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1 Background

Wi t ht h es pr e a do fc o mp ut e r s ,t h es c a leo fs o f twa r eh a si n c r e a s e de xp l o s i ve l y. I ns u ch

l a r ges c a l es o f twa r e ,c od e f r a g me nt sh ave c o mp l e xa n dc o n s t r a i n e dr e l a t i o n s h i p se a ch

o t h e r .Th e r e f o r e ,t od e ve l o pa n dma i nt a i nl a r g es c a l es o f twa r ee �c i e nt l y, i ti sc l e a rt h a t

we n e e ds o f twa r ed a t a b a s e s ,i nwh i ch s o f twa r eo bje c t sa p pe a rd u r i n gt h es o f twa r el i f e

c y c l e sa r es t o r e d ,ma n a g e da n da c c e s s e d .Wh i l et h ec o n c e p to fs o f twa r ed a t a b a s e si sn o t

n e w,p r a c t i c a ls o f twa r ed a t a b a s e sh ave n o tbe e nd e ve l o pe dye t .Th i sf a c ts h ows s o f twa r e

d a t a b a s e sa r ed i �c u l tt od e ve l o p .

2 Purpose

Th eg o a lo ft h i ss t u d yi st oc l a r i f ywh a tc o mp l i c a t e ss o f twa r ed a t a b a s e s ,a n dt oe s t a b -

l i s hh ow t od e ve l o ps o f twa r ed a t a b a s e s .P r e v i o u sr e s e a r ch h a sbe e nf oc u s e do ni n f o r ma l

s o f twa r eo bj e c t sl i ke me mo s ,i n f o r ma ls pe c i �c a t i o n s ,i n c o mp l e t ed i a g r a msa n ds oo n .I n

t h i ss t u d y, we f oc u so nf o r ma ls o f twa r eo bj e c t sa n dt a ke a na p p r o a ch t oi mp l e me nt s ma l l

s o f twa r ed a t a b a s e swh i l ep r e s e r v i n ge s s e nt i a ld i �c u l t i e so fs o f twa r ed a t a b a s e s .We e x pe r -

i me nt a l l yi mp l e me nt a UNI Xc o mma n dd a t a b a s eu s i n gEme r a u d ePCTE ,wh i ch g i ve su s

i n f o r ma t i o no fr e l a t i o n sa n ds e ma nt i cc o n s t r a i nt s ,wh e r ewe r e g a r dUNI Xc o mma n d sa s

s o f twa r eo bj e c t s ,a n dEme r a u d ePCTEa sa t oo lt ob u i l ds o f twa r ed a t a b a s e s .Th es t e p s

o fb u i l d i n gt h es o f twa r ed a t a b a s ei sa sf o l l ows .

1. We s e l e c ts e ve r a lUNI Xc o mma n d sa st h ema t e r i a l so fb u i l d i n gs o f twa r ed a t a b a s e .
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2. We extract all rel ationsi nthe UNIX commands, and descri be them as ERA mo del s.

3. We extract al l seman ti c constrai nts i n the UNIX commands, and real i zethem as

programs that run on Emeraude PCTE.

The purp ose of thi s pap er i s to categori ze compl i cati ons of sof tware databases f rom

experi ence of impl emen ti ng the UNIX command database.

3 Properties of UNIX commands

� There are man y compl ex rel ati onsamong UNIX commands.

� But there i s no way to tel l us i nf ormati on about compl ex rel ati ons among UNIX

commands.

A program cal l ed\shel l " i s a UNIX command i nterpreter. Usi ng shel l ,we combi ne

several UNIX commands usi ng pi pe or other shel l 'sconstruct. Furthermore, UNIX com-

mands of ten i nvoke another command vi a envi ronmen t vari abl es (consi der, f or exampl e,

\man" command' s PAGER). So there are man y compl ex rel ati ons among UNIX com-

mands. Thi s means i t i s not easy to handl e compl ex rel ati onsamong UNIX commands,

al though they are represented as f ormal sof tware objects.

On the other hand, UNIX commands are f ami l i ar enough for us to understand. Thi s

means i t i s rel ati vel y easi er to extract rel ati onsand constrai nts among UNIX commands

than to do so among real sof tware obj ects. So we sel ectUNIX commands as handy-si zed

sof tware obj ects.

4 Emeraude PCTE

PCTE, Portabl e Common Tool En vi ronmen t, i s a standard of portabl e tool i nterf ace

f or open reposi tori es. In thi s study, we use Emeraude PCTE, whi c h i s one of sof tware

real i zi ngPCTE. The Emeraude PCTE reposi toryi s cal l edthe obj ectbase; i nf ormati on i s

represented as obj ectsconnected to each other by l i nks. In PCTE, we use SDS (Schema

De�ni ti on Set), whi c h adds speci �c properti esto ERA mo del s such as . . . . (ここかく)．So

i t i s easy f or us to descri be rel ati onsand retri eve obj ectstraci ng rel ati ons. SDS supp orts

some seman ti c constrai nts (f or exampl e, cardi nal i ty). And we can program seman ti c

constrai nts not supp orted by SDS usi ng C l anguage.

So we sel ectEmeraude PCTE as a tool of experimen t.

5 Describing relati ons

To descri be UNIX command rel ati ons,we use three ki nds of ERA di agrams as f ol l ows.

� meta-cl ass di agrams
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� class diagrams

� instance diagrams

We use class diagrams when we need stati c information, for example, a relation be-

tween command and �le as command's parameter. Instance diagrams represen t dynamic

relations among UNIX commands, for example, a concrete �le name or parameter value.

We use meta-class diagrams as a meta-sc hema. We need meta-sc hema, since we need data

integration to search al l UNIX commands for some common prop erti es.

6 Impleme ntin gse mant i cc on s t ra i nt s

We can program seman tic constrain ts, not supp orted by SDS, using C language. But i t

i s di�cul t to implemen t al l seman ti c constrain ts as program completely (such constrain ts

are implemen ted partial ly). For example, UNIX \man" command is related with other

commands via the envi ronmen t variable PAGER. We exp ect the command speci�ed by

PAGER shows us the content of text �le comfortably . But in program, i t i s di�cul t to

describ e such intention. So we try to implemen t such intention as a program partial ly.

For example, retri eving a l i stof the appropriate commands as the values of PAGER. But

our exp erimen tal implemen tation do es not supp ort new commands.

7 Cl a s s i �c a t i o no fDi �c ul t i e s

It holds some problem of a software database, for example dynamic information, and

relations of UNIX �le system is comparativ ely simple.

We classi fy the di�cul ti es of seman tic constrain ts by bui lding the UNIX command

database. The resul ting classi�cation and the corresp onding partial solution are as fol lows.

� seman tic constrain ts about location

{ describing information about location

{ searching location by \�nd" command

{ consul ting other users' �l e \. cshrc" as hints

� seman tic constrain ts about intention

{ retri eving a l i stpre-de�ned as appropriate values

{ adding the attribute i . e. typing

{ searching al l UNIX commands and retri eving relations

� seman tic constrain ts about dynamic information

{ retri eve instance diagrams assuming that instance diagrams are avai lable

We al so di scuss thi s classi�cation can be observ ed in software dev elopmen t.
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8 Conclusion and Future Works

The conclusion of thi s study i s as f ol l ows.

� It i s of ten di�cul t to deal wi th rel ati ons and semanti c constrai nts among formal

objects as wel l as i nf ormal ones.

� We need both of f ormal descri pti onand i nf ormal one. There are seman ti c con-

strai nts, whi c h cannot be descri bed wi thout i nf ormal descri pti on. But there i s a

probl em how to deal wi th i nf ormal descri pti onon a sof tware database.

� Seman ti c constrai nts can be cl assi �edby thei r properti es. We cl assi �edseman ti c

constrai nts, whi c h are di�cul t to program, | l ocati on, i ntenti on, and dynami c

i nf ormati on |. We di scussed thi s cl assi �cati oni snot l imi tedby a UNIX command

database.

Our contri buti on f or sof tware databases i s the above men ti oned cl assi �cati onof the

di�cul ti es.

Future works of thi s study i s as f ol l ows.

� establ i shi ngmeta-cl ass di agrams and cl assi �cati onof seman ti cconstrai nts

We must deal wi th much more UNIX commands.

� consi deri ng useful ness of cl assi �cati on

We must consi der whether cl assi �cati onof probl ems of sof tware database i s mean-

i ngful or not.

� i mpl emen ti ng an i nstance di agram generator

We need a tool generati ng (semi -)automati cal l y i nstance di agrams, because dynami c

i nf ormati on i n i nstance di agrams are very imp ortant. But ful l -automati c one i snot

real i sti c,because i t requi res al l i nf ormati on i ncl uded i n the ori gi nal source code.
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