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i"MORANDUM

{0: DALE MURRAY
"ROM: J . H. SCHLAG

SUBJECT: PROGRESS REPORT FOR PROJECT DAAG29-80-K-4@@¢9 FOK PEZRIOD
6/11/62 TO 6/3¢/89

ACTIVITIES

TASK 1, DEZSIGN AND IMPLEMENTATION OF NON-INTRUSIVE MONITOR
EQUIPMENT

The emphasis of tce current non-intrusive momitor stuay
is to develop a method of reading the microprocessor memory
without affecting the operation of the communication CPU.
Several methods heve been investigated that could be applied
to the &28¢ and €8¢€ microprocessors. The most promising technique
is beirng implemented on one of the existing &8¢0 memory
boards.

TASK 2. DESIGN AND IMPLEMENTATION OF TRAFFIC GENERATING EQUIPMENT

The work on this task has not been started. Work should
begin during the fall quarter,

TASK 3. DEVELOPMENT OF ANALYTIC/SIMULATION MODEL FOR
AIRMICS/GA. TECH NETWORK

The object or current work is to develop queueing theory models
for the network operating ian t:<s most elementary modes. A moaiel
consisting of some six or seven queues ha. been gqevised for a flow
of packets from a source a:cund a fixed path through two node,
and back to the source node. This model has Yeen studied anal,tically
to relate totel packet delay and various gueueing delays to line
capecity CPU rrocessing time end packet tramnsmission rate.

Some attention has been given to the study of the Multi-
command Network Project Report with the objective of understanding
the nature of typicel Army Data Processing Installations. The thrust
of this part of the study will be to formulate a typical data pro-

cessing environment for use in studying the AIRMICS/Ga. Tech net-
word .

TASK 4. FVALUATION AND TEST OF SIMULATION MODEL WITH THE
CXPERIMENTAL NETWORK

Tre work on this task has not been started. Work should begin
during the wirter quarter.

II. FUNDS Z¥PENDED

NAME H0URS cOs7
J.F.S5CHLAG 42 £893.75
J.L1.,dAMMOND I5¥s 2180 .06

%] v .00




TOTAL SALARY DURING PERIOD 4398, 75

TOTAL SALAKY TO DATE 4568.75
FUNDS REMAINING FOR SALARY 32475.25
. TRAVEL

No travel was used during the report perioa

TOTAL TRAVEL FUNDS EXPENDED TO DATE ¢.00
TOTAL TRAVEL FUNDS REMAINING ©.00

C. OTHER COSTS
MATEFIALS AND SUPPLIES EXPENDED TO DATE .00
MATERIALS AND SUPPLIES REMAINING 560¢.09

III. EQUIPMENT
FQUIPMENT ORDERED DURING EREPORTING PERIOD

CESCRIPTION COST

NONE

EQUIPMENT FUNDS EXPENDED TO DATE €.2d
ECUIPMENT FUNDS KEMAINING 1500 .0¢

IV. PROJECTED ACTIVITIES

The projected activities "cr the next reporting period will
be to extend the existipg effort oi. 1lask 1. and Task 3. No
effort is projected for Task 2. and 4. Some minor AIRMICS
assistance will be required in defining application data for
Task 3.




iKMORANDUM

- — —————— - - o—

:0: DALE MURRAY
'"ROM: J.H. SCHLAG

iUSJECT: PROGRESS REPOGRT FOR PROJECT DAAGZ9-8@-E-22@9 FOR PERIOD
?/1/8@ TO v/31/8¢

- —————— —— Y —— — - T —————— i i —— " — " ——

-« ACTIVITIES

TASK 1. DESIGN AND IMPLEMENTATION OF NON-INTRUSIVE MONITOR
EQUIPMENT

The non-intrusive monitor for the 684¢ microprocessor
has been sucessfully prototyped using two different technigues.
The first technique provides & method for the slave CPU
to read the memory of the master CPU as an I/0 devices. With
this process the slave CPU sends out the desired memory
address to an output holding register and the memory is
modified to present this memory location to a data holding
reglster any time the memory is not being used by the
master CPU. A single flip flop is used as a flag tc indicate
that data is vaild in the output data register. This iechnique
has the advantage that it can be used with & master CPU
that is different than the slave CPU. The disadvantage
of this technique is the additional herdware and wiring
of a second address and data bus.

The second technique uses two 68¢@ microprocesscrs on
the same dus that share the same memory. This 1s accomplished
by running the slave CPU with an inverted ciock. This means
that the master CPU accesses the memory during one phase
of the clock and the slave accesses during the other. A
small amount of dead time is required to allow the memory
to switch between yrocessors. This technique has the advantage
of requiring very little additional changes to the existing
microprocessor hardware.

TASK 2. DESIGN AND IMPLEMENTATION OF TRAFFIC GENERATING EQUIPMENT

The work on this taskx has not been started. Work should
begin during ths fall guerter.

TASKX 3. DEVELOPMENT OF ANALYTIC/SIMULATION MODEL FCR
AIRMICS/GA. TECE NETWOIK

Queueing theory models have been developed for elementary
orerating modes of the network. These modes include circulation
of a fixed number of messages arcund possible loops in the network.
The moaels have been analyzed to give relations between delay
time and the number of messages circulating for fixed processing rates
of the host and node CPUs and for fixed line capacities.

A model has also urern develoged and analyzed for a portion of the
networ including two hosts and the portion of the network between
two interconnecting rodes. For this case, end-to-end delay can be
exrressed in terms of the line capacities, host CPU processing
retes, rode CFJ processing rates and the processing rate of
ore rrronerial device for each host.



TASX 4. EVALUATION AND TEST OF SIMULATION MCDzl wITH TEE
EXPERIMENTAL NETWORK

The work or this task has not been started. Work should begin
during the winter quarter, X

II. FUNDS FXPENDED

A. SALRARIES ( 2UDJEIT = $3€E87<.€Q )

NAMZE HOURS COST

J.HE.SCHLAG 49 895.75
J.L.HAMMOND 80 2160.¢0
T.P.BARNWELL 2 Q.70
GERAD. STUDENTS 160 225.00
TOTAL SALARY DURING PERIOD 4396.70
TOTAL SALARY TO DATE 8797.50
FUNDS REMAINING FOR SALARY 28276.5¢

B. TRAVEL ( BUDJECT = %$0.¢ )

No travel was used during the report period

TCOTAL TRAVEL FUNDS EXPENDED TO DATE .20
TOTAL TRAVEL FUNDS REMAINING z.00
C. OTHER COSTS ( BUDJECT = $5¢20.¢0 )
MATERIALS AND SUPPLIES EXPENDED TO DATE v.50
MATYEIALS AND SUPPLIES HEMAINING 5000 .00
ITI. EQUIFPMENT ( BUDJECT = $15090 )
EQUIPMENT ORDERED DURING REPORTING PERIOD
DESCRIPTICN COST
NONE
EQUIPMENT FUNDS EXPENIED TO DATE ¢.00
EQUIPMENT FUNDS. REMAINING 150€.¢¢

ihe prejectec activities for the next reporting veriod will
Lg to extend the existing effort on Task 1. and Task 7. No
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MCHANDUM

'0: DALE MURKAY
TROM: J.H. SCHLAG

5UBJECT: PROGRESS REPOKT FOK PROJECT DAAG29-R@-X-@@@9 FOR PERIOD
£/1/80 TO 8/31/8¢

.« ACTIVITIES

TASX 1. DESIGN AND IMPLEMENTATION OF NON-INTRUSIVE MONITOR
EQUIPMENT

Developmenrt of tue mulitiport vommunication processor hacs
almost bLeen completed wiih 1he sucessful testing of a processor
node with two CPU’S working from the same memory. Four
additional control units will be built to convert the additioral
nodes to the multi-processor confi,juration. Parts have been crdered
to build 6 additional memory boards, 3 additional serial
1/0 boards, and & additional CPU’S. A major effort has bveen
started to update the communication node software, The olc
processor program is being rewritten to eliminate prodblems found
ir the initiel debuging process and to streamline the processor
operation. This update should improve the reliability and
spe=ed of the neiwork,.

TASX 2. DESIGN AND IMPLEMENTATION OF TRAFFIC GENERATING EQUIPMENT

The work on this task has not bveem started. Work should
begin during the fall querter.

TASK 3. DEVELOPMENT OF ANALYTIC/SIMULATION MODEL FOR
AIRMICS/GA. TECH NETWCRK

PROGRESS NOTES dated September 22,1880 have been prepared

summarizing results of work on this task to date.
The NOTES cover the following topics : (1) Zlementary
queueing retwork models for the EHost and Switching Wodes
of the AIRMICS/GECRGIA TECH NETWORK, (2) Approach to the
analysis of these models, (3) Proposed vasic experiments
with the network, (4) A proposed two host experiment.

The work concerned with item (3) and (4), i.e. devising
experiments to be done with the networx, was done during
the last report period. These experiments were formulated
as a first step in verifying the analytical models.

Also during the last report period, the queueing models
were used to give relations for the following average
variables:

1. Delay time for each Chaennel, Noae and Host CPU
2. End - to -~ End Deilay

3. Queue Lergths at each storage element

. Utilization Factors

N
=t

2o Veéeriances of each of the quantities

AU i G

- e,



A11 of the quantities can potentially be meesured
in experiments with the networx.

TASK 4. EVALUATION AND TEST OF SIMULATION MUDEL wITn THE

EXPERIMENTAL NETWORK

The work on this task has not been started. work should begin
cduring the wicter quarter.

I1. FUNDS EXPENDED

N ]

A. SALARIES ( BUDJECT = $3€874.00 )

NAME HOUES
J.H.SCELAG 49
J.L.HAMMOND 8o
T.P.BAKNWELL %)
GRATI. STUDENTS 160

TOTAL SALARY DUKING PERIOD
TOTAL SALMRY T0 DATE

FUNDS REMAINTXNS FOR SALARY

B. TRAVEL ( BUDJECT = $0.¢ )

893.75
2180 .2¢

v.ee
1325.00

4368.75
131¢6.25

23677 75

No travel was used during the report period

TOTAL TRAVEL FUNDS EXPENDED TO DATE
TOTAL TRAVEL FUNDS REMAINING

C. GTHER COSTS ( BUDJECT = $5006.¢0 )
MATERIALS AND SUPPLIES EXPENDED TO DATE
MATEZRIALS AND SUPPLIES REMAINING

QUIPMENT ( BUDJECT = $15¢0¢ )
EQUIFPMENT ORDERED DURING REPORTING PERIOD
DESCHIPTION COST

—— e . S e G G G D Ga S me WD Gm Hme G Hms s G Hme S A T . S — T S ST (W — —

e G e — - S G —— S G — i St — o S T — — — " [ T - W o~

EQUIPHENT FUNDS EXPENIDED TG DATE

EQUIPHENT FUNDS REMAINING

3118.20
1682.00

1Zev.oe

G.ok



the objectives of: (1) mauing tne models rerresent
Lne nelworx more accurately and (Z) anelyzing the more accutate
models.

Work will continue on the processor software and the
completion of the additional processor hardware, An erfort
will be started to formulate the performance monitor software

for the slave CPU ana the Nova 3.
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{0: DALE MURRAY
TROM: J.H. SCHLAG

SUBJECT: PROGRESS REPORT FOR PROJECT DAAG2G-8¢-K-@0€S FOE PERIOD
9/1/8@ TO 9/31/8%
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'« ACTIVITIES

TASK 1. DESIGN AND IMFPLEMEZNTATION OF NON-INTRUSIVE MCNITOR
EQUIPMENT

The parts have begun to arrive ror the additional memory
boards, serial 1/0 boards, and CPU boards. The memory bvoards
have beer favricatea and the memory board parts are being
installed as they arrive. The CPU and serial I/0 boards have
been etched and are presently being drilled.

Some minor modifications were made in the multiport
control printed circuit board to add a real time clock
and timing control input to the system, The real time clock
will increment a memory location every one millisecond to
simplify performance timing and the timing control input
will permit e single clock to to time tne operation of all
of the communication processors.

The effort to ugdate the processor communication software
is proceeding as scheduled.

TASX 2. DESIGN AND IMPLEMENTATION OF TRAFFIC GENERATING EQUIPMENT

The major erfort on tii: task 1s being delayed by
the delievery of the Data General 4 port interface,.
Some work has been cone in #~n~igning the basic software
configuration for the traffic momnitor.

TASX 3, DEVELOFMENT OF ANALYTIC/SIMULATION MODEL FOR
AIRMICS/GA. TECE NETWORK

The queueing models discussed in the PAOGHESS NOTES
of Septemdber 2,1680 are elementary but never the less are
representative of what is typlcalily uvsed ir analyzing
networxs such as the AIRMICS/GEORGIA TiCH NETWOHK.

Planned experiments with the physical network will provide
data to show how well the elementary models represent tiae
actual upcrformance of thke network.

Sirnce the elementary models develceped are unli¥ely to
provide an exact reyresentation ¢f the network behavior,
efforts are now uncderway to develop mere ascurate models.
wor¥ during the report period invelved additional study of
the liiterature in an effort to find an approdach glving
a4 more accurate representation.

Several approaches, which ¢luim better accuracy than
that obtained by the first elementary model, have been
fourd. These apprcaches are now bveing studied to determine
if they carn be applied and if the claim of detter accuracy
is valid.
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EXPERIMENTAL NETWORK

The work on this task has not been started. Work should
during the winter quarter.

II. FUNDS EXPENDED
A. SALARIES ( BUDJECT = 526874.00 )

NAME HOURS
J.H.SCHLAG 40
J.L.HAMMOND 80
T.P.BARNWELL 0
GRAD. STUDENTS 160
STUDENT ASSISTANTS 77

TOTAL SALARY DURING PERIOQD
TOTAL SALARY TO DATE
FUNDS REMAINING FOR SALARY

B. TRAVEL ( BUDJECT = $0.2 )

begin

2175.00
375.00

4184.75
17381 .0¢

19490.00

No travel was used during the report period

TOTAL TRAVEL FUNDS EXPENDED TO DATE
TOTAL TRAVEL FUNDS REMAINING

C. OTHER COSTS ( BUDJECT = $5000.00 )
MATERIALS AND SUPPLIES EXPENDED TO DATE
MATERIALS AND SUPPLIES REMAINING

III. EQUIPMENT ( BUDJECT - 215872g )
EQUIPMENT ORDERED DURTHG REPORTING PERIOD
DESCRIPTION COST

—— T T —— T — S — " —— > — T 4 m———— —— ——— S ‘— " T———

NOVA 4 PORT INTERFACE 1500 .00

— e —— — ——— - - d— —— - ——

EQUIPMENT FUNDS EXPENDED TO DATE
EQUIPMENT FUNDS REMAINING

IV. PROJECTED ACTIVITIES

The continuation ¢f the model analysis will center
or model accuracy of the models discovered durcing
this report period.

©.00
Q.00

3318.00
1582.¢¢

1500 .00

2.0¢



-_—— o~ m - sk

The'work_on the performance monitor should increase
this month if trze % port irnterface is recieved from
Data General.



1EMORANDUM

[O: DALE MURRAY
*ROM: J.H. SCHLAG

SUBJECT: PROGRESS REPORT FOR PROJECT DAAG29-80-K-0@©9 FOR PERIOD
11/1/80 TO 11/31/80

ACTIVITIES

TASK 1., DESIGN AND IMPLEMENTATION OF NON-~INTRUSIVE MONITOR
EQUIPMENT

All of the multiport control P.C. boards have beeen
fabricated and three have been filled with parts and tested.
The framework for the three additional communication boxes
have been corstructed and the new power supplies have been
tested. The major portion of the construction of the remairing
boxes is finished, except for the mechanical mountirg and testing.

One poiut of interest, is that the multiport control
boards appear to have different maximun operating
frequencies. This is appears 10 be differencies
in bus drivers and noise margins, but since the lowsst upper
frequency is still .9 mnz ro real problem is expected.

TASK 2. DESIGN AND IMPLEMENTATION OF TRAFFIC GENERATING EQUIPMENT

The Data General 4 port interface conrectiorn system is
being modified to use standard RS232 connectors which #illl
mount on the back of the NOVA 3 computer. This will greatly
simplify the problem of connecting the NOVA to the communication
network. NoO new problems have been incountered with the
NOVA/node communication hardware or software,

TASX 3. DEVELOPMENT OF ANALYTIC/SIMULATION MODEL FOK
AIRMICS/GA. TECE MNETWORK

It seems appropriate at this time to review a statement
of the task objective and an outline of the approack
being taken.

TAS¥ ORJECTIVE:

To develop ana evaluate a queuelng theory model for the
AIRMICS/Georgia Tech Network. {(Although outside of the scope of
the present project, the model can be used to impreove the design
of the network., It can also te used in designirg adaptive
features for routing and flow control.)

AFPROACE:

Steyv 1. Develop a queueirg theory model which assumes infinite
puffers and tractable distri®viions for traffic and standard
network lLasks.

Steu Z. Adjust the perameters of the model to correspord to

values messnrea from the networx and computed results with measured
results for message delay, throughput, utilizaticn,etc., for

the whole relwory ard comporents ¢f the neiwork,

T

Sten 2. derine the model so that it more closely apiroximates



capacity.
Other refinements may be required based on én arnalysis cf t
correspondence between measured and computed results.

1y
o

Progress to date, through November, with respect to the
appreach outlined above is as follaws.

Step 1 above has been completea and the results
summarized in the PROGRESS NOTES of Sepytember 2,198¢. These
Notes aescrihe the queueing theory models which follow using
the assumptiors given. They also outline several experiments
and classes of experiments which can be performed with the
physical network to obtain desired measured results.

Step 2 of the stated appraoch will be carried out wken
instrumentation 2{ tLe n-twork u.s been completed,

Current stuaies are airccted toward developirg the
finite buffer model of Step S. Development of & userul analytical
model of this type will reg¢»irs an advancewent over existing
techniocues. An analytical model wsuld be desirable for later
incorporation into edaptive networ«s.

An approach based on the use of a Markov chain to model the
system queues is currently being studied. It is toc soon to
opredict whether or not the approech will te sucessful.

If it is not, numerical techniques or simulatiorn can be resortead
to, although these techniques are not as desirable as analytic
ones.

TASK 4. EVALUATION AND TEST OF SIMULATION MODEL WITH THE
EXPERIMENTAL NETWORK

The work on this task Las not been started. Work should begin
during the winter quearter.

II. FUNDS EXPENDED
A. SALARIES ( BUDGET = $36874.00 )

NAME HOURS COST

J.H.SCELAG 49 893.785
J.L.HAMMOND 8@ 741,00
T.P.EARNWELL @ ¢.20
GRAD. STUDENTS 168 2175.080
STUDENT ASSISTANTS a4 375.20
TOTAL SALARY DURING PERIOD 4184.75
TOTAL SALARY TO DATE 2575€ .50
FUNDS HEMAINING FOR SALARY 11123.5¢

B. TRAVEL ( BUDGET = $6.¢ )

No travel was used durirg the report period

TOGTAL TRAVEL FUNDS EXPENDED TO DATE ¢.00

TOTAL TRAVIL FINDS REMAINING 7



MATERIALS AND SUPPLIES EXPENDED TO wATE 40zv.00
MATERETALS AND SUPPLIES REMAINING €810 .00

III. EQUIPMENT ( BUDGET = $1500 )
EQUIPMENT ORDEKED DURING KEPORTING PERIOD

DESCRIPTION cosT
EQUIPMENT FUNDS EXPENDED TO DATE 125¢ .00
EQUIPMENT FUNDS KEMAINING Q.00

IV. PROJECTED aCTIVITIES

The projected effort in the model analysis will center
on the Markov Chain analysis.

The projected effort in the network fabraction and testing
will center on finishing the board construction and
the communication software.



'EMORANDUM

0: DALE MURRAY
fAOM: J.H. SCHLAG

'GBJECT: PROGRESS KEPORT FOR PROJECT DAAGR2S-E0-K-¥@€9 FOR PERIOD
12/1/8@ TO 12/31/8¢
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ACTIVITIES

TASX 1. DESIGN AND IMPLEMENTATION+-OF NON-INTRUSIVE MONITOR
EQUIPMENT

All the P.C. boards for the five communication boxes have
been fadricated and the communication boxes have been constructed.
The only construction left to complete the nodes is to modify
the CPU boaras for multiport use end to wire tke bdus connections
on the back of the cummunication voxes.

TASK 2. DESIGN AND IMPLEMWNTATION OF TRAFFIC GENERATING EQUIPMENT

The final version of the new sofiware on the communicatior
processor is being put together and checked for assembly and
loader errors. This part of the software with the performance
monitor will complete the node softwere package. The performance
monitor section has been completed for several moanths,

Debupging of the system software should begirn in the next report
period.

TASK 3, DEVELOPMENT OF ANALYTIC/SIMULATION MODEL FOK
AIRMICS/GA. TECH NETWORK

Work during the report period was directed toward the finite
buffer system discussed in the November 1988 Monthly Report.

A Markov Chain model was useda 1o represent the queues. Using
this approach and an innovative reduction technique to reduce
the number of stetes, it was possidle in some special cases to
find desirea system parameters such as blocxing probabilities,
delay, taroughput, etc.

Work is continulng to extend the Markov Chain approach and the
reduction technique to more general systems. The extent of the
applicadbility of this method is not yet clear.

TASX 4. TVALUATION AND TEST OF SIMULATIGN MODEL WITH THE
EXPERIMENTAL NETWORK

The work on this task has not been started, wWork should begin
durirngz the winter quarter.

I1. FUNDS EXPENDZED
k., SALARIES ( EUDGET = $36674.00 )

NAME HOQURS COST

e~ v— - o -




J.L.KAMMOND 2@ 555,75

T.P.EARNWELL ¢ @.00
GRAD. STUDENTS 15¢ 1¢87 .50
STUDENT ASSISTANTS 77 375 .00
TOTAL SALARY DURING PERIOD 2668, 25
TOTAL SALARY TO DATE 28438.75
FUNDS KEMAINING FOR SALARY 843525

B. TRAVEL ( BULDGET = %@.¢ )

No travel was used during the report period

TOTAL TRAVEL FUNDS EXPENDED TO DATE .00

TOTAL TRAVEL FUNDS REMAINING ¢.00

C. OTEER COSTS {( BUDGET = $5000.00 )
MATERIALS AND SUPPLIES EXPENDED TO DATE 452¢.69
MATERIALS AND SUPPLIES REMAINING 480 .00

III. EQUIPMENT | ZUTDIET = s15€@ )

EQUIPMENT ORDERED DURING REPORTING PERIOD

DESCRIPTICN COST
EQUIPMENT FUNDS EXPENDED TO DATE 1500.¢0
EQUIPMENT FUNDS REMAINING G.08

IV. PROJECTED ACTIVITIES

The projected effert in the mocel analysis will center
on the Markov Chain aralysis.

The projected effort in the network favraction and testing
will center on finishing the board construction and
the communication software,
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1. TESTBEDS FOR MICROPROCESSOR NETWORK RESEARCH

Many of the components ot computer-communication networks, both hardware
and software, are not amenable to exact analytic models. Thus there is a need
for experimentation with testbea networks to understand network operation. H.
K. Berg [1], in an introduction to a special issue of Computers devoted to
distributea system testbeds, expands on the need for experiments with test-
beds. 1In his article he quotes a number of other authors who make the same
point.

A useful testbed must have two essential components, a tlexible network
for experimentation and an instrumentation system for observing the network
under test. The network should consist of a flexible and modular set of
components which make possible the study of a wide range of systems.

Although a number of testbeds are discussed in the literature, there is
little experimental data available. 1In spite of the desire for a very flex-
ible structure, for understandable reasons, many testbed structures are
special purpose ana can support only a limited number of architectures.

The special issue of Computer, October 1984, on Distributed System Test-
beds has articles describing three different testbeas which are locatea at
Mitre, System Development Corp., and Carnegie-Mellon. Details of these net-
works are contained in the articles.

Other testbed facilities are CHIMPNET at Honeywell [2), and the network

at the National Bureau ot sStandards {(NB3) [3].



2. CHOICE OF DESIGN OBJECTIVES FOR SPANET

Local computer networks seem destined to play a role ot increasing impor-
tance in distributea processing. Within the class of local computer networks
the contention-type structure has a number of aavantages in terms of reliabi-
lity cost, and ability to reconfigure networks.

Given the important role foreseen for contention-type local networks, the
U.5. Army Institute for Research in Management Information and Computer
Science has a need to be able to study such networks and to assess the perfor-
mance of particular type networks tor specific military applications.

what is desired is a low cost facility which can be conveniently program-
med to make realistic pertormance studies of a variety of specitic applica-
tions of contention-type local computer networks. It is anticipated that the
pertormance of a pair of stations, operating over a network loaded to various
degrees with traffic from sources not a part ot the study, will be of inter-
est, in adadition to the performance of the network as a whole.

Such studies coula obviously be carried out using the brute torce
approach of building a test bed with a number of ditterent networks deploy-
ed. Each network would have to be loaded with stations producing prescribed
traffic and the number of stations to achieve tull loading coula approach 1000
for the Ethernet, as an example. This approach to a test facility is not cost
etfective, and tne present project is directed toward the design and construc-
tion of a much lower cost, emulation type, alternative which will model net-
work performance with a combined hardware/software facility.

In summary, the project objectives are to design and construct an emula-
tion facility for studying the performance ot full scale contention-type local
networks, such as Ethernet. Station-to-station and high level network per-

tormance are desired and this constrains the emulation to model or duplicate



the pertormance of Data Link and higher layers in the protocol hierarchy as
well as the Physical Layer. At the same time, required results do not include
detailed studies ot the Physical Layer haraware.

To make the facility versatile it should be possible to change the type
of contention algorithm by a change in software. Project funding 1is not
sufficient to provide more than a few physical stations. Thus the effect of
the majority of stations for a heavy load condition will have to be produced
with software. This software should have adjustable parameters which can set
the level and character of background loading.

The facility will also be equipped to measure such quantities as average
packet delay, average packet arrival rate, throughput, and other gquantities

used in specifying performance.

3. EVOLUTION OF SYSTEM-LEVEL SPANET DESIGN

The class of local networks of interest can have as many as 1000 sta-
tions. The reguirements for the emulation tacility as stated in Section 2
make it necessary to combine the majority of the stations and represent them
by some equivalent device or software. The remaining several stations can be
realized by actual hardware or the majority of their functions can be perform-
ed by actual hardware.

A reasonable structure for the emulation facility, consistent with the
above requirements, includes two actual host computers with interfaces and a
computer acting as a artificial traftfic generator, also with interface equip-
ment, How the three pieces of physical hardware interface to each other
depends on the philosophy of emulating the actual network. Two approaches

were considered in detail.



In one approach time would be scaled so that interfacing could take place
through low speed RS-232 ports. In this épproach a low speed counterpart
would exist in haraware for most of the components of both the Network Proces-
sor and the Transceiver Interface of the network. 1In the time scaled emula-
tion, an RS-232 port would interconnect the Transceiver Interfaces rather than
the Transceiver/Coaxial cable in the actual system,

A study of the contention mechanisms showed that for proper time scaled
operation it would be necessary to scale the coupling delay up to tens of
milli-seconds in the R5-232 coupling, from values in the microsecond range for
the actual cable.

The time scalea approach is feasible and a facility could be constructed
at reasonable cost. It has the serious drawback, however, that everything
including the host computers in the two physical stations, must run at reduced
speed. Thus no part of the emulated network woula be working exactly as it
does in the actual network.

Another approach was developed which alloﬁs most of the equipment of the
two stations to operate essentially as it does in the actual network. This
approach is favored over the one just described and it is discussed in detail
in the first part of the report.

The favored emulation approach preserves two User Devices {typically host
computers) ana their associated Network Processors in physical hardware, The
remainder of the network including the Transceiver Interfaces and Transceivers
for the two Users Devices, the Cable, ana all other User Devices and their
associated intertacing equipment is emulated with a software program and a
"Switch" between the two actual User Devices. The Switch is expected to be
realized by sotftware control of pointers in a memory shared by the physical

User Devices.



4. HARDWARE IMPLEMENTATION

The original intent ot the proposed research was to implement two network
topologies. One for the mesh network as shown in Figure 4.1 ana one for the
bus network as shown in Figure 4.2. The mesh network configuration is the
same as the network developed in the 1979 AIRMICS project with a upgrade of
the microprocessor node from a Motorola 6800 to a motorola 68000. The bus
network, on the other hand, represented a new area of interest for both

Georgia Tech and AIRMICS.

4.1 Bus Configuration Hardware

As mentioned in the previous section, the bus hardware configuration was
proposed as an extension to the mesh network experience developed in the
previous AIRMICS/Georgia Tech éontracts. The original bus configuration
concept was to use the five 68000 microprocessors as nodes on a 9600 baua TTL
serial bus. The existing microprocessor systems would be used as host to
drive the 68000 nodes. The bus length delays between the nodes would be
simulated by using RC time constants on the TTL serial bus line.

This initial proposed configuration for the bus network had a number of
shortcomings:

1. The 9600 baud TTL serial link was not at all close to the present
state of the art in bus network transmission speeds, a fact which
could leave questions in many people's minds about the validity of
the bus experiments.

2. With only five stations driven from microprocessor hosts, it is
impossible to generate enough traffic to adequately load even a

moderate speed, modern bus network.



3. A RC time constant can be used to implement time delays which are a
fraction of one bit time on the bus transmission. In modern bus
networks, the bus link delay can easily exceed the length of one bit
in the transmission.

4. The performance monitoring of every node in the network that was
implemented as part of the mesh store and forward configuration was
extrememly valuable in tracking messages that might travel through
several mesh nodes before reaching the destination node. In the bus
network, if most of the nodes are operating with the same scenario
and all messages are traveling on the bus from one mode directly to
the destination node, then gathering pertormance information from one
or two nodes in the system should produce adequate statistics on the
overall performance ot the network communications.

It was felt that the originally proposed configuration could be imple-
mented and that experiments coula be successfully run on the network. Because
of the restrictions listed above, it was felt that the results ot such experi-
ments would not be well accepted by the network research community. For this
reason, steps were taken to implement a new contfiguration that would remove
this set of restrictions.

In order to increase the speed of the bus transmission from 9600 baua to
10 megabytes, the bus line was implemented as a TTL signal access through high
speed parallel I/0 lines from the microprocessor nodes. Instead of using this
line as a bit by bit transmission of the network messages the line is simply
used to indicate the busy or idle periods on the bus. The actual message
content is transferred from one microprocessor node to the other by using a
shared memory between the two micro systems. This process allows the micro-

processors to simulate bus activity in the ten megabyte range. This increase



in bus speed simulation represents a factor of approximately 1000 over the
original configuration.

The second restriction, the maximum number of stations on the bus, was
eliminated by building a combination haraware/software background traffic
generator that could be used to loaa the bus representing a large number of
additional nodes on the bus. An otf-line software package was developea to
generate a number sequence of busy and idle times representing a particular
scenario of bus configurations. This software package permits a great number
of variations to be programmed into the particular scenario that is generat-
ed. Hardware was used to take the number seguences from the software bus
simulator and generate actual busy idle digital signals on the network bus.
This technique permitted the number of stations on the bus to be expanded from
5 nodes to several hundred nodes.

The third restriction, the maximum time delay permissible with KRC
filters, was eliminated by building hardware programmable digital time delays
using 4000 bit digital memories. Six memories were built to provide program-
mable delays to and from each of the major nodes in the simulation system.
This hardware permits accurately controlled delays from .2 to 409.6 micro-
seconds in .1 microsecond increments. Before these specialized delay circuits
were designed and built, considerable effort was expended to find commercially
available circuits or chips available from other network experiments. Because
there were no circuits or hardware available, these specializea delays were
designed and manufactured on printed circuit poaras as a special part ot the
bus network experiment. Wwe feel that this is a unigue ana valuable applica-
tion ot state of the art digital technology to the stuay of bus networks.

The fourth restriction, the mesh network performance evaluation tech-

nigque, was eliminated by collecting data on only 2 of the noaes in the bus



network system, Since each node in the system is simulated as one of n iden-
tical nodes, collecting statistical information from 2 of the n nodes should
be adequate to investigate the network performance. Since each of the nodes
should have basically the same statistical pertormance, the use of 2 nodes for
performance evaluation allowed us to verify experimentally the fact that under
the same operating conditions the node performance changes very little between
the 2 nodes. 1In the mesh network the shared memory is used as a communication
media between the node central processor and the performance monitor central
processor. 1In the bus network the 2 central processors with shared memory are
used as < nodes in the bus network with messages transported through the
shared memory. Since the complete multi-byte message can be transferred
between processors by changing pointers in a message queue, the effected
transmission time can be reduced to several microseconds. In an actual bus
network situation operating at 10 megabits, the minimum transmission time for
a 100 byte message would bpbe &0 miéroseconds. This means that under normal
conditions the microprocessor will have additional time to store performance
monitoring data without interrupting the flow of messages through the proces-
sing system. At the end of the bus experiment, the message performance data
is transferred to the central Nova 4 computer for pertormance analysis. This
technique allows the bus network to be adequately monitored without producing
a excess of redundant data and also permits the shared memory to be used for
nessage transmission instead of performance monitoring.

By reconfiguring the bus experiment hardware and eliminating the 4 major
restrictions of the original proposed configuration, the resulting bus network
now provides a versatile, real time experimental test bed for analyzing a wide
variety of experimental networks. The effort required to eliminate the

restrictions was significant especially in the areas of the modification of



the real time bus delay and the development of the sottware algorithms ana
programs for generation of the backgrouna traffic.

One aaditional configuration change was implemented in the bus system. A
third central processor was added to the % node central processors and shared
memory. The purpose of this additional ceﬁtral processor is to handle all
serial tratfic into and out of both microprocessor nodes and to establish
message queues for the nodes in the shared memory. This process permits the 2
node microprocessors to run in a relatively uninterrupted fashion while the
third I/0 processor handles the individual message character. This particular
implementation was undertaken not to eliminate a particular restriction of the
initial bus configuration but rather to improve the predictability of the node
software loop timing. Two sets of the software have been written for the I1/0
central processor, The first software package reads serial messages from the
2 hosts that drive the microprocessor node and pack the messages into the
shared memory for transmission to the other node. The messages are handled in
a character by character RS23¢ serial protocol. This program can handle data
at a maximum of 9600 baud from each of the tratficking hosts. 1In order to
extena the capability of the system above the 9600 baua limit an alternate
program has been written that will receive a 2 byte message from the traf-
ficking host indicating the number of bytes in the message ana internally
generate the equivalent of a message of that number of bytes. With this
technique, the trafficking host can send a 2 byte message which generates a
hunared byte message internally. This technique has permitted the serial
traffic to be extended from 9600 baud to 32000 baud. Both of these I/0
programs can be hela in the I/0 processor ram memory or E prom memory, and the
particular version to be run is controlled by the starting address of the

microprogram.



4.2 Mesh Network

The original goal of the mesh network project was to upgrade the hardware
performance of the mesh network experiment of the previous contract. This
project, then, represented a expansion of current capabilities rather than an
extension into a new area for Georgia Tech and AIRMICS. The initial approach
to this project was to buy Motorola 68000 based hardware identical to the
hardware configuration of the previous project which was based on 6800 based
hardware. The software code from the 680U project would then be translated
into 68000 based language. Tests would then be run to verify the performance
of the network. Even though this was a perfectly sound proposed project, a
number of problems developed which barred the successful completion of the
project.

The most signirficant problem in completing the mesh network was the fact
that a fixed amount of personal services and resources were available to do
both the mesh and the bus network combined. The resources required to expand
the scope of the bus network into a viable e#periment reduced the available
resources for the mesh project. Wwe felt that this change of priority was
warranted because the bus network expanded AIRMICS capability to a greater
degree than the mesh network. Since the mesh network 1is a repeat of the
previous project, it was also felt that if no problems arose the project might
be completed with a lesser amount of effort predicted, resulting in the com-
pletion of both the expanded bus network and the mesh network.

The major technical problem that arose in the mesh project was the unex—
pected configuration of the 68000 serial communication board. Wwhen the 68000
microprocessors were ordered, this technology was extremely new and the avail-
able information about this new product was very sparse. A unit was configur-

ed which contained 2 central processors sharing a common memory and a 4 port
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serial communication board with the help of the Motorola technical staff.
Considerable time was spent talking with the Motorola technical staff to make
sure that this configuration would work as we expected. Our major concerns
were with the multiple access to the shared memory rather than the action of
the I/0 processor. The published performance specifications of the I/0 pro-
cessor did meet or exceed all our technical requirements.

When the hardware arrived, all parts of the system were as expected
except for the 1I/0 processor. What we expectea in the I/0 processor was 4
programmable configured serial ports interfaced airectly to the main central
processor through the Versabus. The unit received had all the hardware capa-
bility that we expected except that it was controlled by a preprogrammed
microprocessor on the I/0 board. This meant that the communication board was
a lot more powerful than we had predicted, but the additional power was not
under our control. Our initial ;eaction to the unexpected microprocessor was
that it would either make the programming job a wﬁole lot easier or a whole
lot harder depending on the predetermined protocol and its adequate documenta-
tion. At this point we discussed the option of removing the ROM memory from
the I/0 board and reprogramming the processor to meet our own reguirements.
Even though this avenue would allow us better control on the outcome of the
project, it would require a considerable amount of extra personal services
resources. We felt that this aadition would eliminate any chance of complet-
ing both the mesh and the bus network. The decision was made to stay with the
preprogrammed processor with the assumption that it would save the badly
needed time on the project.

However, this was not the case. The 2 major problems with the prepro-
grammed processor were the rigiaity of the I/0 protocol ana the extremely poor

documentation. Six weeks of the project elapsed in an attempt to get adeguate
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aocumentation from Motorola in the form of better descriptions, listings of
the I1/0 program or adequate circuit diagrams. After numerous promises from
motorola, we received the same document marked "preliminary™ that we had
received with the original equipment. Since Motorola has drastically changed
the design of this particular circuit poard in the their product line, it is
not predicted that extremely detailed documentation will ever be available.
Considerable time has been spent trying to get the I1I/0 processor to work
adequately in the mesh network, but each of these efforts has failed. These
efforts were terminated when they jeopardized the completion of the bus exper-
iments.

Future efforts to complete the mesh experiment could proceed along three
optional paths. The first option would be to continue to work with the exist-
ing hardware which is somewhat unpredictable, but potentially could pay off
very quickly. The second option would be to abandon the existing I/0 proces-
sors and buy the newer, better documented units from motorola, A thira option
would be to reprogram the existing units to the protocol that we require. The
first of these options is still probably the most cost effective for a limited

number of resource dollars expendea.

4.3 Remaining Budget

Some eguipment money was left at the end of the project because we could
only encumber money based on the list price of the eguipment being purchased,
and remaining funds cannot be expended after the contract date. A number of
purchases were actually invoiced after the contract date, and the competitive
bid price of these units was considerably less than expected, but the aiffer-
ential funds could not be expended because of the contract date, The total

dollars left of the contract is $3,555.01.
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