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DESIGN SPECIFICATION FOR
AFCS UNIVERSAL PERFORMANCE ASSESSMLNT
AND CONTROL SYSTEM

D. R. Wortendyke* and R. J. Steele**

A prototype data acquisition system that utilizes
commercial software and hardware design concepts, for
use in the development of performance monitoring systems 1
of communication networks, has been designed, assembled,
and checked for use by the USAF/AFCS. This document
provides the design specifications for this universal
performance assessment and control system (UPACS). 3
Features emphasized are the use of a real-time software
operating system, distributed processing, and the IEEF
488-1975 Digital Interface for Programmable Instrumentation.
A centralized minicomputer controls multiple distributed
satellite minicomputer processors by means of a multipoint
asynchronous telemetry channel. All data acquisition takes
place at the satellite minicomputers by controlling data
acquisition Ffevices connected to the IEEE 488 interface.

A detailed description is given of hardware and operating
system software. No specific data acquisition software
is discussed.

A

Key Words: Communication system monitoring,
distributed computer networks, IEEE
488-1975 controllers, UPACS, mini-computer
measurement system.

1. PURPOSE OF THIS DOCUMENT

This document describes the final specifications for the
initial AFCS Universal Performance Assessment and Control System
(UPACS). This report defines the operation ¢f the Master Control
Unit (MCU) and the Satellite Terminal Units (STU's) in sufficient
detail to provide a semi-technical description of the hardware and
software systems.

* The author is with the Institute for Telecommunication
Sciences, Office of Telecommunications, U. S. Department of
Commerce, Boulder, Colorado 80302.

**The author is with Minicomputer Systems Company, P.O. Box
3031, Boulder, Colorado 80303.

t The terminology of "Satellite" is used within this report to
mean a slave computer, and does not refer to an object in orbit.




R

e R

4

-

o _nC

2. OBJECTIVES OF THE UPACS SYSTEM

The Universal Performance Assessment and Control System
(UPACS) is a distributed measurement network, controlled by
minicomputers at several radio communication sites for the
purpose of collecting and analyzing data on the performance and
operation of the radio equipment, link reliability, and digital
transmission. The measurement equipment will initially be
standard test equipment utilizing the IEEE 488-1975 (1975) General
Purpose Interface Bus (GPIB)* for remote programming and data
acquisition. The minicomputers controlling the GPIB will be
polled on a serial party line (initially a "voice" channel) by a
master computer for transmission of data to a central location.
The master computer (MCU) will also have the capability of analy-
zing the data and developing new programs. An operator using
simple commands at the master computer can cause newly developed
programs to be loaded into the remote satellite minicomputers
replacing the previous software measurement routines.

3. SYSTEM HARDWARFE

3.1 MCU Hardware Configuration. The Master Control Unit
(MCU) is responsible for monitoring one or more Satellite Ter-
minal Units (STU's). It is a large real-time system with 32 k
words of memory, magnetic disc, magnetic tape, paper tape reader
and punch, a line printer, a plotting scope and a system console.
Figure 1 provides a diagram of the system. Several manufacturers'
equipments are utilized in the MCU, but the principal supplier is
Hewlett-Packard (HP) Corporation.**

Listed below is a brief description of each unit in the
MCU hardware.

1. Central Processing Unit (CPU)
The CPU is an HP 2100S with 32 k words of memory.
Built-in features include extended and floating point
arithmetic, dual direct memory access ports, power fail
interrupt and memory protect. It also has micropro-
gramming capabilities.

**Certain commercial equipment, instruments, or materials are
identified in this paper to adequately specify the experimental
procedure. In no case does such identification imply recommen-
dation or endorsement bv the Office of Telecommunications, nor
does it imply that the material or equipment identified is
necessarily the best available for the purpose.




e T 4

T R * P

*uUOT3RANETIUOD DIEMPIEY 3IJTU TOIJUOD I93SE|

YHOMLIN INIBBNH

v

*T {anbtg

Frv——

J0VAH3 NI 0 gnJﬂ 5480096 "\ Na000 548 00b2-00 5d0 05 i
el ¥30¥3 O¥YOBAIN ¥ 14D J105H09 WILSAS HONd
SNONOYHINASY Y3INt4d INTY 4¥08A3N ¥ 14D 34v1. ¥4V
034344n8 341 ¥3dvd KINOYLY3L / D3LvSEIn | OIS ¥0I£66 dH !
¥9962! dH 2 -
24 I
SIHOM %2¢
S0012 dH
A
VWO ™
S e
4<_quzmmm_mtsg \\\Hmwxwx S lp
TINNYHO O
¥ISL2l dH SILAGH Sb'¢
e 480 | Sdi b
030N3 IONIS | WILSAS

TINNVHD 2 | “

VISLZI K | SILAGN Sb'2
és

|
318VAONIY

¥3143ANO) g
a-v

Elg¢ dH

¥JVY1 6
1d8 008

. A ..'c. .rmva "6\ .- ﬂs‘ ;.‘.

. W:M. v e

L




o TP

2. Disc Subsystem (HP12560A)
The disc subsystem consists of two discs - one fixed
and one removable with a total capacity of 4.9 million
bytes. The average access time is 47.5 milliseconds.
The removable disc uses an IBM 2315-type cartridge.

3. Magnetic Tape Subsystems (FP12970R)
The single magnetic tape drive records at 800 bytes
per inch in 9 tracks. It records at a speed of 45
inches per second.

4. Paper Tape Reader (HP129253)
This device reads 8 channel paper tape at a rate of
500 characters per second.

Sie Paper Tape Punch (HP129262)
This device reads 8 channel paper tape at a rate of
50 characters per second.

6. MATRIX Line Printer (D1110a)

The electrostatic matrix line printer/plotter is a

Versatec unit with a printing speed of 1000 lines per
¢ minute. A line can have up to 132 characters. It can
also produce graphs and charts using the plotting
package. Resolution is 100 dots per inch arranged in
a dual array. The Tektronix cathode ray tube (CRT)
and keyboard described below are hardwired to the matrix
printer so hard copy output of information generated on

the graphic CRT screen can be recorded.

7. Graphic CRT and Keyboard (TEK4012)
This unit will be used on an auxiliary terminal
§ to the CPU and as a graphic output device. The
information displayed on the screen can be preserved by
dumping it onto the Versatec printer.

f

a 8. Interactive CRT (HP2640)

ﬁ The 2640 will be the system console. It includes

;- a keyboard and CRT with a 5 k character storage buffer-~

, inc and a line drawing character set.

4

i 9. Bufgered Asynchronous Communication Interface (FP129662)

» This hardware interface kit provides half-duplex

o asynchronous bit-serial data transfer between the CPU
and the hubbing network. The interface complies with

2 EIA Standard RS232-C (1969).

1
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10. General Purpose Interface Bus (HP59310A)
A two-way digital communication structure for one
or more instruments with ASCII-compatible interface
is provided by this hardware feature.

l1l. 2/D Subsystem
The A/D subsystem consists of HP2313B and two
FP12751A High-Level Multiplexers. One 12751A card
can input 32 single-ended channels and the other card
can input 16 differential channels.

3.2 STU Hardware Configuration. The three STU units
differ slightly in configuration. All three STU's have a time
base generator, and a General Purpose Interface Bus (GPIB) (the
IFEF 488-1975 standard), a Buffered Asynchronous Communication
Interface and a system console interface. Two units have _a
Tele-Tec CRT and keyboard. The third unit has a Teletype®
ASR 33 for a system console.

Figure 2 provides a diagram of all three satellite hardware
configurations.

Listed below is a brief description of each unit in the STU.

1. Central Processing Unit

The CPU is an HP21MX with 16 k words of MOS
memory. Standard features include extended and float-
ing point arithmetic, memory parity, power failure
detection and microprogramming capability. A two-hour
battery backup unit is provided for the MOS memory.
Fach unit is also equipped with memory-protect
hardware to maintain the integrity of the system
software.

2. System Console

Fach_STU has a system console consisting of a
Teletypég ASR 33 or a Tele-Tec CRT unit. The teleprinter
includes paper tape reader/punch, keyboard and a 10
character per second printer. The CRT includes a
keyboard and a screen capahle of holding 24 lines of
80 characters each. The transfer rate is 240 characters
per second.

3. Buffered Asynchronous Communication Interface
(HP12966A)

This hardware interface kit provides half-duplex
asynchronous bit-serial data transfer between the CPU
and the hubbing network. The interface complies with
EIA standard RS232-C.
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4. General Purpose Interface Bus (HP59310A)
A two-way digital conmunication structure for one
or more instruments with an IEEE 488-1975 compatible
interface is provided by this hardware feature.

3.3 Communication Subsystem. The communication subsystem
consists of the interface kits within each CPU and the hubbing
networks mounted in each of the single bay racks for the STUs.
The configuration also includes two 1200 baud modems in each
bay for transmission on the voice channels of the communication
subsystems. Each CPU communicates via an FIA RS232-C interface
(25 pin connector) by means of the Buffered Asynchronous Communi-
cation Interface (BACI) (HP12966A). Each STU BACI is connected to
Sl port of its hubbing network, which provides a digital
communication path bkack to the MCU through the Pl port ard a
route to the next downstream STU via the P2 port. Figure 3
provides a diagram of the overall system including the communi-
cation subsystem.

4., MASTER CONTROL UNIT SYSTEM SOFTWARE

4.1 Introduction. The MCU uses the HP Real Time FExecutive
k7 Software, version 2, (RTE-II) operating system. It is a compre-
i hensive, multiprogramming system which fulfills all the require-
ments of the UPACS system. MNearly all of the system software
at the MCU is provided by HP. Three system software programs
are provided by OT/ITS.

The first program is a driver for the Buffered Asynchronous
Communication Interface. Since HP does not have an RTE driver
for this device, project personnel wrote a driver and incorporated
it into the RTE-II system.

A Communication Executive (CF) comparable in function to
the STU communication executive is the second program. It is
¢ used to interface the user software with the drive for the
: Buffered Asynchronous Communication Interface. A copy of the
n CFE program resides with each program communicating with an MCU.
- However, a common table capable of supporting 8 STU's resides in
; the operating system.

TR
v -

- The third program is the Operator Command Module (OCM). It
= is responsible for providing the MCU operator with a means of
}@ controlling the STU.

® The first two programs are written in Assembly language.

The operator command module is coded in FORTRAN IV.

i AFCS user programs may be written to run in resident or
non-resident foreground and/or in non-resident background. The
background area will be used primarily for program development

4 and analysis.

7
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A good general description of the HP RTE-II system may be
found an article by Anzinger and Gadol (1975).

4.2 Operator Commands Available. A disc-resident back-
ground program called the Operator Command Moduie (OCM) allows
the MCU operator to exercise control over the operations
of any STU. Specifically he can perform any one of these
five functions:

1) Load a program into an STU;

2) Start a program in an STU;

3) Stop a procgram in an STU;

4) Check the status of an STU, and obtain the current

time;

5) Send time to the STU; and

6) For RTE-C hased STU's, the operator can use any of the

normal RTE-C commands.

Program loading requires the STU communication executive
or the STU system loader to he in control. The STU communication
executive operates under the Basic Control System (BCS) or the
core based Real Time Fxecutive (RTF-C) system. It can load an
absolute program into the user program area. If control resides
with the system loader, only a BCS or RTE-C system with the
supporting system software can be loaded. However, a user
program could be included as part of the system files.

Once a program is loaded, the MCU operator can give the
command to start execution of a user program. The STU communi-
cation executive remains in control until the start command

is given.

The stop program command terminates a user program and
returng control to the STU communication executive. A new
user program can then be sent to the STU. 1In addition, another
command is also available which causes the system loader to
gain control, so a new system can be transmitted to the STU.

The STU's time of day, day of year, and year can ke updated
using the set time command. A small time offset may be specified
in the command to compensate for the transmission time and
processing time in the MCU and STU.

The status of an STU can be checked with the OCM. An STU
can be under controcl of a user program, the STU, CE, or the system

loader.
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4.3 Satellite Program Loader. Before a user program can
be transmitted to an STU, it must be processed by a loader which
resolves all external references, links the user program to the
required library routines, and generates absolute program code.
The HP System Cross Loader (SXL) is used for this purpose in BCS
systems.

Initially a BCS system with the drivers, communication
executive, and clock routines is loaded to produce a cohesive
system called the STU System Software. The STU System Software
is a single file in absolute format which is loaded by the
system loader in the STU. A snapshot of memory at the STU
after the System Software is loaded is maintained at the MCU.

Whenever a user wishes to prepare his program for loading,
he will use SXL and the snapshot file to produce an absolute
program with the proper links to the STU System Software. This
program is saved in a file at the MCU, and loading is initiated
using the operator command module. When the module is loaded,
the MCU operator can start the STU user program.

If RTE-C is chosen as the STU operating sytem, the loading
is performed by the HP Satellite Communication Executive,
version 5 (SCE/5) satellite generation program called SCEGN
from the HP Distributed Systems Library in place of the SXL
loader.

5. SATELLITE TERMINAL UNIT SYSTEM SOFTWARE

5.1 System Software Under BCS. The STU system software
consists of a collection of programs which the user program
accesses to communicate with the various peripherals. Included
are the device drivers, the BCS system, the clock routines, the
GPIB handler, and the communication executive.

Device drivers operate at the lowest level. They ccmmuni-
cate directly with the hardware devices - they are responsible
for initiating the I/0 operation, handling interrupts, and
cleanup when the I/0O transfer is complete. Four device drivers
are required. They are:

1) The HP time base generator driver called D.43;

2) The HP GPIB driver D.37;

3) The HP multiterminal driver D.00 for the teleprinter
or the CRT's; and

4) A specially developed driver for the HP buffered
asynchronous communication interface card.

All four drivers will operate under BCS - the HP Basic
Control System. BCS is really just an interface to these
drivers.

10
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The next level of system programs communicate downward with
the drivers via BCS and upward via the user program. They include:

1) The communication executive which handles all
data transfers with the MCU;

2) The GPIB interface which provides a convenient means
for the user to perform I/0O and control the GPIB and
the devices attached to it: and

3) The Time Base Generator routines which maintain the
time, date, and user timers.

All of these programs are written in Assembly language.
They represent the STU resident software system and are loaded
only once. 2ll of the system software is protected using the HP’
memory protect feature. Without some form of protection, a user
program could inadvertently damage the system software which
might require operator intervention at the STU to get the system

restarted.

The STU system software is loaded from the MCU using the
system loader. This loader is a small compact program which
resides in upper memory of the STU and could eventually be
micro-coded into a read-only memory (ROM).

A block diagram of the STU system software is shown in
figure 4. Figure 5 presents a memory map of the system software
with approximate memory requirements.

5.1.1 Timekeeping Under BCS. Timekeeping functions at the
STU are handled by several clock routines and a modified version
of the HP clock driver (D.43). The following functions are
performed by the clock routines:

1) Maintain the time of day in termes of 10's of
milliseconds, seconds, minutes, and hours;

2) Maintain the day of the year and the year;

3) Provide a user program interface for accessing the
time and date, and setting it; and

4) Provide a user program interface for defining count-
down timers which are ~utomatically decremented.

Time can be set throuch the user program or from an MCU
message. Once set, the time will be maintained automatically.

The count-down timers are useful in handling time-dependent
functions within the user program. A user program will call a
clock routine with the initial time and a location for counting.
The clock routine will decrement the count until it reaches
zero and hold it there. The user program need only test for
zero and then reset the timer after the necessary processing is
complete. This timer operates in conjunction with the real-time

&d
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clock so that events scheduled every hour for example, will
always occur at the beginning of each hour.

5.1.2 Operator Commands Available Under BCS. Since
the STU is basically a stand-alcone system, that 1s, normally
unattended, it does not require any system commands. Further,
the system software consists of a simple, single-tasking
operating svstem which does not have the capability to process
operator commands concurrent with the user program. Therefore,
any operator commands used at the STU are implemented in
the user program. 2An operator can request access to a user
program via the system console (either a teleprinter or a
CRT) and as a result control the user program or request
information from it.

Personnel at an STU can transfer control to the communica-
tion executive or the system loader via the CPU console switches
or by forcing a CPU restart. In either instance the MCU
would be told of the restart and the status of the STU system
on the next interrogation.

5.2 System Software Under RTE-C. RTE-C is a standard HP
core resident operating system which is similar to FTE~II
without the disc. It is a real-~time, multiprogramming system
with considerably more capability than a BCS. There are three
main routines in the RTE-C system called the executive, the
scheduler, and the real-time input/output control program.

The system software includes the above three modules
of RTE-C, plus a modified version of the absolute loader,
and the communication executive (CE). The CE is responsible
for MCU message processing and preparing messages for transmission
to the MCU. It also routes the prooram code to the absolute
loader. The CE is a scheduled prog:ram operating under RTE-C.

Timekeeping and memory protection are the responsibility
of RTE~-C. The executive program of RTE-C has been modified
to allow the CE to interface with the commands normally used
through the system console.

Because the RTE-C is capable of multiprogramming, more
than one user program can be running concurrently. One program
could be handling MCU requests for information while the
other program is handling all the data acquisition responsibilities.
In fact, the data acquisition functions could be separated
into several programs. However, only one program can communicate
with the CE at a time.

14




Figures 6 and 7 provide a block diagram of the system
under RTE-C and a memory map, respectively.

5.2.1 Operator Commands Under RTE-C. The system console
under RTE-C can be used to communicate with the user program
or PTF-C. There are 13 RTE-C commands available from the system
console. Any of these commands could be used concurrently with
user program execution.

5.3 Power Failure Detection/Automatic Restart. Each STU
central processor 1s equipped with a power monitor which
generates an interrupt to the CPU when power fails. The CPU
saves the current system state and performs an orderly system
shutdown. The batteries maintain the MOS memory contents for
as long as two hours. When power is restored, the automatic
restart software initializes the system and returns control
to the interrupted routine.

A power-failure flag is set in the status and transmitted
to the MCU on the next interrogation.

The internal time of the STU will be off by the amount
of time of the power failure. Therefore, it will be necessary
for the MCU to update the time.

5.4 RTE-C vs. BCS. The decision to use BCS or RTE-C as
the operating system 1n the STU is an option of the user. This
section will briefly describe the differences in the two
operating systems and their respective advantages and
disadvantages.

Basically, BCE is not really an operating system at all. It
is merely an interface between the I/O drivers and the user
program. A user calls a routine, "IOC", which passes the
parameters to the initiator section of the driver to set up
the I/0 request and which then returns control to the user.

The driver completes the I/O operation independent of the
program and updates a table which the user program can check.
No other functions are provided in BCS.

RTE-C is a real-time multiprogramming operating system.
It includes I/0 control, an executive for processing operator-
and program-initiated requests, and a scheduler. Two or
more programs can be running independently in the CPU sharing
the systemb resources. New programs can be added to the
system at the same time other programs are being executed. When
a program makes an I/0 request via an executive call, the
RTE-C system suspends the program until the I/0 operation
is complete. Other executive calls include scheduling other
programs, scheduling the calling program, getting the time,
setting the time, and checking the status of I/0 devices.
In addition, RTE-C has 13 operator commands that can be used
via the system console.

L5




BUFFEREL
ASYNCHRONOUS
DRIVER —
CORE BASED COMMUNICATIONS
REAL-TIME EXECUTIVE R acE
RTE-C
DISPLAY
REAL-TIME DRIVER —  CONSOLE
EXECUTIVE
scheputer | (NPUT/
4 OuTPUT DRIVER — GPIB
{
i
TIME
DRIVER  |—  pact
GENERATOR
L
é.
1 COMMUNICATION PROGRAM USER USER
!}- EXECUTIVE LOADER PROGRAM 1 PROGRAM 2
) (INTERPRET (DATA
MESSAGES) AQUISITION)
P
Y
¥
¥ EXEC
L
L2

& Figure 6. RTE-C STU system.
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To sumrarize, BCS is an interface to the I/0 drivers.
RTE-C is a complete operating system. As might be expected,
BCS requires less than half the CPU memory of RTE-C. For
UPACS, a BCS system uses approximately 5,000 words of memory.
RTE-C requires 9,300 words of memory.

The major advantage of BCS is its lower hardware cost, since
only a small amount of CPU memory is required. There is
one disadvantage to BCS: because it is a simple operating
system, it is also inflexible.

RTE-C has two advantages. Since it is a large multi-
programming operating system, it is considerably more flexible,
which may be beneficial in the laboratory environment of the
initial UPACS system. Secondly, more than one program can be
running in an STU. Separating functions such as MCU message
processing and data acquisition into several programs should
simplify the overall user system as well as each program.

The big disadvantage of RTE-C is its size. It requires al-
most twice as much CPU memory as BCS. Consequently, each STU
may require 8 k words more memory.

6. MCU/STU COMMUNICATIONS

6.1 Introduction. The MCU/STU communication is controlled
by the MCU. The STU responds with the requested information
or an acknowledgment of the message sent by the MCU. The STU
cannot initiate a transmission to the MCU without first being
polled.

Communication between the MCU and STU's can be up to 9600
baud in the asynchronous mode. The MCU and STU's each contain
an FP Buffered Asynchronous Communication Interface (BACI card
#12966A) with a 128 character buffer.

Message transmissions include both ASCII and binary informa-
tion. The messages are formatted with start-of-message and
end-of-message delimiters, error-detecting characters and address
characters. An even parity bit is added to each 8 bit charac-
ter. A l6-bit checksum is added to each message. FError checking
ig sufficient to detect multibit errors. A transmission error
causes the receiving unit to request a retransmission of the
last message. The system will attempt to retransmit a message
three times.

User interface to the communication subsystem from either
the MCU or STU is on a subroutine call level. To transmit
a message, a user calls a communication executive (CE) subroutine
with the appropriate parameters. The message is formatted by the
MCU CE and sent to the STU. If the user message is too long for
a physical message, the CE will send multiple messages to the STU.

18
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Fach message is acknowledged by the STU. The STU CE reassembles
the message and passes it to the user program.

The STU user program must have made a call to the CE prior
to receiving an MCU message. If the STU CE receives a message
for a user program, but the user program has not issued a call
to the CE, the CE will set a status flag indicating a user
buffer (supplied via the call) was not available and then the CE
will acknowledge the message.

In the MCU, the user program or OCM transmitting a message
is suspended until a return message is received. However,
the user program in the STU is not suspended when it calls
the CE. A return code, supplied in the call to the CE, is
set to minus one by the CE before returning control to the
calling program. When a user message is received, the CE will
change the return code to a number indicating the message status.
The STU user program must periodically check the return code
to determine if a message is waiting in the user's buffer.

The CE's in both the STU and MCU handle all the message
formatting, error checking and message acknowledgments. The
STU user program, upon receiving a message from the MCU, simply
calls the CE with a return message. The CE formats it and
sends it back as a reply to the MCU user message. If the STU
user message is too long for one physical message, the STU
CE will send multiple messages to the MCU. Each message is
acknowledged by the MCU CE.

With the RTE-C operating system in control at the STU,
several user programs can be running concurrently. Therefore,
one user program should be responsible for handling information
requests from the MCU while the others are responsible for
data acquisition. The user message handling program is scheduled
whenever the CE receives a valid message from the MCU. It
extracts the requested information from the data base and returns
it to the MCU.

6.2 Communication Protocol. Communication between the
MCU and STU's 1s controlled by a rigid set of rules. First,
only the MCU can initiate a communication sequence. An STU
cannot send a message to the MCU without being asked for one by
the MCU. Second, every message sent from one subsystem to the
other must have a reply. The reply can be a response message,
an acknowledgment (ACK)* or a negative acknowledgment (NAK). The
absence of a reply from an STU within the timeout limit for the
physical unit generates a message to the MCU operator. However,
an STU which fails to get a response from the MCU cannot do
anything but wait for the MCU to poll it again. The STU always
retains the last message transmitted in case retransmission is
required.

*All characters used in this section are taken from the ASCII
character set. 19
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Third, an MCU car talk to only one STU at a time. For
example, a user program can poll an STU and wait for a reply.
If no reply is received within the allotted time, a messace
should be sent to the operator and/or logged; then the user
program should go to the next STU.

Finally, the message is in a precise format which is
verified by the receiving system. The first ten characteres
of a message are always the same. 2Also, the last six characters
of the message are always the same. Between the header and
trailer are the message characters. The header consists of
addressing and message content information.

Table 1 provides a summary of message format for each
byte sent. The first six characters are reserved for the MCU
and STU drivers which interface with the HP Buffered Asynchro-
nous Communication Interface card which is called the BACI
card in subsequent text. Since all BACI cards are set to a
listening mode, a character transmitted down the communication
link by the MCU or an STU is received by all BACI cards. The
special character buffer of the BACI card contains the address
character for the MCU or STU. The driver is notified via inter-
rupt if the address character is detected. It also gets an
interrupt from the BACI card on buffer full and half-full.
However, these interrupts are ignored. When the driver receives
a special character interrupt, it reads characters until it
detects a start of message character (SOH). 2all subsequent
characters are stored in the CE buffer.

The last four characters of the header, in an MCU~to-STU
message, which are stored in the CE buffer contain the address
character of the message destination, the address character
of the message source, the message type code and the message
block number. Presently, the characters A through J are reserved
for addressing. Address characters A and B are reserved for
the primary and secondary MCU. Characters C through J are
assigned to STU's 1 through 8.

The type code identifies the message content and format.
There are 14 different message types; 13 message types are
used by the system and the 1l4th is reserved for user messages.

The block number is used to detect missing messages and
to ensure message sequence integrity. Block numbers start
at 6 and increase numerically to 63. Then they start over
at 6 again. Both the MCU and STU's maintain separate block
number registers for transmitted and received messages. All
CE's verify the block number of received messages. An error
causes the error statistics of the block number to be updated.

20
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Table 1. Message Formats
MCU STU
‘ Char # Char # Description of Character Comments
L 1 1 Destination or To Address Characté;W
2 2 Secondary MCU Address Character i
3 3 Fill Character for Timing Used
S s by
4 4 Fill Character for Timing Bl
5 5 Fill Character for Timing
6 6 Start of Message Character (SOH) |
7 7 Destination or To Address Character
8 Source or From Address Character
. 9 Message Type Code
10 10 Message Block Number
3 )& | Status Character 1 } STU Message
i 12 Status Character 2 Only Included |
11 13 Message Text Character 1 in |
Error |
12 14 Message Text Character 2 it

. i1 +n 13
1§ 12 + n 34
% 13+ n 15
-
;' 14 + n 16
2 15 + n . 17
b
& 16 + n 18
¥

10 + L2 +

o
o}

+ + + + +
85 5 5 B

n

End of Text (STX more to follow
{ETX = no more
Error Code Character 1

Error Code Character 2
Error Code Character 3
Error Code Character 4
End of Message (EOT)

Maximum message length is 540 characters.
Maximum test message length, n is 524 characters.
Minimum message length n is 16 characters.
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The message text follows the block number. It can contain
ASCII characters, binary numbers, or any bit patterns. The
maximum message text length is 524 characters. Any text charac-
ter which matches a special character (binary numbers 1 through
5 and address characters A through J) is separated into two
characters, and preceded by an encoding character. For example,
a text character A (bit pattern 01000001) in the original message
becomes three characters in the transmitted message whose 8
bit patterns are 00000101, 01100100, and 01100001. The left
four bits of the second and third characters (0110) represent
encoding bits to produce a kit pattern which does not match
any special characters. The text message is decoded into its
original character string at the receiving terminal. This
technique requires only 6% of the possible 256 bit patterns
to be encoded.

The character immediately following the message text is
either an end of address (STX) or end of message (ETX). 2n
STX character indicates the message is not complete and more
text will follow in the next physical message. The receiving
terminal formats the message into the user buffer and acknow-
ledges the message. A user buffer can be longer than one physical
message can handle. All system messages are less than 524
characters in length. After the sending terminal receives
the acknowledoment, it sends the next message segment. This
sequence is repeated until all the message text characters
are sent. The last message has an ETX which indicates to the
receiving terminal that the last message block has been received.

Following the STX or ETX character are four error code
characters. They represent a 16 bit checksum of the message
characters beginning with the "TO" or destination character
(following the SOH - the sixth character in the message) and
ending with, but including, the STX or ETX character. The
16 bit error code is separated into four characters to ensure
a bit pattern that does not match any special characters.

The left four bits of each character contain the encoding pattern
0110. If the calculated sum and the error code sum do not match,
the receiving terminal returns a negative acknowledgment (NAK)
and waits for a new message.

The last character of each physical messace is an end of
transmission character (EOT). Once a receiving terminal driver
detects the EOT, it sets a flag indicating the operation is
complete. The CE does not process the message until the FOT is
received or a timeout occurs.

A message sent from the STU to the MCU has two additional
characters in the header following the block number. These
two characters represent the STU status - a 16 bit word which
includes current STU status and the status of the last message
received. The status word is separated into two 8 bit
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characters. Labeling the left-most bit as bit 15 and the
right-most bit as bit 0; bits 15 and 7 are always set to 1, so
there is no danger of a bit pattern matching one of the special
characters. Table 2 defines the status word and the meaning

of each of the bits which are defined.

A message acknowledgment can be a return message, a positive
response, or a negative response. A message sent to an STU
for information will be acknowledged by a response message
containing the requested information. However, a message contain-
ing a command for the STU to get ready to accept a program
would cause the STU to send back an ACK message signaling that the
STU got the message and was ready to accent a program. In all
instances a message from the MCU must be answered with a message
from the STU.

When an STU has sent back an information message, the
MCU will acknowledge receipt of the message with an ACK if
there are multipie message blocks, an NAK, or a new message.
A valid response which has only a single message block will
not be acknowledged.

A negative acknowledgment will cause a retransmission
of the last message. For example, the STU returns an information
message to the MCU, the MCU detects an error and sends a negative
acknowledgment, the STU then sends the last transmitted message
again. This dialogue will be repeated three times, and then
the MCU will set a return code and terminate the dialogue.

Many system message types do not require any message text.
For example, the positive and negative acknowledgment (ACK
and NAK) do not have any text. The type code distinguishes
one from the other. Table 3 provides a definition of each
message type, its message length, the received message length,
the valid responses, and who uses the message type. Table
4 provides a sample of communication sequences.

7. USER PROGRAMS

7.1 User Program Languages. The MCU and STU application
software languages include FORTRAN 1V and Assembler. The EP
BASIC is not suitable for this system. Since the STU system
software requires program loading in absolute format, a compiler
must be available to convert the language into aAssembler and/or
into absolute machine code. Assembly language produces machine
code. The standard HP FORTRAN IV compiler does this also.
However, the HP BASIC does not generate machine code. It cannot
be compiled into an absolute program; and it also shuts off
interrupts during statement execution. Such cancellation of inter-
rupts cannot be tolerated in a real-~time environment. The
Kearfott Division of the Singer Company has a BASIC language
which meets the minimum system requirements. It could be
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Table 2. STU Status Word

Bit Tﬁ Usage
0 System Loader In Control
1 CE Inl Control
2 User Program In Control
3 Power Failure Occurred
4 Memory Parity Error
\ 5 Memory Protect Error
=1 6 Address Error On Load
7
!
: 8
9
10
' 11
£2 Parity Or Error Code Error
t 13 Block Number Error
!i: 14 Word Count Error
“% 15
R
5
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purchased from Singer and used within the system

if there is a requirement to develop programs in BASIC. It

is anticipated that the majority of all user program requirements
may be satisfied with the Fortran IV provided.

7.2 User Program Interface to the MCU/STU. A user program
converses with the MCU or STU throuch the respective Communica-
tion Fxecutive (CE) whizh talks with the Buffered Asynchronous
Communication Interface. If BCS is used at the STU, a user
program will check for an MCU request periodically by testing
a flag given the CE by a cell. The CE sets the flag when a
message has been received from the MCU. The STU user program
sends a message back to the MCU by a program call to the CE
giving the message buffer address and its length. The C£ is de-
signed to transmit the message and to retransmit it if necessary.

An MCU user program upon requesting a message from a
particular STU, is suspended until the message is received.
Then the MCU is given control and processes the message. When
the MCU program sends a message it makes a call to the CE
giving the message buffer address and the length. The CE takes
the message and transmits it to the STU.

If RTE-C is used at the STU, the same procedure is followed
for communication as in a BCS based STU. However, with RTE-C,
multiprogramming is available which gives the user the capability
to have one program dedicated to processing MCU requests and
another program for the data acquisition.

7.3 Typical Development Cycle For a User Program. All
user program development occurs at the master station. The
user will also test his program at the master station using
simulated input and/or the MCU's GPIB. The program could be
written in Assembler or FORTRAN IV.

After testing is completed, the user generates a relocatable
binary file using either the FORTRAN IV compiler or aAssembler.
Next he runs the cross loader which will be SXL for BCS based
STU's or the satellite generation program SCEGN if RTE-C is
selected as the STU operating system. This process includes
linking the user program with the STU resident operating system
and the FORTRAN 1V and system library. The end product is the
absolute program code stored in a disc file.

The user program is ready for loading at an STU. The
MCU operator, using the operator command module stops the current
user program running at the STU. He may first request status
from the STU. Then the operator sends the user program to
the STU. Upon successful transmission, the operator commands
the STU to start executing the program. The user monitors
the STU program via the message content returned to the MCU.
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