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ABSTRACT
W e ar g u e th at a ro ad m ap  f o r s o f tw ar e en g in eer in g  and  th e
I n ter n et cu r ren tly  s h ou ld  be b ased  o n s tan d ar ds  f o r co m plex 
d ata an d d o cum en t s tr uctu r es , lik e the Exten s ib le Mar k u p
Lang u ag e ( X ML) . In  f act, X ML an d its  co h or t o f r elated 
s tan d ar ds  ar e likely  to  b eco m e an  ep och al in n ov ation  f o r
d esig n ing  I n ter n et- b ased  s of tw are s y stem s. Th e f ield s  o f
ap plicatio n  of  thes e new  n otation s  and  r elated techn o lo gies 
ar e o n ly lim ited  b y  h um an  im ag inatio n, and  s imp ly  can n o t
b e en u m er ated at th e mo m en t. O u r in ter es ts  cu rr en tly 
co ncer n  a co ncep t th at w e call d ecla r a tively a ctive
d o cu m en t, fo r  w hich  th es e s tand ar d s o f f er  an  im p or tan t
s u pp o r t. I n  th is  p ap er w e des cr ib e s ho r tly  th e s tate o f  th e ar t
o f  th es e n ew  s tand ar d s, an d h o w  w e are u sin g  th e con cep t o f 
d eclar ativ ely activ e do cu m en t f or  s o ftw are en gin eerin g 
p u rp o s es.

INTRODUCTION
I n ter n et, an d in  p ar ticu lar th e W o r ld W ide W eb, h ave g iven 
th e s o f tw ar e en g in eer in g  f ield  a d is tr ib uted  en v ir on m en t th at
is  w o r ld- s ized  and  actu ally w o r kin g . Th e W o r ld W id e W eb 
m akes  collab or atio n  o f r em ote s ho p s  po s s ib le, an d 
f u rth er mo r e it r eally  allo ws  th e s h arin g  an d  co llabo r ativ e
d r af tin g o f  do cu men ts , co d e an d  all th e ob jects  o f  th e
w o rk f lo w th at ar e p ar t o f  daily  lif e o f  th e s of tw are
en gin eerin g .

Bu t in  ou r  v iew  it is  in  the f ield  o f m ark u p  lan g u ag es  th at
th e I n ter n et h as  p r o v id ed  th e m os t imp o r tan t ad v an cem en ts 
to  th e field . W ith in  an d  o uts id e o f  th e Wo r ld  W id e W eb , th e
Ex ten s ible Mar k u p Lan gu ag e ( X ML, [ 5 ] )  an d  its  co ho r t o f 
r elated  s tan dar d s ( X S LT [ 9 ] , XS L [ 1 ] , XP o in ter , X P ath  and 
X lin k  [ 1 2 ] , [ 1 0 ]  and  [ 1 1 ] , DO M [ 2 0 ] , RD F  [ 1 5 ]  and  X ML- 
N ames p aces  [ 4 ] )  ar e lik ely  to  beco m e an  ep o ch al
in no v atio n . Th e field s o f  ap p licatio n o f  th es e n ew 
ap pr o aches  are o nly  lim ited b y  hu m an  im agin atio n , an d 
s imp ly  can n o t b e en u m er ated at th e m om en t.

Th an k s  to  X ML, any  s o ftw ar e en g in eer  can  d ef ine a sy n tax

( i.e., a D o cum en t Ty p e D ef in ition , o r D TD)  tailo r ed f o r  h is 
o w n n eeds , and  u se s tan d ar d X ML to o ls to  cr eate an d v er if y 
co mp lex  d ata s tr uctu r es  w h ich  can  b e ex chan g ed b etween 
ap plicatio n s . Th is  m akes  o f X ML a v ery  p ow er f ul to ol f o r
s y stem  in teg ration . I n f act, th e s tr en g th o f  XML lies  b ey o n d 
th e cap ab ilities  to  d ef in e co m m un ity -s p ecif ic D TD s : f o r 
in stan ce, it is  beco m in g  con v en ien t to  u se it f o r  ap p licatio n- 
s p ecif ic d ata o b jects  th at ar e no t r eally m eant to  b e d is p layed 
to  a h u man  u ser .

A d ditio nally , X S LT p r ov id es m u ch to  XML in  term s  o f
r each  and  f lex ib ility . X S LT is  a m ap pin g  lan g uag e th at can 
b e u s ed  to  tran s fo r m  an  X ML d o cum en t in to an o th er  on e. Its 
m o st im po r tant u se is  to  tran s f or m  an X ML d o cum en t in to  a
f o rm at th at can  be d isp lay ed  b y  a b r ow s er: th us  f o r in s tan ce
MS  Ex p lor er  5 can accep t X ML d o cu m en ts  s atis f yin g  an 
ar bitr ary  D TD an d u s e X S LT to  tran s f or m  th em  in to  HTML
d o cu m en ts  th at can  th en  b e p r o p er ly  dis p lay ed  o n  a
co mp u ter s cr een .

X ML- N am es p ace, o n th e o th er h an d, is  a s pecif ication  to 
allo w  the in ter m ix in g  o f  tag s  d ef in ed f o r d if fer en t d o cum en t
ty pes . Th u s , in s tead  of  d efin in g a n ew  D TD  f r om  s cratch 
w h en ev er a n ew  tag  is  n eed ed , it is  po s s ib le to  ex ten d  it o r 
ev en  to  m er g e d iff er ent D TDs  in  a s ing le d o cu men t. F o r 
in stan ce, a math em atician  may  w rite th e tex t par ts  o f  a
textb o o k u s ing  p lain  HTML an d  inter s per s e th e H TML w ith 
Math ML fo r m u las  with o ut n eed in g  to  create a n ew  D TD
in clu d ing  th e tw o tag  s ets .

Th e ex trem e flex ib ility  in  co m p os ition  and  cr eatio n th at is 
g r an ted  b y  the X ML lang u ag e is  no t y et equ ated b y 
an alo g o us  f lex ib ility  in  s of tw are: cur r ently , b r o w ser s  on ly 
p r ov id e a clos ed  an d  sp ecific s et o f  v is ualizatio n  f eatur es 
( e.g ., th e H TML + V ML [ 1 6 ]  o bject m o d el o f  I n tern et
Ex plo r er 5 ) , s o  th at an y  v is u alization  n eed  that exceed s
th os e p ro v id ed  b y th e to o l ar e natu r ally  f r u s tr ated.

I n  p as t p ap ers  w e d is cu s s ed d isp lets ( [ 8 ]  and  [ 3 ] ) , o u r 
p r op o s al to  pr o v id e f lex ib le s u pp o r t f o r  s p ecial r en d er in g 
n eed s  that auth o rs  o f  co m p lex  d ocu m ents  may  h av e.
D isp lets ar e s o f tw ar e m o d u les  ( cu r r ently  th ey  ar e Jav a
clas s es ) th at ar e as s ociated  to  each  elemen t in  an  X ML
d o cu m en t an d  p r o vid e so m e ren d erin g  beh avio r  fo r  that
elem en t. S u p po r t f o r  th e m os t com m o n  elemen t ty p es  is 
g iven  ( fo r  ins tance, tex t elem ents ) , b u t it is p o s sib le at any 
time to  ad d  new  mo d u les  p r ov id ing  s p ecialized  r en d er in g 
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s eman tics  f o r s p ecif ic n eeds .

I n  th is  p ap er w e m ain tain  th at th e arch itectu re p r ev io u sly 
p r op o s ed can  b e fr u itfu lly  u s ed  f o r  mo r e th an  v is u alizatio n ,
f o r it is  an  ex trem ely g en er al way  to as so ciate b ehav io rs  to 
X ML elemen ts , an d th u s to  pr o d u ce activ e d o cu men ts  th at
p erf o r m  co m p utatio n s , en act g o als , p ro d u ce r esu lts . Th e
id ea b ehin d  th is  as s ertio n  is  as s im ple as  d isp lets: b y 
as so ciatin g  XML elem ents  to J av a class es  th at ar e ab le to 
p erf o r m  s u ch  activ ities , X ML d o cu m en ts  b eco m e
co llectio n s  of  activ e co m p on en ts th at can b e co m m and ed  to 
p erf o r m  ar b itr ar ily  com p lex co m pu tatio n s . Th is m eans  th at
d isp lets can  b e us ed  fo r  b oth  the m ere d is p lay o f  in f o r matio n
o n  s cr een  ( eith er v ia tex t, o r  via any  s pecif ic n o tatio n)  an d
th e r ealizatio n  of  activ e in f o r matio n elem en ts th at p r o vid e
in ter activ ity, s elf - u pd ate, o r  an y  k in d  of  co mp lex 
co mp u tatio n .

O u r ap p ro ach  is  par ticu lar ly  u s ef u l to  m ak e s of tw are
en gin eerin g  en v iro n m ents  " WW W - awar e" : th e d o cum en ts
o f  th e so f tw ar e pr o cess  tend  to  b e com p o sed  o f s ev er al
d iff er ent ch un k s , s o m e o f  tex t, s o m e o f  fo r m u las  in s p ecial
n o tatio ns , and  s om e o f s tr uctu r ed  g r ap h ical d iag r ams .
Cu rr en tly  it is  ver y  dif f icu lt to  tu rn  thes e do cu m en ts  in to 
p ages  that can  b e m ad e av ailab le th r ou g h  a W eb b r o ws er ,
s ince each  f or m u la an d each d iagr am  need  to  b e co n ver ted
in to  a pas s ive imag e. D is p lets  pr o v ide a w ay  ar o u n d th ese
limitatio n s , b y  allo w in g  the s eman tically- r ich d es cr ip tio n  o f
f o rm u las an d  d iagr am s  to  b e ex p res s ed in  X ML an d  to b e
d isp lay ed  in  th e b r o w ser  in th eir  f u ll g rap h ical r en d er in g .
A d ditio nally  th e p o s s ib ility  o f  activating  in  s o m e w ay s  th e
d iag r am s, v erif y in g  their  co r r ectn es s an d p r o vid in g m u ltip le
v iew s  s eem  imp o r tan t an d  eas ily  p o s s ib le in  a g en eral w ay 
w ith  th e d is plet ap p r oach . Th u s  s o m e p ar ts  o f  th e do cu m en t
can b e declared  activ e, r ath er  th an  ex ecuted . W e call thes e
d o cu m en ts  d ecla r a tively a ctive do cu m en ts  ( or  D A Ds ) 
b ecau s e o f  this  ch ar acter istic.

Th is  p aper  is s tru ctu red  as f o llo w s : in  section  2  we d iscu s s 
o u r id ea o f  active d o cu m en ts , and  co mp ar e it with  sim ilar 
w ell- k n ow n  app r o ach es . I n  section  3  we d is cu s s th e cu r r en t
ar ch itectu r e o f  dis p lets , an d  p ro v id e ex am p les o f  so m e of 
th e d is plet clas ses  w e h av e cr eated . I n  section  4  we d iscu s s 
th e co n cep t of  activ e d is p lets  an d  p ro v ide s o me ex am p les,
in clu d ing  s o me app licatio n s o f  bo th  XML an d  the d isp let
tech n o log y  to th e f ield  o f  s o f twar e en g ineer ing , and  in 
s ectio n  5  w e tr y  to  d er iv e s o m e co n clu s ive r eflectio n s  on  th e
ap plicatio n  of  m ar k u p  lan g uag es  an d  active d o cu m en ts  to 
th e f u tur e env ir on m en ts  o f  s o f twar e en g ineer ing .

2 ACTIVE DOCUMENTS
Tr ad ition ally, electr on ic do cu m en ts  hav e b een  s een  as  s tatic
en tities to  be s ub jected  to actio n s , s u ch as  dis p lay in g  o r 
p r in tin g, r ath er  th an  actively  tak in g p art to  a p r oces s .
D o cu m en ts ’  inter nal d ata f or m ats w er e d ecid ed  b y  the
ap plicatio n s  th at cr eated  th em , w h ich m ade it v er y  d if f icu lt
to  m an age d o cu m ents  as co llection s  o f h eter o g en eo u s d ata
ty pes , sin ce a d if f er en t p ro g r am h ad  to  man ip ulate each  o n e.
F u rth er mo r e, r elatio n s b etween  dif f eren t d o cu men ts  th at ar e
s trictly r elated  w er e d if f icu lt if  n ot imp o s s ib le to  ex pr es s .

O n  th e In ter net th e o ld  ap plicatio n - cen ter ed  co m p u tatio n

p arad ig m is  slo w ly  f adin g , an d  we ar e m o vin g  to w ar ds  a
n ew d ata- cen ter ed m o d el. D ocu m ents  d o n o t n eces s ar ily 
b elo n g  to  a sp ecif ic ap p licatio n, as  in  th e p as t, bu t they  m ay 
b e m ad e o f  s ev er al co mp o n ents  that can  b e in d ep en d en tly 
d isp lay ed , p rin ted  o r  m ad e to  inter act w ith  o th er  co m p o nen ts 
o r  w ith  th e us er . I t is  n o w p o s sib le to  bu ild  d o cu men ts  w ith 
h eter o g en eo u s d ata, com in g  f r o m  d if f er en t s o u rces  an d 
ex pr es s ed  in  d if fer en t f o r mats . Th is  o b ject- o rien ted 
p arad ig m s ees th us  th e d o cum en t n o t as  the p ers is ten t f or m at
o f  s o m e ap p licatio n ’ s  d ata, b u t as  a co n tain er o f  sm aller 
au to n o m ou s  chu n k s o f  heter og en eou s  d ata.

F u rth er mo r e, th e n ew  mo d el m ak es it po s s ib le to  b u ild  n ew 
d o cu m en t ty p es , th at wer e no t  co n ceiv ab le p r ev io u sly .
D o cu m en ts  can n o w co n tain  no t jus t s tatic elemen ts  s u ch  as 
im ag es  or  text, bu t als o  b utto n s, f ield s , an d  o th er w id get
elem en ts th at can d ir ectly  in teract with  u s er s. D o cu m en ts 
b eco m e activ e, they  can  r eact to ex ter n al in p uts , can  p ro d u ce
co mp u tatio n , can  d y n amically  m o dif y  th em selv es.

2.1 Current generation active documents
Cu rr en tly , m os t op er atin g  sy s tems  p r ov id e a g en er ic o b ject
m o del and  in teg r ate A PI s  and  s erv ices to  m an age th e
co mm u n icatio n b etw een  th e ob jects  th at com p o s e th ese
co mp lex  d o cu men ts. Many  ar ch itectu r es h ave b een  d efin ed 
to  s u p p or t activ e d o cum en ts, in clu d ing  O p en D o c ( A p p le,
I BM, etc.) , ActiveX  ( Micr o so f t) , an d  J avaBeans  ( S un ) .

O p en D o c [ 1 4 ]  w as  an  o p en  p latf o r m  f o r  co m p o un d 
d o cu m en ts  d efin ed b y  CI L ( Co m p o nen t In tegr ation  Labs ,
co -f o u n ded  b y A p ple, IBM, an d  o th er  or g anizatio n s ) . Th e
ill- f ated  O p en D o c ar ch itectu r e is  b ased  o n a f ew  d if f er en t
m o du les  u s ed  to  or g an ize the co nten t o f  th e d ocu m ents : th e
layo u t sy s tem m anag es  th e par titio n  of  s pace betw een 
d o cu m en t co m po n ents  ( called p ar ts ) , activates  th e par ts  an d 
r efr es h  th em  f o r  th e dis p lay ; the ev en t dis p atch in g s y s tem 
r o utes  ev en ts to  p ar ts an d  in teracts  w ith th e lay o ut s y stem  to 
activ ate th e ev ent targ et; th e sto r age s ys tem  h elp s p ar ts  to 
s tor e their  data in  o ne s h ar ed  co m p o un d  do cu m en t. Th e
O p en D o c p latfo r m  p r o v id es  a r ich s et o f  AP I  that a s o f twar e
d evelo p er  m u st u se in stead  o f  s ys tem  calls  to  w r ite p ar ties .
Th is  u n if o r m ity  gr an ts p o r tab ility  o f p arts  acr o s s  m u ltip le
p latf o r ms : to m o ve a par t to  a dif f eren t O p en D o c p latfo r m  it
is  o n ly  n ecess ar y to  reco m pile it.

A ctiv eX  [ 1 7 ]  is Micro s o f t’ s  platf or m  f or  activ e do cu men ts ,
cu rr en tly  av ailable f or  th e W in do w s  op er atin g  s y s tem s  and 
s o me U N IX  im plem en tatio n s . Th e nam e ActiveX  d oes  n ot
id en tif y a w ell- def in ed  ar ch itectu r e, b u t r ather  it is  th e
m ark eting  term  u sed  to r ef er  to  a s et o f  tech no lo g ies  r elated
to  th e Web  and  the g ener atio n  o f co m po u n d d o cum en ts. A t
th e co r e o f  ActiveX  is CO M ( Co m mo n  O bject Mo d el) , a
Micr o s o ft s tan d ard  th at s p ecif y  a w ay f o r s o f tw ar e
co mp o n ents  to co mm u n icate with  each  oth er. I t's  a bin ar y
an d n etwo r k  stan dar d  th at allo w s an y  tw o  co m p on en ts to 
co mm u n icate reg ard les s o f  wh at mach ine they  are r u nn in g 
o n , w h at o p erating  s y stem s  th e mach ine are r u nn in g  an d 
w h at lang u ag e th e co m po n en ts  ar e w r itten  in . Activ eX 
o b jects  th u s  ar e g en eric s of tw are co mp o n en ts  th at ex p o r t
th eir  m eth o d s an d p r o per ties  th ro u g h  a COM in ter f ace.
Co ntr ar y to  O p en D o c p ar ts, A ctiv eX call d ir ectly  s y s tem 
call o f  th e op er atin g  s y s tem  th ey  ar e r u nn in g  o n : th is  allo w 



A ctiv eX  to  u se all th e o p eratin g s y s tem  AP I , bu t intr o d uces 
a lo t o f p o r tab ility  pr o b lem s .

J avaBean [ 1 9 ]  is th e s o f twar e co m p on en t m o d el p r o po s ed
b y  S u n  fo r  J av a. A  J avaBean is  a r eus ab le s o f tw ar e
co mp o n ent th at can  b e g r ap hically  m anip u lated  in s ide a
v isu al en v ir on m ent. A s A ctiv eX  co m p o nen ts, J avaBeans 
can u s e th e fu ll J av a A P I  set w ith o u t an y lim itation : the
J avaBean m o d el d ef in e o n ly  h o w  a J avaBean can  b e
g r ap h ically  man ipu lated  b u t n o t w h at it can  d o, an d h o w  it
d o  it. J avaBean m o d el g ran ts  a f u ll b inar y  po r tab ility , than k s 
to  J av a b in ary  p or tab ility .

2.2 Active documents with XML
I n  o u r  op in ion , alth o ug h  all th es e arch itectu res  allo w 
d o cu m en ts  to  b ecom e m or e com p lex an d  s o p his ticated  an d 
to  in clud e tex t, s tr u ctu r ed d ata, im ag es , m u ltim ed ia, etc.,
th ey  s u ff er  fr o m  a f u nd am ental weak n es s : th e per s isten t
r epr es entation  that is u s ed to  sto r e th e d ata o n  d is k  o r to 
ex ch an g e it am o n g ap p licatio n s  (i.e., th e d ata f o r mat)  is 
u s ually  ex tr em ely co m plex , n ecess ar ily  in a b in ar y  f o r m at,
an d o f ten  it ex p licitly  in clu d es th e co d e n eces s ar y to  cr eate
th eir  activ e co m po n en ts .

Ev en  an  H TML d o cum en t w ith  s o m e J avas cr ip t o r a
P o sts cr ip t f ile ar e in s o m e s en se activ e d o cu men ts : th e
f o rm er  is  a dis p lay ab le d o cu m en t co n tain in g  s om e w id g ets
th at can ex h ib it active b ehav io rs , s uch  as  ty pe ch eck in g o r 
co nd ition al dis p lay ; th e latter  is  a r eal p r o gr am  th at pr o d u ces 
as  o u tp ut th e b itm ap  of  th e p ag e, an d th us  can co n tain  an y 
ar bitr arily  co m p lex  com p u tatio n . Th u s in  th e fir s t ex am ple
th e activ e p ar t is  ex plicitly  con tained  as  ex ecu table cod e,
u s in g  a d if f er en t s y n tax  and  ex plicit, cum b er so m e sep ar ato r s 
to  tell th e co n ten t o f th e d o cu men t fr o m  th e co d e; in  the
s eco n d  cas e th e activ e p ar t actually  is  th e d ocu m ent.

W e d is cus s  in th is  p aper  a n ew  ap p r o ach  to  p r ov id e g en eric
activ e do cu m en ts  w ith ou t inclu d in g  s pecific execu tab le co d e
in  an y  fo r m , th u s d if fer en tiating  o u r p r op o s al f r o m all o f  the
ab ov e m en tio ned  meth o ds . O ur  ap pr o ach r elies  on  X ML [ 5 ] 
as  a w ay to  ex p r es s  b oth  the co nten t an d  th e activ e p ar ts  o f  a
d o cu m en t, an d o n  ex ecutab le m o d ules  to  b e lo aded 
d y nam ically  an d  on  d eman d  to  p r ov id e th e activatio n
f r am ew o rk  f o r th e activ e p ar ts .

Ev er y  k in d  o f s tru ctu red  inf o r m atio n  h as  a ch an ce of  b ein g 
b etter  des cr ib ed  an d  man ag ed  u s in g  an X ML- d er iv ed  sy n tax
r ath er  th an  an y  oth er  tr ad itio n al o n e. Exam p les  ab ou n d  in 
s h ow in g  h o w  in d u str y , p r actitio ner s , an d  acad em ics  ar e
s tar tin g to  un d ers tan d th e p o w er an d  f lexib ility  o f a m eta- 
g r am m ar  f o r  data f o r m ats  as em b od ied  in  th e X ML
ap pr o ach. I n  a s en s e, X ML may  b eco m e as  ub iq u ito u s  an d 
o b vio u s  f o r  th e rep r esen tatio n s  o f  d ata str u ctu r es  as  A SCI I 
h as b een in  th e las t th ir ty y ears  f o r th e r ep res en tatio n o f 
W ester n  ch ar acters  ( and  X ML ev en co n sid ered 
in ter n atio n alizatio n  is s u es! ) 

Many  o f  th e DTD s  th at ar e bein g  cr eated  an d  w ill b e cr eated 
in  th e nex t fu tu re w ill b e th o u gh t f or  s tr u ctur in g  X ML
d o cu m en ts  f o r r end er ing  eith er  on  a scr een , a p iece o f  pap er ,
o r  a g ener ated  v oice. O n  the o ther  h an d , m an y  o th er D TD s
ar e n o t ev en  th o ug h t fo r  h um an  co n s u mp tion  ( CDF  an d

D RP b eing  im po r tan t exam p les ) , bu t are d es ig n ed  to  s p ecif y 
o b jects  an d  par ameter s f o r  s o m e k in d s o f  co m p utation . This 
s h ow s  that X ML is n o t n ecess ar ily  u s ed  as a lan g u age to 
s tru ctu re text d ocu m ents  ( or  an y o th er  s pecif ic k ind  o f 
d o cu m en ts ) , bu t, m o r e g en erally , it is  a lan g uag e to 
as so ciate s o me com p u ter - p erf o r m ed  activ ity  to  d ata. Th is
activ ity can  b e th e d is p lay o f  th e con tent f o r tex t d o cum en ts,
o r  th e activ atio n o f  a n ew  ch an nel w ith  so m e giv en 
p aram eter  f o r CD F, etc.

O f  co u r se th er e ar e d if f er en t w ay s  to ex plo it th is  in n o vatio n.
I n  o u r  op in ion , so m e way s  ar e n atu r ally  mo r e eleg ant an d
f lex ib le th an o ther s , an d  ar e m or e lik ely to  stan d  lo n g er  th e
test o f  tim e. F o r in s tan ce, w e believe that w ritin g an  XML
D TD f o r  a s p ecif ic d ata s tru ctu re, and  then  creating  a clo s ed
ap plicatio n  ar o u nd  th is  D TD o n ly ex p lo its little o f th e
f lex ib ility  giv en b y  XML, an d  b y ap p ro p r iately u s ing  X S L
an d X ML-N am esp aces  w e co u ld d ep lo y  p ar ticu lar ly 
s o ph is ticated X ML ap p licatio n s .

X S L ( [ 9 ]  and  [ 1 ] )  pr o v ides  an en or m o u s f lexib ility  in th e
u s e o f  XML, sin ce it allo w s u s  to  d eco u p le th e D TD  u s ed  b y 
th e ap p licatio n  fr o m  th e o ne u s ed  b y  th e h u m an au tho r s :
p r ov id ed a m ap p ing  is  cr eated  b etw een th e elemen t nam es 
th at ar e m eanin g fu l to th e u s er s, an d th e o n es th at ar e
m ean in g fu l to th e ap p licatio n , each  can  wo r k  pr o f icien tly 
u s in g  their  ow n  ap p r o ach .

X ML- N am es p aces  [ 4 ] , on  th e o th er  h an d , bu ild s in to X ML
th e r ig ht to  f r eely  m ix  an d m atch  d iff er en t d ocu m ent ty pes :
f o r in s tan ce, w h en  th e s tr uctu r e o f  a p iece o f d ata g o es
b eyo n d  th e s tr u ctu r e as  d escr ib ed  in  its  as s o ciated D TD , it is 
p o ss ib le to  re- u se elem en ts f r o m an o th er  D TD  with o ut
m o dif y ing  eith er  o n e; als o , w h en a p iece o f  d ata n eed s  to 
co ntain  tw o  dif f er en t ty p es o f  str u ctu r es, each  w ith  its o w n 
D TD, it is  p os s ible to d o  so  w ith o u t th e n eed  to  create a
s ing le, co m b in ed  D TD .

Th us  th e au tho r ing  ar ch itectu r e clearly  sh o w s  a n o tew o r th y 
f lex ib ility : th e au th or  s elects  a D TD co ntain in g  the
s tru ctu rin g  ru les an d  co n s tr u cts th at b est f it th e clas s o f 
d o cu m en ts  s h e in ten d s  to  w rite; s h e th en  ad d s  th e few 
n eed ed  tag s  th at w er e n o t pr es ent in  th e o r ig in al DTD  and 
cr eates  o n e or  m or e d ocu m ents  exactly m atch in g h er  o w n 
au th o r ing  n eed s . Th en  v ia XS L the d o cu m ent is  tr an sf o r m ed 
in to  an oth er  o n e w h o s e elemen ts  ar e kn o w n to  th e r en d er in g 
ap plicatio n  (e.g ., a Web  b ro w s er)  an d co ns eq u en tly  th e
d isp lay  is  created .

U n fo r tu nately, in th e af o r em en tio n ed  ar chitectu r e, th e
f lex ib ility  sto p s w ith th e d es crip tion  o f d o cum en ts: th e
r end er ing  ap plicatio n  u s u ally  h as  a fix ed s et o f  d is p layab le
elem en ts ( e.g., tex t blo ck s, p arag r aph s , in - lin e elem en ts ,
tables , etc.), and  can o n ly s h o w th o se d ocu m ents  w ho s e
r end er ing  n eed s  match es  th e ap p licatio n ’ s f eatu r es . I n  pas t
p aper s  we d iscu s sed  d is p lets  ( [ 8 ]  and  [ 3 ] ) , o u r  pr o p o sal to 
p r ov id e f lex ib le s u p p or t f or  s p ecial r en der in g n eeds  th at
au th o r s  m ay  hav e. D is plets  ar e so f tw ar e mo d u les  ( cur r en tly 
th ey  ar e J av a clas s es ) th at ar e d y n amically  ass o ciated  to 
each  elem en t in  an  X ML d o cum en t an d  th at p r o v id e the
r end er ing  b ehav ior  f o r th at elemen t. S u p po r t fo r  the m o st
co mm o n  elem ent typ es  is  g iven  ( fo r  ins tance, tex t elem ents ) ,



an d it is  p o ss ib le at an y  tim e to  ad d n ew m o d ules  pr o v idin g 
s p ecialized  ren d er in g  s em antics  f o r  sp ecif ic need s .

I n  th e nex t sectio n  this  w ill b e ex p lain ed  in  g r eater  d etail,
an d in  th e f ollo win g  on e this  idea w ill be ex ten d ed to 
in tr o d u ce o u r id ea o f  active d o cu m en t u s in g  the tech n o log y 
o f  d is p lets .

3 XMLC
X MLC ( X ML Co mp iler )  is o u r  ar ch itectur e fo r  r en d er in g 
d isp lets. X MLC r elies  o n  tech n o lo g ies an d lan gu ag es s u ch
as  X ML, X S L an d  DO M, to  p r ov id e its  fu n ctio n alities.

Th e m ain p u r po s e o f  X MLC is to  read  an  X ML d o cu m en t
an d to  pr o d u ce a d is p lay ab le tr ee o f  J av a o b jects . Th is 
h app en s  in  a f ew  s tep s: f irs t, th e X ML d ocu m ent is  r ead  an d 
tr an s f o rm ed  by  a n o r m al X ML p ar ser  into  an  in ter n al tr ee
r epr es entation  b as ed  on  D O M. Th en  o n e o r  m o r e lay ers  o f 
X S L s ty les h eets  ar e app lied to  th e D OM tree thr o u g h th e
u s e o f  an  X S LT p ro ces so r . Th is  cr eates  a f in al D O M tr ee
w h er e f or  ev er y  elem ent ty pe in  th e tr ee th er e m u s t b e an 
av ailab le d isp let th at can  b e activ ated . X MLC w ill f in ally 
in stan tiate all th e r eq u ir ed  d isp lets, creating  a tr ee of 
r u nn ab le o b jects . F ig ur e 1  s h o w s a s ch em a o f  th e
ar ch itectu r e.

Java
Objects

CELL

head=TRU
E
text=first

CELL

text=second

CELL

text=third

LIS
XML

XSL XSL

HTML

Fig. 1:  The ar chit ect ur e of t he XMLC  applicat ion.

Each  elem en t in  th e D OM tr ee is  tr an sf o r med  into  a d is p let
acco r d ing  to  th e f o llow in g  r u les:

•  th e elemen t's n ame d eter m ines  the J ava clas s  to  b e
lo ad ed ;

•  th e elemen t's attr ib u tes  d eter m in e the s ettab le p r op er ties 
o f  th e in s tance of  th e class ;

•  th e elemen t's co nten t ( b o th s u b -elem en ts  an d  tex t
co nten t) is  ad d ed to  th e tree as ch ild r en o f  th e clas s 
in stan ce.

Th e cu r ren t im p lem en tatio n  o f  the X MLC arch itectu r e is  in 
J ava; a d is p let can  b e an y  s o r t o f  J av a clas s es , b ut u s in g  the
co ncep t o f  J avaBeans  it is  eas y  to  cr eate so p h isticated  an d 
in ter o p er ab le d isp lets: th e u s e o f  J avaBeans  Co ntainer s  an d 
Co mp o n ents , wh ich can  b e eas ily  o r g anized in  hier arch ies,
n icely  fits  with  th e hier arch ical n atu r e o f  D OM tr ees  and 
X ML d o cum en ts.

Cu rr en tly , o ur  m ain  u se o f  X MLC is  w rap p ed  in sid e an 
ap plet with in an  H TML d o cu men t. P ar ameters  o f  th e ap p let
ar e th e X ML do cu men t to  b e d is p lay ed  an d  th e XS L
s tyles h eets  to  b e ap p lied  to  it. Th is allo w s  us  to  d is p lay 
X ML d o cum en ts w ith in  well- kn o w n  I n tern et b r o w ser s , as 
s h ow n  in f ig . 2 .

F u rth er mo r e, s in ce X ML elemen ts  ar e tr an sf o r m ed  in to 
J avaBeans  o b jects, co mp lex  b eh avio r s  can  b e eas ily  ad d ed
d u rin g  th e lif etim e o f th e v is u alizatio n , p r o vid in g s u p po r t
f o r h y p er tex t ju mp s , an im atio n s , in ter actio n s  w ith  th e
r ead er , an d  in  g en er al all th e co m p u tation al cap ab ilities  o f 
th e J av a lan gu ag e.

Fig. 2:  A n H TML document  show ing t he t ext displet s

I n  th e fo llo win g  w e b rief ly r ep or t o n th e s im ple, dis p lay - 
o r ien ted d is plets th at h av e b een im p lem ented .

3.1 Text and images
W e h av e im p lem en ted  s up p o r t f o r  tex t o r ien ted  X ML
elem en ts. Th e level o f s u p po r t is  co mp ar ab le to  th at o f 
H TML 1 .0 tex t elem en ts: b asic b lo ck s  ( P , U L, OL an d



h ead er  elem ents )  an d  in lin e ch u nk s  ( lik e I , B, TT elem ents ,
etc.) , plu s  an  imag e tag  and  a sim p le in lin e hy p er tex tu al
link . I n tab le 1  w e s ho w  a s im p le H TML d ocu m ent, and 

s h ow  h o w th is is  tr an sf o r m ed  v ia X S L in to a d is p layab le
tr ee.

<HTML>
<BODY>
…
<P>

This is normal text,

<BR/>
this is a new line:

<B>start bold

  <I>italic</I>
end bold</B>

this is normal text

</P>

<H1>

<IMG src="images/java.gif"/>

</H1>
…
</BODY>

</HTML>

<Block>
 …
<Paragraph>
  <Word text="This"/><Word text="is"/>

  <Word text="normal"/><Word text="text,"/>
  <NewLine/>
  <Word text="this"/><Word text="is"/>
  <Word text="a"/><Word text="new"/>
  <Word text="line:"/>

  <Word bold="true" text="start"/>
  <Word bold="true" text="bold"/>
  <Word bold="true" italic="true"
text="italic"/>
  <Word bold="true" text="end"/>

  <Word bold="true" text="bold"/>
  <Word text="this"/><Word text="is"/>
  <Word text="normal"/><Word text="text"/>
 </Paragraph>

 <Paragraph font-size="30"
alignment="CENTER">
  <Picture font-size="30" alignment="CENTER"
   src="images/java.gif"/>
 </Paragraph>

 …
</Block>

Table 1: A  f ragment  of t he H TML document  in f ig. 2, bef or e and aft er  the XSL t r ansf ormat ion

Th er e are th ree bas ic J av a d is p lets  tak ing  care o f  th e dis p lay 
o f  tex t elem en ts : P ar ag r ap h, W o rd  an d Mu ltiW o rd . A 
P arag r aph  is  a con tainer  s paced  v er tically  ( that is, tw o o r 
m o re P arag r aph s  ar e p ut o n e ab o ve th e o ther ) , w ith 
p aram eter ized m arg in s , lin e h eigh t and  s ev er al o th er  as pects .
A  Wo r d  is  a co m p on en t tak ing  care o f  th e d is p lay  o f a s in g le
w o rd  ( s ep ar ated  by  v ariab le- w id th  w h ite sp ace). W o rd s  are
s p aced  ho r izon tally  and  can co n tr o l fo n t, s ize, s tyle, bas elin e
an d a f ew  o ther  par am eter s  o f  their  co n ten t. A Mu ltiW o rd  is 
a co n tain er  fo r  Wo r d s  th at is  s till sp aced  h o rizo n tally . I t is 
u s ed  to  g r o u p to geth er W o r ds  th at s h ar e a co m mo n  p ro p r iety 
( f or  in stan ce, that b elo n g  to  the s ame r un  o f  b o ld  ch ar acter s,
o r  to  the s ame h yp er tex t anch o r ).

3.2 Hypertext links
W 3 C is  pr o p o sin g  tw o  lan g u ag es  to  ex pr es s h y p er tex t lin ks 
in  X ML. X P o inter  [ 1 2 ]  p ro v id es  a way  to  ex pr es s  s u b - 
r eso u r ce ad d res s es  w ith in  XML d ocu m ents  an d  o th er 
r eso u r ces , and  X Lin k  [ 1 1 ]  d ef in es a s yn tax f o r  h y p ertex tual
link s  b etw een X ML d o cum en ts. X P oin ters  can  s p ecif y 
lo catio ns  w ith in  X ML do cu m en ts  by  co llectin g 
p r og r es siv ely d etailed lo catio n  s p ecif ier s . Th is  m ak es it
p o ss ib le to  sp ecif y  an ar b itr ar ily  s mall lo catio n  with o ut
m ark in g  it w ith  a tag  as  in H TML. I n stead X Lin k s  ex ten ds 
H TML link s  b y in tr o d u cin g  sev er al n ew f eatu r es:

•  Link s  can  r efer  to  m u ltip le en d -p o in ts ;

•  Link s  can  b e m u lti- d irection al;

•  Link s  can  b e s to red  exter n ally  to  th e r eso u r ces  th ey 
link ;

•  Link s  can  b e activ ated in  a v ar iety  of  w ay s  ( th ey  may 
o p en  a new  w in d o w, s u bs titute the cu rr en t co n ten t, o r 
ex pan d  with in th e cu r ren t co n tent, etc) 

•  Link s  can  cr eate g r o u ps  o f  r elated  d ocu m en ts  to  b e
lo ad ed  to g ether .

W e h av e p r o v id ed  a co mp lete im p lem en tation  o f  X Lin k f o r 
o u r X MLC ar chitectu r e. Th is h as  ad d ed a few  s tep s  to  th e
s equ en ce o f  tr an sf o r m atio n s o f  th e X MLC ap p licatio n, as 
s h ow n  in f ig . 3 .



Fig. 3:  The XLink- enabled ar chitect ure of XMLC

A f ter  p ar s in g th e X ML d o cu men t, all lin k  elem en ts  ar e
id en tif ied  and  add ed  to  a lis t. Th en , an  id en tif ier is  ad d ed  to 
all th e ad d r es s able elem en ts  o f  th e do cu men t, s in ce af ter  th e
ap plicatio n  of  the X S L s ty les h eets  the s tr u ctur e o f th e
d o cu m en t can  b ecom e arb itr ar ily  d if f er en t f r o m th e o r ig in al
o n e, an d it is  n eces s ar y  to p r o vid e a w ay to  id en tif y  the
elem en ts th at can b e lo cated  th ro u g h  X P o in ter s. Th e
d o cu m en t th en ar e s u b jected to  th e u su al X S L
tr an s f o rm ation s . Bef o re d isp lay in g , th o u gh , add ition al
w r ap p er  clas ses  ar e add ed  ar o u n d th e d o cum en t elem en ts 
th at ar e s tartin g p o ints  o f lin ks , to p r ov id e th e mo s t
ap pr o p r iate ju m p in g  f un ction ality . W hen  th e u ser  click s  o n 
o n e s u ch elemen t, th e clas s r eacts , co n s ults  th e lis t o f
d estin atio n s , an d activ ates th e ju m p .

Th e m an ag em ent o f d o cum en t g r o u ps  w e im p lem en ted  is
r ath er  so p h isticated  an d  tak es  in to  co n s id er atio n  wh eth er  th e
d estin atio n  do cu men t will rep lace th e cu rr en t o n e, it w ill b e
cr eated  in  a n ew  w in d ow , o r it will in tegr ate w ith  th e cu r r ent
d o cu m en t. F ig. 4  s h o w s a s am p le h y per link ed  do cu men t
g r ou p .

Fig. 4:  A  simple hyper linked document  gr oup

Ex ter n al lin ks  m ad e p os s ib le w ith  X Lin k  mak e it p o ss ib le to 
cr eate, f o r  in s tan ce, g u id ed  to ur s  [ 2 ] , th at is , s ets  of  link s 
th at ar e n o t s to red  in th e d o cu men ts , an d th at ar e activated 
o n  d em and  to  p r o vid e ad d itio n al p ath s th ro u g h  a s et o f 
d o cu m en ts .  Th es e d o cum en ts ar e n o t necess ar ily  r elated  in 
th e m in d o f  th eir au tho r s , b u t can  b eco m e s o  acco r din g   to 
th e id eas  o f  a thir d  par ty  th at m ay  fin d  it imp o r tan t to
p r ov id e a n avig atio n  path  th r o u gh  th es e do cu m en ts . Th e
ex ter n al lin ks , th er efo r e, w o u ld s u p er im po s e to  th e o n es
o r ig in ally  p res ent in  th e do cu m en ts .

4 ACTIVE DOCUMENTS FOR SW ENGINEERING
D isp lets p r o vid e th e flex ibility n eeded  to  cr eate dis p lay ab le
d o cu m en ts  o f  ar b itr ar y g r aph ic co m p lex ity, b u t th ey als o
p r ov id e a n ew w ay to  cr eate activ e d ocu m en ts : w e can  in 
f act as so ciate n ot ju st r end er ing  b ehav ior s  to X ML elem en ts ,
b u t an y  k in d  o f  beh av io r . Th e “bein g  a p ar ag r ap h ” is  a
ch ar acter is tic o f an  XML elem en ts  o n ly  w hen  w e w an t to 
p r in t o r d is play  it. Wh en  clas s if y in g it o r  ind ex ing  it, w e
m ay w an t to  as s o ciate to  it th e id ea o f  “b ein g a intr o d ucto r y
r emar k ” o r  o f “b ein g  sear chab le”, etc. I n g en er al, th e
ap plicatio n  to  w hich  th e d ocu m ent is  s u b jected p r o vid es  th e
s eman tic f r amew o rk  to  ev aluate each  XML elem ent, and 
r equ ir es each X ML elemen t to  ex hib it a b eh av ior  th at is 
ap pr o p r iate with  th e pu r p o se o f  th e ap p lication  itself .

I n  o u r  fr am ewo r k , th en, activ e do cu m en ts  ar e XML
d o cu m en ts  s o me o f w h o se elem en ts ar e r eq uir ed  to  s ho w  an
activ e beh av io r . By  p ro v id in g  app r o p riate s ty les h eets , XS L
can b e us ed  to  ass o ciate a d is p let to ev er y  elem en t o f  an 
X ML d o cum en t, acco r d ing  to  th e need s  o f  th e app licatio n 
co ntr o llin g  th e sty lesh eet its elf . The d is p lets  w o uld  then  b e
lo ad ed  to  p erf o r m th e ap p r op r iate actio n s an d  th u s  b eh ave as 
r equ ir ed.

I t is  clear  th er ef o r e th at in  this  arch itectu re th e activ e



d o cu m en ts  ar e n o t o p aqu e collectio n s  o f  ex ecu tab le o b jects ,
o r  p r o g ram s  or  m ix ed  co n tain er s  o f  d ata an d  s cr ip ts, b u t
r ath er  a s im ple co llectio n  o f  m ar k u p  an d  co n ten t that are
d y nam ically  as s o ciated to  ex ecu tab le co d e o n ly o n  dem an d,
an d d ep en d in g o n  th e ap p licatio n activ ated . Thu s  the activ e
p art o f  th e do cu men t is  n o t a p ro ced ur al ch u n k s id e b y  sid e
w ith  o ther  d eclarativ e p ar ts , b ut r ath er  it is as  declarativ e as 
th e r es t o f  th e pas s ive co nten t o f  the d ocu m ent, and  in deed 
in dis ting u is hab le f r o m th em. A ctiv e or  n on  activ e par ts  o n ly 
b eco m e so  acco r d in g  to th e s ty les h eet u s ed , and  th us  o f  th e
ap plicatio n  th e do cu m en t is s u b jected to . Th is p r o vid es  an 
ex tr em e f lex ib ility  in as s ociatin g  b eh av io r s  to  X ML
elem en ts. W e call th ese d o cu m en ts  “d eclar ativ ely activ e
d o cu m en ts ”, becaus e the activ ity is  no t pr o cedu r al, b u t
d eclar ed w ithin  th e d ocu m ent ju st as  th e p as s iv e con ten t.

Th e r ecen t adv en t an d  p r es en t p hen o m en al s u cces s  o f th e
W o rld  W id e W eb , as  a hy p er tex t do cu m en t man ag em en t
s y stem  av ailab le w o r ldw id e to  acces s  r es ou r ces f o r 
ed ucation al, in d us tr ial, and  m ark eting  p ur p o s es , is s tr on g ly 
in flu en cin g  als o  th e way  in w h ich  s o ftw are p r oces s es  an d
r elated  d o cu men ts ar e p r o d uced  an d  m an ag ed .

Th e X ML f am ily  o f lan gu ag es p r o vid es  a s olu tion  to  m o s t
p r ob lem s in v olv ed in  wr iting  co mp lex  d o cum en tatio n  f o r 
s o ftw ar e p r o ces s es , that is u s u ally  var ied  in  n atu re, p ur p o s e,
an d co n ten ts . H ere w e s h o r tly  r ecall th r ee im po r tant is su es :
d o cu m en ts  in vo lv ed  in  a s o ftw ar e p r o ces s  ar e us u ally 
s tru ctu red , ar e hy p er tex tu al in  n atu re, an d  con tain p ar ts  o f 
d iff er ing  ty pe, in clu din g  so m e fo r m al n o tatio ns  an d
r equ ir ing  s p ecial car e f o r  th e dis p lay . Giv en  an y  so f tw ar e
en gin eerin g  no tatio n , X ML can  b e u s ed to  d ef ine a un if o rm 
ab str act s y n tax  us ef u l to  in teg rate dif f er en t to o ls s p ecif ic f o r 
s u ch  a no tatio n ; X ML s u blan g uag es  lik e X Link  an d
X P oin ter can  b e us ed  to  r epr es ent h y per tex t r elation s h ips ;
X S L s ty les h eets  can  b e u s ed to  dis p lay  s of tw are en gin eerin g 
d o cu m en ts  in sid e s tan dar d , X ML- en ab led  b ro w s ers .

I n  o u r  res earch  gr o u p  w e h av e ado p ted an  X ML- bas ed 
ap pr o ach to  bu ild to o ls  f o r s o f tw ar e en g in eer in g  n otation s ,
like f o r in s tan ce Z [ 6 ]  and  P etr i N ets . We h av e d ev elo ped  in
th e las t y ear a nu m b er o f  sp ecialized b r ow s er s/ed ito r s  fo r 
s ever al w ell k n o wn  n o tatio ns , app ly ing  s ys tem atically  the

f o llo w ing  ap pr o ach :

G iven  a f o r m al n otation  ( e.g ., P etr i N ets  d iag r am s ) , d ef ine a
D TD cap tu r in g its ab s tr act s y n tax . This  is  u s ually  a co mp lex 
task  if  th e or ig in al no tatio n  is co m plex  o r  b as ed  on  a no t
w ell d efin ed  s y n tax . Wh en  a D TD  is  availab le th en  it is 
p o ss ib le to  cr eate X ML d o cum en ts r ep res entin g  th e or ig inal
n o tatio n an d  p ar se th em  acco r d ing  to  th e D TD .

S tar tin g f o r m th e D TD , d ef in e the X S L s tyles h eets  ab le to 
m anip u late a d o cum en t aim ing  at s tatically  an aly zing  o r 
tr an s f o rm in g  it. F o r  in s tance, giv en  a P etr i N et D iag r am, a
p o ss ib le s tatic an aly sis  con s is ts  o f  lo o kin g  fo r  loo p s .
I n stead , a tran s fo r m atio n  co u ld  b e r eq u ired  to ad d  s o m e
b ehav io r in  or d er to  ren d er th e an im atio n o f  a P etr i N et.

Th e f in al s tep  con s is ts  u s ually  o f  enab lin g  the ed itin g  an d 
in ter activ e dis p lay  o f th e n o tatio n  in s ide a Jav a- en ab led 
b r ow s er  d ev elo p ing  a lib r ary  o f  s p ecif ic d is p lets . W e h av e
d evelo p ed  d isp lets  f o r P etr i N ets , Z, S tatech ar ts , D ata F lo w
D iag r am s, En tity -Relatio n s hip  d iag r ams , Wo r k f lo w 
D iag r am s, an d m o st U ML d iagr am s . I n ter activ e dis p lay  is 
p o ss ib le w h en s o me b ehav io ral s em an tics  is  as so ciated  to
th e n o tatio n s. F or  in stan ce, th e P etr i N ets  d is p lets  can  p lay 
th e to k en  g ame typ ical o f  su ch  a n o tatio n.

4.1 UML specifications
A  key  iss u e is  h ow  to  d ef ine a DTD  f or  a co m p lex  s w 
en gin eerin g  no tatio n . F o r  in s tance, if  an o r g an izatio n  us es 
th e U ML f am ily  o f n o tatio n s an d  r elated  dev elop m en t
p r oces s  an d  to o ls, it is  n ow  av ailab le X MI  ( X ML Metad ata
I n ter ch an g e, b y  IBM and  o ther s ) , an  XML- bas ed 
m etam o d el. A ll U ML d o cu m en ts  w r itten  accor d in g to  XMI 
can b e dis p lay ed  b y  X ML- aw ar e b ro w s ers  [ 1 8 ]  and 
m anip u lated  by  X ML- b ased  too ls  to  ch eck  fo r  s om e
s eman tics  co ns tr ain ts , lik e co n sis tency  [ 1 3 ] . We ar e
ap ply in g o u r  ap p ro ach  to  X MI  as  w ell. A  dis p let h as b een
d evelo p ed  in  o u r  g r o u p to  pr o v ide v isu alization  o f  X MI . A n 
ed ito r  called Elmu th  (r ev ers e acr o n ym  f o r H yper T extu a l
U ML En vir o n m en t)  has  b een  d ev elop ed . Elmu th  is  ab le to
cr eate hy p er tex tual and  activ e vis u alizatio n s  o f  U ML
d o cu m en ts . F igu r e 5 s h o ws  an in s tan ce o f  MS Ex p lo r er
in clu d ing  an  activ e d ocu m ent d escr ib in g  (p ar t o f )  th e U ML
m etam o d el.



Fig.  5: The r epresentat ion of  a U ML diagr am

H y per text m u ltid ir ectio n al lin k  am o n g d iag r am s ar e
m anag ed  u s in g o u r im p lem en tatio n o f  XLin k. Th e b r o ws er 
in clu d es h er e f o ur  ar eas : th e u pp er m os t lef t ar ea sh o w s  an 
H TML in dex  u sef u l to  nav ig ate the d o cu m ent; the
u p per m o st r igh t ar ea sh o w s  a clas s  d iag r am , the lo wer  r ig h t
ar ea is  a d ata d ictio nar y , th e lo w er  lef t ar ea s h o ws  s o me
co de au to m atically  g ener ated  f r om  th e clas s  d iag r am.

…
<schemadef style="vert" purpose="state">

  PhoneDB
  <decpart>
    <declaration>
      _known: &pset; NAME
    </declaration>

    <declaration>
      phone: NAME &fpfun; PHONE
    </declaration>
  </decpart>
  <formals> K,L,Z </formals>

  <axpart>
    <predicate>
      known = &dom; phone
    </predicate>
  </axpart>

</schemadef>
…

Table 2: A n example of a Z specif ication in ZIF



4.2 Other notations
A  co m p lete s up p o rt f o r th e Z n o tatio n h as b een im p lem en ted 
( s ee also  [ 7 ] ) . Th e DTD  f or  the n o tatio n w e us e is b ased  o n
th e ZI F  I n terch ang e F or m at [ 6 ] , alth o ug h , th r o ug h  the u s e o f 
d iff er ent X S L s tyles h eets , o th er s y n tax es can  b e u sed  as
w ell.

Th e s u p po r t fo r  Z elemen ts  is  p ro v id ed  thr o u g h th e u s e of  a
s ing le dis p let clas s , zElem en t, f o r all th e b o x  ty p es  th at ar e
p r es en t in  Z s p ecif icatio n s ( e.g., s ch em a, ax io m s , etc.), an d a
s p ecial d o w n lo ad ab le fo n t fo r  all th e m ath em atical g ly p hs 
s p ecif ic o f  th e Z lan gu ag e ( e.g ., f u nction , s ub s et, th e s et of 
in teg er s, etc.) . A ll oth er  elem en ts  of  the Z lan g u ag e are
m app ed  on to  plain H TML elemen ts  s u ch  as  P, D I V an d 
S P AN . A n ad d itio nal lay er  of  X S L w ill th en  tr an s f o rm  th em 
in to  P arag r aph  and  W o rd  o b jects  as  n eed ed.

I n  tab le 2  w e s h ow  a sm all f r ag men t of  a Z s p ecif icatio n
( exp r es sed  in ZI F)  an d in  fig . 6 th e d is play  of  th e w h o le
s p ecif icatio n in  a W eb b r o ws er .

Th e d ev elo p m en t of  a no tatio n  s pecif ic lib r ar y o f  dis p lets  is
n o t co m plex . A s  said , w ith  th e help  of  o ur  s tud en ts w e hav e
d evelo p ed  in ter activ e d is p lets  fo r  the m os t w ell k no w n 
s o ftw ar e en g in eerin g  no tatio n s , lik e P etr i N ets  and  D ata
F low  D iag r am s. W e h av e d ef in ed  sp ecial b eh av ior al
s eman tics  f o r s u ch  n o tatio ns , w hich  help  in  anim atin g  the
r elated  active d ocu m ents . Fo r  ins tan ce, an  en gin eer can  p lay 
an y " to ken  g am e"  in teracting  w ith  a do cu men t in clu din g  a
P etr i N et.

Fig. 6:  The visualiz ation of  t he Z specificat ion

5 MARKUP LANGUAGES AND SW ENGINEERING
Th e W o r ld  W ide W ed  h as b r o ug h t fo r th  m an y
ad van cemen ts  f o r  m an y  f ields , inclu d in g  th at of  s o ftw ar e
en gin eerin g . Th e ad v antag es o f  th e W WW  are clear  and 
w ell- k n ow n : it is th e r es u ltin g  illu sio n  o f  s ev er al eas y,
s imp le lan g u ag es  an d  pr o to co ls  th at wo r k  w ell to g eth er  an d 
allo w  d ev elo per s  to  com p o s e th em to  bu ild co m plex 
ar ch itectu r es an d en v ir o n m en ts . H TTP , U RLs , H TML,
s erv er - sid e co m p utation s , clien t- s id e s crip ts  h av e b een  th e
f o rem o s t elemen ts o f  th e w or ld - w ide s u cces s  o f  th e W eb .

Each  o f  th e lan g uag es  an d  pr o to co ls  of  the W W W ar e ev en 
n o w ev o lv in g  to  mo r e an d  m or e com p lex p o ten tialities ,
f u nctio nalities , s er v ices . Th e WW W  is n o w a m uch  m or e
co mp lex  p lace th an  it u s ed  to  b e ev en a few  y ear s  ag o . Th is 
m ean s  that it is  n o w  po s s ible to b u ild  env ir o nm en ts o f 
u n pr eceden ted s o ph is tication  an d co m plex ity .

I n  o u r  op in ion , on e o f th e m o s t im p o rtan t r ecen t
ad van cemen ts  h as  b een  th e in tr o du ction  o f th e X ML fam ily.
W e s tr o ng ly  believ e that the s o ftw ar e en gin eerin g  field , ju s t
like m any  o ther  so p h isticated  f ield s , can im p ro v e
co ns id erab ly  b ecau s e of  th e X ML f am ily . In  p articu lar  w e
s ing le ou t s up p o rt f o r m eanin g f ul s tru ctur e, so p h isticated 
h y per text link s  an d  n am es p aces  as  th e th ree m os t imp o r tan t
as pects  o f  X ML f am ily .

Mean in g fu l s tr u ctu r e r ef er s  to  the p os s ib ility  to  d ef in e
s tru ctu res  in X ML d o cum en ts an d  ap p lyin g  to  them  m an y 
s o rts  o f u s er- d efin ed  s em antics  an d  co m p os ition  r u les 
( D TD s  n ow , X ML S ch em a s o o n ). Th e d o cum en tatio n o f  a
s o ftw ar e p r o ject h as  of ten  to  f ollo w  p r edef in ed  s tru ctu res 
an d s h o uld  b e v erif ied f o r  ad h eren ce to  pr ed efin ed 
co mp o s itio n  ru les. W ith  X ML it is  v ery  eas y  to en f or ce
s tru ctu re an d to  p r o v id e g en er al m eans  to v er if y  the v alid ity
o f  d o cu men ts  w ith r es pect to  th es e r ules . F u r th er m or e,
s p ecif icatio ns  exp r es sed  w ith  X ML s y ntax  can  be v erif ied
f o r in ter n al an d  ex tern al co n s isten cy p artly  by  ex pr es s in g 
th eir  con s is ten cies  w ith  D TD  r u les , th at can  th en  be v erif ied
w ith  g ener ic X ML to o ls. A n  im p o rtan t ex p er im ent in  th at
d irection   can  b e f o u nd  in  [ 1 3 ] .

S u pp o r t f o r  n a mes p a ces  m ean s  th at it is p o s sib le to  m ix  an d
m atch  d if f er en t, o r th o g o nally  in d ep en d en t d ocu m ent
s tru ctu res . Fo r  in s tance, it b eco m es  p o s sib le to  d es cr ibe
g ener ally  th e s tru ctu re o f  a d o cu m en t, and  th en , in cer tain 
g iven  s pecial cases , to  in clu d e ch u n ks  o f co n ten t des cr ib ed 
b y  s p ecif ic ru les n o t co n tain ed  in  the m ain  d ocu m ent clas s .
F o r in s tan ce, it is  p os s ib le to  in clud e Z s ch em ata in  a
s p ecif icatio n d o cu m en t th at d o es n o t u s u ally  allo w  th em .

F inally , h yper text links  enab le s o f twar e en g ineer s  to  p ro v id e
co mp lex  f u n ctio n alities . Lin k s , in  X ML, ar e m uch  m or e
s o ph is ticated th an  w ith  H TML. O f p ar ticu lar  imp o r tan ce in 
o u r v iew is  th at X Lin k, th e lin kin g  pr o toco l of  X ML,
s u pp o r ts lin ks  that can  h ave m u ltip le d estin atio n s , b e
ex ter n al an d  b e no n  d ir ectio n al. Th e ab ility  to  s p ecif y  n o n - 
d irection al lin k s to  mu ltiple d es tin atio ns  m akes  it p o s sib le to 
ex pr es s  g en eric relatio n s h ip s  b etw een d iff er ent p arts  o f th e
d o cu m en ts ; exter nal lin k s  allo w  au th or s  to  s p ecif y  d if f er en t,
an d p o s sib ly  in d ep en d en t s ets  o f lin ks  o n th e s am e
d o cu m en ts , f or  d if f er en t p ur p o s es , r ead ers , o r s ituatio ns .



A p ply in g th ese f un ction alities  in  s o ftw are en gin eerin g 
w o uld  m ean  p ro v idin g  so p h isticated  inter -r elatio n s hip 
s u pp o r t w ith in  the w h ole s of tw are p r oces s. Mu ltip le lin ks 
f r om  each  d o cu m ent w o uld  p oin t to  r elev ant p ass ag es in  th e
d o cu m en ts  o f  all th e ph as es o f  th e p ro cess , ind ep end en t lin k 
s ets  co uld  b e activ ated  to  en ab le b ird ’ s  ey e view s  o f  the
d o cu m en t s et, o r  car efu l exam in atio n s o f  th e sp ecific
in ter r elatio ns h ips  am on g  the p arts  o f a sp ecificatio n , etc.

Th e o n e d r aw back  w e f in d  in th e cu r r en t state o f  the X ML
f amily  is  th e lack  o f  an  adeq u ately  flex ib le activ atio n  en g ine
th at p erm its  th e co n s tr u ctio n  o f f lexib le ap p licatio n s  dr iv en
b y  X ML do cu m en ts . Th ese en gin e co u ld  th en s p ecialize f o r
s creen  ren d erin g , o r  an y  o th er  kin d  of  r elev ant
co mp u tatio n s . W e b eliev e that the d isp let ap p ro ach  is  an
im po r tant s tep  in th at d ir ectio n, p r ov id in g  a g en eric and 
f lex ib le en v ir o n men t fo r  any  in d o f  XML- d riv en
co mp u tatio n  to  tak e p lace.

CONCLUSIONS
Th e X ML f am ily  is an  im p o r tan t step  in  the d irection  o f  a
f u lly  f led g ed d o cu m en t s p ecif icatio n  lan gu ag e f o r  th e
I n ter n et. X ML an d its  co h o rt can actually let u s er s an d 
au th o r s  ex p r es s  th eir  d ata an d  wis h es in  a s o ph is ticated,
cu sto m izab le an d  ex p and ab le w ay . N o v el s of tw are
ar ch itectu r es h ave to  b e imp lem en ted  to  tak e ad v an tag e of 
th e g en er ality  o f th ese lang u ag es . O ur  X MLC is a v er y 
cu sto m izab le an d  ex p and ab le ar chitectu r e f o r  dis p lay in g 
X ML d o cum en ts. Bein g  ex p an dab le, it has  been  eas y  to  ad d
s u pp o r t f o r  sev eral s op h is ticated  h y per tex t f un ction alities ,
s u ch  as  th e on es  allo wed  b y X Lin k s  an d  X Po in ter s . W o r k  is 
u n der  w ay  to  ad d  m o r e o f  them  to f u tur e im p lemen tatio n s .

X MLC is  a w o rk in g p r o to ty p e, an d can  b e ex am ined ,
d o wn lo aded  and  u sed . Elmu th  is  s till un d er  d ev elo p m ent.
See http://www.cs.unibo.it/projects/displets/
for further information.
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