BcTynneHue
[ata poxgeHus - 18.09.2016.

Hy npuBeT. 3Haelb, a Tbl BE3yHYMK. [Touemy? MNoToMy 4TO Thl cENYAC YMTaellb CamMbli LLMKAPHbIN
PYCCKOSA3bIYHBIV AOK MO pOMXakunHry. CBexme Bepcum kadam n3 TeMbl Ha canTe unu crpawmneam NMYHO y MEHS.

MeHs 30ByT Kan, s aBTop aT0ro y4ebHunka. Con nepBbi xak s caenan 11ro mas 2014ro, a1o 6bina urpa Tecmo
World Cup Soccer. C aerycta 2015ro genato xaku gnst TypHupoB rpynnbl Nekketsu. B utone 2016ro Bbinyctun
HaLly PUPMEHHYO MHOTOUIPOBKY. A paboTato Tonbko ¢ amynaTopom FCEUX.

A Toxe OblN HOBUYKOM, NO3TOMY 3TOT Y4eOHMK OyaeT HanMcaH Tak, kKakuM Obl 1 XOTen BUAETb €ro B CBOW NEPBbLI
AeHb 00y4yeHuns. OH pacuMTaH Ha noluaroBoe oby4yeHne, ¢ NnogpobHbIM pas3bopom Kaxgoro atana. Ecnv Tl

He nnaHMpyeLlb BCEPbE3 3aHMMATLCA POMXaKMHIOM, BO3MOXHO Tebe nogoLunu 6bl 6onee kpaTkme ctaTbun n3
WHTEPHETA, NOCKOSbKY MHAOPMaLun 3gecb OyaeT 04eHb MHOTO.

A 6yny npusHaTteneH, eCnu Tbl HaNULWELLb MHE W:

* YyKaXellb Ha ownbkun, aaxe opdorpaduyeckme. A nuwy JOBOMIBHO FPAMOTHO, HO 3HaKM NPENUHAHUSA Mory
CTaBMWTb MO CMOEMY YCMOTPEHUIO (aBTOPCKME 3HAKM TUMNA).

* MONPOCULLb YTOYHUTb KaKON-TO MOMEHT M3 cTaTbu. MpeaBaputensHo ybeaucs, 4To Tl NpoYMTan U yCBOWI
NHY 13 NpeabiayLMX Pa3aernos.

* MPEANOXMILLb AEK MO YNyYLEeHNo y4eOHuKa unu nonesHyto ctatbto. Ctatbn 8 fo6aBnsio ctoga, noka g He
yoensin aTomy pasgeny MHOrO BpPEMEHM.

* 3aX04eLlb MeHS Kak-To oTbnarogapuTb. JTanku n goHaTbl NPUBETCTBYOTCS.

W HeGonbLoe HanyTcTBME Nepen oby4YeHneM: MeHsIA B Urpe BCe YTO MoXernaellb, eCriM cYMTaeLlb YTo urpa
CTaHEeT Nyylle YeM OHa ecTb ceiyac.

C3HCaM KalinbIy HacTasnsaeT MOSIOALIX POMXaKepoB
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Bce HeoOxoaumoe ans paboTbl
CkaumBaelub apxmB no aton ccoinke https:/lyadi.sk/d/kmyUQXnlI35deRt

FCEUX - amynsitop, Ha KOTOpOM Tbl O6yaelub paboTatb. B HEM eCTb BCE UTO HY)XXHO AJ1S1 pOMXakuHra. 34ecb

s1 onucbIBaTb ero He Byay, bonee nogpobHO 51 pacckaxy 0 HEM B xoge TBoero oby4yeHusi. B moen cbopke 2
exe'lH1Ka C pasHbiM1 BEPCUSIMU, 1 B OCHOBHOM MOSb3YHOCh CTapon Bepcnen 2.2.2 no HEKOTOPbLIM NpUYMHaM, 1 B
OonbLMHCTBE Cry4YyaeB nNpumepbl B y4ebHmke OyayT ¢ Hee. XpaHu pombl B nanke ROMS, 4ytoObl He Bansanuck rae
nonano Ha gucke.

B apxuBe nexuT nanka lMpo2pamMmsl. B Hee s CkMHYN To, YTO MOXeT Tebe NpuroanTbes, U Yem Nosb3ych 5
cam.

Ammy Admin - gnsa otobpaxxeHns CBOero akpaHa cobeceaHuky, aHanonuyHa Team Viewer, HO C OrpaHMYeHHbIM
dyHKUMOHanom. Hekotopble aHTUBMPYCLI MOTYT pyratbcs. C 3TOM Nporow s cMory okasaTb Tebe HeGOornbLUYIo
KOHCynbTaumMio oHNanH. [ns ronocoBoro obLieHnst MoxHo ncnonb3oBaTtb Discord https://discord.gg/pjgAQGg
unu rpynny RaidCall 4749936. A noka He 3Hato Gyay nun 9 BOOOLLE KOro-TO KOHCYIBTUPOBaTh INYHO. Thl LN
€Cnn YTo, TaM NOCMOTPUM.

HashTab - ans BbluMcneHnsa KOHTPOSbHLIX CyMM (pannos. ocne ycTaHOBKM B CBOMCTBaxX dhanna nosasutcs
BKMagka C xel-CymmMaMu, OTKyAa MX fierko CKonmpoBaTb Y CPaBHUTL € ApyruM dpannomM. 3Ta nporpamma
npurogmnTca Tede npu BbikNagbiBaHMM XxakoB Ha romhacking.net anga ykasaHusa Bcen Heob6xoanmon nHdbl Npo
OpUrMHanbHbIA POM.

HexCmp - anga cpaBHeHuss 6aiTOB OBYX POMOB. YOOOHO uckatb 6aru, BhidaBaHHbIE CBOMM Xe Kogom. Ecnn y Tebs
B CTapow Bepcumn poma Bce cTabunbHoO, a B boree cBexen Bepcum Hadanuck 6arn, cpaBHMBaeLWLb oba poma u
HaxoauLWb NPUYMHY.

HxD - oTnnyHbIN ansTepHaTMBHLIN Hex-peaakTop. Ero s ncnonbayto 4tobbl 66ICTPO BbIAENUTE HYXXHbIE MHE
GanTbl poma Anis nepeHoca Ux B MO MHOFOMIPOBKY, NMOTOMY YTO AenaTb 3TO Yepe3 BCTPOEHHbIM Hex-pegakTop
aMynsTopa o4eHb reMOppPOrHO. Takke C ero NMOMOLLBI MOXHO pacluMpuUTb poMm. [1ns Bcero octanbHOro MHe
XBaTaeT AMYNSTOPHOrO.

Lunar IPS - onsa cosgaHus natya. [aTty - 310 dhans, KoTopbii COaePXUT B cebe nHdopMaumio o pasnnimm
mMexay AByMs pomamu. Hanpumep Tbl B35 OPUrMHanbHbI POM, U3MEHUI B HEM YTO-TO, M COXPaHUM OTAENbHO.
Tenepb y Te6A 2 pasHbIX poma, opuriHan u TBon xak. C NOMOLLLIO 3TOW NporpamMmbl Tbl CO34aeLUb NaTy,
KOTOPbIN YXXe CoaepXuT B cebe nHopmaumnio 0 TOM, Y4TO Tbl UISMEHWUI, U Tbl MOXELLb HaNOXWTb 3TOT NaTy Ha
OpUrMHanNbHbIA POM, YTODbI N3 OPUIMHANBHOIO poMa Nony4vuscs TBon xak. Natun cumTatotcs bonee-meHee
neranbHbIM CNOCOB0OM BbIKNaabiBaHWsi CBOMX XaKOB, NOCKOMbKY NaTy He CoAepXuT B cebe urpy, a TonbKo
OTNNYNA OAHOro poMa OT ApYyroro. To eCTb Thbl HE HapyLUaellb 3aKOH BbINTIOXMB 3TOT NaTty. 3aKOH HapyLuT

TOT, KTO MM Bocnorb3yeTcs. Ha canTtax Bpoge romhacking.net tebe notpebyeTtcsi BbITOXUTL UMEHHO NaTy,
MOCKOIbKY BblKNnaablBaTb CaM XakK 3anpeLleHo.

YY-CHR - ansa pegaktnpoBaHus rpadmnkn. OdeHb yoobHas nporpamma, npo paboTy € Hel s1 pacckaxy B
Bynywem.

KanbKynsaTop - ctTaHaapTHbI kanbkynsatop Windows 7. B HeM xmelwb Bud - lpoepammucm. OTuM
KanbKynaTopoMm Tbl ByAellb NOnb30BaTbCA OYEHb YacTo.

M nocnegHsas, HO He MeHee BaxHas Bellb. Tebe Hy>XHa BO3MOXHOCTb ObICTPO YTO-TO 3anucaTb B Jl0O60N MOMEHT
BpeMeHW. Y MeHSA eCTb CBOsI NpmBaTHas rpynna BkoHTakTe. B Hel co3gaHbl OTAeNbHbIE TEMbI NS TEX Urp,
KOTOpbIMY 5 3aHMMatoCb. Ecnn 51 4TO-TO Npuaymato, s cpasy 370 3anucbiBalo. Takke NOMHW, YTO TBOWM Xaku Ha
Bec 3onota. PekomeHayto ncnonb3oBaTtb 63kanbl Ha obnake ¢ perynsapHon CUHXPOHU3aumen, 1 cam Nosb3ycb
obriakom mail.ru. Bcerga xpaHu Bce Bepcum CBOMX XaKoB, M CTapalcst COXPaHATb OTAENbHbIE Xaku Kak MOXHO
yale, 0ocoGeHHO noka Thl eLle yunwwbes. Yem 6onblue NpoMeXyTOYHbIX COXPaHEeHU, TEM NPOLLE UCKaTb U
NCNpaBnNATb CBOW OLLNGKW.



YpoBeHb pOMXaKUHra

3pech Tbl MOXeLLb BbIOpaTb TO, YEMY XO4eLlb HAYYUTLCS. YUeOHMK pacunTaH Ha noden ¢ HyneBbIM Unu
MWHUManbHbIM OMbITOM U 3HAHWMEM pOMXakuHra. Kaxxablil ypoBeHb CNPOEKTUPOBaH C Y4ETOM TOTO, YTO Thl yKe
npounTan u ycBoun MHopMaumio ¢ NpeablayLmnx ypoBHen. JTo Takke 03HaYaeT YTo s O4eHb peako byay
NOBTOPSATb MaTepman NpeablayLnx YPOBHEN B HOBbIX CTaTbsIX.

A He Byny yTBEpXKOaTb YUTO YPOBEHb MacTepa U3 3TOro AOKyMEHTa 3TO MakCUMarbHO BO3MOXHbIV YPOBEHb
poMxakuHra. Het, ypoBeHb MacTepa - 370 JIMYHO MOW HbIHELLHWI Npeaen 3HaHun 1 onbiTa. Ha camom gene 4
Obl He Ha3Ban cebsd MacTepoM, HO s1 AOCTATOMHO KOMMETEHTEH, YTOObI HAaNUcaTb 3TOT y4eOHMK, U MOry aenaTb
XaKn CpeaHero ypoBHsi. B obuem, ocBovLLb MO YPOBEHb MacTepa - YyBak, Tbl KpYT, MHe bonblue Hevemy Tebs
Hay4nTb.

£ 3apaHee ckaxy, Y4TO 1 MOry CaM He 3HaTb HEKOTOPbIX, AaXe AOCTAaTOYHO NMPUMUTMBHBIX Bellen. Ecnu s yero-
TO HEe 3Halo, UM B YEM-TO HE YBEPEH, S TaK U CKaxKy YToObl He BBOAMTL Tebs1 B 3abnyxaeHne. Co BpeEMEHeEM S
MOrY y3HaTb YTO-TO HOBOE, UM MHE KTO-TO NMOACKaXKET UINN MNONPaBUT MEHS, U TOrAa S OTPEAAKTUPYHO U AOMNOSHI0
cTatby yyebHuKa.

He 3abbiBan knvkaTb Ha KaXkObl pasgern, Aaxe Ha ornasfeHne, Be3de CoaepXXntcs nonesHas uHda. M oueHb
Ba)kHO, YTOOLI Aenan B TOYHOCTU BCE LUarn U3 pearbHbIX NPUMEPOB, @ HE NPOCTO YnTasn caM TEeKCT. [ToMHU, 4To
BCE TYT COCTaBJIEHO KaK YacTb TBOEro 00y4yeHus.

Hy norHanu, ye.



HoBu4ok
Ha aTom ypoBHe Tbl NOMy4YMLLb BCIO HEOOXOOUMYIO NPeaBapUTENbHYH MHGOPMaUMo Arst 6a30BOro poMxakuHra.

Monarato, Tel yXXe 3Haewwb 4YTo Takoe ROM-cann. Pom - 310 06pas mnrpbl ansa amynatopa. Ecnm TouHee, 310
ABOVYHbIN chanin, cogepXaLlmi KOM1o AaHHbIX N3 MUKPOCXEMbI KapTpuaxa. Ytobbl novrpats B urpy, Tede Hago
HanTn pom aton urpbl. Ons amynaropa dengun (Nintendo Entertainment System, nnu kopotko NES) HyeH pom-
¢hann ¢ pacluMpeHnem .nes.

[lna Hayana yTo4HI0, YTO OTHbIHE paboTaTb NPEeACTOUT C LecTHaauaTepuyHon cuctemon cuncnexnst (HEX).
OTnnumsa oT NPUBLIYHON HAM OECATUYHON ( ) B TOM, 4TO B HEX, 4T0o6bl obpatbesa ot 00 go 10, HyXHO
nepebpatb 16 uncen: 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B, 0C, 0D, OE, OF, 1 Tonbko notom naet 10.
OABHEX3to 10 B ,0BBHEX 310 11 B .10 B HEX 310 16 B . YT100bI BCE 3TO HE 3aNOMUHATbD,
ans yoobcrea nepesoga us B HEX n HaobopoT Tebe Hy)eH Kanbkynatop. Takke nomHu, yto 6ant 00 Toxe
ncnonb3yetca B HEX, noatomy ecnu B urpe otcyet nget Hanpumep ¢ 00 go 05, ato 6 pasHbix uncen, a He 5 (00,
01, 02, 03, 04, 05).

BawnT - uncno B HEX.

0325 - agpec nog Homepom 0325 (B HEKOTOPbIX AOKYMEHTaX MOXHO BCTPETUTL 0603Ha4veHne 0325h).

5E - 6anT 5E.

01011110b - pa3bop GanTta 5E Ha 6uThl (aBonyHas cuctema BIN). bykea b o3Hauaert, 4yTo aTOT Habop 13 8 undp
aBnsieTca pas3bopom GanTa Ha GUTLI. BUTbl BCcerga ykasbiBaOTCA C CEAbMOrO MO HYNEeBOW, CeBa Hanpaeo.
Pa3bop 6arita Ha 61Tl Tebe MoXeT NoHagobuTbCs B OyayLiem.

. J Kanwkynarop — l ] | |_—$;h]

Bug [paeka Cnpaeka

S5E

@ges ooee oooe BOGe GbBe oGebe GeBE  ooee

63 47 25
GO0 00O 0DOO 00O 00O  DOOO . .
31 15

- Mod|| A || Mc || MR || Ms || Ms || M-

“) Dec

( ) B || & || cE C + v

01011110b
76543210 - nopagkoBbln HOMep, ucnonbayetca obo3HaveHue 6ut7, uT6... GuTo



Hactpownka amynsatopa

YUTo6bl ocBOUTL MHTEPdENC, CHavana oTkpon poM. [Ansa obydeHus st npegnarato tebe urpy Battle City (TaH4mkn),
KoTOpbIN Tbl Hangewb B nanke ROMS. 3anyctn fceux.exe 2.2.2, Haxmu File - Open ROM, Bbibepwn Battle City
(J) ['].nes. CMmOTpK BUOEO UM YMTal UHCTPYKLMIO MO HACTPOWKE.

E: Li c."T'- ok
L

lMepBbIM Aenom HacTpamBaeLb yrnpasneHue nog cebs. ImMynatop y Teba yxxe 3anyLleH, 1 Ha 9KpaHe TaHYMKu.
B amynsitope xmewb Config - Input (1, 2). Tam rge Port 1 xmewb Configure (3), oTkpoeTcs OkHO (4). Knukaelb
MBILLKOW Ha KHOMKY, gonyctum Up, OTKpOeTCs ManeHbkoe OKOLKO (5), mocne oTKpbITMSA 2 pa3sa XMeLb Ha
Xernaemyto KnaBuLlly, OKHO aBTOMaTn4ecku 3akpoeTtcs. [Nepexoaunilb K crieqytowen KHOMKe, U Tak Noka He
HacTpouwwb Bce B rpadpe Virtual Gamepad 1. >Kmewb BHU3y Close. 3atem Tam rge Port 2 xxmelwb Ha <none> (6),
BblOMpaewb Gamepad. 3atem xmewsb Ha Configure (T) n aHanNnoOrM4YHoO HacTpamBaellb ynpasneHue gnsa Virtual
Gamepad 2, yxxe Ha gpyrme kHonku. B koHue xmewsb Close.


https://www.youtube.com/watch?v=XVIlRUpg6sQ
https://www.youtube.com/watch?v=XVIlRUpg6sQ

> CCEUX 2.2.2: Battle City U) [1] o Input Configuration [
File MES | Config | flools Debug Help

- MES-gtyle Input Ports
i enu Ecape Aftach four-score [implies four gamepads) Replace Port 2 Start With Microphone
Enable FO000 Part 1: Part 2:
PAL Emulation | Gamepad M | <nane: M

. . 2 apper |
Directories... Input Presets | Pawer Pad & i

Set Impart Export Power Pad B
GUL. PoLset | [mot J{ Ewot | - Com e [
Inpu.. 2 | Set | [ Impott |[ Export | |'\<4n°$ﬁ§> _-|
3 Bl A——
Network Play... [ Set | [ Impat |[ Expart |
Palette... Auto-Hald Emulation
Sound... | Set | not assighed Allow Left+Right / Up+Dovn
Timing... | Clear | notassigned —
Close

Video...
Movie options... s (SRR
Map Hotkeys... STRUCTIOMN Wirtual Gamepad 1 q
Save Config Fil e

SRS [Up | | TubeB| | Tuboa|

193{‘ 1955 HI'—'IHI:D L TD . | Leit | |Right | |Select| | Start | |i| |i|
|Dawn| ~ e )
ALL RIGHTS RESERVED — Up

KB: W

irtual Gamepac

[Ue |

Close

= =

|Down|

Close

Tenepb Hago HaCTPOUTL ropsiune KnaesuwwM amynaTopa ans Teoero yaobcresa. XKmewsb Config - Map Hotkeys,
MLelb B CNNCKe BblAENEHHbIE KOMaHAbl C KAPTUHKW. ECnn 4TO-TO X0Yellb NOMEHSATb, KNMKaellb ABaXAbl N0
KOMaHae, Npu NOsIBNEHMMN ManeHbKOro OKHa XXMeLUb OAWH pa3 Ha HYXHYIO KnaBuLly Unn KOMOMHaLMIO KnasuL,
OKHO 3akpoeTcs. Ecnu nocne HacTporku ynpaenenuns y Tebsa knaBulim coBnagatoT C ropsynmmn Knasmamm
aMynaTopa, HaXo4uLWb KOMaHAy B CNMCKE, ABa pa3a Knukaelb Ha Hee, B MareHbKoM OkHe xmewwb Clear. Ha
CKPWHLLOTE NoKasaHbl MOW HAaCTPOMKN, OCTarnbHbIMU KraBuLaMm s He NONb3YHOCh.
* Power - nporpammMHbIn cHpoc amynaTopa, aHanornyeH NosIHOMY BbIKIOYEHMIO AMYNATOPa U3 PO3ETKM U
nocneayroLemy MrHOBEHHOMY BKITHOYEHWIO.
* Reset - annapatHbIn cOpoc amynAaTopa, aHanornMyeH HaxaTunto KHonkn Reset Ha opuriHaneHOM NpucTaBke.
* Pause - naysa B amynatope. Pabota amynaTtopa nonHOCTbIO 3aMOpaXXBaeTcs.
* Frame Advance - nepBoe HaxaTune aHanorm4Ho Pause, Npy NOBTOPHOM HakaTun aMynaTop caenaet war B 1
Kagp. YTobbl CHATb Nay3y, HY)KHO HaXkaTb KHOMKY, Ha3Ha4YeHHyo Ha Pause.
* Speed Down - 3ameqnuTb CKOPOCTb paboTbl amMynsTopa.
* Speed UP - yBennuntb ckopocTb paboTbl amynsiTopa.

* Turbo - o4eHb BbicTpas ckopocTb paboTbl AMyNATOpa, ANA ANUTENBbHOrO 3PdEKTA HYXXHO yaepXKNBaTb KHOMKY.
+ Save State - coxpaHuTbcs.
* Load State - 3arpysntbcs.



File NES Tools Debug Help
Hide Menu Escape
Enable 3

Display 3

PAL Emulation
PPU r

Directories...
GUL..

Input...
Network Play...
Palette...
Sound...
Timing...
Video...

Movie options...

Map Hotkeys...

Save Config File

1980 1985

ALL RIGHT

B FCEUX 2.2.2: Battle City () [1 — Hotkeys

m Hotkeys &
Type Command Irput - Type Command Input o
Pawer Shift + T State Savestate Slot 9 ]
Resat Shift + R E State Mext Savestate Slot
Pause u] State Previous S avestate Slot
Frame Advance Backslash Shate Save State | ||
SEEER] T2 ate ErE
Hide Menu Toggle Escape State Sawe State to Slot 0 Shift + F10 E
Exit State Save State to Slot 1 Shift + F1
G| State Save State to Slat 2 Shift + F2
Speed Down Minus I State Save State to Slot 3 Shift + F3
State Save State to Slot 4 Shift + F4
Speed Up Equals I State Save State to Slot 5 Shift + F5
R =R BTN State Save State to Slot 6 Shift + FE
Turbo Tah I State Save State ta Slot 7 Shift + F7
Speed Turbo Toagle State Save State to Slot 8 Shift + F2
State Savestate Slot 0 1] State S ave State to Slot 9 Shift + F3
State Savestate Slot 1 1 tate Load State P | |
State Savestate Slot 2 2 Slate Load State From...
State Savestate Slot 3 3 State Load State fram Slot 0 F10
State Savestate Slot 4 4 State Load State from Slot 1 F1
State Savestate Slot 5 5 State Load State from Slot 2 F2
State Savestate Slot 6 [ State Load State from Slot 3 F2
Chate Cmwactabe ot T 7 = Chota 1and Chabe framm Clab 4 [} S
Filter: |Nune - Filter: |Nona v|
‘ Restare Defaults Cancel ‘ 0k ‘ Restore Defaults Cancel ‘

[anee no xenaHuto genaewb otobpaxeHne FPS Ha akpaHe (1). 3aTem 3axoguilb B HACTPOWKM BUaeo (2). Ecnu
BbICTaBMLUb 3€feHbIe rariloyvkM Kak y MeHs, CMoXeLlb yA06HO MeHATb pa3mep OKHa aMmynaTtopa 6e3 nameHeHns
COOTHOLLEHUS padmepa CTOPOH, a KpacHas - MHE HPaBUTCS COOTHOLLEHME CTOPOH TV, TYT yX KoMy Kak. 1o
XernaHuio BbiCTaBb PUbTP n3obpaxeHns Ha akpaHe, ecnu Tebe He HpaBUTCHA OpUrMHaNbHas NUKcenbHas

rpadguka.

. FCEUX 2.2.2; Battle City () [] p—

File NES Tools Debug  Help

Hide Menu

Enable

Display 1
PAL Emulation
PPU

Escape

Frame Counter

Input Display
Lag Counter

Rerecord Counter

Directories...

Mavie status icon

Period
M

Gl FPS

Input...
Network Play...
Palette...

Sound...

Timing...
2

Mavie options..

Map Hotkeys...

Save Config File

Graphics: BG
Graphics: DBJ

STRUCTIOM

1980 19585 MAMCO LTD.
ALL RIGHTS RESERVED

Full Sereen Settings
Full Screen (Al + Enter)
Enter full screen mode after game is loaded

Hide mouse cursar

1024 @ (32 ~|bpp

Mode: 1280 by

Specisl Filer | <nones

Sync methad: | <Nonexr

DirectDraw | Hardware acceleration he |

‘Wwindowed Settings

Size Multiplier.  2.038237 2088237
‘Wihen resizing the windaw
arce intearal scaling factars

arce aspect ratio conection

Special Filter: | <nones -
Sync method: ‘(nnne) "

DirectDiraw; ‘No hardware acceleration "

i S

Aspect ratio

estFit  [V]BG color V] Square pivels

W Aspect  4.000000 2 3,000000
Drawing Area
NTSC PaL
First line: 8 1]
Last line: il 239

Clip laft and right sides [8 px on sach]

Ernulation

Allow mare than 8 sprites per scanline

Close

Ha aTtom Bce. MoxeLb HEMHOrO Nourpatb, MPOBEPUTL YNpaBneHne B AMynATope 1 ropsyne knasmwmn. Beibop
cnota Ans coxpaHeHus/3arpysku knasuwamm 1, 2... 0.



OkHo Hex Editor

Cam amynaTop MOXHO MCMNONb30BaTh NPOCTO AN UrPbl, HO Tbl COBUPaELLbCs HAayYUTbLCA POMXAKUHTY, NO3TOMY
pa3bepem BcnoMmoraTeribHble UHCTPYMEHThI. [NepenaemM K n3yveHuio ByX BaXXHENLMX AOMONTHUTENbHbBIX OKOH
amynatopa - Hex Editor n Debugger (npo Hero OyaeT pacckasaHo B pa3gerne ¢ komaHgamu npoueccopa). Bo
Bpemsi paboTbl C 060MMM OKHaMK TeEDE HYXXHO NEPEKIIOYNTL PacKagaKy Knaebl HA aHIMUUCKYHO, YTOOLI Tbl MOT
nponucbiBaTb 6anTel OykBamun. HauHem ¢ Hex Editor, B ganbHenwem 6yay HasbiBaTb €ro NpoCTO XEKC.

B amynsTope xmu - Hex Editor. A npegnoynTato 4tobbl OKHO ObINO pacTaHyTo oT 000000 oo 0001F0 (32
cTpoukmM). Kctatu roBopsi, ganblue s He 6ygy HasbiBaTb NepBble ABa Hyns. A 6yay rosoputb 0000 n 01F0.

% FCEUX 2.2.2: Battle City (1) [ . oo [ T o8 e Ecitor - RAM Offset 03000051 =
Fie NES Config Tools i < Edit . Highlighting Bookmarks Help
i 10 @ .?.....C.C.h. - =
Debugger... = . v Memory 00 00 00 00 00 FF 00 00 0o - -
PPU Viewer... Memory 00 FF FF FF FF : .

01 FF 00 00 02 : .
00 01 FF FF 00 : .
FF 9C 72 04 : .H.-.,
00 05 01 20 00 : ......

Name table Viewer...

Trace Logger..

) 20 0z 00 00 0 00 FF FF FE 06 : .
GooelDaiosons 00 00 46 1E 00 30 0 00 00 00 06 03 : ....F.
Game Genie Decoder/Encoder... 76 N FF B 20 20 FF FF : .

E3 E2 FF FF i ...

A3 A1 A1l 00 00
04 FF 0 OF oC FF FF :
0

0 20 00 0o 41 00 @ .
0 00 01 00 0O 00 FF FF FF FF : .
2 64 FF 0 40 40 FF FF : .
01 FF 0o 00 00 03 FF FF : §
00 FO 00 00 00 FF FF FF FF : . ....
49 20 42 4F 20 20
FF 00 FF FF FF FF : .
FF 00 FF FF FF FF : .
FF 00 FF FF FF FF : .
FF 00 FF FF FF FF : .
FF FF 00 00 00 00 02 3F 03 00 : .
FB DE 20 E1 EO0 E0O 1F C4 AR CO : .
14 FF 22 BE 6F FF 22 5E 6F FF : "

1 PLAYER
Z PLAYERS
CONSTRUCTION

€F FF 00 BD 14 FF 22 BE &F FF
6F FF 00 FF 23 6C 00 OF C9 CB : "
00 00 FF 00 6A 6A FF 21 1D &A €A : .
20 DD €A 6A FF 20 BD &A A FF : .
0 9D €A €A FF 20 7D €A €A FF 00 00 FF FF FF FF :
00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF :
00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF @ ... .iiininnnnnnn.

1950 1955 MNAMCO LTD.
ALL RIGHTS RESERVED

Bo Bknagke View MOXHO NEPEKIOYMTLCSA Ha 3 pasHbIX pexnuma, BCE OHM HYXHbl A4S poMxakuHra. B Oyayuwem s
Oyny HasbiBaTb ux NES, " COOTBETCTBEHHO. PaccMOTpuM Kaxabl B OTAENBHOCTH.



NES Memory

UTak, 4to Thl TYT BMANLWL? bonbluas Tabnuua, no 16 6antoB B cTpodke. HekoTopble 6aiThl NOCTOSHHO
MeHSATCA. Takme 6anTbl N0 yMONYaHMIO NOACBEYMBAIOTCA pa3HbIMK LiBETaMn, YTobbl NpoLLe BbINo YTO-TO HAUTMW.
MecTononoxeHune kaxgoro 6arnta HasbiBaeTca adpec. B gaHHbIi MOMEHT MOW KypCcop HaxoOMTCS Ha CTPOYKe
0050, 2n 6ant no cyety = agpec 0051. Mo agpecam MOXHO NepemeLLaTbCsl CTPENnoYKaMm Ha Knaee.

® ey Editor - RAM Dﬂ‘s- = B X

File Edit View Highlighting Bookmarks Help

aoQooo: 20 00 33 00 00 1C 00 00 00 00 02 aa FF : e . . -
000010: 00 FO DB &6 07 00 00 00 00 0O 00 00 FF 00 00 00 & seefevnnnnnnnnan
000020: 00 00 00 00 FF FF FF FF 00 00 00 Q00 FF FF FF FF & ceveevnnnnnnnnan
000030: 00 00 00 00 FF FF FF FF 00 00 00 00 FF 00 00 02 & ceeeevnnnnnnnnas

000040: 00 00 00 FF FF FF 48 83 00 00 00 FF FF FF 00 : ....... -
000050: 02 00 12 4% 8B BC 5& 00 00 08 00 FF 8C 56 04 .I..H..'-.-" ...... V.
0000&0: 00 00 00 FF FF FF FF 00 00 00 00 FF 00 20 00 & .. ueeenvananan

000070: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF & .cueeinnnnnnnanann
00o0080: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF & cuiennnennanannn
000090: 48 00 00 00 FF FF FF FF 8B 00 00 00 FF FF FF FF & Huwwsaseanannasna

AAAAT M. o3 [aWal [aWal [aWal [aWal [aWal [aWal [aWal [aWal [aWal [aWal [aWal E 3 A O T A

Bce, 4to Tbl TYT BUAULWLL - onepatueHas namAtTb (RAM, nnu no-pycckn O3Y). RAM - aHeprosasucrumasi

4YacTb CUCTEMbI KOMMNbIOTEPHOW NAMSTU, B KOTOPOW BO BpeMS paboTbl KOMMNbIOTEPA XPaHUTCS BbINOMHAEMbIN
MaLUUHHBIA KO, a TakkKe BXOAHbIE, BbIXOAHbLIE N MPOMEXYTOUHbIE AaHHble, 06pabaTbiBaeMble NPOLEeCcCopoM
(Buknnegus). B gaHHOM criydae komnbloTep aTo amynatop. Ecnv npowe, RAM - 3TO KHUXKHAs nonka co
MHOXXECTBOM OTAENOB (aApecoB), 1 B Ka40W NOnke XpaHUTCs ogHa kHura (6anT). B onepaTtmeke xpaHsTcs
6anTbl, KOTOPblE MOTYT MEHATLCHA PEAKO, YacTo, UM HE MEeHATLCH BOOOLLE, BCe 3aBMCUT OT Koga urpbl. Agpeca
MOryT OTBeYaTb 3a KoopAMHaTy 0ObeKkTa No ropu3oHTanNn UM NO BEPTUKANM, 3TO MOXET BbiTb CHETHMK XKUSHEN,
3TO MOXeT ObITb Tanmep, a 6alT 3TO COOTBETCTBEHHO HEKOE KONMUYECTBO.

OKHO xeKkca pasgeneHo Ha 3 YacTu - HavarnbHble agpeca, n nepeBoa 6aMToB B CUMBOIJbI, Kak
Hanpumep dpasa . MOXHO nucaTb Tonbko undpbl 1 6ykebl A, B, C, D, E, F, a 3peck
undpsbl, GyKBbI N HEKOTOPbIE CUMBOISTbI.



*¥ Hex Editor - RAM Offset 0x000051 = | 5 |-

File Edit View Highlighting Bookmarks Help

Qooooo:y 20 00 33 00 00 1C OO 00 00 00 02 1D 00 OC 04 FF | @ B -
0ooolo:y 00 FO DB &6 07 00 OO 00 OO0 Q0 00 00 FF 00 00 00 2 ...feeeennnnannn (W
000020:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & cuiuiurnnennanannn
000030:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF 00 00 02 i .suonesassanannasna
Qooo40:) 00 OO0 00 00 FF FF FF 48 83 00 00 00 FF FF FF 00 i ...uuas Hevananao
000050z 02 El'_'l 00 12 4% 8B BC 56 00 00 08 00 FF &8C 56 04 I He W a .. V.
0000&0:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 FF 00 20 00 2 .cuuenennananan .
0ooo70:) 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & cuiiuinnnnnananna
Qooo0g0:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & .cuiuinsnnnnnannn

0ooos0:] 48 00 00 00 FF FF FF FF 8B 00 00 00 FF FF FF FF | : H.ewovuwronwnnnannn
0000ARO:] &3 00 00 00 00 00 OO0 00 00 00 00 00 FF FF FF FF | & cuiiennnnnnanannn
0000BO:] OO 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i ..euesassananasna

QoooCco:) 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i cuusnassannnasna
0000DO:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i .tuiuvnsnanananna
0000EO:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & cuiuiurnnennananna
0000F0O:] FC 03 00 00 1C 1C FF FF 00 00 00 00 00 03 FF FF | & cuiiernnnnnananna
000loo0:y 00 OO0 00 00 00 00 OO0 00 OO0 00 00 00 FF FF FF FF | & 4o s
000110:] 52 55 4F 55 49 54 459 20 4F 4F 4B 55 42 4F 20 2 : RYOUITI OQOEUBO

000120:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i .. e neeananannn
000130:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i cuuiuenassananasna
000140:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i suouunassannnasna
000150:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i v uvasnanananna
0001&0:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 01 01 01 01 @ & e vnnennnnannn
00o0170:y 01 02 0B D7 32 D& 51 DA 01 EO ZE LDE Eg €9 A4 C | [

000120:] 00 &6 41 4C 4C 20 52 49 47 48 54 53 2 2 45 53 : .fALL RIGHT3 RES
]I'_'Il'_'ll'_'ll‘_:ll'_'l: 43 532 56 45 44 FF 00 38 35 20 4E 41 4D 43 4F 2 :: EEVED. .85 NAMCO
0001A0O:] 4C 54 44 &5 FF 00 OO0 FF 00 00 00 00 FF FF FF FF i LIDi....uovuuaunn

0001BO:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i cuussassannnasna
0001C0:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i cuuusnassannnasna
000100:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | i .cuuiuvaneanananna
0001E0:] 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & .cuiuieinnennananna
0001F0O:] 00 OO0 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF | & .cuuiurnnnanananna

MpoaemoHcTpupyto Tebe YTO MOXHO AenaTb ¢ 3aTuMn agpecamun. HadHu urpy 1 Player, Bbibepu 111 ypoBeHb.
CoxpaHuck Korga Ha akpaHe NosiBUTCS NepBblvi BpaXXeCKni TaHK. KonmyecTBo TBOMX KU3HEN HaxoguTes no
agpecy 0051. Cenyac Tam 3anucaH 6ant 03, a Ha 3KpaHe cnpaBa yka3aHo 2 Xu3HUW. VIHorga 6aiT B onepartumeke
MOXET NPEBbIWATh HAa 1 KONMYECTBO XU3HEN HA 3KpaHe, Kak B Crlydae C TaH4YMKaMu, 3TO 3aBUCUT OT Koda Urpbl.

% Hex Editor - RAM DHSL

File Edit View Highlighting Bookmarks |
00000a0: a0 3F 00 00 03 1C 00 00 ofc
000010: 00 FO DB 5D 0& 00 00 00 O
oooo20: 00 00 00 00 FF FF FF FF 0O¢
000030: g0 0o o0 00 FF 00 00 00 ofc
000040: a0 g0 0o FF 00 00 78 1€
0000s0: DD*DD LB T8 18 EO0O FF 0O¢
000060 : a0 00 00 FF FF 00 00 8¢

Q0oQ70: 00 00 00 00 Q0 00 00 00 oOf
floooogo: 14 00 26 00 BL 01 00 FF Of

B TaHumkax vrpa perynsapHo npoBepsieT 3TOT agpec Ha KONMYECTBO XU3HEW, U OTOBpaxaeT 37O KONM4ecTBO Ha
aKkpaHe. [Nonpobyi 3ameHnTb BanT B agpece Ha 04, 1 Ha aKkpaHe cpasy oTobpasutca 3 xknsHu. Ecnn 1ebsa yobioT,
GanT aBTOMaTUYECKN yMEHbLINTCA Ha 1. Takke urpa perynspHo npoBepsieT agpec Ha TO, YTO TBOW XN3HU YXe
3akoH4Yunuce. NMoatomy ecnu Tol Nnponuwetlb 00, cpady xe BbiniedeT Hagnucbe Game Over. NpymeyaTtensHo To,
4YTO Thbl MOXELLb MPOJOIKATbL ABUraTbCs CBOMM TaHKOM BO BPEMS 3TOM HagNUcu. ATo MOXHO 6bino 6bl Has3BaTb
Garom, Ho paspabotumku B 1985 rogy He MOrnM 3HaTb YTO Thl CeroaHs Oyaellb MEHATb KOMMYECTBO XU3HEN
HanpsMyto Yyepes onepaTmuBKy, Tak YTO TYT BCe HOpMarnbHO. Mbl nx npoLuaem.
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3arpyaun coxpaHeHue.

000040:
000050
000060:
000070:
000030z
0000390:
0000R0:
0000BO:
0000aco:

a0
a0
a0

@

a0
a0

a0
03
a0
a0
a0
oo
a0
a0
a0

a0
a0
a0
a0

oo
a0
a0
a0

Hanon 2 agpeca - 007F n 0080.

a0
LE
a0
a0
a0
oo
a0
a0
a0

FF
a0
FF
FF

a0
18
FF
a0
01

78

——

FF
FF

a0
EO
a0
a0
a0
FF
a0
FF
FF

T8
FF
a0
a0
FF
FF
a0
FF
FF

10
a0
g0
a0
a0
Da
a0
a0
a0

a0
a0
a0
a0
03
oo
a0
a0
a0

a0
0g
01
a0
a0
oo
a0
a0
a0

a0
FF
a0
a0
1z
oo
a0
a0
a0

01
FF
05
FF
oz
FF
FF
FF
a0

FF
aCc
a0
FF
a0
la
a0
FF
a0

FF 00
56 04

20
»
aa

FF FF
FF FF
FF FF
ag oo

O6a agpeca oTBevatoT 3a KONMYECTBO BPaXXECKMX TAHKOB, HO y Kaxaoro cBos 3agada. 007F aTo cYeTymK TaHKOB,
KOTOpbI€ eLle He NOSIBUNINCH, TO eCTb KOTOpble ocTanuch B 3anace. OHM oToBpaxaloTca cnpaBa Ha 3KpaHe.

0080 37O 06N CHETUMK TaHKOB Ha ypoBHe. [Npu 3arpy3ke Tyaa nuwetcs 6ant 14, ato 20 B 4eCATUYHON
cucTeMe, TO eCTb Ha Kaxaom yposHe 20 Bpaxeckmx TaHkoB. O6a agpeca no-cBoeMy BaxHbl, HO agpec 0080 B
npuopuTeTe ANS NPOXOXKAEHUSA UrPbl, MOCKOSbKY MMEHHO €ro urpa npoBepsieT YTobbl 3aKOHYNTL payHA Korga
Tam 6yget HanucaHo 00. Agpec 007F BTOpoCTENEHHbIN, Thl MOXeELUb Hanpumep obHyNuTL ero (nponucatb 00),
TaHkM GonbLue NosSBNATLCA He ByayT, HO payHA He 3akoHYnTCA. KeTaTtu, Ha aKkpaHe, B OTNINYMKM OT CHETYMKA
XM3HEN, CHETUMK TaHKOB Oy4eT HEKOPPEKTHO OTOOpaXKaTb KONMMYECTBO NPWU N3MEHEHUN BanTa Yepes onepaTmBky.
OTO 3aBMCUT OT KOAa Urpbl, ONAThb Ke pa3paboTynkn He BUAENW B 3TOM HEOOXOOMMOCTU, OpUrMHanbHas urpa
paboTaeT Kak Yacbl. Moxelwb nobanoBaTbCs ¢ 3TMMK ABYMS agpecamu.

Ewe oguH npumep. Bobiben 6oHyC 13 TaHka, HO He nogbupan ero, coxpaHucb. Hangu agpec 0088, atoT agpec
oTBevaet 3a Tun 6oHyca. B nrpe Bcero 7 60HycoB, 310 6antel ot 00 go 06. Monpobyn nomeHsTb 6anT, yBMAanLLb
41O BOHYC Takke meHsieTca. OcTanbHble 6anTbl HE NPEAYCMOTPEHbI, HAYHET MEHATLCA rpadmka GoHyca Ha
BCsikui 6pea, a npy B3ATMM Takoro GOHyca urpa MOXeT NOBUCHYTb.

M nocnegHue HeckonbKo agpecoB B 3TOM ypoke. O6patn BHUMaHune Ha agpeca 0006-0009. 3T1o agpeca,
KOTOpble OTOBpaXxatT HaXaTble KHOMKMW.

ﬁ Hex Editor - RAM Offset 0000000

File Edit View Highlighting Bookmarks Help
oooooo: Bo oo 33 00 00 1c @@ @ @@ o2 00 FF
0000l0: 00 FO DB 66 07 00 00 00 00 00 00 00 FF 00 00 00
000020: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF
000030: 00 00 00 00 FF FF FF FF 00 00 00 00 FF 00 00 02
000040: 00 00 00 00 FF FF FF 48 83 00 00 00 FF FF FF 00
Anpec 0006 n OTBEYaloT 32 KHOMKM NepBoro mxonctuka. B agpece 0006 nokasaHo yaep»kaHue KHOMOK,

€CNU UX HaxaTb U He OTMycKaTb, OH HYXXEeH Ans nepeasuxKeHnsa TaHka. B NnokasaHO O[JHOPa30BOe HaxaTune
KHOMKW, AaXe Npu yaepXaHuu, 3ToT agpec CnyxuT ana ctpensbbl. Agpeca 0007 n 0009 nmetoT Takoe xe
3HaveHue, HO AN BTOPOro [KOMUCTUKA. Mrpa cumThbiBaeT 9Ty agpeca U 3acTaBndeT TBOW TaHK ABUraTbCa U
CTpensATb COOTBETCTBEHHO. PyyHas 3anucb 6aiToB MO 9TUM agpecaM HU K YeMy He NPUBEET, KO YTEHUS
AXXOWCTUKOB PErynsipHO YTO-TO B HMX 3anucbiBaeT. PaboTta ¢ agpecamu gxonctmukoB Tebe noHagobutca ans
N3MEHEHMS ynNpaBneHns B urpe, unu gobaeneHmsa HOBOro AENCTBUA Ha pasHble KHONKW. Hanpumep Tebe Bopyr
3ax0Tenock caenatb Tak, YToObl Npy HaxkaTum KHomnku Select Tebe pobasnsnack +1 xu3Hb. Ok, He npobnema,
Hay4uLwbes. W Kak cpeau Bcen aTon Ky4Ymn UckaTb BCe 3T agpeca, Ha KOTOPbIX Tbl CEroAHA NpakTukoBancs, Tbl
TOXE CKOPO Hay4mLIbCA.

Kak Buauwb, 6anTbl B onepaTvBke MOXXHO MEHATb BPY4YHYH0. ATO He Bcerga paboTaeT, nHorga 6anT cpasy xe
MeHsieTcs obpaTHO, Kak B criyyae ¢ axonctukamu. OgHako ecTb Cnocob HAaCUNbHO CKOPMUTL Urpe HYXHbIN BanT.
CraBuLb aMynaTop Ha nay3y, NPonucbiBaeLlb B aapece HyXHbIn Tebe 6anT, 3atem Ha HeM NPaBoW KHOMKOW
MbILLIN - - Toggle. Bce, 6anT 3adnkcMpoBaH, Tenepb OH OTMEYEH CMHUM LIBETOM, MOXELLb CHATb naya3y.
Mpuseny npumep Ha oxonctuke. [Jenaewsb naysy, no agpecy 0006 nponuwmn 10 (310 6aNT HaXXaTON KHOMKM
Beepx), n zamopozk ero. Kctatu, s He B Kypce 4em otnunyaetcs Toggle ot Freeze. NMoMHIO TONBKO TO, YTO B
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nepBble AHM MOEro 3HaKOMCTBa C XeKCcoM Freeze kak-To xyxe pabotan yem Toggle, no kpanHen mepe MHe Tak
3aNoOMHUIOCh, KOPOYe OTHbIHE 5 NOMb3YHCh TONbKO Toggle. B obwem, s 6yay roBopuTe 3amMopo3ums Gant B
agpece, nogpasymeBas Toggle. BepHemcsa k npumepy. Ecnn zamopoznts 6ant 10 1 cHATb nay3y, TBOW TaHK
OyaeT camMoCTOoATENBHO ABUraTbCsA BNepes, a Tbl B 3TO BPEMSA CMOXELLb TOSNbKO CTPENATh.

"% Hex Editor - RAM Dﬁse- | 0 e

File Edit View Highlighting Bookmarks Help

oo0o0ooo: &0 3F 00 00 03 1C !Drtltl 0o 00 00 37 08 1C 04 FF
000010: 00 FO DE 50D 04 00 00 Add symbolic debug name
000o20: 00 00 00 00 FF FF FE

o0Qo30: 00 00 00 OO0 FF 00 00

000040: 00 00 00 00 FF 00 0CQ Add Read Breakpoint For Address 0006

000050: 00 03 00 AB 78 18 EO i .
000060: 00 00 00 00 FF OFF 00 Add Write Breakpoint For Address 0006

oooo7d: 00 00 00 00 00 00 Od Add Execute Breakpoint For Address 0006
0000E0: 14 00 86 00 BA 01 0O

flooooso: se oo oo oo FF 78 FE SLLETINE I
Moooomo: 22 0o oo 0o 0o EC 00 OO0 00 OO 00 0O FF 00 FF FF
0000BO: 00 00 0C 00 FF FF FF FF 00 00 00 00 FF FF FF FF
0o0ooco: 00 00 00 00 FF FF FF FF 00 00 00 00 00 00 00 00
0000D0: 00 00 00 00 00 00 FF FF 00 00 00 00 FF FF FF FF
000DEOD: 4& 00 00 00 FF FF FF FF C3 00 00 00 FF FF FF FF
000OFO: FC 03 82 EE 1C 1C 00 00 00 01 01 01 00 03 AE FF
000100: 00 00 0O OO0 00 00 FO OO 00 00 00 00 FF FF FF FF  :
000110: 52 59 4F 55 49 54 49 20 4F 4F 4B 55 42 4F 20 20 : RYOUITI
000120: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF :

000130: 00 00 0C 00 FF FF FF FF 00 00 00 00 FF FF FF FF
000140: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF
000150: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF
000160 00 00 00 00 FF FF FF FF 00 00 00 00 01 01 01 01 @
000170: OA 3F 18 00 OB D7 3 DA 91 DA 2C EO AE DE FB Cl 2 vZeueulueuponen.

00o0lg0o: 22 50 14 FF 22 3E 70 FF 00 4F 00 FF 20 &E 00 FF : "]..""p..0.. mn..
000190: 20 &F 00 FF 21 8E 11 FF 22 5D 14 FF 22 5E 70 FF : O0..!leaa™]..""p.
0001AR0: 00 &A FF 21 3D &4 6A FF 21 1D && &R FF 20 FD 62 : .J.!'=3jj.!.33. .3J
0001BO: && FF 20 DD &R & FF 20 BD e& && FF 20 5D eZ €& : J. .J33j. .33. .33
0001C0: FF 20 7D && &R FF OO0 FF 00 00 00 00 FF FF FF FF @ . lJJeeeucuanannn

00o0lL0: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF @ tuieinnennanannn
0001EO: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF & .. innennananna
0001F0: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF ! .. ienennnnannn

AHarnormyHo MOXHO fenaTtb 1 C ApyrumMun agpecamu, TONbKO He 06A3aTenbHO CTaBUTb AMYNATOP Ha naysy ecriv u
6e3 Hee BCe npeKkpacHoO MeHseTcs. Ecnn 3amopo3nTe agpec C XKU3HAMU - XXU3HU CTaHyT 6e3nnMnTHbIMU, agpec
C KONU4eCTBOM BparoB - Bparn HMUKorga He 3akoHyatcs, agpec ¢ 6oHycom - 6oHyc Bcerga byaeT nosBnsTbCA
OOMH M TOT Xe. YToObl OTMEHUTL 3TOT 3PPEKT, HYXKHO HaxaTb Ha Hy>XHOM agpece u BblbpaTb Unfreeze (4TOObI
pa3smMopo3nTb KOHKpeTHbIM agpec) nnbo Unfreeze all (3To pasaMopo3unT BCce 3aMOPOXEHHbIE aapeca, U B 3TOM
crny4ae MOXHO NpeABapuUTENbHO KNUKaTb Ha nobom agpece).

Tenepb paccMoTpuUM pacnpeneneHme naMmsti B onepaTmeke.

0000-07FF - ocHoBHasi onepaTmnBka. BoT HekoTopoe TUNMYHOoe pacnpeneneHue naMmsTi B 3TOM AnanasoHe ¢
KOTOPbIM 51 Yalle BCEro cTankmparocb. Ho B kaxXaom urpe MoxeT ObiTb No-pasHOMYy.

0000-00FF - agpeca ¢ HaxxaTusiMn O)KONCTUKA, TaNnMepbl, CHETYMK KaapoB, agpeca Ansl paHaoma B urpe, u
npo4yne agpeca, Ucnonb3yemMble A5 3arpy3kn 3KpaHOB UMpbl.

0100-01FF - cTek (Npo Hero noroBopum no3xe). CTek no aTum agpecam OyneT Bceraa.

0200-02FF - agpeca ¢ atpubyTtamm cnpanToB (Npo cnpanTbl Byaet pacckasaHo B pasgenax ¢ rpadukon). [Ans
cnpanToB oTBeAEHO 16 CTpoYeEk, NX HU C YeM He cryTaelwb. B TaH4mMkax aTpnbyTbl CNpanToB TOXE NO 3TUM
agpecam, 3TO XOPOLLIO BUAHO BO BPEMS UTPbl KOrAA Ha 3KpaHe HECKOIbKO TaHKOB.

0300-06FF - agpeca ¢ koopauHaTtaMm OOBLEKTOB N UX XapaKTEPUCTUKMN.

0700-07FF - agpeca onst My3bIKu.
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0800-1FFF - ocHoBHas onepaTtuBka aybnupyetcsa 3 pasa nogpsa. Tebe npegctont paboTtarb TOMbKO C
OpUrMHanNbHOWM (OCHOBHOM).

2000-5FFF - agpecHble peructpbl. Ha camom gene B npoueccope He Tak MHOro pernctpoB. [Npo HUX s1 pacckaxy
Ha 6onee BbICOKMX YPOBHSIX.

6000-7FFF - namsaTtb 6aTaperiku, ecnu oHa ecTb. batapewka Hy)kHa Yalle BCero B Tex urpax, B KOTOPbIX MOXHO
coxpaHaTbcA. Ho ee Takke MOXHO MCNONb30BaTh ANdA yA0OHOro poMxakuHra, npo 1o byaeT pacckas3aHo Ha
Bonee BbICOKNX YPOBHSIX.

8000-FFFF - 3gecb pacnonoxeHbl 6anTbl, KOTOpblE B AaHHbI MOMEHT 3arpy>eHbl B NamATb npoueccopa. o
9TMM agpecaM Haxo4uTCsa caM Ko Urpbl, a Takke pasnuyHble 6anTbl JaHHbIX, KOTOPblE MOTYT MCMONb30BaTbCA
B OCHOBHOW OnepartuBKe, HanpuMmep CKOPOCTb OO6BHEKTOB, BbICOTA NPbIXKKA, 3BYKM MENOAUN, TEKCT, U MHOroe
apyroe. O6nactb 8000-FFFF pasmepom Bcero 32k6. [Nockonbky npoueccop eHan ymeet obpallarbCs TONbKO
K agpecam B gmanasoHe 0000-FFFF, a 6onblUNMHCTBY KpYMNHbIX Urp A4nst paboTbl HeAoCTaTouHO 32k6 namaTw,
Urpbl UICNOMbB3YIOT Tak Has3blBaeMoe nepekntodeHme 6aHKoB, a MeETOA 1 BO3MOXHOCTb NEPEKITIOYEHMS 3aBUCAT OT
mannepa. O6o Bcem aTom ByaeT paccka3aHo Ha 6onee BbICOKNX YPOBHSX.
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PPU Memory

Mo agpecam 0000-1FFF Hukorga He meHsAn 6anTbl Bpy4HYO 63 npeaBapuUTErNibHOMO COXpPaHEHMUs!, MOTOMY YTO
N3MEHEHUs Henb3s OTKaTUTb KoMOUHaumen knasuwl Ctri+Z.

3aecb HaxoguTcst BuaeonamsitTh - rpadmka 3agHero hoHa 1 OBUKYLLMXCS OObEKTOB (CNpanToB), a TakKe
LuBeTOBadA nanutpa.
Mpo Bce 310 ByaeT pacckasaHo B pasgenax ¢ rpadoukon. Ecnm xovelb yxxe cenvac MenbkoM B3IMSIHYTb Kak

BbIrMaauT rpaduka, oTkpon fceux 2.2.3, Bbibepun - PPU Viewer, 1 nocTtaBb ranouky.
"# FCEUX 223 Battie City ()1 e Y e -— = | =) S | peu Viewer = £

Fil: NES Corfig Tools (BEBEg) Help
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0.1

Name table Viewer...

Hex Editor...

Trace Logger...
Code/Data Logger...

Game Genie Decoder/Encoder...

Display an scanline: 0 Refresh: Maore © Less
/| Mask unuzed araphics (needs Code/Data Lagaer) [ Irvert the mask ‘plites Ax16 mode

Palettes [

¥ 1 PLAYER
Z PLAYERS
CONS TRUCTION

= 19%0 19%5 NAMCO LTD.
ALL RIGHTS RESERVED

NpaBon KHONKOW MbILLN Ha " OKHe Tbl N3AMEHWULLb L|BET.
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ROM File

34echb Tbl yBUOULWbB TO, U3 YEro COCTOUT poM. B okHe amynsaTopa Haxvn Help - Message Log. Tbl yBuauLb BOT
Takyto UHAQy:

PRG ROM: 1@ 16KB

CHR ROM: 1@ BKiB

ROM CRC32: Ox7el33e64

ROM MD5: Oxa4laBa46771160e97ee5967365c07C83
Mapper #: 0

Mapper name: MROM

Mirroring: Horizontal

Battery-backed: Mo

Trained: Mo

Pa3bepem 4TO 3HAUUT KaXKabIN MYHKT.

PRG ROM - pasmep namsatn PRG, To eCTb Kog uUrpbl 1 pasnnyHble 6anTbl AaHHbIX.

CHR ROM - paamep namsatm CHR, 1o ecTb 6aiThl gns rpadumku - 3agHnin poH 1 cnpantbl (0ObEKTLI Ha aKpaHe).
B o6ounx criydaax 4ynmcno nepes x o3HayaeT KonmyecTBo 6aHkoB, B JaHHOM crniydae Bcero 1 6aHk PRG n CHR.
OT0 04EHb HEMHOTO, HO 41151 TAHYMKOB BMOSHE AOCTATO4HO.

ROM CRC32 1 ROM MD5 - KOHTPOSIbHbIE CYMMBbI, KOTOPbIE AMYMNSATOP NOYEMY-TO BbIYUCASET HENPABUITLHO.
Mapper # n Mapper name - HOMep 1 Ha3BaHWe Mmannepa.

Mirroring - metoa otobpaxeHus oHa B BUaeonamsaTu.

Battery-backed - Hannuyue GaTtapenku.

Trained - TO4YHO He 3HalO YTO 3TO, TeBe 3TO HEe NpUroguTCs.

OTU faHHble, 3a UCKITIOYEHNEM KOHTPOSIbHOM CYMMBbI, SMYISATOP CYMTbIBAET 13 poma no agpecam 0000-000F. O1un
16 6anToB HasbiBatoTcs INES header, unu 3aronoBok, unu xagep. OHM HYXHbI YTOBbI AMYNATOP MOHUMAar Kak
WMEHHO eMy aMynMpoBaTb AaHHbIA poM. lNepBble 3 GanTa 06s13aTENBEHO COCTABNAOT CIIOBO . B xapTpnoxe
HEeTYy 9TON CTPOYKM, OHa TaM MPOCTO He HyXHa. Xaaep yaobHo pefaktuposath Yepes amynatop Nestopia npu
nomowu File - Edit iNes Header, nnn MOXeT eCTb Kakne-To gpyrne cneuunanbHble NporpaMmbl, He B Kypce.

Xekc pegakTop amynaTopa fceux He NO3BONSAET ero peakTnpoBaTb, OAHaAKO nobon apyron cmoxet. 3apaHee
CKaxy, YTO eCcrnv NPoCTO U3MEHUTb X34EpP, HAYEro XOPOLLIEro U3 3TOro He BbIMAET, Urpa ckopee BCero nepecTtaHeT
3anyckaTtbCsl, HYXHbl AOMOMHUTENbHbIE MAHUNYMSALMMA C POMOM.

)
®© Hey Editar-RDM.oﬁset 0%000000 =B B
File Edit View Highlgbt
000000: CWES. . R
000010: 2 49 48 i 2 : COPYRIGHT 1981 1
oooo020: 39 38 35 20 4E 41 4D 43 4F 20 4C 54 44 2E OD 0OA @ 985 NAMCO LTD...
o00030: 41 4C 4C 20 52 49 47 48 54 53 20 52 45 53 45 52 : ALL RIGHTS RESER
ooo040: 56 45 44 20 20 20 20 20 20 20 20 20 20 20 0D 0OA @ VED .
000050: 52 59 4F 55 49 54 49 20 4F 4F 4B 55 42 4F 20 20 : RYQUITI COOEKUEO

B ROM Bcerga cHavana ngyt 6aintel RPG, 3atem CHR. 13 nora mbl BUAMM 4TO pasmep poma COCTOUT U3
166 PRG (agpeca 0010-4000), a CHR 8k6 (agpeca 4010-6000). CHR o4eHb nerko otnuyaetcst ot PRG no
BHELUHEMY BMAy, 3TO NpUAET € onbIToM. MOXHO NPOCTO KINMKHYTb Ha MHTepecyowee mecto B ROM, 1 okHo
amyndaTopa ckaxet Tebe rge Tbl cenvac, B PRG vnun
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® Hex Editor ‘DM Offset 0x004000 o 4

File Edit VYiew Highlighting Bookmarks Help
003FEQ: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
ﬁ FF FF FF FF FF FF FF FF FF 00 D4 70 CO 70 C
: oo 0l 01 41 71 55 7C 00 00 01 01 71 11 77 1F
004020 5B 7A 54 7D SE 77 40 00 7F 1F T7F 1E 77 10 70 40
004030 oo oo o0 00 10 1C DO 3C 00 00 00 00 1C 00 oC C
004040 10 9C 90 9C 30 DC 10 00 EC &0 &C &0 CC 00 0OC 00

% Hex Editor {EHRYROM Offset 0x004010 1 e g

File Edit | View | Highlighting Bookmarks Help
003FEO: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
003FF0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

004000: FF FF FF FF FF FF FF FF FF FF 00 D4 70 CO 70 CO
gosoras 6 co o1 o1 41 71 55 7C 00 00 01 01 71 11 77 1F
moap2e:  SB 7A SA 7D SE 77 40 00 TF 1F 7F 1E 77 10 70 00
004030: 00 00 00 00 10 1C DO 3C 00 00 00 00 1C 00 OC CO
004040: 10 9C 90 9C 30 DC 10 00 EC &0 &C &0 CC 00 OC 0O
KctaTtu, He BO Bcex urpax npucyTcTeyeT , MHOraa urpbl 3arpyxatot 6anTbl n3 PRG Hanpsimyio B

BuOeonamATb, B 3TOM Cliydae Takme OanTbl TOXe Nerko MOXXHO HarWTK Ha rnas.

Mpo CHR norosopum B pasgenax ¢ rpadmkon, B AaHHbIN MOMEHT Hac nHTepecyeT PRG. Kak 5 yxe rosopun,
30eCb HAXOAUTCH KOA U AaHHbIE UrPbl, 8 POMXAKMHI 3aKITOMaeTCa B TOM, YTOObI 3aMEHATb HEKOTOpble 6anThbl

Ha CBOW, K MpUMeEpPY YBENUYNTb KONMYECTBO XXMU3HEN, NN NponucaTb CBOW COBCTBEHHbIV KOA 4YTOObI Urpa Bena
cebsa no-gpyromy. MiameHeHble 6anTbl 6yayT NnoacBeYnMBaTbCA KPACHbIM LIBETOM, OTMEHATE U3MEHEHUS MOXHO
kombuHaumen knasmw CTRL+Z. [1ns Toro, 4Tobbl 3HATb YTO U KaK HY>XHO MEHSITb B poMe, Tebe HY)XHO NOHMMaTb
KOMaHabl npoLeccopa, Npo KOTopble Thbl y3HaeLb B criegyowem pasgerne. 3a UcknioveHnem xagepa, nobble
Apyrne 6anTbl MOXHO peaakTMpoBaTb.

Ha4dHem ¢ npocTtoro, ocBoum nouck (pabotaet B ntobom n3 Tpex pasgenos View). Haxmun kombunHaumio Ctri+F,
NOSIBUTCS OKOLLIKO.

-

Find s

Find What: Find Mext

& up @ Hex

@ Down () Text {Uses Currently Loaded Table as Reference)

Direction - B kakyto cTOpOHY nckatb, Up - BBepx, Down - BHM3. Tenepb Type, aTO pexum novcka. Hex - nouck no
Gantam, Text - NONCK NO TEKCTY.

[Ons TpeHnposkn BosbmeM Hagnmucb RYOUITI OOKUBO. OKHO ¢ MOMCKOM MOXHO He 3aKpbiBaTb, MPOCTO
OTOABWHb B cTOpPOHY. CHavana Bblgenu 6anTbl 3Tux crnos no agpecam 0050-005F u Haxxmu Ctri+C.
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® oy Editor - (CHR) ROM Offset 0x004010 = B X

File Edit View Highlighting Bookmarks Help

Qooooo: 4E 45 53 1& 01 01 00 00 OO0 Q0 0O OO0 00 OO0 00 00 @ HES......eeueea... -
000010: 43 4F 50 5% 52 4% 47 48 54 20 31 39 38 31 20 31 : COPYRIGHT 1981 1 |
000020: 3% 38 35 20 4E 41 40 43 4F 20 4C 54 44 ZE 0D OR : 985 NAMCO LTD...
000030: 41 4C 4C 20 52 49 47 48 54 53 20 52 45 53 45 532 : ALL RIGHTS RE3ER
000040: o e e e o e e o M e e I : VED -
000050 : RYOUITI OOEUEBO

0000&a0: £ g : TAEKEFUMI HYCQOUDOU
00o0070: 42 55 4E 4B 4F 20 4F 54 41 57 41 20 20 20 20 20 : JUNEC OZAWA

Qooogo: 78 A9 10 8D 00 20 DE A2 02 AD 02 20 10 FB A9 08 ! H.uuw waaa.

Mepekntounck Ha NES, Bctasb 6aiThl B nonck Ctrl+V, Beibepun pexxum Hex n Haxmu kHonky Find Next, Tebsi
nepekuHET Ha MecTOMOSOXeHWE pesynbraTa noncka. Tel Hangewb 6 pesynsTaToB NOUCKa, ganblue NOUCK NornaeT

Mo Kpyry.

Tenepb ckonupyn camy Hagnucb RYOUITI OOKUBO, Ho yxe cnpaga, rge OykBbl, U caoenan Te e AencTeus
novcka NoBTOPHO, BblObpae pexum Text.

® |\, Editor - (CHR) ROM Offset (x004010 = B
File Edit VYiew Highlighting Bookrnarks Help

00oooo: 4E 45 53 1A 01 01 00 00O 0O OO0 00 00 00 00 00 a0 : HES. .o enennas S
000010: 43 4F 50 59 52 49 47 48 54 20 31 3% 38 31 20 31 : COPYRIGHT 1981 1 |_|
00oo20; 39 38 35 20 4E 41 4D 43 4F 20 4C 54 44 2 oD oA : 985 NAMCO LTID...
000030: 41 4C 4C 20 52 49 47 48 54 53 20 52 45 53 45 52 : RLL RIGHTS EESEER
00oo40: 56 45 44 20 20 20 20 20 20 20 20 20 20 2 oD OA : 2L

00oos0: 52 59 4F 55 49 54 49 20 4F 4F 4B 55 42 4F 20 20 :

00ooe0: 54 41 4B 45 4& 55 4D 49 20 48 59 4F 55 44 4F 55 : L ) LULomT
00oo70: 4% 55 4E 4B 4F 20 4F 5A 41 57 41 20 20 2 20 20 : JUNEO QOZAWA

00oog0: 7% A% 10 8D 00 20 D& A2 02 AD 02 20 10 FB A9 04 P Hewee aeaan

lMocne noucka nepekrntoun Ha3ag Ha pexxum Hex. [onck B HenpaBunbHOM pexume ByaeT BblaaBaTb OLLIMOKY.

3aTpwu aTy dpasy, nponucas b6anTel FF B neBon Yactn. 3atem nosTopHO nponuwn FF noBepx yxxe HanMcaHHbIX
FF.

® Loy Editor - (PRG) ROM Offset 0x000060 = B X
File Edit View Highlighting Bookmarks Help

pooooo: [4E 45 53 12 01 01 00 00 00 00 00 00 00 00 00 00 [: NES...eueeennn.. -
000010: |43 4F SO 59 52 49 47 48 54 20 31 39 38 31 20 31 |: COPYRIGHT 1981 1 [ |
p00020: |39 38 35 20 4E 41 4D 43 4F 20 4C 54 44 2E 0D 0& |: 985 NAMCO LTD...
000030: |41 4C 4C 20 52 49 47 48 54 53 20 52 45 53 45 52 [|: ALL RIGHTS RESER
po0040: |S6 45 44 20 20 20 20 20 20 20 20 20 20 20 OD O& |: VED

D00050: |FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF |: .ovivinvnnnnnnn.
ooooeo: B4 41 4B 45 46 55 4D 49 20 48 59 4F 55 44 4F 55 |: WRKEFUMI HYOUDOU

Yoepxuan Ctrl+Z ona otkata U3MeHeHUN.

Tenepb nonpobyn nponucathb Nobyto dppasy Ha aHIMIMNCKOM cnpaBa, YNOXUBLUUCE B 3TY CTPOUKY.
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-
¥ Hex Editor - (PRG) ROM Offset 0x00005f
- . -

OTKaTu N3MeHeHus.

18

#

File Edit VYiew Highlighting Bookmarks Help

0ooooao: 4E 45 53 1A 01 01 00 00O 0O OO0 00 00 00 00 00 00 HES. oo eennnnas
00o0o10: 43 4F 50 59 52 49 47 48 54 20 31 349 g 31 20 31 COPYEIGHT 1981 1
000020: 39 38 35 20 4E 41 4D 43 4F 20 4C 54 44 ZE 0D 0L 985 NAMCO LTD...
000030: 41 4C 4C 20 52 49 47 48 54 53 20 52 45 53 45 52 ALL RIGHTS EE3ER
000040: 56 45 44 20 20 20 20 20 20 20 20 20 20 20 0D 04 VED .
0000s0; 4% 61 746 65 20 81 20 &E &9 &3 &5 20 64 g1 79 E':I Have & nice ;:1:-.}'.
000060 : 54 41 4B 45 48 55 4D 49 20 483 59 4F 55 44 4F 55 TAREEFUMI HYOQUDOUT




B npoueccope MHOXeCTBO kKoMaHA, HO 1 Byy roBOpUTb NLLb NPO Te, KOTOPbIMM MONb3YoCh caM. Takke s He
6yay ucrnonb3oBaTh BCe pa3HOBMOHOCTU KOMaHA,

Cnucok KomaHpg npoueccopa

I/I3yquV|e KOMaH[ ABNAEeTCA CaMbIM CITOXHbIM 3Tanom And HOBUYKA, HO €CIn Tbl OCUINULLIb 3TOT LWar, TO ganblue

BCE NMOMAeT Kak no macny.

Pacneuatan 10T cnuncok, npurogntcs. CKpUHLLOT yxxe NexunT y Tebst B nanke ¢ HasBaHmeM 6502.png.

A9
AD
BD
B9

A2
AE
BE

A0
AC
BC

FO
DO

B Gyaywimx ctatbsix OyayT MCNONb30BaTLCSA NPUMEPLI C UCMOMb30BaHMEM YXKe U3YYEHHbIX KOMaHL, NO3TOMY

LDA
#$6ant
$SALOPEC
$ALPEC,X
$SAOPEC,Y

LDX
#$6ant
$SALOPEC
$ALPEC,Y

LDY
#$6ant
$SALPEC
$SAOPEC,X

BEQ
BNE

8D
9D
99

96
8E

94

8C

29
49

10
30

$APEC
$ALPEC,X
$ALPEC,Y

$agpec,Y
$APEC

$agpec,X

$APEC

AND
EOR

BPL
BMI

YynTam BHAMATENBLHO U Cneayn UHCTPYKLUMSIM.

C9
CD
DD
D9

EO
EC

Co

CC

2C

90
BO

#$6anT
$ALPEC
$SALOPEC,X
$AOPEC,Y

#$6anT
$AOPEC

#$6anT

$AOPEC

BIT

BCC
BCS

EE
FE

E8

Cs8

CE

DE

CA
88

EA

18
38

INC
$ALPEC
$ALPEC,X

INX
INY

DEC
$AOPEC

$ALPEC,X

DEX
DEY

NOP

CLC
SEC

69
6D
7D
79

0A
OE
1E

8A

98
A8

4C
6C

MonHbIA cNMCoK KOMaHA Thl Hangewsb B ctatbe KoMmaHabl npoueccopa 6502 (Bnu). TekcToBbIN BapuaHT B dhanne
6502.txt.
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KomaHabl 3arpy3ku n 3anucu, nusyvyeHue gebarrepa

B TaHumkax coenav pectaprt, Tenepb Tbl HAXOAULLILCA B MEHIO Bblbopa pexnma urpbl. [NoctaBb aMynaTop Ha
nayay, Hangu B NES agpec 0051 (cyeTumk xunsHen). Haxxmum Ha Hero npason kHonkon - Add Write Breakpoint.
[nsa ocHOBHOW onepaTtuBk/ ObiBatoT 2 BMAa 6psika - Ha YTeHue 1 Ha 2anuck. OHKU BbiNaBnMBalOT KOMaHAb!
3arpys3Kku 1 3anMcu COOTBETCTBEHHO MO HYXHbIM Tebe agpecam. Cenyac Ham MHTEpeCceH MOMEHT 3anucu
KONMM4YeCTBa XM3HEN B 3TOT agpec, No3Tomy Bbibupan Write.

"% Hex Editor - RAM Dﬁse_- SRRl

File Edit View Highlighting Bookmarks Help
000000 a0 3F 00 00 03 1C 00 00 00 00 00 38 08 EC FC FF S -
000010 g0 FO DB 5D 0& 0O 00 0O 0O OO0 0O 00 FF 00 00 00 S |_|
000020: 00 00 00 00 FF FF FF FF 00 00 00 00 FF FF FF FF D e e s e aaa e b
Il'_'ll'_'ll'_'ll'_'IS"_'l: g0 0o o0 00 FF OO 00 QOO0 00 00 00 2 FF 00 00 02 D e e s e aaa e
Nloooodas: g0 oo o0 00 FF OO 00 78 10 00 00 00 01 FF FF 00 T .
noooso: oo E':: nn_ns 78 18 FA FF AN 00 N8 FF _FF _9r 5§ 04 = I B .
0000&0: 00 G0 Add symbelic debug name 0 00 & ieeeiiseananas .
000070: o0 o0 F 13 L e e s e aaa e
3
000020: 14 00 Freere / Unfreeze Address D00 e
0o0080: S8 00 Ad reakpoint For Address 0051 F FF 1 XuiwuuHovanannnns
000080 : 24 00 . F FF L e e e e
0D00BG: 00 00 Ad reakpoint For Address 0051 bbep . T
noooca: 0o oo Add Execute Breakpoint For Address 0051 1
00000o: a0 oo Add / Remove bookmark j FF - Tt
0000ED: 4% 00 F FF t Jeeeeonscsnnnonnoes
NONNFD: FC N3 &2 FE 11 N1 02 N2 01 N1 01 nn LFE FF e e e e e e e e e e e

Y 1ebs oTkpoeTcsi okHo Aebarrepa. Moka YTo CBEPHU 3TO OKHO, TENEPb NEPEKYNCH HA SIMYMATOP, CHUMU
naysy 1 Haxxmu kHonky Start. Ecnu Tl Bce caenan npaBuibHO, TO Ha 3KpaHe Bce elle GyaeT MeHto ¢ Bbibopom
pexuMa, Bbiie3eT OKHO Aebarrepa, a aMynsTop NocTaBUTCS Ha nayay.

BarnsiHem Ha okHO gebarrepa. 34ecb 04eHb MHOIO BCEro, Tak 4To Bygem notuxy pasduparb camoe BaxkHoe Ans
Tebs. NpomoTan TEKCT YyTb MNOBbILLE, YTOObI BbIFMSAEN0 NPUMEPHO Kak y MeHs Ha ckpuHe. OKHO
MOXeELUb pacTAHYTb Kak Tebe ygobHee.

-

i ' 6502 Debugger = | B 2
0o | 0o LOa|#s00 “ | Run || Steplnto | Breakpoints 01 of 01
= E | LI (=Tl gl {u] n
00: :bo{ 01 01 |sTR|s0101 = #s00 e
00: :EDj 02 01 |ST&|s0102 = #s00 [Step Dut][StEp Dver]
00 -ko| oo 0% | #s00 . .
00 :ks| 66 STA| 0066 = #8500 [H“” L'”E] [128 L'”ES]
00s ES| 67 STL|£00&7 = #£00 | onon
00 k3| ac STA|s004c = #z00
0o: :po| 03 LDL| #503 PC: C2CF | Seek PC
>00 2 k3| 51 STA|s0051 = #s00
00z 5| 52 5TA|s0052 = #s00 f: 03 % 1D v 00
00z 3| &n STA|s006R = #s00
ol [ - v renn e, - (29) o) (20
0o: of 0o LDL| 2500 41,4C,4C,20, [ | [7]Break on Bad Opoodes
) _ 52,49,47, 483,
oolooodpel or  |zoalssor si,53,20,52,  StatusFlags
00 5| &5 STA| 50085 = #4FF 45,33,45,32, On Ov @y [Os
00: a| oo LDA| #s00 T Opo Fh [z o
00z k3| 46 STR|s0046 = #:FF
00:C2E5: &0 BTS — oo FPLU: 4340 CPU cpcles: 113803386 [+113803356]
00:C2E6:20 81 E1 JSR $E181 Sprite: 00 [ Break when exceed 0
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Pa3bepem neByto YacTb OKHa. Agpeca KomaHA (Bceraa ykasaHbl No TeM e agpecam, 4to n B NES), 6anthbl
KOMaHA 1 NepeBo 3TMX 6aUTOB B TEKCTOBLIN BapuaHT. Y KaXaoW KOMaH4bl NpoLeccopa ecTb CBOM HoOMep
(6aunT). Jebarrep pacnosHaeT aTM 6anTbl N OTOOpaXxKaeT mx

CTperno4ka cenvac HaxoguTcs Tam, rge cobmnpaeTcs BbINOMHUTLCA kod. ApPec psgoM CO CTPEerioykon
aHanormnyeH agpecy pssiaom ¢ kHonkon Seek PC. [pomoTan aKkpaH Ha HECKONbKO CTPaHWUL, BBEPX UNU BHU3,
HaXXMW 3Ty KHOTKY, 1 aebarrep BepHET Tebs Ha NO3NLUMIO CTPETIOUKM.

= | =] iz
Breakpaints 01 of 01
00:C2BD:A9 00 LDA #500 * Fiun - S bRt = o
00:C2BF:80 01 01 STL 50101 = #5500
I 00:C2C2:8D 02 01 STA £0102 = 2500 [StEP Dut][StEP Dver]
00:C2C5:R9 00 LDA #3500 : .
00:C2CT:E5 66 STA 50066 = #500 [H“” L'”E] [128 L'”ES]
00:C2C9:85 &7 STL $0067 = #500 ,
Seek To: | 0000
0:C2CD:A9 03 #Q P[.ﬁ
‘D:CECF:SS 51 $0051 = #500 .-
00:C2D1:85 52 STA $0052 = #500 ALD2 s 1D v 00
00:C2D3:85 6A STA $006R = #3500
oicameias n Lk e - b a0 e, + [P ] [odee] [Em |
00:C209:R9 00 LDA 2500 41, 4C, 4C, 20, [ Break on Bad Opoodes
. . _ 52,49,47,48,
g e
00:C2DF:85 B STL $0085 = #&FF 43,353,435, 32, On Ov u Os
00:C2E1:R9 00 LDR 2500 T Hdbo #h [Hz [Cc
00:C2E3:85 46 STL 50046 = #5FF
e e PPU: 4841  CPU cycles: 6526756 [+B526756)
00:C2E6:20 81 E1 JSR sE18 Sprite: 00 [] Break when exceed 0

Mpy nomoLwm Gpsika Mbl BbIFTOBMAM MOMEHT MONbITKU 3anucaTtb KONMYecTBo xun3Hen B agpec 0051, Ho aToro
ewe He npousowno. KomaHga LDA paclumdpoBbiBaeTcs kak 3agpy3ums 6atim e A (Load to A). A - 310 oguH
N3 Tpex BaXXHENLUNX PErMCTPOB, OH UCMONb3yeTCcsa ANA XpaHeHus 6anToB 1 AN pasnNuyHbIX onepauumn ¢ 3TuM
6antom. B gebarrepe Tbl yBuamwb peructp A ero psigom ¢ 6antom 03, kak u gpyrme 2 pernctpa - X n Y. Cnpasa
OT KaXKoro permcrpa Haxoamtcs 6anT, KOTopbIn yke Obln paHee B HUX 3arpyeH. Tn 6anTbl MOXHO MEHATb
BPYYHYIO, YTO MHOrAa Nones3Ho Ansd TectupoBaHus koga. bant 03 okasanca B pernctpe A npu noMoLLm KomaHabl
LDA #$03. KomaHga - 3anucamsp 6ailim u3 A e onpedeneHHbIl adpec (Set A to). STA $0051 = 3anucaTb
6ant u3 A B agpec 0051 (agpec ¢ xun3HamMmm nepBoro nrpoka). Haxkae kHonky Step Into, kog coenaet 1 war
Bnepen n BbINONHUT kKoMmaHay. [anee naet cnegyollas komanaa - STA $0052 - sanucaTtb aT10T e GanTt B 0052
(agpec ¢ xusnamm BToporo urpoka). CHoea Haxxmu Step Into, kog caenaert ewe 1 war Bnepen v BbINOMHUT 3Ty
KOMaHay.

Cenvac TBOs1 3aava - yBENMUUTb Ha4yanbHOE KONMMYECTBO XM3HEN. Thl yke Hawern HyXHyto komaHay (LDA #

$03), Tenepb Hago HalTN U NoMeHATb 6anT 03 Ha Kakoi-To Apyron. EcTb Heckornbko cnoco6oB HaWTK 3TOT BaunT,
NnoKaxy cambli MPOCTOMN.

nn.:gs 03 LDA #503

00:C2CF:=85 51 STA 50051 = #503
00:C2D1:85 52 STA §0052 = #503

>00:C2D3:85 €A STA $006A = $#500

Cnesa ot LDA agpec . Knuknu B pebarrepe 1 pas Ha aTom agpece, OH BbIAENUTCS, CKOMUPYW ero.

Mepexoaniwb B XeKc, xmelwb Ctrl+G, OTKPOETCS OKOLLUKO, BCTaBb 3TOT agpec 1 Haxmn OK.
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- A F W PR ) o o o e e T ) e R T

00C280: C 59 C1 20 D9 C5 20 7D D9 98 FO 06 20 4B C4 20 .

00cz290: 985 C2 4C 85 CO 20 70 D4 20 7E D4 20 B4 D7 20 &7 L E. ~ g
00Cz2R0: D4 &0 AS &85 C9% 80 FO OA A9 00 85 06 B5 07 85 08 4
00C2BO: 85 09 &0 A2 15 20 FE D9 &2 1D 20 FE D9 A9 00 8D @ ..’ ve wees wawaw
00C2C0: 01 01 & 2 01 &% 00 B85 &6 25 &7 8 42.!3, 25 RS - 2% A _

]

00C2D0: 51 85 52 85 6A AS 83 DO 04 A9 00 85 52 AS 01 Add symbolic debug name

O0C2ZEO: B85 A9 00 835 46 &0 20 E1 E1 20 75 DB 20 F1 DE )
noc2F0: FAR E1 20 2E EO0 20 B9 E2 20 7C E2 20 22 E1 20 Add Read Breakpoint For Address 00:C2CE
00C300: E1 2 & DB 20 04 E6 20 10 E% 20 OC E7 20 72 Add Write Breakpoint For Address 00:C2CE
ooC310: 20 72 €% 20 OB DB 20 €& C7 20 1D C3 &0 A5 OB
e N N - Add Execute Breakpoint For Address 00:C2CE
| _GoHerlnROMFie
Create Garme Genie Code At This Address
Add / Remove bookmark
A9 - 6anT komaHabl LDA, - banT ¢ xm3HamMun. Knukaewsb Ha npason kHonkou - Go Here In ROM File.

Tebs1 nepeknHET Ha peanbHbIN agpec atoro 6anta B ROM (aToT agpec Bcerga 6yoeT otnnyaTbCcs OT agpeca B
NES). MeHsiewb 6ant 03 Hanpumep Ha 05, 3atem B xekce File - Save Rom As, coxpaHsieLlb pom nog apyrum
nmeHeM. Ecnu ncnonesoeate Save Rom BMecTto Save Rom As, nameHeHble 6aiThbl cpasy e 3anuiyTcs B
pOM, C KOTOPbIM Tbl paboTaeLlb, a Takke 3T 6anTbl CHOBA CTaHYT YEPHBLIMU, U Tbl Y)KE HE CMOXELLb OTMEHUTb
n3ameHeHus. OTKPOW eLle 0OOHO OKHO 3MYNATOpa, OTKPOWM 3TOT POM U MPOBEPb, U3MEHUIOCH NN KONMYECTBO
XU3HEN.

MNo3gpaensato ¢ TBOUM NEPBLIM Xakom!
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Hebonblwaa BaxHasa ocTaHOBKa

[lna TBOEro obyyeHus A caenan cneyunarnbHbIA Xak, ero Tel Hangews B nanke ROMS nog HasBaHuem Battle City
[BZK].nes. Hukakmx nameHeHun B remmnnee, xak Cry>XuT TONbKO AN 4eMOHCTpauun paboTbl KOMaHL,

UTak, uto Tebe HyxHo ByaeTt genatb. OTKkpbiBaelwb pom 1 gedarrep yepes Debug - Debugger. B kaxgom
13 pasgenos ¢ KomaHgamu bynet dopasa Execute, nocne kotopon 6yaet uatm Hekmii agpec. B gebarrepe

co3aaellb HOBbIN OPSiK, nponucbiBaellb 3ToT agpec (1234 npocTo Ans npumepa), CTaBULLib -
OK.

Add Breakpaint.. e
Address: . - 1] Forbid

Breakpoints 07 of 01

[(Read []'wrie

t ermary

@) CPU Mem 1 PPU Mem ) Sprite Mem
Condition
M arne

@ o

[ Ok ] [ Cancel ]

nepeBoamnTCS Kak ebinosIHUmMb. bpsik cpaboTaeT B TOT MOMEHT, Koraa koA GyaeT npoxoanTb no
KOMaHze, pPacrono)XeHHOWN No 3ToMy . BykBa E roBopuT 0 TOM, YTO Gpsik aKTUBEH, AN akTMBaLum/
AeakTUBaLMKN KIUKHW No Bpsiky ABaXKAbl.

Kctatn, kHonka Run B /J,e6arrepe CHMMaAET nay3y C aMynAaTopa. B moem xake kop, 6y/:|,eT GeckoHe4YHOo npoxoanTb
no TBOMM 6ps=|KaM 60 pa3 B CekyHAy, TO €CTb Kaxxabln Kaap, Tak 4YTo €CI1 Tbl 4YTO-TO ynyCcTun - aKTVIBVIpyVI 6pF|K n
XMW KHOTKY, 6pFIK MIHOBEHHO cpa60TaeT CHOBa.

Mow kogpl 6yayT paboTaTtb ¢ agpecamu onepaTtusku B ananasoHe 0120-015F. 3to agpeca cTeka, Npo KOTopbIv
A yxe obeluan pacckasaTb Tebe no3gHee. 3apaHee cKaxy, YTO MCNONb30BaHME aapeCcoB CTEKa - 3aHATUE He
camoe B6e3onacHoe, HO KOof, TaHYMKOB BPOAE Kak He 3aTparMBaeT 3TOT AManasoH. Ewe Tbl MoXeLlb BPYYHYO
nponucbiBaTb agpec psagom ¢ Seek PC u xaTb KHOMKY, 3TO NepeMecTUT BbINOMHEHNE KOA4a No 3TOMy agpecy.
M3penka MOXeT BO3HUKHYTb Takas CUTyauusl, YTO BO BPEMSsI NPOKPYTKN Kofa Tebsi NnepeknHET B COBEPLLUEHHO
apyroe MecTo. {1 He B Kypce € YeM 3TO cBA3aHO. Ecnun 3To cnyynnock, Tl MOXeLUb HaxaTb Run n goxaartbes
cnepytoulero cpabatbiBaHna 6pska, NMbo BpyYHY0 NepeMecTUTb BbINOMTHEHNE KOO4A Ha MPEXHUA agpec.
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NMoppobHOEe n3yyeHne KomaHAa

CHayvana s pacckaxy npo peaucmp cmamyca rpoyeccopa. IT0 eLle OAMH OYeHb BaXHbI perncTp. banr,
HaxoasLWwuncsa B Hem, pasbmsaeTcs Ha BUThI, U Kaxabl OUT oTpaXkaeT COCTOsIHME npoLeccopa U CBONCTBa
pe3ynbratoB Npeablaywmnx onepaumi. B ctatyce npoueccopa 6uTbl HasbiBaloTcs donaramu. dnar - nHankatop
TOro, 4Yto Obino/He Obifo Npon3BeneHo onpegeneHHoe gencreme. OH Kak lamnoyka Ha NaHenu ynpaereHus,
KOTopasi 3aropaetcs Unu TyXHET B 3aBUCMMOCTM OT Yero-To, K YeMy oHa npussidaHa. Ecnu 6ut = 0, To
NpuBSI3aHHbIN K HEMY donar OyoeT geakTuBMpoBaH (o4nLeH), ecniv ouT = 1, cdonar 6yaeT akTUBEH (BbICTaBMEH).
A npegnoynTato cnoea akmueeH n ovyuuwieH. Cam 6anT Tebe He NoHagobuTCs pa3buBaTtb Ha BUTLI, IMYNIATOP
yXe cgenan aTo 3a Tebs u otobpasun Ha oTaenbHou naHenu B gebarrepe. Kctatu, Tbl MOXeELb KNMKaTb MO 3TUM
ranoykam, MeHsIsi BPYYHYHO COCTOsIHME briaroB, MHOTAA NOMe3Ho ANs TeCTUPOBaHUSA Koaa.

Status Flags
YoM E

D W = [

Bo Bpems 3arpysku 6avita kKomaHgamu 3arpy3kun obHOBNSETCA cTaTyc npoueccopa, a KoHkpeTHo dnaru N (6ut7)
n Z (but1). ®nar N ykasblBaeT Ha TO, NONOXUTENbHbIA UKW OTpULaTenbHbIM 3TO GanT. [Npoueccop cumTaeT
nonoxuteneHbiMu 6atamm 00-7F, a oTpuuatensHbiMu - 80-FF. Ecrnin 6ait nonoxutenbHbin, donar N ounaetcs,
ecnv oTpuuatenbHbIn - akTueupyetcs. dnar Z ykasbiBaeT Ha TO, 4To 6ant = nnn #00. Ecnu 6ant = 00, dnar
aktusupyetcs, ecnm =00 - ounwaetcd. Oba dnara HMKaK He BNUSAKOT Ha KOMaHAbl 3arpy3ku 1 3anucu, Ho OHU
OKaXyT BNUsAHME Ha Apyrne KomaHgbl. [ns cokpaileHus s 6yay nucatb N-, N+, Z-, Z+.

Execute 8100
£ Byny nepenucbiBaTb KOMaHAbl N3 gebarrepa ctoga n 06bsaCHATbL UX. YuTal 1 nowaroBo NpoKpy4vMBanm Kog,.

HekoTopble yntatenu mMoryT 4itatb y4ebHMK BOanu OT KOMNa, Tak YTO CKPMHLLOTbI KOMaHg, npunaratotcsi. CkpuH
MOXET cnerka oTnnyaTbCs OT TOro, YTO Thl BUAMLWL y cebsa B aebarrepe npsimo cenyac.

00:80FF:FF UNDEFINED
>00:8100:A9 00 LDL #3500
00:8102:85 FF STL $00FF = #5FF
00:8104:A9 95 LOL #8595
00:8106:85 FF STL $00FF = #5FF
00:8108:8D FF 00 STA $00FF = #5FF
00:810B:A2 01 LOK #501
00:810D:A0 20 LDY #520
00:810F:8E 23 01 STX $0123 = #3501
00:8112:8C 24 01 STY £0124 = #520
00:8115:BD 2E 01 LDA $012E,X @ $012E = #&FF
00:8118:99 2C 01 STA £012C,Y¥ @ $012C = #500
00:811B:A0 2F LDY #52F
00:811D:96 FF STX $00FF,Y @ $00FF = $35FF
00:811F:BC 34 01 LDY $0134,X @ $0134 = 500
00:8122:82 17 LOK #517
00:8124:A0 9D LOY #3590
00:8126:A1 4E LDL ($4E,X) @ $63FF = #3500
00:8128:B1 & LDL ($8A),Y @ $0000 = $s00
00:812A: 60 RTS ———————mmmmmmmmmmme
00:812B:FF UNDEFINED

LDA #$00

STA $00FF

Hwnuero npumevaTenbHOro, NOXoxun kog Tol yxxe Buaen. pyaum 00 B A, npu atom Z+ (6ant = 00), N- (aT0
nonoxuteneHbin 6anT). MNMuwem 00 B 00FF.

LDA #3$95
STA $00FF
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STA $00FF

Z- (6ant #00), N+ (oTpmuaTenbHbi 6anT). 95 2 pasa nogpsag nuwetcs B 00FF. Mpu Takom koge BTopas
KOMaHaa npocTo nepesanuueT 95 No 3ToMy agpecy, N0 CyTU OHa He AenaeT HUYEero None3Horo, HoO caMmu
komaHabl STA otnmyatoTca gpyr ot gpyra. B nepsown ncnonb3sytotes 2 6anta - 85 1, a Bo BTopon yxe 3 6anTa
- 00.85wu - pasHoBMAHOCTN KomaHabl STA. CMbIC 3TUX KOMaHA OAWH U TOT Xe, HO koMaHada 85
MOXET paboTaTtb ToNnbko ¢ AnanasoHom agpecoB 0000-00FF, a - 0000-FFFF, To ecTb N0 makcumymy. 85
NCnonb3yeTcs ANsi 3KOHOMUN MeCTa, U pa3paboTyYnKM Urp akTUBHO 3TMM MONb3YIOTCS, YTO Crierka yCrnoXHsAeT
POMXaKMHTI, ecnu Tebe Hy)XXHO NOMEHSTb aapec Ha Bonee KpynHbIn, 1 He ToNbKo. Agpec ANs KoMaHAa ¢ ABYMS
Gantamu Bpoae 85 BbluncnseTCs Tak: no ymonyaHuio agpec 0000, k Hemy npubasnsaeTcs =00FF. B
npoueccope agpec Anga nobbix KOMaHg ¢ Tpems 6avitamu Bpoae BblYUCNAETCA NO-4PYromy: n 00
nepesopadvmBatoTcs mectamu = 00FF. B gebarrepe cpa3sy otobpaxaeTca UTorosbin agpec, a nocne Hero - 6anr,
KOTOpbI B HEM Yy>Xe 3anucaH. A npegnoyntaro Mcnonb3oBaTtb koMaHay 8D, n npovme KomaHgbl npoueccopa,
KOTOpble OXBaTbIBAOT BECb ANana3oH. Ha ckpnHe Co CNMCKOM KOMaHg, oTOBpaXkeHbl B OCHOBHOM KOMaHAb!,
OXBaTblBaOLLME MaKCUManbHbIN Anana3oH, OHM noanucaHbl kak APEC. Tam ecTb 1 gpyrne koMmaHgbl ¢
HyneBbIM agpecom Bpoge 85, OHM NognucaHbl kKak adpec, TaM UX HEMHOMO, HO OHWM TaM TOMbKO U3-3a TOro, YTO
He CyLleCTByeT ApYyron pa3HOBUOHOCTW.

LDX #3$01

LDY #$20

BanT MOXXHO 3arpyaTtb He TONbKO B A, HO Takke B X 1 Y, ONs KaXaoro perncrpa cBos komaHaa. bantol
nosiBaTca B aebarrepe psagom ¢ atumm pernctpamn. Z-, N-, UM He BaKHO KaKow U3 TpeX permcTpos Thbl
NCcnonb3yeLlb.

STX $0123
STY $0124
3anucbiBaem 6anTbl U3 ATUX PEMMCTPOB MO Pa3HbIM agpecam.

LDA $012E,X

STA $012C,

[nsi BbIYMCNEHNSI agpeca B KOMaHAax 3arpy3ku 1 3anmcy Tebe MoXeT npurogutbes nobon n3 AByx perncTpos
X 1Y, KOTOpble S Ha3blBaK PErMcTPamMmm KOOPANHAT, MOTOMY YTO OHWM MOTYT UCMOMNb30BaTLCA AN YTOYHEHMS
KOHeuHbIX agpecoB. Cenvac X = 01, Y = 20. Agpec Bbluucndaetcs Tak: 012E + X = 012F, 012C + Y = 014C.
[ebarrep otobpaxaeT UTOroBbIN aapec, oaHaKo B TeYeHUM Beero koga X 1 Y MOryT HECKOMbKO pa3 MEHSATbLCS,
noka kof He JONAET A0 HY)XHoro Tebe MecTa, U COOTBETCTBEHHO OyAyT NEPECUNTLIBATLCA agpeca, 3TO HY>KHO
yuYnTbIBaTh NPU NPOCMOTpPE KoAa. MpaBurbHbIM UTOTOBLIM a4pPECOM MOXHO CHMTaTb TOT agpec, KOTOPbIN
Aebarrep otobpaxkaeT B MOMEHT BbINOMHEHMS KOMaHAbl. [puyeM B pa3Hoe BpeMsi MOryT ObITb pasHble 6anThbl B
X 1Y, HO ons TOro 3T KOMaHAbl U CYLLECTBYIOT, YTOObI OHOW TaKOW KOMaHOO0W OXBaTUTbL HECKONBbKO afpecoB.
Mpy rpamMoOTHOM MCMONb3BaHUN 3TUX KOMaHA MOXHO 3HAYUTENbHO COKPaTUTL pasMep Koaa.

LDY #$2F
OOHoBUM Y.

STX $00FF,Y
LDY $0134,

n'Y MoryT ncnonb3oBaTtb ApYr Apyra AN BbIYMCNEHMUS KOHEYHOrO agpeca Ang 3arpy3ky u 3anvcu. [na komaHg
3arpy3ku STX,Y n STY,X cyLlecTBYIOT NULLb BapuaHTbl C HYNEBbIM aapecoM, a AN MakCcumarbHOro agpeca
Henb3s MCMNONb30BaTb MPOTUBOMOOXKHBIN PErUCTP. OTO MOXET NOKa3aTbCA HEMHOIO HeyAOOHbIM, HO Ha TO OHU U

BCnomMoratesrnbHble PErMCTpPbl, Y HUX OrpaHNY€eHHbI€ BO3MOXXHOCTN. 3anncu no agpecam ny4ywie npoBoanTb Yepes
A.

LDX #$17
LDY #3$9D
O6HoBMM GanTbl B permctpax.

LDA ($4E,X)
LDA ($8A),Y
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OT0 2 CroXHble KOMaHAabl 3arpys3Kku. EcTb 2 aHanorn4yHble KomaHabl 3anncu, HO 9 X B CBOEM Xake He
nponucbiBan, Beb OHX MOITIN NMOBJTUATb Ha pa60Ty nrpbl. OTUMM KOMaHZaMK S cam NOoYTU He Nnonb3yCb, HO Thbl
MOXelLlb BCTPETUTb NX BO BpeMA NMPOCMOTpPa Koda Urpbl, u Tebe HY>XHO NOHUMAaTb KaK B HUX BbIHUCNAETCA agpec.
Cenvac 4 He MOry 3HaTb YTO TBOPUTCA B TBOEN onepatuneBke, NO3TOMY NPOCTO MNOKaXy MEeXaHUKY.

Pasbepem komaHay LDA ($4E,X). Utoroebii agpec BblMUCHSETCS TakK:

. no ymon4anuto agpec 0000.

. 0000 + 4E + X = agpec1.

. umtaetcsa 6ant1 n3 agpecail.

. Yntaetca 6anT2 u3 agpeca2 (agpect + 01).

. 6anT1 n 6anT2 MeHATCA MeCTaMM = UTOFOBbLIN agpec, OTctoAa 3arpyaetca 6anT B A.

abwN =

Tenepb pasdepem komaHay LDA ($8A),Y. BOT kak BbIMUCISIETCA UTOTOBbLIN afpec:
. No ymosn4yanuto agpec 0000

. 0000 + 8A = agpec.

. umtaetcsa 6ant1 n3 agpecail.

. Yntaetca 6anT2 u3 agpeca2 (agpect + 01).

. oba b6anTa meHaTCca mectamu = agpec3.

. agpec3 + Y = NToroBbIn agpec, oTctoga 3arpyxxaetca 6ant B A.

O WN -

A1 ncnonb3oBan X ans BblMUCIEHNS agpeca Ha HavyanbHOM aTane, a B1 ncnonb3oBan Y B camoM KoHUe. YToObI
ObIII0 MpoLe 3anoMHUTbL, 0bpaT BHMMaHMe Ha oTobpaxeHne koMmaHg B aebarrepe: X Haxoantca B CKObke
(mnomoraeT BblYUCIIEHNIO aapecoB, 0TKyaa ByayT cunTbiBaTtbesa 6anThl), a Y BblIHECEH 3a CKOOKM (momMoraeT
BbIYMCNNTbL UTOroBbIN agpec). Kak B peanbHON MateMaTuke - To, YTO HaXxoauTcsa B CKOOGKaX, BblYUCIISAETCS
nepsee. Tbl NPUKUHb, BEPOSATHO BOT OH, TOT CaMblii Cry4an, Npo KOTOpbIN Tebe B LLKOMe TBEPAWUIN yunTens -
NPMMEHEHNe 3HaHUN Ha NpakTuke. He 3ps xe Tbl JOMaLUKy Aenan.

OTa komaHga 3aBepllaeT OTpe30K Koaa, Npo Hee A pacCKaXKy B KOMaHAaxX CO CTEKOM. Mano4kn nocne KoMaHgbl
npocTo Ans y,D,O6CTBa BOCMPUATUA.

A noka Ha 3aToMm Bce. B aTon ctatbe 6binu noka3aHbl HE BCe pa3HOBUMAHOCTU, HO 3TO He CTpaLlHo, B Aebarrepe
BCE pPaBHO MOKa3blBAeTCH YTO 3TO 3a KOMaHA4a, a pa3HOBMAHOCTb JIErKO MOHATb MO KONM4ecTBy 6anToB 1 No
MeToAy BblYMCIIEHUSI KOHEYHOTO aapeca. M elle pa3 HanmoMHIO Npo 06HOBMNEHNE COCTOSAHMA hraroB BO BpeMs
3arpy3ku 6anTos.
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KomaHabl cpaBHeHUA

KomaHgbl cpaBHeHusi 6biator CMP, CPX n CPY gnsi kaxxgoro permcrpa cootBeTcTBeHHO. Camo cpaBHEHUe
NMPONCXOANT C NMOMOLLbIO BbIYNTAHMS U3 perMcTpa Hekoro GanTta, a pesynbsraT 9Toro BeluntaHus oyaet
oTobpaxaTbces Bo donarax N, Z n C, To eCTb KOMaHAbl CPaBHEHMUST HYXXHbI Kak pas Ansi Toro, YToobl NOBNNATL Ha
aTn donarn. HanomHIo Ans Yero Hy>keH Kaxabln donar:

* N - akTuBeH ecnu 6anT unu pesynsrat otpuuarensHbeii (80-FF), ounwieH ecnu nonoxutensHbin (00-80)

» Z - akTnBeH ecnu 6ant unu pesynerart = 00, oumweH ecnn #00

* C - ero mbl eule He naydanun. OH akTUBEH ecrnv 6anT GornbLlue nnmn = 6anTy, C KOTOPLIM TOT CPaBHUBArCS,
OunLLIEH ecnn MeHblUe. Ha 3ToT doniar MOXXHO MOBNUATL HE TOINbKO CPaBHEHMEM, HO 006 3TOM B ApYrnX CTaTbsX.
A pns Toro, 4ToGbl UCMONb30BaTb COCTOSIHME 3TUX (hbraroB B CBOEM KOAe, CYLLECTBYIOT 6 kKOMaHz, No 2 Ha
Kaxkablin donar.

Execute 8200
00:281FF:FF UNDEFINED
>00:8200:A9 99 LOL #5939
00:8202:02 12 LOK #8512
00:8204:R0 01 LOY #501
00:8206:80 30 01 STR £0130 = 2599
00:8200:8E 31 01 STX $0131 = 2512
00:820C:8C 32 01 STY £0132 = 2501
00:820F:AD 31 01 LDR £0131 = 2512
00:8212:C9 12 CME #5812
00:8214:F0 03 BEQ £8219
00:8216:80 34 01 STR $0134 = #500
00:8219:D0 05 BNE £8220
00:821B:R9 00 LDE 2500
00:821D0:80 34 01 STR $0134 = 2500
00:8220:AE 32 01 LDX £0132 = 2501
00:8223:E0 05 CPX #5505
00:8225:30 03 BMI #8221
00:8227:8C 35 01 STY £0135 = #5FF
00:822R:02 03 LOX #503
00:822C:BC 2D 01 IDY $012D,X @ 50130 = #5399
00:822F:E0 03 CEX #503
00:8231:C0 03 CPY #5032
00:8233:10 03 BEL £8238
00:8235:AD 32 01 LDR £0132 = 2501
00:8238:C9 02 CME #s502
00:823%:B0 C BCS $8200
00:823C:90 01 CC $823F
00:823E:60 Mg —
00:823F:B9 50 01 LDR 20150,Y @ $01E9 = #500
00:8242:60 S ——,—,s
00:8243:FF UNDEFINED
LDA #$99
LDX #$12
LDY #$01
STA $0130
STX $0131
STY $0132

MoproTtoBka koga. ATO 3HAYUT YTO s cneyunanbHO Nponucan 3TM KoMaHAbl ANA AanbHenwen 4eMOHCTpaLmm
paboTbl koga.

LDA $0131
B A zarpysunun 12. N-, Z-. C He o6HOBRsIETCA NpU 3arpy3ke.

CMP #$12

27



CpaBsHuaem A ¢ 6antom 12. Pesynerat = 00, N-, Z+. C+, notomy 4to A okasarncs 6onble nnn = 12. B A Bce
ewe 12, noToMy 4YTO KOMaHAbl CPaBHEHMS HE MEHSIOT 6anTbl B permctpax, OHV TONbKO OKa3blBalOT BUSHNE Ha
donarn.

BEQ

$0134
BEQ - nposepka Ha = 00, To ecTb KOMaHAa nposepseT Ha Z+. Ecnun akTUBEH, YCNoBue KoMaHAbl BbIMNOMHAETCS,
KoA nepenpbirHeT N OKaXxeTcs Ha agpece , koTOpbIN B Aebarrepe nponucaH nocne BEQ. Pa3bepemcs
OTKyAa B34ncs . BEQ coctouT 13 gpyx 6arntos - cama komanga FO + 6ant 03 (pacctosHue npbbkka). BEQ
nponucaH no agpecy 8214. Agpec npbikka BblcHMTbIBaeTCs Tak: 8214 + 02 + 03 = . Heganekne npbixkn
nerko nocumTtatb Ha rnas. Komanga =8D + 34 + 01 = 3 GawnTta, 1 ecrnum Tbl XO4€eLLb NepenpbirHyTb TONbKO

, TO nponuceiBaewsb (3. MNMpu npomoTke Koga nepenpbirnBaetcs. Kog y>xe CTaHOBUTCA MHTEPECHEN, 3TO

bonblue He 3arpyska + 3anuncb, a 3anmcb rnpm Kakom-To yCcrioBuu.

BNE $

LDA #$00

STA $0134

Z Bce eule +. BNE nposepsieT Ha #00, To ecTb Ha Z-. Ycrnosue He BbiNofHeHo, koa 3anuwet 00 B 0134. Ecnin
Obl ycrnosue 6bino BbIMOMHEHO, KOA NPbIrHyn 6bl Ha (8219 + 02 + 05).

LDX $0132
CPX #$05
$822A
STY $0135
X =01.01-05 = FC. B npoueccope HeTy TakMx Yncen Kak MuHyc 4, nosTomy ecnvm 6anT MeHbLUe BbIYMTAEMOTO,
MbIcrieHHo npubasnan k Hemy 100. Monyuntca 101 - 05 = FC. N+, Z-. C-, notomy 4to X oka3arncs meHbLue 05.
npoBepsieT Ha oTpuuaTtenbHbii 6anT. N+, yCcnosme BbIMOMTHEHO, NPbIXKOK.

LDX #3$03
lNogroToBka koga.

LDY $012D,X
CPX #$03

#$03
BPL $8238
LDA $0132
3arpyaunu 99 B Y. Ho ganbwe ngetr CPX, kotopomy He nHTepeceH Y, Begb oH nposepseT X. HyxHo ObiTb
BHMMaTENbHbIM MPY NPONMCbIBaHMM KOAa U He nyTaTb koMaHabl. CPX nposepuTt X, 03 - 03 = 00, N-, Z+, C+.
nposeput Y, 99 - 03 = 96, N+, Z-, C+. BPL npoBepsieT Ha nonoxuTenbHbii 6anTt. N+, ycnoBume He BbiNOMHEHO, A
=01.

CMP #$02
BCS $
$823F

LDA $0150,Y

RTS -----

01 - 02 = FF. N+, Z-, C-. BCS npoBepsieT Ha C+. YcrnoBue He BbINOMNHAETCS - Ko naet ganblue. Kectatn, Npbbkok
yXXe B 06paTHy0 CTOPOHY, Ha . Mocne BCS nponucan C4. [leno B TOM, 4YTO Npu NOMOLLM BCEX ITUX 6
KOMaHA MOXHO Npbiratb He TONbKO Bnepen, (MonoxuTenbHbiMy 6antammn), HO 1 Hasag (oTpuuaTenbHbIMM
G6antamun). Ecnu Tbl nomeHsewb 6anT nocne KOMaHabl U KNUKHeLWb Ha aebarrep, oH 0O6HOBUT agpec AN NpbbkKa,
NO3TOMY Thl MOXeELLb KOPPEKTUPOBATb agpec A8 NpbbKKa CKOMbKO YroaHO, NOKa He nonagellb Ha HY>KHbIN.

K cyacTtbio, ycnosue BCS He BbiNonHAETCS, MHa4Ye Mbl 6bl NPbITHYNM B CaMoOe Havano 1 Bce Havanocb 6bl No
HOBOW. TakMum o6pa3om MOXHO Aaxke 3aUUKIUTb KO, ECINIU OH COCTaBNEH HEMPAaBUITbHO. nposepsieT Ha C-,
ycrioBue BbIMOMHEHO, NpbbkoK Ha LDA. Euwe oanH BapyaHT 3auuMKnMBaHus - ecnu nponucatb FE nocne N
Npw BbINOMHEHWM YCNOBKS OHa ByaeT 6eckoHeYHO npbiratb cama Ha cebsi.
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WNTak, Tbl y3Han npo komaHabl CpaBHEHWUSI U YTeHUs onaroB Assi COCTaBnNeHus YCrioBUiA B CBOMX kogdax. [Ans
dnara C obs3zaTenbHa npeaBapuTenbHasi KOMaHAbl CPaBHEHUS, MOTOMY YTO KOMaHAbI 3arpy3ku Ha Hero He
BIUSIIOT, @ APYrMX CNOCOGOB BNUSIHUS Thl MOKa HE 3Haellb.

29



KomaHabl yBenu4yeHusa n ymeHbLlieHus Ha 01

MepBbie 2 komaHabl - INC (yBenuuntb 6ant B agpece Ha 01) n DEC (ymeHbwnTb 6anT B agpece Ha 01).
KomaHgbl He ymetloT paboTaTb Hanpsmyto ¢ A, TONbKO € agpecamn. PesynbraT aTux koMaHg NoBAUSIET Ha donaru
N 1 Z kak 06bI4HO.

Execute 8300
00:82FF:FF UNDEFINED
>00:8300:A2 01 LOK #501
00:8302:R0 07 LOY #507
00:8304:49 00 LDL #500

00:8306:8D 37 01 STA 50137 = #5FF
00:8309:EE 37 01 INC £0137 = #5FF
00:830C:CE 37 01 DEC £0137 = #5FF
00:830F:DE 36 01 DEC £0134,X @ £013B

]
W
e
-1
-1

00:8312:Ch DEX
00:8313:C8 INY
00:8314:R9 77 LDL #577
00:8316:99 37 01 STIA 30137,Y B $013% = #3500
00:8319:88 DEY
00:831A:ER INX
00:831B:E0 05 CPX #5205
00:8310:D0 F7 ENE £8316
00:831F:60 BTS =———mme—mm—emmm e
00:8320:FF UNDEFINED
LDX #$01
LDY #$07
LDA #$00
STA $0137
MNopgrotoska koaga. B utore N-, Z+.
INC $0137
0137 =01. N-, Z-.
DEC $0137

0137 =00. N-, Z+

DEC $0136,X
0137 = FF. N+, Z-. lNocne atnx komana A octaeTtcsl 6e3 nsmeHeHumn

Tenepb kKomaHabl, paboTtatowmne Hanpsamyto ¢ X 1 Y. PedynstaTt otobpasuTtcs B 3TUX perucrpax.

DEX
INY
YmeHblwaem X Ha 01 n yBenmumnsaem Y Ha 01.

LDA #$77
STA $0137,Y
DEY
INX
CPX #$
$
RTS
Kog, koTopbIn ByaeT 3anucbiBaTb 77 MO pasnvyHbIM agpecam. JTo NpuMep Toro, Kak X MoxeT paboTtatb
B KayecTBe cyeTunka. CHavyana Mol rpysmm 77 B A, n nuwem ero B 013F, nockonbky Y = 08. [lanee mbl
yMmeHblaem Y Ha 01, n yBenuumaem X Ha 01. Ecnin X ewwe , Mbl MpbIiraem Ha KoMaHAy 3anucu A B agpec,
KOTOpbIN yXe nameHuncs bnarogapsa DEY. B utore y Hac 6ygyT ncnonb3oBaHbl 5 pa3nuyHbiX agpecos noka X
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yBenuuusaetcs ot 00 go 04, notomy yTo npu 05 koa 3aBepumntca. B gaHHOM npumepe MOXXHO 3aMEHUTb
Ha BCC. Cam npbhkok MOXHO 6bino genatb Ha 8314, a He Ha , HO A Ha NpPOTSKEHMM 3TOro OTpe3ka koaa
ocTaHeTcs 6e3 U3MEHEHU, MO3ITOMY HET CMbICIa NOBTOPHO 3arpy»katb ero nepea STA.
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ApudmeTnyeckue KomaHabl

MepBLble 2 KOMaHAbI - croXxeHune n BoluntaHne. ADC - npmubaButb k A Hekun GanTt, SBC - BblvecTb U3 A Hekui
6anT. Pesynerat noBnusieT Ha N n Z kak 06bI4HO. Y 06eunx komaHg ecTb CBou ocobeHHocTH ¢ donarom C, Gygem
noapo6bHo pasbuparsb.

Execute 8400
00:83FF:FF UNDEFINED
>00:8400:18 CLC
00:8401:38 SEC
00:8402:A2 00 LD #500
00:8404:R0 00 LDY #500
00:8406:18 CLC
00:8407:A9 01 LDA #501
00:8409:69 02 C #502
00:840B: 38 SEC
00:840C:7D S0 84 C $8450,% B $8455 = #3FF
00:E840F:EB INK
00:8410:7D 50 &4 C $8450,X @ $8455 = $5FF
00:8413:E9 03 SBC #503
00:8415:18 CLC
00:8416:ED S8 84 SBC 58458 = #3525
00:8419:E8 INK
00:841A:C8 INY
00:841B:R9 44 LDR #544
00:841D:18 CLC
00:841E:7D 50 &4 C $8450,X @ $8455 = $5FF
00:8421:R9 44 LDA #544
00:8423:F9 58 84 SBC $8458,Y @ $845B = #35FF
00:8426:R9 2 LDA #521
00:8428:0R ASL
00:8429:0R ASL
00:842R:0R ASL
00:842B:8D 2C 01 SIA 5012C = #500
00:842E:4E 2C 01 ISR £012C = #500
00:8431:4E 2C 01 LSR £012C = #500
00:8434:4E 2C 01 LSR £5012C = #500
00:8437:4E 2C 01 LSR £012C = #3500
00:843A:4E 2C 01 LSR 5012C = #5500
00:843D: &0 RIS ——-mmmmmmm oo
00:843E: FF UNDEFINED
CLC
SEC
MpeaBapuTensHo pasdbepeM 2 komaHabl, KOTopble Bpy4HYt0 MeHstoT cocToaHmne C. CLC = C-, SEC = C+.
LDX #$00
LDY #$00
MNogrotoBka koaa.
CLC
LDA #$01
ADC #$02
Ouunwaem C, genaem crnoxeHue 01 + 02 = 03, pesynerat otobpasutcs B A.
SEC
ADC $8450,X

Aktusupyem C, genaem cnoxenume 03 + 23 = 27, 4yto BpoAe Kak HernpaBurbHO, BeAb AOMKHO 6bITh 26. [eno B
ToMm, 4To ADC npoBepsieT Ha C, n ecnn C+, komanga npubaenset nuwHue 01, B ntore 03 + 23 + 01 = 27. Takxke
C-, panblLue 00BbACHIO NoYeMy.
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INX

ADC $8450,X

Yeenuuunu X Ha 01. 27 + E2 = 109, otobpasnTtca kak 09. Pesynerat nepesanun 3a FF, cnegoeatensHo C+. B
npegblayLwem npuMmepe Mbl He npuBbicunn FF, noatomy Tam 6bin C-.

SBC #$03
C+. 09 - 03 = 06. Komanga SBC no s3ammogemncteuto ¢ C 3epaknbHa ADC. Npu C+ oHa caenana obblvHOE
BbluMTaHne. Pesynetat He nepesanun 3a 00, cnegosaTtenbHo C+.

CLC
SBC $8458
C-. 06 - 25 - 01 = EO. Pesynbrar nepesanun 3a 00, C-.

INX
INY
lNogroToBka koga.

LDA #$44

CLC

ADC $8450,X

CLC moxet 6bITb NponucaHa go unm nocrnie LDA, aTo He BaxHO, notoMy 4To LDA He BnivsieT Ha C, BaXxHO
yT06bI Nepeg ADC. Boobue, CLC moxHo ctaButb rae yrogHo ao ADC, ecnu Tl y6eanncsa 4to HUYTO apyroe He
nosnusaet Ha C nocne CLC. Pesynbrar = 20, C+.

LDA #$44

SBC $8458,Y

PesyneraT Takke = 20, C+. Obe koMmaHabl B3auMO3aMeHsiEMbIe, Tbl B NMPUHLNUMNE MOXELLb UCMOMb30BaTh Jt00YH0
N3 HUX AN OAMHAKOBbLIX LIeNen, kak Tebe yoobHen.

Btopble 2 komaHapl - yYMHOXeHWe u geneHune. ASL - ymHOXUTb 6anT Ha 2, LSR - pasgenutb 6ant Ha 2.
Pesynbrat nosnuset Ha N 1 Z kak o6bl4HO. Takke koMaHabl BAMSIOT Ha C, Kaxaas no-CBoeMmy.

LDA #$21

ASL

C+. PesynbraT = 21 * 2 = 42. Mbl paboTtaem ¢ A, noatoMy B HeM oTobpaxaetca pesynerat. N-, Z-. C-, noToMy 4To
pesynerat He nepesanun 3a FF.

ASL

42*2=84.N+, Z-, C-.
ASL

STA $012C

84 *2 =108 = 08. N-, Z-. C+, notomy 4to pesynerat nepesanvn 3a FF. MNMuwem A B 012C.

LSR $012C x 5

1.08 /2 = 04. N-, Z-. C-, noToMy 4TO Mbl Aenum YeTHoe ymcno. Cenvac mbl paboTaem ¢ agpecom, a He C
pernctpom, noatomy A 6e3 M3aMeHeHuN.

2.04/2=02.N-, Z,. C-.

3.02/2=01.N-, Z,. C-.

4.01/2=00.N-, Z+. Npun geneHnn HeveTHoro Gavita pasynsraT BCeraa OKpyrnaeTcs B MEHbLUYIO CTOPOHY. U pa3
3TO HeYyeTHbIN 6anT, To C+.

5.00/2=00. N-, Z+, C-.
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3T ocobeHHocTn komaHg ¢ conarom C caenaHbl A4S paclUMpPeHnst BO3MOXHOCTEN BbIMUCIEHNS, OOHAKO HOBUYKY
OHM cKopee ByayT MellaTb Ha Ha4YanbHOM 3Tane. A caM He MOry BCMIOMHUTbL YTOObI rae-To UX UCnonb3oBar.
MaBHOE 3aNOMHUTb, YTO A1 NPUBLIYHOMO CIIOXEHMS! HYXKEH npeaBapuTenbHblin C-, a Ans BoluuTaHus C+.
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KomaHAabl co cTekom, NPLIXKU N NpoYne KomMmaHAabl

HakoHeu-To pa3bepemcs uTo Takoe crtek. 310 agpeca 0100-01FF, koTopble ucnonb3dyercs Ansi XxpaHeHusl 6anTos
N ANst UX N3BNeYeHns U3 cteka obpaTtHo, MO NPMHUUNY nocs1eOHUM 3awen - nepebiM ebiwes. Cogepxnmoe
CTeKka MOXHO NocMOTpeTb B Aebarrepe.

Stack, -

15,80,02,80, =
35,D4,37,00,
1C, 2C, 27, FA,
D8, 72,D4, 81,
D1,97,C0, 00,

Appec ykasblBaeT Ha agpec, B KOTOpLIN OyoeT NnomeLleH creayiowmnn 6ant ons XxpaHeHust, Nocrne Yero agpec
YMEHbLUMTCS, a Npu n3BneveHmn 6anta agpec yBennuntcs. SToT agpec MOXHO MEHATb BPYYHYHO NPW MOMOLLN
KomaHgbl TXS (koTopyto Mbl n3y4daTb He 6yaem). Co CTEKOM HY)XHO paboTaTb OYEHb aKKypaTHO, YTOObI He
NCNOPTUTb OPUTMHANbHOE TeYeHNe KoAa Urpbl, XOTHA 34eCb HET 0COObLIX CNOXHOCTEN. He ncnonb3yi cTek B
KayecTBe cBOOOAHBLIX aApecoB, eCrin Tbl HE YBEPEH YTO 3TK agpeca He ByayT ncnonb3oBaTbCcs Urpor B ByayLiem.

Takke CTek NPUMEHSIETCA ANs XpaHeHUs aapecoB NPbIKKOB ¢ Bo3BpaToM. Ho cHavana pa3bepem xpaHeHue
OanToB.

Execute 8400
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00:24FF:FF UHCEFINED

>00:8500:29 24 LDR #524
00:8502:82 85 LIK #585
00:8504:20 11 LDY #511
00:8506:48 FHA
00:8507:8 THn
00:8508:48 PHR
00:8509:98 TYR
00:850R:48 PHR
00:850B:2%9 01 LDR #501
00:850D0:22 02 LIK #s502
00:850F:20 03 LDY #503
00:8511:68 FLA
00:8512:48 IAY
00:8513:68 FLR
00:8514:28 TaY
00:8515:68 FLA
00:8516:08 FHP
00:8517:28 ELE
00:8518:20 30 85 J5R 8530
00:851B:20 35 & J3R §85335
00:851E:4C 3& 85 JMF 58534
00:8521:FF UHDEFINED
00:8522:FF UHCEFINED
00:8523:FF UHCEFINED
00:8524:En HOE
00:8525:EL HOE
00:8526:ER HOE
00:8527:EL HOR
00:8528:EL HOE
00:8525:60 T R e
00:852A:FF UHCEFINED
00:852B:FF UHCEFINED
00:852C:FF UHDEFINED
00:852D:FF UHDEFINED
00:852E:FF UHDEFINED
00:852F:FF UHDEFINED
00:8530:8D0 27 01 STA £0127 = #524
00:8533:40 T R e
00:8534:FF UHCEFINED
00:8535:8E 28 01 STX 50128 = #5835
00:8538:40 FHLE ==—————————=—=——v
00:8539:FF UHDEFINED
00:853R:8C 29 01 STY 50129 = #511
00:8530:6C 27 01 JMF (£0127) = $8524
00:8540:FF UHDEFINED

LDA #$24
LDX #$85
LDY #3$11

NogrotoBka koga.

PHA
Momellaem A B cTek. banT 24 otobpasnTtca B cTeke B gedarrepe. B A 6anT 6e3 nameHeHun.

TXA

TXA - npeaBapuTenbHO konupyem 6anT u3 X B A, NOTOMY YTO B CTEK HEMb3st HANpPsAMYyo nomeLatb X u'Y.
Tenepb B 060Mx pernctpax ognHakosbl 6ant. MNpn konupoBaHun 6anTta mexay permctpamm obHosnsAoTcs N n
Z. Tenepb A B cTek. B gebarrepe otobpaxeHo cHavana 85, 3atem 24, notomy 410 85 Mbl 3aCyHynu
nocnegHuM, 1 cemyac OH NepBblvi B CNINCKE Ha U3BMeEYeHne.

TYA
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PHA
AHanorn4yHo coxpaHsiem B cteke Y yepes A.

LDA #$01
LDX #3$02
LDY #$03
O6HoBMM BanThl B permctpax anst 4EMOHCTpauun.

PLA

TAX

PLA

CHavana BbITackuBaeMm u3 cteka 6ant 11 u ero B Y. 3atem 85 1 nepemelaem

B X. M nocnegHum BbiTackuBaem 24, KOTOPbLIN paHbLue Obi1 B A. B UTOre Mbl COXpaHunu no ovyepeamn 6antsl n3
3X perncTpoB B CTeKe, U BblTalLMnM UX U3 Hero B obpaTtHom nopsgke. banTtbl B permctpax noMeHsNMCh Ha Te,
KOTopble ObInNn n3sneyeHbl U3 cteka. Ecnu BoiTawmTtb 6onblue/MeHbLLe 6GanToB B KOHLIE CBOErO Koaa, Urpa MOXeT
B NOCNeACTBUN 3aBUCHYTb, MO3TOMY Tebe Hy>KHO y6eauTbCsi YTO Tbl B CTEKE HUYETO He 3abbir, a Takke YTO Tbl HE
CTaLn U3 HEro HUYETO NULLHETO.

PHP

PHP - otgenbHasa komaHga ons perucrpa craryca npoueccopa. Kak Tbl TOMHULWb, 6alT B 3TOM permucrpe
pa3bunBaeTcsa Ha OUTbI K KaabI OUT oTBEYaET 3a cBoK donar, Ho 6anT octaetcs 6anTtom. PHP coxpaHsieT aToT
GawnT B CTeke, a n3erekaert ero oTtyaa. Mspegka moryTt 6biTb Takne cutyaumm, korga tebe Hy>KHO NONHOCTbIO
COXpaHUTb COCTOsIHME (hnaroB, AN 3TOr0 N HYXHbl 3T 2 KOMaHabl. KcTtatn, cTek He 3anoMuHaeT oTkyaa Obin
GawnT, KOTOPbIA B HEM XPAHUTCHA, NOSTOMY B TEOPMU MOXHO Hanpumep nomecTutb nodon 6ant npu nomowm PHA,
a BbITaLLNTb €ro yxe , M donaru ctaHyT COOTBETCTBEHHBIMMN.

JSR $8530

JSR - npbKOK C cOXpaHeHNeM agpeca npbikka, NN NpbIKOK ¢ BO3BpATOM. 2 BGanTa nocne KoMaHabl MEHSATCS
MecTamu 1 nonyyaeTtcs agpec npbhkka. [py BbinonHeHUN koMaHabl Tebs nepeknHeT Ha agpec 8530, a B cTeke
nosiBatcsa 2 6avita - 1A 1 85. [leno B Tom, 4yto JSR nponucana no agpecy 8518. Ctapwwuii 6ant 85 3anucoiBaetcs
B CTeK nepBbIM, a kK Mnaawemy 18 npubasnsaetca 02 1 OH 3anucbiBaeTcs NOCNEAHNM.

STA $0127

RTS

B OaHHBIN MOMEHT Tbl HaxXoAULWbCA B modnpoepamme bnarogapsa JSR, 1o ectb JSR cosgaet nognporpammy
(310 NpocTo ANA TexHu4eckom uHobl). RTS - Bo3BpaT u3 aton nognporpammbl. KomaHga cumtbiBaeT 2 nocnegHux
GawnTa n3 cteka u coctaBnset us Hux agpec 85 + (1A + 01) = 851B. Takum ob6pasom, Haxogacb B nognporpamMmme,
no 6antam n3 cteka Tbl MOXELUb BbIMUCIIUTL OTKyAa 6bin NpbihKoK. HO Ang aToro ectb ewle oguH cnoco6.

Hangun B gebarrepe kHonky Step Out. [pun HaxaTumn Ha Hee Tebsa BepHeT K mecTy nocne JSR, a KoHKpeTHee no
agpecy n3 nocrnegHux AByx 6antos cteka. Ecnu yyTb 6onee nogpobHO, TO NpK HaXaTuM ATON KHOMKK Koa byaeT
BbINOMHATLCA A0 TOrO MOMEHTA, NoKa He gonaeTt Ao komaHabl RTS, 1 BbINONHUT 3Ty KOMaHAy (6anTbl B CTEKE K
3TOMY BPEMEHMU YK€ MOTYT OTNNYaTbCS OT TeX, KOTOPbIE Thl BUAMLLb B CTEKE 4O HaXKaTUs KHOMKN).

JSR $8535

Ewe oguH npbbKoK, HO faBan He Byaem npbiratb, a pa3bepem ewe oaHy KHOMKy - Step Over. 3Ta KHorka
nepenpbirnBaeT komaHabl JSR, HO He MPOCTO NepenpbIrMBaET, a BbINOMHSAET BECb KOA U3 NOANPOrpamMmmbl 1
Bo3BpawaeT Tebs Ha crnegytowyto komaHgy nocrne JSR. O6e kHoNkM He Bcerga paboTtatoT Kak Hago, HO 3TO He
Gar, He 6yay B 3TO yrnybnaTbCs.

JMP $853A
OT10 06bIYHbIN NPbIKOK, HO ©6e3 Bo3BpaTa, TO ECTb B CTEKE HE NMOSABUTCA HOBbLIX 0ANTOB, XOTA KOMaHabl RTS
paboTatloT kak Hago, NnoaTtoMy RTS He cTouT CTaBuTb rae nonaro.

STY $0129
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JMP ($0127)

OT10oT npbbkoK (6C) oTnnyaetca ot npeabiaywero (4C). Nocne komaHabl nponucadbl 27 01. MeHsem 6anTbl
mectamu n nonyyaem 0127. 0127 = 24, 0128 = 85. MeHsiem Gantbl Mectamu, nonyvaem 8524 - ato agpec
NpbbKKa.

NOP x 5

NOP - otcyTcTBME KOMaHAbI. [1py YTEHMM 3TOM KOMaHObI AMYNATOP HU4Yero He genaeT. OH NPOCTO LWAarHeT Ha
3Ty KOMaHAy, MOCMOTPUT Ha Hee, 1 nonget aanbwe. KomaHaa MoXeT ObITb None3Ha B OCHOBHOM AN 3aTUpaHus
koga. [lonycTum, Tbl HanMcan MHOIO KOA4a, U MOHAM YTO YTO-TO B HEM NULIHEE. Tbl MOXeLb NepenvcaTtb CBON
KOA TaK, YTOObl UCKITHOYUTb U3 HErO ATOT JNINLLIHUI KYCOK, YTO 3aMMeT y Tebs HEKOTOpPOE BpeMS, a MOXeLUb NPOCTO
Ha MecTe NULWHEro Koga nponuncatb MHOro atux cambix NOP. B ob6wem, aenan Tak, kak Tebe ygobHee. TBoe
peLLeHne MOXET 3aBMCETb OT pa3Mepa JIMLLIHErO KoAa, OT BpeMeHun, koTopoe Tebe notpebyerca Ha nepesanunce,
OT TOr0, YTO BO3MOXHO Thbl MOTOM 3ax04ellb BEPHYTb BCE KaK ObIfO M3Ha4YanbHO, a Takke OT ApYrMx (oakTopos.
Ax ga, ewe knaccudeckoe npumeHeHne NOP - HayanbHbIN YATEPCKUIA POMXAKUHT, 3aTupaHue Besiknx DEC,
YTOObI XXN3HW HE OTHUManuck. Kctatn, He Bceraa MOXHO NPOCTO 3aTepeTb 3Ty KOMaHAy, HY)KHO CMOTpPETb Ha TO,
KakoW kof uaeT panblue, nHoraa nyywe DEC 3ameHnTtb Ha LDA #$6aiT.

Hy n komanga UNDEFINED. Ectb Heckonbko 6anToB, koTopble Aebarrep otobpasuT BOT TaK, 3TO 3HAYUT YTO
KOMaHaa He onpefeneHa, To eCTb Takon KOMaHAbl He cyllecTByeT. [pu HanucaHum koga ybeamncb, YTo TBOW KOA
He waraet no Takum BoT UNDEFINED, notomy 4To pesynsrat MoXeT ObiTb Henpeackadyemsim. BOOM!!! Ecnn
B aebarrepe noa 6psikamu noctaBuTb ranoyky Break on Bad Opcodes, 1o aebarrep 6yaeT Bbi3biBaTbCA Npu
Lare Koga no Takmm HeOorno3HaHHbIM KOMaHAaM. ATO MOXET ObITb €Cnun Thl HENPaBWIBHO yKasan KoopanHaTbl
AN NPbIKKOB M KOMaHA CPaBHEHUS, NN ecnn Tbl Ucnonb3oean Hanpuvep JMP, a kog 3aBepwaelwb JSR, n Bce
NOKaTUNOCh K YepTam. B obLiem, oTnnyHO nogxoauT Ans novcka 6aroB, peKoMeHAYH NOCTOSAHHO BKMOYaTb 3Ty
ranouKy.
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3akpenrneHue 3HaHUMN

Ecnu Tbl ocBOUN BCe KOMaHAbl U3 cTaten n ux ocobeHHoCTK, Ansa Tebs He cocTaBuT Tpyaa NpoYMTaTh KOA

Urpbl U NOHATL Kak OH paboTaer. 1o oTAenbHOCTU 3TU KOMaHAbl HE Tak UHTEPECHbI, HO KOrAda Thl NULELLb

CBOW COBCTBEHHbIN KOZ, - 3TO 3axBaTbiBaeT. [loHayany 6yaeTt TpyaHo, S NOMHIO Kak caM YYuricsl, MHor4a Ha
COCTaBfeHNe HECKOMNbKNX KOMaH B NPaBUiibHOM NOPSIAKE YXOOMUI He OAMH Yac, U BCe pagm Toro, YTobbl
A06aBUTb KaKyto-TO Menoyb. TyT yXe Aeno B onbiTe, YemM 6onblue KOAOB Thl HanuLwelb, TeM BbicTpee Tbl
Oyaelb NMcaTb HOBbIE, HAyYNLLbCA UX ONTUMU3NPOBATbL U COBepLlaTbh MeHbLUue ownbok. Ecnn y Tebsa ectb urpa,
KOTOPOW Thl XO4ELLb 3aHATLCS YXKe ceryac - 3amedateribHo. B MoeM cnyyae s1 3Ha4MTenbHO NOBbLICUIT CBOW
HaBbIK BO BpeMs paboTbl Haa TaH4YMKaMu, U BOT YTO NOMYy4YmMocCh.

Moen 3agaden 6bino NpPeBPaATUTL YHbISbIE TAHYMKN B peanbHbIl WyTep. B ckopem BpemMeHn g nnaHnpyro
nepegenarb 3TOT Xak C HyNs U yrny4ywnTb ero, NOTOMY YTO cendac MHe MpoLle HavyaTb BCe 3aHOBO, YeM
pasrpebarb CBOM Ha TOT MOMEHT NPUMUTUBHbIE KOAbI U UcKaTb Garu.

A Hanocnenok s u npeanarato BbIMOJIHUTb HECIOXHbIE pOMXaKepCKkne 3agaHna ¢ UCnonb3oBaHNEM YXe
M3y4YeHHbIX KOMaHa U MOCMOTPETb KaK 3TO Aesnato 4.

o adpecy 007F HaxoOumcs cHemMYUK ocmasuwiuxcs 8 3anace maHkos. 44, 110 u 180 maHku - 60HyCHbIe.
Ce0b600Hoe mecmo 8 pome HaduHaemcs ¢ FF50. B adpece 000B batim ysenudueaemcsi Ha 01 kaxdbil kadp.

3aganue 1. Cgenatb Bce 20 TaHKOB OOHYCHbLIMM.

3aganue 2. 3anpetntb nosineHne 6GOHYCHbIX TAHKOB OS5 peXMMa 2 Urpoka.
3aganue 3. Cgenatb nosiBneHne 60HyCcHOro TaHka ¢ waHcoM 50% u 25%.

3aganue 4. NMpn nosiBNeHNN GOHYCHOro TaHKa HAYMUCIATb +1 XXU3Hb MEPBOMY UTPOKY.

3aganne 5. Caenatb GOHYCHbIMU NOObIE 7 TAHKOB HA YPOBHE C MPOMEXYTKOM MUHUMYM B 1 TaHK.
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https://www.youtube.com/watch?v=3sxZAyvHIZo
https://www.youtube.com/watch?v=3sxZAyvHIZo

Ll
]

3aganue 6. MNMosiBneHue 6 BparoB B pexxume 1 Urpok.

3apaHue 7. NMpu HaxaTtum kKHonkn Select nrpoky HaumcnseTcsa +1 XnsHb.
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https://www.youtube.com/watch?v=R-_D1fE3xAY
https://www.youtube.com/watch?v=R-_D1fE3xAY
https://www.youtube.com/watch?v=lKrCMMn0RcY
https://www.youtube.com/watch?v=lKrCMMn0RcY

Tenepb Tebe ocTaeTcsi TONbKO NPaKTUKOBATLCS, LMUOHUTL MHTEPHET B NMOMCKaX POMXaKepPCKUX cTaTem ot
APYrX aBTOPOB W XaaTb creaytower Bepcum yyebHmka. C MOMM NPOU3HOLLEHNEM Y MEHSI HE O4EHb XOPOLLIO
nony4yaeTcsi CHUMaTb BUAEO, HO S MOCTapatoch 3anmcaThb elle.

A noka Tbl NepeBapuBaeLlb NOyYeHHYH MHAY, OCTaBb OT3bIB Ha hopyMe 1 HaMULLK, HAackonbko Tebe Gbino

MOHSITHO YMTaTb HaNMCaHHOE, a Takke YeMy Obl Tbl XOTEN Hay4nTbCs B ByayLlem, 1 NPeanoxu cBou naeun. Yem
Gonble y Teba Bonpocos, TeM BonbLue ctaten A cMmory ans Tebst Hanncatb. POMXakuHr xus!
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https://www.youtube.com/watch?v=-qXYnXdOclU
https://www.youtube.com/watch?v=-qXYnXdOclU

YyeHuk

[oneHb cnnaus...
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B pa3paboTtke
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Apgent

...coune cnmsHs4...
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B pa3paboTtke
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JKecnepTt

...n 30€eCb HET CIIN3HA.
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B pa3paboTtke
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MacTep

Futurama, 11 ce3oH, 75 cepus.
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B pa3paboTtke
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CTtaTbM U3 UHTEpHeTa

3aecb cobpaHbl 00bIYHbIE U MONE3HbIE CTaTbM, OOMLLUMHCTBO N3 HUX MHE NOCOBETOBanNM Ha dopyme. B
OCHOBHOM 3TO CCbIJTKM, S MOYTU HUYETO U3 3TOTO HE YMTar, Tak YTO C YPOBHEM POMXAKMHIa s MOry ombaTtbCs, HO
3TO HEe TaK BaXHO. A Mx 06583aTeNbHO BCe NOYMTA0 U HAAEKCh NOAYEPIHY YTO-TO nonesHoe. Boobue, ctatbn 5
NbITancst Y4TaTb TOMbKO KOrga HauvMHan pa3gynnsaTbCs B POMXaKMHIE, HO HU OfHA U3 HUX MHE He MOHpaBunach,
NOSTOMY S B OCHOBHOM pa3buvparncs caMoCTOATENBHO.

Pazgen co cTaTbsiMM Hy>KeH 4TOObl KOMNEHCMPOBATL HEXBATKY MHGOpMaLMK B y4ebHUKe, Beb Noka YTo
roTOB TONbKO pasgen Ansi HOBUYKOB. B ByaylieM HekoTopble U3 cTaTtelt MoryT ObiTh NepeaenaHbl MHOK U
WHTErpupoBaHbl B NporpaMmMmy oby4eHusi, U Torga B HAX OTnaaeT HeoBXOAUMOCTb.

CambIl Ny4vwmnm canT no TexHmyeckon nHde nesdev.com (Ha aHMUNCKOM). A He NOSb3YyOCb MOMCKOM Ha 3TOM
canTe, NPOCTO ryrio UHAQY C YKazaHWeM 3TOro canTa.
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HoBu4ok

CTaTbMl YPOBHS HOBUYOK.
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CcbINnKu Ha cTaTbM
MepBbii ypok. BBegeHwue, yactb 1 (lancuster) https://vk.cc/610kYQ
MepBLIN ypok. BeeaeHue, vactb 2 (lancuster) https://vk.cc/610lec
Asbl ncnone3oBaHna Code/Data Logger (lancuster) https://vk.cc/610mqS

Mcnonb3oBaHne Game Genie KoOoB B pOMXaKuMHIre 1 co3gaHne ceomx cobeteeHHbIXx GG kogoB (lancuster)
https:/Ivk.cc/610mcN
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KomaHabl npoueccopa 6502 (Bnu)

6502 Microprocessor

Revision 1.02 by Bnu.

Most of the following information has been taking out of the "Commodore 64
Programmers Reference Manual" simply because it was available in electronic
form and there appears to be no difference between this documentation and
the 6502 documentation, they are both from the 6500 family after all. I've

made changes and additions where appropriate.

In theory you should be able to use any code you can find for emulating
the 6510 (the C64 processor).

THE REGISTERS INSIDE THE 6502 MICROPROCESSOR

Almost all calculations are done in the microprocessor. Registers are
special pieces of memory in the processor which are used to carry out, and

store information about calculations. The 6502 has the following registers:

THE ACCUMULATOR

This is THE most important register in the microprocessor. Various ma-
chine language instructions allow you to copy the contents of a memory
location into the accumulator, copy the contents of the accumulator into
a memory location, modify the contents of the accumulator or some other
register directly, without affecting any memory. And the accumulator is
the only register that has instructions for performing math.

THE X INDEX REGISTER

This is a very important register. There are instructions for nearly
all of the transformations you can make to the accumulator. But there are
other instructions for things that only the X register can do. Various
machine language instructions allow you to copy the contents of a memory
location into the X register, copy the contents of the X register into a
memory location, and modify the contents of the X, or some other register
directly.

THE Y INDEX REGISTER

This is a very important register. There are instructions for nearly
all of the transformations you can make to the accumulator, and the X
register. But there are other instructions for things that only the Y
register can do. Various machine language instructions allow you to copy
the contents of a memory location into the Y register, copy the contents
of the Y register into a memory location, and modify the contents of the
Y, or some other register directly.

THE STATUS REGISTER
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This register consists of eight "flags" (a flag = something that indi-
cates whether something has, or has not occurred). Bits of this register
are altered depending on the result of arithmetic and logical operations.
These bits are described below:

Bit No. 7 6 5 4 3 2 1 0

Bit0 - C - Carry flag: this holds the carry out of the most significant
bit in any arithmetic operation. In subtraction operations however, this
flag is cleared - set to 0 - if a borrow is required, set to 1 - if no
borrow is required. The carry flag is also used in shift and rotate
logical operations.

Bitl - Z - Zero flag: this is set to 1 when any arithmetic or logical
operation produces a zero result, and is set to 0 if the result is
non-zero.

Bit 2 - I: this is an interrupt enable/disable flag. If it is set,
interrupts are disabled. If it is cleared, interrupts are enabled.

Bit 3 - D: this is the decimal mode status flag. When set, and an Add with

Carry or Subtract with Carry instruction is executed, the source values are
treated as valid BCD (Binary Coded Decimal, eg. 0x00-0x99 = 0-99) numbers.

The result generated is also a BCD number.

Bit 4 - B: this is set when a software interrupt (BRK instruction) 1is
executed.

Bit 5: not used. Supposed to be logical 1 at all times.

Bit 6 - V - Overflow flag: when an arithmetic operation produces a result
too large to be represented in a byte, V is set.

Bit 7 - S - Sign flag: this is set if the result of an operation is
negative, cleared if positive.

The most commonly used flags are C, Z, V, S.

THE PROGRAM COUNTER

This contains the address of the current machine language instruction
being executed. Since the operating system is always "RUN"ning in the
Commodore VIC-20 (or, for that matter, any computer), the program counter
is always changing. It could only be stopped by halting the microprocessor
in some way.

THE STACK POINTER
This register contains the location of the first empty place on the

stack. The stack is used for temporary storage by machine language pro-
grams, and by the computer.
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ADDRESSING MODES

Instructions need operands to work on. There are various ways of
indicating where the processor is to get these operands. The different
methods used to do this are called addressing modes. The 6502 offers 11
modes, as described below.

1) Immediate

In this mode the operand's value is given in the instruction itself. In
assembly language this is indicated by "#" before the operand.

eg. LDA #S0A - means "load the accumulator with the hex value O0A"

In machine code different modes are indicated by different codes. So LDA
would be translated into different codes depending on the addressing mode.
In this mode, it is: S$SA9 S$S0A

2 & 3) Absolute and Zero-page Absolute
In these modes the operands address is given.

eg. LDA $31F6 - (assembler)

SAD $31F6 - (machine code)
If the address is on zero page - i.e. any address where the high byte is
00 - only 1 byte is needed for the address. The processor automatically

fills the 00 high byte.
eg. LDA SF4
$A5 $SF4
Note the different instruction codes for the different modes.
Note also that for 2 byte addresses, the low byte is store first, eg.
LDA $31F6 is stored as three bytes in memory, S$AD S$F6 $31.
Zero-page absolute is usually just called zero-page.

4) Implied
No operand addresses are required for this mode. They are implied by the
instruction.
eg. TAX - (transfer accumulator contents to X-register)
SAA

5) Accumulator
In this mode the instruction operates on data in the accumulator, so no
operands are needed.
eg. LSR - logical bit shift right
$4A

6 & 7) Indexed and Zero-page Indexed
In these modes the address given is added to the value in either the X or
Y index register to give the actual address of the operand.
eg. LDA $31F6, Y

$D9 $31F6

LDA $31F6, X

$DD $31F6
Note that the different operation codes determine the index register used.
In the zero-page version, you should note that the X and Y registers are
not interchangeable. Most instructions which can be used with zero-page
indexing do so with X only.
eg. LDA $20, X

$B5 $20
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8) Indirect

This mode applies only to the JMP instruction - JuMP to new location. It is
indicated by parenthesis around the operand. The operand is the address of
the bytes whose value is the new location.

eg. JMP ($215F)

Assume the following - byte value

$215F $76

$2160 $30
This instruction takes the value of bytes $215F, $2160 and uses that as the
address to jump to - i.e. $3076 (remember that addresses are stored with

low byte first).

9) Pre-indexed indirect

In this mode a zer(O-page address is added to the contents of the X-register
to give the address of the bytes holding the address of the operand. The
indirection is indicated by parenthesis in assembly language.

eg. LDA (S$3E, X)

SA1 $3E
Assume the following - byte value
X-reg. $05
$0043 $15
$0044 $24
$2415 S6E

Then the instruction is executed by:

(i) adding $3E and $05 = $0043

(ii) getting address contained in bytes $0043, $0044 = $2415
(iii1) loading contents of $2415 - i.e. $6E - into accumulator

Note a) When adding the l-byte address and the X-register, wrap around
addition is used - i.e. the sum is always a zero-page address.
eg. FF + 2 = 0001 not 0101 as you might expect.

DON'T FORGET THIS WHEN EMULATING THIS MODE.
b) Only the X register is used in this mode.

10) Post-indexed indirect

In this mode the contents of a zero-page address (and the following byte)
give the indirect addressm which is added to the contents of the Y-register
to yield the actual address of the operand. Again, inassembly language,

the instruction is indicated by parenthesis.

eg. LDA ($4C), Y

Note that the parenthesis are only around the 2nd byte of the instruction
since it is the part that does the indirection.

Assume the following - byte value
$004cC $00
$004D $21
Y-reg. $05
$2105 $6D
Then the instruction above executes by:
(i) getting the address in bytes $4C, $4D = $2100
(ii) adding the contents of the Y-register = $2105
(111) loading the contents of the byte $2105 - i.e. $6D into the
accumulator.

Note: only the Y-register is used in this mode.

11) Relative
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This mode is used with Branch-on-Condition instructions. It is probably

the mode you will use most often. A 1 byte value is added to the program
counter, and the program continues execution from that address. The 1

byte number is treated as a signed number - i.e. if bit 7 is 1, the number
given byt bits 0-6 is negative; if bit 7 is 0, the number is positive. This
enables a branch displacement of up to 127 bytes in either direction.

eg bit no. 76543210 signed value unsigned value
value 10100111 -39 SA7
value 00100111 +39 $27
Instruction example:
BEQ SA7
SFO S$SA7

This instruction will check the zero status bit. If it is set, 39 decimal
will be subtracted from the program counter and execution continues from
that address. If the zero status bit is not set, execution continues from
the following instruction.

Notes: a) The program counter points to the start of the instruction
after the branch instruction before the branch displacement is added.
Remember to take this into account when calculating displacements.

b) Branch-on-condition instructions work by checking the relevant
status bits in the status register. Make sure that they have been set or
unset as you want them. This is often done using a CMP instruction.

c) If you find you need to branch further than 127 bytes, use the
opposite branch-on-condition and a JMP.

| MCS6502 MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE

ADC Add Memory to Accumulator with Carry
AND "AND" Memory with Accumulator
ASL Shift Left One Bit (Memory or Accumulator)

|

|

|

|

|

| BCC Branch on Carry Clear

| BCS Branch on Carry Set

| BEQ Branch on Result Zero

| BIT Test Bits in Memory with Accumulator
| BMI Branch on Result Minus

| BNE Branch on Result not Zero
| BPL Branch on Result Plus

| BRK Force Break

| BVC Branch on Overflow Clear
| BVS Branch on Overflow Set

|

| CLC Clear Carry Flag

| CLD Clear Decimal Mode

| CLI Clear interrupt Disable Bit

| CLV Clear Overflow Flag

| CMP Compare Memory and Accumulator
| CPX Compare Memory and Index X

| CPY Compare Memory and Index Y

|

|

|

DEC Decrement Memory by One
DEX Decrement Index X by One
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DEY
EOR
INC
INX

INY

JMP

MCS6502 MICROPROCESSOR INSTRUCTION SET

JSR

LDA
LDX
LDY
LSR

NOP

ORA

PHA
PHP
PLA
PLP

ROL
ROR
RTI
RTS

SBC
SEC
SED
SEI
STA
STX
STY

Decrement Index Y by One
"Exclusive-0Or" Memory with Accumulator

Increment Memory by One
Increment Index X by One
Increment Index Y by One

Jump to New Location

Jump to New Location Saving Return Address

Load Accumulator with Memory

Load Index X with Memory

Load Index Y with Memory

Shift Right One Bit (Memory or Accumulator)

No Operation
"OR" Memory with Accumulator

Push Accumulator on Stack

Push Processor Status on Stack
Pull Accumulator from Stack

Pull Processor Status from Stack

Rotate One Bit Left (Memory or Accumulator)
Rotate One Bit Right (Memory or Accumulator)
Return from Interrupt
Return from Subroutine

Subtract Memory from Accumulator with Borrow
Set Carry Flag

Set Decimal Mode

Set Interrupt Disable Status

Store Accumulator in Memory

Store Index X in Memory

Store Index Y in Memory

Transfer Accumulator to Index X
Transfer Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator
Transfer Index X to Stack Pointer
Transfer Index Y to Accumulator
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The following notation applies to this summary:

A Accumulator

X, Y Index Registers

M Memory

P Processor Status Register
S Stack Pointer

/ Change

- No Change

+ Add

/\ Logical AND

- Subtract

EOR

fro

toS

PC

PCH

PCL

OPE

mS

R

Logical Exclusive Or

Transfer from Stack

Transfer to Stack

Transfer to
Transfer from

Logical OR

Program Counter

Program Counter High

Program Counter Low

OPERAND

IMMEDIATE ADDRESSING MODE

Note: At the top of each table is located in parentheses a reference
number (Ref: XX) which directs the user to that Section in the
MCS6500 Microcomputer Family Programming Manual in which the
instruction is defined and discussed.

ADC Add memory to accumulator with carry ADC
Operation: A + M + C -> A, C NZCTIDV

/)

(Ref: 2.2.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | ADC #Oper | 69 | 2 | 2 |
| Zero Page | ADC Oper | 65 | 2 | 3 |
| Zero Page,X | ADC Oper,X | 75 | 2 | 4 |
| Absolute | ADC Oper | oD | 3 | 4 |
| Absolute, X | ADC Oper,X | 7D | 3 | 4% |
| Absolute, Y | ADC Oper,Y | 79 | 3 | 4% |
| (Indirect, X) | ADC (Oper, X) | ol | 2 | o |
| (Indirect),¥Y | ADC (Oper),Y | 71 | 2 | 5% |
e - F—— F—— o +
* Add 1 if page boundary is crossed.
AND "AND" memory with accumulator AND
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Operation: A /\ M -> A NZCTIDV

/S

(Ref: 2.2.3.0)

o o o o t————————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o o o o t————————— +
| Immediate | AND #Oper | 29 | 2 | 2 |
| Zero Page | AND Oper | 25 | 2 | 3 |
| Zero Page,X | AND Oper, X | 35 | 2 | 4 |
| Absolute | AND Oper | 2D | 3 | 4 |
| Absolute, X | AND Oper, X | 3D | 3 | 4% |
| Absolute,Y | AND Oper,Y | 39 | 3 | 4% |
| (Indirect, X) | AND (Oper, X) | 21 | 2 | 6 |
| (Indirect,Y) | AND (Oper),Y | 31 | 2 | 5 |

* Add 1 if page boundary is crossed.

ASL ASL Shift Left One Bit (Memory or Accumulator) ASL
+—t—t—t—+—+—+—+—+
Operation: C <- [|7]6]5]1413]12]1]0] <= 0O

+—t—t—t+—t+—+—+—+—+ NZCTIDV
VAV
(Ref: 10.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Accumulator | ASL A | OA | 1 | 2 |
| Zero Page | ASL Oper | 06 | 2 | 5 |
| Zero Page,X | ASL Oper,X | 16 | 2 | o |
|  Absolute | ASL Oper | OE | 3 | o |
| Absolute, X | ASL Oper,X | 1E | 3 | 7 |
e - F—— F—— o +
BCC BCC Branch on Carry Clear BCC
NZCITDYV
Operation: Branch onC=0
(Ref: 4.1.1.3)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Relative | BCC Oper | 90 | 2 | 2% |
e - F—— F—— o +
* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.
BCS BCS Branch on carry set BCS
Operation: Branch on C =1 NZzZCIDV
(Ref: 4.1.1.4)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Relative | BCS Oper | BO | 2 | 2% |



* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to next page.

BEQ BEQ Branch on result zero BEQ

NZCITDYV
Operation: Branch onz=1

(Ref: 4.1.1.5)

- - - - - +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
- - - - - +
| Relative | BEQ Oper | FO | 2 | 2% |
- - - - - +

* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to next page.

BIT BIT Test bits in memory with accumulator BIT

Operation: A /\ M, M7 -> N, M6 -> V

Bit 6 and 7 are transferred to the status register. NZzZCIDV

If the result of A /\ M is zero then Z = 1, otherwise M7/ M6

zZ =20

(Ref: 4.2.1.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Zero Page | BIT Oper | 24 | 2 | 3 |
| Absolute | BIT Oper | 2C | 3 | 4 |
e - F—— F—— o +
BMI BMI Branch on result minus BMI
Operation: Branch on N =1 NZzZCIDV

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Relative | BMI Oper | 30 | 2 | 2% |
e - F—— F—— o +

* Add 1 if branch occurs to same page.
* Add 1 if branch occurs to different page.
BNE BNE Branch on result not zero BNE
Operation: Branch on Z = 0 NZzZCIDV
(Ref: 4.1.1.6)

| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|

| Relative | BMI Oper | DO | 2 | 2% |



* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.

BPL BPL Branch on result plus BPL
Operation: Branch on N = 0 NZzZCIDV

(Ref: 4.1.1.2)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Relative | BPL Oper | 10 | 2 | 2% |
e - F—— F—— o +

* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.

BRK BRK Force Break BRK
Operation: Forced Interrupt PC + 2 toS P toS NZzZCIDV

___l__

(Ref: 9.11)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | BRK | 00 | 1 | 7 |
e - F—— F—— o +

1. A BRK command cannot be masked by setting I.

BVC BVC Branch on overflow clear BVC

Operation: Branch on V = 0 NZzZCIDV

(Ref: 4.1.1.8)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Relative | BVC Oper | 50 | 2 | 2% |
e - F—— F—— o +

* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.
BVS BVS Branch on overflow set BVS

Operation: Branch on V =1 NZzZCIDV

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Relative | BVS Oper | 70 | 2 | 2% |
e - F—— F—— o +

* Add 1 if branch occurs to same page.
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* Add 2 if branch occurs to different page.

CLC CLC Clear carry flag CLC
Operation: 0 -> C NZzZCIDV
__O___
(Ref: 3.0.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Implied | CLC | 18 | 1 | 2 |
e - F—— F—— o +
CLD CLD Clear decimal mode CLD
Operation: 0 -> D NACIDV
____O_
(Ref: 3.3.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | CLD | D8 | 1 | 2 |
e - F—— F—— o +
CLI CLI Clear interrupt disable bit CLI
Operation: 0 -> I NZCTIDV
___O__
(Ref: 3.2.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Implied | CLI | 58 | 1 | 2 |
e - F—— F—— o +
CLV CLV Clear overflow flag CLV
Operation: 0 -> V NZCTIDV
_____ 0
(Ref: 3.6.1)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | CLV | B8 | 1 | 2 |
e - F—— F—— o +
CMP CMP Compare memory and accumulator CMP
Operation: A - M NZzZCIDV
VAV
(Ref: 4.2.1)
e - F—— F—— o +



| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | CMP #Oper | C9 | 2 | 2 |
| Zero Page | CMP Oper | C5 | 2 | 3 |
| Zero Page,X | CMP Oper, X | D5 | 2 | 4 |
| Absolute | CMP Oper | CD | 3 | 4 |
| Absolute, X | CMP Oper, X | DD | 3 | 4% |
| Absolute, Y | CMP Oper, Y | D9 | 3 | 4% |
| (Indirect, X) | CMP (Oper, X) | C1l | 2 | o |
| (Indirect),Y | CMP (Oper),Y | D1 | 2 | 5% |
e - F—— F—— o +
* Add 1 if page boundary is crossed.
CPX CPX Compare Memory and Index X CPX
NZCIDYV
Operation: X - M /)
(Ref: 7.8)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | CPX *Oper | EO | 2 | 2 |
| Zero Page | CPX Oper | E4 | 2 | 3 |
| Absolute | CPX Oper | EC | 3 | 4 |
e - F—— F—— o +
CpY CPY Compare memory and index Y CpY
NZCITDYV
Operation: Y - M /)
(Ref: 7.9)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | CPY *Oper | (6]0) | 2 | 2 |
| Zero Page | CPY Oper | c4 | 2 | 3 |
|  Absolute | CPY Oper | CcC | 3 | 4 |
e - F—— F—— o +
DEC DEC Decrement memory by one DEC
Operation: M - 1 -> M NZzZCIDV
/)
(Ref: 10.7)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Zero Page | DEC Oper | Co6 | 2 | 5 |
| Zero Page,X | DEC Oper, X | D6 | 2 | o |
|  Absolute | DEC Oper | CE | 3 | o |
| Absolute, X | DEC Oper, X | DE | 3 | 7 |
e - F—— F—— o +
DEX DEX Decrement index X by one DEX
Operation: X - 1 -> X NZzZCIDV
//
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(Ref: 7.06)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | DEX | CA | 1 | 2 |
e - F—— F—— o +
DEY DEY Decrement index Y by one DEY
Operation: X - 1 -> Y NZzZCIDV
/)
(Ref: 7.7)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | DEY | 88 | 1 | 2 |
e - F—— F—— o +
EOR EOR "Exclusive-Or" memory with accumulator EOR
Operation: A EOR M -> A NZzZCIDV
/)
(Ref: 2.2.3.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | EOR #Oper | 49 | 2 | 2 |
| Zero Page | EOR Oper | 45 | 2 | 3 |
| Zero Page,X | EOR Oper,X | 55 | 2 | 4 |
| Absolute | EOR Oper | 4D | 3 | 4 |
| Absolute, X | EOR Oper,X | 5D | 3 | 4% |
| Absolute,Y | EOR Oper,Y | 59 | 3 | 4% |
| (Indirect, X) | EOR (Oper, X) | 41 | 2 | 6 |
|  (Indirect),Y | EOR (Oper),Y | 51 | 2 | 5* I
e - F—— F—— o +
* Add 1 if page boundary is crossed.
INC INC Increment memory by one INC
NZCIDYV
Operation: M + 1 -> M /)
(Ref: 10.6)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Zero Page | INC Oper | E6 | 2 | 5 |
| Zero Page,X | INC Oper,X | Fo6 | 2 | o |
|  Absolute | INC Oper | EE | 3 | o |
| Absolute, X | INC Oper,X | FE | 3 | 7 |
e - F—— F—— o +
INX INX Increment Index X by one INX
NZCITDYV
Operation: X + 1 -> X /S
(Ref: 7.4)
e - F—— F—— o +



| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|

e - F—— F—— o +
| Implied | INX | E8 | 1 | 2 |
e - F—— F—— o +
INY INY Increment Index Y by one INY

Operation: X + 1 -> X NZCTIDYV

/)

(Ref: 7.5)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | INY | C8 | 1 | 2 |
e - F—— F—— o +
JMP JMP Jump to new location JMP

Operation: (PC + 1) -> PCL N ZC1IDYV

(PC + 2) -> PCH (Ref: 4.0.2)

(Ref: 9.8.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Absolute | JMP Oper | 4C | 3 | 3 |
| Indirect | JMP (Oper) | oC | 3 | 5 |
e - F—— F—— o +
JSR JSR Jump to new location saving return address JSR

Operation: PC + 2 toS, (PC + 1) -> PCL N ZCTIDYV

(PC +2) -=>PCH

(Ref: 8.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Absolute | JSR Oper | 20 | 3 | o |
e - F—— F—— o +
LDA LDA Load accumulator with memory LDA

Operation: M -> A NZzZCIDV

/)

(Ref: 2.1.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | LDA #Oper | A9 | 2 | 2 |
| Zero Page | LDA Oper | A5 | 2 | 3 |
| Zero Page,X | LDA Oper, X | B5 | 2 | 4 |
| Absolute | LDA Oper | AD | 3 | 4 |
| Absolute, X | LDA Oper, X | BD | 3 | 4% |
| Absolute, Y | LDA Oper,Y | B9 | 3 | 4% |

66



| (Indirect, X) | LDA (Oper, X) | Al | 2 | o |
| (Indirect),Y | LDA (Oper),Y | B1 | 2 | 5* |

* Add 1 if page boundary is crossed.

LDX LDX Load index X with memory LDX
Operation: M -> X NZzZCIDV
/)
(Ref: 7.0)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | LDX #Oper | A2 | 2 | 2 |
| Zero Page | LDX Oper | A6 | 2 | 3 |
| Zero Page,Y | LDX Oper,Y | B6 | 2 | 4 |
| Absolute | LDX Oper | AE | 3 | 4 |
| Absolute,Y | LDX Oper, Y | BE | 3 | 4* |
e - F—— F—— o +
* Add 1 when page boundary is crossed.
LDY LDY Load index Y with memory LDY
NZCITDYV
Operation: M -> Y /S
(Ref: 7.1)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | LDY #Oper | AQ | 2 | 2 |
| Zero Page | LDY Oper | Al | 2 | 3 |
| Zero Page,X | LDY Oper, X | B4 | 2 | 4 |
| Absolute | LDY Oper | AC | 3 | 4 |
| Absolute, X | LDY Oper, X | BC | 3 | 4% |
e - F—— F—— o +
* Add 1 when page boundary is crossed.
LSR LSR Shift right one bit (memory or accumulator) LSR
+—t—t—t+—t+—+—+—+—+
Operation: 0 -> |7]6]514]312]1|0] -> C N ZCIDYV
ottt —t+—+—+ o/ /7
(Ref: 10.1)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Accumulator | LSR A | 4A | 1 | 2 |
| Zero Page | LSR Oper | 46 | 2 | 5 |
| Zero Page,X | LSR Oper, X | 56 | 2 | o |
|  Absolute | LSR Oper | 4EF | 3 | o |
| Absolute, X | LSR Oper, X | 5E | 3 | 7 |
e - F—— F—— o +
NOP NOP No operation NOP
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Operation: No Operation (2 cycles)
e ————————— e tm——_—— tm——_—— to———— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e ————————— e tm——_—— e —_—— to———— +
| Implied | NOP | EA | 1 | 2 |
e ————————— e tm——_—— tm——_—— to———— +
ORA ORA "OR" memory with accumulator ORA
Operation: A VM -> A NZzZCIDV
/S
(Ref: 2.2.3.1)
e ————————— e tm——_—— e —_—— to———— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e ————————— e tm——_—— tm——_—— to———— +
| Immediate | ORA #Oper | 09 | 2 | 2 |
| Zero Page | ORA Oper | 05 | 2 | 3 |
| Zero Page,X | ORA Oper,X | 15 | 2 | 4 |
| Absolute | ORA Oper | 0D | 3 | 4 |
| Absolute, X | ORA Oper,X | 10 | 3 | 4% |
| Absolute,Y | ORA Oper,Y | 19 | 3 | 4* |
| (Indirect, X) | ORA (Oper,X) | 01 | 2 | o |
| (Indirect),Y | ORA (Oper),Y | 11 | 2 | 5 |
e ————————— e tm——_—— e —_—— to———— +
* Add 1 on page crossing
PHA PHA Push accumulator on stack PHA
Operation: A toS NZzZCIDV
(Ref: 8.5)
e ————————— e tm——_—— tm——_—— to———— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e ————————— e tm——_—— e —_—— to———— +
| Implied | PHA | 48 | 1 | 3 |
e ————————— e tm——_—— tm——_—— to———— +
PHP PHP Push processor status on stack PHP
Operation: P toS NZzZCIDV
(Ref: 8.11)
e ————————— e tm——_—— e —_—— to———— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e ————————— e tm——_—— tm——_—— to———— +
| Implied | PHP | 08 | 1 | 3 |
e ————————— e tm——_—— e —_—— to———— +
PLA PLA Pull accumulator from stack PLA

Operation: A fromS
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e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | PLA | 68 | 1 | 4 |
e - F—— F—— o +
PLP PLP Pull processor status from stack PLA
Operation: P fromsS NZzZCIDV
From Stack
(Ref: 8.12)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Implied | PLP | 28 | 1 | 4 |
e - F—— F—— o +
ROL ROL Rotate one bit left (memory or accumulator) ROL
e +
| M or A |
| +—t—t—t+—t+—+—+—+—+ +-—+ |
Operation: +-< |71615]141312]11]10] <= |C| <-+ N ZCTIDYV
=t —t—F—+—+—-+-+-+ +-+ /S
(Ref: 10.3)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Accumulator | ROL A | 2A | 1 | 2 |
| Zero Page | ROL Oper | 26 | 2 | 5 |
| Zero Page,X | ROL Oper, X | 36 | 2 | o |
|  Absolute | ROL Oper | 2F | 3 | o |
| Absolute, X | ROL Oper,X | 3E | 3 | 7 |
e - F—— F—— o +
ROR ROR Rotate one bit right (memory or accumulator) ROR
e +
| I
| +—+ -ttt —t+—t+—+—+—+ |
Operation: +=> |C| => |7]16]5]1413]12]1]0] >-+ N ZC1IDV
+—+ R e e e e e e S /S
(Ref: 10.4)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Accumulator | ROR A | oA | 1 | 2 |
| Zero Page | ROR Oper | 06 | 2 | 5 |
| Zero Page,X | ROR Oper,X | 76 | 2 | o |
|  Absolute | ROR Oper | ok | 3 | o |
| Absolute, X | ROR Oper,X | TE | 3 | 7 |
e - F—— F—— o +



Note: ROR instruction is available on MCS650X microprocessors after

June, 1976.

RTI RTI Return from interrupt RTI

NZCITDYV
Operation: P fromS PC fromS From Stack

(Ref: 9.06)

- - - - - +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
- - - - - +
| Implied | RTI | 4D | 1 | 6 |
- - - - - +
RTS RTS Return from subroutine RTS

Operation: PC fromS, PC + 1 -> PC

(Ref: 8.2)
e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Implied | RTS | 60 | 1 | 6 |
e - F—— F—— o +
SBC SBC Subtract memory from accumulator with borrow SBC
Operation: A - M - C -> A NZzZCIDV
- /)
Note:C = Borrow (Ref: 2.2.2)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
| Immediate | SBC #Oper | E9 | 2 | 2 |
| Zero Page | SBC Oper | E5 | 2 | 3 |
| Zero Page,X | SBC Oper, X | F5 | 2 | 4 |
| Absolute | SBC Oper | ED | 3 | 4 |
| Absolute, X | SBC Oper, X | FD | 3 | 4% |
| Absolute, Y | SBC Oper, Y | F9 | 3 | 4% |
| (Indirect, X) | SBC (Oper, X) | El | 2 | o |
| (Indirect),Y | SBC (Oper),Y | Fl | 2 | 5 |

* Add 1 when page boundary is crossed.

SEC SEC Set carry flag SEC
Operation: 1 -> C NZzZCIDV

__l___

(Ref: 3.0.1)

e - F—— F—— o +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
e - F—— F—— o +
|  Implied | SEC | 38 | 1 | 2 |
e - F—— F—— o +



SED

Operation: 1 -> D
fom +
| Addressing Mode|
fom +
| Implied |
fom +
SET

Operation: 1 ->1I
fom +
| Addressing Mode|
fom e +
| Implied |
fom +
STA

Operation: A -> M
fom +

| Zero Page |
| Zero Page,X |
| Absolute |
| Absolute, X |
| Absolute, Y |
| (Indirect, X) |
| (Indirect),¥Y |

e +
STX

Operation: X -> M
e +

| Zero Page |
| Zero Page,Y |
| Absolute |

STY

SED Set decimal mode

(Ref: 3.3.1)
——————————————————————— o
Assembly Language Form| OP CODE
——————————————————————— o

SED | F8 |
——————————————————————— o
SEI Set interrupt disable status
(Ref: 3.2.1)
——————————————————————— o
Assembly Language Form| OP CODE
——————————————————————— o
SEI | 78 |
——————————————————————— o
STA Store accumulator in memory
(Ref: 2.1.2)
——————————————————————— o
Assembly Language Form| OP CODE
——————————————————————— o
STA Oper | 85 |
STA Oper,X | 95 |
STA Oper | 8D
STA Oper, X | 9D |
STA Oper, Y | 99 |
STA (Oper, X) | 81 |
STA (Oper),Y | 91 |
——————————————————————— o
STX Store index X in memory
(Ref: 7.2)
——————————————————————— o
Assembly Language Form| OP CODE
——————————————————————— o
STX Oper | 86
STX Oper,Y | 96 |
STX Oper | 8E |
——————————————————————— o

STY Store index Y in memory
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|No.

|No.

|No.

SED

NZCIDYV

____l_
————————— F———
Bytes|No. Cycles]|
————————— F———
1 | 2 I
————————— F———
SED

NZCIDYV

___l__
————————— F———
Bytes|No. Cycles]|
————————— F———
1 | 2 I
————————— F———
STA

NZCITDYV
————————— F———
Bytes|No. Cycles]|
————————— F———
2 | 3 I
2 | 4 I
3 | 4 I
3 | 5 I
3 | 5 I
2 | 6 I
2 | 6 I
————————— F———
STX

NZCTIDYV
————————— F———
Bytes|No. Cycles]|
————————— F———
2 | 3 I
2 | 4 I
3 | 4 I
————————— F———
STY



Operation: Y -> M

(Ref: 7.3)
o —— B o o —————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o —— B o o —————— +
| Zero Page | STY Oper | 84 2 | 3 |
| Zero Page,X | STY Oper, X | 94 2 | 4 |
|  Absolute | STY Oper | 8C 3 | 4 |
o —— B o o —————— +
TAX TAX Transfer accumulator to index X TAX
Operation: A -> X NZzZCIDV
/S
(Ref: 7.11)
o —— B o o —————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o —— B o o —————— +
| Implied | TAX | AA 1 | 2 |
o —— B o o —————— +
TAY TAY Transfer accumulator to index Y TAY
Operation: A -> Y NZzZCIDV
/S
(Ref: 7.13)
o —— B o o —————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o —— B o o —————— +
| Implied | TAY | A8 1 | 2 |
o —— B o o —————— +
TSX TSX Transfer stack pointer to index X TSX
Operation: S -> X NZzZCIDV
/S
(Ref: 8.9)
o —— B o o —————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o —— B o o —————— +
| Implied | TSX | BA 1 | 2 |
o —— B o o —————— +
TXA TXA Transfer index X to accumulator TXA
N ZCTITDV
Operation: X -> A /S
(Ref: 7.12)
o —— B o o —————— +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
o —— B o o —————— +
| Implied | TXA | 8A 1 | 2 |
o —— B o o —————— +



TXS TXS Transfer index X to stack pointer TXS
NZCITDYV
Operation: X -> S

(Ref: 8.8)
- - - - - +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
- - - - - +
| Implied | TXS | 9A | 1 | 2 |
- - - - - +
TYA TYA Transfer index Y to accumulator TYA
Operation: Y -> A NZzZCIDV

/)

(Ref: 7.14)
- - - - - +
| Addressing Mode| Assembly Language Form| OP CODE |[No. Bytes|No. Cycles]|
- - - - - +
| Implied | TYA | 98 | 1 | 2 |
- - - - - +

| INSTRUCTION ADDRESSING MODES AND RELATED EXECUTION TIMES
| (in clock cycles)

+ ________________________________________________________________________
A A A B B B B B B B B B B C
D N S C C E I M N P R \Y4 \Y4 L
C D L C S Q T I E L K C S C

Accumulator | 2 .

Immediate | 2 2

Zero Page | 3 3 5 3

Zero Page,X | 4 4 6

Zero Page,Y | .

Absolute | 4 4 6 4

Absolute, X | 4% 4*x 7

Absolute, Y | 4* 4% .

Implied | . . . . . . . . . . 2

Relative | KK QFkK DERA 2KkF DFkKx Dxk 7] 2K*k DF*

(Indirect,X) | o 6

(Indirect),¥Y | 5* bx

|

Abs. Indirect

Accumulator |

Immediate | 2 2 2 2

Zero Page | 3 3 3 5 3 5

Zero Page,X | 4 6 4 6

Zero Page,Y | .

Absolute | 4 4 4 6 . . 4 6 3
Absolute, X | 4% . . 7 . . 4% 7]

Absolute, Y | 4% . . . . . 4%
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Implied | 2 2 2 . 2 2 2 2
Relative | .
(Indirect, X) | 6 . 6
(Indirect),¥Y | 5% . 5%

| .

Abs. Indirect

* Add one cycle if indexing across page boundary
** Add one cycle if branch is taken, Add one additional if branching
operation crosses page boundary

________________________________________________________________________ +
INSTRUCTION ADDRESSING MODES AND RELATED EXECUTION TIMES |
(in clock cycles) |

________________________________________________________________________ +

J L L L L N O P P P P R R R
S D D D S O R H H L L O O T
R A X Y R P A A P A P L R I

Accumulator | 2 . 2 2

Immediate | 2 2 2 . 2

Zero Page | 3 3 3 5 3 5 5

Zero Page,X | 4 . 4 6 4 6 6

Zero Page,Y | 4 .

Absolute | © 4 4 4 6 . 4 . . . . 6 6

Absolute, X | . 4% . 4= 7] . 4% . . . . 7 7

Absolute, Y | 4*  4* . . 4% .

Implied | 2 3 3 4 4 6

Relative |

(Indirect,X) | o 6

(Indirect),¥Y | 5% . 5%

|

Abs. Indirect

_|_ ___________________________________________________________
R S S S S S S S T T T T T T
T B E E T T T A A S X X Y
S C C D I A X Y X Y X A S A
Accumulator | .
Immediate | 2
Zero Page | 3 3 3 3
Zero Page,X | 4 4 . 4
Zero Page,Y | 4
Absolute | . 4 . . . 4 4 4
Absolute, X | . 4* . . 5
Absolute, Y | 4% 5 .
Implied | 6 2 2 2 2 2 2 2 2 2
Relative | .
(Indirect, X) | o . 6
(Indirect),Y | 5% 6
|

Abs. Indirect

* Add one cycle if indexing across page boundary
** Add one cycle if branch is taken, Add one additional if branching
operation crosses page boundary

00 - BRK 20 - JSR
74



01
02
03
04
05
06
07
08
09
0A
OB
0cC
0D
OE
0F
10
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F

40
41
42
43
44
45
46
47
48
49
4A
4B
4C
4D
4E
4F
50
51
52
53
54
55
56
57
58

ORA - (Indirect,X)
Future Expansion
Future Expansion
Future Expansion
ORA - Zero Page
ASL - Zero Page
Future Expansion
PHP

ORA - Immediate
ASL - Accumulator
Future Expansion
Future Expansion
ORA - Absolute
ASL - Absolute
Future Expansion
BPL

ORA - (Indirect),Y
Future Expansion
Future Expansion
Future Expansion
ORA - Zero Page,X
ASL - Zero Page,X
Future Expansion
CLC

ORA - Absolute, Y
Future Expansion
Future Expansion
Future Expansion
ORA - Absolute,X
ASL - Absolute,X
Future Expansion

RTI

EOR - (Indirect,X)
Future Expansion
Future Expansion
Future Expansion
EOR - Zero Page
LSR - Zero Page
Future Expansion
PHA

EOR - Immediate
LSR - Accumulator
Future Expansion
JMP - Absolute
EOR - Absolute
LSR - Absolute
Future Expansion
BVC

EOR - (Indirect),Y
Future Expansion
Future Expansion
Future Expansion
EOR - Zero Page,X
LSR - Zero Page,X
Future Expansion
CLT

21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F
30
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

60
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76
77
78

75

AND - (Indirect,X)
Future Expansion
Future Expansion
BIT - Zero Page
AND - Zero Page
ROL - Zero Page
Future Expansion
PLP

AND - Immediate
ROL - Accumulator
Future Expansion
BIT - Absolute
AND - Absolute
ROL - Absolute
Future Expansion
BMI

AND - (Indirect),Y
Future Expansion
Future Expansion
Future Expansion
AND - Zero Page,X
ROL - Zero Page,X
Future Expansion
SEC

AND - Absolute,Y
Future Expansion
Future Expansion
Future Expansion
AND - Absolute,X
ROL - Absolute, X
Future Expansion

RTS

ADC - (Indirect,X)
Future Expansion
Future Expansion
Future Expansion
ADC - Zero Page
ROR - Zero Page
Future Expansion
PLA

ADC - Immediate
ROR - Accumulator
Future Expansion
JMP - Indirect
ADC - Absolute
ROR - Absolute
Future Expansion
BVS

ADC - (Indirect),Y
Future Expansion
Future Expansion
Future Expansion
ADC - Zero Page,X
ROR - Zero Page,X
Future Expansion
SET



59
5A
5B
5C
5D
5E
S5F

80
81
82
83
84
85
86
87
88
89
8A
8B
8C
8D
8E
8F
90
91
92
93
94
95
96
97
98
99
9A
9B
9C
9D
9E
9F

co
Cl
C2
C3
c4
C5
Cob
C7
c8
C9
CA
CB
cC
CD
CE
CF

EOR - Absolute,Y
Future Expansion
Future Expansion
Future Expansion
EOR - Absolute, X
LSR - Absolute,X
Future Expansion

Future Expansion
STA - (Indirect, X)
Future Expansion
Future Expansion
STY - Zero Page
STA - Zero Page
STX - Zero Page
Future Expansion
DEY

Future Expansion
TXA

Future Expansion
STY - Absolute
STA - Absolute
STX - Absolute
Future Expansion
BCC

STA - (Indirect),Y
Future Expansion
Future Expansion
STY - Zero Page,X
STA - Zero Page,X
STX - Zero Page,Y
Future Expansion
TYA

STA - Absolute,Y
TXS

Future Expansion
Future Expansion
STA - Absolute,X
Future Expansion
Future Expansion

Cpy - Immediate
CMP - (Indirect, X)
Future Expansion
Future Expansion
CPY - Zero Page
CMP - Zero Page
DEC - Zero Page
Future Expansion
INY

CMP - Immediate
DEX

Future Expansion
CPY - Absolute
CMP - Absolute
DEC - Absolute
Future Expansion

79
TA
B
7C
7D
TE
TF

A0
Al
A2
A3
A4
A5
A6
ATl
A8
A9
AA
AB
AC
AD
AR
AF
BO
B1
B2
B3
B4
B5
B6
B7
B8
B9
BA
BB
BC
BD
BE
BF

EO
El
E2
E3
E4
E5
E6
E7
E8
E9
EA
EB
EC
ED
EE
EF
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ADC - Absolute,Y
Future Expansion
Future Expansion
Future Expansion
ADC - Absolute,X
ROR - Absolute, X
Future Expansion

LDY - Immediate
LDA - (Indirect, X)
LDX - Immediate
Future Expansion
LDY - Zero Page
LDA - Zero Page
LDX - Zero Page
Future Expansion
TAY

LDA - Immediate
TAX

Future Expansion
LDY - Absolute
LDA - Absolute
LDX - Absolute
Future Expansion
BCS

LDA - (Indirect),Y
Future Expansion
Future Expansion
LDY - Zero Page,X
LDA - Zero Page,X
LDX - Zero Page,Y
Future Expansion
CLV

LDA - Absolute,Y
TSX

Future Expansion
LDY - Absolute,X
LDA - Absolute,X
LDX - Absolute,Y
Future Expansion

CPX - Immediate
SBC - (Indirect, X)
Future Expansion
Future Expansion
CPX - Zero Page
SBC - Zero Page
INC - Zero Page
Future Expansion
INX

SBC - Immediate
NOP

Future Expansion
CPX - Absolute
SBC - Absolute
INC - Absolute
Future Expansion



DO - BNE

D1 - CMP (Indirect@, Y
D2 - Future Expansion
D3 - Future Expansion
D4 - Future Expansion
D5 - CMP - Zero Page,X
D6 - DEC - Zero Page,X
D7 - Future Expansion
D8 - CLD

D9 - CMP - Absolute,Y
DA - Future Expansion
DB - Future Expansion
DC - Future Expansion
DD - CMP - Absolute,X
DE - DEC - Absolute,X
DF - Future Expansion

INSTRUCTION OPERATION

FO
Fl
E2
F3
F4
F'5
F6
E7
F8
F9
FA
FB
FC
FD
FE
FE

BEQ

SBC - (Indirect),Y
Future Expansion
Future Expansion
Future Expansion
SBC - Zero Page,X
INC - Zero Page,X
Future Expansion
SED

SBC - Absolute,Y
Future Expansion
Future Expansion
Future Expansion
SBC - Absolute,X
INC - Absolute, X
Future Expansion

The following code has been taken from VICE for the purposes of showing
No particular addressing mode is used since
we only wish to see the operation of the instruction itself.

how each instruction operates.

src
SET_SIGN
SET_ZERO
is zero or not.
SET CARRY (condition)
carry flag is s
SET OVERFLOW (condition)
flag is set,

SET INTERRUPT : }
SET BREAK : }
SET DECIMAL : }

REL ADDR(PC, src)

et,

the byte of data that is being addressed.
sets\resets the sign flag depending on bit 7.
sets\resets the zero flag depending on whether the result

if the condition has a non-zero value then the
else it is reset.

if the condition is true then the overflow

else it is reset.
As for SET_CARRY and SET_OVERFLOW.

returns the relative address obtained by adding

the displacement src to the PC.

SET SR

GET SR

PULL Pull a byte off the

PUSH Push a byte onto th

LOAD

STORE

IF CARRY, IF OVERFLOW, IF
relevant flag i

clk

stack.
e stack.

SIGN,
s set,

set the Program Status Register to the wvalue given.
get the value of the Program Status Register.

Get a byte from the memory address.
Store a byte in a memory address.
IF ZERO etc
otherwise returns false.
the number of cycles an instruction takes.

Returns true if the

This is shown below

in situations where the number of cycles changes depending

on the result of the instruction

AC = Accumulator

XR = X register

YR = Y register

PC = Program Counter

SP = Stack Pointer
/* ADC */
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/*

/*

/*

/*

/*

/*

/*

unsigned int temp

SET ZERO (temp & Oxff);

if (IF_DECIMAL())
if
SET SIGN (temp) ;

SET OVERFLOW (! ((AC "~ src)

if (temp > 0x99)
SET CARRY (temp >
} else {

SET SIGN (temp) ;

SET OVERFLOW (! ((AC "~ src)

SET CARRY (temp >
}
AC = ((BYTE)
AND */
src &= AC;
SET SIGN(src);
SET ZERO (src);
AC = src;

ASL */

(((AC & Oxf) +

= src + AC + (IF CARRY() ? 1

{

(src & 0xf) + (IF CARRY()
& 0x80)
temp += 96;
0x99) ;

&&

& 0x80) &&

Oxff);

temp) ;

SET CARRY (src & 0x80);

src <<= 1;

src &= 0Oxff;
SET SIGN(src);
SET ZERO (src);

STORE src in memory or accumulator depending

BCC */
if (!IF_CARRY())
clk +=
PC =
1

BCS */
if (IF_CARRY()) {
clk +=
PC =
1

BEQ */
if (IF _ZERO()) {
clk +=
PC =
}

BIT */
SET SIGN(src);
SET_OVERFLOW(OX4O

((PC & OxFFO00)
REL ADDR(PC,

((PC & OxFFO00)
REL ADDR(PC,

((PC & OxFFO00)
REL ADDR(PC,

(REL_ADDR(PC, src) &

src);

(REL_ADDR(PC, src) &

src);

(REL_ADDR(PC, src) &

src);

& src); /* Copy bit 6 to

SET ZERO (src & AC);

BMI */
if (IF SIGN()) {
clk +=
PC =
}

((PC & OxFFO00) !=
REL ADDR(PC,

(REL_ADDR(PC, src) &

src);
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((AC ~ temp)

((AC ~ temp)

0);

/* This is not valid in decimal mode */

21

0)) > 9)

& 0x80));

& 0x80));

on addressing mode.

OxFFO00) 2 2 1)

OxFFO00) 2 2 1)

OxFFO00) 2 2 1)

OVERFLOW flag. */

OxFFO00) 2 2 1)

temp += 6;



/* BNE */

/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

if (!IF ZERO()) {

clk += ((PC & OxFFO00) != (REL ADDR(PC, src) & OxFF00) 2 2 : 1);
PC = REL_ADDR(PC, src);

1

BPL */
if (!IF SIGN()) |
clk += ((PC & OxFFO00) != (REL ADDR(PC, src) & OxFF00) 2 2 : 1);
PC = REL_ADDR(PC, src);
}
BRK */
PC++;
PUSH ((PC >> 8) & Oxff); /* Push return address onto the stack.
PUSH (PC & Oxff);
SET BREAK((1)); /* Set BFlag before pushing */
PUSH (SR) ;
SET_INTERRUPT((l));
PC = (LOAD(OxXFFFE) | (LOAD(OxXFFFF) << 8));
BVC */
if (!IF_OVERFLOW()) {
clk += ((PC & OxFFO00) != (REL ADDR(PC, src) & OxFF00) 2 2 : 1);
PC = REL_ADDR(PC, src);
}
BVS */
if (IF_OVERFLOW()) {
clk += ((PC & OxFFO00) != (REL ADDR(PC, src) & OxFF00) 2 2 : 1);
PC = REL_ADDR(PC, src);
}
CLC */
SET CARRY ((0));
CLD */
SET_DECIMAL((O));
CLI */
SET_INTERRUPT((O));
CLV x/
SET_OVERFLOW((O));
CMP *x/
src = AC - src;
SET CARRY (src < 0x100);
SET SIGN (src);
SET ZERO (src &= 0Oxff);
CPX *x/

src = XR - src;

SET CARRY (src < 0x100);
SET SIGN(src);

SET ZERO (src &= 0Oxff);
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/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

CPY */
src = YR - src;

SET CARRY (src < 0x100);

SET SIGN (src);
SET ZERO (src &= 0Oxff);

DEC */

src = (src - 1) & Oxff;

SET SIGN (src);
SET ZERO (src);
STORE (address, (src));

DEX */

unsigned src XR;

src = (src - 1) & Oxff;

SET SIGN (src);
SET ZERO (src);
XR = (src);

DEY */

unsigned src YR;

src = (src - 1) & Oxff;

SET SIGN (src);
SET ZERO (src);
YR = (src);

EOR */
src ~= AC;
SET SIGN (src);
SET ZERO (src);
AC = src;

INC */

src = (src + 1) & Oxff;

SET SIGN (src);
SET ZERO (src);
STORE (address, (src));

INX */

unsigned src =
src = (src + 1)
SET SIGN (src);
SET ZERO (src);
XR = (src);

XR;

INY */

unsigned src YR;

src = (src + 1) & Oxff;

SET SIGN (src);
SET ZERO (src);
YR = (src);

JMP */
PC = (src);

JSR */

& Oxff;
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/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

PC——;

PUSH ( (PC >> 8) & Oxff);

PUSH (PC & Oxff);
PC = (src);

LDA */
SET SIGN(src);
SET ZERO (src);
AC = (src);

LDX */
SET SIGN(src);
SET ZERO (src);
XR = (src);

LDY */
SET SIGN(src);
SET ZERO (src);
YR = (src):;

LSR */
SET CARRY (src & 0x01);
src >>= 1;
SET SIGN(src);
SET ZERO (src);

/* Push return address onto the stack.

STORE src in memory or accumulator depending on addressing mode.

NOP */

Nothing.

ORA */

src |= AC;
SET SIGN(src);
SET ZERO (src);
AC = src;

PHA */
src = AC;
PUSH (src) ;

PHP */
src = GET SR;
PUSH (src) ;

PLA */
src = PULL ()
SET SIGN (s

rc
SET ZERO (src);

4

PLP */
src = PULL() ;
SET SR((src));

ROL */

src <<= 1;

if (IF CARRY()) src |= 0x1;

SET CARRY (src > Oxff);

) ; /* Change sign and zero flag accordingly. */
)
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/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

/*

src &= Oxff;
SET SIGN(src);
SET ZERO (src);

STORE src in memory or accumulator depending on addressing mode.

ROR */
if (IF CARRY()) src |= 0x100;
SET CARRY (src & 0x01);
src >>= 1;
SET SIGN(src);
SET ZERO (src);

STORE src in memory or accumulator depending on addressing mode.

RTI */
src = PULL();
SET SR(src);
src = PULL();
src |=

PC = (src);

RTS */
src = PULL();

(PULL () << 8); /* Load return address from stack. */

src += ((PULL()) << 8) + 1; /* Load return address from stack and add 1.

PC = (src);

SBC */

unsigned int temp = AC - src - (IF CARRY()

SET SIGN (temp) ;

0 : 1);

SET ZERO (temp & Oxff); /* Sign and Zero are invalid in decimal mode */
SET OVERFLOW ( ( (AC "~ temp) & 0x80) && ((AC ©

if (IF DECIMAL()) {

if ( ((AC & Oxf) - (IF CARRY() 2 0 : 1))

if (temp > 0x99) temp -= 0x60;
}
SET CARRY (temp < 0x100);
AC = (temp & Oxff);

SEC */
SET CARRY ((1));

SED */
SET DECIMAL((1l));

SEI */
SET INTERRUPT ((1));

STA */
STORE (address, (src));

STX */
STORE (address, (src));

STY */
STORE (address, (src));

TAX */
unsigned src = AC;
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<

src)

(src & Oxf))

& 0x80));

/* EP */ temp -= 6;



/*

/*

/*

/*

/*

SET SIGN(src);
SET ZERO (src);

XR

TAY */
unsigned src

(src);

SET SIGN(src);
SET ZERO (src);

YR

TSX */
unsigned src

(src);

SET SIGN(src);
SET ZERO (src);

XR

TXA */
unsigned src

(src);

SET SIGN(src);
SET ZERO (src);

AC

TXS */
unsigned src

SP

TYA */
unsigned src

(src);

(src);

SET SIGN(src);
SET ZERO (src);

AC

(src);

AC;

SP;

XR;

XR;

YR;
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3a nepeBog Ha pycckui cnacnbo Heidr https://vk.cc/5XpVbx

............ CTAHIOAPTHHE KOIIH :.....cceveee..
[a?] pyroy BapMaHT [p?] IupaTckun
[b?] Ilnoxom mamiIl [t?] C TpelHepOM
[£?] VcnpaBJeHHBIM [T-] Crapell IIepeBOn
[0?] UsIMMHUM ITaMIl [T+] OOHOBJIEHHEI IIE€PEeBOI:
[h?] Xak (=) HewmspecCcTHHM IT'OX
['p] HepaccMmoTpeHHEM [!] YTBepXIOEHHEM
OaMIl XOPOWMM IaMIl
(M#) MHOTOMGBHIUHEIM (# — UMCJIO S3LHKOB)
##4#) KoHTposbHas (??k) Pasmep ROM'a
cyMMa (Unl) HenmMueH3UPOBAHHBIM :

O e T e T e T e T e T e T e T e R e T e B

(RN T
—

Bung Fix

AnoHua

AnoHmsa

CIIA

Tonpxko NTSC
CTrpaHH
Tonexo PAL
He CIA
Kounrp. cymma
HersepHasda
KOHTP. CyMMa

_1~1ﬁ‘ﬁ‘~1ﬁ‘ﬁ‘ﬁ‘A
QO W oW o

b

L~ — ]~ — — —
—

]
]
]
]
]
]
]
]
]
]

.——NeoGeo Pocket--. [

(

[M] ToJIbKO MOHO ] [

................ KOIOH CTPAH ...t enenen.
(1) Anonms m Kopes (4) CHIA m Bpaszwunmsa NTSC:
(A) ABcCcTpanamuda (J) AnonHus

(B) He CIIA (Genesis) (K) Kopes

(C) Kuram (NL) HumnmepsalHOwe

(E) EBpomna (PD) Bceobmee nocTossHMUE :
(F) dpanuusa (S) WUcnanus

FC) Kamnazma (bpaHL.) (Sw) IlIBeums

KOIOHL .. ittt e e iieeenn
.———--Super Nintendo----.
(BS) ROM'ml BS ]
(ST) Sufami Turbo ]
(NP) Nintendo Power ]
—————— Atari---------
(PAL) EBpomnenckasa ]
BepCus ]
——————— GBA--—-————-—-
[hI??] Xak BCTYIJIEHUS]
[f ?] dumxc EEPROMV1Z24]
—————— Coleco——————--
(Adam) Bepcuma ADAM ]
—————— NES/FC-—-—--—----.
(PC10) PlayChoice-10 ]
(VS) Versus ]
[hFFE] FFE Copier fmt]



(BS)

OUHIISHIONS (U) CHlA

T'epmanma (UK) AHTIUSA

T'peunsa (Unk) CrpaHa HeM3BECTHA
T'OHKOHT (I) Uranusa

Tonnannousa (Unl) HenmMueH3UPOBAHO

3TO HOPOCTO aJlbTepHaTMBHAasA Bepcusa ROM'a.
MHOTHME MUI'pH NepeusnabBalJiMCb IOJIS UCIpaB-—
JIeHUSA ouMOOK MM YTOOH yOpaTb KOZXIE

Game Genie (ma, HMHTEHOO €r0O HEHABUIUT) .

JaMIl uacToO I[IOJIydaeTCHd I[JIOXUM Yy CTAPBIX UIT'P, :

M3-3a HEeMCIPAaBHOI'O JaMIepa MM I1JIOXOTO
coenuMHeHUs. Emé OOMH UYacCThIM MCTOUHUK
ROM'or [b] - HeymauHas 3akauka ux 1o FTP.
Jrpa, ucCHOpaBJIeHHad TaK, 4YTO OHa cTaja
Jydime paboTaTb Ha OPMCTABKE U BMyJIATOpPE.
Uro-TO B »TOM ROM'e oTamMuaeTcsda OT OPUIM-—
Hajla. 3ayvacTyin y B3JOMaHHOTO ROM'a BcCero
JIVIIb M3MEHEH 3aTroJIOBOK MM nobaBJjieHa
BO3MOXHOCTb WMIPE B IIPOUMX permoHax. B oc-—
TaJIBHBEIX CJIydasax BTO MOXeT OHTh 3acTaBka

rpynnel, cHasuwey ROM, wmnM KaKOM-HUOYyIOb UYUT, :

ni 3a0aBHEM Xak.

B msaumHe cHATOM OOpase ROM comepxmurcsa
foJsiblle DAaHHEIX, YEeM eCTb Ha KapTpuIxXe.
HononHuTeJibHasa uHbOOpMalMsa He O3HauvaeT HU-
J4ero u ynaJieHa M3 OEeMCTBUTEJIBHOT'O obpas3a.
TpeliHep - 3TO OCOOEM KOX, 3aOeMCTBYIWMICI
oo 3anycka urpel. OH INO3BOJIAET I[IOJIYUYUTH
OOCTYIl K UMTaM M3 MeHDO.

YTBepXIOEHHBI XOpOoWMM Oami. Bocciasum
Tocnnona 3a Hero!

* Kk k% SNES * Kk k%

31ty anoHckye ROM'E pacnpoCTpaHANIMCH I10
AINOHCKOM CHCTeMe CIYTHUKOB, M3BECTHOMU
Kak Broadcast Satellaview. OHM nepenaBa-
JIMCh BO BpeMs IokKasa Tejecepuala, KaKuM-—
TO 00OpasOoM MMEKMEI'O OTHOUIEHME K UIpe.

B Taxme MUIPBEl MOXHO OBJIO MI'PATb TOJIBKO

B TeueHMe uaca, [oKa lJja cepus, ¥ MHOTUE
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OBLJIM PaCCUMTaHE 10 BPEMEeHM TakK, UYTO
UTPAJIMCh JIMUIIb B OIpeNeJI€HHBIE IePMOIE!.

(ST) VYcrpomcrro Sufami Turbo nosBoOJIANIO BCTa-
BT B SNES @OBa kapTpuIoxa pasMepoM C
KapTpunxu nnusa GameBoy. HexoToprele xapTpu-—
oKXV, COeIVMHUBILMCH, OaBaJiM HOBYI UIDPY,
Hanomo®mue Sonic & Knuckles oT Sega.

(NP) XypHan Nintendo Power pacnpoCTpaHsJl MIPH
cpel CBOMX MNOANMCUMKOB. BOJIBIIMHCTBO
Takux ROM'oOB - ANOHCKME, TaK kKakK Takoe
IPaKTUKOBAJIOCE B OCHOBHOM B SNOHUM.

* )k % % Genesis * % % %k
(1) KapTpumxm C TakMM KOIOM MI'paloTCsda Kak Ha
AMNOHCKMUX, TaK M Ha KOPEeMCKMUX IIpUCTaBKax.
(4) TexHMUECKM 2TOT KOI - TO Xe caMoe, 4YTO U
(U) code, HO OH mMeeT OoJiee HOBEHM dopmaT
3aT0JIOBKA M O3HadaeT, UYTO KapTpuIX OyIeT
nrpaTbCcda Ha npucraBkax ¢opmarTra NTSC
CIIA n Bpaswunumn
(B) TakoMm koI perMOHa yKasHEBaeT, UYTO KaAPTPMUIX:
3an0yCcTUTCHA Ha JoOOM npmucTaBke He mu3 CIA.
[c] OToT KOO ODOO3HAUAET KAPTPMUIX C M3BECTHH-
MM HecoOBNaneHUsAMM KOHTPOJIBHOM CYMMEI.

* Kk kK GameBOy * kK k
[BF] Komnanma Bung BHIOyCTUIIa NPOTPaMMUPYEMBI
KapTpuIX, COBMECTUMEI C GameBoy, KOTOPHIM
MOT COIepXaThb JIoObe HYyXHEE HOaHHEEe. Tem
He MeHee, MHOI'MEe WUI'PH He paboTanT Ha Kap-:
TpuIxax Bung v1.0, ¥ MX HYXHO 'IpaBUTH'

* Kk k% Nlntendo * Kk k%

PC10 PlayChoice-10 - apkanzHblM aBTOMaT, IPOUI—
peIBaBUMM TO4YHHE komnmum murp NES. Ha aBTo-
MaTax 6wl BeIOOP M3 10 mMrp, m oHU pabo-
Tanau no 3 MMHYTH 3a 25 LIeHTOB.

VS IlnaTdopmMa Versus system OCHOBBEIBajlaChb Ha
obopyIoOBaHUM, CxXOXeM C aBToMmaTamm PC1lO0,
¥ JIMIIb I103BOJIAJIa UI'PAaTh OpyI IPOTUB
apyra.

ATV
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YyeHuk

CTaTbM YPOBHS YYEHUK.
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CchbINIKM Ha cTaTbM

NES
DOMXaKUHI

PepaktupoBaHue TutynbHuka (lancuster) https://ivk.cc/610llw

Pasbunpaemcs B Tannosom pegaktope YY-CHR (lancuster) https:/ivk.cc/610ISm
Ontumunsauums rpacmkm B 8 bit (2bpp) (lancuster) https://vk.cc/610mBx
PycndmunposaHme POMos (basosbin POM xakuHr) (limnique) https://vk.cc/610mlp
MepeBopg npuctaBo4Hbix Urp (ALLiGaToR) https://vk.cc/610g6p

NES n3HyTpu (CaH4e3) https:/Iivk.cc/610rQg

Heckonbko ctaten ¢ LLlegespa, B ocHoBHOM npo nepeeog urp https://ivk.cc/610n1Y
Heckonbko ctaten npo nepesog urp 1 rpaduky https://ivk.cc/610qud

Heckonbko craten ot Griever https://vk.cc/610rIX

Apxutektypa OeHan https://vk.cc/1PTORF

PasHoe https://vk.cc/610qxb

PasHoe https://vk.cc/610rrU

Mporpammel onsa nepesoga https:/ivk.cc/610rdk
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https://www.youtube.com/watch?v=3H3vSKkVORg
https://www.youtube.com/watch?v=3H3vSKkVORg
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Apgent

CTtaTtbu ypoBHS agenT.
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PacwupeHue poma (Ti)
Kak pacwmputb pom 1 nepeknoyaTb 6aHku.

M3 4yero coctouT pom:
n3 3aronoBka iNes B 16 6aiT Hy>kHoro ans amynsatopos, u3 PRG-rom n CHR-rom(ecnu ecTb).

B 3aronoBske ykasaHo: HoMep mannepa, Konm4ecTso 6aHKoB prg v chr.

Y3Haém 3TM napamMmeTpbl ¢ noMoLbio amynsitopa FCEUX 2.2.2.
lNocne oTkpbITUA poma: help->message log.

Hanpumep pom Chip and Dale.
HyxHasa HaMm nHdopmMaums:
PRG ROM: 8 x 16KiB

CHR ROM: 16 x 8KiB
Mapper name: MMCA1

3HaunT nmeem 8x16=128 K6 PRG (4acTtb ¢ kogom n gaHHbiM) n 16x8=128 K6 CHR (4acTtb ¢ rpacumkon -
Tannamnm).
UTtoro nonyyaetca 131072+131072+16 = 262160 6ant Pom.

Pacwwnpnte CHR-ROM: (mannepsl MMC1, MMC3)

Ham noHapgobutcs nporpamma WinHex.

1) KonnuecTtBo chr-6aHkoB ykasaHo B pome no agpecy (offset) 000005.

Ero Hy>xHO yaBouTb, TO ecTb MeHsem 10->20; 20->40, 08->10 (uncna ykasaHbl B hex)

MakcumanbHbI pasmep CHR gna MMC1=128 K6, ana MMC3=256 Ko.

*Pom 13 npumepa paclumpuTb HENb3s, Tak Kak y)Ke MakCcumyM. Tak 4To Hao UCKaTb 3TOT e poM
nepegenanHbii nog MMC3.

bonbLoe Komn-Bo Taknx nepeaenok s BUAEN Ha canTe raregame.ru ; Takke MOXHO B good 1 non-good cetax
noucKaTb.

Torga noka ncnonb3yem gpyron pom ans npumepa - Ninja Cats.
MapameTpbl Takue xe, TofbKo Mannep mmc3:

PRG ROM: 8 x 16KiB

CHR ROM: 16 x 8KiB

Mapper name: MMC3

MeHsiem ncnonssya WinHex: 000005: 10->20
Mbl ykasanu gBoe 6onbluee Konnmydecteo 6aHKOB.

2) Tenepb OOKNENM UX K pOMY, YBENUYMB pasmep danna.

Mockonbky yBenunumeanu ¢ 128 pno 256 K6, Hago goknentb 128 K6.

Mepexoanm B WinHex B koHUy darna (CTRL+END); Haxumaem Edit-paste zero bytes.

Append to the end of file? Haxxumaem - yes.

Ho 3HaueHune Hapo B GanTax ykasbiBaTb, 128k6 310 131072 GanTta, ykasbiBaeM HaxnmaeM OK u coxpaHsaem.

Mocne aToro nepesanyckaem poM Ansi NPOBEPKK:
HomkHo nonyuntbes: CHR ROM: 32 x 8KiB
A pasmep poma - 384 K0.

Pacwwnpnte PRG-ROM: (mannepsl MMC1, MMC3, UNROM)

1) Bcé nouTn Takke kak u npu pacwmnpeHun CHR, Tonbko offset = 000004.

MakcumanbHble pa3mepbl PRG ana MMC1=256 K6; ana MMC3=512 K6; ons UNROM=256 K6, HO MOXHO u
6onee B 3aBMCMMOCTU OT 3MynsTopa.
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MeHsiem ncnonb3yst WinHex: 000005: 08->10 (Yka3anu BoBoe 6onbLue KonmyecTBo GaHKOB).
2) Tenepb Hago fobaBuTb prg-6aHKOB.

Tyt BHayane pasbepemcs kak pasbusaetcs PRG-ROM Ha 6aHku:

Ecnu y Hac 128 k6 (8 no 16k6), To B 06wem crnyyae 310 BbIMMSANT Tak:

--------- rom: 0x10  Cpu: $8000-$BFFF

BANKO
--------- rom: 0x4010  Cpu: $8000-$BFFF
BANK1
--------- rom: 0x8010  Cpu: $8000-$BFFF
BANK2
--------- rom: 0xC010  Cpu: $8000-$BFFF
BANK3
--------- rom: 0x10010  Cpu: $8000-$BFFF
BANK4
--------- rom: 0x14010  Cpu: $8000-$BFFF
BANK5
--------- rom: 0x18010  Cpu: $8000-$BFFF
BANK6
--------- rom: 0x1c010  Cpu: $C000-$FFFF
BANK?

--------- rom: 0x20010 koHeu PRG poma (Odanee nonget Chr yactb poma (ecnu ecTb))

BaHku 0-6 HasbiBalOTCA Nogknto4aemMbiMu, a 7 - MOCTOAHHbBIM.
(B HEM HaxoauTcsl GOrbLUMHCTBO KoAa, U koA noakntodatowwmin 6arkm 0-6 k agpecam $8000-$BFFF).

MocneaHun 6aHk HaxoauTca Bcerga B KoHue PRG-ROM'a, noatomy paclwimpeHne poma npon3soguTcsa nepeg
HUM:

B WinHex ngém k agpecy (position-go to offset) 1c010.

Haxumaem Edit-paste zero bytes. MNMockonbky yBenuumsanu ¢ 128 no 256 K6, onstb e BctaBnsiem ewé 128k6
(131072 6anTta).

B npumepe chip n dale - nonyunm 384 K6 (Tak kak prg Mbl TaMm He pacLumpsanm).

B ninja cats - nonyuum 512 K6 (v prg n chr ysenuunnu B 2pasa).

Mocne aToro nepesaryckaem poM Ars NPOBEPKU:
PRG ROM: 16 x 16KiB
CHR ROM: 32 x 8KiB

PesynbraT nocne pacwupenus ¢ 128 go 256 K6 PRG:

--------- rom: 0x10  Cpu: $8000-$BFFF

BANKO
--------- rom: 0x4010  Cpu: $8000-$BFFF
BANK1

--------- rom: 0x8010  Cpu: $8000-$BFFF
BANK2

--------- rom: 0xC010  Cpu: $8000-$BFFF
BANK3

--------- rom: 0x10010  Cpu: $8000-$BFFF
BANK4

--------- rom: 0x14010  Cpu: $8000-$BFFF
BANK5

--------- rom: 0x18010  Cpu: $8000-$BFFF
BANK6

--------- rom: 0x1c010  Cpu: $8000-$BFFF
BANK7 ; HOBbIV NMycTON GaHK
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: 0x20010

: 0x24010

: 0x28010

: 0x2C010

: 0x30010

: 0x34010

: 0x38010

: 0x3c010

: 0x40010

Cpu: $8000-$BFFF
; HOBbIV NMycTON GaHK
Cpu: $8000-$BFFF
; HOBbIV NMycTON GaHK
Cpu: $8000-$BFFF
; HOBbIV NMycTON GaHK
Cpu: $8000-$BFFF
; HOBbIV NMycTON GaHK
Cpu: $8000-$BFFF
; HOBbI nycTon 6aHk
Cpu: $8000-$BFFF
; HOBbI nycTon 6aHk
Cpu: $8000-$BFFF
; HOBbIV NMycTOMN GaHK
Cpu: $C000-$FFFF

; 6aHk #7 nepemecTuncs B koHel, PRG, u Tenepb oH #$0F

koHey PRG poma

Hanee npét Chr yacte poma (ecnu ecTb).

Hukak BMeLlaTenbCTB B KO pomMa He TpebyeTcsi, NOCKOMbKY OpurnHanbHble 6aHKM OCTanucb Ha CBOUX MecTax, a
€OWHCTBEHHbIN B6aHK KOTOPbIN 'CABUHYNCA' BHYTPY poMa - HENepeKtoyaeMbln.

CooTBeTcTBEHHO ecnu Hago byaet pacwmpaTb ¢ 256K6 PRG go 512K6 PRG, 1o agpec BctaBku 6yaet 0x3c010,
a pasmep - 262144 GanTta.

MepekntoyeHne GaHKOB:

B GonbLlUMHCTBE Urp yKe NpeaycMOoTpeHa npoueaypa NoAkntodeHnss 6aHKoB, HALO TONBbKO €€ HaNTW.

UNROM (Tonbko prg)
YTo6bl NepekntounTb GaHk Ha 3TOM Marnnepe Hago 3anvcaTtb ero Homep B pom-namsiTe. ($8000-$FFFF)

Mpumep:
LDA #4
STA $8000

Mogkntoynnu 6aHk #04.

Ho 3t mannepsbl TpebytoT, 4TOOLI 3anncbiBaeMoe HYMCNo COBMNano C YNCOM B pome (ansa nsbexaHus T.H. bus

conflicts).

MoaTomy koA BuIMAAUT 06bLIMHO BOT Tak, npumep duck tales 2:

: A=bankID

set _bank:
CMP
BEQ
STA

: A=bank ID

SUB ROUT

current_bank
locret_5400_D39B
current_bank

; End of function set_bank

SUB ROUT

INE

INE
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bank_set nmi: .
TAY
STA bank_tbls,Y

locret_ 5400 _D39B: -
RTS
; End of function bank_set _nmi

bank_tbls: .BYTEO,1,2,3,4,5, 6,7;..

YkasbiBaetcs Homep 6aHka B A. [lanee Bbi3blBaeTCcs (PYHKLNSA €r0 NOAKITHOHEHNS:
LDA #4
JSR  set bank

B Hen A konupyetcs B Y, 1 ganee BnvcbiBaeTcsa B Tabnuuy. Tabnuua cogepxut Homepa 0,1,2,3 u 1.4.,

Takmm 06pa3om Homep 3anucbiBaeMoro ymcna (6aHka) coBnageT ¢ YMCNOM B pOME.

Mpun pacwmpeHnun poma ans KOppeKkTHOM paboTbl HA BCEX AMYNATOPax M xernese aTy Tabnuuy Takke Hago
ponucatb (Mpu 16 6aHkax - oo OF). BoamoxxHO NpuaéTtcs nepenucaTb €€ B ApyroM MecTe, ecnv MecTo nocne
3aHATO.

Takke B aTON (PpyHKLMKM BaHK 4ONOMHUTENBHO 3anucbiBaeTcs B current_bank. (Tekywwmin Homep GaHka).

910 HeobxoamMmo anga coxpaHeHus 6aHka BO Bpems 06paboTkm koga B nmi. (HO HEKOTOPbIE UrPbl coaepxaT
3apaHee

NpoHyMepoBaHHble 6GaHku no agpecam $BFFF nnun $8000, BO3MOXHO 3TW HOMeEpa NpuaeTcs nponucatb Ans
AobaBneHHbIX 6aHKOB).

Mcxoas 13 Koaa Bblle HavWTK 3Ty npoueaypy BkodeHus 6aHka nerko - BbvMB B winhex B novcke
00010203040506.

(He 3abbIBaeM 4YTO MOXET BCTPETUTLCA NOAO0BHOE, HO He BbITb NpoLueaypon nogknoveHnsa 6aHka, NpocTo
coBnagaHue, Tak 4To

npoBepsieM ecnu 6ornee 1 pasa HangeTcs).

[anee ecnun B HoBoM 6aHke OyaeT MMEHHO Kof, MOXET ObiTb NPbIKOK Tyaa:
LDA #7

JSR  set bank

JSR $8000 ; Hauano 6aHka 7, kyaa 6yaem [obasnsitb HOBbIV KO,

; MOXET BbITb Takke HEOOXOAMMO BOCCTAHOBUTL CTapbIl BaHK,KOTOpbIA Bbin 4O 3TOrO.
LDA #4
JSR set bank

MMC1 - PRG:

OTOT Mannep umeeT He oYeHb yaoOHyo npoueaypy nogkntoveHnsa 6aHka. Ho HanTtm e€ Byget He CnnLWKOMm
CMOXHO.

Homep GaHka 3anucbiBaeTcs He pa3om, a nobutHo 5 pas. (3anuck B agpeca poma $E000-$FFFF)

BoT npoctenwnin npumep:
LDA #3 ;Homep GaHka
STA $FFFO ; sanucbiBaem

LSR A
STA $FFFO ; sanucbiBaem
LSR A

STA $FFFO ; sanucbiBaem
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LSR A
STA $FFFO0 ; sanucbiBaem
LSR A
STA $FFFO ; sanucbiBaem

A Bot npumep npoueaypbl cMeHbl 6aHka u3 urpbl Chip n Dale 2:

r===============S U B ROUT | N E ========================-=o=o===-=—=—========

change_prg_bank: .
PHP
CMP  current_bank
BEQ loc_5400_C2E3
STA current_bank
INC bank_changing_flag

STA $EFFF
LSR A
STA $EFFF
LSR A
STA $EFFF
LSR A
STA $EFFF
LSR A
STA $EFFF

DEC bank_changing_flag

loc_5400_C2E3: -
PLP
RTS

; End of function change_prg_bank

To ecTb 4TOObI BKMOYNTL HY>XHbIV Ao6aBneHHbIn PRG-6aHK, yka3biBaem ero Homep, 1 Bbi3biBaeM rOTOBYHO
dyHKUMIO

noakntoyeHnsa baHka:

LDA #7 ; Homep-6aHka-7 : hex - A9 07

JSR $C298 ;change_prg_bank ; hex - 20 98 C2

MMC1 - CHR:
MoakntodeHne CHR noxoxe Ha PRG, Tonbko Agpeca poma kyaa 3anuceiBatb Homepa - $B000-$BFFF, 1
$D000-$DFFF.
Tak yto B cnydae MMC1 BCE CBOANTCS K HAXOXAEHMIO FOTOBbIX NPOLEAyp U U3yYeHust ux paboThbl.
Mpumep onstb xe Chip n Dale2, dyHkums ykasbiaeT chr-6aHkn. Homepa B X 1 Y.

r===============S U B ROUT | N E ========================-=o=o===-=—=—========

change_chr_bank: -
INC bank_changing_flag
TXA
STA $BFFF
LSR A
STA $BFFF
LSR A
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STA $BFFF

LSR A

STA $BFFF
LSR A

STA $BFFF
TYA

STA $DFFF
LSR A

STA $DFFF
LSR A

STA $DFFF
LSR A

STA $DFFF
LSR A

STA $DFFF
DEC bank_changing_flag
RTS

; End of function change_chr_bank

Ho ecnn nocmoTpeTb Kog Aanblue, To Homepa X 1Y ans aton pyHkummn cumtbiBatoTca n3 agpecos RAM 1f n 20.
To ecTb B cnyyae ¢ CHR Hukakoro BmelLaTenbCcTBa ckopee Bcero He notpebyeTtcs.

HocTatoyHo BGyaeT ykasaTb TONMbKO HOBbIM HOMEP B TOM MeCTe, rae 3agaBanncb Homepa 6nokoB rpadukm, HO
yxe

13 HOBbIX A06aBneHHbIX 6aHKOB, a urpa BCé caenaeT 3a Bac.

MMC3 - PRG n CHR.

B aTom mannepe BHayarne yka3blBaeM YTO MEHSIEM, @ 3aTEM €ro HoMep.

B $8000 - 3anucbiBaeM 4To MeHsiTb (perncTp), $8001 - Homep GaHka (AaHHbIe).
Pernctpbl 0-1 - nepekntoyatoT 2 6noka rpadmkm doHa no 4k6 Kaxxabln.

LDA #0 ; MeHsieM 0ok rpadmnkm hoHa - BepxHuin Kycok B 4 K6.
STA $8000

LDA#34 ; Homep - 34 (npu 256K6 Bcero 128 HomepoB Mo 2k6).
STA $8001

LDA #1 ; MeHsieM Bnok rpadunkm goHa - HUXKHUIA Kycok B 4 K6.
STA $8000

LDA #36 ;

STA $8001

Pernctpebl 2-5 - nepekntoyatoT 4 6noka rpadnkm CnpanToB Mo 2k6 Kaxkabln.

LDA #2 ; MeHsieM Bnok rpadoukm CnpanToB - NePBbIN KYCOK B 2K0O.
STA $8000

LDA #44  ; Homep

STA $8001

LDA #3 ; MEeHsieM 0ok rpadnkmn CnpanToB - BTOPOM KYCOK B 2KO.

STA $8000

LDA #49 ; Homep

STA $8001

LDA #4 ; MeHsieM Bnok rpadukm CnpanToB - TPETUN KYCOK B 2K6.

STA $8000

LDA #15 ; HOmep
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STA $8001

LDA #5 ; MeHsieM Bnok rpadukm CnpanToB - YETBEPTHIN KyCOK B 2K6.
STA $8000

LDA #33 ; Homep

STA $8001

Pernctpebl 6-7 - nepekntoyatoT 2 6aHka PRG.

To ectb y MMC3 Ha camom gene 2 nogkntoyaeMbix 6aHka - oguH $8000-$9FFF; n BTopoin $A000-$BFFF.
Moatomy Homep PRG ykasbiBaeT He ansa 16K6 6nokos a ansg 8K6 6nokos.

(7-om ansa MMC1/UNROM, ctaHeT napown $0E 1 $0F gns mmc3)

LDA #6 ; MeHsiem prg-bank #1 (cpu: $8000-$9FFF )
STA $8000

LDA #$0E ; Homep

STA $8001

LDA #7 ; MeHsiem prg-bank #2 (cpu: $A000-$BFFF )
STA $8000

LDA #$0F ; Homep

STA $8001

Takke B CBA3WN C 3TUM €CTb TaKOW MOMEHT, YTO OAMH U TOT e BaHK MoXeT BbITb nogkritodeH kak B $8000-$9FFF,
Tak u

$A000-$BFFF.

MHorme urpbl 3TUM NOMb3YHTCHA, YTO MOXET YCMNOXHATD XaKUHT.

Tarke MOryT Mcnonb3oBaTh Apyrve pexnMbl 1 nonoxeHve 6aHkoB B pome.(BHavane $A000-$BFFF, a notom
$8000-$9FFF)

MoryT n pexxum cnpanTtoB/oHa NOMEHATb (4 CMEHHbIX Kycka dhoHa, 1 2 CNpanToB) - HO TaKoe peako.

[pyroe neno 4to GbiBaloT poMbl rae duckmpoBaHHbiM 6aHkom siBnsietcs $8000-$BFFF; a $C000-$FFFF -
nepekKnyaembim.

M3-3a 3TOro HekoTopble Urpbl MOryT NoTpeboBaTh A4ONOMNHUTENBHbLIE KOPPEKTUPOBKM NPW paclumpeHnn (npumep
TMNT3, TMNT-Tournament Fighters)

(Onsa Havana nonpo6oBaTtb He A06aBNATL HyneBble H6anTbl, a NpogybnupoBaTh Lennkom prg-6aHk ¢ copy-paste,
nnéo

CKONMPOBaTb Kakne-TO oTAerbHble BaHKM Ha MeCTO HOBbIX A06aBNEHHbIX)

WMcnonb3oBatb npouenypbl cMeHbl CHR-6aHka, onsaTh e Bpsam noHagoburces,
a BOT npumMepbl gns nepekntodeHms PRG mn3 vrpel Ninja Cats:

| S============== SUB ROUT | N E ========================-=o=o===-=—=—========

set_4k_prg_bank: ; set 2 banks
STX prg1_id
LDY #6
STY last_bank_register
STY $8000
STX $8001
INX
STX prg2_id
INY ; 6->7
STY last_bank_register
STY $8000
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STX  $8001
RTS

; End of function set_4k_prg_bank

set_2k_prg_bank:

SUB ROUT

STX prg1_id

LDY #6

STY last_bank_register
STY $8000

STX $8001

RTS

; End of function set_2k_prg_bank

set_2k_prg_bank2:

SUB ROUT

LDX #7

STX last_bank_register
STX $8000

STA $8001

STA prg2_id

RTS

; End of function set_2k_prg_bank2

Tak 4YTO ONATL XKe BCE CBOAUTCS K MOWCKY YKe roTOBbIX NPOLEAyp CMeHbl GaHKOB B poMe.
B atom BapuaHTe , 4TOGbI X HANTVM CMOTPUM B POME 3anucu NogoGHoro Buaa:

STA  $8000 ; hex - $8D 00 $80
STA  $8001 ; hex - $8D 01 $80
STX $8000 ; hex - $8E 00 $80
STX $8001 ; hex - $8E 01 $80
STY $8000 ; hex - $8C 00 $80
STY $8001 ; hex - $8C 01 $80

Bonee nogpobHyto nHdopmauunio MoXHO npounTaTth Ha http://wiki.nesdev.com/w/index.php/MMC3

Ecnu npuroamnoch XauMte HOBbIX CTaTen:

1) Kak BbICTPO HaNTK 3BYKOBOM ABWXOK B pOMe / Kak OTKpbITb poM B IDA.

2) kak ucnonbe3oBaTb symbolic debug B fceux debugger, aBTomaTnyeckn nony4eHHbI U3 asm6_sonder.

Ecnu Hnyero He nony4ymnocs, OTMUCbIBANTECH YTO MMEHHO HE SICHO.

ABTtop ctaTbm - Ti (c) 2014.
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JKcnepT

CTtaTbu ypOBHS SKCMEPT.
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MacTep

CTtaTtbu ypoBHS macTep.
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Pomxaxep un astop yyebHuka BZK
https://vk.com/id234423097

Tema Ha popyme
http://lwww.emu-land.net/forum/index.php?topic=76665
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