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ABSTRACT

A multiport RS232-NTDS multiplexor will be discussed. This
microprocessor driven harduare device has the capability of multiplexing
up to 48 RS232 ports into a single parallel NTDS channel obeying
intercomputer protocol. Each RS232 port has softwore programmable
functions similar to those for AN/UYK-20 RS232 ports. The devices is
modular so that RS232 ports may be added incrementally as needed. The
device is flexible: a general priority interrupt structure is provided
through a combination of hardwaore logic and microprocessor firmuare.

The motivation for construction of the device will be discussed.
Sal ient design features affecting flexibility, modularity and throughput
will be discussed.

This is the final report on this phase of the problem.
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1.8 Background

The ANAUYK-20 is the standard Naow minicomputer for surface
appl ications. It is a completely militarized., high performance
processor with extensive input-output capabilities. This report is
concerned with an interfoce designed for enhanced utilization of these
input-output capabilities.

1.0.0 General Description

In addition to the central processor(CPU), the ANUYK-20
architecture provides an Input-Output Controller (IOC) for handl ing data
and control transfers with external devices via one of the input-output
channelsCFig. 1.81. The I0C maoy execute .sequences of special
input-output instructions Known as °‘chains’ to control any of the
processor’s 16 channels. Rs the number of input-output instructions is
quite extensive, channel control is very flexible.

&
CENTRAL ol - INPUT OUTPUT
PROCESSOR I0CHAINS (I0CR) CONTROLLER
Wi
(CPU) (10C) 2 16
___INTERRUPTS = CHANNELS
il =
2
FLAGS
DATA DATA
‘ y §
RLEGEND ‘
MEMORY: - o el o e A o CONTROL FLOW
DATA FLOW

a) INTERFACE TYPES: NTDS PARALLEL ( SLOW, FAST, ANEW ), RS232, NTDS SERIAL, MIL-STD-188C

Figure 1.8 AN/UYK-20 Block Diagram

The channels themselves follow one of three types of handshaking
conventions for data transfer: NTDS, MIL. STD. 188C or RS232. °“NTDS’
refers to "Naval Tactical Data Systems” interface described in MIL.
STD. 1397C11. There are three types of parallel NTDS interfaces and
one serial type. RS232(21] is a low speed serial protocol especially
designed to interface with data communications equipment (eg., modems).
RS232 is an industrial standaord specified by the “Electronics Industries
Association”. MIL. STD. 188C is a serial military specification for a
low speed interface resembl ing RS232.

Note: Manuscript submitted March 1, 1979.




Each channnel type may be further specified as to speed, wvoltage
levels, and transfer modes. Thus the serial RS232 channel! may be
synchronous or asynchronous, of wvarious baud rates, etc. The NTDS
channels may be parallel (slow , fast, or ANEW) or seriall31.

The address(8-15) of each particular input-output interface type in
the ANAUYK-28°s 16 channels is somewhat flexible and determined by the
installation. Each channe! is provided with two 128-pin connectors to
the outside world. Therefore, sufficient connector hardware is suppl ied
on the processor to support 16 parallel, full-duplex channels .

The remainder of this report shall be concerned with NTDS parallel
and RS232 serial channels. Many RS232 ports will be interfaced to an
AN/UYK-28 NTDS parallel channel by a device to be described.

1.8.1 NTDS Paralle! Channels

The three tupe of NTDS parallel channels(slow,fast, ANEW) are
identical as far as the programmer is concerned. The NTDS slow channel
differs from the two fast channels in transfer rate, timing and wvoltage
levels. The NTDS fast and ANEW channels differ only in voltoge levels
assigned for the one and zero states. RAll channel logic is on card sets
internal to the UYK-28. @each card set controls four contiguous
channels. Four card seots would comprise a full complement of NTDS
channels in the AN/UYK-28. The maximum transfer rate allowed by the
NTDS specification is 198Kk wd./sec. for each set of NTDS fast or ANEW
channels and 48Kk wd./sec. for eoch set of NTDS slow., one way.
Full-duplex is the operating mode. In practice the AN/UYK-20 connot
achieve these transfer rates as the IOC and CPU are not fully
independent and contend for the microprocessor which is emulating the
machine architecture. Data transfers of 60-75% of the maximum
specification are possiblel(4], depending on CPU and IOC activity. Such
doto rates are 18-15X of the memory data rate.

1.8.2 RS232 Serial Channels

RS232 is a specification for low speed, serial data transfer. It
is an almost universal commercial industrial standard. Given a computer
or computer peripheral, chances are it has an RS232 channel. The
AN/UYK-28 is no exception. The AN/UYK-280 provides separate card sets
for synchronous (clock trigge~ed baud sampling) and asynchronous (data
triggered baud sampling) RS232 channels. Each RS232 card set or
provides two channels. The asynchronous channels transfer at one of
four progrommable rates; the maximum rate is 2400 baud. The synchronous
channels can transfer 8-968@ baud., depending on the sampling clock.
Since the RS232 channels are serial channels, each one uses considerably
fower than half the 480 [0 connector pins (ie. four 120-pin connectors)
available for the two channels that are used by each RS232 card set.

BUERT  SSRNOUIEENS O —
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2.8 RS232-NTDS Multiplexor

Section | above provided an overview of ANUYK-28 10 properties.
The remainder of this report will focus on the description of a device
that marries NTDS and RS232 channels external to the RANUYK-28. The
heart of the device is a microprocessor which controls data switching

and buffering to implement +he function of multiplexing many RS232

channels into a single NTDS channel. Thus, instead of using multiple
AN/UYK-20 RS232 channels, only a single NTDS channel is needed. This
channel is connected through the multiplexor to many RS232 devices. One
need not utilize RS232 card sets, instead, an NTDS channel is tied to
the external multiplexor. Firmuware in the multiplexor and an AN/UYK-28
software routine allow program control of the multiplexor.

2.1 RS232--A Second Look

Serial transmission on RS232 channels occurs commonly at rates up
to 19.2 Kilobaud asynchronous(eg. CRT terminals), and up to 58 Kilobaud
synchronous(eg. remote data terminals). Tronsfer rates beyond this
exceed the RS232 specification which limits slew rate aond does not
provide for a balanced transmission line.

The motivation for the RS232-NTDS multiplexor is as follows:

al) The RS232 interface is widely available in commercial
peripheral equipment at 1little or no extra cost. On the other haond
peripherals with NTDS interfaces demand premium prices suggesting the
use of the multiplexor as an interface between a commercial peripheral
with RS232 channels and an AN/UYK-28 NTDS channel.

o) The RS232 protocol was designed for interface to a modem
allowing remote communications over, say, phone lines. The multiplexor,
having the potential for many more RS232 channels than the AN/UYK-28
mainfame, provides an ideal means for interfacing the AN/UYK-20 to low
speed serial data lines from many remote location (eq. sensor inputs or
timesharing user terminals).

c) The extreme slowness of the RS232 channels compared to the
NTDS channel should be noted. While a traonsfer rate of 188-158
Kilowerds/sec.(1.6-2.4 megabits/sec.) is possible with NTDS channels,
RS232 chanels are limited to 2488 baud/sec. asynchronous and 9600
baud/sec. synchronous. The multiplexor was designed to ameliorate the
mismatch between the potential AN/UYK-20 10 channel bandwidth and RS232
data rates.

d) Activating the serial RS232 interface in the ANAUYK-20
requires [0 instructions apart from those needed to implement io
transfers in NTDS channels. Externalizing RS232 channels reduces the
set of instructions needed for input-output operations and maokes
possible standardizing AN/UYK-28 interfaces to a single type: NTDS
parallel.




2.2. AN/UYK-28 Hardware Conf iguration

The number of card slots required by each set of four NTDS channels
is equal to the number of slots required by four RS232 channels.
However, a card set containing two RS232 channels may preclude usage of
a set of four NTDS channels. The implication is a devastating trade-off
in memory bandwidth and connector pins for every set of RS232 channels
in the machine. That is, 128 10 pins and mating connector are devoted
to each RS232 channel requiring less than 25 lines. Each channel
connector port dedicated to RS232 protocol has a bandwidth of less than
18 Kilobit/sec. Uhile the potential bandwidth of the channel is in
excess of | meqabii/sec.




3.0 Design Philosophy of the NTDS-RS232 Multiplexor

The philosophy behind the multiplexor is essentially this:
externalize all RS232 channels in the multiplexor. Configure the
AN/UYK-20 solely with NTDS parallel interfaces. Thus, only one NTDS
channel need be dedicated to service all RS232 ports. Only two
AN/UYK-28 10 connectors need be dedicated to service all RS232 ports. A
subset of AN/UYK-20 10 instructions {s then sufficient for all
input-output control.

The benefits to be gained from this approach are:

a) Minimizesutilize effectively interconnection
hardware.

b) Maintain the high 10 bandwidth possible with an NTDS
parallel interface.

cl Provide many RS232 ports.

d) Provide a flexible interface.

In addition, the benefits of using microprocessor control will be
emphasized as the design is discussed.

3.2.8 Description of the Multiplexor

Figure 3.8.1 shows a block diagram of the multiplexor. The
AN/UYK-20 communicates with the multiplexor via an NTDS channel. The
mul tiplexor contains an NTDS interface which is implemented with a
combination of hardware and software. Control of the system is provided
by an 8880 microprocessor, an 8-bit. programmable NMOS integrated
circuitl5].
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Figure 3.8.1 Block Diagram of Multiplexor

The multiplexor has RS232 ports grouped on cards which moy be added
to the system in a modular fashion. Each card contains up to eight
USARTs (Universal Synchronous/Asynchronous Receiver/ Tronsmitter)
interfaced to the external world using RS232 protocol.

Each USART is progroammable as to baud rate and mode of
operat ion(synchronous/asynchronous). Certain RS232 contro! lines may be
set or cleared under program control . The ability to set port mode is
not available in internal AN-UYK-28 RS232 ports. Also, the maximum baud
rate in either mode is significantly grecter in the multiplexor USARTs
than in the internal AN/UYK-28 RS232 ports. These improvements are
consequences of more recent microprocessor technology.

Figure 3.8.2 shows a functional diagram of the multiplexor. The
microprocessor functions as a switch and decoder and may read or write
any memory location in the multiplexor under software control. Memory
local to the multiplexor consists of random access memory(RAM), read
only memory(ROM), locations associated with RS232 data and control and
locations associated with NTDS data and control. Thus all devices in
the multiplexor are treated as memory locations. RAM  provides
scratchpad ond buffer storage. Software that defines multiplexor
operation(in conjunction with the intrinsic hardware) is stored in ROM.

Data to and from the multiplexor is in a word format, each word
being 16 bits. Each word contains a byte of address/command
information(upper eight bits) and a byte of data(lower eight bits)[Fig.
3.8.31. The address byte is further subdivided into an intracaord
oddress(lowest 3 bits), a card address(next 3 bits), a command bit(bit




6) ond a spare bit(bit 7). The intracard address identifies the
particular port on the card specified by the card address. The commmand
bit separates data from command/status information.

v—-"\

CPU
UYK20 NTDS »>-{FROM UYK20 <

+
0c [ TO UYK20 CONTROL
CHAN.
————— s (SWITCH DECODE,
g = PROCESS)
S RS232 N-1
RS232 N-2

WD. N
RAM WD. N-1
WD. N-2

Figure 3.8.2 Functional Representation of Multiplexor

All data transfers over the NTDS channel follow NTDS intercomputer
protocol which renders the multiplexor-AN/UYK-28 interface symmetrical;
neither device is intrinsically a master. The need for command
transfers(NTDS forced command model6]) is obviated since command
information is contained in the dato word.

All input output ports in the multiplexor look 1ike memory. A
typical operation of the multiplexor would be to have the microprocessor
read the AN/UYK-208 memory locations, decode the port or command address
then write the appropriate RS232 memory location.

RO
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oo {CAno ADDRESS ————
ADDRESS | \TRA-CARD ADDRESS
f ADDRESS
MULTIPLEXOR oL
PHYSICAL
PORT ADDRESS MEMMAP OFFSET (8000, )
FORMATION 2
PHYSICAL PORT ADDRESS
X OR
PHYSICAL PORT

COMMAND ADDRESS (BIT 14 ON)

Figure 3.8.3 Data Word Format for AN/UYK-28--Multiplexor
Interface

3.8.1 Control Philosophy

When the multiplexor is not being taxed, eg. when o few 388 boud
terminals oaore being used, the type of control structure used to control
data flow is moot: any scheme implementable in software should suffice.
1f the multiplexor is exercised more strenuously, then it is well to
consider the possible control structures and pick the one best suited to
the application. Different applications - warront different control
structures. For instance. suppose the ports connect many low speed
terminals to the AN/UYK-28. In this case, service requests would occur
infrequently and randomly. If a single port were to become active in an
otherwise quiescent system. using an interrupt structure would guarantee
a fixed time to service given by the hordwore interrupt service timing.
This would be preferable to polling in softwcre which would give a
variagble time to service of awerage duration tpoll¥n/2, where “n° is the
number of ports and “tpoll’ is the time to poll a single device.

On the other hand, suppose the system is busy, i.e. several poris
handl ing data work more or less continuously: suppose also tpoll is less
than the interrupt service time. In such a case polling would be
preferable. If the ports have some priority assigned, using the
prioritized interrupt structure available is, perhaps, best. Though in
some sense sense we could assign priorities in a polling situation by
‘super commutation®, that 1is, if a.b,c,d... are ports one polls
‘abacad...” or any sequence uwhere polling does not occur in ordinal
order.
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There is yet another type of control structure to consider. naomely
buffered transfer: this type of interrupt gives the device being
serviced priority. Since RS232 ports are rather slow, it is wunlikely
they would be wused in such a mode. The AN/UYK~28 NTDS interface is
quite another matter, however. The speed of the transfer may well
warrant buffered transfer to cut down on software and hardware overhead
involved in recognizing and servicing a system interrupt. Random access
memory in the system and the flexible interrupt scheme moke this mode
implementable in software.

In summary, in a sporse., random request environment use a
prioritized interrupt structure: in a busy, uniform environment, use
polling.

3.8.2 Control Structure

As the design of the prototype multiplexor progressed, it became
obvious that in this type of controller application, the utility of the
softwore was determined by the quantity of controllable hardware in the
multiplexor. Though believed fervantly, this concept could not olways
be followed. The control structure options. however, obey the concept.
Minor modifications allow different modes of operation:

Each port may be polled to see if it is active.
Each card may be an interrupt.

Each port may be an interrupt (6 port maximum).
Each cord may be polled.

Each card may be swept of all pending intrrrupts.

The interrupt structure is prioritized and the interrupt address is
stored in a memory location. The 8088 hardware vector structure may
also be used. The intracard address of each port on the card is also
available, so that a 6 bit interrupt address exists.

With additional hardwore, the 8888 may support eight wvectored
interrupts(8-7). The multiplexor supplies the extra harduare needed so
that eight separate interrupts, sach having a unique interrupt service
routine cre available. Vector interrupt @ is the system reset, 1l is the
NTDS interrupt, 2-7 are available for RS232 cards. RS232 cords have
highest system priority. In addition, as the USARTs ore programmable
and may be queried for stotus, system polling is possible.

A choice must be made among possible interrupt schemes and the
mul tiplexor mnust be hord-wired accordingly. The multiplexor
configuration used with the software described in this report was based
on a card interrupt priority structure. However,the six bit port
address as read from the interrupt latch provided address information.
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4.9 Hardwore

In order not to ‘reinvent the uheel’ commercially available
microprocessor CPU and RAM/ROM memory cards were utilized. This choice
greatly facilitated the multiplexor design. Numerous packaging options
of this type are available. Judicious choice of pre-packaged aids
should be a first step in any new microprocessor design.

It was decided to package up to eight RS232 portis on @ card which
could be replicated to provide up to the moximum number of ports. This
choice arose naturally from the card size and interrupt circuitry.
Other cords provide CPU, control aond decode, memory and the NTDS
interfacelFig. 3.08.11.

As command information is contained within the data word, simple
data transfer in intercomputer mode was adequate. One consequence of
the choice of NTDS-intercomputer mode is that the data from the UYK-20
is held on the channel lines until the 8088 can respond. Similarly, the
8080 microprocessor will hold its data on the channel data lines until
the AN/LYK-20 responds. The 80838 bus has nowhere near the I0 bandwidth
or speed of an ANAUYK-20 NTDS fast channel, but the microprocessor could
Keep an NTDS slow chonnel fairly active.

4.1 Handshake with Multiplexor

Haondshake protocol follows that described for NTDS parallel
intercomputer data tronsfers(?7]. The hardware sequence from the
ANAUYK-20 is as follows:

a) UYK-28 puts data on 1ines, sets READY.
b) Multiplexor latches data, generates interrupt.
c) 8088 recognizes interrupt according to appropriate
priority and vectors to interrupt service routine(ISR).
d) Software control in ISR reads lower and
upper byte of multiplexor buffer latch.

Reading the upper byte of the buffer latch causes the RESUME signal to
be generated by the multiplexor. The RESUME signal clears the READY
signal. Wnen READY is cleared the multiplexor data latches are
released. The AN/UYK-20 may then output another data word.

The hordwore sequence of events for data transfer to the AN/UYK-20
follows:

a) The 8088 writes an output buffer latch, RERDY signal
is generated.

b) The ANAUYK-20 senses READY and samples data 1ines.

c) The AN/UYK-28 generates RESUME which clears buffer
latch and READY. The multiplexor may then autput
another data word.

A consequence of the hardware handshake sequence is that data {s wvalid
in the buffer latches only until handshake completion, ie. only while
READY 1ine is high. Software in the multiplexor must taoke this fact
into account and not use the latches as permanent storage locations.
Under softwore control, the READY line may be sampled to prevent

10
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overurite on output to ANUYK-20 or to monitor input to the multiplexor
in a polled environment.

A logic block diagram of the multiplexor is included in RPPENDIX A,
4.2 Description of Multiplexor Hordware Operation
4.2.0 Port to AN/UYK-28

Each port is a type 8251 Universal Synchronous/ Rsynchronous
Receiver/Transmit ter (USARTICB1]. The ports are grouped on the RS232
cards, a maximum of B8 per card. In the current implementation, each
card requires one interrupt vector. Six unique vectors are available,
two others are used for AN/UYK-28 interface and system restart.

When a port receives a character, a control 1ine(RXRDY) is raised
which is used as an interrupt. Only a read of or command to the port
will reset this line. This does not preclude the port being
overwritten.

Cards have a daisy-chain priority: if a card has no port requests
pending., the next card in the chain is enabled. If a card is enabled
and a port on the cord receives a character, the intra-card priority is
resolved, and port address will be broadcast on a 3-bit bus. The card
generates an interrupt pulse which is logged into the master interrupt
latch. The interrupt pulse will be generated each time interrupt
priority is resolved, if the card is enabled. This sequence of events
will occur until the request is serviced and the port is read. UWnen the
card has highest priority, an interrupt is generated to the 6088 which
responds with interrupt-acknowledge(INTA). At this point, system
hardware vectors the microprocessor to the appropriate service routine
and the interrupt address is further decoded under software control.

A 16-bit word consisting of an upper byte of address and control
information and a lower byte of data is traonsferred to the AN/UYK-20
under software control. :

Since the USART port status, including the interrupt bit, RXRDY, is
softwore addressable, one may use a software polling scheme instead of
priority interrupt scheme to drive the multiplexor. If the interrupt
structure s turned off, the status of the AN/UYK-28 handshake lines
must also be polled under software control. A software polling scheme
is not currently used in the multiplexor.

4.2.1 ANAUYK-20 to Port

The ANAUYK-20 will write the multiplexor data latches and set the
READY line. The setting of the READY line generates an interrupt to the
microprocessor. The AN/UYK-28 interface has lower priority thon any
RS232 card in the system. Reading of the data latches by the 8088 will
generate a RESUME signal. The port oddress is decoded from the data
under software control, and the port memory address is generated. The
data is decoded and transferred to the port.

11
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Since the READY signals from the AN/UYK-20 and the multiplexor are
monitored in a hardware status latch, it is possible to poll the

ANAUYK-208 or prevent an output overwrite from the multiplexor
UYK-28. Monitoring of READY signal is under software control.

12
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S.0 Sof tware
S.1! AN/UYK-28 Sof tware

The multiplexor is designed to be controlled from the AN/UYK-28.
Sixteen-bit (word) data transfers contain data byte, port address and
command information. The progrommer is partially i{solated from the
mul tiplexor hardware by an AN/UYK-28 assembly language program called
MXSS. MX$$ is compatible with the AN/UYK-28 support sof tware
LEVELIAEVEL2 format for 10 handlersCS] in that it utilizes a packet of
five words to control transfers between the ANUYK-20 and the
multiplexorlFig. S.1]. The packet format is similar to LEVELI1/LEVEL2
format for packets. The standard call is:

JLRR R1S.,MXS$ s;JUMP TO SUBROUTINE, SAVE RETURN
sADDRESS IN RI1S.
+ PKTADDRESS sADDRESS OF PACKET GOES HERE.

MX$$ allows one data input and one data output on the channel to the
multiplexor to run concurrently. If the channel is reading and another
read function is requested, a busy status will be returned to the user
via the packet status byte and the second request will not be honored.
Channel write functions are treated in 1ike manner.

S.1.9 Packet Format
The five word packet format is shown in Figure S.1. The upper byte
of word zero is reserved for status of the current request as will be

described. The lower byte of word zero specifies the type of action
request by the pocket, ie. the function request.

13




Wb e s (Eies im0 owect G5 IRRNO,
WORDO | staTuscope |  FUNCTION

WORD 2 BUFFER START ADDRESS

WORD 3 BUFFER WORD COUNT

WORD 4 PACKET LAST WORD

Figure S.1 MXSS Control Packet Format

The lower six bits of packet word one contain the logical unit(LU)
code. This code is a pointer to a table called "LUMAP®. The table
entries in LUMAP are the physical addresses of the RS232 ports in the
particulor multiplexor configuration. Special entries are made in LUMAP
for idle or non-existent ports. The physical address is formed by
shifting the port interrupt address to the upper byte of a word. LUMAP
must be initialized with the proper physical port addresses if MXSS s
to control the multiplexor properly. The initialization depends on the
ports existing in the particular AN/UYK-20-multiplexor configuration.
All existent ports should have their interrupt addresses entered into
the upper byte of the appropriate location in LUMAP. Ports should be
initialized in the idle state, ie. signbit of the LUMPP entry set to
“1°. Octal “1088808° is entered for non-existent ports.

Packet word two gives the starting address of a data buffer; packet
word three gives the buffer size. The buffer size is limited to 40896
words.

Packet word four is used by MXS$S to return mode and command
information on the USART port designated by the packet LU code. R table
called “MCMAP’ Keeps an updated record of the last mode ond command
instruction issued to each USART in the system.

S.1.1 Function Requests
Function requests are coded in the lower eight bits of packet

word 0. The function requests currently implemented in MX$S$ are as
follows:

14




FUNCTION REQUEST CODE(OCTAL)
READ 209
WRITE 801
INIT ee2
TERM 2806
STAT 811
cMD a12
READIM 813
WRITIM 214

Care was taken to be compatible with stondard LEVELIAEVEL2 software
conventions for 10 packets.

Functions may be classified into three groups:

STATUS STAT
CHANNEL FUNCTIONS TERM,REARDIM,URITIM
PORT FUNCTIONS INIT,.CMD,URITE,RERD

S.1.1.8 STAT

*STAT’® does not access the channel but rather gets multiplexor
status from tables stored in the AN/UYK-20 memory and updated by MXSS.
Port status(active,idle,non-existent) and the last mode ond command
instructions issued moy be obtained by a call to STAT. The mode/command
information is returned in packet word 4.

S.1.1.1 Channel Functians
Channel functions are independent of port assignment.

*TERM® aborts all multiplexor channel activity and resets all ports
regardless of status or choice of logical unit(LU). Port status is set
to idle for all ports.

READIM® turns on channel to listen for input from any port. It is
the programmer’s responsibility to decode address information in o
completed READIM buffer to ascertain which ports have input information.

"WRITIM® outputs a data buffer without modification. It is the
programmer’s responsibility to encode address information in each buffer
word prior to activating a UWRITIM buffer output. Consequenily, the
programmer may choose any sequence of port outputs. For example, an
output sequence maximizing the time between outputs to a given port
would minimize system delay owing to waiting for the port to complete
output. It is possible to issue commands wusing WRITIM, but this
practice is to be avoided as system status may very easily be lost.

S.1.1.2 Port Functions

The packet logical unit code points to an entry in LUMAP which s
the physical port address of a port. Recall that the physical port
address depends on the interrupt address of the port and that this
address is placed in the upper byte of the appropriate LUMAP location.
Of course, LUMAP may ’“map’ any logical wunit to any physical port

15
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address. MX$$ as shown in APPENDIX B is configured for 32 ports, ie.
LUMAP is 32 words long.

"WRITE” will write data to a given LU. The data is in the lower
byte of each buffer word:; MX$$ will fill in the physical port address
for the given LU.

READ’ is similar to "READIM’,since any port may i{nput data to the
AN/UYK-28. Read differs from RERDIM in that a check on port status is
performed. If the port is idle or non-existent. the read request will
not be honored and the appropriate status(idle or nonexistent) will be
returned in the packet status byte.

*INIT” initializes a given LU. The port is reset ond a mode
instruction followed by a sequence of commands is output to the port.
The MCMAP in MX$$ records the last mode and command issued to the port
when INIT terminates successfully. Rs the command update is derived
from packet word 4, it is the programmer’s responsibility to supply the
correct command information(possibly 8 if only a mode instruction is
issued). A reset command in an INIT buffer will abort the request and
return a data error status.

“CMD® will output a string of commands to a given LU. The command
status is updated using packet word 4. Proper command status is again
the programmmer’s responsibility, and the last command must be supplied
in packet word four. AR reset issued in a CMD buffer will reset the
port. MX$$ will supply the physical port address for each buffer word
for CMD and INIT requests.

S5.1.2 Status

There are seven status codes which are ‘orred” into the packet
status byte as follows:

STATUS CODE

FCN COMPLETE 200888 ;PACKET REQUEST COMPLETE.

IDLE 801088 ;PORT 1S IDLE.

BUSY 813280 ;ANOTHER CHANNEL READ/URITE
sREQUEST IS BEING HONORED.

DATARERR 948008 ;DATA ERROR.

FRNV 948408 ;FCN. REQUEST CODE INVALID.

NODEV 841088 ;NO PHYSICAL DEVICE
sCORRESPONDS TO THIS LU.

I0ACTIV 177480 ;PACKET REQUEST IS BEING
3SERVICED.

S.1.3 Summary

MXS$$ provides the AN/UYK-28 user with control of the multiplexor.
MXSS is seen as a Kernal input/output handl er for the
AN/UYK=-28-mul t iplexor system upon which more software may be developed.
Such software could further isolate the user from the internal workings
of the multiplexor, eg. command formats for the USARTs. A 1listing of
MX$$ and prograom flowchart are provided in the appendices.
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S.2 8988 Microprocessor Sof twore

In the current implementation of the multiplexor, 8880 software has
been Kept as simple as possible. Software was written in a high lewel
language cross—-compiler.

A driver program for the multiplexor is given in ARPPENDIX D the
program’s basic function is oddress decoding. Uords from the UYK-28 are
split into address and data bytes. The memory map port, or port
command, address is formed and the data byte is transferred to the port.

In transfer to the UYK-28, the interrupt address is used to form
the port address. The port i{s read, and the address information is
concatenated to the data byte to form a data word. The UYK-20 is then
written. >

The particular program shown in APPENDIX D activates three ports.
one port (port2) is activated and a local sign-on message is output to
the port by the multiplexor. The other two ports are put in command
mode. .The ANUYK-280 software may thus assume a non-ambiguous state
(command) for the ports.

As applications of the multiplexor are fixed, 8088 softwore may be
added to perform more functions locally as needed. examples of such
functions are: local character delete, operation in line mode, RSCII to
other code conversion, data buffer transfer, parity checks, etc.

17
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6.8 Design and Debug

The mul tiplexor is a sof tware—~hardware device. With the advent of
microprocessor technology, such multifaceted designs will become more
and more common. Microprocessor software is deliberately introduced
into the design: 86880 software controls and complements the multiplexor
harduare. The added burden of software in the design is compensated for
by the flexibility in the instrument so designed. This is especially
true of a device like the multiplexor where many potential interconnect
schemes. mades of operation and pre-processing functions could be
conceived.

The interaction of hardware and software in the design must be cut
at some point so the design may be firmed up. This interaction occurs
again in the debug phase. There were 8880 software problems thought to
be multiplexor hardware problems, AN/UYK-28 hardware problems thought to
be multiplexor hardware problems and AN/UYK-208 sofiware problems thought
to be coused by problems in the multiplexor. Sufficient richness exists
to Keep the design engineer entertained!

6.1 8888 Design and Debug

An effort was made to Keep 80BB software simple. At first, ©BBBO
assembly language was used, and programs were alwous found to be under
256 bytes. Since 1024 bytes of PROM storage were ovailable, it uos
decided the final softwore package would be written in PL/M, INTEL
Corporation’s high levwel language for the 888er181. A tradeoff was
made: the less efficient use of memory could be tolerated, while
gaining the benefits in documentation and ease of program modification
provided by the high lewel language. The PL/M program in APPENDIX D
required 363 bytes of ROM storage.

The value of programmabil ity con best be shown by this example: At
one point in the debug, one dead bit, was discovered in the AN/UYK-20
NTDS driver and one in the receiver. No replacement card was available.
Using a pority checking routine in the 8988, this problem was corrected
nand the debug process could be continued.

It was found that 8080 software modification was not frequent:
consequently, the use of a cross-gssembler and a cross-compiler on a
PDP-18 timesharing system Lo generate popericpe object code input to o
PROM programmer proved a satisfactory way to dewvelop multiplexor
sof tware.

At any stage, support hardware was traced using a logic analyzer, a
debug aid that proved invaluable.
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7.8 Conclusion

The RS232-NTDS mul tiplexor should prove a useful tool in those
cases where serial data is to be input to an AN/UYK-28 constrained to
have NTDS channels. The constraint may be by fiat or from other
considerations such as:

a) Reducing card types in the machine
b) Reducing external cabling and hardware
c) Preserving NTDS channel bandwidth

The multiplexor should be a useful tool where rapid or temporary
connection of commercial peripherals is desired. say in software
development. Premium cost militarized peripherals or peripherals with
NTDS interfaces can thus be avoided. It should prove useful where many
signals are monitored as in timesharing or remote data gathering. It
provides a means of accessing serial data links for phone line or modem
communication. The basic philosophy behind the design is that there are
cases wher? decentralizing control is beneficiaol. Microprocessor
technology has made such decentral ization very tempting!

This exposition has tried to include some of the tradeoffs to be
made in the microprocessor design. and to provide suggestions as to a
reasonable design/debug procedure.

It is hoped the multiplexor design effort will serwe as a
background for further work.
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APPENDIX A

FUNCTIONAL LOGIC DIARGRAM OF THE MULTIPLEXOR
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Note that overbar signifies an inverted signal; 1=+5 voltss=true.

SIGNAL
ADDRESS@-15
CDFIVE
CDFOUR
CDTHREE
CDTWO
CDTWOINT
DATAINB-?7
DATROUTB-?
bBUSB-7
EINT
FMUYKB-1S
HIAD

IN

INB-1S

INT

INTR

IOLATCH
IR@-7

GLOSSARY FOR BLOCK DIAGRAM

DESCRIPTION

16-bit 8880 address bus

Card enable for card five
Card.onablo for card four

Card enable for card three

Card enable for card two

Inter~upt for RS232 card “CDTWD’
8-bit data bus for input to 8080
8-bit data bus for output from 8080
RS232 cord internal bus

Latch external interrupt

16-bit UYK-20 output --NTDS levels
Address of high byte of UYK-20 latches
8888 input flag '
16-bit input from UYK-20 --TTL levels
External interrupt pulse

8080 interrupt acknowledge in response to
interrupt request

Latch to store 6-bit system interrupt vector

RS232 card interrupt lines
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SIGNAL
LOARD
MEMORY

MRD

ONO-7

ouT
ouTe-1S
P1

P2

RAM
RDY
RDYCPU
RDYOUT
RDYUYK
RDYSO
RESET
RESIN
RES
RESUYK
RESEB0

s = o

GLOSSARY FOR BLOCK DIAGRAM(CONT.)

DESCRIPTION
Address of low byte UYK-28 latches

Memory-ready line to synchronize slouw
memory with 8080

8080 read pulse
8080 write pulse

Selects one of B8 RS232 ports on serial
interface card

80988 output flag

Output to UYK-28 --TTL levels

80888 clock phase |

8080 clock phase 2

Random access memory

8888 ‘ready’ line

*Ready’ from muitiplexor--NTDS levels
*Ready” from UYK-28 --TTL levels
‘Ready” from UYK-28 --NTDS levels
’Ready”’ from multiplexor --TTL

System reset--resets 888( also
Resume’ from UYK-20 ~-TTL levels
"Resume” from multiplexor -=NTDS lewvels
*Resume’ from UYK-20 ~-NTDS lewvels

‘Resume’ from multiplexor -=TTL lewvels
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SIGNAL

ROM

RSCK

RSCK®

RSCK1
SINGLE STEP
SSMODE
STATAD
STPRDY

SYNCH
TOUYKB-15
UYKINT
ZERORD

GLOSSARY FOR BLOCK DIAGRAM(CONT.)

DESCRIPTION

Read only memory

Crystal source clock for RS232
RSCK/N for even ports
RSCK/(2xN) for odd ports

Front panel single step pulse
Front panel single step enable
Line to enable UYK-20 status

Pulse enabl ing next instruction when
in single step mode

8088 °SYNCH® signal
16-bit UYK-28 input --NTDS levels
Interrupt from UYK-28 interface card

Line indicating address 88089
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APPENDIX B

ASSEMBLER LISTING OF MX$$ AND TEST PROGRAM

The aossembly language used is not standard ANAUYK-20 “ULTRA°C11]. To
translate to ULTRA, apply the following rules:

For RK instructions, add suffix K" to normal ULTRA mneumonic.
For RX instructions, delete asterisk from normal ULTRA mneumonic.

The assembled code is showun to resolve any ambiguities.
SETUP,STORE, and PSW are modules used in the test program to set up
ports and echo characters through the AN/UYK-28. "TITLE® delimits a
module. LOC" is an origin statement. ‘EXTERNAL’ denotes variables
defined in other modules. °“GLOBAL" denotes wvariables to be used by
other modules.
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FLOWCHART FOR MX$$ ‘
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SAVE RG-R14 ‘

SET RETURN
ADR.

F—'—‘_i

| PKT.AOR.
TOR? |

{ NVALID

~~FCN
) e

& ¥ SWRITIM
O R LR 7

N
3 )

INIT =
NI

i

N

SETPKT |

STATUS -
IDLE

RETURN

mn
o
o

BRL o wrre
FR -2
INIT
Y,
|ER_3 NVALID

FR -4
NVALID
RS

NVALID

FRale WRITIM

PAGE | of 6
REV A 1.3.77
REV S 1.S.77




e

ADD PORT
ADR.TO
DATA

OUTPUT

OUTPUT

PKT. STAT.
SET TO
BUSY

MX$$

PAGE 2 of 6
REV.A 1.3.77
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ACTIVE..LU

T0
CH.WR. STAT.

v

SAVE PKT.
ADR.

v

10 ACTIVE
TO
PKT. STAT.

!

ACTIVATE
10
WORD XFER

SET PKT.
STATUS TO
FCN. INVALID

RETURN

- b




.

GET PKT.
BUF. ADR. &
BUF. CNT.

ACTIVE ... LUI
TO
|Cﬂ. RD. STAT.

SAVE PKT.
ADDRESS

¥

SET PKT.
STAT. TO
I0 ACTIVE

=

ACTIVATE
10 INPUT
WD. XFER

RETURN

Mx$$

PAGE 3 of 6

REV. A 1.3.77

AP e tant oo st 6

STORE IN
TBUF
(COUNT)

y

COUNT =
COUNT +i

L

TERM

ABORT
CHANNEL
TRANSFERS

IsI-l
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SET WO.
XFER FROM
TBUF

OQUTPUT




T P T T T e -~ 1

‘ CMDOK >

FORM PORT
LOAD WD. CNT CMD.ADR
-1 TO
INDEX ‘
l OuTPUT
PORT
LOAD BUF RESET
ADR.TO
PTR
LOAD
COMMAND
DATA (PTR)
RESET INDEX
RSTFLG INDEX-1

SET
SET PKT
it STATUS TO
DATA ERROR

RETURN

CMD. ADR -
CMD. DATA
TO BUF (PTR) 1
3
e
<1
MX$$
PAGE 4 of 6
REV A 1.3.77
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—_—

| sETsTATUS
10 ACTIVE

|

SET STATUS
FUNCTION
COMPLETE

|_I=
&

UPDATE
| PACKET
STATUS

i

SET STATUS
IDLE

I

| SETSTATUS |
| 'NO DEVICE

SET PKT
STATUS TO
NO DEVICE |

Tt

/
[ RETURN )

| SAVE
REGISTERS

g

LOAD
PACKET
ADDRESS

i

SET PKT
STATUS TO
|FCN. COMPLETE

I

SETCHN RD. |
STATUS |
INACTIVE

i

RESTORE
REGISTERS

RETURN FROM
INTERRUPT

REGISTER

| RESTORE
| ROTOR14

|
!
—

RETURN FROM
SUBR (R15)

MX$$

PAGE S of 6
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I

GET PKT
AND PORT
ADDRESS

y

LOAD
PACKET
(R8-RI2)

NOSTAT

SET PKT
STATUS TO
FCN. COMP.

Y

SET CH.WR
STATUS TO
INACTIVE

¥

RESTORE
REGISTERS

RETURN

FROM
INT

INSTAT

TERM

TSTAT

CMDSTAT
OTHER

INSTAT

IFORM MO-CMO
UPDATE

MCMAP

!

SET PORT
ACTIVE

NOSTAT

45

1sLUMAX~-|

sk

IOLE
PORT (1)

!

tal-1

ZERO MODE
CMD ON
PORT(!

SET PORT
T0
IDLE

¥

RESET
RSTFLG

MX$$

PAGE 60f 6
NOSTAT
REV. A 1,477
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APPENDIX D

PL-M DRIVER FOR MULTIPLEXOR

The two-pass compilationl12] of the PL/M driver for the multiplexor is
shown with 8888 object code outputl131].
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16:
16:
16:
:02:05

16

16

16

16:
16

l6

16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:

16:
16:
:02:39

16

16:
16:
:02:406

16

16:
16:

02:
2:03
02:05

:02:05
16:
16:
:02:08
16:
16:
16:
16:

G2:03
02:08

02:08
02:17
02:17
02:17
02:28
02:2
0_-_8
2:32
02:36
02:36
02:36
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
02:39
2:39
02:39
02:39

02:39
02:46

02:46
02:46

6:02:46
6:02:46

16:

M-

16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
:02:53

16

02:46

02:46
02:46
02:46
02:46
02:40
02:46
02:46
02:40
02:46
02:53

6:02:53

16

102:53

05 BAJCB

BAFIL
BAFIL
BASUM

MONTR
MONTR
USER
USER
USER
USER
MONTR
MONTR
HONTR
MNONTR
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

BATCON VERSION 13(1071) RUNNING TXTOUT SEQUENCE 3304 IN STREAM l
INPUT FROM DSKCO:TXT.CTLL 253, 5331

QUTPUT TO DSKCO:TXTOUT.LOG[253,533]

JOB PARAMNETERS

TIME:00:03:00 UNIQUE: YES RESTART: NO

.LOG!H 253,533 /SPOOL: ALL/TIME:300/NAME: "LRUSSO"
JOB 2% NRL-602-10 TTY6H
[LCNJSP OTHER JOBS SAME PPN:27)

1602

NO MAIL

26-JAN-?7 WED

.CCPY FOR20.DAT=x.TXT

R PLMB1

808¢ PLM! VERS 3.0

S1=6 S8

SA=0
$B=1
8C=0

$D=120

SE=0
$G=0
SI=6
8J=6
SK=72
8L=1
SM=1
$0=1
SP=1
SR=72
©S5=0
ST=1
sU=7
oV=72
cV=72
8Y=1

00001
00002
€0003
00004

€0903
00C06
00C07?
0035Ca
00C09
0G010

/% INTLAT. TXT 1.12.77 *x/

/*THE FOLLOWING IS A BASIC PROGRAM FOR COMMUNICATION
WITH THE AN-UYK20 DRIVER MX38. AS AN EXAMPLE,

PORT 2 IS ACTIVATED LOCALLY; PORTS 3,4 ARE PUT IN CO

MAND MODE. A SICGN-ON MESSAGE IS OUTPUT LOCALLY TO
PORT2.:x/

DECLARE LIT LITERALLY 'LITERALLY':

DECLARE DCL LIT 'DECLARE’:

DCL URT2 LIT ‘'8012H";

DCL URT3 LIT *80130°:

47




16
16
16
16
16

:02:53

:02:53

:02:58
:02:53
:02:53

ERRORS::/

16
16
16
16
16
16
16
16
16
16

:02:33

:02:53

:02:53

:102:53
:03:60

:03:00

:03:00
:03:00

:03:00

:03:00

6:02:00

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16.

16
16
16
16
16
16
16
16
16
16
16
16
16

:03:00
:03:00
:03:00
:03:00
:03:00
:03:00
:03:00
:03:00
:03:00
:03:00

:03:11
:03:11
:038: 11
:03:11
:03:11
103:11
:03:11
:03:11
:03:11
:03:11
29:11
23:11
:103:11
103:11
:03:11
:03:11
103: 11
:103:11
:03:20
:03:20
:03:20
:03:20
:03:20
:03:20
:03:20

PORT/

16:
16:
16:
16:

16

16:
16:
16:
16:
16:

16

03:20
03:20
00:20
02:20
:0S:20
€3:20
©3:20
03:20
Go:28
03:2
1 03:28

USER
USER
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USLR
USER

00011
00912
00913

00014
00015
¢0016
00017
00918
€co019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
0¢035
06036

09937
00038
€C029
00040
€oC41

DCL
DCL
DCL

URT4 LIT ’8014H’;
MODE1 LIT '4EN’;
ONLINE LIT °'37H’; /*SET RTS,DTR,ENABLE T/R,RESET

MODE2 LIT ’4FH’;:

MEMMAP LIT®8C00H"®;

LOW? LIT '7FH’;

PARITYSISSEVENS LIT °*PARITY’;

MODE3 LIT '41H'; /*ASYNCH,3 BIT.,NO PARITY, 1X%*/
ERESET LIT °'10H’; /*USRT ERROR FLAG RESET*/
WAITSFORSINTERRUPT LIT

' ENABLE:
WAIT: GO TO WAIT;';

DCL
DCL
DCL
DCL
DCL
bCcL
DCL
DCL
DCL
DCL
DCL
DCL

READY LIT '(CMD AND 01) > 0°';
CMDBIT LIT '40H’;

UYKAD ADDRESS;

(UYK20 BASED UYKAD) (2) BYTE;
CMDAD ADDRESS;

(CMD BASED CMDAD) BYTE;

IOINTADR ADDRESS;

(IOINT BASED IOINTADR) BYTE:
PORTPTR ADDRESS;:

(PORT BASED PORTPTR) BYTE;

TEMP (2) BYTE: /*TEMPORARY STORAGE*/
MESSAGE DATA (°SPORT28',0DH,0AH);

SETUP: PROCEDURE (PORTPTR, MDCMD, CDCMD) ;
/%SENDS A MODE AND COMMAND INSTRUCTION TO APPROPRIATE

DCL
DCL
pcL

PORTPTR ADDRESS;
(PORT BASED PORTPTR) BYTE;
(MDCIMD,CDCMD) BYTE:

CMDAD=PORTPTR OR CMDBIT;
CMD=MDCMD:
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16

10C:28
:08:28
:03:28
:03:28
:03:28
:03:28
:03:28
:03:2

:103:28
:00:28
:103:28
:03:31
:103:381
:03:31
:08:31
:03:31
:03:31
:03:31
:03:31
:03:31
:03:31
:03:31
:03:36
:03:36
:193:36
:03:36
:03:36
:03:36
:03:36
:03:36
:03:37
:03:37
:03:37
:03:37
:03:37
:03:37
:03:38
:03:38
:03:38

DATA

16:
16:

03:38
03:42

Dx/

16:
16:
16:
16:
16:
16:
16:
16:
16:
:03:42
16:03:43
16:
16:03:43
16:03:43
16:
16:
16:
16:
16:
16:
16:

16

03:42
03:42
03:42
03:42
03:42
03:42
03:42
03:42
03:42

03:43

03:43
03:43
03:43
03:44
03:44
03:44
05:43

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

06042
00043
00044
00045
00046
€0047
0co48
00049
00050
00051
00952
00053
00054
00055
00056
00057
00058
00059
00060
00061

00062

00063
©0064
00065
00066
00067
00068
00069
00070
00071
00072

W = W W

(]

- N W s A WD N NN PN

- N MW NN

NN NP

CMD=CDCID;
END SETUP;
SIGNON: PROCEDURE (PORTPTR,MESSAGEPTR,SIZE) 3
/*OUTPUTS SIGNON MESSAGCE OF LENGTH SIZE TO THE
APPROPRIATE PORT*x/
DCL PORTPTR ADDRESS;:
DCL MESSAGEPTR ADDRESS;:
DCL (MESSAGE BASED MESSAGEPTR) (1) BYTE;
DCL (I,SIZE) BYTE;

[=0; /%INITIALIZE LENRGTH COUNTER*/

DO WHILE I<SIZE;

IF READY THEN

DO:

PORT=MESSAGE( ) ;
I=1+1;

END;

END;
END SIGNON;
FMUYK: PROCEDURE INTERRUPT 1:
s*FORMS PORT ADDRESS FROM IOINT LATCH THEN TRANSFERS

FROM PORT AND PORT ADDRESS TO AN-UYK20 AS 16-BIT WOR

TEMP(©) =UYK20(90) ;
TEMP( 1) =UYK20( 1) ;
PORTPTR=MEMMAP + TEMP(1);
PORT=TEMP(?)) ;

END FMUYK:

TOUYK: PRCCEDURE INTERRUPT 2:
TEMP( 1) = [OINT;
PORTPTR=!EMMAP + TEMP(1);
TEMP(0) =PORT:

UYK20(0Q) =TEMP(O) ;
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16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
163

03:495
05:43
03:43
03:46
03:46
03:46
02:46
03:46
03:47
03:47
03:47
05:47
02:47
03:48
03:48
03:48
03:48
03:49
03:49
03:50
03:51
03:51
03:51
03:51
03:51
03:52
03:52
03:32
03:34
03:33
03:53
05:85
03:53
03:83
C3:53
03:53
04:00
04:00
04:00
04:00
04:01
04:01
C4:01
04:01
04:01
C4:01
C4:01
C4:01¢
04:01
04:01
04:01
C4:01
04:01
04:01
04:01
04:01
04:01
c4:01
C4:01
C4:01
C4:01
Cu:01
04:01
01:01

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER
USER
USER
MONTR
MONTR
MONTR
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

00073 2 UYK20( 1) =TEIMP( 1) ;

00074 2 END TOUYK;

00073 1 START:

00076 1 TEMP( 1) = INPUT(@) ; /*CLEAR MASTER INTERRUPT CONTROL*/
00077 1 I0INTADR=8FCOH;

€0078 1 UYKAD=8€03H;

©0079 1 CALL SETUP(URT2,MODE!,ONLINE);
00080 1 CALL SICNON(URT2, . MESSAGE,9);
00081 1 CALL SETUP(URT3,MODE3, ERESET) ;
00082 1 CALL SETUP(URT4, MODE3, ERESET) ;
00083 1 WAITSFORS INTERRUPT;

00284 1

00083 1 EOF

HO PROGRAM ERRORS

STOP

END OF EXECUTION
CPU&TIHE: 23.12 ELAPSED TIME: 1:22.30
EXI ;

-R PLMB2
8080 PLM2 VERS 3.0

8V=9 8C=1 SF=1 8H=64 83
SA=0
sB=7
€C=0
$D= 120
SE=0
SF=1
8C=1
Sh=64
Si=1
8J=6
SL=1
Sil=1
SN=0
60=1
SP=0
cQ=1
SR=73
€S5=0
CT=1
sU=7
sV=9
CW=72
SY=1

8222
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16:04:01
16:04:01
16:04:01
16:04:02
SH
16:04:03
91l
16:04:63
BH
16:04:03
oH

16:04:03
OH

16:04:04
4H

16:04:04
16:04:03
16:04:06
16:04:06
16:04:08
16:04:08
16:04:08
16:04:08
16:04:08
16:04:08
16:04:08
16:04:68
16:04:08
16:04:08
16:04:08
16:04:08
16:04:08
16:04:09
16:04:09
16:04:09
16:04:09
16:04:09
16:04:909

P
16:04:09
H

16:04:09
16:04:09
16:04:12
16:04:12
vV AM

16:04: 12
V LI

16:04:12

H
- 16:04:12
H
16:04:12
RL
16:04: 12
RL
16:04: 14
Al
16:04: 14
H
16:04: 14

VvV Al
16:04: 14
P

USER
USER
USER
USER

USER
USER
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

USER

=0

1=0043H 34=0046H 33=004FH 37=00353H
42=006CH 43=0074H 44=0075H 47=007DH

54=0092H §55=0093H 36=00A0H 357=00A9H
60=00ACH 63=C0BOH 64=00B4H 65=00BFH

68=00DEH 69=00E2H 70=00EBH 71

=Q0F9H

74=010CH 73=0114H 76=0119H 7?7=011BH

80=0139H 81=0149H 82=0137H 83=0166H

STACK SIZE = 26 BYTES

MEMORY....co00cececcccccccccccas 0AGOH
UYKAD.....ccotesececcsancnseses 09ECH
CMDAD....... elhieois alsle oo aisinia’s's ... .09EEH
IOINTADR............ ceecessess. . 09FOH
PORTPTR. . c ccoscccsccnstncecsoces 09F2H
TEMP.......c. Ceceesecsnsoseeess . 0O9F4H
MESSAGE.....ccccc00ee. Cesssees..0046H
SETUP...ccocovevenccranacesesss 004FH
PORTPTR........ cecesae teeeeees..09F6H

MDCMD....cccevvevccncasencssses.09FBH

WAIT...... cecsessccesesase
0000H JMP 40H 60H NOP NoP

0009H ACH 00H NoOP NOP Nop

0040H LXI SP ECH 098 Jmp 14H
0046H 24H S50H 4FH S2H 54H 32H 24H ODH
I H F8H 09H

004FH LX MOV MC INR
0058H INR L. MOV BM ORA I 40H MOV
0061H EEH MOV MC INX H MOV MA MOV
006AH 09H MOV MC LXI H F9H 99H
0073H MOV MC RET LXI H FCH 09H

007CH MOV ME INR L MOV MI 0OH LX1

NorP
NOP

O1H
L MoV
CA MOV
LI F8H
MoV
MOV
H FFH

0085H SUB M JNC ABH 00H LHLD EEH

008CH O01H MOV CA XRA A SUB C JNC
©097H 09H MOV CM MOV BI 00H LHLD
COACH LHLD F2H con MOV MA LXI

51

80H
FCH
H FFH

49=0060H
52=0080H
58=00A8H
66=00CEH
72=00FCH
78=011CH
84=016AH

NoP NorP
Nop JMP

MOV LI F6H

41=006
53=008
39=00A
67=00D
73=010
79=012

AB ORA I 00H MO
MOV CM LHLD EE
CM LHLD EEH o9
MC INXH MOV MB IN
09H MOV AM DC
09H MOV AM AN
00H LXI H FF
09H DAD B MO
0O9H INR M JM




16:C2: 14
n
16:0%: 16
LD
16:04: 16
0
16:04: 16
DB
16:04: 16
u
i6:0%:16
0 4 |
16:C4:18
LD
16:C4: 18
Vv Al
16:04: 18
H

16:04: 18
H
16:04: 18

6:04:83

16:04:23
16:04:29
16:04:30
16:05:30
16:6<:30

USER
USER
USER
USER
USER
USER
USER

MONTR
K-QUE
LGOUT
LGOUT
LGOUT

00A9H 801 oon RET PUSH H PUSH D PUSH B PUSH A LHLD EC
00B2H 091 MOV AM LXI H F4H o9l MOV MA INX H PUSH H LH
00BBH ECH 09H INXH MOV AM POP H MOV MA LXI H F4H 09‘
00C4H INX H MOV AM MOV CA MOV BI 00H LXI H 6eH 86H DA
00CDO SHLD F2H 09H LXI H F4H o9H MOV CM LHLD F2
00D6H 09H MOV MC POP A POPB POPD POP H EI RET PU
OODFH PUSH D PUSH B PUSH A LXI H F4H o9H INX H XCHG LH
O0E8H Fol 99H MOV AM STAX D LX1 H F4H 99H INXHE MO
OOFIH MOV CA MOV BI 00H LXI B 006H 80H DAD B SHLD F2
00FAH 091 MOV AM LXI H F4H o9H MOV MA MOV CM LHLD EC
0103H 09H MOV MC INX H PUSH H LX1 H F4H 9H INXH MO
010CH POP H MOV MA POP A POPB POPD POP H EI RET LX
O0115H F4l 09H INX H XCHC IN 00H STAX D LXI H Fo

MO

011EH 090 MOV MI o0H INX H MOV MI 8FH MOV LI ECH
0127H o8H INX H MOV MI 80H MOV LI FéH MOV MI 12H IN
0130H MOV MI 80H MOV CI 4ERH MOV EI 37H CALL <FH

01390 LXI H FAH o091 MOV MI 12H INX H MOV MI 86H

014211 4611 eon MNOV EI 09H CALL 73H 00H MOV LI
O014BH MOV MI 13H INK H MOV MI 80H MOV CI 41H MOV EI 10
01540 CALL 4FH L) 18 LXI B Fé6H 091 MOV MI 14H IN
015DH MOV MI 806H MOV CI 41H MOV EI 10H CALL «4FH (.

d k8

0166H E1 JMP 671 018 El HLT
NO PROGRAM ERRORS
STOP

END OF EXECUTION
glil'r‘l'l-t 10.68 ELAPSED TINE: 23.00

L]

.KJOB DSKCO: TXTOUT.LOG=/W/B/Z:4/VR: 10/VS:3304/VL:200/VP: 16/VD: P
TOTAL OF 1?8 BLOCKS IN 3 FILES IN LPT REQUEST

JOB 24, USER (233.333] LOGGED OFF TTY63 1604 26-JAN-77
SAVED ALL FILES (633 BLOCKS)

RUNTIME 38.22 SEC
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