Secrets of Animal Crossing

Adventures in ROM Hacking

James Chambers
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Introduction
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("/ NINTENDO
® GameEcuBe. -~

 Animal Crossing
e Released in 2002

“Life simulator” game
* |nteract with villagers
e Customize house, collect items

* Events and holidays happen in real
time, whether or not you're

playing
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Tell you what! How's about I
hook you up with this rad
blue bureau as a

little housewarming gift!
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Introduction

* Does N64 emulation (graphics,
some system properties) for
main game

* NES emulator for NES games you
can acquire in-world
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Would you like to play
Donkey Kong?
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Introduction

* Connects to Game Boy Advance

* Can transmit NES games to run on
Gameboy Advance

* E-Reader peripheral for collectible
cards that grant items, etc. (like an
early version of Amiibo)

* Unlocks game features

V*uclothes
. V G logo shirt




Introduction

e GameCube contains customized
PowerPC processor

e Extended instruction set




Introduction

* Halloween was approaching and
it’"d be fun to make a spooky mod

e Lack of tutorials on doing
comprehensive ROM hacking

| could make a tutorial in the style
that | learned RE/cracking from
e Goals for mod:
* Create a new holiday based event

* Targets:
e Dialogue system
* Event system
* Quest system




Looking Inside

File formats, symbols, IDA scripts



Looking Inside

* Open up the disc image:
* boot.dol

foresta.rel.szs
forest_1st.arc
forest_2nd.arc
famicom.arc
statica.map

foresta.map

* Lots of proprietary formats
» File format analysis will be important

 Some documentation on common
GameCube/Wii formats already exists

Ij apploader.img
|j audicrom.img
|j boot.dol

| | COPYDATE
|j famicom.arc

|j forest_lst.arc

Ij forest_Z2nd.arc
Ij foresta.map
|j foresta.rel.szs
Ij cpening.bnr
|j static.map
|j static.str




Looking Inside

e ARC files: archives

. ]glontain most of the interesting data
iles

* Some tools for opening ARC files
but not creating them (except
maybe sketchy EXEs)

* Found a Python extractor and
added archive creation to it

* Noticed why the other tools didn’t
support it

* |t'd be nice to have some generic
tools for defining/analyzing binary

formats
e Kaitai and the other thing for game
archives

|j face_boy.bin

|j fgdata.bin

|j mail_data.bin

|j mail_data_table.bin
|j maila_data.bin

|j maila_data_table.bin
|j mailb_data.kin

|j mailb_data_table.bin
|j mailc_data.bin

|j mailc_data_table.bin
|j pallet_boy.bin

|j ps_data.bin

|j ps_data_table.bin
|j psz_data.bin

| | psz_data_table.bin
|j select_data.bin

|j celect_data_table.bin
|j string_data.bin

|j string_data_table.bin
|j super_data.bin

|j super_data_table.bin
|j superz_data.bin

|j superz_data_table.bin
|j tex_boy.bin




Looking Inside

[-] [root] 00000000
[-1 header 00000010

[.]1d=1 00000026 :

E 4 [.] padding = @ 00000030:
o BI n a r I eS .] nun_sections = 20 00000040 : @0 00 B0 00 0O 0@ DO 0O
.] section info offset = 72 00000050: 00 00 00 9 00 2d OFf ac 00 2d 10 94 00 00 00 04
[.] name_offset = © ©0000060: 00 2d 10 98 00 60 00 04 00 2d 10 a0 00 00 C2 8¢C
[.] name_size = 56 00000070: 00 2d d3 40 00 ad f4 f8 00 00 00 00 00 23 32 bc
L] Oot. O [.] version = 2 ©00AOHEO: 0O 6O 60 6O OO 6O GO0 0O OO 6O 0O 0O 00 0O BO 0O
[.] bss_size = 2306748 00000090: 00 0O 00 00 00 60 00 0O 060 00 0O 0O 00 00 A0 00
[.] relocation_table_offset = 14483640 ©0000Pa6: 0O 6O 00 OO OO 6O 00 0O OO 6O 6O 0O 00 0O BO 0O
[.] imp_table_offset = 15640040 000000bO: 00 00 00 00 00 00 00 0O 00 00 0O 0O 00 00 A0 00
o fO rESta . rel [.] imp_table_size = 16 ©0000OCO: B0 6O 00 OO OO 6O 0O 0O OO 6O 6O 0O 00 OO BO 0O
[.] section_info_prolog_index_relative = 1 000000dO: A0 0O GO A0 0O AO A0 GO OO A0 0O A0 0O 0O AO 0
[.] section_info_epilog_index_relative = 1 ©00000e0: 0O 00 GO 60 00 MO 60 00 94 21 ff fo 7c 08 82 a6
e [.] section_info_unresolved index_relative = 000000f0: 3c 60 00 00 90 ®1 00 14 93 el 00 Oc 80 03 60 0O
[ ] m O rtl n to [.] padding2 = @ ©0000160: 2c 6O 00 O 40 82 00 2C 3C 60 0O 0O 38 O3 0O 0O
[.] prolog_offset = @ 00000116: 7c 1f 03 78 48 00 00 10 7d 89 03 a6 4e 80 04 21
[.] epilog_offset = 96 ©0000120: 3b ff 00 04 81 9f G0 60 28 6c 0O 0O 40 82 ff ec
= 2 [.] unresolved offset = 172 00000130: 48 09 79 c9 80 01 00 14 83 el 00 Oc 7c 08 03 a6
o CUStOIII PPC |nstruct|ons [.] align = 32 ©0000146: 38 21 00 10 4e 80 00 20 94 21 ff fO 7c 08 B2 a6
[.] bss_align = 32 00000156: 3c 60 00 00 90 61 00 14 38 03 00 00 93 el 80 OcC
. A . [?] section_info_table ©0000166: 7c 1f 03 78 48 80 00 10 7d 89 03 a6 4e 80 04 21
*  “Paired smgles are a unique part Of the Gekko/Broadway [?] imp_table ©0000170: 3b ff 80 04 81 9T 00 80 28 Oc 00 00 40 82 ff ec
processors used in the Gamecube and Wii. They provide fast e e e e e L e e e
vector math by keeping two single-precision floating point 0@00120: 39 61 00 20 db FF FF £1 3¢ 6o 99 00 3b €3 00 00
g g g 1 g g 000001b6: 38 7f 00 00 4c c6 31 82 4 38 7f 00 30
numbers ”7 a sm,glefloat/ng pomt reg/ster, and domg math ©00001cO: 4c c6 31 82 4b ff ff d1 3b ce @0 00 4b ff ff c9
across reg[sters, 000001d6: 7c 7d 1b 78 48 00 00 20 80 bd 00 00 7f a4 eb 78

000@e1e0: 80 dd 0@ 84 38 Tf @0 58 4c c6 31 82 4b ff f a9

° PPC Alt IDA I 1N - 000001f0: 83 bd 80 00 28 1d 00 80 41 82 00 1c 3c 1d 60 01
ivec p ugin: 00000200: 28 80 ff ff 41 82 60 16 28 1e 88 10 3b de 8O O1

. L. . 00006210 41 B0 ff 8 38 Tf 80 74 4c c6 31 82 4b ff Ff 79
httpS://glthUb.COlll n|h|IUS/PPCAIt|Vec ©0600220: 39 61 80 20 4b ff ff 71 80 01 08 24 7c @8 83 a6
00006230 38 21 00 20 4e 80 00 20 94 21 ff fO 7c 08 62 a6

A C t REL DOL | d 00088240 90 B1 00 14 4b Tf ff 51 80 @1 08 14 7c 08 83 a6
m 00006250 38 21 00 10 4e 80 00 20 94 21 ff fO 7c 08 62 a6
usto oaders 00088260: 38 BO 00 18 98 01 80 14 93 el 08 OBc 7c 7f 1b 78
. . 3 00006270: 4b Ff ff 25 3c 60 606 00 38 86 0O 60 cO 03 60 0O

PS htt . th b h d - 00000280: do 1f 60 08 do 1f 80 10 do 1f 06 Bc do 1f 86 64
pS- gl up.com einermann/ida 00000290: do 1f 00 00 90 1f 00 14 80 01 80 14 83 el 00 Oc

000882a0: 7c B8 03 a6 38 21 80 1@ 4e 8 08 20 94 21 ff O

W“_Ioader‘s 000002b0: 7c 08 02 a6 90 ©1 00 14 4b ff ff al 80 01 00 14

* Kaitai definitions for.debugging
loaders




[-1 [root] Be606006 :

[-1 header 00006016: « « « Hi R R
[.] id = 1 00000020 : -7 2N - DA
[.] padding = © 00000036 : .

.] num sections = 20 GILLGLETH

section info offset = 72 AOAAAAS5A: A0 OO A0 9 0A 2d 6f ac 60 2d 160 94 A6 OO OO A4 | .
[.] name offset = @ 00000066: 00 2d 10 98 00 60 60 04 00 2d 16 ad 60 00 C2 BC | .-iieiianiaaian
[.] name_size = 56 00000070: 00 2d d3 40 00 ad 4 T8 00 60 00 00 60 23 32 bc | .- @.c.ce.....H2.
[.] version = 2 00000080: 00 GO 0O OO0 00 OO0 00 OO OO OO0 00 OO OO 00 00 00 | ...vvvirerennnes
[.] bss size = 2306748 peeoaee9a: 060 66 60 60 00 60 60 00 OO A0 00 66 60 60 00 080 | ....iiiiiiinnaa
[.] relocation_table_offset = 144603640 Be6060a0: 06 66 6O OO0 600 OO0 60 OO0 OO 60 06 66 60 60 00 00 | ... .0 iiiinnea
[.] imp_table offset = 15640040 0000A6bA: 00 GO 0O 6O 0O 6O 60 OO 0O 0O 66 66 60 60 00 00 | ...iiiiiininaaan
[.] imp_table size = 16 pooeaeecA: 060 66 6O 60 00 60 60 00 OO 60 00 66 60 00 00 00 | .....iiiiiiinenen
[.] section_info_prolog index relative = 1 000006dA: 00 GO 00 6O A0 OO 60 OO 00 6O 60 66 60 60 00 00 | ....iiiiiiiiaaaan
[.] section info epileg index relative = 1 peOeO0eA: 0O OO OO 6O 00 0O 0O 0O 94 21 ff fO& 7c 68 B2 ab
[-]
[-]
[-]
[-]
[-]
[-]
[-]
1 s
]

"

"
-
"
-
-
"

-

section_info_unresolved index relative = 000000f60: 3c 60 60 00 90 61 60 14 93 el 00 OGc 80 63 08 66

-
-

padding2 = @ 00000108: 2c 00 00 00 40 82 00 2c 3c 60 00 0O 38 63 00 00 s e alflae =l Bl

.] prolog_offset = 0 peE00116: 7c 1f 03 78 48 00 00 10 7d 89 63 a6 4e 80 04 21 «aXH...}...N..!

.] epilog offset = 96 eeeee126: 3b ff 00 04 81 9f 60 00 28 6C 08 600 40 82 ff ec Fooooooo (...@...

.] unresolved offset = 172 00000130: 48 09 79 c9 80 01 00 14 83 &1 00 O6c 7c 08 63 ab Aetoaccoooooalooa

.] align = 32 00066146: 38 21 00 10 4e 80 00 20 94 21 ff f@ 7c OB 02 a6 Bl..N.. .!l..]...

.] bss_align = 32 00000158: 3c 60 60 60 90 01 00 14 38 63 00 00 93 el 00 Oc = 5oooo0 Hoscoooc

[? ection_info_table peE0E01660: 7c 1f 03 78 48 00 00 10 7d 89 63 a6 4e 80 04 21 «aXH...}...N..!
[?] imp_table eeeee17e: 3b ff 60 04 81 9f 60 00 28 6C 08 600 40 82 ff ec Fooooooo (...@...
00000186: 80 01 00 14 83 el 00 Oc 7c 68 03 a6 38 21 00 10 cocooooo|localElon

00066196: 4e 80 00 20 94 21 ff e® 7c 68 A2 a6 90 01 00 24 Moo sl aeaaS

|

|

|

|

|

|

|

|

|

I
0000081a6: 39 61 00 20 4b ff ff f1 3c 60 00 60 3b e3 00 80 | %9a. K...< ..;...
00eee1be: 38 7f 00 00 4c c6 31 82 4b ff ff dd 38 7f 0@ 30 | 8...L.1.K...8..0
000001ch: 4c c6 31 82 4b ff ff d1 3b co 08 60 4b ff ff c9 | L.1.K...;...K...
0000601da: 7c 7d 1b 78 48 06 60 20 80 bd 00 06 7f a4 eb 78 | |}.xH.. .......X
000001e0: 80 dd 00 04 38 7f 00 58 4c c6 31 82 4b ff ff a9 | ....8..XL.1.K...
eeeeei1fe: 83 bd 00 @0 28 1d 60 00 41 82 06 1c 3c 1d 60 81 | ....(...A...<...
00000200: 28 00 ff ff 41 82 00 10 28 1e 00 10 3b de 00 01 | (... A...(evulou.
00000216: 41 80 ff c8 38 7f 00 74 4c c6 31 82 4b ff ff 79 | A...8..tL.1.K..y
00e06226: 39 61 00 20 4b ff ff 71 80 01 00 24 7c 68 63 a6 | %9a. K..g...§
aeee6236: 38 21 00 20 4e 8O 60 20 94 21 ff fo 7c 68 02 a6 | 8!. N.. .!..
00000246: 90 01 00 14 4b ff ff 51 80 01 080 14 7c @8 03 a6 | ....K..Q....
aeoee256: 38 21 60 10 4e 80 60 20 94 21 ff fo 7c 68 02 a6 | 8!..N.. .!..
0EA0266: 38 80 00 18 98 61 60 14 93 el 80 6c 7c 7f 1b 78 |
eeeee276: 4b ff ff 25 3c 60 60 00 38 00 A0 06 cO 63 60 00 |
00P00280: do 1f 00 68 do 1f 60 10 do 1f @0 oc do 1f 60 04 |
00000296: do 1f 00 60 98 1f 60 14 80 01 08 14 83 €1 00 BC | ... erennenanan
peeea62aA: 7c 68 03 a6 38 21 60 10 4e B8O 060 28 94 21 ff fo |
00ee82ba: 7c B8 02 a6 90 061 60 14 4b ff ff a1 88 @1 @0 14 | |....... Moooosoo
all: 1774, tree: 182, tree draw: 150, hexview: 1591, ln: 24, highlight = 16..20

#ow o

#ow o




Looking Inside

* The symbol map files

address

e GameCube build script options:

# -map - create a
.MAP file that shows final memory
layout of all sections

cutor.o
mgr.o

* Mlake simple IDA script for
populating database with names
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Reversing the Dialogue System



Reversing the Dialogue System

* Initial analysis P—

1st.d/data/ma11_data.bin
forest_lst.d/data/mail_data_table.bin
o i 1 1 forest_1st.d/data/maila_data.bin
Flnd the flles that Contaln the forest_lst.d/data/maila_data_table.bin
. forest_1st.d/data/mailb_data.bin
message Strlngs forest_1st.d/data/mailb_data_table.bin
forest_1lst.d/data/mailc_data.bin
* * data.bin and forest_1st.d/data/mailc_data_table.bin
.y . . forest_1st.d/data/ps_data.bin
*_data_table .bin f||e5 forest_1st.d/data/ps_data_table.bin
forest_1st.d/data/psz_data.bin
forest_lst.d/data/psz_data_table.bin
forest_1l1st.d/data/select_data.bin
forest_1lst.d/data/select_data_table.bin
forest_1st.d/data/string_data.bin
forest_1l1st.d/data/string_data_table.bin
forest_1st.d/data/super_data. bin
forest_1l1st.d/data/super_data_table.bin
forest_1lst.d/data/superz_data.bin
forest_lst.d/data/superz_data_table.bin
forest_2nd.d/data/message_data.bin
forest_2Znd.d/data/message_data_table.bin



E message_data.bin E message_data_table.bin

Offset (h) 01 02 03 04 05 06 0O7F

00000470 HE 00 7F 0% 00 00 15 49

00000480 74 20 79 &F 75 20 &7 et you go withou
00000490 CD €7 €9 76 69 6E &7 tigiving you a 1
000004A0 74 74 EC €5 20 73 E&F 8 ittle something.
000004B0 03 06 CD 48 €5 72 €5 ...IHere, this i
000004C0o 20 €D 79 20 66 €1 TE s my favorite ki
000004D0 €4 CD &F 66 20 73 74 ndiof stationery
000004EQD 7F 03 08 20 TF 1C 21 P b
000004F0 1A 2C 7F 03 08 20 49 e

00000500 CD 74 6F 20 68 €1 76 uito have this s
00000510 €1 74 €9 EF €E €5 72 tationery. I jus
00000520 CD 77 €1 6E 74 20 74 tiwant to show vy
00000530 75 20 €D 79 CD €7 72 ou mylgratitude,
00000540 03 08 20 7F 1C 21 CD i i
00000550 2C 7F 03 OA 20 49 20 0,... I have a 1
00000560 74 74 EC €5 20 T2 €5 ittle rewardifor
00000570 79 &F 75 21 TF 03 06 you'!... It's so
00000580 65 20 73 74 €1 T4 €9 me stationery, ..
00000590 CD 7F 1C 2E CD 7F 01 I...1

000005R0 €D €5 20 74 68 €1 €E me thank you!..
000005B0 20 4D €1 79 €2 €5 TF . Maybe...isome
QoOQo0sCo 69 63 65 20 73 T4 6l nice stationery
000005D0 €59 EC EC 20 €4 €&F 2C will do,...I..'1
Q00000SEQ 01 7F 0% 00 00 15 54 The delic
QO00005FO 74 €5 20 70 €1 T4 T4 ate pattern of t©
00000600 €9 73 CD 73 74 €1 74 hisistationery..




E message_data.bin E_-é-‘] message_data_table.bin

Cffsetc (h) 00 O1 03 04 06
Q0000000 00 00 48 00 00 00
00000010 00 00 BS 00 0OC
Q0QOQQo02Z0 00 00 DE QC
Q0QOQQ0030 00 00 Ec OC
Q0QoQ0040 00 00 EE 0C
QQOQo050 00 00 Fe 0OC
Q0Q0000e0 00 00 FE 0C
QQQoO0Qo07T0O 00 00 06 0OC
QQoQQo080 00 00 OE 0C
QQQQo0%0 00 00 le OC
Q00000AD 00 00 1E 0«
Q0000080 00 00 26 0OC
QQOQo0Co 00 00 2E 0C
QQoQQooD0 00 00 36 0OC
QQOQQO0EQ 00 00 3JE 0C
QQOQQO0F0O 00 00 46 0OC
Q00000100 00 00 4E 0C
Q0000110 00 00 56 0OC
QOQ0Q01Z0 00 00 SE 0C
00000130 00 00 66 OC
00000140 00 00 6E OC
Q00000150 00 00 To 0OC
000001e0 OO OO0 TE OC
Q000o0O170 00 00
Q00000180 00 00
Q00000190 00 00
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0x00000ede:
\x7f \x00\x00\x15This is my favorite outfit,\x7f\x03\x08\xcdbut you can have it,\x7f\x03\x06
\xcd\x7f\x1c! \x7f\x03\x06I bet\xcdit'll look good on you, too!\xcd\x7f\x01

Ox00000746:

\x7f \x00\x00\xffWhat should I give you in\xcdreturn?\x7f\x03\x10\x7f \x00\x00\x06 Oh
1\ x7f\x03\x08 How about this?\x7f\x03@M\xcd\x7f \x00\x00\x15I just bought this outfit the\xcdo
ther day,\x7f\x03\x06 \x7f\x1c!\xcd\x7f\x01

Ox00000fCco6:
\x7f \x00\x00\xFfThink these clothes will\xcdwork for you?\x7f\x@3\x10\x7f \x00\x08\x15 Th
e fabric\x7f\x03\x06\xcdis like a massage for your\xcdskin,\x7f\x03\x06 \x7f\x1c!\xcd\x7f\x01

Ox00001032:

\x7f \x00\x00\xFfNice work.\x7f\x03\x10 You can have\xcdthese clothes. \x7f\x03\x061 hope th
ey're\xcdall right, because they're\xcdall that I have to give.\x7f\x04\xcd\x7f\x02\x7f \x00\x
@0\x15I'm sure you can tell from\xcdthem\x7f\x03\x08 that I'm a pretty\xcddarned fashionable gu
v, \x7f\x03\x06\xcd\x7f\x1c.\xcd\x7f\x01

Ox00001106:

\x7f \x00\x00\xffSince I certainly don't want\xcdto owe you one,\x7f\x03\x08 you can\xcdhave
this outfit.\x7f\x04\xcd\x7f\x02\x7f \x00\x00\x15I've never even so much as\xcdtried it on.
\x7f\x03\x08 It's brand new,\x7f\x03\x06\xcd\x7f\x1c.\xcd\x7f\x01

Ox000011a2:

\x7f \x00\x00\xffThanks for your help.\x7f\x03\x10\xcdConsider this outfit your\xcdreward, a
11 right?\x7f\x04\xcd\x7f\x02I picked it out myself,\x7f\x03@\xcd\x7f \x00\x00\x16s0 don't 1
et me catch you\xcdcomplaining about it,\x7f\x@03\x06\xcd\x7f\x1c.\xcd\x7f\x01

Ox0000124a:
\x7f \x00\x00\x15These clothes are your\xcdreward for a job well done.\x7f\x03@M\xcdI'm sure
you'll like them,\x7f\x03\x06\xcd\x7f\x1c.\xcd\x7f\x01

Ox000012a9:
\x7f \x00\x00\xffI wasn't sure what I should\xcdgive you for your trouble.\x7f\x03\x08\xcdHo



Ox000eedf2:

What?!?

<%, Dolphin 5.0 | JIT64 DC | OpenGL | LLE | FPS: 60 - VPS: 60 - 100%

\X7T

\X00\x00

Animation

plays
Speech

pauses

Peewe?®

What?!? What do you
want to do first, -
li'l dude???

MiWhat do ynu\xcdwanhm AT\ x03\ x06\ xcd\ X7\ x1c??2 7\ x7F\x18\x
ap\x01\xe7\ x0T\ xb3\ x00\ X155\ x7 A\ x7F\ x04\ x 7R\ x 7T\ x0F\ x 14\ x96 \ x 7T\ x10\ x14\ xac\ x7F\x11\x14\ xb2)\
XTTAX12\ X149\ x99\ xT T\ x 19\ x7T \XO0\Xx00\xTT\xT7T \x00\x03\xcd\x7f\x01



<\ Dolphin 5.0 | JIT64 DC | OpenGL | LLE | FPS: 60 - VPS: 60 - 100%

Peewee

Oh!"So you're back,
huh, \i'l dude?

0x000eed36:

Oh![\x03]\x06 back,

huhj, [ \x03] [hx1c]?[\x04]

[\x02]It's [\x1le] [ ],

[\x1d],[\x03]\x10 at [1]:["] [v]

in [P]\x19\x8c\xdc\x08[(]'s [/] now.[\x@e]\x14\x94
[\x01]




S S @ jamchamb@ubuntu: ~

[ANIM:NPCO®:DEFAULT]I know it's kind of clunky to
be carrying around,[PAUSE:®x06] but

please accept this wallpaper,[PAUSE:8x08]
[PHRASE]!

[CONTINUE]

#0x0160b @ oxee001b6c (Ox4d bytes):

[ANIM:NPCO:HAPPY BROWS]This time,[PAUSE:0x06] I think I'1ll thank
you with some nice wallpaper,[PAUSE:8x08]

[ PHRASE]!

[ CONTINUE]

#0x010c @ 0x00001bb9 (O0x3a bytes):

[ANIM:NPCO:DEFAULT]Ooh! [PAUSE:®x07]I know![PAUSE:®x08] I'll give you
wallpaper,[PAUSE:0x88] [PHRASE]!

[ CONTINUE]

#0x010d @ 0x00001bf3 (Ox51 bytes):

[ANIM:NPCO:HAPPY BROWS]Eureka! [PAUSE:®x05]I've totally got it![PAUSE:0x0c]
You can have[PAUSE:0x04] this

wallpaper,[PAUSE:9x08] [PHRASE]!

[CONTINUE]




Reversing the Dialogue System

* [teratively add codes 546 jamchamb@ubuntu: -

[ANIM:NPCO:DEFAULT]I know it's kind of clunky to
be carrying around,[PAUSE:0x86] but

- FOCUS On What nOn-prIntable byteS please accept this wallpaper,[PAUSE:0x08]

[PHRASE]!
are |eft [CONTINUE]
#0x010b @ O0x00001b6c (Ox4d bytes):
g 4 [ANIM:NPCO:HAPPY BROWS]This time,[PAUSE:@x06] I think I'll thank
- BaSIC edltOr you with some nice wallpaper,[PAUSE:0x88]
[PHRASE]!

[CONTINUE]

#0x010c @ O0x00001bb9 (0x3a bytes):

’ (]
* Doesn’t have all the codes defined
’ s ; [ANIM:NPCO:DEFAULT]O0h! [PAUSE:®x87]I know![PAUSE:®x88] I'll give you
e Doesn t Support ertlng SpeCIal wallpaper, [PAUSE:Ox08] [PHRASE]!
codes back T
#0x010d @ O0x00001bf3 (0x51 bytes):
[ANIM:NPCO:HAPPY BROWS]Eureka! [PAUSE:@x@85]I've totally got it![PAUSE:@x08c]

- GOOd fOr ana|yS|S You can have[PAUSE:®x84] this

wallpaper, [PAUSE:9x08] [PHRASE]!
[CONTINUE]

e Use IDA to figure out the rest of
the special codes



Reversing the Dialogue System

* “ControlCursol” functions for each code handle reading the special
bytes and doing something with them



il e =

.globl mMsq_Main_Cursol CursolSetTime ControlCursol # weak
misqg Main_ Cursol Cursol3etTime ControlCursol:

-set var_ 18, -8z18
-set var_ 14, -8x214
-set var_ 18, -8z14
-set arg 4, 4

stuu r1, -8=228{r1) # Store Word with Update

mfspr ra, LR # Move from sprg,

ctw ra, 8x28+arg_4{r1) # Store Yord

stfd 31, B=28+var_18{r1) # Store Floating-Point Double-Precision
psq st %fr31, 8x18(r1), 1, 8 Paired Single Quantized Store
stuw r31, B8x28+var 14(r1) # Store UYord

stw +38, B8x28+var 18(r1) # Store Yord

mr- r31, ri # Houe Register

mr- +38, r3 # Houe Register

luz i, B{rh) #t Load YWord and Zero

bl miMsq Get CursolSetTimeCode # Branch

fmr f31, f1 # Floating-Point Hove Register
luz 4, B{rd1) #t Load YWord and Zero

mr r3, r3p #t Hove Register

bl misqg Set SizeCode # Branch

1wz A, B{rit) #f Load YWord and Zero

add +8, ra, rid #t Add

stw A, 8{r3d1) #t Store Word

luz +a, 8{r3d1) #ft Load YWord and Zero

stw A, Bx4280{r308) # Store Word

luz A, Bx43C{r38) # Load Yord and Zero

cCmpuwi 8, B # Compare UWord Immediate

beq loc_883C38A4% # Branch if equal




-.qlobl mMsqg Get CursolSetTimeCode # weak
misg Get CursolSetTimeCode:

-set arg 4, 4

stuu r1, —-8x18{r1) # Store Word with Update
mfspr ra8, LR # Hove from sprqg,
stw rd, 8x18+arg 4(r1) # Store Word
1wz r3, msg window t.msqg data ptr{r3) # Load Word and Zero
i +r3, r3, 8228 # message text pointer
miMsqg_Get CursolSetTimeCode forData i Eranch
rd, 8x18+arg 4(r1) # Load Word and Zero
LR, r@ # Move to sprg,
1, 1, B8x18 # Add Immediate
# Branch unconditionally
## End of function mMsg Get CursolSetTimeCode




il e =]

-globl mMsq Get CursolSetTimeCode forData # weak
miisq Get CursolSetTimeCode forData:

.5set var_8, -8

Double check it begins _
stuwu 1, —-8x18{r1}) # Store Word with Update
with Ox7F Ox03 lbzx B, r3, rh # Load Byte and Zero Indexed

cmpluwi ra, 8x7F # Compare Logical Word Immediate
bne loc 883CH368 # Branch if not equal

]

r3, r3, ra #t Add

ra, 1{r3) # Load Byte and Zero

ra, 3 #t is next byte 37 (time code)
loc 883CH368 # Branch if not egual

Y

503 ¥ time amount < ::r Extract pause amount from text buffer

Bx4338 # 433008080 S ~— load Immediate Shifted

Bx8 064 # 80640000 lis r3, _¥25@h
BxB8064 #t 88640000 1fs f1, 72581(r3) # Load Floating-Point Single-Precision
r3, 0=8000 # 800008XS (XX = time amount)
8x18+var_8{r1) # Store Word
dword 886426F4E1(r4) # Load Floating-Foint Dcuble
@x18+var_8+4{r1) # Store Yord 1 1
f2, 724@1({r5) # Load Floating-Point Single-Precision Convert time Integer to ﬂoat
f8, Bx18+var 8(r1) # Load Floating-Point Double-Frecisiun
fa, f1 # Floating-Point Subtract Single-PxHecision
2, f8 # casts time amount to Float
803CH368 # Branch

Yy

loc_803CHA368: #t Add Immediate

addi 1, 1, B8z18

blyr #t Branch unconditionally

#t End of function mMsg_Get_CursolSetTimeCode_forData




Return from
extracting pause
interval

Report size of the code

Do stuff with
extracted data for
code

EeE

Itz _Main_Cursol CurselSotTime_Controlersol:

LRl var 1§, LA ] )
LERE var 1, @ik
sek var_10, -0
JEBE arg_h, &

% bwu ri, -B2B{ri} 8 5t
mEspr  ri, LR 1}

I D ril, Slbeaeg B{F1) @
sbFd Fal, u2bswar 18{r1)
psg_ st RFeR1, EI8(e1), 9, 0
s tw r31, Sdiewar_1a{r1)
e rE0, Sulbewar 18{r1) B
|ar L, ra 1 Eegi
|ar rag, ri | eyl
Lz i, B{rk) i

Lz rhi, B{rI1) dord and

1

i
| rE, rig | egiste
:> a1 mMug Set_SiceCod neh
| LF i, BrFaj i il Word and
»dd ril, r#, r¥ 4 ndd
5w i, Brat) 1

Laix i, Srdl) i Load Hord a

shu ril, nsq_wimdow t.cur pos{rd@) B Store W
luz i, msqg_wimdow_t.cascel_requested{rde) b
| ri, @ | Compare Word Daaediats
i Loc ABICI0EN o B hoiF eg

-glohl mbtig_Hain_Cersel_CursalietTime CeatrolCurssd 0 weal

T25HN

_PSHL{ra) 8

eri,
loc #

a1, Fa
ECTOED

Fi,

O]

3, PADI{r3d} 9

i, r3, 0,323 %

In_HEICINEE

Iwinm. @, rd, 017,17 &
ni loc AEICIOBRE o F

h |

L & |

Il ek

ri, _WATm 11 Innediat

F1, _9&TEL{ra} o Float
mHsg_sound WessageSpeedForce BB
Ioc_HEICIOER 0 | h

For
1

Loc_HBICTORC:

F1,

Fal

misy_sound_Hessagespeedf orce |
==

Houe F

¥

ri, 8 1 Loa medial
loc BEACIOFD 0 Br

1 r3,
| Ioc_HEICTN 0

loc_AEICINED:
i

i, @

vy ¥

BEICIOFD:
1 RFrEY, B1S(r1), 1, BE 7
ril, EEX0rarg Wr) b
Fai, X ievar 18{r1)
w3, B2 Bewar 180r1)
r30, B2 Bewar 1H[r1)
u 1 b

Save interval to
msg window t.
timer




Reversing the Dialogue System

() ’ — R e
() Stl” don t knOW Where these Cu rsor‘ cursol proc_table:_.long mI-ISQ_Haln_Eurﬁul_“Lg:?ﬁﬂg;;glﬁ;;;u:‘aﬂi: Cureol Proc ©
Controner functions are used # mMsg_Main Cursol Proc_ControlCurso
.long mbsg_Main_ Cursol Continue ControlCursolil 1
-long mMsg_HMain_Cursol_Clear_ControlCursolil 2
o = — _ — —
CrOSS references are a dead end .long mMsg_Main_ Cursol CursolSetTime ControlCursolil 3
h f h f L dd .long mMsg_Main_Cursol Button_ControlCursoli 4
() -long mlsg_Main_Cursol Color ControlCursoll S
Searc Or t e unCtlon a resses aS .long mMsg_Main_Cursol AbleCancel ControlCursoldt 6
-long mlsg_Main_ Cursol UnableCancel ControlCursolil 7
raw bytes"' .long mMsg Main_ Cursol SetDemolOrderPlayer ControlCursolil &
’ . . -long mbsg_Main Cursol SetDemoOrderHpcB ControlCursolli 9
K They re held In a funCtlon table .long mMsg_Main_ Cursol SetDemoOrderHpci ControlCursolit BxA
’ P .long mhsqg_HMain_Cursol_SetDemoOrderHpc?_ControlCursolil BxB
* Data type Of the bytes wasn t deflned; .long mhsg_HMain_Cursol_SetDemoOrderQuest_ControlCursolit B:C
1 2 .long misg_Main Cursol SetSelectWindow ControlCursolit 8xD
SO the references dldn t ShOW Up .long mMsg_Main_ Cursol SetHextHessageF ControlCursolit BxE
.long misg_Main Cursol SetHextHessageB ControlCursolit OxF
L Referenced by .long mlsg_Main_ Cursol SetHextHessage1 ControlCursoll 8x18
. .long mlsg_HMain_ Cursol SetHextHessage? ControlCursolft G:x:11
mMsg ]_V_[aln CurSOl PIOC Contro .long mhsg_HMain_Cursol_SetHextMessage3d ControlCursolit B8:x12

ICursol
* Performs the table lookup by code

* Referenced in turn by
mMsg Main Cursol ControlCursol



nMsgy Masn Cursel CoptrolCunsel

Timing and cancel request

: handling

Check data at cursor;

— .
Print or handle proc code

Timing and talk animation/sound
— handling




Reversing the Dialogue System

e GUI editor for string tables .

String table entry

* Translatesspecial codes to CEmmma e (-

{{SET_DEMO_ORDER_NPC0:0x000003}}Hello, fellow night owl!{{PAUSE:0x0c}}

\
S e rl a | I Z e d text fo r m at e g 5 If it isn't {{PLAYER_NAMERY{SET_DEMO_ORDER_NPCO0:0x000015}H{BUTTON}}
’ [ ] [ ]

{CLEARJH{SET_DEMO_ORDER_NPCO:0x0000ff}}| was just thinking about

D how | haven't seen you lately,{{PAUSE:0x08}}
{{ PA U S E : OXO 3 }} : i and here you are wandering

in the dark, {{PAUSE:Ox08}H{TAIL}}!

{{CONTINUE}}

* Handles special character set

* Note: Adding more entries to a
table requires generating a patch

\ }
T_DEMO_ORDER_NPC(:0x000...
IF it isn't {{PLAYER_NAMERH{SET_D...

* Highest entry ID iscompiledin, EuEa

and here you are wandering
. fMALICE.ALcONITAN NI

and used for bounds check



B ACGC String Editor

File

ID Content Msg #1543 | Msg #1545 | Msg #1546 X

H{CONTINUEY

Hey, {{PAUSE:D:D8IHIPLAYER_NA...
{CLEAR}} haven't seen you around ID 1546
these days, {{PAUSEOx08}sc | fig..
you'd moved, {{PAUSE QD8 H{TAL..

{{CONTINUE}) {{SET_DEMO_ORDER_NPC0:0x000003}}Hello, fellow night owl!{{PAUSE:0x0c}}

{SET_DEMO_ORDER_NPCO+000.. If it isn't {{PLAYER_NAMERI{SET_DEMO_ORDER_NPC0:0x000015}{{BUTTON}}
{CLEARYH{{SET_DEMO_ORDER_MP...

to ol {{PLAYER_NAMEJ{PAUSEAD... {{CLEAR}H{{SET_DEMO_ORDER_NPC0:0x0000ff}}| was just thinking about
Right, {{PAUSE:Ox08){{TAIL?{{BU...
{CLEARJHISET_DEMO_ORDER_NP... how | haven't seen you lately,{{PAUSE:0x08}}

My instincts are the greatest

in the ENTIRE UNIVERSE{{PAUSE:... and here you are wandering

Yeah, {{PAUSECOBH{TAIL)! - :
eONTINUE) in the dark, {{PAUSE:OxO8}H{{TAIL}}!

Hey, {(PAUSE:0x08))what's up with... {{CONTINUE}}
this evening?{{BUTTON}
{CLEARJHISET_DEMO_ORDER_NP...
| talked to you, huh, {{PAUSEQx05}}
HTAIL!

{CONTINUE}}

How-diddly-do!{{PAUSE0x14}}

So you're sort of a loner {{PAUSEQ...
aren't you, {PAUSEOxOBH{TAILYY ...
{CLEAR}You know, if you don't s...
to me every now and again,
{{SET_DEMO_ORDER_MNPC0:0x000...
H{TAILNPAUSE:0x08}} Mo lie!
H{CONTINUE}

{{SET_DEMO_ORDER_MNPCC:0x000...
If it isn't {{PLAYER_NAMERYISET D...
{CLEARYHISET_DEMO_ORDER_NP...
how | haven't seen you |ately, {{PA...

String table entry

and here you are wandering
Vem b s Al FTTRA LI Ci T T T AL T




Unlocking Developer Features




Finding debug features

 Noticed a bunch of functions
and variables.with “debug” in
the name

* Debug features would be useful
for testing out mods

* What does new Debug mode
ofo)¢

Marme

f] mAGrw_ClearDebugData

|I| mAGrw_CheckRegistedData_debug
] mAGrw_SetBlockData_debug

|I| mAGrw_SetDebugDataBlock

|I| mAGrw_SetDebugData

|I| mAGrw_PrintFossilHaniwa_debug

‘Bl new_Debug_mode

1f| debug_display_output_sprite_16x16_|8
1f| debug_display_output_polygon

] debug_hayakawa_bitset

|I| debug_hayakawa_mowve

|I| debug_hayakawa_draw_safetyframe
|I| debug_hayakawa_draw

T

- 80396120

20396200




Finding debug features

* Called by entry (right after the
Nintendo logo splashscreen)

* Allocatesa 0x1C94 byte
structure and saves the pointer
to it

* Value at offset 0xD4 is set to
zero right away

* What happens if it’s set to 17

-globl entry # weak

entry:

-set arg_ 4, &

F1, -8x18(r1) # Store Word with Update
ra # Move from link register
¥3, A # Load Immediate
rA, Bx18+arg 4{r1) # Store Word
padmgr_Init  # Branch
new Debug mode # mallocs a @x1C94 byte structure
3, debug modeBh # Load Immediate Shifted
ra, 8 # Debug mode flag set here
r4, r3, debug_modeB@l # Add Immediate
¥3, A # Load Immediate
rh4, B{rk) # mallocd debug mode structure
ra, 8xDiafry) # Store zero at @xD4{debug_struct)
mainproc # Branch
r8, 8z18+arg_4{r1) # Load Yord and Zero
¥3, @ # Load Immediate
ra # Hove to link register
1, v1, Bx18 # Add Immediate
# Branch unconditionall






Finding debug fteatures i g s

.set arg_4, 4

cstuwu r1, -8x18{r1} # Store Word with Update
mFlr ra # Hove from link register
lis r4, zurumode_flag@ha # Load Immediate Shifted

ctw rA, @x18+arg 4(r1) # Store Yord

* Looking for more code that i Tl e elagme) 5 L o o 2o
references the debug mode ~
Stru Ctu re... r3, r3, Bx2C # Add Immediate

zzZ_Lots0fDebug # Branch

* There are a bunch of references
to “zuru mode” in the context of

r4, debug_mode@h # Load Immediate Shifted
. . i r4, r4, debug mode@l # Add Immediate
debug d|sp|ay bEhaVIOr r4, B(ry) # Load Word and Zero
s @xDa{r4) # Load Half Word Algebraic
i - rh, -1 #t Add Immediate Carrying
g Q Q o V4 s ra, rh # Subtract from Extended
- NO Idea What It IS Or What ZU rU JC_JUTProcBar_setUisible # Branch
JC_JUTProcBar_getHManager # Branch

means (Zulu?) is r4, debug_mode@h i Load Inmediate Shifted
° r4, r4, debug_mode@]1 # Add Immediate
ra, a{ra) # Load Word and Zero
r4, 82D4{rh) # Load Half Word Algebraic
i ra, r4, -1 # ndd Immediate Carrying
- Z u rumo de f :|_ a.g |OOkS r4, v, ry # Subtract from Extended
—_— JC_JUTProcBar_setUisibleHeapBar # Branch
4 r@, 8x18+arg_4{r1) # Load Word and Zero
Im porta nt - ra #t Move to link register
i r1, ¥1, 8218 # Add Immediate

# Branch unconditionally
function game_move_first




Finding debug features

* Looked up functions with zurumode in the name:
e zurumode_init
e zurumode_callback
e zurumode_update
e zurumode_cleanup



zurumode_init

* Sets zurumode flagtoO

* Checks some bits ina thing called
OoSAppNMIBuffer

* Stores pointer to zurumode callback
In padmgz Sstructure

* Calls zurumode update

5

»

38

-.globl zurumode init # weak
zurumode init:

-set arg_ 4, 4
stuu - —@x18{r1}

ZuruKeyCheckB@ha
Zurumode f1lag@ha
Bx18+arg_4({r1)}
]
r3, zurukKeyCheck@l
Zurumode flaglEl{ri)
zerucheck _init
¥3, osAppHHMIBufferi@ha
r5, zuruKeyCheck@ha
- 3, osAppHHMIBuffer@l
Zurumode_callbackBha
Bx3C{osAppHHIBuffer})
padmgy_class@h
r3, padmgr_class@l
r4%, zZurumode callback@El
clrluwi . F6, 31
addi - 5, zurukKeyCheck@l
sth - 4{ra)
stw 3 BxC{rd)
Bx18(r3)
Zurumode_update

raA, Bx18+arg 4{r})

1, 1, @x1@

function zurumode init



zurumode update

* Checks some bits in osAppNMIBuffer.

» Conditionally update the value of
zurumode flag based on the bits

* Prints a format string to OS debug console

* Characters are not ASCII, so | tried Japanese
encodings. It’s Shift-JIS:
. ’Eu;—q’mode_flag D %d Do %d I(CEESNE

. ;zgifumode_flag has been changed from %d to
(o]

* Doesn't'mean muchyet, but knowing the
encoding helped with other debug strings and
untranslated game text

r3, aZurumode flagChanged@ha # "zurumode flag é- %d é-ét %d é+0-iXéléns™ ...
+3, v3, aZurumode_ flagChanged@l # "zurumode flag é- %d é-ét %d é+0-iXéléne” ...

hxcri+eq ## Condition Register Clear
03Report # Branch




zurumode callback

* Calls zerumode check keycheck first
* Checks a bunch of bits'in osAppNMIBuffer
* Prints value of zuru mode flag

* Calls zurumode update

...What’s zerumode check keycheck?




R U
UL _Cw s

e are

Wt
i i L 11
AL e b SL1EA FLIGE

: U ey L freeree

.

e T e
T L |
=3 T

i T Laad L
¥ Caapars. wera |l
L]
12 _smmme: ¥ e W .
. W
SR 8 oy U el

e
¥, W
8 Nmmniy

T

15i_SmmErE

W e TR o

W g

S VL

w5, W}
i rdl 8 e i




zerumode check keycheck

* Didn’t know what zuru mode was or —
how crucial it was to debugging -

* Tried getting translations of “zuru” or
slight changes in spelling through
Google Translate, got “shake”

 Thought this might refer to original Wii
remote, which was actually made for

Gamecube, or some other special kind of
developer input device

* Didn’t know if “key check” referred to
cryptographic key, controller buttons,
or keyboard keys

» Noticed missing/inconsistent.symbols

» Held off and looked for path of least
resistance




Finding debug features

* Problem with the symbol loader
* First script parsed out address/name and added it

e Section addresses in foresta map all start from 0
* Resulted in symbols clobbering each other

* New scripts set up values for each section with:
 Name at correct address
e Function or data definition
* Segment named after the source object (e.g. m player 1lib.o)

* The new bss segment form debug mode .o had some variables like
quest draw statusand event status.

* Cross-references from these data entries to a huge piece of code that checks
debug print flg (located in the same bss segment)



Finding debug features

» Approach in reverse

* Go from debug display behaviors back up to
debug mode activation L\
_ _ . (2°47. 46 48 52 B
* Did some simple NOPping to bypass checks W

and get displays to activate

* Found debug print flg andsome status »
variables related to it —

e Set breakpoint where debug print flg is
checked. Never hits. ™ i

* Why? zurumode flag gets checked first.

« zurumode flag keeps showing up ot “
throughout debug code and simple patches e
get the various displays to activate @ @ .
on

* No avoiding it any longer, | 'have to figure out

what zuru mode is O SO



zurumode 1nit

* Returning to zurumode 1init, it
initializes a few things: —

* 0xC (padmgr class) issetto the
address of zurumode callback

* O0x4 (zuruKeyCheck) is setto the
last bit of the 32-bit value at
0x3C (osAppNMIBuffer)

* Only runs once on game start

Patching it to set

0x4 (zuruKeyCheck) to1l
causes this text to appear on the
title screen

* But none of the other displays show
up during play




zurumode update

* Checks the last bit of 0x3C ( osApFNMIBuffer) and updates
zurumode flag based on itsvalu

e Ifit's zero, the flag is set to zero.

* |f not, it extracts bit 28 from the NMI buffer value and adds 1 to it
* The result will always be 1 or 2. The flag is set to this value.
* When the result is 2 a bunch of interesting stuff shows up.

» Checks whether the flag has changed

* |f so, it calls some functions from boot.dol:

manager = JC JUTDbPrint getManager ()
if (flag == 0) {
JC JUTAssertion changeDevice (2)
JC_JUTDbPrint, setVisible (manager, 0)
} else 1if (BIT (nmiBuf+0x3c, 25) || BIT (nmiBuf+0x3c, 31)) {
JC JUTAssertion changeDevice (3)
JC JUTDbPrint setVisible (manager, 1)



zurumode callback

* Runs each time the gamepad state updates
* Calls'the crazy zerumode check keycheck function
* Checks and sets some bits in 0x3c (osAppNMIBuffer)
* Calls zurumode update

* The last bit of the NMI buffer value is set if:

* bit 26 is set, or... ZUru
* bit 25 is set and controller 2 is plugged in, or... mods
* Ox4 (zuruKeyCheck) is non-zero

Enaples

e Otherwise, the bit is set to zero (disabling zuru mode)



/uru Mode Activation

Ux4 (zuruKeyc




NINTENDOS4

osAppNMIBuffer N

N64% Functions Menu

* What is osAppNMIBuffer?

* Found it in- N64 SDK docs

» “osAppNMIBuffer is a 64-byte
buffer that is cleared on a cold Nintendo® Confidsna
reset. If the system reboots
because of a NMI, this buffer is
unchanged.”

&® o

Search Key
Al Terms

 NMI refers to soft reset (via non-
maskable'interrupt).

 Where do the bits get set?

NINTENDQ®?
Function Reference Manual

* Operating System Functions

osAppNMIBuffer

game n alarger buﬁnr that buffer nnuda to be Incatnd {:utblde of the
1 Megabyte boot segment.

See Also

Beca -=I independent from osGlobals.
o | ooP JodsP] o3P | ot | o |
| Math Jrusys| os | sp | uwh | 640D |

gl
Nintendo and Nhﬂ. are ngIEtE'IF‘d trademarks of Nintendo
Last updated March 1398




OSAppNMIButfter

e Bits 25, 26, 28, and 31 of
0x3c (osAppNMIBuffer) control
Zuru mode

e 25 and 26 control whether.it’s
enabled

» 28 controls the flag level (1 or 2)

* A seriesof checksinthe main
function of boot .dol set bitsin
osAppNMIBuffer

* Large, somewhat complex function

* Look for OR instructions with Ox1,
0x8, 0x20, 0x40

boot.dol main function



Bit 26

* First up: there's an ori r0,

. . loc_888062C4: # r3 = 0x80000000
r0, -0x20 Instruction e Wute and zera
° Applled to the buffer value at Ox3c e 135_33336253 ggﬂgﬁgrilﬁug;?iqﬂ:;d pnediate
 Sets bit 26, which always results in
. i 4, osAppHHIBuffer@h # Load Immediate Shifted
ZUuru mode be|ng enabled. 4, osAppHHMIBuffer@l # Add Inmediate

8, {(dword_88206F9C - osAppHMIBuffer){r4) ¥ Load Word and Zero
» i , FA, Bx28 # Set bit 26 if version is Bx99 (enable zuru modes)
» {dword_88286F9C - osAppHHIBuffer){ri4) # Store Uord

* To reach this block, the eighth
byte of the disk ID must be 0x99

* Try a simple patch for itin
emulator...

Offzet(h) 00 O ] O3 0 05 0O 07 0 0




SDK VERSION: 12Dec20@1 Patchud

Ninfendo’

gore
@x99(153)

4

: @2/08/701 Q2:16:U8




Zuru Mode Activation

_—
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Bit 25 and 28

* Bits 25 and 28 get set if the disk
ID iS greater tha n OX90 X i :g: ;I;Ec;g) # [:umpari Logical Word Immediate

88886388 # Branch if less than

L ]
e Bit 28 controls zuru mode level
osAppHMIBuffer@h # Load Immediate Shifted
i 4, 4, osAppHHMIBuffer@l # Add Immediate
1 Or 2 s (dword_88206F9C - osAppHMIBuffer){ri4) # Load Word and Zero
. -1 - r@, 8:248 # Set bit 25 if version >= B8x98
s (dword_80206F9C - osAppHHMIBuffer){ry4) # Store Word

e Bit 25 was-associated with that
controller connection check...

1bz ra, 7{rd)
cmplui ra, Bx98 t#t Compare Logical Word Immediate
blt loc_88006334% # Branch if less than

¥3, r31, Bxuad # Add Immediate

Yxcri+eq # Condition Register Clear

0SReport # Branch

3, osAppHMIBuffer@h # Load Immediate Shifted

3, r3, oshppHHIBuffer@l # Add Immediate

¥, (dword_88206F9C - osAppNMIBuffer){r3) # Load YWord and Zero
» i va, ra, 8 # Set bit 28 if wversion >= Bx98

¥, (dword_88286F9C - osAppHMIBuffer){r3) # Store UWord



Bit 25

* One of the conditions for %) D
enabling zuru mode was: (2 Syt ian. o
* Bit 25 is set

* A controller is connected to port 2

* |f the game disk ID.is between

0x90 and 0x98, zuru mode can ~ S -
be enabled by plugging in a -
second controller, and... ' G D vor

e The second controller controls 0 6O

all of the debug displays!



Zuru Mode Activation
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zerucheck key check

The last mystery is zuruKeyCheck

* |t gets updated by
zerucheck key check loc_8B4OED74: # Compare Word Immediate
* Cross-reference didn’t show up before Toi_SOMEDIS 8 Branch if not equal
because of the way the address is - 1 -
calculated
p D ra, 4{r3) # Load Byte e_md Zero
» What we want at the end is for Tt | N e R
register 5 to hold OxB vo, bra)  # Store byte R
e This will toggle the value of loé_sauEbR0 & bronch
Ox4(zuruKeyCheck), enabling or disabling
Zuru mode
* 15 js stored in 0x0 (zuruKeyCheck) TN ey o Bt ena zero
q : blr # Branch unconditionally
e Loaded at the beglnnlng # End of function zerucheck key check

e Updated at the end



zerucheck key check

* Follow the blocks up to the
beginning and find the constraints

8040ED74: r5 must be OxB

Sets r5 to OxB

8040ED60: rO must be 0x1000
8040EBES8: r5 must be OxA
8040EBE4: r5 must be less than Ox5B

8040EBA4: r5 must be greater than
0)¢/

8040EB94: r6 must be Ox1
8040EBS5C: rO must not be 0x0
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zerucheck key check

* The blocks right before the end will update r5 to some number or
reset it to zero based on a comparison

* |t’s a state machine
* 5 stores state index and is advanced on correct conditions, or reset to zero
* The condition is a. comparison to the value of rO

I ¥ [

L=
loc_8848ED308: loc_88408EDGA:
cmplui 8, BxLhO80 i 8, Bx1088
6C # Branch if not equal| |bne loc_884BED4BA i Branch if not equal loc_884BED7A i Branch if not equal

rS, BxA #f Load Immediate i rS, OxB #f Load Immediate

loc_884B8ED74 # Branch loc_884BEDLE: iat# loc_884B8ED74 # Branch loc_884BEDYG: # Load Immediate
1i r5, @ 1i r5, @
b loc_BB4BED74 # Branch




zerucheck key check

* The values of rO looks like bit flags...
 Where do they come from?

* Function called every frame via callback

function passed to gamepad manager class _globl zerucheck key check # weak
. . Zerucheck key check:
. Holdmﬁ down various buttons on the second 1bz rs, 0(ra)
controller changes the value L P ()
o Affects 16-bit value at offset 0x2 loc_8040ED74

» So it is checking for certain button combinations
on a controller

* The first thing key check does is load the state Chotul- el p®
« Second thing is load the previous and current o o e b7

button press flags and ‘0, ¥7, r@

bne 2840EBSS
* (new XOR o0ld) AND new leavesonlythe
changed button press flags

e The input to this function is new button presses
—thisis r0




zerucheck key check

* Look up button values in N64 SDK

* |t's a.cheat combo!
Hold L + R triggers and press Z
D-UP

C-DOWN

C-UP

D-DOWN
D-LEFT

C-LEFT

C-RIGHT

. D-RIGHT

10. A+ B

11. START

S e

A_BUTTON
B_BUTTON

L TRIG

R_TRIG

Z TRIG
START _BUTTON
U_JPAD

L_JPAD
R_JPAD
D_JPAD
U_CBUTTONS
L_CBUTTONS
R_CBUTTONS

D_CBUTTONS

0x8000
0x4000
0x0020
0x0010
0x2000
0x1000
0x0800
0x0200
0x0100
0x0400
0x0008
0x0002
0x0001
0x0004




Zuru Mode Activation
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Special menus

* Famicom menu
* Map select

* Player select

e Scene selection
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OFC ver,@11012 (C)20@1 Nintendo

[3/2]])
: GAME

R: back B: demo

. GAME/@]

-)GAME/D@
GAME/@
GAME/@
GRME/Q
GRME/Q
GRME/@

/@1 _nes_cluclu3,bin,szs
/02_usa_balloon,nes,szs
/@3_nes_donkey!_3.bin,szs
/Q4_usa_jr_math,nes,szs
/@5_pinball_l,nes,szs
/@6_nes_tennis3.bin,szs
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Bonus

Translations, localization, development history



Haniwa / Gyroids

\

-
rg'




Kamakura

e Googling it returns a city

* ook up related message IDiin
message table:

* “So what do you think? Isn't this a
great igloo, {{TAIL}}?”

* Originally based on snow hut
festival in Japan

* Igloos are the localized version




Death / Funeral

m event.o:81167778 funeral:
m_event.o:81167778
m_event.o:8116777C

m event.o:B8116777C dead:

-Space 4

# DATA XREF: init_event+5@To
# init_event+5CTw ...

-globl dead # weak
-Space 4

# DATA XREF: init_event+58To

m event.o:B116777C

# init_event+68tTw ...

EU ....... n:l- mEv_actor_dying_message+10C

mEv_actor_dying_message+114

mEv_someone_died

mEv_someone_died+4

lis  r3, dead@h # Load Immediate Shifted
stw 0, dead@|(r3)& Store Word

lis  r3, dead@h # Load Immediate Shifted
addi  r3, r3, dead@#F Add Immediate



