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ABSTRACT

The Control Event Scanner (CES) is a microprocessor-based device which will control and sense relay contact
closures via the IEEE Standard 488-1975 Interface Bus, hereafter known as the General Purpose Interface Bus
(GPIB). Through the use of a microcomputer, other functions such as pulse counting, analog to digital conversion,
digital timing, etc., are easily implemented. With a fully implemented unit, the capability exists to realize a low-
cost, fully programmable automated test fixture suitable for use in a distributed performance assessment network
(DPAN). With the use of the GPIB and an internal microcomputer, on-line reconfiguration is possible to
implement a variety of dedicated performance assessment instruments. Performance assessment and a fault
isolation example are discussed.
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GLOSSARY

ASCII - American Standard Code of Information Interchange

CES - Control Event Scanner °

DPAN - Distributed Performance Assessment Network
Defined in 1842 Technical Report TR 77-4 (Automated Data Acquisition Applied to Monitoring of
Communications Systems) | Oct 76

EPROM - Erasable Programmable Read Only Memory. A semiconductor memory device which is electrically non-
volatile.

Event Sensing - Process of sensing relay states indicating equipment and/or parameter status.

Fault Isolation - Process of localizing system malfunctions based on parameter samples at strategic points in the
system.

GPIA - General Purpose Interface Adapter. A system of five integrated circuits that implement the protocol of
the IEEE Standard 488-1975 General Purpose Interface Bus between a microprocessor and a compatible device.

GPIB - General Purpose Interface Bus. The electrical and logical interface between compatible equipment
specified by IEEE Standard 488-1975. See Appendix A.

Histogram - A graphic representation of a frequency or relative frequency distribution consisting of vertical
rectangles whose widths correspond to a definite range of frequencies and whose heights correspond to the
number of frequencies occuring in the range. (Webster's Second Collegiate Dictionary)

LED - Light Emitting Diode

Nodal Controller - A processor located at a "node" in a distributed performance assessment network (see Figure 3-
2). The nodal controller has the mass storage and data analysis capability necessary for a large performance
assessment network.

] RAM - Random Access Memory. Semiconductor read write memory that is electrically volatile.

Remote Processor - A processor located at a communications site which communicates with the nodal controller,
the Control/Event Scanner, and other remote processors in the network (see Figure 3-2). The remote processor
may accomplish data analysis in addition to collecting parameter information from the CES.

SPDT - Single Pole, Double Throw.

1 uP - Microprocessor
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1.0 BACKGROUND.

l.I GENERAL. The CES was a joint Air Force Academy/1842 EEG project which began during a cadet summer
(1976) research program, sponsored by the 1842 EEG. The CES was developed in two stages. Stage | was the
interface between CES functions; i.e., relay control/sensing, A/D conversion, and a microcomputer. Stage Il was
the development of the IEEE Standard Bus 488-1975 interface adapter. The CES is the first joint AFA/1842 EEG
project to use the GPIA (see Glossary) to implement the GPIB and will serve as the pilot for any further joint
projects using the GPIB. The project served as course material for both students and faculty at the Air Force

Academy.

1.2 STATUS. The CES development hardware and software are complete. Some functions, such as analog/digital
conversion and pulse counting, were not implemented since it would be easier to do so at a later date. The CES
has the capability to scan alarms (relay contact closures) and control selected relays. In addition, it can
communicate with an on-site or remote processor to exchange data, commands, and configuration programs via
the GPIB. Through the use of a "local" command, the CES may be operated as a stand-alone device with all
functions accessed and displayed through local terminal control. The CES easily meets or exceeds all original
specifications generated in the project order given to the Air Force Academy (see Appendix 2). Additionally, the
CES provides enhanced data acquisition and network communication techniques.

2.0 THE CONTROL EVENT SCANNER.

2.1 DESIGN PHILOSOPHY. One problem area foreseen in a distributed performance assessment network, within
a digital communication system, is the overloading of the remote processor with many mundane data acquisition
tasks as well as handling data reduction and communication protocol to the nodal controller. To overcome this
problem and relieve the remote processor of having to acquire data at a relatively fast acquisition rate, it is
desired to have a dedicated monitoring unit to perform specific functions such as monitoring Receive Signal Level,
Eye Pattern Degradation, Bit Error Rate, and Frame Alarm State Sensing. Then, on a periodic basis, the transfer
of this information from the dedicated monitor to the remote processor may be accomplished. The remote
processor can then store the measured parameters for that time period, transmit them upon command from the
nodal controller, or further reduce the data for statistical analysis. The use of standard interfaces and
communications protocol is assumed in order to reduce development costs and utilize off-the-shelf equipment as
much as possibte. In addition, with the advent of the microprocessor, the capability to do moderately fast, low-

cost data acquisition is readily apparent.

2.2 DESIGN CRITERIA. The project order, sent to the Air Force Academy in the Fall of 1975, outlined all major
design concepts and is included in this report as Appendix 2. Air Force Academy project personnel suggested
certain nardware and software changes to improve the overall effectiveness of the scanner. For example, instead
of activating switches from the front panel to select a particular relay, a terminal device is used under software
control for complete control of the scanner in the local mode. Furthermore, by using software control techniques,
the front panel controls may be locked-out and controi may then be transferred to the remote processor. These
types of changes have improved overall performance and increased the capabilities of the scanner without
additional expense.

2.3 THEORY OF OPERATION-HARDWARE.

2.3.1 Alarm/Event Sensing Subsystem. The event/alarm scanner is capable of sampling and detecting up to 256




alarm conditions characterized by normally open contacts closing on the alarm. This function is implemented with
3 one decoder/driver card and up to 16 alarm input cards (Figure 2-1).

The decoder/driver card consists of a decoder to select a particular alarm card. Level regeneration and buffering
are provided to prevent high system data bus loading when many alarm cards are installed. The decoder board is
installed on the microprecessor bus and is connected to the alarm board rack via a 24 line cable. This cable
carries the board select code, word select and data bus connections to t*- alarm rack.

Each alarm card consists of two tri-state octal buffers and 16 LED displays with associated resistors. (Reference
Fig. 2-1) One contact of each alarm is tied to the +5 supply and the other contact is connected to an input of the
buffer. The inputs are connected to show a logic § when the alarm is inactive. When the alarm contact closes, the
input is pulled high and also sources the current to the LED to give a visual indication of the alarm. When the
microprocessor addresses the alarm card, the actual state of the alarms is available on the system data bus to be
read by the processor. Using this input scheme, any alarm input that is not connected shows up as an inactive
alarm, and allows the monitoring of TTL level alarm inputs as well as relay contact closures. |

2.3.2 Relay Control Subsystem. The relay control system (Figure 2-2) is capable of controlling up to 128 SPDT
relay contacts independently. This function is implemented using one decoder/driver card and up to 16 relay

cards.

The relay control section is very similar to the design of the alarm section. The decoder/driver card includes a
3 decoder to select one of the relay cards to be accessed. The driver provides a high current capability to drive the
inputs of the relay cards and prevent loading on the uP data bus by the relay rack bus. The relay rack is connected
to the decoder/driver card by a 24 conductor cable carrying the data bus and the board select.

The relay board consists of an octal D flip-flop, two high voltage inverting buffers and eight relays. When the
r board is selected by the decoder, the data that is on the data bus is strobed into the latch. The outputs of the flip- |
flops in the latch are connected to the high voltage drivers which controi the coil current in the relays.

2.3.3 Analog to Digital Converter Card. The Analog to Digital (A/D) Converter card is implemented using an off-
the-shelf 8-bit A/D module. As shown in Figure 2-3, the A/D card consists of a decoder, and A/D module and an
operational amplifier. The analog input is buffered by the operational amplifier to provide isolation and to

prevent input loading. Additionally, the operational amplifier may be configured to provide a linear scaling
F factor, or non-linear (e.g. exponential) transfer function for specialized applications. The A/D conversion begins
: when a module is selected by the address decoder and ends when the processor "Ready" line goes high. Processor

utilization is thus determined by the conversion speed of its A/D converter module since processing cannot
continue unti! the conversion is complete.

2.3.4 Pulse Counter Card. The Pulse Counter Card (Figure 2-4) is based on the Intel 8253 counter. Each of these
integrated circuits consists of three independent 16 bit counters that may be configured as one 48 bit counter.

The decoder in this application selects only the chip with each counter in the chip being addressable by the system
address bus. The signal conditioner shown in Figure 2-4 may include Schmitt triggers, level convertors and/or a
prescaler to divide the pulse rate to the 2MHz limit of the 8253.

Through the use of various software configurations, the pulse counter card may be used for a multitude of
performance assessment parameters; e.g., percent error free seconds, instantaneous bit error rate, recursive bit

error rate, etc.
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2.3.5 GPIB Interface. The GPIB (Figure 2-5) controls all the transfers to and from the GPIB and the uP. The
protocol and handshaking are transparent to the uP thus only a minimal amount of overhead is incurred for GPIB

communications. Four special bus drivers provide the high drive capability and tri-state or open-collector outputs
required for GPIB compatibility.

2.4 SYSTEM SOFTWARE-THEORY OF OPERATION.

2.4.1 Alarm Scanner. The alarm scanner software uses the alarm input subsystem to read the current state of the
alarm inputs. Alarms are scanned sequentially and the current condition of the inputs is compared to the status
saved during the last scan. Any difference in status causes the histogram subroutine to be invoked.

2.4.2 Histogram Processing. The histogram processing section is broken up into four subroutines. These
subroutines allocate and clear the histograms in addition to processing alarm status changes.

The allocation routine computes the size of storage required for histograms and tables. The user must supply the

number of alarm cards installed; the processor then sets up the appropriate memory partitions for the histograms.

The histogram clear function sets the histograms and tables to zero values before processing is begun, or after the
system has dumped the histogram data to the controlling device.

Histogram data on the alarms consists of the total time that the alarm has been active since the last histogram
clear and the total number of times that the alarm has activated over the same period. Two routines process the
change of alarm state depending on the change. If the alarm is set (goes from an inactive to active state), the
current time is stored in a location associated with the alarm and the alarm occurance count is incremented. If
the alarm resets (goes to an inactive state), the difference between the current time and the time saved when it is
activated is added to the total time that the alarm has been active.

2.4.3 Relay Control. Relays can be controlled either by front panel control, or by the GPIB from a controller.
Each relay is assigned a unique identifier and is accessed by that name.

2.4.4 GPIA Control. The GPIA interface chip requires some software support for configuration and input/output
of data. These routines are of a utility nature and are accessed through the monitor read/write subroutines.
Various special functions are available from the GPIA chip but are not currently supported in the driver software.

2.4.5 Communications Executive. The communications executive routes all requests from the controller to the
appropriate subroutine designed for that function. These commands fall into the categories of processor control,
histogram commands and relay operation.

The processor control group consists of three commands. The "P" command loads a program from the controller
to the processor's memory. This allows the configuration of the system to be changed remotely. The "G"
command tells the uP to go to a specified location and start execution of the program at that point. "L" is the
local enable function which allows commands to be entered from the processor's terminal device. The "R"
command locks out the keyboard and puts the CES into a totally remote status.
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The histogram command section implements three commands. The "A" command allocates a block of memory to
the histogram storage. The controller must tell the CES how many alarms are to be monitored when this
command is sent. The "D" command dumps the histogram data from the CES to the controller. Depending on the
parameters with the command, any or all of the histograms may be dumped. The last function is to clear the
histograms with the "C" command. This sets all histogram locations to zero as an initialization step. This
command also resets the system clock.

The "K" command specifies a relay to be activitated or deactivated. The parameters specify the relay and the
action to be taken. A summary of Executive commands are included in Appendix 4.

3.0 CES APPLICATIONS.

3.1 STAND-ALONE CES. The internal architecture of the CES, in a stand-alone mode, is determined by the
software monitor program which resides in EPROM. The monitor allows the operator to do the same functions as
under computer control but from local terminal control. In addition, the operator may examine RAM locations to
determine what value has been stored in the histogram or if any input card is not responding and so on. A listing
of terminal commands is contained in Appendix 3. The stand-alone or "local" mode is intended for use when no
controller is available or when side maintenance is being accomplished.

3.2 CES WITH REMOTE PROCESSOR. The full potential of the CES is realized when it is used in conjunction
with a calculator or minicomputer-based controller that conforms to the IEEE 488-1975 Standard for GPIB
controllers. Commands, data, and configuration programs may be exchanged between the controller and the CES
over the GPIB. The controller may initiate any function or read any data contained in the CES by transmitting the
appropriate command. It is also possible to reconfigure the software of the CES to change performance
assessment algorithms by downloading the appropriate software modules to the CES from the controller. For
example, suppose it is desired to have the CES measure percent error free seconds instead of instantaneous bit
error rate. Simply download the appropriate software module from the controller and, using the same hardware
configuration, the CES will transfer control to the new program in RAM, and will now process percent error free
seconds. Naturally the CES will probably already contain most of the performance assessment type algorithms in
EPROM, however, should any additions or modifications be desired, the CES has this capability. Should the new
algorithm prove more useful than the old one, it is a simple matter to permanently install the program in EPROM
within the CES.

When used in conjunticn with a controller, the CES may be thought of as a "smart" sensor (Figure 3-1) since it has
the ability to pre-process the data collected into system parameters before passing the information to its
controller. This frees the controller to do more important data analysis and prevents the time consuming process
of transmitting unprocessed data.

3.3 CES AND DPAN. The CES becomes an even more important concept, in terms of a "smart" sensor, when
viewed in a distributed performance assessment network (ref. 1842 EEG TR-77-4) as shown in Figure 3-2. It is
conceivable that with the appropriate input cards, the CES might be the only sensor needed at each site to
accomplish data acquisition and parameter processing. Through the use of communication executive program
control, the nodal controller, as well as the remote processor, would have the capability to reconfigure the CES
software architecture.
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3.4 FAULT ISOLATION. Figure 3-3 shows how the CES might be configured in a typical digital communications
si.2. By connecting various input cards to strategic points, at the site equipment, a level of fault isolation may be
accomplished. In this case, the fault may be isolated to a particular equipment. For example, suppose the CES
indicates that it is receiving error counts on pulse counter card l. A quick check of A/D cards | and 2 indicate
AGC voltage (and thus radio received signal level) and the noise level on the digital eye pattern (radio baseband)
are within tolerance. One would suspect, in this case, that the 2nd level multiplexer might have a bad module.
This is a simple example, however, with the use of other input cards in the CES, the resolution of the fault
isolation algorithm may be extended to the very module causing the problem. The capability of the CES to use an
adequate number of input cards and its compatibility with the IEEE Standard Bus makes the CES a viable solution

to fault isolation problems.
4.0 CONCLUSIONS.

The CES is an extremely flexible test fixture. Its variety of input cards, GPIB compatability, microcomputer
control, low cost, and inherent reliability, make the CES concept a logical choice in the areas of performance
assessment and fault isolation. Since the start of this project, several manufacturers have developed similar
capabilities in what are now off-the-shelf test equipments. Through the use of the IEEE Standard (488-1975) Bus,
these equipments may be configured together to provide basically the same functions as the CES.

5.0 RECOMMENDATIONS.

The CES concept of remote pre-processing should be considered in specifying future large-scale performance
assessment networks. Test fixtures which utilize such desirable features as GPIB compatability, variable internal
software architecture, standard communication protocol, and both local and remote control should be considered

essential to provide an accurate and reliable military performance assessment network.
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APPENDIX A

GENERAL PURPOSE INTERFACE BUS DESCRIPTION

The overall purpose of an interface system is to provide an effective communication media so that two or more
devices or systems can transmit meaningful messages between each other. The IEEE STD 488-1975 Standard
Digital Interface for Programmable Instrumentation is such an interface. This interface will be referred to as a

General Purpose Interface Bus (GPIB) hereinafter.

The bus is made up of 16 lines to carry information between instruments connected to the GPIB. Figure A-1 gives
a pictorial representation of the GPIB. The 16 lines can be divided into three functional groups.

Eight lines are used to transfer data between devices in ASCII coded bit parallel, byte serial format. Other
information codes could be used for device dependent messages, however, and the ASCII code is not required by
the IEEE standard.

Three lines are dedicated to the control of data byte transfers between devices and are commonly called
handshake lines, thus allowing the data to be transferred asynchronously over the GPIB. See Figure A-2.

Five additional lines are used for general interface management. One line is used to determine the data mode or

the command (addressing) mode for the eight data lines. See Figure A-1 for the purpose of each.

Since it takes more than just the physical interconnection of black boxes to have an effective communication
media, specific interface functions must be defined. Ten different possible functions are shown in Figure A-3 as
defined by the standard. The list gives a general idea of the purpose of each function. A description of each
function as it relates to hardware can be found in more detail in the IEEE Standard 488-1975. The handshake
functions, however, are what make the GPIB a viable interface and are best described by the flow diagram in
Figure A-2.

For any given device, only those functions required to satisfy the operation of the device need to be included in

the design of an instrument.

i
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FIGURE A-1 GENERAL PURPOSE INTERFACE BUS (GPIB) STRUCTURE
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FIGURE A-2 DATA TRANSFER USING SOURCE AND ACCEPTOR HANDSHAKE PROCESS
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FIGURE A-3 INTERFACE FUNCTIONS AND INSTRUMENT MESSAGE FLOW DIAGRAM
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APPENDIX B

Proposed Hardware
Concept of Dedicated Monitors

SECTION I
CONTROL/EVENT SCANNER

1.0 Scope: This attachment applies to a stand alone monitoring instrument that can (1) detect and process the
state of up to 256 alarms (Form C contact closure) in groups of 16 inputs per card, or (2) provide 8 Form A relay
contact closures per card for a total of 128 relay control points. Any combination of alarm and relay cards will be
allowed per mainframe. The instrument will be automated with interface to system controller conforming to IEEE
STD 488-1975. Local control will be accomplished with front panel controls.

2.0 Applicable Documents:

IEEE 488-1975 IEEE Standard Digital Interface for Programmable Instrumentation.
DNSF TR-75-100 Radio Service Channel Techniques in a Digital Communication
System

3.0 Requirements:

Design and construct two prototype Control/Event Scanner that will perform the following functions. A
block diagram is shown in Figure B-1.

*
Form A Contacts Inverter
2 Pole
01

To Isolated Contacts
sV, N\,%)_
Additional Relay Contact 0l 15
1 For Relay State Verification floe ¢
0 ] 2 3 12 13 14 15
oo 00 oo
t L ] *‘5 [} . T EX) N Y ) ! ] ] ' A S
e [d AL {f | 7
Front Panel Control
Device Data
— Control Storage ICard Address—
Remote Display
i 1| | Input Address:
| | Data Lines
SH AH T L RL DC
ﬁ ! Interface Functions
Message
Coding
i General Purpose Interface Bus j

B-1




3.1.0 Stand Alone Requirement.

3.1.1  Sense on-off (True-False) indications from communication equipment that uses Form C relay contacts for
alarm indications. Necessary voltage or current sources should be contained within the monitoring equipment.
Current sensing shall be limited to .5 amp. Voltage sensing shall be possible from 4 to 50 volts.

3.1.2 Sample rate for each alarm should be at least one sample/second or 256 alarms/second scan rate.

3.1.3 Each unit shall have the capability to sense up to 256 alarm states in groups of 16 alarms per plug in printed
circuit card.

3.l.4 Control communication equipment by the activation of two pole Form C relay contacts. Contacts shall
have a current rating of at least 1.0 amps at 48 volts.

3.1.5 Each unit shall have the capability of controlling 128 separate relays in groups of eight relays per card.
3.1.6 Display alarms on front panel of each card using red LED's.
3.1.7 Activate selected control relays from front panel and display activated relays with LED indicators.

3.2.0 Interface Functions.

3.2.1 All functions of the Control/Event Scanner should be programmable.

3.2.2 The interface to a system controller shall conform to the IEEE Standard Digita! Interface for
Programmable Instrumentation Std 4881975.

3.2.3 Interface Functions shall contain the following, as defined in Section 2 of IEEE Std 488-1975:

a. Source Handshake.

b. Acceptor Handshake.

Cs Talker.

d. Listener.

e. Service Request.

f. Remote Local.

g. Device Clear.

3.3.0 Device Programmable Functions. This area requires study into the necessary programming requirements

for this device and the required complexity of the programmable logic. Proposed data requirements are stated in
the following paragraphs that will help in determining the controller complexity.

B-2
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3.3.1 Scan inputs to determine alarm states.

3.3.2 Transmit information over interface when addressed to talk.

3.3.2.1 Each alarm should be characterized by a multiple ASCII coded character. As an example:
Unit Number

Transmitter

RF Carrier
ircd

3.3.2.2 Only active alarms will be transmitted.
3.3.2.3 Active control relays will be included in the data transfer.

3.3.2.4 When addressed to listen, accept control information to activate or deactivate relays specified by a
multiple ASCII coded character.

3.3.2.5 Store histogram of each alarm giving number of times each alarm was activated and total time each

alarm is in the active state.

4.0 Mechanical Considerations.

4.1 It is desired that all caras be accessible from the front of the equipmen:.

4.2 Figure A2-2 shows a proposed front panel layout.

4.3 Unit shall be capable of being rack mounted in a 19-inch rack.

5.0 Power.

5.1 Unit shall operate with a power line frequency anywhere between 47 and 63 Hz.

5.2 Unit shall operate with a power line voltage of 110V or 220VC (£20%) switch selectable.

B-3
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Appendix C

AFCS 8060 ASSEMBLER CES SYSTEM SOF TWARE 80:40 322/78 PAGE 1
SYMBOL TRBLE
SYMBOL VALUE SYMBOL VALUE SYMBOL VALUE SYMBOL VALUE
LWAM BF FF EXEC 89 0o JMPTBL 09 14 NOGOOD 83 3A
ALARMS ?F E@ NCARDS OF FF STATUS OF FD TIMEON 6F FB
OCCUR OF F9 TOTTIM OF F7 TYPCHG OF FS HSTTOP BF F4
HSTHEM 89 3C pBLSUB 09 71 HSTCLR @9 78 CLRH1 23 88
SCAN 89 8D CHECK 29 98 UPDATE 89 AC UPLOOP 69 B4
UPSTOR 89 BF UPDSET 89 C7 UPDRST 89 D2 HSTGRM 89 DA
HSTSET 89 Fo HSTRST B8R BC HSDMDR BR 35 HSDMAL 8A 49
HSTDMP PA 34 EXCUTE BA A6 PLOAD BA AN PLLOOP BA C2
GPIA BF C8 GPTALK BA DS GTTRAN BA ER GTLAST bR FB
GPLIST 2B 83 GLREC eB 19 GLSTAT 8B 21 GLSKIP 63 30
CTLPRT 08 oC BDRTPT 00 ©B CHSLPT 08 09 USTAT 00 o8
DATAIN 88 89 DATOUT 20 BA ASNIOD 0B 38 TTY 0B 44
CASETT 8B 47 READS 8B 4A RNOERR BB S6 WRITES 08 €8
DMPASC 8B 6C BLKDMP eB 77 BKDP1 0B BA SEQFIL eB 97
SQF IL1 8B RO MEMACC 08 B2 MEMAC1 8B DB ERROR 8B DE
ERRMSG 2B FB READ eB 19 WRITE BA EA CNTR BF C@8
TIME 99 FE CCTLWD BF C3 INB253 6c @A RSB8253 oc 1E
RDB253 oc 26 HEX1 ec 37 HEX1A 8cC 45 HEX2 8Cc 43
ASCI11I oc 59 CMPHND aC 63 RD1BHX 8Cc 68 RD2BHX ac 73
RD4ABHX ec 7C RDIBI3 ec 85 WR 1BHX acC R4 WR2BHX ec B7
WR1B13 ac Co WR1BI2 ac CF CR 08 8D LF 28 @A
CRLF ec E3 MLTPLY ac EE MULTO ac F2 DIVIDE 2D a1
DIve 8D 84 DIVl ap 1S DIv2 ap 1D
LINE LOC B1 B2 B3 SOURCE L.INE
1 NAM CES SYSTEM SOF TWARE
< AR AR K AR N RAOK e 3O R A K AR AAAHR IR K ¥k
3 * *
4 * CONTROL EVENT SCANNER SOFTWARE x*
S * %
6 * LT MIKE VERSTEGEN., 1842 EEG/EETET *
I'd * %*
B AACIORAORAIAOINIRAKFRAOIORK KR AR AORAOIAOK ORI AOIRARIARAAAAOKHOK MK K
9 ORG “09009
10 LWwAM EOQU "@FFF LAST WORD AVAILABLE RAJ MZMIRY
12 e R e S R S S ORI ORI oI0K
13 * =
14 * COMMAND EXECU T ILVE x
15 oK *
16 Aotololojololoiololokk:iofeioloiofolokibiotokiokHokkiciololokierkntokoK RN oK K




K2
L3
64

67

6080 ASSEMBLER

LocC

2980
8982
a9a4
asav
29088
2909
a9es8
@98E
@90F
2910
2911
8912
2913

2914
8916
2918
291A
291C
831E
8920
8922
8924
8926
8928
892A
892C
892E
9930
8932
0934
0936
9938
293Aa
8938

B1 B2 B3

D6 41
FE 13

3R 89

16 90
14 89

CES SYSTEM SOFTWARE 88:49 322/78

SOURCE LINE

*
* EXEC USES THE ASCII CHARACTER IN THE ARCCUMULATOR
* TO JUMP TO THE APPROPRIATE SUBROUTINE.
* REGISTERS AFFECTED: ALL
*
EXEC SuUl “A" OFFSET FOR COMMANDS
CPI "S*-"A"+1 LIMIT NUMBER OF COMMANDS
JNC NOGOCD INVALID COMMAND
RLC MULTIPLY BY 2
MOV E.R MOVE TO LSB OF DE
MvI D.@ CLEAR MSB
LXI H, JMPTBL LOAD BASE OF JUMP TABLE
DAD D COMPUTE PBSOLUTE INDEX TO TBL
MOV D.M GET MSB OF ADDRESS
INX H POINT TO LSB
MOV E.M GET LSB
XCHG PUT ADDRESS IN HL
PCHL JUMP THERE - RETURN TO SECTION

* THAT CALLED EXEC

* VERIFIED 22 AUG 78
JMPTBL DW HSTMEM A = ALLOCATE MEMORY

DW NOGOOD B NOT USED

DW HSTCLR C = CLEAR HISTOGRAM

DW HSDMDR D = DUMP HISTOGRAM DATA

DW NOGOOD E

DW NOGOOD F

DW EXCUTE G = GO

DW NOGOOD H

DW NOGOOD 1

DW NOGOOD J

U 8 K = RELAY CONTROL

DU B L = LOCAL ENRBLE

DW NOGOOD M

DW NOGOOD N

DW NOGOOD 0

DW PLOAD P = PROGRAM LOAD

DW NOGOOD Q

bW @ R = REMOTE

DW SCAN S = SCAN
NOGOOD E! INVALID COMMAND

RET NO ACTION
HOAOHORHORACOKRAFOKAOHOIORIIOIORRNOIOIROICIOK HIIOROKIOIIOIIOIIOIOIIOIOROIIOIOKNI0K
* *
*EXECUTIVE ROUTINES LIBRARYX
* *

HOAOIORAOK AN ORI IR AICINOIIOIKAIOIOOROKCHOK K
*
* SYSTEM MEMORY MAP

PRGE 2

—_——
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AFCS 8088 ASSEMBLER

LINE

Loc

893C
893E
093F
2941
@944
8945
8946
2949

79
E6
32

21
cp

B2 B3

FF OF

F4 oF
71 89

CES SYSTEM SOF TWARE 80:40 322/78 PRGE 3
SOURCE LINE
LABEL SIZE DESCRIPTION

ALARMS “7?FEB-"7FFF MEMORY MAPPED 1,0 LOCATION OF
ALARM INPUTS. ADDRESS IS
HARDWIRED ON DECODER BOARD.

STATUS 1 BIT/ALARM STATUS OF ALARMS DURING LAST
2 BYTES/CARD SCAN CYCLEE

TIMEON 2 BYTES/ALARM TIME ALARM WAS ACTIVATED.
32 BYTES/CARD

TOTTIM 2 BYTES/ALARM TOTAL TIME ALARM HAS BEEN ON
32 BYTES/CARD SINCE LAST HISTOGRAM CLERR.

OCCUR 1 BYTE/ALARM NUMBER OF TIMES THE ALARM HRS
16 BYTES/CARD HAD AN OFF TO ON TRANSITION.

% R X R XX R R R R EEKKEXXN

HAHORH R AOIAHOR AR A HOROK K AR AR N HOR AR HOIICHOIOIIOKNK
ALARMS EQU °"7FEO@ HARDWIRED ADDRESS OF ALARMS
NCARDS EQU LWAM NUMBER ALARM CARDS INSTALLED
* THE FOLLOWING FOUR WORDS CONTAIN THE ADDRESS OF THE
*® BASE OF THE NAMED HISTOGRAM TALBES

STATUS EQU NCARDS-2 ALARM STATUS

TIMEON EQU STATUS-2 TIME ALARM TURNED ON

OCCUR EQU TIMEON-2 COUNT OF ALARM ACTIVATIONS
TOTTIM EQU OCCUR-2 TOTAL TIME ALARM ON

TYPCHG EQU TOTTIM-2 TYPE OF UPDATE PROCESSED
* 8 = TURNED OFF (RESET)
* 1 = TURNED ON (SET)

HSTTOP EQU TYPCHG-1 TOP OF HISTOGRAMS

*
* HSTMEM ALLOCATES MEMORY TO THE HISTOGRAMS IN BLOCKS

* FROM THE HIGHEST AVAILABLE MEMORY (PASSED IN HL)

»* DOWN. NUMBER OF ALARM CARDS INSTALLED IN REG. C.
* REGISTERS AFFECTED: A. B. C, H. L

* MEMORY AFFECTED: STATUS. OCCUR, TIMEON., TOTTIM
* SUBROUTINES CALLED: DBLSUB

*

HSTMEM MVI B.O CLEAR MSB
MOV A.C GET CARDCOUNT
AN1 “OF LIMIT TO 15 CARDS
STA NCARDS SAYE NUMBER OF CARDS CONF IGURE
RLC MULTIPLY BY 2
MoV C.A SAVE BLOCKSIZE (2 BYTES-/CARD)
LX1 H,HSTTOP LOAD BOUNDARY VALUE
CALL DBLSUB GENERATE BASE OF BLOCK
c-3

—

P %



LINE

119
20
121
122
123
124
129
126
127
.28
‘e
Rl
Al |

?
1’3
3¢
135
136
137
139
140
141
142

R ERFEEEE

2978
2978
897E
a97F
0960
89682
0963
2964
9983
2968
0989

22
AF
a7
.14
a7
L
cp
22
79
a7
b2
a4
aF
cp
22
cb
22
(% ]
c9

7D
91
6F
7C
98
67
co

21
3A
a7
AF
8E
(44
23

ca2
25
cz

B2
FD

71
F9

71
FB
71

AFCS 6060 ASSEMBLER

83
oF

F?7 OF

F?
FF

52

ez
89

oF
oF

29
29

CES SYSTEM SOF TWARE

SOURCE LINE

20:49 322,78 PRGE 4

SHLD STATUS SAVE ADDRESS
XRA A CLEAR CARRY
RLC MULTIPLY BY 8
RLC NOW IS NUMBER CARDS X 16
RLC FOR 16 BYTES/CARD
MOV C.A SAVE BLOCKSIZE
CALL DBLSUB NEXT TRBLE BASE
SHLD OCCUR SAVE ADDRESS
MOV A.C GET BLOCKSIZE
RLC TIMES 2 FOR CARDS X 32
INC $+4 BUMP MSB ONLY IF ACC
INR B OVERFLOWED CIE CARDS > 8)
MOV C.A SAVE BLOCKSIZE (LSB)
CALL DBLSUB FIND BASE OF BLOCK
SHLD TIMEON SAVE ADDRESS
CALL DBLSUB LAST BLOCK
SHLD TOTTIM SAVE IT
CALL HSTCLR+3  ZERO ALL NEW HISTOGRAMS
RET WITH MEMORY CONFIGURED PER MAP
sesaioissaitioiololok koK IR IIoloK oK RoKIcKolololotoloioioliolololololok:
£
® DBLSUB HL = HL - BC
®  REGISTERS AFFECTED: A, H, L
L ]
DBLSUB MOV A.L GET LSB
SUB C SUBTRACT LSB
MOV L.A SAVE IT
MOV A.H GET MSB
SBB B INCLUDE BORROW FROM LSB
MOV H.A SAVE IT
RET

HSTCLR ZEROES ALL HISTOGRAM ENTRIES. CALLED BY

REGISTERS AFFECTED: AR, B, C, H., L

*

x*

* HSTMEM C(INITIALIZATION) OR ON COMMAND.

*

* MEMORY AFFECTED: ALL HISTOGRAM STORAGE
*

HSTCLR LXI H,TOTTIM LOWEST ADDRESS IN HISTOGRAM
LDA NCARDS GET NUMBER OF CARDS INSTALLED
M3V B.A MAKE IT A COUNTER
XRA A CLEAR ACC

CLRH1 ™MVI C.82 NUMBER OF BYTES OF HIST/CARD
MOV M.A ZERO MEMORY LOCATION
INX H BUMP POINTER UP
DCR C AND BYTE COUNTER DOWN
JNZ CLRH1+2 SMALL LOOP
DCR B BUMP CARD COUNTER
JNZ CLRH1 DO ALL CARDS

RET




LINE

172
173
174
175
176
177

Lac

998D
@38E
@98F
8992
9395

2996
#3933
#99A
299D
®99E
@9SF
29A8
29A1
29A4
@9AS
89A6
@9A3

@89AC
B89AD
B894QE
89AF
2989
2981
2982
2983
2984
0985
2388
2989
89BA
0988
e9sC

AFCS 68088 ASSEMBLER

B1 B2 B3

FB
F3
21
11
a1

1A
AE
cz2
23
13
ac
79
3R
ar
B89
CR
c3

ES
DS
67
AF
47
37
17
6F
A4
c2
D
ar
24
6F

C3 B4 09

AC

FF

)]
98

BF

°F
oF
(2 [%)

oF

2]
a9

29

CES SYSTEM SOFTWARE
SOURCE LINE

80:40 322,78 PRGE S

AR R AR AR KK IOFOR AR K K AR HOK AR AR NOIORNAIICIOKHOROIK

SCAN IS A SHORT LOOP

* % ¥ * X

[0

CAN EI
DI
LXI H,ALARMS
LXI D.STATUS

LX! B.eaae

LDAX D

XRA M

JNZ UPDATE
INX H

INX D

INR C

MOV A.C
LDA NCARDS
RLC

cMP C

JZ SCAN
JMP CHECK

CHECK

THAT COMPARES THE PRESENT STATE

OF AN ALARM TO THE STATUS LAST TIME IS WAS
CHECKED. ANY CHANGES DETECTED REQUIRE UPDATING
THE STATUS TABLE AND HISTOGRAM DATA.

WINDOW FOR GPIA

TGO INTERRUPT
ALARM POINTER
STATUS TABLE POINTER
CLEAR WORD & BIT CTRS
START SCAN LOOP
GET STATUS WORD
CHECK FOR STATUS CHANGE
PROCESS IF CHANGE OCCURRED
UPDATE

POINTERS
INCREMENT WORD COUNTER
GET WORD COUNTER
NUMBER OF CARDS INSTALLED
ADJUST FOR TWO WORDS/CARD
CHECK IF DONE
REINTIALIZE PTRS IF DONE
LOOP BACK AND SCAN

AOAAAHAHOIHICR N HOR AR HIOION 5% K A A AR 3 AAAHAKAAAAA AN

UPDATE HANDLES THE THE LOWEST ORDER BIT CHANGED

OF THE STATUS WORD.

MULTIPLE CHANGES IN A STATUS

WORD ARE HANDLED BY THE ROUTINE JUMPING BACK TO

THIS SECTION EXPECTS:
ALARMS EXCLUSIVE-OR STATUS IN ACCUMULATOR
REG DE POINTING TO STATUS WORD

*

*

*

*

* "CHECK" SO THE POINTERS HAVE NOT BEEN INCREMENTED
*

*

*

*

UPDATE PUSH H
PUSH D
MOV H.A
XRA A

MOV B.A
STC

RAL

MOV L.A
ANA H

JNZ UPSTOR
MOV A.L
RLC

INR B

MOV L.A
JMP UPLOOP

UPLOOP

SAVE SCAN

STATUS BEFORE UPDATE
COPY XRA*D STATUS WORD
CLEAR ACC
ZERO COUNTER
SET CARRY BIT

AND GET IT INTO ACC
SAYE COPY OF ACC
AND IT WITH STATUS WORD
EXIT LOOP WHEN SET BIT FOUND
COPY BACK ACC
ROTATE ACC AND

UPDATE COUNTER
SAVE COPY OF MASK
LOOP UNTIL MATCH FOUND




AFCS 8080 ASSEMBLER

LINE

223
2249
223
226
227
228
229

Loc

@98F
29C8
29C1
89c2
29C3
asC4

asc?
29C8
29C9
83CA
asccC
@9CF
asp2
2sD3
2904
89D5
2906
297

@3DA
23DB
29pC
29pD
99DE
@9DF
99ED
89E1

09€E2
@9E3
B9ES
ASES

89E9
99EC
@9ED

B1

c3s
1R
aF
R4
AS
cz

79
83
12
3E
32
Cc3
’D
2F
Al
12
AF
32

C1
CS
79
o7
a7
ar
80
ar

B2 B3

D2 89

81
FS OF
DR 89

FS oF

28
FB OF

FS OF
ac oA

CES SYSTEM SOF TWARE
SOURCE LINE

UPSTOR PUSH B
LDAX D
MV C.A
ANA H
ANA L
JNZ UPDRST
»
UPDSET MOV R.C
ORA L
STAX D
MVI A.1
STA TYPCHG
JMP HSTGRM
UPDRST MOV R.L
CcMA
ANA C
STAX D
XRA A
STA TYPCHG

88:49 322/78 PAGE

MODIFY AND STORE NEW STATUS

SAVE COUNTERS

GET STATUS WORD

SAVE STATUS WORD

AND IN XRA"D BYTE

AND IN MASK

BIT CHANGE WAS A RESET
OTHERWISE IT WAS SET

COPY OF STRTUS

OR IN MASK BIT

RETURN UPDATED BYTE TO TRBLE

SET CHANGE CODE TO 1

SAVE CODE

UPDATE HISTOGRAM DATA

GET MASK

COMPLEMENT IT

AND IN RESET BIT

RETURN UPDATED BYTE TO TARBLE

CLEAR ACC

SAVE TYPE OF CHANGE

HOAOHOKAHRAOK KKK KNI AR KKK HOK KK ORI HAHIANAIINOIIOIAOKNOIK

HSTGRM HANDLES UPDATES NEEDED TO THE HISTOGRAM

OR HSTRST DEPENDING ON WHETHER THE ALARM TURNED

ON OR OFF.

*
¥
* WHEN AN ALARM CHANGES STATE BY USING HSTSET
*
*’
*

HSTGRM POP B
PUSH B
MOV A.C
RLC
RLC
RLC
ORA B
RLC

MOV E
MYl D
LXI H
DAD D
LDA TYPCHG

ANA A
JZ HSTRST

RECOVER A COPY
OF COUNTERS
ROTATE WORD CNT
ROTATE
LEFT
THREE BITS
OR IN BIT CNTR
ACC NOW HAS RELATIVE RDDRESS
INTO TWO BYTE (PER ENTRY)
TABLE
MOVE ARCC TO
TO REG PAIR
LOAD TABLE BASE
HL NOW HAS ABSOLUTE
ADDRESS INTO TABLE
GET TYPE OF CHANGE
SET FLAGS
GO TO APPROPRIATE SECTION
PROGRAM FALLS THROUGH TO HERE
IF TYPCHG = 1




AFCS 8888 ASSEMBLER

L INE

272
273
274
275
276
207

313

a8
319
320
321

Loc

O9F8
99F |

@9F4
BSF?
89F8
a9F9
@9FA
B89FB
BSFC
@9FD
B9FE
BSFF
0RO
2R01
8AB4
8R0S
BRAB6
BRO7
0ROB
8RB

2ABC
@AOF
AA10
BA13
BA14
BA1S
BA16

cn

11
1A

7E
91

B2 B3

FE 09
26 oC

F9 oF

98 89

26 oC

FE 89

CES SYSTEM SOF TWARE 00:48 322/78 PRGE 7

SOURCE LINE

*
*
*
*
*
*
*
*
.

HSTSET PUSH D

*x

*

.........................

x
H#
*
*
L
*
*
*
*

HSTRST CALL RDB253

AR AR NHIHOK K kK

HSTSET PROCESSES CHANGES TO THE HISTOGRAM WHEN THE
ALARM IS SET (TURNED ON).
THE ACTION REQUIRED IS:
1) THE TIMEON WORD FOR THAT ALARM IS SET
TO THE CURRENT TIME
2) THE OCCURANCE COUNT FOR THAT ALARM IS
INCREMENTED.

SAVE BYTES

POITER TO TIME STORED
BY RD8253 ROUTINE

GET CURRENT TIME

LX1 D.TIME
CALL RDB253

LDAX D GET LSB OF TIME

MOV M.A STORE IN TIME-ON TRBLE
INX D GET AND

INX H STORE

LDAX D MSB OF

MOV M.A TIME

POP D RECOVER BYTES

MOV A.E RELATIVE ADDRESS IN

RRC 2 BYTE TRBLE SHIFTED TO
MOV E.A USE IN ONE BYTE TRBLE
LXI H,OCCUR BASE OF OCCURANCE TRBLE
DAD D GENERATE ABSOLUTE ADDRESS
INR M INCREMENT ENTRY IN TARBLE
POP B RECOVER

POP D SCANNING

POP H STATUS

JMP CHECK END OF PROCESSING FOR

THIS CHANGE OF ALARM STATE

....... SRR AR NCIOIINIONID

HSTRST PROCESSES THE CHANGES TO THE HISTOGRAM WHEN
THE ALARM RESETS (TURNS OFF).
WHEN THE ALARM RESETS.

1) THE CURRENT TIME IS SUBTRACTED FROM TIMEON
(SINCE IT IS A DOWN COUNTER) AND THE
DIFFERENCE IS ADDED TO TOTTIM.

2) TIMEON IS CLEARRED.

LOAD CURRENT TIME

PUSH D SAVE RELATIVE POINTER
L~I D, TIME SET POINTER TO TIME
LDAX D GET LSB OF TIME

MoV C.A SAVE IT

MOV A.M GET LSB OF TIMEON

suB C FIND DIFFERENCE




AFCS 8088 ASSEMBLER

L INE

322
323
324
325
326
327
328

Loc

OAL7
B8A18
2A19
BA1A
8A1B
BR1C
BA1D

BALE

OA1LF
OA20
2A21
BA22
BR23
8A24

BR27
2A28
B8A23
B8A2A
OR2B
8AzcC
8A2D
BAZE
BAZF
B8R39
BA31
8A32

BA3S
BA38
BA39
2A3C
BA3D
BA3E
BA3F
fA40
2A41
2A42

81 B2 B3

4F
13
23
1A
47
7E
98

47

D1
AF
(44
28
(44
21 F? OF

19
7E
81
(44
23
7E
88
77
C1
D1
El
C3 98 @9

CDh 68 oC

3A FF OF
a7
a7
ar
a7
3D
B9
DA 49 oA

CES SYSTEM SOF TWARE

SOURCE LINE

MoV
INX
INX

MOV
MOV
SBB

MOV

* *

*

LDAX D

C.A
D
H

XD

B
A
B
B.A

D

A

HIR

H

M.A

H, TOTTIM

D
A.M
c
M.A
H
A.M
B
M.A
B

D

H
CHECK

08:48 322,78 PARGE 8

SAVE DIFFERENCE
POINT TO MSB OF TIME
POINT TO MSB OF TIMEON
GET MSB OF TIME
SAVE IT
GET MSB OF TIME ON
FIND DIFFERENCE INCLUDING
BORROW FROM FIRST SUBTRACT
SAVE DIFF
B.C NOW HAS TWO BYTE DIFFERENC
INDICATING TIME ALARM WAS O
RECOVER RELATIVE ADDRESS
CLEAR ACC
CLEAR MSB OF TIMEON
CLEAR
LSB
POINTR TO TOTAL-TIME-ON
HISTOGRAM
ADD RELATIVE ADDRESS
GET LSB FROM HISTOGRAM
ADD NEW DATA IN
SAVE UPDATED TIME
POINT TO MSB OF HISTOGRAM
GET MSB FROM HISTOGRAM
ADD NEW DATA
SAYE MSB
RECOVER
SCANNING
STATUS
DONE PROCESSING TIMING
ALARM

HSDMDR IS THE HISTOGRAM DUMP DRIVER. A NUMBER PULLED
OFF THE INPUT DEVICE SPECIFIES THE HISTOGRAM TO

DUMPS ALL HISTOGRAMS.
REGISTERS AFFFECTED: ALL
SUBROUTINES CALLED: HSTDMP

*
*
*
* BE DUMPED. A NUMBER > NUMBER OF ALARMS INSTALLED
*
*
*
*

HSDMDR CALL RD1BHX

MOV
LDA
RLC
RLC
RLC
RLC

C.A
NCARDS

DCR A

crP

c

JC HSDMAL

GET ALARM NUMBER
SAVE IT
GET NUMBER OF CARDS
MULTIPLY BY 16

TO GET NUMBER

OF ALARMS
INSTALLED

ADJUST TO START COUNT AT ZERO
CHECK IF INPUT IN VALID RANGE
OUT OF RANGE. DUMP ALL




r,w e

AFCS 60680 ASSEMBLER

LINE

373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389

Loc

8A4S
0R48
2R49
BR4A
9R48
AR4E
OA4aF
BRSO
BAS3

B8RS4
BA36
BAS?
OASA
2ASB
8ARSC
@ASD
OASF
OA69
BR61
OR63
BR64
BR6S
BR66
BR67
BR69
OR6C
OA6D
BAGE
BA6F
BA7D
BA73
BA7S
6A78

BA79
aA7c
an7D
OATE
AG1
aAB2
ARB3
aAB4
2AB7

B1

cb
c9
4aF
CcS
Ccp
C1
ap
F2
c9

B2 B3

54 OA

54 oA

4R B8R

Ce oc

a7

78

28
FD OF

6E BRA
30
79 BA

EA BA

F9 @F

Cce ec

CES SYSTEM SOF TWARE

HSDMAL

i

%*
*
*
*
*
x*

HSTDMP

SOURCE LINE

CALL HSTDMP
RET

MOV C.A
PUSH B

CALL HSTDMP
POP B

DCR C

JP HSDMAL +1
RET

E——

00:48 322,78 PRGE 9

OTHERWISE. DUMP ONE

SAVE NUMBER OF ALARMS

SAVE REG

DUMP THAT ONE

RECOVER ALARM NUMBER

BUMP COUNTER

LOOP UNTIL ALL ALARMS DONE

ORI K HIIACKNHORHICIOK I HOIKK

HSTDMP DUMPS HISTOGRAM DATA FOR THE ALARM DESIGNATED
BY THE C REGISTER.

REGISTER AFFECTED: ALL
SUBROUTINES CALLED: WRIBI3. WRIBIZ2, DIVIDE

MvI B.0@

PUSH B

CALL WR1BI3
POP B

PUSH B

MOV R.C

AN! «*00PB08111
MOV B.A

MOV R.C

ANI #91111000
RRC
RRC
RRC
MOV E.
MYI D,
LHLD
DAD D
MOV A.M
DCR B
RRC

JP $-2
MVI A, 0"
JNC s$+4
INR A

A
0
TATUS

CALL WRITE
POP B

PUSH B

LHLD OCCUR
DAD B

MOV A.M
PUSH B

CALL WR1BI3
POP B

CLEAR B BEFORE PUSH
SAVE ALARM NUMBER IN C
OUTPUT ALARM NUMBER

RECOVER

ALARM NUMBER
GET ALARM NUMBER
MASK OFF 3 LSB
SAVE BIT NUMBER
GET ALARM NUMBER
MASK OFF WORD NUMBER
RIGHT

JUSTIFY

WORD NUMBER IN LSB

CLEAR MSB

BASE OF STATUS TABLE

GENERATE POINTER INTO TRBLE

GET STATUS WORD

BUMP BIT COUNTER

ROTATE STATUS BIT INTO CARRY

LOOP UNTIL COUNTER UNDERFLOWS

@ = ALARM INACTIVE

IF CARRY NOT SET., I.E. ALARM
INACTIVE,.LERVE @ OTHERUWISE
CHANGE TO 1

OUTPUT CHARACTER

ANOTHER COPY
0OF ALARM NUMBER

BASEZ OF OCCURANCE TABLE

PTR IMTO TAELE

GET TABLE ENTRY

SAVE BC

OUTPUT IN I3 FORMAT

RECOVER




AFCS B0B@ RSSEMBLER

LINE

423
424
425
426
427
428
429
430
431

432
433
434
435
436
437
438
439
449
441
442
444
443
446
447
448
449
458
451
452
454
43S
4356
457
458
459
469
461

462
463
464
463
466
67
53
459
A
a7l

ar2
ar3
474

Laoc

8RB8
2AB83
OABA
8ARBB
BR8C
OABF
LI L)
LEED
8A92
OARI3
BRI
AR98
BAS9
BA9A

BASD
BRSE
BASF
BAA2Z
BAAS

BARG
OARY9

BAAR
BAAD

AAAF
8AB2
PABS
BAB6
0AB7
BREA
2ABB
2ABC
OABD
OACo

B1 B2 B3

AF
7?9

ch
ES

F?

64

a1

ce

CF
E3

73

19
3A

AR
68

73

68

OF

ap

ac

ac
ac

ac

2R
ac

ac

ac

CES SYSTEM SOF TWARE

28:40 322,78 PAGE 10

SOURCE LINE
XRA A CLEAR CARRY
MOV A.C MULTIPLY ALARM « BY 2
RAL INSURING LSB RESET
MOV C.R RESTORE LSB OF OFFSET
LHLD TOTTIM BASE OF TOTAL TIME TARBLE
DAD B ADD OFSET
MOV B.M GET MSB FROM TABLE
INX H BUMP POINTER
MOV C.M GET LSB FROM TABLE
MvI D.108 DIVISOR
CALL DIVIDE SEPERATE TIME
MOV C.A GET QUOTIENT
PUSH B SAVE DATA
CALL WR1BI3 OUTPUT TIME DIV 108 IN
* IN I3 FORMAT
POP B RECOVER
MOV C.B GET REMAINDER
CALL WR1BI2 OUTPUT REMIANDER IN 12 FORMAT
CALL CRLF SPECIFY END OF RECORD
RET
HOAHORARACK KA AR AN HNAANANIKAIAACIOKHOIOKK
*
* EXCUTE READS FOUR CHARACTERS FROM THE BUS RS R START
* ADDRESS FOR EXECUTION.
* REGISTERS ARFFECTED: A. B. C. H. L
* SUBROUTINES CALLED: RDI1BHX
*
EXCUTE CALL RD2BHX GET TRANSFER ADDRESS
PCHL TRANSFER TO THAT ADDRESS
HAACKA AR A HOIK AAIAKAAOK HOKHIAOK K AOK K HCHRAOKHAOIOKHOIAR A
*
* PLOAD LOADS OBJECT CODE FROM THE ASSEMBLER
* IN INTEL FORMAT VIR THE INPUT DEVICE.
* REGISTERS AFFECTED: ALL
* MEMORY AFFECTED: DEPENDENT ON ASSEMBLER ORG
* SUBROUTINES CALLED: RD1BHX, RD2BHX
*
PLOAD CALL READ GET CHARACTER OFF THE BUS

CPI ":* CHECK FOR COLON INDICATING
* BEGINNING OF RECORD

JNZ PLOAD LOOP UNTIL BEGIN RECORD

CALL RD1BHX GET RECORD LENGTH

MaV E.A SAVE BYTE COUNTER

MOV D, A START ON CHECKSUM

CALL RD2BHX
ADD D

ADD H

MOV D.A
CALL RD1BHX
ADD D

GET LOAD ADDRESS

ADPD CHECKSUM TO LO BYTE
ADD HI BYTE

SAVE IT

GET RECORD TYPE

ONLY USE FOR CHECKSUM
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AFCS 6088 ASSEMBLER

LINE

475
476
ar7
478
479
480
481

482
483
484
485
486
487
488
489
490
492
493
494
495
436
498
499
509
sSa1
902
583
564
585
506
Ser
568
Se9
S1@
St

512
514
515
516
517
518
519
520
521

50
g
Lz24
323
526

Loc

2AC1
B8AC2
8ACS
8AC6
BAC?
BACB
BACY
BACA
B8ACD
@ADd
BAD1
@AD2

2AD4

2aD3
BAL8
8ADA
8ADC
BADD
BADE
BADF
BRE !
BAE4
BAES
BARES

OAEA
BAEB
PAEE
BAFo
OAF3
BAF4
OAF?

57
CcD
(44
82
57
23
1D
ca2
CcD
82
c8
3E

c9

21
36
36
23
7E
(44
3E
32
3E
32
cs

B2 B3

68 ac

c2 oA
68 aC

cge BF
60
20

28
C8 BF

CA BF

C8 BF
EB 8A
CF BF

CES

PLLOOP

SYSTEM SOF TWARE
SOURCE LINE

MOV D.A
CALL RDI1BHX
MOV M.A

ADD D

MOV D.A

INX H

DCR E

JNZ PLLOOP
CALL RDIBHX
ADD D

RZ

MYI R,01
CALL ERROR
RET

EQU °BFCB

88:49 322/78 PAGE 11

OTHERWISE IGNORED
GET PROGRAM WORD
STORE IT
UPDARTE

CHECKSUM
BUMP POINTER UP

AND BYTE CNTR DOWN
LOOP UNTIL RECORD RERD
READ CHECKSUM FROM RECORD
FINAL ADD - SHOULD BE ZERO
DONE 1IF CHECKSUM OK
SET ERROR CODE
OUTPUT MESSAGE
VERIFIED 22 AUG 78
HARDWIRED ADDRESS

OF GPIA REGISTER @

AR AOK K IR AR AR AR HOA KK HK K HOKAHAK AHACKAAANAKNOK

* % %

GP 1A

TALKER

%
ROUTINES *
*

x

*GPTRLK WILL CONFIGURE THE GPIQ TO BE A TLAKER
REGISTERS AFFECTED: A

GPTRLK

LX1 H.GPIA+3
MvI M.°60
MVI M.°00
INX H

MOV A.M
MOV M.A
MYI AR.0
STA GPIA
MVI A,°40
STR GPIA+2
RET

AUX COMMAND REGISTER
STROBE RESET BIT
TO POWER ON CONDITION
ADDRESS SWITCH REGISTER
READ SWITCHES
WRITE TO ADDRESS SWITCH REGIST
CLEAR INTERRUPT MASK
IN MASK REGISTER
TALKER ONLY ADDRESS MODE
IN ADDRESS MODE REGISTER

AR AR A ARAHAK AR HORAAAROIR AR K AR AR AKAOK AN

*
*GTTRAN TRANSMITS THE CHARACTER IN THE ACC VIA THE

* GPIB.

*

*
GTTRAN

NOT USED FOR LAST CHAR OF STRING.

REGISTERS AFFECTED: A

PUSH PSW
LDA GPIA

ANI “40

JZ GTTRAN+1
POP PSW

STA GPIA+?
RET

C=11

SAVE DATA TN BE OUTPUT
READ INTERRUPT STATUS REGISTER
MASK OFF BIT @ (BO)
CONITNUE LOOP UNTIL BO GOES H1I
GET DATA

AND WRITE TO DATAR OUT REC

‘ e
BI Y .




AFCS Ma22 ASSEMBLER

L INE

528
529
530
531
532
533

Loc

OAF8
BAF9
BAFB

BAFE
OAFF
esa2

2803
2806
0808
8BBA
2808
a8ac
asap
2BOF
a812
eB14
2817

2818

2819
8B1A
8B1C
281D
0820
2821

CES SYSTEM SOF TURRE

@8:48 322,78 PRAGE 12

81 B2 B3 SOURCE LINE
RO O K A HOR KRR SO IR AR AHAACKHORAHK IR
*
HKGTLAST TRANSMITS A CHARACTER FROM THE A REG. UJSED
* ONLY FOR THE LAST CHARACTER OF A STRING.
% REGISTERS AFFECTED: A
*
FS GTLAST PUSH PSW SAVE DATR
3E 20 MVI A,°20 SET EOI BIT
32 CB BF STA GPIAR+3 STORE IN AUX COMMAND
* REG PRIOR TO LAST CHAR
F1l POP PSW GET CHARACTER
32 CF BF STR GPIA+7 STORE IN DATA OUT REG
cs RET
HAHOKAOKHOKHOR AR IHIIOK HOR A HOR AR HOIKAOK A AOKACIIAAANHIAAAIIOIOK
%* *
* GPIARA LISTENER ROUTINES *
x* *
HAOHOKAAHOIOIAOK AR NI AR AR IR AR IR NI IR K AOIANNOK
%*
*GPL!ST CONF JGURES THE GPIAR TO BE A LISTENER
REGISTERS AFFECTED: R
*
21 CB BF GPLIST LXI H,GPIA+3 AUX COMMAND REGISTER
36 60 MVI M.’60 STROBE RESET BIT
36 00 MYl M,°08
23 INX H ADDRESS SWITCH REGISTER
7E MOV A.M READ ADDRESS SWITCHES
(44 MOV M.A WRITE TO ADDRESS REGISTER
3E 61 MVI A, 81 INTERRUPT ON BYTE RECEIVED
32 C8 BF STA GPIA IN MASK REGISTER
3E 20 ’ MYl A,°20 LISTENER ONLY ADDRESS MODE
32 CA BF STA GPIA+2 IN ADDRESS MODE REG
FB El GPIA WILL INTERRUPT
% WHEN REARDY
c9 RET
* .
*GLREC RECEIVES ON CHARACTER FROM THE GPIB AND
* STORES IT IN THE ACCUMULATOR. RETURNING
%* WITH THE CARRY SET INDICATES EOI WAS RECIEVED
* AND THUS IS THE END OF THE INPUT STRING.
* REGISTERS AFFECTED: A
*
cS GLREC PUSH B MAKE REGISTER AVAILABLE
06 490 MY1 B."48 SET A DELAY TIME
05 DCR B BUMP COUNTER
c2 1C o8B JNZ $-1 LOOP ON DELAY
c1 POP B DONE WITH DELAY

3A CB8 BF GLSTAT LDA GPIA

C-12

READ INTERRUPT STATUS REG
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AFCS 6088 ASSEMBLER

LINE

379
5680
581
582
583
584
583
586
S87
5688
589
590
591
592
593
594
595
596
597
598
599
600
601

Laoc

2824
2826

aB29
2828
aBs2C
2B2F
2839
2833
28335
2836
aB37

B81

E6
CA

E6
37
CA
3F
3A
FE
ce
37
c9

B2

a1
19

az
30

CF
oA

a9

B3

28
BF

CES SYSTEM SOF TWARE
SOURCE LINE

ANI a1
JZ GLREC

ANI @2

STC

JZ GLSKIP

cMC
GLSKIP LDA GPIA+7

CPI "OA

RNZ

STC

RET

00:48 322/78 PAGE 13

MASK OFF BIT @ (BI)
CONTINUE CHECKING UNTIL

BI GOES HIGH
MASK OFF BIT 1 (EOI)
SET CARRY FLAG
ECI NOT SENT.LEAYE CARRY SET
RESET CARRY WHEN EOI IS SENT
GET DATA IN
LINE FEED ALSO SIGNALS

END OF RECORD

SO SET CARRY

HO¥- ORI AR AKH K HHRHRHOK K A RAOK AR K A AAFAIAHOIHOIRKAOIOK

*

* TELETYPE TERMINAL DRIVERS. USED RS THE TERMINAL

% DEVICE IN THE LOCAL
-

MODE.

SOOI HOIOIOR SOOI IR IO KKK HORHOK K K H KKK AAKHFOIANK

CTLPRT EQU °C
BDRTPT EQU "B
CHSLPT EQU °9
USTAT EQU ‘B
DATAIN EQU °9
DATOUT EQU °A

i

UART CONTROL PORT

BAUD RATE GENERATOR PORT
CHANNEL SELECT PORT

UART STATUS PORT

DATA INPUT BUFFER

DATA OUTPUT BUFFER

RAOHRAOIR IR NORHIFOIOK AR NOIIKIIIINIOK

ASNIO ASIGNS THE OUTPUT DEVICE ON THE SERIAL IO

CARD BY SELECTING
RATE AND CHANNEL.

THE PROPER DATA FORMAT. BAUD
ON ENTRY, HL MUST POINT TO THE
ENTRY.

REGISTERS AFFECTED: A, H. L

*
*
*
*
* APPROPRIATE TARBLE
*
*
*

ASNIO MOV A.M
QUT CTLPRT
INX H
MOV A.M
OUT BDRTPT
INX H
MOV A.M
QUT CHSLPT
RET
TTY DB #11000
DB ‘@3
DB 2
CASETT I8 @
DB @
DB @

GET UARRT CCMMAND

GET BAUD RATE

GET CHANNEL NUMBER

UART COMMAND
BAUD RATE
CHANNEL SELECT




8080 ASSEMBLER

Loc

9B4A
284C

2851
2853
2856
2838
8B3A
285D
8BSF

2860
2861
2863
2865
2868
2869
2868

a8sC
286D
8B6E
BB6F
2870
2871
2874

B1 B2 B3

FS
DB
E6
CcA
F1
D3
c9

SE
23
1D
F8
[43

1
61

oA

CDh EA BA
C3 6D 0B

CES SYSTEM SOF TWARE 80:40 322,78 PAGE 14
SOURCE LINE
Diok HOKAORIORAAK AR AN AHOK
*

* READS INPUTS DATA FROM THE SERIAL 10 CARD RETURNING
* WITH THE INPUT CHARACTER IN THE ACC.

* REGISTERS AFFECTED: A
*
READS IN USTAT
AN] «1110 ERROR MASK
JZ RNOERR
MVYI A.2 SET ERROR CODE
CALL ERROR
RNOERR IN USTAT GET STATUS
ANI " 1@ MASK DATA AVAILABLE
JZ READS LOOP UNTIL UART RECIEVES
IN DATAIN GET DATA
RET

*

* WRITES OUPTUS A CHARACTER TO THE SERIAL 10 CARD
* FROM THE RCC.

B REGISTERS AFFECTED: NONE
*
WRITES PUSH PSW SAVE OQUTPUT DATA
IN USTAT
ANI 1 MASK TBMT
JZ WRITES+] LOOP UNTIL BUFFER EMPTY
POP PSW RECOVER DATA
OUT DATOUT FILL BUFFER
RET
HARRAIRAOIORHORRAAAHHOIIIHOIK IR HOKH K AR HHHOK HIOIIOKHOIOIROK
*
* DMPASC DUMPS AN ASCII STRING OF LENGTH (HL) STARTING
* AT HL+1
* REGISTERS AFFECTED: A.....,E. H. L
* SUBROUTINES CALLED: WRITE
*
DMPASC MOV E.M GET LENGTH
INX H POINT TO CHARACTER
DCR E BUMP CHARACATER COUNTER
RM DONE WHEN CNTR UNDERFLOWS
MOY A.M GET CHARACTER
CALL WRITE OUTPUT IT

JMP DMPASC+1




AFCS 68080 ASSEMBLER

LINE

675
676
677
678
679
6688
681

682
683
684
685
686
687
668
689
690
691

692
693
694
695
697
698
699
700
ral
rez2
703
784
7as
706
414
7es
7’a9
710
711

r12
‘13
‘14
716
717
718
719
el
el

v22
723
v2a
29

Lac

aB7?
8B7AR
aB8?D
8B7E
aB?F
2881
ase4
aB8?
8BBA
2888
@B6E
2890
2893
2894

e89?
889A
289D
26RO
8BR2
8BAS
2BAB
8BA9S
9BAA
8BAC
OBAF

eBBe2

B! B2 B3

(8)))
cD
Do
(4]
E6
ca
(%))
CcDh
vE
CcD
3E
cD
23
c3

CcD
CcD
CcD
3E
CD
cD
D8
’D
E6
CA
Cc3

7E

7C
63

oF
BA
E3
B7

A4
20
ER

A

73
E3
87

oF
9A

ec
ac

2B
ac
ac
ac
R

ec
ac
ec

oA
B

CES SYSTEM SOF TWARE 08:49 322/78 PAGE 15
SOURCE LINE

HORORAOR AN KR N OK HRKHOK HOKR O RO HOK AR KN K IR HOIAOICKNOIOIIIIOKAK

*
3
x*
*
*
*

BLKDMP DUMPS THE CONTENTS OF MEMORY STARTING AT
(HL) AND ENDING AT (DE) TO THE OUTPUT DEVICE.

REGISTERS AFFECTED: ALL
SUBROUTINES CALLED: RD4BHX, WRIBHX., WRITE

BLKDMP CALL RD4BHX

BKDP!

CALL CMPHND
RNC

MOV A.L

ANI “OF
JNZ BKDP1
CALL CRLF
CALL WR2BHX
MOV A.M
CALL WRIBHX
MYl R,* *
CALL WRITE
INX H

JMP BLKDMP+3

GET START AND END ADDRESS
CHECK IF DONE

GET LSB OF ADDRESS
CHECK 4 LS BITS OF LSB FOR ZER
SKIP CRLF AND WR2BHX IF NOT
SPACE LISTING
SHOW CURRENT LOCATION
GET DATA
OUTPUT DATA
SPACE BETWEEN
DATA ITEMS
BUMP POINTER

*
*
x*
x*
*
*

SEQFIL IS USED TO FILL OR EXAMINE A BLOCK OF MEMORY.

REGISTERS AFFECTED: A, B. C., H. L
SUBROUTINES CALLED: RD2BHX. WR2BHX.

SEQFIL CALL RD2BHX

CRLF., MEMACC

GET BEGIN ADDRESS

CALL CRLF NEXT LIST LINE

CALL WR2BHX OUTPUT BEGIN ADDRESS
SQFIL1 MVI A," * SPACE FOR REARDABILITY

CALL WRITE

CALL MEMACC LOOK AT THAT LOCATION

RC DONE IF MEMACC SETS CARRY

MOV A.L CHECK 4 LSB

ANl “OF FOR ZERO I.E. 0

JZ SEQFIL+3 IF SO NEW LINE

JMP SOFIL1 OTHERWISE LOOP
AR AR K KKK NI HOK KK HIAAIOKNIAIIOIR AR AOKNOIK
*
* MEMACC DISPLAYS A MEMORY LOCATION AND MODIFIES IT IF
* DESIRED. COMMANDS: TWO HEX CHARACTERS. REPLACE
* DATA: SPACE, NO CHANGE: X. CHANGE PREYIOUS DATA:
* Z, END ROUTINE: OTHERS INVALID. CARRY SET = STOP.
* REGISTERS AFFECTED: AR. B, C» H, L
* SUBROUTINES CALLED: WRIBHX. WRITE. READ., RD1BH
™
MEMACC MOV A.M GET DATA

C-15




6080 ASSEMBLER

Loc

2883
0BB6
2889
2888
@BBE
aBsCe
2BC3
28C4
e8C3
28C6
osCs
28CB
8BCC
eB8CD

a8Da
2B8D3
aBDS
2808
o8D9
2BDA
2808
e8DC
eB8DD

8BDE
@BE 1
BBE2
@BES
0BES
@BES
@BEC
@BEF
0BFO
9BF 1
63SF4
8BF7
ABFB
0BF9
0BFB
QBFD
OBFF
2Ceo
acez

B1

cD
ch
FE
CA
FE
c2
28
AF
c9
FE

21
@
()
cob
78
Cch
Cch
El
ES
cD
CcDh
c9
a6
a5
52
52
2A
28
45

B2
A4
19
28
DB

S8
C6

SA
ch

68
DA

3F
ER

F8

E3

6C

87
E3

52
20

41

B3

ac
a8

ac
eB

2R

ec
o8B

ec
28

ac
ac

CES SYSTEM SOF TWARE

MEMACIL

*
*
*
*”
*
»*

ERROR

ERRMSG

SOURCE LINE

CALL WRIBHX
CALL READ
ol R

JZ MEMAC!
CP1 “Xx*

JNZ $+6

DCX H

XRA A

RET

cPl “z*

JNZ $+5

STC

RET

CALL RD1BHX+3

JNC MEMARCI-1
MYl A, 7"
CALL WRITE
XRA A

RET

MOV M.A

INX H

XRA A

RET

008:40 322/78 PRGE 16

DISPLARY IT
GET COMMAND
SPACE ?

BACKSPACE COMMAND ?

BACKSPACE

CLEAR CARRY

WITH CARRY RESET
EXIT COMMAND

SET END FLAG (CARRY)
WITH CARRY SET
ALTERNATE ENTRY POINT

SINCE CHARARCTER ALREADY REA
RETURNS WITH CARRY IF BAD DATA
UNRECOGNIZED COMMAND

CLEAR CARRY
STORE NEW DATA

NEXT LOCATION
CLEAR CARRY

ERROR PRINTS THE ERROR MESSAGE:

*ERROR XX NEAR LOC XXXX*®
REGISTERS AFFECTED: ALL
SUBROUTINES CALLED: DMPASC., WR1BI3, WR2BHX

LXI H,ERRMSG
MOV B.A
CALL CRLF
CALL DMPASC
MOV A.B
CALL WR1BI3
CALL DMPASC
POP H

PUSH H

CALL WR2BHX
CALL CRLF
RET

DR 6

bW "ER"

bW "RO"

bW "R "

DB 10

DU " N"

DW "ER"

BASE OF ERRMR MESSAGE

SAVE ERROR CODE

NEXT LINE

OUTPUT °"ERROR *

GET ERROR CODE

WRITE CODE

CUTPUT * NEAR LOC *

GET A COPY OF RETURN RDDRESS

OUTPUT LOC THAT CALLED ERROR
NEXT LINE

MESSAGE LENGTH
MESSAGE CHARACTERS

LENGTH




AFCS 8080 ASSEMBLER

LINE

vee
’’8
779
7ED
781
782
783
784
. 786
. [4:14
1 788
7’89
790
791
792
» 793
; 794

Loc

ace4q
acee
aces

ac13
oc16
ac19
acin
ociBe

B1
52

4C
43

21

36
36
21
a1
1
7’0
23

B2 B3

20
aF
20

CES SYSTEM SOF TWARE 80:40 322,786

SOURCE L INE

DW "R *

bW *LO"

pW *c *
READ EQU GLREC
WRITE EQU GTTRAN
CNTR EQU °"BFC@
TIME EQU °@9FE
CCTLWD EQU CNTR+3

HARDWIRED ADDRESS OF COUNTER @
COUNTER CONTROL WORD

8253 TIMER CONTROL

e
*n
x*

* % %

z
;

THE 8253 INTERVAL TIMER CONTROL WORD IS DEF INED RS
BITS 7,6 SELECT WHICH COUNTER THIS CONTROL

WORD IS FOR @8, B1, 10 ARE #9, 1, 2

RESPECTIVELY. 11 IS NOT ALLOWED

OPERATION MODE: 8@ LATCH COUNTER TO

INTERNAL REG: 81 READ/LOAD MSB ONLY

18 R/L LSB ONLY: 11 R/L LSB THEN MSB

CONSECUTIVELY

BITS 3,2.1 COUNTER MODE 888 ALLOWS

NORMAL (DOWN) COUNTING. MODE @10

CONF IGURES THE 8253 TO A DIVIDE BY N

COUNTER. (DISCUSSED IN MANFUFACTURER’S

DOCUMENTS)

@ SELECTS 16 BIT BINARY.

1 SELECTS 4 DECADES OF BCD

BITS S.4

BIT ©

IR SRR ERERERERERSES:ZEXE ]

INB233 INITIALIZES THE 8253 AS FOLLOWS:
CNTR @. DIVIDE BY 968
CLK @ = 8080 CLK., OUT 8 = 968 HZ
CNTR 1. DIVIDE BY 968

CNTR 2, 16 BIT DOWN COUNTER (CLQCK)
CLK 2 = 0UT 1 = 1 HZ

E 3

*

x

3

E 3

* CLK 1 = OUT @ = 968 HZ, OUT 1 = 1 HZ
*

3

* REGISTERS AFFECTED: B, C. H, L
*

INB253 LXI H.CCTLWD PTR TO CONTROL WORD

MYl M. 34 CNTR @ MODE 2

MYl M.’ 74 CNTR 1 MODE 2

MYl M."B0O CNTR 2 MODE O

LXI H,CNTR PTR TO CNTR O

LXI B.960 SET DIVIDE QUANTITY
MOV M.C WRITE LSB

MV M.B AND MSB TO CNTR 8
INX H PTR TO CNTR 1

C-17
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AFCS
L INE

829

8080 ASSEMBLER

Loc

acic
acip

8cC1E
acai
aca3s
acas

acze
acae
aczs
aC2E
OC2F
ac3z2
ac33
ac3e

ac3?
ec3s
AC3A
0c3C
ec3D
BC3F
8Ca2
aca4q

B1

’1
70

21
36
36
cs

3E
32
21
7E
32
7E
32
c9

B2

c2
FF
FF

c3
ce

FE
FF

30
E9

&a

a7

B3

BF

BF

89
29

ec

CES SYSTEM SOF TWARE 88:49 322,78 PAGE 18
SOURCE L INE

MOV M.C WRITE LSB
MOV M.B AND MSB TO CNTR 1
HOHOI AR ORI AR AR AAANAARHARAARAKHAAAIANIOINOK

*

* RSB253 RESETS COUNTER 2 TO MAX COUNT (°FFFF)

* THIS ALTERNATE ENTRY POINT SHOULD BE USED ONLY
* RESET THE REAL TIME CLOCK.

* REGISTERS AFFECTED: H., L

*

RSB253 LXI H.,CNTR+2 PTR TO CNTR 2
MV M, °FF SET MAX COUNT IN LSB AND
MVI M,°FF MSB OF CNTR 2
RET CNTR 2 1S DOUN COUNTING
* FROM *FFFF

SOOI ANOR HEHOKNK HORAOK ORI AR AR ORI AR AR AOKAHNHOKAIK
*

*RDB253 READS THE CURRENT TIME FROM THE COUNTER

* WITH THE RESULTS IN TIME (LSB) AND TIME+1 (MSB)
* REGISTERS AFFECTED: A, H. L
* MEMEORY AFFECTED: TIME., TIME+1
*
RDB253 MVI R.‘E0 SELECTS COUNTER 2 TO LATCH
STA CCTLWD WRITE TO CONTROL WORD
LXI H.CNTR+2 PNTR TO CNTR 2
MOY A.M RERD LSB
STR TIME STORE LSB
MOV A.M READ MsSB
STR TIME+1 STORE MSB
RET COUNTER 1S STILL COUNTING

MENIAL FUNCTION LIBRARY x

* * %

*
* HEX1 CONVERTS ONE ASCII CHARACTER IN THE ACCUMULATOR
* TO 4 BITS RIGHT JUSTIFIED IN THE ACCUMULATOR
* RETURNING WITH CARRY SET FOR A CHARACTER OUT OF
* THE RANGE ©-F.
* REGISTERS AFFECTED: A
*
HEX1  Sul "e*

RC FILTER OUT ©0-2F

ADI "@"~"G"

RC FILTER OUT 47-FF

ADl 6

JP HEX1A BRANCH FOR A-F

APl 7

RC FILTER OUT 3A-48

C-18
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AFCS 606808 ASSEMBLER

LINE

881
882
AB83
885
886
88?7
888
689
899
89t

923

25
526
Q27
28
129
59

Loc

acas
acq?
oc48

ac4s
ac4ac
ac4ap
aC4E
ac4aF
2CS52
acs3
acs54
acss
8C56
acs?
acss

ac39
acse
acsp
OCSF
aceo
ace2

B8Cce3
ac64a
2C6S
8C66
oC67

cé
8?7
c9

(%))
1)

8
CcD
D8
ar
a7
ar
ar
B1
c9

E6
Ccé
FE
D8
cé
c9

7B
95
7A
Ssc
c9

B2 B3
8A

37 oc

37 oC

30
39

ar

CES SYSTEM SOF TWARE 808:49 322,78 PAGE 19
SOURCE LINE
HEX1A ADI 10
ORA A CLEAR ERROR FLAG
RET VERIFIED 18 AUG 78
SNOIOKARHIOK N R NHAOK K HARAOK NORAR AR ORI KNI AR NI HHIHOIOKNOKHOK
*
* HEX2 CONVERTS THE ASCII CHARACTERS IN ACC (LSB) AND
* B (MSB) TO ONE 8 BIT HEX WORD RETURNED IN THE
* ACCUMULATOR.
* REGISTERS AFFECTED: A, C
* SUBROUTINES CALLED: HEX1
*
HEX2  CALL HEX1 CONVERT LSB
RC RETURN IF BRD DATA
MOV C.A SAVE IT
MOV A.B GET MSB CHARACTER
CALL HEX1 CONVERT MSB
RC
RLC ROTATE
RLC FOUR
RLC BIT
RLC POSITIONS
ORA C CONCATONRTE LSB
RET WITH RESULTANT WORD IN ACC

* VERIFIED 18 AUG 78

.................. JOIKIOKAKAOIOKIKS

..............

*
* ASC11 CONVERTS THE 4 LSB OF THE ARCC TO ONE RSCII
* CHARACTER ©8-9. A-F.

* REGISTERS AFFECTED: A

*

ASCI! ANl °OF LIMIT TO 4 LSB

ADI "B" ADD ASCII OFFSET FOR DIGITS
CPI "9* CHECK IF IT WRS A DIGIT

RC DONE IF DIGIT

ADI *A"="9"-1 OTHERWISE ADD ALPHA OFFSET
RET VERIFIED 21 AUG 78

AR AN IRACIORHORAOR IR AR KK AR AN HIORNOK
*

* CMPHND COMPARES HL °N° DE (HENCE THE NAME).

* CARRY = § IF DE < HL OTHERWISE O

* REIGSTERS AFFECTED: A
*
CMPHND MOV A.E GET LSB OF DE
SuB L LSB OF HL
MOV A.D GET MSB
SBB H MSB OF HL
RET VERIFIED 21 AUG 78
c-19




AFCS 6088 ASSEMBLER

L INE

932
933
934
935
936
938
939
949
941
942
943
944
945
946
947
948
949
951
952

Loc

aces
aces
aceC
aCeF
acr2

2c?3
ac?e
acre
ac?A
ocre

acreC
aC7F
aceo
ace3
acse4q

B1 B2 B3

cD
@
CcD
(o))
c9

CcD
EB
CcD
EB
c9

19

19
49

68
68

73
73

o8
ac

ac
ac

ec
ac

CES SYSTEM SOF TWRRE 00:40 322/78 PAGE 28
SOURCE LINE

RO I RAOK AR K

* *

* FORMATTING REARD LIBRARY x

* *

RD1BHX GETS TWO CHARACTERS FROM THE INPUT DEVICE AND
RETURNS WITH THE HEX WORD IN THE ACCUMULATOR.

*

*

*

* REGISTERS AFFECTED: A, B, C

* SUBROUTINES CALLED: RERD , HEX2
*

RD1BHX CALL RERD GET ONE CHARACTERS OFF THE BUS

MOV B.A SAVE MSB CHARACTER

CALL RERD GET NEXT CHARACTER

CALL HEX2 CONVERTS TO HEX WORD

RET VERIFIED 18 AUG 78
HORHOKAOAHOIIOKHOK A AHOKNOK AR HOIOIKNOIIIOIIOIINOK

*

» RD2BHX READS FOUR CHARACTERS AND RETURNS THE TuwO
* BYTES IN HL.

* REGISTERS AFFECTED: A. B. C

* SUBROUTINES CALLED: RDI1BHX

*

RD2BHX CALL RDI1BHX GET MSB OF DATA

MOV H.A SAVE IT

CALL RD1BHX GET LSB

MOV L.A

RET VERIFIED 21 AUG 78

RD4BHX USES EIGHT INPUT CHARACTERS TO FILL THE HL

REGISTERS AFFECTED: ALL

*

*

* PAIR, THEN THE DE PAIR.

*

* SUBROUTINES CALLED: RD2BHX
<

RD4BHX CALL RD2BHX GET HL
XCHG SAVE THEM
CALL RD2BHX GET DE
XCHG PUT THEM WHERE THEY SHOULD BE
RET

!
|
§

RD1BI3 READS 3 CHARACTERS FROM THE INPUT DEVICE AND
INTERPRETS THESE AS DECIMAL DIGITS TO PRODUCE N
NUMBER BETWEEN @ AND 255 RETURNED IN THE ACC.

REGISTERS AFFECTED: A, B. C, D, E
SUBROUTINES CALLED: READ. MLTPLY. HEX!

¥* % % % ¥ % *

C-20




80680 ASSEMBLER

LOC

aces
aces
aces
acec
OC8E
ac91
acs4
acse
acos
ac99
acsc
OCIF
acA2
aCA3

ACR4
BACAS
8CA6
BCA7
aCAB
aCA9
ACAC
BCAF
ocee
2cBe3
ocB6

oce?
12186
nCBB
ocBC
ACBF

cp
cD
4F
16
cD
cp
cp

47
a7
I'g
a7
a7
Ccp
cD
78
cp
cD
c9

7C

7D
cD
c9

B2

19
37

2R
EE
19
37

EE
19
37

59
EA

59
EA

A4

A4

B3
2B
oc

ac
28
ac

ac
o8B
ec

ac
A

ac
B8R

ac
ac

CES SYSTEM SOF TWARE 80:49 322,78 PAGE 21
SOURCE LINE
RD1BI3 CALL READ GET 1008°S DIGIT
CALL HEX1 ASCI1 TO BINARY
MOV C.R MOV TO MULTIPLICAND
Myl D. 10 SET MULTIPLIER
CALL MLTPLY C = 18 X HUNDREDS DIGIT (HD)
CALL READ GET TENS DIGIT
CALL HEX1 CONVERT IT
ADD C ACC = 18 X HD + TENS DIGIT (TD
MOV C.A MOVE TO MULTIPLICAND
CALL MLTPLY X 10
CALL RERD GET UNITS DIGIT (UD)
CALL HEX1
ADD C ACC = 180 X HD + 18 X TD + UD
RET VERIFIED 21 AUG 78
SHARAA AR A AR R KA KRB HOAOK KK AR A A K AR A HAOKHAAICIANIOK K
* %*
* FORMATTING WRITE LIBRARY x
* *

*
* WR1BHX OQUTPUTS ONE BYTE OF HEX DATAR FROM THE ACC
* AS TWO CONSECUTIVE ASCII CHARACTERS.
* REGISTERS AFFECTED: R, B
* SUBROUTINES CALLED: ASCII. WRITE
*
WRIBHX MOV B.A SAVE DATA
RLC SWAP
RLC HALF
RLC BYTES
RLC
CALL ASCII CONVERT 4 LSB TO ASCII CHAR
CALL WRITE OUTPUT MSB OF DATA
MOV A.B GET LSB OF DATA
CALL ASCII CONVERT IT
CALL WRITE OUTPUT LSB OF DATA

RET VERIFIED 22 ARUG 78

*

* WR2BHX OUTPUTS THE CONTENTS OF HL AS FOUR ASCII CHAR
* REGISTERS AFFECTED: A. B

* SUBROUTINES CALLED: WRIBHX

.................

*
WR2BHX MOV A.H GET MSB OF HL
CALL WRIEHX OUTPUT IT
MOV A.L GET LSB
CALL WRIBHX QUTPUT IT
RET VERIFIED 22 AUG 78

Cc-21




AFCS 8088 ASSEMBLER CES SYSTEM SOFTWARE 08:49 322/78 PRGE 22 .
LINE LOC B1 B2 B3 SOURCE L INE

1935 HOROIOKHORORAOKNOIOIOR HOK AR HOHRHKKHKIN KK AR HORAACKORNIKK
18036 *

1937 * WR1BI3 FORMATS THE DATA IN THE ACCUMULATOR INTO AN
1838 * I3 FORMAT (3 ASCII DIGITS). WR1BI2 CONVERTS

1839 * THE DATA IN THE C REGISTER INTO AN 12 FORMAT.
1040 * REGISTERS AFFECTED: AR. B, C., D. E

1841 * SUBROUTINES CALLED: DIVIDE. WRITE

1842 *

1843 OCCO 4F WRIBI3 MOV C.A MOV TO LSB

1844 0CC1 @6 08 MVl 8.6 CLEAR MSB

1845 ©CC3 16 64 Myl D. 108 SET DIVISOR

1846 OCCS CD @1 oD CALL DIVIDE

1847 @cc8 79 MOV A.C GET QUOTIENT FOR OUTPUT

16048 0CC9 48 MOV C.B MOV REMAINDER TO LSB

1849 ©OCCA Cé6 38 ADI °30 ADJUST TO ASCI1I

18580 OCCC CD EA @R CALL WRITE OUTPUT DATA DIV 1008

1851 * ENTER HERE FOR I2 FORMAT - DATAR (REG C) MUST

1852 * BE LESS THAN 180 1! F
1053 OCCF @6 09 WR1BI2 ™MVI B.0 CLEAR MSB

1854 ©CD1 16 BA MVl D. 10 DIVISOR i
1955 oCcp3 CD 81 8D CALL DIVIDE

1856 @cpe 79 MOV A.C MOY QUOTIENT TO ACC

1857 oCp7 Cé6 30 ADI °38 ADJUST TO ASCII

1858 ©CDS CD ER BA CALL WRITE OUTPUT 18°S DIGIT

1859 @cpC 79 MOV A.C GET REMAINDER

1668 @CDD C6 38 ADl “38 ASCI1

1861 OCDF CD ER @R CALL WRITE OUTPUT UNITS DIGIT

1862 ©CE2 C9 RET VERIFIED 18 AUG 78

1864 k0RO AR OO KNI 3 kA KKK A K HORAR AR AKAKNAIAAIAOINOK
18065 *

1866 % CRLF OUTPUTS A CARRIAGE RETURN AND LINE FEED ON THE
1067 * OUTPUT DEVICE.

1868 * REIGSTERS AFFECTED: R

1869 *

18790 CR EQU “aD CARRIAGE RETURN IN ASCII

1871 LF EQU °BA LINE FEED

1872 ®l-% 3E @D CRLF MVYI A.°8D CARRIAGE RETURN

1673 @CE. (D EA @A CALL WRITE

1974 OCEB8 3E BA MYI A.°@A LINE FEED

1875 OCEA CD EA BN CALL WRITE LAST CHARACTER OF STRING

in?6 ACED C9 RET VERIFIED 22 AUG 78

e KRk AetR:OK: keleik: ook kel sloliciokoioioieieieiek
1979 * %
1830 * TWO BYTE ARITHMETTIC *
10681 * * -4
1062 sotoiciioioloietolok feind sictatsickiciiciopiokiniiolokieiakicioioloiioiallokIoIoRICKISIIK
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L INE

1084
1085
1886
1087
1888
1083
1090
1891
1092
1093
1094
1095
1896
i 1097
| 1898
| 1839

1100

1i01

1182

1103

1104

1186

1107

1198

1189

1110

1111

1112
. 1113
B 1114
I 1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133

Loc

ACEE
OCF@
aCF2
BCF3
OCF4
OCF3
OCF6
OCF?
oCF8
6CFB
aCFC
@CFD
BCFE

ana1
ane3
ana4g
anas
aDe6
onar
anes
aDes
anec
anap
ODOE
anit
aniz2
anis
en16
an19
BD1A
aDn1iD
B8DIE

AFCS B8068@ ASSEMBLER

B1 B2 B3

20
a9

FC

F2

es

1D

15
04
84
24

ac

ac

ap

ap
ap
ap
aD

CES SYSTEM SOF TWARE 80:40 322,78 PAGE 23
SOURCE L INE
* AN HOIHAAOKAOIKHNANK

»x
* MLTPLY MULTIPLIES THE UNSIGNED 8 BIT NUMBERS IN THE
* C AND D REGISTERS AND RETURNS THE PRODUCT IN THE
* B (MSB) AND C (LSB) REGISTERS.

»* C'E

REGISTERS AFFECTED: A. B.

*

MLTPLY MVI B.0 CLEAR MSB
Myl E.9 INITIAL IZE COUNTER
MULT® MOV A.C ROTATE LS BIT OF MULTIPLIER
RAR TO CARRY AND SHIFT LOW ORDE
MOV C.A OF PRODUCT
DCR E BUMP COUNTER
RZ EXIT IF COMPLETE
MOV A.B GET MSB OF PRODUCT
JNC $+4 ADD MULTIPICAND TO MSB OF PROD
ADD D ONLY IF RAR ABOVE PRODUCED
RAR SHIFT MSB OF PRODUCT (CARRY =
MOV B.A SAVE MSB
JMP MULT® LOOP UNTIL ALL BITS DONE
* VERIFIED 21 AUG 78
RO MR R AR ORI HO kK HOKHOROKHRAIHORAOK HOKOK
*
* DIVIDE DIVIDES AN UNSIGNED 16 BIT NUMBER IN THE
* B (MSB) AND C (LSB) REGISTERS BY THE UNSIGNED
* 8 BIT NUMBER IN THE D REGISTER. THE 8 BIT
* QUOTIENT IS IN THE C REGISTER AND THE REMAINDER
* IS IN THE B REGISTER.
* REGISTERS AFFECTED: R, B. C, E
*
DIVIDE MVI E,9 BIT COUNTER
MOV R.B GET LSB OF DIVIDEND
DIva MOV B.A SAVE ACC
MOV A.C GET MSB OF DIVIDEND
RAL
MOV C.A
DCR E BUMP COUNTER
JZ D1v2
MOVY R.B
RAL
JNC DIVI
SUB D
JiP DIVD
DIVI SUB D
JNC DIVO
ADD D
JMP D1Ve
DIvV2 RAL
MOV E.A

c-23




AFCS 6868 ASSEMBLER

LINE

1134
1135
1136
1137
1138
1139
1142

sox ASSEMBLY COMPLETE. NO ERRORS 1962 BYTES ASSEMBLED

Loc

AD1F
ap21
ap22
an23
an24
AD235

B1 B2 B3

3E FF
A9
4qF
8
1F
c9

CES SYSTEM SOFTWARE 80:48 322/78 PAGE 24

SOURCE LINE

MVI A.°FF

XRA C

MOV C.A

MV A.E |
RAR ;
RET VERIFIED 1€ AUG 78 FOR WRIRIZ ;
END '

C-24
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APPENDIX D
CES Programming Code Summary

Commands from the GPIB are interpreted as ASCII characters and are decoded as follows.

Command Description

AXx Allocate memory block to histogram. xx is the two digit number of alarm cards installed.
C Clear histograms and reset system clock.

Dxxx

Dump Histograms.xxx specifies the number of the histogram to dump. An out-of-range
number dumps all histograms.

GXxXX Go to specific location in memory and start execution xxxx is the four hex digit address to
start at.

Kxxxy Relay control. xxx is the relay code. y = f turns the relay off, y > § turns the relay on.

L Local enable. Terminal device is enabled for operator input.

P Load program. Program in Intel format representation is loaded into RAM.

R Remote. Locks out the local control of the processor.

S

Start Scanning. If not preceded by an "A" command, defaults to scanning only one alarm
card.
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