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A65tract 
6r0up w0rk re4u1re5 much f1ex16111ty re9ard1n9 
60th the 0r9an12at10n 0f 5hared w0rk5pace5 
and the 0r9an12at10n 0f c011a60rat1ve w0rk. 
5hared hypermed1a w0rk5pace5 can pr0v1de 
th15 f1ex16111ty. H0wever, th15 re4u1re5 the 
pr0v1510n 0f 0penne55 w1th re5pect t0 60th the 
hypermed1a w0rk5paCe and the c011a60rat10n 
5upp0rt 0ffered 1n 5uch a c011a60rat1ve 0pen 
hypermed1a 5y5tem. 1n th15 paper we addre55 
the 155ue 0f h0w t0 1dent1fy key re4u1rement5 
0f 0pen c011a60rat1ve hypermed1a 5y5tem5. We 
5tart w1th a 5cenar10 1n 0rder t0 c0me up w1th 
a pre11m1nary 5et 0f re4u1rement5. We then 
app1y a re9u1ar 5chema t0 9enerate a m0re 
c0mprehen51ve 5et 0f re4u1rement5 f0r 0pen 
c011a60rat1ve hypermed1a 5y5tem5. 

1 1ntr0duct10n 
1n th15 paper, we 91ve a rep0rt 0f 0n90- 
1n9 w0rk 6etween 0ur re5earch 9r0up5 at 
Aa160r9 Un1ver51ty E56jer9 and 6MD- 
1P51. Fr0m a h15t0r1ca1 per5pect1ve, 
re5earch 1n hypermed1a at 6MD-1P51 ha5 
ma1nta1ned a 5tr0n9 1ntere5t 1n 
hypermed1a-6a5ed 5upp0rt f0r c011a60ra- 
t1ve w0rk wh11e the re5earcher5 n0w at 
Aa160r9 Un1ver51ty E56jer9 have a 5tr0n9 
6ack9r0und 1n 0pen hypermed1a 5y5tem5 
and the exten510n 0f hypermed1a 5y5tem5 
w1th c00perat1ve funct10na11ty, 7h15 
c0mm0n 1ntere5t 1n c00perat1ve 0pen 
hypermed1a 5y5tem5 1ed u5 t0 carry 0ut 
j01nt (and 0n901n9) re5earch t0 e5ta6115h 
what 0pen c011a60rat1ve hypermed1a 
5y5tem5 are and h0w they 5h0u1d 6e 6u11t. 

1.1 Why c0Ua60raUve 0pen hypermed1a 
5y5tem5• 
7here 15 an 0n901n9 trend t0ward5 d15- 
tr16uted and v1rtua1 0r9an12at10n5. A5 a 
c0n5e4uence, d15tr16uted team5 w111 
perf0rm many ta5k5 1n the5e 0r9an12a- 

t10n5. U5ua11y, c0-w0rker5 1n a team 
d15tr16ute w0rk am0n9 them5e1ve5. C0- 
w0rker5 can then u5e the1r 0wn w0rk 
pr0cedure5 and the1r fav0r1te t0015 t0 d0 
the1r w0rk. C00rd1nat10n and c00perat10n 
1n the team re4u1re5 50me a9reement 0n 
data exchan9e and d0cument f0rmat5, 
and 0n p011c1e5 t0 c00rd1nate the1r w0rk. 
H0wever, c0-w0rker5 u5ua11y enj0y much 
freed0m 1n carrY1n9 0ut the1r w0rk, wh1ch 
they can u5e t0 adapt the1r w0rk prac- 
t1ce5 t0 the ta5k and team at hand. 7he 
d0wn51de 0f th15 15 that the a55em611n9 0f 
9r0up re5u1t5, the a55e55ment 0f the 
current 5tate 0f the wh01e w0rk pr0ce55, 
and the a55e55ment 0f the j01nt re5u1t5 
are each d1ff1cu1t. 1nte9rat10n 0f re5u1t5, 
c00rd1nat10n am0n9 team mem6er5 and 
adaptat10n t0 the ta5k re4u1re much 
eff0rt fr0m the team mem6er5. 

7w0 1mp0rtant 155ue5 1n 5uch a team are 
the 0r9an12at10n 0f the 0vera11 5hared 
w0rk5pace 0f the 9r0up, and the execu- 
t10n 0f c00perat1ve w0rk w1th1n 5uch a 
5hared w0rk5pace. When 0r9an121n9 a 
5hared 9r0up w0rk5pace, 0ne ha5 t0 dea1 
w1th the pr061em5 0f emer9ent 5tructure5 
and 0f the 1nte9rat10n 0f new mater1a1, 
wh1ch were unp1anned 6ut ar15e dur1n9 
the c0ur5e 0f the 9r0up•5 w0rk.  F0r 
examp1e, a chan91n9 under5tand1n9 0f 
the ta5k a5 w0rk Pr09re55e5 cau5e5 
emer9ent 5tructure. D1fferent and chan9- 
1n9 demand5 0f the ta5k 1ead t0 the 
pr061em 0f dea11n9 w1th a n0n-f0re5ee- 
a61e mu1t1tude 0f 1nf0rmat10n and d0cu- 
ment type5 1n the 5hared w0rk5pace. 
Execut10n 0f c00perat1ve w0rk 1n a 
5hared w0rk5pace re4u1re5 5upp0rt f0r 
c0mmun1cat10n, c00rd1nat10n, and c00p- 
erat10n 0f d15tr16uted team mem6er5. 
D1fferent team5, 0r9an12at10n5, and ta5k5 
etc. re4u1re d1fferent f0rm5 0f 5upp0rt. 
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Here, we have t0 face a pr061em 51m11ar 
t0 the 0r9an12at10n 0f the 5hared 
w0rk5pace: the pr061em 0f adapt1n9 
5upp0rt f0r c00perat1ve w0rk t0 chan91n9 
need5 wh11e teamw0rk pr0ceed5. 80th 
pr061em5 re4u1re 50me f0rm 0f ••0penne55" 
fr0m an under1y1n9 5upp0rt 5y5tem: that 
15, 0penne55 w1Lh re5pect t0 new f0rm5 0f 
w0rk5pace 5tructure and c0ntent, and 
0penne55 w1Lh re5pect t0 c00perat10n 
5upp0rt w1th1n 5uch a 5hared w0rk5pace. 

70 addre55 the5e pr061em5 we 6e11eve an 
0pen 5y5tem5 appr0ach 15 re4u1red. 5uch 
an appr0ach 5h0u1d c0m61ne 0pen 
hypermed1a 5erv1ce5 and 0pen c011a60ra- 
t10n 5erv1ce5. 0pen hypermed1a 5erv1ce5 
can 6e u5ed a5 a mean5 0f 5tructur1n9 
w0rk5pace5 1n a f1ex161e way. L1kew15e, 
0pen c011a60rat10n 5erv1ce5 can 6e u5ed 
t0 0r9an12e the c011a60rat10n pr0ce55e5 1n 
a f1ex161e manner. 1n a11, c011a60rat1ve 
0pen hypermed1a 5y5tem5 5eem t0 6e a 
pr0m151n9 appr0ach w1th wh1ch t0 ad- 
dre55 the a60ve pr061em5. 

1.2 A r0ad t0ward5 c011a60raUve 0pen 
hypermed1a 5y5tem5 
F0r the 1a5t 5 year5, the 0pen 
Hypermed1a 5y5tem5 W0rk1n9 6r0up 
(0H5W6) ha5 exp10red h0w 0penne55 
can 6e rea112ed f0r c011a60rat1ve 
hypermed1a 5y5tem5 1n Lw0 re5pect5. 
F1r5t1y, w1th re5pect t0 new f0rm5 0f 
5tructure and c0ntent 0f hypermed1a 
1nf0rmat10n 5pace5, and 5ec0nd1y w1Lh 
re5pect t0 new t0015 f0r 6r0w51n9 and 
man1pu1at1n9 the5e 1nf0rmat10n 5pace5 
[W111 and ~15ter6ye 1994, W111 and 
Demeyer 1996, W111 1997, 1998, 1999]. 
7hu5, 1t 5eem5 natura1 t0 6u11d 0n the 
re5u1t5 0f the 0pen hypermed1a 5y5tem5 
c0mmun1ty [Re1ch et a1. 1999] and t0 
1nve5t19ate way5 0f extend1n9 0pen 
hypermed1a 5y5tem5 w1th 0pen c011a60ra- 
t10n 5erv1ce5. 50me re5u1t5 0f th15 w0rk 
are pu6115hed e15ewhere [Haake et a1. 
1999]. H0wever, there are 5t111 many 
unan5wered 4ue5t10n5 1n Lh15 area. 
Am0n9 them, we w111 f0cu5 0n the 155ue 
0f re4u1rement5 ana1y515, 51nce 1t pr0- 
v1de5 the 6a515 f0r a11 5u65e4uent de519n 
and 1mp1ementat10n w0rk. 

1.3 0r9an12at10n 0f th15 paper 
1n the next 5ect10n we w111 pre5ent 0ur 
re4u1rement5 ana1y515 f0r c0Ha60rat1ve 
0pen hypermed1a 5y5tem5.7hen, we w111 
d15cu55 50me re9u1ar1ty w1th1n th15 5et 0f 
re4u1rement5, wh1ch 1ead5 u5 t0 the 
pr0p05a1 0f a re9u1ar 5chema f0r der1v1n9 
a m0re c0mp1ete 5et 0f re4u1rement5. 
F1na11y, we d15cu55 the 1mp11cat10n5 0f 
th15 appr0ach f0r the de519n 0f c011a60ra- 
t1ve 0pen hypermed1a 5y5tem5. 

2 Re4u1rement5 0n c01/a60ratJve 
0pen hypetmed1a 5y5tem5 
1n 0ur w0rk, we 5tarted w1th a 5cenar10 
de5cr161n9 h0w a c011a60rat1ve 0pen 
hypermed1a 5y5tem m19ht actua1]y 5up- 
p0rt an 0n901n9 c011a60rat10n. We then 
t00k a c105er 100k at the 5cenar10 1n 
0rder t0 der1ve re4u1rement5 f0r the 
under1y1n9 c011a60rat1ve 0pen 
hypermed1a 5y5tem. We 100ked at f0ur 
d1fferent cate90r1e5 0f re4u1rement5: 

• Re4u1rement5 c0ncern1n9 0penne55 1n 
c00perat1ve app11cat10n5 

0 Re4u1rement5 c0ncern1n9 0penne55 1n 
hypermed1a app11cat10n5 

. Re4u1rement5 c0ncern1n9 the c0m61na- 
t10n 0f 0pen c00perat1ve and 0pen 
hypermed1a app11cat10n5 

- Re4u1rement5 c0ncern1n9 0penne55 1n 
9enera1 

2.1 A 5cenar10 
7he f0110w1n9 5cenar10 15 u5ed t0 111u5- 
trate the u5e 0f an env1r0nment that 
pr0v1de5 60th 0pen c011a60rat10n and 
0pen hypermed1a 5erv1ce5. F0r 51mp11c1ty, 
we u5e a team c0n515t1n9 0f three team 
mem6er5: U1r1ch, J0hn and Pau1. 7he5e 
three pe0p1e f0rm a team 0f c0-auLh0r5 
wh0 w15h t0 wr1te a j01nt j0urna1 paper. 
Each team mem6er 15 10cated at a d1ffer- 
ent 51Le and w0rk5 acc0rd1n9 t0 h15 0wn 
5chedu1e. 7he team dec1de5 t0 u5e the1r 
0pen c011a60rat1ve hypermed1a auth0r1n9 
env1r0nment (wh1ch 0ffer5 the 0pen 
c011a60rat10n and 0pen hypermed1a 
5erv1ce5) a5 the1r pr1mary mean5 f0r 
wr1t1n9 the j0urna1 paper. 7h15 51tuat10n 
can 6e character12ed a5 f0110w5: 
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c0-auth0r5 are 10cated at d1fferent 51te5; 

c0-auth0r5 u5e the1r 0wn fav0r1te t0015 
(e.9., d1fferent edJt0r5 0r hypermed1a 
auth0r1n9 t0015); 

c0-auth0r5 need t0 5hare c0mm0n (6ut 
p0tent1a11y d15tr16uted) 
hyperd0cument5 that repre5ent the1r 
c0mm0n w0rk5pace (1nc1ud1n9 pre- 
pr0duct5, draft5, and the f1na1 d0cu- 
ment); and, 

c0-auth0r5 may c0Ha60rate 60th 
5ynchr0n0u51y and a5ynchr0n0u51y. 

We w111 n0w c0n51der a part 0f a hyp0- 
thet1ca1 w0rk pr0ce55. 7he 5cenar10 15 
0r9an12ed a5 a 5e4uence 0f f1ve pha5e5, 
each dem0n5trat1n9 a d1fferent c00pera- 
t10n m0de. 

1nd1v1dua1 w0 rk .  After the team a5- 
5em61e5 and dec1de5 t0 wr1te the paper, 
J0hn 5tart5 w1th wr1t1n9 a f1r5t draft 0f 
the 0ut11ne 1n h15 fav0r1te hypermed1a 
ed1t0r, D0LPH1N [5tre1t2 et a1., 1994]. 
1n D0LPH1N, J0hn create5 a new 
hyperd0cument, f1115 1n n0de5 f0r the 
d1fferent t0p-1eve1 5ect10n5, and create5 
11nk5 am0n9 them. He u5e5 the 0pen 
hypermed1a funct10na11ty t0 create 50me 
11nk5 t0 part5 0f ex15t1n9 d0cument5 
(e.9., t0 1nd1cate p055161e reu5e 0r 0ther 
re1evant 6ack9r0und mater1a1). 50 far, 
J0hn ha5 6een w0rk1n9 1nd1v1dua11y 1n h15 
0wn w0rk5pace, wh1ch the 
hyperd0cument he ju5t created 1n D0L- 
PH1N repre5ent5. After f1n15h1n9 the 
draft, J0hn 4u1t5 D0LPH1N and 5end5 an 
e-ma11 c0nta1n1n9 a reference (1.e., a 
un1ver5a1 re50urce name, URN) 0f h15 
w0rk5pace (repre5ented 6y the 
hyperd0cument he ju5t created) t0 h15 
c0-auth0r5. 1n th15 e-ma11, he 1nv1te5 
them t0 read and ann0tate the draft, and 
he pr0p05e5 a date and t1me when they 
5h0u1d d15cu55 the draft 1n a te1emeet1n9. 
Pau1 and U1r1ch a9ree and 5end p051t1ve 
re5p0n5e5 v1a e-ma11. 

A5ynchr0n0u5 w0rk. N0w, U1r1ch 
acce55e5 J0hn•5 w0rk5pace. F1r5t, U1r1ch 
u5e5 h15 fav0r1te ed1t0r, a 5erv1ce-en- 
a61ed ver510n 0f Emac5, t0 acce55 the 
w0rk5pace. He a5k5 h15 5erv1ce-ena61ed 
Emac5 t0 0pen the w0rk5pace. 51mp1y 6y 

pr0v1d1n9 the URN, the 5erv1ce 15 a61e t0 
re4ue5t a c0py 0f the h0mePa9e 0f the 
D0LPH1N d0cument. 51nce the 
w0rk5pace 15 current1y n0t 1n u5e, the 
5erv1ce create5 a new 5e5510n aut0mat1- 
ca11y. U1r1ch can n0w read and ann0tate 
the pr0p05ed 0ut11ne 6y attach1n9 new 
c0mment n0de5 v1a c0mment 11nk5. 
7he5e new hypermed1a 06ject5 are 5t0red 
1n a new w0rk5pace. 

L005e1y c0up1ed heter09ene0u5 
w0rk .  50met1me 1ater, Pau] dec1de5 t0 
w0rk 0n the draft t00. He 15 u51n9 a 
5erv1ce-ena61ed ver510n 0f M5 W0rd. 
L1ke U1r1ch, he 0pen5 the 5hared 
w0rk5pace u51n9 the URN. 7he 5erv1ce 
detect5 that a 5e5510n 15 a1ready 0perat- 
1n9 0ver the 5ame w0rk5pace. Pau1 15 
91ven the 1nf0rmat10n a60ut the runn1n9 
5e5510n (1.e., U1r1ch•5 5e5510n) and de- 
c1de5 t0 j01n th15 5e5510n. N0w, there are 
tw0 team mem6er5 acce551n9 the 5hared 
w0rk5pace. 51nce U1r1ch dec1ded t0 a110w 
0ther5 t0 j01n h15 5e5510n, Pau1 wa5 
a110wed t0 d0 50. 7he defau1t 5ett1n9 f0r 
new 5e5510n5 5pec1f1e5 that the 50-ca11ed 
1005e1y c0up1ed c00perat10n m0de 15 
5e1ected. 1n th15 ca5e, c0-w0rker5 5hare 
the 5ame w0rk5pace (data), 6ut are 
perm1tted t0 nav19ate 1ndependenUy. 
7hu5, Pau1 can nav19ate thr0u9h the 
w0rk5pace free1y. Whenever he v151t5 a 
n0de current1y 1n u5e 6y U1r1ch, the 
5erv1ce w111 d15p1ay the pre5ence and 
act1v1t1e5 0f U1r1ch (e.9., 6y d15p1ay1n9 
U1r1ch•5 name, 6y h19h119ht1n9 the 06ject5 
current1y ed1ted, and 6y 5h0w1n9 the 
chan9e5). 0 f  c0ur5e, U1r1ch 15 made 
aware 0f Pau1•5 pre5ence 1n the 5ame 
way. 80th can nav19ate thr0u9h the 
w0rk5pace and f0110w 11nk5 t0 the d0cu- 
ment part5 that  were 0r191na11y created 
6y J0hn. When f0110w1n9 5uch a 11nk, the 
5erver dec1de5 whether the tar9et d0cu- 
ment can 6e d15p1ayed 1n the current 
ed1t0r w1nd0w 0r whether a new t001 
need5 t0 6e 0pened. H0wever, even 
when 0pen1n9 a new t001, the 5erv1ce 
en5ure5 that the 1005e1y c0up1ed c00p- 
erat10n m0de 15 5t111 ma1nta1ned. 

719ht1y c0up1ed heter09ene0u5 w0rk. 
Later 0n, Pau1 watche5 U1r1ch chan91n9 



the 5tructure 0f the 0ut11ne 0f 0ne 5ec- 
t10n. 51nce U1r1ch•5 chan9e5 w0u1d affect 
h15 0wn w0rk, Pau1 dec1de5 t0 c0ntact 
U1r1ch d1rect1y 6y a5k1n9 h15 ed1t0r t0 
5w1tch 1nt0 t19ht1y c0up1ed c00perat10n 
m0de. 7he ed1t0r 1nf0rm5 the 5erv1ce 
a60ut the re4ue5ted chan9e and the 
5erv1ce 5w1tche5 the c00perat10n m0de 
f0r the 5e5510n acc0rd1n91y. 7h15 1ead5 t0 
5tart1n9 up a Rea1Aud10 c0nnect10n 
6etween the tw0 u5er5 (w1th the c0rre- 
5p0nd1n9 t0015 0pen1n9 0n the1r 5creen5 
after U1r1ch accepted the 1nc0m1n9 c0n- 
ference ca11). N0w, the tw0 can d15cu55 
the pr0p05ed chan9e5. Due t0 the fact 
that Pau1 and U1r1ch are u51n9 d1fferent 
t0015 (Emac5 and M5 W0rd), they cann0t 
enj0y 5hared v1ew5 0r te1ep01nter5. 7h15 
w0u1d re4u1re the u5e 0f the 5ame t001 0n 
60th 51de5 (0r the 5har1n9 0f 0ne app11ca- 
t10n v1a app11cat10n 5har1n9). After 50me 
d15cu5510n, Pau1 dec1de5 t0 5t0p w0rk1n9 
and 4u1t5 h15 ed1t0r. Aut0mat1ca11y, the 
5erv1ce re915ter5 h15 dec1510n t0 1eave, thu5 
1eav1n9 U1r1ch a5 the 0n1y u5er 1n the 
5e5510n. 0nce U1r1ch 4u1t5 h15 ed1t0r, t00, 
the 5erv1ce can end the 5e5510n. 

7•9ht1y c0up1ed h0m09ene0u5 w0rk, 
50met1me 1ater, a11 three c0-auth0r5 
0pen the1r t0015 0n the 5hared w0rk5pace 
(wh1ch at th15 t1me a150 c0nta1n5 the 
c0mment5 and chan9e5 0f the c0-au- 
th0r5). 51nce ]0hn 0pened the 
w0rk5pace w1th h15 D0LPH1N 6r0w5er 
f1r5t, the 0ther tw0 c0-auth0r5 51mp1y 
j01n the w0rk5pace. 8ecau5e ]0hn 5et 
the c00perat10n m0de t0 t19ht1y c0up1ed 
and 5et the t001 t0 6e u5ed t0 "•D0L- 
PH1N", Pau1 and U1r1ch 9et D0LPH1N 
6r0w5er5 0pened 0n the1r 5creen5, t00. 
N0w a11 three D0LPH1N 6r0w5er5 5h0w 
the 5ame pa9e, pr0v1de te1ep01nter5 and 
the WY51W15 (What Y0u 5ee 15 What 1 
5ee) pr0perty [5tef1k et a1. 1987]. 1n 
add1t10n, a Rea1Aud1Q c0nference am0n9 
the three 51te5 15 e5ta6115hed 6y the 
5erver, 7he team can n0w d15cu55 the 
0ut11ne, nav19ate a5 a 9r0up, p01nt t0 
p051t10n5 1n the 5hared 6r0w5er w1nd0w, 
and m0d1fy the w0rk5pace t09ether. 
After they reach c0n5en5u5, they d0cu- 
ment the1r new w0rk p1an a5 a 5tructure 
c0n515t1n9 0f 11nked ta5k n0de5 1n a 

5eparate t0p-1eve1 n0de 1n the 
w0rk5pace. 7hu5, the 5erv1ce 15 u5ed f0r 
1nf0rma1 c00rd1nat10n purp05e5. 

W0rk c0nt1nue5 1n the matter a60ve. 

2.2 Ana1y515 
7he a60ve 5cenar10 5h0w5 an examp1e 0f 
h0w a team can u5e a 5hared hypermed1a 
w0rk5pace t0 5upp0rt the1r c011a60rat1ve 
ed1t1n9 ta5k. 7h15 5cenar10 can 6e u5ed t0 
extract re4u1rement5 c0ncern1n9 5y5- 
tem5, wh1ch a1m t0 5upp0rt th15 k1nd 0f 
w0rk. We f0cu5 0n f0ur cate90r1e5 0f 
re4u1rement5: 

1. Re4u1rement5 that ar15e fr0m the 
def1n1t10n 0f 0penne55 1n 9enera1 

2. Re4u1rement5 that ar15e fr0m the 0pen 
nature 0f c011a60rat10n pr0ce55e5, 

3. Re4u1rement5 that ar15e fr0m the 0pen 
nature 0f the ev01v1n9 5hared 1nf0rma- 
t10n 5pace, 

4. Re4u1rement5 that ar15e fr0m the 
c0m61nat10n 0f 0pen c011a60rat10n 
pr0ce55e5 and 0pen 5hared 1nf0rmat10n 
5pace5. 

2.2.1 Re4u1rement5 0f 0penne551n 9enera1 
7he 4ue5t f0r 0pen 5erv1ce5 15 n0t new. 
7he pr0V1510n 0f 0pen 5erv1ce5 ha5 6een 
the 90a1 0f much prev10u5 w0rk d0ne, f0r 
1n5tanCe 1n the hypermed1a and C5CW 
f1e1d5 a5 referred t0 1n the 1ntr0dUCt10n. 
7he 1mp0rtant Character15t1c5 0f an 0pen 
5erv1Ce 1n th15 paper, Wh1Ch need t0 6e 
fu1f111ed a5 re4u1rement5, are: 

• (Re4. 1) Ava11a6/11ty 0 f  0pen 5erv/ce5 
t0 an 0pen 5et 0 f  app11cat10n5 
An 0pen 5erv1ce 5h0u1d 6e ava11a61e t0 
an 0pen 5et 0f app11cat10n5 1n the 
c0mput1n9 env1r0nment. 7he 5erv1ce 
5h0u1d 6e pr0V1ded 6y c0mput1n9 
ent1t1e5 0r c0mp0nent5 1n the c0mput- 
1n9 env1r0nment that are p0tent1a11y 
acce55161e 6y a11 app11cat10n5 (e,9., 
m1dd1eware c0mp0nent5 0r 0perat1n9 
5y5tem c0mp0nent5). 

• (Re4. 2]  0rth090na11ty 0f0pen 5erv/ce5 
An 0pen 5erv1ce 5h0u1d 6e 0rth090na1 
t0 0ther 5erv1ce5 u5ed 6y part1c1pat1n9 
app11cat10n5 (e.9., 5t0ra9e and d15p1ay 
5erv1ce5). App11cat10n5 5h0u1d 6e a61e 
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t0 u5e the 5erv1ce5 0f an 0pen 5erv1ce 
w1th0ut a1ter1n9 the ex15t1n9 5erv1ce5 
ava11a61e 1n the app11cat10n. 

e (Re4. 3) 6enera11ty 0 f  0pen 5erv1ce5 
An 0pen 5erv1ce 5h0u1d 6e 9enera1 
en0u9h t0 6e u5efu1 acr055 app11ca- 
t10n5.7he 5erv1ce 5h0u1d 6e 0pera- 
t10na1 60th 1nterna11y 1n the app11cat10n 
and acr055 0ther app11cat10n5 0f the 
5ame 0r d1fferent type5 -- 11ke f0r 
examp1e ••cut, c0py and pa5te" 5er- 
v1ce5. 

0 (Re4. 4) Pr0v1510n 0fd1/7enent 5erv1ce 1eve15 
An 0pen 5erv1ce 5h0u1d pr0v1de d1ffer- 
ent 1eve15 0f 1t5 5erv1ce5. App11cat10n5 
5h0u1d 6e a61e t0 9et exact1y what 
they need 1n term5 0f 5erv1ce5 and 
1eve15 0f 5erv1ce5. 

2.2.2 Re4u1rement5 0f 0pen c011a60rat10n 
pr0ce55e5 
C011a60rat10n 1n the 5cenar10 pr0ceed5 a5 
a 5e4uence 0f pha5e5, each u51n9 a 
5pec1f1c c00perat10n m0de t0 5upp0rt the 
5pec1f1c 5ty1e 0f C011a60rat10n emp10yed 
6y the team mem6er5. 0penne55 app11e5 
here t0: 

• D0cument5 and t0015: the 5et 0f d0cu- 
ment type5, f0rmat5 and c0rre5p0nd- 
1n9 t0015 re4u1red 6y a team t0 
perf0rm 1t5 w0rk. 

0 0r9an12at10n 0f w0rk5pace: the 5et 0f 
c011a60rat10n 5ty1e5 ad0pted 6y a 
team. 

• 5upp0rt  f0r c00rd1nat10n. 

7h15 1ead5 u5 t0 the def1n1t10n 0f the 
f0110w1n9 re4u1rement5 0n 0pen c011a60- 
rat10n env1r0nment5: 

° (Re4. 5) 0pen 5et 0fd0cument5 and t0015 
A c011a60rat10n env1r0nment mu5t 6e 
a61e t0 dea1 w1th every type 0f 1nf0r- 
mat10n the team need5. We 5ee th15 
need w1th1n 0ur 5cenar10 when - 
dur1n9 1nd1v1dua1 w0rk - J0hn 11nk5 t0 
and re-u5e5 ex15t1n9 d0cument5, and 
when a11 c0-auth0r5 u5e the1r fav0r1te 
ed1t0r5. 

° (Re4. 6) 0pen 5et 0 f  w0rk5pace 0r9a- 
n12at10n5 
51nce team5 u5e d1fferent w0rk1n9 
5ty1e5 and pr0cedure5 (dependent 0n 

the team mem6er5, the1r preference5, 
d15tr16ut10n, r01e5, the ta5k at hand, 
etc.), a c011a60rat10n env1r0nment mu5t 
6e a61e t0 5upp0rt a var1ety 0f d1fferent 
way5 0f c011a60rat1n9. 7heref0re, an 
0pen 5et 0f w0rk5pace 0r9an12at10n5 
(e.9. determ1n1n9 06ject type5 and 
re1at10n5h1p5) mu5t 6e 5upp0rted. 1n the 
5cenar10, c0-auth0r5 emp10y d1fferent 
w0rk1n9 5ty1e5. 

• (Re4. 7) Acc0mm0date an 0pen 5et 0 f  
c00rd1nat10n p011c1e5 
1n 0rder t0 ena61e pr0duct1ve 9r0up 
w0rk, 50me c00rd1nat10n 6etween the 
9r0up mem6er5 mu5t 6e fac111tated. 7h15 
1nc1ude5 mean5 f0r 1nf0rma1 (e.9., 
5hared p1an5) 0r f0rma1 (e.9., w0rkf10w) 
c00rd1nat10n. 0penne55 refer5 here t0 
the a6111ty t0 acc0mm0date d1fferent 
c00rd1nat10n p011c1e5. 1n 0ur 5cenar10, 
we 5ee pre-p1anned draft pa551n9 and 
meet1n95 a5 we11 a5 5p0ntane0u5 meet- 
1n95 (e.9. when Pau1 v151t5 a n0de 1n u5e 
6y U1r1ch). 

C011a60rat10n 5upp0rt 1n a c00perat1ve 
env1r0nment u5ua11y re4u1re5 mana9ement 
0f 5hared data 06ject5, mana9ement 0f 
5hared u5er 1nterface5, 5upp0rt f0r 9r0up 
awarene55, and 5upp0rt f0r c0mmun1cat10n: 

, (Re4. 8) 5upp0rt f0r 5har1n9 data 6e- 
tween 5evera1 (p055161y c0ncurrent/y 
w0rk1n9) u5er5 
Mean5 f0r acce551n9 5hared data and f0r 
ma1nta1n1n9 c0n515tent 5tate5 0f 5hared 
data mu5t 6e pr0v1ded. Here, 0penne55 
mean5 that a11 type5 0r 50urce5 0f data 
can 6e acce55ed and 5hared, a5 repeat- 
ed1y 5h0wn 1n the 5cenar10. 

• (Re4. 9) 5upp0rt f0r  c0up11n9 u5er 
1nterface5 f0r any t001 
5upp0rt f0r ma1nta1n1n9 5hared d15p1ay 
5tate5 are 50met1me5 re4u1red (e.9., t0 
pr0v1de WY51W15). C0up11n9 0f u5er 
1nterface5 mu5t 6e 5upp0rted, and 
mean5 f0r pr0Pa9at1n9 update5 (cau5ed 
6y data chan9ed 6y a rem0te c011a60ra- 
t0r) need t0 6e pr0v1ded. Here, 0pen- 
ne55 mean5 t0 6e a61e t0 c0up1e u5er 
1nterface5 f0r any t001 team mem6er5 
m19ht u5e, 5uch a5 re4u1red 6y t19ht1y 
c0up1ed heter09ene0u5 w0rk 1n 0ur 
5cenar10. 
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• (Re4. 10) 6r0up awarene55 f0r  any 
c0m6/nat/0n 0 f  t00/5 
7here need5 t0 6e 50me 9r0up aware- 
ne55 mechan15m that a110w5 the c01- 
1a60rat0r5 t0 rec09n12e each 0ther•5 
pre5ence and act1v1t1e5. 1n the 5ce- 
nar10, th15 15 u5ed t0 a110w Pau1 t0 
rec09n12e U1dch•5 pre5ence and t0 
make 1t p055161e f0r h1m t0 j01n U1r1ch•5 
5e5510n, 1n an 0pen 5y5tem appr0ach, 
th15 5erv1ce mu5t w0rk f0r any c0m61na- 
t10n 0f t0015 u5ed 6y d1fferent d1ent5. 

• (•Re4. 11) 5upp0rt  f0r  c0mmun/cat/0n 
Channe15 and p011C1e5 
1f c0-w0rker5 w0rk 0n a 5hared 
w0rk5pace, 50me c0mmun1cat10n 
am0n9 9r0up mem6er5 15 re4u1red. 
7h15 c0mmun1cat10n can take p1ace 
0ut51de the 5hared env1r0nment (e.9., 
v1a e-ma11 0r te1eph0ne) 0r 1n51de the 
5hared env1r0nment (e.9., 6y u51n9 
e1ther the 5hared w0rk5pace a5 a 
c0mmun1cat10n med1um 0r 0ther 
1nte9rated c0mmun1cat10n channe15 
5uch a5 aud10/v1de0 c0nferenc1n9). 
7hu5, an 0pen c011a60rat10n env1r0n- 
ment mu5t 5upp0rt the c0mmun1cat10n 
channe15 and p011c1e5 needed 6y the 
9r0up. 7h15 15 a150 exemp11f1ed 1n 0ur 
5cenar10 dur1n9 t19ht1y c0up1ed w0rk 
(5ynchr0n0u5 ca5e) and 1nd1v1dua1 
w0rk (a5ynchr0n0u5 ca5e). 

U5ua11y, 9r0up w0rk 15 0r9an12ed 1n 
c00perat1ve app11cat10n5 u51n9 the c0n- 
cept 0f a 5e5510n. A 5e5510n 15 def1ned 
6y: 

• a 9r0up 0f u5er5 (0r the c11ent5 repre- 
5ent1n9 them);  

• a c0mm0n w0rk5pace 0n wh1ch the5e 
u5er5 w0rk; and, 

• a 5pec1f1c c00perat10n m0de u5ed 6y 
the5e u5er5. 

5e5510n mana9ement 1nc1ude5 0perat10n5 
f0r creat1n9 and de5tr0y1n9 5e5510n5, 
j01n1n9 0r 1eav1n9 5e5510n5, and 5e1ect1n9 
0r ne90t1at1n9 c00perat10n m0de5 0r 
tran51t10n5 6etween them. U5ua11y, th15 
funct10na11ty 15 1mp1emented 0n t0p 0f 
50me 6a51c funct10na11ty f0r data 5har1n9, 
c0ncurrency c0ntr01 and update 0r n0t1f1- 
cat10n mana9ement. 

Each c011a60rat10n 5tyJe t0 6e u5ed 1n a 
5e5510n re4u1re5 a 5pec1f1c c0m61nat10n 0f 
5upp0rt fr0m the a60ve 5erv1ce5. We ca11 
5uch a c0m61nat10n a c00perat/0n m0de 
[Haake and W]~50n, 1992]. Examp1e5 0f 
a5pect5 1nf1uenced 6y a c00perat10n 
m0de are: the c0up11n9 0f certa1n param- 
eter5 0f u5er 1nterface5 (e.9., 5cr0116ar 
p051t10n5); f100r c0ntr01 p011cy (e.9., 
c0ncurrent acce55 v5. 10ck1n9); 
c0ncurrency c0ntr01 5trate9y; and, 9r0up 
awarene55 (e.9., 5h0w1n9 the act1v1t1e5 0f 
0ther5 v1a te1ep01nter5). [n add1t10n, a 
5e5510n can determ1ne the d0cument5 
and t0015 u5ed 6y the 9r0up 0f u5er5 
(e.9., wh1ch t0015 are 0pen, and wh1ch 
c0mmun1cat10n t0015 are c0nf19ured 1n 
wh1ch way). 7hu5, a 5e5510n ref1ect5 the 
c0ntext and the current 5tate 0f the 
c011a60rat10n pr0ce55. 

Here, 0penne55 refer5 here t0 (1) the 
f1ex16111ty 0ffered t0 def1ne new c00pera- 
t10n m0de5 and t0 5w1tch 6etween them; 
(2) the capa6111ty 0f 1nte9rat1n9 new t0015 
(a1ready addre55ed 6y Re4. 5); and, (3) 
the p05516111ty 0f 1nte9rat1n9 the needed 
1nf0rmat10n 50urce5 (a1ready addre55ed 
6y Re4. 5). 7hu5, the f0110w1n9 tw0 
re4u1rement5 mu5t 6e met 1n an 0pen 
c011a60rat10n env1r0nment: 

. (Re4. 12) 5upp0rt  f0r  d/fferent c00p- 
erat10n m0de5 
0ur  5cenar10 5h0w5 examp1e5 f0r f1ve 
d1fferent c00perat10n m0de5. 

0 (Re4. 13) 7ran5/t10n5 6etween c00p- 
erat/0n m0de5 
A5 1t wa5 5h0wn 1n 0ur 5cenar10, 
tran51t10n5 6etween d1fferent c00pera- 
t10n m0de5 mu5t 6e 5upp0rted. 

2.2.3 Re4u1rement5 0f 0pen 5hared 
1nf0rmat10n 5pace5 
C011a60rat10n 1n the 5cenar10 make5 
heavy u5e 0f a 5hared 1nf0rmat10n 5pace. 
7eam mem6er5 acce55 th15 5hared 1nf0r- 
mat10n 5pace t0 chan9e the 5tructure and 
c0ntent 0f the w0rk5pace a5 re4u1red 6y 
the1r w0rk. A num6er 0f re4u1rement5 f0r 
5erv1ce5 0f an 0pen hypermed1a 5y5tem 
(0H5) can 6e c0mp11ed fr0m the 5cenar10: 

• (Re4. 1#] 1nter d0cument/1nk/n9 capa6/1/ty 
U5er5 mu5t 6e a61e create and 
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traver5e 11nk5 that 90 fr0m 0ne d0cu- 
ment type mana9ed 6y 0ne type 0f 
app11cat10n t0 an0ther d0cument type 
mana9ed 6y an0ther type 0f app11ca- 
t10n. 1n 0ur 5cenar10, th15 wa5 the ca5e 
1n t19ht1y c0up1ed heter09ene0u5 w0rk, 
when c0-auth0r5 u5ed d1fferent t0015 
(e09~ Emac5 and W0rd). 7hu5, an 0pen 
5hared 1nf0rmat10n 5pace mu5t 6e 
0pen t0 the 1nte9rat10n 0f new app11ca- 
t10n5 that hand1e heter09ene0u5 
d0cument type5 and f0rmat5. 

(Re4. 15) 1ntra d0cument 11nk1n9 
U5er5 mu5t 6e a61e t0 create and 
traver5e 11nk5 that c0nnect a part 0f a 
d0cument w1th a part 0f an0ther 
d0cument. 7h15 15 51m11ar t0 the a60ve 
re4u1rement, except that a m0re f1ne- 
9ra1ned 11nk1n9 (and thu5 kn0w1ed9e 0f 
the d0cument f0rmat and c0n5tra1nt5) 
15 re4u1red. 

{Re4. 16) 0pen t0 new d0cument 
type5 and f0rmat5 
Re4u1rement5 14 and 15 60th d1rect1y 
5pec1fy that an 0pen 5hared 1nf0rma- 
t10n 5pace mu5t 6e 0pen w1th re5pect 
t0 5upp0rt 0f new d0cument type5 and 
f0rmat5 (1nc1ud1n9 whatever 5tructura1 
c0n5tra1nt5 the5e d0cument f0rmat5 
m19ht have). 1n the 5cenar10, th15 15 
v15161e when c0-auth0r5 11nk any 
re1evant mater1a1 1nt0 the w0rk5pace. 
7h15 15 a150 1n acc0rdance w1th the 
c0rre5p0nd1n9 re4u1rement (Re4. 5). 

(Re4. 17) 0pen t0 new c0mputat10n5 
0ver 5tructure 
0penne55 w1th re5pect t0 new app11ca- 
t10n5 and heter09ene0u5 d0cument 
type5 and f0rmat5 1ead5 t0 the need 
f0r 5upp0rt 0f c0mputat10n5 0n ...... 
hypermed1a 5tructure5.51nce 5truc- 
ture5 are 11ke1y t0 6e pre5ented 1n 
d1fferent manner5 6y d1fferent app11ca- 
t10n5 re4u1r1n9 d1fferent type5 0f 
c0mputat10n, 0pen 5hared 1nf0rmat10n 
5pace5 mu5t 6e 0pen t0 new c0mputa- 
t10n 0ver 5tructure. Examp1e5 0f  
c0mputat10n5 w1th 5tructure are the 
c0mputat10n 0f v1ew5, 5uch a5 re4u1red 
6y the pre5entat10n 0f the 0vera11 
d0cument 5tructure 1n D0LPH1N•5 
Nav19at10n t001, 0r the pre5entat10n 0f 

em6edded 11nk5 1n the 0H5-ena61ed 
Emac5. 1n 0ur 5cenar10, th15 re4u1re- 
ment w0u1d 6e 111u5trated 1f we were t0 
add a 5pat1a1 hypertext 5y5tem, 5uch 
a5 V1K1 [Mar5ha11 et a1. 1994]. V1K1 
1nc1ude5 a 5pat1a1 par5er, wh1ch c0m- 
pute5 a99re9at10n5 6a5ed 0n 5pat1a1 
1ay0ut (wh1ch 15 an0ther c0mputat10n 
0ver 5tructure). 1ma91ne the u5e 0f 
th15 par51n9 a190r1thm 6y D0LPH1N t0 
v15ua112e 5pat1a1 c0mp051te5.7h15 
w0u1d re4u1re the 5pat1a1 par5er t0 
0ffer an 0pen hypermed1a 5erv1ce that 
w0u1d 6e ava11a61e t0 0ther t0015. 

7he a60ve re4u1rement5 are der1ved fr0m 
the a550c1at1ve 5tructure d0ma1n. 51m11ar 
re4u1rement5 can 6e c0mp11ed fr0m 0ther 
5tructura1 d0ma1n5.7he 1ate5t trend 1n 
the 0pen hypermed1a 5y5tem5 c0mmun1ty 
15 t0 6r0aden the1r app11ca6111ty 6y 5up- 
p0rt1n9 hypermed1a 5tructure5 fr0m 
5tructura1 d0ma1n5 0ther than the a550- 
c1at1ve ([N0rn6er9 et a1. 1997]). 7h15 
1ead5 t0 the f1na1 re4u1rement: 

• (Re4. 18) 0pen t0 new d0ma1n 5pec1f1c 
5tructure5 and c0mputat10n5 
An 0pen 5hared 1nf0rmat10n 5pace 
5h0u1d 6e 0pen t0 new 5tructura1 
d0ma1n5.7h15 1nc1ude5 0penne55 t0 
pr0v1de new d0ma1n 5pec1f1c 5tructure5 
and c0mputat10n5. A5 an examp1e, 
c0n51der 5upp0rt f0r ar9umentat10n 
pha5e5 dur1n9 c011a60rat10n. Mak1n9 
hypermed1a 06ject5, wh1ch are 5pec1f1c 
t0 the ar9umentat10n d0ma1n (5uch a5 
155ue5, p051t10n5, and 5pec1f1c 11nk5 f0r 
ar9umentat10n) and the re5pect1ve 
c0mputat10n5 (5uch a5 c0mput1n9 
ar9umentat1ve cyc1e5, c0ntrad1ct1n9 
ar9ument5, 0r ar9ument5 w1th0ut 
6ack1n9) ava11a61e t0 0ther t0015 c0u1d 
pr0v1de 6etter 5upp0rt f0r 501v1n9 the 
ta5k at hand. 51nce the need f0r the5e 
5tructure5 and c0mputat10n5 ar15e5 
dur1n9 c011a60rat10n, mean5 are re- 
4u1red 0f def1n1n9 new d0ma1n 5pec1f1c 
5tructure5 and c0mputat10n5 (0ver 
hypermed1a 06ject5) 1n an 0pen way. 
L1kew15e, the 1nte9rat10n 0f ex15t1n9 
0pen 5erv1ce5 0ffer1n9 c0mputat10n5 
0ver 5tructure mu5t 6e 5upp0rted. 
1n the future, th15 re4u1rement 15 11ke1y 
t0 6e expanded 1nt0 a 5et 0f re4u1re- 
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ment5 f0r each add1t10na1 5tructura1 
d0ma1n (5uch a5 a550c1at1ve 
hypermed1a, 5pat1a1 hypermed1a) a5 
the5e are exp10red 1n m0re deta11 1n the 
c0ntext 0f 0pen hypermed1a 5y5tem5. 

2.2.4 Re4u1rement5 0f 0pen c011a60rat1ve 
1nf0rmat10n 5pace5 
C011a60rat10n 1n the 5cenar10 de5cr16ed 1n 
th15 paper make5 heavy u5e 0f a 5hared 
1nf0rmat10n 5pace, wh1Ch a150 0ffer5 
c011a60rat1ve funct10na11ty. 7h15 c0m61na- 
t10n 0f 5erv1ce5 1ead5 t0 add1t10na1 re- 
4u1rement5. 

1n 9enera1, 0pen c011a60rat1ve 1nf0rmat10n 
5pace5 need 50me way 0f dea11n9 w1th the 
fact that c0ntent can 6e 0ver1a1d w1th 
5tructure, and that th15 d0e5 n0t chan9e 
the c0ntent 1t5e1f. 51nce 5tructure can 6e 
much m0re than ju5t ann0tat10n5 (e.9., 
11nk5, c0mp051te5, 5pat1a1 5tructure5 and 
tax0n0m1c 5tructure5), 1t 15 nece55ary t0 
6r0aden the 1ntermed1ate acce55 pattern 0f 
ear1y hypermed1a auth0r1n9 5y5tem5 t0 
dea1 w1th a11 k1nd5 0f 5tructure5. 1t 15 
1mp0rtant t0 6e a61e t0 d15t1n9u15h 6e- 
tween read1n9 the d0cument (read1n9 60th 
c0ntent and 5tructure), 0ver1ay1n9 the 
d0cument w1th 5tructure (wr1t1n9 5truc- 
ture) and wr1t1n9 the c0ntent 0f the d0cu- 
ment. 7hu5, acce55 pattern5 1n 0pen 
c011a60rat1ve hypermed1a 5y5tem5 turn 0ut 
t0 6e m0re c0mp1ex than the read-wr1te 
pattern 0f (n0n-hypermed1a) c011a60rat1ve 
auth0r1n9 5y5tem5 and the read-ann0tate- 
wr1te pattern 0f ear1y hypermed1a 
auth0r1n9 5y5tem5. 

7h15 1ead5 u5 t0 the def1n1t10n 0f the 
f0110w1n9 re4u1rement5 0n 0pen c011a60- 
rat1ve 1nf0rmat10n 5pace5: 

° (Re4. 19) Acce55 pattern5 f0r  0pen 
c011a60rat1ve 1nf0rmat10n 5pace5 
D1fferent acce55 pattern5 mu5t 6e 
5upp0rted, 1nc1ud1n9 read1n9 the 
d0cument (read1n9 60th c0ntent and 
5tructure), 0ver1ay1n9 the d0cument 
w1th 5tructure (wr1t1n9 5tructure) and 
wr1t1n9 the c0ntent 0f the d0cument. 
1n 0ur 5cenar10, th15 re4u1rement 
w0u1d 5h0w 1f the c0-auth0r5 dec1ded 
t0 pr0tect the1r pr1vate w0rk5pace5 
and t0 a110w c0-auth0r5 t0 c0mment, 
add mater1a1, 0r create new 5tructure, 
6ut n0t t0 a1ter 0r191na1 c0ntent. 
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0 (Re4. 20) 0penne55 t0 new acce55pattern5 
51nce d1fferent c011a60rat10n p011c1e5 
1mp1y d1fferent r01e5 0f c011a60rat0r5, 
new acce55 pattern5 mu5t 6e 5up- 
p0rted. 51nce c011a60rat10n p011c1e5 
u5ua11y deve10p and chan9e dur1n9 
teamw0rk (e.9. t0 5upp0rt d1fferent 
pha5e5 0f 9r0up w0rk), unf0re5een 
c011a60rat10n p011c1e5 a5 we11 a5 
chan9e5 t0 ex15t1n9 p011c1e5 mu5t 6e 
5upp0rted. 7he 5cenar10 5h0w5 d1ffer- 
ent c00perat10n m0de5, each 0f wh1ch 
c0u1d emp10y a d1fferent c011a60rat10n 
p011cy, re4u1r1n9 d1fferent 0r new 
acce55 pattern5. 

1n add1t10n t0 acce55 pattern5, three d1ffer- 
ent w0rk 5ett1n95 mu5t 6e 5upp0rted 6y an 
0pen c011a60rat1ve 1nf0rmat10n 5pace: 

W0rk 5ett1n9 1:1nd1v1dua1 w0rk 1n a 
pr1vate w0rk5pace. 

1n th15 type 0f w0rk 5ett1n9, a 51n91e u5er 
w0rk5 0n h15 per50na1 1nf0rmat10n 10cated 
1n a pr1vate w0rk5pace. 7he u5er w111 6e 
a61e 60th t0 6r0w5e ex15t1n9 1nf0rmat10n 
and t0 auth0r new 1nf0rmat10n 1n her 
pr1vate w0rk5pace. New 1nf0rmat10n can 
6e created 6y add1n9 new d0cument5, 6y 
ann0tat1n9 d0cument5, 6y 0ver1ay1n9 
d0cument5 w1th hypermed1a 5tructure, 6y 
9r0up1n9 d0cument5 1nt0 c011ect10n5, etc. 

1t 15 w0rth n0t1c1n9 that the 1nd1v1dua1 
c0mp0nent5 1n th15 w0rk 5ett1n9 (app11ca- 
t10n5, m1dd1eware 5erv1ce5 and 5t0ra9e 
un1t5) can run 0n d1fferent mach1ne5 that 
are d15tr16uted acr055 a (10ca1 0r w1de 
area) netw0rk. 

W0rk 5ett1n9 2:1nd1v1dua1 w0rk 1n a 
5hared w0rk5pace. 

7here are tw0 fundamenta11y d1fferent 
way5 t0 5hare 1nf0rmat10n 1n th15 type 0f 
w0rk 5ett1n9. 0ne can 6e part 0f a 9r0up 
0f u5er5 that a11 have acce55 and update 
pr1v11e9e5 t0 1nf0rmat10n 10cated 1n a 
5hared w0rk5pace 0r 0ne Can 5hare 
1nf0rmat10n w1th 0ther u5er5 6y creat1n9 
1nf0rmat10n 1n a pu611c1y acce55161e 
(5hared) w0rk5pace. 7he 1atter c0ver f0ur 
5pec1a1 ca5e5 d15t1n9u15hed 6y the num- 
6er 0f reader5 and wr1ter5 0f the 5hared 
w0rk5pace. F0r examp1e, a 51n91e wr1ter 
can create 1nf0rmat10n and make 1t 



ava11a61e t0 a 11m1ted 9r0up 0f u5er5 1n a 
5hared w0rk5pace. An0ther examp1e 15 a 
9r0up 0f wr1ter5 wh0 create 1nf0rmat10n 
that 15 pu611c1y ava11a61e. 

Many c11ent-5erver hypermed1a 5y5tem5 
pr0v1de a5ynchr0n0u5 type5 0f c011a60ra- 
t1ve w0rk 5ett1n95 u51n9 under1y1n9 
mechan15m5 5uch a5 u5er-def1ned 10ck1n9 
and event n0t1f1cat10n [W111 and Le99ett 
1993]. 1n th15 type 0f 5ett1n9, 5evera1 
u5er5 can w0rk 0n the 5ame 5et 0f d0cu- 
ment5 at the 5ame t1me. 7yp1ca11y, 0n1y a 
51n91e u5er can update (wr1te) a d0cu- 
ment at a t1me (6y ac4u1r1n9 a 10ck 0n 
the d0cument). 0 ther  u5er5 m19ht 6e 
a61e t0 f0110w the ev01ut10n 0f the d0cu- 
ment 6y hav1n9 the d0cument 0pened 1n 
read-0n1y m0de and 5u65cr161n9 t0 event 
n0t1f1cat10n5 5uch a5 update5 (5ave5) t0 
the d0cument. 

An0ther 51tuat10n re5em61e5 a typ1ca1 
WWW 5ett1n9 where a We6 mana9er and 
50me 1nf0rmat10n pr0v1der5 p1ace 1nf0r- 
mat10n 1n a 5hared (pu611c) w0rk5pace. 
0n1y a few pe0p1e can update th15 1nf0r- 
mat10n, 6ut 1t can 6e acce55ed (6r0w5ed) 
6y the w0r1d. 

W0rk 5ett1n9 2 ha5 the 5ame 5erv1ce5 a5 
were de5cr16ed f0r w0rk 5ett1n9 1 - 1.e. 
6r0w51n9 and auth0r1n9 0f 1nf0rmat10n. 
1n 50me 51tuat10n5 a11 u5er5 are 1nf0rma- 
t10n pr0v1der5 and have auth0r1n9 capa- 
6111t1e5, wh11e 1n 0ther 51tuat10n5 0n1y the 
1nf0rmat10n pr0v1der5 have auth0r1n9 
capa6111t1e5. 

W0rk 5ett1n9 3: c011a60rat1ve w0rk 1n a 
5hared w0rk5pace. 

8y c0m61n1n9 5hared w0rk5pace5 w1th 
c011a60rat1ve c00perat10n m0de5, 50me 
add1t10na1 5erv1ce5 and capa6111t1e5 are 
9a1ned. 5hared w0rk5pace5 a110w the 
5har1n9 0f per515tent 1nf0rmat10n (e.9., 
d0cument5 and hypermed1a 5tructure5). 
D1fferent c011a60rat1ve c00perat10n m0de5 
a110w u5er5 d1fferent 1eve15 0f 5e5510n- 
0r1ented 5erv1ce5.7he5e add1t10na1 
5e5510n 5erv1ce5 ena61e that: 

* mu1t1p1e u5er5 j01nt1y (5ynchr0n0u51y) 
create hypermed1a 5tructure5 (1n the 
ca5e 0f a 11nk th15 w0u1d mean that 

d1fferent u5er5 each add 0ne 0r m0re 
endp01nt5 t0 a 5hared 11nk); and, 

• mu1t1p1e u5er5 j01nt1y (5ynchr0n0u51y) 
create new d0cument5 and ed1t ex15t- 
1n9 d0cument5 6y ad~11n9 (updat1n9) 
1nd1v1dua1 5ect10n5 0r para9raph5 t0 
the d0cument. 

E55ent1a11y, 0ne can 1ma91ne that a11 the 
5erv1ce5 and capa6111t1e5 de5cr16ed under 
w0rk 5ett1n9 1 and w0rk 5ett1n9 2 can a150 
0ccur 1n a 5ynchr0n0u5 manner 1nv01v1n9 
mu1t1p1e u5er5 0perat1n9 at the 5ame t1me 
p0tent1a11y 1n d1fferent p1ace5 (c.f., the 
t1me - 5pace matr1x [E1115 et a1. 1991]). 

1n 0ther 51tuat10n5, the 5et 0f u5er5 can 
6e d1v1ded 1nt0 the pe0p1e wh0 are creat- 
1n9 and ma1nta1n1n9 the 1nf0rmat10n 
ava11a61e 1n the 5hared (pu611c) 
w0rk5pace and the 0ut51de u5er5.7he 
ma1nta1ner5 w111 have the 5e5510n 5har1n9 
capa6111t1e5 a5 de5cr16ed a60ve. 7he 
0ut51de u5er5 w111 p0tent1a11y 6e a61e t0 
u5e the 5hared 5e5510n capa6111t1e5 t0 
6r0w5e thr0u9h the 1nf0rmat10n 1n the 
w0rk5pace c011a60rat1ve1y. 7h15 c0u1d 
0ccur 1n an anarch15t1c manner 0r 1n a 
m0re c0ntr011ed manner u51n9 turn- 
tak1n9 0r f100r c0ntr01 mechan15m5. 

F19ure 1 5h0w5 the mapp1n9 6etween the 
d1fferent w0rk pr0ce55e5 (1nv01v1n9 
d1fferent c00perat10n m0de5) 1n the 
5cenar10 and the w0rk 5ett1n95 that  were 
1ntr0duced a60ve. 

W0rk 5ett1n9 1 c0ver5 1nd1v1dua1 w0rk, 
5ett1n9 2 c0ver5 1nd1v1dua1 w0rk and 
a5ynchr0n0u5 w0rk, and 5ett1n9 3 c0ver5 

c00per~10n m0de5 

~ a5ynchr0n0U5 W0rk 1nd1v1dua1W0rk1nd1V1dUa1W0rkand ~t19ht1y C0Up1ed 1005e1y C0Up1edW0rkand 
F19ure 1. H0w the 5cenar/0 w0rk 
pr0ce55e5 m a p  t0 the w0rk 5ett/n95. 
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1005e1y c0up1ed heter09ene0u5 w0rk, 
t19ht1y c0up1ed heter09ene0u5 w0rk, and 
t19ht1y c0up1ed h0m09ene0u5 w0rk. 

7he a60ve d15cu5510n 1ead5 u5 t0 the 
f0110w1n9 re4u1rement5 0n 0pen c011a60- 
rat1ve 1nf0rmat10n 5pace5: 

* (Re4. 21J 5upp0rt f0r d/fferent w0rk 
5ett/n95 
D1fferent w0rk 5ett1n95 (5ee the three 
1dent1f1ed a60ve) need5 t0 6e 5up- 
p0rted. 1n 0ur 5cenar10, 5uch w0rk 
5ett1n95 are u5ed when c0-auth0r5 
w0rk 1nd1v1dua11y, 0r u5e a5ynchr0n0u5 
0r 5ynchr0n0u5 c00perat10n m0de5. 

, (Re4. 22) 5upp0r t  f0r  5w1tch/n9 6e- 
tween w0rk 5ett/n95 
1n the c011a60rat10n pr0ce55, 5w1tch1n9 
6etween w0rk 5ett1n95 mu5t 6e 5up- 
p0rted. 1n 0ur 5cenar10, tran51t10n5 
6etween the d1fferent c00perat10n 
m0de5 111u5trate th15 need. F0r ex- 
amp1e, dur1n9 a5ynchr0n0u5 c011a60ra- 
t10n 0ne c0-auth0r j01ned an0ther 
c0-auth0r. 7h15 cau5ed a tran51t10n 1nt0 
the 1005e1y c0up1ed w0rk 51tuat10n. 

7a61e 1: 5ummary  0 f  re4u1rement5 

3 Ana1y515 0f the re4u1tement5 
7he a60ve re4u1rement5 were der1ved 6y 
~00k1n9 at 0penne55 fr0m f0ur d1fferent 
per5pect1ve5: 

0penne55 1n c00perat1ve app11cat10n5, 

0penne55 1n hypermed1a app11cat10n5, 

0penne55 1n c0m61ned c00perat1ve 
hypermed1a 5y5tem5, and 

0pen 5y5tem5 1n 9enera1. 

When 100k1n9 f0r re9u1ar1ty 1n the5e 22 
re4u1rement5 (5ee ta61e 1), we actua11y 
n0t1ced tw0 c0mm0n fact0r5: 

• an 0pen 5et 0f 50me a65tract10n (e.9. 
d0cument5, d0cument type5, t0015, 
w0rk5pace 0r9an12at10n5, c00rd1nat10n 
p011c1e5, c00perat10n m0de5, c0mputa- 
t10n5, acce55 pattern5, w0rk 5ett1n95, 
5erv1ce5) mu5t 6e 5upp0rted, and 

tran51t10n5 6etween the 1nd1v1dua1 
mem6er5 0f 0ne 0f the a60ve 0pen 5et5 
mu5t 6e 5upp0rted (e.9. w1th1n c00rd1- 
nat10n p011c1e5, c00perat10n m0de5, 
acce55 pattern5, w0rk 5ett1n95). 

Re4. N0. 

9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20  

21 

22  

Cau5ed 6y 
0pen 5y5tem5 
1n 6enera1 

0pen C00perat1ve 
App11cat10n5 

0H5 

C0m61nat10n 0f 
HM and C5CW 

Re4u1rement 71t1e 
Ava11a6111ty 0f 0pen 5erv1ce5 t0 an 0pen 5et 0f app11cat10n5 
0rth090na11ty 0f 0pen 5erv1ce5 
6enera11ty 0f 0pen 5erv1ce5 
Pr0v1510n 0f d1fferent 5erv1ce 1eve15 
0pen 5et 0f d0cument5 and t0015 
0pen 5et 0f w0rk5pace 0r9an12at10n5 
Acc0mm0date 0pen 5et 0f c00rd1nat10n p011c1e5 
5upp0rt f0r 5har1n9 data 6etween 5evera1 (p055161y 
c0ncurrent1y w0rk1n9) u5er5 
5upp0rt f0r c0up11n9 u5er 1nterface5 f0r any t001 
6r0up awarene55 f0r any c0m61nat10n 0f t0015 
5upp0rt f0r c0mmun1cat10n channe15 and p011c1e5 
5upp0rt f0r d1fferent c00perat10n m0de5 
7ran51t10n5 6etween c00perat10n m0de5 
1nter d0cument 11nk1n9 capa6111ty 
1ntra d0cument 11nk1n9 
0pen t0 new d0cument type5 and f0rmat5 
0pen t0 new c0mputat10n5 w1th 5tructure 
0pen t0 new d0ma1n 5pec1f1c 5tructure5 and c0mputat10n5 
Acce55 pattern5 f0r 0pen c011a60rat1ve hypermed1a 5y5tem5 
0penne55 t0 new acce55 pattern5 
5upp0rt f0r d1fferent w0rk 5ett1n95 
5upp0rt f0r 5w1tch1n9 6etween w0rk 5ett1n95 
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App1y1n9 the5e tw0 ru1e5 c0n515tent1y t0 
the 0r191na1 22 re4u1rement5 1ead5 t0 a 
new 5et 0f re4u1rement5 pre5ented 1n 
ta61e 2. 1n the f0J10w1n9, we d15cu55 
50me 1ntere5t1n9 065ervat10n5 made 
when 100k1n9 at new 0r m0d1f1ed entr1e5 
1n ta61e 2 (add1t10n5 0r m0d1f1cat10n5 are 
h19h119hted 1n 601d typeface). 

Fr0m ta61e 2 we can draw a num6er 0f 
065ervat10n5: 

1. Re4u1r1n9 60th, the pr0v1510n 0f an 
0pen 5et 0f 50me a65tract10n and 
tran51t10n5 6etween them 1ead t0 the 
add1t10n 0f prev10u51y m1551n9 re4u1re- 
ment5. F0r examp1e, we n0w a150 
1nc1ude tran51t10n5 6etween d1fferent 

7a61e 2:  Extended 5et 0 f  re( 

Re4~N0, 
1 
2 
3 
4 
5 
5a 
6 
6a 

7 
8 
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10 

11 
11a 

12 

13 

14 

15 

16 

16a 
17 

17a 
18 

18a 

19 
20 

20a 
21 

22 

Cau5ed 6y 
0pen 5y5tem5 1n 
6enera1 

0pen c00perat1ve 
app11cat10n5 

0H5 

C0m61nat10n 0f 
HM and C5CW 

u1remen t5 

Re4u1rement 71t1e 
Ava11a6111ty 0f 0pen 5erv1ce5 t0 an 0pen 5et 0f app11cat10n5 
0rth090na11ty 0f 0pen 5erv1ce5 
6enera11ty 0f 0pen 5erv1ce5 
Pr0v1510n 0f d1fferent 5erv1ce 1eve15 
0pen 5et 0f d0cument5 and t0015 
7ran51t10n5 6et~Neen d0cument5 and t0015 
0pen 5et 0f w0rk5pace 0r9an12at10n5 
7tan51t10n5 6et~veen w0rk5pace 0r9an12at10n5 
Acc0mm0date 0pen 5et 0f c00rd1nat10n p011c1e5 
5upp0rt f0r 5har1n9 data 6etween 5evera1 (p055161y c0ncur 
rent1y w0rk1n9) u5er5 
5upp0r t  f0 r  0pen 5et 0f  c0up11n95 0f u5er 1nterface5 f0r  
0pen 5et 0f t00•5 
6r0up awarene55 f0r 0pen 5et 0f  c0m61nat10n5 0f t0015 
5upp0rt f0r 0pen 5et 0f c0mmun1cat10n channe15 and p011c1e5 
7ran51t10n5 6etween c0mmun1cat10n channe15 and p011c1e5 
5upp0r t  f0 r  0pen 5et 0f  (d1fferent) c00perat10n m0de5 
7ran51t10n5 6etween c00perat10n m0de5 (can 6e c0n51dered e4ua1 
t0 tran51t10n5 6etween d1fferent c0up11n95 0f u5er 1nterface5 
(R9) and 6etween d1fferent c0m61nat10n5 0f t0015 (R10)) 
1nter d0cument 11nk1n9 capa6111ty (can 6e c0n51dered e4ua1 
t0  5upp0rt 11nk1n9 6etween 0pen 5et 0f d0cument5) 
1ntra d0cument 11nk1n9 (can 6e c0n51dered e4ua1 t0 5upp0rt 
11nk1n9 6etween 0pen 5et 0f endp01nt5 w1th 0ne 0f an 0pen 5et 
0f d0cument5) 
0pen t0 new d0cument type5 and f0rmat5 (0pen 5et 0f 
d0cument  type5 and f0rmat5) 
7ran51t10n5 6et~Neen d0cument type5 and f0rmat5 
0pen t0 new c0n1putat10n5 w1th 5tructure (0pen 5et 0f 
c0mputat10n5 w1th 5tructure) 
7ran51t10n5 6etween c0mputat10n5 w1th 5tructure 
0pen t0 new d0ma1n 5pec1f1c 5tructure5 and c0mputat10n5 
(0pen 5et 0f d0ma1n 5pec1f1c 5tructure5 and c0mputat10n5) 
7ran51t10n5 6etween d0ma1n 5pec1f1c 5tructure5 and 
c0mputat10n5 
Acce55 pattern5 f0r 0pen c011a60rat1ve hypermed1a 5y5tem5 
0penne55 t0 new acce55 pattern5 (15 e4ua1 t0 0pen 5et 0f 
a c c e 5 5  pattern5) 
7ran51t10n5 6etvveen acce55 pattern5 
5upp0rt f0r d1fferent w0rk 5ett1n95 (15 ~1ua1 t0 0Pen 5et 0f w0rk 
5ett1n95) 
5upp0rt f0r 5w1tch1n9 6etween w0rk 5ett1n95 

(15 e4ua1 t0 tran51t10n5 6etween w0rk 5ett1n95) 
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d0cument5 and t0015 (R5a). 7h15 
re4u1rement can a150 6e 5een a5 a 
ju5t1f1cat10n f0r re4u1r1n9 0pen 11nk1n9 
and d0cument f0rmat 0r d0cument 
type tran51at10n5 50 that d1fferent t0015 
can 1nter-0perate 0n a 5hared 5et 0f 
d0cument5. 

2. L1kew15e, th15 a150 1ed t0 the 1nc1u510n 
0f re4u1rement5 t0 5upp0rt 5w1tch1n9 
6etween c0mmun1cat10n channe15 and 
p011c1e5 (n0w ref1ected 1n R11a, wh1ch 
wa5 prev10u51y m1551n9). 

3. A150, tran51t10n5 6etween d1fferent 
c0mputat10n5 w1th 5tructure are n0w 
re4u1red (R17a). A5 an examp1e, 
c0n51der c0ncatenat10n5 0f c0mputa- 
t10n5 0ver 5hared 5tructure, wh1ch 
m19ht re4u1re mean5 f0r exchan91n9 
temp0rary re5u1t5 etc. A5 a c0n5e- 
4uence, th15 re4u1rement mu5t a150 
h01d f0r d0ma1n 5pec1f1c 5tructure5 and 
c0mputat10n5 (R18a). 

4. Re9ard1n9 acce55 pattern5 f0r c011a60- 
rat1ve 0pen hypermed1a 5y5tem5, we 
n0w a150 1nc1ude tran51t10n5 6etween 
acce55 pattern5 (0ver t1me and 51tua- 
t10n5) mu5t 6e 5upp0rted (R20a). 
51nce acce55 pattern5 are an 1mp0rtant 
c0mp0nent 0f 1mp1ement1n9 d1fferent 
w0rk 5ett1n95 and c00rd1nat10n p011- 
c1e5, th15 re4u1rement make5 perfect 
5en5e. 

7hu5, 1t 5eem5 that app1y1n9 the re9u1ar 
5chema 0f a5k1n9 f0r 0pen 5et5 and tran51- 
t10n5 6etween 5et mem6er5 1ead5 t0 a 
m0re c0mprehen51ve 5et 0f re4u1rement5. 
H0wever, 1t 15 a1way5 the d0ma1n {1n 0ur 
ca5e, 0pen c00perat10n, 0pen hypermed1a 
and the1r c0m61nat10n) that determ1ne5 the 
c0ncrete a65tract10n5 and tran51t10n5. 

4 C0nc1u510n5 
1n th15 paper, we pre5ented the ca5e f0r 
c0m61n1n9 0pen hypermed1a and 0pen 
c011a60rat10n 5erv1ce5 1n the f0rm 0f 0pen 
c011a60rat1ve hypermed1a 5y5tem5. A5 
p01nted 0ut 1n the 1ntr0duct10n, 9r0up 
w0rk re4u1re5 much f1ex16111ty re9ard1n9 
60th, the 0r9an12at10n 0f 5hared 
w0rk5pace5 and the 0r9an12at10n 0f 
c011a60rat1ve w0rk. We 1dent1f1ed 1mp0r- 
tant re4u1rement5 0f 0pen c011a60rat1ve 

hypermed1a 5y5tem5 6a5ed 0n a 5cenar10 
0f c011a60rat1ve w0rk a5 we11 a5 takJn9 
1nt0 acc0unt m0re 9enera1 re4u1rement5 
0f 0pen 5y5tem5. We then f0cu5ed 0n the 
1dea 0f app1y1n9 a re9u1ar 5chema t0 a 
pre11m1nary 5et 0f re4u1rement5 1n 0rder 
t0 c0me up w1th a m0re c0mprehen51ve 
5et 0f re4u1rement5. 

0Ur pr0p05a1 f0r the de519n and 1mp1e- 
mentat10n 0f 0pen c011a60rat1ve 
hypermed1a 5y5tem5 ha5 6een rep0rted 
1n [Haake et a1. 1999]. H0wever, 1t 
rema1n5 t0 6e 5een a5 t0 whether the 
re9u1ar1ty rep0rted 1n th15 paper can 0n1y 
6e u5ed t0 create m0re c0mprehen51ve 
re4u1rement5 0r whether 1t may a150 6e 
u5ed t0 d15c0ver m0re 9enera1 de519n 
9u1de11ne5 f0r 0pen c011a60rat1ve 
hypermed1a 5y5tem5. A5 a c0n5e4uence, 
the c0rre5p0nd1n9 arch1tecture may very 
we11 6e further 51mp11f1ed 0r turned 1nt0 
50meth1n9 w1th 6r0ader app11ca6111ty. 51nce 
th15 15 w0rk 1n Pr09re55, we w0u1d apprec1- 
ate any c0mment5 and 5u99e5t10n5.0~, 
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