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Section 1.1 - DEMOS

DEMIOS is a package built on top of SIMULAGT, designed to
provide building blocks that a modeller can tailor to his own
perazonal needs, or which can bhe used asz predefined unitz,  Alzo,
DEMOS prowvides builtin  probability  sampling  functions, report
generation, and tracing facilities, wWhat impressez rnost akbout
DEMOS is the ease with which a modeller can combine the simple
blocks into guite complex systems, with relatively few simnplifying

assurmptions.

The tracing facilities provided give wvervy adegquate diagnostic
information for the user, as to the actionz of the saimulation.
These can he turned on if desired; the default is for no trace

information to be given.

DENMOS offers a relatively full range of distributions, split into
three classes - rdfisd 's which return real walues, st 's which
return integers, and &isd 's which return true or false. The
sampling of these distrikbations is a simple matter of & function call
SAMPFLE to the relevant dizstribution, once the distribution hasz been

declared sand initialized.

Reporting and data collection are unobtrasive. The user of the
package need only worry about his n:n#fn specialized statistics - and
tools are prowvided for the collectionn of such wvalues, All other
ohiectz for which a report iz generated, collect their own statistics,

without any thought necessary from the user.
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Alzo rmaintained by the svstern, hut hidden from the user, are
the rmanipulations of the queuess which arise in all sirmalations. Al
gqueuess are operated on a “first-in-first-out" bhazis, with the option

of & prioritized queuesing discipline soeailable within this structure,

The basic building blocks provided by DEMOS fall into three
categories. The first iz that of statistical devices. These are
dezigned for the user to collect his own customized statistics, Thevw
include a COUNT, for counting ococurrences and the like; a TALLY
for obserwing awverages over ocourrences;, an ACCUMULATE for
observing awverages over time; and a HISTOGRAM for presenting

statistics as a histogram.

The second class is that of QUEUEs, The following four blocks
provide the facilities often used in zitnulation work., The first such
structure is a REE, for simulating & limited resource for which
gqueueing ocoulrs, Secondly, a BIN is provided to rnodel the
dependence and svnchronisation often chserved hetween entities.
Next, a WAITO iz provided for those structures which require a
number of entities to be present before an event ococurs. Finally, a
CONDQ iz provided for entities which must swait antil zome condition

is satisfied befores thev are free to continae,

[ will explain the functions of WAITQz: and CONDQs further, as
they are often used in NETMOE, A WAITO iz actually a pair of
queues - one known as the slave, and the other ss the rnaster.
One of the entities which uses the WAITO iz treated az being
subordinate to the other. This entity enters the slave gueus, and
doez not lesve it until it has been COOPTed by an entity from the

master queue. The subordinate entity is then bound to the rmaster
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until the rnaster releaszes it. This is uwsually after a munmber of
actione hawve taken wplace, for whichh the two entities roust
cooperate.  Upon release, the slave entity resumes whatever it

shiould after this entity interaction.

A CONDQ, on the other hand, consists of just one queus.  An
entity enter: the gqueue with a call to the procedure WAITUNTIL,
and passes it a condition. This condition iz ewvaluated imrmediately.
If the result is true, the entity iz allowed to continue. Otherwise,
it. is entered into the gueue. Whenever the CONDQ is SIGNALed,
either the condition of just the entity at the head of the gueue is
tested, or all conditons are tested, Thiz depends on the CONDQ
variahle, ALL. Thoss entities whose condition evalhiates to "trus”
are then released fromm the gqueues, and rescheduled to conbtinue

immediately.

The third class provided iz for those itemns which can be
scheduled, and take up tirmme. Thiz class is called an ENTITY. An
ENTITY can he sacheduled at another time, be interrupted, ar

paced in a gqueue for a resource as outlined prewicusly,

It is on top of this package, {(or rore correctly, SIMULA
context), that NETMOS iz designed to fit. This move was taken
hecause of the features DEMOQS offers, and the ease with which
extensions can be made to such a systern, and was taken after
lnoking at other svsterns awvailahle,  Notakly, REZSQ and TETRAZIM

were examined to note the features and structuresz offered.

RESQ iz a script-driven interpreter that was written for the

sirnalationn of networks in general It yrovides a mwrmber of
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primitive tools, such & gqueuss: and statistics collection dewvices,
Howewvwer, it proved to he unsuitakle for transcription into &
SIMULA context hecause it is not just a simulator, but a system of

analvtical subrnodels,

TETRASIM proved to be rmore promising, being a SIMULA
context like DEMOZ, However, it was designed solely az a
simulation tool for telephone networks, and did not appear o have
much application to local area network sirmulationn. A few ideas as

to statizstics of networks were obtained frormm TETRASIM, though.

Section 1.2 - Chanres made within DEMOS

Because of the size of DEMOZS zource code(approxirmately 2500
lines), it is infeasible to attach a copy of my armended copy to this
report.  Howewer, it is hecessary to note the changes | have made

within the standeard DEMOZS code.

Firstly, sewveral new glokal wvariables were added for usze swith
network simulation.  Thes:e changes were included in the bhody of
the DEMOE code to preserve the tidiness of the svstern, and to

prezerve the overall structure of the code.

A global CONDQ, WAITSTN, was introduced az a resting gueus
for idle STATIONZ., Because, by defsult, only the condition at the
head of the CONDQ iz tested , the necessary flag ALL wasz =8t ao
that all 2TATION: would he tested, The standard procedure for
waking STATION: then, iz by setting the condition for the STATION

required to true, and SIGMALIng the CORDQ,
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Alzo added was a WAITY for use in mvy token ring rmodel. The
use of this queues will be disoussed in chapter 3. A global wariakble,
NET, which holds the reference to the current NETWORK was added
as well Because the details associated with a NETWOREK are
required frequently, it was deszirable to have thiz as a global

variable to the NETHOS contesxt,

Lastly, a global MATRIY, MASTERDIST, was added to hold the
distance rnatriz on which all tirming calculations are made. The

basis for this method is discussed in section 1.3,

In addition to these giol::al variables, a further probability
diztrilution was added which waz rnissing for mvy purpozes.  The
COMSTINT distribution iz an IDIST, asnd therefore returns an integer
value. COMNETINT iz the cormplernent of the DEMOS COWNSTANT,
whichh supplies a constant real walue, COMSTINT was required
because I wanted a USER: message length paramester to be an
integer probakility distribation, and s distribution returning =

constant integer was not provided by DEMOS,

Furthermore, to aid in the reporting of the statistics collected,
two more REFORTQs and report hesdings were added to those used
in the procedure REFORT. One was added for all buffers, and the

second was for reporting on the NETWORK class,

Secticn 1.3 - Dezign Problems Encountered

Several problerms were encountered in the deszign of NETMOS,

These are set out heres, and their solutions discussed,
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One of the first problems tackled was the handling of the links
between stations, Two posszibilities were thought of, thosze being
the creation of a new class, or a distance matriz with no direct
representationn of the phwsical link, A kenefit of having s LINK
class was that a station need only pass & message down the link on
which it did not arrive. The possible properties of these links werse
their length, their error rates, az well as other measurez of link
perforrmance.  Also, it was thought possible to use a link as a
station-to-station hook to which ressages were attached. The
disgdvantage was that in a real network, & message occupies
zseveral links at one tirne, which would have heen wvery hard to
simulate. Furtherrnore, in ‘an Ethernet swstern, s collision would
have bheen very hard to detect, because if vou hang a zecond

message over the top of a first, the reference to the first is lost.

The alternative rmethod reguired only the distance and next
station to ke stored in an arrawv. Thiz method is rnore space
efficient than that described abowve, All a station need do to pass a
message to another station, iz to hook the meszage onto the
appropriate rmessage slot in the receiving station, and alert the
receiver asz to the messzages presence, after delaving for the

appropriate sunount of tirme.

From the start, it was my intention to Dnild a model which
was as cloze asz possible to the real world situation. This involwed
following the IS0-031 lavered sarchitecture for LANs wherewer
possible, It is for this reason that PROTOCOL:z have the potential to
reference other PROTOCOLs through their two links, UP and DOWTD,
Thiz feature has not heen implemented, hut it would he very easy

to do so.
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Another problem encountered iz one which iz inherent in
LANs. Theze networks usually operste at transmission speeds
ranging between 1 Mhps and 10 Mbps, However, devices on the
networks rarely produce rmessages at a rate much grester than
one or two per second.  Hence, with a network that can deal with
bits in the order of rmicroseconds, and devices which produces hits
in the order of zeconds, it iz hard to come up with a convenient
timescals for a model. In the end, I chose milliseconds as the basic

tirne unit to work from.,

On deciding to uze DEMOS az my hase syvstem from which to
build NETMOZ, I envisagei:i being able o wuse BllNs Aas the
coordinating togls between STATIONz and USERs., However, that a
BIN only has inforrnation about the namber of ohjects at presently
stored within it, and no gpecific details of the individual iterns.
For mvy purposes, I reguired these details to be known, and so ]
had to build my own tool that scted the sarne as a BIN in rmost
respects, In fact the only two differences between BUFFERs and
BINs are the storing of specific instances of MESSAGEs in BUFFERE,
and that entities do not gqueue up waiting for things to be dropped
in BUFFERz. Instead, an interrupt iz generated whenever
sornething is put in & BUFFER to alert the receiver to the presence
of a waiting MEZZAGE., Until then, UZSERs and ETATION: can
circulate doing their own thing, generating or receiving other
MESSAGE=,

A further reazon for originally using DEMOS as a hase was its
{(apparent} ability to handle external corapilation of program
maodules, Because of the slow complilation rate of the SIMULA

compiler to be used, this sesrned extremely desirable. It appearsd
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frorn reading DEMOS code that the SIMULA staternent EXTERNAL
could be used to cascade EXTERMAL classez down from DEMOS,
Howewer, when this was tried, all that came bhack were error
ITEssages, On reading the documentation associsted with the
compiler, it was dizcovered that, although intending to allow such
cascading of rmodules, only one lewel of EXTERNAL modules are

allowed.,

Section 1.4 :— NETMOES Model Definition

NETMOS prograams are =zet out in & very simple fashion, as

follosws -

hegin
external clazs netmos; {external module definition)
netmos hegin {vour program iz a NETMOS subclass)

(* definition of any subclasses the user desires *)
{* definition of the users required into the array USERS *)

netirace;

net ;- new tring {"Token ring",10,0.00000000004,
5, 2,10, users);

haold{warmup time);

reset;

hold(zirnulation tirne);
end;

end,;

The two commands to notice are MNETTRACE and RESET.
NETTRACE iz part of the zecond level of tracing facilitiez built on
top of DEMOS., NETTRACE will give tracing inforrnation pertinent to
the simulation of networks, while TRACE will give all tracing - both

NETTRACE information and the DEMOS tracing.
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The other comrimand, RESET, allows the user to reset the
statistics after & warmmmp time as dictated by simalation theory,

Thizs helps the aystern to give statistically accurate information.

Also there are two procedures added to NETMOS that allow the
user to generabte his own trace and error messages. DNETNOTE takes
four pararneters. The first iz an index as to the tvpe of the trace
ressage. The second iz a string which describes the action
happening. Thirdly, a reference to a rmessage iz passed, if needed.
Lastly, an integer field iz prowvided. This tracing mechanisin works

in the same manner as that provided by DEMOS,

NETERR also works in the same way as that provided by
DEMOE, It was hoped that & nmamber of network-specific errors
could ke caught and flagged before generating DEMOS errarz. In a
number of cases this has been done,. Howewer, the resulting set of
error rmessages iz by no rmeans comprehensive, =o DEMOS errors do

sornetimes ocour.
MNETERE has only thres paramesters - sn index as for

NETNOTE; a string to tell how the error arcse; and a reference to

the offending entity.
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oo 2

Section 2.1 - MESBAGES

MESSAGE: are the iterns of interest within a network
sirnulation hecausze the statisticz of interest concern the service
which MEZEAGEs receive in  their trawvelling frorn source to
destination. MEZS8AGEs have a very \ll‘ﬂ].llE' structure because the
actual contents are {(generally) unimportant.  Instead, they are

generalized a0 that only the wvital parameters are stored.

The structure of & rmessage iz as follows -

UMIT CLASS rmessage {s ender);
Ierl’ui -y sendet

begin
integer size, dest, source, status, atternpts;
real tirmeir,
ref{message) link;

end ¥ megsage

The parameter SENDER iz used to initialize the =ize,
destination, and source components of the message by sampling the
distributions held by USERz (see next Eecticxn}, and the USER
pararneter, MY-ID. LIME is used to link messages Logether in
BUFFERE, while STATUS and ATTEMPTS are used for protocol
specifications, as detailed further on.  TIMEIN is et on & PUTIN{mM)
into a BUFFER for szampling the awverage waiting titne in the

BUFFEER.

Note that the MESSAGE definition is prefixed by the class UNIT.

At prezent, UNIT iz an empty class definition. It hasz been included
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a0 that items uzed in cormumanications, such as packets and

messages, which hawve sirpilar struactures, can be grouped together

—

under a commmon prefiz.  Howewver, MESEAGEE are the only such

structure implemented so far.

This lesawes roorn for further extensions and refinernents, =so
that a more realistic simulation of splitting a message into a

numkber of component packets can be accornplished,

Section 2.2 - MESSAGE GENERATORS - USERS

USERs are used to describhe the rnessage sending characteristics
of wariouz nodes on a network, This includes rnessage length
distributionz and "think" times - the distribution of times hetwween
consecutive  messages. The hasic USER clazs provided can be
extended by the zirmulator to simulate specific characteristica, The
in-built CLASS USER has the following outline : -

entity class user(my-id, msge-leng,
destination, thinktime);

integer rmy-id,
ref(idist) msge_leng, destination;
ref (rdist) thinktime;

begin

ref{buffer) buffin, huffout;
ref{station) =

procedure  generate;
procedure  receive;

arud A gger wbE

The parameter MY-ID is the unigue identifier of a uszer - the
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USER's "addresz" on the network. It iz used to initialize the
SOURCE slernent of all the MESZAGEs sent bw & particulsr USER. A
zpecific USER can ke modelled in the specification of the distribution

pararneters used hy & USEER as detailed on the next page.

MEGE_LENG - an integer distribution giving message lengthn
for the USER.
DESTINATION - a further integer distribhution telling to

[’

whorn messages are sent, {usually

RANDINT or CONSTINT).

THINKTINME - a real distribution describing the thinktime
of the USER,

Two predefined USERs are offered. The first models a USER
who hoth zends and receives messages. This is accomplizhed as

shown haelow -

JOER CLASE stduszer;

begin
looy:
hold{thinktime. sample);
if interrupted = 0 then
generate
elze
receive;
repeat,;
end  ** stduser ¥

Notice that this USER doss not wait for acknowlesdegernents of
messzages received correctly. This iz hecausze at present this replw

facility iz not implemented in the FROTOCOL: supplied. Mesza

l)’tl

arrival is signified by an interrupt generated by the station S,
Such an interrupt received by the UIER signifies the arrival of a

new message in the huffer BUFFIN.
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Message generstion is accommplished in a different fashion., For
rmost of the tirme, a USER iz idle. This iz signified by the HOLD
{THINKTIME, SAMPLE) call.  Unless it iz interrupted out of this
"thinking" , the USER generates a message on completion of the
HOLD., GENERATE iz then entered, and s new rmessage is produced

and placed in BUFFOUT {see the previous section on MESSAGEs).

The zecond predefined USER provided iz an idle USER  {one whao

never sends but only receives) and is defined as shown below -
USER clazs idle_user

begin

loop:
FASSIVATE;, (same as "wait until message to receive")
RECEIVE;
repesat,

erd;

Thiz USER is useful for rnodelling logged off UZSERs, or USERs
who never send MESSAGE:., I used this class in myv walidation
experiments described in Chapter 4.

EXAMPLE

Uzer 27 of a network sends messages of lengths ranging

betyweer 100 and 120 bytes in length to user 4 only with a negative

exponential delay with a mean of 10 rilliseconds.
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stcimer 27,
new randin f{"msge. lgths", 100,120,
new constint{"destinaticn", 47,
new neuehp{"’rhmh tirne" ,I’J.'l}};

Section 2.3 :— MESSAGE HOLDERS - BUFFERS

Buffers are used to hold messages passing hetween USERS and

STATIONS., They provide the synchronisation reguired for sending

and receiving rnessages. They contain a linked list of messages
walting in thern, with a poihter to the message at the top of the

gqueue. Each buffer is associated with hoth a user and a station.

They offer the following functions -

CLASS BUFFER { u, =)
ref{user) u;
ref{ztation) =

hegin

procedure report;

procedure reset;

boolesn procedure full;

procedursa putin{m); ref(imessage) m;
meszage procedurs takeout;

end # paffer ek,

A buffer contains a (hidden) queus of messages awaiting sither
transrnission or reception, depending on itz direction. Each USER
and STATION has two buffers sssociated with it, arranged in the
mannsr shown in figure 2.1, overleaf. As can he seen, a UIER
ingerts MESSAGEs into its BUFFOUT, and takes themn out of its
BUFFIN. Thesze directions alzo apply for a station. By this

protocol, message swapping iz accoraplished between stations and
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LR i g

USER

Buffout | T Buin

Buffin | T Buttout

STATION

Figure 2.1 : Buffer interaction between

stationg and users.

The declaration and connection of buffers are handled by each
station. This waz done because they are really only hooks for a
USER  into the network., They provide the onlvy rmeans by which
the UBER iz able to interface with the network, but he does not
create the interface - it is inhersnt within the station.  All the
user must do to be able to start communicating, is connect to the
BUFFEER.

The statistics, s shown below, are reported for each buffer at

the end of each run, and whenever RBEFORT iz called -~

Thess fislds are -~
TITLE = user given title
REEZET = tirne at which last REZET issued
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DES = nurmber of MESSAGEs through buffer
QAKX

ONOW = number of MESSAGE: waiting now

rmaxirnum nmber of MES3AGEs waiting

[}

0 AVERAGE = awversage queus length of MESSAGE:
walting
ZERQES = nurmber of tirmes there are no MEZSAGEs
waiting

AV, WAIT = average waiting tirne in the huffer

EXANMEPLE
At present, BUFFERs are implemented -without any gueue
length limits. This was done so that the user could observe the
maximurn and average gqueue lengths without the interfersnce of
lirmits, Howewer, if & user desired limited gueus lengths, then a
subclass of BUFFERE: can he declared as helow: -
BUFFER class limitedbuff (lirnit);
integer lirnit,
begin

procedure lirnitedPutin(rm);
ref(meszage) rm;

bhezin
if avail == limit then
{* failed putin *)
elae
putin{rm);
erd;
ericd ek lirnitedbuff e,

What happens on a failed PUTIMN iz up to the desires of ths
implermentor, but uszually the entity trving to PUTIN would he
gquened in a waiting state, and notified of possible available zpace

after a TAKEQUT.

Page 17



Paul Marriott COSC460 Project Report

Section 2.4 - MESSAGE PROCESSORS — STATIONS

STATION: simulate the physical USER - NETWORK interface,
the actual physical connection hetween the USER and the
cormimunications line. They implermment different facilities depending
on the set of PROTOCOL: being used on the link. Theres iz no
(foreseeakle) way of separating out this dependency as each

FROTOCOL set dernands different capabilities frorn the STATION,

Class STATION has the following outline -

ENTITY CLAEE station (u);
ref{user) u;

ref{buffer) buffin, buffout;

ref{protocal) p;

ref{message) min, mout;

ref{matriz) d;

real rate;

boolean transmitting, receiving,
rready, zent, toker;

integer nornages,

procedure alert;
procedure initialize;

erd ¥ station #¥#;

The reference to a USER is used to initialize the links between
the STATION and its associated USER wia the two buffers BUFFIN
and BUFFOUT, as descriked in the prewvious section, and shown in
figure 2.1, The protocal P ois used for sending and receiving
messages:,  Exsanples of two protocols are given further on, in the
dizcuzsion of the two models implemnented. The two messages MIN

argd MOUT are used to handle incorming and outgoing messages,
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relative to the network. Therefore, MIN contaitiz messzages
destined for the URBER associsted withh the STATION, while KMOUT
handlez those meszages destined for other USERz, The boolean
values are used by the warious models to indicate the state of the
station, while the matriz D holds the relative distances from this
instance of & STATION to every other STATION on the netvork.

This implementation will he discusszed further on, in section 2.6,

The procedure ALERT izsues an interrupt to the ITATION, to
notify it of the pressence of an incorning MESSAGE.  INITIALIZE
creates the two bhuffers used, links thern to the USER 1J, and

initializes the other local wvariables.

The actual working of & station iz cguite simple, and can he

generalized in the following manner -

loog:
waitstn. waituntil (&b o semd or alls to receive )
if able fo recsive then
receive
alze
transmit,;
repeat,

WAITSTN iz a global CONDO (see dizcussion on DEMOS in section
1.} in which the stations wait until the condition is fulfilled. The

actual condition depends on the protocol being used.

Receiving is accornplished by & call to P .RECEIVE, On
successful return from this procedure, the zending station will
have set MIN to reference the message being sent. If no errors

hawve besn detected, the message is PUTIN BUFFOUT,

Transrnission is the opposite procedures, whereby MOUT is taken
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out of BUFFIN and paszsed to P.SEND{mout)}.

EXAMPLE

According to a simple protocol, a STATION can transmit
whenever it has a message to send. Al S8TATIONs hawve direct,
point-to-point links between them, =0 there can he no collisions.
Also, the links offer perfect cornrnuanication, therefore there are no
errors in transmission. Such a STATION can be modelled as

folloswrs: —

STATION CLASS =implestat;

hegin
initialize;
loop .
waitstn, waituntil (bhuffin. full or rready)
if buffin, full then
begin
rmout = buffout, takeout;
p. send{mout);
{* collect statistics #);
end
glze
begin
b receive;
buffin. putin{rmin);
end,;
repeat;
end R simplestat te;

Futher exarmples of STATION irmplementation are discussed in

Chapter 4.
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Section 2.5 :— MESSAGE VERIFIERS — PROTOCOLS

Strictly speaking, in cormrnunications terrns, protocols are the
rules for transmisszion by which an error-free |, point to point line
i operated over less than perfect commmunication lines. These
rules specifyv the forrmat and contents of messages, when stations
can transmit, and zo on. If all stationz ocbey the protocols,
agsurning no hardware faults, error-free cornrmunication is enjoved

by all.

Protocols can essentially be split into two facetz: zending and
receiving. It is this split which I have tried to show in the

structure of my CLASS PROTOCOL,
CLASES protocol;
virtual: procedure send, receive, resurme;

hegin
ref{protoool) up, down;

procedure send;
procedure receive;
procedurs resume;

erid ¥ protocol sk,

By making the thres procedures wvirtusl, 1 ensure that sall
FROTOCOLs have these procedures asz defaults, but they can he
replaced if desired. SEND, as the name suggests, contains the rules
for sending messages. The default is a procedure which produces
ar. error message and progreomn abortiorn. RECEIVE contains &
PASEIVATE., RESUME iz activated on the succeseful completion of a
SEND to interrupt the FASSIVATEd receiver, and sets the wvariable
MIN of the receiving STATION to the reference of the sent
WMESSAGE.
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UF and DOWN are included for a lavered rmodel.  As a STATION
calls a PROTOCOL to =zend a MESBAGE, it iz intended that this
FROTOQCOL would split the MESSAGE into smaller packets, and itself
call a further PROTOCOL, referenced wvia DOWN. This scheme has

not vet heen implernernted.
EXAMFLE

A simple protocol sirmilar to Ethernet, can be described in the
following wawv:- a station will zend if it can not hear another
message oh the line. Once the message being sent has had time to
travel to the far end of the network, and return, the station
checks to see if a collizion has occourred,  If so, & backoff aslgorithim
iz invoked, otherwise transmission is completed. Thiz simple

protocol can be implernented as follows @ -

FROTOCOL CLASE simplepis);
ref{station) s;

hegin
procedure send (m);
refimessage) rr;

begin
hold{net. length * net. prop);
stations(r. dest). alert;
hold{net. length * net. prop);
if collision thern

hackoff
alse

hegin

hald{{rm. size / net. speed)

- {& * net.length * net. prop);
stations{rn. source). p. resume{m);
ernd,

e bR gerd ke

procedure resurnelrm);
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begin

end MY resurne ¥

end R simiplep ek

Note that the RESUME procedure that iz activated iz the
procedure associated with the destination STATION, and is accessed
via the reference "STATIONS(M. DEST. F". The procedurs RESUME is
very simpls for most exarmnples that could be ziven., The only task
given to it is to set MIN coarrectly, and alert the receiving station

that & rmessage has arrived.

RECEIVE is not specified because the default PASSIVATE is all
that iz reqguired of the procedure in this exarnple. Az can be zeern,
the main work of a FROTOCOL is carried out in the ZEND procedurs,
It iz in this phase that most of the rules for behaviour are

enacted,

Further examplez of the implermentstion of PROTOCOL: are

dizcuszzed in the following chapter,

Section 2.6 - Miscellaneogus

The following classes hawve been included in NETKMOZ for
house-keeping purposes, rather than for direct use by a user.
Howewver, it is necessary to describe thern, for completeness of

documentation.

Page 23



Paul Marriott COSC460 Project Report

Section 2.6.1 - NETWORK

For the =zake of simulation specification, and tidy statistics
reporting, it was decided to group all STATION instances, and
FROTOCOLs together under one super-class - that of the network.
This also gives a greater depree of realism to the zimulation,
because to & connected USER- the NETWOREK is merelv a hlack box
through which he can communicate with otherz, Hence the idea
was that s user of NETMOS should need to specifvy onlv the
neceszzary parameters of the NETWOREK, without having to specify

the internal workings, unless theyv wanted to.

The classz NETWORE has been designed to reflect the true

parameters of a network .-

T&B CLASS network (speed, errate, prop, length,
nostats, users);

real speed, errate, prop, length;
integer nosztats;

ref{user) array Users

begin

integer erred, messages;

real tzend, through, sgthrg;
ref{station) array stations {1znostat.s};

ref(rdist) err;

procedure report;
procedure reset;

eridl ¥ network e
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The parameters given are as follows -

speed = data rate of the cormpmunications line, expressed
in Mhps, This iz converted internally to bits per
millisec (the basic time unit of the model}.

errate = arror rate on the line, usually in the ranges
1079 to 10711

prop = propagation delay per kilometre, given in
microsecs. This, also, is converted internally
to rmillizecs,

length = length of the network.

nostats = the number of stations on the network.

uzers = the array of USERs to be connected to the

network.

The netwark will create a STATION for each USEE, which then

makes the neceszaryv BUFFER connections between itszelf and the

LISER. The array STATIONE sztores the references to these
individual STATION instances, Alzn, an  ERRORES  sarnpling
diztribution iz created. Thiz iz associated with the NETWORK

becausze it iz inherent in the network., Also, if created at this
level, reporting space is sawved if only one distribution is created
glohally, rather than one for eachh UZER. The trade off iz agzainst

statiztical independence for the individual USERz srror rates.

The REPORT procedure for a NETWORK calculates and reports

the following statistics .-

TITLE /¢ F’E )CET -"ClE-‘.uEFSH'S.-"C-F’EEEl "#‘-TH‘:-,-"THFGDHGHFUT -"EST ST.LEVAIALE TINE/MET LOAD

These fields represent .-
TITLE, {RE}SET = see page 16

OBE = number of succassfully sent messages
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ERRE = number of unsucceszful "SEND:s" tried.

V]

PEED = network speed in Mbps.

#

8TNE = number of stationz on the network.
THROQUGHFUT = actual data rate experienced by
MESZAGES
i.e (data sent)/(total time in a sending mode).
EST.8T. DEY = estimated standard deviation of the
THROUGHFUT,
WALK TINME = average timme hetweern when rmessages
corne to the head of & buffer, and when
they reach their destination.

NET LOAD = awverage nebwork loading,

Unfortunstely, the collection of such statistics is hard for the
NETWOREK to do itself, hecause it iz really only a shell for the
holding of the walues, so MESEAGEs do not actually pass through it
Zo, collection rmust ke done on behalf of the NETWORK by each
STATION. This gets away fromn the DERMOZ ideal of statistics
collection being completely hidden fromm the user, but s
unawvoidable if the user is going to ke designing and implementing
hiz own PROTOCOL: and STATIONs.

EZAMPLE

The specification for an Ethernet NETWORK iz laid out below -
NETWORE CLAZE enet,
hegin

integer i;
ref(idist) arrav backtime(1:10};

for 1 := 1 step 1 until nostatz do
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hegin
stationz{i} - new estat{"station", users{i));
stations(i). scheduledn. 0);
axid;
for i =1 step 1 until 10 do
backtime(i) - new randint{"backoff", 0, (Z+*));
join{netog);

end *#HF enet e
The array BACKTIME iz used for the Ethernet backoff algorithm
as explained in section 3.2, The call to the function JOIN, adds this

instance of an ENET to the reporting gqueue NETQ.

Section 2.6.% 1~ MATRIX

As discussed in sectionn 1.3, thiz was one of the first design
problems encountered. The purpose of a MATRIX is to store the
distance hetween consecutive STATIONs, and the identitv of the
connected station., & MATRIE, therefore, iz merely an array of

DISTRECORDs, with the following declarstions .-

CLASS distrecord;

begin

integer station;

real distance;

end ¢ distrecord ##¥;

CLASS matriz(nostats);
integer nostats;

bhegin

ref{distrecord} array dist{l: nostats);
grid ¥ matrin ¥,

The idea is that the connection betwesn STATION 1 and

STATION i + 1 would be stored az iz shown in figure 2.2, overleaf.
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Figure 2.2 .~ DISTRECORD format

To aid in the creation and manipulation of this structurs, two
functions are provided,  LOADDISTAMNCE prompts the user for the
dizstances between STATIONE, and loads: these distances into a
MATRI¥Y, which is retwrned. Also provided is a function S0ORTED,
which takes: as parasmeters a USER id and a MATRIX. Wwhat
SORTED returns is a matriz that iz sorted by sscending relative
distances from the USER, The distance component of each
DISTRECORD containg the relstive distance fromm the previous station
to the preszent, For ezample, for a network with the MATRIY on

the left, BORTED returns the MATRIX on the right for USER 2. -

dist(i) distance station dist(i) distance station
1 .25 2 1 0.25 1
2 0. 35 3 2 0.10 3
3 (.00 0 I (.00 0
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Section 3.1 :— Token Ring

A token ring iz implermnented on a connected loop to which the
cornmunicating dewvices are connected, Each dewice iz connected to
a station which forms a part of the ring. The basic protocol
behind a token ring network is the simmple rmile that a station rmay
not start transmitting until it has hbeen given permission hy having
control of the singls token which circulates around the network.
Once the token has: heen recejived, a ztation can start transrmitting
as many hits as it has waiting, up to a set limit, The packet, thus

zent, circulatez around the network behind the token.

When the recesiving station ascertains that the message is
destined for it, it takes a copv of the ressage off the network as
the message passes bw, and checks for transmizssion errors. If an
error iz detected, the final Inrtes of the packet are set to show the
type of error. As the message arrives back at the sending staion,
it rermmoves the message frorn the network, and releases s free
token. If the rnessage was correctly received, it is discarded,
otherwise the station holds the message until it gets a chance to

try sending it again.

This structure was successfully translated for sirnulation in the
following model. A new class was created to plav the role of the
token., Thiz class is prefized by the clazs ENTITY, which allows the
TOKEN to ke scheduled in sirnalation tirne. It is set off on its trek
around the STATION:, starting at STATION 1, and using the
distance MATRIE fo sirnulate the time delavs between STATIONs,

To alert a station as to the presence of the token, the STATION
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variakle TOKEN iz zet to true and an interrupt is izsued.

The STATION leaves the CONDO “WAIT-STN and, if it has
something to send, rmoves into the send phase of the TSTAT body.
Rather than spending tirme stepping frorn STATION to STATION on
the way to the receiver, I tried to save on running time by
stepping directly to the destination STATION. This bwpasses part of
the token ring standard ss published, becsuse the standard allows
for STATION:z to zet a priority count within the token on its way
past. This facilitv can still he irnplermented, but it would increase

the time reguired to sirnulate the network by guite alot.

On heing ALERTed, the receiving STATION passes into the
receive code of the PROTOCOL. This FASSIVATE: the STATION. On
keing reactivated by the =ending STATION, the receiver sets the
grror flag in the WMESSAGE. If it has been correctly received, the

MESSAGE iz placed in the TSTAT's BUFFIN, If not, it iz rejected.

After waiting for the MESEAGE end to return, the sending
STATION relesses the TOKEN, and forgets the MESSAGE zent if no
errors were noticed. If they were detected, the MESSAGE is

rermernbered, and resent at the next ocpportunity.

To zave more titne, 1 PAESIVATE the token whensver there
are no messages: waiting for transmizsion in the NETWORK., It is
reactivated whenever a message iz put into any buaffer. ERather
than start the token bhack at the waiting STATION, I start its
stepping from where it last stopped. This does not accurately
reflect the time delay involwved in waiting for the token, but

hecausze the delay iz minirmal, it makes little difference.
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My meodel alzo differs slightly from the standard in that the
standard specifies that the token is delsved by one kit tirmme at each
ztation it paszses. Mw rnodel does not do this, but it could ke eazily
modified. Howewver, to do this would reguire the token to pass
through all the stations when delivering a MESSAGE, which, as

mentioned before, incresses the run tirme of the sirmalation.

x (]
]
=
—+
E
¥
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o
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o
£33
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The relevant code sections for this model ar

Appendix B as shown below @~

Class Page
TRING 2
TOKEN ‘ 4
TOKENRING (PROTOCOL) &
TETAT (ETATION) 16

gection 3.2 - Ethernet

The Ethernet standard was developed by Xerox back in 197%, in
conjunction with Digital and Intel. Ethernet is a CSMA/CD protocol.
This rmeans that it is a Carrier Sense, (the STATION iz continuously
listening for traffic on the transmission line), Multiple Access, (all
STATION: can access an empty line at anvy time), with Collision
Detectionn, (on hearing a collision, the STATION hacks down

according to & backoff algorithormn).

According to thiz definition, there are less events in a time
reriod with an Ethernet than with a Token Ring, becausze there is
no token passing from station to station. Instead, if the STATION
has a meszage to send, and can't hesr anvthing else on the

network, it starts sending.
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An important parasrneter in an Ethernet network is the "walk
time" of the network, which is the time required for a message to
o fromm one end of the network to the other, and then to retuarn,
This iz irpportant, because the longest tirme that the sending
STATION rmust wait before it knows whether not its message has
collided with another, iz equal to this "walk time". Alzc important
iz the tirmes required by the network to transmmit 512 hits,  This
tirne, known as the "slot tirne", iz used for the baszic backoff time.
It is alzo defined as being greater then or egual to the "walk time".

Therefore, all rmeszages rmust be at least 512 hits long.

The backoff algorithrn used iz that a colliding STATION backs off
for & length of time dependent on the rnumber of retries the
message has had to make already. A uniformly  distributed
randorn integer iz generated in the range 0 -= ZR, where k iz the
number of collisionz already incurred, or 10, whichever iz smaller,
The delay then experienced by the STATION iz this randorn nurnber
rmultiplied by the slot tirne of the network, as descriked
previously, Howewer, only 16 attermnpts are made.  If all these

atternpts fail, the STATICN is alerted to a network error.

This PROTOCOL is implemented in the creation of a new class a
MOTIFIER., A NOTIFIER is designed to sirmulate three events of the
zame type, The firzt iz the arrival at a STATION of a new
rneszage,  In this case, the STATION is issued an interrupt of tvpe
1, and iz ALERTed, as described in section 2.4, The second event iz
the successful completion of a rmessage transmission. This iz
simulated by RESUMEIng the STATION with an interrupt of type 0.
If a STATION receives one of these interrupts, it puts its copv of

the MESSAGE in its BUFFOUT, if it iz the destination.
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The third class is to sighify & collision. This need not be
flagged because each STATION will already have detected the
collision, and will be walting for an empty line. Howewer,
whenever a NOTIFIER is spawned, it will sither increment, or
decrernent, the STATION wariakble NOMIGEEZ., This warialle shows
the number of messages the STATION iz listening to, and iz mvy
equivalent to the Ethernet Carrier Sense rnechanisrn.  Hence the
line iz guiet if NONMESGES equal: 0, busy if it equalz 1, and in a

collision state if NOMS3GES iz greater than 1.

If & second message arrives at a STATION while it iz receiving
a first, the interrupt issued by ALERT does not put the STATION
into a further receiving phase, uat, because the interrupt is of the
wrong type, puts it into the waiting queue for STATION:, Wwhen
the transrnitting STATION detects the collision, it sends off a
NOTIFIER that decreazes the number of messages a station can
hear., If a NOTIFIER of this sort detects a STATION that can hear
rnothing, {i.e. NOMSGES = 0}, it signsals the CONDG WAITSTN to wake
the STATION. It is then free to send s message if it has one to

send.

The code segrments relevant to the Ethernet rmodel are given

on the following pages of Appendizx B -

Class Page
EMET 3
MOTIFIER 5
BACKER Gl
ETHERMET (PROTOCOL) 9
STAT (STATION) 17
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Thiz brief chapter is & discussion of the results graphed in
Appendizx A, The resultz of my experitments are compared with
those discussed in the paper by & T. Chanson et. al, ([ 1 ]}, where
they devsloped anslyiical rnodels for three cormmon local ares
networks, Thesze rnodels are graphed at the back of their paper. 1
have carried out experiments to compare my results to those thew

analvtically predicted.

Their graphs reflect the relationship between packet walk time
and network loading., The walk time of a packet iz taken as heing
the time hetween when it is ready for transmission and the time
at which it is put into the destination buffer. This tirmne consists of
two main components - the transmizzion time for the message,
and the time spent walting in the baffer,  For my model it seerned
that a message was not ready for transmiszsion until it reached the
head of & buffer cgueue, Hence, the statistics reported are the
average time hetween the messages reaching the head of the buaffer

gqueue, and being put in itz destination buffer.

The network losd iz the proportion of tirne the network is

zending data. This is also reported by my rmodeal,

The Token ring model, asz shown in the top graph, sesrms to
follow fairly closely the slope of the graph predicted by Chanson, It
iz quite smooth, with a gentle slope until network loading reaches

approirmately 80%. At this point, it heging to clirnh.

Howewver, the difference that arises in the actual wvalues
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recorded, can be attributed to one factor. The rnain difference
between rv sirmalation model, and their analvtical rnodel, is that
they assume that on receiving a token, a station can send all the
packets it has hacked up at that point of time. Howewver, rmvy
nodel allows a station to only ftransmit only one packet each
tirne. This means that the ssrerage walk time for packets tends to
be higher, bkecause they rmust wait longer in the buffer hbefore

being sent.

This alzo explaing the difference in the curves at the top of
the range, becauze if their network hecomesz 90% loaded, each
station will send rnore and fnmre packets each time it is ahkle to
However, in mvy rnodel, there iz a lirmit to the amount of time a
station rmust wait before it can send & packet., This limit is given
Iy the expreszion ;-

max. walk = (N2 sending stations + 1) * {propagation delay)

+ (N8 sending stations) * (pkt trans tirne)

For the experiments conducted, the number of sending stations
was et to four, the network length to 1krn, the propagation delay
to Spzeczfkm, and the packet transmission time to 0.2667 millizecs.
Hence, the maxirnourm wait for anv zsingle packet swoald he 09317

Tisecs.

The Ethernet curwves, shown in the lower graph, reflect =a
sirnilar trend to the Token ring rmodel. That iz, the shapes of the
two graphs are similar, but the walues are different. [ suspect the
rmain difference is in the backoff zlot time emploved. My rnodel
uses a slot titne of 512 hit times: asz itz baszic backoff time unit.
Thiz iz hased on the Ethernet standard as published by the 150,

which assumez a minimurm packet size of 512 hits. However,
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Chanson et al. use a rpinimurmnm packet size of only 256 hitz.  This
would resalt in thern having more collizions, and having to
attermnpt sending an individual packet more than just once or

Lwrice,

A& further difference which would asccount for some of the
difference iz that the paper graphs a curve for 128 active (.e.
sending) stations.  Howewver, because of the limitations on stack
size, 1 was unahle to sirnulate more than about 70 stations without
overflowing the VAX hesp. This factor would also result in oy
messages: encountering less collisions than those in the Chanson
rnodel, thus further re-:luc:i‘ng the walk time for my packsts,

ezxpecially at the top end of the loading scale.

I have left a gquestion mark at the end of my curve for the
Ethernet rnodel because [ was unable to record s network loading
of more than about 0,848, Hernce, I was unakle to make

ohservations st this end of the scale,
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This project has produced & set of building blocks useful in
rnodelling & local ares network., This tool sesrms rnost saited o the
testing of LANs kefore they are installed phvsically. Clazzes
provided include the DMEZSSAGE, STATION, UZSER, BUFFER, and
NETWORK., This set iz by no means complete, as the two models
created show., In fact, it is inconceivable that a context could he
developed which could s=atisfy all posszible users. Therefore, it is
conwvenient that SIMULA allows for the redefinition and extension of
rmiodulesz.  Some of the extensions which could be easily made are
dizocussed  finally, with the wview of someone, someday, being

itwclined to make thetn.

Firstly, the class UNIT could very easily be extended to allow
different classes of message, such as the packet, This developrment
would probhahbly go hand in hand with the development of a lavered
PROTOCOL  scherne for a rmodsel Az already explained, the
implernentstion features necezsary for meshing in such a tool are
already in place in thiz SIMULA context as it stands. AL present,
only the laver two and laver one (phvsical laver; are provided.
But there iz potential for including the HDLC-like protocol as defined
for LANs by the 1280,

At present, only two predefined NETWORKs are included - the
Ethernet, and the Token ring. This was done becausze it was felt
exzential to include modelz of the two most cormnmon protoools in
uze today,  Howewsr, it iz hoped that it would be dquite easy to

include further models of other protocolz as these are implernented.

& further useful extension could be the inclusion of specific
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predefined USER clazzez. Such zubclazzes could inclade olijects such

&

el

terrninals, disk units, shared CPUs, elc, This would rnake
modelling in NETMOS easier for the user, 30 that he need not
worry about modelling such iterms, but concentrate entirely on

the sirnulation of the network in which he is really interested.

A further potential application of NETMOS iz in the field of wide
area networks. Although these are fundamentally different in
deszign to local area networks, many concepts are shared. Hence,
it is conceivable that wide area network applications could be

modelled uszing NETMOES,
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NETMOS Source Code
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