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ABSTRACT

AN INVESTIGATION ABOUT PROCESS MATCHMAKING
PERFORMANCES OF UNSTRUCTURED AND
DECENTRALIZED DIGITAL ENVIRONMENTS

CAKIR, BUGRA
M.S. Department of Computer Engineering
Supervisor: Asst. Prof. Dr. Hurevren Kilig
Co-Supervisor: Instructor Kasiztoprak

JANUARY 2007, 67 pages

Efficient matchmaking is an important problem in unstruetuand decentralized digital
environments. We want to investigate the performancesasiglenvironments which will

good fitting the nature of matchmaking problem. For this psgin this thesis, different

environment models including P2P (Hypergrid, Gnutellahwitithout ultrapeer); small-

world (Watts-Strogatz); heavy-tailed and random versioindutonomous System Wax-

man model showing power-law distribution property; randsomd 2D-Grid are considered.
The flooding mechanism enabling process encounters formmpatmpose is uninformed

Breadth-First-Search. In order to test the environmentsnade performance simulations
with the matchmaking problem. Simulations show that thechmatiking performance of

random environment outperforms the others for almost ##@int problems and time-to-
live settings. On the other hand, the total cost of small dvertvironment model is the
highest for allmost all setups.

Keywords: Unstructured and Decentralized Environmenis¢éss Matchmaking, Perfor-
mance, Simulation.
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YAPISAL VE MERKEZI OLMAYAN SAYISAL ORTAMLARIN
SUREC ESLEME PERFORMANSLARI HAKKINDA BR
INCELEME

CAKIR, BUGRA
M.S. Bilgisayar Muhendisligi Bolumu
Tez Yoneticisi: Yrd. Dog. Dr. Hurevren Kilig
Ortak Tez Yoneticisi: Okutman Kasifztoprak

Ocak 2007, 67 sayfa

Verimli esleme, yapisal ve merkezi olmayan sayisal orsadal problem teskil etmek-
tedir. Bu tezde sbdzkonusu ortamlara odaklanilarak, deamesleme performanslarini
olcme amacli benzetimler gerceklestiriimistialdmada, P2P(HyperGrid, basu¢’lu (ultra-
peer) ve basuc’suz Gnutella), Kiicuk-diinya (SmatifMy, Watts-Strogatz), ve tUis kanunu
(power-law) dagilimini gostereBzerk Waxman sisteminin agir-kuyruklu (heavy-tailed)
uygulamasi, rasgele (random), iki boyutlu-izgara (2Dd§5gibi farkli ortam modelleri
dikkate alinmistir. Esleme amaciyla, siurec karmkaarina olanak tantyan akis mekaniz-
masininBilgilendirilmemisOnce-Enlemesine-Aranadugu kabullenilmistir. Benzetim-
lerde, rasgele ortamin esleme performansinin nered@esetdm problemlere ve eszamanl
yapilandirmaya oranla performans tstunlugu gankektedir. Ancak, kiicik-dinya ortami
modelinin toplam maliyeti neredeyse tum kurulumlar dgren yiksek olanidir.

Sozluk Terimler: Yapisal ve merkezi olmayan ortamlarneg 'esleme, Performans, Benze-
tim
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CHAPTER1

INTRODUCTION

Designing an efficient digital environment is a major praob)®n the contrary it has many
factors which must be taken into consideration while ingading a solution. Firstly, [7]

evaluated environments by looking at their properties. yT&eumarated several digital
environments which are categorized by their top level prige (i.e unstructured P2P,
structured P2P) and ran simulations on generated envinstsnfRandom Graplenviron-

ment outperforms in their experiments. Furthermore thezesame other available digital
environments which could be under consideration in theuatadn of digital environments.

Thusitis a good practice to enumerate different types ofenments during the evalu-
ation of digital environments. For example in [1B]formation NetworksSocial Networks
andBiological Networkdhave been considered and enumerated.

Although it is well seen that some environment is superiothi others by looking
at environmental properties, however there are other itapbfactors while evaluating
different digital environments. Within the context of a itlidj environment we have to find
the location of entities. Furthermore several mechanismgeoposed. In [2], different
agent locationmechanisms are evaluated. They use the term open MAS(Mgénrt-
Systems) for defining their digital envrironment. Also teamagentis used for each entity
living in a digital environment. So they look at this problédrom the MAS perspective
while the mechanisms do not differ.

Furthermoreproblem solvings a major problem for a digital environment. Related
to this, it is necessary to define a good representation dflgmo description. In [11],
the problem description used in a digital environment isregped by a-DFA(Annotated
Deterministic Finite Automata). They propose a solutionchtfullfills the shortcomings



of WSDLapproaches stated in [9]. They implement a process matdhmekgine [12].
However, this engine matchmake process descriptions im@atevay which is not ef-
ficient and vulnerable to single point of failure. In [5], theoblem is approached as a
producer/consumer problem and they proposed a P2P solutiere each agent relays its
problem description to its neighbors only. Such a P2P meashaseems efficient, on the
other hand communication overhead should be considered.

In this thesis, we are investigating the matchmaking paknof unstructured and de-
centralized digital environments. Firstly, unstructuesdl decentralized digital environ-
ments will be generated based on their generation modeleimgmted as topology gener-
ator. Secondly, a process matchmaking model proposed Jng25iplemented. Thirdly,
the experimental setup is introduced. Finally, simulatesults are interpreted.

The practical importance of the outcome of this thesis igtwide an idea about suit-
able digital environment topology for process matchmalpngooses. By this way, an
engineer may decide on overlay level connectivity dynarafdbe digital environment.



CHAPTER 2

DIGITAL ENVIRONMENTS

2.1 Digital Environment

The termEnvironmentis used when defining the playground of the living things asd i
creatures. There are several sorts of science disciplihgshvinvolve in studying envi-
ronments from different aspects. For instance, in sociolbgre exist roles attached to
people and they name those as groups of people interactthgeach other. On the other
hand ecological science defines living organisms and tladitét and study the interaction
between these organisms and the environment itself. Whethaot the environment is
suitable for the given group of roles, we are studying the bkall conditions which give
good accomodation quality for the citizens of these envirents.

Analogous to biological environments, we can think of basgunits as organisms and
also imagine that there are relationships and interachehseen these business units. We
have seen that there have been a lot of similar perspectiviés we are metaphoring from
biological environment to our business environment case.

We can say that businesses work together through digitilmmation. Therefore we
can model business case and its living places (i.e digitdldyas an ecosystem of entities
as in the biological one.

In [1], it is pointed out that

“Digital Ecosystem (DEijs an emerging paradigm for economic and technological in-
novation. It consists of a self-organizing digital infragtture, aimed at creating a digi-
tal environment for networked organizations (or agenta} tbupporting the cooperation,



knowledge sharing and development of open and adaptivadémiies and evolutionary
domain knowledge rich environments. DE captures the essehthe ecological com-
munity in nature, where biological organisms form a dynaand interrelated complex
ecosystem, in analogy with economic organisms (such asdssientities) or digital or-
ganisms (such as software applications). Digital spequss like biological ones, create
and conserve resources that humans find valuable.”

Formally one can define a Digital Environment(DE) as a deddraph:

DE = (V, E);
V' . vertices(nodes, agents, entities)

E : ordered pairs of vertices(whose semantics describe comeation links, one-way relation)

There have been some issues exposed when creating DE’s ieaheorld domain.
Next we explore the foundations which will help while cregtDE like architectures.

2.2 Structured and Unstructured Environments

Suppose you are the father of a family. We know that famil@snfthe basic unit of
environment or community. Then suppose you have a new chddvhere does this child
belong to? The answer is simple. If you have a child and yoada¢her of this child then
it belongs to your family tree. Therefore we know the struetand estimate the location
to which the new entity belongs.

Also we can see that in this environments there are somerpdite structures, for
example tree structures and only the size of trees are eliffend other properties of trees
are the same. One could recognize the whole picture of thesgiges in minutes.

On the other hand, for the unstructured environment thethinsg to note is, in the en-
vironment there is no one way of adding an entity thus thezanarfixed ways of addition.

In the family example, this corresponds to the case at wiiietchild does not know
where it belongs to, in this environment.



2.3 Peer-to-peer (P2P)

An example state-of-art digital ecosystem showing unsiired and decentralized charac-
teristics is peer-to-peer (P2P) systems.

We can define P2P as follows; “A P2P system is a network of noalésdpeerswhere
all nodes collaborate in a manner which are decentralized.”

In Internet, millions of people use P2P applications. EspdlycP2P is used for file
sharing purposes. For instance, one of the most popularhiderng application used in
Internet isGnutella[15]. Gnutella propose an environment of its own, in otherdgo
its environment. We call the environment in this ca8&pology Within this context a
Topologydefines the logical connections between peers; on the egrpraperties of these
connections clearly categorize different P2P topologies.

The first categorization ithe degree of centralizationThese ard”?ure and Hybrid
approaches:
Pure P2P[20]:

e Peers act as equals, merging the roles of clients and server
e There is no central server managing the network

e There is no central router
Hybrid P2P [20]:

e Has a central server that keeps information on peers andmdso requests for that
information.

e Peers are responsible for hosting available resourcds¢asentral server does not
have them), for letting the central server know what resesitbey want to share,
and for making its shareable resources available to peatrsdauest it.

¢ Route terminals are used addresses, which are refereneeskbpf indices to obtain
an absolute address.

The second classification is the structure of links creaged/&en nodes. This one also
affects performance from the perspectivdinfl the othersWe can construct P2P systems



based orlUnstructuredand Structuredoverlays. In structured P2P networks, a user find
the way of its own with the help of hash table like structutasstit is very efficient in
structured networks but there are bottlenecks. Firstlgrhwt is very dynamic, secondly
managing such a network is quite pricely. On the other harstiuctured network is not
efficient but very comformant to the dynamic structure oéinet and also managing such
a network does not expose extra effort. But in this case be=dficiency is poor.

We use the ternoverlay networkas a representation of P2P network as a logical net-
work, not a physical structure but instead built on to thenfiation of physical network
nodes thus location of others is transparent to us while weuamng P2P architectures.
For instance a user of this network could be in somewhereamitbrld regardless of the
location he/she is in. From the user perspective, this wesmns to be a neighbor. But we
do not know either exactly the location of information or treer.

Structured P2P [20]:

e A new node is added into the overlay P2P network as a consegudrapplying
overlay rule predefined.

Unstructured P2P [20]:

e A new node is connected to a node which it knows before or dycelin gathered
the location by another node.

2.4 Matchmaking on Digital Environments

Matchmakings a process of forming at least two parties which have goalsahich want

to establish these goals with the help of each other. Foamast we can think of these
parties as two different people. One of them is which we nafhas very rich and also
want to invest his money on business ideas but dramaticellyds no idea. Second one,
'B’, is very poor but has great business ideas which can leaddearn a lot of money so
he needs a lot of money in order to establish these ideasslfvtlo parties come together
and collaborate on accomplishing same goals togetherwberall this process of finding
partnership asmmatchmakingNote that, matchmaking may not always result successfully

Matchmakings also modeled in real life scenarios. Software developsesweb ser-
vices with full distribution of services without centradizon. For example if you want to



use services of some other you will staticaly define the serin your program. This is
not realistic because if the service definition changes yaue lto change your program.
To overcome the problem, dynamic service discovery andaisagncouraged through the
software community. In this case matchmaking solution ésldbst. If we do not staticaly
bind services and use dynamic matchmaking approach it ysteaslapt sofware systems
without sacrificing runtime quality of running software. Aegit deal of research has been
made on this topic [11].

The basic discussion around matchmaking is the nature aériieonment problem.
There are two environment perspectives for the matchmakioiglem.

The first one is the&entralizedapproach. In this approach we put each party, which
want to involve in the matchmaking process, in a pool of matgking descriptions and
some other party applies to this matchmaking service. Affiat, a centralized controller,
which we call matchmaker, will matchmake and decide whetmnanot the client party
meets the specs of at least one party in the pool availabke miaichmaking performance
of this approach is the best. Because all the parties are a@uo each other one by
one. We do not need to locate parties, they are already indblke Pool is the central and
unique location of encounters. But on the other side it hasraébottlenecks. The most
important one is thaingle point of failureproblem at matchmaker. If the matchmaker is
out of service, none of the above will happen. Also the rdali$ not resilient to this kind
of problems. So there must be a better solution.

The second one is thaistributedapproach. In this approach, pool of matchmaking
information is distributed and also matchmaking logic ismseentralized or fully decen-
tralized. One of the basic advantages of such an approakh [sitial provision of infor-
mation hiding. We investigate and finally decide on whetheré is an architecture which
gives good matchmaking performance.



CHAPTER 3

ENVIRONMENT MODELS

3.1 Model Structures

In this section, we mainly introduce the environment moaéigch areUnstructuredand
Decentralized These models are used in our environment study and the &iong of our
simulations.

A graph-based representation is assumed to be the framdaronkodel comparison.
The computational nodes (or peers) are taken as the nodes gfaph and peer neighbor-
hood structure is described by the connectivity of the gegifes. Each node J of the graph
is assigned aatch-seekingroces<”; = (J, P;), randomly. The reason behind working
onmatch-seekingrocesses is to prevent unnecessary match investigativakd¢adyself-
sufficientprocesses. Note that our overlay-level representatioa doeconsider weighted
edges that would otherwise reflect physical interpretatiide bandwidth or physical node
distance.

There have been several kinds of environments which aredfittito DE world. But
in our study we work on unstructured environments strivimgdomplete decentralization
of decision-making and computation: HyperGrid [14], Gilat¢1l5] and environments
showing generic power-law [16], random [17] [18] and smadkld [19] characteristics.

HyperGrid (HG): It is proposed by Saffre and GhaneaHercock [14] to model P2P
networks. The main characteristic of the model is the geioeraf a graph topology with
low graph diameter value and limited node degree. The HGhggapws as a k-ary tree.
The connection policy is to connect the leaf nodes havingiktlconnected edges to those
nodes at the same level and having degree of less than k.edt twi achieve complete



decentralization of network growth. (Fig. 3.7)

Gnutella (GNU): It is a model for unstructured P2P networks. The main disaidwge
of the pure (Gnutella 0.4) model what we c&NU-NUP (Fig. 3.2), is significant peer
signalling overhead and comparable high network overldadhybrid Gnutella 0.6 what
we callGNU (Fig. 3.6), the overhead is reduced by establishing a sewartishg hierarchy
(ultrapeer layer) while keeping the network’s completé-eeganization ability [20].

Waxman Power-Law (WPL): Two Autonomous System (AS) Waxman model envi-
ronments whose nodes are placed according to rand@W{RND) (Fig. 3.4) and heavy-
tailed ASW-HT) (Fig. 3.3) distributions are examined. The topologiesgarerated in
random manner using Waxman'’s probability model for intareecting the nodes of the
topology given by:

P(u,v) = ae’t where0 < a, g <1,

d is the Euclidean distance from node u to node v, and L is thermanr distance
between any two nodes.

Random (RND): Erdos-Renyrandom graph model is utilized as a baseline model for
comparison. In the model, the connection probabititis the only parameter used for
topology building. The graph is constructed by adding anedolgtween any two nodes
with probabilityp.

Watts-Strogatz small world (WS-SW): In small world network, there is a short path
between any two nodes. The main characteristics of smalthvtopologies are known to
be low diameter and high clustering coefficient when we campath random graph of
equivalent size. (Fig. 3.5)

2D-Grid: 2D-Grid is a general purpos8yntheti¢c graph based on NxM where N and
M are dimensions of this grid structure. We compare it as #seline of synthetic graphs.
(Fig. 3.1)

3.2 Process Encountering Mechanism in Environments

In the last section we have explored several environmenishwiave different character-
istics. We are sure that matchmaking process is going o tiwgronments. Furthermore
we begin to explain process encountering mechanism next.
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In graph theory, Breadth-First-Search (BFS) is a graphckeaigorithm that begins at
the root node and explores all the neighboring nodes. Thessith of those nearest nodes,
it explores their unexplored neighbor nodes, and so onl,itfitids the goal.

In our study, we use Breadth-First-Search (BFS). In othendsjoprocess exploration
takes place by flooding queries across the peers. The usedeBR&ique isuninformed
thus it utilizes only the local connectivity knowledge oktgraph. During its operation,
amatch-seekingrocess”; assigned to a nodé is sent to the node’s neighbor say node
K, and checked whethenatches-witiC'x or not. If match occurs, its cost is calculated as
the distance (i.e. the number edges traversed) betweerewys.Otherwise, the operation
continues with other descendant neighbors until the astedal Time-To-Live (TTL) value
describing the scope (or depth) of the search has been akaBlighe end, if match does
not occur the cost is set to the initial TTL value.

3.3 Environment Model Generation

The work demonstrates a snapshot approach while evaluatotgss matchmaking per-
formances of environments. Within this approach, gendrateyironments have different
node sizes in order to reflect the population of differenésizThis helps experiments to
reflect realistic results for different sized environments

The environment generator component generates diffeetwbmnk topologies on which
matchmaking potentials are investigated. There are twig bgsut parameters of the gen-
erator. The name of the environment and the number of nodes ¢enerated. The other
parameters are environment specific and some of them arelatgd with topology gener-
ation. The topology related parameter values are choseniltbdraphs of approximately
equivalent (edge count) / (node count) ratio - which is aslito be 10, across all en-
vironment models. An exception is Gnutella netwo&sIU-NUP and GNU for which
attaining the ratio require too long simulation time as orag/mxpect. The obtained ratios
for Gnutella environments were around 1. The other excepsithe structure@D-Grid
environment for which the ratio is nearly 4. The sample tog@s forHG, RND, WS-SW
environments were generated by using Information Visaibn CyberinfrastructurelvVC
tool [21]; for environmentASW-RND andASW-HT we have used thBRITEtool [16];
and forGNU-NUP andGNU, GnucNSool has been used [22]. TR®-Grid environment

13



topologies have been generated in-house.

Especially these mentioned tools have a common propertgy fiodel the Internet
with different algorithms and their approximation of netWweepresentation is similar to
the Internet. For researchers of network topic they are iraportant in order to make
experiments. Because construction of such a big Interkehletwork structures is infeasi-
ble. At last researchers make experiment with generateddges within simulations and
it is easy to experiment different setups without constnggphysical architectures. In our
work we follow the same principle, we have used differentd@md have generated lots of
topologies. On these topologies we have ran simulations.

3.4 Properties of Generated Environment Models

The information about environment specific topology relgbarameters for an example
network of 100-node are given:

HG: Maximum degree of each node is 26.

GNU-NUP and GNU: For both with and without ultrapeer simulations, the nunddfer
starting nodes and the maximum number of nodes that netvearkiandle are both taken
as 100. The number of connections that node tries to keephanchdximum number of
connections that node will handle are 4 and 6, respectivédy. the simulated ultrapeer
system the minimum and maximum leaf capacities a node isett®ath, are 10 and 60.

ASW-RND and ASW-HT: For both environments, network growth type is incremen-
tal; the number of neighboring node that each new node césineds 10 and Waxman
parametemlphais 0.15 andbetais 0.20. The only difference is due to node placement
which is assumed to be random and heavy-tailed, respectivel

RND: Wiring probability is 0.2.
WS-SW: Degree of nodes is 10 and re-wiring probability is 0.0

Making judgment about matchmaking performance of a giveirenment with a fixed
number of nodes, while using only one topology for each, @awt be sufficient. There-
fore, we try to handle this situation by generating 10 ddfdertopologies per environment
per fixed number of nodes. Consequently, the overall numiitepologies generated was
8x3x10=240. The topological properties of simulated emvwinent models for node counts

14



of 100, 500 and 1000 are given in Table 3.1. Note that the gatuethe table reflect a
typical topology for each environment among consideredifférdnt topologies used dur-
ing matchmaking simulations. The values are measured g Wssinet Social Network
Analysis package [23]. Here, the average distance for ehgeaghe length of the shortest
path between two nodes averaged over all node-pairs in #pdgr

The diameter of a graph is the length of the longest dirett pethe graph between any
two nodes. The clustering coefficient of a graph is the priopofaveraged over all nodes)
of nodes adjacent to a particular node that are also adjsees@ch other [19]. Defining
characteristics of small-world networks are low diametad high clustering coefficient.
The values foWWS-SW in Table 1 reflects such characteristics, however, especNU,
RND and2D-Grid do not grow as small-world topologies.
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Table 3.1: Properties of several topologies

Env. Nodes| Edges| Avg.Dist. | Avg.Deg. | Dia. | Clust.
GNU-NUP | 100 450 3.42 4.5-(1,6) 8 |0.131
500 | 2526 4.12 5.052-(1,6)| 8 0

1000 | 5146 4.58 5.146-(1,6)| 8 0

2D-Grid 100 360 6.67 3.6-(2,4) 18 0
500 | 1880 | 16.11 3.76-(2,4) | 39 0

1000 | 3780 | 28.02 3.78-(2,4) | 64 0

HG 100 954 2.53 9.54-(2,11)| 4 | 0.232
500 | 4854 3.70 |9.708-(2,11) 6 | 0.106

1000 | 9752 3.76 | 9.752-(2,11)] 6 | 0.051

RND 100 994 2.23 9.94-(3,17)| 4 | 0.094
500 | 4994 294 |9.998-(3,19) 5 0.02

1000 | 10050 3.25 10.05-(1,19), 6 0.01

WS-SW 100 | 1000 2.70 10-(8,13) 5 | 0.505
500 | 5000 3.98 10-(7,12) 7 | 0.502

1000 | 10000, 4.47 10-(7,14) 7 | 0.495
ASW-RND | 100 | 1000 1.84 10-(10,42) | 3 | 0.289
500 | 5000 | 2.426 10-(10,62) | 4 | 0.071

1000 | 10000| 2.65 10-(10,76) | 4 | 0.038

ASW-HT 100 | 1000 1.84 10-(10,41) | 3 | 0.252
500 | 5000 2.45 10-(10,58) | 4 | 0.075

1000 | 10000| 2.65 10-(10,71) | 4 | 0.034

GNU 100 210 2.53 2.1-(1,61) | 3 | 0.025
500 | 1034 3.45 |2.068-(1,64) 5 | 0.001

1000 | 2086 425 | 2.068-(1,65) 6 0
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CHAPTERA4

PROCESSMATCHMAKING

4.1 Process Matchmaking in Environments

Suppose we have an environment which is in this dasstructuredand Decentralized

In this environment suppose entities have special procesyigtions. As in the web ser-
vices approach we can think about those process descs@Bweb services descriptions
and at last we want to find collaboration possibilites betwdémse web services/process
description owners. So a matchmaking approach is neededén to do this.

In this chapter we begin to explore the matchmaking theodythe foundations of this
theory and also define process representation used in owoement study.

4.2 Process Representation and Match Operation

Definition 1: ([25]) Let Z be a finite set of state®rocesss a tuple(S, Ps) such that S is a
one-input transition systersi = (X, V, 6, I) whereX C Z is a finite set of states arid is

a finite set representing peer’s capabiliti€s.X x V' — X is the state transition function
of the processl € X is the initial (or starting) state of the proce$s. C X is the end (or
goal) state set .

Due to the introduced input, one-input transition systeamispen system. In its graph-
like representation, see Fig. 4.1, circle nodes define peostatess; € X ). The tick circle
shows the initial state and dashed circles show the endsst@®al of the peer executing
its process is to reach one of its goal states from its stpstiate.
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In Fig. 4.1, Fig. 4.2 and Fig. 4.3 = {z1, 29, 23,24}, 5 = (X, V,6,1)

Z . setof all statesS : one-input transition systenX : states;V : transitions;/ :
goal states) : transition function;Sy = {x1,x2, 23}, Sy = Vig}, Ss = {((X1, Vig) —
X5)}, Sr = {X:} whereSx : set of states of system S;, : set of transitions of system
S; S5 : set of transition pairs of system S; : set of starting states of system S; afgd=
{X3}; Ps : setof goal states of system S . Similarly in Fig. 42~= (X,V,d,1); where
Qx = Z,Qv = {Vig, Vaq. Vag}, Qs = {((X1, Vig) — Xu), (X2, Vag) — X3), (X5, V3q)
— Xy} Qr ={Xs}andPy = {X,}.

For both system S and Q, their individual induced behavidorsot satisfy the prop-
erty of “reaching to” their goal-statd3; and F,, respectively. In other words, there exists
no successfully executing individual either for procgSsPs) or process(), Pp). Strictly
speaking, it is a must that two processes are baffability disjoint Therefore we elimi-
nate the probability of non-determinisim when two processe merged together. Here is
the definition:

Definition 2: ([25]) Two one-input transition systents and ) are calledcapability
disjointiff Sy N Qv = 0.

If both of S and@ have the same goals then they have equivalent set of goals.

Definition 3: ([25]) Processes (Ss) and (Q,Fy) are calledgjoal-equivalentff Py =
Py.

SystemsS and( in Fig. 4.1 and Fig. 4.2 areapability-disjoint Processesy Ps) and
(Q, Pp) are notgoal-equivalent A one-input transition system is noapability-disjoint
with itself however any process g@al-equivalento itself.

If two processes are well formed with the definitions abowenthwo processes are
ready for collaboration. Collaboration means capabiliyfation. It is now possible for
processes to reach their goals. It is not possible to do thahwhey are alone. Therefore
merging two processs descriptions in the name of capaksléypowerful operation.

Definition 4: ([25]) Given two capability-disjoint one-input transiticcystemsS and
@, mergdsS, () operation returns a one-input transition systésuch thatl’y = Sx UQx
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Ty = SvUQy, Ts = Ss UQs andT; = S.

The operation is not commutative but associative. In fae,mherge operation implies
a graph union whose nodes (i.e. states) take values fronathe domain. Fig. 4.3 shows
system!’ obtained by the merge of systemfignd(Q.

Definition 5: (Behavior Induced by Input) - ([13]). Given a systein= (X, V.4, 1)
and an input sequenck € V*, the behavior ofS starting from/ in the presence o¥
is a sequencé€(V) = £[0],&[1],... € X* such that[0] = I and for every i£[i + 1] =
o(&ld], wld]).

In the automaton of Fig. 4.3 , an input starting withs, V5o generates a behavior
starting with.X;, X5, X3 a fact that can be denoted as:

Xl _)VLS‘ X2 HVQQ X3

Definition 6: (Reachability for Open Systems) - ([13]). Given asystem (X, V,4,1)
and asef € X, is there some input sequen&e= 1* such that the behavigf V) reaches
P?

Assume thad(z) is the set of allmmediate successonéx. i.ed(z) = {2’ : Jvé(z,v) =
2’} and we can extend this notation to sets of stétésy lettingd(F) = {5(z) : v € F}.
The following algorithm given in [13], computes all reackabtates of a one-input transi-
tion system.
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Algorithm Reachables
Input: S = (X,V,d,I),aone-input transition system
Output: F, set of all states reachable fraim

FO.=1T
repeat
FEL = FRJ§(FF)
until Fe+t = Fk
F* .= F*
return F*

The algorithm is a simple polynomial-time graph search @dlgm searching breadth-
first manner in which every* consists of the states reachable after at most k transitions

Note that, for the systems of Fig. 4.BReachablegs) returns X, X, and Reach-
ablegQ) returns X3, X,. Similarly, Reachable@’) returns X, X5, X3, X,. Having de-
fined merge operation and reachables algorithm we can dé&i@ematch algorithm exe-
cuted by every peer.

If S and@ come together and i) lets S to reach at least one goal, then processes
and(@ match with each other. Let’s define it:

Definition 7: ([25]) Let us given two processes|(Ps) and (2, Py) of which systems
S and @ are capability-disjoint The processy, Ps) is said to bematches-witlprocess
(Q, Py) iff (Ps( Reachables(merge(S, Q) holds.

For the example given in Fig. 4.3, we can say thatHs) matches-with(Q), Py) but
not vice versa. Becaugé, N Reachables(merge(Q, S}y)0

Definition 8: ([25]) A process §, Ps) is said to beself-sufficieniff Py reachables(S¥
(), otherwise it is calledgnatch-seeking
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A Match-seekingrocess always searchs some other process for matchmaidrfg a
nally reaching to its goals. Because it can not do this byfjtbecause it has not this

ability, it is not self-sufficient. It has money but do not kmbow to make profit.

V1S
. X3

Figure 4.1: Processs, Ps)

Figure 4.3: Procesg(= Mergg(S, Q), Ps)

4.3 Process Generation

The process generator component takes process specifatoan input and produces
sample process descriptions according to Definition 1 anfthifien 8. The generated
processes are guaranteed tonbech-seekingSince we assign one process per node, the
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size of process population is set to the number of nodes afutrent topology under con-
sideration. The following three parameters describingutettpon and individual process
characteristics are established. Furthermore r, s, t pgEmare choosen for modeling
a wide range of problems but r, s, t values are not choosenanitlie. Their combina-
tions constitute 18 problems with different difficulty degs. We are sure they are enough
capable of representing different kinds of problems, frasyeo hard.

1. The percentageof processes being identical. For example, if the numberadfgss
under consideration is 500 and 10% of them is required to betical then 450
processes are guaranteed to be different from each othéx thisirest is identical.
The purpose of the parameter is to control the homogeneityeobprocess society;

2. The numbes of system states belonging to a process.| i% |. This parameter
defines the process size. The other size control paramete isumber of system
capabilities (i.¢ Sy |). For all generations, we assumed that

| Sy |=| Sx | = | Ps |

3. The percentageof system states being goal states. This parameter is upadially
and indirectly control the difficulty of finding a match forelgenerated process.
Higher ratio values are expected to make easier to find a match

For a given topology, making process assignments per nolgeoose would not be
fair to make a judgment about the topology’s matchmakindityual herefore, for each
topology under consideration we have generated 18 diffgracess batches what we call
problems The considered parameter values describingptbblemswere r = (10, 20, 50);
s =(10, 20, 50) and t = (10, 20).
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CHAPTERD

SIMULATOR AND UTILITIES

5.1 Utility Programs

5.1.1 Producing Problem and Topology Descriptions

We use several tools that generates topology mapBRI&E, IVC). But these tools gener-
ate different topology formats. Each must be normalized game form that is usable in
our simulator. We used a general format which is suitabletorexperiments.

We write utility programs in CPython and use those withindbevertion of each topol-
ogy description from the native file format to the ours. Se gasy to write factory methods
in the case where in the near future in the case of any topgeggrator file format is wel-
come.

We have proposed the same solution for representing thegsatescriptions. But in
this case we write our process generator program based oo @@rTess generation rules.
For example we want processes torbatch-seekingso we generate descriptions and test
whether they are match-seeking or not.

5.1.2 Producing Graph Results

We labeled each topology and presents each as a line patitetifférentiating them on the
graphs. There are two graphs we produced. ThesklatehandCost Before producing
these, we have to gather information about the results. H®ipurpose it is easy to use
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SQL. Therefore we put the results as SQL, query back with S@Lthen we are able to
generate those graphs.

5.2 Simulator

There are two basic functions of matchmaking simulator:

1. To assign generated processes to the nodes of the geheadéogies,

2. To execute matchmaking simulations.

For each node of graphs one and only one process is assigmeldmly. In the sim-
ulations, the number of total matches and their total casidaken as two performance
criteria. It should be clear that the performance valuesateonly affected by the con-
nectivity of generated graph topologies but also by the remobhops that match-seeking
process lives for (i.e. TTL). During simulations, we coresied TTL=1, 3 and 5 values
describing the depth of the search. Note that, our overlegl leost calculations do not
include communication costs due to message traffic thatrectiring simulations.

The tool identifies a typical run encoded as E-N-L-P-T wheris Ehe code of the
environment (from 1 to 8), N is the number of graph nodes (168dd, 500 Nodes, 1000
Nodes). L is the TTL value (1, 3, 5), P is the problem id (fromol18) and T is the
topology number (from 1 to 10). As a result, the number of ekt matchmaking runs is
8x3x3x18x10=12960.

The simulator and process generator were developed usipth@P2.4.3 interpreter.
The hardware platform was based on 2.0Ghz CPU machines. Asiden the previous
sections we had 12960 runs to be executed. But this numberysivamatic if we run all
the sim only on one machine. Thus we think executing runsiallghon several machines
is feasable and gives more promising running times. Foant# if we simulat&W-WS,
in other words 1-100-1-15-1 labeled run last in 33 minutelsoAve have all time values
for all run results in result files.

We have to divide the runtime configuration into units whi@n de independently
executed on different machines. Each machine would be nsfie for executing runs
and write down the simulation results and post this resatk o the disk.
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We have faced with some issues during the simulations. Taesgenerally related
with environmental problems. In fact electricity cutoffctacooling problems are the most
important ones.

For the hardware part, we can say that simulator programmisimg like a benchmark
tool. Therefore we have a chance of which hardware is runim@sgor have good hardware
parts (i.e. high quality memory unit, defragmented disk).

Along the run, we evolve the simulator program very much itaile For example
automatic execution of runs and automatic posting of rualtgare the two features newly
implemented. This gives us better managebility on the satiar testbed.
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CHAPTER®G

EXPERIMENTAL RESULTS

The results given in Fig A.1 to A.18 are calculated for therage of 10 topologies of a
given environment, generated problem, TTL value and nodatcealues. Fig A.1to A.9
are match count results for node sizes 100, 500, 1000, raaggcFig A.10 to A.18 reflect
the match costs for the same node sizBsoper-matchcase is described as when every
process in the population matches with all other proceSdesyefore, for am node count,
the number of proper-matches isiz(n — 1). Proper-matchdefines a theoretical upper-
bound. On the other hand, for a generated match-seekingssquopulation this limit
may not be reached even for fully connected topologies. ¢gnfi to A.9, the lines with
legendfull show the calculated values assuming the n-node graphy<futinected. These
values can also be interpreted as fully connected. Thesmwvaan also be interpreted
as problem specific match counts when the matchmaking isuee@ @ centralized way.
Therefore, match counts in centralized graph in other whirtisconnected graph can not
be exceeded.

From the match count figures, we can conclude that when the caght is 100 match
counts are sensitive to increasing TTL values. Howeverr paich count results for 500
and 1000 nodes and their insensitivity to increasing TTlugalare also observed.

When we compare the match count results of unstructured ecehtralized environ-
ments among themselves tRAD environment outperforms the others for almost all dif-
ferent problems and TTL values. The reason behind poor pedioces o2D-Grid and
GNU environments can be explained by their small average nogiedealues. The dra-
matic performance differences between two Gnutella vass@NU-NUP and GNU ob-
served in all result scales are worth to pay attention. Thsae behind pod&NU results
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is the potential blocking effect of ultrapeers on invediigaof further match alternatives.
Also, high diameter and low average degree valueGNU-NUP and GNU made them
the poorest environment choice for almost all runs. For &igirL values, it is observed
that P2P modeHG gives higher match count results than the synthetic enmionts like
WS-SW, ASW-RND andASW-HT, for almost all problems. Further, it is observed that
the node placement iAS-Waxman environments does not have a considerable affect on
the match count and cost results.

We have noticed an important result fldyperGrid topology. If we look at match-
count figures with TTL value 3 (Fig A.2, A.5, A.8HyperGrid match-count results are
lower thanASW-RND andASW-HT . Again, if we look at match-count figures with TTL
value 5 (Fig A.3, A.6, A.9)HyperGrid outperformsASW-RND andASW-HT. Finally,
we can say that match-count performancelgperGrid topology outperforms others with
TTL value 5 excluding the winneRND graph.

Apart from those, the resulting graphs are following simplatterns. For all topologies,
we have applied several problems that have different diffess For all problems, the order
of topologies based on match and cost hit did not change. efdrer different problem
settings do not affect the order of topologies. This impaasapparent categorization of
different environments.

From the problem perspective, Problems 2, 8 and 14 seem thedifiicult problems
for which match counts for almost all environment modelsegmor results. In general,
we can say that the relative matchmaking performances gereliit environments do not
show dramatic changes for different problems.

The cost results in Fig A.10 to A.18 are calculated in unithops. If most of the
matches are achieved for high TTL values, the cost will be high. Relatively high cost
values obtained for small world WS-SW model implies suchation. In calculations, the
cost of a no-match instance is assumed to be the run’s upgdevdllie. When TTI=1, the
cost resultsin Fig A.10, A.13, A.16 are constant and not lgrolmlependent. In such cases,
the cost of unit match and no-match cases are both equal thelpibblem which has the
biggest cost value for all environments is 14.
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CHAPTER Y/

CONCLUSIONS

In this thesis, process matchmaking performance of diftedegital environments has been
evaluated through extensive number of simulations. Théaaetiogy, which is followed
in the thesis, is coming from corresponding literature . sErg simulation models and their
methodologies are also investigated. Results of correBpgnvorks are cross-checked and
we have commented interesting results. To be very precigeinesults, there have been
an extensive number of simulation runs.

Firstly, a number of digital environments are generateds® in the simulations. To
do this, topology generators are used. At the end there heae dhifferent kinds of digital
environments.

Secondly, process matchmaking model is presented to expm@s we matchmake
process descriptions.

Thirdly, problem descriptions are generated to use in thrulksitions. Although there
are lots of descriptions available, however they are cHyefilnoosen for representing a
wide range of problems.

At last, problem descriptions are binded to topology striet and simulation runs are
executed. Match and cost performance of each digital emwiemt for each simulation
run is recorded. Then records are evaluated from resulhgraporder to see how they
performed in the simulations.

The work reflects snapshot approach to evaluate proceshmaiting performances of
digital environments. To reflect realistic results, thea@dhbeen a great number of snap-
shots in the runs. However, this is not the only way of evahgatligital environments.
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Some dynamicaly changing environments could be used. ketboes, digital environ-
ments are evolving and there will be scenarios which will xeceted in parallel for each
digital environment. But in this case long evolving time ajithl environments could be
an issue.

Simulation result presents an important conclusion. Itlheen seen from the results
that random(RND) graph has the highest potential for poeatchmaking. If this is
true the overlay level engineering effort for better pracesatchmaking setups become
obsolute. So as for as our snapshot-based simulations $ladwrie can construct an un-
structured and decentralized digital environment for pssanatchmaking purpose without
thinking of overlay level organizations.
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APPENDIXA

APPENDIX

A.1 Code Listing

A.1.1 Simulator Runner

fromcore inport =
fromos inport =
fromdatetine inport =

belirtilen al goritna,

node sayi si,

ttl degeri,

al goritmani n node sayisinin topoloji sirasi,
probl em sekli sirasi

paranetrel eri ne gore

tsdir = ".\\Problens\\"
grphdir = ".\\Topol ogy\\"

def run(ttl, problem nodenunber, algorithm sanple, tsdir, grphdir):
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grphdir = grphdir + algorithm+ "\\" + str(nodenunber) + "\\"

tsdir = tsdir + problem+ "\\" + str(nodenunber) + "\\"
rgdir = listdir(grphdir)
rgsanple = ""

for rg in rgdir:
if int(rg.split("™ ")[1].split(".")[0]) == sanple:
rgsanple =rg

# problem i graph’a ata.
g = assign(grphdir+rgsanple, tsdir)

ttl matchcost, ttl nonmatchcost = 0, O

ttlhit =0
for i in range(0, nodenunber):

mat ch, matchcost, nonmatchcost = graphsearch(g, i, ttl, \\
gli].ts)

ttl mat chcost += mat chcost
ttl nonmat chcost += nonmat chcost
ttlhit += | en(match)

return ttl matchcost, ttlnonmatchcost, ttlhit

graphin fully connected cost ve hitini doner.

runful I y(graph):
t ot al mat chcost, total nonmatchcost,totalhit =0, 0, O

for i in range(0, len(graph)):
hit, matchcost, nonmatchcost = graphsearch(graph,i,1, \\
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graph[i].ts)
t ot al mat chcost += mat chcost
t ot al nonmat chcost += nonnmat chcost
totalhit += len(hit)

return total matchcost, total nonmatchcost, total hit

def upl oad(fil eobject):

fromftplib inport FTP

ftp = FTP(’'td185.testdrive. hp.com)

try:
ftp.login(user="1eninam, passwd="Suml234’)
ftp.set_pasv(True)
ftp.storlines(’ STOR’ + fileobject.nane, fil eobject)
ftp.close()
return True

except:
return Fal se

def main():

result =
f =file("problems.txt")
problenms = []
for linein f:

probl ens. append(line[:-1])
f.close()

# runlar bir runlist listesinde tutuyoruz.
runlist = []
for root, dirs, files in wal k("Run\\"):
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f =file(root+ files[0])
for line in f:
runlist.append(line[:-1])

# her bir run icin calistir
for eachrun in runlist:

runparts = eachrun.split("-")
ai nput = runparts[O0]

nodenunber = int(runparts[1])

al glist=["ConvertedStrogatz", \
"Convert edASVWaxman", \
"Convert edASWaxmanHT", \
"ConvertedHyperGid", \
"ConvertedGuutel | a", \
"ConvertedGid", \
" Convert edRandoni' ]

al gorithmeal glist[int(ainput)-1]

result = "start " + str(datetine.today()) + "\n"
probl em = probl ens[int(runparts[2])-1]

fcg = fullyconnect edgraph(nodenunber, tsdir + problem\\

+ "\\" + str(nodenunber) + "\\")

ful l ymat chcost, fullynonmatchcost, fullyhit = runfully(fcg)

for ttl in range(l, 6, 2):
for sanple in range(1, 11):
mat chcost, nonmatchcost, hit = run(ttl,
nodenunber, algorithm sanple, tsdir, \\
gr phdir)
print hit
result += "|N. " + str(nodenunber) + " A
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str(algorithm + " T: " + str(ttl) +" O " + str(sanple) + \\
" P: " + str(problens.index(problem + 1) + "(" + problem\\
+ ")IMC " + str(matchcost) + " NMC. " + str(nonmatchcost) \\
+" MH " + str(hit) + "|\n"

result += "|Full Match Cost: " + str(fullymatchcost) \\
+ " Full NonMatch Cost: " + str(fullynonmatchcost) \\
“Full Ht: " + str(fullyhit) + "|]\n"
print result

result += "finish " + str(datetine.today())

= fil e(eachrun+al gorithmtstr(nodenunber)+"result.txt","w")
.write(result)

.flush()

.close()

f = file(eachrun + algorithm+ str(nodenunber) + "result.txt")
ftpresult = Fal se
while ftpresult == Fal se:

ftpresult = upload(f)

f.close()

print "------- !
mai n()
A.1.2 Core

37



Node cl ass

cl ass Node:
def __init__ (self, idnunber):

#id
self.id = idnunber

# nei ghbour hoods
self.nb =[]

# resources that node hol ds
self.value =[]

# hit
self.hit = Fal se

# ts
self.ts = None

# CAN properties
self.xmd = 0.0
self.ymd = 0.0
self.zmd = 0.0
self.visited = Fal se

def add(self, nb):
sel f. nb. append( nb)

Graph icinde arama al gorit nmasi
- nodelist’de tani M anan graph icin sourcenode
basl angi ¢ node’ u ol dugu zaman
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varsa hit

ttl kadar adimicinde resource’a uygun node’l ar
list icine atilir.

def graphsearch(nodelist, sourcenode, ttl, resource):

hitlist

=[]

nextlist = nodelist[sourcenode].nb

mat chcost, nonmatchcost = 0, O

| evel =

1

fromreachability inport nerge, matchnake

while t
for

tl > O:

nin nextlist:

if resource in n.val ue:
n.hit = True
hitlist.append(n.id)

m = nerge(resource, n.ts)

mat ch = mat chmake(m 5)

if match and n.hit == Fal se:
n.hit = True
hitlist.append(n.id)
mat chcost += | evel

el se:
nonmat chcost += | evel

temp = []

f or

nin nextlist:
if n.hit == Fal se:
t enp. ext end( n. nb)

nextlist = tenp

ttl

_:1

|l evel += 1
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for n in nodelist:
n.hit = Fal se

return hitlist, matchcost, nonmat chcost

graph ile belirtilen dosyadan graph’i nodelist icinde
dondur ur.

def | oadgraph(graph):

graphfile = file(graph)

nodel i st = []

for line in graphfile:
nodes = line[:-1].split(’ )
node = Node(int(nodes[0]))
nodel i st. append( node)

graphfile.close()

graphfile = file(graph)

for line in graphfile:
line[:-1].split(’ )
rootnode = nodelist[int(nlist[0])]
for neighbour in nlist[1:]:

r oot node. add( nodel i st[int(nei ghbour)])

nli st

return nodeli st

full yconnected graph uretir, tsdir’la belirtilen
probl em enjekte eder.

40



def fullyconnect edgraph(nodevol unme, tsdir):

# nodevol une buyukl ugunde bir node |istesi yarat
nodel i st = []
for i in range(0, nodevol une):

node = Node(i)

nodel i st. append( node)

# her bir node’ a geri kal an nodel ari bagl a.
for i in range(0, nodevol une):
nodel i st[i].nb.extend(nodelist[0:i])
nodel i st[i].nb. extend(nodelist[i+1: nodevol une])

# automatal ari i ndeks sayi sina gore node |istesine ata.
fromreachability inport |oadtsfrondir
ts = loadtsfrondir(tsdir)
for i in range(0, len(nodelist)):
nodelist[i].ts = ts[i]

return nodeli st

CAN networ k graph’i dosyadan okur, nodelist ol arak dondurur.

def | oadcangraph(graph):

graphfile = file(graph)

nodel i st = []

for line in graphfile:
nodes = line[:-1].split(’ )
node = Node(i nt(nodes[0]))
nodel i st. append( node)

graphfile.close()
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graphfile = file(graph)

for line in graphfile:
line[:-1].split(’ )
rootnode = nodelist[int(nlist[0])]

nli st

if "." not innlist[1]:
for neighbour in nlist[1:]:
r oot node. add( nodel i st[int (nei ghbour)])
el se:

rootnode. xmd = float(nlist[1])
float(nlist[2])

float(nlist[3])

r oot node. ym d

r oot node. zm d

return nodelist[O:(len(nodelist)/2)]

graph node’ larna ts’leri atar.

bir tane graph dosyasi alir, bir tane

ts dizini alir. ts dizini altindaki dosyal ari

okur ve graph icindeki her node icin okudugu ts’lerin
her birini atar.

geriye graph’i doner (gQ)

def assign(graphfile, tsdir):
g = | oadgraph(graphfile)
fromreachability inport |oadtsfrondir

ts = |oadtsfrondir(tsdir)

for i in range(0, len(g)):
gli].ts = ts[i]

return g
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A.1.3 Reachability

fromcore inport Node
fromos inport =

class TS
def __init_ (self, idstr):
self.id = idstr
sel f.nodes = []
self.actions = []
sel f.startnode = None

[]

self.transitions = dict()

sel f. goal nodes

dosyayi dondur

def readfile(filenane):
f =file(fil enane)
return f

Transition systenii dondur.

def transitionsysten(filenane, tsnane):
sfile = readfile(fil enane)
ts = TS(tsnane)
for line in sfile:
elts = line[:-1].split(’ ")
node = el ts[ 0]
if node not in ts.nodes:
t s. nodes. append( node)
if elts[1l] == "Start’:
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ts.startnode = el ts[O0]

elif elts[1l] == Final’:
t s. goal nodes. append(el ts[0])
elif elts[1] !'="0":

if elts[1] not in ts.actions:
ts.actions. append(elts[1])

if elts[1l] not in ts.transitions:
ts.transitions[elts[1]] =[]

| = ts.transitions[elts[1]]

| . append([elts[0], elts[2]])

sfile.close()
return ts
Verilen iki gecis sistemn birlestirimni saglar,

yeni bir gecis sistem olusturur ve dondurur.

def nerge(tsfirst, tssecond):

tsl = transitionsystenm(tsfirst, "first’)
ts2 = transitionsysten(tssecond, 'second’ )
tsl = tsfirst
ts2 = tssecond

# node unification
nodes = []

nodes. ext end(t sl1l. nodes)
nodes. ext end(t s2. nodes)
tenp = set(nodes)

nodes = list(tenp)
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# action unification
actions =[]
actions.extend(tsl. actions)
actions. extend(ts2. actions)

# start nodes unification

startnodes = tsl.startnode

if startnodes is None:
startnodes = 0

# goal nodes unification

goal nodes = []

goal nodes. ext end(tsl. goal nodes)
#goal nodes. ext end(t s2. goal nodes)
tenp = set(goal nodes)

goal nodes = list(tenp)

# transition unification

transitions = dict()

for key, value in tsl.transitions.iteritens():
transi tions[ key] = val ue

for key, value in ts2.transitions.iteritens():
transitions|[ key] = val ue

# new ts

mergedts = TS(’ nmerged’)
mergedts.transitions = transitions
mer gedt s. goal nodes = goal nodes

nmer gedts. startnode = startnodes
nmer gedts. actions = actions
mer gedt s. nodes = nodes

return nergedts
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State graph icinde goal nodelari belirtilen ttl’'e gore
arar. Ttl degeri bitnmeden goal node’'larin en az biri bul unursa
arama basariyla sonlanir. ttl degeri yuksek verilebilir.

def matchmake(ts, ttl):

startnode = ts.startnode
fi nal nodes = ts. goal nodes
nodel i st = ts. nodes

# dictionary
d = nextlist(ts.transitions)

mm = Fal se
# startnode’a bagli node’ |l ar yoksa match yok.
if startnode not in d:

return mm

adayl ar = d[startnode]
while ttl > O:

for fnin final nodes:
if fn in adaylar:

mm = True
return nm
tenp = []
for aday in adayl ar:
if aday in d:

t enp. ext end( d[ aday] )

adaylar = tenp
ttl -=1
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def

def

return nm

nextlist(transitions):
d = dict()
for key, value in transitions.iteritens():
for k in val ue:
if k[O] not in d:
d[k[O]] =[]

if k[1] not in d[Kk[O]]:
d[ k[ O] ] . append( k[ 1])

return d

verilen dizindeki tumts’'leri liste icine yukler.
liste icinde TS siniflari bulunur veri geri doner.

| oadt sfrondir(directory):
files = listdir(directory)
ts =[]

for f in files:

t=transitionsystem(directory+f, f.split( . )[0].split(

ts. append(t)

ts.sort(cnp=lanbda x,y: cnp(int(x.id), int(y.id)))

return ts

a7
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A.1.4 Generator

fromrandom i nport =*
fromreachability inport =

i mport copy

represents a state in the automata

cl ass state:
def __init_ (self, stateid):
sel f.start

Fal se
Fal se

sel f.final
self.id = statei d

represents an automata
cl ass aut omat a:
def __init_ (self, automataid):
self.id = automatai d
self.states = []
self.transitions = []

def serialize(self, directory):
f =file("Problems™ + "\\" + directory + "\\" + "Automata "\\
+ str(self.id) + ".txt", "w')
for s in self.states:
if s.start:
f.wite(str(s.id) +" " + "Start")
f.wite("\'n")
elif s.final:
f.wite(str(s.id) +" " + "Final")
f.wite("\'n")
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for t in self.transitions:
f.wite(t)
f.wite("\'n")

f.flush()
f.close()

def automataconverter (automata):

ts = TS("a")
for node in autonmata. states:

if node.id not in ts.nodes:
ts. nodes. append( node. i d)
if node.start:
ts.startnode = node.id
el i f node.final
t s. goal nodes. append( node. i d)

for trans in automata.transitions:

t =trans.split(" ")

if t[1] not in ts.actions:
ts.actions. append(t[1])

if t[1] not in ts.transitions:
ts.transitions[t[1]] =[]

| =ts.transitions[t[1]]

| append([t[O], t[2]])

return ts
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def createavoi danceset(states):

| =[x for x in states if x.final == True]
return |

def alternativecreation(nos, noss, nogs):

nodes = range(0, nos)

# starting states
ss = sanpl e(nodes, noss)
while len(ss) ==

ss = sanpl e(nodes, noss)

# goal states

gs = sanpl e(nodes, nogs)

while len(gs) == 0 or set(ss).issubset(gs) == True:
gs = sanpl e(nodes, nogs)

# substract goals fromthe nodes set

nodeset set (nodes)
goal set set (gs)
final set = nodeset - goal set

# copy final list to the left and right side
finallist = list(finalset)

| eftside = copy.copy(finallist)

ri ghtside = copy.copy(finallist)

# random ze the sides
shuffl e(l eftside)
shuffle(rightside)

# functi on nunbers
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functi onnunbers = sanpl e(range(0, nos*2), len(finallist))
whil e I en(functionnunbers) ==
functi onnunbers = sanpl e(range(0, nos*2), len(finallist))

transitions = []
for n in functionnunbers:
transitions. append(str(leftside[functionnunbers.index(n)])\\
+ " " 4+ "u" + str(n) + " " \\
+str(rightside[functionnunbers.index(n)]))

# automata creation. set states and transitions.
a = automata("1")
states = gener at est at es(nos)
for s in states:
if s.id in gs:
s.final = True
elif s.id in ss:
s.start = True
a.states = states
a.transitions = transitions

return a

generate automata of the specified size

def generat eaut omat a(noa, nosm nos, NnOSS, noOgs):

# aut onat a
aut =[]

simlaritynunber = float(noa) * (float(nosm / float(100))
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a = alternativecreation(nos, noss, nogs)
for aid in range(0, int(simlaritynunber)):

i nport copy
b = copy. copy(a)
b.id = aid

aut . append(b)

for aid in range(int(simlaritynunber), noa):
a = alternativecreation(nos, noss, nogs)
a.id = aid

aut . append(a)

return aut

generate states of the specified size
gener at est at es(nos) :

statelist =[]

for i in range(0, nos):

statelist.append(state(i))

return stateli st

set the starting states with the specified nunber

setstartstates(noss, nunberofstartstate):

startstates = sanpl e(noss, nunberofstartstate)

while len(startstates) ==
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startstates = sanpl e(noss, nunberofstartstate)
for s in noss:
if s in startstates:
s.start = True

return noss

set the goal states with the specified nunber
set goal st at es(nogs, nunberof goal state):
goal st at es = sanpl e(nogs, nunber of goal st at e)
whil e | en(goal states) ==
goal states = sanpl e(nogs, nunber of goal st at e)
for s in nogs:
if s in goal states:
s.final = True
return nogs
i si navoi dance(i, av):
for a in av:
return True

el se:
return Fal se

generate transition functions

def generatetransitions(nos, notf):
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it = float(notf) / float(nos)
transitions = []
for i in range(0, int(it)):

| eftside = range(0, nos)
ri ghtsi de = range(0, nos)

shuffl e(l eftside)
shuffl e(rightside)

functions = sanpl e(range(0, nos), nos)

for nin range(0, len(functions)):
transitions. append(str(leftside[n]) + " " + "u" \\
+ str(functions[n]) + " " + str(rightside[n]))

return transitions

# automata 100
total automatal i st = range(100, 1001, 100)
for eachautomatasi ze in total automatali st:
simlarity : 10
state : 10
final : 1
nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 10
nunberof startstate = 1
nunber of goal state = 1
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a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\
nunber of st at es, nunberof startstate, nunberof goal state)
for each_a in a:
each_a.serialize("10-10-1" + "\\" + str(nunberof automata))

simlarity : 10

state : 10

final : 2 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 2

a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\
nunber of st at es, nunberof startstate, nunberof goal state)
for each_a in a:
each_a. serialize("10-10-20" + "\\" + str(nunberof aut omat a))

simlarity : 10

state : 10

final : 5 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 5

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\
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nunber of st at es, nunberof startstate, nunberofgoal state )

for each_a in a:
each_a.serialize("10-10-50" + "\\" + str(nunberofautomta))

simlarity : 10

state : 20

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of automata, sim |l aritypercentage,\\

nunber of st at es, nunberof startstate, nunberofgoal state )

for each_a in a:
each_a.serialize("10-20-1" + "\\" + str(nunberof aut omata))

simlarity : 10

state : 20

final : 4 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 4

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\

nunber of st at es, nunberof startstate, nunberofgoal state )
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for each_a in a:
each_a. serialize("10-20-20" + "\\" + str(nunberof aut omat a))

simlarity : 10

state : 20

final : 10 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 10

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\
nunber of st ates, nunberofstartstate, nunberofgoal state )
for each_a in a:
each_a. serialize("10-20-50" + "\\" + str(nunberof aut omat a))

simlarity : 10

state : 50

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\
nunber of st ates, nunberofstartstate, nunberofgoal state )
for each_a in a:
each_a. serialize("10-50-1" + "\\" + str(nunberof autonmata))
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simlarity : 10

state : 50

final : 10 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 10

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("10-50-20" + "\\" + str(nunberof aut omat a))

simlarity : 10

state : 50

final : 25 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 10

nunberof startstate = 1
nunber of goal state = 25

a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("10-50-50" + "\\" + str(nunberof aut omat a))
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simlarity : 20

state : 10

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\
nunber of st at es, nunberof startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("20-10-1" + "\\" + str(nunberof automata))

simlarity : 20

state : 10

final : 2 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 2

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\
nunber of st at es, nunberof startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("20-10-20" + "\\" + str(nunberofautomta))
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simlarity : 20

state : 10

final : 5 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 5

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("20-10-50" + "\\" + str(nunberof aut omat a))

simlarity : 20

state : 20

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st at es, nunberof startstate, nunberofgoal state )

for each_a in a:
each_a.serialize("20-20-1" + "\\" + str(nunberof automata))

simlarity : 20
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state : 20

final : 4 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 4

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("20-20-20" + "\\" + str(nunberof aut omat a))

simlarity : 20

state : 20

final : 10 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 10

a = gener at eaut omat a( nunber of automata, sim |l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("20-20-50" + "\\" + str(nunberof aut omat a))

simlarity : 20
state : 50
final : 1

61



nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\
nunber of st at es, nunberof startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("20-50-1" + "\\" + str(nunberof automata))

simlarity : 20

state : 50

final : 10 (%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 10

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\
nunber of st at es, nunberof startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("20-50-20" + "\\" + str(nunberofautomta))

simlarity : 20
state : 50
final : 25 (9%0)

62



nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 20

nunberof startstate = 1
nunber of goal state = 25

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("20-50-50" + "\\" + str(nunberof aut omat a))

simlarity : 50

state : 10

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-10-1" + "\\" + str(nunberof autonmata))

simlarity : 50
state : 10
final : 2 (%0)

nunber of aut omat a = eachaut omat asi ze
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nunber of states = 10
simlaritypercentage = 50
nunberof startstate = 1
nunber of goal state = 2

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-10-20" + "\\" + str(nunberof aut omat a))

simlarity : 50

state : 10

final : 5 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 10
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 5

a = gener at eaut omat a( nunber of automata, sim |l aritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-10-50" + "\\" + str(nunberof aut omat a))

simlarity : 50

state : 20

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
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simlaritypercentage = 50
nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, sim |l aritypercentage,\\
nunber of st at es, nunberof startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("50-20-1" + "\\" + str(nunberofautomata))

simlarity : 50

state : 20

final : 4 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 4

a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\
nunber of st at es, nunber of startstate, nunberofgoal state )
for each_a in a:
each_a.serialize("50-20-20" + "\\" + str(nunberofautomta))

simlarity : 50

state : 20

final : 10 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 20
simlaritypercentage = 50

nunberof startstate = 1
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nunber of goal state = 10

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st at es, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-20-50" + "\\" + str(nunberof aut omat a))

simlarity : 50

state : 50

final : 1

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 1

a = gener at eaut omat a( nunber of aut omata, simlaritypercentage,\\

nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-50-1" + "\\" + str(nunberof autonmata))

simlarity : 50

state : 50

final : 10 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 10
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a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\
nunber of st ates, nunberofstartstate, nunberofgoal state )
for each_a in a:
each_a. serialize("50-50-20" + "\\" + str(nunberofaut omata))

simlarity : 50

state : 50

final : 25 (9%0)

nunber of aut omat a = eachaut omat asi ze
nunber of states = 50
simlaritypercentage = 50

nunberof startstate = 1
nunber of goal state = 25

a = gener at eaut omat a( nunber of aut omata, sim /|l aritypercentage,\\
nunber of st ates, nunberofstartstate, nunberofgoal state )

for each_a in a:
each_a. serialize("50-50-50" + "\\" + str(nunberof aut omat a))

A.2 Simulation Graph Results
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Figure A.1: Match Graph N:100,TTL:1
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Figure A.2: Match Graph N:100,TTL:3
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Figure A.4: Match Graph N:500,TTL:1
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Figure A.6: Match Graph N:500,TTL:5
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Figure A.8: Match Graph N:1000,TTL:3
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Figure A.10: Cost Graph N:100,TTL:1
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Figure A.14: Cost Graph N:500,TTL:3
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Figure A.16: Cost Graph N:1000,TTL:1
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Figure A.18: Cost Graph N:1000,TTL:5
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