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STEP 3

INTRODUCTION

introduction

Firmware Integration and Test Station (FITS) is a flexible

instrument for firmware testing, firmware integration and.

system testing of microcoded processors and controlliers. it
provides: ' ’

* A reconfigurable, variable word width, Writable Control
Store for real-time firmware emulation.

e Diagnostic instrumentation for following and analyzing
the path of execution of the processor/controller under
development.

e Control instrumentation for starting execution at a
desired point, reading and writing registers, and halting
execution on complex conditions.

e A sophisticated word-oriented editor for “close to the
hardware” system fault isolation and program patches.

e A method of loading and dumping programs from and
to external computers and PROM programmers.

e Software packages to permit easy generation of
microcode on existing computer systems.

The instrument is completely independent of and transparent to
the system under development, requiring no special control
lines or interconnects.

Powerful English-language commands along with extensive
description messages and self test capabilities make the system
easy to use and work with. All commands and data are entered
through the alphanumeric and hex keyboards with the results
displayed on the CRT.

Writable Control Store

The Writable Control Store, WCS, simulates all or part of the
Microcode/application memory in real time during system
development. It provides the ability to rapidly change program
contents permitting fast and efficient checkout and generation
of processor and system functions. Up to five Writable Control
Stores, organized as one or two independent arrays, can be
resident in Step-3. Nine Writable Control Stores can be used,
with the optional Expansion Chassis. The WCS comes in two
varieties: a 32k-bit version which can be organized 1kx32, 2kx16
or 4kx8, and a 128k-bit version with 4kx32 or 3kx 16 organization.

System organizations 8 to 96 bits per word in four bitincrements
can be efficiently achieved; 192 bits per word are possible if the
two arrays are concatenated. The unique ability to simulate
more than one memory array allows Step 3 to be useful in
multiprocessor systems, systems with ROM address mapping,
and systems with separate microcode and application memories.

2

System Interconnect

The easiest and most convenient way of connecting Step-3 to
the target processor is through ROM Simuilation modules. They
plug directly into existing PROM sockets on both breadboard
and production systems. These personality modules emulate
existing ROMs and PROMs mechanically, electrically and
functionally and can be field upgraded as PROM types change.
Alternatively, the WCS can be connected directly to the target
processor through a ribbon cable array connector. Each WCS
has a bit mapping area and choice of interface type (buffered,
non-buffered and register) to simplify the interconnect.

Editor

A word-oriented machine code editor simplifies the task of
modifying program code to find or correct a problem. Four
consecutive memory locations are displayed on the CRT along
with a binary representation of the data at the current cursor
location. ENTER: Through the use of the cursor controls, data
may be entered at any position within the displayed word, and
the current memory locations may be incremented, decre-
mented or scrolled. MOVE: A block of data may be moved in
memory to insert instructions or save a subroutine prior to
modification. SEARCH: Individual instructions containing a
specified data pattern composed of ones, zeros and don'tcares
can be searched for and located in memory, simplifying the task
of modifying output routines or references to specific memory
addresses. FILL: Any block of memory can be filled with a
repeating word pattern. e.g. no-ops or waits.

i

Diagnostic Instrumentation

Several diagnostic features are incorporated in Step-3 toenable
rapid system debug and test. On each Writable Control Store, a
real time breakpoint (BNC output) is provided which can be
used to halt the user’s processor or trigger a logic analyzer or
oscilloscope. The state of each breakpoint along with the
current processor address is displayed on the CRT. Multiple -
breakpoints simplify conditional jump analysis by displaying the
alternative program paths being executed.

Trace provides information as to which instructions are being
executed by capturing in real time address, data, and control
information. The powerful triggering capability enables capture
of information the Nth time a subroutine has been entered,
conditioned by the “AND” or “OR” of events and program
address, or sequences of events and breakpoints.

The Trace option allows reconstruction of the processor’s path
of execution. Trace results can be dumped over a serial port,
displayed on the CRT or used to halt the target processor.

A unique feature, XSTATE™, provides a way to use the Trace
interactively with a user program to examine the contents of

‘registers or /O ports. The result is displayed on the CRT.



Processor Control

Step-3 provides full clock control features: Run, Step (single
and multistep), Cycle (single and multicycle), Halt, and Halt on
Event. By connecting to and controlling the existing target
processor clock, it avoids problems encountered in clock
replacement, and permits using the actual system clock.

Force™ and Jam add to the target processor control features
built into Step-3. Force™ provides the ability to force an
arbitrary instruction for N clocks to write a register, start
execution at an unusual point in a program, or test hardware.
Jam allows an existing instruction to be accessed out-of-
sequence, to perform the same function.

STEP-3

\
CONTINUED

Software COmpatibiIitj

Step-3 acts like a terminal, connecting to computers,
minicomputers, development systems and timesharing sys-
tems. Through keyboard control, the baud rate and parity are
configured to match an existing computer system (or PROM
programmer).

Once the computer link has been established, files, source
code, object code, etc. can be displayed on Step-3’s CRT, or
object code can be downloaded into memory. Transfer of
object code to or from the external device is automatically
initiated by Step-3 and synchronized on operator command.

Two formats are provided for object code transfer,
MICROWORD™ and GENPROM™. The latter is a block transfer
mode containing 4 or 8 bit data from successive memory
addresses as PROM images. Header, frame and end characters
are programmable, making it easy to interface to any assembler
with a PROM output format, and to virtually any PROM
programmer.

Software Support

Step offers three choices to speed software work:

¢ TMA, Transportable Meta Assembler
o MACRO-TMA
® Any existing assembler or compiler.

Both TMA and MACRO-TMA can be used for any micro-
programmed processor. The TMA consists of a Definition
Program for entry of opcodes, bit fields and symbols, atwo pass
Assembler Program, and a Formatter Program for outputting
object code in either MICROWORD™ or PROM format. Cross
reference tables, error listings, source and object code are
provided as outputs. Versions are available for microcomputers,
mini-and maxicomputers and some development systems.

MACRO-TMA is a superset of the original TMA, with MACROS,
PARITY, SPLIT FIELD, MULTILINE INSTRUCTION generation,
and ENTRY POINT TABLE generation. Versions are available

for mini and maxi computers. Step-3 can also beused with other

assemblers and compilers, either by using existing PROM
format outputs, or by writing an output format routine.

Operation

The instrument is controlled through the keyboard and front
panel switches. Special purpose function keys simplify editing,
downloading and controlling the target processor. An easy-to-
read, fully formatted CRT displays the memory contents,
system states and all information required to operate the
instrument. Descriptive error messages reveal improper
instrument set-up, invalid commands or addressing, and serial .
link failures. Recovery from an error condition is automatic
upon entering the corrected information. Instrument operation
is easy to learn and understand, with training time taking less

than a day.

Self Test

Step-3 comes with internal Self Test programs for testing its
own CPU and memory. A unique Self Test option even
measures Writable Control Store and ROM Simulation access
times at the target processor interface.

Testing both ports of the dual-port WCS memory dynamically,
the Self Test battery of routines offers both short-form and
more exhaustive long-form galloping pattern tests. Short form
tests execute in about one minute; long-formtests take about 20
minutes for MEM-32 and nearly five hours for MEM-128.



Command Sumﬁlary

STEP-3

CONTINUED

Once the instrument pérameters have been specified through SETUP, the commands can be accessed in any order.

CLASS COMMAND PARAMETERS (SUBCOMMANDS)* | DESCRIPTION
INSTRUMENT SETUP NUMBER OF ARRAYS = 1,2 Configures the instrument to match the
Specifies and DATA FORMAT = HEX, QCTAL requirements of the target processor.
tests instrument STARTING ADDR =) for Checks for a memory array specification
parameters ARRAY WIDTH = each consistent with the number and organization
ARRAY DEPTH = array of the Writable Control Stores.
TJEST TEST FLAG = 4 thru 10 Tests instrument and memory operation.
CARD TYPE = 0,1 (tests Test 4, SUMCHK, checks instrument CPU
5 thru 10) . and EPROM contents. Tests 5 and 6, GALPAT
SLOT NUMBER =0 thru 7 and QUICHK check slow speed RAMoperation.
(tests 5 thru 10) Tests 7 thru 10 (USRPRT, ACCESS, FASTCK,
ACCESS TIME = 2-254 (test and SHMOO) use the Self Test option to
7 thru 10) thoroughly check the Writabie Control
Stores at speed and determine access time.
ARRAY ARRAY = 1,2 Selects memory array to be accessed.
INPUT/QUTPUT LOAD FORMAT = 0 thru 3 LOAD loads the WCS memory in a
Permits communi- DUMP DEVICE = 0 thru 5 MICROWORD™ (word-at-a-time) format or
cation over serial COMPARE START ADDR = one of several PROM formats. DEVICE
links with external NO OF WORDS = specifies serial link (20ma, RS 232, or Modem,
devices such as WIDTH PROM at a time as well as line protocol).
computers, PROM POSITION Formats only
programmers, etc. (BAUD RATE) DUMP dumps the contents of the specified
(PARITY) memory array segment over the serial links
(STOP BITS) in PROM or MICROWORD™ image.
(HEADER, ERAME, END CHAR)
(IEXT) COMPARE compares the contents of memory
{(XPARM) to the information being received over the
serial link. The address if any location
whose contents do not match the incoming
data is shown in an error message.

TEXT When in TEXT, the instrument acts like a
limited terminal. TEXT enables easy -
interface to computers, printers, PROM
programmers, etc.

EDITOR :
Enables the user to | ENTER (ADDRESS) Enters, modifies or displays data words
examine or modify (cursor H - - of up to 96 bits in octal or hex format.
memory array (QUIT) Cursor controls permit data to be entered
contents through (CLEAR) at any position within the four displayed
the keyboard (DEL) memory locations and allows the currently
(C &H) displayed window to be incremented/
(ENTER) decremented or scrolled. The address and bit
position of the cursor are displayed
along with a binary representation of the
data.

FILL START ADDR = Fills a memory block with a specified word.

END ADDR = When no word is specified, defaults to
WORD CONSTANT = zeros.
MOVE DESTINATION ADDR = Moves a block of code from one memaory

START ADDR =
NUMBER OF LOCATIONS =

location to another. The original data remains
intact unless written over by the MOVE
command.



STEP-3
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CLASS COMMAND PARAMETERS (SUBCOMMANDS)* { DESCRIPTION
EDITOR SEARCH START ADDR = Searches a block of code for a particular
END ADDR = data pattern composed of ones, zeros, and
COMPARISON WORD = don’t cares. When a match is found, the
DON'T CARE WORD = address and memory word are displayed and
the search is stopped until continued by
the operator.
MONITOR MONITOR (RUN) Enables the Writable Control Stores,
Real time simula- (Halt) displays Breakpoint Address, Breakpoint
tion of processor (Step) and Trace Status. The subcommands
memory and (N### step) RUN thru DISABLE permit full control
control/display of (Cycie) of the target processor clock from the
processor activity (M#### cycle) Step-3 front panel and current address/
(DISABLE) Trace data from the user’'s system. PULSE
(PULSE) acts as the reset. ‘
(RALACE) RA, RB are convenient editing commands
(RBLACE) which aliow two words in memory to be
REPLACE WORD = temporarily replaced to help track down
REPLACE ADDR = problems. The original memory contents
are saved and restored on command.
(BREAK) Sets breakpoint address without disturbing

BREAKPOINT NUMBER = 1
thru 6
BREAKPOINT ADDR =

(TRACE) .
SOURCE 1 = 0 thru 12
TRIGGER EVENT NUMBER =
1 thru 255
SOURCE 2 = 0 thru 12
TRIGGER EVENT NUMBER =
1 thru 255
TRIGGER POSITION =
1 thru 250
ASSIGN TBR1 =1 thru 6
ASSIGN TBR2 = 1 thru 6

(ARM TRACE)
(XTRACE)
(Line ###)
(DUMP)
(EORMAT = 1,2,3)
(QUIT)

(XSTATE)

(EORCE)
FORCE WORD =
CLOCK TICKS = 1 thru 250

(JAM)
ADDRESS =
CLOCK TICKS = 1 thru 250

(EXCHNG)

target processor. Breakpoint and Trace

~outputs can be used to halt the target

processor if desired.

Trace setup is accomplished through a
series of self teaching menus and does not
disturb target processor operation. The
Trace results can be viewed on Step’s CRT
or downloaded to an external device using
the DUMP command.

Any of six hardware breakpoints can be
assigned to be Trace Breakpoints TBR1,2.

XSTATE™, examine state, allows the target
processor’s internal registers or [/0 ports
to be read.

Forces an instruction out of the Writable
Control Store for the Specified number of
clock ticks.

Jams the contents of Writable Control Store
contained in the address specified, for the
desired number of clock ticks.

Displays status information for the second
array.

*ltems in ()" are optionally used subcommands. “#" refers to numeric data included within the command. Lower case letters are not part of
the command but are included to enhance understanding: Exampie “Step.” S is the command, single step is the function. 5



MEMORY ORGANIZATION

M E M_32 Up to three MEM-32’s can be plugged into a STEP-3 instrument
giving the user a total of 160K bits of memory space. With the

optional expansion chassis, an additional 128K bits of storage
WRITABLE can be added for a total of 288K bits. Both MEM-32 and MEM-
CONTROL STORE : 128 WCS can be resident in STEP-3 when assigned to different -
memory arrays. Each WCS is self-contained with its own

address input, breakpoint output, and data output. The
standard configuration is 1K x 32 but the outputs can be OR’ed

together to form a 2K x 16 array or a 4K x 8. Two or more

Features Writable Control Stores can be combined creating either
deeper or wider memory arrays. Word widths of 8, 16, 24, 32, 48,
32K bits high speed storage 64 or 96 bits (288 bits with expansion chassis) can be achieved.
Switch selectable memory organization: 12K x 32, 2K x 16,
4K % 8 '
ADDRESS COMPARATOR

Stackable to obtain word widths to 288 bits .
Each MEM-32 has an internal real-time address comparator

Real time operation which can generate a breakpoint to halt the target processor or
serve as a trigger for another diagnostic instrument. A
breakpoint display of each comparator's output state is
Optional ROM emulator outputs provided on STEP-3's CRT. An optional qualifier input is
Hardware bit mapping . provided to insure that only valid addresses are used as
comparator inputs. The qualifier input is switch selectable: high
or low true, edge or level sensitive.

User configurable interface

Integral real time breakpoint
Read/Write operation

45 ns worst case access time, “A” version WRITE OPERAT'ON

36 ns worst case access time, “F” version The MEM-32 contains circuitry to allow its use as a read/write
memory. A BNC connector is provided for the write-control

Description input. When this input becomes low, the data output goes

tristate, allowing input data to be writtento the RAM. A switch is

provided to inhibit write operation when the option is not
desired.

GENERAL

MEM-32 is a dual-port, high-speed, 32K-bit Writable Control
Store family that plugs into STEP-2 Firmware Integration and
Test Station. One port is accessed from STEP-2 to load, dump,
or modify memory contents. The second portisaccessed by the
user's system (target processor) in either a read only or
read/write mode. MEM-32 replaces all or part of the target
processor's ROM, PROM, and even RAM memory during
system debug and/or test, permitting rapid changes to the code
to find or patch microcode errors. MEM-32's 36ns worst case
access time allows the user’'s system to run at fast real time
rates.

STEP-3 INSTRUMENT BUS

T
B |
i _ USER
ADDRESS H BIT MAP ADDRESS
CONTROL ADDRESS < T aooress [ 'L— -
LOGIC AND DATA DATA ] 1 ] USER DATA g
MULTIPLEXER > i BORreR :>:._1 > ‘"8
1 aa
1 wZ
FIVE ENABLE (4) 3
| OPTIONS o
1. ENABLE (4)
J LATCHBRK " o
| MEMORY REAKPOINT ~
1K x 32/2K * 16/4K x B B e ‘TY BREAKPOINT g BNC
. WRITE
1 USER CONFIGURABLE ———— BN\C
. MEM-32 1 INTERFACE
R/W STORAGE BOARD 1

FUNCTIONAL BLOCK DIAGRAM




Features

s 128K bits high speed storage

* Switch selectable memory organization: 4K x 32,
8K x 16

o Stackable to obtain word widths to 288 bits
¢ Real time operation

e User configurable interface

¢ Optional ROM emulator outputs

¢ Hardware bit mapping

¢ Integral real time breakpoint

e Read/Write operation

¢ 180 ns worst case access time, “B” version
® 70 ns worst case access time, “A” version

* 50 ns worst case access time, “F”’ version

Description

GENERAL

MEM-128 is a dual-port, high-speed, 128K-bit Writable Control
Store family that plugs into STEP-3 Firmware Integration and
Test Station. One port is accessed from STEP-3 to load, dump,
or modify memory contents. The second portis accessed by the
user's system . (target processor) in either a read only or
read/write mode. MEM-128 replaces all or part of the target
processor's ROM, PROM, and even RAM memory during
system debug and/or test, permitting rapid changes to the code

to find or patch microcode errors. MEM-128F’s 50 ns worst case

access time and MEM-128A’s 70 ns access allow the user’s
system to run at fast real time rates. An economical 180 ns
(option “B”) version of MEM-128 is also offered for slower
systems or for use as main program memory.

MEMORY ORGANIZATION

Up to five MEM-128's can be plugged into a STEP-3 instrument
giving the user a total of 640K bits of memory space. With the
optional expansion chassis, an additional 640K bits of storage
can be added for a total of 1280K bits. Both MEM-32 and MEM-

MEM-128

WRITABLE
CONTROL STORE

128 WCS can be resident in STEP-3 when assigned to different
memory arrays. Each WCS is self-contained with its own
address input, breakpoint output, and data output. The
standard configuration is 4K x 32 but the outputs can be OR'ed
together to form a 8K x 16 array. Two or more Writable Control
Stores can be combined creating either deeper or wider
memory arrays. Word widths of 16, 32, 48, 64 or 96 bits (288 bits
with expansion chassis) can be achieved.

ADDRESS COMPARATOR

Each MEM-128 has an internal real-time address comparator
which can generate a breakpoint to halt the target processor or
serve as a trigger for another diagnostic instrument. A
breakpoint display of each comparator's output state is
provided on STEP-3's CRT. An optional qualifier input is
provided to insure that only valid addresses are used as
comparator inputs. The qualifier input is switch selectable: high
or low true, edge or level sensitive.

WRITE OPERATION

The MEM-128 contains circuitry to allow its use as a read/write
memory. A BNC connector is provided for the write-control
input. When this input becomes low, the data output goes
tristate, allowing input data to be written to the RAM. Two
switches are provided to inhibit write operation when the option
is not desired. In the 8K x 16 organization, these switches permit
writing into all or none of memory, or the upper 4K words only,
or the lower 4K words only.

STEP-3 INSTRUMENT BUS

i
[}
| USER
ADDRESS H BIT MAP < ADDRESS
CONTROL ADDRESS < ] l Y ADDRESS ®
LOGI ATA USER DATA
osie Mct‘ﬂg&;’;n 2 ! BIT MAP DATA we
i DATA BUFFER g
wZ
! FIVE ENABLE (4) z
i OPTIONS 5]
1 ENABLE (4)
J @ ATCHBRK T
MEMORY BREAKPOINT | 1} BREAKPOINT
4K x 32/8K * 16 LOGIC T »>
i WRITE BNC
USER CONFIGURABLE [
MEM-128 I INTERFACE '
R/W STORAGE BOARD i

FUNCTIONAL BLOCK DIAGRAM




ROM-4/8

ROM
SIMULATION

ROM Module

Features

¢ Direct plug-in to target processor ROM sockets
e Emulation of over 200 ROMS and PROMS

Directly compatible with MEM-32 and MEM-128
writable control stores

Uses full address space of writable control stores
* | ow capacitance inputs and outputs

¢ Good signal fidelity and output rise/fall times
* Field upgradable

¢ Ruggedized interconnect

Standard, latching, and register versions

: ) i off STEF-3 DATA QUTPUT
10ns/0iv. "iTEYDURPROMUSUéjKE'TS

ADDRESSES Wy
FAOM TARGET- §
PROCESSOR

Voltage Wavefor
Description

ROM-4/8 are ROM/PROM simulation options which give STEP-
3 the ability to interface to an existing processor system
through its ROM sockets. The outputs of ROM-4/8 are duai-in-
line plugs wired to emulate the ROM or PROM of the system's
program store. They are designed to interface to MEM-32 and
MEM-128 Writable Control Stores, WCS, by plugging into the
edge connectors.

Four ROM-4/8 modules are normally required for a complete
interface to a 32-bit-wide WCS. One module, designated
MASTER, contains both address inputs and data outputs. The
other three, SLAVES, contain just the data qutputs. Modules
which emulate ROMs with less than 1K address space have
external address inputs to allow the full 1K (4K) address space
of MEM-32 (MEM-128) to be utilized. ROM modules can be
OR’ed in the same fashion as ROMs and PROMs through the
use of the Chip Select, CS, inputs.

ROM 4 is a series of dual, 4-bit output ROM emulation modules
with 16 and 18 pin outputs. It can emulate ROMs with 256 x 4,
512 x 4, 1K x 4, 2K x 4, and 4K x 4 organizations. ROM-8 is a
series of 8-bit output ROM emulation modules with 256 x 8, 512
x 8, 1K x 8, 2K x 8, and 4K x 8 organizations. Popular 20, 22 and
24 pin options are available as well as versions with latching and
register outputs.

High reliability is maintained by using a custom, etched, flexible
circuit which serves as the interconnect cable between the
ROM socket and buffer module. This interconnect cable is
stress relieved at each end to achieve maximum reliability. The
cable design ensures low crosstalk and reduces input and
output capacitance to that of the ROM array being replaced.

ROM-4/8 FUNCTIONAL BLOCK DIAGRAM MASTER
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How To Pick A ROM
Simulation Module

1. Determine organization of PROM (# Words x Bits), # Pins,

and output type (Tristate, Register, etc.)

2. Determine array depth of the memory you are simulating:

256, 512, 1K, 2K, 4K, 8K, . ..

3. Look up the appropriate ROM (PROM) simulation modules
for the type of STEP memory module being used. Determine
whether to use the direct or recommended simulation

module.

NOTE: Manufacturers are adding new ROMs and PROMs

weekly. If the proper simulation module

for your PROM is not shown, consult

Step Engineering directly.

4. Check the pinout and cross reference charts of your final.

ROM 4/8

CONTINUED

5. Determine the number of bits of PROM to be simulated. Ifthe
modules are riot wire-ORed, the number is the width of the
control store rounded up to the nearest 16-bits increment.

i.e. 1k x 44 control store would require 48 bit simulation. The
number “48” would then be used as part of the item desig-
nators in place of the “*» je. ROM 4D/48 if a 1k x 4 PROM
were being used.

In the case of wire-ORed ROM simuiation divide the depth of
the memory array by the depth of the ROM module and
multiply by the number of target bits, i.e. a 16k x 32 bit
memory array using a ROM 8T would require (16k/8k) x

choice against the actual PROM being used.

32 or ROM 8T/64.

ROM SIMULATION OPTION CHART

TOTAL
ROM MEMORY | ROM SIM FOR MEM-32 ROM SIM FOR MEM-128 ROM/
SIZE PINS OUTPUT | DEPTH DIRECT RECOMMENDED | DIRECT RECOMMENDED | PINOUT
256 x4 | 16 TS 1k ROM4A/* ROM4B/* - - ROM4F/* 1
512x4 | 16 TS 1k ROM4B/* ROM4B/™ ROM4F/* ROMA4F/* 1
1Kx4 | 16 1T 1k ROM4C/* -— (NOTE B) 1
1k x 4 18 TS 1k ROM4D/* ROM4D/* ROMA4G/™ ROM4G/™ 2
kx4 | 18 TS 2k (ROM4D/*) 0 ROM+4E/* ROM4G/™* ROMA4G/* 2
2k x 4 18 TS 2k ROM+4E/* ROM+4E/* ROM4H/* ROM4H/* 2
%kx4 | 18 TS 4K (ROM+4E/*)D -— ROM4H/* ROM4H/8 2
%k x4 | 18 TS 8k (ROM+4E/") P — ROM4J/* ROM4J/* 2
4 x4 | 20 TS 4k - ROM+4K/* ROM+4K/* -
32x8 | 16 T8 1K ROMSL/* ROMSL/™ -— - 9
256 x8 | 20 TS 1K ROMSC/* (ROMSF/*) ¢ — (ROM8BB/*)° 3a
256'x8 | 24 TS 1K ROMSB/* ROMSG/* - ROMS8V/™ 4
256 x8 | 24 LTS 1k "~ ROMBA/* (ROM8D/*) ¢ - (NOTE B) 5a
512x8 | 20 T8 1k ROMSF/* ROMB8F/* ROMSBBB/* ROMSBB/* 3b
512x8 | 22 R,TS 1k ROMBR/™ ROMBR/™ ROMS8R/™* ROMSR/* 6
512x8 | 24S R,TS 1k ROMSEE/* ROMSEE/* (NOTE B) (NOTE B) 7
512x8 | 24 TS 1K ROMBSE/* ROMBG/™ ROMBQ/* ROMB8V/* 4
512x8 | 24 LTS 1k ROMBD/* ROMS8D/™ (NOTE B) (NOTE B) 5b
512x8 | 20 TS 2k ROM+8AA/* ROM+8AA/™ ROMB8BB/* ROMS8BB/* 3b
512x8 | 24 TS 1K ROM+8N/* ROM+8J/* ROMBQ/* ROMS88Q/™ 4
tkx8 | 24 TS 1k ROMBG/™ ROMB88G/* ROM8V/" ROMS8V/* 4
"1k x8 | 24 TS 1K ROM++8H/* ROM++8H/* NOTE B) (NOTE B) 4
tkx8 | 24 LTS 1k ROMB8P/* ROMSP/* NOTE B) (NOTE B) 8
1k x 8 24 TS 2k ROMS8Y/* ROMB8J/™ ROMS8V/* ROMS8V/* 4
2kx8 | 24 TS 4k ROMS8J/* ROMS8J/* ROMBW/™ ROMBW/* 4
2%kx8 | 24 TS 2k ROM++8k/* ROM++8k/* ROM++8CC/* ROM++8CC/* 4
2k x 8 24 TS 8k S ROMST/* ROMST/* 4
4k x8 | 24 TS 4k — ROM++8U/* ROM++8U/* 4
NOTES:

A) ROMs for MEM-32 can be used with MEM-128 modules except for
those marked “ROM+" which are multiplexing. However, maximum
address space will be 1k words.

B) ROMs for MEM-128 can be used for MEM-32 except where “ROM+”
a multiplexing version is called out.

C) Pinout difference on address line, check carefully before using.
D) Must be wire-ORed to achieve desired depth.

*Number of bits simulated (see 5 above)

ROM+: Multiplexing ROM sim module for use with MEM-32 organized

2k x 16 or 4k x 8; with MEM-128 organized 8k x 16.

ROM++: EPROM replacement
TS, Tristate; TT, Totempole; R, Register; L, Latching.

248S: 24 Pin slimline package, pin rows on .300 centers
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ROM CROSS REFERENCE TABLE

# PINOUT ORGANIZATION AMD _ FAIR __ HARRIS_INTEL _MMI NAT __ SIG Tl
S
PIN® 14 15
P N 256 x 4 NC cs 27s21 | 93427 | 7611 — | 63141 | 745287 |825129 | 745287
Ad 13 141 "
LI PRI 512x4 A8 | CS 27513 | 93446 | 7621 — | 63241 | 718571 [g2s131 | —
Al | 6 11102
ool 'S0 kx4 A8 A9 — — 7644 -l = - - -
IS
2
A4 3 16[A8 PIN® 8
R HRHE |
Ml 1302 1k x4 CST 27533 | 93453 | 7643 |3625| 63441 | 748573 {825137 | 748576
A2|7 12|03
ools 10| kx4 A10 — - 7685 — | 63841 | 875185 |825185 | 745454
pol 1 20] vee aof 1 20fvee
ATl 2 19} A7 Al 2 16| A8
HERRE HERR
3 :2 g }2 A ‘A4l 5 16|AS )
polfe 18 31 1] 6 . 15|33 256 x 8 — — — — 63281 — — 745471
a,0 o] 7 14]08 gz g 14|08
AR e 130 512 % 8 29773 | — 7649 — | 63481 | 745472 |825472 | 745472
GND |10 11108 GND |10 11]08
a) 256 x 8 b) 512 x 8
PIN* |21 22 23
A7 28 vee
N 256 x 8 [CS1 NC NC | — — 7629 — 6336 | — — —
A4} 4 21} - .
4 Mle BIERR 512x8|CS1 | NC A8 | 27531 | 93448 | 7641  [3624| 635483 | 745474 |825141 | 745474
AV 7 18]Cs4
AL IR A 1k x 8 |CS1 A9 A8 - 93451 | 7681 |3628) 635881 | 87S181 | 825181 | 745478
02110 15106
IR 2k x 8 |A10 A9 A8 — — 76161 | 3636/63S1681 | -—  |825191 | 745452
256 x 8 — — 7625 — — —  |s2s11a| —
A3[ 7 241 Vce A3 Vce
Ad| 2 23[A2 A4l 2 231A2
3 221 A1 A51-3 22iAY
A5| &4 21}A0 A6 4 21]A0
5 ael s zolTET a7| 5. z0|TET
ab a7l 8 19fcs2 A8 § 19ics2 512 x 8 —_ — 7647R — — 825115 —
3 01y 7 18578 011 7 18|5T8
02! 8 17108 021 8 17708
03f 9 16{07 031 ¢ 16}07 .
04110 15406 0410 15|98
1 14|05 11 14{05
soll2 13 GND12 _ 13]
a) 256 x 8 b) 512 x 8
A3l 1 22{VCC :; ; g Xacc
Adl2  21{A2 A513  22|PS 6 27827 - — — — — —_ —
A5 3 20 1At A4 4 211 EY
A6 | 4 19| A0 A31 5 20§ CLK
A7 1S 18 |E1 A21 6 19 E2
6 asle e 7 aale ey
Qo 16 |CP
Q1 Za 15 87 008 17]|a7 7 27525 — — — — — — —
Q219 14[{Q6 21 10 ~15(Qs -
Q3 10 13|Q5 Qi 14104
GND [t1 12| Q4 GND {12 i3iQ3
A7 ﬁ Vce
ABL 2 23| A8
AS| 3 221 A9
Al & 21| T8 S
A3} 5 20| %7 o1 1 16fvce
8 az{s 13]cs3 02(2 1578
AT 7 18|T 03! 3 141A4
SRR PO T .
0z2{10 15|06 066 1iian - “’ 7681R - - - -
a3 14108 0747 TOAG
Gnofie 13jos SN is  sjes 9 | 27819 | — 7603 — 63317 745288 | 825123 | 745288




MON HLT ARR1 01KX32 Sh-0000 MON HLT ARR1 1KX32 SA-000

rUNE

o81:027F  BRR:NONE

TRACL STATUS:= ARMED

TRIGs TBI+TB2+TQL THEN 25 URC

a) Choosing a logic expression from this CRT menu. the
STEP-3 user buiids up a trigger equation of the form
SOURCE 1 THEN SOURCE 2, based on the TB break
points and the TQ qualitier inputs to Trace. true

bj After guiding the trigger selection. STEP-3 s Trace spells
out the resuitant trigger equation (bottom line). Here.
Trace will trigger 25 user address clocks after the OR is

Features

e Basic board synchronously captures:
16 Address Inputs
16 User definable inputs
¢ Expansion board captures additional 48 inputs
e Captures 250 cycles before, around, or after trigger
¢ Real time operation (to 11 MH2)
e Powerful triggering modes—TRACE initiated by:
T Trigger: Address, qualifier, or clock
NT Nth Trigger occurrance

C Trigger combinations: AND, OR of address/
qualifiers

C — NT Sequential trigger events:

NT — C Trigger event 1 followed by trigger event 2
e Conditional capture capability
e Easy TRACE setup and examination

¢ Instalis in STEP-3 firmware integration and test
station

e Qutput to halt target processor on trigger or TRACE
completion

* Hard copy via serial output to printer or host
computer

¢ LSAMPLE displays on data processor busses

¢ XSTATE™ displays contents of internal registers
and I/O ports

Description

The Trace option provides a convenient means to follow the
path of execution of the target processor. It simplifies fault
isolation of firmware problems and greatly enhances the
usefulness of STEP-3. Both address and data information are
synchronously captured at rates up to 11 MHz without affecting

NOW
80 bits
wide!

TRACE

LOGIC ANALYZER
OPTION

MON HLT ARRY @1KX32 SA=0000

i

238 DoDé 000! 1101 0000 9100
233 7171 0000 9110 0000 0008
240 TiFe 0001 1101 0deo 0060
241 70F1 0012 1191 0000 661
242 6606 0100 @101 000¢ 0009

BR3:NONE

¢} Scroliable view of the spapshot shows line number {238).
address (DODO). and data. With four keystrokes, the
STEP-3 user can command data display to appear in hex
or octal instead of binary.

target processor operation. Captured information is stored ina
separate trace memory independent of the WCS memory used
by the target processor.

Extensive triggering capability provides easy isolation of the
program segment to be monitored. Setting up the Trace
parameters is easy—the CRT prompts you with all the choices,
and the parameters can be examined or modifiéd at any time.
The “snapshot” captured is displayed on command on STEP-
3's CRT, in a convenient hex, octal or binary format—your
choice. To provide hard copy or computer processing,
captured Trace information can be dumped oncommand overa
serial link.

LSAMPLE, XSTATE™

LSAMPLE and XSTATE™ are new features of the Step-3
mainframe which are only available when the Step-3T Trace
option is installed. LSAMPLE, last sample, provides a readout of
bus status during single step and single cycle operation.

XSTATE™, examine state, works in conjunction with a user
defined program to read and display the contents of internal
registers and 1/0 ports. For this use, the Trace option must be
connected to the target processor data bus.

Installation

The Trace option installs in any slot of the STEP-3 backplane,
leaving four slots available for memory boards and options such
as the 48-bit Trace expansion. Connection to the target
processor address bus is through the Master ROM simulation
assembly and an external buffered probe. This probe is used for
the remaining upper order addresses, address clock, and
external triggers. Two other external probes serve as inputs for
the sixteen data lines and the data clock. In all, 32 bits of
information, 16 address and 16 data are captured during each
processor cycle.

With the Trace expansion board an additional 48 data bits are
captured during each cycie with no degradation in timing. The
six expansion probes, like the three basic Trace probes,
connect into the target processor through clips, or slide directly
onto standard square or round wire-wrap posts. Alternatively,
standard ribbon cable can be used to connect the Trace inputs
directly to data busses or connectors. 11
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Triggering

Finding firmware problems is simplified by the extensive
triggering facility built into Trace. This facility permits easy
specification of the program segment to be monitored. A Trace
can be initiated by a trigger, such as an address compare; by the
Nth occurrence of the trigger; or by trigger followed by a

second independent trigger. Twelve equations ranging from .

single qualifiers and address compares to long logical
expressions specify the trigger sources. Qualifiers can be
control bits from WCS memory, clocks, ALU outputs, interrupt
inputs or any other useful signals. The trigger position within
the captured data is also programmable, allowing events up to,
around or after the trigger to be monitored.

The trigger flexibility makes possible the capture of complex
data such as:

e The entrance/exit conditions from a subroutine
o A subroutine the Nth time it is called
e Processor activity N clocks after an event

e A routine after a control line has been set AND an external
event has occurred N times.

These capabilities, combined with the ability of STEP-3 to
rapidly modify control-store memory, add a new dimension to
firmware diagnosis.

Trigger setup is easy to learn and takes only seconds to
accomplish. A series of “menus” display the current selection
and options in the following sequence: First Trigger Event,
Number of Events to Trigger (if applicable), Second Trigger
Event, Number of Events to Trigger (if applicable), Trigger
Position within captured data, and Breakpoint Assignment,
During the presentation of each option, the current selection is
displayed. A new choice can be entered, or the old choice may
be retained and the next menu calied by hitting carriage return.
At any time, the address-compare (breakpoint) values can be
modified to follow the processor's execution path, without
changing the Trace setup.

.

Event Capture

Up to 250 processor cycles are synchronously captured during
a Trace. Nine separate reference signals, or clocks, may be
used for information capture: one for address and one for each
of the eight eight-bit data probes. The clock edge used to
synchronously latch incoming addresses and data is individu-
ally switch programmable, negative or positive.

To prevént race -conditions from causing improper capture,
12

each group of sixteen address and data bits use a separate,
independent internal clock generated from the corresponding
user clock input.

An External Enable (EE) line is provided to allow direct control

over information to be captured. This can allow a series of

snapshots of processor activity, or can lengthen the time span

of Trace by capturing every Nth processor cycle, or only the .
interesting cycles. An extra bit or flag in the target processor

WCS memory itself can be used as an input to.the EE line to

selectively capture the information of interest.

Target Processor Control

The Trace Triggered (TG) and Trace Done (TD) outputs can be
used as inputs to external devices. Both TG and TD are
designed to tie to the External Halt input on the 1/0 and clock
board. These signals go true only when the: complex trace
triggering conditions are met, and remain true until a new Trace
is started or the Disable command is used. The Disable
command forces the output false thus preventing system
lockup. Hookup in this manner, along with XSTATE™, allows
the target processor to be halted on a complex event and
internal processor states monitored to determine problem
areas.

Trigger Equations

# EON MODE DESCRIPTION

1 - - Always triggered, or “Run Always”

2 TB1 T Trace Breakpoint 1 {16 bit Address Comparator)
3 TB2 T Trace Breakpoint 2 (16 Bit Address Comparator)
4 TQt T Trace Qualifier 1

5 TQ2 T Trace Qualifier 2

6 UAC T User Address Clock (From Target Processor)

7 TBieTQ1 C Logical "AND" of TB1, TQ1

8 TB2eTQ2 C Logical "AND" of TB2,TQ2

9 TQ1eTQ2 C Logical "AND” of TQ1, TQ2

10 TB1eTQ1eTQ2 C Logical "AND” of TB1, TQ1, TQ2

11 TB1+TQ1+TQ2 o} Logical “OR” of TB1, TQ1, TQ2

NOTE: TB1+TQ1, TB1+TQ2, TQ1+TQ2 can be
obtained with choice #11. ’

Logical “OR” of TB1, TB2 TQ

NOTE: TB1+TB2, TB1+TQ1, TB2+TQ1 can be
obtained with choice #12.

12 TB1+TB2+TQ1 c

T — Simple Trigger
C — Combinatorial Trigger

Trigger Event Number, N

The Trigger Event Number defines the number of times a “T™
trigger input occurs before a trigger is generated. N=1 to 255.

TRIGGER TRIGGER

MODES DEFINITIONS

C Trace on the first occurrence of chosen combinatoriai
trigger equation.

NT Trace on the Nth occurrence of trigger input.

C—»T Trace on the first occurrence of trigger T after the first
occurrence of the combinatorial equation (C).

T—+C Trace on the first occurrence of the combinatorial
equation (C) after the first occurrence of Trigger T.

NT-» C Trigger on the first occurrence of C after the Nth
occurrence of T.

C—NT Trigger on the Nth occurrence of T after the first

occurrence of C.



SELF TEST

OPTION

Features

¢ Complete check of Writable Control Store From
User Port

o Measures Memory Access Time
¢ Four Memory Tests:

Continuity of Address, Data, and Breakpoint Lines
Memory Access Time Verification

Fast Check of Memory Access time

Determination of Memory Access Time

¢ Optional test of ROM Simulation Modules

EXPANSION
CHASSIS

OPTION

Description

Features

The Self Test Module, STEP-3S, operates in conjunction with
internal Self Test programs to provide a complete check of
memory operation, It connects to both MEM-128 and MEM-32
Writable Control Stores by means of ribbon cables and jumpers

(provided). It completely checks WCS operation from the target

processor port including access time (worst case).

This self test board provides numerous benefits to the user. it

_allows for “go/no go” check out and maintenance on the
instrument. It permits a rea! time instrument-quality measure-
ment of memory integrity, which may be performed as a
periodic calibration. Short, calibrated-length cables are
provided for easy user interconnect.

A companion board, PG board, plugs into the output of the Self
Test board to permit ROM Simulation testing. This uncommited
board lets the user wire-wrap particular ROM configuration
sockets for ROM cable testing.

Four tests may be run using the Self Test Board:

USRPRT, a test to verify the functioning of the control-store
at a chosen access time using a “ping-pong” address pattern
to guarantee all possible address transitions.

ACCESS, a thorough measurement of control store at a -

chosen access time using a “ping-pong” address pattern to
guarantee all possible address transitions.

FASTCK, a rapid but less complete check of the control store
at a specified access time.

SHMOQOO, a rapid determination of control store access
time using address transitions close to worst case.

¢ Adds five additional card slots for:

Writable Control Stores
Trace and Trace Expansion

¢ Self contained
¢ Integral power supply, cooling
¢ Easy cable hookup to STEP-3

Description

The STEP-3E Expansion Chassis aliows additional capability to
be added to Step-3 systems. It provides five new card slots for
additional target processor memory, options such as Trace and
Trace Expander, and future STEP-3 options. Any Step-3
module excepting those associated with the internal micro-
computer (System Memory, Self Test, CRT, and CPU modules)
can be used. An internal 5 volt 25 amp supply powers the
system.

The STEP-3E Expansion Chassis sits on top of STEP-3 and is
connected to it by means of two (2) fifty-conductor ribbon
cables. The interconnect board occupies the sixth bottom siot
in the upper box. A second interconnect board uses the top
module slot in STEP-3.

The Expansion Chassis has three active control switches:
ON/OFF, RESET, and WRITE PROTECT. The WRITE
PROTECT SWITCH prevents the memory contents of the
Writable Control Stores in the Expansion Chassis from being
modified from the Step-3 instrument.

13
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Features

e Compatible with AMDASM

e Three Versions: Standard Fortran IV
Microcomputers Running CPM
Intel MDS

¢ Available on CDC timesharing service

e Complete cross reference tables

e Easy to use error listings

¢ Fully supported

e PROM or Microword™ output

¢ Direct interface to STEP-3 and PROM programmers
¢ Compatible with industry standards

Description

The Transportable Meta Assembler, TMA, is a development aid
for designers working on microprogrammed systems. It permits
the user to generate a unique symbolic language which can
then be utilized for program assembly. The TMA is compatible
with AMD's AMDASM program, but comes in three versions:
Standard for computers with a word length of at least 16 bitsand
32k words of RAM running Fortran 1V; ISIS-Il for Intel®
Development Systems with 64k bytes of RAM; and CPM for
microcomputer systems with at least 56k bytes of RAM.

The Meta Assembler Software Package consists of three
separate programs, a Definition Program, an Assembly
Program, and an Output Formatter Program.

14

The Definition Program allows the user to define instruction
memonics and their associated formats. Instruction lengths
may vary from 1 to 128 bits. Symbolic constants and reserved
words may also be defined in the Definition Program. An
instruction format is defined by breaking the microword into
fields and defining the fields as constants, don't care bits, or
variables which are filied in at assembly time. Default values and
certain permanent attributes may also be assigned to variable
fields at Definition time. The Definition Program produces an
output listing and a disk file consisting of the defined symbols
and instruction mnemonics. This Definition file is used by the
Assembly program as a reference when assembling a program.

The Assembly program operates like a traditional assembler. A
symbolic source program utilizing the mnemonics and symbols
defined in the definition Program is read as input, and a listing
and object module are generated as output. The Assembler
provides symbolic addressing, relative addressing, paged
addressing, and other features found in typical assembly
programs. The instruction syntax and assembler directives are
compatible with those utilized by AMD in its literature and
software products. Additional directives have been imple-
mented to provide for versatile listing and output controls.

Conditional Assembly statements are provided in both the
Definition and Assembly programs. These statements may be
nested up to 16 levels and can be made dependent on general
expressions. A full cross reference tableis also providedin both
programs.

Some features of the TMA are particularly helpful when
assembling code for microprogrammable machines. The
existence of don’t care bits and instruction overlaying are
included among these features. Bits of a microword which are
not relevent to a particular instruction format may be defined as
don’t care bits. Don’t care bits are printed as X’s on the listing
and do not have to be defined until the Output Formatter
program is executed. An instruction format with don’t care bits
can be overlayed with other instruction formats. Therefore
when useful, an instruction format can be used to define only
part of the microword, padding out the word with don’t care bits.

The OQutput Formatter Program reads the object module file
produced by the Assembly program and translates the format
into one that can be read by a PROM programmer or Step-3.
Step's Microword™ format and both the BPNF and ASCII
hexadecimal PROM formats are supported. Users may specify
PROMSs of any width and length within the object module as well
as the value of don’t care bits. Any or ail PROMs may be listed
and/or punched. To output information to Step-3 Firmware
Integration and Test Station (FITS™) the object moduleis listed
in Microword™ format over an RS232 link.

One valuable feature of the TMA is the ease of error correction.
Each line in the listing is assigned a reference line number
which is used for editing purposes. The error listing refers to the
line number and column number, and output directives permit
error messages to be listed following the line referred to, thus
permitting rapid correction of source code.
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LINE

CRNONE N

TMA

CONTINUED

2900 X1T DEFINITIONS
YITLEOAH2900 KIT LEFINITIONS
t{:; X 8l BRrRF I EQU H#0D SBRANCH RFGISTER IFf F3
] 82 BROVR? EQU HPE SBRANCH REGISTER IF OVR
WORD 32 :2 BRCOUT? EQU HNF BBRANCH RFGISTER IF CNes
' '
} REGISTER DEFINITIONS :z : OTHER STUFF
;og EQU H#0 a7 CNOS EQU B#0
R1t EQU H#l @ 1] ~CN1S EQU B¥1
R2t EQU H#2 89 LOWS  EQU 8Bw#O
R3s EQU Ha3 90 HIGHS EQU B#]
Ret EQU Hee 91 ZEROs EQU B#O
RS1 EQU HeS 92 ONE ¢ EQU AWl
R61 EQU HNs 93 4 .
R7t EQU Ha? 94 AM29013 DEF INeIVONL e XeIVRITVIIVE44VR &Y XsbX
RBt EQU Hen 95 AM29093 DEF GVX4VHNZ2424X
R91 EQU HN9 96 DINS DEF 2BXybVH#
R101 EQU HNA 91 '
R11t EOU M#R 98 END
R121 EQU HaC
:{2: 233 ::? TOTAL OEFINITION ERRORS = 0
R151 EQU Mw#F CROSS REFERENCF TABLE
]
$ AM2901 SOURCE OPERANDS (R §) LABEL TYPE  VALUE REFERFNCES
' AB A 0000001 -29
AQ) EQU QR0 ADD A 0000000 =39
AB! EQU Ow] AM2901 0 -94
20t EQU Qw2 AM2909 0 -95
2Bt EQU Qw3 ANV A 0000006 =43
ZAT EQU oW AQ A 0000000 -28
OAS EQU Q#S ARTTH 0 66
DAt EQU Qws - M A 0000003 -1
DZ3 EQU Qw7 ) ) B8R [} 0000001 -69
' BRCOUT A 0000017 83
$ AM2901 ALU FUNCTIONS (R FUNCTION S) BRF 3 A 0000015 =81
14 : BRFEQO A 0000016 80
ADDI  EQU OwOD BRFNU A 0000000 -68
SUBR: EQU O} BROVR A 0000016 -82
susss EQU Qw2 CNU A 0000000 =47
ORt  EQU Qw3 CN1 A 0C00O0C] -8R
ANDS  EQU Qwe CONT A 0000002 =70
NOTRSIEQU OwS OA A 0000005 13
EXOR1 EQU Q6 UBLROY )] -63
EXNORIEQU Qw7 OIN 0 ) =96
4 1] A 0000006 =34
1 AM2901 OESTINATION CONTRUL vz A 0000007 -35
! EXNOR A 0000007 -46
OREG: EQU O#0 EXOR A 0000006 -4S
NOPT  EQU QW1 HIGH A 0000001 =90
RAMAs EQU QW2 JSR A 0000005 =173
RAMF: EQU Q#3 JSRFNO A 0000004 =72
RAMODIEQU Qwe LOOPCOUT A 0000013 -79
RAMD1 EQU Q#S LOOPENO A 0000010 -76
RAMQUIEQU Ow6 LOv A 0000000 -89
RAMU: EQU Qw7 NOP A 0000001 51
f} NOTRS A 0000005 ~hts
$ SHIFT MATRIX CONTROL ONE A 0000001 =92
. OR A 0000003 =42
SHIFTI DEF BXsB#0+IXeBa0¢19% PoP A 0000012 -78
ROTATE! DEF BXsBHO+IXeBN] o L9IX PUSH A 0000011} 77
DBLROTS DEF BXsB#1e3Xs880s19% QREG A 0000000 =50
ARITHE DEF BR9BNLeIXsBN] 419X L{] A 0000000 -9
’ Rl A 0000001 10
§ NEXT MICROINSTRUCTION ADURFSS SELECT R10 A 0000012 ~-19
) Rl A 0000013 =20
BRFNO? EQU HNO IBRANCH RFGISTER If F NOT EQUAL O ZER0 R12 A 0000014 =21
BR1 EQU H#1 IBRANCH REGISTER R13 A 0000015 =22
CONT? EQU HS2 ICUNTINUE Rl A 0000016 =23
BMs EQU HN3 TBRANCH MApP R1S A 0000017 -24
JSRFNO! EQU HmG SJUMP TO SUBROUTINt IF F NUT EQUAL TO ZERO R2 A 0000002 -11
JSRI EQU H#S 1JUMP TO SUBROUTINE R3 A 0000003 -12
RSt EQU HW6 IRETURN FROM SUBRUUTINE R4 A 0000006 -13
STKREF ! EOU H#7 IFILE REFFRENCE RS a 000000% -le
LOOPFNOS  EQU H#8 JEND LOUP AND POP IF F=g
PUSH$ EQU H#9 IPUSH AND CONTINUE
POPS EQU HMA IPOP AND CONTINUE
LOOPCOUTS EQU H#B I1END LOOP AND POP 1F CNes
BRFEQO! EQU W#C IBHANCH RFGISTER IF F=gQ

15
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Software Listing
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Ty
1)
L1}
82
83
be
5
LT}
24
[T
(34
90

vi

oot

META ASStMaLbe TEST PROGHAM

META ASSEMBLEN

TEST PHOGRAM

00006 TITLE META ASHEMBLER TEST PRUGKAM
vunoy LISY [} TLEIST ObUECY mOuULE [N BLULR MODE
00000 NOL!SY L WU NOY LIST IN INTERLEAVEU MODE »  CRUSS HEPERENCE TABLE
coovou  LIST Ry ILIST CrOSS WeFERENCE (adLE
000u00 FLIST AVDRESSES 1w UCTAL LAbkL Trer  vaLut nt FERFNCES
vopuon o aD ] o0p000Y =i
V00UOU 1 TrE FULLUWING OROUP O STATEMENES FuRM THE LXAMPLE IN al . 000000} -5l
000000 | THE AMUASM/B0 MANUAL. ) Aly A 0000012 -2’0
Qoogod ) ALl A 0000013 =21
000000 AOH AMZO09 & AMAY0] RAMF sUZeeUResn0 & UIN HEF Ale A LIT IS -28
000001 ALl AMZOUY & AMIYD] PAME sUZesUReen] & UIN 9 Al3 A 0000015 27 -Hh
000u0e A2H AMSQOY & AM290)L RAMF sUZeeUkesn2 & UIN O Ale A 0000010 16 18 20
000003 ANl AMZH0Y & AMZYOL RAMFsDZesURsene & UIN & AlS [] voouo) 7 ras -9 29
000004 A6l AMZGOY & AMPUDL RAMF ¢ 2H e s AND s 9 R Als A 00006,6 63
000U0S ASE  AMZYUY & AM2UOL «DACYANUIRUGNY & UIN L ALY A 0000427 =65
000006 A&t AMZY0Y AJGoJSHPND & AM2Y0L KAPD 28 s0Rs SN0 A2 A V000002 -2
000007 ATH AMCIUY & AM2Y01 sAssANUsKRL oML & UIN | A3 A 0000003 ~13
000010  Adl A4290% Aler SHFND & AM2YUL #AMUZds 4ORs IR s A 0000006 ele
000011 AYE  AUZOUY & AMZYOL sDAsIANUIRZ He & UIN 1 AS A 0000045 ~15 26 w2
000012 ALOI  AMZI0Y Al SHFND & AM29Y0L WAPD.lds 3 URs $RZ Ab A 0000006 =ih
000013 ALt AM290v & AMZY0] RAME ¢ZBeCNOoSLBN 1R4 A7 A 0000067 ~17
000014 § NUTH THE ® SIGN AFTER AS. THE EXAMPLE [N THE AMDASHM/B0 MANUAL A8 A 0000010 =18
0000l 4 DOES NUT SHUw THE % SIGNe AND 15 IN EWHOK. wiTHOUT TnE A9 A 000001} -19
000014 1+ % SIONe AN EWRUR wUUl D RESULT FRUP WLACING A LABEL wWwHUSE LENGIN AY A 0000001 [
000014 # 15 3 WITS INTU & & oY P IRLU. AUV L3 0000000 28
000ULG  AL2E  AMZO0Y ASHIHRFNU & AM29VUL AN290 1 [} 10 11 12
000015 AL3E  AMZOUY AldetR & AM2¥0] 18 19 20
000016 Al&l AMZGDY +MTS & AM2901 RAME 2 ZdrUN]+ADD eI KS [-X] 65
000017 ALS1  AMROUY Albe HR & AMZ90] +ZBasLRe RS ANZYYY ] 10 11 12
000020 ¥ 18 i9 20
000020 1 st 60 03
0006320 1 SAMPLE DIRECTIVES ANV A 0000004 14 15 1
oo0o020 ¥ Ad A 0000000 0
000400 ORG Hwloy ARLTH [ [
0006400 LABLS Euu SV BAS A 0000624 =56 84
000400 LAKIT SE) tadl M A 0000003 ]
000400  LAB4T SeT 5eLAB] R A . 00000u] 27 29 86
000400 LABSI LUU LaBi®2/40]2 BRCUUT A 0000017 [
000400 TST21 EQU 20nMI% BRF S A 0000015 ¢
000400  TSTIt Luu 20nAl~% BRrEQD A 0000046 0
000400 UATA nafFFFF BRENO A 0000000 26
0006401 LABTE Euu 2ulAS®Z}e ROV A 0000016 o
00040) UATA 20 (Al5+50)® CND A 0000000 2l
000602 + A 'SPACE 5' UJRECTIVE FOLLOWSe LEAVING S SPACES Ow LISTING CN) A 0vo000} 24
CONT A 0000002 0
A A 000000% 19 17 iv
veLROT [ . [
IN 0 19 11 e
. he
000402 ULUP § JUUPLILATE DIRECTIVE vo A 0000006 0
000402 UATA HwFFFFe® 0z A 00a00u? 10 1 12
000403 UATA mwtFFFe EXNUR A 0000007 ]
000004 UATA mNrFFE® ~' Laok A 00000ue o
00040 UATA mwkiFhe H1GH A 0uo0gul L]
VU040 UATA +WFEFF O
000407 UAlA s JLUCATIUN COUNTER SYMAUL
00041U  ALAHTI SET
U410 ALIOGN & BALTON FRULHAYM CUUNILW
0Ubely  WES Q0 EMESERVE STORAGLE
000622 FF 12aelUHRi2ieY TEHEE PURMAT iRk LTDve
000423 FFf 3cA
000626 1 EXAMPLE UF CUNUITIUNSL aSSEMuLY
000424 I+ 1512
QU624 BADY DATA aeen
000425 AMZYOY
000426 (813 08JeCT MODULE
000426 ENJ I
000626 § E£XAMPLES UF LINE COUNTINUATIUN 000009  XXXXUI1CXdL11Xii1 XO11XXXXJJue1l1t
000426 ALBI  AMZYOY & AMZUOL QAMUIDZesURs om0 & 00LbLul  XXXXuL10XS11X121 XGLIXXXNJLLII0LA
0004206 7 UIN net 00C0LG2 XXXXUULUX011X131 XDJAXXXXGUILOILE
000427 A1) AN29DY & AMPO0) PAME sDZesUN s om0 806LLC3  XXXXGUAEXL11XA11l XKOLAKXXNGLECULO
000427 /& UIN wet Q000604  MXXNQUILAGIIXYIL XLOINXXXOQULLNXNKX
000030 ¥ DO NOT LEST NEXT 3 LINES ANU THEN EJECT PAGE 00000CS  AXXAULLAGXLULNIUL X10LLOOLIOHELOLL
000433 List 0066US6 1116044 XNIV2X021 XOAIXNXXYILINAXK
000433 1 000067 XXXXGuiONLe2X241 X10C0002000140u)
000433 1 SAMMLE ERNUKS 000001y  11100200X152Xvld XDIAXXXXYGL 2 NAXX
000033 I 0600011  XXXXCUIUXLUINIL] N1GudPI0DULLE0GL
D00« DATA CEFLIT T SCUNSTANT TOO LAKRLE 0000012 11130100X2u1XJL1 XO1LXXXXYOLAXNXX
eesbRNUR 10 (e1) 00L0013  XXXXQUL0XG1aXL11 000INXXNXILLOXXXX
000436 tuy Haing IHISSING L ABEL Q000024 01010LOGXLHIXNNXX XNUNXXKXNXRXNXAX X
seeFrRUR B2 1) 0000u15 13110uU1NELI XXX XXXXAXRXXXXKXXKX
0043w ORb 100 SCANNUT MaVE HACRWAKUS URTLIN 0000G1E XXXXCLIOXULAXULL 2OOCXXXNJDLAXXKX
sesERUR 1] (72¢} 0060017 2111000aX001X011 XB11XXXXO012XXXK
00043e  T5Tx3 SEF -1 ENEGATIVE VALUES ARt JLLEGAL 00L0~0G  OuL000LOLOOGLI221 1321232321022218
SeeERKUN 11 (21} 0000461 UuGo020000061211 1111231153206210
000434 List J LARGUMENT ERRUK 0000402 J30J0v0LOOOLOOLY 00500000 LLGLOL0
essERRON 2 (19} 000643  06L0GOVOLLOVEULY JDIubIL0LDLOGI0D
0004 Fi LABX, 10K FUNDEF ENEL SYMBOL GOGCAce 050000006L0LLULVO 000000C0IV0GLI00
vseERRUR  § (2J) 0000455 OOGULOIUG0JLeGIY V00000U0UAUELODE
000435 DATA PETITS JCUNSTANT MOUTF [LR ERHONS 0000406 OGLOQUDOCLOD0GG0 0000000000000060
eaefWNUR B (26) 0060407 00GUSUIOCOIHLUOL 00U0UDD1JuEELLL
000436 FF BAS5XSeHNI0L VA FIELU CANNGT MAVE aNT MUDIF[ERS $000422 UAXXXXXNXXNGUw1 0010u0113100u101
*o4f NNUR 2 (2o} : . DOLE&23  OOOMOONONOCNNXXNE XXX XXX XXXX X
000437 SUUPLICATE LAnkL 0060424  8LEOUOO0LLUUUGLO0 GIUGOOOBGUOI6IVD
000637 ALl AMZQ0Y AlSedNk 8 AMZ90) PILLEUAL CHARACTEH 0066625  XXXXOGLuXXXNKION XXANXA XXX AN X XXX X
53 ( w) £00042€ XXXXQOLGX1waX11l XD13XXXX0002111
2 2N 0060427  XXXXDULUKGI1X111 XO11XAKKOULE1111
FMISSING LABEL 0000430 06GDIVVULLGOIF00 VUVII0VULDLLODD
000440 AMZGOY ADIDRFNU A A4Z904 $HEELL LENGTH CONFLICTY 8000431 GCODULGILOOLOOGO IBJULOODDORCRVGOL
*2ef NRUN 9 (1) 0000+32 GLLOB0GOLOCLOCO00 0JuUOOUOO1LILOLD
000«sl RUTATE & SHlt ! 1+ URMAT OvERLaP BUCGLII  NXXXXXXXXEKXXXXNX XXXNUAXANXXXNAXKX
*sesERRON 17 (18) 0000434  XXXKXXXUANXNXXXNN XAANNNXNXRNXXXXX
0004é2 LABX (5] 8 1ILLEGAL UIRECTIVE. FUKGOT 1 0000435  XXXXXXXXXXXNOXXX XXXXNXNNXXN RHXXX
seefNMOR 1 { &) 0000436 1L001J1PCNXXXNXK XXXXXAXXXXXNRNXX
000443 ENOD V00C437 1112000l XNXXXXXN NNXRNXXNKXKXXXKX
QUCOLeE0  XXXXXXXNXXXNNNXN XAXXXXNXXKNXNAXX
000Cuul XXX NXNLNNA XAXXAXXXAKKXXNNX
000G  XXXXXXXXXXKANXXX XAXXXXUXKKXXAXXXX

TOYAL ASStMOLY ERRUNS = 3
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Features

e Superset of TMA, in Fortran

¢ Assembles code written for TMA
e Complete MACRO capability

® Multiword per line generation

¢ Boolean and relational operators within
expressions

e Character string manipulation

e Split fields

Overlay of non-zero fields

Column overlaying and switching in object module
Single bit parity

Entry point table generation

Description
MACRO-TMA is a superset of TMA with advanced features to

permit faster code generation for microprogrammed systems. .

Any programs written for use on TMA can be run on MACRO-
TMA without modification. Versions of the program are
available for mini and maxi computers with Fortran Compilers.
Like TMA, MACRO-TMA consists of three separate programs:
Definition, Assembly, Formatter. It provides many improve-
ments over TMA including: macro capability, code manipula-
tion, entry points, and English Language error messages.

PROGRAM ENTRY POINTS: In TMA there is no automatic way
of generating Entry Point tables for a mapping ROM. In
MACRO-TMA, a new directive, MAP, generates an object
module of all entry points called out in the program.

CODE MANIPULATION: MACRO TMA allows the user to split -

a field to two or more subfields scattered in memory. it also
contains a special operator to allow a field to replace (overlay) a
second field. This permits a field shared by two different
instructions to have a defauit condition from one instruction
overlayed by code from the second instruction when present.

To make processor changes easier to handle, columns of object
code can be overlayed or switched with other columns within
the object module. Single bit parity can be generated across the
microword and inserted into any column. \

MACRO-TMA

* SOFTWARE

MACROS

MACRO-TMA has a complete MACRO facility which can be
used to make code generation easier or generate “higher order”
languages. Both recursive and nested MACROs are permitted.

MACRO expressions can be conditional with “IF” then "ELSE”
construction. Assembly conditions can be based on number of
expressions passed into the MACRO, on equality or non-
equality of character strings or character string segments,
and/or the value of variables. Boolean (and, or, shift . . ),
relational (equal, not equal, greater than, . . .) and algebraic
expressions can be used in the main program, as MACRO
conditionals, or within a MACRO. MACRO parameters may be
Symbols, Numbers, Opcodes, etc. This capability permits:

1) Multi-word microword instructions to be defined.

2) Non-Contiguous fields to be implemented.

3) Complex overlayed instructions to be coded by a single
mnemonic.

MACROS can be defined in either the Definition or Assembly
program, but are only expanded and checked when the
Assembly program is run.

17



MACRO TMA

18

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

101

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118 .
119
120
121
122
123
124
125

TOTAL

CROSS REFERENCE TABLE (see

BRF3: EQU H#D ;BRANCH REGISTER IF F3
BROVR: EQU HFE ;BRANCH REGISTER IF OVR
BRCOUT:  EQU HFF ;BRANCH REGISTER IF CN+4
H

; OTHER STUFF

;

CNO:  EQU B#0

CNl: EQU B#L

LOW:  EQU B#0

HIGH: EQU B#1

ZERO: EQU B#0

ONE: EQU B#l

: .
AM2901: DEF 9X,3VQ#1,1X,3VX,1VX, 3VX, 4VX,4VX, 4X
AM2909: DEF 4VX,4VH#2,24X

DIN: DEF 28X,4VH#
DIN1: DEF 28X, 4VH#5
;
; DEFINE MACROS
3
TABLES: MACRO X,Y,2
LOCAL LAB1
Zs: DATA R#°X ;CONCATINATION
DATA NARG ;NUMBER OF MACRO ARGUMENTS
LAB1: DATA LAB1+5
1F H#“X_NE_"Y
DATA z
ELSE
DATA Y
ENDIF
ENDM
3
MOVEB:  MACRO X,Y,2
AM2909 & AM2901 X,Y,,OR,,RO & DIN H#F
AM2909  Al4, JSRFNO
; EXIT MACRO IF THIRD PARAMETER IS NULL
1FC z,
EXITM
ELSE
AM2909 & AM2901 X,DZ,,0R,,Z
ROTATE
ENDIF
ENDM
;
END
DEFINITION ERRORS = 0

sample in TMA Cross Reference table)

;JUMP TO SUBROUTINE IF F NOT EQUAL TO ZERO

CONTINUED
LINE AM2900 KIT DEFINITIONS
1 TITLE AM2900 KIT DEFINITTONS
2 LIST Q
3 LIST X
4 H
5 WORD 32
6 H
7 3 REGISTER DEFINITIONS
8 H
9 RO: EQU H#O
10 Rl: EQU H#1
11 R2: EQU H#2
12 R3: EQU H#3.
13 R4: EQU H#4
14 R5: EQU H#S5
15 R6: EQU H#6
16 R7: EQU H#7
17 R8: EQU H#8
18 R9: EQU H#9
19 R10: EQU H#A
20 R1l: EQU H#B
21 R12: EQU H#C
’ 22 R13: EQU H#D
23 Rl4: EQU H#E
24 R15: EQU H#F
25 H
26 ; AM2901 SOURCE OPERANDS (R S)
27 H
28 AQ: EQU Q#0
29 AB: EQU Q#1
30 7Q: EQU Q#2
31 ZB: EQU Q#3
32 ZA: EQU Q#4
33 DA: EQU Q#5
34 DQ: EQU Q#6
35 DZ: EQU Q#7
36 H
37 ; AM2901 ALU FUNCTIONS (R FUNCTION S)
38 B
39 ADD: EQU Q#0
40 SUBR: EQU Q#1
41 SUBS: EQU Q#2
42 OR: - EQU Q#3
43 AND: EQU Q#4
44 NOTRS:EQU Q#5
45 EXOR: EQU Q#6
46 EXNOR{EQU Q#7
47 H
48 ; AM2901 DESTINATION CONTROL
49 H
50 QREG: EQU Q#0
51 NOP: EQU Q#1
52 RAMA: EQU Q#2
53 RAMF: EQU Q#3
54 RAMQD:EQU Q#4
55 RAMD: EQU Q#5
56 RAMQU:EQU Q#6
57 RAMU: EQU Q#7
58 H
59 ; SHIFT MATRIX CONTROL
60 H
61 SHIFT: DEF 8X,B#0,3X,8#0,19X
62 ROTATE: DEF 8X,8#0,3X,B#1,19X
63 DBLROT: DEF 8X,B#1,3X,B#0,19X
64 ARITH: DEF 8X,B#1,3X,B#1,19X
65 H
66 ; NEXT MICROINSTRUCTION ADDRESS SELECT
67 H
68 BRFNO: EQU H#0 ;BRANCH REGISTER IF F NOT EQUAL TO ZERO
69 BR: EQU Hf1 ;BRANCH REGISTER
70 CONT: EQU R#2 ;CONTINUE
71 BM: EQU H#3 ;BRANCH MAP
72 JSRFNO: EQU H#4
73 JSR: EQU H#5 ;JUMP TO SUBROUTINE
74 RTS: EQU H#6 ;RETURN FROM SUBROUTINE
75 STKREF: EQU H#7 ;FILE REFERENCE
76 LOOPFNO:  EQU H#8 ;END LOOP AND POP IF F=0
77 PUSH: EQU ##9 ;PUSH AND CONTINUE
78 POP: EQU H#A ;POP AND CONTINUE
79 LOOPCOUT: EQU H#B ;END LOOP AND POP IF CN+4
80 BRFEQO: EQU H#C

;BRANCH REGISTER IF F=0



LINE

gk bt b s s g
WR NP LD LN~ OW® N AN P N

ADDR

000000
000001
000002
000003
000004
000005
000006
000007
000010
000011
000012
000013

000014
000015
000016
000017
000020

000400

000400

000401

000402
000403
000404
000405
000406
000407

000410
000410
000422
000423
000424

000425

000426

000427

aNes30

200431
DO0L32

META ASSEMBLER TEST PROGRAM

TITLE META ASSEMBLER TEST PROGRAM

LIST B ;LIST OBJECT MODULE IN BLOCK MODE
NOLIST L ;DO NOT LIST IN INTERLEAVED MODE
MAP 0,16 ;GENERATE ENTRY POINT MAP

LIST X,Q ;LIST CROSS REFERENCE TABLE

;LIST. ADDRESSES IN OCTAL

B
3 THE FOLLOWING GROUP OF STATEMENTS FORM THE EXAMPLE IN
; THE AMDASM/80 MANUAL.

AM2909 & AM2901
AM2909 & AM2901
AM2909 & AM2901
AM2909 & AM2901

RAMF,DZ, ,0R,,RO & DIN H#F
RAMF,DZ, ,0R,,Rl1 & DIN 9
RAMF,DZ, ,0R, ,R2 & DIN O
RAMF,DZ, ,0R,,R4 & DIN 4
AM2909 & AM2901 RAMF,ZB,,AND,,R3

AM2909 & AM2901 ,DA,,AND,RO,RO & DIN 1
AM2909 Al4,JSRFNO & AM290L RAMD,ZB,,OR,,RO
AM2909 & AM2901 ,DA,,AND,R1,Rl & DIN 1
AM2909 Al4,JSRFNO & AM2901 RAMD,ZB,,OR,,Rl

AM2909 & AM2901 ,DA,,AND,R2,R2 & DIN 1
AM2909 A4, JSRFNO & AM2901 RAMD,ZB,,OR,,R2
All: AM2909 & AM2901 RAMF,ZB,CNO,SUBR,,R4
;. NOTE THE % SIGN AFTER AS. THE EXAMPLE IN THE AMDASM/80 MANUAL

; DOES NOT SHOW THE % SIGN, AND IS IN ERROR. WITHOUT THE
; % SIGN, AN ERROR WOULD RESULT FROM PLACTNG A LABEL WHOSE LENGTH
IS 3 BITS INTO A 4 BIT FILELD.

Al2: AM2909 AS5%,BRFNO & AM2901

Al3: AM2909 A15,BR & AM2901

Al4:: AM2909 ,RTS & AM2901 RAMF,ZB,CN1,ADD,,R3

Al5:: AM2909 AlS, BR & AM2901 ,ZB,,O0R,,R3

DATA LABI_AND_H#F_SHL 2 ;BOOLEAN OPERATORS
EQU Al_OR_ALS_AND_H#9

TST4:
H

; SAMPLE DIRECTIVES

ORG -H#100

LABL: EQU 50

LAB3: SET LAB1

LAB4: SET 5+LABL
LAB6: EQU LABL*2/4+12
TST2: EQU 20H#1%
TST3: EQU 20H#1-%
DATA H#FFFFF

LAB7: EQU 20(AS%2)*
DATA 20(Al5+10)*

; A “SPACE 5° DIRECTIVE FOLLOWS, LEAVING 5 SPACES ON LISTING

DUP 5

DATA HAFFFF*
DATA H#FFFF*
DATA H#FFFF*
DATA H#FFFF*
DATA HA#FFFF*

;DUPLICATE DIRECTIVE

DATA $ ;LOCATION COUNTER SYMBOL
XLABT: SET §
ALIGN 4 ;ALIGN PROGRAM COUNTER
RES 10 ;RESERVE STORAGE
ENTRYL:: RES 1
FF 12X,20H#12345 ;FREE FORMAT DIRECTIVE
FF 32%
; EXAMPLE OF CONDITIONAL ASSEMBLY
1 T5T2
BAS: DATA Q#20
AM2909
ELSE
ENDIF
1F LABL_GT 60
ELSE -
DATA LABL-5
ENDIF
IF LAB1_EQ_50
DATA LABL+LAB1
ENDIF

3 TEST MACRO CAPABILITY

DEFINE A NEW MACRO THAT CALLS A MACRO DEFINED AT DEFINITION TIME

MOVEA:  MACRO X,Y,2
MOVEB .Y,2
AM2909 . X,RR & AM2901
“NDM
; CALL SOME MACROS
MOVER RAMF,ZB
+ AM2909 & AM2901 RAMF,ZB,,0R,,RO ‘& DIN H#F
+ AM2909 A4, JSRFNO
s {IT MACRO IF THIRD PARAMETER IS NULL
.

MACRO TMA

CONCLUDED

LINE  ADDR META ASSEMBLER TEST PROGRAM
87 3
88 MOVEB Q#1,DZ,RS
88 000433 + AM2909 & AM2901 Q#1,DZ,,O0R,,RO & DIN H#F
88 000434 + AM2909  Al4,JSRFNO
88 + EXIT MACRO IF THIRD PARAMETER 1S NULL
88 + IFC RS,
88 + ELSE
88 000435 + AM2909 & AM2901 Q#1,0Z,,0R,,R5
88 000436 + ROTATE
88 + ENDIF
89 H
90 TABLES 2E, 46, ENTRY2
90 000437 + ENTRY2:: DATA HA2E ;CONCATINATION
90 000440 + DATA NARG ;NUMBER OF MACRO ARGUMENTS
90 000441 + ..0000: DATA . .0000+5
90 + 1F HH2E_NE_46
90 + ELSE -
90 000442 + DATA 46
90 + ENDIF
91 H
92 MOVEA A8, H#55: ,R6
92 + MOVEB LB#55:,R6
92 000443 + AM2909 & AM2901 ,H#55:,,0R,,RO & DIN H#F
92 000444 + AM2909  Al4,JSRFNO
92 + 3 EXIT MACRO IF THIRD PARAMETER IS NULL
92 + IFC R6,
92 + ELSE
92 000445 + AM2909 & AM2901 ,DZ,,OR,,R6
92 000446 + ROTATE
92 + ENDIF
gg 000647 + AM2909 A8,BR & AM2901
H
94 3 EXAMPLES OF LINE CONTINUATION
95 Al8:: AM2909 & AM2901 RAMD,DZ,,0R,,RO &
96 / DIN HIF
97 Al9: AM2909 & AM2901 RAMF,DZ,,OR,,RO
98 / & DIN RfF
99 ; DO NOT LIST NEXT 3 LINES AND THEN EJECT PAGE
104 LIST
106 ; DEMONSTRATE OVERLAY ERROR OVERRIDE ATTRIBUTE
107 000453 DINI & DIN 9 JOVERLAY ERROR
***OVERLAY ERROR (25)
108 000454 DIN1 & DIN 9@ ;OVERRIDE ERROR
109 H
110 ; SAMPLE ERRORS
111 ;
112 000455 DATA H#100000 ;CONSTANT TOO LARGE
***VALUE TOO LARGE (27)
113 EQU H#100 ;MISSING LABEL
***MISSING LABEL
114 ORG 100 ;CANNOT HAVE BACKWARDS ORIGIN
***TLLEGAL VALUE (22)
115 TSTX: SET -1 ;NEGATIVE VALUES ARE TLLEGAL
***TLLEGAL VALUE (21)
116 LIST J ;ARGUMENT ERROR
***ARGUMENT ERROR (19)
117 000456 FF LABX, 10% ;UNDEF INED SYMBOL
*%*UNDEF INED SYMBOL (23)
118 000457 B#101#*- ;CONSTANT MODIFIER ERRORS
***ATTRIBUTE ERROR (26)
119 000460 BAS, SX$, B#101 ;X FIELD CANNOT HAVE ANY MODIF
***ARGUMENT ERROR (26)
120 ;DUPLICATE LABEL
121 000461 Al3: AM2909 Al15,BR # AM2901 s ILLEGAL CHARACTER
***DUPLICATE LABEL
***ARGUMENT ERROR (21)
122 ;MISSING LABEL
123 000462 AM2909 A5,BRFNO & AM2901 ;FIELD LENGTH CONFLICT
***FIELD LENGTH CONFLICT (15)
124 000463 ROTATE & SHIFT ;FORMAT OVERLAP
***QVERLAY ERROR (38)
125 000464 LABX EQU 8 ; ILLECAL DIRECTIVE, FORGOT :
***TLLEGAL DIRECTIVE ( 1)
126 END
TOTAL ASSEMBLY ERRORS = 14
ENTRY POINT
0000000 AO 0000000
0000001 Al 0000001
0000002 A5 0000005
0000003 A8 0000010
0000004 AlO 0000012
0000005 Al4 0000016
0000006 AlS 0000017
0000007 ENTRY1 0000422
0000010 ENTRY2 0000437
0000011 Al8 0000450

1ERS

MAP

19



STEP-3 MEM 32
SPECIFICATIONS | MEM 128

SPECIFICATIONS
STEP-3 Instrument CONNECTOR TYPES
- READ WRITE — BNC Connector
ELECTRICAL BREAKPOINT — BNC Connector
Power Supply  100-130 Vac @ 47-440 Hz or ADDRESS & — P10 26-conductor edge connector, 0.1"
200-260 Vac @ 47-440 conductor spacing. Mating part 3M#3462-
0001 or equivalent.
Fuse 4.0 Amp Slo-Blo MEMORY OUTPUTS & — P11, P12 Two 40-conductor edge connect-
tors, 0.1” conductor spacing. Mating part
MECHANICAL (Table top or rack mounting) 3M#3464-0001 or equivalent.
Height 7.0 inches MEM 32 MEMORY ORGANIZATION (DO IS LSB)
i 65 inch 1K x 32 DO through D7: Least Significant Byte
Width 17.65 inches ' D24 through D31: Most Significant Byte
Depth 27.5 inches : ' 2K x 16 DO through D7: 0-1K Least Significant Byte
D8 through D15: 1K-2K Least Significant Byte
ENV'RONMENAL . D16 through D23: 0-1K Most Significant Byte
, . s D24 through D31: 1K-2K Most Significant Byte
] . 0,
Operating 10 to 45°C; 0 to 90% relative humidity 4K x8 D1 through D7: 0-1K
- o 0 ; - D8 through D15: 1K-2K
Storage 40 to 85°C; 0 to 95% relative humidity D16 through D23: 2K-3K
CRT D24 through D31: 3K-4K
Dimensions 5 inches measured diagonall
Viewing Area 13 inch 9 y MEM 128 MEMORY ORGANIZATION (DO IS LSB)
lewing Are square inches 4K x 32 DO through D7: Least Significant Byte
D'isplay 8 lines by 32 characters/line D24 through D31: Most Significant Byte
. . : : 8K x 16 DO through D7: 0-4 Least Significant Byte
Character Size  0.25 x 0.12 inches D8 through D15: 4K-8K Least Significant Byte
X g D16 through D23: 0-4K Most Significant Byte
KEYBOARD D24 through D31: 4K-8K Most Significant Byte
Dimensions 14.5 inches by 3.75 inches PINOUT A OF MEM-32, MEM-128 BOARD EDGE
Keys Hex Keypad 16
y P Conductor # P10 B.C P12 D.EF p11 DEF
Control 11 : K A0 ' DO D16
Standard 47 3 Al D1 D17
5 A2 D2 D18
74 Total 7 A3 D3 D19
9 A4 D4 D20
SPECIAL INTERFACES 1 AS D5 D21
Baud Rate Individually programmable with data rates :2 23 gg ggg
of 2400, 1200, 300, 150 or 110 baud, For 17 A8 E00 E02
faster baud rate, consult factory. 19 ' A9 E10 E12
. . 21 A10 D8 D24
Stop Bits 1 or 2, individually programmabile. 23 A1 D9 D25
. 25 UL D10 D26
Parity 0, 1, EVEN, ODD o UL o Do
Number One 20ma current loop, two EIA RS232 29 - D12 D28
, . 31 — D13 D29
compatible, one with modem controls. 33 B D12 D30
Serial Mode Full or half duplex. 35 - D15 D31
37 — EO1 EO3
CARD CAGE : 39 — E11 E13

Eight-slot card cage with three slots omitted for instrument Notes: A. Even-Numbered Pins: GND
. UL = User Latch Input (Breakpoint Qualifier)

A
functions and Self Test. Five siots available for Writable Contro! 8 -
) i C. Ax = Address Input B .
Store such as MEM 32, and Options such as Trace. D. Dx = Data Output }0 = LS Bit
E }o=LsByte
G

) . Elx = Enable Input (8 bits of data)
CONTROLS . EOx= Enable Output (from STEP-3)
. Standard terminations are 3M#3399 (Add dt
ON-OFF, RESET, WRITE PROTECT. 3M#3421 (Data) (Address) and  two
20



Electrical Parameters

MEM 32, 128

SPECIFICATIONS
DC CHARACTERISTICS (TA = 0 to 45° C)
» INT-1 INT-2 INT-3,4,5 o
Parameter Test Conditions Min Max Min Max Min Max Units
ADDRESS & ENABLE LINES
“0" Input Current ViN =045V -400 -400 -400 uA
"1" Input Current VINT27V 50 50 50 nA
“0" input Voltage 08 0.8 0.8 \
“1" input Voltage 2 \
Input Hysteresis 0.2 0.2 0.2 \
Input Clamp Voltage N =18 mA -1.5 1.2 -1.2 \
DATA LINES
“0" Output Voltage fouT =20 mAD 05 05 05 v
“1" Output Voltage loyTt = —6.5 mAD 2.4 ) 24 24 v
Output Short Circuit Current® VouTt =0V -30 -40 -225 -100 mA
Output Leakage Current Tristate +10 150 pA
-200
Notes: A.  Positive current defined as into terminal referenced.
B No more than one output should be grounded at a time.
C. Manufacturer reserves the right to make design and process changes and improvements.
D 1 mA for INT-1 interface, 3 mA for INT-2 interface.
: we i
WRITE
CYCLE ADDRESS X %
L R O taw ; |
. o=ty -]
T Y Y N —— - ety 1 i
LA #
- o o ~
| i !
DATA IN X i DATA IN VALID X
t 1 .
‘2"”- Tz - !ﬁ——~-— tow —’%
i
- \, HIGH IMPEDANCE v
DATA OUT DATA UNDEFINED / ‘:
WRITE CYCLE (Assumes Interface INT-1, Resistive Termination)
MEM-32F MEM-32A MEM-128F MEM-128A MEM-1288
Symbol | Parameter Min Max Min Max Min Max Min Max Min Max Unit
tWC Write Cycle Time 65 75 75 90 180 ns
T AW Address Valid To
End of Write 55 65 40 50 155 ns
tAS Address Setup Time 10 10 10 10 20 ns
tWP Write Puise Width 45 55 55 70 150 ns
tWR Write Recovery Time 15 20 10 20 15 ns
tDW Data Valid to 35 35 30 30 60 ns
End of Write
tDH Data Hold Time 20 20 20 20 16 ns
tWZ Write Enabled to 0 35 20 35 0 30 0 40 10 85 ns
Qutput in High 2
tOW Output Active from 20 40 25 40 5 5 5 . ns
: End of Write
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MEM 32-128

CONCLUDED
AC Characteristics (cont'd)
BREAKPOINT Min Typ Max Unit
Address Input to Breakpoint Output 60 70 ns
Max Address Skew for “Glitchless Output” 4 6 ns
MEMORY READ MEM 32
Symbol . MEM INT-1 INT-2 INT-3€ INT-40 INT-5 Unit
ymbo Parameter TYPE Max Max Mir Max Min Max Max
TpHL. TPLH Address Access Time# F 36 48 58 54 49 ns
TpHL. TPLH Address Access TimeA A 45 57 67 63 58 ns
TzL TzH Enable to Qutput Delay all 40 25 25 25 ns
Thz TLZ Output Disable Time . all 25 20 20 ns
Tw Latch Clock Width all 10 10 ns
Ts Data Setup Time8 all 51 ol ns
TH Data Hold TimeB all 21 10! ns
MEMORY READ MEM 128
Symbol Parameter MEM INT-1 INT-2 INT-3C INT-4D INT-5 Unit
y TYPE | Max Max Min Max Min Max | Max "
TPHL TPLH Address Access TimeA F 50 62 72 68 63 ns
TpHL. TPLH Address Access TimeA 70 82 92 88 83 ns
TeHL TPLH Address Access Time? B 180 195 205 199 195 ns
Tz TzH Enable to Output Delay all 40 25 25 25 ns
Thz TLz Output Disable Time “all 25 20 20 ns
Tw Latch Clock Width all 10 10 ns
Ts Data Setup TimeB all 51 0l ns
TH Data Hold TimeB all 2t 10! ns
Notes: A. Worst case address to data transition utilizing a galloping pattern (GALPAT). C. Access time includes data setups on register.
B. Arrow indicates transition of latch input used for reference: D. Worst case access: clock goes low after data sets up.
t for the low-to-high transition.
| for the high-to-low transition.
VOLTAGE WAVEFORMS
PARAMETER MEASUREMENT
SETUP AND HOLD TIMES
INFORMATION (o] PULSE WIDTHS
TEST LOAD CIRCUIT e mom LeveL ™
somT Vee 15ETUP _::
%.t ot - S
st
FROM ouTRUT
UNDER vesT seenoree:
NOTES
c A. Cy includes probe and jig capacitance in pF.
seenoTe A B. Al diodes are 1N916 or 1N3064.
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS
ENABLE AND DISABLE TIMES THREE-STATE OUTPUTS
contabn "
INT-1 | INT-2 [INT-3,4,5 a0 N Y
—-— e lo Wz
C 5 50 '5 —0— - $Y AND $2 CLOSED
L eo $)CLOSED 1Iv A‘__LT 1sv
wavkroRM 1 1E50SE0 N
=t o
RL 1K 90 280 atvranal EVALLAS
— .L —— - Vom
WALE B RN StOPN 1w T 35V
57 CLOSED
AN 51 A 52 CLosED
22 Printed in U5 A. Due te our continuing program of product improvement, specifications are subject to change without notice. 1/80 )




Electrical Characteristics
ABSOLUTE MAXIMUM RATINGS

Input Voltage -1to 5.5V Stresses above, and extended time at,

ROM 4/8

Output Current  150ma absolute maximum rating may cause SPECIFICATIONS
Storage Temp.  -45° to 75°C permanent damage or affect device
reliability. Functional operation at these
limits is not guaranteed or implied.
D.C. CHARACTISTICS Ta-0to 45°CF; 4.75V< V¢ <5.25V)
PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT

“0” Input Current (CS only) Vin = .50V 2 ma
“0” Input Current Vin = .50V -400 ua
“1” Input Current Vin = 2.7V 50 ua
“0” Input Voltage .85 \
“1” Input Voltage 2.0 \
“0” Qutput Voltage 1out = 40 ma 5 \"
Output Short Circuit Current® Vout = OV -30 | ma
“1” Qutput Voltage lout = -6.5ma 24 \
Output Leakage Current +50 ua
Input Clamp Voltage lin = 5.0ma -1.0 \'
Input Impedance (Address lines) 100 Ohms
input Capacitance© Vin = 2.0V 35 pf
Qutput Capacitance € Vin = 2.0V 40 pf
Power Supply Current 200 ma

AC CHARACTISTICS

Calculation of Worst Case Access Time, WCAT, at the Memory
Socket:

WCAT = TAA +35ns x L + TD

where TAA = Worst Case memory access time from the data
sheet

L = Length of cable + 1.5 feet
TD = Delay through ROM simulation module

MAX VALUE
SYMBOL PARAMETER TS L R UNIT
TD Delay through ROM Simulation 15120{20 Ins
module '
TZ1., TZH| Enable to Output Delay 25125(25 |ns
TLZ, THZ| Output Disable Time 20(20120 [ns
T™W Latch Clock Width - 120]20 |ns
TS Data Setup Time - |0 ns
TH Data Hold Time - 11012 |ns

TS = Tristate; L = Latching; R = Register
* For voltage waveforms, see page 20

NOTES: A. Positive current is defined as into the terminal referenced.

B. no more than one output should be grounded at the same time.

C. Manufacturer reserves the right to make design and process changes
and improvements.

D. All characteristics include the effect of the 12" cable between the
buffer card and test signal.

E. Power off.

F. For high temperature operation to 125°C consult factory.

G. Input capacitance on slave address lines: 5pf typical.
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TRACE

SPECIFICATIONS

TRACE OUTPUTS

(Available on BNC connectors at board edge)

TRACE TRIGGERED A positive true signal available 3to 5
TG processor cycles (depending on trigger
mode), plus 25ns after a valid trigger
condition has occured. The signal state
is indicated on the CRT. TG can be
used to trigger an external logic ana-
lyzer, or hait the target processor.

TRACE DONE A positive true signal available 3 to 5
TD processor cycles (depending on trigger
mode) plus 25ns after a Trace has been
completed. The signal state isindicated

on the CRT. TD can be used to halt the
target procesor.

TRACE INPUTS

EXPANSION
CHASSIS

SPECIFICATIONS

SPECIFICATIONS—-
STEP-3E
EXPANSION CHASSIS

SIGNAL NAME INPUT FROM SIGNAL DEFINITION
A1thru A9 Master ROM Buffer Least significant address inputs
(A10, A11)¢ assembly

(A10, A11)8 Address Probe Address input

A12 thru A15 Address Probe Most significant address input

UAC’ Address Probe User address clock

EE? Address Probe External enable to trace operation

TQ1235TQ2235 Address Probe External Trigger inputs :

DO thru D7 Data Probe 1% Least significant external data
inputs.

upcr Data Probe 1° User data clock

UCTLA Data Probe 1 User display input for XSTATE™

D8 thru D15 Data Probe 2° Most significant external data

. inputs.

upbC¢ Data Probe 2° User data clock

ucT2 Data Probe 2°
D16 thru D63’ Data Probe 3-8°

User done input for XSTATE™
Data Inputs®

NOTES: 1. Clock edge used to latch data, positive or negative, is individually
switch programmabie.

2. Logicatl true input level is individually switch programmable, positive
or negative.

3. Clock input, UAC or UDC, used to strobe signal is individually
selectable.

4. Used only to synchronously latch data; not used for internal timing.

5. Use of this input is optional; to run, Trace needs only UAC and the
least significant addresses.

6. A10, A11input can be obtained from either the Master ROM assembly
or Address Probe. Jumpers on the Trace Board select the source.

7. Onty available on Trace Expander Board.
8. Each group of 8 input bits has its own clock input and latch circuitry.

AC SPECIFICATIONS

Setup time (TSU) and hold time (THD) from active clock edge. .

SWITCH-SELECTABLE WIRED POSITIVE

CLOCK EDGE (POS OR NEG) CLOCK EDGE
TSuU THD TSU THD
TYP MAX TYP MAX TY MAX TYP MAS
ADDRESS  -12° -4* 15 25 -4° 2 8 25
DATA -4° 2 8 125 3 5 1 2

EE 30 45 - - - -
“data may arrive after the clock

Minimum clock width (high or low): 25ns

Trace Cycle Time: 90ns guaranteed. 80ns typical.
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ELECTRICAL

Power Supply  100-130 Vac @ 47-440 Hz or

200-260 Vac @ 47-440 Hz

Fuse 2.5 amp Slo-Blo
MECHANICAL
Height 5.25 inches
Width 17.65 inches
Depth 20.0 inches
ENVIRONMENAL
Operating 1 to 45°C; 0 to 90% relative humidity
Storage -40 to 85°C; 0 to 95% relative humidity
CARD CAGE

Six-siot, card cage with one slot committed for interconnect.
Five slots available for Writable Control Stores such as MEM
32, and Options.

CONTROLS
ON-OFF, RESET, WRITE PROTECT.

INTERCONNECT

Two (2) fifty (50) conductor ribbon cables approximately 6
inches in length.

SELF TEST

SPECIFICATIONS

ACCESS TIME: 2-254ns in 2ns increments

ACCURACY: * 3ns or 5% whichever is greater

OUTPUT: 12 Address lines, 4 enable lines BRK, Write, 32 data lines
INPUT: 32 Data lines, 4 enable lines, 1 BREAKPOINT
CARDSLOT: Uses 1 of the 3 dedicated instrument card slots.
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ORDERING INFORMATION

STEP-3

STEP-3, MEM-32, MEM-128

Step-3, MEM-32, and MEM-128 are ordered and priced as a system

Part No. Description N
Step-3/ Step-3 Firmware Integration and Test Station with n MEMabc Writable
nMEM-abc/ Control Stores and m MEMa Writable Control Stores
nMEM-abc
MEM-32, MEM-128
Part No. Description
n MEM-abc High speed Writable Contro! Store, WCS, for use in Step-2 and Step-3. Example: MEM-128F3.
WCS, interface option per chart below. If no interface is specified, interface 1is assumed.
WCS, speed designator per chart below.
Memory type: 32 or 128.
quantity of memory boards being ordered.
WCS SPEED DESIGNATOR CHART ) F A 8
MEM-32 36ns 45ns —
MEM-128 50ns 70ns 180ns
WCS INTERFACE CHART
INT-1 Unbuffered output with 51-ohm series terminations for cable driving. The output should not be connected to more than one TTL load and cannot be
wire-ORed. Used with ROM EMULATOR OUTPUTS to plug directly into system ROM sockets.. (INT-1 is supplied as standard.)
INT-2 Bidirectional buffered tristate output with outputs capable of wire-ORed configuration. Each group of eight bits has its own enable input. IC used:
741.5245. This is a speciai-order option.
INT-3 Buffered tristate output with edge-triggered tatches for direct use in pipeline organizations. IC used: 74S374.
INT-4 Buffered tristate output with transparent latch. Outputs are capable of wire-ORed operation. I1C used: 74S373.
INT-5 Buffered tristate output without latch. Outputs are capable of wire-ORed operation. IC used: 745373.
Example: Step-3/ 2 MEM-32F/ 1 MEM-128A
Specifies Step-3 J specifies an additional WCS
Specifies 2 WCS type MEM-128A, interface 1
type MEM-32F, interface 1
SELF TEST
Part No. Description
Step-3S Self Test module for WCS and ROM Simulation test and access time measurement. Includes PG board.
TRACE
Part No. Description
Step-3T Trace option, 32 bits, 11 MHz, with probes.
Step-3TE Trace expansion option, 48 bits, 11 MHz, with probes, Must be used with Step-3T above.

EXPANSION CHASSIS

Part No.

Description

Step-3E

TMA
TMA-M-STD

TMA-F-RT11
TMA-D-RT11
TMA-M-DOS
TMA-M-RSX11M

TMA-D-RSX11M
TMA-F-RSX11M

MACRO-TMA

MACRO-TMA-M-STD
MACRO-TMA-M-RSX11M

MACRO-TMA-F-RT11

ROM SIMULATION

Step-3 six slot Expansion Chassis with integral power supply.

TMA, for all mini and maxi computers. Fortran IV version, supplied on magnetic tape. Tape is unblocked, 80 character records.
—Specify ASCil or EBCDIC, 800 or 1600 BPi

TMA, for use with PDP-11/LSI-11 computers utilizing RT11 operating system with Fortran IV. Supplied on RX01 compatibie floppy
diskette.

TMA, RT11 version for DEC computers or RKO0S5 disk pack.

TMA, DOS format for PDP-11 computers with magnetic tape drives. —Specify 800 or 1600 BPI.

TMA, source and object code directly compatible with PDP-11 computers utitizing RSX11M operating system. Supplied on magnetic
tape. —Specify 800 or 1600 BPI.

TMA, object and source code for DEC computers running RSX11M operating system. Furnished on RKG05 disk pack.

TMA, source and object code directly compatible with PDP-11 computers utilizing RXS11M operating system. Supplied on RX01
compatibte floppy diskette.

MACRO-TMA for alt mini and maxi computers, Fortran 1V version, supplied on magnetic tape. Tape is unblocked, 80
character records. —Specify ASCIl or EBCDIC, 800 or 1600 BPI.

MACRO-TMA, source and object code directly compatible with PDP-11 computers. Utilizing RSX11M operating
system. Supplied on magnetic tape. —Specify 800 or 1600 BPI.

MACRO-TMA, for use with PDP-11/SI-11 computers utilizing RT 11 operating system with Fortran IV. Supplied on
RX01 compatibie fioppy diskette.

A ROM module order should contain the following information:
1. Pant Number; Example: ROM 8G/48

Number of memory bits being simulated rounded up to the nearest multiple of 16.
ROM type per chart. If the proper Rom type is unknown at order entry time use “X'".
ROM organization, 4 or 8 bits.

2. Manufacturer's part number for actual ROM or PROM, If known.
3. Total memory size, example 1k = 48.
4. Type of memory board: MEM-32 or MEM-128.
5. Cable length if different than 3 feet (standard).
If additional ROM modules need to be ordered to supplement an existing set, append an "S” (for slave) to the part number. Example: ROM
8G/16S specifies an additional 16 bits of ROM simulation. A ROM 8G/48 plus a ROM 8G/16S is equivalent to a ROM 8G/64.
Alt ROM simulation orders except those with an “S" suffix are shipped with spare master.
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MEMORY ORGANIZATIONS



USER ADDRESS
MEM-5-P190

O7FF-

0400-

07FF- MEM-4-P10

- 0400

MEM-3-P10

O7FF-

0400~

03FF- MEM-2-P10

200~
03FF -~ MEM~1-P10
0000~
03FF - MEM=0-P1Q
0000~
TABLE Bel

32 bit org.

MEM-5-P11

BYTE 11 | BYTE 10
MEM-4-P11

BYTE 7 BYTE 6
" MEM-3-P11

BYTE 3 BYTE 2
MEM-2-P11

BYTE 11 BYTE 10
MEM-1-P11

BYTE 7 BYTE 6
MEM=0-P11

BYTE 3 | BYTE 2

switches

MEM32

M32-

MEM-5-P12
BYTE 9 BYTE 8
MEM-4-P]2
BYTE 5 BYTE 4 4EM32—~
MEM-3-P12
BYTE 1 BYTE 0 4E
MEM-2-P12
BYTE 9 BYTE 8 MFM32—
EM=1-P1] _
BYTE 5 BYTE 4 MLM32—

MOl
vty e

BYTE 1

BYTE 0 MEM32-:

User Interface Data Mapping for MEM32

Max organization 2kx(68-96) bits/word



USER ADDRESS

MEM-5-P10
08FF-
0800-
0gpF. MEM-4-P10
0800-
07pp. MEFM-3-P10
0400~
07pp. MEM=2-P10
0400-
03FF- MEM-1-P10O
0000-
03pF. MEM-0-P10
0000-

TABLE B-2

32 bit org.

MEM-5-P12

switches

User Interface Data Mapping for MEM32

Max organization 3kx (36-64) bits/word

] |

MEM~-5-P11

BYTE 7 BYTE 6 BYTE 5 BYTE 4 MEM32
MEM-4-P11 MEM-4-P12

BYTE 3 BYTE 2 BYTE 1 BYTE O M+M32—
MEM-3-P11 NMEM-3-P12

BYTE 7 4BYTE 6 BYTE 5 BYTE 4
MEM-2-P11 MEM=-2-P12

BYTE 3 BYTE 2 BYTE 1 BYTE 0 MEM32
MEM<=1 P11 , NEM-1-D12

BYTE 7 BYTE 6 { BYTE 5 BYTE 4 ’NEM32
MEM-0-P1l1 MEM-0-Pl2

BYTE 3 BYTE 2 BYTE 1 BYTE 0 MHM32-



17FF
1400

13FF
1000
OFFF

0000

OBFF

0800

07FF
0400
03FF

0000

USER ADDRESS

MEM-5~P10

MEM-4-P10O

MEM-3-P10

MEM-2-P10

MEM-1-P10

MEM-1-P10

TABLE B-3

MEM-5-P11
BYTE 3 BYTE 2
MEM=-4-P11
BYTE 3 BYTE 2
MEM-3-P11
BYTE 3 BYTE 2
MEM-2-P11
BYTE 3 BYTE 2
 MEM-1-P11
BYTE 3 BYTE 2 [
MEM-0-P11
BYTE 3 BYTE 2

32 bit org switches

User Interface Data Mapping for MEM32

max organization 6kx (8-32) bits/word

MEM~5-P12

BYTE 1 BYTE 0 MEM32-
MEM-4-P12

BYTE 1 BYTE M%M32—
MEM-3-P12
i BYTE 1 BYTE M4M32-
MEM-2-P12

BYTE 1 BYTE MEM32-
MEM-1-P12

BYTE 1 BYTE MEM32-
MEM-0=P12

BYTE 1 BYTE MHM32-



USER ADDRESS

MEM 5-P10
0800
oppp MEM=4-P10
0800

MEM-3-P10
OFFF
0800
07FF MEM-2-P10
0000

MEM-1-P10
07FF
0000
07pp MEM-1-P10
0000

TABLE B-4

MEM=5-P11 EM-5-P12
BYTE 5 BYTE 5 BYTE 4 BYTE 4 MEM32-
MEM-4-P11 FM-4-P12
BYTE 3 BYTE 3 BYTE 2 BYTE 2 ,F,32-
MEM-3-P11 MEM-3-P12 \
BYTE 1 BYTE 1 BYTE 0O BYTE O M+M32-
MEM-2-P1lX MEM-2-P12
BYTE 5 BYTE 5 BYTE 4 BYTE 4 M+M32—
MEM-1-P11 MEM-1-P12
BYTE 3 BYTE 3 BYTE 2 BYTE 2 M$M32—
MEM-0-P11 MEM_0.P12
BYTE l' BYTE 1 BYTE O BYTE O MEM32-:

16 bit org switches

User Interface Data Mapping for MEM 32

max organization 4kx (36-48) bits/word

o
-3



ISER ADDRESS

—_— M6 EM-5_P] 2
L7pp (MEM=5-P10 EM-5-P11 M
BYTE 3 BYTE 3 BYTE 2 BYTE 2 MEM32-
1000 ‘
17pp MEM=4-P10 MEM=4-P11 MEM=5-P12
BYTE 1 BYTE 1 BYTE 0 BYTE 0 MEM32-
1000 -
MEM-3-P10 ~ MEM-3-P11 MEM-3-P12
OFFF | —
‘ BYTE 3 BYTE 3 BYTE 2 BYTE 2 MEM32-
0800 -
oppp MEM-2-P10 MEM-2-P11 MEM-2-P12
l BYTE 1 | BYTE 1 BYTE O | BYTE 0 M+M32~
0800
o7pp MEM-1-P10 MEM-l-Pl; _ MEM=1-P12
BYTE 3 BYTE 3 ‘ BYTE 2 BYTE 2 MEM32-
0000
MEM=0-P10 MEM-0-P11 | MEM-0-P12
07FF
BYTE 1 BYTE 1 BYTE 0 BYTE 0 MEM32-
0000

TABLE B~5 User Interface Data Mapping for MEM 32

16 bit switches
Max Organization 6kx (20-32) bits/word



USER ADDRESS

MEM-5-P10 MEM-5-P11 MEM-5-P12
2FFF
BYTE 1| BYTE L BYTE 0 BYTE 0 MEM32-
2800
MEM-4-P10 MEM-4-P11 MEM-4-P12
2800 :
, BYTE 1 BYTE 1 BYTE 0 BYTE 0 MEM32-
2000 - :
MEM-3-P10 MEM-3-P11 - MEM-3-P12
1FFF
BYTE 1 BYTE 1 BYTE O | BYTE 0  MEM32-
1800
MEM= 5 _ o oo
L7FF 2-P10 MEM-2-P11 MEM-2-P12
' BYTE 1 | BYTE 1 BYTE 0 BYTE. 0 M%M32-
1000 '
oppr MEM=1-P10 MEM-1-P11 MEM-1-P12
BYTE 1 BYTE 1 BYTE 0 BYTE 0 MEM32-
0800
07pp MEM-0-P10 7 MEM-0-P11 MEM-0-P12
BYTE 1 BYTE 1 BYTE 0 BYTE 0 ,E,32=

TABLE B-6 User Interface Data Mapping for MEM 32
16 bit org. switehces

Max Organization 12kx (8-16) bits/word



USER ADDRESS

1FFF

1000

1FFF

1000
1FFF
1000

OFFF
0000
OFFF
0000

OFFF

TABLE B-~7 User Interface Data Mapping for MEM32

MEM-5-P10 MEM-5-P11
BYTE 1 |BYTE 2

MEM-4-P10 MEM-4-P11
BYTE 1 | BYTE

MEM-3-P10 © MEM=3-P11
BYTE O | BYTE

MEM-2-P10 MEM-2-P11
BYTE 2 | BYTE

MEM-1-P10 MEM-1-P11
' BYTE.1 | BYTE

MEM-0-P10 MEM-0-P11
! BYTE 0 | BYTE

MEM-5-P12
BYTE 2 BYTE 2 MEM32
MEM-4-P]12
BYTE 1 BYTE 1 4EM32
MadP12
BYTE O BYTE O MLM32
EM-2-P12 :
BYTE 2 BYTE 2 MFM32
MEM-1-P12
BYTE 1 BYTE 1 MEM32-
MEM-0-P12
BYTE O BYTE 0 MEM32-

8 Bit org Switches

Max Organization 8kx (20-24) bits/word
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USER ADDRESS I

oppp  MEM=5-P10 MEM-5-P11 - MEM-5-P12
BYTE 1 BYTE 1 BYTE 1 BYTE 1 MEM32-¢
2000 ‘
oppp  MEM-4-P10 MEM-4-P11 MEM-4-P12
- BYTE 0 BYTE O BYTE 0 BYTE 0 M4M32-5
2000
-3 -3 . e P
1prp  MEM=3-P10 M=3-P11 M P12
l BYTE 1 .| BYTE 1 BYTE 1 BYTE 1 MEM32-
1000 , '
MEM-2-P10 MEM-2-P1l1. - MEM-2-P12
1FFF
l BYTE O BYTE O BYTE 0 BYTE 0 MEM32-
1000
MEM-1-P10 MEM-1-P11 MEM-1-P12
OFFF )
l BYTE 1 | BYTE 1 BYTE .1 BYTE 1 MEM32-
0000
-0- -0- MEM-0-P12
oppp  MEM=0-P10 MEM-0-P11 El P
BYTE O | BYTE O | BYTE 0 BYTE 0 MEM32-

TABLE B-8 User Interface Data Mapping for MEM32

8 Bit Org Switches
Max Organization 12kx (12-16) bits/word



USER'- ADDRESS

5FFF

5000

4FFF

4000

3FFF

3000

2FFF

2000

1FFF

1000

OFFF

0000

TAB

MEM-5-P10

MEM-4-P10

MEM-2-P10

MEM-1-P10

MEM-0-P10

MEM-5-P11

BYTE 0 BYTE 0
MEM-4-P11

BYTE 0 BYTE 0
MEM-3-P11

BYTE 0 BYTE 0
MEM-2-P11

BYTE 0 | BYTE 0
MEM-1-P11

BYTE 0 | BYTE 0 ]
MEM-0-P11

BYTE 0 BYTE 0 }

LE B-9

8 Bit Org Switches

Max Organization 24kx8 'Bits/word

MEM-5-P12
BYTE O BYTE O MEM32-¢
MEM-4-P12
BYTE O BYTE 0 MHEM32-!
EM-3-~-P12
BYTE 0 BYTE O MEL32—f
MEM~2-P12
BYTE O BYTE O MEr32—I
MEM-1-P12
BYTE 0 BYTE 0 MEM32-!
MEM-0-P]2
BYTE O BYTE 0 MEM32-(

User Interface Data Mapping for MME 32



USER ADDRESS

LFFF MEM=5-P10
1000

MEM-4-P10
1FFF - —_
1000

NEN-3-P10
1FFF '
1000

MEM-2-P10
OFFF
0000

MEM-1-P10
OFFF
0000

; MEM-0-P10

OFFF ‘
0000
TABLE B-10

MEM-5.P12

MEM-5-P11

BYTE 11 BYTE 10
MEM-4-P11

BYTE 7 BYTE 6
MEM-3-P11

BYTE 3 BYTE 2
MEM-2-P11

BYTE 11 BYTE 10
MEM-1-P11

BYTE 7 BYTE 6
MEM-0-P11

BYTE 3 BYTE 2

BYTE 9 BYTE 8  MEM12¢
-5

MEM-4-P12
BYTE 5 BYTE 4 M~1:
-

MEM-3-P12
BYTE 1 BYTE 0 MEM12¢
-3

MEM-2-P12
BYTE 9 BYTE 8 MFMlZE

MEM-1-P12
BYTE 5 BYTE 4 MEM12¢

MEM-0-P12
BYTE 1 BYTE 0 MEM12!
-{

32 Bit Switches

Max Organization 8XX(68-96) bits/word

User Interface Data Mapping MEM 128

6 13




USER ADDRESS

SFFF
2000

2FFF

2000

1FFF
1000

1FFF

1000

. OFFF

0000

OFFF

0000

MEM-5-P10 MEM-5-P11 . MEM-5-P12
BYTE 7 BYTE 6 BYTE 5 BYTE 4 MHM128
-5

MEM-4-P10 MEM-4-P11 MEM-4-P12
BYTE 3 BYTE 2 BYTE 1 BYTE 0 MEM12

MEM-3-P10 MEM_3-P11 =3=P12
BYTE. 7 BYTE 6 BYTE 5 BYTE 4 MLMlZ

MEM-2-P10 MEM-2-P11 MEM-2-P12
f BYTE 3 i BYTE 2 BYTE 1 BYTE 0 @LM121

MEM-1-P10 MEM-1-P11 MEM-1-P12
BYTE 7 "BYTE 6 ( BYTE 5 BYTE 5 MEMI2¢

MEM-0-P10 MEM-0-P11 MEM-0-P12

)

BYTE 3 BYTE 2 J BYTE 1 BYTE 0  MEMI12¢
~(

TABLE B-1l User Interface Data Mapping MEM128

32 bit Org Switches
Max Organization 12kx(36-64) bits/word



ISER ADDRESS

SFFF
5000
4FFF

4000

3FFF

3000

2FFF

2000

1FFF

1000

OFFF

0000

TABLE B-12 User Interface Data Mapping MEM128

MEM-5-P10

 MEM-5-P12

MEM-4-P10

MEM-3-P10

MEM-2-P10

MEM-1-P10

MEM-0-P10

MEM-5-P11
BYTE 3 BYTE 2
MEM-4-P11
BYTE 3 | BYTE 2
MEM-3-P11
BYTE 3 | BYTE 2
EM=2-P11
BYTE 3 |BYTE 2
MEM=1=P11
BYTE 3 BYTE 2
MEM-0-P11
BYTE 3| BYTE 2

BYTE 1 BYTE 0 MEM12
MEM-4-P12
BYTE 1 | BYTE 0 M#M—lZ
EM-3-P12
BYTE 1 BYTE 0 MEP
MEM-2-P12
BYTE 1 | BYTE O « MFMlzr
MF‘M-] P12
BYTE 1 BYTE 0 MEM1 2
MEM—-0-P12
BYTE 1 BYTE O MEM1 2%

32 Bit Org Switches

Max Organization 24kx (8-~32) bits/word

128
-3

-



USER ADDRKSS

MEM-5-P10
3FFF
2000

MEM-4-P10
3FFF
2000

MEM-3-P10
3FFF
2000

MEM-2-P10
1FFF
0000

MEM-1-P10
1FFF
0000

MEM-0-P10
1FFF
0000
TABLE B-13

MEM-5-P11
BYTE 5 BYTE 5
MEM-4-P11
BYTE 3 BYTE 3
MEM-3-P11
BYTE 1| BYTE 1
MEM-2-P11
BYTE 5 BYTE 5
MEM-1-P11
BYTE 3 | BYTE 3 ]
MEM-0-P11
BYTE 1| BYTE 1 J

16 Bit Org Switches

User Interface Data Mapping MEM128

MEM-5-P12
BYTE 4 BYTE MEM1 2¢
i

MEM-4-P12
BYTE 2 BYTE MEM1 2¢
i

MEM-3-P12
BYTE 0 BYTE MFM12§

MEM-2-P12
BYTE 4 BYTE M%Ml2§

MEM-1-P12
BYTE 2 BYTE MEM] 2€
-1

MEM-0-P12
BYTE 0 BYTE MEM12¢

Max Organization 16kx (36-48) bits/word

6 16

-C



USER ADDRESS

5FFF

4000

5FFF

4000

3FFF

2000
3FFF
2000
1FFF
0000

1FFF
0000

TABLE B-14 User Interface Data Mapping MEM128

MEM-5-P10

MEM-4-P10

MEM-3-P10

MEM-2-P10

MEM-1-P10

MEM-1-P10

MEM--5-P11

BYTE 3 BYTE 3
MEM-4-P11

BYTE 1 BYTE 1
MEM-3-P11

BYTE 3 BYTE 3
MEM-2-P11

BYTE 1 | BYTE 1
MEM-1-P11

BYTE 3 BYTE 3{

EM=0-P11

TYTE 1 | BYTE 1

16 Bit Org Switches

Max Organization 24kx(20-32) bits/word

. MEM-5-P12
BYTE 2 | . BYTE 2 MEM12¢
MEM-=4-P12
BYTE O BYTE 0 MEM12¢
: -1
MEM—3-p12
BYTE 2 BYTE 2 M*Mlzg
MEM-2-P12
BYTE O BYTE O M+M12§
MEM=-1-P12
BYTE 2 | BYTE 2 MEMI28
-1

EM.0.D12
T-gYTE 0

BYTE 0 MEM128

-0

-



USER ADDRESS

_5_ 5. . FM=-5-P]
BFFF MEM-5-P10 MEM-5-P11 M 2
BYTE 1 BYTE 1 BYTE O BYTE 0 MEM12Z
A0OQO . ~
9FFF MﬁM—4—PlO MEM-4-P11 MEM-4-P12
BYTE 1 BYTE 1 BYTE O BYTE O MEM1 2
8000 : , -
MEM-3-P10 ' MEM—3—P11 MEM-3-P12
7FFF
] BYTE 1 BYTE 1 BYTE O BYTE O MEM12
6000 o
MEM-2-P10 MEM-~2-P11 MEM=2-P12
5FFF
BYTE 1 BYTE 1 BYTE O BYTE 0 MEM1?2
4000 -
MEM-1-P10 MEM-1-P11 MEM-1-P12
3FFF ’
BYTE 1 BYTE 1 BYTE O BYTE O MHEM18:
2000 .
‘Mo — Y o =0_P1?2
1FFF MEM~-0-P10 MEM-0-P11 MEM-_Q_P
BYTE 1 BYTE 1 BYTE O BYTE 0 MEBM12¢

0000 ~(

TABLE B-15 User Interface Data Mapping MEM128
16 Bit Org Switches
Max Organization 48kx (8-16) bits/word
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APPENDIX C

ERROR MESSAGES
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APPENDIX C STEP ERROR MESSAGES

ADDRESS OUT OF RANGE - 1) Address in a data stream being

2)

CHR TYPE ERROR LAST ADD=

CARD SWITCHES DO NOT
AGREE -

loaded in microword format + the
bias address specified in the start
address exceeds the available hard-
ware limits.

L3

The values specified for I/0

exceed the current hardware

address limit.

During data traﬁsfers, STEP-N
checks that data is valid HEX
chafacter and reports a character
type error when a non-HEX chara-
cter is detected in the data
stream. Where feasible the last

address successfully transferred

is reported.

Message appears when WCS memory
modules assigned to a single array
to not have the same organization

switch setting.



CHECKSUM ERROR LAST ~ When loading data in Microword ™

ADD=
format the checksum calculated
does not agree with the checksum
continued in the data stream.
When feasible the last address

successfully transferred is

repeated.

COMPARE ERROR AT ADDRESS Message reports the address at
which a compare error is detected

during I/O compare operations,

COMM ERROR= OR, FE
LAST ADD= -~ Communication error reported

resulting frem an OVERUN or
FRAMING ERROR on the communication
port. Where feasible the last
address is reported. An overun
céndition occurs when a new
character is received prior to a
previous character being processed.
A framing error indicates that
either one or both stop bits were
in error. When this error is
encountered, the following con-

ditions should be checked.
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COMM ERROR= OR, FE
LAST ADD= (CONTINUED)

COMM FAILURE - -
DCD, DSR

FMT OPTION NOT INCLUDED -

DATA TOO WIDE FOR

MEM CONFIGURATION -

1) Number of STOP bits in
the received data.

2) Band Rate.

3) Data polarity from the
peripheral

4) Receipt of a break chara-
cter will generate an over-
run.

5) A short or open circut on
the port.

‘This message reports a communication

failure on Port 1. When operating
in TEXT, this message indicates
loss of the Data Carrier Detect

or Data Set Ready from the modem

device attached to Port 1.

Check that the format specified is
valid for the function, i.e. BNPF

is not loaded by STEP-N.

Data width specified is too wide

for the memory organization requested.
For example, MSG appears if 32 bit
data width is requested on a

Writable Control Store module with

16 bit organization switches.
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ILLEGAL ADDRESS , l) Message appears when an address

SPECIFIED :
specified in conjunction with a
memory mahipulation command is out

of range for the available hardware.

2) Also, when an address is specified
in ‘an incorrect machine data format,
‘i.e. a HEX address with octal data

format,

3) Also, a breakpoint address specified
out of range will result in this

error message.

ILLEGAL BAUDRATE - An illegal Baudrate has been specified.
Legal Baudrates are 110, 150, 300, 1200,

2400, 4800, 9600,

ILLEGAL CHARACTER - 1Indicates an illegal character type
or the value of parameter is out of

‘range in the current machine context.
ILLEGAL DEVICE - 1Illegal Device code specified for

current machine limits. (See I/0

command section.)
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ILLEGAL FORMAT ~ 1Illegal I/O Format code specified
for current machine limits. (See

I/0 command section.)

ILLEGAL POSITION —~  Signals the operator a PROM
position outside the width range
of ‘the current memory array has

-been requested.

LGTH NOT EQ WIDTH - 3720. During data transfers in

LAST ADD= ™
Microword format the record
length is checked against the STEP-N
word width of the selected array.

Where feasible the last address

successfully transferred is reported.

MEMORY R W ERROR ~ During load operation in MicrowordTM
LAST ADD= .
format a read after write is per-
formed to check data loaded into
memory. A read-WRITE ERROR is gene-
rated on error and where feasible the

last address successfully transferred

is reported.

NOT UNIQUE COMMAND - Insufficient characters were specified
in the command to make up a unique
command, i.e. conflicts with some other

instruction.

6 24



ONLY ONE ARRAY

OUT OF RANGE

STARTING ADDRESS
TOO LARGE

TIMEOUT ON LINK
LAST ADD=

TOO MANY CHARACTERS

Message appears when the array
command is invoiced to change to
array = 2 and STEP-N is configured

for only one array.

# Location specified in an I/O
command results in exceeding the

machine setup limits.

Max starting address allowed is

7FFFH.

When leading data, STEP-N will
timeout after approximated 130 sec
of dead time on the port in which
no characters of any kind have been
received. Where feasible, the last

address successfully loaded is reported.

Too many characters specified in
a command to be valid. Max = 6
or too many characters specified

in a parameter field. Max = 6.



TOO MANY CARDS
REQUIRED

TX ABORTED

VALUE OUT OF RANGE

Memory organization requested
requires more WCS memory modules
than the machine ﬂardware configu-
ration currently contain - and is
available for the users current

array.

‘Transmission aborted message appears

when an I/0 operation is aborted by

a light at the keyboard.

1) A command utilizing an address

parameter will result in an address

outtside the range of the available

hardware for the current machine

organization.

2) A breakpoint is requested that

is outside of the range of the

available hardware for the current

machine organization.

3) Width of the data word specified
is too wide for available hard-
ware or the width specified is

not on a 4 bit boundary.
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WAITINF FOR CTS=0

When operéting on Port 1 for I/O
operations, STEP-N will not proceed
with I/0 until the CLEAR TO SEND
signal is true on the port. This
provides a convenient wait for the
operator to dial up time share

system when operating over a modem.,

ADDITIONAL ERROR MESSAGES WITH STEP-3 OPTIONS

BOARD ID ERROR

CTS DOES NOT = RTS

DATA COMMS ERROR BAUD=

NO RECEIVED DATA BAUD=

Message appears when a slot specified
during a test command does not contain

a board of the type (MEM-32 or MEM-128

~specified in the test.

During TEST 3 the RTS output is connected
via the jumper connector Supplied to
the CTS input. Message indicates CTS

is not received.

During TEST 3, data transmitted is not
identical to data transmitted. BAUD=
reports the baud rate at which the error

occurred.

During TEST 3, no data is being received

by the UART.
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ILLEGAL CMND WHILE -

Message indicates a command has been

RUNNING
entered from MON RUN or RUNNING which
is restricted to éntry from MON HLT only.
Examples are FORCETM, JAM, and XSTATETM.
TRACE NOT INSTALLED ~ Indicates a command which requires trace

TSETUP ERROR -

SPEED-TEST ERROR MESSAGES
+ SELF TEST ERROR MESSAGES

in the system has been attempted.

Message appears when a Trace has been

setup which utilizes a breakpoint and

no proper breakpoint value has been set

for the assigned breakpoint.

“See section 4.4 and section 2.2.4.
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APPENDIX D
ASCII TABLE

What to

Graphic or Control ASCII (Hexadecimal) Type

NULL.. «. v &« o « o « = o a- o o aa o . 28 CNT1 e

SOM (SOM) e ¢ v o o o o o o o « o « « 21 CNTL A

EOA (STX)e o « o o « o o« o o o « o « .92 CNTL B

EOM (ETX)+ « =« « o« o o o o o o« « « « @3 CNTL C

EOTe v v 4 v o« & s o o o o o « o « « 04 CNTL D

WRU (ENQ)e « « = o o o o o o o o o « .85 CNTL E

RU (ACK) « &+ o « s o « « o o « « « o f6 CNTL F

BELL. + & o« « o o o o o o o« o o« « « « 97 CNTL G

FE (BS) « « o o o o a s o a o« s « « o P8 CNT1 H or <«

He TAB. v o 4 « o o « o o o o« o « « « P29 CNT1 I

LINE FEED. « 4« & o « « o« o o o « « « JJA CNT1 J

Vo TAB. @ o 2« « o« o o 2 o o« « & « « « §B CNT1 K

FORM (FF) v « o o o 2 « o« « « « « « o fC CNT1 L

RETURN. + &« ¢ « « o o s o s o « « « « @D CNT1 M or Returr

SOt 4 ¢« 4 o & = ¢ o o o a s« o« o o« « « PE CNT1I N

ST. ¢ v « « o o o a o o « o « o« « » o @F CNT1 0

DCO (MEL). v v v 4« o o o« o o « o« « « W18 CNTL P

X-ON (DCL)e & @ e 4 e e e e e o o o .11 CNT1 Q

TAPE AUX. ON (DC2) . ¢« « ¢ & « « « . 12 CNTL R

X-OFF (DC3) . . ¢« & & ¢ ¢« « & « « . .13 CNTL S

TAPE AUX. OFF (DC4). . . . . . . . . .14 CNTL T

ERROR (NAK). . . . ¢« ¢« ¢ v « &« « « « .15 CNTL U or =~

SYNC (ETB). « & ¢« & « & o« o« « « « « « 16 CNTL V

LEM: & v v o 4 6 o o o o o o o o o « 217 CNTL W



What to

Graphic or Control ASCII (Hexadecimal)

SE.(CAN) . . . . . . . 4 « < 4 . . . .18 Contl X
SLL(EM) . . v v i v e e e e e e e . .19 Contl 'Y
S2.(SUB). . . . v« ¢« 4 4 ¢ v « « « < 1A Contl Z
S3.(ESCAPE}) . . . . . . ¢« . 4 « . . . 1B ESC
S4.(FS) . . . . ¢ v 4 ¢ v 4 < .. .. 1C Contl [
S5.(GS) + & ¢ 4+ @ 4 ¢ 4 4 4 4 4 - . 1D Contl A
S6.(RS) & & & v ¢« @« 4 + o« o & & « « o 1E Contl -
S7.(USY . &« v v ¢ @ ¢ @ 4 4 e e e W . 1F

ACK. v v v v v 4 e o e o o s e e e . TC
ALT. MODE. 4 v & « « o o = o« o & = « 17D

"RUBOUT. 4 v ¢ « 2 = 2 o o o o o o « o TF
S_pACE - - - - - - L] [ ] - - - ® L ] - - [ ] 20

-3 §
". . - - . - . - - - L] . - L] . - (3 . 022
L] . - . a - - - . - - - - - - . - - -23

#
Y

%0 L] . 3 - - . - . - . - Y - - . - - 025

&. - - . . - . - - 3 - - - - - - . - 026
Ia - - - - - - -.. - - . L) - . - [y - .27 -
(- . . . . - . . . - L] - . . - - - - .28
o o e i e e e e 4 e e e e e 4 e e e 29

*- . - (3 . - . - . - - . . - - . . - o2A

+. - - - . - - - . - . L] - . . - - - -2B

= . . . - - - - - L) - - - - . L} - - L) -2C
bt - . L] L] . . - L] L. . . L) . - - . 02D
-® . - . L] - . - . - - - . . - . 3 . - 2E

/e et e e i e e i e e e e e e e e s W2F

Te o s s 4 a4 4 s 4 s s e s e a s o o o327
e o e o o o o o s = a o e s s s « « 3B
e 4 e 6 o e & o s s a4 & a & &« « « « 23C
e o + o o 4 e & e = a 4 4 & o & o « 3D

e 6 e e e 4 s a4 e s s e« e e s « 4« - J3E

?. . - - . L] - - . - L] - . - . - L) . I3F
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Graphic or Control ASCII (Hexadecimal)

Ce o o o o « 2 a = «a « » o« o« s &« « « «5B
e e e e 4 a e e a4 = s a e « e « « & W5C
Je o o 4 s 4 o e 4 o a4 4 « & e« o a« « 45D
s e = 4 2 s+ s e = a 2 a4 a e s « s+ . J5E

e e a4 e 4 « = e = s a4 e s s = e o « J5F

@o . - - - . . . - . o - - - - - - - -4,@
BLANK. &« 4 & @ 4 v o o o o o o o o« « 28

.31
.32
.33
<34
.35
.36
.37

.
»
*
.
(3
.
.
]
.
»
*
L]
.
»
*
»
[
»

»
.
.
.
.
»
L]
]
»
-
»
.
.
»
»
.
[
»

L] . »
. » .
. . [
. . .
. ) .
. * »
] » »
» . »
. » »
. » »
» . .
. . »
. » .
E] ) .
. . a2
3 . .
. . .
» . L]

<N oy U WwN S
i ]
1
]
1 ]
L]
»
1
*
»
.
-*
»
»
»
L]
L[]
»
.

.37
. .39
.41
. .42
. .43
.44
. .45
.46
.47

. » 3
* » .
. . »
. . »
. . .
. . »
. . »
. » .
. . »
. . *
* . »
] . .
. [ L]
. » .
] . L]
» . »
. . .
. [

. . .
. . .
. . .
[y s .
. . .
[ [] .
. » .
» . [
. » .
. » »
L] ) ]
. . .
. » »
» . .
. . .
. . .
. [ .
. .

G B |3 U Q @ P O o

.
3
.
.
L]
.
.
.
.
.
.
.
»
.
L]
.
»
»

.48
.49
.4A
.4B
.4c
.4D
.4E
.4F

. * »
. . .
. . »
() . .
. . .
» . .
. . .
. . .
. . .
. . .
. . .
. . .
. . .
. . .
» ] .
L] » L]
» . .
. . .

O Z 2 R 4 H m

.
.
.
.
.
»
.
»
.
.
.
s
.
.
L]
.
-
»



Graphic or Control ASCII (Hexadecimal)

P v vt e e e e e e e e e e e e 5P
Qe v « @ & 4+ 4 s 4 e a4 s a4 . . W51
Re v 4 a4 o & o o a « @ « o o o o« . .52
Te @ o & & o o & = o = o = « « o « . .54

L} - - LY - L} - - - - - L] . - . - - o55

- - L] . . . . - .« = - . e - - - . 056

L] 3 - - . - - L3 . - - - . - » 3 - - 58

- - - - - - . o o L} L - - . Y - . .59

U.
V.
We o 4 o a4 @ o o o o « a o o o » o« &57
X.
Y.
Z

- L] - - - - . . L} - . - . - - [y . - OSA
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TECHTRAN 950 USAGE
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TO

1)

2)

3)
4)

5)

USE TECHTRAN 950 WITH STEP-~N
Set Techtran switches as follows:

a. Front Panel Switch to OFF LINE (down)

b. Real Panel Rate switch 240 (2400 baud)

c. Real Panel selector switch to BIN CTRL ON (up)
d. Full/Half duplex switch to FULL (up)

Connect Step RS 232 cable from Port 1 (modum port on STEP-2)
to Techtran Terminal port. Ground Pin 20 of RS 232 connector
or insert 81 as described in "Adjustments".

Turn Techtran on (switch up) using PWR switch on Rear Panel

Insert Diskette with label up, reading backwards (head access
slot first in). Close door.

Enter DUMP command on STEP-2 and set following parameters:
FORMAT = 0

START ADDRESS = 0
NUMBER OF LOCATIONS = 1

DEVICE = 1

BAUD (CR) = 2400
STOP (CR) =1
QUIT

STEP- N is now ready to talk to the Techtran

TO FORMAT A DISKETTE = Shift B

TO WRITE TO THE DISKETTE

1)

2)

3)

4)

Enter DUMP (CR)

FORMAT = 0 (CR)

START ADDRESS = 0 (CR)

NUMBER OF LOCATIONS = MAX CODE DEPTH IN DECIMAL
DEVICE = 1 (CR)

Enter TEXT (CR)
Type " (C&H).W(SP)xxxxx (CR)" where xxxxxX is the file name. If

a mistake is made on file name spelling, type "(SP)" in place
of "(CR)" and re-enter name.

If diskette is full, the Read Write and Ready lights will flash.

I/O0 IN PROGRESS will be displayed on the STEP-2 CRT.

When ENTER COMMAND appears on STEP-2 CRT, enter TEXT(CR) and type
SHIFT(DEL), a number 3 on the STEP-2 keyboard. This corresponds

to a control S which terminates the Techtran write.
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TO
1)

2)

3)

4)

5)

TO

1)

2)
3)

TO

TO

READ INFO FROM DISKETTE

Enter TEXT (CR) from STEP-N

To Read diskette directory enter the following command:
.D(SP)R(CR)

To Read a diskette file use the following command:
.R(SP)xxxxx (CR) where xxxxx is the file name

To terminate a read, use SHIFT(DEL), a number 3 on keyboard
which corresponds to a control S.

Use SHIFT V (0) to EXIT TEXT on STEP-2, Use shift # on
Alphanumeric keyboard on STEP-3,.

LOAD INFORMATION FROM DISKETTE
(assumes data previously written from STEP-2)
Enter LOAD (CR) from STEP-2 keyboard
FORMAT = 0 (CR)
START ADDRESS = 0 (CR)
NUMBER OF LOCATIONS = maximum permitted
DEVICE = 1 (CR)
Enter TEXT (CR)
Type "(C&H) .R(SP) XXKXK (CR)"where xxxxxX is the file name.

Note if the file name is misspélled, use (SP) in place of (CR)
and re-enter the correct name.

COMPARE A TECHTRAN FILE TO THE CONTENTS OF STEP-2 MEMORY:

follow LOAD proceedure but use "COMPARE" command in place of load.

DELETE THE DIRECTORY:
Enter TEXT(CR) and type ".D(SP)D(CR) (SHIFT

RILANK =) meCaDpn

STEP-2 STEP-3
CROSS REFERENCE TABLE
TECHTRAN STEP-2 | STEP-3
' CODE KEYBOARD GENERATE GENERATE
USING: USING
UPPER CASE CONTROL ;-
CONTROL R 2 SHIFT: R
CONTROL X 8 , (CLEAR) X
CONTROL S . 3 S S
CONTROL T 4 (DEL) T
CONTROL Q 1 7 0
CONTROL 2 9 (C&H) Z
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TO FORMAT A NEW DISKETTE

1) Insert Diskette

2) Enter TEXT (CR)
3) On STEP-2, press "SHIFT" and while pressing "SHIFT", key "B".

On STEP-3, press "ESC".



APPENDIX F

OLD MEM 32 OPERATION
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MEM 32 OPERATION

1. General

The original MEM32 assembly differs in a number of

ways from the MEM32 A & B boards:

1) It is composed of two boards, a memory

board and an interface board

2) There is no read/write operation

3) The address display function works in a

slightly different fashion.

4) The address compare circuitry is different.

5)  The switches are configuted differently.

2. Switch Settings

Memory operation is controlled through the four

switches located between BNCl and BNC2. There

switches have the followiﬁg functions:

SWITCH - POSITION
Sl On
Off
S2 -
S3 S3 sS4
sS4 ' On On
On Off
Off On
Off Off

FUNCTION

Address for CRT display is
sampled from using edge of
signal placed on BNC labled

"SMPL".

Address for CRT display is
sampled asynchronously by
STEP-2 CPU.

Not used
Organization select

Memory board width 32 bits
Memory board width 16 bits
Memory board width 8 bits

Signal organization
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Memory Access
The MEM32 board operates similarly to MEM 32A. The
memory is accessed by the target proceésor when in
"MONITOR" mode. There is no switch which bypasses

Step-2 control of memory access.

Read/Write Operation
There is no Write mode, the MEM 32 memory board is

Read Only from the target processor.

Addresé<Input and Display
P10 is used for address input. The pin assignments are
the same as the MEM 32A. board. The UL is used as
the clock input on the Int 3&Int 4 boards and is also

ANDed with the address compare circuitfy, A positive

true signal enables the address compare function. This is

necessary to distinguish between a next address obtained
by a "Jump" type command or an "Increment" type command
where timing may be different and an invalid address

increment occurs before the "JUMP".

The address is latched either aéynchronously with
respecﬁ to the target processor clock (S1=0FF) or
synchronously with respect to the positive edge of

the signal placed on the SMPL signal of first memory
board (S1=0ON). When samplgd asynchronously an invalid
address may be displayed. 1In eithe; case the CRT display

is updated twice a second.



6. Trigger Output
The trigger output is generated the same way as

on MEM 32A. board: .

7. Data Output

Refer to MEM 32 A  writeup.

8. Data Output Configuration
The MEM 32 board comes with one of four plug in
interface boards: INT-1, INT-2, INT-3, INT-4.

INT-1 Unbuffered output with 100 ohm series
terminations for cable driving. The
output should not be connected to more
than one TTL load and cannot be wired-0

"Red. Used with ROM emulator outputs to

plug diréctly into system ROM sockets.

INT-2 Buffered output with outputs capable of
0 Red configuration. Each group of eight
bits has its own enable input.

INT-4 Buffered output with "shine thru" latch.
Outputs are capable of wired 0 Red opera-
tion.

ROM 4,8 Seventeen, different, field-upgradable,

plug-in ROM simulator outputs which emulate
over 200 bipolar ROMs and PROMs: See ROM
data sheet.

9. Direct Memory Interconnection

Refer to MEM 32 A & B writeup.
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APPENDIX G

I/0 CLOCK BOARD MODIFICATION
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MODIFIC N ON;

A) CUT TRACE BETWEEN U4B PINS S AND 6

B) DISCONNECT PIN 1 ULA FROM R2 & Ul PIN 10
C) INSTALL WIRE FROM U4B PIN S TO UlA PIN 6

D) INSTALL WIRE FROM U4A PIN 3 TO UIA PIN 4

E) INSTALL WIRE FROM U1B PIN 10 TO UlA PIN 2
F) INSTALL WIRE FROM UIB PIN 5 TO UlA PIN'1

G) INSTALL WIRE FROM UlA PIN 3 TC ULA PINT(GNI

. . -

OPERATION

A) ATTACH BRKPT OUTPUT FROM MEM BD TO XHLT BNC
INPUT

B) SET A BRKPT IN MON HLT
C) GO TO "RUNNING" BY PRESSING "R* (CR)

D) WHEN THE ADDR=XXXX READOUT STOPS CHANGING
AND THE BRKPT HAS REVERSE VIDEO, THE TARGIH
PROCESSOR IS BALTED. NOTE: DUE TO TIMING
CONSTRAINTS, - THIS MAY BE THE ADDRESS AFTER
THE BRKPT SETTING.

E) TO RESTART: 1) HOLD DOWN THE "H" KEY TO GO
INTO "MON HLT“ MODE.
2) PRESS "S“ KEY, SINGLE STEP,
TO CLEAR THE HALT STATE.




NOTES:
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