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Abstract

MPEG video tra�c is expected to cause several problems in ATM networks� both from
performance and from architectural viewpoint� For the solution of these di�culties�
appropriate video tra�c models are needed� A detailed statistical analysis of newly
generated long MPEG encoded video sequences is presented and the results are compared
to those of existing data sets� Based on the results of the analysis� a layered modeling
scheme for MPEG video tra�c is suggested which will simplify the �nding of appropriate
models for a lot performance analysis techniques�



� Introduction

In B�ISDNs� a major part of the tra�c will be produced by multimedia sources like
teleconferencing terminals and video�on�demand servers� These networks will work on
the basis of ATM and most of the video encoding will be done using the MPEG standard
	ISO Moving Picture Expert Group
�

There are a number of open issues concerning the transmission of MPEG video on high�
speed networks like �nding of the appropriate ATM adaption layer� dimensioning of the
multiplexer bu�ers� shaping of video tra�c� and monitoring of video cell streams� To
solve these problems several performance analyses has to be done and therefore models
for MPEG video tra�c streams have to be developed� The �rst step of the model deve�
lopment is a thorough analysis of the statistical data sets of already encoded videos�

At institute of Computer Science at W
urzburg� we encoded a variety of video sequences
and carried out a thorough statistical analysis to get a detailed picture of the video data
stream� moments� histograms� QQ�plots� autocorrelation functions of frame and GOP
sizes� R�S�plots� Based on this information and the knowledge about the MPEG coding
technique� we propose a layered video modeling scheme� The model can consist of GOP�
frame� and cell layer� depending on the requirements of the analysis� For each layer
certain stochastic processes are suggested� which may be used for modeling�

In Section �� we outline the MPEG video encoding technique� Section ��� is about the
statistical analysis of the encoded sequences and in Section ��� the layered modeling
scheme is presented� Section � concludes the paper�

� MPEG video encoding

Due to the high bandwidth needs of uncompressed video data streams� several coding
algorithms for the compression of these streams were developed�

At the moment� the MPEG coding scheme is widely used for any type of video appli�
cations� There are two schemes� MPEG�I ��� �� and MPEG�II ���� where the MPEG�I
functionalities are a subset of the MPEG�II ones� The main di�erence with respect to
video transmission on ATM is that MPEG�II allows for layered coding� This means the
video data stream consists of a base layer stream� which contains the most important
video data� and of one or more enhancement layers� which can be used to improve the
quality of the video sequence�

In this paper� we focus on one�layer video data streams of MPEG�I type� Most of the
encoders will use this scheme and in case of multi�layer encoding the statistical properties
of the base layer will be almost identical to this type of stream�

The MPEG encoder input sequence consists of a series of frames� each containing a two�
dimensional array of picture elements� called pels� The number of frames per second as
well as the number of lines per frame and pels per line depend on national standards�
For each pel� both luminance and chrominance information is stored� The compression
algorithm is used to reduce the data rate before transmitting the video stream over
communication networks�
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Figure �� Group of Pictures of an MPEG stream

This is done by both reducing the spatial and the temporal redundancy of the video data
stream� The spatial redundancies are reduced by transforms and entropy coding and
the temporal redundancies are reduced by prediction of future frames based on motion
vectors� This is achieved using three types of frames 	cf� Figure �
�

I�frames use only intra�frame coding� based on the discrete cosine transform and entropy
coding�

P�frames use a similar coding algorithm to I�frames� but with the addition of motion
compensation with respect to the previous I� or P�frame�

B�frames are similar to P�frames� except that the motion compensation can be with
respect to the previous I� or P�frame� the next I� or P�frame� or an interpolation
between them�

Typically� I�frames require more bits than P�frames� B�frames have the lowest bandwidth
requirement�

After coding� the frames are arranged in a deterministic periodic sequence� e�g� �IBB�
PBB� or �IBBPBBPBBPBB�� which is called Group of Pictures 	GOP
�

� Modeling of MPEG video tra�c

There are several reasons to develop models for video tra�c and to use them for the
performance analysis of ATM networks�

The �rst reason is to extract the statistical properties of video tra�c which have a
remarkable impact on the network performance� We gain a lot of insight� if we are able to
reduce the statistical complexity of the empirical video data sets� It is true� that only the
frame size trace from the output of a MPEG encoder contains all statistical information
about the encoded video� but on the other hand the large number of properties makes it
di�cult to decide which one is causing performance problems�
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Movies �buy cassettes�

dino Jurassic Park
lambs The Silence of the Lambs

TV sports events �recorded from cable TV�
soccer Soccer World Cup ���� Final� Brazil � Italy
race Formula � car race at Hockenheim�Germany ����
atp ATP Tennis Final ����� Becker � Sampras

Other TV sequences �recorded from cable TV�

terminator Terminator �
talk� German talk show
talk� Political discussion
simpsons Cartoon
asterix Cartoon
mr�bean Three slapstick episodes
news German news show
mtv Music clips

Set top camera

settop Student sitting in front of workstation

Table �� Overview of encoded sequences

The second reason is the computational complexity of simulations� particularly on cell
level� of ATM networks� It often takes long simulation runs to obtain results of high
accuracy� In some cases the numerical complexity can be considerably reduced using
tra�c models and standard analytical tools like matrix analysis or discrete time analysis�

The third reason is the need for connection tra�c descriptors for video tra�c� If the
tra�c model is simple� i�e� it has only a small number of parameters� these parameters
can be used as tra�c descriptors for CAC and UPC of video connections�

For the development of video tra�c models we can both use the knowledge about the
coding technique� MPEG�I or MPEG�II in our case� and the statistical analysis of the
frame size sequence which we obtain from measurements�

��� Statistical analysis of MPEG video sequences

In the following� we will present some statistical measurements from several movies� TV
sport events� and TV shows�� which we encoded at our institute using the UC Berkeley
MPEG�I software encoder ���� Table � shows the sequences which we used to produce
the data sets�

All sequences mentioned below were encoded using the following parameter set�

�To avoid any con�ict with copyright laws� we want to point out� that all image processing� encoding�
and analysis work was made for scienti�c purposes� The encoded sequences have no audio stream and
will not be made publicly available� Only statistical data sets will be made available to colleagues�
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Compr� Frames GOPs Bit rate
Sequence rate Mean CoV Peak� Mean CoV Peak� Mean Peak

X � � �bits� Mean �bits� Mean �Mbps� �Mbps�

asterix ��� ������ ���� ��� ������� ���� ��� ���� ����
atp ��� ������ ���� ��� ������� ���� ��� ���� ����
dino ��� ������ ���� ��� ������� ���� ��� ���� ����
lambs ��� ����� ���� ���� ������ ���� ��� ���� ����
mr�bean ��� ������ ���� ���� ������� ���� ��� ���� ����
mtv ��� ������ ���� ���� ������� ���� ��� ���� ����
news ��� ������ ���� ���� ������� ���� ��� ���� ����
race �� ������ ���� ��� ������� ���� ��� ���� ����
settop ��� ����� ���� ��� ������ ���� ��� ���� ����
simpsons ��� ������ ���� ���� ������� ���� ��� ���� ����
soccer ��� ������ ���� ��� ������� ���� ��� ���� ����
starwars ��� ������ ���� ���� ������� ���� ��� ���� ����
talk� ��� ������ ���� ��� ������� ���� ��� ���� ����
talk� ��� ������ ���� ��� ������� ���� ��� ���� ����
terminator ��� ������ ���� ��� ������� ���� ��� ���� ����

Table �� Simple statistics of the encoded sequences

� Each frame consists of one slice�

� GOP pattern� IBBPBBPBBPBB 	�� frames
�

� Quantizer scales� �� 	I
� �� 	P
� �� 	B
�

� Motion vector search� logarithmic�simple� window� half pel� ��� reference frame�
original�

� Encoder input� ��� x ��� pels with �� bit color information�

� Number of frames per sequence� ����� 	about half an hour of video


Some parameters might not be optimal with respect to the quality of the MPEG video
sequence� because of some hardware limitations� We used a Sun Sparc �� for the image
processing and encoding� and captured the sequence from a VCR with a SunVideo SBus
board�

����� Overview

Table � shows the compression rates and the most important moments of the frame sizes�
the GOP sizes� and the corresponding bit rates of the MPEG sequences�

For the sake of comparison the statistical data from Mark Garrett�s Star Wars sequence
��� is also presented�
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the From Table � we conclude� that typical TV sequences like sports� news� and music
clips lead to MPEG sequences with a high peak bit rate and a high peak�to�mean ratio
compared to movie sequences� These properties result from the rapid movements of a lot
of small objects� which increase the amount of data necessary to encode the sequence�

Unfortunately� even the statistical properties of the sequences of the same category� like
movies or cartoons� are not in good agreement� For example� the measurements of termi

nator and lambs or of simpsons and asterix have no moments lying close together� This
will lead to di�culties in �nding tra�c classes for MPEG video� which can be used for
CAC and UPC�

In the remainder of this section� we will present a detailed analysis of the statistical data
of the dino� soccer� and starwars sequences�

����� Frame traces

Figures �� �� and � show the frame size traces of the dino� soccer� and starwars sequences�
The I frame sizes are light gray� the P frame sizes black� and the B frame sizes dark gray�
The appearance of the three traces is very di�erent� The dino trace is rather smooth�
whereas the other two traces show a large number of rapid changes in the frame sizes of
each type of frames� But although both traces have this property� they look di�erent�
The P frames of the starwars trace are large compared to the I frames� The soccer trace�
however� shows very large changes in any type of frames� and the B frames are often of
the same size as the P frames� This indicates a lot of movement in the input sequence of
the encoder� since the B frames only become large� if the predicted image will be poor
because of the amount of movement and additional data has to be encoded to correct
these prediction errors� This will be the case for soccer matches and for a lot of other
sports events�

����� Distributions

The Figures �� �� and � show the frame size histograms of the I� P� and B frames of the
dino sequence� The dashed curve is a Gamma pdf� which has the same mean and variance
as the histogram frame sizes� The good agreement of the histogram and the Gamma curve
for the I and P frames becomes more obvious if we use a QQ�plot 	quantile�quantile�plot
�
where the Gamma quantiles are plotted against the histogram quantiles� An agreement
with the dotted line indicates that both pdf�s are equal� The solid line is for the Gamma
pdf and the dashed line is for the Lognormal pdf� which has the same parameters as the
Gamma pdf� For the I frame sizes 	Figure �
 both the Gamma and the Lognormal pdf
are good to very good approximations of the histogram pdf� In case of the P frames
	Figure ��
 the Gamma pdf is in good agreement� whereas for the B frames 	Figure ��

the Lognormal pdf shows better performance�

For almost all encoded sequences� either the Gamma or the Lognormal pdf is an useful
approximation of the frame size histogram pdf�s of either type of frame� The di�erences
between Gamma and Lognormal approximation performance are not too large in most
cases� Perfect agreement of histogram and approximation cannot be achieved due to
�nite frame sizes�

�



This leads to the conclusion� that for the modeling of the frame sizes� either histograms�
Gamma� or Lognormal pdf�s can be used�

If we look at the GOP size distributions� we obtain similar results� Figures ��� ��� and ��
show the QQ�plot for the dino� soccer� and starwars sequence� Again� the Gamma and
Lognormal quantiles are plotted against the histogram quantiles� For the sequences con�
sidered� the Lognormal distribution is a good approximation of the GOP size histogram�
but the Gamma distribution will also be adequate�

����� Correlations

Time�dependent statistics are important in the case of video tra�c� because correlations
of the data streams may cause performance problems of the ATM network�

First� autocorrelation functions of the frame sizes and of the GOP sizes are presented� The
frame�by�frame correlations are depending on the pattern of the GOP� and� in principle�
always look like Figure ��� if the same GOP pattern is used for the whole sequence� The
larger positive peaks stem from the I frames� the smaller positive ones from the P frames�
and the negative ones from the B frames� This shape re�ects the relationship of the
mean frame sizes of the frame types� A large I frame is followed by two small B frames�
Then a midsize P frame is produced by the encoder� which is followed by two small B
frames again� The pattern between two I frame peaks is repeated with slowly decaying
amplitude of the peaks�

If a model is needed which re�ects the frame�by�frame correlations of an MPEG video
tra�c stream� the GOP�pattern based shape of the autocorrelation function has to be
considered� An approximation of the autocorrelations function is presented in ����

Based on the frame level correlations� it is di�cult to get a clear picture of the long�range
correlations of the video tra�c stream� Thus� the autocorrelation functions of the GOP
sizes� i�e� the sum of the frame sizes of one GOP� are considered�

Figures ��� ��� and �� show the autocorrelation functions of the GOP sizes of the se�
quences dino� soccer� and starwars� In addition� the dashed line shows the exponential
function� which is matched to the empirical autocorrelation function of the �rst few lags�
A curve of this type appears if the GOP size process is memoryless� If the autocorrelation
function of the statistical data is above the exponential function� this indicates depen�
dences in the GOP size process� In Figures �� and �� this is clearly the case� whereas
the autocorrelation curve and the exponential curve are matching well in Figure ���

This result makes it di�cult to �nd a GOP layermodel which is appropriate for all types of
video sequences� On the other hand� it is often su�cient to have a model which is accurate
in terms of correlations in the order of frames� i�e� tens of milliseconds� Therefore� it
is possible to neglect the GOP�by�GOP correlations and to use only distributions and
moments of the GOP sizes to model the GOP size process� e�g� with a Markov chain�
an autoregressive process� or simply drawing GOP size samples based on the GOP size
histogram�

Another way to detect long�range dependences is to use variance�time plots� R�S plots�
or periodograms ��� ��� Here� we focus on the R�S plots� because it is a robust method
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Sequence Hurst exponent H

race ����
soccer ����
lambs ����
terminator ����
mtv ����
simpsons ����
talk� ����
dino ����
atp ����
mr�bean ����
asterix ����
news ����
starwars ����
talk� ����
settop ����

Table �� Hurst exponents of the encoded sequences

to determine the asymptotic Hurst exponent H of long time series� An introduction in
R�S analysis can be found in ����

Figures ��� ��� and �� show the R�S plots� strictly speaking the pox plots� of the frame
size sequences of dino� soccer� and starwars� The slope of the street of points on the
diagrams is an estimate for the Hurst exponent H� The slope is computed using a least
squares �t� where the �rst row and the last two rows of R�S values is not considered�
The �rst row may re�ect too many short�range dependence e�ects� and the number of
R�S values of the last row is too small�

The estimated parameter H for the dino sequence is ����� for the soccer sequence it is
����� and for the starwars sequence ���� is estimated� Time series without any long�range
dependences own a Hurst exponent of ���� whereas time series of computer tra�c can
have H�values up to ��� ���� It is interesting to notice that the soccer sequence has a large
H�value� but that the autocorrelation function of the GOPs is decaying exponentially�

It is assumed� that in case of video tra�c a larger H�value re�ects a larger amount
of movement in the video sequence ���� This is corroborated by Table � for most of
the encoded sequences� Only the H�values of talk� and starwars do not go with this
assumption� In the case of starwars the H�value is low compared to the other movies�
However� besides the settop sequence� all sequences have H�values� which are higher than
����� and the existence of long�range dependencies can be assumed�

If the model of the video tra�c should have long�range dependence properties� a class
of processes called fractional di�erencing processes may be used ���� These processes
generate time series with given H�values� but it may be di�cult to match a given marginal
distribution for the generated samples�
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��� Layered modeling scheme

In this section� we are going to present a layered modeling scheme for the development
of MPEG video tra�c models��

The main information for the model development which we receive from the MPEG way
of coding can be concluded as follows�

� There are three frame types� I� P� and B frames�

� A pattern of frame types� called GOP� is repeated continuously to create the enco�
ded frame sequence�

� The frames of one single GOP strongly depend on each other�

Moreover� if we want to create a model on cell level� both the AAL which is used for the
transmission of the video and the information� whether the cell stream is shaped before
it enters the network or not� should be taken into account�

Based on the information presented up to this point� we are already able to develop a
scheme with three layers 	cf� Figure �
�

� GOP layer�

� Frame layer�

� Cell layer�

At the moment� higher layers� like scenes� are not under consideration for two reasons�
First� each additional layer adds some complexity to the model and we want to have
simple models� Second� in most cases the time scale of one GOP� i�e� about half a
second� is large enough in the ATM context�

Having decided on the layers� we have to de�ne the statistical properties of each layer
and of the way the layers interact�

Based on the results of Section ���� we are able to select a stochastic process for each
layer� which is appropriate for our purposes or analysis technique� respectively�

After this step� we have to lay down the way the layers depend on each other�

For example� if we want to generate a frame size sequence based on the GOP size process�
we have to consider the structure of the GOP pattern� which tells us the order of the
types of frames� The simplest way to �nd the frame sizes based on a GOP size sample
is to use a scaling factor for each frame of the GOP� where the scaling factors are the
mean sizes of the frames of one GOP devided by the mean GOP size of a given data set�
More complex models may use frame size histograms or approximate pdf�s to generate
the frame size sequence 	cf� Figure �
�

�An overview of the video modeling literature can be found in ����
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Figure �� Layered video tra�c modeling scheme
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If we want to obtain a cell level model� we have to make up our mind on the way the
frames are broken into cells� This will depend on the considered ATM Adaption Layer
	AAL
 and on the existence of shaping facilities between video source and ATM network�
If a statistical analysis of video cell stream measurements is available� it will be possible
to base models directly on this material� This may lead to simpler models for the cell
process�

The presented model development scheme is not a recipe to get a perfect video tra�c
model� It is more like an outline of a variety of stochastic modules and the description
how they interact in the case of video tra�c� The model developer will have to choose
the modules� which are appropriate for his analysis�

We want to point out� that any model should be validated� Any model� even complex
ones� are based on simplifying assumptions� like independence assumptions� Thus� to
obtain useful and reliable performance analysis results� it is important to know how
these assumptions a�ect the results of the analysis�

� Conclusions

Modeling of VBR video tra�c is often di�cult� because of the statistical complexity of
the empirical data sets� for example their layered structure and the correlations on several
time scales�

In this paper� we present a detailed statistical analysis of new MPEG sequences� which
we encoded at our institute� Each sequence consists of ����� frames� We were able to
corroborate several results� which are known from the analysis of other video sequences�
�� the frame and GOP sizes can be approximated by Gamma or Lognormal PDF�s� ��
there are long�range dependences in the frame sequences� which lead to Hurst exponents
from ��� up to about ����

The new data sets are also compared to the well known Star Wars data set from Mark
Garrett� It can be concluded that with respect to the statistical properties the Star Wars
sequence is a good representative of the class of MPEG video tra�c� but that it will be
misleading to dimension ATM networks based only on this data set� There are sequences
like TV broadcasts of sports events� where performance problems like bu�er over�ows
are more likely than with the Star Wars sequence�

Based on the statistical analysis� a layered modeling scheme for MPEG video tra�c
is presented� We describe the properties of each layer and the way they interact� In
addition� some guidance is given on how to develop video models�
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Figure �� Frame size trace of the soccer sequence
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Figure ��� R�S plot of the frame sizes of the dino sequence

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 1 2 3 4 5

lo
g �
�
	R
�S



log��	d


R�S data points
y � ����  ����x

Figure ��� R�S plot of the frame sizes of the soccer sequence

��



0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 1 2 3 4 5

lo
g �
�
	R
�S



log��	d


R�S data points
y � ����  ����x

Figure ��� R�S plot of the frame sizes of the starwars sequence

���� G� Buntrock� L�A� Hemachandra und D� Siefkes� Using inductive counting to simulate
nondeterministic computation� April �����

���� F� H
ubner� Analysis of a �nite capacity a synchronous multiplexer with periodic sources� Juli
�����

���� G� Buntrock� C� Damm� U� Hertrampf und C� Meinel� Structure and importance of logspace�
MOD�classes� Juli �����

���� H� Gold und P� Tran�Gia� Performance analysis of a batch service queue arising out of
manufacturing systems modeling� Juli �����

���� F� H
ubner und P� Tran�Gia� Quasi�stationary analysis of a �nite capacity asynchronous
multiplexer with modulated deterministic input� Juli �����

���� U� Huckenbeck� Complexity and approximation theoretical properties of rational functions
which map two intervals into two other ones� August �����

���� P� Tran�Gia� Analysis of polling systems with general input process and �nite capacity� August
�����

�
�� C� Friedewald� A� Hieronymus und B� Menzel� WUMPS W�urzburger message passing system�
Oktober �����

�
�� R�V� Book� On random oracle separations� November �����

�

� Th� Stock� In	uences of multiple priorities on DQDB protocol performance� November �����

�
�� P� Tran�Gia und R� Dittmann� Performance analysis of the CRMA�protocol in high�speed
networks� Dezember �����

�
�� C� Wrathall� Con	uence of one�rule Thue systems�

�
�� O� Gihr und P� Tran�Gia� A layered description of ATM cell tra�c streams and correlation
analysis� Januar �����

�
�� H� Gold und F� H
ubner� Multi server batch service systems in push and pull operating mode

 a performance comparison� Juni �����

�
�� H� Gold und H� Grob� Performance analysis of a batch service system operating in pull mode�
Juli �����

��



�
�� U� Hertrampf� Locally de�nable acceptance types
the three valued case� Juli �����

�
�� U� Hertrampf� Locally de�nable acceptance types for polynomial time machines� Juli �����

���� Th� Fritsch und W� Mandel� Communication network routing using neural nets � numerical
aspects and alternative approaches� Juli �����

���� H� Vollmer und K�W� Wagner� Classes of counting functions and complexity theoretic
operators� August �����

��
� R�V� Book� J� H� Lutz und K�W� Wagner� On complexity classes and algorithmically random
languages� August �����

���� F� H
ubner� Queueing analysis of resource dispatching and scheduling in multi�media systems�
September �����

���� H� Gold und G� Bleckert� Analysis of a batch service system with two heterogeneous servers�
September �����

���� H� Vollmer und K�W� Wagner� Complexity of functions versus complexity of sets� Oktober
�����

���� F� H
ubner� Discrete�time analysis of the output process of an ATM multiplexer with periodic
input� November �����

���� P� Tran�Gia und O� Gropp� Structure and performance of neural nets in broadband system
admission control� November �����

���� G� Buntrock und K� Lory�s� On growing context�sensitive languages� Januar ���
�

���� K�W� Wagner� Alternating machines using partially de�ned �AND
 and �OR
� Januar ���
�

���� F� H
ubner und P� Tran�Gia� An analysis of multi�service systems with trunk reservation
mechanisms� April ���
�

���� U� Huckenbeck� On a generalization of the bellman�ford�algorithm for acyclic graphs� Mai
���
�

��
� U� Huckenbeck� Cost�bounded paths in networks of pipes with valves� Mai ���
�

���� F� H
ubner� Autocorrelation and power density spectrum of ATMmultiplexer output processes�
September ���
�

���� F� H
ubner und M� Ritter� Multi�service broadband systems with CBR and VBR input tra�c�
Oktober ���
�

���� M� Mittler und P� Tran�Gia� Performance of a neural net scheduler used in packet switching
interconnection networks� Oktober ���
�

���� M� Kowaluk und K�W� Wagner� Vector language� Simple description of hard instances�
Oktober ���
�

���� B� Menzel und J� Wol� von Gudenberg� Kommentierte Syntaxdiagramme f�ur C��� November
���
�

���� D� Emme� A kernel for funtion de�nable classes and its relations to lowness� November ���
�

���� S� 
Ohring� On dynamic and modular embeddings into hyper de Bruijn networks� November
���
�

���� K� Poeck und M� Tins� An intelligent tutoring system for classi�cation problem solving�
November ���
�

���� K� Poeck und F� Puppe� COKE� E�cient solving of complex assignment problems with the
propose�and�exchange method� November ���
�

��
� Th� Fritsch� M� Mittler und P� Tran�Gia� Arti�cial neural net applications in telecommunication
systems� Dezember ���
�

���� H� Vollmer und K�W� Wagner� The complexity of �nding middle elements� Januar �����

���� O� Gihr� H� Gold und S� Heilmann� Analysis of machine breakdown models� Januar �����

���� S� 
Ohring� Optimal dynamic embeddings of arbitrary trees in de Bruijn networks� Februar
�����

��



���� M� Mittler� Analysis of two �nite queues coupled by a triggering scheduler� M
arz �����

���� J� Albert� F� Duckstein� M� Lautner und B� Menzel� Message�passing auf transputer�systemen�
M
arz �����

���� Th� Stock und P� Tran�Gia� Basic concepts and performance of high�speed protocols� M
arz
�����

���� F� H
ubner� Dimensioning of a peak cell rate monitor algorithm using discrete�time analysis�
M
arz �����

���� G� Buntrock und K� Lory�s� The variable membership problem� Succinctness versus complexity�
April �����

���� H� Gold und B� Fr
otschl� Performance analysis of a batch service system working with a
combined push�pull control� April �����

��
� H� Vollmer� On di�erent reducibility notions for function classes� April �����

���� S� 
Ohring und S�K� Das� Folded Petersen Cube Networks� New Competitors for the Hyeper�
cubes� Mai �����

���� S� 
Ohring und S�K� Das� Incomplete Hypercubes� Embeddings of Tree�Related Networks�
Mai �����

���� S� 
Ohring und S�K� Das� Mapping Dynamic Data and Algorithm Structures on Product
Networks� Mai �����

���� F� H
ubner und P� Tran�Gia� A Discrete�Time Analysis of Cell Spacing in ATM Systems� Juni
�����

���� R� Dittmann und F� H
ubner� Discrete�Time Analysis of a Cyclic Service System with Gated
Limited Service� Juni �����

���� M� Frisch und K� Jucht� Pascalli�P� August �����

���� G� Buntrock� Growing Context�Sensitive Languages and Automata� September �����

���� S� 
Ohring und S�K� Das� Embeddings of Tree�Related Topologies in Hyper Petersen Networks�
Oktober �����

���� S� 
Ohring und S�K� Das� Optimal CommunicationPrimitives on the Folded Petersen Networks�
Oktober �����

��
� O� Rose und M�R� Frater� A Comparison of Models for VBR Video Tra�c Sources in B�ISDN�
Oktober �����

���� M� Mittler und N� Gerlich� Reducing the Variance of Sojourn Times in Queueing Networks
with Overtaking� November �����

���� P� Tran�Gia� Discrete�Time Analysis Technique and Application to Usage Parameter Control
Modelling in ATM Systems� November �����

���� F� H
ubner� Output Process Analysis of the Peak Cell Rate Monitor Algorithm� Januar �����

���� K� Cronauer� A Criterion to Separate Complexity Classes by Oracles� Januar �����

���� M� Ritter� Analysis of the Generic Cell Rate Algorithm Monitoring ON�OFF�Tra�c� Januar
�����

���� K� Poeck� D� Fensel� D� Landes und J� Angele� Combining KARL and Con�gurable Role
Limiting Methods for Con�guring Elevator Systems� Januar �����

���� O� Rose� Approximate Analysis of an ATM Multiplexer with MPEG Video Input� Januar
�����

���� A� Sch
omig� Using Kanban in a Semiconductor Fabrication Environment 
 a Simulation
Study� M
arz �����

���� M� Ritter� S� Kornprobst und F� H
ubner� Performance Analysis of Source Policing Architectures
in ATM Systems� April �����

��
� U� Hertrampf� H� Vollmer und K�W� Wagner� On Balanced vs� Unbalanced Computation
Trees� Mai �����

��



���� M� Mittler und A� Sch
omig� Entwicklung von


Due�Date��Warteschlangendisziplinen zur Opti�

mierung von Produktionssystemen� Mai �����

���� U� Hertrampf� Complexity Classes De�ned via k�valued Functions� Juli �����

���� U� Hertrampf� Locally De�nable Acceptance� Closure Properties� Associativity� Finiteness�
Juli �����

���� O� Rose und M�R� Frater� Delivery of MPEG Video Services over ATM� August �����

���� B� Reinhardt� Kritik von Symptomerkennung in einem Hypertext�Dokument� August �����

���� U� Rothaug� E� Yanenko und K� Leibnitz� Arti�cial Neural Networks Used for Way Opti�
mization in Multi�Head Systems in Application to Electrical Flying Probe Testers� September
�����

���� U� Hertrampf� Finite Acceptance Type Classes� Oktober �����

���� U� Hertrampf� On Simple Closure Properties of �P� Oktober �����

���� H� Vollmer und K�W� Wagner� Recursion Theoretic Characterizations of Complexity Classes
of Counting Functions� November �����

��
� U� Hinsberger und R� Kolla� Optimal Technology Mapping for Single Output Cells� November
�����

���� W� N
oth und R� Kolla� Optimal Synthesis of Fanoutfree Functions� November �����

���� M� Mittler und R� M
uller� Sojourn Time Distribution of the Asymmetric M�M����N �
System with LCFS�PR Service� November �����

���� M� Ritter� Performance Analysis of the Dual Cell Spacer in ATM Systems� November �����

���� M� Beaudry� Recognition of Nonregular Languages by Finite Groupoids� Dezember �����

���� O� Rose und M� Ritter� A New Approach for the Dimensioning of Policing Functions for
MPEG�Video Sources in ATM�Systems� Januar �����

���� T� Dabs und J� Schoof A Graphical User Interface For Genetic Algorithms Februar �����

���� M�R� Frater und O� Rose� Cell Loss Analysis of Broadband Switching Systems Carrying VBR
Video Februar �����

����� U� Hertrampf� H� Vollmer und K�W� Wagner� On the Power of Number�Theoretic Operations
with Respect to Counting Januar ����

����� O� Rose� Statistical Properties of MPEG Video Tra�c and their Impact on Tra�c Modeling
in ATM Systems Februar �����

��


