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INTRODOCTION TO PIL 

1. INTRODUCTION TO PIL 

1.1 What Is PIL? 

PIL (Personal Interface LOop) is a system which permits 
communication frc:n. one device to another. In comoarison with 
other interface systems PIL is small, low power, low cost, medium 
distance, and relatively slow. As the name implies devices are 
connected in a circular loop structure. Digital messages travel 
from one device to the next around the loop in one direction 
only. All devices must obey certain functional, electrical, and 
mechanical rules in order to communicate by means of PIL. 

1.2 Some Application Examples 

In order to help the new user understand the wide spectrum 
of capabilities and potential uses of PIL three possible 
applications are briefly described . These examoles are 
fictitious and do not necessarily indicate that a particular 
product or syst~m described eit~er exists or is now or will be 
under development. Some of the prcducts do exist, however, and 
the systems described here are readily acheivable given the 
software programs and devices. Hopefully the new user will gain 
some feeling of the range of problems which PIL can help to 
solve. 

A univerSity graduate student in forestry is working on his 
dissertation, a project studying the effect of various types of 
herbicides on underbrush, t:-ee growth, etc. He makes 
observat.l.ons and takes various data f r om several different plots 
miles from school. Because of its low cost and continuous memory 
feature he uses the liP 4lC prcgrammable calculator as a data 
collector. He has written a short program in the machine which 
prompts him for the correct data item and stores it along with 
all the othe r data from each area in separate registers in the 
HP 41C . The university forest!."y lab has purchased a small PIL 
system including the liP 82l60A PIL module which plugs into the 
HP 41C , the HP 62l6LA minicassette taoe drive, the HP 82l62A 24 
column thermal printer, and a plot~er. -When the student returns 
to the lab he plugs his calculator into the system and inserts a 
minicassette into the tape drive which contains his calculator 
programs and the data he has collected on his project over a 
period of several months. Be loads and runs a program from the 
minicassette which reads the data taken today from the HP 4lC and 
stores it on the tape with the rest of the data. He then loads 

r another program which uses all the collected data on the tape to 
... ~. make finished graphic plots and histograms of various 

combinations of the data , such as toxicity levels over time, 
amount of undesirable foliage with r espect to the t ype of 
herbicide, etc. Prior to the SP 41C and PIL, the cost of such an 

INTRODOCTION TO PIL 

1. INTRODUCTION TO PIL 

1.1 What Is PIL? 

PIL (Personal Interface LOop) is a system which permits 
communication frc:n. one device to another. In comoarison with 
other interface systems PIL is small, low power, low cost, medium 
distance, and relatively slow. As the name implies devices are 
connected in a circular loop structure. Digital messages travel 
from one device to the next around the loop in one direction 
only. All devices must obey certain functional, electrical, and 
mechanical rules in order to communicate by means of PIL. 

1.2 Some Application Examples 

In order to help the new user understand the wide spectrum 
of capabilities and potential uses of PIL three possible 
applications are briefly described . These examoles are 
fictitious and do not necessarily indicate that a particular 
product or syst~m described eit~er exists or is now or will be 
under development. Some of the prcducts do exist, however, and 
the systems described here are readily acheivable given the 
software programs and devices. Hopefully the new user will gain 
some feeling of the range of problems which PIL can help to 
solve. 

A univerSity graduate student in forestry is working on his 
dissertation, a project studying the effect of various types of 
herbicides on underbrush, t:-ee growth, etc. He makes 
observat.l.ons and takes various data f r om several different plots 
miles from school. Because of its low cost and continuous memory 
feature he uses the liP 4lC prcgrammable calculator as a data 
collector. He has written a short program in the machine which 
prompts him for the correct data item and stores it along with 
all the othe r data from each area in separate registers in the 
HP 41C . The university forest!."y lab has purchased a small PIL 
system including the liP 82l60A PIL module which plugs into the 
HP 41C , the HP 62l6LA minicassette taoe drive, the HP 82l62A 24 
column thermal printer, and a plot~er. -When the student returns 
to the lab he plugs his calculator into the system and inserts a 
minicassette into the tape drive which contains his calculator 
programs and the data he has collected on his project over a 
period of several months. Be loads and runs a program from the 
minicassette which reads the data taken today from the HP 4lC and 
stores it on the tape with the rest of the data. He then loads 

r another program which uses all the collected data on the tape to 
... ~. make finished graphic plots and histograms of various 

combinations of the data , such as toxicity levels over time, 
amount of undesirable foliage with r espect to the t ype of 
herbicide, etc. Prior to the SP 41C and PIL, the cost of such an 



INTRODUCTION TO PIL 

application would have been prohibitive~ Furthermore, PIL's low 
power requirements and loop power down feature permit unattended 
operation for extended time periods. If the student had needed 
to measure toxicity level, for example, every hour for a week, a 
small syster.J. in a · ... eatherproaf box could be left on site under 
bat tery powe r. Natl.lr ally, the measur i ng apparatus would need to 
be connected to the PIL system, but this would be facilitated 
with the HP 82165A PIL General Purpose Interface Device. 

The second example deals with a small chain of three jewelry 
stores in nearby cities. Each store uses from two to five 
point-oi-sale terminals each consisting of an HP 41C with a 
custom keyboard overlay and an HP 82162A 24 column thermal 
printer. These devices are all connected via PIL to two 
HP 82l61A minicassette taoe drives and an tiD column printer 
located in the back ~oc~ of-each store. Each of the calculators 
contains a program which prompts the salesclerk for the necessary 
information for each transaction. The data, which might include 
item description, inventory number, price, charge card number, 
etc. is stored on one of the minicassette drives as each 
calculator takes its turn controlling the PIL system. A customer 
receipt is printed on the small printer on the counter with the 
calculator and a transaction summary is printed on the larger 
printer silnultaneously in the back room. At the end of the day's 
business the manager can place a master inventory tape in the 
second tape drive and run a special program to update it based on 
the transactions of t~e day in the other drive. Other special 
programs might generate sales reports, a list of lew inventory 
items to be r e-ordered, etc. wi th the HP 82l64A PIL RS232C 
Interface Device' and a modem the transaction or inventory data 
could even be transmit~ed over the telephone to the main store. 
Once again, prior to PIL such a system wo~ld have been much too 
expensive for most very small businesses. 

A small electronics firm is about to begin volume production 
of a new audio amplifier printed circuit board. The production 
engineer has designed an automatic test system consisting of the 
HP 8SA personal computer with the HP 829DIA minifloppy disc 
drive, the liP H2938A PIL Interface Module, and the HP 3468A PIL 
Digital Voltmeter. The engineer has also built a special device 
containing a test fixture for the PC boards, a programmable power 
supply, a programraable ' ... aveform generator, and relay switches to 
connect these devices to the various PC boa::d test points. This 
special device uses the liP 82166A PIL Ganeral Purpose Interface 
Module so that it too is controlled via PIL. After initial 
debugging the engineer writes the test program so that up to 
three identical test stations can be controlled on the same 1000 

since he has found that PIL and the liP 8SA are fast enough to 
support this throughput. Test programs and results are stored on 
the minifloppy drive for future failure analysis. Later when a 
second version of the amplifier board goes into production some 
simple program modifications pe~mit testing of both versions at 
the same time on different test stations on the same system. The 
low cost and flexibility of PIL were the deciding factors in the 
use of automated testing as opposed to traditional manual 
testing. 
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la3 Functional Overview 

PIL is a master - slave interface system. One of the devices 
on the locp - is designated the loop controller and this device has 
the responsibility to transillit all commands to other devices on , 
the 1000. The HP 41C and the SP 85A are examples of devices that 
can be PIL controllers ~hen they are equiped with the proper 
plug-in module. .::1,. device wi .th the ability to send data rather 
than commands to other devices on the loop is called a talker 
device. Note that even though a device has the talker capability 
it must not actually send its data until cOr.lmanded to do so by 
the loop controller. The HP Gl2161A minicassette tape drive is a 
device which can be a talker. Listeners are devices with the 
capabili ty to receive data from the loop. Once again, listeners 
must remain inactive until they receive a command from the 
controller which enables them to receive data. The HP 82l62A 
Pr inter is an example of a device which can receive data. 

Controller, talker, and listener are the three basic 
capabilities of PIL deviceS . A device may haye only one of the 
three or may include some combination of capabilities as is more 
often t he case. Talkers often have listener capability and 
controllers almost always have both talker and listener 
attributes as well. In general, every PIL system has all three 
capabilities somewhere within its devices, however, under special 
circumstances a system can be constructed with only a talker and 
one or more listeners without the controller. In this case, all 
devices must be able to operate in the talk-only or listen-only 
mode. An example might be a vol t.l'!!eter logg ing readings on a 
printer. In la::ger lccp systems there are usually several 
talkers and listeners. The controller will only permit one of 
the talkers at a time to be active, but may enable multiple 
listeners to receive the talker's data if desired. There may 
even be several controllers. In this case one of the controllers 
(the system controller} is in charge when the system is first 
turned on . Protocol exists within PIL to allow t he various 
controllers to take turns controlling the other devices on the 
loop. o.nly one of the controllers at a time is active . .. 

In addition to these three basic capabilities,. PIL provides 
a device with others as well . There are two different ways for a 
device to indicate to the controller that it needs service. The 
power down function per~its devices to go into a low power mode 
and to return to full power operation on command from the 
controller. There are three different ways for the controller to 
automatically assign addresses to the various devices on the 
loop. Devices can implement one byte addresses; this permits as 
many as 31 dey ices to share the loop. If need be , a two by te 
address can be used which provides the possibility of as many as 
961 devices. Devices can tell the controller what type of device 
they are and what capabilities they have . Instruments can be 
triggered or cleared and can be commanded to r espond to their 
panel controls or to programming messages over t!1.e loop. 
Controllers can interrupt long transmissions between a talker and 
listener temporarily to perform other tasks. This wide range of 
capabilities permits the controller to be in charge of not only 
t he operation of the loop, but also its configuration. It is 
possible to iwplement high-level functions in the con troller 
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device which make the details of loop protocol entirely 
transparent to the user. For example, a calculator, a printer, "'..\ 
and several other devices could comprise such a "friendly" system V 
in which the user simply exec~tes a "print" function.. The 
calculator automatically configures the loop , finds the printer, 
and sends the comcands which perform the appropriate task. 

The discussion so far has indicated two major classes of 
messages which are sent over the 1000.. Interface messages are 
usually sent by the active controller and are used to- control the 
operation of the system . The controller's cOffiwands are an 
example of this type of ~essage. In general, these messages are 
considered overhead. The priwary reason for having PIL is the 
transmission of the second type of message . These are called 
device dependent messages and they do not directly affect t he 
operation of the interface system though they use it as a 
communication medium. The data transmitted from the talker to 
the listener exemplifies this type of message. 

Normally only one message is in transit around the loop at 
any given time whether it be an interface message or a device 
dependent message . In general , when a device sources a message 
it waits for the message to go completely around the loop and 
return before transmittir.g the next message. This is part of the 
process called the loop handshake and it guarantees that talkers 
and controllers do not send messages faster than the other 
devices can accept them. Each message must pass through each 
device. When a device receives a message, it does not pass it on "-
to the nex t dey ice unti 1 it is ready to rece i ve the nex t ....... J 
message. Consequently, when the message returns to the sourcing 
device, it knows for certain that any and all other devices have 
received this message and are ready for the nex t . This also 
provides an excellent error - checking capability. If · the message 
retUIns the same as it was sent, the sending device knows that 
all devices must have received it correctly. 

Clearly, if there are a number of slow devices on the loop 
and they:-'each delay the message for a Ii ttle while until they are 
ready and : then pass it on to the next device which does the same, 
the loop speed will be unacceptably low. Fortunately, data 
messages are intended for only one or possibly two devices at a 
time. Other devices on the loop are in their inactive state . 
Devices are built so that messages not meant for them are passed 
on very rapidly . In this manner the loop throughput can be 
maintained at an acceptable level. 

However, commands are often meant for all devices on the 
loop at the same ti~e, so in order to maintain reasonable speed 
the handshake process is modified slightly. When a device 
rece i ves a command messag e it passes it on immmed ia tely but also 
retains a copy of the message and begins to execute or interpret 
the command also. In this manner all devices can be executing 
the same command at about the same time . The message returns to 
the controller fairly rapidly but in this situation its return ..J 

\L does not indicate that the devices are readv. The controller 
~must now send a special message called -ready· for command-. This 

message is held up by each device until it is ready. If all 
devices execute the command in about the same time, . there will be 
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a delay until the first device is finished and then the "ready 
for command" message will move around the loop fairly rapidly and 
return to the controller. No~ the controller knows that all 
devices are ready and the next message can be sent. This 
modified handshake helps keep up the loop speed even when 
commands are for all devices simultaneously~ 

CASSETTE 

talker 
listener 

address 1 

PRINTER " 
address 

2 
listener 

CALCULATOR 
talke r address 

listener 0 
cantrolle!" 

VOLTMETER 
address 

3 talker 
listener 

address 4 
• 
i 
\ . PLOTTER 

listener 

FIGURE 1- 1: PIL SYSTEM EXAMPLE 

Suppose that we have a PIL system as shown in figure 1-1. 
The devices with their basic capabilities~ loop addresses . and 
direction of message travel are sho .... n. Suppo.se that the user 
wants to print a voltmeter reading on the printer~ For 
simplicity, assume that the devices have previously been assigned 
addresses as shown and that the volt~eter has already taken the 
reading and is merely waiting to transmi tit to the pr inter . The 
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calculator first sends an ·unlisten R commar.d which causes any 
previous active listener devices to go inactive. When the 
command returns the calculator sends the "ready for command" 
mess age as is required after every com~nd . The calculator knows 
that the vol~~eter has been assigned address 3 and it now sends a 
com.rnand ' .... hich causes "device number 3 to be the tal ke r. Other 
devices recognize t hat the command does not contain their address 
and retransrni tit without taking any action. Even though t he 
volt.'ileter is now addressed to talk it does not yet send its 
data. This command also causes any previously addressed talker 
to go inactive since the loop may only have one talker at a 
time. 'i'ihen the talk address corn.r..and and the !ollo'tJing "ready for 
command " have returned to the calculator , it sends a Mlisten 
address number 2- command. The printer alone r ecognizes this 
command in si~ilar manner and after the "ready for command" may 
receive data messages. The only difference is that this command 
does not cause other listeners to go inactive, hence the need for 
the ·unlisten" command at t he beginning. The calculator now 
sends a special message called " send data" which causes the 
addressed talker to actually begin sourcing data messages. The 
·send data" is in a class of messages called ready messages which 
are used for handShake purposes. ~'jhen the volt.."D.ete r receives the 
Msend data U it does not retranswit it but instead sends its first 
data message. The voltmeter sends a sequence of message bytes, 
for example +2 . 658VDC followed by a carriage return , line feed 
pair. Each data byte goes around the loop to the printer, which 
holds the byte ~omentarily until it is loaded into the buffer , 
and back to the volt;neter. After each byte is received and 
error-checked the vol t:neter sends the nex t character. The 
carriage return and line feed cause the printe~ to actually print 
the contents of its buffer. When the lir.e feed returns and 
error-checks properly the vol~"D.eter sources a special "end of 
transmissionM ready message. This message signals t he controller 
that the transmission is now complete and that " the controller 
should resu:ne active c ontrol of the loop. Similar to, the "send 
data" message, the calculator does not retransmit the Mend of 
transmission" but replaces it with the next command message .. 

;-
It Tn.ust be noted that PIL protocol is based very strongly on 

SP-IB (E:ewlett-Packard's implementation of IEEE-4S8). While it 
appears that PIL is functionally a bit- serial version of HP-IB, 
the user should be warned ~~at there are some significant 
difference s in protocol . While familiarity with HP-IB is very 
helpful, it is not necessary. All information needed to learn 
and use PIL is contained in this document. 

1 .. 4 Electrical Overview 

· ' 

Every message on the loop is sent as a sequence of eleven 
bits c alled a message frame. The very first bit , called the sync 
bit, i s coded in a special way so that each device can easily 
recognize the beginning of a ' frame . The sync bit and the next _~ 
two bits sent are called c ontrol bits and they de termine the ~ 
major class ification of the frame . Co~~and messages , ready 
messages, and data messages are examples of these major classes. 
The remaining eight bits . sometimes called data bits (not to be 
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confused with a data message frame) specify the particular 
message within the classification. The " unlisten " command frame. 
for example , would be 100 0011111 . while the -interface clear­
command is 100 10010000. The ·send data" ready frame is 
101 01100000 . The soace between the control and data bits is for 
clarity only and does not represent a time delay or any other 
kind of delimi tee . 

The elect~ical connection from one device to the next is a 
differenti al, voltage- mode , two- wire, balanced line. Both wires 
are floating with respect to both devices; ground ,connections. 
One of the wires is chosen as a reference and the voltage of the 
other wire is measured only with respect to the reference . This 
has several advantages . Device grounds need not all be at the 
same potential . In fact there can be rather large differences 
with no effect. This is especially handy for voltmeters which 
need to measure values not referenced to ground . It totally 
avoids the problem of ground locps in an inte~f3ce syste~ . Most 
noise pulses tend to affect both wires equally; this type of 
c ommon mode signal is very stror:;ly rejected in a balanced system 
like PIL. The S3we holds true for noise radiation from the 
system itself . As one wire's voltage rises , the other"s falls, 
tendi ng to cancel any radiated signaL 

·one· ·one sync· ·zero sync" 

+1.5V n ___ _ 
OV- U 

- 1.5V 
o 1 2 3 4 o 1 234 0123456 0123456 

microseconds 

. (. 
, . · send data· ready frame 

lsync a 1 o 1 1 o o o o o 

FIGURE 1-2: PIL BIT E~CODING 

Bits are encoded using a three level, or bipolar, code. The 
r vol tage di f ference be t ..... een t he two ..... ire·s may be nominally - 1. 5 
~ J Vo~ts, 0 Volts, or +1.5 Volts . A logical one is encoded as a 

high pulse (+1.S Volts.) followed by a low pulse (-l.S Volts). A 
logical zero is a low follo ..... ed by a high. A logical one sync is 
a high , low, high, 1 0 ..... sequence. A zero sync is low , high, 10 ..... , 
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high. The nominal pulse width is one microsecond and each bit 
sequence is al ..... ays foliQ',{ed by a rninir.lUIU delay time (0 Volts) of 
about two microseconds. Refer to figure 1-2. This type of code .J 
provides good noise immunity, is relatively insensitive to speed 
and speed changes, is self-clocking, and has no DC component in 
t..'1.e signal. 

Frames are asynchronous with respect to each other. That 
means no common system clock is necessary in PIL. Furthermore, 
even bits within frames are asynchronous . One can see that sync 
bits reouire six microseconds to transmit while other bits take 
four microseconds. A comple te fra~e, which may contain one byte 
of data, tak.es 46 mi c~ cseconds assuming no extra delay between 
bits. If we further assume no extra delay between frames, a 
maximum loop rate of slightly over 20 kilobytes per second could 
be achieved . In a typical implementation with present 
el.ectronics, other hardware and soft'"are delays lower this rate 
to somewhere between three and five kilobytes per second. This 
is enough to transmit more than a full single - spaced ty?ewritten 
page of data every second .. 

8 bit uP bus lines 

other 
CMOS PIL Ie standard 

electronics 
28 pin DIP 8 bit uP 

RXDO 

15 kOhms 15 kOhms 330 pF ~ 330 

380 Ohms 380 
RXDl 

4 r receive transmit 
transfonner .3 2 transformer 

RXD1T RXDOT 
(ref) 

PIL in 

TXDOT 
(ref) 

TXD1T 

PIL out 

FIGURE 1-3: EXAHPLE DEVICE ELECTRONICS 

Figur e 1-3 is 
electronics used 
device. The PIL 

a ' simple block diagram of the interface 
in a particular implementation of PIL in a 

input and output lines are isolated through 
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simple pulse transformers. The discrete components provide the 
proper load value for input and filtering for E~lI reduction · .... ith "'\ 
impedance ma tchir.g f or the output side. VlOst of the PIL protocol ~ 
and inter face functions are i mpleme nted in the single C!-10S LSI 
PIL inte.grated circuit in a 28 pin DIP package . The remaining 
parts of the interface functions are i~plemented in firmware 
using anyone of several standard microprocessors or one-chi~ 
microccmouters4 The micrcorocessor is used to central the device 
functions and the interaction between the device and the 
interface chio as well. Since most devices will reouire the 
micrep r ocesser- any~ay, the cost of this chip or c hips is r eally 
only partly attributable to the interface and partly to the 
dev ice itself. 

1.5 Mechanical Overview 

Since PIL utilizes a loo~ structure, each device only needs 
two connectors, an input and an output, regardless of how many 
devices are on the loop . In the interest of very shlall size , PIL 
uses a special connector. Both connectors panel iliounted together 
only require about 0 .4 in. by 1 . 5 in . of panel space. The unit 
is about 0 . 8 in. deep . If less space than this is available the 
lines themselves can go directly into the panel through strain 
reliefs with cable connectors at the loose ends . connectors are 
constructed so that the reference line cannot be reversed and 
also so that an out?ut cannot be plugged into another output. ~ 
Cable conr.ecto:rs plug together properly to form running cable ~..J 
·splices". See figure 1- 44 

For relati'.1'ely short distances up to a maximu:n of 10 meters 
from one device to the next, verT 10;.1 cost '" zi? cord'" can be used 
as shown in the illustration4 Note that the ·rib" on the ·zip 
cord" always co=responds to the reference line. For longer 
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2 . FUNCTI ONAL SPECIFICATIONS 

2 . 1 Functional Partition 

A PIL device may be partitioned conceptua lly into three 
fUncti onal areas each with unique capabilities: device 
functions , inte rface functions , and message coding logic . Refer 
to figure 2-L 
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FIGURE 2- 1: FUNCTI ONAL BLOCK DIAGaAM 

Device functions are those unique features and capabilities 
that each device possesses . These are entirely up to the device 
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designer. The device functions communicate with the interface 
functions via local messages. The interface functions are not ~ 
designer - s pecif ied, but are def ined in this chapter. The :I 
interface functi o ns within a ohvsical device must conform to the 
specifications exactly in orde~ for the device to properly 
communicate with other devices via the PIL system. The message 
decoding and encoding must also be the same as described here for 
the various devices to exchange data unambiguously. 

Through the interface functions the device may receive, 
process, and send messages. The interface function is the basic 
operational unit and each individual interface function may 
receive, process, and send only a limited set of messages.. Each 
of the interface func~icns is defined in terms of one or more 
groups of interconnected, mutually exclusive states, called a 
state diagram. Within a single groep of interconnected states 
one and only one state may be active at any given time. The 
logical variable associated with a state has a true value if and 
only if that state is active. Definitions are given for each 
state of each interface function describing the messages t hat 
must be sent while that state is active and t·he conditions under 
which a transition must occur from that state to another state 
within the group. The total capability of the devi c e depends on 
the collection of allowable subsets of the interface functions 
which the designer decides to implement . The state diagrams 
define the external behavior of the interface functions and a~e 
not intended to limi t t h e design . Inter face fl,;nctions and 
combinations of interface functions may be implemented with any ~ 
set of hard · .... are , firw.ware, and /o~ soft· .... are which the designer Jji 
c hooses , provided the exter nal behavior is as specified. Table 
2-1 lists the interface functicns and their mnemonics . 

TABLE 2-1: I~TERFACE FUNCTIONS 

~:t Interface FUnction 

receiver 
acceptor handshake 
listener or extended listener 
power do ..... n 
device clear 
dev ice tr i99 e r 
remote local 
automatic address 
automatic extended address 
automatic multiple address 
parallel poll 
service request 
device dependent commands 
c ontroller 
talker o r extended talker 
source handshake 
d r iver 

- 2 .2-

Mnemonic 

R 
AB 
Lor LE 
PO 
DC 
OT 
RL 
AA 
AE 
AM 
PP 
5R 
DO 
C 
T or TE 
58 
o 
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Each message re presents a quantity of information and the 
logical value of each message 1S received eithe~ true or false at 
any sPecif ic ti me. All interac tion be t·,.,een ar: interface function 
and its environment is via messages sent or received. ~"1essages 
sent between interface functions and device functions are called 
local messages . Local messages 5e:!!;. by device functions ~ust 
exist for enough time to cause the required state transitions. 
The set of local messages sent frOm t he device functions to the 
interface functio~s is oe~lned and may no t be changed by the 
designer. Local messages sent from interface functions to device 
functions, however, are comple tely designer specified. The 
logical value of any state or conbination of states may be used 
to derive a local :nessage sent to the device fur:ctions. Remote 
messages a re those sent via the interface system. Encoding and 
decodir.g is the process of translating remote messages to and 
from interface 5ig:1al line values. Interface functions must 
ignore any message coding not zpecifically ~efined. 
Pseudomessages (not sho ..... n in figure 2-1) are a small set of 
messages similar to local messages which are sent by the Qessage 
coding logic to the interface fU:1ctior.s. There is extensive 
interact ion among the various interface functions, and this is 
accomplished by means of state linkages fro.:! other interface 
functions. A state linkage is a logical interconnection of two 
interface functions where the tra.nsi tion to an acti',re state of 
one interface functio~ is depencent on the existence of a 
specified active state in another interface function. I>l 
summary, an interface function IS inputs are r emote messages, 
pseudo~essages, state linkag~s, and lccal ~essages froili device 
functi ons; its outputs a r e ren:o"C.e messages and local messages as 
defined by the designer. A good understanding of these concepts 
together with figure 2-1 is essential to understanding the state 
diagrams and th~ entire interface system. 

"AS discussed previously, r emote messages (prior to decoding) 
consist of message fr a~ne s of eleven bi ts; three control bi ts 
which place the messzge in o~e of several wajor categories , and 
eight data bits which specify ~he particular message within the 
category.... These bits are sent in the following order and 
designatep as shown: 

C3 C2 C1 oS 07 D6 D5 04 D3 D2 D1 

Note that C3 is also the sync bit indicati~g the start 
frame. There are four major categories of messages . 
remainir.g combinations of central bits are used for 
purposes. The ca tegor ies are: 

of a 
The 

other 

1. Data or end ~essages (DOE) . These are the device 
dependent m~ssages discussed earlier which a r e normally 
sourced by the active talker and received by the active 
listener(s). End ~essages use one of the control bits 
(C2) to indicate an end - of-cecord condition (not end of 
transmission) • End messages are otherwise the saQe as 
any other data message. 

2. Command messages (C~). These 
are always sourced by the 
Sub-classes of commands as defined 

- 2.3-

interface messages 
active controller. 

by the coding of the 

1980 DEC 1 

FONCTIO~~AL SPECIFICATIONS 

Each message re presents a quantity of information and the 
logical value of each message 1S received eithe~ true or false at 
any sPecif ic ti me. All interac tion be t·,.,een ar: interface function 
and its environment is via messages sent or received. ~"1essages 
sent between interface functions and device functions are called 
local messages . Local messages 5e:!!;. by device functions ~ust 
exist for enough time to cause the required state transitions. 
The set of local messages sent frOm t he device functions to the 
interface functio~s is oe~lned and may no t be changed by the 
designer. Local messages sent from interface functions to device 
functions, however, are comple tely designer specified. The 
logical value of any state or conbination of states may be used 
to derive a local :nessage sent to the device fur:ctions. Remote 
messages a re those sent via the interface system. Encoding and 
decodir.g is the process of translating remote messages to and 
from interface 5ig:1al line values. Interface functions must 
ignore any message coding not zpecifically ~efined. 
Pseudomessages (not sho ..... n in figure 2-1) are a small set of 
messages similar to local messages which are sent by the Qessage 
coding logic to the interface fU:1ctior.s. There is extensive 
interact ion among the various interface functions, and this is 
accomplished by means of state linkages fro.:! other interface 
functions. A state linkage is a logical interconnection of two 
interface functions where the tra.nsi tion to an acti',re state of 
one interface functio~ is depencent on the existence of a 
specified active state in another interface function. I>l 
summary, an interface function IS inputs are r emote messages, 
pseudo~essages, state linkag~s, and lccal ~essages froili device 
functi ons; its outputs a r e ren:o"C.e messages and local messages as 
defined by the designer. A good understanding of these concepts 
together with figure 2-1 is essential to understanding the state 
diagrams and th~ entire interface system. 

"AS discussed previously, r emote messages (prior to decoding) 
consist of message fr a~ne s of eleven bi ts; three control bi ts 
which place the messzge in o~e of several wajor categories , and 
eight data bits which specify ~he particular message within the 
category.... These bits are sent in the following order and 
designatep as shown: 

C3 C2 C1 oS 07 D6 D5 04 D3 D2 D1 

Note that C3 is also the sync bit indicati~g the start 
frame. There are four major categories of messages . 
remainir.g combinations of central bits are used for 
purposes. The ca tegor ies are: 

of a 
The 

other 

1. Data or end ~essages (DOE) . These are the device 
dependent m~ssages discussed earlier which a r e normally 
sourced by the active talker and received by the active 
listener(s). End ~essages use one of the control bits 
(C2) to indicate an end - of-cecord condition (not end of 
transmission) • End messages are otherwise the saQe as 
any other data message. 

2. Command messages (C~). These 
are always sourced by the 
Sub-classes of commands as defined 

- 2.3-

interface messages 
active controller. 

by the coding of the 

1980 DEC 1 



FUNCTIOtlAL SPECIFICATIONS 

data bits are: universal commands to wnlcn all devices 
respond, addressed commands to whic~ only devices 
addressed to talk or to listen respond, talk and listen 
addresses (all de';ices) , and secondary addresses 
(device s enabled by a primary address). 

3. Ready messages (ROY). These interface messages are 
sometimes sourced by the active controller and 
some times by the active talker. They are used for 
handshake purposes, for example, to ini tiate or 
terminate a data transmission. Sub- classes of ready 
messages are: the ready for command message, the 
addressed ready group which includes start and end of 
transmission messages , and the auto address group . 

4. Identify messages (IDY). 
normally sent by the cont::oller 
have · a need for serv ice . Note 
and IDY messages ma y :le used by 
need for service . 

These messages a r e 
to determine if devices 
that bit CI of both DOE 
dev ices to indica te a 

c omplete information regarding coding of remote messages is 
contained in the last section of this chapter as well as in the 
appendices. 

2.2 Notation 

Each state t hat an interface function can assume is 
represented graphically as a circle. A four - letter upper-case 
mnemonic always ending in S is used within the circle to identify 
the state. All permissible transitions between states of an 
interface function a r e represented graphically by arrows between 
them. Each transition is qualified by an expression whose value 
is either true or false . The interface f~nction shall re~ain in 
its current state if all expressions which qcalify transitions 
l e adi ng to other states are false . The interface function shall 
enter the state pointzd to if and only if o ne of these 
expressions becomes true . 

An expression consists of one or more local messages , 
pseudomes sages, remote messages , o r state linkages used in 
conjunction with the operators AND , OR, or NOT. A local message 
to an interface fup-ction is represented by a lower-case 
three- letter mnemonic, for exam;>le, r cy . A pseudomessage is 
r epresented by a lower - case feur-Ietter mnemonic, for example , 
sync. A remote message is r ep resented by a thr ee- letter mnemonic 
in upper-case, for exa:nple, IFC. A linkage from anothe r state 
diagram is r ep resented by the state mnemonic enclosed in braces, 
for example , {LACS} . A state linkage is true if the enclosed 
state is cur::ently active; otherwise, it is false. The AND 
operator is rep resented by a dot (.). The OR operator is 
r epr esented by a plus sign (+) . The NOT operator is represented 
by a horizontal bar placed over the portion of the expression to 
be negated . The resulting negated expression has a true value if 
and only if the value of the expression under the bar is false . 
The AND operator t~kes preceden ce over the OR operator in an 
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expression unless indicated otherwise by pa~entheses. 

If a portion of an expression is optional in that its true 
value is not recuired for the complete expression to be true (at 
the designer's- choice), then it is enclosed within square 
brackets ( .•. ]. If a specific expression causes a transition to 
a state from all other possible states of the diagram, a 
shorthand notation is used instead of all the individual 
transitions beine drawn. An arrow without a state at its origin 
is used to repres~nt this condition, and is assumed to originate 
in all states. Note also that the power-o.ff state is a valid 
state of most interface functions and should normally be sho· .... n 
with a transition leading to the state to be entered when power 
is first turned on. This state is omitted for clarity in the 
diagram and only the transition to the first state is shown . 

2 .. 3 R (Receiver) Interface Function 

General Description 

Th e R interface function provides the device with the 
capability to receive messages over - the interface . It 
categorizes the received message into majo r classifications which 
are used by the AH (Acceptor Handshake) and 0 (Driver) interface 
fUnctions to effect proper co~munication .. 

REIS (Receiver Idle State) 

In REIS the R interface function is not engaged in any 
message transfer process. The function powers on in this state .. 
Transition out of this state does not occur until a valid sync 
bit has been received from the loop. 

RSYS (Receiver Sync State) 

In t-this state the R interface 
a message: from the inte r face and is 
whether to immediately retransmit 
(hold) • 

function has begun to receive 
in t he process of determining 
the message (echo) or not 

RITS (Receiver Immediate Transfer State) 

DOE messages not sourced by or intended for this device , c·m 
or lOY messages not sourced by this device , and ARG messages nct 
for this device should be immediately retransmitted on the loop. 
In RITS the R function is signaling the ,0 (Driver) fUnction that 
retransmission of the incoming frame should commence. RITS is 
not entered until the 0 function is finished transmi tting any 
previous message and is not exi ted unt il the 0 function has 
accepted the current message and cOillmenced retransmission. Most 
messages which are echoed do not affect the device or interface 
functions (exce t Rand 0), howeve r c~U) messages are both echoed 
and held for dev ce and interface interpretation. This decoding 
is also done n RITS. If the message is not Cr-lO the function 
retur ns to REIS , otherwise the transition is to RCDS . 
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FIGURE 2-2: R STATE DIAGRM1 
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sync 

RSYS 

hold 

echo . (iSTRS) 

OlD. (DTRS) 

\ • 
echo = DOE. (TAcS). (SPAs) • (iiIAs) • (ITAS). (LACS) . lCACS) 

+(CMD+IDY) .(CACS) 

+A RG . {TAOS}. (TAcS ) . (S?AS) . (iiIAs) . {AIAs}. (LACS). ( CACs) . {csas } 

hold = DOE. ({TACS}+{SPAS)+{DIAS}+ {AIAS)+{LACS}+(CACS}) 

+(CHD+ID1) . (CACS) 

+ARG. ({ TADS)+{TACS)+(SPAS}+{DIAS)+{AIAS} + {LACS)+{CACS )+ {CSBS}) 

+RDy .ARG 
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TABLE 2-2: R MNEl-IONICS 

Messages 

sync - valid sync bi t 
received 

ARG 
CMD 
DOE 
IDY 
NRD 
ROY 

addressed ready group 
- command 
- data or end 

identify 
- not ready for data 
- ready 

Interface States 

RCDS - receiver data state (links to AH, C functions) 
REIS - receiver idle state 
RITS receiver i mmediate transfer state (links to 

D, C, PP functions) 
RSYS receiver sync state 

AlAS accessory identify active state (from T, TE function) 
ACDS - acceptor data state (from AH function) 
ACRS - acceptor ready state (from AH function) 
CACS - controller active state (from C function) 
CSBS - controller standby state (from C functicn) 
DIAS device identify active state (from T, TE function) 
DTRS driver transfer state (from D function) 
LACS listener active state (from L, LE funCtion) 
PONS - power on state (from PD function) 
SPAS - serial poll active state (from T, TE function) 
TACS talker active state (from T, TE function) 
TAOS talker addressed state (from T, TE function) 

( 
• 

RCDS (Receiver Data State) 

In this state the R function is signaling the &q (Acceptor 
Handshake) function that the message being rece ived is for this 
device. When the AH function signals in return that it has 
accepted the message, the R function returns to REIS. 

Remote Messages 

This interface function is not capable of originating remote 
messages. It only receives messages and transfers them to other 
interface functions for appropriate action. 

Additional Requirements and Guidelines 

While it is possible to simplify the implementation of ·the R 
function by h.:wir:g it receive all eleven bits of the message 
fraUie prior to any decoding (echo, hold expressions), the 
resulting device will in general cause unacceptable loop 
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throughput. It is there fore strongly reco:nmended that the R 
function do this decoding and execute the proper transitions as 
soon as enough bits hav e been received to permit t he correct 
decision to be made . This occurs on the f i rst bit for DOE 
messages, t he third bit for C:·1D and lOY messages , etc. 

For simplicity and clarity only three categories of messages 
which must be echoed are shown in the R function state diagram , 
although a few other cases could be included (for exar.lple, an 
auto address c onf igure ~essage in a device which is already 
configured ) . If desired t hese other cases :nay be included in the 
echo and hold expressions to increase loop throughput for these 
seauences. Great care should be taken if this is done to insure 
loop integrity. 

Please note that all devices must implement the full R 
interface fUnction capability. No subsets are permitted. 

2.4 AH (Acceptor Handshake) Interface -Function 

General Description 

The AH interface function receives messages from the R 
(Receiver ) function which are for this device and indicates t o 
the dev ice and other interface functions when the message is 
valid for interpretation. The AS function also determines 
whether the message needs to be retransmitted after 
interpretation (repeat) or not (noreoeat), an~ indicates to the D 
{Driver} interface function when - this retransmission should 
begin. 

AIDS (Acceptor Idre Sta te) 

In AIDS the AH function 
cycle and does not have a message 
on state for this function. 
indicates l that a message for this 
function enters ACDS . 

ACDS (Acceptor Data Sta te) 

is not engaged in the handshake 
available. This is the power 
When the R (Receiver) function 
device is available, the AH 

In this state the interface function is indicating to all 
other interface and device functions that a message for this 
device has been received and is now valid for interoretation. 
This state also decodes the message to determine whether it 
should be retransmitted or not. DOE messages sourced by this 
device, cr-.D messages, ROY or IDY messages sourced by this device, 
and SOT messages for this device are not retransmitted on the 
loop. After the device has indicated that it has accepted t he 
message for interpreta tion by sending the rdy local message 
false, the AH function r e turns to AIDS if retransmission is not 
neces sary, or tr ansi tions to ANRS if the messag e must be 
r etransmitted. 
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FIGURE 2- 3: AH STATE DIAGRAM 

{PONS} 

{DACS} {RCDS} .rdy 

rdy . (DACS) 
+NRD . (CACS} . (RCDS} 

nor epea t . roy 

IFC . {RCDS} 

repeat ~rdy 

norepeat DOE. ((TACS}+(SPAS}+(DIAS}+{AIAS}) 

+010 

+(RDY+IDY). ((CACS}+(CSBS» 

+SOT . ((TADS)+(TACS)+(SPAS}+{DIAS}+(AIAS}) 

r epeat ~ DOE. ((LACS)+(CACS» 

+RDY.5O'f.(CACS). (csas) 

+SOT. (TAOS) • (TACS) • (SPAS) . (iITAs) • CAIAS) 
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TABLE 2 - 3: AH .MNE:10NICS 

rdy - ready for next 
frame 

Messages 

OlD - c ommand 
DOE - data or end 
lOY - iden tify 
IFC - interface clear 
NID - not ready for data 
RDY - r eady 
SOT start of transmission 

Inter face States 

ACDS - acceptor data state (links to R, SR, L, LE , T , TE , 
e, DC, OT, PP , Art,. AE, AM, Rt, PO functicns) 

ACRS - acceptor ready sta te (links to D function) 
AIDS - acceptor idle state (links to PO function) 
ANRS acceptor not ready state 

AIAS - accessory identify active state (frOM T, TE function) 
CACS - controller active state (from C function ) 
CSBS - controller standby state (from C function) 
DACS - driver trans:ni t from acceptor state (f!:c::t D function) 
DIAS - device iden tify active state (f rom T, TS function) 
LACS listener active state (from L function) 
PONS po· .... er on state (from PO functi on) 
RCDS receiver data state (fro:::! R function ) 
spp...s - serial 0011 active state (from T, TE function) 
TACS - talker active state (from T , TE function) 
TAOS - talke~ addressed state (from T , TE function) 

• 
\ • 

ANRS (Acceptor Not Ready State) 

In k~RS the Ali function is waiting for the device to 
indicate (via rdy) t ha t it is ready for the next message frame. 
This typically occurs after the device has comple~ed any actions 
necessitated by the current message . When the device is ready 
t..'1e function transitions to ACRS . If the R func~ion indicates 
that th e IFC message has been received while the AH function is 
waiting in k~RS, the function transitions back to ACDS . 

ACRS (Acceptor Ready State) 

This state is indicating to the D (Driver) function t hat 
retransmission of the current message frame should begin . When 
the D function indic.:1tes in return that it has accepted the frame 
and has commenced transmission , the Ali function returns to AIDS. 
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FUNCTIONAL SPECIFICATIONS 

Remote Messages 

The AH interface function is not capable of originating 
remote messages. It only accepts rec!:!ived messages from the R 
(Receiver) int~!face functi on and transfers them to the device 
and other' interface functions for appropriate action. 

Additional Requirements and Guidelines 

The AH function may be implemented such that it receives a ll 
eleven bi ts of the message fr arne pr ior to any decoding (r epea t , 
nor epeat expressions) . It is perIUitted, ho ...... ever, to perform this 
decoding earlier in the frame so that loop throughput may be 
consider ably enhanced at the expense of greater complexity . 

Please note t hat all devices must implement the full AH 
capability. No subsets are perrnitted. 

2 . 5 SH (Source Handshake) Interface Function 

General Description 

The SH interface function gives the device the ability to 
properly control messages which originate within it p:-imarily 
while the device is a talker or controller •. It c oo rdinates t he 
message transfer from the device to the D (Driver) function. 

SInS (Source Idle State) 

The SH function powers on in SIDS and in this state no 
handshake is taking place. The device is not sourcing frames. 
When the appropriate interface functions indicate that the device 
should begin to source messages (source ) the function tr ansi t ions 
to SGNS. 

SGNS (Soprce Generate State) , . 
In SGNS the device is in the process of generating the next 

message frame to be sourced. When the device indicates that the 
new message is available (nba local message) and the D (Driver) 
function indicates that it is not still transmitting a previously 
sourced frame, the f~nction enters SDYS. If the sourcing device 
aborts the function will return to SIDS. 

SDYS (Source Delay State) 

In this state the SH function 
inter face function to ac knowl edge 
and begin transmission. When this 
STRS. 

STRS (Source Transfer State) 

is waiting for the D (Driver ) 
receipt of the sourced message 
occurs the function enters 

In STRS 
to go around 
expr ession) • 

the SH function is waiting for 
the loop and return {normal loop 
When this occurs and the device 

the sourced message 
handshake , frmrtn 

is generating a new 
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message frame (nba false) the function returns to SGNS. In 
addition, a controller may force the return to SGNS before the h 
handshake is complete with the lab local message so that it may , 
asynch:onously source a new j,lessage frame . ~-Jhen the sourcing 
device has trans~itted the last frame it will normally transition 
fr am STRS to SIDS since th is ft ame is usua lly a RO Y fr arne and 
does not use the same handshake cycle. 

FIGURE 2- 4 : sa STATE OIAGaAM 

{PONS} 

source source 

source 

nba . frlnr tn+ lab 

I. 
{OSCS} nha. {0sCs} 

source 

frmrth 

{TACS}+{SPAS}+{OIAS}+{AIAS}+{CACS}+{ARSS} 

(OOE.({TACS}+{SPAS}+{OIAS}+{AIAS}) 

+ (CMO+ROY+IDY) • {CACS}) • {ACDS) 
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lab 
nba 

SDYS 
SGNS 
SIDS -
STRS -

TABLE 2- 4: SH MN~~ONICS 

Messages 

local abort 
ne .... by te available 

CMD 
DOE 
l OY 
roy 

command 
data or end 
identify 

- ready 

Inter face States 

source delay .state (links to D function) 
source generate state 
source idle state 
source transfer state (links to T, TE , C, AA , AE, 
AM functions) 

AlAS 
ACDS 
ARSS 
CACS 
OIAS 
DSCS 
PONS -
SPAS 
TACS 

accessory identify active state (from T , TE function) 
acceptor data state (from AH f unction ) 
asynchronous request source state (from SR function) 

- controller active state (from C functi on) 
device identify active state (from T, TE function) 
driver transmit from source state (from D function) 
power on state (from PD function) 
serial poll active state (f~om T, TE function) 

- tal ke r active state (from T, TE functi on) 

Remote Hessages 

The SH function does not or iginate remote messages on 
loop but merely controls the orderly transfer of messages 
the device to the D (Driver) function for transmission. 
device may change the message frame while SIOS or SGNS 
active, but must hold the frame valid while in SDYS and STRS. 

Addi tional Requirements and Guidelines 

the 
from 
The 
are 

source messages; Devices may be implemented which do not 
they are neither talkers nor controllers. 
function is not present in these devices and this 
designated SHO. Devices which do source frames 
the full SH function as described; no subsets are 
capability is d esignated SHI. 

2.6 D (Driver) Interface Function 

General Description 

The SH interface 
capability is 
mus t im!?lement 
allo"wed . This 

The 0 interface function provides the device with the 
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abili ty to t ansmi t messages on the loop; These liIessages cc;ne 
from three dif erent sources: messages generated by this device, / 

. . d· 1 -messages rece ved on the leop WhICh must be Imme ~ate v ~ 
retr ansillitted , and messages received on the loop whic!1 must be 
retransmitted after acceptance by the device. 

FIGURE 2-3: 0 STATE DIAGRk~ 

(PONS} 

l 
(ACRS} (RITS) 

OACS }::===~====:::( D!DS ):;===:;::====::(DTP.5 
frte frtc 

frtc -

I'·· .. 

frtc (SDYS} 

DSCS 

TABLE 2-5: D:1N EHONICS 

Messages 

fr arne tr ansmission 
c omplete 

Interface States 

DACS - driver transmit fr om acceptor state (l inks to An 
f unction) 

OIOS - driver idle state (links to PO function) 
DSCS - d river transmit frem source sta~e (links to sa 

function) 
DTRS driver transfer state . (links to R, PP functions) 

ACRS - acceptor ready state (f rom AH function) 
PONS - power o n state (from PD functio n ) 
RITS - receiver immediate transfer state (from R function) 
SD':{S - source delay sta te (from SH function) 

- 2 . 14- 1980 DEC 1 

FUNCTIO~AL SPECIFICATIONS 

abili ty to t ansmi t messages on the loop; These liIessages cc;ne 
from three dif erent sources: messages generated by this device, / 

. . d· 1 -messages rece ved on the leop WhICh must be Imme ~ate v ~ 
retr ansillitted , and messages received on the loop whic!1 must be 
retransmitted after acceptance by the device. 

FIGURE 2-3: 0 STATE DIAGRk~ 

(PONS} 

l 
(ACRS} (RITS) 

OACS }::===~====:::( D!DS ):;===:;::====::(DTP.5 
frte frtc 

frtc -

I'·· .. 

frtc (SDYS} 

DSCS 

TABLE 2-5: D:1N EHONICS 

Messages 

fr arne tr ansmission 
c omplete 

Interface States 

DACS - driver transmit fr om acceptor state (l inks to An 
f unction) 

OIOS - driver idle state (links to PO function) 
DSCS - d river transmit frem source sta~e (links to sa 

function) 
DTRS driver transfer state . (links to R, PP functions) 

ACRS - acceptor ready state (f rom AH function) 
PONS - power o n state (from PD functio n ) 
RITS - receiver immediate transfer state (from R function) 
SD':{S - source delay sta te (from SH function) 

- 2 . 14- 1980 DEC 1 



FUNCTIONAL SPECIFICATlm.JS 

DIOS {Driver Idle State} 

In DIDS the 0 function is not transmitting any message. The 
function powers on in this state . 

DSCS {Driver Source State} 

In this state the function is transmitting a messaae frame 
o r iginated by this device . DSCS is entered when the SE (Source 
Handshake) fcnction indicates that the message is ready to be 
transmi tted . When transr:lission is c omplete the function retuFns 
to DIOS . 

DTRS (Driver Transfer Sta t e) 

In OTRS the 0 function has commenced retransmitting a 
message transferred fro~ t he R (Receiver) function which must not 
be held up by the device's ability to interpret it . when 
f i nished with the r etransmission the 0 function returns to DIOS. 

DACS (Driver Acceptor State) 

This state is entered when retr ansm i ssion of a message which 
has been received and interpreted by the device has begun . The 
message is t r ansferred from the AH (ACceptor Handshake) 
function . When transmission is complete t he function transitions 
to DIOS. 

Remote Messages 

The 0 function transmits all remote messages . These 
messages are transfe r red to it by the R (Receiver) , AH {Acceptor 
Handshake} , or Sn (SojJrce Handshake) function. In this transfer 
ce r tain modifications of the message may take place . This is due 
t o actions perfor~ed by t he parallel poll , service reques t, and 
the various automatic address interface functions. Refer to 
these functions fo r a ful l description of this modification 
process .. ' , 

Additional Requirements and Guidelines 

Al l devices must have the full D f unc tion implemented . No 
subsets a r e pe r missible . 

2 .7 L (Listene r ) , LE (Ext ended L) Inter f 'ace Functi ons 

Gene r al Description 

These altecnative i nte r face functions provide 
wi th the capability to receive device dependent data 
status, device ID, and accessory ID over the loop 
devices. This capability exists only when the device 
addressed to listen . 
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TABLE 2 - 6: L, LE MNE~!ONICS 

Ion 
ltn 
lun -

listen only 
local list.en 
local unlisten 

Messages 

CMO 
IFC 
MLA 
MSA 
MTA 
RFC 
SAD 
UNL 

command 
interf ace clear 
my listen address 
my secondary address 
my talk address 

- ready for ccmmand 
secondary address 
unlisten 

Interface States 

LACS - listener active state (links to R, Ali functions) 
LADS listener addressed state (links to DC, DT, PP, RL , DD 

functions) 
LIDS - listener idle state 
LPAS - listener primary addressed state (links to LE, TE 

functions) 
LPIS - listener primary idle state 

ACDS - acceptor data state (from AH function) 
CACS - controller active state (from C function) 
LPAS - listener primary addressed state (from . LE function) 
PONS - power on state (fro~ PO function) 
TPAS - talker primary addressed state (from TE function) 

There are two versions of this function . The L function 
uses a one fra~e address and the LE function uses a two frame 
address . \ " In all other respects these two alternatives provide 
the same capab ility . Due to the extensive similarity between 
these two variations both are described concurrently throughout 
this section . Only one of the two alternatives need be 
implemented in any specific device . 

LIDS (Listener Idle State) 

In this state the device is not able to receive device 
dependent messages. The function po· .... ers on in this ·state . A 
l isten- only device or a controller device may use the apprcpriate 
local message {lon, ltn respectively} to enter LACS dir ectly from 
LIDS without first being addressed. 

LADS (Listener Addressed State) 

In LAOS the 
the LE f unction has 
secondary address 
but not yet engaged 

L function has received its listen address or 
rece ived both its pri~ary listen address and 
over the loop. The function is prepared for, 
in the receipt of device dependent messages 
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over the 1009. On 
listen address command 

receipt of the RFC message following the 
the function enters LACS. 

LACS (Listener Active State) 

The device is enabled to receive device dependent messages 
over the loop · .... hile in LP.CS. This message transfer is controlled 
by the AH (Acceptor Handshake) interface function. If the 
function receives a CUD message · .. hile in this state it returns to 
LADS. When the ensuinq RFC is received it returns to LACS unless 
the CMD is one which causes the function to become unaddressed. 
In this case the transition continues back to LIDS. A controller 
device may use the lun local message to abort the function from 
LACS to LIDS directly. 

LPIS (Listener priillary Idle State) 

In LPI5 the device is able to recognize its primary listen 
address but is not able to respond to its secondary address. The 
LE function powers on in this state. 

LPAS (Listener Primary Active State) 

The function has received its primary listen address and is 
now able to respond to a nd recognize its secondary address in 
this state. The receipt of any comt:land other than MSA or !1LA 
(again) will cause return to LPIS. 

Remote Messages 

The L, LE functions do not have the caoabilitv to originate 
remote messages. While in LACS this function per;its the device 
to receive and interpret device dependent messages. (DOE) as 
controlled by the AH (Accep Handshake) interface function. While 
LACS is not active the device may not receive device dependent 
messages. 

Addition?l Requirements and Guidelines , . 
Since a fixed address may make it difficult or impossible to 

use a device in a particular loop configuration, it is strongly 
recommende d that a means be provided for the user to change the 
device's address (and secondary address, if applicable). This 
could take the form of address switches or the inclusion of one 
of the automatic address interface functions, for example. 

To enhance the compatibility between the various devices on 
the loop it is strongly recommended that wherever possible device 
dependent messages be sent using the ASCII code. 

The interruption of a device receiving data by transitions 
in and out of LACS should not adversely affect the future receipt 
of input data. It is recommended that upon return · to LACS the 
device should continue the input data string at the point of 
interruption. This is only true for a data string; device ID, 
accessory ID, and status strings must always restart at the 
beginning when interrupted. 
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FUNCTIONAL SPECIFICATIONS 

Please note that a device's listen address and talk address 
mayor !nay not be the same val ue . 

Devices which do not im~le~ent the L or LE function will be 
designated LO or LEO respectively. The basic L or LE capability 
~s designated LI or LEI respectively . If the L or LE function 
incl udes the abili ty to ope ra te in the lis ten - onl y mode , the 
number 2 is added to the designation. Oevices which have this 
capability must provide a Switch to generate the lon local 
message. Devices which do not have the listen-only mode must 
always send the Ion local message false. If the L or rz function 
has the abilitv to beccme unaddressed if the device's talk 
address is received, the nu;noer 3 is added to the deSignation . 
Devices with this capability must include the optional term 
({+HTAI for L, (+MSA.{TPAS}1 for LE) in the state diagram 
imple~entation; devices without this capability must not. Note 
that this capability requi res the presence of the T or TE 
function. For example, a basic listener with listen- only mode 
would be written Ll,2. An extended listener with unaddress 
capability would be LEI,3. A basic listener with full capability 
would be designated Ll , 2,3. 

2.8 T (Talker), TE (Extended T) Interface Functions 

Gener al Oeser ip tion 

,,~. These alternative in.te:rface funct.ions provl.ce the device 
\w. with the capability to send device dependent data including 

status, device !D, and accessory 10 over the loop to other 
devices. This capability exists only when the device has been 
addressed to talk. 

There are two versions of this function. The T function 
uses a one frame address and the TE function uses a · bm frame 
address. !n all other respects t~ese two alternatives prov~ce 
the same capability. Due to the extensive si~ilarity between 
these two variations both are described concurrently throughout 
this section. Only one of t..'e two alternatives need be 
implemented in any specific device. 

TIDS (Talker Idle State) 

In th is s tate the dev ice is not able to send dev ice 
dependent messages. The function powers on in this state . A 
talk-only device or a controller device may use the appro?riate 
local message (ton, tlk respectively) to enter TACS directly from 
TIOS without first being addressed. 

TAOS (Talker Addressed State) 

In TADS the T function has received its talk address or the 
TE function has received both its primar y talk add ress and 
secondary address ove r the loop . The function is prepared for, 
but not yet engaged in the sending of device dependent messages 
over the loop. Hhen the appro?ri3.te SOT (start of transmission) 
message is received the function enters one of the active states 
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TABLE 2-7: T, TE MNE~10NICS 

Messages 

tl k - local talk 
ton - talk only 

- command 
- end of transmission 

CMD 
EDT 
IFC 
MLA -
MSA 
MTA 
OSA 
DTA 
SAD 
SAl 

AlAS 

DIAS 

TACS 
TADS 

TICS 
TPAS -

TPIS 

ACDS 
CAC~ -
LPAS 
PONS 
STRS 
TPAS -

SDA -
SOl 
SST 
UNT 

Interface States 

interface clear 
my listen add ress 
my secondary address 
my talk address 
other secondary address 
other talk address 
secondary address 
send accessory ID 
send data 
send device ID 
send status 
untalk 

accessory identify active state (links to R, AR, SH 
functions) 
device identify active state (links to R , AH , SH 
functi ons) 
talker active state (links to R, AR , SH functions) 
talker addressed state (links to R, AH , C , DD 
functions) 
talker idle state 
talker pri:nary adores.sed state (links to LE, TE 
functions) 
t alker primary idle state 

acceptor data state (from AH function) 
controller active state (from C function) 
listener primary addressed state (from LE function) 
po .... er on state (froQ PO function) 
source transfer state (from SH function) 
talker primary addressed state (from TE function) 

to begin sending the device dependent messages. If a CMD which 
causes the function to become unaddressed is received while in 
TAOS the function returns to TIDS. 

TACS (Talker Active State) 

In this state the SDA message has been received and the 
device is enabled to replace this message with a string of data 
messages (DOE). These transmissions are cont r olled by the SH 
(Source Handshake) function. The last message of the str ing !Just 
be the appropriate EDT to indicate to the controller that this 
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device is finished with its transQission. When the 0 (Driver) 
funct ion ind ica t~s that it has begun trans:ni tting the EOT the ~. 
function returns to TriOS. If an async~ronous IFC is received t he ~ ~ 
function immediately aborts back to TIDS through TAOS. 

SPAS (Serial Poll Active State) 

In this state the SST message has been received and the 
device is enabled to renlace this message with one or more bytes 
of device status information followed by an EOT . 

DIAS (Device Identify Active State) 

In this state the function has received the SOl message and 
the device is enabled to replace this message with its device 10 
string followed by an EOT. 

AlAS (Accessory Identify Active State) 

In AlAS the SAl 
enabled to renlace 
informa tion fol icwed 

frame has been received and the device is 
it with one or more bytes of accessory ID 

by an EOT. 

TPIS (Talker Primary Idle State) 

The function is able to respond to its primar y talk 
in TPIS but r:lust not recognize its secondary address. 
the power on state. 

address 
This is 

TPAS (Tal ker primary Active State) 

In TPAS the function has received 
and is now able to recognize and 
address. ReceiPt of any co~mand other 
will cause return to TPIS . 

Remote M~ssages , 

its pr imary 
respond to 

than MSA or 

talk address 
its secondary 

MTA (again) 

This . function does not originate any remote messages . but 
merely enables the device to send device dependent messages under 
the control of the sa (Source Handshake) interface function to 
the D (Driver) function for transmission on the loop. If one of 
TACS, SPAS, DIAS, or AlAS is not active the device m~y not send 
device dependent messages . 

Additional Requirements and Guidelines 

The device · may use the END message within the transmitted 
data string to indicate the end-af-record condition to the 
listener(s} without te~minating the transmission. 

In a talk-only device some special protocol must be 
obse r ved . In a system with a talk-only device and one or more 
listen-only devic~s the~e is no controller. Therefore the talker ~~ 
must not send the EOT message (which would circulate endlessly) -
but should begin the next message string i~~ediately_ 

FUrther:r.are, after power on, if the talker has not received back 
its first message frame after a certain amount of time (say, one 
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its first message frame after a certain amount of time (say, one 
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second) it should continue to send this message at this slow, 
device d e pendent interval until the f r ame returns cOwpleting the 
loop handshake. Then the talker may commence normal 
transmission. Without this provision the first frame might "die" 
at an as yet unpowered listener and the talker would never send 
the next frame. This permits devices in this type of system to 
be powered on in any order. 

The loop controller may choose to interrupt the talker~s 
data transmission by holding the current DOE message and 
inserting the NRD (not ready for data) message in its place. The 
active talker should retransmit this frame and when the 
controller receives it the previously held data frame is 
retr ansmitted . ~'lhen the talker then r eceives this data frame it 
must then send the 29prO?riate EOT. When the device is enabled 
to resume transmission it will normally conti~ue the data string 
from the point of interruption. This is only true for data 
strings; device ID, accessory 10, and status strings must always 
restart at the beginning ·,.,hen interrupted. 

~ben a DOE returns to the talker the SRQ bit may be set. If 
the next frame to be sourced is another DOE the talker should see· 
that the SRQ bit in this frame is also set so that· the S~Q will 
reach a controller between the talker and the requesting device 
on the loop. 

To enhance compatibility between the various devices on the 
l oop it is strongly recommended that wherever possible device 
dependent messages be sent using the ASCII code. 

A device's status byte(s) usually consists of a number of 
bit flags indicating various device dependent conditions. One of 
~~e bits is reserved to indicate that this device did request 
service (1) or that it did not (0). Refer to the SR (Service 
Request) interface function and the section on remote message 
coding in this chapter. 

It is recommended that the device ID be a string of ASCII 
characte'r.s sent in the following order: t·,.,o alpha characters 
representing the company code, a one to five digit mocel number, 
a single alpha character model revision , and a carriage return, 
line feed sequence. Following this the device may send 
additional frames if desired to indicate such things as options 
installed in the device or other information to identify or 
classify the device capabilities. 

Certain loop controllers and certain devices have been 
specially designed to work together such that the loop protocol 
is entirely transparent to the user . The accessory ID is used as 
a fast and efficient means for the controller to locate these 
devices on the loop. The accessory · 10 consists of ·a byte (s) 
assigned to each device with the appropriate accessory 
c apabilities . Refer to the section on remote message coding in 
this chapter for a complete description of the accessory ID 
byte (s) . 

Since a fixed address may make it difficult o r impossible to 
use a device in a particular loop configuration, it is strongly 
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a means be provided for the user to change the 
(and secondary address, if applicable) . This 
form of address swi tches or the inclusion of one 
address interface functions , fo r example . 

Please note that a device's listen address and talk address 
mayor may not be the same value . 

The loop structure and 1000 handshake are ideal for error 
checking purposes si~ce t he originator of a message can compare 
the r ece i ved fr arne wi th the or i9 i oal tr ans;ni tted ir ame . Wh ile 
not specifically required i t is strongly recommended that devices 
perform this error checking function to enhance l ac? 
reliability . After a correct transmission the device sources ETO 
(end of tr ansmission , OK) . If an error is detected , the device 
would source ETE (end cf transwission with error) to signal the 
controller that a transmission error has occured . These are the 
t wo possible EDT messages. If a device does not perform error 
checking it must only source ETO after the transmission is 
cornple teo 

If no part ·of the T or TE function " is implemented this 
capability is designated TO or TEO respectively . The designer 
may choose among several possible subsets in imple~enting the T 
or TE function. All subsets (except TO , TEO) ffiUSt include TIDS 
and TADS (TE subsets must also include TPlS and TPAS) and one or 
more of TACS, SPAS, DrAS , a nd AlAS . These capabilities are 
designated by the nu~bers 1 , 2, 3, and 4 respec tivel y . If TACS 
is present the device may operate in the talk~nly mode. If this 
capability is present a switch must be provided to generate the 
ton local message . If the talk - only mode is not i~?lemented toa 
must always be sent false. The talk- only capability is 
designated with the number S . If the device has the ability to 
unaddress if its listen addre"ss is received the octional te!"!i1 
must be implemented in the state diagram. Othe~wise· this te!"~ 
must be omitted. The presence of this capability is designated 
by the number 6. Note that this option requires the presence of 
the L or LE function. TO illustrate the use of the capability 
subset designations, a few examples are in order. A device which 
can send data and status only would be given Tl,2 or TE1,2 
designation. The same device with the inclusion of talk- only 
mode would be listed as Tl,2,S or TEl,2 , S . A device that can 
send only status and its accessory 10 and which has unaddress 
capability would be T2,4 , 6 or TE2,4,6 . 

2.9 C (Controller) Interface Function 

General Description 

The C fUnction provides a device with the ability to send 
interface messages (including c:m, ROY, and lOY messages) to 
devices on t he loop. It also provides the capability to conduct c:l 
pa r allel polls, to detect the SRQ message to determine which .. 
devices require se r vice , and to detect transmission errors in 
device dependent messa·ge transiTlissions . These c.J.pab iIi ties ex ist 
only wh ile the controller function is in its active state. 
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FIGURE 2- 10: C STATE OIAGRk~ 
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TABLE 2 - 8 , C aNEMONICS 

Messages 

command gta 
gts 
scl -

- go to active 
go to 5 ta ndby 
syster.l. control 
se nd in te r face sic clear 

CMD 
EOT 
ETE 

end of tra~s~ission 
end of transmission 
with error 

rFC -
SOT 
SaQ 
TCT 

interface clear 
start of transmission 
service req~est 
ta ke con t:r 01 

Inter face States 

CACS controller active state (links to R, AS , sa, L, LZ, 
T, TE, C, PD functions) 

CEIS 
CE:1S 
cros 
csas 

CSNS 
CSRS -
erRS 

controller error idle state 
controller e rr o r mode state 
controller idle state 
contr oller standby state (links to R, A::i, C 
functions ) 
controller service not requested state 
controller service requested state 
c ontroller transfer state 

ACDS - acceptor data state (from AH function) 
CACS - controller active state (from C function) 
CSBS - controller standby state (from C function) 
PONS co~er on state (frow PO function) 
ReDS receiver data state (from R funct.ion) 
RITS - receiver irn~ediate transfer state (from R function) 
STRS source transfer state (froiJ Sri funccion) 
TAD~ ' talker addressed state (from T r TE function) , . 
If more than one device which possesses the C function is on 

the looPr then all but one must be in the idle state at any given 
tirile. The device with the active e function is called the 
c ontroller - in-charge or currently active controller. Protocol is 
provided to allow cant-rollers to take turns as currently active 
controller of the loop. 

One and only one controller device . may send the local 
message scl true indicating that it is the syste:n controller. 
This condition should remain true throughout the operation of the 
interface. The syste~ controller takes charge at power on and is 
the only device which can source the IFC message at any time . . -, 
r egardless whether it:. is the currently active controller. J 
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ClDS (Co ntroller Idle State) 

In CIDS the device relinquishes all leop control 
capabi l ity . The function !?o· .... ers on in this state. When t he 
function receives t he TeT mess age it transitions to CACS, 
becoming the currently active controller. With the proper local 
rness~g~s, the system controller may take this transition without 
recelvlng t he Tct. The system controller takes charge of the 
loop by sending IFe asynchronously. 

CACS (Controller Active State) 

In this state the device is enabled to send interface 
messages through the SH (Source Handshake) function to the D 
(Dri ver) function for transmission on the loop . If the function 
enables a device depencent ~es5age transfer between a talker and 
listener(s) on the loop it will transition to csas. The 
controller may also forCe this transition with the gts local 
message. If the device is in the process of passing control to 
another device it will enter eTRS. 

CSBS (Controller Standby State) 

In CSBS the function has enabled a device dependent message 
transfer between a talker and listener (5) on the loop by 
tr ansmi t ti ng an SOT message. If the SOT returns or when the 
funct ion receives the EaT at the end of the device dependent 
message transfer it r eSU:7:es active control of the lao? The 
function may also return active with the gta local message . 

CTRS (Controller Transfer State) 

In this state the device has sent the TO " message in an 
attecpt to pass control of the loop to another device. If the 
attempt is unsuccessful the TCT returns and the device must 
resume control of the loop. If any other frame returns the other 
device has assul'ned control and this device should enter CIDS. , 
CSNS (Controller Service Not Requested State) 

In CSNS t he function is Signaling the device that no device 
on the loop has requested service. This is the power on state. 

CSRS (Controller Service Request State) 

In CSRS the function is indicating to the device that at 
least one device on the loop has r eques ted service. The return 
to CSNS will only occur when a message is received which c ould 
contain an saQ and the SRQ was false. c:·m and ROY messages do 
not contain SRQ and hence do not cause SRQ to be either true or 
false. 

CElS (Controller Error Idle State) 

In 
no error 
transfer. 
COtS. 

this state the function is 
has been detected in 
If t he ETE message is 
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indicating to the device that 
a device dependent message 

received the function moves to 
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CE;·lS (Controller Error Mode State) 

h: In CE:1S the function is indicating to the device that an - .:J 
error has occured in a c.evice dependent wess ag e transfer. lihen 
the controller sends its next command the function resets to 
eEIS. 

Remote Mes sag es 

This function does not originate any remote messages but 
enables the device function to originate in terface messages und.er 
control of the SH (Source Ha ndshake) function for transwission by 
the D (Driver) function . These are inte !."face control messages as 
opposed to device dependent messages , and include C:·tD, RDY , and 
IDY message frames. The device may only send these messages 
while CACS is active . 

Additional Requirements and Guidelines 

The device which sources a device dependent message may not 
30urce the next frame until the present f!."a rne r eturns. Likewise, 
a device which receives a device dependent ~essage illay not 
retrans;nit it until it is ready to receive the next message . 
This constitutes the nor~al loa? handshake . Since it is often 
the case that only one device at a time is to receive these 
messages anyway , this type of handshake does not represent a 
speed penalty. In the case of C:·!I) messages which are sourced by 
the controller device the situation is very different . These 
messages are quite often intended for all devices on the locp and 
if each one waited until it was rea dy for the next message before 
transmi tting the C:-ID to t he next dev ice , loop throughput would 
suffer greatly. For this reason all devices immediately 
retransirti t CiI.D tlessages so they can all interpret the message at 
almost the same time. When the message r eturns to the 
controller, it must source the RFC frame. Each device 
retransmits the RFC only when it is ready to receive the next 
CMD. When the RFC returns to the controller, it knows that all 
devices on the loop are ready to proceed. This CaO-RFC handshake 
has a Significant effect on t he loop speed when the controller is 
sourcing interface messages . 

The currently active controller may only source the lDY 
message asynchronously to t he loop handshake.. The active 
controller mav send the lDY at any time but will normally use 
this message after a long delay in loop transmission has acurred 
to determine a need for service or to verify loop continuity. 
The IDY may be sent during a device dependent transmission or 
after a 6:'lD-RFC seauence the controller has itself sourced. All 
devices should be implemented so that in either case they will 
respond prcperly to the lDY and yet still continue corr ect 
response to the previous message. The asynchronou s lDY must not 
disturb normal loo? operation. The controller device uses the 
l ocal messages gta and gts to i nitiate the asynchronous lOY (as 
.... ell as the NRD sequence described belC'w') . 

Devices on the loop indicate a need for service from the 
controller by setting the SRQ bit in DOE frames. when rapid 
response is ~ore i~port3nt the controller may execute a parallel 
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Devices on the loop indicate a need for service from the 
controller by setting the SRQ bit in DOE frames. when rapid 
response is ~ore i~port3nt the controller may execute a parallel 
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poll by sending the lOY message. Whe!1. configured to do so 
devices respond by modifyin g one of the assigned eight data bits 
in the lOY frame . The SRQ bit is also available in the IDY 
message. Other dev ices may also have the capabili ty of 
asynchronously sourcing their own lOY with the SRQ bit set. This 
mode would be enabled when the controller does not wish to 
periodically poll the loop for service requests . 

For various reasons the controller may choose to interrupt a 
device deoen~ent messaqe transwission between a talker and 
listener(s) . When the c~n troller does this it holds t he next DOE 
frame , ... hich it receives and tranSmits instead the NRD (not ready 
for data) frame. When the NRO returns the controller then 
retransmits the DO E: which .... as held UO. The talker will r u'Oon 
receivir~ the DOE message r i~~ediatei y terminate the transmission 
by sourcing the proper EaT message . When t h e c ontr ol l er receives 
the EaT it performs whatever actions are necessary and mayor may 
not choose to continue the device dependent tranmission by again 
addressing the proper devices and sending the sO'r message. 

The system controller is the only device on the loop which 
is per"mi tted to source the IFe message at any time (whether it is 
the curr e ntly active controller or not) and take control of the 
loop ,asynchronously . Under this circ u.."1ls tance it is possible to 
have an extraneous frame on the 1000 since t he source of t he 
frame may be cleared before the frame ret.urns. To prevent this 
frame from recirc ula ting the system controller r after sourcing 
the IFC, must destroy any frames which it receives until the IFC 
returns. Further , no device may source any frame after 
retrans~i tting the IFC (and RFC) until specific31ly co~manded to 
do so by succeeding interface Ulessages . The sic' or gta l ocal 
messages may initiate t h is seque nce depending on the state of the 
system controller. 

When power is first applied the system controlle r should 
observe special protocol to insure that all devices on t he 1000 
are present and properly connected . Typically the IFC message is 
sent at reqular slew intervals until it returns to the controller 
indicating loop continui ty. The controller may then source the 
RFC to complete the handshake and commence normal operation. 

It is strongly recomUlended tha t the controller error check 
its messag es by comparing the recei ved frame with the previously 
transmitted frame to guarantee proper reception of messages and 
to enhance reliability. 

If a device has no controller capab ility it is designated 
CO. Ba si c controller capability is designated Cl and includes 
the ability to send interface messages · and detect transmission 
errors by inter?reting the ETa or ETE which the talker sources a t 
the end of its transmission. The states CIOS, CACS, csas, CEIS, 
and CE('-lS are necess a ry for Cl . Sever al add i tional capab il ities 
can also be implemented. If the device can be the system 
controller and send the Ife message at any time the numb e r 2 
should be added to the des i gna tion. If th is ca pab ili ty is not 
present the sic and scl messages mus t be always false . It is 
strongly r ecommended that system controllers be providec with 
some manual means of disabling the scl message so that the y may 
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be used in a loop with multiple controllers. The number 3 should 
be added if the device is capable of responding to the SRQ 
message. The states CSNS and CSRS are necessary here but must be 
omitted other· ... ise. Note that this capability is very rudimentary 
since the L or LE function is also necessary to allow the device 
to receive and interpret status bytes. The n~ber 4 repre~ents 
the ability to pass and receive centrol of the loop_ This 
requires t!1e state CTRS and the optional term in the eros to CACS 
transi ticn. If this capa~ility is absent CTRS and the optional 
term must be o~itted. The T or TE function must also be present 
to receive control. If the controller has the ability to 
configure devices for and execute the parallel poll operation the 
nUJ1lber 5 shall be added. If the controller can inter::lret, 
source, a~d enable other devices to source asynchronous lOY 
messages a 6 should be included. Ability to assign automatic 
addresses is given the number 7. All controllers will, therfore, 
include CI with, optionally, some combination of the other 
capabilities . A simple system co:-:.troller 'H'ith only SRQ and auto 
address capability wculd be CI,2,3,7. A satellite controller 
with SRO and control passing would be Cl,3,4. 

2 . 10 DC (Device Clear) Interface Function 

General Description 

The DC interface function provides the device with 
ability to be cleared or initialized . All devices on the 
which i~plement t he capability may be cleared togecher or 
the addressed device(s) may be cleared. 

nelS (Device Clear Idle State) 

the 
1000 
only 

In this state the nc function is not actively clearing the 
device function. 

DCAS (De~ice Clear Active State) 
; . 

In DCAS the the function is Signaling the dey ice to clear o.r 
initialize its internal function. 

Remote Messages 

This 
function 
device to 

function does not originate or enable any other 
to originate any re~ote message . It only enables the 
receive and respond to the DeL and SOC messages. 

Additional Requirements and Guidelines 

Note that this . function affects only the device function and 
has no effect on the other interface functions (which are 
initialized by the IFC message, if at all). The device ~ay use 
the DC function for any purpose consistent with its operation. 
This would typically include placing the device (not the 
interfacej in its power on st3te, but may be used to place the 
device function in any predefined state as specified by the 
designer. 
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FIGURE 2-11: DC STATE DlAGRMI 

(DCL [+SDC. (LADS] I). (ACDS] 

t=======~~~======~ DaS 
(ACuS] 

TABLE 2- 9: DC 11NEZ10NICS 

Hessages 

DCL - device clear 
SDC selected device clear 

DCAS 
DClS 

Inter face States 

device clear active state 
device clear idle state 

ACDS - acceptor data state (from AH function) 
LADS listener addressed state (from L, LE function) 

If the DC function is not implemented the designation is 
DCO . DCl designates the ability to respond to the DCL message. 
All devices with DCl are cleared together by the DCL message . If 
the device also includes the ability to res90nd to the SDC 
message ,- -De2 is the designation . This message clears onlv 
addressed. devices. This capability requires the Lor LE function 
and the optional terms in the DC state diagram . If this 
capability is not irnple@ented t he optional terms must be 
auitted. Repeating, a device which can only respond . to DCL is 
designated DCl while a device that can respond to both DCL and 
SOC i s designated De2 . 

2.11 DT (Device Trigger) Interface Function 

General Description 

The DT function gives the device the ability to have i ts 
basic operation started on command . Since the device must be 
addressed in order t o respond to the trigger c ommand , either a 
Single device or a group of devices m3Y be triggered at the same 
time. The command does not affect other interface functions. 
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FI~JRE 2- 12: DT STATE DIAGRAM 

Q GET.{LADS) . {~.CDS) a 
vf:;:::====={A~C;D;S~)====::::O 

TABLE 2-10: DT MNEMONICS 

Messages 

GET - group execute trigger 

Interface States 

DTAS device trigger active state 
OTIS - device trigger idle state 

ACDS - acceptor data stab:! (from AH function) 
LADS - listener addressed state (from L, LE function) 

OTIS (Device Trigger I dle State) 

In this state the DT function is not active . 

DTAS (Device Trigger Active State) 

" In DTAS the DT function is signaling the device function to 
start performing its basic operation. 

Remote Hessages 

This function does not originate 
function to originate any remote message . 
device function to receive and respond to 

Additional Requirements and Guidelines 

or 
It 

the 

enable any other 
only enables the 

GET messag e . 

It is recorL1mended that the dev ice commence its bas ic 
operation as soon as DTAS becomes active. Once the device 
operation is star ted the dev ice should not respond to fur ther 
transitions of the DT interface function until t~e operation is 
complete. No capability is designated DTO; complete capability 
is designated DTl and requires the Lor LE function . No subsets 
are permi tted . 
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FIGURE 2 - 13: pp STATE DIAGRA!1 

PPE. {LADS} 

{PONS} t;;=.;.~{:.A~C~D~S~}~;;~ \:::!~D~V~.:.{~P~cr~T~S~}~::( r ??SS f PPAS (PPU+?PD.{LADS) IDY. {DTRS) 
.(ACDS) 

TABLE 2-11 : PP MN£!.lONICS 

Messages 

lOY - identify 
PFD - parallel pol l disable 
PPE - parallel poll enable 
PPU - parallel poll 

Interface States 

PPAS - parallel poll active state 
PPIS - parallel pol l idle state 
PPSS - parallel pol l standby state 

unconfigure 

ACDS - acceptor data state (f rom AH function) DTRS - driver transfer state (from 0 function) -LADS - listener addressed state (from t, LE function) PONS - power on state (from PO function) 
RI~~ - receiver i~uediate transfer state (from R function) .. 

2.12 PP {Parallel poll} Interface Function 

General Description 

Parallel poll is conducted via the lDY message sour ced by the active contr oller . The PP interface function gives a device the abili ty to present to the controller one bit of status information without having been addressed to tal k . The ·eight data bits in the lOY message carry this status infor~ation from the devices to the controller. This allows up to eight devices to use the parallel poll facility at the same time with a one bi t r'\ per dev.ice assignment. Any number of devices C.:ln be accomodated ~ by sharing the available bits. Devices can be configured t o present the logical OR of t heir status or the logical AND of the status on a particular bit. The use of the parallel poll facility requires the commit;nent of the controller to 
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per iodically conduct the poll by sending t he IDY message. 

The parallel poll may be used by devices to indicate a need t') 
for service. Parallel poll differs from the SRQ message in that 
all devices use the same bit in SRQ but may use different bits in 
the lOY. For this reason the serial poll to deter~ine whic h 
device requested service may not be necessary with parallel 
poll. Oevices iilay respond ' .... ith saQ anytime a message is present 
which can acceot the SRQ bit , but dev ices may only respond to 
parallel poll when solicited by the controller (via the lOY 
message) . 

PPIS (Parallel poll Idle State) 

The PP interface function powers 
in PPIS may not respond to parallel 
contr o ller. IuY messages must be 
received. When the device receives 
conf igured to respond to parallel poll 

ppss (parallel Poll Standby State) 

on in this state and while 
polls conducted by the 

retransmitted exactly as 
the PPE command it is 

and enters PPSS .. 

In PPSS the device is configured to respond to parallel 
polls conducted by the active controller but is not presently 
doing 50 because the lOY message is not present. Hhen the lOY is 
received the function enters PPAS. 

PPAS (Paral l el poll Active State) 

The function is actively - -responding to a parallel poll 
issued by the controller. ~epending on the configuratio:l 
received via the PP£ commana and the state of the device's 
indi vidua 1 status bi t the r ece i ved roy messag e may be modif ied 
before it is r etransm itted by the 0 (Driver) function. 

Remote Messages 

The> PP interface function originates a parallel poll 
response ' message while in PPAS only. This is a single bit 
message which Qay result in modification of one bit of an IDY 
frame as it flows through this device. The parallel poll 
response is dete r mined by configuration inforillation received via 
the PPE ccmmand and by the state of the individual status bit in 
the device I as well as by the value of the incoming lOY bi ts. 

Additional Requirements and Guidelines 

Three bits in the PPE command are reserved to assign the 
device a bit numbe r on which to respond to parallel polls. If 
the bits are 000, the device should respond on the least 
significant bit (01), and so on in binary sequence 001, 010 , all, 
etc. to 111, which indicates t he most significant bit (08) as 
the response bi t. 

Another bit in 
the device the logical 
response to parallel 
positive responsa is 

the PPE command is reserved to indicate to 
value it must use to sha~ a pos~t~ve 
pol L I f the bit is a 0, the dev ice i s 

to not modify the incoming bit ; the 
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negati ve r esponse would be to OR in a 1 in ·the assigned bit. If 
the PPE bit is a 1, the positive response is to OR in a 1, the 
negative response is no modif ication. This per~its the 
controller to configure devices on a single bit such that the 
result is the logical OR or the logical AND of the various 
devices' responses. 

If this function is not i molemented the designation is PPO ; 
if it is im olemen t ed the designation is PP1, which requires the L 
or LE function . No subsets are perroi tted . 

2.13 SR (Service Request) Interface Function 

General Description 

The SR function provides the device the ability to request 
service from the controller. Devices request service by setting 
the saQ {ell bi t in DOE and lDY messages. The set SRQ bi t 
notifies the controller that one or more dev~ces on the 1000 has 
requested service . c~m and RDY fram~s do not have an SRQ bit and 
may not trans~it the service reques t. 

SRIS (Service Request Idle State) 

In SRIS the SR function is_not requesting service . The 
function powers on in this state. Nhen the rsv local message 
goes true the function enters SRSS provided the controller is not 
currently requesting the device's status byte(s) via a serial 
polL 

SRSS (Service Request Standby State) 

In this state the device i s r eady to request service but is 
not actively engaged in doing so. ",hen a DOE or lDY frame 
arrives the function transitions to SRAS. If the device has been 
enabled \to respond asynchronously and the arq local message is 
true the' ~ransition is to ARSS . If the device no longer requ i res 
service (even t hough the controller has not responded) the 
functi on returns to SRlS . If the controller conducts a serial 
poll to retrieve status o r determine which device requested 
service the function will enter SRHS . 

SRAS (Service Reques t Active State) 

In SRAS a DOE or lDY message has been received and the 
device is setting the SRQ bi t in this r.lessage pr ior to its 
transmission by the D (Drive r ) interface function. ~hen the 
transmission begins, the function returns to SRSS . 

ARSS (Asynchronous Request Source State) 

the 
has 

In this state the device sources its own IDY message with 
SRQ bit set. When the D function indicates that transmission 
begun the function returns to SRSS . 
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devices' responses. 

If this function is not i molemented the designation is PPO ; 
if it is im olemen t ed the designation is PP1, which requires the L 
or LE function . No subsets are perroi tted . 

2.13 SR (Service Request) Interface Function 

General Description 

The SR function provides the device the ability to request 
service from the controller. Devices request service by setting 
the saQ {ell bi t in DOE and lDY messages. The set SRQ bi t 
notifies the controller that one or more dev~ces on the 1000 has 
requested service . c~m and RDY fram~s do not have an SRQ bit and 
may not trans~it the service reques t. 

SRIS (Service Request Idle State) 

In SRIS the SR function is_not requesting service . The 
function powers on in this state. Nhen the rsv local message 
goes true the function enters SRSS provided the controller is not 
currently requesting the device's status byte(s) via a serial 
polL 

SRSS (Service Request Standby State) 

In this state the device i s r eady to request service but is 
not actively engaged in doing so. ",hen a DOE or lDY frame 
arrives the function transitions to SRAS. If the device has been 
enabled \to respond asynchronously and the arq local message is 
true the' ~ransition is to ARSS . If the device no longer requ i res 
service (even t hough the controller has not responded) the 
functi on returns to SRlS . If the controller conducts a serial 
poll to retrieve status o r determine which device requested 
service the function will enter SRHS . 

SRAS (Service Reques t Active State) 

In SRAS a DOE or lDY message has been received and the 
device is setting the SRQ bi t in this r.lessage pr ior to its 
transmission by the D (Drive r ) interface function. ~hen the 
transmission begins, the function returns to SRSS . 

ARSS (Asynchronous Request Source State) 

the 
has 

In this state the device sources its own IDY message with 
SRQ bit set. When the D function indicates that transmission 
begun the function returns to SRSS . 
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TABLE 2-1 2 : sa MNu·10NICS 

Messages 

rsv - request service DOE - data or end 
CMD - comma nd arq - asynchronous request 

SRAS 

EAR - enable asynchronous 

\' .. 

request 
ICY - identi:y 
LPC - loop po· ... e r down 
SRQ - service request 

Inter face States 

ARAS - asynchronous request active state (links to SR 
function) 

ARIS 
ARSS 

- asynchronous request idle state 
- asynchronous request source state (links to sa 

SRIS -
SRSS -
SRAS -
SRHS -

fUnction) 
serv ice reque st 
service request 
serv ice request 
serv ice request 

idle state 
standby state 
active state 
hold state 

ACCS - acceptor data state (from AH function) 

o 

ARAS - asynchronous request active state (fro~ SR function) 
DIOS - driver idle state (from 0 function) ~ 
PONS - power on state (from PC function) ~ 
RITS - receiver immediate transfer state (from R function) 
SPAS - serial pol"l active state (from T, ~E function) 
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SRHS (Service Request Hold State) 

In this state the device requires service but may not 
request it over the loop. A serial poll has been conducted so 
that the controller is aware of the device#s need for service. 
When the controller has Serviced the device or the need for 
service no longer exists fa! Sallie other reason, the device sends 
the local message !sv false and the function returns to SRIS . 

ARIS (Asynchronous Request Idle state) 

In ARtS the device ~~y not generate asynchronous service 
requests. This is the ?o~er on state. When the EAa message is 
received the function moves to ARAS. 

ARAS (Asynchronous Request Active State) 

In this state the device is enabled to generate asynchronous 
service requests. The transitio~ from SRSS to ARS3 is enabled by 
this state . If any command other t han EAR or LPD is received the 
fUnction returns to ARIS . 

Remote Messages 

The SR function originates the SRQ message while in SRAS. 
This will result in the setting of the SRQ bit in DOE and IDY 
frames rece ived over the loop and retransmitted by the D (D river) 
interface function. The ARSS state enables t~e SH (Source 
Handshake) function which in turn enables the device to generate 
its own lOY ·w ith the SRQ bit set. 

Additional Requirements and Guide lines 

The SR function is intended to be used for a single reason 
for requesting service within the device . If more than one 
reason for requesting service exists within a device, a separate 
SR function and corresponding rsv message should be implemented 
for each; of the reasons. 

~ . 
The state of the rsv message is directly reflected by the 

bit in the device~s status byte which is r eserved to indicate to 
the controller during serial poll that this device did request 
service. After the serial poll the device may no longer actively 
request service by setting the S~Q bit but the bit in the status 
byte will remain set {as will rsv} until the reason for 
requesting service is no longer present. If more than one reason 
for service exis ts, this status ~it should be the logical OR of 
the service requests within that device . 

There are three ways in which devices may request service 
from the active contr oller. The use of the parallel poll bits 
and the use of the SRQ bit in DOE and lOY frames requir es a 
commi~~ent on the pa rt of the active c ontroller to periodically 
poll the loop for service by se nding lOY messages . If this is 
not desireable for one reason or another, the third method of 
requesting service, asynchronous r equests, may be used. When the 
contro ller finishes its activities , it sends the EArt command (and 
RFC, of course) and then a llo .... s the l oop to go idle . When the 
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controller receives an asynchronous lOY or decides on its own 
that it needs to perform further operations~ it will ~ourC2 its h 
next command which will disable further asynchronous requests and Y 
cause the loop to -operate in nor~al synchronous manner once 
again . jofhile AR.~S is active , the controller may only source ICY 
and C':·!.i}-RFC messages. Since the asynchronous IiJY ;nay not have 
travelled all t~e way around the loop in this mode, the parallel 
poll bits will not necessarily be correct; 

SRO indicates no service reauest ca'Oabilitv. Sasic service 
request capability is indicated by SRI: The states ARS5, ARIS , 
and ARAS are emitted. SRl also reauires T2 or TE2 in order to 
send the status byte(s). SR2 ir.dicates full sa capability; no 
states are omi tted; T2 or TE2 is required. SR2 provides both 
basic and asynchrono us service requests. Note that the arq 
message may be sent true only in SRSS; It must be sent false 
irnmmediately on entry to AaSS. 

2.14 AA (Automatic Address) Interface Function 

General Description 

The AA function gives the device the ability to have its 
address assianed bv a ccmmand on the 1000. If all devices on the 
loop have this capability, the use~ is relieved of the necessity 
of manual address configuration. The AA fUnction permits a ~ 
device to accept a one frame adcress assignment . . This pennits a ~ 
maximum of 31 devices on the 1009 . There are two other 
variations of automa tic addressing described in this document. 
Only one of the three need be implemented in any given device. 

AAUS (Auto Address Unconfigured State) 

In this state the function has not yet been configu~ed and 
may only respond to a preset address or to address switcnes if 
the designer has provided one of these other methods of 
addressing . The AA function powers on in AAUS. 

AAlS (Auto Address Increment State) 

In AAIS 
address has 
incrementing 
transmission 

the AAO command 
been received 

this address by 
of NAA COiIlInences 

containing this device's assigned 
and the device is in th~ process of 
one for the next dev ice. When 
the function enters AACS. 

AACS (Auto Address Configured State) 

The device is now configured and must only respond to the 
address aSSigned in the AAO message. If the AAU command is 
received the function returns to AAUS. 

Remote Messages 

This function 
AAO message as it 
(Driver) function. 

originates the NAA message by incrementing the 
passes from the R (Receiver) function to the 0 
This takes place only in AAIS . 
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FIGuaE 2 - 15: AA STATE OIAGRAH 

AAU. (ACOS) 

AAO . (ACOS) NM. (OACS) 
(PONS) AAIS j-------i 

TABLE 2-13: AA HNEHONICS 

Messages 

AAU auto address unconfigure 
AAD auto address 

MCS 
MIS 
MUS -

ACOS 
PONS 
STRS 

auto address 
auto add ress 
a uto address 

NAA next auto a dd ress 

Interface States 

configured state 
incremen t state 
unconfigured state 

acce ptor data state (from AH function) 
powe r on state (from PD function) 
source transfer state (from SH function) 

Addition~ l - ~quiremen ts and Guidelines 
, . 

The least significant five bits of the AAD message contain 
the bina ry address assign~ent, addresses 0 through 30 ~ Add r ess 
31 is not a legal address (11111) ~ This me ssage is called IAA 
(illegal auto address) and the AA function doeS not respond in 
any way to this messag e t hough it may gene r ate this message if 
the incoming AAD contained address 30~ 

Typically the controller will configure the loop by sending 
AAD with add ress 0 oc l~ Devices will each in turn accept th e 
address and incr emen t it for the next device. Th e value whic~ 
returns to the contr ol ler indicates the n~~ber of devices on t he 
loop~ The c on trolle r may choose to accept the address which 
returns as its own address also . It is strongly recommended that 
the controller have its own address and this is necessary if 
multiple controllers are used on the loop. 

If the message that returns to the controller 
(illega l auto add r ess)- the loop may contain exactly the 
number of devices or it may contain t oo many devices . 

is · IAA 
maximum 
At this 
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point the c ontrol l er could send AAO with address )0 and if it 
ret.urned unmodified the controller would proce ed kno .... ii1g the loop 
contained exact.ly the maximum nUilloer of devices. If IAA returned i~ 
again the controller " .. ould know there were too many devices and 
should signal an error to the user. The loop will not function 
properly with mo r e than one device responding to the same 
address. 

No AA function capability is designated 
capabili ty is AAl. No subsets are permi tted. 

AAO, full 

2.15 AE (Auto Extended Address) Interface Function 

General Description 

The AE function provides capability 
AA (Automatic Address) function but 
r eceive a two fra~e acdress assignment. 
of 961 devices on the loop. 

AEUS (Auto Extended Unconfigured State) 

similar in nature to the 
it pe r;'iii ts a dev ice to 
This per;nits a maximum 

In this state the function has not been configured and may 
only respond to a preset address or to address switches if the 
designer has provided one of " these other methods of addressing. 
The fUnction powers on in AEUS. 

ASIS (Auto Secondary Increment State) 

In this state the device has received its assigned secondary 
address (AES) and is in the process of incrementing this address 
by one for the next device . When transmission of NES begins the 
fUnction enters Ah?S . 

AWPS (Auto Wait for Primary State) 
;" 

In AWPS the device is waiting 
assignment via the AEP command. 
function enters AECS. 

to receive its primary address 
When AEP is received the 

AECS (Auto Extended Configured State) 

In this state the device has received both its assigned 
secondary and " pri1.lary addresses and must only res,;!ond to these 
addresses. If the AAU message is received the function returns 
to AEUS. " 

Remote Hessages 

This function originates the NES message by incrementing the 
AES message as it passes from the R (Receiver) function to the 0 

o 

(Driver) functi on. This only occurs in ASIS. 0 
Additional Requirements and Guidelines 

As with one frame auto addressing, the least significant 
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five bits of the AES and AE? contain the address assign~ent for 
the secondary and primary extended address. Address 31 is 
illegal for both the secondary and primary address and is 
represented by the I25 (illegal extended seconda r y) and IEP 
( i llegal extended primary) messages , r espectively. 

FI GURE 2- 16: AE STATE DIAGRAM 

AAU . {ACDS] 

lIES . {ACDS] 
{PONS] 

AECS 1-------1 
lIEP. {A CDS ] 

TABLE 2- 14 : AE J:1NEHONICS 

Messages 

AAU auto address unCOnt1gure 
AEP auto extended pri~ary 
AES auto extended secondary 
NES - nex t ex tended secondary 

~ . 
. . 

I nterface States 

AECS - auto extended configured state 
AEUS - auto extended unconfigured state 
APAS auto primary addressed state 
ASIS auto secondary incre!ilent state 
Aw~S - auto wait for prima r y state 

~CS acceptor data state (from AH function) 
PONS - power on state (from PC function) 
STRS - source transfer state (from SH function) 

I n a typical sequence the controlle r would first send the 
AES message . The first group of devices would receive their 
secondary addresses and increment the AES until IES is 
gene r ated. No other devices will r espond to IES and it will 
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return to the controller. The controller will then send the 
first extended primary address. Only those devices which ~ 
received legal secondary addresses will res';)ond to and accept ... . J 
this primary address. Note that the p~i~ary address is not 
incremented . Tr.is group of devices is now configured and ' .... ill no 
longer respond to AES or .I;EP co:;;:n.ands (AAU ' .... ould unconfigure al.l 
devices). The controller now sends ou~ another AES com~and to 
configure the secor.d group of devices in the sa~e manner. This 
should continue until the AE5 returns to the controller with a 
legal address. The controller then knows how many devices are on 
the loop. 

No AE capability is designated AEO; 
AEI. NO subsets are permitted . 

full capability is 

2.16 AM (Auto l1u ltiple Address) Interface Function 

General Description 

The k~ function provides much the same capability as the AE 
(Auto Extended Address) function in that a two fraffie address is 
assigned by commands , however the AH function is intended for use 
in devices which have multiple functions such that the device is 
assigned the primary address and each function withi n that device 
is assigned a different secondary address. This allows for a 
maximum of 31 devices each containing a maxiQum of 31 functions. r~ 

y 
AMUS (Auto £-iultiple Unconfigured State) 

In this state the function has not yet been configured and 
may only respond to preset addresses or to address switches if 
the designer has provided one of these other means of 
addressing . The AH function powers on in A..'1US. 

APIS (Auto Primary Increment State) 
i ' 

In this state the function has been assigned its primary 
address via the N1P command and is in the process of incrementing 
this address by one for the next multiple funct10n device. All 
functions within this device respond to· this primary address. 
When tr ansmission of NHP begins the f unction enters Ari"SS . 

AW5S (Auto wait for Secondary State) 

The function has transmitted the NMP message and is waiting 
to receive the ZES message . 

A1·HS (Auto Multiple I ncrement State) 

In this state the device has received the ZES message (auto 
extended secondary address 0) and is assigning each function of 
the device a secondarv address beginning with zero. The ZES 0 
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y 
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AHCS (Au to Hul tiple Coni igur eo State) 

In fu~CS each function of the device has been assigneci the 
device's primary address and an individual secondary address and 
must only respond to these addresses. If the 11.11.0 message is 
received the Ar1 function returns to Ar·1US. 

rIGURE 2-17 : A,·! STATE DIAGaA1·! 

AAU. {ACDS) 

Al-~. {ACDS} 
{ PONS) 

N ES. {DACS) 

TABLB 2- 15: AM !1NEt'10NICS 

Messages 

( .. 
AAU - auto address unconfigure 
AMP - auto ~ultiple primary 
NES - next extended secondary 
NMP - next multiple primary 
ZES - zero extended secondary 

Interface States 

h~CS - .auto multiple configured state 
A~IS - auto multiple increment state 
AMUS - auto multiple unconfigured state 
APIS - auto primary inc:re~ent state 
AWSS - auto wait for secondary state 

ACDS - acceptor data state (from AH function) 
PONS - power on state (from PO function) 
STRS - source transfer state (from SH function) 
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Remote Messages 

The At1 function originates the N;:·IP message by incrementing 
the A:-tP message by one as it passes from the R (Receiver) 
function to the D (Driver) function . This only occurs in APIS. 
This function also originates the NES ;nessage by incrementing the 
ZES message as it passes from the R (Receiver) function to the D 
(Driver) function. This occurs only in AMIS and the increment 
value depends on the nuw~er of functions in the device . 

Mdi tional Requir ernen ts and Guidel ines 

In the typical sequence here, the controller issues fir·st 
the N ·t? illessage. ·rhe return aC:dress in the message indicates the 
number of devices on the loop (I:·IP, illegal multiple primary, 
would indicate either the ,naximuiII numoer or teo many delJices on 
the loop, as in sir.lple auto addressing). Then the controller 
would send ZES once for each device. The return values indicate 
the number of separate functions in each device . 

AMO indicates no A."1 capability; 
capability. No subsets are permitted . 

2.17 RL (Remote Loc a l) Interface Function 

General Oeser ip tion 

1>.'11 indicates full 

The RL interface function provides a device with the 
capability to select bet-Neen two sources of inout information. 
The function indicates to the device that either input from the 
front panel controls (local) or· corresponding input from the 
interface (remote) is to be used. . 

RIDS (Remote Idle State) 

In ,~ RIDS the function is indicating to the device that t he 
active controller has not placed the interface in r emote mode. 
The function powers on in this state. If the REN message is 
r eceived the function enters RACS. 

RACS (Remote Active State) 

In this state t he function is indicating · that the active 
contr olle r has placed the interface in remote mode , however, 
device functions remain under local control . If the NRE message 
is received the function returns to RIDS . 

LCCS (Local State) 

In LOCS all l ocal controls of the associated device 

o 

functions (both front and r ea r panel) are operative . The device 
may store but not respond to corresponding device dependent r~ 
messages from the inte'f~ce. The RL function powers on in this ~ 
state. If HLA is r eceived the function will e~ter REHS, pt"olJided 
the rtl lOc.J.l message is not true. If LLO is received the 
function enters L~~S . 
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F IGURE 2 - 18 : RL S TATE DIAGRAM 

{RIDS) 

{ PONS) ,::r:t~1:.:M~L:A=.={~R~A:C~3=)~.={~A:C:D:S~)==~ LOCS r RE!·lS 
GTL. {LADS). {ACDS ) +r tl 

LLO. {RACS) . {ACDS) LLO. {ACDS) 

I'.LA. {ACDS) 

LWLS 'J:==;:::=~~~~:;::;:;=~~ R m.s 
GTL. {;'ADS) . {ACDS ) 

-8~===RE::N=.~{=A:C=D~S~)===~8 {PONS) RIDS i- i RACS 
NRE . {ACDS ) 

TABLE 2- 16: RL HNEHONICS 

r tl - return to local 

Messages 

GTL - go to local 
LLO - loca I lac kou t 
MLA - my . listen address 
NRE - not reQote enable 
REN - remote enable 

I n t erface States 

LoeS - local state 
LWLS - loc31 with lockout state 

. MCS - remote active state (links to RL function) 
REHS - remote sta te 
RIDS - remote idle state (links to RL function) 
aWLS - remote with lockout state 

ACDS - acceptor data state (from AH function) 
LADS - ·listener addressed state (from L, LE function) 
PONS - power on state (from PD function) 
RACS - remote active state (from RL function) 
RIDS - remote idle state (from RL function) 
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FUNCTIONA L SPECIFICATIONS 

LWLS {Local ~ith Lockout State} 

In this state local controls are operative. T~e device may fa.) 
store but not respond to corr:espondir.g device de?endent ~essages 
from the loop . If MLA is rece ived the function enters RNLS. 

R~~S {Remote State} 

In REHS the loca l controls .... hich have corresponding remote 
controls are inopera tive and thos e device functions are und e r 
control of me ssages r ece ived over the inter face . Th is does not 
incl ude those controls which generate local messages for th e 
interface functions of this device. If t:he GTL message is 
r eceived or if the lccal message rtl goes true t he function 
returns to LOCS ; if the LLO message is received the function 
enters R'iiLS . 

RWLS (Remote ~i th Lockout Sta te) 

In this state, as in REHS, the local controls are 
inoperative, however t~e function wi ll not now r es~ond to the rtl 
local message . If t he GTL messag e is received the- function goes 
to Lw"LS. 

Remote Nessages 

Th i s interface function does not originate or enable any 
other function to originate remote messages . 

Additional Requirements and Guidelines 

Note that this function does not affect a device~s ability 
to send or receive messages on the loop , though in LOCS and Lw"LS 
the dev ice functions may not respond . Selected c e'/ices aay be 
placed in remote control while others are left under local 
control by sending the device's listen address. 

Whe~· the function transitions from one of the local state s 
to one of : the remo te states the device functions ~ay retain their 
local settings until receiving specific ~e~ote settings, or they 
may immmediately revert to the remote settings previously 
rece ived . Conve rsely, · .... hen the function makes the tr ans ition 
from remote to local, the device functions mc:v retain their 
remote settings until l0C31 controls override them , or they may 
immediately revert to the present settings of the local 
controls . 

A means of controlling the rtl message must be provided , for 
exam?le , a push~utton. The rtl message must no t always be true . 

If a device has no RL capability it is designated RLO. 
Basic RL cagability is designated RLl and requires L or LE 
capability . L~-iLS and R','il.S a re omitted in RLl since it does not 
include local lockout c a;:>ability . RL2 indic.:ltas full RL 
c apabi lity including l ocal loc kou t. All states must be 
implemented ; th e Lor LE: function is required . 
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pof 

FIGURE 2-19, PO STATE OIAGRAH 

pon+edge 

{AIDS} 
.{DIDS} 

LPn . {CACS} 
• {ACDS} 

~-------------" PDAS 
RFC. {ACDS} 

TABLE 2 - 17: PO NNEz.tONICS 

messages 

f on - force on 
pof - power off 
pon - power on 

LPD - loop power down 
RFC ready for command 

edge - wake- up pulse 
on loop 

Interface States 

PDAS power down active state 
-PDHS - power down hold state 
PONS 
POF,S 

, . power on state (links to most interface functions) 
power off state (ifuplicitly links to most 
interface functions) 

POPS - power up state 

ACDS 
AIDS 
CACS 
DIDS 

acceptor data state (from AH function) 
- acceptor idle state (from "AH function) 

controlle r active state (from C function) 
driver idle state (frow. D function) 

2 .. 18 PO (Power !bwn) Interface Function 

General Description 

This function gives a device the c apabi lity to be placed in 
a power dmm or low power ~ode by com:aand received over the loop 
and likewise to be reactivated for no~:nal operation . Hhen in the 
power down mode the device only n~eds to monitor the loop for any 
pulse. ~hen any frame arrives the pseudomes sage edge is 
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generated which reactivates the device and places the interface 
functions in the power on state. 

POFS (Power Off State) 

This state is entered anytime the local message pof is 
true. This message is norwally gener-ated from the off position 
of the device power switch. Host other interface functions also 
have the equivalent of this state though it is not shown for 
elar i ty. !dhen POFS becoZ7les acti ve in the PD function, it causes 
an immediate transition to this equivalent state in all other 
interface functions. ~'ihen the device power switch generates the 
pon local message or a frame arrives generating the edge message, 
the function enters PONS. 

PONS (Power On State) 

PONS causes the entry to the first (power on) state in most 
interface functions. The pan or edge message must remain true 
for sufficient time to allow interface and device functions to 
properly respond. when these messages both are false again, the 
function enters PUPS, the normal o~erating state. 

PUPS (Power Up State) 

PUPS is the normal operating state for the device. If the 
LPD command is received and the device is not the active 
controller, the function enters PDAS. The active controller must ,...... , 
remain on in order to receive asynchronous requests from devices "- J 
which nay wake up the loop, or to be able to wake up the loop 
itself. 

PDAS (Power Down Active State) 

In PDAS the de'lice is waiting for the we following the LPD 
command. When the RFC is received. the function enters PDHS. If 
any other cemote message is received the function aborts and 
returns to PUPS. 

PDHS (Power Down Hold State) 

In this state the function is waiting for the completion of" 
the retransmission of the RFC message before actually going to 
the power do· .... n mode, POFS. If the fan local message is true, the 
function will return to PUPS. 

Remote Hessages 

This function does not originate or enable any other 
function to or ig ina te any remote messag e. 

Additional Requirements and Guidelines 

The active controller should wake up a powered down loo:? by ( '"\ 
repeatedly sending a command (NUL is recommended) until it J 
returns and then sending the RFC to complete the handshake. This 
will per~it devices whatever time is necessary to complete their 
individu3.1 po;..:er on sequences and begin to recognize and 
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ret~ansmi t frailles . The controller would · do this either on its 
own initiative o r in resp onse to an asynchronous rDY if this mode 
was enabled prior to power down. 

Devices may use a three position power switch to enable or 
disable the power down function. The three positions would be: 
"off", "standby " (fan false) , and "on" (fon t r ue). The fon 
message should also be used by devices· needing to rema in on to 
wake up the l oop later . 

All devices must i mp lement at least POFS , PONS, and PUPS . 
This capability is designated PDD . The edge message mus t ah/ays 
be sent false. ?DD devices si:;;ply igno re t..'e LPO cOiJmand. POl 
indicates full c3?abili ty. All states must be implemen ted as 
shown . No other subsets are permitted. 

2.19 DO (Device Dependent Command) Interface Function 

General Description 

A number of comma nd codes a re specifically reserved for the 
device designer to use as he sees fit. There a re 32 DDL 
commands ; t he device must be listener addressed in o rder to 
respond. There are also 32 DDT command s; t he devi ce must be 
talker addressed to respond . 

~ DOIS (Device Dependent I d le State) 

In this st3te the device is not perfor~ing the operation the 
designer has specified for the command re presented by this 
interface function. ~ihen the c ommand is received and the device 
is appropriately addressed, t he f ·unction transition s to DOAS . 

DDAS (Device Dependent Active State) 

In PDAS the functi on is indicating t o the device that it 
should b.egin performing the operation specified for the command 
represented by this interface function . 

Remote Hessages 

This function does not originate or enable any other 
function to originate any remot e message. It only e nables t he 
device function to r espond t o the particular device dependent 
command represented by this interface function . 

Additional Requ ir emen ts and Guidelines 

It is r e commend ed that the device COiJmence its r esponse as 
Soon as ODAS becomes active . Once this response is begun the 
device should not respond to further tr ans i tions of the DO 
i nterface function until t he operation is comple te . 

A separate DO interface function should be implemented for 
each device dependent command to which the device responds. Only 
the appropriate one of the t .... o opt.ional terms in the transition 
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In this st3te the device is not perfor~ing the operation the 
designer has specified for the command re presented by this 
interface function. ~ihen the c ommand is received and the device 
is appropriately addressed, t he f ·unction transition s to DOAS . 

DDAS (Device Dependent Active State) 

In PDAS the functi on is indicating t o the device that it 
should b.egin performing the operation specified for the command 
represented by this interface function . 

Remote Hessages 

This function does not originate or enable any other 
function to originate any remot e message. It only e nables t he 
device function to r espond t o the particular device dependent 
command represented by this interface function . 

Additional Requ ir emen ts and Guidelines 

It is r e commend ed that the device COiJmence its r esponse as 
Soon as ODAS becomes active . Once this response is begun the 
device should not respond to further tr ans i tions of the DO 
i nterface function until t he operation is comple te . 

A separate DO interface function should be implemented for 
each device dependent command to which the device responds. Only 
the appropriate one of the t .... o opt.ional terms in the transition 
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will be implemented in any particular DO function. 

No capability is designated 000. If the device responds to one 0 
or more DDL or DO!' commands , it should be designated DDL Dol 
devices must include apprc?riate documentation on each device 
dependent c ommand response . 

FIGURE 2 - 20: DO STATE DIAGRAM 

([DDLn . [LAOS)) +[DDTn. (TADS)) ) 8 
8~=========·{~A~C~D~S~)==========~. DDIS j . , C~AS 

(ACDS) 

TABLE 2- 18: DD M.'1E'·10NICS 

He ssages 

DOLn device dependent 
listener co~mand n 

DOTn - device d e pendent­
talker cOwmand n 

I nterface States 

DDAS device dependent active state 
DD I S - device dependent idle state 

ACDS' 
LADS'­
TAOS -

acceptor data state (from AH function) 
listener addressed state (frolli L, LE fu nc tion) 
talker addressed state (from T, TE function) 

2 . 20 Remote Nessage Coding 

This section gives definitions and codes for all remote 
messages. Remote messages on the signal lines are sensed by the 
decode r, are decoded, and are passed on to the inte r face 
functions for appropriate action. I nterrace functions originate 
and control t he transmission of remo te messages to the encoder , 
which encodes and transmits them over t he signal lines. 

Throughout this section , a rep;-esents a logical ze ro signal , 
1 represents a logic3l one signal , and X rep resen ts a r eceiver 
"don't care n or a tr an~mitter "no change" for r etransmission. 
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FUNCTIONAL SPECIFICATI ON S 

The first three bits of each frame (C3, C2, Cl in that order) are called control bits and se~ve to classify frames into major categories for retransmission and response. The following table gives the cod es for these bits of the frame and their meanings. please note that the interface system responds in precisely the same way to both data and end messages . The end bit is provided solely as a mechanism for devices t .o use to indicate an end-of-,ecord condition within device dependent message transmissions without necessarily terminating the transmission. The end bi t is C2 and the service request bit is Cl in those frames which have provision for these bits. 

TABLE 2-19: CONTROL BIT CODES 

C C C 
3 2 1 Classification Mnemonic 

0 0 0 data byte DAB 0 0 1 data byte with service request DAB (SRQ) 0 1 0 end byte END 0 1 1 end byte with ser vice request END (SRQ) 1 0 0 command CMD 1 0 1 ready ROY 1 1 0 identify IDY 1 1 1 identify with service req uest IOY (SRQ) 

The remaining eight bits (DB" through Dl in order) are called data bits (not to be confused with a data message) and indicate the specific frame within the general classifications described above. The specific codes for command, ready, and identify messages: are given within this section. The codes for data or end messages may be anythir.g which the involved devices are all able to interpret . It is recor.lmendea for maximum compatibility, however, t hat the ASCII code be used whenever possible. Bit lof the ASCII code r e presentation corresponds to PIL bit Dl and bit 8 corresponds to 08. If the ASCII code is not used it is recommended that the most significant bi t of the data correspond to DB and the least significant bi t correspond to 01. 

Messages may be defined as the logical combination (AND, OR , or NOT) of other messages. Messages are therefore divided into several classes and sUb-classes. To facili ta te the user ~ 5 understa nding of these message relationships a frame hierarchy table is included. This table graphically shows which messages are included within other messages . An alphabetic listing of all messages, their mnemonics , and their coding follows the frame hierarchy table. Fcr convenience, a table of messages by coding is also includ ed. 
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TABLE 2-20: FRfu~E HIERARCHY TABLE 

DOE DAB IDY IDY 
DAB (SRQ) IDY(SRQ) 
END 
END (SRQ) 

ROY RFC 

CMD ACG NUL ARG EOT ETO 
GTL ETE 
SDC 
PPD NRO 
GET 
PPE (0-15) SOT SDA 
DDL(0-31) SST 
DDT(0-31) SOl 

SAl 
UCG LLO TCT 0 DCL 

PPU AAG AAD (0-30) 
EAR NAA (1- 31) 
IFC lAA(31) 
REN 
NRE AEP(0-30) 
AAU IEP(31) 
LPD 

ZES(O) 

· fLAG LAD (0- 30) AES(0-30) 
MLA (0-30) NES (1-31) 
UNL (31) IES(31) 

TAG TAD (0 - 30) AMP (0-30) 
MTA (0 - 30) NMP (1 -31 ) 
OTA (0- 30) IMP(31) 
UNT(31) 

SAG SAD(0- 30) 
MSA (0-30) 
OSA (0-30) 

o 
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FUNCTIONAL SPECIFICATIONS 

() 
TABLE 2-21: MESSAGE TABLE 

CCC DODDDDDD 
MNEMONIC MESSAGE CLASS GROUP 321 &7654321 NOTES 
------- ------- ------------
AAD auto addr ess 0-30 ROY AAG 101 100AAAAA 1 

AAG auto address group RDY 101 100XXXXX 

AAU auto address unconfigure CMD UCG 100 10011010 

ACG addressed command group CMD 100 XOllOX){XX 
or 100 lOlxxxxx 
or 100 llU XXX.<\x 

AEP auto extended primary 0-30 RDY AAG 101 l0Y'AAAA 1 

AES auto extended ROY AAG 101 1l0AAAAA 1 
secondary 0 - 30 

RIP auto multiple primary 0-30 ROY AAG 101 111AAAAA 1 

ARG addressed ready group ROY 101 OlXXXxxx 

() 
CMD command 100 XXXXXXXX 

DAB data byte DOE OOX XXXXXXXX 

DCL device clear CMD UCG 100 00010100 

DDL device dependent listener CMD ACG 100 lOlxxxxx 
command 0-31 

DOT device dependent talker CI'.D ACG 100 110XXXXX 
command 0-31 

" DOE data or end OXX XXXXXXXX 

EAR enable asynchronous CMD UCG 100 00011000 
requests 

END end DOE 01X xxxxxxxx 

EOT end of transmission ROY ARG 101 0100000X 

ETE end of transmission. error ROY ARG 101 01000001 

ETC end of transmission, OK ROY ARG 101 01000 00 0 

GET group execute tr igger CMD ACG 100 00001000 

0 GTL go to local CI'lD ACG 100 00000001 

IAA illegal auto address ROY AAG 101 10011111 
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FUNCTIONAL SPECIFICATIONS 

() 
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CCC DODDDDDD 
MNEMONIC MESSAGE CLASS GROUP 321 &7654321 NOTES 
------- ------- ------------
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~.ESSAGE TABLE (continued) 0 
CCC DDDDODDD 

MNE.."'1.0NIC MESSAGE CLASS GROUP 321 ~7654321 NOTES 
-------- ------- ------------
ICY identify Ill{ xxxxxxxx 

IEP illegal extended primary RDY AAG 101 10111111 

IES illegal extended secondary ROY AAG 101 11011111 

IFC interface clear CMD UCG 100 10010000 

IMP illegal multiple primary ROY AAG 101 11111111 

LAD listen address 0 -30 CMO LAG 100 OOlAAAAi'> 1 

LAG listen address group CMD 100 QOl.xxxxx 

LLO local lockout CMD UCG 100 00UI0001 

LPD 1 cop powe r down CMD UCG 100 10011011 

MLA my listen a ddress 0 - 30 CMD LAG 100 a 0 L."i.~MtA..1'1 2 

MSA my secondary address 0-30 CMD SAG 100 a llHMMMM 2 .-":> 

106' 
'J 

MTA my talk address 0 - 30 CMO TAG 010M.'!MMM 2 

NAA next auto address 1-31 ROY AAG 101 lOONNNNN 3 

NES next ex tend ed ROY AAG 101 110NNNNN 3 
secondary 1-31 

NMP next mul tiple primary 1-31 ROY ~-AG 101 ll1NNNNN 3 

NRO 
i'. 

not ' I"eady for data ROY ARG 101 01000010 

NRE not remote enable c.'ID UCG 100 10010011 

NUL null command CMD ACG 100 00000000 

OSA ot"her secondary address CMD SAG 100 o llTTTTT 4 

OTA other talk address CMD TAG 100 UlOTTTTT 4 

PPO parallel poll disable CMD ACG 100 00000101 

PPE parallel poll enable 0-15 CMO ACG 100 10005BBB 5 

PPU parallel p oll unconf igure CMD UCG 100 00010101 

ROY ready 101 xxxxxxxx 

REN remote enable CHD UCG 100 10010UI0 
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CCC DDDDODDD 
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'J 
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MESSAGE TABLE (continued) 

MNEMONIC MESSAGE 

RFe ready for command 

SAD secondary address 0 - 30 

SAG secondary address group 

SAl send . accessory 1D 

SDA send data 

SOC selected device clear 

SOl send device 10 

SOT start of transmission 

SRQ service request 

SST send status 

TAD tal k address 0-30 

TAG talk address group 

TCT take control 

OCG universal command group 

UNL unl1sten 

UNT untalk 

ZES zero extended secondary 

CCC DDDDDDDD 
CLASS GaOU? 321 87654321 NOTES 

ROY 

CHD 

CHD 

RDY 

RDY 

CMD 

ROY 

ROY 

DOE 
or lOY 

RDY 

ROY 

CHD 

C>m 

CHD 

ROY 

NOTES 

SAG 

ARG 

ARG 

ACG 

ARG 

ARG 

101 00000000 

100 011AAAAA 

100 011xxxXX 

101 01100011 

101 01100000 

100 00000100 

101 01100010 

101 01100xxx 

OXl xxxxxxxx 
or 111 XXXXXXXX 

ARG 

TAG 

ARG 

LAG 

TAG 

AAG 

101 01100001 

100 010AAAM 

100 OlUxxXXX 

101 01100100 

100 XOOIXXXX 

100 00 111111 

100 01011111 

101 11000000 

1 

1 

1. AAAAA represents a five bit binary device address in the 
range 0 to 30. The address may be either a primary listen or 
talk address or a secondary address, depending on the particular 
message. The least significant bit corresponds to bit D1. 

2. ~~ represents the particular device address which matches 
:) the address assigned to this dey ice. 

3. NNNNN represents the incremented 
retransmi tted by a device during 
Normally the increment is One, except 

-2 . 55-

device address which is 
auto address configuration. 
in the case of NES for auto 
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multiple addressing 
secondary addresses 
incremented value is 
address. 

which is 
reserved 

1 to 31. 

FUNCTIONAL SPECIFICATIONS 

one more than the number of 
by the device . The range of this 
Note that 31 is not a valid 

4. TTTTT represe nts a device address ~hich does not match the address assigned to this device. The address may be either a primary ta lk address or a secondary address, depending on the particular message . 

5. S represents the sense of a positive response to a parallel poll (lOY). If 5 is 0 the device should do nothing if it requires service a nd should change its assigned bit to a 1 if it does not require service . If S is a 1 the device should change its assigned bit to a 1 if it requires service and should do nothing if it does not. "Do nothing" means retransmit th e frame as received . BBB indicates which bit the device should respond on. 000 means bit 01, 001 means bit 02, and so on to 111, which means respond on bit DB . 

6. Coding of the data bits in device dependent messages (DOE) is discussed in the text with two exceptions , status bytes and accessory ID bytes . 
A device ' s status usually consists of a single byte but additional bytes may be sent as necessary. Bit D7 of the first byte is always reserved to indicate tha t this device is requesting service (1) or is not (0) . Bits DH and 06 to Olaf the first byte and all bits of any additional bytes may be used ~ as desired by the device designer. Devices which have an jf accessory 10 are required to adhere to the follc-.dng convention and it is recommended t ha t other devices do the same though they need not if circumsta nces dictate othe rwise . If bit OH is 0, the status byte(s} are as d~scribed above. If ' bit DB is a 1 , bit's 06 to Dl represent a binary coded status message nu~ber in the first byte. Other bytes are designer specified. The status message in the low order six bits is intended to be a system defined condition of general significance. A table of presently defined system status messages is found in one of the appendices . Accessory 10 is also generally only one byte. The high order four bits {OS to D5) contain a binary COded device class number indicating the general category of t h e device r for example, printer , mass storage, etc. The low order four bits (04 to 01) contain a binary coced number representing the specific device withi n the general catego r y . Hence , each device which responds with an accessory ID is assigned a unique byte. Accessory 10 gives the c ontroller the ability to locate a capability on the loop without caring about a particular device model numbe r. It also provides very simple controllers with limited memor y a rapid, efficient way of identifying a particular device when necessary. A table of presently defined accessory 10 class numbers and specific devices is found in one of the appendices . 
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FUNCTIONAL SPECIFICATIONS 

,- TABLE: 2- 22: CODING CHART 
~ . 

" DDD COMMAN 0 CLA 55 (100) 
321 

DDODD 000 001 010 011 100 101 110 111 GROUP 
87654 

00000 NUL GTL SDC PPD ACG 
00001 GET ACG 

00010 LLO DCL PPU UCG 
00011 EAR UCG 

00100 LADO LADl LAD2 LAD3 LAD4 LADS LAD6 LAD7 LAG 
00101 LAD8 LA09 LADI0 LADll LAD12 LAnl3 LAD 14 LAD1S LAG 

00110 LA016 LAD17 LA018 LAD19 LAD20 LAD21 LA022 LAD23 LAG 
00111 LAD 24 LAD25 LA026 LAD27 LAD2 8 LAD2 9 LA030 UNL LAG 

01000 TADO TADl TAD2 TAD3 TAD4 T~.DS TAD6 TAD7 TAG 
01001 TAD8 TAn 9 TAnl0 TADll TAD12 TAD13 TAD 14 TAD1S TAG 

01010 TAOl6 TADl7 TAOIS TAD19 TAD20 TAD2l TA022 TAD 23 TAG 
01011 TAD24 TAD2S TAD26 TAD27 TAD28 TAD29 TAD30 UNT TAG 

~. 01100 SADO SADl SAOl SAD3 SAD4 S.'DS SAD6 SAD7 SAG 
01101 SAD8 SAD9 SADIO SADll SAD 12 SADl3 SAD14 SAD1S SAG 

01110 SA016 SAD17 SAD18 SAD19 SAD20 5A02l SAD22 51'.023 SAG 
01111 5AD24 SAD25 SAD26 51'.027 5AD28 5AD29 5AD30 5AG 

10000 PPEOl PPE:02 PPE03 PPE04 PPEOS PPE06 PPE07 PPE08 ACG 
10001 PFEll PPEI2 PPE1.) PPE14 PPE1.S PPEl6 PPE17 PPE18 ACG 

10010 ··HC REN NRE UCG 
10011 , . AAU LPD UCG 

10100 DOLO DDLl DDL2 DDL3 DDL4 OLLS DLL6 DLL7 ACG 
10101 DDL8 DDL9 DDLI0 DDLll DDL12 DOL13 DDL14 DDLlS ACG 

10110 DDL16 DOLl7 DDLla DDL19 DDUO DDL2I DDLl2 DDL23 ACG 
10111 DDL24 DDL2S DDL26 DDL27 DDL2B DDL29 DDL30 DDL3l ACG 

11000 DOTO DDTI DDT2 DDT3 DOT4 DOTS DOT6 DDT7 ACG . 
UOOl DDT8 DDT9 DDTI0 DDTll DDTl2 DDTI) DDTH DDTlS ACG 

11010 DDTH DDT17 DDTIH DDT19 ODT20 DDT21 DDT22 DDT23 ACG 
11011 DDT24 DOT2S DDT26 DDT27 DDT28 DOT29 DDT30 DDT3l ACG 

11100 

(' 11101 

11110 
11111 
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,- TABLE: 2- 22: CODING CHART 
~ . 

" DDD COMMAN 0 CLA 55 (100) 
321 

DDODD 000 001 010 011 100 101 110 111 GROUP 
87654 

00000 NUL GTL SDC PPD ACG 
00001 GET ACG 

00010 LLO DCL PPU UCG 
00011 EAR UCG 

00100 LADO LADl LAD2 LAD3 LAD4 LADS LAD6 LAD7 LAG 
00101 LAD8 LA09 LADI0 LADll LAD12 LAnl3 LAD 14 LAD1S LAG 

00110 LA016 LAD17 LA018 LAD19 LAD20 LAD21 LA022 LAD23 LAG 
00111 LAD 24 LAD25 LA026 LAD27 LAD2 8 LAD2 9 LA030 UNL LAG 

01000 TADO TADl TAD2 TAD3 TAD4 T~.DS TAD6 TAD7 TAG 
01001 TAD8 TAn 9 TAnl0 TADll TAD12 TAD13 TAD 14 TAD1S TAG 

01010 TAOl6 TADl7 TAOIS TAD19 TAD20 TAD2l TA022 TAD 23 TAG 
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11100 
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11110 
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cunl....J,.J. u~ .. l'\,J... ~.t't.I....l.l'· ll.A. ·J.·J.UN::; 

CODING CH~;RT (continued) G 
DOD READY CLASS (101) 
321 

DDDDD 000 001 010 all 100 101 110 111 GROUP 
87654 

00000 RFC RFC 
00001 RFC 

00010 RFC 
00011 RFC 

00100 
00101 

00110 
00111 

01000 ETO ETE NRD ARG 
01001 ARG 

01010 ARG 
01011 ARG 

01100 SDA SST SOI SAI TCT ARG 0 
01101 ARG 

01110 ARG 
01111 ARG 

10000 AADO AADl A!lD2 MD3 AA04 MD5 MD6 MD7 AAG 
10001 MD8 AAD9 AADIO AADll AAD12 AAD13 AAD14 AAD15 AAG 

10010 ~' AAD16 AAD17 !lAD18 AADl9 AAD20 AAD21 AAD22 AAD23 AP.G 
10011 ' AAD24 AAD25 AAD26 AAD27 AAD28 AAD29 AAD30 IM AAG 

10100 AEPO AEPl AEP2 AEP3 AEP4 AEP5 AEP6 AEP7 AAG 
10101 AEP& AEP9 AEPIO AEPll AEP12 AEPl3 AEP14 AEP15 AAG 

lalla AEP16 AEP17 AEP18 AEPl9 AEP20 AEP21 AEP22 AEP23 AAG 
10111 AEP24 AEP25 AEP26 AEP27 AEP28 P.EP29 AEP30 IEP MG 

11000 AESO AES1 AES2 AES3 AES4 AES5 AES6 AES7 AAG 
11001 AES8 AES9 AESI0 AESll AES12 AES13 AES14 AES15 !lAG 

11010 !lES16 AES17 AES18 AES19 AES20 MS21 AES22 AES23 !lAG 
11011 AES24 AES25 AES26 AES27 AES28 AES29 AES30 IES MG 

11100 AMPO AMP 1 AMP2 A..'1.p3 Al1P4 AMPS AMP6 A.'IP7 AAG 
11101 AMP8 AMP 9 AMPlO AHPll AMP12 AMPl3 AMP 14 AMP1S AAG 0 
11110 ""..P 16 ANPl7 AMP13 AMP19 A.. ... tP20 AMP21 A.'lP22 A.'IP23 !lAG 
11111 AMP24 AMP25 A...'.f.P26 AMP27 AMP2B AMP29 AMP30 IMP AAG 
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10100 AEPO AEPl AEP2 AEP3 AEP4 AEP5 AEP6 AEP7 AAG 
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lalla AEP16 AEP17 AEP18 AEPl9 AEP20 AEP21 AEP22 AEP23 AAG 
10111 AEP24 AEP25 AEP26 AEP27 AEP28 P.EP29 AEP30 IEP MG 

11000 AESO AES1 AES2 AES3 AES4 AES5 AES6 AES7 AAG 
11001 AES8 AES9 AESI0 AESll AES12 AES13 AES14 AES15 !lAG 

11010 !lES16 AES17 AES18 AES19 AES20 MS21 AES22 AES23 !lAG 
11011 AES24 AES25 AES26 AES27 AES28 AES29 AES30 IES MG 

11100 AMPO AMP 1 AMP2 A..'1.p3 Al1P4 AMPS AMP6 A.'IP7 AAG 
11101 AMP8 AMP 9 AMPlO AHPll AMP12 AMPl3 AMP 14 AMP1S AAG 0 
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ELECTRICAL SPECIFICATIONS 

3. ELECTRICAL SPECIFICATIONS 

3.1 General 

This chapter presents the detailed electrica l spec i fications 
for PIL. As discllssed in chapter 1, t he link be tween devices on 
the loop is a t 'o'Io -wi r e electr ically balanced line . One of the 
wires is called the ref e rence line and all voltage measurements 
are made with r espect to the reference. 

The voltage waveform at the input terminals of a device is 
specified and all devices must be able to correctly receive this 
wavefor m. Ass~~ina t ha t t h is inout waveform reauire me nt is 
satisfied for ali devices on the i ooo, all other considerations 
suc h as distance bet'.;een devices, tra~smi tter output waveform, 
etc. are relatively unimportant . 

Indeed, there may be instances when the designer requires 
certain additional c apabilities from the link betwe e n devices 
that are not provided within t his specification, such as longer 
distance or better noise immunity, for example. The designer is 
free to implement the link in any manner he chooses, provided 
that, at t he receiver in~ut terminals, t he r esul ti ng wa veform is 
both functionally and electr ically indist.ir!.g uishable fr om this 
specification. This may require level t~anslation, da ta rate 
conversion , o r any of a nu..1'.ber of other electrical, functional, 
or mechanical adaptations. 

In the interest of compatibility, however, it is further 
requir ed that all PIL devices adhere to additional specifications 
regardi r!.g the output terminals of each device, a nd also that the 
cable between devices meet certain criteria for use in common 
systems ~ where the distance between devices is no more than 100 
meters. These specifications are also given. 

Any link with mechanically compatible PIL connectors, 
cables, etc. must also be functionally and electr ically 
compati~le with these specifications to prevent inadvertant 
connection to non-sta ndard links. Externally inaccessible links, 
as between multiple devices within a sing le mainframe, may be 
implemented in any manner deemed appropr iate. 

These specifica tions are in general based upon an 
i mplementation using simple pulse transfor~e rs within the 
device. One tr ansformer provides isolation and level conversion 
from the input terminals to the PIL interface integrated circuit 
and a second tr ansformer performs a similar operation for the 
output terminals . While this specification is not intended to 
pr eclude i mplementati o ns which do not use transformers , it is 
strongly recommended that transformers be used. It may in fact 
be quite diffi cul t or even impossible to achieve these 
specifications with other technology . 
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ELECTRICAL SPECIFICATIONS 

Figure 3-1 defines the meaning of the basic wavefor ms on t he 
link bet· .... een devices in terms of logical values. VH , VL , and VI 
are the voltage values of the high pulse , the low pulse, and the 
idle time respectively. TR is the rise time from any level to 
any other level. TP is the pulse width at the high or: the low 
leveL TI is the time at the idle leveL 

As discussed in chapter 1 • . complete frames are composed of 
sequential combinations of these basic waveforms. Eleven bi ts 
are sent in each frame, the first of which is a sync bit. 

3.2 Input Specifications 

The input terminals shall present the following equivalent 
circuit: 

LL2 

input c>--=---'-~ L_ L1 ~f_a. -----,tRL 
terminals 

parameter minimum maximu!T1 

RL 750 Ohms 3000 Ohms 
CL 400 pF 

LL1 1 . 9 mH 
LL2 4 . 0 uH 

;' ; 
: . FIGURE 3- 2; INPUT EQUIVALENT CIRCUIT 

All impedances shall be measured at a frequency of 
input circuit shall not clamp the input signal when 
within specified limits. 

I MHz. The 
the signal is 

The input terminals must be isolated from earth (chassis or 
safety) ground and the device cornman. The minimum breakdown 
voltage shall be 500 v. The capacitive coupling from either 
signal line to ground or common shall be no more than 50 pF 
.... ithin the device. The resistive coupling from either signal 
line to ground or common shall be greater than 10 HegOhms .... ithin rJ the device at 40 degrees C and 80% relative humidity. 

'-
To provide immunity to noise and distortion , the use of 

Schmitt trigger type receivers with hysteresis is required in the 
input cireui tI:Y . The high state' (VH) shall be sensed .... hen the 
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FIGURE 3-3: INPUT WAVEFORM SPECIFICATION 
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ELECTRICAL SPECIFICATIONS 

input voltage ri ses above a threshold value (VTH+) and shall no 
longer be sensed when the voltage falls belc-w a different 
threshold value (VTH - l. Likewise, the low state (VL) shall be 
sensed when the voltage falls below a threshold value (VTL-) and 
shall no longer be sensed when the voltage rises above a 
different threshold value (VTL+). The idle state (VI) is sensed 
whenev er nei ther the high nor the low state is being sensed. In 
both cases, the magnitude of the leading edge threshold must be 
greater than the magnitude of the trailing edge threshold 
(hysteresis, E:YST). The following table outlines the 
specifications for the PIL input receivers: 

TABLE 3- 1 : RECEIVER SPECIFICATIONS 

parameter minimum maximum 

VTH+ 0.65 V. 1.15 V 
VTH- 0.40 V 0 . 95 V 
VTL- - 0 . 65 V - 1.15 V 
VTL+ - 0 . 40 V -0.95 V 
HYST 0 . 09 V 

Furthermore, high or low pulses of 20 nS or 
must not be sensed. High or low pulses of 
duration must be sensed. If the voltage is within 
for less than 300 nS, the idle state shall not be 
idle state must be detected whe n the voltage 
correct range for 1. 7 uS or longer. 

less duration 
650 nS or mOre 
the idle range 
sensed. The 
is within the 

The required input · ... aveform is illustrated and soecified in 
detail in figure 3 - 3. As long as the wavefor~ remains within the 
boundaries shown, the data must be correctly received . The 
diagram shows only the logical ONE signal , however., the logical 
ZERO signal only requires a sign c hange on the voltage values. 
The extension of the diagram to sync signals is also obvious. 

In addition to those specifications shown in the diagram, it 
is also required that the value of TP vary no t more than 10% from 
its mean value within a single frame. Furthermore , the idle time 
af ter the las t bi t of the fr ame shall be no less than 5 . 00 uS. 
Addition indicates that a bit time may be as little as 3.06 uS or 
as much as 13.90 uS while a sync bit might as short as 4.40 uS or 
as long as 17.50 uS . Similarly, the minimum time from the 
beginning of one frame to the beginning of the next could be from 
38.30 uS to 156. 50 uS. There is no max imum ti me between frames. 

3.3 Output Specifications ... .. 

The output terminals shall present the following equivalent 
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cireui t: 

parameter 

RD 
CD 

LDl 
LD2 

minimum 

90 Ohms 

1.9 mlI 
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output 

terminals 

maximum 

105 Ohms 
400 pF 

4 . 0 uH 

FIGURE 3- 4 : OUTPUT EQUIVALENT CIRCUIT 

All impedances shall be 
Isolation requirements f or 
that required of the input 

measured a t a frequency of 1 MHz. 
the output circuitry are identical to 
eire ui try. 

The requir ed output wavefo rm is ill ustrated and specified in 
figure 3-5. As l ong as t he waveform remains inside the 
boundaries shown and standard cable of c orrect length is used. 
~~e wavefor~ will be r eceived correctly by a standard device. In 
general, these values are 5 imilar to t he inpi.!t waveform values 
with 5 0 mV and 50 nS of noise margin added . Additionally, the 
idle time after t he last bit of the frame shall be no less than 
5.00 uS. iThese values indicate that the output bit time is from 
3 . 41 uS to 13.30 uS and the sync bit time from 5.05 uS to 16.5 0 
uS . The minimum time from t he beginning of one frame to the next 
is from 42.40 uS to 149 .50 uS. Ther e is no maximum time between 
frames . 

3.4 Inte rface Cable Specifications 

The cable length from one device to the next shall be no 
more th an 100 mete rs. The characteristic i mpedance of the cable 
shall be 100 Ohms plus or mi nus 20% for cables no longer t han 10 
meters and 100 Oh:ns plus or minus 10% for longer cables . When 
~~e source i mpedance and the load are both equal to the cable 
c haracteris tic i mpedance ar:d a s t ep input is applied , the 0- 90% fj 
risetime of the cable shall be no more t han 200 nS . For 
distances greater than 10 me ters the cable s ha ll be of the 
shielded t .... isted - pair type . For floating devices, the shield 
shall not be connec t ed to device common . 
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FIGURE 3-5: OUTPUT WAVEFO~~ SPECIFICATION 
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ELECTRICAL SPECIFICATIONS 

3.5 Interference and Susceptibility 

The interface shall be in compliance ..... ith VDE and FCC E~lI 
requirements for class B devices. 

The interface shall also c omply with the Radiated 
Susceptibility Test as s?ecified in section 765.004 of "HP Design 
Standards - Environmental Tests". For the purposes of this test, 
a device shall have its output connected to its input via a 10 
meter cable and transmit fra~es to itself . With the cable in the 
external electric field and polarized in the direction of the 
field, there shall be no loss of data or change in data . 
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4.. MECHANICAL SPECIFICATIONS 

As mentioned previously , due to the special requirements of 
PIL a special connector set is used. Devices may either use a 
panel connector or cables affixed directly to the device through 
strain reliefs (figure 4-1) . Cable connectors (fi g ure 4- 2) are 
designed to non- invertible and non- reversible and have a positive 
detent both in panel connectors and in each other for running 
cable "splices" . In short , they have been designed to be as 
foolproof as possible. 

The connector contacts were chosen for high reliability and 
long life . For reference, the contacts -should be equivalent to 
those manufactured by ITT Canon, part number 031- 9540- 000 (male) 
and part n~~ber 030 - 9542 - 001 (female). The connector body is of 
molded polycarbonate while the integral strain relief is of pvc. 

For applications where the distance fro~ one device to the 
next is 10 meters or less , relatively inexper.sive "zip" cord 
cable may be used . The wires are 24 AWG stranded ( 26 X 3d A";G) 
individually tinned copper . T~e wires are space d 0 . 060 inches 
center- to-center with a pvC jacket, O. U65 X 0.130 inches . A 
:polarity rib must be visible on the jacket . 

For applica tions requir ing longer distances up to 100 
meters, cable which satisfies the more stringent electr ical 
specifications given in the previous chapter mus~ be used , that 
is , shielded t '..risted - oair cable whose characteristic impedance is 
100 Ohms plus or minus 10% . . 

• 
i . , . 
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5. SYSTEM GUIDELINES 

5.1 System Compatibility 

This interface sytem offers a wide range of capability from 
which to choose the aporooriate interface functions to fit 
different aoolications. Within most interface functions a number 
of options are available. In addition , the designer has freedo:n 
to select all the device dependent capabilities contained wi.thin 
the dey ice functions. 

It is the responsibility of the designer to define the 
complete capability of a device (interface syst.em choices and 
related device dependent interactions) so that. the end user of 
the device can efficiently interface and program the device "for 
appropriate system applications. 

Also, devices desi;ned to this interface system may have a 
wide range of capability relative to their ability to communicate 
over the interface. This docu~ent does not cover the operational 
characteristics of devices, only the functional, electrical, and 
mechanical capabilities of the interface system. 

The burden of responsibility for system compatibility at the 
operational level is on the user. The user must be familiar with 
all device characteristics interacting wi th the interface system 
(for example, devic~ dependent program codes, output data format 

and codes, etc.). 

In particular, compatibility will be greatly enhanced if the 
ASCII code is used by all devices for device dependent messages 
whenever. . pcssible. In addition, it is recommended that device 
dependent, commands be avoided unless absolutely necessary. 
Simple ASCII programming codes or ASCII escape sequences are 
preferable for the implementation of simple "fr iendly" 
controllers. 

5.2 System Configuration 
., . ., ' ,/!' ..... , . : 

If all devices on the loop use 5 imp·l.e ·add·re ·s·s ·~~ only, the 
maximum number of devices in a PIL syste~ is 31. If all devices 
use extended addressing, the maximum number is 961. 

In general, 
devices containing 
one C function. 

an interface system shall contain one or more 
at least one T function, one L function, and 

If all the T functions include the use of the ton local 
message and all the L functions include the use of the Ion local 
message, a system may be o;?erated wi thout a C function while the 
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ton message is true in one and only one of the T functions and 
the 10n message is true in one or more of the L functions. The 
ton and lon messages are nor:nally provided by local switches. ( 
This permits rudimentary, manual system operation. 

All system configurations containing more than one 
controller must satisfy the follO'. ... ing conditions: (1) There 
shall not be more than one C function in a system which is 
sending the scl local message true at any time. (2) Every 
controller in the system s hall be able to pass and receive 
control of the interface. 

Because of the serial nature of PIL, all devices must be 
powered on in oreer for the system to function. If desired, the 
designer ~ay i mplement the interface circuitry suc h that when t he 
device is powered off, po· .... er remains on for the interface chip to 
act as a simple repeater. 

5.3 Address Assignment 

Normally, a device .... ill be assigned a single talk and a 
single listen address to cerfor;n the essential tasks. It may be 
useful to d e sign a device with multiple talk (or listen) 
addresses to facilitate s vstem re~uireme nts. A device could ne 
assigned two talk addresses: for exaffi?le, one to o u tput r aw data, 
the other to output processed data~ ~f this is necessary, it is 
recommended that two- eyte addressing be used for these types of 
devices. Care should be given to minimize the use of such 
multiple addresses as later system confi gurations may be 
restricted due to excessive use of t..i-te simple addressing 
capabili ty. 

w~ile not specifically req~ired, it is strongly recommended 
that all devices imoleffient one of the auto addressing interface 
functions so tha~- the controller r:tay assign addresses to all 
devices in the system. This will greatly enhance compatibility 
and ease ~ of program~ing. When these devices are pcwered on or 
when they receive the auto address unconfigure command, they may 
respond to either a preset address or local address switches if 
desired . It is important to note that the auto address 
unconfigure command has no effect on the T or L interface 
functions. If a device is in an addressed state when the AAU 
message arrives, it will rema in in that state and respond 
accordingly to messages which follow. In general. the messages 
which follow will imwediately assign new addresses. Note that 
these messages a lso have no effect on the T and L functions. In 
short, the act of configuration (or unconfiguration) which is the 
assignment of addresses to particular devices is distinct and 
separate from the act of addressing a particular device to talk 
or to listen. Careful study of t.l-)e state diagrams may be 
necessary to completely understand the ramifications of this. 

) A device that contains a T or TE function may be assigned 
any value for the least significant five bits of its !1TA (my talk 
address) message code other than 11111 " · This code, defined as 
UNT, is provid ed for the controlle r to return all devices to the 
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talker idle state. T .... o or more T functions -shall not be assigned 
the same value for these oi ts. A TE function shall not. oe 
assigned the same value for these bits as that assigned to .a T 
function. A device that contains both a T and an L function may 
have the same value for the least significant five bits of Doth 
the MTA and MLA (my listen address) messages. 

A device that contains an L or LE function may be assigned 
any value for the least signif icant five bi ts of i ts ~U.A message 
code other t han 11111. This code, defined as UNL , is provided 
for the controller to return all devices to the listener idle 
state. Two or more L functions or LE functions may have the sawe 
value for t hese bits. 

A device that contains a TE or LE function may be assigned 
any value for the least Significant five bits of its H5A (my 
secondary address) message code other than 11111. Two or more TE 
functions shall not be assigned the same value for both t heir MTA 
codes and t he same value for both their MSA codes. Two or more 
LE functions may be assigned the same values for both ccces, 
however. If a dell ice has both a TE and an LE function, it may be 
assigned the same value for the least significant five bits of 
both the MTA and MLA codes and both functions may utilize the 
same M5A code as well. . 

In general, and particularly when auto addressing or auto 
extended addressing is used, the T and L function within a 
specific device will be assigned and will use the saQe address. 
Auto multiple addressing is intended specifically for t hose cases 
where there are multiple dev ices or addressable device functions 
within one ma i nframe . A block of secondary addresses is reserved 
by the dev ice and th ese are ass igned to the var ious TE and u: 
functions as the designer may choose. 

While it is possible to mix devices which use simple 
addressing, extended addressing , and multiple addressing on the 
same loop, t his should only be done with a good deal of caution 
and t hought for the interactions of the various add resses. The 
controll·er will need to be qui te soph istica ted to handle t he 
configura"tion task. 

5.4 ASynchronous Loop Operation 

As mentioned in chapter 1, the normal mode of operation for 
the l oop is such that only one message frame is in transit around 
the loop at any given time. DOE and lDY messages have a bit 
rese rv ed to carry a device's r equest for service back to the 
active controller . lDY messages have several bits reserved as 
well which can be assianed to indillidual devices for service 
request purposes. These methods of notifying the controller of a 
need for service on the loo~ are perfectly satisfactory for tne 
large majority of applications . These methods require a 
commi ttment t,n the part of the controller, however , to 
pe r i odic311y poll the loop for service requests via the lOY 
message · .... henever dey ice dependent transmissions are not taking 
place. In a few rare instances the system designer may d etermine 

-5.3- 1980 DEC 1 

( 

c 

( 

SYSTE!1 GUIDELINES 

talker idle state. T .... o or more T functions -shall not be assigned 
the same value for these oi ts. A TE function shall not. oe 
assigned the same value for these bits as that assigned to .a T 
function. A device that contains both a T and an L function may 
have the same value for the least significant five bits of Doth 
the MTA and MLA (my listen address) messages. 

A device that contains an L or LE function may be assigned 
any value for the least signif icant five bi ts of i ts ~U.A message 
code other t han 11111. This code, defined as UNL , is provided 
for the controller to return all devices to the listener idle 
state. Two or more L functions or LE functions may have the sawe 
value for t hese bits. 

A device that contains a TE or LE function may be assigned 
any value for the least Significant five bits of its H5A (my 
secondary address) message code other than 11111. Two or more TE 
functions shall not be assigned the same value for both t heir MTA 
codes and t he same value for both their MSA codes. Two or more 
LE functions may be assigned the same values for both ccces, 
however. If a dell ice has both a TE and an LE function, it may be 
assigned the same value for the least significant five bits of 
both the MTA and MLA codes and both functions may utilize the 
same M5A code as well. . 

In general, and particularly when auto addressing or auto 
extended addressing is used, the T and L function within a 
specific device will be assigned and will use the saQe address. 
Auto multiple addressing is intended specifically for t hose cases 
where there are multiple dev ices or addressable device functions 
within one ma i nframe . A block of secondary addresses is reserved 
by the dev ice and th ese are ass igned to the var ious TE and u: 
functions as the designer may choose. 

While it is possible to mix devices which use simple 
addressing, extended addressing , and multiple addressing on the 
same loop, t his should only be done with a good deal of caution 
and t hought for the interactions of the various add resses. The 
controll·er will need to be qui te soph istica ted to handle t he 
configura"tion task. 

5.4 ASynchronous Loop Operation 

As mentioned in chapter 1, the normal mode of operation for 
the l oop is such that only one message frame is in transit around 
the loop at any given time. DOE and lDY messages have a bit 
rese rv ed to carry a device's r equest for service back to the 
active controller . lDY messages have several bits reserved as 
well which can be assianed to indillidual devices for service 
request purposes. These methods of notifying the controller of a 
need for service on the loo~ are perfectly satisfactory for tne 
large majority of applications . These methods require a 
commi ttment t,n the part of the controller, however , to 
pe r i odic311y poll the loop for service requests via the lOY 
message · .... henever dey ice dependent transmissions are not taking 
place. In a few rare instances the system designer may d etermine 

-5.3- 1980 DEC 1 



o 

o 

SYSTEM GUIDELI::-lES 

that it is necessary to allo .... the loop to· be totally quiescent 
and yet still have the controlle r notified of a need for 
service . Also , there nay be applicati ons ~here raoid resoonse to 
service reauests is necessary and t:"e interval bet' .... een frames of 
a slow device dependent ~essage transmission is much too long . 
I n these situations, asynch r o"nous loo? ope r ation becomes 
necessary and multiple fra~es may be on t~e lao? at one time. 

The imolementation of a PIL system which uses async hronous 
operation should be approached with utmost caution . The se r ial 
nature of the 1000 and the fact that device clockS are not 
synchronized me a~s that multiple fra mes may "stack up" at one 
device and some data may be lost . In addition, i~olementation of 
the first PIt integrated circuits was not totally- in agreement 
with t he functional specifications of t~is doc~«ent (which 
ocurred later), and this minor difference can, under certain 
c onditions, cause a similar loss of data . 7hese comments apply 
only to asynchronous operation of the loa? and do not have any 
effect other'Nise . ror this reason , it is important to think of 
asynchronous loop operation as a separate, non - standard mode of 
operation in which only certain, car efully defined tasks are 
accomplished. The burden of handling the possibilities mentioned 
here rests with the active controller and only the active 
controller enables and disables the asynchronous mode of 
operation. This may af:ect the controller designer , the system 
progra;nr.:er , or both. 

The device which is designated to be the system controller 
is the only device which can send t he IFC r.:lessage. It may do 
t his at · any time it chooses. In the g ener al case , this is an 
async hronous operation and the system controller should follow 
the same sequence every time , even at initial system power up . 
The system controller should send the IFC ~essage and then wait 
for it t o return . If it does not return within some relatively 
long . time period , say, one second, the system c on t rolle r should 
send the IFC again and wait , repeating this seq uence until the 
IFC returns. It is possible that other frames will be received 
by the : system controlle ~ before the IFe returns . These frames 
must not ; be retransmitted; they must be destroyed by the system 
controlle r to prevent a condition in whic~ a frame's destination 
device is no longer active permitting the fr ame to endlessly 
c irculate around the loop. When the IFC r e turns, the system 
controller should then source the RFC message to complete the 
handshake . While unlikely , it is barely possible that other 
extraneous frames could be received by the s ys tem controller 
after the IFC has returned . These must also be destroyed . The 
RFC will then return (it should only be sent once) and the 
int e r face functions are now initialized and the loop is flushed 
of any extraneous frames. The IFC sequence is not intended to 
preserve message fr ames on the locp so t he system controller need 
not concern itself with the destroved frames . Any system 
c o ntroller must be able to execute this sequence , rega r dless 
whether it possesses asynchronous IDY capability or not. 

For the situation where a controller needs to respond 
r apidly to service requests during a very slow device dependent 
transmission, the act.ive controller is per:nitted to source the 
rOY message at any time (provided the controller is implemented 
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with the proper capability subset) ~ The lOY is immmediately 
r etransmit t ed by all devices and will return to the controller 
relatively rapid ly with service request and , optionally, parallel 
poll information~ 

'111e lOY will very likely overtake and pass whatever other 
message is presently en the loa? The functional specifications 
r equire that this other message not be affected in any way by the 
passage of the lOY. Looo o::>eration should continue without any 
loss of data.. Provided that· the contr oller only source one 
asynchronous IDY at a ti~e, there will be no problems with frames 
"stacking upu and being lost. 'ioohen the lOY returns to the 
controller , it is then free to source another lOY without fear of 
runni ng into this kind of proole;n. 

However, the active controller is not constrained to 
sourcing the asynchronous lOY only during device deoendent 
message transmission, but may sou:=ce this message at any· time . 
The lOY could be sent after a em, or after the RFC following a 
CMD, or after some other ROY message which the controller itself 
has sourced . In the first PIL integrated circuits (marked lL53-
) a difficulty exists if the controller sources an asynchronous 
IDY after an WC message has been sent. If the lOY overtakes the 
RfC in a device which uses this chip, the RfC is destroyed. In 
order to preserve compatibility, therefore , all controllers which 
have asynchronous capability must either (1) never source an 
asynchror:.ous lOY after an RFC or (2) implement measures to 
recover fro m the possible destruction of the RFC by the IDY. The 
second option might involve sending the Rf'C over again to 
guarantee a complete handshake but this then raises the 
possibility that there are now two RFC messages on t he loop lZ 
the first was not in fact destroyed. Some othe r ROY frame (NRD 
perhaps) might be used to flush the loop in this instance. In 
this· case, the controller must be able to properly respond 
whether there are zero, one, or two RFC messages on the · loop. No 
other messages are destroyed by the asynchronous lOY from the 
controller, provided that only one lOY is on the loop at a time, 
as mentioned above . 

• In t he case where the loop is not polled for service 
r eques ts, the contr oller may send the EAR command (enable 
asynchronous requests), the RFC , and then siillply stop sending any 
messages . When devices receive this co~mand, they enter a mode 
in which, if they have the capability and require service, they 
may source their own asynchronous IOY. This message will not be 
retransmit-ced by the active controller, but will cause it to 
resume normal operation which includes handling the service 
r equest. BeC3use it is remotely possible that in this mode a 
number of devices could generate the lOY at about the same ti~e, 
frames could "stack up" and be destroyed. The r efore , it is 
required that nor~al loop operation be suspended while in this 
mode . The controller may only source C:-1D messages while the 
asynchronous request mode is in effect, and all caD messages 
(except EAR and LPD) disable this mode and return the loop to 
normal operation. Note that parallel poll information contained 
in these lOY messages from other devices is not accurate since 
they have not, in general, travelled com?letely around the loop. 
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The previous discussion regarding RFC messages is equally 
applicable in this mode . The controller should not reauire the 
RFC following the EAR. to return as it could oe overtaken -or even 
destroye d by an asynchronous lOY from one of the devices. The 
completion of the handshake is relatively uni~portant in this 
insta"ce since the controller will i mmediately send other 
commands to service t he request, disabling the mode anyhow. Dut 
the controller must st.ill be able to handle this situation. The 
contr oller should handle the return of the loop to normal 
operating mode in the same manner as the system controller 
handles the IFC sequence. The C~1D is sent first which disables 
asynchronous r eouest Clade. NUL is reco:nmended as it does not 
otherwise modify·the state of the interface. Other IOY messages 
may return before the C:1O. They should be ignored (not: 
retransmi tted). If the CHD does not return after a period of 
time, it should be sent again, and so on, until it does return 
(there is a slight possibility that the C~·1D could be destroyed by 
frame "stack up"). The RFC can then be sent. One or more 
additional lDY message may possibly arrive before the RfC 
retur ns. They should be ignored as were t he earlier ones. When 
L~e RFC returns, the loo~ is flushed and has been returned to its 
norr.lal, synchronous operating state. The controller can no .... 
continue to service the request. Very much the same sequence is 
used to being u? a loop which has been powered down with the LPD 
command and left in the asynchronous request mode so that a 
device other than the active controlle~ may initiate the loop 
wake- up . 

It is easily seen that the implementation and programming of 
controllers with asynchronous c apabi lities is no mean task . It 
should only be attempted by designers and programmers who have a 
complete and total understanding of loop protocol and the 
internal details of the PIL integrated circuit chip operation . 

5.5 Ope~ational Sequences 

The ~ ~following collection of sequences is not intended to be 
exhausti ve , nor is it necessar ily tr ue tha t the sequences her e 
r epresent the only way to accomplish the given task . They are 
included merely as examples of one possible method to perform the 
particular operation and as further help in understanding the 
protocol used for PIL . 

Initial System Power On 

IFC The system controller initially sends the interface clear 
corn~and at regular, slow intervals until it returns, 
indicating that now all devices on the loop have been 
powered up, are pro!?erly receiving frames, and are 

IFC initializing their interface fUnctions. 

RFC Now the system controller sends the ready for command 
message so all devices can indicate tney have finished their 
initialization and are r eady to receive the controller's 
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nex t command . 

The system controller no·,..I procedes to carry out normal operations on the loop. 

Talk-only, Listen- only System Power On 

DABl The tal ker immediately sends its first da ta byte and continues to send it at slow, regular intervals until it returns, indic.;!.ting that the other devices on the loop are pa~ered up and are properly retransmitting or DABl receiving frawes . 

DAB2 The talker now sends the rest of its data string at DAB 3 nor~al speed. 

DABn 

DAa1 
DAB2 

DABn 

When the transmission is finished, the talker immediately begins sending its next message string . Ho EOT message ~ is sent in a talk-only, listen- o nly system . Transmission continues in this manne r until the ton local message is switched off . 

Data Transfer 

lJNL 
RFC 

.l- LADl 
, RFC 

LAD2 
RFC 

~ TAD 
" RFC 

i', 

If necessary , the controller will first inhibit any previous listeners with the unlisten command. 

The control le r now sends the appropriate listen address ccmmand to enable the listener. :'!ore th.:.r!. one listener can be enabled if desired . 

The talk address co~rnand enables one device to send data when it receive s the proper r eady fr~~e . 

SDA The controller now sends the send data ready f r ame , DABl which the talker replaces on the loop with its first 

" " 

DAB 2 
DAa3 

DABn 

data byte . 

The talker continues to send the r emaining data oytes of its message. 

ETO After the end of its message the tal~er sources the end of transmission message. The ETC indicates that all frames returned and error checked correctly. The 
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controller replaces the ETO wi th its nex t loop 
operation. 

Controller Interruption of Data Transmission 

DABS ASSI.l."TIe the talker has sent the fifth data byte. 

DAB6 The controller decides that it has more important tasks 
NRD to oerforr:l~and holds - the talker1s sixth oaea byte , and 

repi aces it with the not ready for data message . The 
NRD goes through the talker signalling it that it must 
i~uediately end its transmission and returns to the 
contr oller. 

DARb 

ETO 

The controller now retransmits the held up data byte. 

When the data byte returns to the talker, it sends the 
end of transmission ~essage. The ETO is replaced on 
the l oc? by ~he controller's next opera~ion. If the 
controll e r now cransmits tne send data frame again 
(without having unaddressed the talker), t he data 
transmission will contin~e where it left off. 

Serial Poll 

IDY 

UNL 
RFC 

TAD 1 
RFC 

SST 
DAB 

ETO 
TAD2 
RFC 

SST 
DAB 
ETO 

i ' , . 

The controll e r sends the identify message -and receives 
it back with the service request bit set indicating 
that one o r ~ore devices need service. 

The unlisten command preve nts other devices from 
r ece iv ing the var ious dev ices' s ta tus by tes . 

The first device is addres sed to talk . 

The controller sends the send status ready frame which 
the talker replaces on the loop wit.h its status byte 
or bytes. 

The talker sends the end of trans:nission message and 
the controlle r replaces it with the next device's 
talk address . 

This same sequence is repeated for each device on the 
loop . The controller listens to the status bytes via 
its local listen capaoility and deter:nines which l oop 
devices have a need for service and which do not. If 
the SST message sim?ly returns to the cont.roller 
ins tead of a da t.1. byte, it knows tha t the par ticular . 
device does not implement the serial poll function 
(and hence cannot need service) . It c an continue to 
poll the other devices until it is finished and/or 
handle the service requests as desired. 
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Parallel Poll Configuration and Operation 

UNL 
RFC 
PPU 
RFC 

LADn 
RFC 

PPE13 
RFC 

Th e controller may choose to send the unlis ten co@mand to 
I?revent unwanted ce'/ices from reacting to parallel poll 
enaole com~ands and/or the parallel poll unconfigure 
command to r eset any previous parallel poll c onfigura tion 
on all dev ices . 

The contr oller will now send the li s t en address of the 
device to be configured for parallel poll. 

The parallel poll command enables the addressed device(s) 
to respond, in this ca$e, by ORing a one onto bit 3 of an 
lOY message . 

UNL The unlisten command is sent so that the previous device 
RFC will not be changea by any succeeding PPE messages. This 

same sequence (LAD , PPE, UNL) is repeated for each unit 
to be configured for parallel poll . Individual dev ices 
can be disabled (rather than all devices together, as 
with the ?PU comr.tand) by substituting the P?D command 
for the PPE co:nill.and i n this sequence. 

lOY The controller executes a parallel poll operation by 
sending the IDY me3sage . The message will return with its 
d ata bits set according to the configuration commands and 
the devices; individual status bits . One device can be 
assigned to each bit for rapid response to at most eight 
devices. 

Assign Auto Addresses 

AAU If necessary, the controller will send the auto address 
RFC unconfigure command to reset any previous addresses and 

MOl 
AAD2 
AAD3 

make all devices which implement this function ready to 
: t receive new addresses . 

The contr oller sends the first auto address ready frame 
and the fir st dey ice on the l oop accepts it as its new 
address . It increments the address bits and then sends 
the frame on to th e next device, which, in turn, takes 
the new value as its address and increments the frame 
again, sending it on to the next device . This process 
conti~ues around the 1000 until the modified frame 
returns t o the controlle~, indicating the number of 
devices on the 1000 . If the frame returned with 

AADn 

address 31, there may be too many devices on the loop . 
To deter~ine this , the controller could now send AADl 
again. If it returns uncnanged, there are exactly the 
maximlli~ nwnber of devices . If it has been incremented, 
there are too many devices ; the controller should 
inforill the user of an error. The loop will not work. 

The controller has now configured the loop with simple 
addresses and proceeds to perform its taSKS. Devices 
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the new value as its address and increments the frame 
again, sending it on to the next device . This process 
conti~ues around the 1000 until the modified frame 
returns t o the controlle~, indicating the number of 
devices on the 1000 . If the frame returned with 

AADn 

address 31, there may be too many devices on the loop . 
To deter~ine this , the controller could now send AADl 
again. If it returns uncnanged, there are exactly the 
maximlli~ nwnber of devices . If it has been incremented, 
there are too many devices ; the controller should 
inforill the user of an error. The loop will not work. 

The controller has now configured the loop with simple 
addresses and proceeds to perform its taSKS. Devices 
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will no longer respond to other MD fra::les until the 
AAU cOffi::land is sent onca again. 

Control Passing 

TAOn 
RFC 

TCT 

" I .. 

The c urrently active controller addLesses the device to 
which it · .... il1 pass cont.rol of th~ loop as a t.alker .. 

The controller then sends the take control ready frame 
which the new controller replaces on the loop with it.s 
first operation . If , instead , the TCT : eturns to the 
previous controller, it knows that the addressed 
device could not or -... ould not take control .. The 
previous controller then resumes cont.rol of the loop. 
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CAPABILITY SUBSETS 

A. CAPABILITY SUBSETS 

R (Receiver) Interface Function 

All devices must have the complete R function i=nplemented. 

AH (Acceptor Handshake) Interface Function 

All devices must have the complete AH function implemented. 

SH (Source Handshake) Interface Function 

Identif iea ticn 

SHO 
SHl 

No c apabili ty 
Complete capability 

D (Driver) Interface Function 

Requirements 

ami tall 5 ta tes 
Implement all states 

All devices must have the complete D function implemented. 

L (Listener), LE (Extended L) Interface Functions 

Iden tif iea ti on 

LO, 
Ll, 

2 

LEO 
LEi 

2 

, , . 
No capabili ty 
Basic capability 
Listen-only mode 

3 3 unaddress if talk 
addressed 

Requirements 

ami tall 5 ta tes 
Implement all states 
Additional to LI, LEI .. local 

message lon not always false 
Additional to LI, LEl ; 

implement ootional terill; 
needs talker capability 

Only one of L, LE need be implemented in any particular device. 

T (Talker), TE (Extend ed T) Interface Functions 

Identif ica tion Requirements 

TO, TEO No capabili ty Omit all s tates 
T1, TEl Send data Implement TIDS, TADS, TACS 
T2, TE2 Send sta tus Implement TIDS, TAOS, SPAS 
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T3 . TE3 
T4 , TE4 
5. 5 

6 . 6 

send device 10 
Send acceszory ID 
Talk-only mode 

UnaddreS5 if listen 
add r essed 

CAPABILITY SUBSETS 

Implement TIDS , TAOS, DlAS 
lIil.plement TIDS , 'fADS , AlAS 
Additional to Tl , T~li local 

message ton not. 2h ... ays false 
Additional to Tl- 4 , 1' £1- 4; 

i mplement optional term; 
needs listenar capability 

Only one of T, TE need be implemented in any particular device. 
Talker capability consists of one or mor e of Tl-4 or TEl- 4. 

C (Controller) Interface Function 

Ident i fication 

Cll No capability 
Cl Basic capaoility 

2 System controller 

3 Respond to service 
requests 

4 Pass, receive control 

5 Parallel poll 
6 Interpret, source, and 

enable asynchronous 
l OY messages 

7 Assign auto addresses 

Requir ements 

Om i t all 5 ta tes 
Implement eIDS , CACS , CSBS , 

CEIS , CEt1S 
Additional to Cl; local 

messages sic, scl noc 
always false 

Additional to Cl; add CSNS , CSRS 
(needs listener ca?ability to 
interpret status byteS) 

Additional to Cl ; add CTRS and 
optional term ; needs talker 
capability 

Additional to Cl 
Addi tional to Cl 

Addi t ional to Cl 

DC (Device Clear) Interface Func ti o n 

---------~--------------------------
Iden ti fica ti on 

DCO 
DO 

0::2 

No capab il i ty 
Respond to universal 

device clear command 
Respond to universal 

and addressed device 
clear commands 

Requirements 

Omit all states 
Impl emen t all states ; omit 

optional term 
Implement all states; include 

op ti onal te rm 

OT (Device Trigger) Interface Function 

Identif ica t ion 

DW 
DT1 

No capability 
COIilple te capabi li ty 

Requirements 

Om i t all states 
I mplement all states ; needs 

l is t ener capability 
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CAPABILITY SUBSETS 

PP (Parallel pell) Interface function 

Identification 

PPO No capability 
PPl Complete capaoili ty 

Requirements 

Omit all states 
Implement all states; needs 

listener .capacili ty 

SR (Service Request) Interface Function 

Identif ica tion 

SRO No capability 
SRl Basic capability 

5R2 Basic and asynchronous 
request capability 

Requir ernen ts 

Omi tall s ta tes 
Implement SRIS, 5RSS, SRH5; 

needs T2 or TE2 capaoili ty 
Imo!ement all states; needs 

1'2 or TE2 capabili ty 

AA (Auto Address) Interface Function 

Identification 

AAO No capability 
AAl Complete capability 

Requir ements 

Omi tall s ta tes 
Implement all states 

AE (Auto Extended Address) Interface Function 

Identification 

AEO "No capability 
AEl Comple te capabi 1i ty 

\' .. 

Requirements 

Omi tall s ta tes 
Implement all states 

AM (Auto Multiple Address) Interface Function 

Identification 

h~O No capability 
A.."11 Complete capabili ty 

Requirements 

Omi tall s ta tes 
Implement all states 

RL (Remote Local) Interface Function 

Identification 

RLO No capability 
RLl Basic capability 

RL2 aasic capability with 
loea 1 lockout 

Requirements 

Omit all states 
Implement RIDS, RACS, LOCS , 

RE..:1S; ne eds listene r capaoili ty 
Implement all states: needs 

listener capability 
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CAPABILITY SUBSETS 

PO (Power Down) Interface function 

Identif iea tion 

PDO Basic capability 

POl Complete capability; 
r esponds to powe r 
down command 

Requirements 

Implement POFS, PONS , PUPS; 
pseudomessage edge always 
false 

Implement all states 

All devices must implement one of PDO , POI. 

DO (Device Dependent Commands) Interf ace Functions 

Identification 

000 
DOl 

NO capability 
Responds to one o r 

more device dependent 
listener or talker 
commands 

Requir ements 

Omi tall 5 ta tes 
Imclement all states; need 

iistener capability for DDL 
commands, talker capability 
for DDT commands 
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PO (Power Down) Interface function 

Identif iea tion 

PDO Basic capability 

POl Complete capability; 
r esponds to powe r 
down command 

Requirements 

Implement POFS, PONS , PUPS; 
pseudomessage edge always 
false 

Implement all states 

All devices must implement one of PDO , POI. 

DO (Device Dependent Commands) Interf ace Functions 

Identification 

000 
DOl 

NO capability 
Responds to one o r 

more device dependent 
listener or talker 
commands 

Requir ements 

Omi tall 5 ta tes 
Imclement all states; need 

iistener capability for DDL 
commands, talker capability 
for DDT commands 

- A .4-

( 

( 

L 



arq 

i:1ESSAGE GLOSSARY 

B. MESSAGE GLOSSARY 

Local nessages and Pseudomessages 
from Device Functions to Interface Functions 

Asynchronous request. To SR (se rvice reauest) function. 
The device uses arq to signal the function to send the 
asynchronous lOY (identify) message back to the controller 
to r equest se~vice. This will only happen if the device 
has this capability and has been enabled to do this by the 
EAR (ena:tlle asynchronous requests) command. The arc;: 
message must go false as Soon as the function enters the 
state which sources the IDY (ARSS). It may go true again 
upon return to the standby state (SRSS). 

edge - Wake-up signal . Pseudomes sage to PD (power down) 
function. If the device has the full Dower down 
capability and has been Dowered down with the LPD (loop 
power down) command, the fu;ction will be in the power oif 
state, even though the pQ',.;er s-.litch will still be on . In 
this conciition , any frame (actually, any pulse) on the 
loop will generate the edge message and cause the function 
to br ing the device back to full power. The edge message 
is a pulse which must only last long enough for the device 
to completely power on to its initial state. When edge 
goes false, the device will then be ready for normal 
operation. 

fan Force on. To PO (power down) function. Under certain 
conditions, devices which have the full power down 
capability may need to remain powered up even though they 
haye received the LPD (lccp power down) command . The fon 
local message causes them to go back to PUPS (power up 
state) rather than go to POFS (power off state). Th e 
active controller would use this feature to remain awake, 
while presently inactive controllers could allow 
themselves to power down normally. If a device was 
enabled to send asynch=onous lDY messages to wake up the 
loop, it might also use this message to remain awake. 

frte - Frame transmission complete. Pseudomessage to 0 (driver) 
function. This messaae is generated by the encoder 
cireui try to signal the D function tha tit is done 
transmitting an entire frame and that the function can now 
return to the idle state to wait to begin transmitti ng 
another frame . This message should only be true until the 
function r eturns to the idle state . 

gta - Go to active. To C (controller) function. When the 
controller enables a device dependent transmission, it 
goes to the standby state to wai t for completion of the 
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trans;nission. If it n~eds to interrupt the transmission 
for any reason, it uses this message to force the C 
function back to the active state before normal 
completion. The active controll~r might do this just 
befor e send ing the NR:) (not ready for data) message, the 
system controller might use it before sending an 
asynchronous IFC (inter::ace clear) or the active 
controller might do this to send an asynchronous IDY 
(identify) message. The gta message should only be true 
until the function returns to the active state. 

gts - Go to standby. To C (controller) function. After the 
controller has used the gta message to force the C 
function active to source a message during a device 
dependent trans~ission, it uses the gts message to return 
to the standby sta~e to wait for the normal completion of 
the device depende~t transmission. This message should 
only be true until the function returns to the standby 
sta te. 

lab - Local abort . To SH (source handshake) function. This 
message is used by the active controller. If it is 
sending a segue~ce of cc~~~r.ds and suddenly finds that it 
needs to asynchro:toL:sly source an, IDY (identify) or IEC 
(interface clear, syscem controller only) message, it uses 
the lab message to force the SH f~nction back to the 
generate stat:2 . It ' .. ould otherwise be Uhung" waiting fo: 
the previous message to return before it could generate 
the new message. The lab message is only t~ue until the 
function returns to the generate state. 

lon - Listen only. To L (1 istener) or LE (ex tended L) 
function. ' This message is usually controlled by a manual 
switch and serves to make the device an active listener 
even though it has not been addressed. This is only 
allowed in a special system configuration whic~ has no 
controller, a talk-only, listen-only system. , 

ltn L~cal listen. To L (listener) or LE (extended L) 
function. This message is used by the active controller 
to make itself an active listener without sending out its 
own listen address, thouoh it could do this if it "·;ished 
to, also. 'This message might be used tc all..)~ the 
controller to ~onitor a device dependent messag8 c:z~sfer 
between other devices (to interrupt it ' .... it:.h tr.: not: ready 
for data mess.3.ge, perhaps) or it might also cc used if the 
controller itself was the destination of i:~1e dat.a. The 
1tn message will only be true until ttc function enters 
the active state. 

lun Local unlisten. To L (listene!') or LE (extended L) 
function. This message is USed by the. iicti"Je contr:-oller 
to return the listener function to the idle state a';ter it 
had been forced active by the ltn l ocal :nessaae. This 
message will only be true until ~he func t ion returns to 
the id Ie s ta te. 

rna New byte available. To sa (sQUcce handS·hake) function. 
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When nba goes true, the device is ' telling the SH function 
that it has genera~ed another byte for trans~ission and is 
ready to have it sent. The nba message must go false 
before the fu~ction can then return to the generate state 
to handshake the next byte. 

pof - Power off . To PO (power do',m) function. This message is 
usually sent true by the "off" position of the device 
power s ' .... itch. It causes an immediate transition froln any 
state to POFS (pc'""er of~ s;:ate ) . This, in tt.lrn , caUSes 
all other functions to go to their po~er off states. This 
message re.nains true until the switch is moved to the "on" 
position. 

pon - Power on. To PD (po'''''er dewn) fur:ction . Th is message is a 
short pulse generated when the device pOwer s'Hitch is 
moved to the "on" position. It causes the PO function to 
move fro:n. the po'""er- off state to PONS (po ..... er on state) . 
The function r el:!a ins in PONS until per. goes false . The 
pon message must last long enough to allow all device and 
i nterface functions to go from po'""erea dewn to powered U9 
and ready for normal operation. wh en pan goes false, the 
function enters PUPS (po'Ner Uj? state ) . 

rdy - Ready. To AH (acceptor handshake) function . With this 
message the device indicates to t h e AH function that it is 
now ready to receive the next byte of the inco~ing message 
string. The ray message a110'",-s transition to ACDS 
(acceptor- data state) ..... hich transfers incoming fr ames to 
all the other interf ace functions and device functions. 
As long as the dev ice is busy (i t is interpreting the 
present message or its buffer is full) the rdy message 
should be sent false. The device indicates acceptance of 
the message frem t:Je function by setting rdy false . This 
message handshakes bytes into the d evice . 

rsv Request service. To SR (service re:ruest) function. The 
device indicates to the SR fur-ction a need for service 
wi ~h this message . It causes the function to go to the 
SRSS (service request standby state). The function then 
will send the SRQ (service request) message ..... hen it has 
the opportunity, by setting the appro?~iate bit in data , 
end, ar.d identify frames, or :::y sending its own identify 
frame if enabled to do so. The rsv message is the same as 
bit D7 of the device's status byte . 

rtl - Return to lccaL To RL (remote local) function . This 
message is usually generated ~y a button on the device 
which returns co~trol of t~e device functions to manual 
controls on the instrument itself . The function has the 
optional capability to ignore this message with the LLO 
(local lockout) co:nmand. The message must not be always 
true; it ',;ill usually be a short pulse . 

scl - System controller. To C (controller) function. This 
message indicates to t~e functicn that it is the system 
controller, the only device permitted to send the IFC 
(interface clear) message and take control of the loop at 
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(interface clear) message and take control of the loop at 
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any time . In gene ral, this message will remain true in 
one and only one device throughout ehe operation of the 
interf ace. 

sic Send inter!:ace clear. To C (controller) function. The 
system controller uses this message t o cause t~e function 
to go from t.he idle state to the active state so tnat it 
can send the IFC (interface clear) :r:essage and take 
control of the loop. The sic ~essage must ~e used at 
initial power on as ~ell as any ot~er time the system 
controller ne ed s to asynchronously take control of the 
i nterface . The message sho!lld only be true until the 
active state is ente red . 

sync - Valid sync bit received. To R (receiver) function . This 
message is generated by the decoder circuitry ~hen it 
recognizes the beginning of a ~essage fraille coming in on 
the loop. It. causes the function to go from io.le to RSYS 
(receiver sync state) weere it will decide whether the 
message is for this device or ~ct, and then ta ke 
appropriate action. The sync reessage should only be true 
until t he function enters RSYS. 

Uk Local talk . To T (talker) or TE (extended T) function . 
With this message , tte active controller c~n make itself 
t he talker anc source device dependent jnessages wit.hout 
sending its own tal k address , thougn it could do thi s as 
well, if desired. 7he tlk message s!1culd only be true 
until TACS (talker active. state) becomes true. The 
controller w i ll use this message ween it · ... ants to send 
data (not comoands or ready frames) to another device on 
the loop . 

ton - Talk only. To T (talker) or TE (extended T) functior.. 
This message is normally generated via a manual swi tch and 
causes the device to b2co:r..e the acti .... e talker even though 
it has n:>t received its talk address . T!'lis is only 
permi tted in a special system configuration which lacks a 
controller and is called a tal k-only, listen- only system . 
The function will remai n i;1 TACS (talker active state) 
sending continuous data messages as long as the switch is 
in t h is position. 

Remote Messages 
Between the Device and Interface Functions 

anc the Interface Loop 

AADn - Auto address n. Auto address group, r eady class, 
101 lOOAAAAA. The controller sends AADn to assign simple 
addr esses to devices on the loop. AAAAA represents a five 
bit binary coded address number n · .... hich can range from U 
to 30 (31 is an illegal address , devices will not respond 
to this value). Each device accepts the incoming value n 
as its address , increm.ents tnis value, and sends the 
modified AAD to t he next device on the loop, Which, in 
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tur n, does the sawe. Once a device has received the AAD, 
it will no longer respond to any other !..AD u:1til after it 
receives the AAU co~mand or is powered off, then on 
again. The con~roller uses the accress value which 
returns after goi~g through each device around the l oop to 
determine the nUhl~er of devices, or to determine if there 
are too many devices. 

AAG - Auto address group. Ready class, 101 lOOxxxxX . This 
mnemonic indicztes the entire group of auto address ready 
frames, including siw~le address, extended and multiple 
address, and secondary address assignment frames . The 
controller uses t hese to assign addresses to devices on 
the loop in var i 01..: 5 ways. 

~ AAU - Auto address unconfigure. Unive rsal command group , 
command class, 100 10011010 . The controller uses this 
command to c ause all devices to reset their address 
assignments prior to being assigned a new set of 
addresses. After an AAU , devices may respond to address 
switches, a preset power on address, or no address at 
all. Except at initial power on, the controller must send 
AAU before assigning new addresses , else the devices will 
not respond . !FC (interface clear) does not affect 
address assignments in any way . 

ACG Add r essed command group . Command class , 100 XUODXXXX or 
100 lOl XXXXX or 100 llOXXXXX. This m~emonic indicates 
that group of cc~~ands to which a device does not respond 
unless it is adcressed as a t alke r o~ a listener, 
depending on the particular command. This group also 
includes .the device dependent commands , DDLn and DDTn , as 
well as others . 

AEPn· - Auto extended primary n . Auto address group , ready class, 
101 10lAAAAA. After the controller has assig~ed secondary 
addresses with the AESn fr~~e to a crou~ of devices which 
can accept ex t ended addresses , it uses the AEPn fr ame to 
aS~ign the same primary address to each device in the 
group . . Devices do not modify the frame . t hey merely 
accept the address assignment and send the frame to the 
next device . Othe r devices do not respond to this frame . 
Afte r the AEP, the device is configured and can respond to 
its assigned secondary and primary addresses . AAU will 
reset the address assignment and ready the device to 
receive a new address . AAAAA reoresents the five bit 
binary address n, which c a n range fro; a to 3u (31 is an 
illegal address , device s will not respond to 31). 

AESn - Auto extended secondarv n. Auto address group , ready 
class. 101 110AAArtA. AES- is used by the controller to 
assign secondary addresses t o extended add =essable 
device s. AAAAA is the bina ry address n , which can range 
from 0 to 30 (31 is illegal) . Each device accepts the 
value n as its secondary address, increments this value , 
and sends the modified frame on to the next device. When 
the value reaches 31, no other devices respond and the 
frame simply returns to the controller . The controller 
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can then use AEPn to assign the primary add ress to this 
group of devices. Once: configured, t he devices no longer ( . .-
respond to the A~Sn, so the controller can now send it out 
again to assign extended addresses to the next group of 
devices on the loop. The primary address for each group 
must , of course , be unique . 

AMPn - Auto multiple primary.. Auto address group, ready class , 
101111AAAAA. ru1P assigns primary add resses to all 
devices which use multiple add ressing on the loop. AAAAA 
represents the five bit binary address n, which can range 
from 0 to 30 (31 is illegal).. The controller sends the 
AMP message and each succeeding device accepts the 
incoming value as its ne· .... address, i!1crements n, and sends 
the frar.te to t he next device, which, in turn , does the 
same . The value Which returns to the controller indicates 
the n~~ber of multiple address devices on the loop_ 
Following this, the controller sends the ZES co~mand to 
each device so that it can reser ve the proper sized block 
of secondary addresses. The device is then configured and 
can respond to its assigned addresses normally. AAU is 
necessa ry before devices will respond to new address 
assignments. 

ARC 

~ CMD 

Addressed ready group . Ready class , 101 Olxxxxxx. This 
group of frames is ignored (simply retranswitted) by 
devices which are not presently addressed. Only active 
talkers, listeners, and controllers respond to these 
messages. presently included are the start of 
transmission, end of transmission, and not ready for data 
subgroups and frames. With the exception of NRD , these 
frames do not travel all the way around the loop back to 
their sourcing device . In general; they serve a handshake 
function and the destination device replaces them with 
anoth e r message frame . At present , listeners do not 
respond to these frames, but may in the future with 
e~pansions to loop definition . 

I 

Command. 100 XXXXXXXX. Commands are one of the major 
classes of loop frames . They cont~ol the operation of the 
interface functions of each device in a major way , and to 
a lesser extent, the device functions also . The active 
controller is the only device which sources command frames 
(except for asynchr onous I::C by the syst.em c ontroller) . 
Every command must be immediate ly followed by the RFC 
message to provide devices the oportunity to handshake, 
that is, to indicate the are ready to receive the nex t 
cOOi1mand . Co:nmands ar e immediately retransiili tted by all 
devices to :ninimize c!elay but a copy of the frame is saved 
by each device to begin execution of the com~and . 

DAB - Data byte . Data or end cla.ss, OOx XXXXXXXX. Data bytes 
are the basic u~it of th~ device dependent message 
trans:nission . This is the data which the interface system 
is designed to handle. The other messages are largely 
overhead for control purposes . These messages between 
devices may be coded in any way but. it is strongly 
recommended that ASCII be used wherever possible for 
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data b'yte also contains the 
set · to ind ica te to the 

DeL - Device clear. universal comr.land' group , command class, 
lOa 00010100. DCL is sent by th,e controller t o cause all 
devices which recognize this ,command t o set their device 
functions to a preset state, whether they are addressed.', or 
not. Th is command does not affect the interf.ice 
functions. The preset state is defined by the device 
designer. 

Jr DDLn - Device dependent listener command n. Addressed command 
group , c o:;!:n and class, 100 10lXXXXX . A device must be 
addressed as a listener in order to r,espond to anyone of 
the 32 possible DDL com~nds. The particular effect of 
the specific command is designer determined . 

K DDTn - Device de:?endent talker cCi.1mand n. Addressed command 
group , cowmand class, lOG llOXXxxx. A device muSt be 
addressed as a talker in order to r espond to anyone of 
the 32 possible ODT com:nands. The particular effect of 
t he specific c ommand is designer determined. 

DOE 

EAR 

END 

- Data or end. OXX XXXXXXXX . This major frame 
classification includes all the device depence~t messages 
for the interface system. This is the data which is 
communicated from one device to anothe r and for which the 
system was designed . DOE frames inclllde t h e END bit, C2 , 
to indicate an end - of-record condition wi~hout terminating 
the transmission, and the SRQ bit, Cl , for devices to 
indicate a need fo~ service to the active controller. 
These frames are, in general , sourced by the active 
talker . Their d estination ' is the active listener(s) on 
the loop. 

- Enable asynchronous requests. Universal command group, 
command class , lOU 00011000. This c ommand is used by the 
ac~ive controller to put all devices which have the 
caoabilitv in a mode where the v can source their own lDY 
message to indicate a need for service to the controller . 
Normally, the controller is the only device to source lDY 
fr ames. After the contrOller sends ~ he EAR RFC 
sequence , it will allow the loop to go idle , until such 
time as an asynchronous lDY from one of the devices 
arrives or until the controller must perform some other 
operation. The controller sends o~ t a co;nmand which 
disables the 'asynchronous reques~ mode and then resumes 
normal operation . All commands e xcept EAR and LPD disable 
the mode , however it is recommended that controllers use 
the NUL command as it has no affect on the other interface 
functions. LPD does not disable the mode so that it is 
possible to have some device other t ha n the active 
controller wake up a powered down loop. 

- End data byte. Data or end class , Olx XXXXXXXX. 
frame is the same as a da,ta byte except that bi t 
to indicate the end-of-record condition to the 
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This has no affect on the incerface functions and the end 
byte is tr ea ted exactly the 5 a:ne as any othe r da ta byte as 
far as t he system is conce~ned. Most ASCII transmissions 
will indicate end-of-line -.. ith a CR, LF pair, for example, 
but binary data will pro0301y ne ed to use the END message 
for this function . This does not terminate the 
transmission. 

EOT End of transmmission. Addressed ready group, ready class, 
101 OlOOOOOX. This is a subgroup including two messages, 
end of transmission (erro:) and end of transmission (OK). 
The active talker sources these frames and the active 
controller is the destination. These messages do not 
travel all the way around the loop . 

ETE End of transr.lission, error. Addressed ready group , ready 
class , 101 01000001. This message is source by the active 
talker to indicate to the ac~ive c on troller that -its 
device dependent transmission is finished and that one or 
more of the data bytes returned to the talker differently 
than it was sent. ~his error checking ca?aoility is not 
required, but is strongly recom~ended . If the device does 
not er r or check, it :nay not source tnis message. The 
controller r eplac es this message with its next operation 
on the loop, possibly a retry of the transmission . 

ETC - End of transmission, OK. Addressed ready group, ready 
class, 101 010000UO. This ~essage is sourced by the 
active talker t o indicate to the active controller that 
its device dependent transwission is finished and that all 
bytes returned to the t alke r as sent (or that no error 
checking was performed, if the device does not have the 
capability). Error checking is strongly reco~uended. The 
controller replaces this message with its next operation 
on the loop. 

A'GET Group execute trigger . Addressed command group, command 
class, 100 00001000 . GET is a command used by the 
c ontroller to cause all devices which are listener 
addressed to begin t heir particular device operation. The 
particular operation for each device is designer 
specified. This permits the controller to start an 
operation in several devices as nearly at the same time as 
is possible given the loop architecture of the system. 

~ GTL - Go to local. Addressed co~mand group, c Oillm and class, 
100 00000001. The controller uses this command to put all 
devices which ar e listener addressed under control of 
their front panel "local" controls. Programming data for 
the device will, in general , be ignored wh ile the device 
is in this state , if it is received via the interface. 

IM Illegal auto address. Auto address group, r eady class, 
101 10011111. When the controller assigns addresses with 
th e AAD message, there ;nay be exactly the maximum or too 
many dev ices on the loop. If this is the case. the 
message which returns to the controller has its address 
bit incremented to the va lue 31, which is defined as -the 
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far as t he system is conce~ned. Most ASCII transmissions 
will indicate end-of-line -.. ith a CR, LF pair, for example, 
but binary data will pro0301y ne ed to use the END message 
for this function . This does not terminate the 
transmission. 

EOT End of transmmission. Addressed ready group, ready class, 
101 OlOOOOOX. This is a subgroup including two messages, 
end of transmission (erro:) and end of transmission (OK). 
The active talker sources these frames and the active 
controller is the destination. These messages do not 
travel all the way around the loop . 

ETE End of transr.lission, error. Addressed ready group , ready 
class , 101 01000001. This message is source by the active 
talker to indicate to the ac~ive c on troller that -its 
device dependent transmission is finished and that one or 
more of the data bytes returned to the talker differently 
than it was sent. ~his error checking ca?aoility is not 
required, but is strongly recom~ended . If the device does 
not er r or check, it :nay not source tnis message. The 
controller r eplac es this message with its next operation 
on the loop, possibly a retry of the transmission . 

ETC - End of transmission, OK. Addressed ready group, ready 
class, 101 010000UO. This ~essage is sourced by the 
active talker t o indicate to the active controller that 
its device dependent transwission is finished and that all 
bytes returned to the t alke r as sent (or that no error 
checking was performed, if the device does not have the 
capability). Error checking is strongly reco~uended. The 
controller replaces this message with its next operation 
on the loop. 

A'GET Group execute trigger . Addressed command group, command 
class, 100 00001000 . GET is a command used by the 
c ontroller to cause all devices which are listener 
addressed to begin t heir particular device operation. The 
particular operation for each device is designer 
specified. This permits the controller to start an 
operation in several devices as nearly at the same time as 
is possible given the loop architecture of the system. 

~ GTL - Go to local. Addressed co~mand group, c Oillm and class, 
100 00000001. The controller uses this command to put all 
devices which ar e listener addressed under control of 
their front panel "local" controls. Programming data for 
the device will, in general , be ignored wh ile the device 
is in this state , if it is received via the interface. 

IM Illegal auto address. Auto address group, r eady class, 
101 10011111. When the controller assigns addresses with 
th e AAD message, there ;nay be exactly the maximum or too 
many dev ices on the loop. If this is the case. the 
message which returns to the controller has its address 
bit incremented to the va lue 31, which is defined as -the 
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1M message . Devices will not respond to this message. If Ik~ returns to the contr olle r , it should send AA DU again. If this message returns unchanged, there are exactly the ~aximum number of devices. The co ntroll er c an sta rt nor~al operations . If the frame returns incremented , there ar e too many dev ices. The controller should indicate this to the use r and should not atte::tp t any operation unt~l the condition is cor r ected . 
'>'"IDY Iden tify . llX XXXXXXXX . Th is maj or class if iea tion of mess~ges is used by the controller to poll the loop for serv~ce. Bit Cl is set by devices which need service . Mdi tionally, if the cO:1trol!er has conf igured dev ices to respond to parallel poll, these ce'/ices se t. designated data bits in the lOY message as it passes through the device . With t hi s capability , the controller can rapidly identify which device needs service. In general , the controller s ou rces the lOY, but can enable certain othe r devices to do so if necessary. 

rEP - Illegal extended primary. Auto address group, ready class, 101 10111111 . This message is this s~~e as the AEP message except that the address value is 31 , an illegal value . Devices ' .. ill not respond to this message . Furthermore, since AEP is never incremented , devices will not generate this message, either. It is included merely for consistency. 

IES Illegal extended secondary . Auto address group , ready c lass, 1 01 11U11111. Extended address devices recei ve their secondary address assig~~ents via the AES message , which they accept, increment , and send on to the next device. When the address value r eaches 31 , it is defined as the rES message anq is no longer accepted by other devices, which merely pass it on back to the controller. The controller then assigns primary addresses with AEP message, which is not incremented. Only devices which tust received the AES message will respond to the AEP me~sage. After this group o f devices has both seconda ry and primary addresse s, it will not repond any more to the AES, so the controller sends it out again to configure the next group of devices, and so on. Should the controller r un out of AEP addresses and still have the AES message r eturn incremented, t here are too many devices on the "loop. 

~ IFC - Interface clear. Universal command group , command class, 1 00 10010000. IFC is sourced ~nly by the system contr olle r . I t can be sent at any time to take over the control of the interface system. IFC resets all active devices t o their idle condition , but does not destroy parallel poll or add ress configuration . If the active controller which is not t~e system controller receives the 

o 

IFC, it. also goes to the idle s ta te . 0 
IMP - Illegal multip l e primary . Auto address group , ready class , 101 llll~lll~ The controller uses the AMP message to assign primary addresses to those devices which have 
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1M message . Devices will not respond to this message. If Ik~ returns to the contr olle r , it should send AA DU again. If this message returns unchanged, there are exactly the ~aximum number of devices. The co ntroll er c an sta rt nor~al operations . If the frame returns incremented , there ar e too many dev ices. The controller should indicate this to the use r and should not atte::tp t any operation unt~l the condition is cor r ected . 
'>'"IDY Iden tify . llX XXXXXXXX . Th is maj or class if iea tion of mess~ges is used by the controller to poll the loop for serv~ce. Bit Cl is set by devices which need service . Mdi tionally, if the cO:1trol!er has conf igured dev ices to respond to parallel poll, these ce'/ices se t. designated data bits in the lOY message as it passes through the device . With t hi s capability , the controller can rapidly identify which device needs service. In general , the controller s ou rces the lOY, but can enable certain othe r devices to do so if necessary. 

rEP - Illegal extended primary. Auto address group, ready class, 101 10111111 . This message is this s~~e as the AEP message except that the address value is 31 , an illegal value . Devices ' .. ill not respond to this message . Furthermore, since AEP is never incremented , devices will not generate this message, either. It is included merely for consistency. 

IES Illegal extended secondary . Auto address group , ready c lass, 1 01 11U11111. Extended address devices recei ve their secondary address assig~~ents via the AES message , which they accept, increment , and send on to the next device. When the address value r eaches 31 , it is defined as the rES message anq is no longer accepted by other devices, which merely pass it on back to the controller. The controller then assigns primary addresses with AEP message, which is not incremented. Only devices which tust received the AES message will respond to the AEP me~sage. After this group o f devices has both seconda ry and primary addresse s, it will not repond any more to the AES, so the controller sends it out again to configure the next group of devices, and so on. Should the controller r un out of AEP addresses and still have the AES message r eturn incremented, t here are too many devices on the "loop. 

~ IFC - Interface clear. Universal command group , command class, 1 00 10010000. IFC is sourced ~nly by the system contr olle r . I t can be sent at any time to take over the control of the interface system. IFC resets all active devices t o their idle condition , but does not destroy parallel poll or add ress configuration . If the active controller which is not t~e system controller receives the 
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IFC, it. also goes to the idle s ta te . 0 
IMP - Illegal multip l e primary . Auto address group , ready class , 101 llll~lll~ The controller uses the AMP message to assign primary addresses to those devices which have 
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multiple a dd ress capability . If there are exactly t he 
maxi~um n~"ber or teo many devices of this type on the 
loop, the AJ>1P message will be incre;:'!ented to 31 , which is 
defined as the IHP message . No further devices will 
respond and the frame will return to the controller . The 
controller could send A["1P again . If it returns unchanged, 
the loo? has exactly t he .1laXimlliil nUffiDer of devices. If it 
returns modified, there are too :nany. The controller 
should signal an error to the user and shculd not attempt 
to operate the loop • 

.;fLADn - Listen address n co:nmand . Listen address group, co;nmand 
class, lOu OU1AAP...A.':;. 1'his is the cOr:lmand which the 
controller uses to cause a particular device to become the 
active l istene r , that is, able to receive d ata messages 
from other devic:s on the loo~. AAAAA reDresents a five 
bit binary address n, which can r ange fro; u to 30. 31 is 
an illegal address which causes all listeners to go to the 
idle state . It is called the unlisten comma nd. For 
devices which use a two byte address, LAD provides the 
primary address only. The HSA co:nmanc must be received to 
make these devices an active listener. Hultiple LAD 
messages will activate multiple listeners . 

LAG 

LLO 

-:f LPD 

Listen address group . Command class, 100 OOlxxxXx . This 
group of comm ands includes all the liste n address commands 
and also the unlisten cox.~~5 (address 31). Secondary 
address commands are in a separate group ; only primary 
listen addresses are included in LAG. 

Local lockout. Universal co~mand group, command class , 
100 00010001 . With this command the controller can cause 
all devices which respond to this cowmand to lock out , or 
not respond to , their return to local control buttons on 
the instruments. This will p r event an operator from 
changing an instrument's control settings inadvertant1y at 
a critical time. 

\ 
- Loop power down. Universal co~"and group, command class, 

100 10011011 . The controller uses this command to place 
the loop, or rather all devices which respond to this 
com;nand, in a power oo' .... n state to c onse r ve power . The 
controller remains powered up so that it can wake up the 
loop at a later time and continue no :-;nal operations. If 
the contr oller has enabled the asy nchronous request mode 
pr ior to senolng the LPD, other devices with the proper 
capability can also initiate the loop wake-up sequence. 

MLA - My listen address. Listen address group , command class , 
100 OOlH~l:1M:.'1 . This is the particular LAon command which 
happens to match in the least signific~nt five bits with 
the address (primary address in the case of devices that 
have a two fr arne address) which is assigned to this 
specific device . This c o~m3nd causes the device to become 
the active listener and able to receive device dependent 
messages. In t he c as e of devices which require two frame 
addresses, the MSA code is also req ui red before the device 
becomes active. 
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multiple a dd ress capability . If there are exactly t he 
maxi~um n~"ber or teo many devices of this type on the 
loop, the AJ>1P message will be incre;:'!ented to 31 , which is 
defined as the IHP message . No further devices will 
respond and the frame will return to the controller . The 
controller could send A["1P again . If it returns unchanged, 
the loo? has exactly t he .1laXimlliil nUffiDer of devices. If it 
returns modified, there are too :nany. The controller 
should signal an error to the user and shculd not attempt 
to operate the loop • 

.;fLADn - Listen address n co:nmand . Listen address group, co;nmand 
class, lOu OU1AAP...A.':;. 1'his is the cOr:lmand which the 
controller uses to cause a particular device to become the 
active l istene r , that is, able to receive d ata messages 
from other devic:s on the loo~. AAAAA reDresents a five 
bit binary address n, which can r ange fro; u to 30. 31 is 
an illegal address which causes all listeners to go to the 
idle state . It is called the unlisten comma nd. For 
devices which use a two byte address, LAD provides the 
primary address only. The HSA co:nmanc must be received to 
make these devices an active listener. Hultiple LAD 
messages will activate multiple listeners . 

LAG 

LLO 

-:f LPD 

Listen address group . Command class, 100 OOlxxxXx . This 
group of comm ands includes all the liste n address commands 
and also the unlisten cox.~~5 (address 31). Secondary 
address commands are in a separate group ; only primary 
listen addresses are included in LAG. 

Local lockout. Universal co~mand group, command class , 
100 00010001 . With this command the controller can cause 
all devices which respond to this cowmand to lock out , or 
not respond to , their return to local control buttons on 
the instruments. This will p r event an operator from 
changing an instrument's control settings inadvertant1y at 
a critical time. 

\ 
- Loop power down. Universal co~"and group, command class, 

100 10011011 . The controller uses this command to place 
the loop, or rather all devices which respond to this 
com;nand, in a power oo' .... n state to c onse r ve power . The 
controller remains powered up so that it can wake up the 
loop at a later time and continue no :-;nal operations. If 
the contr oller has enabled the asy nchronous request mode 
pr ior to senolng the LPD, other devices with the proper 
capability can also initiate the loop wake-up sequence. 

MLA - My listen address. Listen address group , command class , 
100 OOlH~l:1M:.'1 . This is the particular LAon command which 
happens to match in the least signific~nt five bits with 
the address (primary address in the case of devices that 
have a two fr arne address) which is assigned to this 
specific device . This c o~m3nd causes the device to become 
the active listener and able to receive device dependent 
messages. In t he c as e of devices which require two frame 
addresses, the MSA code is also req ui red before the device 
becomes active. 
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MSA - My secondary address. Secondary address group , com~and 
class, 100 OllH":1H.:·1r>L T~i.s is the particular SADn command 
which matches the secor.aary address assigned to this 
specific device . This com~and causes the device to become 
the active talker or to become an active listener. This 
command must immediately follc· .... t he HTA or MLA c om:nand . 

HT.l\ - My talk address. Talk address · grou=" command class, 
100 010H!·1:·1M..'1. Th is is the par ticular TADn co:nmand which 
matches the talk address (pri~~ry address in the case of 
devices that have a t· .. o fraiile address) which is assigned 
to this specific dev,ice . When the device receives MTA, it 
beco:nes the active talker on the loop, and , when enabled, 
will send device dependent data to other devices. For 
devices which have a t· .. o byte address, t:"e HSA command is 
also requir ed before the device beco:nes the acti'Je 
talker. This cor.tmand ca:;ses any previous talker to .oeco:ile 
unadd r essed . 

NAA - Next auto address. Auto address group, ready class, 
101 100NNNNN. This rnne20nic represents the ir.~remented 
auto address frame which a device sends on to he next 
device on the loop. The value of NNNNN ~ight range from 1 
to 31, depending on t~e particular device and how many 
devices are on the loop. The value 31 is also called 1M, 
values less than 31 are also called AAD. 

NES Next extended secondarv. Auto address group , ready class , 
101 110NNNNN . This ~e~onic repr esents the incremented 
secondary address assign~ent frame which a device passes 
on to the next device on t~e loop. It is used by extended 
address devices and by ::lulti?le address devices . NNNNN 
can range from 1 to 31, depending on t he nu~ber of devices 
and the loea tion on the lo.op. The value of 31 is also 
referred to as lES, values less than 31 are also called 
AES. 

NMP N~xt multiple primary. Auto address group, ready class, 
101 IllNNNNN. This mnemonic r epresents the incremented 
primary address frame which multiple address devices send 
on to the next device on the loop. NNNNN can ra nge from 1 
to 31 depending on the number of devices and the loction 
of this device on the loop. The address value 31 is also 
referred to IMP and values less than 31 a re also referred 
to as At·1P. 

~NRD - Not ready for data. Addressed ready group, ready class, 
101 01000010. When the controller needs to s~nchrcnously 
interrupt a talker-listene r trans~ission, it aoes so bv 
holding t he next data oyte and replacing it with the NRD 
message . This frame signals the tal ke r that it should 
terminate its tr ansmission . When the NRD returns to the 
controller, it will then send the held up data frame. 
wben this data frame returns t o the talker, the talker 
must source the prot'er end of transmission frame. When 
the controller enables the transmission to continue , it 
will normally n~gin at t~e poi~t of interrut'ticn . 
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MSA - My secondary address. Secondary address group , com~and 
class, 100 OllH":1H.:·1r>L T~i.s is the particular SADn command 
which matches the secor.aary address assigned to this 
specific device . This com~and causes the device to become 
the active talker or to become an active listener. This 
command must immediately follc· .... t he HTA or MLA c om:nand . 

HT.l\ - My talk address. Talk address · grou=" command class, 
100 010H!·1:·1M..'1. Th is is the par ticular TADn co:nmand which 
matches the talk address (pri~~ry address in the case of 
devices that have a t· .. o fraiile address) which is assigned 
to this specific dev,ice . When the device receives MTA, it 
beco:nes the active talker on the loop, and , when enabled, 
will send device dependent data to other devices. For 
devices which have a t· .. o byte address, t:"e HSA command is 
also requir ed before the device beco:nes the acti'Je 
talker. This cor.tmand ca:;ses any previous talker to .oeco:ile 
unadd r essed . 

NAA - Next auto address. Auto address group, ready class, 
101 100NNNNN. This rnne20nic represents the ir.~remented 
auto address frame which a device sends on to he next 
device on the loop. The value of NNNNN ~ight range from 1 
to 31, depending on t~e particular device and how many 
devices are on the loop. The value 31 is also called 1M, 
values less than 31 are also called AAD. 

NES Next extended secondarv. Auto address group , ready class , 
101 110NNNNN . This ~e~onic repr esents the incremented 
secondary address assign~ent frame which a device passes 
on to the next device on t~e loop. It is used by extended 
address devices and by ::lulti?le address devices . NNNNN 
can range from 1 to 31, depending on t he nu~ber of devices 
and the loea tion on the lo.op. The value of 31 is also 
referred to as lES, values less than 31 are also called 
AES. 

NMP N~xt multiple primary. Auto address group, ready class, 
101 IllNNNNN. This mnemonic r epresents the incremented 
primary address frame which multiple address devices send 
on to the next device on the loop. NNNNN can ra nge from 1 
to 31 depending on the number of devices and the loction 
of this device on the loop. The address value 31 is also 
referred to IMP and values less than 31 a re also referred 
to as At·1P. 

~NRD - Not ready for data. Addressed ready group, ready class, 
101 01000010. When the controller needs to s~nchrcnously 
interrupt a talker-listene r trans~ission, it aoes so bv 
holding t he next data oyte and replacing it with the NRD 
message . This frame signals the tal ke r that it should 
terminate its tr ansmission . When the NRD returns to the 
controller, it will then send the held up data frame. 
wben this data frame returns t o the talker, the talker 
must source the prot'er end of transmission frame. When 
the controller enables the transmission to continue , it 
will normally n~gin at t~e poi~t of interrut'ticn . 
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NRE - Not remote enable . Unive :-sal command group, command class, I OU 1001 0Ull. With this cocmand, the controller r ' causes all instruments to be placed under local control , that is, they will respond to thei:- front panel controls and not to programming infor@ation received over the loop _ Devices which do not implement the remote local interface function will sioply ignore the command . 

NUL Null command~ Addressed command grau;>, command class , 100 OUOOOO Ou . This is the "no operation" command in PIL . Devices do not generally respond to this cO~"and and so it i s useful for such functions as waking up a powered down loop, ter~inating the asynchronous request mode , etc. where it may have to be sent more than once and the devices need to remain essentially undisturoed~ 

OSA Other secondary address . Secondary address group, command class, IOU OllTTTTT. This mnemonic reoresents any secondary address command ',.;hose address bi ts do not match the acaress assigned to this particula r device. It is recognized by extended tal ke r functions to cause them to become unaddressed when another device with the same primary address is addressed to talk . TTTTT represents the address bits which do not mat c h. 

OTA - Other talk address. Talk address group , command class , 100 OIOTTTTT . This mnemonic represents any talk address com~and wherein the five address bits, TTTTT, do not match t he addr~ss assigned to this particular device ~ Since there can only be one active talker On the 100'0 at a time , this device will become unaddressed to talk if~ it was not already in, the talker idle state. 

PPD Parallel poll disable ~ Addressed cOill~and group , command c lass , 100 00000101. This command 1S used by the c ontroller to cause the devices which are liSten addressed t o no longe:- respond to parallel polls. The parallel poll function returns to its idle state . , . 
PPEn - Parallel poll enable n . ~ddressed command group, command c lass , 100 1000SBSB . This command allows the controller t o con~1gure devices on the loop to respond to parallel polls in various ways. The S bit indicates the sense of the device~s response . A 1 in S will cause the device to set the proper bit if it needs service, a 0 in Swill cause the dev ice to S2t the proper bi t if it does not need service. BBB indicates the particular bit on which the device must respond . QUU indicates bit 01 , 001 indicates 02 , I III indicates 01:1. Only listen addressed devices will be configured by the PPE command. Typic311y , the cont:-oller will address each device individually and send the PPE command to configure i t until all devices are conf igured ~ 

PPU - Pa r allel poll unconf igur e. Un iver sal command group , command class, 100 OUOI01U1 . The controller uses this c ommand to disaole all devices On the loop, whether addressed or not, from responding t o parallel polls. The 
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NRE - Not remote enable . Unive :-sal command group, command class, I OU 1001 0Ull. With this cocmand, the controller r ' causes all instruments to be placed under local control , that is, they will respond to thei:- front panel controls and not to programming infor@ation received over the loop _ Devices which do not implement the remote local interface function will sioply ignore the command . 

NUL Null command~ Addressed command grau;>, command class , 100 OUOOOO Ou . This is the "no operation" command in PIL . Devices do not generally respond to this cO~"and and so it i s useful for such functions as waking up a powered down loop, ter~inating the asynchronous request mode , etc. where it may have to be sent more than once and the devices need to remain essentially undisturoed~ 

OSA Other secondary address . Secondary address group, command class, IOU OllTTTTT. This mnemonic reoresents any secondary address command ',.;hose address bi ts do not match the acaress assigned to this particula r device. It is recognized by extended tal ke r functions to cause them to become unaddressed when another device with the same primary address is addressed to talk . TTTTT represents the address bits which do not mat c h. 

OTA - Other talk address. Talk address group , command class , 100 OIOTTTTT . This mnemonic represents any talk address com~and wherein the five address bits, TTTTT, do not match t he addr~ss assigned to this particular device ~ Since there can only be one active talker On the 100'0 at a time , this device will become unaddressed to talk if~ it was not already in, the talker idle state. 

PPD Parallel poll disable ~ Addressed cOill~and group , command c lass , 100 00000101. This command 1S used by the c ontroller to cause the devices which are liSten addressed t o no longe:- respond to parallel polls. The parallel poll function returns to its idle state . , . 
PPEn - Parallel poll enable n . ~ddressed command group, command c lass , 100 1000SBSB . This command allows the controller t o con~1gure devices on the loop to respond to parallel polls in various ways. The S bit indicates the sense of the device~s response . A 1 in S will cause the device to set the proper bit if it needs service, a 0 in Swill cause the dev ice to S2t the proper bi t if it does not need service. BBB indicates the particular bit on which the device must respond . QUU indicates bit 01 , 001 indicates 02 , I III indicates 01:1. Only listen addressed devices will be configured by the PPE command. Typic311y , the cont:-oller will address each device individually and send the PPE command to configure i t until all devices are conf igured ~ 

PPU - Pa r allel poll unconf igur e. Un iver sal command group , command class, 100 OUOI01U1 . The controller uses this c ommand to disaole all devices On the loop, whether addressed or not, from responding t o parallel polls. The 
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parallel poll function in each device will returr. to its 
idle state . 

Ready. 101 xx.x;(,;{XXX. This major class of messages is 
used for a number of different purposes, including device 
handshake functions and add::ess configuration. Host are 
sourced by the active cont::oller, but a few are sourced by 
talkers, and a number are modified by auto address 
devices. 

if'REN Remote ena ble . Universal command group, command class, 
100 10010010. With this cOmr.land, the controller places 
the entire loop in remote mode. Now, as each device ~s 
listen addressed, it will no longer r es?ond to its front 
panel controls, but will respond to progra~~in9 data over 
the interface. Devices which do not implement this 
function always respond to the interface. 'rhey will 
simply retransmit this carow-and and take no other action. 

RFC - Read fo:- command . Ready class, 101 OOOOOOUO. The 
controller uses this reaay trame as the handshake afte r 
each co~mand so that it kno~s that all devices on the loop 
have received the com~and and are ready to receive the 
next . Every command must be im:nediately followed by the 
RFC message. 

SACn - Secondary address n command. Secondary address grou?, 
command class, 100 OllAAAAA. This command orovices the 
secondary address to enable talkers and listeners which 
respond to two byte addresses. AAAAA represents the five 
bit binary address n, · ..... hic h can range from 0 to 30. 31 is 
an illegal add ress. The secondary address muse follow the 
primary address comma nd i~wedia~ely to enable the device . 

SAG 

SA! 

;f SCA 

Secondarv address group. Command class, 100 OllXXXXX. 
This 9 ro~? of commands con-::. a ins the secondary addresses , 
that is, SAC comma nds. These are only used for devices 
wriCh respond to extended or multiple address modes . 

• - Send accessory ID. Addressed ready group, ready class, 
101 0110 0011 . This frame is used by t he controller to 
cause the addressed talker to begin sending its accessory 
ID byte{s). The talker replaces the SAl with the 
accessory lO on the loop, and terminates with the proper 
EOT , just as in a data transmission. If the device does 
not have acc essory ID ca9ability , it merely sends the SAI 
back to the controller, which realizes that the device 
cannot respond and resumes control. Accessory IO usually 
consists of a single byte whose h igh order four bits 
indicate the device class, for example, p rinter, mass 
storage, etc. and whos e low order f our bits indicate the 
specific device. 

Send data. Addressed ready group, ready class, 
101 01100000. This frame is used by the c ont roller to 
cause the add r essed tal ke r to begin sending its dat.3 
string. The talker replaces t he SuA with the first byte 
of its data on the loop and continues to send until 
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parallel poll function in each device will returr. to its 
idle state . 

Ready. 101 xx.x;(,;{XXX. This major class of messages is 
used for a number of different purposes, including device 
handshake functions and add::ess configuration. Host are 
sourced by the active cont::oller, but a few are sourced by 
talkers, and a number are modified by auto address 
devices. 

if'REN Remote ena ble . Universal command group, command class, 
100 10010010. With this cOmr.land, the controller places 
the entire loop in remote mode. Now, as each device ~s 
listen addressed, it will no longer r es?ond to its front 
panel controls, but will respond to progra~~in9 data over 
the interface. Devices which do not implement this 
function always respond to the interface. 'rhey will 
simply retransmit this carow-and and take no other action. 

RFC - Read fo:- command . Ready class, 101 OOOOOOUO. The 
controller uses this reaay trame as the handshake afte r 
each co~mand so that it kno~s that all devices on the loop 
have received the com~and and are ready to receive the 
next . Every command must be im:nediately followed by the 
RFC message. 

SACn - Secondary address n command. Secondary address grou?, 
command class, 100 OllAAAAA. This command orovices the 
secondary address to enable talkers and listeners which 
respond to two byte addresses. AAAAA represents the five 
bit binary address n, · ..... hic h can range from 0 to 30. 31 is 
an illegal add ress. The secondary address muse follow the 
primary address comma nd i~wedia~ely to enable the device . 

SAG 

SA! 

;f SCA 

Secondarv address group. Command class, 100 OllXXXXX. 
This 9 ro~? of commands con-::. a ins the secondary addresses , 
that is, SAC comma nds. These are only used for devices 
wriCh respond to extended or multiple address modes . 

• - Send accessory ID. Addressed ready group, ready class, 
101 0110 0011 . This frame is used by t he controller to 
cause the addressed talker to begin sending its accessory 
ID byte{s). The talker replaces the SAl with the 
accessory lO on the loop, and terminates with the proper 
EOT , just as in a data transmission. If the device does 
not have acc essory ID ca9ability , it merely sends the SAI 
back to the controller, which realizes that the device 
cannot respond and resumes control. Accessory IO usually 
consists of a single byte whose h igh order four bits 
indicate the device class, for example, p rinter, mass 
storage, etc. and whos e low order f our bits indicate the 
specific device. 

Send data. Addressed ready group, ready class, 
101 01100000. This frame is used by the c ont roller to 
cause the add r essed tal ke r to begin sending its dat.3 
string. The talker replaces t he SuA with the first byte 
of its data on the loop and continues to send until 

-8.13- 1900 DEC 1 

o 

A 
V 

o 



i'"') 
V 

;.:c:SDC 

SDI 

o 
?-~' 
J 

lofeSSAGE GLOSSARY 

finish ed . Then it sends the proper 'EOT message to signal 
the cont:oller that it is finiShed . If the device cannot 
source data, it merely returns the SuA to the controller. 

Selected device clear. Addressed cC!i\;nand grcu?, com:nand 
class, 100 OUUOOIOO . This com:nand is used by the 
controller to clear only those devices which are listener 
addressed. The clear function is device deoendent and has 
no affect on the interface functions. ~ 

Send device !D. Addressed ready group , ready class, 
101 0110 00 10. SDI is used by t;"e controller to cause the 
talker addressed device to oegin sending its device ID 
string. The talker replaces the SOl with its 10 string on 
the loop and terminates the transmission with the proper 
EOT message 4 The 10 string usually consists of ASCI! 
characters, two for the manufacturer code, up to five for 
the model number, one for a model number r evision letter, 
and any additional options or device dependent ite~s which 
the designer feels should be included to clar ify the 
identification and capabilitieS of this device. A CR, LF 
pair is usually sent just prior to the EOT ~ If a device 
does not i!<ip1ement device IO, the SOl will simply r eturn 
to the controller. 

SOT - Start of transmission . Addressed ready group , r eady 
class, 101 OllOOXXX ~ This subgroup of frames includes the 
SOA, SST, 501, SAl , and TCT messages. They all serve to 
enable the beginning of transmission from a device other 
than the controller (exceot for TCT, whic!'l enaoles the ne· .... 
controller) ~ Usually, the other device will source the 
proper EOT message when finished, signalli~9 the 
controller to take over once aaain . In the case of TC~ 
(take control) the new controller re~ains in contr ol of 
the loop and does not source the EOT 4 This group of 
fr ames does not go completely a r ound the loop, but is 
replaced ~y the first frame fro~ t he enabled device ~ ,. 

SRQ Service request4 Data or end class or identify class, 
OXI xxxxxxxx or 111 xxxxxxxx~ The SRQ bit is bit Cl of 
data, end, and identify messages 4 Devices may set this 
bit 'when they have a need for serv ice from the 
controller 4 The bit t hen represents the logical OR of the 
various devices' need. for set"vice bits. The controller 
will genet"ally need to do a serial poll operation to find 
out which device needs service . The command and readv 
classes of frames do not have a service r eques t bit and do 
not trans~it this message. 

SST - Send status 4 Add r essed r eady group , ready class. 
101 011 00 UOl. The controller uses this frame to cause the 
addressed talker to begin sending its status byt~(s) ~ The 
talket" replaces the SST ' .... ith its status information on the 
loop. Hhen f i:1 ished , the talker then tr ansmi ts t~e pc oper 
EOT message . Sit 07 of the status byte is the bit which 
indicates that this device did or did not request 
service. Other ' bits may be device depe~dent or they may 
represent a coded system status message, depending on the 
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finish ed . Then it sends the proper 'EOT message to signal 
the cont:oller that it is finiShed . If the device cannot 
source data, it merely returns the SuA to the controller. 

Selected device clear. Addressed cC!i\;nand grcu?, com:nand 
class, 100 OUUOOIOO . This com:nand is used by the 
controller to clear only those devices which are listener 
addressed. The clear function is device deoendent and has 
no affect on the interface functions. ~ 

Send device !D. Addressed ready group , ready class, 
101 0110 00 10. SDI is used by t;"e controller to cause the 
talker addressed device to oegin sending its device ID 
string. The talker replaces the SOl with its 10 string on 
the loop and terminates the transmission with the proper 
EOT message 4 The 10 string usually consists of ASCI! 
characters, two for the manufacturer code, up to five for 
the model number, one for a model number r evision letter, 
and any additional options or device dependent ite~s which 
the designer feels should be included to clar ify the 
identification and capabilitieS of this device. A CR, LF 
pair is usually sent just prior to the EOT ~ If a device 
does not i!<ip1ement device IO, the SOl will simply r eturn 
to the controller. 

SOT - Start of transmission . Addressed ready group , r eady 
class, 101 OllOOXXX ~ This subgroup of frames includes the 
SOA, SST, 501, SAl , and TCT messages. They all serve to 
enable the beginning of transmission from a device other 
than the controller (exceot for TCT, whic!'l enaoles the ne· .... 
controller) ~ Usually, the other device will source the 
proper EOT message when finished, signalli~9 the 
controller to take over once aaain . In the case of TC~ 
(take control) the new controller re~ains in contr ol of 
the loop and does not source the EOT 4 This group of 
fr ames does not go completely a r ound the loop, but is 
replaced ~y the first frame fro~ t he enabled device ~ ,. 

SRQ Service request4 Data or end class or identify class, 
OXI xxxxxxxx or 111 xxxxxxxx~ The SRQ bit is bit Cl of 
data, end, and identify messages 4 Devices may set this 
bit 'when they have a need for serv ice from the 
controller 4 The bit t hen represents the logical OR of the 
various devices' need. for set"vice bits. The controller 
will genet"ally need to do a serial poll operation to find 
out which device needs service . The command and readv 
classes of frames do not have a service r eques t bit and do 
not trans~it this message. 

SST - Send status 4 Add r essed r eady group , ready class. 
101 011 00 UOl. The controller uses this frame to cause the 
addressed talker to begin sending its status byt~(s) ~ The 
talket" replaces the SST ' .... ith its status information on the 
loop. Hhen f i:1 ished , the talker then tr ansmi ts t~e pc oper 
EOT message . Sit 07 of the status byte is the bit which 
indicates that this device did or did not request 
service. Other ' bits may be device depe~dent or they may 
represent a coded system status message, depending on the 
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particular device and bit D~ . If 
implement serial poll (status) , 
returns to the controller. 

MESSAGE GLOSSARY 

the de'! ice does not 
tr.e SST frame si~ply 

I TADn - Talk address n co~mand . Talk address group, command 
class , 100 OlOAAAAA . The c on troller uses this cc~wand to 
enable one device on the 1000 to be t~e active talker. 
AAAAA represents the device-'s address (primary address in 
the case of those dev ices which respond to a b..-o bvte 
address) . Address values can rar:.g e from II to 30. 31* is 
an illegal add~ess which causes any talker addressed 
device to return to its idle state. This code is called 
UNT, unta1k . Since only one device can be the active 
talker at a time, if a device receives any addres~ other 
than its own , it also becor.les unaddressed. 

TAG Talk address group . Command class , 1 00 OlOxxxxx . This 
group includes all the talk address commands and the 
untalk comm and . Only primary tal !< addresses are contained 
in this g~oup. Secondary addresses are ccntained in the 
SAG group . 

Take cont::ol . Addressed ready group, ready class, 
101 0110010 The active controller uses this frame to oass 
control of the loop to ano;:.her cont:oller. TZle devic e to 
which control is passed must first be talk addressed , then 
t he c ur~ent contr o ller sends the TCT ~essage. Upon 
receipt fa t~e TCT, the talker addressed devic2 becomes 
active , and replaces the TCT with its first operation on 
the l oop as the new controller . If the device cannot 
accept control of the loop , it ~erelv retran~its the TCT 
which retur~s to the current controller , whicn resumes 
active contr ol of the loop . 

UCG - Universal co~mand group . Cor.~and class, 100 XUOlXXXX. 
This group of commands includes all those to · .... hich all 
devices respond whether they are currently addressed or 
no.t. 

\ 
itU&'L Uniisten. Listen address group , c cr.tm and class, 

100 00111111. This command causes all addressed liste ne rs 
to return to the idle state . T~e controller would likelv 
use th is co:nmand t o resec. t he liste ~er$ before adar-essir.g 
a new listener(s) for the next data transmission. 

~UNT - Untalk . Talk address group , command class , 100 010 11111_ 
This command causes the address ed talker to return to the 
idle state. Since a new talk add r es s cause s th~ previous 
.talker to beco:ne unaddressed anyway , this command is only 
useful in c e rtain special cases , such as when it is 
necessar y to have no talker addressed device on the loop. 

ZES - Zero extended secondary. Auto address group, ready class , 
1 01 110000 UO . This frame LS used by the controller to 
assign seconda ry addresses to those devices which have 
multiple address c apability . After eac~ device has 
recei ved its primary addr·ess via t he AHP fr3me , it waits 
to recognize the ZES frame. When it is received, the low 
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the de'! ice does not 
tr.e SST frame si~ply 

I TADn - Talk address n co~mand . Talk address group, command 
class , 100 OlOAAAAA . The c on troller uses this cc~wand to 
enable one device on the 1000 to be t~e active talker. 
AAAAA represents the device-'s address (primary address in 
the case of those dev ices which respond to a b..-o bvte 
address) . Address values can rar:.g e from II to 30. 31* is 
an illegal add~ess which causes any talker addressed 
device to return to its idle state. This code is called 
UNT, unta1k . Since only one device can be the active 
talker at a time, if a device receives any addres~ other 
than its own , it also becor.les unaddressed. 

TAG Talk address group . Command class , 1 00 OlOxxxxx . This 
group includes all the talk address commands and the 
untalk comm and . Only primary tal !< addresses are contained 
in this g~oup. Secondary addresses are ccntained in the 
SAG group . 

Take cont::ol . Addressed ready group, ready class, 
101 0110010 The active controller uses this frame to oass 
control of the loop to ano;:.her cont:oller. TZle devic e to 
which control is passed must first be talk addressed , then 
t he c ur~ent contr o ller sends the TCT ~essage. Upon 
receipt fa t~e TCT, the talker addressed devic2 becomes 
active , and replaces the TCT with its first operation on 
the l oop as the new controller . If the device cannot 
accept control of the loop , it ~erelv retran~its the TCT 
which retur~s to the current controller , whicn resumes 
active contr ol of the loop . 

UCG - Universal co~mand group . Cor.~and class, 100 XUOlXXXX. 
This group of commands includes all those to · .... hich all 
devices respond whether they are currently addressed or 
no.t. 

\ 
itU&'L Uniisten. Listen address group , c cr.tm and class, 

100 00111111. This command causes all addressed liste ne rs 
to return to the idle state . T~e controller would likelv 
use th is co:nmand t o resec. t he liste ~er$ before adar-essir.g 
a new listener(s) for the next data transmission. 

~UNT - Untalk . Talk address group , command class , 100 010 11111_ 
This command causes the address ed talker to return to the 
idle state. Since a new talk add r es s cause s th~ previous 
.talker to beco:ne unaddressed anyway , this command is only 
useful in c e rtain special cases , such as when it is 
necessar y to have no talker addressed device on the loop. 

ZES - Zero extended secondary. Auto address group, ready class , 
1 01 110000 UO . This frame LS used by the controller to 
assign seconda ry addresses to those devices which have 
multiple address c apability . After eac~ device has 
recei ved its primary addr·ess via t he AHP fr3me , it waits 
to recognize the ZES frame. When it is received, the low 
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CODING CHAP:rS AND FRAHE HIERARCaY 

C. CODI NG CHARTS AND FRA:1E HIERARCHY 

DOD DATA OR END CLASS (OXXl - ASCII 
321 

DODD 000 UOl ul0 011 100 101 110 111 
7654 

OUOO NUL SOH STX ETX EOT ENQ ACK BEL 

0001 BS !IT LF VT FF CR SO SI 

0010 OLE Del CC2 DC) DC4 NAK SYN ETB 

0011 CAN EM SUB ESC FS GS RS US 

0100 SF • ~ S % & 

0101 • + / 

0110 a . 1 2 ) 4 5 & 7 

0111 8 9 < > ? 

1000 @ A B C D E F G 

1001 a I .1 K L M N 0 

101;0, p 0 R 5 T U V \<i 

1011 X Y Z \ 

1100 a b c d e f 9 

1101 h i j k 1 m n 0 

1110 P q r 5 t u v w 

1111 x y z DEL 

Bit D~ is device depende~t; ASCII is a seven bi t code. 
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CODING CHAP:rS AND FRAHE HIERARCaY 

C. CODI NG CHARTS AND FRA:1E HIERARCHY 

DOD DATA OR END CLASS (OXXl - ASCII 
321 

DODD 000 UOl ul0 011 100 101 110 111 
7654 

OUOO NUL SOH STX ETX EOT ENQ ACK BEL 

0001 BS !IT LF VT FF CR SO SI 

0010 OLE Del CC2 DC) DC4 NAK SYN ETB 

0011 CAN EM SUB ESC FS GS RS US 

0100 SF • ~ S % & 

0101 • + / 

0110 a . 1 2 ) 4 5 & 7 

0111 8 9 < > ? 

1000 @ A B C D E F G 

1001 a I .1 K L M N 0 

101;0, p 0 R 5 T U V \<i 

1011 X Y Z \ 

1100 a b c d e f 9 

1101 h i j k 1 m n 0 

1110 P q r 5 t u v w 

1111 x y z DEL 

Bit D~ is device depende~t; ASCII is a seven bi t code. 
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CODING CHARTS AND FRAME HIERARCHY 

COOING CHARI'S AND FAA11E HIERARCHY (continued) ( ~ 
\.. 

000 COMJ:1A.ND CLASS (100) 
321 

00000 000 001 010 all 100 101 110 111 GROUP B7654 

00000 NUL GTL SOC PPO ACG 00001 GET ACG 
00010 LLO OCL PPU UCG 00011 EAR UCG 
00100 LAOO LADl LA02 LA03 LAD4 LA05 LA06 LA07 LAG 00101 LADd LAD9 LAD10 LAO 11 LAo12 LAOl3 LA014 LA01S LAG 
00110 LADl6 LA017 LA01" LAD19 LA020 LA021 LA022 LA023 LAG 00111 LA024 LA02S LA02b LAD27 LAD2~ LA029 LAD3u UNL LAG 

01000 TADO TAD! TAD2 TAD3 TAD4 TAD5 TAOb TA07 TAG 01001 TAD" TAD9 TA010 TADll TAOH TADl3 TADH T.'OlS TAG 
01010 TAD 16 TADl7 TADld TA019 TA02li TAD21 TAD22 TA023 TAG 01011 TAD24 TA02S TAD2b TA027 TAD2" TA029 TA030 U~T TAG 

C 01100 SAOO SADl SAD2 SA03 SAD4 SA05 SA06 SA07 SAG ( 
01101 SAD. SAD9 SAD10 SAD 11 SAD12 SAD13 SADl4 SADl5 SAG 
01110 SAD16 ShDl7 SADla SA019 SA020 SA021 SA022 SA023 SAG 01111 SAC24 5;'025 SA026 SA027 SA02 B SA029 SA030 SAG 
10000 PPEOl PPE02 PPE03 PPE04 P?EOS PPE06 PPE07 PPEO~ ACG 10{)01 PPEll PPE12 PPEl3 PPE14 PPE1S PPEl6 PPEI7 PPE18 ACG 
10010 :HC REN NRE UCG 10011 , . AAU LPO UCG 
10100 DOLO DOLl DOLl 00L3 00L4 OLL5 OLL6 OLL7 ACG 10101 OOLS ODL9 DOL10 ODLll DDLl2 DDLl3 DDL14 DOLlS ACG 
10110 OOL16 DDL17 DoLlS DDL19 DDL20 DOL2I DDL22 ooL23 ACG 10111 ooL24 oDL25 ooL26 DDL27 DOLl" DoL29 00L30 DOL31 ACG 
11000 OOTO DOTl DDT2 ODT3 DDT4 ODT5 oDT6 DDT7 ACG 11001 DOTS DOT9 DDTlO DOTH oDT12 DOTl3 OOTl4 oDT1S ACG 
H010 DDTl6 oOT17 DDT1S DDTl9 ODT20 ODT21 DDT22 00T13 Ace 11011 DOTH ODT25 00T26 DOT27 DDT28 ODT29 DDT3u 00T31 Ace 
11100 

-"" 11101 
"-

11110 
11111 
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CODING CHARTS AND FRAME HIERARCHY 

COOING CHARI'S AND FAA11E HIERARCHY (continued) ( ~ 
\.. 

000 COMJ:1A.ND CLASS (100) 
321 

00000 000 001 010 all 100 101 110 111 GROUP B7654 

00000 NUL GTL SOC PPO ACG 00001 GET ACG 
00010 LLO OCL PPU UCG 00011 EAR UCG 
00100 LAOO LADl LA02 LA03 LAD4 LA05 LA06 LA07 LAG 00101 LADd LAD9 LAD10 LAO 11 LAo12 LAOl3 LA014 LA01S LAG 
00110 LADl6 LA017 LA01" LAD19 LA020 LA021 LA022 LA023 LAG 00111 LA024 LA02S LA02b LAD27 LAD2~ LA029 LAD3u UNL LAG 

01000 TADO TAD! TAD2 TAD3 TAD4 TAD5 TAOb TA07 TAG 01001 TAD" TAD9 TA010 TADll TAOH TADl3 TADH T.'OlS TAG 
01010 TAD 16 TADl7 TADld TA019 TA02li TAD21 TAD22 TA023 TAG 01011 TAD24 TA02S TAD2b TA027 TAD2" TA029 TA030 U~T TAG 

C 01100 SAOO SADl SAD2 SA03 SAD4 SA05 SA06 SA07 SAG ( 
01101 SAD. SAD9 SAD10 SAD 11 SAD12 SAD13 SADl4 SADl5 SAG 
01110 SAD16 ShDl7 SADla SA019 SA020 SA021 SA022 SA023 SAG 01111 SAC24 5;'025 SA026 SA027 SA02 B SA029 SA030 SAG 
10000 PPEOl PPE02 PPE03 PPE04 P?EOS PPE06 PPE07 PPEO~ ACG 10{)01 PPEll PPE12 PPEl3 PPE14 PPE1S PPEl6 PPEI7 PPE18 ACG 
10010 :HC REN NRE UCG 10011 , . AAU LPO UCG 
10100 DOLO DOLl DOLl 00L3 00L4 OLL5 OLL6 OLL7 ACG 10101 OOLS ODL9 DOL10 ODLll DDLl2 DDLl3 DDL14 DOLlS ACG 
10110 OOL16 DDL17 DoLlS DDL19 DDL20 DOL2I DDL22 ooL23 ACG 10111 ooL24 oDL25 ooL26 DDL27 DOLl" DoL29 00L30 DOL31 ACG 
11000 OOTO DOTl DDT2 ODT3 DDT4 ODT5 oDT6 DDT7 ACG 11001 DOTS DOT9 DDTlO DOTH oDT12 DOTl3 OOTl4 oDT1S ACG 
H010 DDTl6 oOT17 DDT1S DDTl9 ODT20 ODT21 DDT22 00T13 Ace 11011 DOTH ODT25 00T26 DOT27 DDT28 ODT29 DDT3u 00T31 Ace 
11100 

-"" 11101 
"-

11110 
11111 
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( 
CODING caARTS AND FRA.t1E HIERARCHY (conti:1ued) 

DOD READY CLASS (101) 
321 

DDDDD 000 001 010 U11 1 00 loi 110 111 GROUP 
8765. 

00000 R=C RFC 
00001 &FC 

00010 &FC 
00 011 RPC 

00100 
00101 

00110 
00111 

01000 ETO ETE NRD ARG 
01001 ARG 

01010 ARG 
01011 ARG 

C- 01100 SDA SST SDI SAl TCT ARG 0 
01101 ARG 

01110 ARG 
01111 ARG 

1 0000 AADO AADl AA02 AADJ AAD4 AAD5 AADo AAD7 AAG 
10001 AAD8 AAD9 AAD10 AADll AAD12 AADIJ AAD14 AAD15 AAG 

10010 ' AAD16 AADl7 AAD18 AAD19 AAD20 AAD21 AA022 AAD23 AAG 
10011 "AD 24 AAD25 AAD26 AAD27 AAD28 AAD29 AAD30 I AA AAG 

10100 AEPO AEPl AEP2 AEP3 AEP4 AEPS AEPa AEP7 AAG 
1 0101 AEP8 AEP9 AEPIO AEPll AEP12 AEP13 AEP14 AEP1S AAG 

1 0110 AEP16 AEP17 AEPlS A£:P19 AEP20 AEP21 AEP22 AEP2J AAG 
10111 AEP24 AEP25 AEP26 AEP27 AEP2~ AEP29 AEP30 I.EP AAG 

11000 AE SO AESl AES2 AES3 AES4 AESS AESb AES7 AAG 
11001 AEScs AES9 AES10 A£:311 AES12 AES13 AES14 AESIS AAG 

11010 AESlc AES 17 AESlti AES19 AES20 AES21 A£522 AES23 AAG 
11011 AES24 AES25 AES26 AES27 AES2d AES29 AES 30 lES AAG 

11100 AMPO AMPl PJ1P2 AHP3 AMP4 AMPS AHPb A:1P7 AAG 

" 11101 AMP~ AHP9 AMPlO "''1Pll AHP12 AHPIJ AMP14 A}tP1S AAG 0 \. 
11110 At-".P 10 AHP17 AHPld AHP19 AMP2u AMP21 At>1P22 A}1P13 AAG 
11111 AMP 2 4 A:,~p2 5 A.i'1P20 AMP27· AMP2t1 AM.P29 At-lP30 IMP AAG 
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( 
CODING caARTS AND FRA.t1E HIERARCHY (conti:1ued) 

DOD READY CLASS (101) 
321 

DDDDD 000 001 010 U11 1 00 loi 110 111 GROUP 
8765. 

00000 R=C RFC 
00001 &FC 

00010 &FC 
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01011 ARG 
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10100 AEPO AEPl AEP2 AEP3 AEP4 AEPS AEPa AEP7 AAG 
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1 0110 AEP16 AEP17 AEPlS A£:P19 AEP20 AEP21 AEP22 AEP2J AAG 
10111 AEP24 AEP25 AEP26 AEP27 AEP2~ AEP29 AEP30 I.EP AAG 

11000 AE SO AESl AES2 AES3 AES4 AESS AESb AES7 AAG 
11001 AEScs AES9 AES10 A£:311 AES12 AES13 AES14 AESIS AAG 

11010 AESlc AES 17 AESlti AES19 AES20 AES21 A£522 AES23 AAG 
11011 AES24 AES25 AES26 AES27 AES2d AES29 AES 30 lES AAG 

11100 AMPO AMPl PJ1P2 AHP3 AMP4 AMPS AHPb A:1P7 AAG 

" 11101 AMP~ AHP9 AMPlO "''1Pll AHP12 AHPIJ AMP14 A}tP1S AAG 0 \. 
11110 At-".P 10 AHP17 AHPld AHP19 AMP2u AMP21 At>1P22 A}1P13 AAG 
11111 AMP 2 4 A:,~p2 5 A.i'1P20 AMP27· AMP2t1 AM.P29 At-lP30 IMP AAG 
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CODING CHARTS AND FRA.L1E HIERARCHY 

c 

CODING CHARTS AND FRAME HIERARCHY (continued) 

DOE DAa IDY IDY 
DAB (SRQ) IDY(SRQ) 
END 
END (SRQ) 

ROY RFC 

CMD ACG NUL ARG EOT ETO 
GTL ETE 
SOC 
PPD NRO 
GET 
PPE (0- 15) SOT SDA 
DOL (0 - 31) SST 
OOT(O- 31) SOI 

SAI 
UCG LLO TCT { .,.. 

OCL 
~ PPU AAG AAO(0- 30) 

EAR NAA (1- 31) 
IFC I AA(31) 
REN 
NRE AEP (0- 30) 
AAU IEP (3l) 
LPO 

ZES (0 ) 
• : LAG LAO(0-30) AES(U-30) 

MLA(0-30) NES(1- 31) 
UNL (31) IES (31) 

TAG TAD (0- 30) AMP (0-30) 
MTA(0- 30) NHP (1-31) 
eTA (0- 30) It1P(31) 
UNT(31) 

SAG SAO(U- 30) 
MSA (0 - 30) 
OSA(0 - 3U) 
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CODING CHARTS AND FRA.L1E HIERARCHY 

c 

CODING CHARTS AND FRAME HIERARCHY (continued) 

DOE DAa IDY IDY 
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NRE AEP (0- 30) 
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LPO 

ZES (0 ) 
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MLA(0-30) NES(1- 31) 
UNL (31) IES (31) 

TAG TAD (0- 30) AMP (0-30) 
MTA(0- 30) NHP (1-31) 
eTA (0- 30) It1P(31) 
UNT(31) 

SAG SAO(U- 30) 
MSA (0 - 30) 
OSA(0 - 3U) 
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ACCESSORY 10 AND STATUS l1ESSAGE DEFINITIONS 

O. ACCESSORY 10 AND STATUS HESSAGE DEFI~ITIONS 

The accessory 10 provides a fast , efficient ~eans for simple 
controllers to i dentify specific devices and device classes . The 
high order four bits indicate the general device class while the 
low order four bits indicate the specific device. In general, 
only one byte is sent, bu t additional bytes may be necessary 
under certain circumsta~ces. The code 1111 in oath t he class and 
specific device fields is reserved as an extend code which is 
prese~tly not defined. presently defined classes and devices are 
as follows: 

class 

0000 controllers 

0001 mass storage 

0010 printers 

0011 displays 

0100 interfaces 

L 

i :, 

0101 instruments 

0110 graphic i/o 

no others presently 

devices 

defined 

device 

0000 HP HC 
no others presently defined 

aODU liP ~2l6lA minicassette 
tape dr ive 

no others presently defined 

0000 HP 82l62A 24 column 
thermal printer 

none presently defined 

0000 HP &2l65A/~2166A 
general purpose 
interface 

no others presently defined 

none presently defined 

none presently defined 

The status byte(s) provides the controller with the ability 
to determi~e which devices require service and to effectively 
control the other device functions. Bit D7 of t he first status 
byte return ed to the contr oller is al' .... ays reserved to indic.3.te 
that this device needs servi ce (l) or that it does not (0). In 
general. the other bits of the first byte and all bits of any 
other bytes are designer specified. It is recommended that 
devices follow this convention, however: If bit Oti is a zero , 
all other bits (except D7, of co·urse) are designer specified. If 
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ACCESSORY 10 AND STATUS l1ESSAGE DEFINITIONS 

O. ACCESSORY 10 AND STATUS HESSAGE DEFI~ITIONS 

The accessory 10 provides a fast , efficient ~eans for simple 
controllers to i dentify specific devices and device classes . The 
high order four bits indicate the general device class while the 
low order four bits indicate the specific device. In general, 
only one byte is sent, bu t additional bytes may be necessary 
under certain circumsta~ces. The code 1111 in oath t he class and 
specific device fields is reserved as an extend code which is 
prese~tly not defined. presently defined classes and devices are 
as follows: 

class 

0000 controllers 

0001 mass storage 

0010 printers 

0011 displays 

0100 interfaces 

L 

i :, 

0101 instruments 

0110 graphic i/o 

no others presently 

devices 

defined 

device 

0000 HP HC 
no others presently defined 

aODU liP ~2l6lA minicassette 
tape dr ive 

no others presently defined 

0000 HP 82l62A 24 column 
thermal printer 

none presently defined 

0000 HP &2l65A/~2166A 
general purpose 
interface 

no others presently defined 

none presently defined 

none presently defined 

The status byte(s) provides the controller with the ability 
to determi~e which devices require service and to effectively 
control the other device functions. Bit D7 of t he first status 
byte return ed to the contr oller is al' .... ays reserved to indic.3.te 
that this device needs servi ce (l) or that it does not (0). In 
general. the other bits of the first byte and all bits of any 
other bytes are designer specified. It is recommended that 
devices follow this convention, however: If bit Oti is a zero , 
all other bits (except D7, of co·urse) are designer specified. If 
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ACCESSORY ID AND STATUS HESSA'..iE DEFINITIONS 

bi t Dd is a 1, this is a f:ag to ind ica te tha t the leas t 
signific3 nt six bits in the first byte are a binary coded , sys~em 
defined status message nUmber. Any succeeding bytes are designer 
specified . If a device responcs to accessory ID, hmiever , it 
must adhere to this convention . The presencly defined system 
status messages are as follows: 

OOOOOD 
654321 

00000 0 

000001 

000010 

100000 

111111 

i ' . .. 

message 

all OK , this device does not require service 
(bit D7 will also be zero) 

low battery 

r equire w.anual intervention 

request control of t he loop 

ASCII message follows (before EDT) 
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ACCESSORY ID AND STATUS HESSA'..iE DEFINITIONS 

bi t Dd is a 1, this is a f:ag to ind ica te tha t the leas t 
signific3 nt six bits in the first byte are a binary coded , sys~em 
defined status message nUmber. Any succeeding bytes are designer 
specified . If a device responcs to accessory ID, hmiever , it 
must adhere to this convention . The presencly defined system 
status messages are as follows: 
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(bit D7 will also be zero) 
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ASCII message follows (before EDT) 
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