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H#ith i #H ##

# Short jumps: offset is absolute 8bit, and replaces low byte of R(P)
# Long jumps: offset is absolute 16bit but BIG ENDIAN

AbsAddr8: loc is imm8 [ loc = (inst_next & @xff@e) + imm8; ] { export *:1 loc; }

AbsAddrlé: loc is immlé [ loc = (inst_next - inst_next + imm1é6); ] { export *:2 loc; }

SkipAddr8: loc is epsilon [ loc = (inst_next + 1); ] { export *:1 loc; }
SkipAddrlés: loc is epsilon [ loc = (inst_next + 2); ] { export %:2 loc; }

CalcAddrlé: loc is epsilon [ loc = (inst_next); ] { export *:2 loc; }

Hitn #i# ## #4
# #
# OPCODES #
# #
HitH #H #H ##

## // start 1886 by inbar

# 00 / IDL / Idle / 2 / Wait for DMA or interrupt; M[RE]3BUS
:IDL is opbyte = Ox88 { }

# ON / LON / Load via N / 2 / M(RN)=D; For N not @
:LDN reglé is opnibble = 0x0 & reglé { D = *:1 reqlé; }

# AN / INC / Increment Reg. N / 2 / RN+13RN
:INC reglé is opnibble = Bx1 & reglé { reglé = reglé + 1; }

# 2N / DEC / Decrement Reg. N / 2 / RN-13RN
:DEC reglé is opnibble = Bx2 & reglé { regls = regls - 1; }

# 30 / BR / Short Branch / 2 / M[RP]3RP.8
:BR AbsAddr8 is opbyte=6x30; AbsAddr8 {
goto AbsAddrs;

# 31 / BQ / Short Branch if Q=1 / 2 / If Q=1 Then M[RP]2RP.E Else RP+13RP
:BQ AbsAddr8 is opbyte=0x31; AbsAddr8 {
if (Q == 1) goto AbsAddrs;

# 32 / BZ / Short Branch if Q=1 / 2 / If Q=1 Then M[RP]3RP.8 Else RP+13RP
:BZ AbsAddr8 is opbyte=0x32; AbsAddr8 {
if (D == 0) goto AbsAddr8;

# 33 / BOF / Short Branch if DF=1 / 2 / If DF=1 Then M[RP]3RP.0 Else RP+13RP

# 33 / BGE / Short Branch if Equal or Greater [/ 2 / If DF=1 Then M[RP]2RP.8 Else RP+13RP
# 33 / BPZ / Short Branch if Pos. or Zero / 2 / If DF=1 Then M[RP]3RP.8 Else RP+13RP

:BOF AbsAddr8 is opbyte=8x33; AbsAddr8 {
if (DF == 1) goto AbsAddrs;
1
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» E RS ¢« AL~ | CurrentFile ¥ Gt ¥ v A 0 Q %
) % ¥ / ) 1 payphone ' cdp1806 = data = languages é cdp1806.slaspec
' ' ', @} a a & . [& Project €3 = & — @ cdp1806.slaspec £
! ‘ - 2 . i 4 alt/p . e PO | —w —cimm wpmge= me= oy

191
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£ - M payphone v 2
. B v Mcdpigos : : : : : g
g @ (e # 687F / DSBI / Decimal Subtract Memory with Borrow, Immediate / 4 / D-M[RP]-(not DF)3(DF,D); RP+13RP; decimal adjust -2(DF,D) o
o . s - . -
E e :DSBI is opbyte=0xé68; opbyte=8x7F { } %
% & cdp1806.cspec
: a . T & cdp1806.Idefs # 688N / SCAL / Standard Call / 10 / =
* Language definitions e e :
° 1'?;!? & cdp1806.slaspec #  R(N).1 3 M(R(X) - 1); 5
' 4
g il LICENSE # R(X) - 25 R(X); R(P) > R(N); THEN MCR(N)) 2 R(P).1; M(R(N) + 1) » R(P).0; §’
; & Module.manifest # RN + 2 3 R(N) -
p ; i :E;;e patching P
. Ar C h ] t e C t u r e > [t ## 68 8N YYZZ instruction is issued, where N is the scratchpad register chosen to hold the main
otos
5 -RDMP ## program counter, and YY, ZZare the high and low byte, respectively, of the subroutine call address.”
i .gitignore L
(] [} (] & LICENSE ## R(N) -> Stack according to R(x)
de | | l I | | | O l l S & README.md ## R(N) is set to be the program counter
© > Illn External Libraries ## R(N) is loaded by AbsAddrilé
P@ Scratches and Consoles :SCAL reglé, AbsAddrlé is opbyte=6x68; opnibble=0x8 & reglé; AbsAddrlé {
1 1 local ofs:2 = B;
* Pseudo-1lnstrucecirons seERR (o)
*[ram]:2 (ofs - 1) = regls;
and macros. 3
setRX(ofs); # - ROX) - 23 RO
[] reglé = inst_next;
. call AbsAddrlé;
pcodes (simple) . :
# 6B9N / SRET [/ Standard Return / 8 / RN2RP; M(R(X) + 1) & R(N).1; M(R(X) + 2) 2 R(N).8; R(X) + 2 & R(X)
. O C O d e S C O m | e X :SRET reglé is opbyte=8x68; opnibble = 8x9 & reglé; CalcAddrlé {
CalcAddrls = regls; # RN2RP; w/later jump
.
4 local ofs:2 = B;
getRX(ofs);
# Tlocal hi = x[ram]:1 (ofs + 1); #\
# Tlocal lo = x[ram]:1 (ofs + 2); # - M(R(X) + 1) + R(N).1; M(R(X) + 2) > R(N).B;
# reglé = zext(hi << 8) | zext(lo); # /
reglé = x[ram]:2 (ofs + 1);
ofs = ofs + 2; #\
setRX(ofs); # - R(X) + 23 R(X) )
g
return [CalcAddrié]; 2
1 L]
2 a
5 # GBAN / RSXD / Register Store via X and Decrement / 5 / RN.@3M[RX]; RN.I13M[RX-1]; RX-24RX F
§ :RSXD reglé is opbyte=8x68; opnibble = Bxa & reglé { E‘
a 1local ofs:2 = 8; g
n H
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/{/ﬂ't/}(} a CPU Modute

* F'lrst ssuccess: —— L
= ; @ ® anguage
Cdp 1 8 O 5 1n the l e Sl .~ Select Language and Cumpiler Specification

AVR8 default little iarv1

AVR8 default little imgCraftV8
AVRS8 extended little gcc
cdpl805 default little default
CR16C default little default
Dalvik default little default

MATA Aafale i Aaintarl G

Filter: 2] == -

Description

Show Only Recommended Language/Compiler Specs

Please select a language.

0K Cancel
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* F'1rst success:
cAp SRS AN Ehe™ i sh.

e Successfully loaded binary

Import Results Summary

Project File Name: ModuleTesting.bin

Last Modified: Sat Nov 16 ©6:31:42 EST 2019

Readonly: false

Program Name: ModuleTesting.bin

Language ID: cdpl1805:LE:8:default (1.0)

Compiler ID: default

Processor: cdp1805

Endian: Little

Address Size: 16

Minimum Address: 0000

Maximum Address: 004f

# of Bytes: 80

# of Memory Blocks: 1

# of Instructions: 0

# of Defined Data: 0

# of Functions: 0

# of Symbols: 0

# of Data Types: (%}

# of Data Type Categories: 1

Created With Ghidra Version:9.1

Date Created: Sat Nov 16 06:31:42 EST 2019

Executable Format: Raw Binary

Executable Location: /Users/inbar/Dropbox/Documents/Hardware Hacking/Payphone/ModuleTesting.bin
Executable MD5: d89cbaf90a3339d67ece91369eabad7d

Executable SHA256: dc60f9c4c41942d5f2bebbbe84a5cf80e2220ab8be@9650e f0510cf440cT4366
FSRL: file:///Users/inbar/Dropbox/Documents/Hardware Hacking/Payphone/ModuleTesting.bin?MD5=d89cbaf90a3339d67ece91369eabad7d
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°First,success:
cAp SRS AN Ehe™ i sh.

e Successfully loaded binary.
¢ And the moment SeiE S EaT Ehes
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[ BON J CodeBrowser: cdp1806 module:/ModuleTesting.bin
File Edit Analysis Navigation Search Select Tools Window Help

= PRPEPD JIDULFRVBE: @@ o /JEYE®DGC.

hProgram Trees BE ™ X ng: ModuleTesting.! B i =l [c,f Decompiler

1| |No Function
v [Z¥ ModuleTesting.bin

//

// ram

// ram: 0000-004f

//
?? 00h
7?7 01h
2?7 02h
?? 03h
79 04h
?? 05h
?? 06h

ILIi - 22 07h

77 08h
- 7?7 09h
t%%ymbol Tree ™ X 77 0Ah
» [l Imports ?? 0Bh
> \Q Exports i o
» | Functions 12 aon
> (5@ Labels o gEn
>
>

|ZID Classes 7 OFh
(=) Namespaces 3: 32
?? 12h
7?7 13h
?? 14h
7 15h
?? 16h

- = ?7? 17h
Filter: 12| ?? 18h

7
o1} Data Type Manager v X 77
> 7
== - Wk o
4LH Data Types 77
» @ BuiltinTypes 7?7
> ﬁOModuleTesting.bin 22
» @ generic_clib

=2 Console - Scripting

\ Filter:

&l




riting a CPU Modute

@0 e
File Edit Analysis Navigation Search Select Tools

« = BPBPD JIDULFERY

CodeBrowser: cdp1806 module:/ModuleTesting.bin

HProgram Trees & ™ X

"C; Decompiler

v [Z¥ ModuleTesting.bin

//
= // ram
// ram: 0000-004f
//
IDL
LDN
LDN
LDN
LDN
LDN
LDN

LDN

LDN
L{:& Symbol Tree > X i

» [l Imports
) Exports
[=F Functions
C» Labels
IZDD Classes
[=() Namespaces

)

‘ Filter:

e1) Data Type Manager v X

- - W G
L% Data Types
» @ BuiltinTypes
» I ©ModuleTesting.bin
» i generic_clib

1| |No Function

"~ Console - Scripting

l Filter:

&l
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°Disassemble for a while.

*Find an error or a missing feature.
* Modify the CPU definition.

* Reload the binary.

* Update the definition to “cdpl806”.
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REGISTER SUMMARY

D 8 Bits | Data Register (Accumulator)
DF 1-Bit | Data Flag (ALU Carry)
B 8 Bits | Auxiliary Holding Register
16 Bits | 1 of 16 Scratch and Registers

4 Bits

Designates which Register is Program
Counter

Designates which Register is Data Pointer

N 4 Bits | Holds Low-Order Instr. Digit
| 4 Bits | Holds High-Order Instr. Digit
T 8 Bits | Holds old X, P after Interrupt (X is high nibble)
Q 1-Bit | Output Flip-Flop
CNTR | 8-Bits |Counter/Timer

CH 8 Bits | Holds Counter Jam Value

MIE 1-Bit | Master Interrupt Enable

CIE 1-Bit | Counter Interrupt Enable

XIE 1-Bit | External Interrupt Enable

CIL 1-Bit | Counter Interrupt Latch

MEMORY ADDRESE LIMES

VO FLAGS

t&.ﬁ? MAS MAZ HA.\I\.P{EF'I Elr'!\

ANY General purpose register can be the Program Counter

WO ALGQUESTS
i,

oUT
TTT CLLAR Wart

baC [
[eae T LTI |
MUX
R ey
................ Lo
— KTAL
L AlD L—+ 5CO ™) STATE
TMING LOGIC —+ BCI CODES
—+ O LOGIC
EF1 — TPA
EF2 —= TF8 SYSTEN
Céll;'l'.#ﬂ. — - TRA b=t WA [ TINING
= e =
_— TC
INTERRUPT METRUCTION
LOGIC DECODE
A
| (e
o oe | Jincr
{1) | JOECR REGISTER
R0).1 | AELe | ARRAY
EIEETT —
[N LATCH x T P i N [N
L AND e N 1
.1 RS oecooe] | @ 4 14 " W [oh [coumanos
[ AGA)1 | R{A)D
AIE)1| RIELD
R(FL1| AP0

BT BIDIAECTION AL DATA U5

Jv908idad ‘Ivs08idad
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; After reset, and during a DMA ocperatien, R{Q) is used
; as the program counter. Performing SEX 0x@@ here

* Post—-reset code. T o e

; uses the byte after it as the argument.

start XREF[1]): eee2(j)
SEX
REQ

ouT
db
NOP




REGISTER SUMMARY

STANDARD CALL

GBBN
(Note 10)

R(N).0 —= M(R(X));
R(N).1 — M(R(X) - 1):

R(X) - 2 = R(X); R(P) = R(N);
THEN M(R(N})) — R(P).1;
M(R(N) + 1) — R(P).0:
R(N) + 2 — R(N)

(Note 10)

M(R(X) + 1) — R(N).1;
M(R(X) + 2) — R(N).0; R(X) + 2 — R(X)

Immediate arguments to functions are passed via the bytes after the call

D 8 Bits | Data Register (Accumulator)
DF 1-Bit | Data Flag (ALU Carry)
B 8 Bits | Auxiliary Holding Register
16 Bits | 1 of 16 Scratch and Registers
P 4 Bits | Designates which Register is Program
Counter
X 4 Bits | Designates which Register is Data Pointer
N 4 Bits | Holds Low-Order Instr. Digit
| 4 Bits | Holds High-Order Instr. Digit
T 8 Bits | Holds old X, P after Interrupt (X is high nibble)
Q 1-Bit | Output Flip-Flop
CNTR | 8-Bits |Counter/Timer
CH 8 Bits | Holds Counter Jam Value
MIE 1-Bit | Master Interrupt Enable
CIE 1-Bit | Counter Interrupt Enable
XIE 1-Bit | External Interrupt Enable
CIL 1-Bit | Counter Interrupt Latch

A =]
| e I ] E
or | |incer ]
m | Joeck R
R0 AE)e | ARRAY
A1 R(1L0 o
N LATEH I
i AND b T P ] L] e N1
R{9).1| R(31.0 DECODE o] % ) L] 0 [, [commanos
[ AIA)1 | R{A)D
RIEL1| RIELD
A(FL1 | AP0

BT BIDIAECTION AL DATA U5
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* Inline args.

83 74 &d

13,EraseBlock
DAT_8@7c
DAT_B8185

Ax2
i,EraseBlock

DAT_885c
DAT_B@&67

Ax2
R3,EraseBlock

DAT_s@ao
DAT_s@19




* Inline args.

83 74 &d

B2
R3,EraseBlock

DAT_B@7c
DAT_B8185

B2
F3,EraseBlock
DAT_B@5c
DAT_8@67

B2

R3,EraseBlock

DAT_8008
DAT_8019

undefined

746d

7461
7470

1472
71473

7476
7477
7478

7479 e3
747a 68
747c 68
147e el
147f 6B

undefined EraseBlock()

< INASS TGNED>
Eraseflock

=RETURN>

XREF[18]:

LAB_T479

6d
6c

83 74 98

LAB_7472
2xa

XREF[1]:

LAB_T7479
Bxd

R4

XREF[1]:

B2x3

RD

RC

ax2
R3,CalcBlockSize

; Fill the block with 2@

25cc(R),
FUN_2f26:
FUN_2726:
3407(R),
4d74(R),
4e36(R),
5fcl{R),
FUN_T4a7:
FUMN_T74a7:

proc_2fed:2fa5(R),
2f3b(R),

2f44(R), 3395(R),
FUM_4cab:4ce3(R),
4d7d(R), 4d86(R),
proc_57b6:57c9(R),
6eza(R), Tlac(R),
Tdcc(R),

74d5(R],

proc_7648:765f(R)

7461(j)

7473(j)
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* Memety Map.

Memory Map [CodeBrowser: Payphone:[TAMAC-18 V2.8 9513.bin]

3 Memory Map - Image Base: 0000

St... B, Length Type ... ByteSource

epee @x8een Default TAMAC-18 V2.8 ...
80080 Bx2000 Default init[0x2000]

edee 2x8 Default uninit[0x8§]

Volatile Artificial ~ Owverlaye... Sou...
Bin...




Other Loamples

D@V pesS.

o1) Data Type Manager

% Data Types
i€ BuiltinTypes
LJOTAMAC-18 V2.8 9513.bin
) langinfo.h

5 args_memcpy
s args_memset

S INPZ_Mask
TE INP3_Mask

IE StatusCodes
g strdesc

struct_thl_6d17
structDisplayString
ulong
undefinedl
undefined2
% unicode
# void




Other Loamples

D@V pesS.
* Memory operations

[ ] @ Structure Editor [ args_memcpy, args_memset, structDisplayString, args_memcpy ] [CodeBrowser: Payphon... L] @ Structure Editor [ args_memcpy, args_memset, structDisplayString, args_memcpy, args_memset ] [CodeBro...
Edit Help Edit Help

5| Structure Editor - args_memcpy (TAMAC-18 V2.8 9513.bin) B e i) Ffs x | Fg Structure Editor - args_memset (TAMAC-18 V2.8 9513.bin) B om gt J Ffs X |
Offset Length Mnemaonic DataType MName Comment Offset Length Mnemanic DataType MName Comment

0x0 0x2 addr pointerl6 argDst destination 0x0 Ox2 addr pointerlé argDst Address of LAST byte
0x2 0x2 addr pointerl6 argSrc source 0x2 Ox1 db byte argWVal Value to set

0x4 0x2 dw word argSize size 0x3 0x2 dw word argCount Number of bytes to set

Search: Search:

Byte Offset: Byte Offset:

Component Bits: Component Bits:

Category: TAMAC-18 V2.8 9513.bin/ align (minimum) pack Category: TAMAC-18 V2.8 9513.bin/ align (minimum)

pack
MName: args_memepy O default default Name: args_memset O default

default

Description: Description: Memset argument structure

machine: 8 machine: 8
Size: 0x6 Alignment: Ox1 Size: OxS Alignment: 0x1

5| args_memecpy X  Ts|args_memset X  |Zg structDisplayString X | |Zg args_memcpy X g args_memset =g/ structDisplayString X  |Fg args_memepy X  |Zg args_memset




Other Loamples

o Baismc % N CLaC1S:,

undefined isDigit?(}
<UMASSIGNED= <RETURN=>
isDigit? XREF[1]): IeBalR)
ff 38 SMI Bx3d
ch 38 62 LBNF LAB_3862

ff da SMI Bxa
7 L5NF LAB_3864

LAB_3B862 XREF([1]): 385c(j)
& @

LAB_3B64 XREF[1]: 3861(1)
68 93

undefined popent()

ANASS TGNED>
popent 33cc(R), FUN_S426:5457(R),
FUN_Sbfd:5¢T4(R)

3886 68 cd 00 08 RLDI

3385 68 cc 0 00

388¢ 16
3asr 7
389 1c
3891 ca

LAB_388e i1: 3892(4)

LAS_3892

LAB_3&92 3881(4)

3892 68 2¢ 38 Be

3896 B¢
3897 e2

3858 68 3

undefined isInRange()

undef ined <UMNASSIGNED> <RETURN>
isInRange

558d 52
558e 43
5581 15
3598 7 LAB 5593
5591 43
5592 17
LaB_5593
55 99 LaB_5599

(] oxi
LAB_S59b

LAB_S5599
91 Bl

LAB_S59b

XREF [B] :

XREF([1]:

XREF[1]:

XREF[1] :

FUN_5426:
FUM_5426:
FUM_5426:
FUN_5426:
FUM_S5426:
:54d8(R)

FUN_54b5

5590 ()

5593 (3 )

5598(f)

S42b(R),
c43f(R),
S46d(R),
5481(R),
5491(R},

R2 =D

D = argl

M{R(X)) - D - DF, D
jmp if M{RX) >= D
argz2

D - M(RX) - DF, D
D -= M(R2)

jmp if borrow
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* Interesting functions.

undefined Add_Words()

undefined y<UNASSIGNED>  <RETURN=
Add_Words
38ab SEX Bx3

RC—
M(RD) + D - DF, D

*A0=— =D
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* Interesting functions.

undefined Checksum_Test(

ANASSIGNED> < i
Checksum_Test XREF([1): Q71c(R)
SEX

; Load byte from argl, set count to (argl - 6)
67 RLXA

00
PHI
LN
06 MI

5 x5
0x2
83 13 ¢ R3,9dd_D_to_R9

SEX 0x5
00 LDI 0x0

Checksum_Test:: loop_0379 XREF([1): @37b(3)
YOR
IRX
260379 DENZ RG, loop_0379

; Last byte shoud XOR everything back to @9

037t S0
0380 03 88 LBZ xor_is_0

0383 06 LI 0x6
0385 03 8a LBR LAB_038a

Checksum_Test::xor_is @ XREF[1): 038a(}))
0388 20 LDI 0x0

LAB_938a XREF[1):
0382 2 SEX
038b 68 93
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* Interesting functions.

KXREF[2]: Ic59(R), IcBTIR)
Save D at M[RX]

REMEMBER
this one

Save high nibble in M[RZ]

> - " : ik
- E LAB_3d2e
v . LAB_3d2c
L
o ; el LAB_3dze
LAB_3d2c XREF[2]: 3d2203), 3d25(j)
B 39
-
A ~ LAB_3d2e EREF[1]: dz2blj)
- f
r .

LAB_ 3442
LAB_3d42

LAE_ 3442 XREF[2]: 3d338(1),; 3d3b{j)

. B 38 }
LAB_3d44 XREF[1]: 3d41(j)
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* Language-specific encoding 1n the 80’s and 90’s was

e

defined through “Code Pages”.

Code page
Article Talk Read Edit View history Tools Vv
From Wikipedia, the free encyclopedia

In computing, a code page is a character encoding and as such it is a specific association of a set of printable characters and
control characters with unique numbers. Typically each number represents the binary value in a single byte. (In some contexts
these terms are used more precisely; see Character encoding § Terminology.)

The term "code page" originated from IBM's EBCDIC-based mainframe systems,!"! but Microsoft, SAP,1?) and Oracle
Corporation'® are among the vendors that use this term. The majority of vendors identify their own character sets by a name.
In the case when there is a plethora of character sets (like in IBM), identifying character sets through a number is a convenient
way to distinguish them. Originally, the code page numbers referred to the page numbers in the IBM standard character set
manual,I516] 3 condition which has not held for a long time. Vendors that use a code page system allocate their own code
page number to a character encoding, even if it is better known by another name; for example, UTF-8 has been assigned page
numbers 1208 at IBM, 65001 at Microsoft, and 4110 at SAP.

Hewlett-Packard uses a similar concept in its HP-UX operating system and its Printer Command Language!”! (PCL) protocol

for printers (either for HP printers or not). The terminology, however, is different: What others call a character set, HP calls a
symbol set, and what IBM or Microsoft call a code page, HP calls a symbol set code. HP developed a series of symbol
(9]

sets, each with an associated symbol set code, to encode both its own character sets and other vendors’ character sets.

The multitude of character sets leads many vendors to recommend Unicode.
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* Language-specific encoding 1n the 80’s and 90’s was
defined through “Code Pages”.

v lEmyesare o ldwe
e HOEN

DOS commands |

nough, you remember the DOS command

edit )

A partial list of the most common commands for M5-DOS and IBM PC DOS follows below.

CHCF [ edit |

The command either displays or changes the active code page used to display character glyphs in a console window. Similar
functionality can be achieved with MODE CON: CP SELECT=yyy .

The command is available in MS-DOS versions 3.3 and later.!'
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