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A GRAPHICAL MODEL FOR INTERACTIVE DISTRIBUTED CONTROL

Foreword—This jiocument defines an architectural model of a Distributed Embedded System-and a method of
graphically representing the events, activities, and transactions that may be used for/suppqrting interactive
Distributed Control.
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Scope—The demonstrated architectural model and associated graphical techniques defined herein were

developed to provide a simple method of visualizing the general functional operation or behavior of a
Distributed Embedded System with a strong emphasis on representing system time characteristics.
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Background

WHAT 1S INTERACTIVE DISTRIBUTED CONTROL?—Interactive Distributed Control, also identified as IDC, is an

information and control transfer strategy that allows a network of microcomputer-based modules to support a
collection of high-speed distributed functions.
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3.1

3.2

3.3

51

Definitions

Distributed Embedded System—A general form of a distributed system characterized by being confined to a
small geographic area, interconnected using small area networking, and implemented using microcomputer-
based modules, smart sensors, and smart actuators. Alternate term—Small Area Distributed System.

Distributed Function—A general function which is physically distributed across two or more system entities.

Interactive Distributed Control—An information and control transfer strategy that uses interaction between a
network of microcomputer-based modules to support a collection of high-speed distributed functions.

D-cromaAnaa

Abbreviati

DES—D
IDC—In

General—T

diagrammin

Essential B
constructed

the input, control, and output building blocks. The other two,transmit and receive, are unique g
systems which have been physically partitioned into twe‘or more entities (usually called nodeg

he intent is to develop a simple and generalized architectural model that includ
elements refjuired to support a collection of distributed functions typically found within the
Distributed Embedded System. Using these elements or building blocks,the model is furthe
that the timimg aspects of the distributed processes can be both defined-and graphically depid

ilding Blocks—A general distributed function,, process, or system can
using five architectural elements (Figure 1). Threg*elements common to any gemeral system are

istributed Embedded System
eractive Distributed Control

formats are presented.

Five basic-building blocks of distributed
systems:

Input
Process

—

Control
Process

Output
Process

es the essential
boundaries of a
expanded such
ted. Three time

be conceptually

nly to distributed
of a network).

- 4
TTamrsmit

Process

Receive
Process

FIGURE 1—ELEMENTS OF THE DISTRIBUTED FUNCTION
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5.2

The Input element interconnects an input device or signal to a control element by providing a data
representation of the input. In some cases, an input may be connected to more than one control.

The Control element contains the algorithm for translating input mechanism abstractions into output
mechanism abstractions and implements the desired customer and system behaviors for a given
function or feature.

The Output element accepts information in the form of a data structure from a control element and
converts the information into system output responses which may be signals or actuated devices.

The Transmit element accepts information in the form of a data structure from either an input or
control element and converts the information into a data transfer activity on a network.

The Receive element accepts a data transfer from a network and interconnects the received data
structure to the correct control or output element.

Distributinia Function—Once the decision to distribute a system has been made; Ihe selection of

partitioning

oundaries for each function within the system must be made. This development step will establish

the module |to which each architectural element belongs. The partitioning choiceys’usually made by the
Distributed [Embedded System designer and several factors may influence the physical bolindary selection

including:

a. Theltype of implemented control architecture, especially whether ‘system-level control is administered
centrally or distributed.

b. The|type of implemented software architecture, especially Whether a standardized goftware building
block approach is used.

c. Thelexpected data rate at a potential boundary; usually partitioning at boundaries that produce lower
datd transfer rates is preferable to a selection at a highydata range.

d. Thelavailable microcomputer resources within a refated electronic module and the locption of the input

or ofitput.

Once the bpundary is established, the two network connected process blocks, transmit and receive, are
appropriately inserted into the overall process -as' shown in Figure 2. In general, the disfributed function

contains ong of each of the five DES architectural elements.

To distribute a function when starting
with the building block model, use two
steps.

1. Choose a suitable partition boundary.
Example: Partition at A or B
A B

Input —r—— control F—— Ouput

2. Insert two new elements to handle the
transfer of information across the boundary.

Shown as building blocks:

Transmit Receive
—| Process [ | Process

FIGURE 2—DISTRIBUTING A FUNCTION
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Based on this architectural model, the partitioning selection appears to be quite simple, especially if each
elemental block has already been prepackaged. However, when one moves to implement these concepts, the
meaning and importance of partitioning becomes clear. The major realization is the fact that a partitioning
boundary is always located within the software.

In the software world, these boundary locations are called interfaces. Each software interface will require a
structural design to handle both process invocation and data transfer. Good software design principles
encourage the creation of standard or logical interfaces at these partitioning locations. This disciplined
approach provides a consistent, easier to manage, and potentially reusable software architecture.

The two examples, Figure 3 and Figure 4, show the common partitioning locations. While partitioning within an

input, contr

+t hlael

alca ook hi +h dactaan:

nnnnnnnn

k-t
R ANA%L =A%)

= o ravabla = t doca ot caonaidar th H
CoTOCITS iSOt e vaoTiC T thitS OO TOMTIC T OO C S TTOT COTTSIOC T triTS tOPTCT

To distribute a function by partitioning
between the input process and the
control process, do this...

STEP 1:
Choose this Physical Partitioning Boundary

/

Input Control.|© | Output
Process Process Process
FOR THE

SELECTED, PHY$rI'_C”§L PARTITIONING
DISTRIBUTED ARCHITECTURE RESULTS

U

STEP 2:
Input Control | | Output
Process ( Process Process
| | Transmit| | Receive | |
Process Process

N

New Distributed Process Elements

FIGURE 3—PARTITIONING EXAMPLE
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To distribute a function by partitioning
between the control process and the
output process, do this...

STEP 1:

Choose this Physical Partitioning Boundary

\

tput—T—Comtrot Output
Process Process Process

FOR THE
SELECTED PHYSI_ISQL PARTITIONING
DISTRIBUTED ARCHITECTURE RESULTS

U

Input Contro) Output
Process [ | Process ‘H Process

STEP 2:

LTransmit Receive

Process Process

f oo

New Distributed Process Elements

FIGURE 4—ANOTHER PARTITIONING EXAMPLE
Some distriquted embedded system designers and experienced software developers recommgnd:

a. Matghing the overall system software architecture to the distributed function architectyre.

b Partiticping-using-standardized-software-building-blocks-totreduce-complexit\
. HOHARG-HSHRg-StahRaalazea HweHe—-Bd g-B3106«S+to+eaH B HY-

The Event, Activity, and Transaction Diagrams—To help visualize the processes of a distributed embedded
system, representations of the system’s events, activities, and transactions may be used. Each representation
models and shows the timing characteristic of a functional component of the system.

An event is an occurrence that is recognizable at a specific point in time, for example, a power-up event or a
reset event. The event diagram is shown in Figure 5. An activity is a process, a collection of related
operations all assigned to a designated group. For example, the initialization of a network is an activity. The
activity diagram is shown in Figure 6. A transaction is a representation of an activity used to show the
movement from one activity or event to the next. A series of transactions could be used to model a complete
distributed function showing each activity across the entire system. The transaction diagram is shown in
Figure 7.
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Each of these diagram methods is related, as shown in Figure 8, and may be used to show specific timing.

The Event Diagram shows an event as
an upright arrow on a time line.

Example

e_1=event 1

— e_2 = event_2

T T time
Te 1 Te 2
— Tper —

Te_1 = Time of event_1
Te_2 = Time of event_2
Tper = Time Period Between Events

FIGURE 5—EVENT DIAGRAM

A rectangular/box shows an activity or
process on a\time line.

Example

Start of Activity
(event)

.. End of Activity
(event)

- Period of Inactivity

activity / ;\

time

Tée Tée
— Tap

Tse = Start Time of the Activity
Tee = End Time of the Activity
Tap = Time Duration of the Activity

FIGURE 6—ACTIVITY DIAGRAM
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The Transaction Diagram shows a
process and its timing elements along
a single horizontal time line.

Example

Activity
- End

time

TsEe Tee

— Tap —

Tse = Start Time
Tee = End Time
Tap = Time Duration of Activity

FIGURE 7—TRANSACTION DIAGRAM

Start
- End

Activity
Process

Ap

T#e Tée
— Tap —

Ap = Activity Process

Tse — Time-ofSt

£t 4
e-ootarr=vent

Tee = Time of End Event
Tap = Time of Activity Process

FIGURE 8—ALL DIAGRAM REPRESENTATIONS
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5.4

Model of a General Function—The graphical depiction of a general function, a function which may or may not
be distributed, can always be represented by the three common building blocks - input, control, and output.
Although such a graphical representation is useful, the building block diagram is a physical representation of a
function and lacks the ability to show the element of time.

The comparable activity diagram is a functional representation of the same familiar building block components.
However, this simple transition, shown in Figure 9 using the same functional elements, now includes the added
capacity to indicate time.

A general function may be modeled
using any of several methods.

Shown as building blocks:

Input | _| Control || Output
Process Process Process

Shown on a single activity diagram’

Control | Output

Input
P Process [Process

Process

Shown as three separate activities:

Input
Process

Control
Process

Output
Process

Notes:

1. The activity diagrams show both the
original building blocks and the
dimensions of time.

2. Using separate time lines allows the
function to be described regardiess of
being locat or being distributed.

FIGURE 9—MODEL OF A GENERAL FUNCTION

The system designer may choose to show activities on the same time line or indicate each process with its own
distinctive time line. Whether the general function is located within a single module or distributed across a
group of modules, the choice of multiple separate activity diagrams allows functions to be characterized
regardless of the selected physical partitioning. This technique of separating the system activities into
individual constituents, which is effectively decomposing the system by function rather than by module, is
called functional partitioning.
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One may also augment or substitute the activity diagram with a transaction diagram, shown in Figure 10,
which can help to show the flow of the function’s process components. While the value of the transaction
diagram at present seems comparable to that of the activity diagram, the transaction diagram has advantages
that become more obvious as the general function becomes implemented as a distributed function. As will be
shown later, the transaction allows the ability to interconnect activities of the distributed embedded system.

Using transaction arrows, several
activity time lines may be used to
indicate a group of related processes
i i T tromrstrips:

Example:
- Short Circuit Occurs
- Detection Validated

.................. Controller Decides
to Protect Output

....... Output Device
Turned Off

input

control

output

Note:

The diagram shows the overall process
without indicating whether each process
is implemented in a single location or
distributed across a system.

FIGURE 10—MODELING USING TRANSACTIONS

5.5 Process Models—Each of the five architectural elements — input, control, output, transmit, and receive — is a
simple process model used to characterize specific types of distributed embedded system behavior. A process
model may be represented as a building block, as a collection of events, as an activity, or as a transaction.

5.5.1 INPUT PROCESS—From the distributed embedded system point of view, the Input Process, shown in Figure
11, handles the movement of information into the system. The activity includes the detection of input devices
and signals, the filtering of such information to distinguish between noise and valid input events, and the
packaging of such input information into data structures designed for transfer to the next sequential activity.

-10-
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5.5.2

When imp
sequence

Building Block:

— 1 Input [ __
Process
Event:
Start of
................................................................ |nput ProceSS
End of
[ Input Process
sip eip
Activity:
Input
Process
Transaction:
-—lpﬂ_
Tsip Teip
B Tdip -

it

Ip =Jnput Process

Tsip '=/Start Time of an Input Process
Teip-= End Time of an Input Process
Tdip = Time Duration of an Input Process

event will

FIGURE 11—INPUT PROCESS

lemented in software, the input process is a scheduled activity handled as a p
As a’result, a time difference between an actual system input event and the

nclade a certain amount of asynchronous time delay. This and other time paranpeters are of key

interest to the study of high-speed Interactive Distributed Control.

art of an overall
detection of this

An example of an input process might be the handling of an input switch will require waiting until the software
task scheduler begins the input process, reads the switch via an input port, debounces the switch to qualify

the state, and updates the related data structure for the next functional activity.

OUTPUT PROCESS—The Output Process, shown in Figure 12, establishes the results of the system,
essentially moving the information to the end of the overall process.
transfer of output-related information from a previous activity, any required pre-processing output operations,
perhaps a small amount of output-control processing, and the specific handling of actuating output devices

or signals.

The activity includes accepting a

-11-
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Building Block:

— Input | __
Process
Event:
Start of
= |nput Process
End of
I Input Process
sip eip
Activity:
Input
Process

Transaction:

Ip
—e e
Tsip Teip
B Tdip

Ip =Jnput Process

Tsip '=/Start Time of an Input Process
Teip-= End Time of an Input Process
Tdip = Time Duration of an Input Process

FIGURE 12—OUTPUT PROCESS

When implemented in software the output process, like the input process, is a scheduled adtivity handled as
a part of an.overall sequence. As a result, there is an asynchronous time delay betwegn the expected
system oufput event and the actual output of this event, This also is a parameter of key intdrest to the study
of high-speed Interactive Distributed Control.

An example of an output process could be the processing of a solenoid-based mechanism. Operations
might include a waiting time until the software task scheduler invokes the output processing routine, an
examination of the associated output process data structure, a check of the current solenoid position, an
activation of the solenoid actuator circuit, and perhaps an input closely coupled to an output like a short-
circuit detection circuit.

-12-
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5.5.3

CoNTRoOL PROCESs—The Control Process, shown in Figure 13, collects the required input information and
provides the expected system behavior by establishing both its own operational states and the appropriate
output information for the system. The activity includes the examination of input data structures, the
execution of algorithms that meet the feature or function requirements, and the packaging of output
information into data structures designed for transfer over the network or locally to the next sequential output
process activity.

Building Block:
__| Control | ___
Process
Event:
Start of
‘ e R Ol Process
:
i End of
™" Control Process
sbp eép
Activity:
Control
Process
Transaction:
Cp
R
Tscp Tecp
k— Tdep
Cp = Control Process
Tscp = Start Time of a Control Process
Tecp = End Time of a Control Process
Tdcp = Time Duration of a Control Process

FIGURE 13—CONTROL PROCESS

When implemented in software the control process, like the input and output processes, is a scheduled
activity handled as a part of an overall system sequence. Another task scheduler waiting time until the
invocation of the control-processing routine is usually a part of the implementation. As a result, the control
process also includes a timing element of asynchronicity which is also important to an understanding of high-
speed IDC.

-13-
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5.5.4 TRANSMIT PROCESS—The Transmit Process, shown in Figure 14, moves data from a particular input or
control process onto the selected network as serial data transfers. It is specific to a distributed embedded
system and is used only when a general function is partitioned and becomes a distributed function.

Building Block:

Transmit |
Process

Startof

- Transmit
Process

Event:

End of
o Transmit
Process

Activity:

Transmit
Process

Transaction:
Tp

Pe

Tétp Tétp
— Tdtp —

Tp = Transmit Process
Tstp = Start Time of a Transmit Process
Tetp = End Time of a Transmit Process
Tdtp = Time Duration of a Transmit Process

FIGURE 14—TRANSMIT PROCESS

Transmit process activities may include accepting a transmit operation from the previous activity, the forming
of network messages, the handling of network transmit behavior, the movement of message information into
a possible protocol IC, the actual placement of network messages onto the media, a possible transmission
retry strategy, and typically a signal back to the initiating activity indicating a successful message
transmission.

When implemented as a combination of software and hardware, the timing of the transmit process, like the
other processes, is primarily dependent on the software scheduling, the network transfer hardware, and the
current network traffic level. These time dependencies and other aspects of the transmission process
produce time delay between the initiation of a transmit process event and the subsequent initiation of the
corresponding network message. The time characteristics of the transmit process including the network
speed are important parameters of the IDC effort.

-14-
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555

RecCEIVE PROCESS—The Receive Process, shown in Figure 15, extracts serial-data transfers from the
embedded network and moves the received data information to a designated control or output process. Like
the transmit process, the receive process is specific to a distributed embedded system and is used only
when a general function is partitioned and becomes a distributed function. Additionally, the receive process
and the transmit process always occur as a pair.

Building Block:
__| Receive |
Process
Start of
Event: - Receive
: Process
End of
~- Receive
i Process
srp erp
Activity:
Receive
Process
Transaction:
R
——n
Térp Térp
— Tdrp —
Rp = Receive Process
Tsrp = Start Time of a Receive Process
Terp = End Time of a Receive Process
Tdrp = Time Duration of a Receive Process

FIGURE 15—RECEIVE PROCESS

Receive process activities may include the accepting and acknowledging a message reception from the
network, the parsing (or lookup) of a received message, the handling of network receive behavior, the
movement of message information out of a possible protocol IC, the actual placement of the network
message information into a suitable data structure for the next expected DES process.

When implemented as a combination of software and hardware, the timing of the receive process, similar to
all of the functional processes, is primarily dependent on the software scheduling and on the network
reception hardware. These reception time dependencies introduce a time delay between the reception of a
network message event and the subsequent initiating event of the next expected control or output process.

-15-
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5.6

Aside from the message transfer time, the time characteristics of the receive process are independent and
separate from the transmit process and are important IDC parameters.

Interconnections—The Interconnection is an activity which is used to enjoin two processes which are
separate from each other. One example of an interconnection is a message transferred over a
small area network used to continue the sequential operation of a distributed function.

distinctively

Another common form of interconnection is specific to the software processing activities of a typical
microcomputer used to implement the functionality of a Distributed Embedded System.
distributed functions in software constrains the execution of the required functions to be sequential. As a
result, software processmg is handled as a time ordered coIIect|on of sequent|al act|V|t|es and the order of

these activiti

processes re

characteristi

quire |nterconnect|ons and |t is the chosen form of task schedullng which establls
Cs of the interconnections.

Interconnections may be graphically shown and timing characteristics may also be included.

The intercor
time lines w|
shown by ad
process.

nection diagram, shown in Figure 16, is an extension of the transaction diagram
th transactions to indicate the related processes which require,enjoining. The in
ding a diagonal transaction arrow from the end of a process-0.the beginning of the

Interconnect two processes using a
connecting diagonal‘arrow.

Example
~ _Interconnection
Previous (a process)
Process

Next
Process

>__

FIGURE 16—INTERCONNECTION

Interconnectic

Implementing

)nment, software
hes the resulting

using individual
terconnection is
b next sequential

2sult, become an

important IDC parameter The tlmlng characterlst|cs of |nterconnectlons shown in F|gure 17, are of major

interest to th

e Distributed Embedded System designer.
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5.7

. PTOCESS 1

Interconnection
Process

Process 2

i
P_2 >
Tsi Tei
— Tdi
where
Tsi = Start Time of a Interconnectidn
. Process
Tei = End Time of a Interconnettion
. Process
Tdi = Time Duration of a Interconnection
Process

FIGURE 17—INTERCONNECTION TIMING

When the inferconnection is established by.using a network or an electrical signal (i.e., a PWM signal used for
dimming), timing analysis of the hardware-implementation must be considered. When the interconnection is
accomplishgd using software, the timing characteristics of the software task scheduling mlethods must be
considered. | Several different methods of performing task scheduling are available and ea¢h has a unique
timing charalcteristic. Some of the\more prevalent techniques include:

a. Round Robin—The.entire group of tasks is ordered and essentially executed one aftgr another.
b. Evept Driven—Qanly the task for which an event, as occurred, is executed.
c. Timp Sliced-<Tasks are divided into groups and are assigned a specific time period tp be executed.

Since the implementation of a Distributed Embedded System will generally use multiple micrgcomputer-based
modules, it ¢an-be expected that the selected method of task scheduling will be different adqross the system
and, at present,mot consistenttoar Yy-Stat yctaret

Diagramming the Distributed Function—Describing distributed functions is difficult especially when
beginning with behavioral details. Starting with generalizations to define functional behavior rather than
specific cases may offer an advantage in dealing with the complexity of distributed architectures.

Characterizing the distributed function as a collection of closely related functional elements (input, control,
output, transmit, and receive) produces a simple model. One obtains a specific model by adding specific
names to the generalized elements. The general concept is reusable.
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Using the basis of the transaction diagram, the general distributed function may be graphically shown in Figure
18 using the five architectural elements of the Distributed Embedded System. This tool provides a visual
representation of the operational behavior of a distributed function, adds the ability to indicate system timing
characteristics, and provides the opportunity to show the process interconnections (see Figure 19).

Steps:

1. Use individual time lines to indicate
each of the five distributed process
elements.

2. Add a Transaction Arrow for each
activity to show the relative timing.

Example:

------------------- Scheduled Function Start

input _L>
control __2}
transmit Tp >
output OP%_

Tstip Tedp
: Tddp 4
Where
Ip = Input Process

Control Process
Op = Output Process
Tp = Transmit Process
Rp = Receive Process

Tsdp = the Start Time of a Distributed
Process

Tedp = the End Time of a Distributed
Process

Tddp = the Time Duration of a
Distributed Process

FIGURE 18—DIAGRAM USING TRANSACTIONS
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If a Distributed System is defined using
the following five architectural elements:

Ip Input Process

Cp Control Process

Op Output Process

Tp Transmit Process
; Rp Receive Process

then, the foIIowing INTERCONNECTIONS

are required In order to enjoin the complete
distributed function:

o
ICi  Input-to-Control Interconnection

COi Control-to-Output Interconnection
ITi Input-to-Transmit Interconnection
CTi Control-to-Transmit Interconnection
TRi Transmit-to-Receive Interconnection
ROi Receive-to-Output Interconnection
RCi Receive-to-Control Interconnection

The transaction diagram may new also be
used to indicate the interconnection timing
associated with a given distributed function.

Example:
Scheduled Function Starts

- Function Ends

contral

CTi

transmit

TRi

receive

ROi

output

FIGURE 19—COMPLETE DISTRIBUTED FUNCTION
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The timing of a general distributed function is composed of nine components; five functional process times and

four interconnection times. These nine timing parameters, as ordered by the previous dist
diagram examples, are

Tdip=Input Process Time

Tdici=Input-to-Control Interconnection Time
Tdcp=Control Process Time
Tdcti=Control-to-Transmit Interconnection Time
Tdtp=Transmit Process Time
Tdtri=Transmit-to-Receive Interconnection Time
Tdrp=Receive Process Time
Tdroi=Reeet

Tdop=Optput Process Time

Of these nine distributed process times, only one, the Transmit-to-Receive Interconnhgction
Figure 20, if directly related to the data-transfer speed of the selected small area network. O

ributed function

Time, shown in
key importance

is the obselvation that if the network transfer time is small compared to the.remainder df the composite
process, thegn the addition of a faster network solution will have virtually no gffect on the overall timing of the

distributed f
direct functign of the selected task scheduling algorithms in each of the participating modules.

nction. Three of the four interconnection times, as shown in Eigure 21, are software related and a

Additionally, itis

again important to point out that the initiation of the input process is also'd scheduled activity ahd a higher level

transaction diagram showing the beginning of a single distributed fdnction would be necessary
the timing off multiple distributed functions.

Interconnection TRi-represents the
transfer of a network message and its
corresponding timing.
input
ICi
control
CTi
transmit
receive
ROi
output

FIGURE 20—THE NETWORK INTERCONNECTION

when analyzing
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Interconnections ICi, CTi, and ROi are
software task scheduling activities whose
timing characteristics depend upon the
implemented software operating system.

input _4_/>/\

Typically, so
means inter
function is n
task schedu

Currently, th
the local reg

ICi
control
\ ot H
A~ N I Y
\ |
transmit
TRi
receive
[
(
output \

FIGURE 21—SOFTWARE TASK SCHEDULING ACTIVITIES

tware task scheduling is asynchronous with respect to the timing of a distributg
Cconnection time is a variable. As a result, the complete processing time of any
Dt constant. Expected response times willstatistically vary and depend to a large
ing algorithm.

P selection of a task scheduling method is determined by the module software ¢
uirements of module functionality and is usually created to be unique for each 3

means that @ certain amount of variabilitysbetween modules can be expected.

In addition t
handle each
to the next W

If characteri
designers wj
software pro

b the timing of task sehéduling, the timing characteristics of the individual softwar
of the five functional elements is also of importance. Implementation from one s
ill produce further.variability in the timing of high-speed distributed processing.

ring high-speed motion control function timing is a firm requirement, distributed er
Il need.te-understand the methods, the implementation details, and the timing ¢
cessing.and of task scheduling. Some level of software standardization may be r

Summary al

dCaonclusions—Thic daocumant has focticad an a2 mathnd of madaling ey
et HG+HH-S516+H HHS—GeetH e t+—+aS— & H—a—etoa —Heaedhy Y

ed function. This
piven distributed
extent upon the

esigner to meet
pplication. This

b processes that
pftware designer

nbedded system
haracteristics of
pquired.

nts and timing

parameters associated with a future, high-speed application area called Interactive Distributed Control. An
architectural model has been presented along with several graphical techniques that may be useful to describe
the events, activities, and transactions of distributed functions. The focus has been to provide a diagrammatic
method of representing the functional operation and the timing characteristics of the fundamental components

of a general

Distributed Embedded System.

As this document has demonstrated, the analysis of a generalized distributed function shows insight into the
challenges related to the design of high-speed IDC systems.
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Three conclusions are recognized by the IDC committee:

a. The choice of the networking solution for an IDC system has a relatively small impact on whether or
not the distributed application’s timing requirements are met. As the model demonstrates, software
design has by far the greatest impact on the end-to-end delay experienced by the distributed process.
This clearly indicates that significant study must still be performed in the area of Distributed Embedded
System software processing and that some level of standardization in this area may be necessary.

b. In order to properly analyze a system with many high-speed distributed functions operating
simultaneously, computer-aided design tools will be needed to support the Distributed Embedded
System modeling and to characterize timing behavior.

c. A different microcomputer architecture may be necessary in the future, optimized for distributed

al ontinne rathhar thon ~aantraliond ~aonteral
pp conoTrTSTat T o T CeTranZC o COTItr o

PREPARED BY THE SAE INACTIVE DISTRIBUTED CONTROL TASK FORCE SUBCOMMITTEE
OF THE SAE VEHICLE NETWORK FOR MULTIPLEX AND DATA
COMMUNICATIONS STANDARDRS'COMMITTEE
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Tap

Tdcoi

Tdcp

Tdcti

Tddp

Tdgp

Tdi

APPENDIX A
TIMING SYMBOLS AND DEFINITIONS
Time of Activity process

A general term defining the time duration from the beginning of an activity (start event) to the
end of the activity (end event).

Tap = Tee — Tse

torcaonnoction Tioan
TTic

Caontralto-Ontortln
CUTroTtUr o opOtT T tCTCOTTC T toTT 11

The time duration from the beginning of a Control-to-Output Intercofinectipn activity (start
event) to the end of the Control-to-Output Interconnection activity (end.event)

Tdcoi = Tecoi — Tscoi
Control Process Time

The time duration from the beginning of a Control_Process (start event) to the end of the
Control Process (end event).

Tdcp = Tecp — Tscp
Control-to-Transmit Interconnection Time

The time duration from the beginning of a Control-to-Transmit Interconnection activity (start
event) to the end of the Control-to-Transmit Interconnection activity (end event).

Tdcti = Tecti — Tscti
Distributed Process Time

The time duration from the beginning of a Distributed Process (start event) {o the end of the
Distributed«Process (end event).

Tddp=\TFedp — Tsdp

Géneral Process Time

Fhe—timeduoratiomfrom—thetegimmingof e Generat-Process(startevent)to the end of the
General Process (end event).

Tdg = Teg — Tsg
Interconnection Time

The time duration from the beginning of an Interconnection activity (start event) to the end of
the Interconnection activity (end event).

Tdi = Tei —Tsi
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