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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/0,
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.

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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Fig.1 Schematic diagram of the 2656 SMI.
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This publication describes the 2656 CP1002 pre-program-
med version 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'O7FF’. H'0000’ to H'0O3FF’ contain the
PIPBUG2 program and H‘0400’ to H'O7FF’ 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/I0*
X0  input/output FF

X1 chip enable 0C00-0CFF

X2 chip enable 0D00-0DFF

X3 chip enable 0E00-OEFF

X4 chip enable 0F00-OFFF or 1F00-1FFF
X5  chip enable 00-03

X6  chip enable 04-07

X7  input/output FF

OO O e = O

* M/1I0 = 0 for pins activated using extended I/O instructions.
M/I0 = 1 for pins activated using memory reference instructions.

Table 1 lists the use of the eight SMI I/O pins X0 to X7.
Since only two of these pins (X0 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 O
to FF.

. ‘CR’ means carriage return.

‘LF’ means line feed.

5. ‘1’ 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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Command descriptions

I. Command:

Format:
Action:

Examine and Alter Memory

A adr CR.

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) 1 , which displays the previous
memory location.

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

11. Command:

Format:
Action:

III. Command:
Format:
Action:

IV. Command:
Format:
Action:

Load Hex From Paper Tape

LCR

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.

Dump Hex to Paper Tape

D adrj adrp CR

Punches a leader of 50 blanks and then
outputs the contents of locations ‘adry’
to ‘adr)’ 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.

See and Set Registers

Sr CR

The parameter ‘r’ is in the range O 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’.

V.  Command:
Format:
Action:

VI. Command:
Format:
Action:

VII. Command:
Format:
Action:

VIII. Command:
Format:
Action:

I[X. Command:
Format:
Action:

Go To

GadrCR

Restores the 2650 register values to the
values previously saved upon encounter-
ing a breakpoint or to the values specified
by the S command and then begins
program execution at ‘adr’.

Set Breakpoint

Bi adr CR

Sets breakpoint one (i = 1) or breakpoint
two (i = 2) at address ‘adr’. See Break-
points section.

Clear Breakpoint

CiCR

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.

Punch PROM Tape

Pcadr L CR

Punches a paper tape in the binary

format needed to program PROMs on a
DATA 1I/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 = all 8 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.

Hex addition

Hab CR

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,
10A—D3 is the same as 10A+FF2D. FF2D
is the 1’s complement plus one of the
original number D3. So 10A—D3 = 37.



TABLE 2 Pipbug 2 command summary

Alter Memory

Set Breakpoint

Clear Breakpoint

Dump Memory onto Paper Tape
Goto address

Hex Addition

Load Memory from Paper Tape
Punch PROM Programming Tape
See and Alter Registers

e HEmQUOawe

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 + 17 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.
B1 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 B1 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,R1 ‘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 1.)

CHIN Inputs a byte to register O 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 RO.
Call with ZBSR *D (BB8D).

BOUT Takes the binary value in register 1 and converts it
into two hex characters which are printed on the
terminal. Register zero information is lost. Call
with a ZBSR *B (BB&B).

LKUP Converts the hex character in register O into a
4-bit binary value. Call with a ZBSR *26 (BBA6).

CHING Converts the binary value in register O 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.



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 ABC1500 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 s aspecial indirect addressing and/or indexing
symbol. See description below.

OPND s 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:

€55

*’  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 #+8A0

is a load indirect through address 8 AQ. 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.



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 for a new PIPBUG 2
command,

DEMO
PROGRAM

: Ccoo0

INPUT CHAR.
FROM
TERMINAL

G111

CLEAR
INDEX REGISTER
R3

v

Cc13

GET CHAR.
FROM TEXT
BUFFER

C16

PRINT CHAR.
OF TEXT

Cc18

INCREMENT
INDEX REGISTER
R3

C1A

WAIT FOR
PIPBUG 2
COMMAND

Y

Fig.2 Demonstration program — flow chart.

7275919

TABLE 4 Direct relative address displacement — second byte.

least sign. most significant decimal digit

decimal

digit 0X 1X 2X 3X 4X 5X 6X

X + - + - + = + - #* — + = + =

0 00 - 0A 76 14 6C | 1IE 62 28 58 32 4E | 3C 44
1 01 7F 0B 75 15 6B 1F 61 29 57 33 4D 3D 43
2 02 7E | oCc 74 16 6A | 20 60 | 2A 56 34 4C | 3E 42
3 03 7D | oD 73 17 69 21 SF | 2B 55 35 4B | 3F 41
4 04 7C 0E 72 18 68 22 SE 2¢ 54 36 4A - 40
5 05 7B | OF 71 19 67 23 SD| 2D 53 37 49

6 06 7A | 10 70 1A 66 24 §C.| 2E 52 38 48

7 07 79 11 6F | 1B 65 25 5B | 2F 51 39 47

8 08 78 12 6E | 1C 64 26 S5A | 30 50 | 3A 46

9 09 il 13 6D 1D 63 27 59 31 4F 3B 45

Indirect relative address: ADD (80)1¢ to displacement.
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Modifying the ABC1500

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 1K bytes are also described. The ABC1500 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 W11 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 W10 and connect the
wire between SMI pin 10 and W10.

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 X0
and X7 pins of the SMI pins of the SMI cannot be used as
inputs unless the MDE signal used to control the 8T26 bus
drivers IC8 and IC13 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 X0 and X7 can only be
used as flags by an Extended Write instruction to address
FF.

The X5 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
H1FFF’. 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 O.

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/0 address H'FF’.
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from 1C23,6

A13-E/NE
(from SM1,31)
RE1
(from 1C23,7)

1FFF

1F00

OFFF

0F00
OEFF
0EO0O0
ODFF

0DO0O0
OCFF

0C00
0BFF

0880
087F
0862
0861

0800
07FF

0400
03FF

0000

HEX
ADDR.

cut track

MDE

ON NN

Fig.5 Changing the MDE signal.

DUPLICATE OF
OF00-OFFF

OPTIONAL

512 BYTES RAM

ORIGINAL

512 BYTES RAM

NOT USED

AVAILABLE FOR USER

- —=——SM| RAM —— —+
RESERVED FOR

PIPBUG 2 AND PIPLA

PIPLA

PIPBUG 2

MEMORY

X4

X4

X3

X2

X1

CE

to IC8
& I1C13

7275922

HEX
ADDR.

FF SMI LATCHES
07

(2655 PP!)
04
03

(2651 PEl}
00

EXTENDED

1/0
7275921

Fig.6 Modified ABC1500 page 0 memory map.
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TEST
PROGRAM

coo

INPUT
CHARACTER
INTO RO

(FR) == §1

Cc06

(R1) —= RO

Cco7

(R1) —
PORT D

OUTPUT ASCII
FROM
RO

coB

7275920

Fig. 7 ABC1500 modifications test program flow chart.
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0CO04«bkLEkyx1l
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0CO7eurThy 1
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0C09.7 BSh B
OCORBe KSTA, LN
0COke END

*GCOO0

L
k¥

Coo

Fig. 8.



Appendix 1

PIPBUG 2 Source listing

iWIN ASSEMBLER VER 2. X1 FIPRUG VERSION 2 0 FAGE 0001

LINE ADDR ORJECT E SOURCE

QOa7 333 E R EHE R

G003 + DEFINITIONS OF SYMBOLS

GG04 #  REGISTER EQUATES

Q0 0000 RO EcU (] REGISTER 0O

0Q0s 0001 Ri EQU 1 REGISTER 1

GOQa7 Q002 RZ Eau 2 REGISTER 2

0008 0003 R3 EQU 3 REGISTER 2

QOO # CONDITION CODES

0010 0001 F EQU 1 POSITIVE RESULT
0011 0000 1 Eau 0 ZERQ RESWLT

a0z G0z N Ea 2z NEGATIVE RESILT
Q013 0002 LT Equ 2 LESS THAN

0414 0000 EQ QU 0 EQUAL T

QQ1S Q001 GT EQU i GREATER THAN

QG016 0003 UN EQU 2 UINCONDT TIONAL
Q017 + PSW LOWER EQUATES

0018 0000 ¢ Eau /007 CONDITIONAL COLDES
0019 Q020 IC  EQu H’Z20°  INTERDIGIT CARRY
0020 0010 RS Equ H10”  REGISTER BANK
0021 0008 WC EQu HOR"  1=WITH O=WITHOUT CARRY
0022 0004 QVF Equ H'04"  DVERFLOW

00723 0002 oM Eau H0Z°  1=LOGIC O=ARITHMETIC COMPAR
00z4 0001 G Equ H7G1¢  CARRY/BORROW
Q23 # PSW UPPER EQUATES

Q026 0080 SENS  EQU H’807  SENSE RIT

0027 0040 FLAG E@U H/4Q“  FLAG BIT

00z8 0QzQ 11 Eaul H 207 INTERRUFT INHIRIT
0029 007 o Eoul H7Q77  STACK POINTER
0030 + END OF EQUATES

11



TWIN ASSEMBLER VER 2 X1

PIPBUG VERSION Z. O PAGE 0002

LINE ADDR ORJECT E SOURCE

0032 0020

0023 0001

0034 QO7F

Q035 Q00D

0036 QO0A

0037 0028

0038 (034

0039

0040 0000

0041 0000 1FQO3CE
Q042

QU043 0003 01AR
0044 QO0S 01RY
0043 0007 Q2CE
0046 Q009 02R6
4047 OOOR (281
(048 GOQD (267
0049 000F QZEA
0030 0011 00DA
0031 0013 ODO
Q052 0015 009
0053

0054

0033

0056 Q017 ODOROD
0057 Q018

0058 001R QEQSOE
0039 001R

0060 001D DROZ
0061 QOLF D900
0062

0063 0021 C9FS
0064 (023 CAFS
Q065 0025 17
0066

0067

0068

Q&%

0070

0071

0072 0026 AA30
0073 00Z8 1A0A
0074 00ZA EACA
0073 Q02C 16
0076 0QZD A4GT
0077 QOZF 1A03
0078 0031 E410
G079 0033 16
0080

0081

(0BZ 0034 OCORQT
0083 Q037 92
0034

QQ8S

Q0% 0038 043F

12

SPAC  EQU H207
BMAX  EQU 1 N BKPTS-1
DELE  EQU H7F’
R E@u 13
LF EQU 10
BLEN EQU 40
STAR  EQU A
*
ORG a
BCTA, UN INIT
ANDRESS VECTOR FOR THE ZBRR AND' ZBSR INSTRUCTIONS

VEC  ACON  BKOL RREAKPUINT ONE

ACON  BKOZ  BREAKPCINT TWQ
COUT  ACON  ICOU  CHAR QUTRUT
CHIN ACON  ICHI  CHAR INFUT
ROMIT  ACON  [BOU  BYTE QUTPUT
EIN  ACON  IRIN  RYTE INPUT

GNUM  ACON  ToMU
LINE  ACON  ILIN
ADQUT ACON  TADQ
GPAR  ACON  IGPAR
*
#THESE SUBRUUTINES ARE CALLED BY ZRSR TO SAVE CODE
# SUBR THAT INCREMENTS TEMP -—- MUST PRECEED
INCRT LODA.R1 TEMP
ATEMP SET $-2

LODA, RZ TEMP+L
ATEMP1 SET $-2

RIRR. RZ STRT

RIRR: k1 STRT
* SUBR THAT STORES DOUBLE PRECISION (R1,RZ) INTQ T
STRT  STRR,Ri *ATENP

STRR: RZ #ATEMP1

RETC, UN
*SUBR TO VERIFY AND! TRANSLATE HEX CHARACTER TQ RIN
# INPUT: ASCII HEX CHARACTER IN RO
* QUTPUT
# QUTPUT: 4 RIT RINARY VALUE IN RO, RIGHT JUSTIFIE
# AN ILLEGAL CHAR CAUSES RETURN TO PIPRUG
+ LISES RO
LKUP  SURI, RQ H'307

BCTR,N  ABRT

COMI. RO H'A’

RETC, LT

SURT, RO 7

ECTR,N  ABRT

COMI, RO H/107

RETC, LT
#THIS ROUTINE WILL ABORT THE CLRRENT CMD
# THE STACK IS RESET TQ THE USER PROG LEVEL
ARRT  LODA, RO COMM#7  RESET STACK

LPsU

GET A NUMBER SUBROLITINE
GET A CMD' LINE

ADDRESS QUT

GET PARAMETERS

*
* COMMAND HANDLER

ERUG  LODI.RO A“?°  ERROR RETURN FOR ALL ROUTIN



TWIN ASSEMBLER VER Z X1

LINE ADDR ORJECT E SOURCE

0087 Q03A BRE7
QORE OO3C 7SFF
GOBY QO3E 3F01QY
0090 0041 (424
G091 0043 BER7
Q092 0045 BBYI
0093 0047 Q0814
0094 0047 1870
0093 0040 8701
Q096 Q04E (L0822
0097 0051 E441
Q98 Q053 100115
Q099 0056 E447
0100 0058 100Z2C
0101 Q0SB E443
0102 005D 100214
0103 0060 E444
0104 0062 1CO31F
0105 004S E447
Q106 0067 1C0187
0107 0067 E448
0108 0060 1810
0109 QUAE E44C
Q110 Q070 100399
0111 0073 E453
0112 0075 1C014E
0113 (078 E450
0114 0074 1814
0115 (O7C 9R3R
116

0117

0118

Q11y

Q120

0121

Q122 QO7E BRYS
0123 008Q 7708
0124 00gz 7501
0125 0084 BEQROE
0126 (087 8DO8QD
0127 008A 7509
(128 008C BEY3
0129 OO8E YRIC
0130

0131 Q90 BR&F
Q132 0092 CECGs11
0133 0093

0134 Q093 BRYS
0135 Q097 3F(364
G136 0098

0137 Q09A O4FF
0138 (09C EE87
0139 00%E O
0140 OO9F 62
0141 00A0 3804
0147 00RZ 3BF4

IBSR  #COUT
MEUG CPSL  HFF-
RSTA, UN CRLF
LODT, RQ A“#7
{BSR  #COUT
IRSR  #LINE
LODA, RO CNT
RCTR, 7 MBUG

ADDI, R3 1§

LODA, RO BUFF
COMILRQ A’A°
BCTA, EQ ALTE
COMI, RO AR/
BCTA, EQ BKPT
COMIL Ra AT/
BCTA, EQ CLR

COMI, RO A°DY
RCTA, EG DUMP
COMI, RO A‘GY
BCTA, EQ GOTO
COMIL RO A‘HY
RCTR, E@ HADD
COMIL RO ALY
BCTA. EQ LOAD
COMIL RO A°S7
BCTA, EQ SREG
COMI. RO A‘P/
BCTR, EG PROM
IBRR  ERUG

%

* PIFRUG COMMANDS
#

* HEX 16-RIT ADD

FIPRUG VERSION 2.0

FAGE 0003

START OF CMD LOOP, RESET PSW

GET COMMAND LINE

INCREMENT FQINTER PAST COMM
DECODE CMI

FAILED T FIND CMD

* INPUT IS TWO PARAMETERS, GIVES RESULT IN TEMF

* USES R1,RZ AND TEMP
HADD  ZBSR  #*GPAR

PPSL  WC
tPL  C

ADDA, RZ TEMP+1
ALDA, R1 TEMP

CPEL WC+C
IRSR  #ADOUT
IBRR  MBUG

* PROM RINARY TAPE: 0=8 EIT, {=LSN, Z=MSN

PROM  ZBSR  *GNUM
STRA, RZ TEMR
ATEMR SET §-2
IRSR  *GPAR
BETA. UN GAF
AGAF  SET §-2
LODI, RO H/FF-
IRSR  *COUT
OPROM  LODZ  Re

IRT Rz

RRNR, RO APROM
BSTR, UN *AGAP

LENGTH IN R1,RZ

MARKER CHAR

DIONE

13




TWIN ASSEMELER VER Z. X1

LINE ADDR  ORJECT E SOURCE

0143 00A4 9RIC
0144 00R4 ALOL
Q145 Q0AR 7708
0146 00AA AN
0147 Q0AC 7508
(148 QOAE (QCBROD
0149 OOR1 OBEC
0150 ORI E701
0151 OGBS 1804
0152 G0B7 1A06
0153 O0BY S0
0154 O0BA 50
0155 QOBR 30
0156 QQOBC S0
0137 QORI 440F
0158 QQBF BB&7
0159 OC1 7710
0160 00C3 BR17
0161 00CS 7510
0167 (OC7 1BRSS
0143

0164 00C9 BBEF
0163 (OCE BRZ1
0166 QOCDr BR]F
0167 OQCF 17
Q168

0169 OO0 EBR21
0170 Q0DZ BR&R
0171 004 QDOROE
0172 (007 BRSE
0173 0009 17
(174

0178

Q176 QODA Q700
Q177 QODC E728
0178 OOLE 100038
0179 OQOEY BR&Y
0180 0OER E47F
0181 Q0ED Y80A
0182 GOE7 03
0183 (QER 1872
0184 OQER OF4877
0185 OOED' BRRY
(186 QOEF 1BAR
0187 0OF1 Q503
0188 QOF3 EDALL]
0189 GOF6 1809
0190 QOF8 F979
0191 OOFA CF&&2ZZ
0192 OOFD' BR&7
0193 OOFF DRSB
0194 0101 CFOS14
Q195 0104 CDORIS
0196 Q107 Q700
0197 0109 0400
Q198 010B KR&7

14

APROM

BFROM
CPROM

PIPBUG VERSION Z. Q

FAGE 0004

IERR  MBUG

SUBRI,RZ 1

PPSL  WC

SURLRL Q

(PSL WG

LODA, RO #TEMP

LODR, R3 *ATEMR

COMIL R3 1

RCTR, EQ BPROM

BCTR, LT CPROM

RRR, RO Z=MOST SIGNIF NIBELE
RRR: RO

RRR, RO

RRR, RO
ANDT, RO H7OF”
IESR  COQUT
PPSL RS
IBSR  INCRT
CPSL RS
RCTR, UN DPROM

1=LEAST SIGNIF NIEBLE

* GET PARAMETERS

IGPAR

IRSR  *GNUM
IBSR  STRT
IESR  #GNUM
RETC. UN

# ADDRESS QUT - TYPES QUT ADDRESS IN R1 AND' RZ

IADO

IBSR  STRT
IRSR  +ROUT
LODA, R1 TEMP+1
{BSR *ROUT
RETC, UN

* INPUT A CMI LINE INTQ BUFFER
*CODE IS THE END OF LINE CHARACTER LF,CR.OR UP-ARR

ILIN
LLIN

ALIN
ELIN

CLIN

LORI,R3 O
COMI, R3 BLEN
RCTA, EG ERUG
IESR  *CHIN
COMI, RO DELE
RCFR, EQ ALIN
Lopz - R3
BCTR. 2 LLIN
LO[‘A) RO H.FF; R3) -

IRSR  xCOUT

RCTR, UN LLIN

LODI,RY 3 NUMEER OF EOL‘S

COMA, RO EOLTAR-1,R1

BCTR.EQ CLIN  HAVE END OF LINE

BORR, R1 ELIN

STRA, RO BUFF, R STORE DATA CHAR INTO RUFFER
IRSR  #COUT  ECHOO IT

RIRR,R3 LLIN
STRAR3 CNT
STRA, Rl CODE
LODI,R2 €
LODI, RO CR
IRSR *ouT

ON BUFFER OVERFLOW HAVE ERR

ECHO AND BACK FTR

SAVE LAST INPUT INDEX



TWIN ASSEMELER VER 2 X1 FIPBUG VERSION Z. 0 PAGE (0O

LINE ADDR CRJECT E SOURCE

0199 0100 0404
0200 0{0F EBR7
0201 0111 17
0202 0112 OAODSE
Q203

0704

(208 0113 BR&F
0206 0117 BRY3
0207 0119 3FQ360
0208 011C Opeson
0z0% 011F BB&R
0210 0121 3FQ360
0211 0124 BE9{
0212 0126 OCOR14
Q213 0129 1805
0214 01ZB RR&F
0215 0120 CERaQD
0216 0130 OCoRiS
0217 0133 E407
0218 0133 1C003C
0219 Q13g 1904
0220 Q13R BR17
0221 (130 1R3Y
0222 QI13E QDO8OD
0223 0141 OEQ80E
0224 (0144 SA0Z
0225 0144 ASOL
(0226 0148 ALO1
0227 014A BBRZ1
0228 0140 1B4Y
0729

(230 O014E ER&F
0Z31 Q150 E6&Q8
0232 0152 110038
0733 0155 CEO&11
{ 0158 QE&R00
015k €1

0736 015C RR8R
0237 015E 3F0360
0238 (161 BE%
0239 01463 000814
0240 0164 1810
0241 (168 BREF
0247 0168 02
0243 (16R OEQORIY
0244 016E CEAB0QQ
0243 0171 E&0R
0z446 0173 9803
0247 0175 CCOS0A
0248 0178 0CO81S
0249 Q17R E4Q1
0250 Q170 03T
(231 0180 GEQOR1L
0257 0183 8601
0733 0185 1B49
0254

|
EA)

<
(]

on

=
)
LR
=

LODI, RQ LF
IRSR =COUT
RETC, UN
ECLTAR DATA  H7OA, ODL SE7 END' OF LINE CHARS
#
+ DISPLAY AND ALTER MEMORY
ALTE  ZBSR  *GNUM
LALT  ZBSR  *ADOUT
ESTA, UN FORM
LODOA R1 *TEMP  DISPLAY CONTENTS
IRSR  #BOUT
BSTA, UN FORM
IBSR  #LINE
LODA, RO CNT
BCTR,Z DALT  NO NEW CONTENTS
IBSR  #GNUM
STRA.RZ *TEMP  UPDATE CONTENTS, CHK FOR CR
DALT  LODA RO CODE  CHECK FOR DONE, UP, OR DOWN
COMIL RO 2 CHECK FOR CR
RCTAEQ MBUG  CR
RCTR, GT BALT
IRSR  INCRT  LINE FEED
BCTR, N LALT
BALT  LODA,RI TEMP
LODA, RZ TEMP+1
BRNR, RZ CALT
SUBI,R1 1
CALT SUBRLRZ 1
IBSR  STRT
BCTR, UN LALT
* SELECTIVELY DISPLAY AND ALTER REGISTERS
SREG  IEKSR  #GNUM  GET INDEX OF REG
LSRE  COMI.RZ & CHECK RANGE
BCTA, GT ERUG
STRA:RZ TEMR
LODA, RO COMM, RZ  DISPLAY CONTENTS

STRZ R
IBSR  +BOUT
RSTA, LN FORM
IESR  #LINE
LODA, RO CNT
BCTR, I RSRE
ASRE  ZESR  *GNUM
Loz - Rz

LODA, RZ TEMR
STRA, RO COMM, RZ
COMILRZ & MUST UPDATE PSW LOWER
RCFR, EG BSRE
STRA, RO XGOT+1
BSRE  LODA, RO COLE
COMIL RO 1 CHECK FOR LF
ECFA, EQ MBUG
CSRE  LODA,RZ TEMR
ADDI. RZ 1
BCTR, UN LSRE
+ GOTQ ADDRESS




TWIN ASSEMBLER VER 2. X1

LINE ADDR ORJECT E SOURCE

0753 0187 BR&F
0256 0189 BRZ1
(237 Q18R QUOBQ7
0758 Q18E 92
0239 018F OQRO8O1
0260 0197 QEOROZ
0261 0195 QFOROS
0262 Q198 7710
(763 Q194 ODOROS
0264 0190 QEQSOS
0265 01A0 OF0804
0Z66 O1A3 OCOROQ
0267 (1A4 75FF
0268 01A8 1FOR0Y
(269

Qz70

0271 01AR CCOSO0
0272 O1AE 12
0273 Q1AF CCoR0R
0274 01BZ CCOROA
0275 O1BS 0400
07276 Q1B7 1ROC
0777 Q1RY CCOBOQ
0278 04BC 13
Q279 01BD CCOBOR
0280 01CO CTOR0A
081 01C3 0401
0787 01CS CLORL
0z83 QIC8 12
0784 Q109 CCORO7
0285 O1CC 7710
(286 QICE CDOROS
0287 0101 CEQBQS
0z88 0104 CFO806
0289 0107 7518
0290 109 CDOROY
0291 QI0C CEQROZ
0292 O10F CFORQOZ
0293 01EZ OEQR1
0794 01ES 2ROE
0295 01E7 7640
0296 O1ES OQOSOD
0297 O1EC BRSR
0298 01EE ODROSQE
0299 0iF1 RBER
Q300 01F3 9B3C
0301

0302 QIFS 20
0303 01F6 CEEIR
0304 01FY OE&SIE
(305 QIFC CCosan
03046 Q1FF QE&GZO
0307 0207 CCOROE
(308 0205 OE481A
0309 0208 CCason
0310 0Z0R OE&XIC

16

GOTO

#

PIPRUG VERSION Z. 0

IBSR  #(GNUM
IRSR  STRT
LODA, RO COMM+7
LPsU

LODA, K1 COMM+1
LODA, RZ COMM+Z
LODA, R3 COMMER
FPSL RS
LODA, RY COMM+4
LODA, RZ COMMS
LODA, R COMM+&
LODA, RO COMM
(PSL HFF’
BCTA UN XGOT

FAGE (0006

FUT ALDDR IN RAM

EANK. ZERQ

BANK ONE

AND BCTA, UN STEMP

* BREAKPOINT RUNTIME CODE

RKO1

BKOz

RKEN

* SUBR
CLEK

STRA, RO COMM
SPSL

STRA, RO COMM+&
STRA, RO XGOT+1
LORI, RO Q
BCTR. UN BKEN
STRA RG COMM
SPSL

STRA, RO COMM+&
STRA, RO XGOT+1
Lant, ko 1
STRA, RO TEMR
SPaU

STRA, RO COMM+7
PPSL RS
STRA:R1 COMM+4
STRA, RZ COMM+3
5TRA RS COMM+6
CPSL RG+WC
STRA, RT COMM+1
STRA. RZ CiMM+Z
STRA. RS COMM+3
LODA, RZ TEMR
BSTR. UN CLBK

PPSU FLAG
LODA, Rl TEMP
IBRSR  *BOUT
LODA, R1 TEMP+1
IBSR  #ROUT
IBRR  MRUG

TO CLEAR A EBKFT
EGRZ RO

STRA, RO MARK, R2
LODA, RO HADR, R2Z
STRA. RO TEMF
LODA, RO LADR, RZ
STRA, RO TEMP+1
LODA, RO HDAT, RZ
STRA, RO #TEMP
LODA, RO LDAT, kZ

ENTRY FOR BKFT-1 VIA VECTO

IN RAM FOR REG RESTORE
EKPT INDEX

ENTRY FOR BKFT-2

IN RAM FOR REG RESTORE

FORCE TO BO, CLEAR WC

OUTPUT STOP BITS TO TTY

FRINT BKFT ARESS

LIKE MANY SUER HAS REL



TWIN ASSEMBLER VER 2. X1

LINE ADDR OBJECT E SOURCE

0311 020€ 0501
0312 0210 COESQD
0313 0213 17
0314

0315

0316 0214 3ROA
0317 0216 OE&81S
0318 0219 100038
0319 021C 3BY7
0320 021E 9B3C
0371 0220 ERSF
0377 0222 ALY
0323 0224 1E0034
0324 0225

0325 0227 E6OL
(326 02729 19FA
0327 (G2Zk 17
0328 0220 3R7Z
(329 02ZE QEGR1R
0330 0231 BCOIFS
0331 0734 CEOR11
0735

0237 BRE&F
0739 BRZ1
0Z3E QBF&
0z30 02
0Z3E (FARZQ
0241 0f

9 (247 CF&RIE
(340 0245 QU8ROD
0341 0248 CFAS1IA
0347 074F (39K
0343 074D ChesOD
Q344 (0250 0601
0345 0232 OEEROD
Q346 0233 CF&8IC
(347 0758 QF&265
0348 (7SR CEEROD
(349 QZ5E 04FF
(350 0260 (F&81S
0331 0243 9B3C
(352 0263 83
(1353 (764 8BS

oo oSS
GO Dh G G

b

b3

o g
EATEATRAEAR AR AR A
BUEREDBL

Vol st e

P
2%
el

(3536 0267 BBEY
0337 (249 ERZb6
(338 0Z6F DO
0339 Q260 DO
0360 0260 IO
(361 0Z6E DO
0367 026F 1
(0363 (270 BREY
0364 (277 BRZ6
0363 (0274 &1
0366 0273 (1

PIPRUG VERSION 2.0

LODI.RY 1
STRA, RO #TEMF, R1
RETC, UN

PAGE 0QQ7

* BREAK POUINT MARK INDICATES IF SET

* HADR +LADR IS BKFT ADDR,

CLR

NG

AABRT

BKPT

ATEMR

nIsF

*

ESTR, UN NOK

LODA, RO MARK, RZ CLEAR 1T IF

BCTA, 7 ERUG
ESTR, UN CLEBK
IERR  MRUG

IRSR  *GNUM  CHECK RANGE

SUBT.RZ 1
RCTALN  ARRT
SET $-2
COMI,RZ BMAX
BCTR, GT #AABRT
RETC. UN

BSTR, UN NOK SET BKFT ANV CLR NY EXISTIN

LODA, RO MARK, RZ

HOAT+LDAT IS TWO BY

SET

N BKPT NUMEER

BSFA, 7 CLBK  CLEAR EXISTING ONE

STRA, RZ TEMR
SET §-2

[BSR  #GNUM  GET BKPT ADLR

IESR  STRT  SURR TO STORE Ri-RZ IN TEMP

LODR. R3 *ATEMR

Loz R2
STRA, RO LADR, R3
Lz - Rt

STRA: RO HADR, R3

LODA, RO #TEMF SAVE CONTENTS

STRA: RO HDAT, R

LODI, R1 H/9R”  -IERR

STRA, R1 +TEMP
LODI,R2

LODA, RO *TEMF, RZ
STRA, RO LDWT, R3
LODA, RO DISP,R3
STRA, RO *TEMP, RZ
LODT. RO -1
STRA, RO MARK, R3
IBRR MBUG
DATA VEC+H/807

DATA  VEC+H/BO+2

* INPUT TW(t HEX CHARS AND FORM AS BYTE IN Ri

IRIN

IRSR  #CHIN
IBSR  LKUP
RRL: RQ

RRL, RO

RRL, RG

RRL, RO

STRL R1
IRSR *CHIN
LRSR LKUP
I0RZ Ri
5TRI Ri

17



TWIN ASSEMELER VER 2. X1

LINE ADDR COBJECT E SOURCE

0367 0276 3801
0368 0278 17
0369

0370 0279 01

0371 0Z7R 200817

(372 27k

Q373 OZ70 1o
0374 OZ7E C&FB
0375 0280 17
0376

0377 (281 3R74
0378 0283 01
Q379 0284 3R07
0380 0286 01
(3&1 0287 BE&7
0387 0289 02
(383 0Z8A ER&7
0384 028C 17
0385

0384

(387 (zah 1
(388 (Z8E 440F
Q389 0290 3BOC
0390 0292 €2
0391 (293 01
0392 0294 44FQ
0393 0296 30
(394 0297 S0
0395 (798 50
0396 0299 30
0397 0Z9%8 3BOZ
0398 029C C1
0399 (290 17
0400 0Z9E 8430
0401 02A0 E43A
0407 0242 16
0403 0ZA3 84Q7
0404 0ZAS 17
0405

0404

Q407 0ZRS 7718
0408 0ZA8 12
0409 QZA% 1A70
(410 0ZAR 3RIR
0411 QzAD 7718
0412 QZAF Q300
0413 OZB1 04608
0414 (ZR3 3BOD
0415 OZB2 17
0416 QZBS [
0417 0ZE7 ™
(418 QZE8 FA7Y
0419 OZBA 3RO
0420 (ZBC 437F
0471 OZBE Q1
0422 QZRF 7518

18

# CALCLLATE THE BCC CHAR, EOR AND' THEN ROTATE

CBCC

ARCC

* RYTE
IROU

PIPBUG VERSION 2 0

RSTR, UN CECC
RETC, UN

LoDz Ri
EQRA, RO RCC
SET $-Z
RRL, RO
STRR, RO #ABCC
RETC, UN

IN Rl QUTRUT IN HEX
ESTR. UN CERCC
Lanz Ri
BSTR, UN CHNG
Lanz Ri
IRSR *COUT
Lonz - Rz
IBSR  #COUT
RETC, UN

#SUBR TO CONVERT BINARY T HEX

*
CHNG

ACHN

%

RINARY IN RO, RETURN CHARS IN R1.RZ
STRI Ri
ANDT, RO H7OF
BSTR, UN ACHN
STR1 RZ
Loz Rt
ANDT, RO H/FQ7
RRR. RO

RRR, RO

RRR, RO

RRR, RO
RSTR: UN ACHN
STRZ Rl
RETC, UN

ADDI, RO K730/
COMI, RO H7 3R/
RETC,LT

ADDI, RO 7
RETC, UN

FAGE Q008

# SURR TO INPUT A CHARACTER INTOQ RO, USING R1 AND

ICHI
ACHI

BCHI

FPSL  RSHIC

SPSUl LOOK FOR START RIT
BCTR, LT ACHI
BSTR, UN HDLY
PPSL  RG+HWC
LODI, R @
LanI, Rz &
BSTR, UN DELAY
SFSU

RRL, RO

RRR’ Ri
RDRR. RZ BCHI
RSTR, UN DELAY
ANDI,R1 H'7F”
Lanz - Rt
CPSL RS+WC

DELETE PARITY RIT

WAIT TO MIDDLE OF DATA

MOVE RIT 7 OF RO INTO R1,

E



TWIN ASSEMBLER VER 2. X1 PIFBUG VERSION 2. 0 PAGE 000Y

LINE ALDR ORJECT E SOURCE

0423 0201 17
0474
0475

0426 (2C2 OFORIA

0427 0203

0428 G205 14
(427 0206 FR7D
0430 02C8 QBFY
0431 020A 14
0432 QZCR FE7D
(0433 0ZCh 17
(434

0435

0436

0437 OZCE 7718
0438 0200 7501
0439 (202 0509
0440 0704 50
0441 QZI% 1R04
0442 0Z07 7440
0443 0209 1R0Z
(444 OZ0k 7640
(445 0ZD0 3R&3
0444 OZDF F973
0447 OZE1 7440
(442 QZE3 3RSD
0449 QZES 3RSR
0430 0ZE7 7518
0431 (ZE9 17
0457

0453

(454

0433

0454

0457 Q2ER 20
0458 OZER Ci
0459 QZEC (2

0460 QZED CCoRiZ

0461 (ZEE
0467 (ZFQ QBFC
0463 02FZ 15

0464 QZF3 EF0R14

0463 OZF6 14

0466 OZF7 OF&&2Z

0467 (ZFA EAZQ
(468 (2FC 78027
0469 0ZFE DR70
0470 0300 BEZL
(471 0307 02
0477 0303 02
0473 (0304 [z
(474 0303 [Z

Q473 0306 CEQOR1Z

(0476 Q307
(477 Q309 46FQ
0478 Q30B &7

RETC, UN
# DELAY LOOP FOR ONE RIT TIME, USING R3
¥ BASED' ON A 1 MHZ CLOCK, USING THE COUNT IN
DELAY LODA,R3 BAUDL  AVOID SUBR SO NOT QVERFLOMW
ARAUL SET $-2
H1 RETC.Z USED AS 3 CYCLE NOF

BLRR, R3 H1
HILY  LODR, R3 *ARAUL

HZ RETC, 2
RIIRR, R3 HZ
RETC, UN

#

*0UTPUT A CHAR FROM RO, USING Ri
*ASSUME CARRY CAN BE DESTROYED
ICQU PPSL REHWC

st C USE CARRY AS THE START RIT
LODI,RY @

ACOL RRR, RO FIRST ROTATE GETS C AS THE START EI
BCTR, LT ONE

IER® CPSU  FLAG
RCTR, UN BCOU
ONE  PPSU FLAG
BCOU  BSTR, UN DELAY
BDRR, R ACOU
FPS FLAG
BSTR, UN DELAY
BSTR, UN DELAY
CPSL  RSHWC
RETC, UN
#*
* GET A NUMBER FROM THE BUFFER INTO R1-RZ
# STAR WITH THE EBINARY NIRBLES Ri=AR, RZ=CD
# READ NEXT HEX CHAR AND CONVERT TO NIBBLE E
# SHIFT INTO ADDR EEING BUILD R1=EC, R2=DE
IGNU EORZ RO
STRI R
STRI  R2
STRA, RO TEMS
ATEMS  SET $-2
ONUM  LODR, RG #ATEMS  SKIF SPACES UNTIL NUMERIC C
RETC, F
LNUM  COMA.R2 ONT
RETC.EQ
LODA, RO BUFF, R3 GET CHAR
COMIL RO SPAC
RCFR, E& BNUM
BIRR, R3 IINUM
ENUM  ZBSR  LKUP
RRL,RZ RO=0E,Ri=AR, RZ=CLi
RRL. RZ
RRL, RZ
RRL, RZ
STRA: RZ MONT Rz=DC
AMCNT  SET $-2
ANDI, RZ HFQ/
10RZ RZ RO=[E

19




TWIN ASSEMBLER VER 2 X1 FPIPRUG VERSION 2 O FAGE Q010

LINE AR ORJECT E SOURCE

0479 030C C2
0480 Q30D 4
0481 030E 1
0487 Q30F 1
0483 0310 I
0484 Q311 45F0
0485 (313 08F2
0484 Q315 440F
(0487 0317 &1
0488 (318 C1
0489 0319 0401
0490 031B CRM
0491 Q310 DRES4
0497

0493 031F BRY3
0494 (321 3F0364
0493 (0324 [R0Z
0496 0326 8301
0497 (0328 CDOBOF
0498 (329

0499 03ZR CEQ81Q
(500 032C

501 03Z2E O4FF
(5027 Q330 CCos14
303 0333 3F0109
0504 Q336 0434
0503 Q338 RER7
0306 0328 20
(507 Q33R CCORY7
Q508 (33E (Q9E9
0309 (0340 OE&3ZC
0910 0343 AEQRQE
511 (344

05127 0346 7708
0513 0348 AROROD
(0314 (0349

0315 034R 7508
0316 034D 1EQO3R
317

0518 (0350 591F
0519 0357 SA1Y
0520 (354 0704
(521 (354 BRER
0522 (358 0300
(523 0354 FR7A
0524 033C 3p0&
(525 033E 9YR3C
0526

0527 0380 0703
0528 (362 1ROZ
(0579 0364 Q732
0530 0366 0420
(831 0348 BR&7
(537 (36A FR7A
U833 0360 17
(334 0360 EGLE

oo G

20

STRI  RZ
RRL, k1
RRL. Rt
RRL. R1
RRL R1
ANDI.R1 HFO°  Ri=RO
LODR, RO #AMCNT
ANDI, RG H GF 7
I0RT  Ri RQ=EC
STRZ R R1=BC, RZ=TE
Lanl, RO 1
STRR, RO #ATEMS
RIRR, K3 LNUM
* UMF TQ PAPER TAPE IN QRJECT FORMAT
DuMF  ZBSR  ¥GPAR  GET START ADLDRESS
BSTA. UN GAP FUNCH LEALER TAFE
RIRR, RZ KIWM
ADDT, RY 1
KDUM  STRA,R1 TEMR
ATEMQ SET §-2
STRA. RZ TEMa+1
ATEMQ1 SET $-2
FOUM  LODI, RO -1 QUTRUT A RECORL
STRA, RO CNT
BSTA, UN CRLF  PUNCH FOR CR/LF AND START C
LODI, RO STAR
IRSR =0T
EORZ RO
STRA, RO RCC
LODR, R1 *ATEMG
LODA, RZ *ATEMO!
SUBA, RZ TEMP+1 GET BYTE COUNT
ATEMF1 SET $-2
PPSL  WC+COM
SURA, R1 TEMP
ATEMP SET §-2
CPSL WC
ECTA:N ERUG  START > END ALLR
#CALC DIFFERENCE, ANDU USE IE IF ITS LESS THAN REMA
ERNR, RI ADUM  REMAINDER > 255
ERNR, RZ GIUM
LODT, Rz 4 EQF, PUNCH ZERQ BLK
ChM  ZRSR  #ROUT
LODILR1 0O
BLRR, R3 COLM
ESTR, UN GAP
IERR MBS
# SUBRS FOR CUTPUTTING BLANKS
FORM  LOOILR2 3
BCTR, UN GAPA
GAF  LODI,R3 SO
GAPA  LODI, RO SPAC
IRSR  =COUT
EDRR: RS GAFA
RETC, UN
GhuM  COMIL K7 HOLE”



TWIN ASSEMELER VER 2. X1

FIFRUG VERSION 2.0

LINE ADDR OBJECT E SOURCE

0335
{

: 14
K P
X $

a2t
-t

(538
(1539
(540
(541
0542
(0543
(1544
0545
(544
(547
548
0549
Q350
(851
0952
1953
(1554
(555
05546
0337
(558
(359
(560
0561
(562
(563
05464
(565
{512
0567
0568
0569
Q370
0571
(572
0573
0374
0573
Q0574
a77
0378
(579
0580
0581
0587
0583
0584
(583
(3846
Qa7
(58
{589y
0550

L&

3

Poer]
n

-~
n

[

Q3&F
0371
0373
(374
0376 (91
(378 ERER
0374 O¥CR
(37C BRER
U37E (9F4
0380 BBER
(382 QDORLT
0383
0383

1807
Q&61E
CEOR14

ERSR

(387
(389
Q3gC
O3RE
0390 FR77
0392 O9EF
0394 ERRE
03%6 1FO3ZE

OBEE
QUEgaD
ERER
ER17

Q399 BERY
03%B E43A
Q3901 987A
Q3%F 20
Q3A0 CCoaL7
(2A1
0343
Q3A3
0348

RRED
Chgson
ER8D
O3AA CROBOE
Q3AD EBRED
O3AF 01
Q3RO 1C003C
(3R3 C3
(3B4 BBED
(3R6 QBE?
O3B $CO03
O3ER EESQ
O3RN CDRRON
(3C0 ER17
03C2 FE77
(3C4 BBRED
(306 0809
Q308 184F
(3CA YRR

Q300 Q73F
Q3CE 20
Q3CF CF4800
Q307 SE7R
3[4

Q306 CCOB07
0309 CCOBOY

ADLM
EIuM
ACNT

ARCC

BCTR. LT
LODI. RZ
STRA. RZ
SET

RDUM
H1E’
CNT
$-7

LODR. R1 *ATEMP  STARTING ADDRESS

IRSK

{BSR
LODR. R1
IBSR
LODA, R1
SET
IESR

*ROUT
LODR, R1 *ATEMFL
*BOUT

#ACNT

*ROUT

BCC
$-7

#ROUT

FAGE 0011

COUNT OF DATA BYTES IN BLOC

*N0W OUTPUT THE DATA PART

ULt ]

EILM

LODR, 3
LO0A, RY
IBSR
IRSR
EDRR, R3
LUDR, RY
IRSR
BCTA, UN

#ACNT
*TEMF
#ROUT
INCRT
JUCLY]

*ARCE

*BOUT

FLuM

* LOAD FROM PAPER TAFE IN CRJECT FORMAT
LOOK FOR START CHAR

LOAD

AECC

ALOA

BLOA

*
INIT

AINI

IBSR
COMIL RO
BCFR. EQ
EQRZ
STRA: RO
SET
IBSR
STRA, R
IESR
STRA, Ri
IRSKR
Loz
BCTA, 1
STRZ
IESR
LODR, RO
RCFA: T
IESR
STRA, RL
IRSR
BIRR, R3
IBSR
LODR, RO
BCTR, 1
IERR

LODT, R
EORZ

STRA, RO
BRNR, R3
LODI, RO

STRA, RO COMME7

STRA, RG

#+CHIN
STAR
LOAR
RO
BT
$-7
*RIN
TEMF
#RIN
TEMP+1
#RIN
ki
MBUG
R3
#BIN
#ARCC
ERUG
*RIN
+TEMP
INCRT
BLOA
#RIN
#ARCC
LOAD
ERUG

&3
RO

READ! ADDR AND' COUNT INFO

CHECK BCC ON DATA

STORE DATA

IERQ TATA AREA

CUH": R:‘\'; -

AINI
H77°

X6aT

SET FLAG PIN TOQ STOP ERIT L
LOAD CODE TO SET PSU




TWIN ASSEMBLER VER Z X1 FIPBUG VERSION 2.0 PAGE 001Z

LINE ADDR CORJECT E SOURCE

05%1 030C 041E LODT, RO H 1R

0397 030E CCOSOR STRA, RO XGQT+2

0393 O3E1 0480 LODI, RO K780

(594 Q3IER CCOROC STRA, RO XGOT+3

0595 #THIS CODE WILL AUTO-SYNCH ITS BAUD RATE
0594 #0ON START-UF OR RESET OF PIPBUG, TYPE A “U-
0557 #BAUL CONTAINS THE DELAY COUNT

0398 00F% e Eau 249 DELAY FOR 110 BAUD
0399 0059 D300 EQU a9 DELAY FOR 300 RAUD
0800 (Q3E6 7440 SYNCH FPSU FLAG

0601 O3ER 0459 LODT, RO D300

0602 O3EA CTORLS STRA, RO BAUD

0603 O3ER ABAUL  SET $-7

0604 Q3ED 12 ASYN  SPSU

0605 O3EE 1A70 ECTR,N  ASYN

(606 (IFQ 3FOZCS BSTA, UN HILY

0607 03F3 3F020Z BSTA. UN TELAY

0608 03F6 12 SPSU IF LOW THEN 110.ELSE 300
(609 03F7 1EQOIC ECTA'N  MBUG

0610 Q3FA 04F9 LODT, RO Di10

(611 Q3FC C8ED STRR. RO #ABAUD

(412 O3IFE 9B3C IERR  MBUG

(613 0400 ORG H 8007

k14 FEEEEERE RAM DEFINITIONS

0615 0800 COMM  RES g

04146 Q809 7700 XGOT  PPSL Q

0417 OBOF 1RRG BCTR, UN #$+7 MUST PRECEED THE TEMF LOC
0618 (el TEMF  RES 2

0619 08OF TEM@  RES 2z

04620 08t TEMR  RES 1

0621 0R12 TEME  RES 1

0677 (813 MCNT  RES 1

0623 (814 UNT  RES i

(624 (815 CODE  RES 1

0675 0816 BALUDL  RES 1

(626 OB17 BCC RES i

0627 0818 MARK  RES EMAX+1

04628 081A HIWT  RES EMAX+1

0629 (GRIC LIAT  RES EMAX+]

0630 ORIE HADR  RES EMAX+]

0631 0BZQ LADR  RES EMAX+]

0632 (822 BUFF  RES 1

(4633 03CC END INIT

TOUTAL ASSEMBLY ERRORS = 0000

22



Appendix 2

PIPLA Source listing

TWIN ASSEMBLER VER 2650 1K ASSEMBLER VER 1.0 PAGE ¥

LOC OBJECT  ADDR E STMT  SOURCE LINE

7 EEEEEHRREHRHER R

3 % [DEFINITIONS OF SYMBOLS

4 % REGISTER EQUATES
Qaaao 3 RO Eau 0 REGISTER O
0001 & K Eau ! REGISTER 1
0Q0z 7 R Ea Z REGISTER 2
0003 & R3 el 3 REGISTER 3

¥ % CONDITION CODES
(001 i P Equ 1 FOSITIVE RESWLT
000a 111 EQu 0 IERD RESWLT
000z 1Z N Eau 2 NEGATIVE RESULT
0a0z 12 LT EQu 2z LESS THAN
000 14 EQ EQu Q EQUAL TO
Q001 15 &1 EQU 1 GREATER THAN
Q003 16 N Ee 3 UNCONDT TTONAL

17 % PSW LUWER EQUATES
GQoa 18 CC Eau H 00" CONDITIONAL CODES
0020 19 IDC ERU H720°  INTERDIGIT CARRY
0010 20 RS Equ H710°  REGISTER BANK
0008 21 W Eau H/08"  1=WITH O=WITHOUT CARRY
0004 72 OvF  EQU H'04°  (VERFLOW

0007 73 COM  EG W02 1=LOGIC O=ARITHMETIC COMPARE
0001 74 ©  EW WO’ CARRY/BORROM
75+ FSW UPFER EQUATES
0080 26 SENS EBU WR0Y  SENSE BIT
0040 77 FLAG EGU  W40°  FLAG RIT
0020 28 11 EB! W20°  INTERRUPFT INHIBIT
0007 29 S EQW K07  STACK POINTER
30 #
3 #  FIPRUG ROUTINES USED
/AR
0007 33 COUT  EGU H/00O7 CHAR CUTRUT
000E 34 EBOUT EQU  H/000R’ RYTE OUTPUT
O0OF 35 GMM  EQU H/OOOF’ GET A NUMEER
0011 3 LINE EQU  H/0011° GET A LIME
0017 37 INGRT EGQU  H/0017° INCREMENT TEMP
00zt 3 STRT  EBU H°00Z1¢ STORE INTQ TEMP
0036 39 ABRT EQU  H/0034 ABORT
003 40 MEUG EGU  H/OO03E’ START OF COMMAND LINE
4 &
42 % MISC EQUATES
43 %

(040 44  LABEL EQU A‘e’

0020 43 SPAC EQU H 207

0OZA 44 UMNT  EQU ATw’

0QZE 47  PROMFT EQU A

0GGA 48 LBLS  E@u 10 NUMBER OF LABELS ALLOWED
4% % END OF EQUATES




TWIN ASSEMELER VER 2650

LOC QBJECT

040Q

0400 20
0401 G714
(403 UF4R4E
0406 SE7R
0408 O30T
0404 0600
040C BEZi

040E QDOROD
0411 BBSE
0413 OQOBOE
(414 BBSR
(418 04ZE
0417 BRE7
041C BRI
0421 E4ZA
0423 1869
0425 E440
0427 983C

0429 OFZ827
042C A430
047 1EQO3S

0431 C3
0432 E709
0434 19F9
(434 I3
0437 0601
0439 OF&R4E
Q430 CLOROF
043F T4
0440 OF 684F
0443 CCORIO
0446 &1
0447 181A
(449 QLBROF
(440 CF&R4E
(44F CGEEROF
0457 CFoBaF
0433 QCOBOD
0458 CLR8OF
045E QLOSOE
Q43E CEE&OF
0461 1R3¢
0463 0702

0463 20

0466 CCOBIS
0469 3FQSL9
0460 JF0S79

24

AIDR E STHT
R}
52
53
0R4E 4
0403 a8
54
57
Qz1 2
59
080D &0
QOOR 41
080E 42
QQ0R 423
b4
0007 45
0011 &b
0822 &7
48
Q40E &9
70
0445 71
72
73
74
0822 73
74
0038 77
042F 78
79
&0
0427F 81
82
o
084 &4
QOROF &9
&6
0R4F 87
810 ag
89
0443 90
0BOF 91
0B4E 92
080F 93
084F 94
Qg0n 93
Q80F 94
Q80E 97
QBOF 98
0439 99
100
101
102
0815 103
0547 104
0579 108

1K ASSEMBLER VER 1.0

FAGE 3

SOURCE LINE

LASM

ILP

IMAIN

ORG H 04007

EORZ RO

LQDI. R3 LBLS#Z

STRA, RO LABL, RS, - INITIALIZE LABEL FOINTER
BRNR, RS ILP

LanI, k1 <LABRLNL

LODT, RZ >LARLND

IBSR STRT  STORE FC

# RESTART AFTER ERROR HERE

MAIN

+*

LODA RT  TEMP
IBSR  #ROUT
LODA, Rl TEMP+!
IBSR  *ROUT
LODI, RO PROMPT
IRSR  #COUT
IBSR  #LINE
LODA, RO RUFF
COMI, RO CMNT
BCTR, EG MAIN
COMI, RO LAREL
BCFR, EQ MN1

QUTFUT PROMPT
GET A LINE

RYPASS COMMENTS
CHECK FOR LABEL

* FIX ALL REFS TQ LABEL
*

AARRT

LLOOP

LLEND

MN1

LODA, RO BUFF, R3, +
SURI, RO A7Q7

BCTA.N  ARRT
SET $-2
S§TRZ  R3

COMI, R3 LELS-1
RCTR: GT #AARRT
RRL,R3
LODI,RZ 1
LODA, RO LABL, k3 SAVE ADDRESS OF CURRENT INST. TQ FIX
STRA, RO TEMG

STR1 R1

LODA, RO LARL+1,R3

STRA, RO TEMG+1
10RZ Ri
BCTR, 7 LLEND
LODA. RO #TEM@  GET ADDRESS OF NEXT INST. TO FIX
STRA, RO LABL, R3

LODA, RO *TEMAQ, RZ

STRA, RO LABL+1,R3

LODA, RO TEMP  FIX ADDRESS IN CURRENT INST
STRA, RO *TEMQ
LODA, RO TEMP+{
STRA, RO *#TEM@, RZ
BCTR, UN LLOOP
LODI,R3 2

CHECK IF DONE

GO FIX NEXT INSTRUCTION
RYFASS LAREL

EORZ RO
STRA, RO CODE
RSTA, UN DEBLK
RSTA, UN FNDS

RYPASS BLANKS
FIND MNEMONIC IN TARLE



TWIN ASSEMBLER VER 2630

LOC ORJECT

(44F CTOBIL
(472 &0
0473 9AZA
0475 440F
0477 1C003E

047A F4a2
0470 981C
047E 3FOY
0481 OF&8Z2
0484 (2
0483 OF 2822
0488 EF0814
048E YEO4CE

048E E2
048F 18FR
0491 CCaeln
0494 (7
(495 BR17
0497 C2
(1498 1B&R

0494 BRE&F
049C 1FO4QC

049F CEQRON
0477 E410
04A4 9AZ0
0484 8701
04A8 3FOSLY

04AR (F6822
04AE E440
(4BQ 9909
04BZ 3FQ579
U4E3 8410
04E7 1804
(4R9 9B3b
(4RE REGF
O4B01 4603
Q4EBF QC88OD
0407 62
04C3 CCe&OD
(4C4 BR17
04CE F401
04CL 1C0O40E
0400 F402
040z 100522

ADDR E STMT
0811 106
107
049F 108
109
GO3E 110
it
112
113
114
0494 115
(1549 116
0872 117
118
g2z 119
0814 120
040E 121
048C 122
123
048C 124
ogoD 125
126
0017 127
128
0483 129
130
COOF 131
040C 132
133
134
135
GG 136
137
04C4 138
139
(549 140
(04A9 141
0822 142
143
Q4RR 144
(579 143
146
(4ED 147
0036 148
QOOF 149
150
020D 151
152
QeQn 153
Q017 154
(3D 155
154
Q040E 157
158
0522 159
140

SOURCE

1K ASSEMBLER VER 1.0Q

LINE

STRA: RO TEMR
IR RO

BCFR, N QFCD
ANDT, RO H7QF-
BCTA, 7 MBUG

FAGE

GO TO PIFBUG IF END

¥
*  CHECK FOR ASCIT STRING
*

ASCLF

AMAIN

¥
MNZ

*

% HAVE INSTRUCTION -

#*
UPCD

ANERLEK

2

AFTREG

TMILRO  R7QZ°
RCFR, EQ MNZ
BSTA, UN DEBLK

CHECK FOR ASCI

LODA, RO BUFF, R3 GET DELIMITTER

STRT  RZ

LODA, RO BLFF, R3. +

COMA, RS ONT
BCFA, LT MAIN
SET $-2
(M2 Rz

BCTR. EQ #AMAIN

STRA, RO *TEMP
Lapz - Rz
IRSR  INCRT
STRI  RZ
BCTR, UN ASCLP

IRSR  *GNLIM
ECTA, LN IMAIN

STRA, RZ *TEMP
COMI, RO H7 107

BCFR, LT AFTREG

ADDI, R3 1
BSTA, UN [EBLK
SET $-Z

LODA, RO BUFF. R3

COMIL RO A“@”
RCFR, GT MN2

ESTA, UN FNDS
ADDI, RO K7 107

BCTR, 2 MN4
IERR  ABRT
IBSR  *GNUM

ANDI, RZ H/ 037
LODA, RO #TEMP
I0RT  RZ
STRA RO *TEMP
IRSK  INCRT
LODA, RO TEMR
TMI, RO 1
BCTA.EQ MAIN
ML, RO 2

ECTA.EQ GTRYTZ

CHECK FUR END OF LINE

CHECK FOR END' DELIMITTER
STORE CHARACTER

INCREMENT FC

MUST BE ORG - GET ADDRESS
GO STORE IT IN FC

NOT PSEURQ OF

STORE OPCODE IN RAM

INCREMENT PAST , OR SPACE

RYPASS BLANKS

CHECK FOR SYMROL

GET VALUE OF SYMBOL

ABORT IF FOUND' QTHER THAN SYMEOL
GET REG QR CONDITION

GET CURRENT FIRST RYTE

OR ON REG UR CONDITION

STORE COMPLETE FIRST RYTE
INCREMENT FC

DONE IF TYPE E OR 1

NQO # ALLOWED' IF TYFE I OR EI

25




TWIN ASSEMBLER VER 2650

LOC QRJECT

0405 3RDZ
Q407 OFAR2Z
0404 E430
040C 9A1R
O40E 8701
O4EQ OSFF
04EZ EDZSCF
04ES 1806
Q4E7 ES04
04E% 1A77
Q4EE 9R34
O4ED [
O4EE [t
O4EF I
(4F0 I
O4F1 I
04F2 AIOBIS

O4F3 C9FC
O4F7 1B3C

04F7 E440
(4FR 9823
04FD OF 2822
300 A430
307 1EGQ34
0305 €3
0506 E709
0308 100034
(30F I3
0500 OFS84E
030F ¢
0510 OF684F
313 ©2
0314 0COROD
0517 CF&R4E
0514 OCOB0E
QS10 CFeR4F
0520 1B3&

0572 BBEF
0524 QCO81L
0577 Fa08
0529 182D
0532k F404
0520 9824
032F 7709
0531 AL01
0533 ASOQ
0533 7701
(337 AEGROE

26

ALDR E STMT
161
162
08A% 142
0822 164
1465
04F9 166
167
168
O03CF 149
O4ET 170
171
04EZ 172
0036 173
174
175
174
177
178
0815 179
04F2 180
04F3 181
0405 1827
183
184
183
184
0wz 187
0gzz 188
189
0036 190
191
192
0036 193
194
084E 199
196
084F 197
198
ogonn - 199
GREE 200
0g0E 201
084F 202
033 203
204
Q00F 205
0811 206
207
0558 208
209
0853 210
211
212
213
214
G80E 718

1K ASSEMBLER VER 1.0

SOURCE

PAGE

LINE

*  CHECK FOR INDEX AND/OR INDMRECT

#
ARLGOP

ACODE

*

ESTR, UN *ADERLK

LODA, RO BUFF, R3

COMILRO H307  CHECK FOR SPECIAL CHARACTER
BCFR, LT CHKBYT NO - GO GET NUMBER

ADDI,R3 1

LanI, R -1
COMA. RO STBRL, K1, +
ECTR, EQ AR3
COMI, R 4

RCTR, LT ARZ

IBRR  ABRT
RRL, R1

RRL. R1

R&L. R1

RRL, R1

RRL, R1

I0RA: R1 CODE

SET $-2
STRR, R1 #ACODE
BCTR, UN ARLOOP GO CHECK FO ANOTHER SPECIAL CHAR

FIND' SPECIAL CHAR IN TABLE

*  CHECK FOR LABEL AS ADDRESS

¥
CHKRYT

#
GTRYTZ

COMI,RO LABEL  CHECK FOR A LABEL
BCFR, EQ GTBYTZ
LODA, RO RUFF.R2, +
SURI, RO A“Q°
RCTA'N  ABRT

STRZ R3

COMI, R? LBLS-1
BCTA: GT AERT
RRL,R3

LODA, RO LAEL, R
STR Ri

LODA, RO LARL+1,R3
STRZ RZ

LODA, RO TEMF
STRA, RO LAEL, R3
LQDA, RO TEMP+1
STRA, RO LARL+1.R3
RCTR, LN TWORYT

IRSR  *GNUM
LODA, RO TEMR
TMI, RO H7 08’
RCTR. EQ TWORYT
TMI.RG H/04°
BCFR, EQ ONERYT
PPSL  WCHC
SURI.RZ 1
SURT.R1 @
PP, €
SUBA, RZ TEMP+1

CHECK IF ADDRESS OR RYTE

o



TWIN ASSEMELER VER 2630

LOC OBJECT

(23A AROROD
0530 7508
QS3F 1800
0541 8501
0543 900034

0546 F&CO
0548 98FA
034A 467F
054C 1BOS
034E 04C0
(350 42
0551 98F1
(333 6E(81S

0556 1BO9
0358 69FA
(554 CDesoD
033D 02
(35E EBR17
0360 C2Z
0561 CE&BOD
(564 RB17
0366 1FOA0E

ADDR E STMT
ogOonn 216
217
0548 718
219
0036 220
0544 7Z1
272
544 7223
724
0353 228
226
27
044 228
0818 229
055 730
0561 73
0354 232
ogan 733
234
0017 235
236
Q80D

237
0017 238
040E 739

1K ASSEMBLER VER 1.0

SOURCE LINE

SUBRA, R1 TEMP
CPSL WG
BCTR. I POS
ADDI.RI 1
RCFA. 1 AERT
AAERT SET $-2
THI. k2 H'CO”
RCFR, EQ #AABRT
ANDI, RZ H'7F°
RCTR. UN ONERYT
POS  LODI, RO H7CO’
ANDZ  RZ
BCFR: 1 #AABRT
ONERYT 10RA,RZ CODE
ACODE  SET $-2
BCTR, UN PUTSEC
TWORYT I0RR.R1 *ACODE
STRA, R1 +TEMP

Lz - Rz
IESR  INCRT
S§TRT  R2
PUTSEC STRA,RZ *TEMF
IESR  INCRT
BCTA, UN MAIN
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TWIN ASSEMBLER VER 2630

LOC OBJECT

(369 0420
034E FROO
(3611 EF2822
0370 187R
(572 EFOR14
(375 9E0036
0378 17

0379 Q6FC
(578 A701
0370 OF 72827
0280 EFOR14
0583 YEQS93
(1586 E430
0588 1AQ9
(587 CEG74E
0980 DR&E
(58F 8701
0391 1RO7
(593 0420
(595 CEA74E
(5% DA7R
(594 CFOR1Z
(390 7301
Q3%F 7708
05A1 0503
(05A3 0404
05AS CRIOSOF
(5A8 CEOR1Q
(3AR (7FF
(SAD QFAROF
(3RO 100034
OSB3 EFAR4A
(3R& 1804
(13RE 8404
(SRA 8300
0SB 1R&7
(3BE E703
(500 1ALR
007 OFASOF
055 €2
Q3Ca OFARGF
03C9 OF0R1Z
QSCC 7308
OSCE 17

28

ADDR E STHT

0340
022
0360
0214
0036

0822
(814
05393

0393
074E
0870

5%

Q74E
0593
0813

OROF
0810

(08OF
Q036
(844
(ISEE

O5AS

03AN
OR0F
Q8OF
0813

241
282
243
244
245
284
247
248
249
250
231
252
53
234
253
236
7
258
259
260
281
267
263
264
263
268
267
268
269
270
71
72
273
274
73
76
77
278
279
280

1K ASSEMBLER VER 1.0

PAGE

SOURCE LINE

#

*  BYPASS BLANKS IN BUFF

#

DEBLK  LODT, RO SPAC
BDRR. R DBLOOP

DRLOOP COMA, RO BUFF. RS, +
BCTR, EQ DELOOP
COMA, R ONT
ECFA LT ABRT

RETC, UN
*
*  FIND SYMBOL POINTED TO BY R3
#
FNDS  LODI,RZ -4 GET 4 BYTES TQ MNEM

SUBT, R 1
FMLOOP LODA, RO BUFF.R2, +
COMA, k3 ONT
BOFA LT FMLZ
COMIL RO H7 307
BCTR, LT FMLZ
STRA. RO (MNEM-Z52). AND. R’ IFFF7, RZ
RIRR, RZ FMLOOP
ADDI, R3 1
ECTR.UN FS
LODI, RO H7207
STRA, RO (MNEM-Z52). ANDL HY IFFF/,RZ
EIRR, RZ FHL3
FS STRA, R3 MONT

FPSL C

PPSL WG

LODT, RY <TABL

LODI, R2 ZTABL
FSLOOF STRA.R1 TEMG
STRA, RZ TEMi+!
LODI, RS -1
LODA, RO *TEMEL RS, +
ECTA: 1 ARRT
COMA, RO MNEM, RS
BCTR, EQ FSL3
ADDI, RZ &
ADDLRE Q
RCTR, UN FELOOP
COMILR3 3
BCTR, LT FSLZ
LODA, RO #TEMG, RS, +
STRT  RZ
LODA, RO *TEMR, R3, +
LODA, R3 MONT
(PSL WC
RETC, UN

F&LZ

INCREMENT TO NEXT MNEMONIC

FEL3

GET VALUE OF MNEMONIC

GET MNEMONIC TYPE



TWIN ASSEMBLER VER 2450

LOC QRJECT

(8CF 2C2R2023
A

0504 52302020
a0 OOFQ
(3DA 52312020
OSLE Q1FQ
(5EQ 52322020
(0SE4 QZFO
O3E6 52337020
OSEA Q3FQ
OSEC S0202020
Q9F0 Q1IFQ
(5F2 SAZ02020
Q5F& QOFQ
(SF8 4EZ202020
OSFC QZF0
(SFE 40542020
0602 (OZFQ
0604 43512020
0608 O0FQ
0608 47542020
0460E 01FQ
0610 324E20Z0
0414 Q3F0
(616 454E4420
0414 Q080
0&1C 4F524720
04620 0081
0627 41534349
0626 0087
(628 4C4FA45A
042C 0001
QLZE 4CAF4449
0632 0402
0634 4(C4F4457
(638 (804
063A 4C4F4441
Q63E (COR
(640 33545754
0644 COO1
(646 33045252
(0644 C804
(640 53545241
0650 CCog
06327 494F5254
04546 A001
(658 494F5249
0650 46407
(6SE 494F5257
0662 6804

ADDR E STMT

0304

292
293
294
295

296
297
298
299
200
301
202
303
204
303
306
207
308
309
310
3
312
313
314
315
3é
317
318
319

AR RS
[SECE SRS
L S~ e

3

303 I L
3RS

3
)
OO0 g O

SR
(AR

PR
0O
o2

SOURCE LINE

TABLES

L

STEL  DATA

#*

TARL  EQU
DATA
DATA
DATA
DATA
[ATA
[ATA
[ATA
[ATA
[ATA
LaATA
DaTA
DATA
DATA
DATA
DATA
DATA
DATA
[ATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
[ATA
DATA
[ATA
DATA
LATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
[ATA
[ATA
[ATA

1K ASSEMBLER VER 1.0

Ai ) +"“*I

$

A'RO 7

H7 00, FO*
ARt 7

H 01, FOY
A’R2

H" 02, FQ*
ARz

H 03 FO7
AP

H’01, FO/
Al

H 00, FO*
AN

H 02, FO’
ALT

R 02, FQ’
A‘ER

H’00, FO7
A’GT ¢

H' 01, FO’
AUN

H7 03, FQ°
A“END -

H’00, 807
A’ORG -

H00, 817
A’ASCTY

H’ (00, 827
A’Lonz’

H7 00, 017
A’LODT/

H’'04, 02°
A’LODR

H" (8, 047
A’LODAS

H7QC, 087
A‘STRZ’

H'Co, 017
A’STRR’

H/C&, 04/
A’STRA’

H’CC, 087
A’TORT’

H 60, 017
A'TORTY

H' 64, (27
A’ T0RR’

H’ 68, 047

29




TWIN ASSEMBLER VER 2650 1K ASSEMBLER VER 1. ( FAGE

LOC OBRJECT  ADDR E STMT  SOURCE LINE

(664 494F5241 346 [ATA  A‘IURAC
0668 408 247 DATA  H7&C, 08¢
(66A 414E4454 348 [ATA  A'ANDZY
064E 4001 349 DATA  H’40,017
0670 414E4449 330 DATA  A“ANDIY
0674 4407 351 DATA  H'44,07°
(676 414E4457 332 DATA  A’ANDR‘
067A 4804 [ DATA  H748, 047
0670 414E4441 254 DATA  A‘ANDA‘
(680 4008 k] DATA  H74C, 087
0682 454F525A 3/ DATA  A’EORIY
0686 2001 357 DATA  H720,017
(688 454F5747 358 [ATA  A’ECRIY
OABL 2402 35y DATA  H'24,02°
068E 454F5257 360 ATA  A’ECRR’
0692 2804 361 [ATA  H728& 047
(694 454F 5241 362 [ATA  A’ECRA’
0698 2008 3 DATA  H7ZC 08’
0697 42435452 364 DATA  A“RCTR’
(69E 1804 363 DATA  H7 18,047
(6A0 47435441 RN DATA  A'RCTAY
(6A4 1COC 367 [ATA  HAIC o0
06A4 47438657 368 DATA  A’BOFRY
U6AR T804 369 DATA  H798& 04/
06AC 42434641 370 DATA  A’BCFA’
(6RO FCOC n DATA  H79C,0C7
(6BZ 434FA05A 372 DATA  A‘COMI‘
O6R& EQO1 373 DATA  H’EG, 017
O6RR 434F4147 74 UDATA  A‘COMI”
(O&BC E40Z 3 DATA  H’E4, (Z°
(6BE 434F4052 376 DATA  A“COMR’
(607 ERO4 377 DATA  HYE& 047
0604 434F4041 378 DATA  A‘COMA’
06CE ECOR 379 DATA  H7EC, OB’
06CA 41444454 380 DATA  A‘ADDZY
06CE 8001 381 DATA  H'R0, 017
(610 41444449 382 DATA  A‘ADDI/
0604 8402 383 [DATA  H784.027
0616 41444457 384 DATA  A’ALDR’
0404 8804 383 DATA  H/38, 047
060C 41444441 3w DATA  A’ALDA’
(&EQ &COg 387 [ATA  H/8C, 087
(6EZ 53354754 388 DATA  A“SURIY
O6E6 AQOT 389 ATA  H7AG, 017
O6EE 33554249 390 DATA  A“SURIY
O4EC A4QZ 391 DATA  H'A4, (27
O4EE G3354252 392 DATA  A’SUBR’
0&6FZ ABO4 393 DATA  H/AS, 047
06F4 33354741 394 DATA  A“SURA’
O6FE ACOS 395 DATA  HYAC, 087
G6FA 57435443 3% DATA  A'RETCY
O6FE 1401 397 [ATA  H7 14,017
(700 52435445 398 DATA  A’RETE’
0704 3401 39 ATA  H/34,017
0706 47535452 400 DATA  A’BSTR’

30



TWIN ASSEMELER VER 2430

LOC OBJECT

0704 3804
0700 47535441
0710 3Coc
0712 425344652
G716 B8OS4
0718 42534641
071C RCOC
071E S2525220
0722 3001
(724 52328020
0728 D001
0724 43505353
Q72E 7412
0730 4330534C
0734 7312
(736 30305335
073A 7612
0730 5050534C
(740 7712
0747 42528E57
0746 3804
0748 47524E41
(740 3COC
(74E 42493252
G752 [w04
(734 47495241
(738 DCOC
0754 42445257
(73E FB04
0760 42445241
0764 FCQC
0766 42334E52
0768 7804
G760 42534E41
0770 7C0C
G772 4E4FS020
0774 €Ot
0778 43414054
0770 4011
G77E 54404920
0782 F4Q2
(784 575725444
Q783 FQO1
O78R 52454444
(78€ 7001
G790 57320443
(794 BOO1
0796 52434443
0794 3001
Q79C 57525445
Q7A0 1402
07AZ 37454445
0766 402
(7A8 SA4Z335Z
(7AC BE1O

ADDR E STMT

401
402
403
404
405
404
407
408
409
410
411
412
413
414
415
414
417
418
419
420
471
472
423
424
45
424
477
428
429
430
431
432
433
434
435
438
437
438
439
440
444
447
443
444
445
444
447
448
449
450
451
457
453
454
455

SOURCE LINE

DATA
DATA
[ATA
DATA
DATA
[ATA
DATA
[ATA
DATA
[ATA
DATA
DATA
DATA
DATA
[ATA
DATA
DATA
[ATA
[ATA
DATA
DATA
DATA
[ATA
DATA
[ATA
DATA
DATA
DATA
DATA
[ATA
DATA
[ATA
DATA
DATA
DATA
[ATA
DATA
DATA
[ATA
DATA
DATA
DATA
DATA
[ATA
[ATA
DATA
[ATA
[ATA
[ATA
[ATA
DATA
DATA
[ATA
DATA
[ATA

1K ASSEMBLER VER 1.0

H 38, 047
A“BSTA’
H*3C, 0C7
A’BSFR’
H'ER, 047
A’BSFA’
H’RC, 0C7
A‘RRR -
H'50, 017
A‘RRL *
R0, 017
A’CPSU”
H'74,12°
ATCPSL’
H 75,127
A’PPSUY
H76, 127
AFPSLY
H77,12°
A'BRNR”
H758, 047
A“ERNA’
H3C, 0C7
A“RIRR’
H'D&, 047
A“BIRA’
H/DC, OC7
A’EDRR”
H'F8, 04°
A“BIRA”
H'FC, QC7
AESNR’
H'78, 04°
A’BSNA’
H/7C, L7
A“NOP -
H'CO, 117
A'HALTY
H'40, 117
A“THI 7
H'F4, 02"
A“WRTD
HFQ, 017
A’REDD
H 70,017
A‘WRTC”
H/BO, 017
A“REDC
H 30, 017
A'WRTE*
H'D4, 027
A’REDE’
H"54, 027
A“1RSR”
H’BR, 107

31




TWIN ASSEMBLER VER 2650

LOC ORJECT  ADDR E STMT
07RE SA4Z5752 454
0782 9E10 457
07B4 545052353 458
(7B8 R412 459
(7BA 9450534C 460
(7BE B317Z 441
0700 40305355 44627
07C4 9211 463
0704 40505340 464
07CA 931t 445
Q700 53505355 444
0700 1211 447
Q7027 S380534( 468
0706 1311 449
(708 42535841 470
O70C RFIC 471
O7DE 42584120 477
O7E2Z SFIC 473
Q7E4 44415220 474
07ES 9401 475
O7EA 4C44504C 476
O7EE 101C 477
Q7FQ S354504C 478
(7F4 111C 479
U7F& QQQGOO00 40

0000

437

433

424

(8Q0 485
0300 4846
080on 487
(8OF 488
0g811 489
(812 450
(813 491
0814 492
0813 493
08146 494
0827 493
0844 4946
UB4E 497
acoo 498
0CO0 499

00

0400 501

TOTAL NUMBER OF ERRORS

32

1K ASSEMBLER VER 1.0

SQURCE LINE

TEMF
TEMQ
TEMR
TEMS
MONT
CNT

Corne
RUFF

MNEM
LABL

DATA
DATA
DATA
DATA
[ATA
TATA
[ATA
DATA
DATA
DATA
TATA
DATA
DATA
[ATA
DATA
[ATA
DATA
DATA
DATA
[ATA
DATA
DATA
DATA
DATA
[ATA

ORG
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
URG

LARLND EQU

#

0

END

PAGE

A’IRRR’
H"9B, 107
A‘TPSUY
H’B4, 127
A’TPSLY
HBS, 127
A’LPSUY
H'92, 117
A“LPSLY
H'93 117
A“SPSU’
H12, 117
R/SPSL”
H 13117
A'BSXA’
H/BF, 107
A‘BXA 7
H/9F, 1C’
A‘DAR -
H’94,01"
A‘LIPL/
H’ 10, 107
A“STRLY
HA L, 10
H? 00, 00, 00, 00, 00, 007

RAM [EFINITIONS

HQRO0°

13

)

— b s bt s e R

E

1



Appendix 3

ASCII conversion table

ACSII CHARACTER SET (7-BIT CODE)

M.S.

CHAR| © 1 2 | 3 | 4|5 | 6 | 7
LS. 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111
CHAR

0O 0000 |NUL|DLE | SP | 0 | @ | P P
1 0001 [SOH | DC1 | 1 1 | A | a | a | q
2 0010 |STX |DC2 | " | 2 B | R | b .
3 0011 |ETX|DC3 | # | 3 | ¢ | s c s
4 0100 |EOT|DC4 | $ | 4 | D | T | d t
5 0101 [ENQ [NAK | % | 5 | E | U | e | u
6 0110 |[ACK |SYN | & | 6 | F | v | f v
7 0111 [BEL | ETB | ' 7 |6 |w | g | w
8 1000 | BS | CAN | ( 8 | H | X | h | x
9 1001 | HT | EM | ) 9 | Y i y
A 1010 | LF |suB | * J z j -
B 1011 | VT |ESC | + ;K [ k {
C 100 |FF | FS | , | < | L \ | |
D 1101 | CR | GS — = M ] m )
E 1110 |so |Rs | e | > | N |1 no| o~
F o1 |st |us |/ ? |0 |o | o |DEL
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Related 2650 Applications Memos

2650 Family Publications

no. title summary ordering code
ASS50 Serial Input/Output Using the Sense/Flag capability of the 2650 for
serial I/O interfaces 9398 906 00611
AS51 Bit & Byte Testing Procedures Several methods of testing the contents of the
internal registers in the 2650 9399 509 53661
AS52 General Delay Routines Several time delay routines for the 2650, incl.
formulas for calculating the delay time. 9399 509 53761
AS53 Binary Arithmetic Routines Examples for processing binary arithmetic addition,
subtraction, multiplication and division with the 2650. 9399 509 53861
AS54 Conversion Routines e Eight-bit unsigned binary to BCD
e Sixteen-bit signed binary to BCD
e Signed BCD to binary
e Signed BCD to ASCII
e ASCII to BCD
e Hexadecimal to ASCII
e ASCII to Hexadecimal 9399 509 53961
ASS55 Fixed Point Decimal Arithmetic Methods of performing addition, subtraction, multi-
plication and division of BCD numbers with the 2650. 9398 907 80011
SP50 2650 Evaluation Printed Circuit Board (PC1001) Detailed description of the PC1001, an evaluation
and design tool for the 2650. 9398 905 80611
SPS1 2650 Demo System Detailed description of the Demo System, a hardware
base for use with the 2650 CPU prototyping board
(PC1001 or PC1500). 9399 509 54061
SP52 Support Software for use with the NCSS Step-by-step procedures for generating, editing,
Timesharing System assembling, punching, and simulating Signetics 2650
programs using the NCSS timesharing service. 9398 906 40611
SP53 Simulator, Version 1.2 Features and characteristics of version 1.2 of the
2650 simulator. 9398 906 10611
SP54 Support Software for use with the General Step-by-step procedures for generating, editing,
Electric Mark III Timesharing System assembling, simulator and punching Signetics 2650
programs using General Electric’s Mark III timesharing
system. 9398 906 50611
SP55 The ABC 1500 Adaptable Board Computer Describes the components and applications of the
ABC 1500 system development card. 9398 907 60011
SS50 PIPBUG Detailed description of PIPBUG, a monitor program
designed for use with the 2650. 9398 905 90611
SSS1 Absolute Object Format Describes the absolute object code format for
the 2650. 9399 509 54361
MP51 Initialization Procedures for initializing the 2650 microprocessor
memory, and I/O devices to their required initial states. 9398 905 70611
MP52 Low-Cost Clock Generator Circuits Several clock generator circuits, based on 7400 series
TTL, that may be used with the 2650. They include
RC, LC and crystal oscillator types. 9399 509 54461
MP53 Address and Data Bus Interfacing Techniques Examples of interfacing the 2650 address and data
busses with ROMs and RAMs, such as the 2608, 2606
: and 2602. 9398 907 90011
MP54 2650 Input/Output Structures and Interfaces Examines the use of the 2650’s versatile set of I/O
instructions and the interface between the 2650 and
1/O ports. A number of application examples for both
serial and parallel I/O are given. 9398 907 70011
TN 064 Digital cassette interface for a 2650 Interface hardware and software for the Philips DCR
microprocessor system digital cassette drive. 9398 006 40011
TN 069 2650 Microprocessor keyboard interfaces Simple interfaces for low-cost keyboard systems. 9398 006 90011
TN 072 Introducing the Signetics 2651 PCI Description of the 2651 Programmable Communica-
Terminology and operation modes tions Interface. 9398 007 20011
TN 083 Using the Signetics 2651 PCI with popular Simple hardware interfaces to use the 2651 Program-
MiCroprocessors mable Communications Interface with various
microprocessors. 9398 008 30011
TN 084 Using seven-segment LED display with the 2650 Interfaces for single and multi-digit LED displays.
microprocessor 9398 008 40011
TN 085 Cyclic redundancy check by software A short routine to encode and decode CRC check
characters for the 2650. 9398 008 50011
TN 086 Introducing the Signetics 2655 PPI Description of the 2655 Programmable Peripheral
Interface 9398 008 60011
TN 087 Audio cassette recorder interface for the 2650 Economical alternatives to the digital cassette
microprocessor recorder. 9398 008 70011
TN 089 CRT display using a standard TV monitor for Describes hardware and software to use a standard
2650-based microcomputers TV monitor as an I/O peripheral for a 2650 micro-
computer system. 9398 008 90011
TN 092 2650 sorting routines Sorting routines for single and multiple byte numbers. 9398 009 20011
TN 093 2650 binary floating point routines Arithmetic routines for binary floating point numbers. 9398 009 30011
TN 094 2650 BCD floating point routines Arithmetic routines for BCD floating point numbers, 9398 009 40011

34



Related 2650 Data sheets

product description ordering code
2650A 8-bit N-Channel MOS microprocessor (standard version) 9398 209 50011
2650A-1 8-bit N-Channel MOS microprocessor (high speed standard version) 9398 209 50011
2650B 8-bit N-Channel MOS microprocessor (enhanced version) 9398 209 50011
2650B-1 8-bit N-Channel MOS microprocessor (high speed enhanced version) 9398 209 50011
2651 Programmable Communications Interface (PCI) 9398 208 20011
2652 Multi-Protocol Communications Controller (MPCC) 9398 209 80011
2652-1 Multi-Protocol Communications Controller (MPCC — high speed version) 9398 209 80011
2653 Polynomial Generator Checker (PGC) 9398 209 70011
2655 Programmable Peripheral Interface (PPI) 9398 208 00011
2656 System Memory Interface (SMI) 9398 208 70011
2661-1 Enhanced Programmable Communications Interface

(EPCI — Baud rate: set 1) Oct. 1979
2661-2 Enhanced Programmable Communications Interface

(EPCI — Baud rate: set 2) Oct. 1979
2661-3 Enhanced Programmable Communications Interface

(EPCI — Baud rate: set 3) Oct. 1979
2621 TV Sync Generator (PAL) 9398 207 70011
2622 TV Sync Generator (NTSC) 9398 207 80011
2636 Programmable Video Interface (PVI) 9398 207 90011
2637 Universal Video Interface (UVI) Sept. 1979
KT 9500 Adaptable Board Computer, ABC Kit see SP 55
PC 1001 Prototyping Board see SP 50
PC 1500 Adaptable Board Computer, ABC Board see SP 55
PC 1600 Resident Assembler Board see TI 52
PC 2000 4K Bytes Static Memory Board see TP 1604
PC 4000 2656 SMI Emulator Board 9398 208 80011
DS 2000 Prototyping Base see SP 51
TWIN Microcomputer Development System 9398 200 10011
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Related 2650 Technical Manuals

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 board. 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 TW090050007J.

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 board 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 software. The manual contains circuit diagrams of all
boards used in the System. Ordering code TW090060001J.

Data Communications Handbook

The main objective of the book is to aid in guiding the reader to
understand the specific 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 S0 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 are given on the function of all controls. The manual also
contains the full circuit diagrams of the Instructor 50.

Ordering code 9398 606 90011.

Related 2650 Leaflets

Signetics Testware Instrument (TWIN)

A Glossy leaflet on the 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 are.
Ordering code 9398 302 80011.

IMS — Industrial Microcomputer System

Reviews the 2650 microcomputer cardset on single Eurocard format.

A short description is given of the CPU card, memory cards,
Input/Output cards, Teletype card, Debug card, Display panel and
Back panel. Ordering code 9398 304 50011.

~

2650 Reference Guide

This handy card 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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