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1. Introduction

This program is the implementation of an algorithm for solving the problem of minimizing average response/flow time of a collection of dynamically released equi-work processes subject to the constraint that a fixed amount of energy is available. The algorithm is described in the paper titled "Getting the Best Response for Your Erg" by Kirk Pruhs, Patchrawat Uthaisombut, and Gerhard Woeginger [1]. The authors assume that the processor has the ability to dynamically scale the speed at which it runs. Then the combinatorial structure of the optimal schedule is explained, and a relatively simple polynomial time algorithm is used to simultaneously compute, for each possible energy level, the schedule with optimal average flow time subject to this energy constraint. 

Intuitively, in an optimal schedule, the less energy is available, it is to be expected that the jobs will be run slower. The paper [1] shows that this intuition is not correct - as energy decreases, some jobs will actually be run faster in an optimal schedule. Therefore, none of the properties of jobs (power, speed, etc.) are monotone functions of the energy. The algorithm is an O(
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*log(n)) algorithm, and provides us with a linear number of optimal schedules.

The rest of the paper is organized as follows. Section 2 presents basic terminology used throughout this report. Section 3 describes how the algorithm performs important calculations. Section 4 presents technical aspects of the program. Finally, section 5 is the user manual.

2. Terminology

This section gives definition of terms used throughout the paper. This terminology is also used in the program itself.

Some basic terminology:

J(i) – the i-th job

x(i) - running time of J(i). Formula is: x(i) = 1/s(i) 

s(i) - speed of J(i). Formula is: s(i)=P(i)
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P(i) - power of J(i). Formula is: P(i)=s(i)
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e(i) - energy of J(i). Formula is: e(i) = s(i)
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 - total energy. Formula is:  E
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c(i) - completion time of J(i). Formula is: c(i)= x(i) + max{c(i-1), r(i)}

F
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- total flow time. Formula is: F
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The program allows user to enter a set of parameters that the algorithm [1] expects. Here are those parameters:

n - number of jobs

r(i) - release times for corresponding jobs, with the constraint r(1)<r(2)<...<r(n). r(1) is always assumed to be 0 for simplicity

P(n)
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- minimum energy of last job

P(n)
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- maximum energy of last job

Alpha - algorithm parameter described in the paper

Binary Search Precision - specifies maximum error for calculating all other P(i)'s based on P(n).
Sequential Search Precision - specifies maximum error for calculating points of changes between optimal configurations.

A configuration is a sequence of n configuration symbols from the set {<, >, =}. The last symbol in a configuration will always be a "<".

3. Calculations

Program assumes that an interval for P(n), the energy of the last job, is given. 

First step is to calculate all other energies based on P(n). We can do that by applying following rules:

1) If configuration symbol between two jobs (say J(5) and J(6)) is an "<", then we know that P(5)=P(n).
2) If configuration symbol between two jobs (say J(5) and J(6)) is an ">", then we know that P(5)=P(6) + P(n).
3) If configuration symbol between two jobs (say J(5) and J(6)) is an "=", then the calculations get more complicated. In that case P(5) can be calculated by finding an inverse of the following function: r(b+1)-r(a)= 
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(x(i)) . In this case, b=5 and a is index where previous "=" or "<" appear in the configuration.

After all P(i)'s are found given a range of P(n), we can proceed to calculate total energy E
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, total completion time C
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, and total flow time F
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 by using following formulae:

1) E
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e(i), where e(i) = s(i)
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2) C
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c(i), where c(i)= x(i) + max{c(i-1), r(i)}
3) F
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Then, a parametric plot of E
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 vs. F
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 will be produced from all the lower envelopes of E
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, where P(n) varies. We start at high energy and then gradually decrease E and modify the configuration if needed at an optimal configuration point of change. An optimal configuration point of change is the value of P(n) where one of following two properties are satisfied:

1) If current configuration symbol is a "=" and if P(i)> P(i+1) + P(n), then change that configuration symbol into a ">".

2) If current configuration symbol is a ">" and if c(i)>r(i+1), then change that configuration symbol into a "=".

The program always starts by considering a configuration consisting of all "<" in it (i.e. we always start with a high energy and then we gradually decrease it). It is easy to see that there can be only 2n-1 possible configurations on the lower envelope, since there are only two types of changes: 1)"=" changes into ">", and 2) ">" changes into "=".

The accuracy of calculations is based on two parameters entered by user: 1) binary search accuracy parameter - specifies maximum error for calculating all other P(i)'s based on P(n), and 2) optimal point search accuracy parameter - specifies maximum error for calculating points of changes between optimal configurations.

4. Technical aspects of the program

The languages used for the implementation of the program are Mathematica [2] and Java [3]. Mathematica handles all actual calculations described in section 3, while Java provides user interface described in next section. Mathematica and Java pieces are connected using JLink [4], a Mathematica interface to other programs provided for Mathematica 4.0 and higher versions. The version of JDK used is 1.4.2 [5].

Java program invokes all Mathematica calculations after a user enters all the parameters and clicks the "Start" button in the main window. While Mathematica is doing computations, all of the results are saved into a file. Once the calculations are finished, Java piece reads all the information from the file and performs animations of changes in job properties as the user changes total energy by moving the slider on the main window.

In next section is described how to configure, compile and run the program.

5. User Manual

Installation procedure:

a) User has to have Mathematica version with JLink [4] installed (4.2 and higher version of Mathematica come with it, for lower versions JLink can be downloaded for free from Mathematica website.) 

b) User has to have JDK 1.4.2 [5] or higher installed in order to compile Java code.

c) Save DrawLowerEnvelope.m (the Mathematica piece of the program) into a directory where the MathKernel.exe is located. Most likely it will be in a directory similar to: 

C:\Program Files\Wolfram Research\Mathematica\4.1\DrawLowerEnvelope.m

d) Change the directory inside following line of the code to match the directory where MathKernel.exe is installed on your pc:

ml = MathLinkFactory.createKernelLink("-linkmode launch -linkname 'C:\\Program Files\\Wolfram Research\\Mathematica\\4.1\\MathKernel.exe'");

e) Compile Java code with a line similar to this. Make sure that you specify directory for Jink.jar on your machine: 

javac -classpath "C:\Program Files\WolframResearch\Mathematica\4.1\AddOns\Applications\JLink\JLink.jar;C:\j2sdk1.4.2\bin" Slippery.java

e) Run java program with a line similar to this. Make sure that you specify directory for Jink.jar on your machine: 

java -classpath "C:\Program Files\Wolfram Research\Mathematica\4.1\AddOns\Applications\JLink\JLink.jar;C:\j2sdk1.4.2\bin" Slippery

If all the steps are completed properly, following window will show up:
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After all parameters are entered properly, click on "Start Mathematica Calculations" button. Wait until calculations are done.  User can move slider to adjust energy and animate changes in jobs' properties. User can save the data calculated into a file by entering filename and pressing “Save” button. Following screen will show up after slider has been moved:
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Additional feature of the program is that data can be read from a file without doing Mathematica calculations beforehand. User can save the data calculated into a file by entering filename and pressing “Save” button. Files will be stored in current java directory: 

1) inputNNNN.txt - stores all the input parameters

2) outputNNNN.txt - stores all the output data needed to perform the animation

2) graphicsNNNN.jpeg – stores graph image

User can enter the name of the file (only the NNNN part) inside of the textbox like on the following image, and press "Load" button to read from the file directly:
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