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INTRODUCTION

System designers are satisfying more and more difficult
application needs with solutions which use microproces-
ors in a distributed environment. This distribution of
intelligence results in many system benefits, including a
simplification of the design and a resulting decrease in
the development time of the system solution. An addi-
tional feature is the minimization of the installation
costs of the system resulting from reduced wiring and
from resource sharing. However, to effectively create
distributed solutions, a reliable communication scheme
must be used which links the various parts of the solu-
tion together.

The purpose of this application note is to demonstrate
the ease with which Intel iSBC™ boards can be config-
ured to implement distributed solutions. Several ap-
proaches are offered which apply standard operating
modes of both the hardware and of the software. While
certainly not the only solution, a distributed processor
communications protocol is developed which will sup-
port many typical applications.

Distributed systems generally fall into one of two cate-
gories. The first consists of those systems in which the
processors are located in such a manner as to allow com-
munications over a common system data bus, such as
Intel’s MULTIBUS™ system bus. The second category
involves systems in which the processors are also geo-
graphically distributed. This class of system generally
uses a form of serial communications to allow each pro-
cessor to communicate with other processors in the
system.

The empbhasis of this application note is on serial multi-
processing links. Before proceeding with a development
of application solutions which involve serial communi-
cations, this note includes a short discussion of common
network designs.

Common Network Designs

Serial networks may be classed into three general cate-
gories. These are the LOOP, the MULTIDROP, and
the STAR. Each has applicability to certain iSBC prod-
ucts and has distinct advantages and disadvantages in an
application. After discussing the characteristics of each
network, an application scenario illustrates their uses.

LOOP NETWORKS

The loop represents the most common of the communi-
cation schemes. It is derived from the older teletype
communication networks in which several printers were
connected in series. Any data generated on one machine
causes all machines concerned in the network to echo
the data. This arrangement is shown in Figure 1. Loop
communications normally use a 20-milliamp signal to
convey the data. The presence of this current, known as

marking, represents a binary 1 and the absence, or spac-
ing, of any circuit (an open circuit) represents a binary
0. Both full and half duplex configurations are com-
monly used.

N

NODE NODE
2

NODE NODE
3

Figure 1. Serial Loop Configuration

The incorporation of loop networks into a system im-
plementation creates both advantages and disadvan-
tages. The strongest argument for using a loop is the
inherent noise immunity which can be gained by using
the 20-milliamp current to convey the data. The use of a
high compliance voltage also allows the transmission of
data for large distances at low to moderate transmission
rates.

Solid state circuits common to current technology are
somewhat less reliable than older mechanical units when
many stations are configured onto the loop. This is the
result of the requirement to reproduce the information
at each node for transmission to the next node. If any
node fails, all other nodes downstream in the communi-
cation network will not be capable of communicating.
Even with this constraint, many good designs incorpo-
rate the loop network concepts.

MULTIDROP NETWORKS

Multidrop networks are fast becoming the accepted net-
work for multiprocessor communications. This type of
network is shown in Figure 2. As can be seen, this ar-
rangement is similar to that of the loop. The advantage
is that all stations are capable of receiving data simuita-
neously. Multidrop networks are voltage driven since to
pass current through a node creates a loop situation.
The electrical interface for multidrop networks consists
of tri-state drivers and high impedance receivers. The
RS422 electrical interface is common for this type of
network since it provides high speed data transmission
over long distances with good noise immunity.
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Figure 2. Multidrop Loop Network

The ability to implement networks with a minimum
amount of hardware and the potential expansion capa-
bilities provide the multidrop network with a significant
advantage in many applications. Since each node in the
network can be added by simply adding another tee net-
work, expansion is performed without the need for
modification of the communication network.

Intel’s iISBX 351™ Serial MULTIMODULE™ Board is
an ideal vehicle for the implementation of multidrop
networks. Its use is detailed in subsequent paragraphs of
this application note.

STAR NETWORKS

Star networks are implemented where either data
throughput or hardware limitations prohibit the use of
other types of communication arrangements. Figure 3
illustrates a typical star network implementation. Note
that a star network is really an example of multiple
point to point communications. System throughput is
improved since communication can occur with all slave
nodes simultaneously without the need to have each
node monitor traffic which is not intended for it.

Intel’s iSBC 544™ Intelligent Communications Con-
troller and the iSBC 534™ Four-Channel Communica-
tions Board are ideal choices to design star communica-
tions networks. The outer points of the star are im-
plemented using any single board computer which has
on-board serial communications. An example of this
type of network is included in this application note.

Sample Application

An application example is used in this application note
to illustrate the techniques which are required to imple-
ment various types of serial communication networks.
Both hardware and software aspects of the design are
described in some detail.

The application discussed in this note involves the crea-
tion of an alarm and security system for a multiple
building complex. This complex is shown in Figure 4.
The solution generated allows monitoring of three exist-
ing buildings with provision for the addition of a fourth
at a later date. The figure shows that each building is to
have a local annunciator panel for reporting activity in
those areas served by the building sensors. In addition, a
main security station provides monitoring of all build-
ings in the complex.
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Figure 3. Star Configuration

Figure 4. Application Building Complex

Applications such as this are optimized by distributing
the system intelligence throughout the complex. This
serves two needs; that of minimizing the wiring costs,
and of providing an improvement in system reliability.
When a system is distributed in this way, a means must
be devised which allows communication between the
various elements of the network. Both hardware net-
work design and software communication protocol are
required before the system can be considered opera-
tional.
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In order to illustrate various network designs, the exam-
ple is broken into a distributed system as shown in Fig-
ure 5. This is an example of a multidrop communication
network. The system design does not require that build-
ing nodes communicate with each other; all communica-
tions are between building annunciator nodes and the
main operator station. This illustrates the concept of a
master and a slave. This will be further discussed in a
later portion of this application note.
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Figure 5. A Multidrop Application

The building annunciator can be further distributed as
shown in Figure 6. Here, a star communication network
is created which places data gathering intelligence near
clusters of sensors. These stations, or nodes, then trans-
mit information regarding local activity to their master
node, the building concentrator/annunciator panel.
Note that this panel serves both as a master node for the
sensor units and as a slave node for the main operator
station. This arrangement is common in many system
designs.
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Figure 6. A Star Application

HARDWARE IMPLEMENTATION

The implementation of communication networks using
iSBC boards for both star and multidrop techniques is
detailed in the following sections. In each case, a
master/slave relationship is assumed. For purposes of
illustration, actual data from the application example is
used in performing the sample calculations. While not

the only possible system designs, those shown are con-
sidered to be typical and should enable the reader to
gain an insight into techniques which can be used to
create similar designs.

Star Network Design

A star network can use almost any accepted transmis-
sion media. This is because each node communicates
with only one other node, creating a multiple point to
point link. Since the techniques are identical for all
media, this note discusses only a representative exam-
ple. RS232C data transmission is used to demonstrate
the techniques which can be used to establish a star net-
work.

The heart of a star network is the master node. It must
provide a means of independent communication with
each of its slave nodes. Costs can be minimized if multi-
ple communication drivers are placed onto the same
board. The example chosen requires that four slave
nodes be controlled by the master. The iSBC 544 Intelli-
gent Communications Controller provides this func-
tion. It provides a software selectable baud rate and the
ability to offload the host processor of communication
activities. If additional slave nodes are required, the
system can be expanded by adding iSBC 544 controller
boards.

An ideal choice for a slave node is the iSBC 80/10B™
Single Board Computer. This computer provides good
processing capabilities with low cost. It includes both an
RS232C and 20-milliamp current loop communications
interface. For many small applications it makes an ideal
choice for a complete single board solution.

Figure 7 shows the implementation for a four-node plus
master star communication network for the security ap-
plication. Both the iSBC 544 communications board
and the iSBC 80/10B Single Board Computer require
jumpering and component insertion to allow operation
in either the RS232C mode or in the EIA mode. EIA
operation is electrically identical to RS232C but has
specifications which allow transmissions at significant
distances when the baud rate is reduced. For the pur-
poses of this application note, the terms are used inter-
changeably.

P T B T - =

iSBC 80/108™ iSBC 80/108"™ iSBC so/108™ iSBC 80/10B™
SINGLE BOARD SINGLE BOARD SINGLE BOARD SINGLE BOARD

COMPUTER COMPUTER COMPUTER COMPUTER
> = : e I
\ S / ,.,/J
\\ P
R

iSBC 544™
INTELLIGENT
COMM BOARD

< MULTIBUS™ SYSTEM BUS \

N

Figure 7. Star Implementation
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In the case of the iSBC 544 board, a header plug can be
inserted into an on-board connector to enable the cor-
rect mode of operation. The wiring for this header is
shown in Figure 8. Note that the ready to send and the
clear to send signals are jumpered to allow the correct
operation of the USART without the control signal of a
modem. Also note that the transmit and receive signals
are reversed through the header.

TO

DTE TxC

DSR

DTR

CTS

RTS

RxD

TxD

STxD

SRxD

Figure 8. Master to Master Wiring Header.

The use of an RS232C signal for long distance com-
munication necessitates the use of a low baud rate for
reliable data transmissions. This is shown in Figure 9.

The security system application design allows for mini-
mum communication traffic so a baud rate of 1200 is
used for the star networks. The placement of intelli-
gence at the sensor cluster minimizes the amount of data
which must be transmitted, providing adequate re-
sponse time at this data rate.

The hardware design phase includes the selection of the
communication scheme to be used between the host pro-
cessor and the slave node. Fortunately, this task is
simplified by the use of built-in master/slave protocol
functions contained on the iSBC 544 communications
board. These functions involve three hardware features.
The first is the incorporation of dual-ported memory
onto the board. This memory provides a media for the
storage of data and commands for communication be-
tween the slave and the host processor. The second
feature generates a flag interrupt each time the host
board writes into the first location of the dual-ported
memory. The interrupt is cleared when the memory lo-
cation is read by the slave processor. Finally, the execu-
tion of the 8085A-2 SOD instruction generates a MUL-
TIBUS interrupt to inform the host board of the need to
service the slave. This interrupt can be vectored to the
host interrupt matrix to activate a service routine in sup-
port of the slave board.

A detailed explanation of the use of these features is
found in another application note, AP-53, Using the
iSBC 544™ [ntelligent Communications Controller.
The reader should refer to this document for details of
the board and its use.
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Figure 9. RS232 Baud Rate vs Distance
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Multidrop Network Design

The complexity of a multinode system is minimized
through the use of a multidrop network. Certain limita-
tions are placed on the acceptable hardware transmis-
sion media in multidrop applications. A scheme must be
used which allows each of the nodes to alternatively gain
control of the network in order to communicate its
message.

Both half and full duplex configurations are allowable
in a multidrop network. While it is simpler from a hard-
ware standpoint, a half duplex connection requires
more stringent communications protocol as this system
allows communications in only one direction at a time.
For all practical purposes, no priority for masters or
slaves is provided. All nodes may listen to whomever is
using the line at the time. The software must be written
to allow only one node to communicate at a given
instant. An example of a half duplex network is the
Ethernet.

More straightforward software can be written for full
duplex communication configurations. In this instance,

an assumption is made that only one master is config-
ured into the system and always drives the output lines.
Any number of slaves can be placed to drive the input
lines, communicating only when queried by the master
node. This is the scheme used for the application exam-
ple which is discussed in this application note.

Intel’s iSBX 351 Serial MULTIMODULE Board lends
itself well to a multidrop application. It allows a wide
variety of system solutions to be created using any of the
single board computers which incorporate iSBX bus
connectors. Several board options must be enabled to
create the multidrop communications configuration.

The first option involves configuring the drivers to use a
tri-state driver on the output lines. This allows only the
board desiring to control the communications signals to
place data on the serial output lines. The board config-
uration is different for a slave and for a master node. In
the Intel implementation, the driver output signal lines
are controlled using the DTR (data terminal ready)
signal from the USART. The jumper configuration for
both a slave and a master is shown in Figures 10 and 11.

USART

HEADERS

XU4 AND XUS BUFFER U1

TxD

Vee

HEADERS

BUFFER U2 XU4 AND XU5

N
<
|
e

1
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1 + ]
oM | o So——+ ! ! TR
+ EN E12 ! ; ; 5
| |
[, i i : | |
| | !
1 ! i ;
T 1 +
cs CTS RTS i |ORS | NOTUSED
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‘ M
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t }
S 1
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Figure 10. Master Configuration Detail
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Figure 11. Slave Configuration Detail
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Figure 12 illustrates the physical wiring data paths
which are used to create a full duplex multidrop net-
work having a master and four slave stations. Each
board must be configured using a header block to pro-
vide the correct signals. This is done as shown in Figures
10 and 11.

Finally, bias resistors are chosen to terminate the serial
communication data paths. A discussion of the formu-
las for determining the correct values for the two
resistors is provided in Appendix A of the iSBX 351™
Serial MULTIMODULE Board Hardware Reference
Manual (Order Number 9803190). If the equations are
solved for the componnts used on the RS422 section of
the board, the equations for calculating the correct
values become:

Rbl = 4500 / (18.6 — 1.6n)
where n is the number of slave nodes
AND
Rb2 = 2500 / (18.6 — 1.6n)
where n is the number of slave nodes.

The drivers used on the iSBX 351 communications
MULTIMODULE board limit the number of slave
nodes to 11 for any one network. If greater numbers of
nodes are required, a driver component substitution
may be required.

For the example application in this note, four slave
nodes are used, so the calculated resistor values become
370 ohms for Rbl and 205 ohms for Rb2.

Figure 13 illustrates the acceptable baud rates for vari-
ous communications cable lengths using the RS422 in-

terface. The iSBC 351 board is designed to support data
transmission rates of up to 19.2 kilobaud. Thus, the
system designed using these boards is seen to permit a
total multidrop cable length of up to 4000 feet (1.219
km). The sample application discussed in this note in-
corporated a total communications link length of 1600
feet, well within the performance limits.

10K 24 AWG TWISTED PAIR CABLE

4K

-
x

USSR RLN |

CABLE LENGTH (feet)

100

T

10 il Lol ]
10K 100K ™
DATA MODULATION RATE (bauds)

111y
10M

Figure 13. RS422 Data Rate vs Distance

SOFTWARE IMPLEMENTATION

Once the hardware has been defined, the design process
moves into a software phase. Here, protocols are de-
fined which provide both data transmission and hand-
shaking between nodes. Handshaking is defined as
background communication which maintains synchro-
nization and integrity of the communications link.

iSBX 351™ SERIAL
MULTIMODULE™
BOARD

ISBX 351 SERIAL
MULTIMODULE™
BOARD

RY
28 V1 TERMINATION RESISTORS
5% “AnRY ON THE INPUTS TO THE
58 VW] LAST SLAVE IN THE SYSTEM
BIAS RESISTORS da—
ON THE INPUT LINES
TO THE MASTER
SLAVE
Vee MASTER SLAVE 1 SLAVE 2 “NY
PV -
n o2 iRD s, o!Ro 80} L Jimosoffy IRD s
Res 9
AN )
EINALT oM TR| o//omRs{ jom Rs| {DM RS|{

ISBX 351™ SERIAL
MULTIMODULE™
BOARD

ISBX 351™ SERIAL
MULTIMODULE™
BOARD

LALL
ATV

NOTE: ABBREVIATIONS
RO = RECEIVE DATA
DM = DATA MODE
SD =SEND DATA

TR = TERMINAL READY
RS = REQUEST TO SEND

Figure 12. Master/Slave Physical Wiring
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Again, standard features of both iSBC board products
and of iRMX™ software products simplify the incorpo-
ration of communication protocols into the system solu-
tion.

Master/Slave Relationships

In order to maintain an orderly flow of data between
nodes, software must be created which allocates priority
and only allows one node to transmit at any instant. The
most straightforward technique which incorporates this
function is the master/slave relationship. Here, one
node is designated as a master and all others are slaves.
Each slave is allocated a time during which it may trans-
mit any information to other nodes. The master node
controls the prioritization of all slave nodes. The com-
plexity of the system can be further reduced if a full
duplex scheme is implemented. In this mode, all slaves
listen only to the master and transmit their messages
over a common serial channel to the master. A disad-
vantage of this technique is that direct slave to slave (vir-
tual channel) transmissions are not permitted.

Figure 14 shows how a master node establishes time
slots for windows, during which a slave may control the
output channel and transmit data to the master. Each
slave node is assigned a unique identification or address.

QUERY QUERY QUERY
SLAVE 1 SLAVE2 SLAVE3

L'l WINDOW U I'—‘l
SLAVE 1 | I
SLAVE2 I I

SLAVE 3 |

MASTER

Figure 14. Generation of Windows

Each data packet contains an address as an integral
part. When a slave recognizes its address in the packet
from the master, it knows that it has fixed time window
in which to return its own data packet to the master.

Data Packet Formats

Communications between each slave and its master in-
volve the transmission of data packets. Each packet
contains both handshaking information (such as check-
sums and message counts) and the information which is
to pass between nodes. The handshaking portions of the
message are used to maintain the integrity of transmis-
sions in the face of such external stimuli as electrical
noise.

Debugging and system maintenance is minimized when
a means is provided which allows easy viewing and in-
terpretation of the communication messages. The
scheme used in this application note uses a fully ASCII
compatible communications format. This allows a CRT
terminal to tap onto the link and to monitor all com-
munication messages.

Each message packet begins and ends with a unique
character. This character cannot exist with a message
block. Using the ASCII formats, all messages use the
numeric representation of 0 to 9 and the alpha charac-
ters from A to Z. A line feed is used to begin a message
packet and a carriage return is used to terminate the
message. The assignment of these characters assures an
easily interpreted message packet.

The layout of the data packet is shown in Figure 15. The
justification and description of each field is given in the
following paragraphs. Note that much of the message is
concerned with maintaining system integrity. The re-
quirement for an address field has already been de-
scribed. Two characters are used for this field and pro-
vide for 256 addresses (0-FF hex). The protocol being
described used O as the system master and 1 through 255
for possible slave addresses.

START CHARACTER | TARGET NODE COMMAND
(LINE FEED) (0-255) (0-F)

24
MESSAGE COUNTERS DATA CHECKSUM END CHAR
{0-FF) OPTIONAL) (0-FF) (CR)

ry? -« &
2o ?

COMMUNICATIONS MESSAGE FORMAT

(
<6 ‘6
$ § ]

48 2,
RMX SPECIFIED EXTENSION TASK
LINK | LENGTH | TYPE | RESPONSE EXCHANGE | HOME EXCHANGE | EXCHANGE NAME | MESSAGE
<¢ X . uis X X (6 CHAR) DATA
R4 5 $—

COMMUNICATION DATA FIELD

/S — USER SPECIFIED
*THE LENGTH (IN BYTES) OF THE DATA FIELD

Figure 15. Communications Packet Format
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The next field indicates the type of message being sent
and the action which is required by the receiver. Anal-
ysis of system communication requirements indicate
that five message types are sufficient. The use of a single
byte of the packet for this field allows a total of 16
message types. This leaves 11 for future expansion. The
types being used in this application are:

Type 0 — This is a reset request from the master to
a slave. It will cause the target slave to generate a
software reset. This command is used only when
communications cannot be established using other
means.

Type 1 — A type 1 command is used to synchro-
nize the master and the slave. It will cause the
message counters (see subsequent paragraphs) to
reset to zero. This command is issued only by the
master node.

Type 2 — The type 2 message is defined to be that
which contains information which is to be moved
between nodes of the communications network.
The exact format of the data is discussed else-
where. This is the only message which is not con-
sidered to be of a strictly handshaking nature.

Type 3 — A type 3 message is used to indicate that
a network node is responsive and ready to handle
messages. When normal communications have
been established and no data messages are being
sent, this message is continuously being sent be-
tween the master and the slaves.

Type 5 — The final message type is the type 5. It is
used by the slave to respond to the master’s re-
quest to synchronize. The receipt of this message
indicates that the slave has performed all
necessary operations with its message counters
and is ready to receive messages.

The next field is used to describe the number of mes-
sages which contain data and have been received or sent
by each node. The first character is used to indicate the
number of messages which have been received from the
master node to that slave. The second character indi-
cates the number of messages which have been sent
from the master to the node. Internal software protocol
enables the communications package to use these fields
to determine if a data message has been received cor-
rectly by the target node. If a response message does not
contain the correct counts, the message can be retrans-
mitted. Since only one character is used for each count,
the numbers are allowed to recycle each 15 messages.

The data field contains information which is to be sent
to the receiving node. Its exact content is discussed later
in the application note during the discussion of the
iRMX 80 message extensions.

A checksum is included to guarantee the integrity of the
transmitted message. This field contains the 8-bit
modulo 256 sum of all transmitted ASCII characters,
beginning with the line feed and continuing through the
last character of the data field. It is used to compare a
calculated checksum of received characters with that
transmitted by the sending node. If these two numbers
are in agreement, the message is considered to be valid
and can be used by the receiving node’s application soft-
ware.

The final field is the end of message character. A car-
riage return is used and provides a unique indicator of
the end of a message packet.

The implementation of these communication concepts
into a functioning software package is illustrated later
during the discussion of the layering of the multipro-
cessing communications package.

Multitasking Message Concepts

The design of systems which involve distributed pro-
cessors strongly suggests that a multitasking environ-
ment is also present. The ability to segregate an applica-
tion into tasks allows a considerable simplification of
the design and implementation process. In reality, few
tasks represent completely isolated functions. Some
degree of communications is required between the tasks.
This may range from a simple synchronization of tasks
to a data transfer. Real-time executives simplify these
processes for the system designer. Intel’s iRMX 80
nucleus is an excellent example of such an executive. It
provides low overhead, small physical size, and operates
on almost all 8-bit Intel single board computers. The
product has been thoroughly covered in several applica-
tion notes and it is therefore not necessary to cover it
again in this note. However, certain features are useful
for developing a distributed processor extension of the
basic nucleus.

An iRMX 80 message is analogous to a letter which is
mailed to someone. It is sent via a mailroom or post of-
fice (called an exchange) and is then picked up by the
receiving party. Each part of the iRMX implementation
can be thought of in this manner. When a serial com-
munications link is used between the processors, the
analogy translates to that of sending a mailgram. The
following short discussion deals with the structure and
mechanism for sending messages between tasks which
reside on different single board computers. For clarity,
the mail analogy is used.

There are several distinct parts of a message. Each has a
function and a format within the message structure.
Before a message can be generated, a medium must be
procured to contain that message. In terms of a large
office, this medium is paper; in the multitasking system,
it is a block of RAM. In order to maintain a continuing
supply of memory, the iRMX executive provides the
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user with what is known as a free space manager. The
purpose of the free space manager is to recycle memory
blocks so that they can be again used for generation of
additional messages. This service is called each time the
sending task requires to generate a message. When the
communication programs have successfully transmitted
the message to the target node, the memory block is
again returned to the free space memory pool. As the
target node receives the message it must obtain a block
of memory from its free space manager to store the in-
formation until it can be processed by the target task.
The target task returns the block to the pool when it has
taken the appropriate actions.

As with any type of message, the individual to whom the
message is to be delivered must be provided. Because the
iRMX 80 nucleus is designed to be used by multiple
tasks on the same processor, the target address mechan-
ism is not included in the message header itself; instead,
the target is specified in the call to the iRMX procedure
as a parameter list component. When the target ex-
change address is not known, which happens when mul-
tiprocessor applications are created, it is necessary to
create an extension to the executive which allows the
assignment of a target exchange name to each message.
Fortunately, this is relatively easy to create.

iRMX 80™ Named Exchange Extension

The iRMX 80 nucleus uses a small block of RAM mem-
ory to store data regarding the characteristics and status
of each exchange. This storage area normally occupies
10 bytes of memory. Its layout is shown in Figure 16.
Except to note that a unique identification field does not
exist which sets each exchange descriptor apart, it is
beyond the scope of this application note to dwell on the
meanings of the fields. However, a method must be cre-
ated which allows the extension of the field to include an
identification which is unique to that descriptor.

(i} MESSAGE HEAD
2 MESSAGE TAIL
EXCHANGE
4 TASK HEAD DESCRIPTOR
6 TASK TAIL
8 EXCHANGE LINK
10 LINK MESSAGE
L _ J 1 (EXTENSION FOR
12 LENGTH _| ] INTERRUPT EXCHANGES)
_______ -
wy__TE__ 1

Figure 16. Exchange Descriptor

If one is not to rewrite the nucleus, the format of the ex-
change descriptor must not be changed and the identifi-
cation field should be added as additional bytes of the
memory block. Two features of the iRMX 80 nucleus
make the direct implementation of this concept impossi-
bie. First, a special exchange descriptor already exists

within the standard real-time executive. This is the inter-
rupt exchange which adds 5 bytes to the nucleus for use
as an interrupt message. Second, if an additional exten-
sion were to be added, all exchanges would have to be
created as interrupt exchanges so that common software
could be used. While this would not in itself be prohibi-
tive, the interactive configurator (ICU 80) does not
allow addition of fields to either the standard or to the
interrupt exchange descriptor. Another method is re-
quired to add the extension.

Fortunately, another method exists to create an ex-
change. The nucleus operation, RQCXCH, creates an
exchange at an address which is specified by a parameter
of the call instruction. If user software is created to
build the named exchanges, a name can be prefixed to
each desired name exchange.

In the standard iRMX 80 nucleus six characters are al-
lowed to name each task. A logical extension of this
concept provides a six-character name for each named
exchange. The exchange descriptor is thus extended by
inserting 6 bytes before the basic format. In realty, this
is not sufficient because named exchanges are to be
created dynamically. The memory blocks representing
the set of named exchanges to not necessarily constitute
a contiguous block of RAM. This leads to the creation
of an additional word of memory to carry a pointer to
the next named exchange field. A value of zero in this
field indicates that no additional named exchanges exist.
If a non-zero value is placed into the field, it is a pointer
to the next named exchange. Figure 17 illustrates the
structure of the named exchange fields.

| FirsTsPTR
+0

ASCII NAME ASCII NAME
+6
IRMX 80™ iRMX 80™
EXCHANGE EXCHANGE
DESCRIPTOR DESCRIPTOR
+18
LINK LINK=0
FIRST NAMED EXCHANGE LAST NAMED EXCHANGE

Figure 17. Named Exchange Descriptors

The creation of the software to support the named ex-
change extension is rather straightforward. Two func-
tions are required; one which creates the named ex-
changes, and a second which will return the address of
an exchange which matches a given name. A complete
listing of the software generated to perform these func-
tions is shown in Appendix A. The services of the free
space manager are used to allocate the memory seg-
ments which are used for the exchange descriptors. A
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quick examination of the program techniques provides
some insight into the operations involved in creating
extensions to the standard nucleus.

Examination of the listing at line 55 shows that a proce-
dure is used to allow user code to determine the absolute
address of the iRMX exchange descriptor field from the
named exchange lists. This address can in turn be used
with either the RQWAIT or the RQSEND instruction in
the user’s code. If no corresponding name is found in
the table, a value of zero is returned by the procedure.
An address parameter is passed in the user call to the
FINDSEXCH subroutine which points to the 6 bytes
containing the ASCII name of the referenced exchange.

An internal address value, identified as FIRST$PTR,
contains the address of the first named exchange de-
scriptor. A simple DO loop sequence is used to locate a
matching name in the table lists. Either a zero or the
location of an actual 10-byte exchange descriptor within
the extended memory block is returned.

A task is used to provide the system capability of build-
ing named exchanges. A task, rather than a procedure,
is included because a task allows the initialization of
system pointers such as FIRST$SPTR. The named ex-
change building task, CREATE$SCOM, waits at its
input exchange, COMSCREATESEXCH until a request
for creation of a named exchange is received from a user
task. The listing for this task is found in Appendix A,
beginning on line 78.

When a message is received, the task obtains a 20-byte
block of memory from the free space manager. It then
moves the ASCII name from the requesting message
into the appropriate fields and uses the iRMX primitive
call, RQCXCH, to create an exchange descriptor within
the memory block. The pointer field of the last named
exchange is updated to point to the new memory field
and the pointer field of the newly created named ex-
change is set to zero.

Finally, the address of the actual exchange descriptor is
returned to the requesting program as an updated
parameter of the request message.

The creation of named exchanges greatly enhances the
capabilities of systems designed around the iRMX 80
nucleus. This extension allows the generation of distrib-
uted systems in which tasks may communicate with each
other regardless of their geographical locations so long
as some type of link exists.

Generation of Multiprocessing Serial
Communications Link

The creation of software for a serial communications
link provides the capability of allowing true multitask-
ing, multiprocessor capabilities. The need for two types
of communications packages, a slave and a master, indi-
cates that two separate tasks are required. A compre-

10

hensive examination of the communication require-
ments indicates that the system can be generated in three
layers. Figure 18 shows the layer relationships. The first
is defined as the protocol and consists of that code
which is required to implement the algorithms for either
the slave or the master network nodes. The second level
is known as the link level and contains that code which
is used to support common operations such as message
generation and data queue handling. The third provides
a specialized interface to the physical hardware which is
being used to generate the communications link. This
level, called the physical level, is unique to each con-
figuration.

PROTOCOL LAYER
MASTER SLAVE

LINK LEVEL LAYER
ASCII-HEX

NEXY GIVE | TAKE TEST CHECKSUM GENERATE READY

NEXT TAKE INITIALIZE HEX-ASCI

T

PHYSICAL LAYER
INITIALIZE | GET CHARACTER ] SEND CHARACTER lSTART SEND

| S

MESSAGE OUT (GENERATE MESSAGE

Figure 18.

PROTOCOL LEVEL COMMUNICATIONS
PACKAGE

Two protocol level communications packages are in-
cluded in this application note. One implements the
master protocol and is reproduced in Appendix B. The
second, the slave protocol, is found in Appendix C.

No attempt is made to detail the operations which are
involved in the task generation. The code is commented
and is readily followed by the reader who has an under-
standing of PL/M programming techniques. Some
facits relating to the implementation of the packages as
iRMX 80 tasks are in order.

The master communications package is designed to use
a USART device which is configured to provide inter-
rupts at level 7 each time a character is received. A phys-
ical level interrupt handler supports the receipt of each
individual character, and, when an end of message char-
acter (carriage return) is received, places an interrupt
message into the interrupt exchange, RQL7EX. At this
point (Appendix B, line 244), the master protocol han-
dler can begin processing the received message. Because
the task is associated with interrupt level 7, a task prior-
ity in the range between 113 and 128 must be assigned to
the task. The example used in this application note uses
a priority of 113,
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In a similar manner, the slave communications task uses
interrupt level 6 to receive messages (Appendix C, line
130). Its priority must lie in the range between 97 and
112.

LINK LEVEL COMMUNICATIONS PACKAGE

The link level communications package provides a com-
mon set of procedures which can be used to support
both the protocol and the physical layers. Listings of
these support programs are found in Appendix D. The
programs which make up the package are defined in the
following discussion.

Several procedures support the maintenance of the data
queues. These are CQSQSINIT, CQSNEXTSTAKE,
and CQSNEXTSGIVE. The first, CQ$QSINIT, is used
to clear space for a data queue. It sets up the length
parameter and the give and take pointers to their initial
values.

Data is placed onto the queue by calling the procedure,
CQSNEXTS$GIVE, and including the desired data in the
paramter list. Conversely, CQINEXTS$TAKE is used to
take data from the queue. Both maintain the queue
pointers as data is inserted or removed. For further in-
formation about data queues, the reader should refer to
AP-52, Using the iSBC 544™ Intelligent Communica-
tions Controller. This document contains an extensive
discussion on the subject of data queues.

Two procedures deal with the transformation of data
between printable ASCII and the internal binary for-
mat. CQSASCSHEX transfers data from the data queue
into a working buffer. In the process, it converts the
format from ASCII into a hex representation usable by
the target task. Likewise, CQ$HEXS$ASC is used to
transform data in a user buffer into a transmittable for-
mat. In both cases, appropriate start and stop charac-
ters are added or deleted as necessary to create the cor-
rect format.

One procedure deals with computing the checksum of a
message which is in ASCII format. This procedure,
CQ$CHECKSUM, returns a zero if the checksum
agrees with that in the message. If an error is indicated,
a value of —1 (OFF hex) is returned.

Finally, two procedures support the generation of mes-
sage packets. One, CQ3GENSRDY, is used to build a
“ready’’ message by creating the appropriate data into
the fields. The second, CQ3GENSMSG, generates a
data message containing an iRMX 80 message to be sent
to an exchange on another processor board.

PHYSICAL LEVEL COMMUNICATIONS PACKAGE

The physical level communications package provides
the customization for the unique configuration of host

1

processor and USART. Four procedures must be in-
cluded with this level. These are:

e CQSINIT — This public procedure contains all
operations necessary to initialize the timers, counters
and USARTSs associated with the communications
code. In addition, this procedure defines the inter-
rupt service routines for the USART and enables the
corresponding interrupt levels.

e CQ$STARTSMSG — A public procedure which
places the USART into a mode in which the transmit-
ter is enabled. The execution of this procedure should
result in an interrupt being generated by the USART
transmitter ready line.

e CQMIVT — This is an interrupt service routine asso-
ciated with the USART receiver ready line. It is en-
tered each time that a character has been received by
the communication node. In the case of a slave node,
this procedure is known as CQSIVT. The name is
unimportant because the location of the routine is
passed to the iRMX 80 nucleus at initialization by the
CQSINIT program. When a carriage return (end of
message) is encountered, a message is passed to the
protocol level task by passing a message to the inter-
rupt exchange, RQL6EX, using the iRMX primitive,
RQISND.

e SENDSCHAR — Like the CQMIT routine, this is
an interrupt handler procedure. It is entered each
time the USART signals that it is ready to transmit a
character. A new character is obtained from the data
queue and it is transmitted to the receiving node. If
the character is the end of message, flags are set and
the USART transmitter is disabled.

The listing of a sample physical driver is provided in Ap-
pendix E. This driver illustrates the use of the iSBX 351
Serial MULTIMODULE Board placed into a socket of
an iSBC 80/24 Single Board Computer.

The example from the application implements a multi-
drop slave node. The enabling of the tri-state drivers is
accomplished in line 138 by sending the USART a com-
mand of 025H. When the message has been sent, the
driver is again placed into a high impedance mode by
sending a command of 026H (line 121). These com-
mands control the driver by toggling the DTR or Data
Terminal Ready lines of the 8251A USART device.

APPLICATION EXAMPLE

The alarm and security system previously discussed pro-
vides a perfect environment in which to use the concepts
developed in this application note.

To verify the functionality of the communications pack-
age, the transmissions between a master and a slave
were monitored using a CRT terminal. The terminal was
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connected to one of the RS232 serial paths using a tee
network. This tee network is shown in Figure 19. Sev-
eral scenarios were set up to test the effectiveness of the
communications protocol. The results of some of these
tests are recorded in the following discussion.

A test of normal communications was performed in
which one message is passed between the master and the
slave. A short time later, a message is passed to the
master from the slave. The CRT display for this action
displayed as:

(line 1) 0330000

(line 2) 00300FD

(line 3) 03200091230900BF000000009F
(line 4) 00310FE

(line 5) 0331001

(line 6) 002108247090087000000008A
(line 7) 0331102

(line 8) O00311FF

Line 1 is a ‘“‘ready’’ (character 3) message from the
master node to a slave addressed 03 hex (characters 1
and 2). No messages have been sent in either direction at
the time this message was generated. On line 2, the slave
has responded indicating that it is present and ready to
receive messages. It also has not transmitted any mes-
sages to the master nor has it received any.

Thie master node sends the slave a message on line 3.
Note that the message count field (characters 4 and 5) is

not changed until after the message has been trans-
mitted. The message sent is a type BF and has a total
length of 9 bytes. On line 4, the slave acknowledges that
is has received one message and has sent none.

Lines 5, 6, and 7 illustrate a sequence in which the slave
sends a message to the master node. Prior to the mes-
sage being sent, the message count field shows that one
message has been received. After receiving the message,
the master node increments its received counter.

Tests with the alarm and security system verify that the
communication module functions correctly. Data integ-
rity is maintained even through intentional disruption of
the electrical link. Both the RS232 and RS422 communi-
cation paths function as designed.

A detailed discussion of this application and of the
multitasking capabilities of the iRMX 80 nucleus can be
found in AP-112, Simplifying Complex Designs Using
The iIRMX 80™ Executive.

CONCLUSIONS

This application note illustrates the ease with which a
user can add extensions to the iRMX 80 executive to
support a distributed multiprocessing application. In
addition, the user of standard ‘‘off the shelf”’ single
board computers and expansion modules to create a
hardware solution is explained.
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The ability to break applications into small tasks, either
functionally or geographically, aids the system designer
by allowing his concentration on each task. A message
transfer capability allows these tasks to again be tied
together to form a complete solution to the application.
Where the tasks reside on the same single board com-
puter, the standard iRMX nucleus provides this ability.
When different host boards are used, extensions to the
nucleus allow the same functions to be performed. Both
multiple processors on the same MULTIBUS chassis
(refer to AP-88 and AP-112) and in different chassis
using the serial links described in this application note
can be supported with extensions to the nucleus.

Many concepts are used to create serial communication
networks. Intel’s single board computer products
simplify the design process. Among these products,
several stand out in this application. For example:

e jRMX 80™ Executive — This outstanding product
simplifies the design of multitasking systems and pro-
vides a foundation for the implementation of exten-
sions to create many varied configurations. Such
things as task synchronization, interrupt handling,
and message transfers allow multitasking. The free
space manager allocates RAM and is an integral part
of the serial communicaitons link software. The ter-
minal handler and the disk operating system simplify
the software design by providing ready to use 1/0
drives which can be accessed by the user.

s iSBC 80/10B™ Single Board Computer — This
microcomputer allows a low cost solution to many
small to medium applications. The ability to operate
the board in an iRMX 80 environment enhances its
capabilities by allowing it to multiprocess. Its on-
board serial communications link allows it to be used
as a slave node in either EIA or current loop com-
munications networks. The iSBX MULTIMODULE
connector further enhances its capabilities by allow-
ing customization of 1/0 to meet a wide variety of
user applications.

13

s i{SBC 544™ Intelligent Communications Board
— The use of this board allows much of the protocol
and physical drivers to be off-loaded from the host
processor. The board provides an ideal master com-
municatons node for star type networks. By placing
the handshaking operations on the communication
board, the host is free to perform application-
oriented functions with a much higher throughput
rate.

* iSBC 80/24™ Single Board Computer — This
powerful 8085A-2 based microcomputer board pro-
vides the capability to implement most of the system
functions without the need to expand to additional
memory or 1/0 expansion MULTIBUS boards. It
fully supports the iRMX 80 executive. Its ability to
act as a full bus master allows even greater flexibility
through the implementation of MULTIBUS multi-
processor solutions. The two iSBX MULTIMOD-
ULE expansion connectors provide the user with
considerable flexibility in the design of his system.
The use of one of these sockets as a carrier for the
serial communications MULTIMODULE board
makes a multidrop serial communications link prac-
tical.

¢ iSBX 351™ Serial MULTIMODULE Board — The
implementation of multidrop communications re-
quires the use of an electrical interface which sup-
ports more than one communicaitons node to share
the link. The use of the RS422 operating mode of the
board easily implements this feature. A well-defined
hardware protocol also assists in the implementation
of a serial multidrop communications link. Up to 11
slave nodes can be designed into a system using this
powerful board. In addition, the iSBX 351 board can
function in either the RS232C or the EIA mode for
linking into terminals or for creating a point to point
network.

The assistance of Judy McMillan in the implementation

and testing of the security system and its communica-
tion links is greatly appreciated.
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1
26 1
27 1
28 1
29 1
30 1
31 1
32 1
33 1
34 1
35 1
36 1
37 1
38 1
39 2
40 2
41 2

Stitle('RMX/80 EXTENSION TO NAME EXCHANGES, VERSION 1,3')

createScomSexch:

do;
/*********************************************************
CREATSEXCHANGE creates a list of exchanges associating
the name of an exchange with its location, for the purpose
of other tasks wishing to find the location of an exchange.
FINDSEXCHANGE, when given the name of an exchange, polls
down the list and, when it finds a match, returns the

address to the requesting task.
/*********************************************************

$nolist
/* declare exchanges used by the task */

declare COMSCREATESEXCH exchange$descriptor public;
declare CREATESEXCH exchangeSdescriptor public;

/" ucclare pointers and messagges used by the task */

declare firstSptr address;
declare last$Sptr address;
declare msgSptr address;
declare exchSptr address;
declare n byte;

declare request based msgSptr structure(
msgfhdr,
exch$name (6) byte);

declare fsSreq structure(
msg$hdr,
msg$length address);

declare exch based exch$Sptr structure(

name (6) byte,
exchange(1€¢) byte,
link address) ;

declare lastSexch based lastS$Sptr structure(
name (6) byte,
exchange(10) byte,
link address) ;

declare response based msgSptr structure (
msgShdr,
exchange address );

NAMEX:
Procedure(exptr) address public;
veclare addr address;

declare exptr address;
declare (ex based exptr) (6) byte;

/* declare the returning message with the address */
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declare retémsa based addr structure(mschdr,
exchSedr address);

/* declare messadge to send to create & named exchenge */

‘eclere reqg structure(msgthdr,
neme (6) byte);

/* create an exchenge to comnunicate with
tlhe comm creerte exchanage */

decirre fsx exchangedescriptor;
cell rocxeb(.fsx);

/* build and send the request message */

rea.length = 15;

call rove(h, .ex, .reg.name);
reg.type = 2C0;
reg.responseSexchange = ,fsx;

cell rgsend(.comcreatefexch, .reo);
addr rawait(.fsx, f);

adcr retémsg.exchfadr;

/* return withk the address of the exchange */

return(adcr);
end;

FINDSEXCH:
procecure (nemeSptr) address public;

/**** AR RARARRK AR AR AR A AR P AT Rk R bk h kR d bk d AR b hkkk
TFi; * rocecdure finds the exchange having 2 nemc specified
by the pessed parameter pointer. If 2 metch is founcd the
exchange address is returned. If no match is found, &

zero is returned.
********************************************************/

declare nemeSptr address;
cdeclare metch byte;
declere (name based nameSptr) (f) byte;

/* test for no exchenges */
if firstSptr = ¢
then return (;

/* test for & neme match */
else cdo;
exchSptr = firstfptr;
do while 1;
match = 0ffb;
do n = to 5;
if neme(n) <> ewch.name(n)
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then match = 0; .
hE end;

c
RC 4 if metch then return .exch.exchenge;
7 4 if exch.link = @ then return (;
72 2 exchSptr = exch.link;
74 a4 end;
75 3 enc;
76 2 return (;
77 2 end;
78 ] CREATFESCOM:
' procecdure public;
/**********************************************.***********
This procecdure creates exchange extensions when asked to
do so by & task that wants its exchange made completely .
eccessible. Tt saves the neme of the exchanae tlen
creates an exchange to save its address. It may be updated
2t eny time.
**********************************************************/
/* ipitielize exchanges */
7¢ ? call racxch(.comScreate$exch);
8¢ 2 call rgcxch(.createfexch);
/* initielize pointers */ ‘
&1 2 lastSptr = 0;
g2 2 firstSptr = 0;
83 2 de while 1;
/* get & request for creation of an exchenge */
g4 2 msgfptr = rawait(.comScreateSexch, ();
/* get some memory for the exchange */
€5 3 fsSreo.lenath = 11; '
g6 3 fsSrea.type = 5;
e7 3 fsSfreg.responsefexchange = .createfexch;
eEe 3 fsSrea.msqg¢lenath = 2¢;
e 2 call rosend(.rgfsax, .fsfreaq);
gcC 2 exchfptr = rawait(.createfexch, ();
91 3 exchSptr = fsSreqg.msgflength;
/* store name in the exchange structure */
92 3 call move( &, .request.exchSfneme((),
.exch.name(f));
/* create en exchange */
a3 2 call racxch(.exch.exchanae(f));
/* update the link field */
¢4 3 if lestSptr > @
then do;
1S58 4 lastSexch.link = exchfptr;
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’ 7 a lastéptr = exchSptr;
oFf ¢ exch.link = (;
o¢ 4 end;
100 2 else do;
1C1 4 exch.link = (*;
102 3y firstSptr = exchfptr;
103 4 lastéptr = exchSptr;
1¢4 4 enc;

/* return the exctange pointer */
10t 2 response,exchange = .exch.exchtanaoe;
1¢% 3 call rasend(recuest.responsefexchtange, msafptr);
1¢7 3 enc;

‘ 1¢8 2 end;
1c¢ ] end;

MOCULE INFCRMATICN:

COCE AREA SIZE = (1D2H 467D
VARIAFLE P?REM STZE = ((C4PH 72D
MAXIMUM STACK STZE = ((0CZH 4T

244 LINES READ
¢ PRCCRAM FERROR (S)
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1

()

Stitle('"™Master Communications Protoco! Priver, Version f.1")

st
"

—
1

MASTERSDRIVER: do;

/*

The tesk conteined in this listing supports the rester
cormunicetions protocol for extablishino petwork commun-
icetions.

m

The tesk must be confiaured usina the TCU/OC ¢s follows:
TrEK NAME: MPACTER

TAEK FENTRY PCIMT: MLINK

TASK FRICRITY: 112

TASK €T2CK LENCTH: 10(

EXCHANGE: PQL7FEX
SCOPE: FXTERNZL
INTERRUPT: YES
EXCEMNGE: TIMEX
SCOPE: FURLIC
INTERRUPT: NC

LINK: :Fn:CCMSETR,.CBRJ

LINK: :Fn:CQCCM,LIB
LINK: :Fn:CQCRELV,.LIR

Tasks desiring to send a message to & node should
senc & messaae to the exchkance COMIFX(node).

Certain include files ere used by the tesk,
*/
$ir_lude (:fl:exch.elt)
CRE7"""TF EXCPANCESDESCRIFTOR LITERALLY 'STRUCTURF (
MSGEHEAD ADPRESS,
MSGSTAIL ADDRESS,
TAESKSHEAD ADDRESS,
TASKSTMIL ADDRESS,
NEXTSEXCE ACDRESS)';
Sinclude (:fP:ied.elt)
DECLARE INTSEXCHANGESDFSCRIPTOR LITERALLY 'STRUCTURF {
MESSACESBEAD MDCRESS,
MESSACESTAIL ADLRESES,
TASKSBEAD ADDRESS,
TASKSTATL ADLRESS,
EXCHANGESLINK ADDRESS,
LINK ADDRFSS,
LENCTE ATCDRESS,
TYPE RYTE) ';
Sinclude (:f(C:msa.elt)
DECLARF MSGSHDR LTTFRALLY !
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LINK ADDRESS,

LENGTH ADDRESS,

TYPE BYTE,

HOMESEXCHANGE ADDRESS,
RESPONSESEXCHANGE ADDRESS';

5 1 DECLARE MSGSDESCRIPTOR LITERALLY 'STRUCTURE (
MSGSHDR,
REMAINDER (1) BYTE)';
Sinclude (:f@:common.elt)
6 1l = DECLARE TRUE LITERALLY ‘'OFFH';
7 1 = DECLAREZ FALSE LITERALLY '@¢H';
8 1 = DECLARE BOOLEAN LITERALLY 'BYTE';
9 1 = DECLARE FOREVER LITERALLY 'WHILE 1°';
Sinclude (:f@:synch.ext)
1¢ l = RQSEND:
= PROCEDURE (EXCHANGESPOINTER,MESSAGESPOINTER) EXTERNAL;
11 2 = DECLARE (EXCHANGESPOINTER,MESSAGESPOINTER) ADDRESS;
12 2 = END RQSEND;
13 1 = ROWAIT:
= PROCEDURE (EXCHANGESPOINTER,DELAY) ADDRESS EXTERNAL;
14 2 = DECLARE (EXCHANGESPOINTER,DELAY) ADDRESS;
15 2 = END RQWAIT;
16 1 = RQACPT:
= PROCEDURE (EXCHANGESPOINTER) ADDRESS EXTERNAL;
17 2 = DECLARE EXCHANGESPOINTER ADDRESS;
18 2 = END RQACPT;
19 1 = RQISND:
= PROCEDURE (IEDSPTR) EXTERNAL;
20 2 = DECLARE IEDSPTR ADDRESS;
21 2 = END RQISND;
Sincluue (:f@:intrpt.ext)
22 l = RQENDI:
= PROCEDURE EXTERNAL;
23 2 = END RQENDI;
24 1 = RQELVL:
= PROCEDURE (LEVEL) EXTERNAL;
25 2 = DECLARE LEVEL BYTE;
26 2 = END RQELVL;
27 l = RQDLVL:
= PROCEDURE (LEVEL) EXTERNAL;
28 2 = DECLARE LEVEL BYTE;
29 2 = END RQDLVL;

21




APPENDIX B

Dt

(98]
‘A

(98]
Y

[VS I W)
N

98]
J

3e
3¢
a1

4]

NN

*J

N

N

wowowonon

nounun

RCSETV:
PRCCEDUFE (PRQC,LEVEL) EXTERNAL;
CECLARE PROCC ADDRESS;
PECLARE LEVEL BYTFE;

FND RQSETV;

ROSFTP:
PRCCEDURFE (PRCC,LEVFL) EXTERNAL;
PECLAREF PRCQC ADPDRFSE;
CECLARE LEVEL RYTEF;

END RQSFETP;
Sinclucde (:f(:fsmar.ext)

DECLAFE RQFSAX EXCHANGFSDCESCRIPTCR EXTERNAL;
DECLARE RQFSRX EXCHANGESDESCRIPTOR EXTERNAL;
DECLARE RQFREE EXCHANGFSDESCRIPTCR EXTERNAL;

Sinclude (:fl:mesmsg.elt)

declere msgSformet literally 'structure (

trgt byte,
cnnd byte,
segfie byte,
seq$ne byte,

text (250) byte )';

declare queuveSformet literelly 'structure

endSptr byte,
giveSptr byte,
takeSptr byte,

dataSbyte(254) byte )°';

Cdeclare parSformet literally 'structure |(

ne byte,
le byte,
run byte,
stop byte,

quelpt byte )';
finclude (:fC:objmen.ext)
ROCTSK:
PRCCEDURE (STATICSPTR) EXTERMNAL;
DECLARE STATICSPTR 2DLRFES;

END RQCTEK;

RCCXCH:
PRCCEDURE (EXCHANGESPTR) EXTERNAL;
DECLARF EXCHANCESPTR ADDRESS;

END RQCXCH;
¢include (:fl:comcom.ext)
COSNEXTSGIVE:
Procecdure (agSptr,givefbyte) byte
Peclare qgSptr address;
Declare givefbyte byte;
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end cgfnextfaive;
CQSTAVESTFST:
Procedure (afptr) byte externel;
Declare cSptr adcress;
end caftakeftest;
CQSNEXTSTAKE :
Procedure (afptr) byte exterrel;
Ceclere gSptr acddress;
end cqgfnextStake;
CQSQEINTT:
Procecdure (aSptr,qSsize) external;
Feclare afptr address;
Declare qgfsize byte;
end cqfqSinit;

CQEASCEHEX:

Procedure (a$ptr,msag€ptr) external;
Declare (gfptr,msasSptr) address;
end cqg$escthex;

CCSCHECKSUM:
Procedure (gSptr) byte external;
Peclare afptr address;
end ccSchecksum;

CQSHEXSACSC:
Procedure (gfptr,texSbyte) external;
Peclare gSptr acddress;
Declare hexSbyte Lbyte;

. end cgfhrexfasc;

CQSMSGSOUT:

Procedure (msgfsize,afptr,parSptr,msasSptr) external;

Declare msgfsize byte;
Declare (gfptr,paréptr,msaSptr) adcdress;
end cgfmsgfout;

CQCSGENSRDY:

Procedure (trget,rsalptr,aéptr,parSptr) external;
g P _ P

Declare trget byte;
Decloare (mscfptr,qfptr,perSptr) address;
end cafgensrdy;

CQSCENEMSC:
Procecdure (msgfpointer,traet,msgfptr,afptr,

peréptr,savesfla) external;

Ceclare (traet,savefflg) byte;
Peclare (msgfpointer,msgfptr,aSptr,parfptr)
end cafgenSmsag;

UERINT:
Procedure external;
end usrint;
FINDSEXCH:
Procedure(nemefptr) address external;
declare nemeSptr address;
end findSexch;
NAMEX:
Procedure (exptr) eddress external;
declare exptr address;
end namex;
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returnSram:

end

/*

*/

/*

*/

/*

*/

/*

*/

/*

*/

procedure(pointer) externel;
declare pointer address;
returnSrem;

Certain literels are used to cdefine the network's
rhysicel cherecteristics. These are:

Declere NS¢NQDE literally '0°'; /* number of nocdes */
Peclare NCDES2ARRAY literally 'S';

A structure provides the cdate aueues for the
transmission of dete to eact node. It is cdefined
and is aveileble as & public

Peclaere COMSTQ aueueSformat public &t (8llch);

A single dete queue is used to support the input of
deta from & nocde since only one slave is given a
window at & tire:

Declere CCMSIQ queueSformat public et (8€C1hh);
Each node hes an associeted set of flags which

indicate the operetional mode of that node. The
function of each bit is defined ~s:

bit # - reauest synchronization (synchfreaquest)
bit 1 - request initialization (initfrequest)
bit 2 - repeat lest messeae (repeatSrecuest)
bit 2 -

bit 4 -

bit 5 -

bit 6 -

bit 7 - error fleg (errorSflaq)

Peclere CCCMDF (nocdefarrey) byte public;
Peclare SYNCHSREQUEST literally 'C1H';
Ceclare INITSREQUEST literally 'f2B';
Declere REPEATSREQUEST literally 'C4p"';
Ceclare ERRCORSFLAC literally '€CH';

» counter is used to indicate the number of attempts
to establish communicetions with & node. Vvhen it
reactes & maximum velue, @ synch will te sent to the
nocde. when the maximum value of synchs are sent to a
node with no effect, & reset will he sent to the node.
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. 1rc 1 Declare ERRORSCOUNT (nocefarray) byte;
107 1 Ceclare MAXSCCUNT literally 'S';
1C0¢€ 1 Peclare SYNCHSCOUNT (noceferrey) byte;

/* a2 pointer is used to store the 2ddress of exchanaes
used byincomming messaces*/

106 1 Teclare tergetfexch address;
/*
A set of exchanaes is used to hold & messeae until it
has been ecknowlecdgec by the sleve.

*/
110 1 Declare HOLDSEXCE (nocdeSerrey) exchangeSfcdescriptor;
/"
‘ 2 set of exchanges is provided to accept messages which
are to be sent to any of the nodes.
*/
111 1 Declare COMIEX (node$array) exchangefcdescriptor public;
/*
The task uses verious sets of date structures
*/
112 1 Peclare regfmsa structure (
msg$hdr,
. meg$length address );
112 1 Declare (m,n,nodefcnt,outmode,remSsize) byte;
114 1 Declare msg$ptr address;
11% 1 Declare msa msgSformat;
117 1 declare start$544 byte public et (200Ch);
117 1 Declare datetblock based msgSptr structure (
msagfhdr);
118 1 Peclare CQOMPAR (nocdeferray) parSformet public
at (ene2h);
11¢ 1 Ceclare RAMSMSG based msgfptr structure (
msg$hdr) ;
. 120 1 Declare CQSACTIVESNODE byte public ~t (PCC1h);
121 1 Ceclare frefmem address;
122 1 Declere frefmsg based frefmem structure(msa€hdr);
/*
The task uses certain exchenages for internal
communications
*/
123 1 Declare COMSEX exchangefdescriptor;
124 1 Declare ROL7EX intfexchangeScdescriptor public;
Seject

/********f**********************************************
errorftest
This short procedure is used to increment the error
counters ond to signal an initielization or synch command
‘ when required. It will order a re-trensmission of the
last message each time an error is detectec.

***************************************************i**/
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125 )
126 2
126 2
12¢ 2
121 2
32 4
] 2
1‘ I
1282
126 2
127 2
128 2
13¢ 1
140 2
141 2
142 3
142 2
144 3
125 3
146 2
147 2
128 3
14¢ 3
15¢ 2
151 2
152 9
152 2
150 2
185 2
157 2
187 3

errorftest: procedure;

C_N

If (errorfcount(n):=errorScount(n)+1) > maxScount
then do;
errorfcount(n)=(; _
if (synchScount(m):=synchfcount(m)+]1) > mexfcount
then do;
synchfcount (n) = (;
cacnéf(n) = cacemndf(n) or errorSflea
or initSrecuest;
enc;
celse cocmdf(n) =cagcmdf(n)
or error$flea or synchfreauest;
end; g
else cacmcf (n) = cacndf(n) or repeatSreauest;
return;
~rrorStest;

Seject
MLINK: Procecdure public;

/* Initialize the system ond the task */
Lo n={ to NSNQLCE;
CQCMDF (n) =synchfrecuest or errorffleog;
COQMPAR(n) . run,CCMPAR (n) .stop,COMPAR () .quespt=_;
ERRCRSCOUNT (n) =0;
SYNCHSCOUNT (n) =0;
end;

/* Initielize the node pointer */
NOLCESCNT=(;

/* Initialize the input exchanges */
Do N={ to nfnode;

call RQCXCH(.COMIEX (n));

call RQCXCH(.HCLDSEXCH(Nn));
end;

call RQCXCH({.COMSEX);
/* Initielize the cueues */

call caf€a¢init(.camstqg, 2%2);
cell cafafinit(.camsia, 2%54);

/* Crezte the nemed exchanges &nd give ram to fsm*/
cell vsrint;

/* iritialize the level 7 interrupt exchange */
call ragelvli(7);

/* Begin main tesk loop */
Do forever;

/* Begin support of one nocdal chaennel */
Co n=] to n¢nole;
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/* reset cueue pointers */
cansta.givefptr, camsta.tekeSptr = (;

/* Compute nodal mode number */

If (ccemdf(n) end synchfrequest) >l
then outmode = J;

else outmocde = (;

If (cgemdf(n) and initSrequest)>f
then outmocde = 2

catactiveSnode =

-
’

n;

/* if comm feilure, kill 11 messaaes */
if (cacmdf(n) and error€fleg) > €
trken do;
Ao while (msgéptr:=raescpt(.camicx(n))) > (;
call returnSram(nsqgSptr);
enc;

do while (rsgfptr:=roccpt(.toldfexch(n)))
>
call returnfrem(msgfptr);
encd;
end;

/* Operate on nodal mode */
Do cese outmode;

/* case ¢, routine commupnications */
Co;
If (cecmdf(n) and repeatfrequest)>(
then co;

/* support of retrersmission reauest */
cacmdf (n) =cacmdf (n)
and not repeatfrecuest;
msadptr=rarcpt (.holdfexch(n));
if msgSptre>(

/* retransmit old messege */
thern co;
if camper(n).ne = (
then camper(n).ne = 15;
else cagmper(n).na=camper (n).ne
- 1;
cecll cafgenfmsa(msofptr,n,.msqg,
.camstqg,.cgmpar(n) ,0);
cell rqgsend(.holcd€exch(n),
msafptr);
if campar(n).ns = 1°
then carper(n).na =
else cgmpar(n).na
=camper(n) .na+l;

¢;

end;
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&

/* no old messeae, send reedy */ .

1¢1 7 €lse do;
1¢2 £ msa.trgt=n;
1¢2 e msa.cnnd=3;
1¢4 £ cell cafmsgfout((,.camstaq,
..cgmper(n),.msq);
1€5 & end;
on 7 end; /* end of retrensmission */
/* support of prext messege */
1¢7 S else do;

/* clear Folcd exchange */
1¢ nsgéptr=rgacpt(.holdfexch(n));
1¢¢ 7 if msafptr>(

then cdo; .

/* free space return size */
A remsize=catablock.length;
2042 8 if (ramsize mod 2) > ¢
then cate€block.length
=cdatafblock.length
+(4-(ramfsize rod 24));

0
~J)

N
]
—
0

204 e call RQOSEND(.raofsrx,msgfptr);
20% £ end;
/* test for 2 message output */ ‘
XA 7 msgfptr=rgacpt(.camiex(n));
/* when a messaae exists */
207 7 if msgfptr>f
then do;
2r¢ e if (teargetSexch:
=findfexch(msgfptr +9))> ¢
then cell
rasend (targetfexch,msqglptr);
211 £ else Jo;
212 5 cell ccfaenfnsa(msqgfptr,n, .nsq,

.cagmsta,.carnpar(n),();
212 ¢ call rgsend(.holcd%exch(n),
msafptr);

/* increase the na flag */

214 ¢ if cagmper(n).na = 1%
then camper(n).ne = ;
216 o else camper(n).ne
= compAar(n).ne + 1;
217 S end;
21¢ 8 end;
/* when no message exists */ .
21¢ 7 else do;
22C 8 nsa.trgt=n;
221 e msg.cmnd=3;
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‘ 22?7 £ call cafmsaout (', .camste,
.comper(n),.msa);
222 £ end;
22¢ 7 end; /* end of routine messeae */

/* stert the messeae traensmission */

LS
™~
tn

N

start$t44 = n;
227 i end; /t end of case [ */

\
/* case 1, synchk reauest */

227 5 do;

L

228 5 camper (n) .ne,campar(n) .l = (;
22¢ 5 msa.trot=n;
. 223C £ msg.cmnd=1;
221 5 cell cofmsafout
(€, .camstqg, .campar (n) ,.msaqg);
232 A start$544 = n;
222 5 cacndf (n)= cacnrdf (n)
and not synchSreauest;
224 A end;

/* case 2, initialize request */

. 238 € do;

226 q cacmf@f (n)=(cacmdf (n) eénd
not initfrequest) or synchfrequest;
227 A campar (n) .na, campar(n).la = (;
22¢ 6 msg.trat=n;
22¢ i msa.cnndé=0;
24¢C 0 cell cafmsafout
(M, .coamstc,.campar(n),.msa);
241 ¢ start$544 = n;
. 242 s enc;

242 g end; /* end of do cese blocks */

/* wait for A response from the slave */
244 4 msofptr = raweit(.rqgl77ex,2%);
245 4 start$caa = (;

/* test for & message or & timeout */
244 4 if remSmsag.type=2

/* support of no velicd response */

then

/* test for mex pumher of errors to nocde */
227 4 call errorftest;
. /* support of gool response return */

24¢ ’ else do;

/* test for qood checksun */
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24¢ 5 if calchecksum(.camsia)=0
then Ado;

/* convert messaae to hex format */
281 6 call catascthex(.comsia,.msc);

/* test for data message receipt */
2c2 b if mso.cmnd = 2

/* support receipt of date messaqe */

ther do;

/* aet rem from free space manager */

25¢ 7 reafmsag.length=11;
2¢¢ 7 reaimsg.type = 5;
250 7 recémsg.responsefexchange=.cafmsfex;
287 7 reqémsg.msaflength=msqg.text (2?);
258 7 cell rasend(.rafsax,.reafmsqg);
259 7 msa$ptr=rawait(,.cafmsfex,);
260 7 msofptr=reqtmsg.msaSlength;

/* move messege into memory */
2%1 7 cell move(msa.text(2),.msa.text ()
ymsasptr);

/* if tarcet is arnother node.. */
262 7 if msa.trgt > ¢
then c2]1]1 rasend(.cgmiex(msg.trat)
ymsasptr);

/* if target is master board */

254 7 if (targetfexch:= findSexchinsalptr +
9))
>
then
2nE 7 cell rgsend(targetfexch, msgiptr); .
A 7 else do;
2¢7 £ rersize = nsg.text (2);
pieta £ if (remsize mwoc ¢) > 0
then mso.text(2)=msa.text (2)
+ (4 -(remsize mod 4));
27¢ £ call rasend(.rgfsrx, msaSptr);
271 £ enc;
/* increment message counter */
272 7 if cgmper(n).le = 18
tken campar(n).la = (;
274 7 else camper(n).la=campar(n).la+l;
27% 7 end; )
/* respond to non-secuence Aacknowledge */
27¢ ~ if msg.cnnd = £
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end

end;

end;

then comfpar(n).l&,camSpar(n).nA = ;

/* test for & qgood slave LA response */
if comper(n).na = msg.seqgle + ]
then call errorStest;
else Co;
if msag.seale <> canpar(n).nA
then cccemdf(n) = cacmef(n)
or syrchreauest;
else do;
errorfcount(n) = (;
cacmdf (n) = cacmdf(n)
and not error$flea;
enc;
encd;
/* end of response return */
upport of bad checksum ?*/
call errorftest;

/* end of messeqe errived options */
/* end cf ore rocde */
/* end of tesk */
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Stitle('Slave Communicetions Peckeae Version 2.2')

CCMELVSMORULE: cdo;

/*
This is the sleve communication mein tesk.
It should be confiqured into the system
baving the followina parameters:

Tesk neme- CQSLAV

Tesk entry point- CCSLAV
Tesk priority- As reaquired
Task steck length- 100

The LINK and LCCATE cormands of the user
mi', t inclucde thke followino stetements:

Link ...

tFn:CCELAV,.CRJ
ctFn:CQS2E1,0RJ
:Fn:CQCOM,LTR
cFn:CORESLV.LIR

Several system paremecters must be cdefined
in the user code to cdefine the mode

characteristics. These pareameters are defined

as:
caSslad- & byte value providing the
nodal address of the commun-
ication node.

freSmem- an acddress vAalue which provides
a pointer to & block of RAM to
be assianed via the free spece

A€

manager to the communicetions.

ramSlen- en address value which indiceotes

the size of the above block.
*/

declare casled bhyte external;

Snolist
Sinclude(:fl:commsg.elt)
declare msgSformet literally 'structure (

trat byte,
cmnd byte,
seqfla hyte,
seafna byte,

text (25¢) byte )';

declare cueueSformat literally 'structure

endSptr byte,
giveSptr byte,
tekeSptr byte,
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catasbyte(254) byte )';

declere perSformet literelly 'structure (

la byte,
ne byte,
run byte,
stop byte,

quefpt byte )';
finclude(:fC:0bjman.ext)
KQCTEK:
PRCCEDURFE (STATICSPTR) EXTERNAL;
DECLARE STATICSPTR ADCRESS;

END RQCTEK;

RCCXCH:
PROCFDURE (EXCHANGESPTR) EXTERNAL;
DCECLARE EXCHANGESPTR ADDRESS;

END RQCXCH;
Sinclude(:fl:comcom.ext)
CQSENEXTEGIVE:

Procecdure (gfptr,giveSbyte) byte external;

FCeclare gSptr address;
Ceclare giveSbyte byte;
end cqfnextfaive;

CQOSTPKESTEST:
Procedure (gSptr) byte external;
Declare aSptr adcress;
‘uu rgftakeStest;

COSNEXTSTAKE::
Procedure (qSptr) byte external;
Peclare aSptr adcdress;
endé cqgfnextStake;

CQSQCSINIT:
Procedure (gSptr,qfsize) external;
Declare qSptr edcdress;
Declere gSsize byte;
end cqfqfinit;

CQSASCSHEX:
Procedure (gSptr,msgfptr) external;
Declere (gfptr,msgéptr) eddress;
end cofascthex;

CQOSCHECKEUM;
Procecdure (gfptr) byte externel;
Declare g$ptr address;
end cgSchecksum;

CQSHEXSACSC:
Procedure (afptr,hexfbyte) external;
Ceclere cSptr address;
Declare hextfbyte byte;
end cgthexfasc;

CQEMSGSQUT:
Procedure (msgSsize,qfptr,parfptr,msgfptr)
Ceclare msgfsize byte:
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g2 2 LCeclare (ofptr,perSptr,msaSptr) address;
g 2 end cafmsafout; .
€5 ] = COSGENSRDY:
= Procecdure (traet,msgfptr,afptr,pariptr) external;
86 2 = Declere trget byte;
8 ? Declare (msqgSptr,aqfptr,parSptr) address;
Pe 2 enc cafaenfrdy;
£¢c 1 = COSGENSMSEG:
= Procedure (msgfpointer,trqget,msqglptr,oSptr,persptr,sav
- eSflg) external;
or 2 = PCeclare (trget,saveffla) byte;
91 2 = Declere (msgSpointer,msqg€ptr,afptr,parSptr) address}
o2 2 = end cafaenfmeq;
a3 1 Declare ROLARFX intfexchangeSdescriptor public;
134 1 Peclere COSTEX exchangeSdescriptor public;
a8 1 Ceclere cmraex exchangefdescriptor;
cn 1 declar. wldfslevefex exchangeSdescriptor public;
c7 1 Peclaere cqtime exchangefdescriptor public;
ce 1 cqSstartimsadlsl;:
procecdure external;
9¢ 2 end cgfstartSmsgf351;
1¢C 1 cqSinit&281:
procedure external;
11 2 end cgS$initf281;
1¢2 1 findSexch:
procecure (namefSptr) address external;
103 2 declere nameSptr addlress;
104 2 end findSexch;
1ce 1 cqf€startup:
procedure external;
17~ 2 encd cqgfstertup;
107 1 declare caf€infsl queueSformat public;
10€ 1 declare cqSoutfsl gueueSformat public;
10¢ 1 cdeclare msg msgSformet;
110 1 declare cafpars parSformat public;
111 1 declare frefmem address;
112 1 declare cacmdf (5) byte externel;
112 1 cdeclare freSmsqg based frefmem structure (

msgShér );

/*
The message which is trensmitted between nodes
follows the description below:

The complete message structure is defined as:

S€TX TARGET CCMMAND SEQ TEXT CHECKSUM ECT
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wWith the exception of the stert of text (a line
feed) ancd the end of trensmission (& cerriege
return), all cheracters transmitted in the messaaqe
string will consist of printable ASCII characters.

Tte target:-fielcd¢ consists of two frames which
represent the hex adcdress of the device to which
the message is eocddressecd. The protocol allows for
up to 25A unique device addresses.

The command field indicates the type of messaqge
wvhichk is being sent in the network. Jt consists
of & single frame representing & hex nurber in
the range from ( to (FH. The current message
definitions are:

commaénd lebel
¢ INIT
] CYNCH
2 CATA
3 READY
4 NOT READY
s NON SEQ 2ACK
A reservecd

*

m

This is tbe main link level RMX/Bf communications
tesk whichk supports slave operations of & single
boerd computer. Severel high level functions ere
supported by this task,

Messages containing cate mey be sent or received

by this tesk. To send & message to enother processor
on the communications loop, & message of the formet
shown is placed into the communicetions exchanae,
CQSIEX. When the message has been transmitted, the
R2M area in which tre message was located will be
returned to the free space meneger.

Messages mPy also be received by the board when they
are addressed to the communicetions address essianed
to tkis boerd. When 2 message ras been received, it
will be transferred to 2 block of RAM obtained from
the free space manadger and then sent to &n exchkenge
whichk is Adesianated in the name field of the
messaae,
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The formet for & data messege is:
msgéhdr tergetexchangeneme message

Dete may be up to 25C bytes in length,

A speciel command, INIT, can be received by the
cormmunicetions driver task which will cause &
software reset of the single boerd computer.

*/
114 1 CCSELMV: Procedure public;
115 2 declAre tergetfexch address;
116G 2 ce€clere neme edcdress;
117 ? Declere msaSptr address;
l1e 2 declare ramsize address;
11¢ 2 Declere RAMSmsg besed msgfptr structure (
msg$hdr ) ;-
12¢ 2 Declere reqfmsg structure (
msgfhdr,
msgf€lenath 2dcdress );
/* initielize the tesk at power up */
121 2 call cgfafinit(.cqsinsl!, 25C);
122 2 call cq€gfinit(.cqSoutfsl, 25@);
123 2 cafpers.run, cqgfpars.stop, cqSpars.quefpt = (;
/* build required exchanges */
124 2 cell rqcxch(.rqglbhex);
12¢ 2 call rgcxch(.cgsiex);
126 2 call rgexch(.cmrgex);
127 2 call racxch(.cotime);
128 2 call cginit$351;
12¢ 2 do forever;
/* weit for 2 window from the mester */
123¢C 2 msgSptr = rowait (.RQOLAEX, 470);
/*test for good communications with iMCE*/
121 3 if reamémsg.type <> 3 thken co;
/* test for the receipt of & velid message */
123 4 if cofchecksum(.cafinfsl) = 0
then do;
/* convert the messeqge into hex format */
128 5 caell cafascthex(.cafins$sl,.msq); .
/* see if message is for this sleave hoerd *,
136 £ if msa.trat = casled

then do;
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pars,.msqg);

> 158
/
ge */

name = .

msg.text + ©;

cgemdf () = cgendf () and 7fh;

/* Frandle eack messeae type by cese */

do case

msg.cmnd;

/* cese £, INIT command */

cell

cgstertup;

/* cese 1, SYNCH commend */

do;

end;

/* reset counters */
ccépars.le,capars.na = 0;

/* initeilize dete cueues */

call cqfa®init (.cqfin€sl,28();
call cq$qfinit (.cqfoutfsl,250);
/* return non sea ack message */
msg.trgt = (;

msg.cmndé = 5;

call cg¢msgfout (f,.cqfoutfsl,.caf

cell cg€startimsglrtl;

/* case 2, DAJA command */

do;

37

/* test for correct NA */
if cqpers.na = msg.segfnea
then do;

/* clear old messaqes */
msgéptr = raacpt(.roldSslevefe

if msaSptr > 0
tren call returnf€rem(msgfptr);

/* increment LA counter */
if (cg€pers.le:=cqfpers.la+l)

then cafpars.L2 = (;

/*verify that exchenge exists*

TARGETSEXCH = FIMDSEXCH(neme);
if TARGETS¢exch > (
then do;

/* get RAM apcd store messea

recfmsag.length

= 11;
reqSmsg.type = 5;
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174 1¢ reamsa.responseSexchange .
- = ,cmSrcofex; J
148 1¢C reaSmsa.msaflergth = msa.t
- ext(2);
166 1¢ call ROSEND (.rcfsax,.reas ‘
- msqg) ;
177 10 msg$ptr = ROWAIT (.cmfrafe
- x, ();
1€ 10 msalptr = regfmsg.msoSleng
- th;
1~¢ 1C call move (msa.text(2),.ms
- a.text (1), msgSptr); !
17¢ 1¢ call RQSENLC (targetSexch,
- rnsgiptr);
171 10 ‘end;
/* test for cdata out reguest *
- /
172 ¢ msalptr = RQACPT (.cgsiex);
173 ¢ if msagSptr = ¢
then call cafaenSrdy (,.msqa,.
- cgfoutfsl,.cafpers);
175 5 else co;
17¢ 1C . if( targetSexch:= findSexc
- b (msgptr + S)) > ¢
then call rgsend(tergetfex
- ch, msgfptr);
178 1¢C else do;
17¢ 11 cell cagenSmsa(msgptr,
- r,.rmsqg,.cqfoutfsl,.cqfpers,);
18¢ 11 call rasené(.holdfslav
- efex, msgfptr);
1£1 11 encd;
12 1¢ end;
102 a enc;
/* if bad ne, then retrensmit least
- msqg */ !
le4a g else do;
188 9 capers.na = msqg.seqfna;
186 ¢ nsgéptr = raacpt(.holdfslavele
- X);
187 S if msgfptr > C
then do;
18¢ 1¢ cell cafaenfmsa(msafptr,l,
- .msag, .ca$outs$sl,.cqfpars,f);
1e¢  1¢ call ragsend(.hold¢slavefex
- , Msgfptr);
191 1¢ end;
102 Q end;
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/* send messaqe */
cell colstertimsaffl;
end;

/* case 2, RDY cormend */

do;
/* verify re is correct */
if cafpars.nA = msg.seqfne
then Ado;

/* clear old messeaes */
msgéptr = raacpt(.holdéslavele

if msaSptr > ¢
then cell returnSrem(msasptr);

/* test for ~ messeage waiting

- to be sent */

2C1 ¢ msgSptr = ROACPT (.cGsiex);
202 < if mseSptr = 0
then call cgfgenfrdy ({,.msqg,.
- catoutésl,.cafpars);
202 5 else do;
2¢S 10 if (targetfexch:=find¢exch
- (msgéptr + C)) > € :
. then call rasend(targetSex
- ch, msaSptr);
2¢7 16 else cdo;
2¢& 1] call ccSgentmsa(msgSpt
- r,?,.nsqg,.catoutfsl,.calpars,f);
20¢ 11 cell rgsend(.holcdSslev
- efex,msgiptr);
210 11 end;
211 ¢ end;
‘ 212 ¢ end;
/* if ba@ na, then retrensmit lest
- */
212 & else do;
21¢ < capars.na = msg.seafna;
215 G msglptr = rgacpt(.holdSslavete
- X);
214 ¢ if msgSptr > C
then cdo;
218 1¢ cal)l cgfaenfmsg(msalptr,(,
- .msg,.casoutfsl,.cafpars,l);
21¢ 1¢ cell rgsend(.holdfslavefex
- , msasSptr);
220  1¢ end;
. 221 ¢ encd;

/* start trensmission */

39
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call calstartfmsg$2tel;

end;

/* case 7,
dozend;

/* cease &,
do;end;

/* cese 6,
do;end;

/* cese 7,
do;end;

/* cese 2,
do;end;

/* cese ¢,
do;end;

/* case A,
do;end;

/* cese B,

do;end;

/* case C,
do;end;

/* cese D,
do;end;

/* case E,
do;end;

/* cese F,
do;end;

NCNRDPY commend */

NONSEQACK command */

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

end; /* do case */
end; /* good target */

end; /* qgood checksum */
end; /*good communications with iMQS*/

*/

*/

*/

*/

*/

*/

*/

*/

/* clear out messages if com feilure exists */

else do;

do while (msoSptr:=rcecpt(.casiex)) > (;
call returnfram(msaSptr);

end;

do while (msgfptr:=raacpt(.hold¢slavesex)) > §;
caell returnfrem(msgptr);

«

end;

/* set failure indicator */
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4 cgeméf () = cacmdf () or PCh;
end;

NN
n
™D
~

251 2 end; /* do forever */
262 2 end ccfslev;
2h732 1 end comslvémodule;
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Stitle('QUEUE INITIALTZATION PRCCEDURE')
CEINITEMODULE: Doj

declere eom literally 'CLCE';
¢include(:fl:commsg.elt)
declare msaSformat literally 'structure (

trgt byte,
cmnd byte,
scalea bhyte,
seqfna hyte,

text (25C) byte )';

cdeclai. queueSformat literally 'structure (

enc<ptr byte,
giveSptr byte,
tekeSptr byte,

cdatasbyte(254) byte )';

Ceclare perSformat literally 'structure (

la byte,
ne byte,
run byte,
stop byte,

guefpt byte ) ';
$include(:f@:synch.ext)
ROEEND:
PRCCEDURE (EXCHANGESPOINTER,MESSAGESPCINTER) EXTERNAL;
DECLARE (EXCHANGESPCINTER,MESSAGESPOINTER) ADDRESS;

END RQSEND;

ROWAIT:
PRCCEDURE (EXCHANGESPOINTER,DEL2Y) ADDRESS EXTERNAL;
DECLARE (EXCHANGESPOINTER,CEL2Y) ADDRESE;

END RQWATT;

ROQACPT:
PRCCEDURFE (EXCHANCESPOINTFR) ADDRESSE EXTERNAL;
DECLARE EXCEANGESPOINTFR ADDRESS;

END RQACPT;

RCTIENT:
PRCCEDURE (IEDSPTR) EXTERMNAL;
DECLARE IEDSPTR 2ADPDRESS;

END RQISND;

Cinclude(:fC:exch.elt)

DECLARE EXCHANGESDESCRIPTCR LITERALLY 'STRUCTURE (
MSGSHEAD ADDRESS,

MEGSTAIL ADDRESS,

TASKSHEAD ADLCRESS,

TASKST2AIL ADDRESS,
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NEXTSEXCH ALCDRFEE) ',
¢include(:fl:msg.elt)

1¢ 1 = DFCLARFE MSCSHDPR LITERALLY '
= LINK ADURFES,
= LENGTH 2I'DREFS,
= TYPE RYTE,
= HOMESEXCHANCE ADDREFS,
= RESPCONSESEXCHANGE ADLCRESS';
20 ] = CECLAERFE MSGSDEFCRIPTPR LITERALLY 'STFUCTURE(
MCGSHER,
REMAT ,OF}y (1) EBYTE)';
21 1 declare timex exchanaceSdescriptor externel;
22 ] ceclere rafsry exchengeSdescrirtor external;
. 22 1 CQ¢QSINIT: Procedure (cueueSptr, queueSsize) reentrant pub
- lic;
/*
This procedure initializes the queue pointers to
indicate en empty gGueue.
*/
24 2 Declere cueuefptr adcdress;
25 2 Ceclere aueuefsize hyte;
. 25 2 Declare cueue besed queueSptr aueuefformet;
/* set up the size of the queue into thte structure */
27 ? gueue.FNDSPTR = cqueuefsize - 1;
/* reset the queue offset pointers */
2¢ ? queue .GIVESPTR,queue.TAKESPTR = (;
. /* return to celling prograem */
2¢ z return;
2C 2 end cgéfaqtinit;
3] 1 end ofinitfmocule;
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Stitle('NEXT CIVE CQUEUE PPOCEDURE, VERSION

NEXTSGIVESMODULE: Do;

declere eom literelly 'CCH';
finclucde(:fl:commsg.elt)
declare msaSformat literally 'structure (

trat hyte,
cmnd byte,
seaSlea hyte,
segtne byte,

text (25¢) byte )';

declare queueSformat literelly 'structure

endSptr byte,
agiveSptr hyte,
tekeSptr byte,

cdatafbyte(252) byte )';

cdeclare perSformeat literelly 'structure (

la byte,
na byte,
Lt byte,
stop byte,

quefpt byte ) ';

€inclucde(:f(:synch.ext)

RQEEND:

PRCCEDURE (EXCHANGESPCINTER,MESSAGEFSPOINTER)
CECLARE (EXCHANGESPCINTER,MESSAGESPOINTER)

END RQSEND;

ROWAIT:

2.1")

(

EXTFRNAL;
PDCRESS;

PRCCFCURE (EXCHANCESPOINTER,DELAY) ADDRESS EXTERNAL;
DECLARE (EXCHANCESPCINTER,CELAY) ADDRESS;

END ROWAIT;

ROACPT:

PROCFDURE (EXCHANGESPOINTER) APDRESS FXTERNAL;
DECLARE EXCHANCESPOINTER ADDRESS;

END RQACPT;

RQTIEND:

PROCEDURE (TEDSPTR) EXTERNAL;
DCECLMARE TFEDSPTR ADDRESS;

END RQISND;
Sinclude(:fC:exch.elt)

DECLARE EXCHANGFESDESCRIPTOR LITERALLY

MSCSHEAD ADDRESE,
MEGSTAIL ADLCRESCS,
TASKSHEAL ALLDRESS,
TASKSTATL ADPDRRESE,
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NEXTSEXCH ADLCRESE)';
Sinclude(:fl:msg.clt)
CECLARE MSGSFDR LTTFRALLY '

LTNK ZDDRESS,

LENCTH ADDRECE,

TYPE PYTE,

HCOMFSEXCBANGE ADDRESS,

RESPCNERSEXCEANGE ADDRECS!';

DECLARF MSGSDESCRIPTOR LITERALLY ‘STRUCTURE (
MSGSFTR,
REMAINDER (1) BYTF)';

cdeclere timex exchancefcdescriptor externel;
deciarc rqfsrx exchanageScdescriptor external;

CQENEXTSCGIVE: Procecdure (QUEUESPTR,GIVFSBRYTE) hyte reentran
t public;
/*
This procedure places & byte into the cueue if room
exists in the queue for that byte of cfdata. If no room
exists, & cueue full indicator will be returned by
the procecure.

*/

Declere QUEUESFULL literelly 'CFFH';
Peclare QUEUESCK literally 'CGCH';

Peclere QUEUESPTR address;
Declare (GTVESRYTF,RELT) byte;

declare queue based cueuelptr aquevelformet;

/* Test for cueue full cordition encd if it is full,
then insert end of messege */

RSLT = queuefok;
Tf (queue.GIVESFTR+1 > aqueue.ENDEPTR)
then do;
rslt = aueueSfull;
gueue.Gatefbyte(queue.aivefptr) = eom;
end;

else do;

/* Store the byte into tke next gueue locetion

*/
gueue .DATASRYTE (queue.GIVESPTR) = GIVESRYTE;
/* Increment the give pointer */

If ((cueue.GIVESPTR:=queue.GIVESPTR+1)
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> aueue .ENDSFTR)
then cueue.GIVESPTR = (;
end;

/* Return to celling program with aood complete */
Return rslt;

end ccafnextfqgive;
end nextfaiveSrodule;
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¢title('CET CHARACTER FRCM QUEUF PROCEDURE')
NEXTSTAKFESMONRULE: Doj;

declare eom literally 'CDRH';
¢inclucde(:fl:commsg.elt)
declere msqéforrat literally 'structure (

trat byte,
ulele byte,
~erCle byte,
seatne hyte,

text (25C) byte )';

declore aueueSformat literally 'structure (

encSptr byte,
agivefptr byte,
takeSptr byte,

catalbyte(254) byte )';

declare parfformet literally 'structure

la byte,
na byte,
run hyte,
stop byte,

aquefpt hyte )';
Sinclude(:ff:synch.ext)
RQOSEND:
PROCFDURE (EXCHANCES(POINTER,MFSSAGFSPOINTER) EXTERNAL;
DECL2RE (EXCHANGESPCINTER,MESSAGESPCINTER) ADDRESS;

END ROQSENT;

POWAIT:
PROCEDURF, (EXCHANGFSPCINTER,DCEL?Y) ADDPESS EXTERNAL;
DECLARE (FXCHANGESPOIMTER,DELAY) ADDRESE; '

END RQWATT;

ROACPT:
PROCEDURF (EXCHANGESPCINTFR) PDDRESS EXTERNAL;
DECLARE EXCHANGESPCINTER ADPDREESS;

END ROACPT;

RQOTEND:
PROCEDURE (TIEDSPTR) EXTERNAL;
DECLARE TEDSPTR ADLCRESS;

FND RQISND;
Sinclude(:fl:exch.elt)
DECLARE EXCHANGESDESCRIPTCR LITERALLY 'STRUCTURE (
MSGCSHEAD ALCDRECSS,
MSGSTAIL ACRESS,
TASKSEEAD ADDRESS,
TASKSTAIL 2LDRESS,
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NEXTSEXCH ADRDRFSS)';
Sinclude(:fC:msg.eclt)
DECLARE MSGSHDR LITERALLY

LINK ADDRESCS,

LENGTH ADDRESS,

TYPE PYTE,

HCMESEXCHANGE ADICRESS,

RESPONSFSEXCHANGE ADDRESS!;

DECLARE MSGSDESCRIPTOR LITERALLY 'STFUCTURF (
MEGSHDR,
REMAINDER (1) BYTF)';

declere timex exchangeScdescriptor external;

Cse.cre rafsry exchengeScescriptor externel;
CQENEY™TRAKF: Procecure (queuefptr) byte rcentrent public;
/*

This typed procedure gets the next byte from the

indicated queue and returns it to the cellina

progrem, The cueue take pointer is incremented.

*/

Declare aueuefptr ffcress;
NPeclere tekeShyte byte;

declare queue based cueuefptr cueuelformet;
/* store next data byte in queue */
toakeShyte = queue.DATASRYTF (queue.TAKESPTR) ;
/* increment the teke pointer to next locetion */
If ((cueue,TPKESPTR:=cueve.T2KESPTR+1)
> gqueue.ENDSPTR)
then queue.TAKESPTR = (;
/* return the cata byte to caller */

return takeShyte;

end cafnextStaoke;
end nextStekeSmocdule;
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Stitlc('?¢CII to HEX CONVEESICON PRCCEDURE')
ACCE TTVEMQDULE: Toj;

Adeclere eom literally 'CPH';
Cinclude(:fl:commrsg.elt)
cdeclere msaSformet literally 'structure (

trgt byte,
cmnc byte,
seacflea hyte,
secfne hyte,

text (25C) byte )';

declare cueueSformet literally 'structure (

encSptr byte,
aiveSptr byte,
takeSptr byte,

datefhyte (254) byte )';

declere perSformet literally 'structure (

le byte,
na byte,
run byte,
stop byte,

auefpt byte )';
Sinclude(:f(:synch.ext)
RCSEND:
PRCCEDURE (EXCHANGESPOINTER,MESSAGESPCINTER) EXTERNAL;
PECLARE (EXCHANCESPOINTER,MESSAGESPOINTER) ADDRESS;

END ROSEND;

RQWATIT:
PRCCEDURE (EXCHANGESPOINTER,DEL2Y) ADDRESS EXTFRNAL;
DECLARE (EXCHANGESPOINTER,CELAY) ADDRESE;

END RQWATT;

ROMACPT:
FPROCEDURE (EXCHBANGFSPCINTER) ADFRESS FXTFERNAL;
DECLARF EXCHANGCESPCINTER ADDRFES;

END RQRCPT;

RCISND:
PRCCEDURF (IELCSPTR) FXTERNAL;
DECLARE IEDRSPTR ADIPRESS;

END RQISND;
Sinclude(:fC:exch.elt)
DECLARE EXCHANGESDESCRIPTOR LTTERALLY 'STRUCTURE (
MSCSHEAD ADDRESS,
MSCGSTATL ADLCRESS,
T2 SKSHEAD ADLCRESS,
TRSKSTAIL PADLDRESS,
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NEXTSEXCH ADDRESS)';
Sinclude(:fC:msa.elt)
DECLARE MSGSHLR LITFRALLY !

LTINK ADPRFEE,

LENCTH PDCRFEE,

TYPE RYTE,

BOMESEXCHEANGFE ADDRESS,

RESPCONSESEXCHANGE PDDREESS';

DECLARE MSGSDESCRIFTOR LITERALLY 'STRUCTURE(
MSCSHDR,
.« PINDER (1) BYTE)';

declere timex exchengeSdescriptor external;
declere rqgfsrx exchangeSdescriptor external;
calnextStake:
procecdure (aSptr) byte external;
declere qgfptr address;
end cgfnextftake;

CQSASCSHEX: Procecdure(qSptr,msglptr) reentrent public;

/*
This procecdure transforms ASCII cdete in the input
queue into @& hex string in the system message storaqge
area.

*/

Declare (nchar,chfr,n) Lkyte;
Ceclere (qfptr,msgSptr) acddress;

Ceclare msa based msgfptr msaSformet;

/* throw awey the start of message */
cter = cgfnextftoke(gfptr);

/* convert messege target address */
char = cgfnextSteke(qgsptr);
nchar = calnextftake(glptr);

if char > 24Ch
then ckar = cher - 37h;
else char = cher - 20b;

if nchar > 4Ch
then nchar = ncher - 27h;
else nchar = nchar - 20h;

mso.trqgt = shl(char,4) + ncher;

/* convert commend byte */
char = caofnextStake(afptr);
if cher > 4Ch

then char = cher - 27b;
else cher = cher - 2Ch;
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L2 2 msg.cmnd = cher;
/* convert L2? secuence */
45 2 chkar = cafnextfteke (gfptr);
a5 2 if cher > 4Ch
then cher = cher - 27h;
at 2 else char = cher - 20h;
20 2 msg.segfle = cher;
/* convert NA sequence */
5¢C 2 char = ca$nextSteke(alptr);
£l 2 if cher > 4(Ch
tten char = cher - 27h;
52 2 else char = char - 2Ch;
£4 2 msg.seg$na = cher;
/* do operations until end of messaqge */
5% 2 n = C;
56 2 Do while (char:=ccfnextftake(0Sptr)) <> ECM;
/* get next ASCII chearacter */
£7 2 nchar = cgénextftake (0Sptr);
/* convert to hex format */
58 2 if cher > 4CH
then cher = char - 27H;
K¢ 2 else char = char - 2CH;
51 2 if nchear > 4(CH
then nchar = ncher - 278;
A2 3 else ncher = ncher - 20H;
64 3 msg.text(n) = shl(ckar,4) + nchar;
e 3 n=n+ 1;
AR 2 end;
n7 2 end cgfescthex;
68 1 end ascthextmodule;
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¢title('HEX TC ASCII CCONVERSIOM PROCFDURF')
HEXSASCEMODULE: [oj;

reclere eom literally 'CDH';
¢inclucde(:fl:commsg.eclt)
decloare msa$formet literally 'structure (

trat byte,
cmnd byte,
segfle byte,
segfna byte,

text (25C) byte )';

declere cueuefformat literelly 'structure (

endSptr byte,
aiveSptr byte,
takeSptr byte,

datasbyte(254) byte )';

declere parSformat literally 'structure (

la byte,
ne byte,
run byte,
stop byte,

quefpt byte )';
€irclude(:f:synch.ext)
PQSEND:
PRCCEDURE (EXCHANCESPCINTER,MESSACESPOTINTER)Y EXTERNAL;
DECLARFE (EXCHANCESPOINTER,MESSACFESPCINTER) ADDRESS;

END RQEEND;

ROWATT:
PRCCEDURE (FXCHANGESPCINTFER,CELAY) ATDRESS EXTERNAL;
DFCLARE (EXCHANGESPOINTER,DFL2Y) ALCDRESS;

END ROQWATT;

ROACPT:
PRCCECURE (EXCHANCESPOINTER) ADPDPRESS EXTERNAL;
CECLARE EXCHANCESPOTINTFR ADDRESS;

END ROACPT;

ROQIEND:
PRCCEDURE (TEDSPTR) EXTFRNAL;
DECLARE TEDSPTR ALLDRESS;

END RQISND;
Sinclude(:f(:exch.elt)
DFECLARE EXCHANGESDESCRIPTCR LITERALLY 'STRUCTURE (
MESCSHEAD ADDRESS,
MEGSTATL ADDRESS,
THSKSHEAD ADDRESCS,
TASKSTAMIL ADRDRESS,
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NEXTSEXCH 2ADDRESES) ';
Sinclude(:f(:msqg.elt)
DECLARE MEGSHLCR LITERALLY !

LTNK ADDRESE,

LFNCTH ADCRESS,

TYPE- BYTE,

HOMESEXCHANGE ADDRECS,

RESPCNSESEXCHANGE ADDRESC!;

DRECLARE MSCSDESCRIPTCR LITERALLY 'STRUCTURF (
MSC HTR,
RED 7Sur(y) pyTEy v

declére timex exchtanoceSdescriptor external;
declare rafsrx exchangefldescrirtor external;

cgénextfqgive:
procecure (quefptr,datafbyte) byte external;
declare auelptr address;
declere dataShyte byte;

end cafrextlaive;

COSBEXSACSC: Procecdure (afptr,hexSbhyte) reentrent public;

/*
This procedure is used to convert a Fex byte into two
ASCII cherecters 2nd store them into the next two loc-
ations of the Q0fout cate aorea.

*/

Ceclere (high¢byte,hexSbyte,lowSbyte,status) byte;
Declare qgSptr address;

Declare cSout based afptr queueSformat;

/* separete low and high orcder bits */

If (highSbyte:=(shr(hexSbyte,?) &nd (FR)) > €
then high¢byte = highShyte + 27H;

else high¢byte = highSbyte + 2(H;

Tf (low¢byte:=(hexShyte end (CFH)) > ¢

then lowSbyte = lowSbhyte + 27E;

else lowSbyte = lowSbyte + 20H;

/* store PSCII conversions into the cueue */

status = cafnextfgive(.0¢CUT, Fighfbyte);
status = cgfnextfaive(.0S0UT, lowlbyte);
return;

end cqgfhex$esc;
end hex®asctmodule;
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Stitle('CHECKSUM CALCULATION FROCEDURE')
CHECKSUMSMQDULE: To;

declere corm literclly 'CDH'Y;
Sinclude(:fl:commsg.elt)
declere msqgSformet literally 'structure (

trgt byte,
crnnd byte,
seqgfle ‘vte,
segSne byte,

text (25C) byte )';

declere cueuveSformet literelly 'structure (

endSptr byte,
giveSptr byte,
takeSptr byte,

datetbyte(254) byte )';

Ceclere perSformat literally 'structure (

la byte,
ne byte,
run byte,
stop byte,

quefpt byte )°';
Sinclude(:f(:synch.ext)
RQOSEND:
PRCCEDURE (EXCHANGESPCINTER,MESSAGESPOINTER) EXTERNAL;
DECLARE (EXCHANGESPCINTER,MESSAGFSPOINTER) ADDRESS;

END RQSEND;

ROWATT:
PROCEDURE (EXCHANGESPOINTER,DELAY) ADPDRESS EXTERNAL;
CECLARE (FXCHANCESPOTNTER,DELAY) ADLCRESS;

END RQW2TIT;

ROPrCPT:
PROCEDURE (EXCHANGESPOTNTER) ADDRESS EXTERNAL;
DECLARE EXCHANGESPOINTER ADDRERS;

END RQACPT;

ROQISND:
PROCECURE (IEDSPTR) EXTERNAL;
DECLARE IECSPTR ADDRESS;

END RQISND;
Sinclude(:f:exch.elt)
DECLARE FEXCHEANGESDESCRIPTCR LITERALLY 'STRUCTURE (
MSGSHE2LC ADDRESE,
MSCSTAIL ADDRESS,
TASKS$SHEAD ADDRESS,
T2CKSTATL 2AIDRESSE,
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NEXTSEXCE ADDRESS) ';
Sinclucde(:fl:msg.elt)
DECLARE MSGSHDR LTTFRALLY !

LINK ACLCREEE,

LENGTH ADDRESS,

TYPE EYTE,

HCMESEXCHANGE PDDRESC,

RESFCNSESEXCHANCE ALDRESS';

PECLARE MSGE¢DFSCRIPTOR LITERALLY 'STRUCTURE (
MSCSHDR,
REMAINDER (1) PYTE)' :

declere timex exchenceSdescriptor external;
ceclare rofsrx exchangeScdescriptor external;

COSCHECKSUM: Procecdure(gfptr) byte reentrent public;

/*

*/

This procedure is used to determine the checksum of

a message whick has been received and storecd into

the CSin buffer. A chtecksum will be calculated orn ell
ctaracters beaginning et the start of text and
continuing until the checksum bytes ore encountered.
This velue will be testecd withk the value transmitted
anéd if they egree, a value of zero will be returned
to the callina proagrem. If rot in acreement, @
non-zero velue will be returned.

Peclare (ptr,endSptr,gfptr) address;
Declare (checksm,strinafsum,cher,n) byte;
Ceclare lestSchers(2) byte;

Ceclere aSin besed aSptr aueueSforret;
/* get gueue poin'er values for reference */

PTR = QSIN.takelptr;
ENDSPTR = QSIN.endfptr;

/* initielize checksum velue */
checksm = 0;
/* compute checksum of string */

char = Q0¢TIN.dataShytel(ptr);
Ao while cher <> FOM;
checksm = checksm + chear;
if ptr = endSptr
then ptr = @;
else ptr = ptr + 1;
char = CSIN.dataShyte(ptr);
end;
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not inclucded in the checksum, so they must

/* last three charecters in the message are .
be suhtractecd....*/

/* first remember the lest aueue location */
if ptr = encSptr
tten cher = (;
else cher = ptr+l;

Ao p = to 2;
checksmr = checksm - (lastSchers(n):=
QSTIN.deteShbyte(ptr));

if ptr = ¢

then ptr = endfptr;

else ptr - ,tr - 1;
end; .
checksm = checksn + lestSchers((l);

/* convert trensmnitted checksum into & hex velue */

Pon=1 to 2;
if lastSchars(rn) > 2CH
then lestfchers(n) = lastSchers(n) - 27H;
else lastfchers(n) = lastSchars(n) - 20H;
end;
string$sum = shl(lestfchers(?2),2) + lastfchers(l); .

/* test for vealicdity of transmission */

if stringfsum = checksm
then return 0;

/* if bacd checksum, clear date aueue of messege */

else CSTN.tekeSptr = cher;
return -1;

end coSchecksum;
end checksumfmrocdule;
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¢title ('GENFRATF FFZDY MFSSACF PROCEDURE')
GENSRDYSMODULE: Do;

declare eom literally 'CDH';
¢inclufe(:fl:commsg.clt)
declare msqgSformat literelly 'structure (

trgt byte,
cmnd byte,
seqgfla byte,
seafna byte,

text (25¢) byte )';

Feclere queuveSformat literally 'structure (

endSptr byte,
givefptr hyte,
tekeSptr byte,

dateSbyte (254) byte )°';

declare peréformat literelly 'structure |

le byte,
na byte
run byte,
stop byte,

quefpt byte )';
¢include(:fM:synch.ext)
RQSEND:
PRCOCEDURF (EXCHANCESPCINTER,MESSAGFSPOINTER) EXTERMNAL;
DECLARE (EXCHANGCESPCINTER,MESSAGESPCINTER) ADDREES;

END RQSFND;

RQWATT:
PROCFDURFE (EXCHANCESPCOINTER,DFLAY) ALCDRFEES FXTERNAL;
DECLARE (EXCHANGESPOQINTER,CEL2Y) ADLCRESS;

EMD RCQWAIT;

RQACPT:
PROCEDURE (EXCHANGESPOINTER) ADPDRESS EXTERNAL;
DECLARE EXCHANGESPOINTER ADDPESSE;

END RQACPT;

RQICEND:
PROCEDURE (TEDSPTR) EXTERNAL;
CECL2RE IEDSPTR ADDRFES;

END RQISEND;
Sinclude(:f0:exch.elt)
DECLARE EXCHEANGESDESCRIPTOR LTTERALLY 'STRUCTURE (

MSGSHEAD ADDRESS,
MSCSTAIL ADDRESE,
T2ASKSFEAD ADDRESE,
TASKSTAIL ADDRESS,
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NEXTSEXCH PDDRESE) ';
Sinclude(:f(:msa.elt)
DECLARE MSGSHDR LITERALLY !

LINK ADDRESS,

LENGTH PMIDDRESE,

TYPE BYTF,

BOMESEXCHBANGE ADDRESS,

RESPONSESEXCHANGCE ADDRESS!';

CECLARE MSGEDESCFTIPTOR LITERALLY 'STRUCTURE (
MECEPDR,
REMAINDER(1) BYTE)';

declare timex exchangeSdescriptor cxternal;
declere rqfsrx exchengeScescriptor external;

cgSmsagfout: .

procecdure (msgSsize,afptr,perSptr,msgSptr) external;
declare msgSsize byte;
declare (gfptr,perSptr,msalptr) address;

end cafmsgfout;

COSGENSRLY: Procedure (trget,msafptr,aSptr,peréptr) reentr
ant public;

/*
This procedure generates & "ready" message onto the ‘
communication network. The target address is passed
as the paremeter in the call,

Cn entry to the procedure:

traget is a byte which contains the edcdress
of the target nocde.

msgSptr is an addéress which points to
the RAM work eree.

agSptr is an address which points to
the output queue.

parSptr is an eddéress which points to
the communicetion flags.

*/

Declere troet byte;
Declare rdyfmsg structure (

TARGET byte,
CCMAND byte,
SEQSLA byte,
SEQSNA byte )

date ( 0,3,0,0 );

declare (msafptr,qgSptr,parSptr) address;

declare msg besed msgéptr msgSformat;
g a-p g

/* move format into messege block */
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. 32 2 call move (4,.rdyfmsag,msalptr);

/* insert current pAremeters */
22 2 msg.trat = trget;

/* send messege */

24 2 cell cgémsgfout (', cfptr, peréptr, msafptr);
25 2 return;

RS 2 end cafoenSrdy;

37 1 end genSrdyfmocdule;
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Stitle('D2TF MESSAGE CENERATCR PROCEDURE')
GEN¢MSCEMCDULE: Do;

declere eom literelly 'FDH';
finclude(:fl:commsg.elt)
ceclare msgSformat liter~slly 'structure (

trgt byte,
cmnd byte,
seafla byte,
seafnea byte,

text (250) byte )';

declare queuefformat literally 'structure (

endfptr hyte,
giveSptr byte,
takeSptr byte,

cataSbyte(254) byte )';

decléere parSformet literally 'structure (

la byte,
na bhyte,
run byte,
stop byte,

cueSpt  byte )';
Sinclude(:ff:synch.ext)
ROSEND:

PROCEDURE (EXCHANGESPOINTFR,MESSAGESPOINTER) EXTERNAL;
DECLARE (EXCHANGESPCINTER,MESSAGFESPCINTER) APDDRESS;

END RQOSEND;

ROWATT:

PROCELURE (EXCHANGESPOINTER,DELAY) ADDRESS FXTERNAL;

DECLARE (EXCHANGFSPOTNTER,DELAY) ADDRESS;
END RPQWAIT;

RQACPT:
PROCFDURE (EXCBANGESPOTNTER) ADDRFSS EXTERNAL;
DECLARF EXCHANCFSPOINTER ADDRESS;

END RQMACPT;

RQIEND:
PROCEDURE (IEDSPTR) EXTERNAL;
DECLARE TEDSPTR ADDRFES;

END ROQISND;
Sinclude(:f(:exch.elt)}
DPECLARE EXCHANGESDESCRIPTCR LITERALLY 'STRUCTURE (
MSGSHEAL ADDRESS,
MSCST2IL ADCRESS,
TASKSHEAD ADLCRESES,
TASKSTAIL ADRDRESS,
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NEXTSEXCE MADDRFES)Y';
¢include(:fl:msa.clt)

]

1¢ ] = PECL?RE MSCSHDR LITERPLLY !
= LINK ADCRECE,
= LENGTH ALCDRESE,
= TYPE PRYTE,
= HCMESEXCEPMNCE ADLRESS,
= RESPCONSESEXCHANGF ADDRRESS';
20 1 = PECLARE MSCSEDFSCRIPTCR LITERMLLY 'STRUCTUPE(
= MSGSHDR,,
= REMAINDER (1) RYTE)';
2] 1 declere timex exchengeScdescriptor externel;
. 22 1 ceclare rafsrx exchenaeScdescriptor external;
22 1 ccémsgfout:
procecure (msgfsize,afptr,peréptr,msglptr) external;
24 2 declere msafsize byte;
2¢ 2 declare (ofptr,parSptr,msafptr) ‘2dcdress;
25 2 end cafmsafout;
27 1 CQSGENSMEG: Frocedure (msgfpointer, traet, msagfptr, ofptr,

- parfptr,sevefflo) reentrent public;

o 4

This procecdure aeneretes & cdate message And places
it onto the system comnunications network.

On entry to the procedure:
msg$pointer is en address whichk points to
the deta to be trensmitted.
trget is an byte whick conteins the
acddress of the teraet node.
msgSptr is en address which points to

. the RAM work éaree.
ofptr is en edcdress which points to

the output dqueue.
peréptr is en acdress vhick points to
the communications fleas.

*/
2¢ ? Declere (msquointer,msgSptr,qutr,parSptr,raisize) a
- ddress;
2¢ ? Declere (trget,saveSfla) byte;
2C 2 Declere msa based msgSptr nsgSformat;
21 ? Declare detafmsg structure |
taraget byte,
comand byte,
‘ seaSLA byte,
seg$SN2 byte,
text byte )

dete ((,2,0,0,0);
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declere deteSblock besed msg€pointer structure (
nsathdr );
/* move message formAat into message buffer */

cell move (5, .datefmsa, msalptr);

/* irsert taraget 2dcdress */

msa.trgt = traet;

/* eppenrd dete to communicetion message */

cell move (cdetaChlock.lenath, msapointer, .msqg.text((
) )i

/* trensmit message onto network */

remfsize = datathlock.length;
call cafrsgfout (rem€size,qfptr,parfptr,msqiptr);

/* return memory to free space maneger */

if seveSfla
then cdo;
if remsize mod 4 > ¢
then cdateSblock.lenath = datefblock.lergth + (4-(r
emSsize mod 4));
cal]l RQSEND (.rqgfsrx, msalpoirter);
end;

return;

end cqfgenfmsqg;
end genfmsaSmocdule;
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‘ Stitle('iSEX 28] Communicetions Driver, Version 1.2"')
Snointvector
1 C¢e381: Do;

/****************************************i****************

This mocdule contains the physicel interfece for
support of the Intel iSBX 251 communicetions expansion
hoerd. The board is inserted into socket J6 ancd has a
hase address of F(H with the interrupt from the
receiver strapped to the interrupt level 6. The
trensmitter interrupt is wired to interrupt level [,

" Multi-drop communicetior options ~re supportec by
. the physicel softwere packeage.

********************************************************/

€inclucde (:f(:exch.elt)
DECLARE EXCHANGESDESCRIPTOR LTITERALLY 'STRUCTURE (
MSCSHEAD AILDREST,

MECGSTATL ADDRESS,

TACKSHE2AD ADLRESS,

TASKSTAIL PDDRESS,

NEXTSEXCH PDDRESS)';

Sinclude (:fC:ied.elt)

DECLARE INTSEXCHANGESDFSCRIPTCR LITERALLY 'STRUCTURE (
MESSACESHEAD ADDRESS,

MESSAGESTAIL ALLDREESS,

TASKSHEAD PDDRESS,

TASKSTPIL PDDRESSE,

EXCH2ANCFSLINK ADDRESS,

LINK ADDRESE,

LENGTH ALDRESS,

o n o

(9]
b
n

= TYPE BYTE)';
4 1 Ceclere RQLAEX intfexchenoeSdescriptor externel;
1 Ceclere ROL7EX intfexchanceSldescriptor external;

tn
—

€include (:fl:commsa.elt)
declare msafformet literally 'structure
trat byte,
cmnd byte,
seafla byte,
seafna byte,
text (250) byte )';

N
Y
nun

~J
—

declere aqueuvelformAat literelly 'structure (
encdSptr byte,
giveSptr byte,
tekeSptr byte,
dateSbhbyte (254) byte )';

wonwun o

0
(o
N

ceclere parSformat literally 'structure (
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= Ja byte,
= ne hyte,
= run hyte,
= stop byte,

o

nn u

o wnn

quefpt byte )';
Feclere CQTINSL aueueSformat cxternal;
Declare CQOUTSL cueueSformat external;
Peclere CQPMARS parSformet external;

€include (:fl:comcom.ext)
CQENEXTEGTVE:
Procecure (afptr,aivefbyte) byte exterral;
Peclare afptr address;
Declere aivefbyte hyte
end cafnextfgive;
CQSTAKESTEST:
Procedure (qfptr) byte external;
Declare alptr eddress;
end caftekeltest;
COSNEXTSTIAKE :
Procedure (gfptr) byte exterrel;
Ceclare qSptr adcdress;
end caofrextltake;
CQOSQSINIT:
Procecdure f(afptr,afsize) external;
LCeclare gSptr address;
Ceclere gSsize byte;
end cgsqafinit;
CQSASCSHEX:
Procedure (gSptr,msqgfptr) externz1;
Declere (gfptr,msqglptr) &ddress;
end cafascfhex;
CCSCHECKSUM:
Procecdure (gfptr) byte externel;
Declare qfptr acdcdress;
end cqfchecksum;
CQSHEXSASC::
Procecdure (ofptr,hexfbyte) externrl;
Ceclare alptr oddress;
Peclere hexShyte hyte;
encd ccfhevSasc;
CQSMECENUT:
Procecdure (msg€size,gfrtr,perfptr,msqfptr) external;
Peclere msafsize byte;
Peclere (aSptr,parSptr,msalptr) oddress;
end cafmsgfout;
CQECEMSRDY:
Procedure (troet,msafptr,ofptr,parlptr) externel;
Ceclare trget hyte;
leclare (msagfptr,ofptr,parfptr) ecdéress;
end cqgfaentrdy;
CQOSCENSMSC:
Procecure (msgSpointer,trget,msqéptr,cSptr,parptr,sav
eSflg) externel;
Ceclare (trget,saveSfla) byte;

~e
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Teclere (msofpoirter,msqgfptr,alptr,periptr) address;
end cgfoeninsg;
¢include (:f(:synch.ext)
RQSEND:
PRCCEDURE (EXCHANGESPCINTER,VESSAGESPOINTER)Y EXTERNAL;
DECLARE (EXCHANCFSPQINTFR,MECSAGFSPCINTER) 2DLDRECSS;

END RQSEND;

POWATT:
PRCCEDURE (EXCEANGESPOTNTER,DELAY) ADPDRESSE EXTERNAL;
CECLARF (EXCHANGFSPOINTER,DELAY) ADCRESS;

END RQWATT;

ROACPT:
PROCELCURF (EXCHANGESPOQINTER) ADDRESS FEXTERNAL;
DECL?RE EXCHANGESPOINTER ADDRESE;

END RQACPT;

RQISND:
PROCEDURE (TEDSPTR) EXTERNAL;
DECLARE TIFDSPTR ADDRESS;

END RQISNL;
Sinclude (:f(C:intrpt.ext)
RQENDT:

FROCECURE EXTERNAL;

END ROENDT;

RQELVL:
PRCCECURE (LEVEL) EXTERNAL;
DECLARE LFEVEL BYTE;

END RCELVL;

RCDLVL:
PRCCEDURE (LEVEL) EXTERNAL;
DECLARE LEVEL BYTE;

END RQODLVL;

RCEETV:
PRCCECURE (PROC,LEVEL) EXTERNAL;
CECLARE PRCC ADDRESS;
DECLARF LFVEL PRYTE;

ENC ROSETV;
ROSETP:
FRCCEDURE (PRCC,LEVEL) EXTERNAL;

DECLARE PRCC ADLCRESS;
DECLARE LEVEL PYTE;
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END RQSETP;

TR 1 Declare ECM Jiterally '(DB';
/* defines end of messege */
77 1 Declare RTS literelly '0€1CCOCCD’;
/* ready to send to USART * /
7€ 1 Declare RXE literelly 'CCCCCICCRY;
/* ready to receive to USART */
7¢ 1 Declare DTR literally 'CCCOCAICDH';
/* data set ready to USART */
ecr ] Declare TXEN literelly 'OCCOCCCLIR';
/* trensmit eneble to USART */
g1 1 Ceclere bedint byte;

/* fleg for interrupt S */

feject
/*********************************************************

This procedure initielizes thke hercdware required to
operate the 1SPX 251 expansion board.

**************************************************i*****/

£2 1 COSINITE35])
Procedure public;
a2 2 Declere n byte;

/* initialize the timer/counters */

ga 2 output (Cfbk) = (bbhb; /* select counter 2 */
&5 2 output (Ofak) = 22; /* 1lsb for 240C beud */
en 2 output (Cfab) = 0; /* msb for 240¢ baud */

/* initielize the USART */

&7 2 output (Nflh) = €¢CH; /* cleer out agarbaae */

£e ? output (€flh) = (; /* ... more gerbage */

ge 2 output (fflk) = £4Ch; /* reset the USART */

or 2 output ((*flk) = (ceh; /* £ bit, po perity, ? st
- Op */

] 2 output (Cflh) = 26b; /* enable receive mocde */

/* tell the nucleus the vector location*/

@2 2 CALL rgsetv(.cgmivt$281, A);
62 2 cell rasetv(.sendfchar$281, 5);
ad 2 cell rgelvl( 5);
o5 2 cell rqgelvl(h);
CA 2 return;
c7 2 end cqfinit&251;
feject

/*********************************************************

This procedure stores & character from the USART into
the receiver data input gqueue.
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********************************************************/

COMIVTS3E]:
Procecdure interrupt ~ public;
LCeclere (GIVESSTATUS,CHAR) hyte;

/* get cherecter from USART */

char = input (FfFCh) ancd (7Fb;

agive$status = cgfnextfqgive(.cqginsl, char);
if cher = eon

tten call raisnd(.rclfex);

else call raendi;

end camivt$25l;
Seject

/***********i************************************i********
This procedure sends out the next character to the
selected USART device. Tt will cdiseble the interrupt
when ~ll desired cheracters have been trapsmitted.

********************************************************/

CENCSCHARS 351 :
Procedure interrupt & public;
Declare char byte;

/*testing if interrupt is really for & and not noise*/

if bedint > £ then do;

/* eneble drivers at beaginning of messaqge */
Tf not capers.run

then do;
capers.run = 1;
copars.stop = (;
end;

/* diseble cdrivers a2t end of messace */
Tf cgpers.stop

then cdo;
capAars.run = (;
Do while (input(CFlbh) ancd 4) = (;
end;

bedint = (;
output (EF1h) = 2€h;
end;.

/* if rmessaqe is in progress, send pext cherecter
celse do;

cher = cqgfnextftake(.cqoutsl);

o while (input(fflh) and 4) = ¢;

encd;

output (AFCh) = cher;

/* test for end of messeae */
if (chker and @fh) = eom
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tten cgpers.stop
else ccpars.stop
end;
enc;

e B
-~

/* re—enable interrupts */
cell raenci;

return;

end sendScheart28];

Seject
/************************************i************i*******

This procecdure bheains the trensmission to & selectel node.

********************************************************/
CQSSTARTEMEGE 2R
Procecdure public;

bedint = (ffb
output (CF1lL)
return;

end cafstartfmsgs25]

1|~

2%h;

e

enc¢ cgsiftl;
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