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s o A unique method for selection of a protocpl forimplementing Metropolitan Area * -, .. S
STy : Networks (MANs) is discussed in this dissertation report.” Given a number of
ST, ' different protocols, this method enatbles the selection of the protocol whichis ©
.+ most suitsd to the requirements of a given MAN topology and load, The method <~
L _ - ‘allows: pérformance of a protocol te be compared from' three different per- .
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: developing protocols can be comp,,{eci against each other, the method allows
short term and long term rietworkini }"designs to be effectively planned. R N
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Itisnow common to ﬂnd Local Area Networks, YANS, in usein m:my orgamzatnons throughout
the world, ALAN provides computer use /( wno shared access to common resources, such
as storage (har:dd:sks) and input/ Output devnc (pnnters, digital scanners, etc,) [Seifer: 88].

Tt also enables users to exchange mformanor;J rapilly and easily. LANs generally cover
. geographnca] arkas the size of a building or campus. :

Ina simdar way, widé'area networks, WANs, allow many users to exchange information over

much larger distarices like thdse found between cities and countries. WANs make use of

existing links, such as Post, Telephone and Telecommuni txon (PTT) service lines, whereas

FANs utilize a network medium intended solely for'the . An example of a WAN is the .
télephone system which effectively spans the whole world. An example ofa LANis computers

linked together in a building, o

In the early 1980's a new type of network was develOped which had the potential to increase
network performance considerably: Metropolitin Area Networks (MANS).

As MANs er’eolrelatively new, research and develppment are on,-going expandingthis area of
network technolagy. New tools and techniques are being develoged to manage this new
class of network while several network protocois have been proposéd to implement MANS,
A method is requu‘ed to determ,‘:‘e whnch of these protocols is best suited to implementing
a MAN . \‘,“3

!
|
[
@

f
i
{

Aim: To develop a method which would enable the significant chaﬁactemstncs of Metro-
politan Area Networks (MAN) protocols to be identified. Thisiwould enable proto-
cols to be compared relative to one another to determine which MAN protocol is
best suited to the requu'ements of a given network ¢ onﬁguration and load.

Objectrves | S \ ’ ' ’
1) Determine factors affectmg perfonnancéf in MANa. /
2) Determine criteria for comparison of MAN protocols’ relative suitability for meet-
ing performance requirements stipulated by network design requirements.
"3) Derive methods for’ comparing MAN protocols in terms of the criteria o
determined from objective (Z)A

The study of comparison methods would be> validated by examining and cemparing the
Distributed Queue Dual Bus (DQDB), Fibre Distributed Data Interface (FDD,\\') ind Metroring
protacols for specific network configurations and loads.

1.2 Backg‘round

LANs and WANSs can also be distinguished by several other cn\‘cna besides- \phySncal area
coverage and physical link usage:’ | :
- data transfer rates, : ' .
- type of physical links,
- protocols and
- topologies,

f
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Essentially a WAN- pm}ndes physical point-to-point connections, while a LAN provides:

one-to-many physical connictions. Technically, this implies routing mechanisinsare needed
for WAN operation but not for LAN operation. A station on a LAN transfers information by
first selecting which of the other stations on. the network the data must be sent to. The
station then sets the destination address accordingly and transmits the data onto the local
network. WANS on the other hand useaddresses for two purposes to impiement the routing.

Addresses areiused in WANS to distinguish the destination station from other stations on the
retwork and to seléct the correct point-to-point link on which to transmitthe information
tothe destinaticn station, As thedatareaches onestation, the destination address determines
if this station is the intended station, If not; the destination address determines the nejgt link

, totransmit the dataon to eventually reach the destination. Sometimes networks are designed
~ 5o that this destination station resolution requirement is made easy to fulfil eg. in Ethernet
* every station first reads a passing packet and then determines if the packet is intended for .

,,,,,

itself. o ’ [}
1.2.1 Different Class&s of Networks e

LANs can also-be linked together to form Iarger networ‘\:s resulting in larger communities of
users. WANs are often used to achieve this, ie. interconnect several LANs in locations widely
separated from eich other However, IANs and WANs were designed to meet different
communication requiremerits. LANs meeta small group oflccalized user’ ] ronnection needs,
while WANs meet several distributed groups of user’s needs. 0

: MANs are 4 class of neswork designed to cover a metropolis and combine feamres* of LANs

(le. multiple access ‘and packet swstchmg techniques) and WANs (ie. long distance connec-
tions) with fibre optic tet'hnology MANs can allocate bandwidth as required by users, which
is something useful for both LAN and WAN services. It is now becoming part of the trend in
MAN development to also provide sufficient security measures for individual users as many
orgasisations could end up using the service of just one MAN [Cranfill 90].

Table 1.1 [Smythe 91] shows how the characteristics of 2“-MAN compare with those of LANs
and WANs. The main distinguishing factor is geographic size, while the other characteristics
give an idea of how the classes of netwark’s compare. It is apparent that in some cases some
characteristics will not differ. This is important as it is one of the difficulties encountered in
classification of networks.

Issue . WANs ° MANs LANs ¥
Geographic size (km) 1000's 1-100 0-4

No. of nodes . 10000’s 1-500 1-200
Data rate (bit/sec) 100-100k 1-100M 1-100's M
Probability of bit error 10-3-10-6 1<10°9 <109
Delayt! (msec) >500 100-100’s 1-100

_Table 1.1 Comparison of WAN/MAN/IAN characteristics \‘a\\ o
Figure 1.1 illustrates the relationship between the WAN, MAN and LAN classes of 1 netWo/;'l\s
by considering reliability and the tange of services provided by each class and type of network.
The superiority of a type of network’s architecture in terms of reliability and range of services
is represented by the area of a patch. The network types shown (POTS, PSTN, PABX and
ISDN) encompass only part of the three network class’ superiority, Eg, WANs are represented
as being more superior than any other class or type of network; LANs are observed to
encompass only part of MAN service and reliability superiority.

‘_ o
RO - . P . TS P
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" o . Figurel.l Rclatlonshlps between different types-of nel‘yorlcs (derived from [Smythc 91])

The types of networks used in this illustration are: * ‘

POTS The 'Plain old telephone service’, .. 0 » o

PSTN The Public Switched Telephone Network more generally describes the telephone
-system as a hierarchy of switching exchanges. These switching exchanges allow
two telephones to be linked vid-a dedicated closed circuit, The difference between
PSTN and POTS is that PSTN provides a better service than POTS. For example,
PSTN allows digital communications whereas POTS does riot. *

PABX - Private Automatic Branch Exchanges are mini PSTNs allowing a local environment
(eg. a company) exclusive commumcaticn segvice,

ISDN - The Integrated Services Digital Network is the standard being devel::ped for a
single WAN, which will aliow all types of networks and their services to intéccon-
nect, o

In distmguzshmg different network classes quantitatively,iris advantageous to inteipret table

1.1 as the trends for classification of networks. However, inindividual protocol specifications,
the type or cliss of network thé protocol characterizes is often explicitly stated,

1.2,2 Example Protocols Being Compared by Mea.n‘s of the Method

As with LANs and WANS, several protocols have been deviséd fir MANs. Organisations such
as the Institute for Electronic and Electrical Engineers, IEEE, and the International Standards
Organisation, 150, regulate the standards for each cliSs of network (LAN, MAN and WAN).
They also specify protocois devised to meet each network class’ requirements, Currently

the IEEE 802.6 subcommittee is responsible for the development of MAN standards. This

subcommittee’s intent is to provide a city-wideé network protocol [Mollenauer 88].

The three protocols which are used to validate and illustrate the application of the method
are: *
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1.2.2.1 The Distributed Queue Dual Bus Protocol, 15QDB

Ongmally the Queued Packet and bynchronous F.xchange (QPSX) was adopted byIEEE 802.6 }
as the protoml to meet MAN requtl:)} ments. It has evolved to become kiriown as the Dis-
r

tributed Queue Duat Bus (DQDB) protocol [Clemens 92]. DQDB is configured as a dual
optical-bus with a spemal distributed queuing mechanism [Smythe 91}. As BQDB's first tials

_commenced in 1990 [Neef 92}, and the fi(st intercontinental trials were performed in 1992

e )

/'\
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-/ |Clemens 92}, itis a relatively new protocol. A summary of the protocol is found in appendix
C. Tiie particular version referred to in this study of methods is Version D.10 of IEEE 802 6,
~ DQDB - MAN, , . . N

1. 2 .2.2'The Fibre Disttibuted Data Interface, FDDI

N 7 .

7 FDDI is constructed from two contra-directional rings and uses a token passing access
‘method. FDDI is a weli established standard as it is presently beirig used by many organ-
izations around the world [Midkiff 92]. The protocol standard, documents ANSI/IEEE 802.5
~ 1985, is summan*ed in appendix B [Ross 89]. 0

Although it is basically an extens:on of Token-Ring runmng at 100Mbps instead of 4 or
16Mbps, itis capable of meeting the requirements of a MAN., However, FDD1 is classified as
a LAN protocol by ISO and IEEE [Halsall 88]. It was not meant to be a MAN protocol, but
for the purpose of thzs study it is considered one, as its circumference can be as Jarge as
100km and it operates it 100 Mbps using fibre optic cable. Cranfill {Cranfill 90] alsoidentified
FDDI a5 a means of impleinenting 2 MAN. This ambiguity of FDDI’s intended class illustrates
how it can be difficult to ¢lassify networks. :

1.2.2.3 The Metroring Network

Metroring has been proposed to raeet the same MAN requirements by linking a maximum
of 16777216 stations together iti a mesh like topology. The network mesh is forined in a
special manner;
- Stations are physically linked in series to form a segment.
- Segments may then only be linked in such a manner that mterconnected rings of stations
result.

Metroring uses full-duplex point-to-point connections between adjacent stations, like an
i/ntemet to allow adjacent stationg to communicate concurrently.. The first version specifi-

cations are not complete yet, but the necessary information avaxlable from IIams [Harris 92]
and Tjirkali [Tjirkali 92}, is summarized in appendxx D,

1.2.3 Application of MANSs in Networking
MANSs can be used to construct networks in various ways:
1.2.3.1 Backbones ;

AMAN gateway may be used to connect several LANs together instedad of using several bridges

or routers to form an internetwork. In this case the MAN acts as a backbone for linking the //\

o

TS

\

LANs together. The backbone configuration eliminates the problems encountered with large

bridged inte:networks, such as:
(1) routing table maintenance in routing devices on an internet and
(2) store and forward delays experienced at every routing device the data passes
through (hops on the internet), : N\
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' /' " FDDI as ameans of implementing aMAN. This ambiguity of FDDI's interded class illustrates  ©
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1.2.2.1 The Distr%buted Queue Dual Bus Protocol, DQDB

Originally the Queued Packetand Synchronous Exchange (QPSX) was adopted by IEEE 802.6
- as the protocol to meet MAN requirements. It has evoived to become known as the Dis- :

. tributed Queue Dual, Bus (DQDB) protocol [Clemens 92]. DQDB is configured as a dual v
optical-bus with a special distributed queumg mechanism [Smythe 91]. As DQDB's first trials -
commenced in 1990 {INeef 92], and the tirst intercontinental trials were performed in 1992
[Clemens 92}, it is a relatively new protocol. A summary of the protocol is found in appendix

o C. The particular version referred to in this study of methpds is Version D.10 of IEEE 802. 6
DQDB r : - -
0 :

o ) 1.2272The Fibre Distnbuted Data Interface, FDDI o , !

o FDDI is constructed from two contra-directional rings and uses ‘z token passing access
method. FDDI is a well established stindard as it is presently bemg used by many organ-
izations around the world [Midkiff 92]. The protocol standard, documents ANSI/IEEE 802,5
- 1985, is summansc.d in appendxx B [Ross 89]. ;

Although it is basically an extension of Token-Ring running at 100Mbps instead of 4 or
16Mbps, it is capable of meeting the requirements of a MAN. However, FDDI is classified as
a LAN protocol by 1SO and IEEE [Halsall 88]. It was not meant to be a MAN protocol, but
for the purpose of this study it is considered one, as its circumference can be as large as
100km and it operates at 100 Mbps using fibre optic cable. Cranfill [Cranfill 90] alsc identified

how it can be difficult to classify networks.
= x\kfl 2.2.3 The Metroring Network ‘ : s .

Metroring has been proposed to meet the same MAN requiremerits by linking a maximum
of 16777216 stations togethet in a mesh like topology. The network mesh is formed in a
special mariner:
- Stations are physically linked in series to form a segment.
- Segments may then only be linked in such a manner that interconnected rings of stations
result, :

Metroring uses full-duplex point-to-point connections between adjacent stations, like an
internet, to allow adjacent stations to communicate concurrently. The first version specifi-
cations are not complete yet, but the necessary information available from Harris [Harris 92]
and Tjirkali [Tjirkali 92}, is summarized in appendix D.

(3

1.2.3 Application of MANS in Networking - X
MANS can be used to construct networks in various ways;
1.2.3.1 Backbones ‘ . 7

AMAN gateway may be used to connect several LANs together instead of using several bridges
or routers to form an internetwork. In this case the MAN acts as a backbone for linking the
LANstogether. The backbone conﬁgurauon eliminates the problems encountered with large
bridged internetworks, such as:
(1) routing table maintenance in routing devices on an internet and
(2) store and forward delays experienced at every réutmg device the data passes
through (hops on the internet).
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1.2, 3\2 @'ldged MANs

o

SN

MANS can be bridged tcgether with routing bndges Initially a network may start off as one

MAN which then eventually expands into an internet of MANs. When compared with bridged
LANSs their main advantage would be the increase in overall speed, The spzed increase will

be due to the faster operatmg speed of MAN tcchnology along with the lzu-ger phvsical area
. coverage of one network. -

0w

1233 Asyncﬁronous Transfer Mode (ATM) Switching

2

ATM switches are very high speed switches which are still tmdergoing development. Due

‘to their technique of tonstruction, they are also known as batcher-banyan switches [Heywood

89]. They will be able to switch packets at rates comparable with that of circuit-switches.
The routing mechanism’s store and forward delay, found in bridges and routers connected
between networks would effectively be eliminated, These switches would be ideal for MAN
mterconnectlon when they become avaxlabl° in about 1995 [Heywood 89]

1.3 Applicatxon of the Study of Methods i in Network Engmeermg

The companson mct‘h/\ developed in this project provides a method to determine which

“ type of MAN protocol is most suitable for ieeting a spemﬁc set of configuration .md loading

requirements.

MANSss support r:he services which PTTs supply, like LAN mtercormectlon and digitized voice

services. PTTs world-wide are thus spending tremendous effort in developing and imple-

menting MANs [Heywood 89]. Results from this dissertat:on contribute a tool to aid in the

selection process. 7
)

The comparison method is not limited to the three example protocols described. Prowsion
is made for other MAN protocols to be modelled for the comparison of protocols. This will
allow other MAN protocols to be included in the performance analysis and comparison. The
comparison method has the potent:al of a!so being applied to LANs and internets (bridged
LANS). o

- 1.4 Limitations and Assumptions of the Method

Consideration of av:nla l\;\\esources for deriving the comparison method lead to several
a5 fo the scope of the MAN selection method. N

S

1.4.1 Limitations of the Comiparison Method
:
Four important limitations in the MAN selection method are as follows:

1) No implenientation dependant factors are taken into account, eg, protocol processing
delays. These factors are not always examinable us they cannot always be determined,
Reasons for this indeterminability are;

- Conditions under which protocols are analysed are, normally, highly idealised.
Specific implementation factors in protocols, like processing delays, cannot then be
considered in protocol assessment.

- Measurement functions required for evaluaiing implementation characteristics are -
not available in commercial protocol software entities,

- Protocol entity manufacturerﬁ do not always provide suflicient information on pro-
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tocol entlty performance, ’ :
- No implementation factors are predictable for protocols that are still undergomg
development. \ .

2) On]y asynchronous network traffic’s (as described in section 1.5.1) effect on per-
formance is considered. The other form of network traffic is isochronous and has easily .
predictable effects oi performance of networks, .However, as an avanlable service,
~-isochronous traffic is cc\nsidered 3 S

5) ‘Only the physxcal layet and the operation of stations.on’ the network up to the top of the
MAC layer is considered for protocol performance analysis.” Secuon 3.1 mentions further =«
functionality’that is consjdered, but as far as the selection of performance comparison
o criteria’is concerned only effects of the MAC layer-and physical network are considered.
« Further functionality details become necessary in only a few areas of protocol comparison
: -seesectnons423,44and6 131, »°

4) The steady~state network operation s perfomlance is analyzed Steady-state operation
réquires that no hard errors (station or link malfunctions) are present and no statiins are
attached or removed during network operation,” There is also.no shifting in the levels of
the load applied to ¢the network so that performed measurements represent the steady-
state behaviour of the network.

o 4 2 Assumptions Made for the Comparison Method BN ’

S5

Two assumptions m thé MAN selection method are requu‘ed due to the above limitaii tons:

" 1) Only the effects on one network are analysed. No‘external networks are connected to the

network under consideratnon ie. no inter-networking traffic is present on the network.

P A mixture of mtemétworkmg and local traffic does not reflect the true nuture of the load

of the network considered, Tr afﬁc local to the net:work must be used to determme the
performance of the protocol

2) Management functxonahty implemented via software is not considered. Thus no logical
management part of the protocol, as defined belowm section 1.5, 1 is considered. The

o management functions excluded are
-initialization of network, {{

‘ -atlocation of network resoutces to users, §
-security of data, e , , o
-automatic optimizing of configuration for capacity allocation and :

-rouling overheads.

53
«

1.5 PropoSed Solution

1.5.1) Determining factors affeétiﬁg performance in MANs

Table 1.2 lists the key factors distinguishing one protocol from another. It is important to
identify such factors, and select the relevant ones in order to compare the protocol char-
acteristics and overall performances from a common perspective, Table 1.2 indicates which
distinguishing factors are consideied relevant to the comparison method under the 3
assumptions and limitations listed in section 1.4 above. // \

The several distinct factors, used in deﬂning network protocols are:

A
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v Factor . g "~ Relevant )
. Loadmg of Neﬁvxrork Nodes Yes D ! o !
- Physical Topology ° . ~ Yes Y EIEE .
" | Conmfigiiration of Network Nodes Yes - L e
-, | Availabfe Services Yes - o .
o Medium Access Method Yes ‘ N
» . | Soft Error Recovery Method Xes = | % o
o Hard Erxor Recovery. Method | "Yes - v
Station Initialization Method - » | . No B
. | Physical Management of Network - i Yes oy -
¢+ - | Logical Management of Network No R ° e
"re Protocol Structuring Yes 7 '
IntemetWOR‘kmg, s effects ’ No

'Table 1.2 FactDm affecting network performance and thieir relcvance to the comparison method

i

a) Loading of network N //

" Network loading deals with th pat; Jern in which stations place data on the network. .The "

loading pattern or profile is defined for each station in terms of the message lengths and the

nme of message transmissions. Vowoo
o) v . 5}

b) Gonﬂguranon of network s . a

l
Gonﬁguranon deﬁx\\es the exact wayin which stations are conilected together and ﬁhe physncal
link dnstances between them for an operating network, |

) Physncal topology ind medium access _ ' @
These define the archxtec;ure of the nétwork in terms 6f
(1) the valid connection of stations in forming the network and ., " "
(2) the mechanism which controls station zcce$s to the physical network, Lalled the
Medium Access Control (MAC).

(&)

d) Available data services ' K\

Two types of data services can be prowded by data networks:

1) Asynchronous service: data packets are transmitted at randoni points in time. This is
fundamental for allowing LANs, with their typically bursty traffic, to communicate. An
easy example where this type of service is used is a MAN that interconnects multiple .
1ANs together,

2) Isochronous service: data (packets or bytes) are transmitted at regular intervals
across the network, meaning a portion of the netwbrk bandwidth must be reserved..
This allows data like voice and video signals to be camed on the network [Molle—
nauer 89]. :

o

1

- ¢) Error recovery

3%

The method, or procedures, used for hard error (hardware and protocol entity so&ware
failures) and soft error (bit and packet errors) handling determines how the protocol recovers
from errors, Frame acknowledgement procedures between stations can also be used in
aiding error recovery.
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 f) Management - * oL : o e e
[ -8
Management of, the network can take place at two levels: The physncal mrganisatiun of the
network and the inanagement of users and resources on the network. We distirigaish
between these two "levels” of management as, respectiVely, physical management and logical
management, = o o o N, ‘
' o ’ \\\ ' ’)r<‘
Pbysidfll managcment will refer to the physical planning, set-up, maintenance and future
grow(h of tg\e network. Here we considér the ease with which. each of these ‘tasks can be
performed for different types of MAN topelognes ' o

7 & P i =
a & > o =
o N

Logical ‘*{anagemen)} of the network (eg. coq rollmg user access to network re.,ources) is

normally, performed using special softwaré., The functnch.dxty of this part of the network
m:magen ent is largely dependant on the implementation of the management scfiware. As
this is a high level function which is implementation dependant it is not considered in the
c¢omparison methor.l. E

[N

g) Pietocol structurmg )
it [

* Thisreferstothe degree towhich protocolb conform to the IS0 reference model thevariation
used\Fy the IEEE (usmg MAC and LLC sublayers) or some unique protocol archltecture

1.5. 2) Determm.ing critena for companson of MAN protocol perform:mce

Example indices for evaluatmg overall network oerform:mce t‘or companbon of protocols
dre: . R LR oo ' w ) o
A 4 . ) “ “1
'« Userdata tbrougbput
The transmission rate of useful data betweén processes
. measured at the top of the MAG layer.
- Lipe Utilization o = oo .
This is the ﬁacmbn ofthe total time data is carried by the medium.~
-~ MACData Fra‘mes per User Information Frame
The ratio of transmitted frames to the number of-user data frames indicates how effi-

~ ciently a protacol utilizes frames transnutted on the network. //
- Errér recovery times . v

When a frame is lost or damaged, the proto¢ol must detect the error and recover from
it. This recovery time'is an overhead. -

- End-to-End delay ) : o

Typically this would be

| y This is the delay encountered between the time fmm starting to transmit a packet to
the time when the packet is correctly received. 'This may include the time it takes an .

acknowledgment packet t0 return to the sender of the data packeu
= Line effictency N v
This index designates the ratio of the useful traffic to the total trafﬁt ona link The

“ useful traffic refers to the amount of data sent by the-user to the MAC iayer for trans-
mlssnon to another station.

Preper consnderatlon of induces necessary for comparing protocol performances is found in
secnon 3.3 and 3.4. . ’
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: 15, 3) The derivation of the methods t'or co%paring MAN protocols K o

»
&,

CE F‘%
Usmg the: cri eria from section 1.5,2die MAN protocols are compared against the background
of the problem requirements from three different perspectives.” These perspectives allow ©

“one to 4ssess protocols at different levels of complexity. They form a hierarchy of methods
. for comparing protocols against several requirements or criteria that the usenxof the MAN \;\ .
companson method will choose, - ., 5 .

The tirst most fundamental way of comparmg protocols'is in terms of the funetionahty each
protocol provides, ‘The most elaborate way is when the eventuil topology : and load is taken - .
into account and performance is assessed by means of snmuiatnon

1.5.3.1) Functnonal Companson

\} .

“ Here the basic re (nrements of the problem are taken into accountto choose a MAN The-
qualitative requirgments of services, management and reliability of the protocol are
examined without considering the requu'ed performance -of the network (a quantitative

requirement) : R

1. 5.3.2) Analyncai Comp.inson i ‘ L

LH

Here performances are comoared from acommon perspectxve ie. astandard configuration:
is defined from which the mdmes for comparison are derived. They are derived by con-

¢ sidering a special tepresentation of the logical MAN topologies to be analysed and com-

pared. The load and topology of the netwark is not considered as the emphasis is on the
combined behaviour of the physical structure of the network and the medium access
protocol workzng together. N Do :

1.5.3.3) Simuianon Aided Companson . o ) : ) g

Asthe effects of conﬁgumtion and loadmg ona network are difﬁcult totheoretically prednct
simulation is used to analyse perfonnmce of the network when these two factors are taken
into account. This method of comparison also allpwy the MAN comparison method user

° to custom: design a network and find the best conﬁgﬂtamon and load distributxon for the
stations,

i
N

These three methods of MAN ;g {otocol comparison can then be used individaally or-col-
lectively for comparing prorocols. The user of these methods has discretion as to which

* method (or methods) ofprotocol Lompanson bestsuites the network problem requirements )

at hﬂﬂd . . %]

G

Each protocol that needs to be comparedﬂ against others will need to be evaluated in terms

__of the criteria distingulshing the method of comparison. The evaluated protocol cin then
be compared against others in terms of the results of the evalaation criteria. The protocol

evaluation procedm-es take on différent forms accordmg to each method of comparnson.

1.6 Validatmg the Results and Methods Obtained : N

Resulis from operating networks are not available for compasison: purposes, The results of
the research will be validated from two perspectives:- :

i
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| L6t Validate the applicability of the comparison method ‘

The  study of comparison methods.is apphed to the DQDB FDDI and Metroring protocols
/ ! ’I'hese particular protocols illustrate the method's apphcablhty to
- an existing protocol, FDDI, . W
. = a protocol well into its development phase, DQDB and '
-a protpcol éarly in its development pha..e, Metroring.

'he ease Of apphcabxhty of the procedure of companson along with its, relevance to the

,,,,,

- 1.6.2 Validatton of Simulator Protocol Models

3]

o

A FDDI simulator is accessible, Results from parameter driven simulations of FDDI wxll be -

available. Comparison with results from papers is made for FDDI and DQDB only. The first
Metrormg slmulatxon results will only be available at a later stage of 1993.

Qﬁ

For FDDI: - LANNET II.5 provides a FDDI simufation model (see section 7.2).
‘ -Jolinson [Johnson 88] gives many general results of FDDI slmulatnon -
frame delays, queue !engths, throughput

For DQDB: - Conti et al [“ionti et al 91a] shows delays, packet loss and throughput
‘ against node positions; , .

1.7 Overview of Report Structure

«  Chapter 2 outlines the background material to this dissertation.

Chapter.3 presents the preliminary requirements before ¢omparing MAN protocols. The
problems addressed are the tunctional differences in example protocols, the classes of
- protocol characteristics required for comparisons and cntena used for com parmg protocols

Chapter 4 details the functnonal companson method.

1]

Chapter 5 explains the analytlcal comparison method.
7

\ Chapter 6 and 7 contam a summarv of the development of the simulator. Initial require-

Chapter 8 descnbes the apphutton ofthe study of compaﬂson methods to an actual network
problem., T,he problem is outlmed and the simulation method of comparison is fully lllus-
trated here." PR

Chapter 9 COnc!udes the report.

sAppendix A through E present the protocols referred to in this dissertation, Appendix A
summarizes the OSI 7 layer communication modecl. Appendices B through D describe only
the details reqmred of the three example protocols referred to throughout the dissertation.

Appendlx F and G detail mathematical procedures used in the comparison method.
i Appendix F gives’ the definitions and derivation procedures for analytically comparing pro-
+  tocols. Appendix G summarizes a sequential ptocedute used for controlling the length of

slmulatton forihe constructed simulator.,
i B
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' CHAPTER2: SURVEY OF CURRENT DEVEL

(/’

a9

212-

The methodologii:s, methods and procedures reported to date in1
‘discussed here. Current network simulators were also studied to §
requirements of the snmulatton part of the study of comparison met%

2. 1 Investigations into the Protocols Used to 3ﬂtns1
Method ‘

FDDI is a well.defined protocol in use today 1t has been sub;ect

) studies. Tangemann and Sauer [Tangemann et al 91), Huber, Sauer

al 88), and Johnson [Johnson, 88] give detaile of perfommnc.e of the
authors draw the following conclusions:
- - FDDI follows the ideal utilization curve (as showr in figure 7. 1)
+ Average frame delay is low until the ring nears saturation
. Average transmission queue lengths remain small until the ring e
- Under light and medium 1cad both throughput and wamrg times
of the target token rotation tume (TTRT).

An analytical model of a FDDI star.lon was proposed by LaMaire [I.a}\«
could provnde dnalytically derived’ delay results for design of FDDI cot
These analytical results could then be used.in place of simulation res
stochastic M/G/ 1 vacation model of a single FDDI station,

The model predicted how the mean waiting time of frames in the stati
on the limit on the number of frames that could be transmitted duris
station However, several assumptions in this dissertation, like frames :

and the user m%erts frames at a Poisson frame arrival rate, limit the app!
o

‘Conti etal [(‘ont; etal 91a] examines the be%x:w‘our of the asy—nchrono\t

- performance and fairness, with and without the Bandwidth Balancing b

investigated. The BWB mechanism controls fairness of station access
conclude that disabling the BWB mechanism results in unfairness no
quality of service when the network is in underload. In underload the
than the medium capacity. However, it does cause unpredictable
network is overloaded. :

r'e
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- Security- of data for service users = - ¢
- Network management of the MAN for service provider and user,

&l

. Tramition from current to ful ture technology for MANs
Better\deﬂnnd technical requirements would ease the implementation of the network.

Cranfill took the future world-WIde MAN, the broadband integrated services digital network
- BISDN, tobe an eventual goal for all MAN users. Thus no rigourous well deﬁned approach
was given for an indepevdent MAN based commumcation System:

With far more applicabiity { fothe required MAN comparison method, Capurro etal [Capurro
et al 91] maintain that correctly executing a broadband netwerk project is not a simple task,
They realise that a rigourous and systematic planning methodology is necessary. A
planning methodology for public communication structures of large dimensions was outlined |
for MANs. The factors that wers taken into account to identify choices and str'psnfor the plan’
were: o
. = The users and the evoluhon of their needs in the region of interest,
- The services required by the users in the considered region.
- Technical and environmental factors and constraint., in the geographxcal area of
interest. “
- The technology and communication systems requirements for the region.

o

From these factors thev developed a ngourous methodology for planning MANs. The
methodology covered 2 wide scope of network planning and development that does not
apply to the intended research for this MAN comparison dissertation. Since their planning
methodology did include network performance evaluation components, the four above
* factors were considered in this MAN comparison method. The analysis of the requirements
+ for a MAN, as well as the required topology were outlined by Capurro et al. These two steps
in solving MAN protocol selection problems are left to the user for this study of MAN com-
parison methods as they are very general and diverse topics beyond the scope of this p:oject

2.3 Trends in Network Simulators

Conti et al [Conti et al 91a] simulates the asynchronous part of DQDB with one priority class.
They investigate the protocol’s fairness of bandwidth allocation to nodes with and without
the Bandwidth Balancing Mechanism enabled: The simulator requirements identxﬁed here
for the DQDB investigation were:
-The aspects of the DQDB MAC protocol relevant to' the study, ie. modellmg of queues,
event synchronization and resource contention.
. - A flexible model allowing the incorporation of the new DQDB protocol imodifications
as DQDB evolves. 7
- Statistical reliability of performarice measurements.

\{?

Instead of developing a new package, Conti et al created a model using the Research -

Queueing, RESQ, package. The following assumptions were made in the creat:on of this
simulator:
- The interarrival time between segments is exponenti'llly distributed.
- Each node consists of (1) a DQDB MAC,, (2) a local node queue and (3) a traffic gener-
ator,
- A user packet coincides with a segment, ie. ri5 fragmentation is required.
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-'When the loc;tf node queue is full, new packets arriving are discarded.
- No overhead from the control parts of segments is taken into account. .
- Traffic for this network and external networks is modelled at the user layer, °

These assumptions aid in establishing a context on which to base the simulator for this
dissertation. Not all of the assumptions for the simulator would apply to the MAN simulator

as only behavioural characteristics specific to DQDB was studied. However, the procedure _

used in this DQDB fairness study highlighted the need to identify metrics for studying the
- investigated phenomenon for the research, viz, fairness metrics for the DQDB faimess smdy
and-performance metrics applying to the comparison of MANs.

o

A performance study of the operation of FDDI was carried out by Johnson [Johnson 88}
using a simulator. Johnson's simulator, called the Local Area Network Simulator (LANES),
was used for analysing standard performance measures such as delay, channel utilization
and transmnSSion queue length as well as characteristics of the protocol s ring behavxour.
‘ The assumptions made in thi$ simulation study were:
- A homogeneous network is studLed with each node generating fmmes at the same
mean arrival rate,
- The interarrival times for each node are exponent:ally distributed. :
- As soon as frames are generted at each node, they are placed into the transmnsnon
Gueue. o ‘
These assumptions iliustrated further consxderzmons for the simulator used for comparing
MAN protocol pe-formance.

. The most useful simulator studied, that {llusirated many features required by a simulator,
was documented by Frost et al [Frost et al 90] This sunulator, the General LAN Analysis
System (GLAS), took into account
- LAN sensitivity to topology,
- traffic assumptions and
. processmg delays. coed s

It allow:-:d for the direct comparison of LAN protocols under a common set of modelling
assumptions. The Logical Link Control Protocol (LLC), the Token Ring, Token Bus, CSMA/CD
and FDDI protocols could be studied under a variety of conditions by using GLAS. The
features of GLAS were:
- Each of the’MAC protocols could be analysed mdivxdually or in combiriation with- the
Logical Link Control protocal.
- The priority méchanisms of the MAC protﬂcols were also mcorporated into the
models,
- Any topology could be used with ail link dnstances being of arbitrary value.
- The traffic load was modeiled for each node. The specification of interarrival time and
message length dissributions would characterise each node’s load, .
- Frame processing latencies are modelled aﬂowmg effects of Spt-'.(:lﬁc ptotocol imple-
* mentations to be included.
- A menu driver user friendly interface is used for. witmg all the parameters for, the
sifulations, )i {
- Analytical and simulation techniques are ‘used for respectlvely predicting approximate
and precisc performances of networks ‘
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QHAPTEB 3: APPROACH TO COMPARING THE PERFORMANCE OF
s ,

3.1 Bridging Functional Diﬁ‘erences in the Example Protocols

Metroring, DQDB and FDDI stanciards are designed to meet varying levels of functionahty

This is represented in terms of the:ISO ‘reference model (vefer to appendix Ay'in figure 3.1,
"FDDI and DQDB specify the physical and MAC (mednum access control) layers only, while
Metronpg specifies all lower layers up to the bottt{ mf 'the Transport layer representirig the
end-ta-eéxd connection management function. ,

W

To compare the three protocols correctly, this-functionality difference needs to be aug--

mented, The functionality difference can be met by using other protocol layers above the
LLC layer in FDDI and DQDB. The éxpress transfer protocol (XTP) is introduced above
FDDI and DQDB to allow proper comparison of the three protocols

o

r__“___ . ) . X ,\
APPLICATIO OSI - OPEN ‘SYSTEMS INTERCONNECTION
PRLICATIN | ¢ - L CONTRIL 3
LLC - LOGICAL LINK CONTROL
PRESENTATION MAC - MEDIUM ACCESS CONTROL
SESSION |
g | TRANSPORT T |
~  TRANSFER
NETWORK *|  PATH -
‘ 1L uwe LLe
DATA LI,NK e . WAC NAC
PHYSICAL | PHYSICAL | PHYSICAL | PHYSICAL -

OSI Metroring FDDI  DQDB  XTP

Figure 3.1 Comparison of protocol layers agaixist OSI model

XTP is a real-time transfer layer protocol. The transfer layer consists of the network and
transport layers of the OSI model. As the full transport layer does not need to be represented
to make the FDDI and DQDB protocol stacks equivalent to the Metroring protocol stack,
unnecessary functions, such as fragmentation and eror céntrol, would be introduced by
XTP. These unnecessary functions of XTP will simpiy be ignored for comparisons of the

three example protocols, i

|
Only when information on the network and link con(“{Tol layers’ characteristics is necessary
in a comparison, will XTP be referred to for FDDI and DQDB. An overview of XTP and its

functions relevant to this dissertation is given in i«ppémdix E.
N il

3.2 Comparing the characteristics of i\ etwork protocols G-

The characteristics of network protocols can be classllfned into three general categories:
- physical attributes eg. cable type and maximum number of nodes on a network,
- network protocol reliability eg. bit error rate and topology strength and
- network protocol performance eg. frame delays a’f‘nd maximum throughput,
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Disdngu:shmg between\these categories is important: svhen selectmg cmena for comparing

networks. In this disseru tion MAN performance, in particular, is examined. We need to

highhght which catego/ry of protocol characteristics needs to be analysed and which cat-
egoties of f protocol characteristics need to be taken as independent variables iii the analysis.
To exphgm which categories of characteristics act as the independent variables, table 3.1 sets

outa physical atiributes comparison ot' the three example protocols.

2

=

“, ~ATTRIBUTE | FIBRE DISTI}IBUTED DISTRIBUTED QUEUE Metroring
v DATA INTERFACE DUAL BUS | o
| Medium v Optical Fibre Optical Fibre Optical Fibre
Physical Dual Counter-Rotating Two contra-directional | Full duplex pomtkto
Topology Rings buses point links |
Maximum | 500 65534 16777216
Number of =
Nodes . - n
Maximum 100 km circumferencé | 50 km bus length 200 knil cifcuniference
Network S o q ~ o
Extent 1 7 k
Encoding | 4B/5B symbol Man-» | Manchester encoded | 4B/5B symbol Man-
method chester encoded e | chester encoded
Medium Bit { 100'Mbps 150 Mbps x 2 busses 100 Mbps per link
=Transfer * .
Rate R ; ,
Station: 10 bits <1 bit 1 kit delay i Fast For-
Interface (2 symbols) (no data stored, but ward mode
Latency = electronics delays)
Dati: {.nit & | Frame of Maximum Slot of fixed 53 octets | Frame of 4096 octets
Size 4500 octets, ] »
L‘ogical Ring - ’ Bus Rings
Topolt')gy’ g z ‘
Media Permission Token" | Slot Requests on the | Autonomous link con-
Access '’| reverse bus and Sfot | trol
Method Utilization on the for-
ward bus . o
Priority Multzﬁle‘“’i‘oken Rota- | Multiple priority Multiple priority
Control tion Timers in the request bits reéquest bits and queue
Timed Token Rotation holding times (\
P Protocol : A i
Fairness Timed Token Rotation l:stimation of Sysrem N/A, G
Mechanism | Protocol Activity via Slot Request o
and Free Slot counters,
and a Bandwidth Bal- o
ancing Mechanism

Table 3.1 Comparisoh of FDDI, DQDB and Metroring characteristics
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The cnteria are bascd on the attributes inherent in each protocol ie. no special analysis is
neededfor the physical attributes to be compared. Some stretigths are immediately obvious v
when looking at data transfer rates, operating distances, number of nodes and similar criteria,
But subtle complications can arise as these limits are attained, for example-
- Physically large networks imply long frame propagation delays. -
- Maintaining user information and routing information for over 60000 nodes in DQDB
and Metroring is impractical for operating networks,
- When the cumulative load provided by the station users of the network becomes
- larger than the network’s capacity, contentron betweeﬂ the stations for use of the
medium can arise. - , s

ol .
N ™ o

Thus the implications behind these piiysical attributes need to be addressed. This is where
protocol reliability and perforinance come in. Anyone wishirig to choose a network protocol
‘for solving a design problem will need to examine criteria relating to reliability and per-
formance under the requirements of the design problem. The physical attributes of the
protocols would be. indepeﬁélent variakles for the analysis of reliability and performance.
The reliability characteristics of network protocols are taken into account in the functional
method of comparing MAN protocols. The physical chacacteristics are independent factors
used in determining the performances in the analytical and simulation methods of protocol
comparisqn, Variable artributes like loading and network conﬂgurahon would also be

independedit factors in the case of the simulation analysis. -

3.3 Criteria used for comparmg network reliability and perform- '
ance N R 5

Section 1.5.1 gives a dé‘scription of the factors affecting a network’s performance. These .
factors are used to identify some indices for comparing MANSs as in section 1.5.2. The criteria
and indices that can be used for comparing MANs are then selected by considering these
factors. These criteria and indices are grouped into three areas:

3.3.1 Protocol Definition Critena

Protocol Structuring and Conformance addresses the issue of whether the protocols for -
anetwork are conformant to the ISO reference model, the variation used by the IEEE (using
MAGC and LLC sublayers) or some unique protocol layer acchitecture employed Large
striictural variation from a common standard can imply poor compatibility with present or
future protocol layers that would lie above or below the. protocol layer under consideration.

The number of logical functions a protocol requires for its Operatxon can be an index for
protocol eomplexrty Protocol complexity can then be used as a measure for predicting
the relative costs of different protocols. The costs would increase as the functionality (the
number of logical functions) of the protocol increases, The protocol complexity could also
be used to predict the operatmg speed of the protocol’s implementations. The operating
~speed will generally decteaase as the number of functions in the protocol increases.

New protocols do not alw.nys meet their initial requu:ements wnth the first imy: lementatinn.
Thus, ifa protocol is new, nt is liable to undergo devélopment at some stage in the future,
This implies current implerhenmtions of the protocol can become obsolete. To avoid this,

the maturity of the standard should be considered.
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"3 3.2 Topology Comparison Cnteria

of structuring and reliability.

o

These criteria deal w1th the physical network anc[ measures for comparing raetworks in terms o /

Medium utilization gives a measure of how well a ptotocoi‘.; data encoding scheme uses N

the capacity of the medium. In other words itindicates how much of the available medium
baridwidth is use:df by the trans mittu/ receiver when data is camed over th!e mt:dnum (

Medxum r\cliability quahﬁes the resilience of the medium and physical op#rataon ot ‘the
network. The resilience to physical breaks in the medium is analysed for the protccol‘

operation. Jf one link breaks, the extent of corrective action can vary dependmg on the type |

of medium ‘arid method of opcratton used

The medium reliability is also very dependent on the topology strength. This isa measure/

that“examines a protocol’s topology strength. It is used for determining which protocol
topology is more reliable than others. The medium reliability is different from topology
strength in that it also takes the protocol error recovery mechanism into account.

3.3.3 Network Performaiice Critetia

Althiough perfonnance of a network is very dependant on botk the network load from the
application(s) being run and the configuration of the stations, performarice criteria can also
be compared under ideal conditions, Although the ideal conditions have little bearing on
the practicality of the protocol under varying conditions, they do pravide an adequate means
of analytically comparing different types of network protocols. Analytical comparison of MAN
protacol performance is presented in chapter 5 where idealized performance indices are
derived.

“

Data throughput is the rate of data transfer between peer coOmmunicating entities ie. stations

ona network This can be measured at various points in a protocol stack, eg. Physical Layer,
MAC Iayer and Application Layer. Throughput can also be measured in bits per second
(bps) or packets per second (pps). This data throughput i is related to the: protocola=fﬁciency
for each layerin aprotocol stack, Protocol efficiency indicates howwell the protocol transfers

datawhile taking the effects of frame oyerheads intoaccount. Typical overheads considered

are header and trailer lengths. The overhead data ratio (length wise) to the data being
transmitted gives the protocol efficiency. The more efficient the protocol ns, the less the
throughput is affected,

Every packet in a network experiences frame delays between its source and destination
stations. "This delay may be due to:
iransmission delays - the time taken to place a whole packet onto the network medium,
propogation delays - the time taken fo:J the end poinit of a packet to move from its source
station to its destination stations, (
protocol processing delays - the time mken up by protocol software prdcessing or
medium contention - several statmns trying to take control of the medium at the sarne
time. (

.
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Generdlly frame delay degrades pertormanre by expending time that couid be used in

communicating between two stations.

Delays can be measured relative to various paths in a network. A path may cover:

o
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In section 3.2 a basic comparison of physical attributes is shown. The criteria used here are
notdifficult to select because they are normally listed in a protocol’s specification document.
The methods of comparison to be fully defined later, as introduced in section 1.5.3, also
need criteria for means of comparmg protocols. The attributes from section 3.3 will apply
to these categoriés. The relevant criteria and attxtibutcs were identified by taking the limi-
tations of the MAN comparison method, of sectui n 1.4, into account in order to limit the
scope of criteria used in the comparison of protoﬁlols

3.4.1) Fuactional Compatison Criteria , v,\

The ﬁmctlonal requirements dictated by a network design problem can lead to a choice of
the best MAN protocol to meet the requirements quickly. Good topology strength and
medium reliability, which are interpreted as functional requiremients, are often specified
in the set of requirements for a network. Furthermore, functionality of a protocol implies
other factors come into play: .

(1) the types of data services provided, :

(2) data error handling abilities and ;

(3) imanageability of the physical network 9{

~ Although data ecror handlmg abilities are present inall ﬁrotocols, some protocols do handle

errors better than others. This quality ot efficiency of €rror handling can be used for com-
parison purposes. Management of a network is a very 8¢ Lneral criterion, but was elaborated
on in section 1.4, RS P
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.4.2) Analytical Comparison Criteria, © S

V4

performance. Instead the nature of the physical network and the medium access protocol
operation are taken as the factors affectlng performance. General criteria of throughputand
delays are usedfor assessing network performance as they are two criteria that apply to all
medmm-access-controlled dlgltal networks, ‘These two' cntena provide the essentnl infor-
mation in communication systems as to :

(1) the time to sehd informaion to its destmation and TS

(2) the rate at which information can be sent across the network.

The specnﬂ@ndices that are aralysed w:thout taking a load or network conﬁguranon into
‘account are: o

foaximum throughput T e - ‘
bandwidth allocation per station and ‘ s
packet transmission delays.

=

’I'hese measures are idealized due to assumpt:ons astothe .,tructure ofthe network (chapter

5). “I = a
N o

3.4. 3) Simulation Aided Companson Critena S o “

D
9

The effects of configuration and Ioadmg on a network are taken into account here. Agam
resulting throughput and delays will relat:vely determine which MAN standard best fulfils

. a design requirement. The variable factors of apphed load and network conﬁguranon will

need to be specified entirely by the user., " &

@
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‘('I {ere, the load and topology of the network are not considered in assessing MAN protocol
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CHAPTER 4: FUNCTIONAL COMPARISON oi: MANS

The type of MAN that meets the set of functional requirements for the problem specrﬁcations, ’
is determined by a functional comparison ‘of the man protocols under consideration. This

I final comparison method allo

P
0)

the user to determine which MAN protocols meet the

- functional requirements for a. data network’s operation, The question of MAN protocol

functionality is addressed before performance of the specific network under consideration,
This can resultin a considerable portion of further numerical analysis (analytlc and simulation
compansons) ‘being excluded if MAN protocols unsuitable to the application are eliminated”

~with functional comparisons.

X,

Protocol analysls is subject to MAN protocol definitions. This analysrs is subjective as protocol

rules need to be examined and criteria for comparing MANs be identified:from the protocol

rules. The functional characteristics of MAN protocols are then compared. Section 3.4.1
- describes the protocol description criteria that are used in this method of MAN comparison.

are listed in table 4.1.

The criteria a network desxgner takes into account when a specnﬂc. problem is to be solved

a

S 2, Availability of Isochronous and Asynchronous Services
| Reliability of the Physical Topology
Reliability of Sofv and Hard Error Recovery
Ease of Planning and‘Installation
Ease of Physical Network Reconfiguration v
Ease of Expansibility of Network \
Effectiveness of Fairness Control
Effectiveness of Flow Control
Capacity Planning Ability

h

)

* Table 4.1 Criteria for functional comparlson of MANs

Twocof the criteria not directly addressed are cost and ease of operation. They aré regarded
. as too subjective for this analysis because:

- When looking at. costs, the cheapest available network will normally be chosen. The long
term problems and the meeting of important functional specifications will then, not take
priority in the decision process. Cost would then be the most important criterion on the

_ listand itwould outweigh many important functional factors. When important design issues

are overshadowed by the consideration of initial costs of the network, future needs and
changesin the required network’s operation can easily resultin costs far greater than initially
anticipated. The design lssue behind long term costs of a network is rather addressed ie.
the manageability of the physical network.

- The ease of a network’s Operation is a very implementation dependant issue, as it depends ’

on managementsoftware functionality, As stated in theintroduction, implementationissues
are not considered in the study of MAN comparison methods.

Itis important to differentiate between the principle of a criterion of MAN functionality and -

‘its application to protocols considered. The principle of a criterion applied to the three

(‘Q,,,,

example protocols considered, to illustrate the application of the principles behind the
criteria. A comparison of the three example pmtocols is then comipiled to show the validity
of this MAN comparison method.
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4 1 Available ;Ser‘vic;)és

The two types of data services: considered here, asynchronous and |sochmnous, were

explamed in section 1.5.1.
174

Principle

Each particular protocol needs to be studied to see lf it can meet each service requirement.
In cases where several protocols do meet one or both of these requirements, each protocol
needs to be assessed as to how accurately ot efficiently it meets the service criteriof.

Application . A 7

.Asyﬁchronous service is efficiently provided by all three protocols but isochronous service
is not provxded effectwely by each protocol

FDDI

FDDI stations are allocated isochronous bandedth which they use for purely isochronous
data every time they receive the token. Only when data iransmittmg time is still available
after isochronous data transmission, does asynchronous\ data get transmitted,

DQDB |

I
i

DQDB was explicitly designed with isochronous fransml‘ssion‘s in mind. “The statious at

the heads of the busses transmit slot "shells* for both asynchronous and isochronous data

transmission, The heads of the busses allocate the slots used for isochronous transmissions

by miarking groups of slots by using the Typé bit in the Access Control Fleld

Metroting.—

Maximum permissiblé delays in data transmissions are required for the lsochronous data
services. Metroring has no way of ensuring this maxxmum permissible delay Mechanisms
do nct exist for this purpose,

FDDI and DQDB reserve portions of their bandwidths for isochronous service purposes.

© For this function, special bandwidth allocation mechanisms are requitred in DQDB stations, -

although only two stations on the network (the heads of the busses) will use the mechanism
at a point in time, Special parameters in the protocol software can be controlled to regulate
the allocation of this isochronous bandwidth,

If isochronous services are of great importance in the network, DQDB should be chosen.

FDDI's isochronous operation is found to be non-ideal w hen the offered asynchronous load

increases to make the combined load reach or exceed the maximum available bandwidth,

Inone FDDI trial simulation by Johnson [Johnson 88}, when the load was 120% of the network
capacity, approximately 3,2% of the synchronous frames experienced undcceptable delays.
These synchronous frames with unacceptable delays could not be used effectively for iso-
chronous service, Furthermore, FDDI generally produces lower limit delays too large for
typical isochronous traffic latencies. Isochronous latencies of about 125usec may not be
exceeded in the case of voice communications,

Even though isochronous datashares thesame bandwidth as asynchronousdatainthe DQDB
and FDDI protocols, the asynchronous service’s operation isinot significantly effected. A
fraction of the possible asynchronous data bandwidth is reserved for isochronous data.
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4.2 Reiability of the Protocol ~

)

g} “Q.\

Network reliabi ﬁty can:be dependant on several factors. Reliability is examined in hght of

error correction in neétworks. Three factors are examined relating to reliability
(1) The handling of physical link failures e
¥3) The handling of station faiiures e '
(3) The handling of frame errors Y

1) u

&

7

4.2.1 Topology Strength and Error Recovex"y

charactenstncs

4.2.1.1 ]Prmmple

£

o

The efﬁcxency of physical link fzulure correction is determined for each protocol. This lmk
failure correction efficiency allows comparison as to which: protocol’s link failure correction

method is most effective. The two aspects of this efficiency are examined:

_~{1) The least changes in configuration a protocol can make to overcome a link failure,

- (2) The number of link failures a protocol can-withstand,

4 2.1 2Apphcation C . ‘ : ) : I

@ 0 |

I’he three exarnple MAN pi‘otocol topologxee are conﬁgured dxfferently making their rélative ot

tOpology strengths distinct;

Ty
© ° 0 [

FDDI and DQDB

s

“ This examines the efficiency with whlch a protocol utilizes the physncal topology and its

o o

2

»
o

FDDI and DQDB are both configured physncally as rings Both of these protocols can
handle one link failure as shown ih figure 4.1. In FI' DI, wrapping of the primary fibré loop

onto the secondary standby loop corrects the failure. When DQDB fails, repositioning of
the Logical Break with the physical break overcori\les the failure, The natural break will

Eﬂmmde with the DQDB logical break implf*mente>d by the protocol,

WRAPPING

OF RING
N

BACKUP
PATH

e ‘ 1“
(o) ) ‘\ o

(lo)

Figure 4, 1 Correcting Iink hilurcs (a) in FDDI :md ) DQDB

QDB can, however, be physically configured as a bus, in which case, this principle will
not apply. :
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Metroring

Metroring generally has a more. relial;lo physical configuration than DQDB and FDbI In

v the case of a ring topology, one link failure in Metroring can be tolerated, as all links are
bidirectional. . Bidirectional links allow stations attached. to the failed link to use the

,{ remaining paths of the network as the route (figure 4.2a). Figure 4.2b shows a slightly

more, complicated configuration for a Metroring network. Depending on theirdocation,
twa link failures could be dealt with successfully. If failures 1 and 2 occurred, all stations
could still communicate with each other. If fmlures 2 and'3 occurred, station F would be

1solatqd from the rest of the network BN e @

[92
0

N\

W .

[T Figurc 4.2 Correcting llnk failuges In Mctroring

e

RS i

Thus we see Metronng provides the best resilience to fmlures in the network. However this
resilience is dependent on-how well the network’s st:gments are arranged. Generally, the

more physical communication paths, or segments, in a Metroring network the better the
resilience to failures. \ e

422 Station Hard El'ﬂy)‘ Recovery

Station erfors are those errors that result from actual hardware or software m'llfunctnons.
AIong with link failures, these types of errors are classed as hard errors - ie. errors occurring
in the operation -of hardware controlllng network behav:our

4.2.2.1 Principle ‘ ' o

Examiination of the protocol must take place to determine if these errors are isolated. The
effectivenessiof the isolation must also be determined for those protocols whereé station hard

error recovery is implemented ie. what degree of possible errors are dealt ‘with by the
mechanism(s) of the, protocols

4222 Application

n

All three of the example protocols handle hard erroré\but all do not do-the task equally

effectwely« ) o
FODI |
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- 'The SMT (station management) and CMP (configuration management protocol) enfities
in FDDI ate’used in monitoring®and controlling errors at the hardware level. The CMP.
actually controls reconfiguring of connections within the station. If station malfunction is
detected by the SMT, the CMP can sunply switch the station out of the-ring via by-pass
connections, If power failures occur, an optical by-pass switch can relay the signals through
the station. . :

DQDB. | D o

With DQDB, station m‘illﬁxnctions are also .eenstantly monitored. A faulty station can be
~ isolated either at the physical layer by using an optical by-pass switch, or by simply sup-
' pressing any transmissions froin the faulty station to the busses, The latter case works as

the taps to the busses are logical OR gates, If the fault is with the network interfacmg

| mrcuitry the optical by-pass switch is used

a o G

. Metrormg

(‘.

In Metronng, link and station faults are detected and dealt wuh at the MAC layer. When
hard efrors are present, CMP (Configuration Management Protocol) frames are used in
redetermming the operating paths in the neiwork. Every station also takes notc of failed
nades or links arid modifies its routing table accor dmgly Metroring stations are thus fiot
by-passed 'When they malfunctnon Q

All three protocoh are capable of handling statmn faxiures effectively, but FDDI and DQDB
are more effective than Metroring. ‘Metroring leaves gaps in its segments where station
failures occur, Multiple station failures present a scenario similar to that of multipie link
failures as discussed above in section 4.2.1). In a Metroring, multiple station faxlures make

it possnblu for one or mare stationis to be isolated from the rest.

One argument in favour of Metrormg is that with DQDB and FDDI only a maximum of three '

adjacent stations can be switched to the optical by-pass mode before tiie next active station.
More than three consecutive stations in Metroring would be tolerated as their presence will

° simply beignored when the failures are detected. As concentrators can by-pass one or several

stations at a time in DQDB or FDDI, this argument is not a strong cne in favour or Metroring.

The use of conceéntrators allows several inactive stations to be by-passed via one optical

by-pass switch. As stations, inactive dué to power failures, are nornially located on one site,
concerntrators easily solve the problem. Thus as a rule.of thumb, choose DQDB and FDDI
over Metronng when it comes to resilience to station failures.

4.2.3 Qoft Error Recovery .

Soft errors occur when a bit is transmitted, ‘propagated or read incorrectly on the network.
This normally leads to the whole packet (or data umt) beirig interpreted as incorrect. The
procedures for handling this situation are present in all protocols and it is not generally
considered an issue in selecting a protocol. This usually becomes important when selecting
or designing a higher layer protocol, ie. whether the higher layer protocol incorporates
packet error checking or not.

The packet sequence error check is not part of the MAC layer operation. As MAN protocols
can be designed by incorporating several protocol layers at once (hke Metronng), the packet
sequence error check is considered. °
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4.2.3.1 Principle ' ) “ . .

5 In a case where sol: error cher'king and recovery is :equu-ed the type of checking, packet
checksum-error or packet sequence-error checking, must be determined. Some methnds
- of implementing soft érror reécovery functions can work more efficiently than others. This
efficiency of soft error recovery can also become an issue when selecting a MAN for imple-
menting a highly efﬁcient nctwork This information is obtained from a protocol’s specifi-
~ cations. . . . :

4.2.3.2 Application Lo
"¥FDDI °  © ' “

N ,
At'the MAC layer, FDDI uses three fields in the frame status field to monitor detected errors.
The trinsmitting station's MAC responds to these fields. When a packet is corrupted, either
one field in the frame status field or a checksum calculation indicates the data corruption té
the sending station. The sending station then retransmits this packet. When a token is lost
or corrupted, the ring enters a token claiming procedure (see section B2.4.1) to determine

‘w which qtation wnﬂ retransmit the lost token.

Q

ke
At the XTP level lost packets are handled more effectwely in terms‘of bandedth used for
packet retranismission. Retransmissions of lost packets are not immediate, but when several
packets are missing, the receiver notifies the (ransmitter. The transmitter then only
_retransmits lost packets. Time-outs at the senémg station are also used in this recovery
"procedure. o

o J | ! Co S

DQDB ’ o

DQDB has no soft error detect:on in its MAC layc., ..1d XTP is necessary to handle all soft
errors. The checksums and sequence numbers, present iri XTP frame common header and
trailer fields, are used for, detecting soft errors. The checksums and sequence numbers
ensure the.necessaty fmme discarding and retransm15sxons, as discussed for FDDI above,
- Oceun, ¢ ‘
Metroting
In Metroring, frame errors lead to the packet being discarded. Either a timeout-mechanism *
or an vut-of-sequerice frame will then indicate a frame error has occurred at some point in -
the transmission. An acknowledgement frameis then received by the send#r mdiczﬁmg which
packets are missing at the receiver, Retransmission of thle missing frarﬁes then take place.

4.3 Management of the Network :
Section 1.5.1 describes the two forms of management aﬂplying to networks. Here we con-
sider the ease with which each of the physical m:magement tasks can be performed for'a

particular MAN protocol. . - 1‘

4.3.1 lemng and Implementatmm of the Networkl y

N

Planning and implementation of networks are two separate tasks but as they are part of the .
same phase of a network’s life cycle they are discussed together.

A
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"~ 4.,3.1.1 Principle. Y

o

The effort involved in planmng and setting up a MAN depends on the complexny ol" the
configuration required ”

Complexity, for example, can be defined as a measure of randomness with which stations
are located on a geographical area. Quantifying this measurement of complexity as an index

" .is adifficult task. For example, a line or circle of station locations can be viewed as simple

A}

(ow complexity), while a-matrix is complex or relatively simple depending on the matrix

dimensions. To generalize and properly define this complexity measure is an immense task,
as geometric shape and randomness of station location would need to be considered.
Instead, the ease of planning and installation is considered for a basic physical configuration
- aring or bus, The ease of planmng and installation is then considered to decrease if the
particular protocol allows many methods of variation to the basic physical conﬁgurahon
The fewer configuration design alternatives for planning the network, the easier itis to plan
the network. .

4.3.1.2 Application

If the topology required by the problem at hand is the simplest possible, a ring, the amount
of effort involved in planning and installation, for each of the three example MAN's con-
sidered, would be equal. Considering the possible variations to the ring configuration fir
each protocol, clarifies which MAN is easier to plan and install,

It is easier to plan for DQDB when configurations become larger (mdre nodes added). It
requires, at the most, the shortest continuous path between z!lthe nodes, as DQDB can be
physically configured in 4 bus topology. FDDI must always be configured in 4 ring topology.
Thus, FDDI requires the shortest length of cabling to incorporate all the nodes in a loop. It

is thus easiest to plan for FDDI, as there is no choice as to the topolbgy type (bus, rlng or -
~mategix) that must be used, .

((
The eise with which initial conﬁguratlons of Metroring are planned and implemented cannot
be clarified easily. In Metroring’s case, let complexity refer to the number of segments the

configuration is composed of. The effort involved depends on the complexity of the netwof k

layout. When the complexity increases, there are more segment end nodes (SENS) |

" incorporate into the layout. Also compare figures 4.1 and 4.2 to see that segment placeme l]t

canbe critical inincreasing the topology reliability. The placement of these SENs nowrequires
more consnderation thzm any node or link placements in DQDB and FDDI. '

The plarmmg cost of the network conﬁguranon depends on the ease of planning. Thus, for
large networks ease of planning decreases in the order: FDDI, DQDB, Metroring.

' Implementmg the topologxes requires, effort and cost directly proportional to the number

of nodes and links required in the layout. In Metroring two classes of nodes with different
costs will also be an additional factor in determining implementation and planmng costs,

4.3.2 Reconﬁguration of the Network

2

Planninga network’s future changes, mustbe considered at the uutnal MAN protocol selection

phase of the network project. The ease with whlch changes ina network’s conﬁgut:mon can ,»r

be implemented, needs to be addressed. o
4
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4321 Principle ~ ©

a0

'I'here is no clear conclusion to be made\m this case where ease of reconfiguration is con-

sidered. The ease with which a network’s topology can be changed, depends on:
(1) the current configuration’s complexity and’
- (2) the reconfiguration flexibility of the protocol topology.

9

Point (2) indicates that the type of topolcgy (ring, bus, star, etc.) and the protocol rules for
connection of links and stations must be identified. The protocol fules for constructing the
topology, determine how' easnly a reconﬁguration can be accomphshed

To make the evaluation of the reconﬁguranon straikhtforward the present conﬁguration of

a protocol will be ignored. The amount of récontfi guratzoh flexibility afforded by a MAN

protocol,,will refiect the difficulty with which a choicé’ of the available reconﬁguration
coptions gan be made. This eliminates complex analysis of configurations.

4.3.2.2 Application v
The number of choices allowed for reconfiguring a MAN and the effort involved in the
reconfiguration illustrates why the number of reconfiguration alternatives is chosen.

The topblogies illustrated in ;ﬂgufes 4.3 through 4.5 illustrate the dependence of reconfi-
gurability upon network topiology. Two different configurations are considered.

2 - Figure 4.3:Case 1 - reconfiguration of (a) FDDI and (b)‘ Metroring

The first case, as illustrated in figure 4.3, shows how reconfiguration takes place in a FDDI
and Metroring network respectively, Here the number of stations and their locations are
the same for both cases., Link placement differs for each case. For the repositioning of two
nodes (Aand B) as mdicated both networks require differentadjustments: the FDDI network
requires the repositioning of two stations while the Metroring network requires the
repositioning of two stations as well as the reconfiguring of stations C and D (as the number
of actual ports on each station changes). Thus Metroring requires mote effort to reconfigure
in case 1.

Q

R

-—{:)——— Required Link and Station Positions o -
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§Igure 4,5Case2- reconﬂguration o(f Metroring -
/

In case 2 (figures 4.4 and 4,5) another layout of stations, requu-es two different link layouts

‘for FDPI and Metroring reSpectlvely (configuration a). Ifthe centre station (A) were to be

eliminated from the configurations, and the networks reconfigured to take this into account,
the chaﬂges to stations and links differ in each case. In Metroring, only two links need to be
removed with two stations (B and C) reconfiguring their number of avaiiabie ports. With
FDDI, one of two opnonswcan be chosen (configurations b or ¢). The one with least effort
only requires a link to be placed from station B to station C. This choice might be the best,
but it does result in a loop with the larger ring latency. Ring latency is a factor that should
be minimized in FDDI for limiting propagation delays, The other choice, configuration c,
has cabling equivalent to the case of the modified Metroring network, The chang' Kwolve
repositioning 2 links, removing one link completely and reconfiguring 4 stations (

F). Four stations need to b¢ reconfigured so that input and output ports'corresp'. {  fo the
direction of frame propagation. However, the ring latency here is the shorter q & two
reconfiguration options. —~~~

As mentioned, each case has dlfferent pOSSibllltleS and the ease of reconfiguration is> ito j
easily predicted. ' a

4.3.3 Growth of the Network
4,3.3.1 Principle

[\s

As in sections 4.3.1 and 4.3.2, the ease with which a network can be expanded depends on
the current configuration as well as the manner in which stations are added. Special char-
agteristics of the physical configuration method of a network topology can make this task
easier. However, the more protacol specific optiotis available for expanding a MAN, the

[P
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more difficult the choosmg of an optlon for exp‘ ndmg the network. This choosmg of an

option becomés a problem ‘because the amount of analysis for the alternatives ihcreases as N

the numler of alternatives increase, Thus the expa nsibihty of the network is im%ersely related’
to the number of expansion altemathes :

. K ’ ’ . ; "i . Y]
4.3.3.2 Application ; I \; &

e
i\,
i,

The numbcr of choices allowed by the protocn! folr expmding aMAN anc; the e&‘ort involved

1llustrates why the number of expansion alternatiyes is chosen as the mc}!ex for this criteria.

Figule 4.6a shows how FDDI can bé used to link the stations in'one particular layout Only
., two extra links are required' with' two other links peing moved to incorporate the two new

statidns into themtwork ®).

/
0 f
G

@ = W
© Added Node | ‘“""*\\r" Atter«ed Lok
A\ . A

Q? Figure 4.6 Expmding a: FDD[ rietwork |

Metrormg could be configured in the same manner to produce a ring to cover the statinns.
Figu: 4.7 shows another _configuration taking \/ietronng\ branching abxhty into account,
Two ways of expanding this network are now possible. Fil's stly, the two stations cmuld just
be incorporated into the current links (ﬁgure 4,7b) with ¢ \vo links moving dnd two extra

being added. This takes the sanig effort as with the FDDI ciise above, Alternatively, anew’

- segment can be added into the network to add these two statlons in. Figure 4,7¢ shows how

this can be accomplished.. However; three more links are reqdu'ed and two stations require
reconﬁgurmg o ‘ .
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o ¢ All three networks take the same amount of resources to make expansions with min‘unnl
i \ -

) . effort. However, the number of alternatives for each MAN distinguishes the expansxbnhty
= better.
) \& N g .

\\\ ,. 4.4 Other Issues

sho Other issues need to be addressed in orderto choose a network. The three issues covered
below have been chosen because they are often considered in protocol design. They are
also taken into account when choosing protocols for unplen/ enting a network:

¥airness: When several nodes concun*ently use the network medmm, one wishes €ach to
have its share of bandwidth, This part:tion%ng of bandwidth is normally achieved by the
X MAC protacol. “The MAC protocol allows each station equal allotmentsof tifite with which
it can transmit to the physical network. Equality of the time allotment between stations -
gives theindex of fairness. Thus, unfairness between node bandwidth alldcatxon requu es’
- special mechanisms within the MAC protocol to correct the problem. '\

e y Flow Control: Fl\ow control is a mechanism in a protocol that enables a sei\dmg station to
@ \ " regulate the rate at which it transmits data, Regulation of the data transmission rate is
necessary to ensure the destination station is not swamped with data which it cannot
§ . process fast enough. This is important in networks that are operated close to their
kY - maximum capacity that also need quick efficient information transfer rates,
o _Capacity Constraints: In heavily loaded networks, capacity allocation can be a critical
“ o ‘ problem. Capacity allocation is the process of allocating encugh chiannel capacity for
o * any two physically separate stations to communicate across a network. This becomes

crucial due to the requirement that the two stations must commiuinicate at a minimum
required rate,
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When new protocols need as:sessing using this study of MAN comparison methods, new

issuesin functionahty might be addressed by'them. If such issues ire raised, they would fall

under this Section. It must be remembered the functions addressed should be between the
Physical and Transport layer of the 1SO protocol stack. For new issues to be considered they
must also take the limitations and assumptions of Section 1.4 intg/z; g:op;pt. N

4.4.1 Fairness of the Protocol Operation ‘j‘ B 8

Fairness becomes:an issue when many nodes in a heavxly loaded network need to-have a-

fixed portion of the network's asynchronous bandvndth exclusively for their own use.
Unfairdess occu;'s when one station gets mere data transferred than another station ie. one
station tends to claim more bandwidth to itself th.m the others. It is important to realise
that the loading of each station is the same for fairness to be obvious. The i improper design

of the bandwidth allocation function of the protocdl's MAC layer is where unfair behaviour -

stems from, . Differently loaded stations will obviously place different requirements as to
how much bandwidth is required, for servicing their loads. It is not easy to observe unfair
operation in these normal conditions where stations are not loaded €qually.

4.4.1.1 Pnncnple

O

most fair. Fairness is an issuc addressed in most protocols and necessary infpormation can
be found in papers discussing the protoc:ol The extent to which fair operati W is achieved
bya protocol is the basis for this criteria’s analysis. @ \

In this study of MAN comparison methods, one wishes “to establish which ’\g'otocol is the

W t

By

FDDI

FDDI does not need any special mechdnisms for fairness to be achieved between its nodes,

Fairness is inherent in the access rules of FDDI [Halsall 90] This appiie., even with multnple ‘

o

pnonty class operatxon. :

D

DQDB “ L. ‘ % : " . ) w“ D‘.n
" The DQDB protocoi has been under much scrutiny with pespect to the fairness achieved by

it [Banerjee et il 92], [Bisdikian 92], [Phung et al 92], [Conti et al 91a], [Sauei' et al 90].

" Phung and Breault [Phung et al 92}, describe the nature of this unfairness as foﬂows

i 8
Conuidera DQDﬂ network under a persistent traffic pattem (all nodes attempt to tiansmit
contmuousiy) where bandwidth distribution s assumed ¢ be steady state, For DQDB,
without any faimess mechanisms imorporated the bandwi th di ntribunon is regreﬁented
by: \
ybl'*‘bz"‘“-‘*\‘bk"i ‘ ‘ Losd Y
~ where b, is the throughput of node i meaaured over a sam plmg interval of length T

N is the number of nodes on the natwork. :

This relationship has 5o unique solution. Italsoshows that the final bandwidth distribution -

depends on the network conditions at the iime when the system goes ifito the overload
State, \
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The BWB mechamsm requires every node to let one empty slot pass for every 3 siots used
“ by the node for data transmission. When the bandwidth balzmcmg mechanism (BWB) is -
incorporated into the protocol, anew relationship results for the behaviour of each node’s

. - throughput: ! , ' . .

, N ! . 5 - - o o
= 1,2, . b i
B} ) b '

where [3is the BWB modulus . SRR R

~ The eﬂ’e'ct of this relationship is that some steady state bandwidth distribution is dttained
« + fora nésde, regardless of initial. condmons on the network. Another result is that the -
throughput distribution is independent of the nctwork configuration. Unfortunately,
independence of througliput distribution only applies in networks where one priority is
used. In the analysis, multiple priority operation resulted in thle bandwidth dlstnbution N
depending on the initial network conditions. ’ = : v

Q

Metroring’ R o , .

o
[

In Metroring the question of fair operation has not been fully analysed, but one behaviour

problem can be readily observed, The following effect may not be prominently manifest,

but over # long period of time its effect will be noted as throughputs of different stations

can be accurately measured. Assuine logical links between nodes across the network are
‘ created and destroyed dynamically over a short period of time.

o “\’
Figure 4.8 shows three concutrent links on ‘a‘t‘Metrormg network. Assuming the four stﬁtions
involved on logical links 1 and 2 tty and use all bandwidth available, contention arises at ¢
station A. Station A, operating at full processing speed, must relay data for both logical links
as fast as,possible. Thus, station A might cause a bottle-neck situation in the network due
to hardware processing rate limitations. If station A does not cause a boltle-neck effect, the-
physical link used by both connections will limit the rate of information ﬂowpn these logical
links due to its finite’ capacity. - ‘To simplify the discussion, assume the bandwidth of the
\ " physical link is shared 50%-50% between the two logical links, ‘Unfairness will be apparent .
- when a further logical link is present on the network. Logical connection 3 xllustrates such B
“acase, No contention is possible as it does not share resources used by other logxcal con-
nections, - It can use 100% of the physical link and station capacities. L
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o Figure 4.8 Concurrent logical llnks on a Metroring netwoxk /l

Thus the fairest protocol is FDDI, as its fairness of bandwidth aﬂocatxon"ns noted as inherent
inthe protocol. DQDB directly addresses the problem of. fairness and has severalmechanisms
to eliminate’ the unfaimess (secticn C2.3). DQDB and FDDI are unlike Metroring, where
unfairness of bandwidth allocation can occur duetoits’ mtemet-hke nature. No mechanisms

, - are uséd in Metroring to eliminate this possxb;hty =

4.4.2 Protocol Tlow Control Mechamsms

¥

. 4.4.2.1 Principle . 0

The effectiveness’of the flow control mechanism is used to compare protocols.

4.4.2,2 Application - o

A “ :
In a FDDI node, flow control is achieved by a higher layer such as XTP. When a connection
is set up by XTP, information flows from source to destination at a rate the destination
hardware must handle. To do this, an initial acknowledgement control packet signifies the
space available in the receiver’s buffers. Then, every time after the receiver has processed
a certain amount of incoming information, it sends an acknowledgement control packet to
the'source to indicate what packets are wiissing (as part of the error handling). Included in

* this dcknowledgement packet is information indicating what data storage space-is available

at the receiver. Evenrwhen data transfer does not take place at as a high a rate as possible,
the sending station does have direct control in this process, It uses SYNG indication in it's
frames to "poll’ the destination station’s. status ie. it forces the receiver to synchronize by

. sending a control packet lﬂack to the sender.

XTP also uses RATE contrctl to allow dtﬂ'erent station implementat:ons to vé‘ork according to

the slowest receiver’s pro essxﬂg rate. The necessary infommnon is a!so co}nmumcated via~
acknowledgement controlrpacket.s.

DQDB 4
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\DQDB does not implement flow control at the MAC layer. Flow control is also handled by
X{I’P as described for FDDI above.

/ N
Metror.ng is impiemented in hardware, and information exchange will take place at hxgh

rates lim;ted“only by the hardware’s ability, However, discrepancies in hardware abilities " -

o e not prouerly catered for. Special flow control algorithms are not used in Metroring.
- Rather, an inh erent attribute called back pressuse is manifest in a heavily loaded Metroring
: metwork Back) pressure deals with the problem of flow control.

IL a new packet arrives when a station’s receive buffers are full, the new packet is discarded.
An acknowledgement packet to the source will indicate the discarded packet needs to be
retransmitted to the destination station. Acknowledge packets, that are received before the
‘information is transmitted, are then also used to indicate if the destination station’s receive
. g <buffer is erapty. If either frame discarding or full receive buffer notlﬁcatlon occurs several
— tunes on one link; the source station’s frame queue fills up as its new contents are not con-
i st:mtly processed. In turn, ‘the source station will then start dnacarding incoming packets,
. Thus, the effect of congestion at a node is referred back towards the source nodes, hence

// -+ the name back pressure. N

: The mechanism, for Metroring would need time to take effect between the source and
o "/ destination stations. Thus, higher layer protocols for DQDB and FDDI which dnrectly address
the congestion problem, such as XTP, would be tf\e better choice,

4.4.3 Capacity ,’Plaxming Constraints of the Network

&

4, 4 .1 Principle ‘ N

Thxs criteria is onlyuseful if critical logical communicatnon links in the network are identified.
< The minimum allowable data rate on the communication links must also be specified for
capacity planning, . N

[

The capacity planning ablhty afforded by different MAN protocols, is to be evaluated. The
more data paths available or the more bandwidth permitted per data path in a network, the
better the capacity planning ability.

4.4.3.2 Application
) DQDB and FDDI networks share only one data channel between all the stations, However,
/@ Metroring has the capability of having at least two data channels between any two stations
: on the network. For example, figure 4,2ashows a Metrormg network where one operattonal
] x data path fs used while the other is non-operational.
: @ 4.5 Summary .
i ‘ b
Table 4.2 shows a comparison of factors relating to the three MANS, - \\\
‘ Utilizing the table will require the functional requirerents of the network design problem
i to be prioritized. Attempting to resolve the problem by stipulating the network raust the
I S ‘ (1) a synchronous packet service and
i (2) the most reliable topology features ' '
a\ © leads to conflicts as to which choice will be the best. Instead prioutuzed criteiia can lead to
it \ easily resolved problems. Eg: .
b iy ' : ’
. ./;‘
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«1Factor ¥DDI + XTP DQDB + XTP - Metro}ihg
AVAILABLE SERVICES : e o
Synchronous,., ../, S0 2 s .1 e
Asynchronous : 1 1 b1
RELIABILITY: Topology Strength : o | ‘
@ { Least Configuration Changes 3 2 ‘ o1
‘ Most Correctable Link Failures 2 s 2 1
"RELIABILITY: Hard Error Recovery - -, SN
Most Effective - 2 R | 3 |
RELIABILITY: Soft Error. Recovery e o @ w
Frame Checksum Function ' I S 2 o 2
Frame Sequencmg Function L1 1 1
MANAGEABILITY = = % | | L
Ease of Planning ot ; 1 2 - 3
Implementation Cost Efféctiveness ° 2. 1 3
Ease of Configurability of Network 1 .2 3 ).
Ease of Exparision of Network 1. @ 2 3
| OTHER « ‘ | \ : :
Fairest Bandwid thAiloczmon 1 = 2 3
’ Flow Control Effectiveness S | 1 o2
" Capacity Planning Ability : 2 2 o U 1

Table 4.2 Rclnlive effectiveness of functionality criterion wir.h 1 bc:ing most effective and 3 least cffcctwe. k)
indicates a protocol does not ‘have the attribute. ’

1st requireiment: Must have Synthronous Packet Service )
2nd requirement: MAN with Reliable Tc?polony B @
§ _ 3rdrequirement: Topology Planning must be énmple

The table shows that DdDB meets these priontized speciﬂc:mom most sansfactorﬂy
Generally, to keep the problem simple it is advantngeous to use only a few criteria.

table are relative comparisons. Instead of a relative effectiveness measure, if an *absolute
effectiveness! measure was derived for how efficiently protocols meet each criterion,
" weighting would become applicable. An ‘absolute effectiveness’ measure would mean the
effectiveness range of table 4.1 would be far greater than from 1 to 3. For example, effec

Trying to weight four or morecriteria by pnorities, is not practucal as the comparisons in the

&

tivenéss value'a from 1 to 10 could replace effectiveness values from 1 to 3, This wili allow -

evaluation of the dbsolute effectiveness of a protocol's ability to meet one of the criteria,
Achievinig this measurement process requires

(1) the ideal fulfilment of a criterion requirement to be defined and T
. (2) the ideal criterion fulfilment equated to an eﬂ‘(’ctiven}g/zss vatue of 10,
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CHAPTER 5: ANALYTI CAL COMPARISON OF MANS -

Networks have different kinds of physncal t‘opology shapes hke  ring, bus or star. Therefore |
! . it is difficult to compare certain aspects of their performanc(is such as data throughput and
o delays. A Standard Configuration is defined to address the \problem of analysing different -
topologies’ for comparing analytical performance charactenstncs of varnous MAN protocols.

o The characteristics of MANs exammed in terms of the analytncal compmson method (as from
section 3.4.2); are: :
o (1) maximum throughput of the protocol,

P - (2) bandwidth allocation to stations and
o (3) packet transmission delays between stations.” S o )
: These characteristics are represented quahtatively as parametric indices. They enable
I comparisons of the structural nature of MANSs. The structural nature of MANSs is analysed by
‘ o predicting the theoretical behaviour of MANs under specified conditlons, ie. the Standard
T Configuration. These indices aid in selecting a°MAN for an application where such

o requirements can be explicitly stated.

. 5.1 A(S}“andard Configuration
The specifications of the standard coﬁﬁguration“chosen are;”’
g . © PARAMETER VALUE
. ~ Physical T opology o Ring .
. :No, of Nodes: " -~ ) .25 ’ R
o Length of ring (s1») 100 ka _ . §
PR Light propagation speed (72 5+ 0,665 : o 0
4 " f
The physical topology is chosen to be a rmg as MANs are generaily configured as rings for
reliability of operatxon. A o
o Comphcated topologies, such as those encountered in Metfonng, are not easily analysed.

I

I{fﬁgimon to the topology structuring conforming to special protocol configuration rules,
- the loadmg on diffefent parts of a complicated topology would also play a role in determining *
s performance As noted in section 1.5.3.2, loading of natworks is hot orie of the factors
o considered in this chapter - we are looking at the nature of the physical network. Cases with
° - complicated topology and loading would require simulation to analyse the effects of topo-
K ~ logical complexity and loading effects. Thus for this analytic comparison the simplest
W ¥ topology and madmg requirements are considered.

of ‘ The number of nodes have béen arbitrarily chosen as 25. This parameter does notinflience
ey . the physncal performance of the network as much as topology and protocol parameters,

- ‘ . 'The length of the ting network, !, has been chosen to make the standard configuration
°1 | -resemble a MAN in terms of geographical extent. The stations are taken to be spaced
. equidistantly from each other around the ring: 0 3

4 R jisre IS the hght propagation speed asa fraction of the speed of light in a vacuum. The value

used follows from Erost's simulation of FDDI [Frost et al 90], Y
' 8
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5.2 Comparison of Perfo’rmance
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The characteristics for the analytical performance are defined in terms of several indices,
The three example protocols are then compared in terms of the analytical performance
indices. :

; 5.2.1 Absolute Maximum MAC layer Throughput

The absolute maximum MAC layer throughput mdex is an ideahzed measure of maximum
throughput of a MAN. This is an idealized measure because no implementation dependant
factors get taken into account in defining this measureand several assumptions invalidating
certain MAC protocol layer functnons. The following assumptions define the exact nature of
this performance measure:
- Only information frames of maximum length, as defined by the respective MAN MAGC,
are transmitted,
- None of the frames are con'upted In practice this is a realistic assumption as a fibre
medium has high reliability.
- 'I'hroughput takes place,'and is measured, only on one link between stations (No exter-
nal or .,econdary paths can be used for packet transferral)
- Iiformation is transmitted in one direction only,
. 08 Siation addresses use the shortest format permxssible for an informaticn frame. This is
: s ’able as only a maximum of 25 stations will need to be addressed in the Standard
3 f A ifiguration. .
" Stition hardware «can process the packets as fast as necéssary. This ensures that no

o

B o 3.1turation occurs at station input quiues receiving packets from the network. This is

., assumed: to make this measure independent of implementatiori' dependant factors or -
higherlayer mechanisms, such as flow control. Flow ¢ontrol intentionally degrades
throughput sc that hardware frame processing speeds are not exceeded, p

The maximum MAC throughput is thus the "instantaneous" MAC user bandwidth, ie. the
. maximum throughput a node can attain in which it uses all available network capacity of one
link between two adjacent stations. This quantity is useful in determining which network is

best suited to a high-speed data commumcation application, where dedicated logical data

@ links must exist between specific applications for a short durat:on of time.

Detivations for calculating this measure are found in appendix F. Independent variables
used in the calculation are;

R Inter-Frame Gap - The pauses between frames transmitted

Maximum Frame Size - Maximum size allowed by the MAC protocol. /
{

Minimum Preamble Length - Unused portion at the beginning of the frame
" Minimum Header Length - MAC relevant information before the user data portion of the

G ‘ frame o

‘ Minimum Trznler Length - MAC relevant informatlon after the user data portion of the
frame
Link Capnmty - The raw bit rate the medium operates at

Table 5.1 shows the absolute maximum throug.nput for each example protocol at the MAC
layer for one link, The independent parameter values used are obtained from Ross [Ross
89] and Mollenauer [Mollenauer 89]. Note that none of the MANs use inter-frame snacmg

; ‘ This helps increase the protacol efficiency.
\\

The values given relate to special characteristics of protocols:
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Maximum User Data per Frame - Maximum data size allowed to be sent ta the MAC
from the user layer above
Maximum MAC Efficiency - A measure of how well space on the medlum is used to:
transport the user data

" Absolute dexmum MAC Throughput - How much information the MAC user could

possibly communicate per unit time

Tﬁe maximum MAG efficiency is the same as approximately normalized throughput - it gives

- an indication of how well a protocol uses the bandwidth available to it. This is useful in

determining how efﬁci°ntly a MAC protocol data frame is structured in terms of frame field

Iengths
Parameser. : Units FDDI  DQDB MR
Max Frame Size . Bytes 4500 53 4096
Inter-Frame Gap . psec ‘ 0 0 0y .

| Min. Preamble Length Bytes " 5 0 2
Min. Header Length Bytes 6 7 19
Min. Trailer Length =~ Bytes . 6 4 0
Max. User Data per Frame  Bytes 4483 42, 4077
Max. MAG Efficiency % 99,622 79,245 99,536
Link Capacity M bits/s 100 - 150 100
Abs. Max. MAC Throughiput M bits/s 99,622 118,868 99,536

Table 5.1 Compmson of absolute maximum throughput )
5.2.2 Ban\dwxdth Allocation .

For the standard conﬁguratlon, table 5.2 shows the availabie raw bit rate, b, in bits per second

for a station. This is the bandwidth available at the physical layer for one station when it

communigates as a component of the network

Parameter - " DQDB * FDDI MR
E (bps) . 150M 100M: 100M
b (bps) - azm” . 4M -~ 200M%

J Table 5.2 Raw bit rate available per station

Appendix F explains how this value is detived for each type of MAN.

The station bandwidth for DQDB, indicated *, is a maximum value. The actual bandwidth
used by a station in DQDB would be depéndant on its physical position relative to the ends
of the logical bus. For example, if a station is situated at the end of the logical bus, only one
bus is necessary for transmission to any other station on the network. On the ottier hand,

Aif the station were situated near the middle of the logical network and if destination stations

on each side of the transmitting station were balanced in terms of number of requests, both .

busses would be well utilized, Note that the MAC operation would balance the bandwidth
out between stations. Due to unfairness in banidwidth allocation to nodes being inherent in
the protocol, this intended balancing of bandwidth is not entirely achieved. Some nodes
will have slightly less available bandwidth than what this index predicts.

&
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‘ In Metroring, the value indicated # applies to each siation since the total bandwidth for
@ ‘ transmission is equivalent to that for all ports. The value given is for-a station with two ports,

b Anotherimportant consideration when using this measure with Metroring, is that each station
has to relay information intended for osther stations. Thus bandwidth is allocated for logical

links ever when nodes don't transmit data originating from their own usess (as explained/in '

+ section 4.4.1). In the case of Metrormg this measure assumes the station is routing no other
station’s frames, : -

5.2.3 Packet Transmission Delays “

, in only the source and destination nodes is not taken into accounf in these times. The delays
a Lo for the three example protocols evaluated are derived in'appendix F and are;

{proc = The processing delay on a packet incurred by the station when the packet
¢ address needs tobe processed before routing it.,

AVG

tzzc = The delay incurred by the receiving components in the station,

treans = The delay incurred by the transmlrfmg components in the station. o

tmax = The delay over the longest possible path on which a packet can travel on ie.
s when source and destination stations are as fai apart as possible for the protocol,
Lo “ eg. for DQDB the stations are at opposite ends of the bus. For FDDI when the
' : destination station is the upstream neighbour of the source station 2)

t.n = The delay over the shortest possible path the packet can travel in the direction of

packet flow. This occurs when source and destination stations are physically
adjacent to each other. sn\\w

t 20e= The average transmission delay is the average of the measured delays as the number
of packets transmitted on the network tends to infinity. Destination stations are
assumed to be chosen using a uniform distribution random number generator.,

Qo

These values are compared as shown in table 5.3. t,404 tprcand i, 4,,5 are implementation
dependant factors. However, their values need not be available for a comparison to be
possible; they can all be set to zero.

Inthis specific evaluation, several values are assumed. Packet processing delayis siotavailable
for any of the protocols, but FDDI is specified to have a 10 bit elasticity buffer present in
each station. Thus FDDI has ts4c as a non-zero value equivalent to 10 bit durations. The
values used for station receiver and transmitter delays are assumed if they cannot be
Q calculited. For DQDB, only a-transmission delay is assumed. It is assumed equal to half a
5 bit’s duration as a logical OR gate serves as the transmitting device. (Such a logic gate is
) - assumed to have a delay close to its required operating rate.) In Metroring, halfa bit duration
is similarly assumed for receiving and transmitting the signal. This delay is then proportioned
equally between the transmiitter and receiver for Metroring. Values for FDDI's required
Jxeceiver and transmitter delays were derived from Burr [Burr 88]. These delays were taken
to lie halfway between the respective Optical interface maximum and minimum required
@ signal rise times.

t
1 -
t “ R

f

o

G
The bandwidth available to any station is B times the number of output ports on the station,

The standard configuration is used in comparing delays in each type of network. Time is
measured from transmission of start bit to reception of start bit. The processing time, tpp00

i
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* Parameter FDDI DQDB _*M-R.
L roc (526) X\ *8,000E-08 0 0
trec (5€C)° 5 2,800E-09 0. 2500B-09("" |
Lrrans (5€C) 2,050E-09 * 3,333E-09  2,500E-09 | .
Lmax (5€€) 0,00037842 0,00037655 . 0,00024066| - .
bin (S€C) 0,00001569  0,00001568 0,00001569 | -~
£ae(5€C) | 0,00019709  0,00019612 - 0,00019614 |
c. . Table 3.3 Delays expericnced In MANs &

»These measures can be used to est.abhsh ‘which MANs best ﬂt the problem s basm delay
requirements eg. the maximum perntissible delay allowed between any two stations or the
average propagation delay for the network.
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actual details of the requirements negd to be taken into account, ie. examination of a pro-

“tocol’s performance under a specific network configuration and user load. This is best

achieved via simulation of the protocol using the loading and network configuration as inputs.

After establishing the requirements for simulation, discussed in section 6.1, a system must
be'designed to meet the requirements as closely as possible. Sections 6.2 to 6,4 describe
decisions and assumptions made' during the design, as well as the operation of the system.

6.1 Pyobi\.m Identlﬁcation
For the creation of the simulator, several criteria are identified to definethe scopeand nature o
of the simulator design. For this part of the simulator design we distinguish between:
1) Simulator minimum requirements ie. the basic functions it m “.:’perfonn,
2) Special techniques or algorithms to be used in implementing specific élmulator func-
tions, \y
3) Limitations or restrictions needed for practical implementation of the simulator and
4) Tools and methods to be used in the implementation ie. the required resources,
5) Limitations or restrictions on the simulator design and operation resulting from the _
above factors that,can be predicted at this pomt of the design.

6.1.1 Basic Requu'ements for the Simulator

Basic requirements aré detajled here, while section 6.1.3 lists assumptions made in the
implementation ofthe simula{». -2 whxch also contributeto the requu'ements for the simulator.

Asimulator that represents all possible detail of real networks is an ideal, however limitations
do exist with real processors (processing speed and available memory) and this leads to
models approximating what happens in reality. Sections 6.1.1 and 6.1.3 are disassociated
because the requirements (as in section.£:1.1) of tho-design and the assumptions limiting
the design (section 6,1.3) need.tJ be separately “examined. Separately examiriation of
requirements and assump.no.{s aid understanding and appreciation “of the difference
between the ideal simulator (accurately depicting the real world) and the practical simulator
(approximating what happens in reulity). 9

The minimal set of requirements for the simulator are: . o

6.1.1.1 The load, topology and basic protocol anc'mx \wfn;)rk parameters must be user

Specnﬁable ,\
oy =2
The network’s 16ad and conhgura“non are the obvious inputs to the system. Other sunulation&% v
and system parameters must be specified by the user. . //
R /
1

e

Three ways of specifying the load type are possible:

Globally for the network - Particularly in evaluating protocol behaviours corhparanvéh}&\
many simulations require the homogeneous (or uniform) behaviour of the net-
work to be evaluated. Therefore, the load needs to homogeneous in nature for
the simulation to be valid, o

e

CHAPTER 6: MAN SIMULATOR REQUIREMENTS .

IE] decidlng which network protocol is best suited to specific network téquweméﬁts, the

Nk
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Uniquely for each station on the rietwork - When looking at case study probl¢ms, differ-
entiation between the load generated by individugl stations on the netwdyrk is

necessary. By specifying the foad for each mdiv:dqal station on the netwgrk, real - o
* lif¢ sicuations will be depicted more accurately. o R !

Externabsource - To depict 4 network’s loading more accurately, the stream of ;\mcketé
generated by an operating network's load could be tapped. To cater for sucha -
situation, the monitored load of the real network must be able to be fed intoithe

. simufator. Although the technicalities of this problem can be immense, a simple
. mechanism for feeding in a stream of messages to the simulator from a disk ﬁle. is

prowded This mechanism could be used for utilizing real foads recorded fro , O

brating networks L o \ '

5

Th"a conliguration of stations on the network is to be specified in terms of:

- The physical links to wh:ch a station is attached. Each link can be given an |dentxher \
through which stations can keep track of their respective output links, ‘

s Th\.. physical length of each physical link. w“ | \\

e

Othpr parameters that;need to be specified by the user are:

+" .The number of stations on the network ,

e ,User identification names for each station on the network. Association of load, con-
[P ﬁguration and outpuit informatton is thereby facilitated for”’ each respective statxon.

- The selected .‘N nrotocol for smulanon. P

- I’.u'ameters speciﬂc to the operation of each protocol. For example, onlr one para-

y meter was for FDDI: the set of TTRT values (Target ToKen Rotation Times) for each
V. priority level in FDDL o ;

G - General parameters needed to operate the protocdls. These.are the common factors
"+ " needed for specifying protocol operation: =" © :
- Line bit rates (speed of physical link operation) o ‘

» Velocity of light propagation in the physical link medium as a ﬁ'action of the speed

, of light in a-vacuup

o - Bit corruption rate; how often a bit is recewed mcorrectly by a station - rebultmg in
packet corruption
- The hardware latency of a station; the time it takes for a bnt to propagate from the .
receiving port of a station to the resuiting output port of the station - thns can be due
to electronits delays or processing delays
‘. -The number of levels of applicable priorities for the sunuiation T :
- - The proportion of user data messages for each prionty level ' o
- The limit to the size of the MAC queues. Packe»s arriving which exceed thxs limxt are
\ delayed. Y

\.
\ \ .
Y ) X ~\ 5 B
Y k iy Wy

L8 i?\Z Capability to implement the F\DDI DQDme‘d Metrorin‘g protocols

0

. The capabdnty to handlp: the example pmotocol’s (FbDI, DQDB and Metroring) will enable;

\\

. Y .
}a} Comp\arison to be made between sevet al tnvestlgzited protocols o oo

When the, .protocols are modelied using a common set of assumptibns (sectlon 6.1 3), ( \
co\npanson\ of performance is standardnzed " o )

B




N

A

[Conti et al 91a] o \

L b) The protocol speciﬂc adaptnons \*o be |llustrated

o

The modellmg of the protocols for their mtegmt:on into the simulator ilfustrates how future .
f“protocols are to be adapted

‘\\

6 1 1. 3 Collection of statistics on delays and throughputs of the network

Ar\other important decision iy the spec:flcatién)of the simulator, is the measurements it must
take for assessing operation of the protocols. The most distinguishing feature of this
simulator is its use for comparatively asyessing protocol performance between different
protocols, while the network configuration and loading are taken into account. Hence
common mzasures of assessing protocol petf forntance are needed. ‘These common measures
for protocol performance contrast agdinst tue unique measurement criteria for examining
specific protocol characteristics. \

‘Specific protocol characteris tics have been ex.\rnined in cases where the ¥FDDI and DQDB

protocols have been individually simulated. In \*he case of FDD], criteria like token-rotation
time, synchronous-access time interval and nhg“laten(:y [Johnson 88], [Dykeman et al 88],
[Jain 91] play an important role. With DQDB an xmportant criteria is fairness which can be
assessed from bus access delay and bandwidth utlhzatlon of individual nodes [andlklan 92],

v

General criteria like throughput and delays, as cho.ien in section 3 4, 3, are the definite
candidates for performance measure¢ment. They allow the evaluation of the efficiency with

which a network uses its capacity and the iriformation transfer rate accomplished. As these

ave general criteria, the quantities the sifnula‘tor will measure need to be cautiously specified.
|
Throughput and delays ‘can apply to drfferent aspects of a network"‘ “behaviour, Two

important aspects that will apply to this pamc‘ular sityation are: “

(1) The information throughput availableto'a user and the end-to-end delays experlenced
at this level. This is most important as it deals with the behavnour Yaar any user of the
network is exposed to. o~

(2} The physical network’s behaviour, 'I‘he throughput and delays experienced at this

level are limited by the physical nature of the networl. When oneis desigming anetwork

(planning a configuration or load distiibution) these indices can provide relative
measures of topology strength or "quality" of load dnsmbuhon.

Hence the minimum set of required measurements are: a

1) End-to-end phyaical delay - The delay experienced by a packet from the transmission
_ ofits Jast bit at the source station output port untll its last bit reception at the destination
~ station input port. .

2) End-to-end Cler delay - The delay experienced by a message from the time ofits

creation at the user layer until its final bit Yeception at the destination station. Messages
are the units of data used at the user layer, as discussed in section 6.3.1. ’

. 3) Physical layer throughput - 'I‘his is the amount of bzmdwidth used by the physical
links during the simulation or the amount oL,physical bits transmitted on the physical
line per unit ti/je. It is different to the physical line bit rate, as it takes into zccount the
penods when o data transmission is ocecurring.

4) Ufer layer throughpuit - This is the throughput seen by the end u'«'er ie. the amount |

of useful data (in message bits) the system transfcrs per uriit time.

’w/ , ” | b - ! |
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As throughput can vary wnth tlme during network activuy, measured throughput is to be the

average for a period of time. The averages of these values (throughput and delay values)
- for the duration of the simulation will be the primary outputs of the system. Other cutputs

useful in describing the nature ‘of the system can be determined from the necessary
mmeasurement data gathered to determine the pnmnry outputs (descnbed during. des:gn
“process). ° e

6.1.1.4 Control of the accuracy of the output J"fz\” .
"I‘he dccuracy of the outputs needs to be determined or controlled for any reliable decis:ons.
Controlling the accuracy.is achieved by means of controlling the duration of the simulatioh
using a sequential procedure. The aim is to calculate an average value for the specifi¢.
measurement, with the value falling within a certain confidence interval. The confidence
interval size is'calculated from a user specified degree of confidence. In othér words,the ;
user specifies the degree of confidence with which an output must be given and the simulator
will calculate the size of the conﬁdence interval along with the estimate of the.real value

"‘\.\

Thisds a departure frbm the more straightforward method in which the user can specify the
level of confidence along with a required relative precision for the confidence interval.- The
relativé precision of the confidence intérval simnply refers to the fraction. the confidence’
interval size is of the estimate of the corresponding average. This relative precision is not
used, because the user must have a fair idea of the final estimates of the average outputs
they are dealing with for all simulations omformea in the solving-of a pamcular network
problem. “Yigure 6.1 iliustrates this scenario.

v s

A . B C e
A’ N B/ o . D’(_n,} -
c\} Vv » ‘ ' g
s Confidence h
= fnterval Size

" Figure 6.1 Interpreting wt!m'lt&s and confldence Intervals”
Readings B and o 0verlappmg conﬁdexzme intexvals makes discerninerit of readings dlmcult, thcref‘ore make
& tie relative precisions smaller.
Readings ?.. anid D: 1’s ‘confidence iptarval Is very large, but does not need ch:mging as lt does not overlap with

3 G . \\ A

If the problem entails varying some of the networklfparam{g‘:"ers to find a goo‘;;‘\ solution to
the design of a'network, then observing one output (or measurentent) of tjie different
“simulated scenarips would produce estimates (A, B, C and D) along with them confidence
intervals (A’, B, G’ arid D) as shown in the figure. If the estimates of the measurements vary
unpredictably, there is difficulty in assessing the maximum size of the required confidence
intervals for each case. (Confidence intervals should not overiap for one to assume, with
the tequu‘ed level of conﬁdence, onevalue dxfferent fronyanother,)

Although this arguinent sounds reasonable, 4 converse situation can counter this, 1If the
estimates are situated close to each other and their values be fairly accurately predicted,
one can determine the relative precisions for each case of simulation. However, the initial
reasons for using this simulator entail the fact that the user cannot predict the final & eotimates
of the outputs. Thus detérmining feasihle relative precisions for simulatjons is not p} actical

w o
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* While this line: of reasoning for the choice of i inputs- for accuracy contmi is not very strong,

the merit of this choice can only be properly assessed once the simulator is tested and results
‘become available. o

6.1.1.5 Ac’c-‘urate impiementation of the ptotocol models

29

The implementations of the FDDI and DQDB protocols must comply to the IEEE standards
.(documents ANSI/IEEE 802.5 and IEEE 802.6), as outlined'in [Ross 89] and [Sauver et al 90].’

The Métroring protocol was not completely specified before its implementation, but due to
assumptions 2, 3, 5 and 6 in section 6.1,3 many of the potentiai problems of modellmg this
protocol are eliminated: These assumptions also allow the sunphﬁcation of the FDDi and
DQDB protocol models for the simulator. . £ g

9 6)1‘2 Special Terhmques or Algomthms to be Employed

ot

This section describes techniques and aigonthms denveu from the hterature, which are
considered necessary for the simulator’s construcnon//Q ‘ -
6.1.2.1 Statistical modelling of the \lSel' load

s

An important aspeéct of modelling the simulatoris the way the load (ofa station or the whole
network) is modelled. The most practical way of doing this, is to moiel it statistically as in
several other cases [Frost et al 90], [Conti et al 91a], [Sauer et al 90], [Johnson 88] The
load for the MAN simulator is characterised by: \ &

(1) The length of the messages 2 ’
(2) The inter-arrival time between messages
Gy T] ¢ maximum length of messages (this is taken care of by maximum allowable lengths

“of packets at t}\e physical layer )

The additionaily factor, taken into account.in this simulator, is the maximum amount of data

a station may generate. " This is significant becausc it aliows
~ {1) inactive stations, not producs any load for the network, to exist on the network and
- (2) controi of how much load a station inserts onto the network during a simulation.

Point (1) is applicable to real world situations eg. where britlges and routers .(not using

o spanning trees) are pari-of the network and do not produce load for the network. Point (2)

is a result of foresight as to the natire of data length distributions. . Extra large messages
mighit offset the effective average message length excessively over a simulation of a short
duration. However, by specifying a maximum amount of data a station user may generate,

the overall average of the data lengths is controlled. The user load, or throughput, is thus -

kept to the required average for‘the whole simulation as origmally intended thus making
the loading more accurate for short simulanons ' :

The lengths and inter-arrival times of massages are specified as averages. ’I‘he distributions
of these generated values are exponernitial as they replicate asynchronous network load
characteristics the mest accurately [Sauer et al 83]. Some simulations have chosen packet
lengths to be constant or fixed values [Conti et al 91a), [Sauer et al 90], Nevertheless, these
simulations have been primarily intended to analyse protocol specific mechani$ms and

- behaviours. The random distributicns of packet lengths will be better suited to anilysing

the load dependant effects of networks as this i is representativ of what happens thh real
user loads, ’ 7 ‘ \\
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| 6.1.2, 2 Conﬁdence interval construction for menitored values e \\\
In any smulatnon, the monitored values are. derlved from the sample values” \ which are
" derived from the pracess betng simulated. One needs:to determine just how a«\curate the

’ ‘ resulting average value is. \ _ S Q- ¢ \‘ . ' |

As mentioned in section 6.1.1.4, the constructxon of a’ conﬁdeﬁ e interva! for the munitored :
_ valueis tobe used. The user will specify a level of confidence (:}s a percentage/ probnbihty),

L R " sayp,withwhichthe confidence interval size, sayx, willbe detezrmined From these me'asures J
k< % we will be.able to say the final estimate of the value has a p percent Drobi\d?lhty of x\’alhng

within a tolerance band of size x of the true value of the quantity being monitored.

S,
N

: . The method employed for constructmg confidence intervals follows-3auer chapter 8 seétion
(¢ - 6 [Sauer et al 83]. Itis referred to as the sequential procedure of Law and Carson an\‘i is
Ve ) preferred over the other methods since it is applicable to real world problems m d
- dynamically determines the amount of data it requires. This procedure analyses the

4 correlation between collected samples, and terminates the sample capturing, and thus the
o ~ simiulation, when the correlation is taken to be negligible. Correlation between samples was’
- noted to be critlc'xl in statistical analysis [Sauer et al 83} and for this reason this different
apptoach was employed £b controlling the accu racy"of results. Correlatnon between samples
leads to a biased vanance and mac(curate averages. , v :

‘ . ‘Refer to appendix G for the details of how the sequential procedure employed functions.
o o The method employed in the simulator differs from the original sequential procedure in
that the relative prec:Sxon is not required. o '

(o

6.1.2.3 Pseudo-dynamlc load genetatlon

The actual method of load generation requires spemal consideration. In the case of discrete
event sxmulation, the packets or messages being generated for load tike up finite amourits
of memory. The whole load generated can then easily exceed system resources, such as -
mexnory, during long simulations, Notice that simulation length is not always predictable
and the total number of messages generated can not always be determined. .

- o Aspecial method to generate messages'in finite controllable numbers is used trom a prewous
A , simulation {Dahl et a1 91]. This discrete-event token-ring simulator [Dahl etal 91] employed

‘ a method for controlling the generqtlon of;: messages. The method will be referre,d to as
_ pseudo-dynamic load generation. P : Y

[§ »

‘ Figure.6.2 dnsplays aportion ofthe discrete-event snmulatnon time-line and helps demonstrate

/g\q ‘ how this technique operates. In discrete-event simulation timé is actualiy incremented in

discrete measures or it is advanced to the next event in time, -The labelled vertical lines on

' this time line indicate events in the system which get processed as the simulation time reaches
‘these points, o o . S

The events labelled A;B and C co\n'espond to events that will trigger load generation for the
1 system. These poirts are equidlsta\\t from each other. After every load message generation,
the next load generation event in the sequence is scheduled. At esich of these points load

inessages are generated for each of the stations in thé network for the period of time between

O the presentand the next load generation event. The generation of messages must take place
‘ for each station in the network and the messages (A1 to A4 genérated from event A, and B1
to B5 generated from event B) are inserted into the respective station scheduled input queues
(these queues’ sequences dnd messages depicted by the areas between the horizontal datted

i
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Figurc 6.2 An abstract deph.tion oF pseudo-dyu:umc Toad gercrat!on

SR
o

lm\*sv S1, sz etc). Thestationsthen Jonly acknowledgethe existenct;of each ofthese mescages
{ when thesimulation time (tsIM) exceeds the message’s scheduled time inthe system, (Events
" to the l2ft of tgy\ have been processed by the system while messages to the left of tgypmin

the stition gueues have been processed by the stations.)

. 6.1.3 Assumptions for Practical Implementation and Opei-ahon of the Siq‘yulator

A detailed implementation of each protocol's oper‘mon is impractical, Several assumptions
help narrow down the scope of the simulator design further, Many of these assumptions
_are implicit in the protocol models used in other simulators [¥Frost et al 90] [Conti etal 91a],

[Sauer et al 90], [Johnson 88]. ¢

6.1.3.1 A special variation for the protocol stack to Bo simulated is de’ﬁned

&

i
Y
"

This is necessary for a common point of ¢comparing protocol performances against each
other, as was already discussed t‘or the study of companson methods in section 3.1.

The protocol functions ccmsidered for the simulator are:’ \
- framing of a packet by the MAC layer A\
- detection of packet bit errors 5

- routing of a packet through thg network, if necessary (m:t all prctocols need this

function) LR
- addressing of packets for identification of source and destination stations

-

f - connection management. A restricted form is used to simplify higher layer oper-
ations being simulated. Only point-to-point connections are estabhshed Only infor-"=<._

[
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mation® frames are répresented. , -
-« fragmentation of packets from the user layef when thelnsnze exceeds the thaximumo
y  allowed by the MAClayer =~ ° - e

b

e stack, the top of{the MAC layer is also represented as the user end-point. Hence, the

, Asthe whole of tlj MAC layerwﬂl be modelled but not necessanly the rest of the, protocol
oo . . throughput or.d

lays measured at the top of the MAC layer can also be referred to as the

o s endto-end user}J yer measurements. Cg
: 6.1.3.2 Only emmulation of the basic MAN archltectures W1thout bridges or gateways to

: ‘ external networks is necessary ! ( e o . o
s ‘ ‘ In assessing several ‘VlAN protocol’s performances (inan absg 0 e or comparative way) théir

interactions with the outside world are not aSSessed

» ;e of the limitations to the
scope of the study of comparxson methods set out in seci "

i
‘ 6.1.3.3 Implementation dependanLcharacterlstncs should be @bsent\from th{ é proto“col
a v maodeis ‘ . o

"\‘

"o
S

7 [
/ " No unspecifiable delays in mtemal hardware or protocol stack traversal of packets (together
sl . generalized as processing time) should be taken into account. As the protocols are modelled
EENAL Y . fioma functional point of view, such implementation dependcncies are not considered.

S N\  Implementation details are not coiisidered when dealing with the theoretical behaviour of
L o= protocolsin the design and development stages. Thisisinherently assumed in papers dealing
‘ only with’ analysls of protocol characteristics [Conti et al 91a], [Sauer et al 90}, Although
+ - processing latencies in software do have big effects on performance [Frost et al 90], these

L delays ¢zanot be modelled for Metroring (as there are no implementations avaxl.nble) Thus,

such lmplementation dependant factors are not modelled ' :

o ,

oot = 6.1.3.4 Asynchronous traffic’ is the only class of trafﬂc simulatéd
: ) )

P This is one of the original assumpnons for MAN comparisons set out in section 1. 4 e

oo U 6.1.3.5 Steady-state network operation takes place

U

“l - This was assumed in section 1, 4 because the performance examined depends on loadmg

‘ ) - depend onchangesin hardware components orthenetwork connguratlon. The performance
' PO ' indlces used are meant to reflect steady-state operation anyway

T 5 ©

and physical conﬁguratlon of the network.. The performance 6f the protocol would not .

o

pid - 613.6The simulator must work as fast as posslble R S
o \ This is a desivable feature of any simulator, thus implementing the protocols as efficiently as
» @ possibleis necessary: This also means derived protocol models must be as sunple as possible
AR without omitting apy functions as mentioned in section 6.1.3.1. .
(r% ' 6.1.4 Tools and Methods for l'mplementation v
| o The following resotJrces and techniques l"or unplemenﬁng the simulator have been selected:
) ] C, . : : [‘T-?\\\f ) ’ ’ ‘\ \ ! . h o
; | J b
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_"6.1.4.1 Object oriented design uéing C++ o
. : ' . ) . L
This is a popular tool used for software implementation an\d development today. Itisa . !
language that supports software management by allowing the user to exercise ﬂexxbihty and
modularity in design [Stroustrup 92] - o

[ h E o

6.1.4.2 Discrete-event simu\anon techniques are used in the system

The discussion of the snmulator s requwements has thus far assumed that discrete-event

simulation is takmg place. This method of simulation is used beca\use itis best suited to'time -

dependant simuiattons, ie. it works fastest [Sauer etal 83). N o s @
g , ) o : //\)

6.1.5 Resultmg Limitations or Restrictions : ‘ O

‘I‘hese are fimitations that can be anncnpated ahead'of time, Other requirements for the
(% development or succe/}sful operation of the system can be identiﬁed at this stage. £

6.1. 5.1 Alimited number of resources will be able to resnde ‘in the system at-one time due
to memory limitations. A

Thls factor must be taken into account throughout the desngn phase. It implies memory :
should be used as efficiently as possible. To achieve this.small data structurés should be i
usedand preyentatnve measures taken for protection against memory saturation, which could

possibly cause the simulatg-' program to hang. N

B b

A

]

6152 Simulatzon runs m:ght be unacceptabiy slow even if des:gned for maximum speed,’

Insome protocol simulatlons opcration may beunavoidably compfex and take large amounts
- of pi’ocessing time to compléte simple operations. - This compiex operanon makes the
simulation slow. If a speoiﬁc simulation model is knowm to take long to execute, a time
1}1111““(1 simulation option can be USed o o

P

6.2 Identnfymg the System Components .
In creatmg a system that simulates different protocols, it is best to create an envu'onment of
software resources that each protccol entity can use: The protocol entity can then use these
resources in a manner that best suités its implementation. The environment chosen cousists

‘. of software objects that can be handled by the protocol ent;ty The protocol entities would

also be software objects. Lo “ \ )

A\
Y

Figure 6.3 shows the component typés of the simulatar: the enwrohment components, the
protocol components Td the user interfate. e \ , ,

The companent types art\ described belov. The desxgn of the envifonment and the pro-
tocoi’ components are deswibed in thenext secﬁcns
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e Figure 6.3 Components and their types in the simalator N
6.2.1 User Interface o 7 |

Theuserinterface is not directly associated with the environment components or the pro\\}ocol

components, but it does influence the behaviour of the environment. Using this component
of the system, a user can control simulation behaviours via parameters, These parameters
are methi (vd of termination, loading of the network, topology.of the network, the
protoced 1'to be used. Other criteria necessary for either the specific protocol to use or
special sc.ttmgs for the system (like those listed in section 6.1.1.1) can also be controlled by
the user from this user interface component. :

s,
N,

U, - i ‘ ‘
"The design of the userinterface js not detailed, as it does not constitute the simulation
mechanism.- : . ‘ SO

6.2.2 Simulator En vu'onment

The environiment ob;ects must, mdwidu:nily or collestwely, fovide functi
objects to be of any use. Oneimportant thechanism thatmustbe managed by the environmeiit
is communication biiween the protocols and the environment objects: Here, events are
thus used for communication between individual environment objects and between protocol
objects and environment objects, ‘ : 5

Q
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Two critical components needzd for such a system are an event scheduler/ processor and

. a sequential store for events processed. These componerits, operating togt.ther, also help -
: unplement the discrete-eventsimulation mechamsm aswell asallow communication between

“environmént components.

6.2.3 Protocol o

© “ ol ro,

I

Protocol components or protocof-objects are the entines which emulate the behaviour of

stations on the network.  Protocol objects reflect speclﬁc MAC and physical layer standards
which specify the network's operation, eg. FDDI or Ethernet. Events, of which packets ai'e
a type of, are needed-to activate and operate these protocol components Several protocols
are dealt with by the simulator via a protocol control module. The prdtocol control module
will reference one of the several protocol model components (FDDI, DQDB and Metronng)
for processmg network évents. ;

W

6.3 The Design of the Simulator Envn“onment B

Two aspects of the simulator erivironment's specxﬂcatnon are separated. The individual
components constitutmg the enviconment and their mteractlon with each other. < '

6.3.1 Compqnents Constitutmg the Emm'onment i . n

Er

The following are the objects constituting the environment. The two used for handling

communication and simulation, the Scheduler and the Global Events List, are typical for q

such an application. The Generator and Terminator objects are unique to this system. §

They perform tasks prowding s¢ lf contained functions that the simulator operation requires.

)
Network Characteristics ¢ ‘ontroller NCC): ‘ '

This component simply routes events from the Scheduler through to the user selected
protdcoi object. The g\\eneral purpose of the NCC is to allow events to be channelled
to one of several protocol entities present in the system. The protocol object to be
used in the simulation has to be reg:steret.\wnh the NCC,

Generator:

The Generator creates messages;, for representing the data sent by the user, These @
messages are then b oken down iito packets (fragmented) for transmission on the/
network., The protocvSl object has control over this fragmenting process.

Temnnatot

Scheduler. )

Thisisan object that checks whether the simulation must terminate or not. Itis activated 0
by an unique event sent from the Scheduler. After processing, it returns a code to the
Scheduler to tell whether to terminate with the simulation or not. One of three dif-
ferent kinds of checks is performed, as determined by the user in section 6.1.1: |

- Terminate by time limit (simulated time),

- terminate after a certain number of packets are received by the network or ‘

-terminate after enough samples are available to meet a specified confidence interval.

This is the component that actually performs the simulation. It extracts the time-or-
dered events frbm the Global Events List and routes each type of event to its corre-
sponding proce: \ essing clement or component in the system. For this routing to occur
correctly, each eveént proressing component in the system must be registered with the
Scheduler when the system is initialized.,

Ak
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Load Generation Information: ‘

. This is global data that speciﬁes how a load must be generated for the network asa

» - N whole. Itis used for settirig up data type events, packets Or messages,. u( each station,
The overall effect is that the network’s Ioad is spemﬁed by the Generator using this .
load generation informatnon , «

Statiops: - ' o S
o ‘ Stations are represented by unique classes, dubbed Station, that contain queues, lmks
@ S {ports) and logic link stations. They contain data on how the specific station is to
o generate aload statistically, Sta?ion also contains measurement data for the station’s*
' ‘ ‘ performance indices. All network stations’ status data is stored in cne global array,
Stations. Stations must simply be referenced to access the correct data- structure
elemeni. (Station) for the con'c.sponding network stanon. R :

’ Gaobal Events List (GEL): -
, Thisis the storage pioint for all active everts in the system such as packets and messages.
" Whena packet is trayelling on the network it is placed in this list. “Yhen when it is to °
o "bereceived atadestination station itis removed from this listand passed to the protocol
el ‘object to emuiate aframe reception, Load generation and termination checking events Q\
’ are also placed in here. When the time comes for these events processing they are 1

removed from the GEL and passed-to the Generator or Terminator, The Scheduler )

‘ is the component that actively works with these GEL contents, S : &
A oo o * ! N 4] !

6.3.2 Interaction of Environment Components

P —

o .The interaction of informauon in the system is shown in bgure 6.4. The Scheduler is the

P hearg of the system - it actively passes events from the GEL to other componeritsin the system.
RS <" The Scheduler is activated from the User Interfice and is not event driven lxke the othec
L “ components.

a ’ Different types of events are processed by different objects. Specific events are used to
e activite the Terminator and Generatcr, Several types of events are passed to the NCC "from
-where they are fasgssed to the cotrect protocol entity for further processing (some of these

: even'S bemg packets). The Terminator, Generator and protocol entity then produce events
S which are placed ;'mck in the Global Events List. In this manner the simulation continues
L / : until the Temﬁnator Lomponent causes the simulation to Stop : 4
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The functxons petformed by protocol objects using thlS mformatiox/l are:

I\
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Figure 6.4 Information flow in :he stmulator system “ Ve
6 4 Desngn of Pratocol objects o

The functlonal requlrements for protocol objects afe described for designing class methods "fﬁ
to represent f\he protacol models working in the protocol object. An’ examplefof how ..
modelling a protocol for xmplementation asa protocol object in the system is also demon-
strated. /é

6.4.1 l‘he functioning of the protocol object

0

A specific station’s- status and control information’ is used for sxmulatmg that station s
behaviour This information comes from two sources:
1) The, general information storage elements applying to all protocol moclels and the

system environment, from the Séations array. o R
(2) Information storage elements unique 10 each protocol model neede for correct )
protocol operation (described in section 6.4.1.5 below) P N L
J g '

6.4.1.1 Implementation of the MAC mechanism o N /

The standardized version &.the MAC mechamSm. is not represented hére, as other functions
from (section 6.1.3,1) must also be implemen 4d, These functions ate intnnded to realise
end-to-end transfer of data units, thus, when neressary, the protocol objects l‘nust also take
care of: I
- routing of p1ckets on dnfferent t paths through the MAN . R .,
-« concurrent data tmnsm:sslons,{or teceptions on ﬂeveral physical links conrjected to one
station © '?‘ " “ i

- procdbsing queues of packets with multiple priorities by gaving precedence to respect\(
ive pnodty classes ,/ o »
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" by a station before it is inserted in the GEL for processing.

o

© 6.4.1.2 Emulating physical network bChElWOUl' DL ..

The physical behavnour of packetson the physncal network is empzilated by scheduimg pa

by their intended time of reception at their destination sta/tions. The behaviour of pag ets

while in their sourcu stations is emulated whilst i in thi station’s input queue J
een

The atmbuteu sof the physical network mustbe used to calculate the respective 'delay be
transmission and reception of a packet. This transmission delay is derived from

- the length of physical links leading from source to destination. stations, '

« the speed of propagation of the packet on the medium and

- staticn hardware latencies. (i

©

Address fields in the packet event can be used for several purposes. Thus, ds a rule of thiml
the source and final destination addresses must only be set in the packet being tr ansn’ itted

AbSOIute event processing times of packets are Packet ficlds that are used for mea
points in tune where the packet is created, transmitted or received Thesc ﬁelds can a?

latest possnble logxcal pomts in the program.

o

-Aftera protocol object receives apacketirom the network (sentfrom the GEL bytheSch m’uler

ob;ect) itmust reference the respective station status data for the protocol object to sithulate

ticsType uses the fields oﬁ the packet to. collect the dam for me required perfo nance

measurements (of section 6 1.1.3). The readmgs at the physical layer are prompte

stations[CurrentStn] statlsticsstate phys eze[IPpkt~>P iori

- ty). , o .
add delay(IPpkt-> heev = IPpkt->tXm1t), o o

Stations[Currentstnj. statistlcsstate phys thru[IPpth>ﬁrior“

lty]t v ’ Q‘
adq_data (IPpkt->PktLen); . D

The readings at the user layer are prompted by |

K w ‘

Sfa~i?ns[CurrentStn] Statlstlcsstate MAC eZe[IPpkt—>Pri‘“
yl. J o |
ndd delay(msg->tRecv - mqg->tCreatlon), ' %
statlons[Currentsth] Statisticsgtate.MAC tbru[IPpktw>Pr
tyl. ' .

rddd data(msg->PktLen\>\, %
6.4.1.4 Framing of data bx the MAC laye.!) § = 4 |

All user data passing through the MAC layer to the network has protocol control i mfonl ation
overhead addeéi'to it. Thfs function needs to be reflected by the protocol object opexl
The fragmentation of the user data into acceptably sized packets must take this into ac rount

too. The designer of the protocol object has control over where and when the ovefhead
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o

, bytes ofa packet are added to or taken oﬁ' from a packet’s Prilen ﬁeld The only importl\.nt )

rule’is that the adding or siripping of these bytes must bé done between physical and user

., layer performance mieasurement activations. This ruf¥is. n@cessary as framing of packats is

sq.

ed by the protocol object- ' |
led by the protocol model for operating the network
O

., performed between the top of the MAC (or user) lavef‘m‘z?l the top of the physical layer.

B

<)

\
6 4.1.5 Initialize protocol specnﬁc status datd

- Two types of data rieed fo. 'A§ initializ) - &
@ ‘The protocol specific clata nee

This data is comprised of fields Jocal to the protocol object.

(2) The station spemﬁc data needed by the protocol model for operatuon of stations on-
the network. This data is represented by an array handled by the prdtocol object.

Each element of the array is a structure that is defined inside the protocol object and

contains the mfennanon necessary for makmg stations operate accordmg to the’ pro-

L -\l & Bl

-4

‘ N o o
6.4.1.6 Connecxion management P :

o =
Connecnon management is necessaryza the reconstructed messages must be processed at

. the correct times ie. only after the message s complete recept:on rand reconsmxchon

Destindtion stations keep track of all mesaages they receive via logical link connection:
structures, called LogicLinkType. There ave ten of these LogicLinkTypes per station in an
array called LogicLinks and each Log:‘d:mk?jpe can be'used for managing one logical con-
=nection to a statiori. One of the Zogiclinkiypes gets initialized at the destination when the
* first packet of a message is to be transmitted from the source. After all the packet's belongn.g

to. one message are received at a destination and the message reconstructed thel corre- /f 3
\,K

sponding Logic;.inkT ype is reset.

Two fields of packc.t.s are used 10 aid implementauonxof this connection management: ,;',’/

(1) The tXmit field of packets resulting from’one message, are labelled with sequennal/
nusmbers starting from #zro. This enables determination of the first packet in the ,/
series belonging to bne message so that logical links can be established i in the destn»
nation stations before the packets are transmitted,,

'(2) The iRecv field holds the original me:ssage's, connection identifier. ’I‘he message /
.identifiers ensure that the cotrect logical link is referenced in the destination statmn
for every packet received. This is the sam(‘ as the MsgID field of LogicLinkType’
structures, it is set £qual to rio uf _ﬁumckete Lam_message * 10 + md, where md is

~a random number ‘from 0 to 9. v o, o
tXmit and tRecv are both set when thé metssages are first fragmented into packets.

i

0; g<NoLoglinks; g++)

for (char g = ;\

if (Stations(CurrentSin]. LogicLinkc[g MsgID : IPpkt-
o >tRECV) { |
© ! oy
‘IPpkt~>tRecv = tcurréﬁt; i1/ uvpdate tRecv 7orrectly
before turth}-:'r pro=-
cessinyg

e o o , )
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This connection management at the destinaition is nllustrated by the following ske {eton code:
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°f /] take station'JLphysircal layer measurements for this

packet \( //
" ) . .. RN ;; 5
/ / update statlcun s, status T
« 4 aa o Vi v Py e B @
o s ! / ,,/“’l” ‘4 . o
@ ; A ,’7" 13 B a
df ( [ statlons[ [mrentstn] LogicLlnks[g] NoPkts) {

0

}

1f (g>~NOLogL1nks) delete IPpkt,

// close 1ij nk“ and make’'a message -
Packet* msg = (Pac]{et*)IPpm;—>copy() H

if«(msg) { . : B R
msg->PktLen ' 0 f &
(Statlons[CurrentStn] Logchlnks[g] MsgID/lO”
) ~1)% (FDDImakatlen~FDDIOverhead) + IPpkt-
&7 >Pk{Len; ‘
msg->Type‘= Message; o .
msg->tcré$t10n = IPpkt->tcreatlon, \
o nsg->tXmit = IPpkt->tXmit;
, msg~>tRecv = IPpkt->tRecv;
Stations(Currentstn]. LochLlnks[g] MsqglID = 0y
: Statlons[Currentstn] LogicL;nks[g] ;,AdjsStnNo = 0;
’ // take station’s physical layer measurements for
‘ tnis packet . @
i 3 LRUIE SIS o o ¢ .
. i . )
_© deléte msg; ’ w . e
oy | . . - |
} / | . ,ﬂ )
breék*

&
W

// ie. the pacKet has

been processed & e

6.4.1.7 Manage the generated load
B b - .

This invalves

¥

(1) converting the generated messages (global data units)'in the first queue of each station
to dlata units (packets and slots) used by the protocol and
(2) sorting the messages in the first queue into the correct queues.

The messages repiesent the user datas needing to be sent across the network to their
destination stations. They must be fragmented into packets so thatthe MAG layer can transmit
_them in viable form. This is actleved by fragmenting the data into packets of a size the MAC
layerisintended to'handle, Fragmentation is accomplished by duplicating the original source

i Y

N v

x
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Do

“message w:th its szpe ﬁeld setto DataPacket and the PktLen ﬁeld (packet length) setto the
+ maximum that the protocol will aliow. This duplication is thus performed a speciﬁc. number
of times only, as’demonstrated in the code listing below: o o

/] PP pomts to the message teo - be fz:agmented
// the identification for the connection is caleulated here
Y int ID" . = (pp->pktLen/(FDDImaxpktlen—
' FDDRIOverhead)+1) *10+random(10) i

: . 4 " / 5 ' }
Lo " ) 1 check if enough memory 15 avallable for creating the

- packets ° . LR °
1f (ID/lo*(s:.‘zeof(Packet)+16) < farcoreleft()) {

: N &
o .. . pp=->Type *\DataPacket, ) \ ‘

e , for (int i=0; 1<1nt(pp-5PktLen/(FDDImakaflen- “
oo "  FDDioverhead)+1);.i++) { ° = s o
C g ~ np = (Packet*)pp~>copy(); S o e
fa | if (np) { . . L
< ; np->PktLen —FDDImakatlen-FDDiOverhead,
= R ) np->iCreation =-pp=>tCreation;

T np->SchTine = tCurrent+1*FDDI1nterFragT1me, 2
77y np=>tXmit = i; 0 »
ERRE % np->tRecv = ID;

. ﬁ) L. Ansert (*np) ;- // insert the new packet 1nto the

S > ’ station’s queue : oA

- ) } ‘ , ) L

o

“q

R if (npy {0 - . : | B
\\ | ” np->Pktien = pp->PktLén % (FDDImaxPktlen-FDDIOverhead);
| ! del.(et;e PPi ) // rid of message as ‘it should not
.+ " exist any more “ ,

!

{ } |

1f the station protocol model requires mor# than one queiie to operate, all the messages |

o generated are insertdid into the first queue of the station and need to beé sorted into the y

2 correct queues, Exactly how this sorting is performed depends on how the protocel object -

uses the queues. For example, sorting mav be done with respect to packet priorities ot
destination station addresses. :

D ' 6.4.1.8 Bit error detection : S Lo )
"Packet errors are the results of bit errors. These bit erfors ace controlled by the protocol
object designer via the *Bit Eryor Probabilily’ input. This value, represented by the global

L ~ floating point format variable ErrBR, miust be used to calcitfate if a packet is meant to arrive - J
at its destination corrupt or not. |

G L ! " B)
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ErrBR must be used in cormectiordl with the static floatifig point format variable tratis-
mitPkt:: accumEm‘Xrob to determine whether a packet must be assumed as ‘corrupt’ or not.
This packet corruption is determined by adding the probability of corruption of every packet

73\ itPkt::accumErrProb. When transmitPke::accumErrProb’s accumu- >
lated value reaches } the packet currently being transmitted is taken as corrupted, ThéError
bit of the Flags’ fiey in the coﬁnpted packet is thensetto 1. . - Ky

This mechanism is not often used because lognc connections opened ina destination station
‘may never_close wheri one packet in a sequence is, never received, This is'turned off by

‘setting 'Bit Erfor P;obability” in the USer speciﬁed parametérs to zero. The defaulgvalue is

zero which has applied to all snmulatnons performed for the MAN selechon metho&

# " i

6.4.1. 9 Termination check actxvation ‘ ° R L .

w

o

| -. The Terminator object in the environment is actNated by the scheduler foi: determining
\ when a simulation must end. It is not meant to be referenced by the protocol object. Only
“when the 'Confidénce interval termination’ condition is used for the simulation, must

measurément data from the packet fields be used to: detennme if the conﬁdence interval,

. condition is met. This measurement data is passed by:

<

ci_ che.c:k‘ {msg, Currentstn, IPpkt->Prmrit§) P ” :

.+ where msg is the last packet received by the stauon,

&

CurrentSir is the number of the station that received the packet
IPpkt points to the last packet received., ° J L

r @ PR
o o - I

6.4. 2 Implemejting FDDI J o -

Te examine how the FDDI protocol is lmplemented the operation of - the MAC protocol
operatjon is exanj ined i advancing levels of functionality. The'mest fundamental operations

. areexamined anJ modelled first, then the functionality is added in stages and incorporated

_times where th

into the p?otoco model, When protocols are modelled, such evolutionary modelling steps
must be chosen .Lnd ordered carefully so that each stage is realized easily and the additions
made easily. Otherwise the model reahzanon process becomes too complicated - and
modellmg errorJ are easily introduced,

)
K}

}) 4.2.1 Represerjting Token Rotation

A

The rotation of he token is illustrated in ﬁgm-rr 16.5a, The equivalent in the mhe domain is
represenied on Lhe time line in figure 6. 5b by sequennal evenis B, C, D and A marking the
eJ token passes stations.

The symbols L%I Ly; Le and L4 on the network ﬁgure 6.5a, représent the lengths of links
between the stations. Lj represents the physical length of the token on the network. On
it time line, ﬁgfure 6.55, the same symbols represent the equivalent‘propaga,non times'for
packets traversi r1g links and token transmission time,

W

. _— W ; :
One global paclet is used to represent the token. All that happens for. this behaviour to b
modelled, is | . <0 ' 4 :
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v Figum 6.5 Toke’ rotatjon rcprcscnmtlou m FDDI (a) on the network and (b) m the time domain

- ibne station, consisting of the protocol object with referenced smnon status data,

“receive the token event, !

- the station performs nezessary internal processmg triggered by the t\ken, L

- the station schedules the token in the GEL for its receipt at the downstream n¢igh-
bour, , ‘

~ ' o
o~

The only delay‘s qulved in this process dre the station’s hardware latency and the propa-
gatxon del.iy due “:f the length of the link between this station and its downstrearmn neighbour.

h

6.42.2 Represenn!ng a Single Packet's’ '('ramsmission o

o B
o

A token reception will allow a ‘stition o Jook through its mpm queue to see if a packet is

available for transiniss:on. 1f io packetis available then the token is sunply passed on to the,

2 next statlon on thé ring, as in the above section.

| '
Otherwxse, as shofwn in figure 6. 6 the statiion places the available packet onto the network
where it must th-.jh propagate from its source station {A) to its destination station (B). After
reaching the dzs inaﬁon station, the packex continues around the network unnl the source

ol
station where it lS eventually removed from. the network ' . o

e

{
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Figure 6,6 Packm transmisslon; rc'prcsentalhA ekt FODL (a) m th&‘ xwtworic hd (‘b; in the time domnln
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s ‘ This nnpl;es every time astation transmits a packet, the receipt of the packet by the destiniition

station and the receipt of the packet by the source station, ie. itself, need to be modelled.
This requlres that the protocol object must differentiate between whether, an input ‘data
packet is intended for the destination station or the original source station. The grotocol
object must then reference the correct station status data for further packet processing. This
differentiation can be determined by the Last field in a Packe?: structure, which discloses the
last statnon te) Q)rocess the packet. If the Last field is the same as the Srce field (giving the

‘the true addres\of the station, otherwise the source station is being dealt with.

° *; | Whefi the source station schedules a packet to emulate packet transmission, it must mclude
‘L ‘both . 0
= " “-the packet trammissnon t1me how long it talfes to place the packet, first to last bit
, ~ inclusive, onto the physical network) and - et
o - the time taken for the propagation of the packet s last bit from the source stanon’/
rmtput port to the destination station’s: input port.

oo @

v All the physncal link lengths from the source around to the destination stations along with

s '\\ all the stations® hardware latencies will contribute to this delay‘ After the destination station
BN B . “has proc&ssed the received packet (updating measurement data, etc.) it must schedule the
/// Y/ B packet for the source station again, now using the physical link lengths and the stafion

Y " latencies from the destinat.on station back around to the source station. S (4

is received from the destination station and it has been posntiveby acknowledged (the Copy

"bit of the Flags field in the received packet is set). Source andidestination schedulings of

v the packet must also update the transmitPkt::accumErrProb field to see if a packet cor-
o . {ruption must be emulated.

6 4.2.3 Representmg Multiple Packet Transmission ‘ ;.:‘, - o

N A

FDDI stations are capable of iransmitting several pai 1 ets before they give up possession of
wooa the token. This ability must also be modelled, However, simple €ontinuous trarismissions
oo ’ being sequentially scheduled during one event's processing by the protocol objects is
‘ ' incorrect. Termination and generation events in the system may need to be processed during

this long single continuous transmission period of the station. These events could modify

R the current station’s state before its transmission period is over. The transmitting station
5 : might need to updateits input queue during the transmission period. For example, message

fragmentation could re-determine the next packet in the output queue transmission.

originiting sta, iOﬂ of the packet) then the Dest field (the destination station address) gives -

: RO Asource station may only remove a packet from its MAC queue after the copy-on the network

W sequence. Thus, the protocol object will need to employ a special mechanism for mulnple g

packet transmissions for the duration of the multiple packet transmitting process.

[ attempt placing a further packet on the network., A TransmitMode event is used, After a
I * station receives a token and it is possible to transmit at least one packet, it schedules the
4 ‘ receipt of the packetatits destination station plus a TransmithMode event. The TransmitiMode
event is scheduled for itself at the end of the transmission delay for the packet, After both

-~ to take place. The TransmitMode event is then processid by the Scheduler and the
o transmitting station resiumes control with its last state of tranfmission, In this way every tite
4 after a packet is transmitted the station possessing the token ¢an stil try and transmnt another
tk_a packet that is due for transmission in the same transmission period.

i

o The method employed is to use a special event for activating a station every time it is to,

‘ these events are scheduled, the protocol object releases control for system event processing “
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As deplcted in figure 6.7 the TrgnsmitMode events are scheduled for time points a, bandc.

These events are scheduled after the respective packets 1, 2 and B are scheduled for
recepuons at the destination (assuming all packets are destined for fthe same station) for
times a'; b’ and ¢’ respectively, It is important to.remember that this can only take place
when there is time available (THT is positnve) for packet transmissions. oo

6.4.2.4 The Timed Tolén Rotation Protacol r

i

Figure 6.8 helps summarize how p‘riorify operation is ir‘nplemenied in FDDI. Frames of eight
priority levels are processed, using eight corresponding time values (referred to here as
priority times). The lowest priority’s time i5 the largest. .

_...ﬁ..-j 7 h ‘ N Q
g’ 3
E I 4 ©
= ] 3
“ o
=1
@ j 2
) 1 v
—.'L = . i s
] TIRT
~THT tine

Figure 6.8 Priority class threshold times for FDDI's TTR {Timed Token Romtlon) protocol

" Frames of classes that have priority times less than the value of the THT will have transmission
preference over other frames,

O

£

14

Flgure 6.7 Multlplc packet transmission representation in FDDI (2) on thc network anl.'l (b) in the txme domain /
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Implemcntmg this rule, firstly requires the user to be able to specify t the TTRT and the pnomy
times. Thus an arrJ y of eight time, : values must be created for the protocol object and user
routine that

searches the input queue for'd, packet to transmit must be mpplemented f(«- th&priority T

interface to°make zreference to user specifiable. priority txmes, Secondly, a

mechanism operation. This is achicved by: 9

(1) Sequentially searching thrmigh &hmqwe\x‘,e from the first packet {closest to thé physical :

,layer) to find the ﬁrst p?t.ke.t wluah has |ts priority’ s time value less than the THT's

value, . 3 A
(2) If a packet is not fouﬂd m tx:"@ (‘i) then chopse the first pa..ket in tiie queue. .

(i‘o) If no packet is av:ulablc 4h s the: routme and release the token from the cu
station, £y ; & AL “ e
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Significant issues pertaining.to theactual implementation and development of the simulator
are discussed.in section 7.1. The testing of the simulator’s protocol models are then. pres-
ented in section 7.2, Section 7.3 theniconsiders the Assistance. of the simulator in making

: decxsions in theé selection and design ofl\dANs, L
‘ 7.1 Implementation and Development of the Simulator

The simulator was programmed in Turbo C+ + V1, 0 and named MANSIM (MAN Simulator).
Several special features were used during p@ogram development are presented. A number
of limitations also arose during the development and are thus also listed.

©

7.1.1 Features used for development of the program

Toensure efficient developm entofthe program the followmg factors were taken intoaccount

and the necessary features unplemented

- 7.1.1.1 Ensure memory is used as efﬁc:ently as possible
ks

Dyriamic memory allocation was used to implement the event mechanisms of the environ-
ment. In Turbo C4 + this is achieved by the user claiming and rekmsmg memoty in finite
blocks. As the resulting system was complex, possible leakage can result in the available
memory if less memory is released than was claimetl. This will result in all memory being

dynamicaily used up by some part of the syscem md fiot enough bemg available for proper

overall system uperauon. g | )

¢ w
o i

To ‘ensure this did not happen, special memory checking routines were designed to keep
track of memory allocation. During development as soon as a memory leakage problem
occurred, it could be rectiﬁed Three routines were crucial in this checking:

long int memreport (vo:d), This routine dlsplays and returns the available space at the
. top of the memory heap (memory available for dynamic allocation). This ehables auto-
matic checking of whether memory that was allocated at one point in the program is.
released cotrectly at another point.

int map_heap (void); Here each block of allocated memory i is listed to the scremn sO that

the developer/ programmer can examine allocaied blorks to see which ob;ect has not
‘been releas;d from the memory heap correctly

void list_objects (void); The laynut of each object as it would be allocal ed on me mem-
ory heap is displayed on the screen by this routine. Using these memory dumps as a
reference the developer could use map_heap to identify which object was incorrectly
unreleased.

These routines were only used dursing the development phase of the program. The code
that performed the memory checks was thus conditionally compiled using programmer
switchable compiler directives during this period of development.

7.1.1.2 Allow the tracing of operations performed during simulations

To help the developer the simulator’s operations during a protocol’s simulation, all oper-
ations performed by the simulator were printed to screen as they occurred, A limited form

9
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of this operanon tracing was implemented inte the Scheduler object. The Scheduler object
would print out the event currently being processed along with”the simulatlon nme of the
event’s activation. , e :

Another form of tracing could controlled by the programmer. Using a programmer
switchable compiler directive, all pperations performed by the protocol -object could be
listed to screen. However, the grogrammer would have to insert the print commands for
each action and make these prinf commands conditionally c0mpilable using the compiler
direciive, : o

u 3
<

7.1, 1 3 Allow for short simulaticns during the protocol model testing phase

Asunulation run using the conhdence mterval ‘method of termination could take a long time
to complete. Simulation durations using thns termination method could easily exceed one
hour. To delay analyses for such long durations during the operation testing phase of the
protocol models was unnecessary. Control of the simulation duration dunng the operation
testing phase would be necessary. Thus an extra simulation termination method was made
available: the 'number of received packets’ limitation. This would allow the program user
to trace a limited number of packet propagations through the network before returning
control to the operating system. ||

i

7.1.1.4 Known accuracy of results for all methods of simulation termination L |

Terminating thex"\ulat‘on via the time limited or packet limited termination options, will |
imply the required confidence interval might not be met. To provide a measure of the
accuracy of the resulting measurements in tliese circumstances, the standard deviation for
each network performance measurement is supplied with the output results, Standard
deviation was the only measure of accuracy used in the LANNET I1.5 simulator (described
in secnon 7.2.1). ’ o

o

7.1.2 l.imitations imposed on the Eavironment by the Development System

Several limitations arose durmg the development of the environment of the simulator which
lead to some changes in the mtended simulator’s behaviour. R

- Due to the limited amount of memory, a finite maximum number of packets.could
exist dufing“sunulanon‘s. If the generated load increased faster than it was processed,
the memory could run out causirig the simulator to crash. To prevent crashing, a mini-
mum amount of free spacoaz 1A requxred after message generation for fragmentation

+-and transmission of pamceta. If this minimum space could not be provided, the furth. e
‘generation of messages foir the user load was inhibited. Thus in networks with large”,
numbers of stations of # load greater than the network's capacity, the load could be

¢ inhibited at stages thus making results i maccurate. The user must examine results with
this fact in mind.

- To limit the sizes of stations, thé number of logical links aﬁstation could keep track of
was limited to 10. This implies that in network simulations with large numbers of sta-
tions not all required logical links might be created. This\leads to transmitting stations
holding back packets of messages that can not be transmitted at the required times.
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-Thec nﬁdence interval method of termination uses an object that requires a very
large array of floating point numbers to monitor just one raeasurement in the simula-
tion, As memory must be used cautiously; only one of thesé objects was used for

o

determining t‘w length of a simulation when required. ’ e Q
,The value mtm(\tored was the end-to-end user layer delay of one station that was ;
chosen at random when the simulation started. One station was chosen atrandom ° o
because it would iniply that the rest of the stations would receive enough packets to
approxunately meet the s2me confidence interval construction requirement. These
stations® precision in meeting this confidence intesval recg\tnrement would depend on
~ how equal t\‘he destinatior station mix was for generated packets. Generally some sta-
tions would ‘meet the confidence interval requirement better than necessary, while
others would not meet the requircment. However,the overall effect would denote
the average e\hd-to-end user layer delay for the network would meet the confidence «
mterval requh‘ement. :

As the end-to-ehd physical layer delay is directly dependant on)}i&w configuration of the b
network, it ‘was not critical to monitor this measuresnent closely. This observation is ©
further justified by the fact that the end-to-end physical layer delay is a fractiCh of the
- end-to-end user layer de]ay Thus, as the end-to-end physical lzyer delay is directly
dependant on the configuration, hence a constant measure, 1ts effect is'takest into
account in the end-to-end user ]ayer delay

Q

<]

7 1.3 Protocol Limltatnons v : ~ ' K

Althovigh each-protocol model wxll have hmitatxons specificto the protocol son\1\1e limitations
are common to each protocol model: N

;= Protocol objects are not completely self contained because in some places in the user -
/" interface objects some protocol model specific inputs were required and owing to the .

P

initial user interface design these inputs were 'hard-wired’ into the interface, ie. they

were coded as part of the user mteri;ace This creates unnecessary complexity when
implementing new protocol modelsiato the pmgram

- No MAC lay¢r packet receive buffers are modei!ed. They would only be féqﬁired if
_implementation specific packet receiving details were modelled. Itis assumed the

receiving software and electronics have no delays, as required in section 1.4.
o

‘Protocol Limitationsin FDDI ~~ © . , ) =

- As no implementation dependant factors are taken into arcountg the(ﬁ'ame prcambles
and elasticity buffers in each station are fixed. The latency of the ring is taken to be
fixed, thus all station transmitters operate at the same ﬁxed frequency, the baud rate
of 125'MHz. 5 :

H

» Only non-restricted tokens are used. Details on restricted tokens were not available,

Protocdl leitanons in DQDB e

// Qy ‘:, I < ‘/:,
- No fairness mechanism is employed in the DQDB model as the standard ‘:‘,&’;‘Ei‘ué'én(used
did not specify any ISO/IEEE accepted fairness mechanism for the protocis T

N
~ No erasor class nodes were modelled as information was not available on 'ﬁx‘ i

9

[
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L - The physical conﬁguranon\as 1mt|ally set up as a ring before the network conﬁguratlon
e e “ s specified by the user. The logical break is restricted to lie between the first and last
t o nodes for the duration of the entire simulation; This limitation was intentionally * ~
‘o ‘ implemented in casethe user intended the network be laid out in a bus topology

. Protorol Limitations in Metroring . -

o o)

:9 - No Fast Forward option is im lemerited as it is only used for frames indicating critical
. network failures - something not needing modelling. - °~ & _

| - Amaxxmum of-only 3 ports per station is allowed for the conﬂguration of the network.
This was to limit the memory-used by Station objects.

L f_‘ a4 o L
A - Each segment in the network configuration must cohtain at leas: one two port node
S between theSENs at the ends. This was to  simplify the construcnon of the roimng
£ R tables for each node in the network.. " , ~ ?{ « 3

i & ot '
o O RR W
8

- All routing tables are not d\mamically updated but are created at the protocol initializ-
ation stage and used as static Gata tables for the duration of the simulation. No tem-
porary station status’ aretaken into account to determine the routmg table patbs/ This

B0 e is to elirninate complicated routing table apdating during the simulation. It/fs “assumed
e ., for this stage of Metroring developniént, that static r0utmg tables will not ecr the
SIS AL performance considerably. g

L 7.1.4 Extent of Program Testing

Two areas of the sunula{or s operauon have not been completely verified for correct oper: -
ation: :

- Multiple priority class use during a sumxl:mon. Only correcr use ol ciie pnority class of

* packets in a simulation has been properly verified. The iteed for multiple packet pﬁority
operanon of networks did not arise during the course of research, 0

w"'f"f%‘*& ‘ ’ /7 '
’ . Input and output packet streams to or from the simulator. The need for u%ing special
AR , . Streams of packets for loading the network or the analysis of outpm packets dld notarise.

A -

- 7. 2 Testmg the Operanon of the Protocols

.. Athorough testing of the implemented protocols of the simulator was not possiblehecause'

‘ : _ - Feasible network measurements were not available at the time of simuJatipn tests. Full
N working DQDB nietworks have not been found in South Africa. FDDI petworks were
[ ‘ ' too small (in terms of physical size or loading) for consideration. Metroring has no

xmplementatxons. i

, - Actual working simulators were difficult to access. One accessible FDDI simulator,

l cdlled LANNET 11.5, was used. . Results from parameter driven simulation rins on this
Vo : simulator are used. Other comparisons have been against results from papers which
. contain results from actial’ simulations. No complete Metroring simulator was avaul-
* able for comparisons.

™
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rThe aim of the tests was to compare MANSIM's physical layer throughput and end-to-end

J I §’£ :
i g

ko] o ”‘;5,/";' P

A {

user delays as aunction of offered load to the network. Series’ ofatleast5 readmgs, offered

. load at least ranging from 40% to about 100% of the network’s capacity, were taken so that
the trend of the measur} ments could be followed. The effects of handling pricrity was not,
studied, thus in MANS! only one priority class was used,

'721FDDITests -~ ©

Two sources are used in the evaluation of MANSIM's FDDI implementation.”
(1) A simulas tor calied LANES (Local Area Network Simulator) is used by Johnson Uohnson
~ 88] to analyse performance of the FDDI media-dccess control protocol.
(2) LANNET L3 is a simulator capable of handling many types of LANs including FDDI,
This simulator was used with the permis:.ion and’g ‘guidance of M'u:k Chodos of WEB
-systems, :

0

TN

Both these sources allow for the compamon of MANSIM's physical Iayer throughput and
end-to-end user delays as a function of offered load. ‘They did not provide the measurements
for endf;p-end physical delays or user layer throughput comparisons.

7.2.1.1 LANES Results

b

The conginons and parameter values. used for the LANES simulatipns come from {Johnson

~,88] and \\ Lo

£ Ny .
" Station hardware latency 60 bits «
Numberofnodes onring: 20
Distance between nodes 30 metres
Complete frame size « 4040 bytes,
TTRT 40 msec ,

'The values of channel utilization and average frame delay for varying offered load are given

in section H.1 with figures 7.1 and 7.2 graphically representing them along with the other .

simulator results. The two measures here correspond to physical layer throughput and
end-to-end user delays. (Channel utilization is a percentage representing the fraciion of
> channel bandwidth being used, which can be taken to be equal to physical throughput, while

the average frame delay deﬁmtion for LANES corresponds exactly to the deﬁnmon of the .

end-to-end user delay.)
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Lo Figure 7.2 Avemgc end-to-end user delay vs oﬂ‘cred load (FDDI test results on thrcc different simulntors) ' i
b 7.2.1.2 LANNET IL5 Results’ T
" , ) 1, -
RN ‘ ‘ LANNETIL5 is a parameterised LAN simulator (justlike MANSIM) capable of simulating FDDI :
B Network and simulation parameters are set as close to those used in the LANES simulation ‘ H
e as follows:: : . - .
i o ; g . Bl [} W i
' Fixed paramet{\rs (non~specnﬁable): -
. Mediym Ca,.city (raw) 125 Mbps A .
. Framé overhead 44 symbols AN
AN '+ Symbols per frame 8956 £
~ - Synchropous Allocation 2,2 usec .
' 0 - 3 ‘ ¢ N 1 :g
o User specifiable parameters: i . l )
| User (MAC) Message size fixed at 31963 bits (3956 bytes)
. Average frame inter-arrival time (exponentially dnsmbuted values given in section H.2) :
for eacli' station . " . . i
) Number of nodes on ring " 20 “ ‘ -
> Simulated time (run'length) "1 sec :
O ' ' E
O] |
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Parameters that could not be specified were: station hardware latency, distance between
nodes and TTRT. It must be noted that synchronous allocation of bandwidth was fixed at a
finite value (2,2 psec) - this was inherently taken as 0 in the MANSIM and LANES as they did
not take synchronous traffic into account, ’) .

i o

The values of channel utthzation and average frame delay for varying offered load using

LANNET are given in section H.2. Figures 7.1 and 7.2 show these results along with the other

simulator results, The required measures weré interpreted from readings from the LANNET
output report files: E T

[

- Physical layer thr(oughput comes from L!ercgn of time !AN §y

. = End-to-end user delays comes from

(Average LAN request delay + Average LAN usage tijiie)
This is also equivalent to the weighted average of the stations’ Average execution time

(weighted wuth Completed message transmissions)

These LANNET measurements are mterpreted as follows

Percent of time LAN is busy indicates the fraction of time the ring is busy transportmg
packets.

Average LAN request delayis the average amount of time a station will wait before claiming
the token for transmission

Average LAN usage time Is the average time used by the LAN to transfer the whole message
from source to destination station.

Avegage executnon time is the average of the complete time a station takes to transfer a
messagé from the source user layer to the destination stauon. ‘

Completed message transmissions gives the number of message ‘transmissions sent from
this station to its destination Stanons. g

7 2.1.3 MANSIM Results

)
it

Y

The runs for the simulator model being evaluated use the same pnramaer values as used in

section 7.2. 1 1 with the following extra parameters: o

o

S s R

|
Global network load . :

Load generation method
Maximum generated data 150 M bytes ; o
Average frame inter-arrival time (given in section H.3) ‘ '
. User (MA;C) Message size 4014 bytes (exponentiaﬂy dlsrributed)
TTRT 40 msec 5 o
Station Hardware Latency 0,48 psec ‘ '
Simulati 'rn ending condition = 95% confidence interval construction for end-to-end
| : user delay

=
Thevaluesofaverage physical layer throughputand average end-to—end user delay forvarying-
load are given in section H.3 with figures 7.1 and 7.2 being the graphical representations,

The average ﬂLhysicnl layer throughput for edch simulator corrcsponds very clogely to the
LANES results from the paper. MANSIM can be said to simulate th au orage physical layer
throughput for FDDI correctly for decision making purposes ie./the trend of the line for
FDDI in MANSIM and the accuracy of the results are very close to the other results (which
are accepted as correct),

ke
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o

Trends of results for the averagv* end-to-end user delay shown in figure 7.2 are very similar, X
The MANSIM values at the point where offered load is 100% of the medium capacity were )
much too great to show on this graph while the corresponding wlues for LANES were not
. available. It can be taken that the trends tend to Infinity at the point where offered load is

. 100% of the medium capacity for LANES and MANSIM. The trend of LANNET 115 at the same
point shows that the effect of saturation of the médium capacity does ot effect the average
‘end-to-end user delay ‘This indicdtes that the LANNET I1.5 model of FDDI is not as accurate
‘as it should be when the effect of medium saturation comes into play : .

affect of two factors:

(¢)) Average end-to-end user delay is measureq;l for messages originating from the user
layer in MANSIM. In MANSIM messages. cin then be fragmented into several frames
if they are too large for the MAC layer to transmit in one frame. In LANES and
LANNET the franies that are eventually transmitted are created at the user layer

(above the MAC \layel)

2) Messagc lengths are eEQnennally dlstnbuted in MANSIM, whlle they are Sof ﬁxed
NNET

In MANSIM, the proportiosi of messages‘larger than the maximum permltted by thie MAC,
" which are also fragmented, would be the same for all values of offered load., The average
end-to-end user delay for these fragmented messages is measured over at least two packet
transmissions and thus causes the overall average énd-to-end user delay to be greater than

lengths in LANES and:

o

1%

in the (:ases of LANES or LANNET:

L 7,2.2 DQDB Tests

Alth(‘b'ugh many asynchronous load simulations of the 2QDB protocol zre documented in
papers, they are mostly concerned with the problematic behaviours of the protocol like
fairness. The results are mostly giveriin graphical form showing indices like node throughput
or average node delays against the node index (position of the node on the bus) [Banerjee

7
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0
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b

‘One distinct dnfferc.nce in the LANES and IANNEJT Ii.5 simulator models comp:',red against
that of MANSIM is that the MANSIM model is maré pessimistic (has larger délays) than the
others by a margin that increises as the offered lgad increases. This dnfference is dueto the

N

(‘.

et al 92], [Bisdikian 92], [Conti et al 91b], [Phung etal ?2] Suck: results cannot be properly

compared against MANSIM's behaviour mainly since ¢ roughput.and delay measuremerits
are recorded at a slot's destmation station on the qusue for MANSIM while similar
measurements are recorded at the sdtirce station for other simulators. Since MANSIM sets
packet destinations randomly for each source station, it is not possible to trace these
measured values back to their source stations. Another major problem with such slmulattons
is that they investigate the incorporaticn of fairness rorrecting mechanisms with the protocol
and most dpften results do not include meas}urﬂments taken without fairness correctirg

mechanismxk included.

Contl et al fCont: etal 91a) use a snmulatxon too! called RESQ (research queueing package)
to perform‘ih similar task investigating the: fairness of DQDB. However he uses an index for
fairness calll‘-*d MAC delay (which applies to the network in general) which is similarly defined

I

3

as MANSIM’S average end-to-end user delay. This criterion, which is tabled as a function of

offered loacl, is investigated and compared against MANSIM's average end-to-end user delay.
Throughput has a similar problem of whether it was recorded at the source or destination
station - only overall network throughput would apply, but this is not addressed or tabled
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in the paper [Conu et al 91a}. (Thewfactor favounng use of results from this paper was that
they were taken with and withoutthe inclusion of the Bandwidih Balancing mechanism “see
appendix B regarding faimess in FDDX y) ’

7.2.2.1 RFSQ Results

& P & «

' ) i
/The conditlons and paramete values used'in the RESQ simulat:ons [Cohts et al 91a] are:

~Single ' Bus C Capac:ty 150 Mbps
Numiber of nodes on busses ' 50 ' L et .
" Distance between nodes  1816,33 metres © e
f“i\ Compleée slot size * & 3 bytes, Y B
/)) ~ Slot overhead (MAC) ‘ ﬁbytes i
°  User miessage size 48 bytes (ﬁxed)
Buffer s‘ze 10 segments

One major factor affecting thx- simulation was the modellmg of internet trafﬁc, ie slots

. destined for 4 gateway that would lead them to another LAN or MAN, Here 10% of the )
offered load was internet traffic and on each bus the gateway was 4 station situated at the' 5 -
end of the bus: This implied tie destination address dxsmbunon is not u:‘..mrm and can

* effect the measured throtighput. : :

The averags MAC delay‘; which is bemg*meagured here in the RESQ simulator, is defined j
as being the delay experienced by a slot from the time of its insertion into the dismbuted
queue up uriti jts complete transmission. \

) ]

The values of average MAC délay for vzu’ying offered load are given in section H.4 with figure
7.4 graphically representing them along with MANSIM’s average end-to;end user Gelay
results. Only a small range of offered load is covered by these results as the aim of the
investigation by Conti et al was o examine the behaviour of the DQDB protocol undeér
underload and sligtit overload conditions (respechvely referring to an offered load slightly
lower or higher than the medium capacity).

7 2.2.2 MANSIM Results

L

The runs for MANSIM use almost the same parameter values as usndm se::uon 7.2.2.1. Other
re!evunt parameters (or adjusted value:,) are: '

Load generation method Global network load
Maximum generated data 5 M bytes
Average frame intef-arrival time (given in section H.5)

iy N

User (MAC) message size 48 bytes (exponentially distnbuted)
" Buffer size 10 segments o .
Simulated time (run length) 2 msec ‘ ‘ ‘

Note that a confidence interval is not constructed in order to control the length of the
simulation. Initial confidence interval runs for DQDB were found to take at least 2 hours
each. Instead, time limited simulation runs were performed as their simulation durations
were approximately 1 hour long, o

Three major differences exist between the MANSIM and RESQ simukfmot‘ DQDB models~
(1) In MANSIM no internet traffic is modalled '

2 _12\1i.ig*“‘ -
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T T A (2) In MANSIM all nodes contribute the same percentage to intranet traffic (slots destmed .

“ for nodes on this network). In tﬁ\ RESQ model each node generates zn amount of o
= - isitranet traffic proportional to the number of downstream nodes. Although the effect .

of two busses implies eich station contributes ari equal percentage to intranet traffic. . -

’ o in RESQ, tha actual process of generating a’destination node address for a slot differs ”"

R , from that of MANSIM. MANSIM generates destination addresses using a uniform © -

e distribution over the fange of node addresses. RESQ would generate addresses-for

S _slots by considenng the position of the spurce node on abus and then using a uniform /

T ) distribution for only the range ofthe number of downstream nodes from the source ., ,
node. These two methods will produce slightly different resulté’during short simu- - |
lations because RESQ will intentionally portion the load from a station between the '~ ' -

- two bysses, while MANSIM will only determine the bus for transmission of a slot'from
¢ its invinded destination address. When the mix of destinations for a node is unbal.-.
’ ance{l, which is most likely to occur during short simulations, the destm:mon d).L.-

S #

. tribu \10}* for MANSIM ithll be shghtly less ba]anced than that of/RESQ , v

(3) 'I'h.:ﬂl)QDB ‘input queue’s behaviour differs for MKNSIM and RESQ when it is full,”
MANSIM’c* “ixtra slots are delayed, while RESQ’s slots are discarded.

’I’he values of average end-to-énd user delay and average physical Iayer delay fo; varying foad
are tabled in sectioti H. 5 Figure 7.3 graphs these results. , « e
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The physical layer end-to-end delay in MANSIM is equwalent to the propagation delay of the

f)acket As the average physical layer end-to-end delay is a component of the average user

ayer end-to-end delay for MANSIM it is possible to represent the DQDB access delay more

accurately. ‘The access delay for MANSIM DQDB is thus taken to be the difference between
* the user layer end-to-end deiay ‘and the physiral Iayer end—to—epd delay.

Figure 7.4 graphs (1) the MANSIM DQDB average access delay, the (2) average MAC delay
fer the RESQ results and’the (3) ideal access delay characteristics forDQDB [Hullet etal 88].
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I’Igure 7.4 Average access delays vs offered lo:ui (DQDb test results)

)

Hyllet [Hullet etal 88] gives the-se ideal access characteristics for a DQDB network operating

vader the following network parameters:
Singie Bus Capacity 100 Mbps
Number of nodes on busses | 50
Distance between nodes 2000 metres
Coniplete slot size 3\ 45 bytes,
Average user packet size 100 bytes

Sy
e

1

There is no precise equwalence between either simulator and the ideal access delay
characteristics for DGDB, even when thie load is below 0% of the link capacity, Three factors
contribute to this difference:

“‘(; W




a

erived ﬁom, % onﬁguratlon with inter-node spacing of
ors’ conngux‘azion has a inter-node spacing of 1816,33
s thus present when: cnns:deting the ideal characteris-
s rapamty was only 100 Mbps for the ideal case but
Higher access delays would thus be present in the
B A
erigtics, Hullet et al used a shorter slot ssze than that
w@uld decrease the average-access delay slightly.
why the ideai characteristics differ from the simulator
comparison of the simulator and ideal charactenstics,
ialized to the simulator operating parameters. It was
cities was the factor that affected the bus access latendy.,
ncies and slot sizes donot differ tlemendously as does
fer by a maximum of 10%, slot sizes differ by about 16%,
(0% thius being véry significant even when bus capacity
work, (The'differences are measured as the ratio of the
average of the two va[ues ) 4 °

§'a constant, the bit speed the cables are Operated at,
sthe cable, Accessing the bus now requires more time,
ass it. The ideal access delay characteristics for QQDB
1sidering the operating speeds for both sets of network
st T . o

0

thus shown normalized to tﬁ,e RESQ model’s network

o o

SIM access delay confidently follows the same trend as
sffered load, a difference is visible between the MAN: SIM
1$Q measurements. The RESQ simulator measurements y
1 thi ideal after about 105]“ \of offered load (the ideal
100% of the offered load [Fullet et al 88]). Thus both
/hen the network becomes saturated. Itis assumed that
& Sunulatc)rs ‘account for this difference.

us::r end-to-end delay will then be taken as acceptable
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, 7 3 Application of the Simulator in Making Decisions ;
&

. ‘In section 6.1.1.3 throughput and delays are selected for comparing each pmtom! being
‘exammed to determine which protocol performs best for a given conﬁgunmon and load.
To make clear decisions, comprehension of delay and throughput indices is important in
interpreting each of these sunulator output measurements

As decision criteria, the user layer delay and throughput mc"isure'v; should take primary
.8 importance. Delays take priority at the user layer, as they take both physical configuration
77N and user contention on the network into account. User layer throughput will not take
y precedence as it is mainly dependant on the load generated by the users. This priotitization
: of indices is possible because the more design parameters an index reflects, the more

G applicable it is in the decision process,

Lo Ideally, the user layer throughput should follow the offered load from: the application. As

e the capacity of the medium is reached, the effects of saturation make the throughput level
off to a constant value. Protocol efficiency, which is less than 100% for real protocols, will
. , cause the real user layer throughput to fall below the ideal value. End-to-end user layer

delays should generally only become very large when the offered load equals or exceeds
the medium capacity. End-to-end user layer delays will also be subject to the nature of the
medium access method and the effect of packets queued in the user layer input queue.
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At the physical layer, throughput reflects how well the network’s physical capacity is utilized.
This indicates when a data path in anetwork requires an extra link to reduce saturation. The
physical delay reflects the physical size of the network, in terms of number of stations and
* physicai link sizés. It jndicates an optimally arranged network configuration (minimum
i swend-to-end physncal layer delays), -~ o v T

4 @

- Thus the physical layer indices are most useful for designing network configurations and .
load allocation layouts. The user layer indices are best at providing the performance *
measures that allow selection of MAN prdtocols for golving aload and configuration problem.
After all, the real decisions are based on what the users of the network require. -
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The apphcatior{ ofthe studyofcompanson methods isdiscussed in this chapter. Information
on an existing LAN backbone was available and precipitated an illustrative investigation into
which of the three invesngated MAN protocols performed best in place of the LAN backbone.

8.1 LAN Backbone Investigation

TheLAN backbone spans about 2km?2 and is used to interconnect 32 buildingsinto a rmg-hke
topology. The current protocol used is the IEEE 802.3 Carrier-Sense-Multiple-Access with
Coliision Detection (CSMA/CD), better known as Ethernet. The bus architecture required
for the protocol to operate correctly is formed from the ring-like topology by segmenting
the ring into 8 CSMA/CD colhsion domains using bridges at the collision domain boundaries

as in figure 8.1. =

O

- -
W_ 2 14 5 % 7

Q— 1. ; _[1_3 a_l_' % 23 _O_@. )

BACKUP PATHS

a0 2 .3

(O STATION WITHIN BUILDING BRIDGE [ Jsut.niNG

Figure 8.1 The given LAN backbone topology

An investigation into which MAN protocol would best suite this backbone's implementation

is undertaken to illustrate how the comparison method works, We also examine (1) the
connection of buildings as individual nodes and (2) the connection of LAN domains to the
backbone to see which method of configuration to the backbone is most efficient.

'8.1.1 The Nature of the Problem

Information on this backbone included the configuration of the backbone but no physical
link sizes, time relative traffic measurements for each collision domain and limited general
background information regarding the bridges and management system used for the
backbone, ﬁiowever, not all of this information proved useful:

Collision Domain Traffic Measurements: Utilization and frames per second were given for
every 10 minute interval over one day for a measurement site on the network. Eight
measurement sites, each locat *d on one domain, were monitored to derive the iraffic
profile for each domain oh the’ network However, utilization does not help deter-
mine loading profiles (which would help in the MAN applicability analysis) for each of
the collision domains as it is the resulting load that is measured. ‘The only notable
observation made from these readings is that the load for the backbone avérages 10%.
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Management System Operation: Bridge and network management was described briefly
only mentjoning the degree of control a network manager has over the network.

Bridge Operation: The local bridges for the backbone ar¢ controlled from one station

using Bridge Protocol Data Units (BPDUs). The functions of the BPDUs were only
briefly listed giving no useful technical details when considering network behaviour.

~ The configuration of the backborie (figure 8.1) provided:

- The number of buildings (nodés) on the backbone
» = The configuration of the. backbone (one{ fm/*w:th two back-up paths)

Y

It did not provide information on;
- Load placed onto network by each station
- Physical link lengths § "

For the investigation to be plaus:bh,, several assumptions were made:

(1) The back-up paths (in figure 8.1) separate collision domains. Eight distinct collision
domain loading profile measurements were identified but not all collision domains
are identifiable in the given configuration. The back-up paths serve as ideal bound-
.ary points as they would separate the backbone into 8 collision domains.

(2) A loading is assumed for the network, each node (building) contributing equal
amounts. In the simularion ¢ase where the collision domains connected to the back-
bone, load from each collision domain (modelled as individual nodes) is propor-
tional to the number of nodes on it.

(3) The ring cu'cumference is taken as 6 km because the circumference of the 2 km2

area is assumed to be formed by a rectangle 1km x 2knt. Nodes are spaced equidis-
tantly around ihe ring,.  In the case of collision domains connected to the backbone,
the distances between the collision domains are taken to be proportional to the
number of buildings on the collision domain.

8.1.2 Comparing the Performance of FDDI, DQDB and Metroring as Backbones

Functional and analytical comparisdns do not apply in this case because such requirements
have not been specified or assumed and, thus, the respective parts of the study of comparison
methods will not apply. Simulation of the backbone will prove to be the best way of

determining which of the three protocols will apply best to it. The primary index (also see

section 7.3) used to determine this would be the average end-to-end user delay, for it the
‘most noticeable effect at all levels of user level loading. User layer throughput, will be the
secondary index here, as it only becomes significant in: situations where overloading (load
is greater than the network’s capacity) at the user level occurs (and this is rare in reality).

Dahl and Harris [Dahl et al 93] also investigate the matching of protocols to network con-
figurations and loads. They perform similar simulations for the same configuration.

8.1.2.1 Parameters for the Simulations

For each protocol examined, a slightvariation in parametervalues and network configuration
and loading is required. Five simulations for each case are performed where the offered
load takes on values from 50% to 150% of the medium’s capacity so that the effect of load
variation is taken into account. (The actual load averages 10% of the medium’s capacity but
this is impracti¢al to this investigation - we wish to look at situations where the MAN tech-
nologies investigated are used because of their potential.)
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For each protocol investigated, the two proposed methods of configuration, (1) the con-
nection of- bmldmgs as/indmdual nodes and (2) the connection of LAN domams to the

FDDL | >

\

Buildings on the Backbone

. The configuration for ¥DDI consists of 32 stations in a ring topology spaced equidistant
from each other by links of 187,5m in length. Figure 8.2 illustrates how the link numbers
and port numbers generally work for the specifications of the configuratiofi in the simu-
lator. Forthis simulation the user need not specify all these link and station relationships
as the simulator sets up the basic ring structure automatically. Note that for FDDI only
one port link specification is required, while for DQDB two port specifications need to be
specified. Every portspecification in the configuration refers toaunidirectional link. Hence
FDDI stations have one port per station for the unidirectional ring and DQDB stations
have 2 ports per station for the bidirectional bus tbpology -

&
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Figare 8.2 Répresénting buildings on the backborie in a ring topology

The other bhrame‘ter settings are (other simulation parameters use default settings):

: Load generation method Global Network Lodd “
er (MAC) Message size 4474 bytes (exponentially di:,tnbuted)
Maxxmum generated data 200 M bytes
Average frame inter-airival time (given in section 1.1a)
TTRT 10 msec
Station'Hardware Latency 0,48 psec
Simulation ending condition  95% confidenccinterval construction for end-to-end
y user delay.

Collision Domains on the Backbone

This configucation uses 8 stations in a ring topology to represent the 8 collision domains
connected onto the backborne. Figure 8.3 specifically illustrates how the link numbers,
pott numbers and link lengths (LEN) work for the specifications in the simulator for this
case. The weighting factor for each station (WT) refers to the relative ioad weighting
required to simulate theloading of therespective CSMA/ CD colhsnon domains. Seesection

1.1b as to its use. : oy

The other parameter setiings are;

Load generation method Individual Station Load o
User (MAC) Message size 4474 bytes (exponentially distribuced)

N ?
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Figure 8.3 Collision domain repres

Maximuem  siation  generated

‘data

Average frame mter-arrivzu time (given in

TTRT

Station Hardware 'Latency
Simulation ending condition
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DQDB

Buildings on the Backbone -

The configuration for DQDB is virtually the sat
simulator automatically sets up the basic ring ;
specifications are used for every station,

The parameter settings relevant to this particu

Load generation method
Usef (MAC) Message size
Maximum generated data

Average frame inter-arrival time (given in|

Simulation ending condition

The simulation ending condition was s:mulatecll-}
to approximately 1 hour, Confidence inte
simui:mon to continue for at least 2 hours.

Gollision Domains on the Backbone

T’hﬁ configuration for DQDB is again virtually

The other parameter settings are:

Load generation method
User (MAC) Message size

10 M byt

10 msec

0,48 Hsec
95% conf
user dela

i

|

wr

=

{3

Unique §
48 bytes |
1 M bytes

Simulate

|

Unigue g
48 bytes!
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i Maximum stanon gc,nerated
= & ..data - - 100M bytes
" Average frame inter-arrival time' (given in section 1.2b}
‘Simulaticn ending condition Simulated time of 2 msec

Metroring , oo P S v
o # L N o "

=L B Fm Metroring, the two configurations consist of 2 extra stations to allow representation :)f

’ the back-up paths as shown in the original topology. Refer to section 7.1.3 as to the reasbn

for this requirement, TheSe Metrormg topologies thus have 6 segments.

Bmldmgs on the Backbnne ‘ P : RN

L. i Shown in figure 8.4 are the link numbers and port numbers, which work slightly differently
b . than before, in order to take these two extra stations into account, Iti is thus necessary for
| - ' |+ three outgoing links for each station to be specified. The user mu“" specify the special
: o connections for hode numbers 1, 11, 20, 25, 33 and 34, The two /xtra stations, 55 and
34, will generate no Ioad ‘ ‘

s . o 34 36
rewt ’ - 3 a4 ‘ -

o
v U : Figure 8 4 Reprcscntlng ﬂu}ldlngs on the bnckbone for Metyoring " \
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Non-default parameter settings are: )

|
!
aoe ' Load generation method Unique Station Load
L User (MAC) Message size 4079 bytes (exponentially dismbuted)
Maximum station generated ,
data . 200 M bytes"
Average frame inter-arrival time (given in section 1.3a)
Simulation ending condition  Simulaved time of 5 msec

- 'The simulation ending condition was again simulated time. As in DQDB simulations, it
Q ~ restricted the simulatlon dur; mon to approximately 1 hotir. S

o " Thelarge simulation durations encountered for confidence interval terminations in DQDB
and Metroring was due to their protocol model implementations. DQDB and Metroring
models used polllng events, analogous to the TransmitMode event used in FDDI's model

_ (seciion 6.4.2.3). The main difference is that these polling events were activated for every

b station on the network every few microseconds of simulated time. ‘This caused the

P o simulation time for DQDB and Metroring to be far larger than for that of FDDIfor equivalent
‘ , ‘ simulations. |
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Figure 8.5 Collision domain reprwentation on Metroring o

The othel parameter settings are:

Load generation method ‘Unique Station Load - L
/ User (MAC) Message size 4079 bytes (exponentially dismbuted) .
=~ Maximum station generated ‘ !
data ' 10/M bytes ‘ f,

Average frame inter~amval time (g%ven in section I1.3b) ; “

Snmulation ending condition  Simulated time of 5 msec

8.1.2.2 Performing the Simulations

Setting up of the parameters in the simulator should be followed in a particular order for
each particular simulation. As all parameters have default settings upon start-up, not all
parameters need to be set and thus only the necessary set is given. If the settings for each
simulation are saved on disk, oné can load these in using step 5 only and thén proceeding
to step 6. Sequential]y they are:

Simulation Option.a
'MAN Type - This is set to the protocol being studied.

Simutation Termination Method - Time Limited Simulation or Confidence Interval Precision
Limited methods can be selected, Confidence intervals of 95% are used for terminating
FDDI simulations while DQDB and Metroring are time limited (as given in their para-
meter settings). ‘ ‘

Network Load Charact"erising‘ Method - For the cases where bulldings‘ are connected to the

backbone, the 'Stociiastic - Globally for Network' option is chosen, while for cases where

__ collision domains on the backbone are simulated the 'Stochastic - Unique for each
“Btation' option is used, : !
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w ¢ EditN/W Globals "

This option brings upa sﬂcrcen referred to as a value panel. This simply dnsplays a list of

user specifiable values ir/’a menuwlike format. Any of the displayed values can be changed
by simply pressing the cbn‘e%pondlmg letter labelling the value and then entering the number
or string. ‘This process is terminated by pressing ESC.

Only Station Hardware Latency needs to be set when FDDI is simulated. (D'(ozDB,«achd
Metroring are assumed to have no station hardware latency,)

Edit N/W Tmpology

This allows the user to specify the network’s topology in detail. There are two parts to this
0 . editor., “ o 0

Starting :‘he Editor

When opnon Cis cnuse:n for the first time for a simulation, three parameters need spec~
ifying: |
(1) The number of stations on the network. For FDDI and DQDB this value is sither 32
or 3 - depending on whether it is buildings or colhs:on doains on the backbone.
‘With Metroring it becomes ejther 34 or 10 tespectWer, as two extra station are
", required in specifying the two back-up paths (see figure'8.1).
(2) The 'new’ station defaults need’specifying. First of all the New Lirik Default Length
- must be specified for all new generated links’ initial lengths. It is best to enter the
' value which ‘occurs the most in the actual topology specifications and then change
] . the other link lengths to the correct values later.
(3) The default station loading, statistics then must. beé"specified using a Node Load
)ﬁ Epecification value panel, The average message inter-arrival time, average message
! length and mazimum amount of generated data are the values in this value panel.
. Again the set of values which will oaccur the most frequently for a station on the
U network should be entered here.

If thils editing option is not bemg chosen for the first time for the simulation, an alternative
introduction asks if the user wants to change the number of stations on the network, If
the i&umber of stations dre increased, then the parameters mentioned above need to be
specnﬂed for the extra stations added onto the network, Whether stations are added or
subtracted from the network, the first and last stations are always linked together by the
editor thus this might need respecifying,

Changing Specific Statibn ChnracteristiCS

 An editor is then shown, dnsplaymg the physxcal link characteristics for each station.

Individual stations can be then be selected using the cursor keys to point to the station

and the ENTER. key to acknowledge selection. Generally two steps are then taken in
charging a station’s link characteristics:

(1 On DQDB and Metroring networks more than one outgoing link per station is used, .

To select which of these lmks 10 edit, press the number of the corresponding out-
going port numbet.
(2) A value panel is then displayed where Station 1D, Link Number, Adjacent Station
- Number and Link Length can be chianged, Station ID need not be specified for these
" simulations, but the other three values sf. ild be correctly specified if the defaults
generated by MANSIM are not as required. .
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This editor is ended by pressmg ESC.
Edit N/W Loading : o
=

=0

‘This option will induce an individual station load editor-if the loadmg is to be unique for
each station pn the network. If the network is giobally loaded, one Node Load Specification
value panel allows the specnﬁé{mons to be set. In the former case, a station will need to be
selected using the cuirsor keys before a Node Load Specification value panel allows a station's
load behaviour to be tailored.: This editor is also exited by pressing ESC.

Loading Snmulatlon Settings l

Option G on the main menu,leads to a sub-menu for loading and saving whole sets of
simulation parameters. Dpnoh D allows simulation settings to be loaded from disk. After
selecting this, one might be pr 'ompted as to whether current settings are to be overwritten
(when they have been recently changed). PressYto acknowledge that lodding is to proceed
and then enter the name of the file wnh the simulation details, .

Performmg thie Sunulanon | S  ;

Selecting E brings up the sim lauon status screen which is dl.splayed for the duration of the
simulation, When the simulation ends an alarm sounds periodically. The user then retums
to the main menu by pressing any key“on the keyboard, - l

l o

i
l

F_xammmg the Results N

lOption F onthe mam, screen all 'ows one to examine the results.

;lt is best to save results tofile tp pressing opnon A any entering the output file name, The
results are stored in ASCI{ fc:rxlhat and can be exammed using an editdr or ever from DOS

" by entering the command |

"JTYPE <file> | MORE '

wheré < file> is the name of tlle results file. A

‘A spenal results viewer can Hle used by selectmg opnon B. First the general simulation
statistics and settings are shown - then screen is passed by pressing any key. The following
three screens show consecutiyely Average End-To-End Delays, Average Queue Delays and

Throughput for the network and for each of the stations. The next screen is displayed wheti -
ESC is pressed. After all thrée screens are viewed and after ESC pressed again the user -

returns to the main menu. Oxl‘lly one station’s statistics are shown at a time. To view several

station's statistics the cursor keys must be used: UP and DOWN switch between consecutive
station statistics displays. P df UP and PG DN switch between station statistics displays in
‘jumps bf 5. BOME and ENl;?l jump respectively to the first or last of the station statistics
dxsplays | o
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18,1.2.3 Results and Conclusions I
Section 1.4 gives the results of simulations wuth figures 8.6 and 8.7 showing the results for

the two cases: (a) buildings ronn4=cted to the backbone and (b) collision domains connected

to the backbone. s
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Figure 8.6 User layer throughput vs offered load when using FODI, DQDB and Métroring for CSIR backbone

The graphs allow easy compatisons as the trends for each type of MAN can be easily observed.
Virtually all trends are distinct enough for reliable decisions regarding performance.
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Figirlre 8.7 Avcmge cnd-to-end user layer dela) v3 offered load when using FDDI, DQDB and Metroring for
/ L.SIR backbone

The DQDii results have two very oppo‘img characteristics, The delays are extremely small
favouring high speed logxcal connections but the throughput behaviour definitely does not
follow the users’ requirements ie. offered load. The throughput does not follow the users
requirements a§ at least 50% of slots are not fully used; ie. due to the exponential distribution
of the user message lengths many slots are no!  filled up with user data, Due to the message
lerigth distribution, the slots get used very lne:fﬁmently for data throughpur. -
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C The FDDI delays are very substantial in overload conditions (when offered load is. greater
than the medium capacity) and so is the saturation of the throughput. Only in underload’
conditions would FDDI's behaviour be acceptable. iy

. . Metroring’s delays do not vary greatly as the ol’fered load varies and it offers the: necessary
) bandwidth to allow the throughput to follow'the users’ demands f:urly well,
' i

-When considering lvhether buildings connected to the backbone or collision domams‘ g
r connected to the backbone are more: efﬁclent, significant differences are visible when
! + studying the throughput of the three types of MANs, The most notable difference is in the
. performance of DQ B's throughput. For the case where buddmgs are connected to the
backbone, the thronghput increases steadily as the load i increases to 125 Mbps and then
Jevels off. However] when the collision domains are taken to be connecfed to the MAN, the 0
B s user layer throughput rises steaddy and then drops after the offered load exceeds 125 Mbps.

FDDI, on the other’hand, hardly changes its throughput performance in the case for which
> collision domains are connected to jt. Metroring shows a noticed unprovement in matchmg
the throughput to the offered load when the colhslon domams are connected.

" As average end-to-end user layer delay is the pnmary index for determuung the MAN best  ©
suited for a backbone, the following pnormzatxon of MAN’s can be used: » '
(1) DQDB - the loWwest average end-to-end user layer delay all round
‘ (2) MR - the next highest delays but also fairly constant
. (3 FDDI Jafter an offered load of about 80 Mbps it has the largest delays which i mcrease
mpletely unacceptable levels

Although the average end-to~end user layer delays indexgivea distinct way-of selectmg MANs,

o the user laydr throughput of each MAN must also be considered. In this case study, con-
sidération of throughput is q,,sentual as DQDB performs best when it comes to delays, but

. worst when|it comes to throughput. Further assessment of the protocol performances
becomies negessaty for determmmg a viable protocol to solve the problem,

\  The through put characteristics of FDDI and Metrormg are thus studied. FDDI is observed

\\ Y to perform pootly with respect to user throughput when in overload. Metroring is noted

J to handle the applied load very well, as the user throughput is almost proportiona! to the

o applied load. Thus considering how well protocol handle the throughput, Metroring
becomes ﬁr%\“thonce . p

In finally considering Metronng s average end-to-end user layer delays, Metroring can be
S > deemed acc! ptable, everi though its delays are at least 100 times greater than DQDB‘s (about
| > 30 misec for Metroring, about 15 psec for DQDBY). In this case where Metroring is taken as
first choice, it is obwous to conﬁgure it as a backbone with connected’ ethemet collision

: @ domains. : , @ .
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(2) Factors affecting protocol selections could be interpreted as indices or quantified, in
order to aid evaluation of protocols.
This lead to a number of assumptions, These assumptions were made as they defined the
area of research more clearly and eliminated a number of protocol variables, such as internet
effects and implementation dependant factors, that would expand the scepe of research to
unmanageable proportions. These assumptions were also reflected in the désign of the MAN
simulator where a special version of the protocoi stack is used.

Section 1.5,1 identifies the factors affectmg performance in all classes of networks All net-
works can be described in terms of the same set of basic elements, MAN performance would

- then be dependant on ali of these factors.

In section 3.3 these factors were examined to identify indices, or attributes, thot are used to
compare different MAN protocols vith each other. The indices selected could then be used
objectively.for determining @lrotocol performance. The assumptions and limitations

" behind these choices did not re...nlict the validity of the chosen indices for performance

comparisons. Rather, the choices considered a vast scope of factors affecting’MANs from a-
common frame of reference (the assumptions and limitations of the study). Ongze the three
methods of comparison were established, indices for each method of compd}nson were

selected from these chosen factors.

9.1 Unique Features of the Study

The method of comparison‘énCOmpaSSes several unique features:
- Several unique methods can be used for comparing protocols against each ¢ther.

- Established protocols through to protocols in the conceptual stage of development can
be: evaluated and compared, ‘

- Any number of pratocols ¢an be incorporated into an existing set of evaluate protocols.
Anyselection of protucols from this large set of evaluated protocols can then b compared
against each other.

- This method of comparison applies to MANs. Other compnnsons apply, by ahd large, to
LANs and ‘WANS.

9.2 Application of Methods for Solving Problems
Each method of protocol"éomparison has distinct advantages and disadvantages.

9.2.1 Fuﬁcti(m:{\l Method of Protocol Compatison

The functional method of protocol comparison allows a choice of a MAI protocol based

on howwell the compared protocol’s meet prioritized functional requirements, The more
_abstract form of protocol performance is thus analysed by considering the quahtatn'e
‘requirenients for the network's perform:mcc,




&

P

This is the more difficult comparison method of the three available methods to apply to
a probleni, as the principles behind the criteria here, are subject to evaluation of protocol
rules, ie, a qualitative assessment of the protocol is required for every criterion of this
comparison method, This comparison method compares protocols relative to one
another. Thus, it is important to consider of all the compared p.btocols simultaneously
when evaluatmg which protocol meets a criterion best.

2. 2.2 Analytical Method of Pretocol Comparison

The analytical method of protocol comparison atiows the choice of a MAN protocol based
on protocol performance under a standard network conﬁguration

The comparison method also enables alteratlon of the parameters of the standard con-

figuration to suit the probleni’s requu'ements as close as possible. The basic behaviour
of the physical and MAC layer is representea by idealized throughput measures and

physical delays allowing a limited amount of implemeritation factors to be taken into

account. Thus the idealized performance of a MAN is represented to allow several protocol
and topology architectures to be effectnvely compared

9:2.3 Simulation Method of Protocol Comparison ,

With the simulation all details of the asynchronous load and the intended configuration
allowed the user to examine which protacol meets the network’s requu'ements best.

The physnca! layer measurements are suited to the desxgmng ofthe topology cif the network
while the user layer measurements are suited to the comparison of MAN performances
and the planning of the load allocation on the network. This illustrates how practical a
tool simulation coiild be,

Each of these methods of comparison thus have varying levels of practicality and require

different depths of analysis. Note that when protozois have been analysed for the functional

and analytical methods of comparison, no extensive analysis is required when considering
~ the protocols again in further MAN selection problems. New network problems requiring
comparisonvia simulation, require re-assessment of protocol performance for every protocol

considerzd. The applicability of each method of comparison is summarized in table 9.1.

MAN Comparison Practicality in Solving Protocol | Required Depth of Analysis
Method Selection Problems for New Protocols ‘
Functional Qualitative and abstract Comprehension of rules for
7 ) requirement analysis. all protacols considered.
Analytical Idealized performance of man | Analysis and derivation of net-
protacol and topology archi- |work topolegy related indices. |-
‘ tectures. : 7 N
Simulation ‘Choice of 'proto‘col and con- |Breakdown of protocol func-
‘ figuration for specific network | tipning and design of a proto-
problem. col object. . B

The Functionzl and Analytical methods are thus easiest to apply when the method has

evaluated many protdcols over the long term.
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Table 9.1 Evaluation of mulﬂng MAN comparison methods
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Each compisison method was applied successfully to the three example protocols. The
protocolsused in the illustration'of the MAN comparison method’s applicationareat different
stages of the network protocol development life cycle. This range of maturities of these
example protocols shows just how the study of comparison methods canbe used in selecting
MANS for future requirements. This implies long and short term networkmg solutions can
be reached by using it. Well established technologies as well as newly emerging protocols
can be compared against each other using this method, thus achieving the aim of the
investigation.
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“The functionalxty or pgocedures for tha MAN comparison method may be developed further.
Research in several other. areas would make the MAN companson method more general in .
scope; ‘ 9 oo o

10.1 A Detailed Comparison of Reconﬂgurablhty and ExpansibiL- .
ityofa Topology :

)

The method for functional comparison of MANs requires more research for analysis of the
reconﬁgurabnhty {section 4{3 .2) and expansibility (section 4, 3..;) of a network topology.
‘The effects of the current conﬂgurat:on of a network should also be taken into account
when looking at these criteria. The complexity with which stations aré arranged on the
network needs to be taken into account, as mentioned in section 4.3.1,

10.2 Indices for Aiding the Functlonal Method of Pr:)tocol Com-
. ~ parison

Section 4.5 proposes an extension to the functional comparison of MANs. If the criteria
for choosing -the MAN protocol could be weighted, a more rigourous procedure for
chocsing a MAN in terms of functional requirements will result. This, however, requires
each criterion to be represented by an index that measures the absolute effectiveness of
a MAN protocol’s ability to meet the criterion,

_10.3 Faster MANSIM Protocol Model Operation for Simulation

Computer network simulation is a complex topic. - The e;:(ample protocols have been
modelled in a straightforward way for application to the simulator environment (sectioqg
6.1.Z and 6.1.4). Hd'wever, the protocol models could be derived differently via‘other
modelling techniques This can result in more efficient model operation when more
current simulation techniques are applied.

10 4 Intemetworkmg of MANs

The mterconnecnon of separate MANSs should also be investigated further, Thiis will entail
taking internetworking effects into account in the proc¢edure for MAN performance com-
parison, Evaluation of several internetworking effects is possible:

- ATM switching between MANs. This requires all packets requiring routing to be

.broken down into fixed length segments (or slots, for DQDB). ..

- Expansion of MANs to CANs - country-wide area networks. This gffect is achieved

‘when Metroring networks are of a scale where several Metroring regions exist.
- Linking MANS, as is required for extensive networks using FDDI and DQDB.

The results of researeh in this area, may help network developers to direct efforts to the
option which will have the best 1qr\13 term benefits to the networking industry.

a

A N Bk e e »




T ———

AN % N “94. (’fbu 7' "

0 u ,

10.5‘Generalization of the Compéf'ieon Methnd for all Classes of

Network
oy D

The procedure ‘of MAN performance comparison can be generalised in several places to o
allow the incorporation of LANs and WANs-into the MAN comparison method: o : L

- A greater scope of factors affecting network performance can be considered.

- Derivation of a new standard configuration for Analyﬁcal comparisons s necessary-to o
model all classes of networks.

. Derzvatir:m of a new topology representation is I'CQI.ul'ed for Analytical comparisons
when the indices are derived.

- The basic envn\ onmenttomponents and characteristics of the simulator will need to »
be refined to in nrporate any class of network, g. the rules for topology structuring o
may need to be variable orthe methaod for transmittmg packets may need modlﬁca- . ’

tlons

Thns will make thc companson method- applicable to any type of computer network.
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TheInternational Standdrds Organisatlon Protocol Reference Model isa sevem““tyered model

“each layer representing a softw.u'e emvty triat rLerforms awel

to the other layers.

A1 The Physical I.ayer

aﬂus"layer compnses the spedifncanons for. the ‘mechanical and elecmcal network interface. ‘

e

L@

fidefined functiGh with respect

i

'Jl’he network layer uses the physncal layer to transmit packets as sernl streams of bits across

‘the network mednum.

A 2 The Link Layer

P
J‘} R

is

g

Here the network layer is prov:ded with rehablnn information transfer facdities. Thelink layer-

thus detects errors in transmissions and if necessary will retransmit packets Two ways of

accomplishing this task (services) are provided‘

Connectionless Service. Rach information frame {5 trea(l\ted

ferred usmg a best-try approach,

\

iy

self contained and is- trans-

Connection Orientated Servite; Groups of information frames are transmitted ovemiogxcal
connection - a connection that exists by the source and destination stations knowing
the state of the information. transfer mode. This therefore endeavours m provide
error free information transfer in a more controi!ed way g

A3 The Network Layer\\

fL

w

Addressmg of packets for routing across network wide connections is perform’ed here. It
MSO controls the establishing and cleacing of connections between transport layer entities.
Sometimes flow control is performed here too, .

5

" A.4 The Transport Layer

P

_ 'This layer shields the higher application layers from the three lower network oriented layers”

by making sure all error and flow control terminates here, These services are provided in
five ¢lasses of service to cater for the varying quality of service provided by different network
types. Class 0 would provide only the basic functions needed for connection establishment
and data transfer. This would range up to Class 5 that provides these functions with full

error and flow control.

A 5 ’I’hc Session Layer

L

This mtroduces dialogue synchronization points in"tlie communication as well as a pomt
where exception reporting occurs (non-recoverable exceptions during a transaction). The

2

B

\\\

. presentation layer thus uses the session layer to set up and clear dialogue channels.
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A7 The Application Layer :

G

‘Here the syntax of the datz (abstract da Jn syntax) from the apphcation layer is converted to

asyntax common (transfer syntax) to bott} application entities. A number of transfer syntaxes
exist for this purpose and the correspon élmg presentation entiﬁes must somehow agree on
the syntax to be used, Data security issues would alsobe resolved in this layer.

o

«AI o “ R .
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At the top of the OSI stack the anphrat!15l\layer provides the user’ (interface) toa number
of network-wide distributed information services, Examples of these information services
are: file transfer, access and management (FTAM), electronic mail and virtual terminal *

~ emulation. These ‘services are then tked to the station’s operating system (0S) and

operation of the communication sub-system is transparent to the user,". ‘
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AE ENDIX B f!fI;IE FIBRE DI&TB!Q[J 'ED DATA INTERPAQE STAN-

DARD (FDDI

The component entities of the FDDI standard are

'°'.en\tities ofa FDDI station, as shown in

vt b
v

figure B1, are:- | " B B

Station Management (SMI’) - The local part of the net\\mrk management process. Control
is exercised from here for the proper initialization-and operation of the FDDI station.

Logical Link Control (LLC) - This is a standard component which ensures reliable transfer of
data across the data link. The LLC does not require redefining asitisa standar d protocol
(IEEE 802.2) which interacts with the MAC.

Medium Access Control (MAC) - Specifies the lower’ subiayer of the data link layer. Here
medium accessing, addressing, data checking and data framing are performed

Physical Layer Protocol (PHY) - Spemﬁes the upper sublayer of the physical layen Clocking,

encoding/ decoding and framing for transmission rules are spemﬂed here.

Physical Layer Medium Dependant (PMD) - Specifies the 10 yer sublayer of the physical layer.
This includes specifications for power levels, optical tra }\smxtter/ receiver characteristics,
interface optical signal requirements and permissible Blt error rates.

B\

\\\‘
. . e
DATA LINK mmmmmmmmmmmmmioe—o—eo—o -
’ MAC -
’ L PHY e SNT
PHYSICAL -
| FHD .y
OS! Mode! - Fml smndgrd | i

. Figuré B1 Component entities of a FDDI station
]

s

The rules of the protocol are classified into different areas: i

B.i‘;\Physical‘Layer S | ‘ ,

B.1.1 Classes ef Stations

- Dual attachment station: Contains two PHY eritities, It may have more th:m one MAG entity

The.,tanon canbe .ittached direetlytothe tr\mk ring orindirectly by means ofa coricentrator. .,

- Single attachment station: Contains one PHY and ane MAC entity and may only be attacheci
to a concentrator, .

- Comentt‘atoi, This is a dual or single attachmenit station with extra PHY's connected i a
manner to allow other stations to be conmected to it in order to be attached t9 the main
ring. Concentﬂtors tome with v.u'ymg levels of functionality. pa

7
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~B 1.2 Topology and Structure o

A trunk ring consisting of two. counter rotating nngs A maximum of 500 stations may be
. attached to the ring. .The ring stations may be linked by a maximum of 100km of duplex |
ﬁbre-optic cable. .

%

B.1.3 Clock Rat&s, Encoding and Decoding

A baud rate of 125 Mbps provides a 100 Mbps data rate using 4.3/53 symbol Mancbester
encoding, “The 4B/5B encoding uses 32 symbols, each symbol represented by 5 bits. 16 of
the 32 symbols from the four out of five group code are used as data symbols, the rest of
the symbols are used for line state signalling, control indication, frame ﬁeld dehmnting and °
transmjssion error indication (packet errors)

(&

Each station uses a local fixed-frequency clock with 0, 005% stability to transmit Frames of
upto 4'500 octets can bt_ transmitted not to exceed limits of (at ieast) a 7 0 bit elasticity buffer
in the stanon.

Each réceiver compensates for the difference m recewed and local frequencies with the
variable length elasticity buffers. Receivers use a techmque such as pbase-locked loop to
" lock on to the incoming frequency. This compensation is necessary to keep the ring latency
constant (a changing ring latency causes errors in transmissipns on the ring). Compensatiorn
{s achieved by removing or adding IDLE symbols from the preamble.,

As tl\e action of this compensation could lead to the shortening of the preamble (which was
used to synchromze theclock in the receiver), a further mcchamsm called asmoothing buffer
funct‘ton is needed to prevent the preamble from disappearmg from the front of the frame.
This smoothmg buffer function removes IDLE symbols from preambles longer than the
symbol threshold (16 symbols) and redistributes these syn‘ibols to lengthen short preambles,
in order that the preamble length is never shorter than 4*\or 5 octets. ‘The algorithm used

for the smoothmg function reduces frame loss probability to less than 1012,

«

B.1.4 Frames and Their Formats \\

In FDDI a'token ring like access protocol is used, therefore an\access token and a data ﬁ*ame
are used, .

Fields common to both the token and information frames are: \.\

PA - Preamble (16 symbols) \
This consists of IDI E line state symbols and is used to synchrbmze the receiver's clock.
SD - Starting Delimiter (2 symbols) ‘\ )
This consists of the J and K symbols and is used in signifying the b\egm of the data fields.

FC - Frame Control (2 symbols) \
This is used for signifying the type of frame and con| ‘/\functions associated with it,

ED - Ending Delimiter (1 or 2'symbols) l \
This is comprised of one or two T symbols and signil /c 1e end of the data fields.

B.1.4.1 Token Format : » ‘\

Two types of token are used in FD'DI: restricted and non-restricted. A non-r&tﬂcted token
is used during normal ring operation while a restricted token grants only‘:!vo stations control

3
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of the asynchronous frame service. Dialogue then occurs between only t these twg stations

to facilitate high speed transfer of burst data (eg. between harddisks on the communicating

stations).” Figure B2 shows the layout of the ﬁelds in a token.
" b L R

@

: // T 0 f——-——*ﬂ,’rectmn of l"rébugnthn‘ ’
(/‘ o . e Tsilrele] |
\(\ ( Figure B2 L1yout of ficlds of a FDDl tokcu

B 1.4.2 Data Frame Format

Lo

The data frame, as shown m ﬁgure B3, ‘has several more fields than the token:frame:

DA - Destmatlon Address (4or12 symbols)

The,MAC destination station address for this frame The FL field clistingmshes the
length for the address.

SA - Source Address (4 or 12 symbols)
" The MAC source station address that originated this ﬁ'ame. The FC field dnstlnguxshes
the length for the address. .

INEO - Information (0 or more symbol pairs) - o
This variable length field carries all data for protocol layers above the MAC.

FCS - Frame Check Sequence (4 symbols) :
For checking ata destmatxon node whether the data in the frame is corrupted or not,

= g o

¥ FS-Frame Status (2 symbols)

 » . This consists of three control indicators for. mdn.atmg whether the frame is error free:
i o ornot, whether the destination station recognized the frame or not and whether the
destmanon station copled the frame or riot.

i

[ o FCS Coverage i "

B T N T R 4
parelilvon of Pripogstion
W

4, “infornation | FES | ED [ TS ]

o g Flglm: B3 Layout of ficlds of an FDDI l’nformat’ion frame
‘B2 Medium Access Control Layer

The entity in the MAC layu' decides which station has control ofthe medlum. 1t sclleduIES
and performs all datii transfers on the\rmg T e

=321 Aécuis Control

a

'The Timen 'l‘okm Rotation (TI'R) protocol is used to control access to the medium, Tlus
_ protocol allows two classes of service:
- Synchronous setvice: Use of the token is made whenever synchronous frames are
ready for transmission,
- Asynchronous service: The token can n be used to tl'ansmit asynchronous fraies when~
ever they ave available and time is permitting,

o
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’o keep access delays around the ring to a minimum, all stations refer to a time called the
Target Token Rotation Time (TTRT) which specifies the maximum time a token can taketo ©

rotate the ring once. This maximum value oi\’\ token rotation time (TRT) ensures each station
sees the token on average once every TTRT seconds for synchronous service requirements
to be met.” The value of TTRT for the whole )ring is negotiated during the claim process
(sectxon B.2.4.1) when the ring is initialized.. - .

o

' fe

Three counters in each station are also uscd for controlling the operanon of the protocol:
-Token Rotation Timer (TRT): This countdown timer measurés the time between the receipt
of tokens at ‘the station. TRTis said to expire when it reaches avalue that exceeds the TTRT

(the TRT countdown timer reaches zero). When it expires it will restart the nmmg (counting

down from TTRT) and continue until the token is received again. Dunng ‘normal operation,
itis restarted (loaded with the TTRT value) whenever the token i is seen passing the station.

- Token Holding Timer (THT): This holds the time for which the statiofi may transmit
asynchronous frames. This time is derived from the remaining time in the TRT when the -
token arrives early ie. TRT has not expired yet. o

- Late Cdunter (LC): This is incremented whenever the TRT expu'es and the token has not
yet been claimed by the station. The' LC is decremented when the token eventually does
arrive. It is used to indicate how many TTRT cycles the token is behind, When tokens do
arrive snd'the LC does not ‘equal zero, no asynchronous data transmission may take place.

 Whén a station MAC entity does not have possession of the token, the MAC must:

- Repeat any passing frames from its upstream neighbour to its downstream neighbour

- Copy the frame to a'local buffer if the frame’s destination address is the same as'the sta-
tion’s MAC address and subsequently notify the 1LC or SMT.

- Notify the LLC or SMT of the received frame’s rccenpt if no error in'the rec enved frame is
indicated or"detected

* Change the symbols in the frame status ﬁeld if (1) an errorin a passing frame is detected,
(2) the MAC recognizes its own address as the destination address of the frame's or (3)
the frame is copied to the MAC buffer. ) : '

- A station’s MAC takes possession of the token when it has frames in the LLC to transmit and

it receives the token from its upstream neighbour. When possession of the token is taken,

a station does not remove the whole token from the ring but transmits thié succeeding fields -

of the informiation frame as the header fields of the token pass by. When the header of the
voken is seen the TRT is restarted (except in the case of a late token). :

When possession of the token is taken, the MAC entity muq;: -

« Transmit frames from the LLC awaiting transinission. ' ‘ ’

« Remove frames from the transmit buffer when it determm'._s they were received corr ectly
(after they are received with the copy flag in the framé status field sep). n

- Stop transmitting frames when either (1) the measured time since the last received token
(TRY) excéeds the TTRT or (2) there are no more frames in the LLC awaiting transmission.”
The station must then retransmit the token right after the last transmitted frame.

- Remove its own frames from the ring once they have circulated (l‘his oceurs whether

1

frames have been received correctly or not.) " o

wy

Synichronous frames are transmitted whenever they are ready as the tok¢ passes by.

Asynchronous frames are transinitted only after any synchronous frames havé been trans-
mitted. The time allowed for continuous asynchronous fraine transmission i held in thie
THT counter and set equal to the value in the TRT when the token is captured and before

M)
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the TRT is restarted 1f the TKT expu'es before the token is received, the LC is mcremented
to remember this so that when the token‘comes round the next time the TRT is not restarted
this allows the node to accumulate the Iateness by not resetting the/TRT,

J

“ Theamount of time for which a'station may transmit synchronous frames is controlled by

station management (SMT) in‘a bandwidth-allocation pricess. After this process’ completion

~ edch station requiring synchronous frame bandwidth will have an assigned period of time
for this purpose. This bandwidth is.allocated in such a way such that the sum of all the -
‘ ynchronous transmission imes for all stations on the ring does not exceed the TTRT but

still allows time for asynchronous frame transmission. This ensutes a worst case delay of the
token of twice the negonat’ed TTRT. ‘ A ‘ N u
@ i RS . : >

B.2. z Priotity Control .’ R “

1 = o

" Priority control is implemented for asynchronous frames in, eight priority classes. Each class
of priority has an associated time value for which it may transmit asynchronous frames,

Whenever the time remaining in the THT is greater than the associated transmission time

“for a frame’s priority, the frame can be transmitted. Frames with higher classes of pnonty

take, preference over frames with lower ofies, 0

Frames in the MAC queue are processed successxvely according to this rule. The effect is

that a mix of priorities (from a queue filled with frames of all pmonnes) is transmitted with
the scope of frame priorities narrowing over time until THT equals zero, Obviously, if frames
of the highest priorities do not exist while the THT valué will only permit their transmlssioﬂ
available frames with lower pnormes will bu., transmitted.

02 3 Faim&‘s CODtl‘Ol ‘ . P s o

No‘spemﬁc fairness mechanism is implemented iri FDDI as fairness is mherent in the logical

MAC operation. (Each statiori has a chanice to transmit frames for each rotation ofthe token.)

This inherent fairness also apphes to the priority operation of FDDI [Halsall 88].

W

‘When a FDDI ring is powered up, it first assesses whether lmks to ad;acent stations and the

+ stations themselves are functioning correctly. Secondly a higher layered station-connection
management protocol takes action by controlling internal connections within a station and.

‘switches the MAC entity into the ring. When astationis connected to its nelghbourmg stations
via this action, it is referred to as being in the "through mode'.

0 [

" ‘When all the stations are eventually connected as one full ring, one MAC will detect the need

for ting initialization, When a station MAC detects the need to initiate the ring, it enters the
Claim pfocess to start token flow and TTRT negotiation,

B.2.4.1 Claim Process - . ' ”

One station initiates this process by transmitting a claim frame, 'I‘hns frame has the source

, and destination addresses set to the initiating station’s address while xt also contains a bidding

value for the TTRT.
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All other MAC nodes continu;ally proceés'incoming claim frames, comparing the incoming
TTRT bid with its own TTRT bidding value. Whenever a higher bid value (the faster the
required TTRT, the higher the bid value) is read from a claim frame a station defers from

- transmitting its claim frames if it was onginally transmitting. Whenever a stationreads alower

bid value than its own, it strips the frame wx(h the lower bid value from the ring and transmits
claim frames with its own bid value even if it was not originally in the claira process. Thus
all'stations that have bid values higher than the ¢laim process initiator will be the only stations
transmitting claim frames. Every station then remembers the last highest bid value and will
deduce the TIRT from this value. This claim process then completes when the station with
the highest claim value receives it own claim frame back. This station thus wins the claim
process and will issue a new token. (If two stations request the same TTRT, the Iength and

! magmtude of the two stat:on $ addresses decide who wins the claxm process.)

B.2.5 Soft Error Recovery

Several types of soft errors must be catered for:

' B.2.5.1 Bit Error During Frame Transmission

Whenever an error occurs in the transmission or dehvery of a frame, the frame is known-to
be corrupted. Any station which such a frame passes detects this error and sets an error bit
in the Frame Status field of the frame; thus when the frame's source station removes it from
the ring, it itself will detect this error by the status of the frame error bit in the Frame Status
field. The frame will thus need to be retransmitred.

B.2.5. 2 Bit Error During Token Transmission

Ifa token becomes corrupted during its rotation of the ring, the stition detectmg the error
“will initiate the claim process. This will then determine which stanon will issue a new token,

B.2.:5.3 Full MAC Recelve Buffer : (f

WhenaMAC entltyrecogmzes a frame from the ting as de._tmed for itse[f buthasa full receive
buffer it cannot copy the frame, However two control indicator symbols in the frame status
field at the end of the frame indicate whether (1) the destination station recognised it own

address and (2) whether the destination station copied the frame. Thus the source station

can assess whether its returned frame was copied or not, and if the destination station was
functional.

B.2.6 Hard Error Recovery

Hard errors are handled at two levels in FDDI. The management entities try and correct the
problem, while the MAC layer goes into a Beacon mode to detect when the ring error is
corrected. 5 o ‘

. B.2,6.1 Station or Lmk Failure Management

The physical-connection management protocol continuously monitorslinks between stations
to see if they are functioning correctly.

. 'When a station or link fails, the two sranong adjacent to the ﬂuled component reconﬁgure
. internally (according to the station-connection management protocol) to link the baclcup

ring into the functiomng part of the ring. This is shown in figure B4,
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Figire B4 Reconfiguration of FDDI to eliminate a failed component

s An optical switch within each station allows stations to pass the signal through it without
" “'being received or transmitted by the MAC, This by-pass mechanism is used by the station
. when itis powered down or an internal error oceurs (as the network management function -’
" would detect).

. B.2.6.2 Beacon Process -

> The MAC uses the Beacon process when-claim token fails, whén the rmg is first initialized or
. any tinie the ring has been broken. This process is used to test the ring integrity at the MAC
level to see if the ncgncal ring is funcnonmg correctly

In the Beacon process, initially statxons continually transmit beacon frames. When a station
receives a beacon frame from its upstream neighbour, it stops trafismitting its own beacon
frames and passes the upstream beacon frames. Thuswhen astation receives a beaca': frame
that it originally transmitted, it knows that the ring has been: established or restored and will
then enter the claim token process to mmahzc. the ring,
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The components of the DQDB standard' are re-speciﬁed with respect to the bottom two

layers (Physical and Data Link) of the ISO reference model. The component entities of a

DQDB station, as shown in ﬁgure Cl1, are:-

i : ]
Stanon Management The local part of the asynchronous network management process,
- Control is exercised from here for the proper initialization and operatnon of the DQDB

! stanon
« S

Isochron0us Management - The part of the network management process controllmg the

operanon of the isochronous service.
5

Logical Link Control (LLC) - Thisisa standard component whnch ensures reliable transfer of
 dataacross the datalink, The LLC does notrequire redefining as itis a standard prqtocol
(1EEE 802.2) which mteracts with the MAC. )

RS

* medium accessing, addressing, data checking and data framing are performed. o

Physncal Protocol - Speciﬂes the upper sublaycr of the physical layer. Clocking, eficoding/
decoding and framing for transmission rules arespecified here

Physical Medium Dependant - Speciﬁes the lower: sublayer ofthe physxcal layer. Thns includes
specifications for power levels, optical transmitter/ receiver charactensncs, mterface
) optical signal requirements and permissible bit error rates.

Isochronous Channel Control - Thls component w;ll fink the network data service to the
devlces that process the data (e telephones, fax machines).

LoGICAL Ling | [SUCHRONDUS =

oL | CHANNEL z

) : CONTROL. ”
STATION MEDIUM ACCESS - |  ISOCHRONOUS =

, MANAGEMENT ~ CONTROL | MANAGEMENT g
“ . PHYSICAL g
* PROTDCOL 5
L o

v . S

PHYSICAL MEDIUM &

) DEPENDENT z

Figure C1 Component entitics of a DQDB station Ca o

o

The rules of the protocol are classified into different areas: . 0 o

I
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’ Medium Access Control (MAC) - Specifies the lower sublayer of the data link layer. Here’
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' C.1 Physical Layer L . | o \\
~C.1.1 Components of Network | ' e : .
o N Four type of stations (besides the medmm) constxtute the network (three types of stations

shown in figure C2a);
- Head of Bus (HOBY): Thisis a DTE (data terminal equipment) performing a frame gener-
tion function. The frame generation component generates the synchronized and for-
matted time structure of slots that each node may use for information transfer. *

-Node: Thisisa DQDB DTE performmg no specnallzed function (although for ring struc-
‘tured networks every DTE must bé capable of being a HOB or EOB).

- Erasor Node: These are specialized stations which recognize slots which have passed
their destination stations and release them (transmxt empty slots in their place) for
subsequent use [Garretetal 91, ! . ’

- End of Bus (EOB): This is simply a DTE actmg asa sink to the information tlow on a bus,

HOB’s and EOB’S are found to;?éther in pairs at the ends of the busses such that one HOB
has a complementary EOB at the erid of:its line,

C.1.2 Topology and Struc Au-e : , .
Q\Za.

o

o The topology is a dual bus consisting of two contra-du'ectional lines as seen in figure
P - Stations on each of the dual busses are linked by a maximum of 50km of ﬁbre-O/,’;tic cable.

Nodes lie adjacent to the medlum in that data does ot flow through them. Instead-each
node uses unidirectional reading and writing taps and writes information using logical OR
» gates, as shown in figure C2b, onto a synchronized and formatted time structure generated

by the frame generator at the head of each bus. .
b - ’ S
(o) i 5
) [ P > Bus 4 a ]
B HOR vée Top EDB P ;
’ : i [ Node'k! ] (Node 2] ——— Ny ‘ Node N S

"HOB

Lre } S
i 1 ‘ af o EOR /VL— ~{esd T '
i : N . \:.__—/ Bus B T 4"_[]

’ ()]
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' p . Figure C2 Structure of 2 DQDB netwoerk; (a) the topology and (b) impleiméntation of the read/ write tap,
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€.1.3 Clocking and Encoding/Decoding

A 150 Mbps data rate is used on each bus. This dual bus operates with any synchronous

transmission interface.

The empty slots used for carryirig the informanon are generated »continuously by the HOB

o

at the same rate but not always the same phase.

C.1. 4 Frames and Their Formats

Slots are used to convey data in DQDB. The HOB generates emipty slots, orito which seg-
mented frames from the LLC layer are written. Each slot carries information for one bus’

2

N

user data’ (m its forward direction) and the other bus’ requests (in the reverse du-ecmy’»/
o B B L
C.1.4.1 Slot Format s
These slots are composed of many fields that add up to 53 octets in total. The structure of
the'slot is shown in figure C3. ‘
° Bytes 5 2 " 44 // » 1 3
(0) |- HEADER |- (LABELY oINFORMATION | LEN | cRe
\\\ g " -
\\ “()\
Bits g a2 2 2 &
o ’ . VRIUAL | Ve ve HEADER .
(o> | AGCESS | coptur 1o | rye |« pribeiry CHECKSUM 1}
n \ »
Bts . 1 1. 1 L T~ l
|
L C) | BUSY | TYPE | RESERVED | PSR REQUEST |

Figure C3 DQDB slot structure showing ﬂelds of the (a) slot, () slot header and (c) the access control field in
thz header.

Header ﬁeld Thxs is a section of the slot with control mformz\mon

@

\
i

:

o

W

Access Control Field: This contains 8 bits, each of which is used ddferentiy.

o

Busy Bit: Indicates whether this slot is presently being used (by an upstream

node), *~

Type Bit: Indicates whether the slot is used for isochronous or asynchronous

data.

Prevnous Slot Received Bit (PSR) This is used for acknowledging the receipt of

Y
[y

the previous slot, This is implemented so becausé’a node cannot immediately’

acknowledge receipt of a slot as it passes. (It has control of only one bit at a
time.) This bit is used'when an evasor node needs to know when to transmit

an empty slot instead of a busy slot.

I

Request Bits: These four bits are used by stations for reservmg slots for four
different priorities. :

Reserved Bit: For future use,

G
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Virma.l Circuit ID: Used for identlfymg which two nodes access this slot - hence 'who
chelongs to this virtual connection’. . ) o

Header Checksum. For verifying the validity of the whole header.

L

Informatxon field: For isochronous slots all 4 }3 octets in this field are used for data. Bach

octet then represents pne channel which will be repeated every 125us. For asynchronous Fly

slots this information feld is broken into sections: . o

Label: These two octets contain 2 vafue unique over the DQDB bus used for gulding
reassembly of segments at the destmatnon.

Information: 44 bytes for a segment are used for carrying‘mfonnatnon.

Length and Cyclic Redundancy Check (CRC): These two fields take up two octets
together and are used by the MAC layer for error checking. | e :

C 2 Medium Access Control Layer® e .

'C.2:1 Access Co‘ntrol w

‘Use of the distributed, queue pthocol is made to control each statlon s use of the. mediuni
bandwidth in terms of slots, The principle to be presented apphes to both busses but will )
only be described for one bus.

' A&though the distributed queue protocol uses one bus for information transfer invone
direction (the forward bus), the other bus (the reverse bus) is used for the forward bus’
control purposes. Thus when considered fully, each bus carries user information for its
* forward path and control information for the other bus - this control information being only
four RFQpBST bits’in the access'control field of aslot. The sunple case of one priority class
is considet>d ﬁrst,.

» For one node, three entities: particnpate in the distributed queue protocol:
- Alocal queue: This is a buffer in'which segments to be transmitted are queued and
[ served on a 'first come first serve’ (FCFS) basis. (A segment is a fixed length piece of
‘data thathll fill or:e. slot while many segments mAke upa message)

e

nodes tn/at have request dislots,
- A COUNT_DOWN counter: ‘This countet is used td keep track of how many empty
“'slots t aliow to pass on thn forward bus, before using one for its own data trans-
\. miwslon. - ( L o
" [ . : 4
A s@mon can be in one of two states:

- IDLE: The local queue 4 en fpw (no segments need to be transmitted) but the node
mohitors the state of the distnbuted queue (the apparent queue caused by network node
requests)i v Q

- COUNT_DOWN: The local queue is holding at least one segment and has requestéd an
empty slot but now waits for dowristream nodes to be served first.

In the IDLE state: 7 e \5 ' )

W \v

v
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- If a request arrives on the reverse bus, the REQUEST counter is increménted by one.
- If an empty slot arrives on the forward bus, the REQUEST counter is decrementcd by
\ - oneifitisnotzero. =~ %
¢ .Ifasegmentarrives at the local queue for th:s node, the queue goes tothe CDUNT DOWN

o

i state,"The COUNT_DOWN cuunter takes on the value present in the REQUEST counter

. at this pomt and the REQUFST countet resets’to zero. N

8
Onlv one segment is serviced at a fime in the COUNT_DOWN state: o

- If a request arrives on the reverse buis, the REQUEST counter is increased by one.

. If an empty slot arrives on the forward bus and the COUNT ' DOWN cotlinter is greater
“tharf/zéro, the slot is allowed to pass while COUNT_DOWN is decremented by one. The
RE {UEST counter is unaffected. -

- If ar| empty slot arrives on the forward bus and the COUNT_DOWN counter is zero, the
slot ts used to transmit the waiting segment. The- queue status then returns to the IDLE
state.

@

[

C.2.2 Priority Control

I

Priority is unnlemexmted with asjrqchronous frames in four classes of priority (0t03), Frames

with highest priority (3) take preference over other frames. The frames in eac¢h priority class

are broken down into segments and inserted into corresponding queue,\xfor each priority.

Each‘bus is serviced mdependently, thus each node has eight queues for handling pnontxzed o

segments, ]/

&
There are also. eigh‘-* sets of REQUI:ST and COUNT_DOWN counters for each pmmty
Whenever a node requests an empty slot for a segment of a certain pnontg, the proper
request bit in the access control field of the slots on the reverse bus are set. The
COUNT_DOWN and RBQUEST counters for the priority control the media access for that

o 8
With respect to each other, these priority queues have a few differences in operational

characteristics when compared to the media access method for one priority as described in
section C.2.1:

- In the IDLE state when & priority #2 request ar&‘iVeS on the reverse bus, all REQUEST

counters for priority 72 queues and less in the IDLE state are incremented by one,

"+ Ifiin the COUNT_DOWN state a priority » request is received oh the reverse bus with an
m priority queue wa:ting to be served the COUNT_DOWN counter for priorityon w:ll ke
increased ifn > m.

- If in the COUNT' ' DOWN state for a priority. 7 quete, an empty slot ls received ancl no -

other higher pnonty queue is in the COUNT_DOWN state, the priority ## queue uses the
-slot. , e

c.2.3 Faimess Control ‘

* ‘Unfalress is imminent in this protocol ina large network due to propagation delays. Two

effects are noted: s
- Hogging by upstream stations: Stations near the HOB gain unfair advantage by using
free slots not knowing there are requests on the way from downstream stations.
- Stale requests effect:, Stale requests are requests from downstream stations.that are
granted before the request reaches the EOB on its bus, They cause upstream nodes on
abusio pass empty slots unnecessaniy\\
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" This unfaitness vwll elezlrly seen in asymptotic conditions (when each station is trying to seize .

all the medium capacity) in the network [Conti et al 91a). A number, of mechanisms were
proposed to cdunter shis "unfairness” of operation and smooth the dnstnbution of bandwidth

* [Zukerman 90 : :

Bandwidth Balancing (BWB): After usmg empty slots for a certain number of times
. (BWB_MOD), a station.updates its counters; \L) ifit had received a priority 3 request Thus
“the station allows a free slot through for every BWB_MOD slots used '

Access Protection and Prxority Coritrol (APPC) Here bounds are set on the request(;:'
counter values to guarantee bandwidth balancing. Theee bounds would be a function ofi

the node’s posmon on the bus. o

Cych Request Control (CYREC) Here control is exercised over the number of requests
_sent from each station per cycle. These cycles would be controlled by the HOB which
“ would generate resets at the beginning of each cycle. ,

(=24

C.2. 4 Soft Ertor Recovety
"o C.2:4.1Bit Error During Transmission i

Whenever an error occurs in the transmnssion or dehvery of a-frame, the: frame is known to

“ be corrupted, Theslot's header field checksum and the information field’s s cyclic redundancy
‘theck are used by the MAC to detect when slots contain errors. Actual error recovery must
then be performed by higher layer protocols. "

[

C.2.5 Hard Error Recovery . ‘ ‘
C.2.5.1 Station or Link Failure i Lo

Q B

When a link fails, one or botH of the stations adjacent to the failure cletect froma Iack of slot

receipts that-a link has failed. Such a failure can only be ‘catered for Ji Df‘:uB networks
A conﬁgured in rirg topologies.

When configured as a ring, two adjacent stations perform both HOB and EOB functions for
both busses and the physical links between such the two stations are notused. This unused
conrection between two stations is referred to as the logical break in the ring, In the case
ofa physlca] break (failure) in a link, the simple solution is to.shift the HOB and EOB adjacent
stations so that the physical failed links correSpond to the logxcal break thus still making the
network operational.”

o ! S

.« Aby-pass bus within each station allows stations to pass the signal through it without being
read or overwntte{; SThis by-pass mechanism is used by the station when it is powered down,
of an‘internal stahidn error occurs, This by-pass mechanism is ¢ontrolled by hardware
input-to-output coincidence checking - meaning when a station'is not transmittmg the input
to the statlon must match the output.. . o
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. APPENDIX D: TH: HRK (MR)

Metroring is characterized by three Iayers with 2 management entity as shown in ﬁgure D1:

Path Layer ; This layer incorporates the Data Link and Network layers of the OSI reference
model and also jncludes the MAC sublayer. The OSI Transport layer's routing function
is also incorporated here. Four sublayers are found in the Path layer (to be described
~ later): MRMAC (Metroring MAC layer with same function as the conventional MAC layer),
LC (link control), RCP (routing contml protocol) and the MI' (management-protocol).

Physmal Iayer Spemﬁes the physical layer as found in the 18O reference model.

Station and Ring Management - The local part of the network management process. Control
is exercised from here for the propar imtinhz.mon and operation of the MR station. This

entity also manages the routing tables used in each station. . “
= '
TRANSPORT _
S g NETVORK PATH
[y : ' LC
D) DATA LING .
, MAC - o
5 @ M U
o PHYSICAL s PHYSIC\&\‘L_
(g o o DSI Me‘tf"m"mg ; 5 i

Figure D1 The componeht entitics of Metroring

The Metroring specification can be found in two forms, These forms include all the above
mentioned components with the ifass of physical and MRMAC layers distinguishing them. .
MRMAC specifies the, }OWer subfayet of the data link layer where medium accessing,
addressing, data checkmg and data frdmmg are performed, One forin can contain currently
available standards such as Etherniét for the MRMAC and physical layers whnlg: the other
would have the MRMAC and physical layer redefined to the newlevel of functiont: 4 fyrequired -
by Metroting. (The umque Metroring MAC wiil not have to deal with conrentmx) issu¢s and
similar problems)) = \

™ : Ak

D.1 Physical I.ayer

D 1.1 Topology and Stmcture o
; The nodes are ¢onnected together with point—to—point dual contra-dnrectfa:mal cables col-
lectively referred to asa link. Each link is connected to an input/ cutput port with each node
requiring connection at at least two pairs of mput/ output ports to be mcorporate,d into a :
fully t‘unctional Metroring nietwork. ;
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Nodes are connected, into rings and the rings are then interconnected to form a region o
_ which is the level of complexity to which MR is defined to operate (for limiting management
protocol complexity). Regions may contain a maximum of 4294 nodes._But to explain. the
: ., ring mte;cot\nectxon better, rings are constructed from-at least two Arc-shaped segmenis,
. - These ring ségments, which are uniquely identified in the addressing scheme, are then used
to construct interconnected rings as shown in figure D2 '

b ) . .
. oegnent . v

n

]

Plgure Dz 1nten.onnecwd rings madc fmm rlng scgments in M:trormg

a 1

" D12 Classes of Seations P

v As each piece of eqmpment connected to the network requires at least two pairs of input/ - '

Outpus pm*ts and some equipment will need to perform special functions, several classes of
stations tre defined for MR.

Two 'I’ott Node - Also referred to as a node, this is a DTB (Data Terminal Equipment) with
2 sets of input/ output ports and at least one apphcatlon program running.

Segment End Node (SEN) - This is a DTE running 4t least one application and having at
least 3 and a maximum of 16 sets of input/ output ports. Its specnal purpose isto _
route received data to ad}acent nodes or segments.

o Bndge Node - This is DTE with four sets of input/ output ports, Itis used for demarcatmg
MR regions and is connected to segments on the regions it bridges,

D.1.3 Clock Rates, Encoding and Decoding D KIREE

J

P

Each lmlf in a MR network operates independently of the others thus boostmg overall
: throughput well above the individual link capacities, On dedicated links, such as used here, |
transmiission of sequential packets is hindered only by the bit corruption of packets thus
implying a large degree of functionality (like resolving resource’ contentjon) that would be
‘found in implementations such as Ethernet would be eliminated.

‘The data transfer rate that will be used is 100 Mbps, On the first implementations of

Metroring, Ethernet téchnology will be used for uni-directional cables between stations. At

a later stage a Metroring MAC will be used that will use Ethernet encoding schemes but no

medium access furictions, This later MRMAC will use Manchester encoding and 4B/5B
‘ encodlng, as in FDDI, meaning the clock rate will have to be set at 125 MHz.
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D.1.4 Frames and Thelr Formats

Do

Two types of frames {.re used in MR: Information and Management. Both Frames share a
common hedder segment with an infdrmation segment following that determines the type
of frame, as seen in figure D3, Information and managemeqt packets can flow in both
dnrectlons ona link between stations.

"

b A ‘
Yo . ‘ Séquence 0 ;
- Nunber &
R DA A i . Frafe Length “ N &
DA VR S ; o
© ) o - < ‘b g . ‘ ~ . L
b 5 5 R 24 DATA Bytes
. ! [oad N f ™
. Address Fi;S . Frame FCS
. \ ) . . i o : o
- Transfér Controt . o 7
- ] / ) ¢ LA 2 , v
£ ’ 5 g
ol i 3 3 Bits ‘ gv & b .
li 2 i W : :
Fagtsr arwurd Priority o : ‘ :
N . B
Fratie Type ReserVed ) . . »

Figure D3 Informaiion and Mzmagement Irame composition
{ Lo

D.1.4.1 Header Segment

~y
o

s

Transfer Control Field: (This cont'uns 2 subfields) : :
. Priority bits: Three bits for eight levels of pnomy control. ' L
Fast forward bit: Signifies whether this frame can be fast forwardc‘d or not,

~ . Frame Type bit: Indicates the type of frame (information or management)

Destination Address (DA): The, address, s in section D.2. 3, of the station intended to
receive this packet,

I <

Source Address (SA): The address, as ift section D.2.3, of the station from which this
packet originated. ‘ . 9

{
S - Sequence Number: This c‘onta&‘ns the sl}quence number 0f a sequential information
frame for information frames, or the sequence number of management informatlon
for\management frames,

ATCS - Address Frame Check Sequence: ‘I‘hns field contains the checksum for just the
address fields of this frame.

-
FCS - Frame Check Sequence:

©

L - Frame Length

o B - )

‘\’hls field contains the checksumi for the whole frame.
\
D.l 4.2 Variable Length Field, | ‘ ‘

o

Thls variable length field is used for either management information or user data ie. hngher
layer protocol data units and application data, ,, ~ N
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D.2 Metroring Medium z\&ccess Control | a L D e

“ R pto R A

» ¢ ) Each -input and output port used for an inter-D'TE connectnon has a dedtcated MAC for
. ' controlling information flow between the two DTEs. Each line of this input/ output porthas -
© . “acorresponding input and output buffer that canéach accommodate atmosta 4 kByte frame -
S (maximum length) or altematwely a number of ginaller framta i FEy

A
Q TR “ . T v e o) I
o . o

¢, 2.1 Access Control o e - = , @

Fas

. As there is no contention for the medium. fram&s am :ransnntted sequenrin!ly one aﬁex
. . another with minimum spacing. Any spacing tmulhng is due to processlng times’ in the -
* "Me u&\\)ring station. o P

D.2. 2\‘Pn’ority Control -~ - . - B

v S

L Priority control is xmplemented in the path ?ayer Bour sep:u ate levels of priority are used

Y ©e with a specnal pnonty mechanism called the Fast Forward, EF, Bit (described later). The
foe path layer and the abave apphcatnon layer both aas:gn fxames their respective pnomies

D.2.3 Addressing Lo LT ) . -
A full address in MR is composed of thtee parts: R o @ :
S o Region-ID Segment-ID.Node-lD Port:ID =~ I : \

o

@

fi

! _ The region ‘and segment ID's ate numbers correspondmgly mdicatmg which MR network

- region and segment within that reglon the DTE is situated ori The node-ID part of the % ‘

. : address isan identifier assigned by the management sublayer to every node on the segment.

Lo Evé'y node pn a segment has awiique Node-ID. The Port-ID is a number indicating what

class of, appﬁcanon the frame is intended for. Several applications ¢ould be runnifig at once

on a niw.de and soime frames could also’ ‘be destined only for layers in the Metroring protocol
stack. The port-ID does. not correspond to the physical input and output ports of the node.

P

o
o

: A special unique ldennﬁcanon (UI) number is also available for each node. The Ulis made
! isp from the MAC and Network layer addresses as defined in the I1SO and‘IEEE protocol
1 stacks. Although the UI is not used in the addressing scheme it is required for resolving
K- node address allocation problems eg. when two nodes assign themselves the same Node-ID,
L the node with the lower valtied UI takes control of reassigning addresses,

o 7 e address table used in addressing and routing ojit-going frames is constructed from full
addresses and contains the cutput port associated thh ench DTE, as discussed in séction

/f,@% D4, H
i D.3 Link Control Protocoel

‘ Efficient 'flow of information is enabled via three types of frame buffers present in the
L | Metroring entity:

! - one frame queue per node, 4

- one receive buffer and

i - one transmit buffer for every input/ output port on the node. 8
{ ‘ 4 The receive buffers simply store cotrectly received frames untif they are processed by the -
I BN Metroring entity, The frame queue temporarily stores frames ori their way through the node,
or Frames for transmission of frames destined for the application,

W
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X The Lmk Control Protocol uses these buflers to ens suré that correct transfer of information °; !
- \takes place. The only connections maintained by the path layer are controlled atthis sublayer.,, |
vl . . e connections mairfained between any two adjacent stations are link-to-link connections. |
Bopl . The end-to-end co%ecﬁorss between source and destination stations required by hngher

layers, are compris ,d of these hnk to-link connections ' ’ | /

5

When frames are“discarded at the MRMAC layer due to frame check error (je. mnsmatched
‘ cdlculated and recéived frame check sequences), the rest of the Pat‘1 layer is not informed.
2 “Indication of frame coriuption is evident when one or more frames are out of sequence. §o
s The Link Control Protocol layer will detect an inconsnstency madhe sequence nuinbers con- ;

' tained in the frames it receives. ° ® :

/)

5 : For every frame correctlyrecerved by the destmauon statiom il 1kControl Protocol retums
e I a positive acknowledgement frame (management frame) to the(sender, The s deg statnon
DS B " then discards’its copy of the acknowledged frame, If a consistency in reci ed frames'
. sequence numbers is detected, then thi: receiving station sends back a:negatwe acknowf,

edgement framie indicating the sequence number of the missing frames. The sénding Station*

; will then re-schedule the discarded frames for retransmission. Thé receiving station simpty

"(j’ leaves space for these discarded frames without discarding the correctly received frames:in

Al the sequence. ACknowiedgements canalso be plggybacked on information frames if possxb e.

R

;’“‘ if D.3.2 Flow Control PR T o o

Com . ] ]
LG d s ‘ Each frame to be transmitted from the application on the DTE is first loaded into the &ahle o

IR B queue before it is passed to an output MAC buffer, Whenever an output buffer is empty,
B the frames destined for that MAC's port are sent to its output buffer. ot

' passed to the app lication or to a different outgoing port. When frames destined for a stqtlon
o SR other than the one they are currently passing through, they are referred to as through trdffic.
S These frames are only passed to other links if the corresponding destination DTE's rc_('ewe
e buffer is empty otherwise they are passed to the frame queue in the current station.| The
. status of the adjacent station receive buffers is made known through management packets
received from the respective adjacent stations. \

I

l ks

P ‘ Frames that are receivéd get contained in the input MAC buffev These ﬁ'ames may then be
3

T R A speciai techmque called fast forward is used to reduce transmiss;on delays for thrrough

’ traffic. “As soon as a packet is received, it is immediately transmitted on all cutgoing links
with empty adjacesit DTE reteive bul’fers. While these transmissions are occurring, the
current DTE compares the frame's destination address to its own and those within its routing

‘ table. If the frame was destined for the current DTE, transmission on all the butgoing paths

1 ' i¢ halted, If the frame was to be routed to another outgoing path, the retransmissions

G those links that are not part of the frame's intended path are ha]ted ‘The trunc»xted frames, ”
received by adjacent stathns due thns transmissnon halting procedure, are simply's dnscarded

© B o

D.4 Route Control Protocol

o - L " \\ )

) ‘ MR arc.‘nitecture is deﬁned with at least two indcpendmt output ports. This implies each
e DTE réquires a routing function for sending frames to the correct output ports. The routing

b o i function also ensures the packets traverse the correct paths to their destinations. \

B
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'D.4.1 Hiers}chy Routing

A dynamic routing scheme called hierarchy routing:is used It prioritizes the sending of
frames firstly to the target region, then the target segment and then the target node. All that
each node, that receives a fraine not intended for itself, does, is (1) ¢hoose the output port
the frame must be transmitfed on and (2) transmit it on the link connected to the port.
Routing tables are used for this decision process.in each node. No information is used in -
nodes for maintaining paths for a connection, ie. the series of links to traverse to a destination,

Each node then makes a routmg decision every time a frame passes through en route its . *

destinatlon node

‘§.:

* Routing is done in a hiérarchical manner: (1) If the frame does ot belong in this region the
nodes route it to the bridge connected to the frame’s destmanon region. (2) If the franie is
noton the destination segment, 2 port nodes simply felay the frame while SENs route the
ﬁ‘ame to the correct seé/ment (3) If the frame is on.the. correct segiment, nodes route it to
its destmqnon stathn on the segment. ‘ LI

One important charactenstic of the routing'method used is its abxhty to take physncal link
changes in the network and also the congestion of links into account, Routing tables are
modified when hard ejrors m the network occur and when lmk congestion changes occur.

Congesnon issmonitored by every node for each of its connected links by takmg note of an
average frame delay. This avsrage frame delay is the time it takes for a frame to propagate
to the adjacent node enroute to its destination node plus the time for the ad)acent node's
acknowledgement to reach the source node. The delay is calculated for frames using the
current hode’s links for, every: 10 second interval, For one link'’s Erame delay, if the newly
N calculated value is d:ﬁ'erent froim the original frame delay by a certain threshold, the original
” frame delayis updated. However, the thresholdisnot fixed but avary.ngvalue Thethieshold
starts off at 64 msec and decreases by 12,8 msec for every 10 sex measurement period where
the Erame delay isnot updated. Thisimplies that the frame délay will eventually be updated.

SENs and bridges require the average frame propagation delays for every possible destination
segment or bridge in the network to construct their routing tables (described in the next
section). A special type of frame, Link Delay Notification Control Frame (LDNCF), is used .
every 10 seconds by bridges and SENs to collect necessary delay information’'to construct
. or modify their routing tables. This requires the average frame delay of the link on which
the LDNCF is received on, gets added to a special link dclay time field in the LDNCF. The
modified LDNCF is then transmitted on all other outgomg links. The original LDNCF is
“transniitted back along its source link while any duplicate LDNCFs received by a node are
d:scarded When a SEN or bndge receives one of these LDNCFS it updates ite s routing table

Lo
D.4. ZRou’ung Tables \ o

Routing tables are mamtained by each node to allow choice of which output port a frame
must be sent on to reach its destination, However each class of node constructs and uses
its routing table differently: - ‘ ‘

N 0
. D.4.2.1 Two Port Noqes )

A two port node:

- chooses the path with the least number of hops to a 2 port node on the same segment.
The 2 port node section of its routing table keeps track of (1) all nodes on the same seg-
ment mcluding the source node itself along with (2) the number of hops to each node,
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o - - keeps track of the SEN nearcst it along with tl*e SENs address and the output port lead- :

i _ ing to the SEN. C ., :
D.4.2.2 Segment End Nodes Q ’
* A Segment End Node~ s ) .a‘
- selects the link'with the lcast number of hops to a 2 port node on one tff e\segments o

which it terminates. The 2 port node section of its routing table keeps track of all nodes : | ;
on the segments ferminated by this SEN including the numbcr of hops to each of the 2 {
_ pott nodes. -

] - keeps track of all the segments in the current reg:on. For each segment it holds the seg- , | ;
v ment number, the output portdeading to it and the propagation delay to the segment.
o Routes are chosen -according the shortest prcpaoanon delay to the segment.

- selects the route with the shortest propagation delay t6 the adjoining bridge for a differ- o
ent tegion. The region number, output port and propagation delay to adjommg bndges ‘ '
are noted for all regions cnmpnsing the Metroring network. , :

D4\23Bndgé§ //u : | , ) e !

Each utt‘dge i
- keeps track of all the segments in the regions it is attached to, For each segment it holds
the (1) segment riumber, the (2) output port leading to it and the (3) propagation delay
to the segment. Routes are chosen accordmg the shortest propagat:on delay to the seg-
_ ment, . .
L - selects the route thh the shortest propagation delay to the adjoining bridge for regions
to which it is not attached. The region number, output port and propagation delay to e
* adjoining’ bndges is kept for all regions comprising the Metroring network. N

D5 Management Protocol T | S
o ) ‘ 2
I The management protocol infox‘ms all nodes when its adjacent nodes power up or down, or
‘\\: ~ when a line becomes faulty. It is also used to inform the node’s tser or application of the
' node’s anif network's status and settmgs. | i {

&

/H‘a‘wd Error Recovery o - N . Cl g

B \‘Vhen\a link or station fails the two statioris adjacent to the failed component do not
Coas . uwreconfigureinternally, Instead the adjacent stations § stop using the port on the side where
e I B the problem has occurred until it has been repaired Special management frames are
F \ ‘ B ‘transmitted py these two stations to the rest of the two port nodes on the segment to inhibit
SRR -7 newnodes from attachmg to the segment.’

@ S " Aftera two port node receuves this fadlt identification management frame, it relays it onto
? o «  the next node on the'segment and simultaneously updates its routing table. The port.on
g ‘ which the manageniont frame was-recelved is<2corded by each two port node along with
i : the node number of'th¢ functianal node closest to the fault. This allowsall segment nodes

0 be awdie of the fault's boundary for routing table correction,
N k\ . X

v
o
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At the SENS, these management frames are not relayed further, The SENs will mcdtfy their
routing tablm to cause frames destined for the damaged segment to take differcnt paths to
their destindtion nodes if necessary. The SENs will then transmit complementary manage-

ment frames back along the damaged segmentio al’ow new stations to {ioin again. . )

After the fault is corrected, the nodes adjacent the fault i initiate the procedures for making
the segment fault free again. This Svill entail reassigning node numbers where duplicates

b A} O

" weve created during the duration of the fault condition. Again these two fault neighbouring -

stations issue frames that irhibit new stations lmking into the segment. ‘These two stations”®
then swap node address entries in their routing tables.” The neighbouring stition with the

lowest UI (unique identifier), reassigns addiesses to nodes with duplidite’enirics, Itthen =

recompiles the node section of its routing table and transmits the routiné table to all nodes
on the ‘segment. Thns Afinal frame, contaimng the two port routing table, also signifies rhat
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L XTP is a Transfer layer protocol. The Transfer layer results by combi’rﬁhg the ﬁetwork and
; transport layers of the OSI model. It'is designed for reliable transmisslon of data in an-
mtemetworked environment. . ‘

E.1 Basic Packet szchanges s e e

T , 7 E1l.1 Single Recewer Mode R x

7

~ FigureEl shows howXTP can reliabiy set up a connection between two users, transmit the
- data arid close the connection. The. three packets used in this exchange perform several
functions: “o
(A) In the first packer the source informs. the destination that it wishes to estzblith a
connection. b o, \\
(B) If the destination cqmphes, it establishes a context.and returns a i-control packet t
" ackriowledge receipt of the data and mdicate the destination is ready to close the ™

5]

Ny

connection. \
(C) The source then transmits another control packet before closing its side of the con- )}
R nection.. When the receiver receives the packet it closes its side of the connection. . 3)
| ,y SQUD " ESTINATIEN
o LT ‘ i
o FIRST (A ©
Vel , CONTROL (B _
¢ A \ . s i e
¥ :; Ty i ’ e ] W
o) | CONTRIL (©>
o 4
= ’( } 0 e - 3 e :—‘_“%’/‘; N i , - - o " .
R ' \\ e TR Figure E1 XTP three packet connection riode handshake =
ol & . - oo “ g
SNy / o | ~ |
Sl /- - 'Three flags RCL SE WCLOSE and END are used in coordinating a connection's close.
Y i RCLOSE and WCLOSE are set by a local host when transthitting to the remote host to
|

o respectively indicate it is finished reading and writing data. - Thus each direction in a full °
o * . duplex cormecndn can be shut:down independently. The END flag/is sent in the last pcket

, transmitted by a station to indicate that it has released its end of the connection. 3 -
) \ “E.1,2 Fast handshakes ,
P i szl
® ' Fasthandshakes are two paciet exchange sequences allowed in XTP. These speciul exchange
| . modes are less rehable than the three packet connections used and are normally considered
| IR ) a transport leVel datagram service used for simple request/ response operations, ¢

o o B 1. 3 Multicast Mode

In multicast mode one sender targets many deminntions. OperatiOn proneeds very similarly
to the single receiver mode.

I
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Error control must usé the go-baék- retransmission scheme. Reject packets are sent by
receivers detecting out of sequence data, buta special precaution is taken to ensure that all
. receivers do not simultanecusly announce an error. Whenever a station detects a refect
- packet passing belonging to the same context, it compares the RSEQ value in the packet to
its own value. Ifits own value is smaller it then transmits its own refect packet,
E.2 Frame Format and Structures Ty
XTPuses two types of packe”tzs\. Information packets and Control packets. Both packet formats
. contain common Reader #__srailer segments of constant length as shown in figure E2. The
tyne of the variable’length segment between the header and trailer segments determines

the type of the packet. . Lo R °
" Information Packet ,
Common Infornation Comman
Heoder> Sagnedt | . Traker .
’ 24 Bytes "Varioble Length |, .o, 16 Bytes \‘ NN
Control Packet . ) o
Comnor (;5"’ Control T Comnon &
Header @ Sepment Trader
24 Bytes . Varitble Length - 16 Bytes "

Flgu;c EZXTP packet iypm and: formars
E21 Cq%{pn Header
e SRR o
Contains the following fields: ‘ :
- Packet type | ’ &
- Description of portion uf data stream in mformatmn segment (if used)
_~Control Flags ¢

LA connection o
« LITTLE bits: for determmmg the byte ordering'of the packet
- ROUTE: This is a value used by routersin determining which path a packet must take in
" internetwork transmissions. /} ]
- SEQ: The'starting byte sequence number for an mformatxon seo/uent ofa pnclfet that is
part of a stream of data. |
. DADDR Flag for indicatmg use of direct addressmg mode o \

. N ,
TTL: time to live field // o \) o
SORT? for priority control /

The control flags are used for specifymg.

- Disabling ertor ch}ecklng
- Multicast transmistion mode ] [ L o //
\\ . Begmmng Tagged Data (BTAG) ﬂag ﬁ, ) /

B.2.2 Information Segment

This contains user data being transferred. It also passes addreSSes and other miscellaneous

data \vhe\\ppropriate. _

0 ' KEY ‘a special field used for lookm;_zl up addressmg information in the enther stationof a _

7
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e sequénce numbers i .
and trailer (ke sequence numbers). o
. E.2.3 Control ! Segment 0 0 ‘ ; \ h

i

!

/.

'E.3 Addressing ‘

“ data packets is.limited in length by the underlying data link orfMAC layer. The maximum

o -
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2

@
Each dat packet contains a contiguous portion of the data being transferred Each of these

length of the information field js defined as the maximum tr/aasmmsion unit (MTU) for XTP,
It is calculated by subtracting the length of the comron héader and trailer segments from
the maximum length allowed by the underlying: data link layer.

In packets that are fragmented, the information field is simply broken up into the required

smaller sizes with the fragmented packets (also called segments) containing their own header

and trailer fields, The header of the first segment and the trailer of the last segment corre-
spond tothe header and trailer of the ongmm ! packet (except of coursethe checksum values). /
The headers and trailers in between cont in a number of differences to the original head

ol

Fields for resynchromzmg the transmxtter and receiver stations are among those used here;
- ALLOC: One greater than sequence number of last bytk receiver will accept
- RSEQ: One greater than sequence number of last byte receiver accepted
- RATE: The maximuim, number of bytes the transmitter of this packet will accept in one

- 'second ’ o o
- BURST The maxnmum number of bytes a receiver (transmxtter of this packer) will accept
perburst < R

4

. SYNC: A field used in Leepmg track of synchronizing l’rames T
«ECHO: A field used in keepln\, g track of echo ﬁames responding to syncnronnzmg frames
« < TIME: A field set to the present time when a synchronizing frame is transmitted, Itis =
copied to the echo frame’ at the acl.nowledgmg receiver,

PO

E.2.4 Common Trailer ¢ \“- ) e | Y

N M o
o \‘ o

Contains following fields: B \
- DCHECK: Checksum for data ﬁelds, includmg infog:mat:on and control segments in
frespective packet-types. . -
- HTCHECK. Checksum COverln\f;\headet and tmxlér fields. 2
- DSEQ One greater than sequence number of fa 18t byte receiver clehvered to destination
- client process \¥ =

Wi ) o ; i

Flags R

The flags field contains: : , : -
- End of Message flag (EOM) o RN - \
- Bading Tagged Data (BTAG) flag  ~ o -
- Immegfiate Status Request bit (SREQ).. - ‘
- End o' Transmission Request bit (DREQ)
- NODCHECK checksum is present (NODGHECK) e
- Checksum ralcnfation disabled for current packet (NOCHECK) .

‘\k )

- Z\\\) N ‘l’J’ ‘ a " (g

H < ‘ (
Each XTP enhty in peer noILles must be able to uniquely ldentify its peer in a connegtion. To
mmimxze all addresslng d.Jlta in each p-lCl( all addres:.lng data is passed in the ﬁrst packet

P

E.3.1 Intra-Network Addressing
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. ' sent and\ached at the source and destination stations. The KEY field is then created and
a it o used to index into the cache to access all the' addressing data needed for a connection.

, *\ S L Sl.osequent packets then only contain the KEY;field for addressing purposes in the XTP Iayer

in order to identify the intended receiver. The receiver sayes the context identifier (KEY),
the MAC source address and the route identifier (ROUTE) in a database a.,SOcna\Ied with the
conzext record. " T T . .\\

faster The key values.used in most data.packe lare intended for aiding the destination's

clarify, what side of the connection a key otiginates:from, the most significant bit in the key's

gbit value 1) or the station sending the frame. If this bit is set, the key is referred to as a
return key and its valueimay be used in looking up the context:The receiver of the connection

. ‘initiator. After the keys have been exchanged subsequent packets use return keys i in ref-
Y erencing the context. A o

W Q>

e The first packet in a connectlon contains two main fields, for addressmg; s fixed lergth
desonptor field indicating the address format used and a vanable length field containing the

entity which addresses to connect to. Thus to establish whether a station must take part in
' 4 connection ther addresses in the packet's zddress field must be checked against those

" connection;, .~

A special mode of addressing called direct addressing mode Is used in the case when the
network topology is known.: It is indicated by the DADDR flag in the common header. In
this mode of addressing, the KEY field contains the actual destination address instead of an
index used to lcok up a context.

"R.3.2 Inter-Network Add; ssing

gt
M
40

Routers relaymg packets between networks must keep track of theroutes or paths used for
packets. ROUTE fields in the packets being routed are used for this. Thé& ROUTE value is
used by a router to access the necessary addressing information in its cached address
; ‘ translation map for a packet travelling on a specific route. Routers or, endpomt nodes may
o change this ROUZE Value to change the next host or router taken by thf& acket on the route.
1 Acknowledgement packets use a return form of the ROUTE value. ‘ -

The destination end of connection may choose to exchange ROUTE values with the router.,
) A XROUTE field is used for this ROUTE identifier exchange between the end station and the
i %  router; thé router will then use the return form of this route identifier when rou ting packets
to the receiving station in future. A router then uses this XROUTE field in acknowledging
- CONTROL packets whenever it wishes to exchange a ROUTE number with a ptevious router
L on thrrcurrent path. As routers can dynamically redirect packets across networks, separate
paths can develop for both directions in a two way zonnection.
) v )

Is!
{1

L

a B =

In a two station connectiori a s )ecial key exchange occurs ) that context |dent|ﬂcanon occurs .

' The initiatof of the connection sends: all the addressing data plus the KEY @ thexﬁrst packet‘

context jook up), but initially the correspondmg ‘station’s key,value is not always known. To -

32 bit wide ficd signifies whether thie key originates from the station receiving the frame

returns its own KEY value in the XKEY ﬁe]d of the first CON’fROL packet returned'to the-

list of destination addresses. At initialization the application process specifies to the XTP

. + specified by'the, application process; if a match is found, the station then partakes in the )

v
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"E 4 Prioritization T |
\ U

The SORT ﬁeld is for indicating a packet’s prionty and is 32 bits wide, thus supporting avery

farge range of priority values, Each context is associated with a particular priority level which

Ersgtanc ie, priority does not change at any point in the network Several contexts may work

at the same priority level simultaneously ¥ : S

" The levél of priority is' inversely related to the value in the SORT field in- XTP Packets are

"

enqueued in receive buffers in the order of priority level L

&
1}

E.5 Flow Control ' R i

B
&

TP keeps track of the amount of information flow between two stations by means of
sequential byte numbers instead of the commonly used packet numbers, Three fields found
in the_ c).introl and common trailér segments are used in controlling ﬂow of bytes between
stations by keepmg track of the receiving station's receive buffer status: -

, ALLOCisusedin control frames by the destination station to prevent the source from sending

more bytes than the destination’s buffer’s cariaccept. o

DSEQ is the sequence number of the next byte in the local queue to be passed to the
application process in the local station, 0

RSEQ is the § sequence number of the next byte to be, received by the local station

j

The size of the buffer used by a context is thus equal to ALLOC - DSEQ. Also the number of
bytes waiting in the buffer before bemg sent to the local applxcation process is given by RSEQ
- DSEQ. “

XTP uLes 32-bit Sequence numbers and R.S‘EQ, DSEQ and ALLOC ‘to ensure"that delayed
retransmissions are not confused with new frame data having the same sequernce numbers.

A source will continue to transmit data to the destination until the destination’s allocation

has been reached - the allocation being specified by ALLOC in an initial ackhowledging frame.
"When the destination atknowledges receipt of the bytes received, it means more space is
available for the source to fill,

0

An altemate allocation mode called* reservation todk may be used in buffering incoming
messages. Here ALLOC is set equal to the receiving station’s buffer size for the required
context to inform the sending station what maximum storage space a message may occupy.
The sending station must pause between these mes gsage transmissions for the receiver to
establish new receive buffers for each message. The buffers reserved in this mode vary
greatly in size to those during normal allocation. N

E.G Rate Control |

Rate control becomes necessary when different implementations of XTP must deal with the
difference in station processing speeds. It is essentially a method of coitrolling the size of
and spacing between bursts of data sent by the sender so that the receiver. is not overloaded
with data (and will not drop packets due to overloading).

XTP uses the RATE and BURST fields in the control segment to allow a receiver to tune its
data transmission rate to a level acceptable to the local host seniding the control packet. The
minimum period between incoming bursts which the receiver can effectively deal with is
equal to ,BURST/t "ATE. This pause is equal to the vilue in a rate timer, RTIMER.
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