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The Web-SynDic Project:
Development of Software for Remote Solving of
Linear Diophantine Equations in Non-negative Integers

e homNLDE — non-negative homogeneous linear Diophantine equation:

— integer coefficients,

— non-negative integer solutions.

e Web-SynDic is oriented to a particular class of homNLDE systems, associated with
formal grammars (homANLDE systems).

e The web-system is available at: http://websyndic.cs.karelia.ru/

Problems of Solving and Generating homANLDE

e Solving

1. Searching a particular non-trivial solution.

— Polynomial complexity.

— Syntactic algorithm for homANLDE systems is pseudo-polynomial with
complexity O(Q3m?n), where ) is constant limit for the number of basis
elements.

2. Searching the Hilbert basis.

e The syntactic algorithm is implemented in syntactic solver.

e Generating

Estimating syntactic solver implementation reliability and comparing it with
alternative solvers using automated generation of homANLDE systems.

Basic Functions of Web-SynDic

e Working with a single hom ANLDE system.
e Working with a set of homANLDE systems.
e User accounting.

e Configuration of parameters for solving and generating.
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Client-server architecture. Client is a standard web-browser.

Client

Web-SynDic

External Solver

External Solver

[

External Generator

External Generator

Server supports interaction between user and external solvers and generators.

The diagram below shows interconnection between implemented subsystems.

—

Web- SynDi ¢ Server

dient
(web browser)

Web Server

—

| User Interface
1
i
1V,

[KVY)

Sessi on Managenent

—

Managenent

A, A

mRk

i

Activity Statistics < —

Cener at or

-_>: Data Store
ets e
I'___
I Y
: : :>_ Al gorithm Server
1
||___>
| R .

Sol ver




User Interface

“Process an ANLDE System” form.
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WEB-SYNDIC

Process:

e ANLDE System
e Set of ANLDE
Systems

Documentation:

e ANLDE Theory
¢ User Manual

Send MNotes

User Profile
Algorithms
configuration

You have logged in
as kryshen (log out).

Server Load

2 active users
2 registered users
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Process an ANLDE System

Input a test ANLDE system (a list of samples):

xl 4+ x9 + =10 = 6*x0 + 4*x10 + 4*x8 4+ 2*=x11 4+ 3*x12 4+ 3*x13 + 2+*x14
8 4+ x2 = 2%x9 4+ 2*x10 4+ 4*HE8 + =1l 4+ 2*x12 4+ 2*x13 4+ 3*xl4 4+ =3

x3 = 6*=x9 4+ 4*x10 + 3*xB + 4*x1l + 3*x12 + 5*xl13 + =14

13 + =14 + x4 = 3*x9 + 4*x10 + 5*x8 + 3*x1ll + T*x13 + 3*xld

1l + =12 4+ x5 = 9%x9 + 6*x10 + =8 + 3*x11 + 6*x12 + =13 + 2*x1d

K6 T*x8 + 5*x10 + =8 + 3*x11 + T*x12 + 6*x13 + 9*xld

K arx8 + 4*xl0 + BFxB + BFmll 4+ 94m12 + Brxl3 + B*xld

save | Store this ANLDE system in a text format (Please, allow
browser to show popup windows).

Solve IlSIOpES ~| Solve the given ANLDE system with the syntactic
algorithm. You may select one alternative solver
to compare the solvers.

Generate IIGauss ~| Generate automatically a new ANLDE system by
the selected generator.

Generator Parameters

Current value

Parameter Max. wvalue

7 100
14 150

Number of equations in ANLDE system:
Number of unknowns in ANLDE system:




Correcponding report on solution.
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configuration

You have logged in
as kryshen (log out).

Server Load

3 active users
2 registered users
0 solver tasks
0 generator tasks
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Summa Summa Maximam

Algorithm ry 2 process Solving
CPU work real work g

name time(sec) time(sec) virtual result

size(Kb)
Syntactic 0.0020 0.0066 1508 solved
Slopes 0.0450 0.0664 1680 solved

. Solving machine characteristics:

o CPU: Intel(R) Celeron(R) CPU 2.20GHz (2244.937 MHz)
o RAM: 247956 kB
o Operating system: Linux 2.6.5-7.257-default, i386

o Environment: Java 1.5.0_03 (Sun Microsystems Inc.); Apache

Tomcat/5.0.19
o Solver process nice value: 15

(-20 - highest priority, 19 - lowest priority)
5. Solutions of test ANLDE system:

o Syntactic:

h(1)
h(2)
h{3)
h(4)
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e Waterfall model with iterations.
e Official project languages are English and Russian.

e Complete project documentation based on Adaptable Process Model:
Requirements Specification, Design Specification, implementation and testing doc-
umentation, User Manual, Project Metrics.

The following software tools and technologies were used:

Java Server Pages (JSP), servlets  used to build the web-interface

Apache Tomcat servlet container

JFlex, byaccj translate homANLDE systems to the inter-
nal format of the web-system.

Java and C++ programming languages

Project metrics (by December 2005): 2243 man-hours, 363 pages of documentation,
11907 lines of code.

Experiments

1. Testing syntactic solver.
Automated generation and solving of more than 1,5 million homANLDE systems
was performed. No implementation errors were found in the solver.

2. Comparing the solvers.
10000 unique homANLDE systems were used to compare solving metrics of
syntactic solver and slopes. Experiment revealed significant advantage of
syntactic solver over slopes for homANLDE systems with large dimensions.

3. Empirical dependence of time and memory usage on number of unknowns in
homANLDE system. Measurements were made for two classes of homANLDE sys-
tems, created using Gauss and Jordan generators respectively

Number of unknowns, m
50 100 200 300 500 1000
0,005 | 0,014 | 0,0369 | 0,0848 | 0,2521 | 1,5463

Measurement | Method

Time, seconds

Gauss

Memory, Kb 1508 | 1756 | 2084 | 2524 | 3972 | 8168
Time, scconds | | 10,0059 | 0,0205 | 0,1123]0,5344 | 3,0639 | 23,5981
Memory, Kb 1508 | 1756 | 2184 | 2632 | 4048 | 10188

Measurements were taken at computer with Celeron 1200 MHz CPU, 512 Mb RAM.
For every value of m, 20 homANLDE systems were generated.



