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PREFACE

This manual is directed to users with a DEC/VAX or PDP-11 host system or ASCII
systems that are functionally similar to the DEC systems.

The operation and communication subjects that are covered in this volume are directed
towards a PS 300 System Manager. "System Manager" is defined as any programmer
who works directly with the PS 300 and is responsible for system configuration,
maintenance, and software or firmware installation.

Chapter | provides an overview of the hardware and hardware configuration of the
PS 300 system. This information is provided to serve as reference for hardware
particulars, to establish the hardware names, and to briefly describe what the PS5 300
system offers as options and devices.

Chapter 2 describes the distributed media that accompanies all PS 300 systems. This
media includes the PS 300 Graphics Firmware diskettes, other distributed system
diskettes (diagnostic and demonstration), and the PS 300 host-resident software
programs that are distributed on magtape. Included in the description are: the
organization of the CONFIG.DAT file, steps used to create the SITE.DAT file, and the
system management methods that are available to conform PS 300 firmware or
software to meet specific site needs.

Chapter 3 describes the power-up procedures for the PS 300 System. Included are
power-up steps for | and 2 drives, power-up confidence tests, and the definitions of the
confidence test alphanumeric characters.

Chapter 4 describes the data flow between the PS 300 and the host processor. The
initial sections of this chapter introduce some of the basic concepts of data
communication, particularly those directly affecting the interface to be set up between
the PS 300 Graphics System and the host computer. The standards for the EIA
RS-232-C and the EIA RS-449 interfaces are provided. The chapter follows data from
the host through the F:DEPACKET function in asynchronous, serial transmission.




Chapter 5 discusses internal data flow in the PS 300. This chapter includes block
diagrams of data flow through the PS 300 system function network, a description of
routing functions and routing bytes, the channels that data can be routed to, and the
terminal emulator network.

Chapter 6 provides a description of PS 300 system functions, definitions of "constant"
and "trigger" queues, and a list of data types for inter-function communication. The
bulk of the chapter is a System Function Summary. Each system function is shown with
a box diagram, acceptable data types for input and output ports, and a description of
each function.

Chapter 7 covers several loosely linked topics: initial data structures, name suffixing,
and system commands. Within these main topics are other important subtopics
including the system Configure mode and its uses. The first section of the chapter
describes a "runtime" system and the initial data structures that are built by the PS 300
firmware. The final sections discuss the Configure mode, name suffixing procedures,
and system commands.

Chapter 8 discusses the PS 300 Terminal Emulator (TE) from several perspectives,
including the ANSI modes and control sequences that are used to implement VT-100
terminal capabilities. Many of Digital Equipment Corporation private sequences and
modes for the VT-100 are referred to in the discussion. The chapter also discusses the
system functions that form the terminal emulator network and the three
communication modes of operation of the keyboard.

Chapter 9 provides a description of the system error messages that a programmer might
encounter during standard operation of the PS 300 Graphics System.

Chapter 10 provides a reference for the Utility Commands that are on the PS 300
Diagnostic Diskettes. The Utilities are used to back-up diskettes and for diskette file
management.

Chapter 11 contains the installation instructions for the PS 300 host-resident software
packages, the PSIOs and the GSRs. Installation instructions are provided for DEC
VAX/VMS and DEC PDP-11/RSX-11M systems.

Chapter 12 describes how the PS 300 Interactive Devices hardware works. Each section
contains the hardware functional description for a specific device, and information
related to maintaining these devices.

Chapter 13 describes the data formats expected by PS 300 system functions, in
particular, the command interpreter (CI). The information is made available to provide
programmers whose systems are not supported by the PS 300 Graphics Support Routines
with the information necessary to write their own.
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1. PS300SYSTEM OVERVIEW

The first chapter of this guide gives of an overview of the PS 300 hardware and
hardware configuration. The material is presented to give the reader a better
understanding of the machinery of the PS 300. It is recommended that any system
manager requiring material of a more complete, or detailed nature about system
hardware purchase the PS 300 Maintenance Manual and the PS 300 Interactive
Device Maintenance Manual.

The PS 300 is a microprocessor-based, data-driven, interactive graphics display system
that consists of a PS 300 Control Unit and monochrome and/or color displays.
Calligraphic color and raster displays are available as PS 300 options. Circuitry in the
PS 300 Control Unit defines, manipulates, and generates the images that appear on the
displays. The control unit circuitry also communicates with a variety of host processors
and with interactive devices. Interactive devices that may be used with the PS 300
include a data tablet, standard and IBM alphanumeric/function keyboards, function
buttons, and control dials.

Figure 1-1 shows a standard system configured with one each of the interactive devices.

1.1 PS 300 CONTROL UNIT

PS 300 electronics are packaged in a freestanding control unit mounted on adjustable
glides. The control unit is approximately 67 cm (26 inches) wide, 67 cm (26 inches)
deep, and 77 c¢m (30 inches) high, and weighs 717 kg (170 lbs). Like all other PS 300
family products, the control unit cabinet is finished in of f-white and black.
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Figure 1-1. PS 300 and Interactive Devices
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Major functional components of the control unit include:

Communications Connector Panel (E&S #204020-100)
Power Distribution Panel (E&S #204030-100)
Qualidyne Power Supply (E&S ##801844-005)
Semi-conductor Circuits -5 Volt Power Supply (EC553000-K?2)
Card Bay and Power Supply Fans (E&S #801035-301)
Floppy Disk Drive (E&S #204050-100)

Optional Dual Floppy Disk Drive, (E&S #204430-200)
Standard Eight Card Bay (E&S #204413-111)

EMI Expansion Bay Option (E&S ##204414-200)

Bus Backplane and I/0 Panel

Display Connector Panel

Figure 1-2 is a cut-away view of the PS 300 Control Unit showing internal component
placement.

The only external control on the PS 300 Control Unit is a 15-amp on/off circuit breaker
switch, located at the top right of the front panel.

The PS 300 Control Unit has three panels on the front and three panels on the back that
pop off to provide access to the power supply and to floppy disk drive(s), as well as to
cabling and to connector and distribution panels. This also proviaes access for circuit
card insertion.

The control unit is cooled by fans that pull intake air up through cleaning filters in the
bottom of the control unit. The power supp.iy has a built-in fan.

1.1.1 Communications and Power Distribution

A Communication Connector Panel and a Power Distribution Panel are located at
the back of the PS 300 Control Unit.

e (Communication Connector Panel
The Communication Connector Panel (CCP) is located in the right rear of the

control unit, above the Power Distribution Panel. Connectors are accessible from
the rear of the unit.
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Six ports are provided on the CCP. Ports 0 and | are equipped with 37-pin
connectors for RS-449 communications; Ports 0 through 5 are equipped with 25-pin
connectors for RS-232 communications. PS 300 interactive devices are not
normally connected directly to this panel (a keyboard can be directly connected to
the CCP for diagnostic purposes). Connection for these interactive devices is on
the back of the PS 300 Display. One modular connecter is provided on Port 2 for
diagnostic purposes.

Only oné connector per port may be used at any one time.
® Power Distribution Panel

PS 300 power is distributed through the Power Distribution Panel on the back of
the control unit at the lower right.

Two power supplies supply power to the PS 300 system components, the main power
supply (E&S #801844-005) and the -5 volt power supply (EC553000-K2).

On/0ff

Expansion Standard  civc it Breaker -5 Volt Power Supply
Bay Card Bay / /

/4;;9/222 7 Main
Backpanel Power
Empty Supply
>

|7

I1/0 Connector]-
Panel

Fan
[:::] IAS0067A

Three Minifloppy
Popoff Panels Diskette Drives
Front and Back (Second Drive Optional)

Figure 1-2. PS 300 Control Unit - Locator View
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The Main Power Supply

The 750-watt Qualidyne system power supply has multiple outputs providing the
following maximum values:

+5 volts, 112 amps
+12 volts, 13 amps
-12 volts, 1 amps
+15 volts, 1.25 amps
-15 volts, 0.6 amps

AC and DC power are distributed through the power distribution panel.

The power supply has a built-in cooling fan and is available in 110V and 220V models.
The Qualidyne power supply provides power for all cards and (via the power distribution
panel) power for the peripherals, disk drives, LED lights, thermal sensors, the
communications connector panel, and the data concentrator on the PS 300 displays.

To remove the power supply, free the ribbon cables from their cable clips on the
communications connector panel, remove the communications connector panel,
disconnect the four screws that connect the power supply to its mounting plate, remove

the mounting plate and slide the power supply out. Reverse this procedure to re-install
the power supply.

Minus 5 VoIt Power Supply

The -5 volt power supply provides -5 volt power to the Line Generator Subsystem
(LGS), Color Shadow Mask (CSM) color card, and Raster cards via the backplane.

1.1.2 Fans

The standard single chassis control unit contains five Pamotor 4800X fans (E&S
#801035-301). One is mounted on the bottom of the Qualidyne power supply, one below
the SCI power supply, and three in the bottom of the middle card chassis. Wiring should
be kept clear of the fans.
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1.1.3 Floppy Diskette Drive

The floppy diskette drive is placed in the power supply bay of the PS 300 Control Unit
and is used to store and load the PS 300 system software, diagnostics, acceptance tests,
microcode, and non-volatile data used to define the PS 300 system configuration. The
PS 300 uses a double-density, single-sided 5-1/4 inch minifloppy diskette capable of
storing 368,640 formatted data bytes on 80 tracks.

Up to two floppy diskette drives may be configured in a PS 300. The drive(s) are
mounted inside the control unit as shown in Figure 1-2.

The floppy diskette drive is powered by the main power supply via the DC harness
(E&S ##204060-100) and the power distribution panel. It is connected to the Graphics
Control Processor (GCP) via a ribbon cable (E&S #204053-006, non-EMI, and
E&S #204054-006 AQ0, EMI). The cable terminates on both ends with a ground
termination clamp. The clamp must be screwed to the Faraday cage on one end and to
the floppy disk enclosure on the other end to maintain EMI integrity.

An optional dual-disk drive (the Dual Floppy Option, E&S #204430-200) is available for
the PS 300.

1.1.4 Circuit Cards

All PS 300 circuit cards measure 38.4 cm by 41 cm (15 inches by 16 inches) and are
designed with connector pins on two edges, as shown in Figure 1-3.

There are five standard circuit cards and three optional cards for the PS 300 systems
(including the PS 320 and 330):

® (raphics Control Processor Card (GCP) (E&S #204111-100)
® Mass Memory Card (E&S #£204120-100)

® Arithmetic Control Processor Card (E&S #204130-100)

® Pipeline System Card (E&S #204140-100)

® |ine Generator Subsystem Card (E&S #204150-100)
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Figure 1-3. Circuit Card Connector Layout

There are four optional cards for PS 300 systems:
e (General Purpose Interface Option (GPIO) (E&S #204170-100) which comes in
three versions:
IBI\/I_3278 Emulator GPIO Card (E&S #204171-100)
UNI_BUS Parallel Interface GPIO Card (E&S #204172-100)
Wir; Wrap GPIO Card (E&S #204173-101)
e Color Shadow Mask Calligraphic Display Color Card (CSM) (E&S #204180-101)
e Hardcopy (HCP) (E&S #204160-100) ‘

® Raster Card (E&S #204310-170)

The PS 340 uses a raster display and the Raster card is available for PS 340
systems. The HCP, GPIO, and CSM are optional cards in PS 320, PS 330, and PS 340

systems.
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1.1.5 Standard Card Bay

The standard control unit is divided into three bays: the first houses the power supply;
the second or middle bay houses the standard eight-card rack made up of card gquides, a
backplane, three fans, a filter, and the I/0 connector panels; the third bay is empty but
can be used as an optional expansion card bay. The bay that holds circuit cards is
shielded by a Faraday cage to prevent electrical interference to nearby equipment.

The middle bay of the control unit contains a card rack which holds up to eight standard
PS 300 cards with non-ZIF connectors. Each card has an individual I/0 panel. When the
cards are inserted in the card rack, the individual I/0 panels fit together to form the
equivalent of the I/0 panel of the older control units.

The circuit cards plug into the backplane which provides intercard bus communications
and supplies power to the cards.

1.1.6 Card Insertion and Removal

Cards are inserted from the back of the control unit along card guides on the bottom of
the bay. The component side of the card must face away from the power supply bay.
Slide the card onto the bottom card guide and line it up with the notch in the top card
guide. Push the card to the front of the control unit until it lines up with the bevel of
the backplane connector. Use the insertion/extraction tool (E&S #504415-001) to ease
the card into the backplane connectors.

CAUTION

Forcing the cards into the control unit can damage
them. Also, be careful not to damage the fuses on the
top right of the cards.

To remove a card, ease the card out of the backplane connector with the
insertion/extraction tool. To avoid damaging the fuse, slide the card about half way out
of the control unit. Tilt the back of the card up and draw the card completely out of
the control unit.

Warped cards will not line up correctly with the backplane connectors. They tend to
"bow out" in the middle of the card or even assume an "S" shape. To correct this, reach
into the bay and bend, BUT DO NOT FORCE, the card until it lines up with the bevel of
backplane connectors. Use the insertion/extraction tool to insert the card into the
bevel of the backplane connectors. If the card cannot be seated because of warpage,
return the card to Salt Lake City with an explanation.
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1.1.7 Circuit Card Configuration

PS 300 circuit cards should be inserted in a specific order. Standard systems without
options should have the cards inserted, left to right:

LGS

PLS

ACP

GCP(s)

Mass Memory(ies)

Systems with options can be configured in several ways and should be configured on

case-by-case basis. Generally, PS 300 options should be placed in the control unit
left-to-right as follows:

CSM

LGS

PLS

ACP

GCP(s)

Mass Memory(ies)
GPIO(s)

HCP

Raster

Note that there are a total of nine standard and optional PS 300 cards and only eight
slots in a standard system.

1.1.8 Cabling the Cards

Cards are connected to each other, to displays, and to interactive devices in the
following manner:

CARDS CABLES
GCP: |l to floppy disk drive(s)

I to Communication Connector Panel
l to real time clock generator on the Power Distribution

Panel
ACP: 1 to PLS
PLS: 1 to LGS
LGS: 4 to Displays

4 to Light Pens
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1.1.9 PS 300 Expansion Bay

The third bay in the PS 300 Control Unit can be used as an optional expansion bay to
allow the installation of one additional printed circuit card (or two cards, if one of the
total cards is a CSM card). Two types of PS 300 Control Units can be upgraded:
systems with FCC hardware (S/N 236 and above) and systems without FCC hardware
(S/N 235 and lower). Each type of upgrade requires different hardware.

R B HBAUPLC G M G
AL ALCULTGS c E P Power
S ARAP S S M P M I Supply
T N D N 0 O Bay
E K C K R
R 0 Y

P

Y

(Expansion Bay) (Standard Bay)
/ _ON/OFF/

Figure 1-4. Standard Expansion Bay Card Configuration

In PS 300 systems with expansion bays, card placement follows several general rules
(see Figure 1-4 for Standard Expansion Bay Card Configuration). The GCP, Mass
Memory, and GPIO cards are installed in the center bay. The ACP, PLS, LGS, and
option cards (Hardcopy, CSM Color Card, and Raster) are installed in the outside bay.
The option cards are assigned specific positions. For example, if the system contains a
Raster card but no CSM card or Hardcopy card, the CSM and Hardcopy card slots

are left empty.

To install cards in the center bay of the PS 300 Control Unit, work from the partition
between the center and outside bays. Install all GCP(s), all Mass Memory cards, and
then all GPIO(s). These cards must be installed with no empty slots between them.
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1.1.10 1/0 Panel and Bus Backplane

Circuit cards connect to the bus backplane. The /0 panel is formed by sections of the
panel attached to individual cards. Each circuit card is keyed so that it can only be
locked into place if it is inserted right-side up and facing the right direction.

The middle bay of the control unit contains a card rack that holds up to eight standard
PS 300 cards with non-ZIF connectors. Each card has an individual I/O panel. When the
cards are inserted into the card rack, these I/O panels fit together to form the
equivalent of the I/0 backplane of the older models. The I/O panel expands the number
of pins available for card I/0O and provides for configuring communications between
cards that cannot be done on the backplane.

The bus backplane is located on the front side of the card bays. It consists of a
four-layer printed circuit board. The common bus and several smaller buses run the
entire length of the board. The bus backplane provides for intercard bus communication
and supplies power to the cards.

1.1.11 Display Connector Panel

The display connector panel is located on the bottom left at the back of the control
unit. All displays connect to four plugs (0-3) on the display connector panel.

The display connector panel connects DC power and deflection and intensification
signals to the display.

1.2 PS 300 DISPLAYS
There are four different types of PS 300 displays:

PS 300 Monochrome Display
PS 300 26-inch Color Shadow Mask Calligraphic Display
PS 300 19-inch Color Shadow Mask Calligraphic Display
PS 340 Static Raster Display

These displays are described below.
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1.2.1 The PS 300 Monochrome Display

The PS 300 Monochrome Display Unit (E&S #204090-112) is approximately 54 cm (21
inches) wide, 56 cm (22 inches) high, 61 cm (24 inches) deep, and weighs 54 kg (120
lIbs.). The visible screen area is 12 x 14.5 inches. The usable display area is 10.5 x 10.5
inches. Deflection and intensification circuits in the PS 300 Monochrome Display use
analog signals from the PS 300 Line Generator Subsystem (LGS) to draw lines on the
CRT.

The PS 300 Monochrome Display has a tilt/rotate base that allows the display to tilt
from -8 degrees to +8 degrees from vertical and to rotate a full 360 degrees around the
base. Vertical tilt of the display head is controlled by a lock located below the display
control panel. When this lock is released, the display head can be moved to the desired
position. The vertical tilt is maintained as the display is rotated.

The on/off switch and an intensity control dial are located on the front of the display.
The AC power connection for PS 300 Displays should be plugged into a wall outlet in the
same manner as the PS 300 Control Unit. Both the outlet for the display unit and for
the control unit must be on the same circuit to ensure that power is in phase and that
no dangerous voltage potentials exist between the control and display units.

A Data Concentrator Connector Panel is configured on the back of the monochrome
display. The Data Concentrator Panel allows as many as six interactive devices to be
multiplexed onto one port of the Communication Connector Panel in the PS 300 Control
Unit. Ports A through F on the Data Concentrator Connector Panel provide
connections for as many as six interactive devices. (A RS-232 25-pin connector and a
modular-type connector are provided for each port.)

An additional internal port on the Data Concentrator communicates with one of Ports 2
through 5 of the Communications Connector Panel in the controlL unit. For example,
the Data Concentrator Panel on Display 0 communicates to Communication Panel Port
5, Display | communicates with Port 4, and so on. If a port on the Communications
Panel is connected to a Data Concentrator, the connector on the Communications Panel
may not be used.

1.2.2 PS 300 26-inch Color Shadow Mask Calligraphic Display

PS 300 26-inch Color Shadow Mask (CSM) Calligraphic Display Unit (E&S #201200-103)
is functionally identical to the PS2/MPS CSM display and is packaged in the black
PS2/MPS-style cabinet. It has a 13 x 13 inch usable screen area. It receives analog
signals from the CSM color card. RGB video signals are generated on the CSM color
card. Deflection and unblank signals originate on the LGS card and are sent to the
display via the CSM color card.

v
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The 26-inch CSM display requires a 220-volt AC input supply.

For a detailed theory of operations refer to the CSM Display System Maintenance
Manual. For tuning and alignment procedures, refer to the PS 300 CSM Display
Installation Manual.

1.2.3 PS 300 SM19 19-inch Color Shadow Mask Calligraphic Display

PS 300 19-inch SMI19 Color Shadow Mask Calligraphic Display (E&S {#204455-TAB)
physically matches the PS 300 monochrome display packaging. It uses a high-resolution
(0.31 mm dot trio pitch) in-line gun shadow mask cathode ray tube (CRT). The display
has a usable screen area of 10.5 by 10.5 inches. The 19-inch CSM is an XY magnetic
deflection display and can generate colored wire frame images. Its drawing speed runs
at half the speed of the monochrome display.

Like the 26-inch CSM display, the 19-inch CSM display receives analog signals from the
CSM color card. RGB video signals are generated on the CSM color card. Deflection
and unblank signals originate on the LGS card and are sent to the display via the CSM
color card.

Refer to The PS 300 SMI9 Color Display Tuning and Alignment Manual for a
theory of operations and tuning procedures for the SM19.

1.2.4 PS 340 Raster Display

The PS 340 Raster Display (E&S #204315-TAB) is a 640 x 480 pixel, RGB, high
resolution static raster display. The Raster display matches the PS 300 monochrome
display in appearance. It has a 3 x 4 aspect ratio and has a 9 inch x 12 inch usable
screen area. It is capable of displaying solid images of PS 300 polygonally defined
objects. It receives RGB video signals and composite sync signals from the PS 340
Raster card. These signals are generated from an image buffer memory on the Raster
card. It can display 256> colors.

For alignment and tuning procedures, refer to the Raster Option Installation
Manual.

1.3 FUNCTIONAL OVERVIEW

The PS 300 consists of several general-purpose and special-purpose processors and
subsystems that are interfaced over a common data bus in conjunction with a mass
memory system. Figure 1-5 is a simplified block diagram of the PS 300 system.
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Figure 1-5. PS 300 - Simplified Functional Diagram
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As the diagram shows, the PS 300 consists of the Common Bus, an ACP Bus, a Graphics
Control Processor, one or more Mass Memory cards, and a Display Processor that
includes the Arithmetic Control Processor, the Pipeline Subsystem, and the Line
Generator Subsystem.

As shown in Figure 1-5, the Graphics Control Processor communicates with Mass
Memory over the common bus and with the Display Processor through Mass Memory.
The path shown between the common bus and the Display Processor is a maintenance
path only.

Major PS 300 component functions are described below.

[ ]

Common Bus

The common bus provides a l6-bit, high-speed, asynchronous communications path
for PS 300 components. The common bus is used mainly for communications
between the Graphics Control Processor and Mass Memory in single processor
systems. Maintenance functions between the GCP and the Display Processor also
take place on the common bus.

Graphics Control Processor

The Graphics Control Processor (GCP) is a general-purpose microprocessor that
manages display data structures residing in Mass Memory and initiates the display of
data by the Display Processor. Host communication, interactive devices, and the
system floppy diskette drive(s) are interfaced to controllers on the GCP.

Mass Memory

The general-purpose, dual-ported Mass Memory contains the display data structures
that are stored and manipulated by the GCP and accessed for display by the Display
Processor. Mass Memory consists of one or more Mass Memory Cards, each of
which contains 1024K bytes of error-corrected MOS memory. This memory may be
used as program memory by the GCP in addition to holding the display data
structures.
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Display Processor

The Display Processor includes an Arithmetic Control Processor, a Pipeline
Subsystem, and a Line Generator Subsystem. The Display Processor traverses
display data structures in Mass Memory and processes that data for display. A
traversal of the display data structures occurs each refresh cycle under control of
the Arithmetic Control Processor (ACP). The Display Processor transforms the data
to be displayed; performs clipping, perspective projection, and viewport mapping;
and finally converts digital display data to their analog equivalents to drive
deflection and intensification circuitry in the CRT. The major functional elements
of the Display Processor are described in the following paragraphs.

— Arithmetic Control Processor

The Arithmetic Control Processor (ACP) contains high-speed multipliers, special
control logic, and a general-purpose, bit-slice microprocessor that interfaces with
Mass Memory by means of a high-bandwidth, 32-bit memory-access port. The
ACP traverses linked Set-Operate-Data (SOD) structures in Mass Memory. These
SOD structures contain commands that indicate functions the ACP is to perform
for each SOD block. For example, these commands can be used to modify the
state of the ACP and to process 3-dimensional data. The state of the ACP is
considered to be those values that are context dependent, such as transformation
matrix contents, viewport boundaries, and color.

In traversing the SOD structures, the ACP performs matrix operations required to
transform data points and passes transformed data coordinates to the Pipeline
Subsystem.

- Pipeline Subsystem

The Pipeline Subsystem (PLS) accepts transformed data coordinates from the ACP
and performs spatial translation, clipping, perspective division, and viewport
mapping functions on the data. The Pipeline Subsystem processes data
asynchronously in relation to the processing performed by the ACP. Data from
the Pipeline Subsystem are output to the Line Generator Subsystem.

— Line Generator Subsystem

The Line Generator Subsystem (LGS) accepts screen coordinate and intensity data
from the Pipeline Subsystem. From these data, the LGS calculates the speed at
which the vector is to be drawn, determines the minimum amount of settle time
necessary for CRT deflection and intensification circuits, blanks very short
vectors, determines which vectors fall within pick boundaries established by the
ACP, and converts digital coordinate and intensity data to analog form for use in
the CRT intensification and deflection circuitry.
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PS 300 Options

A number of PS 300 Options are available, including a Hardcopy (HCP) card, a
General Purpose Interface Option (GPIO) card, a Color Shadow Mask (CSM)
Calligraphic Color card, and a Raster card. PS 300 Options are described in detail
in the PS 300 Options Maintenance Manual.

— The Hardcopy Card

The Hardcopy card (E&S #204160-100) allows a displayed screen image to be
copied to a Versatec V80 or Hewlett-Packard 287!G graphics plotter. The
Hardcopy card accepts vector representations of data from the Display
Processor's Line Generator Subsystem. It converts these data to raster format
and sends them to the plotter through an 8-bit parallel interface under
microprocessor control.

— The General Purpose Interface Option

The GPIO card (E&S #204170-100) allows the PS 300 to interface with various
host computers by emulating devices with which the host computer is familiar.
The GPIO card has been used to implement high-speed interfaces including the
DEC UNIBUS Parallel Interface and the IBM 3278 Emulator interface.

~ The Color Shadow Mask (CSM) Calligraphic Color Card

The Color Shadow Mask (CSM) Calligraphic Color card (E&S #204180-101)
provides an interface between an E&S CSM display and a PS 300 Control Unit. It
gives the PS 300 the ability to display multi-colored objects using 128 intensities
and 120 hues at 16 saturations on a 26-inch or 19-inch monitor.

— The Raster Card

The Raster card (E&S #204310-170) resides on the ACP Bus and is controlled
exclusively by the Arithmetic Control Processor (ACP) card. The Raster card has
a 640 x 512 x 24 bit (960K byte) pixel memory that stores raster images for
display on a PS 300 raster monitor. Pixel memory has two ports; one to the
ACPBUS for communication with the ACP card and one that outputs an image to
the display. The field rate is 60 Hz with a frame rate of 30 Hz (30 Hz interlaced
display). The Raster card is designed to produce signals that are compatible with
National Television System Committee (NTSC) standards. (To produce an actual
NTSC signal, an encoder is required.)
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1.4 INTERACTIVE DEVICES

PS 300 Interactive Devices are described in detail in the PS 300 Interactive
Devices Maintenance Manual. Interactive devices that may be used with the PS 300
include:

Keyboards

The standard PS 300 keyboard (E&S #204201-100, with LEDs, E&S {#204201-101,
without LEDs) includes all standard alphanumeric keys, a separate numeric
keyblock, typical typewriter control keys (SHIFT, TAB, etc.), symbols, and a set of
12 function keys that may be used to perform graphics interactive functions, an
integral microprocessor that provides local intelligence in the keyboard, and an
interface to the GCP serial communications port.

The keyboard may optionally include an integrated set of LEDs on which capital
letters, numerals, symbols, and indications of functions (such as 'space') may be
displayed. Functions such as carriage return, line feed, or form feed can not be
handled. The LEDs may be programmed to display prompts to aid the operator or
labels that describe the operations being displayed (i.e., ROTATE IN X AXIS).

An optional IBM Keyboard (E&S #204201-102, with LEDs, and E&S #204201-103,
without LEDs) is available for the PS 300.

Data Tablet

The PS 300 Data Tablet (E&S #204220-100) consists of an 1l-inch by ll-inch tablet,
a stylus, a controller, and an interface to the GCP serial communications port. The
data tablet is usually used as an interactive pointing and positioning device to
control the cursor that is displayed on the CRT. The tablet surface may be overlaid
with a map, a chart, or a menu that is touched with the stylus causing the
coordinate position on the tablet to be converted to its digital equivalent for use by
the system.

Control Dials

The PS 300 Control Dials Unit (E&S #204211-100) consists of two rows of four dials
mounted in a cabinet similar in appearance to the keyboard packaging. The function
of each control dial is programmable. Above each control dial is an optional 8-digit
LED display that may be used to display the function of the dial or other variable
data associated with the use of the dial.

Power and communications for the control dials are provided through a single cable
connection.
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® Function Buttons

The PS 300 Function Buttons (E&S #204230-100) provide 32 programmable function
buttons in addition to the twelve function buttons on the PS 300 Keyboard. The
function buttons are arranged with one row of four buttons, four rows of six buttons,
and a final row of four buttons. The buttons are numbered from left to right,
beginning at the top row with button 0. Pressing a function button results in a
user-specified action. The buttons are usually programmed to rotate, scale, and
translate objects with separate buttons used for the X, Y, and Z axes.

System communication control circuitry for the interactive devices is located on the
Graphics Control Processor card. This circuitry provides as many as six
communications ports used to interface to the interactive devices and to the host
processor. Peripheral devices are connected to the system through the Data
Concentrator Connector panels A - F on the back of the display.

1.5 DATA CONCENTRATOR

The Data Concentrator (DC, E&S #204081-100) is located on the backpanel of the
PS 300 monochrome or 19-inch CSM display or in the 26-inch CSM power supply. The
Data Concentrator communicates directly with one of the Enhanced Programmable
Communications Interfaces (EPCI) of the GCP. The Data Concentrator is the control
center for information being received from and relayed to any interactive devices used
with the PS 300. As the Data Concentrator multiplexes information received from
these devices, the PS 300 Display Station can support these devices while using only one
system port on the GCP. The Data Concentrator is capable of supporting up to six
interactive devices. These devices are supported through six sets of Data Concentrator
connectors located on the backpanel of the Display unit.

1.5.1 Data Concentrator Ports

Port definitions are established by configuration parameters contained in the PS 300
Graphics Firmware, and must be used according to these parameters. Each port has a
25-pin D type connector that provides minimal RS-232 support. An 8-pin modular
connector that provides E&S modified RS-449 support is located below the 25-pin
receptacle. The standard configuration for the interactive devices is:

Port A supports the Keyboard

Port B supports the Control Dials

Ports C supports the 32 Function Buttons
Ports D and E are unused at this time
Port F supports the Data Tablet
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Only one connector per port may be used at any given time.

The backpanel also includes a 9-pin.D-type connector that supplies power to the Data
Tablet.

1.5.2 Operating Mades

The Data Concentrator has four modes of operation:

L.

Debug Mode is entered by typing in CTRL D on the Keyboard or terminal connected
to Port A while the DC is in transparent mode, or by momentarily moving the !
maintenance switch to the "up" reset position when the #2 maintenance switch in
the "up" position. Debug mode allows the user to communicate with the Data
Concentrator as a stand-alone unit.

Confidence Test Mode is entered when the DC is first powered up. In this mode, the
GCP directs the DC to run its series of confidence test routines.

Transparent Mode is entered by the DC upon power-up. In transparent mode, direct
communication is established between the GCP and DC Port A at 300 baud.
Communication with the interactive device connected to Port A occurs at either
300 or 2400 baud, depending on the position of the baud rate maintenance switch.

Multiplexed Mode is the normal operating mode for the DC. Multiplexing of Ports A
through F occurs as needed to maintain communication between the GCP and the
interactive devices. Communication between the GCP and the DC occurs at 19.2K
baud. Baud rates used by the interactive devices and the DC are set up by special
codes transmitted from the GCP.

1.5.3 Maintenance Switches

The upper-right corner of the Data Concentrator panel contains a recessed opening that
provides access to three switches. These switches are for maintenance purposes.

Switch 1 Moving Switch 1 momentarily to the UP position and then

moving is back down gives a "hard" reset to the
micropraocessor—-controlled DC circuitry. This is used to
initialize only the DC, when an entire system reset is not
necessary.

\J
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Switch 2 Switch 2 is used to select the DC Maintenance Firmware.
By placing this switch in the UP position and resetting the
DC circuitry using Switch 1, the Maintenance Firmware
will be brought up.

Switch 3 This switch is used to set the baud rate for Port A. Placing
the switch in the UP position while in transparent or
maintenance mode selects a baud rate of 300. This rate is
used for slower terminals, such as the Silent 700. The
normal transmission rate for Port A is 2400.

During normal system operation, all three MAINT switches are in the DOWN position.

1.5.4 Data Concentrator Protocol Description

Each DC operates as a slave to the GCP, in that the GCP defines all activities and
operational characteristics for each DC. The following subsections describe the DC's
interaction with the GCP and with the interactive devices, detailing the methods used
to initialize, multiplex, and control GCP-DC communications.

Figure 1-6 illustrates system communication initialization.
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Graphics Control DEBUG MODE
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Figure 1-6. System Communication Initialization

1.5.5 Powerup

When the PS 300 Control Unit is switched on, all system logic is powered up, including
the Communications Connector Panel, all Data Concentrators, and all connected
interactive devices. Every microsystem receives a "hard" reset when the control unit is
powered up.

The DC starts in a transparent mode that permits direct communication between the
GCP and Port A of the DC. All other DC ports are disabled at this time.

The GCP confidence test results are transmitted at 300 baud directly to all DCs. The
DC, operating in a transparent mode, retransmits the test results at 2400 baud through
Port A to the Keyboard. Once the confidence tests are successfully completed, system
control-is transferred from the EPROM to the code loaded from the floppy disk. During
the execution of this non-resident code, the GCPs send a special code to the DC,
indicating that it is ready to initialize communication. Special codes and ASCII
characters are used by both the GCP and the DC to initialize and control
communication between the GCP and each interactive device.
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1.5.6 Data Concentrator Maintenance Firmware

The following section describes the Debug mode and Debug commands available in the
Data Concentrator maintenance mode of operation.

The DC communicates bidirectionally with the GCP through the DC/GCP port. When
the PS 300 Graphics System is powered up, the GCP enters either Debug or Run mode,
depending on the position of the Maintenance Switch in the Control Unit. The DC will
begin running in transparent mode. In transparent mode, the DC channels data
bidirectionally at 300 baud from the GCP to Port A of the DC panel. Any of the
following conditions will cause the DC to enter the transparent mode of operation:

® PS 300 power-up or reset

e (GCP break transmitted to the DC

e (GCP transmits data that is misinterpreted as a break

e DC Watchdog Timer times out

1.5.7 Confidence Test Reporting

Upon power-up the PS 300 attempts to execute a series of confidence tests contained in
the EPROM-resident code on the GCP card. These tests determine whether or not the
hardware on the GCP card is capable of running a program loaded from a floppy disk.

The Data Concentrator should be suspect when all of the following conditions apply:

e A debug terminal is connected to Port A of the Data Concentrator, with Switch 3
set for the appropriate baud rate.

e The confidence tests fail to complete and no valid characters are output on the
PS 300 Keyboard LEDs or on the display of the debug terminal.

® The debug terminal, when connected to the GCP, displays valid characters when the
confidence tests are run.
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2. DISTRIBUTED MEDIA: PS 300 FIRMWARE AND HOST
RESIDENT SOFTWARE

This chapter describes the distributed media that accompanies all PS 300 systems. This
media includes the PS 300 Graphics Firmware diskettes, other distributed system
diskettes (diagnostic and demonstration), and the PS 300 host-resident software
programs that are distributed on magtape. Included in the description are: the
organization of the CONFIG.DAT file, steps used to create the SITE.DAT file, and the
system management methods that are available to conform PS 300 firmware or
software to meet specific site needs.

2.1 THE PS 300 GRAPHICS FIRMWARE

The PS 300 Graphics System Firmware is distributed on 5-inch floppy diskettes. All
versions of the system firmware contain files that perform the described functions.

® Microcode defines the functions of the Display Processor.

¢ Runtime code defines the PS 300 command language and functions. This is made up
of various files and includes:

-  THULE.DAT file contains code that is loaded into mass memory. It includes
code for the hardcopy option.

® (CONFIG.DAT file links the microcode and the runtime code into a coherent system
function network.
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e SITE.DAT file allows users to enter PS 300 commands into a readable file. This is
not a required file. It is used by sites that want to change the default PS 300 system
interface values during initialization.

The PS 300 supports ASCII transmission over a 9600 baud line and several high speed
serial and parallel interfaces. These interfaces all require different system level code
to support data transmission over the host line. The PS 300 system is also defined by
the configuration of the system. The following matrix shows the separate firmware
packages that are distributed to support the interface packages and the PS 300
configurations.

PS 300 Configuration

Interface PS 320 PS 330 PS 340
ASCII asynchronous X X X
DMR-11-AE serial X X
DEC Parallel X X X

The configuration of the firmware shipped with each system depends on the variables
shown above. The firmware shipped with the PS 320 and PS 330 systems contains the
code to support all options available with those systems. The PS 340 firmware contains
additional user commands for surface and solid rendering, as well as the support code
for the PS 340 Raster Display.

2.1.1 The Runtime Code

The runtime code contains all definitions for system level commands and functions, as
well as the definitions for user-accessible commands and functions. These definitions
are loaded into the GCP local memory.

During the loading of the PS 300 firmware, all system functions and initial functions are
"instanced" by the system. "Instancing" is the process of creating a unique case of the
function. This case includes all the information necessary to identify the specific case,
including an index pointing to the Pascal-callable procedure that performs the required
function, the input source(s), the output destination(s), the priority value assigned for
scheduling purposes, and the current status of the function.

User-accessible functions and commands are documented in the Command Summary and
the Function Summary. System functions are documented in Chapter 6 of this guide.
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2.1.2 The CONFIG.DAT File

The CONFIG.DAT file contains the instances and connections to link the system
functions into a system network. This file is written in the PS 300 command language
and is similar to any function network built to manipulate graphical data. The design of
the configuration file allows for flexibility in changing the initial environment; the
change to the file is loaded and read from the disk, rather than being a change to a
program. This means that changing the design features of a system does not require
recompiling and relinking code and it reduces the size of executable code in the
system.

The system network constructed by the CONFIG.DAT file is shown in block diagram
form in Chapter 5, "Local Data Flow and System Network." The CONFIG.DAT file is
also used in PS 320 systems to allocate memory and system accessibility for dual users.

The CONFIG.DAT file is interpreted by an instance of the command interpreter. While
reading this file, the command interpreter is in a privileged mode of operation called
the CONFIGURE MODE. The command interpreter must be in the CONFIGURE MODE
to configure any system functions.

One of the final commands in the CONFIG.DAT file is a command that will attempt to
read the SITE.DAT file, which may or may not reside on the firmware diskette,
depending on whether the system manager has chosen to write a SITE.DAT on the
diskette. This file will normally be created by the system manager and will contain
commands to tailor PS 300 system default parameters to the requirements of that
particular site.

The command interpreter will read the SITE.DAT file and exit the CONFIGURE mode.
If no SITE.DAT exists on the diskette, the command interpreter will execute the final
commands in the CONFIG.DAT and then exit the configure mode.

More information on CONFIGURATION MODE is given in Chapter 7, "Initial Data
Structures, Name Suffixing, and System Commands."

2.1.3 The SITE.DAT File

The final file on the PS 300 Graphics Firmware is the SITE.DAT file. This file is not
required, but when used enables the user to change default features for the PS 300
system in a bootable file. The file is assumed to contain a stream of ASCII commands.
Because of limited disk space, the file can only contain a small number of commands.
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The SITE.DAT file allows users to store information across power-up seqguences.

The following section of this chapter give the steps to be followed to create and
download the SITE.DAT. The actual values and parameters that may be set or changed
using the SITE.DAT are described in the pertinent chapters.

Chapter 4, "PS 300/Host Communications and System Networking”, describes the port
values that may be changed.

Chapter 5, "Local Data Flow", describes certain data packet and routing characters
that can be changed.

Chapter 8, "Terminal Emulator Modes and Functions", describes the keyboard and
display features that can be changed or set.

Including the SITE.DAT File

Users may want to include a SITE.DAT file when at least one of the following
conditions exist:

® Dual-line application of the PS 300 Terminal Emulator is desired.
® Host - PS 300 communication default values need to be changed.
® Terminal Emulator features need to be changed.

® Specific PS 300 features need to be implemented that are not part of the standard
firmware package.

Creating and Downloading the SITE.DAT File

I. Make a copy of the PS 300 Graphics Firmware using a scratch diskette and following
the procedures in Chapter 10.

2. Create a file on the host called SITE.DAT that contains PS 300 commands. These
commands can be used to modify the default values of the Graphics Control
Processor ports on the PS 300 as well as any data communication protocol
procedures so that the new values reflect site-specific values.

3. The file created must begin with the demuxing character and routing byte:

T™\: (1 represents the CONTROL value of the \ key)

that will route the file to the PS 300 Firmware diskette.
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The file must then include the demuxing character and routing byte:
;s

followed by the command CLOSE SITE; that will close the file.

The file must end with the routing bytes to the TE:

™>

The last command in the SITE.DAT file should cause some action on the PS 300
Display or attached terminal to signal the operator that the SITE.DAT file has been
successfully loaded (e.g., "SYSTEM READY"™).

Because of limited disk space, make the file as compressed as possible.
Mount the backup copy of the Firmware diskette and boot the system.

Copy the host-resident SITE.DAT file to the PS 300 diskette using the host copy
utilities (e.g., COPY on VAX/VMS, PIP on PDP-11/RSX-11.) Refer to the manuals
on the host system utilities for help in copying files from the host. Be sure the
Write Protect tab is removed from the diskette. If the tab is in place, and an
attempt is made to write to the diskette, an error message will be displayed.

All commands in the SITE.DAT file must be terminated with a semicolon.

Name suffixing conventions must be used when system functions are referenced in the
SITE.DAT file. Chapter 7 of this guide, "Initial Data Structures, Name Suffixing, and
System Commands", discusses the naming suffixes and how they should be used.

2.2 OTHER DISKETTES SHIPPED WITH THE SYSTEM

The PS 300 system is shipped with several other diskettes. These include:

A back-up copy of the Graphics Firmware (only for systems with single diskette
firmware)

The PS 300 Customer Acceptance Test
One formatted blank diskette
The PS 300 Demonstration Package diskettes

The PS 300 Diagnostics Diskettes
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The instructions for running the Customer Acceptance Test is in the PS 300 Site
Preparation and Customer Support Guide. Documentation for running the PS 300
Demonstration Package is in Volume 1 of this document set.

The four diskettes that contain the PS 300 Diagnostics that are shipped with the system
are normally used by E&S to test the functionality of the hardware components of the
system. However, the Utility Commands that are used to copy diskettes, and to delete

files on diskettes are on the PS 300 Diagnostics diskettes. Refer to Chapter 10 of this
guide for the definition and use of the diagnostic utilities.

2.3 HOST RESIDENT SOFTWARE

Along with the system diskettes, the E&S distributes files on magtape that will be
loaded onto the host system. These files contain various applications and utilities that
are used for host/PS 300 communication.

The magtape can contain the following files:

e A README file that describes the files on the magtape.

® Two host/PS communication tests, COMTSTL.FTN and COMTST2.FTN.

® The PS 300 Host-Resident I/0 Subroutines.

® The PS 300 Graphics Support Routines.

® A SITE.DAT file for setting up dual-line configuration of the terminal emulator.

® Files used to build the Driver for the DEC/DMR11-AE interface or the DEC Parallel
interface.

® (Customer Acceptance Test for the PS 300 DEC/DMRI1-AE interface or the DEC
Parallel interface.

® The E&S supplied files that are used in developing and transporting User-Written
Functions.

2.3.1 Host Communications Tests

The two host/PS communication tests, COMTSTI.FTN and COMTST2.FTN, test the
communication link between the host and the PS 300. The tests, and their descriptions
are documented in the PS 300 Site Preparation and Customer Support Guide.
Both are data recirculation tests that involve reading from and writing to the PS 300.
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2.3.2 The PS 300 Host-Resident 1/0 Subroutines

The PS 300 Host Resident I/0 Subroutines (PSIOs) are distributed on magtape by E&S as
callable FORTRAN subroutines. It is the responsibility of the user to load, compile, and
link these subroutines with an application program. The Subroutines are supported in
the following environments:

e DEC VAX/VMS
e DEC PDPII-RSX-11

The definitions and parameters for the PSIO Subroutines are in the Volume 3B of this
document set. Installation instructions are provided in Chapter 11 of this guide.

2.3.3 The Graphics Support Routines

The PS 300 Graphics Support Routines (GSRs) are a set of software routines developed
and supported by Evans & Sutherland that allow for faster graphics transactions on the
PS 300 System.

The GSRs are distributed as either callable FORTRAN subroutines or Pascal
procedures. It is the responsibility of the user to load, compile, and link the routines
with their application program. Installation instructions for the GSRs are provided in
Chapter 11 of this guide.

The source code for the GSRs contains all files necessary for the customer to compile
and link the GSRs, once the tape is loaded on the host. The file names and descriptions
are included in the installation instructions.

The GSRs are supported in the DEC VAX/VMS environment.
The documentation for the GSRs is provided in Volume 3B of this documentation set.

For easy user reference, documentation has been provided for each language: there is a
GSR DEC/VAX Pascal section, and a DEC/VAX FORTRAN section.
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Minimum PS 300 System and Host Requirements

® Standard PS 300 system configuration with 2K ACP

® PS 300 Graphics Firmware P5.V03 or higher

e Standard RS-232-C, DMRI11-AE, or Parallel Interface
® \UMS Version 3.2 or higher

® FORTRAN-77 compiler and/or VAX Pascal V.2 compiler

Software Update Policy

All software distributed by E&S are the latest released versions. As the GSRs need to
be relinked with user application programs at the time of a new, or updated release, a
strong attempt has been made to make the GSRs as "fixed" as possible. Modifications
made to the low-level routines that set up the communication line between the host and
the PS 300 that might be made should not affect the routines and/or parameters that
are used by the programmer.

2.3.4 Copy of the SITE.DAT (DUALINE.DAT)

A version of the SITE.DAT, DUALINE.DAT, is included on the magtape. The
description of the contents of the file appears in the Al Firmware Release Notes.
Should your site require the configuration included in the file, the file can be
downloaded from the host onto the PS 300 Firmware Diskette.

2.3.5 Driver Files and CAT Files for the DMR11 or the Parallel Interface

These files and the instructions for building the drivers or running the Customer
Acceptance Tests for the interfaces are described in the Installation Manuals for each
interface.
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3. POWERING UP THE SYSTEM

This chapter describes how to power up and initialize a single-display PS 300. It also
contains the definitions of the power-up confidence tests that are run when the system
is initialized. It is assumed that the hardware is properly installed and that the system
has passed the Customer Acceptance Test.

3.1

POWERING UP THE PS 300

The following stages are involved in powering up the PS 300 Graphics Firmware:

1.

The PS 300 Graphics Firmware diskette (or other system diskette) must be loaded in
the disk drive.

The Control Unit and the Display Station must be turned on.
The PS 300 must successfully complete the confidence tests.

The PS 300 Graphics Firmware (or other system software) must be successfully
loaded.

Before proceeding with power up, make sure:

L.

2.

The Control Unit AC power switch is in the "off" position.

Both the Control Unit and the Display Station have their AC power cords connected
to active wall outlet(s) of adequate capacity (i.e., one 30-amp outlet or two 15-amp
outlets).

The PS 300 Keyboard with the Terminal Emulator, or an auxiliary ASCII terminal, is
available for entering commands to the PS 300.
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4, The Display Station cable is connected to the jack labeled "Display 0" at the rear of
the Control Unit.

5. The interactive devices are terminated in their proper connectors on the Display
Station's Data Concentrator.

6. Provision has been made for monitoring the progress of the confidence tests and
other power-up initialization sequences. The test results are displayable on the
optional LED arrays of both the Keyboard and Control Dials Unit, and may also be
viewed by connecting a 300-baud terminal to Port 3 on the Communications
Connector Panel.

3.1.1 Loading the PS 300 Diskettes

The section explains how to load the PS 300 diskettes in the disk drive and contains
storage and handling tips.

The floppy diskette drive is located at the front of the Control Unit in the rightmost
bay. A diskette is loaded by lifting up the latch on the drive and inserting the diskette
with the manufacturer's label (or an E&S label) facing up and the write-protect slot
(covered with a foil tape on PS 300 diskettes) facing to the left. The latch should be
pushed back down when the diskette is in place.

On some drives, there is a switch in the upper right-hand corner of the drive. This
switch is used to lock the drive latch; a red dot is visible when the the latch is moved to
the left, signifying that the latch is in a locked position.

CAUTION

Should the activity light remain lit continuously, the
diskette drive should not be used. Contact your field
service representative so that adjustments can be made
to prevent damage to the drive or the diskette.

Keep each diskette in its protective envelope when it is not in use, and store them in an
area that is isolated from magnetic or electrical fields. The diskettes should be stored
in an environment that is similar in temperature and humidity to the one in which it will
be used.

Both the Diagnostics and Graphics Firmware diskettes should be copied as soon as the
system is received. Steps for copying the diskettes are given in Chapter 10 of this
guide.




POWERING UP THE SYSTEM  3-3

3.1.2 Power=Up

Once the Graphics Firmware diskette has been properly inserted into the drive, turn on
the PS 300 Control Unit and the Display Station.

The Display Station's switch is located on the lower right-hand edge of the Display, and
the Control Unit's power switch is located on the top right corner of the cabinet front.
Both switche’s have activity lights that indicate a power-on condition.

3.1.3 Confidence Tests

Before the Firmware is loaded into the system, a series of hardware confidence tests is
performed. The status of this testing is indicated as a series of alphabetic characters,
with each character reporting the successful completion of a different portion of the
test. The start-up confidence tests are located in the ROM in the Graphics Control
Processor (GCP). They are not booted with the PS 300 Graphics Firmware. All letters
of the alphabet A through O should appear on the LED displays (or on the 300-baud
terminal) as the confidence test steps are completed and the firmware is loaded.
(Further characters will appear after the letter O, but these are not related to the
confidence test phase of power-up.)

The letters appear at varying time intervals because some tests take longer than
others. The audible alarm sounds upon successful completion of the confidence tests.

If the system goes longer than 50 seconds without issuing the audible alarm, a
confidence test step has failed, and the power-on sequence must be repeated. The last
letter appearing on the LEDs or terminal should give a clue as to what went wrong. For
instance, if the last character appearing is L, the diskette is probably not mounted in
the drive.

Failures after the confidence tests complete (after O is displayed) are almost always
related to problems reading the diskette files.

3.1.4 Graphics Firmware

Following successful completion of the confidence tests, data from the Graphics
Firmware diskette load into the system.
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CAUTION

Do not transmit to the GCP from the host, keyboard, or
any interactive devices while initialization is taking
place.

As the various initialization files are loaded and executed, alphanumeric characters are
output as with the confidence tests. The following sequence of characters signifies the
successful completion of each self-test and initialization step.

POL12345QRST

Once these steps are complete, the assembly date and initialization date for the ACP's
code are output. The LEDs (or terminal) should display the following:

PS 300: SYSTEM Vxxx A:(date) I: (date)
(version number and dates will vary)

The PS 300 software then reads in the CONFIG.DAT file from the diskette. When the
PS 300 has processed all commands in the configuration file, the SITE.DAT file is
loaded. The SITE.DAT file is optional and usually contains a final command that may
cause the system to display a message or symbol on the screen. This message or symbol
notifies the operator that the system has successfully loaded the SITE.DAT. (Refer to
Chapter 2 for information on the SITE.DAT file.) If no SITE.DAT fHe is found, the
message:

SITE.DAT NOT FOUND
is displayed on the screen.
The system has been successfully powered up when:
1. The final command of the SITE.DAT is actuated.
2. The LEDs on the keyboard and control dials are blanked.

3. The Graphics Firmware version (or version of other system software) is displayed at
the middle of the Display Screen.

If the loading process is not completed in three to five minutes, some step has failed. A
retry sometimes succeeds, especially if the diskette is in marginal condition.
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3.1.5 Loading from Two Diskettes

To load versions of the firmware that require two diskettes, the diskette labeled "A"
should be installed in the Drive labeled "0", and the diskette labeled "B" should be
installed in the Drive labeled "1" before powering on the Control Unit. If two diskettes

are to be loaded from one drive, the system will prompt on the LEDs or debug terminal
with:

INSERT ANOTHER DISK AND HIT RETURN
and these steps should be followed:
l. Remove Diskette "A" from Drive 0. The drive light will remain ON.
2. Insert Diskette "B" into Drive 0. Close the latch.
3. Press the RETURN key on the PS 300 Keyboard.
The second diskette will now load from Drive 0, and the power-up confidence tests

should complete normally. The LEDs will clear, and the system version will appear in
the middle of the Display screen.

3.1.6 Soft Reboot

REBOOT causes the PS 300 to reboot just as if it had been powered up (starts the
confidence tests at "A", etc.).

The REBOOT command can appear anywhere; it can occur within BEGIN...END and
BEGIN STRUCTURE...END STRUCTURE as well as without. It may be named or not. It
can not be within a quote or comment because the parser will not find it.)

The command

REBOOT password;
reboots the PS 300 as if from power-up. If no password has been set up, then any
character string will do. Otherwise, entering an incorrect password will give an error

message.

No GSR procedure will be created for this command. If this command needs to be
executed within a program, it can be sent as an ASCII command.
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3.1.7 Trouble-Shooting Tips

If the booting process is not complete after three to five minutes, something is wrong.
There are several things that should be checked before trying to boot the system again.

l. If after installing the diskette and turning on the Control Unit and Display, the
system goes longer than 50 seconds without beeping, a confidence test has failed and
the booting process should be repeated. Start over by turning off the Control Unit
and taking out the diskette. Then reinsert the diskette, close the drive, and turn the
Control Unit back on.

2. Make sure the Display is turned on.

3. Check to make sure that the diskette is properly inserted and that the latch is
closed.

4. Check all power and cabling connections. Make sure that the host and debug
terminal lines are in the correct ports for the system configuration being booted.

5. Check to make sure that you have the proper diskette in the drive.

6. If the confidence tests do not reach the letter "N" in the alphanumeric sequence, the
system will not boot because of a hardware failure. Call your E&S Field Engineer.

7. If the confidence tests run successfully through "N", but the LEDs do not clear and
the diskette name and version number do not appear on the Display, the problem is
related to trouble in reading the diskette files. If you have another copy of the
diskette you are trying to load, attempt to reboot using that diskette.

3.2 POWER-UP CONFIDENCE TEST DEFINITIONS

This section is provided as a reference for the definitions of the characters that are
displayed on the PS 300 Keyboard LED's, or on a separate debug terminal connected to
Port 3 of the Control Connector Panel, or Port C of the data concentrator during a
power—up sequence.

The characters are displayed as successive confidence tests are successfully
completed. These definitions may help a site manager in diagnosing minor problems
that may occur during a power-up sequence. They can also be used to aid in reporting
specific problems to E&S Field Support personnel.
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The confidence testing run on the peripheral devices is described in the Interactive
Device section of this Volume.

The following diagram illustrates the power-up sequence of the PS 300 Graphics System.

POWER UP/RESET CONDITION

GCP_RUN/MAINTENANCE SWITCH:

Run Position Maintenance Position

EPROM-Resident Code
(Confidence Tests)

Non-Resident Code

GRAPHICS MODE DIAGNOSTIC MODE

System Self Test Diagnostic Operating System

Initialization
Diagnostics
Graphics Control
Program

DEBUG MODE

Figure 3-1. Functional Flow Chart
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3.2.1 Confidence Tests

The confidence tests are initiated when the GCP receives a Reset signal while in RUN
mode. This Reset may be generated either by a power-up condition or by pressing the
Reset button on the GCP card. The confidence tests evaluate a minimal hardware
configuration and then read in an executable program from the PS 300 floppy diskette.
Because some components must work for the confidence tests to run, several
components are assumed operational at this point: the MC68000 microprocessor, the
two EPROM's, a serial port, and the logic between these components.

The confidence tests perform the following operations:

® Initialize serial output ports.

® Perform a quick check of the MC68000 microprocessor.

o Perform a checksum operation to verify EPROM,

® \Verify memory refresh.

e \erify error detection and correction.

® Test local memory.

e Test the floppy diskette.

® | oad the boot file from the diskette and begin executing.

Depending upon which diskette has been loaded, the non-resident code that is read in
may continue with the self-testing, as the Graphics Control Program does, or the
non-resident code may be an operating system for diagnostics. Whenever a confidence
test fails, Debug mode is entered automatically.

Whenever the program designated to be read in cannot be located on the diskette, the
Debug mode is entered automatically on the debug terminal connected to Port 3. If

there is no debug terminal, the user will not see that the debug mode has been entered.

The following section details each of the confidence test steps.

3.2.2 Confidence Test Steps

When the entire test is completed, a BEL character sounded from the PS 300 Keyboard
provides an audio indication that the system is functioning correctly. Control is then
passed to a program loaded in from the floppy diskette.
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Table 3-1. Confidence Test Steps

STEP

DESCRIPTION

A reset signal, generated either by powering up the
system or by pressing the reset button, causes the
processor to enter supervisor state, to mask all
interrupts, and to load the supervisor stack pointer and
the program counter from locations X'000000' and
X'000004', respectively. Hardware causes these two
locations to actually be fetched from locations
X'040000' and X'040004' in EPROM. Once the program
counter has been fetched, program execution begins at
the location specified by the wvalue in location
X'000004'.

Immediately after reset, the confidence test initializes

serial ports 2 through 5 to use an internal clock to
generate a baud rate of 300. The character is set to be
8 bits in length, to have one stop bit and no parity.
The letter "A" is sent to each of the four ports to
indicate that the processor is indeed running.

This step turns on the motor(s) on the floppy diskette
drive(s) (without selecting a drive) to get diskette
rotation up to speed before the diskette is needed. The
confidence test continues executing during spinup time.

This step checks the internal registers of the MC68000
CPU and verifies that the ALU inside the processor
functions correctly. All registers are checked to
verify that each bit can hold both a 0 and a 1 and that
no bit affects any other bit. The add, subtract,
multiply, and divide instructions are then tested, and
all status bits are checked. Upon successful completion
of step 4, the stack pointer (register A7) is set at
X'10000' (minimum amount of memory to be wused in a
system). The character "B" is output to indicate
successful completion of this step.

This step performs a checksum calculation on all of the
EPROM program code by setting a register to O and summing
all 16-bit words in the EPROM. A valid checksum equals
X'FFFF'. The character "C" s output to indicate
successful completion.

OUTPUT
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Table 3-1. Confidence Test Steps - Continued

STEP DESCRIPTION OUTPUT

6 This step verifies that refresh is occurring for the D
dyhamic memory chips of local memory by determining that
the refresh zero bit changes to one at least once every
4 milliseconds and that it remains a zero otherwise.
The character "D" 1is output to indicate successful
completion of this step.

7 This step toggles the external refresh clock Tine enough
to guarantee that all memory has been refreshed at least
8 cycles. (This meets the <chip manufacturer's
specification that memory must be refreshed 8 cycles
before using it.)

’!!s 8 This step tests the memory area that holds the exception E
vectors. (If an exception vector cannot remain correct
in memory, any test which may cause an exception fis
unreliable.) This must be done before the Tlocal memory
error correction circuitry is tested. The character "E"
is output to indicate successful completion.

9 Step 9 verifies Tlocal memory error-correction-bit F
generation circuitry by determining that the proper code
is generated for each of the sixteen bits of a word.
The character "F" is output to indicate successful
completion. :

10 This step verifies that a single-bit error is corrected G
properly for every bit position of the word and that
each bit can be corrected both to a one and a zero. The
character "G" is output to indicate successful
completion of this step.
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Table 3-1. Confidence Test Steps - Continued

STEP DESCRIPTION OUTPUT

11 This step verifies that a double-bit error is detected H
properly. It also verifies that a double-bit error
indication is not caused by a memory location with no
error or by a single-bit error. When testing is
completed, memory is initialized so that single-bit
errors are corrected, but double-bit errors are
ignored. (Double-bit errors must be ignored until step
16 is completed because the level-7 interrupt vector
used by the double-bit error will be invalid during
testing.) The character "H" 1is output to indicate
successful completion of this step.

12 This step verifies that a bus error occurs if the I
processor receives no DTACK signal by writing to
read-only location X'000000'. If a bus error is not

generated, the system hangs. The character "I" s
output to indicate successful completion of this step.

13 This step determines the size of 1local memory by J

attempting to access memory at different boundaries and
then checking whether a bus error occurs. Only legal
memory sizes are checked: 32K, 64K, 128K, and 256K.
Once the size has been determined, the stack pointer
(register A7) is set to point to the upper boundary.
The character "J" 1is output to indicate successful
completion of this step.

Due to the following memory test, a pause of approximately 19 seconds (for a
256K system) occurs at this point of testing.

14 This step tests all of local memory including check bits
by wusing the ‘"stripe" test. Initially, the value
X'5555"' is stored in each memory location. Starting at
the lower memory boundary, each location is tested to
ensure that all original values are unchanged. Each
memory Tlocation is then complemented to X'AAAA' and
rechecked. All memory locations are then complemented
again to X'5555', and the entire testing procedure is
repeated. This time, however, the memory test starts
from the upper memory boundary.
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Table 3-1. Confidence Test Steps - Continued

STEP DESCRIPTION OUTPUT

This test detects both data and address line errors, as K
well as individual memory chip errors. After testing is
completed, error correction is enabled and the entire

local memory area is initialized to zeroes, putting all

of local memory into a known state. The character "K"

is then output to indicate successful completion of this

step.

15 Programs loaded from the diskette do not work if L
interrupts cannot be generated properly. This step
verifies that the serial ports are capable of causing an
interrupt. If the wrong interrupt vector is used for
this interrupt, the system may hang. After the serial
port interrupt occurs, the character "L" 1is output to
indicate successful completion of this step.

16 This step initializes all exception vectors to point to
routines contained in the Debug EPROM. All vectors
except the interrupt vectors are unique and indicate the
type of exception when they occur.

17 This step initializes local memory to correct single-bit
errors and to detect double-bit errors.

18 This step initializes the floppy diskette controller M
chip and selects drive 0. It then verifies that index
pulses from the diskette drive are being received and
that the read/write head has moved out to track 0. The
character "M" is output to indicate successful
completion of this step.

19 This step reads the header block from the diskette and N
determines if a valid boot file exists on the diskette.
The character "N" is output to indicate successful
completion of this step.
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Table 3-1. Confidence Test Steps - Continued

STEP DESCRIPTION OUTPUT

20 Once the boot file has been found, it 1is loaded into 0

memory. If the start address is 0, the file is loaded
at the Tlowest possible point in memory. Otherwise the
file is loaded at the specified address. (Since most
boot files should be completely position-independent, it
is best to load them at the Tlowest possible memory
location to provide the largest possible amount of stack
and heap space in memory.) Once the file has been
successfully loaded, the character "0" is output.

Up to this point, duration of the confidence test should not exceed one
minute.

21 At this point, the system has been fully tested, and the
program loaded in from the diskette is ready to run. A
BEL character is output to provide an audible indication
that the EPROM-based confidence test has completed
successfully.

22 Execution now begins at the first word of the file loaded
in from the diskette.
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Graphics Mode

After the confidence test has been completed successfully, self-testing continues under
control of the program code that was loaded in from the diskette. This code tests
and/or initializes all PS 300 components not tested or initialized by the confidence test
(i.e., all serial ports, the clock timer, mass memory). If the system fails to initialize
these properly, the "runtime debug" mode is entered and the system prompts the user to
see if a restart is desired. If not, debug mode is entered. Once the entire system has
been tested and initialized, the Graphics Control Program is loaded, the PS 300 enters
the normal mode of operation.

Table 3-2. Confidence Test Steps - Runtime Firmware

STEP DESCRIPTION OUTPUT
(!.\ If you are booting the runtime firmware, the following steps also apply.
23 Initialize and test serial ports. After mass memory has
been tested, "P" indicates there is no bad memory; Por *

"*" jndicates there is.

24 These number appear after auxiliary files have been 0-5
successfully read.

- Character font file

- parser dictionary file

- parser code file

generic function dictionary file

- generic function table file

- file containing errors and messages

gpwhD —=O
|

A question mark appears instead of a number if a file
is not read successfully and the system will not continue

booting.
25 A "Q" appears after the files have been read. Q
26 This character appears after the initial display data S
structures have been created.
27 "T" appears after the initial function network has been T
(“!s created and the clock has been initialized and started.

Finally, the system number and ACP microcode dates are displayed.
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4. PS300/HOST COMMUNICATIONS

This chapter describes the data flow between the PS 300 and the host processor. The
initial sections of this chapter introduce some of the basic concepts of data
communication, particularly those directly affecting the interface to be set up between
the PS 300 Graphics System and the host computer. The standards for the EIA
RS-232-C and the EIA RS-449 interfaces are provided. Pin connector definitions and
switch settings for the DMR-11AE interface are listed in the PS 300 DEC/DMRII-AE
Interface Installation Manual in the final section of this Volume. Switch settings
for the parallel interface are found in the PS 300/Unibus Parallel Interface
Installation Manual in the final section of this Volume.

Complete definitions of the system functions referred to in this chapter are found in
Chapter 6 of this guide, "System Functions."

4.1 HOST/PS 300 INTERFACE

One of the most important considerations in setting up the configuration characteristics

of a PS 300 Graphics System is the interface between the host computer system and the
PS 300.

The standard data communication interface to the PS 300 is an asynchronous serial line,
RS-232-C or RS-449. The terms "asynchronous" and "serial" refer to two important
communication characteristics. Binary data may be transferred between electronic
devices in "serial", over a single line, or in "parallel", over several lines at once, by
changes in current or voltage. In serial transmission, the bits that represent a
character are sent down a single wire, one after the other. (In most data
communications applications, serial transmission is preferable to parallel transmission,
since fewer wires must be run but parallel transmission is faster as more data can be
sent across the line at once.) These serial signals are converted to parallel form at the
reception end by shift registers.
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Data transfers may be of a "synchronous" nature, where the exact bit framing of each
byte of information is coordinated for the entire message by the transmission of two or
more synchronization characters at the beginning of the message. All characters that
follow these characters occur within a specific time frame called a "character time".
Or, data transfers may be of an "asynchronous" nature, where each character is
self-defined by the use of a start bit and one or more stop bits. The start and stop bits
occur before and after the byte of data. For this reason, this mode of transmission is
referred to as "Start/Stop Transmission." In this mode, the arrival time of each
character is random. Each end of the transmission line must know what the
transmission rate is to sample the line at correct intervals following the receipt of a

start bit.

Under PS 300 Graphic System protocol, the RS-232-C and RS-449 standard interface
send data signals over a single, serial line using asynchronous transmission. The PS 300
also may be interfaced to a DEC PDPIl1 or a DEC VAX host with a DEC DMRII-AE
and driver over an synchronous serial line or to a DEC VAX over a asynchronous parallel

line.

The RS5-232-C is a standard of interface communication set by the Electronic Industries
Association (EIA). There are newer standards, such as the RS-449, but the RS-232-C is
still the standard to which most interfaces are designed. The standard for both
RS-232-C and RS-449 contain:

® The electrical signal characteristics.
® The interface mechanical characteristics.
® A functional description of the interchange circuits.

e A list of standard subsets of specific interchange circuits for specific groups of
communication system applications.

It is important when reviewing specifications for computer/system interfaces to
understand what the various interface leads do, and which are essential for proper
interface between the PS 300 Graphics System and the host computer.

4.1.1 RS-232-C Specifications

The physical connection between the PS 300 and the host is made through plug-in,
25-pin connectors (Cannon or Cinch DB Series). These connectors are keyed for 13 pins
on the top row, and 12 pins on the bottom row. The PS 300 Ports on the Communication
Connector panel provide the male element for the interface. The pin assignments and
signal definitions supported by the PS 300 Graphics System are given in Table 4-1.

\J
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RS-232-C standard states that the cable run distance between the data communications
equipment should be no longer than 50 feet. However, longer cabling distances have
been successfully used.

Table 4-1. RS-232-C Connector Pin Definitions
PIN NO EIA LABEL ABBREV. NAME  SIGNAL NAME DIRECTION
1 AA GND Protective ground N/A
2 BA XD Transmit data To Data Communicatior
Equipment (DCE)
3 BB RXD Receive data From DCE
4 CA RTS Request to send To DCE
5 CB CTS Clear to send From DCE
6 cC DSR Data set ready From DCE
7 AB GND Signal ground N/A
8 CF DCD Data carrier detect From DCE
15 DB TXCA Transmit clock From DCE
17 DD RXC Receive clock From DCE
20 CD DTR Data terminal ready To DCE
24 DA TXCB External transmit clock To DCE

For the PS 300 EIA-RS-232-C communication ports, a Control-ON (logical 0), or
"SPACE" condition exists if the voltage present is greater than +5 volts and less than
+25 volts with respect to signal ground. A Control-OFF (logical 1), or "MARK"
condition exists if the voltage present is less than -5 volts and greater than -25 volts
with respect to signal ground.
communication data device signal ground are at the same potential.

This assumes that the PS 300 signal ground and the
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Signal Definitions

The following are definitions of the RS-232-C signals shown in Table 4-1.

AA, AB (Protective Ground and Signal Ground) - These two grounds are electrically
identical. They connect to a power ground. No direct frame grounding occurs at
the connector. Strict EIA RS5-232-C standard definitions are not directly applicable.

BA (Transmit Data) — Data from the PS 300 are transmitted on this line. The signal
is generated by the PS 300 processor.

BB (Receive Data) — Data are sent to the PS 300 on this line. The signal is passed to
the PS 300 via the data communications equipment.

CA (Request to Send) - This signal is generated by the PS 300 processor. The output
may be programmed to conform with EIA-RS-232-C protocol. Generally, an "ON"
CA (request to send) signal indicates the PS 300 processor is ready to transmit
information.

CB (Clear to Send) - This signal may be generated by data communication
equipment. An OFF condition will terminate data transmission. An ON condition
allows data transmission to resume. If no connection is made, an internal pull-up
resistor will assert this line to an ON condition (+12V) for non-standard RS-232-C
communication.

CC (Data Set Ready) - This signal may be generated by data communication
equipment. The function of this signal is controlled by software within the PS 300
processor. Usually, an 'ON' CC (data set ready) is sent by data communication
equipment to indicate that data communications equipment is ready to transmit.

CF (Data Carrier Detect) - This signal may be generated by a data communication
equipment. ON assertion of this signal allows BB (receive data) to be accepted by
the PS 300 processor. If no connection is made, this line will be pulled to an ON
condition (+12V) to allow non-standard EIA-RS-232-C communication. To disable
the BB (receive data) communication, an OFF condition must exist. Definition of
this pin is software controlled for Port 0.

CD (Data Terminal Ready) - This signal is generated by the PS 300 processor and is
under software control. When asserted to an ON level, CD indicates that the PS 300
processor is ready to communicate.

DA TXCB (Transmit Clock B) - This signal is generated by the PS 300 processor.
DA provides a timing clock to indicate the center of each element of data. This
timing clock can either be equal to the transmitted data frequency, or equal to 16
times the data frequency. DA TXCB is under software control . Port 0 of the
PS 300 processor does not directly generate this signal. It relies on DB (transmit
clock A), or Port | to generate this clock.
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¢ DB TXCA (Transmit Clock BA) - This input signal is generated by external
transmitting data communications equipment. This clocking signal input can control
the rate at which the PS 300 processor transmits data out. The ability to use this
clock input is software controlled.

e DD RXC (Receive Clock) - This input signal is generated by external transmitting
data communications equipment. This clock determines the rate at which the
PS 300 processor receives data. The ability to use this clock is software controlled.

4.1.2 RS-449 Specifications

RS-449 is a general purpose 37-position interface utilizing a 37-pin connector. In
conjunction with RS-422 (balanced) or RS-423 (unbalanced), RS-449 incorporates new
electrical characteristics that permit higher data signalling rates, allow greater
distance between equipment, and reduce outside noise interference.

Of the two standards for electrical characteristics (RS-422 and RS-423), RS-422 allows
the greatest distance, while maintaining high data transmission speed between the host
and the PS 300. The balanced voltage-circuit maintains two digital signals (A and B) as
opposed to the single-digital signal used in RS-232-C. The "A" terminal of the
generator is negative, with respect to the "B" terminal for a MARK, or OFF condition.
The "A" terminal of the generator is positive, with respect to the "B" terminal for a
SPACE or ON condition. As one signal in RS-422 goes to a SPACE state (ON
condition), the corresponding signal goes to a MARK (OFF condition). The data is read
by the receiver by comparing both signals. This significantly reduces the effect of
outside noise on the line.

RS-449 and RS-232-C are highly compatible, but RS-232-C restrictions apply when it
used in conjunction with RS-449. Adapter connectors are available to modify the
37-pin RS-449 connector to the 25-pin RS-232-C connector through major computer
product supply centers.

The connector pin definitions for EIA-RS-449 interface supported by Ports 0 and | of
the PS 300 Communication Connector panel are listed in the following
table.
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Table 4-2. RS-449 Connector Pin Definitions

PIN NO TERMINAL EIA LABEL E&S LABEL SIGNAL NAME DIRECTION
1 A Shield GND Signal Ground N/A
4 A SD SDA Send Data To Data Communication

Equipment (DCE)

5 A ST STA Send Timing From DCE
6 A RD RDA Receive Data From DCE
7 A RS RSA Request to Send To DCE
8 A RT RTA Receive Timing From DCE
9 A CS CSA Clear to Send From DCE
11 A DM DMA Data Mode From DCE
12 A TR TRA Terminal Ready To DCE
13 A RR RRA Receiver Ready From DCE
17 A 1T TTA Terminal Timing To DCE
19 SG GND Signal Ground N/A
20 RC GND Receive Common N/A
22 B SD SDB Send Data To DCE
23 B ST STB Send Timing From DCE
24 B RD RDB Receive Data From DCE
25 B RS RSB Request to Send To DCE
26 B RT RTB Receive Timing From DCE
27 B CS CSB Clear to Send From DCE
29 B DM DMB Data Mode From DCE
30 B TR TRB Terminal Ready To DCE
31 B RR RRB Receiver Ready From DCE
35 B TT 7B Terminal Timing To DCE
37 SC GND Send Common N/A

RS-449 Ports 0 and | on the PS 300 processor are capable of operating as RS-422
balanced communications, or as RS-423 unbalanced operations. For RS-422 balanced or
RS-423 unbalanced operation, a MARK or OFF state exists when A terminals are
negative with respect to B terminals. An ON, or SPACE condition exists when A
terminals are positive with respect to B terminals.

The actual receivers used on the PS 300 have differential inputs. Their positive (+)
inputs correspond to A terminals, and their negative (-) inputs correspond to B
terminals. These receivers will accept a wide voltage range from +25 volts to -25
volts, and meet RS-449 specifications.

The drivers used by the PS 300 have differential outputs with positive (+) corresponding
to A terminals and negative (-) corresponding to B terminals. The output voltages
range from +0.5 volts to +2.5 volts minimum. These meet RS-449 specifications.
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Connector pins 4 through 17, correspond to A terminals, and an ON condition. Pins 22
through 35 correspond to B terminals.
{

RS-443 Signal Definitions
The following are definitions of the RS-449 connector pin signals shown in Table 4-2.

e Shield, SG, SC, RC (Receive Common) - These four signals are electrically
identical. They connect the PS 300 processor ground with the data communication
equipment ground.

® SD (Send Data) - This signal is generated by the PS 300 processor as serial data.
The following signals, when connected, need to be "ON" for transmission of serial
data:

- RS - Request to send
- CS - Clear to send
- DM - Data mode

m - TR - Terminal ready

Refer to the signal definitions of RS, CS, TR, and DM. If no external connection is
made to CS and DM, internal pull-ups will allow SD to function.

® RD (Receive Data) - This signal is generated by data communications equipment as
serial data. Receiver circuits are disabled if RR (receiver ready) is connected and
in an OFF condition. If no connection is made, internal pull-ups will enable RR and
allow reception of data, RD.

® RS (Request to Send) - This signal is generated by the PS 300 processor and is under
software control. The RS (request to send) signal when ON indicates information is
ready to send.

® RT (Receiver Timing) - This signal is generated by data communication equipment.
The clock used is the rate at which the PS 300 processor receives data, signal RD.
The use of this clock input is software controlled.

® (CS (Clear to Send) - This signal may be generated by data communication
equipment. An OFF state will terminate data transmission. An ON state allows
data transmission to resume. If no connection is made, internal pull-up resistors
will assert an ON state.

e DM (Data Mode) - This signal may be generated by data communications

equipment. The function of this signal is controlled by software within the PS 300

; processor. Usually, an ON DM signal indicates data communication equipment is
m ready to send. :
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® TR (Terminal Ready) — This signal is generated by the PS 300 processor and is under
software control. When asserted to an ON condition, TR indicates that the PS 300
processor is ready to communicate, and that the data communication equipment
should prepare for data reception.

e TT (Terminal Timing) — This signal is generated by the PS 300 processor and is under
software control. TT provides the data communication equipment with transmitted
data element timing that corresponds to the SD signal of the PS 300 processor. Port
0 of the PS 300 processor does not directly generate this signal and relies on ST or
Port | to generate the clock.

® ST (Send Timing) - This signal is generated by external data communication
equipment. The input clock can control the rate that the PS 300 transmits data (the
SD signal) to the data communication equipment generating ST. The use of this
input is software controlled.

4.1.3 RS-232-C and RS-449 Cabling, Connectors and Pins

The user of the PS 300 Graphics System is the supplier of all cabling and connectors to
be used in the interface between the PS 300 and the host system. Several factors need
to be considered when deciding what standard of interface is to be used. The two basic
considerations are:

® Distance between the host and the PS 300

® |_evel of outside electrical interference

RS-449 was designed to gracefully replace RS-232-C as the standard of data
communication equipment interface, and it supports the highest line integrity
standards. RS-449, in conjunction with balanced RS-422, should be considered when the
distance or noise level dictates that such an interface is necessary.

A null-modem cable configuration may be necessary to correctly connect the pin
signals on either RS-232-C or RS-449 interface.

Cables and the 37-pin connectors for RS5-449, and cables and the 25-pin connectors for
RS-232-C are available through most major computer product supply centers.

The cables running from the host to the PS 300 processor should terminate with a
female connector, as the PS 300 data communication ports house male elements.

The decision to use shielded or unshielded cable is left to the user. Shielded cable is
highly recommended in noisy environments, but typically it has a higher capacitance per
foot than unshielded cable, which may reduce the operating speed.
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4.2 ASYNCHRONOUS-SERIAL FULL-DUPLEX DATA

CHARACTERISTICS FOR THE PS 300

This section describes the serial I/0 parameters the PS 300 Graphics System has defined
for each port. The defaults (values assigned to each port when the system is powered
on in standard configuration) for the data characteristics are listed in this section. For
information on how these values can be configured in a bootable file on the PS 300
Graphics Firmware diskette, refer to the final section in this chapter. The following
information applies to PS 300 Graphics Systems asynchronous transmission:

[ ]

The baud rates available on Ports 1 through 4 on the PS 300 are: 300, 600, 1200,
1800, 2000, 2400, 3600, 4800, 9600, and 19200. Port 5 runs at 19200.

The PS 300 may be configured for 5, 6, 7, or 8 bits per character, although the host
port must pass all characters of the 7-bit ASCII character set (i.e., 7 or 8 bits per
character).

Only one start bit will be accepted (and generated) by the PS 300.
The PS 300 will accept (and generate) | or 2 stop bits.

The PS 300 and the host can communicate using an X ON - X OFF protocol. In this
protocol, control sequences are generated that tell the sender (either the PS 300 or
the host) when to start (X _ON), or stop (X _OFF) data transmission. These control
sequence values default to Control-S (DEC 17 character) for X_ON, and Control-Q
(DEC 19 character) for X_OFF. Under X_ON - X_OFF, bit stripping is controlled by
the /MASK TO 7 BITS option.

Additionally, there are available values for data characteristics that are unique to
the X_ON X_OFF protocol. These values and their definitions are shown in the
SETUP INTERFACE command section in Chapter 6 of this manual.

The PS 300 will run with even, odd, or no parity. Parity is a character checking
device that operates by adding non-information bits to data, making the total
number of ones in each grouping of bits either odd, for odd parity, or even for even
parity. This permits error detection for an odd number of incorrect bits in each

group.

Each port may be configured to cause a trap to the PS 300 Debugger in the event a
break is detected on that port.

The PS 300 may be set to hold a maximum number of 127 buffers to hold data
transmitted from the host. The default is eight buffers. Each buffer may be set to
a maximum of 32,767 bytes, with the default at 48 bytes per buffer. This option
allows the user to specify the amount of memory space to be allocated for data
reception from the host.
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The user may specify the number free input buffers below which the host will be
sent an X OFF to suspend transmission. The number of free buffers above which the
host will be sent an X ON to resume transmission may also be specified.

4.2.1 Synchronous and Asynchronous Port Defaults

The defaults for Ports 0 through 5 are:

Port 0 -

Port 1 -

Port 2 -

Supports the DEC/DMRII-AE Synchronous Interface option. Refer to
the PS 300 DEC/DMR11-AE Interface Installation Manual for more
information on this port and option.

9,600 baud, 8 bits per character, | stop bit, no parity, no_mask_to_7_ bits,
transparent mode. Sends all X _ON and X OFF protocol characters,. ignores
incoming X ON - X OFF (no_hear_XON), 8 48-byte buffers with 0 STOP
buffers and 1 GO buffer, and debug break disabled.

9,600 baud, 8 bits per character, 1 stop bit, no parity, non-transparent
mode that sends and receives all X ON and X OFF protocol characters, 8
48-byte buffers with I STOP buffer and 2 GO buffers, and debug break
disabled.

For the PS 320, Port 2 is the host port and is configured with the same port defaults as
shown in Port .

Port 3 -

Port 4 -

(debug port) 9,600 baud, 8 bits per character, | stop bit, no parity,
non-transparent mode that accepts all X ON and X_OFF protocol
characters, 8 48-byte buffers with 0 STOP buffers and 1 GO buffer, and
debug break enabled.

300 baud, 8 bits per character, | stop bit, no parity, non-transparent mode
that accepts all X ON and X _OFF protocol characters, 8 48-byte buffers
with 0 STOP buffers and | GO buffer, and debug break disabled.

For the PS 320, Port 4 is configured with the same port defaults as shown in Port 5.

Port 5 -

19,200 baud, 8 bits per character, | stop bit, no parity, transparent mode
that does not recognize the X _ON X OFF protocol characters, 8 48-byte
buffers, and debug break disabled.

The status of all the ports may be verified by using the SHOW INTERFACE command.
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4.2.2 Changing Port Status

The following command sequence can be used to change any of the default values on
Ports | through 5. These new values must be within the acceptable values for data
characteristics as given in the previous section.

The port values are changed by entering the command:

SETUP INTERFACE <name>/<options>;

where name is the port being reconfigured, options refers to the option setting the
communications interface. The command:

SHOW INTERFACE <name>;
where <name> is the port, can be used to check the values of a given port.
In using these commands, the ports names are as follows:

Port | is designated portl0

Port 2 is designated port20

Port 3 is designated port30

Port 4 is designated port40

Port 5 is designated port50
The available options for SETUP INTERF ACE are:

/SPEED=<baud rate> - input and output communications speed between 50 and 19200.

/EVEN _PARITY - establishes monitoring of parity on input and generation of parity on
output, using EVEN parity.

/ODD_PARITY - establishes monitoring of parity on input and generation of parity on
output, using ODD parity.

INO _PARITY (default) - terminates the monitoring of parity on input and generation of
parity on output.

/IBITS PER CHARACTER=<number of bits per char> - sets the width of a character in
bits (normally 8, even for 7-bit ASCID).

/STOP BITS PER CHARACTER=«<number of stop bits per char> - sets the
number of stop bits for each character (normally D).

/XON _XOFF - enables the PS 300 to use X_ON and X_OFF protocol to tell the host (or
device) on this port to resume or suspend transmission. Default is to this protocol.
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/NO_XON_XOFF - disables the use of XON and XOFF protocol from the PS 300 to the
host (or device) on this port to resume or suspend transmission.

/HEAR_XON - enables the use of XON_XOFF protocol for the host (or device) on this
port to tell the PS 300 to resume or suspend transmission. Default enables HEAR_XON.

/NO_HEAR _XON - disables the use of XON_XOFF protocol for the host (or device) on
this port to tell the PS 300 to resume or suspend transmission.

/IBREAK - enables the receipt of a BREAK on this port to call the ROM debugger.

INO BREAK - disables the receipt of a BREAK on this port to call the ROM debugger.
Default is NO BREAK.

/SPEED _EXTERNAL - sets the port speed to that of an attached modem, rather than
from an internal clock. (This applies only to those ports with full modem support.)

INO SPEED_EXTERNAL - tells this port to use its internal clock, at the speed set by
/ISPEED=. Default is NO SPEED EXTERNAL.

/BUFFERS=<number of buffers> - specifies the number of buffers in the input pool. ‘ ’
Default is 8 buffers. :

/IBUFFER SIZE=<number of bytes> - specifies the size of each buffer in the input pool.
Default is 48 bytes.

NOTE

If input is received continuously, buffers will be filled
until they are full. The buffer size will, in this case,
specify the quantum of input being processed by
subsequent functions.

If input is received at much less than the maximum baud
rate, buffers will be released to waiting functions after 2
character times without receipt of a byte. In this case,
the strict product of <buffer size> and <number of
buffers> will not be the true amount of input buffering.

IN_STOP_BUFFERS=<number of buffers> - specifies the number of free input buffers
below which the sender is told to suspend transmission. This has no effect unless the
port is in /XON_XOFF mode. Default is | Stop Buffers. This is for host to PS 300

communication only. ‘ ’
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IN_GO_BUFFERS=<number of buffers> - specifies the number of free input buffers
above which the sender is told to resume transmission. This has no effect unless the
port is in /XON_XOFF mode. Default is 2 Go Buffers.

The following four commands allow the user to specify non-standard X_ON-X_OFF
characters:

/SEND_XON_CHAR=<char code> - specifies the character code as an integer (defaults
to decimal 17) to be sent out from the PS 300 to tell the sender to resume
transmission. This has no effect unless the port is in /XON_XOFF mode.
/SEND_XOFF_CHAR=«<char code> - specifies the character code as an integer (defaults
to decimal 19) to be sent out from the PS 300 to tell the sender to suspend
transmission. This has no effect unless the port is in /XON_XOFF mode.

/OBEY_XON_CHAR=<char code> - specifies the character code as an integer (defaults
to decimal 17) that, when received by the PS 300, allows the PS 300 to transmit.

/OBEY_XOFF_CHAR=cchar code> - specifies the character code as an integer (defaults
to decimal 19) that, when received by the PS 300, stops the PS 300 from transmitting.

( , IMASK _TO_7_BITS - specifies that incoming bytes are to have their 8th bit, normally
the parity bit, stripped off.

INO_MASK TO_7 BITS - (default) specifies that incoming bytes are not to be masked.

/IBREAK TIME=<break time> - specifies the length of time in centiseconds that an
outgoing BREAK is to be held. This defaults to 10. Maximum = 127.

/ASYNCHRONOQOUS - normal mode of operation.
/SYNCHRONOUS - Supported by Port 0 using the DEC/DMR-11AE Interface.

All commands are terminated with a semicolon (;) and a carriage return.

The menu available with the SHOW INTERFACE command lists only those parameters
that are relevant to the interface; for example, in synchronous mode, the X ON/X OFF
parameter would not be listed.
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4.2.3 Changing PS 300/Host Interface Values Using the SITE.DAT

These port values may be changed to suit specific site requirements in two ways: the
default values can be changed by using the SETUP INTERFACE commands in CI mode,
or the SETUP INTERFACE commands can be entered into the SITE.DAT file. If the
value needs to be changed for just one session, so that the port will go back to its
default values during the next boot-up, the SETUP INTERFACE command can be
entered during a PS 300 session.

Should the new port value need to be installed more permanently, with the new value
booted instead of the default, the SETUP INTERFACE commands should be entered into
the SITE.DAT file.

Any of the SETUP INTERFACE commands can be entered in the SITE.DAT file, using
the following forms:

SETUP INTERFACE portn/value;
where n is the port name and value is the name of the feature being set. Example:
SETUP INTERFACE port10/X0ON_XOFF;

would enable Port | to use X ON and X OFF protocol to tell the host (or device) on this
port to resume or suspend transmission.

SETUP INTERFACE portn/value=<p>;
where n is the port name, and <p> is the specified parameter.
Example:

SETUP INTERFACE port40/SPEED=2400/X0ON_XOFF;

would set Port 4 to a baud rate of 2400 and enable Port to use X_ON and X_OFF.

4.3 PS 300 TRANSMISSION PROTOCOL

The PS 300 Graphics System uses an X_ON-X_OFF handshaking protocol to maintain
orderly data communication over a full duplex, asynchronous, serial line between itself
and the host computer. The receiver of X OFF (dec 19) is to suspend transmission as
soon as possible. The receiver of X _ON (dec 17) is being prompted to resume
transmission until the next reception of X_OFF. The PS 300 will suspend transmission
within one character time and can accept up to one buffer full of characters after
X OFF is sent.
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The following equation shows how many bytes of an empty buffer are left when an X
OFF is sent. An X OFF will be sent to the host that many bytes before input buffering
is exhausted.

((Number of STOP buffers +1) * Number of bytes/buffer) - |

4.3.1 Data Reception

The PS 300 defaults to eight 48-byte buffers available to receive data from the host
computer. Transmitted characters are placed in the first free buffer starting in the
first position and continue to the end of the buffer. When the buffer is full, the next
available buffer is used. If all allocated buffers are full, the PS 300 will drop
everything off the line until a buffer is free.

When the X_ON - X_OFF protocol is used, the PS 300 will send an X OFF to the host
(sender), when the number of free buffers is equal to the number of STOP buffers. The
PS 300 will send X_ON to the host when the number of free buffers is equal to the
number of GO buffers.

4.3.2 Data Transmission

X_OFF received on the host input port disables data transmission from the host to the
PS 300 until the PS 300 sends X_ON. If a host transmission aborts before X ON is
transmitted, or if the host transmits X_OFF as part of the LOGOFF message, it is
necessary to manually clear the X_OFF condition. X _OFF is cleared, and the port
re-enabled for transmission whenever a SETUP or SHOW INTERFACE command is
executed.

Rebooting the PS 300 will also clear the X OFF condition.

Default for the PS 300 is NO HEAR XON_XOFF.

4.3.3 Transmission Errors

If the X_ON-X_OFF protocol is not used, and the number of available buffers is not
large enough to hold the incoming data from the host (sender), data characters will be
lost. These lost characters are detected and counted by the input routines. The SHOW
INTERFACE command will give the current error counts for each port.
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Messages characteristic of lost input characters are:
e PARSER SYNTAX ERROR due to bad syntax generated by the lost characters

e ERROR E 12 *¥** Message which function cannot handle

4.3.4 Data Transmission Without X ON-X OFF
Operation without support of the X ON - X _OFF protocol is discouraged. If X_ON - X

OFF protocol is not available on the host, it is up to the user to ensure that an adequate
number of buffers are allocated for data reception on the PS 300.

4.4 TRANSMISSION ERROR DETECTION

The Enhanced Programmable Communications Interface (EPCI) used on PS 300 Ports 1
through 5, are able to detect three types of transmission errors. When one of these
transmission errors occurs, a bit is set in the EPCI status register where it can be read
by the Graphics Control Processor. The errors detected are:

® Parity errors (if parity is enabled)
® [raming errors
e (Qverrun errors

The SHOW INTERFACE command will display all errors detected from the last PS 300
boot.

4.4.1 Parity Errors

The parity bit follows the character bits in data transmission. If there are 7
bits/characters, and parity is enabled, the total number of bits is 8 with the parity bit
being the last transmitted bit. Ignoring the start bit and stop bit(s), the letter "A" when
transmitted with EVEN parity would appear as follows:

1sb msb
1 2 3 4 5 6 Ji parity
1 O 0 O O O 1 0

where "lsb" is the least significant bit and "msb" is the most significant bit.
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The same character transmitted with ODD parity would look like this:

1sb msb
1 2 3 4 5 6 7 parity
O 0 0 o0 o 1 1

EVEN parity sets the state of the parity bit such that the number of ls in the 8 bits is
an even number.

ODD parity sets the state of the parity bit such that the number of 1Is in the 8 bits is an
odd number.

If parity is enabled, the EPCI determines the parity of the received character and
compares this parity with the parity bit transmitted. If they do not agree, the parity
error flag is set in the EPClIs status register.

From the example of the character "A", it can be seen that if the host and the PS 300
do not agree on the parity they are using, every character received or transmitted will
generate a parity error.

This vertical error detection scheme can only discern an odd number of bit errors. For
example, if bits 2 and 3 are erroneously changed to ls, so that the character
transmitted appears to be:

1sb msb
1 2 3 4 5 6 7 parity
1 1 1 0O 0 O 1 0 EVEN parity

the parity bit is correct for the character received ("G") but incorrect for the letter
sent ("A™),

The PS 300 supports ODD and EVEN parity, or NO parity.

4.4.2 Framing Errors

"Framing" is the process of determining which group of bits constitute a character. An
error in this process is called a "framing error". Characters are framed by the start bit
and the stop bit(s). Looking at the character "A'" again (assume one stop bit):

0 1 0 \ 0 | 0 | 0 ‘ 0 | 1 l 0 l 1 0 [
start 1 2 3 4 5 6 7 parity stop start 1sb
1sb msb

MARK (1)
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The line is held in a MARK condition with current flowing when characters are not
being transmitted. If for some reason the EPCI failed to detect the start bit when the
signal goes to an ON, or SPACE condition, it is possible that it would assume bit 2 was
the start bit, and bit 3 was the Isb, etc. At the time EPCI expected to see a stop bit, it
would instead see the Isb of the next character, and a framing error would occur. When
a framing error does occur, the EPCI sets the framing-error flag in the status register.

4.4.3 Qverrun Errors

An overrun error occurs when the Graphics Control Processor (GCP) fails to read the
characters in the holding register of the EPCI before the next character received is
placed in the holding register. When this happens, the EPCI will overwrite the contents
of the holding register with the next character. This overwrite causes the overrun error
flag to be set in the EPCI status register.

4.5 METHODS OF COMMUNICATION OVER THE HOST LINE

Volume | of this document set describes the various methods of data communication
that can be used over the PS 300/host line. These include standard ASCII transmission
or E&S supplied host-resident software packages, the PSIOs and the GSRs. Volume |
provides a brief description of the routing bytes that are used to channel data to the
appropriate PS 300 system functions. The routing bytes and their channels are
described in Chapter 5, "Local PS 300 Data Flow."

The software packages use routines on the host processor to package data prior to
sending it in binary format to the PS 300. These routines use count mode (described in
the next section) and the routing bytes required to channel the data to the proper
PS 300 system function are embedded in the data by the routines. The routines build
data 'packets' that include all the necessary information to process the data, and are in
a form that is immediately acceptable by the PS 300 system function, F:CIROUTE.

In all cases, F:CIROUTE expects to receive data in a specific format called packets.
These packets may be in either ASCII or binary, and for asynchronous communication,
may be in either count or escape mode. When the software packages are not used for
host/PS300 communication, the PS 300 system functions that interface between the
system and the hardware interface, (data reception functions, such as F:DEPACKET for
asynchronous, ASCII communication) are responsible for building the data packets.
Over the DEC DRM-11 interface or the parallel interface, these packets are sent only
in count mode. The following sections deal with the use of count and escape mode in
asynchronous data transmission.
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4.6 DATA COMMUNICATIONS - ESCAPE AND COUNT MODE

Data may be transported over an asynchronous line in two modes: escape mode or
count mode. The mode used is dependent on application and can be selected by the
user. Count mode is the faster mode, as the system function, F:DEPACKET, that
converts a stream of bytes into a stream of packets does not have to check the identity
of each byte.

Data is sent to the PS 300 from the host as a stream of bytes. These bytes must
contain information that is intelligible to PS 300 system functions about the nature of
the message and where it is to be sent internally in the PS 300. The descriptions that
follow describe the data transfer modes used in host/PS 300 communication and briefly
describe the system functions that accept, examine, and route data internally in the
PS 300.

A system function, F:DEPACKET, accepts data input to the PS 300 from the host.
F:DEPACKET converts a stream of bytes from the host into a stream of
Qpacket/Qmorepacket. A Qpacket is a block of character data that can be sent from
one PS 300 function to another. When data comes from the host through the

m F:DEPACKET function, it contains a byte for routing control. A Qmorepacket is a
Qpacket that when coming from the host through F:DEPACKET, has no routing byte
(i.e. a Qmorepacket has the same destination as the previous Qpacket.)

There are two instances of the F:DEPACKET function. The first, DEPACKETO,
accepts all incoming bytes from the host on input <l>. It channels all incoming data
through to output<2> until it sees the Start of Packet (SOP) character <ACK>
(ACKNOWLEDGE - decimal character code 06 — TF) that signifies the start of a count
mode packet.

“All the data sent through to output<2> of DEPACKETOQ are sent to input<l> of the
second DEPACKET function, DEPACKET20, which then checks all incoming data for
the SOP character <FS> (Field Separator - decimal character code 28 - T\) that
signifies the start of an escape mode packet. It will also route all incoming bytes out
output<2> until it sees the <FS> character. Output <2> of DEPACKET?2 is connected to
ES TEI (the screen).

These instances of F:DEPACKET are described below. The characters that are used to
signify SOP (<FS> and <ESC»> characters) may be changed by the user by sending the
new characters to the correct inputs of F:DEPACKET.
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4.6.1 Escape Mode

In escape mode, F:DEPACKET looks at every byte to see if it is a Start of Packet (SOP)
character, which by default in escape mode is the ASCII Field Separator <FS»
character, or an <ESC> character.

Qpacket ————-—-—- > <> A>|-===—- > Qpacket,
Qmorepacket
Qpacket —————-- > <2>C 'FS' (after 1st 'FS')
Qpacket ————--—- »|<3>C "ESC' 2y|-—=== > Qpacket,
Qmorepacket
Qboolean ————-—- »|<4>C ESC mode (before 1st 'FS'")
DEPACKET20
(F:DEPACKET)
(escape mode)

In escape mode, F:DEPACKET assumes that a packet is defined as eithe