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—HHOD AM I7?-

TECHHOLOGY RESEARCHER
SOFTHARE ENGIMEER

HEE DEVELOFPER
CO-FOUNDED AND CO-RUNS
AM INTERACTIVE
TECHNOLOGY STUDIO
“"BELACKPAWNSTUDRIOS"

TITLE © - HEXT



CLFREQUENTLY SPOTTED
SOLVING RUBIK”"S CUBES]

G - PREV O - HEXT



—BEFORE HE BEGIH-

3 ACT PEESENTATIOHN
NES ROM FILE HILL BE
MADE AVAILABLE
SOURCE CODE MILL BE
AVAILABLE OM GITHUEB
S5LIDES HWILL BE HMADE
AvaILABLE A5 A PDF
VIGREY .COMAHOPEXII

G - PREV O - HEXT



—BEFORE HE BEGIH (2)-

« I AM HOT AN HES EXPERT

« THE F-HORD IS5 USED IN
THO PFEOFPERE HNOUNS

« CANHOT GUARANTEE THIS
FOM OFR METHODS HILL
NOT DAMAGE YOUR HES

G - PREV O - HEXT



—CONTEXT-

READ POC|IGTFD 8Xi4
C{PDF 7ZIP NES POLYGLOT?
MADE HNES CART FOR
TYHMHEES”® HACKERSPACE
MADE HNESZIF ROM AMD
HEOTE FOC|IGTFO i8:-84
HMADE TBAS INTERFEETER
NES CART FOR CYPHERCONM

FREVY 0O - HEXT



—ACT 8-

MES HARDHWARE OVERVIEH

G - PREV O - HEXT



—HES COWSOLE-
PRESENTATION GOES HERE
+

G - PREV O - HEXT



—PFOWER BUTTOHN-

G - PREV O - HEXT



—RESET BUTTON-

G - PREV O - HEXT



—CONTROLLER-

G - PREV O - HEXT



—MES5-HROHM-256 CARTRIDGE-

CHR FPRG

UsoH
JIERERRERRRRR R nnnnnnnnnn

G - PREV O - HEXT



—EPROMSE -

« ERASABLE PROGEAMHMAEBLE
READ OHLY HMEHMORY

256 KILOBITS
32 KILOBYTES

G - PREV O - HEXT



—HES-HREOH-256 ROH-
START OF FILE

INES HEADER 168

PRG ROH J2KB

CHE ROH

FREVY 0O - HEXT




—CHR ROH-

= TILE
DATH

2 X

PATTERM VI GREY GREYCOH THITTER.H/

CH #HI]PEI:I]HFHII || oo [
TABLE H:T_l:-
[




—-PRG ROH-

PEOGEAMHING DATA

6582 MACHINE CODE
TELLS THE HNES CONSOLE
HOW TO BEHAVE

LAST & BYTES SAY HWHERE
FPROGEAM STARTS AND
HHERE IHPOETAHT
INTERRUPTS ARE

FREVY 0O - HEXT



—INES HEADER-

NESC1A>C<B2>{01>. ..
i6 BYTE ROHM HEADER
SPECIFIES LENGTH OF
CHR AND PREG ROM DATH
TELLS EMULATORS HOMW TO
HAHNDLE HES ROH FILE
NES<{1A> — MAGIC STRING
82> — 2 X 16KB PREG
81> - 1 H 8BKE CHRE

FREVY 0O - HEXT



=]

—PROCESS50RS-

CFU — CEHNTEnAL
PROCESSING UNIT
C{BASED ON THE 6582
MICROPROCESSOR?

FPPU - PICTURE
FPROCESSING UNIT
AU - AUDIO
PROCESSING UNIT




-CPFU HMHEHMORY HMAP-

sB808-587TFF

2KB HORKIMNG MEHORY
s2080-52087

8B PFU REGISTERS
SB080-SFFFF

32KB FEG ROHM
SFFFA—-5FFFF

6B INTEREUPFT UECTORS

FREVY 0O - HEXT



-FFU HEMORY HAFP-

¢ Z@8888-%1FFF

8KB CHE ROHM
o S2888-52FFF

4 X 1KB HAHETABLES
o SIFBB-53F1F

328 PALETTE DATAH

G - PREV O - HEXT



—ACT 1-

INTERACTIVITY

G - PREV O - HEXT



-GAME GEHIE-

A

G - PREV O - HEXT



-GAME GEHNHIE <(2>-

CHEATING DEVICE

& OR 8 LETTER CODES

A EPFDZFZ X LU

G K I 5TUYH

TAKES 1 ADDRESS VALUE
(<8808 - SFFFFD
CHAWGE UVaALUE EYTE
OPTIONAL KEY COMPARE

FREVY 0O - HEXT
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-GAME GEHIE <(3>-

& LETTEE
ADDRESS -
UVALUE :
8 LETTEE
ADDRESS -
UVALUE :

FREV

- ZKEFULU

SE39B

s4n
ZKOUVLULH

SE39B

s4n

*TB

— HEXT



-GAME GEHWIE DEHO-

TD CONTINUE. USE THE
GAME GENIE CODE

"GGMNEXT'

ADDRESS: S8BETA
VALUE: =44

G - PREV '"GGHEXT'" - HEXT



=0 GEMIE
LEPOEZELT
DEI S TH

GG EXT ——



—CONTROLLER-

G - PREV O - HEXT



—CONTROLLER D-FAD-

BUTTON
SIDE
+ UVIEH

=}

11
+ =

SEFARATED
CIRCUIT

G - PREV O - HEXT



CONTROLLER D-FPAD (2)-

SEES5AHWH DESIGH OF D-FPaD
PREVENTS ++4 AND ++4
CONDUCTIVE EUBBEER FPADS
CaM STILL EBE USED
CONTROLLER CAM BE
TAKEN AFPART

FREVY 0O - HEXT



—CONTROLLER D-FAD DEHO-

TO CONTINUE, FPRESS
- + 4

OM YOUR CONTROLLER

8 - PREV + + + — HEXT



—RESET BUTTON-

G - PREV O - HEXT



=]

—RESET ({2>-

FORCES GAME TO START
PROGEAM FROM BEGIMNING
DOES NOT ERESET HMEMOREY
LIKE POHUEE BUTTOHN DOES
TD DETECT RESETS. ONM
PEOGEAM START. CHECK
IF SPECIFIED VaALUES INH
MEMORY ARE STILL SET

FREVY 0O - HEXT



—RESET DEHO-

TOD CONTINUE, PRESS THE

RESET BUTTON

8 - PREV ERESET - HEXT



-MAMETABLES -

SET BACKGREOUHD TILES
OM THE MAMETABLES
BACKGREOUND IS5 ACTUALLY
2 SCEEEHS HIDE & HIGH
SCREEN (CAMERA)» X E ¥
COORDINATES CAN BE
IHDEFEHDENTLY SET
NAMETABLES MIERORED

FREVY 0O - HEXT
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—VERTICAL MIRRORING-

G - PREV O - HEXT



—VERTICAL MIRRORING-

G - PREV O - HEXT



—HORIZOHNTAL HMIRRODRIHG-

G - PREV O - HEXT



—HORIZOHNTAL HMIRRODRIHG-

G - PREV O - HEXT



—HMIRRDRIHG-

SET FPPU SZ28868 TILE
CHECEKE IF PPU 52488
TILE IS5 THE 5aME TILE
HORIZONTAL HMIEROERIHG
IF PPU 52808 aND 52408
ARE THE S5SAME

OTHERHWISE VERTICAL
MIRRORING

FREVY 0O - HEXT



—HMIRRORIHG (2)-

CHR FPRG

UsoH
JIERERRERRRRR R nnnnnnnnnn

G - PREV O - HEXT



Yertical Mirroring (H solder pad]

—HMIRRORIHG (2)-

CHR FPRG

UoeH
JIERERRERRRRR R nnnnnnnnnn

G - PREV O - HEXT



—REGIDN DETECTIOHN-

HTS5C - &8 FP5 UVIDED
FAL - 58 FPS5S WVIDED

CPFU SLOWER THAN HTSC
DEHDY — 58 FFPF5 VIDED
CPU AS FAST AS HNTSC
CAN DETECT EEGIOHN BY
COUNTING CPU CYCLES IN
A SINGLE VIDED FEAME

FREVY 0O - HEXT



Sttart Screen on PAL Region MES

HE HAYE UPDATED OUR
PRIVACY POLICY. YOUR
TRUST IS IMPORTANT TO
us.

i — CONTIHUE



Start Screen on Dendy

DENDY, DENDY!
HE ALL LOVE DENDY!
DEHDY — EVERYOHNE PLAYS!

+7 (895> 245-19-96

i — CONTIHUE



CARTRIDGE DETECTION-
CHR USES 8 KB OF 32 KB
EFRDH

SET CHR S5IZE TO 32 KB
CARTRIDGE USES LAST

8 KB

EMULATOR USES FIRST

8 KB

CAN DETECT TILE PIXELS
IH PPU 588080-51FFF

FREVY 0O - HEXT



—CART DETECTIOHN (2)-




—CART DETECTIOHN (2)-

8 - PEEVY 0 - HEXT
hopexii.nes running on emulator
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—ACT 2-

FOLYGLOT FILES

G - PREV O - HEXT



=]

—-POLYGLOT FILES-

FILES THaAT EHIST a5 2
OrR MORE DISTINCT FILE
TYPES SIMULTAMNEOUSLY
SO0ME FILE TYFPES HAUVE
DATA THAT HMUST START
AT BEGINNING OF FILE
OF EHD AT EHD OF FILE
AND SOME DO NOT CARE

FREVY 0O - HEXT



—POLYGLOT FILES (2)-

STRICT SThART:

NES., JPEG, BITHAPF, HMP3
FLEXIBLE STARTEHND:
ZIP, TZ. EnAR

FREVY 0O - HEXT



—POLYGLOT FILES (3)-

THIS HES EOHM DAThA

IS ALHWAYS 65552 BYTES
UNUSED FRG AND CHRE
DAaTA IS IGHORED

PLACES HITH UNUSED
DATA ARE A GREAT PLACE
T IHSEET OTHER FILE
DATH

FREVY 0O - HEXT



=]

~-ZIP-

HO STRICT BEGIHNHIHNG OR
END FOR FILE DAThA
"HEADER' ORE END OF
CENTEAL DIE. ERECORD

IS AT END OF FILE DATH
OFFSETS IN ZIF FILE
DbAaThA CAH BE UPDATED

FREVY 0O - HEXT



-TZ & RAR-

HO STRICT BEGIHNHIHNG OR
END FOR FILE DAThA

DO NOT MHEED TO UPDATE
nAHY OFFSETS

FREVY 0O - HEXT



=]

- ZIPATZ-RAR-

EXTRACTORS HWILL OFTEH
ASSUME FILE IS FIRST
TYPE OF FILE IH DAThA
{ZIF IH THIS CASE)>

"TZ —-TVZ X' COMHMAMD
CAN EXTEACT 7Z FILE
"UHEAR X' COMHAND CAM
EXTRACT RAR FILE




—HTHL-

VERY FLEXIELE FOEHMAT
MISSING TAGS OFTEM
ASSUMED BY BROMWSER
EXZTEAn DAaThA RISKS BEIHNG
INTERPRETED AS TEXT

FREVY 0O - HEXT



—HTHL (23—

EXTEA TEXT
DIV

HELLO HORLD
CADIV

G - PREV O - HEXT



—HTHL <({33>-
<IDOCTYPE HTHMLZ
“HTHLZ>

<“EODY>
EXTREA TEXT
DIV
HELLO HORLD
CADI
~BODY>
CAHTHLZ>

G - PREV O - HEXT



=]

—HTHL <({4>-

SET FONT-S5IZE OF BODY
TOD B8 AND VISIBILITY TO
HIDDEM

SET FOHNT-5IZE OF

INNEE DIV TO 16PX AND
VISIBILITY TO VISIBLE
COMHMENT EVERYTHIHG
ELSE MWITH <1!-—-




BoDY L
FONT-5IZE: B;
VISIBILITY: HIDDEM;

¥

DIV {
FONT-S5IFE: 16FX;
VISIBILITY: VISIELE;

- PREV @ - HEXAT



—BRAINFUCK-

IHCREMEHT HEHM CELL
DECEEMENT MEM CELL
MOUVE MEM FPTE LEFT

MOUE MEH PTE ERIGHT
INFUT TD MEM CELL

FEINT MEM CELL

G - PREV O - HEXT



—BRAINFUCK (2)-

« [ IF MHEM CELL IS 8,
MOUVE INST PTR RIGHT
FAST MATCHIHNG 1

« 1 MOUVE IHWHST PTE LEFT
TD MATCHING [

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

+++[>++L-1+
+

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

+++[>++L-1+
+

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



—BRAINFUCK <(3)-

G - PREV O - HEXT



=]

—BRAINFUCK <(4)-

EXTEAa DATA MIGHT HAVE
INSTRUCTIONS

TD COMHMENT EXTRA DATA
ouUT, HEAF IT IH
SOUARE BRACKETS HHEN
MEM CELL WALUE IS A

CCI++231 ++. [—-1L>+1

FREVY 0O - HEXT



-5

TRICT S5TART FILE DATA-

HES EOHM FILE ALEREADY

A STRICT START FILE
FEG AND CHE ROM DATH
CAaAN HAVE UHUSED 5SPACE
AT BEGINNING THOUGH
THIS ALLOMWS FOR 2 HMORE
POLYGLOT FILES!

FREVY 0O - HEXT



-BITHAPF IMAGE-

STRICT FILE BEGIHNING
SMALL BITHAP IMAGE CAN
FIT aT THE START OF

OUR 32 KB PRG ROHM DAThH

FREVY 0O - HEXT



—MES—-HROHM-128 ROH-

STRICT FILE BEGIHHIHG
i6 B INES HEADER

i6 KB PEG ROHM

8 KB CHE EOH

FITS AT THE START OF
OUR 32 KB CHE ROHM DATH
HMAKE SUERE FPRG DATh
AVDIDS PATTERMN TABLE

FREVY 0O - HEXT



8 - PREVY © - CREnASH
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5 unzip hopexii.nes
Archive: hopexil.nes
creating: zip/
inflating: zip/braingoo.go
inflating: zip/nrom-ines-prg-chr-split.py
inflating: zip/README.txt
3



% unrar % hopexil.nes
UNRAR 5.38 beta 2 freeware

Extracting from hopexii.nes

Creating rar
Extracting rar/resume.tyt
All OK

3

Copyright (c



5 7z -tz X hopexlil.nes

7-Zip [64] 9.28 Copyright (c) 1999-2818 Igc
p7zip Version 9.28 (locale-en US.UTF-8,Utfit

Processing archive: hopexii.nes

Extracting 7z /hope.txt
Extracting 7z

Everything iz Ok

Folders: 1

Files: 1

Size: Igda
Compressed: 65552
3



hupexll nes as I-%EHMEF“CH

NES GAME GENIE
ENCODER/DECODER

CECOnE



GAME GENIE L BRAINFUCK

BRAINFUCK
INTERPRETER

hopexii.nes

INTERFHET



hopexii.nes as Brainfuck File

OUTPUT

[EEEN - ZELT}
2Treunrinrget



prg.bin as BMP File




PRESSING
BUTTONS
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CHRUTH FAEIAN

PRESSING
BUTTONS

A QUARTER HELL SPENT

@ O
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