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processing steps during the simulation, this in turn allows for

Abstract— This paper introduces a new approach, based on staemputational steering to influence the computation of the
machines, for distributed frameworks, that is able to support botimulation during runtime on a cluster, grid and even on a
distributed simulation and computational steering. The framewo%percomputer. They are meant together to dynamically steer
makes use ofa Distributed Chunk-based Flow Managemenf,e harameters of a parallel simulation, increasing not only the

System (DCFMS) having as main benefits the IOgiCE?’ﬂeractivity but also the efficiency of the overall process.

partl_t|on|ng and. data quallzatloq information. TheVisuaIization is the process of exploring, transforming and
architectures and implementation details of the two systems as

. . . . ; réndering of data through images, with the goal to offer a
well as integrative experimental results are briefly discussed. . . .
thorough and deep understanding of data. It is a complex field

Keywords— distributed framework, chunk based data flow, statg?c S_t“d)’ in our days, irlcluding elem_ents of computer graph_ics,
machines digital image processing, computational geometry, numerical
analysis, statistics, and studies on human perception.

I. INTRODUCTION Computational steering is a process of manual intervention on

UNNING complex applications in today’s world is more@n autono'mous computatipnal system, with the goal tp analyze
and more a matter of integration of efficientand modify outputs. It is a very common technique in

infrastructures and good computational techniques. Cluster amgnerlcal eyaluat|or_1, used to guide a cor_nputahonal process
grid simulation applications that employ parallel computin%OWardS regions of mt_erest. Apa_rt from this pure gpphcatlve
techniques (i.e. MPI, OPENMP) [1, 2] to simulate red erspective, c_omputanonal_steerlng can be examined from a
processes are just a common example. Modeling anaoader _tgch_nlcal perspective; for mstan_ce, we may consider
simulation have become key phases for a wide spectrumtla_? modification of memory amount available for a process,
applications in modern research. In contrast with the study oYVéth th.e ggal to qbserve and mflgence the effects over th'e
real system, whose advantage is the accuracy of the evaluatﬁ‘}fﬁcuuon time. This paper deals with the concept especially in
but who might become destructive, dangerous, and expensi,llf latter, broader sen§e. Thg taxonomy of thg concept also
the study of a model is easier, safer and cheaper. Modeling,I céudggprogram steering, Wh'_Ch has been dgflned_as the

a general term, denotes the process that offers an abstPé‘(Ra_b'“ty to control tr_\e execgtlon of re_s_ourge-lntenswe, long
representation of a system, which allows, in turn, through itgnning programs (this may imply modnﬁcaﬂo_ns of program
study, the formulation of valid conclusions on the real systerﬁt.ate’_ startlng and s_tallmg program execution, ewaia
Simulation generally refers to the numerical evaluation of %eenng (which implies the. management Of, data 'output,
model. When dealing with a complex system whose analytic%llferat'on of resource allocations etc.), alydamic steering

solution is hard to be determined, simulating the system%’hiCh requires thg user to monitor program or system state
behavior on a model could be the only solution left. Th@noI have the ability to make changes, through “add-ons

outcome of a simulation may be analyzed in a separate p(;é)[gtme calls or data structures interaction in the code).

processing step (for instance by viewing the results in Igteractlve simulation combined with visualization has

separate visualization application), and, based on intermedibf{bdergone a major development and it is now widely used. Up

results, a decision can be made to change simulatibchthe late 80s, simulation had been considered a tedious and

parameters for another computational period. In order ime consuming process, mainly due to the lack of interactivity

increase the efficiency, new techniques for live visualizatioWIth thg ongoing S|mulat|qn process. the.researcher had to
and steering have emerged allowing simulation an@(hausnvely execute the simulation for all input data sets and

visualization to be performed simultaneously. If onliné1e could only analyze data as a post-simulation phase, even if

visualization refers to the ability to immediately observe thig) SOME cases Fhe simulation process rt_eveals _u§eless results
from the beginning. When the need of interactivity became
o ‘ ‘ _ _ obvious, research also concentrated on developing simulation
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steering frameworks, able to support run-time adjustments amansfers trading algorithm chooses to serve a peer that might
live visualization, has not been an easy task. Extensive survégse a lower priority at the application level. The centralized
of research in this area were carried out in over the last twature of the tracker concentrates the reliability around the
decades [3, 4], however not many of the projects led tmacker; if the tracker goes down, the entire system becomes
practical tools. Some of the most relevant frameworks faot functional. Torrents are mainly systems that transfer files
distributed simulation and computational steering, for thia distributed environments in raw format without any logical
scope of this paper, may be considered: COVS[lpartitioning of the data. Such logical partitioning might often
RealityGrid, CUMULVS and CSE. COVS[7] (Collaborativeprove to be very important. For example if an imaging
Onlline Visualization and Communication) is a framework thadpplication needs a certain rectangle of an image it would have
encapsulates common visualization frameworks (VTKp download the entire file and then extract the rectangle by
AVS/Express), steering technologies (VISIT, gViz, ICENI) a#tself instead of just downloading the rectangular area and
well as communication libraries (VISIT, PV3) that carry outwvoid transferring unnecessary parts of the file The Hadoop
the data transportation and steering commands. This mulistributed File System has been designed as part of Apache
framework integration allows COVS to run simulationdHadoop [15] distributed systems framework. Hadoop has been
independently from visualization and communication taskbuilt upon the Google’s Map-Reduce architecture as well as
RealityGrid [8, 9] is an API library consisting mainly from twoHDFS file system. HDFS proved to be scalable, and portable.
modules. The former is responsible for offering steerinly uses a TCP/IP layer for internal communication and RPC for
capabilities and the latter provides tools for dedicated cliealient requests. The HDFS has been designed to handle very
applications. RealityGrid uses check-pointing techniques ftarge files that are sent across hosts in chunks. Data nodes can
supporting steering commands. CUMULVS (Collaborativeooperate with each other in order to provide data balancing
User Migration, User Library for Visualization and Steeringand replication. The file system depends closely on a central
[10, 11] has been developed at Oak Ridge National Laboratorgde, the name node whose main task is to manage
and has been designed for the development of collaboratimbormation related to directory namespace. HDFS offers a
on-line and interactive simulation and visualization. The powaery important feature for computational load balancing,
of this platform consists in the advanced recovery techniquesmely it can provide data location information allowing the
the tasks migration support and check-pointing. CSé&pplication to migrate the processing tasks towards data, than
(Computational Steering Environment) [12, 13] has bedmansferring data towards processing task over the network [4].
developed at the Center for Mathematics and Comput€he main drawback of HDFS seems to be the centralized
Science, in Amsterdam. It uses a centralized architectuaechitecture built around theame node. Failure of theame
around a replicated Data Manager that is able to carry cudde implies failure of the entire system. There are still
steering commands and coordinate the simulation tasks. Tdailable techniques for replication and recovering of the
Data Manager from CSE leads us to an important problemname node, but this might cause unacceptable delays in a high
the analysis of these effortsdata availability. The performance application. Due to the well known diversity and
computations may be dramatically slowed down by theomplexity of distributed models, choosing the appropriate
acquiring of dataDataflow processing is at the same time thelesign for a system like ours is not an easy task. Besides of the
most appropriate model gifogramming and a crucial factor usual requirements imposed to a distributed system, like
for achieving the desirepgerformance. Existing systems like scalability, flexibility, extensibility, portability, we added
BitTorrent and Apache Hadoop Distributed File Systeraupport for load balancing and tasks migration, and safety
implement aparallel dataflow style of programming which features. For this we concluded to a design that merges
provide the data required by a distributed applicationtgether parallel mapping of tasks in the form of state
processes in the most efficient way. The BitTorrent Protocolachines, able to be deployed in a robust way over a network,
[14] establishes peer-to-peer data transfer connections betwaad parallel dataflow handling, separated into a standalone
a group of hosts, allowing them to download and upload datzodule whose main role is to acquire, store and provide the
inside the group simultaneously. The torrents systems tlddta required by the application’s processes in the most
implement BitTorrent protocol use a central tracker that is abédficient way. We will describe in this paper only the design of
to provide information about peers holding the data of intereshe two modules.

Once this data reaches the client application, it tries to conndéte rest of the paper is organized as follows. Section Il
to all peers and retrieve the data of interest. However, it is dpscribes the design and implementation details of the State
to the client to establish the upload and download prioritieslachines Based Distributed System (SMBDS) [5]. Section Il
Torrents systems might be a good choice for distributédtroduces the conceptual model for Distributed Chunks Flow
environments, especially for those based on slower networkéanagement System (DCFMS) [6] while section IV describes
However, the main disadvantages of torrent systems ahe main implementation details of DCFMS. Section V
related to the centralized nature of the torrents tracker as welplains how the two systems can work together and presents
as leaving the entire transfer algorithms and priorities up to theegrative experimental results. Section VI concludes the
client application which might cause important delays if thpaper and presents our future thoughts.
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II. STATE-MACHINES FRAMEWORK DESIGN AND output data to the visualization filters, synchronizing access to
IMPLEMENTATION the shared memory while monitoring the system’s resources

It is very common that many domains impose very stri@hd loads and realizing machines’ migration whenever
requirements for software. For example, medicine requir8§cessary. The control and communication module is able to
very high safety standards as well as high performangée the computational steering to a new level by allowing the
environments due to the incompatibility of this field withuser to manually specify simulation processes migration.
errors and instability. Imagine the dramatic effects of an errdhere will be only one instance of the control and
occurred in a software application that assists a surgery. TR@fMmunication module on each host. The visualization
could become fatal. To improve the reliability and safety, orfgodule is responsible for translating simulation’s output which
has to make sure that at any moment the software is irdgdally is in a raw format into a more appropriate format for
consistent state. A good practice would be to analyze yjpualization. The client application initializes, monitors,
possible states prior to the system development and §9ntrols (steers) and analyzes the simulation.
ensuring the system’s reaction is appropriate in any state. AlIThe architecture is based on the theoretical model of a state
these constraints lead us to the idea of representing taskd"@shine: a state machine is a quintuples= (£.5.s,.6.F)
finite state machines. wherex is the set of input parameters (input alphabet, finite,

State machines can provide code safety, robustnesen empty), S is the set of statzsjs the initial states is the
traceability, excludes erroneous states and inconsistenciates transition functiod: X =« £ » £ and F is the set of final
while providing a simple and well structured “package” foktates. The architecture has ensures the separation between
representing complex tasks. Being represented as “packagegachine code and machine data
tasks are encapsulated and can easily migrate in distributedrhe library consists of a set of abstract classes and
environments. Tasks migration together with live monitoringhterfaces that allow the developer to define the machine’s
of the distributed environment reveals new possibilities fafigorithm by extending/implementing the proper methods. The

defining dynamic load balancing algorithms. library's engine automatically manages the state machines and
We propose in this paper a new design model for distribut@geir migration.

simulation environments whose architecture is illustrated in
fig.1. The model has been implemented as a class library that

StateMachine

reduces considerably the applications development time. Our TranzitionTable —
model consists of five main modules: Simulation Module, Sy e
Control and Communication Module, Visualization Module, TParameter i Y
Shared Memory Module and Client Application. Vi

TypedParameter
+equals(object value)
- - StateMachineY
« +performComputation()

+performComputation()

‘ Monitoring, Analyzing, Steering ‘

2. create and run

Client Application

2.create and run

Shared Memory

StateMachineData

+List<IInputParameter> parameters 1. instantiate StateMachineData:ID=1, Type=X
Host1 HostN +TranzitionTable transitionTable 177

+int currentState
+ID StateMachinesManager

Control and Communication Control and Communication

Visualization 7] Visualization

+Type
+List<int> finalStates +StateMachine unpackStateMachine(StateMachineData)

P +StateMachineData packMachine()
<> NN +void RunMachine(StateMachine)
Tasks Migration +mpiSendMachine()

+mpiReceiveMachine()

1. ing iate StateMachineData:ID=2;Type=Y

Fig. 1. The structure of the proposed distributed system.

. . . . . Fig. 2. The Library’s architect d workflow.
The processing is being performed by the simulation 9 @ Hbraly’s architecture and worfiow

processes. They are represented as state machines, and theIrﬁe main class of the platform is the StateMachine class. It

can be run as many processes as each host can handle )
- . IS"ah abstract class which serves as base class for every type of
efficiently. The shared memory module can comply either to

o . ; ) fate machine required by the application StateMachineX,
distributed form or a centralized one. Its main goal is to sto d y bp (

éetateMachineY). It handles the states succession and

the system's parameters which usually realize thgomputations by employing the performComputation method

computational steering. The control and Commun'cat'ot%gether with  the  states transiton table. The

mgdulﬁ handles dat.ilﬂo}/v as wel! as monlt?réngt anfd m'grgt'o%rformComputation method will be overridden by the derived
Jobs. 1L 15 responsible for acquiring input data, forwardin pes and it will hold all custom algorithms specific to each
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state. StateMachine class starts computations by invoking theis supposed to offer the following features:

method passing as parameters the initial state, performs> Cost. Better price/performance as long as commodity
computations associated with this state and retrieves the hardware is used for the component computers.
output. The states transition table is being checked for the next> Portability. A cross-platform system design that does not
state and the process continues in the same manner. require special system priviledges for running

Data is being separated from code by using » Extensibility. Easy to do, because of its modular design
StateMachineData objects. StateMachineData holds all> Scalability. Hosts can be added at run-time, and storage
relevant information about the machine: parameters, current  capacity can be increased incrementally
state, transition table, machine identifier — unique in the entire > Run-time storage updates, abstract communication API
environment, the machine type (StateMachineX, » Customizable data handling for all data types, etc.
StateMachineY), final states, etc. All these can be extended by
deriving the StateMachineData class.

The transition table (TransitionTable) its represented as
mapping between pairs <parameters, state> and future st
The transition is performed by method getNextState whig
retrieves the next state based on the current state and
output values of the parameters from the current state.

For flexibility reasons the parameters have been interfac
by the IParameter interface leaving its implementation up
the developer. IParameter offers getter and setter methods

DISTRIBUTED ENVIRONMENT

4{ Discovery Uni

J Data Types
'L Manaade
4

FILES
MANAGER

A

Data Chunks
Meta-info

A

A 4 A
well as parameters ma'tchlng methods_. ) [ Internal AP ] [ External AP ]
The state machines’ management is ensured by the “br
class, which is StateMachinesManager. Its role is to mana ‘ ‘
all the machines running on a host. It is able to monitor t A A

system, to ensure data availability, to create, run and migr. [ Hosts 1, ... N ] [ Application ]
machines to and from other hosts. The most important tas

performed by the StateMachinesManager are related to tasks

migration and load balancing. These tasks are performed byFig. 3The DCFMS design model

the following methods: packMachine() — prepares the rm‘ChmeThe entire model has been built around one key element, the

for migration, unpackMachine() — prepares machine fo . o )
. . . . ata chunk |t usually represents a file partition but it can also
resuming the processing on the new host, mpiSendMachine() — . . L
. . . . e any data object required by the application’s processes.
sends the machine to other host, and mpiReceiveMachine(}, = . . : .
. : : esides the data piece itselfdata chunkalso contains meta-
receives the machine from another host, and RunMachine( Aformation describing the data piece. like: size. location

which resumes the processing. Each host in the distributed. 9 P ' ; ’

. . . . nside source file, the data type, timestamp of latest update or
environment will run one instance of the state machln?ﬁe class that handles chunks of its type. Thus, the most
manager. . . . important contribution of DCFMS is the way it handles chunks
Considering the above implementation details we ca . . .
enumerate the steps needed for implementin distributod different types in an abstract mode without actually
simulation a Iicatiorr)13 on tob of the frarrrl)ework g Enowing what is inside the chunk, leaving the data partitioning

. Definin ppthe arametefs of the svstem .(im IementinUp to the application level. This is very important from an
9 P Y P gpplication perspective, allowing it to map data chunks to

IP.a.rameter) . processing tasks very efficiently. No restrictions are imposed
» Defining a.II types of mgchlnes neede.d. qu. each type,bfil, the DCFMS on data partitioning.
new denvgd class will be created inheriting th.e Cla§s The bridge between the abstract representation of data
StateMachines. _The met_hod performComputation W'ghunks and their actual type is the Type Manager. It is able to
hOId, t.he processing a'go“th'"f‘s- , make use of external classes (defined at the application level)
' Trap5|t|onTapIe class will be instantiated and populatqﬁhere all the file type specific functionality can reside. The
with mappings of type <<parameter, current state%y;sqes are dynamically loaded whenever the application layer
futur_e state> . . . needs partitioning, files reconstruction as well as information
StateMachinesManager will be instantiated and run on each o a1e4 to the collection of chunks (i.e. the number of chunks).
host. It is the applications' developer task to implement the data
chunks handler classes. The DCFMS only provides a set of
interfaces that help to implement the partitioning logic.
For example, one might need to handle two types of files in

o ~_ their distributed application: image files and text files. In case
The proposed DCFMS, whose model is illustrated in Figuig the image files a data chunk might be represented by a

I1l. DISTRIBUTED CHUNKS FLOW MANAGEMENT SYSTEM
CONCEPTUAL MODEL
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rectangular region of the initial image. Multiple such chunks o )

can cover the entire image. An image can be split int Event retransmission — when there is at least one node not
rectangular chunks by dynamically invoking the image interconnected with all _other nodes in the system. To

partitioning method. In case a node needs an entire file that is Make sure that node is always notified about update

spread all across the system, DCFMS can acquire all its €VENts, retransmission is necessary; to stop infinite loop of
chunks from different hosts and recompose the image by UPdate events nodes employ timestamps (whenever an
dynamically invoking the image reconstruction method. In Update event time stamped in the past it will be ignored)

case of a text file, the chunks can take the form of paragraphs,

or pages, or simply and array of characters of a certain size. In

a similar way the files can be dynamically partitioned and ‘»@
reconstructed. Later in this paper we will discuss the @

development effort involved in writing such classes.

The proposed DCFMS is able to scale up dynamically at run
time without using a central node. This functionality is
achieved by the Discovery Unit which broadcasts and listens
to discovery messages. There are two API interfaces that allow
DCFMS nodes to communicate with each other and also with
the client application.

IV. DCFMS-METHODS AND ALGORITHMS

A. Data synchronization

A key feature in any distributed system that handles large
amount of data is keeping data synchronized. Spreading data
around the network while keeping it up to date uses events.
Each node that has updated a data chunk must broadcast to all
other nodes that he is aware of about the changes, and event
handlers update the timestamp of the affected data. Depending
on the nodes connectivity there are two choices:

» No event retransmission — the ideal situation when the
network bandwidth allows 1 to 1 connections between any
two nodes in the system; it is enough to broadcast an
update event once to all other nodes in the system.

Fig.5.Events retransmission
Fig. 4Retransmission not needed for event propagation
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B. Data flow into data chunks. A chunker class is a class that implements a

The flow algorithm is based on availability tables. We wilChunker interface defining the following content:
analyze a concrete scenario. Lets assume DCFMS consists 6t Requests structures
nodes N, Ny, ... N, and let node Nbe interested in aquiring - Response structures
data chunks G G, ... Gn. No will broadcast a request for C. Data Requests handlers
Cy,...Gn to the entire DCFMS. Nodes; NN, reply back to iy d. Meta-Data Requests handlers (ensuring data-awareness)
with a subset of G....G, that they host. As soon as replys AN important feature of the system is that not all nodes need
arrive, Ny builds a chunks availability matrix having as rowd0 hold all chunker classes known by the system. They only
the nodes N...N, and as columns chunks.CG,. (N;,C) gets need the chunkers associated with the data they serve. If
valued 1 if the chunk ds available on host Notherwise it Unknown type of data is requeste the node can dynamically
gets valued 0. N5 main goal is to establish as manyoad its associated chunker ar run-time.
connections as possible, but not more than one connection per
serving host (at most n-1 connections at a time). Chunks
availability responses are performed in an asynchronous V. INTEGRATIVE RESULTS
manner so that N\won't have to wait for all responses before
proceeding with transfers. Instead it will establish connectionsFigure 6 illustrates the integration of the two modules:
as the responses arrive, overlapping chunks transfer w8iMBDS and DCFMS.
availability requests. Whenever a chunk transfer completes,

the External API will be informed about it and the cIie|J_-") SMBDS Ervironmert
application can start processing the newly acquired data. | /ﬁ

As chunks might spread across DCFMS whilgtidnsfers | (7 I
its chunks, the availability matrix will be constantly updated |
sending new availability requests whenever a chunk tran; SMBDS Process SMBDS Process
completes and Nhas established less than n-1 connectic

B DCFMS SMEBEDS 1 SMBDS
(free download slots available). 491 Pl rmm—— e Di:ds

C. Data partitioning I B Y SR T e hoery
As previously mentioned, the user is able to retrieve exar ,-p-==-gd--bmrrromsnesrrommmsesprrnnmss s

the data of interest causing an important reduction of / BTERNALAPI | INTERNALAPI )/‘\é INTERNALAR! | EXTERNAL2P1
1

amount of data that travels through the network. A data chi ~ 1

is basically any logic unit of data extracted from a data ! DS Process DCFMS Process
(usually a file) according to a certain algorithm that reflects {

application’s needs. batal D:‘a Datal Data &

The data extraction is based on the most simple princi;f \ / / \ / /

request — answer. The application places queries agg
DCFMS, queries are broadcasted in the entire system, €. .
node invokes the appropriate Chunker (the One associated Vﬁ‘— ....................................................................................... -

8 . !6. SMBDS and DCFMS integration
the request’s type), the chunker extracts the logical piece o

data according to its internal algorithm (custom algorithm Ideally each host would run one instance of each system.

designed to serve the application environment's needs), agwever this is not a constraint. For maximum performance it

ultimately it replies back with the data chunk. is recommended that each SMBDS process should be bound to
D. Support for load balancing a local DCFMS process. In what follows we will consider that

In distributed applications it often happens that thg1is condition is be?ng satisfied on aI.I hosts. S.MBDS will
processing of a data chunk requires less time than the tranﬂ:fﬂ-'age th? eX?Cltjﬁon (t)f Sta:tiPTaihl?es acf:uncler:nIanata for
of the data itself. For this reason it might be a good practice S exec_:utlon vtlad € external t mte(; atce 0 luat t'h |
migrate the processing task towards the data than transferrin fnce integra de ff we are fltrr; ertes € do | evaRu a e” the t :ﬁa
data to the processing host. DCFMS is able to provide throu%ﬁ _orrEanc?_tan fe tlrcllenfy o te W(i rgo u G;S'I eca . al ;
its external API locating information about the data it hold an .ene IS ,O . € two in egrae TT?O u es are. loa
(data aware system). It is the application's task to query tRglancmg by migrating tas.,ks,.loglcal partitioning of the data,
system for data location information and migrate thgnd data awareness (localization) feature.

processing tasks throughout the nodes in order to reduce ofor obtaining an overview of thesg featres, there will be
eliminate the data transfer time. compared the performance evaluations for two types of

execution: the former execution which makes use of the
E. Developer's task: Implementing Chunker classes features above and the latter which would instead use an
Chunker classes define how files or data objects are splftiform distribution of the work load involved without making

DCFRS Environm ent
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use of any of the above features. TABLE 1. RESULTS FOR SCENARIAL.
It has been developed an image processing applicatibiest State State Data Processing Execution
whose main goal was to give an overview on the gain Machine Machines transfers Time (ms) time (ms)

introduced by the features above. The processing algorithm  ssent  received time(ms)

applies gaussian filters on images, but this is irrelevant in olir 0 0 0 151 151
study. We are only interested on the improvement of the 0 0 0 149 149
performance indicators following the two execution types. 3 0 0 0 145 145

The load balancing in our experiments made use of a vety 0 0 0 152 152
simple algorithm based on our observation that the transfer 0 0 0 157 157
time of a data chunk between two hosts is N times longer th@n 0O 0 0 159 159
its processing time. There will be associated costs for eaéh 0 0 0 152 162

state machine. For example if a state machine needs to prock®&! execution time: 162 ms

a chunk of data that is not locally available, it will bePata transferred: 0 MB

associated a cost of N+1 (N for the transfer, 1 for the

processing). The load balancing algorithm tries to keep hosts’

costs as balanced as possible. B. Scenario 2: Five hosts hold the entire data collection
In our experiments each host will run in parallel five state

machines, each machine having as job the processing ofy this scenario each of the two hosts not holding any data

9.2MB of image data. have migrated 3 of their tasks towards the data holding hosts.
As experimental environment it has been used a high speedraple 2 presents the results for this scenario while table 3

Myrinet network with a bandwidth of 4 Gbps and 7 identicaresents the results for a statical run (not involving tasks

hosts (Intel Core 2 Duo E5200, 1GB of RAM memory). migration) while figure 7 and 8 give a graphical overview of
We have observed that on this environment, the transfgje 2 and 3.

time of a data chunk is about twice longer that the processing
time of the same data chunk. That means we have used a COSt  TagLE 2. RESULTS FOR SCENARIC — TASKS MIGRATION

factor of 3 for a state machine that needs to transfer its daigyst  State State Data Processi Execution
and a cost of 1 for a state machine that needs to process locally  Machines Machines transfers ng Time time (ms)
available data. sent received time(ms) (ms)
For evaluating the system we have considered foar 3 0 16¢ 68 237
scenarios, as follows: 2 3 0 17¢ 74 252
Scenario 1: All 7 hosts hold the entire data collection. I& 0 2 0 191 191
this scenario all machines will have a cost of 1 since they cdn 0 1 0 184 184
access their associated data set locally. 5 0 1 0 180 180
Scenario 2: Five hosts hold the entire data collection. In tHis 0 1 0 20z 20z
scenario two hosts will try to migrate a part of their tasks whilé 0 1 0 19¢ 19¢

transferring data for the rest of their machines. Total execution time: 252 ms
Scenario 3: Three hosts hold the entire data collection. Hfit@ transferre: 36.8 ME
this scenario four hosts will try to migrate a part of their tasks
towards the data holding hosts while transferring the data for
the rest of their machines.
Scenario 4: Only one host will hold the entire data set. This Transfer Processing Execution
is the worst scenario as six hosts will have to acquire data for HOSt time (ms) time (ms) time (ms)
most of their machines. Only few machines will be migrated

TABLE 3. RESULTS FOR SCENARI@ —NO TASKS MIGRATION

_ 1 209 143 352
on the data holding host. 2 291 137 358
For each scenario there will be measured the data transfer 3 0 162 162
time and the processing time for each host, as well as the total , 0 142 142
execution time. 5 0 14€ 14€
Lets examine the results for each scenario. 6 0 161 161
7 0 138 138

A. Scenario 1: All hosts hold the entire data collection Total execution time: 358 ms

Data transferred: 92 MB
In table 1 we can examine the results. In this scenario the
state machines migration is useless as data can be accessed
locally by all machines and the processing jobs are equally
distributed on all hosts.
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TABLE 4. RESULTS FOR SCENARIG — TASKS MIGRATION
400 Host State State Data Processing Execution
350 1—p—= Machines Machines transfers Time (ms) time (ms)
I I sent received time(ms)
300 W Execution 1 2 0 202 84 28€
250 - time (ms) - 2 2 0 21¢ 81 294
500 4 tasks 3 2 0 198 83 281
migration 4 2 0 207 86 292
150 - 5 0 3 0 245 245
H Execution 6 0 2 0 211 211
100 1 time (ms) - ne 7 o0 3 0 23¢ 23¢
50 - tasks Total execution time: 294 ms
0 4 migration Data transferre: 110.4 ME
Host Host Host Host TABLE 5. RESULTS FOR SCENARIG —NO TASKS MIGRATION
1 3 5 7 z - - -
Fi ) ) Transfer time  Processing Execution
igure 7. Scenario 2 processing results Host . _
(ms) time (ms) time (ms)
1 214 14¢ 363
100 2 237 157 394
90 3 188 134 322
80 4 22t 15€ 381
B Transferred S 0 150 150
70 data (MB) - 6 0 154 154
60 tasks 7 O _ 162 162
50 migration Total execution time: 394 ms
20 Data transferre: 184 ME
N Transferred
30 1 data (MB) -
20 - no tasks
10 - migration 450
0 - 400
Host 1 350
223 M Execution time
Figure 8. Scenario 2 data transfers. 2 (rr.1$) ) t'asks
00 migration

We can observe that in this scenario there is a 29% gain 150
terms of processing times and a 60% reduction of the da 100
transferred trough the network. 50
0

B Execution time
(ms) - no tasks
migration

C. Scenarion 3. Three hosts hold the entire data collection PRSPASFCIIN N
RO RO PTLTROT IR

In this scenario each of the four hosts not holding any da
have migrated 2 of their tasks towards the data holding hostsFigure 9. Scenario 3 processing results.
Table 4 presents the results for this scenario while table 5
presents the results for a statical run (not involving tasks
migration) while figure 9 and 10 give a graphical overview of
table 4 and 5.
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TABLE 6.RESULTS FOR SCENARIGt—NO TASKS MIGRATION
200 Transfer Processing Execution
180 - HOSt  fime (ms) time (ms) time (ms)
160 - m Transferred 1 228 121 344
140 1 data (MB) - 2 242 132 37t
120 - tasks 3 246 137 383
100 migration 4 252 157 41C
80 - 5 263 129 392
60 - H Transferred 6 24€ 11¢ 367
40 - data (MB) - 7 0 15& 15&
20 - notasks Total execution time 410
0 migration Data transferre: 276 ME
Host 1
450
Figure 10. Scenario 3 data transfers. 400 -
We can observe that in this scenario there is a 25% gain in ggg J o
terms of processing times and a 40% reduction of the data ., u EXEC”t'O"kt'me
transferred trough the network. 200 - (m-S)_FaS °
migration
150 -
D. Scenario 4. One host holds the entire data collection 100 | B Execution time
50 - (ms) - no tasks
In this scenario each of the six hosts not holding any data 0 - migration
have migrated one of their tasks towards the data holding DA MN e @A
hosts. \\e“-’ 3 \\c»" \\0" KUY
Table 6 presents the results for this scenario while table 7

presents the results for a statical run (not involving tasks
migration) while figure 11 and 12 give a graphical overview of

table 6 and 7. Figure 11. Scenario 4 processing results.
TABLE 6.RESULTS FOR SCENARIG! — TASKS MIGRATION 300

Host State State Data Processing Execution

Machines Machines transfers Time (ms) time (ms) 250 = Transferred

sent received time(ms) 200 4 data (MB) -
1 1 0 23¢ 11¢ 353 150 tasks -
2 1 0 260 124 384 migration
3 1 0 242 121 363 100 - B Transferred
4 1 0 262 132 39t data (MB) -
5 1 0 267 139 406 50 - no tasks
6 1 0 235 126 361 migration
7 0 6 0 314 314 0 -
Total execution time 406 ms Host 1
Data transferred: 220.8 MB

Figure 12. Scenario 4 data transfers

In this scenario one could notice an insignificant
improvement in terms of processing time. Instead there is a
20% gain in terms of data transferred trough the network.
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VI. CONCLUSIONS AND FUTURE WORK Framework, Recent Researches in Applied Informatics, Proceedings of
. . . . the 2nd International conference on Applied Informatics and Computing
This paper introduces a new distributed architecture based Theory (AICT '11), ISBN : 978-1-61804-034-3, pp232-236, WSEAS,
on state machines concept. The framework has been designedPrague, Czech Republic, September 26-28, 2011

; At - ; SHahili [6] Mihai L. Mocanu, Cosmin M. Poteras, Constantin S. Petrisor -
especially for applications requiring high data availability. Improving Parallel Data Flow Support in a Visualization and Steering

The platform is composed by two independent modules Enyironment, Recent Researches in Applied Informatics, Proceedings of
SMBDS and DCFMS interconnected via an APl interface. the 2nd International conference on Applied Informatics and Computing

The architecture proved to be scalable, flexible and reduces Theory (AICT '11), ISBN : 978-1-61804-034-3, pp226-231, WSEAS,
Prague, Czech Republic, September 26-28, 2011

the development time considerably _by p.l'OVIdIng an engine fPIr] Morris Riedel, Wolfgang Frings, Sonja Habbinga, Thomas Eickermann,
state machines management and migration. Daniel Mallmann, Achim Streit, Felix Wolf, Thomas Lippert, Andreas
Important contributions of the system relate to: custom Emst Rainer Spurzem: Extending the collaborative online visualization

. s . s and steering framework for computational Grids with attribute-based
logical partitioning defined at the application level (abstractly 4 0i--io0 GRID 2008: 104-111

handling) and load balancing support due to #@a [g] s. Jha, S. Pickles, and A. Porter. A Computational Steering API for
awareness (data location information) feature while Scientific Grid Applications: Design, Implementation and Lessons. In
maintaining a high data availability. \éV;gi(lf:?psec:)r: ZG(Jg(jl Application Programming Interfaces, Brussels,

The system has been experimentally evaluated in a vgsy 3. M. Brooke, P. V. Coveney, J. Harting, S. Jha, S. M. Pickles, R. L.
high speed network (Myrinet). Two types of executions have Pinning and A. R. Porter, Computational Steering in RealityGrid,

been considered: the former type employed the migration, data Proceedings of the UK e-Science All Hands Meeting, September 2-4,
’ 2003

chahzatlon and logical partltlpnlng features, while the Iatte[rl.o] J. A Kohl and P. M. Papadopoulos. Efficient and Flexible Fault
didn’t. Results for both execution types have been compared in Tolerance and Migration of Scientific Simulations Using CUMULVS.
four different scenarios. In 2nd SIGMETRICS Symposium on Parallel and Distributed Tools,

. . Welches, OR, Aug. 1998.
The features introduced by the system improved tlﬁzl] G. A Geist, J. A Kohl, and P. M. Papadopoulos. CUMULVS:

execution time with up to 30% while reducing data transfers = providing Fault-Tolerance, Visualization and Steering of Parallel
over the network by up to 60%. Applications. Intl. Journal of High Performance Computing

. . . Applications, 11(3):224-236, Aug. 1997.
Future directions in the development of the system m 2] J.J. van Wik and R. van Liere. An environment for computational

include the hosts’ speed ranking which could become ~ steering. In G.M. Nielson, H. M'uller, and H. Hagen, editors, Scientific
significant when deciding the source hosts, or the network Visualization: Overviews, Methodologies, and Techniques, pages 89-

: P ; fH 110. Computer Society Press, 1997.
traffic monitoring which could help deC|d|ng the route tha[lS] R. van Liere, J.D. Mulder, and J.J. van Wijk. Computational steering.

should be followed for a faster download. Future Generation Computer Systems, 12(5):441-450, April 1997.
Besides steering the simulation processes the researdhey B. Cohen. The BitTorrent Protocol Specification, BitTorrent.org. (10-

shall be able to also steer data storage, or alter data held by {QFJTar?éZAO;?:gheTM Hadoop™ project, hitp:/hadoop.apache.org
DCFMS while simulation is running. Apart from other existin 16] M. Isard, M. Budiu, Y. Yu, A. Bi'rrell, .D. Fetterimryad: bistributed

systems, like Dryad [16], designed as a general-purpose Data-Parallel Programs from Sequential Building Blocks, EuroSys -
distributed execution engine for coarse-grain data-parallel European Conference on Computer Systems, Lisbon, Portugal, March
applications, our system will try to look for speed at all levels, 21-23, 2007, pp. 59-72

and use also the fine-grain data parallelism. Some similarities

will be maintained, such as those related to an application

ability to discover the size and placement of data at run time,

scalability, extensibility and ability to reconfigure the

computation graph as the computation progresses, to make

efficient use of the available resources.
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