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IHacnoprt npoexkra

Ha3zBanue «ITocTtpourensb rpadukoB QYHKITAN
ABTOD IInmoTHukoBa Mapus, yuenuna 9 «B» knacca
Hayunsblii pyko- | [leTtkoBa JlronMuna AHaTOJIbEBHA, YUUTENb HHPOPMATUKH
BOJUTEIND
Henn 1. ITpuobpecT HaBBIKK Pa3pabOTKH HACTONBHBIX MPHUIIOKEHUH.
2. Co3naTh MPUIIOKEHHUE I WHTEPAKTHBHOIO MOCTPOCHHUS Tpa-
bUKOB HYHKITUH.
3anaun 1. I3yunTh OCHOBHBIE KOHUENUMU CO3JaHUS HMHTEpPIpETaTopa
A3bIKA OMHCAHUS MATEMATUYECKUX (PYHKLIUH.
2. 3y4nTh OCHOBHBIE KOHUEMHIMHU pa3pabOTKU JIBYMEPHBIX Ipa-
(uyecKUX MPUIOKEHUN CO3JaHUsI MHTEpIpeTaTopa s3blKa OIU-
canus hopmyi.
3. YCTaHOBUTH U HACTPOUTH MPOTPAMMHEIE CPEACTBA pa3paboTKy.
4. Coznathk penaktop Gopmys C MPOBEPKOM CHHTAKCHUCA BBOIM-
MBIX JAHHBIX.
5. Peanu3oBarbs nmoctpoenue rpadukoB (QpyHKIHMI 110 BBEAEHHBIM
oJIb30BaTesieM (hopMyJIaMm.
JlaTel Nnes ot 26.09.2023. B nepuoxn ¢ 14.10.2023 nmo 07.03.2024 na-
I1JIa HY>)KHYI0 HH(OpPMALIHMIO U pa3padoTaia nporpammy.
MarepuanbHoO- HeoO6xonum KOMITBIOTEP, MCIOJIB3yEeMOE IPOrpaMMHOE OOecIie-
TEXHUYECKOE yeHue OecIIaTHOE, JTOMOJHUTENbHBIX JIEHEKHBIX 3aTpaT HE Tpe-
oOecrieueHue Oyercs.




BBenenue

IIpobaema

Jnia yroyOn€HHOTO N3YYEeHUS Pa3HbIX OTpacieil MporpaMMHUpPOBAHUS: TBYMEPHOM
rpaduky, JTOTMYECKUX U CHHTAKCMYECKUX aHAIM3aTOPOB, pa3pabOTKU HACTOJIBHBIX
INPUJIOKEHUH, — 1 pelInia pa3padoTaTh MPOrpaMMy JJisi HHTEPAKTUBHOIO MOCTPOEHHUS

rpadukoB QyHKIIHIA.

AKTYyaJIbHOCTb

OT10T IIPOCKT BAKCH HJIsI MCHA 110 ABYM IIPpUYHNHAM. HepBaﬂ — OTO ITOJYYCHHC HO-
BbBIX HABBIKOB B IIPOIrpaMMHUPOBAHHH U B pa3pa60TI<e HpHHO)KGHPIﬁ, YTO IIPpUTOAUTCA

MHE B OynyIiei kapbepe.

Bropast npuunHa — BO3MOXHOCTh MPEJOCTABUTD JIFOOO3HATEIBHBIM IIKOJIbHUKAM
MHCTPYMEHT ISl IPOCTOM M yIOOHOW BU3yallU3allid HEKOTOPBIX MaTeMaTHYECKUX a0-

CTpaKIUH.

Ieau npoexkra

1. TlpuoOpecTn HaBBIKK Pa3pabOTKU HACTOIBHBIX MPHUIIOKCHH.

2. CoznaTh NpUIIOKEHHE TSI HHTEPAKTUBHOTO MOCTPOEHUS TPaduKOB QyHKITHIA.

3agavu nmpoekra

Ha nytu nmoctrkenus nenerd nNpoeKTOB IVIAHUPYETCS PELIUTh CICAYIOIIUE 3a1a-

qu:

1. M3yunTh OCHOBHBIC KOHIICTIIMK CO3JAHUS WHTEPIpETaTOpa S3bIKa OMUCAHUS
MaTeMaTHYECKUX (QYHKIIH.

2. V3yunTh OCHOBHBIE KOHUENIUU pa3pabOTKU ABYMEPHBIX IrpadUyECKUX MpH-
JIO’KEHUH CO3/IaHusl MHTEPIPETAaTOpa A3bIKa ONMUCaHUs (HOPMYIL.

3. YCTaHOBUTH U HACTPOUTH MPOTPAMMHBIE CPEJICTBA Pa3pabOTKH.

4. Cozpath penaktop GopmMyJsl ¢ TPOBEPKON CUHTAKCHCA BBOJUMBIX JTaHHBIX.

5. PeanmzoBaTh moctpoeHue rpa@ukoB GyHKIUN 110 BBEAEHHBIM MOJIb30BaTEIEM

dbopmynam.



MeToabl

Jlns paboThI HaJ IPOSKTOM s Oy HMCIIOJIb30BaTh HHTETPUPOBAHHYIO CPEIy pa3-
padotku (IDE) Visual Studio. Hanucanue koga OyIeT BBITOJHATHCS Ha S3BIKE IPO-

rpammupoBanus C#.

Jlna aHanv3a U UHTEepHpeTanuu QyHKuuid s Oyay UCIONb30BaTh METOJ OCTpOe-

HUS a0CTpaKTHOTO cUHTaKcuyeckoro aepena (AC/).

Jlns moctpoeHusi rpadukoB s Oyay MOJIB30BAThCS METOJOM JUCKPETU3AIMU
byaknmii. B paMkax HacTOAIIEro MPOeKTa OyIyT MCIOJb30BATHCS TOJBKO (OPMYIIBI C

GYHKUIUSIMU OT OTHOM TIEPEMEHHOM.



OcHoBHAA YaCTh

1. Teopus

Jlnig co3maHus mporpaMMbl OCTpoeHUs TpadukoB (GyHKIMN HEoOXoaumMo pe-

IIUTh ABC OCHOBHBIC 3a4a4H.

1. IIpeoGpazoBate Gopmyny (yHKIIMM, BBEAEHHYIO IOJIb30BaTelieM, B KOJI Ha
S3BIKE TIPOTPAMMHUPOBAHMS, TIO3BOJISIIOIINN BBIYUCIUTh 3HAYCHHUE (PYHKITUU
JUTS TF0O0T0, 3apaHee HEeM3BECTHOTO 3HAYCHHMSI €€ apTryMEHTa.

2. IlpeobOpa3zoBarh MareMaTHUeCKyr0 (YHKIIMIO, ONMpeneNéHHYyI0 Ha OEeCKOHed-

HOM MHOYKECTBE JICHICTBUTEIILHBIX YUCEN, B PACTPOBOE U300pAKEHUE.

2. Pa3paboTka untepnperaropa popmya

B M0éM npoekTe uHTeprpeTaTop — 3T0 mporpaMmma Juisi Ipeoopa3oBaHusl TEKCTO-
BOH 3anucu (Gopmyiibl GYHKIHMH B IPYroil pOrpaMMHBIN Ko AJid €€ BbrurcieHus. Jis

CO3JIaHUs UHTEPIIPETATOPA S UCTIONB3YI0 MeToA nocTtpoeHust AC/I.

AC]JI — 210 nepeBo, KOpHEM KOTOPOTO sABJIsLeTCs cama (pyHkius. BHyTpennue ero
BEPIIMHBI COTIOCTABIICHBI ¢ KOHKPETHBIMU OTEpalisMu (CIO0KEHWE, BBIUUTAHUE, TIO]I-
GyHKIUS U T. 11.), @ JJUCThSl — C COOTBETCTBYIOIIMMH OlepaHAamMu. Takum oOpazom,
JUCTBS SBIISFOTCS MYCTHIMU OIEPATOPAMH U MOTYT OBITH TOJIBKO TIEPEMEHHBIMU (apry-

MEHTOM (PYHKIIMH) WJIX KOHCTAHTaMH.

Jns moctpoennss ACJl HeoOXoauMO I Hadasla OMPEACIUThCS C JIOMyCTUMOM
rpaMMaTHKON QopMyIl, KOTOpbIE sI cMOTy o0pabaThiBaTh. [ 1eneid JaHHOTO MpPOeKTa

s OTPaHUYYCh (POPMYIIAMH, COJEPKAITUMH AJIIEMEHTBI, IepeunciieHHbIe B Tabmuie 1.

Tabnuma 1 — [lepedeHp TOMyCTUMBIX JIEMEHTOB (pOopMyIT

JJIeMeHT Onucanue
JHCJIO KoHcTaHTa parimoHaI»HOTO YHCIIa

X AprymeHnT QpyHKIHMU

+ Oneparys CI0XKEHUS

Onepaum{ BbIUYUTAaHUA

Onepanysi yMHOXKEHUS

Onepanys neyneHus

>~ *

Onepaunﬂ BO3BCICHUA B CTCIICHD
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OTkpbIBaroIas CKoOKa

3akpbIBaroIias CKoOKa

D N~ |~

KoHcTanTa yuncna e

pi KoHcTaHTa yncna

sin OyHKIHSI CUHYCa

COS QyHKIMS KOCHHYCA

tg @yHKIMS TAHTEHCA

In @DyHKIMS HaTypajIbHOIO Jorapudma
Ig @DyHKIMS JECATUYHOTO JIorapupma

O6HI€HpPIHHTBII>i moAxXoa K IHOCTPOCHUIO MHTCPIIPECTATOPOB COCTOUT B BLIIIOJIHC-

HUU CIEAYIOIUX MPeoOpa3oBaHMiA:

1. Jlexcuueckuii aHamu3 TeKCTa POPMYIIBI.
2. CUHTaKCHYECKHH aHaJIu3 MaccuBa JiekceM u octpoerune AC/I.
3. Tloctpoenue BBIUUCIAEMOTO BbIpakeHus 1o 3agaHHomy ACJl Ha 1erneBoM

SA3BIKC ITPOIrpaMMUPOBAHUAA.

Jlanee paccMOTpPUM BCe ATaIIbI MOAPOOHEE.

2.1. JlekcuueCcKHii aHaIU3 TEKCTA

Ha sTom »Tane Hama 3amada pa3o0paTh BXOJHON TEKCT HA JIEKCEMbI — >KECTKO

OHpeIIGJ'IéHHBIC Hn Jajac€ HEACIIMMBIC 4YaCTU UCXOJHOT'O TCKCTA.

Jlns Havajma HEOOXOMMO OTIPEICIIUTh CaMH JICKCeMBI. J[eraeM 3To, OCHOBBIBAsIChH

Ha UCXOJHOM Tabmuue 1 ¢ pomyctumbiMu 3nemMeHTamu (opmyi. OO0beauHUM Bce OyK-

BEHHBIE BBIPAXKEHUS KaK «MACHTU(PUKATOP», OCTaIbHbIE onepaunu 0epéM kak ectb. Ha

BBIXO/I€ TIOJIy4aeTCs CIHICOK, MPUBEIEHHBIN B TabmuIie 2.



Tadomuma 2 — CIucok JIEKCEM

DJIeMeHT Omnpenenenue Jonycrtumast 1Jjm-
HA

Yucio [TocnenoBarensHOCTh 1M 0..9 ¢ ogHOU >=1
ONIIMOHAJIBHON TOYKOH B KQUECTBE JEeC-
TUYHOTO Pa3/ICIUTEIS.

Nnentudukarop | Haunnaercs Bcerna ¢ 6ykBol A..Z, 3aTeM >=1
nocjea0BaTeIbHOCTh OYKB A..Z u 1tudp
0..9. llenukom MoxkeT 0003HAYATh UM TIe-
PEMEHHOM, WITK UMST (PYHKIIUH, UITH UMS
KOHCTAHTHI

Cumsou «ILroc»

CumBoIT «3BE3T0YKAY

Cumson «IIpssmont e

CumBon «Kpbimika»

T YIS S

CumBou «OTKphIBaroias CKOOKa»

CumBoIT «3aKpbIBaIONIasi CKOOKa 1

Taxxe MbI OIIpCaAcCIIACM, YTO HpO6CJIBI AJI1 HaC HECYIICCTBCHHBI, 1 MBI UX 6YI[GM
IIPOCTO IIPOITYCKATh B IIPOLCCCC pa36opa, da BCC IIPpOYHC CHUMBOIJIbI, HC YIIOMAHYTBLIC B

Tabauie 2 OyJeM CUUTaTh OIIUOOYHBIMHU.

B PE3YJIbTaTc pa6OTBI COIIOCTABJICHHUA CHMBOJIOB BXOJHOI'O TCKCTa C OIIPCACIIC-
HHUAMHA JICKCCM I10JIY4YAaCTCA MACCHUB PACIIO3HAHHBIX JICKCCM, KOTOPLIC 6y,HYT ABJIATBCA

((CBIpI::éM)) AJ CIICAYIOIICTO 3Talla — CMHHTAKCHYCCKOI'0 aHaJIMn3a.

Hampumep, popmyia 0.6*x"2 - 2*x — 1 + sin(x) mpeoOpa3yeTcsi B TAKOW MACCHUB JICK-
CeM:

quncii0<0.6>
*

UaeHTU(UKATOP<X>
AN

qucio <2>

qucio <2>
*

UIEeHTU(UKATOP<X>

yucio <1>,
+

uaeHTUUKATOP<SIN>

(

uaeHTUPUKaTOp<X>

)



2.2. CHHTaKCHYECKHI aHAIN3 TEKCTA

Ha stom 3Tame paszbopa GhopMysbl MBI MBITAEMCS TOCTPOUTH €€ aOCTPaKTHOE
CHHTaKCHU4ecKoe JiepeBo. J[ist ero moctpoeHuss HaM HEOOXOIUMO ONPEICIIUTh IPaBUJIa,
pacrpeeNsonre BXOHOM MacCuB JICKCEM I10 y3JiaM jepeBa. Habop aTux npaBuia Ha-
3BIBAIOTCS TpaMMaTHKOM. ['paMMarnka ompenenser oOIIyl0 CTPYKTYPY BBIPAXKCHHS H

3a71a€T IPUOPUTET OIEPALIUAM.

Jl7is Moero mpoekTa sl BIOpania TpaMMaTHKy W3 MpaBuJjl, MEPEUYUCICHHBIX B Ta0-

mune 3. [lepBoe npaBuiio OyJIeT KOPHEBBIM.

Tabnuua 3 — Coucok npaBuil rpaMMaTHKA

IIpaBuJjo Onucanue

Bipakerue -> Tepm3 ((( "+ ["-") Tepm3)* BrIpaxkeHnue, COCTOSIINE U3 OJHOTO UIIH
HECKOJIEKUX TEPMOB TPETHETO YPOBHH,
00BEIMHEHHBIX 3HAKAMHU CIIOKEHUS U
BBIUUTAHUS

Tepm3 > TepM2 (X" [ /") Tepm2 )* TepM TPeThEro YPOBHS, COCTOSIIUMI U3
OJIHOTO WJIM HECKOJIBKHUX TEPMOB BTOPO-
0 ypOBHs, 00BEIMHEHHBIX 3HAKAMHM
YMHOKECHUS U JICJICHHS

TepM2 -> Tepml (") Tepml )* TepM BTOpPOTO YPOBHS, COCTOSIIHIA U3

OJIHOTO WJIM HECKOJIBKHX TEPMOB MEPBO-
ro YPOBHS, 00bEAMHEHHBIX ONEpalUsIMU
BO3BEJICHUS B CTECNICHb

tepml -> [+|-] ("(" Beipaskenue )" | BBI30B | HACHTHDHUKATOP TepM IIEPBOrO YPOBHSI, COCTOSIHUH HU3:
| o) ONLIMOHAJILHOTO YHAPHOI'O OMepaTropa
IUTKOC WJIM MUHYC U OJTHOTO U3 CIIEYIO-
[IUX BAPUAHTOB:
1. TloaBwipaxeHue B KPYTibIX CKOO-
Kax.
2. BbI30B QpyHKIHUU.
3. IlepemMeHnHasi, npeAcTaBiIeHHAs
UIEHTU(UKATOPOM.
4. YucnoBo# auTepa.

BbI30B -> uaeHTudukatop "(" Beipaxenue )" BbI30B (byHKHI/H/I, BKJ'HO‘IaIOH.IGI\/'I eé
UJEHTU(PUKATOP U €€ apIryMEHT B BUJIE
BBIPAKECHUS, 3aKIFOYEHHOTO B KPYTJIbIE
CKOOKHU

CuHTakcuyeckuil pa300p HaUMHAETCS ¢ MEPBOTo MpaBuiia (KOTOPOE, CTAHOBUTCS
KOpHEM a0CTPAKTHOTO CHHTAKCHUYECKOrO JEpeBa), PEKYpPCUBHO MEPEIBUTasiCh MEXIY

[npaBUJIaMH I'paMMATHUKHW OO0 IIOJHOI'O MCYUCPIIAHMA BXOAHOI'O MaCCHUBa JICKCCM. Ecau B
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npoiiecce pa3dopa MOSIBISIETCST HEJOMYCTUMAs JIEKCeMa, WIIH ONpeAesieTcsl GaKT Mpesk-
JIEBPEMEHHOTO MCUEpIaHusl MaCCUBA JIEKCEM, TO CUHTAaKCUYECKUI aHANIU3 3aBepIlaeTCs

C OILIMOKOIA.

dopmyiia U3 MpeABLIYIIEro pa3iena B uTore npeppaimaetcs B Takoe AC/I:

Pucynok 1 — IIpumep AC/]

2.3. IlocTpoeHune BBIUUCIAEMOTO BhIpaxkeHust 1o 3aganHomy AC/]

[Tocne mony4yeHus: abCTPAaKTHOTO CMHTAKCUYECKOTO JIepeBa HAYMHAECTCS dTaIl 10-
CTPOEHUS BBIYUCIISIEMOTO BBIPAKEHUS. 37€Ch AITOPUTM YKE CHIIBHO 3aBUCHUT OT IIeJIe-
BOTO sI3bIKa MporpamMmmMupoBanusi. Tak kak s BeiOpana C#, To B HEM ecTh MolHasT Ou0-
JMOTEKa JJIsi TIOCTPOCHUSI TUHAMUYECKUX BBIPAKEHUH, KOTOpask K TOMY e o0yamaer
MTOXO0KHUM TIOJIXOJIOM M TTO3BOJIICT O0TOOPa3uTh NMpakTudecku oauH-B-oquH ACJ] B .Net

ExpressionTree.

[Tocne npeoOpa3oBaHusl MBI MTOJIy4aeM JUHAMUYECKH CKOMIMIMPOBAHHBIM METO/
c curHarypoi Func<double, double>, mpeacTassitouuii co00M QyHKIMIO, TPUHUMAIOLLYIO
OJIMH BEILLECTBEHHBIN apryMeHT (Hally NEPEMEHHYIO X) U BO3BPAILIAOLIYIO BBIYHCIICH-

HO€ 3HAYCHHUC (I)OpMy.TIBI AJI 3aIaHHOT'O 3HAYCHUS apryMCeHTA.
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3. IlocTpoenue rpaguka GpyHKIMH.

Jlnisg mocTpoeHus: Ha 3KpaHe rpaduka paHee CKOMIMIMPOBAHHOTO Ha MPEIbITy-

IIEM OTAlIC BbIPpAKCHUA HCO6XOI[I/IMO BBIIIOJIHUTD CJICAYIOIIHC IICIZCTBPIH:

1.

3amathk 00JacTh ONpeAcIeHus (PYHKIIMH, BBIOPAB OTPE30K JIOMYCTHMBIX 3HA-
4YeHul aprymeHnTa X.

[TockoIbKYy MHOKECTBO BEIIECTBEHHBIX YHCE] OECKOHEYHO, a Tpad)uK CTPOUT-
Cs Ha JKpaHe, COCTOSANIUM M3 KOHEYHOTO YHCIIa MUKCENeH, TO HeoOXOIUMO
MIPOBECTH JAUCKPETHU3AIMIO 00JIACTH ONpeeIIeHN (yHKITUU, 3aMESHUB 00J1aCTh
oTpe/eICHUS] KOHEUHBIM MHOKECTBOM 3HaueHHM aprymenTa X. J{s moctpoe-
HUA Tpaduka HA dKpaHe OyJEeT JTOCTATOYHO B KAYECTBE IIara JUCKPETH3AIUH
B3STh OJIMH ITUKCEIb.

3amath 00J1acTh 3HAUYCHUM (DYHKIIMH, BBIOPAB OTPE30K OTOOpakacMbIX 3Have-
HUN QYHKIMH.

JIBurasch OT MHHMMAJIBHOIO K MaKCHMaJlbHOMY 3HA4CHHIO aprymeHTta X, C
MMOMOIIBIO TTOYYEHHOTO B paszfeie 2.3 MeTo/Aa, BBIYHUCIUTH COOTBETCTBYIO-
IIME 3HAYCHUS KOOPIUHATHI Y.

Kaxyro BBIUMCICHHYIO TOYKY (X,, Yn) COCAMHUTL OTPE3KOM C MPEAbLAYIIEH

(Xn-l; yn-l)-

4. Pa3paboTKa NPUII0KEHUS.

Jlns co3maanus rpad)uvueckoro MpuaoKeHus s Beiopana oubmmoreky .NET 8 Win-

dows Presentation Foundation (WPF), xoTopas mo3BosisieT pa3padarbiBath rpadude-

ckue okoHHbIe npuioxeHus aius Windows ¢ Haceimennoit 3D- u 2D-rpadukoit. Jls

pucoBaHus rpauKoB GYHKIIUA MHE KaK pa3 MPUTOSTCS BOSMOXHOCTH TTOCIICTHEH.

51 He MIIaHUPYIO HMCIOJIb30BaTh HUKAKUE CTOPOHHHE OUOIMOTEKH IJii CBOETrO

MIPWIOKEHUS, TOCTATOYHO IITATHBIX CPEACTB hpeiiMBOpKa.

Tak xak miardpopma .NET mo3BosisieT ncmonp30BaTh HECKOJBKO SI3BIKOB IPO-

rpaMMHpOBaHUs, TO A BeIOepy U3 HUX C# - Kak camblil IPOCTOM, MOILHBIN U pacnpo-

CTPAHEHHBIM.
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B npunoxxeHuu s miuaHUpyIo caenarh ABe (OPMbI: OCHOBHOE OKHO IPOTPaMMBI U

OKHO cnpaBquOﬁ CUCTEMBI. VX MaKeThl IMPUBCACHLI HA PUCYHKC 2 1 3 COOTBETCTBEHHO.

DopMyna ‘ l OoGaBuTE

I Series Series Series

CnMCoK oopmMyn

PucyHOK 2 — DCKHA3 OCHOBHOTO OKHA MPHJIOKEHHUS

CnpaBo4HaA CUCTEMA =1

KakK nonk308aThcA

ABTOD

Pucynok 3 — DCckn3 OKHaA CIpaBOYHON CHCTEMBI

Hcxonnpie TEKCTHI BCEX MOYJIEN IPOrpaMMBbI ITPUBEICHBI B IPUIIOKEHNUN A.
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5. Pe3yabTaThl
[To uroram pa®oThl HaJ MPOEKTOM OBUIH MOTYyUEHBI CIASAYIOUINE PE3YIbTAThI:

® U3y4YEHbI AITOPUTMBI pa3zdopa GopMyJ U MOCTPOEHUS ABYMEPHBIX Ipadu-
KOB.

e ocBoeH ¢periMBopk .NET 8 WPF nns moctpoenust rpaguueckux mpuio-
KEHNU.

e pa3paboTaHO MPWIOKEHUE A MOCTpoeHus rpapukoB GpyHkuuid. CKpuH-

IIOTHI MPUJIOKEHUS IPUBEJICHBI Ha pUCYHKax 4-6.

Peanu3oBaHHbId B MPUIOKEHUU (PYHKIMOHAT — 3TO MUHHUMYM, HEOOXOIUMBIi
JUIsL OTPUCOBKU MPOU3BOJIbHBIX IpadukoB. B manpHeiieM npuiokeHHe MOXXKHO yIyd-

11aTh B Pa3HBIX HANPABJICHUAX, HAIIPUMED:

e 100aBUTh NOJAEPIKKY MMOUCKA KOPHEH (pelIeHusl ypaBHEHU);
e 00aBUTh BO3MOKHOCTb [TOMCKA IKCTPEMYMOB U TOUEK IEepernoa;
e 700aBUTh BO3MOXHOCTh aBTOMaTHYECKOTO0 MOCTPOCHHUS I'paUKOB MPOU3-

BOJHBIX.

6. 3akr0oYeHue

B pamkax paboThl HajJ MPOEKTOM MHE YAAJIOCh JOCTUYb LEJEH U 3a7a4eil IpoeK-

Ta. [ maBHBIN pe3ynbTaTr — ecTh padoTarolee MPUI0KEHNUE, BHITIONHSIONIEE 3asiBJICHHBIC

byHKIUY.
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ﬂ MocTpowtens rpadnkos dyKHUMA

Min X

Dopumyna

-10

Max X |10

Min¥ |-7

Max¥ |7

| lNoBasnTe || ¥aanute Bce || Cnpaexa

7.000

5,600

4,200

1,400

0,000

-1,400

-2,800

-4.200

-5,600

-7,000/-10,00

-8,000

-6,000

-4,000

-2,000

0,000

2,000

4,000

6,000

3,000 10,000

PI/ICYHOK 4 — CKpI/IHHIOT OCHOBHOTI'O OKHa ITOCJIC 3aIIyCKa

B Nocrpourens rpadukos dykHumii

Dopuyna | JobasuTe | | Ypanute Bce | ‘ Cnpaexka
Min X [-10 Max X [10 Min¥ [-7 Max Y [7
7,000 o «
. sin(x)
5,600 [ AR
W o6xnz-2x-1
4,200
2,500
-2,800
-4,200
-5,600
-7,000/-10,00  |-8,000 -6,000 -4,000 -2,000 0,000 2,000 4,000 6,000 8000 10,000

Pucynok 5 — CKpUHILIOT OCHOBHOT'O OKHA C HECKOJIbKUMH MTOCTPOCHHBIMU IpapuKaMu
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a CnpasouHas cuctema - MNoctpouTens rpadukoE dykHLMi

PaboTta c rpapukamm

s nocTpoeHna rpaduka QyHKUKW BEeAUTE GOpMYNY B Noje 5804a PopMyna W HaxkKMWTe KHonky JobaBuTs .
DopMybl MOMYT COAEPXKATE CASAYHILIVE 3NEMEHTBIL

* 0.9 - UMCNOBAA KOHCTaHTa

* . - PasAENUTENb AECATUUHONM 1 APOBHOA yacTi
* X - aprymeHT GopMynb

* (1) - ckoBKW ANA PAcCTaHOBKW NPUOPMTETOR BEIUMCNEHUEA U ANA 0BpaMAeHNA CIMCKOB NapaMeTpos dyHKLMA
* + - ONepauna CNoXeHWA

* - - OMepauus BeiUNTaHKA

¢ ¥ - ONepaumna YMHOXEHWA

* /- onepauma AeneHnA

* A - onepauns BO3BEAEHWA B CTENEHL

¢ pi-udcnom

* e-uncno e

* sin() - PyKHUMA CKMHyCa

* cos() - GykHUMA KOCKHYCa

* tg() - dyKHUMA TaHreHca

* In() - PpykHUMA HaTypansHOro Aorapndma

+ lg() - dykHUMA AecATMUHOMO Noraprbma

Mpumep AonycTUMOR dopmyasl: (X2 + 3% - 4) /5 + sin(x)

T e e T T rnp

Pucynok 6 — CKpHHILIOT OKHa CIPaBKU
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1. Paz6op dopmymn http://citforum.ru/programming/delphi/delphmath.

2. Oniucanue a0CTPaKTHOTO CUHTaKCUYECKOTO nepeBa

https://ru.wikipedia.org/wiki/abcTpakTHOE CHHTAKCHYECKOE JEPEBO.

3. Cpena pa3padotku Visual Studio https://visualstudio.microsoft.com/ru/downloads.

4. dpeiimBopk .NET 8 WPF https://dotnet.microsoft.com/en-us/download/dotnet/8.0.

5. [Toctpoenne aepeBbeB Beipaskenuii LINQ https://tyrrrz.me/blog/expression-trees.
6. Pabora c rpaduxoit B WPF
https://professorweb.ru/my/\WPF/graphics and animation/level12/graph animation ind

ex.php.
7. Max-Jlonansa, Matero. WPF: windows presentation foundation 8 .NET 4.5 ¢ npume-

pamu Ha C# 5.0 anig npodeccuonanos. 4-e uz. : [lep. anrn. — Mocksa : OOO «U. .
Bunesamc, 2013. — 1024 c.
8. Parru-mi., Jxo3ed C. LINQ: s3bik nHTEerprpoBanHbIX 3ampocoB B C# 2008 st

npodeccuonanos. : Ilep. anri. — Mocksa : OO0 «M.J1. Buibsmc, 20.8 — 560 c.
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Ipuioxenue A. UcxoaHble TEKCThI

A.1 App.xaml.cs — 0CHOBHOIT MOIYJIb MPHIOKEHUSI

using System.Windows;
using System.Windows.Threading;

namespace Grapher

{
public partial class App : Application

// O6paboTunK OMMOGOK BEPXHETO YPOBHS

private void Application_DispatcherUnhandledException(object sender, DispatcherUnhandledExceptionEventArgs €)

{
MessageBox.Show(e.Exception.Message, "Unhandled exception”, MessageBoxButton.OK, MessageBoxImage.Error);
e.Handled = true;

}
}
}

A.2 App.xaml — Bu3yajibHasi 4acTh MOXYJIsI MPHJIOKEHUST

<Application
x:Class="Grapher.App"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmins:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmins:local="clr-namespace:Grapher"
StartupUri="MainWindow.xaml"
DispatcherUnhandledException="Application_DispatcherUnhandledException"
ShutdownMode="0OnMainWindowClose"
>
<Application.Resources>

</Application.Resources>
</Application>;

A.3 Moayas MainWindow. xaml.cs — r1aBHoe okHO

using Grapher.Analyzer;

using Grapher.Analyzer.Lexical;

using Grapher.Analyzer.Syntactical,
using System;

using System.Collections.Generic;
using System.Collections.ObjectModel;
using System.ComponentModel;

using System.Ling;

using System.Windows;

using System.Windows.Controls;

using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Animation;
using System.Windows.Media.Effects;
using System.Windows.Shapes;

namespace Grapher;
internal record class Graphic(string Formula, Func<double, double> Function, Color Color);
internal record class GraphicBuilderinfo

public GraphicBuilderIinfo(Graphic graphic)

¢ Graphic = graphic;

Geometry = new PathGeometry();

}
public Graphic Graphic { get; }
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public PathGeometry Geometry { get; }
public PolyLineSegment? LastSegment { get; set; }

}

/Il <summary>
/Il Interaction logic for MainWindow.xaml
Il </[summary>
public partial class MainWindow : Window, INotifyPropertyChanged
{
private const double _defaultMinX = -10;
private const double _defaultMinY = -7;
private const double _defaultMaxX = +10;
private const double _defaultMaxY = +7;

private static readonly Color[] _colors = [//Colors.Black,
Colors.YellowGreen,
Colors.MediumBlue,
Colors.Firebrick,
Colors.DarkGreen,
Colors.Gold,
Colors.Violet,
Colors.SandyBrown,
Colors.DarkCyan,
Colors.DarkOrange,
Colors.MediumOrchid,
Colors.Coral,
Colors.DodgerBlue,
Colors.SaddleBrown

1;

private bool _initialized = false;

private uint _canvasLockCount = 0U;

private readonly ObservableCollection<Graphic> _graphics = [];
private readonly Dictionary<Graphic, Path> _graphicPaths = [J;
private readonly Dictionary<Path, Storyboard> _pathAnimantions = [J;

private double _minX;

private double _minY;

private double _maxX;

private double _maxY;

private uint _xAddMarkCount = 9;
private uint _yAddMarkCount = 9;
private readonly Brush _textMarkBrush;
private readonly Brush _zeroAxisBrush;
private readonly Brush _auxAxisBrush;

private Point _panlinitialPosition;
public event PropertyChangedEventHandler? PropertyChanged,;

public double MinX { get => _minX; set { _minX = value; PropertyChanged?.Invoke(this, new
PropertyChangedEventArgs(nameof(MinX))); RebuildCanvas(); } }

public double MaxX { get => _maxX; set { _maxX = value; PropertyChanged?.Invoke(this, new
PropertyChangedEventArgs(nameof(MaxX))); RebuildCanvas(); } }

public double MinY { get => _minY; set { _minY = value; PropertyChanged?.Invoke(this, new
PropertyChangedEventArgs(nameof(MinY))); RebuildCanvas(); } }

public double MaxY { get => _maxY; set { _maxY = value; PropertyChanged?.Invoke(this, new
PropertyChangedEventArgs(nameof(MaxY))); RebuildCanvas(); } }

public MainWindow()
{
InitializeComponent();
MinX = _defaultMinX;
MaxX = _defaultMaxX;
MinY = _defaultMinY;
MaxY = _defaultMaxY;
_legend.ltemsSource = _graphics;
_textMarkBrush = new SolidColorBrush(Colors.DimGray);
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_zeroAxisBrush = new SolidColorBrush(Colors.Black);
_auxAxisBrush = new SolidColorBrush(Colors.Gray);

if (Keyboard.IsKeyDown(Key.LeftShift) || Keyboard.lsKeyDown(Key.RightShift))
{

AddGraphic("x");

AddGraphic("sin(x)");

AddGraphic("2 * cos(x)");

AddGraphic("0.6*x"2 - 2*x - 1");

AddGraphic("tg(x)");

_initialized = true;

}

private void LockCanvas()

{

_canvasLockCount++;

}

private void UnlockCanvas()
{
if (_canvasLockCount > 0)
{
_canvasLockCount--;
if (_canvasLockCount == 0)
RebuildCanvas();
}

else
throw new InvalidOperationException("HeBepHoe 3HaueHHe cuéTynKa OJOKHPOBOK X0JCTa.");

private void AddGraphic(string formula)

{
// nornveckuii pazdop
var lexicalParser = new LexicalParser();
var tokens = lexicalParser.Parse(formula);

// cHHTaKCHYeCcKHuit pa3zoop
var syntacticalParser = new SyntacticalParser();
var ast = syntacticalParser.Parse(tokens);

// mocTpoeHue BhIpaKEHHs
var expressionBuilder = new ExpressionBuilder();
var function = expressionBuilder.Build(ast);

// nobaBneHue rpaduxa

var graphic = new Graphic(formula, function, _colors[_graphics.Count % _colors.Length]);
_graphics.Add(graphic);

RebuildCanvas();

if (_initialized)

_legend.Selectedltem = graphic;
AnimateGraphic(graphic);
}
}

private void AddPoint(GraphicBuilderInfo builder, double i, double xScale, double yScale)
{
var X =_minX + i/ xScale;
var y = builder.Graphic.Function(x);
if (double.IsFinite(y))
{
var j = _canvas.ActualHeight - (y - _minY) * yScale;
if (0 <=j && j < _canvas.ActualHeight)

if (builder.LastSegment is null)

builder.LastSegment = new PolyLineSegment();

var figure = new PathFigure() { StartPoint = new Point(i, j), IsClosed = false, IsFilled = false };
figure.Segments.Add(builder.LastSegment);

builder.Geometry.Figures.Add(figure);

}
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else
builder.LastSegment.Points.Add(new Point(i, j));
}

else
builder.LastSegment = null;
}

else
builder.LastSegment = null;
}

public void AddTextMark(string text, double x, double y, bool moveToRight, bool moveToUp)
{
var mark = new TextBlock() { Text = text, Foreground = _textMarkBrush };
_canvas.Children.Add(mark);
if (moveToRight | moveToUp)
mark.Measure(new Size(double.Positivelnfinity, double.Positivelnfinity));

if (moveToRight)

Canvas.SetLeft(mark, x - mark.DesiredSize.Width);
else

Canvas.SetLeft(mark, x);

if (moveToUp)
Canvas.SetTop(mark, y - mark.DesiredSize.Height);
else
Canvas.SetTop(mark, y);
}

private void RebuildCanvas()
{
if (_canvasLockCount > QU || I_initialized)
return;

_canvas.Children.Clear();
_graphicPaths.Clear();
_pathAnimantions.Clear();

var xStepScr = 0.5;

var xScale = _canvas.ActualWidth / (_maxX - _minX);

var yScale = _canvas.ActualHeight / (_maxY - _minY);

var graphicBuilder = _graphics.ToDictionary(k => k, k => new GraphicBuilderInfo(k));
for (var i = 0.0; i < _canvas.ActualWidth; i += xStepScr)

foreach (var gb in graphicBuilder)
// o koopauHaTe X BBIYUCISAEM KOOPAUHATY Y (QYHKIWH U 100aBIIsIEM BEIYUCICHHYIO TOUKY
AddPoint(gb.Value, i, xScale, yScale);

var zIndex = 1;
foreach (var gb in graphicBuilder)
{
/! CTPOUM JIMHUIO Ha 3KpPaHE 110 TOYKaM, COXpaHéHHLIMI/I B [IPCABIIIYHIEM 1Iare
var path = new Path() { Data = gh.Value.Geometry, ClipToBounds = true, Stroke = new SolidColorBrush(gb.Key.Color),
StrokeThickness = 3,
DataContext = gh.Key, Cursor = Cursors.Hand };

/I 06paboTka meruka JIKM
path.MouseLeftButtonDown += (o, €) => { _legend.Selecteditem = path.DataContext;
AnimateGraphic((Graphic)path.DataContext); e.Handled = true; };

// 3 eKT s aHNMaIX BBIACTICHUS
path.Effect = new DropShadowEffect() { BlurRadius = 0, ShadowDepth = 0, Color = gh.Key.Color };

// BHIBOJIUM JIMHUIO Ha SKpaH
_canvas.Children.Add(path);
_graphicPaths.Add(gb.Key, path);
Panel.SetZIndex(path, zIndex++);

}

// mocTpoeHue KOOPIHHATHOH CETKU
BuildCoordinateGrid();

}

private void AddXAxis(double y, double yScr, Brush stroke, double thickness)
{
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var axis = new Line() { X1 =0, Y1 =yScr, X2 = _canvas.ActualWidth, Y2 = yScr, Stroke = stroke, StrokeThickness = thickness };
_canvas.Children.Add(axis);
AddTextMark(y.ToString("f3"), 2, yScr + 2, false, false);

}

private void AddY Axis(double x, double xScr, Brush stroke, double thickness)

{
var axis = new Line() { X1 =xScr, Y1 =0, X2 = xScr, Y2 = _canvas.ActualHeight, Stroke = stroke, StrokeThickness = thickness };
_canvas.Children.Add(axis);
AddTextMark(x.ToString("f3"), xScr + 2, _canvas.ActualHeight - 2, false, true);

}

public void BuildCoordinateGrid()
{
// KOMOMHAPOBaHHAS METKA B HIKHEM JICBOM YTy
AddTextMark(_minY.ToString("f3") + "/" + MinX.ToString("f"), 2, _canvas.ActualHeight - 2, false, true);

// METKH 110 OCH Xn BEPTUKAJIbHBIC IMHUN
AddTextMark(MaxX.ToString("f3"), _canvas.ActualWidth - 2, _canvas.ActualHeight - 2, true, true);

var xMarkStep = (MaxX - MinX) / (_xAddMarkCount + 1);
var xMarkScrStep = _canvas.ActualWidth / (_xAddMarkCount + 1);
double xStart;
double xStartScr;
if (MinX <0 && 0 < MaxX)
{
xStart = 0;
xStartScr = _canvas.ActualWidth * (-MinX / (MaxX - MinX));
AddY Axis(xStart, xStartScr, _zeroAxisBrush, 1.5);
}

else

xStart = MinX;
xStartScr = 0;
}

if (_xAddMarkCount > 1)

{
for (var i = -_xAddMarkCount; i < _xAddMarkCount; i++)

{
if (i==-1 && MinX < 0 && 0 < MaxX)
continue;
var x = xStart + (i + 1) * xMarkStep;
var xScr = xStartScr + (i + 1) * xMarkScrStep;
if (40 < xScr && xScr < _canvas.ActualWidth - 40)
AddY Axis(x, xScr, _auxAxisBrush, 0.5);
}

}

// METKH 110 OCHU Y u TOPU3OHTAJIbHBIC JIMHUN
AddTextMark(MaxY.ToString("f3"), 2, 2, false, false);

var _yMarkStep = (MaxY - MinY) / (_yAddMarkCount + 1);
var _yMarkScrStep = _canvas.ActualHeight / (_yAddMarkCount + 1);
double yStart;
double yStartScr;
if (MinY <0 && 0 < MaxY)
{
yStart = 0;
yStartScr = _canvas.ActualHeight * (MaxY / (MaxY - MinY));
AddXAxis(yStart, yStartScr, _zeroAxisBrush, 1.5);

else

yStart = MinY;

yStartScr = _canvas.ActualHeight;
}

if (C_yAddMarkCount > 1)
for (var i = -_yAddMarkCount; i < _yAddMarkCount; i++)

if (i == -1 && MinY < 0 && 0 < MaxY)
continue;
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vary = yStart - (i + 1) * _yMarkStep;
var yScr = yStartScr + (i + 1) * _yMarkScrStep;
if (40 < yScr && yScr < _canvas.ActualHeight - 40)
AddXAxis(y, yScr, _auxAxisBrush, 0.5);
}

}
/*
if (_yAddMarkCount > 0)

var _yMarkScrDistance = _canvas.ActualHeight / (_yAddMarkCount + 1);
for (var j = 0U; j < _yAddMarkCount; j++)

var yPoint = _maxY - (j + 1) * (_maxY - _minY)/ (_yAddMarkCount + 1);

var yPointScr = (j + 1) * _yMarkScrDistance;

var axis = new Line() { X1 =0, Y1 = yPointScr, X2 = _canvas.ActualWidth, Y2 = yPointScr, Stroke = _auxAxisBrush,
StrokeThickness = 0.5 };

_canvas.Children.Add(axis);

AddTextMark(yPoint. ToString("f"), 2, yPointScr + 2, false, false);

}

}
if (MinY <= 0 && 0 <= MaxY)
{

// cozmaém nuHHIO A7t ocu X
var yPointSrc = _canvas.ActualHeight * (MaxY / (MaxY - MinY));
var zeroXAxis = new Line() { X1 =0, Y1 = yPointSrc, X2 = _canvas.ActualWidth, Y2 = yPointSrc, Stroke = _zeroAxisBrush,
StrokeThickness = 1.5 };
_canvas.Children.Add(zeroXAxis);
¥
}

private void _clearButton_Click(object sender, RoutedEventArgs €)

_graphics.Clear();
RebuildCanvas();

¥

private void _addButton_Click(object sender, RoutedEventArgs e)

AddGraphic(_editor.Text);
}

private void _canvas_SizeChanged(object sender, SizeChangedEventArgs €)

RebuildCanvas();
}

private void _canvas_MouseLeftButtonDown(object sender, MouseButtonEventArgs e)
if (Mouse.Captured is null)

e.Handled = true;
_panlinitialPosition = e.GetPosition(_canvas);
Mouse.Capture(_canvas);
Mouse.OverrideCursor = Cursors.ScrollAll;
}
}

private void _canvas_MouseMove(object sender, MouseEventArgs e)

if (Mouse.Captured == _canvas)

{

var newPosition = e.GetPosition(_canvas);
DoPanCanvas(newPosition);

}
}

private void _canvas_MouseLeftButtonUp(object sender, MouseButtonEventArgs €)
if (Mouse.Captured == _canvas)

e.Handled = true;
ReleaseCanvasCapture(e.GetPosition(_canvas));

}
}

23



private void _canvas_LostMouseCapture(object sender, MouseEventArgs e)
{
Mouse.OverrideCursor = null;

}

private void DoPanCanvas(Point currentPosition)
{
// 06paboTKa CIBUTA KOOPIMHATHOW TIOCKOCTH MEBIIITBIO
var screenDeltaX = currentPosition.X - _panlnitialPosition.X;
var screenDeltaY = currentPosition.Y - _panlnitialPosition.Y;
if (screenDeltaX !'= 0 || screenDeltaY !=0)
{
var deltaX = - screenDeltaX / _canvas.ActualWidth * (_maxX - _minX);
var deltaY = screenDeltaY / _canvas.ActualHeight * (_maxY - _minY);
LockCanvas();
try
{
MinX += deltaX;
MaxX += deltaX;
MinY += deltaY;
MaxY += deltaY;
_panlnitialPosition = currentPosition;

}
finally

UnlockCanvas();
}
}
}

private void ReleaseCanvasCapture(Point? lastPoint)
{
if (lastPoint is not null)
DoPanCanvas(lastPoint.Value);
Mouse.Capture(null);
Mouse.OverrideCursor = null;

}

private void Window_KeyDown(object sender, KeyEventArgs e)

{
if (e.Key == Key.Escape)

if (Mouse.Captured == _canvas)

// oTMeHa 3axBaTa MbIIH 1o HaxxkaTuio ESC
e.Handled = true;
ReleaseCanvasCapture(null);

}

else if (e.Key == Key.Delete)
if (_legend.Selectedltem is Graphic g)

_graphics.Remove(g);
RebuildCanvas();

}
private void _resetCoordinatesButton_Click(object sender, RoutedEventArgs €)

LockCanvas();
try
{

// ycTaHOBKa Ha4albHBIX 3HAUCHUI KOOPAUHAT
MinX = _defaultMinX;

MaxX = _defaultMaxX;

MinY = _defaultMinY;

MaxY = _defaultMaxY;

e.Handled = true;

}
finally

UnlockCanvas();
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}
}

private void AnimateGraphic(Graphic graphic)

{
// AHAManus OICBEYNBAHNS rpa(bmca MpH BBIIEIIEHUHU
var path = _graphicPaths[graphic];
if (I_pathAnimantions.TryGetValue(path, out var sb))

var storyboard = new Storyboard();
storyboard.FillBehavior = FillBehavior.Stop;

var glowAnimation = new DoubleAnimation();
glowAnimation.By = 30;

glowAnimation.AutoReverse = true;
glowAnimation.Duration = TimeSpan.FromSeconds(0.5);
Storyboard.SetTarget(glowAnimation, path);
Storyboard.SetTargetProperty(glowAnimation, new PropertyPath("Effect.BlurRadius"));
storyboard.Children.Add(glowAnimation);
/Istoryboard.Completed += (o, €) => path.Effect = null;
_pathAnimantions[path] = storyboard;
storyboard.Begin();

}
else
if (sh.GetCurrentState() == ClockState.Stopped)
sh.Begin();
}
}
private void _legend_SelectionChanged(object sender, SelectionChangedEventArgs e)
if (_initialized)
return;

foreach (var g in e.AddedItems.OfType<Graphic>())

AnimateGraphic(g);

var path = _graphicPaths[g];

[l oTobpaxkaem BbIIEICHHYIO (PUTYPY TOBEPX OCTATBHBIX

var zCoords = _canvas.Children.OfType<Path>()
.Where(x => x = path)
.Select(x => Panel.GetZIndex(x)).ToArray();

var z = zCoords.Length > 0 ? zCoords.Max() : 0;

Panel.SetZIndex(path, z + 1);

}
}

private void _canvas_PreviewMouseWheel(object sender, MouseWheelEventArgs e)

if (e.Delta == 0)
return;

LockCanvas();
try
{
// mpu HaxxatoM Ctrl - maciTabupyem
if (Keyboard.IsKeyDown(Key.LeftCtrl) || Keyboard.IsKeyDown(Key.RightCtrl))
{
var scaleFactor = 1 - 0.2 * Math.Sign(e.Delta);
MinX *= scaleFactor;
MinY *= scaleFactor;
MaxX *= scaleFactor;
MaxY *= scaleFactor;
}
// ipu naxxatom Shift - npokpyurBaem BieBO/BIIPaBo
else if (Keyboard.IsKeyDown(Key.LeftShift) || Keyboard.IsKeyDown(Key.RightShift))

var delta = (MaxX - MinX) * 0.05 * Math.Sign(e.Delta);

MinX -= delta;
MaxX -= delta;
}
// *Ha4Ye IPOKPYYNBAaEM BBEPX/BHU3
else
{
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var delta = (MaxY - MinY) * 0.05 * Math.Sign(e.Delta);
MinY += delta;
MaxY += delta;

}

}
finally

UnlockCanvas();

e.Handled = true;

}
private void _helpButton_Click(object sender, RoutedEventArgs €)

HelpWindow.ShowWindow();
e.Handled = true;
}
}

A.4 MainWindow.xaml — Bu3yajbHasi 4acTh IJIaBHOT0 OKHA

<Window
x:Class="Grapher.MainWindow"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmins:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmins:d="http://schemas.microsoft.com/exdpression/blend/2008"
xmins:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmins:local="clr-namespace:Grapher"
mc:lgnorable="d"
Title="TIoctpoutens rpadukos dpykuimit" Height="768" Width="1024" WindowStartupLocation="CenterScreen"
WindowState="Maximized"
PreviewKeyDown="Window_KeyDown"
>
<Grid>
<Grid.RowDefinitions>
<RowDefinition Height="Auto"/>
<RowDefinition Height="Auto"/>
<RownDefinition Height="*"/>
</Grid.RowDefinitions>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="*"/>
<ColumnDefinition Width="Auto"/>
</Grid.ColumnDefinitions>
<Grid Grid.Row="0" Grid.ColumnSpan="2">
<Grid.ColumnDefinitions>
<ColumnDefinition Width="Auto" />
<ColumnDefinition Width="*" />
<ColumnDefinition Width="Auto" />
<ColumnDefinition Width="Auto" />
<ColumnDefinition Width="Auto" />
</Grid.ColumnDefinitions>
<TextBlock Grid.Column="0" Margin="4">®dopmyna</TextBlock>
<TextBox x:Name="_editor" Grid.Column="1" Margin="4"></TextBox>
<Button x:Name="_addButton" Grid.Column="2" Height="23" Width="97" Margin="4" Click="_addButton_Click"
IsDefault="True" ToolTip="/106aBuTh HOBEI Tpaduk GYHKINH C YKazaHHOH (opmynoi" >/106aBuTh</Button>
<Button x:Name="_clearButton" Grid.Column="3" Height="23" Width="97" Margin="4" Click="_clearButton_Click"
ToolTip="¥Y nanute Bce NOCTpOEHHBIEC Tpaduku GyHKIMA">Y nanute Bce</Button>
<Button x:Name="_helpButton™ Grid.Column="4" Height="23" Width="97" Margin="4" Click="_helpButton_Click"
ToolTip="OTkpsITh cripaBo4HylO cuctemy'>CnpaBka</Button>
</Grid>
<StackPanel Grid.Row="1" Grid.ColumnSpan="2" Orientation="Horizontal">
<TextBlock Margin="4">Min X</TextBlock>
<TextBox Margin="4" MinWidth="120" Text="{Binding Mode=TwoWay, UpdateSourceTrigger=PropertyChanged, Delay=200,
Path=MinX, RelativeSource={RelativeSource Mode=FindAncestor, AncestorType=Window}}"
Tool Tip="MunumansHoe 3HaYeHUe KoopauHaTel X''/>
<TextBlock Margin="4">Max X</TextBlock>
<TextBox Margin="4" MinWidth="120" Text="{Binding Mode=TwoWay, UpdateSourceTrigger=PropertyChanged, Delay=200,
Path=MaxX, RelativeSource={RelativeSource Mode=FindAncestor, AncestorType=Window}}"
ToolTip="MunumansHoe 3HaUeHHE KoopanHaTel Y" />
<TextBlock Margin="4">Min Y</TextBlock>
<TextBox Margin="4" MinWidth="120" Text="{Binding Mode=TwoWay, UpdateSourceTrigger=PropertyChanged, Delay=200,
Path=MinY, RelativeSource={RelativeSource Mode=FindAncestor, AncestorType=Window}}"
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ToolTip="MakcumaspHoe 3HaueHHe koopanuHatel X" />
<TextBlock Margin="4">Max Y</TextBlock>
<TextBox Margin="4" MinWidth="120" Text="{Binding Mode=TwoWay, UpdateSourceTrigger=PropertyChanged, Delay=200,
Path=MaxY, RelativeSource={RelativeSource Mode=FindAncestor, AncestorType=Window}}"
ToolTip="MakcumasbHoe 3HaueHHE KoopanHaTel Y" />
<Button x:Name="_resetCoordinatesButton" Height="23" Width="97" Margin="4" Click="_resetCoordinatesButton_Click"
ToolTip="C6pocuTs 3HaUeHHs KOOPAWHAT B HCXOHOE cocTosiHue">CoOpocuts</Button>
</StackPanel>
<Border Grid.Row="2" Grid.Column="0" BorderThickness="1" BorderBrush="Black" Margin="4">
<Grid>
<Grid.RowDefinitions>
<RownDefinition Height="*"/>
<RowDefinition Height="Auto"/>
</Grid.RowDefinitions>
<Grid.ColumnDefinitions>
<ColumnDefinition Width="Auto"/>
<ColumnDefinition Width="*"/>
</Grid.ColumnDefinitions>
<Canvas x:Name="_canvas" Grid.Row="0" Grid.Column="1" Background="WhiteSmoke" Cursor="Cross"
SizeChanged="_canvas_SizeChanged"
MouseLeftButtonDown="_canvas_MouseLeftButtonDown" MouseMove="_canvas_MouseMove"
MouseLeftButtonUp="_canvas_MouseLeftButtonUp" LostMouseCapture="_canvas_LostMouseCapture"
PreviewMouseWheel="_canvas_PreviewMouseWheel"/>
</Grid>
</Border>
<ListBox Grid.Row="2" Grid.Column="1" x:Name="_legend" Margin="4" SelectionChanged="_legend_SelectionChanged">
<ListBox.ltemTemplate>
<DataTemplate>
<DockPanel LastChildFill="True">
<Rectangle DockPanel.Dock="Left" Margin="4" MinHeight="16" MinWidth="16" Stroke="Black">
<Rectangle.Fill>
<SolidColorBrush Color="{Binding Path=Color}"/>
</Rectangle.Fill>
</Rectangle>
<TextBlock Margin="4" Text="{Binding Path=Formula}"/>
</DockPanel>
</DataTemplate>
</ListBox.ItemTemplate>
</ListBox>
</Grid>
</Window>

A.5 HelpWindow.xaml.cs — okHo cnpaBkmu

using System;
using System.Windows;

namespace Grapher

{

/Il <summary>

/Il Interaction logic for HelpWindow.xaml
/Il </[summary>

public partial class HelpWindow : Window
{

private static HelpWindow? _instance;
public static void ShowWindow()

if (_instance is null)

{

_instance = new();
_instance.Show();

}

else
_instance.Activate();
}

public HelpWindow()

InitializeComponent();

}

27



private void Window_Closed(object sender, EventArgs e)
{
if (_instance == this)
_instance = null;
}
}
}

A.6 HelpWindow.xaml — Bu3yajibHast 4acTh OKHA CIIPABKH

<Window x:Class="Grapher.HelpWindow"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmins:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmins:local="clr-namespace:Grapher"
mc:Ignorable="d"
Title="CnpaBounas cucrema - [Toctpontens rpaguxos ¢pykunuii" Height="1024" Width="1280"
WindowsStartupLocation="CenterScreen"
Closed="Window_Closed"
>
<FlowDocumentScrollViewer Margin="4" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Auto">
<FlowDocument IsOptimalParagraphEnabled="True" IsHyphenationEnabled="True" FontSize="16" FontFamily="Segoe UI"
>
<Paragraph FontSize="20">
<Bold>Pa6oTa ¢ rpapukamu</Bold>
</Paragraph>
<Paragraph>
Jnst noctpoenus rpaduka GyHKIUH BBequTe (HOPMYITY B IT0JIE BBOJA
<Bold>®opmyna</Bold> 1 HaxxmMuTe KHOTIKY
<Bold>To6aBuTs</Bold> .
</Paragraph>
<Paragraph>
DopMyJIBI MOTYT COJEPKATH CIEAYIONIUE STIEMEHThI:
</Paragraph>
<List MarkerStyle="Disc" >
<Listltem>
<Paragraph>
<Bold>0</Bold>..<Bold>9</Bold> - uncnoBas koHcTanTta
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>.</Bold> - pasnenurens aecaTH4HOM U APOOHOMN YacTH
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>x</Bold> - apryment dpopmyist
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>(</Bold> u
<Bold>)</Bold> - cko6ku a5t pacCTaHOBKH MTPUOPUTETOB BHIYMCIICHHH U TSl 0OpaMIIEHHsI CIIUCKOB MapaMeTpoB (yHKIHI
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>+</Bold> - onepanus cnoxeHus
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>-</Bold> - oneparus Borautanust
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>*</Bold> - oneparusi yMHOKECHHS
</Paragraph>
</Listltem>
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<Listltem>
<Paragraph>
<Bold>/</Bold> - oneparnms nenenust
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>"</Bold> - omepartuisi BO3Be/IcHUSI B CTETIEHD
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>pi</Bold> - uncno «
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>e</Bold> - gucino ¢
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>sin()</Bold> - ¢pyku1ms cunyca
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>cos()</Bold> - ¢pykuums kocunyca
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>tg()</Bold> - ¢pyku1ms TanreHca
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>In()</Bold> - ¢pykuIMs HaTypanpHOTO Joraprudma
</Paragraph>
</Listltem>
<Listltem>
<Paragraph>
<Bold>Ig()</Bold> - ¢pyku1ms necsatudaHOro Norapudma
</Paragraph>
</Listltem>

</List>

<Paragraph>

[pumep pomycTuMoit GopMyIbL:
<ltalic>(x"2 + 3*x - 4) / 5 + sin(x)</ltalic>
</Paragraph>

<Paragraph>

Jlist ynanerust rpaduka BBIICIHTE €ro B CIIMCKE CIIpaBa MM MIETIKOM MBIIIH 110 HEMY B I10JI€ TOCTPOCHMS, ¥ HAKMHUTE KIIABHIILY
<Bold>Del</Bold> na xnaBuarype. J{yis yianeHusi Bcex MOCTPOSHHBIX TPaQUKOB HAKMHUTE KHOIIKY

<Bold>VY nanmuts Bce</Bold> cnpasa ot pemakropa hopmyst.
</Paragraph>

<Paragraph FontSize="20">

<Bold>Ynpasnenne koopauHatHoii cerkoii</Bold>
</Paragraph>

<Paragraph>

J11st mpon3BOIBHOTO TiepeMenIeH s pabodeil 00IacTH MOCTPOUTEIS TIepEMEIaiiTe MBIITb ¢ 3aKaTol JeBoil kinapumiel. Tarxke

MOYKHO HCIIOJIB30BaTh KOJECO MPOKPYTKH JUTSl BEPTHKAIBHOTO TIepeMeleHus pabodeii oomactu. Eciu mpu 3ToM yIepsKuBaTh HaXaToi
wrasuiry <Bold>Shift</Bold>, To nepemerienne OymeT BIIOMHATHCS B TOPU3OHTAILHOM HAMIPABICHUH.

</Paragraph>
<Paragraph>

Jlns u3meHeHus Maciraba pabouei 00nacT MOCTPOUTENS BPAIAWTe KOJIECO MBILIH, yAECPKUBAs HAXKATOH KIIABHIILY
<Bold>Ctrl</Bold>.

</Paragraph>
<Paragraph>

JI7ist TOYHOM yCTAHOBKH 33laHHBIX KOOPAMHAT paboueil 006macTu Bocmonb3yiitech moisiMu BBoaa <Bold>Min X</Bold>,

<Bold>Max X</Bold>, <Bold>Min Y</Bold> u <Bold>Max Y</Bold>.

</Paragraph>
<Paragraph>

Jlist copoca koopauHaT paboueii 00nacTy B Ha4YAlIbHBIC 3HAUCHHUsI HaXMUTE KHONKY <Bold>C6pocuts</Bold>.

</Paragraph>
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<Paragraph FontSize="20">
<Bold>Asrop</Bold>

</Paragraph>

<Paragraph>
Mapus [Inotaukosa, 9B knacc, 2023-2024 r.

</Paragraph>

</FlowDocument>
</FlowDocumentScrollViewer>
</Window>

A.7 Lexeme.cs — ompeesieHHe JieKCeM JJIsl JIOTHYECKOr0 aHAJIU3a-
TOpA

namespace Grapher.Analyzer.Lexical;

public enum LexemeType

{

None,

Whitespace,

Plus, Minus, Asterisk, Slash, Power,
OpeningParenthesis, ClosingParenthesis, Comma,
Identifier, DoublelLiteral

}

public class Lexeme

public Lexeme(LexemeType type, TextSpan position)

{
Type = type;
Position = position;

}

public override string ToString()

return $"{Type}, position: {Position}";

public LexemeType Type { get; }

public TextSpan Position { get; }
}

public sealed class Lexeme<T> : Lexeme

{

public Lexeme(LexemeType type, TextSpan position, T content)
: base(type, position)

Content = content;

}

public override string ToString()

{
return $"{Type}, position: {Position}, value: {Content}";

public T Content { get; }

A.8 LexemeEXxtensions.cs — pacimupeHus 1JIs JeKceM

using System;
namespace Grapher.Analyzer.Lexical;

/Il <summary>

/Il Extension methods for the <see cref="Lexeme"/> class
Il </[summary>

public static class LexemeExtensions

{
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public static T GetContent<T>(this Lexeme lexeme)
if (lexeme.GetType() == typeof(Lexeme<T>))

var result = ((Lexeme<T>)lexeme).Content;
return result;

}
elst?wow new ArgumentException("TokeH He COACPKUT 3HAYCHNS TPeOYeMOro THIa");
)
A.9 LexicalAnalyzerException.cs — omu0KM JOrH4eCKOr0 aHaJM-
3aTopa

namespace Grapher.Analyzer.Lexical;

public sealed class Lexical AnalyzerException : AnalyzerException
{
private Lexical AnalyzerException(string message, TextSpan errorPosition)
: base(message, errorPosition) { }

public static Lexical AnalyzerException UnknownCharacterError(TextSpan errorPosition)
=> new($"Hepacrno3HaHHbIN CHMBOJI BXOJHOU CTPOKH B mo3uimu {errorPosition.Start}", errorPosition);

public static Lexical AnalyzerException ExtraDecimalSeparator(TextSpan errorPosition)
=> new($"JIuiHui AecATHYHBINA pa3aenuTeb B mo3umuu {errorPosition.Start}", errorPosition);

}
A.10 LexicalParser.cs — Jornyeckuii aHaaIu3aTop

using System;
using System.Collections.Generic;
using System.Globalization;

namespace Grapher.Analyzer.Lexical;

public sealed class LexicalParser

{

private List<Func<string, int, Lexeme?>> _evaluators = [];

private Lexeme? ParseWhitespace(string input, int pos)
{
Lexeme? result = null;
if (char.IsWhiteSpace(input[pos]))
{
var newPos = pos;
do
{

newPos++;

}

while (newPos < input.Length && char.IsWhiteSpace(input[newPos]));

result = new Lexeme(LexemeType.Whitespace, new TextSpan(pos, newPos - pos));
}

return result;

}

private Lexeme? ParseOperator(string input, int pos)
{

Lexeme? result = null;

switch (input[pos])

{

case '+
result = new Lexeme(LexemeType.Plus, new TextSpan(pos, 1));
break;

case -
result = new Lexeme(LexemeType.Minus, new TextSpan(pos, 1));
break;

case *"
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result = new Lexeme(LexemeType.Asterisk, new TextSpan(pos, 1));
break;
case /"
result = new Lexeme(LexemeType.Slash, new TextSpan(pos, 1));
break;
case "N
result = new Lexeme(LexemeType.Power, new TextSpan(pos, 1));
break;
case '(":
result = new Lexeme(LexemeType.OpeningParenthesis, new TextSpan(pos, 1));
break;
case ')":
result = new Lexeme(LexemeType.ClosingParenthesis, new TextSpan(pos, 1));
break;
case ',
result = new Lexeme(LexemeType.Comma, new TextSpan(pos, 1));
break;
}

return result;

}

private Lexeme? Parseldentifier(string input, int pos)
{
Lexeme? result = null;
var ch = input[pos];
if (char.IsLetter(ch))
{
var newPos = pos;
do
{

newPos++;

while (newPos < input.Length && char.IsLetterOrDigit(input[newPos]));
result = new Lexeme<string>(LexemeType.ldentifier, new TextSpan(pos, newPos - pos),
input[pos..newPos]);

return result;

}

private Lexeme? ParseNumberLiteral(string input, int pos)
{

Lexeme? result = null;

if (char.IsDigit(input[pos]))

{

var newPos = pos;
var foundPeriod = false;
do
{
newPos++;
if (newPos < input.Length)
if (input[newPos] ==".")

if (IfoundPeriod)

foundPeriod = true;
newPos++;
}

else
throw Lexical AnalyzerException.ExtraDecimalSeparator(new TextSpan(newPos, 1));
}

}
while (newPos < input.Length && char.IsDigit(input[newPos]));
result = new Lexeme<double>(LexemeType.DoublelLiteral, new TextSpan(pos, newPos - pos),
double.Parse(input.AsSpan(pos, newPos - pos), Culturelnfo.InvariantCulture));
}

return result;

}

public LexicalParser()

{
_evaluators.Add(ParseWhitespace);
_evaluators.Add(ParseNumberLiteral);
_evaluators.Add(ParseOperator);
_evaluators.Add(Parseldentifier);
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public IReadOnlyCollection<Lexeme> Parse(string input)

{

var result = new List<Lexeme>();
vari=0;
while (i < input.Length)

Lexeme? lexeme = null;
foreach (var evaluator in _evaluators)

{
lexeme = evaluator(input, i);
if (lexeme !'=null)

{

i += lexeme.Position.Length;
break;

}
if (lexeme !=null)
result. Add(lexeme);

else
throw Lexical AnalyzerException.UnknownCharacterError(new TextSpan(i, 1));

return result;

}
}

A.11 AstNode.cs — y3ant AC/

using System.Collections.Generic;
using System.Ling;

namespace Grapher.Analyzer.Syntactical;

public enum AstNodeType { Expression, FunctionCall, BinaryOperation, UnaryOperation, Variable, Literal }

public abstract class AstNode

{

private readonly List<AstNode> _children;
protected AstNode(AstNodeType type)
{

_children = new List<AstNode>();
Type = type;
protected void AddChild(AstNode child)

_children.Add(child);
child.Parent = this;

}

public override string ToString()

{
return Type.ToString();

}

public IReadOnlyList<AstNode> Children { get => _children; }
public AstNode? Parent { get; protected set; }

public AstNodeType Type { get; }

public abstract class AstExpression : AstNode

public AstExpression(AstNodeType type) : base(type) { }
}
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public class AstLiteral<T> : AstExpression

{
public AstLiteral(T value)

: base(AstNodeType.Literal)
{

Value = value;

}

public T Value { get; }
}

public class AstVariable : AstExpression

{
public AstVariable(string identifer)

: base(AstNodeType.Variable)

Identifier = identifer;

}

public string Identifier { get; }
}

public class AstFunctionCall : AstExpression

public AstFunctionCall(string identifier, IEnumerable<AstExpression> parameters)
: base(AstNodeType.FunctionCall)

Identifier = identifier;
foreach (var paramenter in parameters)
AddChild(paramenter);
}

public string Identifier { get; }

public IReadOnlyList<AstExpression> Parameters { get => Children.Cast<AstExpression>().ToList(); }
}

public enum UnaryOperator { Plus, Minus }
public class AstUnaryOperation : AstExpression

public AstUnaryOperation(UnaryOperator @operator, AstExpression operand)
: base(AstNodeType.UnaryOperation)

Operator = @operator;
AddChild(operand);
}

public UnaryOperator Operator { get; }
public AstExpression Operand { get => (AstExpression)Children[0]; }

}

public enum BinaryOperator { Addition, Substraction, Multiplication, Division, Power }
public class AstBinaryOperation : AstExpression

public AstBinaryOperation(AstExpression left, BinaryOperator @operator, AstExpression right)
: base(AstNodeType.BinaryOperation)

{
Operator = @operator;
AddChild(left);
AddChild(right);

}

public AstExpression Left { get => (AstExpression)Children[0]; }
public BinaryOperator Operator { get; }

public AstExpression Right { get => (AstExpression)Children[1]; }
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A.12 SyntacticalAnalyzerException.cs — omm0KH CHHTAKCHYECKOI0
aHaJIM3aTopa

namespace Grapher.Analyzer.Syntactical;

public sealed class Syntactical AnalyzerException : AnalyzerException
{
private Syntactical AnalyzerException(string message, TextSpan errorPosition)
: base(message, errorPosition) { }

public static Syntactical AnalyzerException UnclosedParenthesesError(TextSpan errorPosition)
=> new Syntactical AnalyzerException($"He Haiinena 3akpbiBaromias kpyrias ckobka', errorPosition);

public static Syntactical AnalyzerException ExpectingldentifierError(TextSpan errorPosition)
=> new Syntactical AnalyzerException($"Oxunaercs unentudpukarop”, errorPosition);

public static Syntactical AnalyzerException ExpectingExpressionError(TextSpan errorPosition)
=> new Syntactical AnalyzerException($"Oxunaercs Beipaxkenue”, errorPosition);

public static Syntactical AnalyzerException UnpxpectedToken(TextSpan errorPosition)
=> new Syntactical AnalyzerException($"HeoxunanHsiii CHMBOI TIOCIIE OKOHYAHHs BBIpaxkeHus ', errorPosition);

}
A.12 SyntacticalParser.cs — cuHTaKCHYeCKHH aHAJIN3aToP

using Grapher.Analyzer.Lexical;
using System.Collections.Generic;
using System.Ling;

namespace Grapher.Analyzer.Syntactical;

public sealed class SyntacticalParser
{
private static readonly HashSet<LexemeType> _triviaLexemeTypes = new[] { LexemeType.Whitespace }.ToHashSet();
private readonly List<Lexeme> _lexemes;
private int _lexemelndex;
private Lexeme _emptylLexeme;

public SyntacticalParser()
{
_lexemes = new List<Lexeme>();
_emptyLexeme = new Lexeme(LexemeType.None, new TextSpan(0, 0));

private Lexeme Lexeme(int offset = 0)
{
Lexeme result;
var index = _lexemelndex + offset;
if (0 <= index && index < _lexemes.Count)
result = _lexemes[index];
else
result = _emptyLexeme;
return result;

}
private void Move(int offset)
{
_lexemelndex += offset;
}

private bool Eol { get => _lexemelndex >= _lexemes.Count; }

// BeIpakenue -> tepm3(( "+" | "-" ) repm3)*

// Tepm3 -> TepM2 (("*¥" | "/") Tepm2 )*

// Tepm2 -> tepml (") Tepml )*

// tepml -> [+|-] ("(" BeIpakerue ")" | BBI30B | HAeHTH(UKATOP | TUCIIO)
// BBI30B -> unentuuxarop "(" Bepakenue )"

// Tepml -> [+]-] ("(" BIpaxkeHue ")" | BHI3OB | HACHTH(HHKATOP | YKCIIO)
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private AstExpression BuildTerm1()

{
AstExpression term;
UnaryOperator? unaryOperator = null;
switch (Lexeme().Type)

case LexemeType.Plus:
unaryOperator = UnaryOperator.Plus;
Move(+1);
break;

case LexemeType.Minus:
unaryOperator = UnaryOperator.Minus;
Move(+1);
break;

}

switch (Lexeme().Type)

case LexemeType.OpeningParenthesis:
var opening = Lexeme().Position.Start;
Move(+1);
term = BuildExpression();
if (Lexeme(). Type == LexemeType.ClosingParenthesis)
Move(+1);
else
throw Syntactical AnalyzerException.UnclosedParenthesesError(new TextSpan(opening,
Lexeme().Position.Start - opening));
break;
case LexemeType.ldentifier:
var identifier = Lexeme().GetContent<string>();
Move(+1);
if (Lexeme(). Type == LexemeType.OpeningParenthesis)
{

var opening2 = Lexeme().Position.Start;
var parameters = new List<AstExpression>();
do

Move(+1);
var param = BuildExpression();
parameters.Add(param);

} while (Lexeme().Type == LexemeType.Comma);

if (Lexeme(). Type == LexemeType.ClosingParenthesis)
{

term = new AstFunctionCall(identifier, parameters);
Move(+1);
}
else
throw Syntactical AnalyzerException.UnclosedParenthesesError(new TextSpan(opening2,
Lexeme().Position.Start - opening2));
}
else
term = new AstVariable(identifier);
break;
case LexemeType.DoublelLiteral:
term = new AstL iteral<double>(Lexeme().GetContent<double>());
Move(+1);
break;
default:
throw Syntactical AnalyzerException.ExpectingExpressionError(new TextSpan(Lexeme().Position.Start, 0));
}

// HaBeUIMBaeM YHAPHYIO OTIEPAIUIO, €CIIH TaKOBas ObLIa
if (unaryOperator.HasValue)
term = new AstUnaryOperation(unaryOperator.Value, term);

return term;

}

/I tepm2 -> tepml (") Tepml )*
private AstExpression BuildTerm2()
{

AstExpression powTerm;
var left = BuildTerm1();

36



while (true)
{
AstExpression right;
var lexemeType = Lexeme(). Type;
if (lexemeType == LexemeType.Power)

Move(+1);

right = BuildTerm1();

powTerm = new AstBinaryOperation(left, BinaryOperator.Power, right);
left = powTerm;

}

else
{
powTerm = left;
break;
}
}

return powTerm;

}

Il Tepm3 -> Tepm2 (("*" | ") Tepm2 )*
private AstExpression BuildTerm3()
{

AstExpression group;

var left = BuildTerm2();

while (true)

AstExpression right;
var lexemeType = Lexeme().Type;
if (lexemeType == LexemeType.Asterisk)

Move(+1);

right = BuildTerm2();

group = new AstBinaryOperation(left, BinaryOperator.Multiplication, right);
left = group;

else if (lexemeType == LexemeType.Slash)

Move(+1);
right = BuildTerm2();
group = new AstBinaryOperation(left, BinaryOperator.Division, right);
left = group;

}

else

{
group = left;
break;

}

}

return group;

}

/I Beipakenne -> tepm3 (("+" | "-" ) Tepm3)*
private AstExpression BuildExpression()
{
AstExpression expression;
var left = BuildTerm3();
while (true)
{
var lexemeType = Lexeme().Type;
AstExpression right;
if (lexemeType == LexemeType.Plus)

Move(+1);

right = BuildTerm3();

expression = new AstBinaryOperation(left, BinaryOperator.Addition, right);
left = expression;

else if (lexemeType == LexemeType.Minus)
Move(+1);

right = BuildTerm3();
expression = new AstBinaryOperation(left, BinaryOperator.Substraction, right);
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left = expression;

}
else
{
expression = left;
break;
}
¥ _
return expression;
}
private AstExpression BuildTopLevelExpression()
{
var expression = BuildExpression();
if (Eol)
return expression;
else
throw Syntactical AnalyzerException.UnpxpectedToken(new TextSpan(Lexeme().Position.Start, 0));
}

public AstExpression Parse(IEnumerable<Lexeme> lexemes)
_lexemes.Clear();
_lexemes.AddRange(lexemes.Where(t => | _triviaLexemeTypes.Contains(t. Type)));
_lexemelndex = 0;

var result = BuildTopLevelExpression();
return result;

}
}

A.13 AnalyzerExceptionBase.cs — 0a30Bblii KJjacc AJsi OIIHOOK
AHAJN3aTOPOB

using System;

namespace Grapher.Analyzer;

public abstract class AnalyzerException : ApplicationException

{ protected AnalyzerException(string message, TextSpan? errorPosition)
: base(message)

ErrorPosition = errorPosition;

}

public TextSpan? ErrorPosition { get; }

A.15 TextSpan.cs — TekcToBblIii 0J10K

namespace Grapher.Analyzer;
public readonly struct TextSpan
public TextSpan(int start, int length)
Start = start;

Length = length;
}

public override string ToString()

return $"({Start}, {Length})";

public int Start { get; }

public int Length { get; }
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A.16 ExpressionBuilder.cs — mocTpounTens BhIpazkeHHii

using Grapher.Analyzer.Syntactical;
using System;

using System.Ling.Expressions;
using System.Reflection;

namespace Grapher.Analyzer;

public class ExpressionBuilder
{
private readonly Expression _pi = Expression.Constant(Math.P1);
private readonly Expression _e = Expression.Constant(Math.E);
private readonly ParameterExpression _x = Expression.Parameter(typeof(double));
private readonly MethodInfo _sinMethod = typeof(Math).GetMethod(nameof(Math.Sin))!;
private readonly MethodInfo _cosMethod = typeof(Math).GetMethod(nameof(Math.Cos))!;
private readonly MethodInfo _tgMethod = typeof(Math).GetMethod(nameof(Math.Tan))!;
private readonly MethodInfo _InMethod = typeof(Math).GetMethod(nameof(Math.Log), [typeof(double)])!;
private readonly MethodInfo _IgMethod = typeof(Math).GetMethod(nameof(Math.Log10))!;
private readonly MethodInfo _logMethod = typeof(Math).GetMethod(nameof(Math.Log), [typeof(double), typeof(double)])!;

private Expression VisitNode(AstNode node) => node switch

AstLiteral<double> literal => Expression.Constant(literal.Value),
AstVariable variable => variable.ldentifier. ToLowerlInvariant() switch

t

"pi" =>_pi,

"g"=>_e,

"X =>_X,

_ => throw new ArgumentException($"HeusBectHas nepemennas: {variable.Identifier}.")
¥

AstFunctionCall call when call.Parameters.Count != 1 => throw new ArgumentException($"Tloanep>XuBaroTcst TOIBKO GYHKIHH C
OJTHUM apryMeHTom."),
AstFunctionCall call => call.ldentifier. ToLowerlInvariant() switch
{
"sin" => Expression.Call(null, _sinMethod, VisitNode(call.Parameters[0])),
"cos" => Expression.Call(null, _cosMethod, VisitNode(call.Parameters[0])),
"tg" => Expression.Call(null, _tgMethod, VisitNode(call.Parameters[0])),
"In" => Expression.Call(null, _InMethod, VisitNode(call.Parameters[0])),
"lg" => Expression.Call(null, _IgMethod, VisitNode(call.Parameters[0])),
_ => throw new ArgumentException($"HeusBectuas ¢pyukuus: {call.Identifier}.")
h

AstUnaryOperation uo => uo.Operator switch

UnaryOperator.Plus => VisitNode(uo.Operand),
UnaryOperator.Minus => Expression.Negate(VisitNode(uo.Operand)),
_ => throw new ArgumentException($"HeusBectHblit yHapHsbiii onepatop: {uo.Operator}.")

+

AstBinaryOperation bo => bo.Operator switch

{
BinaryOperator.Addition => Expression.Add(VisitNode(bo.Left), VisitNode(bo.Right)),
BinaryOperator.Substraction => Expression.Subtract(VisitNode(bo.Left), VisitNode(bo.Right)),
BinaryOperator.Multiplication => Expression.Multiply(VisitNode(bo.Left), VisitNode(bo.Right)),
BinaryOperator.Division => Expression.Divide(VisitNode(bo.Left), VisitNode(bo.Right)),
BinaryOperator.Power => Expression.Call(null, typeof(Math).GetMethod(nameof(Math.Pow))!, VisitNode(bo.Left),

VisitNode(bo.Right)),

_ =>throw new ArgumentException($"HeusBectuslit GuHapHsiii onepatop: {bo.Operator}.")

+

_ =>throw new ArgumentException($"HensBecTHblii 311eMeHT Bhipaxkenus: {node.Type}.")

I3

public Func<double, double> Build(AstExpression ast)
{
var expression = VisitNode(ast);
var |b = Expression.Lambda<Func<double, double>>(expression, _x);
var lambda = Ib.Compile();
return lambda;

}
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