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ABSTRACT
W e  a rgue tha t a  roa dma p for s oftwa re  enginee ring a nd the 
Inte rne t c urre ntly s hould be ba s ed on s ta nda rds  for complex
da ta  a nd doc ume nt s tructure s, like  the Extens ible  M a rkup
La ngua ge (X M L). In fa c t, X M L a nd its  cohort of re la ted
s tanda rds  a re likely to be c ome  a n e pocha l innovation for
de signing Inte rne t-ba s ed s oftw a re s ys te ms . The  fie lds of
a pplic a tion of thes e  new  nota tions  a nd re late d te c hnologies 
a re only limite d by huma n ima gination, a nd s imply c a nnot
be  e numera te d a t the  mome nt. O ur inte re s ts  c urrently
c onc e rn a  c onc e pt tha t w e  c all de clar ativ e ly ac tiv e 
docum e nt, for w hic h the s e  s ta nda rds  offe r a n importa nt
s upport. In this  pa pe r w e  des c ribe  s hortly the  sta te  of the  a rt
of the s e ne w  s ta nda rds , a nd how  we  a re us ing the c once pt of
de cla ra tive ly a c tive  doc ume nt for s oftw a re  e ngine e ring
purpos e s.

INTRODUCTION
Inte rne t, a nd in pa rticula r the  World W ide  W e b, ha ve  give n
the s oftw a re  e ngine e ring field a  dis tributed e nvironme nt tha t
is  w orld-s iz ed a nd a c tua lly w orking. The  W orld Wide  We b
ma ke s  c olla bora tion of re mote  s hops  pos s ible , a nd
furthe rmore  it re ally allow s the  s ha ring a nd c olla bora tive
drafting of doc uments , c ode  a nd all the  obje c ts  of the 
w orkflow tha t a re  pa rt of daily life  of the s oftw a re 
e ngine e ring.

B ut in our vie w  it is  in the fie ld of ma rkup la ngua ges  that
the Interne t ha s  provide d the  most importa nt a dva nc e me nts 
to the  fie ld. W ithin a nd outs ide  of the  W orld W ide  W eb, the 
Exte ns ible  M arkup La ngua ge  (X M L, [5]) and its  c ohort of
re la te d s ta nda rds  (X SLT [9], XSL [1], XPointe r, X Path a nd
X link [12], [10] a nd [11], DO M  [20], RD F [15] a nd X M L-
N a me s pa ce s  [4]) are  like ly to bec ome  a n e poc ha l
innova tion. The  fie lds  of a pplic ation of the s e  ne w 
a pproa c he s  a re  only limite d by huma n ima gina tion, a nd
s imply ca nnot be  enume ra te d a t the  mome nt.

Thanks  to X M L, a ny s oftw a re  e ngine e r ca n define  a  s ynta x

(i.e ., a D oc ume nt Type  D e finition, or D TD ) ta ilore d for his 
ow n ne e ds , a nd us e s ta nda rd X M L tools  to c re a te  a nd ve rify
c omple x da ta  s tructure s w hich c a n be  exc ha nge d be tw e en
a pplic a tions . This ma kes  of X M L a ve ry pow erful tool for
s yste m inte gra tion. In fa c t, the  s tre ngth of X M L lie s be yond
the c a pabilitie s  to de fine  community-spe c ific  D TD s : for
insta nc e, it is  bec oming c onve nient to us e  it for a pplic a tion-
s pec ific da ta objec ts  tha t are  not re ally me a nt to be dis pla ye d
to a  huma n use r.

A dditiona lly, X SLT provide s  muc h to X ML in te rms of
re ac h a nd flexibility. X SLT is  a  ma pping langua ge  that c a n
be  us e d to tra ns form a n X M L doc ume nt into another one. Its
most importa nt us e is  to trans form a n X M L doc ument into a 
forma t tha t ca n be dis pla ye d by a brows e r: thus  for ins ta nc e 
M S Explore r 5 c a n a c c e pt X M L doc ume nts s a tis fying a n
a rbitra ry D TD a nd us e  XSLT to trans form them into H TML
docume nts  that c a n the n be  prope rly dis pla ye d on a 
c ompute r s c ree n.

X M L-N a mes pa c e, on the  othe r ha nd, is  a s pe cific ation to
a llow  the  inte rmixing of ta gs  de fine d for diffe re nt doc ument
type s . Thus , ins tea d of de fining a  ne w D TD  from s c ra tc h
w hene ve r a  new  ta g is  ne e de d, it is  pos s ible  to e xte nd it or
e ven to me rge diffe re nt D TD s in a s ingle  doc ume nt. For
insta nc e, a  ma the ma tic ia n may w rite  the  te xt pa rts  of a 
te xtbook us ing plain H TM L a nd inte rs pers e  the  H TM L w ith
M a thM L formula s  w ithout ne e ding to c rea te  a ne w  D TD 
including the tw o ta g se ts .

The e xtre me  fle xibility in composition a nd c re a tion tha t is 
grante d by the  X M L la ngua ge  is  not ye t e quate d by
a nalogous  flexibility in s oftw a re: c urre ntly, brow s e rs  only
provide  a  c los e d and s pe c ific  s e t of vis ua liz a tion fea tures 
(e .g., the  H TM L +  V M L [16] obje c t mode l of Inte rne t
Explore r 5), s o tha t a ny visua liza tion ne e d tha t e xc ee ds 
thos e  provided by the  tool are  natura lly frus trate d.

In pa s t pa pe rs  w e  dis c us s e d disple ts ([8] a nd [3]), our
propos a l to provide  flexible s upport for s pe c ia l re nde ring
ne eds  tha t a uthors of complex docume nts  ma y ha ve.
D isple ts a re  s oftwa re  modules  (c urre ntly the y a re  J a va 
c las s e s ) tha t a re  a s s ocia te d to ea c h ele me nt in a n X ML
docume nt a nd provide  s ome  rende ring beha vior for tha t
e leme nt. Support for the  most c ommon ele me nt type s  is
give n (for ins ta nce , text e le me nts ), but it is  pos s ible  a t a ny
time  to a dd ne w  module s providing s pe cia lize d rende ring
s e ma ntics  for s pe cific  ne e ds.
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In this  pa pe r w e  ma intain tha t the  a rchite cture  pre vious ly
propos e d c a n be  fruitfully us e d for more  tha n vis ua liz a tion,
for it is  a n e xtreme ly ge ne ra l w ay to a s s ocia te  be ha viors  to
X M L e le me nts , a nd thus  to produc e a c tive  doc ume nts  tha t
pe rform c omputa tions , ena c t goa ls, produc e  re s ults . The 
idea  be hind this  as s e rtion is  a s  s imple  a s  dis ple ts : by
a s soc ia ting XM L e le me nts  to J a va  c la s se s  tha t a re  a ble  to
pe rform s uc h a c tivitie s, X M L doc ume nts be c ome 
c olle c tions  of a c tive  compone nts  tha t c a n be  c omma nded to
pe rform a rbitra rily c omple x c omputa tions . This  me a ns  tha t
disple ts c a n be  use d for both the me re dis pla y of informa tion
on s c re en (e ithe r via  te xt, or via  a ny s pe cific  nota tion) a nd
the re a liz a tion of a c tive  information e le ments  tha t provide 
inte ra c tivity, s e lf-upda te , or a ny kind of c omple x
c omputa tion.

O ur a pproa c h is  partic ula rly us e ful to ma ke s oftw a re 
e ngine e ring environme nts  "W WW -a w are ": the  doc uments 
of the  softw are  proc e s s te nd to be  c ompos e d of se ve ral
diffe re nt c hunks , s ome  of text, some  of formula s in spe c ial
nota tions , a nd s ome  of s tructure d gra phic a l dia gra ms .
C urre ntly it is  very diffic ult to turn the se  docume nts  into
pa ge s  tha t c an be  ma de  a va ila ble  through a  W e b brow s er,
s inc e  e ac h formula a nd e a c h dia gra m nee d to be  conve rte d
into a  pa s s ive  image . Dis plets  provide a  w ay a round the s e 
limita tions , by a llow ing the s e mantic ally-ric h de s c ription of
formula s a nd dia gra ms  to be  e xpres s e d in X ML a nd to be 
displa yed in the  brow s er in the ir full gra phic a l re nde ring.
A dditiona lly the  pos s ibility of ac tivating in s ome  w ays  the 
diagra ms, ve rifying their c orre c tne s s  a nd providing multiple 
view s  s ee m important a nd e a sily pos s ible  in a  gene ra l w a y
w ith the dis ple t approac h. Thus  some  pa rts  of the  docume nt
c a n be  de c la re d a ctive , ra the r tha n e xe c uted. W e c a ll the se 
docume nts  de clar ativ e ly ac tiv e  doc um e nts  (or D A Ds )
be ca us e  of this  c ha ra c te ris tic .

This  pa pe r is s truc tured a s  follow s : in s e ction 2 w e  dis c us s 
our ide a of ac tive doc ume nts, a nd c ompa re  it w ith s imila r
w e ll-know n a pproa che s . In s ec tion 3 w e dis cus s  the  c urre nt
a rchite cture  of dis ple ts , a nd provide  e xa mple s  of s ome  of
the dis ple t cla s s es  w e  ha ve  c re a te d. In s e ction 4 w e  dis c us s 
the c once pt of a c tive  dis plets  a nd provide  s ome  e xa mple s ,
including s ome  a pplic a tions  of both X ML a nd the  dis ple t
te chnology to the  fie ld of softw are  e ngine ering, a nd in
s e ction 5 w e  try to de rive  some  conc lus ive  re flec tions  on the 
a pplic a tion of ma rkup la nguage s  and a ctive  doc ume nts  to
the future  e nvironme nts of softw are  e ngine ering.

2 ACTIVE DOCUMENTS
Traditiona lly, e lec tronic  doc ume nts  have  bee n s ee n a s s ta tic 
e ntitie s to be  s ubje c ted to a c tions , suc h as  displa ying or
printing, ra the r tha n ac tively taking pa rt to a  proc es s .
D ocume nts ’ inte rnal da ta  forma ts  w e re  de c ide d by the 
a pplic a tions  tha t c re a te d the m, whic h ma de  it very diffic ult
to ma na ge  docume nts  a s  c ollec tions  of he te roge neous  da ta 
type s , sinc e  a  diffe re nt progra m ha d to ma nipulate  e ac h one .
Furthe rmore , re la tions  be tw ee n diffe rent doc ume nts  tha t a re 
s tric tly re late d we re  difficult if not impos s ible  to e xpres s .

O n the  Inte rne t the  old a pplic a tion-c ente red c omputa tion
pa ra digm is  slow ly fa ding, and w e a re  moving towa rds  a 
ne w da ta-c e nte re d mode l. D ocume nts  do not ne c e s sa rily

be long to a  spe c ific  a pplic ation, a s  in the pa s t, but the y ma y
be  ma de  of s eve ra l c ompone nts  that c a n be  inde pende ntly
displa yed, printe d or ma de  to inte ra c t w ith other c ompone nts 
or w ith the  us e r. It is now  pos s ible  to build doc ume nts  w ith
he te rogene ous da ta, c oming from diffe re nt sourc es  a nd
e xpre s s ed in differe nt formats . This  obje c t-oriente d
pa ra digm s e e s thus the  doc ume nt not a s the  pe rs is te nt forma t
of s ome  a pplic a tion’s  da ta , but as  a  conta ine r of s malle r
a utonomous  c hunks  of hete roge ne ous  da ta .

Furthe rmore , the  ne w  mode l ma ke s  it pos s ible  to build ne w 
docume nt types , tha t w ere  not  c onc e iva ble  pre vious ly.
D ocume nts  c a n now  c ontain not just s tatic  ele me nts  s uc h a s
image s  or te xt, but a lso buttons , fie lds , and othe r widge t
e leme nts tha t c a n dire ctly inte rac t w ith use rs . D oc ume nts 
be come  ac tive, they c a n re a ct to e xte rna l inputs, c a n produc e 
c omputa tion, c a n dyna mic a lly modify the ms e lve s .

2.1 Current generation active documents
C urre ntly, mos t ope ra ting s ys te ms provide  a ge neric  obje c t
mode l a nd inte gra te  A PIs  a nd s e rvic e s  to mana ge  the 
c ommunica tion be twe e n the  obje c ts tha t c ompos e  the s e 
c omple x doc ume nts . M a ny a rc hite c ture s  ha ve  be e n de fine d
to s upport a ctive  doc ume nts , inc luding O penD oc  (A pple ,
IB M, e tc.), Ac tiveX  (M ic ros oft), a nd J a va B e a ns  (Sun).

O penD oc  [14] w as  a n ope n pla tform for c ompound
docume nts  de fine d by C IL (C omponent Inte gration La bs ,
c o-founde d by A pple , IBM , a nd othe r orga niza tions ). The 
ill-fa ted O penD oc  a rc hite c ture  is ba s ed on a  fe w diffe re nt
module s  us e d to orga nize  the c onte nt of the doc ume nts: the
la yout sys te m ma nage s  the  partition of s pa ce  be tw e e n
docume nt c ompone nts  (c alle d pa rts), a ctiva te s  the  pa rts  a nd
re fre s h the m for the  dis pla y; the e ve nt dispa tc hing sys te m
route s  eve nts to pa rts  a nd inte rac ts  with the  layout s ys tem to
a c tiva te the  e ve nt ta rge t; the  s tora ge s ys te m helps  pa rts  to
s tore  the ir da ta  in one s ha re d c ompound docume nt. The
O penD oc  pla tform provide s  a  ric h s e t of A PI tha t a  s oftw a re 
de ve loper must us e ins te a d of s yste m ca lls  to w rite  pa rties .
This  uniformity gra nts  portability of pa rts a c ros s  multiple 
platforms : to move a  part to a  diffe rent O penD oc  pla tform it
is  only ne c e ss a ry to rec ompile  it.

A c tive X  [17] is M ic ros oft’s  pla tform for a c tive  doc ume nts ,
c urre ntly a vaila ble  for the  W indow s  ope ra ting s ys te ms a nd
s ome  U N IX  imple me nta tions . The  name  A ctive X doe s not
identify a  w ell-define d a rc hite c ture , but ra the r it is  the
ma rke ting te rm us ed to re fe r to a s e t of tec hnologie s re late d
to the  We b a nd the ge nera tion of c ompound doc uments . A t
the c ore of Ac tiveX  is  C O M  (C ommon O bje c t Mode l), a 
M icros oft s tanda rd tha t s pe cify a w a y for softw are 
c ompone nts  to c ommunic ate  w ith e ac h othe r. It's  a  bina ry
a nd ne twork sta ndard tha t a llow s  a ny tw o c omponents  to
c ommunica te  re ga rdle s s  of w ha t mac hine the y a re  running
on, w ha t ope ra ting s ys te ms  the  mac hine a re  running a nd
w hat la ngua ge the  c ompone nts a re  w ritte n in. A c tive X 
obje c ts  thus  a re  ge ne ric  s oftw a re c ompone nts  that e xport
their methods a nd propertie s through a C O M  inte rfa c e .
C ontra ry to O penD oc  pa rts, A c tive X  c a ll dire ctly sys te m
c a ll of the  ope ra ting sys te m the y a re  running on: this  a llow 
A c tive X  to use  a ll the  ope rating s ys tem A PI, but introduc es 
a  lot of porta bility proble ms .



J a va B e a n [19] is the  s oftwa re  compone nt mode l propos e d
by Sun for J ava . A J a va B e a n is  a re usa ble  s oftwa re 
c ompone nt that c a n be  gra phic a lly ma nipula te d ins ide  a 
visua l environme nt. A s  A c tive X  c omponents , J a va B e a ns 
c a n us e  the  full Ja va  API s et w ithout a ny limitation: the 
J a va B e a n model de fine  only how  a  J a va B e a n c a n be 
graphic ally ma nipula te d but not wha t it c a n do, a nd how  it
do it. J a va B e a n model grants  a full binary porta bility, tha nks 
to J a va  bina ry porta bility.

2.2 Active documents with XML
In our opinion, a lthough a ll the se  a rchite cture s a llow 
docume nts  to be c ome  more  c omple x a nd sophistic a te d a nd
to inc lude  text, struc ture d da ta , ima ge s , multime dia , e tc .,
they s uffe r from a funda me nta l w ea kne ss : the  pe rs is tent
re pre s e nta tion that is  us e d to s tore  the  data  on dis k or to
e xcha nge it among a pplic a tions  (i.e ., the  da ta  forma t) is 
us ua lly e xtreme ly c omple x, ne c e s sa rily in a binary forma t,
a nd often it e xplic itly inc lude s  the  code  ne c e s sa ry to c rea te 
their a ctive  c ompone nts.

Even a n H TM L doc ume nt with some  J a va s c ript or a 
Posts c ript file  a re  in s ome  s e ns e a c tive  doc ume nts : the 
forme r is  a  dis playa ble doc ume nt c ontaining s ome w idge ts 
that c a n e xhibit ac tive be haviors, s uch a s  type  c he c king or
c onditiona l dis play; the  la tte r is  a  re a l program that produc e s
a s  output the bitma p of the  pa ge , a nd thus  c a n conta in a ny
a rbitra rily complex c omputa tion. Thus  in the  firs t e xa mple
the a c tive  part is e xplic itly c onta ined a s  e xe c uta ble c ode,
us ing a  differe nt s yntax a nd e xplic it, c umbe rs ome  s e pa ra tors 
to te ll the  conte nt of the  doc ument from the  c ode ; in the 
s e cond ca s e  the  a ctive  pa rt a c tually is  the doc ume nt.

W e  dis c us s  in this pa per a  ne w  a pproa ch to provide  gene ric
a c tive  doc uments  without including s pec ific e xe cuta ble  c ode 
in a ny form, thus  differe ntia ting our propos a l from all of the 
a bove  mentione d methods. O ur a pproa c h re lies  on X M L [5]
a s  a  w a y to expre ss  both the c onte nt and the  a c tive  pa rts  of a 
docume nt, a nd on exe c uta ble  module s  to be  loa de d
dyna mic ally and on de mand to provide  the  a ctiva tion
frame w ork for the  a c tive  pa rts .

Every kind of s truc tured informa tion ha s  a  c ha nce  of be ing
be tte r de s c ribe d and mana ge d us ing a n X M L-de rived s ynta x
ra the r tha n any othe r tra ditiona l one . Exa mple s  a bound in
s how ing how  indus try, pra c titioners , and a ca de mic s  a re 
s tarting to unde rsta nd the  pow e r a nd fle xibility of a me ta-
gramma r for da ta  forma ts  a s  e mbodie d in the X M L
a pproa c h. In a  s e ns e , XM L may be come  as  ubiquitous  a nd
obvious  for the  repre s enta tions  of da ta  s truc ture s  a s A SC II
ha s be e n in the  las t thirty ye a rs for the  re pre se nta tion of
W e ste rn c ha rac te rs (a nd X M L e ve n c ons ide re d
inte rna tiona liz a tion iss ue s !)

M a ny of the  DTD s  tha t are  being cre a ted a nd w ill be  cre a ted
in the  ne xt future w ill be  thought for s truc turing X ML
docume nts  for re nde ring e ithe r on a  s cre e n, a  pie c e  of pa pe r,
or a  ge ne ra ted voic e . On the other ha nd, many othe r DTD s 
a re not e ve n thought for huma n c ons umption (C D F a nd
D R P be ing importa nt e xample s), but a re de s igne d to s pe c ify
obje c ts  a nd pa ra mete rs  for some  kinds  of c omputation. This
s how s  tha t X ML is  not ne c e s sa rily us e d a s  a la ngua ge  to

s truc ture  te xt docume nts  (or a ny othe r s pe cific  kind of
docume nts ), but, more  ge ne rally, it is a  langua ge  to
a s soc ia te  s ome  c ompute r-pe rforme d a c tivity to data . This 
a c tivity c a n be  the  displa y of the  c onte nt for te xt doc uments ,
or the  ac tivation of a  ne w  cha nnel w ith s ome  give n
pa ra me ter for C D F, e tc .

O f c ourse  there  a re  diffe re nt w a ys  to e xploit this  innova tion.
In our opinion, s ome  w ays  a re  na tura lly more  e lega nt a nd
flexible tha n others , and a re  more  like ly to s tand longe r the 
te st of time . For ins tanc e , w e  belie ve tha t w riting an X M L
D TD for a  s pec ific da ta s truc ture, a nd the n c re ating a  c los e d
a pplic a tion around this D TD  only e xploits  little of the 
flexibility give n by X ML, a nd by a ppropria te ly us ing X SL
a nd X M L-N a me spa c e s w e  could de ploy pa rtic ula rly
s ophis tic a te d X M L a pplic a tions .

X SL ([9] a nd [1]) provide s  a n e normous  fle xibility in the 
us e of XM L, sinc e  it a llow s  us  to de c ouple  the  DTD  use d by
the a pplic a tion from the  one us e d by the  huma n authors :
provide d a  mapping is  cre a ted be tw e e n the  ele me nt na me s 
that a re me a ningful to the  us e rs , a nd the  one s  tha t are 
me aningful to the  a pplic a tion, e ac h c an w ork profic iently
us ing the ir ow n a pproa ch.

X M L-N a mes pa c es  [4], on the other ha nd, builds  into X M L
the right to fre e ly mix a nd ma tc h diffe re nt doc ume nt type s:
for ins ta nc e , w he n the  s tructure  of a  pie c e of da ta  goe s 
be yond the  s truc ture  a s de s cribe d in its  a ss oc iate d DTD , it is 
poss ible to re -us e e le me nts  from a nothe r D TD  w ithout
modifying e ithe r one ; als o, w he n a  piec e  of da ta ne e ds  to
c onta in tw o diffe re nt type s  of s truc ture s , e a c h w ith its  ow n
D TD, it is  pos s ible  to do s o w ithout the  nee d to c re ate  a 
s ingle , c ombine d DTD .

Thus  the a uthoring a rc hite c ture  cle a rly s how s  a  note worthy
flexibility: the  author s e lec ts  a D TD  c ontaining the 
s truc turing rule s  a nd cons truc ts  tha t be s t fit the  c la s s  of
docume nts  s he intends  to w rite ; she  the n a dds  the  fe w
ne ede d ta gs  tha t we re  not pre s e nt in the  original D TD a nd
c rea te s  one  or more  docume nts  e xac tly ma tc hing he r own
a uthoring ne eds . The n via  X SL the doc ume nt is  tra ns forme d
into a nothe r one  whos e  e le ments  are  know n to the re nde ring
a pplic a tion (e .g., a  W eb brow s e r) a nd c ons eque ntly the 
displa y is  c re a te d.

U nfortuna te ly, in the  afore me ntione d arc hite c ture , the 
flexibility stops  w ith the  de s c ription of doc uments : the 
re nde ring a pplic a tion us ua lly ha s a  fixe d se t of dis pla ya ble 
e leme nts (e .g., text bloc ks , pa ragra phs , in-line e le me nts ,
ta ble s , e tc .), a nd c a n only s how  thos e doc ume nts w hose 
re nde ring ne eds  matc he s the  a pplic a tion’s  fe a ture s . In pa st
pa pe rs  we  disc us s ed disple ts ([8] a nd [3]), our proposa l to
provide  fle xible  support for s pe cia l re nde ring ne e ds  tha t
a uthors  ma y ha ve . D is ple ts  are  s oftw a re  module s  (c urre ntly
they a re J a va c la ss e s ) tha t a re  dyna mic a lly a s s oc ia ted to
e a ch e leme nt in a n X M L doc ume nt and tha t provide the 
re nde ring be ha vior for tha t e le ment. Support for the  mos t
c ommon ele me nt type s  is given (for insta nc e, te xt e leme nts),
a nd it is  poss ible a t any time  to a dd ne w  modules  providing
s pec ia liz e d re nde ring se ma ntic s  for s pe c ific  ne eds .



In the  ne xt se c tion this  w ill be  e xplaine d in gre a te r de tail,
a nd in the  follow ing one  this  idea  w ill be  e xte nde d to
introduce  our ide a of ac tive doc ume nt us ing the  te c hnology
of dis ple ts .

3 XMLC
X M LC  (X ML C ompile r) is  our arc hite c ture  for re nde ring
disple ts. X M LC  re lie s  on te chnologie s  a nd la nguage s  suc h
a s  X M L, X SL and D OM , to provide  its  func tiona litie s .

The ma in purpos e  of X M LC  is  to rea d a n X M L doc ume nt
a nd to produce  a  dis playa ble tre e of Ja va  obje c ts . This 
ha ppe ns  in a  fe w  ste ps : first, the  X M L doc ume nt is  rea d a nd
trans forme d by a  norma l X M L pa rs er into a n inte rna l tre e 
re pre s e nta tion ba se d on D O M . The n one  or more  laye rs  of
X SL s tyle s he ets  a re  a pplie d to the  D O M tre e through the 
us e of an X SLT proc e s s or. This  c re a te s a  fina l DO M  tre e 
w here  for e very e le me nt type in the  tre e  the re  mus t be  a n
a vaila ble  disple t tha t c a n be  a c tiva ted. X MLC  w ill fina lly
insta ntia te  all the  re quire d dis ple ts , c re ating a  tree  of
runna ble objec ts . Figure  1 show s  a  s c he ma  of the
a rchite cture .

Java
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CELL

head=TRU
E
text=first

CELL

text=second

CELL

text=third

LIS
XML

XSL XSL

HTML

F i g.  1:  T h e  arc h i te c t u re  of  t h e  XM L C ap p l i ca t i o n. 

Ea ch e leme nt in the  D O M tre e is  tra ns forme d into a  dis ple t
a c cording to the  following rule s :

• the e le me nt's na me de termines  the J a va c la ss  to be 
loade d;

• the e le me nt's a ttributes  de te rmine  the s e tta ble  propertie s
of the  ins ta nc e  of the  c la s s;

• the e le me nt's c onte nt (both s ub-ele me nts  a nd te xt
c onte nt) is  adde d to the  tree  a s  c hildre n of the c la ss 
insta nc e.

The c urre nt imple me nta tion of the X M LC a rc hite c ture  is  in
J a va ; a  dis ple t c an be  a ny sort of J a va  c las s e s , but us ing the 
c onc e pt of J a va B e a ns  it is  e as y to c re ate  s ophis tic a ted a nd
inte ropera ble dis ple ts : the  us e  of J a va B e a ns  C onta iners  a nd
C ompone nts , whic h c a n be  e a sily orga niz e d in hiera rc hie s ,
nice ly fits  with the  hie ra rchic a l na ture  of D O M  tre e s a nd
X M L doc ume nts.

C urre ntly, our ma in us e of XM LC  is  w rappe d ins ide  a n
a pple t within a n HTM L doc ument. Pa ra mete rs  of the  a pple t

a re the  X M L doc ument to be  dis playe d and the  X SL
s tyle s hee ts  to be  a pplie d to it. This  a llows  us  to dis pla y
X M L doc ume nts w ithin w ell-know n Inte rne t brow s e rs , a s
s how n in fig. 2.

Furthe rmore , s inc e X M L e le ments  are  tra ns forme d into
J a va B e a ns  obje c ts , c omple x be ha viors  ca n be e a s ily a dde d
during the  life time  of the  vis ua liz a tion, providing support
for hyperte xt jumps , a nima tions , inte ra c tions  w ith the 
re ade r, a nd in ge ne ra l a ll the  c omputational c a pa bilitie s  of
the J a va la ngua ge .

F i g.  2:  An  HTM L  doc u me nt  sh ow i n g  t h e  te x t  di s p l et s 

In the  following we  brie fly re port on the  simple, displa y-
orie nte d dis ple ts  tha t ha ve  be e n impleme nted.

3.1 Text and images
W e  ha ve  impleme nted s upport for te xt orie nte d X ML
e leme nts. The le vel of s upport is c ompa ra ble  to tha t of
H TML 1.0 te xt e le me nts : ba s ic  bloc ks  (P, U L, O L a nd
he ade r ele me nts ) and inline  c hunks  (like  I, B , TT e leme nts,
e tc.), plus  an image  tag a nd a  s imple  inline  hype rte xtua l



link. In ta ble  1 we  s how  a  simple H TM L doc ume nt, a nd
s how  how this is  tra ns forme d via  X SL into a dis pla ya ble 

tree .

<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>

T a bl e  1: A fra g me nt  of  t h e  HT M L  do c u men t  in fi g . 2,  be f o re an d  a f t e r th e  XSL  tra n s fo rma ti o n 

There  a re  thre e  bas ic  Ja va  dis plets  taking c a re  of the  displa y
of te xt e le ments : Pa ra gra ph, W ord a nd M ultiW ord. A 
Pa ra gra ph is  a  c onta iner s pac e d ve rtica lly (tha t is , tw o or
more  Pa ra gra phs  a re  put one  a bove the  othe r), w ith
pa ra me teriz e d ma rgins , line  he ight a nd s e vera l othe r a s pe cts .
A  Word is  a  compone nt ta king c a re of the  dis pla y of a s ingle 
w ord (s epa ra te d by va ria ble -w idth w hite  s pac e ). W ords a re 
s pac e d horiz onta lly a nd c a n c ontrol font, siz e , s tyle, ba se line
a nd a  few  othe r para me te rs  of their c onte nt. A  M ultiW ord is 
a  conta ine r for W ords  tha t is  s till s pa c e d horizonta lly. It is 
us ed to group togethe r W ords tha t s ha re  a  common proprie ty
(for insta nc e, that be long to the s a me run of bold c ha ra c te rs ,
or to the  s a me  hype rte xt a nchor).

3.2 Hypertext links
W 3C is  proposing tw o langua ge s  to e xpre s s  hype rte xt links 
in X M L. X Pointe r [12] provides  a  wa y to e xpre s s  sub-
re sourc e a ddre s s e s w ithin X ML docume nts  a nd other
re sourc es , a nd X Link [11] define s a  s ynta x for hype rte xtual
links  betw e e n X M L doc ume nts . X Pointe rs c a n s pe c ify
loca tions  w ithin XM L doc ume nts  by c olle c ting
progre s sive ly de taile d loc a tion s pec ifiers . This  ma ke s  it
poss ible to spe c ify a n a rbitra rily s mall loc a tion w ithout
ma rking it w ith a  ta g as  in H TM L. Ins te a d X Links  exte nds 
H TML links  by introduc ing s eve ra l ne w  fe a ture s :

• Links  c an re fe r to multiple  e nd-points;

• Links  c an be  multi-direc tiona l;

• Links  c an be  s tored e xte rna lly to the  re s ourc e s  the y
link;

• Links  c an be  a c tiva te d in a  va riety of w a ys (they ma y
open a  ne w  w indow , s ubstitute  the c urre nt conte nt, or

e xpa nd within the  c urrent c onte nt, e tc)

• Links  c an c rea te  groups of re la ted docume nts  to be 
loade d toge the r.

W e  ha ve  provide d a c omple te  impleme ntation of X Link for
our X M LC a rc hite c ture . This  ha s  adde d a  fe w s te ps  to the 
s e que nc e of tra ns forma tions  of the  X M LC  a pplic a tion, a s 
s how n in fig. 3.



F i g.  3:  T h e  XL i n k -e n a b le d  arc h i t ec t u re of  XM L C

A fte r pars ing the  X M L doc ument, all link e le me nts  a re
identifie d a nd a dde d to a  lis t. The n, a n ide ntifie r is  a dde d to
a ll the  a ddres s a ble  e leme nts of the  doc ume nt, s inc e  afte r the 
a pplic a tion of the X SL s tyles he e ts  the s truc ture of the 
docume nt c a n be c ome  a rbitra rily diffe re nt from the  original
one, a nd it is  ne ce s s a ry to provide  a  w a y to identify the 
e leme nts tha t c a n be  loc a te d through XPointe rs . The 
docume nt the n a re  s ubjec te d to the  us ua l X SL
trans forma tions . Be fore dis pla ying, though, a dditional
w rappe r c la s se s  a re  a dde d a round the  doc ument e le me nts 
that a re s ta rting points  of links, to provide  the  most
a ppropria te  jumping func tiona lity. W hen the us e r c licks  on
one s uc h e le me nt, the  cla s s  re a c ts , c ons ults  the lis t of
de stina tions , a nd a c tiva te s  the  jump.

The ma nage me nt of doc ume nt groups w e  imple me nte d is 
ra the r sophistic a te d a nd ta ke s  into c ons idera tion w hethe r the 
de stina tion doc ument w ill repla c e the  c urrent one , it w ill be 
c rea te d in a  ne w  window, or it w ill inte grate  w ith the  c urre nt
docume nt. Fig. 4 show s  a  s a mple  hype rlinke d doc ument
group.

F i g.  4:  A si mp l e  h y pe rl i nk e d  do c u men t  gro u p 

Exte rna l links  ma de  poss ible w ith X Link ma ke  it pos s ible  to
c rea te , for ins ta nc e , guide d tours  [2], tha t is , s ets  of links 
that a re not s tored in the  doc uments , a nd tha t are  a ctiva te d
on de ma nd to provide  a dditiona l pa ths  through a  s e t of
docume nts .  The s e  doc ume nts  a re  not nec e s s arily re la te d in
the mind of the ir a uthors , but c an be come  so a c cording  to
the ide as  of a  third party tha t ma y find it importa nt to
provide  a  na viga tion path through the se  docume nts . The 
e xte rna l links , the re fore , would s upe rimpose  to the  one s 
origina lly pre s e nt in the  doc ume nts .

4 ACTIVE DOCUMENTS FOR SW ENGINEERING
D isple ts provide  the  fle xibility ne e ded to c re a te  displa yable 
docume nts  of a rbitra ry gra phic  c omple xity, but the y als o
provide  a  ne w w a y to c re a te  a c tive  docume nts : w e c a n in
fa ct a s soc ia te  not jus t re nde ring be haviors to XM L e le me nts ,
but a ny kind of beha vior. The  “ being a pa ragra ph”  is  a 
c hara c teris tic  of a n X ML e leme nts only w he n w e  wa nt to
print or dis pla y it. W he n c la s s ifying it or indexing it, we 
ma y w a nt to as s oc ia te  to it the  ide a  of “ being a introduc tory
re ma rk”  or of “ be ing s ea rc hable ” , e tc . In ge ne ral, the 
a pplic a tion to w hic h the  docume nt is  subje cte d provide s  the 
s e ma ntic fra me w ork to eva luate  e ac h X ML e leme nt, a nd
re quire s e a c h X M L e le ment to e xhibit a be havior tha t is 
a ppropria te  with the  purpos e of the  a pplic ation its e lf.

In our fra me work, the n, a c tive  doc ume nts  a re  X M L
docume nts  s ome  of w hos e e le me nts  a re  re quire d to s how a n
a c tive  be ha vior. By providing a ppropria te  style she e ts, X SL
c a n be  us e d to a s soc ia te  a  dis plet to e ve ry e le me nt of a n
X M L doc ume nt, a c c ording to the  nee ds  of the a pplic a tion
c ontrolling the  s tyle s he e t its e lf. The dis ple ts  w ould the n be 
loade d to pe rform the  appropria te a c tions  and thus  beha ve  a s 
re quire d.

It is  c le a r the re fore  tha t in this  a rchite cture  the  ac tive
docume nts  a re not opa que  c olle c tions  of e xec uta ble  obje c ts,
or progra ms  or mixe d c onta ine rs  of da ta  a nd s c ripts , but
ra the r a s imple  c olle c tion of ma rkup and c onte nt tha t a re 
dyna mic ally as s oc ia te d to e xe c utable  code  only on de ma nd,
a nd de pending on the  a pplic ation a c tiva te d. Thus the  a c tive 
pa rt of the  doc ument is not a  proc e dura l c hunk side  by s ide 
w ith othe r dec la rative  pa rts, but ra the r it is  as  de cla ra tive  as 
the re s t of the  pas s ive c onte nt of the doc ume nt, a nd inde ed
indis tinguis ha ble  from the m. A c tive  or non a c tive  pa rts  only
be come  so a c cording to the  style she e t us e d, a nd thus  of the 
a pplic a tion the  doc ume nt is  s ubjec te d to. This  provide s  a n
e xtre me  fle xibility in a s s ocia ting be ha viors  to X M L
e leme nts. W e  c a ll the s e doc ume nts “ de cla ra tive ly a c tive 
docume nts ” , be c a use  the a c tivity is  not proc e dura l, but
de cla re d w ithin the  docume nt jus t a s  the  pas s ive c onte nt.

The re c ent a dve nt a nd pre s e nt phenome na l s uc c e s s of the 
W orld W ide  W eb, a s a  hype rtext doc ume nt ma na ge ment
s yste m ava ilable  worldwide  to a c ce s s  re s ourc e s  for
e duc a tiona l, industria l, a nd ma rke ting purpos e s , is  strongly
influe ncing als o the  w ay in w hic h s oftw a re  proc es s e s  a nd
re la te d doc ume nts  a re  produce d a nd ma na ge d.

The X M L fa mily of la ngua ge s  provide s  a s olution to mos t
proble ms involve d in w riting c omple x doc umenta tion for
s oftw a re proce s s e s, that is  us ua lly varie d in nature , purpos e ,
a nd c onte nts . H e re w e  shortly re ca ll thre e  importa nt is s ues :
docume nts  involve d in a s oftw a re  proc es s  a re  us ua lly
s truc ture d, are  hype rtextua l in na ture, a nd c onta in pa rts  of
diffe ring type , inc luding s ome  forma l nota tions  a nd
re quiring s pec ia l c a re  for the  dis pla y. G ive n a ny s oftw a re
e ngine e ring nota tion, XM L c an be  us e d to define  a  uniform
a bstra c t s ynta x use ful to inte grate  diffe rent tools  spe c ific  for
s uch a  nota tion; XM L s ubla ngua ge s  like  X Link a nd
X Pointe r c a n be  use d to re pre s e nt hyperte xt re lationships ;
X SL s tyle s he ets  c an be  us e d to dis pla y s oftw a re  e ngine e ring
docume nts  inside  sta ndard, XM L-e na ble d brows e rs .



In our re s e a rc h group we  ha ve  a dopte d a n X ML-ba se d
a pproa c h to build tools for s oftwa re  enginee ring notations,
like  for ins ta nc e  Z [6] a nd Pe tri N ets . We  ha ve  de ve loped in
the la s t ye a r a  numbe r of s pe c ia liz e d brow se rs /editors  for
s e ve ra l w e ll know n notations, a pplying s ys te ma tic a lly the 
follow ing a pproa c h:

G ive n a  formal nota tion (e .g., Pe tri N ets  dia gra ms ), de fine a 
D TD c a pturing its  a bs tra c t synta x. This  is  us ua lly a  c omple x
ta sk if the  origina l nota tion is  c omple x or ba s ed on a  not
w e ll de fine d s yntax. W he n a  D TD  is  a vaila ble  then it is 
poss ible to cre a te X M L doc ume nts  re pres e nting the  origina l
nota tion a nd pa rs e the m a c c ording to the  D TD .

Starting form the  D TD , de fine  the X SL s tyles he e ts  a ble  to
ma nipulate  a  doc ume nt aiming a t sta tica lly a na lyz ing or
trans forming it. For ins ta nce , give n a Pe tri N et D iagra m, a 
poss ible s ta tic  a na lys is  c ons is ts of looking for loops .
Inste a d, a  tra ns forma tion c ould be  re quire d to add s ome 
be ha vior in orde r to rende r the  anima tion of a  Pe tri N et.

The final s tep c ons is ts us ually of e nabling the  e diting a nd
inte ra c tive  dis play of the  nota tion ins ide  a  J a va -e nable d
brow s e r de ve loping a  libra ry of spe c ific  dis ple ts . W e ha ve
de ve loped disple ts for Pe tri N ets , Z, State c harts , D a ta  Flow 

D iagra ms, Entity-Re la tions hip diagra ms, W orkflow
D iagra ms, a nd mos t U M L dia gra ms . Inte ra c tive  displa y is 
poss ible w he n s ome be havioral s e ma ntics  is  a s s ocia te d to
the notations. For ins ta nc e , the  Pe tri N ets  dis ple ts  c a n pla y
the token ga me  typic a l of s uc h a  nota tion.

4.1 UML specifications
A  ke y iss ue  is  how to de fine a  D TD  for a  c omple x s w 
e ngine e ring nota tion. For ins ta nce , if a n orga niz a tion us es 
the U M L fa mily of nota tions  a nd re la ted de ve lopme nt
proc e s s  a nd tools , it is  now a va ila ble X M I (X M L M e ta da ta
Inte rc hange , by IBM  a nd others ), a n X ML-ba se d
me ta model. A ll U M L doc ume nts w ritte n ac c ording to X M I
c a n be  dis playe d by X M L-a w a re  brow s e rs [18] a nd
ma nipulate d by X M L-ba s ed tools  to c he ck for s ome
s e ma ntics  c ons tra ints , like  c ons is te ncy [13]. We  a re
a pplying our a pproa c h to X M I a s  we ll. A  disple t ha s  be e n
de ve loped in our group to provide vis ua liz ation of X MI. A n
e ditor ca lle d Elmuth (re ve rs e  a cronym for H y pe r Te xtual
U ML Env ir onm ent) ha s  bee n deve lope d. Elmuth is  a ble  to
c rea te  hype rte xtual a nd a c tive  vis ua liz a tions  of U M L
docume nts . Figure  5 s hows  a n ins tanc e  of M S Explore r
including a n a c tive  docume nt de s cribing (part of) the U M L
me ta model.

F i g.   5 : Th e  re p res e n t at i o n  o f  a UM L  di a g ram



H ype rte xt multidire c tiona l link among dia gra ms  are 
ma na ge d us ing our impleme ntation of X Link. The  brow s er
include s he re four a re as : the  uppe rmost le ft a rea  s how s  a n
H TML inde x use ful to naviga te  the doc ume nt; the 
uppe rmost right a re a  s how s  a c la ss  diagra m, the  low e r right
a rea  is  a  da ta  dictionary, the  low e r le ft are a  show s  s ome 
c ode  a utoma tic a lly ge nera te d from the  c la s s dia gra m.

…
<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>
…

T a bl e  2: An  ex a mp le  of  a  Z sp e c i fi c a t io n  in ZI F 

4.2 Other notations
A  complete  s upport for the  Z notation ha s  be e n imple me nte d
(s ee  a lso [7]). The  DTD  for the notation w e  use  is  ba s e d on
the ZIF Inte rc ha nge  Forma t [6], although, through the us e  of
diffe re nt X SL s tyle s he ets , othe r s yntaxe s  ca n be us e d a s 
w e ll.

The s upport for Z e le ments  is  provide d through the  use  of a 
s ingle  dis plet c las s , z Ele me nt, for a ll the  box type s  tha t are 
pres e nt in Z s pe c ific a tions  (e .g., s c he ma , a xioms , e tc .), a nd a
s pec ia l dow nloa da ble  font for a ll the  ma thema tica l glyphs 
s pec ific of the  Z la ngua ge  (e .g., function, s ubse t, the  s et of
inte ge rs, e tc.). All othe r ele me nts  of the  Z la ngua ge a re 
ma ppe d onto pla in H TM L e le ments  suc h as  P, D IV  and
SPAN . A n a dditional la ye r of X SL w ill the n tra nsform the m
into Pa ra gra ph a nd W ord objec ts  as  ne ede d.

In ta ble 2 w e s how a  s ma ll fra gment of a  Z s pe c ific a tion
(e xpre s se d in ZIF) a nd in fig. 6 the  dis play of the  whole 
s pec ifica tion in a W e b brow se r.

The de velopment of a  nota tion s pec ific libra ry of disple ts is 
not c omple x. A s  s aid, with the  help of our s tudents  we  ha ve 
de ve loped inte ra c tive  dis plets  for the mos t w e ll known
s oftw a re e ngine e ring nota tions , like  Pe tri N ets  a nd D a ta 
Flow  D iagra ms. W e  ha ve  de fine d s pe c ia l be havioral
s e ma ntics  for s uc h notations, w hic h help in a nima ting the 
re la te d a c tive  docume nts . For insta nc e, a n e ngine e r ca n pla y
a ny "toke n game " inte rac ting w ith a  doc ume nt including a 
Pe tri N et.

F i g.  6:  T h e  vi s u a li za t io n  of th e  Z  sp ec i f i ca t i o n

5 MARKUP LANGUAGES AND SW ENGINEERING
The W orld W ide  W e d ha s  brought forth ma ny
a dva nc e me nts  for ma ny fie lds, including that of s oftwa re 
e ngine e ring. The  adva nta ge s  of the  W W W a re  c le a r a nd
w e ll-know n: it is  the  re s ulting illus ion of s e vera l ea s y,
s imple  la nguage s  and protoc ols  tha t w ork w ell toge ther a nd
a llow  deve lope rs  to c ompos e  the m to build complex
a rchite cture s a nd e nvironme nts . HTTP, U R Ls , H TM L,
s e rve r-side  computa tions , c lie nt-s ide  s c ripts  have  bee n the 
fore mos t e le me nts  of the  w orld-w ide  s ucc e s s  of the  W e b.

Ea ch of the  la nguage s  and protoc ols  of the  W W W  are  e ve n
now e volving to more  a nd more  c omple x pote ntia litie s ,
func tiona litie s , se rvice s . The  W WW  is  now  a muc h more
c omple x pla c e tha n it us e d to be  e ve n a  fe w ye a rs  a go. This 
me ans  tha t it is  now  pos s ible  to build e nvironments  of
unpre c e de nte d s ophis tica tion a nd c omple xity.

In our opinion, one  of the  mos t importa nt re c e nt
a dva nc e me nts  ha s  be e n the  introduc tion of the  X ML fa mily.
W e  s trongly be lie ve  that the s oftw a re  e ngine e ring field, jus t
like  ma ny othe r s ophis tic a ted fields , c a n improve 
c ons ide ra bly be c a us e  of the  X M L fa mily. In pa rtic ula r w e 
s ingle  out s upport for me a ningful s truc ture, s ophis tic a te d
hype rte xt links  a nd na me s pa ce s  a s the  thre e mos t importa nt
a s pe c ts  of X ML fa mily.

Me aningful s tr uc tur e  refe rs  to the  poss ibility to de fine 
s truc ture s  in X M L doc ume nts  a nd applying to the m ma ny
s orts  of us e r-de fine d se ma ntic s  and c ompos ition rule s
(D TD s  now , X ML Sc he ma  soon). The  doc ume nta tion of a 



s oftw a re proje c t ha s  ofte n to follow  pre de fine d s tructure s
a nd s hould be ve rifie d for adhe renc e  to prede fine d
c ompos ition rule s . W ith X M L it is ve ry e a s y to enforce 
s truc ture  a nd to provide  ge ne ra l me a ns to ve rify the  va lidity
of doc ume nts  w ith re s pec t to the se  rule s . Furthermore,
s pec ifica tions  e xpre s s ed w ith X M L s ynta x c an be  ve rifie d
for interna l a nd exte rna l c ons is te nc y pa rtly by e xpres s ing
their c ons is te nc ies  w ith D TD rules , tha t c an then be  ve rifie d
w ith ge ne ric  X M L tools . A n importa nt expe rime nt in tha t
dire c tion  c an be  found in [13].

Support for name s pace s  mea ns  tha t it is  pos s ible  to mix a nd
ma tc h diffe rent, orthogona lly inde pe nde nt docume nt
s truc ture s . For ins ta nce , it be c ome s  pos s ible  to de s cribe 
ge ne ra lly the s truc ture of a doc ume nt, a nd the n, in ce rta in
give n s pe c ia l c a s es , to inc lude  chunks of conte nt de sc ribed
by s pe c ific  rule s  not conta ine d in the ma in doc ume nt c la s s.
For ins ta nc e , it is  poss ible to inc lude  Z sc he mata  in a 
s pec ifica tion doc ume nt tha t doe s  not us ua lly a llow  the m.

Fina lly, hy pe r te xt link s  e na ble  s oftwa re  enginee rs  to provide 
c omple x func tiona litie s. Links , in X M L, a re muc h more
s ophis tic a te d tha n w ith H TM L. O f pa rtic ula r importa nce  in
our vie w is  tha t XLink, the  linking protoc ol of X M L,
s upports links  that c a n ha ve multiple  de s tina tions , be 
e xte rna l a nd be  non dire c tiona l. The  ability to s pe c ify non-
dire c tiona l links  to multiple  de stina tions  ma ke s it pos s ible  to
e xpre s s  ge ne ric  rela tions hips  be tw e e n differe nt pa rts of the 
docume nts ; e xte rnal links  a llow  authors  to s pe c ify diffe rent,
a nd pos sibly inde pe nde nt s e ts  of links on the  s ame 
docume nts , for diffe re nt purpos e s, re ade rs , or situa tions .

A pplying the se  func tiona litie s  in s oftw a re  e ngine e ring
w ould mea n providing s ophis tic a ted inte r-rela tions hip
s upport w ithin the w hole  s oftw a re proce s s . M ultiple  links 
from e a ch docume nt w ould point to re leva nt pa s s age s  in the
docume nts  of a ll the  pha s e s  of the  proc e s s , indepe ndent link
s e ts  c ould be a c tiva te d to ena ble bird’s  e ye  view s  of the 
docume nt s e t, or ca re ful e xamina tions  of the  s pec ific
inte rre la tions hips a mong the pa rts  of a  s pec ifica tion, e tc.

The one  dra w ba c k we  find in the  curre nt s tate  of the  X M L
fa mily is  the la c k of an a dequa tely fle xible  a c tiva tion e ngine 
that pe rmits  the  cons truc tion of fle xible  applica tions  drive n
by X M L doc uments . The s e e ngine  c ould the n spe c ializ e  for
s c re e n re nde ring, or a ny othe r kind of re leva nt
c omputa tions . W e  be lie ve  that the dis ple t approac h is a n
importa nt s tep in tha t dire ction, providing a  gene ric a nd
flexible e nvironment for a ny ind of XM L-drive n
c omputa tion to ta ke  plac e .

CONCLUSIONS
The X M L fa mily is  a n important s te p in the  dire ction of a 
fully fle dge d doc ume nt s pe c ific a tion la nguage  for the
Inte rne t. X M L a nd its  cohort c a n a c tually le t use rs  and
a uthors  e xpres s  the ir da ta  and w is he s  in a  s ophis tic ate d,
c ustomiza ble  a nd expa nda ble  w a y. N ove l s oftw a re 
a rchite cture s ha ve to be  imple me nte d to ta ke  a dva nta ge  of
the ge nera lity of the s e la ngua ge s. O ur X M LC is  a ve ry
c ustomiza ble  a nd expa nda ble  a rc hite c ture  for displa ying
X M L doc ume nts. B e ing e xpa ndable , it has  be en e a sy to a dd
s upport for se ve ral s ophis tic a te d hyperte xt functionalities ,

s uch a s  the  one s  allow ed by X Links  and X Pointers . Work is 
unde r w ay to a dd more  of them to future  imple me nta tions .

X M LC  is  a  w orking prototype , a nd c a n be  e xamine d,
downloa de d a nd us ed. Elmuth is  s till unde r de ve lopme nt.
See http://www.cs.unibo.it/projects/displets/
for further information.

ACKNOWLEDGMENTS
W e  w ould like to ac knowle dge he re the  c ontribution of a ll
the pe ople  tha t have  w orke d on this  a rc hitec ture: M icha e l
B iebe r, C hao-M in C hiu, C e cilia  M a sc olo, Ste fa no Pa nc a ldi,
A lfre do R izz i, Ale s s andro R occ a , Ale s s andro R onc hi, Silvia 
V illa , and a ll the s tude nts  of the  1999 unde rgradua te c ours e 
in Softwa re  Enginee ring a t the  C omputer Sc ie nc e 
D e pa rtment of the  U nivers ity of Bologna .

REFERENCES
[1] S. A dle r, A. B e rglund, J . C a rus o, S. D e ac h, A.

M ilow s ki, S. Pa rne ll, J . R ichma n, S. Zille s  Ex te ns ible 
Style s hee t Language  (XSL) 1.0, W3C  W orking D ra ft
12 J a nuary 2000,
http://ww w .w 3.org/TR /2000/W D-xs l-20000112/

[2] M . B iebe r, F. V ita li, H . A s hma n, V . B a la s ubra ma nia n,
H . O ina s -K ukkonen, 'Fourth G e nera tion H ype rte xt:
Some  M iss ing Links for the  World W ide  W e b',
Inte r national J ournal of H uman-C om puter  Studie s  47,
A c ade mic Pre ss , 1997, p. 31-65.

[3] L. B ompa ni, P. C ianc a rini, F. V ita li, 'A c tive 
D ocume nts  in X M L', AC M SigWe b Ne w s lette r , 8 (1),
1999, p. 27-32.

[4] T. B ra y, D . Holla nde r, A . Layma n, N ame s pace s  in
XML, World W ide  W e b Cons ortium, 14 Ja nua ry 1999,
http://ww w .w 3.org/TR /R EC -xml-na mes 

[5] T. B ra y, J . Pa oli, C. M . Sperbe rg-M c Q ue e n, Ex te ns ible 
Mark up Language , (XML) 1.0, W3C  R ec ommenda tion
10 Fe brua ry 1998,  http://w w w .w3.org/TR /REC -
xml

[6] S. B rie n a nd J . N icholls, Z Bas e  Standar d,
Progra mming Re s e a rc h G roup, O xford, U K, 1992.

[7] P. C ianc a rini, A. R izz i a nd F. V ita li, "An Exte ns ible 
R e nde ring Engine  for X ML a nd H TM L", C ompute r
N e tw or k s and ISD N  Sy s tem s , 30(1-7):225-238, 1998.

[8] P. C ianc a rini, F. V ita li, C . M a sc olo, “ M a na ging
c omple x doc ume nts  ove r the  WW W : a c a s e s tudy for
X M L” ', IEEE Tr ans ac tions  on K now le dge  and D ata
Engine e ring 11 (4), 1999, p. 629-638.

[9] J . C la rk, XSL Tr ans for mation (XSLT) 1.0, W3C 
R e comme nda tion 16 N ove mbe r 1999,
http://ww w .w 3.org/TR /xslt/

[10] J . C la rk, S. D e Ros e  XML Path Language  (XPath) 1.0,
W 3C R e c omme nda tion 16  N ove mbe r 1999,
http://ww w .w 3.org/TR /xpa th/



[11] S. D e Ros e , E. M a le r, D. O rcha rd, B . Trafford, XML
Link ing Language  (XLink), W3C  W orking D ra ft 20
D e ce mbe r 1999, http://ww w .w 3.org/TR /1999/W D-
xlink-19991220

[12] S. D e Ros e , R . D anie l J r., XML Pointe r  Language 
(XPointer ), W3C  W orking D ra ft, 9 J uly 1999,
http://ww w .w 3.org/TR /W D-xptr

[13] E. Ellme r, W . Emme ric h, A . Finke ls te in, D . Smolko
a nd A . Zisma n. C ons is te ncy M a na ge ment of
D istribute d Doc uments  us ing X M L and R ela te d
Te chnologie s . U nive rs ity C olle ge  London, U CL-C S
R e se a rc h N ote 99/94. Submitte d for Public a tion. 1999.

[14] J . Fe ile r, A . M ea dow , Es se ntial O pendoc : C r oss -
Platfor m D e v elopm ent for  O s /2, Mac intos h, and
Window s  Pr ogram m e rs , Addis on W e sle y Publishing
C ompa ny, 1996

[15] O . La ss ila , R . R. Sw ic k, Re sour c e D e s cr iption
Fr am e w ork  (RDF) Mode l and Syntax  Spe c ific ation,
W 3C R e c omme nda tion 22 Fe bruary 1999,
http://ww w .w 3.org/TR /R EC -rdf-s ynta x

[16] B . M a the w s , D . Le e , B. D iste r, J . B ow le r, H .
C oope rs te in, A . J inda l, T. N guye n, P. W u, T. Sa nda l,
Ve ctor  Mar k up Language  (VML), World W ide  W e b
C ons ortium N ote , 13-M a y-1998,
http://ww w .w 3.org/TR /N OTE-V ML

[17] M icros oft A c tive X : http://w ww .micros oft.c om/c om/

[18] C. N e ntw ic h, W . Emme ric h, A . Finke ls te in and A .
Zisma n. B O X : B row sing Obje c ts  in X M L., U nive rs ity
C olle ge  London, U CL-C S R e s e arc h Note  99/41.
Submitte d for Public a tion.1999.

[19] Sun M ic ros ys te ms , The  J a va B e a ns TM  1.01,
ftp://ftp.ja va s oft.c om/doc s /be a ns/be a ns .101.pdf

[20] L. W ood, A . Le  H ors , V . A ppa ra o, L. Ca ble , M .
C hampion, J . K e ss e lman, P. Le  H é ga re t, T. Pixle y, J .
R obie , P. Sharpe , C . W ils on D ocum e nt O bjec t Mode l,
(D OM) Lev e l 2 Spe cific ation 1.0, W3C  C andidate 
R e comme nda tion 10 D e c e mbe r 1999,
http://ww w .w 3.org/TR /D OM -Le ve l-2/


