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OVERVIEW OF REPORT

An analytical analysis of the data flow within the SRB Automated Booster
Assembly Checkout System has been conducted. This analysis which is Task
1 of the work statement is presented isn Section 4.0 of this report. The
results are summarized in Section 4.2 and indicate that the ABACS system
will be able to carry a worst case load with only one Ethernet Local

Area Network.

The ABACS data system model has been updated by a newly—coded PASCAL-
based simulation program which has been installed on the HOSC VAX
system, This model is described and 1ocumented in Sectiomns 1,0, 2.0,
3.0, 6.0 and in the appendices of this report. This model is Task 2 of

the work statement.

The Sectionn 5.0 of this report offe: suggestions to fine tune the
performance of the ETHERNET interconnection network, Task 3 of the work

statement.

Suggestions for using the Nutcracker by Excelan to trace itinerate
packets which appear on the network from time to time have been offered

in discussions with the HOSC personnel, Task 4 of the statement of work.

Several visits to the HOSC facility were made during the course of the
contract to install and demonstrate tbe simulation model. In addition,

several visits were made to USBI BPC in Slidell, LA to discuss the ABACS

system operation,
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1.0 INTRODUCTION TO ABACS

ABACS (Automated Booster Assembly Checkout System) is a system
designed to facilitate the testing of the solid rocket booster (SRB)
by providing an automatic checkout capability for specific components
of the SRB. The National Aeronautics and Space Administration uses the
SRB to place the United States Space Shuttle into orbit. The facility
housing the installed ABACS system is the Assembly Refurbishment

Facility located at the Kennedy Space Center, Cape Canaveral, Florida.

The actual ABACS system is a8 hardware/software system designed and
built by the Slidell, LA section of the Booster Production Company
Incorporated. The equipment will be used to test the first Space

Shuttle mission following the Space Shuttle explosion of 1986.

Within any communication system such as ABACS, the possibility exists
that data flow bottlenecks will occur with the result that the system
is no longer able to handle the information transfer. This bottleneck
could possibly occur at any level in ABACS: at the VAX Control
Computer level, at the Station Controller level, or at the Local Area
Network (LAN) level. The primary ptvrpose of this research is to
analyze the ABACS system and determ:.ne that the Ethermet LAN is
capable of carrying the computational load in the nominal and in the
worst case configurations. This wor} will be performed using two
techniques: an analytical analysis of the data flow within the system
and a simulation program which predicts the behavior of the system

ander differing configurations. Figure 1.0 illustrates the top-level
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ABACS system diagram,., Figure 1.1 shows the physical system
installation with the distance between Ethernet devices indicated in

feet.

1.1 ABACS System Configuration.

The ABACS equipment consists of nine major subsystems and many
supplementary devices. Only the major ;ubsystems and the Ethernet LAN
which pertain to the analysis of the LAN data communication will be
documented in this research., For verv detailed descriptions of each
device and other elements of the ABACS ;ystem such as the Peripheral
bus, the reader should consult the Opcration and Maintenance Manuals
provided by USBI BPC for each device. The primary system components
are the Control Computer Systems: two VAX 11/750 computers (VAX), and
the Station Controllers: two Forward Te:t Stations (FWD), two AFT Test
Stations (AFT), the Thrust Vector Ccntroller (TVC), the Altitude
Switch Assembly/ Sensor Test Set (ASA), the VSWR/ Location Aids Test
Set (VSWR/LA), the Integrated Electroni:s Assembly Test Set (IEA), the
Development Flight Instrumentation Test Set (DFI), and the Emulator

(EMU) .

Figure 1.2 shows a functional overview of the ABACS system. The
primary activity of the system is tbe VAX with station controller
communication over the Ethernet bus. The actual system information
flow is displayed in Figure 1.3. The information passed over Ethernet

between the VAX and the station control:ers include ATLAS (Abbreviated
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Test Language for All Systems) command: with responses, archive data,

and alarm messages.

1.1.1 VAX Computers.

The dual VAX 11/750 computers provide control for the overall system.
The VAX resident runtime system initiates test execution, provides
control, allows test station reporting, records archive information,
and handles graphics. The actual hardware of the system will be
introduced here in terms of the architecture and components of the

control computer.

The ABACS system includes a computer assembly, a printer/plotter
assembly, a VAX console terminal assembly, a dual mag tape assembly,
and an Ethernet controller unit. Figure 1.4 displays the primary
hardware of the ABACS control computer. A functional block diagram is

shown in Figure 1.5.

The computer assembly is divided into two sections: the expansion unit
and the CPU unit. The expansion unit houses the system disk which has
a 475 Mbyte unformatted capacity. The expansion unit is located next
to the CPU unit of the computer asserbly. The CPU of each Control

Computer is a Digital Equipment Corporestion VAX 11/750.

The printer/plotter assembly include: a dot matrix printer with a

maximum rate of 600 lines per minut:. It has a resolution of 400
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dots/inch horizontally and 288 dots/incl vertically.

The VAX console terminal is a LA-120 DECWRITER terminal. It has a wide
range of features. The LA-120 is basically a typewriter—printer which
has a dot matrix printer with a maximum print rate of 180 characters
per second. Communication with the host computer is serial

asynchronous and operates at 9600 baud.

The dual mag tape assembly uses two racl enclosures. Each rack houses
a mag tape assembly with each using a standard ABACS time code reader.
The Kennedy model 9400 Tri-density tape dive has three format modes:
6250 BPI group coded mode — nominal data transfer rate of 280-312
Kbytes/sec, 1600 BPI phase encoding mod: — nominal data rate of 120
kbytes/sec, and 800 BPI non-return—to-z¢ro mode — nominal data rate of
60 Kbytes/sec. Tape Drive B also houses the multibus chassis which
provides Ethernet communication capabilities. Figure 1.6 shows the
overall bus interface for the control computer and how the multibus

chassis is interfaced to the CPU unit.

The multibus chassis which is also callad the controller in the VAX
contains two Intel Ethernet control cards (iSBC 186/51), two DR11W
emulators (Ikon 10077), and one Intel Ethernet arbitration computer
(iSBC 86/14). Appendix I includes the attributes of the ABACS board

level hardware.

Basically, the control card accepts and interprets the data received

19
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from the two Ethernet LAN's. If the information is to be passed to the
to the VAX, the interface between the VAX and the controller utilizes
two DR11W Digital Equipment Corporstion interface modules in
conjunction with two IKON DR11W compatible multibus boards. One DR11W
board is used for transmit and the other for receive. The processes
between the controller and the VAX handshake each operation., The DR11VW
is a general purpose, Unibus to DR11W compatible parallel, direct
memory access (DMA) device with nominal transfer rate of 400 Kwords
(16 bit) per second. The information is placed in memory using the
DR11W DMA controller so that the ATLAS process may access it or the
information is placed in archive storage. Figure 1.7 shows the
information transfer within the VAX computer, and Appendix I includes

a detailed description of the VAX to controller hardware operations.

1.1.2 Control Stations.

The control stations physically attach tc portions of the SRB which
are to be tested. This portion of the SRB is called the unit under
test as shown in Figure 1.8. The station receives a command from the
VAX control computer to perform some function. The station executes
the command and responds to the VAX. The station also records readings
from the unit under test and buffers the data before sending the

information to the VAX as archive data,

The control stations are similarly desigaed. Figure 1.9 displays the

basic hardware of a control station. All station controllers utilize

12
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two Intel Ethernet control cards (i3BC 186/51), one Intel Ethernet
systems controller (iSBC 286/14), and a 512 Kbyte RAM memory board
(iSBC 012CX). The individual controllers are then configured with iSBC

86/14 boards to accommodate specific requirements.

The number of iSBC 86/14 boards which allow archiving for each
controller is included: TVC - 4, AFT - 5, F¥D - 7, DFI - 3, EMU - 7,
IEA - 3, ASA - 0, and VSWR/LA - 0. The unit under test is sampled 25
times per second. In the worst case the iSBC 86/14 would be required
to record each sampled input value as it changed (input values are
scanned on a 40 milli-second cycle). Therefore, in the worst case the
1500 byte buffer would be transmitted to the VAX every 40 milli—
seconds. These values were taken from information provided by USBI
BPC. The tables which show the board configuration and input/output
operations are included in Appendix I, An attempt to determine the
number of inputs per board is recorded in this appendix. These values

are estimated based on the data provided .

Appendix I includes the attributes of the primary ABACS board level
hardware. In addition, this appendix includes a detailed description
of the operations for station to station connection over Ethernet,
messages sent over Ethernet, messages received over Ethernet, and
station to station disconnect over Ethernet. For additional hardware
configuration information consult the USBI Operation and Maintenance

Manual for the individual station,
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1.1.3 ETHERNET Local Area Network.

The primary devices are interconnected by using dual Ethernet Local
Area Network's (LAN). Each device attaches to both LAN's to allow a
full duplex type communication link. One is used for tramnsmitting
information. The other is for receiving. Typically, both LAN's
function as a coordinated pair. However, if one LAN is not operating
properly, the other LAN is designed to maintain commumicatiomn. It is
noted here that both LAN's must be functioning properly before a
station controller may be initialized t¢ communicate with a control

computer.,

The devices attached to the Ethernet cable each have two iSBC 186/51
computer boards which interface the device to Ethernet. One computer
board is used for each LAN. The VAX uses LAN 1 to transmit data which
is received by the station controller. The station then transmits a
response on LAN 2 which the VAX receives. If, however, a malfunction
occurs in either LAN, then both the send and receive functions will be
performed over the remaining LAN. Thus, the worst case condition for
the system configuration would occur if one of the LAN’s malfunctioned
with data communications between all devices occurring at the maximum

possible communications rate.

The ABACS Ethernet characteristics are summarized in the Operation and
Maintenance Manual for the ABACS Complex including the Control
Computer System:

1) Hardware: coaxial trunk cable, cable tap, transceiver,
transceiver cable, and controller.

17



2) 50 Ohm IEEE 802.3 coaxial terminated trunk provides 1640 foot
segments without repeaters.

3) Up to 100 multidrop nodes per segment (2.5 meter minimum
spacing).

4) Non-intrusive cable taps provide ease of tramsceiver
installation.

5) Carrier Sense Multiple—Access with Collision Detection
(CSMA/CD) contention techniques at transceiver.

6) Transceiver cables (up to 50 meters) provide power and
interface signals from the controller board.

7) 10 Mbit per second data rate.
8) Manchester encoded with 32 bit CRC.
9) Message length from 64 to 1518 bytes (46 to 1500 byte data

field)

1.2 ABACS Traffic Analysis.

The control computers communicate with the station controllers using
the Ethernet LAN, This section describes the information flow between

the attached devices.

1.2.1 VAX Communication.

According to the original USBI BPC de¢sign specifications, the VAX
computer could only archive four message streams at any point in time.
However, the installed VAX system can Landle six archive streams with

a maximum of seven controllers archivirg information.

The ATLAS Test Operating System is the primary mode of operation when
the VAX communicates with a station controller. In this mode commands

are sent to the station controller foir execution. The frequency at
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which commands are sent to the controller is completely random. The
commands may be initiated by a VAX user or a defined test sequence may

be run.

The VAX and station communication begins when the VAX sends
initialization information to the station. The stations iSBC 286
computer then enables archiving. And th: iSBC 86/14 boards for that
station send the archive buffer (about 1500 bytes) to the VAX. The
board associated with the MDM returns 2 buffers, The user would then
select the ATLAS program to be run or vrite ATLAS code which commands
the station to perform a certain test. [f the user selects an ATLAS
program to be run (for example, the self test account or ACO test
account), the software may take several minutes to load for execution.
The application menu is then displayed o that the user can select the
tests to be executed in sequence or can select individual tests for

execution.

A majority of the commands sent to the station do not require a
response from that station. These commands are setup messages. An

estimate of 60 to 70 percent of the comsiands require no response.

A sequential command is one in which several (about 20) commands are
packed into a single Ethernet message. Since this operation occurs
infrequently, only about one in fifty cut-going messages from the VAX
are sequential operations. Most of the commands within the sequential
command are setup commands so that psrhaps 5 to 10 of the commands

will require a response from the controller. The controller receives



the single Ethernet message and interpr:ts the individual commands. Imn
this manner some of the VAX over-hesd is reduced as is Ethernet
message traffic. Timing constraints are taken into consideration for

station execution of commands.

The VAX is estimated by USBI BPC to b: able to send out a maximum of
100 K bytes of data per second. An estimated 90 K bytes of data per
second is the amount any VAX can reccive and adequately handle. The
values given here reflect the amount of data which may be handled. The
acknowledge messages, watchdog timer m:ssages, and header information

contained in an Ethernet message are ex:luded.

1.2.2 Control Station Communication.

The basic station controller communicat:ons include responses to VAX
commands and archiving information sent to VAX. The average length of
time it take a station to produce a response to a VAX command is about
two milli—-seconds. This includes receiv:ng the message at the station,
interpreting the command, performing the command, and having the

response available for transmission.

The stations which do archiving have buifers on board the iSBC 86/14
in which archive information is stored. The stations which do not do
archiving are the ASA, the VSWR/LA, ani the IEA, The 86/14 records
sampled values in a 1500 byte buffer if the reading falls outside a
specified normal range. When the buffer is filled it is sent to the

VAX for archiving. If the buffer has not filled within a defined
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period of time, the contents of the buffer are sent to the VAX anyway.
There are five 1500 bytes buffers on esch 86/14 board so that only in
an extreme case would all the buffers be filled and information lost.
However, this situation would have rosulted in the VAX choke off
before the buffers had filled so that tle system would have crashed

before the data loss occurred.

The VAX receiving the archive information can handle a new archive
message about every three milli-secords. There are, however, 120
buffers within the VAX which initially s:tore the incoming information.
If these buffers are filled and the VAX is unable to process the data
before new packets arrive, then the stat:on controllers are informed
of this condition and are directed to discontinue transmitting, If the
station is not allowed to transmit, then the five archiving buffers on
each of the 86/14 station controller boards will also fill. The
watchdog timers will time out if no communication occurs within the
specified time frame., If this occurs, the VAX and station will be

disconnected.

1.2.3 Vatchdog Timer Operations.

The watchdog timer is a process used in A3ACS to verify conmnectivity
of a station. The communication occurs it the iSBC 186/51 controller
level so that the VAX is not burdened with additional overhead. The
VAX controller sends a message to the station controller at onme
second intervals, The station comtroller responds immediately or

within four seconds. The watchdog timer message is not sent to the
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station if the VAX and that station exchanged messages within the
second. Since connectivity is antomatically verified in that case, the

watchdog one second counter is reset.

1.2.4 TVC and AFT Communication.

The TVC and one AFT communicate with ¢ach other using the Ethernet
bus. This is the only activity of the tus which allows traffic between

devices other than the VAX and station controllers.

The message traffic has a one—to-on: correspondence. When the TVC
sends a message to the AFT, the AFT re:ponds with a message back to
the TVC. There are approximately thirty messages in a second sent out

during TVC and AFT communication.

1.2.5 Other Device Operations.

The primary operation which causes additional loading of the Ethernet
bus is an automatic acknowledge of ary packet received. Each message
sent out over Ethernet requires an acknowledge from the receiving
station to verify receipt of the message. The acknowledgement is
performed at the iSBC 186/51 contro: ler level so that the VAX or
station is not interrupted from normal processing. The packet size is

the smallest Ethernet packet size, 72 tytes.

Due to the ABACS hardware configuriation, it is possible for the

secondary VAX to communicate with othes stations while tests are being



conducted between VAX I and particular stations. The primary
application of this activity is softwar: testing using the Emulator as
the receiving station with VAX II ss the control computer. The

Emulator may act as a Forward Station ox an AFT Station.

1.3 Ethernet Protocol.

The Ethernet original baseband version ~as designed, developed, and
patented by Xerox and was publicly announced in 1979. Since then a
cooperative effort by Digital Equipment Corporation, Intel, and Xerox
has produced an updated Ethernet which is considered the standard for
cable-based Local Area Networks because it is very close to the IEEE
802 CSMA/CD standard. The Carrier Sense Multiple Access with Collision
Detection (CSMA/CD) control technique is the more publicized method
for bus/tree topologies. The CSMA/CD Liroadband version was developed

and patented by MITRE as part of the MITREnet Local Area Network.

1.3.1 Function and Operation.

The Ethernet is basically a multi-access, packet-switched
communications channel which is managed by the control technique
CSMA/CD for carrying digital data among locally distributed computing
systems. A primary goal of the Ethermet specification is
compatibility. In fact, Ethernet was the first to accomplish this

capability.
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Using the CSMA/CD control technique, each station attached to the bus
must contend with the other stations to access the bus. There is no
central controller which allocates access to the channel. Each station
must 'listen’ (i.e. use carrier sense) to detect whether the bus is
free. If another station is transmitting, a station must wait or defer
its transmission until the bus is quiet. After gaining access to the
bus, the transmitting station contirues to monitor the medium to
detect colliding transmissions on the bus. This is called 'listen

while talk’ and refers to carrier detection.

1.3.2 Data Format and Structure.

Each station on the common coaxial cable must be able to transmit and
receive packets with the packet format and spacing as shown in Figure
1.10 [KI86]. A packet is made up of bytes. (One byte equals 8 bits.)
The last bit of each byte is transmitted first, and the preamble
begins a transmission. A packet may rot exceed 1526 bytes or fall
below 72 bytes. Included in each of these numbers is 8 bytes for the
preamble, 14 bytes for the header, the data bytes, and 4 bytes for the
CRC. Each field of the frame is defined as follows:

1) Preamble: 64 bits alternating 1's and 0's, and ending with two
consecutive 1's. Used by the receiver to establish bit synchronization
and then to locate the first bit of the frame.

2) Destination Address: 48 b:ts specifying the station or
stations which are to receive the packet. The packet may go to one

station, to a group of stations, or to all stations. This is



PACKET

Preamble| Dest. |Source § Type Data CRC Preamble Dest.| Source| Type Data CRC
Addr. | Addr. | Field Field Addr| addr. | Field Field
64 48 48 16 8n 32 64 48 48 16 8n 32

§T

CRC covers these fields G(x)

"—’l Minimum packet spacing

FIGURE 1.10 ETHERNET PACKET STRUCTURE




determined by the first bit: O — one cestination, and 1 - multiple
stations. If all 8 bits are set to 1, then the packet is broadcast to
all.

3) Source Address: 48 bits specifying the station which is
transmitting the packet.

4) Type Field: 16 bits identifyirg the type of higher level (ISO
levels) protocol associated with the packet. Used to interpret the
following data field.

5) Data Field: 46 to 1500 bytes of data or pad characters. A
minimum combination of 46 bytes is required to ensure that the frame
will be distinguishable from a collisicn fragment.

6) CRC - Packet Check Sequence: 32 bits containing a redundancy

check. The check is defined by the generating polynomial:

32+126+x23+ x22+ x16+ x12+ x11+ }10+ x8+ x7+ x5+ x4+ x2+  + 1.

G(x)=x
The address (destination/source), the :ype, and the data fields are
covered by the CRC. The high-order term of the message polynomial
which is divided by G(x) and produces the remainder R(x) is the first
transmitted bit of the destination fie:d. The first transmitted bit of
the Packet Check Sequence field is tae high-order term of R(x). A
linear feedback register which is ini:ially preset to all 1's is used
in this algorithm. After the last data bit is transmitted, the
contents of this register (the remaind:r) are inverted and transmitted

as the CRC field. After receiving a good packet, the receiver's shift

register comtains 11000111000001001101110101111011(x>%,...,x%).



The Ethernet has an enforced waiting time on the bus of 9.6 micro-
seconds. This is the minimum amount of time which rust elapse after
one transmission before another may beg:-n. It takes 51.2 micro—seconds
for one bit to travel from one end of the bus to the other (the round-
trip propagation delay time). If any stution receives a packet or bit
sequence shorter than 72 bytes, the information is discarded and

considered a collision fragment.

1.3.3 Hardware Characteristics.

The following three sections contain a hrief overview of the hardware
aspects of the Ethernet network system: channel encoding, carrier
detection, and the transceivers. Additional information including
detailed hardware specifications may be found in Telecommunicatjons

and Data Communication System Design with Troubleshooting by Harold

Killen [KI86].

1.3.3.1 Channel Encoding.

The coaxial cable uses Manchester encoding which has a 50% duty cycle
and insures a transition in the middle of every bit cell ('data
transition’). The complement of the bit value is contained in the
first half of the bit, and the second nalf contains the true value of

the bit. (See Figure 1.11 [KI86].)
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| Bit Cell l
I
1 1 0 High (also quiescent state)
100 ns
0.1:15_1]_25 Logic High: 1=0mA =0V
‘ Logic Low: 0 = -82 mA = -2.05V
’ Cable has O volts in quiescent state

FIGURE 1.11 DETERMINATIONM OF CARRIER AT RECEIVER

1.3.3.2 Carrier.

When data transitions are present, a carrier is present. The carrier
has been lost (indicating the end of a packet) if a transition is not
seen between 0.75 and 1.25 bit times siace the center of the last bit
cell. For purposes of deferring, the term carrier means any activity
on the cable, whether properly formed or not. Any activity on either
receive or collision detect signals in the last 160 nano—-seconds

indicates carrier. (See Figure 1,11 [KI86].)

1.3.3.3 Transceiver.

At each station using the network, theie are cables with taps which

connect to a transceiver. The transceiver receives all signals on the

cable, but only those addressed to it are received for action. The



transceiver is also the device which traasmits signals that are strong
enough to propagate the information from one end of the cable to the
other. (That is, every transmission on the cable will reach each

transceiver.)

The transceiver was designed so that if it fails, the faulty device
will not jam or pollute the Ethernet catle. In addition, the devices
are simply built and inexpensive so ttat replacement of failed parts
may be accomplished quickly. If a transceiver is unpowered, it
disconnects itself from the cable. The transceiver also contains a
watchdog timer circwit which detects jncorrect behavior and shuts down
the transmitter in this event. The maximum number of stations which
may be attached to the cable is 1000, with the stations spaced at
least 2.5 meters apart to reduce the chance that objectionable

standing waves will result.

1.4 Research Objective.

Within a Local Area Network enviropment. any of the network resources
may be changed. However, the performanc: of the system may also change
without being readily apparent. The similation model of the Ethermnet
network was designed and developed in this research project to allow
the user to analyze, characterize, and predict the behavior of the
ABACS System in a variety of scenarins. The model parameters may be
set to reflect the ABACS system activity or used to predict the
performance of future configurations, The ABACS configuration is

displayed in Figure 1.1,
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The first section of this report has provided an introduction to ABACS
including system configuration with message traffic defined and a
description of the Ethernet protocol. Chapter 2 includes the
definition and development of the software model and describes the
user interface. Chapter 3 discusses the outcome of several simulated
scenarios. A worst case analytical anglysis is given in Chapter 4,
Suggestions for improving system responsiveness are included inmn
Chapter 5. The conclusion assembles the results of this research in
order to provide insight into the operations of the ABACS System using

an Ethernet Local Area Network.
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2.0 SIMULATION MODELING

The ABACS Ethernet simulation program >rovides the user a means of
analyzing a proposed system configuration prior to hardware
installation. This program provides a simulation configuration as
described in Sections 1.1 and 1.2. The ABACS hardware includes two
control computers and ten station controllers connected by an Ethernet
LAN. The simulation program models the ABACS message traffic which is
primarily VAX to station commands, station responses to VAX, and
station archive data to VAX. The specific operations modeled are

presented in Section 2.1,

Within the simulation, specific characteristics of the Ethernet
protocol are modeled to accurately analyze the system performance. For
instance, the simolation includes provisions for multiple stations
trying to simnltaneously access the bus by comparing the transmit
times to see if they occur within a collision window. This window is
actually a time period in which all stations trying to transmit within
it collide. This collision happens becaase the signal has not had time
to propagate to all parts of the network, Other stations also detect
that the bus is free and begin transmission. The packets then collide.
This collision window interval is calculated by using the propagation
delay value between the two devices. If the transmit times occur
within this window then a collision will occur. In the same fashion,
stations may also have to defer a transmission if another station has
gained access to the bus. A packet is deferred if the station wishes

to transmit before the end of the slot time plus the propagation delay
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between the two devices plus the minimum delay time on the bus (9.6
micro-seconds). When a collision occurs, the stations involved must

wait a random period of time before try:ng to transmit again.

The Ethernet protocol specifies an exponential backoff algorithm,
which is required to help minimize repeated collisions, to generate

the next transmit time. The backoff nwasber is a random number between

0 and 2" times 51.2 micro-seconds,where n is the number of the current
retransmit attempt and n is less then 10. (The maximum end-to—end,
round—-trip propagation delay for a bit is 5§1.2 micro-seconds.) In
addition, a packet transmission is aboarted and a jam pattern of four
bytes is transmitted on the bus when a collision is detected. This
jamming sequence lasts long enough so that other stations involved in
the collision notice the jamming pattera. The Ethernet protocol also
specifies that there must be a minimum wait time of 9.6 micro—seconds

between any two transmissions on the Ethernet cable.

The program presented here incorporates the Ethernet protocol
characteristics as stated above. The following sections describe the
simulation model activity, the simulation performance parameters, how

to use the program, and the software design and construct.

2.1 Simulation Traffic Flow and User Irterface.

The simulation program reflects the actual ABACS system operations as

closely as possible. These sections describe the activity between the

devices attached to the Ethernet bus within the simulation model. Any



deviation from the way the system actually operates is discussed here.
One example is the assumption within the simulation that there is only
one Ethernet bus rather than two. Since the ABACS design specifies
that the system must be able to function using only one Ethernet
cable, this simulation allows the uscr to analyze the system in the
worst case configuration. It also encourages the user to analyze the

system performance in other possible configurations.

A user work chart is provided in Appendix I which shows the user input
parameters for each device. The chart is formed by taping together
pages 1 through 8. Along the top of the chart are the block devices
attached to the bus. Underneath each d:vice are blanks to fill in the

input parameters for the simulation.

2.1.1 Allowed Simulation Configurations.

The simulation model assumes that there is one Ethernet device with at
least one VAX and at least one stat:on controller attached. Within
ABACS, there are a maximum of two VAX computers and a maximum of ten
station controllers. The simulation automatically allows five VAX
computers and fifteen station controllers. These numbers may be
increased by performing a minor sof:ware change to the simulation
program, Within the simulation program, any VAX may be set to
communicate with any station controller altbough VAX II is primarily a

backup device for VAX I in ABACS.



The station controllers may be classified in two categories: those
which perform archiving and those which do not. In ABACS, the IEA, the
ASA, and the VSWR/LA do not currently perform archiving. Within this
simanlation model, all station controllers may be set to perform
archiving. The number of iSBC 86/14 bcards must also be specified by
the user. The maximum number allowed in the simulation is seven.
However, the realistic number of 'archiving' boards for each device
varies. For example, the forward statiosn has as many as seven, but the

DFI only has four.

As in ABACS, the only stations which may be set to communicate with
each other are the TVC and an AFT station. The simulation program will
not allow the user to set other stations to communicate with each

other.

Transparent to the user is the acknowledge message. The acknowledge is
a 72 byte Ethernet message which is automatically sent from the

receiving station to the station which transmitted.

In a 'realistic’ worst case simulatioa of ABACS, the scenario should
include only one VAX computer and all ten of the station controllers.
The scenario should include seven devices performing archiving at the
maximum rate possible and three stations which are not performing
archiving. The TVC and an AFT should also be set to communicate. The
VAX should be set to send station commands as fast as possible. Then

this scenario would represent both a ’'realistic’ worst case scenario
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within ABACS and the maximum amount cf information that would be

transferred over Ethernet for ABACS.

2.1.2 VAX Commands to Station and Staticn Resposnse.

The activity here is simply that the VAJ sends a command or a group of
commands (blocked commands) to a statior and the station may respond
to some or none of the commands. When a block command is received by a
station controller, the station executes the commands individoally and
responds to the VAX appropriately. In the simmlation model, the user
is required to enter several parameters to allow the simulation

program to produce much the same activity of ABACS.

The user mast enter a range in which a new transmit time for the VAX
may be generated. Since the VAX sends commands on a random time basis,
some random value between the specified range will be added to the
previous transmit time to generate the :ime at which the VAX will send
its next command. An example might be 0.1 to 0.3. In this case, the
VAX next transmit time will be generat:d by adding some random number
between 0.1 and 0.3 to the last transmit time of the VAX., In this
manner, ATLAS commands may be generated within the simulation program
at a rate similar to an ABACS operator generating ATLAS commands or a

test sequence execution.

The user must enter the ratio of single commands to be sent versus the
nomber of blocked commands which are to be sent (groups of commands

sent to a station in a single packet). For a blocked command the user

)
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also specifies the number of commands which constitute a block.
Finally, the size of a command in bytes must be selected. An example
could be the ratio of 5 to 1 where there will be 5 single commands

sent for every 1 blocked command which may consist of 10 commands.

The ratio of commands requiring a station response Versus those which
do not must be specified by the user. An example could be the ratio of
10 commands which do not require a respomse to 1 which is issued a
response by the station. For the station to respond, the user must
specify the packet size of the response and the delay time before the
response is transmitted. The delay time includes the average time the
station takes to receive and interpret the command, perform the

command, and package the command for trensmission.

2.1.3 Station Controller Startup.

The simulation program user must specify the time in seconds im which
the station comes on-line. The initiaiization sequence is similar to
ABACS, but is generalized for simulation purposes. At the user
specified time, the station will be sent packets from the VAX. The
station will respond to each packet with a special acknowledge. After
this exchange, the station will send the VAX information from each
iSBC 86/14. The start—up sequence is conplete when the VAX sends 100
initialization packets to the station (twenty 1500 byte buffers and

eighty 20 byte buffers).



The user inputs are station start—-up times, the number and size of
packets the VAX sends to stations, and the number and size of 86/14

buffers to send to the VAX from each stution.

2.1.4 Station Controller Archiving.

The iSBC 86/14 boards accumulate archive data which must be sent to
the VAX. The station will transmit the archive buffer as frequently as
the user specifies to model the actual ABACS buffer data accumulation.
The simulation program allows the user :o specify the number of i SBC
86/14 boards which are designated for archiving. For each of the
buffers, the user specifies the size of the buffer in bytes and the
pumber of seconds (or fraction of a second) it takes for the buffer to

fill.

2.1.5 TVC and AFT Communication,

The user enters the number and size of the packets which are to be
transmitted to the opposite device in one second. For the TVC/AFT
communication the TVC is the initial device to tramsmit. When the AFT
receives the packet, the device is delayed for a period of time before
responding to the TVC. The TVC then delays for some period of time
before sending another packet to the AFT. The user enters the amount
of time that each device delays. If all the messages are unable to be
transmitted in a one second time frame. then an error message will be

displayed on the simulation printout.
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2.1.6 Watchdog Timer Operations.

Although the user is not required to enter any information, a watchdog
timer is implemented. Every ome second the VAX control computer
automatically sends an eighty byte packet to each station which
communicates with that VAX. The station immediately responds to the

VAX with an eighty byte packet.

2.1.7 VAX Simulation.

A special simulation feature is incluoded to determine when a VAX
computer is overloaded with data. The user enters the amount of data
that a particular VAX may transmit in one second and the amount of
data that it may receive in one second. If the VAX transmits or
receives more than these user specified values, then an error message
will be displayed on the simulation printout. For each VAX the amount
of data transmitted and received in any second of the simulation will

also be displayed on the simulation priatout.

2.2 Performance Parameters.

There are three primary performance parameters which are of interest
when analyzing a Local Area Network.

1) Throughput — The total amourt of data which was actually
transmitted successfully on the cable. Also defined by William

Stallings in Local Networks: An Introduction [ST84] as the total rate

of data being transmitted between nodes (carried load).
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2) Delay - The amount of time that a packet must wait between the
time when the packet is ready to be transmitted at a node and the time
when transmission has been completed successfully.

3) Utilization — The total amount of data (or offered load)
offered to the bus presented as a percentage of bus capacity. Also

defined by [ST84] as the fraction of total capacity being used.

The throughput simulation results are given as simulated throughput
and theoretical throughput. Both values are presented for comparison

purposes. The simulated throughput is caslculated as follows:

- v __
S$=TB+1
where B = average duration of the clannel busy period
I = average duration of the chkannel idle time
U = average time during a cycle time that the channel

functions without collisicns

B + I = average cycle time.
Thus, the simulated throughput is a measurement of the channel
activity. The above values are talliec as the program runs and keeps
accurate records of exactly what is occurring on the bus. The
theoretical throughput, however, is a calculated measurement. The
following formula was derived by Killen [KI86] for the CSMA protocol:
—-Ali
e

T = G
G(1 + 2A) + e

—-AG

where G = number of new packets per unic of time + number of
retransmitted packets per uni: of time, and
A = unit of propagation time.

Thus, G is the offered load to the system - the total amount of
information new and repeat which was transmitted on the channel. This
value is recorded as the program runs and is used in the above

equation to produce the theoretical throughput. Notice, however, that
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the theoretical results will be much lcwer than the simmlated results
because the CSMA protocol does not have the collision detect
capability or the exponential backoff calculations (to pinimize
repeated collisions) as does the CSMA/CD protocol which is modeled
here. The theoretical value is included as a fundamental parameter

used for comparison and verification of the simulation results.

To produce the efficiency measurement, E = -g—‘, where S is the

simulated throughput and G is the offercd load as defined above. The
efficiency performance figure describes the percentage of time a

transmission will occur with no collision.

In addition to the performance figures (iscussed, each device attached
to the bus has statistics which are of interest when examining the
overall performance. These performance Zigures include:

1) the total waiting time of a levice due to packets being
deferred from transmission,

2) the total waiting time of a device due to packet collisions,

3) the minimum amount of time a device has ever had to wait to
access the bus due to a packet being deferred or being caught in a
collision,

4) the maximum amount of time the levice has had to wait for an
individual packet to be tramsmitted (including a collision, random
backoff, and retry),

5) the maximum total wait time of an individual packet due to

repeated collisions.
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A breakdown of the number of defers and number of collisions that a
device has experienced is also includcd as well as a count of the
number of packets it has received and transmitted. The maximum number
of times that a packet collided for any device is recorded. Table 2.0

(page 46) depicts a typical printout of a simulation run.

The simulation program also records trarsmit and receive information
for the VAX computers. If a VAX transpits more or receives more than
the user specified amount, then a message indicating that the VAX is
overloaded appears on the printout. ln addition, a second by second
summary of each VAX activity is recorded¢ to show the transmitted bits
and received bits in any second of the simulation. Another feature
incorporated into the simulation is a message which is included on the
printout if the packets between the 1VC and AFT are not transmitted
within a one second interval. This mess:sge informs the user that the
message traffic was so heavy that the packets between the TVC and AFT

could not be transmitted in the time alliocated.

2.3 Simulation Software Design and Cons:zuct.

The Ethernet simulation source code is divided so that there is a
short main routine which calls many sub:routines to do the actual work.
The primary logic is displayed in the flow chart of Figure 2.0. The
program variables are set to their appropriate initial states in the
subroutine Initialize. Configure is the subroutine which allows the
operator to change the system configuration in order to fill the

specific requirements. (See Section 2.1 for more details on the
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operator input parameters.) Configure cells Display, Modify, and Store
to allow the operator to review and change any of the configuration
parameters before beginning the sinulation. Prtdata writes the
configuration set up by the operator to a file called About so that

this information may be printed when th¢ simulation has finished.

The program activity begins by determin:ng the next station which is
to connect. The simulation begins when the routine FindNext is invoked
to determine the next station to transmit a packet depending on the
next smallest transmit time. A call to Acollision determines if there
is a collision on the bus, performs the exponential backoff algorithm,
insures a jam pattern is sent, and updates the affected system
parameters (wait time, system clock, et:). If there is no collision,
then the Checkdefer routine determines if there are any stations which
most defer its transmission until the current transmission is
complete. The most complicated subroatine may be the Update routine
which handles updating the station vhich just transmitted. This
includes setting the receiving statiom to respond with an acknowledge
and initializing the receiving device to provide a response as
required. These romtines are repeated over and over until the program
has performed the bus simulation as long as specified by the operator
(sim time). The results of the simulation are added to the file About

by the subroutine Prtres.
In addition, there are many support subrontines which are called by
the controlling routines. The random number generator Ran returns some

random number between O and 1. The rcutines Getvaxnxt and Getcontnxt
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determine the next operation to be transmitted for a specified device.
This includes examining the acknowledgem:nts, watchdog timer messages,
commands, reponses, and archive messuges to determine the next
operation to be performed by this device. Similarly, the routines
Setvaxtime and Setcontime handle generating the time for the next
transmission and the message size which is to be allowed by the
device and determine which commands sent by the VAX will receive a
response. Upvax and Upcont update a particular device so that
transmit times for other operations on the device do not fall below
the current clock time within the simulation. The Setstartup routine
handles a new device coming on—line. And the Setxtimes initializes a

VAX or controller which has come on-line.

2.4 Verification of Model.

The information shown in Table 2.0 ccntains a summary of fifteen
simulations with the system configuration modified each time. The
graph of Figure 2.1 plots the offered load (G) to the system versus
the simulated (S) and theoretical (T) throughputs for the fifteen
examples. The theoretical curve is ideatical to the plot produced in
[KI86]. The equation for the theoretical throughput is given in
Section 2.1. Bowever, the theoretical iaformation only represents the
CSMA protocol and not CSMA/CD. Comparing the two curves shows that the
additional features — carrier detect and the exponential backoff

algorithm — greatly increases the performance of the CSMA/CD protocol.

Two references [SH80] and [ABA77] also produce similar plots to show
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TABLE 2.0 SIMULATION RESULTS, RUNS 1-15

SIMULATION RUN RESULTS

RUN OFF SIM THEC WAIT TIME waIT TIME DEFER COLL PKTS ACKS PKTS MIN PKT MAX PKT MAX NUM  MAX PKT
NUM  LOAD THRPT THRPT EFF OEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME COLLS COLL TIME
1 1.06E¢00 1.06E+00 1.0S5E+00 9.99€+01 1.23£-03 1.76E-04 17 2 783 340 783 1.55e-11 1.20&-03 2 1.31€-03
2 9.S1E+400 9.28E+00 B8.69E+00 9.75€+401 2.2C€-01 4.19E-01 755 392 S8%99 2835 SB899 4.46E-11  2.79E-D¢ ? 3.469€E-02
3 1.6GE+01 1.56E+01 1.33€+01 9.75E401 6.45€E~-01 3.992-01 1343 696 8230 4000 8230 1.55E-11 2.54€£-02 8 2.80€-02
4 3.40E+01 3.262+01 2.S54E+01 9.58E+01 2.47E+00 8.88E-01 4674 2451 13699 6735 13699 1.55e~-11 S.05€-02 12 1.03€-01
3 4eYGETUT et 3ETU]  S.3UETUT  Ye36ETU)  0.40ETUU  C.5YETUU YY54 wByc 17633 26uc 17033 wew0&-il  Z.lli I3 G0 VL.2ZI-30
6 S.14E+01 4. 74E+01 3.40E+01 ©.22€+01 7.SSE+J0 3.98E+00 12695 6334 20351 10311 20351 1.556-11 4.68£-02 14 1.26£-01
7 S.ITE401  L.S4E+01 3.4SE+01 9.20E+01 B3.28E+400 4.22E+00 13637 6713 21483 10527 21483 1.556-11 &.50€-02 15 1.67€E-01
8 S5.83E+D1 S5.T2E+01 I.6BE+D1  9.13E+01 1.02E+401 6.58E+400 16128 7653 22659 11214 22659 4.46E-11 5.23E-32 15 2.15E-01
9 6.63E+01 6.006+401 3I.99E+01 GS.056401 1.378+401 1.45E+01 20131 9236 24691 12231 24691 1.55€-11 5.23e-02 16 2.11€-01
10 7.42E401 6.6SE+01 4.26E+01 B.96E+01 1.52E+01 2.74E+01 24268 11034 27282 13525 27232 1.17e-08 5.23e-02 16 2.39€E-01
11 8.29€+01 7.31E+01 4.S3E+01 B8.82€+01 2.05£+01 5.956+401 30544 13135 29088 14381 29088 1.55e-11 6.26€-02 16 2.57€E-01
12 8.40E+01 7.40E401 4.56E£+D1 B.82€E+01 2.13401 6.4B8E+01 31230 13075 29239 14431 29239 1.55€-11 6.01E~-02 16 2.55E-01
13 8.99€E401 7.7SE+01 4.73E+01 S8.63E+01 2.60E¢01 1.06€+402 385642 15202 30564 15054 30564 1.SSE~-11 S.93E-02 16 2.95€-01
14 9.38E+01 B8.07€+01 &,84E+01 8.60E+01 2.8B1E+01 1.4BE¢02 40736 15902 30616 15049 30616 1.55e-11 B8.649£-02 16 4.53€-01
15 1.01E+402 B8.S9e+01 S.02E+01 B.52E+01 3.07E+01 1.97E+402 44623 17785 32005 15797 32005 1.72€-08 5.69E-02 16 4.17€E-01
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the Ethernet bus utilization. According to Agrawala, Bryant, and Agre
in 'An Analysis of an Ethernet-Like Protocol’ [ABA77], the maximum
throughput rate is 80% when the bus is fully loaded. And, Shoch and
Hupp in ’'Measured Performance of an Ethernet Local Area Network’
[SH80] specify that the throughput rate when the offered load is 100%
increases as packet sizes become laiger — 512 bytes/packet = 96%
throughput, 128 bytes/packet = 88% throaghput, and 64 bytes/packet =
83% throughput due to the increased possibility of packet collisions.
The results produced by this Ethernet simulation agree with these
sources since the throughput rate at LOO% offered load is about 85%.
This figure is higher than the results of the simulation model
presented by [ABA77] and is lower than the estimates of [SH80]. These
sources provide a reference of comparison to verify proper operation

of the Ethernet simulation.

2.5 Using the Program.

When using the simulation program, the user should have an idea of the
expected results before they appear. For instance, with a lightly
loaded bus the user should expect very few collisions and a very high
efficiency rate. In this section, several simulation parameters will
be discussed to help the user understand more fully the outcome of the

simulation.

The user should review the work chart in Appendix I. By using this
chart, the simulation input parameters may be determined before

actual entry into the simnlation program. This model was designed to
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simulate as closely as possible the activity of the ABACS Ethernet
network. However, the some input parameters are simplified. An example
is the archive buffer fill times. The user must estimate the number of
inputs which will change for an 86/14 board and specify to the
simulation program how often the buffer is to be sent to the VAX., In
other words, every aspect of ABACS is not specifically modeled, but
the basic operations are generalized and model as closely as possible

the activity of ABACS.

The simulation run-time is a parameter entered by the user to allow
the bus activity to be observed during a certain time frame. In
different situations this parameter will need to be increased or
decreased depending on the activity on the bus. If, for example, a
station controller is brought on-line at the end of the simulation run
time, then the device will not have a chance to contribute to the
loading of the bus. This is a case where the run—time must be high
enough to allow the bus activity to stabilize so that an accurate
report is given. If the operator is un:ture of this run—-time figure,
several runs may need to be performed &nd compared against each other.
Notice in Table 2.1, the same configurztion (Run 5) was run ten times
with the simulation run—-time increasing each time (varied from 10
seconds to 100 seconds). The performance parameters: the offered load,
the simulated throughput, and efficiency, remain close for all runs
implying that the activity on the bas has stabilized and longer
simunlation runs would produce about the same results. From many test
simulation runs it is apparent that the: Ethernet simulation requires a

relatively low run—time for most confijurations.
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TABLE 2.1 SIMULATION RESULTS, RUN 5, TIME 10 - 100 SECONDS

SIMULATION RUN RESULTS

RUN OFF SIM THEO WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MIN PKT MAX PKT MAX NUM  MAX PKT

NUM LOAD THRPT THRPT EFF DEFER COLLISION COUNT COUNT TX X RX WAIT TIME WAIT TIME COLLS coLL TIME
1 3.71E+01 3.5SE401 2.71E+01 9.SSE+01 1.645+00 3.53€-01 2735 1429 7507 3723 7507 2.36E-07 3.67€-02 11 7.51€E-02
2 4.94E+4Q01 4.63E+01 3.30E+01 9.33E+01 6.46E+00 2.59E+00 9951 4892 17833 8802 17833 4.46E-11 5.228-02 15 1.38€e-01
T8 PLE401 L ,.CNF4N1 X _LLF4NT 2 _XSE4NT Q. 20F+0N L.NLE+00 139720 6774 23105 11383 23105 4.46€-11 S.23E-02 15 1.38E-01
4 S.4SE+01 S.0B8E+01 JF.S53E+01 9.3IJE£¢01 1.196+01 S.49E+00 17982 8655 28399 13985 28399 4.66E-11 S.23€=02 16 1.38e~01
S S.S59E+01 5.20E+01 3.S9E+01 9.31E+01 1.47E¢01 7.08E+00 22025 10549 33595 16531 33595 4.L6€E-11 5.23E-02 16 1.78¢-01
6 5.70E+01 S.I0E+01 3I.E3E+01 9.3I0E+01  1.74E+01 E.24E+00 26061 12495 38870 19120 38870 4.46E-11 S.238E-02 16 1.72E-01
7 5.85E+01 S.44EX0T 3,69E+401 9.29E+401 2.26E+01 1.08E+01 33721 16135 49379 24275 49379 4.45E-11 S5.23E-02 16 1.7%€-01
B S.95E+01 5.52E+01 3.73€+01 9.23€+01 2.B1E+01 1.39E+01 41731 19975 59825 29398 59825 &.46E-11 5.23E-32 16 2.03e-01
9 6.03E+01 5.59E+01 3I.76E+01 9.27€+01 3.3SE+01 1.62E+01 49841 23868 70405 34588 70405 4.46E-11 5.23€-02 16 2.03€-01
10 5.126+01 S.67E+01 3.80€+01 9.27€+01 4.43E+01 2.1BE+01 65518 31319 91385 44878 91385 4.46E-11 S5.23E-02 16 2.03E-01

S1 39vd TYNIDIHO

ALITYNO ¥00d 40



3.0 SIMULATION RUN RESULTS

In this section, the focus will be the on interpretation of the
results produced by the Ethernet simulation model. This discussion
will include an analysis of a specific run to explain performance
parameters and the effect of varying user inputs, a configuration
summary of fifteen runs with an intuitive preliminary analysis to
predict results, a comparison of fifteen simulation runs to
demonstrate the system response in various configurations, and a
summary of the configuration limitaticns encountered when using an

Ethernet Local Area Network.

3.1 Analysis of A Simulation Run.

A typical ABACS system configuratioa is shown in Figure 1.0. The
communication scenario as presented for this configuration is an
average case within ABACS. It includes one VAX which communicates with
siz archiving stations and three non—aichiving stations and a second
VAX which communicates with the Emulator which also archives. This
simolation will be discussed throughly. The input parameters with the
simnlation results are shown in Append:x III, Run 2. The output report

of each run is divided into seven sect:iomns:

1) Overall System Parameters.

2) Station Controller Startup Parameters.

3) VAX Communication with Stations.

4) Station Responses and Archiving.

5) Summary Table of VAX and Station Activity on the Bus.
6) Overall System Performance Results.

7) VAX Transmit and Receive Summaries.



The first four sections display the operands entered by the user. The
overall system parameters include a description of the simulation run,
the Ethernet bus I/0 rate, the simulation run time, and the random
number seed. The information as entered by the user is output for each
station attached to the bus. The parameters include the station start
time, the VAX which communicates with the station, the number and size
of the VAX initialization packets, and the number and size of the
jnitialization archive packets sent to the VAX. This section also
includes the TVC and AFT communication parameters: the number of
messages per second, the delay time between transmissions, and the
packet sizes. For each VAX attached to the bus, the distance from a
reference point and number of bytes the VAX can transmit and receive
in a second is displayed. For each station which communicates with the
VAX, the range is entered by th: user which allows random
transmissions by the VAX to a station. Then the number of single
commands versus the number of blocked :ommands are displayed with the
number of commands per block and the packet size of a command also
specified for each station. The station parameters include the
distance from some reference point, the number of commands which are
issued a response versus those which are not, the average delay time
before a response is generated, and the packet size of a response. A
user work chart is provided in Apperdix I which allows the user to
easily define the simulation configuration prior to actually entering

parameters into the program.

For the simulation configuration of Appendix III, Run 2, the input

parameters allow communication betwcen VAX I and nine stations and
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between VAX II and the emulator. Each station will be initialized with
10 packets of 1500 bytes from the VAX and with 10 packets of 1500
bytes returned from the station. The TVC and AFT II communicate by
sending fifteen 80 byte packets to the other station in a second. The
VAX sends commands to each station randomly within an average range of
0.18 to 0.385. The AFT, for example, will receive a maximum of 10
packets per second from the VAX and at least 3.3. The actual number of
packets sent to the AFT in a second is generated randomly within the
range for the AFT., For this simulation, most of the commands sent from
the VAX are single commands and do not require frequent responses from
the station. The stations are configured so that all 86/14 boards
which perform archiving within ABACS perform archiving in this
simulation. The rates at which a board fills is generated from a 40
milli-second scan cycle with 10 perceat of the board inputs changing

on each cycle.

The report generated by the simulation provides a table which displays
the activity of each device attached to the Ethernet bus. The far left
column labeled SOURCE defines the device under observation. For each
device attached to the bus, several important values are tallied in
order to observe the Ethernet activity. The WAIT TIME DEFER column
specifies the total amount of time the device had a packet to transmit
but had to wait until the bus was free. Similarly, the WAIT TIME
COLLISION column records the total smount of time the device was
involved in a collision. This total includes the time during packet
transmission as the collision occurred, the time spent sending the jam

sequence upon detecting a collision and the time the device was
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required to wait until it could retry tbe packet. The devices which
transmit most frequently will also be the devices most likely to have
a high wait time due to collisioms. In this case, VAX I and the TVC
transmitted the most packets and also had the highest wait times due

to packet collisions,

The DEFER COUNT and COLL COUNT columns total, respectively, the number
of times that a device had to wait to transmit and the number of times
jt was involved in a collision. The COLL COUNT column indicates the
number of times the device was involved in a collision even if the
data packet was a re—-try. For each collision, the packets of
information are transmitted at a later point in time. The packet
transmissions are recorded in the columns PKTS TX or ACKS TX which
jndicate the total number of packets trensmitted successfully and the
total number of acknowledgements transm:tted successfully. The PKTS RX

totals the number of packets received by the device.

The MINIMUM PKT WAIT TIME column indicates the shortest period of time
spent by a device when trying to access the ETHERNET cable. Similarly,
the MAXIMUM PKT WAIT TIME indicates the longest period of time spent
by a device when trying to access tte cable. The MAX NUM COLLS
indicates the maximum number of times that any one packet collided.
The maximum amount of time that any packet waited to transmit is
recorded in the MAX PKT COLL TIME column. In this case, the TVC had a
packet which was involved in a collision 9 times and had to wait to
access the bus 36.9 milli-seconds. Notice that the AFT and TVC were

set to communicate 30 messages each second. The 36.9 milli—-second wait



time delayed a TVC message so that the 30 messages were not sent in
one or more of the 20 simulation seconds . Under the columns displaying
individual device statistics are colunn totals, maximum values, and
minimum values. For example, the maximum number of collisions
experienced by any packet during the simalation was nine and the total

number of transmitted packets was 5899.

The overall results of the simulation are then given (bottom of page
166). The total busbusy figure is the total time the bus was active,
including the time used transmitting successful packets, the time used
on the bus during collisions, and the m:nimum required dead time of
9.6 micro seconds on the bus. The totsl usage time is the time spent
transmitting packets of information on the bus without collisions. The
total idle time is the amount of time tl.e bus was unused or idle. Then
the busbusy time plus the jdle time equals the simulation run time.
The average values are the totals divided by the total number of

packets transmitted.

The simulated throughput is calculated 1sing values totaled within the
program. This value is calculated by diving the average usage time by
the sum of the average busbusy and the average idle time to give the
successful utilization of the bus. This value may also be calculated
by taking the total number of bits successfully transmitted and
dividing it by the Ethernet bus rate times the simulation run time.
Thus, the usage time is simply the nusber of successfully transmitted
bits divided by the Ethernet bus rate or the sum of the slot times

for all packets transmitted successfully). For this example, the total
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number of bits will be estimated. The number of acknowledge packets
was 2835 at 640 bits each, the total VAX transmissions was 1643 with
100 packets of 1500 bytes and the majority of the remainder at 640
bits, and the total number of station controller messages was 1421
with a majority of the messages at 12000 bits or 1500 bytes and an
estimated 200 messages at 640 bits. Using these estimates, the

4578%640 + 1321%12000 _
10E6 * 20.

throughput = .09391., This value is higher

than the throughput calculated from values tallied by the program
which indicates that the number of estimated bits is higher than the
actual number of transmitted bits. The number of bits which will be
transmitted is difficult to estimate since there are many activities
within ABACS which contribute to bus traffic. The actual number of
successfully transmitted bits is calculated from the usage time of the

bus: 1.85520 * 10E6 = 18,552,000 bits over a 20 second time period.

The aggregrate offered load is the total amount of data transmitted on
the bus including packets successfully transmitted (18,552,000 bits)
and the bits transmitted by each device involved in any collision. If
three new or repeated packets collide, then the maximum or worst case
offered data to the bus is 512 bits by =ach device or 1536 bits. The
round trip propagation delay of a bit is 51.2 micro seconds and a slot
time is defined as 512 bit times. Therefore, the maximum number of
bits which may be transmitted on the cable by a device before a
collision is detected is 512 bits. The total offered load will be
calculated from the estimated traffic load of 18,781,920 bits. This
value is added to the 392 collisions with at least 2 colliding devices

of 512 bits each. The sum of thesc estimated values results in
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19,183,328 offered bits. The offered load is 19,183,328 / (10E6 * 20)
= 0.09592. The offered loading of the bus is actually about 9.59% of

the total bus capacity or about one me;;a bit per second.

The theoretical throughput is calcu:ated using the formula shown in
Section 2.0. It displays the theoretical value for the CSMA protocol.
The efficiency of the network in the configuration for this simulation
example is calculated by dividing th: simulated throughput by the
offered load. This valune specifies how efficient the network will be
at transmitting the information across the bus, for example, 97.5% of
the time the packet offered to the bus will be transmitted with no
collision occurring. Another way to estimate efficiency is to
calculate this percentage based on the actual number of packets
transmitted and the number involved in collisioms. In this case, there
were 5899 packets transmitted successfully and 392 collisions.

s . 3899 _ _
Therefore, the efficiency is about 5899 + 392 - 0.9377, and about

6.3% of the time a packet will collide with another packet.

Two additional performance parameters nave been included. The value in
parenthesis is another suggested means of calculating offered load.
This value will be referred to as alternate load. It is calculated by
summing all packets transmitted succ:ssfully plus the full packet of
information is included in the sum when a collision occurs. Offered
load, however, is the sum of all ths bits which were transmitted on
the bus including successfully transmitted bits and bits transmitted
in a collision. The parameter in parenthesis does not indicate the

load of the bus since this value includes data which was actually
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never transmitted on the bus. The efficiency is then calculated using
this parameter as if it were offered loal. As the plot of simulated
throughput versus offered load indicates in Figure 3.0 the curve using
alternate load is very close to the CSMA protocol. In fact, the
collision detection of the CSMA/CD protocol causes colliding packets
to terminate transmission upon detecting a collision (a maximum
transmission of 512 bits per colliding picket). If alternate load were
actually the same as offered load then the entire packet would have
been transmitted on the bus before a collision was discovered to
indicate the loading of the cable. For this reason the CSMA curve and
the alternate load curve are very similar and the CSMA/CD curve
jndicates a more efficient use of the cable since the entire packet is

not transmitted before a collision is detected.

The total offered data indicates the sum of all the packets which
could have been transmitted on the bus. [he offered data is the sum of
all the bits in packets which attempted transmission. When compared
with the simolated throughput, the actual amount of information which
has been offered but not transmitted due to collisions may be
determined. The efficiency value then shows the amount of information
transmitted versus the amount which was offered for transmission. The
chart of Figure 3.0 shows that the offered data is close to the actual
throughput value except at a very high loading. In the case of run 2,
the throughput bits was 18,552,800 in 2¢ seconds, but the offered bits
was 18,637,440 in 20 seconds. Therefore, only 84,640 bits remained to

be transmitted when the simulation endec.
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A summary of the output information nay be included in a special
report if the user chooses this option. In this way the information
from several runs may be examined frcm summary charts. The input
jinformation for a run is not included on this summary chart, but may
be examined for variable data such as packet sizes and transmit times
on the individual simulation report. Fowever, the summary charts are
very helpful when comparing the results of several simulation runms.

(See Section 3.3.)

In order to simnlate the operations of the VAX computers, the user
enters an estimated number of bytes that the VAX may transmit and
receive in any one second. The output report displays a message if
these parameters are violated at any time in the simmlation. This
jndicates to the program user that the configuration modeled
inherently overloads the VAX device. Reoalistically, these values show
that the VAX computer could not handle <he amount of data being sent
to it or the VAX computer could not transmit the information at that
rate. If either of these parameters are violated, a VAX in an
operational system would possibly loos2 information. In addition, the
namber of transmitted and received bits per second is displayed in a
table at the end of simulation report for each VAX attached to the
Ethernet cable. This table helps the user analyze the bus activity to
determine any bottlenecks which may have occured in the simulation.
Notice that the number of transmitted bits for a VAX is very high
(about 400,000 bits) during the periocds when a station controller is
brought on-line. But, after the statior is initialized the number of

bits the VAX transmits in a second statilized at about 10,000 bits.
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The simulation under discussion (Runm 2) is presented here as an
average worst case condition of ABACS. There is only one Ethernet
cable, all twelve devices are performing operatiomns over the cable,
and the station controllers are tcansmitting archive messages
frequently. This scenario is possible but not likely within ABACS
since all checkout tests are being performed simultaneously in this
simulation. Actually, the scenario displays a very heavily loaded
ABACS system. There were 80,000 bytes received by VAX 1 during the
fifteenth second of the simulation run. This indicates that the VAX is
very close to its maximum receive total of 90 Kbytes. However, only
about 10% of total Ethernet cable capacity was utilized, indicating
that the Ethernet cable for this ABACS :tcenario is lightly loaded. The
offered load must be increased significrantly before the efficiency of

the Ethernet cable is reduced.

In summary, the dual Ethernet Local Area Networks used within ABACS
provide the capability for transmission to occur on one network and
message reception on the other network. If one Ethernet should fail
during checkout operations, the rema:ning Ethernet is used both for
transmission and reception. From the results of this simulation
program, the one Ethernet cable can easily carry the load which
normally would have been shared. The major operational problem of a
failed Ethernet cable is the inability to bring any additional station
controllers on—-line. For a VAX to initiate communication with a
station controller, both Ethernet cable: must be functioning properly.
Both Ethernet cables are not required for proper operations in ABACS

since the simulation results indicate only a 10% bus utilization in an



ABACS worst case scenario (maximum traffic load using one cable). This
simulation also indicates that the mijor bottleneck in the ABACS

system will be the I/O limitations of the VAX.

3.2 Simulation Runs — Configuration and Expected Results.

Many simulation runs have been perfcrmed to date. The summary
information of fifteen different sceaarios/ configuration runs are
included in Appendix III, page 166. The basic configuration consists
of 2 VAX computers which periodically transmit information to station
controllers and 10 station controllers which respond to VAX commands
and send archive information. The packets sizes vary but primarily VAX
commands are 80 bytes, archive mensages are 1500 bytes, and
acknowledge messages are 80 bytes. The parameters which varied over
the fifteen runs are the number of commands issned from the VAX, the
frequency archive messages were sent to the VAX, and finally, VAX
computers and station controllers w:re added beyond the ABACS
capability to increase network loadiag. Using this configuration as
the basic scenario for observations, the bus performance can be

analyzed using this simulation program.

Intuitively, as the amount of information pushed onto the bus
increases, there will be a greater probability of collisions between
packets since many devices will begin trying to access the bus at the
same time and more frequently. Inde=d, as the number of packets of
information sent on the bus increas:d, the bus became much more

heavily loaded and many more collisions did occur. As the number of
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collisions became larger and larger, tbe bus became heavily saturated.
More packets were offered but fewer escaped & collision. The system
then remained occupied in an attempt to clear the backlog of packets.
The efficiency of the system will decrease as packets are offered and
the heavily loaded system will not be sble to transmit the information
because of the load created by many collisions that camse repeated

packet transmission.

Metcalfe and Boggs [MB76] of Xerox Palo Alto Research Center used an
experimental Ethernet system to analyze performance. Their system was
consistently 95% plus efficient when packet sizes were above 4000
bits. They conclude, 'For packets with a size approaching that of a
slot, Ethernet efficiency approaches 1/e, the asymptotic efficiency of
a slotted Aloha network’. The slot is defined here as ’‘the maximum
time between starting a transmission and detecting a collision, one
end-to-end round trip delay’. Since this delay time is 51.2 micro-
seconds, then the smallest packet size: (around 576 bits) will produce
the least efficient network. The 10 Mbps Ethernet bus would have an

effective data rate of only 3.68 Mbps ¢ cke izes became small and

the number of stations became large.

The ABACS configuration has a maximum of 12 devices attached to the
Ethernet. Compared to the maximum namber of 1024, the number of
stations is very small. In addition, there are both small and large
packets within ABACS. For every data picket sent within ABACS there is
an automatic acknowledge by the receiving device. This is the primary

source of small packets (80 bytes). However, the efficiency of the



ABACS system remained high even under a very heavy load. The
efficiency of this network configuration at 100% offered load was
85.2%. The efficiency of this networ} remained very high since the
number of stations was low and the pscket size was large on the
average. Increasing the number of stestions and lowering the packet
size wonld reduce the efficiency of the network as concluded by

Metcalfe and Boggs.

3.3 Comparison of Results when Parameter: Vary.

In addition to obtaining detailed resu:t from each run, the operator
may choose to have the simulation information included in summary
tables containing information from previous runs. This provides a
concise summary of each simulation and allows easy comparison of the
results obtained from each run. In this manner, the system may be
readily analyzed to determine the most asceptable configuration for

testing.

The results of the fifteen simulation runs are included in Appendix
III. The offered load was increased from 8% to 100% by varying the
number of packets transmitted on the bus from VAX commands with
station responses and station archive data. The number of VAX
computers was increased to five and the rumber of station controllers
was increased to fifteen to produce tte loading of the fifteen runs
shown. In this case, the throughput increased from 8% to 85%, and the
bus efficiency dropped from 98% to 85%. The throughput rates were

achieved in the 20 second interval as packet transmissions rose from
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5,514 to 32,005 with packet sizes of 80 and 1500 bytes. The results of
these runs are displayed in Figure 2.1 which shows the throughput rate
versus the offered load. Even a heavilv loaded Ethernet performs well

due to exponential backoff and collision detection features.

The simulation of Appendix III, Run 5 shows the performance of ABACS
under the absolute worst case conditions. The only difference between
Run 2 and Run 5 are the transmit frequencies of the archive buffers.
The rates at which an 86/14 board a:cumulates archive data is
generated from a 40 milli-second sceén cycle with all board inputs
changing on each cycle. Although this 1>ading is not actually possible
within ABACS, the Ethernet cable is busy 9.5 out of 20 seconds. The
offered load is 49.4% with a throughput rate of 46.3% which produces a
bus efficiency of 93.8%. Only about half the Ethernet capacity is
used, but the VAX computer within AFACS is unable to receive the

information from the station controllers at that rate.

The simulation runs 6 — 10 gradually increases the number of commands
the VAX sends to a station controller and the number of those commands
which require a response is increased. The stations which currently do
not perform archiving within ABACS were set to send archive data to
the VAX. In this way, the bus performarnce is predicted for possible
future configurations. In Run 10, all ten station controllers were
archiving data with estimated buffer fill times based on a 40 milli-
second scan cycle. The collision rate vas high since many packets were
offered simultaneously. During the 20 second interval, over half the

time (13.3 seconds) was spent transmitting transmitting packets with



no collisions. Notice that some data packets were lost im runs nine

and ten since they were involved in collisions sixteen times,

In order to bring the offered load to 100% of capacity, additional VAX
computers and station controllers beyond the scope of ABACS were added
to generate additional traffic on the brs. For the configuration of
run fifteen the effective data rate of the Ethernet was about 8.5
Mbits per second. However, there were many collisions which occured so
that the system then remained occupied transmitting re-try data. The
offered data to the bus was 91.07 compsred to a throughput rate of
85.88. The number of bits transmitted was 171,769,594 bits where as
182,135,200 were offered as data to the bus. Therefore, about
10,365,606 bits were offered but remained in a state of collision
resolution. The maximum possible would Lave been about 200 Mbits in 20

seconds. About 5.7% of the offered data remained to be transmitted.

3.4 Limitations on Configuration.

Ethernet specifications limit the cable length to 2.5 kilometers. This
allows a maximum of 1024 stations connected 2.5 meters apart. The
simulation does not handle this number of stations. The limiting
factors are the computer memory and the amount of time required to rumn
a simulation of this magnitude. For the¢ allowable number of stations,
see Section 2.2. Another specification of Ethernet is packet size. The

maximum allowed size is 1526 bytes, and the minimum packet size is 72

bytes.
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From the simulation runs presented, the system configuration may be
varied in many ways. However, the performance of the network will vary
greatly depending on how it is structured. To ensure that the system

performance is high (efficiency above 75%), keep the packet size

large. One obvious way to improve ABA(S efficiency is to discontinue
sending the automatic acknowledge by the receiving station. However,
the acknowledge information is important in this system to verify
important data reception. If the small packets were reduced, then the

number of collisions on the bus will be reduced and thus the amount of

repeated data. With very small packet sizes and a high number of

stations transmitting, the efficiency i _reduced to 36,8% of capacity,

A high performance on the Ethernet is also achieved when the data is
divided over time so that transmissions are structured. Currently
within ABACS the test sequences are not performed in a structured
manpner. For example, the archive buffers are set to fill and transmit
at a certain time, but no effort was made to insure that packets had
transmit times which did not interfere with other attempts. The ABACS
tests actually occur on a random basis and VAX commands sometimes have
responses and sometimes do not., 1f the messages could be time
structured so that messages do not attempt to transmit in the same
time frame, then fewer collisions would occur. However, the ABACS
devices must have the flexibility of random access to the Ethernet.
The archive buffers are filled as test results are analyzed and VAX
commands are issued as needed to perfo:m a test. For these reasons,

structuring packet transmission within ABACS is not feasible.



Another limjting factor is the data rate of the devices attached to

the bus, The bandwidth of the Etherret cable is 10 Mbps. However,

there is no way to utilijze the maximum bandwidth unless there are
devices attached which can su ir.formation to be transmitted at
that rate. For example, the VAX computers are able to transmit an
estimated 100 Kbytes per second and receive only 90 Kbytes per second.
In the examples of Appendix III, the initial two simulation runs are
configured so that these parameters are not violated. If, however, the
number of archive messages are increased as in Run 3, then the VAX
computer is realistically unable to handle the load. For the ABACS
system, the Ethernet bus is lightly loaded and can accommodate & much
beavier load. The remaining simulation runs demonstrate that although
the VAX could not realistically transmit or receive at the higher rate
the Ethernet can efficiently carry a much heavier load. This
illustrates the point that if the VAX units are replaced with higher
I/0 rate devices, then the system will be able to handle a higher date

loading.
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4.0 WORST CASE ANALYSIS

A worst case analytical analysis has been developed for the ABACS
Local Area Network System. This analysis calculates the amount of
information generated for tramnsmission on the Ethernet cable by the
ABACS stations and demonstrates that the ABACS system can accommodate

a worst case load even on a single Ethernet LAN.

4.1 Analysis

The worst case analysis of the ABACS data communication must involve
the Ethernet, the iSBX 186/51 LAN interface boards, the SBC 86/14
boards, which are the interface betweer the analog data sensors and
digital data sources and the iSBX 186/51 boards, and the input/output

capabilities of the VAX units.

As stated previously in this report. the VAX units can transmit at
approximately 100K bytes per second (:00 KBps) rate and receive at
approximately a 90 KBps rate to the iSEX 186/15's. The basic stations
connected to the Ethernet cables are thie FWD and AFT stations (2 of
each), the EMU, the TVC, the IEA, the ASA, the VSWR remotes, and the

DFI. Figure 1.1 illustrates these distunces.

The normal operation of the system w.11 not require the simultaneous
checkout of all ten stations. Typically, the SRB testing is done in

pieces. Not all Ethernet stations are actively powered and operational



at the same time., For this reason, the worst case analysis will

consider three cases:

1. All stations except AFT #1, AFT #2 and TVC are operational,
2. All stations except FWD #1 and FWD #2 are operational,

3. All stations are operational.

In all three cases the basic data flow will consist of offered
commands from the VAX, command acknowledgements from destination

station and archive data transmissions with VAX acknowledgements.

For each case the total amount of expect:d archival data is estimated
using the data in Table 4.0. The estimated worst case input bit rate
is derived from the number of analog and digital data sources
possible. As may be observed in Table 4.0, there are a number of
86/14 boards with a varying number of analog and digital data sources.
Each data soerce has an equivalent of 200 bits per second date
generation rate. For a station, one of the AFT stations for example,
the total accumulated worst case input data rate is found by adding
the worst case data rates for each board. This total for the AFT

station is 4400 Bps (35,200 bps).

One aspect of the archiving of data is that only changes in data
sensor outputs are recorded in the stations 86/14 board and
transmitted over the Ethernet. Thus, it is likely that only 50% of

the 4400 Bps would need to be transmi:zted. The worst case analysis
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TABLE 4.0

86/14 BOARD INPUTS AND FII L TIMES (ESTIMATES)

86/14 WORST CASE  WORST CASE
BOARD CPU ESTIMATED EQJIVALENT ESTIMATED INPUT
STATION # # #INPUTS _ INFUT TOT FILL TIME BIT RATE
DICITAL SECONDS bps / Bps
FWD & EMU 1 3 76A 76 0.04 15200 / 1900
2 4 12D 12 0.24 2400/ 300
3 5 0 0 1.0 e
4 6 0 0 e
5 7 16A 16 0.2 3200/ 400
6 8 16A + 12D 28 0.1 5600/ 700
7 9 16A +24D 40 0.16 8000 / 1000
AFT 1 3 76A 12 0.04 15200/ 1900
2 4 12D 76 0.24 2400/ 300
3 5 16A + 16D 32 0.08 6400/ 800
4 6 16A + 8D 24 0.12 4800/ 600
5 7 16A + 16A 32 0.08 6400/ 800
6 8 0 O -
TVC 1 3 16D+8D+8D+8D 112 0.02 22400 /2800
+24D*3
2 4 16A * 4 64 0.04 12800 / 1600
3 5 16A+4D+16A*3 68 0.04 13600 /1700
4 6 24D 24 0.12 4800/ 600
IEA 1 3 16A*3 + 24D 72 0.04 14400 / 1800
2 4 T6A 76 0.04 15200 / 1900
3 5 16A*3 48 0.06 9600 / 1200
ASA & VSWR 1 3 0 -
DFI 1 3 ? ? 05 e
2 4 ? ? 0.7 e
3 5 ? ? 09

A = Analog data line (Sampled at a 25 sample per secind rate and converted to an 8 bit number per
sample). Thus, A has 200 bps equivalent Digital rate

D = Digital channel (Number of bits input). Thus, D t-as 200 bps equivalent Digital rate.
b = bits
B = bytes

Note that there are 2 FWD stations, 1 Emulator, and Z AFT stations.
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will consider both the 50% and 100% sitvation. In addition, it should
be noted that the archived data is buffered into 1500 Byte packets for

transmission over Ethernet.

The outlying statioms which interface t¢ the SRB transmit archive data
to the VAX units. Thus, if a 1500 Byte packet at the TVC station is
ready for transmission, it is transmitted via Ethernet to the VAX,
The transmission rate over Ethernet is at a 1.25 MByte rate and takes
approximately 1.2 milliseconds. Of coarse, there will also be VAX
command transmissions with receiving station acknowledgements on the
Etbernet at random times during archival data transfers as well as the

VAX antomatic acknowledgements.

The archival data gathering takes place on a regular basis. For
example, the analog data sources are sampled at a 25-sample per second
rate and each sample is converted to an 8-bit number. (The equivalent
bit rate of an analog data line is 200 bits per second. Assuming data
sources that are digital tramsducer outputs, the same data rate has
been assumed.) Thus, it is conceivable that the archiving data
transfer for the busiest 86/14 board cculd be 1500 Bytes every .535
seconds. However, only changes in desta are transmitted. Thus it is
probable that say only 50% of the archiving data source data requires
transmission. Based on the above desciiption, the analysis for Case 1

is summarized in Table 4.1.
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Active Stations Providing

TABLE 4.1

Case 1 Woprst Case Analysis
Archival Transfers Only

Total Worst Case

Assuming 20% Overhead for 1500 Byte Packets

Total Archive Data and OVHD Total Archive Data and

Source Data Data Generation to be Transmitted to VAX OVH to be Transmitted to
Rate (Bytes Per Assuming 50% Need VAX Assuming 100% Need
Second)
FWD #1 4,300
FWD #2 h,300 10,680 Bytes Per Second 21,360 Bytes Per Second
EMU 4,300
IEA 4,900 CONCLUSION: THERE IS MORE THAN SUFFICIENT CAPACITY ON
BOTH ETHERNET AND VAX I/0, EVEN ON ONE LAN.
e 2 A
AFT #1 4,400
AFT #2 4,400
EMU 4,300 14,820 Bytes Per Second 29,640 Bytes Per Second
IEA 4,900 CONCLUSION: THERE IS MORE THAN SUFFICIENT CAPACITY ON
BOTH ETHERNET AND VAX I/0, EVEN ON ONE LAN.
Case 3 Worst Case Analysis
2 FWD
2 AFT 33,300 aggregate 19,980 Bytes Per Second 39,960 Bytes Per Second
EMU CONCLUSION: THERE IS MORE THAN SUFFICIENT CAPACITY ON
BOTH ETHERNET AND VAX I/0, EVEN ON ONE LAN.
TVC

IEA



One may observe that for omly archival data transfers with no commands
from VAX, no transfers from TVC to AFT :tations, and no acknowledge

messages, the single LAN and VAX I/O’'s Lave sufficient capacity.

Consider now a series of 60 commands, the required 60 acknowledge
messages, and the VAX acknowledgements to archive messages (about 30
Ethernet messages). Since the commands night be buffered into longer
packets, an estimate of 500 Byte packets is used for VAX commands.
The acknowledgements are assumed to b2 100 Byte packets. The data
transfer requirements are now increascd by an additional 6600 Bytes,
still well within the capacity of the VAX machine I/0 capability and

the Ethernet requirements.

Consider, however, the sitmation that might arise when all stations
want to transmit 1500 Byte packets at the same time due to a quirk in
timing. There will be a heavy period of collisions, and then the
system should sort itself out. Initially, there will be approximately
30 packets to be tramsmitted. Assuming all are involved in an average

of three collisions, then the time 1o transmit is upper—bounded by

30 pkts x (3 colls + 1 successful retry) x 2.1 millisecond/pkt

<+

30 ack pkts x (3 colls + 1 successful retry) x .7 millisecond/pkt

or a time of 336 milliseconds. (For the equation above, a .20
millisecond wait period is assumed, pk' implies packet, ack implies

acknowledge, and coll implies collis:ion.) How long will it be before



the next set of archival data is ready to be transmitted? The answer
is found in the data of Table 4.1. Each 86/14 board accumulates the
archive information into 1500 Byte packets to transmit. The worst case
data arrival or generation rate is the 2800 Bytes per second which is
shown in the worst case input bit rate column of Table 4.1. Thus, in
530 milliseconds, a second packet will be ready. (This is the first
86/14 board listed for the TVC station.) The first initial burst of
simultaneous archival data transmission should be accomplished in a
little over half the time it takes tc¢ ready just one more packet.
Even if 60 commands are transmitted and acknowledgements received by
the VAX in this first one second period , the additional time for this

would be:

60 pkts x (3 colls + 1 successful retry) x 1.08 millisecond/pkt
+

60 acks x (3 colls + 1 smccessful retry) x .7 millisecond/pkt

or a total of 427 milliseconds extra time. (The same assumptions as
before are made for this equation.) The total time required for the
first archival data and acknowledgements plus 60 commands and 60
acknowledgements under 300% collision will require 763 milliseconds.
During this period there could be one new packet generated at the 530
millisecond point by the TVC 86/14 board number 1. The next three
packets will be generated at the 789 millisecond point, due to a 1900
Byte per second worst case data generation assumption. Thus, there is
approximately 100 milliseconds of time to transmit the additional 1500

Byte TVC packet, which would take 8.4 milliseconds even with three



collisions and .200 msec average waitirg between retries. The system
should recover in the first one-second period, and the uneven data
generation rates will smooth out the data transfer requests within the

end of the first second.

4.2 Analysis Conclusions

The configuration discussed includes all archival data sources
simultaneously ready to transmit 100% of the archival data (all newly
changed data assumed) from 100% of the possible stations with VAX
acknowledgements for each archive message and an assumed 60 commands
from the VAX with the 60 required acknovledgements. A 300% collision
rate is assumed. The ABACS systen, even under the worst case
configuration, will be able to accommodate the communication load

under the single LAN assumption.
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5.0 RECOMMENDATIONS FOR IMPROVING SYSTE}M RESPONSIVENESS

Several considerations for improving system responsiveness are
presented. The suggestions include equipment upgrading, packet size

considerations, and data loading.

5.1 ABACS Environment.

The VAX 11/750 computer systems can receive about 90 Kbytes per second
and can transmit about 100 Kbytes per sezond. Since these values are

only about 8% of the Ethernet capability of 10 Mbits per second,
upgrading the VAX computers to a system with a faster throughput rate
will allow both an increased informatijon transfer and a faster message
interpretation and handling cycle.

In order to reduce the possibility of jalse collision detection, the
devices attached to the Ethernet cable mist be placed on appropriate

2.5 meter commection locations, Device Ilacement on the cable must be

carefully controlled to insure reflections do not add in phase to a

significant degree. By using the minimum separation lengths of 2.5

meters, reflection build~up may be avoided.

5.2 System Considerations.

When a station controller is initialized for communication with the

VAX control computer, the bus activity is increased significantly. The

VAX sends a station about 400 Kbits of information on initialization
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and the station controller responds with about 240 Kbits. This
transfer has been simulated as occuxrring over a 1 to 2 second
interval. There are additional delay times associated with the
initialization procedure within ABACS. Since the bus is heavily loaded
during initialization, the station controllers should be ’'brought on-—
line' when slack times occur on the bus. Stations should not be

initialized at the same time since th: VAX may become over loaded by

the increased demand.

To reduce the system communication requirements, the VAX commands
which are about 20 bytes should be combined to form fewer but larger
Ethernet packets. This operation which is called a sequential
operation in ABACS is currently performed on a limited basis. Only
about 1 in 50 out-going messages from the VAX to a station are
sequential operations. If the VAX commands were combined into larger
single commands, then the number of scknowledge messages returned by
the receiving station would also be reduced. By lowering the number of

messages and increasing th acket iize of the messages which are

transmitted, fewer collisions will occur and the efficiency of the

Ethernet will be improyed

If the auntomatic acknowledge of a packet by a receiving station could
be eliminated, then the number of Etheinet transmissions is reduced to
almost half the current value. The frequent transmission of small

packets greatly reduces the Ethernet eificiency.



6.0 CONCLUSION

The purpose of this research has been to provide a software tool that
will aid in the performance analysis of the ABACS Ethernet system in
varying configurations, This program is specifically designed to meet
the needs of the engineers and scientists at NASA's Huntsville
Operation Support Center. The model provides for control computers
which issue commands to station controllers also attached to the
Ethernet cable and for control computer archival of information

received from the station controller.

The report began with a detailed description of the system
configuration and operations to be modeled. Figure 1.0 gives an
overview of the system configuration. This establishes a basic
configuration for test cases in Sectior 3.0. The devices which serve
as the components of the network modeled are characterized in Section
1.1. Section 1.2 analyzes the traffic flow of the ABACS system. A
complete description of the Ethernet protocol is then presented in
Section 1.3 to provide insight into Ethernet characteristics and

operations.

Section 2.0 was provided to detail the ABACS operations modeled. In
addition, the performance parameters used to analyze the network were
explained and a user interface with a description of bhow to use the
simulation model was included. This section also provides the
validation criteria used for this program. Using the results of many

simulation runs, the offered load versus throughput were plotted in
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Figure 2.1. The graph produced result: very close to the research
efforts of [ABA77] and [SH80]. For u heavily loaded bus with 20
devices attached and with about half the packet sizes 80 bytes and
half 1500 bytes, the bus efficiency wa: near 85%. The bus utilization

then was about 8.5 Mbits per second.

In section 3.0 the results of several simulation run were presented.
To gain full appreciation of the ABACS system and performance under
varying scenarios, it is necessary to read Section 3.0. In summary,
the throughput of the network will approach 98% under favorable
conditions. However, adverse conditions such as small packet sizes
combined with a high number of stations produces a lower bound of
36.8% channel throughput. The examples within this report average a
throughput rate of 85% demonstrating ths robust features of Ethernet.
The efficiency of this network remained high since the number of

stations was low and the packet size was large on the average.

A worst case analysis if the expected Ethernet load was presented in
Section 4.0. From the analysis configuration of this section, the
ABACS system, even in the worst pcssible case, will be able to
accommodate the communication load under the single LAN assumption. In
comparison, the simslation run configuration for Run 2 in Appendix III
closely parallels the analysis configuration of Section 4.0. The
results of simulation run 2 also demonstrate that the ABACS VAX
computer will be able to transmit an¢ receive information without
loss of data under this worst case scenario. Since only about 10% of

total Ethernet cable capacity was utilized, the offered load must be



increased significantly before the efficiency of the Ethernet cable is

reduced.

Several suggestion for improving system responsiveness were proposed
in Section 5.0 to reduce inefficiency ia the network. This included
VAX control computer upgrading, station spacing onm the Ethernet cable,
station initialization, and reducing the number of transmitted

messages on the Ethernet cable.

Finally, the stated objectives of this -esearch have been reached. As
always, additional features could be added to this model to produce
improvements. The current model provides an accurate and valid

performance analysis for the system configuration stated.
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ATTRIBUTES OF SYSTEM COMPUTER - iSBC 286/10

1) 8 MHz 80286 microprocessor (16/32 bit CPU)

2) 16 Megabyte physical addressability, 1 gigabyte virtual
3) 80287 numeric data coprocessor - IEAA P754 STD

4) Multibus and LBX bus capability

5) 0 wait—state synchronous interfsce to memory

6) Local and dual port RAM capabilities

7) 8 JEDEC 28 pin sites for 128K (#K) RAM/ 512K (64K) EPROM
8) 2 SBX bus interface connectors

9) 16 levels of vectorized interrupt control

10) Centronics—compatible paralled I/O interface

11) 2 Multiprotocol synchronous/ asynchronous serial I/0
12) Multibus interface for multimaster configuration

13) 3 independent 16 bit interval timers

14) 64 Kbytes of I/O addressing
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1)
2)
3)
4)
5)
6)
7)
8)

9)

ATTRIBUTES OF ETHERNET I/¢: COMPUTER - iSBC 186/51

6 MHz 80186 microprocessor (16 bit)

128 Kbytes of dual port/ local RAM

6 JEDEC 24/28 pin sockets for RAM/EPROM (32K EPROM)

2 SBX bus interface connectors

2 serial I/0 channels

1 Megabyte direct memory addressability

64 Kbytes of I/0 addressability

an onboard intelligent communications controller capable of
gaining access to the Ethernet serial link, formatting data
into packets, and targeting the data to its destination with
DMA transfer of the data from memory.

3 independent 16 bit interval timers

10) 2 independent high speed DMA channels

BLOCK DIAGRAM OF ETHERNET iSBC 186/51
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ATTRIBUTES OF I/0 COYPUTER - iSBC 86/14

1) 16 bit 8086 CPU (16 bit internal and 16 bit data lines)

2) 1 megabyte direct addressability

3) 32 bytes of on-board RAM that is configurable for local and/or
dual port to multibus in part or all

4) supports additional 32 Kbytes of RAM with add-on board

5) Multibus arbitration chips

6) On board RS-232 interface

7) On board parallel interface with 24 bits divided into three 8
bit words with each word separately configurable and one word
configurable with 4 bits in and 4 bits out

8) 2 SBX interface buses on board

9) 64 Kbytes of I/0 addressing

10) 5 or 8 MHz jumper selectable CPU clock

11) 3 independent 16 bit intezval timers

12) 9 vectored interrupt levels
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STATION I/O IDENTIFICATIONS

SINCE THE SBC286 AND SBC186 BOARDS PERFORM NO UNIT UNDER TEST (UUT)
INTERFACE, THE FOLLOWING INFORMATION SHOWS THE SBC86/14 BOARD I/O
IDENTIFICATIONS. THE SBX INTERFACES INCLUDE:

CURRENTLY NO ARCHIVING PERFORMED:
488 - IEEE 488 INTERFACE
328 - ANALOG OUTPUT
354 - RS-232 INTERFACE

ARCHIVING MAY BE PERFORMED:
311 - ANALOG INPUT - 16 SINGLE-ENDED INPUT CHANNELS

350 - DISCRETE I/O - 3 CHANNELS WITH 8 BITS EACH

CHANNELS ARE DESIGNATED A, B, & C
A - CAN BE PROGRAMMED AS 8 BITS INPUT OR 8 BITS OUTPUT.

ARCHIVED IF INPUT.

B - SAME AS A.
C - CAN BE SAME AS A OR SPLIT INTO TWO 4 BIT CHANNELS WITH 1

INPUT AND THE OTHER OUTPUT. ARCHIVED IF INPUT.
MDM- UUT DEVICE CONNECTED TO ABACS VIA A SERIAL INTERFACE.
4 MODULES EACH HAVING THREE 16 BIT CHANNELS, ALL INPUT.

2 MODULES EACH HAVING 32 ANALOG INPUT CHANNELS.
ALL MDM INPUTS ARE ARCHIVABLE.

SBXO IS NOT USED FOR TESTING. THE ONLY VALID SBX'S ARE 1 UPTO 8.
SBX 3 - 8 ARE ON AN EXTENDER BOARD THAT IS ACCESSED OVER THE MULITBUS.

SBX 1 & 2 ARE ON THE SBC86/14 BOARD AN ARE ACCESSED OVER A LOCAL BUS ON
THE BOARD.
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STATION /O IDENTI-ICATIONS

SBX350 KEY PCRT ADDRESS
CH/CL/B/A 00C8 ONBOARD PPI
[-IN 0-OUT 0080 iSBX J4

00A0 iSBX J3
1100- 11A0 iSBX EXPANDER CARD

STATION CPU# SBX0Q SBX1 SBX2 SBX3 SBX4 SBXS SBX6 SBX7 SBXS

FWD 3 0/1/1/0 0/0/0/0  0/0/0/  0/0/0/0 0/0/0/0 0/0/0/0  0/0/0/0
1&2 (00C8)350 (0080)488 (00A0)350 (1100)350 (1 120)350 (1140)354 (1160)350 (1180)350 (11A0)350
4 0/1/1/0 0/0/0/0

(00C8)350 (0080)MDM (00A0)350

5 0/1/1/0 0/0/0/0
(00C8)350 (0080)328 (00A0)350

6 0/1/1/0 0/0/0/0
(00C8)350 (0080)328 (00A0)350

7 0/1/1/0 0/0/0/0
(00C8)350 (0080)311 (00A0)350

8 0/1/1/0 1/0/1/0
(00C8)350 (0080)311 (00A0)350

9 0/1/1/0 /i1
(00C8)350 (0080)311 (00A0)350

STATION CPU# SBXQ SBX1 SBX2 SBX3 SBX4 SBX5S SBX6 SBX7 SBXS

AFT 3 0/1/1/0 YO0  0/0/010  0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0  0/0/0/0
1&2 (00C8)350 (0080)488 (00A0)350 (1100)50 (1 120)350 (1140)350 (1160)350 (1180)350 (11A0)350
4 0/1/1/0 0/0/0/0
(00C8)350 (0080)MDM (00A0)328
5 0/1/1/0 0/0/0/0  0/0/0/0  0/0/0/0
(00C8)350 (0080)311 (00A0)311 (1200)::28 (1220)328 (1240)354 (1260)350 (1280)350 (12A0)350
6 0/1/1/0 0/0/0/1
(00C8)350 (0080)311 (00A0)3500
7 0/1/1/0
(00C8)350 (0080)311 (00A0)311
8 0/1/1/0
(00C8)350 (0080)328
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STATION I/O IDENTIFICATIONS

SBX350 KEY PORT ADDRESS
CH/CL/B/A 00C8 ONBOARD PPI
I-IN 0-OUT 0080 iSBX J4

00A0 iSBX I3
1100-11A0 iSBX EXPANDER CARD

STATION CPU# SBX0 SBX1 SBX2 SBX3 SBX4 SBXS5 SBX6 SBX7 SBX8
TVC 3 01/1/0 a0 0/0/01  0/0/01 0001 11N /11 oyt
(00C8)350 (0080)488 (00A0)350 (1 100)35 (1120)350 (1140)350 (1160)350 (1 180)350 (11A0)350

4 0/1/1/0 0/0/0/0 0/0/0/0  0/0/0/0
(00C8)350 (0080)354 (00A0)311 (1300)311 (1320)311 (1340)311 (1260)350 (1280)350 (12A0)350

5 0/1/1/0 0/1/0/0  0/0/0/0  0/0/0/0  0/0/0/0
(00C8)350 (0080)311 (00A0)350 (1200)3£0 (1220)350 (1240)350 (1360)311 (1380)311 (13A0)311

6 o0 LN
(00C8)350 (0080)350 (00A0)328

STATION CPU# SBX0 SBX1 SBX2 SBX3 _SBX4 SBXS SBX6 SBX7 SBX8
IEA 3 0/1/1/0 innut 0/0/0/0
(00C8)350 (0080)488 (00A0)311 (1 100)3 11 (1120)311 (1140)328 (1160)350 (1 180)350 (11A0)328

4 0/1/1/0
(00C8)350 (0080)MDM (00A0)328

5 0/1/1/0 0/0/0/0  0/0/0/0
(00C8)350 (0080)311 (00A0)354 (1200)311 (1220)311 (1240)328 (1360)350 (1380)350

STATION CPU# SBX0 SBX1 SBX2 SBX3 SBX4 SBXS SBX6 SBX7 SBX8
ASA 3 11/1/0 0/0/0/0  0/0/0.0
(00C8)350 (0080)488 (00A0)350 (1 100)250 (1120)311

STATION CPU# SBX0Q SBX1  SBX2 SBX3 SBX4 SBX5 SBX6 SBX7 SBX8
VSWR 3 /1/1/0 0/0/0/0  0/0/010
(00C8)350 (0080)488 (00A0)350




86/14 BOARD INPUTS AND FILIL TIMES (ESTIMATES)

86/14 WORST CASE WORST CASE
BOARD CPU ESTIMATED EQUIVALENT ESTIMATED INPUT
STATION 4 # #INPUTS __INPUTTOT _ FILLTIME  BITRATE
DIGITAL SECONDS bps / Bps
FWD&EMU 1 3  76A 76 0.04 15200 / 1900
2 4 12D 12 0.24 2400/ 300
3 5 0 0 10 -
4 6 0 0 I S—
5 7 16A 16 0.2 3200/ 400
6 8 16A + 12D 28 0.1 5600/ 700
7 9 16A + 24D 40 0.16 8000 / 1000
AFT 1 3  76A 12 0.04 15200 / 1900
2 4 12D 76 0.24 2400/ 300
35 16A + 16D 32 0.08 6400/ 800
4 6  16A+8D 24 0.12 4800/ 600
5 7 16A + 16A 32 0.08 6400/ 800
6 8 0 0 e e
TVC 1 3 16D+8D+8D+8D 112 0.02 22400 / 2800
+24D*3
2 4 16A * 4 64 0.04 12800 / 1600
35 16A+4D+16A*3 68 0.04 13600 / 1700
4 6 24D 24 0.12 4800/ 600
EA 1 3 16A*3 + 24D 72 0.04 14400 / 1800
2 4 T6A 76 0.04 15200 / 1900
35 16A*3 48 0.06 9600 / 1200
ASA&VSWR 1 3 0 0 e e
DFI 1 3 7 ? 05 -
2 4 ? 07 -
3 5 7 ? 09 -

A = Analog data line (Sampled at a 25 sample per st .cond rate and converted to an 8 bit number per
sample). Thus, A has 200 bps equivalent Digital rate.

D = Digital channel (Number of bits input). Thus, [) has 200 bps equivalent Digital rate.
b = bits
B = bytes

Note that there are 2 FWD stations, 1 Emulator, an 2 AFT stations.
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VAX
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CONTROLLER IN VAX (SBC 86/14)

IKON INTERFACE INITIALIZATION
- SET ALL STATIONS INACTIVE IN ACTIVE STATION LIST
- SET UP INTERRUPT FROM IKON REZEIVE BOARD

- RESET IKON BOARDS STATUS
- RESET DMA END FLAG
- RESET ATTN FLAG
- RESET PARITY ERROR FLAG

- SET FCN1 LINE TO TELL VAX THAT CONTROLLER IS READY FOR STARTUP
- WAIT FOR VAX'S DR11W RECEIVE LINE TO BE SET

- SET UP FOR RECEIVE MESSAGE THROUGH IKON

- GIVE POINTER TO MESSAGE BUFFER TO THE IKON
BOARD FOR INCOMING MESSFGE FROM THE VAX

- GIVE LENGTH OF MESSAGE 10 IKON BOARD

- RESET IKOM BOARDS STATUS

- ENABLE DMA AND ATTN INTERRUPTS

- SET FCN1 LINE TO TELL VAX THAT THE
CONTROLLER IS READY TO FECEIVE MESSAGE

- PULSE FCN2 AND GO TO SE™ ATTN AND GO

- WAIT FOR "SET STATION ID" MESSAGE FROM VAX. THIS MUST BE
FIRST MESSAGE SENT. IF IT I& NOT, THE MESSAGE IS THROWN
AWAY AND THE WAIT CONTINUES.

- SET DUAL PORT MEMORY LOCATIO! USED BY ALL OTHER CPU BOARDS
FOR THE STATION ID.

- SET UP FOR RECEIVE MESSAGE.
RECEIVE MESSAGE FROM VAX - INTERRJPT 3 OCCURS

- IF IKON DMA COMPLETE BIT IS SET

- 1F MESSAGE 1S A CONNECT OR DISCONNECT
- GET ANOTHER MESSAGE BUFFER
- COPY MESSAGE INTO NEW MESSAGE BUFFER
- SEND NEW MESSAGE BUFFER TO SBC186/51

BOARD #2
- SEND MESSAGE TO SBC186/51 BOARD #1
- GET NEW IKON RECEIVE MESSAGE BUFFER



CONTROLLER IN VAX SBC 86/14)
(CONTINUED)

IF IKON DMA COMPLETE BIT IS NOT SET

- REUSE SAME MESSAGE BUFFER

- SET UP FOR RETRANSMIT

SET UP FOR RECEIVE MESSAGE THRO JGH IKON

REENABLE INTERRUPT 3

SEND MESSAGE TO VAX

WAIT FOR ATTN FLAG TO BE SET AN) FOR DMA END
GIVE POINTER TO MESSAGE TO THE (KON BOARD

GIVE THE LENGTH OF THE MESSAGE [0 THE IKON BOARD
RESET DMA END FLAG

RESET ATTN FLAG

RESET PARITY ERROR FLAG

PULSE CYCL TO START DMA AND GO TO RESET REDY
WAIT FOR REDY TO BE RESET
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STATION TO STATION CONHECTION OVER ETHERNET

RECEIVE A CONNECT MESSAGE OV:R THE MULTIBUS

FOR THE INDICATED STATION:

- SET ACTIVE IN THE WATCHJOG TIMER LIST

- SET THE TIME TO SEND A WATCHDOG MESSAGE TO THE STATION

- SET THE TIME TO RECEIVE A WATCHDOG MESSAGE BEFORE WE
CONSIDER THE STATION DCWN

SEND THE CONNECT MESSAGE OVER ETHERNET TO THE STATION TO BE

CONNECTED

STATION RECEIVES A CONNECT MESSAGE OVER THE ETHERNET

FOR THE STATION SENDING THE MESSAGE:

- SET ACTIVE IN CONNECTEL STATION LIST

- SAVE ETHERNET AND TASK ID’S FOR MESSAGE SENDING

- SET ACTIVE IN THE WATCHDOG TIMER LIST

- SET THE TIME TO SEND A WATCHDOG MESSAGE TO THE STATION

- SET THE TIME TO RECEIVE A WATCHDOG MESSAGE BEFORE WE
CONSIDER THE STATION DOWN

- GENERATE A CONNECTED MESSAGE TELLING IF THIS IS THE
ONLY CONNECT TO THIS STATION OR A MULTIPLE CONNECT
SEND MESSAGE TO CONNECTING STATION VIA ETHERNET

om_mHz>r STATION RECEIVES MESSAGE OVER ETHERNET FROM THE

STATION CONNECTING TO

FOR INDICATED STATION:

- SET ACTIVE IN CONNECTE) STATION LIST

- PASS THE SINGLE OR MULTIPLE CONNECT STATUS TO THE
SBC86/14

THE SBC86/14 ONLY SENDS ONE OF THE TWO CONNECTED MESSAGES

FROM THE 2 SBC186/51S BOARDS TO THE VAX OVER THE PARALLEL

INTERFACE



SENDING MESSAGES QV=R ETHERNET

MOVE MESSAGE FROM DUAL PORT RAM TO LOCAL RAM

SET UP SYNC OF MESSAGE; INCREMENT SYNC

FOR STATION WE ARE SENDING TO:

- SET ACTIVE FLAG TO SHOW WE ARE CURRENTLY
SENDING TO THIS STATION

- SAVE SYNC FOR OF MESSAGE FOR DELIVERY
VERIFICATION

- SAVE ADDRESS OF WHERE MESSAGE IS

- SET UP A MAX TIME TO WAIT (-OR REPLY OF THIS
MESSAGE (700 MS)

TO START TRANSMISSION OVER ETHERNET, BUILD THE TRANSMIT
COMMAND BLOCK:

- SET FOR TRANSMIT COMMAND W TH SUSPEND AND
INTERRUPT AFTER COMPLETION

- SET THE ETHERNET ADDRESS OF THE RECEIVER

- STORE MESSAGE SYNC IN TYPE FIELD

- STORE MESSAGE LENGTH

- SET EOF FLAG TO INDICATE THERE ARE NO MORE
MESSAGES AFTER THIS ONE

TELL INTEL 82586 CHIP TO TRANSM.T
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RECEIVING MESSAGES OVER ETHERNET

INTERRUPT ZERG OCCURS

IF TRANSMITTER FINISHED:

IF A TRANSMISSION ERROR OCCURRED:
- INCREMENT RETRY COUNT
- IF MORE THAN 15 RETRIES HAVE OCCURRED:
- RESET RETRY TC ZERO
- TELL 82586 TO CONTINUE NORMAL OPERATION
- IF LESS THAN 16 RETRIES HAVE OCCURRED:
- TELL 82586 TO RETRY SENDING MESSAGE
IF GOOD TRANSMISSION:
- RESET RETRY TO ZERG
- TELL 82586 TO CONT NUE NORMAL OPERATION

IF RECEIVED MESSAGE:

ORIGINAL MESSAGE:

- PASS MESSAGE VIA BODARD TO BOARD COMMUNICATIONS
TO CPU MESSAGE INDICATES IN MESSAGE HEADER

- BUILD REPLY MESSAGZ WITH THIS MESSAGE SYNC AND
SEND IT TO THE ORIGINAL SENDER

REPLY MESSAGE:

- RESET ACTIVE FLAG “OR THAT STATION

WATCHDOG MESSAGE:

- RESET WATCHDOG TIMEOUT TIMER
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STATION TO STATION DISCONWECT OVER ETHERNET

RECEIVE DISCONNECT MESSAGE OVER THE MULTIBUS

FOR THE INDICATED STATION:

- SEND THE MESSAGE OVER ETHERNET

- SET WATCHDOG INACTIVE

- SET STATION INACTIVE IN ACTIVE STATION LIST
STATION RECEIVES DISCONNECT OVER ETHERNET

FOR THE STATION SENDING THE MESSAGE:

- SET WATCHDOG INACTIVE
- SET STATION- INACTIVE IN ACTIVE STATION LIST

97



TERMINALS 1-10

TO FWD SKIRT
VAX 2
VAX 1 BACKU? FWD1
SYSTEM
HARD DSK
#EEET? #FEET? #FEET?
O
COMMUNICATIONS SUMMARY:
VAX OPERATIONS VAX 2 FORWARD STATION 1

ATLAS COMMANDS

ATLAS COMMANDS

X10 - ENTERED FOR EACH CONTROLLER ATTACHED EMULATOR
COMMANDS GENERATED WITHIN RANGE: COMMANDS GENERA TED WITHIN RANGE:
1: 2 1. 2
SINGLE COMMANDS: SINGLE COMMANDS:
BLOCKED COMMANDS: BLOCKED COMMAND
CMDS/BLOCK: CMDS/BLOCK:
BYTES PER COMMANDS: BYTES PER COMMAMNDS:
NUM OF CMDS WHICH REQ RESPONSE: NUM OF CMDS WHIC!{ REQ RESPONSE:

NUM OF CMDS WHICH REQ NO RESPONSE:

NUM OF CMDS WHICH REQNO RESPONSE: ____

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

VAX SIMULATION:
TRANSMIT OVERLOAD AT: KBS

RECEIVE OVERLOAD AT: KB/S

VAX SIMULATION:
TRANSMIT OVERLOAD AT: KB/S
RECEIVE OVERLOAL'AT: KB/S

ARCHIVE DATA
NUM iSBC 86/14:

1:BUFSZ
FREQ DATA ACC:

2:BUF 8Z,
FREQ DATA ACC:

3. BUF SZ:
FREQ DATA ACC:

4:BUFSZ
FREQ DATA ACC:

5:BUF SZ
FREQ DATA ACC:

6: BUF SZ:
FREQ DATA ACC:
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TOONEOF

FWD IEA
MM
TO SRB TO FWD SKIRT AFT IEA
DA FWD2 IEA
#FEET? BFEET? BEEET?
al
DFI OPERATIONS FWD2 INTEGRATED ELECTRONIC

ASSEMBLY OPERATIONS

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

RESPONSE TO VAX
PACKET SIZE;

AVG DELAY TIME:

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

ARCHIVE DATA
NUM iSBC 86/14:

1:BUF SZ:

FREQ DATA ACC:
2:BUF SZ:

FREQ DATA ACC:
3:BUF SZ:

FREQ DATA ACC:
4: BUF SZ:

FREQ DATA ACC.
5B

:BUF SZ:
FREQ DATA ACC.
6: BUF SZ:

FREQ DATA ACC:

ARCHIVE DATA
NUM iSBC 86/14: —— —

1:BUF SZ
FREQ DATA ACC: e

2:BUF SZ
FREQ DATA ACC: e ———

3:BUF SZ:
FREQ DATA ACC: e e

4:BUF SZ:
FREQ DATA ACC e ———

5:BUF SZ:
FREQ DATA ACC e e

6. BUF SZ:
FREQDATAACC

ARCHIVE DATA
NUM iSBC 86/14:

1:BUF SZ:

FREQ DATA ACC.
2:BUF SZ

FREQ DATA ACC:.

3:BUF SZ:
FREQ DATA ACC:

4: BUF SZ:
FREQ DATA ACC.

5:BUF SZ:
FREQ DATAACC

6: BUF SZ:
FREQ DATAACC
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TO SRB
TO ALTITUDE SWITCH
AT ONBENCH OR INFWD
? SKIRT ?
VSWRALA EMULATOR
ASA
2 EEE[’) ﬂ EEE['; g EEE[')
VSWR/LOCATION ALTITUDE SWITCH
AIDS OPERATIONS EMULATOR ASSEMBLE/SENSOR
RESPONSE TO VAX RESPONSE TO VAX RESPONSE TO VAX
PACKET SIZE: PACKET SIZE: _ PACKET SIZE:
AVG DELAY TIME: AVG DELAY TIME: _ AVG DELAY TIME:

ARCHIVE DATA
NUM iSBC 86/14:

1:BUF SZ
FREQ DATA ACC:
2:BUF SZ,
FREQ DATA ACC:

3:BUFSZ
FREQ DATA ACC:

4: BUF SZ:
FREQ DATA ACC:

5:BUF SZ:
FREQ DATA ACC:

6: BUF SZ.
FREQ DATA ACC:

ARCHIVE DATA
NUM iSBC 86/14.-

1:BUFSZ

FREQ DATA ACC
2:BUF SZ

FREQ DATA ACC

3:BUF SZ:
FREQ DATA ACC

4:BUF SZ
FREQ DATA ACC-.

5:BUF SZ:
FREQ DATA ACC:.

6: BUF SZ
FREQ DATA ACC.

ARCHIVE DATA
NUM iSBC 86/14:

1:BUFSZ
FREQ DATA ACC.

2:BUF SZ-
FREQ DATA ACC:

3.BUF SZ:
FREQ DATA ACC———

4:BUF SZ.
FREQ DATA ACC——————

5. BUF SZ:
FREQ DATA ACC———

6: BUF SZ:
FREQDATAACC —
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TO AFT TO AFT SKIRT/
HYDRPfUUsC':( ICRAT}QT T%?gSX{iIIECPéRJg% HYDRAULIC CART
AFT1 VG AFT 2
#EEET? #FEET?
I\I\ [ (= D
/
AFT 1 OPERATIONS THRUST VECTOR CONTROLLER AFT 2

OPERATION

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

RESPONSE TO VAX
PACKET SIZE:

AVG DELAY TIME:

ARCHIVE DATA
NUM iSBC 86/14:

1. BUF SZ:
FREQ DATA ACC:
2:BUF SZ:
FREQ DATA ACC:

3:BUF SZ:
FREQ DATA ACC:

4: BUF SZ:
FREQ DATA ACC:

5.BUF SZ:
FREQ DATA ACC:

6: BUF SZ:
FREQ DATA ACC:

ARCHIVE DATA
NUM iSBC 86/14im——

1:BUF SZ:
FREQ DATA ACC:

2:BUF SZ.
FREQ DATA ACC: —————r -

3BUFSZ @—
FREQ DATA ACC: ——ee—eo—— —

4: BUF SZ:
FREQ DATAACC: —— — —

5:BUF SZ: -
FREQ DATA ACC: e =

6: BUF SZ: -
FREQ DATA ACC. -

6: BUF SZ.
FREQ DATA ACC,

ARCHIVE DATA
NUM iSBC 86/14:

1:BUF SZ:
FREQ DATA ACC;

2:BUF SZ.
FREQ DATA ACC:

3:BUF SZ:
FREQ DATA ACC:

4: BUF SZ:
FREQ DATA ACC:

5:BUF SZ:
FREQ DATA ACC:
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VAX OPERATIONS

FORWARD STATION 1

STARTUP CONDITIONS
X 10 - ENTERED FOR EACH CONT ATTACHED

CONTROLLER STARTUP TIME:
NUM OF PKTS SENT:
PACKET SIZE:

STARTUP CONDITIONS
X 10 - ENTERED FOR EACH CONT ATTACHED

CONTROLLER STARTUP TIME:
NUMOF PKTS SENT: _

PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

OTHER COMMUNICATIONS:
(NON-OPERATOR ENTERED)

1) WATCHDOG TIMER:
VAX: SENDS 1 808 PKT TO CONT EVERY 1 SEC

CONT: RESPONDS TO VAX WITH 80B PKT

2) ACKNOWLEDGEMENT.
EACH MESSAGE SENT OVER ETHERNET WILL BE

AUTOMATICALLY ACKNOWLEDGED BY THE
RECEIVING DEVICE.
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DFI OPERATIONS

FWD 2

INTEGRATED ELECTRONIC
ASSEMBLY OPERATIONS

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:
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VSWR/LOCATION
AIDS OPERATIONS

ALTITUDE SWITCH
ASSEMBLE/SENSOR

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

——————

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:
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AFT 1 OPERATIONS

THRUST VECTOR CONTROLLER

OPERATION

AFT 2

HOTFIRE OPERATION
NUM MESSAGE/SEC:

AVG DELAY TIME:

PACKET SIZE:

HOTFIRE OPERATICN
NUM MESSAGE/SEC:

AVG DELAY TIME:
PACKET SIZE:

HOTFIRE OPERATION
NUM MESSAGE/SEC:

AVG DELAY TIME:
PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

STARTUP RESPONSE

NUM PKTS RET:
PACKET SIZE:

STARTUP RESPONSE
NUM PKTS RET:
PACKET SIZE:

105




APPENDIX II.

SIMULATION SOURCE LISTING
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(*t*'t***ﬁ*ﬁ*tﬁtiﬁ*tk'*tﬁ*'ttﬁ"tttttt*ki*tlﬁﬁ!itkttt*ﬁﬁtk*t*tt'****ﬁiﬁkti*iﬁ.t

* w " x * * * * * ® & K % * * & & * * - * w L 1 " « x h * * w® % * * * * * *
*

* TITLE: CTHERNET SIMULATION FOR THE ABACS SYSTEM

*

« AUTHOR:  TEZRESA RIVES

*

« DATE: APRIL 9, 1982

*

. PURPOSS: PROVIDE A SIMULATION OF THE ABACS SOLID ROCKET 300STER TEST FACILITY
* ETHERNET RETWORKING SYSTEM.

*

* * * * * * * 4 * * *x * Kk & * w * w * * ¢ * * * W * % ® * * % * % & % * * * *
ﬁtiﬁtﬁ't*t*i&ttt**ﬁttt*tiﬁ.ttt**'iﬁt**tttt‘tﬁn*tt'ﬁttt****it*Qﬁittﬁ*ﬁfﬁﬂttﬁti.)
(» SPECIAL INTERNAL CODZS (CALLED PART) [ESCRISES CURRENT OPERATION *)
(» CONT: -2 AF1-TVC COMMUNICATION *)
(+ VAX AND CONT: -1 AC) NOWLEDGEMENT *)
(% VAX AND CONT: 0 WATCHDOG TIMER *)
(= CONT: 1 70 NOB614 AR(HIVE MESSAGE *)
(* CONT: NOB614 + 1 REPONSE TO VAX *)
(* VAX: CONT INDEX COMAND TO CONTROLLER *)
(+ VAX AND CONT: 500 + CONT INDEX STARTUP FOR CONTROLLER *)

PROGRAM ABACS C(INPUT, OUTPUT, ABDATA(LFN=15), ABOUT (LFN=17),
ABTEMP (LFN=18), ASF (LFN=12)),

CONST
MINDELAY = 9.6E-6; (#8US DELAY TIME SEFORE ANOTHER PACKET MAY BE TX'Dw)
MAXNOVAX = 5; (* MAXIMUM NUMBER OF VAXS WHICH MAY BE ATTACHED *)
MAXNOCONT = 15; (x MAaXTMUM NUMBER J9F CONTROLLERS WHICH MAY 8E ATTACHED®)
MAXDEVTOT = 207 (*TOTAL OF MAXNOVAX AND MAXNOCONT®)
PLUSONE = 21; (*MAXDEVTOT + 1#)
MAXNOBOARDS = 7; (*MAX NUMBER OF s8C 186714 80ARDS ON A CONTROLLER *)
SMALLPKT = 6407 (x803+8BITS=ABOUT THE SMALLEST ETHERNET PACKET ALLOWED*)
BIGNUM = 9999.99; (=JusST A BIG NUMBER TO USE CONSISTENTLY!®)
STARTNUM = 500, (= BASE VALUE TC INDICATE A START UP IS OCCURRING*)
MAXCOLLS = 1.600000000E+1; (*MAX MUMBER OF COLLISIONS FOR 1 PACKET*)
TVC = 7; (% INDEX VALUE FOR THE THRUST VECTOR CONTROLLER®)
AFT1 = 57 (+ INDEX VALUE FOR AFT (ONTROLLER 1%)
AFT2 = 65 (* INDEX VALUE FOR AFT (ONTROLLER 2%*)

TYPE
ARAY = PACKED ARRAY [1..17] OF CHALR; (* SPACE FOR FILENAMES*)
ARA1 = PACKED ARRAY [1..401 OF CHAR; (* SPACE FOR SIM DESCRIPTION®)
STRTYP = PACKED ARRAY €1..401 OF (HAR; (= OPERATOR MESSAGES *)
DEV = PACKED ARRAY [1..643 CF CHA; (% SPACE FOR DEVICE NAMES*)
VAXSTARTREC = RECORD (« VAX START UP RECOQRD*)

TXTIME : REAL; (* NEXT TIME TO TX TO CONTROLLER®)
3ITS : INTEGER; (+ NUM BI"S TO SENT TO CONT *)
STAT : INTEGER; (~ CONTRO. VARIABLE FOR VAX OPERATIONS*)

107



ORIGINAL pirz 5

OF POGR QuaLity

COUNT: INTEGSR; (* TALLIES NUt OF PACKETS SENT TO CONT#)
NUMPKTSENT : INTEGER, (#NUMBEZ: OF PACKETS TO SEND TO CONT*)
PKTSENTSZ : INTEGER; (*PACKET SIZE TS SEND TG CONT»)

NUM100: INTEGER; (#NUM OF PACKETS TO SEND ON START UP FINISH=*)
PKT130SZ: INTEGER; (* PACKEY <IZEf ON START uPx)

ENDZ
ATLASRECORD = RECORD

R1 REALZ (* RANGE 1 =~ GEN NEXT TX TIMEw)
R2 REAL/ (* RANGE 2 =~ GEN NEXT TX TIMEx)

YT

INTEGERZ (* PERCENTAGE OF SINGLE COMMANDS®)

INTEGER/ (» PERCENTAGE OF 3LOCK CGMMANDS*)

BC : INTEGER;(* NUMBER OF COMMANDS/ 3LOCK#)

COMSZ: INTEGER; (*AVERAGE NUMBER OF SYTES/ COMMAND %)
NUMBCTX: INTEGER; (»SET IF PKT SZ ON BLOCKED €MD TOO LARGEw)
C: ARRAY [1..2] OF INTEGER; (#TALLIEZS CMDS SENT 50 FAR®)
NEXT: INTEGER; (#NEXT TYPE COMYAND TO SEND=*)

w
0
s e

TXTIME: REAL;(*GENERATED TX TIH4E FOR NEXT TRANS TO CONT»)
BITS: INTEGER,(=NUMBER OF BITS TO TRANS IN NEXT PACKET#)
END

VAXRECORD = RECORD
ARRAY [1..MAXNOCONT]I OF A LASRECORD;
ARRAY [1..MAXNOCONT] OF V:XSTARTREC

ve :
Vs
CONNECT: ARRAY [1..MAXNOCONTI ©F INTEGER, (% CONT CONNECTEDS®)
OKTX: ARRAY [1..MAXNOCONT) OF :NTEGER: (* 0K TO TX TO CONTw)

NUMRX: INTEGER; (%USED ON VAX SIM = MAX AMT VAX CAN RECEIVE®)
NUMTX: INTEGER; (%USED ON VAX <IM =- MAX AMT VAKX CAN TRANSMITe)
ACK: REAL, (%ACKNOWLEDGE TIME®:

NOACK :INTEGER, (*NUMBZR OF QUEUED ACKSw)

VAXDOG: REAL; (#WATCHDOG TIMER NEXT TIME TO0 TX )

WOTXTM : ARRAY [1..MAXNOCONT) CF REAL; (#+NEXT WATCH DOG
TRANSMIT TI%E TO CONT»)

WHODOG: INTEGER; (*CONTROLLER WHICH RECEIVED WD MESSAGE=)

PKTDOG: INTEGER, (*WATCHDOG PACKET SIZE «)

TXDATA: INTEGER; («TOTAL AMT TRANSMITTED IN A SECONDw)
RXDATA: INTEGER; (#TOTAL AMT TRANSMITTED IN A SECOND«®)
END;

BOARDRECORD = RECORD
FILLTM: REAL; (*FREQ DATA WILL ACCUMULATE IN ARCHIVE BUFFER®)
ARCSZ: INTEGER; (*ARCHIVE BUFFER SIZE=)
TXTM: REAL; (#NEXT TX TIME FOR ARCHIVE BOARDw)

END?

CONTSTARTREC = RECORD (*CONTROLLER ST4RT UP RECORD®)

TXTIME : REAL; (~NEXT TRANSMIT TIME TO VAXw)
BITS : INTEGER; (#NU™M BITS SENT TO VAX#)
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END?

STAT : INTEGER; (*CONTROL /ARIABLE FOR CONT OPERATIONS*)

STARTIME: RZAL; (* TIME COVTROLLER COMES ON-LINE*)
NUMPKTSRET : INTEGER; (*NUY PKTS TO SEND TO VAXx)
PKTSIRET : INTEGER; (#PKT 3I TO SEND TO VAaAX*)
COUNT : INTEGER; (*TALLIES NUM PKTS SENT TO VAX®)

ACKSRET: INTEGER; (*SPECIA.. ACK RETURNED TO VAX®)
ACKPKTSZ : INTEGER, (*SPECIAL ACK PKT SI*)

CONTRECORD = RECORD

END/

STATREC

€S : CONTSTARTREC; (%CONT 3TART UP RECORD®)

INSTART : INTEGER; (4«PERFOIMING START UP NOW VARIABLE®)

NUMRET: INTEGER; (*NUMBER JF COMMANDS LEFT TO RESPOND TO*)

RESPTM: REALS (#RESPONSE TANSMIT TIME =)

8ITS: INTEGER; (&«NUMBER OF BITS TO SEND TO VAX AS RESPONSE*)

RSP: ARRAY [1..2] OF INTEGIR, (#RATIO OF COMMANDS REQUIRING*)
(*RESPONSE TO THOSE WHICH DON'T#)

C: ARRAY [1..2] OF INTEGER; (#TALLIES CMDS SENT SO FAR«®)

NEXT: INTEGER, (* NEXT TYPE OF COMMAND TO SEND*)

CONNTO : INTEGER; (*xVAX THIS CONTROLLER CONNECTED TO#*)

ACK: REAL; (*ACKNOWLEDGE TIME®)

NOACK: INTEGER; (xNUMBSER OF QUEUED ACKS*)

AD: REAL; (~AVERAGE DELAY 3EFORE RESPONDING TO VAX#)

RESPSZ: INTEGER; (#«PKT SI FOR CONT RSSPONSE TO VAX CMDw)
NOB614: INTEGER;, (*NUMBER OF 1S3C86/14 BOARDS ON CONTROLLER®)

ARC: ARRAY [1..MAXNOBJARDS] OF BOARDRECORD; (~ARCHIVE OP%)

CONTDOG: REAL; (* RESPONSE TO VAXDOG TIME#)
PKTDOG: INTEGER, (#WATCHDCG PACKET SILE=*)

MSGSEC : INTEGER, (*NUM MSG PER SEC ALLOWED ON HOTFIREw)

DLYTM: REAL; (* DELAY TIME 3EFORE RESPONDING WITH HOTFIRE MSG*)
PKTCOMMSZ : INTEGER; (% PKT SI ON HOTFIRE COMMUNICATION®)

TALKTO : INTEGER; {(+* ON HCTFIRE WHO DDES CONT TALK TO?+)

NUMSENT : INTEGER; (*TALLIES NUMBER SENT*)

COMMTM: REAL; (*SPECIFIES NEXT TRANSMIT TIME®)

= RECORD

DISTANCE: REAL: (ADISTANCE OF DEVICE FROM SOME REF. POINT®)
NOCOLS: INTEGER; (»TOTAL MUMBER OF COLLISIONS ON DEVICE#)
NUMCOLS: INTEGER; (*NUMBEF OF PACKET COLLISIONS®)

NODER: INTEGER; (% NUMBER OF DEFERS *)

COLTIME: REAL; (* COLLISICN WAITING TIME~*)

DERTIME: REAL; (% DEFER WAITING TIME®)

MINWAIT: REAL; (#MIN wAIT TIME FOR ANY PACKET®)

MAXWAIT: REAL, (#MAXWAIT TIME FOR ANY PACKET®)

PKTSTX: INTEGER, (* NUM 0i PACKETS TXxw)

PKTSRX: INTEGER; (% NUM Ol PACKETS RXw)

ACKSTX: INTEGER, (+ NUM Ol ACKS TX*)

MAXPKTCOLS: INTEGER, («MA* NUM OF YIMES ANY PKT COLLIDED#)
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MAXCOLTIME: REAL; (*MAX AMT TIME ANY ONE PKT SPENT IN A CCLL#)
PKTCOLTIME: REAL; (*AMT OF "IME PXT SPENT IN A COLLISION®)
END/

NOVAX: INTEGER; («NUMBER OF VAX COMPUTERS ATTACHED )

NOCONT: INTEGER, (#NUMBER OF CONTRO .LERS ATTACHED #)

VAX: ARRAY [1..MAXNOVAX] OF VAXRECO1D/, (* VAX INFORMATION®)

CONT: ARRAY [1..AXNOCONT] OF CONTR: CORDZ{(%x CONTROLLER INFORMATION®)
STAT: ARRAY [1..MAXDEVTOT] OF STATR:C; (* KEEPS DEVICE STATISTICS=)

TX: ARRAY [1..MAXDEVTOT] OF REAL, (-~ NEXT TRANSMIT TIME OF ALL DEVICES+H)
PART: ARRAY [1..MAXDEVTOT] OF INTEG.RZ(«OPERATION OF NEXT TRANSMISSION#)
PDELAY: ARRAY (1..MAXDEVTOT,1..MAXD. .VTOT] OF REAL,;(*PROPAGATION DELAYS*)
BIT: ARRAY [1..MAXDEVTOT]) OF INTEGEi; (*NUM3ER OF BITS FOR NEXT TX#)
DAT: PACKED ARRAY [1..5] OF ARAY, (= FILENAMES =)

NAM: PACKED ARRAY [1..PLUSONE] OF D:V; (* DEVICE NAMES »)

RXMAX: ARRAY [1..MAXNOVAX] OF INTEG R; (* AMT RECEIVED FOR VAX%)

TXMAX: ARRAY [1..MAXNOVAX] OF INTEG!I R;7 (% AMT TRANSMITTED FOR VAX»)
RXSEC: ARRAY [1..MAXNOVAX,1..1001 01 INTEGER?

TXSEC: ARRAY [1..MAXNOVAX,1..7100] O+ INTEGER’

TMUINE: INTEGER;, (+KEEPS CURRENT SE(OND COUNT =)

HOTFIRE: INTEGER; (*HOTFIRE OPERATION TO BE PERFORMED IF SET )

NUMHOTY: INTEGER; (#NUMBER OF HOTFIR! MSG TX IN A SECOND +)

HOTMIN: INTEGER; (*LOWEST NUYBER OF HOTFIRE MSG TX IN A SEC*)
TOTMSGSEC: INTEGER, (*TOTAL MESSAGE. PER SECOND EXPECTED TO BE TX'Dw)
HOTSTART : INTEGER; (#0K TO BEGIN COUNTING HOTFIRE MSGSw)

HOTFAIL : INTEGER; (% NUM MESSAGES TX'D IN SEC < TOTMSGSECH)

ABDATA, ABOUT, ABTEMP, ASF: TEXT, (v FILENAMES =)

SIMTIME: REAL, («NUM SECONDS PROGRAIM WILL SIMULATE®)

DESCRIPT: ARRAY(1..5] OF ARA1; (* U.ER DATA FILE NAMES*)

EBUSRATE: REAL. (*ETHERNET BUS TRANSFER RATEw)

IDUM, RANNUM: INTEGER, (*USER ENTERI D RANSOM NUMBERS*)

GLIY: INTEGER, (% VAR FOR RANDOM NUMBER GENERATOR®)

GLIR: ARRAY([1..97) OF INTEGER, {(+VA:L FOR RANDOM NUMBER GENERATOR*)

FN: INTEGER; (+ FILE NUMBER SELECT!D BY OPERATOR®)

SL: INTEGER; (* OPERATOR MENU SELEC"ION VARIABLE*)

CLOCK: REAL, (% BUS CURRENT TIMc =)

CURTIME: REAL; (% REFLECTS TIME A NiW TRANSMIT BEGINS - CLOCK UPDATED«*)
TOTBITS: REAL, («TOTAL BITS JFFERED TO THE BUS =)

TOTDATA: REAL; (x TOTAL DATA PACKET: OFFERED TO 8BUS*)

BADOFF: REAL; (#INCORRECT CALCULATIUN OF OFFERERD LOAD«®)

TOTCOLS: INTEGER, (»TOTAL COLLISION. ON BUSH)

TOTPKTSTX: INTEGER: (*TOTAL PACKETS TRANSMITTED »)

BUSBUSY: REAL; (#ACTUAL USED TIME 0! BUS =~ INCLUDES JAMS, MIN DLY, ETC®)
USAGE: REAL; (% 8US USED TIME DUE TG PKTS BEING TX'D#)

IDLE: REAL, (* 3US NOT OCCUPIED TIMix)

SIMTHRUPUT: REAL; (*THROUGHPUT RATE OF BUS FROM NUMBERS TALLIED®)
OFFLOAD: REAL; (» OFFERED LOAD OQF EUS*)

EFFICIENCY: REAL; (% SIMTHRUOUT/ JFiLOAD =)

THEQORETICAL: REAL; (*THROUGHPUT RATt OF CSMA PROTOCOL USING FORMULA«)
TXIX : INTEGER; (% CURRENT INDEX FOF DEVICE WHICH IS TRANSMITTINGw)
ISTAT: INTEGER; (» STATUS VARS RETUFNED WHEN OPENING A FILE®)

ACOLL: INTEGER, (+« A COLLISION WITH ANOTHER PACKET DID OCCUR®)

LAST : INTEGER; (x KEEPS TRACK OF LAST TX OPERATION PERFORMEDw)

I : INTEGER; (% FOR LOOP INDEX VAR®)
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OPCHAR: ChAR; (» DETERMINES
NEWPKTCOLS: INTEGER>

IF SUMMERY DATA IS TO BE ADDED TO CHARTSH)

(*Qtﬁttiﬁ*t*ﬂ**t**t*tﬂ*iﬁﬁ*it*'ltﬁ.tﬁkﬁﬂttﬁ’ Qt'*ﬁt'ﬁﬁﬁitfﬁiﬁitﬁttﬁ*t*ii*ﬁ'*.tt)

PROCEDURE INITIALIZE?

[CEZ 2R RS2SR S22 2222222l Rl Rt Al s R AR RN R R R KRR A RN RN AR AR R R R R R RN RN A kR )

(* INITIALIZES ALL VARIABLES TO A KNOWN STATE »)
VAR
I, J, X: INTEGER/
BEGIN
(* USER FILENAMES®)
DATC1] := '"A3DATA1 '
DAT[2] := “ABDATAZ ';
DATC3I] := "ABDATA3 A
DATLL] == 'ABDATAG A
DAT(S5] := "ABDATAS ‘2
(= DEVICE ABSREVIATIONS #)
NAMC1] := "FwdD1';
NAM[2] := 'FwWD2';
NAM[3] := *DFI '’
NAMC4] == ‘EMU *7
NAMLS] := TAFT1';
NAMC6] := “AFT2';
NAMI73 := *TVC *;
NAM(C8] := ‘IEA *;
NAML9) := "ASA '
NAMC10] := 'VSWR';
NAMC{11) := °*SPC1Y;
NAM(C12] := 'SpPc2';
NAM[C13] := *'SPC3*;
NAM{14] := 'SPC&*;
NAM{15]) := *SPC5°/
NAM{16] := 'vax1‘;
NAMC17] 3= 'VAX2';
NAML13] := 'SPV1*;
NAMC19] := *'SpPv2';
NAM([20] := °*SPV3';
(* GENERAL VARIABLES INITIALIZED w)
TXIX 3= 13
ACOLL := 07
TOTCOLS := 07
TOTEITS := 0.0/
TOTDATA := 0.0’
BADOFF := 0.0.
TOTPXTSTX := 07
ausausy := 0.0;
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USAGE := 0.0:
IDLE := 0.0/
LAST := 0J
NCVAX := 07
NOCONT := Os
NEWPKTCOLS := Q7
SIMTIME := 0.0/
EBUSRATE := 0/
HOTFIRE := 0/
NOVAX := Q7
NOCONT := 07
I0UM := 0}
RANNUM := 0’
(* VAX VARIASLES INITIALIZED®)
FOR I := 1 TO MAXNOVAX DO
WITH vax{I1] DO
BEGIN
FOR J:= 1 TO MAXNOCONT DO
BEGIN
CONMECTLJ] := 07
OKTXLJ] := 0O/
WITH vCc(J] DO
BEGIN
RT := 0.0’
R2 := 0.0/
sP := 07
3p := 07
BC := 07
COMSZI := 0:
NUMBCTX := C7
TXTIME := 0.07
NEXT := 07
cf13 := 0’
cC21 := 0O
BITS :=0/
ENDJ
WITH vSCJ] DO
BEGIN
STAT := 0’
COUNT := 0O~
NUMPKTSENT := 07
PKTSENTSZ := 0,
NUM100 := 20/
PKT100S8Z := 15007
END/

o onn
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TXDATA := 07

RXMAX[I] = 0/

TXMaxLI13 := 0/

TMLINE := 17
END»

(= CONTROLLER VARIABLES INITIALIZE® +)
FOR I = 1 TO MAXNOCONT DO
WITH CONTCI] 00
8eGIN

ACKSRET:= O~
ACKPKTSZ :=
END/
NOB614 == 0/
FOR J:= 1 TO MAXN)IBOARDS 00
WITH ARCCJ] 0D

3EGIN
FILLTM := 0.0/
ARCST := 07
TXTM := 0.07
END/
CONTDOG := BIGNUMS
pPKTDOG := O/
MSGSEC := 0/
oLYTM := 0.0/
PKTCOMMSZ := 37
TALKTO := 07
NUMSENT := 07
COMMTM := SIGNUM.
END/
HOTFIRE := 07
NUMHOT := 07
HOTMIN := STARTNUM?




10T
HOT
HOT

(x STATISTI

FOR I:= 1 T
3EG

END
FOR T:= 1 T

FGR Js31=
8EG

END
END~

(RrARARTRA R T A RN

PROCEDURE GETDATA;

(tttt*ﬁ*ttﬁttttt't"ﬁﬂttﬁitﬁﬁttt.tt'*.ﬁtttttﬁt'tﬁﬁtttitt't't.nt.tt

(» READS IN USER SE

VAR
1, Jr, K: IN

BEGIN

ORIGIMAL *L0E
OF POOR JUALITY

MSGSEC := 07
STARY := 27
FAIL := 07

CS VARIABLES INITIALIZELD +*)

0 MAXDEVTOT DO

IN

TX{1] := 3IGNUNMS

PARTLI] = 0

31TCI] := 0O/

WITH STATCI] DO

SEGIN

DISTANCE:

PKTSTX:= ’

PKTSRX:= 07

ACKSTX := 0/

MAXPKTCOLS :

MAXCCLTIME :

PKTCOLTIME :
END S

’

0 MAXNOVAX DO
1 T0 100 0O
IN

AXSECCI,4] ==
TXSECLI, 4] :=

.
’

.
’
.
.

0
0

ﬁ't'tﬁ'itﬁ'tltﬂttﬁttﬁ*tlittttt-ttﬁttttﬂttt.t'ttt.littit'tﬁ)

LECTED SIMULATION DATA FILE «)

TEGER?

kek R AR RN A RR)

(+ READ GENERAL INFORMATION FROM DATA FILE SELECTED BY USER *)

READLN(ABDATA,DESCRIPTLFNI)?
READLN(ABDATA,IOUM)

RANNUM := IDUM;

IDUM := 0 - IDUM;
REAODLN(ABDATA,SIMTIME);
READLN(ABDATA,EBUSRATE);
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READLNC(ABDATA,HOTFIRE) S
QEADLN(ABDATA,NOVAX)/
READLNCABDATA,NQCONT)/

(* READ IN VAX PARAMETERS *)
FOR I:= 1 TO MAXNOVAX 00
WITH vax({Il 00

BEGIN
FOR J:= 1 TO MAXNOCONT 00
BEGIN
READLNCA3DATA, CONNE TCJI1)/
IF CONNECTCJI = 1 THIN
BEGIN
VAX[T1J.0KTXCJ] :: 07
CONTUJJ.CONNTO : = IS
END/
ENDs
FOR J:=1 TC MAXNOCONT DO
BEGIN

READLNCABDATA,VSCJI.NUMPKTSENT)/
READLNC(ABDATA,VSTJI.PKTSENTST)?
1F CONTCJILCONNTD = I THEN
BEGIN
CONTTJ).CS.ACKSRET := VSLJ] .NUMPKTSENT?
CONTCJ].CS.ACKPKTSZ := VSLJI.PKTSENTSZ?
END?
WITH vCLJ] 0O
BEGIN
READLNCABDATA,R1)/
READLNCABDATA,R2)/
READLNCABDATA,SP)/
READLNCASDATA,BP)?
READLNCASDATA,BC);
READLNCASDATA,COMSZ)/
END/

ENDJ
READLN(ABDATA:STAT[I*MAXNOC(NT].DISTANCE);
READUNCABDATA,NUMRX)?

QEADLNCABDATA,NUMTX)?
VAXDOG := BIGNUM:
PKTDOG := SMALLPKT,
ENDZ

(+# READ IN CONTROLLER PARAMETERS +)
FOR I:= 1 TO MAXNOCONT 00
WITH CONTCI] DO
JEGIN
READLNCABDATA,STATCII.DISTANCE)S
WITH CS DO
BEGIN
READLNCABDATA.STARTIME)?
IF CONNTO = Q THEN
STARTIME := BIGNUM;
READLNCABDATA,NUMPKTSRET)/
READLNCABDATA,PKTSZIRET)/
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EMD;
FoR J := 1 T0 2 0O
READLN(ABDATA,RSICJII;
READLNC(ABDATA,AD)/
READLNCASDATA,RESPS. ),
31TS := RESPSI * 8~
READLNCA3DATA,NOSSEY )/
CONTDOG := BIGNUY]
PKTOCS := SMALLPKT,
FOR J:= 1 TO NQO8514 DO
WITH a’cCJ] 00
SEGIN
READLNCABDATA,FILLTM),
READLN(ABDATA,ARCSZ)?
END/
READLN(ABDATA,MSGSE )/
TOTMSGSEC := TOTMSG3EC ¢+ MSGSEC/
READLNCABDATA,DLYT™) S
READLNCASDATA,PKTCOUMSZ)
READLNCAZDATA,TALKTI),
END/

ENDZ

('ﬁiﬁt‘iiﬁﬁtt'k*t*ﬁﬁittt'ttt*ﬁt'ttﬁa&ttt*ﬁitﬁﬁﬁtt.ﬁ'ﬁkttﬁtttttﬁ*iﬁt*iittﬁt'*t)

PROCEDURE DISPLAY,

(*.ﬂi.t‘tﬁfﬁtﬁtﬁﬁ'ﬁQﬁﬁ'iiﬁ'..iitﬁtitiﬁﬁ"ﬁ‘Q"'f'.ﬁ'fﬁ**ﬂ'"tt‘t.'.*tti*l'."ﬁ)

(= DISPLAY SIMULATION CONFIGURATION DATA T{ OPERATOR TERMINAL *)

VAR
I : INTEGER?
IN1, IN2, IN3: INTEGER/
IN4: CHAR;
BEGIN
REPEAT
WRITELNC® ')}
WRITELNC' ')7
WRITELNC' DATA DISPLAY MEND ')/
WRITELNC® *);
WRITELN(® *)3
WRITELNC'1 - GENERAL CONFIGURATION INFIRMATION (GLOBAL DATA)');
WRITELN('2 - CONTROLLERS ATTACHED TO VaX')s
WRITELNC'3 - VAX SIMULATION INFORMATIOY *)7
WRITELN('S - VAX COMMANDS TO CONTROLLE??, CONTROLLER RESPONSE')’
WRITELNC'S - CONTROLLER STARTUP')/
WRITELN('S - CONTROLLER ARCHIVE INFORMATION '}7
WRITELN(C'7? - TVC/AFT COMMUNICATION')/
WRITELN('S - RETURN TO PREVIOUS MENU'):

WRITELN(C' *)2
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REPEAT
WRITELN(*ENTER SELECTION: ')/
READLNCINT);

UNTIL C(CIN1>=1) AND (IN1<=8));

IF INT IN C2..4] THEN
BEGIN
IN2 = 17
IF NOVAX > 1 THEN
BEGIN
REPEAT
WRITELN(' ')
WRITELNCTENTER VAX NUMBSR: (1 TO ',NOVAX:1,') *);
READLNCINZ);
UNTIL (CIN2>=1) AND (IN2<=NIVAX));
ENDZ
ENDZ

WRITELNC' ');

IF INT IN C4..73 THEN
BEGIN
IN3 := 17
REPEAT

REPEAT
WRITELNC® )
WRITELNC'ENTER CONT NUMB-R: (1 TO ',MAXNOCONT:2,')
READLNCINI)?

UNTIL C(CIN3>=1) AND (IN3<=MANOCONT)),

If IN1T = & THEN

BEGIN
IF VAXCIN2I.CONNECTLINS. <> 1 THEN
BEGIN
WRITELNC'CONTROLLIR NOT CONNECTED TO VAX');
IN3 := 0,
END;
END
ELSE
IFf CONTCIN3I.CONNTO = 0 “HEN
BEGIN
WRITELN(' ');
WRITELN('CONTROLLER NOT ATTACHED');
IN3 := 07
END/
UNTIL CCIN3>=1) AND (IN3<=MAXNOCOMT)) S
END;
WRITELN(C' '),
WRITELNC(® '),
CASE IN1 OF
1: BEGIN

WRITELNC'CONFIGURATION DESCRIPTION: ‘/DESCRIPTLFNIY;
WRITELNC' ')
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WRITELN('RANDOM NUMBER:
WRITELNC'SIMULATION RUN TIME:
WRITELN('ETHERNET BUS I/0 RATE:
IF MOTFIRE = 1 THEN
WRITELNC'TVC/AFT COMMUNICATION:
ELSE

WRITELNC*TVC/AFT COMMUNICATION:
WRITELNC® ')

WRITELN('NUM3EZR JF VAX COMPUTERS:
WRITELN('NUMBER OF CONTROLLERS:

MHIIMAL ¥

OF POOR QUALETY

', RANNUM) J
*,SIMTIME) /

', EBUSRATE)/
SELECTED")

NOT SELECTED')/

' SNOVAX)?
' /NOCONT)

END?
2: BEGIN
WRITELNC'DISTANCE JF VAX v ,IN2:1,' FROM REFERENCE POINT: ',
STAT[XNZ*MRXNOCONT].DISTAN‘E);
WRITELNCY ')
WRITELN(*CONTROLLERS WHICH COMMUNIATE WITH VAX ',IN2:1)7
WRITELNCY ') 7
WITH VAXCIN21 DO
EEGIN
FOR I := 1 70 MAXNOCONT DO
IF CONNECTLI] = 1 THEN
WRITELNC'INDEX: 1,12, HAME: ', NAMCI]),
ENDJ
END;
3: BEGIN
WRITELN('"SIMULATION INFORMATION: vaX LINZ:1)
WRITELNC® ')
WRITELNC'*RECEIVE = MAX NUMBER OF BYTES IN A SECOND: 'y
VAXLIN2] .NUMRX)?
WRITELNC' )7
WRITELNC'TRANSMIT — MAX NUMBER JOF BYTES IN A SECOND: ',
VAXCIN2I.NUNTX)
END,
4: BEGIN
WITH VAXCINZ2] 0O
BEGIN
WRITELN('COMMAND TRANSMISSION FROM VAX: Y,IN2:1," TO CONT: *,IN3 ),
WRITELN(C® ")/
WRITELNC*NEXT TRANSMIT TIME GENERATED IN RANGE: *,VCCIN3I.RY,
v T0: *,VCUIN3I.R2),
WRITELN('NUMBER OF SINGLE COMMANDS: ‘L,VCCIN3].SP) 7
WRITELNC('NUMBER OF BLOCKED COMMANDS: ',vCcCIN3].BP)’
WRITELN('NUMBER OF COMMANDS P!R 3LOCK: ',vClIN3].BC)/
WRITELN('NUMBER OF PACKETS PEI COMMAND: ' ,VCTIN3].COMSZ)?
WRITELN(C® ')
END/
WITH CONTCIN3] 0O
BEGIN
WRITELN(*CONT RESPONSE GENERA'ION:')?
WRITELN(® )2
WRITELN(*PERCENTAGE OF COMMANDS WHICH REQUIRE RESPONSE: '~
rRsPL1):2," 0O, VL,ASPC2):2,' DO NOT' )
WRITELN(*AVERAGE DELAY TIME T) RESPOND: ',AD);
WRITELNC'RESPONSE PACKET SIZE: *,RESPS2),
END;
END?
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S: BEGIN
WITH CONTCIN3D DO

BEGIN
WRITELN(*CONTROLLER: ',IN3:2,° START TIME: °*/
CS.STARTIME);
WRITELNC'DISTANCE FROM REFEREN(E POINT: ‘s
STATCIN3).DISTANCE)?
WRITELN('CONNECTED TO VAX: ',CONNTO)

WRITELNC' ')/

WRITELN('NUMBER OF PACKETS VAX SENDS TO CONT: .,
VAXLCONNTOI.VSCINIJ.NUMPr TSENT)

WRITELNC'NUMBER OF 3YTZS PER PrCKET: 'y
VAXCCONNTOI.VSCIN3).PKTSINTSZ)S

WRITELNC® ')/

WRITELN('CONT RESPONDS WITH SP CIAL ACK TO PACKETS ABOVE')?

WRITELNC®' ')

WRITELNC'NUMBER OF PACKETS CON" SENDS YO VAX: ',CS.NUMPKTSRET)/

WRITELN('NUMBER OF BYTES PER PACKET: ',CS.PKTSZIRET)

WRITELNC' *)2?

WRITELNC*FINALLY, VAX SENDS CONT 20 PACKETS OF 1500 BYTES '/

"*THEN 80 PACKETS OF 80 BYTES®)J

END/
END?
6: BEGIN
WITH CONTLIN3] DO

BEGIN
WRITELNC'NUMBER OF ISBC 86414 304805 ON CONTROLLER: " ,NOBST14L) S
WRITELN(® ')2
WRITELN('BO0ARD NO. FILL TIME BUFFER SIZE')/
fFOR I:= 1 TO NOB614 DO

WITH ARCCI] DO
WRITELNC(C' Y,1:1.0 YLFILLTM, ‘,ARCSZ),
END/
END/
7: BEGIN
IF HOTFIRE = 1 THEN
BEGIN
IF IN3 IN [5..71 THEN
BEGIN
IF ((IN3 = TVC) OR CCONTLIH3].TALKTO = TVC)) THEN
BEGIN

WRITELN('TVC - AFT COMMUNICATION') S

WRITELNC® *);

WRITELNC'TVC SENDS: " ,CONTCTVC].MSGSEC:2,* MSG/SEC TO 'y
NAMCCONTLTViJ.TALKTO1)/

WRITELN(*DELAY TIME BEFORE TVC RESPONDS: ‘'~
CONTITVCI.DLYTM)?

WRITELN(®PACKET SIZE ON RESPONSES: 'y
CONTLTVCI.PTCOMMSZ) S

WRITELNC' ')

WRITELN(NAMCCONTLTVCI.TALKTO)," SENDS: ',

CONTECONT[TVC].TALKFO].HSGSEC:ZI' MSG/SEC TO TVC'):

WRITELN(*DELAY TIME JEFORE ¢ ,NAMCCONTCTVCI.TALKTOD,
' RESPONDS: '1C0NT[C0NT[TVC].TALKTO].DLYTH);

WRITELNC('PACKET SIZE ON RESPONSES: ',
CONTCCONTCT/CI.TALKTOI.PKTCOMMST) S
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WRITELN(!®

END
ELSE

WRITELNC('AFT

eEND
ELSE
WRITELN('TVC
END/
END
8:
END/

IF (IN1 <> 8) THEN
8EGIN
WRITELNC® *)2
WRITELN(*ENTER <RETURN>
WHILE NOT EQLN DO
READLN(ING),
END/

UNTIL ¢ INT1 = 8)7

END,

OR

T0

'

SPECIFIE) NOT CONNECTED TO TvC')/

AFT MUST 9E SELECTED'),

CONTINUE: ')/

(ttttﬁ*itt'ﬁ&iﬁ*ttttt'tttktttittit*tﬁ*kiﬁkﬁ*ﬁi*ttt.*hﬁttiﬁ*t't'tttﬁittkﬁt!tt')

PROCEDURE REALGETOP(VIEA: STRTYP;

VAR VALJE: REAL);

(ﬁit.ﬁﬁttﬁ'ttttttt*ttQtt'!iiltt'tti.*ttﬂﬁtiﬁtttttttt*tﬁﬁtt*t't*ttt*ﬁ*tt.'tﬁ‘t)

(* QUERY OPERATOR FOR A REAL NUMBER TO REPLACE VARIASLE DISPLAYED +)

VAR
INP1: REAL:

BEGIN

INP1 := BIGNUM;

WRITELN(*PRESS <RETURN> TO RETAIN CURRENT VALUE OR ')/
WRITELN('ENTER ', VIEW,'

WHILE NOT ECLN 00
READ (INP1);
READLN/

IF INP1 <> BIGNUM THEN

VALUE := INP1;
WRITELN(' ')

END/

CCURRENT: ',VALUE,'1');
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(G X R R R R T R D]

PROCEDURE INTGETOP (VIEW: STRTYP; VAR VALUE: INTEGEIR),
[ R R R R R R s s R R R R R R AR L)
(* QUERY OPERATOR FOR A INTEGER NUMBER Y0 R:IPLACE VARIABLE DISPLAYED,*)

VAR
INP1: INTEGER;

BEGIN
INP1 := 99999;
WRITELNC'PRESS <RETURN> TO RETAIN CLURRENT VALUE OR ')’
WRITELNC('ENTER ',VIEW,' TCURRENT: ', VALUE,']1");
WHILE NOT EOLN DO
READ (INP1)./
READLN?

IF INP1 <> 99999 THEN
VALUE := INPY;

WRITELNC' *);

END,

[ R R R R TR D]

PROCEDURE MOOIFY/

Ny I R R R R R ED}

(*x ALLOWS CPERATOR TO MODIFY SIMULATION PAREMETERS w)

VAR
I1,d,K : INTEGER?
IN1, IN2, IN3, IN5, IN6: INTEGER:
IN&: CHAR/
TEMP : REAL/
OPDISP: STRTYP?
INDES: ARRAY (1..5] OF ARA1;
BEGIN
REPEAT
WRITELN(* ');
WRITELNC' ');
WRITELNC(! MODIFY PARAMETERS MENU ')/
WRITELNC® '),
WRITELNC' *);
WRITELNC'1 - GENERAL CONFIGURATION INFOFMATION (GLOBAL DATA)');
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WRITELN('2 - VAX SIMULATION INFORMATI(N ')/

WRITELN('3 - VAX COMMANDS TO CONTROLLER, CONTROLLER RESPONSE')”
WRITELN('4 - CONTROLLER STARTUP');

WRITELN('S - CONTROLLER ARCHIVE INFQORMATION ');

WRITELNC(C'S = TVC/AFT COMMUNICATION')?

WRITELNC'? - RETURN TO PREVIOUS MENU'}/

WRITELN(' ')7

REPERT
WRITELNC'ENTER SELECTION: ')/
READLNCINT)/

UNTIL C(CINT>=1) ANO (IN1<=7));

IF INT IN C(2..3] THEN
BEGIN
IN2 == 17
REPEAT
WRITELNC® *)2
WRITELN('ENTER VAX NUMBER: (1 TO Y, MAXNOVAX:1,') *);
READLNCINZ),
UNTIL CC(IN2>=1) AND (IN2<=MAXNOVA)));
END/

WRITELNC® ')

INS := 17
IF INT IN (3..6] THEN
BEGIN
IN3 := 17
REPEAT

WRITELNC' ')/

WRITELN(®CONTROLLER SELECTION )7

IF IN?T = 3 THEN

WRITEULNC*VAX SELECTED WILL BE ET TO COMMUNICATE WITH THE
*CONTROLLER SELECTED H:=RE'I}Z

WRITELNC' ')/

WRITELN(*NUMBER NAME CONNECTED TO')/
FOR I:=1 TO MAXNOCCNT 00
BEGIN
WRITE(® ',1:2.° foNAMITID) S
If CONTCIJ.CONNTO = 0 THEAN
BEGIN
J 1= MAXNOVAX+1;
NAMCJ+MAXNOCONT] := °*NONE'/
END
ELSE
J := CONTCIJ.CONNTO/
WRITELN(' " ,NAMOJ+MAXNICONTI) S
END/

WRITELNC® ')
WRITELN(®*ENTER NUMBER: ")7
READLNCIN3)/

UNTIL CCIN3>=1) AND C(IN3<=MAXNOCONT))/

IF IN1 = 3 THEN
BEGIN
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WRITELN(' ')
WRITELNC('CONT: *,IN3:2,' COMHUNICATES WITH VAX: ',IN2:2).
REPEAT
WRITELN('ENTER <1> CONNECT OR <2> DISCONNECT:' )
READLNCINS)/
UNTIL (CINS=1) OR (IN5=2))~/
IF INS = 1 THEN
BEGIN
CONTCIN3I.CONNTO := IN::
FOR I := 1 TO MAXNOVAX DO
VAXCIJLCONNECTCIN3] = O/
VAXCUIN2J.CONNECTCIN3Y = 17
END
ELSE
SEGIN
CONTCIN3JL.CONNTO := 07
VAXLIN2I.CONNECTCIN3] =
CONTCIN3].CSSTARTIME =
ENDJ

0:
BIGNUM;
END/

IF INS = 1 THEN
BEGIN
IF CONTCIN3]J.CONNTO = O THEN
BEGIN
REPEAT
WRITELNC® * )7
WRITELN('ENTER VAX NUMEBER WHICH COMMUNICATES®,
' WITH CONTROLLER: ')’
READLNCIN2)?
UNTIL CCIN2>=1) OR (INZ2<=MAX! OVAX)):,

CONTIIN3].CONNTO == IN2;
VAXCIN2J.CONNECTOIN3D := 17
ENDJ

IF (CIN3 IN [See?]) AND C(INT = 6) AND (HOTFIRE = 1)) THEN
IF INI = TV( THEN
BEGIN
REPEAT
WRITELN('TVC COMMUNICATES WITH <5> AFT1 QR <6>°,
' OAFT2: '),
READLNCCONTLTVC TALKTO)/
UNTIL (CONTLTVCI.7ALKTO IN (5..61)’
CONTCCONTCTVCI.TALKTOJ.TALKTO = TVC(C,
END
ELSE
BEGIN
REPEAT
WRITELN(C*TVC CUMMUNICATES WITH ', NAMLIN3])?
WRITELN('ENTER <1> YES OR <2> NO:');
READLNCING)/
UNTIL (IN6 IN [1..23)7
If IN6 = 1 THEN
BEGIN
CONTCIN3I.TALKT
CONTCTVCI.TALKT

[e =]
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END,
ENDZ

WRITELN(® *);
WRITELNC® ')
IF INS = 1 TH
CASE INT1 OF
1: BEGIN
INDESLFN] := "AARAARAAAARAAARARAAAALAARAAAAAAAAAAARAAA®
WRITELN('PRESS RETURN TO RETAIN CURFENT VALUE OR ');
WRITELN('ENTER NEW DEZSCRIPTION, CURFENT: '+DESCRIPTLFNI]);
WHILE NOT EOLN DO
READCINDESCFNI);

EN

READLN,
IF INDESCFNI <> "AAAAARAARAAAAAAAAALAAAAARASAARARAAAAAAAAA® THEN
DESCRIPTLFN] := INODESLFNI/

WRITELNC* *);

e

OPDISP := 'RANDOM NUMBER '
INTGETOP(OPDISP,RANNUM);
IDUM := O-RANNUM’

.~

OPDISP := 'SIMULATION RUN TIME '
REALGETOP(OPDISP,SIMTIMEY;

..

OPDISP := 'ZTHERNET BUS I/0 RATE '
REALGETOP(OPDISP,EBUSRATE)

REPEAT

OPDISP == "TVC/AFT COMMUNICATION: O - NO, 1 - YES !
INTGETOP(OPDISP,HOTFIRE),

UNTIL ((HOTFIRE=Q0) OR (HOTFIRE=1));

N

OPODISP := 'NUMBER OF VAX COMPUTERS t;
INTGETOP(OPDISP,NOVAX);
OPDISP := 'NUMBER OF CONTROLLERS L
INTGETOP(OPDISP,NOCONT),
eND?

2: BEGIN

WRITELN('SIMULATION INFORMATION: VAX ',IN2:1);
WRITELNC® '),

OPDISP := 'DISTANCE OF VAX FROM REFE“ENCE POINT '
REALGETOP(OPDISP,STATLINZ2+MAXNOCONT].DISTANCE);

~

~,

OPDISP ;= 'MAX NUM BYTES VAX CAN RECIIVE PER SEC ¢
INTGETOP(OPOISP,VAXLIN2] NUMRX)?

e

OPDISF := "MAX NUM BYTES VAX CAN TRAMSMIT PER SEC °
INTGETOP(OPDISP,VAXCIN2I.NUMTX);
END?Z

3: BEGIN
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WITH VAXCINZ2] 0O

BE

GIN

WRITELNC*COMMAND TRANSMISSION “ROM VAX: ',IN2:21.0
WRITELNC® ')/

OPDISP := 'VAX TX TIME GENERATED USING RANGE 1
REALGETOP(OPDISP,VCLIN3I.R1)Z

OPDISP := ‘VAX TX TIME GENERATSD USING RANGE 2
REALGETOP(OPOISP,VCLINII.R2)Z
IF VCCIN3J).R1 > VCCOINIJ.R2Z THeN
BEGIN
TEMP := VCLIN3I.RY.
VCCIN3J.R1 := VCLIN3]I.RZ2?
VCLIN3J.R2 := TEMP,
END/

OPDISP := 'NUMBER OF SINGLE CCMMANDS
INTGETOP(OPDISO,VCLINII.SP)/

JPDISP := "NUMBER OF BLOCKED C(OMMANDS
INTGETOP(OPDISP,VCLIN3].BP)/

OPDISP := *NUMBER OF COMMANDS PER 8LOCK
INTGETOP(OPDISP,VCIIN3I.ECY/

OPDISP := 'NUMBER OF BYTES PEF PACKET (COMMAND)
INTGETCP(CPDISP,VCOIN3ILCOMSZ
WRITELN(® *)7

END/

WITH
8¢€

EN
ENDJ
BEGIN

WITH

CONTCIN3] 0O
GIN

WRITELNC'CONT RESPONSE GENERAION:');
WRITELN(C' ')

OPDISP := *NUM CMDS WHICH DO EQUIRE RESPONSE
INTGETOP(OPDISP,RSPL11);

OPDISP := *NUM CMDS WHICH DO 4OT REQUIRE RESPONSE
INTGETOP(OPDISP,RSP(2]1)/

OPDISP := 'AVERAGE DELAY TIME TO RESPOND
REALGETOP(OPDISP,AD)?

OPDISP := *RESPONSE PACKET SI!E
INTGETOP(OPDISP,RESPSI)/
8ITS :c RESPSI =+ 87

b
CONTLINZ] DO

SEGIN
WRITELNC® ')7

WRITELNC'CONTROLLER: *,IN3:2,' COMMUNICATES WITH VAX:

NAMCCONNTO+MAXNOCONTI) ?
WRITELNC' ')}
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2

OPDISP := 'START TIME OF CONYROLLER '
REALGETCP(CPOISP,CS.STARTIME);

OPDISP := 'DISTANCE FROM REFERENCE POINT ';
REALGETOP(OPDISP,STATLINII.DISTANCE):

OPDISP := 'NUMSER OF PACKETS VAX SENDS TO CONT '
INTGETCP(OPDISP:VAXCCONNTO].VSCIN}].NUﬂPKTSENY)J
CONTLIN3J.CS.ACKSRET := VAXCCONNTCI.VSTINZT.NUMPKTSENT;

OPDISP := 'NUMBER OF BYTES PER PACKET '
INTGETOP(OPDISP,VAXLCONNTOJ.VSCIN3I.PKTSENTSZ)
CONTUIN3]LCS.ACKPKTSZ := VAXCCONNTOJ.VSCINII.PKTSENTSZS

WRITELNC® ')

WRITELMC'CONT RESPONDS WITH S ECIAL ACK TO PACKETS ABOVE');
WRITELNC® ')?

OPDISP := 'NUMBER OF PACKETS :ONT SENDS TO VAX '
INTGETOP(OPDISP,C53.NUMPKTSRET)

OPDISP := 'NUMBER OF BYTES PEl PACKET 'z
INTGETOP(OPDISP,CS.PKTSZIRET);
WRITELNC' *);
WRITELNC'FINALLY, VAX SENDS CUNT 20 PACKETS OF 1500 2YTES !,
'THEN 8D PACKETS OF 99 BYTES');
END/
END/
5: BEGIN
WITH CONTCIN3] 0O
BEGIN
OPDISP := "NUMBER OF I1SBC B614 f0ARDS ON CONTROLLER'
INTGETOP(OPDISP,NOSG14)

FOR I:= 1 70 NO8614 DO
WITH ARCII] DO

BEGIN

WRITELNC® *);

WRITELN('BOARD NUMRER: *,;:2);

WRITELN(C' *);

OPDISP := 'BUFFER FILL TIME ';

REALGETOP(OPDISP,FILLTM);
0PDISP <= 'BUFFER BYTE SIZE '
INTGETOP(OPDISP,ARCSZ);
END
END/
END/
6: BEGIN
IF HITFIRE = 1 THEN
BEGIN
IF IN3 IN [S..7] THEN

BEGIN

IF (CIN3 = TVC) OR (CONTCINSI.TALKTO = TVC)) THEN

BEGIN
WRITELNC'TVC = *,NAML:ONTCTVC).TALKTOD,® COMMUNICATION®)
WRITELN(C' *);
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OPDISP := *"NUM MSG/SEC TVC SENDS TO AFT ';
INTGETOP{OPDISP,CONTLTVCI .MSGSEC)?

OPDISP := 'DELAY TIME BEFORE TVC RESPONDS ':
REALGETOP(OPDISP,CONTLTVCILDLYTM)

OPDISP := 'PACKET SIZE ON RESPONSES v
INTGETOP(OPDISP,CONTLTVCI.PKTCOMMSZ)

WRITELNC® ')0

~e

OPDISP := *NUM MSG/SEC AFT SENDS TO TVC '
INTGETCP(OPDISP,CONTLCONTOTVCI.TALKTOI.MSGSEC);

e

OPDISP := 'DELAY TIME BEFORE AFT RESPONDS !
REALGETOP(CPDISP,CONTLCONTCTVCI.TALKTOI.DLYTM)

N,

OPDISP := 'PACKET SIZE ON RESPONSES '
INTGETOP(OPDISP,CONTLCONTLTVCI.TALKTO) PKTCOMMSZ)

TOTMSGSEC := CONTOIVCI.MSGSEC +
CONTCCONTITVCI.TALKTO).MSGSEC

WRITELNC' ')/

END

ELSE
WRITELN(*AFT SPECIFIEL NOT CONNECTED TO TVC')/

END
ELSE
WRITELN('TVC OR AFT MUST SE SELECTED®).
END/
END
7:
END/

IF (IN1 <> 7) THEN
BEGIN
WRITELN(Y )7
WRITELNC('ENTER <RETURN> TO CONTINUE: *);
WHILE NOT EOLN 0O
READLNCING):
END/
UNTIL ¢ IN1 = 7);

END/

(tt.tt.ktttﬁtttti.ﬁttﬂtt'ttltttttﬁﬁ.ﬁﬁttttQﬁﬁ'ﬁttﬂﬁ.i..!ttttt.'ﬁtt*tttfﬁ.'tti)

PROCEDURE STORE;

(ttttt.ﬁ'.t.ﬁt.ﬁﬁ'ttiltit'ﬁt.'ﬁiti‘ttiti.dQﬁtttﬁﬁtﬁiﬁttﬂttttﬁﬁtti'ttttt.'.ﬁ.')
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(* WRITE SIMULATION RUN PARAMETERS TO DAT# FILE SELECTED 3Y OPERATOR =)

VAR
I, J, K: INTEGER?

(» WRITE GENERAL INFORMATION TO OATA FILE SELECTED BY USER =)
REWRITE(ABDATA);

WRITELNC(ABDATA,DESCRIPTLFNI)’

WRITELNCABDATA,RANNUM);

WRITELNCABDATA,SIMTIME)

WRITELNCABOATA,EBUSRATE);

WRITELNCABDATA,HOTFIRE);

WRITELNCABDATA,NOVAX)

WRITELNCABDATA,NOCONT);

(* WRITE IN VAY PARAMETERS =)
FOR I:= 1 TO MAXNOVAX DO
WITH VAX[IY o0
BEGIN
FOR d:= 1 TO MAXNOCONT 0O
WRITELNCABDATA, CONECTCJ1);
FOR J:=1 TO MAXNOCONT DO
BEGIN
WRITELNC(ABDATA-VSCJI.NUMPKTSENT),
WRITELNC(ABDATA-VSLJI.PKTSENTSZ)
WITH vCeLJ] DO
BEGIN
WRITELNCABDATA,R1)?
WRITELNCABDATA,R2)?
WRITELNCABIATA,SP)
WRITELNCABLATA,BP);
WRITELNCABI'ATA,BC)?
WRITELNCABUATA,COMSZ);
END/

END:
WRITELN(ABDATA,STATLI+MAXNCCONTILDISTANCE)
WRITELNC(ABDATA,NUMRX);
WRITELNCABDATA,NUMTX)

ENDZ

(* WRITE OUT CONTROLLER PARAMETERS »)
FOR I:= 1 TO MAXNOCONT DO
WITH CONTCI1 DO
BEGIN
WRITELNCABDATA,STATLIJ.DISTANCE)
WITH CS DO
BEGIN
WRITELNCABOPATA,STARTIME);
WRITELNCABDATA,NUMPKTSRET).
WRITELN(ABDATA,PKTSIRET)
ENDZ
FQR J =1 T0 2 00
WRITELNCABDATA,RSPLJI);
WRITELN(ABDATA,AD);

128



WRITELN(ABDATA,RESiSZ);
WRITELN(ABDATA,NOS/14);
FOR J:= 1 TO NOBG&1<¢ DO
WITH ARCCJI 0O
BEGIN
WRITELNCABDATA,FILLTM),
WRITELNCABDATA,ARCSZ)
END
WRITELN(ABDATA,¥MSGSEC)Y
WRITELNCABDATA,DLYTMY
WRITELN(ABDATA,PKTCOMMSZ):
WRITELNCABDATA,TALXTQ)
END/

END .

(ﬁttt*'ﬁ'tQ'ttttttttttﬂtt'ﬁt*'tittttﬁt.ttttftﬂftttttitttttﬁttt*"t*ttttt'Qtti)

PROCEDURE CONFIGURE,

(*ttttﬁ’t*tttittQ'Rtﬁ*'ttﬁtttt*ﬁ*tttttttt!ttttittﬁﬁttt*ttttﬁtQtttttttttttﬁttﬁ)

(* QUERY USER FOR THE DATA FILE OF HIS CHOIZE 3Y DISPLAYING THE DECRIPTION )
(% FROM WITHIN THE FILE IN A MENU FORMAT #)

VAR
I, J, K: INTEGER?

BEGIN

FOR I := 1 70 5 DO

BEGIN
BIND(ABDATA,DATLII,ISTAT),;
RESET(ABDATA),
IF NOT EOF(ABDATA) THEN

READUN(ABDATA,DESCRIPTCI);

CLOSECABDATA)Y;

END/

WRITELNC®' ')’

WRITELN(C' *);

WRITELN('THE 5 DATA FILES BELOW ARE AVAILABLE FOR OPERATOR USE.*):;
WRITELNC'EACH FILE CONTAINS CONFIGURATION ILFORMATICN FROM PREVIOQOUS RUNS.')/
WRITELN('THE PARAMETSRS MAY BE DISPLAYED ANC MODIFIED BEFORE SIMULATION.');
WRITELNC'SELECT THE NUMBER BELOW DESCRIBING THE FILE OESIRED.'),

WRITELNC(C® '),

WRITELNC® )2

FOR I:= 1 70 5 0O
WRITELNC(' ‘Yl21,% - YLDESCRIFTLIIY;

WRITELNC® *)
WRITELNC® *)
FN = 0;
REPEAT

.
’
.
’

WRITELNC('ENTER SELECTION: *);
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READLN(FN)?
UNTIL C(CFN>=1) AND (FN<=5))./

BIND(ABDATA,DATCFNI,ISTAT),
RESET(ABDATA)?

IF NOT EOF(ABDATA) THEN
GETDATA;

REPEAT

WRITELN(!
WRITELNC®
WRITELNC®
WRITELN(C'
WRITELNC® A3ACS ETHERNET SIMULATION MENU')?
WRITELNC* ')

WRITELNC' ")
WRITELNC('1
WRITELN('2
WRITELNC'3
WRITELN(®*4
WRITELNC'S
WRITELNC' *)
SL:=0/
REPEAT

- = & @
— s
e %e Mo we

R

DISPLAY CONFIGURATION INFCRMATION ON TERMINAL
MODIFY CONFIGURATION INFOFMATION

STORE MODIFIED INFORMATION TO FILE SELECTED
RUN STMULATION

ZXIT PRCGRAM

- . ® & -
(R R R
we No Na we N

-

WRITELNC('ENTER SELECTION: ')7
READLN(SL)/
UNTIL ((SL>=1) AND (SL<=5))7

1 THEN DISPLAY?
2 THEN MODIFY:
3 THEN

IF sSL
IF sSL
IF sSL
BEGIN
BINDCABDATA, DATLFN], ISTAT).
STORE,

END?
UNTIL ((SL=4) OR (SL=5))7

IF SL = & THEN
SEGIN
¢(*CALCULATE PROPAGATION DELAY BE WEEN DEVICES )
FOR I:= 1 TO MAXDEVTOT 03
FOR J:= 1 TO MAXDEVTOT DO
BEGIN
PDELAYCI,J] := A8SCSTATC:1.DISTANCE-STATCJI.DISTANCE) » 1.27€-9;
END/
END/
END/

('ttt'ttﬁtttttttttﬁﬁﬁttt.ti't'tt..itﬁt*ﬁ tt.tt.ttttitﬂtlt.tt.t.ﬁtﬁttt.t"ttﬁtﬁ)

PROCEDURE PRTDATA;
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(ﬁ'ti**ﬁtif'*i&'t*tﬁ*t*tttttﬁ*'tttt

(* WRITES OUT USER SPECIFIED DATA T

VAR
I, Jr PRY: INTEGER-

BEGIN
REWRITE(ABOUT)-
WRITELN(ABOUT,SIMULATION ©
WRITELN(ABOUT,"SIMULATION R
TETHERNET 8US RATE (SIS).
*RANDOM NUMBER SEED: ',RANN

WRITELN(ABOUT,* ')}

WRITELN(ABOUT,"CONTY
'p: ¥ PKTS, PKT S2(B)

START
AFTY

1 TO MAXNOCONT DO
= 1 TO MAXNOVAX DO
F VAXCJ].CONNECTLI]
3EGIN
WITH VAXCJI.vsSCI]
URITELN(ABOUT,NAM
Je:2s" ' NU
' ',CONTCI].
L]
CONTCIJ.DLYTHM:12:
END?
WRITELNCABOUT,®

FOR I:= 1 TO MAXNOVAX DO

WwITH VAXCIY 0O

BEGIN
PRT := 02
FOR J := 1 TO MAXNO
IFf CONNECTCJ] = 1
PRTY 1’
1F PRT = 1 THEN
BEGIN
WRITELN(ABOUT,'VAX NO: ',1:2," DIST
' NUMBER RECEIVE (8): ',N

HRITELN(ABOUT;'CONT RNG 1(S)/RNG
X N9 SZ(E)')'

WRITELN(ABOUT,'~=--=c===sssssos=ooms
o_---_--_-----c);
END?
FOR J:= 1 TO MAXNOC
IFf CONNECTLJ] =
WITH vCCJ]
8EG

WRITELNCABOUT,NAML ST 24" '4R1:7:3

whk kR Rk ttﬁ*'ﬁﬁﬁ'."t*t*ﬁﬁﬂk!'ﬁﬁttitﬁ***ﬁﬁt')

0 OUTPIT FILE FOR PRINTOUT w)

ESCRIPTION: ',DESCRIPTCLFNI)/

UN TIME (S): ', SIMTIME:3,"' */

' EBUSRATE:3,' ',

uM:5);

TIME(S) VAX TX: ¥ PXTS, PXT $2¢2) CONT RES'.,

/TVC (OMM: MSG/SEC DELAY(S) PKT SZ(B)'):
........................................ vy;
= 1 THEN

D0

£13:4." 'ICONT[I].CS.STARTIME:10:2;'

MPKTS:INT:z2,"' fPKTSENTSZ:SI'
CS.NU“PKTSRET:Z," *,CONTCI).CS.PKTSZRET:z5,
“,CONTCI).MSGSEC:4," ¥

3, YL,CONTCI1.PKTCOMUSZ:4))

CONT 00
THEN

ANCE (FT): *,STATCI+MAXNOCONTI. DISTANCE:8:1,
UMRX:8,' NUMBER TRANSMIT (5J): ‘S NUMTX:8)7
2(S) SINGLE CMD: X,BLOCKED cMp:t,

ONT [ O
1 THEN
00
IN

s CLR2:7:3,° ‘,5P23," ',
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' ',BP:3,! ',8C:3," "COMSZ:S);
END,
IF PRT = 1 THEN
BEGIN
WRITELN CABOUT /P == mm s c oo e e e e e e e ccmcemee ',
 rmmem e —— - - -—- ’);
WRITELNCABOUT,* *);
END.
END/
WRITELNCABOUT,'CONT DIST RESP PXT AMG  NUMBER FILL TIME(S), BUF SI(B)'):
WRITELNCABOUT, (FT) 1: 2: SZ(3) 5L“(S) 8614 1: 2:',
' 3: 4: S: 6: 7:%);
R T ELNCABOU T, mm = o m o oo o e e e e e e e ',
e e e e e e e e e e e ');

FOR I:= 1 TO MAXNOCONT DO
WITH CONTLIJ DO
BEGIN
IF CONNTD <> 0 THEM
BEGIN
NRITE(AECUTINA":I]:QISTATCIJ.DISTANCE:B:1IF59[13221' 'sRSPL2]:3, 0,

RESPSZ:b,' '",AD:2," ‘oN086T4:2, Y)Y

FOR J:= 1 T0 NOB&14 DO

WITH ARCCJI DO

8EGIN

ARITECABOUT,FILLTM:7:3,ARCSZ:S):

END,
WRITELNCABOUT,® ');

END/
ENDZ
R T ELN (ABCUT /! m oo m e o o o e e e e e e e e ',
e e e e e e e e e e et e l);

(tﬁtit.'t.ttﬁﬁﬁt"tﬁﬁtttt'tttﬁtttttttt.tﬁttktttttttﬁﬁt'tﬁ.tttfi.tnﬁ.ﬁtﬁt.ﬁt't)

FUNCTION RAN(VAR IDUM: INTEGER): REAL:

(t*ﬂtt*tttﬁtﬁt'tttt.tttt'tfiﬁﬁ'ﬁttttttit*ﬂﬁlﬁttﬁtﬁttttftttﬁﬁtn.tt'ttt&ﬁ'*ﬁt't)

(* RETURNS SOME RANDOM NUMBER IN RANGE O TO 1)

CONST

M = 7140257

IA = 1366:

Ic = 150889,

RM = 1.400512€-6;
VAR

J ¢ INTEGER’
BEGIN

IF (IDUM < 0) THEN
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BEGIN
IDUM = (IC-IDUM) "0D M;
FOR J:= 1 T0 97 DO
SEGIN
IDUM := (I x{ICUM MOD 4033Q) ¢+ IC) MOD M/
GLIRCJ] = IDUM;
END/
IDUM := ((IA*(IDUM MCD 6030)) + IC) MOD M/
GLIY := IDUM;
END:
J:= 1¢(97*(GLIY MOD B86480)) DIV M/
IF (J>97) GR (J<1) THEN
WRITELN('SOMETHING IS WRON: WITH THE RANDOM NUMBER GENERATOR')?

GLIY := GLIRLJI?
RAN := GLIY +* RM;
IDUM := ((IA =(IDUM MOD 5030)) + 1
GLIRCJ] := IDUM;

END/

(t*tiiit*ﬁﬂtﬁt*tt'tﬁiQttﬁktttﬁtﬂttt*tttt*t

PROCEDURE GETVAXNXT{(I: INTEGER)/

(ﬁtﬁﬁﬁﬁiﬁt'ﬁﬁtttttttRtttttﬂt**tti*ttﬁit'ﬁt

(%« FOR A SPECIFIED VAX = I = FIND THE NEXT
(» I.E. SEND ACK? SEND WATCH DOG TIMER?

VAR

J INTEGER?
BEGIN
WITH VAXLI] DO
BEGIN
(*# SET NEXT TX TIME AS ACK FOR ST&

TXCTI+MAXNOCONT] := ACK;
BITCI+MAXNOCONTI := SMALLPKT/
PARTCI+MAXNOCONT] := -1;
IF TXCI+MAXNOCONT] = BIGNUM THEN
8EGIN
IF VAXDOG < ACK THEN (* WAT(
3EGIN
TXTI+#MAXNOCONT) := VAXDOG/
BITCI+MAXNOCONT] := PXTDOS
PARTCI+MAXNOCONTY := 07
cND?
FOR Jz=1 TO MAXNOCONT DO (»

IF OKTXCJ] 1 THEN
WITH vCCJ] DO
IF TXTIME < TXCI#
BEGIN
TXCI+MAXNC
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1) MOD M;

vtﬁnt'tttﬂtttittﬁittttttittttt‘t*'t)

hti'ti*t*'t(t.'tﬁt’ﬁ'Q'tﬁ*."'.’"ﬁ*)

OPERATION TO 3E TRANSMITTED #)

TIME TO SEND MESSAGE TO CONT? ETC *)

RTERS *)

(« ACK NOT SET, CHECK OTHER OPS *)
HDOG TIMER CHECK *)

«8;

TRANSMIT COMMAND TO CONT CHECK *)

"AXNOCONT] THEN

CONT] TXTIMES



ORIGHINA. P/ 5E IS
OF POOR QUALITY

BITLI+MAXMOCONT] := BITS?
PARTCI+MAXNOCONT] = U4/
END/

FOR J := 1 TO MAXNOCONT 00 (* CONTROLLER STARTUP CHECK *)

If (CCONTLJILINSTART = 1) AND (CONTLDJILCONNTO = I)) THEN
WITH vSC41 DO

BEGIN

IF TXTIME < TX{I+MAXNOCONT) THEN
SEGIN
TXCI+MAXNCCONTY := TXTIME,
JITLI+MAXEOCONT) = BITS/
PARTCI+MAXNOCONT] := STARTNUM+J/
END/

END.

END/
END;
END/

(ﬁ‘tt*ﬁtt'ttﬁt'*ﬁﬁttt*ﬂ**t'tﬁtt*tﬁtﬁﬁtttt*»ﬁt*'ttttitttttttﬁtttttti't.t*ttttiﬁ)

PROCEDURE GETCONTNXT(I: INTEGER):

(ttttﬁtnt'itﬁttttt*itt'ﬁtttttittit*ttttﬁt!ﬁtt'tt..tﬁt!t'ttt’tttt!t.'ttttﬁ.tttﬁ)

(*+ FOR A SPECIFIED CONT = I = FIND THE NE}T OPERATION TO BE TRANSMITTED #)
(* T.E. SEND ACK? SEND WATCH DOG TIMER? TIME TO SEND ACRHIVE MSG TO VAX? ETC*)

VAR
J : INTEGER;

3EGIN
WITH CONTCI] DO
JEGIN (% SET NEXT TX TIME AS ACK *OR STARTERS +)
TXCI) := ACK:
8ITLI] := SMALLPXT!
PARTCI] := =1,

1F. TXCIJ = BIGNUM THEN (+ ACKX NO~ SET, CHECK OTHER 2PS *)
IF INSTART = 1. THEN (x CONTROI.LER STARTUP - COMING ON-LINE #)
BEGIN
WITH €S 0O
IF TXTIME < TXCI] THEN

BEGIN
TXCIY := "XTIME,
8IT(1) := BITS/
PARTLI] :: STARTNUM+Y,
END’
END
ELSE

BEGIN (* HOTFIRE MESSAGE READY TO SEND?*)
If COMMTM < TX([IJ THEN
BEGIN
TXCIJ := COMMTM;
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BITCI) := PXTCOMMSZ * 87
PARTLIT := =27
END»

IF CONTDOG < TXLI] THEN (* SiND WATCHDOG TIMER MSG BACK TO VAX*)

BEGIN
TXCIJ := CONTDOG-
BITCI) := PKTDQG*8;
PARTCII == N/

ENDZ

FOR J:=1 TOD NOB&14 DD (% ARC{IVZ MESSAGE READY FOR TRANSMISSION?*)
WwITH ARCCJ] DO
IF TXTM < TXLI] THEN

BEGIN
TxCI] := TXTM;
3ITCIY := ARCSIxS:
PART(I] == J;

ENDZ

IF NUMRET > O THEN (* SEND 1ESPONSE MSG TO VAX? *)
IF RESPTM < TXCIJ THEN

BEGIN
TX{1] := RESPTM;
8IT(1I]1 := BITS,
PARTCI) := NOB614 + 1)
END/
END/
END/

END/
(tttttiﬁ.lttttﬁltttQttttttﬁttttttttttt'ﬁ'Qt'tttﬁttttﬁtttti*.tﬁtﬁtiﬁtt'ﬁitt'tﬁ)
PROCEDURE SETVAXTIME(J, 1: INTEGER)/

(tttrﬁtttt'ttttitﬂﬁttﬁ*tﬁﬁ.ttliﬁttttttﬁﬁttt'ttttttt'ﬁtfﬁttﬁt.ttﬂtti"'tQttttt)

(%« SET VAX =-J= NEXT COMMAND TRANSMIT TIME AND PKT SIZE FOR CONTROLLER - Iw)

VAR
VAL: REAL,
BEGIN
WITH VAXLJ] DO
WITH vCcCI1 00
BEGIN
(» GENERATE NEXT TRANSMIT TIM! 8Y ADDING A RANDOM VALUE WHICH =)
(* IS TAKEN FROM AR USER SPECI?IED RANGE +)
VAL := RAN(CIDUM)/
IF (C(R1>1) AND (R2<10)) THEN
VAL := VAL « 10/
REPEAT
IF VAL > R2 THEN
VAL := VAL = RZ2;
IF VAL < R1 THEN
VAL := VAL + R1:
UNTIL ((VAL>=R1) AND (VAL<=R))/
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TXTIME TXTIME + VAL

=

(x IF SINGLE COMMAND TG TX N

IF ((CC1I<SP) AND (NEXT=1))
3EGIN
BITS := COMSI#*8;
cL13 := 11 + 1
1fF €{2] < 3P THE
NEXT :=
END
ELSE
(* BLOCKED CMD TO TX NEX
IF (¢C(21<3P) AND (NEXT=
SEGIN
IF COMSZ
BEGIN
END
ELSE
BEGIN
END/
€21 :=
IF ¢cC11
END
ELSE
BEGIN (* RESET TO ST
cf1] := 17
€23 := 3;
IF C[2] < BP THE
NEXT :=
3ITS := COMSZ «*
END

ENDZ
END/

(ﬁtlﬁ*.!ﬁ't'tﬁﬁﬁﬁ!"ﬁﬁﬁt.ﬁﬁﬁﬁﬁﬁ.ttitﬁ'it

PROCEDURE SETCONTIME(I: INTEGER):

(t‘.ttt'tttit.tt.ttt.'ﬁttt"tttttittt.*t

(» SET CONTROLLER =I= TO EITHER RESPOND

VAR

INTEGER/
INTEGER,

J
MSG

BEGIN
MSG 0
CONTCIJ.RESPTM

CLOCK?

EXT )
THEN

N
2.

T %)
2 ) THEN

« BC > 1500 THEN

-

8(Ts
NIMBCTX

1500 ~ 87
TRUNC((COMSZ*BC) /15002 +1;

=

NJIMBCTX
BITS

1:
1= 8C % COMSZ * 87
cL21
< sp
NEXT

R F
THEN
1;

.=

ART SEQUENCE OVER & SEND SINGLE CMD*)

N
iy

ts

- ttit*ttttﬁtﬂttﬁt*ﬁttﬁtiiﬁﬁitﬁ'tii"t)

"vQQ'ﬁt.t*'*.ﬁ.kt.ti.Qtttﬁ'ttti'ﬁtﬁti')

'O NEXT VAX COMMAND OR NOTY RESPOND¥)
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WITH CONTCI) DO

REPEAT
IF NUMRET = 0 THEN (* IF ALL (MDS HAVE SEEN RESPONOED TO *)
JEGIN
RESPTM := BIGNUM; (*DISALLOW RESPONSE UNTIL ANOTHER VAX CMD*)
FOR J := 1 TO MAXNOVAX DO
WITH vAX(J3 DO
IF CONNECTLIJ = 1 THEN
SEGIN
VAXCJI.OKTXCID := 17 (*VAX CAN TX AGAIN®)
(*IF REQ*D, SET VAX TIME TO CURRENT CLOCK TIME®*)
IfF VAX[{JJ.VCCIJ.TXTIME < CLOCK THEN
VAXCJI.VCEI) TXTIME = CLOCK?
END/
END/

If RESPTM <> BIGNUM THEN

BEGIN
(*RESPOND TC CURRENT CMD? DEPEKDS ON NEXT AND RSP VARS*)
(*#IN FIRST CASE WILL SEND RESPCNSE TO VAX COMMAND )
IF C(CCC1I<RSPL1]) AND (NEXT=1)) THEN

BEGIN
MsSG = 17
€L1] := ¢cC11 + 12
If CL2) < RSPL2] THEN
NEXT := 2:
END
ELSE

C+«WILL NOT SEND RESPONSE 10 VAX COMMAND =)
IF (C(CC2I<RSP{23) AND (NEXT=2)) THEN
BEGIN
MSG = 27
NUMRET := NUMRET - 1,
(* NO MORE C(MMANDS TO CONSIDER RESPONDING TO%)
IF NUMRET = {+ THEN

BEGIN
RESPTM := BIGNUM;
FOR J .= 1 TO MAXNOVAX DO
WITi VAXTJY 00
It CONNECTCII = 1 THEN
BEGIN
vax{Jl.okTxL1] := 17
IF VAXCJI.VCCIJ.TXTIME < CLOCK THEN
VAXCJI.VCCIJ.TXTIME := CLOCK?
ENDZ
END/
€L2) := €121 + 17/
IF CC1] < RSPL1] THEN
NZXT 1= 137
END
ELSE
BEGIN (% RESTART SEQU:NCE OF EVENTS - SEND RESPONSE®)
€1l == 17



cL21 := 27
MSG = 17
1F C[2] < RSPL2] THEN
NEXT 2= 27
END/

(* ADD DLY TO RESPONSE TM - DOESN'T MEAN SEND THE RESPONSE®)
RESPTM := RESPTM + AD;

m

NDZ

(* UNTIL NO MORE COMMANDS TO CONSIDER OR A RESPONSE NEEDS TO BE SENT »)
UNTIL C(C(NUMRET = 3) OR (MSG = 13)/
END/

('tttﬁ'tﬁtttttﬁiitttttt*tt*t*!ttttttttttt! tt’ik*tttt**titttﬁiﬂtttttkttt'titﬁ')

PROCEDURE SETXTIMES(VAR IX : INTEGER);

(ttttttt*ttkttti*ttttﬁ*tttt*tk't*itttttk&tttt'*ﬁ*t*t*ﬁtttttﬁttittﬁtttﬁtﬁt*ﬂ*t)
(# AFTER STARTUP THIS ROUTINES INITIALIZE: THE VAX & CONT TO BEGIN COMM «)

VAR
I, J : INTEGER/
VAL: REAL;

B8EGIN
(x CONTROLLER =-IX- COMING ON-LIWE, VAX =J- WILL COMM WITH THIS CONT =*)

J 1= CONTCIX].CONNTO,
(* SET VAX INITIAL PARAMETERS FIR THIS PARTICULAR CONT =)

WwITH vAXxCJ] DO

BEGIN
OXTXLIX) == 17
WITH VvCcCIX] DO
BEGIN
cC11 := 0’
cLel := 07
NEXT := 1,
TXTIME := CLOCK?
SETVAXTIME(S,IX)?
END/
END/

GETVAXNXT(J)?

(¢ SET CONTROLLER TO BEGIN ARCHIVING TO VAX #)

WITH CONTLIX] DO
BEGIN
FOR J:=1 TO NOE614 DO
BEGIN
WITH ARCCJ] DO
BEGIN
TXTHM

:= 07
REPEAT
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END;

(*Rt*k*t.lit't'tittt't*t'tttﬁ*t*t**t*ttttrittt*tkttttﬁﬁt*ttttttﬁt*t*'lﬁtt'!'*)

PROCEDURE UPVAX( I : INTE

(tt'tt'ttﬁttt"t.ﬁttﬁiﬁiﬁﬁﬁﬁtttttlttﬁﬁtttkt*ttttQQ'QGQ'!*.t'tt.itﬁ*tit'tﬁt'it)

(* VAX IS TRANSMITTING, UPDATE OTHER OPERATIONS OF VAX TG CURRENT CLOCK TIME.

VAR
J

BEGIN

TXT™ =

ENDS
END;
cf11 := 27
cC2) := 9;
NEXT := 17
ENDZ
GETCONTNXTCIX),

ER);

[~]

INTEGER,

WITH VAXTI) 0O
BEGIN

END;
END/

(ﬁ*.ttﬁtﬁﬁt-'ﬁtt*ttﬁ.tttﬁt’ttttﬁtttttt'ﬂ'Qt.ttttﬁttttﬁtﬂit'ﬁ.ﬁtitt't‘ttitﬁt‘t)

IF

ACK < CLOCK THEN
ACK := CLOCK,

FOR J := 1 TO MAXNOCONT DO

If

IF WOTXTMCJ] < CLOCK THEN
WDTXTMCJ] = CLOCK?
VAXDOG < CLOCK THEN
VAXDOG := CLOCK;

FOR J 3= 1 TO MAXNOCONT DO

IF CONNECTLDJ] = 1 THEN
BEGIN
IfF VCLJI.TXTIME < CLOCK THEN
VCLJI.TXTIME := CLOCK:
IF CONTOJILINSTART = 1 THEN

IF VSLJ].TXTIME < CLOCK THEN
VSCJI.TXTIME := CLOCK,

END/

PROCEDURE UPCONT( I : INTEGER)’

(.tl"tﬁtﬁflﬁﬁtt'tiht*tﬁﬁitﬁittt#*ittﬁ'tit.t"ﬁttt.fiittttt.titttt*tt'ttt."')

TXTM ¢ FILLTM?
UNTIL T4(TM >

*)

(% CONT IS TRANSMITTING, UPDATE OTHER OPERATIONS OF CONT TO CURRENT CLOCK TIME®)
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VAR
J o3

BEGIN

INTEGER?

WITH CONTCIT DO
BEGIN

END/
END/

IF ACK < CLOCK THEN
ACK cLoCk,
IF CONTDOG < CLOCK THEN
CONTDOG 2= CLOCK,
FOR J 1 T0 NOB%14 DO
IF ARCCJI.TXTM < CLOCK THEN
ARCCJI.TXTM := CLOCK,
IF NUMRET > D THEN
IF RESPTM < CLOCK THEN
RESPTM CLOCK,
IF INSTART = 1 THEN
IF CS.TXTIME < CLOCK THEN
CS.TXTIME CLOCK?
IF COMMTM < CLOCK THEN
COMMTM := CLOCK?

(tt.ﬁttttﬁﬁi'ﬁ*#ﬁﬁfﬁth'ifﬁ*ﬂt.*ttﬁttttﬁ.ttt.itﬁt'ﬁ*ttﬁt.ittttttﬁﬁtttttﬁt.tttﬁ)

PROCEDURE FINDNEXT,

(ittttitt*ttttttﬁtﬁtttﬁﬁttttt'ittﬁtt't&t*titt*t*tttn"ttQﬁtttt‘tttﬁﬁﬂtt*iitQ.)

(»

(« TO ALLOW

FINDS NEXT SMALLEST TRANSMIT TIME.

(* AT TRANSMITTING NEXT.

VAR

BEGIN

I :
TIME :

INTEGER,
REAL;

TIME 8IGNUM?
IF TXIX > MAXNOCONT THEN
SBEGIN (* VAX TRANSMITTED LAST.,
FOR I := 1 TO MAXDEVTOT 0O
IF TXCI) < TIME THEN

3EGIN
TIME := TXCIJ/
TXIX = I/
END/
END
ELSE (% CONT TX'D LAST, ALLOW VAX

FOR 1 MAXDEVTOT DOaNTO 1 DO
IF TX[I] < TIME THEN
BEGIN

14C

ALTERNATES BETWEEN CONT*'S 2 VAX'S
THE OPPOSITE OF THE ONE THAT JUST TRANSMITTED THE FIRST CHANCE #*).

ALLOW CONT TO TX FIRST THIS

TO TX FIRST THIS TIME *)

*)

*)

TIMEW)



TIME
TXIX

~.

——
>
~
-
[}
~a

ENC?
END/

G Ry P R T RS R R R R R R g P YRR R P P LD

PROCEDURE UPTIME(CINX : INTEGER, SUM: REAL)’

(ﬁ'ttﬁt.*tﬁﬁﬁ*tﬁ'*iﬁﬁ.'.ﬁ*tﬂ'ﬁﬁﬁiﬁt*ﬂt**iﬁ“t*tt'*ﬁ"t**ttﬁﬁi.ﬂhtﬁ.ittt't't'*'t')

(* USED DURING A COLLISION TO ADD WAITING TIMES TO THE DEVICE INVOLVED IN COLL*)
(* IF SUM = 16, THEN 16 CCLLISIONS OCCURFED, AND THE PACKET IS LOST «)

VAR
I : INTEGER,

BEGIN

IF INX IN C1..MAXNOCCONT] THEN (% CONTROLLER TRANSMITTING*)
BEGIN
IF PARTLINX] = -1 THEN
B8EGIN

IF SUM = MAXCOLLS THEN
CONTOINX) ACK:=CONTCINX].ACK+*INDELAY+PDELAYLTXIX,INXI+32/EBUSRATE

ELSE
CONTLINXI.ACK := CURTIME + Sut’

END

ELSE (* RESPONSE YO WATCH DOG TIMER fEG FROM VAX =)
IF PARTLINX] = 0 THEN
BEGIN
IF SUM = MAXCOLLS THEN
CONTCINX].CONTDOG:=CONTCINX] CONTDOG#MINDELAY+PDELAYLTXIX,INX]
+32/EBUSRATE

ELSE
CONTCINX].CONTDOG := CURTIME + SUM;
END
ELSE (* HOTFIRE OPERATION BETWEEN (ONT'S+)
IF PARTCINX] = -2 THEN
SEGIN

IF SUM = MAXCOLLS THEN
CONTLINX].COMMTM 2= CONY{INXJ].COMMTM +MINODELAY+PDELAY[TXIX,INX]
+32/EBUSRATE
ELSE
CONTCINXI.COMMTM := CURT:!ME ¢ SUM/
END

ELSE (* CONTROLLER SENDING RESPONSE TO VAX COMMAND #)
IF PARTLINX] = CONTLINX].NO3¢14+1 THEN
BEGIN
IF SUM = MAXCOLLS THEN
CONTOINXI.RESPTM: =CONTLINXI.RESPTM + MINDELAY
+PDELAYL " XIX,INXI+32/EBUSRATE
ELSE
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CONTCINX).RESPTM := TURTIME ¢ SuM;
END

ELSE (* CONTROLLER SENDING ARCHIVE MESSAGE *)
IF PARTLINX] IN €1..CONTCINXI.NOBS14] THEN
BEGIN
WITH CONTCINX] DO
IF SUM = MAXCOLLS THEN
ARCEPARTEINX]].TXTP:=ARC[PART[INX]].TXTM + MINDELAY
PODELAYLTXIX,INXY + 32/EBUSRATE

ELSE
ARCCPARTCINXII.TXTH:z= CURTIME + SUM;
END
ELSE (* START UP FOR CON? PARTCINX] = STARTNUM *)
1F PARTLINX] >= STARTNUM THEN
BEGIN
IF SUM = MAXCOLLS THEN
CONTCPART[INX]-S7ARTNUM].CS.TXTIHE HE
CONTEPART[ILX]'STARTNUN].CS.TXTIHE +
MINDELAY + ~DELAYLTXIX,INX] ¢ 32/EBUSRATE
ELSE
CONT[PARTCINX]-S'ARTNUM].CS.TXTIME HES
CURTIME + SuM;
END/
END
ELSE (» VAX TRANSMITTING®)
BEGIN
IF PARTCINX] = =1 THEN (» SENDING ACK +SG BACK TC CONT *)
BEGIN
IF SUM = MAXCOLLS THEN
VAXCINX=MAXNOCONTI.ACK := VAXCIYX - MAXNOCONTI.ACK + MINDELAY
+ PDELAYITXIX,INX] ¢ 32/EBUSRATE
ELSE
BEGIN
VAXCINX-MAXNOCONTI.ACK :~7 CURTIME + SUM;
END/
END

ELSE (*WATCH DOG TIMER MSG FROM VAX TO CONT %)
If PARTCINX] = O THEN

BEGIN
IF SUM = MAXCOLLS THEN
VAXLINX-MAXNOCONT).VAXDOG := VEXTINX-MAXNOCONTI.VAXDOG + MINDELAY
+PDELAYCTXIX,INX] « 32/EBUSRATE
ELSE
VAXCINX-MAXNOCONT].VAXD0G := CLRTIME + SUM/J
END

ELSE (* MESSAGE TO CONTROLLER *)
IF PARTCINX] IN [1..MAXNOCONT] THEN
BEGIN
I := INX = "MAXNOCONT;
IF SUM = MAXCOLLS THEN
VAXCI).VCCPARTOINXII.TXTIM = VAXCIJ.VCCPARTLINX]I).TXTIME ¢
MINDELAY + PDELAYLTX (X,INX] ¢ 32/EBUSRATE



ELSE
BEGIN
VAXCIJ.VCIPARTCINXIITXTIME := CURTIME + SUM;
ENDZ
END

ELSE (% START uUP FOR CONT PARTLINX] = STARTNUM *)
IF PARTCINX] >= STARTNUM THEN
BEGIN
I := INX = MAXNOCONT,
IF SUM = MAXCOLLS THEN
VAX[I).VSCPARTUINXI=-STARTNUM]I.TXTIME :=
VAXCIJ.VSCPARTCUINX]I-STARTNUMILTXTIME +
MINDELAY ¢ PDELAY[TXIX,INX] + I2/EBUSRATE
ELSE
VAXCIJ.VSCPARTCINX]I=-STARTNUMILTXTIME :=
CURTIME + SUM;
ENDS
END/
END/

(ﬁ'tﬁﬁt*'ti"'ﬁ.ﬁﬁiﬁﬁ'ﬁl‘ﬁ'ﬁt.'Qﬁt**fﬁlﬁﬁﬁr**"ttﬁtﬁﬁﬁﬁttﬁ."ﬁtﬁk'ﬁ*i'tttt"t.)

PROCEDURE COLLISIONCINX: INTEGER; VAR SUM': REAL; VAR SuM2: REAL)./

(Q*tttitttﬁﬂf!titt*ﬁﬁtttt"tttﬁﬂfﬁittﬁt't!‘ ﬁt**ttQﬁt'ttttt"'ttt*'t‘fﬁtt!tntt')

(* CALCULATES WAIT TIMES FOR THE STATIONS WHICH COLLIDED *)

VAR
X: REAL/
1, LP : INTEGER:,
X1, X2: REAL;
BEGIN

(*+ THE LEAST AMOUNT OF TIME THAT :ITHER OEVICE WILL HAVE TO WAIT IS «)
(« CALCULATED HERE. MINIMUM 8US D:LAY + JAM TIME + TIME USED ON BUS*)

SUM? := ABSCTXCINX] - TXCTXIX]) + MINDELAY?
SUM1 := SUM1 + 32/EBUSRATE/
SUMZ2 = SUM1;

(x USE EXPONENTIAL BACKOFF ALGORITHM TO CALCULATE WAIT TIME FOR )
(%« DEVICE WHICH COLLIDED WITH TRAYSMITTING PACKET x)

X 2= 12

LP 2= STATLINXJI.NUMCOLS?

IF LP <> 0 THEN

BEGIN
IF LP > 10 THEN
Le := 10/
FOR I:= 1 7O LP DO
X 1= X « 2;

X1 := RANCIDUM);
SUMT1 1= SUM1T ¢+ X1 = X » 51.2E-67

(* USE EXPONENTIAL SACKOFF ALGORITHM TO CALCULATE WAIT TIME FOR ¢)
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(* TRANSMITTING DEVICE *)
X 2= 17
LP = STATLTXIX).NUMCOLS?
IF LP <> 0 THEN

SEGIN

IF LP > 10 THEN
LP := 107
FOR 1:= 1 TO LP DO
X = X * 27

ENDZ
X2 := RAN(CIDUM),
SUM2 := SUM2 + X2 * X * 51.2E-5
(x TALLY NUMBER OF COLLISIONS, CH:CK FOR MAXIMUM ALLOWED =)
STATLINXJ.NUMCCLS := STATCINXJ.NUMCOLS + 17
IF ACOLL = 0 THEN

STATCTXIXI.NUMCOLS = STAT{TXI-J.NUMCOLS * 17
IF STATLDINX].NUMCOLS >= 15 THEN
BEGIN

STATCINX].NUMCOLS := 07

SUMtT := 0.0/
END
1F STATLTXIX].NUMCOLS >= 16 THEN
BEGIN

STATCTXIX].NUMCOLS == 0’

suM2 == 0.0’
END/

END/
('.'ﬁi***ﬁ""'t.tﬁ*.".*'ﬁttﬁ'..ttttﬁﬁﬁ‘.'tﬁtlt.ﬁ'ﬂtﬁ"ﬁﬁtﬂ*tﬁR"tﬁt'ﬁt'..'.)

PROCEDURE COLLIDECINX : INTEGER/ SUM: REAL)/

(tﬁﬁﬁttnt'itititittttttﬁﬁﬁtﬁit'ti't'ttt*‘ﬁtttﬂtt..Qittttttt.ttttﬁ'tttt*tt*ﬁt.)

(x USED TO UPDATE THE STATISTIC 9f DEVICES WHICH COLLIDED *)
BEGIN

WITH STATCINX] 00
BEGIN
NOCOLS := NOCOLS + 17
IF NUMCCLS > MAXPKTCOLS "“HEN (*MAX NUM COLLS FOR ANY 1 PKT%)
MAXPKTCOLS := NUMCOLS

ELSE
IF NUMCOLS = QO THEN
SEGIN
MAXPKTCOLS := 16°
END/
COLTIME := COLTIME + SUM’ (+ TOTAL DEVICE COLL TIME®)

PKTCOLTIME 1= PKTCOLTIME + SUWMJ («FIND MAX PKT COLL WAIT TIME®)
IF PKTCOLTIME > MAXCOLTIME THEN
MAXCOLTIME := PKTCOLTIME:

IF (MINWAIT > SUW) THEN MINWAIT := SUMZ (*MIN PKT WAIT TIME *)
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IF (MAXWAIT < SU4) THEN

BE

GIN
MAXWAILT

= SUM; (*vAX PKT WAIT TIME *)

END

END S
END/

(t*t*ﬁttﬁttﬁt*ﬁ*t**tt

PROCEDURE ACOLLISION,

(ttttttltﬁ*ﬁ*t*ttit*t

(* CHECKS DEVICE WHIC
(« LINE TO TRANSMIT.
(+« TO ETHERNET PROTOC

VAR
I, J: INTEGER
sSuM1, SuMZ: R
PD: REAL’
8IG3ITS: INTE
SAVE: REAL:
NEWCOLFLG: IN

BEGIN

BIGBIT
NEWCOL

’

MO 1N

L

T0
<>
(*
(>
IF

(*WRITELNC'C T=',TXIX
¢ §2=',S5UM2:9," T2="',
€2="',STATLI].NUMCOL

Q'tilﬁﬂ."t.***ﬁ'ﬁ-t!.Qtl"lt"tﬁ'*'tt*ﬁ't"lﬁ*"tﬁ'tﬁ'ﬁ)

tttt*ithttttttitt*ttﬁtttittﬁtttttttﬁﬁ*t**tti'*ttttttt*tt)
H WAS SELECTED TO TRANSMIT AGAINST THOSE WHICH ARE IN *)
IF COLLISION OCCURS THEN UPDATE TRANSMIT TIMES ACCORDING®)
OL SPECIFICATIONS =~ EXPONENTIAL BACKOFFF ALGORITHM™ *)

’

EAL,
GER

TEGER,

(«WwAIT TIME OF COLLI ING DEVICE *)

(*WAIT TIME JF TRANSHITTING DEVICE *)

(*FLAGS THAT A COLLISION DID OCCUR FOR THIS PACKET *)
(*LARGEST PROPAGATION DELAY BETWEEN ANY COLLIDING DEVICES®)
(*LARGEST SLOT TIME JFFERED TO 8US *)

MAXDEVTOT DO
TXIX THEN
CHECK FOR A COLLISION BY COMPARING THE DIFFERENCE IN *)
TX TIMES WITH THE PROPAGATION DLY SETWEEN 2 DEVICES =)
(TxC11] CURTIME) < PDELAYCTXIX,IJ THEN
BEGIN
(x CALCULATE DEVICE WAIT TIMES %)
COLLISIONCI,SUM1,SUM2);
12, P=',PARTLTXIX3:2," C1=',STATCTXIXI.NUMCOLS:2,
STATCTXIX).COLTIME:S:2," C/w=',1:2," P=",PARTLI:2,
§:2,' S1=',S5UM1:9,"* T1="',STATCIJ.COLTIME:S532)7
IF NEWCOLFLG 0 THEN

*)

IF STATIIJ.NUMCOLS = 1 THEN
BEGIN
NEWFKTCOLS := NEWPKTCOLS + 17
NEWCOLFLG := 17
END.
I1F ACOLL = O THEN ACOLL = 17

IF PD < POELAYLTXIX,I] THEN
PD := PDYLAYLTXIX,11}
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(« UPDATE LEVICE NEXT TRANSMIT TIMESw)
IF STATUIJ.NUMCOLS = 0 THEN

BEGIN

UPTIMI(I, MAXCOLLS),

SUMY = MINDELAY ¢ PD + 32/EBUSRATE.
END
ELSE

UPTIM (I, 3UM1);
(* UPDATE DHEVICE COLLISION STATISTICS =)
COLLIDE(I, SUMY)?

SAVE := CLOCK,
CLOCK := CIRTIME + SuM1;

IF I <= MAYNOCONT THEN
UPLUONTCI)
ELSE
UPYAXCI-MAXNOCONT)
TxC11l

Cl.OCK?

(* TOTAL DATA OFFERED = NOT OFFERED LOAD )
IF STATLI] NUMCOLS = 1 THEN
3EGIN
TOTDAT A @
3ADOFF := B
ENDJ
TOTBITS := TOTSITS + 512/
END 2

= TOTDATA + BIT[I];
ADOFF + B8ITLI.

IF ACOLL = 1 THEN (x UPDATE TRAN.MITTER TO REFLECT CCLLISION =)
8EGIN
TOTBITS := TOTBITS - BITLT-IX]’
TOTBITS := TOTBITS + 5127
(* UPDATE TRANSMITTER'S NE:T TRANSMIT TIME =)
IF STATCTXIXJ.NUMCOLS = O "HEN
BEGIN
UPTIME(TXIX, MAXCOLLS):
SUM2 = MINDELAY + PD ~ 32/EBUSRATE,
END
ELSE
UPTIME(TXIX,SUM2)/
(» UPDATE TRANSMITTER COLLI ION STATISTICS »)
COLLIDECTXIX, SUM2)’

If NEWCOLFLG = O THEN
IF STATLTXIX) NUMCOLS = 1 THEN

BEGIN
NEWPKTCOLS := NEWPKTCOLS + 17
NEWCOLFLG := 17

END/

SAVE := CLOCK;

CLOCK := CURTIME + SuM2,

If TXIX <= MAXNOCONT THEN
UPCONT(TXIX)

ELSE

ORKZI™! )
OF PO g i bid
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END/

Uﬁl’{‘-g- “Yf‘, e

OF POOR QJAL;TY

UPVAX{(TXIX-MAXNGCONT)/
TXCTXIX] = CLOCK,
CLOCK := SAVE,

(+ UPDATE TIMES AND STATS TO 2EFLECT {OLLISION *)

TOTCGLS := TOTCOLS + 17

BUSBUSY := 9uS3USY + °5 + STRDELAY + Z2/Z3U3RATEI;

CLOCK := CLACK 4 ©PD + MINDZLAY + T2/Z3YSRATE
END/

(ﬁ*ﬁit***i*t'ittttittﬂ'!rt‘v’I**t!t*ttﬁtﬁi ﬁtttﬁ*t**tttitttft*iﬁiiﬁ*tt!*t**iw*)

PROCEDURE CHECKDEFER?/

(tﬁ*iﬂit'!it***tt*itﬁt*t’tt*tttﬂtiﬁ***ﬁﬁﬁ‘ *k**itt****i*t***"**ﬁﬁ**iﬁt*t'tﬁt')

(*» COMPARE TRANSMITTSER WITH OTHER TRANSMITTING DEVIC
(* MUST DEFER ITS PACKET TRANSMISSION UNTIL AFTER THd

VAR

SEGIN

EE€ IF THAT DEVICE w)
NT TX IS COMPLETE =)

€5 To S
£ CURRE

T
cu

I: INTEGER?

SuM:

REALZ

SAVE: REAL;

FOR

= 1 TO MAXDEVTOT 09
I <> TXIX THEN
BEGIN
(« CHECK FCR A PACKST HEFER CONDITION 3Y COMPARING THE +*)
(» DIFFERENCE IN TRANSHIT TIMES TO DECIDE IF A PACKET *)
(* MUST w8IT UNTIL ANO'HER TRANSMISSION IS COMPLETE *)
IF (TXCIX-TXLTXIX]) < (SITLTXIXI/EBUSRATE +
MINDELAY + PDELAY TXIX,I1) THEN

I
If

‘ BEGIN
(* WRITELNCABTEMP,'D T= ',TXIX:2,' P= ‘',PIRTLTIXIX]:2," D/w= 1,132, P Y,
PARTLI):2,'T¥M= ',CURTINE): *)
SUM := BITCTXIX]I’/EBUSRATE,
UPTIMECI, SUM); (« MAKE DEVICE wAIT SUM TIME )
SUM := SUM ¢ MINDILAY - (TXLIJ=TXL{TXIX1)’
IF SUM < 0.0 THEN SUM := 0.0/

(» UPDATE DEVICE 3TATS FOR DEFER CONDITION #)
STATCIJ.DERTIME := STATLIJ.OERTIME + SUM/
STATCIJ.NODER := STATLIJ.NODER ¢+ 1/
IF ((STATCIJ.MINWAIT > SUM) AND (SUM <> 0.0)) THEN
STATCIJ.MINWAIT = SUM;
IF STATLIJ.MAXWAIT < SUM THEN
STATLIJ.MAXWALIT := SUM;
1F STATLIJ.NUMCOLS <> O THEN
STATCIJ.PKTCOLTIME := STATCIJ.PKTCOLTIME + SUM;

(« SET OTHER DEVICE TX TIMES TO UPDATED TIME AND <)

(s SELECT THE NEXT OPERATION TO BE TRANSMITTED *)
SAVE := CLOCK,

147



PROCEDURE SETSTARTUP(I:

CLOCK :=
IF I <=
BEGIN
UPCONT(I),
GETCONTNXT(
END
ELSE
SEGIN
UPVAX(I-MAX
GETVAXNXT(I
END7
cLock
ENDZ

TXCIZ +
MAXNQCONT

SAVE.,

END:

(G2 222 2 22 2 2 R I T T T RN R TRy

INTEGER)?

(€ R R R R T T T TR R Ry

(* INITIALIZES COMM VARS BETWEEN VAX AND

J: INTEGER,

(* CONT -I- TALKS TO VAX =J- BRIN

J := CONTLIJ.CONNTO,

WITH VAX{J].vsSC1] o0

BEGIN

TXIX = J + MAXNOCONT;
STAT := 17 (+ =1 vVAX 7
COUNT := 17 (» NU™ PKT
CLOCK := CONTCIJ.CS.S5T
(* SET VAX WATCHDOG TI
VAX[JI.WOTXTMLI] := RO

VAXCJI.WDTXTMLI]
(» SET NEXT TX TIME
IF VAXCJII.WDTXTMLIZ <
BEGIN
VAXCJI.VAXDOG
VAX[JJ.WHODOS
END/
(» INITIALIZE VAX TRAN
TXTIME CLOCK?
81ITS PKXTSENTSZ « &/
CONTLIJLINSTART := 1/
GETVAXNXT(J)Z (*FIND N
CONTEIJ.CS.STARTIME
CONTLIJ.CS.COUNT
CONTLIJ.CS.STAT
END;

HE RV
= MA

S

s

LY

SR L
3F POOK GuA

SUM
THEN

MINDELAY,

i)s

NOCONT) ]
~MAXNOCONT) !

ttttiﬁ'*ﬁ'**itt*tt.‘l*"iﬁt'ﬁ'*t*t'*ﬁ)

AR AR AR RN R AR AR AR A RAA AN R AN AN AN)

CONTROLLER TO BRING ON-LINE®)

CONT ON=LINEx®)

3

(* SET APPROPRIATE VAX TO TX =)

JRN TO TX, =2 CONT RESPONSESw)

5 SENT SO FAR VARIABLE »)

ARTIMEZ, (~ CLOCK CONT START TIME*)

4ER TO BEGIN 1 SEC AFTER STARTUP#)

INDC(CLOCK)

VALTJY WOTXTMOID + 2.0/
FO-

! VAX WATCHDOG OPERATION®)
/AXTJI.VAXDOG THEN

VAXCJI.WOTXTMII],
I;

iMIT TIME & NUM BITS FOR THIS CONT w)

(#CONT IN STARTUP MODE®)

‘XT VAX TRANSMISSION +)

BIGNUY; (#DON'T STARTUP CONT AGAIN®)
(*NUM PKTS SENT SO FARw)

LPXT; (* VAX TURN UNTIL =2%)
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IF HOTFIRE = 1 THEN {(*1F HOTFIRE ALLOWED AND TVCEAFT *)
IF CONTITVCI.CS.STARTIME = BIGWUM THEN (* THEN BEGIN HOTFIRE OPw)
IF CONTOCONTLTVCI.TALKTO}.CS.STARTINE = BIGNUM THEN
3EGIN
(x START HOTFIRE 2 ECONDS AFTER CONT STARTUP «)
CONTIOTVCI.COMMTM := TRUNCCCLOCK) + 2.0;
CONTCTVC] NUMSENT := 07
CONTCCONTLTVCI.TALKIOJJNUMSENT := 07
(» DON'T RE-START HIFTIRE OPERATION! w)
CONTLTVC].CS.STARTIME := BIGNUM » 2.0;
END,

ENDZ

(Qt*tt'ttttttﬁ*tiﬁttt'tttt'ttittt*t*ﬁRttttﬁttQtti*ttttit'ttttttﬂtt*tﬁﬁttttttt)

PROCEDURE UPDATES

(tttttttt*tﬁittttt**ttttﬂkﬁQtt.*tttiiltﬁ*ttttQQ'tttﬁttttttt.'ﬂtttt*ﬁttttitttﬁ)

(* UPDATE DEVICE WHICH JUST TRANSMITTED T ALLOW ITS NEXT TRANSMISSION AND #)
(« SET DEVICEZS FOR APPROPRIATE RESPONSES TO MESSAGE JUST SENT *)

VAR
I, J : INTEGER?
OKDOG : INTEGER;
MAXLOOP: INTEGER;

IEGIN

:= CURTIME + BITCTXIX] / EBUSRATE?
auUSBUSY := BUSBUSY + SITUTXIX]1/EBUSRATE + MINDELAY;
:= USAGE + BITCTXIXI/EBUSRATE,

(«IF TXIX <=MAXNOCONT THEN

WRITELN(ABTEMP,'T=',TXIX:2," P=",PARTLTXIX]):z3,' B=',BITLTXIX]:5,

' CL=',CLOCK:9:5," NK= *,CONTLTXIXI.NOACK:2,' NC=',STATLTXIX].NUMCOLS:2,

' NO=',STATLTXIX]I.NOCOLS:64,* CT=*,STATLTXIX]I.COLTIME::5," PT=",
STATITXIX].PKTSRX:4)

ELSE

WRITELNCABTEMP,*T=',TXIX:2,"' P=',PARTLTXIX]:3,"' B=",8ITL(TXIX]:5,

' CL=',CLOCK:9:5," NK= *',VAXCTXIX-MAXNOCONTI.NOACK:2,' NC=',
STATCTXIXI.NUMCOLS:2," NO=',STATCTXIXI.NOCOLS:64," CT=',STATOTXIXI.COLTIME:9:5,
P PT=',STATLTXIXIPKTSRX:4)/ *)

IF PARTLTXIX] <> -1 THEN
If PARTLTXIX] <> 0 THEN
IF PARTLTXIX] <> =2 THEN
IF CC(LAST<>=2) AND (PARTLTXIXJI<>-1)) THEN
IF TXIX <= MAXNOCONT THEN
VAXCCONTETXIXI.CONNTOJ.RXDATA:=VAXCCONTCTXIXI.CONNTO).RXDATA+B8ITLTXIX]
- 26%8 («LESS HEADER BIT35 «)
ELSE
VAXCTXIX-MAXNOCONTI.TXDATA := VAXCTXIX-MAXNOCONTI.TXDATA & 3ITLTXIX]
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- 26%3; (*#LESS HEADER BITS *)

IF TXIX IN C1..MAXNOCONTY THEN (* CONTRILLER TRANSHITTED®)

IF PARTLTXIXI = =1 THEN (* CONT TX'D i1(K TO VAX«)
BEGIN
CONTLTXIX].ACK = BIGNUMS
CONTOTXIXILHOACK := CONTLTXIXI.H0ACK = 1,
IF CONTLTXIXI.NOACK > O THeN
CONTLTXIXILACK 3= CLOCK,
STATCTXIXILACKSTX := STATUTXIXJ.ACKSTX + 1/
STATLTXIX].PKTSRX 2= STATCTXIXI.PKTSRX + 1/
(*WRITELNCABTEMP,' "), #)
END
ELSE
IF PARTCTXIXY = O THEN (= WATCHDOS TIMER RESPONSE®)
SEGIN
CONTCTXIXI.CONTDOG := BIGNUM,
END
ELSE
IF PARTLTXIX) = =2 THEN (» TVC-AFT COMMUNICATION =)
BEGIN
CONTLCONTLTXIX).TALKTOJ.NQACK := CONTCCONTOTXIX]I.TALKTOJ.NOACK+1]

IF CONTCCONTUTXIX].TALKTOJ.NOACK = 1 THEN
CONTLCONTLTXIXI.TALKTOJ.ACK == CLOCKS
NUMHOT = NUMHOT + 1; (» KEEPS UP WITH NUMBER SENT IN A SECONDw)

IfF TXIX = TVC THEN (*CAN ONLY BE TVC OF ONE OF THE AFT'S+)
BEGIN
WITH CONTCTXIX] 00
BEGIN
NUMSENT := NUMSENT ¢ 1;
COMMTM := EIGNUM;
IfF MUMSENT = MSGSEC THEN
NUMSENT := 02
CONTCTALKTC).COMMTM := CLOCK + CONTCTALKTOI.OLYTM?
GETCONTNXT(TALKYQ)Z
ENDZ
END
ELSE
BEGIN
WITH CONTLTXIX] DO
BEGIN
NUMSENT := NUMSENT + 12
COMMTM := 2IGNUM;
HOTSTART := 17
IF NUMSENT = MSGSEC THEN
BESIM
NUFSENT := O;
CONTLCONTLTXIX].TALKTOJ.COMMTM ==
TRUNCCCLOCK) + 1.0/
IF KOTFAIL = 1 THEN
HOTSTART := 07
END

.

[T S IETER
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ELSE

BEGIN

CON" CTALKTQ].COMMTM := CLOCK +
CONTCTALKTOJ.OLYTM]

GETi ONTNXT(TALKTO)?

END/

ENDS
END’
END
ELSE
BEGIN

VAXCCONTCTXIX].CONNTOJ.NOACK :=

IF VAXCCONTUTXIXILCONNTOJLNOACK
VAXLCONTOTXIXJ.CONNTOJLACC

GETVAXNXTCCONTLTXIXI.CONNTO)?

VAXCCONTITXIXI.CONNTOI.NOACK*T;
= 1 THEN
= CLOCKS

IF PARTLTXIX] = CONTCTXIXI.NCB6T14+1 THEN (*RESPONSE TO VAX*)

BEGIN

CONTUTXIXI NUMRET := CONTLTXIXI.NUMRET - 17

SETCONTIMECTXIX)?

FOR J := 1 TO MAXNOVAX DO

IF vAX[TJJLCONNECTCTXIX] = 1 THEN
GETVAXNXT(J)?

END

ELSE
If PARTLTXIX] IN £1..CON"CTXIX].NOBE14] THEN
BEGIN (» ARCHIVE MESSAGE SENT *)
WITH CONTCTXIX] 0O
ARCLPARTLTXIX1]. " XTM:=CLOCK + ARCCPARTLTIXIX]I.FILLTM?
eND

ELSE
IF PARTLCTIXIX] >= STAR 'NUM THEN
2EGIN
CONT[PRRT[TXIXl'STARTNUM].CS.TXTIME 1= BIGNUM;
WITH CONTCPART ITXIXI-STARTNUMI.CS Do
IF STAT = 1 THEN
WITH VAXECONTCTXIX].CONNTO].VS[TXIX] 00
BEGIN
TXTIME := CLOCK + 0.002/
JITS := PKTSENTSI * 8/
SETVAXNXTCCONTITXIXI.CONNTO)?
END
ELSE
SEGIN
COUNT := COUNT + 17
IF COUNT <= NUMPKTSRET THEN

9EGIN
TXTIME := CLOCK + 0.0302/
BITS := PKTSIRET + &7
END
ELSE
S8EGIN

STAT := SMALLPKT?
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W.TH VAXCCONTCTXIXI.CONNTOJ.VSCTXIX]
JEGIN
TXTIME := CLOCK+0.002/
317TS := PKT10GSZ =+ 87
GETVAXNXTCCONTITXIXI.CONNTO)?
END/
END
END/
END/
END
ELSE {* VAX TRANSMITTED®)
IF PARTLTXIX] = -1 THEN
BEGIN
VAXCTXIX-MAXNOCONTILACK := BIGHUM?
VAXCTXIX-MAXNOCGNTILNOACK := VAXDTXIX=-MAXNOCONTI.NOCACK = 17

IF VAXLTXIX-MAXNOCONTI.NOACK > O THEN
VAXCTXIX-MAXNOCONTI.ACK := CLOCK;
STATCTXIX)L ACKSTX := STATCTXIXI.ACKSTX ¢ 17
STATCTXIX].PKTSRX := STATUTXIX].PKTSRX + 1:
(*WRITELNCASTEMP,' '); *)
END

ELSE

IF PARTLTXIX] = O THEN (» WATCHDCG TIMER MSG FROM VAX*)
BEGIN
J = TXIX=-MAXNOCONT/

CONTTVAXCJ].WHODOG].CONTDOG := CLOCK + CONTCVAX[J]).WHODOGI.AD/
GETCONTNXTC(VAXCJI.WHIDOG)I?

00

VAXCJ].HDTXTM[VAX[J].UHODOG]:=TRLNC(VAX[J].HDTXTM[VAX[J].HHODOG])*1.0;

0kDOG := 07
MAXLOOP := 0/
REPEAT
VAXCJI.WHODOG := VAXLJI.wWwHODOG + 17
MAXLOOP := MAXLOOP + 1.
IF VAXCJ].WHODOG > MAXNOCONT THEN
VAX[JI.WHODOG := 17
IF VAXLJI.CONNECTIVAXLJII.wHODOG] <> 0 THEN
OKDOG := 127
If ((VAX(JJ.OKTXCVAXCJ].V&ODOGJ = 0) AND
(CONTLVAXLJ].WHODOGI.INSTART IN (0..11)) THEN
o0KDOG := 0/
IF MAXLOOP = MAXNOCONT THEN
H 1
UNTIL (OKDOG = 1)
VAXLJI.VAXDOG ==
END

H
VAXCJI.WDTX "MCVAXTJIT.WHODOG]/

ELSE (* MESSAGE TO CONTROLLER *)

If PARTLTXIX) IN C[1..MAXNOCONT] “"HEN

BEGIN
CONTCPARTLTXIXII.NOACK := COTEPARTLTXIXIILNOACK#1Z
1F CONTCPARTCTXIXIJ.NOACK = 1 THEN

CONTLPARTLTXIX]J.ACK := CLOCK?

J 1= TXIX-MAXNOCONT,
WITH VAXCJI.VCIPARTLTXIX]] D
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IF NUMBCTX>1 THEN

BEGIN
NUMBCTX := NUMBCTX - 17
TXTIME := (LOCK + 0.0027
END
ELSE
BEGIN

SETVAXTIME(Y, PARTITXIX])/
VAXCJI.CKTXIPARTLTXIX]] =
WITH CONTIPARTLTXIX1I [O
8EGIN
NUMRET := 17
1F SITCTXIX] > VAX[JI.VCIPARTCTXIX1I.COMSZ » B THEN
NUMRET := VAXLJI.VCOFARTCTXIX1J.BC/
SETCONTIME(PARTLTXIX]),
END/

0~

ENO/
GETCONTNXT(PARTLTXIX])/
END

ELSE
IF PARTLCTXIX] >= STARTNUM THE?
BEGIN
CONTCPARTLTXIXI-STARTNUMI.NOACK := CONTCPARTELTXIXI-STARTNUMI.NOACK#*1;
IF CONTECPARTLTXIXI-STHRTNUMI.NOACK = 1 THEN
CONTCPARTLCTXIX]1-STARTNUM].ACK = CLOCK,
GETCONTNXT(PARTLTXIX]-STARTNUMI;
J 1= TXIX = MAXNOCONT.
WITH VAXLJI.VSLPARTCT-IXI-STARTNUM] DO
IF STAT = 1 THEN

BEGIN
TXTIME := BIGNUM.
COUNT := COUNT + 17
WITH CONTLPARTLCT<IXI-STARTNUMI.CS DO
BEGIN
TXTIME := C.0CK+0.002;
BITS := ACKPKTSZ + 87
GETCONTNXT( PARTLTXIXI=STARTNUM)
STAT := 17
END/
IfF COUNT > NUMPKTISENT THEN
BEGIN
CONTCPARTLTXIX]-STARTNUMI.CS.STAT := 27
STAY := 2/
COUNT := 1.
END/
END
ELSE
BEGIN

COUNT := COUNT + 1.
1F COUNT <= 100 THEN (+ PUT BACK TO 100 ON DELIVERABLE™®)
BEGIN
TXTIME := CLOCK+0.0027
2ITS := PKT100SZT + 8/
IF COUNT = 20 THEN
BEGIN
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PKT100SZ :: 807
NUM10Q := 07
END/
END
ELSE
BEGIN
CONT[PARTCTXIX}-STARTNUM].XNSTART 1= SMALLPKT,
TXTIME := 3IGNIM/
1 := PARTITXIXI - STARTNUM,
SETXTIMES(I)/
END/

END/

1F PARTLTXIXY <> -1 THEN
BEGIN
STATCTXIX].PKTSTX

: TATCTXIXI.PKTSTX + 17
STATLTXIXJPKTSRX :

TATCTXIXI.PRTSRX + 17

nwon
w W\

ENDS

STATCTXIXI.NUMCOLS :=
STATCTXIX].PKTCOLTIME
IF TXIX <= MAXNOCONT T
BEGIN
UPCONTCTXIX)?
GETCONTNXTCTXIX)?

0.0

.~

0
H

;
EN

BEGIN
UPVAX(TXIX-MAXNOCONT)?
GETVAXNXT(TXIX-WAXNOCONT)}

’
PARTLCTXIX]/

(itﬁtti.tttttt'ttiﬁ*Qtﬁ.titw*'ttttﬁitiwtthltt.ttttttittttttttttt'ﬁttﬂ'ttttiﬁ.)

PROCEDURE PRTRES?

(ititt"tt*t'tttti.tttttt'tttﬁit*itttttt't'tttttnt'ttﬁttﬁtt'tﬁtt'ti'tﬁﬁtttttt)
(« PRINT RESULTS OF SIMULATION RUN TO OUTPUT FILE FOR PRINTOUT +)

VAR
1,J : INTEGER;
AVGB8, AVGUS, AVGID 2 REAL?
T1, T2: REALS
L1,L2,L3,L5,51 : REAL/
L4, TOTDER, TOTRX., TOTACK: INTEG R?
3YTES : INTEGER/
OFFDATA, BADLOAD : REAL?
EFF2, EFF3: REALS
KT : INTEGER:
INDAT: CHAR;

SRIGINAL T

OF POOR QuailT
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WRITELNC(ABOUT,' ")/
WRITELN(ASOUT,"SOURCE 4AIT TIMc wAIT TIME DEFER COLL ‘'~
' PKTS ACKS PKTS MINIMUM PKT MAXIMUM 2KT MAX NUM MAX PKT ');

WRITELN(ABOUT,' DEFER COLLISION  COUNT COUNT *,

¢ oTX TX RX  WAIT TIME WALT TIME coLLs CoLL TIME');
WRITELN (ABOUT, ! ========ooooomoomoo oo omm oo oo m o - oo oo oo ‘.
------------------------------------------------------ I)l'

FOR I == 1 TO MAXDEVTOT DO

IF STATLIJ.OISTANCE <> 0 THEN
WITH STATLI] DO
BEGIN
WRITELNCABOUT, NAMLIT:4,® ',DERTIME:z10," ',COLTIME:10," ',

NCDER:S,' ',NOCOLS:S-,' ' ,PKTSTX:5,% *,ACKSTX:5," ',PKTSRX:5,' ', MINWAIT:10,

'YL MAXWAIT:10.! t,MAXPKTCCLS:2," *SMAXCOLTIME:10),;
TOTPKTSTX := TOTPKTSTX + PKTSTX/

L1 := L1 ¢ DERTIME,

L2 := L2 + COLTIME,

TOTDER := TOTDER + NODER?
TOTRX := TOTRX + PKTSRX/
TOTACK := TOTACK ¢ ACKSTX,
IfF (MINWAIT < S1) AND (MINWAIT <> 0.0) THEN ST := MINWAIT,
IF MAXWAIT > L3 THEN L3 := MAXWAIT,
IF MAXPKTCOLS > L& THEN L& := MAXPKTCOLS:
IF MAXCOLTIME > L5 THEN LS := “MAXCOLTIME:.
END./
WRITELN(ABOUT )t mmmm e e e e e e s e C e E e s s Sm e ',
e e e - = " = - - - - "y ;
WRITELNCABOUT,*TOT ':4é.,° 'LL1:10, 'y12:10,° ',TOTDER:S,
' 'ITOTCOLS:SI' 'IYOYPKTSTX:SI' 'ITQTAC“'SI *STOTRX:S5,' ',
S1:10, ', L3210, YoLe2,! Lf:10);
HRIT:LN(ABOUT: """""""" B D i i dddadd -———t,

WRITELNCABOUT,' ')

TOTPKTSTX := TOTPKTSTX + TOTACK/

AVGEB := BUSBUSY / TOTPKTSTX,

AVGUS := USAGE / TOTPKTSTX,

IOLE := SIMTIME - BUSBUSY/

AVGID := IDLE / TOTPKTSTX;

WRITELNCABOUT,'AVERAGE BUSBUSY: *,AVGBE:10:6,* USAGE: *,AVGUS:10:6.,
' IDLE: ',AVGID:10:%):
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WRITELN(ABOUT,'TOTAL 3US3USY: ',8US3JSY:10:56,"' USAGE: ',USAGE:10:6,
* IDLE: ',IDLE:10:06);

WRITELNCABOUT," ')’

SIMTHRUPUT := AVGUS / ( AVGB3 + A4VGID)’
OFFLOAD := TOTBITS / (SIMTIME =» EBUSRATZ);
SADLOAD := 3ADOFF / (SIMTIME *» ESBUSRATE),
OFFDATA := TOTDATA / (SIMTIME « EBUSPATZ).
EFFICIENCY := SIMTHRUPUT / OFFLQAD?

€EFF2 := SIMTHRUPUT / BADLOAD’

EFF3 2= SIMTHRUPUT / OFFDATA-;

T1 1= OFFLOAD * EXP(=(1.27E-9 + OFFLCAD)),
T2 := OFFLOAD » (1 + 2 % 1,27E-9) + EXP(-(1,27E-9 * DFFLOAD))/
THEOQORETICAL := T1 / T2;

Wt

SIMTHRUPUT := SIMTHRUPUT = 100.0’/

WRITELN(ABOUT,*S = SIMULATED THROUGHPUT: ',SIMTHRUPUT:10:6) 7
OFFLOAD := OFFLOAD « 100.0-

BADLOAD BADLOAD x 100.0/

OFFDATA := OFFDATA » 100.0/

WRITELNCABOUT,'G = JFFERED LOAD AS A ¥ 07 2US CAPACITY: ',O0FFLOAD:10:6.,

' (',BADLOAD:10:6,") TOTAL OFFERED DHATA: 'SOFFODATA:10:6)/
EFFICIENCY := EFFICIENCY + 100.07

EFF2 t= EFF2 * 100.0;

EFF3Y := EFF3 « 100.0/

WRITELNC(ABOUT,'E = EFFICIENCY (OFF LOAD): 'SEFFICIENCY:10:6,
' (',EFF2:10:6,") EFFICIENCY: (OFF DATA): ' ,EFF3:10:6)/

THEORETICAL := THEZORETICAL = 100.0;

WRITELNCABOUT,'T = THECRETICAL THROUGHPUT: ‘,THEORETICAL:10:6)7
WRITELNCABOUT,* *)?

IF HOTFIRE = 1 THEN
IF HOTMIN < TOTMSGSEC THEN
WRITELNCABOUT,'TVC-AFT COMM: ', TOTMSGSC:3,' MSGS NOT TRANSMITTED IN 1 ',
*SECOND*),

FOR Iz= 1 TO MAXNOVAX DO
BEGIN
IF RXMAXLI] <> QO THEN
SEGIN
9YTES := RXMAX[I) 0IvV 8;
WRITELNCABOUT,'VAX: ',1:2,' RECEIVED ',BYTES:8,"' BYTES IN 1 SECOND')?
END/

IF TXMAXCIJ <> 0 THEN

BEGIN

BYTES := TXMAXCI] DIV 8/

WRITELNCABOUT,*VAX: ',I:2,' TRANSMITTED *',8YTES:8,' 9YTES IN 1 SECOND')/
ENDS

ENDZ

(*WRITELNCABOUT,' ');
WRITELNCABOUT,'NUMBER OF COLLISIONS INVO _VING NON-REPEATED DATA PACKETS ',
NEWPKTCOLS)? *)

WRITELNCABOUT,' ')?

.56



ORIGINAL ;v 7«

*

OF POOR Qu. wiiY

WRITELNCABOUT,' ‘)’
WRITELN(CABOUT,*SECOND VAX RECEIVED ZITS TRANSMITTED 3ITS ')J
WRITELNCABOUT ' mmmmmmmm e s s e e c e m oo e o oSS oS Sm o m mr 9
FOR YT:= 1 TO MAXNQVAX DO

FOR J := 1 TO TMLINE DO

BEGIN
IF (C(RXSECCI,II < 0) OR (TxS:Z C[[/JJ <> 0)) THEN
WRITELNCABOUT,' Yedils? '.1:2.° ',RXSECCILJI,
TXSECLI,J])/
END.

If CPCHAR = 'Y' THEN
BEGIN

RESET(ASF)/
IF £3F(ASF) THEN
BEGIN

REWRITE(ASF)?
WRITELNCASF,'
! SIMULATION RUN RESULTS ')/
WRITELN(ASF,' 'J7
WRITELNCASF,' ')7

WRITELNCASF,"RUN OFF SIM THEO WAIT TIME *»/
TWAIT TIME '/
TOEFER COLL PKXTS ACKS PXTS MIN PKT MAX PKT MAX NUM  MAX PXT )

WRITELN(ASF,*NUM LOAD THRPT TFRPT EFF DEFER ‘.

"COLLISION '/

TCOUNT COUNT TX TX RX WAIT TIME WsIT TIME COLLS coLL',

¢ TIME')

JRITELN(ASFI ---------------------------------------------------------- ',
ENDJ

DATL1] := 'TEMP '

BINDC(ABDATA,DATL11,ISTAT);
RESET(ASF);
KT := =57
REWRITE(ABDATA)/
WHILE NOT EQF(ASF) 00
BEGIN
KT := KT + 17
WHILE NOT EOLNCASF) DO
BEGIN
READ(ASF,INDAT),
WRITECABDATA,INDAT);
cND/
READLNCASF):
WRITELNCABDATA);
END/

WRITELNCABDATA,KT:3,' "LOFFLOAD:%,"' *,SIMTHRUPUT:9,' ', THEORETICAL:9,
VUV LEFFICIENCY:9,' ',L1:9," ',L2:9,

t ¢, TOTDER:S5,* *,TOTCCLS:S,* ',TOTPKTST(2S5,' *,TOTACK:S,

¢, TOTRX:S," *,5129,% ',L3:9,' *,L6:2.° ',L5:9);



CLOSECABDATA),
BINDC(ASDATA,DATL11,ISTATY,
RESETCABDATA)
REWRITE(ASF)?
WHILE NOT EOF(A3DATA) DO
BEGIN
WHILE NOT ECLNCASDATA) [D
3EGIN
READCABDATA,INDAT)
WRITEZE(ASF,INDAT),
END2
READLNCABDATA)?
WRITELNCASF)
END;

CLOSE(ABDATA)/
END S
END/

(iiﬁtﬁtk*lﬂti*tﬁﬁttﬁ.*ﬁﬁﬁ."t't"*t.""l Q*i'*'ﬁﬁ"*ﬁtt.ﬁtitﬁi*.iﬁt*fﬁﬁﬁﬁ't*tﬁﬁ)

SEGIN (* MAIN ROUTINE *)

(*'*Qiiﬁ"ﬁt.ﬁittt'*ﬂtﬁ"!""'t'*t!*iﬁ "t'iﬁtt'Q"'tﬁi.Q*Qttﬁﬁttttﬁi"'.fﬁ")

INITIALIZE?
CONFIGURE?

IF SL = & THEN
BEGIN

PRTDATA,

REWRITE (ABTEMP)/

CLOCK := BIGNUNMS

FOR I := 1 TO MAXNOCONT DO

IF CONTCIJ.CS.STARTIME < CLOCK THEN
CLOCK := CONTCIJ.CS.STARTIMES

REPEAT
FINDNEXT,

FOR I := 1 TO MAXNOCONT DO
IF CONTCIJ.CS.STARTIME < TXCTXIX] THEN
SETSTARTUP (L),

CURTIME == TX{TXIX]/
1f CURTIME < (CLOCK + MINDELAY} THEN
CURTIME := CLOCK + MINTELAY/

TOTBITS == TOTBITS ¢ BITCTXIX]:

BADOFF := BADOFF + SITCTXIXD)?

IF STATCTXIXI.NUMCOLS = O THEN
TOTDATA := TOTOATA + SITLTX!X]/
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IF CLOCK > TMLINE THEN

BEGIN
TMLINE := TMLINE + 17
FOR I := 1 TO MAXNOVAX DO
BEGIN

IF VAXCIJ.RXDATA > VAX
IF VAXCIJWRXDATA >
RXMAXCI] VAXT
VAXCIZ.TXDATA > VAX
IF VAXLIJ.TXDATA >
TXMAXCIJ := vax(
WRITELNC(ABTEMP,'TM = *,CLOCK,"' RXDATA =
VAXCIJ.TXDATA)/
RXSECLI,TMLINE=-1]
TXSECCI,TMLINE=1]
VAXCIJ.RXDATA :
VAXCIJ.TXDATA :
END,

IF

" on
< <

IF ((HOTFIRE =
BEGIN
HOTFAIL := 0O/
IF NUMHOT < TOTHM
BEGIN
IF NUMHOT
HOTMIN
HOTFAIL
END/

1) AND

END?Z
IF CONTCTVCI.NUMSENT
END;

ACOLLISION,
IF ACOLL = O THEN
BEGIN
CHECKDEFER.,
UPDATE,
END/

UNTIL (CLOCK >= SIMTIME)’

FOR I :=

BEGIN

WRITELN(ABTEMP,'TM = ', CLOCK,'
VAXCIJ.TXDATA)?

1 TO MAXNOVAX DO

RXDATA =

RXSECLI,TMLINE] := VAXCIJ.RXDATA
TXSECLI,TMLINE] := VAXCIJ.TXDATA
END
OPCHAR := 'Y*;
REPEAT
WRITELN(C' *);

WRITELNC'ADD RUN INFORMATION TO
READUNC(OPCHAR);

FIJNUMRX*8 THEN
CAMAXLII THEHN
J.RXDATA;

“IJ NUMTX*3 THEN
TXMAXLI] THEN
"J.TXDATA
*sVAXCIJ.RXDATA,' TXDATA
~XCIJ<RXDATA;
+XTIJ.TXDATA?

HOTSTART = 1)) THEN

"GSEC THEN
HOTMIN THEN
NUMHOT

17

> 1 THEN NUMHOT := 0/

'+VAXCIJ.RXDATA,* TXDATA

JUMMARY CHARTS? "“Y" OR

59

N,

"

4

s

.
rd



UNTILCCOPCHAR = 'Y') OR (OPCHAR = NS

PRTRES/

END?
END.
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SIMULATION DESCRIPTION: SIM RUN 1

SIMULATION RUN TIME (S): 2.0E+01 ETHERNET BuUS RATE (B/S): 1.0E+07 RANDOM NUMBER SEED:

CONT START TIME(S) VAX TX: # PxTS, PKT SI(3) CONT RESP: # PKTS, PKT $2(B)

FWD1 3.10 1 10 1500 10 1500
TEA 2.10 1 10 1500 10 1500

VAX NO: 1 DISTANCE (FT): 1385.0 NUM3ER RECEIVE (3):

CONT ENG 1(S),RNG 2(S) SINGLE CMD: %,BLOCKED C#MD: % NO S2(3)
FWD1 0.200 0.400 100 1 25 82
I1EA 0.550 0.750 100 1 50 80

CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUFf S2(6)
(FT) 1: 2: SZI(B) OLY(S) 8614 1: :

FWDT 1445.0 1 100 80 2.0E-03 F4 3.100 1500 3.200 1500
1EA 1485.0 1 100 80 2.0€-03 1 6.200 1500

AFT/TVC COMM:

90000 NUMBER TRANSMIT (B):

MSG/SEC DELAY(S) PKXT S2(8)

A Yoo 4 40
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SOURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKY MAX NUM MAX PKT

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLs COLL TIME
FWD? 1.226€-03 1.170E-04 2 2 46 166 212 3.008E-05 1.196€-03 2 1.313€e-03
FwWdD2 0.C00€+00 0.000€E+00 0 0 o] o] 0 1.000€+04 0.000£+0C 0 0.000E+00
DFI 0.CODE+0D 0.00CE+00 0 0 c 0 0 1.C00E+04 0.000€+00C 0 0.000E+00
EMU 0.002€400 0.00CE+0D 0 0 o} e} 3 1.000£+04 0.00CGE+0D o 0.000€400
AFTI 0.000€+00 0.000€E+0)0 0 s} 0 0 0 1.000£+04 0.000€E+00 0 0.00CE+QD
AFTZ 0.C00£+00 0.000&+00 0 s} 0 ] 0 1.600c+04 0.000e+00 o] 0.000&E+00
TVvC 0.000c+00 0.000E+00 0 0 c o] 0 1.000c+04 0.000E+0Q 0 0.000&+00
IEA 8.14%E-10 1.636E£~05 15 1 6«0 139 179 1.550€E-11 1.696€£-05 1 1.696E-05
ASA 0.000€+00 0.000&+00 0 0 8} 0 0 1.000€E+04 0.000€+00 0 0.000&+00
VSWR 0.000c+00 0.000€+00 ¢} 0 0 o] 0 1.000e+04 0.000E+00 0 0.000£+0C0
VAX1 0.000e+00 6.255€~-05 4] 1 337 S5 392 4.255E-05 4.255€-05 1 4.255€-05
VAX2 0.000€+00 3.020&+00 2 0 0 0 0 1.000E+0¢ 0.00GE+00 o] 0.000€+00
TOT 1.226€-03 1.765€~-04 17 2 423 360 783 1.550E-11 1.196£-03 2 1.313€-03
AVERAGE BUSBUSY: 0.000281 USAGE: 0.000271 IDLE: 0.025262
TOTAL BUSBUSY: C.219927 USAGE: 0.212384 IDLE: 19.780073
S = SIMULATED THROUGHPUT: 1.061920
G = OFFERED LOAD AS A X OF BUS CAPACITY: 1.0562946 ¢ 1.074260) TOTAL OFFERED DATA: 1.061920
O TPTLCLINGT (o0E LiAlL. TTLTTIILL D tTLETIvG IFTICITMIY: f0rE nevaN. 400 _ANNANN
T = THEORETICAL THROUGHPUT: 1.051764

00d 40
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RECEIVED BITS

235840
236704
0

0
35376
0

o]
23584
o]

0
35376
0
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11792
o}
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11792

TRANSMITTED BITS
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SIMULATION DESCRIPTION: SIM RUN 2
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET BUS RAT

€ (8/5): 1.0E+07 RANDOM NUMBER SEED: 2597

RESP: # PKTS, PKT SI(B)

FWD1 3.10 1 10 15920 10 1500 0 0.000 0
FWb2 14.10 1 10 1500 10 1500 0 0.000 0
DFI 7.10 1 10 1590 10 1500 o] 0.000 0
EMU 6.10 2 10 1500 10 1500 0 D.000 o]
AFT1 11.10 1 10 1500 10 1500 0 0.000 0
AFT2 0.10 1 10 1500 10 1500 15 0.034 g0
Tve 1.00 1 10 1520 10 1500 1s 0.033 80
1EA 5.10 1 10 1500 10 1500 0 0.000 o]
ASA 4.10 1 10 1500 10 1500 0 0.000 0
VSWR 2.10 1 10 1500 10 1500 0 0.000 [
VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER ReCeIve (B8): 90000 NUMBER TRANSMIT (B8): 100000
CONT RNG 1(S),RNG 2(S) SINGLE CMD: X,3L0CKED (HMD: X NO 32(B)
FuD1 0.200 0.400 100 1 25 80
FWD2 0.500 0.300 100 1 50 80
DFI 0.450 0.650 100 1 25 80
AFT1 0.300 0.600 100 1 S0 80
AFT2 0.200 0.350 100 1 25 80
TVC 0.100 0.250 100 1 25 80
TEA 0.550 0.750 100 1 S0 80
a3a AN 2.:58 fuu 1 25 80
VSWR 0.530 0.680 100 1 25 80
VAX NO: 2 DISTANCE (FT): 1395.0 NUMBZR RECEIVE (8): 90000 NUMBER TRANSMIT (B8): 100000
CONT RNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CMD: X NO S2(B)
EMU 0.200 0.400 6 1 1s 80
CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUF S2(8)

(FT) 12 2: SZ(9) DLY(S) 8614 1: : 3: 4: S: 6: 7:
FuD1 1445.0 1 100 80 2.0€E-03 7 0.400 1500 2.400 1500 5.000 1500 7.500 1500 2.000 1500 1.000 1500 1.600 1500
FWbD2 1465.0 1 100 8C 2.0£-03 7 0.410 1500 2.410 1500 5.100 1500 7.510 1500 2.100 1500 1.100 1500 1.610 1500
DFI 146455.0 1 100 80 2.0€-03 3 0.500 1500 0,700 1500 0.900 1500
EMU 1405.0 1 S 80 2.0€e-03 7 0.420 1500 2.420 1500 5.200 1500 7.520 1S00 2.200 1500 1.200 1500 1.620 1509
AFT1 20.0 1 100 30 2.0€6-03 S 2.430 1500 0.430 1500 0.800 1500 1.200 1500 0.850 1500
AFT2 30.0 1 100 80 2.0e-23 S c.440 1500 0.440 1500 0.810 1500 1.213 1500 0.860 1500
TVC 10.0 1 100 80 2.0€-03 4 0.200 1500 0.450 1500 0.500 1500 1.220 1500
IEA 1485.0 1 100 80 2.0€-03 3 0.460 1500 0.510 1500 0.600 1500
ASA 1495.0 1 100 8C 2.0&8-03 0
VSWR 1475.0 1 100 80 2.0e-03 0

00¢ 40
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SOURCE WAIT TIME WATT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM MAX PKT

991

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WALIT TIME coLLs COLL TIME
FuD1 2.987€-02 5.134€-02 72 74 122 171 293 4.460E-11 2.793€-02 6 3.171€-02
FuD2 7.083€-03 4.513E-03 19 23 55 2 176  6.429€-06 2.649E-03 7 S.942E-03
CFI 1.347€-02 3.077£-02 38 41 88 134 222 4.4605-11 2.779€-02 S 3.116€~02
EMY 1.335€e-02 1.009€e~03 34 30 126 157 283 7.363E-11 1.207£-03 3 1.817g-03
AFTI 1.168E-02 4.041E-02 42 48 79 132 211 4.460E-11 2.774E~02 7 2.8828-02
AFT2 2.374E-02 9.9856-03 62 76 346 377 723 4.460E-11 2.936E-03 8 7.708€-03
TvC 3.574€-02 1.355€-01 83 131 4138 420 833 1.282€-05 2.791€-02 9 3.693E-02
IEA 3.834E~-02 1.580€-02 84 73 118 135 253 7.453€-06 4.595E-03 8 1.178€-02
ASA 1.189€-02 3.356E-03 34 33 34 131 165 1.028£-10 1.194€-03 6 4.373€-03
VSHWR 1.G43E-02 2.170€E-03 26 27 35 140 175 1.295€e-05 1.191E-03 5 4.389E-03
VAX1 1.C49€e~-M 9.110€-~02 206 292 1473 803 2276 1.193€-06 2.771£-02 6 2.771€~02
VAX2 1.941£-02 2.279€-02 50 77 170 114 284 2.43SE-08 7.911€-03 9 1.700€e-02
10T 3.199€-01 4.187€-01 755 392 30¢4 2835 5899 4.460€~11 2.793€-02 9 3.693:-02
AVERAGE BUSBUSY: 0.000325 USAGE: 0.000315  1DOLE: 0.003065
TOTAL BUSBUSY: 1.917309 USAGE: 1.855280 IDLE: 18.082691
S = SIMULATED THROUGHPUT: 9.276400
G = OFFERED LOAD AS A X OF BUS CAPACITY: 9.513200 € 10.791120) TOTAL OFFERED DATA: 9.318720
E = EFFICIENCY (OFF LOAD): 97.510827 ( 85.963273) EFFICIENCY: (OFF DATA): 99.545860
T = THEORETICAL THROUGHPUT: B.ARARNT?
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TVC-AFT COMM:

SECOND

P v b b ek h ek ad b e =
wou‘mﬂombum—toow\lo«\nbwlua

P b
OCM~NOGWVRPWN=SO 0w

VAX

30 M5GS NOT TRANSWMITTED IN 1 SECOND

RECEIVED BITS

2336440
365934
424512
354624
448096
401792
330176
542864
271216
400928
283008
531072
412720
271648
637200
377344
518348
430928

famm -
.l e

495264
271648
72348
48464
58960
47600
48454
59824
47168
59392
47600
47168
24880
67600
72348

TRANSMITTED BITS

5616
369920
30928
8208
359856
41424
9936
6912
179Lﬂ
10800
388752
10256
9824
1296
432
10256
10488
432
864
1296
1295
10256
¢4
10488
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SIMULATION DESCRIPTION: SIM RUN 3
SIMULATION RUN TIME (S): 2.DE+O1 ETHERNET 3US RATE (8/S): 1.0E+07 RANDOM NUMBER SEED: 2597

CONT START TIME(S) VAX TX: # PKTS, PKT SI(3) CONT RESP: ¥ PKTS, PKT 52(3) AFT/TVC COMM: MSG/SEC DELAY(S) PKT SI(8)

FWo1 3.10 1 10 1500 10 1500 0 0.000 0
FWwD2 14.10 1 10 1500 10 1500 0 0.000 0
DFI 7.10 1 10 1590 10 1500 0 0.000 4]
cMy .10 2 10 1500 10 1500 0 0.000 0
AFT1 11.10 1 10 1500 10 15190 0 0.000 0
AFT2 J.10 1 10 1500 10 1520 15 0.034 20
TVC 1.00 1 10 1500 10 1500 15 0.033 &9
1EA 5.10 1 10 1500 10 1500 o] 0,000 0
ASA 4.10 1 10 1500 10 1500 0 0.000 ¥
VSWR 2.10 1 10 1500 10 1500 0 0.000 0
VAX NO: 1 DISTANCE (FT): 13R85.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (8): 100000
CONT PNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CMD: % NO SI(B)
FWD1 0.200 0.400 100 1 25 80
FWbD2 0.250 0.450 100 1 50 80
DFI 0.150 0.350 100 1 25 80
AFT1 0.100 0.300 100 1 S50 80
AFT2 0.220 0.350 100 1 25 80
TVC 0.100 0.250 100 1 25 80
T1EA C.200 0.500 100 1 50 80
ASA 0.250 0.500 100 1 25 80
VSWR 0.150 0.350 100 1 25 80
VAX NO: 2 DISTANCE (FT): 1395.0 NUMBER RECEIVE (8): 90000 NUMBER TRANSMIT (8): 100000
CONT ANG 1(S),RNG 2(S) SINGLE CMD: %,BLOCKED CMD: X NO SI(B)
EMU 0.200 0.400 6 1 15 80
CONT DIST RESP PKT AVG NUMBER FILL TIME(S), 3UF S1(8)

(FT) 1: 2: SI(B) OLY(S) 8614 1: 2: 3: 4: Sz [-H 7:

FWDY1 1445.0 1 100 80 2.0€E-03 7 0.160 1500 0.960 1500 2.000 1500 3.000 1500 0.800 1500 0.400 1500 0.640 1500
FWwb2 1465.0 1 100 80 2.0&-03 7 0.804 1500 0.964 1500 2.0640 1500 3.004 1500 0.840 1500 0.440 1500 0.644 1500
OF1I 16455.0 1 1030 B0 2.0E-03 3 0.200 1500 0.280 1500 0.360 1532

EMU 1405.0 1 5 80 2.0&E-03 7 0.168 1500 0.968 1500 2.080 1500 3.008 1500 0.880 1500 0.480 1500 0.648 1500
AFTY 20.0 1 100 80 2.0€-03 5 0.972 1500 GC.172 1500 0.320 1500 0.480 1500 0.340 1500

AFT2 30.0 1 100 80 2.0€-03 5 0.976 1500 0.176 1500 0.324& 1500 0.424 1500 0.344 1500

e 10.0 1 100 80 2.GE-03 4 0.082 1500 0.180 1500 0.200 1500 0.488 1500

TIEA 1485.0 1 100 80 2.0€-03 3 0.184 1500 0.204 1500 0.240 1500

ASA 1495.0 1 100 80 2.0£-03 0

VSWR 1475.0 1 0



SOURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM  MAX PKT

IHYO0

691

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLS CoLL TiIMe
FWD1 5.163E-02 5.343€-33 106 99 255 165 420 1.550e-11 1.202e-03 6 3.8058-03
FWbD2 1.2368-02 7.059€-0% 32 31 70 129 199 6.740E-06 4.539€-03 [ Le5392-03%
DFI 2.884€~02 5.500E6-~03 73 70 173 163 336 1.2B4E-DS 1.301E-03 [ 4.0764€-03
EMU 3.272E-02 1.148€-02 81 84 224 156 380 8.113:-0% 5.535E-03 8 1.027e-02
AFTI 3.223e-~02 3.2644E-03 64 58 156 162 318 9.601£-06 1.208€-03 4 1.732e-33
AFTZ 6.949E-02 1.713€-02 149 151 532 395 927 1.550¢e-11 5.097:-03 8 1.3038-32
TVC 7.232€-032 1.351€e-01 183 216 710 436 1145 1.397E-10 2.545€-02 8 2.597e-02
1EA 2.720£-02 2.938£-02 74 £4 243 157 400 2.072¢-06 2.544E-02 S 2.799£-02
ASA 1.005€e-02 2.777e-02 24 21 36 153 187 4.460€-11 2.5644E-02 [3 2.54648-02
VSWR 4.731E-03 6.6J09E-04 15 18 3s 185 221  £.294E-06 1.181€-03 2 1.2d5€-03
VAX1 2.4697e-01 T.161E-01 430 544 1430 16846 3316 ?72.9868-37 2.378€-02 7 2.608€-02
VAXZ2 5.356E-02 4.015e-02 112 160 158 212 380 1.568€-07 7.873e-03 8 1.342€-02
ToT 5.449E~01 3.990E-01 1343 696 4230 4060 8237 1.550E-11 2.545E-02 8 2.799E-02
AVERAGE BUSBUSY: 0.000390 USAGE: 0.000379 IDLE: 0.002040
TOTAL BUSBUSY: 3.208622 USAGE: 3.12001¢6 IDLE: 16.791378
S = SIMULATED THROUGHPUT: 15.60008¢C
G = OFFERED LOAD AS A X OF BUS CAPACITY: 15.996363 ( 18.384320) TOTAL OFFERED DATA: 15.644320
€ = EFFICIENCY (OFF LOAD): 97.522637 ( 84.855355) EFFICIENCY: (OJFF DATA): 99.717213
T = THEOQRETICAL THROUGHPUT: 13.79034604
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TVC=AFT COMM: 30 MSGS NOT TRANSMITTSD IN 1 SECOND
VAX: 1 RECEIVED 168090 BYTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTED 3ITS
1 1 342400 LXUSSTAA
2 1 613616 426720
3 1 696160 410656
4 1 637200 369056
5 1 766912 393072
[ 1 837644 405294
7 1 737520 44016
8 1 990960 408752
9 1 919776 12094

10 1 825440 9504
11 1 801856 11232
12 1 1167840 386484
13 1 1147408 13324
14 1 990960 14688
1s 1 1344720 373128
16 1 1108448 47904
17 1 1073072 15120
18 1 1025904 36976
19 1 1214576 14588
<l i 104r6ve 12528
? 2 296096 351216
8 2 141504 864
9 2 141936 1728
10 2 142800 Bo4
1 2 129712 864
12 2 1643232 16438
13 2 176880 1296
14 2 72048 10488
15 2 165520 1296
16 2 118784 13256
17 2 141936 864
18 2 131008 10256
19 2 165520 1728
20 2 130576 10256
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SIMULATION DESCRIPTION: SIM RUN &
SIMULATION RUN TIME (S): 2.0E+01 ETHERWET 3US RATE (B/S): 1,0E+07 RANDOM NUMBER SEED: 2597

CONT START TIME(S) VAX TX: # PKTS, PKT S2(s) CONT RESP: # PKTS, PKT S1(3) AFT/TVC COMM: MSG/SEC CELAY(S) PK
FWD1 3.10 1 10 1500 10 1500 0 0.000
FWdD2 16.10 1 10 1590 10 1500 0 0.000
DFI 7.10 1 10 1500 10 1500 0 0.9005
£EMU 6.10 2 10 1500 10 1500 0 0.000
AFT 11.10 1 10 1500 10 1500 0 0.000
AFT2 0.10 1 10 1530 10 1500 15 0.034
TVC 1.00 1 10 1500 10 1500 15 0.033
T1EA 5.10 1 10 1500 10 1500 0 0.000
ASA 4.10 1 10 1500 10 1500 1] 0.000
VSWR 2.10 1 10 1500 10 1500 0 0.090
VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (8): 100000
CONT RN5 1¢($),RNG 2¢S) SINGLE CMD: X,3LOCKED CMD: X NO SI(8B)
FuwD1 0.200 0.400 100 1 25 80
FWD2 0.250 0.450 100 1 S0 80
DF1I 0.150 0.350 100 1 25 80
AFT1 0.100 0.300 100 1 ] 80
AFT2 0.200 0.350 100 1 25 80
TVvC ¢.100 0.250 100 1 25 80
1EA VecLU Ceduu Voo ' 2z 7
ASA 0.250 0.500 100 1 25 80
VSWR 0.150 0.350 100 1 25 80
VAX NO: 2 DISTANCE (FT): 139S.0 NUMBER RECEIVE (8): 90000 NUMBER TRANSMIT (B): 100000
CONT RNG 1(S$),RNG 2(S) SINGLE CMD: %,BLOCKED CMD: X NO $2(3)
EMU 0.200 0.400 6 1 15 80
CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUF SI(3)

(FT) 1: 2: SI(B) DLY(S) 8614 : 23 3: 43 S: 6 7:

FWD1 1445.0 1 7 0.080 1500 0.480 1500 1.000 1500 1.500 1500 0.400 1500 0.200 1500 0.
FWD2 16465.0 1 7 0.082 1500 0.482 1500 1.020 1560 1.502 1500 0.420 1500 0.220 1500 O.
DFI 1455.0 1 3
EMU 1405.0 1 7 3.C8¢ 1500 0.484 1500 1.040 1500 1.504 1500 0.440 1500 0.240 1500 O.
AFT1 20.0 1 100 80 2.0€e-03 5 0.486 1500 G.086 1500 0.160 1500 0.240 1500 0.170 1500
AFT2 30.0 1 S 0.488 1500 0.088 1500 0.016 1500 0.242 1500 0.172 1500
Tv(C 10.0 1 4 0.040 1500 0.C93 1500 0.100 1500 0,244 1500
1 3
1 0
1 0

1EA 1485.0 0.092 1500 0J.102 1500 0.120 1500
ASA 1495.0

VSWR 1475.0

T S2(8)

(0 o
el oReNoNsNololeReja)

320 1500
322 1500

324 1500
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SOURCE WAIT TIME WAIT TIME DEFER COLL FKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM MAX PKT

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLs COLL TIME
FWD1 1.6445€-01 1.831g-02 3506 282 474 166 640 4L.460E-11 1.209€-03 b 5.325¢-03
FWwb2 S.670€-32 8.962E-03 120 118 167 128 295  6.201£-06 1.856E~03 7 8.754€-03
DFI 1.122e-01 S.864€-02 219 207 312 163 475 2.310E-0¢6 2.033e~02 10 4.075£-02
EMU 1.217~01 1.910E-02 253 248 395 157 552 1.362€E-06 2.206E-03 7 8.360E-03
AFT1 8.703€-02 1.397€~02 186 194 282 161 443 1.367€-06 1.270E-03 7 4.148E-03
AFT2 3.643E-01 9.054€-02 841 878 1835 623 2258 1.550E-11 6.021€-03 9 1.378€-02
TVv( 3.018e-01 1.104€-01 661 693 1188 668 1656 3.543€-07 L.219€E-02 11 6.671E-02
IEA 1.293€~01 2.482€-02 284 268 449 156 605 5.973g-07 2.618€-03 3 1.122€-02
ASA 2.286E-02 9.949E-03 48 56 34 154 188 4.460E-11 3.289E-03 8 9.146E-0Q3
VSWR 1.860€-02 1.940€-02 35 45 3s 183 218 4.460E-11 8.411£-03 10 2.213€-02
VAX1 1.143E+00 1.650€E-01 1617 2089 1626 4193 5817 7.225E=-07 6.566E=03 9 1.309E~02
VAX2 1.676€~31 3.6487€-01 304 6434 169 3183 552 1.827&-06 5.051e-02 12 1.028g-01
TOT 2.669E400 8.877e-0 L6874 2451 6964 6735 13699 1.5508-11 5.051e-02 12 1.028e-01
AVERAGE BUSBUSY: 0.000487 USAGE: 0.000475 IDLE: 0.000973
TOTAL BUSBUSY: §.677434 USAGE: 6.511792 IDLE: 13.322566
S = SIMULATED THROUGHPUT: 32.558960
G = OFFERED LOAD AS A X OF BUS CAPACITY: 33.970032 ¢ 446.175600) TOTAL OJFFERED DATA: 32.630240
€ = EFFICIENCY (OFF LOAaD): 95.846126 ( 73.703492) EFFICIENCY: (OFF DATA): 99.781552
T = THEQRETICAL THROUGHPUT: 25.356441

SI 30%d TVNIDINO
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TVC-AFT COMM: 30 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 383240 BYTES IN 1 SECOND

SECOND vax RECEIVED BITS TRANSMITTED BITS

€L

1 1 802238 400544
2 1 1568768 226288
3 1 1757440 417520
4 1 1875360 417520
5 1 2052240 396528
6 1 21937464 419248
7 1 2122560 44016
8 1 2512128 422272
9 1 2358400 11664
10 1 2393776 10800
1 1 2381924 13392
12 1 2783344 435360
13 1 2782912 14256
14 1 2700800 13392
15 1 3042768 390784
16 1 3054128 50064
17 1 3006960 16848
+0 i VR 5 T Lo2 L
19 1 3065920 39568
20 1 3065920 15120
7 2 389568 376528
8 2 295664 10256
9 2 283440 1728
10 2 234304 10256
1 2 271216 1296
12 2 284736 10688
13 2 206592 1296
14 2 296996 10256
15 2 283440 1728
16 2 2864304 10688
17 2 337888 10688
18 2 259424 1296
19 2 283440 1296
20 2 296096 10688

eeynnly ¥00d 40
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SIMULATION DESCRIPTION: SIM RuUN S
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET BUS RATE (8/38):

1.0¢

+07 RANDOM NUMBER SEED: 2597

CONT START TIME(S) VAX TX: # PKTS, PKT S2(8) CONT RESP: #
FWbD1 3.10 1 10 1500

FWD2 14.10 1 10 1500

DF1I 7.10 1 10 1500

EMU 6.10 2 10 1500

AFTI 11.10 1 10 1500

AFT2 0.10 1 10 1500

TVC 1.00 1 10 1500

1EA 5.10 1 10 1500

ASA 4.10 1 10 1500

VSHWR 2.10 1 10 1500

VAX NO: 1 DISTANCE (fT): 1385,.0 NUM3ER RECEIVE (6):
CONT RNG 1(S),RNG 2(S) SINILE CMD: X%,8LCCKED CMD: %X NO
FdD1 0.200 0.400 100 1 25
FWD2 0.250 0.450 100 1 S0
DFI 0.150 0.350 100 1 25
AFTH 0.100 0.300 100 1 50
AFT2 0.200 0.350 100 1 25
TvE ["PRVE] Ued sy b 1 29
1€A 0.200 0.500 100 1 50
ASA 0.250 0.500 100 1 25
VSWR 0.150 0.350 100 1 25
VAX NO: 2 DISTANCE (FT): 1395.0 NUMBER RECEIVE (8):
CONT ENG 1(S),RNG 2(S) SINGLE CHD: £,S5LO0CKED CMD: X NO
EMU 0.230 0.400 [ 1 15

CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUFf 51
(FT) 1: 2: SI(3) DLY(S) 8614 : 2:

EMU 1405.0 5 80 2.0E-03 0.042 1500 0.2621
0.243 1500 0.043 1

AFT2 30.0

Tve 10.0 100 80 2.0t-03 0.020 1500 0.045 1

IEA 1485.0

LSA 1495.0

1
1
1
1
AFT1 20.0 1 100 80 2.0€-03
1
1
1
1 100 80 2.0€-03
1

500 O
s00 O
sgo0 0

o}

0

0

8}

0

80

80

0

0

0
(<]
-
-
O
Q
ot
<
o

b

PKTS, PKT SI(3) AFT/TVC COM™M: MSG/SEC DELAY(S) PKT SI(B)
10 1500 0 0.000
10 1500 0 0.000
10 1500 0 0.000
10 1500 0 2.000
10 1500 0 0.000
10 1500 15 0.034
10 1500 15 0.033
10 1500 0 0.000
10 1500 Q 0.000
10 1500 0 0.000
90000 NUMBER TRANSMIT (8): 100000
51(B)
80
80
80
80
80
]0
80
80
80
90000 NUMBER TRANSMIT (8): 100000
s7(B)
80
(8)
: 43 S: 6: 7:
s00 0.500 1500 0.750 1500 0.200 1500 0.3100 1500 0.160 1500

.510 1500 0.751 1500 0.210 1500 0.110 1500 0.161 1500

.520 1500 0.752 1500 0.220 1500 0.120 1500 0.162 1500

.080 1500 0.120 1500 ©.085 1500

.081 1500 0.121 1503 0.086 1500
.050 1500 0.122 1500
.060 1500



L1

SOURCE WATIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PXT  MAXIMUM PKT MAX NUM MAX PKT

DEFEPR COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLs COLL TIME
FWD1 4.379E-01 1.564E-01 879 344 897 169 1065 &4,.460E-11 2.085€=-02 11 3.857€-02
FwWD?2 2.302e-01 5.739€E~-02 382 392 296 127 423 1.186E-06 2.553€~-03 € 1.038BE-Q2
DFI 3.455€-01 1.528€E~01 621 620 581 162 743 3,234E-07 2.64L0E-02 12 7.483E-02
EMU 3.829E-01 6.309E~-02 692 677 719 156 875 38.326€E-07 5.097e-03 [ 1.071€-02
AFT1 3.244E-01 1.336€E~01 563 511 519 159 678 2.360€-07 2.951£-02 10 4.942E-02
AFT2 5S.939£-01 3.273E-01 1100 1117 1334 361 1695 3.635€-07 5.216€-02 12 8.353e-02
Tve 7.63%E-01 2.378E-01 16493 1595 1978 407 2387 8.326E-08 3.667€E-02 11 7.513E-02
1EA 4.197€E-01 8,235€-02 782 755 846 158 1004 2.936E-07 5.247€-03 9 1.502€-02
ASA 3.854€-02 4.425E~-02 70 79 34 153 187 1.028E-10 1.910€-02 1 3.5864E-02
VSWR 2.4028-02 4.117€E-03 48 63 3s 183 218  9.454E-06 1.206E-03 7 S.643€-03
VAX1 2.381€+00 7.122€-01 2658 4099 1623 6058 7681 3I.c94e~07 2.201€-02 12 B.183E-02
VAX2 4.711€-01 6.186E-01 643 1033 169 707 876 2.230e-07 S.129€8-02 15 1.377€-01
TOTV 6.462E+00 2.570€E+00 9951 4892 9031 8802 17833 4.460E-11 5.216€-02 15 1.377¢-01
AVERAGE BUSBUSY: 0.000533 USAGE: 0.000519 IDLE: 0.000539
TOTAL BUSBUSY: 9.502487 USAGE: 9.263520 IDLE: 10.497513
S = SIMULATED THROUGHPUT: 46,317599
G = OFFERED LOAD AS A X OF BUS CAPACITY: 49.360672 ( 72.009840) TOTAL OFFERED DATA: 46.586960 [
€ = EFFICIENCY (OFF LOAD): 93.5835026 ( £€4.321209) EFFICIENCY: (OFF DATA): 99,421E11 22
(-~ IMQURET4LAL PRRVLGURFUTG ddeusi v
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TVC-AFT COMM: 30 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 6022645 BYTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTED BITS

1 1 648992 400544
2 1 1674896 426720
3 1 2052240 416224
4 1 2323456 395664
S 1 2653632 419248
6 1 2948412 420976
7 1 3042336 45744
5 1 36479072 399120
9 1 3490432 34816
10 1 3514316 12096
11 1 3572976 11232
12 1 4092256 4246432
13 1 4304080 15120
14 1 4186592 14256
1s 1 4717232 403440
16 1 4763968 50928
17 1 4657840 14688
18 1 4822928 37408
e H ittt re09t
20 1 4811135 14688
7 2 554224 376960
8 2 590896 10688
9 2 566016 1296
10 P4 579104 10688
11 2 5666448 1296
12 2 567312 10688
13 2 5564224 1296
14 2 567312 10688
15 2 578240 1296
16 2 567312 10488
17 2 4952564 1296
18 2 567312 10256
19 2 578240 1728
20 2 578672 13256

ALT00 ¥004 40
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SIMULATION DESCRIPTION:
SIMULATION RUN TIME (S):

CONT START TIME(S) VAX TX:

SI™ RUN 6
2.06+01 ETHERNET BUS RATE (B/5):

# PKTS, PKT SZ(B) CONT RESP: # PKXTS, PKT S2(8)

AFT/TVC CONMM:

1.0€E+07 RANDOM NUMBER SEED:

2597

MSG/SEC

DELAY(S)

PKT SZI(B)

10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500

-~
DOOUVUVOOBOWO

m &R
COOQOODOoOTCOD

1385.0 NUMBER RECEIVE (B):

X,BLOCKED CMD: X NO SZ(B)

1 10 80
1 15 80
1 15 80
1 20 80
1 15 80
1 20 80
1 15 80
1 10 80

1395.0 NUMB3ER RECEIVE (B):

X,BLOCKED CMD: X NO SZ(8)

FWD1 3.10 1 10
FWD2 14.10 1 10
DFI 7.10 1 10
EMU 6.10 2 10
AFT1 11.10 1 10
AFT2 0.10 1 10
TvC 1.00 1 10
1EA 5.10 1 10
ASA 4.10 1 10
VSWR 2.10 1 10
VAX NO: 1 DISTANCE (FT):
CONT KNG 1(S),RNG 2(S) SINGLE CMD:
FWD1 0.100 0.300 10
FdD2 0.150 0.250 10
OF1 0.150 0,200 10
AFTY 0.100 0.250 10
AFT2 0.050 0.200 10
(v Geiod Sadld i
1EA 0.080 0.200 10
ASA 0.150 0.300 10
VSWR 0.250 0.500 10
VAX NO: 2 DISTANCE (fT):
CONT RNG 1(S),RNG 2(5) SINGLE CMD:
EMU 0.100 0.300 6
CONT DIST RESP PXKT

(FT) 1: 2: S52(B) DLY(S) 8614
FWD1 14645.0 1 5 80 2.0€-03 ?
FdD2 1465.0 1 é 80 2.0€-03 7
OF1 1455.0 1 7 80 2.0&-03 3
EMU 1405.0 1 5 80 2.0¢-03 7
AFT1 20.0 1 5 80 2.0€-03 5
AFT2 30.0 1 4 80 2.0¢-03 S
Tve 10.0 1 4 80 2.0¢£-03 4
IEA 1485.0 1 6 80 2.0E-03 3
ASA 1495.0 1 9 80 2.0E-03 0
VSWR 1475.0 1 4 80 2.0t-03 0

AVG NUMBER FILL TIME(S), 9UF SZ(B)

0.0640
0.Cé1
0.050
0.042
0.263
0.244
0.G20
0.C4s

2: 3:

0.240 1500 0.500
0.241 1500 0.510
0.370 1560 0.0%0
0.242 1500 0.520
0.043 1500 0.080
J.C44 150C 0.081
0.C45 1500 0.050
0.051 1500 0.060

90000 NUMBER TRANSMIT (8):

90000 NUMBER TRANSMIT (B):

100000

100000

1500
1500

1500
1500
1500

0.100 1500
0.110 1502

0.120 1500

0.160 1500
0.161 1500

0.162 1500

S deal
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SOURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM  MAX PKTY

81

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLs COLL TIME
FubD1 5.364€E-01 2.153€-01 1001 1013 924 204 1128 3.183e-07 f.079€-02 1 6.20SE-02
FubD2 2.168€-01 2.645€-01 392 430 296 136 432 1.568E-07 4.653E-02 1¢ 9.814E-02
DFI 3.562€-01 2.414E-01 702 720 500 181 78%  7.737e-07 3.256€-02 12 7.153€-02
EMU 4.136E-01 1.800€-01 768 805 735 189 924 6.495€-07 4.066E-02 10 6.103e-02
AFT1 3.901€-01 2.391€e-01 595 747 538 166 701 1.130€-06 4.219€-02 12 8.769€-02
AFT2 9.182E-01 6.250E-01 1731 2920 19030 949 2B49 1.550E-11 4.065€6-02 1" 5.008E-02
TvC 1.008€E+00 4.068€-01 2077 2470 2500 889 3369 3.093e-07 2.5656-02 10 6.123€-02
T1EA S.138E-01 2.495€E-01 985 1014 883 229 1112 B8.262€-08 2.033€-02 12 6.927€-02
ASA 5.116€-02 3.369€-02 101 117 50 181 231 1.238E-06 1.106€~-02 9 1.994€-02
VSWR 4.0748-02 2.954E-02 86 92 53 159 212 1.028e-10 1.312£-02 10 2.559£-02
VAX1 2.572E+00 1.116E+00 3346 5097 1863 6305 3168 1.334E-07 4.123€-02 14 1.242E-01
VAX2 5.287€-01 5.802E-01 811 1211 201 723 924 2.435€-08 4.504E-02 13 1.109E-01
ToT 7.5646E+400 3.981E+00 12095 6334 10540 10311 20851 1.550E-11 4.679E~02 14 1.242€-01
AVERAGE BUSBUSY: 0.000468 USAGE: 0.000454 10LE: 0.000491
TOTAL 8USBUSY: $.763918 USAGE: ?.475136 IDLE: 10.236082
S = SIMULATED THROUGHPUT: 67.375679
G = OFFERED LOAD AS A X OF BUS CAPACITY: 51.404096 ( 76.,111920) TOTAL OFFERED DATA: 47.916320
E = EFFICIENCY COFF LOAD): 92.163238 ( 62.244757) EFFICIENCY: (OFF DATA): 98.871693
T = THEORETICAL THROUGHPUT: 33.9%1539

¥00d 40
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TVC-AFT C

VAX:

SECOND

— b —d o b b b
ﬁo«mbum—dOom-«o«m»uN—

B b
O o ~NO o

P b b b b b e b b b b
OODQO\J\FWN—‘O

VAX

OMM: 150 MSGS NOT TRANSMITTED IN 1 SECOND
1 RECEIVED

594886 9YTES IN 1 SECOND

RECEIVED 8ITS

650288
1688616
2742608
1939072
2545728
2553120
3071104
3130928
3508272
3166736
3530560
3497344
4263824
3603472
4557328
4160288
6588336
PV
4759088
4230176

555520

471680

555088

438032

579104

425376

544160

436736

$67312

460320

S67744

436736

567312

484336

TRANSMITTED 2ITS
410300
387472
404192
333152
417904
391264

30272
439248
S6016
52320
28300
470832
68000
$8944
428512
914388
46144
n(\(’nﬁ
60336
89520
393144
2592
2160
11120
11552
11552
11120
2160
11552
11984
11120
104388
11984
864
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SIMULATION DESCRIPTION: SIM RUN 7
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET S5US RATE (B/S): 1.0E+07 RANDOM NUMBER SEED: 2597

CONT START TIME(S) VAX TX: # PKYS, PKT SZ(8) CONT RESP: # PKTS, PKT S1(3) AFT/TVC COMM: MSG/SEC DELAY(S) PKT S2(3)

FWD1 3.10 ] 10 1500 10 1500 0 0.000 0

FWD2 14.10 1 10 1590 10 1500 9 0.00C a

DFI 7.10 1 10 1500 10 1520 0 0.000 0

EMU 6.10 2 10 1500 10 1500 0 0.000 0

AFT1 11.10 1 10 1500 10 1500 0 0.000 0

AFT2 0.10 1 10 1500 10 1500 75 0.007 29

TvEe 1.00 1 10 1500 10 1500 75 0.006 20

1EA 5.10 1 10 1500 10 1500 0 0.006 0

ASA 4.10 1 10 1500 10 1500 0 0.000 0

VSWR 2.10 1 10 1500 10 1500 0 0.000 0

VAX NO: 1 DISTANCE (FT): 1385.0 NUMBSER RECEIVE (B): 0000 NUMEBER TRANSMIT (8): 100000

CONT PNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CMD: X NO SZ(3)

FWo1 0.100 0.300 10 1 10 80 O

FAD2 0.15¢  0.250 10 1 15 80 s

DFI 0.150 0.200 10 1 15 80

AFT1 0.100 0.250 10 1 20 80 o i

LFT2 0.050 0.200 10 1 15 80 ‘Q‘ .

IEA 0.080 0.200 10 1 20 80 A

AS 0.150  0.300 10 1 15 80 O 0

VSWR 0.250 0.590 10 1 10 80 e 1

--------------------------------------------------- p A
- i1

VAX NO: 2 DISTANCE (FT):  1395.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (3): 100000 = ..

CONT RNG 1(S),RNG 2(S) SINGLE CMD: ¥X,BLOCKED CMD: ¥ NO 52(B) < 2

EMU 0.100  0.300 I 1 15 80

CONT DIST  RESP  PKT  AVG NUMBER FILL TIME(S), BUF SZ(B)

(FT) 1: 2: SI(3) DLY(S) B&14 1: H 3: 4: 5: 6: 7:

FWD1 1445.0 1 S 80 2.06-03 7 0.040 1500 0.240 1500 0.500 1500 0.750 1500 0.200 1500 0.100 1500 0.160 1500

FWwD2 1465.01 6 80 2.CE-03 7 0.041 1500 0.241 1500 0.510 1500 0.751 1500 0.210 1500 0.110 1500 0.161 1500

DFT  1455.0 1 7 80 2.06-03 S  0.050 1500 0.070 1500 0.090 1500 0.753 1500 0.088 1500

MU 1405.01 S 80 2.06-03 7 0.042 1500 0.242 1500 0.520 1500 0.752 1500 0.220 1500 G.120 1500 0.162 1500

AFTH 20,0t 5 80 2.0E-03 5 0.243 1500 0.043 1500 0.080 1500 0.120 1500 0.CBS 1500

AFT2 3.0 1 4 B0 2.0E-03 S 0.244 1500 0.044 1500 0.C81 1502 0.121 1500 0.086 1500

Tve 10.0 1 4 80 2.06-03 & 0.020 1500 0.045 1500 0.050 1500 0.122 1500

IEA 1485.0 1 6 80 2.06-03 S 0.046 1500 0.051 1500 0.060 1500 0.754 1500 0.089 1500

ASA  1495.0 1 9 80 2.0E-03 O

VSWR 1475.0 1 & 80 2.0E-03 O



SOURCE WAIT TIME WAIT TIME

TeT

DEFER COLL PKYS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM MAX PKT

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME COoLLS COLL TIME
FWD1 S.334€-01 3.186E-0 999 1001 922 201 1123 4.682E-08 4.504€-02 14 1.297e-01
FWD2 2.19SE-01 1.337€-01 377 403 306 138 444 3.259E~-06 1.579€-02 12 4.437€-02
CFI 5.176€-01 1.919e-01 968 1007 755 181 936 8.078e-07 2.110€-02 10 4.164E-02
EMY L.716E-01 1.711e-01 865 875 732 186 918 2.18C€e-07 2.327£-02 1 5.047£-02
AFT1 3.536E-01 1.922€-01 687 743 540 168 708 2.067e-07 2.609€-02 10 4.205E-02
AFT2 9.682E-01 4.019€-01 1776 2074 1868 94 2846 1.550€E-11 2.103e-02 1 4.900€-02
TVC 1.165€+00 4.980E-01 2253 2593 2488 888 3376 2.230£-07 2.527€-02 13 7.903e-02
TEA 5.3C4E-01 5.365€-01 1101 1150 1045 231 1276 2.963:-07 4.280E-02 14 1.6745-01
ASA 4.085€e-02 3.368E-02 81 100 49 177 226 1.23BE-CS 1.910e-02 10 3.233€-02
VSWR 4.205€=-02 3.107€-02 94 94 S3 160 213 3.105€-06 7.954€E-03 10 2.432€E-02
vaxi 2.334E+00 1.122€+00 3602 5495 1870 6629 3499 1.371e-07 2.565E~-02 12 4.476E-02
VAX2 S.434E-01 5.903e-01 839 1267 198 720 918 2.315E-07 3.688€E-02 15 1.586e-01
T0T 8.27BE+00 4.221E400 13637 6713 10856 10627 21483 1.,550E-1 4.504E-02 15 1.674E-01
AVERAGE BUSBUSY: 0.000474 USAGE: 0.000460 ICLE: 0.000457
TOTAL BUSBUSY: 10.183489 USAGE: 9.883440 IDLE: 9.816511
S = SIMULATED THROUGHPUT: 49.6417199
G = OFFERED LOAD AS A % OF BUS CAPACITY: 53.718512 ( 80.505600) TOTAL OFFERED DATA: 50.060400
3 ErFalibnll SUff wuhAwrs. Tr.zTozeT o rorn.zEzolne CEETOTONON:T £0CC NATAY. 38 FACIR1
T THEORETICAL THROUGHPUT: 34.946027
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TVC-AFT COMM: 150 M5GS NOT TRANSMIYTED IN 1 SECOND
VAX: 1 RECEZTIVED 630370 8YTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTED BITS
1 1 6502838 410800
2 1 1533415 387472
3 1 2042608 4046192
4 1 1939072 333152
5 1 2645728 417904
5 1 2494160 396864
7 1 3211312 28976
8 1 3259776 440734
9 1 3303504 S6448
10 1 3330528 31312
11 1 3316160 76494 o
12 1 3591680 394320 M
13 1 4535040 73760
14 1 3873824 54238 5
15 1 4891392 463376 S
16 1 4523680 87456 Q.
17 1 5042960 62496 :
Vs i “3edwic 52412 -
19 1 4971776 74528 [ty
20 1 4346368 50176 X
7 2 555520 398576 e
8 2 448528 2169 =4
9 2 S67312 11120 e
10 2 437600 11120
11 2 $55952 11552
12 2 $43728 11552
13 2 554656 2592
14 2 484768 11552
15 2 555520 11552
16 2 496560 10688
17 2 544160 11934
13 2 531936 11120
19 2 $31936 11120
20 2 495696 1728
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SIMULATION DESCRIPTION: SIM RUN 8
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET 8US RATE (B/S): 1.0E+07 RANDOM NUM3ER SEED: 2597

CONT START TIME(S) VAX TX: # PKTS, PKT S2(3) CONT RESP: # PKTS, PXT 31(3) AFT/TVC COMM: MSG/SEC DELAY(S) PKT SI(8)

1 10 1500 10 1500 0 0.000 0
FWD2 16.10 1 10 1500 10 1520 J 0.000 0
DFI 7.10 1 10 1500 10 1500 3 0.000 o]
EMU 6.10 2 10 1500 10 1500 0 0.000 0
AFTA 11.10 1 10 1500 10 1500 o] 0.006 o]
AFT2 0.10 1 10 1500 10 15320 75 0.007 20
TvC 1.00 1 10 1500 10 1500 75 0.006 80
1EA 5.10 1 10 15920 10 1500 8] 0.000 0
ASA 4.10 1 10 1500 10 1500 0 0.000 0
VSWR 2.10 1 10 1520 10 1500 0 0.00C 0
VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (B): 100000
CONT RNG 1(S$),RNG 2¢S) SINGLE CMD: X,BLOCKED CMD: % NO S2(B)
FWD1 0.100 0.300 10 1 10 80
FuD2 0.150 0.250 10 1 15 80
DFI 0.150 0.200 10 1 15 80
AFT1 0.100 0.250 10 1 20 80
AFT2 0.050 0.200 10 1 15 80
NS AR Al n_32=sa m 1 10 80
1EA 0.0%80 0.200 10 1 20 80
ASA 0.150 0.300 10 1 15 80
VSWR 0.250 0.500 10 1 10 80
VAX NO: 2 DISTANCE (FT): 1395.0 NUMBER RECEIVE (B): 90N00 NUMBER TRANSMIT (B8): 100000
CONT RNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CHMD: % NO SI(B)
EMU 0.100 0.300 6 1 15 80
CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUF S51(B)

(FT) 1: 2: SI(8) DLY(S) 8614 1: 2: 3: 4: Ss 61 7:

FWD1 1445.0 1 S 80 2.0E-03 7 0.040 1500 0.240 1S00 0.500 1500 0.750 1500 0.200 1500 0.100 1500 0.160 1500
FWD2 1465.0 1 [ 80 2.0E-03 7 0.C41 1500 0.2641 1500 0.510 1500 0.751 1500 0.210 1500 ©0.110 1500 0.161 1500
DFI 1455.0 1 7 80 2.0E-03 S 0.CS0 1500 0.C70 1500 0.090 1500 0.753 1500 0.088 1500
EMU 1405.0 1 5 80 2.0E-03 7 0.042 1500 0.242 1500 0.520 1500 0.752 1500 0.220 1500 0.120 1500 0.162 1500
AFTY 20.0 1 5 80 2.0€-03 5 0.243 1500 0.C43 1500 0.C80 1500 0.120 1500 0.085 1500
AFT2 0.0 1 4 80 2.0€-03 5 0.244 1500 0.044 1500 0.081 1500 0.121 1500 0.086 1500
Ve 10.0 1 4 80 2.0€-03 4 0.C20 1500 0©0.04S 1500 0.C50 1500 0.122 1500
1EA 1485.0 1 é 80 2.0€-03 S 0.046 1500 0.CS? 1500 0.C60 1500 0.754 1500 0.089 1500
ASA 1495.0 1 9 80 2.0E-03 4 0.470 1500 0.CS2 1500 0.066 1500 0.123 1500
VSWR 1475.0 1 & 80 2.0E-03 o]
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SOURCE WAIT TIME WAIT TIME DEFER COLL FXTS ACKS PKTS MINIMUM PKT MAXIMUM FPKT MAX NUM  Max PkT

DEFER COLLISION COUNT CCQUNT TX X RX WAIT TIME WAIT TIME ceLes oL TIev
FWD1 S.9283E-01 2.372€-01 1082 1375 923 200 1127 2.159E-07 2.326£-02 12 6.931£-02
FwbD?2 3.561€-01 3.329E-01 552 500 237 136 43T 2.046E-27 4.491:-02 12 1.195e-01
DFI 5.530€-01 2.187€-01 973 1031 731 18 Q31 4.460E-11 2.141€-0< 10 4.551E-02
£my 5.036€E-01 3.160£-01 393 723 72¢ 146 312 4.46CE-11 4.491E-02 13 8.384E-02
AFT1 4.332E-01 J.106E-01 7490 512 531 147 435 8.5G3e-07 2.554€-02 12 6.287t-02
AFT2 T.2058+05 7.074E-01 21056 247 A 947 2832 ¢.185€-07 5.228£-02 1 1.019&-01
Tvi 1.34612+00 9.100e-01 2-11 2557 245§ 235 3340 2.435£-05 5.1298-02 14 1.524E-01
TIEA 7.239e-01 2.992e-M 1276 1326 1256 231 1237  7.444E5-07 1.4641E£-02 11 3.207€-02
ASA 5.150e-01 4.021E-01 48 935 715 132 297 4.503E-07 4.4198-02 14 1.027e-01
VSWR 3.942€-02 1.675e~02 71 21 53 157 210 3.105:2-06 6.325¢-03 g 1.5428-02
VAX1 3.2268+00 1.739€E+00 3994 6213 1RSS4 7232 9084 1.5658-07 $.129€-02 15 2.162e-01
VAX2 7.474E-01 1.086E+G0 1063 1431 199 714 913 2.180€-07 4.219€-02 1° 1.330e-01
TOT 1.0248+01 6.5815+400 146125 7053 114345 11214 22459 4,4608-11 5.228E-02 15 2.162E-01

AVERAGS 3USBUSY: 0.000434 USAGE: 1.003473 1DLE: 0.00C379

TOTAL SUSEUSY:  10.963831% USAGE: 10.%444332 IdLE: §.03168¢4

S = SIMULATED THROUGHPUT: 53,220159

C = OFFERED LOAD AS A Z OF BUS CAPACITY: 55.273312 ( 89.904480) TOTAL OFFERED DATA: 54.022240

E = EFFICIENCY (OFF LOAD): 91.297194 ( 59.194137) EFFICTIENCY: (OFF DATAY: 99.51627¢ -

T = THEORETICAL THROUGHPUT: X6.525137 SN



TVC-AKFT COMM: 150 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 662690 BYTES IN 1 SECCNDO

SECOND VAX RECEIVED &ITS TRANSMITTED 81TS

G8lI

1 1 650288 «10300
2 1 1688416 387472
3 1 2042608 4045152
[3 1 1939072 333152
5 1 2916944 417904
6 1 3059312 378175
7 1 3731888 49392
8 1 3638848 388448
9 1 4236112 49392
10 1 3778524 446128
11 1 4274752 §4720
12 1 4302224 466144
13 1 4923312 56880
14 1 4310540 75664
15 1 5301520 447792
16 1 4901888 96048
17 1 5182736 45280
18 i Wy {3504 ITrIl
19 1 5298928 50080
20 1 4984432 91480
? 2 531936 398144
8 2 531072 2160
9 2 531504 11984
10 2 484768 11120
11 2 555520 11120
12 2 508352 11552
13 2 519280 1728
14 2 496560 10488
15 2 520576 11552
16 2 496560 11120
17 2 567312 11552
18 2 460320 10256
19 2 531072 2160
20 2 508352 10688

ALIT7NO ¥00d 40

g
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SIMULATION DESCRIPTION: SIM RUN 9
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET BUS RATE (B/S): 1.0E¢0? RANDOM NUMBER SEED: 2597

CONT  STARY TIME(S) VAX TX: # PKTS, PKT SI{(B) CONT RESP: B PKTS, PKT 51(3) AFT/TVC COMM: MSG/SEC DELAY(S) PKT SI(B)

1 10 1500 10 1500 0 0.000 0
FuD2 14.10 1 10 1590 10 1500 0 0.000 0
DFI 7.10 1 10 1500 10 1500 0 0.0090 )
E MU 6.10 2 10 1500 10 1500 0 0.000 0
AFTI 11.10 1 10 1500 10 1500 0 0.020 3
AFT2 0.10 1 10 1500 10 1500 75 0.097 20
Ve 1.00 1 10 1500 10 1500 75 0.006 80
1EA 5.10 1 10 1500 10 1500 ) 0.000 2
ASA 4.10 1 10 1500 10 1500 0 0.000 0
VSWR 2.10 1 10 1500 10 1500 0 0.090 0
VAX NO: 1 DISTANCE (FT):  1385.0 NUMBER RECEIVE (8): 90000 NUMSER TRANSMIT (3): 100000
CONT RNG 1(S),RNG 2(S) SINGLE CMD: ¥%X,SLOCKED CMD: X NQO S2(B)
Fub1 0.100  0.300 10 1 10 30 g
FWD2 0.150  0.250 10 1 15 80 ;
DFI 0.150  0.200 10 1 15 80 o
AFT1 0.100  0.250 10 1 20 80 o
AFT2 0.050  0.200 10 1 15 80 e}
TvE 0.100  0.250 10 1 10 80 3]
TFA N ORND n_o2nn 1in Al :"'\ 8? p—
ASA 0.150  0.300 10 1 15 80 '8 o
VSWR 0.250 0.500 10 1 10 80 > i
------------------------------------------------------------- : "y
VAX NO: 2 DISTANCE (fT): 1395.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (B): 100000 :2 aa
CONT KNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CMD: X NO SIZ(B)
EMu 0.100  0.300 6 1 15 80
CONT DIST RESP  PKT  AVG NUMBER FILL TIME(S), BUF SZ(3)

(FT) 1z 2: S2(8) DLY(S) B614 H : 3: 4: S: 6: 7:

0.040 1500 0,240 1500 0.500 1500 0.750 1500 0.200 1500 0.100 1500 0.160 1500
0.041 1500 0.241 1500 0.510 1500 0.751 1500 0,210 1500 0©.110 15072 0.151 1500
0.050 1500 0.070 1500 0.090 1503 0.753 1500 0.088 1500

0.042 1500 D.242 1500 0.520 1500 ©0.752 1500 0.220 1500 0.120 1509 0.152 1500

S 7
FWD2 1465.0 6 7
7 S
S 7
S 80 2.Ge-03 5 0.243 1500 0.C43 1500 0.080 1500 0.120 1500 0.085 1500
4 S
4 4
6 S
9 4
4 6

1
1
DFI 1455.0 1
EMuy 16405.0 1
AFT1 20.0 1
AFT2 30.0 1
TvC 10.0 1
IEA 1485.0 1
1

1

0.244 1500 0.C44 1500 0.C81 1500 0.121 1500 0.086 1500

0.CG20 1500 0.G45 1500 0.050 1500 0.122 1560

0.0646 1500 0.051 1500 0.060 1500 0.754 1500 0.089 1500

ASA 16495.0 0.470 1500 0.CS52 1500 O0.066 1500 0.123 1500

VSWR 1475.0 0.C47 1500 0.653 1500 0.C62 1500 0.124 1500 0.087 1500 0.145 1500



SOURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMJUM PKT  MAXIMUM PKT MAX NUM MAX PKT

DEFER COLLISION  COUNT COUNT  TX X RX  WAIT TIME WAIT TIME coLLs CoLL TIME
FWD1 §.076€-01  1.420E400 1350 1425 37¢ 197 1073 2.091e-07  5.227€-02 16 2.112€-01
FWD2 1.3G7E-01  5.968E-01 541 583 282 134 416 7.628E-07  4.504E-02 16 1.545E-01
DFI 6.624E-01  8.387€-01 1149 1234 706 176 882 6.074£-07  5.217€-02 14 1.627€-01
EMU 5,995€-01  3.239E-01 1066 1102 701 181 882 1.20%E-0D6  4.504E-02 16 1.323€-01
AFTI S.271E-01  7.479€-01 834 939 S06 163 669 2.127E-0¢6  4.492E-02 16 1.520€-01
AFT2 17S01E+00  1.262E+00 2419 2331 1859 931 2790 1.550£-11  5.051€-02 14 1.571e-01
Ve 108736400  1.642E+00 2605 3336 2376 871 3247 8.234£-07  5.051E-02 16 1.304€-01
IEA 3. 9006-01  8.384E-01 1501 1592 1023 223 1246 1.110£-06  5.228£-02 14 1.388£-01
ASA 6.453E-01  4.661E-01 1092 1109 707 177 884 1.028E-10  2.951€-02 16 7.782E-02
VSWR 9.1956-01  1.121£400 1672 1719 1407 155 1562 9.061€-07  5.051€-02 16 1.883e-01
VAX1 3 700£400  3.367E+0) 4675 7196 1823 8334 10157 6.204£-07  5.129E-02 16 1.292e~01
VAX2 7.150€-01  1.423E+00 1027 1443 194 689 883 2.435¢-03  5.227E-02 16 1.675£-01
TOT 13066401  1.453£+01 20131 9236 12460 12231 24691 1.5506-11  5.22BE-02 16 2.112£-01 00
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" mx
AVERAGE  BUSBUSY:  0.000501 USAGE:  0.000486 IDLE: ~ 0.000309 ;g EE
TOTAL EUSBUSY: 12.370635 USAGE: 12.005072 IDLE:  7.629365 8 =
1
S = SIMULATED THROUGHPUT: 50.025359 e
77777 © = OFFERED LOAD AS A ¥ OF 8US CAPACITY: 46.312464 ( 107.259200) TOTAL OFFERED DATA: 61.283120 <
0 £ EFriciEali (077 LIATT. 8n S18CKQ ( €S5.947900) EFFICIENCY: COFF DATA): 97.947622 =
~ T = THEORETICAL THROUGHPUT: 19.872215 P
[ty
=¥



TVC=AFT COMM: 150 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 736494 BYTES IN 1 SECOND

8¢1

SECOND VAX RECEIVED BITS TRANSMITTED 3ITS
1 1 650288 410800
2 1 14588416 387472
3 1 2573248 404524
4 1 2593328 347496
5 1 3359872 416608
6 1 3708304 374576
7 1 4601040 21312
g 1 4335008 407568
9 1 5136432 58574
10 1 4597536 32608
11 1 5089264 63680
12 1 4839904 459104
13 1 5703744 56976
14 1 5229040 L9824
15 1 5622064 4946624
16 1 5598480 67568
17 1 5843952 54272
b N 58177Q2 49904
19 1 5737824 61535
20 1 5278800 24096
7 2 496550 3198576
8 2 5076488 1728
9 2 555520 11120
10 2 544150 11552
" 2 543728 11552
12 2 519712 11120
13 2 531504 2160
14 2 437168 10256
15 2 531936 10688
16 2 543728 11552
17 2 507488 2592
18 2 449392 10688
19 é 496560 10688
20 2 554224 2160

1YNIDINO

.
%
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SIMULATION DESCRIPTION: SIM RUN 10

SIMULATION RUN TIME (S):

CONT START TIME(S) vax TX:

FaD1 3.10 1
Fwb?2 14.10 1
DFI 7.10 1
EMU 6.10 2
AFT1 11.10 1
AFT2 0.10 1
TvVEe 1.00 1
TEA 5.10 1
ASA .10 1
VSWR 2.10 1

VAX NO: 1 DISTANCE (FT):

2.DE+01 ETHERNET gus RATE (B/3):

10 1500
10 1590
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500
10 1500

1385.0 NUMBER ®ECEIVE (B):

10
10
10
10
10
10
10
10
10

1.0E+07 RANDOM NUMBER SEED:

90000 NUMBER TRANSMIT (B):

90000 NUMBER TRANSMIT (8):

CONT RNG 1(S),RNG 2($) SINGLE CMD: Z,8LOCKED CMD: X NO S2(B)
FWwD1 0.050 0.150 10 1 10 80
Fwbd2 6.075 0.150 10 1 15 80
DFI 0.07s 0.200 10 1 15 80
AFT G.0s0 0.150 10 1 20 80
AFT2 0.330 0.100 10 1 1s 80
Tve 0.050 0.200 10 1 10 80
TEA C.040 0.150 10 1 20 20
ASA 0.07s a.2nAn b 1 > 30
VowR 0.080 0.200 10 1 10 80
VAX NO: 2 DISTANCE (FT): 1395.0 NUMSER RECEIVE (8):
CONT RS 1(S),RNG 2(S) SINGLE CMD: X/,BLOCKED C(MD: X NO S2(B)
EMU 0.050 0.100 [ 1 15 80
CONT oDIST RESP PKT AVG  NUMBER FILL TIME(S), BUF $2(8)

(FT) 1: 2: SZ(B) DpLY(S) 8614 1: 23 3:
FWDT  1445.0 1 5 80 2.0¢-03 7 0.040 1500 0.240 1500 0.500
FWD2 1455.0 1 6 86 2.0£-03 7 0.G41 1500 0.241 1500 0.51¢0
DFI 1455.0 1 7 8C 2.0£-03 7 0.050 1500 0.C70 1503 0.090
EMU 1405.0 1 H 80 2.0E-03 7 0.042 1500 0.242 15090 0.520
AFT1 20.0 1 S 80 2.0¢-03 ? 0.263 1500 0.043 1500 0.080
AFT2 0.0 1 4 8C 2.0t-03 7 0.2644 1500 0.C44 1500 0.081
TvC 10.0 1 4 80 2.0t-03 7 0.020 1500 0.045 1500 0.050
IEA 1485.0 1 6 80 2.0t-03 7 0.646 1500 0.051 1500 0.060
ASA 1495.0 1 9 80 2.0£-03 I4 0.470 1500 0.052 1500 0.C66
VSWR  1475.0 1 4 80 2.0e-03 7 0.047 1500 0.CS53 1500 0.062

1500 0.752 1500
1500 0.120 1500
1500 0.121 15097
1500 0.122 1500
1500 0.754 1500
1500 0.123 1500
1500 0.124 1500

100000

100000

2597

~ -~

0.120
0.140
0.150
0.160
0.170
0.171

0.160
0.161
0.163
0.162
0.164
0.16S
0.166
0.167
0.168

m
COooooOooOoODO

1500
1500
1500
1500
1500
1500
1500
1500

ALVND innd 4D
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DEFER COLL PKTS

PXTS MINIMUM PKT
RX WAIT TIME

MAXIMUM PXT
WAIT TIME

1539 1715 902
S31 616 249
1436 10648 815
1240 1375 750
1157 1327 615

2806 3476 1879
3316 4083 2543
2016 2248 1137
1663 1831 9387
2231 2401 1466
4362 7577 2163

181
&€32
778
231
209
230
92409

1156 5.765£-08

390 1.092e-06
1001 2.180€-07
1219  3.157e-07

796 7.026E-07
2761 1.165E-03
3321 1.958:£-03
1358 2.122¢-07
11746 3.486£-08
1696 3.G61E-07
11572 1.912€E-07
1018 38.326£-08

5.129£-02
4.653€8-02
4&.504E-02
5.227€-02
5.227E-02
5.227€-02
5.227€-02
5.228€-02
5.228€-02
5.216€E-02
5.227¢£-02
$5.227E-02

SOURCE WAIT TIME WAIT TIME
DEFER COLLISION
FuD1 9.321¢-01 1.391E+00
FuD2 3.616E-01 9.538E-01
DFI 9.C48E-01 2.045€+00
EMU 8.241€-01 7T.246E-01
AFT1 7.328€-01 8.395E-01
AFT2 1.733£+00 3.77CE+00
TvC 2.017€+00 3.088:+400
IEA 1.261€¢00 2.330E+400
ASA 1.G51€e+00 2.052€E+00
VSWR 1.340€E+30 2.222€+00
VAXT 3.959£+00 S.973E+00
VAXZ 1.043e+00 1.998E+00
TOT 1.5618e+01 2.740E+01
AVERAGE SUS3USY: 0.000503
TOTAL BuUsSBUSY: 13.717772
S = SIMULATED THROUGHPUT:
G = OFFERED LOAD AS A X OF BUS
T - CCEYFICHrY (NAEE 4 NANRY.
T = THEQRETICAL THROUGHPUT:

( S2.505126)

0.0002%0
6.282228

USAGE: 0.000488 IDLE:

USAGE: 13.30227¢ IDLE:
66.51135%

CAPACITY: 74.222592 ¢ 1256.673520)
RI_A1NKES
42.602163

EFFICIENCY:

(OFF DATA):

TOTAL OFFERED DATA:

MAX NUM MAX PKT

coLLs coLL TIME

16 1.586¢e-01

16 1.684€-01

16 1.928E-01

16 1.580e~01

1¢ 1.503€e-01

16 1.913e-01

16 1.961E-01

16 1.942E-0N

16 2.393e-01

16 2.089&~-01

16 1.527e-01

1¢ 1.6440E-01

16 2.393e-01
68.330160
97.338216

ALVYND dood 0

-
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TVC-AFT COMM: 150 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 831516 BYTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTED BITS

1 1 745056 412528

2 1 2009824 4N884e

3 1 3012576 420896

4 1 3169024 385288

5 1 4488304 444255

5 1 4585232 386160

7 1 5173104 75488

8 1 52644288 472592

9 1 5598912 81248

10 1 5559548 27968

1 1 5810736 87728

12 1 5577920 514960

13 1 6256240 63350

14 1 6308592 105120
15 1 58649136 503840

16 1 6198144 71456

17 1 6354464 94528
18 1 6412128 91872

19 1 6025584 124912

cu i sfoiloe EPPIr

? 2 434768 3994490 O
8 2 567744 13280 ¢
9 2 545024 23104 v K
10 2 545024 22672 T
1 2 533664 23534 e
12 2 544160 13280 =5 Uy
13 2 533232 23536

14 2 427104 23104

15 2 569040 23104

16 2 5644160 13712

17 2 521872 4320

18 2 521872 22672

19 2 510080 23536
20 2 544160 13289
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SIMULATION DESCRIPTION: SIM RUN 11

v,
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SIMULATION RUN TIME (S): 2.0E+01 ETHERNET BUS RATE (B/S): 1.,0€6407 RANDOM NUMBER SEED: 2597
CONT START TIME(S) VAX TX: # PXTS, PKT SZ(3) CONT RESP: # PXTS, PKT SZ(3) AFT/TVC COMM: MSG/SEC DELAY(S) PXT S1(B)
FWd1 3.10 1 10 1500 10 1500 0 0.000 0
FWD2 14.10 1 10 1500 10 1500 3} 0.030 0
DFI 7.10 1 10 1500 10 1500 0 0.000 9
EMU 6.10 2 10 1500 10 1500 o] 0.000 J
AFT1 11.10 1 10 1500 10 1500 ¢] 0.000 J
AFT2 0.10 1 10 1500 10 1500 75 0.007 0
TVC 1.00 1 10 1500 10 1500 75 0.00¢6 30
T1EA 5.10 1 10 1500 10 1500 0 0.000 Q
ASA 4.10 1 10 1500 10 1500 0 0.000 V]
VSWR 2.10 1 10 1500 10 1500 0 0.00C o]
SPC1 0.55 3 10 1500 10 1500 0 0.00C 0
SPC2 1.40 3 10 1500 10 1500 0 0.00C 0
VAX NO: 1 DISTANCE (FfT): 1385.0 NUMBER RECEIVE (5): 90000 NUMBER TRANSMIT (B): 100000
CONT RNG 1(S),RNG 2(S) SINGLE (MD: X,BLOCKED (MD: X NI 51(B)
Fubd1 0.050 0.150 10 1 10 89
FwD? 6.075 0.150 10 1 15 80
DFI 0.075 0.200 10 1 15 80
T °.Cte oL 1 1 2n an
AFT2 0.030 0.100 10 1 15 80
TVC 0.050 0.200 10 1 10 80
T1EA 0.040 0.150 10 1 20 80
ASA 0.075 0.200 10 1 15 80
VSWR 0.080 0.200 10 1 19 80
VAX NO: 2 DISTANCE (fT): 13905.0 NUMBER RECEIVE (3): 90000 NUMBER TRANSYIT (8): 190000
CONT RNG 1(S),RNG 2(S) SINGLE C(™MD: X,BLOCKED (MD: X NO $2(B)
EMUY 0.050 0.100 6 1 15 80
VAX NO: 3 DISTANCE (FT): 700.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (8): 1000090
CONT ANG 1(S),RNG 2(3) SINGLE CMD: X,BLOCKED CMD: X NO SI(B)
sPC1 0.100 0.300 10 1 15 80
SPC2 0.100 3.250 10 1 10 80
CONT DIST RESP PXT AVG NUMBER FILL TIME(S), 2uf SI(3)

(FT) s 2: S1(B) DLY(S) 8614 : 2: 3: 43 S: 6: 7:
FWD1 1645.0 1 5 80 2.0E-03 7 0.040 1500 0.243 1500 0.500 1500 0.750 1500 0.200 1500 0.100 1500 0.1%0 1500
FWD2 16465.0 1 6 80 2.0€E-03 7 0.0641 1500 0.241 1500 0.510 1500 0.75% 1500 0.210 1500 0.110 1500 0.161 1509
OFI 1455.0 1 7 80 2.0E-03 7 0.050 1560 0.070 1500 0.C%0 1500 ©0.753 1500 0.088 1500 0.130 1500 0.163 1500
EMU 1405.0 1 S 80 2.0€-03 7 0.042 1500 0.242 1500 ©0.520 1500 0.752.1500 0.220 1503 0.120 1500 0.152 1500
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AFT1 20.0 1 5 80 2.0E-03 7 0.243 1500 0.043 1500 ©0.080 1500 0.120 1500 J.085 1500 G6.140 1500 0.164 1500
AFT2 30.0 1 & 80 2.0E-03 7 0.264 1500 0.04%4 1500 0.081 1500 0.121 1530 0.C86 1500 0.150 1500 0.145 1500
TvC 10.0 1 4 80 2.0c-03 7 0.020 1500 0.045 1500 0.GSC 1500 0.122 1500 0.C91 1500 0.160 1500 0.146 1500
IER 1485.0 1 6 80 2.0€-03 7 0.046 1500 0.051 150C 0.060 1500 0.754 1500 2.089 1500 0.170 1500 0.1467 1500
ASA 1495.0 1 9 80 2.0€-03 7 0.47C 1500 0.052 1500 0.066 1500 0.123 1500 0.G92 1500 0.171 1500 0.168 1500
VSAR 1475.0 1 4 80 2.0E-03 7 0.047 1500 ©£.0S3 1500 0.062 1500 0.124 1500 0.G87 1500 0.145 1500 0.168 1500
SPC1 200.0 1 10 8C 2.0€-03 é 0.245 1500 0.054 1520 0.063 1500 0.125 1509 0.093 1500 0.131 1500

SPC2 850.0 1 S 80 2.0€-05 [ 9.151 1500 0.152 1500 ©0.153 1500 0.G73 15020 0.074 1500 0.172 1500

SOURCE WAIT TIME dAIT TIME DEFER COLL PKTS ACKS PXTS MINIMUM PKT MAXIMUM PKT MAX NUM  MAX PKT

DEFER COLLISION COUNT COUNT TX TX RX WwAIT TIME WAIT TIME coLLs COLL TIME
FWD1 1.06%E+00 2.195E+00 17643 1917 67 237 1104 5.854E-07 5.227€-02 16 2.197e-01
FWd2 3.490€-01 1.1828+00 345 632 204 129 333 5,592e-07 4.123€e-02 1¢ 1.542E-01
DFI F+415E-01 2.319E+00 16468 1589 767 172 939  1.194€-07 5.,216€-02 16 1.880e~-01
EMU 8.782e-01 3.254€+00 1393 1589 650 238 BEB 4.405€£-07 5.216€-02 16 1.9756-01
AFT1 7.952E-01 2.452E+00 1181 1399 518 164 652 3.401£-07 5.130€-02 16 2.007e~-01
AFT2 1.970€+00 5.521E+00 2942 3509 1661 710 2371 1.463E-08 5.227€-02 16 1.940£-01
TvC 2.G38E+00 7.272E+00 3258 4089 2021 €17 2638 2.180E-07 6.264E-02 16 2.271E-01
IEA 1.3462€E+00 4,039E+00 2060 2343 995S 223 1218 1.807&8-07 5.,227€-02 16 2.233e-01
ASA 1.243E+00 3.639€+400 1886 2116 14 196 1110 2.179€-07 5.216€=02 16 2.151€-01
VSWR 1.472E+00 3.303£+00 2315 2594 1384 213 1597  2.204e-07 5.227€-02 16 2.124€-07
spet 1.164E+00 3.373E+00 1836 2002 1128 198 13046 2.435£-08 5.217€-02 16 2.113e-01
sPC2 1.104E+00 2.230E+UY 15yy  4Gwo (PR I ovaIToon.IToTete € .24sE-n7 1. 2.NR2F=01
VAX1 3.651E+00 8.137e+00 4777 7529 1999 8442 10441 3.005£-07 5.223€-02 16 2.573E=31
VAX2 9.080€-01 4.209€+00 1263 1621 250 631 881 4.788E-07 5.216E-02 18 2.279z-M
SPV1 1.60SE420 6.367E+00 2193 3211 435 2008 2443 6.2478-08 5.227€-0¢ 1¢ 2.316£-01
107 2.053E+01 S.949E+01 30544 13135 14707 14381 29088 1.55C0e-11 6.264E-0¢ 14 2..75.-01
AVERAGE BUYSBUSY: 0.000518 USAGE: 0.2G0522 IDLE: 0.90014%9
TOTAL BUS3USY: 15.074992 USAGE: 14.214163 TIDLE: 4.925008
S = SIMULATED THROUGHPUT: 73.073793
G = DFFERED LGAD AS A X% OF BUS CAPACITY: 292.652042 ( 147.031360) TOTAL OFFERED DATA: 75.240300
€ = TFFICIENCY (OFF LOAD): THL19618 ( 47.607524) EFFICIENCY: (DFF DATA): 97.115924
T = THEGRETICAL THROUGHPUT: 65.31097¢
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TVC-AFT COM™: 150 ¥S5GS NOT TRANSWITTED IN 1 S:COND
VAX: 1 RECETIVEID 7626593 8YTzS IN 1 SECOND
VAX: 3 RECEIVED 16467264 BYTES IN 1 SECOND

SECOND VAX RECEIVED 21ITS TRANSNITTED 3ITS
1 1 7453056 412079%
2 1 1798032 21357%
3 1 2953616 420032
4 1 3307374 612735
5 1 4088672 431400
[ 1 4301792 454320
7 1 4367792 65340
€ 1 5148224 «0329%
9 1 6962576 107054

10 1 5229%04 S5880
11 1 5136864 56974
12 1 4959984 “wh9952
13 1 5583416 113360
14 1 5386224 780890
15 1 56464016 393536
16 1 5681024 104432
17 1 S806¥c04 i0003
18 1 5620768 81329
19 1 6021244 SB8704
20 1 5678432 78736
7 2 3663848 3195984
8 2 485632 14576
9 2 521440 22240
10 2 451120 14144
1 2 474704 141464
12 2 651184 124616
13 2 496992 12848
14 2 567744 126415
15 2 533664 22672
16 2 661184 11552
17 2 402224 11934
18 2 435632 224672
19 2 355056 2592
20 2 462480 21376
1 3 330176 385320
2 3 1145120 400304
3 3 1333792 1137¢
4 3 1204944 9648
S 3 1297552 6943
6 3 1227644 10944
7 3 1322000 13712
8 3 1215872 9648
9 3 1227232 4320
10 3 11097464 19040
11 3 1214576 129%
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SIMULATION DESCRIPTION: SIM UN 12
SIMULATICN RUN TIME (S): 2.0E+01 ETHERNET gUS RATE (B/S): 1.0£+07 RANDOM NUMBER SEED: 2597

CONT STARY TIMECS) VAX TX: # PKTS, PKT SI(B) CONT RESP: # pPKTS, PKT $7(3) AFT/TVC COMM: MSG/SEC DELAY(S) FXT $1(B)

FuWd 3.10 1 10 1500 10 1500 0 0.000 0

FuD2 14.10 1 10 1500 10 1500 0 0.000 0

DFI 7.10 1 10 1500 10 1500 0 0.000 0

£ MU 6.10 2 10 1500 10 1500 0 0.000 0

AFT1 11.10 1 10 1500 10 1500 0 0.000 0

RET2 0.10 1 10 1500 10 1500 75 0.007 80

TV 1.00 1 10 1500 10 1500 75 0.006 20

TEA 5.10 1 10 1500 10 1500 0 0.000 2

ASA 4.10 1 10 1500 10 1500 o 0.000 0

VSWR 2.10 1 10 1500 10 1500 0 0.000 0

SPCY 0.55 3 10 1500 10 1500 0 0.000 0

SPC2 1.40 3 10 1500 10 1500 0 0.000 0

VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER RECEIVE (B): 50000 NUMBER TRANSMIT (8): 100000

CONT RNG 1(S),RNG 2(S) SINGLE C4D: ¥,BLOCKED CMD: X NO SZ(8)

FwD1 0.050 0.150 10 1 10 30

Fub2 0.C75 0.150 10 1 15 80

DFI 0.075 0.200 10 1 15 80

Ari n.Ins n1sn 10 1 20 80

AFT2 0.030 0.100 1 . < an OO0

TV 0.050 0.200 10 1 10 80 I

1€A 0.040 0.150 10 1 22 80 A

ASA 0.075  0.200 10 1 15 80 S

VSWR 0.080  0.200 10 1 10 80 “o.

_________________________________________________________________ Q s
=i~

VAX NO: 2 DISTANCE (FT): 1395.0 NUM3ER RECEIVE (8): 90000 NUMBER TRANSMIT (B): 100000 Lo 2

CONT AHG 1($),RNG 2(S) SIMGLE CMD: %,BLOCKED CMD: % NO SZ(B) =

----------------------------------------------------------------- = )

EMU 0.050 0.100 6 1 15 80 i

----------------------------------------------------------------- = .
~< L3

VAX NO: 3 DISTANCE (FT): 700.0 NUKBER RECEIVE (8): 90000 NUM3ER TRANSMIT (8): 100000

CONT RNG 1(S),KNG 2(5) SINGLE CHD: X, BLOCKED €MDz X NO SZ(B)

spC1 0.050  0.250 10 1 15 80

SPC2 0.040 0.120 10 1 13 80

CONT DIST  RESP  PKT  AVG NUMBER FILL TIME(S), BUF s1(8)

(FT)  1: 2: SI(2) DLY(S) 8614 1: 2: 3: 4: 52 6: 7:

5 7 0.040 1500 0.240 1500 0.500 1500 0.750 1509 0.200 1500 0.100 1500 0.160 1500
Fup2 14665.0 1 6 7 0.G41 1500 0.26 1500 0.510 1500 0.751 1500 0.210 1500 0.110 1500 2.161 1500
DFI 1455.0 1 7 80 2.0€-03 7 0.650 1500 0.070 1500 0.C90 1500 0.755 1500 0.088 1500 0.130 1509 9.143 1500
TMU 1405.0 1 5 7 0.042 1500 0.242 1500 0.520 1500 0.752 1500 (0.220 1500 0.120 1500 0.1562 1500




LeT

AFTH 20.0 1 S 80 2.0€e-03 7 0.243 1500 0.043 1500 0.080 1500 0.120 1500 0.085 1500 0.140 1500 0.164 1500
AFT2 30.0 1 4 8C 2.0E-03 7 0.244 1500 0.044 1500 0.CB1 1500 0.121 1500 0.086 1500 0.150 1500 0.165 1500
TvC 10.0 1 4 80 2.0E-03 7 0.020 1500 0.045 1500 0.0SCG 15C0 0.122 1500 0.09% 1500 0.160 1500 0.166 1500
T1EA 1485.0 1 6 80 2.0E-03 7 0.046 1500 0.G51 1500 0.060 1500 0.754 1500 0.0%9 1500 0.170 1500 0.167 1500
ASA 1495.0 1 9 80 2.0€-03 7 0.470 1500 9.GS2 1500 0.G6é6 1500 0.123 1500 0.002 1500 0.171 1500 0.168 1500
VSWR 1475.0 1 4 80 2.0E-03 7 0.047 1500 0.053 1500 0.062 15C0 0.124 1500 0.087 1500 0.145 1500 0.168 1500
sPC1 800.0 1 10 30 2.0€-03 7 0.2645 1500 0.054 1500 0.063 1500 0.125 1500 0.093 1500 0.146 1500 0.172 1500
sPC2 850.0 1 S 80 2.0€-03 7 0.151 1500 J.152 1500 0.153 1500 0.073 1500 0.074 1500 0.075 1500 0.076 1500

SOURCE WAIT TIME WAIT TIME DEFER COLL PXTS ACKS PKTS MINIMUM PXT MAXIMUM PKT MAX NUM MAX PKT

DEFER COLLISION COUNT COUNT TX X RX WAIT TIME WAIT TIME CoLLS COLL TIME
FWD1 1.167€+00 3.390£+00 1818 2031 B26 223 1049 3,202£-07 5.228E-02 16 2.162E-01
FWD2 2.943E-01 6.512€-01 436 507 197 123 320 5.132e-07 4.680E-02 16 1.714€-01
DFI 1.018£+00 2.951€+00 1519 1752 741 163 904 1.C76€-07 5.227€-02 16 1.909€e-01
EMU 9.423€-01 2.252€E+00 1301 1558 683 241 924 2.167€-07 5.129E-02 16 2.058€-01
AFT1 6.596E-01 2.6459E+00 953 1138 441 152 $93 S5.6825€£-08 5.129¢-02 16 1.999E-01
AFT2 1.962E+00 5.651E+00 2903 3614 1602 660 2262 4.480E-11 5.227¢€-02 16 2.450E-01
TvC 2.072E+400 7.141€E+00 3239 4010 1954 S80 2544 3.722€-07 5.227£-02 16 2.226E~-01
IEA 1.292E+4030 4.353E400 1919 2250 %59 209 1168 1.188E-0% 5.227€-02 16 2.291€-01
ASA 1.160€E+00 3.631E+400 1766 2014 889 190 13079 2.C33e-07 5.227€-02 16 2.126€E-01
VSWR 1.551e+00 3.252E+00 2418 2723 1386 202 1588 6.027¢-08 5.216E-02 16 2.485E-01 —
SPC1 1.6420E+30 3.526E+00 2170 2382 1206 227 1633 1.971E-07 5.227E-02 16 1.844E-01 S% b
<pC? 1. LLAE4NN T LLEE+NN 2207 IS8 1210 P74 1494 1.S8NF=11 §S.4Y5F=N2 14 2.077e-01 R
VAXT 3.467€+00 8.998E+00 4530 4902 1906 8124 10030 2.438e-08 6.009€-02 16 2.559€-01 T .
VAX2 1.023£+00 4.232€E4+00 16417 1819 253 871 924 1.405£-07 5.227£-02 16 2.280E-01 Cr -
SPV1 1.825€E+00 8.641E400 2539 3522 S37 2390 2927 1.47BE-07 5.227€-02 16 2.2641€E-01 g;
____________________________________________________________________________________________________________ =
TOT 2.133€+01 6.482€E+01 31230 13075 14808 14431 29239 1.550E-11 6.009E-02 16 2.559E-01 &
Q'
AVERAGE BUSBUSY: 0.000522 USAGE: 0.00050¢ IDLE: 0.000162 Wil
TOTAL BUSBUSY: 15.268323 USAGE: 14.805992 IDLE: 6.731677 =i
7
S = SIMULATED THROUGHPUT: 764.034958 =
G = OFFERED LOAD AS A X OF BUS CAPACITY: 83,954192 ( 150.574880) TOTAL OFFSRED DATA: 76.3L71440
£ = EFFICIENCY (OFF LOAD): B3.184545 ( 49.168200) EFFICIENCY: (OFF DATA): 96.978729
T = THEQRETICAL THROUGHPUT: 45.638640
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TVC-AFT COMM: 150 MS5GS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 722962 BYTES IN 1 SECCND
VAX: 3 RECEIVED 275210 BYTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTED BITS
1 1 745056 412096
2 1 1925984 401184
3 1 2942688 6429856
4 1 3224832 350576
5 1 4206150 433936
6 1 4416688 4456208
7 1 4310560 468890
8 1 4581776 430960
3 1 4902752 89200

10 1 5098896 38048
11 1 5552176 24880
12 1 4733344 383512
13 1 5099328 110380
16 1 5493216 70560
15 1 4948192 623776
14 1 5338192 92160
17 1 Skaliéc Yool
18 1 5783696 51696
13 1 5769744 25952
20 1 5857472 95184
7 2 378640 386734
8 2 5446592 13712
9 2 521440 22672
10 2 520576 124616
11 2 438896 22240
12 2 672976 13280
13 2 4982838 22672
14 2 449824 13280
15 2 555520 11984
16 2 569040 23536
17 2 532368 12848
18 2 521440 21808
19 2 402656 12416
20 2 696992 124614
1 3 318384 383320
2 3 1251680 406928
3 3 1641680 26224
4 3 16463936 6480
S 3 1582720 22496
6 3 1522464 12672
7 3 1382256 22496
8 3 13464468 16736
9 3 1499312 22496
10 3 1393616 11808
i1 3 1439056 4320
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SIMULATION OESCRIPTION: SIM RUN 13
SIMULATION RUN TIME (S): 2.0E+01 ETHERNET 3US RATE (B/S5): 1.0£+C7 RANDOM NUMBER SEED: 2597

CONT START TIMEZ(S) VAX TX: # PKTS, PKT SI(8) CONT RESP: # PXTS, PKT SZ(8) AFT/TVC COMM: MSG/SEC DELAY(S) PKTY SI(B)

FWD1 3.10 1 19 1500 10 1500 0 0.000 0

FWD2 14.10 1 10 1509 o 1500 0 0.000 0

DFI 7.10 1 10 1500 10 1590 0 0.00C 0

EMU 5.10 2 10 1500 19 1500 0 0.000 0

aFT1 11.19 1 19 1500 10 1500 0 0.000 0

AET2 2.10 1 10 1590 10 15930 7S 0.007 80

TVC 1.060 1 10 1500 10 1500 75 0.006 20

IEA 5.10 1 10 1520 10 1500 0 0.000 0

ASA 4.10 1 190 1500 10 1500 0 0.000 0

VSWR 2.10 1 19 15909 10 1500 0 0.000 0

spct 0.55 3 10 1509 10 1500 0 0.090 0

spPC2 1.40 3 19 1593 10 1500 0 0.000 0

sPC3 2.40 4 10 1500 10 15230 0 0.000 0

SPCA 3.60 5 12 1500 17 1500 0 0.000 0

SPCLS 3.90 s 10 1500 10 1500 0 2.000 0

VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER RECEIVE (8): 90000 NUMBER TRANSMIT (B): 100000

CONT RNG 1(S),RNG 2(S) SINGLE (MD: ¥X,3L0CKED CMD: H NO S2(B)

Cung nN.nen n_1sn 1in 1 19 30

FubD2 €.07S  0.150 10 1 15 30

OFI 0.075  0.200 10 1 15 80

AFTY 0.050 0.150 10 1 20 80

AFT2 0.030 0.100 10 1 15 80

T™vE 6.050 0.200 12 1 19 80

1EA C.040  0.150 10 1 20 80

ASA 0.075  0.200 190 1 15 80 fo X o)

VSWR 0.0%0 0.2030 10 1 10 30 n D
- 0O

VAX NO: 2 DISTANCE (FT):  1395.0 NUMBER RECEIVE (8): 90000 NUMBEK TRANSMIT (3)>: 100000 8 g

CONT ANG 1(S),RNG 2(S) SINGLE C™D: X,3LOCKED (MO: % NO S2(8) = -

EMU 0.050 0.100 6 1 15 80 Vo B!

----------------------------------------------------------------- coove
= G

VAX NO: 3 DISTANCE (FT): 700.0 NUM3ER RECEIVE (8): 90000 NUMBER TRANSMIT (8): 100000 T

CONT RNG 1C(S),RNG 2(S) SINGLE C%D: X,BLOCKED CMD: X NO S1(B) "j -

................................................................. -4 Ui

spct 0.050 0.250 10 1 15 80

SPC2 0.060 0.120 10 1 10 80

VAX NO: & DISTANCE (FT): 750.0 NUMBER RECEIVE (8): 90000 NUMSER TRANSMIT (3): 100000

CONT NG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED C(MD: X NO S2(8)
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VAX NO: S DISTANCE (FT): 650.0 NUM3ER RECEIVE (3): 90000 NUMBER TRANSMIT (B): 100000

CONT RNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CHMD: % NO SI(B)
SPC& 0.060 0.250 10 1 10 ga
SPCS 0.600 2.500 10 1 10 80

CONT DIST RESP PKT AVG NUMBER FILL TIME(S), BUF SZ(3)

(FT) 1: 2: SZ(B) DLY(S) 2614 1: 2: 3: 4: S: 6: 7:
FuDt  1445.0 1 5 80 2.0t£-03 7 0.040 1500 0.240 1500 0.500 1500 0.750 1500 0.200 1500 0.100 1500 0.160 1500
FWD2 1455.0 1 6 80 2.0€-03 7 0.041 1500 0.241 3500 0.510 1500 0.751 1509 0.210 1503 0.119 1500 0.161 1500
DFI 16455.0 1 7 80 2.0€£-03 7 0.053 1500 0.G?0 1500 0.090 1500 0.753 1500 0.088 1500 0.130 1500 0.163 1500
EMYU 1405.0 1 S 80 2.0€-03 7 0.062 1SG0 0,242 150 0.520 1500 0.752 1560 0.220 1500 0.120 1500 0.162 1500
AFT1 20.0 1 S 80 2.0E-03 7 0.2643 1500 D0.C43 1500 0.C80 1500 0.120 1502 0.085 1500 0.140 1500 0.1%4 1500
AFT2 30.0 1 4 80 2.0€-03 7 0.244 1500 0.044 1500 0.081 1500 0.121 1500 0.086 1500 0.159 1500 0.165 1500
TVC 10.0 1 4 80 2.0&8-03 7 0.C20 1500 ©0.045 1500 0.650 1500 0.122 1500 0.091 1503 0.160 1500 0.166 1500
I1EA 1485.0 1 6 80 2.0E-03 7 0.046 1500 92.051 1500 0.060 1500 0.754 1500 0.08% 1500 0.170 1500 0J.167 1500
ASA 1495.0 1 9 80 2.0E-03 7 D.470 1500 ©0.052 1560 0.066 1500 0.123 1500 0.092 1500 0.171 1500 0.168 1500
VSWR 1475.0 1 4 80 2.0E-03 7 0.047 1530 0.CS53 1500 0.062 1500 0.124 1500 0.087 1500 0.145 1500 0.168 1500
sPC1 800.0 1 10 80 2.0£-03 7 0.245 1500 0.054 1500 0.063 1500 0.125 1507 0.093 1500 0.146 1500 0.172 1500
SPC2 850.0 1 5 80 2.0E-03 7 0.151 1500 0.152 1500 0.153 1500 0.073 1500 0.074 1500 0.075 1500 0.076 1500
SFLS $ooel d 1 2m 2. 0z-n7 - A 1T1 1enn  n_132 1500 0.133 1500 0.134 1500 0.135 1500 0.136 1500 0.137 1500
SPC4 950.0 1 S 80 2.0E-03 7 0.231 1500 D.232 1500 0.234 1500 0.233 1500 U.¢5> 150U  Ued30 i2uw Uelli 1200
SPCS 1000.0 1 9 80 2.0€£-03 7 0.251 1520 D.252 1500 0.253 1500 0.254 1500 0.255 1500 0.256 1500 0.257 1500

3

e HN0¢
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SOURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM MAX PKT

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME WAIT TIME coLLs coLL TIME
FWD1 1.209E+00 5.523E+00 1935 2203 737 206 943 2.435€-08 5.216E-02 16 2.099e-01
FWD?2 2.420€-01 7.2738-01 336 429 119 121 249 1.358E-06 4.419E-02 16 1.535€e-01
OFI 3.923E-01 64.339€400 1521 1o4g 514 15 765 2.940£-07 5.228€-02 16 2.414E-01
EMU 9.913g-01 3.582E400 16456 1693 593 226 822 1.G77e-06 5.227E-02 16 2.46228-01
AFT1 6.189E-01 2.395c¢+00 892 1095 403 144 S47 1.74BE-06 5.216£-02 16 2.162e-01
AFT2 1.794E+00 8.449E+00 2719 3402 1318 515 1831 1.595E-07 5.2278-02 16 2.6450E-01
TvC 2.110€E+30 8.501E400 3294 4100 1699 456 2165 1.5958-07 5.227€-02 16 2.634E-01
TEA 1.230€E+00 5.937E+00 1371 218Bo 833 186 101% 1.808E-07 5.933E-02 16 2.826E-0
ASA 1.365E400 L.913E+400 2020 231E 8319 17¢ 1018 2.307&-08 5.227€-02 16 2.230e-01
VSWR 1.6528+00 6.C31£400 2568 2925 1188 194 1332 9.461€-08 5.227E-02 16 2.624E-01
SPC1 1.477E400 4.359E+00 2278 2571 1177 219 1395 3.372:-08 S.216€-02 16 1.749E-01
sPce 1.353€+00 L.659E+00 21356 2560 1145 262 1407  1.550E-11 5.228€e-02 16 2.083e-01
SPC3 1.186E+00 4.%25E+00 1817 2152 825 222 1047 2.8208-07 5.227&8-02 16 1.978€-01
SPCé4 7.955E-01 3.121€+00 1172 140 475 202 &?7 8.057e-07 5.216£-02 16 2.112E-01
SPCS 7.153€-01 2.99SE+00 1083 1247 420 128 543 1.5508-11 $.227€-02 16 2.114e-01
VAX1 3.333£+00 1.C3SE+01 45642 5359 1773 7101 3874 6.,2456-07 5.227€-02 16 2.286e-01
VAX2 1.063€+400 4,752E+00 1642 1300 241 78 819 2.230£-07 $.227€-02 16 1.991£-01
SPV1 1.805€+00 9.111€+00 2543 3616 515 2257 28102 2.304E-08 S.227€-02 16 2.980€e-01
spve 1.0428+00 5.550€+00 1473 1336 238 805 1043 1.754€-08 S.227€-02 16 2.109e-01
SPV3 1.080E+00 5.540E+00 1579 2041 358 859 1217 2.165E-11 5.217€-02 16 2.352€-01
ToT 2 tQ&F+N1 1.n34E40? 3R5642 15202 15510 15054 30564 1.55CE-11 5.933E=02 16 2.980£-01
AVERAGE BUSBUSY: 0.000524 USAGE: 0.000507 IDLE: 0.000130
TOTAL BUSBUSY: 16.012091 USAGE: 5.509728 IDLe: 3.987909
S = SIMULATED THROUGHPUT: 77.548638
G = OFFERED LOAD AS A ¥ OF BUS CAPACITY: 89,878368 ( 165.279520) TOTAL OFFERED DATA: 80.628960
£ = EFFICIENCY (OFF LOAD): 246.281760 ( 46.637516) EFFICIENCY: COFF DATRA): 95.179633
T = THEORETICAL THROUGHPUT: 47.334706



€0t

TVC-AFT COMM: 150 MSGS NOT TRANSMITTED IN 1 SECOND
VAX: 1 RECEIVED 665746 BYTES IN 1 SECOND
VAX: 3 RECEIVED 199314 SYTES IN 1 SECOND

SECOND VAX RECEIVED BITS TRANSMITTeD SITS
1 1 745055 412096
2 1 1925984 401134
3 1 2836560 429624
4 1 2941824 424784
S 1 36402144 423056
6 1 3935508 454080
7 1 3779438 56016
8 1 4039776 4089464
9 1 4082056 43952

10 1 6299632 72176
11 1 4685312 23216
12 1 6521088 299328
13 1 4651232 161056
14 1 4h61264 60304
1s 1 4815456 177712
16 1 4710192 254404
17 1 4838170 siiid
18 1 4688336 112704
19 1 $3259638 51952
20 1 5028576 47232
7 2 235840 373176
8 2 260720 26472
9 2 532368 13712
10 2 545024 22240
1n 2 496992 14576
12 2 532348 21376
13 2 403520 132890
14 2 508352 11552
15 2 L49824 12848
15 2 462912 23104
17 2 449824 13712
18 2 379072 213746
19 2 379936 12848
20 2 426240 13280
1 3 318384 388320
2 3 1251480 406928
3 3 1594512 22928
o 3 1558272 13536
S 3 16476160 21632
6 3 1309776 13104
7 3 1299280 15872
8 3 1251248 9648
9 3 1381392 22496
10 3 1393184 12240
11 3 1439920 13230
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1369168
1239024
146475296
1074368
1239456
1216304
1370032
1109312
1346016
318384
555952
485200
4269464
59089%
460320
591328
543728
413152
555952
4611846
507488
461184
507488
465200
$31504
496128
461616
235840
696560
637632
661648
648992
626272
660784
5904564
531504
696140
496128
460784
485200
578672
543296
542864
6258640

11376
11552
9648
21209
6348
19040
13962
19904
6048
383320
11120
12848
2592
11552
11984
2592
12416
2592
11934
11120
1728
11552
2592
11934
12348
2160
111290
392032
367648
3455
13248
3456
9216
2592
9215
8784
3024
9216
2160
14976
3456
9648
2592
7920
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SIMULATION DESCRIPTION:

SIM PUN 14

MSG/SEC

SIMULATION RUN TIME (S): 2.0E+0D1 ETHERNET 8US RATE (8/S): 1.0£+07 RANDOM NUMSER SEED: 2597
CONT START TIME(S) VAX TX: 4 PKTS, PKY SZ(8) CONT RESP: # PXTS, PKT SI1(3) AFT/TVC COMM:

Fupl 3.10 1 10 1500 10 1500 0
FWb2 4.80 1 10 1500 10 1500 0
DFI 7.10 1 10 1500 10 1500 0
EMY 6.10 2 10 15900 10 1500 o
AFT1 5.80 1 10 1500 10 1500 0
AFT2 0.10 1 10 1500 10 1500 75
Tvi 1.00 1 10 1500 10 1500 75
IEA 5.10 1 10 1500 10 1500 C
ASA .10 1 10 15920 10 1500 0
VSHWR 2,10 1 10 1500 10 1590 4]
sPC1 0.55 3 10 1500 10 1500 0
spPC2 1.40 3 10 159090 10 1500 0
3PC3 2.40 4 10 1590 190 1500 0
SPC4 3.60 5 10 1500 10 1500 0
SPCS 3.90 S 10 1500 10 1500 0
VAX NO: 1 DISTANCE (FT): 1355.0 NUMBER RECEIVE (B): 93900 NUMBER TRANSMIT (B): 100000
CONT anNG 1(5),RNG 2(S) SINGLE CMD: X,5LOCKED CMD: % NO 31(8)

FWD1 0.050 Ue Idv iz A 1n 20

FWD2 0.07S 0.150 10 1 15 30

DFI 0.075 0.200 10 1 15 80

AFT1 0.050 0.150 10 1 20 80

AFT2 0.030 0.100 10 1 15 890

Tve 0.050 0.200 10 1 10 80

IEA 0.C40 0.150 10 1 20 80

ASA 0.075 0.200 10 1 15 80

V3WR 0.080 0.200 10 1 10 80

VAX NO: 2 DISTANCE (FT): 1395.0 NUM2ER RECEIVE (B): 90000 NUMBER TRANSMIT (8): 100000
CONT RNG 1(S),RNG 2(S) SINGLE C(MD: %,BLOCKED CMD: X NO $2(8)

EMU 0.050 0.100 [ 1 15 80

VAX NO: I OISTANCE (FT): 700.0 NUMBER RECEIVE (B): 90000 NUMSER TRANSMIT (B): 100000
CONT ANG 1(S),RNG 2(S) SINGLE CMD: %X,BLOCKED CMD: X NJ 51(8)

spct 0.050 0.250 10 1 1$ 8c

spC2 0.040 0.120 10 1 10 30

VAX NO: & OISTANCE (FT): 750.0 NUM3ER RECEIVE (B): 99000 NUMBER TRANSYMIT (8): 100000
CONT &N3 1(S),RNG 2(S) SINGLE CMp: X,BLOCKED CMD: X NG s1(8)

SPC3 0.050 0.150 10 1 15 80

DELAY(S)

PKT SZ(B)

[S e
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VAX NO: S DISTANCE (FT): 650.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (B): 10000°C

CONT FNG 1(S),KkNG 2(S) SINGLE CMD: X,BLOCXED CMD: %X NO SZ(3)
SPCé 0.160 0.400 10 1 10 89
SPCS 0.030 0.190 10 1 10 80

CONT DIST RESP PKT AVG NUMBSER FILL TIMECS), BUF S1(8)

(FT) 1: 2: SI(3) DLY(S) Bé14 H : 3: 43 5: 6: 7:
FWD1 1445.0 80 2.0€-03 0.030 1500 0.040 1500 ©0.050 1500 0.060 1500 0.070 1500 0.080 1500 0.090 1500
FWD2 1465.0 80 2.0€-03 0.031 1500 J.C41 1500 0.C51 1500 0.061 1500 0.071 1500 0.081 1500 0.091 1500
DFI 1455.0 80 2.0E-03 0.032 1500 0.042 1500 0.G52 1500 0.062 1500 0.072 1500 0.082 1500 0.092 1500
EMU 1405.0 80 2.0E-03 0.033 1500 0.043 1500 0.053 1500 0.&30 1500 0.073 1500 0.083 1500 0.093 1500
RFT1 20.0 80 2.0g-03 0.034 1500 0.044 1500 0.054 1500 0.064 1500 0.074 1500 0.084 1500 0.094 1500
AFT2 30.0 80 2.0€-03 0.036 1500 0.046 1500 0.056 1500 0.C66 1500 0.076 1500 0.086 1500 0.096 1502
TVvC 10.0 80 2.0E-03 0.037 1500 0.047 1500 0.057 1500 0.067 1500 0.077 1500 0.087 1500 0.097 1500

380 2.0E-03 0.035 1500 0.045 1502 0.C5S 1500 0.065 1503 0.075 1500 0.085 1500 0.095 1500
80 2.0€-03 0.03% 1500 0.04% 1500 0.05% 1500 6.069 1500 0.079 1500 0.089 1500 0.099 1500
80 2.0E-03 0.110 1500 0.120 1500 0.130 1500 0.140 1500 0.150 1500 0.160 1500 0.170 1500
80 2.0E-03 0.111 1500 0.121 1500 0.131 1500 0.161 1500 0.151 1500 0.161 1500 0.171 1500
50  £eUE-UD S.teI o1ccn 0 42T a8An N0 o113 1500 0.143 1500 0.153 1500 0.163 1500 0,173 1500
80 2.0€-03 0.114 1500 0.124 1500 0.134 1500 O0.144 1500 0.15« 1500 U.lo% ddou Ueiim 32
0.115 1500 0.125 1500 0.135 1500 0.145 1500 0.155 1500 0.165 1560 0.175 1500

5 7

é 7

7 7

S 7

5 7

4 7

& 7

[ 30 2.0€-03 7 0.033 1500 0.048 1500 0.G58 1500 0.048 1500 0.078 1500 0.083 1500 0.093 1500
9 7

4 7

0 7

S 7

> N

S 7

3 7

e

LA

o
%
5
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SOURCE WAIT TIME WAIT TIME
DEFER COLLISION
FWD1 1.673E+00 9.310€+00
FWb2 1.474E+00 7.052£+00
DFI 1.9508-01 1.630E+03
EMY 1.404E+00 4£.691E+00
AFT1 1.155€+00 6.01BE+0D
AFT2 2.096E+00 9.197€+00
Tve 1.877e+400 1.089€E+01
TEA 1.039€+00 6.834E+00
ASA 1.493E400 7.846E+00
VSWR 1.647E+00 8.240E+00
sPet 1.219E+00 6.310£+00
SPC2 1.333e+00 S.644E+00
sPC3 1.358E+00 S.998E+0D
SPC& 1.138E+00 S.370€E+00
SPLS 1.196€+00 5.351£+00
VAX1 2.645€E+00 1.297e401
VAX2 1.051E400 7.520E+00
SPV1 1.582E+00 8.741E+00
SPV2 1.074E+00 6.534E+00
SPV3 1.385€6+00 9.715€E+00
T07 2.805E+U0 letBUETUC
AVERAGE BUS3USY: 0.000544
TOTAL BUSBUSY: 16.648416
S = SIMULATED THROUGHPUT:
G = OFFERED LOAD AS A X OF BUS CAPACITY:
E = EFFICIENCY (OFF LOAD):
T = THEORETICAL THROUGHPUT:

USAGE:
USAGE:

coLL PKTS ACKS

COUNT TX TX
3019 1136 163
2543 262 139
368 35 110
2464 779 183

1881 s30 127
2620 931 139
2937 1190 158
2116 327 208
2226 314 258
2299 785 237
1887 634 156
2055 645 211
S830 1457 7712
1657 196 787
30735 498 1588
2002 253 747
395 1226

1sre o aEneo

0.000527 IDLE:
16.,135744 IDLE:

20.678718

93.5332768 ( 180.896480)

PKTS MINIMUM P
RX WAIT TIME
1299 2.825&-08
1001  1.684E-07
145 2.234E-06
962 4.139€E-07
746 2.744E-C7
2101 1.550E-11
1715 3.675E-07
6565 8.314E-03
1040 6.908E-07
1348 B8,590£-08
1913 1.102€-07
1092 1.028€-10
1002 3.156€-C7
790 1.903e-0G7
857 &.450E-11
916> 2.051€-08
363 2.936E-07
2036 2.913€-07
1000 2.143£-07
1621 6.2558-07

0.,000109
3.351584

25.981390 ( 44.599385) EF

4€.409136

KT MAXIMUM PKT
WAIT TIME

5.228€£-02
5.227E-02
5.216E-02
5.216E-02
5.227€-02
5.227€-02
5.227€-02
5.228€-02
S.228€-02
8.495E-02
5.228€-02
5.22B€-02
5.227E-02
7.7642€-02
5.217E-02
5.227€-02
5.227€e=-02
$.227€-02
5.227E-02
5.228E-02

FICIENCY: (OFF DATA):

TOTAL OFFERED DATA:

MAX NUM MAX PKT
CoLLS CCLL TIME
16 2.2465€E-01
16 2.213E-01
16 1.898E-01
16 2.278e-0
16 2.434€-01
16 2.234€-01
16 2.445€6-01
16 2.88CE-01
16 2.174E-01
16 4.528E-01
16 2.888E-01
16 2.545€-01
16 2.307e-01
16 2.222e-01
16 3.119E-01
16 2.761€-01
16 2.272€-01
16 2.721e-0
16 2.707€-01
16 3.427E-01
16 4.528€E-01

84.588560

95.377813
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TVC-AFT COMM: 150 MSGS NOT TRANSMITTED IN 1 SECCND
VAX: 1 RECEIVED 706100 BYTES IN 1 SECOND
VAX: 2 RECEIVED 125452 BYTES IN 1 SECOND
VAX: 3 RECEIVED 143302 BYTES IN 1 SECOND
VAX: S RECEIVED 133934 BYTES IN 1 SECOND

SECOND VAX RECETIVED BITS TRANSMITTED BITS
1 1 1028064 412528
2 1 2409456 408616
3 1 3389920 414704
4 1 35995648 406512
S 1 6096144 514480
6 1 3824928 453808
7 1 4672656 308688
8 1 4109232 40153%
o 1 4368672 149456

10 1 4625024 228192
11 1 4933308 59728
12 1 5648800 0
13 1 5144336 38592
16 1 5132976 32000
15 1 5530380 b6y
16 1 4919424 26672
17 1 5236944 7920
18 1 5176488 1296
19 1 5253056 80032
20 1 5450044 13712
7 p3 235340 353264
8 2 106560 25488
9 2 669856 11552
10 2 1003616 11120
11 2 685664 11984
12 2 684768 11120
13 2 £648992 10688
14 2 873904 2160
15 2 485200 12416
16 2 568176 21376
17 2 603120 11984
18 2 373040 11984
19 2 567312 1296
20 2 755984 11120
1 3 106592 388320
2 3 969104 407792
3 3 1166616 24224
3 3 10743548 11808
S 3 1111040 22496
6 3 991824 21200
7 3 920540 3024
8 3 163208 12240
9 3 8462976 21632

0
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885264
850752
838528
896524
862976
303152
955584
945520
515376
338096
838528
397024
579104
567744
649824
531072
520576
555520
555952
436736
331472
461516
401792
143264
460320
4164448
402224
460320
438032
294800
330508
981328
933296

1111472
862112
873904
873040
804016
314080
852048
327600
897056
875200
874336
814944
826736

10944
13712
10944
4320
19904
9216
5616
23768
10512
14144
9216
388752
12416
13712
11120
2592
13289
12848
12416
3024
11552
12848
3024
10688
13250
3456
11552
3024
11120
4463648
307680
13000
10944
12672
7920
8352
3024
10512
3024
16704
11376
9648
9648
10080
3456
14976
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MSG/SEC

DELAY(S)

PKT $2(8)
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SIMULATION DESCRIPTION: SIM RUN 15

SIMULATION RUN TIME (S): 2.0E+01 ETHERNET 8JS RATE (B/S): 1.0E+07 RANDOM NUMBER SEED: 2597
CONT START TIME(S) VAX TX: # PXYS, PKT 57(8) CONT RESP: # PKTS, PKT SZ(B) AFT/TVC COMM:

FWD1 3.10 1 10 1500 10 1500 0
FuD2 4,80 1 10 1500 10 1500 0
DFI 7.10 1 10 1500 10 1500 Q
£My 6.10 2 10 1500 10 1500 0
AFT1 5.80 1 10 1500 10 1500 0
AFT2 0.10 1 10 1500 10 1500 75
V¢ 1.00 1 10 1500 10 1500 75
T1EA 5.10 1 10 1500 10 1500 0
ASA 4.10 1 10 1500 10 1500 0
VSWR 2.10 1 10 1500 10 1500 0
spcH 0.55 3 10 1500 10 1500 0
SPCe 1.40 3 10 1500 10 1500 o]
SPC3 2.40 & 10 1500 10 1500 0
SPC4 3.60 5 10 1500 10 1500 0]
SPCS 3.90 5 10 1500 10 1500 0
VAX NO: 1 DISTANCE (FT): 1385.0 NUMBER RECEIVE (3): 90000 NUMBER TRANSMIT (8): 100000
CONT ING 1(S),RNG 2(S) SINGLE CMD: %,8L0OCKED (MD: X NO 52(8)

T non2n n_1nn 10 1 10 80

FWD2 0.020 0.100 10 1 15 ou

DFI 0.020 0.100 19 1 15 80

AFT1 0.G20 0.100 10 1 20 80

EFT2 0.020 0.100 10 1 15 80

TVC 0.020 0.100 10 1 10 80

1EA 0.020 0.100 10 1 29 80

aSA 0.020 0.100 10 1 15 80

VSWR 0.020 0.100 10 1 10 80

VAX NO: 2 DISTANCE (fT): 1395.0 NUMBER RECEIVE (3): 90000 NUMBER TRANSMIT (B): 1000090
CONT RNG 1(S),RNG 2(S) SINGLE C(MD: %,8L0CKED CMD: %X NO s1(3)

EMU 0.020 0.100 6 1 15 80

VAX NO: 3 DISTANCE (FT): 700.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (8): 100000
CONT RNG 1(S),RNG 2(S) SINGLE CMD: X,BLOCKED CMD: X NO SI(8)

spc1 0.020 0.100 10 1 15 80

sPC2 0.020 0.100 10 1 10 80

VAX NO: 4 DISTANCE (FT): 750.0 NUMBER RECEIVE (8): 90000 NUMBER TRANSMIT (8): 100000
CONT ANG 1¢(S)-RNG 2(S) SINGLE CMD: X,8L0CKED CMD: X NO SI(8)

sPC3 0.020 0.100 10 1 15 80



1T

VAX NO: 5 DISTANCE (FT): £50.0 NUMBER RECEIVE (B): 90000 NUMBER TRANSMIT (8):

CONT ANG 1(S),RNS 2(S) SINGLE (“D: %,8L0CKED CMD: %X NO SZ(8)
SPC4 0.0290 0.100 1 1 190 80
SPCS 0.020 0.100 10 1 192 80

CONT DIST RESP PKT AVG NUMOER Fill TIME(S), BUF s1(3)
CFT) 1: 2: SI(3) DLY(S) B614 : 2: 3:

5 7

6 7

7 7

5 7

5 7

4 7

4 7 G.037 1500 0,047 1500 0.0S57
6 80 2.0E-03 7 0.C38 1500 0.0648 1500 0.058
s 7 0.C35 1500 0.045 1500 0.055
4 7 0.039 1500 0.04% 1500 0.059
0 7 0.011 1500 0.012 1500 0.013
5 7 0.021 1500 0.022 1500 0.023
> N n T4 afnn A N1 1590 0.1W
5 7

3 7

SPC& 950.0 0.11C 150 0.120 1500 0.130

100000

V. idY
0.152

i>0u

1500

0.083 1500
0.685 1500
0.089 1500
0.C16 1500
0.026 1500
0.161 1500
Uellu hulx

0.1%2 1500
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SOQURCE WAIT TIME WAIT TIME DEFER COLL PKTS ACKS PKTS MINIMUM PKT MAXIMUM PKT MAX NUM MAX PKT

COLL TIME

2.272e-01
2.649€-01
3.211E-01
2.428E-01
2.8616-01
3.571e-01
3.844€-01
3.502€-01
2.383E-01
3.713E-01
4.166E-01
2.65%9€E-01
3.718¢8-01
2.085E-01
2.772€-01
3.363€-01
2.2628-0
2.764E-01
2.911e-0
2.797e-01

DEFER COLLISION COUNT COUNT TX TX RX WAIT TIME
FWD1 1.609€+00 1.059€+01 2292 2877 823 157 980 4.043E-07
FWd2 1.302E+00 9.194E+00 1853 2317 670 163 813 2.230€e-07
DFI 8.622e-01 £.053£+00 1264 15538 373 118 491  2.046€E-G7
EMU 1.3732+00 3.148£+00 1988 2642 651 192 243  3.258¢-07
AFTI 9.239E-C1 7.297€+00 1372 1745 455 12 s31 2.080E-07
AFT2 2.019E+00 1.228E+01 29S¢ 3739 1304 157 1661 8.893E-08
Tve 1.919¢e+00 1.156E+01 2862 3705 1201 141 1542 3.310€-07
TEA 1.124€£+00 7.160E+00 1643 2027 538 130 668 1.767€-07
ASA 9.777e-01 8.211e+00 16457 1830 499 133 632 6.174E-07
VSWR 1.428€+400 1.062E+01 2153 2678 817 162 979 7.761€-08
SPC1 2.445E+400 1.284€E+01 1742 5379 2605 211 2816 1.438€-07
SPC2 2.179e+C0 1.154e+01 3271 4201 1620 189 1805 3.317e-07
SPC3 1.842€+00 1.005e+01 2611 3105 894 217 1111 2.352€-07
sSPCé 1.192€E+00 5.634E+00 1755 2110 579 198 777 8.279e-08
SPCS 1.120€+00 8.297€+090 1685 2055 466 138 6564 3.242€E-07
VAX1 2.538E+00 1.444E+01 3622 5020 1428 6251 7679 3.383E-07
VAX2 1.102e+00 7.790€+00 1541 1922 204 639 g4 5.704E-07
SPV1 2.C41€+00 1.382€+01 2768 4132 434 6156 45%0 1.722€-08
sPv2 1.238E400 F.64L9E+Q0 1716 2221 234 878 1112 1.917€-07
SPV3 1.429E+00 1.077€+01 2034 26564 413 1011 1426 4. 111E-07
TOY 3.06%5€+01 1.967E+02 @62d 1iiod i&Eul semoT oyzons 1 ?P0E-0R
AVERAGE 8UsSaysY: 0.000S554 USAGE: 0.000537 IDLE: 0.000071
TOTAL BUSBUSY: 17.727513 USAGE: 17.176959 IDLE: 2.272487
S = SIMULATED THROUGHPUT: 85.884797
G = OFFERED LOAD AS A % OF 3US CAPACITY: 100.831872 ( 201.326400)
E = EFFICIENCY (OFF LOAD): B5.176240 € 42.659481) EF
Y = THEORETICAL THROUGHPUT: 50.207106

WAIT TIME coLLS
5.227€-02 16
5.228E-02 16
5.227E-02 16
5.227€E-02 16
5.227£-02 16
5,227€-02 16
5.227€-02 16
5.227€-02 16
5.227€-02 16
5.228€-02 16
5.228€-02 16
S.227E-02 16
5.228€E-02 16
5.227€-02 16
5.229€E~-0¢2 16
S.677E-02 16
5.229€-02 16
5.228E-02 16
5.228€-02 16
5.689€-02 16
S.6R89F-02 16

TOTAL OFFERED DATA:
FICIENCY: (OFF DATA):

91.067600
94.308840
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TVC=AFT
vax: 1
VAX: 2
VAX: 3
VAX: 4
VAX: S

SECOND

—
OOmNQU\bMNJ

T o adhe I et
O@NOVE UM 2O OM~NO CWNOWE (VL S

COMM: 150 MSGS NOT TRANSWMITTED IN 1 SECOND
1

RECEIVED 632346 BYTES 1IN SECOND
RECEIVED 97446 BYTES IN 1 SECOND
RECEIVED 577970 SYTES IN 1 SECOND
RECEIVED 104870 BYTES IN 1 SECOND
RECEIVED 115080 BYTES IN 1 SECOND
VAaX RECEIVED BITS TRANSKITTED BITS
1 1028264 412960
1 2044336 400320
1 2196336 387056
1 2349632 3B8S528
1 2172752 188752
1 2643536 760336
1 2338272 477232
1 2741392 323600
1 3705280 75952
1 3859872 248512
1 £323216 76464
1 4104208 32224
1 4700560 88624
i LT2%AC0 n
1 6504544 0
1 4504976 20336
1 4918560 0
1 5058768 0
1 4908064 20448
1 4767856 37984
2 235340 370176
2 0 12528
2 722336 27424
2 732832 13280
2 363264 12848
2 450688 21376
2 495696 2160
2 535464 11120
2 638064 11120
2 200464 2160
2 449824 11552
2 779568 11120
2 538496 12848
2 638064 11120
3 814080 398144
3 4281792 394256
3 4623760 19182
3 3857712 15872
3 4128928 19040
3 3620576 4752
3 3355856 185608
3 3113952 6752
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2065328
1970128
1864864
2617360
1356512
1722496
1698048
1912032
1733856
1557408
1321568
1380960
235840
0
780000
803584
838960
708816
508352
237136
496992
530640
S08784
803152
10Leel
543728
696160
259856
543296
5666448
294800
1641504
0

509216
886560
898784
686528
898352
744624
920640
614912
757280
852048
625840
722336
707952
861680

21260
5134
16448
2160
3456
11552
1296
11376
10688
96483
3888
18176
355056
26784
16304
14144
11984
12848
13712
3888
11552
2160
12416
11552
3456
124616
864
10256
12946
1728
318384
401408
18144
29664
12240
10944
17136
12672
9216
12240
9216
10512
19728
4320
17568
3456
2169
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