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BCTYII

Y kypci «OCHOBM MpOrpaMyBaHHS» BHUKOHAHHS KYpPCOBOTO IPOEKTY €
YaCTHHOIO CaMOCTIHHOT pOOOTH CTYIEHTIB HaJ JUCIUILIIHOK. BUKOHAHHS MPOEKTY
nepeadavae MPOBEICHHS aHATI3Y JIESIKOT TPEAMETHOI 001aCTi 1 TOAAIBITY TOOYIOBY
nporpamu, M0 BHpilrye npoOiemu 30epiranHs Ta o0poOku iHdopmarii, 1m0
OB’ s13aHa 3 I[I€I0 00JIACTIO.

OxpiM aHamizy nmpeaMeTHoi 00JacTi CTYACHT Mae MpoaHalli3yBaTh THUIOBI

Ha erami po3poOKku MPOEKTY CTYJACHT MAa€ BU3HAUMUTHCS 13 (PYHKI[IOHAJIOM
MalOyTHBHOI CUCTEMHU Ta CTPYKTYpOr0 MeHI0. HeoOXiTHO TakoX po3poOUTH cXeMy
30epeKeHHs JaHuX y ¢aisi Ta BUOpaT, abo po3poOUTH aIrOPUTMHU OIPAIFOBAHHS
JAHUX.

Po3po6eni 3acobu MarOTh JO3BOJUTH OOPOOKY JaHMX K O€3MocepeHbo
yepe3 nporpamy, Tak 1 4epe3 KOHCOJIbHUMN 1HTepdelic KOpUCTyBaya.

Po6oTa Hag MpOEKTOM BUKOHYETHCS TIOECTATHO. Y PO3JLIaxX IUX METOTUIHUX
BKa31BKax JOKJIAIHO MOSICHIOETHCA, IO MOTPIOHO 3pOOMTHM HA KOXKHOMY eTaml 1
HABOZATHCSA 3pa3ku PYHKIH, AK1 MOTP1IOHO peani3yBaTH B Mexax eraiy. Pe3ynpratu
BUKOHAHHS KOKHOTO €Tamy CTYJCHT 3aBaHTaXXye€ Ha MyAJ Y BUTISAI apXiBy 3
YACTHUHOIO MPOEKTY 1 TEKCTOBOTO (Daility Komii KOHCOJ1 3 pe3yibTaTaMH TECTYBaHHS
eTary.

Pe3ynbrarom poboTH € npane3gaTHui MporpaMHUi KOHCOJIbHUM 101aTOK Ta
3BIT Y BUIJISII APYKOBAHOTO TEKCTY 0(OPMIIEHOTO BIJIMOBITHO 10 BUMOT PO3JLTY 7
cragaapty ACTY3008:2015. banu 3a poOOTy BHUCTaBISIOTBHCS 3 YpaxyBaHHSIM
CBOEYACHOCTI Ta SIKOCTI BUKOHAHHS SIK TPOTrpaMHOi YaCTHUHU, TaK 1 3BITY.

Bapianr 3aBnanHsi, kil Ma€ BUKOHYBaTH CTYACHT, BU3HAYAETHCS HOMEPOM
CTYZCHTA y CIIUCKY I'PyNH

CtyaeHT MOe 3allpoIOHYBaTH 1HILY TPEAMETHY 00JIacTh AJIs peaizallii, aje
3aBJaHHS 00OB'A3KOBO Ma€ OyTH MOTOJXKEHO 3 BUKJIAJaYEM.



3ABJJAHHA 10 KYPCOBOI'O ITPOEKTY

BapianT Kopius gepeBa 1-# piBeHB 2-1 piBEeHb
1.3ami3auns MICTO BOK3aJ peric

2. BignounHok KpaiHa KypOpT rOTEJIb

3. Aepomnopt MICTO aeporopT penc

4. Komm’totep KpaiHa bipma KOMII IOTep
5. OprrexHika MICTO Mara3uH TOBAp

6. [Tomikmuika JiKap MMari€cHT pelenT
7. lemorpadis perion 00J1aCTh HACEJL.ITYHKT
8. ExoJoris 00J1aCTh palioH EKOIpoOIeMU
9. Micto BYJIHIIS OYJIMHOK KBapTupa
10. KomyH.x03. xKpen npodecis pOOITHUK
11. MOK oJlimMIiajaa BHUJ] CIIOPTY CIIOPTCMEH
12. VIIJI KITy0 aMmIuIya CIIOPTCMEH
13. IrpoBi yeMmioHaTH 1110, 1€, KOJIN KOMaHIU YYaCHUKH
14. Komengant KOpILYC ayJIuToOpist MeOeb
15. ®dapwm. pipma KpaiHa BLIJILT JKU
16.Topr. Mmepexa dbipma MOCTAYIbHUKHU TOBapu
17. BupoOHHIITBO BUpOOHU BY3JIH JeTai
18. bibmoTreka kadenpa pEeaMET JiTeparypa
19. My3uka YKaHp rpyna HiCHS
20. Kadenpa peIMET BUKJIaayl CTYJAEHTH
21. Pectropan KYXHS 0J1I010 IIPOJAYKTHU
22. Moi noopoxi KOHTHHEHT KpaiHa apy3i
23. Kocmoc 31pKH IJIAHETU CYNYTHUKH
24. I'ypTOXKUTKHU T'YPTOKHUTOK KiMHaTa MEIIKAHELb
25. I'eorpadis KOHTHHEHTHU perioHu Jep>KaBu
26. Toprisis IPOJIaBELb TOBap peaizaiis
27. Cyn Cys crpaBa i CYTHI
28.Typdipma BUJI TYPU3MY KpaiHa MTPOTIO3HIIIS
29. bpons rotenis KpaiHa MICTO rOTeJb
30. Biiicek. gomomora KpaiHa nepioj 30post
31. bixkenin KpaiHa MICTO O1>KeHeIlh
32.ABTO0OYC BOK3aJI Hanpsim peiic
33. Toprosa 06a3a CKJIaJl rpyna ToBapiB TOBap
34. Jlexanat CHeIaJbHICTh rpyna CTYJIEHT
35. JlikapHs BIAJICHHSA XBOpHUU IMOKA3HUKHU
36. Moi Butpartu nata(3 mosst) BU/I, JIIMIT YeK




BUMOI'A 1O POBOTH

KypcoBuii mpoekT mnepenbadae CTBOpPEHHs AUHAMIUHOI 1H(OpMALIHHOT
CTPYKTYPH JTaHHWX y BUTJIAII KOHCOJBHOTO NOAATKY, IO 3a0e3MeUuTh POOOTY 13
0araTopiBHEBOIO 1€PAPXIYHOI0 CTPYKTYPOIO JaHUX Y BHIJISIII PO3TAIY>KEHOTO
JiepeBa 3 €JMHUM KOPEHEM.

Kopiab Ta KOMIOHEHTH KOXHOTO PiBHA MalOTh OyTH CTPYKTypamu, IO
MICTSITh HE MEHIIIE ABOX-TPHOX 1H(POpMaIiitHuX nodiB. [1oms cTpyKTypH HE MOXKYTh
OyTu ogHOTO TUITY. Ha BCiX PIBHAX y CTPYKTYP MalOTh OyTH YKMCIIOB1 MOJIA.

Hamanku kopens (nepiuii piBeHb) MaloTh 30€piraTucsi y MacHBl BKa31BHUKIB
Ha BUITIOBITHI CTPYKTYPH.

CTpyKTypH ApYyroro piBHS MarOTh 30epiraTucs y JIHIHHOMY CITUCKY.

TekcToBl MMONS BCiX CTPYKTYp MarOTh 30epiraTd BKa3iBHUKH Ha PSJIKU
CHUMBOJIIB, 1110 PO3TAIllOBaH1 B IMHAMIYHIN IMam’sITi.

Haianku K0>XHOTO 3 €JIEeMEHTIB MatOTh OyTH BIIOPSIKOBaH1 32 IPOCTUMU a00
ckiIagHuMu npaBuiamu. CkiaaHe MpaBUiio Mae OyTH peasli3oBaHO MPHUHAWMHI Ha
OJIHOMY pIBHI.

VYci omepauii noAaBaHHS, pelaryBaHHS 1 BHJIyYEHHsI BY3IIB, OIepauii
30epeKeHHsI 1 BIJHOBJICHHS JepeBa y (Qaiil CTpyKTyp Tpeda peecTpyBaTH y
TEKCTOBOMY (haiijii MPOTOKOIY.

JlomaTtok Mae 3a0€3MeYnTy peaizallito Takux QyHKITH:

— B1I0OpA3UTHU J€pPEBO HA KOHCOJII IIJIKOM (Y TEKCTOBOMY PEKUMI);

— B110Opa3uTH HA KOHCOJII (pailyl MPOTOKOIY;

— BIIOOpA3UTH JlaHi By3Ja;

— B1A0Opa3uTH NEpeliK HAIIaIKIB By3Ja,

— 3MIHUTH JaH1 ICHYIO4YOTr0 BY3J1a;

— JIoAaTH BY30J1 JI0 JIEPEBa,;

— BWJIYYHUTH Oy/b SIKUii BY30J1 JI€pEeBa;

— BWJIYYMTH YCIX HaIIa/IKiB By3Ja;

— 30€eperTu CTPYKTypy JaHuX y ¢aiii;

— BIJHOBUTH CTPYKTYPY JAaHUX 13 (aiiiy;

— BUBECTHU Ha KOHCOJIb MEPETiK YaCTUHH BY3JI1B 32 IEBHOIO 03HAKOIO;

— OOYHCIINTH SKYCh YUCJIOBY XapaKTEPUCTHKY TPYITH €JIEMEHTIB;

— OTpUMAaTH MOBHY 1H(OpMaIIito PO BY30J1, IKUI 3a10BOJIbHSIE TIEBHIM YMOBI.

ITepenik ¢yHKIINA M0AAaTKy Mae 3a0€3MeUYuTH POOOTY 3 JIEPEBOM SIK
MPOTPaMHO TaK 1 4epe3 KOHCOJIbHE MEHIO.

JleTanbHi BUMOTH A0 MPOEKTY HABOISATHCA B 1HJIMBIAyalbHOMY 3aBAaHHI Ha
MIPOEKT, K€ CKJIaJIa€ CTYACHT 1 y3rOJIKY€E 13 KEPIBHUKOM MPOEKTY.

Ha 3axuct CTylneHT Mae MNpeICcTaBUTH MPAIOYMA JOJAaTOK 1 3BIT
odpopmiteny BianosiaHo a0 JJCTY3008:2015 1 Bumor kadenpmu.



I'PA®IK BUKOHAHHSA POBOTH

Po6oTa Hag MpOoeKTOM MOYMHAETHCS 3 IEPIIOTO THXKHS CEMECTPY 13aXUCT Ma€e
BIIOYTHUCS 10 MOYATKY 3aJ1KOBOTO THXKHSA. ['padik po6oTu HaBeaeHO y Tabmauil 1.

Tabmung 1 — I'padik podoTH HAA MPOSKTOM

No Hennaita | O1iHKa

Etanu po6otu 3BITHICTh | (THXKIEHB | B Oanax

CEMECTpY) | 3a eTamn
1 | Po3poOka Mojienti CTpYKTYPH TaHUX .docx 1-i 10 10
2 | [ToyaTkoBa peasizarisi IPOEKTY 3-i 10 10
3 | CtBopeHHs 1edOITHOTO JiepeBa MPOEKT, 5-i o 10
4 | Peamizaitist poOOTH Uepe3 MEHIO pe3yabTar 7-i 70 10
5 | PenaryBaHHs Ta BUJAJICHHS BY3JIiB TECTYBAHHS 9-i1 o 10
6 | Po6ora 3 nepeBom 11-1i 10 10
7 | IIpeacTaBUTH TEKCTOBY YaCTUHY .docx 13-i 10 10
8 | 3axmct MPOEKT i3 14-it 10 30

3MiHAMU

[IpoekT omiHeThest 3a 100 OanpHOIO MIKanow. 3a podOTy y cemecTpi
CTYJEHT Moke oTpumatu f0 70 OamiB. banu BHCTaBISIOTHCA 32 KOXKHUK €Taml B
3aJICKHOCTI B1J] SIKOCTI BUKOHAHHS Ta J0JIepKaHHs TpadiKy BUKOHAHHS.

Etan, 3a skuii BUCTaBJIEHO OIIIHKY HE MeHIIe 6 OalliB, BBa)KAETHCSA
3aBEpIICHUM.

[Ticns «aennaiiny» pe3ybTaTh BAKOHAHHS €TaIly 1€ MPUHMaIOThCs ACKITbKa
JTHIB, ajie OIIHKA 3HWKYEThCS. Jlali CTyIeHT MOXKe 3aBaHTaKUTH CBOI HAPOOKH 5K
pe3yapTar HacTtynmHoro ertamy. OIiiHKy OyJe BHCTaBJI€HO 1 3a TMOMNepeaHin
(momepeaHi) eTamu, a TaKOX 1 3a MOTOYHHH, SKIIO 3aBJAHHS MOTOYHOTO €TaIy
BUKOHAHO.

SIK1o pe3ynpTaTH BUKOHAHHS SIKOTOCH €Tarry OyJH MpeJCcTaBlieHl HEBYACHO,
OLIIHKa HE MO)ke OyTH BHILOI 3a & OaniB, KOXKEH HACTYNHUN MIPOIYIICHUM
«JenyaiiHy 3MEHITye MaKCUMaJbHY OIIIHKY Ie Ha 1 Oan. SIKiio HeaoJiku, 3a siKi
OLIIHKY OyJIO 3HM>KEHO Ha NONEePEeIHbOMY €Tarll, He OyJIi BUIIPABIIEHI, TO OTPUMATH
MaKCUMAaJIbHY OIIHKY 32 HACTYITHUH €Tan CTYACHT HE MOXeE.

3axucti poOOTH MPOBOIATHCS HA OCTAaHHHLOMY THIKHI cemecTpy. Ilim uac
3aXMCTy CTYJIEHT Ma€ BUKOHATHU MPAKTUYHE 3aBJIaHHS 3 JIOOMPAIIOBAHHS CBOTO
MPOEKTY Ta BIAMOBICTH HA MUTAHHSA, IO CTOCYIOTHCS MPOrPaMyBaHHS 1 CTPYKTYD
JaHWX, SIKIIO BUKJIa[Ja4 BBaXKa€ 1€ HEOOXITHUM.

3a pe3ynbpTaTaMu 3axXUCTy pOOOTH CTYJIEHT MOXke oTpumaTH 10 30 Oais.

Pe3ynbpraty BUKOHAHHS €TalliB CTYACHT BHKJIAJAE Y BHUIJISAI apXiBy, Ha3Ba
SIKOTO Ma€ MOYMHATHUCS 3 MPI3BUILIA CTyAeHTa. B apXiBi Mae OyTH mamka 3 MpoeKTOM
(marku bin ta obj Ta daitmu .depend i .layout me motpiOHi). Takox momaTtu
TEKCTOBHM (paily Komii KOHCOJI1 3 pe3yIbTaTaMi TECTYBAHHS 3aB/IaHb €TaIly.



1 PO3POBKA MOJEJII CTPYKTYPU JTAHUX

1.1 IoOynoBa JorivyHoI MoaeJti

Jloriyna MoieTb OMHCYE CTPYKTYPY JAHUX Y TEPMiHAX MPEIMETHOT 001acTi 1
HE TOB’s3aHa 3 MPOTPaAMHOIO peasizali€lo CTPYKTypH. B HamoMy mpoekTi JioriuHa
MOJIEJIb SIBJISIE COOOK CHUJIBHO PO3rajiy’KeHe JEPEBO, /1€ KOKEH BY30J MOXKE MaTH
OyIb-sKy KUTbKICTh HaIIaIKiB.

Kopenem nepeBa € crpykrypa «YHiBepcuter». g cTpykTypa, sSIK KOpiHb
JiepeBa, ICHYE y TIPOEKTI B OJIHOMY €K3eMIUIpl. «YHIBEpPCUTET» OyaemMo
XapaKTepu3yBaTH TAKUMHU aTpUOyTaMu:

— Ha3Ba yHIBEPCHUTETY;

— piBEHb aKpeauTAaIlii.

«YHIBEpCUTET» Ma€ HAIIaAKIB, K1 peAcTaBieHl cTpykTypamu «Kadenpay.
Busznauumo atpubytu 11 ctpykrypu «Kadeapay:

— Ha3Ba Kadeapu;

— 00CST HABYAJIbHOTO HABAHTAKEHHS (y TOAMHAX);

— BUITYCKaroua, 4d Hi.

Koxna «Kadenpa» mae meBHy KUIBKICTh BUKJIAJauiB, K1 MPEACTAaBICHI
cTpykrypamu «Buknanau». Ctpykrypa «Buknanau» Oyae MaTt Taki aTpuOyTH:

— IM’s BUKJIaJa4a;

— rocaja;

— PIK HAPOKEHHSI.

CxemaTHuHe MpeACTaBICHHS ACPEBOBUIHOI CTPYKTYPH JAHUX JI HAIIOTO
MPOEKTy TMOKa3aHO Ha pUCYHKYyl. PHCYHOK CTBOpIOBaBCS 3a JOTOMOTOIO MAaKTy
draw.io, noctym 3a agpecoro https://app.diagrams.net/

YHipepocuTeT

| S N
Kadheapa 1 Kachegpa 2 Kachegpa 3
A i A 4 A [
Buknagaq 1.1 Buknaga4y 2.1 Buknaga4y 2.2 | Buknaga4 3.2
Buknagad 1.2 Buknaga4y 2.3 Buknagay 3.1

b

Pucynok 1 — Jloriyna Mozienb A€peBOBUIHOI CTPYKTYPH JAHUX
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1.2 Po3po0xka ¢pizmuHoi Moaesii CTPYKTYPH JaHUX

®dizuyHa MOJENb OMNHCYE CTPYKTYpy [JaHUX Yy TEepMiHax MOBH
nporpamyBaHHs. TyT mepnr 3a Bce BUSHAYAIOTHCS 1eHTHU(DIKATOPH TSl 1I1a0JI0HIB
CTPYKTYp Ta Ha3BH MOJIB CTPYKTYP 1 THUIH JaHUX AJIS [IUX TOJIB.

Jlami  BU3HAUYAETHCA TEPENIK  CIAYy)KOOBUX TOJIB  CTPYKTypH, IO
BUKOPHUCTOBYIOTHCS JIA 3B’SI3yBaHHS BY3JIB JepeBa MiX coOoro. IcHye Oarato
croco0iB peasizaiii Takux 3B’S3KiB. Y JaHOMY MPOEKTI, BIAMOBIIHO IO 3aBJaHHS,
3B’SI3KM MDK CTPYKTypamu, sIKi YTBOPIOIOTH JAEPEeBO OyAyTh peajli3oBaHI TaKUM
YHHOM.

Crtpyktypa «YHIBepCUTET», sKy MM Ha3Bemo Univer, Oyme MiCTUTH
BKa3IBHUK Ha MAacHB BKa3iBHUKIB Ha cTpyktypu Ttuny «Kadeapay. s
3a0e3IeueHHs] poOOTH 3 IIUM MAaCHUBOM Yy CTPYKTYp1 MOTPIOHI IIe JIBa MOJIs — T0JIe
JUIs1 30epiraHHs JIOBXKWHM MAacHBY 1 ToJie I 30epiraHHs KUTbKOCTI Kadeap, 1o
3HaXOJAThCSl Y MacHBi.

Crpykrypa «Kadenpa» 3 HazBoro Dept (ckopouenns Bin ciosa Department)
OyJie MICTUTH BKa31BHMK Ha MIOYATOK CIMCKY BUKIIaayiB L€l Kapeapu.

Crpykrypa «Buknagau» (Teacher), Oyae MicTUTH BKa3iBHUK Ha BHKJIaJaya,
KU € HACTYITHUM y cIUCKY. ToOTO crnucok Oyne 0qHOCTIPSIMOBAHKM.

Pesynbratu po3poOku CTpYKTYyp HaBeeH1 y Tabmuisx 2 .. 4.

Tabmuusg 2 — Ions ctpykrypu Univer (YHiBepcuTeT)

[Ipu3HaueHHs ons Inentudikarop Tun
Hazsa yHiBepcurery name char *
PiBens akpemuTarii level int
Bxka3iBHUK Ha MacHuB BKa3iBHUKIB Ha Kadeapu deptArr Dept * *
Po3Mip MacuBy BKa3iBHUKIB Ha Kadeapu arrLength unit
KinbkicTh BKa3iBHUKIB Y MacuBi (KiJIbKICTh deptCount unit
kadenp)

Tabmuusg 3 — Ilons ctpykrypu Dept (Kadenpa)

[Tpu3HayeHHs momus Inentudikarop Tun
HazBa xadenpu name char *
OOcsr HaBYAJILHOTO HaBaHTaXXEeHHS (y TOAMHAX) | hours unit
Bumnyckaroua kadenpa, uu Hi (1 ado 0) spec int

BxkasiBHUK Ha MepIoro BUKIaga4a y CIIUCKY

. firstTeacher Teacher*
BUKJIaJlayiB Kadeapu

BxkasiBHUK Ha 0aTBKIBCBKY CTPYKTYPY

(yHiBepcHTeT) parent Univer *
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Ta6muns 4 — Ions ctpykrypu Teacher (Buknagay)

[Ipu3HavueHHs Moist Inentudikarop Tun
Im’s BUKIIagaya name char *
ITocana post char *
Pik HapoKCHHS birthYear uint
Brasioni i CTYmHOTO BITAAN Y CTHEKY | posTeagher | Teacher
Bka3ziBHMK Ha 0aTbKIBCBKY CTPYKTYpY (Kadeapa) | parent Dept *

®di3uyHa MOZENb HAIIOi CTPYKTYypU AaHMX y BUIVIAAl CXEMHU IIOKa3aHa Ha
PHUCYHKY 2.

Pointer array

Univer
| name [ char*
level init - pointer pointer MNULL
deptirr Dept * ¥
L v
arnlLength uint
) _J Dept Dept
deptrCount | uint — | ey | — | e
name char * name char*
hours int hours int
spec int spec int
firstTeacher Teacher * firstTeacher Teacher*
parent Univer * parent Univer *
Y
! Y Y MULL
Teacher Teacher Teacher
name char * narme char* name char®
past char * post char* post char*
birthYear int birthYear int birthYear int
nextTeacher | Teacher * nextTeacher | Teacher* nextTeacher | Teacher* = MNULL

parent Dept * parent Dept* parent Dept *

Pucynox 2 — ®i3uvHa MOJeb CTPYKTYPH JAaHUX

Ha pucynky mnokaszano, mo crpykrypa Univer depe3 mose deptArr mae
NOCUJIaHHS HA MAacUB BKa31BHUKIB, SIKHH Ha PUCYHKY YMOBHO 300paX€HO y BUTJISII
NpSMOKYTHHKA 3 Ha3BOto Pointer array. JloBxuHa MacuBy J103BOJISIE PO3MICTHTH TPH
BKa3iBHMKa, TOOTO 3HaueHHs moJis arrLength CTPYKTypH Univer nopisuioe 3. Aie
BKa31BHUKaMM Ha CTPYKTypu Dept B mMacuBi 3aifHATO TUIbKH JAB1 KOMipKu. Tpers
KOMIpKa BUIbHA 1 3HaueHHs BKa3iBHHMKaA JopiBHI0e NULL. VYV upomy BuUmanky
3HaveHHs noJjst deptCount crpykrypu Univer gopiBHroe 2.

12



Ilepma 13 nBox cTpykTyp Dept, siki mokaszaHi Ha PHUCYHKY, Ma€ y IOJ1
firstTeacher mocunanns Ha cnvicok BUKIanadiB Kadeapu. Y Apyroi 1e MOCHUIaHHS
nopiBHioe NULL, ToOTo BuKIanayi Ha il kKadeapi mMOKu 110 BiCYTHI.

Kosxxna ctpykrypa Teacher mae mocuiaHHs Ha HACTYITHY CTPYKTYPY Y CITUCKY
gyepe3 mosie nextTeacher. ¥V cTpykTypu, sika € OCTaHHBOIO Yy CIUCKY, 3HAUCHHS
BKasiBHHKa nextTeacher nopisaroe NULL.
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2 IOYATKOBA PEAJIIBALIA ITPOEKTY

Ha oMy ertarmi citif peatizyBaTH Taki 3aBIaHHS;

— CTBOPHUTH MPOEKT, 3aroJIoBHI (aiiiau Ta aeski (aitnum .CPP i 30epiraHHs
KOy YHKITIH;

— OTOJIOCUTH CTPYKTYPH JUIS BY3JIiB JiepeBa y ¢aiim type.h;

— OrOJIOCUTH 30BHIIIHI 3MIHHI JUIS KOPEHs JepeBa 1 (aiiry sl TPOTOKOITY
poboTH i3 3acTocyHKOM (J10r-(aiin) y daiim prototype.h;

— OT'OJIOCUTH 1 CTBOPHUTH JOTIOMIKHI (DYHKIIIT;

— HaIlMCaTH 1 OTOJIOCUTH (PYHKIIIFO BUBEICHHS BMICTY JIOT-(ailily Ha KOHCOJIb;

— HaIlMCaTH 1 OTOJIOCUTH (PYHKIIII0 BUBECHHS 1H(POPMAIIT PO MPOEKT;

— CTBOPHTH 1 OTOJIOCUTH 3arOTOBKH (PYHKIIil CTBOpEHHS 1e(DOITHOTO JIepeBa,
BUBEJICHHS JIepeBa Ha KOHCOJIb Ta (YHKIIi1 TOJIOBHOTO MEHIO,

— Hanwcatu GyHkiro main().

2.1 PeaJjiizanis ¢aiijioBoi CTPYKTYpH MPOEKTY

CTBOpIMO  KOHCOJBHMH  TpoekT. g Ha3Bu  TOpOeKTy  Oyaemo
BUKOPUCTOBYBATH IPI3BUIIE pPO3POOHHKA Ta TeMy. Y TMPUKIAIl 1€ MNPOEKT
ByvoinoUniver.

[IpoekT, Oyae MICTUTH 3HAYHY KIUIBKICTh (DYHKLIM a TaKoX OTrOJIOIICHHS,
TOMY JOLIIBHO 1X PO3MICTUTH y PI3HUX (ailiiax, o0 CIPOCTUTH TOCTYII 1 pOOOTY 3
HUMU. OO ’€HYBaTH €JIEMEHTH MPOEKTY MOXKHA 32 PI3HUMH O3HAKaMH 1 KOXKHUI
PO3pOOHMK MOKE POOUTH 1€ Ha CBIM po3cyA. AJie pO3TalIOBYBAaTHU BECh KOJ a00
BEJIMKY KIJIBKICTh HOTO y (haiiai main.cpp 3a00poHSIETHCS.

Y npukiani, mo po3TIsSgacThes, (ailioBa CTPYKTypa MPOEKTY MICIs
peasizallii JaHOTO eTaly BUTJISIA€E TaK, sIK TOKa3aHO Ha PUCYHKY 3.

- g ByvoinoPG_CursProject
_B Sources

....... add.cpp

....... create.cpp

....... del.cpp

....... edit.cpp

....... main.cpp

....... menu.cpp

....... show.cpp

....... tree.cpp

------- util.cpp
-7 Headers
....... p|-c.tot"\.fpe.h

....... t}’pE‘.h

Pucynok 3 — ®aiisioBa CTpyKTypa IPOEKTY
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2.1.1 lonaBanus ¢aiiiaiB 10 NPOEKTY

B sixocTi npukiany po3riisiHEMO A0JaBaHHs 0 MPOEKTY 3ar0JIOBHOTO (ailiry
type.h, skwii Oyme MICTHTH OTOJIOIIEHHS WIA0JIOHIB CTPYKTYp, MmO OyIyTh
BUKOPHCTOBYBATHUCS B MPOEKTI.

o6 ctBOpuTHM Takui (aiim 1 momatd HOTO A0 CKJIAAy MPOEKTY CIif
cKkopucTyBatHcs (yHKIiero rojmoBHoro MeHto File — New, pucynok 4. B
HACTYITHOMY MeHI0 3HOB BuOpatu File. YV nmianosi Bubopy temruieiiTie BUOMpaeMo
mrabsaon C/C++header i matuckaemo xHonky GO. B mianosi s BBeACHHS Ha3BU
¢airy Tpeba HATUCHYTH KHOTIKY «...» 1 IepedTH B aianor BuOopy daiiry, 3aliTu
nanky je 30epirarotbes (aiiam MpoeKTy, BBECTH iM’s ¢airy type.h ta 30epertn
daiin. [Ticas Toro, sik moBHE iM’s1 (haliiy 3’ IBUTHCS Yy BIKOHIN JJIsi BBEJICHHS TIOBHO1
Ha3BU (Qailiry, HaTHCHYTH KHOMKY Finish.

Edit View Search Pn

| C/C++ header X

Empty file I m LIFIEEFYINM  Please enter the file's location and name and
whether to add it to the active project.

Open With Hex Editor 2

Filename with full path:

Header guard word:

Open default workspace Preject..

Build target...

Recent projects

Add file to active project

— .
|
New from template X In build target(s):

‘ |
| Projects Category: <All catego 1]— | Debug ‘
Build targets ; RO ...
( h 5 c; Cancel i All None
dstom C/C++ C/C++
User templates header SOl : e

; Einish l

Pucynok 4 — ITociniIoBHICTh A1aJIOTOBUX BIKOH JJIsl CTBOpEeHHS type.h

2.1.2 OronomenHst cTpyKTyp y aiini type.h

[TouaTkoBuit BUrmsiy ¢aiiyly HaBeI€HO Ha PUCYHKY O.

*type.h
1 fifndef TYPE H INCLUDED
2 fdefine TYPE H INCLUDED
3
4
5
6 fendif
b

Pucynok 5 — [louatkoBuii Burinsaz ¢aitny type.h
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VY daiini Bxke MpONUCcaHo AUPEKTUBU YMOBHOI KOMIUIAIT, SIKI 3aXMINAKOTh
mporpaMy BiJ MOBTOPHOTO BKJIIOYEHHS 3arojioBHUX dainiB. JlokmagHo mpo i
JUPEKTHBM MOKHA MOYMTATH y po3iaidi 17.3.2 migpyunuka, ctopinka 372. Ix ne
Tpeba BWIIy4YaTH, a OTOJIONICHHS THIIB POOWUTH MICIs IPYroi AMPEKTHBH, TEPE.
OCTaHHBOIO, TOOTO MOYMHAIOYM 3 TPETHOTO psAAKa. MOXkKHA TaKOXK L0 KIACHUYHY
KOHCTPYKIIII0 3aMIHUTH BUKJIMKOM JUPEKTUBH #pragma once Ha mo4arky ¢aiiy.

[ITa6m0HU CTPYKTYpP OrOJIOCUMO BiJIMOBIAHO A0 Tabuuilk 2, 3 Ta 4. Buxoasauu
3 TOro, IO CTPYKTYpH MAalOTh NEPEXPECHI MOCUJIAHHS, 3pOOMMO TOTEPETHE
OTOJIOIICHHS 1X IMEH, JIICTUHT 1.

[Tinxmrogaemo Takox 3arosioBHuH daitn <QTypelnfo> mis Toro, mobd MoxxHa
OyJI0 KOPUCTYBAaTUCS CKOPOUCHUMHU Ha3BaMH THIIB 3 MOAi(iKaTOpaMu, HAITPUKIIA]
uint 3amicts unsigned int.

Jlictunr 1 — OrononieHHs mabioHIB CTPYKTYP

#include <QTypeInfo>

struct Univer;
struct Dept;
struct Teacher;

struct Univer{
//information fields
char *name;
int level;
//service fields
Dept **deptArray;
uint arrSize;
uint deptCount;

}s

struct Dept{
//information fields
char *name;
uint hours;
int spec;
//service fields
Teacher *firstTeacher;
Univer *parent;

s

struct Teacher{
//information fields
char* name;
char* post;
uint birthYear;
//service fields
Teacher *nextTeacher;
Dept *parent;

}s
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2.1.3 CTBopeHHs (aiiay Ajsi NPOTOTUNIB (PYHKILH

JlomaiimMo 70 TIPOEKTY IIe OAWH 3aroJioBHUE (aiin prototype.h me Oyaemo
30epiraTé MPOTOTUIHN (PYHKIIIH.

Jlo mporo (aiimy Mu Takox jgomaemo yci motpiOHi aupektuBu #include ta
using namespace. Takox gomaiimMo BkItoueHHS (aitmy type.h. Ile mo30aBuTh Hac
HEOOX1THOCTI MIAKIIOYATH Il AUPEKTUBU Y KOKHOMY 3 (ailmiB .Cpp. JocTtaTHRO
oyne #include "prototype.h™.

OronocuMo TakoX JABI 30BHIIIHI rioOanbHi 3MmiHHI — root ta logFile, sxi
Oyayte moctynHi y (aiinax, me Oyme miakmodeno prototype.h. Ilepmma 3 mux
3MIHHHX OyJIe MICTUTH BKa31BHUK Ha KOPiHb JIepeBa, Apyra — iM’s ¢haiioBoi 3MIHHOL
JUISE TIPOTOKONy poOoTu mporpamu. [lam’sTe ais 1UX 3MiHHUX Oyae BHUAUICHO
mi3Hime, y ¢aitm main.cpp. Tam ke 11l 3MiHHI OyAyTh IPOIHIIiaTi30BaHi.

@parmedT mporo (aiay HaBeAeHO y JicTHHTY 2. B HbOMYy HaBeleHO
NpOTOTUNH (YHKIIIH, SIKI CTBOPIOIOTHCA Ha JJAHOMY €Talll pO3pOOKHU MPOEKTY.

[IpoToTunu AOUNBHO TpyHyBaTH BIANOBIAHO a0 (ailmiB, Ae OyayTh
3HaXOJUTHUCS 1X peaizailli.

Jlictunr 2 — INovyatkoBuii BapianT aiiny prototype.h

#include <cstring>
#include <iostream>
#include <stdio.h>
#include <conio.h>
#include <windows.h>
#include "type.h"
using namespace std;

//30BHiwWH1 rnobanbHi 3MiHHi
extern Univer *root; //kopiHb nepesa
extern FILE *logFile ; //im'Aa danny npoTtokony

//dyHkuii dainny create.cpp
Univer* createDefaultTree();

//oyHKuil ¢ainy menu.cpp
int mainMenu(void*);

//dyHkuii dainny show.cpp

int showProjectInfo(void *);
int showTree(void*);

int showLogFile(void *);

//dyHkuii ¢anny util.cpp

void pause();

int rootExist();

int getInt(const char* prompt, int min, int max);
char* getstr(const char* prompt);
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2.1.4 Peanizauisn 1onoMizKHUX (PyHKILiH

OcoOnuBicTh 1MX GYHKIIA TMONArae B TOMYy, IO BOHU OyIyTh
BUKOPHUCTOBYBATHCS 1HIIMMH (YHKIISIMU B PI3HUX pexuMax poOoTH. 30Kpema, I1e
Oprasizaifisi 3yNUHOK BHUKOHAHHS TMPOTPaMH, BHUBEACHHS TOBIIOMJICHb JIO
MIPOTOKOTY POOOTH TpOrpaMu, BBEACHHS YHCIOBOI Ta TEKCTOBOI iH(MOpMaIiii,
nepeBipKa ICHyBaHHS JIepeBa.

30epiratu 1i Qynkmii Oymemo y daium util.cpp, Tox MOTPiIOHO CTBOPUTH
Takui (a1 1 BKIIFOYUTH HOTO Y MPOEKT.

Jlo cTBOpeHoro (aitny ciaig gomatu aupektusy #include “prototype.h”. Lo
JTUPEKTUBY CJIij Oyje J0/1aBaTH 1 A0 1HIIKX (ailtiB .CPP.

2.1.4.1 Oynkuis pause()

L nonoMixHa GyHKIIS 3yIUHSI€ BUKOHAHHS IPOrpaMu JI0 HATUCKAHHSA Oy/1b-
skoi kiasimii. Taka GyHKIIS € 1y CTaHJapTHIN 010110Tell onepariiHol CUCTEMH 1,
SKIIO BUKOPUCTOBYETHCS AHTIIOMOBHUI abo ykpaiHomoBHMI Bapiant OC, TOAI1
(yHKLII0O MOXXHa 1 HE CTBOPIOBATU. AJie CTYAEHTH YacTO BUKOPHUCTOBYIOThH
Heqien3iial  pociickkoMoBHI Bepcii OC. B mnpomy Bumaaky ¢yHKIi0 Tpeda
CTBOPUTH OOOB’SI3KOBO 1 camMe ii BUKOPUCTOBYBATH Jid OpraHizamii mnaysu y
BUKOHAHHI IporpamMu. BukopucTaHHS MOBHU arpecopa 1 OKyNmaHTa y 3aCTOCYHKY
Oyze, sIKk MIHIMyM, HEETUYHHUM.

Kon ¢ynkuii pause Haseneno y mictunry 3. Ii ciix posramryBatu y daitni
util.cpp 1 noxaru ii npotoTHl A0 daitny prototype.h.

Jlictunr 3 — Koa ¢yHkIii pause

void pause(){
cout << "\n[nAa NpoAoOBXeHHA HaTWUCHiTb byab-AKky knasiwy\n";
getch(); //NoTpebye #include <conio.h>

2.1.4.2 Oyukiis rootExiste()

bararo omepariiii 3 nepeBoM, siki MU jJaii OyneMo peani30ByBaTH, MOKJIIUBI
TITBKH B TOMY BHUNAAKY, SIKIIO nepeBo icHye. Ll momomikna ¢yHKiis Oyne
NEePEBIPSTH, YU ICHYE KOPIHb.

SK1110 KOpiHb HE ICHYE, TO HA KOHCOJIb BUBOJAUTHLCS MOBIIOMJIEHHS TIPO 1I€ 1
mporpamMa 3YIMUHSAEThCA, MO0 KOPHCTYBad MaB MOXKIJIHMBICTH IPOYNTATH
MMOB1JOMJICHHS.

[ro dyHKIIIFO TOIITEHO BUKIMKATH MEPE]l BAKOHAHHIM OTeparliiii 3 1epeBoM,
1100 YHUKHYTH 300iB y Iporpami.

Kon ¢ynkuii HaBeneHo y mictunry 4. Ii cnig posrtaurysaru y ¢aiini util.cpp i
J0JIaTh IPOTOTHII 10 (aitry prototype.h.
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Jlictunr 4 — Kox dynkiii rootEXist

int rootExist(){

if(root == NULL){
cout << "Tree does not exist!\n";
pause();

¥

return root != NULL}

2.1.4.3 OyHKITIA BBEACHHS PSIKA CUMBOJIIB

KopucryBadeBi nomatky, 10 po3poOJsSETbCS, y MPOIEC] CHIIKYBaHHA 3
IIPOTPAMOIO IOBEJIETHCS BBOJIUTH YUCIIOBY 1 TEKCTOBY 1H(GOPMAIIiIO Yepe3 KOHCOJIb.
Bukopucranns aist iporo o6’ekra cin ta Metoay getline() boro o0’ekta, a Takox
¢bynkuii gets() ado gets_s, y nesKUX CUTyalisIX € NPUYMHOI0 BUHHUKHEHHS 300iB y
nporpami. I Toro, mo0 YHUKHYTH TaKMX HeOaKaHUX BUIIAJKIB 1 CIPOCTUTU
BBEJICHHS JaHUX, CTBOPIMO (PYHKIIIIO JIs BBEICHHS psiIka CUMBOJIB. Ll dhyHKIIis B
SAKOCT1 TIapaMmeTpa NpuUiMae pAIOK, SKuM Oyle MOKa3aHO Ha €KpaHl B SKOCTI
3ampomieHHsT JUisl BBelEeHHA JaaHux. DYHKIIA BUAULIE HEOOXIAHY MaMm ATh s
BBEJICHOTO PAJKA 1 TIOBEPTA€ BKA3iBHUK HA HHOTO. Ii MOXKHA MPOCTO CKOIIIOBATH,
JICTUHT 5. MOXIIMBO BU 1i BUKOPUCTOBYBATH 1 B JIa0OpAaTOPHUX pPOOOTaX.

[Mam’site I psaka Bugiigerbes — ¢yHkiiero malloc, Tomy 3BinbHATH
BUJINIEHY TIaM ATk OyaeMo dyHkiiero free.

Jlictunr 5 — JlonoMi>kHa yHKIIIS JJ1s1 BBEICHHS PsiJIKa CUMBOJIIB

char* getStr(const char* prompt){
cout << prompt;
string s;
fflush(stdin);
getline(cin,s);
char* c¢Str = (char* s.length() +1);
strncpy(cStr, s.c_str(),s.length() +1);
return cStr;

2.1.4.4 OyHKITIA BBEACHHS IIUIOTO YUCIA B 3aJaHOMY Jiana3oHi

JUist BBENEHHA IUIMX 4YUCel MU OyJeMO BHKOPHUCTOBYBAaTHU IIE OAHY
nonoMikHy ¢yHkuito. s QyHKIis B SKOCTI mapameTpa TaKoX MpHUMae psJoOK,
KWW OyJie MOKa3aHO Ha €KpaHi B SIKOCTI 3alpOIlIeHHs [ BBeACHHS AaHuX. Kpim
TEKCTY 3alpolleHHsT (QYHKIlIS MpuiiMae MiHIMaldbHE Ta MaKCUMAaJIbHE JIOMYCTHUMI
3HAUEHHS YHUCJa, 10 BBOAUTHCA. SIKIIO YKMCIO, MO0 BBEACHO, HE MOTpAIUIsE B
3aJJaHui Jl1alla30H — 31T Ha BBEJCHHS IOBTOPIOETHCS.

Kona ¢ynkuii HaBeieHO B JICTUHTY 6 1 1OT0 MOXKHA CKOTIIOBATH.

Jlictunr 6 — JlonoMi>kHa (YyHKIIIS 711 BBEJCHHS LIJIOTO YKCIIa

‘int getInt(const char* prompt, int min, int max){
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int num; string s;
do{
printf("%s(%d..%d) ", prompt,min,max);
fflush(stdin);
getline(cin,s);
num = atoi(s.c_str());
}while(num < min || num > max);
return num;

2.1.5 CTBopenHs pyHKUill 1J151 po6OTH 3 IepeBOM

Tyt Mu miaroryeMo QyHKIIT TIPOEKTY, AKi OYIyTh BUKJIMKATHCS (PYHKIIIEIO
main. He 3a0yBaiimo niporotunu GyHKIIIN g01aBaTH 10 daitry prototype.h.

2.1.5.1 ®ynkuis showProjectinfo

st dyHKIis, TicTUHT 7, Oy/1e BUBOJUTU Ha KOHCOJIb 1H(OpMAIIitO PO MPOEKT.
Bona Oyne Bukinukatucs ojpa3y micis 3amycky mporpamu. Takoxx 10 Hel MOKHA
Oyne 3BepTaTUCs Yepe3 MEHI0 KOpUCTyBaya, TOMY il 3arojoBOK CTBOPIMO
BIJIMOBITHO 3 BUMOraMu A0 (GYHKIIM MEHIO MPOEKTY, MPO IO MoBa Oyjae WTU
i3HIIIE.

Posramyemo ¢yHkIito y daitn Show.cpp, sikuii moTpiOHO CTBOPHUTH.

Jlictunr 7 — Kox ¢yukmii showProjectinfo

int showProjectInfo(void *){
system("cls");
cout << "MpoekT 'YHiBepcuteT'.\n";
cout << "Po2pobHuk EBueBoiHO M.T., kadegpa IKC.\n";
cout << "\nKopiHb: YHiBepcuTeT ™
"\n\tnonA: Hazea, pieeHb akpeauTauii.\n";
cout << "1-i pieeHb: Kadeppa™
"\n\tnonA: Hazea, HaBaHTaXeHHA B rOAWMHax, 4M Bunyckawda.\n";
cout << "2-i pieeHb: Buxknagau"
"\n\tnona: im'A, nocapa, pik HapomxeHHa.\n";
pause();
return @;

}s

2.1.5.2 ®yukuis createDefaultTree

Ha manomy etami Mu miAroTyeMO TiJIbKHM 3arOTOBKY IS 11i€l (yHKITIT, KO
K01 HaBeleHO y JICTHHTY 8. DyHKIi0 po3TanryeMo y ¢aiiii create.cpp, sSKui
noTpiOHO CTBOPHUTH 1 70 sIKOTO Tpeba momatu qupektuBy #include "prototype.h™

Ha manomy etami ¢ynkitis Oyne TiIbKU BUBOJWUTH TOBIAOMIIEHHS O JIOT-

daitny.
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Jlictunr 8 — 3aroroBka dynkiiii createDefaultTree

Univer* createDefaultTree(){
fprintf(logFile,"\n\nMouynHaemo cTeBOopwBaTH AedonTHe aAepeso.”);
Univer *univer;
fprintf(logFile,"\nfledonTHe nepeso ctBopeHo\n");
return univer;

s

2.1.5.3 dyukiis showTree

Ha manomy etami Mu miaAroTyeMo TiIbKHM 3arOTOBKY JJIs i€l PyHKIIIT, KO
SKO1 HaBEJEHO Y JICTUHTY 9, 1 ii CTBOPEHO BIAMOBIAHO 3 BUMOTaMH 10 (YHKITIH
MeHr0. Ha manomy erarti TyT TUIBKH BUBOJIUTLCS TTOBITOMIICHHS 10 JIOT-(aiiry.

Jlictunr 9 — 3arotoBka ¢yHkiii sShowTree

int showTree(void*){
if(lrootExist()) return 0;
fprintf(logFile,"\nfemoHcTpauia aepesa.");

cout << "\n --- Tree structure ---\n";

pause();

fprintf(logFile,"\nllemoHcTpauiw aepesa 3aBepweHo.");
return 0;

2.1.5.4 dyuxiis showlLogFile

s pynkmis, mictunr 10, 3a0e3nedye BuBeIeHHS J0T-(haiy Ha KOHCOJIb.

Jlictunr 10 — Koxa ¢ynkiii showLogFile

int showLogFile(void *){
system("cls");
char buf[512];
rewind(logFile);
while(fgets(buf,512,logFile)!=NULL){
cout << buf;
¥

pause();
return @;

2.1.6 ®yHkuis akTUBI3alil rOJIOBHOI0 MEHIO

Ha nanomy erari CTBOPIOEMO TUIBKHM 3arOTOBKY L€l (DyHKIIII, ika Tex Oyne
BUKJIMKATHCS Y QyHKIIT main. [Toku 1o TyT TUTbKKW BUBOAUTHCS TIOBITOMIICHHS JI0
nor-daitny, mictunr 11.
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OynKIio po3ramyemo y daiiat menu.cpp. He 3a0yTeTe gomatu 10 bOTO
dairy nupextuy #include "prototype.h".

Jlictunr 11 — 3aroToBka ¢ynkmii mainMenu

//TONOBHE MeHWw 3aCTOCYHKY

int mainMenu(void *ptr){
fprintf(logFile,"\nBUKNAUK rONOBHOrO MEHW 3aCTOCYHKY");
return 0;

2.1.7 Peanizanisi gpyHkuii main

3arotoBka (QyHKII Main 3’sBmiack pasoMm i3 daiiaoM main.cpp micis
CTBOPEHHS MPOEKTY. Ternep MU HaIOBHUMO 11 KOJIOM.

[Tepin 3a Bce mepen PyHKIIEID OrOJIONTYEMO TI00aJIbHI 3MIHHI JIJII KOPEHS
nepesa 1 ainy nportokony. Came TyT i UX 3MIHHUX OyJie BUAICHO Mam’SITh.
Haramaemo, 1mo y 3aronoBHOMY (haiiai prototype.h orosomreHo, mo Ii 3MiHHI €
30BHIIIHIMH 1 3aBJISIKM IbOMY BOHU JIOCTYIIHI y BCIX (pailinax .CPp, Je MiAKII0YEHO
el 3aroJIoBHUM (aii.

VY camiii ¢pyHKIIT Main Mu peaizyeMo ciieHapid poOOTH i3 3aCTOCYHKOM, a
came:

— BIIKpUBA€eMO (pailsl IPOTOKOIY 1 BUBOAMMO TYAH IEpIIE MOBAOMIEHHS, 10
Ha3BU (paiisry MPOTOKOITY CII1J] BKIOUUTH MPI3BUIIE CTYACHTA;

— MiCJIs 3aITyCKy TPOTpaMu Ha €KpaHi Mae 3’ IBUTHUCS 1H(HOpPMAILis PO MPOEKT;

— J1aJli CTBOPIOEMO J1e(hOJITHE IEPEBO Ta 1HIIIATI3YEMO 3MIHHY T00t;

— HaCTYIHUM KPOKOM Ma€ OyTH BUBEACHHS Ha KOHCOJb 1€(POITHOTO JAepeBa;

— JlaJli Ha KOHCOJI1 Ma€ 3’ SIBUTHCS TOJIOBHE MEHIO, Uepe3 sIKke KOPUCTyBay OyJie
MPAIIOBATH 13 3aCTOCYHKOM;

— MicJIsl 3aBEpUIEHHS onepalii 3 AepeBOM 1 BUXOJO0M 13 TOJIOBHOTO MEHIO Ha
€KpaHi Mae€ 3 SIBUTUCSA TPOTOKOJ poOoTH 3 AepeBoM. lleit ememeHT ciieHapito
noTpiOEH TUIBKM JO €Tamy po3poOKH, KoiM (aili mpOTOKOIYy MOXKHa Oyne
BUKJIMKATU 4epe3 MeHto. Jlanml BIAMOBIAHMIA pPSIOK MOXHA OyJae BWIYYUTH 13
¢bynkuii main();

— MiCJIsi BUBENICHHS HAa KOHCOJb (Daill MpOTOKOJYy 3aKpPUBAETHCSA 1 poOOTa
IPOrpaMu 3aBEPIIYETHCS.

BinnoBinauit koa GyHKIIiT Main HaBeaeHo y JictuHTy 12.

Cuenapiét poOOTH 3 MPOEKTOM Ma€e OYTH came TaKuM 1 CTYJEHTU B CBOIX
MPOEKTAX MAIOTh IOTO TOTPUMYBATHCS.

Hiuvoro inmoro y datinxi main.cpp ta y ¢yHkIii main e mae OyTH.
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Jlictunr 12 — Tekcr daitry main.cpp

#include "prototype.h”

Univer *root;
FILE *logFile;

int main(int argc, char *argv[]){
logFile = fopen("logByvoino"”, "wt+");
fprintf(logFile,"\nMpoekT 'YHiBepcuTeT' cTapTyBaB.");
showProjectInfo(NULL);
root = createDefaultTree();
showTree(NULL);
mainMenu(NULL);
fprintf(logrile, "\nPoboTy = npoekTom 'YHiBepcuTeT' =2aBepuweHo.\n");
showLogFile(NULL);
fclose(logFile);
return @;

[Ticns peamizanii GyHKIii Main mpoekt MokHa mpoTtectyBatn. Ha koHCod
MaroTh 3’ SIBUTUCA MOBIIOMJIEHHS PO €Taly BUKOHAHHSA MMPOEKTY 1 MPOTOKOJ.

Bwmict koHCOM clliji CKOMiIOBaTH 1 JOJATH 1O apXiBYy 3 MPOEKTOM IMepen
3aBaHTAXCHHSIM Ha MYJUI.
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3 CTBOPEHHSA AE®OJITHOI'O JEPEBA

Ha mpomy erami  Tpeba cTBOpUTH moyaTKoBe (medonTHe) aepeBo i
IPOJAEMOHCTPYBaTU #oro Ha koHcom. Jlnms peamizamii 1poro 3aBAaHHA Tpeda
3poOWTH HACTYITHE:

— OroJIocuTH 1 peamizyBaTH (QYHKIIT CTBOPEHHS BY3JIIB JepeBa Y
IpOrpaMHOMY PEKuMi, 0€3 y4acTi KOpHCTyBaya,

— HanucaTl (QYHKIIIO pPO3IIMPEHHS MAacuBY BKa3iBHHKIB, $Ka MOXE
3HaJOOUTHUCS B pa3l pO3MIMPEHHS MepeniKy Kadeap yHIBEpCUTETY;

— OT'OJIOCHUTH 1 peanizyBaT (HYHKIIT JJOJaBaHHS HAIAIKIB 10 BY3JIiB JepeBa
y IpOrpaMHOMY PEXHUMI, 0€3 y4acTi KOpUCTyBaua,

— HAMOBHHUTH KOJIOM (DYHKIIIFO CTBOPEHHS 1e(POJITHOTO IepeBa;

— HaITOBHUTH KOJIOM (DYHKIIiFO BUBEJICHHS JIepeBa Ha KOHCOJIb.

3.1 ®dyHKuii cTBOpeHHs BY3J1iB /iepeBa y NPOrPaMHOMY PeKUMi

Takux QyHKUid Oyne TpH, BIATOBIAHO A0 KIJIBKOCTI PI3HOBUAIB CTPYKTYP IS
BY3JIiB JIepeBa.

i ¢yskuii maroTh chopMyBaTH BIAMOBIIHY CTPYKTYpPY 1 TOBEPHYTH
BKa31BHUK Ha HE.

[Tapamerpamu QyHKIT OyayTh 3HAYEHHS MOJIB CTPYKTYpH, sIKi OyAyTh
BUKOPHUCTAH1 JUIS 1HIMIaTi3a1li1 IuX TMOJIiB.

Kpim toro, y pyHKIIii MatoTh OyTH MpOiHIIIaNi30BaHi CIy>KO00BI MOJIS.

OyHKIIT po3Tanryemo y daiii create.cpp.

Takox ciijg orosocuT cTBOpeHi GyHKii y daiim prototype.h.

3.1.1 ®dyHKuisi CTBOPEHHSI CTPYKTYPH «Y HiBepcUTET»

Kon ¢ynkuii HaBeneno y mictunry 13.

Jlictunr 13 — Koxa ¢yHKIIiT CTBOPEHHS CTPYKTYPH «Y HIBEPCUTET

Univer *createUniver(char *name, int level){
Univer *univer = new Univer();
univer->name = name;
univer->level = level;
univer->arrSize = 2;

univer->deptArray = new Dept*[univer->arrsize];
univer->deptCount = 0;

fprintf(logFile,"\nCTBOpeHo yHiBepcuTeT %s ",univer->name);
return univer;

24




3.1.2 ®yukuia crBopeHHs cTpykrypu «Kadeapa»

Kona ¢ynkuii HaBeneHo y mictunry 14.

Jlictunr 14 — Ko ¢yskiii crBopensst crpykrypu «Kadenpar»

Dept *createDept(char *name, int hours, int spec){
Dept *dept = new Dept();
dept->name = name;
dept->hours = hours;
dept->spec = spec;
dept->firstTeacher = NULL;

dept->parent = NULL;
fprintf (logFile,"\nCTBopeHo kadeppy %s", dept->name);
return dept;

3.1.3 ®dyHKuis cTBOPEHHS CTPYKTYpH «Buknagaw»

Kona ¢yHkuii HaBeaeHo y JicTUHTY 15.

Jlictunr 15 — Kox dyHkIii cTBOpeHHs CTpYKTypHu «Bukinamayu

Teacher *createTeacher(char *name, char *post, int birthyear){
Teacher *teacher = new Teacher();
teacher->name = name;
teacher->post = post;
teacher->birthyear = birthvear;
teacher->parent = NULL;
teacher->nextTeacher = NULL;
fprintf(logFile,"\nCTBOpeHo Buknapava %s", teacher->name);
return teacher;

3.2 lonaBaHHA HAIIAAKIB 10 BY3JiB JiepeBa y NPOrPAMHOMY PeKUMi

Jlist peanmizaiii bOro 3aBJaHHS, MEPII 3a BCE, 3HAAOOUTHCS AB1 (YHKIIL
nonaBanHs. Ilepma - ana nopgaBaHHs kadenp A0 YHIBEPCHUTETy, Apyra — IJid
J0/IaBaHHs BHKJIaAadiB A0 Kadeapu. Aje OCKUIbKH CTPYKTYpH MarwTh OYyTH
po3TanioBaHi B TEBHOMY MOPSAKY, TO Uil TOPIBHSHHS CTPYKTYp HOTPiOHI
BIMOBIHI (YHKIII, Kl Texx Tpeda cTBOopuTH. KpiM TOro, Moxe BUHUKHYTH
HEOOXIJHICTh PO3IIMPEHHSI MAcCUBY BKa3IBHUKIB Yy pa3l 30UIbIICHHS KUIBKOCTI
kadeap. Tomy moTpiOHa 111e PYHKITIS PO3MIMPEHHS MACHBY BKa31BHUKIB.

CtBopimo aitn add.cpp mis 30epekenns 1ux ¢yHkmii. Haramaemo, 1o 1o
daitny Tpeba momatu qupektuBy #include "prototype.h™.

Taxox ciij orosiocutr cTBOpeHi GyHKITIT y daiimi prototype.h.
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3.2.1 ®yHkuii NOpiBHSAHHSA CTPYKTYP

3.2.1.1 Oynkuig nopiBHIHHS Kadeap

Kadenpu 6Gynemo BopsikoBYBaTH NEPIIT 3a BCe 32 03HAKOO BHITyckaroya (1),
gu 3BuyaiiHa (0). [lepmmmm y meperniky OyayTh BHITyCKarodi. SIKIIO 3a IIi€x0
O3HaKOI0 KaepH He PO3PI3HAIOTHCS, TO1 BOHH BIIOPSIKOBYIOTHCS 32 Ha3B010. Koa
(GyHKIIIT TOPIBHAHHS HABEJCHO y JICTUHTY 16.

Jlictunr 16 — Ko ¢yHkIii nopiBHsAHHS Kadeap
int cmpDept(Dept *d1, Dept *d2){
if(d1->spec 1= d2-»>spec)
return d2->spec;
return strcmp(dil->name, d2->name);

3.2.1.2 ®yHKIIis TOPIBHSHHS BUKJIa a4iB
BuknamgadiB OyzaeMo BHOpSIAKOBYBaTH 3a mpi3BuiieM. DYHKINA, M0
JIOTIOMO’KE BUPIIITUTH 11€ 3aBJaHHS MMPEeJICTaBIeHa Y JICTUHTY 17.

Jlictunr 17 —Kox dbyHKIIT TOPIBHIHHS BUKJIaaqiB

int cmpTeacher(Teacher *f1, Teacher *f2){
return strcmp(f1l->name, f2->name);

3.2.2 ®yHKUif po3lIMPEeHHsI MACHBY BKa3iBHUKIB

s dyukis, mictuar 18, Oyne BUKIMKaTucs GyHKINE A0aBaHHs Kadeapu
y BUNIAJKY, SIKIIO 0OCST mam’4Ti, o OyJia BUAUIEHA ISl MACUBY, BUUEPIABCH.

B skocti mapamerpa mnepegacMoO BKa31BHUK Ha YHIBEPCUTET, y SIKOMY
PO3LIMPIOETHCS MAcUB. 3BEPHITh yBary, IO JJi BHUBEACHHS IOBIIOMJIEHHS Y
MPOTOKOJ, TYT BAKOPUCTOBYETHCA 1HILIUN CIOCIO.

Jlictunr 18 — Kox ¢yHKIi1 po3mMpeHHsl MacuBy BKa31BHUKIB

void growDeptAr(Univer *pu){
int newSize = 1.5 * puU->arrSize + 0.5}

Dept** newAr = new Dept*[newSize];
// Copy old array to new
memcpy (newAr, puU->deptArray, puU->arrSize*sizeof(Dept*));

pu->arrSize = newSize;

Dept **oldAr = pu->deptArray;

pu->deptArray = newAr;

delete[] oldAr;

fprint(LlogFile,"\nPo3mip macuBy kadeap 36inbweHo ao %d",newSize);

26



3.2.3 ®yHKUii 107aBaHHS HANAKIB

Koxna 3 mmx ¢yskuii mae cBowo crneuudiky, sika TMoOB’si3aHa 3
0COOJIMBOCTSIMH CTIOCOOY 30€piraHHs JaHUX y BIAMOBITHUX CTPYKTypax.

3.2.3.1 Oynkuia nogaBanHsa Kadeapu 10 yHIBEPCUTETY

Oco0auBICTh 30epiraHHs JaHUX B MAaCHBI BUMAara€ MOCTIHHOTO KOHTPOJIIO 3a
00CsiITOM TaM’siTi, 0 BUKOPUCTOBYETHCS IJsl 30epiraHHs AaHuX. SKmio obcsar
nam’sTi, o 0yJ0 BUALIEHO, BXKE BUKOPUCTAHO, TOTPIOHO BUILISTH HOBY AUISHKY
naMm’aTi OUIBIIIOrO0 PO3MIpYy 1 TEpenucyBaTd TyJId MacHB, a CTapy AULTHKY
3BUIBHSTH.

Jliia 30epexeHHs] NOPAAKY PO3TAllyBaHHs JaHMX MICIS JT0JlaBaHHS HOBOI'O
€JIEeMEHTa MOTPIOHO IIyKaTH MICLE JJIi BCTAaBKM IIbOIO €JIEMEHTA, MICIS 4YOTro
poOUTH 3CYB €JIEMEHTIB MacUBY MPaBOPYY Bij 3HANAEHOTO MiCIisl, 100 3BUTLHUTH
MicLE /1JIs1 BCTAaBKH.

Kon ¢ynkiii, mo peanisye i 3aBIaHHs HABEIEHO B JICTUHTY 19.

Jlictunr 19 — Kon ¢ynkuii nogaBanusa kapeapu

void addDept(Univer *puU, Dept*pD){

pD->parent = pU;

if(puU->arrSize == pU->deptCount)
growDeptAr(puv);

int n = pU->deptCount;

while(n > 0 && cmpDept(pu->deptArray[n - 1], pD) > 0){
pU->deptArray[n] = puU->deptArray[n - 1];
Ns=y

}

//Put new department into ordered array

pU->deptArray[n] = pD;

pU->deptCount++;

fprintf(LlogFile,"\nflonano kadeapy %s.",pD->name);

3.2.3.2 Oynkuig qo1aBaHHS BUKIagada 10 Kadempu

s dyHKIIis BiApi3HAETHCA Bl TOMEPEIHBOI, 00 HAIIaIKK 30€piratoThCs HE B
MacCHBI, a y CIIHCKY.

ANTOpPUTM J0JaBaHHS PO3MATAETHCS HA TPU T1IIKU.

SIK110 CIMCOK IMyCTUH, TO MOCUJIAHHS HA HOBUU €JIEMEHT 3alIUCYETHCS Yy MOJIE
firstTeacher crpykrypu kadenpa.

SIKIIIO HOBHI €JeMEHT MEHIINK HiXK eJIeMeHT, Ha skuil Bkasye firstTeacher,
TO HOBHIA €JIEMEHT Ma€ cTaTH repium, a firstTeacher mactymaum.

B iHmomy Bumaaky J0BOAUTHCS UTH CIUCKOM 1 IIYKaTH MICIIE JJIsi HOBOTO
eJIeMEHTa 1 BCTaBUTHU HOTO TY/IH.

Kon ¢ynkuii HaBeneno y mictuary 20.
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Jlictunr 20 — Kop dbyHKIil qo1aBaHHS BUKIIa1a4da 10 kadeapu

void addTeacher(Dept *pD, Teacher *pT){

pT->parent = pD;

//Insert new department

if(pD->firstTeacher == NULL)// List is empty
pD->firstTeacher = pT;

else if(cmpTeacher(pT, pD->firstTeacher) < 0){
// New element is less then first element
pT->nextTeacher = pD->firstTeacher;
pD->firstTeacher = pT;

}

else{
Teacher *p = pD->firstTeacher;
// search place for new element
while(p->nextTeacher != NULL

&R cmpTeacher(pT, p->nextTeacher) >= @)
p = p->nextTeacher ;

// Inserting new elemet
pT->nextTeacher = p->nextTeacher;
p->nextTeacher = pT;

b

fprintf(logFile,"\nllonaHo Buknagada %s no kadeapu %s.",

pT->name,pD->name) ;

3.2.4 CTtBOpeHHs 1e(]oJITHOIO iepeBa

CTBOpIOIOYH 1I€ JIE€PEBO MU TECTYEMO po3po0ieHi (yHKIii, TOMy OakaHO
HAJIAIITOBYBATH IMapaMeTPH HaAIAIKIB, BUOMPATH 1X KIJTbKICTh 1 TOPSIIOK T0JaBaHHS
TaKUM YUHOM, 100 MpairoBaiu BCl QYHKIII 1 TIIIKA aJTOPUTMIB.

Ha nmonepennbomy ertami, y ¢aiini Create.cpp, 3arotoBky 1iei QyHKIi 0yso
B)Ke CTBOpeHO. Ternep Tpeba HAMOBHUTH ii KojoM. Y sicTHHTY 21 HaBeieHO BapiaHT
peamizauii wiei GyHKIi.

Jlictunr 21 — ®yHK1is CTBOpEHHS 1€(POATHOrO AepeBa

Univer* createDefaultTree () {

fprintf (logFile, "\nCreopwemo medonTHe mepeso. ");
char * name = strdup("UepHiriecexa nojiTexHixa");
Univer *univer = createUniver (name, 4);

Dept *deptl = createDept (strdup("IcTopii™), €000, 0);
Dept *dept2 = createDept(strdup("NE"),4000, 1);

Dept *dept3 = createDept (strdup("IKC"), 7000, 1);

addDept (univer, deptl):;
addDept (univer, dept2):;
addDept (univer, dept3):;
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Teacher *tl = createTeacher (strdup ("Kazmmp B.B."),

strdup ("npodecop"), 1950);

Teacher *t2 = createTeacher (strdup ("IOeHucos KN.A."),
strdup ("=ae.kadbenpow"), 1970);

Teacher *t3 = createTeacher (strdup ("Bazmuneeuu B.M."),
strdup ("=as.xadegpon”), 1985);

Teacher *t4 = createTeacher (strdup("Kpyx A.B."),
strdup ("=zae.xadenpown"), 1955);

Teacher *tS5 = createTeacher (strdup ("BusonHo I.T."),
strdup ("goueur™), 1943);

addTeacher (deptl, t4)
addTeacher (dept2, t2)
addTeacher (dept3, tl);
addTeacher (dept3, t3)
addTeacher (dept3, t5)

fprintf(logFile, "\nlledonTHe OepeEo CTBOP&HO. ") :;
return univer;

3.2.5 Bino0pa:keHHs1 iepeBa HA KOHCOJIi

s ¢yHKIlIS 103BOJISE MEPETIIIHYTH CTPYKTYPY AepeBa Ha ekpaHi. OCKIIbKU
KUIBKICTh 1HQOPMALIIHHUX OB HEBEJIMKA, TO MOYXXHA BUBOJIUTH BCIO 1H(POPMAIIIIO
po CTPYKTypH (OKpiM CiIyk00BOi).

Haragaemo, 1o 3arotoBky 1i€i (pyHKIIIT MU B)K€ CTBOPIOBAJIM, TeNep Tpeda
HAIIOBHUTH 11 KOJIOM.

Jls BUBEZIEHHS AepeBa MOTPIOHO JABa HUKIU. 30BHIMIHIA UK 3a0e3mnedye
00poOKy MacuBy BKa3iBHUKIB Ha KadeIpu, a BHYTPIIIHIA — OOpOOKY CHUCKY
BUKJIaJ1aYlB.

Kosxuuit HacTynmHU# piBeHb JepeBa BUAUIAETHCS TOJAATKOBOIO TaOYIISINIETO.

Kon dyHKIIii HaBeIHO y JTICTUHTY 22.

Jlictunr 22 — Kox meMoHcTpaliii 1epeBa Ha KOHCO1

int showTree(void*){
if(!rootExist()) return o;
fprintf (LogFile,"\nllemoncTpauin nepesa.");
system("cls");
cout << "\n --- Tree structure ---\n"}
cout << "\nYHiBepcuteT " << root->name <<

', piBeHb axkpeauTauii
<< root->level;

//Department loop

Dept ** dAr = root->deptArray;

for(int i = @; i < root->deptCount; i++){
cout << "\n\tKadeppa ™ << dAr[i]->name

<< ", HaBaBHTaxeHHA ™ << dAr[i]->hours << " roauH,

<< (dar[i]->spec ? "Bunyckawua.":"3arancHa.");
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// Teacher loop
Teacher *pT = dAr[i]->firstTeacher;
while(pT != NULL){
cout << "\n\t\t" << pT->name << ", "<< pT->post
<< ", pik HapomxeHHA " << pT->birthyear;
pT = pT->nextTeacher;

}

pause();
fprintf(logFile,"\nlleMoHCcTpauilw aepeBa 3aBepuweHo.");
return 0;

[Ticns peamizamii 1i€i GyHKIT MOXKHA 3allyCTUTH MPOEKT HAa BUKOHAHHSA 1
no0auynuTH Ha €KpaHi CTBOpEHE JepeBo, abo MmoyaTd poOOTy 3 TOIIYKYy Ta
BUIPABIICHHS TOMUJIOK.
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4 PEAJII3AIIA POBOTHU 3 AEPEBOM YEPE3 MEHIO

Ha umpomy erami My MaeMo 3a0e3MeUUTH JOCTYH JO CTBOPEHUX (YHKIH
yepe3 KOHCObHE MeHI0. KimbKicTh QyHKITIN, SKi 3a0€3Me9yI0Th POOOTY 3 IepEeBOM
ypMaia. [X KiJIbKIiCTb e 30LTBIINTBCS, KOJIH IOBEICThCS PO3IIUPIOBATH TEPETIK
GYHKIIN Mig yac 3aXUCTy MPOEKTY. AJle CreuialicTH 3 po3poOku iHTepdeiicin
KOpHCTyBa4ya HaroJoLIyl0Th, IO JIOJAMHA HOPMAJbHO CIIpHUIIMae MEHIO, KOJIU
KUTBKICTh MYHKTIB B LIbOMY MEHIO HE MepeBuilye Bifl 5 10 7. Tomy IOIIBHO
3pOOUTH MEHIO OaraTOpiBHEBHM.

Takox ciij BpaxyBaTH, III0 MEHI0, sike OyJie po3po0JIeHO Ha TaHOMY eTarli, B
nofanbioMy (Ha HACTYNMHHUX €Tamax 1 IiJ 4ac 3aXHCTy) Oyjae pO3IIMpIOBATHCS.
ToMy AOUITEHO 3pOOUTH HOTO MPOCTHM ISl PO3MIMPEHHS, a Ui MhOro Oa)kaHo,
100 eIeMEHTH MEHIO OyJIi CTaH/IapTHUMH.

Ha npomy erami Mu BUpIIIMMO HACTYITHI 3aj1a4i:

— OTr'0JIOCHMO THIT (DYHKIIIT MEHIO;

— OTOJIOCUMO CTPYKTYPY JJISl €JIEMEHTa MEHIO;

— HanuieMo (YHKIII0 aKTHBI3alli MEHIO;

— 3aBEpIIMMO peanizalito QyHkIli, sika Oyae GopmMyBaTH BMICT TOJIOBHOTO
MEHIO;

— copmyemo PyHKINT 1711 POpMyBaHHS BMICTY MEHIO IPYTOT0O PiBHS,

— HanMIeMo (PyHKI[1 BUKJIUKY ONepaliiii 10JaBaHHs HAIllaIKiB 10 BUOPAHOTO
By3J1a Yepe3 MEHIO;

— HanuieMo (YyHKIlIT BUBEICHHS Ha KOHCOJIb TIEPEITiKy HaIlaJKiB BUOPAHOTO
By3J]a.

4.1 OroJgiomieHHs1 Tuny GyHKUii MeHI0

Oronomyroun 1€l TUM, MU CTaHAApTU3yeMO (GYHKII, $KI MOXYTh
BUKJIMKATUCA uepe3 MeHio. lle 103BOJIMTH CTBOPUTH CTaHAAPTHHUM 111a0J0H
CTPYKTYpPH €JIEMEHTa MEHIO, Jie GyHKIIis Oye MOoJIeM 1€l CTPYKTYPH.

@OyHKIlIS MEeHIO Oyzie MOBEpTaTH IIiJI€ YUCTIO, IKE MOKHA BUKOPUCTOBYBATH
JUTSL aHAUTI3y PE3y/IbTaTiB BUKOHAHHS 1 MPUUAHSTTS PIIISHHS PO MO Mii.

B sikocti mapametpa (yHKIis npuitmMae BkasziBHUK Tumy VOid. 3a3Buuaii, 1e
Oyze BKa3iBHHK Ha CTPYKTYPY By3J1a JepeBa, ISl IKO1 BUKIMKAETHCS MEHIO.

Buxoasuu 3 Toro, mo tun QyHKIT MEHI0 MOTPIOeH TUIbKHU ISl (POPMYBaHHS
€JIEMEHTIB MEHIO, PO3TAIIlye€MO II€ OTOJIONIEHHS Yy (haiisii MeNU.Cpp micisi JUPEKTUBU
include mepen peanizamieto ¢pynkiii. Koa oroyomeHHs HaBeIeHO B JiCTUHTY 23.

Jlictunr 23 — OrosomeHHs TUy GyHKIIT MEHIO

//Tun anAa dyHKU1A, WO BMKIMKAWTLCA YEpe3 MEeHW
typedef int MenuFunc(void*);
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4.2 OrosiolieHHsI CTPYKTYPH JI MYHKTY MEHIO

L5 cTpyKTypa MICTHTB JIBa MOJIsl — Ha3BY MYHKTY MEHIO, fika Oy7ie BUBOJAUTHUCS
Ha KOHCOJIb MiJl IEBHUM HOMEpPOM, 1 ToJie TUIy (QyHKIIi MEHIO, ke 0yJe MiCTUTH
BKa3iBHUK Ha (QyHKII0 (hakTnyHO iM’s (YHKIT), sIKa BIANOBIIa€ BUOpaHOMY
MYHKTY MEHIO.

Kon orosomieHHst HaBe1eHO B JICTUHTY 24.

et mrabmoH po3TantyeMo TakoxX y (haiiri Menu.CcPp micisi OrOJIOMIEeHHS TUITY
(byHKIIT MEHIO.

Jlictunr 24 — [11abnoH cTpyKTypH JJIsl MyHKTY MEHIO

//CTpyKTypa AnA NyHKWY MEHH
struct MenuUnit{
//TekcT NyHKTY MeHw
const char *text;
//BkaziBHMK Ha QyHKUiW, AKA BUKIWMKAETLCA UMM MYHKTOM MEHH
MenuFunc *func;

}s

4.3 @yHKIis 1J15 aKTUBI3alii MeHI0

s ¢yHKIS BUKOPUCTOBYETHCS JJIS BUBEICHHS MEHIO Ha KOHCOJb,
jictuar 25. OYHKIII0 TEX po3Tamryemo y ¢danai Menu.Ccpp, Micias OTOJIOMEHHS
mabJIOHy CTPYKTypU ejeMeHTa MeHto. Toji ii HaBiTh MOXHA HE MPOIHUCYBATH Y
daiim prototytpe.h.

BwmicTt meHto nepeaaerbest 10 ¢yHKii FTunMenu y BUTIISAI MacuBY IyHKTIB
MeHro. KoxeH enmeMeHT 1mboro macuBy Mae OyTu cTpykTyporo tumy MenuUnit.
OxpiM Toro mapaMmerpamMu (yHKIlE € Ha3Ba MEHIO 1 BKAa3IBHUK, SIKMU Oyne
nepeaaBaTucs QyHKIIIT, 110 MOB’A3aHa 3 JAHUM ITYHKTOM MEHIO.

O3Hako10 KiHIII MacuBY MMyHKTIB MeHIo € 3HaueHHss NULL st Bka3iBHHKA Ha
GyHKIIO 1 3BEpHEHHS J0 IOTO IMYyHKTY OyJe o3Ha4yaTH, 1[0 poOOTy 3 MEHIO
3aBepiieHo. Buxia 3 MeHIO BifIOYBAa€TbCsS TaKOXK y TOMY BHMAJAKY, KOJU (YHIIIS
[[HOTO MTYHKTY MEHIO TOBEPTAE HE HYJILOBE 3HAUCHHS.

HymMepaiiisi myHKTIB MEHIO Ha KOHCOJI1 TourHaeThes 3 1. Lle moB’s13aH0 3 TUM,
10 (YHKIlT BBEICHHS YUCEN 3 KOHCOJII MOXYThb moBepTaTu 0, SKIIO BBEACHO HE

nugpy.
Jlictunr 25 — Koxa ¢yHKIi1 A1 aKTHUBI3a1i1 MEHIO

void runMenu(MenuUnit menu[], const char *title, void* ptr){
while(true){
system("cls");
printf(" --- %s ---\n", title);

//BuBoaMmo nepenik QyHKU1A MeHW 3 HOMepamu, WO MOYMHaWTbLCA 3 1
//UMKn 2aBepuyeTbCA, AKWO BKaziBukK Ha dyHKuiw popieHwe NULL
int cnt = @;
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for(;; cnt++){
printf("%2d. %s\n", cnt+1l, menu[cnt].text);
if(menu[cnt].func == NULL)
break;
}
//3anuT Ha Bubip BapiaHTa MeHW
int v = getInt(" Enter your choice number: ",
1, cnt + 1);
//AHaniz BubpaHoro Homepa
if(menu[v - 1].func == NULL)
return; //3aBepweHHa poboTu MeHw
// Buknuk BubpaHol dyHkuil
int result = menu[v - 1].func(ptr);
//AHaniz pezyneTaTy BUKOHaHHA OyHKU1I
if( result != @){
return; //3aBepuweHHAa poboTH MeHH

4.4 Oynkuis GopMyBaHHS r0JI0BHOI0 MEHIO

3aBaanHs 11€i QyHKIIH — chopMyBaTH MacUB MOTPIOHUX €JIEMEHTIB MEHIO
MIEPIIOro PIBHS 1 aKTUBI3yBaTH 11€ MEHIO 3a JoroMororo ¢pyHkiii runMenu. B sikocti
BKa3IBHUKA, SKUM Tiepenaerbcs A0 (YHKINI, JOTIYHO TepeaaBaTH BKa3IBHUK Ha
KOpPIHb JIepeBa, ajieé 3BaXKal04M Ha T€, 1[0 KOPIHb JIEPEBA OTOJIOMICHO SIK TJIO0AIbHY

3MIHHY, TO MOkHa niepeaaBaTu 1 NULL.

Kon miei ¢ynkmii HaBeaeHo B micTuHTYy 26. Haramaemo, 1o 3aroToBKy ITi€i
¢GyHKLIi 0YyJI0 BXKE CTBOPEHO PaHillie, ajie TaM TIJIbKA BUBOAMIIOCS MOB1IOMIIEHHS J10

nor-gdaitny.

Jlictunr 26 — @yHK1Is GOPMYBaHHS FOJOBHOTO MEHIO

//TONOBHE MEHWw 3aCTOCYHKY
int mainMenu(void *ptr){

fprintf (LlogFile,"\NBUKAKK TONOBHOIrO MEHW 3aCTOCYHKY");

Menuunit menu[] = {

}s

{"University operation", menuUniverOperation},
{"Department operation", menuDeptOperation},
{"Teacher operation", menuTeacherOperation},
{"Tree operation", menuTreeOperation},

{"Query operation”, menuQueryOperation},
{"Exit from project",NULL}

runMenu(menu, “Main menu”, ptr);

return 0,
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Tyt mu B sixocti 3HaueHb nomiB funk enemMeHTiB MacuBy BHKOPHCTOBYEMO
imeHTudikaTopu QYHKIIH, SKi MalOTh BUKIMKATUCS MICIs BHOOPY BIAMOBIIHOTO
nyHKTY MeH1o. L1 ¢pyHKuii e He cTBOpeHo, TOMy KOMMISATOP Oy/e MOBIAOMIISTH
PO TOMUJIKH.

{00 yHUKHYTH TOB1IOMJIEHb MPO MOMUJIKH MOXHA CTBOPUTH IIa0JIOHU IIUX
byHKII# y ¢aitni Menu.CPP BIAMOBIIHO 3 TUMIOM (PYHKIIIM MEHIO 1 OTOJIOCUTH iX Y
daiim prototype.h.

[Ticng 11bOro MO>KHA MPOTECTYBATH MPOEKT 1 MOOAYNTH HA KOHCOJII TOJIOBHE
MEHIO.

SIx 6aumMo, 3aBIaHHS TOJOBHOTO MEHIO TOJISTa€e y BUKIUKY (DYHKIIH MEHIO
HacTyImHoro piBHsA. Tomy nani nepexoaumo 10 GopMyBaHHS ITUX (yHKITIH.

4.5 ®yukuii popMyBaHHSI MEHIO IPYTroro piBHsA

Ha manomMy erari Mu peainizyeMo TUIbKH AesKl 3 TUX (DYHKITH 1 BIAMOBIAHI
MEHIO cpopMyeEMO HE B TTOBHOMY 00Cs31. 3aBEpIIMMO iX po3pOoOKy Ha HACTYITHUX
eranax. Po3ramryBaTu 1 GyHKIIT T€X AOUUIBHO Y (aitsi menu.cpp

4.5.1 MeH10 1J191 onepaiiii 3 1epeBoM

3aroToBKY BIANOBIAHOT (DYHKIIIT, MOXKJIMBO, B3K€ OYyJI0 CTBOpEHO. BKitounmo,
MOKHU 10, A0 I[LOIO MEHIO TUIbKW T1 (PYHKIIIi, SIKI BXXKE€ peandizoBaHO, a came —
JIEMOHCTpallil0 JepeBa 1 (¢aiiny nporokondy. Bka3iBHUK, 110 MepenaeTbes Y
(GyHKILI1I0, HE BAKOPHUCTOBYETHCH.

Ko dynkuii popMyBaHHS IbOTO MEHIO HABEJIEHO Y JIICTUHTY 27.

Jlictunr 27 — @yHK1is GopMyBaHHS MEHIO JIJIs OTIEpAllii 3 IepeBOM

int menuTreeOperation(void* ptr){
fprintf(logFile,"\nBuknuk meHw onepauiin 3 agepesom");
MenuUnit menu[] = {
{"Show project information"”, showProjectinfo},
{"Show tree", showTree},
{"Show log file", showLogFile},
{"Return to main menu",NULL}};
runMenu(menu, "\n --- Tree operation ---",ptr);
eturn 0;

re

Tenep MokHa mpoTecTyBaTH L0 (YHKIIIO 1 BUKIMKATH JJIs MEPErysiay
1H(}OpMaIIito Mpo MPOEKT, AePOoITHE AEPEBO 1 (hali IPOTOKOITY.
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4.5.2 Peagizanisi MeHI0 /1J151 onepaniii 3 yHiBepcuTeTOM

4.5.2.1 Oynkuis popMyBaHHS MEHIO OMepalliif 3 yHIBEpCUTETOM

3aroToBKy BIAMOBIAHOI (YHKIII, MOXJIMBO, TaKOX OyJIO0 CTBOPEHO.
Bxrounmo, MOKH 110, 0 IIbOTO MEHIO TUIBKH ABI (DYHKINT — J0JaBaHHS HOBOI
Kadeapu yepe3 MEHIO Ta BUBEJICHHS MEPeTiKy Kadeap yHiBepCUTETY.

Koxa ¢yukiii popmMyBaHHS IbOTO MEHIO HABEICHO Y JICTUHTY 28.

3BEpHITH yBary, 10 MEHIO MOKHA aKTHBI3yBaTH TIJIbKU Y BUIIAJIKY 1ICHYBaHHS
Jepesa.

Jlictunr 28 — ®yHkIig popMyBaHHS MEHIO JUIS ONEpalliii 3 YHIBEpCUTETOM

int menuUniveroOperation(void*){
if(lrootExist()) return 0;
fprintf(logFile,"\nBukauk meHw onepauiil 3 yHiBepcuTeTOM");

Menuunit menu[] = {
{"Show list of department™, showDeptListByMenu},
{"Add department", addDeptByMenu},
{"Return to main menu”, NULL},

¥

runMenu(menu, "Univesity menu", root);

return 9;

CdopMoBaHe MEHIO MOCUTAETHCS HA QYHKIIIT, SIKUX 1€ HEMA, TOXK OT0JIOCUMO
111 (QYHKIIT Ta CTBOPIMO 3arOoTOBKH JIJISl HUX

[Ticnst IbOTro MOXHA MPOTECTYBATH POOOTY MEHIO 1 AKIIO BCE MPAIIOE, MOXKHA
NepeTH 10 pealizailii 3aB1aHb MEHIO.

4.5.2.2 OyHKIi1 1)1 BUBEICHHS TIepeiky Kadeap

3aBgaHHS BUBEICHHS TEpeNliKy kadeap peandizyeMo 3a JIOMOMOTOI0 JIBOX
¢yukii. Po3ramryemo ix y daiiai show.cpp.

[lepma 3 HUX Oyne BUBOJWUTH Ha KOHCOJIb Mepenik kadeap O6e3 3aroyioBka i
nay3u micias BuBeneHHs. Ll ¢yHKIis Oyne BUKOPUCTOBYBATHCA 1 B 1HIIHMX
GyHKUISAX, sKI OyIyThb CTBOPIOBATHCS TMi3HIIIE, 1 L€ JAO03BOJIUTh YHHKHYTH
yOTIOBaHHS KOMY.

VY wiit QyHKUIT 108 BUBEOEHHS Mepeniky Kadenp OpraHizoBaHO LMK IO
MacuBy Bka3iBHHKIB. Kox ¢yHKk1ii HaBeqeHO B JicTHHTY 29.

Jlpyra QyHKIis, Ha SKy IOCHJIAETbCS MEHIO, Oyle BUKOPHCTOBYBAaTH
NoTiepeTHIO 1 chopMye€ 3ar0JOBOK Ta May3y IMICIs BUBEACHHS MEPETiKY.

Kon dynxkuii HaBeaeno B mictunry 30,
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Jlictunr 29 — ®yHKIIA BUBEICHHS TIEPETiKy Kadeap

int showDeptList(void*){

int n = root->deptCount;

Dept **dAr = root->deptArray;

cout <<"\n\tNepenik kadbenp yHiBepcuTeTy

for(int 1 = @; 1 < n; i++){

printf("\n Kadenpa %s, HaBaHTaxeHHA %d roauH, %s.",

dAr[i]->name, dAr[i]->hours,
dAr[i]->spec ? "Bunyckawua":"

<< root-»name << 775

2arancHa");
}

printf("\n");

pause();

return @;

Jlictunr 30 — OyHKLIS MEHIO I Eeperiiany nepeniky kapeap

int showDeptListByMenu(void*){
cout <<"\n\tlMepenik kadenp yHiBepcuTeTy
showDeptList(NULL);
printf("\n");
pause();
return @;

<< root->»name << "7,

[Ticns peanizanii HaBe1eHUX (QYHKLIA TOIUIBHO MPOTECTYBATH iX B3AEMOIIIO
MIX COOOIO 1 3 MEHIO.

4.5.2.3 Oyukiis nogaBaHHsg kadeapu yepe3 MEHI0

VY mit QyHkIii Tpeba peanizyBaTu Alaior, 4epe3 SIKUA KOPHCTYBaud 3MOXKE
BBECTH 1H(OpMaIlito, 1110 HEOOXI1IHA JIJIT CTBOPEHHS CTPYKTYPHU «Kadeapay.

Jlami peanizyeThCsi HACTYITHHUM allTOPUTM:

— oTpuMaHy iHbopmario nepenaemo ¢ynkmii createDept(), sky Oyio
CTBOPEHO Ha IMONEPEIHbOMY €Tarl 1 siIka BHUKOPHUCTOBYBajacs sl MOOyHOBH
nedoaraoro nepesa. ®dynkmis createDept() moBepTae BKa3iBHMK Ha CTBOPEHY
CTPYKTYDY;

— oTpuMaHuii BKasiBHHK mepemaemo ¢ynkuii addDept(), sxky Tex Oyio
CTBOPEHO pPaHillIe, 1 IKa T€K BUKOPUCTOBYBAIAcs;

— BHBOJMMO Ha KOHCOJIb HOBHH Tepeltik Kadeap st KOHTPOIIO BUKOHAHHS
oreparlii J0/1aBaHHS.

®dyukiiro po3ramryemo y daiini add.cpp.

Peanizartito ui€i pyHkIiii HaBeeHO y JiCTUHTY 31.
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Jlictunr 31 — ®yHKIIg 10AaBaHHS Kadeapu yepe3 MEHI0

int addDeptByMenu(void *ptr){
system("cls");

cout << " --- New department adding ---\n";
if(root == NULL){
cout << " Tree was not created!\n";
pause();
return 1;
¥

char® name = getstr(" Department name is: ");

int hours = getInt("” Amount of hours is: ", 1000, 40000);

int spec = getInt(" Is department special? 1-yes, @-no ",0,1);
Dept *dept = createDept(name,hours, spec);

addDept(root, dept);

cout << "\n Department list after adding”;

showDeptList(NULL);

pause();
return @,

4.5.3 Peagiizauisi MeH10 1J1s1 onepauiii 3 kageaporo

Oco0nmuBICTH IIi€T 3a/1a4l MOJISITa€ B TIM, IO CIIOYaTKy MOTPIOHO BUOUpATH
Kadenpy, a BKe MoTiM BUOUPATH 13 MEHIO, 110 POOUTH 3 HEIO.
Tomy nepii 3a Bce peanizyeMo QyHKIIII0 BUOOpy Kadeapu.

4.5.3.1 Oynkuis Bubopy kadeapu

g ¢yHKuis Mae BUBECTHM Ha KOHCOJb NEPEHYMEpPOBAaHUW MEpesik Ha3B
Kadeap, HaxaTh KOPHUCTYBAau€Bl MOXIIMBICTH BHOpath mnNOTpiOHY Kadenpy 1
NOBEPHYTU BKa3iBHUK Ha BHOpaHy cTpykrypy. Kox @yHkuii HaBeneHo B
JictuHry 32.

®dakTuyHO, 111 PYHKIIA TeX (HOpPMYy€e MEHIO, TOMY pO3TalryeMmo ii y daimi
menu.cpp.

Jlictunr 32 — Kon ¢ynkiii Bubopy xadenpu

Dept *selectDept(){
system("cls™);
printf("\n  --- Department selection ---\n");
int nbept = root->deptCount;
Dept **dAr = root->deptArray;
for(int 1 = @; 1 < nDept; i++){
printf("\n %2d. Kadeppa %s", i+l1l, dAr[i]->name);
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printf("\n %2d. Exit\n", nDept + 1);
int num = getInt(" Enter your choice: ", 1, nDept + 1);
if(num == nDept + 1)
return NULL;
return root->deptArray[num - 1];

4.5.3.2 OyHKIIisI CTBOPEHHS MEHIO I POOOTH 3 Kaeaporo

Mento dopmyetbes 3a aBa Kpoku. I[lepmmii kpox — 1e Bubip kKadempu.
Jpyruii Kpok — BHUBEACHHA Meperniky (GyHKIiN mig pobotu 3 kadeaporo. [o
BUOpaHoi QyHKIIIT Oyze nepenano BKa3iBHUK Ha BUOpaHy Kadeapy.

Sk1o epeBo He iICHy€, MEHIO MpalloBaTH He Oye.

Ha pmanomy erami 10 MEHIO J0JaeEMO TUIbKMA Ti (YHKII, siKi OyJIemo
peaizoByBaTy Ha JAaHOMY €Talll, JJIICTUHT 33.

Jlictunr 33 — OyHKIIS CTBOPEHHS MEHIO I pOOOTH 3 Kadeaporo

int menuDeptOperation(void* ){

if(lrootExist()) return @;

Dept *pD = selectDept();

if(pD == NULL) return 0;

fprintf (logFile,"\nBuknuk meHw onepauii 3 kadpegpow %s

MenuUnit menu[] = {
{"Show teachers list", showTeacherListByMenu},
{"Add teacher"”, addTeacherByMenu},
{"Return to main menu”, NULL}

"n

» pD->name);

}s
runMenu(menu, pD->name, pD);

return @,

CtBOpiMo Tenep (QyHKIIIT, Ha sIKe TOCHIIAE€ThCA C(popMOBaHE MEHIO.

4.5.3.3 Oynkii BUBEACHHS CITUCKY BUKJIa1a4iB Kadeapu

Tak camo, sk 1 y BHUIAJIKy BHUBEIEHHS CIHCKY Kadeap, peanizyemo Iie
3aBIaHHs yepe3 aBi GpyHkIii. Po3ramryemo mi GpyHkIii Takox y daiini show.cpp.
Kon nepioi ¢pyHKiii HaBeAeHO B JICTUHTY 34.
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Jlictunr 34 — OyHKIIS BUBEICHHS CITMCKY BUKJIa/1ayiB

int showTeacherList(Dept® ptr){
Dept *dept = (Dept®)ptr;
Teacher * teacher = dept->firstTeacher;
while(teacher = NULL){
printf("\n\tTeacher %s, post %s, %d b.y.",
teacher->name, teacher->post, teacher->birthyear);
teacher = teacher-»nextTeacher;

}

return @;

Hpyra yHKIis, JICTHHT 35, BUKOPUCTOBYE MOMEPEIHIO 1 JI0JA€ 3ar0J0BOK
TS TISPEJTIKY 1 Tay3y IMiC/Isl BUBEACHHS.

Jlictunr 35 — OyHKINS MEHIO JIJI BUBEACHHS MEepeNiKy BUKIIaaa4yiB Kadeapu

int showTeacherListByMenu(void* ptr){
Dept *dept = (Dept®*)ptr;
printf("\n TeacherList for department %s:", dept->name);
showTeacherList(dept);
pause();
return @,

4.5.3.4 OyHKIiA A01aBaHHA BUKJIaaa4a 10 kadenpu

@yukiito posramyemo y daim add.cpp. Konm ¢ynkuii HaBemeHo y
Jictunry 306.

Jlictunr 36 — OyHKLIS 10AaBaHHS BUKJIaada 10 Kapeapu 4yepe3 MEHIO

int addTeacherByMenu(void *ptr){
Dept * dept = (Dept®)ptr;
char®* name = getStr("” Teacher's name is: ");
char® post = getstr(" Teacher's post is: ");
int birthYear = getInt(" Teacher's year of birth: ", 1930, 2020);
Teacher *teacher = createTeacher(name, post, birthyear);
addTeacher(dept, teacher);
cout << "\n Teacher list after adding"”;
showTeacherList(dept);
pause();
return @;

[licns ©bOro MOKHA MPOTECTYBATH CTBOPEHI (PYHKIII aKTUBIZYIOUH
BIJIMOBIHI TYHKTH MEHIO.
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4.5.4 Peagiizaunist MeHI10 JJis1 po0OOTH 3 BUKJIAAa4aMu

Ile Oyne HampOoCTIIIe MEHIO, ajie TIEpe]l BUBEICHHSM IIbOTO MEHIO TIOTPiIOHO
e Bubupatu Kadenpy i Buximanada. OyHKIiI0 BUOOPY Kadeapu Bke peaizoBaHo,
Ternep peanizyeMo GyHKINI0 BUOOPY BUKIIagayva.

4.5.4.1 Oynkiis s BUOOpY BUKIIagada

Kon dynk1ii HaBeaeHo B gicTuHTy 37.

Jlictunr 37 — @yHKIis BUOOPY BUKIIaga4a

Teacher *selectTeacher(Dept *pD){
system("cls™);
printf("\n --- %s ---", pD->name );
printf{"\n --- Teacher selection ---\n");
//BUBOAMMO HYMepoOBaHWA nMepenik BUKNagadie
int n = 1;
Teacher *pT = pD-»>firstTeacher;
for(; pT = NULL; n++){
printf("\n %2d. Buknagaud %s", n, pT->name);
pT = pT->nextTeacher;
h
printf("\n %2d. Exit\n", n);
//3anuT 1 BBEAeHHA NOTpibHOro Homepa
int num = getInt("™ Enter your choice:
//Nowyk BKaziBHMKa MO HOMepy
if(num == n) return NULL;
pT = pD->firstTeacher;
for(int 1 = 1; 1 < num && pT!= NULL; i++)
pT = pT->nextTeacher;
return pT;

» 1, n);

4.5.4.2 Oynkist peamizaliii MEHIO AJ1s1 poOOTH 3 BUKIIagaueM

Menwo ¢opmyetbest 3a Tpu Kpoku. [lepmmii kpok — ne BuOip kadenpu.
Hpyruii kpok — BuOip BuKiaaaya. TpeTiii Kpok — BUBEICHHS NEPeNiKy QPYyHKIIN a1
pobotn 3 Bukiagauem. Jlo BuOpaHOoi (yHkuIi Oyae mnepelaHo BKa3IBHUK Ha
BUOpAHOTO BUKJIaaya.

S0 epeBo He iICHY€e MEHIO aKTUBI3yBaTHUCS HE Oy/e.

Ha manomy etami 10 MeHIO 10Jja€MO TUTHKM BUXiJ 3 MeHIO. Bei dyHKIii s
po0OTH 3 BUKIJIaladeM Oy/ie JOJaHO 10 MEHIO Mi3HiIIIe.

Texcr dynkiii HaBegeHO B JicTUHTY 38.
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Jlictunr 38 — OyHKIIIS] BUKJIMKY MEHIO IS pOOOTH 3 BUKJIaa4eM

int menuTeacherOperation(void* ){
if(lrootExist()) return @;
Dept *pD = selectDept();
if(pD == NULL) return o;
Teacher *pT = selectTeacher(pD);
if(pT == NULL) return o;
fprintf(LogFile, " \nBuknuk mMeHw onepauii 3 BUKNanadem %s
MenuUnit menu[] = {
{"Return to main menu", NULL}

'y pT->name);

b
runMenu(menu, pT->name, pT);
return 0;

[Ticns peamizamii (QyHKIINA Clig TpOTECTyBaTH iX NUIIXOM aKTHUBIi3aIlil
BiJIMTOBITHUX IMTYHKTIB MEHIO.
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5 BUJAJIEHHS TA PEJATI'YBAHHS BY3JIIB IEPEBA

OyHKIII1 pefaryBaHHs 1 BUJAJICHHS BY3JIIB IepeBa yepe3 MEHIO MOTpeOyI0Th
BUKOPHUCTaHHA (YHKIIH BUBEACHHS 1H(OpMallii Ha KOHCOJIb TIEpe]] peAaryBaHHsIM
Ta TICJIS BUAAJICHHS I TOro, MI00 omepaiii He BHUKOHYBaJHCsS Haocmin. Tomy
CIOYaTKy MU peaiizyeMo (pyHKIii BUBeAeHHs iH(opmarii npo By3nu. Kpim Toro,
3a0e3meunMo JOCTYI A0 X QYHKITIH Yepe3 MEHIO.

TaxuMm 4MHOM HA LILOMY €Tarl MU BUPIIIMMO HACTYIIHI 3a1a4i:

— IOAAEMO J0 MEHIO BY3JIiB (PYHKITIT IEperysiay, BUAAICHHS Ta peIaryBaHHs;

— OroJIOLIYEMO Ta peaizyeMo GYHKIIIT nmeperisaay iHpopmarlii mpo By3/u Ta
byHKIIT eperaay iHbopmMarllli uepes MeHIo;

— OroJIOIIyeMO Ta peanidyemMo (GyHKIT BHIAJCHHS BY3JiB Ta QYHKIIl
BUJIAJICHHS BY3J1iB Yepe3 MEHIO;

— OrOJIOIIYEMO Ta peanizyeMo (YHKIT pegaryBaHHs BY3JIB Ta (yHKUII
penaryBaHHs uepe3 MEHIO.

5.1 Po3mupenns nepeJiiky (pyHKIii MeHIO 1 BY3JIiB

[lepenik (pyHKIIM TOTPIOHO PO3MIMPHUTH U1 MEHIO YCIX TPHOX BY3JIIB.
Sx mpukiaa, po3riIIHEMO PO3IIMPEHE MEHI0 By3na «YHiBepcuteT». Koa
BIIMOBIAHOT ()YHKIIIT HABEICHO B JIICTUHTY 39.

Jlictunr 39 — OyHK1is GopMyBaHHS MEHIO JIJIs By3Jia « Y HIBEPCUTET

int menuUniveroOperation(void®*){
if(lrootExist()) return @;
fprintf(logFile,"\nBuknuk meHw onepauii 3 yHisepcutetom");

MenuuUnit menu[] = {

( {"Edit University information", editUniverByMenu},
{"Delete university”, delUniverByMenu},
{"Delete all department”, delAllDeptByMenu},

\_{"Show University information”, showUniverInfoByMenu},
{"Show list of department”, showDeptListByMenu},
{"Add department", addDeptByMenu},
{"Return to main menu", NULL},

¥
runMenu(menu,"Univesity menu", root
return ©;

Buxoasuu 3 TOro, y KoJii BAKOPUCTOBYIOThCS MOCUJIaHHS Ha QYHKIIIT, 5K 111e
He OyJ10 cTBopeHoO (iX 00BEACHO Y JIICTUHTY ), CJII/T OTOJIOCUTH 111 (DYHKIIIT 1 CTBOPUTH
3arOTOBKH JJIsl HUX BIJIMIOBITHO 10 TUITY JIJIsl (DYHKIIIM MEHIO.

Mento nmna By3na «Kadempa» wmae OyTH pO3IMIMPEHO aHAIOTIYHUMU
GYHKITISIMH.

MeHi0 BY3JIB OCTaHHBOTO piBHS TpocTimie. Tam BumagaroTh TPyHoOBI
orepailii, 00 HaIAAKIB y CTPYKTYp IIbOTO PIBHS HEMA.

OyHkiii BuUBeICHHS 1HGOpMAIl PEKOMEHIYEMO po3TalryBatu y (aiiii
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show.cpp, Bunydenns — y ¢aiii del.cpp, penarysanns — y daiini edit.cpp.

5.2 BuBenenns ingopmauii npo By3/u

Ha mpomMy kpormi ciig cTBOpUTH MO ABI (QYHKIIT JJIT KOXKHOTO By3a —
byHKII10, SIKy OYIyTh BUKOPUCTOBYBATH 1HII MpOrpaMu 1 GyHKIIO BUKIHUKY II1€T
orepariii uepe3 MeHIO.

VY yHKUiSX 1718 HIIEX nporpaM OyAyTh BUBOJWUTHUCS TIIBKU T1 TOJS, SKI
JOCTYTIHI JIJISl peAaryBaHHs.

VY dyHKuisnx, sk OyayTh BUKIMKATUCA Y€pe3 MEHIO OyJie BUBOJAUTHCS 1 1HIIIA
iHopMalris, ska xapakrepusye CTpykTypy. Hns oTrpumanHs Takoi iH(opmarii
JIOBEJIEThCSI HAMMMCATH JTOMOMIXKHI (DYHKIT 1711 OOUHCIICHHS ASSKUX y3arajabHEHHUX
XapaKTePUCTHK BY3JIiB

B sixocTi mpukany posriasiHeMo GyHKIT s cTpykTypH «Kademapay.

5.2.1 llpuxknaau ¢pyHkuii BuBeaeHHs iH(popmamii

5.2.1.1 Jlonomi>kHa GYyHKIIIS MiAPaXyHKY KITBKOCTI BHKJIaaqiB Kadeapu

Lo dynkito, mictuar 40, OyneMo BUKOPUCTOBYBATH y (PyHKIIIi BUBEICHHS
iHdopMmaiii npo kadenpy. [i moxkna posramryBatu y (aitni query.cpp., 6o e,
(bakTUYHO, BXKE 3aMUT JI0 JepeBa.

Jlictunr 40 — OyHKLIA D1ApaxyHKy KUIBKOCTI BUKIIaadyiB Kapeapu

int calcTeachDept(Dept *ptr){
int count = @;
Teacher *pT = ptr->firstTeacher;
while(pT != NULL){
count++;
pT = pT->nextTeacher;
h
-

eturn count;

5.2.1.2 ®Oynkuis BuBeneHHs iHGopmartii mpo kadenpy

Peanizamis yHkiii gyxe npocra 1 He noTpeOye moscHenb. Koa dyHkiii
HaBeJICHO B JIICTUHTY 41.
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Jlictunr 41 — ®yukiig BuBeneHHs iHdopMaliii npo kadenpy

void showDeptInfo(Dept *ptr){

cout << " Hazea kadeapu: " << ptr-»name << endl;
cout << " HaeaHTaxeHHA: " << ptr->hours << " roguH" << endl;
cout << " Kadeapa " << (ptr->spec? "Bunyckawua" : "zaransHa") << endl;

5.2.1.3 ®OyHKIisS MEHIO )1 BUBEACHHS iH(OpMarlii mpo kadeapy

OcoOnuBicTh (yYHKINT BUBeAeHHS iHGOpMaIi Yepe3 MEHIO MpOJsArae B
HasBHOCTI 3aroJIoBKa 1 BUKJIHMKY (YHKIii pause() micist 3aBEepUICHHS BUBEICHHS
inpopmarrii. Kpim iHpopmarii, mo BuBoauth Gynkmis showDeptinfo, BuBogutbes
nojaTkoBa iHpopMartis mpo kadenpy. Ko ¢pyHkiii HaBeaeHO B JicTUHTY 42.

Jlictunr 42 — OyHKLIS MEHIO I OTpUMaHHs 1H(opmarlii npo kapeapy

int showDeptInfoByMenu(void *ptr){
Dept *pDpt = (Dept*)ptr;

cout << " THoopmauis npo kadeapy \n";

cout << " Kadeapa yHiBepcuteTy " << pDpt->parent->name << endl;
showDeptInfo(pDpt);

cout << " Ha kadeapi npauwe " << calcTeachDept(pDpt) << "Buknapmauyis\n";
pause();

return @;

[Ticns peamizamii wiei PyHKIIT AOUUTBHO MPOTECTYBATH ii 1 OB’ S3aHI 3 HEIO
GyHKUIT NUITXOM BUKJIUKY BIJIOBIAHOTO MYHKTY MEHIO

5.3 BuaajieHHs By3.iB 1epeBa

BunanenHs By3JiB iepeBa Mae AB1 XapaKTepHI 0COOJIUBOCTI.

[lepia nossrae B TiM, 110 BUAAISIOUH BY30J1 MU MAEMO BUAAIMUTH 1 yCiX HOTO
HAIIaIKIB.

Jlpyra ocoOimBICTh — HEOOXITHO 3BIIBHATH IIaM’SATh, SIKa BIJBOJWJIACS JIJIS
30epiraHHs BY3JIiB.

HaBeneni 0oco0IMBOCTI BUMArarTh, 00 BUAAJICHHS IIOYNHAIOCH 3 HAII[aAK1B
OCTaHHBOTO PIBHS JIEpEBa, TaK 3BAHUX JIUCTIB JIEPEBA.

3Bakaro4yM Ha 1€ MU TOYHEMO PO3TIIAaaTy (HYHKIIIT BUJAICHHS 31 CTPYKTYpPH
OCTaHHBOT'O PIBHS.

JUisi  KOXHOTO pIBHS CHOYaTtky Tpebda 3BUIBHUTA NaM’SThb  SKY
BUKOPHCTOBYBAJIH TTOJISI CTPYKTYPH, a TIOTIM BXKE BUBUILHATH T1aM’SITh, 1110 3aiiMasia
cama CTpyKTypa.
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5.3.1 Bupanenns ingopmanii npo BUKJIa1a4iB

Tax camo, 5K 1 y BUNaJKy BUBEJACHHS 1H(pOpMAIlii, 3aBJaHHs JUINTHCS Ha AB1
yactuHu. [lepima Bupillye 3aBIaHHS BHAAJICHHS 3 ypaxyBaHHSM OCOOIUBOCTEN
CTPYKTypu 0e3 ydacTi KOpHCcTyBaua, a Jpyra 3ade3nedye BUKIUK MepIIoi YaCTUHU
gyepe3 MEHIO.

5.3.1.1 Oynkuii BUIaIeHHs BUKJIaaqa

JIOUinbHO 3aBAaHHS PO3AUIMTH Ha JBI 4YacTUHU. CHoYaTtKy BHUPIIIKMO
3aBJIaHHS BUJAJICHHS BKa31BHUKA HA BUKJIa/a4a 13 CIIHCKY.

Bka3ziBHHMK Ha IOYaTOK CIMCKY 30epiraerbes y modi firstTeacher ctpykrypu
Dept, ToMy aaropuT™ BUAAJICHHS Ma€ JB1 TJIKH.

[lepma rijka akTUBI3YETHCS, SIKIO BUAAIAETHCA CTPYKTYPA, sIKa € MEePIIOI0 Y
CIUCKY. Y IIbOMY BUIIAJIKy BKa31BHHUK Ha MEPIIOro BUKIIA/laya y CIIUCKY MIHSIEMO Ha
BKa31BHUK, KM BKa3yBaB Ha HACTYITHOTO.

Jpyra rijgka mpaioe ais 1HIMX cTpyKTyp. TyT B LUK 1A€MO MO CIHCKY 1
3HaXOJIUMO €JIEMEHT, MICIIS SIKOTO WJie €IEMEHT, AIKUi MoTpioHO BuaanuTu. Ilicis
IIOTO 3MIHIOEMO Y IILOTO €JIEMEHTa BKa3IBHUK HAa HACTYIHOTO OepydYd 3HAYCHHS
BKa3iBHUKA HA HACTYITHOTO Y €JIEMEHTA, SKUH BUIAISIEMO.

OyHKINIO BUAAICHHS TNOCUJIAHHA HAa BUKJAJaya 13 CIUCKY HaBEJICHO B
Jictunry 43.

Jlictunr 43 — OyHK1iS BUAAICHHS TOCUJIAHHS HA BUKJIaJaya 13 CIIUCKY

vold removeTeacher (Teacher* pT) {
Dept* pD = pT->parent;

if (pD->firstTeacher == pT)
pD->firstTeacher = pD->firstTeacher->nextTeacher;

else|
Teacher *p = pD->firstTeacher;
while(p!= NULL && p->nextTeacher != pT){

p = p->nextTeacher;

}
if (p == NULL) return;

p->nextTeacher = pT->nextTeacher;

[Ticnsa peamizamii MaHIMyJALIA 31 CIUCKOM peamizyeMo (yHKIIIO TOBHOTO
BUJIAJICHHSI CTPYKTYPU «BUKIama4d», JICTUHT 44. OCKUIbKU PSAIKA CTPYKTypHU
dopmyBanuch ¢GyHkiisimu getStr ado strdup, sxi BuxopucroBytors Malloc mis
BUIUICHHS 11aM’sITi, TO JJIs1 3BUIbHEHHS aM’sATi BUKOpUucToByeMo free().
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Jlictunr 44 —Teker QyHK1Ii BuganeHHs iHGopmMaIllli npo BUKIaaada

void delTeacher (Teacher* pT) {
removeTeacher (pT) ;

free (pT->name) ;
free (pT->post) ;
delete pT;

5.3.1.2 OdyHKIis BUAAICHHS BUKIIaaya Yepe3 MEHIO

Omneparriss BujaneHHs Jyxe HeOesneuHa. Tomy OaxkaHO mepenuTaTu
KOpHCTYyBaua, 4d JIHCHO BIH Xoue Iie 3poouTu. s peamizaiii Takoro 3amuTy
HAIHMIIEMO JTOTIOMIXHY QyHKIII0, TicTUHT 45 1 po3Tamyemo ii y daiimi util.cpp.

Jlictunr 45 — OyHKLIS 3aIUTY HA MATBEPKEHHS BUKOHAHHS orepariii

Jint confirm(const char* question) {
printf ("\n%s", question);
printf ("\ndxmo Tak, BemiTb 1, iHakme 0 ");
char c;
c¢in >> c;
fflush (stdin) ;
return c == H

[{r0 GpyHKIII0 MM BUKOPUCTOBYEMO y (DYHKIIi BUJIaJI€HHSI BUKJIaJlaya 4yepes
MeHIo, JicTuHT 46. [lepen BumaseHHSIM BHBOIUTHCS iH(pOpPMAIliS PO BUKIaAada i
3alUT Ha MIATBEPIKEHHA BuAaneHHs. [licas BHUIaneHHsS BUBOAMTHCS CIUCOK
BUKJIAJaviB, 110 3aJIUIININCE.

Jlictunr 46 — TekcT QpyHKIIT BUIaJEeHHS BUKIa1ada 4Yepe3 MEHIO

int delTeacherByMenu (void* ptr) {
Teacher* pT = (Teacher*)ptr;
printf ("\n --- BuImameHHA BUKIazaua %s —---", pT->name);
cout << "\n THbopmanlg Opo BMKIIamaua, MO BUIandgeTbca";
showTeacherInfo (pT) ;
if(confirm("Bm mificHO XoueTe BUIAJMTHM LBOTC BUKIamaua?")) {
fprintf s(logFile, "\n BuOaleHHA BMKJIamaua %s", pT->name);
delTeacher (pT) ;
printf ("\n Burkiamaua summganeHo");
printf ("\n CoMcor BMEKNIamauile nicmg BumaneHHa") ;
showTeacherList (pT->parent) ;
return 1;

}

return 0;
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5.3.1.3 OdyHkIis BUAAIEHHS BCIX BUKIJIaadiB Kadeapu

VY i cbyHKuu mictuHr 47, opraH130BaHo IUKJI TOCIIOBHOTO JOCTYITY IO
€JIEMEHTIB CIHUCKY 1 Ha KOXHOMY KpOIl IUKJIY BUAAISETHCS OJHA CTPYKTypa 3a
nornomMororo GyHKIIT BUAATEHHS BUKIa1a4a, ska Oylia HamucaHa paHilie.

B saxocti mapamerpa QyHKIIis mpuiiMae BKa31BHUK HA Kadeapy.

Jlictunr 47 — OyHKIis BUJANCHHS BCIX BUKJIa1a4iB Kadeapu

lwvoid delAllTeacher (Dept* pD) {
Teacher *p;

| while((p = pD->firstTeacher) != NULL) {
delTeacher (p);

}

5.3.1.4 BunaneHHs BCiX BUKJIa/1a4iB Kadeapu yepe3 MEHIO

Ils omepartiito crocyethesi kadenpu 1 ToMy ii Tpeba poOUTH Yepe3 MEHIO
Kadeapu, xouya BiIOYBA€ThCs BUAAIICHHS BUKJIA1a4iB.

VY dyukmii, mictuHr 48, mepen BUIaIeHHSIM BUBOAUTHCS CIIMCOK BUKJIAIAIB i
3aIAT Ha MiATBEPKCHHS BUAAICHHS. J{71s1 BUIaeHHsT BUKIIMKAETHCS (QYHKITIS, SKa
Oyna po3risiHyTa B MONEPEAHBOMY IMIMTYHKTI.

Jlictunr 48 — OyHKIIS BUAATICHHS BCIX BUKIIaa4uiB Kadeapu uepe3 MEHIo

int delAllTeacherByMenu (void* ptr) {
Dept* pD = (Dept™*)ptr;
printf ("\n --- BumaleHHA BUKNamauie kabempu %s ---", pD->name);
printf ("\n Burnamaui kadempu %s", pD->name);
showTeacherList (pD) ;
if (confirm("Bu miricHO XoueTe BCl1xX BMOaIMTHM?") ) {
fprintf s(logFile, "\n BumajieHHd BMKIAIaule kabenmpu %s",
pD->name) ;
delAllTeacher (pD);
printf ("\n BurIamaui®e BuOaneHo") ;
pause () ;

}

return 0;

5.3.2 Bunanenns indopmauii npo kadenpu

PeasnizoByBartu 11€ 3aBaaHHs Oy/1IeMO Tak caMo, K 1 BUJAJICHHS BUKJIAIayiB 3
ypaxyBaHHSIM 0COOJIUBOCTI CTPYKTYpHu. ToOTO criouaTky Tpeba BUIATUTH BKa31BHUK
Ha Kadeapy 13 MacuBy, MOTIM BUIAIUTH 1H(MOpMamio npo kadeapy pazoM 3
HanaakaMu. KpiM Toro peasnizyBaTv BUAAJIEHHS YE€PE3 MEHIO.
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5.3.2.1 ®dyukuii BuganeHHs kadenpu

B sikocTi mapametpa n0 mux GyHKIH, eperaeThcsl BKa3iBHUK Ha Kadenpy,
Ky IOTP1OHO BUJAIIUTH.

OyHKIIis] BUJAICHHS BKa31BHUKA Ha Kadeapy 13 MaCHBY BKa31BHUKIB, JTICTUHT
49, mepernsnae y UKl MacuB 1 IIyKae BKa3iBHUK Ha MOTpiOHY kadenpy. [licms
3HAaXOJ[)KCHHsI BKa31BHUKA BUKOHYETHCS 3CYB JIIBOPYY YCiX €JIEMEHTIB MAacHUBY, 110
Oynu po3TalIoBaHi Micis 3HaWEHOTO, 1 TIYMWIbHUK Kadeap 3MeHITyeThes Ha 1.

Jlictunr 49 — Tekcr QyHKIT BUAAJICHHS BKa31BHUKA Ha Kadeapy 13 MacuBy

void removeDept (Dept* pD) {
Dept**dptAr = pD->parent->deptArray;

int n = pD->parent->deptCount;
for(int i = 0; 1< n; i++){
if (dptAr[i] == pD){

for(int j = i; j < n - 1; Jj++){
dptAr([j] = dptAr[j+1];
}

pD->parent->deptCount--;
break;

[Ticnst peanizaliii MaHITyJISI1A 3 MACHBOM MOKHA BUJIAJTUTH BCIX BUKJIAadiB
kKadeapu 1 3BUILHUTU MMaM’sITh, KA BUIUIAIACH 1711 Ha3Bu kadenpu. Ilicas mporo
3BUTBHSEMO T1aM’Th, SKy BUKOPHCTOBYBaJIa CTPYKTypa «kadempay, Jictuar 50.

Jlictunr 50 — @yHkuis BuAganeHHs kadeapu 3 mam’siti

void delDept (Dept* pD) {
removeDept (pD) ;

delAllTeacher (pD) ;

free (pD->name) ;
delete pD;

5.3.2.2 Bunanenns kadeapu uepe3 MEHIO

s ¢ysxis, mictuar 51, gyxe cxoka Ha (YHKIIO BUAAJICHHS BUKIagadya
yepes MEHIO.
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Jlictunr 51 — ®yuHkIig BuAanIeHHs Kadeapu yepe3 MEHIO

int delDeptByMenu (void* ptr) {
Dept* pD = (Dept*)ptr;

printf ("\n --- BupmaneHHsa kabempu %s ---", pD->name);

cout << "\n IHdbopmauisa npo radbempy, mWo BMOaldaeTeca";

showDeptInfo (pD);

if (confirm ("B miricHo xXoueTe BUOANUTU LU Kadbempy?")) {
fprintf s(logFile, "\n Bunamenua kabempwm %s", pD->name);
delDept?pD);

printf ("\n Kabempy BumaneHo") ;

printf ("\n Cnoucok kabenp nicna BunmaieHHA") ;
showDeptList (pD->parent) ;

return 1;

}

return 0O;

5.3.2.3 OyHKIis BUAAIESHHS BCiX Kadeap

VY ¢bynKii, JicTAHT 52, B UK TOCITIOBHO BUAAISIOTHCS €IIEMEHTH MacHBY
Kadeap, axk MOKU 3HAYEHHS JTIYMIIbHUKA Kadelp HE CTAHE HYJIEM.

Jlictunr 52 — Tekcr yHKIIT BUAaIeHHS BCiX kadenp

void delAllDept (Univer* pU) {
while (pU->deptCount > 0)
delDept (pU->deptArray[0]) ;

5.3.2.4 BunaneHHs Bcix Kadeap yepe3 MEHIO

Xoua (QyHKIA cTOCyeThbes Kadenp, ane ii Ciii BUKIUKATH 4Yepe3 MEHIO
yHiBepcuTeTy. BoHa nyke cxoska Ha (yHKIIIO BUJAJICHHS BCIX BUKJIAJadiB uyepes
GyHKIIII0 MEHIO, SIKa PO3TJIsiIaliach paHillie, TOMy HaBOJIUTH ii TyT HE Oyaemo.

5.3.3 Bugasenns inpopmauii npo yniBepcurer

5.3.3.1 OyHKIIisS BUAAICHHS YHIBEPCUTETY

VY it ¢ynkuii, gictuar 53, Tpeba 3BUIBHUTH MaM’siTh, Ky 3aliMae Ha3Ba
YHIBEPCUTETY, MOTIM BUAAIUTHU BCl Kadeapu. Jlani 3BUILHUTU 1aM’ATb, 110 3aiiMaB
MacuB Kadeap, 1 mcisl [[bOTO MPUCBOITH KOpeHto nepeBa 3HaueHHs NULL.
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Jlictunr 53 — Tekcr QyHKIT BUAAICHHS YHIBEPCUTETY

void delUniver (Univer* pU) {
free (pU->name) ;
delAllDept (pU) ;
delete|[]| pU->deptArray;
delete pU;
root = NULL;

5.3.3.2 BunaneHHs yHIBEpCUTETY Yepe3 MEHIO

TekcT GyHKIIT HAaBEICHO B JIICTUHTY 54

Jlictunr 54 — Tekct QyHKIT BUAAICHHS YHIBEPCUTETY Yepe3 MEHIO

int delUniverByMenu (void* ptr) {

Univer *pU = (Univer?®*)ptr;

printf ("\n --- BupaneHHs pepeBa —--");

if(confirm("Bu mirvicHo xXoueTe BMOANMTU BCe nepeBo?")) |
fprintf (logFile, "\n BunanexHHsa nepesa");

delUniver (pU) ;
printf ("\n JepeBro BuMmaneHo.");
pause () ;
return 1;
}
return 0O;

5.4 PeparyBanus inopmauii npo By3.iu

PenaryBanHs nijyisirae TiIbKH Ta 1HQOpMaIis, SKa BBOJUTHCS KOPUCTYBaueM

M1J] 4Yac CTBOPEHHS BYy3Ja.

AJTOpUTM penaryBaHHs 3aJ€KWATh BiJ PpIiBHSA CTpYKTypu. Hailimpocriie
penaryBatu KOpiHb JIepeBa, TOMY IO KOPIHb HE € €JIEMEHTOM MacuBy abo0 CITUCKY 1

TOMY HeMa MpoOJIeMU BIOPSIKYBaHHS.

Tomy criodatky po3riissHeMO (DYHKIIIIO pearyBaHHs KOPEHEBOI CTPYKTYPH.

5.4.1 PenaryBanns indopmauii y kopeHeBill CTPyKTYpi

Jlis  penaryBaHHST KOPEHEBOI CTPYKTYpu OyaeMo BHUKOPHCTOBYBAaTH

HACTYITHUW AJITOPUTM:
— BUBOJUMO HasIBHI JJaH1 PO CTPYKTYPY;
— 3aMUTYEMO KOPUCTYyBayva, Yu MOTPIOHO pefaryBaHHs;
— BBOJIMMO HOBI JlaH1 IPO CTPYKTYPY;
— OHOBITIOEMO TIOJIS ICHYIOUO1 CTPYKTYPH,
— BUBOJIMIMO Ha TIeperisiy iH(OopMaIlito mpo 3MiHEHY CTPYKTYPY.
Kon ¢yHxkitii, mo peanisye 1eil anropuT™ HaBeCHO B JIICTUHTY D5.
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Jlictunr 55 — Kox ¢ynkiii penaryBanss iHpopMmaiiii mpo yHIBEPCUTET

int editUniverInfo (void* ptr) {

Univer * pU = (Univer*)ptr;

printf ("\n --- PemaryBaHHd iH@opMalnii npo yHiBepcurer ---");

printf ("\n HaHi, mo MoxHa 3MiHMTM:n");

showUniverInfo (pU) ;

if (confirm("Bu pirvicHo 6ymeTe MiHATM L1 maHi?™)) {
fprintf(logFile, "\nPemaryBaHHd OaHMUX OpPO yHiBepcurer");
fprintfi}ogFile,"\nByno: s, %d", pU->name, pU->level);
free (pU->name) ;
pU->name = getStr("Hora HazBa yHliBepcurery: ");
pU->level = getlInt ("Hoewi piBeHb axpemuTauii: ", 1, 4);
fprintf(logFile, "\nCrano: %s, %d", pU->name, pU->level);
printf ("\n IaHil nicng penmaryBaHHAS");
showUniverInfo (pU) ;
pause () ;

}

return 0O;

5.4.2 PenaryBanns inpopmauii y CTpPyKTYpax HACTYNIHUX PiBHIB

3miHa iHdopmalii y CTPYKTypax HACTYIMHUX pPIBHIB MOXE MOPYIIUTH
BIIOPSIKOBAHICTh €JIEMEHTIB MacuBy abo cmucky. s Toro, mo0O BiIHOBUTHU
MOPSIJIOK, TOBEACTHCS BIJICOPTYBATH CYKYIHICTh €JIEMEHTIB.

[HmwMit cnoci® momsirae B TiM, 10 3MIHU BHOCSATHCSI B ICHYIOUY CTPYKTYpY,
MICJISt YOTO BOHA BIIIYYA€ETHCS 13 CYKYITHOCTI €JIEMEHTIB, a IOTIM 3HOB JIOAA€THCS. Y
bOMY BHUIAJKY (YHKIIS COpPTYBaHHS HE NOTpIOHA, a (PYHKUII BUIAJCHHS Ta
JI0JTaBaHHS CTPYKTYP MH BXXE MAEMO.

JlonaTkoBa mepeBara Takoro crnocoOy I1ie 1 B TiM, 1[0 BIH HE 3aJIeKUTh BiJl
oprasizauii rpynu JaHux.

Tox peanizyemo 1ei cnocio.

VY micturry 56, B SIKOCTI 3pa3Ky, HaBeJIEHO KO (PYHKIII AJiA pefaryBaHHS
1H(dopmarrii mpo BUKJIaAaya.

[Ticns peanizanii 1i€i GyHKIIIT AOIIIBHO i MPOTECTYBATH.

[Ticns poro MokHa CTBOpUTH (YHKINIO penaryBaHHs 1H(opmarii mpo
BUKJIa/1aya.

Kon ¢ynkiii pexaryBanns iHdopmartiii mpo BUKIIana4ya 3a CTPYKTYPOIO TaKHi
caMuH.
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Jlictunr 56 — Tekct pyHkii penaryBanus iHbopmariii npo kadeapy

int editDeptInfo (veid* ptr) {
Dept * pD = (Dept”*)ptr;
printf ("\n --- PemaryBaHHud iHbopMmauii mpo kabempy —---");
printf ("\n Jaui, mo MoxHa SMiHuTM:n");
showDeptInfo (pD) ;
if (confirm("Bu piricHo Gyrnere MIiHATK Ul madHi?™)) {
fprintf s(logFile, "\nPenaryBaHHa iHOopMauii mpo xadempy")
fprintf s(logFile, "\nByno: %s, %d, %d",
pD->name, pD->hours, pD->spec);
removeDept (pD) ;
free (pD->name) ;
pD->name = getStr ("HoBa Haszea kKadempm: "),
pD->hours = getInt ("HoBe HaBaHTaxeHH4a: ", 1000,
pD->spec = getInt ("Hormit craryc (1 - BuMOoyckawouya): ", 0, 1);
addDept (pD->parent, pD);
fprintf s(logFile,"\nCrano: %s, %d, %d",
pD->name, pD->hours, pD->spec);
printf ("\n Jaui nicmg pemarysaHHAa") ;
showDeptList (pD->parent) ;
}

return 0O;

wwwwww
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6 POBOTA 3 JEPEBOM
(CTBOPEHHSL, 3BEPEKEHHS, BITHOBJIEHHS, 3AIIUTH)

Ha mpomy erami poGOTH 3 MPOEKTOM peani3yeMO MOXKIUBICTH CTBOPEHHS
JiepeBa uepe3 MEHIO, 1110 CTaHe B HAro/i Micis BUuganeHHs aepena. Lle Oyne abo 3HOB
nedonTHe AepeBo, ab0 HOBHUIl KOPiHb, 10 SIKOTO MOKHA Oy/1e 10/1aTH OYb K1 BY3JIH.

Peanizyemo Takox MOXKIHMBICTB 30€perTu AepeBo y (aiisi 1 BITHOBUTH HOTO 3
daitny.

Kpim Toro, Ha 11bOMy eTari MU peayli3yeMO 3alUTH J0 JepeBa, SIKi OyIyTh
MIOBEPTATH JICSAKY y3araabHEeHY iH()OpPMAIIi0, III0 CTOCYETHCS IEPEBa B IILJIOMY.

BusHnadeHi 3aBgaHHs MaloTh 0arato CuibHOTO. ['0JIOBHE MOJIATAE B TiM, IO
JUIS. BUPIIICHHsT OUIBIIOCTI 3 IUX 3aBllaHb JIOBOJIWTHCS MpaIfoBaTH 3 ycima, abo
YaCTHHOIO BY3JIIB Ha PI3HUX PIBHSAX JiepeBa. TOOTO TOBOIUTHCS «OOXOIUTHY IEPEBO
TaK caMo, sIK 11 MU pOOWIIN JIJIsl IEMOHCTpAIlii iepeBa Ha eKpaHi.

Tox OyneMo BUpIIIYBaTH HACTYIIHI 3a/1a4l:

— pO3MUPHUMO TIepetiK QYHKIIN MEHIO JIsl OTepalliil 3 IepeBOM 1 peastizyeMo
IIIMEHIO 3aIUTIB JI0 ACPEBa,;

— peanizyemMo (QyHKLII CTBOPEHHS KOPEHs JepeBa Ta BHUKIUKY (QYHKIIII
CTBOpEHHS 1e(DONTHOTO JiepeBa Yepe3 MEHIO;

— peaizyemMo 3amuT Ha OTpUMaHHA 1H(QOpMaIlii PO EPEBO Yepe3 MEHIO;

— peanizyemMo QYyHKINT 11t 30epeKeHHs aepeBa y dhaiii;

— peanizyemo (QyHKIIIT AJis BITHOBJIEHHS JiepeBa 3 (ailiy.

— peaizyemMo 3aMuTy Ha OTPUMaHHA y3arajibHeHoi 1HhopMallii Ipo AepeBo.

Peanizaiiisi OCTaHHBOTO IMYHKTY 3aJI€KUTh BiJl BUOOPY PO3POOHUKA MPOEKTY .
VY namomy npukiaagi OyayTh peanizoBaHi Taki 3aMuTH:

— MOUTYK HAMOJIOAIIOTO BUKJIa/1a4a;
— MApaxyHOK CYMapHOTO HABYAJIBHOT'O HABAHTAKCHHS 110 YHIBEPCUTETY;
— BUBEJICHHS TIEPEITIKY BUITyCKalOuuX Kademp.

6.1 JloonpanoBaHHs MEHIO

Peanizyitmo ¢yHnkiiro menuQuery, sika 6yae BUBOAUTH Ha KOHCOJIb MiMEHIO,
yepe3 sIKe MOKHa OyJle aKTHBI3YBAaTH 3allUTH A0 JAepeBa. B gKkocTi 3pa3ka MOKHa
B3TH (QYHKIIII CTBOPEHHS 1HITUX MIIMEHI0. A (YHKIIIT 3aMUTIB MalOTh BIAMOBIIATH
BaplaHTy CTYJCHTA.

o Bxe icHyro4oi ¢pyHKIii menuTree qomaiMo 1e eeMEeHTH, JJi1 CTBOPECHHS
KOpeHsl Ta JEe(OJTHOTO JepeBa, BUBEACHHS 1H(OpMAIli MPO MPOEKT 1 BUKIUKY
byHKI11H 30epekeHHs Ta BIAHOBJICHHS AepeBa 3 ¢ainy. [licas uporo dbyHKIis Mae
BUTJISIIATH TaK, SIK IOKA3aHO B JIICTUHTY 57.

3ayBa)KUMO, 1110 MEHIO Ma€ TPAIFOBATH HE3AJICKHO BiJl TOTO UM iICHYE JIEPEBO,
Yy HI.

Pazom 3 mieto (pyHKIIE€HO AOLIIBHO CTBOPUTH 1 3arOTOBKM (PYHKIIIH, IO
BUKIIMKAIOTHCSI Y€pe3 1€ MEHIO.
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Jlictunr 57 — ®yH111s CTBOPEHHS MEHIO 711 POOOTH 3 JIEPEBOM

int menuTreeOperation(void* ptr){
fprintf (LogFile,”\nBUKNUK MeHI onepauiin 3 pepesom”);
MenuUnit menu[] = {
{"Create root", createRootByMenu},
{"Create default tree"”, createDefaultTreeByMenu},
{"Show project information", showProjectInfo},
{"show tree", showTree},
{"Show log file", showLogFile},
{"Store to file", storeTreeByMenu},
{"Restore from file", restoreTreeByMenu},
{"Return to main menu”,NULL}};
runMenu(menu, "\n --- Tree operation ---",ptr);
return Q;

6.2 Peanizanis ¢pyHkuiil cTBOpeHHs 1epeBa

[Ticnst Toro, Ik MM CTBOPWIIM (DYHKIIIIO BUAAIECHHS IepeBa, MOTPIOHO HAJATH
MOXJIMBICTh BIJHOBJIEHHA Horo. Peanizyiimo e 3aBpaHHsa. BimnmoBimHi (yHKIII
po3ranryeMo y (aitmi create.cpp.

6.2.1 ®yHKIiA MeHIO 1JIsl CTBOPEeHHs 1e()0JITHOIO epeBa.

OyHKIII CTBOPEHHS 1eOITHOTO JiepeBa Bxke €. PeanizyiiMo 1i BUKIIUK yepes
MEHIO, JTICTHHT 58.

Jlictunr 58 — OyHKIIS MEHIO JIJIs1 CTBOPEHHS J1e(POJITHOTO JIepeBa

int createDefaultTreeByMenu (void*ptr) {
Univer *root =(Univer®*)ptr;
printf ("\n --- CrTBOopeHHA medonTHOTO ImepeBa —-—-");
if (root != NULL) {
if ( confirm("Iepero Bxe icHye. XodeTe Moro BaMiHMTH?")) {
delUniver (root) ;
fprintf s(logFile, "\nJepero eupaneHo. ");
} else return 0O;
}
root = createDefaultTree();
showTree (root) ;
return 0;

6.2.2 @dyHKUiA MEHIO /151 CTBOPEHHS KOPEHs HOBOI'O JiepeBa

Kon ¢yHK1ii HaBeeHO B JICTUHTY 99.
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Jlictunr 59 — OyHKIIS MEHIO JIJIs1 CTBOPEHHS KOPEHS JepeBa.

int createRootByMenu (void*ptr) {
Univer *root (Univer®)ptr;
printf ("\n --- CTBOpeHHA KOpeHd HOBOTO IepeBa —-—-");
if (root != NULL) {
if( confirm("Jepero BXe icHye. XodeTe MoTO saMiHMTU?"))
delUniver (root) ;
fprintf (logFile, "\nllepeso BumamneHo. ");
} else return O;
}
char* name = getStr ("BeeniThr Ha=BY HOBOTO YHiBepcuTeTy");
int level = getInt("BreniThr piBeHb akpemuTauii", 1, 4);
root = createUniver (name, level):;
fprintf (logFile, "\nCTBOpeHHA KOpeHb HOBOTO Hepema");
showTree (root) ;
return 0;

CrtBopeni @yHkuii Tpeda nporectyBaTu. CroyaTKy CiiJi BUIAJIUTH JAEPEBO,
MOTIM CTBOPUTH HOBE, BUKOPUCTOBYIOYHM OOMBA BapiaHTH.

6.3 30epexenns aepeBa y (aiijii Ta BiTHOBJIEHHS ii0r0 3 (hailny

JlepeBo, sike MH CTBOPHJIM, 30€pIraeThCcsl TUIBKKM B MaM’ sTI KOMIT IOTEpa.
k1110 sk MU X04eMO 30€perTu AepeBo, 3 SIKUM MpalioBain, ab0 X04eMo MEPEeHEeCTU
HOro Ha IHIIUW KOMIT I0Tep, Tpeba 30epertu Horo y daiii 1 HaaTh MOXKJIMBICT
BIJIHOBUTH #oro 3 (paitiy. JlepeBo — 11e He TEKCT, TOMY JOIIILHO Horo 30epirat B
OiHapHOMY (haiii.

VYei dyHKIii, Mo noB’s3aH1 3 peaizalli€lo bOro 3aBJaHHs PO3TALIYEMO Y
daiimi tree.cpp.

6.3.1 3anuc indopmanii npo aepeBo y daiia

JJist BUpILLIEHHS LIbOTO 3aBJAHHS HATMIIEMO JIEKUIbKa (QYHKIIIH.

[Tepia Oyae Ge3nocepeHbO BUPILIYBATH 3a/lauy 3aMUCy JaHUX MPO JEPEBO
y ¢aiin. B axocti napamerpa (yHKIis Oyae nmpuilMaTy BKa3iBHUK HA CTPYKTYpPY
FILE. B peanizauii wmi€i pyHKiii 0yeMO BUKOPUCTOBYBATH JOMOMIXHY (PYHKI[IO
3aMucy TEKCTOBUX TMOMIB N0 (pailimy, 1m0 CKOPOTUTH KOJI OCHOBHOI (YHKIII 1
3MEHIIIUTH IMOBIPHICTh BAHUKHEHHSI TIOMUJIOK.

[Ile omna ¢yHKIig 3a0e3meunTh AlAIOr 3 KOPUCTyBaueM, uepe3 SKY
KOPHUCTYBa4 MOBIIOMUTH IPOTpaMy, Ji€ BiH X04e 30epiratu AepeBo.

6.3.1.1 fonomixkHa QyHKIIis 715 3aIIUCY TEKCTOBUX IMOJIIB Y (pailn

B Hamomy npoekTi BUKOPUCTOBYIOTbCS CTPYKTYPH, SIKI MICTSATh BKa31BHUKHU
Ha TekcToBl moJig. CaMi TEKCTH 30epiraroThCsi B 1HIIUX JAUISTHKaX JWUHAMIYHOT
nam'ari. Tomy 110 ¢aitiny, KpiM CTpYKTYpH, TpeOa 3ammucaTu 1 TEKCT.
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Texcr y ¢aiin 6ynemo 3anucyBatu y ABa Kpoku. CriodyaTky 3armcy€emMo 4ncio,
3HAYEHHS SKOTO BIJMOBIAA€ KUTBKOCTI CUMBOJIB Y TEKCTI, BKJIIOUAIOUU 1 O3HAKY
KiHLA psaka. [licis nporo 3amucyemMo caM TEKCT.

Kon BigmoBigHoi GyHKITIT HaBeaeHO B JicTHHTY 60.

Jlictunr 60 — OyHKIiA 3aMKCy TEKCTY 10 daitry

void storeText(char®* text, FILE* file){
int len = strlen(text) + 1;
fwrite(&len, sizeof(int), 1, file);
fwrite(text, sizeof(char),len,file);

6.3.1.2 OyHKIis 3aMKcy JaHUX PO AePeBO Y (dailn

[ndopmariito, 1110 MOB’sI3aHa 3 AEPEBOM, OYJIeMO 3alKUCyBaTH A0 OIHAPHOTO
(aiiny y Takiid caMiid MOCHITOBHOCTI, SIK 1 IM1]1 YaC BUBEJECHHS KOT0O HA €KpaH.

CnoyaTky 3anucyemMo 1HPOpMalio Ipo KOPiHb.

Jlani opraHizyeMo IIMKJI IO MacUBY BKa31BHUKIB Ha KadeapH 1 3alUCYEMO Y
daiin iHdopmallio po MOTouHy Kadeapy.

st motoyHoi Kadenpu opraHizyeMo IUKI MO BHKJIaJadaM 1 MOCIiJOBHO
3anucyeMo y (aiinn iHpopmarliro npo BCix BUKIaAaviB Kadeapu.

Jlani moBepTaeMocCh J10 UKITY poOOTH 3 Kadenpamu 1 3anucyemo iHdopmarrio
PO HACTYMHHY Kadeapy.

30epiranns y daitni iHbopMallii mpo By3JIH JAepeBa, siKi € CTPYKTypaMu, Mae
cBoi ocobnuBocTi. [lepir 3a Bce y ¢aitm 306epiraeMo caMmy CTPYKTypy. Ale, SKIIO
CTPYKTypa Ma€ MoJjisi 3 BKa31BHUKaMH, TO Yy (aiiai noTpiOHO Oyzae 30epertu 1 JaHi,
Ha SKI TOCWUJIAIOThCA 111 BKa3iBHUKHU. 30Kpema, s 3alucy JaHuX, Ha sIKi
NIOCUJTAIOTBCSL BKA3iBHUKU THIy Char*, OyaemMo BHUKOPUCTOBYBATH IOIMOMIKHY
dbyukiito storeText.

Kon dynkuii qist 36epexxenHs iHpopMmaiiii mpo AepeBo, 110 PO3TIAIAETHCS K
MIPUKJIA]], HABEIEHO B JIICTUHTY 61.

Jlictunr 61 — OyHKI1is 30epekeHHs iepeBa y (aitmi

void storeTree (FILE* file, Univer *root) {
fwrite (root,sizeof (Univer), 1, file);
storeText (root->name, file);

Dept** dptAr = root->deptArray;

for(int i = 0; 1 < root->deptCount; i++){
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fwrite (dptAr[i], sizeof(Dept), 1, file);
storeText (dptAr[i]->name, file);

Teacher *p = dptAr[i]->firstTeacher;
while(p != NULL) {

fwrite (p, sizeof (Teacher), 1, file);
storeText (p->name, file);

storeText (p—>post, file);

p = p—>nextTeacher;

6.3.1.3 ®OyukIig 3anucy aepesa Ao (hailry yepe3 MEHIO

g dyHKIis peanizye miajgor 3 KOPUCTyBadyeM, 4depe3 SKUH KOpUCTyBad
MOBIJJOMHUTH MIporpamy, Jie BiH xoue 30epiratu aepeBo. TekcT QyHKIIT HaBeICHO Y
JICTUHTY 62.

Jlictunr 62 — @yHKLI 3anUCy iepeBa 10 (ailily uepes3 MEeHI0

L 114 Y ! f
int storeTreeByMenu (void*ptr) {
Univer *root = (Univer*)ptr;
printf ("\n --- 3B6epexeHua mepeBa y odanmi ---");
if (root == NULL) {
printf ("\nllepero He icHye.");
pause () ;
return 0;
}
char* fileName = getStr("\nBeemiTe HaszBy odammy: ");
FILE *f = fopen(fileName, "wb");
if (f == NULL) ¢{
printf ("\nHemoxmmeo BinkpuTu odaitn %s", fileName);
1 else |
storeTree (f, root):
printf ("\nllepero 36epexeHo y Qaii %s ", fileName):;
fprintf(logFile, "\nllepeBo 3b6epexeHo y oaini %s",
fileName) ;
fclose(f);
}

return 0;

6.3.2 PeaJiizauin BiiHOBJIeHHS JAepeBa 3 (paiiay

BinnoBnenns nepesa 3 (aitry BigOyBaeThCs B Takiil camiil TOCIIITOBHOCTI SIK
1 30epexkeHHs. ['0l0BHA OCOOMUBICTH LBOTO MPOIECY MOJSATa€ B HEOOX1THOCTI
BUIJISATH ITaM’SITh JIJIS 3aIMCIB, 1110 BIJTHOBJIIOIOTHCS.

Jlist ciporieHHsT OCHOBHOI (DYHKIIIT BiTHOBJICHHS MU HAIUIIEMO 1€ JBI
JOTIOMDKHUX (DYHKIIIT.
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Kpim Toro 3HanoOuThest GyHKINS MEHIO SISl BITHOBJICHHS iepeBa 3 (paiiny.

6.3.2.1 Jlonomixna (hyHKIIiSI JUI 3UNTYBaHHS TaHUX THITYy char*

Texctu OymeMo BiTHOBIIOBATH BiAMOBIIHO J0 TOTO, SIK MU 3aMMCYBAU iX 10
daitny, y nBa kpoku. CrmodyarKky YUTAEMO YHUCIO, 3HAYEHHS SIKOTO BIAMOBiIaE
KUTBKOCTI CUMBOJIIB y TEKCTi, BKIIOUAIOUM 1 O3HAKY KiHI psaka. [licas 1mporo
3YUTY€EMO BIAMOBIIHY KUIBKICTh CHMBOJIB.

Kon BianoBigHoi pyHKI1Ii{ HaBeIEHO B JICTHHTY 63.

JlictuHr 63 — OyHKIA 3YUTYBaHHA 3 (paiay JaHuX TUIYy char*

char* restoreText(FILE* file){
int len;
fread(&Llen, sizeof(int), 1, file);
char®* text = new char[len];
fread(text, sizeof(char), len, file);
~eturn text;

6.3.2.2 JlomomMikHa (yHKIIIS 3YUTYBaHHS JAaHUX PO BUKJIaga4ya

Onmnepariisi, sKy BUKOHYE 1151 PyHKIIs, Oy/ie MOTpiOHA B OCHOBHIN Mporpami y
JIBOX MICIISIX, TOMY JIOIIJIbHO BUIUIMTU BIANOBIIHUNA (PparMEHT KOAY B OKpEeMy
dbynkuio. [le ckopoTUTh KO OCHOBHOT MPOTrpaMH 1 MOKPAITUTH 11 YUTAOETBHICTb.
Texer dyHKIIIT HaBeIEHO B JIICTUHTY 64

Jlictunar 64 — OyHKINA BIZHOBICHHS JaHUX PO BUKIIa1a4a 3 aimy

Teacher *restoreTeacher(FILE* file, Dept* parent){
Teacher *teacher = new Teacher();
teacher-»parent = parent;
fread(teacher,sizeof(Teacher),1,file);
teacher->name = restoreText(file);
teacher->post = restoreText(file);
return teacher;

6.3.2.3 OyHKI1IS BITHOBIEHHS JiepeBa 3 (dailiry

Sk BKe HAroJIoIIyBaIoCs, BITHOBICHHS JepeBa 3 ¢ainy BifOyBaeTbCs B TaKiit
camiii TOCTIIOBHOCTI sIK 1 30epekeHHs. ['0JI0BHa 0COOJIMBICTH IHOTO TMPOIECY
[IOJISITa€ B HEOOX1AHOCTI BUAIIATH IIaM’SITh JJIsl 3aIIMCIB, 110 B1AHOBIIOIOTHCS.

Texker dyHKIIT HaBEICHO B JIICTUHTY 65.

Jlictunr 65 — OyHKIIiS BITHOBICHHS iepeBa 3 (ailry
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void restoreTree (FILE* file,Univer*root) |

root = new Univer () ;
fread(root, sizeof (Univer), 1, file);

root->name = restoreText(file);

Dept** dptAr = new Dept*[root->arrSize];
root->deptArray = dptAr;

for(int i = 0; 1 < root->deptCount; i++) |

dptAr[i] = new Dept();

fread(dptAr[i], sizeof(Dept), 1, file);
dptAr[i] ->name = restoreText (file);

if (dptAr[i]->firstTeacher != NULL) {

dptAr[i]->firstTeacher =
restoreTeacher (file,dptAr[i]) ;

Teacher *p = dptAr[i]->firstTeacher;
while (p->nextTeacher != NULL) {

p->nextTeacher = restoreTeacher (file, dptAr[i]):;

P = p->hextTeacher;

6.3.2.4 OyHKITIS MEHIO JIJIs BiTHOBJICHHS AepeBa 3 daiimy

L dyHKIis peanizye Alanor 3 KOpUCTYBaueM, Yepe3 sIKUi KOPUCTYBad MOXKe
BBECTH 1M’sl (paility, e 30epiraeTbcs AepeBo.
TexcT QyHKIIIT HaBeICHO B JIICTUHTY 66.

Jlictunr 66 — OyHKIIS MEHIO JIJIsl BIIHOBJICHHS JiepeBa 3 gainy

int restoreTreeByMenu(void*){
system(“cls");
cout << "\t--- Restoring the tree from a file ---\n";
char* fileName = getStr("Enter file name: ");

FILE *f = fopen(fileName, "rb");
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if(f == NULL){

(1] "

cout << " Error opening file " << fileName << endl;
pause();
return 1;

}

restoreTree(f);

fclose(f);

cout << " The tree restored from file " << fileName << endl;

//Send message to log file

fprintf (logFile,™/nllepeBo BigHOBNeHO 3 daiiny %s ", fileName);
pause();

showTree(NULL);

return 0;

6.4 Peani3zanisi 3anuTiB /10 1epeBa

3amadi peamizaiii 3amuTIB JO JepeBa 3ajeaTh BIJl TEMHU MPOEKTY. Tomy
HABOJUTH 0araTo MPUKIAIIB y IIbOMY MIIPO3A1IL MU HE Oy1eMo.

AJle CTyZICHTH MalOTh pealli3yBaTH, K MIHIMYM, JBa 3allUTH. Y IHUX 3allUTax
MOXHA, HAPUKJIa, 3HAXOIUTH BY30J1 3 SKHMOCh YMOBHO HaWKpaIlUM ITOKa3HUKOM,
OOYHCITIOBATH 3aralIbHy CyMY 200 KIJIbKICTh SIKOTOCH TOKAa3HUKA, 3HAXOIUTH SIKUICh
BY30J1 32 Ha3BOIO, ajie¢ B [IbOMY BUNAJKy KOPUCTYBa4YEBl JOCTATHHO BBECTH TUIBKH
MOYATKOBI JIITEPU HA3BH.

Sk BKe HaAroJIoNIyBaiocs, Jis peasizallii 3amuTiB TOBOJUTHCS «OO0XOIUTH
nepeBo. Ilpuxnaam o00Xoay BXKe poO3TIgaaiucs B 0ararboX 3aBlIaHHSX, IO
BUPILITYBAJINCS PaHILIE.

B skocTi nmpukiany po3risSHEMO —peali3alilio  3amuTy Ha - MOIIYK
HalMOJIOIIIOrO BUKJIagayva.

6.4.1 Iomyk HAWMOJIOAIIOT0 BUKJIA/1a4a

Jlnst BUpIIIEHHS IIbOTO 3aBAAHHS HAMUIIEMO JB1 (DYHKITII.

[lepmia Gyne Oe3nocepeHbO BUPINIYBATH 337a4y MOUTYKY HaWMOJIOJIIOTO
BUKJIa/Iaya i IOBEPTATH BKA3iBHUK Ha CTPYKTypy Teacher.

Hpyra cdopMye TEKCT BIJIMOBI/II HA 3aITUT.

6.4.1.1 OynKIisA NOUIYKY HAKMOJIOAIIOTO BUKJIa1a4ya

Y ¢ysakmii nBa 1ukiau. 30BHIMIHIA 3a0e3medye meperisa  kKadeap, a

BHYTpIIIHIM — mepernisa BukiaaadiB. [lapamerpoMm 1 MOpPIBHSHHS € PIK
HApOJKEHHsI BUKIanaya. B sSKocTi pe3ynbTary 3amaM’siTOBYEThCS TIOCHJIAHHS Ha
CTpyKTYypy Teacher.

Kon ¢yHK1ii HaBeAEHO B JICTUHTY 67.
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Jlictunr 67 — OyHKIIS MOMTYKY HAWMOJIOAIIOr0 BUKIIa1aua

Teacher® findYoungest(){
Teacher *young = NULL;
Dept ** deptArr = root->deptArray;
for(int 1 = @; 1 < root->deptCount; i++){
Teacher *teacher = deptArr[i]->firstTeacher;
while(teacher I= NULL){
if(young == NULL || teacher->birthyYear > young->birthyear)
young = teacher;
teacher = teacher-»nextTeacher;

}

return young;

6.4.1.2 OyHKITIA MEHIO AJIs MOIIYKY HAaWMOJIOAIIOTO BUKJIa1ada

YV miil QyHKOIl cnoyaTKy OTpPHUMY€EMO TIOCHJIaHHS Ha HAWMOJIOIIOrO
BUKJIaJ[a4a, OOYUCITIOEMO HOT0 BIK 1 BUBOJUMO 1H(POpPMAIIiI0 HA KOHCOJIb.
Kox ¢ynkiii HaBeneHo B JiCTHHTY 68.

Jlictunr 68 — Peanizaiiist monryky HaliMOJIOIIIOTO BUKJIaJjaya 4Yepe3 MEHIO

int findYoungestByMenu(void*){
Teacher *young = findYoungest();
if(young == NULL) {
cout << "\n He 3HaiaeHo.";
return 1;
}
SYSTEMTIME st;
GetSystemTime(&st);
int age = st.wYear - young->birthyear;
cout << "The youngest teacher is:\n";
showTeacherInfo(young);
cout << "Teacher's age is "<< age <X

"

years\n";
return @;

Peanizamis (yHKIiM 3aMUTIB 10 AepeBa 3aBepurye poOOTY HaJl MPOEKTOM Y
cemecTpl. Aye miJ 4ac 3aXUCTy CTYJIEHTY IOBEAEThCS PO3LUIMPUTH MOKIUBOCTI
CTBOPEHOTO MPOEKTY.

PosmmpenHs Moxke moJisiraTy B peaiizailii 10JJaTKOBUX 3aMUTIB, MO (IKaIlii
3HA4YEeHb JCSIKUX OB CTPYKTYP. MOXKIIMBO TaKOX 3aBAaHHS Ha BHECEHHS 3MiH JI0
ICHYIOUUX CTPYKTYp a00 HaBITh JOJAHHS 1€ OJJHOTO PiBHS 1€papxii y nepesi.
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