JIabopaTopHas pabora 3

BeKTOpHBIM peIaKkTop Zivro

1. IIens padoThI
1.1. IupakTH4Yeckas 1mejiab

OBnageThs HaBHIKaMU Pa3paboTKU IMIPOTPAaMMHBIX MOOYIEH, PealTu3yIUX aJIrTOPUTMEI PAaCTPOBOM Pa3BEPTKHU
(pacTepusanuu) KOHTYPOB GUTYyp M CIJIOIIHBIX OO6JlacTell Ha IIJIOCKOCTH, a TaKXe IIONYyYHUTh OIIBIT
OMIUPUYECKOTO aHaIN3a BEIYUCIIUTEIBHON TPYOOEMKOCTH ¥ TOYHOCTH aIrOPUTMOB PaCTEPU3ALIHH.

1.2. [IpakTHYecKas 1mejib

PazpaboraTh U uccienoBaTh IPOrPaMMHBIM MOMY/Ib, BHITIOTHSIOITHM

* pacTepus3aluio KOHTypa GUTYPHL;

e pacTepu3aluio (3aKpacKy) CIJIOIIHOM 06J1acTH;

¢ ¢opMHpOBaHHE U 0TOOPaAXKEHHE PACTPOBOTO N300PaAKEHUS;

hd C60p SMIIMPUYECKHUX NAHHBIX II0 BPDEMEHU BBEIIIOJIHEHUS U PA3JIMYNIO PE3YJIbTATOB aJIFTOPUTMOB.

B pamMkax maHHOM paGoOTH B KaUeCTBE MPOTPAaMMHOM 6a3bl MCIOMb3YETCS MPOEKT Zivro, pa3paboTaHHBIN
aBTOPOM CIIENMaJIbHO [JIS BEIIOJIHEHUS 1a00paTOPHOM PaboThl, B KOTOPHIM WHTETPUPOBAHEL U UCCIEAYIOTCS
COOTBETCTBYIOIIHE aJITOPUTMEHI.

2. ITocTaHOBKA 3aJa4YH

B pamkax na6opaTopHO# paboThl TpebyeTcs peann3oBaTh U MPOBEPUTh (QYHKIUIMOHAT, COOTBETCTBYIOIIUU
MeTomu4YeCcKUM yKa3aHuAaM JIP Ne3:

1. Peanm3oBaTh OpOrpaMMHBIM MOAYJ/Ib pacTepu3ald KOHTypa M BHYTPEHHEHW o6jactu GUTypH Ha
pPacTPoBOM M300paKEHUH.
2. ObGecrieyuTh BHIBOMI Pe3ynIbTaTa B OKHE/XOICTE MIPUIOKEHUS C IIONMTUKCETLHOM BU3yaTu3aliue.
3. Peanu3oBaTh He MeHee OBYX aJTOPUTMOB IIOCTPOEHUS KOHTYpa ¥ He MeHee ABYX aJITOPUTMOB 3aKpaCKHu
(B COOTBETCTBUU C BAPUAHTOM).
[106aBUTHL 9TAJIOHHBLINM KOHTYPHBIN anropuTM (HampuMep, bpe3eHxeiM) Oj1si CDaBHEHHUS.
PeanuzoBath cOOp 3IMIUPUUYECKUX HaHHBIX:
* BpeMsI BBIIIOTHEHUS aJlTOPUTMOB;
* pazjmyue MoJIy4aeMHBIX PAaCTPOBHIX PA3BEPTOK (10 OTIMYAIOIINMCS TUKCEJISIM).
IToaroToBUTH U OOPMHUTE OTUYET II0 BHIIIOJTHEHHOM paboTe.
. ChopMupOBaTh IPUIOKEHNE C UCXOOHBIMHU TEKCTAMU aBTOMAaTUYE€CKHY B OTHOEJIbHEIN .md 63 U3MEeHEHU
HUCXOOHOTO (haiiyia OTUETA.
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No

3. KpaTkoe onucaHHe IIPOeEKTa

Ons BeimonHenus JIP B KadecTBe OCHOBBI HUCIONB3YETCSI IMIPOEKT Zivro - HaAcTONbHOe TIpadrueckoe
IpUIoXKeHue OJisi paboTEl C BEKTOPHEIME 00beKTaMu (JIMHUS, 3JIIUIIC, JIOMaHas), ¢ COOCTBEHHOU MOMEIbIo
OOKyMeHTa, uepapxuei 06rekToB u CPU-peHgepuHTOM.

B kouTekcTe JIP IPOEKT UCITONb3yeTCs He KaK 00beKT abCcTpakKTHOT0 0030pa, a Kak mporpaMMHast ninatdopma,
rae peanu3yoTCsS U UCCIIENYIOTCS alrOPUTMEI pacTepU3allii KOHTYPa ¥ 3aKPaCKH.

[TpunoxkeHue UCHONIB3YET:

* A3BIK Z1ig;
e Ul-6ubnuoteky dvui ¢ SDL3-69keHOOM;
e MoOynbHYIO apxuTekTypy (Ul, Momesnb DaHHBIX, PEHIOEP, CepHUaIu3allns, HHCTPYMEHTHI).

Toyka BXofa HaXOOUTCSA B Src/main.zig: co3maéTcs OKHO, uHHuIManusupyercsa WindowContext, mamee
BRITIOJIHSIETCA event/render loop ¥ OTpPHCOBKA PacTPOBOIO pe3ybTaTa aJrOPHUTMOB.

4. CTpyKTypa IpoeKTa

OcHOBHBIE KaTanoru u ¢pamibl:



e build.zig - cuenapuit cOOpKH u I1aroB run/test;

* src/main.zig - 3anyCK OPUIOXKEHUS U TJIaBHBIU ITUKIT;

* src/WindowContext.zig - ynpaBieHN€e OTKPHITHIMA JOKYMEHTaMH U aKTUBHBIM HOKYMEHTOM;

e src/Canvas.zig - ToruKa X0JICTa, MacInTabupoBaHue, BLIYHCIIEHNE BUIUMOM 00/1acTH, 3allyCK PeHIepa;
* src/models/* - MOomenb OKyMeHTa, O0BEKTOB U X CBOMCTB;

* src/render/* - CPU-peHzep U KOHBENED OTPUCOBKY;

* src/persistence/json i0.zig - coxpaHeHue/3arpy3ka JOKyMeHTOB B JSON;

* src/ui/* - unTepdelricHLIe TaHeIU U KOMIIOHOBKA 9KpaHa;

* src/tests.zig - entry-point TecTos.

5. ApXxuTeKTypa INPHUIOKEeHUs
5.1. BeICOKOYypOBHEBas1 cxeMa

ApPXUTEKTYPHO TPOEKT Pa3mesiéH Ha TPU YPOBHS:

1. Ul-ypoBeHsb (src/ui, src/Canvas.zig)
O6pabaTrsIBaeT MOIb30BATENLCKHE COOBITHSI, 0OTOOpaXkaeT MaHe M U XOJICT, IIepemaéT meldCTBUSA B MOJIeNb

U peHmep.

2. Moaeins JaHHBIX (src/models)
XpaHUT OOKyMEHT, IepeBo 0OBEeKTOB M CBOMCTBA (IIO3UIMS, YTOJ, MaciTabd, [IBET, TOYKHU, PAJUYCHl U

ap.).

3. PeHaep-ypoBeHs (src/render)
IIpeobpas3yeT Momenbt 0OBEKTOB B HAOOP MUKCeJIel BUONMOM 00/1acTu U GOpMUPYET TEKCTYPY.

5.2. YopasBiieEMe JOKyMEHTaMHu

WindowContext XpaHUT MacCUB OTKPHITHIX MOKYyMeHTOB (OpenDocument) U MHOEKC aKTUBHOT'O TOKYMEHTa.
Kaxparwiit OpenDocument comepKuT:

* Document;

e sKk3eMIIsAp CpuRenderEngine;

* Canvas;

¢ MOeHTH(GUKATOP BLIOPAHHOTO 00HLEKTa.

JTO IIO3BONSIET OOHOBPEMEHHO pa6OTaTB C HECKOJIBKMMHU NJOKYMEHTaMHu BO BKJIagKaX.

5.3. PeHnaep-KOHBeuep

KmtoueBoli myTh peHpepa:

Canvas.redraw() BeIYMCIIIeT MaciITab KauyecTBa ¥ BUOUMYIO YaCTh HOKYMEHTA;
BeI3EIBaeTCs RenderEngine.render(...) (B Tekyiuel koHpurypamnuu CPU-BapuaHT);
CpuRenderEngine.renderDocument(...) MOATrOTaBIMBAET IUKCEILHLIN Oydep;

cpu/draw.zig peKypCcuBHO 0OXOOUT OOBEKTHl JOKYMEHTQ;

IOJIst KaXXJoro oobekTa npuMeHseTcs Transform. compose(parent, local);
shape-cnenuuyHbie MOOYIIN PUCYIOT IPUMUTUBH B Oydep;

6ydep mpeBpaiaetcs B TekcTypy Ul

Nooswhe

6. MaTeMaTH4YEeCKHE a/ITOPUTMBI IIPoeKTa (MoapoOHoe TEKCTOBOE OIMHCAHUE)

B mamHOM pa3pgerne mogpoOHO PAaCCMOTPEHH aJITrOPUTMEI, KOTOpPHEe (GOPMUPYIOT reoMeTpuio u nBeT B CPU-

peHpepe.
Ouarpammer PlantUML 6ynyT no6aBiieHEl OTHEeIbHEIM IIIaroM, Iocie GUuKcaluyu TeKCTOBOU YacCTH.

6.1. Uepapxudeckue TpaunchopMallu 00 HEKTOB

B ocHOBe peHIepa IeXHUT ClleHa-IepeBo: KaXXOhi 00beKT MOXKeT UMeTh JOUYepHue 3JIeMEeHTHI.
CnepoBaTenbHO, KOOPOUHATH JOoYepHEro o0beKTa 3afaHbl He B MUPOBOM CHCTEMe, a B CHCTeMe KOOpPOUHAaT
pOOUTENS.

B Transform xpansarcs:



e position = (tx, ty) - mepeHoc;

angle = a - IOBOPOT;

scale = (sXx, sy) - He3aBUCUMEIM MaciTab 10 0CsIM;
* opacity = o - HaKOIlJIEHHas HEIPO3PaYyHOCTh.

[st mepexoma U3 ITOKaJIbHEIX KOOPAUHAT 00BbeKTa K MUPOBBLIM MCIIONIb3yeTCsA adhuHHOE npeoOpa3oBaHue:

T, =t, + (v, s,)cosa—(y,-s,)sina,

Yy = t, + (7, 5,)sina + (y, - s,) cosa.

IMTpu xomnozunmu parent * local (8 Transform.compose) BEIIOIHSIOTCS IIaru:

1. moKanbHas MO3UIUA CHadasla MaclTabupyeTcs MacmraboM poouTers;

2. pe3ynbTaT I0BOPAa4YUBaeTCs Ha yroJl POOUTENIS;

3. mobGaBisieTcs IepeHoC POOUTENIS;

4. yTibl CKIIafgelBaloTCA: @ world = a parent + a local;

5. MacmTalbl TePeMHOXKAIOTCS TOKOMIIOHEHTHO: SX_world = sx_parent * sx local, sy world = sy parent
* sy local;

6. IPO3PavyHOCTHU MEPEMHOXKAIOTCA: 0 world = o parent * o local.

IToueMy 9TO BaXKHO: TAKOM ITOPSIIOK TapaHTUPYET, YTO IIPU IIOBOPOTe/MaciiTabe rpynnbl 00beKTOB JOYEPHUE
9JIEMEHTHI BedyT ce0st KaK eflHas CBA3aHHas KOHCTPYKITHSI.

6.2. Ilemouka npeodpa30BaHUM KOOPAUHAT B peHaepe

Penmep ucnonb3yeT 4 cuCTeEMBI KOOPAWHAT:

1. mokanbHas (BHyTpu shape);
2. MHUpoOBasi (BHYTPHU OOKYMeHTa);
3. KoopauHAThI KaHBHI ([10CJIe MacIITabMpPOBaHUSA OOKYMEHTA o[ TEKYIIUMN pa3Mep);

4. KoopauHATHI Oydepa viewport (BuguMas 4acTh, HauuHalomascsa ¢ (0,0)).
OcHOBHEIE (QOPMYJIBL:

e canvas_x = world x * scale x, canvas y = world y * scale y;
e buffer x = canvas x - visible rect.x, buffer y = canvas y - visible rect.y.

O6paTHOe Tpeobpa30BaHUE TAKIKe UCIOIb3YeTCs (HAIPUMED, B IJITUIICE):

e canvas_x = buffer x + visible rect.x, canvas y = buffer y + visible rect.y;
* world x = canvas_x / scale x,world y = canvas_ y / scale y.

7 BEIYMCIIEHUS JIOKAJbHBIX KOOPOWHAT M3 MHUPOBBIX IIPUMEHSIeTCsI OOpaTHBI IIOBOPOT M OOpPATHHIN
MacmiTab:

dw:xw_tz7 dy:yw_tyv
dzx cos(—a) — dy sin(—a)

X, = s )
X

_ dwsin(—a) + dycos(—a)

= 5, :

ITpakTu4yeckuii CMEICH: Shape MOXKHO TeCTHpPOBaThb aHAIUTHYECKH (IO ¢dopMmysiamM) B “cBoei” ymoOHOM
JIOKaJIbHOM CHCTeMe, He3aBUCHMO OT TOT'0, KaK OH IIOBEPHYT U I'l€ PacCIlOIoXkKeH B MOKYMEHTeE.

6.3. PucoBaHue IMHUMN: OTCE€YEeHHE + NUCKpPeTH3alus + TOJIINHUHA

AnroputM B line.zig COCTOUT U3 TPEX YACTEM.



6.3.1. Orceuenue Liang-Barsky Ilepen pucoBaHueM TUHUA OTCEKAETCS PaCIIMPEHHBIM IPIMOYTOJIbHUKOM

oydepa.
ITapameTpuueckasi GpopMa oTpe3Ka:

P(t) =Py +t(P, — P,), tel0,1].

g xkaxpgoro orpanuyenus (x >= left, x <= right, y >= top, y <= bottom) o6HOBNsIETCS DOTYCTUMBIH
uHTepBaa [tO, t1].
Ecnu mocsie 06paboTKu orpanuydenuit t0 > t1, OTPe30K MOJIHOCTHIO BHE 3KpaHa M MPONyCKaeTCs.

I[TpermyIiecTBO: BMECTO “IIaraTh IO IMHUKCEJIAM M KaXK[ObIM IIPOBEPSTH I'PAHUIILI” PEHOEpP cpal3y paboTaeTt
TOJIBKO C BUOUMBIM OTPE3KOM.

6.3.2. [Ouckperusanusi TuHuH (Bresenham-nmomo0HbINH mpoxona) Ilociie OTCeYEHHUs HCIONb3YIOTCS
LIeJI0YUCIeHHEIe TPUpPaIleHu:

e dx = abs(x1l - x0),dy = -abs(yl - y0);

* sXx sign(x1l - x0), sy = sign(yl - y0);
e ommbKa err = dx + dy.

Ha xaxxpgow 1mare:

e BBEIUHCIISIETCSI €2 = 2*err;
* ecnu €2 >= dy, ABUTaeMcCs 10 X;
* ecnu €2 <= dX, OBUTaeMCs IO Y.

OTOo KJlaccuyecKas HOes ILeT04YNCIIEHHOTO HUHTErpupoBaHUA OLITNOKHU OJId aIIIPOKCHUMAIlUM HIOEeaJIbHOI'O
HEIIPEPBIBHOTO OTPE3Ka Ha IUKCEIIbHOM CETKE.

6.3.3. TommmHa U KoppeKnus mo yriay Eciam npocTto pacliupsATh JUHWIO PABHOMEPHO, BH3yallbHasd
TOJNINVHA MOXKET “IJIBITh” IIPU Pa3HEBIX yrilax.
B nipoekTe BHUUCIAETCS IOIPaBKa 10 OJIMHE IIPOEKITH:

e cos(theta) |[dx| / len;

e sin(theta) = |dy| / len;

¢ BuIOMpaeTcs 6a3wuc (1mo X unu Y), roe omubKa TOMIINUHE MUHUMAIbHA;

* WTOroOBas TOJIIVHA IE€PECUUTHIBAETCS Yepes3 JejlIeHne Ha max(sin, eps) uiu max(cos, eps).

Ilaree BOKPYT LIEHTPaJIbHOTO ITUKCEJIS MTPOBOOUTCS I0JioCa IMMpPUHLI thickness corrected.
IHOMIOTHUTEIBHO eCTh peXkXuM draw _when outside:
* BHYTDU viewport pucyeTcs MOJIHas TOJIIINHA;
* 3a mpefeniaMu viewport — TonbKo 1px, 4TOOB KOHTYP He “B3pPHIBAJICA” IO IIMPUHE 32 9KPaHOM.
6.4. PacTpuMpoBaHHe 3/IJIUIICA U OyI'HA
AnroputMm ellipse.zig He uCHONB3yeT UHKpPeMeHTanbHble midpoint-popmynsl, a paboTaer uepes

AHAJIMTUYECKYIO IIPDOBEPKY KaXKIO0TI'0 IMTUKCEJIA B OrPaHNYHUBAOIIEM IIPDAMOYTIOJIbBHUKE.

6.4.1. HopMmayiM3anusi KOOPAUHAT [/ IUKCENs BHUYUCIAIOTCS JIOKaJIbHbBle KOOPOUHATH loc = (x_1,
y 1) u HOpManu3yroTCs:

_ _ — 2 2
ny,=-—, n,=>—, d=n;+n,
Ty Ty
* d = 1 COOTBETCTBYET UAealbHOMY KOHTYDPY 3JLINIICA;
e d < 1BHYTpPY;
* d > 1 cHapyXu.



6.4.2. TIlosroca OOBOAKHM 3aJaHHOM TOMIIHHBLI TommuHa thickness mepeBOOUTCS B HOPMHPOBAHHOE
IIPOCTPAHCTBO Yepe3 MeHbIIYIO [I0JIyOCh:

* half_norm = thickness / (2*min(rx, ry));
* BHYTPEHHUU paguyc: inner = max(0, 1 - half norm);
* BHEINHUM paguyc: outer = 1 + half norm.

IMTukcenb IpuHAAIeXRXUT 00BOIKE, €CIIHU:

inner? < d < outer?.

9To maéT reoMeTPUYECKH KOPPEKTHYIO MOJIOCY BOKPYT 9JIJIMIICA HPU IPOU3BOILHOM ITOBOpOTe/MaciiTtabe
o0BeKTa.

6.4.3. [Iyra uyepe3 yriaoBou ¢uabTp Ecnu arc percent < 100, u3 MOJHOro 3/IuIca 6epETCsS TOILKO
YacCTh:

* BEIYHCJIAETCS OJIMHA OyTU B paguaHax: arc_len = 2*pi*arc_percent/100;
* IJId IUKCEeJII HaXOOUTCS yroj depes3 atan2(ny, nx) (c IOIpaBKOU Ha SKPaHHYIO CUCTEMY);
* TOYKa NPUHMMAETCS TOJIbKO €CJIU €€ yTI0Bas MO3UIlUs He IIpeBHIIaeT arc_len.

Ecnu closed = true, KOHIIE OyTH COENUHSIIOTCS C I[EHTPOM ABYMS PafualbHBEIMM OTPEe3KaMU (MCIIOIb3YeTCs
OOGIIMY aJIrOPUTM JIMHUHU).

6.5. JlomaHasi, BhIJe/IeHHEe rPaHUIIbBI M 3a/IHBKa

B broken.zig momaHast CTPOUTCS Kak IIeII0YKa CeTMeHTOB PO->P1->...->Pn, a mpu closed mo6aBnseTcs Pn-
>P0.

719 KOPPEKTHOU 3a/IMBKU IIPUMEHSAETCSI OABYyX(ha3HBIU aJIlTOPUTM.

6.5.1. ®a3a 1: coop nmuKcesieH rpaHunbl Bo BpeMeHHoM FillCanvas mpu KaxpaoM blendPixelAtBuffer
COXpaHseTCsI KOOPOUHATA MUKCEJIS KaK IpaHnYHas Touka (border set).

CMeICHT: CHayasa 3aUKCUPOBaTh “XKECTKUM” KOHTYD, 3aTe€M He3aBUCHMO 3allOJIHUTL BHYTPEHHOCTE.

6.5.2. ®a3a 2: NOMCK BHYTPEHHHUX CETMEHTOB IO CTPOKaM [ paHUYHEIE TUKCEIU COPTUPYIOTCA 110 (Y,
x). I KaXKOgou CTPOKM:

1. BRIOENSAIOTCS IIOCIeO0BaTEIbHOCTU PEDED;
2. CTPOSITCSI UHTEPBAJIBI MEXK/Y COCETHUMHU PEOPaAMU;
3. U3 IMOOXOIAIINX WHTEPBAJIOB BHIOMPAIOTCSa seed-TouKu (CepeanHa HHTepBaa).

9To cHUXKaeT puck crapta flood fill c BHenIHe! CTOPOHEI QUTYPEL.

6.5.3. ®a3a 3: flood fill (4-cBsi3HOCTEL) OT KaxKOoro seed BHIIIOJIHSIETCS CTEKOBBIHA 00XOI COCemein:

¢ BJIEBO, BIIPaABO, BBEPX, BHU3I;
* I'PaHHUYHEBIE ITUKCEJIN He IIepeCeKaloTCi;
* yXe TIOCENIEHHEIE TTHKCEeIH IIPOITYCKAIOTCsA.

Kaxxneii HalileHHBIY BHYTPEHHUY TUKCeIb OKpammBaeTcsa B fill color.

[ToueMy MCHONB3YyeTCsS OTAENbHBEIN Oydep: mpu mMoaynpo3pavyHOCTH WHAYe OOHA U Ta Ke 00JacTh MOXKET
CMeIaTbCsd HECKOIBKO pa3 U3-3a IepecedyeHusi CerMeHTOB.

6.6. Anbda-cmenruBanue B Premultiplied Alpha (PMA)

IInsa KaXKOoro KaHaa IiBeTa IIPUMEHSAETCSA MOEJIb:

C1out = CS’I“C + (1 - Oésrc)CYdst? Cout = Cgpe + (1 - asrc)adst‘

B kome C_src yxe premultiplied (unu moMHOXKaeTcst Ha opacity TpaHchopMa B MOMEHT CMEIIUBAHUS).



ITommaroso:

1. GepéTcst anbda UCTOUHUKA @ = Src_a/255 * transform.opacity;
2. BRIYHCHsSETCS inv. a = 1 - a;

3. KaHaJH I,g,b uCTOYHMKA MaciTabupyoTcs Ha transform.opacity;
4. popmupyeTcs HOBHIM dst 1o PMA-dopMmye.

replace mode = true OTKJIIOYaeT CMeIIVBaHUE U IIPOCTO 3aMeHsIeT IIUKCEJIb.
OTOT pexXuM HCIONb3yeTcsI BO BpeMeHHBIX Oydepax shape-peHzmepa, a 3aTreM pe3ynbTaT OOWH pa3
KOMIIO3UTCS B I1e1eBOM Oydep.

6.7. YucjaeHHasi yCTOMYHBOCTDb H OrPAaHHYeHHU s

B aJITOPUTMaX IMpeayCMOTPEHEI 3alllUThHL OT Jerpadallu BEIYMCIIEHUN:

* 3aIUTa OT OeJIeHus Ha HOJIb B 00paTHEIX Ipeobpa3oBaHusix (scale == 0 -> 1.0);

* HWCIIOJIb30BaHMUE epS B KOPPEKIIUHU TONIITUHEL TUHUM;

e OTpaHMYEHWE MUHUMAIbLHBEIX Pa3MepoB peHmep-6ydepa (>= 1 px);

* OTCEYEHHUE CIUIITKOM OOJIBIITNX BEIXOMOB 3a Viewport 1o Havaia pacCTPUPOBAHUS;

* gBHOe okpyrieHue float->int B Toukax, roe HyKHa cTaOWUIbHAS IUKCEJIbHAS IPUBSI3KaA.

DTO CHUIKAET YHUCJIO BU3yaJIbHBEIX apTe(aKTOB IIPHU MaJjIbIX MacinTabaX, CHUJIbHBIX ITOBOPOTAX M YaCTUYHOU
BUOUMOCTHU OOBLEKTOB.

7. PaboTa ¢ JaHHBIMH M C€epHa/IH3alUsd

Mopyns src/persistence/json_io.zig nogmep>KuBaeT:

* saveToFile(...) - cepuanusanusa B JSON (pretty-print);
e loadFromFile(...) - utreHue JSON 1 BocCTaHOBIEHUE CTPYKTYPHI.

Ist Document IocJjie MapCUHTa BHIIIOMHSIETCS KIIOHUPOBaHUe, YTOO n30exkaTh IpobieM BiIageHUs IaMsIThIo
(rmapcep BeIEJIIET IaMSITh U3 aPEHHI).

8. COopkKka, 3alyCK U TECTHPOBAaHHUE
8.1. Coopka u 3anmyckK

zig build
zig build run

8.2. 3anyck TecToB
zig build test

datin src/tests.zig mopkiodyaeT MoOynau c test-610KaMu, 4TOOBI OHM BBINIOJIHSAJIUCH B COCTaBe OOIIETO
TEeCTOBOIO IIIara.

9. ABTOMaTH4YecKoe (opMHpPOBaHUE NMPHUIOKEHHSI C HCXOTHBIM KOIOM
YToOH HEe BCTABJISATH UCXOOHUKY BPYYHYIO B KOHEI] OTUYETA, UCIIOIb3yeTCsI CKPUIIT Report/append sources to repors
CKpumnr:

e YpTaeT UCXOOHBIA .md OTUET;

e mobOaBiseT pa3men ¢ KogoM ¢aijioB IPOEKTa;

e mepeq KaXObIM JIMCTUHTOM BCTABISET OyTh (aiina;
* COXpaHsieT pe3ynbTaT B HOBHIM .md ¢aii;

* MCXOOHBIM OTYET HEe U3MEHSIET.

[Tpumep 3amycka:

python3 Report/append sources to report.py \
--input Report/zivro-open-project-report.md \
--output Report/zivro-open-project-report-with-code.md \
- -base .



10. PlantUML-guarpaMMsbI
[711 oTY€Ta MOATOTOBJIEHE! AuarpaMMel B popmaTte PlantUML (. puml) u creHepupoBaHsl ux PNG-Bepcun onis
IIPSIMOY BCTABKU B JOKYMEHT.

10.1. ApxuTeKTypa IIpoeKTa
Report/uml/zivro-architecture-components.puml - KOMIIOHEHTHAas apXUTEKTypa [IPUJIOKEHUS.

Zivro: KOMNOHEHTHasA apXMTeKTypa
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Figure 1: KoMmnoHeHTHasa apxuTeKTypa Zivro

Report/uml/zivro-render-sequence.puml - HOCIE€IOBaTEJIBPHOCTh PEHIEPA Kagpa.



Zivro: nocnepoBaTenbHOCTL peHaepa kaapa (CPU)

c
n U
88
S
g8
£Q
P
9
2
]

drawDocument
(cpu/draw.zig)

CpuRenderEngine

RenderEngine

o
g%
z8
<>
oz
ca

2

Ul Frame
(frame.zig)

User

[for each root object]
Transform.compose(parent, local)

draw shape by object.kind
[for each child]

-3
. e )
B o °
: o =
0
o]
X
a °
= o
g ]
£ g
S 1]
g w
Q °
H X
e a
s

renderDocument(...)

texture

render(document, canvas_size, visible_rect)

computeVisiblelmageRect()

compute quality scale

passed]

ttle

[redraw pending and throf

texture for draw

alt

1

raw!

[no red

c
n o
88
=B
gs
- EQ
g
s
2
R

drawDocument

o
£
=)
2
]
| @
°
c
5]
4
S
<%
O
o
=
=)
=
=
5]
°
=
5]
o
0
]
>
- 1 =
&
o

Ul Frame
(frame.zig)

@
&
>

(cpu/draw.zig)

@
N
b
8
g
H
s
o

[TocrieqoBaTeILHOCTD PEeHOepa Kazapa

Figure 2

t

viewpor

10.2. YopasBjieHHE X0JICTOM U

OmacTtu, MacmTabupoBaHUE TI0

BBIYMCJIEHHME BHIWMOHN O

ithm.puml -

t-algor

-viewpor

Report/uml/canvas

Ka4eCTBY, YCIIOBUS PeApoy.



Canvas/ViewPort: anropuT™ BLIYMC/IEHUA BUAUMON obBnacTu u peapoy

b

Get zoomed document rect
(getZoomedimageSize)

-

’ Read viewport rect + scroll offset

. J

.

Compute visible width/height
min(viewport, image size)

J

Compute raw visible x/y
from scroll - image offset

R 2

Clamp x/y into image bounds

¥

Store Rect_i{x,y,w,h} as _visible_rect

N 2,

ves | \  no

visible rect changed

/ \
£\ OR texture is nuil? ,’l
\ /

e N s

request redraw J no redraw needed

yes \f‘ no

\

L\/ — :\’l

Vs N

{ Read render quality %

Y y

Keep previous frame J

Convert area-quality to side-scale
scale = sqrt(a/100)

v

Scale full canvas size J

[ ——

’ Scale visible rect ‘

N

J

Clamp scaled rect to scaled canvas

- /

o ¥

l—«\' scaled visible rect valid? 7
\ /

N 3

Drop texture / skip rendering

Render only scaled visible area
through RenderEngine
\ )
J

-

Update texture + stats + throttle

i

)

Figure 3: AnroputM ynpasneHus viewport u redraw

10.3. AnropurMbl 00pPadOTKH JaHHLIX U PacTpU3alluu

Report/uml/transform-compose-algorithm.puml - KoMIIO3ulMs TPaHCHOPMAIHUH B MepapXuu 00 HEKTOB.



AnropuTM KoMnosuuuu TpaHcchopmauui (parent * local)

b

Input parent transform:
P(tx,ty,angle,sx,sy,opacity)

v

Input local transform:
L(tx,ty,angle,sx,sy,opacity)

v

Scale local position by parent scale:
Ix' = L.tx * P.sx
ly' = L.ty * P.sy

v

Rotate by parent angle:
rx = cos(P.a)*Ix' - sin(P.a)*ly"
ry = sin(P.a)*Ix' + cos(P.a)*ly’

v

Translate by parent position:
W.tx = P.tx + rx
W.ty = P.ty + ry

v

Compose angle:
W.angle = P.angle + L.angle

v

~
Compose scale:
W.sx = P.sx * L.sx
W.sy = P.sy * L.sy

J

v

Compose opacity:
W.opacity = P.opacity * L.opacity

v

Return world transform W

®

Figure 4: Komno3suius TpaHchopManmi

Report/uml/coordinate-pipeline.puml - KOHBeliep mpeoOpa30BaHUN KOOPAUHAT.
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KoHBemnep koopauHat: Local -> World -> Canvas -> Buffer

All raster tests are done

Buffer coords in buffer coords (integer pixels).
(visible rect origin) Shape analytics often done

in local coords after inverse map.

o visible_rect.(x,y) subtract visible_rect.(x,y)

Canvas coords
(scaled document)

divide by scale_x/scale_y world * scale_x/scale_y

World coords
(document space)

worldToLocal() localToWorld()
translate™-1 + rotate™-1 + scale™-1 rotate + scale + translate

Local coords
(object space)

Figure 5: KouBeiiep npeobpa3oBaHuil KOOPAWUHAT

Report/uml/line-rasterization-flow.puml - IOMHEIM @ITOPUTM OTPUCOBKY JIMHUU.
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JIuHMA: nonHas cxema pacTpusauuvu

?

Input local endpoints (x0,y0),(x1,y1)
+ color + thickness

) v

Map endpoints Local -> World -> Buffer

v

J

Compute pixel thickness from transform scale

/ \
( thickness_px <= 07 >—)@
\
\—'Y—/
{ draw_when_outside == false?

L yes

Clip segment to expanded buffer bounds
(Liang-Barsky)

*‘Pﬁ

segment rejected?

-

Compute angle-based thickness correction
(using |dx|/len and |dy|/len)

v

Initialize Bresenham state
dx,dy,sx,sy,err

—

/

< not reached end point? )(7
\

\ -/

Choose effective half-thickness:
full in viewport, 0 outside if draw_when_outside

v

Draw stripe around center pixel
(along normal axis)

¥

Advance Bresenham step by error update

Figure 6: ITonHBINM alIropuTM pacTPUPOBAHUS JTUHUHN

Report/uml/liang-barsky-clip.puml - maru oTcedeHus: oTpe3ka MmetogoMm Liang-Barsky.
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Liang-Barsky: oTc oTpesKa np: YroNlbHUKOM

b

Input segment PO,P1 and clip rect

Process boundary x >= left
p=-dx, q=x0-left

v

/

yes
\/ clip test fails? )%(:
\ /

~

/

—
Process boundary x <= right
p=dx, g=right-x0
S
—V— yes
/ \
( diptestraisz (@)
\ /
—
~
Process boundary y >= top
p=-dy, g=y0-top
J
—#— yes
/ \
( diptestraisz  ———>(@)
\ /
\ /
I -
Process boundary y <= bottom
p=dy, q=bottom-y0
)
—#—x yes
/ \
( dlip test fails? )—)@
\ /
R
~
Compute clipped points:
PO' = PO + t0*(P1-P0)
P1' = PO + t1*(P1-P0)
A
s A\
Round to integer pixels
- J
i ~
Return accepted clipped segment
J

o

Figure 7: AnroputMm Liang-Barsky

Report/uml/ellipse-arc-rasterization.puml - pacTpupoBaHue 3IIUIICA/OYTU.
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Innunc/ayra: anropuTM pacTpusaumn

*

Read rx, ry, thickness,
arc_percent, closed, filled

[ oo @
v N
‘ Buldocal o comers wih margin
[
Transtor comers tobuter

and compute pixel scan bounds

‘ Create temporary transparent buffer
T T S

ves

‘ startFill() collect border pixels ‘

| trcanpietinthox e

‘ Map pixel center Buffer -> World -> Local

nx = xirx, ny = yiry,
d=nx~2 +ny~2

ainstroke rng?
§
L letipse

{ arc_percent < 1007 —l

N

Compute angular position plot stroke pixel

via atan2 and normalized diff

inside arc sector?

ves

‘ plot stroke pixel ‘

( cosedand arc_percent<1007 )

Draw two radial segments
(center->start and center->end)

do_ilz

Composite temp buffer to target
once with object opacity

o

Figure 8: AnropuTM pacTpupOBaHUA 3JIJIUIICA U OyTH

Report/uml/polyline-fill-algorithm.puml - mOCTpoeHUE U 3aIUBKA 3aMKHYTOU JTOMaHOH.
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JlomaHas + 3anueka: 3-asHeil aNiIrOPUTM

b

Input points[], closed, filled

/

JRE 2N
{ points < 27 \—)@

Create temporary buffer + copy context

S

/ closed and filled?

Enable FillCanvas (startFill)

Draw all segments Pi->Pi+1

§ v \
[

( closed?

Draw segment Pn->P0

fill enabled? _

yes

Phase 1:
Border pixels already collected in hash-set

Phase 2:

Sort border keys by (y,x),
find row segments,
choose interior seeds

Phase 3:

Stack flood fill (4-neighbors),
skip border/visited,

paint fill color

Composite temporary buffer to target once
Figure 9: AnropuT™ T0MaHOU ¥ 3alIUBKHU

Report/uml/pma-alpha-blending.puml - PMA alpha-KoMOO3uIUsI TUKCEJIEH.
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PMA alpha blending B blendPixelAtBuffer

b

Input dst pixel, src PMA pixel,
transform opacity

pixel outside buffer?

replace_mode?

src_rgb = src.rgb * opacity

-
dst.r = clamp(src_r + inv_a * dst.r)
¢ /
dst.g = clamp(src_g + inv_a * dst.g)
o

v

dst.b = clamp(src_b + inv_a * dst.b)

v

dst.a = clamp(a*255 + inv_a * dst.a)

SR/ S

Store dst pixel

Figure 10: PMA alpha-koMno3unus nukcens

10.4. Ckpunr renepanuu PNG-guarpamm

st moBTOpHOM reHepanuu PNG coxpaHéH OTHOEJIbHBIM CKPUIIT:
* Report/render_uml png.py

[TpuMmep 3amycKa B BELICOKOM KadeCTBe:

python3 Report/render uml png.py --input-dir Report/uml --dpi 360
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11. BeiBOoanI

B xome paboTel pa3paboTaH M HCCIIENOBAH HPOEKT Zivro, IMOATOTOBJIEHO CTPYKTYPHMPOBAHHOE OIHMCAHUE
€ro apxXUTEKTYyphl. IIpoeKT peamu3yeT MOMYIbHBIM MOOXOMd: MOMelb HOKyYMEHTa, Hepapxuio 00BEKTOB,
CPU-penpep ¢ npeoObpa30BaHUSIMY KOOPOUHAT U OTHAEIbHBIE aJTOPUTMBI PAaCTEPU3aIINY T€OMETPUH.

KimoueBrle MaTeMaTHYeCKHEe YaCTH - KOMMOO3UIKS TpaHcdopMaluii, oTceueHWe W pacTepus3alus TUHUH,
peHOep 3JUIUIICOB/AYT, a TaKxKe aJTOPUTM 3aJIUBKM 3aMKHYTHIX KOHTYPOB.

TeKCTOBBIN OTUYET MOATOTOBIIEH 0€3 BCTPOEHHEIX TUCTUHTOB KOMIa; OJIS TeHepalluyd BePCUU C IIPUIIOKEHUEeM
UCXOOHMKOB CO3[aH OTHENbHBEIM aBTOMaTU3UPOBaHHBIN CKPUIIT.

ITpunoxenue A. UcxogHbIe TEKCThI

CdhopmMupoBaHO aBTOMaATUYECKU CKPUIITOM Report/append sources to report.py (dainos: 39).

A.1. build.zig

const std = @import("std");

pub fn build(b: *std.Build) void {
const target = b.standardTargetOptions(.{});
const optimize = b.standardOptimizeOption(.{});

const dvui_dep = b.dependency("dvui", .{ .target = target, .optimize = optimize, .backend = .sdl13 });

const exe = b.addExecutable(.{
.name = "Zivro",
// .use llvm = true,
// .use lld = true,
.root_module = b.createModule(.{
.root source file = b.path("src/main.zig"),
.target = target,
.optimize = optimize,
.imports = &.{
.{ .name = "dvui", .module = dvui_dep.module("dvui sdl3") },
.{ .name = "sdl-backend", .module = dvui_dep.module("sd13") },
I
.
1}

exe.bundle compiler rt = true;
b.installArtifact(exe);

const run_step = b.step("run", "Run the app");

const run_cmd = b.addRunArtifact(exe);
run_step.dependOn(&run_cmd.step);

run_cmd.step.dependOn(b.getInstallStep());

if (b.args) |args| {
run_cmd.addArgs(args);

}

const exe tests = b.addTest(.{
.root module = b.createModule(.{
.root_source file = b.path("src/tests.zig"),
.target = target,
.optimize = optimize,

.imports = &.{
.{ .name = "dvui", .module = dvui dep.module("dvui sdl3") },
.{ .name = "sdl-backend", .module = dvui_dep.module("sd13") },
b
1),
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3
const run_exe tests = b.addRunArtifact(exe_ tests);

const test step = b.step("test", "Run tests");
test _step.dependOn(&run_exe tests.step);

A.2. build.zig.zon
A

// This is the default name used by packages depending on this one. For
// example, when a user runs “zig fetch --save <url>", this field is used
// as the key in the “dependencies” table. Although the user can choose a
// different name, most users will stick with this provided value.
//
// It is redundant to include "zig" in this name because it is already
// within the Zig package namespace.
.name = .Zivro,
// This is a [Semantic Version] (https://semver.org/).
// In a future version of Zig it will be used for package deduplication.
.version = "0.0.0",
// Together with name, this represents a globally unique package
// identifier. This field is generated by the Zig toolchain when the
// package is first created, and then *never changes*. This allows
// unambiguous detection of one package being an updated version of
// another.
//
// When forking a Zig project, this id should be regenerated (delete the
// field and run “zig build’) if the upstream project is still maintained.
// Otherwise, the fork is *hostile*, attempting to take control over the
// original project's identity. Thus it is recommended to leave the comment
// on the following line intact, so that it shows up in code reviews that
// modify the field.
.fingerprint = 0x62d7ebal4686811le, // Changing this has security and trust implications.
// Tracks the earliest Zig version that the package considers to be a
// supported use case.
.minimum zig version = "0.15.2",
// This field is optional.
// Each dependency must either provide a “url’ and “hash’, or a “path’.
// “zig build --fetch®™ can be used to fetch all dependencies of a package, recursively.
// Once all dependencies are fetched, “zig build® no longer requires
// internet connectivity.
.dependencies = .{
.dvui = .{
.url = "git+https://github.com/david-vanderson/dvui#edb2d5a4cd2981fca74ee5f096277b91333c1316",
.hash = "dvui-0.4.0-dev-AQFImeGB3QAwun9qF76CDE5IopA4nUVRgD - IwwTs0o4H",

b

// See “zig fetch --save <url>" for a command-line interface for adding dependencies.
//.example = .{
// // When updating this field to a new URL, be sure to delete the corresponding

// // “hash™, otherwise you are communicating that you expect to find the old hash at
// // the new URL. If the contents of a URL change this will result in a hash mismatch
// // which will prevent zig from using it.

// .url = "https://example.com/foo.tar.gz",

//

// // This is computed from the file contents of the directory of files that is
// // obtained after fetching “url® and applying the inclusion rules given by
// // “paths’.

// //
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b
//
//
//
//
//
//
//
//

// // This field is the source of truth; packages do not come from a “url’; they

// // come from a “hash™. “url’ is just one of many possible mirrors for how to
// // obtain a package matching this “hash’.
// //

// // Uses the [multihash](https://multiformats.io/multihash/) format.
// .hash = "...",

//

// // When this is provided, the package is found in a directory relative to the
// // build root. In this case the package's hash is irrelevant and therefore not
// // computed. This field and “url® are mutually exclusive.

// .path = "foo",

//

// // When this is set to “true’, a package is declared to be lazily
// // fetched. This makes the dependency only get fetched if it is
// // actually used.

// .lazy = false,

/1Y

Specifies the set of files and directories that are included in this package.
Only files and directories listed here are included in the “hash™ that

is computed for this package. Only files listed here will remain on disk

when using the zig package manager. As a rule of thumb, one should list

files required for compilation plus any license(s).

Paths are relative to the build root. Use the empty string (*""") to refer to
the build root itself.

A directory listed here means that all files within, recursively, are included.

.paths = .{

b

"build.zig",
"build.zig.zon",
"src",

// For example...
//"LICENSE",
//"README .md",

A.3. src/Canvas.zig

const std = @import("std");

const builtin = @import("builtin");

const dvui = @import("dvui");

const Document = @import("models/Document.zig");

const RenderEngine = @import("render/RenderEngine.zig").RenderEngine;
const basic_models = @import("models/basic models.zig");

const Rect_i = basic_models.Rect i;

const Size i = basic models.Size i;

const Point2 f = @import("models/basic models.zig").Point2_ f;

const Color
const tools
const Toolbar

dvui.Color;
@import("toolbar/tools.zig");
= @import("toolbar/Toolbar.zig");

const random_document = @import("random document.zig");
const Canvas = @This();

allocator: std.mem.Allocator,
document: *Document,
render_engine: RenderEngine,
toolbar: Toolbar,

texture:

?dvui.Texture = null,

pos: dvui.Point = dvui.Point{ .x = 400, .y = 400 },

scroll: dvui.ScrollInfo = .{
.vertical = .auto,
.horizontal = .auto,

b
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native scaling: bool = true,

cursor_document point: ?Point2 f = null,

draw_document: bool = true,

show render stats: bool = true,

/// Rect tynbapa (M3 npepgbigywero Kagpa) B/ UCKIYeHUs KaunkosB rno HeMy wu3 handleCanvasMouse.
toolbar rect scale: ?dvui.RectScale = null,

/// Rect naHenu cBoucTB (M3 npegbigywero Kagpa) A5 UCKIWYEeHUs KaukoB rno Hemy u3 handleCanvasMouse.
properties rect scale: ?dvui.RectScale = null,

redraw_throttle ms: u32 = 50,

frame_index: u64 = 0,

_zoom: 32 =1,

_rendering quality: f32 = 100.0,

_last_redraw_time ms: i64 = 0, // Merka nocrnegHen nepepucoBrKn 4YTobbl OrpPaHn{ynTb HacToTy
_visible rect: ?Rect i = null,

_redraw_pending: bool = false,

pub fn init(allocator: std.mem.Allocator, document: *Document, engine: RenderEngine) Canvas {
return .{
.allocator = allocator,
.document = document,
.render_engine = engine,
.toolbar = Toolbar.init(&tools.default tools),
i
}

pub fn deinit(self: *Canvas) void {
self.toolbar.deinit();
if (self.texture) |texture| {
dvui.Texture.destroylLater(texture);
self.texture = null;

}

fn redraw(self: *Canvas) !'void {
const full = self.getZoomedImageSize();

const vis full: Rect i = self. visible rect orelse Rect i{ .x =0, .y =0, .w=20, .h =01},

if (vis _full.w == 0 or vis full.h == 0) {
if (self.texture) |tex| {
dvui.Texture.destroylLater(tex);
self.texture = null;
}
return;

}

// KayectBo peHgepuHra 3apgaércs B npoueHtax nnowagn (1-100),

// npyu 3TOM PaKTUYECKU YMEHbUWAEM WUPUHY/BLICOTY XO0JICTa Ha KOPEHb W3 3TOW [OJN.
const quality percent: f32 = self.getRenderingQuality();

const quality area: f32 = quality percent / 100.0;

const quality side: f32 = std.math.sqrt(quality area);

const scale: f32 = std.math.clamp(quality side, 0.01, 1.0);

const canvas size: Size i = .{
W = @max(@as(u32, 1), @as(u32, @intFromFloat(@as(f32, @floatFromInt(full.w)) * scale))),
.h = @max(@as(u32, 1), @as(u32, @intFromFloat(@as(f32, @floatFromInt(full.h)) * scale))),
+

var vis scaled = Rect i{
.X = @as(u32, @intFromFloat(@as(f32, @floatFromInt(vis full.x)) * scale)),
= @as(u32, @intFromFloat(@as(f32, @floatFromInt(vis full.y)) * scale)),

SEx<

+;

if (vis_scaled.x >= canvas_size.w or vis scaled.y >= canvas_size.h) {

20

= @max(@as(u32, 1), @as(u32, @intFromFloat(@as(f32, @floatFromInt(vis full.w)) * scale))),
= @max(@as(u32, 1), @as(u32, @intFromFloat(@as(f32, @floatFromInt(vis full.h)) * scale))),



if (self.texture) |tex| {
dvui.Texture.destroylLater(tex);
self.texture = null;

}

return;

}

const max_vis w: u32 = canvas_size.w - vis scaled.Xx;
const max_vis_h: u32 = canvas_size.h - vis_scaled.y;
if (vis scaled.w > max vis w) vis scaled.w = max vis w;
if (vis_scaled.h > max vis h) vis scaled.h = max vis h;

const new texture = if (self.draw_document)
self.render_engine.render(self.document, canvas_size, vis scaled) catch null
else
self.render _engine.example(canvas size, vis scaled) catch null;

if (new texture) |tex| {
if (self.texture) |old tex| {
dvui.Texture.destroyLater(old tex);

}

self.texture = tex;
}
self. last_redraw_time ms = std.time.milliTimestamp();
self.frame index += 1;
self.redraw_throttle ms = @max(1l, @as(u32, @intCast(self.render_engine.getStats().render_time ns /
< std.time.ns _per ms / 3)));

pub fn exampleReset(self: *Canvas) !void {
self.render_engine.exampleReset();
try self.redraw();

pub fn addRandomShapes(self: *Canvas) !void {
try random _document.addRandomShapes(self.document, self.allocator, std.crypto.random);
self.requestRedraw();

pub fn setZoom(self: *Canvas, value: f32) void {
self. zoom = @max(value, 0.01);

pub fn addZoom(self: *Canvas, value: f32) void {
self. zoom += value;
self. zoom = @max(self. zoom, 0.01);

pub fn multZoom(self: *Canvas, value: f32) void {
self. zoom *= value;
self. zoom = @max(self. zoom, 0.01);

pub fn getZoom(self: Canvas) 32 {
return self. zoom;

pub fn setRenderingQuality(self: *Canvas, value: f32) void {
self. rendering quality = std.math.clamp(value, 1.0, 100.0);
self.requestRedraw();

pub fn getRenderingQuality(self: Canvas) 32 {
return self. rendering quality;
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pub fn requestRedraw(self: *Canvas) void {
self. redraw pending = true;

}

pub fn processPendingRedraw(self: *Canvas) !void {
if (!self. redraw _pending) return;
if (self.redraw throttle ms == 0) {
self. redraw _pending = false;
try self.redraw();

return;
}
const now ms = std.time.milliTimestamp();
const elapsed: i64 = if (self. last redraw time ms == 0) self.redraw throttle ms else now ms -

< self. last redraw_time ms;

if (elapsed < @as(i64, @intCast(self.redraw throttle ms))) return;
self. redraw_pending = false;

try self.redraw();

pub fn getZoomedImageSize(self: Canvas) Rect i {
const doc = self.document;
return .{
X

@intFromFloat(self.pos.x),
@intFromFloat(self.pos.y),
@intFromFloat(doc.size.w * self. zoom),
@intFromFloat(doc.size.h * self. zoom),

S E<
I

I

/// Toyka KOHTeHTa -> KOOPAUHaTbl LNOKYMEHTA.
pub fn contentPointToDocument(self: Canvas, content point: dvui.Point, natural scale: f32) Point2 f {
const img = self.getZoomedImageSize();
const px _x = content point.x * natural scale - @as(f32, @floatFromInt(img.x));
const px y = content point.y * natural scale - @as(f32, @floatFromInt(img.y));
return .{
.X = px_x / self. zoonm,
.y = px_y / self. zoonm,
+

/// Toyka KOHTeHTa BHYTpu XOJICTa.
pub fn isContentPointOnDocument(self: Canvas, content point: dvui.Point, natural scale: f32) bool {
const img = self.getZoomedImageSize();
const left n = @as(f32, @floatFromInt(img.x)) / natural scale;
const top n = @as(f32, @floatFromInt(img.y)) / natural scale;
const right n = @as(f32, @floatFromInt(img.x + img.w)) / natural scale;
const bottom n = @as(f32, @floatFromInt(img.y + img.h)) / natural scale;
return content point.x >= left n and content point.x < right n and
content point.y >= top_n and content point.y < bottom n;

pub fn updateVisibleImageRect(self: *Canvas, viewport: dvui.Rect, scroll offset: dvui.Point) bool {
const next = computeVisibleImageRect(self.*, viewport, scroll offset);
var changed = false;
if (self. visible rect) |vis| {
changed |= next.x != vis.x or next.y != vis.y or next.w != vis.w or next.h != vis.h;
}
self. visible rect = next;
if (changed or self.texture == null) {
return true;
}
return false;

}

fn computeVisibleImageRect(self: Canvas, viewport: dvui.Rect, scroll offset: dvui.Point) Rect i {
const image rect = self.getZoomedImageSize();
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const img w: u32 = image rect.w;

const img h: u32 = image rect.h;

const vis w: u32 = @min(@as(u32, @intFromFloat(viewport.w)), img w);
const vis h: u32 = @min(@as(u32, @intFromFloat(viewport.h)), img h);

’

const raw x: 164 = @intFromFloat(scroll offset.x - @as(f32, @floatFromInt(image rect.x)));
const raw y: 164 = @intFromFloat(scroll offset.y - @as(f32, @floatFromInt(image rect.y)))

’

const vis x: u32 = @intCast(std.math.clamp(raw x, 0, @as(i64, img w) - @as(i64, vis w)));
const vis y: u32 = @intCast(std.math.clamp(raw_y, 0, @as(i64, img h) - @as(i64, vis h)))

return Rect i{

.X = vis x,
.y = vis vy,
W = Vis w,
.h = vis h,

i

A.4. src/WindowContext.zig

const std = @import("std");

const Canvas = @import("Canvas.zig");

const CpuRenderEngine = @import("render/CpuRenderEngine.zig");

const RenderEngine = @import("render/RenderEngine.zig").RenderEngine;
const Document = @import("models/Document.zig");

const random_document = @import("random document.zig");

const basic models = @import("models/basic models.zig");

const WindowContext = @This();

pub const OpenDocument = struct {
document: Document,
cpu_render: CpuRenderEngine,
canvas: Canvas,
/// BblbpaHHbIi 06bEKT B pgepeBe (id obbekTa).
selected object id: ?u64 = null,

pub fn init(allocator: std.mem.Allocator, self: *OpenDocument) void {
initWithDocument(allocator, self, .init(.{
.w = 800,
.h = 600,
1)

pub fn initWithDocument(allocator: std.mem.Allocator, self: *OpenDocument, doc: Document) void {
self.document = doc;
self.cpu_render = CpuRenderEngine.init(allocator, .Squares);
self.canvas = Canvas.init(
allocator,
&self.document,
(&self.cpu_render).renderEngine(),
);
self.selected object_id = null;

pub fn deinit(self: *QOpenDocument, allocator: std.mem.Allocator) void {
self.document.deinit(allocator);
self.canvas.deinit();

}
allocator: std.mem.Allocator,

documents: std.ArrayList(*OpenDocument),
active document index: ?usize,

23



pub fn init(allocator: std.mem.Allocator) !WindowContext {
const documents = std.ArrayList(*OpenDocument).empty;
const active document _index: ?usize = null;
return .{
.allocator = allocator,
.documents = documents,
.active document index = active document index,
b
}

pub fn deinit(self: *WindowContext) void {
for (self.documents.items) |[ptr| {
ptr.deinit(self.allocator);
self.allocator.destroy(ptr);
}
self.documents.deinit(self.allocator);

}

pub fn activeDocument(self: *WindowContext) ?*OpenDocument {
const i = self.active document_index orelse return null;
if (i >= self.documents.items.len) return null;
return self.documents.items[i];

}

pub fn addNewDocument(self: *WindowContext) !void {
const ptr = try self.allocator.create(OpenDocument);
errdefer self.allocator.destroy(ptr);
OpenDocument.init(self.allocator, ptr);
//try random document.addRandomShapes (&ptr.document, std.crypto.random);
try self.documents.append(self.allocator, ptr);
self.active document index = self.documents.items.len - 1;

}

pub fn addDocument(self: *WindowContext, doc: Document) !void {
const ptr = try self.allocator.create(OpenDocument);
errdefer self.allocator.destroy(ptr);
var doc_mut = doc;
errdefer doc _mut.deinit(self.allocator);
OpenDocument.initWithDocument(self.allocator, ptr, doc mut);
try self.documents.append(self.allocator, ptr);
self.active document index = self.documents.items.len - 1;

}

pub fn setActiveDocument(self: *WindowContext, index: usize) void {
if (index < self.documents.items.len) {
self.active document index = index;
}
}

pub fn closeDocument(self: *WindowContext, index: usize) void {
if (index >= self.documents.items.len) return;
const open_doc = self.documents.items[index];
open_doc.deinit(self.allocator);
self.allocator.destroy(open_doc);
= self.documents.orderedRemove(index);

if (self.active document_index) |*active]| {
if (index < active.*) {
active.* -=1;
} else if (index == active.*) {
if (self.documents.items.len > 0) {
active.* = @min(index, self.documents.items.len - 1);
} else {
self.active document index = null;

}
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A.5. src/icons.zig

const dvui = @impor‘t("dvui");

pub const line = dvui.entypo.flow line;
pub const ellipse = dvui.entypo.circle;
pub const broken = dvui.entypo.line_graph;
pub const trash = dvui.entypo.trash;

pub const cross = dvui.entypo.cross;

pub const plus = dvui.entypo.plus;

A.6. src/main.zig

const std = @import("std");

const dvui = @import("dvui");

const SDLBackend = @import("sdl-backend");

const WindowContext = @import("WindowContext.zig");
const ui = @import("ui/frame.zig");

pub fn main() !void {
// std.heap.GeneralPurposeAllocator was renamed to DebugAllocator recently.
var gpa: std.heap.DebugAllocator(.{}) = .init;
defer = gpa.deinit();

const allocator = gpa.allocator();

var backend = try SDLBackend.initWindow( . {
.allocator = allocator,
.size = .{ .w = 800.0, .h = 600.0 },
.title = "My DVUI App",
.vsync true,

1)

defer backend.deinit();

var win = try dvui.Window.init(@src(), allocator, backend.backend(), .{
.theme = switch (backend.preferredColorScheme() orelse .light) {
.light => dvui.Theme.builtin.adwaita light,
.dark => dvui.Theme.builtin.adwaita dark,
b
1)

defer win.deinit();

var ctx = try WindowContext.init(allocator);
defer ctx.deinit();

var interrupted = false;

main_ loop: while (true) {
const nstime = win.beginWait(interrupted);
try win.begin(nstime);
try backend.addAllEvents (&win);

SDLBackend.c.SDL SetRenderDrawColor(backend.renderer, 0, 0, 0, 255);
SDLBackend.c.SDL RenderClear(backend.renderer);

if (!ui.guiFrame(&ctx)) break :main_ loop;

const end micros = try win.end(.{});

try backend.setCursor(win.cursorRequested());

try backend.textInputRect(win.textInputRequested());
try backend.renderPresent();

const wait _event micros = win.waitTime(end_micros);
interrupted = try backend.waitEventTimeout(wait event micros);
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A.7. src/models/Document.zig

const std = @import("std");

const basic_models = @import("basic models.zig");
const Size f = basic_models.Size f;

const Document = @This();

pub const Object = @import("Object.zig");
const shape = @import("shape/shape.zig");

size: Size f,
objects: std.ArrayList(Object),
next object id: u64,

pub fn init(size: Size f) Document {
return .{
.size = size,
.objects = std.ArrayList(Object) .empty,
.next_object_id = 1,
b

pub fn deinit(self: *Document, allocator: std.mem.Allocator) void {
for (self.objects.items) |*obj| obj.deinit(allocator);
self.objects.deinit(allocator);

pub fn clone(self: *const Document, allocator: std.mem.Allocator) !Document {
var objects list = std.ArrayList(Object).empty;
errdefer {
for (objects list.items) |*obj| obj.deinit(allocator);
objects list.deinit(allocator);
}
var next id = self.next object id;
for (self.objects.items) |obj| {
try objects list.append(allocator, try obj.clone(allocator, &next id));

}

return .{
.size = self.size,
.objects = objects list,
.next object id = next id,

b

}

pub fn addObject(self: *Document, allocator: std.mem.Allocator, template: Object) !void {
const obj = try template.clone(allocator, &self.next object id);
try self.objects.append(allocator, obj);

}

/// LobaBnsetr o0b6beKT B [OKYMEHT: Kak pebéHka poautens (ecnu id HaupgeH), MHa4ye B KOPEHb.
pub fn addObjectUnderParentId(self: *Document, allocator: std.mem.Allocator, parent id: ?u64, template:
< Object) !'void {
if (parent_id) |id| {
if (self.findObjectById(id)) |parent| {
try parent.addChild(allocator, template, &self.next object id);
return;
}

}
try self.addObject(allocator, template);

pub fn addShape(self: *Document, allocator: std.mem.Allocator, parent: ?*0bject, shape kind:
< Object.ShapeKind) !void {
const obj = try shape.createObject(allocator, shape _kind);
if (parent) |p| {
try p.addChild(allocator, obj, &self.next object id);
} else {
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try self.addObject(allocator, obj);

}

/// Ypnanaetr obbekT u3 JOKYMeHTa (M3 KOPHA wau u3 pgeten poamtens). Bo3spawaeT true, ecnn obbekT Obu1 HaWgeH u
< ypanéH.
pub fn removeObject(self: *Document, allocator: std.mem.Allocator, obj: *Object) bool {
for (self.objects.items, 0..) |*item, i| {
if (item == obj) {
var removed = self.objects.orderedRemove(i);
removed.deinit(allocator);
return true;
}
if (removeFromChildren(allocator, &item.children, obj)) return true;

}

return false;

/// Ynansetr obbekT no id. Bo3Bpawaet true, ecnm 00beKT Obi1 HaWgeH W ynanéH.
pub fn removeObjectById(self: *Document, allocator: std.mem.Allocator, obj id: u64) bool {
for (self.objects.items, 0..) |*item, i| {
if (item.id == obj id) {
var removed = self.objects.orderedRemove(i);
removed.deinit(allocator);
return true;
}
if (removeFromChildrenById(allocator, &item.children, obj id)) return true;

}

return false;

pub fn findObjectById(self: *Document, obj id: u64) ?*0Object {
for (self.objects.items) |[*item| {
if (item.id == obj id) return item;
if (findInChildrenById(&item.children, obj id)) |found| return found;
}
return null;

}

fn removeFromChildren(allocator: std.mem.Allocator, children: *std.ArrayList(Object), obj: *Object) bool {
for (children.items, 0..) |[*item, i| {
if (item == obj) {
var removed = children.orderedRemove(i);
removed.deinit(allocator);
return true;
}
if (removeFromChildren(allocator, &item.children, obj)) return true;
}
return false;

}

fn removeFromChildrenById(allocator: std.mem.Allocator, children: *std.ArrayList(Object), obj id: u64)
< bool {
for (children.items, 0..) |*item, i| {
if (item.id == obj id) {
var removed = children.orderedRemove(i);
removed.deinit(allocator);
return true;
}
if (removeFromChildrenById(allocator, &item.children, obj id)) return true;
}
return false;

}
fn findInChildrenById(children: *std.ArrayList(Object), obj id: u64) 7?*0Object {

for (children.items) |*item| {
if (item.id == obj_id) return item;
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if (findInChildrenById(&item.children, obj id)) |found| return found;
}

return null;

A.8. src/models/Object.zig

const std = @import("std");

const Property = @import("Property.zig").Property;
const PropertyData = @import("Property.zig").Data;
const Object = @This();

pub const ShapeKind = enum {
line,
ellipse,
broken,

};

const default common data = [ ]PropertyData{

.locked = false },
.stroke rgba = 0x000000FF }, // u4épHewi, nosHas Henpo3payvyHocThb
.thickness = 2.0 },

.{ .position = .{ .x =0, .y =01} 1},

.{ .angle = 0 },

.{ .scale = .{ .scale x =1, .scaley =11} 1},
.{ .visible = true },

.{ .opacity = 1.0 },

Ao

Ao

Ao

};

pub const defaultCommonProperties: [default common data.len]Property = blk: {
var result: [default common_data.len]Property = undefined;
for (default common data, &result) |d, *p| {
p.* = .{ .data = d };

}

break :blk result;
};
id: u64,

shape: ShapeKind,
properties: std.ArrayList(Property),
children: std.ArraylList(Object),

pub fn getProperty(self: Object, comptime tag: std.meta.Tag(PropertyData)) ?@FieldType(PropertyData,
< @tagName(tag)) {
for (self.properties.items) |*prop| {
if (std.meta.activeTag(prop.data) == tag) return @field(prop.data, @tagName(tag));
}
return null;

}

/// 3abupaet BnapgeHme Property
pub fn setProperty(self: *0Object, allocator: std.mem.Allocator, prop: Property) !void {
for (self.properties.items, 0..) |*p, i| {
if (std.meta.activeTag(p.data) == std.meta.activeTag(prop.data)) {

if (p.data == .points) allocator.free(p.data.points);
self.properties.items[i] = prop;
return;

}
}

return error.PropertyNotFound;

}
pub fn addChild(self: *Object, allocator: std.mem.Allocator, template: Object, next id: *u64) !void {

const obj = try template.clone(allocator, next id);
try self.children.append(allocator, obj);
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pub fn clone(self: Object, allocator: std.mem.Allocator, next id: *u64) !Object {

}

var properties list = std.ArrayList(Property).empty;
errdefer properties list.deinit(allocator);
for (self.properties.items) |prop| {
try properties list.append(allocator, try prop.clone(allocato

}

var children _list = std.ArrayList(Object).empty;
errdefer children list.deinit(allocator);
for (self.children.items) |child| {
try children_ list.append(allocator, try child.clone(allocator

}

return .{
.id = allocId(next id),
.shape = self.shape,
.properties = properties list,
.children = children_ list,

}

fn allocId(next id: *u64) u64 {

pub

const id = next id.*;
next id.* += 1;
return id;

fn deinit(self: *Object, allocator: std.mem.Allocator) void {
for (self.children.items) |*child| child.deinit(allocator);
self.children.deinit(allocator);

for (self.properties.items) |*prop| prop.deinit(allocator);
self.properties.deinit(allocator);

self.* = undefined;

A.9. src/models/Property.zig

const std = @import("std");
const basic_models = @import("basic models.zig");
const Point2 f = basic_models.Point2 f;

const Scale2 f

basic_models.Scale2 f;

const Size f = basic models.Size f;
const Radii_f = basic_models.Radii f;

pub

const Data = union(enum) {
position: Point2 f,

angle: f32,

scale: Scale2 f,

visible: bool,

opacity: f32,

locked: bool,

size: Size f,

radii: Radii_f,

/// MpoueHT pyrwn snaunca: 100 — nonHewi snnunc, 50 — nonysnnunc (0
arc_percent: 32,

end_point: Point2 f,

/// Bnapeer namAatbio; npu deinit/clone — free/duplicate.

points: []lconst Point2 f,

/// 3aMKHyTbli KOHTYpP (718 JIOMaHO#: OTPE30K MnocraenHsas—nepBas To4yka
closed: bool,

/// BKrw4yeHa 5n 3a5uBKa.
filled: bool,

/// UBet 3anuBku, OxRRGGBBAA.
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fill rgba: u32,
/// LUBet obsoagku, OxRRGGBBAA.
stroke _rgba: u32,

thickness: f32,

pub const Property = struct {
data: Data,

pub fn deinit(self: *Property, allocator: std.mem.Allocator) void {
switch (self.data) {
.points => |slice| allocator.free(slice),
else => {},
}
self.* = undefined;

}

pub fn clone(self: Property, allocator: std.mem.Allocator) !'Property {
return switch (self.data) {
.points => |slice| .{
.data = .{
.points = blk: {
const copy = try allocator.dupe(Point2 f, slice);
break :blk copy;
}
I
b
else => .{ .data = self.data },
+

};

A.10. src/models/basic_models.zig

pub const Rect_i = struct {
X: u32,
y: u32,
w: u32,
h: u32,

+

pub const Size i = struct {
w: u32,
h: u32,

}i

pub const Size f = struct {
w: 32,
h: 32,

+i

pub const Point2 f = struct {
x: f32 = 0,
y: f32 = 0,

+i

pub const Point2 i = struct {
x: 132 = 0,
y: 132 = 0,

}i

pub const Radii f = struct {
x: 32,
y: 32,
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pub const Scale2 f = struct {
scale x: f32 =1,
scale y: f32 =1,

};

pub const Rect f = struct {
x: f32 =0,
y: f32 = 0,
w: f32 =0,
h: f32 =0

’

};

A.11. src/models/shape/broken.zig

const std = @import("std");

const Object = @import("../Object.zig");

const Property = @import("../Property.zig").Property;
const PropertyData = @import("../Property.zig").Data;
const Point2 f = @import("../basic models.zig").Point2 f;
const Rect f = @import("../basic models.zig").Rect f;
const shape mod = @import("shape.zig");

/// CBouicTBa @urypsl no ymondauuw (pobasnswrcsa K obumm). points — cnaic Ha CTaTUHECKMI MaccCuB.
pub const default shape properties points = [ JPoint2 f{

A x=0, .y =013,

A .x=280, .y =01},

q{ .x =280, .y 60 },

+
pub const default shape properties = [ ]Property{

.{ .data = .{ .points = &default _shape properties points } },
.{ .data = .{ .closed = false } },

.{ .data = .{ .filled = true } },

.{ .data = .{ .fill rgba = 0x000000FF } },

};

A.12. src/models/shape/ellipse.zig

const std = @import("std");

const Object = @import("../Object.zig");

const Property = @import("../Property.zig").Property;
const Rect f = @import("../basic models.zig").Rect f;
const shape_mod = @import("shape.zig");

/// CBouicTBa @QuUrypsl no ymosn4dyaHumio (gobaBnawTCs K 06wWmM) .
pub const default shape properties = [ ]Property{

.{ .data = .{ .radii = .{ .x =50, .y =50} } },
.{ .data = .{ .arc_percent = 100.0 } },

.{ .data = .{ .closed = true } },

.{ .data = .{ .filled = false } },

.{ .data = .{ .fill rgba = 0x000000FF } },

};

A.13. src/models/shape/line.zig

const std = @import("std");

const Object = @import("../Object.zig");

const Property = @import("../Property.zig").Property;
const Rect f = @import("../basic models.zig").Rect f;
const shape mod = @import("shape.zig");

/// CBouicTBa @QuUrypsl no ymMosn4yaHumio (gobaBnawTCcs K obwmM) .
pub const default shape properties = [ ]Property{

.{ .data = .{ .end point = .{ .x = 100, .y = 200 } } },
}i
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A.14. src/models/shape/shape.zig

const std = @import("std");

const Object = @import("../0Object.zig");

const Property = @import("../Property.zig").Property;
const PropertyData = @import("../Property.zig").Data;
const defaultCommonProperties = Object.defaultCommonProperties;
const basic _models = @import("../basic models.zig");
const Point2 f = basic models.Point2 f;

const line = @import("line.zig");

const ellipse = @import("ellipse.zig");

const broken = @import("broken.zig");

pub const Rect = basic_models.Rect f;

/// HobaBnset K 0b6beKTYy CNUCOK CBOUCTB ¢urypsl. Lns .points pybnupyet cnanc (0b6bekT Brageer).
fn appendShapeProperties(allocator: std.mem.Allocator, obj: *Object, props: [lconst Property) !void {
for (props) |[prop| {
if (prop.data == .points) {
const pts = prop.data.points;
const copy = try allocator.dupe(Point2 f, pts);
try obj.properties.append(allocator, .{ .data = .{ .points = copy } });
} else {
try obj.properties.append(allocator, prop);
}

}

/// Co3paétr 00beKT C [e@donTHbIMU 0bWUMU U GUIYPHBIMU CBOKMCTBaMMU.
pub fn createObject(allocator: std.mem.Allocator, shape_kind: Object.ShapeKind) !Object {
var obj = try createWithCommonProperties(allocator, shape kind);
errdefer obj.deinit(allocator);
switch (shape kind) {
.line => try appendShapeProperties(allocator, &obj, &line.default shape properties),
.ellipse => try appendShapeProperties(allocator, &obj, &ellipse.default shape properties),
.broken => {
try appendShapeProperties(allocator, &obj, &broken.default shape properties);
try obj.setProperty(allocator, .{ .data = .{ .fill rgba = obj.getProperty(.stroke rgba).? } });
}
}
return obj;

}

fn createWithCommonProperties(allocator: std.mem.Allocator, shape kind: Object.ShapeKind) !Object {
var properties list = std.ArrayList(Property).empty;
errdefer properties list.deinit(allocator);
for (defaultCommonProperties) |prop| try properties list.append(allocator, prop);
return .{
.id = 0,
.shape = shape kind,
.properties = properties list,
.children = std.ArrayList(Object).empty,

A.15. src/persistence/json_io.zig

const std = @import("std");
const Document = @import("../models/Document.zig");

/// CoxpaHseT 3Ha4dyeHue npou3BosibHOoro tuna T B JSON-¢ain.

pub fn saveToFile(comptime T: type, value: *const T, path: [Jconst u8) !void {
var file = try std.fs.cwd().createFile(path, .{ .truncate = true });
defer file.close();

var buffer: [4096]u8 = undefined;
var writer = file.writer(&buffer);
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try std.json.Stringify.value(value, .{ .whitespace = .indent 2 }, &writer.interface);

try writer.interface.flush();

}

/// 3arpyxaet 3Ha4yeHme Tuna T m3 JSON-@paina.
/// Ona Document nocne pa3bopa nenaetcsa KjAoH 4yepe3 allocator, T.K. napcep BbiAenseT naMsAThb
/// W3 apeHsl — npu 3aKpbiTun [OKYMEHTa eé Hesib35 0CcBObOXAaTb HaWuM asiylokaTopOM.
pub fn loadFromFile(comptime T: type, allocator: std.mem.Allocator, path: []Jconst u8) !T {
var file = try std.fs.cwd().openFile(path, .{});
defer file.close();

const data = try file.readToEndAlloc(allocator, std.math.maxInt(usize));
defer allocator.free(data);

var parsed = try std.json.parseFromSlice(T, allocator, data, .{ .ignore_unknown fields = true });

if (T == Document) {
defer parsed.deinit();
return try parsed.value.clone(allocator);

}

return parsed.value;

A.16. src/random_document.zig

const std = @import("std");

const Document = @import("models/Document.zig");

const Object = Document.Object;

const shape = @import("models/shape/shape.zig");

const basic_models = @import("models/basic models.zig");
const Size f = basic_models.Size f;

const Point2 f = basic models.Point2 f;

const Scale2 f = basic_models.Scale2 f;

const Radii_ f = basic_models.Radii f;

fn randFloat(rng: std.Random, min: 32, max: f32) f32 {
return min + (max - min) * rng.float(f32);

}

fn randRgba(rng: std.Random) u32 {
const r = rng.int(u8);
const g rng.int(u8);
const b = rng.int(u8);
const a: u8 = @intCast(rng.intRangelLessThan(usize, 128, 256));
return (@as(u32, r) << 24) | (@as(u32, g) << 16) | (@s(u32, b) << 8) | a;

}

fn randomShapeKind(rng: std.Random) Object.ShapeKind {
const shapes_implemented = [ ]Object.ShapeKind{ .line, .ellipse, .broken };
return shapes implemented[rng.intRangeLessThan(usize, 0, shapes implemented.len)];

}

fn randomizeObjectProperties(allocator: std.mem.Allocator, doc size: *const Size f, obj: *Object,
< std.Random) !void {

const margin: f32 = 8;

const max_ x @max (0, doc size.w - margin);

const max_y = @max(0, doc_size.h - margin);

try obj.setProperty(allocator, .{ .data = .{
.position = .{
.x = randFloat(rng, margin, if (max x > margin) max x else margin),
.y = randFloat(rng, margin, if (max_y > margin) max_y else margin),
I
1)
try obj.setProperty(allocator, .{ .data .{ .angle = randFloat(rng, 0, 2 * std.math.pi) } });
try obj.setProperty(allocator, .{ .data = .{
.scale = .{
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randFloat(rng, 0.25, 2.0),
randFloat(rng, 0.25, 2.0),

.scale x
.scale y

}I
P
try obj.setProperty(allocator, .{ .data = .{ .visible = true } });

try obj.setProperty(allocator, .{ .data = .{ .opacity randFloat(rng, 0.3, 1.0) } });
try obj.setProperty(allocator, .{ .data .{ .locked = rng.boolean() } });

const stroke = randRgba(rng);

try obj.setProperty(allocator, .{ .data = .{ .stroke rgba = stroke } });
obj.setProperty(allocator, .{ .data = .{ .fill rgba = randRgba(rng) } }) catch {};
const thickness = randFloat(rng, max x * 0.001, max x * 0.01);

try obj.setProperty(allocator, .{ .data = .{ .thickness = thickness } });

switch (obj.shape) {
.line => {
const len = randFloat(rng, 20, @min(doc_size.w, doc_size.h) * 0.5);
const angle = randFloat(rng, 0, 2 * std.math.pi);
try obj.setProperty(allocator, .{ .data = .{
.end_point = .{
X std.math.cos(angle) * len,
.y std.math.sin(angle) * 1len,

T
1)
1
.ellipse => {
const max_r = @min(120, @min(doc_size.w / 4, doc_size.h / 4));
try obj.setProperty(allocator, .{ .data = .{
.radii = .{
X randFloat(rng, 8, @max(8, max_r)),
.y randFloat(rng, 8, @max(8, max_r)),

},
1)
+
.broken => {
var list = std.ArrayList(Point2 f).empty;
defer list.deinit(allocator);
const n = rng.intRangeLessThan(usize, 2, 9);
var x: f32 = 0;
var y: f32 = 0;
for (0..n) | | {
try list.append(allocator, .{ .x =Xx, .y =y });
x += randFloat(rng, -40, 80);
y += randFloat(rng, -30, 60);
}
const slice = try allocator.dupe(Point2 f, list.items);
errdefer allocator.free(slice);
try obj.setProperty(allocator, .{ .data = .{ .points = slice } });

}

/// Co3naét B OOKyMeHTe cryd4auHsle ¢urypsl (line, ellipse, broken).

pub fn addRandomShapes(doc: *Document, allocator: std.mem.Allocator, rng: std.Random) !void {
const max total: usize = 80;
var total count: usize = 0;

const n_root = rng.intRangeLessThan(usize, 6, 15);

for (0..n_root) | | {
if (total count >= max_total) break;
var obj = try shape.createObject(allocator, randomShapeKind(rng));
defer obj.deinit(allocator);
try randomizeObjectProperties(allocator, &doc.size, &obj, rng);
try doc.addObject(allocator, obj);
total count += 1;
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var stack = std.ArrayList(*0Object).empty;
defer stack.deinit(allocator);
for (doc.objects.items) |*obj| {
try stack.append(allocator, obj);
}
while (stack.pop()) |obj| {
if (total count >= max_ total) continue;
const n_children = rng.intRangeLessThan(usize, 0, 2);
const base len = obj.children.items.len;
for (0..n _children) | | {
if (total count >= max_total) break;
var child = try shape.createObject(allocator, randomShapeKind(rng));
defer child.deinit(allocator);
try randomizeObjectProperties(allocator, &doc.size, &child, rng);
try obj.addChild(allocator, child, &doc.next object id);
total count += 1;

for (obj.children.items[base len..]) |*child| {
try stack.append(allocator, child);

A.17. src/render/CpuRenderEngine.zig

const std = @import("std");

const builtin = @import("builtin");

const dvui = @import("dvui");

const RenderEngine = @import("RenderEngine.zig").RenderEngine;
const Document = @import("../models/Document.zig");

const basic_models = @import("../models/basic models.zig");
const cpu draw = @import("cpu/draw.zig");

const RenderStats = @import("RenderStats.zig");

const Size i = basic_models.Size i;

const Rect i = basic models.Rect i;

const Allocator = std.mem.Allocator;

const Color = dvui.Color;

const CpuRenderEngine = @This();
const Type = enum {

Gradient,
Squares,
b
type: Type,
gradient start: Color.PMA = .{ .r =0, .g =0, .b =0, .a= 2551},
gradient end: Color.PMA = .{ .r = 255, .g = 255, .b = 255, .a = 255 },

_allocator: Allocator,
_renderStats: RenderStats,

pub fn init(allocator: Allocator, render type: Type) CpuRenderEngine {
return .{
._allocator = allocator,
.type = render_type,
._renderStats = .{
.render _time ns = 0,
I
3

pub fn exampleReset(self: *CpuRenderEngine) void {
var prng = std.Random.DefaultPrng.init(@intCast(std.time.microTimestamp()));
const random = prng.random();

self.gradient start = Color.PMA{ .r = random.int(u8), .g = random.int(u8), .b = random.int(u8),

< 255 };
self.gradient _end = Color.PMA{ .r = random.int(u8), .g = random.int(u8), .b =
<}

35

random.int (u8),

.a

.a = 255



}

fn renderGradient(self: CpuRenderEngine, pixels: []Color.PMA, width: u32, height: u32, full w: u32,
< full_h: u32, visible rect: Rect_ i) void {
var y: u32 = 0;
while (y < height) : (y += 1) {
var X: u32 = 0;
while (x < width) : (x += 1) {
const gx: u32 visible rect.x + x;
const gy: u32 visible rect.y + y;

const denom x: 32 = if (full w > 1) @as(f32, @floatFromInt(full w - 1)) else 1;
const denom y: f32 = if (full h > 1) @as(f32, @floatFromInt(full h - 1)) else 1;
const fx: f32 = @as(f32, @floatFromInt(gx)) / denom x;

const fy: f32 = @as(f32, @floatFromInt(gy)) / denom y;

const factor: f32 = std.math.clamp((fx + fy) / 2, 0, 1);

const r f: f32 = @as(f32, @floatFromInt(self.gradient start.r)) + factor * (@as(f32,
< @floatFromInt(self.gradient end.r)) - @as(f32, @floatFromInt(self.gradient start.r)));
const g f: f32 = @as(f32, @floatFromInt(self.gradient start.g)) + factor * (@as(f32,
< @floatFromInt(self.gradient end.g)) - @as(f32, @floatFromInt(self.gradient start.g)));
const b_f: f32 = @as(f32, @floatFromInt(self.gradient start.b)) + factor * (@as(f32,
~ @floatFromInt(self.gradient end.b)) - @as(f32, @floatFromInt(self.gradient start.b)));

const r: u8 = @intFromFloat(std.math.clamp(r_f, 0, 255));
const g: u8 = @intFromFloat(std.math.clamp(g f, 0, 255));
const b: u8 = @intFromFloat(std.math.clamp(b_f, 0, 255));
pixels[y * width + x] = .{ .r=r, .g =9, .b=Db, .a=2551};

}

fn renderSquares(pixels: []Color.PMA, canvas_size: Size i, visible rect: Rect i) void {
const colors = [ ]Color.PMA{

{ .r=255, .g=0, .b=20, .a= 2551},
{ .r=255, .g =165, .b =0, .a= 2551},
{ .r =255, .g =255, .b=20, .a=2551%,
{ .r=0, .g=255, .b=20, .a= 2551},
q{ .r=0, .g =255, .b =255, .a= 2551},
{ .r=0, .g=0, .b =255, .a= 2551},

+;

const squares_num = 5;
var thikness: u32 = @intFromFloat(@as(f32, @floatFromInt(canvas size.w + canvas size.h)) / 2 * 0.03);
if (thikness == 0) thikness = 1;

const squares_sum w = canvas_size.w - thikness * (squares num + 1);
const base w = squares_sum w / squares_num;
const extra_ w = squares_sum w % squares_num;
const squares sum _h = canvas size.h - thikness * (squares num + 1);
const base h = squares _sum_h / squares_num;
const extra_h = squares _sum_h % squares_num;

var x_pos: [6]u32 = undefined;

X_pos[0] = 0;

for (1..squares num + 1) [i| {
const w = base w + if (i - 1 < extra_w) @as(u32, 1) else 0;
X pos[i] = x pos[i - 1] + thikness + w;

}

var y pos: [6]u32 = undefined;

y_pos[0] = 0;

for (1..squares num + 1) [i]| {
const h = base h + if (i - 1 < extra_h) @as(u32, 1) else 0;
y pos[i] =y pos[i - 1] + thikness + h;
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var y: u32 = 0;
while (y < visible rect.h) : (y += 1) {
const canvas y = y + visible rect.y;
if (canvas_y >= canvas_size.h) continue;
var x: u32 = 0;
while (x < visible rect.w) : (x += 1) {
const canvas x = x + visible rect.x;
if (canvas_x >= canvas_size.w) continue;

var vertical index: ?7u32 = null;
for (0..x _pos.len) |i| {
if (canvas x >= x pos[i] and canvas x < x pos[i] + thikness) {
vertical index = @intCast(i);
break;

}

var horizontal index: ?7u32 = null;
for (0..y pos.len) |i| {
if (canvas y >= y pos[i] and canvas y < y pos[i] + thikness) {
horizontal index = @intCast(i);
break;

}

if (vertical index) |idx| {
pixels[y * visible rect.w + x]
} else if (horizontal index) |idx|
pixels[y * visible rect.w + x]
} else {
var square x: u32 = 0;
for (0..squares num) |[i| {
if (canvas _x >= x _pos[i] + thikness and canvas x < x_pos[i + 1]) {
square x = @intCast(i);
break;

colors[idx];

e

colors[idx];

}
}
var square_y: u32 = 0;
for (0..squares num) [i| {
if (canvas_ y >= y pos[i] + thikness and canvas y <y pos[i + 1]) {
square_y = @intCast(i);

break;

}
}
if (square x % 2 == square y % 2) {

pixels[y * visible rect.w + x] = .{ .r = 255, .g = 255, .b = 255, .a = 255 };
} else {

pixels[y * visible rect.w + x] = .{ .r=0, .g =0, .b=0, .a=2551}%;
}

}

pub fn example(self: CpuRenderEngine, canvas size: Size i, visible rect: Rect i) !?dvui.Texture {
const full w = canvas_size.w;
const full_h = canvas_size.h;

const width = visible rect.w;
const height = visible rect.h;

const pixels = try self. allocator.alloc(Color.PMA, @as(usize, width) * height);
defer self. allocator.free(pixels);

switch (self.type) {

.Gradient => self.renderGradient(pixels, width, height, full w, full h, visible rect),
.Squares => renderSquares(pixels, canvas_size, visible rect),
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}

return try dvui.textureCreate(pixels, width, height, .nearest, .rgba 8 8 8 8);

pub fn renderEngine(self: *CpuRenderEngine) RenderEngine {
return .{ .cpu = self };

/// Pactepu3yeTt [OKYMEHT B TeKCTypy (PoH + ¢urypb 4epe3 KOHBeMHep).
pub fn renderDocument(self: *CpuRenderEngine, document: *const Document, canvas size: Size i,
< visible rect: Rect_ i) !7?dvui.Texture {

const width = visible rect.w;

const height = visible rect.h;

const pixels = try self. allocator.alloc(Color.PMA, @as(usize, width) * height);

defer self. allocator.free(pixels);

for (pixels) |*p| p.* = .{ .r = 255, .g = 255, .b = 255, .a = 255 };

var t = try std.time.Timer.start();

try cpu draw.drawDocument(pixels, width, height, visible rect, document, canvas size, self. allocator);
self. renderStats.render _time ns = t.read();

return try dvui.textureCreate(pixels, width, height, .nearest, .rgba 8 8 8 8);

pub fn getStats(self: CpuRenderEngine) RenderStats {
return self. renderStats;

A.18. src/render/RenderEngine.zig

const dvui = @import("dvui");

const CpuRenderEngine = @import("CpuRenderEngine.zig");
const Document = @import("../models/Document.zig");

const basic_models = @import("../models/basic models.zig");
const RenderStats = @import("RenderStats.zig");

pub const RenderEngine = union(enum) {
cpu: *CpuRenderEngine,

pub fn exampleReset(self: RenderEngine) void {
switch (self) {
.Cpu => |cpu_r| cpu_r.exampleReset(),

}

pub fn example(self: RenderEngine, canvas_size: basic_models.Size i, visible rect:
< basic models.Rect i) !?dvui.Texture {
return switch (self) {
.Cpu => |cpu_r| cpu_r.example(canvas size, visible rect),

};

pub fn getStats(self: RenderEngine) RenderStats {
return switch (self) {
.Cpu => |cpu_r| cpu_r.getStats(),
b

/// Pactepusyetr [OKYMEHT B TEKCTypy.
pub fn render(self: RenderEngine, document: *const Document, canvas size: basic models.Size i,
< visible rect: basic models.Rect i) !?dvui.Texture {
return switch (self) {
.cpu => |cpu_r| cpu_r.renderDocument(document, canvas size, visible rect),

};
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A.19. src/render/RenderStats.zig

const RenderStats = @This();

render_time ns: u64, // Bpems peHpepa kapgpa B MUKPOCEKYHAax

A.20. src/render/cpu/broken.zig

const std = @import("std");

const Document = @import("../../models/Document.zig");
const pipeline = @import("pipeline.zig");

const line = @import("line.zig");

const DrawContext = pipeline.DrawContext;

const Color = @import("dvui").Color;

const Object = Document.Object;

const default_stroke: Color.PMA = .{ .
const default fill: Color.PMA = .{ .r
const default_thickness: f32 = 2.0;

I =

/// JlomaHas no TouykaM, obsoaka stroke rgba. [lpu closed — oTpe30K rocriegHAs—nepBas To4Yka U 3asnBKa
o fill rgba.
pub fn draw(
ctx: *DrawContext,
obj: *const Object,
allocator: std.mem.Allocator,
) !'void {
const pts = obj.getProperty(.points) orelse return;
if (pts.len < 2) return;
const stroke = if (obj.getProperty(.stroke rgba)) |stroke rgba| pipeline.rgbaToPma(stroke rgba) else
< default stroke;
const thickness = obj.getProperty(.thickness) orelse default thickness;
const closed = obj.getProperty(.closed) orelse false;
const filled = obj.getProperty(.filled) orelse true;
const fill color = if (obj.getProperty(.fill rgba)) |fill rgba| pipeline.rgbaToPma(fill rgba) else
< default fill;

const buffer = try allocator.alloc(Color.PMA, ctx.buf width * ctx.buf height);
@memset(buffer, .{ .r =0, .g =0, .b=0, .a=2013});
defer allocator.free(buffer);

var copy ctx = ctx.*;
copy ctx.pixels = buffer;
copy ctx.replace mode = true;

const do_fill = closed and filled;

if (do fill) {
copy ctx.startFill(allocator) catch return;

}

var i: usize = 0;
while (i + 1 < pts.len) : (i += 1) {
line.drawLine(&copy ctx, pts[i].x, pts[i].y, pts[i + 1]1.x, pts[i + 1].y, stroke, thickness, true);
}
if (closed and pts.len >= 2) {
const last = pts.len - 1;
line.drawLine(&copy ctx, pts[last].x, pts[last]l.y, pts[0].x, pts[0].y, stroke, thickness, true);
}

if (do fill) {
copy ctx.stopFill(allocator, fill color);
}

ctx.compositeDrawerContext(&copy ctx, copy ctx.transform.opacity);
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A.21. src/render/cpu/draw.zig

const std = @import("std");

const Document = @import("../../models/Document.zig");

const pipeline = @import("pipeline.zig");

const line = @import("line.zig");

const ellipse = @import("ellipse.zig");

const broken = @import("broken.zig");

const basic models = @import("../../models/basic models.zig");
const Rect i = basic_models.Rect i;

const Size i = basic_models.Size i;

const Object = Document.Object;
const DrawContext = pipeline.DrawContext;
const Transform = pipeline.Transform;

fn isVisible(obj: *const Object) bool {
return obj.getProperty(.visible) orelse true;

}

fn drawObject(
ctx: *DrawContext,
obj: *const Object,
parent_transform: Transform,
allocator: std.mem.Allocator,
) !'void {
if (!isVisible(obj)) return;
const local = Transform.init(obj);
const world = Transform.compose(parent_transform, local);
ctx.setTransform(world);

switch (obj.shape) {
.line => line.draw(ctx, obj),
.ellipse => try ellipse.draw(ctx, obj, allocator),
.broken => try broken.draw(ctx, obj, allocator),

}

for (obj.children.items) |*child| {
try drawObject(ctx, child, world, allocator);
}
}

/// PeKkypcuBHO pucyet [OKyMeHT B bydep (00bEeKTbl M MOTOMKM 10 MOpPsaKy) .

/// allocator onuuoHaneH; ecnu nepepaH, JIOMaHele pUCYlTCA 4Yepe3 croi (b6e3 aBouHOro Hanoxeuus npu alpha < 1).

pub fn drawDocument (
pixels: []@import("dvui").Color.PMA,
buf width: u32,
buf height: u32,
visible rect: Rect i,
document: *const Document,
canvas size: Size i,
allocator: std.mem.Allocator,

) !'void {
const scale x: f32 = if (document.size.w > 0) @as(f32, @floatFromInt(canvas size.w)) / document.size.w
< else 0;
const scale y: f32 = if (document.size.h > 0) @as(f32, @floatFromInt(canvas size.h)) / document.size.h
- else 0;

var ctx = DrawContext{
.pixels = pixels,
.buf_width = buf width,
.buf_height = buf_height,
.visible rect = visible rect,
.scale _x = scale x,
.scale y = scale y,

b
const identity = Transform{};
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for (document.objects.items) |*obj| {
try drawObject(&ctx, obj, identity, allocator);
}

A.22. src/render/cpu/ellipse.zig

const std = @import("std");

const std _math = std.math;

const Document = @import("../../models/Document.zig");

const pipeline = @import("pipeline.zig");

const line = @import("line.zig");

const DrawContext = pipeline.DrawContext;

const Color = @import("dvui").Color;

const basic_models = @import("../../models/basic models.zig");
const Point2 f = basic models.Point2 f;

const Object = Document.Object;

const default stroke: Color.PMA = .{ .r
const default fill: Color.PMA = .{ .r =
.0;

@
(on

1}
(o}
Q

0, .9

const default thickness: f32 = 2.0;

/77
o

///
<

///
<

pub

Annunc ¢ uyeHtpom (0,0) u nonyocsmu radii. 06Bogka — nosioca pacCTOAHUA [0 KOHTypa (4€TKas /MHuUs, He
Kpyru) .

arc_percent: 100 — nonHeii 377MNC, MHavye ogHa Ayra; obxom B koge ot (0,ry) no kBagpaHTam (BU3yaslbHO
MOXET Ka3aTbCs OT HM3a MPOTUB HYacOBOMU M3-3a IKPaHHOU Y).

OTpucoBka B oTHeNbHbIN bydep um oanmH composite, 4Tobel npu alpha<255 nukcenun He HaknagblBaMCb HECKOJIbKO
pas.

fn draw(ctx: *DrawContext, obj: *const Object, allocator: std.mem.Allocator) !void {

const radii = obj.getProperty(.radii) orelse return;

const rx = radii.x;

const ry = radii.y;

if (rx <= 0 or ry <= 0) return;

const stroke = if (obj.getProperty(.stroke rgba)) |stroke rgba| pipeline.rgbaToPma(stroke rgba) else
< default _stroke;

const thickness = if (obj.getProperty(.thickness)) |thickness| thickness else default thickness;
const arc_percent = std math.clamp(if (obj.getProperty(.arc_percent)) |arc_percent| arc percent else
- 100.0, 0.0, 100.0);

const closed = obj.getProperty(.closed) orelse true;

const filled = obj.getProperty(.filled) orelse false;

const fill color = if (obj.getProperty(.fill rgba)) |fill rgba| pipeline.rgbaToPma(fill rgba) else
< default fill;

const do_fill = filled and (closed or arc percent >= 100.0);

const t = &ctx.transform;

const min_r = @min(rx, ry);

const half norm = thickness / (2.0 * min_r);
const inner = @max (0.0, 1.0 - half_norm);
const outer = 1.0 + half_norm;

const d _inner_sq = inner * inner;

const d_outer_sq = outer * outer;

const margin = 1.0 + half_norm;

const corners = [ _]Point2 f{

.X = -rx * margin, .y = -ry * margin },
X = rx * margin, .y = -ry * margin },
.X = rx * margin, .y = ry * margin },

X = -rx * margin, .y = ry * margin },

e e e

i

var min_bx: f32 = std math.inf(f32);

var min _by: f32 = std math.inf(f32);

var max_bx: f32 = -std math.inf(f32);

var max_by: 32 = -std math.inf(f32);

for (corners) |c| {
const w = ctx.localToWorld(c.x, c.y);
const b = ctx.worldToBufferF(w.x, w.y);
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min_bx = @min(min_bx, b.x);
min by = @min(min_by, b.y);
max_bx = @max(max_bx, b.x);
max_by = @max(max_by, b.y);

}

const buf w: 132 = @intCast(ctx.buf width);

const buf h: 132 = @intCast(ctx.buf height);

const x0: 132 = @max(0, @as(i32, @intFromFloat(std math.floor(min bx))));

const y0@: 132 @max (0, @s(i32, @intFromFloat(std math.floor(min _by))));

const x1: 132 @min(buf w, @as(i32, @intFromFloat(std math.ceil(max bx))) + 1);
const yl: i32 = @min(buf_h, @as(i32, @intFromFloat(std math.ceil(max_by))) + 1);

const buffer = try allocator.alloc(Color.PMA, ctx.buf width * ctx.buf height);
@memset(buffer, .{ .r =0, .g=0, .b=0, .a=2013});
defer allocator.free(buffer);

var stroke ctx = ctx.*;
stroke ctx.pixels = buffer;
stroke ctx.replace mode = true;

if (do fill) {
stroke ctx.startFill(allocator) catch return;

}

const inv_rx .0/ rx;
const inv. ry = 1.0 / ry;
const arc_len = 2.0 * std math.pi * arc_percent / 100.0;

var by: i32 = y0;
while (by < yl1) : (by += 1) {
const buf y @as(f32, @floatFromInt(by)) + 0.5;
var bx: 132 = x0;
while (bx < x1) : (bx += 1) {
const buf x = @as(f32, @floatFromInt(bx)) + 0.5;
const w = stroke_ctx.bufferToWorld(buf x, buf y);
const loc = stroke ctx.worldToLocal(w.x, w.y);
const nx = loc.x * inv_rx;
const ny = loc.y * inv_ry;
const d = nx * nx + ny * ny;
if (d < d _inner_sq or d > d outer_sq) continue;
if (arc_percent < 100.0) {
var diff = std math.pi / 2.0 - std math.atan2(ny, nx);
if (diff < 0) diff += 2.0 * std_math.pi;
if (diff > arc_len) continue;

}
stroke ctx.blendPixelAtBuffer(bx, by, stroke);

}

if (closed and arc percent < 100.0) {
const end x = rx * std math.sin(arc_len);
const end y = ry * std math.cos(arc_len);
line.drawLine(&stroke ctx, 0, 0, 0, ry, stroke, thickness, false);
line.drawLine(&stroke ctx, 0, 0, end x, end y, stroke, thickness, false);

}
if (do_fill) {

stroke ctx.stopFill(allocator, fill color);
}

ctx.compositeDrawerContext(&stroke ctx, t.opacity);

A.23. src/render/cpu/line.zig

const std = @import("std");
const Document = @import("../../models/Document.zig");
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const pipeline = @import("pipeline.zig");

const DrawContext = pipeline.DrawContext;

const Color = @import("dvui").Color;

const base models = @import("../../models/basic models.zig");
const Point2 i = base models.Point2 i;

const Object = Document.Object;
const default stroke: Color.PMA = .{ .r =0, .g =0, .b=20, .a=2551%;
const default_thickness: f32 = 2.0;

/// JmHna ot (0,0) po end point.

pub

/17
/17

pub

}

fn draw(ctx: *DrawContext, obj: *const Object) void {

const end point = obj.getProperty(.end point) orelse return;

const end x = end _point.x;

const end y = end point.y;

const stroke = if (obj.getProperty(.stroke rgba)) |stroke rgba| pipeline.rgbaToPma(stroke rgba) else
< default _stroke;

const thickness = obj.getProperty(.thickness) orelse default thickness;

drawLine(ctx, 0, 0, end x, end y, stroke, thickness, false);

Pucyet oTpe3oK no si0KasibHbIM KOHUaM (nepesBog B bygep BHyTpHu).

draw when outside: ecnu true, y4yacTKu JIMHUM 3a 3KPaHOM Toxe pucywtcsa (TonumHon 1 px); B bypepe —
00bIYHaS TOJIUMHA .

fn drawLine(ctx: *DrawContext, x0: 32, y0: 32, x1: f32, yl: f32, color: Color.PMA, thickness: f32,
draw_when_outside: bool) void {

const wl = ctx.localToWorld(x0, y0);

const wl = ctx.localToWorld(x1l, yl);
const b@ = ctx.worldToBuffer(w0.x, wO.y);
const bl = ctx.worldToBuffer(wl.x, wl.y);

const t = &ctx.transform;
const scale = @sqrt(t.scale.scale x * ctx.scale x * t.scale.scale y * ctx.scale y);
const thickness px: u32 = @as(u32, @intFromFloat(std.math.round(thickness * scale)));
if (thickness px > 0)
drawLineInBuffer(ctx, b0.x, b0.y, bl.x, bl.y, color, thickness px, draw_when outside);

inline fn clip(p: 32, q: f32, t0: *f32, tl: *f32) bool {

}

/17
/17

if (p == 0) {
return q >= 0;
}

const r=q / p;

if (p < 0) {
if (r > tl.*) return false;
if (r > t0.%) t0.* = r;

} else {
if (r < t0.*) return false;
if (r < t1.%) tl.* = r;

}

return true;

Liang—Barsky otceydeHme otpe3ka (x0,y0)-(x1,yl) npamoyronsHukoMm [left,right]x[top,bottom].
KoopauHaTbl KOHLOB MOOMPUUUPYIOTCS 10 MecTy. Bo3Bpawaetr false, ecsm OTPe30K LIE€IMKOM BHE MPSAMOYIOJIbHUKA.

fn liangBarskyClip(

x0: *i32,
yo: *i32,
x1: *i32,
yl: *i32,
left: 132,
top: 132,
right: i32,
bottom: i32,

) bool {

const fx0: f32
const fy@: 32
const fx1: f32

@floatFromInt(x0.*);
@floatFromInt(y0.*);
@floatFromInt(x1.*);
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}

const fyl: f32 = @floatFromInt(yl.*);

const dx = fx1 - fx0;
const dy = fyl - fy0;

1]
o

var t0: 32 .0;
var tl: f32 = 1.0;

const fl: 32
const ft: f32
const fr: 32
const fb: 32

@floatFromInt(left);
@floatFromInt(top);
@floatFromInt(right);
@floatFromInt(bottom);

if (!clip(-dx, fx0 - fl, &t0, &tl)) return false; // x >= left
if (!clip(dx, fr - fx0, &t0, &tl)) return false; // x <= right
if (!'clip(-dy, fyo - ft, &t0, &tl)) return false; // y >= top
if (!'clip(dy, fb - fy@, &t0, &tl)) return false; // y <= bottom

const nx0 = fx0 + dx * t0;
const ny0® = fy0 + dy * t0;
const nx1 = fx0 + dx * tl1;
const nyl = fy® + dy * tl;

X0.* = @intFromFloat(std.math.round(nx0));
y0.* = @intFromFloat(std.math.round(ny0));
x1.* = @intFromFloat(std.math.round(nx1));
yl.* = @intFromFloat(std.math.round(nyl));

return true;

/// OtcekaeT oTpe3ok bygepom ctx (0..buf width-1, 0O..buf height-1).
fn clipLineToBuffer(ctx: *DrawContext, a: *Point2 i, b: *Point2 i, thickness: i32) bool {

}

var x0 = a.x;

var y0 = a.y;
var x1 = b.x;
var yl = b.y;
const left: 132 = -thickness;
const top: 132 = -thickness;

const right: i32 = @as(i32, @intCast(ctx.buf width - 1)) + thickness;
const bottom: 132 = @as(i32, @intCast(ctx.buf height - 1)) + thickness;

if (!liangBarskyClip(&x0, &y0, &x1, &yl, left, top, right, bottom)) {
return false;

}
a.* = .{ .x=x0, .y =y0 };
b.* = .{ .x=x1, .y =yl },;

return true;

fn drawLineInBuffer(ctx: *DrawContext, bx0: i32, by0: i32, bx1l: i32, byl: i32, color:

Y

thickness px: u32, draw _when outside: bool) void {
// Koppekuus TonWMHbI B 3aBUCUMOCTU OT yrsa JIMHUK.
var thickness corrected: u32 = thickness px;
var use_vertical: bool = undefined;
const dx f: f32 = @floatFromInt(bx1l - bx0);
const dy f: f32 = @floatFromInt(byl - by0);
const len: 32 = @sqrt(dx_f * dx_f + dy_f * dy f);
if (len > 0) {
const cos_theta = @abs(dx _f) / len;
const sin theta = @abs(dy f) / len;
const desired: f32 = @floatFromInt(thickness px);
const eps: 32 = le-3;

const vertical based = desired / @max(sin_theta, eps);

44

Color.PMA,



const horizontal based = desired / @max(cos_theta, eps);

use vertical = sin_theta >= cos_theta;
const corrected f = if (use vertical) vertical based else horizontal based;

thickness corrected = @max(@as(u32, 1), @as(u32, @intFromFloat(std.math.round(corrected f))));
}
const half_thickness: i32 = @intCast(thickness corrected / 2);
const thickness corrected i: i32 = @as(i32, @intCast(thickness corrected));

var p@ = Point2 i{ .x = bx0, .y = by0 };
var pl = Point2 i{ .x = bx1l, .y = byl };

// 0TceyeHue TONbKO KOrga He pucyeM BHe viewport: uHade nMHuS MAET LEIMKOM, TosuuHa 1 pXx CHapyxu.
if (!draw when outside) {

if (!clipLineToBuffer(ctx, &p0, &pl, @as(i32, @intCast(thickness corrected)))) return;
}

var x0 = p0.x;
var y0 = p0.y;
const ex = pl.x;
const ey = pl.y;

const dx: 132 @intCast(@abs(ex - x0));
const sx: 132 = if (x0 < ex) 1 else -1;
const dy abs: 132 = @intCast(@abs(ey - y0));
const dy: 132 = -dy_abs;

const sy: i32 = if (y0 < ey) 1 else -1;

var err: 132 = dx + dy;
const buf w i: 132 = @intCast(ctx.buf width);
const buf h i: 132 = @intCast(ctx.buf height);

while (true) {
// BHyTpu viewport — nonHaa TtonwumHa, cHapyxu npu draw when outside — T0/1bKO 1 nukKcesib.
const in viewport = x0 >= -thickness corrected i and x0 < buf w i + thickness corrected i and y0 >=
< -thickness corrected i and y® < buf h i + thickness corrected i;
const effective half: i32 = if (draw when outside and 'in viewport) 0 else half_thickness;

var thick: 132 = -effective half;

while (thick <= effective half) {
const x = if (use vertical) x0 + thick else x0;
const y = if (use_vertical) y0 else y0 + thick;
ctx.blendPixelAtBuffer(x, y, color);

thick += 1;
}

if (x0 == ex and y0 == ey) break;

const e2: 132 = 2 * err;
if (e2 >= dy) {

err += dy;
X0 += sx;

}

if (e2 <= dx) {
err += dx;
yo0 += sy;

}

A.24. src/render/cpu/pipeline.zig

const std = @impor‘t("std");
const qui = @import(lldvuiu);
const basic_models = @import("../../models/basic models.zig");
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const Document = @import("../../models/Document.zig");
const Point2 f = basic models.Point2 f;

const Point2 i = basic_models.Point2 i;

const Scale2 f = basic _models.Scale2 f;

const Rect i = basic models.Rect i;

const Color = dvui.Color;

/// TpaHcgopm obvekta: no3mums, yros, macwrtab, HENPoO3payHOCTh.
pub const Transform = struct {

position: Point2 f = .{},

angle: f32 = 0,

scale: Scale2 f = .{},

opacity: f32 = 1.0,

pub fn init(obj: *const Document.Object) Transform {
const pos = obj.getProperty(.position) orelse Point2 f{ .x = 0,
const angle = obj.getProperty(.angle) orelse 0;
const scale = obj.getProperty(.scale) orelse Scale2 f{ .scale x =
const opacity = obj.getProperty(.opacity) orelse 1.0;
return .{
.position = pos,
.angle = angle,
.scale = scale,
.opacity = opacity,
}
}

/// Komnosuymsa: world = parent * local.
pub fn compose(parent: Transform, local: Transform) Transform {
const cos_a = std.math.cos(parent.angle);
const sin a = std.math.sin(parent.angle);
const sx = parent.scale.scale x * local.scale.scale x;
const sy = parent.scale.scale y * local.scale.scale y;
const local px = local.position.x * parent.scale.scale x;
const local py = local.position.y * parent.scale.scale y;
const rx = cos_a * local_px - sin_a * local_py;
const ry = sin_a * local px + cos_a * local py;
return .{
.position = .{
.X = parent.position.x + rx,
.y = parent.position.y + ry,

b
.angle = parent.angle + local.angle,

.scale = .{ .scale x = sx, .scale y = sy },
.opacity = parent.opacity * local.opacity,

};
};

/// MupoBbie -> noKasbHble O/ 3afaHHOro TpaHcPpopma.
pub fn worldToLocalTransform(t: Transform, wx: 32, wy: f32) Point2 f {
const dx = wx - t.position.x;
const dy = wy - t.position.y;
const cos_a = std.math.cos(-t.angle);
const sin a = std.math.sin(-t.angle);

const sx = if (t.scale.scale x != 0) t.scale.scale x else 1.0;
const sy = if (t.scale.scale y != 0) t.scale.scale y else 1.0;
return .{

.x = (dx * cos_a - dy * sin_a) / sx,
.y = (dx * sin_a + dy * cos_a) / sy,
¥
}

/// KoHBeyiep OTpUCOBKWU: JI0OKaJlbHble KOOPAMUHATHI -> TpaHcPopMm -> Oydep.
pub const DrawContext = struct {

pixels: []Color.PMA,

buf width: u32,
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buf height: u32,
visible rect: Rect i,

scale x: f32,
scale y: f32,
transform: Transform = .{},

/// Ecnm true, blendPixelAtBuffer nepezanuceiBaeT nukcesnb 6e3 b6reHna
replace mode: bool = false,
_fill canvas: ?7*FillCanvas = null,

pub fn setTransform(self: *DrawContext, t: Transform) void {
self.transform = t;

}

/// JlokasnbHble -> MUPOBbIE.
pub fn localToWorld(self: *const DrawContext, local x: 32, local y: f32) Point2 f {
const t = &self.transform;
const cos_a = std.math.cos(t.angle);
const sin _a = std.math.sin(t.angle);
return .{
.x = t.position.x + (local x * t.scale.scale x) * cos a - (local y * t.scale.scale y) * sin a,
.y = t.position.y + (local x * t.scale.scale x) * sin a + (local y * t.scale.scale y) * cos a,

};

/// MupoBsbie -> bygep (float).
pub fn worldToBufferF(self: *const DrawContext, wx: f32, wy: f32) Point2 f {
const canvas_x = wx * self.scale x;
const canvas_ y = wy * self.scale y;
const vx = @as(f32, @floatFromInt(self.visible rect.x));
const vy = @as(f32, @floatFromInt(self.visible rect.y));
return .{
X

-y

canvas_Xx - VX,
canvas y - vy,

};

/// Muposbie -> bypep (uesnbie).
pub fn worldToBuffer(self: *const DrawContext, wx: f32, wy: f32) Point2 i {
const b = self.worldToBufferF(wx, wy);

return .{
.X = @intFromFloat(std.math.round(b.x)),
.y = @intFromFloat(std.math.round(b.y)),

};

/// Bygpep -> mupossie.
pub fn bufferToWorld(self: *const DrawContext, buf x: 32, buf y: f32) Point2 f {
const vx = @as(f32, @floatFromInt(self.visible rect.x));
const vy = @as(f32, @floatFromInt(self.visible rect.y));
const canvas_x = buf x + vx;
const canvas_y = buf y + vy;

const sx = if (self.scale x != 0) self.scale x else 1.0;
const sy = if (self.scale y != 0) self.scale y else 1.0;
return .{

.X = canvas_X / sX,

.y = canvas_y / sy,

};

/// MupoBbie -> JlOKasibHbIE.
pub fn worldToLocal(self: *const DrawContext, wx: f32, wy: f32) Point2 f {
return worldToLocalTransform(self.transform, wx, wy);

/// CmewnBaeT uBeT B nukcene bypepa c yuyéTom opacity TpaHcpopma. B replace mode npocTo nepe3anuceiBaeT
o MUKCENb.
/// Ecnn aktmeeH fill canvas, Kaxmbli 3anucCaHHbIf MUKCENb MOMeYaeTCs KakK rpaHuua Ans 3auBKu.
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pub fn blendPixelAtBuffer(self: *DrawContext, bx i132: i32, by i32: i32, color: Color.PMA) void {
if (self. fill canvas) |fc| fc.setBorder(bx i32, by i32);

if (bx i32 < 0 or by i32 < 0 or bx i32 >= self.buf width or by i32 >= self.buf height) return;
const bx: u32 = @intCast(bx _i32);
const by: u32 = @intCast(by 1i32);
const idx = by * self.buf width + bx;
const dst = &self.pixels[idx];
if (self.replace mode) {
dst.* = color;

return;
}
const t = &self.transform;
const a = @as(f32, @floatFromInt(color.a)) / .0 * t.opacity;
const src_r = @as(f32, @floatFromInt(color.r)) * t.opacity;
const src_g = @as(f32, @floatFromInt(color.g)) * t.opacity;
const src_b = @as(f32, @floatFromInt(color.b t.opacity;

const inv.a = 1.0 - a;

dst.r = @intFromFloat(std.math.clamp(src_r + inv_a * @as(f32, @floatFromInt(dst.r)), 0, 255));
dst.g = @intFromFloat(std.math.clamp(src g + inv_a * @as(f32, @floatFromInt(dst.g)), 0, 255));
dst.b = @intFromFloat(std.math.clamp(src b + inv_a * @as(f32, @floatFromInt(dst.b)), 0, 255));
dst.a = @intFromFloat(std.math.clamp(a * 255 + inv_a * @as(f32, @floatFromInt(dst.a)), 0, 255));

}

/// HaknapgbiBaeT Oygep Opyroro KOHTEKCTa Ha 3TOT C 3afaHHON Mpo3padyHOCTbil (ogmH 651€HO Ha NMUKCEsb) .
< Pa3mepsl bypepoB [ONIXHbI COBMapaTh.
pub fn compositeDrawerContext(self: *DrawContext, other: *const DrawContext, opacity: f32) void {
if (self.buf width != other.buf width or self.buf height != other.buf height) return;
const n = self.buf width * self.buf height;
for (0..n) |1i]| {
const src = other.pixels[i];
if (src.a == 0) continue;
const dst = &self.pixels[il];
const a = @as(f32, @floatFromInt(src.a)) / 255.0 * opacity;
const src_r = @as(f32, @floatFromInt(src.r)) * opacity;
const src_ g @as(f32, @floatFromInt(src.g)) * opacity;
const src_b @as(f32, @floatFromInt(src.b)) * opacity;
const inv_.a = 1.0 - a;

dst.r = @intFromFloat(std.math.clamp(src r + inv_a * @as(f32, @floatFromInt(dst.r)), 0, 255));
dst.g = @intFromFloat(std.math.clamp(src_g + inv_a * @as(f32, @floatFromInt(dst.g)), 0, 255));
dst.b = @intFromFloat(std.math.clamp(src_b + inv_a * @as(f32, @floatFromInt(dst.b)), 0, 255));

dst.a = @intFromFloat(std.math.clamp(a * 255 + inv_a * @as(f32, @floatFromInt(dst.a)), 0, 255));

}

/// [mkcenb B sl0KasbHbIX KoopauHatax (TpaHcpopm + PMA).
pub fn blendPixellLocal(self: *DrawContext, local x: f32, local y: 32, color: Color.PMA) void {
const w = self.localToWorld(local x, local y);
const b = self.worldToBufferF(w.x, w.y);
const bx: 132 = @intFromFloat(b.x);
const by: i32 = @intFromFloat(b.y);
const vw @as (132, @intCast(self.visible rect.w));
const vh = @as(i32, @intCast(self.visible rect.h));
if (bx < 0 or bx >= vw or by < 0 or by >= vh) return;
self.blendPixelAtBuffer(bx, by, color);

}

/// HaumHaet cbop rpaHuy pns 3aamBku: co3paét FillCanvas u npu nocnepyiwoumx BhizoBax blendPixelAtBuffer
< rnomMe4vyaeTtT [MnNKCesin Kak rpaHuly.
pub fn startFill(self: *DrawContext, allocator: std.mem.Allocator) !void {

const fc = try FillCanvas.init(allocator, self.buf width, self.buf height);

const ptr = try allocator.create(FillCanvas);

ptr.* = fc;

self. fill canvas = ptr;

}

/// Pucyet 3anuBKy no cobpaHHbM rpaHuiaM uBetoM color, ocsoboxgaet FillCanvas u cbpaceiBaeT pPeXuM.

48



pub fn stopFill(self: *DrawContext, allocator: std.mem.Allocator, color: Color.PMA) void {
const fc = self. fill canvas orelse return;
self. fill canvas = null;
fc.fillColor(self, allocator, color);
fc.deinit();
allocator.destroy(fc);

};

/// KoHBeptupyet u32 OxRRGGBBAA B Color.PMA.
pub fn rgbaToPma(rgba: u32) Color.PMA {
const r: u8 @intCast((rgba >> 24) & OxFF);
const g: u8 @intCast((rgba >> 16) & OxFF);
const b: u8 = @intCast((rgba >> 8) & OxFF);
const a: u8 @intCast((rgba >> 0) & OxFF);
if (a == 0) return .{ .r=0, .g=0, .b=20, .a=
const af: f32 = @as(f32, @floatFromInt(a)) / 255.0;
return .{

.r = @intFromFloat(@as(f32, @floatFromInt(r)) * af),
@intFromFloat(@as(f32, @floatFromInt(g)) * af),
@intFromFloat(@as(f32, @floatFromInt(b)) * af),
a,

0 };

-9
b
a

s
}

/// KOHTEeKCT [na 3arnosiIHeHNs Guryp LUBETOM. [paHuubl xpaHAaTCca B set — no x u y MOXHO [obOaBAATb MPOM3BOJIbHbIE
o  TOYKM.
const FillCanvas = struct {

/// MHoxecTBO nukcenen rpauuusl (x, y) — 6e3 orpaHmyeHus no pasmepy Oygepa.

border set: std.AutoHashMap(Point2 i, void),

buf width: u32,

buf height: u32,

pub fn init(allocator: std.mem.Allocator, width: u32, height: u32) !FillCanvas {
const border_set = std.AutoHashMap(Point2 i, void).init(allocator);
return .{
.border_set = border_set,
.buf _width = width,
.buf_height = height,
b

pub fn deinit(self: *FillCanvas) void {
self.border set.deinit();

/// HobaBnsieT TOYKY rpaHuubl; KoopauHaTbl X, Yy MOryT ObiTb siobbiMu (yCr10BHO 6E€CKOHe4YHoe none).
pub fn setBorder(self: *FillCanvas, x: 132, y: 132) void {
self.border set.put(.{ .x = x, .y =y }, {}) catch {};

/// 3anMBKa 4YeThlpEXCBA3HbLIM CTEKOBbIM afirOPUTMOM OT E€PBOM HaWAEHHON BHYTPEHHEN TOYKM.
pub fn fillColor(self: *FillCanvas, draw ctx: *DrawContext, allocator: std.mem.Allocator, color:
< Color.PMA) void {

const n = self.border set.count();

if (n == 0) return;

const buf w i: 132
const buf h i: i32

@intCast(self.buf width);
@intCast(self.buf _height);

// Kmioun ognH pa3 no (y, X) — Mo cTpokam X yxe OyByT OTCOPTUPOBAHSI.
var keys buf = std.ArrayList(Point2 i).empty;
defer keys buf.deinit(allocator);
keys buf.ensureTotalCapacity(allocator, n) catch return;
var iter = self.border set.keyIterator();
while (iter.next()) |k| {
keys buf.appendAssumeCapacity(k.*);
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}
std.mem.sort(Point2 i, keys buf.items, {}, struct {
fn lessThan(_: void, a: Point2 i, b: Point2 i) bool {
if (a.y '= b.y) return a.y < b.y;
return a.x < b.x;
}
}.lessThan);

// CeMeHa: no CTPOKaM HaxoOguM CerMeHThl (rapbl X), MepecekaeMm C OKHOM bypepa, b6epéMm cepeauHy CerMeHTa.
var seeds = findFillSeeds(keys buf.items, buf w i, buf h i, allocator) catch return;
defer seeds.deinit(allocator);

var stack = std.ArrayList(Point2 i) .empty;

defer stack.deinit(allocator);

var filled = std.AutoHashMap(Point2 i, void).init(allocator);
defer filled.deinit();

for (seeds.items) |[s| {

if (self.border_set.contains(s)) continue;

if (filled.contains(s)) continue;

stack.clearRetainingCapacity();

stack.append(allocator, s) catch return;

while (stack.pop()) |cell| {
if (self.border set.contains(cell)) continue;
const gop = filled.getOrPut(cell) catch return;
if (gop.found existing) continue;

if (cell.x >= 0 and cell.x < buf w i and cell.y >= 0 and cell.y < buf h i) {
draw_ctx.blendPixelAtBuffer(cell.x, cell.y, color);

)

if (cell.x > 0) stack.append(allocator, .{ .x = cell.x - 1, .y = cell.y }) catch return;

if (cell.x < buf w i - 1) stack.append(allocator, .{ .x = cell.x + 1, .y = cell.y }) catch

< return;

if (cell.y > 0) stack.append(allocator, .{ .x = cell.x, .y = cell.y - 1 }) catch return;

if (cell.y < buf h i - 1) stack.append(allocator, .{ .x = cell.x, .y = cell.y + 1 }) catch

< return;

}

/// Mo cTtpokam: pébpa (noapsn mayume X) - CErMeHThl Mexay Humu. CemeHa — cepefuHbl YETHbIX CEerMeHToB (rnpu
o  YETHOM 4ucne rpaHuy) .
fn findFillSeeds(
keys: []lconst Point2 i,
buf w i: i32,
buf h i: 132,
allocator: std.mem.Allocator,
) !std.ArrayList(Point2 i) {
var list = std.ArrayList(Point2 1i).empty;
errdefer list.deinit(allocator);
var segments = std.ArrayList(struct { left: i32, right: i32 }).empty;
defer segments.deinit(allocator);

var i: usize = 0;
while (i < keys.len) {
const y = keys[il].y;
const row start = i;
while (i < keys.len and keys[i]l.y ==vy) : (i += 1) {}
const row = keys[row start..i];
if (row.len < 2 or y < 0 or y >= buf h i) continue;

segments.clearRetainingCapacity();
var run_end x: i32 = row[0].Xx;
for (row[1..1) |[p| {
if (p.x !'= run_end x + 1) {
try segments.append(allocator, .{ .left = run end x + 1, .right = p.x - 1 });
run_end X = p.Xx;
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} else {
run_end X = p.Xx;

}
}
// CemeHa ToJIbKO npu 4YETHOM 4ucse rpaHuy
if ((segments.items.len + 1) % 2 != 0) continue;

for (segments.items, 0..) |seg, gi| {
if (gi % 2 != 0 or seg.left > seg.right) continue;
const left = @max(seg.left, 0);
const right = @min(seg.right, buf w i - 1);
if (left <= right) {

try list.append(allocator, .{ .x = left + @divTrunc(right - left, 2), .y =y });

}

}

}

return list;

};

A.25. src/tests.zig

// KopeHb pgns ‘zig build test' . TecTel U3 MMIOPTUMPOBAHHBIX 3AECb MOAYJ/I€N BbIMOMHAWTCA (B Zig He nogTAruBanTcCs
< U3 TPaH3UTUBHBLIX UMIOPTOB) .

// [Oobasnan cwpa _ = @import("path/to/module.zig"); nna kaxgoro mopyns c test-6s0Kkamu.

// YT0bbl yBuAaeTb CAMCOK BCex TecToB: nocse "zig build test’ BwimonHu “./zig-out/bin/test’.

test "discover tests" {

= @import("main.zig");

@import("models/Property.zig");

@import("models/shape/shape.zig");

}

// YbeantbCsa, YTO BbIMNOJIHUINCL BCE OXMOAEMbIE TECTbl: 3TOT TECT NPougéT TO/IbKO eC/u [o Hero gouwnu (T1.e. Bce
o fApeasigywume npowsnu) .
test "all module tests completed" {

const std = @import("std");

std.debug.print("\n (Bce TecTbl Momynen BbinonHeHs)\n", .{});

A.26. src/toolbar/Tool.zig

const basic_models = @import("../models/basic models.zig");
const Point2_f = basic_models.Point2_f;

const Canvas = @import("../Canvas.zig");

const Document = @import("../models/Document.zig");

const pipeline = @import("../render/cpu/pipeline.zig");
const Transform = pipeline.Transform;

pub const ToolContext = struct {
canvas: *Canvas,
document point: Point2 f,
selected object id: ?u64,

pub fn addObject(self: *const ToolContext, template: Document.Object) !void {
var obj = template;
const local pos = self.computeLocalPosition();

try obj.setProperty(self.canvas.allocator, .{ .data = .{ .position = local pos } });
try self.canvas.document.addObjectUnderParentId(self.canvas.allocator, self.selected object id,
< obj);

self.canvas.requestRedraw();

}

fn computeLocalPosition(self: *const ToolContext) Point2 f {
if (self.selected object id) |parent id| {
if (findWorldTransformById(self.canvas.document, parent id)) |parent world| {
return pipeline.worldToLocalTransform(parent world, self.document point.x,
< self.document point.y);

51



}
}

return self.document point;
b

fn findWorldTransformById(doc: *Document, target id: u64) ?Transform {
const identity = Transform{};
for (doc.objects.items) |*obj| {
if (findWorldTransformInTree(obj, identity, target id)) |t| return t;
}
return null;

}

fn findWorldTransformInTree(obj: *const Document.Object, parent: Transform, target id: u64) ?Transform {
const local = Transform.init(obj);
const world = Transform.compose(parent, local);
if (obj.id == target id) return world;
for (obj.children.items) |*child| {
if (findWorldTransformInTree(child, world, target id)) |t| return t;
}

return null;

pub const Tool = struct {
onCanvasClick: *const fn (*const ToolContext) anyerror!void,

};

A.27. src/toolbar/Toolbar.zig

const Tool = @import("Tool.zig");
const Toolbar = @This();

pub const ToolDescriptor = struct {
name: []const u8,
icon _tvg: []const u8,
implementation: *const Tool.Tool,

};

tools: []Jconst ToolDescriptor,
selected index: ?usize,

pub fn init(tools_list: []const ToolDescriptor) Toolbar {
return .{
.tools = tools list,
.selected index = null,
b

pub fn deinit( : *Toolbar) void {}

pub fn currentDescriptor(self: *const Toolbar) ?*const ToolDescriptor {
if (self.tools.len == 0) return null;
if (self.selected index) |index| {
return &self.tools[index];

}
return null;
}
pub fn select(self: *Toolbar, index: ?usize) void {
if (index == self.selected index) {
self.selected index = null;
return;
}

if (index) |i| {
if (i < self.tools.len) {
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self.selected_index = 1i;
}
} else {
self.selected index = null;

A.28. src/toolbar/tools.zig

const Toolbar = @import("Toolbar.zig");

const line = @import("tools/line.zig");

const ellipse = @import("tools/ellipse.zig");
const broken = @import("tools/broken.zig");
const icons = @import("../icons.zig");

pub const default tools = [ ]Toolbar.ToolDescriptor{

Ao
.name = "Line",
.icon _tvg = icons.line,
.implementation = &line.tool,
b
Ao
.name = "Ellipse",
.icon tvg = icons.ellipse,
.implementation = &ellipse.tool,
b
A
.name = "Broken line",
.icon_tvg = icons.broken,
.implementation = &broken.tool,
}

}i

A.29. src/toolbar/tools/broken.zig

const Tool = @import("../Tool.zig");
const shape = @import("../../models/shape/shape.zig");

fn onCanvasClick(ctx: *const Tool.ToolContext) !void {
const canvas = ctx.canvas;
var obj = shape.createObject(canvas.allocator, .broken) catch return;
defer obj.deinit(canvas.allocator);
try ctx.addObject(obj);
}

pub const tool = Tool.Tool{ .onCanvasClick = onCanvasClick };

A.30. src/toolbar/tools/ellipse.zig

const Tool = @import("../Tool.zig");
const shape = @import("../../models/shape/shape.zig");

fn onCanvasClick(ctx: *const Tool.ToolContext) !void {
const canvas = ctx.canvas;
var obj = shape.createObject(canvas.allocator, .ellipse) catch return;
defer obj.deinit(canvas.allocator);
try ctx.addObject(obj);
}

pub const tool = Tool.Tool{ .onCanvasClick = onCanvasClick };

A.31. src/toolbar/tools/line.zig

const std = @import("std");

const Canvas = @import("../../Canvas.zig");

const Tool = @import("../Tool.zig");

const shape = @import("../../models/shape/shape.zig");
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fn onCanvasClick(ctx: *const Tool.ToolContext) !void {
const canvas = ctx.canvas;
var obj = shape.createObject(canvas.allocator, .line) catch return;
defer obj.deinit(canvas.allocator);
try ctx.addObject(obj);
}

pub const tool = Tool.Tool{ .onCanvasClick = onCanvasClick };

A.32. src/ui/canvas_view.zig

const std = @import("std");

const dvui = @import("dvui");

const dvui ext = @import("dvui ext.zig");

const Canvas = @import("../Canvas.zig");

const Document = @import("../models/Document.zig");

const Property = @import("../models/Property.zig").Property;
const PropertyData = @import("../models/Property.zig").Data;
const Rect i = @import("../models/basic models.zig").Rect i;
const Point2 f = @import("../models/basic models.zig").Point2 f;
const Tool = @import("../toolbar/Tool.zig");

const RenderStats = @import("../render/RenderStats.zig");
const icons = @import("../icons.zig");

pub fn canvasView(canvas: *Canvas, selected object id: ?u64, content rect scale: dvui.RectScale) void {
var textured = dvui_ext.texturedBox(content rect scale, dvui.Rect.all(20));

{
var overlay = dvui.overlay(@src(), .{ .expand = .both });
{
const overlay parent = dvui.parentGet();
const init options: dvui.ScrollAreaWidget.InitOpts = .{
.scroll _info = &canvas.scroll,
.vertical bar = .auto,
.horizontal bar = .auto,
.process _events after = false,
+
var scroll = dvui.scrollArea(
@src(),
init options,
A
.expand = .both,
.background = false,
I
)i
{
drawCanvasContent(canvas, scroll);
handleCanvasZoom(canvas, scroll);
handleCanvasMouse(canvas, scroll, selected object id);
}

const scroll parent = dvui.parentGet();
dvui.parentSet(overlay parent);

const vbar scroll.vbar;
const hbar = scroll.hbar;
if (vbar !'= null) {

// std.debug.print("{any}", .{vbar.?.data()});
}
if (hbar !'= null) {

// std.debug.print("{any}", .{hbar.?.data()});
}

// Tynbap nosepx scroll
var toolbar box = dvui.box(

@src(),
.{ .dir = .horizontal },

A
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drawToolbar(canvas);
// CoxpaHseM rect Tynbapa ons cnepywuwero kagpa — B handleCanvasMouse WUCK/IlOHaeM U3 HEro KJIMKu
canvas.toolbar rect scale = toolbar box.data().contentRectScale();

}

toolbar box.deinit();

// MaHenb cBoucTB noBepx scroll (npaBbii BEPXHUN yros)
if (selected object id) |obj id| {
if (canvas.document.findObjectById(obj id)) |obj| {
var properties box = dvui.box(
@src(),
.{ .dir = .horizontal },

A

.gravity x 1.0,
.gravity y = 0.0

’

}

drawPropertiesPanel(canvas, obj);

// CoxpaHseM rect naHenu CBOWCTB Ana cregywwero kagpa — B handleCanvasMouse
< UCKJ/IOYaEeM U3 HEro KInKu

canvas.properties rect scale = properties box.data().contentRectScale();

}

properties box.deinit();

}

drawCanvasLabelPanel();
if (canvas.show render stats)
drawStatsPanel(canvas.render_engine.getStats(), canvas.frame index);

if (canvas.properties rect scale) |prs| {
for (dvui.events()) |[*e| {
if (e.handled) continue;

if (e.evt != .mouse) continue;
const mouse = &e.evt.mouse;
if (mouse.action != .wheel x and mouse.action != .wheel y) continue;

const pt = prs.pointFromPhysical(mouse.p);

const r = prs.r;

if (pt.x >= 0 and pt.x * prs.s < r.w and pt.y >= 0 and pt.y * prs.s < r.h) {
e.handled = true;

}
}

if (!init_options.process events after) {
if (scroll.scroll) |[*sc| {
dvui.clipSet(sc.prevClip);
sc.processEventsAfter();

}

dvui.parentSet(scroll parent);
scroll.deinit();
}
overlay.deinit();
}
textured.deinit();

}

fn drawCanvasContent(canvas: *Canvas, scroll: anytype) void {
const natural _scale = if (canvas.native scaling) 1 else dvui.windowNaturalScale();
const img size = canvas.getZoomedImageSize();
const viewport rect = scroll.data().contentRect();
const scroll _current = dvui.Point{ .x = canvas.scroll.viewport.x, .y = canvas.scroll.viewport.y };
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const viewport px = dvui.Rect{

= viewport _rect.x * natural _scale,
= viewport rect.y * natural scale,
viewport rect.w * natural scale,
= viewport _rect.h * natural _scale,

> E< X
I

3

const scroll px = dvui.Point{
.x = scroll_current.x * natural_scale,
.y = scroll current.y * natural scale,

+;

const changed = canvas.updateVisibleImageRect (viewport px, scroll px);
if (changed)
canvas.requestRedraw();
canvas.processPendingRedraw() catch |err| {
std.debug.print("processPendingRedraw error: {}\n", .{err});
3

const content_w px: u32 = img_size.x + img_size.w;
const content h px: u32 = img size.y + img size.h;
const content w = @as(f32, @floatFromInt(content w px)) / natural scale;
const content h = @as(f32, @floatFromInt(content h px)) / natural scale;

var canvas_layer = dvui.overlay(

@src(),
.{ .min_size content = .{ .w = content w, .h = content h }, .background = false },
);
{
if (canvas.texture) |tex| {
const vis = canvas. visible rect orelse Rect i{ .x =0, .y =0, .w=20, .h =0 };
const left = @as(f32, @floatFromInt(img size.x + vis.x)) / natural scale;
const top = @as(f32, @floatFromInt(img size.y + vis.y)) / natural scale;
= dvui.image(
@src(),
.{ .source = .{ .texture = tex } },
A
.background = false,
.expand = .none,
.gravity x = 0.0,
.gravity y = 0.0,
.margin = .{ .x = left, .y = top, .w = canvas.pos.x, .h = canvas.pos.y },
.min_size content = .{
.wW = @as(f32, @floatFromInt(vis.w)) / natural scale,
.h = @as(f32, @floatFromInt(vis.h)) / natural_scale,
Iy
.max_size content = .{
.w = @as(f32, @floatFromInt(vis.w)) / natural scale,
.h = @as(f32, @floatFromInt(vis.h)) / natural scale,
}
+
)i
}
}

canvas_layer.deinit();

}
fn handleCanvasZoom(canvas: *Canvas, scroll: anytype) void {
const ctrl = dvui.currentWindow().modifiers.control();
if (!ctrl) return;
const natural scale = if (canvas.native scaling) 1 else dvui.windowNaturalScale();
for (dvui.events()) |*e| {

switch (e.evt) {
.mouse => |*mouse| {
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const action = mouse.action;
if (dvui.eventMatchSimple(e, scroll.data()) and (action == .wheel x or action == .wheel y)) {
switch (action) {
.wheel y => |y| {
const viewport pt = scroll.data().contentRectScale().pointFromPhysical(mouse.p);
const content_pt = dvui.Point{
.X = viewport pt.x + canvas.scroll.viewport.x,
.y = viewport pt.y + canvas.scroll.viewport.y,
+

const doc_pt = canvas.contentPointToDocument(content pt, natural scale);
// canvas.addZoom(y / 1000);

canvas.multZoom(l + vy / 2000);

canvas.requestRedraw();

const doc_pt _after = canvas.contentPointToDocument(content pt, natural scale);

const zoom = canvas.getZoom();
const dx = (doc_pt _after.x - doc pt.x) * zoom / natural scale;

const dy = (doc_pt after.y - doc pt.y) * zoom / natural scale;
canvas.scroll.viewport.x -= dx;
canvas.scroll.viewport.y -= dy;

+

else => {},

e.handled = true;
}
I

else => {},

}

fn handleCanvasMouse(canvas: *Canvas, scroll: *dvui.ScrollAreaWidget, selected object id: ?u64) void {
const natural scale = if (canvas.native scaling) 1 else dvui.windowNaturalScale();
const scroll data = scroll.data();

for (dvui.events()) |*e| {
switch (e.evt) {
.mouse => |*mouse| {
if (mouse.action != .press or mouse.button '= .left) continue;
if (e.handled) continue;
if (!dvui.eventMatchSimple(e, scroll data)) continue;

// He obpabarteiBaTb K/IMK, €C/iuM OH nonasa B obnacte Tynbapa (rect c npeasigywero Kagpa).
if (canvas.toolbar rect scale) |trs| {

const pt = trs.pointFromPhysical(mouse.p);

const r = trs.r;

if (pt.x >= 0 and pt.x * trs.s < r.w and pt.y >= 0 and pt.y * trs.s < r.h) continue;
}
// He obpabateiBaTb KWK, e€cnu OH ronan B obrnacTb naHenu cCBONCTB (rect ¢ npeadsigywero kappa).
if (canvas.properties rect scale) |prs| {

const pt = prs.pointFromPhysical(mouse.p);

const r = prs.r;

if (pt.x >= 0 and pt.x * prs.s < r.w and pt.y >= 0 and pt.y * prs.s < r.h) continue;

}

const viewport pt = scroll data.contentRectScale().pointFromPhysical(mouse.p);
const content_pt = dvui.Point{

.X = viewport pt.x + canvas.scroll.viewport.x,

.y = viewport pt.y + canvas.scroll.viewport.y,
3
const doc_pt = canvas.contentPointToDocument(content pt, natural scale);
canvas.cursor_document point = if (canvas.isContentPointOnDocument(content pt,

< natural scale)) doc pt else null;

if (canvas.cursor_document point) |point]| {
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if (canvas.toolbar.currentDescriptor()) |desc| {

var ctx = Tool.ToolContext{
.canvas = canvas,
.document_point = point,
.selected object id = selected object id,

b

desc.implementation.onCanvasClick(&ctx) catch |err| {
std.debug.print("onCanvasClick error: {}\n", .{err});

+;
}
I
else => {},
}
fn drawToolbar(canvas: *Canvas) void {
const tools list = canvas.toolbar.tools;

if (tools list.len == 0) return;

var bar = dvui.box(

@src(),
.{ .dir = .vertical },
o

.gravity x = 0.0,

.gravity y = 0.0,

.padding = dvui.Rect.all(6),

.corner_radius = dvui.Rect.all(8),
.background = true,

.color fill = dvui.Color.black.opacity(0.2),
.margin = dvui.Rect{ .x = 16, .y = 16 },

1
)
{
var to_select: ?usize = null;
for (tools list, 0..) |*tool desc, i| {
const is selected = canvas.toolbar.selected index == 1i;
const selected fill = dvui.themeGet().focus;
const opts: dvui.Options = .{
.id_extra = 1,
.color fill = if (is_selected) selected fill else null,
+
if (dvui.buttonIcon(@src(), tool desc.name, tool desc.icon tvg, .{}, .{}, opts)) {
to select = i;
}
}
if (to_select) |index| {
canvas.toolbar.select(index);
}
}

bar.deinit();

}

fn drawPropertiesPanel(canvas: *Canvas, selected object: *Document.Object) void {
var panel = dvui.box(

@src(),
.{ .dir = .vertical },
Ao

.padding = dvui.Rect.all(8),

.corner_radius = dvui.Rect.all(8),

.background = true,

.color fill = dvui.Color.black.opacity(0.2),
.min_size content = .width(300),

.max_size content = .width(300),

.margin = dvui.Rect{ .w = 32, .y = 16, .h = 100 },
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dvui.label(@src(), "Properties", .{}, .{});
var scroll = dvui.scrollArea(@src(), .{

.horizontal = .none,
.vertical = .auto,
oA
.expand = .both,
1)
{
for (selected object.properties.items, 0..) |*prop, i| {
drawPropertyEditor(canvas, selected object, prop, i);
}
}

scroll.deinit();

}
panel.deinit();

}

fn drawCanvasLabelPanel() void {
var panel = dvui.box(

@src(),
.{ .dir = .vertical },
A

.gravity x = 0.5,

.gravity y = 0.0,
.padding = dvui.Rect.all(8),
.corner_radius = dvui.Rect.all(8),
.background = true,
.color_fill = dvui.Color.black.opacity(0.2),
.margin = dvui.Rect{ .x = 16, .y = 16 },
+
);
{

dvui.label(@src(), "Canvas", .{}, .{});
}

panel.deinit();

}

fn drawStatsPanel(stats: RenderStats, frame index: u64) void {
var panel = dvui.box(

@src(),
.{ .dir = .vertical },
o

.gravity x = 0.0,
.gravity y = 1.0,
.padding = dvui.Rect.all(8),
.corner_radius = dvui.Rect.all(8),
.background = true,
.color fill = dvui.Color.black.opacity(0.2),
.margin = dvui.Rect{ .x = 16, .h = 16 },
1
)
{

dvui.label(@src(), "Frame time: {d:.2}ms", .{@as(f32, @floatFromInt(stats.render time ns)) /
< std.time.ns _per ms}, .{});
dvui.label(@src(), "Frame index: {}", .{frame_index}, .{});
}
panel.deinit();

}

fn applyPropertyPatch(canvas: *Canvas, obj: *Document.Object, patch: Property) void {
obj.setProperty(canvas.allocator, patch) catch {};
canvas.requestRedraw();
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fn drawPropertyEditor(canvas: *Canvas, obj: *Document.Object, prop: *const Property, row index: usize)

< void {
const row _id: usize = row_index * 16;
const is_even = row_index % 2 == 0;
var row = dvui.box(
@src(),
.{ .dir = .vertical },
A
.id_extra = row_id,
.expand = .horizontal,
.padding = dvui.Rect{ .y = 2, .x =4},
.corner_radius = dvui.Rect.all(4),
.background = is_even,
.color_fill = if (is_even) dvui.Color.black.opacity(0.4) else .{},
+
)
{

const tag = std.meta.activeTag(prop.data);
dvui.labelNoFmt(@src(), propertyLabel(tag), .{}, .{});

switch (prop.data) {
.position => |pos| {
var next = pos;
var changed = false;

{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "x:", .{}, .{});
const T = @TypeOf(next.x);
const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.x }, .{ .expand =
< .horizontal });
subrow.deinit();
changed = res.changed or changed;
}
{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "y:", .{}, .{});
const T = @TypeOf(next.y);
const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.y }, .{ .expand =
< .horizontal });
subrow.deinit();
changed = res.changed or changed;
}

if (changed) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .position = next } });

}
I
.angle => |angle| {
var next = angle;
{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "deg:", .{}, .{});
var degrees: f32 = next * 180.0 / std.math.pi;
const res = dvui.textEntryNumber(@src(), f32, .{ .value = &degrees }, .{ .expand =
< .horizontal });
subrow.deinit();
if (res.changed) {
next = degrees * std.math.pi / 180.0;
applyPropertyPatch(canvas, obj, .{ .data = .{ .angle = next } });
}
}
}

.scale => |scale| {

var next = scale;
var changed = false;
{

var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
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dvui.labelNoFmt(@src(), "x:", .{}, .{});

const T = @TypeOf(next.scale x);

const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.scale x, .min = @as(T,
< 0.0), .max = @as(T, 10.0) }, .{ .expand = .horizontal });

subrow.deinit();

changed = res.changed or changed;

var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "y:", .{}, .{});

const T = @TypeOf(next.scale_y);

const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.scale y, .min = @as(T,
o 0.0), .max = @s(T, 10.0) }, .{ .expand = .horizontal });

subrow.deinit();

changed = res.changed or changed;

}
if (changed) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .scale = next } });

}
I
.visible => |v| {
var next = v;
if (dvui.checkbox(@src(), &next, "Visible", .{})) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .visible = next } });
}
I
.opacity => |opacity| {
var next = opacity;
if (dvui.sliderEntry(@src(), "{d:0.2}", .{ .value = &next, .min = 0.0, .max = 1.0,
< .interval = 0.01 }, .{ .expand = .horizontal })) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .opacity = next } });
}
I
.locked => |v| {
var next = v;
if (dvui.checkbox(@src(), &next, "Locked", .{})) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .locked = next } });
}
I
.size => |size| {
var next = size;
var changed = false;
{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "w:", .{}, .{});
const T = @TypeOf(next.w);
const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.w, .min = @as(T, 0.0) },
< .{ .expand = .horizontal });
subrow.deinit();
changed = res.changed or changed;
}
{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "h:", .{}, .{});
const T = @TypeOf(next.h);
const res = dvui.textEntryNumber(@src(), T, .{ .value = &next.h, .min = @as(T, 0.0) },
< .{ .expand = .horizontal });
subrow.deinit();
changed = res.changed or changed;
}
if (changed) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .size = next } });
}
}

’

.radii => |radii| {

var next = radii;
var changed = false;

61



}

var subrow = dvui.box(@src(), .{ .dir = .horizont
dvui.labelNoFmt(@src(), "x:", .{}, .{});
const T = @TypeOf(next.x);

al },

const res = dvui.textEntryNumber(@src(), T, .{ .value =

< .{ .expand = .horizontal });
subrow.deinit();
changed = res.changed or changed;

al },

}
{
var subrow = dvui.box(@src(), .{ .dir = .horizont
dvui.labelNoFmt(@src(), "y:", .{}, .{});
const T = @TypeOf(next.y);
const res = dvui.textEntryNumber(@src(), T, .{ .value =
< .{ .expand = .horizontal });
subrow.deinit();
changed = res.changed or changed;
}

if (changed) {
applyPropertyPatch(canvas, obj, .{ .data

{ .ra

}

.arc_percent => |pct| {

}

}

var next = pct;
if (dvui.sliderEntry(@src(), "{d:0.0}%", .{ .value =
< .interval = 1.0 }, .{ .expand = .horizontal })) {

dii =

&next,

.{ .expand = .horizontal });

&next.x,

.min = @as(T, 0.0)

.{ .expand = .horizontal });

&next.y,

next } });

.min = @as(T, 0.0)

.min = 0.0, .max = 100.0,

applyPropertyPatch(canvas, obj, .{ .data = .{ .arc_percent

}

.end_point => |pt| {

var next = pt;
var changed = false;

al },

al },

{
var subrow = dvui.box(@src(), .{ .dir = .horizont
dvui.labelNoFmt(@src(), "x:", .{}, .{});
const T = @TypeOf(next.x);
const res = dvui.textEntryNumber(@src(), T, .{ .value =
< .horizontal });
subrow.deinit();
changed = res.changed or changed;
}
{
var subrow = dvui.box(@src(), .{ .dir = .horizont
dvui.labelNoFmt(@src(), "y:", .{}, .{});
const T = @TypeOf(next.y);
const res = dvui.textEntryNumber(@src(), T, .{ .value =
< .horizontal });
subrow.deinit();
changed = res.changed or changed;
}

if (changed) {

A

= next

expand

P

= .horizontal });

&next.x }, .{ .expand =

A .

expand

= .horizontal });

&next.y }, .{ .expand =

applyPropertyPatch(canvas, obj, .{ .data = .{ .end point =

}

.points => |points| {

var list = std.ArrayList(Point2 f).empty;

list.appendSlice(canvas.allocator, points) catch {
dvui.label(@src(), "Points: {d}", .{points.len},
return;

};

defer list.deinit(canvas.allocator);

dvui.label(@src(), "Points: {d}", .{list.items.len},

var changed = false;
var to_delete: ?usize = null;

for (list.items, 0..) |*pt, i| {
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// 0OHa cTpoka: KpecTuk ypasneHus + paned ¢ X/Y nornonam
var subrow = dvui.box(

@src(),
.{ .dir = .horizontal },
Ao

.expand = .horizontal,

.id extra = 1,

}

// Kpectuk ynaneHus

if (dvui.buttonIcon(@src(), "Delete", icons.cross,
.id extra = 1,

0.5,

.gravity y =
.margin = .{
X =8,
T
M Ao

to_delete = i;

}

// MNaHenb ¢ X n Y, pa3pesnéHHbIMU onosiam
var split ratio: f32 = 0.5;
var paned = dvui.paned(
@src(),
A
.direction = .horizontal,
.collapsed size = 0.0,
.split_ratio = &split ratio,
.handle_size = 0,

.expand = .horizontal,
}I

if (paned.showFirst()) {
var x_box = dvui.box(
@src(),
.{ .dir = .horizontal },
.{ .expand = .both },
)i

{
dvui.labelNoFmt(@src(), "x:", .{}, .{
.gravity y = 0.5,
1)
const Tx = @TypeOf(pt.x);
const res x = dvui.textEntryNumber(
@src(),
Tx,
.{ .value = &pt.x },
.{ .expand = .horizontal },
);
changed = res_x.changed or changed;
}

X_box.deinit();

}

if (paned.showSecond()) {
var y box = dvui.box(
@src(),
.{ .dir = .horizontal },
.{ .expand = .both },
)i
{

dvui.labelNoFmt(@src(), "y:", .{}, .{
.gravity y = 0.5,
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}

}

}

}

1)
const Ty = @TypeOf(pt.y);
const res_y = dvui.textEntryNumber(

@src(),

Ty,

.{ .value = &pt.y },

.{ .expand = .horizontal },

)
changed = res_y.changed or changed;
}
y box.deinit();
}
}
paned.deinit();
}
subrow.deinit();

}

// YnaneHne BblOPaHHON TOYKMU

if (to delete) |idx| {
_ = list.orderedRemove (idx);
changed = true;

}

// KHonka pobaBneHns HOBOM TOYKM (oOHa Ha BECb CMUCOK)
if (dvui.button(@src(), "Add point", .{}, .{})) {
const T = @TypeOf(list.items[0]);
const new point: T = if (list.items.len > 0)
list.items[list.items.len - 1]
else
A x=0, .y =01%;
list.append(canvas.allocator, new point) catch {};
changed = true;

}

if (changed) {
const slice = canvas.allocator.dupe(Point2 f, list.items) catch return;

obj.setProperty(canvas.allocator, .{ .data = .{ .points = slice } }) catch

canvas.allocator.free(slice);
return;

};

canvas.requestRedraw();

}

ill rgba => |rgba| {

drawColorEditor(canvas, obj, rgba, true);

troke rgba => |rgba| {

drawColorEditor(canvas, obj, rgba, false);

hickness => |t| {

var next = t;

{
var subrow = dvui.box(@src(), .{ .dir = .horizontal }, .{ .expand = .horizontal });
dvui.labelNoFmt(@src(), "thickness:", .{}, .{});
const T = @TypeOf(next);
const res = dvui.textEntryNumber(@src(), T, .{ .value = &next, .min = @as(T, 0.0),
o = @as(T, 100.0) }, .{ .expand = .horizontal });
subrow.deinit();
if (res.changed) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .thickness = next } });
}
}

losed => |v| {

var next = v;
if (dvui.checkbox(@src(), &next, "Closed", .{})) {
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applyPropertyPatch(canvas, obj, .{ .data = .{ .closed = next } });
}
I
filled => |v| {
var next = v;
if (dvui.checkbox(@src(), &next, "Filled", .{})) {
applyPropertyPatch(canvas, obj, .{ .data = .{ .filled = next } 1});
}
I

}
}

row.deinit();

}

fn drawColorEditor(canvas: *Canvas, obj: *Document.Object, rgba: u32, is fill: bool) void {
var hsv = dvui.Color.HSV.fromColor(rgbaToColor(rgba));
if (dvui.colorPicker(

@src(),
.{ .hsv = &hsv, .dir = .horizontal, .sliders = .rgb, .alpha = true, .hex_text entry = true },
.{ .expand = .horizontal },

)) A
const next = colorToRgba(hsv.toColor());
const patch: Property = if (is fill)
.{ .data = .{ .fill _rgba = next } }
else
.{ .data = .{ .stroke rgba = next } };
applyPropertyPatch(canvas, obj, patch);

}

fn propertylLabel(tag: std.meta.Tag(PropertyData)) []lconst u8 {
return switch (tag) {

.position => "Position",
.angle => "Angle",
.scale => "Scale",
.visible => "Visible",
.opacity => "Opacity",
.locked => "Locked",
.size => "Size",
.radii => "Radii",
.arc_percent => "Arc %",
.end point => "End point",
.points => "Points",
.fill _rgba => "Fill color",
.stroke rgba => "Stroke color",
.thickness => "Thickness",
.closed => "Closed",
.filled => "Filled",

+
}
fn rgbaToColor(rgba: u32) dvui.Color {
return .{
.r = @intCast((rgba >> 24) & OxFF),

@intCast((rgba >> 16) & OxFF),
@intCast((rgha >> 8) & OxFF),
@intCast((rgha >> 0) & OxFF),

-9
.b
a

i
}

fn colorToRgba(color: dvui.Color) u32 {
return (@as(u32, color.r) << 24) |
(@as(u32, color.g) << 16) |
(@as(u32, color.b) << 8) |
(@as(u32, color.a) << 0);

65



A.33. src/ui/dvui_ext.zig

const std = @import(nstdu);
const dvui = @import("dvui");
const TexturedBox = @import("./types/TexturedBox.zig");

pub fn texturedBox(rs: dvui.RectScale, corner_radius: dvui.Rect) TexturedBox {

return TexturedBox.init(rs, corner radius);

}

A.34. src/ui/frame.zig

const dvui = @import("dvui");

const WindowContext = @import("../WindowContext.zig");
const menu bar = @import("menu bar.zig");

const tab_bar = @import("tab bar.zig");

const left panel = @import("left panel.zig");

const right panel = @import("right panel.zig");

pub fn guiFrame(ctx: *WindowContext) bool {
for (dvui.events()) |*e| {

if (e.evt == .window and e.evt.window.action == .close) return false;
if (e.evt == .app and e.evt.app.action == .quit) return false;

}

var root = dvui.box(
@src(),
.{ .dir = .vertical },
.{ .expand = .both, .background = true, .style = .window },

);
{

menu_bar.menuBar(ctx);
tab_bar.tabBar(ctx);

var content_row = dvui.box(@src(), .{ .dir = .horizontal },

{
left _panel.leftPanel(ctx);

right panel.rightPanel(ctx);
}
content _row.deinit();

}

root.deinit();

return true;

A.35. src/ui/left_panel.zig

const std = @import("std");

const dvui = @import("dvui");

const WindowContext = @import("../WindowContext.zig");
const Document = @import("../models/Document.zig");
const icons = @import("../icons.zig");

const Object = Document.Object;

const panel gap: f32 = 12;

const panel padding: f32 = 5;

const panel radius: f32 = 24;

const fill color = dvui.Color.black.opacity(0.2);

const ObjectTreeCallback = union(enum) {
select: u64,

delete: ub4,
};

fn shapelLabel(shape: Object.ShapeKind) []Jconst u8 {
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}

fn objectTreeRow(open doc: *WindowContext.OpenDocument, obj: *Object, depth: u32, object callback:

e

return switch (shape) {

i

.line => "Line",
.ellipse => "Ellipse",
.broken => "Broken line",

*?0bjectTreeCallback) void {

const indent px = depth * 18;

const is selected: bool = open_doc.selected object id == obj.id;
const row id: usize = @intCast(obj.id);

const focus_color = dvui.themeGet().focus;

var row = dvui.box(

@src(),
.{ .dir = .horizontal },
A

.id_extra = row_id,
.expand = .horizontal,

}I

var hovered: bool = false;
const row data = row.data();
var select row: bool = false;

// PydyHas obpaboTka hover/click no ctpoke 6e3 nomeTku cobeiTus kak handled,
// 4TO0bbl KHOMKa ynOasieHus MOorsa HOPMasibHO r0Jly4aTb CBOW COObITUSA.
for (dvui.events()) |*e| {
switch (e.evt) {
.mouse => |*mouse| {

if (!dvui.eventMatchSimple(e, row data)) continue;

hovered = true;

if (mouse.action == .release and mouse.button == .left) {

select row = true;

}
I
else => {},
}
}
const background = is selected or hovered;
var content = dvui.box(@src(), .{ .dir = .horizontal }, .{
.expand = .horizontal,

.margin = dvui.Rect{ .x = @floatFromInt(indent px) },

.background = background,

.color fill = if (is selected) focus color.opacity(0.35) else if (hovered)
- focus color.opacity(0.18) else null,

1)
{
dvui.labelNoFmt (
@src(),
shapelLabel(obj.shape),
A},
.{ .id_extra = row_id, .expand = .horizontal },

)i

if (hovered) {

const delete opts: dvui.Options = .{
.1d_extra = row_id +% 1,
.margin = dvui.Rect{ .x =4, .w =06 },
.padding = dvui.Rect.all(2),
.gravity y = 0.5,
.gravity x = 1.0,

b
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if (dvui.buttonIcon(@src(), "Delete object", icons.trash, .{}, .{}, delete opts)) {

object callback.* = .{ .delete = obj.id };
select _row = false;

}
}

content.deinit();

if (select row) {
object callback.* = .{ .select = obj.id };
}
}

row.deinit();
for (obj.children.items) |[*child| {
objectTreeRow(open doc, child, depth + 1, object callback);
}
}

fn objectTree(ctx: *WindowContext) void {
const active doc = ctx.activeDocument();
var object callback: ?0bjectTreeCallback
if (active _doc) |open_doc| {
const doc = &open doc.document;
if (doc.objects.items.len == 0) {
dvui.label(@src(), "No objects", .{}, .{});
} else {
for (doc.objects.items) |*obj| {
objectTreeRow(open doc, obj, 0, &object callback);

null;

}
}
if (object callback) |callback| {
switch (callback) {
.select => |obj id| {
if (open_doc.selected object id == obj id) {
open_doc.selected object id = null;
} else {
open_doc.selected object id = obj id;
}
}
.delete => |obj id]| {
_ = doc.removeObjectById(ctx.allocator, obj id);
if (open doc.selected object id == obj id)
open_doc.selected object id = null;
open_doc.canvas.requestRedraw();

}

}
} else {
dvui.label(@src(), "No document", .{}, .{});
}
}

pub fn leftPanel(ctx: *WindowContext) void {
var padding = dvui.Rect.all(panel _gap);

padding.w = 0;
var panel = dvui.box(
@src(),
.{ .dir = .vertical },
Ao
.expand = .vertical,
// OuKcuMpoBaHHas WUPUHa J1EBON MNaHesu
.min_size content = .{ .w = 220 },
.max_size content = .{ .h = undefined, .w = 220 },

.background = true,
.padding = padding,
}
)
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// HWXHA8 4YacTb: HaCTPOUKM
var settings_section = dvui.box(

@src(),
.{ .dir = .vertical },
A
.expand = .horizontal,

.gravity y = 1.0,

.margin = .{ .y =5 },

.padding = dvui.Rect.all(panel padding),
.corner_radius = dvui.Rect.all(panel_radius),
.color_ fill = fill color,

.background = true,

I
);
{
dvui.label(@src(), "Settings", .{}, .{});
const active doc = ctx.activeDocument();
if (active doc) |doc| {
const canvas = &doc.canvas;
if (dvui.checkbox(@src(), &canvas.native scaling, "Scaling",
if (dvui.checkbox(@src(), &canvas.draw _document, "Draw document",
canvas.requestRedraw();
}
if (dvui.checkbox(@src(), &canvas.show_render stats, "Show stats",
{
dvui.label(@src(), "Rendering quality", .{}, .{});
var quality = canvas.getRenderingQuality();
if (dvui.sliderEntry(
@src(),
"{d:0.0}%",
.{ .value = &quality, .min = 1.0, .max = 100.0,
.{ .expand = .horizontal },
)) A
canvas.setRenderingQuality(quality);
}
)
if (!canvas.draw_document) {
if (dvui.button(@src(), if (doc.cpu_render.type ==
o "Squares", .{}, .{})) {
if (doc.cpu_render.type == .Gradient) {
doc.cpu_render.type = .Squares;
} else {
doc.cpu_render.type = .Gradient;
}
canvas.requestRedraw();
}
}
if (dvui.button(@src(), "Add random shapes", .{}, .{})) {
canvas.addRandomShapes () catch {};
}
if (dvui.button(@src(), "Request redraw", .{}, .{})) {
canvas.requestRedraw();
}
} else {
dvui.label(@src(), "No document", .{}, .{});
}
}

settings section.deinit();

// BepxHas 4dacTb: pgepeBo 06bLEKTOB
var tree section = dvui.box(

@src(),
.{ .dir = .vertical },
A
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.expand = .both,

.padding = dvui.Rect.all(panel padding),
.corner_radius = dvui.Rect.all(panel radius),
.color_fill = fill color,

.background = true,

I
);
{
dvui.label(@src(), "Objects", .{}, .{
.font = . {
.line_height factor = dvui.themeGet().font heading.line_height_ factor,
.size = dvui.themeGet().font heading.size + 8,
+
.gravity x = 0.5,
1)
var scroll = dvui.scrollArea(
@src(),
.{ .vertical = .auto, .horizontal = .auto },
.{ .expand = .both, .background = false },
)i
{
objectTree(ctx);
}
scroll.deinit();
}

tree section.deinit();

}

panel.deinit();

A.36. src/ui/menu_bar.zig

const std = @import("std");

const dvui = @import("dvui");

const WindowContext = @import("../WindowContext.zig");
const Document = @import("../models/Document.zig");
const json io = @import("../persistence/json io.zig");

pub fn menuBar(ctx: *WindowContext) void {
var m = dvui.menu(@src(), .horizontal, .{ .background = true, .expand = .horizontal });
defer m.deinit();

if (dvui.menultemLabel(@src(), "File", .{ .submenu = true }, .{ .expand = .none })) |r| {
var fm = dvui.floatingMenu(@src(), .{ .from=r }, .{});
defer fm.deinit();

if (dvui.menultemLabel(@src(), "Open", .{}, .{ .expand = .horizontal }) != null) {
m.close();
openDocumentDialog(ctx);

}

if (dvui.menultemLabel(@src(), "Save As", .{}, .{ .expand = .horizontal }) != null) {
m.close();
saveAsDialog(ctx);

}

fn openDocumentDialog(ctx: *WindowContext) void {

const path_z = dvui.dialogNativeFileOpen(ctx.allocator, .{
.title = "Open",
.filters = &.{ "*.json" },
.filter _description = "JSON files",

}) catch |err| {
std.debug.print("Open dialog error: {}\n", .{err});
return;

} orelse return;
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defer ctx.allocator.free(path z);

const path = path z[0..path_z.len];

const doc = json io.loadFromFile(Document, ctx.allocator, path) catch |err| {
std.debug.print("Open file error: {}\n", .{err});
return;

b

ctx.addDocument(doc) catch |err| {
std.debug.print("Add document error: {}\n", .{err});
return;

}

}

fn saveAsDialog(ctx: *WindowContext) void {

const open _doc = ctx.activeDocument() orelse return;

const path_z = dvui.dialogNativeFileSave(ctx.allocator, .{
.title = "Save As",
filters = &.{ "*.json" },
.filter _description = "JSON files",

}) catch |err| {
std.debug.print("Save dialog error: {}\n", .{err});
return;

} orelse return;

defer ctx.allocator.free(path z);

const path _raw = path z[0..path z.len];

json_io.saveToFile(Document, &open _doc.document, path_raw) catch |err| {
std.debug.print("Save file error: {}\n", .{err});
return;

+;

A.37. src/ui/right_panel.zig

const std = @import("std");

const dvui = @import("dvui");

const WindowContext = @import("../WindowContext.zig");
const canvas_view = @import("canvas view.zig");

pub fn rightPanel(ctx: *WindowContext) void {
const fill color = dvui.Color.black.opacity(0.25);
var back = dvui.box(

@src(),
.{ .dir = .horizontal },
.{ .expand = .both, .padding = dvui.Rect.all(12), .background = true },
);
{
var panel = dvui.box(
@src(),
.{ .dir = .vertical },
Ao

.expand = .both,

.background = true,

.padding = dvui.Rect.all(5),
.corner_radius = dvui.Rect.all(24),
.color_fill = fill color,

b
)
{
const active _doc = ctx.activeDocument();
if (active doc) |doc| {
const content _rect scale = panel.data().contentRectScale();
canvas_view.canvasView(&doc.canvas, doc.selected object id, content rect scale);
} else {
noDocView(ctx);
}
}
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panel.deinit();

}
back.deinit();

}

fn noDocView(ctx: *WindowContext) void {
var center = dvui.box(

@src(),
.{ .dir = .vertical },
o

.expand = .both,
.padding = dvui.Rect.all(20),

+
);
{
var box = dvui.box(
@src(),
.{ .dir = .vertical },
A
.gravity x = 0.5,
.gravity y = 0.5,
+
);
{
dvui.label(@src(), "No document open", .{}, .{});
if (dvui.button(@src(), "New document”, .{}, .{})) {
ctx.addNewDocument () catch |err| {
std.debug.print("addNewDocument error: {}\n", .{err});
+
}
}
box.deinit();
}

center.deinit();

A.38. src/ui/tab_bar.zig

const std = @import("std");

const dvui = @import("dvui");

const icons = @import("../icons.zig");

const WindowContext = @import("../WindowContext.zig");

const DocCallback = union(enum) {
select: usize,
close: usize,

};

fn documentTab(ctx: *WindowContext, index: usize, callback: *?DocCallback) void {
const row id: usize = index;
const is selected = if (ctx.active document index) |active| active == index else false;
const focus_color = dvui.themeGet().focus;

var row = dvui.box(

@src(),
.{ .dir = .horizontal },
o

.id_extra = row _id,

.expand = .none,

.gravity y = 0.5,
}I

var hovered: bool = false;
var select_row: bool = false;
const row data = row.data();
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// PydHas obpaboTka hover/click no ctpoke 6e3 nomeTku cobwiTns Kak handled,
// 4TObBbl KHOMKa 3aKpbITUS MOrsa HOPMasbHO MoJly4aTb CBOW COOLITUA.
for (dvui.events()) |*e| {
switch (e.evt) {
.mouse => |*mouse| {
if (!dvui.eventMatchSimple(e, row data)) continue;
hovered = true;
if (mouse.action == .release and mouse.button == .left) {
select _row = true;
}
}
else => {},

}

var overlay = dvui.overlay(@src(), .{
.margin = dvui.Rect{ .x =4, .w =141},
.padding = dvui.Rect{ .x =12, .y =0, .w=20, .h =01},
.background = is selected or hovered,
.color fill = if (is selected) focus color.opacity(0.35) else if (hovered)
- focus color.opacity(0.18) else null,
.corner_radius = dvui.Rect.all(4),

b
{
var buf: [32]u8 = undefined;
const label = std.fmt.bufPrint(&buf, "Doc {d}", .{index + 1}) catch "Doc";
dvui.labelNoFmt(@src(), label, .{}, .{
.gravity x = 0.5,
.gravity y = 0.5,
.margin = . { .w = 24 },
1)
if (hovered) {
if (dvui.buttonIcon(@src(), "Close", icons.cross, .{}, .{}, .{
.id_extra = row_id +% 1,
.margin = dvui.Rect{ .x =8, .w =206 },
.padding = dvui.Rect.all(2),
.gravity x = 1,
.gravity y = 0.5,
) A
callback.* = .{ .close = index };
select row = false;
}
}
}
overlay.deinit();
if (select row) {
callback.* = .{ .select = index };

}
}

row.deinit();

}

pub fn tabBar(ctx: *WindowContext) void {
var bar = dvui.box(

@src(),
.{ .dir = .horizontal },
A
.expand = .horizontal,
.background = true,
.padding = .{
X =12,
w =12,
I
+
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var callback: ?DocCallback = null;
for (ctx.documents.items, 0..) | _, i| {
documentTab(ctx, i, &callback);
}
if (callback) |action]| {
switch (action) {
.select => |index| ctx.setActiveDocument(index),
.close => |index| ctx.closeDocument(index),

}

if (dvui.buttonIcon(@src(), "Create", icons.plus, .{}, .{}, .{
.gravity y = 0,

A
ctx.addNewDocument() catch |err| {

std.debug.print("addNewDocument error: {}\n", .{err});

+

}

}

bar.deinit();

A.39. src/ui/types/TexturedBox.zig

const std = @import("std");
const dvui = @import("dvui");
const TexturedBox = @This();

parent: dvui.Widget,
rs: dvui.RectScale,
pic: ?dvui.Picture,
corner_radius: dvui.Rect,

pub fn init(rs: dvui.RectScale, corner_radius: dvui.Rect) TexturedBox {
const parent = dvui.parentGet();
const pic = dvui.Picture.start(rs.r);
return .{
.parent = parent,
.corner_radius = corner_radius,
.rs =rs,
.pic = pic,
+
}

pub fn deinit(self: *TexturedBox) void {
if (self.pic) |*picture| {
picture.stop();

const tex = dvui.textureFromTarget(picture.texture) catch null;
if (tex) |t] {
dvui.Texture.destroylLater(t);
dvui.renderTexture(t, self.rs, .{
.corner_radius = self.corner_radius,
}) catch {};
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