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NOTICE

The following notice is provided in accordance with the United States

Federal
Communications Commission’s (FCC) regulations:
Warning: This equipment generates, uses, and can radiate radio frequency
energy, and if not installed and used in accordance with the instruction manual,

may cause interference to

radio communications. The equipment manufactured after
October 1,1983

has been tested and found to comply with the limits for a Class A
computing device pursuant to Subpart J of Part 15 of FCC Rules, which are designed
to provide reasonable protection against such interference when operated in a
commercial environment . Operation of this equipment in a residential area is
likely to cause interference, in which case the user at his own expense will be
required to take whatever measures may be required to correct the interference.

This document and the information contained herein are
property of Bull HN Information Systems Inc., and are made available only to Bull
employees for the sole purpose of maintaining Bull’s products. This document,
any copy thereof, and the information contained herein, shall be maintained
in strictest <confidence; shall not be copied in whole or in part except as
authorized by the employee’s manager; and shall not be disclosed or distributed
(a) to persons who are not Bull employees, or (b) to Bull employees for whom such
information is not necessary in connection with their assigned responsibilities.
Upon request, or when the employee in possession of this document no longer has
need for the document for the authorized purpose, this document and any copies

confidential to and the

thereof shall be returned to the employee’s manager. There shall be no exceptions
to the terms and conditions set forth herein except as authorized in writing by the
responsible Bull Vice President.
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REV D
SUMMARY OF REVISION D CHANGES:

Volume 1 Changes:

1. Removed all reference to Honeywell.
2. Changed binder to the new gray binder.
3. Changed spine to 2 inches.

4. Changed Honeywell Confidential and

Proprietary to Bull Confidential
and Proprietary.

5. Added CL2 Cable Requirements.

Changed Customer Service Division to Customer Service Operation. Also
Changed CSD to CSO.

7. Added Options WCABOO1B, WACTe6LE, WACTOO3A, WACTOO3B,

and WGNDOO1lA to
Volume 2 Table of Contents located in Volume 1.

Volume 2 Changes:

1. Removed all reference to Honeywell.

2. Changed binder to the new gray binder.

3. Changed spine to 2 inches.

4. Changed Honeywell Confidential and Proprietary to Bull Confidential

and Proprietary.

5. Added Option Tab 12: Added WCABOO1B Option and

Installation Kit Parts
List and Installation Instructions.

6. Added Option Tab 13: Added WACT66LE Option and

Installation Kit Parts
List and Installation Instructions.

7. Added Option Tab 14: Added WACTO0O03A Option and Installation Kit Parts
List and Installation Instructions.

8. Added Option Tab 15: Added WACTO003B Option and

Installation Kit Parts
List and Installation Instructions.

9. Added Option Tab 16: Added WGNDOO1A Option and Installation Kit

Parts
List and Installation Instructions.
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1.0 GENERAL

1.1 INTRODUCTION

This section contains an introduction to the WDAU66LA/B/C/D Device Adapter

Unit Module Manual which describes the scope, purpose, and structure of
the manual. '

'.1.1 SCOPE

This manual is designed as part of the Product Maintenance Documentation
(PMD) for the Series WDAU66LA/B/C/D Device Adapter Unit. The manual is
primarily for use by the Customer Services Operation (CS0) and LCPD

Manufacturing. The manual is Bull Confidential & Proprietary and is
divided into sections separated by tabs.

1.1.1.1 GENERAL TAB

This section contains the introductory material.

1.1.1.2 PHYSICAL OUTLINE TAB

This section contains an outline drawing of the

functional unit showing
the installed location of its options and optimum

replaceable units.

1.1.1.3 THEORY OF OPERATION TAB

This section contains a multilevel description of unit operation keyed to
Major Block, Intermediate Block and Flow diagrams. Coverage will give the

specialist the information necessary to trace signals in the Logic Block
Diagrams (LBDs).

1.1.1.4 PARTS TAB

This section contains the DAU assembly and subassembly drawinags and

Parts
Lists (PlLs).

1.1.1.5 WIRE LISTS/SCHEMATICS TAB

This section contains the MICROFICHE INDEX which lists the

lists that are contained on microfiche cards located in the microfiche

card box. It also contains the schematics pertinent to the DAU assemblies
and subassemblies.

logic wire

1.1.1.6 OPTIONS TAB

REV D

This section contains the installation kits and installation instructions
for the DAU options.

1.1.1.7 CKT/LOGIC TAB

This section contains the Logic Block Diagram (LBD), the Revision Status

Sheet (RSS), and the Component Installation List (CIL) and/or installation
instructions for each circuit board.

1.1.2 PURPOSE

This manual is a reference document which contains information to aid CSO

instructors and students in training on the DAU and CSO installation and
maintenance of the DAU in the field.

1.1.2.1 CSO TRAINING

The student should become familiar with, and be able to, effectively use

this manual even if the student is supported with additional material
(handouts) by the instructor.

1.1.2.2 CSO FIELD INSTALLATION AND MAINTENANCE

This manual can be used by CSO for installation of the DAU options or for
direct maintenance of the DAU at customer sites to isolate failures not
found by T&D ORU callout and replacement.

1.1.2.3 CSO TECHNICAL ASSISTANCE CENTER (TAC)

This manual can be used for remote support of field sites. It should be

part of a primary reference library for use by TAC in contact with CSO or
a maintenance computer at a customer site.

BULL CONFIDENTIAL & PROPRIETARY
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1.2 REFERENCE DOCUMENTATION

The following manuals contain supplemental documentation for

DAU:

- 58010075 Test and Repair Manual for ELS-1E/2
- 58010012 Test and Repair Manual for DPS 8 52/70

- 58009933 Test and Repair Manual for DPS 88

1.3 FEEDBACK

Send any comments on this manual to:

Bull HN Information Systems, Inc.

P. 0. Box 8000, MS Cs4
Phoenix, Arizona 85066-8000

GENERAL

servicing the
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2.0 PHYSICAL OUTLINE
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FIGURE 2.0-1. DEVICE ADAPTER UNIT PHYSICAL OUTLINE
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WIOU100A/B OR WIMU600D CABINETS WIOU100A/B OR WIMU600OD CABINETS

I | | |
| | | |
| | l |
| | | | [ | | [ [ l
IMODULE |SLOT | BOARD | FUNCTION I |[MODULE |SLOT | BOARD | FUNCTION I
l I 1 | I 1 | I I l
| | I | | | I | | |
| A3 | A | MPCDI |THIRD WDDI66LA/LB OPTION | | A3 | A | MPCDI |[FIFTH WODI66LA/LB OPTION |
I I | | | I | | | |
I | B | MPCDI |SECOND WDDI66LA/LB OPTION | | | B | MPCDI |[THIRD WDDI66LA/LB OPTION |
I | | | | | | | | |
| | c | MPCDI |FIRST WDD166LA/LB OPTION I l | c | MPCDI |[FIRST WDODI66LA/LB OPTION l
I | | | | I | | I |
| | D | WDAEI |FIRST DAU (WDAU66LA/LC) | I I D | WDAEI |[FIRST DAU (WDAU66LA/LC) |
| | | | I | I I | I
| | E | WDASE [FIRST DAU (WDAUG66LA/LC) | I I E | WDASE [FIRST DAU (WDAU66LA/LC) |
I | I | | | | | | I I
| | F | WDAMP [FIRST DAU (WDAUG66LA/LC) | | I F | WDAMP |[FIRST DAU (WDAU66LA/LC) |
I I | I | | | I | I
| | G | WDASB |[FIRST DAU (WDAUG66LA/LC) | I | G | WDASB [FIRST DAU (WDAU66LA/LC) I
| | [ | I [ | | I !
[ | H | WDACI | SECOND WDDA66LC/LD OPTION | | [ H | WDACI |[THIRD WDDA66LC/LD OPTION |
| I | | | [ | | | l
[ | J | WDACIH [FIRST WDDA66LC/LD OPTION | | | J | WDACI |[FIRST WDDA66LC/LD OPTION I
| | | | | | I [ [ l
| | K I | | | I Ko | |
| I | I I | | [ I I
I I L I I I | | L | WDACI | SECOND WDDA66LC/LD OPTION |
| | I I | I I | | I
I | Mo I I | I M | WDACI |[FOURTH WDDA66LC/LD OPTION |
| | [ | | I I | I I
I I N | | I I | N | WDASB |SECOND DAU (WDAUG66LB/LD) |
| | | | | | | | I I
I I P | | I | | P | WDAMP |SECOND DAU (WDAUG66LB/LD) |
I | | | N | | | I '
I I Q | I | | | Q | WDASE |SECOND DAU (WDAU66LB/LD) |
I I | | I | | | I I
| | R | | I | | R | WDAEI |SECOND DAU (WDAUG66LB/LD) |
I | | | | | | | | l
| I S | I I | I S | MPCDI |SECOND WDDI66LA/LB OPTION |
| | | | | | I | | '
I I T | | | | I T | MPCDI | FOURTH WDDI66LA/LB OPTION |
I | | [ | | | I | I
I | u | | | | | u | MPCDI |SIXTH WDD166LA/LB OPTION |
1 ] L | l 1 | l | I

ONE DAU INSTALLED TWO DAUs INSTALLED

FIGURE 2.0-2. DAU BOARD LAYOUT AND OPTIONS (SHEET 1 OF 4)

BULL CONFIDENTIAL & PROPRIETARY

2-2

PHYSICAL OUTLINE 58010008-051




54

WDAUOO1A/B CABINETS

|
MODULE |SLOT

| |
! |
| ]
| | | ]
! | BOARD | FUNCTION ]
| | | | |
I | | | |
i Al | A | MPCDI ] THIRD WDDI66LA/LB OPTION ]
' I | | |
| | 8 | MPCDI | SECOND WDDI66LA/LB OPTION |
| | | | |
| | C | MPCDI |FIRST WDDI66LA/LB OPTION |
| i | | ‘ |
| l D | WDAE] |FIRST DAU (WDAUG66LA/LC) |
I | | | |
| | E | WDASE |FIRST DAU (WDAUG66LA/LC) |
I | | | |
| | F | WDAMP |FIRST DAU (WDAUG66LA/LC) |
[ | | | I
| | G | WDASB | FIRST DAU (WDAU66LA/LC) ]
I | | | |
| | H | WDACI ] SECOND WDDA66LC/LD OPTION |
| | | | |
! I J | WDACI |FIRST WDDA66LC/LD OPTION I
| | | | ' |
| | K | | |
| | | | |
| | L | | |
[ | | I l
| | M | | |
| | | | |
| l N | | |
| | | | |
| | P | ] |
| | | | |
| ] Q | | |
| i | | |
| I R | l I
| | | | |
| | S | | |
| | | | |
| | T | | |
| | | | |
| | u | | |
| | | | |

ONE DAU INSTALLED

WDAUOO1A/B CABINETS

|
[sLoT

|

|

|

I I |

| BOARD | FUNCTION |

| 1 | l |
| | | | |
| A1 | A | mPCDI |[FIFTH WDDI66LA/LB OPTION I
I | | | !
| | -8 | MPCDI [THIRD WDDI66LA/LB OPTION |
I | | | |
| | € | MPCDI |FIRST WDDI66LA/LB OPTION |
| | I | |
[ | D | WDAEI |[FIRST DAU (WDAU66LA/LC) I
] | | | I
| | E | WDASE |FIRST DAU (WDAU66LA/LC) |
| I | | |
| |  F | WDAMP |FIRST DAU (WDAU66LA/LC) |
| | | | |
| | G | WDASB |FIRST DAU (WDAUG66LA/LC) |
| | | | |
[ | H | WDACI | THIRD WDDA66LC/LD OPTION |
I | | | |
| | J | WDACI |FIRST WDDA66LC/LD OPTION |
I | | | |
| I k| | |
| I | | |
| | L | WDACI | SECOND WDDA66LC/LD OPTION |
I I | I |
| | M | WDACI | FOURTH WDDA66LC/LD OPTION |
| I | I I
| | N | WDASB | SECOND DAU (WDAU66LB/LD) |
| | | | |
[ | P | WDAMP | SECOND DAU (WDAUG66LB/LD) I
| | | . | |
| | Q | WDASE | SECOND DAU (WDAU66LB/LD) |
| | | I |
[ | R | WDAEI | SECOND DAU (WDAUG66LB/LD) l
| | | | |
| | S | MPCDI | SECOND WDDI66LA/LB OPTION |
| | | ! |
| | T | mMPCDI | FOURTH WDDI166LA/LB OPTION |
I I | | [
| | U | MPCDI |SIXTH WDDI66LA/LB OPTION |
| | | | |

TWO DAUs INSTALLED

FIGURE 2.0-2. DAU BOARD LAYOUT AND OPTIONS (SHEET 2 OF 4)
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WDAUOO1A/B CABINETS

[P T —

| |
| |
[ |
I | | | [ | I l
MODULE |SLOT | BOARD | FUNCTION | MODULE |SLOT | BOARD | FUNCTION |
L_ l | I l | l l l l
| | | I | | | [ I '
| Al | A | MPCDI |]SEVENTH WDDIe6LA/LB OPTION | | A3 | A | MPCDI |NINETH WDDI66LA/LB OPTION :
[ | | | | | | [ I ,
| | B | MPCDI |[FOURTH WDDI66LA/LB OPTION I | | B | MPCDI |[SIXTH WDDI66LA/LB OPTION :
| I | l | | | I I
| | c | MPCDI |FIRST WDDI66LA/LB OPTION | | | c | MPCDI |THIRD WDDI66LA/LB OPTION :
| | | | | | | | |
| | D | WDAE!I |FIRST DAU (WDAU66LA/LC) | | | D | WDAEI |]THIRD DAU (WDAUG66LA/LC) :
[ | | | | I | | I
| | E | WDASE |[FIRST DAU (WDAU66LA/LC) | | I E | WDASE |THIRD DAU (WDAU66LA/LC) :
' I | | | I | | |
| | F | WDAMP |FIRST DAU (WDAUG6G6LA/LC) | | | F | WDAMP |THIRD DAU (WDAUG6G6LA/LC) :
| | | [ | [ | | |
| | G | WDASB |]FIRST DAU (WDAUGBGLA/LC) | | | G | WDASB | THIRD DAU (WDAUGGLA/LC) :
| | | | | | | | [
I | H | WDACI |[FOURTH WDDA66LC/LD OPTION | | | H | WDACI |SIXTH WDDA66LC/LD OPTION :
[ | | [ | | | | |
| | J | WDACI |FIRST WDDA66LC/LD OPTION | I | J | WDACI |[THIRD WDDA66LC/LD OPTION |
v | | | | | | | I |
| I S | | | I | |
[ [ | , | | | | | i l
| ] L | WDACI |SECOND WDDAG66LC/LD OPTION | | | L | | |
[ | | | | | | I | l
| | M | WDACI |[FIFTH WDDA66LC/LD OPTION | | | M | | |
| | | [ | | | | | l
| | N | wDASB | SECOND DAU (WDAU66LB/LD) | | I N I |
| [ | | | | | o | l
| | P | WDAMP | SECOND DAU (WDAU66LB/LD) l | | P | | :
| | | | ' | I | 1 i
| | Q | WDASE |SECOND DAU (WDAUG66LB/LD) | i | Q | | |
| | | | | | | I | l
| | R | WDAEI | SECOND DAU (WDAUG66LB/LD) | | | R | i |
[ [ | | [ | | | | I
| | S | MPCDI | SECOND WDDI66LA/LB OPTION | | | S | | |
[ I | | | | | I | l
| | T | MPCDI |FIFTH WDDIl66LA/LB OPTION i | | T | | |
| | | | | | | | | I
| | u | MPCDI [EIGHTH WDDI66LA/LB OPTION | | | ] | | |
1 | | | I L [ I | I
THREE DAUs INSTALLED

PHYSICAL OUTLINE

FIGURE 2.0-2.

DAU BOARD LAYOUT AND OPTIONS (SHEET 3 OF 4)
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WDAUOO1A/B CABINETS

WDAUOO1A/B CABINETS

|
I
L
I
|

|
MODULE |SLOT

[ [
| |
| |

[ | | [ [ l l

| BOARD | FUNCTION | MODULE |SLOT | BOARD I FUNCTION |
1 l ] 1 | | l | l |
l [ | [ [ | | [ I I
| Al [ A | MPCDI [NINTH WDDI66LA/LB OPTION | i A3 | A | MPCDI JELEVENTH WDD166LA/LB OPTION |
| | | | | | | | I l
| | B | MPCDI |[FIFTH WDDI66LA/LB OPTION | | | B | MPCDI |SEVENTH WDDI66LA/LB OPTION |
| | | | | | | | | |
| | o | MPCDI |FIRST WDDI66LA/LB OPTION I | | c | MPCDI | THIRD WDDI66LA/LB OPTION |
| | [ | | | | | | |
| | D | WDAEI |FIRST DAU (WDAU66LA/LC) | | | D | WDAEI | THIRD DAU (WDAUBG6LA/LC) |
| | | | | | | | | [
| I E | WDASE |FIRST DAU (WDAU66LA/LC) | | | E | WDASE | THIRD DAU (WDAU66LA/LC) |
| | | I | | | | | [
| | F | WDAMP |FIRST DAU (WDAU66LA/LC) | | | F | WDAMP | THIRD DAU (WDAU66LA/LC) |
| l [ | l 1 l | I |
| | G | WDASB |FIRST DAU (WDAU66LA/LC) | | | G | WDASB | THIRD DAU (WDAU66LA/LC) |
| | | | l I | | I 1
| | H | WDACI |FIFTH WDDA66LC/LD OPTION | ] | H | WDACI | SEVENTH WDDA66LC/LD OPTION |
| | | | [ [ | | l |
| | J | WDACI |FIRST WDDAe6LC/LD OPTION | ] | J | WDACI |THIRD WDDA66LC/LD OPTION |
| | | | | | l | | l
l I S | | | | K ] | |
| | | | | | | | I |
| | L | WDACI | SECOND WDDA66LC/LD OPTION | ] | L | WDACI |FOURTH WDDA66LC/LD OPTION |
| | | | | | | | | I
| | M | WDACI |SIXTH WDDA66LC/LD OPTION | | ] M | WDACI JEIGHTH WDDA66LC/LD OPTION |
I | | | | | | | | l
| | N | WDASB |SECOND DAU (WDAU66LB/LD) | | | N | WDASB |FOURTH DAU (WDAU66LB/LD) |
| | | | | ! | | | l
] | P | WDAMP |SECOND DAU (WDAU66LB/LD) | | | P | WDAMP |FOURTH DAU (WDAU6&6LB/LD) ]
| | | | | | | | | l
| | Q | WDASE | SECOND DAU (WDAUG66LB/LD) | | ] Q | WDASE ] FOURTH DAU (WDAUe6LB/LD) |
l | | | | | | | I |
| | R | WDAEI | SECOND DAU (WDAU66LB/LD) | | | R | WDAEI |FOURTH DAU (WDAU66LB/LD) |
[ | I | | | | | | I
| | S | MPCDI | SECOND WDDI66LA/LB OPTION | | | S | MPCDI | FOURTH WDDI66LA/LB OPTION |
| | | | | | | | | - |
| | T | MPCDI |SIXTH WDODIe66LA/LB OPTION | | | T | MPCDI JEIGHTH WDDIe6é6LA/LB OPTION |
l | | | | | [ | | |
| | U | MPCDI | TENTH WDDI66LA/LB OPTION | | | U | MPCDI | TWELFTH WDDI66LA/LB OPTION |
L ] | L | | | [ | l

FOUR DAUs INSTALLED

FIGURE 2.0-2. DAU BOARD LAYOUT AND OPTIONS (SHEET 4 OF 4)
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3.0 THEORY OF OPERATION
3.1 BASIC PRINCIPLES OF DAU SUBSYSTEM

The DAU is a Microprogrammed Peripheral Device Adapter
control of 4XX (MSU0402 and MSU0451) and 50X (MSUO0500,
type devices. It provides control for seeking,
read or write operations. The upstream connection
via the PSI/PSIA 2- or 4-trip interface.
the device via the device level interface.

Unit for the
MSU0S501/MSUOS501N?
address verification and
to an 1/0 Controller is
The downstream connection is to

Figure 3.1~-1 is a functional block diagram of the DAU.

It shows that the
DAU is implemented in five board types for

the minimum configuration. The
DAU consists of a low performance microprocessor (MP), a high performance
sequencer (SE) and support hardware (CI, SB, and EI). All major data

buses and control signals

between the different board types are shown on
this diagram

Overall supervision is accomplished by the microprocessor with support
chips. It operates as a memory-mapped [1/0 using a split bus.

The microprocessor controls the command dialog with the PSIA by loading
and reading registers in the PSI interface logic. It controls data
transfer by preconditioning the interface and store logic, requests data
transfers from/to the PSIA by issuing hardware service codes, and monitors
store space available or data ready. The sequencer monitors a store full

flag and will halt the impending write if the data is not available or
impending read if space is not available.

In cases where the data transfer is internal between the store board and
the EDAC board or store board to store board, the microprocessor sets the
store read and write sector addresses, loads the number of sectors

affected <counter, and loads the Store Mode Register. The microprocessor
then monitors the completion flag.

Device control is accomplished by a unique sequencer which is loaded by

the microprocessor firmware at startup. Once started this sequencer can
independently select any type of data or control required by the device
and can monitor for any type error or exception. The DAU has the ability

to sustain multisector reads or writes to the end of track, switch heads
and continue with the transfer.

The sequencer microtask assignment is accomplished by loading hardware
registers, counters, and the sequencer starting address (dependent on the

task). The microprocessor then returns to multitasking. When the
sequencer completes its task or encounters an error or exception, it sets
a flag or flags in a status register which is monitored by the

microprocessor.

All users’ data paths and most control paths

carry parity. Integrity of
the write EDAC bytes is checked by wrapping them back into the EDAC from
the final DAU register, where parity is generated or checked. The

REV D

Microprocessor executes the 4XX EDAC correction by fetching bytes from the
store, correcting them, and then restoring the corrected bytes.

The corrected sector is then recirculated through the EDAC to assure that
the microprocessor did not err or that the correction was not programmed
wrong. Parity is carried on the I/0 split bus wup to the microprocessor

chip. The hardware does the 50X EDAC correction and its integrity is also
verified.

3.2 CHANNEL INTERFACE (CI)

3.2.1 CI OVERVIEW

The purpose of the CI board is to provide a vehicle for the microprocessor
(firmware) to control the flow of data from the DAU to 1/0 interface.

The CI is a hardware communication circuit board which connects the DAU to
the PSI (see Figure 3.1-1). The DAU firmware controls the CI. Up to two
Cls can be connected to the DAU. Each CI has two PSI ports which allow
the CI to be shared by two physical PSI channels. The two channels can be
connected to the same I1/0 or two different 1/0s. The CI can transfer data
over both physical PSI channels, but not simultaneously, and only by
switching from one channel to the other under control of the DAU firmware.

In addition, either channel may operate as a 2- or 4-trip interface. This
allows connections to all 1/70 equipment. The 2- or 4-trip selection is
made by a backpanel jumper plug.
A PSI Reset Out signal on any channel will initialize the DAU
the preliminary self test. The self test will
is in the DAU. So, firmware must be reloaded.

and start
destroy any firmware that

Firmware will be down line loaded from the system.

3.2.2 CIl BLOCK DIAGRAM

Refer to Figure 3.2-1. This figure is a major block diagram of the CI
board. It shows the data paths within the Cl board and its connections to

the PSI, SB, and MP boards. These data paths and their control are
discussed in the following paragraphs.

3.2.3 MICROPROCESSOR INTERFACE LOGIC

3.2.3.1 WRITE CONTROL

Refer to the Microprocessor Write Control Diagram, Figure 3.2-2,
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PSI-0  PSI-1 | | PSI-2 | PSI-3

N

———m == (g S e | e Ty
! DATA-(0-7.P) DATA-(0-7,P) I Y ) I K D‘T"‘°'7-"1 '3‘_':‘_‘3'_’;_’_'_} ! |
[ 1 1 | | -

—_— CONTROL OUT X : \ H N S 0 . N '
(SEQ.STO,TMO,CPW \ rc_t_m_gg_o_u_t____, | i LC__OEI_RSL___OU_!_____‘ ] i CONTROL out | i
11w, 0PO,RSO) | | 1 [} | |

CoNTROL IN 1) ocontmou N LCONTROL IN b Lol cowmmouw 1
(SCI1,ST1_TMI, OPI) l ¥y éﬁ' : 'R (.
DSEL-1FO Q== Y. _ _DSEL-IFY
MPWR & MPRD & C I -0 : C I -1 *;l_a_agw_a_c._gv_ng _____
DMPADR-(12-15) r”‘ _ L m e GV | DMPADR-(12-15)
A a ol } T } i
OMPDTA-(0-7,P) - 1 | L _DMPDTA-(0-7,P)
RRD-REGO-(0-7,P) o T v CONTROL ! ! I | RRD-REG1-(0-7.P)
: =3 - it aea - | ) L ERDZREL1-1077 [LELQERE %
= -~ ~ R-DTA-(0-7,P) 1 |
- ;»——-—-‘;- ——————————————————————————————————————————————————————————— - 1
3 = w RBUFFER-DTA-(0-7,P) X
o ° I st U
DSEL-BB - o ) ® B-REG-(0-7,P)
MPWR & MPRD RSB-REG-(0-7,P)
OMPADR-(11-15) CONTROL
OMPDTA-(0-7_P) SB D-SW-(0-7)
¢ RBUF-RDOUT-(0-7,P) D RC-REG-(0-7,P) l
hat 1
- : DSEL-ED
MP z| R < MP
- N CONTROL __ MPWR & MPRD
i ~| -
? e D-RES-to-2.P) » EI <« OMPADR-(12-15)
elel R-EDAC-DATA-(0-7.P) R-EDAC-DATA-(0-7,0)
|z|w DDEN-(00-15) v €00-03) f-——————~—=—-— »
o 8 ) :
DSEL-SEO ro ] '
MPW P + >
R & MPRD |F¥ SENSECSRI,FLT, [DX,0P1) N DI
OMPADR-(11-15) > DDTA—1-D(10-17,1P) ! 1 >
- s T
OMPDTA-(0-7.P) CONTROLCSNO,DIN,OMI,0PO), !
> SE DBRD-SEL-(0-5) Ly ' AA
<SONTROL — FDTA-0-D(10-17.1P) L4y '
OREG-(0-7,P) [—] FCMD-DCS-(0-5) : g, *_
- [ N e ——— B e e e e 1~ -~ -~
SEQ-RO-(0-7,P) [—- ~ b b = ‘. o o
< : a ! 11,3 12 (s v ~16
CSYN-CNT-(0-7) [ R 1 : ) : :33 §l_’, El,', al 29l 2
< ' 1ty by ad e o= [ |z
° . : R - AX 4 e8] s
: NI of o b IZgdoEoooooooIzo g 3 I 4 B I
S [ ;.rllf__ —_ IJ:‘.I _______ BN | ! w| o : ~ ]
x [ S W W CLIITCLTTTIT T g ' =l =1z
j T ANA 1 HRRREE 3 30K 5 TR T R LI EIMEIE:
1 g LYY, iy-Ll Y ol 2|w| =
DSEL-SE1 r ! ! ! ol 22l s
MPWR & MPRD d ! DI ! ' DI ! ' DI ! ol AN
[} - I { - — 1 - _ Olwn] -
OMPADR-(11-15) SE olal * ol * ol *
?WIKL ?W|K$ ?wuf‘
OMPDTA-(0O-7) £ wn z n Z wn
» Zigigr o < Zidizr = D2Agig o
FMASK-(0-7) » (MP) IR Vi1zi el S TR
mEsmsd o fgida i HSiosd
] ] ) - 1 ] =l
SItIg bi< =z SICIgt i< =) Si1SI1W Lit 2
SIZIztay & sltiiziay & S1ZIzi 1y 81
Sloigl 5! 1 AR brd o 1 Slolgl gl 1
1 1S 1 ] ]
nASTE aA AL A Yy VYily

MASS STORAGE UNITS

FIGURE 3.1-1. DAU FUNCTIONAL BLOCK DIAGRAM
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OMPADR-(13-15)

()
) $MP-RD Y Y XY Y O o
__ RROREG-(0-7.P) Slal el o o«
* w - — @ w (L] w o
ol 2 <« x| W}l a w
ZMPRDOUT-(0-7.P) |21 +] | o o w
“ w| | wl -] o wl =
~ —~jajQojo
=) | x| W] o g
al el Flx|"|32| =
<
\_/ \J\/K/\) z
_ _ PS10~-DATA (0-7,P)
R-INTERNAL-WRAP B {PSIQ
WRT-SECT-PAD R-PORT-1 A
PS10-0PO
PSI0
PSIO-RXDATA
EnLgREQ AND SHUNT = S ClgbtO-WRT-REG | | §LD-WRT-LAT = (0-7.p) —
RDATA(Q-7,P) — PSI1-RXDATA F-ON-LINE
< | ON-LONE
I-WREG/PAD R-WRTREG-DTA R-WRTLAT-DTA Z-WRTDTA (0-7,P) —
(0-7,P) - (0-7,P) to-7) | (0-7,P) %
— A
BUFFER PAD WRITE WRITE INPUT PSI1-oPoO ST
SWITCH REG. LATCH SWITCH N
///1 RECEIVERS PSI1-DATA (0-7,P) PS1
PGI
DSEL-1FX
LR Sl LY MD_| WRT-LAT-ERR
ENB-MP-CK - ‘ R-WRTLAT-DTAP
FWRT-CTL2 —3 JMS 3 \
R-SHUNT-MODE——3~
R-PORT-1 >
wp ) OMPDIA-(0-7,P) - —_—] PSI1-DATA(0-7,P) ‘
( ) ~ ENB-1-DTX —>1A >\Psiy
DMPDTA- $LD-RD-REG c SLD-RD-LAT— ¢ I_—an_“
T te-7.pP) ZRD-DATA(0-7,P) RREG-DATA(0-7,P) LAT-DATA(0-7,P) —
~——— RBUFFER- l—)- 0 La-
\JLJ il L )
DTA(0-7,P) READ READ P
S8 \RBUFFER-DTA(0—7,P)‘ RD.REG. ENB-0-DTX A PSI0-DATA(0-7,P) o
BREG- (07 7 SWITCH REGISTER LATCH — >
- ' R-PORT-1 %]

RUFFER
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' REV D
Signals $MP-WR and S$MP-RD enter the CI board from the MP

board and are CMD-LD-T&D address BOX2 is ANDed with FWRT-CTL2 and $FREE-RUNNING to
used to «clock their respective Write (FWR) and Read (FRD) flip-flops generate $LD-TD. $LD-TD clo:ks the microdata lines DMPDTA-(0-5) into the
provided the microprocessor has selected this CI board (DSEL-IFX). FWR T&D Mode Register.
and FRD are synchronized by the free-running clock to produce control ,
signals FWRT-CTL1, FWRT-CTL2, and FRD-CTL1. These signals are wused to The remaining commands decoded by the Address Decoder are used to load the

gate various control signals and data throughout the CI logic. microdata line into the Read Register. These commands may send a

Terminate In, a Service Code In, or both, to the PSI interface.
3.2.3.2 MICROPROCESSOR WRITE ADDRESSING

3.2.3.3 READ CONTROL

In order for the microprocessor to perform its required functions, the CI .

board has been designed with numerous registers and counters which the Refer to Figure 3.2-3. This figure shows the Microprocessor Read Control

microprocessor has the ability to load and read back. logic for the CI board. The CI Registers, status and selected control
flip—-flops are read by the microprocessor. The select 1 of 8 Readout

Figure 3.2-2 shows the microprocessor address lines DMPADR-12 through switch is addressed by the micro when in the read mode ($SMP-RD). The

MPADR-15 as inputs to a 1 of 8 select chip. The CI selected signal selected byte is sent to the MP board, along with the generated parity

(DSEL-IFX) is used to enable the chip. The 1 of 8

select chip decodes the bit. Parity is checked on the contents of the Mode Register, Read Register
address lines into commands which are used to control the setting of the

and Write Register when they are read. FRD-OUT-PTY-ERR is set if bad
various registers and control flip-flops. parity is detected.

CMD-SEL-RESET address BOX0O is ANDed with FWRT-CTL2 to

generate DCMD-B0OXO.
DCMD-BOXO is ANDed with the

microprocessor’s data lines DMPDTA(0-7) to

3.2.3.4 HARDWARE REGISTER ADDRESSING
load the CI Control Register.
The addresses utilized by the microprocessor to access the wvarious
DCMD-BOXO, ANDed with DMPDTA-0, toggles the F-ON-LINE flip-flop, which registers and control functions within the CI board are shown below. Some
returns CI-ON-LINE to the microprocessor. F-ON-LINE enables the PSI of the registers are write only, some are read only, and others have the
interface signals on the CI board.

capability to be loaded and read back.

Line CIX-ONLINE comes from the ONLINE/OFFLINE switch mounted on the DAU ADDR WRITE READ
Control Panel. This line passes through the CI board. It allows the

microprocessor to determine if a CI board is present or not when the B0OXO0 CI Control Hardwired Register
switch is in the online position. BoX1 Mode Register Mode Register
B0X2 T&D Register T&D Register

DCMD-B0X0, ANDed with DMPDTA-1, sets the Partial Clear flip-flop F-PCLR. B0oX3 Read Register Read Register
F-PCLR is used to reset selected control and error logic on the Cl board. B0X4 Read Reg. & Term. Write Register

. BoX5 Read Reg. & Serv. Code Cl Status
DCMD-BOX0, ANDed with DMPDTA-2, sets the Total Clear flip—-flop F-TCLR. BoOXé6 Read Reg. & Serv. Code & Term PSI Status
F-TCLR is used to initialize the CI logic. BOX7 Not Used Not Used
DCMD-BOXO, ANDed with DMPDTA-3, sets the Transfer Request flip-flop
FXFRREQ. FXFRREQ allows the loading of zeros from the Pad Switch if a NOTE: For addresses above, the “X” will be:
full sector of data is not transferred from the central system.

“0” or "1” for Cl-0

DCMD-BOX0, ANDed with OMPDTA-6, sets the F-OPIO and F-0OPI1 flip-flops. "2”" or "3” for Cl-1

DMPDTA-7 resets either F-OPIO or F-O0PI1, depending on which PSI port is
selected by the Mode Register (R-PORT-1).
CMD-LD-MODE address BOX1 is ANDed with

generate $LD-MODE . $LD-MODE <clocks the
DMPDTA-(0-7) into the Mode Register.

FWRT-CTL2 and $FREE-RUNNING to
microprocessor data lines
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DCMD-BOX0
F-TCLR
m FWR $SFREE-RUNNING 50 DMPDTA(2)
DSEL-T1FX J 7 o FWRT-CTL1
SMP -WR >C FWRT-CTL2
)
K
—= -cT
— R 5 FRO-CTLY DCMD-BOXO
' SET-FXFRREQ
$CLR-WR DMPDTA(3) J — FXFRREQ
$0AU—>¢
FRD

RD-REQ-RESET RESET-FXFRREQ

g

K [O— FXFRREQ
Y SMP-RD > C

PS1 IDI-TOT-CLR —4 WRT-REQ-RESET

——
= R
DMPDTA(6) ‘\\\
l $CLR-RD J F-OPIO
DCMD-BOXO
$0AU -—¢C
v woa CMD-SEL-RESET(BOXO) .
(:::) OMPADR-15 1 O CMD-LD-MODE(BOX1)
(me ) OMPADR-1 4 \ ; CMD-LD-T&D(BOX2) DMPDTA(7)
4| CMD-LD-RD-REG(BOX3) DCMD-BOXO |
CMPADR-13 a |CcMD-LD-RD-REG-T(BOX4) J — F-0PI1
| CMD-LD-RD-REG-SC(BOXS) ~\\\ $DAU —C
MD-LD—-ROD- -
oupaon-lz-{>o 3] 6| CMD-LD-RD-REG-SCT(BOX6) X
7
ADR DECODE \\\\ R-PORT-1
E $LD-MODE
> ¢
$FREE-{RUNNING | R-READ-MODE
R-WRT-MODE
EN — —
— '\ R-NO-0P
DMPDTA(0-7.P) $LO-TO}, . R-PORT-1
OMPDTA(0-7 Py ———— 1 SFREE-RUNNING — |/ R-RD-WRAP-MODE - R-SHUNT-MODE
R-COUNT-LDED
l R-INTERNAL-WRAP — R—ll:-Moth
R-ENB-DUAL-TRM p—
BUFFER . 503 DUAL R-MODE -REG-7
T R-MODE-PRTY
—ON- - MODE REG
OMPDTA(0) -\\\TOGGLE-OPI ) F-ON-LINE R-1DS
_ T&D REG
DCMD-BOX0 L// DAL ¢
L]«
PSt) $I1DI-TOT-CLR R
pcMp-Boxo ——————{
DMP -ERROR . CI-ON-LINE F-PCLR
h ODMPDTA(1)
- CIX-ONLINE

FIGURE 3.2-2. MICROPROCESSOR WRITE CONTROL
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0 1 2 3

4 5 6 7 P
0 FMP /BB HW- HW-
F-ON- | | pra- [FRO-OUTY o |PorT-|PoORT- 0 8OX0
LINE gERR |PTY-ERR 0-27 1-21
N - R- R- R- R- R-
READ~ |R-WRT-HR-NO- [R-PORT- |SHUNT{COUNT{IIw- |MODE-|MODE- | BOX1
MODE |MODE |oP 1 MODE |LDED [mMOoDE |REG-7| PRTY
2 [R-RD- R- |R-ENB- F-OP1 |F-0OPI
WRAP- | INTER-|DUAL- |R-TD3 R-TD4 [R-TDS | 1 0 BOX2
MODE [wrRAP |TRM
OMPADR-15 2| 3
2 0 R-REG-DATA 7 P 80x3
OMPADR-14 _° |
3 4
DMPADR-13 — [ I{-WREG-PAD 7 p BOX4
5 FTRM- | FTRM- | FEND- FWRT- |FRD- JMS- |ANY-
RCVD SENT SERV FXFRREQ |REG- REG- Cl- 0 BOXS
CODE FUL FUL 30 ERROR
6 SELIIWFWLAI- gggL- PSio-|{PST1-|PS10-| PSI11- 80
0 0 X6
ERR bROPPED cePw  |cpw  {oPo 0PO
7
0 0 0 0 0 0 0 0 0

OMPADR-13 —

OMPADR-14 —

DMPADR-13

OMPADR-15

IMPRDOUT-(0-7,P)

$MP-RD{>C
RRDREGO-(0-7)
VC
PG
RDOUT-BADP RRDREGO (P)
DMPADR1314
cor1as e FRD-OUT-PTY-ERR
EXCOR1315 J
DSEL-1FX —
$0AU —C
—JT—K
SELECTIVE-CLR IR

FIGURE 3.2-3.
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3.2.4

3J.2.4.1

This address is used by the microprocessor to selectively set and/or

REV D

HARDWARE REGISTER DESCRIPTION

WRITE CI CONTROL (B0XO)

reset
particular flip-flops.
1 2 3 4 5 6 7

o ——— tm—————— Fmmm———— trm————— b ——— - . O —— +

| CI | PART | ToOT | XFER | | ] OPI-CONTROL |

| STAT | CLR | CLR | REQ. | | |-———————————— |

| | | | | | | SET | RESET |

tom———— e e $o————— +m————— $o—————— o ——— +—————— +

Bit

0 Cl State: This bit will allow the microprocessor control of the
ON/OFF line state of the CI board. Writing to this register with
this bit = 1 will change the state of the ON/OFF line flip-flop
(F-ON-LINE).

1 Partial Clear: This bit at a one causes the Partial Clear
flip—flop (F-PCLR) to set. Used by the microprocessor to reset
selected flip-flops on the CI board (i.e., Term Rx, Term Tx,
End Service Code).

2 Total Clear: This bit at a one causes the Total Clear flip-flop
(F-TCLR) to set. Used by the microprocessor to reset the total
Cl board.

3 Transfer Request: This bit at a one causes the Transfer Request
flip-flop (FXFRREQ) to set. Used by the microprocessor to enable
the transfer of Data to/from the PSIA.

4 Not Used

5 Not Used

6 OP1 Control Set: This bit at a one will allow the microprocessor
to set the Operational In line to both ports (PSI-0 and PSI-1).

7 OPI Control Reset: This bit at a one will allow the

microprocessor to reset the Operational In line to the PSI.
PSI-0 or PSI-1 will te affected, depending on the state of the
PSI Port Select bit in the Mode Register.
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3.2.4.2

This address will be utilized by the

hardware

READ HARDWARE REGISTER (B0XO0)

microprocessor to obtain detailed
information from the Hardwired Register on the CI board.

1 2 3 4 5 6 7
o e —— bmm o ———— e tm—————— e tm——— +
| C1 | MP MP | | ] 2/4 TRIP |
| STAT | | WRITE | READ | | |- —— |
| | | ERROR | ERROR | | | PSI o | PSI 1 |
S e o —— e E tmm e ——_— - Fmmm———— tm————— +
Bit

0 Cl State: This bit will indicate whether the CI board is in an
online or offline condition by testing the state of flip-flop
(F-ON-LINE) . :

1 Not Used

2 Microwrite Data Error: This bit will indicate that the Cl board
has detected a parity error in the data received from the MP or
SB boards (FMP/BB-DTA-ERR) .

3 Microread Error: This bit will indicate that there has been an
error while the microprocessor is trying to read a register from
the CI board (FRD-QUT-PTY-ERR).

4 Not Used

5 Not Used

6 PS1-0 2/4a: This bit will indicate whether this PS1

is in the
2-trip (=1), or the 4-trip (=0) mode of operation (HW-PORTO0-2T).

PSI-1 2/4: This bit will indicate whether this PSI is in the
2-trip (=1), or the 4-trip (=0) mode of operation (HW-PORT1-2T7).

3.2.4.3

WRITE OR READ MODE REGISTER (BOX1)

REV D

This register is provided to allow the microprocessor to specify the type
of operation it desires and the proper port to select.

1 2 3 4 5 6 7
tmm———— b ——— $rm————— t——————- o — tm————— S o —— +
| | | NO | PSI | | CNTR | ] |
| READ | WRITE | OPER | PORT | SHUNT | LOAD | TIw | |
| | | | | | I | |
e Fomm———— t—m———— e m——— mm—————— B . pm—————— Fm————— o +
Bit

0 Read: This bit will allow the microprocessor to specify that the
Cl board is to be doing a read operation (R-READ-MODE). A read
is a transfer of data, status, or service code from the DAl to
the system.

1 Write: This bit will allow the microprocessor to specify that
the Cl is to be doing a write operation (R-WRT-MODE). A write is
a transfer of commands or data from the system to the DAU.

2 No Operation: This bit may be set and read back for testing
purposes, but it will produce no action within the CI board
(R-NO-0P).

3 PSI Port Select: This bit will allow the microprocessor to
specify the port (R-PORT1) for the subsequent operation (PSI 0 =
0, PSI 1 = 1).

4 Shunt : This bit will allow the microprocessor to specify that
the Cl is to be operating in either of the previous conditions.
(read or write mode), but the information is to g0 to/from the
store board (R-SHUNT-MODE).

S Count Loaded: This bit will tell the CI board that the transfer
counter (number of bytes to transfer) has been loaded
(R~-COUNT-LDED). When the counter expires, the CI board will send
terminate to the system.

6 Illegal Instruction Word: This bit (R-1IW-MODE) will allow
fetching of the fault byte.

7 Not Used: (R-MODE-REG-7)
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3.2.4.4 WRITE OR READ T&D REGISTER (BOX2)

This register will be

reserved for T&D functional
determined just what information/operations can/will be

performed.

0 1 2 3 4 5 6 7
R b———— - dmm R T tmm————— o o ———— o ———— +
| READ | INT | DUAL | | | | oPI |
| WRAP | WRAP | TERM | R-TD3 | R-TD4 | R-TD5 |--——--——c———ee—_ I
| MODE | MODE | MODE | | | | PST 0 | PSI 1 |
$omm - tmm - o tmm Fomm - o m——— mmm e tom————— +
Bit
0 Read Wrap Mode: This mode bit (R-RD-WRAP-MODE) will

microprocessor
buffer), but

to initiate a read

sequence (data from
the data byte will stop at the Write Register.
must then be read by the microprocessor.

1 Internal Wrap Mode: This mode bit (R-INTERNAL-WRAP) will a
ssor to initiate a read sequence, the data wil
through the CI board and back to the buffer.

the microproce
from the buffer

2 Dual Terminate:
microprocessor

This mode bit (R-ENB-DUAL-TRM} will allow
to test the terminate logic within the CI board

3 Reserved for T&D.

4 Reserved for T&D.

5 Reserved for T&D.

6 OP1: This bit (read onlyi will

Operational 1In

7 OPI: This bi
Operational In

3.2.4.5 WRITE READ REGI

This address will be uti

line (F-OPIO) to PSI 0.

t (read only) will r
line (F-OPI1) to PSI 1.

STER (B0X3)

reflect

eflect

the state of

the state of

lized when the microprocessor desires to
information (data or status) to the PSIA.

3J.2.4. 6 READ READ REGISTER (BOX3)

When the microprocessor
flip-flop will be reset.

THEORY OF OPERATION

reads the Read Register,

the

Read Register

use . It has yet to be

allow the

the
It

llow
1 go

the

the

the

send

Full

| DATA, STATUS OR SERVICE CODE ]

Bit

0-7 Data, Status, or Service Code (R-REG-DATA).

3.2.4.7 WRITE READ REGISTER AND TERMINATE (B0OX4)

This address will be wuvtilized by the microprocessor when it desires to
send information (data or status) to the PSIA. The hardware will also
send terminate with this byte if it is in a read mode. If the write mode
is selected, the hardware will generate a terminate to the PSIA with the
next byte received. (Refer to address BOX3 for register pictorial.)

3.2.4.8 WRITE READ REGISTER AND SERVICE CODE (BOX5)

This address will be utilized by the microprocessor when it desires to
send a service code to the PSIA. (Refer to address BOX3 for register

pictorial).
3.2.4.9 WRITE READ REGISTER AND SERVICE CODE AND TERMINATE (BOX®&)
This address will be utilized by the microprocessor when it desires to

send a service code to the PSIA. The hardware will also send terminate
with this byte. (Refer to address BOX3 for register pictorial).

3.2.4.10 READ WRITE REGISTER (B0OX4)

This address will be utilized by the microprocessor when it wishes to
obtain information (10Cw, FAULT BYTE, etc.) from the PSIA. The hardware
will reset the Write Register Full flip-flop.

Bit 0-7 Information or Data (Z-WREG-PAD).
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REV D
'.2.4.11 READ CI STATUS (BOX5) 3.2.4.12 READ PSI STATUS (BOX6)

his address will be used when the microprocessor wishes to obtain the This address will be used by the microprocessor when it wishes to obtain
tatus of the CI board.

the status of the PSI interface.

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
o bmmm——— e —— mm o —— o o ——— o —— + o ———— B —— $m—m————— B Ty e m———— b ———— fmm————— o ——— +
| TERM | TERM | END | XFER | WRT | READ | WT/E | CI | | | PRTY | OPO | ] CPW | 0PO |
| RX | TX | SERV. | REQ. | FULL | FULL | 11w | ERROR | | I'IW | ERROR |} DROP | |——— oo |
| | | CODE | | | | ] | | | | | | PST o | PSI 1 | PST 0O ] PSI 1 |
o — mm o e b ——— e $m——_— e —— o m————— D e + R o ———— e bm————— bm—————— P ———— R b ———— +
Bit Bit
0 Terminate Received: This flag will indicate that the CI board 0 1Iw: This flag (SELIIW) will indicate that there has been a
has received a terminate signal (FTRM-=RCVD) from the PSIA. fault detected by the selected PSIA (PSIA 0 or PSIA 1, based on
the PSI Port Select bit in the Mode Register).
1 Terminate Transmitted: This flag will indicate that the CI board
has transmitted a terminate signai (FTRM-SENT) to the PSIA. 1 Parity Error: This bit indicates that the CI board has detected
a parity error (FWLAT-ERR) on the selected PSIA interface (PSIA o
2 End Of Service Code: This flag will indicate that the CI board or PSIA 1, based on the PSI Port Select bit in the mode
has completed the dialog with the PSIA when sending a service Register).
code (FEND-SERV-CODE). , :
2 OPO Dropped: This flag will indicate that there has been a drop
3 Transfer Request: This flag will indicate that the sector of the Operational Out Line (FSEL-OPO-DROPPED) on the selected
(either 64, 512 or absolute) transfer to/from the PSI is still in PSI interface.
process (F-XFR-REQ).
3 Not Used
4 Write Register Full: This bit will indicate to the

microprocessor that the Write Register is full (FWRT-REG-FUL). 4 CPW PSI o: This flag will indicate that there is a Channel

Program Waiting on PSI 0 (PSIO-CPW).
5 Read Register Full: This bit will indicate to the microprocessor
that the Read Register is full (FRD-REG-FUL) .

5 CPW PSI 1: This flag will indicate that there is a Channel
Program Waiting on PSI 1 (PSI1-CPW).
6 Write parity error or IIW: This bit will indicate that a Write
Latch Parity Error (FWLAT-ERR), Illegal Instruction Word 6 OPO PSI 0: This flag will indicate the opresence/absence of the
(SEL-T11IwW), or OPO dropped on the selected PSI (FSEL-OPO-DROPED) Operational Out Line from PSI 0 (PSI0-0PQ).
had occurred (JMS-30).
7 0PO0 PSI 1: This flag will indicate the presence/absence of the
7 Cl Error: This bit will indicate to the microprocessor that the

Operational Out Line from PSI 1 (PSI1-0PO).
Cl board has detected a parity error (ANY-CI-ERROR) on either the

microprocessor or store board data after it has passed the Re ad

Register Switch (FMP/BB-DTA-ERR); or on the Microprocessor Read 3.2.5 SERVICE CODES
Out Register (FRD-OUT-PTY-ERR).

Service codes are firmware’'s method of communicating with the PSIA.

The service codes for the DAU are listed on the following page. Notice
that bits 0 through 3 must always be zero.

BULL CONFIDENTIAL & PROPRIETARY
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BITS SERVICE CODE 3.2.6.2 SERVICE ENABLE OUT (SEO)

0 3 4 7 DESCRIPTION

This line extends from the Controller to the DAU and is used to
0000 0000 Invalid Code indicate that the 1/0 is ready to receive a service code sequence. The
0000 0001 Initiate New Channel Program line is fully interlocked with Service Code In (SCI). SEO will only rise
0000 0010 " Move Pointer - Initiate Command Transfer after SCI rises, and can only be reset when the I/0 detects the fall of
0000 0011 Back Pointer - Initiate Command Transfer SCI. The fall of SEO enables the DAU to initiate a new operation over the
0000 0100 Read Binary PSI. A hardware failure will be assumed if this line reset while SCI
0000 0101 Read ASCI1 is high or set while SCI is low.
0000 0110 Write Binary
0000 0111 Write ASCII No dialog other than a DAU initiated service code sequence may take place
0000 1000 Special Interrupt Status over the interface unless both SCI and SEO are in a logical Zero state.
0000 1001 Termination Status SEO0 cannot be raised if a difference between STl and STO exists.
0000 1010 Invalid Code
0000 1011 Extended Status
0000 1100 Invalid Code 3.2.6.3 STROBE IN (STI)
0000 1101 Termination Interrupt
0000 1110 Marker Interrupt The Strobe In line, in conjunction with Strobe Out controls the
0000 1111 Special Interrupt data transfers on the interface. This line extends from the DAU to the

I1/0 Controller. It is activated by the DAU for a read or write operation.

3.2.6 PSI INTERFACE

For a read operation the STI line may be changed only

Figure 3.2-4 identifies the PS1 to CI interface

REV D

and STO are

at the same logical level. A change of STI by the DAU when data is ready

lines and their will cause the 1/0 to detect a difference between STI and STO. This will
corresponding abbreviations. All lines with the designation IN originate indicate to the 1/0 Controller that data is available on the data lines.
at the DAU and terminate at the I1/70 Controller. All

lines with the
designation QUT originate at the [I/0 Controller and terminate at the DAU.

Mnemonics for the lines are obtained by using the first or most . SERVICE CoOF 1IN csend
significant letters in the words that name the lines. The data lines (D) SERVICE ENABLE OUT (SEO)
are followed by a digit indicating the position of the line in the data -
path. < STROBE 1IN (sTD)

STROBE OUT (ST0) >
3.2.6.1 SERVICE CODE IN (SCI) TERMINATE 1IN (T

ps1 [ cI

This line extends from the DAU to the 1/0 Controller. When set, SCI TERMINATE OUT (TMO)
indicates that the DAU has a service code to send to the 1/0 Controller. BOARD >1 BOARD
This line is fully interlocked with Service Enable Out (SEO). The DAU CHANNEL PROGRAM WAITING il P
will not transfer the service code until SEO is high. SCI may not rise 10C INSTRUCTION WAITING (11w)
unless SEO is low. SCI remains high for the duration of the service code L
sequence and will fall when the DAU detects the drop of TMO for the last : OPERATION IN ((.128)
byte transferred in this service code sequence. SCI must fall after every <
service code sequence. If the DAU wants to send another service code OPERATION OUY topo) >
sequence without any intervening data or command transfer, it must lower RESET OUT (RS0}
SCI until it detects the fall of SEO. Then it may again vraise SCI and : P
initiate the transfer of the next service code sequence. The first byte DATA PATH (D0-7,P)
transferred in a service code sequence is always a service code. >

FIGURE 3.2-4.
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REV D
To obtain the data, the /0 will deskew STl a minimum of 40 nanoseconds, If a terminate condition exists, the [1/0, when ready, will respond by
then store the data and check for a terminate condition. If a terminate setting the TMO line and performing the dialogue described for TMO. 1f a

condition exists, the 1/0, when ready, will respond by setting the terminate condition does not exist the 1/0 Controller, when ready, will
Terminate OQut (TMO0) line

and performing the dialogue described for TMO. respond by forcing the STO line to the same logical level as STI. In
[f a terminate condition does not exist, the [1/0, when ready, will respond either case, the 1/0 may hold up the dialogue at this point by delaying
by forcing STO to the same logical level as STI. Detection of ST1 and STO

the change of STO or TMO if necessary. Detection of STI and STO being

being equal signals the DAU that the data lines may now be altered and equal signals the DAU that the data lines may now be altered and that ST1
that STI may be changed for another byte transfer when the new data is may be changed for another byte transfer when the new data is ready.
ready.

STO will be forced to the reset state by the [/0 Controller while OPO or
For a write operation, the roles of STl and STO are reversed. The 1/0 OP]l are reset.
Controller will change STO when it places data on the data lines. When

the DAU detects a difference between STI and STO it will deskew STO, store

the data and check for a terminate condition. If a terminate condition 3.2.6.5 TERMINATE OUT (TMO)
exists, the DAU, when ready, will respond by setting the TMI line and

performing the dialogue described for TMI. I1f a terminate condition does Terminate Out is used by the 1/0 Controller to end the current dialogue
not exist the DAU, when ready, will respond by forcing the STI line to the whether a read or a write. The TMO line extends from the 1/0 Controller
same logical level as STO. In either case, the DAU may hold up the to the DAU and is used in conjunction with the TMI line to control the PSI
dialogue at this point by delaying the change of STI or TMI if necessary. terminate sequence.
Detection of STI and STO being equal signals the 1/0 that the data lines
may now be altered and that STO may be changed for another byte transfer For a write operation, TMO can indicate one of the following conditions:
when the new data is ready.

o For a data transfer, TMO implies that a byte being transferred is
STI1 will be forced to the reset state by the DAU while OPl or OPO are the last byte of a field and the data count is exhausted. Since
reset.

data chaining is transparent to the DAU, TMO rises only when the
count of the last data chained DCW in the data chain array is

exhausted. Due to an error, the transfer may be terminated
3.2.6.4 STROBE OUT (ST0) prematurely.

The Strobe Out line is used by the 1/70 Controller to indicate its 0 For a command or 1/0 instruction transfer, TMO indicates that the
participation in the dialog on the interface. This line extends from the

transfer is complete with the byte being sent on the current
[/70 Controller to the DAU. transfer and that no more bytes are forthcoming. e

For a write operation, the STO line may be changed only if STI and STO are o For any transfer, if the Terminate In line has been received with

at the same logical level. A change of STO by the 1/0 when data is ready the most recent byte from the DAU. TMO will be sent to the DAU
will cause the DAU to detect a difference between STI and STO, which will after data has been deskewed.

indicate to the DAU that data is available on the data lines. To obtain

the data, the DAU will deskew STO a minimum of 40 nanoseconds, then store

the data and check for a terminate condition. 1f a terminate condition 3.2.6.6 TERMINATE IN (TMI)

exists, the DAU, when ready, will respond by setting the Terminate In

(TMI) line and performing the dialogue described for TMI. Terminate In is used by the DAU to end the current dialogue, whether a

read or a write. The TMI line extends from the DAU to the 1/0 Controller.
If a terminate condition does not exist, the DAU, when ready, will respond

by forcing STl to the same logical level as STO. Detection of STI and STO
being equal signals the 1/0 Controller that the data
altered and that STO may be changed for another
when the new data is ready.

For a write operation, TMI can indicate one of the following conditions:
lines may now be

byte transfer dialogue o For a data transfer, TMI indicates that the byte being received is

the last byte the DAU will accept for this transfer sequence.

For a read operation, the roles of STl and STO are reversed. The DAU will o For
change STI when it places data on the data lines. When the 1/0 Controller
detects a difference between STI and STO it will deskew STI,
data and check for a terminate condition.

a command transfer, TMI indicates that the byte being received

is the last byte required by the DAU.
store the
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o For any transfer, if the Terminate Out line has been received with
the most recent byte from the 1/0 Controller, TMI will be

sent to
the [/0 after data is deskewed by the DAU.

For a read operation, TMI can indicate one of the following conditions:

o For a data transfer, TMI indicates that the byte being transferred
is the last byte available from the media for this data transfer
sequence, or that the DAU is temporarily suspending the data

transfer sequence. The suspended sequence may be resumed by using
the appropriate service code.

o For a service code sequence, T™MI indicates that the byte being
transferred is the last byte in the service code sequence.

0 For any transfer, the Terminate Out line has been received in
answer to a change of the STI line for the most recent byte to the
I/0 Controller. TMI will be sent to the 1/0 Controller.

3.2.6.7 CHANNEL PROGRAM WAITING (CPW)

Channel Program Waiting indicates to the DAU that a channel

program (DCW
list) is waiting. The CPW line extends from the 170 Controller to the
DAU .

A ccmmand received by the 1/0 Controller results in the 1/0 setting the
CPW line to a logical one state. As soon as the DAU is able, it issues an
Initiate New Channel Program service code to start the new channel
program, and the 1/0 then begins transferring a logical channel number and
the first IDCW to the DAU. CPW remains up until no new channel programs

remain to be initiated. CPW resets when the last entry in the initiation
queue s satisfied.

3.2.6.8 10C INSTRUCTION WAITING (IIW)

[IW indicates to the DAU that the I1/70 Controller has a fault byte or
instruction to send. The IIW line extends from the 1/0 Controller to the
DAU. The DAU must, upon recognizing that IIW is high, send a service code
to the [/0 Controller at its next service code sequence opportunity. The

1/0 then sends the I0C instruction to the DAU, accompanied by a logical
channel number if applicable.

1f a data transfer is in progress at the time IIW rises, it should
continue to its normal termination point. If however, the 1/70
requires immediate transmission of an 10C
data transfer by sending TMO.

Controller
instruction, it will terminate

If TIW and CPW are up at the same time, the DAU must service Iiw first.

When 1w is high, the DAU must service it before any other service code
sequence it wishes to send.

REV D

1f 11w is to be set during a service code or data transfer sequence, it
must be set prior to or simultaneously with the resetting of TMO.

I'IW will reset when SCI is set for the transmission of the Initiate 10C
Instruction service code or whatever service code is used to accomplish
this action. If the IIW line is active at the end of a service code

sequence, the DAU is to assume that any transfers called for by the
service code will not occur.

3.2.6.9 OPERATIONAL OUT (0OPO)

Operational Out indicates the state of the I/0 Controller. When
activated, it indicates that the 1/0 is operational and capable of
communication with the DAU. When deactivated, it means that the [/0 is

powered down or is in a state that makes it incapable of responding on the
PSI interface. The OPO line extends from the [/0 Controller to the DAU.

When the PSI is physically disconnected from the 1/0 Controller, this line

is deactivated. This line may be activated or deactivated at any time.
If this line is deactivated while dialogue is in progress, the DAU ceases
the dialogue on the PSI. I1f OPO is down, the DAU should not attempt any

dialogues on the PSI.

3.2.6.10 OPERATIONAL IN (OPI)

Operational In indicates the DAU operational state to the I1/70 Controller.
The OPI line extends from the DAU to the I/0 Controller.

When activated, OPI indicates that the DAU is operational and capable of
communication with the 1/0 Controller. When deactivated, it means that

the DAU is powered down or is in a state that makes it incapable of
responding on the PSI interface.

The Operational In line will be deactivated if it is set when the 1/70
Controller activates the Reset Out (RSO) line. The OPI line will remain
deactivated wuntil resetting (initialization) and any self diagnosis
activities intrinsic to initialization are completed.

When the PSI is ophysically disconnected from the DAU, this line is
deactivated. This line may be activated or deactivated at any time &except
it may not be activated if RSO is high. If it is deactivated while some
dialogue is in progress on the interface, the 170 Controller will cease
the dialogue on the PSI interface.

3.2.6.11 RESET 0OUT (RSO)

The Reset Out line extends from the I1/0 Controller to the DAU. Reset Out

resets and initialized the DAU to a known state. The RSO line is
implemented as a pulse.
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When RSO is raised, the affected unit will immediately cease dialogue on A read operation takes place in the same manner with STI and TMI

the PSI. While initialization is taking place in the DAU, the OPI line initiating a byte transfer instead of STO and TMO.

will be in the logical zero state. When initialization is complete and

RSO has dropped, OP! can be raised to a logical one.
3.2.7.2 READ DATA PATH

3.2.7 HARDWARE DESCRIPTION Refer to Figure 3.2-5.

3.2.7.1 DATA PATH (DO-7,P) Read data enters the CI board from either the MP board (DMPDTA 0-7,P) or
the SB board (RBUFFER-DTA 0-7,P). The MP board supplies controller data

The data path lines are a one byte wide path, eight bits plus odd parity, such as status, service codes, etc. The SB board supplies data from its

that extends between the DAU and the 1/0 Controller. buffer through the B-register. This data is primarily read data from the
device. Buffer data is gated through the Read Register Switch if the Cl

The nature of the information on the data lines (data, service code, etc.) board is in the shunt mode, otherwise, the MP data is transferred. Data

is determined by the dialog. is transferred from the Read Register to the Read Latch then to the
selected PS1 port transmitters and onto the PSI interface. Control

Data can be put on the data lines by either the I1/0 Controller or the DAU. signals are used to move the data along the read path.

Data is put on the data lines by the 1/0 Controller whenever the 1/0

changes the state of STO or sets TMO to a logical one on an output

operation. Data is out on the data lines by the DAU whenever the DAU 3.2.7.3 LOAD READ REGISTER ($LD-RD-REG)

changes the state of STI or sets TMI to a logical one on an input

operation. When the state of STO is changed during a write operation, the Refer to Figure 3.2-6.

DAU detects a logical difference between STO and STI, accepts the data

from the data lines and sets STI to the same level as STO. For the last $LD-RD-REG is produced by data transfers from the SB board B-register or

data byte the 1/0 Controller sets TMO to a logical one. Upon reception of by one of the following microprocessor commands:

the TMO signal the DAU accepts the data from the data lines and sets TMI

to a logical one. Upon reception of the TMI signal the 1/0 Controller o CMD-LD-RD-REG: Loads Data or Status information into the Read

will reset TMO. The DAU recognizes the reset of TMO and resets TMI.

DSEL-1FX
__._—______’-

FWRT-CTL2—3

R-SHUNT-MODE

DMPDTA-(0~7,P)

Register.

JMS3

RBUFFER-DTA(O—7,P)

» $LD-RD-REG—3 C

DMPDTA-(0-7,P)

SLD-RD-LAT—P C
RREG-DATA(0-7,P)

R-PORT-1 —»
ENB-1-DTX [—3 A

LM-DATA<0-7,P)1

PSI11-DATA (0-7,P) ‘

ZRD-DATA(O-7,P)
N

RBUFFER-DTA(0-7,P)

B-REG-(0-7,P)
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ENB-0-DTX

A | |PSto-paTA (0-7,P) »

RD REG.
SWITCH

READ
REGISTER

READ
LATCH

BUFFER
FIGURE 3.2-5. READ DATA PATH
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o CMD-LD-RD-REG-T:

Loads data or status into the Read Register
and sends terminate (TMI).

o CMD-LD-RD-REG-SC: Loads service code into the Read Register.

The logical channel number may also be
loaded with this command.

o CMD-LD-RD-REG-SCT: Loads service code or logical channel number

into the Read Register. A terminate (TMI)
will be sent with this command.

The Microprocessor Address Decode for each Cl command is listed alongside
these commands. Data transfers from the SB buffer are loaded into the

Read Register by setting the B-register acknowledge flip-flop
(FB-REG-ACK) . The conditions to set this flip-flop are as follows:

o The Read Register is empty (FRD-REG-FUL) or

is about to be emptied
(FRD-SYNC) .

0 The store board’'s B-register is full

(FB-REG-FUL) and Read Shunt
Stop is not set.

o The CI board is in the read and shunt modes and the

microprocessor
has issued a Transfer Request (FXFRREQ).

3.2.7.4 READ REGISTER FULL RESET

Refer to Figure 3.2-6

The conditions that reset the Read Register Full flip-flop are:
o Any Load Read Register command when the

microprocessor is
performing a read operation (FRD CTL1).

0o Upon sending/receiving a terminate to/from the 1/0

Controller
(FSYNC-TRM-TXRX).

o As data is transferred from the Read Register to the Read

Latch
(FRD-SYNC).

3.2.7.5 READ REGISTER TERMINATION

Read Register Terminate (FRD-REG-TRM) and Read Shunt
terminate the read and to lock out further
MP boards. The microprocessor
Read Register Terminate or

Stop are set to
data transfers from the SB and
terminates transfers by issuing the Load
service code terminate commands.

The data transfer terminates when the

last data byte has been sent
(R-COUNT-LDED)

and the SB board sends terminate (FB-REG-TRM).

BULL CONFIDENTIAL
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FWRT-CTL2
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\ | SET-REG-FUL FRD-REG-FUL

FB-REG-ACK | / J
) $DAU —c

_ RESET-REG-FUL|,
DB-REG-ACK

J
soAuU |

K
| FSYNC-TRM-TXRX

FRD-SYNC
MP-RD-READ-REG

7

EMPTY-WILLBE

FRD-CTL2
FRD-SYNC =™
) : CMD-LD-RD-REG

—

A\
/

\

FRD-REG-FUL

BFUL-RD-SHUNT

R-SHUNT-MODE
REQ-AND-SHUNT

FXFRREQ

RD-SHUNT

./// R-READ-MODE
FB-REG-FUL
58 \ FB-REG-FUL

FRD-SHUNT-STOF

CMD-LD-RD
REG-T

-LD-RD- CMDS-LD-RD-REG-T
CMD-LD-RD FWRT-CTL2 ™

REG-SCT \\ SET-REG-TRM 3 FRD-REG-TRM

FB-REG-ACK RD-COUNT-TRM ) / A
. FB-REG- = 2040 1,
TRM ~\\\ SB-LAST-BYTE X

RESET-REG-FUL
R—COUNT-L’//
LDED

N\

\,

LSET-REG-TRM

S
N\ SET-STOP FRD-SHUNT-STOP-
FSYNC-TRM-TXRY / J
1~ soav |
LD-MODE - X
F-PCLR ) >
L7

FIGURE 3.2-6. LOAD READ REGISTER CONTROL
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3.2.7.6 READ LATCH CONTROL

Refer to Figure 3.2-7.

Data is transferred from the Read Register to the Read Latch by
$LD-RD-LAT. This signal is produced if the Read Register is full
(FRD-REG-FUL) on the rise and fall of each Strobe Out (STO) signal when
the DAU is connected to a 2-trip PSIA or as STO falls (SEL-STO) when
connected to a 4-trip PSIA. Refer to Figure 3.2-8.

The top leg of the S$LD-RD-LAT AND gate establishes whether
4-trip PSIA is employed in the disk subsystem. If the backpanel jumpers
are not installed, the 2—-trip logic is activated and the 4-trip logic is
inhibited. The jumpers are installed when the DAU is connected to a
4-trip PSIA. The jumpers ground out the 2-trip PSIA logic. In 4-trip
operation, Strobe Out (SEL-STO0) must fall ©before data is transmitted.
This is not required for 2-trip operation. The last byte is transferred
to the Read Latch when Read Register Terminate (FRD-REG-TRM) sets and
neither Terminate In (FTMI) or Terminate Out (SEL-TMO) are active.

a 2—-trip or a

$LD-RD-LAT is inhibited if one of the following conditions exists:
The Read Latch contains data already (FRD-LAT-FILED).
The Mode Register is being loaded (FLD-MODE).

Terminate has been sent or received (FTRM-RCD-SENT10).
The Read Register is empty (FRD-REG-FUL).

The DAU is waiting for a Service Enable Out (WAIT-SEO).

© 0O © 0 O©°

™I . « r$———*L______
e « e
womo-wran ] Lo [ Lo [ Lo I Ll Lo [ L [ L

$LO-RD-LAT(4T)** % ] l % | | % | I § | l

*$LD-RD-LAT(2T) = (SEL-STIEQSTO)+(SEL~-TMIEQTMO *TMO)

**SLD-RD-LAT(4Y) = (SEL-SYIEQSTO*STO)+(SEL-TMIEQTMO *SEL-TMO)

FIGURE 3.2-7. LOAD READ LATCH TIMING (2T7/4T)

______ HW-PORTO-2T
WHO 2 PORTO-2T

= ACTIVE-PORT-

R-PORT-1 {::)x> L—//

ﬂ\ 27 .

PORT1-2T //w D27-NO-STO
“  sEL-STO

REV D

= $LD-RD-LAT
WAIT-SEO
FTRM-RCO_SERTIO | \ WALT-CUT-OFF ~\\ SLD-RD-LAT FRD-LAT-
IMS ’// s FILED
= J
FRD-REG-FUL ~ $DAU_ = c
FRD-SYNC |y
WEIGHT —
{y<::] FLD-MODE

FRD-REG-FUL DLY-208S
SEL-STI FRD-REG-FUL20

SEL-STIEQSTO N\\ LD-RD~LAT-RDY
SEL-STO
NOR-TRM-LD

FIM]
— SEL-TMIEQTMO
SEL-TMO SEL-TMO TRM-LOAD v~

FRDO-REG-TRM

SET-RLT
$LD-RD-LAT $DAU

x O «wn

FRD-LAT-TRM

<]

SFREE-RUN

WV

c

FRD-SYNC
~\\\ SET-RD-SYNC

FRD-SYNC

FRD-LAT-FILED

SET-WRT-SYNC

FWRT-SYNC

SEL-0PO

FSYNC-OPO-DROPPED

—

FSYNC-OPO-ON

FIGURE 3.2-8. READ LATCH CONTROL
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3.2.7.7

Refer

The appropriate Data Transmitters are enabled depending
microprocessor

Trans
A Tra

the
(F-0ON

3.2.7

Refer

This

DATA TRANSMITTERS

to Figure 3.2-9.

up

on

whether

the

at

is online

has selected PSI0O (R-PORT-1) or PSI1 (R-PORT-1) and which
mitter Enable signal (ENB-0-DTX or ENB-1-DTX) is active.
nsmitter Enable signal is generated if Operation Out is present
respective port (either PSI0-0P0O or PSI1-0P0O), the C! board
-LINE) and in the read mode (R-READ-MODE).
PS10-0PO PS10-0PO
519 ENB-0-TXS| "\ ENB-0-DTX
R-PORT-1| , PSIO—DATA
(0-7,P) PSto
F-ON-LINE| R_READ-MODE LAT-DATA-
(0-7,P)
R-PORT-1 PSI1-DATA
A PSI11
ENB-0-DTX (0-7,P)
ENB-1-TXS ‘
. PS11-0P PS11-0PO
GI!I’ $S11-0P0 S
FIGURE 3.2-9. DATA TRANSMITTERS
.8 CONTROL SIGNAL TRANSMITTERS
to Figure 3.2-10.
figure shows the Control Signal Transmitters. These signals

the CI

THEORY OF OPERATION

board to communicate with the desired PSI

interface.
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_ﬂ_'_P_oﬂ.'_L PS10-SC! @
ENB-O-TXS| A .
MD-LD-RD-REG- CMD-SC1
CMD-LD-RD-REG-SCT
1~ SET-SCI ] FSCl
FWRT-CTL1
$DAU |c
ENB-1-TXS| A PSI1-SCI m
FSYNC-TRM-TXRX |y —_—
R-PORT-1
R-PORT-1 )
$STI-WRT
> ™ ssti . FST1o o |Lpsto-sT
$STI-READ )/ @
-0-TX
1= ENB-0-TXS
K
R-PORT-1 P
FsTil PSI1-STI
¢ 8 (ps1)
ENB-1-TXS
X
F-0P10
A || PS10-0PI
FON-L [NE o s 19
PSI1-0P1
A
F-0PI1 -m
R-PORTYT-1
—"—" R psto-mx
-0-TX ——-—"*'II.
WRT-SET~-TMI E—'igo—i
SET-TMI .
RDO-SET-TMI 3 FIMI
e c
- K
RESETz-TMi [r | ENBTIZTXS) ) PSIi-TMIT
R-PORT-1

FIGURE 3.2-10. CONTROL SIGNAL TRANSMITTERS
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3.2.7.9 CONTROL SIGNAL RECEIVERS

Refer to Figure 3.2-11.

The Control Signal Receivers are enabled when the

the DAU online (F-ON-LINE) and the OPO
respective Port

microprocessor
signal is present

places
from the

The outputs from the Control Signal Receivers are then sent to 1 of 2 or 1

of 4 selectors to generate the select signals. The exceptions are the
PSI0O~-CPW and PSI1-CPW signals. These two signals go directly to the

microprocessor readout 1 of 8 select switch and are read as PSI Status.

The PSIO-RSO0O and PSI1-RSO signals are ORed together on the CI board and

sent to the MP board. This causes the DAU self-test to be run and the DAU
to be initialized to a known state.

-1IW R-PORT-1
-CPW
-SEO
-STO 11w -11w
PSI10-TMO RN 01 -SEO
PS10-0PO @—— ~STO0
PS10-0PO -5T0 = SEL—TMO
A ENB-0-RXS|OR| |PSI0O~TMO 1) L
-11IW 1
-CPW
-SEO 11w
—eT0 Tepw| 1 OF 2 OR
PS11-0PO "5“'”"0 ) -seo| 1 OF 4
PS11-0PO -STO | SELECT
A ENB-1-rxs | OF| [PSI1-TMO
F-ON-LINE
||

Ps1o-Rso | |
PS10-RSO
S—
ENB-0-RXS
A\ S—
. DRESETO o DRESETO m
[/
PSIL PS11-RSO -
( ) or| | PSI1-RSO
ENB-1-RXS

FIGURE 3.2-11. CONTROL SIGNAL RECEIVERS
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3.2.7.10 WRITE DATA PATH

Refer to Figure 3.2-12.
System data is loaded into the

depending on which port the
R-PORT-1).

Write Latch from

either PSI0O or PSI1
microprocessor has

selected (R-PORT-1 or

Under T&Ds, the data from the Read Latch [LAT-DATA-(0-7,P)] is wrapped
around to the Write Latch. This is accomplished by setting the internal

wrap bit in the T&D Register and placing the DAU in both the write and
read modes.

Write data passes through the Write Register, Pad Switch, Buffer, and on
to the store board (SB). As data is transferred from the Write Latch,
parity is generated. This is compared with the parity bit received with

the data. If the two parity bits are not equal, a Write Latch

Error
Signal is generated.

3.2.7.11 LOAD WRITE LATCH

Refer to Figure 3.2-14.

The Write Latch is loaded by the signal $LD-WRT-LAT which is generated by
a 4-input NAND gate. The lower input to the NAND gate (ABORT-TRM-TXRX) is
used to inhibit the loading of the Write Latch if it is already loaded

(FWRT-LAT-FILED10), or the microprocessor has aborted the write due to an
error (FWRT-ABORT).

The third
mode.

input (R-WRT-MODE) indicates the Cl board must be in the write

The top two inputs to the NAND gate supply the timing for $LD-WRT-LAT.
This timing depends on whether the CI board is in the 2-trip or 4-trip
mode of operation and the state of interface signals STO, STl, TMO and
TMI . Refer to Figure 3.2-13 for Load Write Latch timing diagram.

For 2-trip operations, normal data transfers (not last byte) are based on
STI not equal! to STO delayed (SEL-STIEQST020) and the port jumpers removed
(ACTIVE-PORT=-2T). When these conditions are met, signal D2T7-STO-LOAD is
generated. The last byte is loaded by TMI not equal to TMO delayed

(SEL-TMIEQTMO020), and TMO active (SEL-TMO0) . These conditions produce
signal D2T7T-TMO-LOAD. ’

For 4—-trip operations, normal data transfers are based on STl not equal to
STO delayed (SEL-STIEQSTO05) and STO0O not (SEL-STO). These conditions
produce signals D4T-STO-LOAD and D2T-NOSTOTMO. The last byte is loaded by
™I not equal to TMO delayed (SEL-TMIEQTMO020) and TMO has

(SEL-TMO0) . These conditions produce signals
D2T-NOSTOTMO.

fallen
D2T-TMO-LOAD and

BULL CONFIDENTIAL & PROPRIETARY
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3.2.7.12 LOAD WRITE REGISTER

Refer to Figure 3.2-14.

Each $LD-WRT-LAT sets the Write Latch Filed flip-flop (FWRT-LAT-FILED) to
denote that the Write Latch is full. FWRT-LAT-FILED is used to generate
SET-WRT-SYNC. The other conditions needed to produce SET-WRITE-SYNC are:

0 Not attempting to unload the Read Latch (SET-RD-SYNC).

0 Write sync is reset (FWRT-SYNC).

o The Write Register is empty now (FWRT-REG-FUL), or the SB board has
the last data byte and its OK to load the Write Register
(FWRT-REG-ACK).

SET WRITE SYNC sets FWRT-SYNC which in turn, resets FWRT-LAT-FILED and
generates $LD-WRT-REG to strobe the data into the Write Register.

Refer to Figure 3.2-15.

FWRT-SYNC also sets the Write Register Full flip-flop (FWRT-REG-FUL) to
provide the handshake signal ACT-WT-REG-FUL to the SB board. When the SB
board receives

the data byte, it will respond with the acknowledge signal
reset FWRT-REG-FUL.

(FWRT-REG-ACK) to

WRT-SECT-PAD

REV D
3.2.7.13 PAD SWITCH CONTROL

System data is gated through

the pad switch as long as WRT-SECT-PAD
low. Padding is invoked when the system 1is sending device data
terminates the transfer ©prior to reaching a sector boundary.
condition is detected on the SB board and causes WRT-SECT-PAD to go
WRT-SECT-PAD will finish filling the sector with zeros until

Sector Terminate (DWT-SEC-TRM) is received from the SB board.

is
and
This
high.

a Write

WRT-SECT-PAD is generated if Transfer Request (FXFRREQ) and FPAD are
and the DAU is not writing in the absolute mode (RABS-WRT).
receipt of Write Register Acknowledge (FWRT-REG-ACK) from the

System Terminate (FWRT-REG-TRM), and Write Request Reset
(WRT—-REQ-RESET).

set
FPAD sets on
S8 board,
Not high

WRT-REQ-RESET is held high because Absolute write (RABS-WRT) is not

enabled and the SB board has not detected the end of the sector boundary

(DWT-SEC-TRM). When sector padding is completed, ODOWT-SEC-TRM goes high
and WRT-REQ-RESET goes low to reset FPAD.

From the pad switch, zeros pass through the buffer and on to the SB board,

providing the microprocessor is still requesting data transfers (FXFRREQ)
in the shunt mode.

R-INTERNAL-WRAP

R-PORT-1

PS10-DATA (0-7,P)
B {PSIO’

ENB-0-RXS

PSI0-RXDATA
(0-7,P)

PST1-RXDATA
-

REQ AND SHUNT SLD-WRT-REG -WRT-LAT
EN |g Q c < c <SLD L
RDATA(0-7,P) | GZ-WREG/PAD . :
] - - -

(0-7.P) R-WRTREG-DTA | RWRTLAT-DTA Z-WRTDTA
(0-7,P) k (0-7) —— (0-7,‘))

BUFFER PAD WRITE WRITE

SWITCH LATCH

WRT-LAT-ERR
- __ _R-WRTLAT-DTAP
\‘

FIGURE 3.2-12.

WRITE

C0-7.7) | ENB-1-RXS

9

\_/ - A
- -7.P
INPUT : PSI1-DATA(O .P) PsI
SWITCH é
- RECEIVERS
>
o
1
~
B
DATA PATH
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SEL-STI «
7

SEL-TMO «

«
n

I

SEL-TM] («

7

SLD-WRT-LAT « ' I « I l I I
% % « «

5
$LD;::::LAY| l « ‘ l « I 1__%_J l « ! I « l [_§§_J ]_______a_

(av )" 7 )i

“$LD-WRT-LAT(27T) = (SEL-STIEQSTO) + (SEL-TMIEQTMO - TMO)

"*SLD-WRT-LAT(4T) = (SEL-STIEQSTO » SEL-STO) + (SEL-TMIEQTMO - SEL *TMO)

FIGURE 3.2-13. LOAD WRITE LATCH TIMING (27/4T7)
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SEL-TMIEQTMO20

SEL-TMO

D2T-TMO-INHWRT

ACTIVE~PORT-2T

ACTIVE-PORT-2

T D2T-TMO-LOAD

SEL-STIEQSTO2

0 DAT-STO-LOAD

™
D2T-STO-LOAD | \LD-WRT-LAT

[/

o

>

SEL-STIEQSTOS

Y

SEL-STO D2T-NOSTOTMO
SEL-STOTMO

—

SEL-TMO = R-WRT -MODE '—~\\\ SLD-WRT-LAT

FWRT-LAT-FILED10O

“\ABORT-TRM-TXRX

SLO-WRT-LAT

FWRT-LAT-FILED

= |
$OAU_—____
FWRT-SYNC

FWRT-LAT-FILED
o

D RO n

FWRT-ABORT WRT-A T ) CLR-WRT-LAT-FILED
ENRTABORY e 1o ) FWRI-ABORT10) /

FWRT-ABORT

CLEAR

FWRT-ABORT

y g
SEL-TMO N\\\ LET-10M-TRM

R-WRT-MODE

FRD-REG-TRM FWRT-ABORY

FWRT-REG-ACK FWRT-LAT-FILED

™ r RTABORT
FIMI \ _RST-w R
CLEAR

$SFREE-RUN >Cl

FWRT-SYNC

) "\ WILBE-REGNOTFUL SET-RD-SYNC
FWRT-REG-FUL L7,/ k\\\ WRT-SYNC-KRL

N\\\gst-wnr-svnc

FWRT-SYNC

FIGURE 3.2-14. WRITE LATCH CONTROL
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FWRT-SYNC

£ SET-WT-REG-FU
ififf_gj A 44 FWRT-REG-FUL
RABS-WRT WRT-SECT-PAD| / $DAU |
FPAD _/// = — REQANDSHUNT| REGFUL
X
FRD-CTL1
\ RST-WT-REG-FUL
FXFRREQ SB-RESET /
(se ) FWRT-REG-ACK =
R-RD-WRAP-MODE

sB | FWRT-REG-ACK

R-WRT-MODE FWRT-REG-TRM
FWRT-REG-TRM

IMS S0 ( SB)FWRT—REG—ACK WRT-REQ-RESET
RABS -WRT WRT-ABS-SECT

OWT-SEC-TRM
—

JMS40

FPAD
$DAU

FIGURE 3.2.15. WRITE REGISTER CONTROL

3.2.7.14 TERMINATE

Refer to Figure 3.2-16.

The Write Latch Terminate flip-flop
system terminates (SEL-TMIEQTM020) normal

(FWRT-LAT-TRM) will set when the
data transfers to the device as

the last byte is loaded into the Write Latch ($SLD-WRT-LAT). Then Write
Sync (FWRT-SYNC) comes true to load the last byte

and sets FWRT-REG-FUL

last byte fills out the current sector,
these two signals

and Write Register

to generate ACT-WT-TRM.

board and indicates that the system terminated on

padding is not

needed.

FWRT-REG-FU

FWRT-LAT-TRM —\\\sgr_wnec-tnu

DWT-SEC-TRd

S8 v

into the Write Register

Terminate (FWRT-REG-TRM). If the
DWT-SEC~-TRM will be ANDed with
This signal is sent to the SB

a sector boundary and

FWRT-LAT-TRM

FWRT-SYNC L/// RT-REG-TR
$DAU
=22 le
WRT-REQ-RESET|,
REQAND SHUNT | gp
FXFRREQ  FXFRREQ (:;;)
ACTWT-REG-TRM ACT-WT-REG-TRN{EEE)
R-RD-WRAP-MODE
SLD-WRT-LAT
SELTMIEQTMO020 SET-WI-LATTRM
FXFRRE s
g N\\\ REQANDSHUNT ,,// F“
R—snuur-mooEL/// '] J
$DAU c
FWRT-SYNC |y
FIGURE 3.2-16. TERMINATE
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3.3 MICROPROCESSOR (MP)

3.3.1 MP OVERVIEW

The MP board contains the microprocessor and its associated logic as well
as some spillover of the sequencer logic. Only the microprocessor and its
associated logic will be discussed here, the sequencer logic will be
discussed under the SE board paragraphs.

The microprocessor board is the control element of the DAU subsystem. It
controls the random logic contained on the other DAU boards (CI, SE, SB
and ED) by establishing the proper conditions and states,

initiating
brocesses, and monitoring the progress and results of

those processes .

In order to exert this control, the microprocessor has the ability to read
and write various registers on each board. In addition, the
microprocessor can read and write various registers and peripherals on its
own board. This includes the following:

o 32K of RAM for operational firmware and data
o] 16K of EPROM for T&D and maintenance firmware

o Intel 8253 Programmable Interval Timer (PIT)

to provide various
timing signals

(o] Intel 8259 Programmable Interrupt Controller (PIC)

0 Intel 8251A Programmable Communication Interface (USART)

to
‘communicate with a terminal

for maintenance and testing purposes
o A 16-bit register, the contents of which are compared with the
address bus in order to provide a “stop on address” signal
}.3.2 MP BLOCK DIAGRAM

Refer to Figure 3 .3-1.

This figure is a Major Block Diagram of the microprocessor board (MP).
This figure consists of the microprocessor chip and its supporting chips.
Ttese chips are discussed in the following paragraphs.

3.3.3 MP ADDRESSING

Although the 8088 microprocessor is capable of addressing up to one
megabyte, the addressing scheme is simplified by restricting it to 64K.
This means that the upper four address bits (A16-A19) are not used.

BULL CONFIDENTIAL
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TABLE 3.3-1.

MSB LSB
0 7 8 15 HEX
0000 0000 0000 0000 0000
10 T0 10
0111 1111 1111 1111 7FFF
1000 0000 0000 0000 8000
T0 T0 10
1010 1111 1111 1111 AFFF
1011 0000 0000 0000 BooO
T0 T0 T0
1011 0000 0001 1111 BO1F
1011 0000 0010 0000 Bo2o
10 T0 T0
1011 0000 0011 1111 BO3F
1011 o000 0100 0000 Bo4o0
T0 10 10
1011 0000 0101 1111 BOSF
1011 0000 0110 0000 Bo60O
10 T0 T0
1011 0000 0111 1111 BO7F
1011 0000 1000 0000 8080
. 10 T0 TO
1011 0000 1001 1111 BO9F
1011 0000 1010 0000 BoAO
T0 T0 T0
1011 0000 1011 1111 BOBF
1011 0000 1100 0000 BoCoO
TO0 10 T0
1011 0000 1111 1111 BOFF
1011 0001 0000 0000 B100O
10 70 T0
1011 0001 0001 1111 B1l1lF
1011 0001 0010 0000 B120
T0 10 T0
1011 1111 1111 1111 BFFF
1100 0000 0000 0000 Cooo
T0 T0 T0
1111 1111 1111 1111 FFFF

& PROPRIETARY

MICROPROCESSOR ADDRESS SPACE

CONTENTS

32K RAM

Cl-0 BOARD

Ci-1 BOARD

SE BOARD

SEQUENCER

LOGIC ON
MP BOARD

SB BOARD

El BOARD

MP BOARD

16K EPROM
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TO SEQUENCER
LOGIC ON MP
BOARD

Neowena ,occces
-

SEQUENCER LOGIC,
MP BOARD

1
:; : o | mp-ADECOO
{s 1| mMp-ADECOL
] 8282 2| MP-ADECO2
N atcn | DHPADRG=T Sio 1 3| MP-ADECO3
9 2 4 | MP-ADECO4
M ‘ s | MP-ADECOS
7 JoseL-1ro 6 | MP-ADECOS
- 7 | MP-ADECO7
BOARD —ORIVER— . I —b>o— | .
STE — ] 8282 5 —{>0— 2
— LATCH| DMPADRB-}5 ; —{>0 3| DSEL-SEL
14.7 MHZ 4| DSEL-BB
2
ogc 1 So— I ¢ S|DSEL-ED
0 ]
8284 BOARD TESTER
CLOCK GEN - DMPADR-(11-15,P)
Y ADDRESS AND PARITY
CLK RE b DRIVER | TO OTHER BOARDS
RE GEN.
" | 8282 ﬁm}I}DECODE
8088 —] LATCH = LOGIC
Mp Ve o oy
SELECTS FOR 13-15 B
A
80A%D ol uoLn roo1s ON BOARD USE TOAT
TESTER
b HI _ Zé:é;ZTE———»LEEErenl 16KX1 16KX1 16KX Y
LeveL —T{MN/Mx ADO-7 > RAM [° ® *lRAM RAM K L
INT  NMI ‘1 0 L P PARITY [BUFFER -
t — FRAM-ERR v L1 1 1 .
/| FROM-ERR 8286 i
FROM 8259 FMP-ADDR-ERR K::> XCVR <fi> DATA BUS1-0-7 ]
e 3 T N R U
r
NP OTATSS ~, DATA+PARITY
FRAM-ERR | PARITY 16KX1 16KX 1 16KX 1 DRlvsﬂJL—Jl————————JLZ TO OTHER BOARDS
- 2 @ © bl
CHECK RAM RAM RAM > DAU MAINTENANCE INTERFACE
o L P ‘J LEDS (SEE PARAGRAPH 3.3.4.7)
4KX8 4KX8 8253 8251A iAI
PIT USART
BOARD — Y TP | — EPROM  |EPROM Pux. REG”srArus-ﬂlsrAtus—4
TESTER <::::::<1wo>
vree] e U g ¢ U U
- < ]
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DATA BUS0-0-7

]

4KX8

4KX8

EPROM

8259
PIC

EPROM

TO MP 8088

A

FIGURE 3.3-1.

vl

[ m |
[rReG-0 | | REG-1 |

i

DMPADRO-15

MP BOARD MAJOR BLOCK DIAGRAM
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A breakdown of the

3.3-1.

Note that each board has 32

all 32 are used on every board.

A breakdown of the microprocessor

TABLE 3.3-2.

mMSB LS8
0 7 8 15 HEX

1011 0001 0000 0000 B100
1011 0001 0000 0001 B101
1011 0001 0000 0010 B102
1011 0001 0000 0011 B103

1011 0001 0000 0100 Bl104
1011 0001 0000 0101 B105

i0ll 0001 0000 0110 B106
1011 0001 0000 0111 B107

1011 0001 0000 1000 B108
1011 0001 0000 1001 B109

1011 0001 0000 1010 B10OA
1011 0001 0000 1011 B108B

1011 0001 0000 1100 B10C

microprocessor’s
addressable

64K address space is shown in Table

locations, although

MICROPROCESSOR BOARD ADDRESSES

CONTENTS
PROGRAMMABLE

INTERVAL
TIMER

PROGRAMMABLE
INTERRUPT CONTROLLER
USART
ADDRESS UPPER
ADDRESS LOWER
STATUS 0 (READ ONLY)
UNUSED

AUXILIARY REG (WRITE)

not

board addresses is shown in Table 3.3-2.

1011 0001 0000 1101 B10D UNUSED

1011 0001 0000 1110 B10OE STATUS 1

1011 0001 0000 1111 B1OF UNUSED
3.3.3.1 STATUS 0 (READ ONLY) (B10A)

0 1 2 3 4 5 6 7
b b ———— e e ———— o fm————— bmm————— b ———— +
| MP | BOARD | RAM | EPROM |MP ADDR| BIT 0 | | BOARD |
| TIMEOUT| PARITY| PARITY| PARITY|PARITY | OF AUX| ----- | TEST |
| | ERROR | ERROR | ERROR | ERROR | REG | I |
- $mm———— e m - o m————— o m e ———— mm b —— +

THEORY OF OPERATION
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Bit

0 Microprocessor time-out. This bit is set if firmware hangs up .
Cleared by programming the interval timer.

1 Board parity error. Is set when bad data 15 received from any of
the other DAU boards. It is cleared by a total or partial clear.

2 RAM parity error. Cleared by a total or partial clear.

3 ROM parity error. Cleared by a total or partial clear.

4 Microprocessor address parity error. The parity check is located
on the SE board.

5 Bit 0 of the Auxiliary Registerﬂ Used for writing bad parity.

6 Not used.

7 Board Test. Equals 1 when in the board tester.

AUXILIARY REGISTER (WRITE ONLY) (B10C)
0 1 2 3 4 5 6 7
+—————— o ——— o —— o m——— o m————— tmm————— $—————— tmm—————— +
| SET | GREEN | RED | RED | RED | RED | RED | RED |
| BAD | LED | LED | LED | LED | LED | LED | LED | -
| PARITY] | | | | I l |
e ————— Fmm————— b —— e ——— b ———— pm——————— $m—————— b ——— +
Bit

0 I1f set, bad parity will be generated (for testing purposes).

1 Connected to a green LED on the free edge of the board. The LED
lights after firmware is loaded into the microprocessor. It will
be turned off with any hardware error.

2 Connected to a red LED on the free edge of the board. This LED

will light if a hardware error is detected on the ClI 0 board

during self—-test.

It will also light when a seek command is being
executed by the DAU.
Connected to a red LED on the free edge of the board. This LED
will light if a hardware error is detected on the CI 1 board

during self-test. It will also light when a write command is
being executed by the DAU.

Connected to a red LED on the free edge of the board. This LED
will light if a hardware error is detected on the store board

during self-test. It will also light when a read command is being
executed by the DAU.
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5 Connected to a red LED on the free edge of the board. This LED
will light if a hardware error is detected on the sequencer board

during self-test. It will also light when a read—-alter—-rewrite

command is being executed by the DAU.

6 Connected to a red LED on the free edge of the board. This LED
will light if a hardware error is detected on the
board during self-test. It will also
command is sent or received by the DAU.

microprocessor
light when a terminate

7 Connected to a red LED on the free edge of the board. This LED
will light if a hardware error is detected on the EDAC (EI) board
during self-test. It will also light when an initiate command is

received by the DAU.

NOTE : The above register is loaded by self-test firmware to
indicate failures. All lights come on near the beginning
of self-test and are used as a lamp check. The Auxiliary
Register is reset by the same signal that resets the
microprocessor. It is also set by the firmware to indicate
the type of command being executed by the DAU. When
firmware is in the idle loop the red lights will be

counting (lights incremented in sequence) to indicate the
idle loop.

3.3.3 STATUS 1 (0-3 READ, 4-7 WRITE) (B10OE)

0 1 2 3 4 5 6 7

tem———— t—————— $mm————— e ——— +-—————— t——_————— o ———— +-—————— +
| TIMER | USART | CI o | CI 1 | | PWR | ENB | CLEAR |
| 0 | TX RX |ONLINE |ONLINE | —---- | ON | PIT | ADD |
| | READY | | | | MCLR | | comp |
e e o b e ————— o ———— t———_——— tm————— +

0 Runout of timer #0 of the interval timer.

1 USART transmit or receive ready. (the OR of
from the Maintenance Terminal).

these two signals
2 Interface board CI-0 online.

3 Interface board CI-1 online.

4 Not used.

5 Power on Master Clear.

6 Enable Programmable Interval Timer.

7 Clear address compare flip-flop.

3.3.3.4 ADDRESS BUSES

The address bus is latched via three 8282 octal latches. Two of the

8282's are connected to the microprocessor’s address and data bus
(ADO-7). The outputs of one are used on the MP board for addressing
components on the board, RAM, EPROM, etc. The outputs of the other are
split. Five of the bits are sent to the backpanel to be used to address
various components on other boards. These are address bits 11 through
15. The other three bits (8-10) go to the board select logic, along with

eight bits from the third 8282, connected to the micro’s address bus.
Using these 11 bits, the board select logic provides a unique board select
signal for each of the other boards, plus a select signal for the
sequencer logic located on the MP board.

3.3.3.5 DATA BUSES

There are two separate bidirectional data buses. Both are buffered and
driven by an 8286 octal transceiver connected to the micro’s address and
data lines. The two buses are used primarily for loading purposes.

3.3.3.5.1 DATA BUS o0: This bus contains various micro peripherals and

logic, which is basically everything except RAM and data to and from other
boards.

3.3.3.5.2 DATA BUS 1: This bus handles RAM and data to and from the

other boards. It also has parity associated with it, since a parity check
is provided for both RAM and board data.

3.3.4 MP HARDWARE DESCRIPTION

This section separates the hardware of the MP board into different areas
and describes the functionality and implementation of each.

3.3.4.1 8088 MICROPROCESSOR

The best way to describe the implementation of the microprocessor is to
list the inputs and outputs of the chip. They are as follows:

3.3.4.1.1 INPUTS

- PIN NAME

CONNECTED TO:

17 NMI A gate which OR’s together RAM, EPROM, and
microprocessor address parity errors. Signal will
stay high until error flip-flops are cleared.
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-

21

22

23

3.4.1 2
PIN

2-8,39

25

26

27

28

INTR

CLK

RESET

READY

ATEST

HOLD

MN /7 AMX

QUTPUTS

NAME

A8-15

AINTA

ALE
~DEN

DT/AR

10/AM

CONNECTED TO:

The INT output of 8259 PIC.

The CLK output of the 8284 clock generator. Clock
is provided to the 8284 via a 14.745600 megahertz

oscillator. The CLK output of the 8284 is one—-third
(1/3) of its input frequency.

A signal which will go high during power up, when a
command reset (RSO) is received from the PSI
interface or when the Reset Switch on the Operator
Panel is activated and the Online/Offline Switch is
in the Offline position. Any of these actions

causes the microprocessor to fetch and execute the
self-tests.

The output of the 8284 clock

generator, but the
inputs to the 8284 are not used.

Ground.

A free-edge pin so that
put in HOLD for board test
resistor and inverter
input otherwise.

the microprocessor can be
purposes. A pull-up
provide a low level to this

+5V to establish minimum mode. Minimum mode refers

to the fact that there is only one processor, hence
there is no bus contention.

CONNECTED TO:

One octal latch, and tristated with a driver of
free—-edge inputs. This allows the board tester to
control these lines.

The 8259 Interrupt Controller. It is also used in

logic to enable Data Bus O.
Logic used to latch the 8282 octal latches.
Logic used to enable the 8286 data bus

transceivers.

Logic to determine the direction of data flow
through the 8286 bus transceivers.

Not connected.

REV D

PIN NAME CONNECTED TO:

29 AWR All logic and operipherals that the microprocessor
has the capability of writing to. Also tristated
with a free-edge input so that the board tester can
control this line.

30 HLDA Not connected.

32 ARD All logic and peripherals that the microprocessor
has the <capability of reading. Also tristated with
a free—-edge input so that the board tester can
control this line.

34 ASSO Not connected.

35-38 Al16-19 Not connected.

3.3.4.1.3 BIDIRECTIONAL

PIN NAME CONNECTED TO:

9-16 A0-7 1. Two 8282 latches to demultiplex the address
2 Two 8286 transceivers to send and receive data
3. 8216 driver/receivers for board test purposes
4., A parity generate chip

3.3.4.2 RAMS

The MP board contains 32,768 bytes of RAM,
Eight bits are data and one
eighteen 16K X 1 RAM chips.
states are required.

organized as 32K X 9 bits.
parity bit. This is implemented using
Access times are fast enough so that no wait
Bits 2 through 15 of the microprocessor’s address go
to all RAM chips. Bit 1 selects between the two sets of nine 16K X 1
chips. Parity is generated for each write to RAM, and is checked whenever
information is read from RAM. A flip-flop (FRAM-ERR) is set and the

signal NMI is generated in the event of a parity error. This flip—-flop is
reset by a total or partial clear.

3.3.4.3 EPROMS

The MP board contains 16,384 bytes of EPROM, organized as 16K X 9. Eight
bits are data and one bit is parity. This is implemented using five 4K X
8 EPROM chips. Access times are fast enough so that no wait states are
required. Four chips are used for data and the fifth is used for parity.
Bits 4 through

15 of the microprocessor’'s address go to all EPROM chips.
Bits 2 and 3 select between the four 4K X 8 chips.

Parity is
the fifth EPROM.

stored in
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Four parity bits are stored in each byte, one bit for each of the other
four EPROMs. Bits 4 through 15 of the microprocessor’s address go to this
EPROM chip, and bits 2 and 3 control a separate switch to select the
proper bit. Parity is checked whenever information is read from EPROM. A
flip-flop (FROM-ERR) is set and a signal NMI is generated in the event of
a parity error. This flip-flop is reset by a total or partial clear.

3.3.4.4 BOARD INPUT/QUTPUT DATA
Data to and from other boards is handled via Data Bus 1.

For data from the MP board to other boards, a driver is provided to send

the bits to the backpanel. This driver is always enabled, as is a parity
generator on this data. Other boards will only recognize this data if
they have the proper board select, and if a write operation is in
progress. A write operation is signaled by the presence of a write strobe

(MPWR) .

Data coming to the MP board from other boards is put
switch, and is buffered to Data Bus 1. Six of the switch positions are
used, one for each of the other five boards and one for the sequencer
logic on the MP board. Farity is checked whenever data is read. 1f an
error occurred, a flip-flop (FBD-ERR) is set. This error signal is sent
to the store board to generate a hardware error. The parity error
flip-flop is reset by a total or partial clear.

through a 1 of 8

3.3.4.5 8253 INTERVAL TIMER

The Interval Timer has three separate programmable counters, O through 2.
The gate input of each is strapped to +5V. The CLK input of timers O and
1 come from a 4-bit counter which divides down the basic microprocessor
clock. The runout of timer 0 sets bit 0O of status byte 1. In response,
firmware updates the Time-In Q counters and RPS window. Also, runout of
this counter increments the Auxiliary Register. This causes the red LEDs
to increment, indicating that the DAU is in the Idle Loop.

The output of timer 1 is applied to the USART Transmitter/Receiver Clock
inputs to control the rate which the USART character is transferred.

Timer 2 1s used as an integrity check on the microprocessor. Its input is
the output of timer 0, and its output is referred to as "microprocessor
time out”. Firmware loads this counter such that it will runout in
approximately 0.45 seconds if firmware does not periodically reload it.
Normally, it is reloaded periodically and should never runout unless

firmware hangs up. Runout of this timer sets bit 0 in status byte 0 and
drops OPl to the PSIA and OPO to the devices.

REV D

3.3.4.6 8259 INTERRUPT CONTROLLER

The INT output of the Interrupt Controller is tied directly to the INTR
input of the microprocessor. The interrupt request inputs are as follows:

0 Address compare. This input will be latched high when the

microprocessor reads or writes to the address contained in the
address registers. )

1 Hard errors from the SB, SE, CI, EI or MP boards.

2 Soft errors from the SE or SB boards.

3 Sequencer halt.

4 Hard errors from the SB, EI, cI, or MP boards of MP time-out
(timer #2).

5 Hard or soft errors from the SE board.

6 Interface input FIFO output ready. This interrupt is the “"OR” of
these two signals from each interface board.
7 Timer interrupt, from timer 0 of the Interval Timer.

Interrupts 0 through 3 are dedicated to T&D functions.
Interrupts 4 through 7 are dedicated to firmware functions.
During normal operation firmware masks all interrupts except interrupt 4.

3.3.4.7 8251A USART (DAU MAINTENANCE INTERFACE)

The purpose of the USART is to provide visibility to the DAU via a

terminal. The drivers and receivers associated with the USART were chosen
for compatibility with the RS 423 interface standard. The USART outputs
and inputs are connected to the left free edge. A -5V adapter is required

for these drivers and receivers. The qdapter is supplied as a special
tool and plugs into the left free edge of the MP board. A description and

instructions for use of this adapter is covered on drawing 58014349
(located behind the PARTS TAB).

3.3.4.8 ADDRESS COMPARE

Two 8-bit registers <called “Address Registers” are provided for the
microprocessor to write to. They are labeled REG-0 and REG-1. The
contents of these registers are compared with the microprocessor’s address
bus. When the microprocessor reads or writes to the address contained in
the address registers, the EQUAL flip-flop is set. The output of this
flip—-flop is sent to interrupt request 0 of the 8259 Interrupt Controller

and to the SB board. It is used to stop the microprocessor and/or the DAU
at a predetermined address.

The flip—-flop is cleared by a total or partial clear, or by writing a Hex
01 to status byte 1 (address B1OE).
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3.3.4.9 BOARD TESTER LOGIC

Additional logic was included on the MP board to make
the board tester. Drivers and receivers were placed so that the board
tester can have access to the microprocessor’s address and data buses via
the free edge of the board. Various control lines are also brought in
from the free edge in order to place the microprocessor in hold. The

board tester is also given control of the RD, WR, DEN, DT/R and ALE
outputs of the microprocessor.

it easier to test on

3.3.4.10 OPERATOR PANEL INTERFACE

The following signals are exchanged between the MP board and the

Operator
Panel:

0 Power confidence (POWER-CONF*100) is received from the Operator
Panel and is used to reset the microprocessor, the USART, and the
Auxiliary Register during power—-up or in case of a power failure.

o Two signals are received (CIO-ON-LINE®*000 and CI1-ON-LINE®*000) one
from each of two external switches, to signal on or off line.

They can be read out in status byte 1 (address B10OE).
routed through the CI boards,
if the corresponding CI board
the switch.

These signals are
so that the microprocessor will read a zero

is not present, regardless of the state of

o The above two signals are “ORed” together and firmware can then
put the DAU on line by setting an online flip-flop on the specific
Cl board.

o A signal is provided to the Operator Panel to indicate a
nonoperational or trouble condition. This signal is bit 1 of the

Auxiliary Register “ANDed” with the DAU-ON-LINE signal. This

results in an output signal (DAU-TROUBLE*®*000) that indicates when
there is trouble in an online DAU.

0 One signal is received from an external pushbutton
(SWITCH-RESET*000) and .is used to perform a
the Online/Offline switch
Offline.

switch
reset and branch when
is online or execute the self-tests when

CAUTION

ACTUATION OF THE PUSHBUTTON WItLL DESTROY FIRMWARE WHEN
THE DAU IS OFFLINE.

REV D
3.4 STORE BOARD (SB)

3.4.1 SB OVERVIEW

Refer to the Block Diagram, Figure 3.4-1.

The basic function of the store board is speed matching between the PSIA
and the disk device. This function is accomplished mainly by a buffer

memory (called the store) made up of RAM chips. The store size is 16K
bytes (nine 16K X 1 RAM chips).

There are two modes of addressing, absolute and sector. The absolute mode

is used for formatting, loading firmware, transferring extended status,
etc.

The sector mode is wused for storing sectors of data to be written to or
read from the device. Refer to the Store Maps, Figures 3-20 and 3-21.
Note that the read or write is always referenced to the system. In write
sector mode, except for T&D, the store contains no EDAC bytes.

The EDAC bytes are appended to the data via the EDAC board, El, under
control of the sequencer board, SE. In"the 4XX or 500 modes, the sector
size is 288 bytes, (4.5 bytes X 64 words). In the 501/509 modes, the

sector size is 2304 bytes, (4.5 bytes X 512 words) of data.
sector address decode of the store,
word sectors.

To facilitate
the 512 word mode consists of eight 64

In read sector mode, the EDAC bytes from the device are also read into the
store. In the 500 read mode, the sector size is 288 bytes of data
followed by six bytes of EDAC for a total of 294 bytes. In the 4XX read
mode, the sector size is 288 bytes of data followed by seven bytes of EDAC

for a total of 295 bytes. In this mode, the sync byte is contained in the
EDAC generation and it is shunted to the Sync Byte Register on this
board. The sync byte is used by the microprocessor in EDAC correction for
the final EDAC check. In the 501 read mode, the sector size is
implemented as eight 64 word sectors followed by six EDAC bytes to the

last sector of data for a total of 2310 bytes, (8 X 4.5 X 64). The EDAC
bytes are not sent to the system on normal read op—-codes.

op-codes are provided for test and diagnostics to
EDAC bytes.

Special
receive the data and the

3.4.2 SB BLOCK DIAGRAM

Refer to Figure 3.4-1.

This figure is a Major Block Diagram of the SB board. It shows the data
flow through the SB board as well as the major control logic. Basic data
flow is from the Buffer Switch, through the A-register into memory or
store. Data from memory go to the Read Register and on to the B-register.
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HEX DEC HEX DEC HEX DEC HEX DEC
000 000 ——"——_—"——] 1000 4096 _‘—_‘—_—] 2000 8192 __'—_’_——-’I 3000 12284 _—————]
| 1 DATA | 9 DATA | 17 DATA I 25 DATA
11F 287 | 111F 4383 i 211F 8479 | 311F 12571 1 |
120 288 | 1 1120 438e | R 2120 8480 | 1 3120 12572 | EDAC !
125 293 | 6 EDAC | 1125 4389 | 6 EDAC | 2125 848s | & EDAC | 3125 12577 | 6 |
126 294 U 1_EDAC ) 1126 4390 ! 1_EDAC N 2126 8486 ! 1_EDAC . 3126 12578 ! 1 _EDAC
127 295 [’/////////////7] 1127 4391 E777777777777771 2127 8487 V77777777777771 3127 12579 577777777777777’
1FF 511 ‘ 11FF 4607 21FF 8703 31FF 12799 'ﬂﬂ[wq
200 512 1200 4608 2200 8704 ' 3200 12800
2 DATA 10 DATA 18 DATA 26 DATA
31F 799 | | 131F 4895 | I 231F 8991 I Tl 331F 13087 | 1'
320 800 1320 4896 2320 8992 3320 13088
6 EDAC 6 EDAC 6 EDAC 6 EDAC
325 805 L | 1325 4901 L B 2325 8997 l 3325 13093 I
326 806 1 _EDAC 1326 4902 1_EDAC | 2326 8998 | 1_EDAC 3326 13094 1_EDAC
327 807 1327 4903 2327 8999 /777777777, 3327 13095
3FF 1023 ///////////4,] 13FF $119 LSS 23FF 9215 ;:z: 13311
400 1024 1400 5120 2400 9216 13312
| 3 DATA l 11 DATA 19 DATA | 27 DATA
S1F 131 | 151F sa07 | 251F 9503 351F 13599 |
0
s amy | seac | 1525 sa1s | s Eoac 2325 o300 | 6 EDAC 3325 1re0s | e Evac
526 1318 I _EDAC | 1526 se14 | 1 _EDAC — 2526 9510 1 _EDAC 3526 13606 | 1_EDAC ]
527 1319 1527 5415 V777777777777, 2527 9511 3527 13607
SFF 1535 1SFF 5631 LSS A 2SFF 9727 35FF 13823 l
600 1536 | I 1600 5632 2600 9728 | 3600 13824
4 DATA | A I 0 DATA l 28 DATA
71F 1823 | 0 ] 171F 5919 12 DATA f 271F 10015 20 DAT ‘! 371F 14111 } !
720 1824 | o 1720 s920 | K 2720 10016 | 3720 14112
725 1829 | 6 EDAC | 1725 5925 | 6 EDAC | 2725 10021 | 6 EDAC | 3725 14117 | 6 EDAC |
726 1830 | 1_EDAC 1726 5926 | 1_EDAC 2726 10022 | 1_EDAC 3726 14118 | 1 _EDAC
727 1831 V777777/'7777771 1727 5927 E77777777/7777/“i 2727 10023 W77777777777/'7] 3727 14119 V77777777777771
TFF 2047 Id'/‘ééééi/‘ééééé % :l| 17FF 6143 //////////////,1 27FF 10239 P&/_ﬁéﬁ/ﬁ/_é&_/‘:‘ 37FF 14335 F’_/Aééﬂ_/&é@4
800 2048 1800 6144 | I 2800 10240 3800 14336
91F 2335 I > DatA l F | 13 DATA ' 91F 105 l 71 DATA I 391F 14623 l 29 DATA |
! 191 6431 , 291 0527 , .
920 2336 1 1920 6432 1 2920 10528 R 3920 14624 1
925 2341 L 6 EDAC i 1925 6437 ! 6 EDAC | 2925 10533 ! | 3925 14629 ! 6 EDAC |
926 2342 | 1 EDAC 1 1926 6438 [ 1_EDAC 1 2926 10534 ) 3926 14630 1_EDAC |
927 2343 [;//// ST 1927 6439 K///////////_/ 2927 10535 3927 14631
9FF 2559 Ij////////////‘i 19FF 6655 29FF 10751 39FF xaea;
A00 2560 1A00 6656 2A00 10752 3A00 1484
AT i a AT 30 DATA
B1F 2847 | & DATA i 1B1F 6943 | 14 DATA | 2B1F 11039 | 22 DATA | 3B1F 15059
B20 2848 | 1820 6944 2B20 11040 3820 15060 |
B2S 2853 | 6 EDAC I 1825 6949 | & EDAC | 2825 11045 | 6 EDAC | 3825 15065 | 6 EDAC |
B26 2856 ) 1 _EDAC | 1B26 6950 1 EDAC 2826 11046 1 _EDAC 3826 15066 ' 1 _EDAC |
827 2855 V7707777777777 1B27 6951 2B27 11047 3827 15067
BFF 3071 1BFF 7167 WM 2BFF 11263 3BFF 15359
coo 3072 | l 1Co0 7168 | l 2co0 11264 | I 3C00 15360 | l
7 DATA AT ATA 31 DATA
O1F 3359 ° I 1D1F 7455 | 15 DATA ! 2D1F 11551 0 i IDIF 15647 1
029 3360 | ol 1020 7456 | L 2020 11552 | 1 3020 15648 | EDAC 1
D2s 3365 | 6 EDAC | 1025 7461 | 6 EDAC | 2025 11557 | 6 EDAC | 3025 15653 | 6 |
D26 3366 | 1 EDAC ) 1026 7462 | 1 A ! 2026 11558 | A ) 3D26 15654 | -
D27 3367 [777777777777771 1027 7463 VW?%}777771 2027 11559 VW%W?] 3027 15655 VWW
DFF 3583 1DFF 7679 20FF 11778 3DFF 15871
€00 3584 1€00 7680 2€00 11776 3E00 15872
8 DATA 6 DATA 24 DATA 32 DATA
F1F 3871 [ | 1F1F 7967 L ! I 2F1F 12063 I I 3F1F 16114 [ '
F20 3872 1F20 7968 2F20 12064 3F20 16115
Fas yary | 6 EDAC ]. Fae rars | 6 epac | e 120es | 6 EDAC | | 6 EDAC |

1 . 3F2s 16120 )
F26 3878 | 1F26 7974 | 2F26 12070 , IF26 16121 | ] Eee% ]
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CLOCK CONTROL AND DISTRIBUTION

REV D

1f the DAU is in a read operation data from the B-register is gated to the
Cl board. If the DAU is in a write operation data from the B-register is
routed to the SE and EI boards. If the DAU is in either the correction

mode or the recirculate mode the data from the B-register goes to the EIl
board.

Data from the Buffer Switch, A-register and B-register may also be read

by
the microprocessor.

3.4.3 CLOCK CONTROL AND DISTRIBUTION

Refer to Figure 3.4-4.

The clock control and distribution logic consists of two oscillators, one

normal and one high speed, and various control logic. The normal
oscillator is 10.10 megahertz and produces a clock approximately every 100
nanoseconds. This clock is used for normal operations. The high speed
oscillator is 10.63 megahertz and is used for marginal testing. The high
speed oscillator is enabled by installing a jumper on the backpanel to
ground. This jumper disables the output of the normal oscillator.

The enabled oscillator output is ANDed with EN-CLK and D-SUB-CLK to
produce the free-running clock $FRE-RUN. $SFRE-RUN is routed to the MP and
SE boards and to the DAU clock gates $DAU. $DAU is routed to the MP, SE,
ElI and CI boards. Notice that the clock for the store board, $FRE-RUN and

$DAU, are also routed through the backpanel. This

is done to eliminate
clock skew.

$DAU is controlled by either RUN-STEP or ENAB-CLK. These signals are
generated by FSTEP OR CSTOP. The FSTEP flip—flop is set by a step clock
command (CMDSTPCLK) and write control signal FWRT-KRL1 . CSTOP is the
result of a Mode 2 Register command and some condition. RSTOP is a stop
clock command in the Mode 2 Register. The STOP-CLK signal is the result
of Mode 2 Register command to stop on a soft error (RSER-STOP) and a soft
error (D-SOFT-ERR) or a command to stop on any hard error (RHER-STOP) and
any hard error (D-ANY-HARD-ERR) or an address compare stop command
(RADRCMPSTP) an address compare by the MP board (MP-ADR-CMP) and either a
Read or Write Control signal (FRD-KRL1 or FWRT-KRL1). The STOP-CLK signal
is routed to the SE board to reset the Data Control Strobe

flip-flop
(DCS)H . This stops data transfers from the device.

3.4.4 COMMAND DECODE

Refer to Figure 3.4-5.

The SB board has been designed with numerous registers and counters which
the microprocessor has the ability to load and read back. In order to do
this the microprocessor address lines DMPADR-11 through DMPADR-15 are used

as inputs to three 1 of 8 select chips. The SB board selected signal
(DSEL-BB) is used to enable the chips.

BULL CONFIDENTIAL & PROPRIETARY
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The one of eight select chips decode the

which are used to control the setting of the various
flip-flops. This is shown in more detail in Table 3.4-1.
bits 08 through 10 are used to generate the board select

3.4.5 COMMAND SET

address lines into commands,
registers and control

Here

TABLE 3.4-1. SB BOARD REGISTER MAP

8 9 0 1 2 3 4 5 HEX WRITE

1 00 00 00O 80 A-REG 0-7,P

1 00 00 0 01 81

1 00 00010 82

1 00 00011 83 MODE 1 REG 0-7,P
1 00 00100 84 BFRFUL 0-4, DTA 3-7
1 00 00101 85 SET DEN 0-15
100 00110 86 SECTOR REQ

1 00 0 0 1 11 87 STEP DAU CLOCK
1 00 01000 88 XFER CNT 4-7

1 00 010001 89 Cl CLEAR

1 00 01010 8 A DAU CLEAR

1 00 01 011 8B PARTIAL CLEAR
100 01100 8C

100 01101 8D MODE 2 REG 0-7
100 01110 8E RESET DEN 8-15
100 01111 8F RESET DEN 0-7
1 0010000 90

100 10001 91 WRITE ADR 5-12
100 10010 92 WRITE ADR 0-4
100 10011 93 READ ADR 5-12
10010100 94 READ ADR 0-4

1 0010101 35 BYTE CNT 4-11
100 10110 96 BYTE CNT 0-3

1 0010111 97

THEORY OF OPERATION

READ

A-REG 0-7,P

B-REG 0-7,P

BUFFER SWITCH 0-7.,P
MODE 1 REG 0-7,P
BFRFUL 0-4, DTA 3-7
ERR REG 0-5, REV 6-7

SNAPSHOT 0-3, SEC CNT 4-7

MODE 2 REG 0-7
DEN 8-15
DEN 0-7

WRITE ADR 5-12

WRITE ADR 0-4/SEC16-1
READ ADR 5-12

READ ADR 0-4/SEC 16-1

signal DSEL-BB.

REV D

DMPADR(13-15)

SEL
1:8
|, CMD_LD AREG
—_ |, CMD_RD BREG
DSEL-B8
\ & D—
|, CMD-LDMODE L
DMPADR(II)C |, CMD_LD BFRFUL
R CMD SET DEN
DMPADR(12) -
D—
|, CMD_STP CLK
||F——d EN
OMPADR{11-15) DMPADR(13-15) SEL
MP 1:8
|, CMD_LD XFR REG
|, CMD_1FO CLR
— CMD DAU CLR
- o
) _OsEL-8B [::>o DSEL-BB 4 CMD PAR CLR
‘ } D
D—_—.
OMPADR(11) | cmo- Lomooe 2
DMPADR(12) -CMO_RST DENS
p»cmo RST DENA
DMPADR(13-15) SEL
1:8
DCMD LD WA LW
|, CMD LD wa uP
DSEL-BB |, CMD LD RA LW
| CMD LD RA uPp
[::X}DMPADR(II)O D cuo_ Lo eyt Lw
DMPADR(12) p-CMD LD BYT UP
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3.4.6 MODE REGISTERS AND CONTROL

Refer to Figure 3.4-6.

Signals MP-WR and MP-RD enter the SB board from the MP board and are wused
to clock their respective write (FWR) and read (FRD) flip-flops, provided
the microprocessor has selected the SB board (DSEL-BB). FWR and FRD are
synchronized by the free-running clock ($FRE-RUN) to produce control
signals FWRT-KRL1, FWRT-KRL2 and FRD-KRL1. These signals are used to gate
various control signals and data throughout the SB logic.

3.4.6.1 MODE 1 REGISTER (B083)

Refer to Figure 3.4-6.

Microprocessor data (DMPDTAO-DMPDTA7 and OMPDTAP) is loaded into the Mode
1 Register by a load mode 1 command (CMD-LDMODE1), write control 2
(FWRT-KRL2) and the free-running clock ($SFRE-RUN). The outputs of the
Mode 1 Register determines what mode the DAU is operating in. In other
words, the Mode 1 Register determines data flow in the DAU.

0 1 2 3 4 5 6 7
e g g g g g +
| | | | RECIRC.| CORR. | EDAC | MICRO | WRITE/ |
| DECODE4 | DECODE2 | DECODE1 | MODE | MODE | PLUS | MODE | READ |
o —— Fmm e o e o ————— e o —— tm——————— +

OECODE4, DECODE2 and DECODE1l bits are decoded as follows:

DECODE4 DECODE?2 CECODE1
0 0 0 64 Word Sector Mode
0 0 1 Absolute Mode
0 1 0 320 Word Sector Mode (Not Used)
1 0 0 512 Word Sector Mode
1 0 1 320 Word T&D (Not Used)
1 1 0 Cl Wrap Around

ABSOLUTE MODE: Addresses the store contiguously. The absolute write mode

is obtained by the hardware detecting the presence of the write/read mode
bit and the absolute mode decode.

REV D
SECTOR WORD MODE: Specifies the sector size.
RECIRCULATE MODE: In the 501 mode, the recirculation mode is set to
execute the read—-alter—-rewrite shuffle. In the 4 XX mode, the

recirculation mode is set to make the