’kl)(%) (3.12)
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BapianT Ne 10
300pa3utu rpad anropuTMy mapaaeabHOTO OOYHCIICHHS 3HAYCHHS BUPA3y

i_j_(/g_%) (k;_’ﬁ%Z) (3.13)

KoHTpoJbHi 3aniuTaHHSA
1. [Io Ha3UBAETHCS BUCOTOIO MapajeabHOi popmu?
2. CpopmymioiiTe OCHOBHI  TBEP/UKCHHS  KOHIIEMIIi HEOOMEXEHOTo
napajenizmy.
3. Yomy B 3araibHOMY BUMAJKY AOPIBHIOE BUCOTA MapaieiabHOi (opmu?

4. Hapnaiite MOHATTS «BHYTPIIIHINA MMapanenizm.
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JlaGopaTopHna po6ora Ne4.

Po3pooka npozpamu po3e’a3Ky cucmemu pieHanb memooom Kpamepa
6 napanenbHux NOMOKax 3 pisHUMU npiopumemamu
Meta pobotu: BUBUMTH 3acOo0u Java A opraHizailii OJHOYaCHUX OOYUCIICHD B
JEKUTBKOX MTOTOKaX BUKOHAHHS 3 PI3HUMH MPIOPUTETAMH.
TeopernuHi BizomocTi

Habopu omepaTopiB, 0 MPEICTaBISIOTH JOTIYHI YaCTUHU MPOTPaMH, SKi
MOBUHHI MPAIIOBATH MapajielIbHO OJIMH 3 OJHHUM IHKAICYJIOIOTHCS B 00 €KTH,
3BaHl MOTOKaMM BHUKOHAHHS, a Taka peaji3allis mapajeiizMy Ha3uBa€TbCS
OararonorokoBoro (multithreading).

OpnomnoTtokoBa mnporpama (single-thread) mae ogny TOouky Bxoay (MeTona
main()) 1 oAHY TOYKY Buxoay. bararomotokoBa mporpama (multithread) mae
MOYaTKOBY TOYKY Bxoay (MeToJ main()) 1 KiJIbKa HAaCTyHMHUX TOYOK BXOJY 1
BUXO0/Y (IO KUIBKOCTI MOTOKIB), MPU 1IbOMY BUKOHAHHS OJHOTO MOTOKY MOXE

OyTH mepepBaHo I BUKOHAHHS iHIIoro (puc. 4.1)

Main Thread S — / O
Thread 2 o —®
O frernenef i fomrf f—
Thread 3 Ti
ime
@ Begin @) End // Suspended/Resumed

Puc. 4.1. baratonorokoBa mporpama

[ToTik MOke OyTH PO3MOAICHHM Il BUKOHAHHS OJJHOMY BUKOHYIOUOMY
0JI0Ky (TIpolIecopy), aje TaKOoX MOXKE pPeali30ByBaTHUCS B 0araTorporieCOpHOMY
(baraTosimepHomy) cepenoBuiili. baraTto3amgadHi omepaiiiiHi CUCTEeMH 3a3BHYal
MIATPUMYIOTh 0araTOMOTOYHICTb.

IcHye nBa criocoOu BU3HAYEHHS MOCIIIOBHOCTI OMEpPaTOpiB, SIKI MOBUHHI
BUKOHYBAaTHCh Yy TMOTOIN: 1) HamucaHHS KJIacy KOPUCTyBada, IO peai30BYy€

iHTepdeiic java.lang.Runnable, npu nboMy JioriuHa mociaiIOBHICTh ONEPATOPIB,
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SIK1 IOBUHHI BUKOHYBATHUCh Yy MOTOII1, 3a3HAYAETHCS K peanizallisi abCTpaKTHOTO
Meroay public abstract void run(); 2) HamucaHHS KJacy KOpPHCTyBada, IO
ycnagkoBye kiac java.lang. Thread (octanniii oroprtae private Runnable target
Ta peamsye meron run() iHTepdeiicy Runnable), 1 mepeBu3HadYeHHS METOTY
run(), BKa3aBIIM B HHOMY JIOTIYHY IOCJIIOBHICTh OIEpaTOPiB, sIKI MOBHUHHI
BUKOHYBATHCh Y TIOTOIII.

Taxum unHOM, 1HTEpPeiic Runnable — € aGcTpakiiero Hax 3aBAAHHAM, 11O
BUKOHYETHCS Y MOTOIII, 1 JIO3BOJISIE PO3MEXUTH BUKOHAHHS 3aBJIaHHS BiJI JIOTiKH
ynpaBiiHHS noTokamu. OKpiM TOro, BUKOpHUCTaHHS iHTepdeiicy Runnable
JI03BOJISIE  KJIaCy KOpUCTyBaua OYyTH CHAgKOoeMIleM iHmoro kiacy. Kiac
java.lang. Thread Bu3Hauae psg  METOMIB, $AKI BUKOPUCTOBYIOTHCS  JUIS
VIOPABIIHHA MOTOKaMU. J[0 HHUX BIAHOCATHCS CTaTUYHI METOIU, Kl HAJalOTh

1H(}OpMaIlio PO CTaH MOTOKY a00 3MIHIOIOTh CTaH MOTOKY.

3aBaaHHs
Hanumnite mporpamy s 3HAXOJDKEHHSI KOPEHIB CHCTEMH DIiBHSHD

po3mipoM 3x3 metogom Kpamepa. BuzHauHMK OCHOBHOI MatTpulll A Mae
oOuuncmoBatrcs B ocHoBHOMY moTorli Thread-0, BuzHaunuku matpuib A, Ay,
Az B mapajeapHUX IMOTOKAaX 3 OUIBIIMM IPIOPUTETOM, HIXXK BCTAHOBJICHO IS
OCHOBAHOTO MOTOKY. OCHOBHMI MOTIK Ma€ YeKaTH 3aKiHYEHHS BUKOHAHHS BCiX
napajielIbHUX MOTOKIB 1 TOTIM OOYMCIIIOBATH KOPEHI 1 BUBOJAUTH PE3yIbTaTH Ha
exkpaH. Peamizyiite meron printlnfo, skuii BUBOIWUTH CTaH KOXKHOTO MOTOKY,
MPIOPUTET Ta pe3yJIbTaT poOOTH. BiIMOBICTH HA KOHTPOJIbHI 3alTUTAHHS.
Ilpuknao. Tllporpama MoOKe CKIAgaTHCS 3 HACTYIIHUX KJIACIB:
CramersRuleThread — ycnankoBye kiac java.lang.Thread i mepeBu3Hae Meton
run() Ta peaizye METO]I 1St 0OYHCIICHHS BU3HAYHUKA.
CramersRuleWithPriority — peasizye oOuncieHHss B mapajieibHUX MOTOKaX 3

BU3HAYCHUMHU MPIOPUTETAM.
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class CramersRuleThread extends Thread {
private static final int SIZE = 3;
private double[][] matrix;
private double[] column;
private double determinant;
public CramersRuleThread(double[][] matrix, double[] column) {
this.matrix = matrix;
this.column = column;
this.determinant = 0.0;
b
@Override
public void run() {
determinant = calculateDeterminant(matrix, column);
¥
public double getDeterminant() {
return determinant;
b
private double calculateDeterminant(double[][] matrix, double[] column) {

// TpebGa moaaTH KO

}

¥
public class CramersRuleWithPriority {

public static void main(String[] args) {
double[][] coefficients = {
{2, -1, 3},
{1, 2, 1},
{3, 3,2}
b
double[] constants = {8, 5, 10};
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CramersRuleThread threadX = new
CramersRuleThread(replaceColumn(coefficients, constants, 0), constants);

CramersRuleThread threadY = new
CramersRuleThread(replaceColumn(coefficients, constants, 1), constants);

CramersRuleThread threadZ = new
CramersRuleThread(replaceColumn(coefficients, constants, 2), constants);

threadX.setPriority(Thread.MIN_PRIORITY);

threadY .setPriority(Thread. NORM_PRIORITY));,

threadZ.setPriority(Thread. MAX_PRIORITY);

threadX.start();

threadY .start();

threadZ.start();

try {

threadX.join();

threadY .join();

threadZ.join();

double determinantX = threadX.getDeterminant();
double determinantY = threadY .getDeterminant();
double determinantZ = threadZ.getDeterminant();
System.out.printin("Determinant X: " + determinantX);
System.out.printin("Determinant Y: " + determinantY);
System.out.printin("Determinant Z: " + determinant2);
double determinantA = // Tpeba mogaTh KO;

double solutionX = // Tpeba nogaTu Ko1I;

double solutionY = // Tpeba nogaTu Ko;

double solutionZ = // Tpeba nomatu Ko,
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System.out.printIn("Solution: x =" + solutionX + ", y =" + solutionY
+",z="+solutionZ);
} catch (InterruptedException e) {
e.printStackTrace();

private static double calculateDeterminant(double[][] matrix, double[]
column) {

// Tpeba momaaTh Ko

}

private static double[][] replaceColumn(double[][] matrix, double[]
column, int columnindex) {
// TpebGa moaaTH KO

return result;

BapianTu 3aBa1aHb

[Tporpama mae po3B’si3yBaTH CUCTEMY PIBHSIHb, IKY BU3HAYa€ KOPUCTYBAY.
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KonTposbHi 3antuTaHHs
1. o B iHpOpMATHII HA3UBAIOTH MapajIeIi3MOM?
2. JlaliTe BU3HA4YeHHS TOTOKaM BUKOHaHHs (threads). VYV domy ix
BiJIMIHHICTb BiJ] po1ieciB (rmporpam)?
3. Ha3Bith mMeToam nig  poboTM 3 TOTOKAMM, HasBHI y KIaci
java.lang.Object.
4. Onuimite crmocid CTBOPEHHS Ta 3allyCcKy MOTOKY 13 BUKOPHCTAHHSAM
iHTepdeiicy java.lang.Runnable.
S. OnumiTe cmocid CTBOPEHHS Ta 3allyCKy MOTOKY 13 BUKOPHCTAHHSAM
iHTepdeiicy java.lang. Thread.
6. Onumrite Metoau kiacy java.lang.Thread, siki BUKOPUCTOBYIOTBCS IS
11eHTU(iKaIii moTOKYy.
7. [TosicHiTh, 1O sBIsiE COOOK MPIOPUTET TIOTOKIB 1 SIK BIH MOXE

BCTAHOBITIOBATHUCH? SIK MJIaHyBaJIbHUK IMOTOKIB BPaXOBYE iXHIi MPpiopUTET?

BapianTu 3aB1aHb

[Iporpama mae po3B’A3yBaTH CUCTEMY PIBHSIHb, BU3HAUYEHY KOPHCTYBAYEM.
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JlabopaTtopHa poGoTa NeS.
Po3pooka npozpamu 3 KoopoOuHauicro napaneaibHux noOmokKie
ma Mexanizmu CUHXPOHHO20 O0CHLYRY 00 KPUMUYHOT CeKUii
Mera poGoru: BuBUMTH 3acobu Java I opraHizamii  KOOpJMHAI1
napajieIbHUX TOTOKIB Ta CHHXPOHHOIO JIOCTYITY 10 KPUTUYHOT CEKIIIi.
TeopernuHi BizomocTi

Y mapanenbHOMY MpPOTrpamMyBaHHI YacTO TOCTYIH I YUTAHHS 1 3aMUCy A0
OJIHOTO PECYpPCYy MAlOTh JAEKUJIbKa MOTOKIB, 1[0 MOKE MPU3BECTH /10 TOMUIIKOBHX
cuTyarii. 3amoOiraHHs TaKUX TOMHJIOK BHKOHYETHCS 3 BHUKOPUCTAHHSIM
KpUTHYHOI cekiii. Kputuuna cexiisi siBjisie co0010 OJIOK KOAY, SAKUUA OTPUMYE
JIOCTYII JIO 3arajJibHOrO0 pecypcy 1 He MOXE BUKOHYBAaTHUCS OUIBII HIXK OJHUM
NOTOKOM ojiHO4acHO. [lomaBanHs momudikaTopa synchronized B OrosjoiieHH1
METOJy MO3HAaya€e HOro TiI0 K KPUTHUHY CEKIII0 1 3a0e3rledye OJHOYACHHM
JOCTYM 10 METOAY TUIBKH JIJIsl OJHOTO MOTOKY.

TakuM YMHOM SK MEXaHI3MUA CHHXPOHHOTO JOCTYIY J0 KPUTHIHOI CEKITii
Java mpomonye: 1) BHUKOpHCTaHHS KIIOYOBOro ciioBa synchronized mis
MO3HAYKU METOAy abo OJIOKYy KOAY SK KPUTHUYHOI CeKlii; 2) BUKOPUCTAHHS
peamizamiii iHTepdeiicy Lock i1 cunxponizatopiB. Koxxen 06’ekt B Java mae
acoIliiioBaHW 3 HUM MOHITOpP (BHUCOKOpDIBHEBHMM MEXaHI3M B3aeMoii 1
CUHXpOHi3allii). MOHITOp € CBOro poAy 1HCTPYMEHTOM YHIPABIIHHS JOCTYIIOM
10 00’ekta. Ko BUKOHaHHS KOy TOXOIUTH 0 orepaTopa synchronized(obj),
MOHITOp 00’€kTa obj OJIOKYyeThCs, 1 Ha 4Yac MOro OJOKyBaHHS MOHOTMOJbHUI
JOCTYN 10 OJOKY KOJy Ma€ TIUIbKU OJWH TOTIK, SIKUM 1 3p0OUB OJIOKyBaHHS.
[Ticnst 3akiHueHHs poOOTH OJIOKY KOy MOHITOP 00’ €KTa 0bj 3BUTLHAETHCS 1 CTa€E
JOCTYITHUM JJIs1 THIITUX TIOTOKIB.

CuHXpoHi3allis METOAIB NPU3BOJAUTH JO JEAKOro 30UIbLIEHHS dYacy
OOYHMCIICHh TOPIBHSAHO 3 HECHHXPOHI30BAaHUMH METOJAaMH, ajie 3amnooirae
nommikaM. HaitOueim edexTuBHO BUKOpHCTOBYBaTH MeToau public final void

wait() throws InterruptedException, public final native void notify(), public final

27



native void notifyAll() xmacy Object, mo06 mpu3ynmuHATH POOOTY MMOTOYHOTO
noToky. Konmu moTik BHKIMKAe 3 00’€KTa-MOHITOpAa CHHXPOHI30BAHOTO OJIOKY
Koy Meron wait(), JVM mnepeBoAuTHh MOTIK B CTaH CHY 1 3BUIbHSE 00 €KT-
MOHITOp, IO 3aXWINA€ CUHXPOHI30BaHHWK OJIOK KOy (200 CHHXPOHI30BaHUM
METOJT), KWW TOTiK BUKOHYE. lle M03BOJsE 1HIIMM TOTOKaM 3aXOILTIOBATH
3BIJIBHEHHH 00’ €KT-MOHITOpP 1 BMKOHYBAaTH OJIOKM CHHXPOHI30BaHOTO KOy,
3aXUIIEHOTO UM 00’ekTOoM. J{7si mpoOy/KEHHS MEpPEeBEJICHOTO B CTaH CHY
MOTOKY HeoOXiaHO BUKIUKATH MeTo notify() a6o notifyAll() 3 Toro x 06’exTa-
MOHITOpa BCEpEIrHI CHHXPOHI30BAHOTO OJOKY Koay (200 CHMHXPOHI30BaHOTO
METOJy), IO 3HAXOJATHCS IiJI 3aXMCTOM TOTO X 00’€KTa-MOHITOpa. Y pasi
BUKJIMKY wait() mo3a MeXaMu CHHXPOHI30BAHOTO OJIOKY (CHHXPOHI30BaHOIO
metony) JVM renepye Bunstok [llegalMonitorStateException.
3aBaaHHs

Hanumnite nporpamy oO4yuciaeHHs H00YTKY 2-X MaTpullb 32 YMOBH, IO
KOXEH PSAOK MaTpHUIli A TIEPEeMHOXYETHCS Ha CTOBIEIh MATPHUIll B OKPEMOMY
noToli. B o0CHOBHOMY MOTOIIl BUBECTU PE3YNIHTAT TOOYTKY MaTPHILh.

Ilpuknao. TIlporpama MOX€ CKJIaJaTUCS 3 HACTYNHHUX KJAcCiB:
MatrixComputationThread ycmankoBye kmac java.lang.Thread 1 mepeBusHae
mMerona run() Ta peamidye meto] KpuTudHoi cekili calculateElement, B sxomy
oOuucHIoeThC N00YTOK psaka maTtpull A Ha croBreub marpuii B. Kiace
MatrixComputationWithSynchronization Bkitouae Meromx main(), B SKOMY
CTBOPIOIOTHCS MIOTOKH, a JIOTIOMOT OO BUKITUKY METOTY
Executors.newFixedThreadPool() Ta BUKOHYIOTbCA OOYHMCIEHHS B KOXHOMY
TOTOLIi 32 JJOIOMOTrOK0 BUKIMKY MeToniB  MatrixComputationThread();  Ta

executor.execute(thread);

28



import java.util.concurrent.ExecutorService;
import java.util.concurrent.Executors;
class MatrixComputationThread extends Thread {
private static int[][] matrixA,
private static int[][] matrixB;
private static int[][] result;
private static int numRows;
private static int numcCaols;
private int startRow;
private int endRow;
public MatrixComputationThread(int startRow, int endRow) {
this.startRow = startRow;
this.endRow = endRow;
by
@Override
public void run() {
for (int i = startRow; i < endRow; i++) {
for (intj = 0; j < numCols; j++) {

result[i][j] = calculateElement(i, j);

}

private synchronized int calculateElement(int row, int col) {

//mopanTe Ko 11l 0OUUCIIeHHS JOOYTKY psijika Ha CTOBITUUK

¥
public static void setMatrices(int[][] a, int[][] b) {

//mopanTe Ko IS 1Himiani3aiii MaTpullb matrixA, Ta matrixB
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public static int[][] getResult() {

//mopaiTe Ko, SKUi TIOBEPTAE PE3YIbTYIOUY MATPHITIO

}

public class MatrixComputationWithSynchronization {
public static void main(String[] args) {
int[][] matrixA = {
{1, 2, 3},
{4, 5, 6},
{7, 8, 9}
b
int[][] matrixB = {
{9, 8, 7},
{6, 5, 4},
{3, 2,1}
b
int numRows = matrixA.length;
int numCols = matrixB[0].length;
int[][] result = new intfnumRows][numCaols];
MatrixComputationThread.setMatrices(matrixA, matrixB);
int numThreads = 3;
// mojaWTe KOA JUIS CTBOPEHHS ITOTOKIB 3a JOIMOMOTOI0 BHUKIHUKY METOMY

Executors.newFixedThreadPool()

for (inti=0; i <numThreads; i++) {
//momaiiTe CBiM KO JUIsi BHUKOHAHHS OOYHMCIICHb B KOXXKHOMY IIOTOIIl 3a

JOTIOMOTOF0  BHKJIMKY METOIY MatrixComputationThread();
executor.execute(thread);
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}

executor.shutdown();

try {
/Il Wait for all threads to finish
while ('executor.isTerminated()) {

Thread.sleep(100);

¥

} catch (InterruptedException e) {
e.printStackTrace();

b

//mopaiiTe CB1M KOA ISl BUBEJICHHS PE3YJIbTATIB

BapianTu 3aBa1aHb

[Iporpama mae 00UHCIIIOBATH MATPHUIIl, BUBHAUEHI KOPUCTYBAUYEM.

KoHTpoJibHi 3an1uTaHHA
1. Onumnite BUKOpHUCTaHHS MeTony sleep kmacy java.lang.Thread. Sk moxHa
JIOCTPOKOBO MPOOYIUTH CIUISTYMMA MOTIK?
2. OnuiTh JiarpaMmy CTaHiB MOTOKY Ta METOAM, K1 IPUBOJISTH /10 3MIHH CTaHY.
3. JlaiiTe BU3HAUYECHHS] KPUTUYHOI CEKIlii. SKi MeXaHI3MH CHHXPOHHOTO JIOCTYITY
JI0 KPUTHUYHOI CeKIIii mpornoHye Java?
4. Illo Take 00’ €KT-MOHITOP 1 SIK BiH BUKOPUCTOBYETHLCS TTPU CHHXPOHI13a111i?
5. Illo 3a6e3neuye mogudikarop synchronized nns metomy?
6. OnuuiTe BUKOpUCTaHHA MeToAiB wait, notify Tta notifyAll kmacy Object nns

KoopuHaIlii po6otu notokiB. HaBeniTe mpukiam iX BUKOPUCTAHHS.
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JlaGopaTopHa po6ora Ne6.

Po3pooka zeomempuunozo memody Monme-Kapno 01sa o6uucienna naowyi
¢ghizypu npozpamu 3 6UKOPUCMAHHAM NYJIy HOMOKIG
Mera poGoru: BuBuUMTH 3acoOu Java g opradizamii oO4MCIeHb 3
BUKOPHUCTAHHSM ITyJTy MOTOKIB.
TeopernuHi BizomocTi

CTBOpeHHS TMOTOKY /sl KOXXHOTO 3aBJaHHS BHMAara€ 3HaYHHUX
KOMIT IOTepHUX pecypciB. [IeBHUM BUXOJOM 3 TakKoOi CHUTYyallli € BUKOPUCTAHHS
nyniB notokiB (Thread pool). OcHoBHa i€ BUKOPUCTAHHS IyJlTy IOTOKIB
NOJIITa€ B HACTYHOMY — KOJIM MporpamMi HEOOX1HO BUKOHATHU JESIKY 3a/aady,
3aMICTh CTBOPEHHS MOTOKY JJIi BUKOHAHHS LIbOTO 3aBJAHHS 1 mepenadi nomy
3aBJaHHS, BOHA MPOCTO PO3MIIIYy€e 3aBAaHHA y uep3i (Job queue); — a onuH 3
IPAIlOI0YUX B HECKIHYEHHOMY LHMKII MOTOKIB 3 myny motokiB (Thread pool)
BUOWpAE 3aBJaHHSA 3 4Yepru 1 BUKOHYe Horo. OO0’e€KkTH, sIKI peani3yloTh Taki
¢byHKuii, BigoMi gk BUKoHaBIl (Excecutors).

[Taker  java.util.concurrent BHU3HAYAE€ TpH iHTepdeiicu 3
(GyHKLIOHAJIBHICTIO TyJIB MOTOKIB: Executor — mpoctuil iHTepdeiic, skuii
NIATPUMYE 3allyCK HOBUX 3aBAaHb. ExecutorService — ycnaakoBye Executor,
nonaroun  QyHKII, 10 3a0e3MeUYyloTh YMOPABIIHHSI >KUTTEBUM IIUKIOM SIK
IHIMBITya bHUX 3aB/IaHb, TaK i camoro BukoHasist. ScheduledExecutorService —
ycnaakoBye ExecutorService, manuii inTepdeic 101ae MOKIUBICTh 3aIlyCKAaTH
BIJIKJIAJI€H1 3aBIAaHHI.

Jlns opranizauii BUKOHAHHS 3aBJaHHS y TOTOLI, IO YHOPaBIAE€TbCS
o0’extoM ExecutorService, HeoOxinHo: 1) peanmizyBaTu 3agady B MeToil void
run() 06’exta Runnable; 2) ctBoputu 06’ext Executor; 3) ctBoputu (oTpUMaTh)
poOouMii MOTIK, BUKOHYIOYMI 3aBJaHHA MUISIXOM BHKJIMKY MeToay void
execute(Runnable r), mo go1a€e 3aBnanHs B 4epry myiy MOTOKIB. 3aBaaHHs Oyie

3arIaHOBAHE 1 BUKOHAETHCS IOCTYITHUM pOOOYMM TTOTOKOM TTYITy.

32



3aBaaHHs

OOuucIUTH CHiBBIIHOIICHHS IUIOMIMH FeOMETpUYHUX (Piryp (BiAMOBIIHO
110 BapiaHTa) MeTogoM MoHTe-Kapiio 3 BUKOpUCTaHHSIM MOy MOTOKIB.

Ilpuknao. OGuuCcIUTH CHiBBIIHOIIEHHS TUIOMIMH KOJa, SKE BIMCAHO Y
KBaJpaT 3aJaHoi Mo MetonaoM MonTe-Kapiao 3 BHUKOPUCTAHHSM IOy
MOTOKIB.

IMosicHeHHsI: TIporpamMa MOXK€ CKJIaJaTUCA 3 HACTYITHUX KJIACIB:
MonteCarloCircleAreaSimulation ~ cTBoproe  mya  MHOTOKIB;  BUKOHYE
po3mapayieTIOBaHHs CUMYJIAIIT IIITXOM JIUICHHS 3arajibHOT KUTBKOCTI TOYOK Ha
pIBHI YaCTUHM, 1 KOXHA YacTHUHA OOpPOOJSETHCS OKPEMHM IOTOKOM Yy Ty
notokiB. Kimac MonteCarloCircleAreaTask peanizye Runnable Ta mpeacrasise
3aB/IaHHS, SIKE BUKOHYE KOKCH TOTIK.

B metoni run() reHepyrOThCS BUIIAJKOBI TOUYKH BCEPEANHI MPSIMOKYTHUKA
Ta TEpeBIPSIETbCSI, YW TOTPAIUISAIOTH BOHU BCEPEJIMHY BIHMCAHOTO KOJIA.
OcTtaToyHa OIIHKa IUIOILIl KOJIa OOYHCIIIOETECS Ha OCHOB1 BIJHOIIECHHS TOYOK

BCEPEJIMHI KOJIa JIO 3arajibHOi KIJIBKOCTI TOYOK Y MacITadl IJIoIIi KBajapara.

import java.util.concurrent.ExecutorService;
import java.util.concurrent.Executors;
import java.util.concurrent. TimeUnit;
import java.util.concurrent.atomic.AtomicLong;
public class MonteCarloCircleAreaSimulation {
public static void main(String[] args) {
int totalPoints = 1000000;
int numThreads = 4;
ExecutorService executor =
Executors.newFixedThreadPool(numThreads);
AtomicLong insideCircleCounter = new AtomicLong(0);
for (inti=0; i <numThreads; i++) {

executor.execute(new MonteCarloCircleAreaTask(totalPoints  /
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numThreads, insideCircleCounter));

}

executor.shutdown();
try {
executor.awaitTermination(Long.MAX_VALUE,
TimeUnit NANOSECONDS);
} catch (InterruptedException e) {
e.printStackTrace();
b
double rectangleArea = 2.0 * 2.0;
double circleAreaEstimation = (insideCircleCounter.get() / (double)
totalPoints) * rectangleArea;

System.out.printin(circleAreaEstimation);

}

class MonteCarloCircleAreaTask implements Runnable {
private final int pointsinThread;
private final AtomicLong insideCircleCounter;
public  MonteCarloCircleAreaTask(int  pointsinThread, AtomicLong
insideCircleCounter) {
this.pointsinThread = pointsinThread;
this.insideCircleCounter = insideCircleCounter;
b
@Override
public void run() {
int insideCircle = 0;
for (inti=0; i < pointsinThread; i++) {
double x = Math.random() * 2.0;
double y = Math.random() * 2.0;
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if (islnsideCircle(x, y)) {

insideCircle++;

by
insideCircleCounter.addAndGet(insideCircle);

}

private boolean isInsideCircle(double x, double y) {

return x *x +y *y <= 1.0;

Bapiantu
Bapiant Ne 1
OO4YHCIUTU CIIBBIJHOIICHHS ITUIONIMH TPUKYTHHKA, KWW BIHMCAHUHN Y
KBaJpaT 3aJaHoi Iionll MeTtogoM Monrte-Kapino 3 BUKOpHUCTaHHSM MOy

MOTOKIB (33J]aTH MaKCUMAaJIbHY KUTBKICTIO TTOTOKIB y MOJIi =4).

Bapiant Ne 2
OO4YMCITUTH CIIBBITHOIICHHS TUIONIMH TPUKYTHHUKA, SKUW BIHCAHHUHN Y
KOJIO 33JaHoi ol MetogoM MouTte-Kapio 3 BUKOpUCTaHHSIM TMOJIy MOTOKIB

(33T MaKCUMAaJIbHY KUTBKICTIO TTOTOKIB y MOJi =5).

Bapianr Ne 3
OOuucAUTH CIIBBIAHOMICHHS IUIOIIMH TPUKYTHUKA, SKUH BIOUCAHUM Yy
napajiesiorpaM 3a/1aHoi ioml MetogoM MouTte-Kapiio 3 BUKOpUCTaHHSIM Oy

MOTOKIB (33J]aTH MaKCUMAJIbHY KUTBKICTIO TTOTOKIB y MO =6).
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Bapiant Ne 4
OOuucIUTH CIiBBIIHONIICHHS TJIONINH MPSIMOKYTHHKA, SIKHH BIUCAHUH Y
Tpamerito 3agaHoi Twionii MeroaoM MonTe-Kapiao 3 BHKOPHUCTAHHAM TIONTY

IOTOKIB (33JIJaTH MaKCUMAJIbHY KiJIbKICTIO IIOTOKIB Y MO =3).

BapianT Ne 5
OOuucnUTH CHiBBIIHOIICHHS IJIOUIMH NPSMOKYTHHKA, SIKUH BIUCAHUH y
KOJIO 3a/1aHoi oy MeronoM Monte-Kapiao 3 BUKOpUCTaHHSIM MOy MOTOKIB

(3a7aTH MaKCUMAJIbHY KUIBKICTIO MTOTOKIB y MOJ1 =4).

Bapianr Ne 6
OOuucIUTH CHiBBIIHOIIECHHS IJIOUIMH NMPSAMOKYTHHUKA, SKUW BIUCAHUH Y
TPUKYTHUK 3aJaHoi Iomli MeronoM Monrte-Kapiao 3 BUKOpPHCTaHHSAM MOy
MOTOKIB (33J]JaTH MAaKCUMAJIbHY KIJIBKICTIO MMOTOKIB y MOJI1 =6).
Bapiant Ne 7
OO4YHCIUTH CHIBBIAHOIIEHHS IJIOIIMH KBaApaTa, SKUM BIUCAHUN Yy KOJO
3a/1aHoi wioml MetogoM MoHTe-Kapio 3 BUKOPUCTaHHSIM TOJTy TIOTOKIB (3a7aTH

MaKCUMaJIbHY KUIbKICTIO TMOTOKIB Y MOJ1 =4).

Bapiant Ne 8
OO4YMCIUTU CMIBBIJHOIICHHS IUIOLIMH KBajpaTa, SKHM BIHUCAHUNA Y
TPUKYTHUK 3a7aHoi riomli MetoaoM Monte-Kapiao 3 BUKOpPHCTaHHAM MOy
MOTOKIB (33J1aTH MaKCUMAJIbHY KIJIBKICTIO TOTOKIB Y TOJ1 =8).
Bapianr Ne 9
OOuucaUTH CHIBBIAHOUICHHS TUIOIIMH KBajpaTa, SKUA BIHCAHUNA Yy
Tpameuilo 3a7aHoi o MetoaoM MonTe-Kapio 3 BHKOPUCTaHHSAM IOy

MOTOKIB (3aJ1aTH MaKCUMAJIbHY K1JIbKICTIO MMOTOKIB y MOJI1 =5).
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BapianT Ne 10
OO6YHMCINTH CHIBBIAHOIICHHS TUIONIMH Tparmelli, sfka BOHCaHa Yy KOJO
3a/1aHoi Twioml MetogoM MoHTe-Kapio 3 BUKOPHCTaHHIM 0Ty TIOTOKIB (3a1aTH

MaKCHMAJIbHY KIJIBKICTIO IIOTOKIB y MOJII =5).

KouTtpoabhi 3anuTanas

1. Hapnaiite  3aranbHy  XapakTepUCTHKY  IHCTpyMeHTam  Java
Concurrency APL.

2. Ha3BiTh nepeBaru BUKOPUCTAHHS IMYJIIB MOTOKIB Ta OMNHUILITH iXHIO
pobory.

3. [TosicuiTh BiamiHy 3aBaaHb Runnable Ta Callable, mo nepenatotses

JI0 MyJTy OTOKiB. ONUIIITh TPU3HAYEHHS Ta MeToIU 1HTepdelicy Future.
4. Ha3BiTe eranmm opranizamii BUKOHAaHHS 3aBAaHHs Runnable y
MOTOKaxX, 0 yNpaBIstoTeCsA 00’ ekToM ExecutorService.

5. Onumite Metonu iHTEpdeticy ExecutorService.
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JlaGopaTopHa poéorta Ne7.

Po3pobka npozpamu 3 opeanizosanum KOHmMpoiem 00CHLYny
00 cninbHo20 pecypcy
Meta po6oTu: BUBUMTH 3aco0u Java aJjig opraHizailii KOHTPOJO 0 CIUIBHOTO
pecypey.
TeopernuHi BizomocTi

Cemadop (Semaphore) — 00’€kT, SKHI 3TIHCHIOE IOCTYN TOTOKIB 0
pecypcy 3a JOMOMOTOI0 JIYWIBHHMKA J03BOJIB Ha AocTyl. OO’eKT Kiacy
java.util.concurrent.Semaphore nmiaTpuMye NeBHY KUIbKICTh JI03BOJIIB HA IOCTYII
0 KPUTHUYHOI CEKIIii, SKa BKA3YEThCSA SK IMapaMeTp KOHCTPYKTOpa TiJ dYac
cTBOpeHHs cemadopa, Hanpukiaa, Semaphore semaphore = new Semaphore(5)
— BHUKJIHK KOHCTpyKTOpa ceMadopy 3 OJHUM MapamMeTpoM He 3abe3nedye
CIpPaBEIJIMBICTh TiJ 4Yac HaJaHHSA JOCTYMYy IOTOKAM JO0 KPUTHYHOI CEKIIIi.
CnpaBennuBe OnokyBaHHsi (FairSync) — 1me Konmu TOTOKM OTPUMYIOTH
OJIOKyBaHHS B TOMY TIOPSIKY, B SKOMY BOHH HOTO 3alMTYBAJIA, HECTIPABEIINBE
omokyBanHs (NonfairSync) moxe gomyckatu «b6e3nam» (barging), Koiu MOTIK
MO>K€ OTpUMAaTH OJIOKYBaHHS paHIIIE 1HIIOTO, SIKWUWA 3allUTyBaB MOTO MEPUINM.
[lin wyac mepemadyi B KOHCTPYKTOp JApyroro mnapamerpa true Oyne
3a0e3nedyBaTucs cripaBeyinBe OJoKyBaHHA (cemadop Oyne BUKOPHUCTOBYBATH
FIFO uepry). Semaphore sem = new Semaphore(S, true).

Koxen Bukiuk meroay void acquire() 3 cemadopa B OTOLll 3MEHIIIYE Ha
1 KUTBKICTH JTO3BOJIB HA JOCTYH JO KPUTHUYHOI CEKIlii, KO)KEH BUKJIUK METOMIY
void release() 30i1bIye 9ynciio 103BOIB Ha 1. TakuM YMHOM, KUTBKICTh MOTOKIB,
10 OJIHOYACHO BUKOHYIOTh KPUTHYHY CEKIII0 KOAY, OOMEXYEThCS KIUIBKICTIO
JI03BOJIIB ceMadopa, a KpUTUYHA CEKIlisl MOYMHAETHCS BUKIMKOM acquire() i
3aKkiHuyeThCs BUKJIMKOM release() (puc. 7.1). Metoau cemadopa void acquire(int
permits) Ta void release(int permits), siKi 3MEHIIYIOTh Ta 301TBIIYIOTH

OJIHOYACHO KUIBKICTH JO3BOJIIB.
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Semaphore s = new Semaphore (3)

S o

®0
e

s.acquire() s.release()

Puc. 7.1. CtBopeHHs Ta poboTa cemadopa

3aBaaHHs

[Ipountatn (aitn 3agaHoro po3Mmipy B MapalelbHUX [OTOKax 3
OOMEKEHOIO0 KIJIBKICTIO OJHOYACHHUX 3BEpHEHb 10 (aily, sKa 3amaerbcs
o0’extom Cemadop. YTpuUMyBaTH TOJOBHMM TMOTIK, JIOKA BCl TOTOKH HE
3aKiHYaTh BUKOHAHHS. BUBOAWTH Ha eKpaH dYacTHHY Qailly, NpOYUTaHy
KOXHUM MTOTOKOM.

Ilpuknao. 1lpountatu ¢aitn B 4-X napajieibHUX MOTOKaX 3 0OMEKEHOI0
KUIBKICTIO OZJTHOYACHUX 3BEPHEHB 0 (paility, sika JOPIBHIOE 2-M.

Ilosacnenna: nporpaMma Moke CKJIalaTUCs 3 HACTYITHUX KJIAClB:
Knac MultiThreadedFileReaderWithSemaphore Bu3Hauae KiTbKICTH MOTOKIB,
peanizye meroa readFromFileWithThreadsAndSemaphore, B sxomy 00’exTom
Cemadop BU3HAYAETHCS KUTBKICTh IMMOTOKIB, SIKI OTPUMAaOTh OJJHOYACHHUH JOCTYII
no ¢aiiny. Busnauvaerbcs, sk (aitn Oyae po3AUICEHO JISI YUTAHHS MIXK
notokamu. Kiac FileReadTask peanizye Callable, Bkmtouae meron call(), B
SAKOMY CIIOYATKy OTPUMYETHCS AOCTYI 10 daiiny (semaphore.acquire()) 1 micis

3UUTYBaHHS MMOBEpPTAEThCS (semaphore.release()).
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import java.io.BufferedReader;
import java.io.FileReader;
import java.util. ArrayList;
import java.util.List;
import java.util.concurrent.*;
public class MultiThreadedFileReaderWithSemaphore {
private static Semaphore semaphore;
public static void main(String[] args) {
String filePath = "path/to/your/file.txt";
int numThreads = 4;
try {
List<String> lines =
readFromFileWithThreadsAndSemaphore(filePath, numThreads);

for (String line : lines) {
System.out.printin(line);
}
} catch (InterruptedException | ExecutionException €) {

e.printStackTrace();

b
private static List<String> readFromFileWithThreadsAndSemaphore(String

filePath, int numThreads)
throws InterruptedException, ExecutionException {
ExecutorService executorService =
Executors.newFixedThreadPool(numThreads);

semaphore = new Semaphore(numThreads);

try (BufferedReader br = new BufferedReader(new
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FileReader(filePath))) {
List<Future<List<String>>> futures = new ArrayList<>();
// Divide the file into chunks for each thread
long fileSize = br.lines().count();
long chunkSize = fileSize / numThreads;
for (int1=0; i <numThreads; i++) {
long startLine =i * chunkSize;
long endLine = (i == numThreads - 1) ? fileSize : (i + 1) *
chunkSize;
Callable<List<String>> task = new FileReadTask(filePath,
startLine, endLine);
futures.add(executorService.submit(task));
¥
List<String> result = new ArrayList<>();
for (Future<List<String>> future : futures) {
result.addAll(future.get());
}

return result;

} finally {
executorService.shutdown();

}

private static class FileReadTask implements Callable<List<String>> {
private final String filePath;
private final long startLine;

private final long endLine;

public FileReadTask(String filePath, long startLine, long endLine) {
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this.filePath = filePath;
this.startLine = startLine;

this.endLine = endLine;

}

@Override
public List<String> call() throws Exception {

List<String> lines = new ArrayList<>();

try {
semaphore.acquire(); // Acquire a permit before reading

try  (BufferedReader br = new  BufferedReader(new
FileReader(filePath))) {
for (long i = 0; i <endLine; i++) {
String line = br.readLine();
if (i >= startLine) {

lines.add(line);

}

} finally {
semaphore.release(); // Release the semaphore after reading is done

¥

return lines;
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BapianT Ne 1
[Tpountatu ¢aiin B mapanenbHUX MOTOKAX, KUIbKICTh KU JOPIBHIOE 5 3
00OME)XEHOI0 KIJIBKICTIO OJTHOYACHUX 3BEpHEHb JI0 (ailiry, ska JOpPIBHIOE 3-M.
HeoOximHo yTpuMyBaTH TOJOBHUHM IIOTIK, JOKH BCi IOTOKM HE 3aKiHYATh

BHUKOHAHHS, Ta BUBOOAUTH Ha CKPAaH HpO‘-II/ITaHi IIOTOKOM 4YaCTHUHH q)aﬁny.

BapianTt Ne 2
[Tpountaru ¢aiin B mapanenbHUX MOTOKAX, KUIBKICTh KU JOPIBHIOE 6 3
OOMEKEHOIO0 KUIBKICTIO OJJHOYACHHUX 3BEPHEHb 10 (pailily, sika JOPIBHIOE 2-M.
HeoOxigHo yTpuMyBaTH TOJIOBHHMM IIOTIK, JIOKM BCl IOTOKH HE 3aKiHYaTh

BHKOHAHH:, Ta BUBOJUTHU HA CKPaH HpO‘II/ITaHi IIOTOKOM 4YaCTHUHH Cl)aﬁﬂy.

Bapiant Ne 3
[IpounTatn Qaiin B napanesbHUX MOTOKAX, KUIbKICTh KU JTOPIBHIOE 4 3
O0OMEKEHOIO KIJTBKICTIO OJJHOYACHUX 3BEPHEHb J0 (Qailly, ska JOpiBHIOE 1-My.
HeoOxigHo yTpuMyBaTU TOJIOBHMM TMOTIK, JOKU BCl TMOTOKM HE 3aKIHYATh

BHKOHAHH:, Ta BUBOJAUTH Ha CKPaH HpO‘H/ITaHi ITIOTOKOM 4YaCTHUHH (baﬁﬂy.

Bapiant Ne 4
[IpounTatu ¢aitn B mapaienbHUX MOTOKAX, KUTBKICTh KU TOPIBHIOE 7 3
O0OMEKEHOIO0 KUTBKICTIO OJJHOYACHHUX 3BEpHEHb 10 (ailiny, sika TOpiBHIOE 4-M.
HeoOxigHo yTpuMyBaTU TOJIOBHMM TMOTIK, JOKU BCl TMOTOKM HE 3aKIHYATh

BUKOHAHHS, Ta BUBOJUTH Ha €KpaH MPOYHTaHI IOTOKOM YaCTHHH (hauiy.

Bapiant Ne 5
[IpounTatu ¢aiin B mapaieabHUX MOTOKAX, KUTBKICTh KU TOPIBHIOE 5 3
00OMEXEHOI0 KIJTBKICTIO OJTHOYACHUX 3BEpHEHb N0 (pailimy, ska TOpiBHIOE 3-M.
HeoOxinHO yTpuMyBaTH TOJOBHMH MOTIK, TOKM BCl NOTOKM HE 3aKIHYaTh

BHMKOHAHH:, Ta BUBOJUTH HA CKPaAH HpO‘II/ITaHi IIOTOKOM YaCTHUHH q)aﬁny.
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BapianT Ne 6
[Tpountaru ¢aiin B mapanenbHUX MOTOKAX, KUIbKICTh KU JOPIBHIOE 8 3
00OME)XEHOI0 KIJIBKICTIO OJTHOYACHUX 3BEpHEHb JI0 (ailiry, ska JOpPIBHIOE 3-M.
HeoOximHo yTpuMyBaTH TOJOBHUH TMIOTIK, JOKH BCi TOTOKM HE 3aKiHYaTh

BHUKOHAHHS, Ta BUBOOAUTH Ha CKPAaH HpO‘-II/ITaHi IIOTOKOM 4YaCTHUHH q)aﬁny.

Bapiant Ne 7
[Tpountatu ¢aiin B mapanenbHUX MOTOKAX, KUIBKICTh KU TOPIBHIOE 7 3
O0OMEKEHOI0 KIJIBKICTIO OJJHOYACHUX 3BEPHEHb J0 (ailly, sKa JOpIBHIOE 1-My.
HeoOxigHOo yTpuMyBaTH TOJIOBHMM IIOTIK, JOKM BCl IOTOKM HE 3aKiHYaTh

BUKOHAHH:, Ta BUBOJUTHU HA CKPaH HpO‘II/ITaHi IIOTOKOM 4YaCTHUHH Cl)aﬁﬂy.

Bapiant Ne 8
[IpounTatn ¢aiin B napaneibHUX MOTOKAX, KUIBKICTh KM JTOPIBHIOE 8 3
OOMEKEHOIO0 KUIbKICTIO OJJHOYACHHMX 3BEpPHEHb J0 (ailiy, sika JOpiBHIOE 3-M.
HeoOxigHo yTpuMyBaTH TOJIOBHMM IIOTIK, JOKM BCl IOTOKM HE 3aKiHYaTh

BHMKOHAHH:, Ta BUBOJAUTH HA CKPaH HpO‘H/ITaHi ITIOTOKOM 4YaCTHUHH (baﬁﬂy.

Bapiant Ne 9
[IpounTatu ¢aiin B napaneabHUX MOTOKAX, KUIbKICTh KM JOPIBHIOE 9 3
0OMEKEHOIO KIJTBKICTIO OJHOYACHUX 3BEPHEHb JO (ailly, ska JOPIBHIOE 4-My.
HeoOxigHo yTpuMyBaTU TOJIOBHMM TMOTIK, JOKU BCl TMOTOKM HE 3aKIHYATh

BHKOHAHH:, Ta BUBOJUTH HA CKPaH HpO‘H/ITaHi ITIOTOKOM 4YaCTHUHH q)afmy.

Bapiant Ne 10
[TpounTatu (aiin B napanebHUX MOTOKaX, KUIbKICTh KU AopiBHIOE 10 3
O0OMEKEHOI0 KUThKICTIO OJJHOYACHHUX 3BEPHEHB J0 (haily, sika TOpiBHIOE 4-M.
HeoOxigHo yTpuMyBaTU TOJIOBHMM IIOTIK, JOKU BCl TMOTOKM HE 3aKiHYaTh

BHMKOHAHHs, Ta BUBOJUTH HA CKPAH HpO‘II/ITaHi IIOTOKOM YaCTHUHH q)aﬁny.
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KonTposbHi 3antuTaHHs
1. Onumiith MPUHIIAT pobotu cemacdopa

(java.util.concurrent.Semaphore), mapamerpu HOro KOHCTPYKTOpa Ta OCHOBHI

METO/IH.
2. [Ilo Ha3uBarOTh B3aEMOBHUKIIIOUat0OunM cemadopom (Mutex-om)?
3. OnumiiTe OPUHIUN POOOTH 3aCyBKM 31 3BOPOTHHUM BIIJIIKOM

(Java.util.concurrent.CountDownLatch), mapameTpu #Horo KOHCTpyKTOpa Ta
OCHOBHI METOIH.

4, Onumith MPUHIUI pobotu UKIIIYHOTO Oap’epa
(Java.until.concurrent.CyclicBarrier), mapamerpu #Oro KOHCTPYKTOpa Ta

OCHOBHI METO/IH.
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