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INTRODUCTION
This report contains the results of an in-house effort to define and
specify a standardized access protocol for a parallel wideband local digital

communications network (Flexible Intraconnect System).

BACKGROUND
Considerable emphasis is now being placed on the development of superior

2) capatilities for the Tactical Air Ferce. This is

command and control (C
because CZ is regarded as the "“force multiplier", the critical equalizer
against a numerically superior adversary. Achieving an effective C2
capability and sustaining that capability once achieved, is a continufig
challenge. Creating and maintaining a rea! c? advantage is a function ot how
quickly and effectively the benefits of new know-how and technology are inte-
grated in operational military forces.

A Flexible Intraconnect (FI) capability is being developed to provide a
uniform architecture upon which survivable modular C2 centers may be quick iy
and economically developed; and once developed, be easily enhanczc ana
rapidly adapted to meet dynamic mission requirements. The FI is a general
purpose bus oriented communications network that provides information distri-

1 2,3 44

bution services among member equipments®. Studies have been conducted

determine the nature of information distribution services to be provided by

the Flexible Intraconnect and to define (from a FI user's point of view)




equipment-to-FI interface in terms of physical, electrical, logical and func-
tional characteristics. The information obtained from the interface studies

was then organized and presented in a form suitable for incorporation into

a military standard (MIL-STD).




TECHNICAL PROBLEM

The problem was to combine the results of engineering studies on the Fl
with other available technical data to form a document that describes the
interface characteristics of the FI system. The interface standard applies to
both communications as well as data processing equipments.

OBJECTIVE

The objective of this work was, therefore, to document technical inter-

face requirements of a high capacity information distribution network.




DESCRIPTION OF INTERFACE PROTOCOL

The interface protocol defined in Appendix A is treated as three separate
levels or "layers" of interfacing - physical, link and network. The layered
protocol concept allows functional independence (transparancy) of information
at each level.4

The physical Tayer describes word size, bit positions, bit designations
and functions, and electrical requirements. In addition, the logic procedure
for movement of words across the interface is specified. This procedure is a
parallel word asynchronous balanced data transfer protocol, operating under
the control of four logic signals.

The link interface describes data block format including header, header
words, data fields and error control fields. Interpretation, limits, exten-
sions and variations of these are defined.

The network interface describes procedures to implement address indepen-
dent (packet) information distribution services.

Appendix A to this report "Input/Output Interfaces for the Flexible
Intraconnect Bus System, Proposed MIL-STD-(FI)," presents the explicit tech-
nical requirements for device-to-bus protocols at the physical, link and
network access levels for devices (Digital Terminal Equipments or DTEs) and
the FI. The Appendix was prepared in a form suitable for eventual conversion

to the Military Standardization Program.
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FOREWORD

1. This standard is intended for use by equipment designers and
computer programmers as well as systems engineers and is limited
to interface characteristics——physical, functional and
electrical. This standard, by specifying functional interface
requirements, does not specify the specific philosophy to be used
for any system application: rather it is limited to functional
characteristics of the interface signals and formats.
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l. SCOPE

1.1 Scope. This standard defines requirements for digital and
analog input/output interfaces to the Flexible Intraconnect Bus
System.

A-1 Revised 30 Oct 8¢
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2. REFERENCED DOCUMENTS

2,1 Issues_of Documents. The following documents of the issue
in effect on date of invitation for bids or request for proposal,
form a part of this standard to the extent specified herein.

MIL-M-38510/420~01, General Specification for
Microcircuits

A-? Revised 30 Oct 80
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4. GENERAL STATEMENTS OF REQUIREMENTS

4.1 1Interface Typeg. The Input/Output (I/0) interface
requirements of the Flexible Intraconnect Bus System consist of
two types: digital interfaces and analog interfaces.

4.1.1 Diqgjital Ipnterfaces. The I/0 requirements specified herein
include requirements for physical interface, link interface, and
network interface for digital message Dblocks.

4.1.1.1 Djgjtal Physical Interface. The I/0 requirements
include control and data signal definition and timing
requirements for establishing and executing the transfer of a
block of digital words.

4.1.1.2 Djgital Link Interface. The I/0 requirements include
generation, definition, and interpretation of certain information
within message block headers, message block data sections, and
message block trailers.

4,1.1.3 Digjtal Network Interface. The I/0 requirements include
generation, definition, and interpretation of certain information
within message block headers not defined in 4.1.1.2.

4.1.2 Apnalog Interfaces. The I/0 requirements specified herein

include frequency bands, channel formats and characteristics of
analog channels.

A-3 Revised 30 Oct 80
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5. DETAILED STATEMENTS OF REQUIREMENTS

5.1 Digital Interface.

5.1.1 Djgital Physical_ Interface. The digital hardware
interface 18 that combination c¢tf control and data signals that
exists between a Digital Terminal Equipment (DTE) and the
Flexible Intraconnect Bus (hereinafter referred to as “"the Bus"

or "Bus").

5.1.1.1 Interface Appljcation. The digital hardware interface
is intended to facilitate the transfer of digital information
from a DTE to the Bus and from the Bus to a DTE.

5.1.1.2 Signal Lines. There shall be five control lines,
eighteen data lines and one timing utility line. The direction
of the data lines shall be determined by their usage, 1.¢., to
transmit or recelve data.

S.0.1.3 Laine Configuration. The digital hardware 1inter face
shall te confiuured as shown 1n Figure 1.

5.1.1.4 Control_Lines. The five control lines shall be
designated as Cl, <2, €3, ¢4 and C5. The lonical signal
deaignations for the control lines shall be as shown in Table 1
for data transfer from Bus to DTE. The logical signal
designations for tte control lines shall be as shown 1n Table I1
for data rtransfer from the DTE to the Bus.

Dot Tamane Uralgty ine. The timing utility line shall be
desi1gnated as Tl. The taimina utility line shall be a ]
unidirecti~nal line rarryina utility clock pulses from the Bus to
the DTF. There 18 no expressed or implied function of the ¢l °k
pulse siagnals within the scope of this standard. The frequency
of the ciock shall be ©.2507/89Y06 MHz (nominal) (see para S5.1.3.2
for more letail).,

5.1.1.6 Uata Linegs. The eighteen data line ). 11 ke cosianated
as DU, 1, by, L D17, The direction of all e.uhteen data lines
shall be consistent among the lines. That 1s. Jata flow shall be
permitted 1n ei1ther direction, i1.¢., bus to [ T or DTE to Eus, at
any time but not i1n both directions at the same time. The data

N-g Revised 30 Gee BU
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lines shall use half-duplex operation. Lower numbered data lines
shall be considered to be Least Significant Bits (LSB) and higher
numbered data lines shall be considered to be Most Significant
Bits (MSB).

5.1.1.7 Data Transmission Rate. The interface shall permit data
transfer rates within the range of one tenth of a bit per second
(0.1 bit/sec) nominal to ten million bits per second (10 Mb/s)
nominal with respect to each of the data lines. The equivalent
eighteen bit word parallel transfer range is from one tenth of a
word per second to ten million words per second. The equivalent
composite range of data transfer rates with respect to the
eighteen data lines is 1.8 bits per second to 180 million bits
per second (180 Mb/s).

S.1.1.8 Taiming. Transfer with respect to data words shall be
completely asynchronous.

5.1.1.9 Precedence of Direction. In the event both the Bus and
the DTE wish to initiate a data transfer at the same time, the
ttus shall prevail.

5.1.1.10 Data Transfer Procedure. Data shall be transferred
across the interface in blocks. Transfer of data shall be
conducted in accordance with a sequence of logical states of the
control signals Cl, ¢2, C3, and C4. The sequence of states of
the four control signals shail be as shown in Figures 2, 3, 4,
and 5. Figures 2 and 3 depict the sequence of control sianal
states applicable to the transfer of information frcm the Bus to¢
the DTE. Figures 4 and 5 depict the sequence of control signal
states applicable to the transfer of data from the DTE to the
Bus.

s.1.1.11 Control Signal_Direction. The direction of the control
signals Cl and C2 shall be unidirectional. The direction of
control sionals C3, C4, and C5 shall be bidirectional. The
logical name of the signal shall be determined based on the
direction of data transfer. “hese names shail be as shown 1in
Tables I and II.

S.l.i.ld Electrical Recuirements. Flectr.cal requirements for
the interface circuits defined in %.1.1 are specified herein.
The :nterface shall be compatible with Transistor Transistor
Logic (TTL), having logic levels 1in accordance with

L lL=11-3d4510/420-01 pQF, Ceneral Specification for Microcircuits.

Atl sincs shall he tri-state, i1.e., three possible output

A-5 Kevised 30 Oct B8O
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states--two normal low-impedance logic "l" or "0" states and a
high~impedance state that allows up to 128 tri~state outputs to
be tied together and connected to a common bus line. In the hiah
impedance state, maximum current leakage shall be no greater than
40 microamperes with 5.5 Vdc applied to the output. Figure 6 is
a schematic representation of the electrical interface. Figure 7
is a figure of the interface electrical waveshape. Voltages
shall be as shown in Table III.

A-6 Revised 30 Oct 80
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5.1.2 Digjtal Laink Interface. Data message block transfers
across the I/0 interface shall consist of a block of words
containing a header section, a data section, and a trailer
section in that order.

5.1.2.1 1lnterface Header Section The interface header section
shall consist of sixteen words and each header word shall be
eighteen bits wide. The bits in each word of the header shall be
referred to as bit 0, bit 1,...bit 17 where bit 0 is the least
significant bit and bit 17 is the most signficant bit.

5.1.2.1.1 Header Word Formats. The first fifteen words of the
header shall consist of two nine bit halfwords. Eits 0 through 8
define the least significant halfword. Bits 9 throuah 17 define
the most significant halfword. In each halfword the most
significant bit shall be a latitudinal odd parity bit, that is,
bit 8 is the parity bit for the least significant halfword and
bit 17 is the parity bit for the most significant hal fword. The
last (sixteenth) word of the header shall be longitudinal odd
parity of the first fifteen header words.

5.1.2.1.2 Header Field Formats. The header shall consist of
fields. The header fields shall not include bit 8 or bit 17 of
the header words. The format, definition, word position,
interpretation, and constraints applicable to each header field
shall be as described below. The notation used below follows
these conventions:

Fields are designated by a string of identical characters.
Each character represents one bit of the header word/field.
The right-most symbol represents the least significant bit.
The left-most symbol represents the most significant bit.

Al]l unused bit positions are designated by the character "/"
and shall be set equal to U (zero).

The letter "p" designates latitudinal parity bits.

A-7 Revised 30 Oct B¢
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5.1.2,1.2.1 Word One. Word one of the header shall have the
following format and interpretation:

P 9999 agQqg p rrvv Vvvvy

Fjeld Bit Position Definition
g 13-16 Message type
a 12 ACK/NACK mode
q 9-11 System mode
r 6-7 Message priority
v 0-5 Subbus number

gagq field Interpretation

0010 Local broadcast messages
0011 External broadcast messages
0100 Command messages (from DTE)
0101 Command messages (from Bus)
0110 Discrete messages
1010 Subbus message, virtual bus
1100 Subbus message, ring bus
a_field Interpretation
-0 ACK/NACK procedure disabled
1 ACK/NACK procedure enabled
rr_field Interpretation
00 Lowest priority
01 Next to lowest priority
10 Next to highest priority
11 Highest priority
gqg _field Only value permitted is 000

vvvvvv_field Value 000000 not permitted

A-8 Revised 30 Oct 50
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following format
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Word two of the header shall have the

and definition:

P UWWW WWwww P / /XX XXXX

ield  Bd

=

Virtual/real selector
(0 = virtual, 1 = real)
Destination virtual address,

Posjition Definition
17
9-14

high order
0-5

Destination virtual address,
low order

All values are permitted for each field except only all
zeros 18 used with Command Messages from the DTE, i.e., gggg
imessage type) field equal to 0100,

A-9 Revised 30 Oct 80
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5.1.2,1.2.3 Word Three. Word three of the header shall have the
following format, definition and interpretation:

p //7yy Yyyy p ffzz zzz:z

Field Bit Position Definition

y 9-14 Destination real address
(high order)

£ 6-17 Header interpretation flag

z 0-5 Destination real address
(low order)

Fields y and z are each permitted all values except 000000,

Field ff Interpretation

Bit 6 Bit Set = 1 only by DTE when DTE is ‘_
sending and indicating header
interpretation 1s necessary

Bit 7 Bit Set = 1l only by Bus when Bus is
sending and indicating header
interpretation is necessary.

Revised 30 Get BO
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5.1.2.1.2.4 Word Four. Word four of the header shall have the

following format and definition:

p /733 3333 p //kk kkkk

Field Bit_Position Definitjion
3 9-14 Source virtual address,
high order
kK 0-5 Source virtual address,

low order

All values permitted for each field except 000000 is only
used with Command Messages from the Bus, i.e., gggg (message
type) field equal to 0101, '

A-11 Revised 30 Qct &0




MIL=-STD-(FI ) (USAF)
11 December 1979

5.1.2.1.2.5 Word Five. Word five of the header shall have the
following format, definition and interpretation:

p //11 1111 p ddmm mmmm

Field Bit Position Definition

1 9-14 Source real address,
high order
d 6-7 Data block sizing code
m 0-5 Source real address, low order

Fields 1 and m are each permitted all values except 000000,

Field dd Interpretation
00 Data block length is not longer than
40 full words
01 Data block length is not longer than
1024 full words
10 Data block length is not longer than
2048 full words
11 Data block length is 4096 full words

A-12 Revised 30 Oct 80
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veoil2.l02,6 Word Six. Word six of the header shall have the
*ellowing formav, definition and interpretation.

p cccc cccc p ccch bbbb

Field  Bit Position  Definition
C 9y-16 Data word (fuil word) count
{upper portion)
< 5-7 Pata word (full word) count
(lower portion)
h 4 Hal fword indicator
b 0-3 Halfword bit count
Field h Interpretation
0 Least significant halfword (bits O

through 8} of last data word
{(following last full word) is not
included

1 Both halfwords are included 1in last
word of data (following last full word)

Field bbbb Value indicates numter of least significant
pirs included in last halfwerd included in the last data
word (following the last full word).

The total number of bits in the data section of the message block
shall, therefore, be represented by the following expression: (e
x 18) + (h x 9) + (b) where ¢, h and b are the decimal
equivalents of the binary values of each of the three fields.
Kefer to Table IV for a representative list of values for these

filelds.

- Kevased 30 Oct EO




MIL-STD=-(FI ) (USAF)
11 December 1979

5.1.2.1.2.7 Word Seven. Word seven of the header shall have the

following format and definition:
P hnnn nnnn p nnnn nnnn

Field Bit_Position Definition

n 9-16 Message number (upper portion)
n 0-7 Message number (lower portion)

A-14 Revised 30 Oct 80
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5.1.2,1.2.8 Word Ejght. Word eight of the header shall have the
following format and definition.

88SS SSSS p SSSS S8S8SSS

p
Field  Bit Posjtion Definition

s 9-16 Sequence number (upper portion)
s 0-7 Sequence number (lower portion)

A-15 Revised 30 Oct 80
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5.1.2.1.2.9 Word Nine. Word nine of the header shall have the
following format and definition:

p //// /177 p /777 rre
Fjeld Bit Posjtion Definition

t 0-3 System time (high order bits of
a 52 bit system time field)

L2
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5.1.2,1.2.10 Word Ten. Word ten of the header shall have the
following format and definition:

p tttt tttt p tttt tttt

Field Bit_Position Definition ;
i
t 9-16 System time (portion of 52 bit field) i

t 0-7 System time (portion of 52 bit field)

T

A-17 Revised 30 Oct 80




5.1.2.1.2.11 Word Eleven. Word eleven
the following format and definition:

P tttt tttt p tttt tttt
Fjeld Bit Position Definjcjon

B
9-16 System time
0-7 System time

"

MIL-STD- (FI ) (USAF)
11 December 1979

of the header shall have

(portion of 52 bit field)
(portion of 52 bit field)

Revised 30 Oct 80
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5.1.2.1.2.12 Word Twelve. Word twelve of the header shall have
the following format and definition:

p tttt tttt p tttt tttt

Field Bjit Position Definition
t 9-16 System time (portion of 52 bit field)
t 0-7 System time (portion of 52 bit field)
A-19 Revised 30 Oct 80
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5.1.2.1.,2.13 Words Thirteen_throsash '1fteen. Words cthirteen,

fourteen, and fifteen of the header shail have the following
format and definition:

p /S I p S S

5.1.2.1.2.14 Word Sixteen. Word sixteen of the header shall
have the following format and definition:

e ecaeg e € eeee ceeee

word sixteen shall be a lonagitudinal (vartical) odd parity of the
tirst fifteen words of the header.
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5.1.2.1.2.15 Header Map. Figure 8 is a composite map of the
header, illustrating field locations and codes.

5.1.2.1.3 Relationship to Digjtal Physjcal Interface. With the
exception of control line C5 (see para 5.1.1.4), there is no
relationship between the Digital Network Interface and the
Digital Physical Interface. The relationship between control
line C5 and the header shall be as follows:

Word 3 field f bit 6 is associated with transfer from the DTE to
the Bus. C5 shall reflect the logical state of bit 6 during the
period of message block transfer. Word 3 field f bit 7 is
associated with transfer from the Bus to the DTE. €5 shall
reflect the logical state of bit 7 during the period of message
block transfer.
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5.1.2.2 Data Section. The data section shall follow the header
section and shall have the following limitations, constraints and
conventions.

5.1.2.2.1 Data Section Size. The data section shall be defined
in terms of numbers of data words as follows:

Range (inclusive)

Type (Number of words)
00 0 - 40
01 0 - 1024
10 0 - 2048
11 4096

In types 00, (1, and 10 the last word may consist of either one
or two halfwords with the final halfwerd consisting of any number
of bits from 1 to 9. Unused bits shall be the bits of lesser
significance.

5.1.2.2.2 Word Definition. A standard data word is defined as
an eighteen bit word. The bits in the standard data word shall
be referred to as bit 0, bit 1l,...bit 17 where bit 0 is the least
significant and bit seventeen 1is the most significant bit. The
number of words permitted in the data section shall be as
described in 5.1.2.2.1.

5.1.2.2.2.1 Preferred Subsets. The following data word subsets
shall be defined as preferred subsets. The preferred defined
subsets are: a 16 bit subset, an 18 bit subset, and a 9 bit
subset. The bit positions for these preferred word subsets shall
be as shown below. "B" indicates used bit position, "/"
indicates unused bit position.
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MSB LSB

Preferred subsetr 17 16 15 14 13 121110 9 8 7 6 54 3 21

16 bit subset / BBBB BBBB / BBBB BBBB
8 bit subset / /777 /7777 / BBBB BBBB
9 bit subset / /777 /777 B BREBB BBBB

For the purposes of establishing word count, each word subset
shall count as one word.
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5.1.2.3 <Trailer Section. The trailer section of the iressaye
block shall follow the data section and shall consist of eicht
words. The eight words shall consist of vertical odd parity bits
based on the contents of the data section. The eight parity
words shall be applied un:formly to the overall data secticn
where each of the parity words 1is associated with approximateiy
one eighth of the words in the data section. The first parity
word in the trailer shall be the first word to follow the lasr
word of the data section. The first word of the trailer shall bhe
associated with the first eighth of the data section, the second
word of the trailer shall be associated with the second eighth of
the data section, etc. The eighth word of the trailer shall be
associated with the last (remaining) "eighth" of the data
section. The actual number of words in the last "eighth" of the
data section may be more than the true arichmetric value cf r
one-eighth of the total number of data words. In the event the ”
number of data words in the data section is not evenly divisic

by eight, the number of words contained in the final "eighth”
shall be equal to the numerical equivalent obtained by dividing
the total number of words in the data section by eight and adding
the remainder. For example:

Total number of words = 747
Rivided by 8 = 93, remainder = 3

In this case, the first seven parity (trailer) words would each
be applied to each of the seven corresponding sers of 93 words in
the data section. The last (eighth) trailer word would apply to
the last set of 93 words plus the 3 remaining data words (total
of 98 words in last "one-eighth" of the data section).

5.1.2.3.1 Very Short Blocks. For rL1-cks with a data section cf
less than eight words, the eight trailer words shall be evenly
distributed against the data words. For example, 1if the darta
section contalined seven words, the first seven paritv words would
each be as¢ -1 red with each of the data words one throuah seven.
The eighth parity word would be associated with word one. Or !
the data section contained four words, the first and fifth pority
words would each be associated with the first data word, the
second and sixth parity words would each be associated with tte
second data word, etc. Or if there were only one data word, cach
of the eight parity words would be associated with rthe cne Jara
word. The allocation for all cases (from zero wordse throudch

words) 1is shown in Fiaure Y.
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5.1.2.3.2 Data Word_Subsets. The parity words in the trailer
shall follow the same subset conventions used in the data
section. That is if the data words are using the nine bit subset
the parity words in the trailer shall be nine bit words.

5.1.2.3.2 Unused Data Bits. If the last word (or word subset)
in the data section has unused bits, these bits shall be
considered as equal to zero for purposes of computing the
associated vertical parity trailer word.
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5.1.2.4 Darta Messaqge_Block_Formatr. Figure 8 illustrates the
composition of the complete message block for the digital link
interface.

5.1.2.5 Order of Presentarion. The message block shall be
presented in the following order: header section followed by the
dat section followed by the trailer section. Wichin each
section, words shall be presented in natural sequence, i.e., word
one of the header is the first word to be presented. In the
event that individual words are not presented in full parallel
style, the most significant halfword shall be presented firsrt.

In the event that complete halfwords are not fully presented in
paralléel, the bits shall be presented in the order of most
significant bits followed by lesser significant bits in
descending order.
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5.1.3 Digital Necrwork Interface. The network interface protocol
relates to the interpretation of information transferred across
the standard interface. Transfers of information across the
interface shall be constructed as shown in Figure 10.

5.1.3.1 Header Interpretation by Messade_ Type. Interprectation
and contents of certain fields of the header section shall depend
on the contents of the message type field (bits 13-16, word one)
of the header section of the message block.
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5.1.3.1.1 Local Broadcast Messages. Message type code 0010

shall define a Local Broadcast message. There are no fields that
require special interpretation for a local broadcast message.

The following fields have
messages:

Field Code/Size/

____Position
a 1 wl,Bl2
s 16 w8
v 6 Wl
x 6 W2
z 6 w3

Fields x and z shall

no function for local broadcast

ACK/NACK

Sequence number

Subbus number

Destination virtual address (low)
Destination real address (low)

be set = to 111 111.
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5.1.3.1.2 External Broadcast Messages. Message type code 0011
shall define an External Broadcast message. There are no fields
that require special interpretation for anexternal broadcast
message. The following fields have no function for external

broadcast messages:

Field Code/Size/

Posicion _ __ Lefinition
a 1 wl,Bl2 ACK/NACK
s 16 w8 Sequence number
u 1 W2 Virvual/real indicator
v 6 wl Subbus number
w b6 W3 Destination virtual address (high)
x 6 W3 Destination virtual address (low)
y 6 w4 Destination real address (high)
z 6 w4 Destination real address (low)
Fields w, x, y and z shall each be set = to 111 111,

5.1.3.1.3 Command Message_ from DTE. Message type code 0100
shall define a command message from DTE. There are no header
fields rthat require special interpretation for a command message
from the DTE message. (Data interpretation is required and
described in 5.1.3.2). The following fields are constrained as
indicated below:

Field Code/Size/

—_ Position Constrainc
w 6 w2 Destination virtual address (high)
shall be 000000 (a pseudo address).
x 6 W2 Destination virtual address (low)

shall be 000000,

5.1.3.1.4 Command Message¢ _from Bus. Message rype code 0101
shall define a command messaqge from the Bus message. There are
no header fields that require special interpretation for a
command message from the Bus messaqe. (Data interpretration is
required and described in 5.1.3.2). The followina fields are

constrained as indicated helow:
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Field Code/Size/

——.-Position - Constrajint
y 6 w3 Source virtual address (high) shall
be 000000 (a pseudo address).
z 6 W3 Source virtual address (low} shall
be 000000,

5.1.3.1.5 Djiscrere Messages. Message type code 0110 shall
define a discrete {point-to-point) message. There are no fields
that require special interpretation for a discrete message.
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5.1.3.1.6 Subbus Message =~ Virtual Bus. Message type code 1010
shall define a Subbus Message - Virctual Bus. {(The Virtual Bus
(VE) is also known as a passive subbus.) The following header
fields shall be interpreted as described below:

Field Code/Size/
Position

v 6 Wl The subbus number shall be used to
1dentify one of sixty-three unique VB
subbuses within the overall F1 bus srtructure. The VE subbus

number is used as a common address reference by those
DTEs that are members of a particular
subbus (virtual bus).

s 16 Wwa The VB sequence number shall be used to
indicate order of transmission on a

virtual bus. The sequence number has no interpretation for
non—transmitting members of a virtual bus. Interpretation of the
VB sequence number 1s dependent on whether a particular subbus
(virtual bus) is operating in mode A or mode B. In Virtual bus
mode A, members of rthe bus shall transmit message blocks in a
strict preestablished sequential order. The VE seguence number
shall be used to determine the order in which each member of a
virtual bus is to transmit. The VB sequence number shall be
incremented by one count at each transmission. During
inicialization of a virtual bus each transmitting member 1is
provided with three numbers: (1) A start up (initial) sequnce
number, {(2) A repetition interval, and (4) A wait time. As a
VB begins operation, each member compares the received header VR
sequence number to its assigned start up sequence number. 1f the
two numbers match, the member is obligated to provide the next

transmission on the VB. The transmission i{s delayed by the
member unril the wait time has been counted. The walt timre 18
the amount of time a membar must hold itvs transmission follcwing
receipt of 1ts enabling sequence number. For example, 1{ VB
rember "M" is assianed start up sequence number = 17 and
tepetition interval = 20, M will transmit following receipt of VI

message klock header with seguence numbers 7, 37, 97, 77,....
(Choice and assignment of the initial sequence number, repetition
interval, and wait time are accomplished at a hicgher level
protocol outside the FI system.)

In virtual bus mode B, the transmit order and transmit
enabling rate shall be reaulated by a protocol estvablished by the
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members of a VB. The header sequence number is not used. In VP
mode B, members transmitr at quasi-periodic times based on control
information provided by one member, designated as the VB
*master.” Individual members calculate time for transmission by
the algorithm to + n(ti) +/- correction (t zero plus n times t

sub i + or - correction), where to = original assigned time, ti =
time interval between transmission, and correction = time
difference provided by the VB master. The bus quantifies time to
one microsecond for the purpose of regulating VB mode B

operation.
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5.1.3.1.7 Subbus Message =~_Lazy Susan_Bus. Message type code
1100 shall define a subbus messaye = Lazy Susan Bus. (The Lazy
Susan (LS) bus 1s also known as an active subbus or virtual ring
in thact each member of a LY subbus 1s obligated to accept a
message block from the member precteding it in the ring. In the
VB, or passive subbus, there 1s no oblication on any member to
accept messadve blocks from other members. ) The following header

fields shall be interpreted as described below.

Field Code/S12ze/

v 6 wl The subbus number shall be
used to identify one of sixty-three unique
LS subbuses within the overall FI bus structure. The LS subbus

number is used as a common address reference by those DTEs that
are members of a partvicular subbus (Lazy Susan).

Field Code/S1ze/
___Posixion_ __

3 6 w4 The source virtual address
(3 = hiah, k = low) is used for
k b oK) queuing sequence of transmission

among members of a LS subbus. When a LS
subbus 1is established, one master 1s designated for the subbus.
The participatinag members are identified as to their position on
th LS rina, Device sequence is based on the source virrtual
address of the device which precedes 1t 1in the ring. Therefore,
each member of the LS subbus is assigned a number that
corresponds to the source virtual address of its predecessor in
the ring. (Each member is also assianed a wait time. The wait
time is the amount of time a member must delay transmission
following receipt of a message block from 1ts desiagnated
predecessor. )
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5.1.3.2 Header Interpretatjon - General. The header words shall
be interpreted as follows:

Field code/Size/
Position

t 52 WI9-wl2 System time. System time 1is
entered by the bus at the time a message
block is released for transmission on the F1 network. System

time 1s measured from the beginning of the first day of the month
of January, year 1900, The least significant digit of the system
time field shall represent 2**16 picoseconds (65536 psec) which
corresponds to a clock rate for the least significant diagit (word
12 Bit 0) of the cystem time field of 15,25878906 MHz. This
yields a clock rate at bit 4 word 12 of the system time field of
1.048576 MHz.
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Table Para Ref Title
1 5.1.1.4 Control Lines kus to DTF
12 5.1.1.4 Control Lines DTE to Bus
III 5.1.1.13 TTL Volraces
v 5.1.2.1.2.5 Header Word Six (word count)
Fiqure  Para Ref Tirie
1 5.1.1.3 Hardware Inter face
2 5.1.1.10 Transfer - bus to DTE
3 5.1.1.10 Transfer - Bus to DTE
4 5.1.1.10 Transfer - LTE to Bus
5 S.1.1.10 Transfer - DTE to Bus
6 5.1.1.12 Flect Interface Schematic
7 5.1.1.12 Interface Waveshape
8 5.1,2.1.2.15 Header Mar
9 5.1.2.3 Traiter Word Allocation
10 5.1.3 Messaqe Block Format
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Control Line
Reference No.

cl

c2

C3

Cc4

Cc5

TABLE 1I.
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Control Lines Desjgnations

for

Data Transfer from Bus to DTE.

Name of

Bus Output
Request (BOR)

Not used
(See Table II)

Bus Data

Available (BDA)

DTE Receiver
Ready (DRR)

Bus Mode Flaaq
(PMF)

Direction of
__.-Sigpal

of Signal

Function

Bus to DTE Set condition indicates
bus system wants to
transfer data block rto

DTE

DTE Set condition indicates
a bus data word 1is
available (for

acceptance by DTE)

Bus to

DTEL Set condition indicaten
DTE is ready to accept

a data word from bus

to Bus

DTE Set condition indicates
interpretation is

required within DTE

Bus to
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Control Line
Reference_ No.

TABLE I1I.

Control

Line
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Designations

Data Transfer from DTE_ to_Bus

for

Name of
_Ling

cl

c2

Cc3

c4

C5

Not used
(See Table I)

DTE Ourtput

Request (DOR)
DTE Dacta
Available (DDA)

Bus Receiver
Ready (BRR)

DTE Mode Flag
(DMF )

Direction of
_-Signal

DTE ro Bus

DTE to Bus

Bus to DTE

DTE to Bus

A-37

Funcrion of Signal

Set condition indicates
readiness of DTE o
transfer data block

to Bus system.

Set condition indicates
DTE data word is
available (for
acceptance by Bus)

Set condition indicates
DTE ready to accept a
data word from DTE.

Set condition indicates
interpreration is
required within Bus
system.
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TABLE III. TTL Compatible Voltages_ (Nominal)

NOMINAL VOLTAGE, V QUTPUT CURRENT, 1
L T — — _-'I:
Logic 0: 0 Vdc to 0.7 Vdc 2 ma f
Logic 1: 2.7 Vdc to 5.5 vdc -0.4 ma ;
V Max: 7 Vde, - .30 vde
T

Tri-Stare High Impedance Sctate

Max Current Leakage: +/- 40 ua with a V of 5.5 vdc

MIL-M-38510/420-01
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e

TABLE (V. Repres

e bainary Value of Regisyxer
No. of . Bits 1in
Full Words Parrial Word  “c¢" (41 birs) “h"(l bicr) "b"(4 bits)
0 0 0 0 0
1 0 i v 0
2 0 2 ( 0
2047 0 2047 0 0
2048 0 2047 1 Y ¥
¢ 1 U 0 1
0 2 O ¢ <
0 9 U U 9 1
0 10 G ] 1
0 17 ( i B
1 1 i , 1
1 2 1 0 v
1 Y i 1 U
1 10 i i 1
1 L7 1 i b
R Hevised 30 Ocr 8O
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Signal
Line Number Line Name
DO Data Line No. 1
D1l " " n 2
D2 " " " 3
D3 " " " 4
D 4 " “ " 5
D 5 ”» L] n 6
D 6 " " " 7
D 7 [} " " 8
D 8 n L] n 9
D9 " " v 10
D10 " " * 11
D11l " " w12
D12 " " " 13
D13 " " " 14
D14 " " » 15
D15 " " " 16
D 1 6 " [0 ) l 7
D17 Data Line No. 18
cl Control Line No. 1
C 2 " n " 2
c3 " " " 3
C 4 “ " " 4
Cc5 Control Line No. 5
Tl Timing Utility Line

FIGURE 1. Digital Hardware Interface.
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SIGNAL LINE STATE

B D B D
EVENT ¢} O D R ACTION/INTERPRETATION
R R A R

cl c2 ¢3 cC4

|
I
I
|

M(i) 0 0 0 0 Quiescent

N 1 0 0 0 Bus initiates data transfer cycle

A 1 0 0 1 DTE indicates ready for one word

B 1 0 0 1 Bus puts data word on data lines

C 1 0 1 1 Bus indicates data word is on lines

D 1 0 1 1 DTE accepts data word

E 1 0 1 0 DTE indicates busy with current word '
F 1 0 1 0 Bus indicates there is another word (Cl=1)

C 1 0 0 0 Bus indicates current word transfer complete
H 1 0 0 0 Return to event A for next word

F 0 ] 1 0 Bus indicates no more words (Cl-0)

G 0 0 0 0 Bus indicates current word transfer complete
H 0 0 0 0 DTE enters QUIT sequence

I 0 0 0 1 DTE indicates ready to gquit

J 0 0 1 1 Bus indicates ready to quit

K 0 0 1 0 DTE signs off

L 0 0 0 0 Bus signs off (data transfer cycle complete)
M(i+1) O 0 0 0 Quiescent

FIGURE 2. Block Data Transfe
Bus_to DTE.

r
I~
I~
e]
0
17
Q.
]
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SIGNAL LINE STATE

B D D B
EVENT o o D R ACTION/INTERPRETATION
R R A R

cl c2 c3 c4

M(i) 0 0 0 0 Quiescent

N 0 1 0 0 DTE initiates data block transfer cycle

A 0 1 1 0 Bus indicates ready for one word

B 0 1 1 0 DTE puts data word on data lines

c 0 1 1 1 DTE indicates data word is on lines

D 0 1 1 1 Bus accepts data word

E 0 1 0 1 Bus indicates busy with current word

F 0 1 0 1 DTE indicates there is another word (C2=1)

G 0 1 0 0 DTE indicates current word transfer complete

H 0 1 0 0 Return to event A for next word

F 0 0 0 1 DTE indicates no more words (C2-0)

G 0 0 0 0 DTE indicates current word transfer complete

H 0 0 0 0 Bus enters QUIT sequence

I 0 0 1 0 Bus indicates ready to quit

J 0 0 1 1 DTE indicates ready to quit

K 0 0 0 1 Bus signs off

L 0 0 0 0 DTE signs off (data block transfer cycle
complete)

M(i+l) O 0 0 0 Quiescent

FIGURE 4. Block Data Transfer Procedure -
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BUS OTE

0

I—0f- =

Output Current

Logic Voltage

Ground Reference Voltage and Logic Reference Zero

FIGURE 6. Electrical Interface.
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FIGURE 7. Interface Waveshape.
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Header
: Word Bir_Posjtjon/Fjield Code
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 210
1 P g 9 g9 g a 9 g 9 P rrvv vVvvy
2 p u /W oW W W W W p / / x x X X X X
3 p / / y y Yy Y Yy Y P f £ z z zZ 2z z 2
4 P /7 33 i 3 3 3 p //kk kkEkZ£k
) P / /1 1 1 1 1 1 p ddmm mmmm
6 p c ¢ ¢ ¢ c ¢ ¢ ¢ P ccch b bbb
7 p n n n n n n n n p nnnn nnnn
8 p S s s s S s s s P S $ s s S § s s
9 P AV R A /7 /7 p / /7 7/ Tt ¢t
10 p t t t ¢t t t t© ¢t p t ttet Ttttz
11 p t Tt t© t t t t©t ¢t p Tttt ttt t
12 p Tt t t =t t t Tt ¢t p ttet t Tttt
13 P /7 /7 /7 /7 7/ p /7 7/ /7 /7 7/
14 P / /S /7 /7 7/ p / /7 /7 /7 77/
15 p /7 1/ / 7 7/ p / /7 /7 /7 7/
16 e e e e e e e e e e e e e e e ee e
Field/sjize Definjtion Zieldssize Definition
a 1 ACK/NACK mode n 6 message number
b 4 unused bit count p 1 lat parity (1/2 wd)
c 11 word count q 3 system mode
d 2 block sizino code r 2 priority
e 18 longit parity s 16 subbus seq no
f 2 hei¢ »r irverprec t 52 system time
q 4 message type u 1 virtual/real ind
h 1 half word ind v 6 subbus number
3 6 source virctual w 6 destination virrual
address (high) address (high)
k 6 source virtual X 6 destination virtual
address (low) address (low)
1 6 source real y 6 destination real
address (high) address (high)
m 6 source real z 6 destination real
address (low) address (low)
/ - unused bit position

FIGURE B. Messaqge Hg¢ader Map and Field Codes.
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Trajler Word(s) Data Word Trailer Words
1, 8 1 1, 5
2 2 2, 6
3 3 3, 7
4 4 4, 8
5
6 1 1, 4, 7
7 2 2, 5, 8
3 3, 6
1, 7
2, 8 1 1, 3, 5, 7
3 2 2, 4, 6, 8
4
5 1 1,2,3,4,5,6,7,8
6
0 All trailer words
1, 6 are set = to all
2, 7 ones
3, 8
4
5

FIGURE 9. Allocation of Trajler Words to
Less _Than_Eight Data Words
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Bit 17 (MSB) Bit 0 (LsB)

Header Secrtion

16 words

Data Section

0 - 40 words

0 - 1024 words

0 - 2048 words Message Block
4096 words

Trailer Section
8 Words

FIGURE 10. Djgjtal_Link Interface
Message_Block Format
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