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Abstract 

Demersal trawl surveys have been used for assessments of fisheries potential and monitoring the status of fish 
stocks in many countries in South and Southeast Asia.  This paper pres ents the development of a database 
system, the ‘Fisheries Resource Information System a nd Tools’ (FiRST), from a regional collaborative effort 
between eight countries and the WorldFish Center.  Th e effort has collated about  21,000 hauls/stations from 
research trawl survey s across the S outh and Southeast Asian region.  
 
FiRST (ver. 2001) was designed as data management system to or ganize, store, retrieve and exchange data from 
extant trawl surveys. In addition, the database system includes an analytical routine to approximate biomasses 
and generic socioeconomic data, as well as catch and effo rt statistics for coastal fisheries. Analytical modules 
from other software packages needed for data analyses ha ve also been made accessible via the database system.  
 
This paper also presents some exam ples of the utility of retrospective analysis of trawl survey data in 
establishing resource baselines and to  improve understanding on the biology a nd exploitation status of coastal 
fishery resources.  The database syst em is now an important regional repos itory of information for management 
of coastal fish stocks in developing Asian countries. FiRST is envisioned to provide solid foundations for the 
formulation of appropriate fisheries management strategies and action plan s at the national and regional level. 
 
Keywords: Database System; Fisheries Resources; In formation Management System; Trawl Surveys;  
     South and Southeast Asia. 
 
 

Introduction 

R e s o u r c e survey s ( e.g.  exper imen ta l traw l fish in g) have been cond u c ted sinc e the early 1900s 
prin c ip a lly to iden tif y prod u c tiv e fish in g grou n d s and deter min e the abun d a n c e and distr ib u tio n 
of fishe r ies reso u r c e s. Demer s a l traw l surv e ys have been sugg e s te d to be the most stra ig h tf o r w a r d 
way of find in g out how much and what kind s of fish occu r in a give n area (Pauly, 1996). In 
South and South e a s t Asia, at leas t 301 trawl surv e ys have been carr ie d out in the regio n betw e e n 
the 1920s and 1990s cover in g appr o x imately 70,000 trawl statio n s (Silv e s tr e and Pauly, 1997). 
Retros p e c tiv e analysis of these data would clar if y unde r lyin g caus e s and rates of ecolo g ic a l 
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chang e and also demon s tr a te achiev a b le goals for resto r a tio n and mana g e men t of coas tal 
ecosys t e ms that cannot be derive d from the limite d perspe c t i v e of recent observ a t i o n s. 
 
In July 1996, a Works h o p on ‘Sus tain a b le Explo itatio n of Coas tal Fish Stoc k s in Asia’ was 
orga n iz e d by the World F ish Cente r (forme r ly ICLA RM – the World Fish Cente r) with 
particip a tio n of seve n coun tr ie s in Asia. A conse n s u s was achiev e d on the usef u ln e s s of 
comp ilin g and analyzin g past trawl surv eys to estab lish ben ch mark s for sto ck reh ab ilitatio n, 
supple me n t existin g statistic a l baselin e s and im pr o v e mana g e men t dire c tio n s and stra teg ie s 
(Silv e s tr e and Pauly, 1997). A proto typ e datab a s e and analytic tool for this purp o s e was 
pres e n ted and evalu a ted durin g the Work s h o p usin g data from availab le surv e ys in South and 
Southea s t Asia (Gayanilo et al. , 1997). 
 
From 1998 to 2001, the proto typ e datab a s e and anal ytic tool was furth e r impr o v e d and deve lo p e d 
by the World F is h Cente r with assis ta n c e from the Asian Deve lo p me n t Bank (ADB). With 
partic i p a t i o n of eight countr i e s, namel y Bangl a d e s h, India, Indon e sia, Malaysia, Philippines, Sri 
Lanka, Thailan d and Viet Nam, the FiRST softw a r e  was develo p e d to serve as datab a s e syste m 
for extant trawl surveys. The databas e system also provid e s access to anal y t i c modul e s from other 
softw a r e for prope r data analyse s.  
 
The proj e c t - ‘Sustain a b le Mana g e men t of Coas tal Fish Stoc k s in Asia (ADB-RETA No. 5766)’ - 
aimed to: (1) strength e n the capabil i t i e s of selecte d institu t i o n s in partici p a t i n g countri e s in the 
area of coastal fishe r ies asses s me n t and manag e men t; (2) develo p a datab a s e (based large ly on 
extan t traw l surv e ys and related envir o n me n tal and socio e c o n o mic info r ma tio n) relev a n t to the 
mana g e men t need s of the coun tr ie s ; and (3) examin e mana g e men t implic a tio n s (inclu d in g 
stra teg ie s and actio n plan s as appr o p r iate) of an alyse s results based on data conta in e d in the 
datab ase and related info rmatio n (Silv estre et al. , 2000). This proj e c t is commo n ly refe r r e d to 
thro u g h o u t the Asian regio n as the ‘Tra w lBas e ’ proj e c t. Full details of the proj e c t comp o n e n ts 
and activit i e s are describ e d in http ://www.world f i s h c e n t e r.org/trawl. 
 
The World F ish Cente r has give n prio r ity to the deve lo p me n t of datab a s e s for use in mana g e men t 
of aqua tic reso u r c e s such as Fish Bas e – a globa l encyc lo p e d ia of fish e s (Froes e and Pauly, 2000), 
and Reef Bas e – a glob a l datab a s e of stat u s and threa t s to coral reefs (Vergar a et al. , 2000). FiRST 
has been deve lo p e d and desig n e d to comp lemen t  thes e glob a l datab a s e s and also to provid e 
fish e r ies mana g e r s with info r ma tio n on the statu s of fish stoc k s and optio n s for resto r in g 
prod u c tio n of coas tal fish e r ies reso u r c e s. 
 
This pape r pres e n ts the main featu r e s of the FiRST (ver. 2001) softwa r e and high lig h ts key 
resu lts fro m restro sp ectiv e analysis of trawl surv ey data.The analyse s provid e eviden c e of the 
resou r c e situ a tio n ( i.e.  biolo g ic a l exten t of exce s s iv e fish in g pres s u r e). 
 
 

The Fisheries Resource Information System and Tools (FiRST) 
F i R S T (ver. 2001) is a Micros o f t Acces s-based da tabase system principally designed as data 
conta in e r to organ iz e, store, retr iev e and exch a n g e data of trawl surv eys. Ba sic analytical routines 
such as models to appro x imate bioma s s e s have also  been deve lo p e d and made an integ r a l part of 
FiRST. The detailed tech n ic a l desc r ip tio n and docu m e n tatio n of the datab a s e syste m is give n by 
Gayan ilo et al.  (2001).  
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The follo w in g minimu m conf ig u r a tio n is requ ir e d for the syste m to work: 
� Mic r o s o f t Wind o w s 95 or 98; 
� at least 64 MB RAM; 
� a 1024 x 768 high reso lu tio n mon ito r ;  
� at least 5MB free-space in the Windows direct o r y and anoth e r 12 MB for the desti n a t i o n 

addre s s. 
 
The datab ase system con tain s nin e interrelated main tab les as illu strated in Fig. 1 and their 
conte n ts and func tio n s are desc r ib e d in Table I.  The gener a l featu r e s of the forms (or user 
interfac e) used in FiRST are sim ila r to the standa r d featur e s of commerc i a l l y availab l e Windows-
based prog r a ms. The main form in the datab a s e syste m is the catch form (Fig. 2) which conta in s 
catc h data in a given fish in g statio n. The info r ma tio n inclu d e the taxo n (or scien tif ic name), total 
catc h (in kg), samp le weig h t (in g), and samp le coun t or numb e r of samp le spec imen s reco r d e d. 
Scientif ic names and specie s codes ( e.g. , ISCAAP or NANSI S) can be encod e d direc t l y, or 
selec te d from a list constr u c ted from previo u s entr ies. The datab a s e syste m is also config u r e d to 
check the valid scien tific names usin g Fish Base.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  
Schematic representation of 
the main tables in FiRST (ver. 
2001) and their relationships. 
(Note: L/F means length 
frequency data from length 
based assessments). 
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Table I. Main tables of FiRST (ver. 2001), their contents and functions (adopted from Gayanilo et 
al., 2001)  
 
N a m e  F u n c t i o n  
Co u n tr y Conta in s info r ma tio n take n from the coun tr y table of Fish Bas e 

99. The info rmatio n is static, i.e.  it chang e s only as FishBas e  

chan g e s. A suppo r tin g table is atta c h e d to this table for 
remar k s abou t the coun tr y.  

Trawl Net Desc r ip tio n Conta in s basic info r ma tio n abou t the traw l/expe r imen ta l 
gear(s) used in the proje c t(s), particu la r ly para meter s requ ir e d 
to estimate the area swept by the gear. 

Trawler Descr ip tio n Conta in s basic techn ic a l details of the vesse l(s) used in the 
proj e c t(s). 

Projec t Lists all proje c ts under ta k e n in the countr y and descr ib e s them 
(e.g.  proj ect obj ectiv es, collab o r atin g institu tio n s, 
implemen t i n g agencie s, etc.). 

Cruis e Conta in s info r ma tio n desc r ib in g a particu la r cruis e in a proje c t 
using a specif i c trawle r and trawl net. 

Statio n Conta in s othe r statio n-rela ted para meter s such as geog r a p h ic 
locati o n and geophy s i c a l condit i o n of the stati o n, trawli n g 
perio d and traw lin g perio d. 

Specie s Record s the catche s (in num b e r and weig h t) by spec ie s/taxa. 
The bioma s s and catch per unit e ffort (CPUE) fields in the 
tab le are not filled in by the user but by FiRST when the 
bio mass estimatio n rou tin e is activ ated. 

Group e d L/F Recor d s freq u e n c ies grou p e d in length clas s e s. The head e r s, 
defin in g the class size, unit used and lower limit of the smallest 
leng th grou p, are stor e d in the Species table. 

Ungr o u p e d L/F Conta in s indiv id u a l leng th meas u r e me n ts. 

 
 

Fig. 2.  
The catch form of FiRST (ver. 
2001). Note that the last two 
columns indicate presence of 
related data. 
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Fig. 3. The station form of FiRST (ver. 2001) to record station-related information.  
 
 
The catc h data is also link e d to the statio n form, which conta in s info r ma tio n on geog r a p h ic 
locati o n of each trawl hauls/statio n (Fig. 3). Hence, using a mappi n g rout i n e and geogr a p h i c 
info r ma tio n syste m (GIS), the spatial distr ib u tio n of a given spec ie s/taxa can be gene r a ted from 
the datab ase.    
 
Other imp o r tan t forms in the datab ase system are gear details and trawler forms.  The gear details 
form record s techni c a l detail s of the gear used in the trawl surv ey while the trawler form reco rd s 
the technica l specific a t i o n s of the vessel used fo r the surve y. These forms also allow the storage 
of the scann e d image of the gear or trawl e r. Fi g. 4 for examp le, shows the scan n e d imag e s with 
tech n ic a l spec if ic a tio n s of the gear used in the traw l surv e y. The head lin e width, altho u g h not a 
requir e d input, is necess a r y to estimate biomass using the swept- area metho d. In the absen c e of 
the head lin e width as inpu t, FiRST (ver. 2001) assumes the valu e to be 50% of the leng th of the 
headr o p e (Pauly 1980). Similar ly, the scann e d image with techn ic a l specif ic a tio n of the resea r c h 
vessel (or fish in g boat) can be sto r ed in the trawler form.  
 
Data acces s proto c o l s in FiRST (ver. 2001) have been estab l i s h e d based on the recommen d a t i o n s 
and cons u ltatio n s with vario u s partn e r s (mostly gove r n men t agen c ie s mand a ted for fish e r ies 
mana g e men t) under the TrawlBa s e Proj e c t. The FiRST softw a r e has been distr ib u te d to the eight 
particip a tin g coun tr ie s of the proj e c t and copie s  of the softw a r e can be obta in e d upon requ e s t at 
the WorldFish Center. The data access classificati o n in FiRST (ver. 2001) is as follo w s (Gayani l o 
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et al. , 2001): (1) Restri c t e d - only users with prope r autho r i z a t i o n ; (2) Conditionally accessible - 
data which are olde r than 5 years, unles s othe r w is e indic a te d by the natio n a l datab a s e 
coord i n a t o r ; and (3) Fully acces s i b l e - data with no restri c t i o n s as  to their distr i b u t i o n and use. 
The traw l data conta in e d in FiRST can be obta in e d from the coun tr y and permis s io n must be 
secure d with the partic u l a r count r y fo r data access of country-specifi c data 
(http://www.world f i s h c e n t e r.or g/trawl for contac t detail s of the partne r s). 
 
 

 
Fig.4. The gear details form in FiRST (ver. 2001). Note that a scanned picture of the gear used for 

the trawl survey can be stored. 
 
 
Basic analytical routines, such as mode ls to appr o x imate bioma s s e s, have been deve lo p e d and 
made an integ r a l part of FiRST (ver. 2001). Analytic a l modu le s from othe r softw a r e need e d for 
data analyses have been made accessible via th e databas e system (Table II).  These include, 
among othe r s, FiSAT (Gayan ilo et al. , 1996) for fish popu la tio n dyna mic s and fish stoc k 
assessmen t and Eco p ath with Eco sim (Christen s en et al. , 2000) for ecos ys te m mode lin g. To 
facilitate the use of these external  softw a r e s, modul e s have been devel o p e d to allow the savin g of 
data in the requi r e d forma t.  
 
Collectiv e ly, the databas e system contain s a bou t 20,620 hauls/statio n s from eigh t particip a tin g 
coun tr ie s and publish e d traw l data from Sing a p o r e, Myanmar and Pakis ta n. Fig. 5 shows the 
geogr a p h i c a l distr i b u t i o n of these data and Table III gives a list on the distrib u t i o n of the trawl 
data contai n e d in FiRST (ver. 2001). In addit i o n to the trawl su rvey data, the FiRST 2001 release 
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also inclu d e s socio e c o n o mic and related info r ma tio n from the eigh t particip a tin g coun tr ie s 
(Table  IV).  
 

Table II. Available analytical modules in FiRST (version 2001) 

 
Icon Title Description 

 Map … Activ a te s the mapp in g routin e. 

 Biomass… Activates the biomass estimation analytical 
rou tin e.  

 P o p u la tio n Dyna mic s Link s for modu le s on fish popu la tio n 
dynamic s and stock asses s me n t which are 
yet to be deve lo p e d. 

 Co mmu n ity Analysis Link s to modu le s for fish asse mb lag e 
analysis which are yet to be develo p e d. 

 E c o s ys tem Mode lin g Link s to modu le s on ecos ys te m mode lin g 
which are yet to be deve lo p e d. 

 Bio e c o n o mics This func tio n is for modu le s on 
bioe c o n o mics.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Geographical coverage of trawl survey data in FiRST (ver. 2001).  
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Table III. List of trawl surveys contained in the database system (FiRST ver. 2001) 
 
 

S u r v e y  a r e a s   N a m e  o f  p r o j e c t /s u r v e y  N o .  o f  
cruises 

N o .  o f  
s t a t i o n s  

Y e a r  

M A L A Y S I A     

East Coas t of Peni n s u l a r Mala y s i a  East Coast , #01 13 341 1926 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #02 9 262 1927 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #04 4 153 1967 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #07 6 148 1972 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #09 37 822 1969-1973 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #11 4 85 1981-1985 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #13 6 130 1984 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #16 5 114 1986 
East Coas t of Peni n s u l a r Mala y s i a  East Coast , #19 5 186 1991 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #01 3 64 1926 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #02 13 303 1927 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #05 4 121 1971 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #06 4 79 1972 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #07 4 105 1973 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #08 4 93 1974 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #11 4 103 1980 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #12 4 192 1981 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #13 3 44 1984 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #15 1 50 1987 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #16 4 52 1988 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #18 5 61 1990-1991 
West coas t of Peni n s u l a r Mala y s i a  West Coast , #19 4 32 1992-1993 
Sabah –  Sarawak Waters  Sab ah , Saraw a k #01 3 87 1927 
Sabah –  Sarawak Waters  Sab ah , Saraw a k #07 10 300 1972 
Sabah –  Sarawak Waters  Sab ah , Saraw a k #11 6 134 1981 
Sabah –  Sarawak Waters  - Sabah/Sarawak , #12 3 141 1986 
Sabah –  Sarawak Waters  - Sabah/Sarawak , #14 1 17 1986 
Sabah – Saraw a k Wate rs  - Saba h/Saraw a k, #15 12 96 1989-1993 

 ALL Mala y s i a Surve y s 177 4,418  

P H I L I P P I N E S     

Malamp a ya, Pala w a n  - Asses s me n t of the Fish e ri e s  14 60 1975, 1979 
Phili p p ine Waters  - Otter trawl ex p l o rat i o n s  24 157 1947-1949 
Sama r   - Samar Sea Trawl Surv e y 11 300 1980 
San Mi g u e l Ba y   - San Mi g u e l Ba y 22 64 1992-1993 
Ra g a y  Gulf  - REA of Ra g a y  Gul f 1 62 1994-1995 
San Pedro Ba y    - San Pedro Ba y  17 158 1994, 1995 
Manil a Bay  - Mani l a Bay 36 37 1992, 1993, 

1995, 1996 

 ALL Phil i p p i n e Surv e ys 125 838  

T H A I L A N D : Gulf of Thai l a n d  - Bottom trawl survey operat e in 
day time 

106 5,890 
 

1968 – 1976 
1985 – 1986 
1991, 1993, 

1995
SINGAPORE : Most l y off s h o re s of 
Sout h Chin a Sea 

 - M/V Chan g i surv e y 42 925 1969 – 1973 

I N D O N E S I A : Weste rn Indo n e s i a  - RV Muti a ra surv e y 2 1,376 
 

1974 – 1979 

M Y A N M A R :Burma waters  - Surv eys on the Marin e 
Fishe r i e s Resou r c e s of Burma 

4 375 
 

1979 – 1980 

  - Bottom trawl survey(Fish) 32 1 ,021 1984 – 1987 
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S u r v e y  a r e a s  N a me o f p r o je c t/ s u r v e y  N o .  o f  

c r u i s e s  
N o .  o f  

s t a t i o n s  
Y e a r  

 
 

Table IV. Summary of the standard workbooks and worksheets as provided by FiRST (version 
2001) to store socioeconomic an related information 

 

W o r k b o o k  W o r k  
s h e e t  

D e s c r i p t i o n  

A.1 Fishery production and value by fishery sector  
A.2.1 Gross natio n a l prod u c t (GNP), gross dome s tic prod u c t 

(GDP) and gros s valu e adde d (GVA)  
A.2.2 Income and employment indicators by sector 
A.2.3 Volume and valu e of fish expo r ts and impo r ts  
A.2.4a Food balan c e shee t of fish and fish e r y prod u c ts in live 

weig h t and fish contr ib u tio n to prote in supp ly 
A.2.4b Hous e h o ld expe n d itu r e by food item 

Socio e c o n o mic 
Pro f ile 

A.2.5 Projected production and demand for fish 
B.1a Numb er of vessel s and charac t e r i s t i c s 
B.1b Othe r indic a to r s of fish in g oper a tio n 
B.2a Produ c tiv ity effic ie n c y indic a to r s 
B.2b Estima te d prod u c tio n func tio n by type of fish in g gear 
B.3.1 Investmen t costs by majo r asse ts 
B.3.2a Month ly fixe d costs 
B.3.2b Month ly varia b le costs 
B.3.3 Costs, earn in g s and pro f itab ility 
B.3.4 Share syste m, mode and freq u e n c y of payme n t 

M Y A N M A R :Burma wate rs (cont.)  - Acoustic survey (bottom & 
pelagi c reso u rc e 

12 324 1988 

 - Marine Fisher i e s survey 7 90 1980 

B A N G L A D E S H : EEZ of Ban g lad esh  - Shrimp trawl surv ey 4 15  

 A L L Bangl a d e s h Surve y s 55 1,450  

I N D I A : South w e s t coas t of Indi a  - Experimen t a l fish i n g 12 613 1994 – 1995 

  - Fish Resourc e Survey in Sri 
Lank a  

13 393 1920, 1921, 
1923 

Waters arou n d Sri Lank a  - Resou rc e Surv e y (RV F. 
Nansen)  

3 225 1978 – 1980 

 ALL Sri Lank a Surv e ys 16 618  
V I E T  N A M : Vietnamese Sea Waters  - Fishery Survey in Vietnam 78 3894 1979 – 1982, 

1988 

Southwest Sea Waters  - Fisher y  Surve y  in Vietn a m 6 127 1993 –  1995 

 ALL Viet N a m Surv e ys 84 4,021  

PAKISTAN : Pakista n waters  - Record s on surve y area in 
Pakis t a n 

5 96 
 

1976 

 
 T  O T  A  L   2 0 ,6 2 0  

 

Fleet Operation  
Dynamics 
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W o r k b o o k  W o r k  

s h e e t  
D e s c r i p t i o n  

B.3.5 Capital inten sity and cost effectiv en ess ind icato r s 
B.4 Amoun t and prop o r tio n of disc a r d s/ byca tc h by type of 

gear 
B.5a Catch comp o s itio n by type of gear 

Fleet Operat i o n 
Dyna mic s (cont.) 

B.5b Price of fish by type of spec ie s 
C.1. Catch and effo r t data Bioe c o n o mic  

Mode lin g C.2. Catch and effo r t data by type of gear 

 
Some illustrative examples of the results of the analysis  
R e s u l t s of the resou r c e analy s e s condu c t e d under the TrawlBa s e project illustrate substantive 
degr a d a tio n and over f is h in g of coas tal fish stoc ks in the areas covere d by the studie s. The 
analyse s indic a te that catch rates and (hence) resou r c e bioma s s have declin e d to about 5 to 30% 
of orig in al (‘baselin e’) biomass le vels in the fishery areas studied 
(http://www.worldf i s h c e n t e r.org/tr awl). Table V gives some illust r a t i v e exampl e s on declin e in 
total bioma s s in Asian fish in g area s. The comp iled popu la tio n para meter s from leng th-base d 
asses s me n ts indic a te that E (exploitatio n ratio s) valu es of more abund a n t specie s are above the 
optimu m lev els ( i.e.  0.3–0.5) and thus conf ir m the tren d s in bioma s s declin e from the traw l 
surve y s (Silves t r e and Garce s, in press). 
 
Table V. Some estimates of the declines in demersal biomass from trawl surveys in Asian 

countries (adopted from Garces et al., 2001) 
 

C o u n t r y /  
A r e a  

Y e a r  S t o c k  
D e n s i t y  
( t ·k m 2 )  

R e l a t i v e  
d e n s i t y  
( %)  

S o u r c e  

P H I L I P P I N E S      
San Migu e l Bay 1947 10.60 100.0 Warfe l and 

Mana c o p (1950) 
 1980-81 2.13 20.1 Vakily (1982) 
 1992-93 1.96 18.5 Cinco et al.  (1995) 
     
Manila Bay 1949-52 4.61 100.0 Warfe l and 

Mana c o p (1950) 
 1992-93 0.47 10.2 MADECO R (1995) 
INDON E S I A      
Java Sea 1977 3.72 100.0 Naamin (2001) 
 1998 2.20 59.1  
MALAY S I A      
West Coas t 1971/72 2.31 100.0 Abu Talib et al.  

(2003, in pres s) 
 1997 0.36 15.6  
East Coas t 1972 5.09 100.0 Abu Talib et al.  

(2003, in pres s) 
 1998 0.20 3.9  
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C o u n t r y /  
A r e a  

Y e a r  S t o c k  
D e n s i t y  
( t ·k m 2 )  

R e l a t i v e  
d e n s i t y  
( %)  

S o u r c e  

S a r a w a k 1972 3.90 100.0 Abu Talib et al.  
(2003, in pres s) 

 1998 1.11 28.5  
Sabah 1986 1.52 100.0 Abu Talib et al.  

(2003, in pres s) 
 1998 0.87 57.2  
THAIL A N D      
Gulf of Thailan d 1961 0.70* 100.0 Kongp r o m et al.  

(2003, in pres s) 
 1991 0.10* 14.2  

* Units in tons x 10 6. 
 

There are also indic a tio n s of undes ir a b le chang e s in relativ e abund a n c e of specie s/taxa in the 
trawl surve y catch e s. For examp le, the abund a n c e of more valu a b le specie s (such as group e r s, 
snapp e r s, shark s and rays) has decre a s e d sharp l y while smaller, less valu ab le species hav e 
incre a s e d in numbe r s ( i.e.  cardin a l and trig g e r fish e s).  
 

The results of analyse s of traw l surv e y data usin g softw a r e for commu n ity and ecolo g ic a l stud ie s 
(e.g.  TWINSP A N, CANOC O) also showe d asse mb lag e boun d a r ie s at abou t 50m and 100m 
depth. This typ e of info rmatio n will be usefu l for policy reco mmen d atio n s in desig n in g or 
revis in g zona tio n sche mes for fish e r ies mana g e men t. 
 
 

Conclusion  
F iRS T curr e n tly conta in s near ly 21,000 statio n s from eigh t coun tr ie s in South and South e a s t 
Asia. This has allo w e d retr o s p e c tiv e analyse s of traw l data, provid in g insig h ts on the exten t of 
over f is h in g and treme n d o u s declin e in demer s a l bioma s s ( i.e.  5 to 30% of orig in a l unfish e d 
leve ls). FiRST is now an impo r tan t regio n a l repo s ito r y of info r ma tio n for susta in a b le 
mana g e men t of coas tal fish stoc k s in eigh t As ian coun tr ie s. The deve lo p me n t of FiRST prov id e s 
a solid basis for coun tr ie s to formu la te and imple me n t impr o v e d policies for fish e r ies 
mana g e men t. 
 

The FiRST (versio n 2001) softwa r e is distrib u t e d by the WorldF i s h Center. Access to country-
specific daya contained in FiRS T requi r e s permi s s i o n from relev a n t gover n men t insti t u t i o n s in 
the particip a tin g coun tr ie s.  
 

There are plan s for furth e r enha n c e me n t of th e FiRST datab a s e thro u g h expa n d e d geog r a p h ic and 
tempo r a l cover a g e. The analysis module s such as mode ls to appr o x imate fish bioma s s e s and 
mapp in g routin e s can also be deve lo p e d furth e r. 
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�" ��	 � "� ���� ���"�	 ����� %�%������)	� %����	�� 	��� ��� ���  �����	 ����� ����"��� ��� �'��	 "�
�� ����%�" �������$��%�������"�	��� ����#������� �����	 �������� ������������������	�������
���� �����	 ������	�������!�#����	�%����	�	����#� ��������� ��� �����	 ��� �������������	�
���� " ��	� ��� ���������	� %�%������ ��"�� ��� %�#��	 ��� ��� ��!�  �	���"	 ����� �� "��	��� ����
��� "�	 ��� ��� 	��� ��	��� �����  �#�� #�� �� ��� �%�" ���� *�	��� ��#���%���	� ��� 	���  �	���	�
����"�������'��	 "��� ����%�" ���  ��$��%���������"��� ��� 	��� �	���	 ��� ��	�����#���% ���
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� ,�� ���������������� ��� ����������
����������������������� ��������������������������������������#$��3����������
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Abstract 

B a l t C o m versi o n 2.0 is an Intern e t base d data w a r e h o u s e wher e the countr i e s repre s e n t e d in IBSFC 
(Intern a t i o n a l Balti c Sea Fishe r y Commi s s i o n) upload, downl o a d, valid a t e and anal y z e fish e r i e s data. The 
deve l o p m e n t of the inte r n a t i o n a l dataw a r e h o u s e was an EC funded proj e c t. In the proces s of assess i n g 
stock s of comme r c i a l l y fishe d speci e s in the Balti c Sea [main l y Cod ( Gadus morhua ), Herrin g ( Clupea 
harengus), Sprat ( Sprattus sprattus ) and Flound e r ( Platichthys flesus )] data need s to be aggre g a t e d and 
calcu l a t e d to match the input forma t s requi r e d to r un assess me n t softwa r e used in the Baltic Fisher i e s 
Assessme n t Working Group. Further ad  hoc explo r a t o r y data minin g is  needed when decisi o n maker s 
reque s t speci a l analy si s or when deter mi n i n g the cove r a g e and the qual i t y of the data and to expo s e deta i l s 
hidde n in the data in order to expl a i n and under s t a n d model resul t s. It is there f o r e impo r t a n t to be able to 
analy se data onlin e, exami n i n g data in diffe r e n t form s on any aggre g a t i o n level, slici n g, dicin g, rolli n g up 
or drill i n g down the data. The need for a fast perfo r m i n g web based data minin g appli c a t i o n to analy se 
these data forma t s and deriv a t e s on diffe r e n t aggre g a t i o n level s was a ddres s e d by implem e n t i n g a soluti o n 
using Micro s o f t Analy si s Serve r and Micros o f t Excel  Pivot Table Servi c e s. Micros o f t SQL server was 
sele c t e d as the data b a s e serv e r, while the rest of the appl i c a t i o n was buil t on .net tech n o l o g y. The 
func t i o n a l i t y and arch i t e c t u r e of the solu t i o n is pres e n t e d. The sele c t i o n of techno l o g y is discus s e d. 
Conclu s i o n s and recomm e n d a t i o n s are given on the ba sis of lesson s learne d during develo p m e n t and 
impl e me n t a t i o n. The proj e c t indi c a t e s  that it could be fruit f u l for the biolo g i c a l comm u n i t y to integ r a t e 
some of the many existi n g data mining and OL AP sy stems in conjunct i o n with the many new 
inter n a t i o n a l web based dataw a r e h o u s e s. 
 
Keywords: BaltCom ;  OLAP; Datawa r e h o u s e ; Data minin g ; Fishe r y.  
 
 

Introduction and requirement description 

O L A P (Onlin e Analytic a l Proc e s s in g) and data minin g syste ms can be used to get info r ma tio n 
hidden in large databa s e s extrac t e d and displa y e d rapidly. Possibilities to analyse vast amounts 
of data throug h a user-friend l y inter f a c e, can  reveal new knowle d g e and facili t a t e the 
unde r s tan d in g of existin g know led g e. 
 
OLAP and data minin g tech n iq u e s have emer g e d in the busin e s s world thro u g h the 90’s 
(Dunham, 2003), and are still in an early phase  of deve l o p me n t (Han and Kamb e r, 2001). A 
comp r e h e n s iv e revie w of majo r OLAP and da ta minin g syste ms is to be foun d in Dunh a m 
(2003). The syste ms are main ly base d on well known statistic a l meth o d s, such as regre s s io n, 
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cluster in g, class if ic a tio n and neur a l netw o r k s , which have been wide ly used thro u g h o u t the 
biolo g ic a l commu n ity. 
In the presen t pro j ect only a fractio n of the possib ilities in such systems hav e been used, but the 
pro j ect will giv e ind icatio n s of the usefu ln ess of the software if used in bio lo g ical scien ces. 

About BaltCom 

F r o m 1995 all disca r d and landi n g data from the fi shery in the Baltic Sea have been samp led 
durin g three succe e d i n g inter n a t i o n a l proje c t s finan c e d by the Europ e a n Commis s i o n, 
Directo r a t e-Genera l FISH, Fisheri e s. All count ries around the Baltic Sea participated. Besides 
bein g a samp lin g proj e c t the seco n d and thir d proj e c t dealt with the deve lo p me n t of a commo n 
databa s e holdin g the data co llec t e d (IBSSP I, IBSSP II).  
 
The overall aim of the pro j ects was to imp r o v e the quality of the sto ck assessmen t of Baltic cod 
and to this end a consisten t samp lin g of catc h data in all the diff e r e n t coun tr ie s was a major 
poin t. A very impo r tan t tool for this was a co mmo n datab a s e hold in g all data and defin in g the 
min imu m quality lev el. A commo n agreed samp lin g man u al layin g dow n the samp lin g 
proc e d u r e supp o r t e d this. Befor e 1998 each c ount r y did its own samp l i n g more or less 
inde p e n d e n t and not just the samp lin g but also the follo w in g raisin g proc e d u r e from the samp le 
lev el to the total natio n al catch was mad e in man y differen t ways mak in g the tran sp aren cy of 
the inter n a tio n a lly aggr e g a te d data very poor . A commo n datab a s e does not just give easy 
access to informa t i o n on samp li n g level but makes it possible to raise the samp le results to the 
total leve l on a cons isten t and well-docu me n ted way.  
 
The first vers io n of the datab a s e was a plain AS CI I file conta in in g all para meter valu e s in a 
fixe d forma t. All data hand lin g and calc u latin g was made usin g SAS prog r a mmin g. Every half-
year the data from each country were submitt e d to the databa s e respon s i b l e who simp ly 
appen d e d the new data to the old data after ha vin g perfo r me d a quali t y check. As the amoun t of 
data grew, it became more and more difficu l t to handle the databa s e and theref o r e the 
develo p me n t of a web based datab a s e was inclu d e d in the last proje c t. 

Input to fisheries assessment models and exploratory OLAP 

Bio lo g ic a l advis e s for mana g in g the fish stoc k s  are based on fish stock asses s me n t models 
analysin g the state of the sto ck s. The samp lin g resu lts raised to natio n al lev el and 
inter n a tio n a lly aggr e g a te d to fish stock leve l are the input to these fish stock mode ls. The 
standa r d models are based on the charac t e r i s t i c s of the decay over the years of each age class 
existi n g in the fish stock. The level of each age class in a give n year is given in numbe r s per 
strata (typically species, area, quarter). The dec lin in g in numb e r s from one year to the next is 
assu med to be a resu lt of a mortality cau sed by the fish ery (fish in g mortality) and a mortality 
cau sed by oth er reaso n s (natu r al mortality). The fish ery mortality is assu med to be the sum of 
the landin g s and the discar d s. Based on the catch e s by age group and the natura l mortal i t y by 
age group the stock numb e r s can be estima te d. 
 
The inpu t is the follo w in g info r ma tio n on the catc h e s: 
� th e numb e r of indiv id u a ls caug h t by the fish e r y by age grou p ; 
� th e mean weigh t by age group in the catch e s. 
 
Durin g samp lin g of the catc h, length freq u e n c ies of the catc h e s are obta in e d and as the land in g s 
on natio n a l leve l are regis te r e d in total weig h t, it is conv e r te d into numb e r s by age grou p in a 
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two step proc e d u r e: firstly, the total land in g s (in weig h t) are conv e r te d to numb e r s by leng th 
grou p usin g the leng th distr ib u tio n s obta in e d durin g samp lin g. Seco n d ly, the numb e r by leng th 
grou p is conv e r te d to numb e r by age grou p by usin g an age-leng th key also obta in e d durin g 
samp lin g. Both the leng th distr ib u tio n s and the age-length keys are calc u lated base d on the data 
held in the datab a s e. As a diagno s tic of the state of the stoc k and in orde r to be able to expr e s s 
the stoc k char a c te r is tics, not just in numb e r s, but also in bioma s s ; the mean weig h t by age 
grou p is calc u lated from the samp lin g data wher e indiv id u a l weig h ts are obta in e d.  
       
Besid e the stan d a r d inpu t to the asse s s me n t mode ls a long list of explo r a to r y tabu la tin g of the 
data availab l e was needed. These are made when  decisio n makers reques t specia l analys i s or 
the purpos e can be to determi n e the covera g e a nd the qualit y of the data and to expose detail s 
hidd e n in the data in orde r to expla in and unde r s tan d mode l resu lts. 
 
It was therefo r e very imp o r tan t to be able to analyse data onlin e, examin in g data in differen t 
forms on any agg r eg atio n lev el, slicin g, dicin g, rollin g up or drillin g dow n the data.  
 
 

Materials and methods 

Selection of technology 

M i c r o s o f t SQL server was selecte d as the da tab ase serv er, while the OLAP solu tio n was 
created using Micros o f t Analys i s Server and Micr o s o f t Excel Pivot Table Servic e s. The rest of 
the applic a t i o n was built on.ne t techn o l o g y using XM L stand a r d s like XML, XSD and SVG. 
The sou r ce cod e will be open. 
 
The website can be found at the URL: http:// www.BaltC o m.org. The appli c a t i o n is passw o r d 
prote c t e d. 

Architecture and implementation 

T h e part of the solu tio n wher e data are uploa d e d from user to datab a s e, valid a te d, clean s e d, 
applic a t i o n securi t y and other functi o n a l i t y is only describ e d br ief l y to give under s t a n d i n g of 
the whole solu tio n. A detailed desc r ip tio n is out  of the scope of this paper ; see Degel and 
Jans e n (2003) for a full docu me n tatio n. 
 
On Fig. 1 the dataf l o w from user to datab a s e  is illust r a t e d. Users zip their ASCII-files and 
uplo a d them to BaltCo m by sele c tin g tools > u p lo a d in the menu. The optio n a l zipp in g of the file 
redu c e s the uplo a d time by up to 90%. On the serv e r the file is unzip p e d and conv e r te d to XML 
and valid a te d again s t a XSD schema file. If data  is imper f e c t, the proce s s is stopp e d here and 
the user gets a valid a tio n repo r t. If no erro r s ar e detected the data is sav ed in the datab ase. 
Furth er data quality analysis and clean sin g is offered by an outlier min in g fun ctio n ality. The 
sch ema file valid atio n is describ ed in detail in San d b eck et al.  (2003). 
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Fig. 1. Dataflow from user to database.  
 
 
 

 
 
 
Fig. 2. Dataflow from database to user. 
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On Fig. 2 the dataf l o w from datab a s e to user is  depicte d. Calls from the web user interfa c e to a 
VB.Net assemb ly (middle tier) updates the dataw a r e h o u s e. The update proc e d u r e s upda te the 
follo w in g table s in the dataw a r e h o u s e: AL K (Age Leng th Key), SLD (Stand a r d Leng th 
Distr ib u tio n), CANUM (Catch at Age in Numb e r s) and MW (Mean Weig h t). This is done for 
all fishe r y sets [set of defin itio n s of fishe r ies base d on countr y, gear, targe t spec ie s, mesh size 
and sub divis io n (ICES defin e d fish e r y area)]. This all hap p en s in the data tier. The dataflo w in 
the data tier is illu strated in Fig. 3. All the SQL calls mak e up a rath er comp lex call stack 
hier a r c h y which is brief ly desc r ib e d belo w.  Full docu me n tatio n can be foun d in Dege l and 
Jans e n (2003). 
 
After ALK and SLD have been popu la te d CANU M and MW are read y to be popu la te d. They 
use age-leng th relatio n s from ALK and wei g h t-leng th relatio n s are from SMAL K (Size 
Matu r ity Age Leng th Keys). When such relatio n s are miss in g for a give n leng th, it is calc u lated 
usin g lin e a r regr e s s io n s. The weig h t-leng th regr e s s io n s are bein g pulled out of the regr e s s io n 
table, which is popul a t e d for a ll stratifications during the outlie r analys i s. The weight-length 
relatio n is mode lled as Weig h t = Cons tan t * (Length)  3. The age-length regr e s s io n s are bein g 
calc u lated runtime as lin ea r regr e s s io n s betw e e n data at ages at length s shor ter and longe r. 
Degel and Janse n (2003) descri b e the set of rules defini n g the qualit y  requi r e men t of the 
regre s s i o n s. Theor e t i c a l backg r o u n d for outli e r anal y s i s and regre s s i o n s is found in (Sparr e and 
Vene ma, 1998). 
 
After popu la tin g the four main table s, a serie s of fishe r y set spec if ic table s are popu la te d with 
the relev a n t subs e t of data from the four main ta bles. These are to serve as fact tables for the 
OLAP (Online Analyt i c a l Proces s i n g) cubes. 
 
A series of cubes were set up in Micros o f t Analys i s Serve r, one for each of the fact table s, and 
three for plain data OLAP (numb er of statio n s, leng th measu r es and oto lith measu r es). The 
cubes were set up as ROLAP (Rel atio n al OLAP) real-time cub es. 
 
The MS Pivot table and chart web compon e n t s were selected as the user interfa c e to the cubes. 
The comp o n e n t conn e c ts via msola p.asp on IIS (Inter n e t Info r ma tio n Serv e r) to msmd p u mp.dll. 
In the dll metho d s are being called to get data from the analysis serv e r. Data is retu r n e d as 
XML back over the inter n e t to the clien t. This happ e n s with o u t relo a d in g the webp a g e on 
which the comp o n e n t resid e s. This OLAP cycle requ ir e s no custo m deve lo p me n t. 
Explo r a to r y OLAP can be perf o r me d at this stag e, and data for prep a r in g inpu t to asse s s me n t 
mode ls can be down lo a d e d in the sele c te d form by click in g the Exce l icon. 
 
 
Results 

Fig. 4 illustrates a pivot table with CANUM data . The user can chang e axes by dragg i n g and 
dropp i n g. Severa l dimen s i o n s can be at each ax is at a time. Slicing, dicing, rolling up and 
drilli n g down are done by select i n g value s in th e drop down lists. The pivot table is rapidl y 
repo p u la te d with data calc u lated for the new sele c tio n. On the figu r e the user has just click e d 
on ‘Size Categ o r y’ and can now sele c t one of the valu e s with in that dimen s io n. The same 
functi o n a l i t y is possib l e throu g h the charts (see Fig. 5). 
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Fig. 3. SQL call stack populating datawarehouse tables. The SQL in each unit is documented in 
Degel and Jansen (2003). Tbl (in white box) = Database table, Tbl (in grey box) = 
Datawarehouse table, UDF = User Defined Function, SP = Stored Procedure. 
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Fig. 4. Pivot table with CANUM data for fisheries stratification 1. 
 
 

 
Fig. 5  Chart with CANUM data for fisheries stratification 1. Age in years on X-axis and number of 

fish per landed ton. 
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Discussion  

Selection of technology  

W h e n selec tin g opera tin g syste m, datab a s e  serv e r, softw a r e deve lo p me n t lang u a g e, 
deve lo p me n t envir o n me n t and 3rd part comp o n e n ts sever a l consid e r a tio n s have to be made in 
con cern to the solu tio n s scalab ility, perfo rman ce, main tain ab ility, licen sin g and cost of 
deve lo p me n t. 
 
The .Net platform was selected because it is based on the first and only standa r d i z e d runtime 
envir o n me n t, permi t t i n g langu a g e  and platf o r m indep e n d e n c e ;  the CLI (Commo n Langu a g e 
Infra s t r u c t u r e). The techn o l o g y was develo p e d by Micros o f t a nd submi t t e d by sever a l leadi n g 
IT comp a n i e s to ECMA and ISO for stand a r d i z a t i o n. ECMA ratifie d it in Decembe r 2001 as 
ECMA stan d a r d 335 (ECMA, 2002), and ISO is abou t to publish it as ISO/IEC stan d a r d 23271 
(HP, 2002). 
 
The first open source imple me n t a t i o n on LINUX and UNIX is on its way, Ximia n  (Ximian, 
2002) has anno u n c e d the laun c h of the Mono proj e c t (Mono, 2002), an effo r t to crea te an open 
sourc e imple me n t a t i o n of the .NET Frame w o r k. At  this stage the ASP.Net module is still under 
deve lo p me n t (Mono, 2002a). Other non-micr o s o f t imple me n tatio n s SQL serv e r 2000 was 
selected as the database server, because it is one of the best scalin g and perf o r mi n g data b a s e 
serv e r (TPC, 2002) and due to the ease of admin i s tr a tio n thro u g h the enter p r is e mana g e r. When 
usin g SQL serv e r the oper a tin g syste m is Wind o w s 2000 server.  
 
The rich quer y lang u a g e T-SQL make s it poss ib le to run comp lex proc e d u r a l quer ie s. This 
mak es the data tier dyn amic, well stru ctu r ed, tran sp a r e n t and the appli c a t i o n as such perfo r me d 
faster than if data should get parsed back in to the middle tier multiple times. However the data 
tier is ther e f o r e not a 100% pure data tier sinc e some logic is imple me n ted in this layer. 
Furth ermo r e, the utilizatio n of the pro p r ietary T-SQL instead of ANSI SQL ties this part of the 
applica t i o n specifi c a l l y to SQL Server. 
The inter n e t info r ma tio n serv e r IIS comes toge th e r with the Wind o w s 2000 server. 
 
Analys i s serve r is packed toge th er with the SQL serv er and is theref o r e an easy choice for 
OLAP serv e r. Howev e r when inter n e t supp o r t and featu r e s lik e real-time ROLA P and 
calculated cells are needed the SQ L serv er need s to be the enterp rise editio n. This mak es the 
solut i o n rathe r expen s i v e comp a r e d to a SQL serve r stand a r d editi o n. 
 
The SQL server is a very solid well perfor mi n g piece of softw a r e. The ease of admini s t r a t i o n 
keeps the develo p me n t and main ten a n c e costs to a minimu m. Only bad exper ie n c e is the DTS 
(Data Tran s f o r matio n Serv ic e s), which was used in BaltCo m vers io n 1 for the popu la tio n of the 
dataw a r e h o u s e. It is clear ly a very early vers io n that has been inclu d e d in SQL serve r 2000, 
showin g many sign s of immatu r e softw a r e lik e unha n d le d bugs and erro r mess a g e s with o u t 
tex t. 
 
The Analysis Serv e r also give s an impr e s s io n of not bein g matu r e d. Numer o u s bugs and 
unsp e c if ie d erro r s toge th e r with a slow admin is tr a tio n envir o n me n t raise the deve lo p me n t costs 
and comp romis e the stabilit y of the system. A lthou g h imper f e c t the admi nis t r a t i o n/develop me n t 
envir o n me n t is quite easy to use, and the most diff ic u lt part of crea tin g the cube s is gettin g the 
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syntax of MDX (Multi Dimensi o n a l Query langua g e) right. Settin g the stora g e mode of the 
cubes to ROLAP was the best solu tio n. The only disad v a n ta g e comp a r e d to MOLAP and 
HOLAP is perfo r ma n c e. The ROLAP cubes perfo r m e d satisfa c t o r y, so the choice was made 
because ROLAP made real-time cubes possib l e. That way changes in the fact tables were 
refle c te d dire c tly with o u t proc e s s in g the cubes.  Only when addin g new dimen s io n valu e s is it 
necess a r y to proces s the cubes.  The pro cess time is far sho r te r than when proce s s i n g MOLA P 
(Multid imen sio n al OLAP) and HOLAP (Hybrid OLAP), since it only recreates the dimen sio n s. 
 
The COM API (DSO) is well docu me n ted and eas y to use, and was used to handle cube 
proc e s s in g from the main applic a tio n. 
The clien t comp o n e n ts are well perf o r min g givin g the user a lot of featu r e s with o u t any 
deve lo p me n t. They howe v e r are Activ e X COM comp o n e n ts, so they can main ly run on the 
wind o w s platf o r m. Pivot table serv ic e s and char t serv ic e s are a part of OW C (Micro s o f t Offic e 
Web Comp o n e n ts), so OW C need s to be on the clien t mach in e. This can eith e r be thro u g h an 
existin g offic e insta llatio n or a manua l comp o n e n t down lo a d and insta llatio n firs t time the 
web site is visited. In eith er case a Microso f t Office license is needed. 
 
 

Conclusions and recommendations  

The solu tio n pro v id ed has cov ered all need s in terms of fun ctio n ality. The app licatio n is 
perfo r min g satisf a c to r y as well. 
 
The dev elo p ed three tier solu tio n is smo o th ly scalab le in terms of add in g new fun ctio n ality. 
The scalab ility in terms of how man y users the system can han d le befo re perfo rman ce is 
comp ro mised is yet to be tested. 
 
SQL serve r, Visual Studi o.Net and the .Net fra mew o r k were succ e s s f u l choic e s. Develo p me n t 
was very rapid, altho u g h this was the firs t .Net  applic a tio n made by the deve lo p me n t team.  
The way the .Net tech n o lo g y is movin g thes e days make s it a very good choic e for softw a r e 
deve lo p me n t. Micro s o f t’ s .Net imple me n tatio n s are very comp r e h e n s iv e, matu r e d and well 
teste d. The Linu x imple me n tatio n by Mono is roug h ly one year away (Mono 2002c), and .Net 
applic a t i o n s will in theory run unmodi f i e d on Windo w s, Linux, HP-UX, Solar i s, MacOS and 
Free BS D (Mono 2002c). The COM inter-op-layer toge th e r with the Mono ’ s CORBA inter-op-
layer make s it very comp lian t to existin g solu tio n s wheth e r deve lo p e d in earlier Micr o s o f t 
envir o n me n ts or in java. 
 
The Analysis Serv e r was satisf a c to r y in terms of meetin g the requir e men ts of the solu tio n, but 
the many unha n d le d bugs made the deve lo p me n t somew h a t tedio u s at time s. 
 
Once the clien t comp o n e n ts were setu p righ t they were very satisf a c to r y in use, but many 
prob le ms arou n d the imple me n tatio n made it a rath e r time cons u min g task. Even thou g h some 
parts of the solu tio n have now been move d to  open stan d a r d s, sever a l parts are base d on 
prop r ietar y softw a r e tyin g the solu tio n clos e ly to Micr o s o f t softw a r e. When deve lo p in g 
inter n a tio n a l non-profit scien tif ic softw a r e, one shou ld aim at free in g the solu tio n as much as 
poss ib le from cons tr a in in g lice n s in g agre e me n ts. We reco mmen d that the next vers io n shou ld if 
poss ib le be base d even more on open stan d a r d s and open sour c e.  
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The curre n t tren d of IT in the field s of biolo g ic a l scien c e s is that data are being gath e r e d acro s s 
natio n a l and orga n iz a tio n a l boun d a r ie s in larg e r  dataw a r e h o u s e s or being integ r a te d as 
distrib u ted datab ases. In the view of the auth o r s a pro sp ero u s nex t step wou ld be the utilizatio n 
of existin g OLAP (Onlin e Analytic a l Proc e s s in g) and data minin g softw a r e on top of thes e new 
stru c tu r e s. The pres e n t proj e c t has supp o r ted this. Such solu tio n s would prov id e the fast facts 
and analysis requ ir e d to take know led g e base d decis io n s in a dynamic world. 
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-��������������	������.!/�������������	��������������������	������ ������������0��������	���	�����
���������	����������	��������)���	����� ����	���	�1�������0��+�2������������	�������!���	��.!/�1����
 ������ ���� ����3�	�� ��� ����� ����� ���������	� ���� ��� ��� ���� ��	������	� ��� �	��������� ���0��� �	�� �����	���
������+� .!/� ��	�  ������ ���� ��������� �����0�	�� ���� ����� ���������	"� 4 ����5� ��	����� �	��  0�4 �	��
������	�+� 2��� ���"� ���� ��� ��� ��6�� ���������"� �� �	������� �	� ���� ���������	�� ��� !���	�� .!/�
����������	+��	�����������3����������6����� ������)������	�����2���	�����7��������6�����)���	������$
276����������������!���	��.!/����������	�������������������������	������������	����	��	���	��������	"�
����������	��������)���	��+��	��������	��������8��6�����������5���"�!�6�"� ��.!/��������������	��
���	���� ��������+� 2��� ���8��6�� ���� ���� �� 9���� 	��5� ������:� 1�0� ���� ���� !���	�� .!/�
�����*88111+����	�)��+	���������������������	������������	�������� ��	�������0 ���	��	����	�������� ��	�
��� �+�����������	�0��1��	������	��������	��������������	�������!���	��.!/������	�����	�(;;(�1����
���� �������	� ��� ���� ����$������ �5���� �� �	� ����6��������	�����!���	��6�����)���	����5���� �	��
.!/����.!/�+�2������ ������ ���� ���� ����� ����� �	�7�����(;;(��	��������������1��3����	� ���� ���� ����
�	���������	� �	��� ��1� .!/� ����	����5� �� ��� 0��  ��� �	� �	� ����	��������� ��	��)�+� 7	������ ���<����
�	�����	�����8��6���� �������!���	��.!/����<���"� 9!���	�.!/*������$��	�����=����	����������	������
����	������� �	��������0����5� �	��.!/:"�1��������	������ �����.!/�����	����5���	�0�� ��� �������������
�����1��3�������������������	��������0����5���������������������	������ 	��5��	������������5��	� ���������
����	���0����	��5���+2������<����1��������������������5�������	�.!/$0����!���	��!��3$ ��/�	� ����
�!!/�+� �	��	���������������	�"� ����.!/�90���3:���	���������������05�!�6����	���"������5��������
	 �0��������	�����5�����	����� �� ����������	�0�����0�����	��������	��1�5������������������ �� ��������
������5��������������������������0���������� ������������	�+�2���0���3��� �� ���������	����0����0 ����	��
0���3��������3���	��������	����������+�
�
>�51���*�.!/?�����	?�6�������	���?��	��������0����5?���6�+�
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2����.��	�0���!��3 ��/�	� �����.!/��1������������05�����-�����-����-�0���	���� ��
�-'����������������������	��������������	���	��+�-��������������	������.!/�������������	����
��������"� �������0��� ����	��������� ���� 	��5�	�1���� ������0��� �������	��� ���  ������ ����
�)���	����������	������+��	��3�� �������� ��	�����=����	� �	��������"�.!/���	�  �������)���	��
�������������	���	��������	�5����1������������	����)�� ��0�	�����1��	��	�� �����	�����
���������	�����	�1�5���+�2� ��)���	���	�����	���	��	�� ��	�"����� ��	��5�����	��
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J φ[ ]= µi
i=1

Nd

∑ di − φ x i( )[ ]2 + φ −φb

2

ϕ 2 = ∇∇ϕ : ∇∇ϕ + α1∇ϕ •∇ϕ + α
0
ϕ 2( ) ∫ dx
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