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The 2656 CP1002 system memory interface 

The Signetics 2656 System Memory Interface (SMI), Fig. 1, 
is a mask programmable circuit with on-chip memory, I/O, 
and timing functions. It is usable either in 2-chip or multi-
chip microcomputer systems. Used with the 2650 micro-
processor, it provides a 2-chip microcomputer with 2Kx8 
bits of ROM, 128x8 bits of RAM, and an 8-bit input-
output port. 
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Used as a system interface in a multi-chip microcomputer, 
with larger memory and/or additional peripheral require-
ments, the programmable versatility of the SMI provides 
decoded chip enable outputs. These outputs connect 
directly to other memory or I/O functional blocks with 
few and often no requirement for additional interfacing 
chips. This reduces both chip count and cost in complex 
microcomputer systems. 
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Pig. 1 Schematic diagram of the 2656 SMI. 
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This publication describes the 2656 CP1002 pre-program-
medversion of the SMI. This device contains two firmware 

packages: PIPBUG 2, an improved version of PIPBUG, the 

Signetics loader and debugging program, and PIPLA, an 

assembler that generates object code directly in memory in 

response to 2650A or 2650B assembly language instructions 

received from a terminal. The I/O pins of this device are 
preprogrammed for a variety of functions: direct input, 
direct output, memory chip select, and I/O chip select. 

SMI resource allocation 

A programmable gate array (PGA) in the SMI is used to 
specify the starting addresses of the internal ROM and 
RAM and the function of the eight multi-function I/O pins. 
In the CP1002 version, the ROM occupies memory loca-
tions H`0000' to H`07FF'. H`0000' to H`03FF' contain the 
PIPBUG2 program and H`0400' to H`07FF' contain the 
PIPLA assembler program. The RAM occupies addresses 
H`0800' to H`087F'. The first 98 bytes (addresses 
H`0800' — H`0861') are used by PIPBUG2 and PIPLA. 
The remaining 30 bytes (addresses H`0862' — H`087F') 
may be used as storage area by user programs. 

TABLE 1 2656 CP1002 SMI I/O pin functions. 

pin function address (HEX) M/IO* 

XO input/output FF 0 

X1 chip enable 0000-OGEE 1 

X2 chip enable OD00-0DFF 1 

X3 chip enable OE00-0EFF 1 

X4 chip enable OF00-0EFF or IF00-1FFF 1 

XS chip enable 00-03 0 

X6 chip enable 04-07 0 

X7 input/output FF 0 

* M/IO = 0 for pins activated using extended I/O instructions. 
M/IO = 1 for pins activated using memory reference instructions. 

Table 1 lists the use of the eight SMI I/O pins XO to X7. 
Since only two of these pins (XO and X7) provide I/O 
port functions, the remaining six bits of the SMI internal 
latch (bits 1 — 6) can be used for temporary data storage 
or software flags. 

Pipbug 
PIPBUG is a hexadecimal loader, editor, and debug monitor 
program intended for use in a 2650 based evaluation board 
or prototype system. PIPBUG provides the user with the 
necessary tools to develop and run.small programs on the 
Signetics 2650 microprocessor. PIPBUG is described in 
Application Memo SS50. 

PIPBUG 2 is an improved version of the original PIPBUG 
program. This new version permits the user to load memory 
from paper tape, dump the contents of memory onto paper 
tape, examine and alter the contents of memory, set break-
points, and generate paper tape for programming of 
PROMS. PIPBUG 2 supports serial asynchronous 
communications via the 2650 SENSE input and FLAG 
output pins. It operates at either 110 or 300 baud and 
automatically synchronizes to the line rate. 

PIPBUG 2 is entered by starting program execution at 
location zero. This is normally done with a RESET signal 
to the 2650. After some initial housekeeping, the program 
enters a wait loop looking for receipt of the character U, 
which is used to determine the terminal's baud rate 
(110 or 300 baud). 

The PIPBUG 2 prompt character `*' is then issued and the 
monitor awaits an input command. It is not necessary to 
type in the character U each time the 2650 is reset since 
the proper baud rate is stored in SMI memory. 

IMPORTANT NOTE 

PIPBUG 2 uses three levels of the 2650 subroutine stack. 
Thus, programs being debugged by PIPBUG 2 are limited 

to five stack levels. Also note that the CPU registers are 
cleared after a reset. 

Command entry 

When the prompting character `*' is displayed on the 
terminal, PIPBUG 2 is ready to accept an input command. 
All commands have the same general format: a single 
alphabetic character followed, in some cases, by one or 
more hexadecimal values. The commands are summarized 
in Table 2 and described below. In the descriptions, the 
following conventions apply: 

1. `adr' represents a hexadecimal address value in the 
range 0 to 7FFF. 

2. `v' represents a hexadecimal data value in the range 0 
to FF. 

3. `CR' means carriage return. 
4. `LF' means line feed. 
5. `T' is the character normally obtained by striking the 

`N' key with `SHIFT' depressed. 
6. Parameters enclosed in parentheses ()are optional. 
7. Leading zeros in numeric parameters are optional. 
8. Numeric parameters are separated by blanks. 

If PIPBUG 2 responds with a `?', the previous 
command line contained an error. The command line 
should be examined, corrected, and entered again. Errors 
can be corrected during editing by pressing the DEL 
(Delete) key on the terminal. The deleted character is 
then echoed to the terminal. 
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V. Command: Go To Command descriptions 

I. Command: Examine and Alter Memory 
Format: A adr CR. 
Action: Outputs the specified memory address 

followed by its current content. The user 
responds with: 
(v) CR, which terminates the command, 
(v) LF, which displays the next memory 

location, 
(v) T ,which displays the previous 

memory location. 

If the optional parameter `v' is entered, the current 
contents as shown are replaced by `v'. 

II. Command: Load Hex From Paper Tape 
Format: L CR 
Action: Starts reading blocks of data from paper 

tape in the hex object format defined in 
Application Memo SS51. In the case of 
illegal characters, a BCC error, or a length 
error the paper tape will be stopped and 
the command ended with the standard 
error message `?'. 

At the end of a succesful load, control is 
passed to the address in the End of File 
(EOF) block. This would usually be back 
to the PIPBUG program or to the start 
of the user program. 

III. Command: Dump Hex to Paper Tape 
Format: D adrl adr2 CR 
Action: Punches a leader of 50 blanks and then 

outputs the contents of locations `adrl' 
to `adr2' inclusive, in hex object format. 
When done, the EOF block and a trailer 
of 50 blanks are punched. A starting 
address of `0000' is inserted in all dump 
tapes, which automatically transfers 
program control to PIPBUG after a load 
from paper tape. 

IV. Command: See and Set Registers 
Format: Sr CR 
Action: The parameter `r' is in the range 0 to 8 

and selects a particular 2650 register: 
0 =register 0 
1 =register 1 bank 0 
2 =register 2 bank 0 
3 =register 3 bank 0 
4 =register 1 bank 1 
3 =register 2 bank 1 
6 =register 3 bank 1 
7 =PSW upper (PSU) 
8 =PSW lower (PSL) 

The contents of the specified register will 
be displayed. The user can respond with: 
(v) CR, which ends the command, 

(v) LF, which displays the contents of 
the next register. 

If the optional parameter `v' is entered, 
the current register contents are replaced 
by `v'. 

Format: G adr CR 
Action: Restores the 2650 register values to the 

values previously saved upon encounter-
ing abreakpoint or to the values specified 
by the S command and then begins 
program execution at `adr'. 

VI. Command: Set Breakpoint 
Format: Bi adr CR 
Action: Sets breakpoint one (i = 1) or breakpoint 

two (i = 2) at address `adr'. See Break-
points section. 

VII. Command: Clear Breakpoint 
Format: Ci CR 
Action: Clears the first (i = 1) or second (i = 2) 

breakpoint. If the breakpoint is not set, 
a `?' is displayed. Breakpoints are cleared 
automatically during program execution. 

VIII. Command: Punch PROM Tape 
Format: 
Action: 

P c adr L CR 
Punches a paper tape in the binary 
format needed to program PROMs on a 
DATA I/O PROM Programmer. The data 
to be programmed into the PROM starts at 
location `adr' and the length of the PROM 
(i.e., the number of bytes) is `L' + 1, 
where `L' is in hex. The parameter `c' 
determines which bits of each byte are 
punched: 

0 = a118 bits 
1 = least-significant 4 bits 
2 =most significant 4 bits 

The first character punched is an `FF' 
which indicates the start of tape. This is 
followed by the specified data. If options 
1 or 2 are specified, the four bits of data 
are right justified and the upper four bits 
are zero. 

IX. Command: Hex addition 
Format: H a b CR 
Action: Adds `a' to `b' and outputs the result in 

hex. Inputs and the result are in the range 
0-FFFF. 

The user can obtain a hex subtract by 
entering one of the parameters as the 
2's complement of its real value. The 2's 
complement itself can be calculated by 
doing a 1's complement and using the H 
command to add 1. For example, 
l0A—D3 is the same as lOA+FF2D. FF2D 
is the 1's complement plus one of the 
original number D3. So l0A—D3 = 37. 
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TABLE 2 Pipbug 2 command summary 

A Alter Memory 
B Set Breakpoint 
C Cleaz Breakpoint 
D Dump Memory onto Paper Tape 
G Goto address 
H Hex Addition 
L Load Memory from Paper Tape 
P Punch PROM Programming Tape 
S See and Alter Registers 

Breakpoints 

Breakpoints enable the user to examine the program and 
the status of the microprocessor immediately prior to 
execution of the instruction at the breakpoint address. 
PIPBUG 2 allows two breakpoints to be set. 

Setting a breakpoint at location `adr' causes the two 
bytes of program at locations `adr' and `adr + 1' to be 
stored in a table in PIPBUG's RAM area. The original 
contents are replaced by a two-byte instruction which 
causes a jump to the appropriate breakpoint routine in the 
monitor. When the user program executes the instruction 
at location `adr', the program jumps to the breakpoint 
routine. This routine saves the microprocessor registers, 
restores the two bytes of user program to locations 
`adr' and `adr + 1' and prints the breakpoint address. The 
See command can then be used to examine the 
processor registers. 

Since the breakpoints are software implemented and are 
cleared when reached, there will not be another break-
point when the user program is re-executed. The break-
point must be explicity set again with the Breakpoint 
command. Breakpoints will remain in memory until 
executed or explicitly cleared with the Clear command. 
Bl and B2 may be set at the same address. 

Important note 

1. Care should be taken when inserting a breakpoint at a 
single-byte instruction, because BI and B2 replace two 
bytes of program at locations `adr' and `adr + 1' by 
ZBRR *3 (9B83) and *5 (9B85) respectively. There-
fore the opcode of the following instruction is replaced 
by the address of the breakpoint. Trying to execute 
this modified instruction (for example, by branching to 
this location from another point in the program) would 
result in an ADDZ,R3 (83) for breakpoint 1, or and 
ADDI,RI `unknown value' (85??) for breakpoint 2. 

2. If a RESET of the 2650 occurs while breakpoints are 
set, the modified code will remain at the set breakpoint 
locations. The original code should be restored with the 
Altere Memory command. 

Subroutines available to the user 

There are many subroutines within the PIPBUG 2 program 
that may be used as portions of programs for the 2650 
microprocessor. These routines may be used by setting the 
2650 registers as required and performing a branch to the 
desired subroutine. The most useful routines are described 
below together with their calling instruction in assembly 
language and hexadecimal formats. A complete listing of 
PIPBUG 2 is included at the end of this publication. (See 
appendix I.) 

CHIN Inputs a byte to register 0 from the terminal. Call 
with ZBSR *9 (BB89). 

COUT Outputs the byte in register 0 to the terminal. 

Call with a ZBSR *7 (BB87). 

BIN Reads two hex characters from the terminal, 
and converts them into a binary byte value in R0. 
Call with ZBSR *D (BB8D). 

BOUT Takes the binary value in register I and converts it 
into two hex characters which are printed on the 
terminal. Register zero information is lost. Call 
with a ZBSR *B (BB8B). 

LKUP Converts the hex character in register 0 into a 

Obit binary value. Call with a ZBSR *26 (BBA6). 

CHING Converts the binary value in register 0 into two 
hex characters which are returned to registers 
1 and 2. Call with a BSTA,UN 028D (3F028D). 

Pipla assembler 

PIPLA is an assembly language program generator which 
facilitates quick coding of programs when using the . 
PIPBUG 2 monitor. Its features are symbolic opcodes, 
register fields and conditions, and ten label operators 
for doing symbolic forward references. PIPLA generates 
and stores the object code in binary form directly 
in memory as the user enters the source code from his 
terminal. PIPLA supports both the 2650A and 2650B 
instruction sets. 

PIPLA uses 1K of the SMI ROM and utilizes many of the 
I/O routines of the PIPBUG 2 monitor. The program 
includes a symbol table of all 2650 microprocessor opcodes 
and the set of symbolic register names and branch 
conditions defined in Table 3. A complete listing of 
PIPLA is given in Appendix II. 

4 



TABLE 3 Symbols for registers and conditions 

* Register equates 

RO EQU 0 register 0 

R1 EQU 1 register 1 

R2 EQU 2 register 2 

R3 EQU 3 register 3 

* Condition codes 
P EQU 1 positive result 

Z EQU 0 zero result 

N EQU 2 negative result 

LT EQU 2 less than 

EQ EQU 0 equal to 

GT EQU 1 greater than 

UN EQU 3 unconditional 

Using PIPLA 

PIPLA is started by using the GO command in PIPBUG 2 
and branching to location H'400'. PIPLA starts with the 
origin of the user program set to H`C00', the first available 
RAM location in the memory after the ABC 1500 board is 
modified as described later. The user can then enter lines of 

2650 microprocessor source instructions or any of the 
three available pseudo-op instructions. 

When PIPLA is ready to assemble a source line, it prints 
the current memory address (program counter value) on 
the terminal. The source line is then entered. If PIPLA 
cannot assemble the line, it returns to PIPBUG 2 and prints 
the `?' error message. To continue, the user may continue 
by returning to PIPLA with a `G 40E' command, which 
will save any forward references, or by re-starting with a 
`G 400' command. The ORG pseudo-op can be used to 
reposition the program counter value to its proper location, 
thus saving any previously assembled code. 

Source line format 

The format for the source line input is: 

LBL OPC R/C SYM OPND 

LBL is optional label. If used, it must be one of the 
labels used to define forward references described 
later in this section. 

OPC is the instruction or pseudo-op mnemonic. For 
instructions, the standard mnemonics defined in 
the 2650 manual are used. 

R/C is the register or condition code field, if required. 
Either hex values or the symbols defined in 
Table 3 may be used. 

SYM is a special indirect addressing and/or indexing 
symbol. See description below. 

OPND is the operand for the instruction. This is a hex 
value or an address. An address may be in hex or 
it may be one of the labels for forward references. 
In the case of relative addressing, PIPLA expects 
an absolute address and will calculate the displace-
ment for the user. For the ZBRR and ZBSR 
instructions, however, the address field must 
contain the actual displacement value. 

Fields are separated by blanks. If the LBL field is not used, 
a leading blank is not required. However, if the LBL field 
is used no leading blank shall be typed, otherwise the label 
shall be treated as an instruction mnemonic and the 
standard error message `?' will be printed. The separator 
between the OPC and R/C fields may be a comma instead 
of a blank, and the blank between the SYM and OPND 
fields is optional. The DEL (Delete) key can be used to 
correct errors. When depressed, the deleted character is 
echoed to the terminal. 

Label operators 

The functions of the label operators is to aid the user in 
coding forward references; that is, a label can only be used 
in the LBL field after it has appeared in the OPND field. 
The label operators are intended for use in branch 
instructions and there are certain restrictions in their use. 
For example, they cannot be used with any of the other 
special operators or with any relative address instructions. 
Use Table 4 to find the second byte for the relative 
address. 

There are ten label operators, @0 to @9. Each one can be 
used in the OPND field of instructions any number of 
times and finally defined in the LBL field once and then 
reused as a new label. All references must precede the 
definition, since a linked list of usage is built in RAM as 
part of the object code and loaded with the value only 
when the operator is defined. 

Special operations 

Indirect addressing and indexing are specified by a single 
character inserted into the SYM field of the source line. 
The characters and their functions are: 
*, 
~~ 

`+' 

. > 

Indirect addressing 
Normal indexing. The index register is given in the 
R/C field since register zero is the implied source/ 
destination for the instruction. This is different 
from the normal assembler format. 
Auto-increment indexing. The index register is given 
in the R/C field. 
Auto-decrement indexing. The index register is given 
in the R/C field. 

The indirect operator may be used with any of the index 
operators. For example: 

LODA,R3 *+8AO 

is a load indirect through address 8A0. Registor R3 is 
incremented and added to the indirect address generating 
the final effective address. 

Comments 

If the first character of the source line is an `*', the line is 
treated as a comment line. Maximum line length is 24 
characters. 
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Assembler directives (pseudo-ops) 
PIPLA recognizes three directives: ORG, ASCI, and END. 
The function of each of these is summarized below. 

ORG nnnn 

The hex number `nnnn' becomes the new memory 
location (i.e., program counter). 

ASCI < delimiter > < string > < delimiter > 

PIPLA steps over all leading blanks, and takes the next 
character as the string delimiter. All of the following 
characters up to the next occurrence of the delimiter are 
part of the ASCII string that is stored into memory. The 
maximum length of the string is 34 characters with 
delimeters. Appendix III shows an ASCII conversion table. 

END 

PIPLA returns to PIPBUG 2. 

Data constants that do not require conversion from ASCII 
may be stored directly in the memory using the PIPBUG 2 
Alter Memory command. 

Example 

The example program (Figs 2 and 3) shows the features of 
PIPLA and how it is used with PIPBUG 2. The example 
shows the label operators @1 through @4 and the special 
operators for indirect, and normal indexing. The 
program reads a character from the terminal and if the 
SPACE bar is depressed, the message `EXAMPLE OF 
PIPLA' will be printed. If the CR key is depressed, 
program control will be returned to PIPBUG 2 and an 
`*' will be printed. If any of the other keys is depressed, the 
terminal will output the standard error message `?' and 
an `*' and the program will wait fora new PIPBUG 2 
command. 

C DEMO 1 
PROGRAM J 

INPUT CHAR. 
FROM 

TERMINAL/ 

cot 

SPACE 

N 
C08 

N 

PRINT 
,, 

PRINT 

WAIT FOR 
PIPBUG 2 

COMMAND 

7275919 

TABLE 4 Direct relative address displacement — second byte. 

cit 
CLEAR 

INDEX REGISTER 
R3 

C13 

GET CHAR. 
FROM TEXT 

BUFFER 

cls 

PRINT CHAR. 
OF TEXT 

C18 

INCREMENT 
INDEX REGISTER 

R3 

CIA 

R3= 
TEXT LENGTH 

+2 

Fig. 2 Demonstration program —flow chazt. 

least sign. 
decimal 
digit 

most significant decimal digit 

OX 1X 2X 3X 4X 

X + - 

0 00 — OA 76 14 6C lE 62 28 58 

1 01 7F OB 75 15 6B 1F 61 29 57 

2 02 7E OC 74 16 6A 20 60 2A 56 

3 03 7D OD 73 17 69 21 SF 2B 55 

4 04 7C OE 72 18 68 22 SE 2C 54 

5 OS 7B OF 71 19 67 23 SD 2D 53 

6 06 7A 10 70 lA 66 24 SC 2E 52 

7 07 79 11 6F 1B 65 25 SB 2F 51 

8 O8 78 12 6E 1C 64 26 SA 30 50 

9 09 77 13 6D 1D 63 27 59 31 4F 

Induect relative address: ADD (80)16 to displacement. 

SX 6X 

+ - + - 

32 4E 3C 44 

33 4D 3D 43 

34 4C 3E 42 

35 4B 3F 41 

36 4A — 40 

37 49 

38 48 

39 47 

3A 46 

3B 45 
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Modifying the ABC1500 

IN 

The sections below describe the modifications required to 
the ABC1500 to incorporate the 2656CP1002 and a 4 MHz 
crystal for crystal controlled timing. When this is done, the 
ABC1500 will contain the PIPBUG 2 and PIPLA capabilities 
described earlier. 

Optional modifications to expand on-board RAM capacity 
to IK bytes are also described. The ABC 1500 is described 
in detail in Applications Memo SP55. 

The SMI should be located in the wire wrap area near the 
2608 ROM location to minimize wire lengths. The required 
wiring is shown in Fig. 4. Before this wiring is incorporated, 
the following changes must be made to the board: 

Cut track between IC23, pin 5 and W 11 at IC23 (RAMSEL 0) 
Cut track between IC23, pin 4 and W14 at IC23 (RAMSEL 1) 
Remove IC7 (2608) or ICS and 6 (82S115). 
Remove the jumper between W9 and W 10 and connect the 
wire between SMI pin 10 and W 10. 

The optional changes to add an additional 512 bytes of 
RAM are also shown in Fig. 4. The 4 MHz crystal frequency 
is divided by four in the SMI to provide the 1 MHz required 
by the 2650. 

The SMI is connected to the "on-board memory" data bus 
in order to obtain the correct number of inversions for the 
ROM data. Because the drivers for this bus are in the receive 
mode only for "read Page 0 memory" operations, the XO 
and X7 pins of the SMI pins of the SMI cannot be used as 

u 1' k. inputs unless the MDE signal used to control the 8T26 bus 
drivers IC8 and IC 13 is modified as shown in Fig. 5. However, 
this change should be made only if no other extended input 
ports are connected to the expansion data bus DBUSO to 
DBUS7. Otherwise, bus contention will occur. Without 
modification of the MDE signal XO and X7 can only be 
used as flags by an Extended Write instruction to address 
FF. 

The XS and X6 chip enable outputs of the SMI are active 
for extended I/O port addresses 0 — 3 and 4 — 7 respect-
ively. They may be used to control multi-address devices 
such as the 2651 PCI or the 2655 PPI or for simple latches 
or input drivers. The data bus connections to these devices 
should be to DBUSO —DBUS7, unless the previously 
described modification to the MDE signal has been made. 
In this case, connect the devices to the on-board non 
inverted data bus. 

A memory map of the modified ABC1500 is shown in 
Fig. 6. Note that one block of RAM is enabled for two 
sets of addresses, H`OF00' to H`OFFF' or H'1F00 to 
H` 1 FFF'. This allows the use of ZBSR and ZBRR 
instructions with negative offsets in user programs. In 
addition, interrupts, if used, can provide address vectors 
in the negative direction from address 0. 

Correct modification of the ABC1500 with the SMI and the 
MDE signal can be checked with the test program according 
to Figs 7 and 8. This program waits for a character from the 
terminal, and once received echoes this character in ASCII 
to the terminal and to the Non-Extended C and D ports. 
The data flow is through the SMI port located at Extended 
I/O address H`FF'. 
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from IC 23,6 

A13-E/NE 
(from SM 1,31) 

RE1 
(from IC23,71 

1FFF 

1F00 

OFFF 

OF00 
OEFF 

OE00 
ODFF 

OD00 
OCFF 

0000 
OBFF 

0880 
087E 
0862 
0861 

0800 
07FF 

0400 
03FF 

0000 

HEX 

ADDR. 

cut track 
XXX 

10 5 

Fig. 5 Changing the MDE signal. 

DUPLICATE OF 
OF00-OFFF 

i ' 
,~ 

OPTIONAL 

512 BYTES RAM 

ORIGINAL 

512 BYTES RAM 

NOT USED 

AVAILABLE FOR USER 
----SMI RAM ----

RESERVEDFOR 

PIPBUG 2 AND PIP LA 

PIP LA 

PIPBUG 2 

MEMORY 

X4 

X4 

X3 

X2 

X1 

FF 

07 

04 
03 

00 

12 

MDE 
► to IC8 

& IC 13 

7402 J 
7275922 

SMI LATCHES 

( 2655 PPI 1 

(2651 PCI 1 

XO 
X7 

X6 

X5 

SMI HEX EXTENDED SMI 

CE ADD R. I/O CE 
7275921 

Fig.6 Modified ABCI500 page 0 memory map. 
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TEST 

PROGRAM 

C00 

INPUT 
CHARACTER 

INTO RO 

CO2 

C04 

C06 

(R11 —y RO 

C07 

fRl ! 

PORT D 

COS 

IR01 -~ 
PORT C 

C09 

OUTPUT ASCII 
FROM 

RO / 

COB 
7Z 75920 

*x:,900 
~icoo.~~r~s'r FNorxn~, 
i)C(iC.7, hSk ~9 

OCC'7.~tik7'li.i?1 
GC08. nh'TC.iiO 
OCO~.ZtsSh' ,r~ 

OCOR•H~7A.U~l CC0 
OCOE• Etdl` 

~GC00 
~5132R334:553F..:5?l Q4142434 a ~} SnF:q 7 

Fig. 7 ABC1500 modifications test program flow chart. Fig. 8. 
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Appendix 1 

PIPBUG 2 Source listing 

~k►TN ASSEMI~I.ER VER 2. %i F'IPBIti~ VERSIt7N t. U FACE itUUl 

LINE ADDR CtIk~EC:T E SOI~ii:E 

iNiil( #################### 

ikn:►{ # CfFINITIi~1S C~' SYN~I~LS 
UUU4 # REi~ISTER EI~~ATES 
t►i+t+5 C►C+C+U RU EAI.t U REGISTER 0 
i►Ot~h (11k►1 R1 Ems► 1 REGISTER i 
i►t►t+7 UOi►2 R2 EC~It 2 Rf G I STER 2 
i+i+i►Ft t>(+i+~~ R3 ERIt â REGISTER 3 
iKt(+4 # ►::CdVDITIITN C:CtDES 
ru71 i► (K~~ 1 F' EENJ 1 Fits I T I VE RESt~l7 
C+i►1l (+i+(+(► t EEtl1 0 ZERQ RESIN 
i+i►12 i~Ktz N EC~I.i Z NEGATIVE RES~_~LT 
CK+13 Ut►i►2 LT EUU 2 LESS THAN 
t►i+i4 (xKK► Etd EAU C+ Ei~.tAL TO 
Q015 tK+i11 GT EC~II 1 GREATER THAN 
UU 16 i+CK+3 IUV EFllt 3 I~:CdJD l T I ONAL 
u017 # F'SN LCNafR Et~I~TES 
i~:+iR (~:xk~ C:t: EUI~ H'(u1' C~I+IIQTIC~fAL GI~ItES 
tu+ly Ql1lt► Ittl'. E47ti H'2t1` INTERDIGIT CARRY 
ui►pit iu►IU RS ERU H`1U` REGISTER FtAI~C 
i>t►21 t~in~ 4iC EI~J H`C►S' 1=4JITH (►--WITki~~T CARRY 
to+22 (+iK►4 CxlF ECRU H`04` GVERFLG41 
Ui+2~ in'u72 CC+M ECtU H't)2' 1=L~IG n=ARITHt~TIC Cx+t~'AR 
i+U24 C►C+Ui C ERtI H`U1 ̀  f:ARRYI~IRR(►W 
QU'15 # FS~i I_ipFER EC~.tATES 
i►U26 i+t+Si+ SENS ECG.► H' ~►' SENSE Et I T 
iK►17 i►i►4U FLAG EAU H`4U` FLAG 6IT 
tu:►2& tX►2i+ II EAU H'ZC►' INTERRI~E'T INHIBIT 
Ui►29 iu►tt7 SF E~.i H`U7` STACK POINTER 
C+t►~~(► #END iTF EC~IU~TES 
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TWIN ASSEMI~ER VER 2. %1 PIPRItC~ VERSICMI 2. t1 PAGE tK►U2 

LINE AUDR O&IEGT E ~.1! MiC•E 

UU32 C►i►2U SPAC ERU H'2U' 
Ui133 tli~►1 RMA% EI~U 1 NC+. I~CFTS-1 
Ui1~3411t17F ISLE EAU H'7F' 
tX►;~ + UUC►U CR Eta► 13 
UU;~ Ui►UA LF ERU IU 
C►i~37 Ui►28 RLEN EL~.I 4U 
Ui►3>; UU:+A STAR ERU A • . ' 
UU39 ~ 

i►i►4C► C►t►Ui► C+RG U 
i►U41 CKXk1 ] FC►3C:i: BCTA, l~l I N I T 
i~i►42 #ADDRESS VEC:TCMt FC1R THE ZRRk AND ZRSR INSTRUI::TICMIS 
UC►43 UUC►3 U 1 AR VEC ACON RKU 1 RREAKFC+I NT CNVE 
UU44 Utk15 UiRy AC(MI RKU2 t~2EAKPC+INT TWO 
iK►45 UUC►7 C►2CE C~+T ALCM! It~l CHAR IY+TPCIT 
CK►4E~ t1UC►~' U2A6 CHIN AC•UN I GH I CHAR I NF'l►T 
Cu147 t1UUR U28i ROLiT ACCW IklXl BYTE C+UTPUT 
f►U4R t1UUD U267 RIN AC•ON IF1N BYTE INPUT 
Cu74~ tJUC►F U2EA C~M1 AGCMI IGNU GET A NL~IRER S•1.iRRtIUTINE 
i►(►5U UU1] Ut1UA LINE ACON ILIN CET A CMD LINE 
UC►~] OUi3 Ui►Iai► ADt►ltT AGON IADO ADDRESS DUT 
C►U52 Cu115 CK►G9 GFAR AC•ON IC~PAR i~ET PARAMETERS 
C~i53 ~ 
C►i►54 #THESE SC+RROUTINES ARE GALLED RY ZRSR TO SAVE C:ODE 
UC►55 +► BURR THAT INl'•REMENTS TEMP --- MUST PRECEEU 
Cu15f+ t1U17 UI~+UU INGRT LGDA, RI TEMP 
UU57 UU1R ATElIP SET ~-2 
Ui►58 cK►]A t~Ei►C{UE LODA, ~ TEMF+] 
i:>{>59 i►i►iR ATEMF] SET #-2 
iu~+0 iu~]D DAU2 RIRR, R2 STRT 
iulbi (K►1F D9Ui► RIRR, R1 STRT 
UUb2 # SltRk THAT STORE:+ Ulf►RLE PRECISION lRS,RZ) INTO T 
u(163 tk~2i C:9F` STRT STRR, Ri +tATEMP 
CrCr~4 Ui►t3 C:AF6 STRR, R2 #ATEMFI 
Cu1b5 CK►25 17 RETC, UN 
t1Ut~ #BURR TO VERIFY ANI+ TRANSLATE HE% GHARAC:TER Tl""~ RIN 
Cn:►b7 ~ I NPUT : ASCII HEX C:HARAC.TER I N RU 
iK►f~ # CkJTFUT 
UC+~9 # OIITFUT: 4 RIT RINARV VALID IN RU, kIGHT ~~.ISTIFIE 
iji17U # AN ILLEGAL CHAR GALES RfT1ikN TO PIFRIIG 
CK►7l ~ ICES RU 
i1C►72 UC►2b A4:~C► LKIM' SURI, RU H'3U' 
(x173 UUL8 1AUA RC:TR, N ARRT 
CKr74 UUlA E4C►A l"~UMI, RU H`A' 
UC►75 Ui►2G ib RETC, LT 
t1i►76 i►(►[U A407 SURI, RO 7 
(a(►77 t1i►2F 1Ai►3 RC•TR, N ARRT 
(K?7S UU3l E41C► C.OMI, RU H' lU' 
UU7y Cu133 i6 RETC,LT 
t1i►t~ *THIS RC~ITJNE WILL RRC►IcT THE GIrRkENT C.MU 
iJGC<I *THE STACK: IS RESET TO THE USER PRt1G LEVEL 
iK►a{2 UC►•34 i~:•C►RU7 ARRT LOUA, RU CtMIM+7 RESET STACK 
iu~;,~ Ui►37 92 LPSU 
CK►$4 
Ui►S5 * GCMMWND HANDLER 
U(►t~ CrU;~ U43F ERUG LORI, RU A'?' EkRUii RETI+kN FC+R ALL RCS►TIN 
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THIN ASSEMBLER VER Z %1 F'IFRIK~ VEkSII~I [. U F'AC~E [KK►;~ 

LINE AUI+R C+k~~CT E SC+I~[:E 

C►C+87 UU'jA RR87 ZRSR #CC+UT 
C►C~S ik►;~:: 75FF MRIk~ GFSL H`FF' START [+F C'•MI+ LC+C+F, RESET FSW 
i>i►8y C►I►C~ :~Fi+lt>`+ RSTA, l~J GRLF 
[w~+i+ [141 U4'!A LGDI, RC+ A'#' 
(►Crirl i►U43 RR87 ZRSk #CC+I~T 
[K►~2 11C►45 Rfi5+1 IRSR #LIPIE CET C:OhiMiM1I+ LINE 
t►U`.~':+ U(►47 Ul":U814 LOIN, RU C:NT 
t1i+V4 U(+4A ]87U RC:TR, Z MBIu~ 
i►Uy5 C►t►4C: 87U] ADDI, RS ] INC:REMENT FOINTER FAST C:C+MM 
C►i+96 Cu14E C+C.i+822 IODA, R4 R~_~F DECADE C:MI+ 
C►C~'7 11U51 E441 tx+MT,RC► A'A' 
CK►~78 Cu+5,+ 1C:U1 ]5 I4,TA, ER ATE 
OU99 0056 E442 C~+MI, RU A'R' 
U]i►U tK►58 iGU[1C: RGTA, EN RhFT 
Uit+] C+4►5R E44;~ C:C+MI, RU A'[:' 
i►iU2 i~►5I+ ]GU214 R[:TA, Ei~ iI.R 
UIU3 tk►bc:► E444 GC~1I, RU A' D' 

.~ ir][+4 Cn~e2 1C:C+31F RCTA,Eft [~.U1F 
~]l15 Q1165 E447 [x+Mt, RU A'G` 
i►]C►6 UUb7 ]Ct1i87 ROTA,Et~t C•t1T0 
OiUI {K+6A E44(t C•CN9I,FcU A'H' 
U1U8 C><►6G 1810 RCTR, EC~t HAI+I+ 
C►IU9 C►i+6E E44C C:OML RO A'L' 
i+i li► C►l►7U iCU~399 RC:TA, E(~ L[+AI+ 
UI1I i~+73 E45.~ [:[1MI, FY1 A'S' 
UI12 iK+75 IC:(+14E RGTA, EEl SREG 
i►ii3 iui78 E45U CC4II,RU A'F' 
1.+114 UU7A 1814 RGTR, Eft F'RC~'I 
C►115 [+1+7G 9R'38 IRRR EI~~ FAILED TC+ FIND CMD 
U]]b # 
u] 17 # FIFRIk; C:QMMANI+~S 
U1]8 # 
t~iiy # NE% 16-BIT ADD 
UI24 # INFUT IS TWO PARAMETERS, GIVES RESULT IN TEMP 
u]21 #USES Ri,R2 AND TEMP 
Ui22 iK+7E RRy` HADD ZRSR #C~RAR 

~ i+1[~; [►i►BU 770+8 PFSL WC: 
C+]24 UC+82 75l'+1 CPSI. C: 
U125 Cw84 8EC+8C+E AUIW, RZ TEMF+1 
01116 C►U>7 8D08QD AI+DA, Rf TEMF 
U i 27 ui+BA 7509 CFSI. WC:++. 
0128 CK►8C": Rb'~3 ZRSR #ADC+UT 
[+1LY iK+BE 9RjC ZRRR MI~~t~ 
UI;{p # FRC+M BINARY TAFE: U=8 BIT, I=LS~N,I=MSN 
LiISl [K+yt+ BBB FRf~1 ZRSR #GPW_M1 
C+132 i►C►92 1~C+811 5TRA, R2 TEMR 
Ui.t (K+y3 ATEMR SET ~-2 
0184 UU~ RR`s IRSR #GEAR LENGTH IN Ri,R2 
G1;35 U(r'+7 3Fi>`~64 RSTA, lMl GAF 
i+]36 in+98 AGAF' SET f-2 
0137 C►(►~A U4FF LC+D I , R{► H' FF ̀  MARliER C:F1AR 
O1S8 l'K►VC: RR87 ZI~Ft #GC+UT 
U]ti{9 UU9E UI I~'ri:+M LOI+Z Ri 
c+i4i+ i►i►aF 62 IC~iI R2 
[+] 4 ] CK+At1 58i+4 RRNR, RQ t~ROM 
0142 UiaQ2 :~RF4 RSTR, [~1 *AGAF I~IE 
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THIN A.tiSEMRLER VEk 2. X1 PIPRIIC: VERSIC►N [. 0 PACE U0C►4 

L ] NE ADI~t t~R.IEGT E SC►UkC:E 

0143 Oi.►A4 9R3C: ZRRR MBUC 
C►144 Ot►A6 A6G1 AF'Ft~PI S!IRI, R"[ 1 
0145 OCK~B 17i►6 PPSL NG 
(►146 C►C►AA ASCK~ S!IRI, k1 0 
i►147 iK►Ai.: 75(►8 GPSL NC: 
0148 t1C►AE C►1:880D Lt~DA, k0 +►TEMP 
014a OC►Ri OBEO LDDR,R3 ~ATEMR 
G150 CK1R3 E701 C:Cd1I, R3 1 
C►151 C►OR5 18(►6 RCTR, ER RFRUM 
0152 CK1R7 1A06 RGTR,LT CPRCb'1 
0153 (K►R9 50 RkR, RO 2=11C15T 5IC4JIF NIRRIE 
U154 OORA 5t1 RRR, RO 
0155 CK►RR 5(► RRR, RO 
0156 C►t►RC: 50 RRR, RO 
0157 OORD 440E RPROM ANDI,RC► H`OF' 1=LEAST SIGNIF NIRRIE 
0158 OC►RF RR87 C.PRI~M ZE~+R #CC~IT 
U15y l►C1l•1 7710 PPSL RS 
0160 0~;{ RR17 I~R INCRT 
C►161 OOi~ 7510 CFSL RS 
0162 OOI:l 1I~5 RGTR, lNJ DFRCMN 
0163 +► l'+ET PARAMETERS 
O1M1 CK►C:y RRBF ICPAk IRSR +~C+NUM 
Oi65 C►(►i:R RR21 ZF~f's STRT 
0166 OOC:D RRBF ZRSR #C~IM 
C►167 Cu1C:F 17 RETC, l~J 
0168 # ADDREC~ QIlT —TYPES QIIT ADDRESS IN R1 AND R2 
016 C►ODC► RR21 1AD0 ZRSR STRT 
0170 tk1D2 RRBR ZI~R *RC~IT 
C►171 C►OD4 ODUBC►E LDDA, R] TEMP+1 
0171 C►C►[►7 RRBR ZIk~R ~RC1!IT 
017:{ OODY 17 RETI'., lit 
0174 * I NP! IT A CMD L I I~ I NTC► RIIFFER 
0175 [:ODE 1S THE ENG CAF LINE GHAkAr_:TER LF, i.R, C►R !►P—ARR 
0116 i►(►I►A 07C►0 IIIN LODI, R3 u 
11177 OC►DC E728 LLIN l'.i~'lI, R3 EDEN 
Oi78 C>i►C►E iCOU'~3 RCTA,Ef~ ER!IC~ ON R!IFFER uVERFLC►W HAVE ERR 
017y C►C►E1 RR89 ZR;~ *C:HIN 
G180 C~►E3 E47F COMI, RO COLE 
i►181 OC►E5 980A RCFk,EN ALIN 
0182 C►OE7 Cr3 LODZ R3 EC:HO AND RACK PTR 
0163 CK~B 1872 RGTR,Z LLIN 
i►164 OC~A QF48[[ LOI~A, RO RUFF, R3, —
0185 OOED RR87 ZRSR +►C~1UT 
U186 Ot~F 1R6R RGTR,IMV LLIN 
0187 C►i►F1 U5C►3 ALJN LODI,Rl 3 NLIMRER C►F EOL'S 
i►fi~ Oi►F3 ED6111 RLIN CCMIA, RO EOLTAR-1, kl 
U18y C~1F6 1809 RCTR, ER GL1N HAVE END C►F LINE 
0190 tk►F8 F979 RDRR, R1 RLIN 
oiyi i►(~FA C:F6822 STRA, RG RUFF, R:; STOF~E I►ATA CHAR INTO R!IFFER 
Ui`+2 OOFD RR87 ZRSR +tC:OUT ECTfO IT 
C►193 DOFF DRSR RIRR,R3 LLIN 
U194 0101 ►F0814 t~.IN STRA,R3 CNT SAVE LAST INPUT INDEX 
Cil v. 5 0104 C:IK►815 STRA, R1 C.i►DE 
C►1y6 0107 07CK► LODI,k3 C► 
i►197 Oii►9 i►40[► i:RLF LODi, RO CTi 
01 ~8 C►10R RR87 ZI~R ~C.t~IT 

14 



TWIN A.5.4EMRLER VER 1. XI F'IFRI~C VERS1l~N 2. Q PACE t1C1C15 

LINE ADL~t i+R`~CT E Sl~.~'l":E 

0199 O10D it4i►A LODI, RO LF 
C12C►lt U 1 C►F RR87 Z RSR *CCd~IT 
U2C+1 (11 i 1 17 RETC., LHV 
02111 0112 OAODSE EC+LTAR DATA H`OA, OD, 5E` END tiF LINE CHARS 
02U3 # 
C►104 #DISPLAY AND ALTER MEMC►RY 
01it5 11115 RR~ ALTE ZRSR ~GNL~S 
it2i+~ 0117 RR93 LALT ZR,SR ~ADCUT 
0107 011E ;~F036Ct RSTA, lNJ FC►Ffi 
i+2i►S 01 ii: ODi~U[+ LOI~A, R1 ~TEMF DISPLAY i:C+NTENTS 
0[09 ii11F RRBR ZRSR #RL>I.~T 
0210 0111 3FCt36Ct RSTA, l►N FURM 
G111 0124 Rb'y1 IRSR ALINE 
G212 U126 11GCt814 LC►I~1, RCt CNT 
021;{ Oily 1805 RCTR, Z DAL.T NC+ NEW i:tWTENTS 
Ct114 Cil'[R RRBF ZRSR #C~Mi 
i+215 111 [D l:Ei~tl[t STRA, R2 #TEt~' I~FI+pTE C:C~iTENTS, CHK FGk CR 
u116 01;~(t CK:0815 IWLT LQDA, k0 C:GI+E CHECK FC~i IKYJE, l~, C~k I+t74M! 
0217 O1;{;{ E4itz CC+MI, RO 2 C:HEGK FC►R Ck 
02 i R 0135 i C:Cu:+i~i: ROTA, ECG MRIK~ CR 
Ct219 C+1;<K 19ti4 RC:TR, CT RALT 
Ct21i+ iti;~A RR17 ZI~R INC:RT LINE FEED 
0221 0131: 1R5y RC:Tk, lMl LALT 
{1L11 it13E itIKt80D RALT lOIW, R1 TEMP 
it113 i+141 C+EC►80E LC+DA, R2 TEMP+i 
i+214 i+144 X02 RRNR, R1 C:ALT 
U125 0146 A5G1 S11RI,R1 1 
0[26 0148 A601 i:ALT SURI, k'L i 
0[[7 Cn4A RR21 ZRS~' STRT 
01[8 C114C: iR4y RC:TR, lMl LALT 
Ci119 ~ SELECTIVELY IQ SPLAY AND ALTER REGISTERS 
Ct130 014E RRBF SkEG ZRSR ~l'•NlR'I GET INI►Elf [~ REG 
0[31 015Ct E6C►8 LSRE CCrMI, k2 8 GHEC:K RANGE 
G~31 U152 ]CKK+C{8 RCTR,GT ERI~~ 
0133 Cti55 CEU811 STRA,~ TEMR 
itl'~4 0158 i►EE~t.1it LGDA, RO i:i+MM, RZ DISPLAY CONTENTS 
0235 C►15R CI STRZ R1 
0236 C►15G RRBR ZI~R ~RC~I►T 
1+1:17 Ct15E ~~G36Ct R.STA, IIN FC~tM 
0138 C+161 RRy1 ZRSR ~L1NE 
U2:{y 0163 C>C:1r814 LODA, RCt C:NT 
014Ct 0166 1810 RGTR,Z R.SRE 
G241 U1hr RRBF ASRE ZRSR #GNLN1 
0242 Ct16A OZ LOIQ R2 
1+14;~ 016R C~08i 1 LODR, R2 TEMR 
0244 016E GE680it STRA, RO C.l~1M, kl 
Ci245 i+171 E608 GOMI, RZ 8 MUST l~'I+ATE PSW LC~R 
C+146 0173 98(13 RCFR, ECt RSRE 
t►247 0175 t:t:t18C+A STRA, Rl1 XGOT+1 
Ct148 U178 t1COR15 RS#tE LOI+A, RO C'AI+E 
Ct249 CtI7R E401 COh4I, k0 1 CHECK Ff_►R LF 
Ct15{t Q17D yl":CK1;~t: RC:Ffl, ECG MRIK+ 
U251 it180 C+Ett811 C~~RE LUDA, R2 7EMR 
0252 018a 861+1 ADDI, R1 1 
1+153 0185 1 R49 Rl":TR, UN LSRE 
{+154 # COTO ADDRESS 
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TWIN ASSEMBLER VER 2. X] PIFRIhi VERSION 1. i► F'AC~E CK1l►£+ 

LINE ADDR OR~~ECT E SCK.~C~ 

t+155 iliR7 RRSF tl'►TO ZRSR *GhN.N1 
G15b U189 RR21 ZRSR STkT PUT ADi~i 1N RAM 
4157 i+iBR C+l:i►8<:+7 L4DA, RC+ ti~MM+7 
4158 418E vz LPS~+ 
0259 i+IC~F t~IK>Ri+i LOI+A, Rl C:I~IM+I RANK ZERC+ 
i+lbi+ 4191 i+E(>8(►1 Li+DA, R2 GC~►+1 
416i i+195 C►Fi+Bi+~~ LOI►A, R3 C:C~P1+3 
t1LG2 0198 7714 FPSL RS RANK ONE 
42b3 419A in+i+8t14 LOUA, Rl C:i41M+4 
41h4 i+i9D t~EC+8i+5 LODA, R2 CX>MMI+S 
i+2h5 41Ai} t>FC+RG6 Li+DA, R3 C:C+MM+6 
i+2E~ i+lA3 i+C:C+804 LOI+A, RO GC+MM 
i+Zb7 G1A6 75FF CPSL H'FF' 
0168 OlAB iF(►849 RC:TA, LMI XC~[+T AND ROTA, lM1 ~TEMF 
G169 # 
417i+ * BREAKPOINT RI~ITIME CODE 
4171 i+IAR Ci:i+B+~:+ RK41 STRA, RC+ C:C+MM ENTRY FOR RI`F'T-i VIA VEGTC+ 
1+172 C►iAE 13 SFSI 
0273 OIAF Ct:i>848 STRA, kcr CC+MM+B 
4274 41 R2 C:C:084A STRA, R4 XC-0T+I IN kAM FC+R REG RESTC+RE 
i+175 i+iRS 4440 LORI, R4 4 RK:FT INDEX 
0276 O1R7 iRi+C: RCTR, ltN RKEN 
4177 4189 Cl"":USi+4 RK42 STRA, RO CT+MPI ENTRY Ft~ I~:F'T-[ 
1+178 giBC: 1.~ SFSL 
4179 C+1BD C:C:i+848 STRA, R4 I~~MM+B 
i►28i+ 41Gi+ C:i:OBi+A STRA, R(+ XCd+T+1 IN RAM FC+R REE RESTORE 
0181 C+iC3 4401 LC+Di, k0 1 
C+1i~1 41C:5 CCO811 RI:EN STRA, Ri+ TEMR 
i+183 i+i GS i 1 SPSU 
0184 Oil:9 CC:0847 STRA, RO GC►~1+7 
0285 01 CC: 77 i 4 F'PSL RS 
O28b i+iCE C:D0Si+4 STRA. R1 COMM+4 
4187 41D1 C:E(►S'45 STRA, ~ CC+MM+S 
4288 41 C~4 C:Fi+B[+b STRA, R { C:C~iM+6 
4289 O1I+7 7518 C:FS~ RS+WC: FORCE TCt RO, C:LEAK WC: 
019i+ OlI+9 CDO801 STRA, Ri t:i~M'I+i 
0191 41I+t: C:EC+842 STRA. R2 l~:+MM+2 
4192 41I+F C:FC+803 STRA. R3 CC+MM+;{ 
i+29~,  41E2 i►E481I LODA, R1 TEMR 
U294 41E5 3R4E RSTR, lw C~IRK 
4295 41E7 7644 PF'S1! FLAG C+IITPUT STOP KITS TO TTY 
i+296 41E9 4[►f+8(+D LOI+A, R1 TEMP PRINT RK:FT ADDRESS 
(►197 01EC: BRSR ZRS~ #ROUT 
4198 41EE QI+484E LC+I~A, R1 TEMF+] 
0199 O1F1 RRSR ZRSR *RC►{IT 
O.~+i+ U 1 F3 9R~~: Z RRR MRt~I~ 
4~~{+1 ~ SLIRR TC+ C:LEAR A BKPT 11KE MANY Si+RR HA5 REL 
4341 O1F514 C:LRK EC►RZ kC+ 
U:~U3 GiFh i:E~fi18 STRA, RO MAfti;, R3 
4304 01 F9 11EG81 E LODA, RO HAi+k, R2 
4345 O1FC: C:i:C+BC+D STRA, RO TEMP 
43i>h OIFF 4Et~820 LODA, Ri+ LAI+R, k2 
i+~~►7 0242 t~:48i>E STRA, RO TEMF+1 
03t~8 4205 i>EbBiA LC+I►A, Ri+ H[+AT, R2 
i+309 42i+8 GC:SSUD STRA, Ri+ #TEMP 
0310 02UR C►EbKiC: LOIW, k0 lI►AL kL 
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TWIN ASSEMBLER VER 2. %1 PIF'Ri~+ VERSIC►N 2. (► FAC+E 0(K►7 

LINE AD[~t (►R,.~C:T E SC►L~RC:E 

U31 i v!(►E 0501 
0:312 021(► GI+EfiOD 
(►313 (►213 17 
03]4 
0:{15 
0316 0214 3I~►A 
u~{i7 021h (►EE~fiifi 
031 fi 0219 i C:00~3fi 
i►319 i►2iC 3I~7 

(►322 i►222 A6(►i 
032:3 U1L4 lE(►U34 
U324 11225 
0325 0227 E601 
03:[6 O'Z29 19FA 
U327 (►22R 17 
032fi 022E :872 
0329 i►22E (►Ebfi18 
(►~{_~(► (►231 Rt:i►1F5 
(►~~31 (►234 GEOfil1 
O.ti32 0235 
0.:33 (►2;37 RRfiF 
03;4 {►2'39 RR21 
{i3~ 5 (►23R Oi~fi 
03:?6 (►23D (►2 
(►~~ 7 (►2 ~ C~6fi20 
0:33fi 0241 01 
(►339 (►242 (:F6fi1E 
034(► 0245 OGC~OD 
(ri41 (►24fi GF6fi1A 
C►342 U24R 0598 
0:34: C►24D C:I~fifiOD 
0344 0250 0601 
0345 0252 (►EEfii►D 
(►3146 0255 GFbfili: 
0347 (►25fi (►F6265 
O:ti48 0258 C'.EEfiOD 
0349 025E 04FP 
t.ri 5{► 0260 C:FE~ 1 fi
t►351 UY63 9R:~G 
(►352 11265 fi3 
O:tS:{ U266 fi5 
0354 
0355 
0356 0267 RRfi9 
(►$57 0'[69 RR26 
035fi 0268 IK► 
{1359 026G D(► 
o;.bo o26D IK► 
0;.+61 026E DO 
0362 026F C:1 
i~36.~ Uz7U RE~y 
01364 0272 BR26 
0365 0274 61 
0::66 (►275 C:i 

LQDI,RI 1 
4TRA,RO +TEM~',kl 
RETG, l#1 

~ BREAK F'QINT MARK 1NDIC:ATES IF SET 
# HAI►R +LAI►Fi I!~ RKF'T ADI1R, HI►AT+LI►AT IS TNO RY 
I~LR BSTR, lMl NC►K 

Li►DA, RO MARk, R2 i:LEAR IT IF SET 
Eti:TA, Z ERU►3 
b'STR, l4J I:LRk 
ZRRR MRI~~ 

NC#' ZRfiR ~C~ILtM C:HEC:k.: RANGE C►N BKPT NL~IRER 
SURI,RZ 1 
RCTA, N ARRT 

AARRT SET #-2 
CC~II, R2 BMA% 
BCTR,uT ~AARRT 
RETG, lMrf 

BKPT RSTR,L#J NC►k yET E'F;P'T ANIi CLR NY E%ISTIN 
LC►I►A, RG MARK, R2 
RRFA, Z CtRK i:LEAR E%I~TINu C►►JE 
t+TRA, R2 TEMR 

ATEMR 4ET #-2 
ZRSR ~l'+1~►M CET BKPT AI►I►R 
ZRSR STRT SURR TC► STC►RE R1-R2 IN TEMP 
LQDR, R #ATEMR 
LODZ R2 
STRA,RO LADR,R;~ 
L(►DZ RI 
STRA, RO HADR, R3 
Li►DA, R(► #TEMP' SAVE C:C~NTENTs 
STRA, RO HI►AT, R3 
LORI, R1 H'9R' -Zb'RR 
STRA,R1 ~1EMP 
LORI, R2 1 
LOI►A, RO #TEMP', k"L 
STRA, RO LI►AT, R3 
LODA,RO DISP,R3 
STRA,R(► *TEMP, R2 
Ll►DL RO -1 
STRA, R(► MAk►;, k3 
ZRRR M[~~C 

DISF' IK1TA VEG+H'fi~' 
I+ATA VEC+H'fi0'+2 

# INPUT TWO HE% l':NABS AND FC►RM A5 BYTE IN Ri 
IRIN ZR~R CHIN 

Zb';~ LkUP 
RRL, RO 
RRL, Ri► 
RRL, RO 
RRL, RO 
STRZ k1 
ZRSR ~CFIIN 
ZRSR LKI~ 
1(►kZ R1 
STRZ R1 
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THIN ASSEMBLER VER 2. XI FIPBIK~ VERSION 1. 0 F'AGE CrOC>8 

LINE ADDR C+B,.~EC:T E ~1lgiC:E 

0367 0276 3BCr1 RSTR, LW GRC~: 
trC~ 0278 17 RETG, lMl 
0369 # CALCI>IATE TkE Rl'.C: l'.HAFi, FOR ANI+ THEN RL"+TATE 
U:{7C+ C+274 (+i Cb'tt: LODZ R1 
O,~7I 027A 2CC►8f7 EC+RA, RO BC:i: 
0372 U27R ARGC SET f-2 
0:373 027I+ UO RBI, k0 
U374 027E C:SFB STRR, Rtr #ABC:C: 
0375 028C+ i7 RETG, lIN 
0376 #BYTE IN R1 OLITF'lIT IN HEJf 
u;{77 0281 3876 I RC+Ii RSTR, lIN CRC:G 
11;.;78 0283 U1 LC+DZ RI 
0379 0284 3807 RSTR, Lqd C:HNG 
0380 0286 Of LODZ Rl 
0381 0287 RR87 ZR513 *COLIT 
U382 0289 U2 LOI+Z R2 
CrC~3 028A RI~7 IR.SR #C:CKIT 
Cr384 028C: 17 RETC:, lei 
Cr'3~'{:t #S!IRR TO CONVERT BINARY TO HE% 
uC~86 # BINARY IN Ria RETURN CHARS IN Ri,R2 
0387 0280+ C:1 CHNC: STRZ RI 
0388 028E 44C+F ANIQ, RO H`i+f' 
0389 0290 3RC+C RSTR,C~1 AGHN 
0390 0292 C2 STRZ R2 
0341 0293 D1 LODZ R1 

C►392 0294 44F0 ANIQ,RO H'FO` 

C►:{Q3 02~'b 50 RRR, RG 
0394 0297 50 RRR,RO 
(1'395 (t29$ 5(► RRR, RO 
U396 0299 50 RRR,RO 
0397 029A 3R<►2 RSTR, lIN At~lN 
0398 i►29C Ci STRZ Ri 
0;?99 UZ9I+ 17 RETC:, lIN 
040C+ 029E 843(+ AGHN ADDI,RO H'30' 
i►401 02ACr E4:{A C•C~fI,RC+ H'i{A' 
040E 02A2 lb RETC,LT 
0403 OZA3 8407 ADDI,RO 7 
C►404 02A5 17 RETC, l~J 
04in ~ 
ir4Cks * SL+RR TO INFIlT A C.HARAC:TER INTO R0, USING R1 AND 
(r407 ir2A6 7718 ICHI F'F'SL RS+WC: 
0408 02A8 12 ACHI t+fSU LOOK FOR START RTT 
Cr409 02A9 SAID RC:TR, LT ACHI 
C+410 02AR 3R1R I~TR> l~! HDLY 
0411 02AD 7718 FPS kS+iaC: 
0412 Cr2AF 05{K+ LORI, R1 0 
U413 0281 U6C+8 LOCI, k2 8 
0414 02R:~ 31~ti+[+ Rl'•HI BSTR, L►N I+ELAY WAIT Tl MIDDLE C+F I+ATA 
0415 0285 12 SF'S1.1 
1+416 OZF6 I+tr RRL, RO MOVE R1T 7 ~iF RO INTi+ R1, B 
0417 OZB7 51 RRR, R1 
0418 0288 FA79 RI+RR, R2 BC:HI 
0419 02BA 3BCr6 RSTR, l4J DELAY 
0420 02RG 457E ANDI,Ri H'7F' I~LETE PARITY RIT 
0421 01BE Crl LGIQ R1 
042'1 ir2RF 7518 C:F'SL RS+Wi: 

18 



TWIN ASSEMBLER VER Y. XI PIF'Blki UERSICdJ 2. (r PAGE (~+(r9 

LINE AIQ+k GB.~CT E SC+I~tC:E 

tr423 G2C:1 i l RETC:, UN 
0424 # C+ELAV LC+t+F FC+R C+NE BIT TIME, DING R3 
(+425 # BASED CrN A ] MHZ C~.C+CK, l~sING THE C:C+L~IT IN 
0416 01C:1 (rF(+8I6 BELAY LODA,R3 BAUD AVIUD SUBR SO NOT OVERFLOW 
(+417 (r2C:3 ABAUIr SET ~-2 
t141L~ 01C•5 14 H1 RETC, Z USED A,y :~ CYCLE NC+P 
U429 0206 FB7D RI~R,R3 H1 
0430 (rll£3 irBF9 HI+LY LCtDR, R3 ~ABAUD 
0431 OZi.A 14 N2 RETG, Z 
11432 02C:B FB7D BDRR, R3 H2 
04x3 OZCD 17 RETC,UN 
(+4$4 # 
1+435 #OUTPUT A CHAR FRC~1 Ri+, DING R] 
0436 #ASSl~1E CARRY C:AN Bf I~STROYED 
0437 02C:E 7718 I i:Cx! PPSL RS+WC: 
0438 Cr2Cn1 75(+1 GF'SL C: USE CARRY RS THE START BIT 
11$39 OZDZ 0509 LUDI,Ri 9 
(x440 02Ir4 50 AC:Cui RRR,RO FIR:<T RGTATE GETS C: A:< THE 5TAR7 BI 
0441 OZI+S lAC+4 RCIR, LT t1NE 
044[ 02D7 7440 ZERt:+ C:PSU FLAC; 
044:{ 02D9 1801 BGTR, UN B[:C+l► 
(►444 (r2DB 764Q ONE PPSU FLAG 
(1445 01DD 3863 BC:a! BSTR, l~l DELAY 
(+446 i►ZDF F973 BDRR, R] Ai:Crl! 
0447 02E1 7640 F'PSi.I FLAG 
Ca448 OZE3 385D BSTR,I~t DELAY 
(1449 02E5 :~RSB BSTR>l~i DELAY 
i+45ir 02E7 7518 i:PSL RS+WC: 
0451 U2E9 17 RETG>UN 
0452 # 
C+453 * GET A Nl~lBER FRC~1 THE b'llFFEk INTO R]-RZ 
0454 ;} STAR WITH THE BINARY NIBBLES R1=AB,R2=CD 
(►455 ~ READ NEXT HEX CHAR AND i:C~lVERT Ti+ NIBBLE E 
0456 #SHIFT INTO ADDR BEING BUILD k]=b'i:,RZ=DE 
1+457 02EA 20 IGNU EuRZ RO 
(+458 OZEB C•i STRZ Ri 
i+459 i+ZEt: C:2 STRZ RZ 
0460 OZED C:C:Oi i [ STRA, RO TEMS 
0461 02EE ATEMS SET 3—Z 
0462 (j2F0 (rBFI: DNUM LQDR, R(+ ~ATEMS SKIF' SPAC:E:~ UNT1l Nl►MERIG C: 
0463 UIF2 15 RETC,F' 
0464 (+1F3 EF(+814 LNI~i C:OP11A, R3 C:NT 
0465 02F6 14 RETG,ECd 
0466 O'LF7 irF68"L2 LGDA, RO BUFF, R3 C+ET CHAR 
C►467 U2FA E42(+ t:C►M1, RO SF'AG 
(+468 02FC: 9802 BC:FR, Ei~ RNIN~I 
0469 02FE DB7{+ BIRR, R3 IUVI~M 
0470 03CK+ RB1E. BFNJM ZBSR LYI~' 
0471 U302 D1 RRL, R1 RO=OE,RI=AB,RI=C:D 
(+472 0303 D1 RRL, R2 
(+473 (+304 D2 RRL, R1 
(+474 (+305 D2 RRL, R2 
0475 U3i~6 i~i~81:~ STRA, RZ MGNT RL=C+I: 
0476 0307 AMC:NT SET ~—[ 
C+477 0309 4E~F0 ANDI, R2 H'FO' 
(1478 030E 6Z ]uRZ R2 RO=C+E 
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TWIN ASSEMRLEk VER 2. %1 F'IPRIk~ VERSICd+i 2. i► PAt+E CSC►10 

LINE ADI~R l"►I~~EGT E 8l'►I►RC:E 

i►479 0~~'{►C: C:2 STRZ k2 
i►4fi[► ir~OD III RRL, k] 
0481 03i►E Id RkL, k1 
u482 Ot~i►F DI kRL, R1 
0483 C►~iU D1 RRL,kl 
0484 0:11 45F0 ANDL. Ri H'FO' kl=R►1 
048,5 C►:+1:~ i►fiFY L►ll~i, Rl~ ~AMCIVT 
048E 0315 44C►F ANDI, k0 H'(►F` 
0487 0317 EI I+~f'tZ RI kO=RC: 
0488 0318 C:1 STRZ R1 RI=Ri:, R2=I►E 
C►4fi9 G319 0401 LORI, RO 1 
045+0 O.i1R C:8D1 STRR,RO ~ATEMS 
0491 O'31D DR54 RIRR,k3 LNUM 
0492 ~ I►lM1F' TO PAPER TAPE IN OBJECT Ft~MAT 
049,{ 0;~1F RR95 DLNyF ZRSFt ~GPAk CET START ADI►kESS 
0494 0321 3F03E4 RSTA, lM1 GAP F'lMlCH LEA[~Ek TAPE 
0495 0324 IWO'L RIRR, k2 KI~IrMI 
C►49E 032E 8501 ADDI,kl 1 
0497 i►3Z8 i:I~18i►F F`DL~I STRA, R1 TEMt~ 
i►49fi O:i29 ATEMA Sf T f—[ 
0499 G32R CI:OfilO STRA,k2 TEMA+1 
C►5i►0 032C: ATEMI~I SET ~-Z 
05C►1 i►32E 04FF FDLM1 Li~DI, k0 -1 CK~TF'UT A REC:OkD 
0502 O;i;.,ll C:Ca1814 STRA, RO GNT 
050<< U3:~3 3F0109 fiSTA, l~l GRLF Pl~fl'-N FOk C:R~LF AND ;+TART C: 
0504 033h i►4~•A LORI,RO STAR 
u505 03:{fi RRfi7 ZRSR +i:C~~T 
050E U:~3A 20 EORZ RO 
0507 i►33R GC:C►fii7 STRA, RO RC:i: 
0508 033E 09E9 LODR,R1 #ATEMid 
i►509 Of~40 C►E831C~ LCd~A, R2 #ATEMC~1 
t►510 0343 AE080E SURA, R2 TEMP+] CET BYTE GOl%VT 
C►511 0344 ATEMPI SET 4-2 
051;0 0:46 770A F'PSt WC:+COM 
0513 0348 AI►fi8l1D SARA, kl TEMP 
0514 0349 ATEMP SET ~-2 
Ci515 0348 7508 C:PSI. ~: 
051E 034D lEi►03fi I~:TA, N ERI~t~ START ?END ADDR 
0517 ~CALC DIFFERENCE, AND USE lE IF ITS LESS THAN REMA 
0518 0:~0 591 F Rkk~, R 1 ADI~i Ff MA I NDEk ? 255 
11519 0;52 5Ai9 RRNk, k2 6I~1k1 
0520 0:{54 0704 LORI, k.{ 4 EC~F, PUNG1i ZEkO RLK 
0521 035b fiRBR Ci~l~l IRSR ~RCd.IT 
0522 0358 0501 LGDL ki (i 
0523 035A FR7A RI~RR, R3 C:I~lk1 
0524 0:;'SC: 3ROE RSTk, LAN GAP 
0525 i~:~SE 9R:~i: ZRRR MRIa 
05[E # SIIRkS FOR i:~~TPUTTING RLANk:S 
u527 03EC► 0703 FORM LCiDI, k3 3 
0528 C►:~[ iR02 RC:TR, UN GAF'A 
i~529 03E4 0732 GAF' LODL k3 50 
0531► Cry, 0420 GAPA LGDI, k0 SPAC 
0531 i►'.".;EBB RR87 ZRSk ~i:l~~T 
C►532 i~;E~A FR7A BI~Fk, k3 C~AF'A 
0533 ►)3EC: 17 RETG, LAN 
05+4 U_~D EE3E GDUM CI~MI,R2 H'IE` 
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TWIN ASSEMBLER VER Z. Xi FIFRIK+ ~ERSIC~P1 2.0 FADE 0011 

LINE ADI~ C►B<~CT E SC~~tGE 

OS;iS 036E 1A01 Sti:TR, LT RDIMi 
Cr5:~6 11371 061E ARUM LGD I , R2 H' 1 E' 
05;7 0373 CECr814 RDlN1 STRA> R2 C:NT 
u5 ~ 11374 AC:NT SET 8-2 
05;9 0376 09Id LGDR,Ri ~ATEMF STARTING ADDRESS 
054(► 0378 RRBR ZRSR #RLuIT 
0541 037A i►9C:S LGI~t, Ri #ATEMFi 
0~4t 0370: RRBR ZRSR #RGUT 
U543 037E 09F4 Li►DR, RI ~Ai.NT i:GI~tJT C►F DATA BYTES IN RLGC: 
t►544 0;:~0 RRBR ZRSR ~I~~UT 
0545 0382 ODp817 LGDA, RI RC:t: 
0546 (r;83 ARGC SET ~-[ 
Cr547 O~ti85 RRBF ZRSR ~R~~~T 
C►548 #NC►W GIITPI►T THE DATA FART 
0544 O;~fi7 ORER LGDR, R:{ #AC:NT 
055f► Cr~4 i►D88pD I►I~_~P► LG[►A, RI ~TEMF' 
Cr551 03HC: RRBR ZRSR ~BGI►T 
0552 C~ ~►E RR 17 ZRSR I PN::RT 
(155:; i►390 FR77 RI►RR, R3 DI►l~M 
0554 U391 09EF EDUM LGI►R,RI #ARC:C 
0555 0.{94 RRBR ZRSR ~RC►l~T 
Cr556 0396 iF032E RC:TA,1~k4 F[►l►M 
0557 # L►_►AI► FRAM FAFER TAPE IN C►RJEGT FC►k'P1AT 
0558 0399 BR89 LGAI► ZESR ~GNIN LC►GK,' FGR START CHAR 
0559 03.vR E43A CGMI,RO STAR 
0561► Cr;'9D 987A [~:FR, E(I L► CAI► 
t►561 U3yF '!p EGRZ RO 
0561 C>,̀AU i:G(r817 STRA, RCr RCS: 
C►56;~ C►3A1 ARC:C: SET ~-2 
0564 ti;:~3 Rb`8D ZRSR #BIN READ ADDR AND CGIMiT INFG 
0565 03A5 C:D08C►D STRA, Ri TEMP 
0566 11;A8 RRBR ZRSR ~R1N 
0567 i►3AA C:DirBCrf STRA, R1 TEMF+1 
0565 03AD Bb'8D ZRSR #BIN 
ir569 03AF pi LGDZ RI 
057c► 0380 1i:003G BGTA, Z MFI~G 

~;.. 0571 03RD C~{ ALGA STRZ R3 
0571 Uti:R4 RRBR ZRSR ERIN C:F~C:K Rl'.C: C►N DATA 
0571, Cr3R(, OBE9 LC►I►R, k0 ~ARCL: 
Cri74 0388 ~GCr038 RC:FA, Z ERIk~ 
0575 U3RF RRBR RLi►A Ib`SR #BIN 
05.76 03RD C~D88pD STRA, RI ~TEMF STGRE DATA 
i►577 03C:0 BF17 ZRSR INC.RT 
0578 pi~C:2 FR77 BDRR, R3 BLC►A 
0579 O~~1~4 BItBD ZR~~t BIN 
058C► 03'1:6 C18D9 LGI~, (,'0 #ARC:i: 
0581 O~~c:B 184E RC:TR,1 LC►AD 
058[ O~~C:A 9838 ZRRR ERL~: 
0583 ,E 
0584 03C:G 073E INIT LCQ►I, R3 63 ZERO► DATA AREA 
ir585 O:~i:E 10 EC►RZ RU 
05fit+ 03CF C.F48(Kr AINI STRA, RO C:CtMM, R3, -
(r587 03UL 5R7R RRNR,k3 AINI 
0588 i►3D4 0477 Li~DLRO H'77' 
ir589 G: D6 Gi:ir807 STRA,RO C:GMM+7 SET FLAG FIN TG STi►F RIT L 
Cr590 Cr3D9 CG08Cr9 STRA, Rtr i(GGT LGAD C:C►DE TG SET FSU 
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TWIN ASSEMkLER rlER 1. %1 F'1Pilit~ VERSItUJ 1. 0 PAGE C>t+I1 

LINE A[ri+R GF~tEt:T E SOL~rC:E 

0591 C+3I+C: 041 Zi LCQ+I , RO H' 11~ ̀  
0592 03I+E i:i.:t+801; STRA> RO %GOT+1 
0593 i+3Ei 048i+ LOItI,RO H~80~ 
1+594 i+3E3 C:i:OBC►C: STRA, RC+ %C~i+T+~~ 
C+S95 #THIS CirIrE WILL AItTO-SYNi:H ITS R~tD RATE 
0596 ~CtN START-l~' C+k RESET i~F PIPE+Iti~, TYPE A ,Ct. 

U597 #RAUIr C~IINTAINti THE FLAY CCrI~iT 
Ci598 CN7F9 Cd 10 EFtlt 149 I+FLAY FOlt 110 RAUIr 
C+599 Cu:►59 I~~00 ERU 89 LiELAY FOR :~CK+ tiAltlr 
O6CK1 03E6 7640 SYNCH PPSU FLAG 
Cr601 03E8 0459 LOf+I, RO I~:iCK+ 
0601 03EA CC:OSIb STRA, RO I;AItIr 
0603 OMB AI~AIJD SET ~-1 
Obl+4 03EIi 12 ASYN SF'F;tt 
t.+605 OGEE lA7Ir 8'i:TR> N ASYN 
0606 Ot~FO _iFC+2C:'~ RyTA, l~J HIrLV 
G607 O:~F3 3FO1G1 FSTA, l~V C+ELAY 
C+608 03F6 11 yPStt JF Ll"+F! THEN l 10. ELSE 300 
(r6C►4 C+3F7 1E003i: b'i:TA, N MFIiG 
0610 O{FA 04F9 LOI+I,RO D1i0 
O61 i 03FG C:SEIr S7RR, RO ~ARAIiIr 
0611 U3FE yR:~l: Z);'RR MRL~~ 
0613 0400 i+RG H' BCK+' 
0614 #~#~~#+~ RAM I~FINITIONS 
tib15 u>;t>E+ I:OMM RES 9 
0616 0309 77G0 %C~ttT F'F'SL O 
0617 C►8GF 1Ct~sCr RCTR, liN #~+1 M~.►ST PREC'.EEI+ THE TEMF' lOC 
0618 08Cdr TEMP RES 2 
0619 OSC+F TEMtt RES 2 
0620 C+Bfi TEMR RE8 1 
0621 0812 TEMS RES 1 

Uti 1 t►813 Mc:NT RES 1 
0623 Cr814 GNT RES 1 

Cr624 0815 CirI1E RES 1 
G62°~ 0816 RAIrIr RES 1 
0626 11817 FC:I. RES 1 
0627 c►Si8 MAR'>i RES I~lAX+i 
0618 081A HC+AT RES RMA%+i 

C►619 (►81i: LI+AT RES RMA%+1 
U630 081E HAI+k RES FMA%+1 

C+631 082(► LAI+k RES fiMA%+1 

06310821 i1lFF RES 1 
G653 03CC ENir IN1T 

TGTAL ASF;EMRL Y ERROR'3 = Cu+00 
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Appendix 2 

PIPLA Source listing 

lWIN ASSEMBLER VER ~5(I 1K ASSEMBLER VER 1.0 

Lia:: Gfi.+ECT ADI+R E STMT SC+L~~_ E LINE 

2 t~~~~~~~~~~~~*~~~~~~ 

PAGE 2 

:i DEFINITIGNS C+F SYMBGLS 
4 # REGISTER EC~ItATES 

(u►OC+ 5 RC► EC~I~ (► REGISTER c.► 
C~(K►1 b R1 EC~~ 1 REGISTER 1 
OCK►L 7 R:'. ECRU 2 REGISTER 1 
iK►03 8 R3 EC~II REGiSTEk 3 

Y # C:GND I T I GN C:GI+ES 
CKK►1 io F Et?U 1 F'GSITIVE RESULT 
u(ri►i► 11 1 EC~C~ i+ 2ER+:+ RESI~LT 
i+i►i►z 1L N EC~tU Z NEGATIVE RESL,LT 
(~1i►2 13 LT EC~I~ 7 LESS THAN 
CK►CK► 14 E(J ECtll 0 EC~I~AL TG 
Uc►i►1 15 GT EITI+ 1 GREATER THAN 
1111(+3 1~ LAN EEt+I .y UNC:[~111I T I C+t~ 

17 # FSW LC~IER EC~UATES 
CK►00 18 C:C EC~L+ H ̀ CK►' C:C~JI+I T I l"MIAL C:GI+ES 
Oi►2i+ 
i~►1i+ 

1y 
zi+ 

1I+C: E{tl+ H' 2C►, 
RS ECaL+ H`1{~` 

INTERI7IGIT CARRY 
REGISTER RANK 

(►Cri►B li WC: EE~U H`C►B` 1=WITH C+=WITHC4+T CARRY 
(xu:+4 11 GVF EAL+ H'04' GVERFLC+W 
CK+ir'l 13 CC~1 ECRU ' +[ 1=LCN:~IG O=ARITHMETIC: CC+MFARE 
tK►01 :'.4 C: EC~Ii H'01' CARRY!BC+RRC~1 

[5 # F'SW l~F'ER EC~IUITES 
Cx:mO L~ SEIvS E+"~l► H' ~+: SENSE BIT 
(K140 [7 FLAIL ECRU N'40' FLAG BIT 
C►C1'1C+ ~5 11 EktU H'LO` INTERRI~'T INHIBIT 
CKK17 Ly SF E&L~ H'07' STAt:K FGINTER 

.  ̀(+ 

31 
3[ 

F'IFBL~C~ RC+IiTINES L~SEI+ 

(►iu17 _~~ CT:4+T EC"~L ~ H'[u:K+7' CHAR GUTF'L~T 
CK►C►B 34 BC►L~T ERU H`CM10B' BYTE C~I~TPUT 
(u:►(+F ~5 C~NL~1 ECG ~ H`C►itt:►F' C.~ET A NLIMI~R 
11C►11 LINE EC1U H'C►i►il' CET A LINE 
i►t►i 7 ~7 INC:R7 EC~L+ H'C+017' INCREMENT TEMP 
ix:+21 STRT ECG ~ H't1021 ̀  STC+RE INTG TEMF 
nc+.-~ 3y ABRT ERLi H ̀ 0036 ̀  ABC+RT 
t+l+~~ 40 MBUi~ EEtU H'Cxl:{E' START CAF C:l"+1~'fAND LINE 

41 
4 ~ MISC. ERIM~TES 
4: 

0040 44 LABEL ECG+ A'1~' 
Cu i2i+ 45 SF'AC: EC~L+ H'20' 
CK+~A 46 GMNT EC~~J A`~` 
002E 47 FRGMFT Et?U A'.` 
OCk+A 48 LBLS ECKI 10 NUMBER C+F LABELS ALLCwlED 

4S ++ ENI+ C~ E(tl4TTES 
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TWIN ASSEMBLER VER 265Cr 1K ASSEMBLER VER 1. t1 PAGE 

LGf: C+RJEC:T ADDR E STMT '3Ca.IF'C:E LINE 

U4(►(r 51 LYtit~ H`(r4U(r` 
U4U(r 2U 52 LASMI EC~tZ k0 
(r4U1 0714 5:.{ LGI+I, R3 LBLS~2 
U4irLi 1:F484E ir84E 54 ILP STRA,RO LARL,R3,- INITIALIZE LABEL Fi+INTER 
(14Ub 5878 (r4U3 5`5 11kNR, R3 ILP 
(14(ri~ (r5(rC: 5b LGI+I, Rl <LARINC+ 
U4(►A Crb(1(+ 57 LGUL R2 :>LARLND 
t140C: RR21 Crc+21 58 1MAIN ZRSR STRT STC+RE PC: 

59 #RESTART AFTER ERRGR HERE 
U4(rE UDt1RCrD Ui~CrD bCr MAIN LGM, R1 TEMP 
(r4i1 BBSR U(rCrR 61 ZE~R tRC~iT 
U413 UI+USOE C+B(rE b2 LC+I+A, Rl TEMF+1 
(►416 RbSB Ut1UB b3 Zb,'SR *BI~I~T 
01418 (►42E 64 LGGI, R(r PRGMPT 
U41A BB87 UCKr7 b•5 ZI~R ~l'.C+UT GUTF'UT PRC+MP7 
(+410: BB91 tk►il bb ZBSR +1L1NE CET A LINE 
041E i►i:i1822 (rB22 67 LGDA, RU RIFF 
(►421 E42A b8 CLMII, RU C:MNT 
(x423 ]ib9 U4UE b9 RCTR, Eta MAIN BYPASS i:C+MMENTS 
U425 E44U 7U C:GMI, RU LABEL C:HEC:K FGR LABEL 
U417 983G U465 7l Rl":FR, ECG MN1 

72 ~ 
73 * FIX ALL REFS TG LABEL 
74 +1 

+)429 (rF2822 (x822 75 LG[rA, RO BIfFF, R3, + 
c►42C: A43U 76 ~IR1, RG A'U' 
U42E 1E(K►36 UCr;?6 77 RC:TA, N ARRT 

(W'LF 7R AARRT SET ~-2 
0431 l~3 79 STRZ R3 
04'32 E7U9 8U C~1MI, R3 LBLS-1 
(x434 i9F9 (►42F fit RCTR, i~T ~AABRT 
U43b Ira 82 Fiat, R3 
(1437 UbU1 8`~ LC+UI, k2 1 
(►439 t1F684E Cr84E 84 LLGCrF LGCrA, RU LABL, R3 SAVE ADDRESS 11F l~.~kRENT INST. TG FI X 
U4:~i: C'.C:UBC►F UBUF $5 STRA, kU TEMI~ 
Cr4;:{F G1 &b STRZ R1 
U44U OFhC;4F (rB4F i~l LGI~A, RU LARL+1, R3 
Cr443 Gi:C181C1 Cr81U 8h STRA, kCr TEMi~+1 
C►44b b 1 89 I [~R Z R 1 C:HEC.K I F IKNrE 
Cr447 181A p4b3 9U RC:TR, Z LLENI+ 
(x449 U+=88(rF 0801E 91 LCiDA,RCr ~+TEMI~ GET ADDRESS GF NEXT INST. TG FIX 
044C~ CF684E G84E 92 STRA,RO LABL,k3 
U44F C1EE8UF 08UF 93 LGDA, R0 }TEMt7, R2 
0452 C:Fbk4F 084E 94 STRA,RO LARL+1, k3 
11455 Crl:irt~OD CrS'i+D 95 LGI+A, RCr TEMP FIX ADDRESS IN i:l~tRENT INST 
U45B C:CL~OF t18f►F 96 STRA, R(r ~TEMf~ 
(r45R UC:UBC►E tl$l1E 47 LGIW, RO TEMP+1 
Q45E C•EE8i1F G8t1F 9R STkA> RG tTEI'~t, k2 
04b1 iRSb 11439 99 RC:TR,IW LLC+I"+P GC+ FIX NEXT INSTRIk•T1C+N 
04b3 U7U1 IfrC1 LLEND LGUI, R3 2 BYPASS (ABEL 

IU1 ~ 
0465 2(r 1C►2 MN1 EGRZ R0 
l'14C+b 0:1x1815 Cr815 103 STRA,R(r C:GI+E 
U469 '~'U5b9 0569 104 RSTA, lM! I+EBLK BYPASS BLANKS 
U46C: 3F(157y 0579 105 kSTA, LMl ENDS FIND MNEMCMVIG IN TAFLE 
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THIN ASSEMBLER VER 2650 1K ASSEMBLER VER i.C+ F'AI•E 4 

LC+C: OE~~C:T ADDR E STMT S~iC:E LINE 

(+46F CC:(+81 l (►81 l I C►~ STRA, RU TEMR 
0472 ~+(► 107 IC+RZ RO 
C+473 9AZA iW9F 1Ufi BC~R, N OF'CD 
11475 44i+F 109 ANI+I, Ri+ N'cTF' 
U477 IC:iK►~~ ix+:~ 110 ROTA, Z MRI~C< C~1 Tl PIPRUC: IF END 

111 # 
i i'L # C:HEC:K. FC+R ASCII I STRINC+ 
113 

i►4iA F4i+2 114 TMI, k0 H'G2' C'.1iECK FC+R AvtiC:I 
(+47C: 981C: (►4~+A 115 RGFR, EA MN2 
047E :tiFt156y C►569 11b RSTA, UN I+EIIK 
(►481 UF6812 08'Z'1 117 LODA, RU RIFF, R3 CET DELIMITTER 
CW84 G2 118 STRI RZ 
0485 1+F2812 C►8'11 l 19 ASC•LP LC►DA, RO RUFF, R3, + 
i+4fifi EFi+fi14 i+fii4 120 GGrW,R3 C•NT CHECK Fi+R END C+F LINE 
0488 9ECW(+E C►4C+E 121 RC:FA, LT MAIN 

G4fiC ]22 AMAIN SET ~-2 
iWBE E2 123 Gt1MZ RZ C#IEGK FC+R END I~LIMITTER 
048E 18FR G48C: 124 RC•TR, ECG +AMAIN 
0+491 i:i:88(►D Chi+D 125 STRA, R(► +TEt~ STC+RE i:HARAC:TER 
(►4y4 02 126 LODZ RZ 
C►495 RRl7 UUi7 I27 ZRSk INGRT INCREMENT F'C 
C►497 i:2 12fi STRZ R2 
U49fi IR6R 0485 129 BCTR,l~I ASGLP 

1'~(► ~ 
049A RRBF ia►i~ i 31 MN2 ZISR ~GfW.a'I MUST RE C+RG - r_~ET AI+I+kESS 
0491: 1 F04{K: 04C+i: 132 BC:TA, lMl I MA I N Gt+ STC+RE I T I N F'C 

133 
1^a4 ~ HAVE INSTRI~t:TICdV - Nt"+T PSElII10 GF' 
135 # 

C+49F C:E88(►U (►C~C►D 136 i+Pi:D STRA,k2 #TEMP ST[~iE C~'CIIC~ IN kAM 
C+4A2 E410 187 CtkiL RO H' 10' 
04A4 9A2C► 04C:6 l:~fi RC:Fk, LT AFTREG 
C►4A6 8701 139 ADDI, R3 1 1NC:REMENT FAST , C+R SPRC:E 
C►4A8 ;0569 0569 l40 RSTA, lei DERLK BYPASS b'LANKS 

C+4A9 141 AI~RLK SET #-2 
04AR (►F6fi22 0822 i 42 LC1DA, RO RIFF, R3 
04AE E440 143 C•[iMI, RU A'@' GI~C:I( FCC SYMRC+I 
(►4R0 99(►9 04RR 144 RCf R, CST MN3 
(►4R2 :iF0579 (►579 145 RSTA, l~l ENDS CET VALISE QF SYMBOL 
0485 84iU 146 ADDI,R(► H'10` 
0487 1 fiC+4 CWRD 147 RCTR, Z MN4 
i+4B9 9836 c1(►.~6 148 IRItk ARRT ARC+RT IF FOI+ND C+TREK THAN SYMRC+L 
04RR RRBF (K111F 149 MN3 2BSR ~l'J~M'1 CET kEG C+R CC>PII+ITIC4+f 
04RD 4603 15C► MN4 ANDI,RZ H'0:{' 
04RF i►CfiBi►D C+8(►D 151 LODA, RU #TEMP i~ET CURRENT FIRST BYTE 
f►4C:2 62 l52 I C+kZ R2 C►R C+N REG C+R CC+NDIT IC+N 
(►4l':3 C:G880U 08f+D 153 STRA, R(► ~TEMF STC+RE GC@iF'LETE FIRST BYTE 
04Cb RRi7 CK►17 154 AFTREG ZRSk INGRT IN+::REMENT F'l: 
041:fi (+1:0811 0811 155 LOI+A, R(,1 TEMR 
041:F F401 156 TML k0 1 
C+4CI+ 1C:040E 040E 157 RC:TA, ECt MAIN IQ+NE IF TYPE E l~R 2 
04[+(► F4i►2 158 TMI, RC► 2 
C+4I+2 11:(►522 0522 159 RC:TA, Eta GTRYTZ NO # ALL[NJED IF TYPE I t1k EI 

161+ # 
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TIJIN ASSEMBLER +IER 2650 

LCK: C+B<iEC:T ADDR E STMT 

1K ASSEMBLER VER 1. i+ F'AC+E 

SC►lgiC:E LINE 

161 ~ C:HEC:~ FC+k INI+EX ANI!~+]R INDIRECT 
16'L # 

04D5 3BD2 04A4 163 ARLC+C~' FSTR, l~l ~ADEBL!! 
U4D7 C+Fh822 i+8[2 164 Li+DA, Ri+ b'IiFF, R3 
i+4DA E4;~i+ 165 CC~1I, kii H`:~f+' C:kECK FC►R SPECIAL CHARACTER 
04I+i: 9A1R C+4F9 1C~ BC:FR,LT C.HKBYT Nl7 - Gt+ CET NlN1BER 
04I+E 87C+1 Ibl AUDI, R:.~ ] 
04Et1 05FF 168 LC+D1, R3 -] 
04E2 ED25C:F 05C:F 169 ARZ CC+MA, RD STEM, Ri,+ FIND SPECIAL CHAR IN TAF~.E 
04E5 18i+6 04ED 17ii BCTR, Eta AR3 
04E7 E5i+4 171 CTN1I, Rl 4 
i+4E4 1A77 04E2 l72 RCTR,LT ARZ 
04EB 4836 CK~36 173 ZRRR ABRT 
04EU D1 174 AR3 RRL,RI 
C+4EE DI 175 RRL, R1 
C+4EF DI 176 RRL, RI 
C+4F0 D1 177 RRL, k] 
i+4F1 D1 178 RRL, RI 
C+4F2 6IK+815 i+815 17G IQkA, R1 CC+DE 

i+aF3 18i+ ACC+DE SET f-2 
i+4F5 C4FC: C+4F3 181 STRR, RI ~AC:C+i~ 
Cu4F7 IE~C: 04D5 182 RCTR, ICJ ARLC~~P CSC+ C1iEC~: FC+ ANOTHER SPECIAL CHAR 

18:i # 
184 ~ C:HEC:F; FC+k LABEL AS ADDRESS 
185 ~ 

u4F4 E440 18b GHkBYT C:CM1I, RO IpI~L C:HEC:K FCC' A LABEL 
04FB 9825 C+522 181 BCFR,ER GTBYTZ 
i+4FD OF2822 C►8r2 188 LODA, RO BIiFF, R3, + 
CtSCK+ A430 184 SIiRI , RO A' 0 
0502 1ECKa`i6 CK+:{6 i90 BC:TA,N ABRT 
Q505 +_ 3 191 STRZ R:; 
C+506 E7ii4 142 Ci~1I, R3 LBLS-1 
C>Si+B l IKx~36 iK+36 143 Ea TA, GT AE~iT 
05C+B D:{ 194 R'kL, k3 
05C►C: C+F684E 084E 195 LOI+A, RU LABL, R3 
(+5(►F Cl 196 STRZ R1 
0510 C+f684F 084E 197 LC+DA, k0 LABL+1, R3 
C+513 C2 148 STRZ RZ 
0514 CK:08i+D i+Bi+D 199 LOI+A> RU TEMP 
1+517 CF684E C+84E 2CK+ STRA, fY+ LABL, R3 
051A iK:t~ C+E CKtt+E 2U1 LOI+A, Ri+ TEMP+1 
051D GF684F U84F 2i+z STRA, Ri+ LABL+i, R3 
0520 IB36 t+558 203 RC:TR, ITV T1~=+BYT 

204 ~ 
C+52[ 8B~ CKK+F 205 GTBVT2 ZBSR #GNi~i 
0524 C+C(+81 ] 08] 1 206 LOI+A, RO TEMR 
0527 F408 207 TMI, RU H`08' C:HEC:k IF ADC+kECa C+R BYTE 
C~29 1fi2D C>SSfi 2i1fi 6'C:TR. ECi T4IORYT 
C+52B F404 2iry TMI, RO H`04' 
U52D 45[4 11553 210 BC:FR, Eta C+NEBYT 
C~52F 7709 t 11 PFSI WC:+C: 
0531 A601 212 SURL R2 1 
0533 A5ix1 Z 13 SIiRI , R 1 0 
0535 7701 214 PFSL C: 
0537 AE08C+E CtBc>E 215 SIiRA, R2 TEMFt 1 

26 
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T4~IN A,S~~EMRLEk VEk 265(r IK ASSEMRLEk VER i. it PAGE 6 

LI~C t~fs~rEt:T ADI~i E STMT StkrkC:E LINE 

C+53A AI+C+BC+I+ C~BC+U 216 SURA, R1 TEMP 
C1~{D ?5C~ 217 CPSL NC 
c15:~F 1C~irI+ 054E 218 I~:Tk, Z PC+S 
0541 i~iri 2]4 AIQ+I,Rf 1 
C+543 9C:C►i~ {6 t~ir36 22G RC:FA, Z Ab'RT 

0544 [21 AARRT SET ~-2 
Cr546 F6C:0 2'L1 TMI, k2 N'CO' 
0548 yBFA C>544 223 Ri:FR, ECa #AAb'kT 
Cr54A 467E 224 ANUI, k2 H'?F' 
054C: 1 R05 C>55:.; 225 RC:TR, L►N C+tJERYT 
054E 040:0 1[6 F1~4 Li+DI,Rir H`C:0` 
(r5,5(r 42 117 ANDZ RZ 
055E 98F1 0544 2'Li~ RC:FR, Z *AAI~T 
055: 6EC►815 C►fil5 229 C~IERYT IC~tA, k2 C:GI+E 

Cr554 23Cr ACC4~ SET f-2 
Cr556 1809 0561 2:31 RC:TR, L~J PUTSEC: 
(r558 6'~FA 0554 232 TWQRYT IC+Rk, ki *ACC+I+E 
Cr55A CI+88UD Cr80U 2:i3 STkA, k1 +rTEMP 
05,5Ir 02 234 LC+I+2 k[ 
055E RR1? 0017 235 ZR.Sk INC:RT 
C+560 C2 236 STRZ R2 

0561 CE880D Cr8Ul7 237 PUTSEC: STRA,k2 ~TEMF' 
Cr564 RR17 CKrl7 2~ ZRSR INLET 
Cr566 SFi►40E C+4C+E r,9 RC:TA, L~J MAIN 
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TWIN AS~MBLER VER 2b54 

Lid:: OR,~C:T ADDR E STMT 

241 
242 
243 

0569 C►420 244 

iK ASSEMBLER VER 3.4 PAGE 

4t~~tt:E LINE 

~ 
* RYF'A,~ RLANkS IN RUFF 
# 
I+ERLK LORI, R0 SPAC: 

U56B FBt}C+ C>5bP 245 BI~CR, R3 I+BLitt~F 
456D EF2£~22 C►R22 246 DBLt+tIP tx+MA, RC► BI~F, R3, + 
057C► 1478 U56D [47 BC:TR, EEt I+RLC4►P 
4512 EF4414 C►414 244 C:C~1A, R3 C:NT 
(+575 9Et►036 t►436 249 RCFA, LT ARRT 
i►574 17 254 RETC, l~J 

251 # 
252 # FIND SVMRC~ POINTED TC+ RY k 
253 # 

(►579 46FC. 254 FNDS LODI,R2 -4 GET 4 BYTES TO MNEM 
4578 A701 255 SURI,R3 1 
C►57I+ C►F24C2 U422 256 FMLI+C~' LC+I+A, RC► Fd.~F, R3, + 
454U EF4414 11414 257 Ct+MA, R3 C:NT 
454:{ 9EC►593 C+S.v:; 25R I~•FA, LT Ft'~2 
454h E434 259 1.C~1I, Ri.► H`34' 
0544 1A49 (►59_i 264 Rt:Tk, LT FML2 
(►54A C'.E674E 474E 261 STRA, Ri► iMNEM-252?. AND. H' iFFF', R2 
45L~D DA6t 457D 262 RIRR,k2 FMLOOP 
C►54F 47111 263 ADDI, R3 1 
C►591 iB47 t+59A 2b4 BCTR, UN FS 
t►593 (►4211 265 FML2 Lt+DI, R0 H'24' 
(►55'5 C:E674E C►74E 266 Ft~3 STRA, R4 lMNEM-252>. ANI+. H' iFFF', R2 
(►594 IU~7R C+595 267 RIRR, R2 FML3 
(►59A C:F0413 C+413 264 FS STRA, R3 fM:~lT 
C►59D 7501 269 GF'SL (; 
C►5`+F 7744 2711 PPSL WC: 
G5A1 45C+5 271 LODI,RI :TARE 
U5A3 46D4 272 LORI, R2 :.TABL 
(►5A5 t~Dt+RC►F C►8t1F 273 FSIC+i+F' STRA, R1 TEMC~! 
05A& i~E04i0 0810 274 STRA, R2 TEMCt+i 
(►5AB U7FF 275 LORI, R3 -i 
CrSAI+ 4FA44F C+40F 276 FSL2 LODA, RO #TEMCt, R3, + 
(►SFn:+ 1 C:OC+3b tK►36 177 BC:TA, Z ARRT 
0583 EF644A 444A 274 C~°IA, R(► MNEM, k3 
4586 14<:►6 C+Sb'E 279 RCTR, Ett FSL3 
0588 4606 144 ADDI,R2 6 INCREMENT TG NEXT MNEMONIC 
45BA 45CK► 2fi1 AI+DI, R1 4 
05BC iR67 U5A5 242 BC:TR, UN FSLt~~ 
45BE E7(►: 143 FSL3 C:l"+P'II, R;> 3 
451:0 IA6R 45AD 254 Bt:TR, LT FSL1 
C►5t:1 4FA4C►F 4RCrF 245 LC+[+A, RU #TEMC~, R3, + GET VALID OF MNEMONIC: 
C►5C:5 CZ 246 STRZ k2 
45C:6 C+FA4(+F 44C+F 247 LODA, R4 #TEMft, R3, + GET MNEMONIC TYPE 
451:9 i>Ft►41:~ i+413 284 Li+DA, R3 Mi:NT 
t►5t~1:7504 285' Cf'SL Wt: 
45t:E 17 29C► RETC> lNJ 

7 
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,—. 

T4JIN AS+,~EMBLER VER 165Cr 

LiK: OI~tEi:T ADDR E STMT 

292 
293 

294 

1K ASSEMBLER VER 1.0 PAtaE 8 

SirUFtC:E LINE 

# 
?F TABLES 
# 

C►SC:F 2C2R1D2'3 
lA 

195 STBL DATA A',+-4~' 

196 # 
ir5D4 297 TABL ERLt ~ 

ir5D4 52(~rlirlir 198 DATA A'RO ` 
05Ir8 C►C~0 299 IrATA H'00, FO' 
Cr?IrA 52312020 3CKr DATA A'k1 ' 
05I~ O1FCr 301 DATA H'OI,FCr' 
05E0 52322020 .j02 DATA A`R2 ' 
05E4 O'LFO 303 DATA H'O1,F0' 
05E6 52:~3Z020 304 IrATA A'R:i ' 
irSEA 03F0 305 IrATA H'03, FO' 
05EC:50202020 l~frh DATA A'P ` 
ir5F0 OlFO 307 DATA H'01, Fir' 
05F2 5A10202t1 3ir8 DATA A' Z ' 
05F6 OOFO ;;09 DATA H'00,FO' 
05F8 4E102020 310 I~tTA A'N ' 
CrSFC U2F0 311 DATA H`02, F0` 
CrSFE 4C:541020 '312 DATA A'LT ' 
irbir2 O1F0 313 DATA H'02, FC►` 
ON:r4 45511020 314 DATA A'ER ' 
CrbCrB irt1F0 315 IrATA H'CK1, FO' 
irbi"rA 47542020 316 IrATA A'GT ` 
O6irE 01FCr 317 DATA H'01,FO' 
Cr610 554E2020 318 IOTA A'tkl ' 
OE~14 03F0 319 DATA H'U'3, FO` 
Crbib 454E4420 320 DATA A'END ` 
O61A irtrBCr 321 IrATA H't►0, 8u' 
Obif: 4F524720 ~{1'1 UATA A'C~'G ` 
U62ir ir081 323 IOTA H'(K1, 81' 
Cr622 41534349 'i24 DATA A`A~tiC:I' 
ir626 Oir82 325 IOTA H'i►0, 81' 
0618 4C:4F445A 326 DATA A'LODZ' 
0620 CH~rI ~{27 IrATA H`C>a, 01 ̀  
061E 4C:4F4449 328 DATA A'LODI' 
Cr632 04112 329 DATA H'C►4, 02' 
06:~14C:4F4452 .~3Cr DATA A`LQDR' 
Ob~k~ Cr804 ;;{31 DATA H'(r8, C►4' 
063A 4G4F4441 332 DATA A'L[1IrA' 
ir63E iri:08 333 DATA H'Oi:, ir8' 
ir64ir 5354525A 334 DATA A'STRZ' 
ir644 l•Oirl 335 IrATA H'CO3 01' 
Cr646 5;545252 336 DATA A'STRR' 
Cr64A C;BC►4 :i37 IrATA H't~, 04' 
Crb4i:53545241 :x:38 DATA A'STRA' 
Cr65tr GC(►8 339 DATA H'C:C:, 08' 
0652 494F525A 34Cr DATA A'IC~iZ' 
Cr656 6001 341 DATA H'60,01` 
0658 494F5149 341 DATA A`It~RI' 
065i: 6402 343 IrATA H'64, OZ' 
06..5E 494F5252 344 IrATA A'IC~R' 
irbbl 6804 345 DATA H'68,04' 
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TWIN ASSEMkLER VER 265C+ 

Ll~l: C+I~+ECT ADI+R E STMT 

iK ASSEMFLER VEk i.0 

SC+l~tl~ LINE 

U664 494F5°41 346 DATA A'IC+kA' 
0668 bl'•C►8 147 DATA H'6C, {►8` 
O66A 414E445A 148 DATA A`ANDZ' 
066E 4(►01 349 DATA H'40, (►1 ̀  
C►67U 414E4449 ;i,5(► DATA A'ANDI` 
(►6.74 4402 .'~+1 I~1TA H`44, 02' 
0676 414E4452 ::{5L I+ATA A`ANDR' 
U67A 48C►4 353 DATA H'48, CW' 
C+67C: 414E4441 354 DATA A`ANDA' 
U68(+ 4G08 355 I+ATA H'4G, {+8` 
O6<~2 454F525A 156 DATA A'EC~RZ' 
0686 2C►01 357 DATA H'20, 01 ̀  
0688 454F5249 ~~`~ DATA A`EC~I` 
(►68C: 24i►2 359 DATA H`24, 02' 
068E 454F5252 16C► I~1TA A'EORR' 
U692 1804 ;'~61 DATA H'28, 04' 
0694 454F5241 :{62 I+ATA A'EORA' 
0698 2GU8 ;163 I+ATA H'ZG, 08` 
069A 4[435452 164 DATA A'RCTR' 
069E 1804 165 DATA H'18,(►4' 
(+6A(► 42435441 366 DATA A'F+CTA` 
(+hA4 iC:C+t= 367 I+ATA H' 1C, (►C:` 
(►6A6 424::46,.52 368 I+ATA A'I~:Fk' 
G6AA 98(►4 ;{69 DATA H'98, 04` 
O6AC: 42434641 370 DATA A'RIFA' 
G6E0 9C:t1C: .~71 DATA H'9C, CK:' 
O6B2 434F4I~5A 37'1 I+ATA A`C•CA1Z' 
C+6R6 ECK11 373 DATA H'E0, 01' 
O6R8 434F4IW9 174 I~ITA A'CCN~11' 
C+bf~:: E402 375 IOTA H'E4, 02' 
C►6RE 434F4D52 376 DATA A'C:Ot~i` 
Obl'.2 E8(►4 ,~77 DATA H'E8, l'i4` 
C+bC:4 4:ti4F4D41 378 DATA A'l:C~tA' 
C►6C:8 ECCk~' 179 DATA H'EC, 08' 
O6C:A 4144445A 380 I+ATA A'ADDI' 
C►6C:E 8CK►1 :{81 I+ATA H'8(1, 01 ̀  
U6DC+ 41444449 182 DATA A'ADDI' 
U6D4 8402 :~3 I+ATA H'84, OZ` 
(+6D6 41444452 ~4 DATA A' AD[~t' 
(+6I+A 8804 38,_5 I+ATA H ̀ 88, 04 ̀  
G6I~: 41444441 .186 DATA A'A[+DA` 
(+6EC+ 8C:(►8 387 [+ATA H`~:, 08' 
O6E2 5155425A 388 I+ATA A'SIMkZ' 
C►6E6 ACK►1 .~+ DATA H'A0, O1' 
U6E8 53554244 390 I+ATA A'S11RI` 
O6EC: A402 191 DATA H'A4,02' 
OGEE 5:155425;? ~{y2 I+ATA A' SUF~v' 
i►6F2 A8(+4 191 DATA H'A8, 04' 
C►6F4 5ti{554[41 194 I+A7A A`4LIRA` 
C►6F8 AC:i+B 395 DATA H`AC, 08' 
C+6FA 5245544:1 396 I+ATA A'RETG` 
O6FE 1401 197 DATA H'14,(►1` 
OIOC► 52455445 398 I+ATA A'RETE` 
O7(W ~;4C+1 399 [WTA H'34, 01' 
0706 42535452 4(K+ I+ATA A'fiSTR` 
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TWIN ASSEMBLER VER 265(► iK.' AS.SEME~ER VER 1.0 FACE lU 

LOI: i+R`~Ei:T ADDR E STMT St~.~RC:E LINE 

i►7C►A 38(x4 401 DATA H'.~8, i►4' 
07C►+ 42535441 402 DATA A`BSTA' 
071(► 3C:0C: 4C►3 DATA H' 3C, OG' 
i►711 425346..52 4C►4 DATA A' RSFR' 
0716 8804 405 DATA H`F~,04` 
OJ i 8 4'25~~)64 i 4C►6 I+ATA A' BSFA` 
071 C RC:C~: 407 DATA H' Bt:, (~:' 
C►71E 52525[2(► 4(►8 GATA A'RRR ` 
(►7T15tK►1 405 DATA H'SO,OI' 
(17'[4 51514G20 410 DATA A'RRL ' 
0718 IK►01 411 DATA H'I►t►, C►l 
G72A 4~~505.{5.5 41[ I►ATA A'CPSU' 
072E 7412 41'3 DATA H'74,12' 
0730 435(►5:~4G 414 DATA A'C:PSL' 
(►734 75]'L 4i5 IWTA H`75, 12' 
07{6 50505:;55 416 DATA A'PPSU' 
U7:iA 7611 417 DATA H'76,11' 
(►7~~1~ 5(►505341: 418 UATA A'F'PSL' 
074{► 7711 41 ~ I+ATA H' 77,12' 
0742 42514E52 42(► DATA A'BRNR' 
0746 5804 421 DATA H'S.4,04' 
074fi 42524E41 412 DATA A'BRiVA' 
074(: 5tx7i: 423 IKiTA H'St, OC' 
074E 42495252 424 I+ATA A'BIRR` 
0752 D804 425 IWTA H'D8,04' 
0754 42495241 426 DATA A'BIRA' 
0758 DC:OG 417 DATA H'DC:, OC:' 
015H 41445151 418 DATA A'BDRR` 
(►75E F8C►4 4"L9 I►ATA H`F8, t14' 
076(► 4"[445241 4_~(► I+ATA A`RI~tA' 
i►764 FC:Oi: 431 DATA H'FG, C►G' 
Cr766 41534E52 4.32 I+ATA A'E~1JFt' 
07E~A 78(►4 433 I►ATA H' 78, 04' 
076(: 41534E41 434 DATA A'BSNA' 
0770 7C:iK: 4,{5 [WTA H'7C~, (~:' 
0771 4E4F5(►20 436 IK1TA A'NUF ' 
077b 0011 437 I+ATA H'C(►,11' 
0778 48414[:54 438 DATA A'HAIT' 
i►77C: 4011 439 I+ATA H'4C►,11' 
077E 5441+4920 44t► DATA A`TMI ` 
0782 F402 443 DATA H'F4,C►2' 
C►7L~4 575(5444 442 DATA A'WRTD' 
0788 FCK►1 443 I+ATA H'FU, 01' 
078f1 52454444 444 I+ATA A'REDD` 
078E 7C►ul 445 DATA H`70, (►l ` 
0790 57515443 44h I►ATA A'44'tTC:` 
(1794 8001 447 DATA H'R0,01' 
(►796 51454443 448 I►ATA A'REI►C:' 
079A :~C►C►1 449 DATA H'~~ib01' 
079G 57525445 450 I►ATA A'1JRTE' 
07AC► 1+402 451 DATA H`D4, 02` 
07A2 52454445 452 DATA A'kEI~' 
tr7A6 540[ 453 I+ATA H'S4, 02` 
07A8 5A425352 454 I+ATA A'ZBSR` 
07AC: RB1U 455 DATA H'RR,10' 
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TWIN ASSEMRLEk VER 265(► iK A.~SEMRLER VEk 1.0 PALE 

LCC: IIRJEC:T ADDR E STMT SC►URf~ LINE 

07AE 5A425252 456 DATA A'ZRRR' 
U7R2 9810 457 DATA H' 96,1 C1' 

0784 545(►5~~55 458 DATA A'TPSU` 
0788 8412 459 DATA H`R4,12' 
t17RA 545C►5:~41. 461► DATA A'TPSL' 
07RE R512 461 DATA H'f~,12' 
07CU 4l'•5(►5~~55 462 I~ITA A'LPSU' 
i~7G4 9211 463 DATA H' 92, l 1 ̀  
U7l':6 4C:5U5:4C. a64 DATA A'LPSI' 
i171:A 9311 465 DATA H'93,11' 
i►7ii: 5;~5i►5,;55 466 I►ATA A' ~; 

U7IK1 1[11 467 DATA H'12,11' 
U7D2 53.Si►5~i4t: 468 DATA A'SPSL` 
U7D6 1'~ 11 469 IIATA H`13,11' 
U7D8 425 {5841 470 DATA A`RSXA' 
i►7IK: RFiC 471 DATA H'RF,1G` 
U7I►E 42584120 472 DATA A'RXA ' 
U7E2 9FiC: 473 DATA H'9F,IC' 
07E4 44415110 474 DATA A'DAR ' 
U7E8 9401 475 CWTA H' 94, 01 
UlEA 4C:445C►4C. 476 DATA A'LDPL' 
07EE i(lll: 477 DATA H' 1t1,1C:' 
07Fi► 5:t545U4C 478 DATA A'STPL' 
07F4 ll]l'• 479 DATA H' 11,1C:' 
U7F6 iK►0(KKKK1 480 DATA H'CK►, (K~, iKa 0C►, i►0, Qi►' 

(Klt1i► 
482 t 
483 t RAM DEFINITICMIS 
484 

i18CK1 4t~5 l~ H' U8CK1' 
U8iK1 486 RES 1:~ 
UBUD 487 TEMP RES 
11811E 488 TEMC~ RES L 
(►811 489 TEMR RES 1 
0812 490 TE1~ti RES l 
i►81 ~~ 491 MINT RES 1 
0814 492 i.NT RES 1 
11815 493 C:QI►E RES l 
u:31 h 494 ~S 12 
0812 495 RIFF RES 40 
i 184A 496 MNEM RES 4 
084E 497 LARI RES LRLS~2 
i►~:iK1 498 l►Rl~ H'UGiK1` 

t►l;iK► 499 LAI4_ND EC.~.~ f 
5(K► 

04tx.1 501 END LA,SM 

7C►TAL NUMBER [►F ERRCIRS 0 

1l 
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Appendix 3 

ASCII conversion table 

ACSII CHARACTER SET (7-BIT CODE) 

M.S. 
CHAR 

L.S. 
CHAR 

0 
000 

1 
001 

2 
010 

3 
011 

4 
100 

5 
101 

6 
110 

7 
111 

0 0000 NUL DLE SP 0 @ P p 

1 0001 SOH DC1 ! 1 A C1 a q 

2 0010 STX DC2 2 B R b r 

3 0011 ETX DC3 # 3 C S c s 

4 0100 EOT DC4 $ 4 D T d t 

5 0101 ENO NAK % 5 E U e u 

6 0110 ACK SYN gz 6 F V f v 

7 0111 BE L ETB 7 G W g w 

8 1000 BS CAN ( 8 H X h x 

9 1001 HT EM ) 9 I Y i y 

A 1010 LF SUB * J Z j z 

B 1011 VT ESC + K [ k { 

C 1100 FF FS < L ~ I I 

D 1101 CR GS — = M ] m } 

E 1110 SO RS • > N T n -~ 

F 1111 SI US / ? 0 or o DEL 
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Related 2650 Applications Memos 2650 Family Publications 

no. title summary ordering code 

AS50 Serial Input/Output 

AS51 Bit &Byte Testing Procedures 

AS52 General Delay Routines 

AS53 Binary Arithmetic Routines 

AS54 Conversion Routines 

AS55 Fixed Point Decimal Arithmetic 

SP50 2650 Evaluation Printed Circuit Board (PC1001) 

SP51 2650 Demo System 

SP52 Support Software for use with the NCSS 
Timesharing System 

SP53 Simulator, Version 1.2 

SP54 Support Software for use with the General 
Electric Mark III Timesharing System 

SP55 The ABC 1500 Adaptable Board Computer 

SS50 PIPBUG 

SS51 Absolute Object Format 

MP51 Initialization 

MP52 Low-Cost Clock Generator Circuits 

MP53 Address and Data Bus Interfacing Techniques 

MP54 2650 Input/Output Structures and Interfaces 

TN 064 Digital cassette interface fora 2650 
microprocessor system 

TN 069 2650 Microprocessor keyboard interfaces 
TN 072 Introducing the Signetics 2651 PCI 

Terminology and operation modes 
TN 083 Using the Signetics 2651 PCI with popular 

microprocessors 

TN 084 

TN 085 

TN 086 

TN 087 

TN 089 

Using seven-segment LED display with the 2650 
microprocessor 
Cyclic redundancy check by software 

Introducing the Signetics 2655 PPI 

Audio cassette recorder interface for the 2650 
microprocessor 
CRT display using a standazd TV monitor for 
2650-based microcomputers 

TN 092 2650 sorting routines 
TN 093 2650 binazy floating point routines 
TN 094 2650 BCD floating point routines 

Using the Sense/Flag capability of the 2650 for 
serial I/O interfaces 
Several methods of testing the contents of the 
internal registers in the 2650 
Several time delay routines for the 2650, incl. 
formulas for calculating the delay time. 
Examples for processing binary arithmetic addition, 
subtraction, multiplication and division with the 2650. 
• Eight-bit unsigned binary to BCD 
• Sixteen-bit signed binary to BCD 
• Signed BCD to binazy 
• Signed BCD to ASCII 
• ASCII to BCD 
• Hexadecimal to ASCII 
• ASCII to Hexadecimal 
Methods of performing addition, subtraction, multi-
plication and division of BCD numbers with the 2650. 
Detailed description of the PC1001, an evaluation 
and design tool for the 2650. 
Detailed description of the Demo System, a hazdware 
base for use with the 2650 CPU prototyping board 
(PC1001 or PC1S00). 
Step-by-step procedures for generating, editing, 
assembling, punching, and simulating Signetics 2650 
programs using the NCSS timeshazing service. 
Features and characteristics of version 1.2 of the 

2650 simulator. 
Step-by-step procedures for generating, editing, 
assembling, simulator and punching Signetics 2650 
programs using General Electric's Mazk III timeshazing 
system. 
Describes the components and applications of the 
ABC 1500 system development cazd. 
Detailed description of PIPBUG, a monitor program 

designed for use with the 2650. 
Describes the absolute object code format for 
the 2650. 
Procedures for initializing the 2650 microprocessor 
memory, and I/O devices to their required initial states. 
Several clock generator circuits, based on 7400 series 
TTL, that may be used with the 2650. They include 
RC, LC and crystal oscillator types. 
Examples of interfacing the 2650 address and data 
busses with ROMs and RAMS, such as the 2608, 2606 
and 2602. 
Examines the use of the 2650's versatile set of I/O 
instructions and the interface between the 2650 and 
I/O ports. A number of application examples for both 
serial and parallel I/O are given. 
Interface hardware and softwaze for the Philips DCR 
digital cassette drive. 
Simple interfaces for low-cost keyboazd systems. 
Description of the 2651 Programmable Communica-
tions Interface. 
Simple hardware interfaces to use the 2651 Program-
mable Communications Interface with vazious 
microprocessors. 
Interfaces for single and multi-digit LED displays. 

A short routine to encode and decode CRC check 
chazacters for the 2650. 
Description of the 2655 Programmable Peripheral 
Interface 
Economical alternatives to the digital cassette 
recorder. 
Describes hardwaze and softwaze to use a standard 
TV monitor as an I/O peripheral fora 2650 micro-
computer system. 
Sorting routines for single and multiple byte numbers. 
Arithmetic routines for binary floating point numbers. 
Arithmetic routines for BCD floating point numbers. 

9398 906 00611 

9399 509 53661 

9399 509 53761 

9399 509 53861 

9399 509 53961 

9398 907 80011 

9398 905 80611 

9399 509 54061 

9398 906 40611 

9398 906 10611 

9398 906 50611 

9398 907 60011 

9398 905 90611 

9399 509 54361 

9398 905 70611 

9399 509 54461 

9398 907 90011 

9398 907 70011 

9398 006 40011 
9398 006 90011 

9398 007 20011 

9398 008 30011 

9398 008 40011 

9398 008 5001 1 

9398 008 60011 

9398 008 70011 

9398 008 90011 
9398 009 20011 
9398 009 30011 
9398 009 40011 
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Related 2650 Data sheets 

product description ordering code 

2650A 8-bit N~hannel MOS microprocessor (standard version) 
2650A-1 8-bit N~hannel MOS microprocessor (high speed standard version) 
2650B 8-bit N~hannel MOS microprocessor (enhanced version) 
2650B-1 8-bit N-Channel MOS microprocessor (high speed enhanced version) 
2651 Programmable Communications Interface (PCI) 
2652 Multi-Protocol Communications Controller (MPCC) 
2652-1 Multi-Protocol Communications Controller (MPCC —high speed version) 
2653 Polynomial Generator Checker (PGC) 
2655 Programmable Peripheral Interface (PPI) 
2656 System Memory Interface (SMI) 
2661-1 Enhanced Programmable Communications Interface 

(EPCI —Baud rate: set 1) 
2661-2 Enhanced Programmable Communications Interface 

(EPCI —Baud rate: set 2) 
2661-3 Enhanced Programmable Communications Interface 

(EPCI —Baud rate: set 3) 
2621 TV Sync Generator (PAL) 
2622 TV Sync Generator (NTSC) 
2636 Programmable Video Interface (PVI) 
2637 Universal Video Interface (UVI) 
KT 9500 Adaptable Board Computer, ABC Kit 
PC 1001 Prototyping Board 
PC 1500 Adaptable Board Computer, ABC Board 
PC 1600 Resident Assembler Board 
PC 2000 4K Bytes Static Memory Board 
PC 4000 2656 SMI Emulator Board 
DS 2000 Prototyping Base 
TWIN Microcomputer Development System 

9398 209 50011 
9398 209 50011 
9398 209 50011 
9398 209 50011 
9398 208 20011 
9398 209 80011 
9398 209 80011 
9398 209 7001 1 
9398 208 00011 
9398 208 70011 

Oct. 1979 

Oct. 1979 

Oct. 1979 
9398 207 70011 
9398 207 80011 
9398 207 90011 
Sept. 1979 
see SP 55 
see SP 50 
see SP 55 
see TI 52 
see TP 1604 
9398 208 80011 
see SP 51 
9398 200 10011 
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Related 2650 Technical Manuals Related 2650 Leaflets 

2650 Microprocessor User's Manual (bound manual) 

Contains the complete specification for the 2650 microprocessor. 
Describes the instruction set, interface signals, the internal organiza-
tion, and the electrical characteristics. 

Includes user guides to the 2650 Assembly Language and the 2650 
Simulator. Ordering code 9398 602 50011. 

2650 Register Microprocessor User's Manual (loose-leaf) 

Same as above with the addition of all 2650 microprocessor applica-
tion memos with automatic updating service. 
Ordering code 9398 602 40011. 

Prometheus Manual 

A user's guide for the 2650PC1600 resident assembler boazd. The 
PC1600 must be used together with the PC1001 or PC1500 board, 
because it uses the PIPBUG loader and debugger program resident 
on the prototyping board. Ordering code TP1604. 

TWIN 2650 Assembly Language Manual 

A user's guide to the 2650 Assembly Language for the TWIN Micro-
computer Development System. Ordering code TW09005000JJ. 

TWIN Relocatable Assembler Language Manual 

A user's guide to the 2650 relocatable assembler for the TWIN 
microcomputer development system. Ordering code TW09007000JJ. 

TWIN Operator's Guide 

Describes all aspects of TWIN system operation, from unpacking, 
through switches and indicators, to the use of the various system 
development programs. Ordering code TW09003000JJ. 

TWIN System Reference Manual 

Describes each boazd in the TWIN system, with functional 
description and a theory of operation at the block diagram level. 
A knowledge of microcomputer development systems and the 2650 
microprocessor is assumed. Ordering code TW09004000JJ. 

TWIN Maintenance Manual 

Detailed guidelines for the TWIN system maintenance and the 
diagnostic softwaze. The manual contains circuit diagrams of all 
boazds used in the System. Ordering code TW09006000JJ. 

Data Communications Handbook 

The main objective of the book is to aid in guiding the reader to 
understand the speck Data Communications terms, protocols 
and formats. Ordering code 9398 606 80011. 

Designing with Microcomputers 

An introductory text on microcomputer fundamentals for elec-

tronic circuit and system designers and managers. 
Ordering code 9398 906 60611. 

Introduction to the Instructor 50 Desktop Computer 

An extensive introduction into microcomputer fundamentals and 
how these have been implemented and used in the Instructor 50. 
Ordering code 9398 915 60011. 

The Instructor 50 Desktop Computer Users' Guide 

This manual provides tutorial and reference information on the 
Signetics Instructor 50. Detailed descriptions illustrated with many 
examples aze given on the function of all controls. The manual also 
contains the full circuit diagrams of the Instructor 50. 
Ordering code 9398 606 90011. 

Signetics Testwaze Instrument ('TWIN) 

A Glossy leaflet on 1'he TWIN Microcomputer Development System 
which outlines what the TWIN system is, and which options there 

are. Ordering code 9399 503 18901. 

Instructor 50 Desktop Computer, the complete, ready-to-use 
microprocessor learning package 

A short introduction into the Instructor 50 which describes what it 
'does and which the key feature aze. 
Ordering code 9398 302 80011. 

IMS —Industrial Microcomputer System 

Reviews the 2650 microcomputer cazdset on single Eurocazd format. 
A short description is given of the CPU cazd, memory cards, 
Input/Output cards, Teletype card, Debug card, Display panel and 

Back panel. Ordering code 9398 304 50011. 

2650 Reference Guide 

This handy cazd gives the 2650 programmer a quick overview of all 
instructions, instruction formats, assembler formats and relative 
address displacements. Ordering code 9398 301 90011. 
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