











8.9.2 Carriage Return: Closing an Open Location

In addition to its typical function as a statement terminator
(for example, in B and P commands), the RETURN key can
be used to close an open location which is being examined.
A carriage return is typed at the end of the following
command

*124#141/ 000 111<cr>

to indicate that the specified change in contents is to be
made, and the location at block 12, offset 141 is to be
closed. After the RETURN key has been pressed, control
returns to MDP and the prompting asterisk is displayed. No
further locations are opened until explicitly directed by
another command.

8.9.3 Line Feed: Opening the Next Location
The line feed character can be typed instead of the carriage
return to perform three distinct actions:

1.  Close the location being examined.
2. Open the next location and display its contents.
3.  Allow modification of the displayed location.
Use of the line feed in terminating the command
*7H#0/ 377<1>

causes the location at block 27 offset O to be closed and the
location at block 27 offset 1 to be opened automatically.
The full interaction looks like

*27#0/ 377>
27001/ 001

where the user types only the initial 27#0/ specification.

The long form of this function requires that the user issue
two separate examination commands:

*27#0/ 377<cr>
*27#1/ 001

8.9.4 .: Reopening the Current Location
The period (.) is used to perform the following functions:

1. Close the location being examined.
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2.  Reopen the same location and display its

contents.
3.  Allow modification of the displayed location.

Use of the period is valuable when correcting an incorrectly
altered location or when verifying that a change has been
made. For example, in the following

*45#10/ 000 770\0\7\326\61\171.
45010/ 271

the use of RUBOUT characters, echoing deleted characters,
has made the modification of location 45#10 difficult to
read. The period is used to verify that the dcsired
correction has been made. Note that rubbing out 770 has
indicated that 770 was truncated to 370, since MPS
addresses can include offsets of only eight bits.

8.9.5 1: Opening the Previous Location

Use of the up-arrow (1) character complements the use of
the line feed. While line feed allows the user to view the
next location, up-arrow causes the previous location to be
opened. The following functions are performed:

1. Close the location being examined.
2. Open the previous location and display its
contents.

3.  Allow modification of the displayed location.

Use of 1 in the following commands

#2240/ 0011
21 377/ 377 0001
21 376/ 001

allows the user to view the contents of the location before
22#0, 21#377 (377) and to modify that location. 1 is used
again to view the contents of location 21#376 (001).

8.10 DISPLAY COMMANDS

A variety of commands have been implemented to allow a
range of addresses or certain key locations to be displayed
on the Teletype printer. Some commands allow
modification of the contents of these locations; others do
not. Table 8-3 lists the commands in this category.



Table 8-3
Display Commands

Command Meaning

D Dump the contents of a range of
specified addresses on the Teletype
printer.

S Display the contents of the
condition flip-flops and allow
modification.

X Display the contents of the
accumulator and allow
modification.

These are more fully déscribed in subsequent paragraphs.

8.10.1 D: Dumping Address Contents

The D (dump) command allows the user to obtain a listing
on the Teletype printer of all or some of the binary
program in memory. It is issued as follows:

Form D addrladdr2<cr>

Where addrl is the starting memory location in
block-offset notation
addr2 is the ending memory location in
block-offset notation

Example *D 1#0;1#377

The user terminates the command by typing a carriage
return; MDP inserts a line feed and proceeds to type out the
desired listing in the following format:

*D addrl addr2<cr>
addrl/ contents
addra/ contents
addrb/ contents
addrc/ contents
addrd/ contents

addr2/ contents
*

An example is included below:

*D 1#0;1#377
01 000/ 000
01 001/ 000
01 002/ 001
01 003/ 002
01 004/ 077

01 377/000
*

If the user decides that he need not view the entire dump,
the listing can be terminated by typing CTRL/C on the
Teletype keyboard.

The addr2 parameter is not optional. If only one address is
to be dumped, the user must nevertheless supply starting
and ending range specifications. In this case both are
identical, as in the following:

*D 36#0;36#0

8.10.2 S: Displaying Status Flip-Flops

The S (status) command allows the user to examine and
modify the contents of the status register which contains
the following condition flip-flops:

Bit Meaning

7 Sign
2 Parity
1 Zero
0 Carry

* The status register has an organization as shown below:

STATUS REGISTER
sign unused parity Zero carry
s e,
I I
7 6 5 4 3 2 1 0
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The unused bits are always considered to be zeroed. Sign,
parity, zero, and carry are normally set to one or reset to
zero depending on the results of instruction execution.
MDP allows the user to set these bits explicitly by means of
the S command.

If the sign bit is set to one and all other bits are zero, the
status register has contents of 200, as shown below:

10 000 000
2 0 0

If the parity, zero, and carry bits are set to one and the sign
bit is zero, the status register will have contents of 007, as
follows:

00000111
00 7

If only the zero bit is set, the following will be the case:

00 000 010
0 0 2

The S command is entered in the following way:

Form S

This command does not require that the user type a
carriage return. As soon as the character S is typed, MDP
itself inserts a carriage return/line feed and produces status
bits in the following form on the Teletype printer:

addr/ contents
An example follows:

*S
20 105/ 200

The address returned by MDP is the address in which the
status register is found. In the example just shown, the sign
bit is set and all other bits are zero. To modify status bits,
simply type new contents as in the following:

*S
20 105/ 200 005

Here the space between the old and new contents is output
by MDP. The user changes the contents so that the parity
and carry bits are set.
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8.10.3 X: Displaying an Index Register
The X (index) command is used to examine and modify the
index registers. The accumulator (register A) is accessed in
the following way:

Form X
This command does not require that the user type a
carriage return. As soon as the character X is typed, MDP
itself inserts a carriage return/line feed and displays the
contents of the accumulator in the following form on the
Teletype printer:

addr/ contents
An example follows:

20111/ 000

The address returned by MDP is the address of the
accumulator storage location on the user’s machine and is
not necessarily the one just shown. The contents of this
address can be modified by typing in a new value, as
follows:

*X
20111/ 000 377

To examire and modify subsequent registers (B, C, H, L),
the user terminates this and succeeding lines with an
explicit line feed. For example:

*X

20111/000377 <If >
20112/ 001 <1f >
20113/ 000 <1f >

20 114/ 007 <1f >
20115/ 377 000 <cr >

<If> indicates a line feed entered by the user, <cr> a
carriage return. This sequence allows the user to examine all
index register storage locations.

8.11 CONTROL COMMANDS

Commands used to set breakpoints, begin test execution,
and clear memory locations can be categorized as control
commands. Table 84 summarizes the functions of these
commands.



Table 84
Control Commands
Command Meaning

G Start execution of binary program
at specified address.

B Set breakpoint at specified address
in binary program.

L Set range of addresses to specified
constant.

These commands are described in greater detail in the
paragraphs that follow.

8.11.1 G: Executing the Program

The G (go) command is used to execute a binary program
or part of the program. Often it is used in conjunction with
the B (breakpoint) command to test part or all of the
binary program read into memory. G is issued in the
following way:

Form G addr<cr>

Where - addr is the first address to be executed in
block-offset notation

Example *G 10#121

The user types a carriage return to terminate the G
command, and MDP inserts an automatic line feed. The
status bits and registers saved when MDP was loaded are
restored, and the program segment beginning at addr is
executed. For test purposes, the user can set initial
conditions before beginning program execution by
modifying the status bits and index register storage
locations as previously indicated.

8.11.2 B: Setting a Breakpoint

The B command provides one of the most useful features
available through MDP. It is used to specify a location to be
used as a breakpoint in the binary program currently in

memory. When the program encounters this location during
execution, it returns control to MDP. The B command is
issued as follows:

Form B addr<cr>

Where addr is the address to be used as a
breakpoint in block-offset notation

Example *B 37#0

The user types a carriage return to terminate the B
command, and MDP inserts an automatic line feed.

The B command modifies the location specified and the
two following locations; therefore, care must be used when
placing breakpoints due to the variable length instructions.
It specifies the address to be treated as a breakpoint
location when the program is executed. Thus B is used in
conjunction with G to test segments of a program. When
the specified address is executed, the following actions
occur:

The binary program stops.

2. Registers A, B, C, H, L, and the status bits are
saved.
3.  Control returns to MDP and the following is

printed on the Teletype

B

E3

to indicate that the breakpoint has been
reached.

The saved registers and status bits can now be examined
and modified if necessary.

The breakpoint does not normally remain in the binary
program; it is removed under any of the following
circumstances:

1. The specified address is executed.

2. MDP is restarted.

3. A special version of the B command is entered:



The explicit B reset command has the following form:

Form BR

This command does not require that the user conclude with
a carriage return. As soon as the B R combination is typed,
MDP itself inserts a carriage return/line feed. The space
between B and R is also output by MDP. After B R is
typed, MDP returns to monitor level, removes the
breakpoint from the binary program, and outputs a new
prompting character.

8.11.3 L: Loading Memory with a Constant
The L command is used to load a segment of memory with
a specified constant, It is issued in the following way:

Form L addrl ;addr2;[constant] <cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation
constant is optional and represents
the value to be inserted in the
memory locations

*L 76#340;76#377;717<cr>
*L 76#343;76#362;<cr>

Examples

The user terminates the command with a carriage return
and MDP inserts an automatic line feed. The addr2
parameter is not optional. If only one address is to be
cleared, the user must nevertheless supply starting and
ending range specifications. In this case, both are identical,
as in the following:

*L 14#0;1#0;

L is often used to clear memory locations; if constant is
omitted from the command, zero is the default, and the
memory range specified is zeroed. The semicolon following
addr2 must be supplied, even if constant is omitted from
the command. After the operation defined in L is
performed, MDP returns to monitor level and outputs a
new prompting character.






9.1 INTRODUCTION TO MPR

The Microprocessor Read-Only Memory (ROM)
Programmer (MRP) is a PDP-8 system program used to read
and write programmable read-only memory (PROM)
circuits for use on the M7345 PROM Module. The write
function performed by MRP can also be called
programming a PROM. A special hardware assembly is
required to implement the functions supported by MRP,
since PROMs, the I/0 medium used by this program, are
not a standard device supported by a PDP-8 interface. The
particular hardware environment in which MRP functions,
is described in detail in the next paragraph.

MRP provides the following capabilities:

1. Reads and punches paper tape using the
high-speed or low-speed unit

2. Reads, writes, and verifies PROMs

3.  Opens specified memory locations for
modification and allows the previous, current,
and next locations to be opened, displayed, and
closed

4. Dumps the contents of memory locations on
the Teletype or line printer

5. Loads specified locations in memory with a
constant value

MRP permits examination and modification of PROM
locations read into memory, and provides a facility for
obtaining both Teletype and line printer listings of
programs stored in paper tape or PROM form.

9.2 HARDWARE ENVIRONMENT
This paragraph describes the characteristics and use of the
special hardware used by MRP.

CHAPTER 9
MICROPROCESSOR
ROM PROGRAMMER

9.2.1 MRS873 Hardware Assembly

Using the MRP on the PDP-8 requires a special hardware
assembly to be placed on the machine’s I/O bus. Only those
PDP-8 models with OMNIBUS construction can support
this assembly ; thus MRP can run on PDP-8/E, PDP-8/F, and
PDP-8/M models, but not normally on the PDP-8/1,
PDP-8/L, or PDP-8/S.* The special hardware used by MRP
consists of one basic unit, the MR873, which holds PROM
circuits and is attached to the I/O bus as shown in Figurc
9-1.

Any other devices supported by a particular PDP-8
configuration can also be conveniently added to the bus.
Often a high-speed paper-tape reader/punch and a line
printer are supported.

The MR873 consists of the following:

1. Main rack-mountable or bench top MR&73
hardware assembly

2. One M1703 input interface module which plugs
directly into the PDP-8 OMNIBUS

3.  One M1705 output interface module which
plugs directly into the PDP-8 OMNIBUS

4. Two Y168 zero-insertion force socket modules

When these components are unpacked at the user’s
installation they should be inspected for any obvious signs
of damage that may have occurred during shipping.

*t is possible to use a special hardware interface to facilitate MRP
use on the PDP-8/I, PDP-8/S, and PDP-8/L. Users of these CPU’s
should contact Logic Products Applications Engineering at Digital
for information.
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MR873 TELETYPE

Protruding from the rear of the MR873 unit are three flat
gray cables and one standard power cord. When the
BCO8R-6 cables, used to connect the MR873 to the
OMNIBUS, are unrolled the user will find a sticker attached
to each cable at the plug end. This sticker identifies each
cable and identifies its terminus as follows:

1. FromJ1 —MR873 to J1 M1703
2.  From1J2 —~MR873 to J1 M1705
3.  FromJ3 —MR873 to J2 M1705

The user should connect these cables in the way described,
ensuring that the letters on the plug housing match the
letters on the top of the board-mounted jack. Then the
M1703 and M1705 modules can be installed in any
convenient position on the OMNIBUS of the PDP-§/E,
PDP-8/F, or PDP-8/M.

Next, the user should install the two Y168 modules that are
designed to hold the PROMs. Plug one module into the slot
labeled CHECK, VERIFY, FETCH, and the other into the
slot labeled WRITE. After the line cord has been connected
to any nearby 115 Vac 60-cycle outlet, the MR873 is ready
for operation under MRP.

9.2.2 PROM Assembly and Manipulation

The Y168 modules are designed to hold PROM packages
and to facilitate easy movement of these packages from one
module socket to another. There are three sockets mounted
on the front panel of the MR873 assembly labeled from left
to right:

1. SIMULATE (RTM ONLY)
2.  CHECK, FETCH, VERIFY
3. WRITE

These sockets have the following functions:

1.  The socket labeled SIMULATE is not relevant
to MRP and should be disregarded by the user.

2.  The socket labeled CHECK, FETCH, VERIFY
can be used only to read PROM data during
check, fetch, or verify MRP operations.

3.  The socket labeled WRITE can be used only to
load PROM data during write MRP operaticns.

Only 1702A ultraviolet-erasable PROMs can be used with
the MR873 and MRP. PROMs of this kind can be written
in approximately two minutes.

WARNING

When PROMs are being written by the MR873,
high voltage pulses (60 Vdc) are generated; the
user should therefore be careful not to handle
the PROM or MR873 assembly during this
process. The voltage level generated can be
dangerous and is present on both the PROM
and the etch of the Y168 module into which
the PROM is plugged while being written.

If it is ever necessary to remove or touch a
PROM before writing has been completed, the
user should stop the process either by pressing
the HALT switch on the PDP-8 console or by
typing CTRL/C on the Teletype keyboard.

Before a PROM is written, it should be
completely erased by exposing it to ultraviolet
light for five to ten minutes. The user should be
sure to protect his eyes from the ultraviolet

light.

PROMs must be inserted in the socket in the proper way, as
shown in Figure 9-2.

If the user inserts the PROM into the module incorrectly,
the chip may be destroyed. With the locking lever in the
raised position, insert the PROM in the socket with the dot
on the PROM in the position shown in Figure 9-3. Then
lock it in by pushing the lever all the way down.

The following example illustrates a sequence in which a
segment of the PDP-8 memory data buffer is loaded into a
PROM and then verified. It is assumed that PDP-8 memcry
contains the desired data.



1. Install a clear PROM in the socket labeled
CHECK, FETCH, VERIFY, and check that the
PROM is clear by issuing a C (check) command
from MRP.

2. Move the PROM to the socket labeled WRITE
and load it with data by issuing a W (write)
MRP command.

3. Move the PROM back to the socket labeled
CHECK, FETCH, VERIFY and verify that the
PROM was loaded correctly by issuing a V
(verify) command from MRP.

Figure 9-2 MR873 ROM Programmer

Pin 1

Figure 9-3 Y168 Socket Module (with PROM inserted)

93

Table 9-1 summarizes the correct location of the PROM
during various MRP PROM I/O commands.

Table 9-1
Socket Positions for PROM Commands
Socket Labeled
CHECK
Socket Labeled FETCH
Command WRITE VERIFY
WRITE X
CHECK X
FETCH X
VERIFY X

To fetch data from a PROM, the user positions the PROM
in the socket labeled CHECK, FETCH, VERIFY, and issues
an F (fetch) command from MRP. Before performing this
or any PROM operation, ensure that the PROM is securely
locked in place with the socket lever.

9.3 OPERATING ENVIRONMENT

MRP is provided to users of this system in the form of a
binary paper tape which is loaded into core by means of the
Microprocessor Host Loader (MHL) using either the
low-speed or high-speed paper-tape reader. Selection of the
reading unit and other load procedures performed at this
time are illustrated in Figure 4-11. To start the program, set
the starting address 02003 in the Switch Register and press
the ADDR LOAD and START keys on the PDP-8 console.
If the Teletype control knob is turned to LINE, MRP will
respond by typing the prompting character (*) on the
Teletype printer.

The minimum memory and peripheral device requirements
are the same as those described in Chapter 4. Input to MRP
usually consists of a binary paper tape produced by the
MLA Assembler and/or a previously programmed PROM.
Output can be a punched binary tape, a programmed
PROM, and/or a listing on the Teletype or line printer.

9.4 SWITCH REGISTER OPTIONS

Alternate output devices may be selected for use by MRP
by setting the appropriate PDP-8 Switch Register bits
before output is directed to these devices. Table 9-2
summarizes selection of the printing and punching units.

Bit 9 is set to indicate that the line printer is the primary
output device. Error messages are always displayed on the
terminal; if bit 9 is set they will also appear on the line
printer, but they will never only appear on the line printer.



Table 9-2
Switch Register Options
Bit | Setting Meaning
9 0 Print output on the Teletype printer.
1 Print output on the line printer.
11 0 Punch tape on the low-speed paper-tape
punch associated with the Teletype.
1 Punch tape on the high-speed punch (if
available).

Although output will be printed on the specified device if
the setting of bit 9 is established before the command that
produces output is typed, it is possible for output to be
sent to both devices. If bit 9 is set O when the initial
character of the MRP command is typed, the user can set
the bit on after MRP outputs the space following that
character. Then, when output is produced, it will appear on
both the Teletype printer and the line printer. If the
following command is typed

*D 21#0;21 #27<cr>

and bit 9 is set after the MRP space and before <cr>,
locations 21#0 through 21#27 will be dumped on both
output devices.

If bit 9 is set but a line printer is not part of the PDP-8
configuration, the system will wait 150 milliseconds for the
line printer to be attached and will then assume that the
Teletype is the primary output device.

9.5 BASIC CHARACTER SET

The following list summarizes all ASCII characters that may
be included in MRP command input and are recognized by
the blasting program:

° Alphabetic characters C, D, E,F,L,P,Q,R, T,
V,W

] Numeric characters 0 through 7
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. Selected special (printing) characters, as
follows:
Character Meaning

space Space

# Block-offset operator used to
specify an address

; Address Separator

/ Used to open and display a location
Used to close and then reopen and
display the current location

1 Used to close current location and
then open and display the previous
location

RUBOUT Used to delete digits back to a
separator; echoes backslash (\)
followed by deleted character

1C CTRL/C; used to abort current

command

] Selected special (nonprinting) characters, as
follows:
Character Meaning

Used to close current location or
terminate a command

carriage return

Used to close current location and
then open and display the next
location

line feed

If any character other than those just described is
encountered by MRP, a question mark (?) is typed, the
contents of the line containing the illegal character is
ignored, and the command is aborted. The user can retype
the command without typing a carriage return first.



9.6 ADDRESS SPECIFICATION

The format in which addresses are specified in MRP
commands is the same format as that used in the
Microprocessor Debugging Program (MDP) (Chapter 8) or
in the binary program tape input to MRP. An address is a
14-bit field, described as follows:

hh 1l
hh#it

The two forms are interchangeable and represent the high
six bits (hh) followed by the low eight bits (lII) of the
address. For example, in address

23#0

23 represents the high bits or block, and O represents the
low bits or offset within block 23. A detailed discussion of
address specification is provided in Chapter 6 in
descriptions of the Assembler block-offset operator # and
the format for binary output.

Addresses are specified by the user in a great many MRP
commands and the format may be either of those just
shown. When output by MRP, as in the D command, an
address specification is always of the form:

hh 11l

If the user types too many digits when specifying an
address, the results of such an error are unpredictable. It is
recommended that the command be aborted by typing
CTRL/C. The location can then be examined and modified
if necessary.

Although leading =zeros are never required in user
specifications or addresses, MRP does supply the full
complement of digits in its display as follows:

*D 1#0;1#3
01 000/ 000
01 001/ 001
01 002/ 007
01 003/ 000

9.7 OVERVIEW OF MRP COMMANDS

After MRP has been started, an asterisk (¥) output by the
program indicates that it is at monitor level and ready to
accept a command. The user responds to this prompting
character by entering a one-character command from the
keyboard. If the specified command does not require
parameters of any kind, MRP performs the operation at

once without waiting for the user to end the command with
a termination character (e.g., carriage return). Commands
performed in this way include R, Q, T, E, and C. MRP itself
outputs necessary carriage return/line feed characters and
types a new prompting character (*) after performing the
specified operation. This capability implies that the user
must be extremely careful to type the correct characters. If
an incorrect character is typed, the user can type CTRL/C
to cancel the incorrect character. RUBOUT does not erase
command characters — only digits in addresses.

All other MRP commands require that parameters be
included in the command line. After the user types one of
the commands P, F, W, V, D, or L, MRP inserts a space
after the one-character command and waits for necessary
parameters to be typed by the user. The user must indicate
that the command line is complete by typing a carriage
return to terminate the command. MRP automatically
inserts a line feed, performs the desired operation, and
indicates a return of control to MRP monitor level by
displaying an asterisk on the Teletype printer. In the
syntactic models shown in subsequent paragraphs, a
carriage return/line feed combination, in which the user
must supply the carriage return, is represented by <cr>. An
explicit line feed character is represented by <If>.
Terminators output solely by MRP (as in R or T, for
example) are not shown.

9.8 MRP ERRORS

There are two kinds of errors that are recognized by MRP.
Command errors cause a question mark (?) followed by a
carriage return/line feed to be displayed on the Teletype
printer (and also on the line printer, if bit 9 is set).
Execution- errors cause a question mark followed by a
message and a carriage return/line feed to be displayed.

Command errors occur when the user
nonexistent command, as in the following:

specifies a

*Z

A question mark and error message will be displayed when
invalid characters are included in the command:

*F A
? ILLEGAL CHARACTER

Execution errors occur when an invalid or out-of-range
address specification is included in a command, when a
checksum error occurs during a read, or when an illegal
address separator is specified. Error and warning messages
are discussed in detail in the paragraphs on specific MRP
commands which produce these messages.



9.9 SPECIAL FUNCTION KEYS

The following two paragraphs detail the operation of two
special functions used to correct errors and to abort MRP
activity.

9.9.1 RUBOUT: Deleting a Digit

The RUBOUT key on the Teletype keyboard is used for
error correction in entering MRP parameters. Each
RUBOUT causes the deletion of one digit, from right to
left, beginning with the digit just to the left of the first
RUBOUT and ending with the digit just to the right of the
first separator encountered in the scan. Separators include
the following:

Character Meaning

Space output by MRP following a
command, or used as a block-offset
operator

space

Block-offset operator used to
separate high and low bits of an
address

; Semicolon used to separate starting
and ending address specifications

carriage return  Terminator typed after a command,

or used to close the current
location in an examination
command

line feed Inserted by MRP after carriage
return following a command or
used to open the next location in

an examinationn command

RUBOUT echoes a backslash followed by the digit it
deletes back to the most recent separator. Thus in the
following command

*TTH#ITINININL 277
the address originally specified

*TTH#177
is corrected and respecified as 77#277. The sequence
\7\7\l represents the digits 177 rubbed out and 277

represents the new offset. RUBOUT of a digit causes a
backslash, followed by the deleted digit, to be echoed on
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the Teletype printer. If digits typed beyond the most recent
separator must be deleted, the user must abort (Paragraph
9.9.2) and retype the entire command. An attempt to rub
out digits beyond the separator causes zeros to be typed for
these digits, as in the following.

*724#123\3\2\1\0\0\0

In this command line, the user successfully rubbed out the
digits 123; an attempt to delete the separator and block 72,
however, failed, resulting in the printing of \O\O\0.

9.9.2 Control C: Aborting MRP Operation

A control C character can be issued at any time to return
control to MRP monitor level. This function is useful to
correct the entry of an invalid command, or to terminate
long input or output operations. It is recommended rhat
this character be typed to abort a command when the user
has made more than one or two errors when entering this
command. Retyping the command is often a more
straightforward and reliable method of correction than
rubbing out and retyping multiple characters in a command
line. To enter control C, type C while holding down the
CTRL key. When CTRL/C is typed, the command being
typed or executed is aborted, and the character is echoed
as:

e

Control returns to MRP, a new prompting character is
output, and a new command is expected. Following is an
example of the use of CTRL/C in terminating an address
dump:

*D 45#100,47#377
45100/ 000
45101/ 000
45102/ 377

45 1C

ES

There is one case in which CTRL/C cannot be used to
terminate an I/O operation. If the low-speed paper-tape
reader is in the process of reading a program tape, CTRL/C
will not terminate the input operation. The computer must
be halted and the program restarted to return control to
MRP monitor level. Set 0200 in the Switch Register and
press the ADDR LOAD and START keys to restart.

9.10 PAPER TAPE I/0 COMMANDS
The user can read and punch binary paper tapes by means
of the MRP commands listed in Table 9-3.



Table 9-3
Paper Tape 1/0 Commands
Command Meaning

R Read paper tape (up to capacity of
data buffer) from high-speed or
low-speed paper tape reader.

Q Clear data buffer and continue to
read paper tape from reader.

P Punch paper tape from address
range specified on high-speed or
low-speed punch.

T Punch leader or trailer tape.

E Punch end block and trailer.

These are described
paragraphs.

in more detail in the following

9.10.1 R: Reading Paper Tape

The R command is used to read a segment of binary paper
tape into the data buffer. The capacity of this buffer at any
time is only eight blocks or PROMs. Thus 2048 decimal or
4000 octal words can be loaded with a single read or queue
(Paragraph 9.10.2) command. Any address in this data
buffer can then be examined or modified with other MRP
commands. When the next paper tape input command is
processed, the data buffer is cleared before new data is
loaded. A constant value or the contents of a PROM can be
read into part of the buffer, however, overlaying or
supplementing the current contents at any time.

The data buffer can be considered to be an eight-block
window on the 64-block address space of the processor.
The following illustrates this concept:

DATA
BUFFER

BLOCKS 0 710 17120 27130 37140 47150 57160 67170 7
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At this point, the data buffer consists of blocks 30 through
37. Only addresses in this eight-block space can be accessed
with normal examination, modification, or display
commands. As new data is queued from paper tape,
however, the placement of the data buffer window will
change, as follows:

DATA
BUFFER

BLOCKS ¢ 7ho 17ho 271307 3740 4750 57160 67170 77

Now only addresses in the range 40 through 47 can be
examined and modified.

Paper tape can be read from either the high-speed or
low-speed paper-tape reader. If the high-speed device is
available, it will be selected automatically for use. The
low-speed reader associated with the Teletype will be used
if the high-speed device is not available.

The basic read command is issued as follows:

Form R

This command does not require the user to type a carriage
return. As soon as the character R is typed, the paper tape
loaded in the appropriate paper-tape reader is read into the
data buffer. Note that MRP does not halt after the read is
issued; thus the paper tape must be properly positioned in
the reader at the time the command

*R

is given.

If the data buffer must be cleared of data previously read
into it, the following interaction will take place:

*R

CLEARING THE DATA BUFFER

THE NEW DATA BUFFER RANGE IS FROM
BLOCK 20 TO BLOCK 27



As the tape is read into blocks 20 through 27, the following
messages will be output:

STARTING AT 20 000
LOADING BLOCK 20
LOADING BLOCK 21
LOADING BLOCK 22
LOADING BLOCK 23
LOADING BLOCK 24
LOADING BLOCK 25
LOADING BLOCK 26
LOADING BLOCK 27
STOPPED AT 27 377

If the tape end block is encountered before the end of the
current data buffer, the following messages might be
displayed:

*R

STARTING AT 20 000

LOADING BLOCK 20

LOADING BLOCK 21

STOPPED at 21 305
END-OF-DATA BLOCK WAS SEEN

If there is nothing in the segment of tape being read, the
following will be displayed:

*R

STARTING AT 20 000

STOPPED AT 20 000
END-OF-DATA BLOCK WAS SEEN

If this occurs, nothing will be loaded into the data buffer.

If an error occurs while performing the read, the following
message might be output:

*R

STARTING AT 20 000
LOADING BLOCK 20

? CHECKSUM ERROR

If the high-speed paper-tape reader is used, the following
sequence of steps should be followed to position tape in the
reader:

1.  Turn the control knob to raise the tape
retaining lever.
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2.  Place a fan-folded tape in the right-hand bin.

3. Place several folds of leader in the left-hand bin
and position the tape so that the sprocket
wheel engages the feed holes.

Turn the control knob to lower the tape
retaining lever.

5.  Press the FEED switch briefly to ensure that
the tape is properly positioned.

6. Issue R command.

The sequence of steps below should be followed if the
low-speed reader is selected:

1.  Set the paper-tape reader switch to STOP or
FREE.

2.  Release the plastic cover of the reader unit and
place the program tape over the read station
with the small sprocket holes over the sprocket
wheel. Close the cover.

3. Issue R command.

Push the paper-tape reader switch to START
and release.

9.10.2 Q: Reading Additional Paper Tape
The Q (queue) command is used to clear the data buffer if
it currently contains data and to read the next segment of
paper tape. It is issued as follows:

Form Q
This command does not require that the user type a
carriage return. As soon as the character Q is typed, the
next segment of the paper tape loaded in the paper-tape
reader used by the previous read command is read.

Q is used in conjunction with a paper tape whose addresses
span more than eight consecutive blocks. It can also be used
to reset the data buffer at any time. The R command is
issued to read the first eight blocks of the new tape
positioned in the high-speed or low-speed paper-tape reader.
Q is used to clear the buffer of the data just read and to
load the next address section(s).



If the data buffer must be cleared of data previously read
into it, the following interaction might take place:

*Q

CLEARING THE DATA BUFFER

THE NEW DATA BUFFER IS FROM
BLOCK 30 TO BLOCK 37

As the tape is read into blocks 30 through 37, the following
messages will be output:

STARTING AT 30 000
LOADING BLOCK 30

LOADING BLOCK 31

LOADING BLOCK 32

LOADING BLOCK 33

LOADING BLOCK 34

LOADING BLOCK 35

LOADING BLOCK 36

LOADING BLOCK 37

STOPPED AT 37 377

If the tape end block is encountered before the end of the
current data buffer, the following messages might be
displayed:

*Q

CLEARING THE DATA BUFFER

THE NEW DATA BUFFER IS FROM
BLOCK 30 to BLOCK 37

STARTING AT 30 000

LOADING BLOCK 30

LOADING BLOCK 31

LOADING BLOCK 32

STOPPED AT 32 377

END-OF-DATA BLOCK WAS SEEN

If an error occurs while performing the queue, the
following message might be output:

*Q

CLEARING THE DATA BUFFER

THE NEW DATA BUFFER IS FROM
BLOCK 30 TO BLOCK 37

STARTING AT 30 000

LOADING BLOCK 30

? CHECKSUM ERROR

If an R command has not preceded the Q or if the read
encountered a checksum error or an end-of-data block, the
following warning message will be displayed:

*Q
% ILLEGAL USE OF Q

% READ COMMAND ASSUMED
*R

After Q has been typed, enabling of the low-speed
paper-tape reader can be performed at any time; MRP will
wait until the reader is ready. The high-speed reader must
be readied at the time the command is issued.

9.10.3 P: Punching Paper Tape
The P command facilitates the following operations:

L. Punching selected locations from paper tape,
PROM, or the data buffer on paper tape.

2. Duplicating a paper tape by punching segments
of the binary program stored in the data buffer.

3.  Duplicating a PROM by writing out the
contents of the data buffer.

4.  Backing up a PROM on paper tape, or paper
tape on one or more PROMs.

Punching is performed on either the high-speed or
low-speed paper-tape punch, depending on the setting of
Switch Register bit 11. If the bit is on, the high-speed
punch is selected; otherwise, the low-speed device
associated with the Teletype is used.

The P command is issued as follows:

Form P addrl addr2<cr>
Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation
- Example *P 45#100;47#377



In this example, memory locations from block 45, offset
100 through block 47, offset 377 are punched out on paper
tape using the appropriate paper-tape punch. This
command does not automatically punch leader tape and an
end block so it should be used in conjunction with the T
and E commands.

The addr2 parameter is not optional. If only one address is
to be punched, the user must nevertheless supply starting
and ending range specifications. In this case, both are
identical, as in the following:

*P 11#300;11#300

There are several error messages which may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address of if an invalid
address separator is typed, the following message will be
displayed:

*P 3040;37#37A
? ILLEGAL CHARACTER

If the starting block is greater than the ending block in the
address specification, the following message will be
displayed:

*P 7T#00#377
? ADDRESS SPECIFICATION ERROR:
BLOCK 1 >BLOCK 2

If the starting offset is greater than the ending offset in the
address specification, the following message will be
displayed:

*P 20#377;20#0

?LOW BYTES OF THE ADDRESS
SPECIFICATION ARE
REVERSED

This message only occurs when the starting and ending
block specifications are the same.

The paper-tape punch must be readied at the time the
command is issued. No special action need be taken to
position paper tape for punching on the high-speed device.
To ready tape for the low-speed punch, do the following:

1. Turn the Teletype punch unit off.
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2. Type the P command on the Teletype keyboard
but do not type a carriage return.

3. Turn the punch unit on.

4. - Type carriage return to initiate punching.

It is important to follow this sequence in order to avoid
punching command input on the program tape output by
the punch.

It is a relatively easy matter to use MRP as a tool to
facilitate high-speed or low-speed on-line tape duplication.
Read a binary tape into memory and punch it out again
using the following commands. This example assumes that
program locations include blocks 15 through 17 and that all
appropriate actions are taken to avoid punching unwanted
characters on the output tape. Remember that the tapes
will not be exact copies since MRP inserts a few special
control characters.

*R Read paper tape into memory
*T Punch header tape

*P 15#0;17#377  Punch blocks 15 through 17

*E Punch end block and trailer tape
*

Return to MRP

9.10.4 T: Punching Leader and Trailer Tape

The T command uses the high-speed or low-speed Teletype
punch to produce either leader or trailer tape. Both leader
and trailer tape have exactly the same format and consist of
approximately four inches of tape punched with octal code
200. Selection of the punching unit depends on the setting
of Switch Register bit 11. The command is issued as
follows:

Form T

This command does not require the user to type a carriage
return. As soon as the character T is typed, header or trailer
tape is produced. MRP then inserts an automatic carriage
return/line feed to return control to MRP monitor levzl.

If the punch is turned on at the time T is typed, the
command character, as well as the carriage return/line feed
inserted by MRP, will be output on the tape but ignored
when the program is loaded. If the user wishes to exclude
these extraneous characters from the program tape, he
should follow certain procedures when producing header or
trailer tape.



1. Turn the punch off.
2. Type the T command after the prompting
character:
*T
3. Turn the punch on immediately after typing
the T command.
4.  Turn the punch off after header or trailer tape

has been produced.

Control returns automatically to MRP. Because the punch
is not turned on until after T begins operation, a small
amount of trailer tape might be lost.

9.10.5 E: Punching an End Block on Tape
The E command punches the end block, followed by
approximately four inches of octal code 200 trailer tape,
using the high-speed or low-speed paper-tape punch.
Selection of the punching unit depends on the setting of
Switch Register bit 11. It is issued as follows:

Form E
This command does not require the user to type a carriage
return. As soon as the character E is typed, end block and
trailer tape are produced. MRP then inserts an automatic
carriage return/line feed to return control to MRP monitor
level.

An end block punched by MRP has the same format as that
produced by the MLA Assembler. In this format, each
block of data has a byte count of greater than six. The end
block contains no data and therefore has a byte count of
exactly six. The sequence of steps shown for the T
command could be followed to prevent the E character
from being punched out on paper tape. However, it is a far
more serious matter to lose part of the end block than to
lose part ot the leader/trailer tape. It is therefore preferable
to leave the punch on while typing E and to rely on these
command characters being ignored when the program tape
is loaded.

Note that E implies automatic execution of the T
command, so trailer tape need not be explicitly requested.

9.11 PROM I/O COMMANDS

A variety of inputfoutput commands have been
implemented to allow the MRP user to read, check, write,
and verify PROMs. These commands are listed in Table 94,

Table 94
PROM I/0 Commands

Command Meaning

Read or fetch contents of PROM in
read socket, copying it into data
buffer.

Check contents of PROM in read
socket to ensure that all locations
are clear.

Write specified address range onto
PROM in write socket.

Verify that contents of PROM in
write socket correspond to
specified addresses in data buffer.

These are described in greater detail in the following
paragraphs.

9.11.1 F: Reading a PROM

The F (fetch) command is used to read the contents of a
PROM into the data buffer. The PROM must be in the read
socket on the MR873 assembly. This command is issued as
follows:

Form F addrl addr2<cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation

Example *F 3040;30#377

In this command, addrl and addr2 reference memory
locations in the data buffer in which the contents of the
PROM will be loaded.

There are several error messages which may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address or if an invalid
address separator is typed, the following message will be
displayed:

*F 30#0;30#37%
? ILLEGAL CHARACTER



If the starting offset is greater than the ending offset in the
address specification, the following message will be
displayed:

*F 20#377;20#0

?7LOW BYTES OF THE ADDRESS
SPECIFICATION ARE
REVERSED

Because the capacity of a PROM is only 256 decimal or 400
octal words, the address range cannot exceed one block and
cannot cross a block boundary. All of the following are
therefore invalid:

*F 1#0;7#377
*F 30#377;31#123
*F 47#200;50#177

If the block numbers of the starting and ending range
specifications are not the same, the following will occur:

*F 1#0;7#377

?HIGH BYTES OF THE ADDRESS
SPECIFICATION MUST BE
THE SAME

Careful placement of PROM data is essential when copying
from PROM to paper tape. The following illustrates
concatenation of three PROMS onto paper tape. This
example assumes that a new PROM is inserted in the read
socket for each fetch.

*T Punch header tape

Fetch data from PROM and
copy to data buffer

*F 10#0;10#377

*F 11#0;11#377 Fetch data from PROM and

copy to data buffer

*F 12#0;12#377 Fetch data from PROM and

copy to data buffer

*1,13#0;17#377  Clear remaining locations in data

buffer
*P 10#0;12#377  Punch blocks 10 through 12
*E Punch end block and trailer tape
* Return tc MRP
The user types a carriage return to conclude the F

command. MRP inserts an automatic line feed, performs
the fetch, and returns to monitor level.

The fetch command is a very powerful one, since it can be
used to redefine the current window on the data buffer. If
the data buffer is defined as extending from 10#0 through
17#377 and the following command is issued

*F 37#16;37#377
MRP will display the following message:

CLEARING THE DATA BUFFER
THE NEW DATA BUFFER RANGE IS FROM
BLOCK 30 TO BLOCK 37

The user has the option of electing not to redefine the data
buffer at this time. If an error has been made or if valuable
information is still in the current data buffer, the user can
simply type CTRL/C at any time while the message is being
displayed. After the message has been typed completely,
the data buffer will be redefined as extending from 30#0
through 37#377.

9.11.2 C: Checking a PROM

The C (check) command examines every location of a
PROM to ensure that the entire PROM is clear before the
user attempts to write on it. The PROM must be in the read
socket in the MR873 assembly at the time the command is
given. The user types the following:

Form C

It is not necessary to terminate this command with a
carriage return. As soon as the character C is typed, MRP
begins to examine PROM locations.

Each location is checked to ensure that it is clear. If the
entire PROM is clear, the following message will be
displayed:

*C PROM IS CLEAR

If any locations in the PROM have invalid contents, MRP
will display both address and contents in a formatted list.
Following is an example:

*C

ADRS PROM

003 001

127010

322072

376 077

377177

#

Because a PROM consists of one complete block (400 octal
words) of data, it is not necessary for MRP to supply the



block numbers of addresses with invalid contents. The three
octal digits displayed beneath the ADRS label represent
offsets within the block.

MRP automatically outputs a carriage return/line feed
combination at the end of each line printed; it returns
automatically to the monitor when all relevant addresses
and contents have been printed.

9.11.3 W: Writing a PROM

The W (write) command is used to load (or program) a
PROM with the contents of specified addresses in the data
buffer. The PROM to be used for output must have been
checked for clear contents and must be in the write socket
on the MR873. The W command is issued as follows:

Form W addrl;addr2<cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation

Example *W 14#0;1#377

The user types a carriage return to conclude this command.
MRP inserts an automatic line feed and displays the
following message:

WAIT FOR BELL

The PROM will now be programmed. By watching the
lights on the PDP-8 console panel, the user can determine
when the PROM has been loaded. During the loading
process, the MQ register displays the binary representation
of all characters loaded. When the panel lights stabilize, the
PROM has been loaded. At this time, MRP causes the
Teletype bell to ring or the audible signal on another
terminal to be produced. A carriage return/line feed is
output and MRP returns to monitor level.

There are several error messages that may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address or if an invalid
address separator is typed, the following message will be
displayed:

*W
? ILLEGAL CHARACTER
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If the starting offset is greater than the ending offset in the

address specification, the following message will be
displayed:

*W 20#377;20#0
?LOW BYTES OF THE ADDRESS

SPECIFICATION ARE
REVERSED

Because the capacity of a PROM is only one block, the
address range cannot exceed one block and cannot cross a
block boundary. The following are therefore invalid:

*W 20#0;27#377
*W 50#377;514#10

If the block numbers of the starting and ending range
specifications are not the same, the following will occur:

*W 20#0;27#377

?HIGH BYTES OF THE ADDRESS
SPECIFICATION MUST BE
THE SAME

MRP can be used to duplicate PROMs in a straightforward
on-line way. Read a PROM into the data buffer and write it
out again using the following commands. This example
assumes that program locations comprise block 36.

*C PROM IS CLEAR Check that PROM is clear

*F 36#0;36#377 Fetch data from PROM
and copy it into data
buffer

*W 36#0;36#377 Write PROM from data
buffer

WAIT FOR BELL

*V 36#0;36#377 Verify contents of PROM

PROM VERIFIED OK

®

Return to MRP

MRP can also be used to copy PROM-to-tape or
tape-to-PROM. Remember, however, that the capacity of
paper tape is much larger than that of a PROM, so care
must be used when specifying addresses to be copied.



9.11.4 V: Verifying a PROM

The V (verify) command compares specified addresses in
the data buffer with addresses of the PROM in the read
socket on the MR873 assembly. It is issued in the following
way:

Form V addrl addr2<cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notaticn

Example *V 74#100,744#277

The user types a carriage return to conclude this command.
MRP inserts an automatic line feed, performs the
verification operation, and returns to monitor level.

There are several error messages that may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address of if an invalid
address separator is typed, the following message will be
displayed:

*V 30#0;30#37A
? ILLEGAL CHARACTER

If the starting offset is greater than the ending offset in the
address specification, the following message will be
displayed:

*V 20#377;20#0
?LOW BYTES OF THE ADDRESS SPECIFICATION
ARE REVERSED

This message only occurs when the starting and ending
block specifications are the same.

Because the capacity of a PROM is only one block, the
address range cannot exceed one block and cannot cross a
block boundary. The following are therefore invalid:

*V T0#0;75#377
*V 60#377:61#2

If the block numbers of the starting and ending range
specifications are not the same, the following will occur:

*V 20#0;27#377
?HIGH BYTES OF THE ADDRESS SPECIFICATION
MUST BE THE SAME

If the specifications are outside the range of the current
data buffer, the message shown below will be displayed.
The current data buffer is assumed to include blocks 20
through 27.

*V 70#0;70#377

7HIGH BYTE OF THE ADDRESS SPECIFICATION
OUTSIDE THE RANGE OF THE CURRENT
DATA BUFFER

The contents of each PROM location is compared to the -
contents of the corresponding data buffer address. If the
address contents are all the same, the following message will
be displayed:

PROM VERIFIED OK

If any locations do not correspond, MRP will display both
addresses and contents in a formatted list. Following is an
example:

*V 36#0;36#377
ADRS BUF PROM
305001 210
375007010

*

Because a PROM consists of one complete block of data, it
is not necessary for MRP to supply the block numbers of
addresses that cannot be verified. The three octal digits
displayed beneath the ADRS label represent offsets within
the block. The digits that appear beneath the BUF label are
the contents of the specified offset in the data buffer; the
digits beneath PROM are the contents of the PROM at that
offset.

MRP automatically outputs a carriage return/line feed
combination at the end of each line printed. It returns
automatically to the montior level when all relevant
addresses and contents have been printed.



9.12 LOCATION-EXAMINATION COMMANDS

MRP commands have been implemented to facilitate the
examination and modification of memory locations. All
commands in this category consist primarily of special
Teletype keyboard characters as shown in Table 9-5.

Table 9-5
Location-Examination Commands
Command Meaning
/ Opens specified location for
modification

carriage return | Closes current location

line feed Closes current location and opens
next location
Closes current location and reopens
it

t Closes current location and opens

previous location

9.12.1 /: Opening a Memory Location

The / command allows the user to specify that a particular
data buffer location is to be opened and the contents of
this location displayed. These contents can subsequently be
changed. The command is issued in the following way:

Form addr/

Where addr is the location to be examined
in block-offset notation

Example *45#100/ 001

In response to the prompting character, the user types the
address to be examined and follows it with a slash (/)
character. MRP automatically inserts a space after the slash
and prints out the contents of the examined location in
three-digit octal form. The user can then modify the
contents of the location by typing the new value to replace
the value displayed, as follows:

*454100/ 001 111
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The space between the old and new values is also output by
MRP.

To terminate the command line, returning control to MRP
or examining another location, carriage return, line feed,
period, or up-arrow can be typed. The different
characteristics of these Teletype keys are presented in the
following paragraphs.

9.12.2 Carriage Return: Closing an Open Location

In addition to its typical function as a statement terminator
(for example, in F and P commands), the RETURN key can
be used to close an open location that is being examined. A
carriage return is typed at the end of the following
command

*12#141/ 000 111<cr>

to indicate that the specified change in contents is to be
made, and the location at block 12, offset 141 is to be
closed. After the RETURN key is pressed, control returns
to MRP and the prompting asterisk is displayed. No further
locations are opened until explicitly directed by another
command.

9.12.3 Line Feed: Opening the Next Location
The line feed character instead of the carriage return can be
typed to perform three distinct actions:

1. Close the location being examined.

2. Open the next location and display its contents.

3.  Allow modification of the displayed location.

Use of the line feed in terminating the following command
*27#0/ 377<1>

causes the location at block 27 offset O to be closed and the

location at block 27 offset 1 to be opened automatically.

The full interaction looks like

*27#0/ 377<U>
27001/ 001

where the user types only the initial 27#0/ specification.



The long form of this function requires that the user issue
two separate examination commands, as follows:

*27#0/ 377<cr>
*27#1/ 001

9.12.4 .: Reopening the Current Location
The' period (.) is used to perform the following functions:

1. Close the location being examined.
2. Reopen the same location and display its
contents.

3. Allow modification of the displayed location.
Use of the period is valuable when correcting an incorrectly

altered location or when verifying that a change has been
made. For example, in the following:

*457#10/ 000 770\0\7\326\671.
45010/ 271

the use of RUBOUT characters, echoing deleted characters,
has made the modification of location 45#10 difficult to
read. The period is used to verify that the desired
correction has been made. Note that rubbing out 770 has
indicated that 770 was truncated to 370, since MPS
addresses can include offsets of only eight bits.

9.12.5 1: Opening the Previous Location

Use of the up-arrow (1) character complements the use of
line feed. While line feed allows the user to view the next
location, up-arrow causes the previous location to be
opened. The following functions are performed:

1. Close the location being examined.

2. Open the previous location and display its
contents.

3. Allow modification of the displayed location.

Use of the 1 in the following commands
*22#0/ 0011

21377/ 177 000t
21 376/ 001

allows the user to view the contents of the location before
22#0, 21#377 (177) and to modify that location; * is used
again to view the contents of location 21#376 (001).

9.13 DISPLAY COMMAND

The D command has been implemented to allow the MRP
user to obtain listings of part or all of the data buffer on
the Teletype or the line printer.

9.13.1 D: Dumping Address Contents

The D (dump) command allows the user to obtain a listing
on the Teletype or line printer of a range of memory
addresses in the data buffer. It is issued as follows:

Form D addrl addr2<cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation

Example *D 1#0;7#377

There are several error messages that may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address or if an invalid
address separator is typed, the following message will be
displayed:

*D 30#0;37#37N
? ILLEGAL CHARACTER

If the starting block is greater than the ending block in the
address specification, the following message will be
displayed:

*D T#0;0#377
? ADDRESS SPECIFICATION ERROR:
BLOCK 1 >BLOCK 2

If the starting offset is greater than the ending offset in the
address specification, the following message will be
displayed:

*D 20#377;20#0
?7LOW BYTES OF THE ADDRESS SPECIFICATION
ARE REVERSED



This message occurs only when the starting and ending
block specifications are the same.

A dump command can access only the current data buffer.
If the buffer is assumed to include blocks O through 7, the
following are illegal specifications:

*D 1#0;36#377
*D 27#377;30#0
*D 70#0;70#377

The following interaction will take place:

*D 1#0;36#377

7HIGH BYTE OF ADDRESS SPECIFICATION
IS OUTSIDE THE RANGE OF THE
CURRENT DATA BUFFER

The user terminates the D command by typing a carriage
return; MRP inserts a line feed and proceeds to type out the
desired listing in the following format:

*D addrl; addr2<cr>
addrl/ contents
addra/ contents
addrb/ contents
addrc/ contents
addrd/ contents

addr2/ contents
ES

An example is included below:

*D 1#0;7#377
01 000/ 000
01 001/ 001
01 002/ 007
01 003/ 000
01 004/ 070

07 377/ 000
®

If the user decides that he need not view the entire dump,
or if the Teletype or line printer requires maintenance of
any kind, the listing can be terminated by typing CTRL/C
on the Teletype keyboard.
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The addr2 parameter is not optional. If only one address is
to be dumped the user must nevertheless supply starting

and ending range specifications. In this case, both are
identical, as in the following:

*D 36#0;36#0

9.14 CONTROL COMMAND
One MRP command has been implemented to allow the user

to clear memory locations or to fill specified addresses with
a constant.

9.14.1 L: Loading Memory with a Constant
The L command is used to load a segment of memory with
a specified constant. It is issued in the following way:

Form L addr1;addr2;{constant] <cr>

Where addrl is the starting memory
location in block-offset notation
addr2 is the ending memory
location in block-offset notation
constant is optional and represents
the value to be inserted in the
memory location

Examples *L 764#340;764352;7
*1 20#343;27#377;

The user terminates the command with a carriage return,
and MRP inserts an automatic line feed. The addr2
parameter is not optional. If only one address is to be
cleared the user must nevertheless supply starting and
ending range specifications. In this case, both are identical,
as in the following:

*L 70#0;70#0;

L is often used to clear memory locations; if constant is
omitted from the command, zero is the default, and the
memory range specified is zeroed. The semicolon following
addr2 must be supplied, even if constant is omitted from
the command.

There are several error messages that may be produced
because of errors in address specifications. If an alphabetic
or special character is supplied in an address or if an invalid
address separator is typed, the following message will be
displayed:

*L 30#0;37#37Q
? ILLEGAL CHARACTER



If the starting block is greater than the ending block in the
address specification, the following message will be
displayed:

*L T#0,0#377,
? ADDRESS SPECIFICATION ERROR:
BLOCK 1 > BLOCK 2

If the starting offset is greater than the ending offset in the
address specification, the following message will be
displayed:

*L 20#377;20#0;
?LOW BYTES OF THE ADDRESS SPECIFICATIONS
ARE REVERSED

This message only occurs when the starting and ending
block specifications are the same.

The load command can be used to redefine the current
window on the data buffer. If the buffer is defined as
extending from 20#0 through 27#377 and the following
command is issued:

*L, T24#0;73#377,

9-18

MRP will display the following message:

CLEARING THE DATA BUFFER
THE NEW DATA BUFFER IS FROM
BLOCK 70 TO BLOCK 77

The user has the option of electing not to redefine the data
buffer at this time. If an error has been made or if valuable
information is still in the current data buffer, the user can
simply type CTRL/C at any time while the message is being
displayed. After the message has been typed completely,
the data buffer will be redefined as extending from 70#0
through 77#377.

Although the data buffer can be redefined by specifying an
address range in the new data buffer, a load cannot actually
cross the boundary of a data buffer. Therefore, if the
current data buffer extends from 20#0 through 27#377,
the following is legal:

*L 70#0;77#377;

but the following example is illegal and results in the
message displayed:

*L 26#0;32#377;

?HIGH BYTE OF ADDRESS SPECIFICATION
IS OUTSIDE THE RANGE OF THE
CURRENT DATA BUFFER



This chapter contains a series of sample programs that
might be useful as a reference when the user begins to
construct programs based on the syntax described in
Chapter 6. This sample code is heavily commented and is
included in the form of assembly listings. Symbol table
listings are included when indicated by the setting of the
PDP-8 Switch Register.

10.1 LOADING REGISTER IN RAM
The following example illustrates suppression of symbol
table output during assembly.

*77#200
RAM = 76#340

CHAPTER 10
SAMPLE PROGRAMS

/OPERATION = LOAD ADDRESS OR JUMP TO 77#200

77 200 335 SAVEHL, LDH
77 201 346 LEL

/PUT REGISTER H IN REGISTER D
/PUT REGISTER L IN REGISTER E

J/OPERATION = LOAD ADDRESS OR JUMP TO 77#202

77 202 066 SAVREG, LLI RAM?
340

77 204 056 LHI RAM
076

77 206 370 IMA

77 207 060 INL

77 210 371 LMB

77 211 060 INL

77 212 372 LMC

77 213 060 INL

77 214 373 LMD

77 215 060 INL

77 216 374 LME

77 217 000 HLT

$

000 ERRORS

10-1

/SAVE REGISTERS A-E
/IN LOCATION 76#340 (37340)

/STORE A
/B

/C
/D
/AND E

[HALT



10.2 READING A BLOCK OF DATA

/READ IN A BLOCK OF DATA OF 10 (OCTAL)

OPDEF INPUT;INP;0 /DEFINE OPCODE INPUT
OPDEF CALL;106;2 /DEFINE OPCODE CALL
START = 04#200
*START
04 200 056 LHI BLK? /LOAD ADDRESS BLOCK TO H AND L REGS
004
04 202 066 LLI BLK
230
04 204 016 LBI 10 /SET COUNT TO 10
010
04 206 106 AGAIN, CALL READIN /READ A BYTE OF DATA
220
004
04 211 370 LMA /STORE IT IN BLOCK
04 212 060 INL /INCREMENT POINTER IN BLOCK
04 213 011 DCB /DECREMENT COUNTER
04 214 110 JFZ AGAIN /IF NOT DONE, GO BACK FOR NEXT
206
004
04 217 000 HLT
04 220 103 READIN, INPI /INPUT STATUS
04 221 044 NDI 40 /MASK “DA” (IGNORE ERRORS)
040
04 223 150 JTZ READIN /WAIT FOR “DA”
220
004
04 226 101 INPUT /GET A BYTE OF DATA
04 227 007 RET /RETURN
04 230 000 BLK, BLOCK 10
000
000
000
000
000
000
000
$

AGAIN 04 206
BLK 04 230
READIN 04 220
START 04 200

000 ERRORS
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10.3 CONVERSION/PRINT SUBROUTINES
The following subroutines are included as examples of MLA
code. They must be assembled with other segments of a

program.
/BINARY TO DECIMAL CONVERSION AND PRINT
/B AND C REGISTERS ARE USED FOR WORKING VARIABLES
/E REGISTER WILL HOLD FINAL DIGIT TO BE PRINTED
/CAL DCM TO PRINT INTEGER PORTION OF NUMBER
/CAL FRA TO PRINT FRACTIONAL PART
/CAL EITHER WITH DATA IN AC
#224#042
22 042 066 DCM, LLI TENS
062
22 044 026 LCI -3 JTYPE 3 PLACES BEFORE DECIMAL POINT
375
22 046 104 JMP DCP
055
022
22 051 066 FRA, LLI TENTH
065
22 053 026 LCI -2 /TYPE 2 PLACES AFTER DECIMAL POINT
376
22 055 310 DCP, LBA /SAVE BINARY IN B
22 056 046 LEI 60 /INIT E TO CHAR (0)
060
22 060 104 JMP SKP
064
022
22 063 310 SVB, LBA /SAVE NEW B
22 064 250 SKP, XRA /CLEAR AC & CARRY
22 065 201 ADB /ADD B TO AC
22 066 207 PTR, ADM JTRIAL SUBTRACT OF CONVERTER
22 067 100 JFCCNS  /SKIP IF CARRY NOT SET
076
022
22 072 040 INE
22 073 104 JMPSVB  /ELSE, BUMP DIGIT AND LOOP
063
022
22 076 106 CNS, CALTYP  /PRINT DIGIT
361
021
22 101 046 LEI 60 /RESET ‘E’
060
22 103 060 INL JADVANCE TO NEXT CONVERTER
22 104 020 INC /ARE WE DONE?
22 105 110 JFZSKP  /NO
064
022
22 110 007 RET /YES, RETURN TO CALLING ROUTINE
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24 062

24 065

21
21

21

21

21
21

361
362

364

367

370
371

234
366
377
347
375

103
044
020
150
361
021
304
121
007

*24#062

TENS, DATA 234;366;377 /-100,-10,-1
TENTH, DATA 347375 /-.1,-.01
*21#361
/TYPE A CHARACTER FROM REGISTER ‘E’
/
TYP, INP1 /READ THE ‘UART’ STATUS
NDI 20 /TRANSMITTER BUFFER EMPTY?

JTZTYP /NO, WAIT

LAE /PRINT CHARACTER IN REGISTER ‘E’
OouTo
RET

104



APPENDIX A
SUMMARY OF EDITOR (MLE) COMMANDS

Category Command Example Function Reference

READ R R Read text from paper-tape reader and 5.6.1
: append it to text buffer.

APPEND A A Read text from terminal and append it to 5.6.2
text buffer.

INSERT I I Insert text from terminal before line 1 in 5.6.3
text buffer.

nl 31 Insert text from terminal before line n in 5.6.3
text buffer.

LIST L L List the contents of the text buffer on 5.7.1
the terminal.

nL 100L List line n of the text buffer on the 5.7.1
terminal.
m,nL 1,50L List lines m through n of the text buffer 5.7.1

on the terminal.

PUNCH p P Punch the contents of the text buffer on 5.7.2
the high- or low-speed paper-tape punch
(selection depends on setting of Switch
Register bit 10).

nP 6P Punch line n of the text buffer on the 5.7.2
paper-tape punch.

m,nP 100,120 Punch lines m through n of the text 5.7.2
buffer on the paper-tape punch.

FORM FEED F F Punch a form feed (four blanks, a form 5.7.3
feed character, and approximately two
inches of blank tape) on the paper-tape
punch.




Category Command Example Function Reference
TRAILER T T Punch a trailer (approximately four 5.74
inches of blank tape) on the paper-tape
punch.
NEXT N N Perform the functions of P, F, K, and R 5.7.5
respectively.
nN 10N Perform the functions of P, F, K, and R 5.7.6
respectively, n times in sequence.
CHANGE nC 100C Delete line n of the text buffer and 5.8.1
replace it with the text entered from the
terminal.
m,nC 1,10C Delete lines m through n of the text 58.1
buffer and replace them with the text
entered from the terminal.
DELETE nD 42D Delete line n from the text buffer. 5.8.2
m,nD 12,20D Delete lines m through n from the text 5.8.2
buffer.
GET G G Output the first tagged (labeled) line after 5.8.3
the current location in the text buffer on
the terminal.
nG 15G Output the first tagged line after line n in 583
the text buffer on the terminal.
KILL K K Kill (erase) the entire contents of the text 5.84
buffer.
MOVE m,n$jM 1,10$20M Move lines m through n in the text buffer 584
to the location just before line j.
SEARCH S S Search the entire text buffer for all 5.8.6
occurrences of the character entered from
the terminal, but not echoed, after the
carriage return.
nS 108 Search line n for occurrences of the 5.8.6
character entered from the terminal and
then allow command modification.
m,nS 1,108 Search lines m through n for occurrences 5.8.7

of the character entered from the
terminal and then allow command
modification.
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APPENDIX B
SUMMARY OF ASSEMBLER (MLA) INSTRUCTIONS

Instruction Example Function Reference

Lr(1)r(2) LAB Load register 1 with the contents of register 2. 3.3.1

LM LDM Load a register with the contents of memory. 33.1

LMr LMA Load memory with the contents of a register. 331

Ll LAI A+B Load a register with the byte of data immediately following 33.2
the instruction.

LMI LMI 104 Load memory with the byte of data immediately following 33.2
the instruction.

Inr INL Increment a register. | 333

DCr DCB Decrement a register. 334

ADr ADD Add the contents of a register to the accumulator. 34.1

ACr ACB Add the contents of a register and the carry flip-flop to the 34.1

accumulator.

SUr SUB Subtract the contents of a register from the accumulator. 34.1

SBr SBD Subtract the contents of a register and the carry flip-flop 34.1

from the accumulator.

NDr NDB Logical AND the contents of register with the accumulator. 34.1

XRr XRA Exclusively OR .the contents of a register with the 34.1
accumulator.

ORr ORB Inclusively OR the contents of a register with the 34.1
accumulator.

CPr CPB Compare the contents of a register with the accumulator 341

and set the status flip-flops.

ADM ADM Add the contents of memory to the accumulator. 34.2



Instruction Example Function Reference

ACM ACM Add the contents of memory and the carry flip-flop to the 34.2
accumulator.

SUM SUM Subtract the contents of memory from the accumulator. 34.2

SBM SBM Subtract the contents of memory and the carry flip-flop 34.2
from the accumulator.

NDM NDM . Logical AND the contents of memory with the 34.2
accumulator.

XRM XRM Exclusively OR the contents of memory with the 342
accumulator.

ORM ORM Inclusively OR the contents of memory with the 34.2
accumulator.

CPM CPM Compare the contents of memory with the accumulator 342
and set the status flip-flops.

ADI ADI 2 Add the byte of data immediately following the instruction 343
to the accumulator.

ACI ACI 104 Add the byte of data immediately following the instruction 343
and the carry flip-flop to the accumulator.

SUI SuUl'1 Subtract the byte of data immediately following the 3.4.3
instructior: from the accumulator.

SBI SBI 6 Subtract the byte of data immediately following the 343
instruction and the carry flip-flop from the accumulator.

NDI NDI 100 Logical AND the byte of data immediately following the 343
instruction with the accumulator.

XRI XRI 340 Exclusively OR the byte of data immediately following the 343
instruction with the accumulator.

ORI ORI 102 Inclusively OR the byte of data immediately following the 343
instruction with the accumulator.

CPI CPl 4 Compare the byte of data immediately following the 343
instruction with the accumulator and set the status
flip-flops.

RLC RLC Rotate the contents of the accumulator one bit to the left 344
and into the carry flip-flop.

RRC RRC Rotate the contents of the accumulator one bit to the right 344

and into the carry flip-flop.
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Instruction Example Function Reference

RAL RAL Rotate the contents of the accumulator one bit to the left 344
and through the carry flip-flop.

RAR RAR Rotate the contents of the accumulator one bit to the right 344
and through the carry flip-flop.

JMP JMP CKDONE Jump unconditionally to the address specified in the 3.5.1
instruction.

JFc JFZ NXTBLK Jump on a false flip-flop condition to the address specified 351
in the instruction.

JTc JTSER Jump on a true flip-flop condition to the address specified 3.5.1
in the instruction.

CAL CAL GETBYT Call unconditionally the subroutine specified in the 3.5.2
instruction.

CFc CFZ ALL Call on a false flip-flop condition the subroutine specified 352
in the instruction.

CTc CTP CKIT Call on a true flip-flop condition the subroutine specified in 3.5.2
the instruction.

RET RET Return unconditionally from a subroutine, popping the 353
stack up one level.

RFc RFZ Return on a false flip-flop condition from a subroutine, 353
popping the stack up one level.

RTec RTS Return on a true flip-flop condition from a subroutine, 3.53
popping the stack up one level.

INP INP Read one byte of data from the input device into the 3.6.1
accumulator.

ouT ouTt Write one byte of data from the accumulator to an output 3.6.2
device.

INPO INPO Read data from the UART. 3,63

INP1 INP1 Read status from the UART. 363

ouTo ouTo Output data to UART. 3.6.3

HLT HLT Halt the Assembler. 3.71

RST RST Restart the Assembler with a call to low memory. 3.7.2

ION ION Enable external events. 3.7.3

IOF IOF Disable external events. 3.73
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APPENDIX C
SUMMARY OF
ASSEMBLER PSEUDO-INSTRUCTIONS

Pseudo-Instruction Function Reference

$ Signals end of assembly language program. 6.10.1

PAUSE Causes pause in Assembler processing until CONTinue 6.10.2
switch is pressed.

*expression Specifies initial program location counter and can be 6.10.3
used to reset current location counter.

OCT Sets radix for subsequent numbers in program to 6.10.4
octal (base 8).

HEX Sets radix for subsequent numbers in program to 6.104
hexadecimal (base 16).

DEC Sets radix for subsequent numbers in program to 6.104
decimal (base 10).

EXPUNGE Deletes instruction symbol table. 6.10.5

OPDEF mnemonic;value;type Allows programmer to define own instructions 6.10.6
according to value and type given.

label, DATA nO;nl;n2;nm Assigns values to incremental memory locations. 6.10.7

label, BLOCK size [sinitial [sincrement] ] Assigns a block of memory of the size given with 6.10.8
values of zero, an initial value, or a set of increments.

label, TEXTW literalw Specifies ASCII character strings and/or numeric 6.10.9
representations of ASCII characters to be included in
a program.

label, ADDR a0;ala2;...am Assigns address constants to memory locations. 6.10.10




APPENDIX D
SUMMARY OF MICROPROCESSOR

DEBUGGING PROGRAM (MDP) COMMANDS

Command Example Function Reference
R R Read paper tape from low-speed 8.8.1
reader.
Paddrladdr2 P 4140414377 Punch out an address range on 8.8.2

low-speed punch.

T T Produce leader or trailer tape (octal 8.8.3
code 200) on low-speed punch.

E E Punch end block and trailer tape on 8.8.4
low speed punch.

addr/ 1#0/ Open specified location for 8.9.1
examination or modification; specific
line terminators may cause additional
locations to be examined:

<cr>  close location. 8.9.2

<If>  close location and open next 8.9.3
one.

. close location and reopen it. 8.94

t close location and open 8.9.5

previous one.

D addrladdr2 D 1#0:;1#377 Dump specified address range on 8.10.1
Teletype printer.

S S Display and allow modification of 8.10.2
status register contents.

X X Display and allow modification of 8.10.3
index register contents.

G addr G 10#121 Execute program to breakpoint 8.11.1
location.



Command Example Function Reference

B addr B 37#0 Set program breakpoint at specified 8.11.2
location.
L addrl addr2;[constant] L. 76#340;76#377;7 Load a segment of memory with a 8.11.3

specified constant.
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APPENDIX E
SUMMARY OF MICROPROCESSOR
ROM PROGRAMMER (MRP) COMMANDS

Command Example Function Reference
R R Read paper tape from low-speed or 9.10.1
high-speed reader.
Q Q Clear data buffer and continue to read 9.10.2
paper tape.
P addrl;addr2 P 45#100:47#377 Punch out an address range on 9.10.3

low-speed or high-speed punch.

T T Produce leader or trailer tape (octal 9.104
code 200) on punch.

E E Punch end block and trailer tape on 9.10.5
punch.

F addrl addr2 F 30#0;30#377 Read contents of PROM into data 9.11.1
buffer.

C C Check that each location of PROM is 9.11.2
clear.

W addrladdr2 W 1#0;1#377 Write (program) PROM from data 9.11.3
buffer.

V addrl ;addr2 V 74#100;74#377 Verify that addresses in data buffer 9.11.4

and PROM are the same.

addr/ 140/ Open specified location for 9.12.1
examination or modification; specific
line terminators may cause additional
locations to be examined:

<cr>  close location. 9.12.2

<If>  close location and open next 9.12.3
one.

. close location and reopen it. 9.124

) close location and open 9.12.5

previous one.



Command Example Function Reference

D addrl addr2 D 1#0;7#377 Dump specified address range on 9.13.1
Teletype printer.

L addrl ;addr2;[constant] L 20%*343;27#377;1 Load a segment of the data buffer 9.13.1

with a specified constant.
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APPENDIX F
BLOCK-OFFSET TO OCTAL CONVERSION

This appendix can be used if it is ever necessary to convért the block-offset notation in assembly language programs
and output to octal notation. Only the first and last conversions are given for each block. To convert an offset
within a given block, simply add the offset to the starting octal location in the block. For example:

Block Offset Octal
11 0 4400
11 377 4777

To convert block 11 offset 227 to octal, simply add 227 to 4400. The correct octal equivalent is thus 4627.

Block Offset Octal Decimal Block Offset Octal Decimal
1 0 0400 0256 5 0 2400 1280
1 377 0777 0511 5 377 2777 1535
2 0 1000 0512 6 0 3000 1536
2 377 1377 0767 6 377 3377 1791
3 0 1400 0768 7 0 3400 1792
3 3;77 17.77 1023 7 377 3777 2047
4 0 2000 0124 10 0 4000 2048
4 377 2377 1279 10 377 4377 2303



Block

11
11
12
12
13
13

14

14
15

15
16
16
17
17
20
20
21
21

22

22

Offset

377

377

377

377

377

377

377

377

377

377

Octal

4400

4777
5000

5377
5400

5777
6000

6377
6400

6777
7000

7377
7400

7777
10000

10377
10400

10777
11000

11377

Decimal

2304

2559
2560

2815
2816

3071
3072

3327
3328

3583
3584

3839

3840

4095
4096

4351
4352

4607
4608

4863

F-2

Block

23
23
24
24
25
25
26
26
27
27
30
30
31
31
32
32
33
33

34

34

Offset

0

377

377

377

377

377

377

377

377

377

377

Octal

11400

11777
12000

12377
12400

12777
13000

13377
13400

13777
14000

14377
14400

14777
15000

15377
15400

15777
16000

16377

Decimal

4864

5119
5120

5375
5376

5631
5632

5887
5888

6143
6144

6399
6400

6655
6656

6911
6912

7167
7168

7423



Block

35
35
36
36
37
37
40
40
41
41

42

42
43

44
44
45
45

46

46

Offset

0

377

377

377

377

377

377

377

377

377

377

Octal

16400

16777
17000

17377
17400

17777
20000

20377
20400

20777
21000

21377
21400

21777
22000

22377
22400

22777
23000

23377

Decimal

7424

7679
7680

7935
7936

8191
8192

8447
8448

8703
8704

8959
8960

9215
9216

9471
9472

9727
9728

9983

Block

47
47
50
50
51
51

52

52
53

54
55

55
56
56
57
57

60

60

Offset

0

377

377

377

377

377

377

377

377

377

377

Octal

23400

23777
24000

24377
24400

24777
25000

25377
25400

25777
26000

26377
26400

26777
27000

27377
27400

27777
30000

30377

Decimal

9984

10239
10240

10495
10496

10751
10752

11007
11008

11263
11264

11519
11520

11775
11776

12031

12032

12287

12288

12543



Block
61
61
62
62
63
63
64
64
65
65
66
66
67
67

70

70

Offset

0

377

377

377

377

377

377

377

377

Octal

30400

30777
31000

31377
31400

31777
32000

32377
32400

32777
33000

33377
33400

33777
34000

34377

Decimal

12544

12799
12800

13055
13056

13311
13312

13567
13568

13823
13824

14079
14080

14335
14336

14591

F4

Block

71
71
72
72
73
73
74
74
75
75
76
76

77

77

Offset

0

377

377

377

377

377

377

377

Octal

34400

34777
35000

35377
35400

35777
36000

36377
36400

36777
37000

37377
37400

37777

Decimal

14592

14843
14848

15103

15104

15359

15360

15615

15616

15871

15872

16127

16128

16383



APPENDIX G
7-BIT ASCII CODE

Octal Char. Octal Char. Octal Char. Octal Char.
Code Code Code Code

000 NUL 040 SP 100 @ 140 '
001 SOH 041 ! 101 A 141 a
002 STX 042 » 102 B 142 b
003 ETX 043 # 103 C 143 c
004 EOT 044 $ 104 D 144 d
005 ENQ 045 % 105 E 145 e
006 ACK 046 & 106 F 146 f
007 BEL 047 ' 107 G 147 g
010 BS 050 ( 110 H 150 h
011 HT 051 ) 111 I 151 i
012 LF 052 ¢ 112 J 152 j
013 VT 053 + 113 K 153 k
014 FF 054 114 L 154 1
015 CR 055 - 115 M 155 m
016 SO 056 ) 116 N 156 n
017 SI 057 / 117 0 157 0
020 DLE 060 0 120 P 160 P
021 DCl1 061 1 121 Q 161 q
022 DC2 062 2 122 R 162 r
023 DC3 063 3 123 S 163 s
024 DC4 064 4 124 T 164 t
025 NAK 065 5 125 U 165 u
026 SYN 066 6 126 \Y% 166 v
027 ETB 067 7 127 w 167 w
030 CAN 070 8 130 X 170 X
031 EM 071 9 131 Y 171 y
032 SUB 072 : 132 Z 172 z
033 ESC 073 ; 133 [ 173 1
034 FS 074 < 134 \ 174 |
035 GS 075 = 135 ] 175 }
036 RS 076 > 136 ! 176 ~
037 UsS 077 ? 137 - 177 DEL
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DIGITAL EQUIPMENT CORPORATION
WORLDWIDE SALES OFFICES

L.OMPONENTS GROUP HEADQUARTERS
ONE 1RON WAY. MARLBOROUGH. MASSACHUSETTS 01752

NORTHEAST

REGIONAL OFFICE:
235 Wyman Street, Waltham, Mass. 02154

Telephone: (617)-890-0330/0310 Dataphone: 817-890-3012 or 3013

CONNECTICUT
Meriden

240 Pomeroy Ave., Mariden, Conn. 06!
Telephone: (203)- -237- 8441/7460
Fairfield

1275 Post Road, Fairfield, Conn. 06430

Telephone: (203)-255-5991

NEW YORK

Rochester

130 Allens Creek Road, Rochester, New York

Telephone: (716)-461-1700 Dataphone: 716-244-1680
Syracuse

6700 Thompson Road, Syracuse, New York 13211
Telephone: (315)-437-1503/ 7085 Datephone: 315-454-4152
MASSACHUSETTS
Marlborough

One Iron Way
Marlborough, Mass. 01752
Telephone: (617)-481-7400

MID-ATLANTIC

REGIONAL OFFICE:

U.S. Route 1, Princetcn, New Jersey 08540

Telephone: (609)-452-2940

FLORIDA

Orlando

Sutte 130, 7001 Lake Ellenor Drive, Orlando, Florlda 32809
Telephone: (305)-851-4450  Dataphone: 305-859-2360
GEORGIA

Atlenta

2815 Clearview Place, Sulte 100

Atlente, Georgla
Telephone: (404)-451-7411
NORTH CAROLINA
Durhem/Chapel Hiil
Executive Park

3700 Chepel Hill Bivd.
Durham, North Caralina 27707

Telephone: (9819)-489-3347 Dataphona: 919-489-7832
NEW JERSEY

Falrfisld

253 Passalc Ave., Fairfield. New Jersey 07006

Telephone: (201)-227-9280  Dataphone: 201-227-9280
Metuchen

95 Main Street, Metuchen, New Jersey 08840

Telephone: (201)-649-4100/2000  Dataphone: 201-548.0144

Dakaphone 203-237-8205

Telex: 710-347-0348

Dataphone: 305-859-2360

EUROPEAN HEADQUARTERS

Digital Equipment Corporation International Europe
81 route de I'Aire

1211 Geneva 28. Switzerland

Telophone: 427950 Telex: 22 683

FRANCE

Digital Equipment France
Centre Silic — Cidex L 225
94533 Rungls, France

Telephone: 687-23-33  Telex: 26840
GRENOBLE

Digital Equipment France

Tour Mangin

16 Rue Du Gal Mangin
38100 Grenoble, France
Telephone: (76)-87-56-01 Telex: 212-32882

GERMAN FEDERAL REPUBLIC
Digital Equipment GmbH
MUNICH

8 Muenchen 13, Wallensteinptatz 2
Telephone: 0811-35031  Telex: 524-228
COLOGNE

5 Kaeln 41, Aachener Strasse 311
Telephone: 0221-44-40-95  Talex: 888-2269
Telegram: Flip Chip Koeln

FRANKFURT

8078 Neu-lsenburg 2

Am Forataus Gravebruch 67

Tolephone: 061025525  Telex: 41-76-62
HANNOVER

3 Hannover, Podblelsklstrasse 102
Telophone: 0511-69-7095  Telex: 922952
STUTTGART

D-7301 Kemnat. Stuttgart
Merco-Polo-Strasse 1
Tetephone: (0771)-45-50-65

AUSTRIA
Digital Equipment Corporatiors Ges.m.b.H.
VIENNA

Telex: 841-722-393

Marlahilferstrasse 136. 1150 Vienna 15, Austria
Telephone: BS 51 88

UNITED KINGDOM
Digital Equipment Co. Ltd.
U.K. HEADQUARTERS
Fountain House, Butte Centre
Reading RG1 7QN, England
Telephone: (0734)-583535
BIRMINGHAM

Maney Bulldings

29/31 Birmingham Rd., Sutton Coldfield
Warwickshire, England
Telephone: 021-355-5501
BRISTOL

Fish Ponds Road, Fish Ponds

Bristol, England BS163HQ

Telephone: Bristol 651-431

EALING

Bilton House, Uxbridge Road, Ealing. London W.5.
Telephone: 01-579-2334  Telox: 22371
EDINBURGH

Shiet House, Cralgshill, Livingston,

West tothlan, Scotland

Telephone: 32705 Telex: 727113

LONDON

Management House

43 Parker St.. Holborn, London
WC 28 5PT, England
Telephone: 01-405-2614/4087
MANCHESTER

Arndale House

Chester Road, Stretford, Manchester M32 9BH
Telephone: (061)-865-7011 Telex: 668666

Telex: 8483278

Telex: 337-080

Telex: 27560

17) 481-7400 TWX  710-347.0348
For detarled informatior: about products and policies. call 800-225-9480 toll-free (USA only). Massachuselts residents caif (617) 481-7400.

DOMESTIC
MID-ATLANTIC (cont.) CENTRAL (cont)
Princeton MICHIGAN
U.S. Route 1, Princeton, New Jersey 08540 Ann Arbor

Telephone: (608)-452-2040

NEW YORK

Long laland

1 Huntington Quadrangle

Suite 1507 Huntington Station, New York 11746
Telephone: (516)-694-4131, (212)-895-8095
Dataphone: 516-293-5693

Menhattan

810 7th Ave_, 22nd Floor

New York, N.Y. 10019

Telephone: (212)-582-1300

PENNSYLVANIA
Philadefphia

Digltal Hall

1740 Walton Road, Blue Bell, Pennsylvania 19422
Telephone: (215)-825-4200

TENNESSEE

Knoxville

6311 Kingston Pike, Suite 21E
Knoxville, Tennessee 37919
Telephone: (615)-588-6571

WASHINGTON D.C.
Lanham 30 Office Building

4900 Princess Garden Parkway, Lanham, Maryland
Telephone: (301)-459-7500  Dataphone: 301-459-7900 X53

CENTRAL

REGIONAL OFFICE:

1850 Frontage Road, Northbrook, Illinols 80062

Telephone: (312}-498-2500 Dataphone: 312-498-2500
Ex. 78

Dataphone: 609-452-29040

Dataphone: 615-584-0571

INDIANA

Indianapolls

21 Beachway Drive, Suite G
indlanapolis, Indiana 46224
Telephone: (317)-243-8341

ILLINOIS

Chicago

1850 Frontage Road

Northbrook, Illinofs 60062 Dataphone: 312-498-2500

LOUISIANA
New Orleans
3100 Ridgelake Drive, Suite 108
Metalrle, Louisiana 70002
Telephone: (504)-837-0257

Dataphone: 317-247-1212

Dataphone: 504-833-2800

230 Huron View Boulevard, Ann Arbor, Michigan 48103
Telephone: (313)-761-1150  Dataphone: 313-769-9883
Detroit

23777 Greenfield Road
Suite 189

Southfield, Michigan 48075
MINNESOTA

Minneapolis

8030 Cedar Ave. South, Minneapolis, Minnesota 55420
Telephone: (612)-854-6562-3-4-5  Dataphone: 612-854-1410
MISSOURI!

Kansag Cit:

12401 East 43rd Street, Independence, Missouri 84056
Telephone: (816)-252-2300 Dataphone: 818-461-3100

St. Louls

Suite 110, 115 Progress Parkway

Maryland Heights, Missourl 63043

Telephone: (314)-878-4310 Dataphone: 816-461-3100
OHIO

Cleveland

2500 Euclid Avenue, Euclid, Ohio 44117

Telephone: (216)-946-8484 Dataphone: 216-946-8477

Dataphone: 313-557-3063

Dayton
3101 Kettering Boulevard
Dayton, Ohio 45439

Telephone: (513)-204-3323  Dataphone: 5132084724

3140 S. Winston

Winston Sq. Bldg., Suite 4, Tulsa, Oklahoma 74135
Telephone: (918)-749.-4478  Dataphone: 918-743-2714
PENNSYLVANIA

Pittsburgh

400 Penn. Center Boulevard, Pittsburgh, Pennsylvanta 15235

Telephone: (412)-243-9404

TEXAS

Dallas

Plaza North, Suite 513
LBI Freeway, Dallas, Texas 7

Telephone (214)-620-2051 Da\aphone 214-620-2061

HOUSTON

6856 Hornwood Drive

Monterey Park, Houston, Texas 77036

Telephone: (713)-777-3471 Dataphone: 713-777-1071

WISCONSIN

Mitwaukee

8531 West Cepitol Drive, Milwaukee, Wisconsin 53222

Telephone: (414)-463-9110 Detaphone: 414-463-9115

Dataphone: 412-824.9730

INTERNATIONAL
UNITED KINGDOM (cont.) ISRAEL
READING DEC Systems Computers Ltd.
Fountain House, Butta Centre TEL AVIV

Reading RG1 70N, Engtand
Telephone: (0734)-583555

NETHERLANDS

Digitat Equipment N.V.

THE HAGUE

Sir Winston Churchiflian 370
Rijswijk/The Hague, Metherlands

Telex: 8483278

Telephone: 94 6220  Telex: 32533
BELGIUM

Digita! Equipment N.V./S.A.
BRUSSELS

108 Rue D'Arlan
1040 Brussels, Belglum
Telephone: 02139256

SWEDEN

Digital Equipment AB

STOCKHOLM

Englundavagen 7, 171 41 Solna, Sweden
Telephone: 98 1390  Telex: 170 50
Cable: Digital Stockholm

NORWAY
Digital Equipment Corp. A/S
osLo

Telex: 25297

Trondhelmsvelen 47
Oslo 5, Norway
Telephone: 02/68 34 40

DENMARK

Digitsl Equipment Aktiebolag
COPENHAGEN

Hellerupveq 68

2900 Hellerup, Denmark

FINLAND

Digital Equipment AB
HELSINKI

Titismaantie 8

SF-00710 Helsinki 71
Telephone: (090) 370133
Cable: Digital Helsinki

SWITZERLAND
Digital Equipment Corporation S.A.
GENEVA

Telex: 19079 DEC N

20, Qual Ernest Anserrmet

Boite Postale 23, 1211 Geneva 8, Switzerland
Telephone No. 022/20 40 20 and 20 58 93 and 20 66 93
Telex: 28 92 01

ZURICH

Digital Equipment Corp. AG

Schaffhauserstr. 315

CH-8050 Zurich, Switzerland

Telephone: 01-48-41-91 Telex: 56059

ITALY
Digital Equipment S.p.A.
MILAN

Corso Garibaldi 49, 20121 Milano, Italy
Telephone: (02)-879-051/2/3/4/5 Telex: 843-33615

SPAIN
Digital Equipment Corporation Ltd.
DRID

Atalo Ingenieros S.A., Enrique Lerreta 12, Madrid 16
Telephone: 215 35 43 Telex: 27249

BARCELONA

Ataio Ingenleros 8.A., Granduxer 78, Barcelona 8
Telephone: 221 44 68

Sulte 103, Southern Habakuk Street
Tel Aviv, lsrael

Telephone: (03) 443114/440763  Telex: 922-33-3163

CGANADA

Digital Equipment of Canada, Ltd.

CANADIAN HEADQUARTERS

P.O. Box 11500

Cttawa, Ontario, Canada
K2H 8K8

Talephone: (613)-592-5111 TWX: 810-562-8732

TORONTO

2550 Goldenridge Road, Mississauga, Onterlo

Telephone: (416)-270-9400  TWX: 610-492-7118

MONTREAL

9045 Cote De Liesse

Dorval, Quebec, Canada HIP 2M9

Telephone: (514)-636-9393  Telex: 810-422-4124

CALGARY /Edmonton

Sulte 140, 6940 Fisher Road S.E.

Calgary. Alberta, Canada

Telephone: (403).435-4881

VANCOUVER

Suite 202

644 S.W. Marine Dr., Vancouver

British Columbia, Canada V6P 5Y1

Telephone: (604)-325-3231 Telex: 610-929-2006

GENERAL INTERNATIONAL SALES
REGIONAL OFFICE
146 Main Street, Maynard, Massachusetts 01754
Telephone: (617) 897-5111
From Metropolitan Boston, 846-8500
TWX: 710-347-0217/0212
Cabla: DIGITAL MAYN
Telex: 94-8457

AUSTRALIA

Digital Equipment Australia Pty. Ltd
ADELAIDE

8 Montrose Avenue

Norwood, South Austraila 5067
Telephone (08)-42-1339  Telex: 790-82825
BRISBANI

133 Lelchhardl Street

Spring Hill

Brisbane. Queensland, Australia 4000
Telephone: (072)-293088  Telex: 790-40616

TWX: 403-255-7408

CANBERRA
27 Collie St.

Fyshwick, A.C.T. 2608 Australia
Talephone: (062)-950073

MELBOURNE
60 Park Street. South Melbourne. Victoria 3205
Australla

Telephone: (03)-699-2888
PERTH

643 Murray Street
West Perth, Western Australia 6005
Telephone: (092)-21-4693  Telex: 700-82140
SYDNEY

P.0. Box 491, Crows Nest
N.S.W. Australla 2065
Telephone: (02)-439-2566

NEW ZEALAND
Digital Equipment Corporatlon Ltd.
D

Telex: 780-30700

Telex: 780-20740

Hilton House, 430 Quesn Street, Box 2471
Auckland, New Zealand
Telephone: 75533

WEST

REGIONAL OFFICE:

310 Soque! Way. Sunnyvale, Californla 84085
Telephone: (408} 7356200  Datephone: 408-735-1820

ARIZONA

Phoenix

4358 East Broadway Road, Phoenix, Arizona 85040
Telephone: (602)-268-3488 Dataphone. 802-268-7371

CALIFORNIA

Senta Ana

2110 S. Anne Street, Santa Ana, Callfornia 82704
Telephone: (714)-979-2460 Dataphone: 714-879-7850
San Diego

6154 Misslon Gorge Road

Suite 110, San Diego, Californta
Telephone: (714)-280-7880/7970
San Francisco

1400 Terra Bella, Mountain View. Californla 94040
Telephone: (415)-964-5200 Dataphone: 415-964-1438
Oekland

7850 Edgewater Drive, Oakiand. California 94621
Telephone: (415)-635-5453/7830 Dataphone: 415-562-2160
West Los Angeles

1510 Cotner Avenue, Los Angeles, California 90025
Telephone: (213)-479-3791/4318  Dataphone: 213-478-5626
COLORADO

7901 E. Bellevue Avenue

Suite 5, Englewood, Colorado 80110

Telephone: (303)-770-6150  Dataphone: 303-770-6528

NEW MEXICO

Albuquerque

10200 Menual N.E., Albuguerque. New Mexico 87112
Telephone: (505)-296-5411/5428  Dataphone: 505-294-2330

OREGON

Portland

Suite 168

5319 S.W. Westgate Drive, Portland, Oregon 97221
Telephone: (503)-297-3761/3765

Dataphone: 714-280-7825

Salt Lake City
429 Lawn Dale Drive. Salt Leke City. Utah 84115
Telephone: (801)-487-4669  Dataphone: 801-467-0535

WASHINGTON
Bellevue
13401 N.E. Bellevue, Redmond Road, Suite 111
Bellevue, Washington 88005
Telephone: (206)-545-4058/455-5404

JAPAN

Digital Equipment Corporation International
Kowa Bullding No. 18 — Annex, First Floor
9-20 Akasaka 1-Chome

Minato-Ku, Tokyo 107. Japan

Telephone: 586-2771 Telex: J-26428
Rikei Trading Co., Ltd. (sales only)
Kozato-Kalkan Bldg.

No. 18-14 Nishighimbashi {-Chome
Minato-Ku, Tokyo, Japan

Telephone: 5315246 Telex: 781-4208

PUERTO RICO
Digital Equipment Corporation De Puerto Rico
407 del Parque Street

Senturce, Puerto Rico 00912
Telephone: (809)-723-8068/67

ARGENTINA

BUENOS AIRES

Coasin S.A.

Virrey del Pino, 4071, Buenos Aires
Telephone: 52-3185  Telex: 012-2284

BRAZIL

RIO DE JANEIRO — GB
Ambriex S.A.

Rua Cear8i. 104, 2 e 3 andares ZC - 20
Rio De Janeiro — Gl

Telephone: 284-7406/0481/7625
SA0 PAULO

Ambriex S.A.

Rua Tupl, 535

Sao Paulo —

Telephone: 52- 7aoelva7o 1-0912
PORTO ALEGRE — RS

Rua Coronel Vicente 421/101
Porto Alegre — RS

Telephone: 24-7411

CHILE
SANTIAGO
Coasin Chile Luda. sslas anly)
Casilla 14583, Correo 1
Tetephone: 396713

INDIA

BOMBAY

Hinditran Computers Pvt. Ltd.
69/A. L. Jagmohandas Marg.
Bombay-6 (WB) India
Telephone: 38-1815: 35-5344
Cable: TEKHIND

MEXICO

MEXICO CITY

Mexitek, S.A.

Eugenia 408 Deptos. 1
Apdo. Postal 12 1012
Mexico 12,

Telephone: (905) 536-09-10

PHILIPPINES
MANILA

Stenford Computer Corporation
P.0. Box 1608

418 Dasmarinas St., Manila
Telephone: 49-68.96  Telex: 7420352

VENEZUELA

CARACAS

Coesin, C.A.

Apartado 50938

Sabana Grande No. 1, Caracas 105
Telephone: 72-8662; 72

Cable: INSTRUVEN

Telex: 385-9056

Cnhl! COACHIL

Telex: 0112594 Planty

Datephone: 208-747-3754
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DIGITAL EQUIPMENT CORPORATION, COMPONENTS GROUP, ONE IRON WAY, MARLBOROUGH, MASSACHUSETTS 01752
(617)481-7400 TWX 710-347-0348
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