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FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee identifies, develops, and
coordinates proposed Federal Standards which either contribute to the
interoperability of functionally similar Federal telecommunication systems or
to the achievement of a compatible and efficient interface between computer
and telecommunication systems. In developing and coordinating these standards
a considerable amount of effort is expended in initiating and pursuing joint
standards development efforts with appropriate technical committees of the
Electronic Industries Association, the American National Standards institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of data link
control procedures., It has been prepared to inform interested Federal
activities of the progress of these efforts., Any comments, inputs or
statements of requirements which could assist in the advancement of this work,
are welcome and should be addressed to:

Office of the Manager

National Communications System
ATTN: NCS~-TS (Frank McClelland)
Washington, D.C., 20305

(202) 692-2124
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1.0 INTRODUCTION

This document summarizes the work performed by Delta
Information Systems, Inc. for the Office of Technology and
Standards of the Nationai Communications System, an organi-
zation of the U.S. Government,'undet Purchase Order
DCAl100- 81-C-0025. The Office of Technology and Standards,
headed by National Communications System Assistant Manager
Marshall L. Cain, is responsible for the management of the
Federal Telecommunications Standards Program, which develops
telecommunication standards whose use is mandatory by all
Federal agencies. The objective of this program is to develop
a block diagram, f£low charts, and computer programming
for the following tasks in accordance with Federal Standard
1003.

Address Extention Function for all three classes of

procedures (Unbalanced Normal, Balanced Asynchronous,

and Unbalanced Asynchronous).
-~ Reset Function for the Balanced Aysnchronous class

of procedure only.

- Delete Command I Frame Function for all three classes
of procedures.

- Delete Response I Frame Function for all three classes
of procedures.

- Unnumbered Polling Function for all three classes of

procedures.
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- Initialization Function for all three classes of

procedures.

- Unnumbered Information Function for all three classes

of procedures.

The purpose of this effort is to determine the feasibility
of using the M6800 or similar microprocessor to implement
this type of protocol, and to obtain an estimate of memory
and processor resources that would be required. The Office
of Technology and Standards will use the information to
advise other Federal agencies who implement the standard
and, when merged with the results of other studies, to evaluate
the operational and economic impact of incorporating various
options in Federal Standard 1003.

The effort necessarily has focussed on the software
required to implement the protocol itself, and is by no
means a total hardward/software system design that would be
required to develop a complete system. Complete system
development is, of course, beyond the scope of this program.

Section 2 of this report contains a discussion of the
method of implementation for the seven listed options and
a list of state variables and parameters. Sections 3 through
8 include flow charts, code and a discussion of memory
requirements and throughput for each of the options. The
code was assembled on a 6800 cross-assembler and tested on

2 6800 microcomputer supplied by Delta Information Systems.
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2.0 SYSTEM DESIGN CONSIDERAIIONS

] The block diagram in Figure 2-1 shows a link with one
primary/combined and one secondary/combined station communicating
with each other by sending information in both directions. That

is, either station may be a source or sink of data or both.

¢ — Fulbthi i T
SoTerE

Two-way simultaneous transmission is assumed. Although many
secondary stations may communicate with one primary station,

the objectives of this program can be met with no loss of

T T;' TR

generality, by assuming the existence of only one secondary

station.

‘ BEach station, primary, secondary, or combined is made

up of a microcomputer, an LSI interface to the link, and a

E’ user which supplies and uses the data to be communicated. The

i ' primary and secondary stations are physcially very similar;

f operationally, of course, the primary must supervise and control

3 a number of secondary stations, and thué it requires a larger

data structuré and somewhat more complicated code.

] For the purpose of this program, the microcomputer

can be assumed to be very basic-microprocessor, memory (RAM

and ROM), interface chips, clock, etc. A discussion of

] the interface chips, operating system considerations and

general design features may be found in a previous report.(l)
The objective of this effort is to determine the

b - incremental change in the number of instructions and processor

l time required for each of seven optional functions listed

F above, implemented on a Motorola 6800 microprocessor. These

2-1
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optional functions are achieved by the addition, or deletion,

of commands and responses with respect to those present in

one of the three basic classes of procedures.

No attempt has been made to produce a single basic .

design to accomodate all of the options one at a time or

in combinations; in other words, each option is implemented

starting from
the effect on
evaluated for

Detailed
compared with

difference in

the same previously designed baseline so that
memory requirements and throughput can be
each option.

flow charts and code for each option are
those of the baseline system to obtain the

memory requirements and throughput.

Those state variables and other parameters that are

used by more than one routine and included in the code in

the following

of these may be found in Reference 1.

séctions are defined in Figure 2-2. A discussion

in this previous report required some minor changes. These

are included in Figures 2-3 and 2-4.

Two of the flow charts
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ARGUMENT: RYTE To €E fepD INTO

DSABLE
INTERRIPTS

PreNENT DATA CHANGE
WIHLE REFRDMG

ser

N IF NO BYTE AVAILABLE
G0 TO NEXT fROoCES:
IN READY QUEUE

STOoRE
ROJFF—r
MA<RO .
ARouMmeT

ENARLE
INTERRIPTS

( ENDMACRO)

Figure 2-3, Read Data Byte Macro.




BSR = RECEER STEWS RERISTER

eBFG |
g RECEWER Qlserul

[ RDE =RKave DA
Z 2uErER
, ! NO&MAL

=0

QERLG
. = -2 EOM/FCS LS
—
CBRL | |
g - — ECv/ARE
[
- EoMm
.
. Figure 2-4. ISR- READ 6856 Protocol Chip.
. RETURN ) 2-10




p

Cadt AN AS &

3.0 ADDRESS EXTENSION FUNCTION

This option provides for greater than single octet
addressing by means of the Extended Address Format. The
extended format provides an address field which is made up
of a sequence of octets, each having a "0" (2Zero) as the
first bit of the octet except for the last octet which has
a "1" in the first bit position.

Processing of the received address is accomplished in
the Receive Process (RCV). The leW chart for the RCV
process is shown in Figure 3-1l. A major subroutine called by
RCV, the RCNTRL subroutine which processes the control field,
is given in Figure 3-2. An expanded flow chart of the
extended address handler is given in Figure 3-3. The 6800
assembly language code for the RCV process and the RCNTRL
subroutine is presented in Figures 3-4 and 3-5 respectively.

The number of instructions required to perform the
extended address can be estimated by examining Figure 3-4.
The code for address processing is included in lines 52
through 132. Examination of this code shows that few (less
than ten) additional instructions are required to perform
the extended addressing function as opposed to single octet
addressing. The extra processing time required to handle the
extended address is negligible; however, there is a minor
effect on throughput due to the increase in message length.
The effect is very small for I/UI frames apnd somewhat larger

for supervisory and other unnumbered frames.
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4.0 DELETE RESET FUNCTION

This option removes the ability to reset the Send and

Receive variables associated with only one direction of

information flow by the deletion of the RSET command. This
applies to the Balanced, Asynchronous class of procedures
only.

F Processing of the Reset function (RSET) is accomplished
| in the two routines RSET and TR-RSET used respectively for

receive and transmit. Flow charts for these two routines are

presented in Figures 4-1 and 4-2. Assembly language code
for the receive RSET function is shown in Figure 4-3. 1If
the RESET function is deleted, neither the receive nor
transmit routines are required, resultiné in a reduction of
approximately 32 instructions (64 bytes) for reqeive and
about 40 instructions for transmit. Since the transmission
of the RSET command by a combined may be used to report an
invalid N(R), some minor changes in the use of the FRMREJ

subroutine may be implied. Effects on throughput are difficult

to estimate at this level of implementation.
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5.0 DELETE COMMAND OR RESPONSE I-FRAME

These two options limit the procedure to allow I
frames to be commands only, or responses only, by deleting
the I response and the I command respectively. This tech-
nique limits information frames to one direction for
primary and secondary stations.

These options are treated together in this section,
because the main effect of each is the same: one station
loses the ability to transmit I-frames and the other loses
the ability to receive them.

The SENDI process is used to transmit I-frames (Refer
to Figure 5-1) both as commands and responses. The code
for this process is presented in Figure 5-2. If I-frame
transmission is deleted, the SENDI process is as shown in
Figure 5-3. The 6800 code corresponding to the flow chart
of Figure 5-3 is shown in Figure 5-4. The difference in
number of instructions between these two routines is
approximately 100 instructions. In addition to this
reduction the CHICPNT routine can be deleted together
with references to it in RR and RNR, removing an additional
60 instructions for a total of 160 instructions. Throughput
can nearly be doubled if information transmission is limited
to one direction based on the fact that the processor need
manage half the number of buffers and pointers.

The flow chart for receiving I-frames is shown in

Figure 5-5, and the corresponding code in Figure 5-6. If

5-1

N " N - . . e e e e B e e e e

Pp———
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I-frames are not to be received, this routine can be

removed completely, saving approximately 75 instructions.
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6.0 UNNUMBERED POLLING FUNCTION

Option 6 provides for the ability to perform unnumbered
group polling as well as unnumbered individual polling by
the addition of the UP command. The UP command is used to
solicit a response frame from a single station, or from a
group of stations, by establishing a logical operational
condition that exists at each addressed station for one
respond opportunity.

The flow chart for the reception of the unnumbered
polling command and the corresponding 6800 assembly
language code are presented in Figures 6~-1 and 6~2 respectively.
Approximately 20 instructions are required for this routine.
The receive UP function also requires some minor modification
to the SENDI process and the processes for sending Receive
Ready/Receive Not Ready. These modifications are shown in
the flow charts of Figures 6-3 and 6-4. Effects on

throughput are difficult ot judge at this level of implementation.
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Figure 6-1. Receive UP Command
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7.0 INITIALIZATION FUNCTION

This option provides the ability to initialize remote

stations and the ability to request initialization. The

SIM command and the RIM response are added. The SIM command

is used to request a remote station to initiate a station-
specified procedure to initialize its link-level control
function. The RIM response is used by the Secondary/
combined station to request the SIM command.

The flow chart for the reception of the SIM command
and the corresponding 6800 code are given in Figures 7-1
and 7-2. The flow chart for the transmission of the RIM
response and corresponding code are given in Figures 7-3
and 7-4. Some modification to the module that determines
the operational state is required to accommodate the
initialization state and the RIM condition. This module
is used at the beginning of the received commaqd handlers
for example, it appears in the received I-frame. The

modifications to this routine are shown in Figure 7-5.
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Figure 7-1. Receive SIM Command
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Modification for SIM/RIM
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8.0 UNNUMBERED INFORMATION FUNCTION

This option provides the ability to exchange information
fields without impacting the send and receive variables,
and provides for the addition of the UI command and the
UI response. Since the frame is not sequence number verified,
the frame may be lost or duplicated if a link exception
condition occurs.

The UI function is very similar to the transmit I
function, assuming that a message is a number of bytes. The
UI function requires no error recovery based on send and
receive variables nor buffering and pointers for multiple

frames. A flow chart for receiving UI and the corresponding

6800 code are given in Figures 8-1 and 8-2. Comparing
Figure 8-2 with Figure 5-6 reveals the difference in code
required to send a UI frame instead of an I frame. Of

course, a UI frame méy be sent in addition to an I frame.

8~1
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