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1.0 INTRODUCTION
1.1 Generai
_ Thisllnterfece'Controi Document describes tﬁe interfaCe
, signals, protocoli’and.cabling which iSFUtilized as»the
communlcatlons 11nk between a Systems Englneerlng Labs
t’(oEL) Serles’~ 32 computer HSD 9132 Interface and a Sanders -

Assoc1ates, Inc. CS/Al_GRAPHIC 7 Dlsplay System

Tﬁe system allows two«way,hlgh,speed parallel communlcatlon

: BEtween the dlsplay system and the host computer, ' ' -
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2.6 REFERENCE‘DOCUMENTSi

2.1 Sanders- Associates, Inc. Documents
1. Logic~Diagram;'S/A Parallel Interface, SEL-HSD9132/
GRAPHIC 7 Drawing No. 1089703. - |
2, Graphic 7 Technical Description - GA-76-165 (Rev. B)

3. Software»Test Requirement.SpecifiCation - 1088693

-2.2 SEL Documents
1.  Systems;Eﬁgineéring Labs, Inc. Técﬁnical Manuéls,
" Yolumes 1, 2, and 3. HSD 9132

Publication No. 325-329132-000 1977
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HARDWARE INTERFACE CHARACTERISTICS

"Interface Signal Definition

The following is a list of the signals, and their definitions -

which will provide the interface communications between the

SEL/HSD-9132 and‘thé GRAPHIC 7 parallel interface'board.

It may be_ﬁoted that only 16 bits, of the 32 bit data'bus,'
be utilized,'(namely: DAT@ﬁ-lS).

Bidirectional -Data Bus‘(DAT¢¢415)

This'l6-bit bidirectional bus' carries data, command,

status, and address information..

Inpﬁt Data-Ready (IDR) ~

. This'signa1;is generated by the GRAPHIC 7 interface, and

j_indicateéfthét the input data is stéble;"Thié‘signal

remains true until the Input Acknowledge signal is —

returned By the HSD-9132,

- Input Acknowleédge (IA)

This signal, generated by the HSD-9132, is used to

acknowledge the receipt of the input data. This signal

remains true until the IDR signal goes false.

Output Data Ready (ODR)

This signal is generated by the HSD-9132, in conjunction

with output data information. This signal remains true

until the Output Acknowledge signal is returned by the

GRAPHIC 7 interface.
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Output Acknowledge (OA)

This signal is generated by the GRAPHIC 7 interface, and

is used to acknowledge the receipt of the output data.

This signal remains true until the ODR signal goes false.

External Function (EF)

This signal is geherated:by the HSD-9132; and, when true,

indicates that the associated host computer (SEL-32/55)

‘has placed a command (e.g. Initialize,'requeSt status,

or input/output) onto the-data lines.

External Function Acknowledge (EFA)

ThlS 51gna1 is generated by the GRAPHIC 7 1nterface,

'and is used to acknqwledge the_recelpt of the EF signal.

Device Present (DP)

This signal is a level'which is generated by the GRAPHIC

communication with the host computer..
As described in Section-3.2 (Interface Operation) the
Device Present signal goes false only when a computer

request for interface control is being denied. In this

- case, the Device Present signal remains false until

the EF signal goes false.

"The EFA signai'remains'true until the EF signal goes false.

7

‘interface.. This signal is normally true, so as to enable
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Input Status Ready (ISR)

This signal is generated by the GRAPHIC 7 interface and,
when true, indicates that the GRAPHIC 7 system has |
data which should be read by the host computer. That

is, the-hOSt_Computer should initiate an Input command

- sequence. . It should be noted that the host (SEL)

computer must first issue a "Device Status Request" -
command in order for the GRAPHIC 7 interface to generate

the ISR signal.

: The ISR signal remains true until the'receipt of either
the ISA signal or the IOR signal,
‘Input Status Acknowledge (ISA) |

This signal is generated by the HSD 913é,‘and is used
to acknowledge the receipt of thé ISR signal. The ISA
signal remains true until the ISR signal goes false.

Last Word Flag (LWF)

This signal accompanies the last ODR signal in the
output'mode'or the last IA signal in the input mode.

This is a flag from the HSD 9132 to the GRAPHIC 7

.interface signifying End of Block.
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Receipt of the LWF signal will cause the GRAPHIC 7

interface to terminate the transfer.

12.. I/0 Reset (IOR)

This ’signai is generated by the HSD9132, and is used -
by the GRAPHIC 7 interface to reset a previously

received "Device Status Request' command.
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Bidifection>Data Bus (16)

'Iﬁput Data Ready (IDR)

_Input Acknowledge (IA)

‘Oﬁtput Data Ready (ODR)

Output Acknowledge (OA)

"External Function (EF)

A

External Functlon Acknowledge (EFA)

T

Input Status Ready [ISR

Input Status. Acknowledge (ISA)

Last Word Flag (LWF)

1/0 Reset (IOR)

' Device Present (DP)

HSD-9132/GRAPHIC 7

INTERFACE SIGNALS

FIGURE I

GRAPHIC 7
INTERFACE
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3.2 Interface Operation
3.2.1 General
Ig order to request interface control, the requesting
computer must issuegan I/O chmand!to the GRAPHIC 7; and,
‘except for the "Device Status'ReQuest”'commahd and the
hinitialize”ICOmmand, a1l.commands are considered (by the
 GRAPHIC 7 ihterfhce) to be I/0 commands. ,Upon’receipt‘of
the EF;signal, which accompaniés each I/O command, the
GRAPHIC 7 interfaée will respond'With the EFA signal.
'wThe_foiloWing5threé (3) modes of operatidﬁ Cﬁodeé‘A'
 _thrubC)"déécribé‘invmoie detail‘fﬁe'Seqﬁéﬁéés~bf_évents:
3.2.2 Mode A, Host to GRAPHIC 7 (G-7) '
| Qutputting Data
1. Host sets up for sending data; and is enabled for
interrupt in case éf an érror (and maybe an ﬁOB)°
2.  The above causes an External Function'(EFj to Be-
generated; and the G-7 acknowledges the EF and also,
acknowledges each data word. |
3. When fhe Last Word Flag (LWFj is received, the G;7
terminates the transfer. A
SIZE | CODE IDENT NO. | DWG NO.
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‘Mode B, -G-7 to Host

Device Status Request Command

Host sets up for requesting Device Status, and enabled

for interrupting on EOB.

The G-7 gets an EF with the Device Status bit set in

the data'wprd (Bit #2).
The G-7 acknowledges the EF.
If the- G-7 has data to be sent, it will raise the ISR

sighall_:&f not; thé G-7 will wait until input data

.is available.

Host will'ackhowledgé the ISR, and application program

gets an_intérrupta

Last Word Flag will be generated.

Mode C, G-7 to Host

Inputting Data

Host sets up for receiving data; and is enabled for

“interrupt in case of an error ( and maybe an EOB).

That generates an EF to the G-7; and the G-7
acknowledges the EF and issues an IDR.
When LWF is received, the G-7 terminates the

transfer.
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3.3 . Electrical Chafacteristics

3.3.1 ‘Signal Levels

At the interface,'ablogicAONE is defined as being between
zero volts and +1.5 volts; and a‘logic ZERO is defined as being
+3.,2 volts and'+5.0 voits.

These seeminglyrpsendo TTL levels exist because of the
.driver-receiver_circuit (SN75138; open—collector’quad bus

transceivers).

3.3.2 Interface Connectors

1.  The SEL- HSD9132 end of the 1nterface cable assembly
'7 '7ut1112ed two (2) connectors of the follow1ng type
A.AMP Mod- 4 Body. 2-86177-1 Contacts: 86016-1
These two (2) connectors are referred to as "P1" -
: and "P4" in Figure- 2.
2.  The GRAPHIC 7 end of the interface cable assembly
| utilizes two (2) connectors of one of the following
-types: |
Berg: 65043-012 or DDMA-50S.

Referred to as "P2" and "P3" in Figure 2.

3.3.3 Interface Cabling

The interface cable assembly is 30 feet in length, and

is made up of 24 gauge twisted-pair wire.
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SEL COMPUTER
HSD 9132
INTERFACE
k JA JC
P1l P4
30 FT,
P2 P3
¥ J2 | (J7)* J3 |(J8)*
.. PARALLEL INTERFACE
| ASSEMBLY
L o P/0 - /
 GRAPHIC 7
SYSTEM .
FIGURE 2 - INTERFACE CABLING
*If System Interconnect
Panel is installed. SIZE CODE IDENT NO. | DWG NO.
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SOFTWARE CHARACTERISTICS

Host/Graphic 7 Communications

All communications between the host computer and the
Graphlc 7 can be handled by GCP (Graphlcs Control Program) or
by down- 1oaded user- generated software. Transm1351ons in
either direction are referred to as messages. Each message
begins with a command header that contains two ASCII characters
to define the message type. The header is then followed'by as

" many 16-bit words as are required to transmit the associated data.

No translation of the data words is necessary and no end-of-

message indicator is required.

GCP supports nineteen (19) different types of message

across the interface that are’'divided into two groups -
fundamental and additional messages. Table 4-1 summarizes the

interface messages of the Graphlc 7, both fundamental and

additional types.

However, as noted above, -additional messages forming the
user's own communications software can be written and used as
per the interface protocol described herein.

GCP Fundamentel Messages

These messages, whichfrepresent,a nucleus of S£Endard
GRAPHIC 7 functions allow the user to achieve an interactive
graphic capability. These messages provide a means to display a
graphic image, and allow (1) the image. to be rapidly transformed
and (2) system identification of particular items within the
image in response to operator actioms.

The format for these messages is as shown by the example
on the following page.

b

A,
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o Each message consists of a command word followed by a
number of argﬁment words. The 16-bit command word is always
formed from two 7-bit ASCII letters.

Example: Command Word: MU o
15 - 14 8 7 6 0

MSB 0 ASCII M 0 ~ ASCII U LSB

The argument words contain either auxiliary data for the
command word or display data.

4.3 GCP Additional Messages

- Additional GCP GRAPHIC 7 messages give the user detailed
control and access to all of the display terminal registers and
paraﬁeters; These messages are available, ready for use, in
the ‘basic GRAPHIC 7 terminal controller. See Table 4-1.

The additional message format is as per Section 4.2.-
Additional detail concerning all standard Host/Graphic 7 messages
may be found in the Programmer's Reference Manual.

AN
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TABLE 4-1
HOST/GRAPHIC 7 MESSAGE SUMMARY

Fundamental Messages

Host-to-GRAPHIC 7 - GRAPHIC 7-to-Host

Initialize ~ - (1z) . Keyboard (KY)
Memory Update _ C oL (o) o Lightpen : . (PN)
Start'Picture ‘  “\fv(SP) h -Function Key ' ‘ (RK)

Halt Picture ' .. (HP)

|  Additiona1 Messages

' Host-to-GRAPHIC 7 . GRAPHIC 7-to-Host

Continué.Pipture . - . (KP) _ Keyboard . #2 o (KT)*
Selecti%e'Update ' (SU)' _ Lightpen #2 : ' C(PT)*
Give image- ' ' -:_f | (G1). . Return Image - (RI).
Give Registér;»'. ff B (GR5 ' ‘Retﬁrn Register ‘ (RR)
Selective'intéfrupt Cbnt»(IK) Scratchpad Ready (XR)(XTS*
Light Function Keys | (LK(IT)* Return PED T  (RP) (RW) *
- Inditialize PEDC> ' (IP)(IT)* Lightpen Switch (SW)(ST)*
Give PED . . (GP)(GT)* Display Halt Interrupt (HI)
Initialize Scratchpad.  (ZR)(ZT)* Display X-Y Overflow (XI)
Transfer Control (TK) Error Condition (XX)
No Operatioﬁ (NO) Variable Length Block (VL)
Function Key #2 (RL)*

*These messages pertain to the second device of each type.

C>PED - Positional Entry Device (i.e., trackball, joystick)"
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APPENDIX A
. Parallel Interface Register Descriptions

A-1 General
Tables A-1 and A-2 list register and interrupt trap ‘
addresses in the Parallel Interface. In the Address listings,
the 2nd, 3rd and 4th card columns list the preassigned
addresses of the registers if additional optional Interface
Cards are used.

Tables A-3 through A-7 list and describe the significance
of individual bits in the Parallel Interface registers.

: TABLE A-1
PARALLEL INTERFACE REGISTER ADDRESSES

: , _ ) Address' :
Register \ - 1st Card " 2nd Card 3rd Card 4th Card
Word Count (WCR) 172410 172430 -172450 - 172470
; Memory address (MAR) 172412 172432 172452 172472
Status (STR) 172414 172434 172454 172474

Data (IDR & ODR) ~° 172416 172436 172456 . 172476

= ¢
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Interrupt

Input
Qutput

Attention

Bit #

00-15

Bit- #

00-15 Memory Addreéss
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LTR

DESCR!PTION » DATE APPROVED

PARALLEL INTERFACE INTERRUPT TRAP ADDRESSES

‘1st Card

120

124

130

WORD COUNT REGISTER BIT DESCRIPTIONS

Name

Word Count

MEMORY ADDRESS REGISTER BIT DESCRIPTIONS

Name .

S& L SKLL T/

TABLE A-2

Trap Address

2nd Card 3rd Card 4th.Card.
400 420 . 440
404 424 444
410 430 : 450
TABLE A-3 .

Description

Program read/write, cleared by bus reset. To

initiate a DMA mode, the program writes the

two's complement of the number of words to be

transferred between memory and the Host. . Each

time the Interface completes a DMA word transfer,

the word count is incremented by +1. The Inter- j.

face continues the DMA mode until the word
‘*cqunf~= 0 and then sets DMA Complete (status
‘register, bit 04) and generates an interrupt.

Ay

© TABLE A-4

~Description

Program read/write, cleared by bus reset. Before
entering a DMA mode, the program writes the
starting memory byte address of the transfer.
After each word is transferred, during the DMA
mode, the Interface increments the address by

+2 bytes. : ' | d /
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' TABLE A-5 -
STATUS REGISTER BIT DESCRIPTIONS

Name
Spare Input #1
- Address Bits 16,

DMA I/0 Mode

DMA Comple

te

Output Word

Received

by starting a DMA mode: The Interface

s T/

Description

Program read/write, cleared by bus reset.
This bit is directly presented to the Host
and can be programmed as required.

Program read/write, cleared by bus reset.
These bits are used in conjunction with
the memory address register to expand the
DMA addressing capability to 256K bytes.

Program read/write, cleared by bus reset.
The program writes this bit prior,fo a
DMA mode as follows: 1 = DMA input,

0 = DMA output. This bit must not be
changed until the DMA operation is

complete.
Program read only, cleared by bus reset or

sets this bit at the completion of a DMA
mode. ‘

Progfam read/write (set oniy), cleared by

bus reset. This bit, which is sent to the
Host to indicate data taken, is set by the
program either when a data ready interrupt
occurs or when Qutput Control (bit 07) is

sensed. During an output DMA, this bit is
set by the Interface. It is cleared when- /
ever Output Control is not present.
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11
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TABLE A-5

STATUS REGISTER BIT DESCRIPTIONS (Cont)

.Name

Output Interrupt
Enable ‘

Output Control

Count # @

Attention #1, #2

Attention
Interrupt
Enable

Spare Input #2

Description
Program read/write, cleared by bus reset.
This bit when set allows the Interface to

generate an interrupt to indicate either a
data ready or an output DMA complete.

Program read only. This bit reflects the
state of the Output Control signal from
the Host and is raised to indicate that
output data is available.

Program read only, cleared by bus reset.
This bit when set indicates that the word
count register contains a non-zero value,

Program read only. These bits reflect the
state of the Attention signalé from the
Host. 1If bit 11 is high, a low to high
transition on either bit causes an optional
interrupt to bergenerated° |

Program read/write, cleared by bus reset.

,‘ This bit when set allows the interface to

‘ generate an Qttention,(optiohai) interrupt
if either Attention #1 (bit 09) or Attention
#2 (bit 10) goes high.

Program read/write, cleared by bus reset.
This bit is directly presented to the Host
and can be programmed as required.
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TABLE A-5

STATUS REGISTER BIT DESCRIPTIONS (Cont)

Name

Input Word
Request

Inpr Interrupt

Enable

- Input Not Ready

Description

Program read/write (set 5hly), cleared by

bus reset. If a‘single word input transfer
is desired, the program loads the input data
register and then sets this bit to indicate

“to the Host that data is available. Either

a data taken interrupt or sensing Input
Ready (bit 15) indicates that the single
transfer is complete. During an input DMA
mode, the Interface reads data from memory,
loads the 1nput data register and then sets
this bit. This bit is cleared whenever a
new data ready pulse (NDRY) occurs. (Note:
The Interface generates an NDRY pulse, for
the Host, whenever Input Control from the
Host, goes hlgh

'Program réad/write, cleared by bus reset.

This bit, when set, allows the Interface.to

‘generate an 1nterrupt to 1nd1cate either a

data taken or an input DMA complete.

Program read only. This bit is reset if both
the Input Word Request (bit 13) and the

Input Control signal, from the Host, are

clear. When set, this bit indicates that an
input data transfer is in process.
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TABLE A-6

OUTPUT DATA REGISTER BIT DESCRIPTIONS

Bit # Name

'00-15 Output Data

Description

Program Read only. These bits reflect
the state of the data lines from the Host.
The program reads these bits either when
a Data Ready interrupt occurs or after
sensing oﬁtput.control (status bit 07).
During output DMA, the Interface loads

this data into memory. Note: The Interface

will accept either high true or low true
output data from the Host.

TABLE A-7

INPUT DATA REGISTER BIT DESCRIPTIONS

Ll

"Bit # - Name

00-15 Input Data

Description

~Program write only, cleared by bus reset.
These bits are directly presented to the
Host. (Note: The Interface will provide

. either high true or low true data to the

'Host,)- Durigg an input DMA,‘the Interface
loads this register with memory data.
During single data transfers, the program
loads this data prior to raising Input Word
Request (status bit 13).
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