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Abstract 

Asynchronous Transfer Mode ( ATM ) networks, which are the emerging stanclards for the 
future broadband-ISDN networks, allows for the input traffic from users to vary both fro111 one 
call to another and within the call. ATM specifies a method for controlling the traffic flow across 
the user network interface ( UN1 ). This involves each user negotiating call parameters with the 
network. Once these parameters have been decided then a contract is made between the user 
and network. The network must then enforce the contract in order to guarantee perforiiianre 
and quality of service to other users. What is of interest to the network is given a particular set 
of users and contracts what is the worst traffic that the users could input to the network while 
still abiding by their contracts. This type of input traffic would be called the worst case traffic as 
it would produce the lowest performance in the network. The reason why this is of iriiportanc'e 
is that for siiiiulating network performance we would like to have the worst case traffic. inputs. 
Furtherinore, it's iniportant for the traffic controller, network, to know the possible worst case 
traffic so that it can assign parameters accordingly. 

The contract parameters have been decided upon by the standards organisations ancl what 
is needed now is to decide what type of traffic can pass these tests and produce the lowest 
network performance. This problem has been studied in the literature. We give soiiie theoretic-al 
background to explain seine of the results in the litrature, and we further look a t  some exanipIPs 
of types of worst case traffic sources. We show that for the two nos t  coninion types. the greedy 
on-off and the three state source that either can be worse, depending on the situatiolr. This 
would iniply that there is 110 general worst case traffic as has been considered for the last nuinber  
of years. 

1 Introduction 

The priniary role of traffic control and congestion control is to protect the network ancl the user 
i n  order to achieve network perforniance objectives. An  additional role is to optinlisp the use 
of network resources. The traffic control and congestion control mechanisms should not relv on 
other higher layer protocols which are either application or service specific. However protocols 
may make use of the information in the ATM layer to increase their efficiency. 

There are two levels of congestion and control involved with ATM, the call level and tlie cell 
level. With .4TM c:onnec:tioiis there is a unidirectional specifying of the Quality of Service 
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( QOS ) paranieters. These paraineters are specified at connection setup and are guaranteed 1)y 
the network. To guarantee the QOS the network niust be able to obtain enough inforniation 
froni the user about the connection and be able to ensure that no other connections that share 
the resources degrade tlie &OS. A user must enter into a contract with the network about tlie 
paranietclrs of the call. Then the network will iiiiplenient traffic control to avoid proljleiiis with 
degraded QOS before they occur. This includes Network Resource Manageuient ( NRM ) !  (:all 
Aclniissioii Control ( (:A(:: ),  Ilsage Paraiiieter Control ( IJPC ),  and selective re11 clis(:arcI. The 
network will also control the case where congestion does occur by iinpleiiienting Explicit, Fowaid 
Cell Indication ( EFCI ) !  selective cell discard and reaction to [JPC failure. 

Within the ATM cell there are a number of bits available for congestion and priority setting. 
These include the Payload Type  Indicator ( PTI ) ancl the Cell Loss Priority bit ( CLP ) both 
of which are contained i n  the header of the ATM cell. The first bit of the PTI tells that  the cell 
is a user cell and the next bit tells if congestion has been experienced by the cell in  the network. 
The last bit differentiates between two different types of ATM-SDIJ's. The CLP bit is for high 
and low priority setting of the cells. This can be clone by the user and/or by the network. A 
cell entering the network with low priority is subject to being discarded by the network i n  tinies 
of congestion. \- i 

Traffic control is necessary to protect the network so that it can achieve the required perforinance 
objectives. IJPC enforces a contract between the uyer and the network about the nature of the 
call. This prevents any one user froin causing excessive traffic and hence degrading the quality 
of service provided to the other users. I t  is necessary to determine what is the worst traffic 
a user can inflict on the network while still abiding by IJPC. The Leaky Bucket Algorithni is 
coin inonly used to in1 pleirien t I_J PC. 

1.1 Asynchronous Transfer Mode Model 

A simplified ATM switch iiiodel consists of N users feeding a finite FIFO buffer ( B places ) and 
is shown i n  Figure 1. 

Figure 1: Siniplified Model 

The arrival process froin the users is random, but the lJPC algorithm for worst case analysis 
makes the arrival process to the FIFO buffer deterministic. There are two types of arrival 
patterns that we consider after the UPC and both of thein are periodic. The service process is 
also deterillinistic ( at rate  7. ).  The worst  case traffic is that  which creates the highest wll loss 
for a certaiii type of LJF'C:! like the leaky bucket. A cell is lost when a cell arrives aiicl the I)uff'ei. 
is ful l .  

1.2  Contract and Usage Parameter Control 

The t,rafic contract specifies the negotiated cliarac-teristics of the connection. A connection traffic 
descriptor is tlie set of traffic paraiiieters i n  the source t r a f i c  descriptor, the cell delay variat,ion 
tolerance ancl tire (wnfciriiiance definition. The conforinance definition is used to decide wliicli 
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cells are conforming i n  the connection. A typical confornianre definition is the leaky buc-ket [ I ]  or  
Generic Cell Kate Algori!.hiii ( GCRA ) althougli many such algoritliixis Inay be usecl i n  tantleni. 
The CAC will use the c*onnec*tion traffic descriptor to allocate resources anti to derive paraiiieters 
for the CJPC. Any connection traffic clescriptor must be enforceable by the IJPC. Even though 
a cell is found to be nonconforining that does not mean that the connection is not conforming. 
The precise definition of a co~npliant connec*tion is left to tlie network operator. H o u e v ~ r  a 
connection where all the cells are conforiiiing is coiiipliant. The traffic contract cwnsists of ttw 
connection traffic descriptor and a requested QOS for each direction of the connection. This 
includes the definition of a coinpliant connection. The private UN1 niay support a different 
traffic to tlie public CJNI. 

The contract must contain the Peak Cell Rate ( PCR ) of the source traffic, the cell delay 
variation and the cell delay variation tolerance. Sustainable cell rate and burst toleranre are 
optional paranieters. For best effort traffic the only parameter specified is the PCK ancl the 
network may not reject the call because that bandwidth is not available but it iiiay iiiij)ose 
a different PCR. CAC is used to decide if a connection should be accepted or continue to be 
accepted in the network. It is required that the traffic contract be accessible to the CAC.  The 
prime concern is to achieve the required QOS for the new or renegotiated connection as well as 
to ensure that the connection will maintain the QOS of all the other connections in the network. 
As well as deciding to accept the connection the CAC must determine the paranieters needed by 
the IJPC and route ancl allocate the resources to the connection. Even if high and low priority 
are not set the network inay set them for nonconforining cells. 

Inconling Cells W Outgoing Cells 

1 r 

Figure 2: Leaky Bucket or lJPC Algorithm 

IJPC is the set of actions the network take to monitor and control traffic. This includes the 
validity of the connection. The operation of the UP@ shall not violate the QOS ohjectives of a 
compliant connection. However the excessive policing actions on a compliant connection aw part 
of the overall network performance degradation ancl so safety margins should be engineered to 
liniit the effect of the IJPC:. The IJPC can also fail to take. action on a non compliant connection. 
Policing actions on the non confortning cells are not to be allocated to the network perforiiiance 
degradation of the I!PC. At the cell level the lJPC inay pass a cell, change the priority of the cell 
or discard tlie cell. A low priority cell is discarded by the [JPC if it is non confolniing. Following 
the IJF’C shaping niay be implelnented on the conforming cells to reduce cell cluiiiping. It is 
optional for the network operator to allow the lJF‘(1 to initiate tlie release of a noii couipliant 
connection. When two levels of priority are usecl the UF’C: it1a.y discard high pr inr i tv  cells eve11 
though if tlie [JF’C were perfornied on the high priority a.lone the cells woulcl be wnforiiiiiig., 

The IJPC and C:AC are operator specific and should take into account the tra.ffic contract to 
o p e r a t p  dTiripntly. I t  is si’ecified t h a t  the s i g n a l i n g  s h o u l d  t a k e  i n t o  account e x p r i i t i ~ n t d  tratti(’ 
paraiiieters that coulcl be proprietary to either the Iiianufacturer or network operator. It is 
optional to allow the the operation of these paraltieters across the U N 1  by inutual agreement. It 
is optional for the user to be aIlotvecl to i i iark cells as low and high priority. I t  is also opticirial 
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for the network to mark cells its low priority if they are not adhering to tlie traffic- contract. The 
cell loss ratio for low priority cells niust be higher than for high priority. 

The leaky bucket algoritliiii is a IJP( '  standarclisecl by the ATM Forum ['L] ancl is s l iown i i t  

Figure 2. The operation of the leaky bucket is that a splash is aclcled to the hucket (couiitei 
increment) for each incoming cell when tlie bucket is not full. When the bucket is full  cells 
cannot pass through to the network unniarked but the Iiucket leaks away a t  a const,aiit rate. 
The iniportant paraiiieters to be definetl i n  this systeiii are the leak rate of the buc'kpt ( R ).  
the bucket capacity ( M ) ancl the peak cell emission ( p ). We assuiiie that  if the cells cannot 
pass tlie leaky bucked unmarked then they are lost and are not taken into account in  the cell 
loss rate. This is becaose the network will only give guarantees to the marked cells ancl the 
unniarked cells will not interfere with the niarked ones. 

The lJPC staiiclard of the ATM Foruni [2] is actually a double kaky-bucket that  controls the 
two different cell rates K ancl p ,  each with a separate bucket. The peak rate, p ,  is controlecl by a 
bucket of sizp 1 ancl leak rate, p ,  ancl tlie seconcl bucket operates as explained above. For a cell 
to be a confortiiiiig cell, it needs to be conforming with both buckets a t  the time it's transniitted. 

1.3 Traffic Types 

When considering which type of sources will produce tlie worst perforniance i n  the network 
while still maintaining the contract the first point to note is that the type of source will not 
allow the leaky bucket to ever overflow. In  otlier words the total available number of (.ells that 
are allowecl to enter the network will enter to produce the lowest performance. Two type, of 
sources that have been proposed that could be the worst types are a two state source ancl a 
three s ta te  source as shown below in Figure 3. 

Greedy On-Off 

Ton Toff time 

Ton Toff tune 

Three State 

Ton T* Toff tune 

Ton T* Toff time 

Figure 3:  Source Types 

T h e  two s t a t e  R o u r w  ( greedy on-off ) emits a burst of cella at the  peak cell w n i m i o n  u~i t i l  tliv 
bucket is about to overflow and then falls silent waiting for the bucket to enipty. This O C ( - U I ~  

perioclic.ally depeiicling 011 the paraiiieters of' the system. The three state source is similar to the 
greedy on-off source except that  it keep eriiitting cells a t  the leak rate after a burst. Therefore 
it's operation i \  to emits a burst of cells a t  the peah cell emission rate until the huc-ket is ahout 
to overflow ancl theit eiirit cells at  the leak rate of the leaky bucket for some tiinp aitcl the11 fa11 
silent to allow the l)iirl,~i to enipty. This would tlieii he repeated again. What can I P  ~ P P I I  

is that the tliiw state soiirc.e woulcl have a longer period tlran the greedy 011-off foi tire sai i ie  

system paraiiieter s. 

15/4 



The general belief is that the greedy on-off source gives rise to the worst case t r a f i c  as i t  
woultl have the largest variance possible. However the three state s0un-e h a s  lieen propow~l  AS 

producing longer queues aiicl tlierefore larger loss. 

1.4 Finite and Infinite Buffers 

A study of the three state source [5] cotiiparetl it's perforiiiance to that of the greedy oil-off 

source, for a nuniber of sources into an infinite Iiuffer. What was found i n  those siiiiulations 
is that that  the three state sources produced higher buffer occupancy than the greecly on-off 
sources. The survivor function, F[Q > q ] ,  waq found where Q was the buffer occupanc.v. Tliis 
function was then assuiiiPcl to approxiniate to cell loss i n  a finite buffer. However this we believe 
would onlv 11s true for input traffic that woulcl be statistically independent of the yueue lengths, 
which is not tlie case here as the input traffic is periodic atid deterniinistic. We can cleriioiistrate 
this fairly siniply with a sniall example as is shown in Figure 4. Here we have the plotted tlie 
buffer occupaticy for the infinite case of both the greedy on-off and the three state on the same 
axis. Note that we are considering only a single source here on it's own. 

L 4 

Figure 4: Buffer Occupancy i n  an Infinite Buffer 

We have chosen the period T of the greedy on-off to be half of the period of the three state 
Source so that we can just examine a single period of the three state for cell loss. TIIPIP aie 
2 cells arriving per cell time while the source is einittiiig at the peak rate p ancl this c-otitiiiues 

riiitil the bucket is full to capacity M, which i n  our exaiiiple is 4 .  Then the l>uc:bet leaks a n a )  
at a rate of 1 cell per cell time R for the greedy on-off but for the three state sour('e it eniits at  
this rate K for G time units, which is denoted by T' and here is eyual to the period of tlie greedy 
on-off source. Therefore we look over 12 titlie units as both repeat exactly the saiiie after. this. 
Over this period there are 1'2 cells inputted to the buffer which is the same as  tlie leak rate R 
niultipliecl by tlie time period. The three state source gives rise to higher buffer o ( n p a i i ( y  tliati 
tlie two state source as can be seen in  the infinite buffer plot. This would lead 11s to 1)elieve 
hecause of the higher qucue occupancy for the infinite case that we would have higher cell loss 
i n  the finite case. However if we now consider a finite buffer of capacity '2, we fiiicl that that the 
three state soiirce losses 2 cells, one at time period 1 and one at tiiiie period 2. However the 
greetly on-off sour~*e losses one a t  tinip period 1 and one a t  time period 2 ant1 again one at tirile 

period 'i ancl one a t  time period 8 .  So tlie cell losh rate for the three state source 15 0.1GO N I I I I P  
the cell loss rate for tlie greetly on-off is 0.333. 

Tlie fact of higher buffer occupancy i n  the irifiiiite case does not necessarily iiieitti htgliei I-PII lo\\ 
I ates I I I  the finite I , u ~ F ~ I  wlieii the arrival process is cleterillinistic. For deterininistic arrivals tlie 
10175 i n  a finite queue ih lint Ilec-e\sarily relatecl to the liriffer oc-cupaticy in  the I n t i l t t t e  i ' a w  I I i l t  

iiiore on the nietliotl of arrivajs, or the process of arrivals, past the finite places i t1  the ciucue. Thk 
probleiii was simulated [4] ant1 these conclusions help to explain the results o1,taiiietl tlieIe1ii. 
Furtlierliloi e. tlie survivor function P[Q > q] caii provide tilore conflicting results if viewed more 
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c-arefully. As ail exaiiiple, let's look a t  a situation with M = 2,  p = 1, R = 0.5 aiid 7' = 1.  
For the three-state source, let's leave T' as  a varial,le a i l c l  the overall period of the sour(-e he T 
(T = 6 for the two-state case). Tlieii w e  can calculate the exact frequency that each possible 
queue oc(-ulmn(y is going to omi t .  at. 
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- P[Q = 11 = (.75T? - 4.5T + I2)/T' 

- P[Q = '21 = ( .'25T2 - :j)/T' 

P[Q = 3 1  = (.5T - 2 ) / T 2  - 

Using these foriiiulits, we can easily calculate the survival function and conipare it for different 
values of T " .  For the pro1)al)ility P[Q > 21, starting from T" = 6, P[Q > 21 for the three-state 
soiirc-es is less than that of the two-state soiirce ns seen in Figure 5 .  On the otlierhancl, the 
average queue occupancy of all the three-state sources in  this case are greater than that of the 
two-state source, but the cell loss rate of the two-state source is greater than any of the same 
three-state sources for a buffer length of 2 cells ( B = 2 ). 

./ 

1 .o 

0.8 

0.6 - 
0- 

6 r 
0.4 

0.2 

'.- 

0.0 
0.0 1 .o 2.0 3.0 4.0 

q, buffer occupancy (cells) 

Figure 5 :  Coniparison of Two State and Three State Sources 

This sliows t1ia.t tlie survival function for an infinite buffer cannot be usecl to iriakp c~oiiclrisious 
011 the finite buffer situation for this deterininistic traffic pattern. I n  fact, if the tail-mid of the 
siinulatioii i n  [5] is calculatecl, it (:,an be seen that P[Q > 8981 for the two-state is higher than 
that of the thtw-sta.te soiirc-e, indicating that tliere is a crossover point i n  the graph tha.t was  
unlikely eirougli not, to appear during the si~iiula.tion process. 

1.5 Continuous and Discrete Variables 

The pro1)leiii contains Imtl i  coiltinuoris and tlisrretp variables and therefore it is important t o  

distinguish lietween the two types. klie coiisider a siiriplified nioclel siiiiilar to [3]  wlierp the1 P 

are  two iclentical, intlepPndent it5ei-s feecling a finite huffer. I f  the iisers were not independent 
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then tlie worst case woultl lie tlie greed on-off source with all sources i n  plinse eiiiitting toget1ic.r. 
However when we coiisiclcr that the users or sources are independent then the plinse betweell tlie 
soiirc*es is rancloiii. This tlien give5 rise to the prol)al)ility o f  cell loss 1)eca.use tliei'e is a prnlx~l)ilit,i. 
of phase cliffereiice lwtween the sourc*es. We assuiiie that the two sources are ranclotlily pliaseclq 
wiiicli ineatis we c'aii consicler one source as a reference source ancl the otlier is than an aiiiorriit 

out of pliase. Tlie aiiioont orit of phase will cleteriiiitie tlie nuniber of cells lost. Tlie more i n  
phase the iiiore loss we expect. The pro1,ability of each of the possible coiiibitiatioiis of n o t  of 
phase is just the reciproc-a1 of the nuiiiber of the possible conibinations. 

We consider two possibilities, either two greedy on-off sources or two three state type soiirc'es. 
The cell losses for all distinct coiii1)iiiations of the two traffic patterns are calculatecl ancl averagt.tl. 
The cell loss rate for each scenario is cornparecl. There are a nuniber of constraints OH tlie prol>leiii 
clue to the discrete nature of the variables. 

1. 

2. 

3. 

4 .  

3 . 

Tlie sources niay 1)e out of phase only i n  one cell time units which Iiieans that we cannot 
use integration as was risecl i n  [ 3 ] .  

Tlie on period of the two state source is the tinie taken for tlie buffer to just a1u)ut tci 
overflow whilst eiiiitting a t  the peak rate ancl also to emit any cells which arrive tluriiig 
this time. I n  the discrete case this is equal to [ M / p  - RI - 1. 

Cells are only lost as units - no fractional cell loss. Therefore it is necessary to enhiire that 
i n  using general foriiiulae the cell loss is truncatecl to an integer. We investigate the (.&\e 
of A4 2 1. 

The discrete nature of the cell also implies that the buffer size must be an integer. 

The service pro(-ass can IN? awuiiied to be continuous. This means a cell can 1~ servecl 
as it arrives. Alternatively, can think of the server waitiiig until the cell has fully arrived 
before starting to serve it. 

2 New Approach to  Cell Loss 

The coinparison of cell loss from both source types i n  tlie two identical user system is revisited 
assiiiiiing the cell arrival ancl service processes to he discrete. The cell loss rate is ( w i i i p i i t t . d  

i ~ s  the total nuiiil)ei of cell\ lost i n  one period divided by the total nuniber of (-ell\ eiiiitterl i n  

one periucl. The total nuiiihei- of cells lost i n  any one period is the average of the (.e115 I ( i \ t  h,i 
each c-oiiil~iiration of the tlto traffic- patterns. It is assuniecl that tlie iiiininial plraw c l i f p i w w  
Iwtweeii two sources IS oiie cell time ancl there are T ( T is tlie period ) coiiibinatir)ii\ of tlit. t n o  
traffic- patterns. Tile total niiiil1)er of cells emitted i n  one period T equals 2RT. Furtlreriiiore 
the following stipulations are placed on the paranieters : 

0 Tlre servic-e rate is at  least equal to the peak cell eniisaion rate, p 5 r 

0 The leaky bucket rate is less than or equal to half the peak cell rate ( and hence the servire 
rate ) *  K 5 p / 2  

0 Togetlier tlie I)eaI\ (,e11 eiiiission ancl the leaky bucket rate exceed the sprvire rate. p+ h' 2 7 '  
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a fast server. Then the cell loss for two greedy oil-off sources, 3' places out of plias~ with Pa(-h 

other, is denotecl tiy C ' L  (z) ancl is ral(-ulated i n  Equation 1 

where the synibols have the usual iiieaiiiiigs. Siniilarly the cell loss for the three state soui.cr 
can lie representet1 by Equation 2. 

Alternatively if it is assuniecl tha.t the server waits until the cell has arrivecl i n  tlie Iiuffer 1)efore 
starting to serve the cell, wliicli we ca,ll tlie slow server, then tlie expressions for re11 loss are  
iiioclifiecl for tlie greedy on-off source itcj follows i n  Equation :j 

ancl for the three state slow server the cell loss will lie given in Equation 4. 

To calculate tire cell loss ratio we allow x to vary over all phase possibilities ancl then clivicle 
by the number of coinbinations ancl also clivicle by the number of cells transniittecl l q  both 
S O I I ~ ( W .  The ~iunilier of cells transmitted I)y both sources will be 2RT and the nuin l ) r r  of phase 
conil~iuations will be T, so the cell loss ratio, CLR,  is given by Equation 5 .  

( 5 )  

3 Counter Examples 

To show that thwe is no single worst type traffic for two identical sources we prespnt a c-ounter 
exaniple to tlte traditional theory of the greecly on-off being tlie worst c'ase. We .;how that tliP 
three state sourre can procluce higher loss for integer values of varialhs (-1iosei1. As ~ i ~ e i i t i o i i ~ ~ l  
previously we ('oiisider two different types of servers, the fast serving server ancl the slow srr\.iiig 

se r vel'. '-- 

3.1 Fast Serving Server 

Assunling that the (-e11 is served a5 it arrives we have an example showing the three state s o i i r w  
to give rise to greater cell loss in  a finite buffer than the two state source. The following svsteni 
paraiiieters are usecl : 

- p ,  peak cell Pniission = 1 

- T ' ,  service time = 1 

K ,  leaky hiickpt rate = ..? 

A f ,  leaky bucket capacity = X 

H,  liuffei. size = 12 

- 

- 

- 

- Tu (for tIiree state source) 2 (('21) - r)T,,, - B ) / ( p  - R )  = 6 
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Reference Source 

time 
Other Source with X = 0 

# Cells LOTI = 3 
4 

time 
X = l  

time X = 2  
# CeUs Lost = 1 

tinie 
x = 3  

time 

time 

time 

time 

time 

iime 

time 

Figure 6: Fast Server, ( A )  Greedy On Off Source, (B) Three State Source 

It takes 8 cell times to f i l l  the bucket up but in  that time 4 more cells are allowed througli 
because of the constant leak rate of the bucket ancl while they try to fill the I>ucket 2 more 
ar r ivp  ancl then finally one arrives and the bucket is full .  Therefore the amount of time that the 
source is on ancl emitting cells at the peak rate is given by To, = [ M / p  - R1 - 1 = 15. K’lien 
the bucket is ful l  it takes hl /R  seconds to empty nornially, however here one time ~ P ~ I U C I  ha5 
already elapsecl so To,, = 1.5. 

Ttiere are 30 phase c-onilinations for the greedy on-off source patterns, however sourc-e~ that 
are too far out of p11a.s~ do not give rise to cell loss. For the greedy on-off sour(-es by examiniiig 
Eciuation 1 we conclude Iliat sour(-es that are 3 or 111ore time units out of phase do not produce 
any cell loss. RenieiiiI>er that this loss can occiii when the secound source  I\ a little advari(-P(I 
froin the refpreiice and also when it’s 50 aclvanrd that it is almost back i n  p l i a x  with tlic-’ 
referenc-e. This ran IF seen i n  Figure 6. The cell loss for the two state sources is 111 total 9 c-flls, 
wliirlr is c-alriilated fro111 3 c-~lls lost when i n  phase, 2 (-ells lost when either one orit of pliavl 
ancl also 29 out of phase, ancl 1 cpll lost when either two out of phase or 2 X  out of plisse. FOI 
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all other phaseing’s there is no cell loss. Therefore using Equation 5 the cell loss rato can lie 
calculated to  be 0.01. 

For the three state sources cell there are 36 possible phase combinations ancl by exaiiiining 
Equation 2 loss can occur u p  to 4 units out of phase. The total number of cell lost over all 
possible phasings ran be seen i n  Figure G ancl is 15 cells. By using Equation 5 we can ralriilate 
the loss to be 0.01157. Therefore the three s ta te  sourcp produces higher loss than the gi.~ecIy 
on-off sourre for the fast server. 

3.2 Slow Serving Server 

Referrnce Source 

t ime I..._ 
Other Source with X = 0 

# Cells Lost = 2 

time 
X = l  

time 
x = 2  

Reference Source 

time 
Other Soume with X = 0 

time 

# cells Lost = I 

time x = 2  
# CeUs Lost = 1 

time x = 3  
# Cells Lost = 0 

time 
x = 4  

Figure 7: Slow Server, ( A )  Greedy On Off Source, (B)  Three State Sourw 

If the  servic-e process is assumed to begin serving a cell only after it h a s  fully arrivecl into the 
buffer we have a sinlilar counter example. The  following system parameters are uset1 : 

- 
- 

11, peak cell eriiission = 1 

t’. service time = I 

J 

- 

- 
K ,  leaky bucket rate = ..5 

kl, leaky bucket capacity = 8 
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- B ,  buffer size =14 

- T' (for three state source) 2 ((211 - r)T,,, - R + r / p ) / ( p  - R )  = 4 

Similar to the fast serviiig server To, = To,, = 15. For the greedy on-off so~tr(-es 1)y exaiiiining 
Equation 3 we conclucle that sources tliat are 2 or inore time units out of phase clo not prodit(-p 
aI i j r  cell loss. This can Iw seen i n  Figtire 7 .  Tlie (.e11 loss for the two state \oii i(-es is c~vet a11 
passible phase cotul>inations equal to 4 cells atid by using Equation 5 we can calculate t l ip  c-ell 
loss ratio to he 0.004-44. 

For the three state sourc('s cell loss (-an occur up  to 2 time units out of phase. This is conc-luclecl 
by exaiiiining Eqiiation 3 for the cell loss for a three state source and this is also seen in Figure 7 .  
Here i n  total 6 cells are lost over all possible phase combinations and so again by using Equation 5 
the cell loss ratio can be calculated to be 0.00519. Therefore the three state source protlu(-es 
higher loss than the greedy on-off source for the slow serving server. 

Therefore regardless of how the service is achieved in the buffer there is an example of the three 
state source proclucing inore loss than tlie greedy on-off source. It is therefore shown that there 
is no single type of worst case traffic source for the two identical source problein, considering 
these types of sources. 

4 Conclusions 

Froin our analysis it niay be concludecl that  tlie greedy on-off source does not always give r i w  
to the worst case traffic. The first point that  we inake is regarding the infinite ver\us finite 
buffer and we show that the occupancy i n  an infinite buffer will not relate to the loss i l l  a finite 
buffer when the traffic is deterillinstic. Tlie second point we make is that soiiip of tlie varialile5 
are discrete and tlierfore attention must be paid when selecting examples and formula. We the11 

concludecl by showing two counter examples against the greedy on-off source arid were able to 
say that there is no single worst case traffic type for the two identical source probleni. 

The probleui is far frorii totally solved. though. The resrilt for th i s  two source case is not 1,incling 
on an 7) source situation. indicating one area to work towards. On the other hand, tlie traffic 
controller still neecls to know i n  soi~ie manner what tlie worst case, or even a suppos~tl 01' an 
asytiiptotic worst case, shoulcl he to be able to make decisions for &OS. Tlii> ])rings u p  tlke 
questions of under what conditions is one case worse than others or if there is a siiigk ('asp tha t  
we don't know ahout that perfornis universally badly for a given traffic controller. 

Acknowledgment s 

We woulcl like to thaiik Dr.  B. T .  Doshi for assistance with this problem. We are also giat,efiil 
to Dr. Mike Mandell for helpful discussions. The first author acknowledges Prof. R.J. i\lcElit.c~e. 
C:alifornia. Institute of Technology, and the second ancl third authors acknowledge Prof. C'liarl~s 
Md'orkell, DuIAin  Citr liniversity, for their contiiiuing encouragenient and support of this w o r k .  

References 

[ l ]  S .  Aklitar, "'C'otigest,ioIr Control I n  .4 Fast Packet Switching Network', h4a5ter's thesis, 
\.VasIiitigton t i  niversity, 19S7. 

15/11 



[2] A T M  FOT'UVL, 'ATM lJser-Network Interface Specification', Prentire Hall, 1993. 

[3 ]  H. T. Doshi, 'Deterininistic Rule Basecl Traffic Desrriptors For Broadband I S D N :  Woi.st 
( h s e  Ekliavioiir. Anti Connec-tioii Acreptant-e ( :oiitrol', International Teletraffir ( 'oiigre~s, 
ITC-14, Vol l a ,  p p  591-(jOO, Antihes,  France, Juile 1994. 

[4] T. Worster, 'h4odelliiig Deteiwinistic Queues: The Leaky Bucket as ail Arrival F'rocess'. 
International Teletraec ('ongress, IT(-'-14, Vol la,pp 581-590, Antibes, Franre, .Iuiie 1994. 

[5] N. Yaiiiaiiaka, k'. Sato ancl I i .  Sato, 'Perforiiiance Liniitation of Leaky Bucket Algorithm for. 
lisage Parameter Control and Banclwidth Allocation Methods', IEICE Trans. Coi1iniiin7., 

Vol E75-B, No. 2,  February 1992. 

, 
W 

15/12 


