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~
. The motivation for construction of the device will be discussed along with possilale applications.

Salient design features affecting flexibility, modularity and throughput will be discussed.

This is a final report on this phase of the problem.
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ABSTRACT

A tsj l t ipcrt RS232—NTDS multiplexor will be discussed. This
microprocessor driven hardware device has the capability of sil t iplex ing
up to 40 R9232 ports into a single parallel NTDS channel obeying
intercoaputer protocol. Each RS232 port has software programmable
functions similar to those for ANAJYk-20 RS232 ports. The dsv ices 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 coabinat ion of hardware logic and microproc.ssor firvm.iare.

The motivetion for construction of the device will be discussed.
Sal ient design features affecting flex ibility , modul arity and throughput
will be discussed.

This is the f inal report on this phase of the probl m.

______  - --- — ---



- - - - , ~~w — T  7 : ....._ —c-— . — - - - - - - —~~~ 

1.0 Background

The AN,’IF,k—20 is the standard NaMj mm icoaputer for surface
appl ications. It is a completely militarized, high performance

• processor with extensive input-output capabilities. This report is
concerned with an interface designed for enhanced utilization of these
input—output capabilities.

1.0.0 General Description

In addition to the central processor (CPU). the AN4JYI(—20
architecture provides an Input—Output Controller C IOC) for handl ing data
and control transfers with external devices via one of the input—output
channelsCFig. 1.03. The IOC may execute sequences of special
input—output instruct ions KnoLr as ‘chains’ to control any of the
processor’s 16 channels. As the number of input—output instructions is
quite extensive, channel control is very flexible.

CENTRAL INPUT OUTPUT 
1

PROCESSOR JOCHAINS (10CR) CONTROLLER

(CPU~ (IOC) is
CHANNELS

w
z

FLAGS

DATA I DATA 
________I — I

I LEGEND

MEMORY — — — — — — CONTROL FLOW

L ______________ DATA FLOW

a)  INTERFAC E TYPES : NTDS PARALLEL ( SLOW, FA ST, ANEW ) , RS232 , NTOS SERIAL , MIL~ ST D I86C

Figure 1.0 At4AJ’Yk—20 Block Diagram

Th. channels themeelves follow one of three types of handshak ing
conventions for data transfer : NTDS. NIL. STD. 188C or RS232. ‘NTDS
refers to ‘Naval Tactical Data Systeme’ interface described in NIL.
STD. 139?C13. There are three types of parallel NTDS interfaces and
one serial type . RS232C23 is a low speed serial protocol especially
designed to interf ace with data comaunications •quipm.nt(.g.. moden& .
RS232 is an industrial standard specifi ed by (he ‘Electronics Industries
Associat ion’. MIL. STD. 188C Is a serial military specific ation f or a
low speed interface resembl ing RS232.

Note : Manuscript submitted March 1, 1979.
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Each channnel type may be further specified as to speed. valtage
levels, and transfer modes. Thus the serial RS232 channel may be
synchronous or asynchronous. of various baud rates. etc. The NTDS
channels may be parallel (slow . fast, or ANEW) or s.rialt3).

The address(0—15) of each particular Input—output interface type in
the ANAJYK-20’s 16 channels is somewhat flexible and determined by the
installat ion. Each channel is provided with two 120-pin connectors to
the outside world. Therefore, sufficien t connector hardware is supplied
on the processor to support 16 parallel , full—duplex channels

The remainder of this report shall 0. concerned with NTDS parallel
and RS232 serial channels. Many RS232 ports will b~ interfaced to an
AN~tM(—20 NTDS parallel channel by a device to be described.

1.0.1 NTDS Parall•l Channels

The three type of NTDS parallel channels(slou.fast. ANEW) are
identical as far as the programmer is concerned. The NTDS slow channel
differs from the two fast channels in transfer rate, t iming and voltage
levels. The NTDS fast and ANEW channels differ only In voltage levels
assigned for the one and zero states. All channel logic is on card sets
internal to the U’i1(—28. each card set controls four cont iguous
channels. Four card sets would comprise a full complement of NTDS
channels in the AN/UYK—20. The maximum transfer rate allowed by the
NTDS specification is 190k wd./sec. for each sat of NTDS fast or ANEW
channels and 46k ~~~~~~~ f or each set of HTDS slow, one way.
Full—duplex is the operating mode. In practice the AN/UYK—20 cannot
achieve these transfer rates as the IOC and CPU are not fully
independent and contend for (he microprocessor which is emulat ing the
machine architecture. Data transfers of 60-75* of the maximum
specification are po.sib1eC43. depending on CPU and ICC activity. Such
data rates are 10—15* of the memory data rate.

1.8.2 RS232 Serial Channels

P9232 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/tttK—28 is no exception. The AN.IJVK-29 provides separate card sets
for synchronous (clock triggered baud sampling) and asynchronous (data
triggered baud sampl ing) RS232 channels. Each RS232 card sat or
provides two channels. Th. asynchronous channels transfer at one of
f our programmable rates; the maximum rate is 2400 baud. The synchronous
channels can transfer 9—9696 baud., depending on th. sampl ing clock.
Since the RS232 channels are serial channels, each one uses considerably
f ewer than hal f the 480 10 connector pins Cie. four 128—pin connectors)
available f or the twa channels that are used by each RS232 card set.

2
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2.0 RS232—NTDS It,ltiplexor

Section 1 above provided an overview of At4AJYK-20 10 propert ies.
The remainder of this report will focus on the description of a device
that marries NTDS and RS232 channels external to the AN/U?K—20. The
heart of the device is a microprocessor which controls data switching
and buffering to implement the function of multiplexing many RS232
channels into a single NTDS channel . Thus, instead of using multiple
AN/l!fK—26 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 t ied to
the external nvltiplexor . Firmuare in the multiplexor and an AN.IJYK—20
software routine allow program control of the multiplexor.

2.1 RS232——A Second Look

Serial transmission on P9232 channels occurs commonly at rates up
to 19.2 kilobaud asynchronous (eg. CR1 terminals), and up to 56 Kilobaud
synchronous(eg. remote data terminals). Transfer rates beyond this
exceed the P9232 specification which l imits slew rate and does not
provide for a balanced transmission l ine .

The motivation for the RS232—NTDS multiplexor is as fol lows:

a) The RS232 interface is widely available in conm~rcial
peripheral equipment at littl e or no extra cost. On the other hand
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—20 NTDS channel.

0) The P9232 protocol was designed F or interface to a modem
allowing remote cormunications over. say. phone l ines. The rTultiplexor ,
having the potential f or many more RS232 channels than the AN/UYK—20
mainfame. provides on ideal means for Interfacing the AH/UVK-26 to low
speed serial data l ines from many remote l ocation (eq . sensor inputs or
timesharing user terminals).

c) The extreme slo~ness of the RS232 channels compared to the
NTDS channel should be noted . Lhile a transfer rate of 100—150
Kilowc~rv1s~sec.(1.6—2.4 megabits/sac.) is possibl. with NTDS channels.
RS232 chanels are l imited to 2400 baud~sec. asynchronous and 9600
baud~sec. synchronous. The multiplexor was designed to amel iorate the
mismatch between the potential AN/U’Y1(—28 10 channel bandwidth and RS232
data rates.

d) Activating the serial P9232 interface in the AN’U~r1(—29
requires 10 instructions apart from those needed to implement to
transfers in NTDS channels. External izing RS232 channels reduces the
set of instruct ions needed for input—output operations and makes
possible standardizing AN/UYK—26 interfaces to a single type: NTDS
parallel.

3
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2.2. AN’thl(—20 Hardware Configurat ion

The number of card slots required by each set of F our NIDS 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
o set of four HTDS channels. The impl ication is a devastating trade—off
in memory bandwidth and connector pins for every set of RS232 channels
in the machine. That is, 129 tO pins and mating connector are devoted
to each PS232 channel requiring less than 25 l ines. Each channel
connector port dedicated to RS232 protocol has a bandwidth of less than
16 kilobit/sec. IJ’~ile the potential bandwidth of the channel is in
excess of I meaab it/sec .

• 4
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3.8 Design Philosophy of the NTDS—R9232 It~ltiplexor

The philosophy behind the multiplexor is essentially this:
external ize all RS232 channels in the multiplexor. Conf igure the
AN/UYK—28 solely with NTDS parallel inter-f aces. Thus, only one NTDS
channel need be dedicated to service all RS232 ports. Only two
AN/U?K—28 10 connectors need be dedicated to service all RS232 ports. A
subset of AN/UYK-28 tO instructions is then sufficient for all
input—output control .

The benefits to be gained from this approach are:

a) Minimize~utilize effectively interconnection
hardware.

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

c) 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.

3.9.0 Description of the Multiplexor

Figure 3.8.1 shows a block diagram of the rrultiplexor . The
AN/UYK— 20 communicates with the multiplexor via an NTDS channel. The
multiplexor contains an NTDS interface which is implemented with a
combination of hardware and software. Control of the system is provided
by an 8080 microprocessor, an 8—bit. programmable NMOS integrated
circu l tE5).

5
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Figure 3.6.1 Block Diagram of I1~ltiplexor

The im .sltiplexor has PS232 ports grouped on cards which may be added
to the system in a modular fashion. Each card contains up to eight
USARTs (Universal Synchronous/Asynchronous Receiv.r~ Transmitter)
interfaced to the external world using RS232 protocol .

Each USART is progranm~ b1e as to baud rate and mode of
operat ion(synchronous/asynchronous). Certain RS232 control l ines may be
set or cleared under program control • The ability to set port mode is
not available in internal AN/thX—29 RS232 ports. Also, the maximum baud
rate in either mode is significantly greater in the im~ltiplexor USARTs
than in the internal AN/UYK—26 RS232 ports. These improvements are
consequences of more recent microprocessor tecPmology .

Figure 3.6.2 shows a functional diagram of the multiplexor . The
microprocessor functions as a switch and decoder and may read or ~ri teany memory locat ion in the rmJltiplexor under software control . Memory
local to the mul t iplexor consists of random access memory(RPM). read
only rnemory (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 and buffer storage. Software that defines multiplexor
operatioriCin conjunction with the intrinsic hardware) is stored in ROM.

Data to and from the Rultiplexor is in a word format, each word
being 16 bits. Each word contains a byte of ciddress/command
information (upper eight bits ) and a byte of data (lower eight bits)CFig .
3.6.3]. The address byte is further subdivided into an intracard
address(lowest 3 bits), a card address (next 3 bits), a command bit (bit

6
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6) and a spare b tt (b it 7). The intracard address identifies the
part icular port on the card specified by the card address. The conmw~~nd
bit separates data from Convnand~status information.

NTDS Cpu
UYK2O FROM UYK~~ ~ o—~’ +

TO UYK2D CONTROL
(SWITCH DECODE.
PROCESS)

( W O N

RAM~ ; WD . Ni

WD. N.2

Figure 3.0.2 Functional Representation of tbltiplexor

All data transfers over the HTDS channel follow NTDS intercomputer
protocol which renders the mul tiplexor—ANAf rX-28 interface syninetrical :
neither device is intrinsically a master. The need f or coimiiand
transfers(NTDS forced command modeC6]) is obviated since command
information is contained in the data word.

All input output ports in the rm~ltiplexor l ooK l ike memory. A
typical operation of the nultiplexor would be to have the microprocessor
read the AN4flX-20 memory locat ions, decode the port or command address
then urite the appropriate RS232 memory locat ion.

7 
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l5 ) , I I l l I i l I t ~~~~~ I , O BITNO.

COMMAND BIT—i ~~~~~~~~~ DATA BYTE

PORT j CARD ADDRESS

ADDRESS 
~ INTRA-CARD ADDRESS

ADDRESS
MULTIPLEXOR

PHYSICAL
PORT ADDRESS MEMMAP OFFSET (SOOO~~)

FORMATION

PHYSICAL PORT ADDRESS

OR

PHYSICAL PORT
COMMAND ADDRESS (BIT 14 ON)

Figure 3.0.3 Data Word Format for AN#UYK—28——Itiltiplexor
Inter face

3.0. 1 Control Philosophy

Iksen the imjltiplexor is not being taxed. eq. when a few 300 baud
terminals are being used, the type of control structure used to control
data flow is moot: any scheme implem.ntable in software should suffice.
If the mul t iplexor is exercised more strenuously. then it is well to
consider the possible control structures and pick the one best suited to
the appl icat ion. Different appl ications warrant different control
structures . For instance, suppose the ports connect many low speed
terminals to the AN/UYK -20. 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 hardware interrupt service timing .
This would be preferable to polling in software which would give a
variable time to service of average duration tpol1~~ /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 ports
handling data work more or less cant inuously~ suppose also tpoll is less
than the interrupt service time . In such a case pol l ing would be
prefer able. 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 pol l ing situation by
‘super co,imijtat ion’, that Is. if a.b.c.d... are ports one polls
‘abacad...’ or any sequence where pol l ing does not occur in ordinal
order .

8
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There is yet another type of control structure to consider, namely
buffered transfer: this t ype of interrupt gives the device being
serviced prior ity. Since RS232 ports are rather slow, it is unl ikely
they would be used in such a mode. The AN/lJ4iK-26 NIbS 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 make this mode
implementable in software.

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

3.0.2 Control Structure

As the design of the prototype IPJltiplexor progressed, it became
obvious that in this type of controller appl ication, the utility of the
software was determined by the quantity of controllable hardware in the
rmj ltiplexor . Though believed fervently, this concept could not always
be fol lowed. Th. control structure options, however, obey the concept.
Minor modifications allow different modes of operation:

Each port may be pelted to see if it is active.
Each card may be an interrupt.
Each port may be an interrupt (6 port max imum) .
Each card 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 8080 hardware vector structure may
also be used. Th. Intracard address of each port on the card is also
available, so that a 6 bit interrupt address exists.

With additional hardware, the 8880 may support eight vectored
interrupts(6—?). The nsjltiplexor suppl ies the extra harduar. needed so
tha t eight separate interrupts, each having a unique interrupt service
routine are available. Vector interrupt 0 is the system reset. 1 is the
NTDS interrupt. 2-? are available for RS232 cords. RS232 cards have
highest system priority. In addition, as the USARTS are programmable
and may be queried f or status, system pollinq is possible.

A choice must be made among possible interrupt schemes and the
multiplexor must be hard—wired accordingly. The multiplexor
conf igurat ion used with the software descr ibed 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.

9
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4.0 Hardware

In order not to ‘reinvent the wh el ’ cemeirctally available
microprocessor CPU and RAPVROM memory cards were ut iii zed. This cho ics
greatly facilitated the mult iplexor design. Numerous packaging options
of this type are available. Judicious choice of pre—packaq.d aids
should be a first step in any new microprocessor design .

It was decided to package up to eight RS232 ports on a card which
could be replicated to provide up to the maximum number of ports. This
choice arose naturally from the card size and interrupt circuitry.
Other cards provide CPU. control and decode, memory and the NTDS
inter faceCFig. 3.0.1].

As command information is contained within the data word, simple
data transfer in intercomputer mode was adequate. On. consequence of
the choice of NTDS-intercosçuter mode is that the data from the UYk—20
is held on the charrel l ines until the 8080 can respond. Similarly, the
8080 microprocessor will hold its data on th. channel data l inss until
the AH~CYK—2~ responds. The 8030 bus has nowhere near the 10 bandwidth
or speed of an ANAJ’rl(—20 NTDS fast channel, but the microproc.ssor could
Keep an NIDS slow channel fairly act ive.

4.1 HandshaKe with tbitiplexor

Handshake protocol follows that described for NTDS parallel
intercomputer data transfersC7]. The hardware sequenc. from the
AN.’Url(—26 is as fol lows:

a) (J’rlC-26 puts data on l ines. sets READY.
b) Iljltiplexor latches data, generates interrupt.
C) 8080 recognizes interrupt according to appropriate

priority and vectors to interrupt service routine (ISR).
d) Software control in ISP reads lou r and

upper byte of mul t iplexor buffer latch .

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

The hardware sequence of events for data transfer to the AP4AJW—28
fo i l  owe:

a) The 8080 rites an output buffer latch. READY signal
is generated.

b) The ANs’UYK—20 senses READY and samples data l ines.
C) The AN’UYK—20 generates RESUME which clears buffer

latch and READY. The IYP.Jltiplexor may then output
another data ward.

P consequence of the hardware handshake sequence is that data is val id
in the buffer latches only until handshake completion. ie . only Jiil e
READY l ine is high. Software in the multiplexor must take this fact
into account and not use the latches as permanent storage locations.

• Under software control, the READY l ine may be sampled to prevent

10
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overtrite on output to ANAS,1(—28 or to monitor input to the multiplexor
in a polled environment.

A logic black diagram of the mul tipiexor is included in APPENDIX A .

4.2 Description of Iblt ip iexor Hardware Operat ion

4.2.0 Part to AN/thK—20

Each port is a type 8251 Universal Synchronous~ Asynchronous
Receiver’Transmitter(USART)C8]. Th. ports are grouped on the RS232
cards, a maximum of 8 per card. In the current implementation, each
card requires one interrupt vector. Six unique vectors are available.
two others are used f or AN’Utl( 20 interface and system restart.

L1’~en a port receives a character, a control l ine(R)~ DY) is raised
which is used as an interrupt. Only a read of or command to the port
will reset this l ine. This does not preclude the port being
overt.ritten.

Cards have a daisy—chain priority: if a cord has no part requests
pending. the next cord in the chain is enabled. If a card is enabled
and a port on the card receives a character, the intro—card priority is
r esolved, and port address will be broadcast on a 3—bit bus. The card
generates an interrupt puls. which is logged into the mast•r 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. khen the
cord has highest priority , an interrupt is generated to the 8080 which
responds with interrupt—ackflowledgeClNTA). At this point, system
hardware vectors the microprocessor to the appropriate service rout ine
and the interrupt address is further decoded under software control .

A 16—bit word consist ing of an upper byte of address and control
information and a lower byte of data Is transferred to the AN/IJ’fl(—28
under software control .

Since the USART port status, including the interrupt bit. RXRDY. is
software addressable, one may use a software polling scheme instead of
priority interrupt scheme to drive the im.iltiplaxor . If the interrupt
structure is turned of f. the status of the APVUYK—20 handshake l ines
must also be polled under software control. A sofiware pol l ing scheme
is not currently used in the rm.iltiplexor .

4.2.1 AN,1JrX-20 to Port

The ANAJrl(—20 will .rite the multiplexor data latches and set the
• READY l ine. The setting of the READY l ine generates an interrupt to the

microprocessor. The AN4M (—20 interface has l ower priority than any
RS232 card in the system. Reading of the data latches by the 8080 will
generat. a RESUME signal. The por t address ~ 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,1JYIC—20 and the malt iplexor ore

monitored in a hardware status latch, it is possible to poll the

ANAJVK—20 or prevent an output over~rite from the nP.Jltiplexor to the

UYK—20. rcnltcrlnq of READY signal is under software control.

-
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5.0 Software

5. 1 ANA.rrx-20 Software

The rmj ltlplexor is designed to be controlled from the AHAJYK—20.
Sixteen—bit (word) data transfers contain data byte, port address and
command information. The programmer is partially isolated from the
multiplexer hardware by an ANAJ’rK—20 assembly language program called

• ~~~~~~~ ID~$S is compat ible with the AN/UYK—28 support software
LEVELI’1..EVEL2 format for 10 handlersC9] in that it utilizes a packet of
five words to control transfers between the AN4JY1(—20 and the
rmJltiplexortFig. 5.1]. The packet format is similar to LEVEL14.E~dEL2format f or packets. The standard cal l is:

JLRR R15.rD<SS ~JUf~ TO SUBROUTINE. SA~~ REThRN
;ADDRESS IN R15.

+ PKTADDRESS ;ADDRESS OF PACKET GOES HERE.

I~D~SS allows one data input and one data output on the channel to the
rm.iltiplexor 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 ~rite functions are treated in l ike manner.

5.1.0 Packet Format

The five word pocket format is sho*.t~ in Figure 5.1. The upper byte
of word zero is reserved f or status of the current request as will be
described. Th. lower byte of word zero specifies the type of action
request by the pacK.t~ ie. the function request.

13
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15 0 BIT NO.
i t  ( l i i i  1 1 1 1 1 1 1

WORD 0 STATUS CODE REQUEST CODE

WORD 1 UNUSED I UNIT CODE

WORD 2 BUFFER START ADDRESS

WORD 3 BUFFER WORD COUNT

WORD 4 PACKET L AST WORD

Figure 5.1 I~V~~ 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 ‘LUt~ P’. The table
entries in LUP~ P are the physical addresses of the RS232 ports in the
particular mJltIpl.xor conf iguration. Special entries are made in LUI~ P
f or idle or non—existent por ts. Th. physical address Is formed by
shifting the port interrupt address to the upper byte of a word. LUt~ P
must be initial ized with the proper physical port addresses if rD(S$ is
to control the multiplexor properly. Th. initial ization depends on the
ports exist ing in the particular AN4M (—20—mult lplexor configuration.
All existen t ports should have their interrupt addresses entered Into
th. upper byte of the appropriate locat ion in LUP~P. Ports should be
initial ized in the idle state. ie. signbit of the LUPV~° entry set to
‘1’. Octal ‘1000000’ is entered for non—existent ports.

Packet ward two gives the starting address of a data buffer; packet
word three gives the buffer size . The buffer size Is lim ited to 4096
words.

Packet word four is used by I O(S$ to return mode and command
information on the USART por t designated by the packet LU code. A table
called ‘PCt~ P’ keeps an updated record of th. las t mode and command
instruction issued to each USART in the system.

5.1.1 Funct ion Requests

Function requests are coded in the lower eigh t bits of packet
word 0. The funct ion requests currently implemented in ~D~$ are as
f oil owe:

14
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FUNCTION REQUEST CODE(OCTAL)

READ 000
t~RITE 001

• INIT 002
TERM 806
STAT 011
CND 012
READIM 013
t~~ITIM 014

Car. was taken to be compat ible with standard LE~.€LIitEWL2 software
conventions f or 10 packets.

Functions may be classified into three groups:

STATUS STAT
CHANNEL FUNCTIONS TERM.READIM.t~~ITIMPORT FUNCTIONS INIT.CMD.tA~ ITE.READ

5.1.1.0 STAT

‘STAT’ does not access the channel but rather gets maltiplexor
status from tables stored in the At4/UY1(_28 memory and updated by tD~ s.
Port s(atus (active,idle,non—existent) and the last mode and command
instruct ions issued may be obtained by a call to STAT. The mode~command
informat ion is returned in packet word 4.

5 • 1 1. 1 Channel Funct tons

Channel functions are independent of port assignment.

‘TERM’ aborts all multiplexer 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 f or input from any port. It is
the programmer’s responsibility to decode address informat ion in a
completed READIM buffer to ascertain which ports have input informat ion.

‘URITIM’ outputs a data bufFer without modificat ion. It is the
programmer’s responsibility to encode address information in each buffer
ward prior to actiwoting a URITIM buffer output. Consequently, 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 compl~ te
output. It is possible to issue commands ising LRITIPI. but this
practice is to be avoided as system status may very easily be Lost.

5.1.1.2 Port Funct ions

The packet logical unit code points to an entry in LUI~~P which is
the physical port address of a port. Recal l that the physical port
address depends Ofl the Interrupt address of the port and that this
address is placed in the upper byte of the appropriate LUMAP l ocation.
Of course, LUMAP may ‘map’ any logical unit to any physical port

15 
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address • russ as shot.al in APPENDIX B is con f igured for 32 ports, i.
LUMAP is 32 words long.

‘URITE’ will ~rite data to a given LU. The data is in the lower
byte of each buffer word; MX$S will fill in the physical port address
for the given LU.

‘READ’ is similar to ‘READIM’,since any port may input data to the
AN/U’vK—20. Read differs from READIM 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’ initia l izes a given LU. The port is reset and a mode
instruction followed by a sequence of commands is output to the port .
The MCMAP in ~ CSS records the Last mode and command issued to the port
when INIT terminates successfully. As the command update is derived
from packet word 4. it is the programmer’s responsibility to supply the
correct command informat ion(possibly B if only a mode instruction is
issued). A reset command in an INtl 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 progranvrmer’s responsibility, and the last command must be suppl iod
in packet word four. A reset Issued in a CMD buffer will reset the
port. ~$~SS will supply the physical port address for each buffer word
f or CMD and INIT requests.

5.1.2 Status

There are seven status codes which are ‘orred’ into the packet
status byte as fol lows:

STATUS CODE

FCN COtl’LETE 000800 PACKET REQUEST COt~PLE1E.
IDLE 001000 ;PORT IS IDLE.
BUSY 013808 ;ANOTHER CHANNEL READ/UR ITE

~REQUEST IS BEING HONORED.DRTAERR 046080 ~DATA ERROR .
FRNV 040400 ;FCN . REQUEST CODE INVALID.
NODEV 041000 :NO PHYSICAL DEVICE

;CORRESPONDS TO THIS LU.
IOACTIV 177400 ;PACKET REQUEST IS BEING

~SERVICED.

5.1.3 Summary

PV(S* provides the At4/U’il(—20 user with control of the multiplexor .
I’DC$$ is seen as a kernal input/output handler f or the
ANAJYK—20—maltiplexor 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 USARIs. A l isting of
I’D~5$ and program flowchart are provided in the appendices.
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5.2 8888 tllcroprocessor Software

In the current implementation of the multiplexor. 8088 software has
been kept as simple as possible. Software was ~.ritten in a high level
1 anguaqe cross—camp ii er.

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

In transfer to the U~fl(—2B, the interrupt address is used (~ form
the port address. The port is read, and the address information is
concatenated to the data byte to form a data word. The UYK—20 is then

~.r itt en.

The particular program shot.r in APPENDIX D activates three parts.
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 ANA.JY1(—20 software may thus assume a non—antiguous state
(command) I or the ports.

As appl ications of the multiplexor are f ixed. 8088 software may be
added to perform more functions locally as needed, examp les of such
functions are: local character delete, operation in l ine mode, ASCII to
other code Conversion, data buffer transfer, parity checks, etc.

17
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6.8 Design and Debug

The nul tiplexor is a software—hard*.~re device. With the advent of
microprocessor technology, such multifaceted designs will become more
and more eoiai~n. Microprocessor software is del iberately introduced
into the design: 9880 software controls and complements the multiplexor
hardware. The added burden of software in the design is compensated f or
by the flexibility in the instrument so designed. This is especially
true of a device l ike the nultiplexor where many potential interconnect
schemes, modes Of operation and pre—processing functions could be
conce ived.

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 8680 software problems thought to
be multiplexor hardware problems, AN/UYK-28 hardware problems thought to
be multiplexer hardware problems and AP4A.M(—2@ software problems thought
to be caused by problems in the nultiplexor . Sufficient richness exists
to keep the design engineer entertained !

6.1 8088 Design and Debug

An effort was made to keep 8888 software simple. At first. 9890
assently language was used, and programs were always found to be under
256 bytes. Since 1024 bytes of PROM storage were .‘vailable. it was
decided the f inal software package would be t.ritten in PL/M. INTEL
Corporation’s high level l anguage I or the 8@BOt IO]. A tradeoff was
made: the less efficient use of memory could be tolerated, whil e
gaining the benefits in documentation and ease of program modification
provided by the high level l anguage. The PL4I program in APPENDIX D
required 363 bytes of ROIl storage.

The value of programmability cart best be shoun by this example: At
one point in the debug, one dead bit, was discovered in the AMA !YX—20
NTDS dr iver and one in the receiver. No replacement card was available.
Using a parity checking routine in the 8088. this problem was corrected
‘ md  the debug process could be continued .

It was found that 8680 software modification was not frequent;
consequently, th e use of a cross—assembler and a cross—compiler on a
PDP—l8 t imesharing system to generate paper tope objec t code input to a
PROM programmer proved a satisfactory way to develop mu ltiplexor
software.

At any stag.. support hardware was traced using a logic analyzer. a
debug aid that proved invaluable .

• 18



7.0 Conclusion

The RS232—NTDS multiplexor should prove a useful tool in those
cases where serial data is to be input to an AN/UYK—20 constrained to
have HTDS channels. The constraint may be by fiat or from other
considerations such as:

a) Reducing card types in the machine
b) Reducing external cabl ing 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 interf aces 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 l inks I or phone l ine or modem
communication. The basic philosophy behind the design is that there are
cases where decentral izing control is beneficial . Microprocessor
technology has made such decentralization 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 nultiplexor design effort will serve as a
background for further work.
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APPEND IX A

FUNCTIONAL LOGIC DIAGRAM OF THE IIJLTIPLEXOR
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GLOSSARY FOR BLOCK D I~UGRAN

Note that overbar signifies an inverted signal: l 4~ vol ts•true.

SIGNAL DESCRIPTION

ADDRESSO—t5 16—bit 8880 address bus

CDFIVE Card enable for card five

CDFOUR Card enable I or card four

CDTHREE Card enable for card three

CDTIJO Card enable f or card two

CDThJOINT Inte, ”~t for RS232 card ‘CD TLU’

DATAINO—? 8—bit data bus for input to 8080

DATAOUTO—? 8-bit data bus for output from 8888

DBUSO—7 RS232 card internal bus

EDIT Latch external interrupt

Ft1J~~8—l5 16—bit U~1(-20 output ——HTDS levels

IlIAD Address of high byte of UVK—28 latches

IN 9080 input flag

INO—l5 16—bit input from th%—20 ——TTL levels

tNT External interrup t pulse

INTA 8080 interrupt acknowledge in response to
interrupt request

ICLATCH Latch to store 6-bit system interrupt vector

R5232 card interrupt 1 tries

22
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GLOSSARY FOR BLOCK DIAGRAM(CONT.)

SIGNAL DESCRIPTION

LOAD Address of low byte U’rK—20 latches

r~EMORY Memory—ready line to synchronize slow
memory with 8080

8088 read pulse

I~RT 8880 ~rtte pulse

Selects one of 9 RS232 Forts Ort serial
interface card

OUT 8080 output flag

OUTB—15 ~3utput to U~r1(-20 —-TTh levels

P1 8080 clock phase 1

P2 8080 clock phase 2

RAM Random access memory

RDY 8088 ‘ready’ l ine

RDYCPU ‘Ready’ from muitiplexor——HTDS levels

RDYOUT ‘Ready’ from U~ml(—20 ——TTL levels

RD~m1J~v1( ‘Ready ’ from UYK-28 -—NTDS levels

RDY8B ‘Ready’ from multiplexor ——TTh

RESET System reset——resets 888F. also

RESIN ‘Resume’ from UYK—20 ——TTL levels

RES ‘Resume’ from multiplexor ——NTDS levels

RESU~X ‘Resume’ from UYK— 28 ——NTDS levels

RES88 ‘Resume’ from multiplex er ——ilL levels
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GLOSSARY FOR BLOCK DIAGRAM(CONT.)

SIGNAL DESCRIPTION

RUM Read only memory

RSCK Crystal source clock for RS232

RSCKO RSCK.44 f or even ports

RSCKI RSCK~ (2~ I) f or odd ports

SINGLE STEP Front panel single step pulse

SSMODE Front panel single step enable

STATAD Line to enable UW—20 status

STPRDY Pulse enabl ing next instruction when
in single step mode

SThCH 8880 ‘SThCH’ signal

TOtPfl(9—15 16—bit UYK—20 input ——NIDS levels

UVKINT Interrupt from UYK-20 interface card

ZEROAD Line indicat ing address 8800

fr 

_ _  
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APPEND IX 8

ASSEI~ LER LISTING OF I~~%S AND TEST PROGRAM

The assembly language used is not standard AN4.fl1(—28 • ULTRA’ t 11 ~. To
translate to ULTRA, apply the following rules:

For RK instruct tons, add suffix ‘K’ to normal ULTRA mmeumonic.

For RX instructions, delete asterisk from normal ULTRA ,iwmeumonic.

The assembled code is show to resolve any ambiguities.
SE1UP.STORE. and PSLJ are modules used in the test program to set up
ports and echo characters through the ANAJYK-28. ‘TITLE’ del imits a
module. ‘LOC’ is an origin statement. ‘EXTERNAL’ denotes variables
defined in other modules. ‘GLOBAL’ denotes variables to be used by
other modules.

27
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C MXSS)~~~~
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SAVE Rø-R14 -
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SEIREFURN
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FR 2 •*ii~ 
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~;;:~
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P331. ADR.
TOR?
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~~~~~~~~~~~~~~~~~~~~
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F R 8  
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WRITE
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WRITE ‘ BUSY FROM 

~~~~~~eus’r

N 
ACTiVE.. LU

To
ADO PORT CH.WR.STAT.

ADR. TO
DATA

SAVE PKT.
AOR.

OUTPUT

10 ACTIVE
TO

PK1 STAT.

WRITIM 

~woRo xF:RI

~~~~~r~E~~~~~~~~~~~~9USV

PKT. STAt I SET PKT.
SET TO ISTATUS TO
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READ TERM

ABORTCII. N CHANNELREAD ON BUSY ANSFERS
S

‘V

i~ ND.
COUNT~ø

INPUT

1.1—I

GET PKT.
BUF AOR.S LU
BUF CNT. ~ EXIST

S

ACTivE.... LU FORM
O4 RO.STAT CUD. ADR.

SAVE ~~ 
CONCAT.

RESET CUD.A DO ESS CMD.A

SET PKT. STORE IN
STAT. TO TBuF
10 ACTIVE (COUNT)

ACTIVATE
10 I NPUT COUNT S

WD.XFER COUNT +I

RETURN

~~u Ø  P1

.

SET *0.
XFER FROM
IBU,

M x$$
PAGE 3 of S

OUTPUT
REV. A I. 3. 77
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CMD INFO

CM
WRITE CM
BUSY BUSY WRITE

N

CMDOK
FORM PORT

LOAOWD CNT CMD ADR
- ‘ TO

INDEX

OUTPUT

LOAD BUF RESET
PTR

LOAD
COMMAND 10 N
DATA IPTR) DONE

V

RESET INDEX
RSTFLG INDEX ! I

CMDOK

y RESET N
CMD

NIT N
REQ C~~ED

RSTFLG SET P331
STATUS TO

DATA ERROR

RSTERR 
N MODE _________

V 
~~~~ TURN

)

CMD. ADR-
CMO. OATA

TO BUF IPTR

PIR
PT R I

MX $$
PAGE 4 of 6
REV A .3.77

INDEX
OUTPUT

0
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- SET STAT US - SET STATUS - LOAD
10 ACTIVE - OLE PACKET
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C I (~~~~ ERRUPT )
UPDATE -
PACKET
STATUS

4

LA ST MODE
- CMD TO

P331 LASTWD 
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C~~~~
RN

RESTORE
RETURN RE~~STER

R ETURN FROM
SUOR IRISI

I
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STATUS TO
NO DEVICE 

I MX$$
PAGE 5 of 6

RETURN
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REV A 1 4 7 7
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CSTA
~~~

GET P1ST 1
AND PORT 1 .LuMAX I
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~~NSTA~~~
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.
~~~~~~~~~~~~~~~

TA) 

_  

~~~~~~~AT

SET CM.W R. kc~~~v.corjI
STATUS TO J UPDATE STFLG
INACTIVE MCMA P SET

_______ SET PORT

[RESTORE SET PORT] IDL E
~REGISTEAS ACTIVE I

_  G
±T 

RSTFLG

MXSS
PAGE 601 6

NOSTAF

REV A 1 4 7 7
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APPENDIX D

P141 DRIVER FOR I1JLTIPLE)~)R

Tha two—pass con~ i1aUont 12) of th. P141 drivor for th9 n~s1ttpIexor isshoi.r with 8~8ø object code output(13].
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16:02:05 BAJOB BA’ltON VERSION 13( 1071) RUNNING TXTOUT SEQUENCE 3304 IN STREAM I
16:02:03 BAFIL INPUT FROM DSICCO:TXT.CTL1253,3331
16:02:05 BAFIL OUTPUT TO DSKCO:TXTOUT .LOC( 2153 ,5331
16:02:05 DASUM JOB PARAtIETEP.S

TIrIE:OO:05:OO UTIIQU E:YES RESTART:NO

16:02:05 NONTR
16:02:03 MONTR .LOGIN 2531533 /SPOOL:ALLlTI~~~:3OO/NM~~:’LRUSSO16:ti2:OS USER JOB 20~ NRL-602—1O TT’Y65
16:02:00 USER [LCNJSP OTHER JOBS SMIE PPN:27)
16:02:08 USER 1602 26—JAN-77 WED
16u)2:17 USER NO hAIL
16:02: 37 NON TR
16:02:17 ~4Q~~’g .CCPY FOR2O.DAT:*.T~F
16:02:28 I1O?ITR
16:02:28 h1ONTR .R PL1~~116:02:28 USER
16:02:32 USER 8080 PUll VEIlS 3.0
16:02:36 USER
16:02:36 USER
16:02:36 USER 81:6 85
16:02:39 USER DM0
16:02:39 USER SB: 1
16:02:39 USER SC:0
16:02:39 USER 80:120
16:02:39 USER SE:O
16:02:39 USER $C:O
16:02:39 USER 81:6
16:02:39 USER $J:6
16:02:39 USER 8K 72
16:02:39 USER 8L~~I
16:02:39 USER DM0 1
16:02:39 USER CO~ 1
16:02:39 USER SP:1
16:02:39 USER Cfl:72
16:02:39 USER 0500
16:02:39 USER DT~ 1
16:02:39 USER CU:?
16:02:39 USER $V~ 72
16:02:39 USER CW~7216:02:39 USER CY:l
16:02:39 USER
16:02:46 USER 00001 1 /*1~~fl~~T.7)(T 1.12.77 00~~
16:02 :40 USER
16:02:46 USER 00002 1 /*TRE FOLLOWING IS A BASIC PROGRAM FOR COMMUNICATION
16:02:46 USER
16:02:46 USER 00003 1 WITH THE AIf-UYK2O DRIVER NX$$. AS A1~ EXAMPLE,
16:02:46 USER
16:02:46 USER 00004 1 PORT 2 IS ACTIVATED LOCALLY; P011TH 3.4 AIIE PUT IN CO
U-

16 :02:46 USER
16:02:46 USER 00005 1 h AND NODE. A SIGN—Oil MESSAGE IS OUTPUT LOCALLY TO
16:02:46 USER
16:02:46 USER 00006 I PORTH.K,
16:02:46 USER
16:02:46 USER OCCO? 1 DECLARE LIT LITERALLY ‘LITERALLY’ )
16:02:46 USER
16:02:46 USER 00003 1 DECLARE DCL LIT ‘DECLARE’;
16:02:46 USER
16:02:53 USER OCCOO I DCL UR1~ LIT 8O1~ H16:02:33 USER
I6:(I~~:53 USER 00010 I DCL UU1~ LIT 8Ol3W~16 :. )2 :53  USER

- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~



16:02:53 USER 00011 1 DCL URT4 LIT ‘801411’;
16:02:53 USER
16:02 :53 USER 00012 1 DCL MODEl LIT 4E0’;
16:02:53 USER
16:02 :53 USER 00013 1 DCL ONLINE LIT ‘37fl’~ ~*SET RTS,DTR,EIIABLE T~’R,BESET
ER1Ior1s~’16:02:53 USER
16:02:53 USER 00014 1 DCL MODE2 LIT ‘4F11’;
16:02:53 USER
16:02:53 USER 00015 1 DCL MEhIhIAP LIT’800011’;
16:03:00 USER
16:03:00 USER 00016 1 DCL LOW7 LIT ‘7F11’ ;
16:03:00 USER
16:03:00 USER 00017 1 DCL PAIIITYSISOEVENS LIT ‘PARITY’;
16:03:00 USER
16:03:00 USER 00018 1 CCL hlODE3 LIT ‘4111’ ; ~*ASYNGE,5 BIT. ,1fO PAIUTY,IX*’
16:03:00 USER
16:03:00 USER 00019 1 DCL ERESET LIT ‘1011’; ~*USRT ERROR FLAG RFSET*/16:03:00 USER
16:03:00 USER 00020 I DCL WAIT8FOHSINTEBRUPT LIT
16:03:00 USER
16:03:00 USER 00021 1 ‘ ENABLE;
16:03:00 USER
16:03:00 USER 00022 1 WAIT: GO TO WAIT; ’;
16:03:00 USER
16:03:00 USER 00023 1 DCL READY LIT ‘(CND AND 01) > 0’;
16:03:00 USER
16:03:11 USER 00024 1 DCL C1’XDBIT LIT ‘400’;
16:03:11 USER
16:03:11 USER 00025 1 DCL UYKAD ADDRESS;
16:03 :11 USER
16:03:11 USER 00026 1 DCL ( UYK2O BASED UYKAD) (2) BYTE;
16:03:11 USER
16:03 :11 USER 00027 1 DCL CIIDAD ADDRESS;
16:03:11 USER
16:03:11 USER 00028 1 DCL ( CMI) BASED ChIDAD) BYTE;
16:03:11 USER
I6~~~1:I1 USER 00029 1 DCL IOINTADR ADDRESS;
16.-.,J:I1 USER
16:03:11 USER 00030 1 DCL (IOINT BASED IOINTADR) BYTE;
16:03:11 USER
16:03:11 USER 00031 1 DCL PORTPTR ADDRESS;
16:03:11 USER
16:03:11 USER 00032 1 DCL (PORT BASED PORTPTR) BYTE;
16:03:11 USER
16:03:20 USER 00033 1 DCL TEMP (2) BYTE ; ~*TEI5PORARY STORACE*/
16:03:20 USER
16:03:20 USER 00034 I DCL MESSAGE DATA (‘SPORT2S ’,ODH ,0A11);
16:03:20 USER
16:03:20 USER 00035 1 SETUP: PROCEDURE (POR1 ,NDCPW,CDCMD);
16:03:20 USER
16:03:20 USER 00036 2 /*SENDS A MODE POND COMMAND INSTRUCTION TO APPROPRIATE
PORTX~16:03:20 USER

16:03:20 USEiI 00037 2 DCL PORTPTR ADDRESS;
16:00:20 USER
16:02:20 USER 00038 2 DCL (PORT BASED PORTPTR) BYTE;
16:00:20 USER
16:C3:20 USER 00039 2 DCL (1’WCITD,CDChID) BYTE;
16:03:20 USER
16:(i3:20 USER 00040 2 CbWAD:POP.TPTR OR CrmBIT;
16:03:28 USER
l6~ 4~ 3:23 USER 00C41 2 CP~~~hmCh~~;I 6 : - ;~~:28 USER
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16:02:28 USER 00042 2 ChW=CDCh~~;16:03:28 USER
16:03:28 USER 00043 2 END SETUP;
16:03:28 USER
16:03:28 USER 00044 1 SIGNOR: PROCEDURE ( PORTPTR,NESSAGEPTR ,SIZ E) ;
16:03:28 JSER
16:03:28 USER 00045 2 ‘*OUTPUTR SIGNO R MESSAGE OF LENGTH SIZE TO THE
16:03:28 USER
16:03:28 USER 00046 2 APPROPRIATE P0R’1~~16:03:28 USER
16:03:28 USER 00047 2 DCL PORTPTR ADDRESS;
16:03:31 USER
16:03:31 USER 00048 2 DCL MESSACEPTR ADDRESS;
16:03:31 USER
16:03:31 USER 00049 2 DCL ( MESSAGE BASED NESSAGEPTR) (1) BYTE;
16:013:31 USER
16:03:31 USER 00050 2 DCL ( I ,S IZE) BYTE;
16:03:31 USER
16:03:31 USER 0005 1 2 1:0; ~*INITIALIZE LENGTH COUNTER*~16:013:31 USER
*6:03:31 USER 00052 2 00 WHILE I<SIZE ;
16:03:31 USER
16:03:36 USER 00053 2 IF READY THEN
16:03:36 USER
16:03:36 USER 00054 3 DO;
16:03:36 USER
16:03:36 USER 00055 3 PORT:NESSAGE (I);
16:03:36 USER
16:03:36 USER 00056 4 1:1+1;
16:03:36 USER
16:03:3? USER 00057 4 END:
16:03:37 USER
16:03:37 USER 00058 3 END;
16:03:37 USER
16:03:37 USER 00059 2 END SIGNON;
16:03:37 USER
16:03:38 USER 00060 1 FMUYK: PROCEDURE INTERRUPT 1;
16:03:38 USER
16:03:38 USER 0006 1 2 ‘*FORNS PORT ADDRESS FROM 101NT LATER THEN TRANSFERS
DATA
16:03:38 USER
16:03:42 USER 00062 2 FROM PORT AND PORT ADDRESS TO AN-UYIC2O AS 16-BIT WOK
000/

16:03:42 USER

16:03 :42 USER 00063 2 TENP(0):UYK2O (0);
16:03:42 USER
16:03:42 USER 00064 2 TEMP(1)2UYI~~0 ( L) ;
16:03:42 USER
16:03:42 USER 00065 2 PORTPTR:MEhDIAP + TEIW(1);
16:03:42 USER
16:03:42 USER 00066 2 PORT~TENP (0);16:03:42 USER
16:03:42 USER 00067 2 END FMUYK;
16:03:43 USER
16:03:43 USER 00068 1 TOUYK: PROCEDURE INTERRUPT 2;
16:03:43 USER
16:03:43 USER 00069 2 TEFW (1)ZIOINT;
16:03:43 USER
16:03:43 USER 00070 2 PORTPTR:IEIV1AP + TEJ1P(I)~16:03:43 USER

• 16:03:44 USER 00071 2 TEMP(O):PQRT;
16:03:44 USER
16:03:44 USER 00072 2 UY1~~0(0) :TEhW(0) ;
16:03:43 USER
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16:03:45 USER 00073 2 UYI~~0( 1)3T E?W( 1);
16:00:45 USER
16:03:45 USER 00074 2 END TOUYIC;
*6:03:46 USER
16:03:46 USER. 00075 1 START:
16:03:46 USER
16:03:46 USER 00076 1 TENP( 1) ~ INPUT( 0); ~*CLEAR MASTER INTERRUPT CONTROL*~16:03:46 USER
16:03:47 USER 00077 1 IOtNTADR~8F00fl;
16:03:47 USER
16:03;47 USER 00078 1 UYKAD 8008U;
16:03:47 USER
*6:02:47 USER 00079 I CALL SETUP( URT2,NODE1,OItLINE) ;
16:03:48 USER
*6:03:48 USER 00080 1 CALL SIGNO!ftUaT2,.PIESSAGE,9);
16:03:48 USER
16:03:48 USER 00081 1 CALL SETUP( URTH,MODE3,ERESET) ;
*6:03:49 USER
16:03:49 USER 00082 1 CALL SETUP( URT4, MODE3 • ERESET) ;
16:03:50 USER
*6:03:51 USER 00083 1 WAIT$FOR3I WFEIIRUPT;
16:03: 51 USER
16:03:5* USER 00084 1
16:03 :51 USER
16:03:5 I USER 00085 1 EOF
*6:03:52 USER
16:03:52 USER NO PROCRAII ERRORS
16:03:52 USER
16:03:54 USER STOP
*6:03:55 USER
*6:03 :55 USER END OF EXECUTION
16:03:55 USER CPU TINE: 23. 12 ELAPSED TINE: 1:22.50
16:03:55 MONTH EXIT -
16:03:55 MOF*TR
16:03:55 IIONTR .R PL?~~216:03:55 USER
16:04:00 USER 8080 PLME VEIlS 3.0
*6:04:00 USER
16:04:00 USER
16:04:00 USER SV’9 $C~ t sF2 1 311:64 33
16:04:01 USER $it:0
16:04:01 USER S11 7
16:04:01 USER 5C80
16:04:01 USER SD. * 20
*6:04:0 1 USER S E O
16:04:01 USER S F I
16:04:01 USER SG: I
*6:04 :0 ,  USER 65:64
*6 :04:01 USER $1~~1
*6 :04 :01  USER SJ~ 6
*6:04:0* USER SL’ l
16:04 :01 USER S M I
16:04 :01 USER 5~ :Ø
16:04:01 US ER 60: 1
*6 :04:01 USER SP:O
16:0’,:Ol USER 00:1
I6:C.. :01 USER SR~?3l 6 :C- ~- : O1  USER C S 0
16:04:01 USER CT~ 1
IG :C- ~:Ol USER SU~7
I6:C~ :O1 USER CV:9
16:C- .:OI USER C;;=?2
16:0/~:O! USER CY:l
I,j:0-: :0 1 USER UZ:3

50



16:04:01 USER C*=O
16:04:01 USER
16:04:01 USER
*6:04:02 USER 1=004311 34 004611 35:004F11 37:005511 40:006011 41:006
511
16:04:03 USER 42=006CH 42:007411 44~0O75fl 47~0O7DH 52:00800 53:008
911
16:04:03 USER 54:009211 55 0095H 56:OOAOH 57=00A911 58=00A8R 59:OOA
SB
16:04:03 USER 60 00ACH 63 00B0H 64:00B411 65 00BF11 66~ O0CEH 67:000
On
16:04:03 USER 68=000EH 69200E2H 70~00EBff 71 00F90 T2:OOFCR 73 3f9
011
16:04:04 USER 74 010C0 75:0114I1 76’OllOH 77:OIIBH 78 011C11 79:012
411
16:04:04 USER 80:0*3911 81:014911 82:015711 83:016611 84 016A11
16:04:05 USER STACK SIZE • 26 BYTES
16:04 :06 USER MEMORY OAOOH
16:04:06 USER UYKAD O9ECR
16:04 :08 USER CIIDAD O9EE1I
16:04:08 USER IOINTADR 09F011 -
16:04:08 USER PORTPTB 09F211
16:04:08 USER TEIW 09F411
16:04 :08 USER MESSAGE 004611
16:04:08 USER SETUP 004F11
16:04:08 USER PORTPTH 09F6H
16:04 :08 USER ?IDCNO 09F811
16:04 :08 USER CDCPID 09F9R
16:04 :08 USER SIGNOR 00758
16:04:08 USER PORTPTR 0 FAll
16:04:08 USER NESSACEPTR OOFCH
16:04:08 USER SIZE O9FEH
16:04:09 USER I O9FFU
16:94 :09 USER FMUYK OOACH
16:04 :09 USER TOUYK 000ER
16:04:09 USER START 011411
16:04:09 USER WAIT 01670
16:04:09 USER 00000 JIIP 400 0011 NOP NO? NO? NOP NO? JIf
P
16:04:09 USER 000911 ACR 0011 NOP NOP NOP flOP NO? JIU’ DR
H
16:04:09 USER 001211 0011
16:04:09 USER 004011 LXI 5? ECH 090 JIll’ 1411 0111
16:04: 12 USER 004611 2411 5011 4FH 5211 5411 3211 24110011 OAR
16:04: 12 USER OO4FH LXI H F8H 0911 NOV MC INR L NOV NE NOV LI F611 110
V A_Il
16:04:12 USER 005811 INK L NOV B?! ORA I 4011 MDV CA NOV AD ORA I 0011 13)
V LI
16:04: 12 USER 006111 ERR NOV MC INX 11 NOV MA NOV LI F811 NOV CM LULD RE
H

- 16:04: 12 USER 006A11 0911 NOV MC LXI 11 F9H 090 NOV CM LHLD ERR 09
11
*6:04: 12 USER 007311 NOV PlC RET LXI 11 FCH 0911 NOV MC 1101 11 NOV rm IN
RL
16:04: 12 USER 007CR NOV NE INR L NOV 111 0011 LXI H FF11 0911 MDV AR DC
R L
16:04:14 USER 008511 SUB N JNC AD!! 0011 LHLD EEII 0911 NOV Alt All
A l
16:04: 14 USER 008E11 0111 NOV CA XRA A SUB C JNC 800 000 LXI H FF -:
Ii
16:04; 14 USER 009711 0911 NOV CII NOV DI 0011 LULD FCU 0911 DAD B MO

• V Ail
16:04: 14 USER 0OAOH LIILD F211 0911 NOV NA LXI H FF11 0911 IfiR N JI’!
P
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16:u .,: *4 USER 00A9H 8011 0011 RET PUSH U PUSH D PUSH B PUSH A LULD EC
N

16:04:16 USER 000211 0911 NO~ Mi LXI U F4H 09*1 NOV NA 1101 5 PUSH H LB
LD
16:04:16 USER 008511 ECU 09H INX 11 NOV A?! POP H NOV NA LXI H 74B 99
11
*6:04:16 USER 00C4H I NIl 11 NOV AN NOV CA NOV DI 9011 LXI H OOH 890 BA
DB
1 :04:16 USER OOCDU SOLD F211 0911 LXI H F4H 0911 NOV CM LULD 72
II
j*~,:04:I6 USER 00D611 0911 NOV IIC POP A POP B POP B POP B El RET PU

~~!! •1
(~,:u4: 18 USER 000FH PUSH B POSH B PUSH A LXI 11 F411 090 (NIl H ICCUG LII
LI)
*6:04: 18 USER 00E811 FOIl 090 NOV AN STAll B LXI H 740 0911 lOX H NO
V ?JI
*6 :04: 18 USER 00? *11 MDV CA NOV 81 0011 LXI H 9911 800 DAD B SOLD P2
H

16:04:18 USER OOFA11 0911 NOV AN LXI H P411 0911 NOV NA MDV CM LOLD EC
H
16:04 : 18 USER 0103110911 MDV 1IC INX H PUSH H LXI H P411 990 !NX H ND
V All
*6:04:18 USER 010dB POP 11 NOV PtA POP A POP B POP D POP H LI REF LX
(II
16:04: 18 USER 011511 F411 0911 INX H XCHC IN 000 STAll D LXI H P0
H
*6:04:18 USER 01 LEH 0911 NOV P11 0011 INX B NOV MI 8F11 NOV LI ECH ND
V NI
16:04:18 USER 01270 08*1 lOX H NOV II 800 NOV LI F6H NOV MI 1211 IN

~( II
*6:04:20 USER 013011 NOV Ml 800 NOV CI 4E11 NOV El 370 CALL 4711 00
II
*6 :04:20 USER 013911 LXI H FAD 0911 NOV NI 125 lOX II NOV MI 800 LX
I I)
*6 :04:20 USER 014211 4611 0011 ?IOV LI 090 CALL 7511 0011 NOV LI F6
II
16:04 :20 USER 01400 NOV MI *30 INX 11 NOV MI 800 NOV CI 4111 NOV El 10
II
*6:04:20 USER 015411 CALL 4F0 0011 LXI H F611 0911 NOV Ml 1411 Ill
N H
10:04:20 USER OI5DH NOV MI 8011 NOV CI 4111 NOV El 100 CALL 478 00
H
*6:04:20 USER 01660 El JNP 6711 0111 El OLT
16:04:23 USER NO PROCMN ERRORS
16:04:23 USER
16:04:23 USER STOP
16:04:23 USER
*6:04:23 USER END OF EIOXUTION
9:141Z3 U5~ft C7U TINE: 0.9$ U~pØHD TiNE.: ~~.9S9z 04i9$ ND91~ UIT
6*94*2* ImOTH6;94 1$$ NORTh

16:04:23 MONTH . LJOB DSKCO: TXTOUT. LOC’ ,W~B./Z: 4~V*: 10/VS: 3304/VL: 290/VP’ l0 VD: P
16:04:29 K-QIJE TOTAL 0? *78 BLOCKS IN 3 FILES IN L?T REQUEST
6:04:30 LCOUT JOB 24 , USER (233.5331 LOCCED OFF TFY65 1604 26 JA11 77

*6 :04 :30 LCOUT SAVED ALL FILES ( 635 BLOCKS)
I6:0~~:3O 1.COUT RIJNTIIIE 38.22 SEC
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