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CHAPTER I 

INTRODUCTION 

Heterogeneous Computing is a rich field that tries to explore possibilities of 

taking full advantage of high performance computing technology. Heterogeneous 

computing systems (HCS) are complex systems exhibiting diverse execution paradigms. 

Different processors that are made of different architectures characterize HCS. The 

allocation of tasks of an application to the components of an HCS enforces a parallel or 

concurrent execution of tasks, and is an optimization problem with a goal of minimum 

completion time of the application. Optimally allocating application subtasks to HCS 

components as well as specification of initiation times (time to start the execution of a 

task) is known as task scheduling problem. A qualitative analysis of tasks combined with 

a quantitative analysis of the processing resources available, is needed to maximize the 

utilization of resources [2]. 

Task graphs simplify the analysis for modeling HCS. Petri nets (PN's) can be 

applied to task graph systems composed of tasks with exponentially distributed execution 

times. Task graph systems represent a job that is partitioned into modules called tasks 

with some precedence constraints. The evaluation of the task graph system should yield 

the execution time of an overall job. When the task graph is executed on the processing 

elements of a HCS, estimating overall completion time becomes an optimization problem 

involving allocation of tasks to processors such that completion time is minimized. This 

optimization is a NP-hard problem [17]. Before the problem of optimal allocations can 

be discussed, a method must be available for computing the expected completion time 

and deriving a probability distribution of the completion time for any given task graph, 

HCS, and allocation heuristic. A method for estimating the completion time for any task 

graph is reported in [14,15]. The methodology reported in [14] performs the numerical 

analysis of the task graph system {Markov based numerical analysis) which is discussed 

in Chapter IV. The methodology reported in [15] uses some assignment heuristics for 

simulating the real word situations, which are often characterized by randonmess and 

lack of total information. 
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This thesis describes a flexible graphical user interface (GUI) tool designed and 

developed for the analysis of task graphs. The interface tool takes the task graph along 

with parameters such as execution times of the tasks, number of processors, and 

communication costs, as input and gives the average completion time and the probability 

distribution of the completion times for the task graph as output, using a numerical 

analysis tool and a simulation analysis tool. The interface provides access to heuristic 

algorithms to generate an allocation matrix that maps tasks into processors. The solution 

tools uses this matrix along with the parameters to generate results. The GUI is developed 

in such a way that the user can configure it by adding new heuristics or any other solution 

scheme. 

The thesis is organized as follows. Chapter n presents the problem statement, the 

information flow, and the software requirements of the GUI. Chapter HI gives an 

introduction to Petri nets. Stochastic Petri nets, Markov models and software 

implementation of Stochastic Petri nets. In Chapter IV, an introduction to task graphs is 

given; this chapter also discusses task assignments, task graph topology, evaluation of the 

task graph, and task graph analysis. Chapter V discusses additional heuristic algorithms. 

In Chapter VI, the implementation methodology used to develop the GUI is discussed. 

Chapter Vn deals with the software implementation of the GUI. Chapter VIQ discusses 

software testing and user input testing. In Chapter IX, applications of the GLT, its 

expansion and validation are presented. Conclusions about this work are provided in 

Chapter X. Appendix A gives an overview of the usage of the GUI and Appendix B lists 

the task graph topology generated by the GUI. 
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CHAPTER n 

PROBLEM STATEMENT AND 

SOFTWARE REQUIREMENTS 

2.1 Problem Statement 

The GUI developed as a part of this thesis integrates numerical, and simulation 

based solution schemes for the analysis of task graphs. The numerical scheme relies on 

the Generalized Stochastic Petri Net (GSPN) paradigm of the Stochastic Petri Net 

Package (SPNP)[24]. The GSPN representation of the task graph is used for both the 

SPNP tool and the simulation based solution [15], which is also integrated. The GSPN of 

a task graph incorporates the topological information of the input task graph and also 

accommodates the inclusion of parameters such as processor heterogeneit\, 

communication costs, random execution times, etc. The GUI incorporates some heuristic 

algorithms implemented earlier. Additional heuristics are implemented and evaluated. A 

GSPN based task graph system analyzer (TGSA) was developed in JAVA earlier [5]; 

however, it does not include mechanisms to systematically incorporate new heuristics, 

and solution tools. The GUI developed in this thesis is easily extendable, user friendl>, 

and configurable. The GUI takes the task graph and its parameters as inputs, applies 

heuristics to generate an allocation matrix, generates the task graph topology, and 

executes the selected analytical tool for the analysis of task graphs. The GUI satisfies the 

following requirements: 

1. Provides an interface to draw and save the task graph structure. 

2. Takes task graph parameters and saves them in a file. 

3. Integrates numerical and simulation software developed earher. 

4. Allows access to some heuristics (assignment algorithms) for generating an allocation 

matrix. 

5. Generates a script file describing the task graph topology and invokes the selected 

numerical/simulation analysis tool. 

6. Provides mechanisms for the user to tailor the tool according to his needs; for 

example, adding new heuristics, or other solution tools. 
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1. Integrates a plotter so that the results obtained from the analysis are plotted and the 

performance of different assignment algorithms is compared easily. 

2.2 Information Flow 

Figure 2.1 shows the flow of the information in the GUI. As shown, the GUI takes 

the task graph and its parameters as input and passes the information to the next stage 

where the heuristics are applied to generate an allocation matrix. 

Task graph 

( GUI canvas j 

Task Graph 
Parameters 

\ 

Heiii^stic 

X 
Allocation 

Matrix 

SPNP 
Tool 

Numerical 
Analysis 

Petri Net 
Topology 

Simulation 
Analysis 

\ 

Results 

Plotter 

Figure 2.1. Information flow representation. 



The task graph topology is generated from the allocation matrix and task graph 

parameters. The task graph topology is passed to the next stage where a script file 

describing the GSPN topology is generated. The numerical and simulation software uses 

the GSPN topology for analysis. The results obtained from the analysis are saved and 

plotted. 

2.3 Software Requirements 

2.3.1 Software Specifications 

The primary objective of the GUI is to take the task graph and its parameters and 

produce a probability distribution of the completion times and the mean time to complete 

(MTTC) as output. The implementation is event driven with the ability to draw the task 

graph, input parameters, save the task graph structure and its parameters, select the 

analysis & heuristics and view results. The GUI is developed to be user customizable by 

providing a mechanism to add new heuristics or to use a new solution tool, which takes 

the same topology as its input to generate results. 

2.3.2 Description of svstem functionahtv 

The GUI is designed to analyze the task graph that is drawn on a canvas. Once the 

GUI is invoked, a window containing menus, canvas and scroll bars appears on the 

screen. The canvas is initialized with a start node, which is required for generating the PN 

topology. The user can open a task graph by selecting the "Open" command from the 

"File" menu. The user has different options in the menu such as saving the graph, 

creating a new canvas or exiting from the GUI. After drawing the task graph the user 

enters the parameters of the task graph. These parameters can be obtained from a file or 

from the keyboard. The user has different options in the "Input" menu where he/she can 

enter the parameters, save the parameters, and clear the parameters. After entering the 

parameters the user selects the analysis from the "Analysis" menu, heuristics from the 

"Heuristics" menu. When the user selects the "Run/Op" command from the "Run" menu, 

the GUI generates the task graph topology, invokes the corresponding analysis tools on 

this topology, and plots the results obtained from the analysis tools. The user can 
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customize the tool to add new heuristics by selecting "Add a Heuristic" from the 

"Heuristics" menu. The user can also save the graph and plot it later by selecting "from 

file(s)" from the "Plot" menu. The functional partitioning is as follows: 

i. Task Graph Construction 

1. Add a new node/task. 

2. Delete an existing node. 

3. Add edge between nodes. 

4. Delete edge between nodes. 

5. Move nodes from one place to other for visibility, 

ii. Task Graph parameters 

1. Provide a grid to enter communication parameters for the processors. 

2. Provide a grid to enter the priority matrix. 

3. Provide a grid to enter the execution times of the tasks on processors. 

4. Provide an entry to take the number of processors. 

5. Clear the values in all the grids. 

6. Save the parameters. 

7. Open the parameters from a file, 

iii. Heuristics 

1. Provide some heuristics for analysis. 

2. Provide a mechanism to add new heuristics. 

3. Provide an option to retrieve the allocation matrix from a file, 

iv. Analysis 

1. Provide numerical analysis. 

2. Provide simulation analysis. 

3. Use user specified solution tool. 

V. Plotting 

1. Plot recent output. 

2. Plot multiple files. 

3. Save the result file. 
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2.4 Restrictions 

The GUI has been developed on SUN SOLARIS 2.6. It uses the SPNP 

implemented in C language for numerical analysis. An executable version of the SPXP 

[24] is available onhne. The GUI does not provide results if there is an abnormal 

termination of any of the analysis tools. It notifies the user that the analysis tool failed to 

provide results. The GUI is not restricted to the task graph size but it has been found that 

the maximum allowable task size of the SOLARIS system, where the experiments are 

performed, is 850 and the maximum number of processors is 65. The GUI is 

implemented using Tcl/Tk and its interface to the C language. The advantages of using 

Tcl/Tk are discussed in Chapter VI. Though Tcl/Tk is available for different platforms 

the GUI has been implemented on UNIX because of the non-availabihty of the 

DOSAVINDOWS version of SPNP. 



CHAPTER m 

PETRI NETS AND MARKOV MODELS 

3.1 Introduction 

A Petri net (PN) is defined as a particular kind of bipartite directed graph 

populated by three kinds of objects. These objects are places, transitions, and directed 

arcs connecting places to transitions and transitions to places [11]. Pictorially, places are 

depicted by circles, and transitions are depicted by bars or boxes. Weights are associated 

with arcs in such a way that k-weighted arcs can represent a set of k-parallel arcs from or 

to a transition. If there is no weight on the arc then the weight is assumed to be 1. Places 

contain tokens that are represented by dots. A marking is defined by an n-component 

vector and is denoted by M=[mi,m2,...mnJ where n is the number of places, mi is the 

number of tokens in place pi. MQ is the initial marking of the PN denoting the number of 

tokens in each place initially. Pictorially the tokens are represented as dark dots in a 

place. 

PN's are modeled using the concept of conditions and events. Places represent 

conditions and transitions represent events. A token in a place indicates that a condition is 

true and the weight of the arc from the place to the transition indicates the number of 

conditions on which the occurrence of the event depends. The input and output places of 

a transition represent the pre and post conditions of the event represented by the transition 

[20,11]. 

Formally, a PN is defined [11] as a 5-tuple N=(P',T',I,0,Mo), where 

1. P' = {pi,p2,...pm} is a finite set of places; 

2. T' = {ti,t2,...tn} is a finite set of transitions, P' u T ^0 and F n T' = 0 ; 

3. I : (P'XT') -> N is an input function that defines directed arcs from places to 

transitions, where N is the set of non negative integers; 

4. O : (T'XP') ^ N is an output function that defines directed arcs from transitions 

to places; and 

5. Mo : P' ^ N is the initial marking. 



ii.L»-u^,.ajmMn, ii,ui,i , , „n 

The dynamic behavior of a system simulated with PNs dictates the following rules for 

change of state or marking [20]: 

1. A transition t is said to be enabled if each input place of t is marked with tokens 

greater than or equal to the weight of the arc from place, pi to transition, t. 

2. An enabled transition may or may not fire. 

3. A firing of an enabled transition removes I(p,t) tokens from input place p of transition 

t and adds tokens to each output place pi equal to the weight of the arc from transition 

t to place pi. 

The above transition rules are illustrated in Figure 3.1 below. Figure 3.1 (a) represents 

a system state in which the pre-conditions are met. Figure 3.1 (b) shows the resulting 

state after the firing of the transition. 

(a) Petri net before transition fires. 

P4 

(b) Petri net after transition fires. 

Figure 3.1. Firing of a Petri net. 

3.2 Stochastic Petri Nets 

PN's have been generally accepted in the modeling of computer systems due to 

their good representation of concurrency and synchronization. However, no time related 

performance measure can be achieved because time is not considered in a PN model [21]. 

Since events take time in a system, transitions are naturally associated with time. 

Stochastic Petri nets (SPN's) proposed by M.K. Molly [21] are obtained by associating 

each transition with an exponentially distributed firing time. 



A formal definition of SPN is given in [ l l j . A stochastic Petri net (SPN) is a 6-

tuple (P',T',I,0,Mo A) in which (P',T',I,0,Mo) is a Petri net and A: T ' ^ R is a set of firing 

rates with components Xk, where ^k is the rate of exponential individual firing time 

distribution associated with transition tk. 

3.3 Markov Models and their Equivalence to SPN 

A stochastic process is defined to be an indexed collection of random variables 

{Xt} defined over a common probability space where the index t runs through some set 

T". An element of collection, indexed by t e T", Xt, defines a state of the process by 

specifying one or more measurable characteristics, and the total set of all possible states 

are called the state space [22]. The state space may be finite or infinite and discrete or 

continuous. In the analysis of task graphs, which are discussed in Chapter IV, they are 

assumed to be finite. The set T" usually captures the notion of time. So the process is said 

to be discrete-time process if te T" is discrete, and it is a continuous-time process if t is 

continuous. 

A Markov process is a stochastic process with the property that the conditional 

probability of the next state depends only on the current state. Due to this property, 

Markov process is said to be memoryless or has no state memory. If the state space of the 

Markov process is finite, then the process is referred to as a Markov chain. If T" is 

discrete for a Markov chain, then the chain is referred to as a discrete-time Markov chain 

(DTMC). Similarly, a continuous-time Markov chain (CTMC) is described by a 

continuous parameter [22,23]. 

In a CTMC the probability distribution for the time that a process remains in the 

current state is independent of the amount of time the process has already spent in that 

state during the current visitation. The only probabihty distribution that describes this 

type of behavior is the exponential distribution. Thus in a CTMC, the state holding time 

(time conceded by the process in a state) is exponentially distributed [14]. As defined 

earlier, the firing rate of transitions in SPN are also exponentially distributed. Therefore, 

SPNs can be used to generate Markov chains [11]. The proof for showing the equivalence 

10 



between the SPN and CTMC is given in detail in [11]. A Markov-based solution 

technique of task graph systems has been proposed in [23]. 

3.4 Extensions to SPNs 

Several modifications have been made to SPNs to gain additional modeling 

power. GSPN have been proposed in which transitions are of two types: timed transitions 

that have exponentially determined firing rates and immediate transitions that have no 

firing delays and have priority over timed transitions [23]. Pictorially, immediate 

transitions are represented by bars, and timed transitions are represented by boxes. 

Deterministic Stochastic Petri Nets (DSPN) have a mixture of deterministic and 

exponentially distributed firing delays. DSPNs provide the stochastic modeling capability 

of regular SPNs; however, because exponentially distribution timing sometimes leads to 

gross approximation of system characteristics, greater accuracy can be obtained by 

substituting constant time delays for those transitions where timing need not be a random 

variable. 

3.5 Software Implementation of SPNs 

Since several software packages have been produced for the generation and 

solution of task graph system models including SHARPE [16], and SPNP [10,24], a 

systematic method is available for specifying the SPN and using it to derive the state 

space of a Markov chain corresponding to the task graph to be analyzed. The numerical 

analysis tool, which is discussed later in Chapter IV, was implemented with the SPNP to 

conduct CTMC analysis [14]. This is a GSPN package, which allows the modehng of 

complex SPN models [10,24]. The use of Markov models for modehng large and 

complex task graphs results in state explosion. The modehng process in SPNP is 

simplified by the use of reduced Markov models obtained from SPN features such as 

marking dependencies, enabling functions and marking dependent arc multiplicity. 

Marking dependency leads to more compact models for complex systems because 

parameters such as firing rates and arc cardinality can be specified as a function of 

marking [10]. As markings generated in a SPN, determine whether a transition can fire or 

11 



not, enabling functions use these markings to enable a transition. Thus, SPNP provides a 

numerical solution for a SPN. SPNP is implemented in C language. The input to the 

SPNP is a C-code called CSPL(C-based Stochastic Petri net Language). A CSPL file is a 

C file and any C constructs can be used anywhere in it. A valid CSPL consists a 

collection of independent package specified functions specially developed for the 

description of SPN entities. The programmer can use these functions according to his/her 

needs. The only restriction to this file is that it should not have a main function. The 

CSPL file is compiled using the C compiler and then linked with the precompiled files 

constituting the SPNP package [10,24]. The implementation file is used in this thesis. 

Detailed software information on SPNP and the CSPL file implementation is available in 

[10,14]. The numerical analysis is hmited to the task graphs with exponentially 

distributed task execution times. This limitation is overcome in the simulation analysis 

discussed in Chapter IV. The simulation analysis uses the same PN topology that is used 

in the numerical analysis. 

12 



CHAPTER IV 

TASK GRAPH SYSTEMS 

4.1 General Description 

A graph G(V,E) consists of two sets called vertices V(or nodes) and edges E(or 

arcs). V is a finite non-empty set of vertices and E is a finite set of edges [12]. Each edge 

in E is denoted by a pair of vertices in V. If pairs are ordered (i.e., the pair <i,j> is 

different from the pair <j,i>) then the graph is called directed graph. Otherwise it is 

called undirected graph. Angular brackets denote directed edges and parentheses denote 

undirected edges. Thus, <i, j> represents a directed edge while (i, j) represents undirected 

edge, where node i is the start node and node j is the end node of the edge. In a directed 

graph the in-degree of a node/vertex is the number of edges/arcs incident on it and the 

out-degree is the number of edges going out of it. An acychc graph is a graph that has no 

circuits [13]. 

A task graph is a directed graph that represents a job partitioned into modules or 

tasks. The edges of a task graph determine the precedence relations, which govern the 

order of execution of individual tasks; precedence relations can be associated with data or 

control dependencies. Thus a task graph provides a basic structural representation of a 

job. 

Consider a simple task graph shown in Figure 4.1. This graph has six nodes that 

represent a job. The execution of the job starts at S and ends at E. The order of execution 

is as follows: 

1. The job begins at S and then executes the three tasks Ti,T2 and T3. These can be 

executed in parallel if resources are available. 

2. Tasks T4, T5 and Te are executed with a restriction that Te cannot start until T2 & 

T3 are finished and T4 & T5 cannot start until Ti is finished. 

3. Once all tasks are executed the job is completed at point E. 

13 
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Figure 4.1. A simple task graph system. 

4.2 Tvpes of Task Graph Systems 

Task graph systems are classified into series-parallel and non-series parallel. 

Series-parallel systems have the following properties [13]: 

1. A graph with a single edge is series-parallel. 

2. If two graphs Gi and G2 are series-parallel, then a series combination of Gi and G2 is 

series-parallel. Series combination of two graphs is joining of an ending terminal 

vertex of one graph with the beginning terminal vertex of the other graph. 

3. If two graphs Gi and G2 are series-parallel, then a parallel combination of Gi and G2 

is series-parallel. A parallel combination of two graphs means they have same starting 

and ending vertices. 

The following example illustrates two types of task graphs. In Figure 4.2 (a), the 

nodes of the subgraph ABDF are in series combination and are in parallel 

combination with the subgraph ACEF. In Figure 4.2 (b), the graph is non-series-

parallel as the two series combination of ABDF and ACEF are not in parallel because 

of the edge BE. 

Series-parallel graphs have a property that whenever several edges leave a 

common node, the resulting paths are edge and vertex disjoint. Thus the subgraphs of 

series-parallel graph represent completely independent process groups. If series-

14 



parallel graph represents a task graph, then the tasks represented by the subgraphs can 

be executed in parallel. 

(a) Series-Parallel (b) Non-Series-Parallel 

Figure 4.2. Comparison of Task graph Systems. 

4.3 Task Graph Parameters for a HCS 
(Task graph topologv) 

A task graph G(T, E) is defined by T={Ti,T2,...Tk} where k is the number of tasks 

composing an overall job and E (E: T X T) is an edge set consisting of ordered pairs from 

T to T that correspond to data/control dependencies. The topology is described by the 

following [14]: 

1. An in-degree vector D=[di, d2,...dk] where di is the number of tasks that must 

complete before Ti initiates execution. 

2. An out-degree vector H=[hi, h2,...hk] where hi is the number of tasks that are 

spawned after the completion of Ti. 

3. A task graph structure TG [i]Ij], l<i< k, l<j< hi where the TG[i] is an array 

specifying the hi tasks that are spawned by the completion of Ti; thus, the ordered 

pair (Ti,TG[i]U]) € E. 

4. A kxk matrix pkt[i, j] , l<i, j< k where pkt[i, j] is the average number of data 

packets of standard size that are sent from Ti to Tj. These can also be specified as 

edge weights for the elements of E. 
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5. A priority vector W=[wi, W2,...Wk] that induces a sequential ordering of any ready 

tasks assigned to the same processor. 

6. A set P={Pi, P2,.-.Pn} consisting of n processors composing a heterogeneous suite 

in an environment. 

7. A kxn execution time matrix B[i, j], l<i<k, l<j<n where bij is the average 

execution time of Ti on Pj. 

8. A nxn communication matrix C[r, s], l<r, s< n where each entry C^ is the 

average communication time to transfer a data packet of standard size from Pr to 

Ps. 

9. A kxn static allocation matrix A[i, j], l<i<k, l<j<n where entry aij = 1 if Ti has 

been allocated to Pj and 0 otherwise. 

4.4 Evaluation of Task Graph Svstem 

The evaluation of a task graph system should give an estimate of the execution 

time of the job represented by the task graph. The evaluation should take into account the 

individual tasks, their relative order of importance and the structural information from the 

task graph topology. The completion time of the overall job depends on the execution 

time of the individual tasks. A probability distribution for the completion time can be 

obtained if the exact real time of execution of the individual tasks is not known. A 

solution technique has been reported for the distribution function of completion time for 

series-parallel task graphs given exponentially distributed completion times of the 

individual tasks [16]. If the task graph is non-series-parallel then it is decomposed into 

series-parallel and analyzed separately and then recombined hierarchically. The above 

technique is used in the numerical analysis of the task graph systems presented in Section 

4.8. The limitation of the above method is that the tasks should have exponentially 

distributed execution times. This limitation is overcome in the simulation technique also 

discussed in Section 4.8. 
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4.5 Converting a Task Graph into a PN Representation 

A task Ti in a task graph is represented by two parts in a SPN, a place p, and a 

transition ti. The SPN starts with an auxiliary place xpo and an immediate transition ito 

enforcing the initial conditions, and finishes with an auxiliary place xpj and an immediate 

transition itj [14]. A place pi can be associated with an in-degree di to enforce precedence 

constraints. Figure 4.3 shows the SPN corresponding to the task graph system in Figure 

4.1. 

rp t4 

Figure 4.3. A SPN model for task graph system of Figure 4.1. 

If an input place of a transition contains n tokens, where n is the weight of the arc 

from that place, then the transition is ready for initiation. A transition fires according to 

an exponentially distributed execution time of the corresponding task. The firing of a 

transition indicates the completion of the task. In Figure 4.3, the presence of three tokens 

in xpj and the firing of it] indicate the completion of job represented by the task graph 

system in Figure 4.1. For task Te to start execution, tasks T2 and T3 should complete their 

execution. This constraint is indicated by the presence of two tokens in p6. This 

precedence constraint can be captured by associating a weight to the arc from p6 to t̂  

corresponding to the in-degree of each node in the task graph and a timed transition. 
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Whenever a transition fires, the execution state of system changes. The execution 

state is defined by the tasks that are executing concurrently at that instant. The possible 

number of execution states is determined by a set of markings generated by the firing of 

timed and immediate transitions. The reachability graph of a PN is a graph that consists 

of set of markings beginning from the initial marking. It also gives the possible execution 

paths for a task graph system from an initial state. Different enabling functions and 

different number of processors generate different reachability graphs. Figure 4.4 

represents a partial reachability graph assuming unlimited number of processors. 

Figure 4.4. Partial reachability graph of SPN in Figure 4.3. 

In Figure 4.4, marking Mi = [111000] denotes that there are 6 places, and places 

pi, p2, and p3 contains one token each. Since tasks Ti, T2, and T3 have an in-degree of 1, 

the system is in a state where transitions ti, t2, and ts are enabled. The marking Mi 

represents that the preconditions for the tasks Ti, T2, and T3 are met and the 

corresponding transition is ready to fire. The firing of a transition depends on the 

availability of processors and priority. Marking Mio denotes that the place p6 contains 2 

tokens indicating that the execution of tasks T2 and T3 is completed, and the 

18 



preconditions for task Te are met. If the execution times of the individual tasks are 

exponentially distributed, then the firing rates of the transitions in a SPN are also 

exponentially distributed. This makes the reachability graph equivalent to a CTMC, and 

leads to a complete stochastic analysis of the task graph system [14]. 

4.6 Task Assignment and Scheduling 

A task graph represents a job in a processing system, whose underlying tasks are 

executed on different processors available in the system. Tasks are assigned to different 

independent processors to explore the possibility of concurrency and parallelism for 

minimizing the overall completion time of the job. Heuristic approaches provide 

solutions in less than exponential time complexity, which are not necessarily optimal but 

useful for real world simations. 

Task scheduling is the decision of when a task is to be executed and task 

assignment is the decision to which processor it should be assigned. There are two types 

of algorithms: static task assignment, where the assignment of tasks onto the processors 

are determined prior to execution; dynamic task assignment, where the assignment of 

tasks onto the processors are determined during the execution of tasks depending on the 

load of the system at that instant. In [17,18,19], several assignments and scheduling 

algorithms are suggested. In this research some static task assignment algorithms 

(heuristics) are used to generate the allocation matrix A, defined in Section 4.3. which is 

used by numerical and simulation analysis tools. 

4.7 Assignment Algorithms Implemented 

The assignment algorithms implemented earher [15,3] are: Largest Task First, 

Shortest Estimated Execution Time First, and Minimum Finish Time, 

i. Largest Task first (LTF) 

This heuristic will assign a task having the largest execution time to a randomly 

selected processor and marks that task as assigned. A task from the remaining task list is 

selected for the next assignment. Thus all the tasks are assigned to the processors. 
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ii. Shortest Estimated Execution Time First (SEETF) 

A task is selected at random from the task set and assigned to a processor that 

executes the task in the minimum time, 

iii. Minimum Finish Time (MET) 

This heuristic takes into account the precedence constraints on the tasks. A 

randomly selected task Ti is assigned to a processor Pj that minimizes the finish time of 

the task in a deterministic simulated execution, where the finish time of a task is given by 

the minimum sum of the execution time and the next instance in which processor Pj 

becomes free. 

Detailed software implementation of the above algorithms is available in [3,15]. 

The LTF and the SEETF algorithms do not take into consideration the precedence 

constraints on the tasks. This limits these algorithms to be applied to the task graphs, 

which represents jobs partitioned into independent tasks only. New heuristic algorithms, 

which include the task precedence constraints, are implemented as a part of this thesis 

and compared with MFT. These algorithms are described in Chapter V. 

4.8 Task Graph Analysis 

4.8.1 Numerical Analysis based on Markov Models 

The systematic evaluation of a task graph by numerical analysis is based on the 

analysis of Markov models of the task graphs whose individual tasks have been allocated 

to processing elements of a HCS. Detailed information on Markov analysis is available in 

[22,23]. The numerical analysis tool takes the task graph and its topology as input, 

generates a GSPN and uses the SPNP to generate a reachability graph, which is 

equivalent to CTMC. The only limitation of this analysis is that the task execution times 

must be exponentially distributed. Also, for complex task graphs the analysis produce 

large state explosion, is computationally expensive, and unreUable. In addition, it is 

obviously a tedious process to determine the Markov chain state space for a non-trivial 

task graph. These hmitations and disadvantages are overcome by the simulation analysis 

discussed in the next section. 

20 



The numerical analysis is implemented both for high performance and low 

performance networks [14]. A high performance network is characterized by inter-node 

connmunication that takes place on dedicated point-to-point hnks. The properties of such 

a high performance network were modeled in a SPN by inserting additional 

place/transition to represent each individual communication channel. Here the firing time 

of the transition is equal to the average communication time between processors. A low 

performance network can be characterized as one of low connectivity in which processors 

have to share common communication links. The properties of a low performance 

network were modeled in a SPN by adding the communication costs to the firing times of 

the current transition. 

4.8.2 Simulation Analysis 

Simulation allows us to create models of systems that are presently in existence or 

are planned for future implementation. The underlying basis for simulation is an ergodic 

process. This means that the simulation repeats activities and actions enough number of 

times and with enough randomness that the performance of the model and the resulting 

information are in close approximations of what might actually occur in a real life 

system. Monte Carlo methodology is used in the simulation analysis of task graphs. 

Monte Carlo methods can be described as statistical simulation methods, which are 

defined as any methods that utilize a sequence of random variates to perform the 

simulation. The simulation of any system by Monte Carlo method dictates the 

mathematical state with probability density functions (pdfs). Once the pdfs are known, 

the Monte Carlo simulation is performed by random sampling from them. With multiple 

trials, the result is expressed as an average, over the number of observations. The Monte 

Carlo method uses random or pseudo random numbers. Pseudo random numbers are 

generated in completely deterministic way, which means that they are not random, but 

they seem to be statistically random. A method to generate pseudo random numbers is 

presented in [15]. The pseudo random numbers, after passing various statistical tests are 

considered to be truly independent random variates. These random variates are used to 

generate firing times of the transitions. 
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The simulation procedure takes place observing the following steps: (1) 

Checking for newly enabled transitions depending on the precedence constraints, 

availabihty of processors, and priority of tasks; (2) Generating the firing times; (3) 

Updating clocks (local and global): Local clock is used to record the remaining time for 

firing of transitions and global clock is used to record the time taken for the overall job to 

complete. Whenever a transition is enabled the local clock is set to the generated firing 

time to indicate the remaining time until the transition is fired. When the local clock 

reaches 0 the corresponding transition is fired and the global clock is updated b\ adding 

the minimum firing time from the enabled transitions that are not yet fired. Once the last 

transition fires global clock indicates the overall completion times. The simulation 

analysis is conducted over a high performance and a low performance network. Detailed 

information on simulation analysis and the methodology used in the implementation is 

available in [15]. 

Both the numerical and simulation software is integrated with the GUI tool. 
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CHAPTER V 

ADDITIONAL HEURISTIC 

ALGORITHMS 

The LTF and SEETF heuristic algorithms implemented earlier do not take into 

account the task dependencies in a task graph. In this chapter two heuristic algorithms 

which takes into consideration the precedence constraints on the tasks are discussed. The 

definitions, which are used in the description of the algorithms, are: 

1. Accumulated time: 

The accumulated time of a processor element (PE), AT(PE), is the time needed for 

the PE to finish all the tasks assigned to it up to the current time. 

2. Mature node: 

A node is said to be "mature" if it is ready to be assigned to a PE. The maturity 

condition for a node at time t is satisfied if the node has no parent or if all its parent nodes 

are already assigned to some PE(PEk), and AT(PEk) < t. This condition ensures that the 

task is not assigned before its predecessors are completed. 

3. Level of a node: 

The level of a node is recursively defined as follows. All mature nodes at time 0 are at 

level 0. All nodes that mamre when all the nodes at level i are distributed are at level i-f-1. 

4. LAST(PEi): 

LAST(PEi) at time t is the level of the last node assigned to PEi before t. If no nodes 

have been assigned to PEi then LAST(PEi) = -1. 

5.1 Heavy Node First Algorithm (HNF) 

The idea behind this heuristic algorithm is to use a locahzed analysis of tasks for 

their allocation to PE's [25]. For this purpose, we assign the tasks level by level and at 

each level assign the heaviest node first. The algorithm is as follows: 

The HNF algorithm: 

Input: A task graph with n nodes (tasks). 

Output: A task assignment of nodes to the PEs. 
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1. Let 7 indicate the current level. Initially, 7=0. Two hsts CURRENT and NEXT, are 

used. Initially, both lists are empty. 

2. Let 5 = {PEi I AT(PEi) is the smallest at current time} 

3. For each PEi, repeat steps 3.1-3.3 

3.1 Let node P be the last node assigned to PEi. 

3.2 If LAST(PEi) < j , add all nodes matured by P to CURRENT. 

3.3 If LAST(PEi) = j , add all nodes matured by P to NEXT. 

4. If CURRENT is empty, assign dummy node to all PEs in S. The weight of the 

dunrntiy node is equal to AT(PEj) - AT(PEi) where PEj is the processor with AT(PEj) 

strictly greater than AT(PEi). If no such PEj found, stop the algorithm, otherwise goto 

step 2. 

5. Assign a node with heaviest weight in CURRENT to a PE in S. Remove this PE from 

S. Remove the assigned node from CURRENT. If CURRENT is empty goto step 6. If 

S is empty goto step 2. Otherwise, repeat step 5. 

6. Move the nodes from NEXT to CURRENT, make NEXT empty and increment; by 1. 

Goto step 2. 

In this algorithm load balancing is achieved through (i) assigning the mature 

nodes to the PEs with smallest accumulated time first and (ii) assigning the heaviest node 

first. Two criteria for calculating the weight of the task are applied: One assigns the 

maximum execution time of the task on any processor as the weight and the other assigns 

the mean execution time of the task on all processors. Thus HNF is applied to generate 

the allocation matrix. 

5.2 Weighted Length Algorithm (WLA) 

The problem with the HNF algorithm is that it does not consider the weight of the 

nodes in the subtrees of the nodes. In other words, the number of nodes (or sub graphs) 

dependent on a node (control node) are not taken into account. In order to assign control 

node earlier, it must be assigned a priority number which is greater than that of other 

nodes. The weighted length algorithm assigns each node a number called weighted length 

24 



(WL), which gives high priority to the control nodes [25]. The WL of a node is calculated 

as follows: 

Weighted Length Calculation: 

1. The WL of exit nodes (leaf nodes) is the weight of the node. 

2. Repeat steps 2.1-2.3 for every node (P) whose WL(P) is unknown, but the weighted 

lengths of its children are already calculated: 

2.1 Find U(P), where U(P) is the maximum weighted length of the children of P. 

2.2 Calculate V(P), where V(P) is the summation of weighted lengths of the children 

of P. 

2.3 Set WL(P) = weight of P -H U ( P ) +(V(P) /U(P)) . 

The algorithm used in WLA is same as in HNF, except that the comparison of 

heavy nodes is based on the weighted length. The two criteria discussed in the previous 

section are applied to calculate the weight of individual nodes. 

Chapter IX discusses some GUI applications where these algorithms are applied 

and their performance is compared with MFT. 

25 



CHAPTER VI 

IMPLEMENTATION METHODOLOGY 

6.1. Software Modehng 

Incremental model of software engineering is applied for the design and 

development of the GUI. The implementation of the project is divided into different 

stages and certain tasks are applied at each stage [6]. These tasks involve analysis, 

design, coding and testing. The GUI is modified from the feedback of testing of the 

previous stage. Initially an outhne of the interface is designed, coded and tested. Later 

other components are added to the GUI. Whenever the user incorporates a new heuristic 

algorithm, the GUI makes changes in its architecture to include them. 

6.2 Methodology 

The methodology described in this research provides a user-friendly interface for 

the analysis of task graphs. The GUI satisfies all the requirements specified in Chapter n. 

The numerical analysis tool and the simulation analysis tool described in Chapter IV are 

integrated with the GUI. The analyzing tools analyze the task graph using the PN 

parameters. Both of the analyzing tools takes the task graph topology as input and returns 

the probability distribution of the completion time and the MTTC as output. Incremental 

modehng is used to develop the tool, as the expansion of the tool becomes easier if the 

tool is built and tested in stages. This methodology can be easily adopted: to 

accommodate additional solution tools that use the same topology, to include new 

heuristics to the tool and to execute any other UNIX command from the interface. This 

section discusses the design and expansion of the GUI. 

6.2.1 Design of the Tool 

As specified earlier the tool is designed for easy extension. TcL/Tk is used to 

create the user interface for the apphcation. Tel stands for 'Tool Command Language." 

Tcl/Tk is a tool kit, which is implemented as a library of C procedures and provides a 

programming system for developing and using graphical user interfaces. Detailed 
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n. 

m. 

IV. 

information about Tcl/Tk is available in [7,8,9]. Tcl/Tk is adopted for building the 

interface due to the following advantages: 

i- Tel provides a generic programming facilities that are useful for various 

applications and is easily embeddable. 

Tcl/Tk interpreter is a hbrary of C procedures and can be easily incorporated into 

applications. 

Rapid development of the application is possible. As they provide a higher level 

details than the programming languages like C, C-H- and JAVA, it is easy to 

understand and takes less time to build an application. 

As Tel is an interpreted language we can generate and execute new scripts 

without recompihng or restarting the application, which makes the incremental 

modeling easier to implement. 

Tel acts as a "glue language." It can include many different hbrary packages and 

it itself acts as a hbrary for other applications. Thus the software created can be 

reused in other applications. 

Tcl/Tk provides a mechanism to communicate with other windows and 

applications, which can be used for distributed computing. 

Tcl/Tk provides user convenience. Once Tcl/Tk is learnt the user can easily 

enhance the application by adding just a few lines in the script. 

Tcl/Tk is portable to different operating systems. 

V. 

VI 

Vll 

vni 

FUe Input Network Analysis Run/Op Heuristic Plot Help 

Canvas for 
drawing 

Figure 6.1. Sample GUI. 
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The GUI is designed to satisfy the requirements specified earlier in Chapter II, 

and the design is divided into 6 stages: 

i. Interface layout and attributes: 

A menu driven user interface is developed. A canvas is provided in which the user 

can draw the task graph and can save it to a file. The following options are provided to 

the user: to open the graph from the file instead of redrawing the same, to change the 

appearance of the graph by moving the nodes, to delete the nodes and edges of the graph. 

A scrollbar is provided to draw and view the graph if it is larger than the main window. 

The user can even change the size of the main window if needed. A sample GUI is 

provided in Figure 6.1. The top row in the Figure 6.1 shows various menus, which are 

appended, to the GUI in stages. The "File" menu will show the various options provided 

to the user for a task graph. 

ii. Input: 

Input is given as a task graph, which is either drawn on the canvas or loaded from 

a file. A pull down menu "Input" is provided from which the parameters required for the 

task graph are specified. The user can save the parameters in a file and can retrieve them 

later instead of entering it again. The parameters are: number of processors, execution 

times, communication costs between processors, task priorities, and the type of network. 

The user is requested to enter the weight of an edge (packet size) whenever a new edge is 

created. This information is stored in a file. The "Input" menu in Figure 6.1 will show the 

options to enter task graph parameters. The "Network" menu in Figure 6.1 will show 

various network types, 

iii. Apphcation of heuristics: 

A selected heuristic is applied to the given task graph to generate the allocation 

matrix, the matrix which defines the allocation of tasks to processors. The "Heuristic" 

menu in Figure 6.1 will show various heuristics incorporated in the tool. The user can 

choose one among them to generate the allocation matrix, or select an allocation matrix 

from a file, or specify a new heuristic. The generated allocation matrix is stored in a file 

for future reference. Chapter IV discusses the heuristics implemented earher and Chapter 
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V provides additional algorithms implemented as a part of this thesis. The extension of 

the GUI to accommodate new heuristics is discussed in the next section, 

iv. Using the Numerical Analysis tool: 

After taking the input, the GUI generates the task graph topology and saves it to a 

file. The numerical analysis tool takes the task graph topology from the file, generates PN 

parameters and uses the SPNP tool to generate the output (probability distribution of the 

completion times) and MTTC. The GUI saves this output in a file for plotting. The 

numerical analysis is selected from the "Analysis" menu, 

v. Using the Simulation analysis tool: 

Similar to the numerical analysis tool the simulation analysis tool takes the task 

graph topology from a file. Simulation analysis can be performed on the tasks whose 

execution times are different from the exponential distribution. The user is prompted to 

choose the type of distribution of execution times. The simulation analysis tool generates 

the output (probability distribution of completion times) from which MTTC is calculated 

and the results are saved in a file for plotting. Simulation analysis is selected from the 

"Analysis" menu. There is a cascaded menu for the distribution inside the simulation 

option, 

vi. Output: 

The output is saved in a file from which it is plotted using the GNUplot. A "Plot" 

menu is provided for the user, from which a selection is made to save the file or to plot 

multiple files. The pause time/display time for the plot is taken as input from the user. A 

script file (gnuplot file) for the corresponding output file is generated whenever the 

analyzing tool generates the output or whenever the user wants to plot multiple files. The 

menu also provides an option to the user to plot the most recent file again. 

6.2.2 Expansion 

The GUI is designed to extend for new heuristics and other solution tools easily. 

The user can choose a new heuristic by adding it to the heuristic list and activating it. 

This heuristic will permanently remain on the list. The heuristic will be available even 

after the user closes the application and starts it again. The heuristic specified by the user 
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is stored in file along with the executable file. Whenever the tool starts it will check the 

file to find whether there is any user specified heuristic, if so it includes that in the list. 

An option is provided to add the heuristics in "Heuristics" menu. 

Similarly, any new tool is added to the system by choosing the "Any other 

tool/command" in the "Analysis" menu and specifying the tool. The tool is executed 

when the "Run/Op" command in "Run" menu is invoked. The user can execute a UNIX 

command by specifying it in the entry. The user is provided with an option to see the 

output of the command if it is a UNIX command. Chapter IX provides some applications 

of the GUI and its expansion for a new heuristic. It also describes the use of the GUI to 

execute a UNIX command. 

30 



-""" 

CHAPTER v n 

SOFTWARE IMPLEMENTATION 

The Tcl/Tk tool kit is used for developing the GUI due to the advantages 

presented in Chapter VI. The interface is menu driven for selection of the options and 

event driven for drawing the task graph. 

7.1 Implementation of the User Interface 

The application has only one main screen as shown in Figure 7.1 through which 

the user interacts. The main screen includes a canvas, a menu bar and scroll bars. The 

user can draw the task graph on the canvas using the keyboard and mouse. Using the 

mouse buttons the user can draw a node (by double chcking the left most button), move a 

node (by clicking the right most button, placing the cursor over the node and dragging it 

with button pressed). Using the keys 's' (by placing the cursor over the start node of the 

edge) & 'e' (by placing the cursor over the end node of the edge) the user can draw an 

edge between nodes. Using key 'd' (by placing the cursor over the edge) the user can 

delete an edge and using the key 'x' (by placing the cursor over the node) the user can 

delete a node and corresponding edges. The graph is stored as a file of nodes and their 

dependencies. The user can use "File" menu for creating new graph, open a graph from a 

file, save the graph to the same file if opened from the file, save the graph to a different 

file without changing the old file and exiting from the interface. 

The canvas is initialized with a start node, which is connected with all the starting 

tasks with an edge of weight 0. The weight of the edge is the number of packets that is 

transferred from one task to other connected by this edge. The weight of the edge is 

displayed on the edge unless it is 0. The main screen contains menus through which the 

user can interact with the GUI. The other windows that pop up in the interface are the 

grid screens for entering the parameters, window for entering the file name, the input 

dialog boxes and the error dialog boxes. The results are displayed on a separate screen, 

which pop up when the analysis is carried or when plotter is invoked from the menu. 
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Figure 7.1. Main Screen of the GUI. 

7.2 Menus and their Options 

The various menus, options and their functions are listed below: 

1. File Menu: 

Options: 

1. New: To create a new canvas for drawing task graph. 

2. Open: To open a task graph file of type (.gra). 

3. Save: To save the task graph to a file (If a task graph is opened from a file 

then saves to the same file). 

4. Save As: To save the task graph to a different file. 

5. Exit: To exit from the interface. 

2. Input Menu: 

Options: 

1. Open paramfile: To open the parameters from a file of type (.par). 

2. Processors: To input the number of processors. 

3. Task priorities: To input the task priorities in a pop-up grid. The pop-up grid 

has buttons to clear the priorities (CLEAR) and to accept the priorities (OK). 
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4. Task Execution times-1: To enter the execution time matrix 1 in a pop-up 

grid. The pop-up grid has buttons to clear and accept the input. 

5. Task Execution times-2: To enter the execution time matrix 2 in a pop-up 

grid. Used only for the simulation analysis for normal and uniform 

distributions. If nothing is specified, then the execution matrix 1 is copied to 

execution time matrix 2. This grid has buttons to clear and accept the input. 

6. Communication cost: To enter the communication matrix in a pop-up grid. 

The pop-up grid has buttons to clear and accept the input. 

7. Save parameters: To save the parameters to a file (.par). If a file is opened 

then the parameters are saved to the opened file. 

8. Save As parameters: To save the parameters to a different file. 

9. Clear parameters: To clear all the parameters. 

3. Network Menu: 

Options: Check buttons (only one is selected) 

1. High performance network: To indicate that the network is high performance 

network. 

2. Low performance network: To indicate that the network is low performance 

network. 

4. Tools Menu: 

Options: 

1. Numerical analysis: To perform numerical analysis. 

2. Simulation analysis: This is a cascaded menu which contains the following 

options: 

1. Simulation analysis: To perform simulation analysis. 

2. Distribution: This again is a cascaded menu which contains the following 

options: 

1. Exponential: To specify that the execution time distribution is 

exponential. 

2. Uniform: To specify that the execution time distribution is uniform. 

3. Normal: To specify that the execution time distribution is normal. 
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3. Any other tool/ conmiand: To specify any other solution tool or to specify the 

UNIX command for execution. 

4. Run Menu: 

Options: 

1. Run/op: To invoke the solution tools or execute a UNIX command. 

2. MTTC: To show the mean time to complete an apphcation represented by the 

task graph for the most recent analysis. 

5. Heuristics Menu: 

Options: 

1. Add a heuristic: To add a new heuristics to the heuristics hst. This will pop up 

a window where the heuristic name and the executable file are specified. 

2. Alloc file: To take the allocation matrix from a file. This will also pop up a 

window where the filename is specified. 

3. MFT: To use minimum finish time heuristic. 

4. LTF: To use largest task first heuristic. 

5. SEETF: To use the shortest estimated execution time first heuristic. 

6. Plot Menu 

Options: 

1. Save output: To save the results to a file. 

2. Plot recent: To plot the recent output file. 

3. From file(s): To plot a graph from a file or set of files. 

4. Erase plot memory: To erase the plot memory and start new set of plots. 

7. Help Menu: 

Options: 

1. About: About the GUI. 

2. Tool usage: Information about the usage of the tool. 

7.3 Software Organization 

The application is started on the SOLARIS system by typing "TGUI" at the 

conmiand prompt. The main screen shown in Figure 7.1 appears. The main screen has a 
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canvas where the user can draw a graph, or open the graph form the "File" menu and 

make changes to it by adding a node, or deleting a node, or adding an edge, or deleting an 

edge. If the size of the graph is large, the user can use the scrollbars to scroll the canvas 

in all directions (right, left, top and bottom). The graph has an auxiliary start node. The 

GUI appends an auxiliary end node while generating the task graph topology, which is 

not visible on the canvas. These auxiliary nodes are required in order to capture the initial 

and terminal conditions (source and sink) in the SPN model. The user should select the 

task graph parameters from the "Input" menu, select the analysis form "Tools" menu and 

the heuristics to be applied from the "Heuristics" menu. The user can add a new heuristic 

by selecting "Add a heuristic" option from the "Heuristics" menu. The user can use other 

solution tools by selecting "Any other tool/command" from the 'Tools" menu. When the 

user selects run from the "Run" menu, the GUI saves all the information, generates the 

task graph topology, invokes the corresponding solution tools and plots the results 

obtained. If the user misses any of these inputs the GUI will report an error to the user. 

The plot is visible for 15 seconds and if the user wants to view it again then he should 

select "Plot recent" from the "Plot" menu. The graph shows the probability distribution of 

the completion times and the MTTC. The MTTC can also be viewed by selecting "mttc" 

from the "Run" menu. The user can also use the keys to select the options in the menu by 

pressing the underlined character of the corresponding option when the cursor is over the 

menu. The application can be exited by selecting "Exit" menu item from the "File" menu. 

7.4 Control Flow Chart of Functions 

Whenever an event occurs by clicking a mouse button or by pressing a key, a 

corresponding function is executed for that event. Similarly, whenever an option is 

selected from the menu, a function is executed. The control flow chart of some of the 

functions involved is shown below. Each chart represents the action, which invoked the 

function and the other functions, which are executed if any. 

The graph is initialized using the function "graphlnit" called when the apphcation 

is started. It creates a start node and places it on the canvas at an appropriate position, 

which can be altered later. 
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Figure 7.2 represents the control flow chart of a function involved in draw ing a 

node of a task graph. 

Action: 
Double Chck of button-1 of 
the mouse on the canvas 
Function called: 
mkNode x y window 

Function: mkNode 
Creates a node with a tag. 
Tag is a unique identifier for 
the node and is used for 
defining the dependencies. 

Figure 7.2. Draw a node. 

Figure 7.3 represents the control flow chart of the functions involved in deleting a 

node of a task graph. 

Action: 
Key pressed 'x' on the canvas 
Functions called: 
If (node) DeleteNode tag 
Else Dialog (error) 

^ 
w 

Function: DeleteNode T 
Delete node with tag T and 
find the tags of edges of the 
node and delete them. 
Function called: 
DeleteEdge Tag 

Function: Dialog 
Display Error 

Function: DeleteEdge T 
DeleteEdge with tag T 

Figure 7.3. Delete a node. 
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Figure 7.4 represents the control flow chart of the functions involved in adding an 

edge between two nodes of a task graph. 

Action: 
Key pressed 's' on the start node 
and 'e' on the end node of the 
edge. 
Function called: 
mkEdge tags 

^ 
w 

Function: mkEdge nodetags 
Create edge between nodes 
with a tag. 
Function called: 
If (duphcate) Dialog (error) 

Function: Dialog 
Display Error 

Figure 7.4. Add an edge. 

Figure 7.5 represents the control flow chart of the functions involved in deleting 

an edge between two nodes of a task graph. 

Action: 
Key pressed 'd' on the canvas 
Functions called: 
If (edge) DeleteEdge tag 
Else Dialog (error) 

Function: Dialog 
Display Error 

Function: DeleteEdge T 
Delete edge with tag T and 
remove the edge from the edge 
list of the nodes. 

Figure 7.5. Delete an edge. 
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Figure 7.6 represents the control flow chart of the functions involved in moving a 

node of a task graph. 

Action: 
Click Button-3 and mouse in 
motion with Button-3 pressed. 

Functions called: 
If (node) moveNode tags x y 
Else Dialog (error) 

Function: Dialog 
Display Error 

^ 
w 

Function: moveNode 
Move the node to the 
distance the mouse moved 
and in the direction of 
mouse. 

Figure 7.6. Move a node. 

Figure 7.7 represents the control flow chart of the functions involved in the file 

operations. 

Action: 
Selecting Open, New, Save, 
SaveAs, Open paramfile. Save 
parameters, SaveAs parameters 
Functions called: 
Fileop "option" "graph/param" 

Function: FileOp 
Take file name as input. Check for 
option and whether graph/param and 
call that functions with filenames 
Functions called: 
Openfile, Savefile (for graph) 
Openparam, Saveparam ( for param) 

Function: Dialog 
Display Error 

Figure 7.7. File Operations. 
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Figure 7.8 represents the control flow chart of the functions involved in adding 

new heuristics. 

Action: 
Selecting "Add a heuristic" 
from the "Heuristics" menu 
Functions called: 
addheuristic 

Function: addheuristic 
Takes the heuristic name 
and the executable file as the 
input and saves it in file. 
Adds a checkbutton in the 
menu. 
Function called: 
MenuCheck "heuristics".... 

Function: Dialog 
Display Error 

Figure 7.8. Add a new heuristic. 

Figure 7.9 represents the control flow chart of the functions involved in invoking 

and executing the numerical and simulation software. 

Action: 
Selecting "Run/Op" from the 
"Run" menu 
Functions called: 
runcommand 

Function: Dialog 
Display Error 

/ 

Function: runcommand 
Checks if all the inputs are given, else call 
dialog (error). 
Run numerical and simulation softwares 
and call plotter 
Functions called: 
createparam ( for creating topology) 
getalloc( for allocation file) 
plotter (for plotting) 
runothercommand( for running other tools 
or UNIX command) 
getmttc (to get mttc) 

Figure 7.9. Run the software tools. 
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Figure 7.10 represents the control flow chart of the functions involved in plotting 

the results. 

Action: 
Selecting "Plot recent" from 
the "Plot" menu. 
Functions called: 
plotter 

Function: plotter 
Save the filename in a 
global array and call the 
function to generate the 
gnuplot file. 
Function called: 
Plotall 

Figure 7.10. Plot the results. 

Many other menu options when selected execute their respective functions. Some 

check buttons just check the variable and does not call any function. These variables are 

used in the "runcommand" function. The "Exit" selection will exit from the interface by 

calling the command "exit." 

7.5 Expansion of the Tool 

The GUI is designed for user customization. The user can add a new heuristic to 

the interface at a later time. The user should select "Add a heuristic" command from the 

"Heuristics" menu. This will pop up a window where the user is requested to enter the 

heuristic name and the executable file. This information is stored in a file "heufile" from 

which the application takes the executable file. A check button is introduced for this 

heuristic and the user can select this button for generating the allocation matrix. The new 

heuristic included will be permanent as it is stored in a file, and every time when the GUI 

is started it installs all the heuristics from the file. In Chapter IX, an example to extend 

the GUI for a new heuristic, is shown using a sequence of figures. 

The GUI can also be used to invoke a new solution tool. The user needs to check 

"Any otiier tool/command" button from the 'Tools' menu. Whenever the "Run/Op'" 

command is selected from the "Run" menu, a window appears where the user is 

requested to enter the executable file name of the tool/command. The GUI executes tiie 
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new tool/command when the user clicks "OK". The user is provided with an option to see 

the output if it is a UNIX command. This provides command execution without going 

offline. 

7.6 Output 

GNUPLOT is used to plot the results obtained from the numerical and simulation 

tools. The gnuplot file (named plotf) is generated whenever the user executes a solution 

tool or selects "Plot recent" or "From file(s)" option from the "Plot" menu. This file is 

then executed to generate the plot. For different analysis, multiple plots are displayed to 

compare the performance due to the change in the algorithms, inputs, analysis and 

network. The plot also displays MTTC. If the user selects "From file(s)" tiien a pop up 

window appears and requests the user to enter the number of files, their file names and 

the display time of the plot. In gnuplot if we plot different files then the plots are 

displayed in different colors to ease the comparison. The user is provided with an option 

to erase the plot memory ("Erase Plot memory") for starting new plotting set. For future 

use, results can be stored in a file using the "save output" option in the "Plot" menu. 

7.7 Implementation Issues 

Some functions are implemented in the C language and are called from the Tcl/Tk 

script. These functions are coded in C, as they involve complex data structures that are 

easier to manage in C rather than with Tcl/Tk. The canvas is provided with a scroll region 

of 10000 X 10000 pixels to accommodate an average of more than 5000 tasks. A scroll 

bar is provided to draw and view large task graphs. But as the SOLARIS system on 

which this implementation is carried supports only 850 tasks and 65 processors (due to 

the memory constraints for saving the arrays {matrices}) all the numerical software, 

simulation software and the algorithms are restricted to use (850,65) as their maximum. If 

there is enough memory then the software should be recompiled for a new maximum 

number of tasks and processors. For the input grids (execution matrix, communication 

matrix, task priorities) a scrollbar is provided for the user to scroll through the entries. 

The user is also restricted to use certain formats for the file names: the graph file should 
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be of format {xxxx.gra} and the parameter file should be of format {xxxx.par}. The 

format has been fixed in order to inform the user if the input file for the graph does not 

contain the graph information and the file for parameters does not have the parameter 

information. The plot generated by invoking an analysis lasts for 15 seconds and the user 

is provided an option to plot this file again. All plots are cascaded with previous plots. An 

option is provided for the user to erase this plot memory and start a new plot set. If the 

user wants the plot to be displayed for a longer time then the user has to save the file and 

select "from file(s)" where the user can specify the display time. The software is designed 

for user customization and the user can add new menus just by adding a line in the source 

file. With little Tcl/Tk knowledge, the user can enhance this GUI to include more 

personal features. 
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CHAPTER Vm 

SOFTWARE TESTING AND INPUT TESTING 

8.1 Software Testing 

The GUI tool is focussed on the functional requirements of the software. It 

attempts to find errors in the following categories: 

i. Interface errors, 

ii. Initialization and termination errors, 

iii. Incorrect or missing functions, 

iv. Errors in data structures, 

V. Performance errors. 

The black box testing approach is used to test the interface. All the individual 

modules are integrated after testing and the GUI is tested after all modules were 

integrated. Thus testing is apphed during the stages of the development. Since the 

specified function of the individual modules and the apphcation are known, the modules 

are tested to demonstrate that each function is fully operational and at the same time 

errors are tested. 

8.2 User Input Testing 

The GUI detects several errors in the input and gives a feedback to the user 

informing that certain error has occurred by displaying the error in a pop-up window. The 

following are some of the errors detected. In the GUI, all the windows which pop up 

disables the main interface. The user should respond to the window first. Only after the 

window is closed the control shifts to the main interface. 

8.2.1 Error in file operations: 

i. No file entered: 

If the user presses return instead of entering the file name, an error 

message is displayed as shown in the Figure 8.1. 
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Error Messaqe 
^ ' • - ^ « ^ .?;\«Mt^ "fell 1 ' • < * * • ! f'^5V>:-,~.,>!-f-»,«i,:. -•• , v r . \ f t « i - . ^ V 

:cNo>file!namet̂ ^ entered 

Figure 8.1. Error message if file name not entered, 

ii. Non existent file : 

If user inputs a file, which is not found in the current directory, an error 

message is displayed as shown in the Figure 8.2. 

Error Messa«KE 

No such file 
^ ^ f.i OK 

Figure 8.2. Error message if file is not existent. 

111. Incorrect graph type: 

If user inputs a graph file, which is not of type ".gra", an error message is 

displayed as shown in the Figure 8.3. 

Enor Me^gj 

_, j%:riQt^bf grapiUype 
l*gra); n̂ 'Â ^ < t S*''^ 

^ îgM-i-M-̂ -M 

Figure 8.3. Error message if file is not of graph type. 

iv. Incorrect parameter type: 

If user inputs a parameter file, which is not of type ".par", an error 

message is displayed as shown in the Figure 8.4. 

Error Messaqesi 
^ ^ - ^ 

Fileisiriota fj^rameter 

Figure 8.4. Error message if file is not of parameter type. 
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8.2.2 Error in Task graph and its parameters: 

i. Adding Duplicate edge: 

If the user tries to add an edge between two nodes, which have an edge, an 

error message is displayed as shown in the Figure 8.5. 

11. 

Error Message >• r 

C^plicaMEdg^ 

Figure 8.5. Error message if duphcate edge is added. 

Deleting an edge by placing the cursor over node or somewhere on canvas 

If the user tries to delete an edge by pressing 'd' and if the cursor is not 

over an edge, an error message is displayed as shown in the Figure 8.6. 

'M 
No edg#fb delete^ 
•elect ap edgê oV^ 

? ^ ^ ^ ^ 

Figure 8.6. Error message if trying to delete an edge with cursor not over an edge. 

111. Deleting a node by placing the cursor over edge or somewhere on canvas 

If the user tries to delete a node by pressing 'x' and if the cursor is not 

over a node, an error message is displayed as shown in the Figure 8.7. 

^ ^ ^ Error Message-
s« %^ No nodeto dele^e»Mp^-i 

IS elect a nodeltcpelfete 
iaiso.^yB^£tKato!n 

V * 

5 * « t i ; l l « • - " " • -

aej^yfgi^^p 
•••:.;--?n:; O K 

Figure 8.7. Error message if trying to delete a node with cursor not over a node. 
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iv. Deleting Start node: 

If the user tries to delete the start node by pressing 'x', when cursor is over 

the start node, an error message is displayed as shown in the Figure 8.8. 

V. 

^ ^ ^ I ' o r Message^«i '-

earftldlelSiif^tart 

OK 

Figure 8.8. Error message if start node is deleted. 

Open parameter file without saving a graph 

If the user tries to open a parameter file without saving the graph, an error 

message is displayed as shown in the Figure 8.9. 

irJi-t/i 

No grai3H^pened: I f l 
new gjapni|; ^ ̂ ^ 
sam itthenSlliparani 

E^ 

&v i^?%i?^fei<*^" • ̂ ^ i ^ p ^ ^ i ^ 

Figure 8.9. Error message while opening parameter file without saving task graph. 

vi. Selecting task priorities without drawing or opening task graph 

If the user tries to input the task priorities without tasks on canvas, an error 

message is displayed as shown in the Figure 8.10. 

Figure 8.10. Error message while selecting task priorities without tasks on canvas. 
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vii. Selecting the execution time matrix and communication matrix without 

tasks/processors: 

If the user tries to input the parameters without tasks on canvas 

and/or without processors, an error message is displayed as shown in the Figure 

8.11 and Figure 8.12. 

Error Message 

1̂ 0 Processors and 
iftsks defined : ^ ^ l ^ 

OK 

Figure 8.11. Error message while selecting execution matrix without tasks/processors. 

:fir Message f" r 

rpmcessorr 
OK J 

Figure 8.12. Error message while selecting communication matrix without processors. 

8.2.3 EiTor in other selections 

i. Selecting Run without network/analysis: 

If the user tries to run the analysis software without specifying the 

analysis/network options, an error message is displayed as shown in the Figure 

8.13. 

Error Message 
•»i2^.;^ t t i W i e Network©! 

^ajalysigh|ld|(bi4t^ 

Figure 8.13. Error message while executing solution tools without all selections. 
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11. Selecting Run without task graph/parameters: 

If the user tries to run the analysis software without tasks/parameters, an 

error message is displayed as shown in the Figure 8.14. 

«pa^meteES|^^?^^^M#i 

Figure 8.14. Error message while executing solution tools without tasks/parameters. 

iii. Selecting Run without heuristic selection: 

If the user tries to run the analysis software without selecting a heuristic, 

an error message is displayed as shown in the Figure 8.15. 

CheclQatiy^^ndm f̂ie 
Iheuristicsmenuil 

Figure 8.15. Error message while executing solution tools with no heuristic. 

iv. Selecting Run for simulation analysis without distribution: 

If the user tries to run the analysis software for simulation analysis without 

selecting a distribution, an error message is displayed as shown in the Figure 8.16. 

!? Error Message? 

For Sirnulatipn please 
^c h e ck thUdistrihution 

L OK 

Figure 8.16. Error message while executing simulation analysis with no distribution. 
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Plotting with no output file: 

If the user tries to plot the result by selecting "plot recent" or tries to save 

the result by selecting "save output", without an output file (no analysis carried 

till now), an error message is displayed as shown in the Figure 8.17. 

Error Message 
5p^i--^;^ putpirt file tdfplot 

• - > » : - • • * y . 

^f>^E?^^^Pl^::MP 

Figure 8.17. Error message while plotting without output file. 

49 



j g a 

CHAPTER IX 

GUI APPLICATIONS 

One application to illustrate the functionality of the GUI is the 13-node task graph 

shown in the Figure 9.1. The edge weights in the task graph indicate the data packets that 

are transmitted from one task to its successor. The task graph is analyzed both for high 

and low performance networks. 

Figure 9.1. A 13 node task graph. 

9.1 Usage of the GUI 

The GUI is started by the command "tgui". The screen shown in the Figure 7.1 

appears. The user can draw the above 13-node graph on the canvas or open it from a file. 

The auxiliary start node is drawn by the interface during initialization. The user need not 

draw the end node also. The GUI takes care of that while generating topology. At this 

stage the task graph is displayed as shown in Figure 9.2. The next step is to input the task 
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graph parameters. The user needs to select the options from the "Input" menu. A grid 

appears for the user in order to enter the parameters. Figure 9.3 represents the task 

priority grid after the user enters the input. The user needs to click "OK" after the 

parameters are entered. The user can change the values in the grid at any time and can 

clear all the values by chcking "CLEAR". Figure 9.4 and Figure 9.5 show the 

communication cost and execution time grids after the user enters the corresponding 

values. The user is provided with an option to clear all the parameters by selecting "clear 

parameters" from the "Input" menu. In the next step the user should select the analysis, 

heuristic and the network options. If the user did not select all the required selections 

before selecting "run," an error message appears and informs the user about the selections 

as discussed in Section 8.2. When the user selects "run," the GUI generates the task graph 

topology, invokes the coiresponding analysis software and plots the result. Selecting 

"plot recent" from the "Plot" menu also plots the results. The plots are cascaded with the 

previous analysis for comparison. The user is provided with an option to erase the plot 

memory and start new set of plotting. Figure 9.6 shows the plots obtained from the 

analysis using different network, heuristic and analysis. The X-axis represents the time 

and the Y-axis represents the probability distribution of the completion time. These plots 

compare numerical and simulation analysis of task graphs where the task execution times 

are exponentially distributed. The expansion of the GUI is discussed in the next two 

sections. 
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Figure 9.2. GUI after 13-node graph is drawn. 

# . . . .̂ .J?^ '̂" ̂ *̂^ LO^EMGMr:::.̂ ^ ^^^>.>^u.^U»2. 

1^ ^12 7 !6 

Figure 9.3. Priority matrix grid after values are entered. 
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# ;P Communication matrix 
ii|^-i^S2J>sSiteigSthe Commuoication.^Matrix ' ^§-*^'l^i*J-"-
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\"^"^*,,5'^< 

Figure 9.4. Communication matrix grid after values are entered. 

rExecution time tnatrix-1 
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Figure 9.5. Execution matrix 1 grid after values are entered. 
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Figure 9.6. Output of the GUI for the 13-node task graph after different analysis. 
heuristics. 

9.2 Adding New Heuristics 

The GUI developed provides an option to the user to add new heuristics 

implemented at a later time. The user can customize the GUI for his/her algorithms. The 

heuristic added to the GUI remains permanent. If the GUI is started again this heuristic 

appears in the "Heuristics" menu. The added heuristic is stored in a file from which the 

new heuristics are installed during startup. This section discusses the various steps 

involved in adding a heuristic. Figure 9.7 shows the interface with the heuristic list before 

adding a new heuristic. 
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Task Graph Analyser: 1 Snode.gra 
i l e Input Network Tools ^Run Heuristics! Plot %>̂ f#'- ''^Sr; 

Add a Heuristic^ 

IBp 
Help 

AJ 

Figure 9.7. GUI with the heuristic list before adding a new heuristic. 

When the user selects "Add a Heuristic" a pop-up window appears where the user 

is requested to enter the heuristic name and the executable file for the heuristics. Figure 

9.8 shows the pop-up window. 

^snm 
Enter th&>sh©tt£istJf̂ -diBeî |HNF 

;i2:^i-..- ;?::;-.d:::asSi!£*iM; 
OK 

Figure 9.8. Window for inputting new heuristic. 

Figure 9.9 shows die heuristic hst and the GUI after the user clicks "OK" in the 

pop-up window of Figure 9.8. The new heuristic is placed at the end of the heuristic list 

as shown in the figure. This heuristic remains permanent in the list, as it is stored in a file. 
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Figure 9.9. GUI with the heuristic hst after adding a new heuristic. 

9.3 Using Different Solution Tool or 
Executing a Command 

The GUI can be used to invoke a new solution tool, which takes the same input 

file as its input. Later the results generated can be plotted using "from file(s)" option of 

"Plot" menu. Figure 9.10 shows the option to select a new solution tool. This option can 

also be used to execute a UNIX command. The GUI requests the user to enter the tool 

name/command name when the user selects "Run/Op" from the "Run" menu. Figure 9.11 

shows the window, which pops up when user selects "Run/Op". When the user enters the 

command and clicks "OK", the command is executed and a choice is given for the user to 

view the output of the command. 
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Figure 9.10. Selection of a new solution tool/command to be executed. 
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Figure 9.11. Entering the Tool name/command name. 

9.4 Results and Validation 

The GUI software developed as a part of this thesis was extensively tested for 

possible errors and for functionality. The colors used for various screens and components 

are in compliance with the SUN systems GUI standards. The GUI provides menus and 

keyboard traversals for drawing and entering the parameters. The windows can be 

expanded or minimized depending on the space available in the screen. The GUI also 

provides a help menu for the user, which gives the information about the tool usage. Thus 

the GUI has all the important features of any interface software. 

The analysis of the 13-node task graph was carried out using different allocation 

heuristics. The analysis was performed by numerical and simulation methods, both for 
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high and low performance networks. Table 9.1 and Table 9.2 shows the MTTC for low 

and high performance networks, respectively. The comparison of the results from Tables 

9.1 and 9.2 showed that MTTC from the numerical and simulation analysis is in close 

agreement. 

Table 9.1. MTTC for 13-node task graph over a low performance network. 

Heuristic allocation 

scheme 

MFT 

HNF 

WLA 

Numerical Analysis 

MTTC (Standard units) 

16.449 

14.259 

14.259 

Simulation analysis 

MTTC (Standard units) 

16.299 

14.409 

14.319 

Table 9.2. MTTC for 13-node task graph over a high performance network. 

Heuristic allocation 

scheme 

MFT 

HNF 

Numerical Analysis 

MTTC (Standard units) 

12.811 

11.715 

WLA 11.715 

Simulation analysis 

MTTC (Standard units) 

11.815 

11.015 

11.053 

The probability distribution of the completion time for the 13-node task graph 

over a high performance network and a low performance network are shown in Figure 

9.12 and Figure 9.13, respectively. The input parameters for these analyses are shown in 

the Figures 9.3-9.5. These plots also indicate that the probabihties obtained from both the 

analyses are almost equal. These comparisons validate the results generated by GUI as 

they are in accordance with the SPNP and the simulation approach. The plots and tables 

show that the system performance is improved by applying WLA and HNF heuristics. 
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Figure 9.12. Probabihty distribution of completion times for the 13-node task 
graph over a high performance network. 
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Figure 9.13. Probability distribution of completion times for the 13-node task graph over a 
low performance network. 

The GUI is also applied to analyze a parallel gauss elimination algorithm for an 

8X8 matrix. The task graph representing the gaussian algorithm contains 54 tasks, which 

are highly interconnected. Figures 9.14, 9.15, 9.16 show the plots obtained from the 

simulation analysis of this task graph using different heuristics on 3,5 and 7 processors 

respectively. These plots also show the performance improvement for WLA and HNF 

algorithms. Since, all tasks are highly interconnected, communication costs affects the 

performance very much. Therefore, communication costs are neglected in this analysis. 

Figure 9.17 shows the changes in MTTC as processing units are added to the system. The 
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minimum number of processing units is 1 and corresponds to the case of a full 

serialization of the task graph. From Figure 9.17, it can be inferred that the MTTC 

decreases for an increase in the number of processing units, but remains stable after 

certain number of units, Nmax- Here Nmax denotes the number of tasks that can be 

executed in parallel at any time instance. 
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Figure 9.14. Probabihty distribution of completion times for parallel gauss 
elimination algorithm when number of processors = 3. 
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Number of processors = 5 
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Figure 9.15. Probability distribution of completion times for parallel gauss 
elimination algorithm when number of processors = 5. 

62 



-lanwntmwHMittL-- '̂  ^ WrTMfBfMfMPiBaPBW 

Number of processors=7 

0.8' 

^ 0 . 6 -

II 
V 
X 
ST 0.4 

0 2 -

0 
0 500 

f. I 
/ / 

/ / 

// 

v\̂ aTTttc:1431.00 

hrtrrttc: 1463.56 

rrftrrttc: 1604.41 

1000 1500 2000 

Time(micro sees) 

2500 3000 3500 

Figure 9.16. Probabihty distribution of completion times for parallel gauss 
elimination algorithm when number of processors = 7. 
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Figure 9.17. Execution times for the gauss ehmination algorithm for different 
number of processors. 
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CHAPTER X 

CONCLUSIONS AND FUTURE WORK 

A Graphical user-friendly interface that integrates the numerical and simulation 

analysis tools was presented. The GUI designed and developed provides a choice for the 

analysis of task graphs. Some heuristic algorithms implemented earlier are incorporated 

in the GUI. Two heuristic algorithms HNF and WLA are implemented and are added to 

the GUI later. The WLA and HNF allocation schemes give a shorter execution time when 

compared to the MFT allocation scheme implemented earlier. The GUI is verified for 

functional requirements. It detects various errors in the user input, and displays feedback 

messages for the user to correct them. The GUI is validated with the results obtained 

from the numerical and simulation analysis. It is easily extendable for new solution tools 

and easily incorporates new heuristic algorithms. This makes the GUI user customizable. 

The user can tailor this GUI to integrate his/her heuristic algorithms, solution tools and 

compare the results with others. The GUI also provides a mechanism to execute a shell 

command/UNIX command. Instead of going offline to execute the command the user can 

execute the command from the GUI and can see the output (if any). The GNUPLOT tool 

is integrated with the GUI to plot results. This feature makes the GUI more interactive 

and easier for the user to evaluate the performance improvement due to changes in the 

number of processors, allocation heuristic, and solution tools. Changes to parameters can 

be easily made and their affect on the performance can be readily checked. Thus, the GUI 

is developed in a way that the user can customize it for his/her applications. The GUI is 

developed on a UNIX platform (Sun Solaris 2.6) using the Tcl/Tk tool kit and its 

interface for C. The GUI is coded for expansion. With httle knowledge of Tcl/Tk, the 

user can add new menus and commands to the interface using the functions coded as a 

part of GUI. This allows the user to add new features to the GUI such as personalized 

menus. The GUI greatiy reduces the time of evaluation of a task graph, which has to rely 

on the batch file operations. 
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The task priority weights are specified before the task execution leading to a static 

analysis of a task graph system. One area of research would be to find the task priority 

weights based on the information of the system states making the analysis more dynamic. 

Similarly the heuristic algorithms that are used to generate the allocation matrix are static 

and they do not take into consideration the system load at an instance of time. The GLT 

can be extended to include some dynamic allocation schemes taking into account the 

system load, which includes processes running on the system, task queue, etc. The GUI 

can also be extended to incorporate additional parameters that provide more insight on 

the study of task graphs. Algorithms can be developed to iconize the task graph into 

regions and expand them when needed. This will help in viewing the task graph with a 

large number of tasks. With a little knowledge of Tcl/Tk and with the use of functions 

defined earlier the GUI can be easily extended for additional user defined features. 
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APPENDIX A 

GUI USAGE 

A.l Drawing a task graph 

The task graph is drawn on the canvas or opened from a file. This section 

discusses the overview of commands needed to draw a task graph on the canvas. The 

opening of a task graph and various menu options are discussed in the next section. A 

start node is drawn by the GUI during initialization, which is required for a SPN model. 

The user can use scrollbars for viewing and drawing large task graphs. Table A.l shows 

the commands and their functions for drawing. The user should save the graph before 

entering the parameters else error message is displayed. The graph should be saved in 

".gra" format only. 

Table A.l. Conmiands for drawing task graph and their functions. 

Command 

Double Click left most mouse button 
(Button -1). 

Click right most mouse button. 

placing the cursor on the node and 

move the mouse with the button 

pressed (Button - 3). 

Press key 's' at node Ti (cursor over 

TI) and press key 'e' at node T2 

(cursor over T2). 

Press key 'd', placing cursor over an 

edge 

Press key 'x', placing the cursor over 

a node. 

Function 

To draw a node. The node name is 

generated automatically. 

To move the node pointed by the 

cursor. 

Draw an edge from Ti to T2. If Ti 

is not a start node then the GUI 

requests the user to enter the edge 

weight (packet size). 

Delete the edge pointed by cursor 

Delete the node pointed by the 

cursor 
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A.2 Selecting options from the menu 

Table A.2 shows the various menus, their options and functions. 

Table A.2. Menus, options and their functions. 

Menu 

File 

Input 

Network 

Tools 

Run 

Heuristics 

Plot 

Help 

Options & Functions 

For creating new canvas, opening and saving graph files and 

exit from the GUI. 

For Opening task graph parameters from the file. Entering the 

parameters in grids, saving the parameters to a file and 

clearing the parameters. 

For selecting the type of network (high performance/Low 

performance). 

For selecting the analysis, for simulation a cascaded menu is 

provided to select the distribution. 

For invoking the analysis or to execute a command and to 

display the MTTC. 

For selecting the heuristic or adding the heuristic to the GUI 

For plotting the recent output, saving the output or plotting 

from file(s). The plot appears for 15 seconds. If the user wants 

the plot to be visible for more time then the user have to save 

the output to the file and open it by clicking "from file(s)". 

For information about the tool, its usage. 

A.3 Hints to the User 

1. The format of the file name to save the information of the graph should be "xxx.gra", 

and the format of the file name to save the parameters should be "xxx.par". 

2. Save the graph file and the parameter file before selecting "Run" else the GUI saves 

the graph and parameters to the files that are opened currentiy. If no files are opened 

then the user is requested to enter the file names. 
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3. Execution matrix - 2 is needed only for normal and uniform distribution in simulation 

analysis. By default this matrix takes the values of execution matrix-1. For uniform 

and normal distribution these values can be changed. For numerical analysis the user 

need not worry about this matrix. 

4. Whenever an error occurs, it should be corrected as hinted by the feedback message. 

5. Use the scrollbars for viewing and drawing large task graphs. 

6. Always save the output file to a meaning file name, so that it is easy to trace later. 
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APPENDDC B 

TASK GRAPH TOPOLOGY FOR THE 

13-NODE APPLICATION 

The topology of a task graph generated for the simulation analysis contains the 

following parameters: number of tasks, number of processors, out-degree of the tasks, in-

degree of the tasks, task priorities, intasks from task graph (tasks dependent on previous 

tasks), outtasks from the task graph (tasks which depend on this task), distribution, 

execution time matrix-1, execution time matrix-2, communication costs, packet matrix 

(number of packets transferred) and the allocation matrix. The topology for numerical 

analysis does not contain intasks and the order is a littie different. The topology for the 

13-node task graph application discussed in Chapter IX is given below with parameters in 

the order indicated above: 

13 
6 
3 1 1 2 2 1 3 1 1 1 1 1 1 1 1 
1 1 1 1 2 1 1 1 2 1 1 1232 
13 121189 1 0 7 6 5 4 3 1 2 
0 
0 
0 
12 
3 
3 
4 
45 
6 
6 
6 
78 
9 10 11 
12 13 
23 1 
4 
4 
56 
78 
8 
9 10 11 
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12 
12 
13 
13 
13 
14 
14 
e 
0.9 2.0 
0.3 4.0 
0.5 1.0 
0.5 2.0 
0.5 2.0 
0.5 3.0 
0.9 2.0 
0.3 4.0 
0.5 1.0 
0.5 2.0 
0.5 2.0 
0.5 3.0 
0.0 0.1 
0.10.0 
0.10.4 
0.2 0.3 
0.2 0.2 
0.10.1 
0005 
0004 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
1000 
0100 
0010 
0000 
0001 

0.3 1.0 
0.3 1.0 
0.5 1.0 
0.2 2.0 
0.3 1.0 
0.3 1.0 
0.3 1.0 
0.3 1.0 
0.5 1.0 
0.2 2.0 
0.3 1.0 
0.3 1.0 
0.10.2 
0.4 0.3 
0.0 0.2 
0.2 0.0 
0.3 0.3 
0.3 0.2 
0000 
0000 
6700 
0044 
0007 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0100 
0001 
0000 
0000 
0000 
1010 

0.3 4.0 2.0 
0.3 5.0 2.0 
0.3 5.0 2.0 
0.3 5.0 2.0 
0.6 5.0 3.0 
0.3 7.0 1.0 
0.3 4.0 2.0 
0.3 5.0 2.0 
0.3 5.0 2.0 
0.3 5.0 2.0 
0.6 5.0 3.0 
0.3 7.0 1.0 
0.2 0.1 
0.2 0.1 
0.3 0.3 
0.3 0.2 
0.0 0.1 
0.10.0 
00000 
00000 
00000 
00000 
00000 
66600 
00030 
00060 
00005 
00009 
00003 
00000 
00000 
00000 
00101 
00010 
10000 
01000 
00000 

1.0 3.0 
1.0 3.0 
1.0 4.0 
2.0 2.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
1.0 4.0 
2.0 2.0 
1.0 3.0 
1.0 3.0 

2.0 0.5 
4.0 0.3 
2.0 0.3 
2.0 0.3 
2.0 0.3 
2.0 0.3 
2.0 0.5 
4.0 0.3 
2.0 0.3 
2.0 0.3 
2.0 0.3 
2.0 0.3 

0.2 0.1 
0.5 0.1 
0.2 0.3 
0.2 0.1 
0.2 0.1 
0.2 0.1 
0.2 0.1 
0.5 0.1 
0.2 0.3 
0.2 0.1 
0.2 0.1 
0.2 0.1 
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