HP 12978A
Writable Control Store

Reference Manual

I

HEWLETT .hp; PACKARD

HEWLETT-PACKARD COMPANY
11000 WOLFE ROAD, CUPERTINO, CALIFORNIA, 95014

Printed in U.S.A. 2/76

PART NO. 12978-90007
PRODUCT NO. 12978A



LIST OF EFFECTIVE PAGES

Changed pages are identified by a change number adjacent to the page number. Changed information is indicated by a
vertical line in the outer margin of the page. Original pages do not include a change number and are indicated as change
number 0 on this page. Insert latest changed pages and destroy superseded pages.

Change 0 (Original) ........................... Feb 76

NOTICE
The information contained in this document is subject to change without notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATER-
IAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. Hewlett-Packard shall not be liable for errors
contained herein or for incidental or consequential damages in connection with the furnishing, perfor-
mance or use of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of its software on equipment that is
not furnished by Hewlett-Packard.

This document contains proprietary information which is protected by copyright. All rights are reserved.
No part of this document may be photocopied, reproduced or translated to another program language
without the prior written consent of Hewlett-Packard Company.

Copyright © 1976 by HEWLETT-PACKARD COMPANY



PREFACE

This manual describes the HP 12978A Writable Control Store (WCS) Interface Kit used with the 21MX
Computers. This manual covers general information, installation, programming, and general theory of
operation. It is written for the individual who already has experience as an assembly language pro-
grammer.

In addition to this manual, the following may be of use:

Microprogramming 21 MX Computers Operating and Reference Manual, 02108-90008, for a description of
writing 21MX microprograms.

DOS 12908 WCS Driver Operating Manual, 12908-90004, for information on how to use the DOS WCS
driver.

BCS 12908 WCS Driver Operating Manual, 12908-90003, for information on how to use the BCS WCS
driver.
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Figure 1-1. HP 12978A Writable Control Store Interface Kit




GENERAL INFORMATION

SECTION

The HP 12978 WCS holds 256 words of control store (one
control store module). Terminal board jumpers determine
which control store module is stored by the HP 12978A
WCS.

1-1. IDENTIFICATION

Hewlett-Packard uses five digits and a letter (12978A) for
standard kit designations. If the designation of your kit
does not agree with this number, there are differences
between your kit and the kit described here.

1-2. INTERFACE KIT CONTENTS

The printed-circuit assembly (PCA) and flat cable assem-
bly contained in the HP 12978A WCS interface kit are
shown in figure 1-1. Table 1-1 lists the contents of the kit
including documentation (this manual) and software.

Table 1-1. Interface Kit Contents

INTERFACE
KIT CONTENTS HP PART NO.
12978A Writable Control Store | 12908-60006*
PCA
Flat Cable Assembly 5060-8393
5 Connectors
Microprogramming 02108-90008
21MX Computers
Diagnostic Paper Tape | 12908-60001
Diagnostic Manual 12908-90013
*Only PCAs with a date code of 1436 or higher are
suitable for 21MX applications.

1-3. CONTENTS OF INTERFACE KIT
OPTIONS

There are two 12978A Interface Kit Options. They contain
material in addition to that contained in the basic inter-
face kit. Option 001 provides all the software required for
use of the writable control store in the DOS-III system.
Option 002 provides all the software required for the use
in the BCS system. These two options are listed in Table
1-2.

Table 1-2. Additional Material for Interface Options

ADDITIONAL
OPTION MATERIAL HP PART NO.
12978A-001 [DOS-I11 WCS Driver 24278-60001
DOS-IITWCSI/Q Utility | 24333-60001
DOS-III Micro-assembler | 12978-16001
DOS-11I Micro Debug 12978-16002
Editor
DOS WCS Driver Manual | 12908-90004
12978A-002 |BCS WCS Driver 24277-60001
BCS WCS 1/0 Utility 24283-60001
BCS Micro-assembler 12978-16003
BCS Micro Debug Editor 12978-16004
BCSWCS Driver Manual | 12908-90003

1-4. SPECIFICATIONS

Table 1-3 lists the characteristics and specifications of the

HP 12978A Writable Control Store PCA.
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Table 1-3. HP 12978A Writable Control Store PCA Specifications.

CAPACITY
Words Available: 256 per WCS PCA

Maximum WCS PCAs: one per HP 2105; two per
HP 2108

Word Size: 24 bits

MICRO-INSTRUCTION TIME
Access: 162 ns.
Full Micro-instruction Cycle: 325 ns.

INSTALLATION

One writable control store PCA requires the use of
one Input/Output slot (slot 10). Writable control
store may be used as any module, except modules
0,1, 14 or 15.

DATA STORAGE

Input/Output Group instructions or an HP 21MX
Dual Channel Port Controller are used to load the
WCS.

DATA READBACK

Input/Output Group instructions only are used to
read data from the WCS.

INTERFACE CURRENT SUPPLIED
BY COMPUTER

0.15A (-2V supply); 4.6A (+5V supply)

PCA DIMENSIONS
Width: 7-3/4 inches (196.8 mm)
Height: 8-11/16 inches (220.7 mm)

PCA WEIGHT
Net Weight: 18 oz (511.2 gm) (card and cable only)
Shipping Weight: 4 Ib (2.27 kg)

PCA INPUT LEVELS
“1” state: 1.9 volts minimum
“0" state: 1.1 volts maximum

PCA OUTPUT LEVELS
“1" state: 2.4 volts minimum
“0” state: 0.7 volts maximum

1-2



SECTION .

INSTALLATION

2-1. UNPACKING AND INSPECTION

If the shipping carton is damaged upon receipt, request
that the carrier’s agent be present when the kit is un-
packed. Inspect the kit for damage (cracked, broken parts,
ete.). If the kit is damaged and fails to meet specifications,
notify the carrier and the nearest HP Sales and Service
immediately. (Sales and Service Offices are listed at the
back of this manual.) Retain the shipping container and
the packing material for the carrier’s inspection. The HP
Sales and Service Office will arrange for the repair or
replacement of the damaged item without waiting for any
claims against the carrier to be settled.

2-2. iNSTALLATION
Install the writable control store kit as follows:

a. Ensure that the computer operates properly prior to
installing the writable control store interface kit.

Hazardous voltages are exposed
when the bottom cover is removed
and AC power is applied.

- b.  Turn off power at the computer.

¢. Remove the bottom and back access covers from the
computer.

d. On the writable control store remove the appropriate
jumper wires from TB1 to select the desired module
number (see figure 2-1 for pin number configuration).
Refer to table 2-1 for the desired module number and
jumper removal. The jumpers should be configured for
module 12 or 13, since these are reserved for the user.

e. On the writable control store PCA place the WCS
module 0 enable switch S1 in the OFF position.

f. Place the first writable control store PCA in slot
number 10 (select code 10) of the I/O section of the
computer. Any additional writable control store PCAs
should be placed in slot 11.

Note: When WCS PCAs are installed, com-

puter software must be reconfigured be-

cause of the changed I/O slot usage. If
adding WCS PCA(s) will overburden the

Power Supply of the computer, it may be

necessary to move some [/O PCAs to an

I/O Extender, HP 12979A.

- g. Remove the ROM-CPU Interconnect assembly, part

no. 5060-8344. Install the connectors of the flat cable
assembly, part no. 5060-8393.

1. on J1 of the ROM Control PCA 1, A7
2. on J2 on the CPU Al
3. on J1 of each WCS PCA

as shown in side view on figure 2-2.

Note: If an /O PCA is installed immediately
above the WCS (refer to figure 2-2) that
requires a cable (hood) connector on the
back, then it may be necessary to double
the flat cable assembly back or cut it to
make room for the I/O cable connector.

h. Replace the bottom and back access covers on the
computer.

i. Turn on power at the computer and perform the diag-
nostic test as outlined in the Diagnostic Program Pro-
cedures (part no. 12908-90009) shipped with the
12978A Interface Kit. Note that the diagnostic cannot
test a WCS installed in modules 0, 1, 2, 14, or 15. If
the diagnostic program is completed without error,
the PCA is installed and operating properly. If the
diagnostic program indicates errors, halt the com-
puter, turn off power, and recheck all of the above
installation procedures. Correct where necessary,
then recheck and repeat the operating procedures of
the diagnostic.

Note: Inany correspondence identify the kit by
model number. Refer any questions to
the nearest Hewlett-Packard Sales and
Service Office.

2-3. RESHIPMENT

If an item of the kit is to be shipped to Hewlett-Packard for
service or repair, attach a tag to the item identifying the
owner and indicating the service or repair to be ac-
complished. Include the model number of the kit. Package
the item in the original factory packaging material, if
available. If the original material is not available, stan-
dard factory packaging material can be obtained from a
local Hewlett-Packard Sales and Service Office. If stan-
dard factory packaging material is not used, wrap the item
in Air Cap TH-240 Cushioning (or equivalent) manufac-
tured by Sealed Air Corp., Hawthorne, N.J. and place in a
corrugated carton (200 pound test material). Seal the
shipping carton securely and mark it “FRAGILE” to en-
sure careful handling.
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Table 2-1. WCS PCA Jumper Removal and Terminal
Board for Various Module Selections

MODULE JUMPERS TO BE REMOVED

None

Pins 6,9

Pins 5,10

Pins 6,9; 5,10

Pins 4,11

Pins 6,9; 4,11

Pins 5,10; 4,11
Pins 6,9; 5,10; 4,11
Pins 3,12

Pins 6,9; 3,12

Pins 5,10; 3,12
Pins 6,9; 5,10;, 3,12
Pins 4,11; 3,12
Pins 6,9; 4,11; 3,12

W W 2 bW N = O
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Figure 2-1. HP 12978A WCS Terminal Board for

—
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Pins 5,10; 4,11; 3,12
Pins 6,9; 5,10; 4,11; 3,12

fa—
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Selecting Module Number Position

No connection here EF WCS #2 if installed
if one WCS is installed

1
(see note under y.) — i

WCS #1 PCA

B TTILLTTERIATU U VUG RTITT AR Chassis

CPU A1

~

R . .,

opening in chassis / v

ROM PCA1,A7

flat cable assembly
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Figure 2-2. Installation of Flat Cable Assembly



SECTION

PROGRAMMING n

Two methods exist for writing data into (loading) a WCS
module: under program control and under control of the
Dual Channel Port Controller (DCPC). Prior to initiating
the load routine, the data to be loaded must be stored in
the computer memory. This requires a main memory buf-
fer of up to 512 words per module. The load routine will
send two words from memory (82 bits which are mapped
into an 8 bit address and a 24 bit microinstruction) to the
WCS module issue a write command to that module and
cause the data to be stored there. The load routine will
repeat this process until the desired number of words has
been stored in the WCS module.

Once loaded, the contents of the WCS module may be read
back under program control via the /O bus and compared
with their counterpart in memory.

Timing sequences for flags used in the following examples
are shown in figure 4-1.

3-1. PROGRAM EXAMPLE: LOADING
WCS

The following is an example of the program sequence
necessary for loading a WCS under program control. This
example does not include block pointers, counters, etc.,

which are necessary for proper control.

12 a neLessal conrt

Note: “SC” indicates select code of the WCS

PCA.

STF SC Initializes the Direction FF (flip-

flop or flag)
OTA SC Loads the first computer word into
first WCS buffer and toggles the
Direction FF. This word comprises
the 8 bit address and the 8 most
significant bits of the micro-
instruction.
OTB SC Loads the second computer word
into the second WCS buffer and
toggles the Direction FF. This
word comprises the 16 least sig-
nificant bits of the micro-
instruction.
STC SC Provides the write pulse to load the
WCS buffers into the RAM.

The OTA, OTB, and STC instructions are normally in a
loop that is repeated until the desired number of
microinstructions have been stored. OTA/OTB was chosen
as an example; any combination of these instructions is
allowable.

3-2. PROGRAM EXAMPLE: READING
WCS

An example of reading from WCS under program control
via the I/O bus is shown below. This example is shown
without regard to the block pointers, counters, etc., which
are necessary for proper control.

STF SC Initializes the Direction FF.
Sends the 8 bit address to the WCS
from the 8 most significant bits of

the A-register (B-register could be
used, as well).

OTA SC

STF SC Re-initializes the Direction FF.

LIA SC Places eight zeros into the 8 most
significant bit positions of the
A-register and places the eight
most significant bits of the micro-
instruction into the eight least
significant bit positions of the
A-register.

LIB SC Places the 16 least significant bits
of the micro-instruction into the
B-register.

The STF, OTA, STF, LIA, and LIB sequence is normally in
a loop that is repeated until the desired number of
microinstructions have been read in from WCS. LIA/LIB
was chosen as an example; any combination of these in-
structions is allowable.

3-3. PROGRAM EXAMPLE: LOADING
WCS BY DUAL CHANNEL PORT
CONTROLLER

Under Dual Channel Port Controller (DCPC) control, the
load routine must send only the three DCPC control words
to the selected channel. When the channel is turned on,
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Programming

DCPC will utilize every I/O cycle until the entire block of
data is sent to the WCS (maximum of 512 cycles). DCPC
will transfer these words at a rate of 1.62 us/word (512
words will take 830 us to transfer.).

The following is an example of the program sequence
necessary for loading WCS via DCPC. This example does
not include block pointers, counters, etc., which are neces-
sary for proper control.

LDA CW1

OTA 6

CLC 2

LDA CW2

OTA 2

3-2

Get the first DCPC control word.

Send the first DCPC control word
to the selected DCPC channel
(DCPC channel 1 has been selected
here for demonstration purposes
only).

Prepare the selected DCPC chan-
nel to receive the second DCPC
control word.

Get the second DCPC control word.

Send the second DCPC control
word to the selected DCPC
channel.

STC 2

LDA CW3

OTA 2

STC 6,C

STF SC
CLF SC
SFS 6

JMP *-1

CW1 OCT 1200 SC

CW2 OCT 010000

CW3 OCT 177000

12978A

Prepare the selected DCPC chan-
nel to receive the third DCPC
word.

Get the third DCPC control word.

Send the third DCPC control word
to the selected DCPC channel.

Turn on the selected DCPC
channel.

Initialize the Direction FF.
Start DCPC transfer.

Test for the completion of the
transfer.

Loop until done.

Specifies DCPC output and the
starting address (10000g). of the
block to be output.

Two’s complement of the number
(10004 of computer words to be
output.



GENERAL THEORY OF OPERATION

SECTION

v

The HP 12978A Writable Control Store (WCS) consists of
a bipolar semiconductor Random Access Memory (RAM)
containing 24 integrated circuit (IC) packages mounted on
a 2100-size printed-circuit assembly (PCA). Also included
is the flat jumper cable assembly necessary for complete
mechanization within the HP 21MX Computer. The WCS
PCA should be installed only in slots 10 (standard) and 11
of the computer I/O slots. Each IC package is configured in
256 bits and organized as one bit per word. Thus one
module of WCS is capable of storing 256 words of 24 bits
each.

For purpose of execution of WCS instructions, WCS can be
configured to be addressed as any one of the computer’s
ROM modules except module 0. One WCS module can be
installed on an HP 2105 Computer. Two WCS modules can
be installed on an HP 2108 Computer.

4-1. WCS MODULE IDENTIFICATION

For proper addressing of WCS, an integrated circuit com-
parator and terminal board (with jumpers) on the WCS
PCA is used to identify the PCA as a particular module of
Control Store. For example, if the terminal board is con-
figured for module 2, the PCA will be enabled when the
ROM Address Register (RAR) contains the pattern “0010”
in its four most significant bits (11-8), and disabled other-
wise. When enabled, the word in WCS addressed by RAR
bits 0 through 7 will be sent to the ROM Instruction
Register (RIR) as singles ROMO through ROM23. The
computer will then execute this word (microinstruction) as
though it came from a standard ROM PCA. The access
time of data from WCS (162 ns.) allows the computer to
operate at its normal clock rate. If it is desired to replace
any module already existing in ROM with a WCS module,
that ROM module must be removed in order to prevent
unwanted “or” conditions on the data lines.

Note: The ON position of switch S1 (figure 2-1)
is not intended for use in the 21MX com-
puters. All Control Store is disabled, if
S1 is set to ON.

4-2. WCS CONNECTION

WCS is connected to the computer central processor
through the I/O structure (for loading and checking), and
also through a 50 wire flat cable connector. It is this
connector that enables WCS to be used as an extension of
the computer’s basic control store. The cable connects one
or two WCS PCAs to ROM control PCA 1,A7 and to CPU
A1l. The ROM address register on the CPU sends a 12 bit
address to the WCS PCA or PCAs through this cable, and
the addressed PCA then sends its data (microinstruction)
from that address back through this cable, where it is
merged with the outputs of ROM. From there the data is
sent to the ROM instruction register as through it was
from ROM.

4-3. WCS ADDRESSING

To load the HP 12578A WCS RAM circuits, the WCS PCA
must be addressed through the I/O interface structure of
the computer. A 32 bit format is necessary and requires
that a 2 word transfer be used in the loading procedure
through the computer A- and/or B-registers. Two com-
puter words and thus two transfer operations are required
for one WCS word. The eight most significant bits of the
first computer word transferred is the WCS RAM circuit
address. The remaining eight bits of the first computer
word and all 16 bits of the second computer word (total of
24 bits) are stored in WCS at the address specified.

Once loaded, WCS becomes an extension of the ROM.
Thus the WCS may be used to alter the computer instruc-
tion set while the computer is in an operating condition.
This feature permits dynamic expansion of the computer
instruction set.

4-4. HP 12978A WCS LOADING TIMING
DIAGRAM RAM

Figure 4-1 illustrates the WCS timing.
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General Theory of Operation
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Hewlett-Packard (Canada) Ltd.
11748 Kingsway Ave
Edmonton T5G 0X5

Tel: (403) 452-3670

TWX: 610-831-2431
Hewilett-Packard {Canada) Lid
915-42 Avenue S E. Suite 102

C 126 121
Tel: (403 287-1672

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd
837 E. Cordova Street
Vancouver V6A 3R2

Tel (604) 254-0531

TWX: 610-922-5059

MANITOBA
Hewiett-Packard (Canada) Ltd
513 Century St

St. James

Winni R3H OL8
Tel: (204) 786-7581
TWX. 610-671-3531

NOVA SCOTIA
Hewiett-Packard (Canada) Ltd.
800 Windmill Road
Dartmouth B3B 1L1

Tel. (902) 469-7820

ONTARIO

Hewiett-Packard (Canada) Ltd
1785 Woodward Dr

Ottawa K2C 0P

Tel: (613) 225-6530

TWX: 610-562-8968

Hewlett-Packard (Canada) Ltd.

6877 Goreway Drive
Mississ. L4v 118
Tel: (416) 678-9430
TWX. 610-492-4246

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Bivd

Pointe Claire HIR 1G7

Tel (514) 697-4232

TWX: 610-422-3022

TLX: 05-821521 HPCL

Hewlett-Packarg (Canada) Ltd
2376 Galvani Street
Ste-Foy GIN 4G4
Tel: (418) 688-8710

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard {Canada)
Ltd. in Mississauga.

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina
SACel

Lavalle 1171-3° Piso
Buenos Aires

Tel: 35-0436. 35~0627, 35-0341

Telex: 012-1009
Cable. HEWPACK ARG
BOLIVIA

I
Stambuk & Mark (Bolivia) Ltda
Av Maniscal, Santa Cruz 1342

a Paz
.Tel 40626. 53163. 52421
Telex: 3560014
Cable: BUKMAR

RAZIL
Hewlett-Packard Do Brasil
LE.C. Ltda

Rua Frei Caneca. 1.152-Bela Vista

01307-Sao Paulo-SP

Tel: 288-71-11. 287-81-20.
287-61-93

Telex. 309151.23

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil

1EC. Lida

Praca Dom Feliciano. 78-8

andar (Sala 806/8)

9000-Pérto Ale%re-RS

Tel: 25-84-70-00D (0512)

Cable: HEWPACK Parto Alegre

Hewietl-Packard Do Brasil
+EC. Lide

Rua Siqueira Campos. 53. 4
angar Copacabana
2000-Rio de Janeiro-GB
Tel 257-80-94-DDD (021)
Telex: 2100 79 HEWPACK
Cable: HEWPACK

Rio de Janeiro

CHiL

Calcagni y Metcalfe Lida
Calte Lira 81. Oficna 5
Casilla 2118

Santiago, 1

Tel: 398613

Cable: CALMET

COLOMBIA
Instrumentacion

Henrik A. Langebaek & Kier S.A

Carrera 7 No. 48-59
Apartado Aéreo 6287
Bogota, 1 D.E

Tel: 45-78-06. 45-55-46
Cable: AARIS Bogota
Telex 44400INSTCO

COSTA RICA

Cienfifica Coslarricense S.A
Apanaao 10159

San J ose

Tel: 21-86-13

Cale: GALGUR San Jose

GUATEMALA
IPESA

Avenida La Retorma 3-48.
Zona 9

Guatemala
Tel: 63627. 64786
Telex: 4192 TELTRO GU

MEXICO

Hewlett-Packard Mexicana,
SA deCV

Torres Adalid No 21. 11 Piso
Col. del Valle

Mexico 12. D F

Tei: (905D 543-42-32

Telex: 017-74-507

Hewlett-Packard Mexicana.
eCV
Ave Constitucion No 2184
terrey
Tel 48-71-32. 48-71-84

MCARAGUA
Roberto Teran G.
Apartado Postal 689
Editicio Teran

Managua
Tel: 3451. 3452
Cable: ROTERAN Managua

PANAM,
Elecuomco Balboa. S A
P.0. Box 4929

Calle Samuel Lewis

Cuidad de Panama

Tel- 64-2700

Telex: 3431 133 Curunda.
|

Canal Zone
Cable: ELECTRON Panama

PERU

Compafia Electro Médica S A
Ave Enrique Canaval 312
San isidra

Casilla 1030

Lima

Tel: 22-3900
Cable: ELMED Lima

PUERTO RICO

San Juan Electronics. Inc
P.0. Box 5167

Ponce de Leon 154

Pda. 3-PTA de Tierra

San Juan 00906

Tel: (809) 725-3342, 722-3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercial e Industrial
Avenida Italia 2877
Casilla de Correo 370

Tel: 40-3102
Cabie: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

A
Apartado 50933
Edificio Segre
Tercera Transversal
Los Ruices Norte
Caracas 107
Tel: 35-00-11
Telex: 21146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:
Hewlett-Packard

Inter-Americas

3200 Hillview Ave.

Palo Ahto. Caiifornia 94304

Tel: (415) 493-1501

TwX: 910-373-1260

Cable: HEWPACK Palo Alts

Telex: 034-8300. 034-8493



EUROPE

AUSTRIA
Hewlett-Packard Ges mb H
Handelska 52:3

?.0 Box 7
A-1205 Vi

Tel (0222) 35 16 201029
Cable HEWPAK Vienna
Telex: 75923 hewpak a

M
Hew!en Packavd Benelux
SA

Avenue de Col-Vert. 1.
{Groenkraaglaan)

B-1170 Brussels

Tel 102) 672 22 40

Gabie: PALOBEN Brussels
Telex: 23 494 paloben bru

DENMARK
Hewiett-Packard A'S
Datavey 52

DK-3460 Birkerod
Tel. (02) 81 66 40
Cable HEWPACK AS
Telex 166 40 hpas
Hewlett-Packard A'S
Naverve; 1

DK-8600 Silkeborg
Tel: (06) 82 71 66
Telex: 166 40 hp as
Cable. HEWPACK AS

FINLAND

Hewilett-Packard Oy
Nahkahousuntie 5

P.0 Box6

SF-00211 Helsinki 21

Tel. 6923031

Cable HEWPACKOY Helsinki
Telex 12-15363

FRANCE
Hewlett-Packard France
Quarhier de Courtaboeu!
Borte Postaie No 6
£-91401 Orsay

Tel 1) 907 78 25
Cabie HEWPACK Orsay
Tetex 60048
Hewlett-Packard France
Agence Régional
Chemin des Moutiles
Botte Postaie No 12
F-69130 Ecully

Tet' (78) 33 81 25
Cable HEWPACK Ecully
Tetex 31617
Hewleft-Packarg france
Agence Regionale

Zone Aéronautique
Avenue Ciément Ader
F-31770 Colomiers
Tei (61178 1155
Teiex 51957

Hewleit-Packard France
Agence Régionale

Centre d'aviation qénerale
£-13721 ACfOP

Tel (91) 59 12 36
WX 4

Hewleﬂ Packaru France
Agence Régionale

63, Avenue de Rochester
F-35000 Rennes

Tel 74912 F

Telex: 74 912 F
Hewlett-Packard France
Agence Régronale

74. Aliée de Ia Robertsay
£-67000 Strasbourg
Tel (88) 35 23 20:21
Telex: 8914

Cable: NEWPACK STR8G
Medicai’Calcufater Only
Hewlett-Packard France
Agence Régionale

Centre Vauban

201. rue Colbert

Entrée Az

F-59000 Lille
Tel: {20) 5144 14

GERMAN FEDERAL REPUBLIC

Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117

Tel. (0611) 50

Cable: HEWPACKSA Frankfurt

Telex 41 32 49 fra

Hewlett-Packard GmbH

Technisches Buero Boblingen

ge;voenbergersixrasse 136) -
n?en urttemberg

Tel' (07031) 667-1

Cable HEPAK Boblmgen

Telex: 07265739 b

Hewleft-Packard GmDH

Technisches Buero Dusseldorf

Vogeisanger Weg 38

D-4000 Dusseldorf

Tel' {0211) 63 80 315

Telex 8586 533 hpad ¢

Hewiett-Packard GmbH

Technisches Buero Hamburg

Wendenstrasse 23

D-2000 Hamburg 1

Tel {040) 24 13 93

Cable HEWPACKSA Hamburg

Telex 21 63 032 hphh d

Hewlett-Packard GmbH
Technisches Buero Hannover
Mellendorfer Strasse 3
D-3000 Hannover-K|

Tet: (0511) 55 60 46

Telex: 092 3258
Hewilett-Packard GmbH
Technisches Buero Nuremberg
Neumeyer Str. 90

D-8500 Nt

; Ty
Tel (0911} 56 30 83/85
Telex: 0623 860
Hewletl-Packard GmbH
Technisches Buero Michen
Unterhachinger Strasse 28

Ottobrunn
Tel (089) 601 30 617
Telex: 5
Cable HEWPACKSA Munchen
(West Berlin)
Hewlett-Packard GmbH
Technisches Buero Berhn
Keith Strasse 2-4
D-1000 Berlin 30
Tet: (030) 24 90 86
Telex. 18 34 05 hpbin d

GREECE

Kostas Karayanmis

18, Ermou Street

GR-Athens 126

Tet: 3230-303 Sales SVC
3230-305 Adm  Order Proc

Cable. RAKAR Athens

Telex: 21 59 62 rkar gr

Hewlett-Packard S A

Mediterranean & Middle East

Operations

35 Kolokotroni Street

Platia Kefallarou

Gr-Kifissia-Athens

Tel* 8080337. 8080359
8080429 8018693

Telex. 21 5588

Cable HEWPACKSA Athens

Analytical Only

INTECO G Papathanassiou & Co

Marmi 17

GR - Athens 103

Tel 521 915

Cable: INTEKNIKA

Telex: 21 5329 INTE GR
Medical Only
Technomed Hellas Ltd
52, Skoufa Street

GR - Athens 135

Tel 626 972

Cable ETALAK Athens
Teiex 21-4693 ETAL GR

{RELAND
Hewleft-Packard Ltd
King Street Lane
Winnersh, Wokingham
GB-Berkshire RG11 5AR
Tel Wka?nam 784774
Telex 847178848179
Hewiett-Packard Ltd

The Graftons™
Stamford New Road
GB-Altrincham, Cheshire
Tel: (061) 928-9021
Telex: 668068

ITALY

Hewlett-Packard Makiana S.p A
Via Amengo Vespucci 2
-20124 Milan

Tet: (2) 6251 {10 hines)

Cabie. HEWPACKIT Miian
Telex: 32046

Hewlett-Packard Italiana S.p A
Via Pietro Maroncelli 40

{ang. Via Visentin)

Telex: 32046 via Milan
Medical Only

Hewiett-Packard Italiana S.p A
via Medaghe dOro. 2
1-56100 Pisa

Tei: (050) 2 32 04

Telex 32046 via Milan
Hewlett-Packard $.p A

Via G Armellimi 10

1-00143 Rome-Eur

Tel (6) 5312544 5

Telex 61514

Cable HEWPACKIT Rome
Hewlett-Packard Italiana S p A
Via San Quintino. 46

1-10121 Turin

Tel 53 82 6454 84 68

Telex 32046 via Milan
Medical Calculators Only
Hewlett-Packard Italiana S p.A
Via Principe Nicola 43 G C
1-95126 Catania

Tel (095) 370505

LUXEMBURG
Hewlert-Packard Benetux

SANV

Avenue de Col-Vert. 1.
(Groenkraaglaan)

B-1170 Brusseis

Tel {02) 672 22 40
Cable PALOBEN Brussels
Teiex 23 494

NETHERLANDS
Hewlett-Packard Benetux N.V
Van Heuven Goedhartiaan 121
P 0 ox 667

NL- el

Tel {OZD) 47 2t

Cable PALOSEN Amsterdam
Telex: 13 216 hepa nt

NORWAY
Hewlett-Packard Norge A'S
Nesveien 13

Box 149

N-1344 Hasium

Tei- 25 38 360

Telex: 16621 hpnas n

POLAND
AnalyticaliMedical Only
Hewiett-Packard
Warsaw Technical Office
UL Spitaine 1

00-120 Warsaw

Tel: 268031 ext. 30
Telex: 812453

PORTUGAL
Telectra-Empresa Tecnica de
Equipamentos Eléctricos S a.r !
Rua Rodrigo da Fonseca 183
P 0. Box 2531

P-Lisbon 1

Tel' (19) 68 60 72

Cable: TELECTRA Lisbon
Telex. 12598

Mundinter

intercambio Mundial de Comércio
Sarl Avenida Antonto Augusto
de Aguiar 138

P 0. Box 2761

P - Lisbon

Tel (19)5321317

Cable: INTERCAMBIO Lisbon
SPAIN

Hewlett-Packard Espafioia. S A
Jerez No 3

E-Madrid 16

Tel (1) 458 26 00 {10 nes)
Telex 23515 hpe

Hewlett-Packard Espaficla. S A
Mnlanesado 21 23

E-Barcelona
Tel: {3) 203 6200 IS lines)
Telex 52603 hpbe e

Hewlett-Packard Espafola. S A
Av Ramon y Cajal
Edifico Sevllla ! planta 9

E-Seville
Tel 64 44 54.58

Hewlelt-Packard Espaioia S.A
Edificio Albia 1t 7 B

-Bilbao
Tel: 23 83 0623 82 06
Caiculators Oniy
Hewtett-Packard Espanola S.A
Alvaro Bazen 12

(Edificio Lu2)

£ - Valencia - 10

Tei: 60 42 00

SWEDEN
Hewlett-Packard Sverige AB
Enighetsvagen 1-3

Fack

$-161 20 Bromma 20

Tel (08) 730 05 50

Cable MEASUREMENTS
Stockholm

Telex 10721

Hewlett-Packard Svenige AB

Hagakersgatan 9C

$-431 41 Moindal

Tel. (031) 27 68 00 01

Telex' Via Bromma

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Ziicherstrasse

P 0. Box 64

CH-8952 Schiieren Zurich
Tel (01) 98 18 21

Cabie: HPAG CH

Telex: 53933 hpag

Hewiett-Packard {Schweiz) AG
9. chemin Lours-Pictet
CH-1214 Vernier-Geneva
Tel (022) 4149 50

Cable HEWPACKSA Geneva
Telex 27 333 hpsa ch

TURKEY
Telekom Engneening Bureau
Saghk Sok No 15 1
Avaspasa Beyoglu
Box 437 Beyoglu
TR Islanbul
Tei 49 40
Cabie TELEMATIDN Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd
King Street Lane
Winnersh. Wokingham
GB-Berkshire RGH 5AR
Tel Wokingham 784774
Teiex B47178 848179
Hewiett-Packarg Lig

The Graftons
Stamford New Road
GB-Altrincham Cheshire
Tei 1061) 928-9021
Teiex 668068

Hewiett-Packard Ltd

€0 Makro

South Service Wholesale Centre
Amber

Halesowen Industnal Estate
GB-Halesowen. Worcs

Tel Birmingham 7860

Hewlen Pa:karu td

4th Flot

Wedge Huuse

799. London Road
GB-Thornton Heath CR4 6XL.

uriey
Tel' (01) 684 0105

Telex 946825

Hewlent-Packard Lic

¢ 0 Makro

South Service Wholesale Centre
Wear Industnal Estate

Washington

GB-New Town. County Durham
Tel. Washington 464001 ext 57 58
Hewlett-Packard Ltd 's registered
address for V A T purposes

only

70. Finsbury Pavement

London. EC2A1SX

Registered No 690597

USSR

Hewlett-Packard USSR

¢ o Commercial Office
American Embassy (Box M}
A-1091 Vienna. Austria
Tel 221-79-71

Telex 7825 hewpak SU

YUGOSLAVIA
Iskra-Standard Hewlett-Packard
Office

Miklosiceva 38 Vi

51000 Ljubljana

Tel 315- 879 321-674

Telex 31285

SOCIALIST COUNTRIES

PLEASE CONTACT:

Hewleti-Packard S A

7. rue du Rois-du-Lan

PO Box 349

CH-1217 Meynn 1 Geneva
Switzerland

Tel 1022) 4154 00

Cable HEWPACKSA Geneva

Telex 224 86

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectra

Empresa Técruca de
quipamentos

Eléctricos. SARL

R Barbosa Rodngues. 42-1°D1

Caxa Postal, 6487-Luanda

Tel 35515/6

Cable’ TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia
Pty Ltd

31 47 Joseph Street
Blackburn. victona 3130
Tel 89-6351 89-6306

Teiex' 31-024

Cable: HEWPARD Melbourne
Hewlett-Packarg Austraha

Pty Lid

ty L
31 Bridge Street
bl

Pymble.

New South Wates. 2073
Tel 449-6566

Teiex 21561

Cable HEWPARD Sydney
Hewlett-Packard Austrahia
Pty L1d

97 Churchill Road

Pros;

South Aus"alta

Tel 44 8151

Cabie MEWPARD Adelade
Hewilefl-Packard Australia
Pty Ltd

y
141 Surling Highway
Claremont. W A 6010
Tet 86-5455
Telex 93859
Cabie. HEWPARD

Hew!en Packard Australia

Pty U

121 Wollongon Street
Fyshwick A C T . 2609
Tel 953733
Hewlett-Packard Austraha
Pty Ltd

5th Floor

Teachers Umion Building
495-499 Boundary Street
Spring Hill. 4000 Queensland
Tei 29-1544

Telex AA-42133

CEYLON

United Electricals Ltd
PO Box68!

60. Park St
Co|ombo 3

Cable HOYPOWT Colombo

CYPRUS

Kypronics

18 Gregonos & Xenopoulos Rg
PO Box 1152

CY-Nicosia

Te! 45628 29

Cahie XVPRONICS PANDENIS

HONG KONG

chrmdr & Co (Hong Kong: Li¢
P

Connahgm Cenlre

39th

Cunnaugm Road. Central
Hong Kong

Tet 255291

Telex 74766SCHMCHX

Cable SCHMIDTCO Hong Xorg

INDIA

Blue Star L1d
Kastuni Buildings
Jamshedy Tata Rd
Bombay 400 020
Tel 29 50 21

Telex 3751
Cable BLUEFROST
Blue Star Lid

ahas

414:2 Vir Savarkar Marg

Prabhadevi

Bombay 400 025

Tel: 45 8 87

Telex. 409

Cable FROSTBLUE

Blue Star Ltd

Band Box House

Prabhadevi

Bombay 400 025

Tel 4573 §1

Telex. 3751

Cable. BLUESTAR

Blue Star Ltd

14/40 Civil Lines
00

Cable: BLUESTAR

Blue Star Ltd
7 Hare Street

ox

Calcutta 700 001

Tet 23-0131

Telex 655

Cable BLUESTAR

Blue Star Ltd

Blue Star House

34 Ring Road

Lajpat Nagar

New Delhi 110 024

Tel 62 32 76

Telex 2463

Cable BLUESTAR

Blue Star Ltg

Blue Stas House

11-11A Magarath Road
lore 560 025

Cable BLUESTAR

Biue Star Ltd

Meeaksh: Mantiran

00 1678 Mahatma Gaagnm 22
Cochin 582 016 Keraa

Bive Star Lio
1-1-117 ¢

Saropn Devt Road

Secunderabad 500 003

Tel 76391 77393

Cable BLUEFROST
Teiex 459

Blue Star Ltd

23 24 Second Line Beach

Madras 600 001

Tet 23954

Telex 379

Cable BLUESTAR

8iue Star Lid

Nathraj Mansions

2nd Floor Bistupur "

Jamshedpur 831 001

Tet 38 0 edp

Cabie BLUESTAR

Telex. 240

INDONESIA

BERCA lndonesm PT

PO Box

15: Fioov JL Cikini Raya 61

akarta
Tel 56038. 40369. 49886
Telex 2895 Jakarta

IRAN

Muttt Corp International Ltd
Avenue Soraya 130

PO Box 1212
1R-Teheran

Tel 83 10 35-39

Cable: MULTICORP Tehran
Tetex 2893 mar tn

ISRAEL

Eleciromcs & Engineenng
Ow of Motorola Israel Ltd

17 Aminadav Street

Tel-Aviv

Tel 36941 (3 hnes)

Cable BASTEL Tel-Aviv

Tetex. 33569

JAPAN
Yokogawa-Hewlett-Packard Lid
Onashi Buitding

1-59-1 Vuyogrv

Shibuya-ku. Tokyo

Te! 03-370-228192

Telex 232-2024YHP

Cable YHPMARKET TOK 23-724
Yokogawa-Hewlett-Packard Li¢
Niser ibarag Bidg

2-2-8 Kasuga

tharagi-Shr

Osaka

Tei' (0726) 23-1641

Telex 5332-385 YHP OSAKA
Yokogawa-Hewiet-Packard L1d
Nakamo Building

No 24 Kam‘sasazrma cho
Nakamura-ku agoya Lty
Tel 1052 57151

Yokogawa-Hewlett-Packard Lid
Tanigawa Buitding

2:24-1 Tsuruya-cho
Kanagawa-ku

Yokohama 221

Tel' 045-312.

Teiex 382- 3204 YHP YOK
Yokogawa-Hewlett-Packard Ltd
Mito Mitsu Budding

1-4-73 San-no-maru

Mito. 310

Tel 0292-25-7470
Yokogawa- Hewleit-Pa
tnoue Buillding
1348-3. Asahi-cho 1-chome
Atsugi. 243

Tel 0462-24-0452

KENYA

Technical Engmeenng Services
PO Box 18311

Nairobi, Kenya

Tel 57726

Cable PROTON

KOREA
American Trading Company

Korea
1P.0 Box 1103
Dae Kyung Bldg 8th Fioor
107 Sejong-Ro
Chongro-Ku. Seout
Tel {4 tines) 73-8924-7
Cable AMTRAGO Seoul

KUWAIT

Al-Khaldiya Trading &
Contracting Co

Al Soor Street

Mnchaan Bldg No 4

Tel 42 99 10
Cable VISCOUNT

LEBANON
Constantin E_Macndis
Clemenceau Street 34
P 0 Box

Tel 36 63 97’8
Telex: 2
Cable ELECTHONUCLEAR Beirut

MALAYSIA

MECOMB Maiaysia Lid

2 Lorong 13'6A

Section 13

Petaiing Jaya. Selangor
Cable’ MECOMB Kuala Lumpur

MOZAMBIQUE

AN Goncalves. Lta

162 1 Apt 14 Av D Lus
Caixa Posta! 107
Lourenco Marques

Tel 27091 27114

Telex §-203 Negon Mo
Jah e ‘\cG’)N

NEW ZEALAND
Hewlett-Packarg (N.2 ) Ltd
4-12 Cruickshank Street
Kilbrnie. Wellington 3
Mailing Address
Hewilett-Packard (N 2 Lid
PO Box 9443

Courtney Place
Weltington

Tel 877-199

Telex NZ 3898
Hewlett-Packard (N.2 ) Li¢
Pakutanga Professionai Cenlre
267 Pakuranga Highway
Box 51092

Pakuranga

Tet 569-651

Cable: HEWPACK. Auckland
Analytical Medical Only

Dental & Medical Supply Co Lt
Scientific Division

79 Carlton Gore Road
Newmarket

PO Box 1234

Auckland

Tel 75-289
Cable DENTAL Auckiand

NIGERIA

The Electronics
Instrumentations Ltd

NBB 770 Oyo Road

Olyseun House

PMB 5402

Ibad:

Tel 61577

Cable: THETEIL Ibadan

The Electronics Instrumenta-
tions Ltd_(TEiL)

16th Floor Cocoa House

PM.B 5402

badan
Tel: 22325
Cable THETEIL ibadan

PAKISTAN

Mushko & Company. Ltd
Oosman Chambers

Abdufiah Haroon Road
Karachi

Tel. 511027, 512927

Cable. COOPERATOR Karach
Mushko & Company. Lid
388 Salelme Town
Rawa

Cable FEMUS Rawatpinds

PHILIPPINES

Eiectromex. Inc

Bth Floor. Amaigamated
Development Corp Bldg

Ayala Avenue. Makati. Riza!

CCPO Box 1028

Makati. Rizai

Te! 86-18-87 87-76-77

Cable ELEMEX Mania

REUNION ISLANDS
200m

8 P 938. 97400 Sant Denis
85 Rue Jean Chatel

fie de la Reumon

Tel 21-13-75

Cable Z0OM

SINGAPORE
& C

Hewlett-Packard Taiwan
38. Pa-Ai Lane. San Min Chu

Kaohsiui

Tel 2973:!99
THAILAND
UNIMESA Co . Ltd

Eisom Research Budding
Bangjak Sukumwit Ave

Engineenng Company Pte
Ltd

10 12. Jatan Kiang
Red Hai industnal Estale
Singapore
Tel 647151 (7 hines)
Cable MECOMB Singapore
Hewieti-Packard Smgapore
Pte ) Ltd
Bl 2. 6th FLOOR. Jalan
Bulit Merah
Redhili Industral Estate
gngandra Pg Box 87
iny
Tel gsggoo;;
Teiex HPSG RS 21486
Cable MEWPACK. Smgapore

SOUTH AFRICA

Hewlett-Packard South Afnca
Pty ). Lid

Hewlett-Packard House

Daphne Street. Wendywood
Sandton. Transvaal 2001

Tel' 802-1040

Telex SA43-4782JH

Cable HEWPACK

Hewiett-Packard South Africa

Breecastle House
Bree Street

ape Town
Tel: 2-694123
Cable. HEWPACK Cape Town
Teiex 0006 CT
Hewlett-Packard South Africa

Py ). L
641 Ridge Road Durban
PO Box 37099
Overport. Durban. 4067
Tel 88-6102
Telex. 6-7954

TAHITI
Metagraph
BP 1741

Papeete
Tel 20:320. 28.979

TAIWAN

Hewiett-Packard Tawan

39 Chung Shiao West Road
Sec 1 Overseas Insurance
Corp. Bidg 7th Floor

aipei

Tei 389160.1.2

Telex TPB24 HEWPACK
Cable HEWPAZK Taipes

Tel 932387 930338
Cable UNIMESA Bangkok

VIETNAM

Pemnsular Trading Inc
PO Box H-3

2‘6 Hien-Vuong

Tel %" 805. 93398
Cable PENTRA. SAIGON 242

ZAMBIA

R J Tibury (Zambia) Lid
Box 2792

Lu aka

Zambia. Certral Afnica

Tel 73793
Cable' ARJAYTEE. Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES

NOT SHOWN PLEASE CONTACT:

Hewlett-Packard § A
Mediterranean ané Middle
East Operations

35. Kolokotrom Street
Piatia Kefailariou
GR-Kifissia-Athens

Telex 21-5588

Cable HEWPACKSA Athens

OTHER AREAS NOT LISTED, CONTACT:

Hewlett-Packard

Export Trade Company
3200 Hilyiew Ave

Palo Alto. Cahtorma 94304
Tel \415\ 493-1501

TWX 910.373.1267
Cabie HEWPACK Paic At
Teipx 034-8300 0734-R483
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We welcome your evaluation of this manual. Your comments and suggestions help us improve our publications.
Please use additional pages if necessary.

Is this manual technically accurate?

Is this manual complete?

Is this manual easy to read and use?

Other comments?

FROM:

Name

Company

Address
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