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PROBLEM DOMAIN IIPEAMETHAS OBJIACTD

Nonnegative Linear Diophantine Equation Heorpunarensnoe aunaeiinoe JuohaHTOBO YpaBHEHUE
(NLDE), n equations, m unknowns (HJIZIY), n ypaBHeHuii, m HEeM3BECTHDBIX

Az =0b, AezZ™™ beZ" xeZ

Hilbert basis (minimal solutions) Bazuc 'mabbepTa (MUHUMAaJIbHBIE PEIIeHNS)

N 0@y 3= (), gl
=20 a4y ozqh ) + Z ash's), 20 e N

Complexity: NP-complete, overNP Cioxknoctb: NP-nionnas, ceepxNP

exp(tf(n,m,||A,bl]))

NLDE

special purpose
solvers



SYNTACTIC METHODS IN SOLVING CUHTAKCUYECKUE METO/IBI

NLDE PEINEHUA HJLILY
Associated with a formal grammar an AccomuupoBanHag ¢ popMaJabHOII rpaMMaTH-
NLDE system (ANLDE system) koit cuctrema HJIJLY (cucrema AHJI/TY)
“Diophantine Analysis' " Syntax Analysis Grammar/I'pammaruka G

strings/cTpoku v, w

m rules/nipaBusa (r;)

n nonterminals /Herepmunasbr (Ay)
t terminals/Tepmunanbr (ay)

|
|
|
|
|
grammars
|

1. syntactic |
construction |

ANLDE system/cucrema AHJIJIY Az =b

m unknowns/Hen3BecTHbie (T;)
n + t equations/ypasuenus (k)

m

ZOCC(U lhs(r;))

=1 =1

= occ(U,v) — occ(U,w) , U € {A}r_, U{ar}i_,

occ(U, rhs(r;))

|M§

2. generalized |
. derivations ‘\

CF-grammars without terminals / KC-rpamvaTukn 6e3 TepMuHAIOB

owi— Y wwi=by, k=1,2,...,n,, HU...UL,={1,2,....m}, iNl;=2

’iEIk 1=1



ANLDE SYSTEM EXAMPLE ITPUMEP CUCTEMBI AHJIL/TY

Inhomogeneous & homogeneous NLDE systems Heonnoponanaga n onnopoanas cuctembr HJITY
1 — To+ 3x3 =1 1 — 9+ 3x3 =0
1+ 229 — x4 = —1 1+ 29 — x4 =0
ANLDE system Cucrema AHJLIY
ri: A— AAB m=4n=21t=0
TQIA—>BB v:B,w:A AI($1+$2)—(2$1—|—3$3):—1
rs: B — AAAB B=*A" BZ($3—|—£E4)—<331—|-332—|—5133):1
ry: B—¢ (hom: A =" A and B =% B)
Hilbert basis Bazuc ['mabbepra
r \ r \
(1\ /O\ /1\ /O\ 3 4 2,2 4,4.4.4
N = 0 2 L g 1 3 > B = AAAB = AAA = ABBBB '= A
0] 1|1 ’ 0] |1 A= AAB 2 ABBB'= A
\2/ \5/, \3/ \6/,
Integer linear programming Lleroanciennoe nmueitnoe nporpaMMupoOBaHue

1+ 9 + 224 — min
1 — T9+ 3xr3 =0
1+ 229 — x4 =0
>oxp>1,iel,4
x; € 2,1 € 1,4
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ALGORITHMS AJITOPUTMBI
I. Solvers of ANLDE systems I. Pemmatenn cucrem AHJLITY

1. Novel syntactic (polynomial): 1. HoBble cunTakcuueckue (MOJTHHOMUATBHDIE):

Hilbert basis/Basuc ['minbepra | Particular solution/Yacrroe perenne

Time/Bpewms O(¢’m*n?) = O(¢’m*) O(m?n?) = O(m*)
Space/ITanvsTh O(gmn) = O(qgm?) O(mn?) = O(m?)

2. Analogs: slopes (enumeration), Ip _solve (ILP)

2. Anasornu: slopes (mepetop), lp_solve (IIJIIT)

II. Generators of ANLDE systems I1. TenepaTtopsb cuctem AHJITY

1. Gauss (implemented) 1. I'aycc (peaﬂMBOBaH)

2. Gordano (implemented)
3. Extended Gauss (in testing)

2. 7ZKopano (peaynzosan)

3. Pacmmpenusiit [ayce (B TecTupoBamim)

4. Full class of homogenous ANLDE systems 4. Tlogmbiit Kaace ognopoansx cucrem AHJITY

ANLDE systens

Analyzer /




Customer requirements

Functions:
e solving an ANLDE system (user input or

generated),

e solving a set of ANLDE systems (txt file or
generated),

e user feedback (notes),
® user registration,

e user activity statistics.
Usability:

e traditional mathematical style,

e standard Internet browser.

Security:
e no access to external algorithms (solvers and

generators),
e restricted access to activity statistics,

e overall limits on solving process (time, space,
coefficients, dimensions of systems and sets, etc.)

e user limits on solving process.

Performance:
e at least 5 user sessions must work concurrently,

without performance degradation

e rcporting to a user on a state of progress
(solving, generating).

TpeboBanus 3aka3dynmkKa

OyHKIIUN CUCTEMBI:
e pemerue cucrembl AHJIJTY (BBOJ min renepariusi),

e pemerue Habopa cucrem AHJIJIY (u3 daiina wim re-
HEpaIs ),

e Hajimure OOPATHO CBA3K (3aMETKU MOJIH30BaTEIIEH ),
® DerucTpalugd IoJb30BaTesIcH,

o C60p CTaTUCTUKN MNCIIOJIb30BaHNA CHUCTEMBDI.

Y100CTBO MCHOJIHb30BaHULA:
® TPAJUIMOHHBIN MaTEMaATUYCCKUU CTUJID,

® CTaHIapTHRIN MHTEPHET-0003peBaATEb.

be3omnacHocTb:
® OTCYTCTBUE JIOCTYIIA I10JIb30BaTe/el K BHEIITHUM aJIIo-

puTMaM (peraTesisiM 1 TeHepaTopaM),
® OI'DAHUYCHHBIN JIOCTYII K CTATUCTUKE UCIIOJIb30BAHUS,

e O0IIMe OTpAHUYIEHMsT Ha, MTPOTIECC PEITieHus (BpeMsi, Ta-
MSTh, KO3(MUIEHTHI, pa3sMephbl CUCTEM W MHOXKECTB
CHUCTEM H JID.)

® JI0JIB30BATECJILCKUE OI'PAHNYCHUA Ha ITPOLHECC PEIHNICHN .

beicTponaeiicTBue:
® O/JTHOBpeMeHHas paboTa 0 d IoJb3oBaTeseil Oe3 3Ha-

HYUTCJIbHOI'O YMCHDBIICHUA IIPOUSBOAUTEC/IBHOCTH,

® YBCIOMJICHUC [10JIb30BaTeJCH O IIPpOIrpecce BbBIIIOJIHEC-
HNAA.



Principles of the Web-SynDic system

e Client part visualizes objects of the problem
domain

e Internet browser interacts with the web-
server

e Problem domain objects processing is
responsibility of the algorithm server

e The web-server is responsible for overall
management, control and activity statistics

e Data store contains all data about users

e Solvers and generators are external entities

ITpunanunber cucrembl Web-SynDic

e KimenTckasg 4YacTh BU3YAIN3UPYET OOBEKTHI
IpeIMeTHON 00J1acTn

e llnTepuer-ob03peBaTe/ib  B3aMMOJEUCTBYET  C
web-cepBepoOM CUCTEMBI

e OOpaboTKa 00BLEKTOB NPEIMETHON 00JIACTH BbI-
ITOJIHSIETCS Ha cepBepe aarOPUTMOB

e Ha web-cepBepe — ymnpapienne, KOHTPOJIb U CTa-
TUCTUKa aKTUBHOCTU TI0JIH30BaTEEN

e [i1mHOE XpaHuanIle — JaHHbIE O MTOJb30BaTEISIX

e Peinaresnn u ['€HEPATOPbI — BHECIIHHNE CYIIHOCTU

Web - SynDic

Web Server
[ 1
Client - -} _:>,_|
(web brogses=)d -4 User Interface
]
Web-SynDic External Solver .@
[ 1V, 1
E | S | Session Management . :?'Management
Web Server xternal Solver arl A T
|
I 11 (|
Algorithm Server Yy 11 11
g —~~ External Generator S [ 1
Data Store | : Activity Stati%fﬁ Data Store
Client I
External Generator ¥ L _>_|
L
I
'

1~ — |~ cenerator
I

L
L AP so1ver




Use-case model Monaenb npeneaeHTOB

Based on expanded user requirements [TocTpoena mo pacmupeHHbBIM TPEOOBAHUAM
I1OJIb30BATES
System functionality D yHKIMOHAJIBHOCTH CUCTEMDI

\Web- SynDi|c

 ’ Work with Web-SynDic

REGUI/AR USER

Process a set of ANLDE systems
REGISTERED UQER
/ PrOCeSS an ANLDE SyStem

EXTERKAL ALGQRITHM
USER \

I SOLVER
SYSTEM ADMINISTRATOR L
Manage user limits
Manage default limits
\ Get statistics

Manage users

¢ 3

GENERATOR




Use-case model usage Vlcnonb3oBaHne Moe/in mpelieeHTOB

e Architecture model e Mogenb apXuTeKTyphl
e Behavioral model e [JoBelenueckas MoJIe/Ib
e User interface (forms) e llurepdeiic mompzoBaress (Gopmbr)
e 32 validation tests e 32 0a30BBIX TECTA
7
Expanded user
requirements |
Use case ;;;;:\\\\\ .
r/// Requirements
7
: Behavioral
System architecture Forms nodel Desian
model g

Validation tests

Testing




Architecture of Web-SynDic Apxnrektypa Web-SynDic

HTTP Browser <
transferring data <— — — - Presentations:
- - _> - Web pages
- Web forms

Web-SynDic \/
\4
Client Part Server Data store
Visualization of the Functions: N Information:
problem domain objects: - web & algorithm servers - registred user profiles
- processing | > - problem domain objects N - user limits
- management&statistics processing - user activity
- user registration < - 4 - management & control <.
- notes - activity statistics

RO O
2

Generation of Solving
test ANLDE systems test ANLDE systems
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Project
schedule

CVS
repository
— 43Mb

Working hours,
documentation

Initial planning

Initial planning

Uzer raquiraments

Froject plan

Requirements analysiz

Expanded User Requirements

Floszany

Conceptual model of the Problem domain

High-lawel architacture

High-lewel use cases

System Requirements

Expanded uze cazes

Requirements validation

Requirements specification

Dazign

Architecture design

Uzer Interface Design

Subsystems Design

Test plan

Design specification

Unit Implamentation

Implementation

Implementation document

Test execution document

Integration Implementation

Implementation

The ab-SynDic systam

Yalidation testing

alidation testing

Test execution document

alpha-testing

Freparation

1zt stage

Analysiz of dizzovered errors

2nd stage

Analysiz of dizecovered errars

3rd stage

Analysis of discovered arrors

Frepara to-do list

Fublization Web-SynDic

Beta-testing

Beta-tasting
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by 31, 2004

580:36

Requirements analysis

543:35

Design

408:35 184:25 68

Implementation | Testing

HOURS 50 4+

Requirements Specification

T
500

\ \ T
1000 1500 2000

o 4

Test Plan

Test Execution document

Alpha-testing

Implementation document

=i

16.07.2003-27.06.2003 08.09.2003-25.10.2003
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29.10.2003-20.12.2003

Time

24.01 2004-28.01 2004

Pacnmcanne
IPOEKTa

CVS perno-
3UTOPUU —

43MoO

Paboune wachi,
TOKYMEHTAIS



Code size Ob6mbeM Koaa

Subsystem Programming language LOC 70
Web-server and Session processing Java 4+ JSP 1800 + 2000 19 + 21
Algorithm server Java 3600 38
Data store Java 450 6
Management Java 640 7
Statistics Java 870 9
Total size 9360 100%
Testing size O6beM TecTUpOBaHUSA
Testing subphase | Number of tests | Errors found | Errors/Tests
Unit testing 217 37 17%
Integration testing 117 25 21%
Total: unit & integration 334 62 19%
Alpha 58 students x 1.5 hours = 15 flaws found
Environment OKpyKeHne
Hardware Software Testers
CPU: TA32, OS: Linux 2.4.19, U-test: | developers
1200MHz Windows (98, XP, 2000)

RAM: | 256Mb | Java: Sun J2SDK 1.4.1, Apache Tomcat 4 | I-test: | developers

Browser | M5 IExplorer, Mozilla, Netscape, ... | V-test: | developers, experts

a-test: | students, researchers
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RESUME

e Implementing the original idea of syntactic
methods in solving NLDE.

e Novel, significantly more eflicient polynomial
algorithms comparing with available alterna-
tive solvers

e The project combines mathematical and
software engineering problems

e [xperiment and automatization

e Functional software product of class “Scien-
tific Internet service”

e New level of student training: preparation
for the joint software engineering project
with University of Helsinki

e Development potential: ANLDE theory, al-
corithms, software engineering, experiment

PE3IOME

e Peanuszanng opurnHaJbHON NAEN NCIOIb30BAHNS
CUHTAKCUIECKIX MeTOoH0B nJjs permenns HJI/Y

e Hosble, 3HaunTennno 0Oosee 3PPEKTUBHBIE IO
CPABHEHUIO C UMEIOIMIUMUCS aHAJOTaMU IOJUHO-
MUAaJIbHBIE aJITOPUTMBbI

e OObeMHEHNE B NIPOEKTE MaTeMaTUIECKUX IPO-
osieM 1 mipobsieM Texnosorun pazpadborku 110

e BrruncauTebHbI SKCIEPUMEHT, aBTOMAaTH3aINA

e OyHKIMOHANBLHBIN TPOrpaMMHDLII NPOAYKT KJac-
ca «HAYJHBIN cepBUC B ceTu VaTEpHETY

e HoBLIll ypoBEeHb MOATOTOBKH CIEIUAIUCTOB: IO/~
I'OTOBKA K COBMECTHOMY IIPOEKTY € XeJTbCUHKCKIM
VHUBEPCUTETOM

o |[lorennnasn passuruda: Teopuss AHJITY. anroput-
Mbl, TexHojorug 110, skcnepumenT

Yury A. Bogoyavlenskiy: ybgv@cs.karelia.ru
dkorzun@cs.karelia.ru
websyndicOcs.karelia.ru

Dmitry G. Korzun:
Web-SynDic team:
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