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ations provide a form-like interfa
e for request-ing information: the user �lls in some �elds, submits theform, and the appli
ation presents 
orresponding results.Su
h a pro
edure be
omes burdensome if (1) the user mustsubmit many different requests, for example in pursuing atrial-and-error sear
h, (2) results from one appli
ation are tobe used as inputs for another, requiring the user to transferthem by hand, or (3) the user wants to 
ompare results, butonly the results from one request 
an be seen at a time. Wedes
ribe how users 
an redu
e this burden by 
reating 
ustominterfa
es using three me
hanisms: 
lipping of input and re-sult elements from existing appli
ations to form 
ells on aspreadsheet; 
onne
ting these 
ells using formulas, thus en-abling result transfer between appli
ations; and 
loning 
ellsso that multiple requests 
an be handled side by side. Wedemonstrate a prototype of these me
hanisms, initially spe-
ialised for handling Web appli
ations, and show how it letsusers build new interfa
es to suit their individual needs.Categories and Subje
t Des
riptors: H.5.2 [User Inter-fa
es℄: Graphi
al User Interfa
es (GUI), Intera
tion Styles;D.2.12 [Interoperability℄; H.5.4 [Hypertext/Hypermedia℄:Navigation, User IssuesAdditional Keywords and Phrases: 
ustomized informa-tion a

ess, end-user programming, parallel exploration1 INTRODUCTIONThis paper des
ribes a prototype that supports end-users inredu
ing the burden in 
ertain kinds of information a

ess.The prototype lets users 
reate 
ustom interfa
es by 
lipping,
onne
ting, and 
loning elements from existing appli
ations.It is 
urrently spe
ialised to the handling of Web appli
a-tions, yet the underlying me
hanisms are also suitable forappli
ations of other kinds.The motivation for this work arises from three kinds of 
hal-lenge that are 
ommonly observed in the use of appli
ationsfor information a

ess.
∗ Barring formatting, and the addition of a posts
ript, this 
hapter isidenti
al to the paper with the same title that appeared in Pro
eedings of the17th Annual ACM Symposium on User Interfa
e Software and Te
hnology(UIST 2004), Santa Fe, NM, 175�184. It is based on work 
arried out duringa visit by the �rst author from the Meme Media Laboratory to the Universityof Copenhagen, where the se
ond author was then working. Sin
e then,C3W development has 
ontinued at Hokkaido University.

First, it 
an be laborious for users to �nd the interfa
e ele-ments that are of interest. For example, the input �elds fora Web appli
ation may be on a page that also in
ludes manyother items; similarly, the page of results delivered by thatappli
ation may in
lude details that the user does not need.If the appli
ation is used repeatedly, even the effort of lo-
ating the relevant input �elds and the relevant results 
anbe
ome a burden. We would like users to be able to 
reatesimpli�ed versions of the appli
ations they are using.Se
ond, users often want further information related to theresults they have found. This may involve using results fromone appli
ation as inputs to another. For example, in plan-ning an evening out, a user may invoke one Web appli
ationto dis
over what �lms are 
urrently showing, 
hoose a �lm,see whi
h 
inemas are showing it, look up the address of a
inema to feed into a transport enquiry, and so on. Repeatingall these steps for ea
h of several �lms would be hard work;it would be preferable if the user 
ould 
reate 
onne
tionsthat automati
ally transfer the data between appli
ations.Third, the results obtained from one request 
an have in-
reased value when seen in the 
ontext of other results. Forexample, the �lm-goer might want to 
onsider a variety of
inemas and s
reening times, in order to 
ompare the 
ostand 
onvenien
e of getting to ea
h one. However, 
omparingresults is dif�
ult if ea
h request 
auses the previous resultto disappear from view. We would like to help users handlealternative requests side by side, so that it be
omes easy tosubmit many requests and to 
ompare their results.This paper extends an earlier poster presentation [7℄ in de-s
ribing C3W (Clip, Conne
t and Clone for the Web), a pro-totype that provides integrated support for addressing thesethree 
hallenges. We show howC3W allows a user to 
reate a
ustom information-a

ess interfa
e based on one or severalWeb appli
ations, then use this interfa
e to view and 
ontrolmany alternative requests side by side. Providing support forsu
h side-by-side handling is the 
entral theme of our workon Subjun
tive Interfa
es [11, 12, 14℄; C3W represents a sub-stantial advan
e in this work, being the �rst system to makesubjun
tive-interfa
e fa
ilities available for a whole 
lass ofappli
ations that normally handle just one request at a time.



Se
tion 2 demonstrates our prototype and explains its 
apa-bilities. The fa
ilities needed to generate this kind of systemare dis
ussed in Se
tion 3, while Se
tion 4 pla
es our work inthe 
ontext of prior resear
h. The 
ontributions are summedup in Se
tion 5, where we also dis
uss how to move beyondthe limitations of the existing prototype.2 EXAMPLES AND EXPLANATIONSBelow we explain the main features of C3W through twoexamples.2.1 A Useful Union of Two Appli
ationsSuppose an investor in Japan wants to look up the sto
k pri
eof US-quoted 
ompanies, but to see them in Japanese yenrather than dollars. Perhaps no single Web appli
ation offerssu
h a lookup, but the investor knows that the CNN Moneysite offers a sto
k-pri
e lookup in dollars, while Yahoo! hasa 
urren
y 
onversion page that 
an 
ertainly deal with dol-lars and yen. Furthermore, suppose the investor wants to seeseveral 
ompanies' pri
es at the same time.Figure 1 shows an interfa
e, built using C3W, that ful�lsthese needs. We will now des
ribe the three main te
hniquesused in building it.2.1.1 Clipping This interfa
e was assembled from two pre-viously 
reated, simpler interfa
es: one for the sto
k-pri
elookup and one for the 
urren
y 
onversion. Figure 2 showshow elements were initially 
lipped from the Yahoo! site;Figure 3 shows these 
lipped elements arranged by the useron what we 
all a C3Sheet, along with a se
ond C3Sheet for

Figure 1: A user­built interfa
e that takes 
ompanysto
k 
odes as input (in the 
ells marked A), and �ndstheir dollar pri
es (B) and the equivalent yen amounts(E). Cells A and B were 
reated by 
lipping elementsfrom a sto
k­pri
e lookup appli
ation; C, D and E were
lipped from a 
urren
y­ex
hange appli
ation. Theuser 
onne
ted these appli
ations by giving C a for­mula that 
opies the value in B. The user has also
loned 
ell A to deal with three 
ases in parallel, whi
hhas 
aused the automati
 
loning of all 
ells that de­pend on A. Ea
h set of 
lones uses the same layoutand 
olour­
oding, to emphasise their 
orrelations �for example, the 
urrent dollar pri
e of NTT is $23.49,and the 
urrent value of this many dollars is ¥2,550.

the CNN lookup. All the 
ells on these sheets a
t as por-tals (in the sense of [18℄) onto the Web pages from whi
hthey were 
lipped. Thus the top three 
ells on the 
urren
y-
onversion sheet (on the left in Figure 3) retain their roles asinput devi
es, so that spe
ifying a new value in any one will
ause a re-evaluation of the Yahoo! 
onversion and will up-date the bottom text �eld to show the new 
onverted amount.Note that the 
ells need not be 
lipped in the order in whi
hthey are en
ountered. In parti
ular, if the user had only de-
ided to wrap this appli
ation after having obtained some re-sult, he or she 
ould have 
lipped the result �eld �rst, andthen gone ba
k to the previous page to 
lip the parametersthat led to it.Ea
h of the C3Sheets in Figure 3 works as a reusable appli
a-tion, that 
ould be saved on a user's lo
al disk or distributedto other users for their immediate use. This illustrates howClipping enables the 
reation of simpli�ed versions of an ap-pli
ation.

↓ (enter amount and press `Convert')
Figure 2: Clipping elements from a 
urren
y 
onver­sion appli
ation. At the top is the default input pagefor the 
onversion, on view in C3W's spe
ialised Webbrowser. Holding down the Alt key brings up a red re
t­angle that follows the mouse to highlight the regionof the nearest surrounding HTML tag; this indi
ateswhi
h portion of the page will be 
lipped if a mousedrag is started. Here the user has started draggingthe 
onversion input �eld, to drop it on a C3Sheet. Af­ter also 
lipping the drop­downs that spe
ify the sour
eand destination 
urren
ies, the user enters a sampledollar amount and presses the `Convert' button. Thelower part shows the 
lipping of the 
onverted­amounttext from its pla
e on the result page.



Figure 3:Left: C3Sheet with the elements 
lipped in Figure 2.Right: C3Sheet for a sto
k­pri
e lookup. The 
ells' dif­ferent font sizes re�e
t the visual nature of the 
lippingoperation; these are the fonts used in the elementsthat were 
lipped. However, ea
h 
ell 
reated froma Web­page element is in essen
e a fully fun
tioningWeb browser, so the user is free to adjust the font size.2.1.2 Conne
ting The next stage in building the examplein Figure 1 is to 
reate a 
ombination in whi
h the two appli-
ations are 
onne
ted. To do this, the user starts with anotherempty C3Sheet and repeats the 
lipping pro
ess � this time
lipping the 
ells from the existing C3Sheets. Noti
e thatthere is no need to 
lip the sour
e-
urren
y sele
tor if thedesired 
urren
y is always the same; the user must simplyensure that the sele
tor is set to that 
urren
y when the other
ells are 
lipped. The 
ells may be laid out like this:
Here the upper two 
ells (A and B) 
ome from the sto
k-pri
eappli
ation, while the lower three are from the 
urren
y 
on-version. The user has already taken the �nal step ne
essaryin 
onne
ting the appli
ations together: establishing that the
onversion-amount 
ell (C), rather than its previous status asa user input �eld, is to take its value from 
ell B. This is doneby adding the simple formula `=B' to 
ell C. Now wheneverB's value 
hanges, as the result of a new sto
k-pri
e lookup,C is automati
ally updated and a 
urren
y 
onversion is trig-gered. If the user wanted instead to 
onvert the pri
e of 100shares, this 
ould be done by making C's formula `=B*100'.This C3Sheet also works as a reusable appli
ation, a

eptinga sto
k 
ode in 
ell A and produ
ing a 
onverted pri
e in E.It 
ould be 
on�gured to re-evaluate automati
ally every fewminutes to re�e
t the latest sto
k pri
e and 
onversion rate.In addition, be
ause it in
ludes the destination-
urren
y se-le
tor, it will perform 
onversions into whi
hever 
urren
ythe user 
hooses; for example, a Danish investor might wantDanish Krone 
onversions.This illustrates how Conne
ting enables the automated trans-fer of results from one appli
ation to another.2.1.3 Cloning The third stage in our example is when theuser de
ides to tra
k several 
ompanies' sto
k pri
es in par-allel. The interfa
e shown above 
an be extended to supportthis, by 
loning the relevant 
ells.

Using a pop-up menu on 
ell A, the user asks for an ad-ditional s
enario, and then one more. This 
auses A to be
loned twi
e, with the new instan
es appearing dire
tly be-neath the original and initially holding the same sto
k 
ode.At the same time, 
loning automati
ally takes pla
e for every
ell that depends on the sto
k 
ode � namely the dollar pri
e(B), the input to the 
urren
y 
onversion (C), and the 
onver-sion result (E). Ea
h 
ell that is 
loned shows its instan
es inthe same layout, and with the same 
oloured borders. Thuswhen the user types a new sto
k 
ode into any instan
e of
ell A, it is easy to tell where the results for that sto
k willappear.A 
ell that has not been 
loned remains as a single instan
e,that parti
ipates in all s
enarios. An example of this is thesingle instan
e of the destination-
urren
y sele
tor in Fig-ure 1. Sele
ting a new 
urren
y will 
ause all s
enarios tobe re-evaluated � for example, one 
ould swit
h all the 
on-versions simultaneously to Euros. Alternatively, the user 
anspe
ify that this 
ell should also have separate instan
es forea
h s
enario; then ea
h s
enario 
ould be given a distin
tsetting, for example to 
onvert the NTT pri
e into Yen, theKLM pri
e into Euros, and the ICI pri
e into Pounds.This illustrates how Cloning enables side-by-side handlingof requests that normally 
an only be handled separately.2.2 A More Ambitious CombinationWe now present a more 
omplex example. Consider some-one who lives in Copenhagen and likes to make use of the
ity's many 
inemas. It would be useful for this person tohave an appli
ation that helps in planning a �lm outing. TheC3Sheet shown in Figures 4 and 5 was built by 
lipping fromthree Web appli
ations with the following fa
ilities:1. A personal page that lists favourite pla
es and has links topages des
ribing them. It in
ludes a drop-down sele
torlisting 
inemas by their familiar names; the user 
an sele
ta 
inema then navigate to a des
ription page 
ontaining the
inema's of�
ial name and address.2. The �lm se
tion of a large Copenhagen events site, thatin
ludes a sear
h box into whi
h the user 
an enter thename of a �lm 
urrently on release and obtain a page witha des
ription of the �lm and links to further details. Onelink leads to a page detailing where and at what times the�lm is being s
reened.3. A travel-planning site allows a user to spe
ify start and des-tination addresses, and the proposed travel time (either forarrival or departure). The site then presents one or morere
ommended itineraries.The user wants to be able to sele
t a �lm, a 
inema, andthe earliest a

eptable s
reening time; the appli
ation shouldthen �nd the �rst satisfa
tory s
reening of that �lm at the
hosen 
inema, and submit an itinerary request from theuser's home to the 
inema, arriving �fteen minutes beforethe �lm starts. A 
ombination that a
hieves this is shown inFigure 4. Figure 5 then shows a simple example of 
loning:the user has 
reated a further s
enario to handle a se
ond �lmname, and 
an now work with the two s
enarios in parallel.



Figure 4: Using three Web appli
ations in 
ombination to provide travel information for �lm outings. The 
ell relationshipsestablished by 
lipping from the pages shown as thumbnails at the top are as follows: sele
ting a 
inema in the list in 
ell Atriggers navigation that pla
es the 
inema's name and address in B and C respe
tively; entering a �lm name in D 
ausesE to hold a list of that �lm's Copenhagen­area s
reenings for today and tomorrow; 
ells G, H and I serve as start address,destination and arrival time for a travel enquiry that gives an itinerary in J. Cell F is an independently 
reated 
ell in whi
hthe user spe
i�es the earliest desired �lm start time. The appli
ations have been 
onne
ted by giving 
ell H (destination)a formula that 
opies the 
inema address from C, and 
ell I (arrival time) a formula based on a user­written fun
tion for�nding in 
ell E the �rst s
reening time relevant to 
inema name B and time F. Any 
hange to the 
inema 
hoi
e in A, �lmname in D, earliest start time in F, or starting address in G will trigger re­evaluation leading to a new itinerary.The two examples des
ribed in this se
tion illustrate the po-tential 
apabilities of C3W. In the following se
tion we pro-vide some details of C3W's implementation, as guidelinesfor pra
titioners wishing to develop similar systems.3 IMPLEMENTATION REQUIREMENTSMany software platforms and toolkits 
ould be used to im-plement a system supporting the operations shown above.C3W, whi
h primarily addresses Web appli
ations, is builton the PlexWare platform (K-Plex, In
., San Jose and Tokyo;www.kplex.
om). Before we illustrate how 
lipping, 
on-ne
ting and 
loning are supported in C3W, we will explainbrie�y some impli
ations of 
hoosing this platform.PlexWare is an implementation of the IntelligentPad meme-media ar
hite
ture [22, 21℄. In IntelligentPad, informationand pro
essing 
omponents are represented as 2D visual ob-je
ts 
alled pads. Ea
h pad holds its state data in namedslots, whi
h also form its interfa
e for fun
tional 
onne
tionto other pads. By the dire
t-manipulation pasting of one padonto another, a user de�nes a 
hild-parent relationship be-

tween them, and 
an also 
onne
t one slot in the 
hild to oneslot in the parent. This simple form of linkage is enoughto enable pad 
ompositions to a
t as 
ompound multime-dia do
uments, or hierar
hi
ally stru
tured appli
ations. The
ompositions are also easy to de
ompose � again by dire
tmanipulation � in order to be reused or re-edited.Within PlexWare, many powerful Mi
rosoft 
ontrols � su
has Internet Explorer (IE) and Ex
el � have been en
apsulatedas pads. Through our 
ollaboration with K-Plex we had a
-
ess to the sour
e 
ode involved in su
h en
apsulation, andwere able to modify this 
ode to extend the 
apabilities of theen
apsulated 
ontrols. In addition, though not des
ribed indetail in this paper, we were able to implement me
hanismsfor extra
ting and reusing elements within general pad 
om-positions, enabling us to explore how non-Web appli
ationsmay also be in
luded in C3Sheet 
onstru
tions.3.1 ClippingThe a
tivity that we 
all 
lipping is the fundamental me
ha-nism by whi
h a user extra
ts elements from existing appli-



Figure 5: The 
ompositeWeb appli
ation shown in Figure 4, after the user has 
loned 
ell D. Cloning has been propagatedautomati
ally to all the 
ells that depend dire
tly or indire
tly on D: the s
reening times (E), derived arrival time (I) and theitinerary (J). The user may now wish to experiment by entering alternative �lm names in either instan
e of 
ell D, or 
ould
hange some other input parameter and obtain new timings and itineraries for both �lms simultaneously.
ations for use in a 
ustom interfa
e. Any implementationof 
lipping requires detailed 
ooperation between the exist-ing appli
ations and the interfa
e-
onstru
tion environment.The ne
essary 
omponents are as follows:1. An intera
tion me
hanism by whi
h the user identi�es anelement that is to be 
lipped, and installs it as a 
ell in the
ustom interfa
e.Our support for 
lipping from Web pages is implementedby 
ooperation between an IE pad, with some extensionsthat we added, and a C3Sheet obje
t. The extended IEsupports the extra
tion of any Web-page region that 
an beexpressed using an HTML-Path [23℄. An HTML-Path isa spe
ialisation of an XPath expression; it 
an spe
ify anyself-
ontained HTML tag (su
h as an input �eld, table row,or even a whole do
ument), and also supports regular ex-pressions for de�ning portions of text nodes. On
e the userhas steered an intera
tive highlight to the desired region ofthe page, that region 
an be dragged and dropped onto aC3Sheet to de�ne a new 
ell.2. A visual representation for the 
ustom interfa
e and the
ells within it, where ea
h 
ell 
an exhibit the behaviour ofits sour
e region in the original appli
ation.Earlier we mentioned that ea
h 
ell in C3W is in essen
e afully fun
tional Web browser � a Web-browsing pad � thatworks as a portal onto the region of the page from whi
hthe element was 
lipped. Therefore the 
ell has the in-tera
tion behaviour that the element would normally havewithin the full Web page: input �elds, menus, buttons andthe like all work as usual, as do display elements.

3. A way of 
apturing the dependen
y relationships betweenseparately 
lipped 
ells, so that 
hanges in input values re-sult in re-evaluation of results.The most 
omplex aspe
t of 
lipping is the 
apture of de-penden
y relationships between 
ells. Cells in C3W aretypi
ally extra
ted from navigations that spanmultipleWebpages, and 
arry detailed information enabling the C3Sheetto determine their mutual relationships and to re-exe
utethe navigation when ne
essary.We now give further details of the pro
esses that support 
lip-ping in C3W.3.1.1 Capturing the Dependen
y Relationships Between El­ements As the user navigates using our browser, a naviga-tion path of the following form is re
orded:
The path is a sequen
e of steps representing en
ountereddo
uments. A step 
onsists of the URI of the do
ument, a`predi
ate' spe
ifying any 
onditions that the user has spe
i-�ed on that do
ument, and `targetElement' spe
ifying the in-tera
tion that took the browser to the next do
ument (if any).The predi
ate 
onditions 
orrespond to values spe
i�ed inelements su
h as INPUT or SELECT; the targetElement istypi
ally an A (an
hor) or FORM. All these attributes arere
orded using HTML-Path expressions, as des
ribed above.



When the user 
lips elements from the do
uments, the pathis augmented with `extra
t' attributes. The following �gureshows how navigation a
tions within the Yahoo! 
urren
y-
onversion appli
ation 
ontribute to the re
orded path, anda spe
i�
 example of the attribute values re
orded when theuser 
lips the entry �eld for the starting-
urren
y amount onthe top page, puts the value `10' into that �eld, presses theConvert button (to submit the form), then 
lips the 
onvertedamount on the result page:

Whenever a user drops a new element on a C3Sheet, it bringswith it the full multi-step navigation path des
ribing how itwas extra
ted. The C3Sheet 
ompares this path against thepaths for existing 
ells, and thus determines their dependen
yrelationships. In our Yahoo! example the 
onversion-result
ell be
omes a dependant of the 
urren
y-amount 
ell, with asingle navigation step between them. If a 
urren
y-sele
tion�eld were also extra
ted as a 
ell, the result would be a de-pendant of that 
ell too.Note that this analysis of navigation paths is not affe
ted bythe order in whi
h the 
ells are 
reated. This is why, asmentioned in Se
tion 2.1.1, a user need not de
ide in ad-van
e whi
h navigations he or she will want to reuse, but
an do so in retrospe
t � i.e., after having seen some ini-tial results. In su
h a 
ase the user 
ould 
lip the desiredresult elements, then ba
ktra
k to earlier pages and 
lip theinput elements. By the same token, C3W 
an support 
lip-ping from a bran
hed navigation � for example, pursuing twodifferent links from a �lm-information page to 
lip both a
torinformation and lo
al reviews.3.1.2 Replaying Derivations Later, when a new value issupplied for some 
ell that is a
ting as an input, C3W mustreplay the appropriate navigation steps to obtain the resultsfor any dependent 
ells. For this it uses an instan
e of Webbrowser that it holds behind the s
enes, iteratively exe
utingthe following pro
edure for ea
h navigation step:1. Set up any 
onditions spe
i�ed by predi
ate attributes.2. Set up any values 
onne
ted to input 
ells; propagate anyvalues 
onne
ted to output 
ells.

3. A

ess the element spe
i�ed by the targetElement attribute,to jump to the next step. This jump goes to a URI that de-pends on the user's input values at the time of replay, andmay therefore override the URI attribute value originallyre
orded for ea
h step.Note that, in 
ontrast to the formulas spe
i�ed by users to
onne
t appli
ations, the details of the dependen
ies betweeninput and result 
ells extra
ted from a given appli
ation aretypi
ally hidden. To help users understand these hidden rela-tionships it would be possible to 
reate a dummy formula forea
h result 
ell, revealing whi
h other 
ells it depended onand perhaps some 
lues about the kind of derivation involved(e.g., whether it is a Web navigation or a pad-based 
al
u-lation). These dummy formulas 
ould also 
ontribute to aglobal me
hanism for helping the user to tra
e dependen
iesthrough the sheet.Although the spe
i�
s for 
lipping from other kinds of ap-pli
ation are different, the fa
ilities required are equivalent.For example, if the user is 
reating 
ells by 
lipping padsfrom within large IntelligentPad 
omposites, then instead ofa Web navigation path ea
h 
ell in
ludes a pre
ise des
rip-tion of its pad's position within the hierar
hi
al stru
ture ofthe sour
e 
omposite; instead of holding a Web browser be-hind the s
enes to re-evaluate the navigation, the C3Sheetmust maintain a working 
opy of the relevant parts of the
omposites.3.2 Conne
tingConne
ting refers to applying formulas to 
ells, so that deriva-tions normally driven by dire
t user input 
an instead bedriven by 
hanges in the values of other 
ells.Formulas in the C3W prototype are handled by a hidden in-stan
e of Ex
el spreadsheet. A C3Sheet 
ell with label x 
or-responds to the 
ell at lo
ation x1 on the Ex
el sheet � i.e.,the 
ell labelled C is mapped to C1, and so on. When the useradds a formula to a C3Sheet 
ell, the formula is �rst s
annedfor referen
es to other 
ell labels, these referen
es are 
on-verted to spreadsheet 
ell lo
ations, and the derived formulais then atta
hed to the appropriate 
ell on the spreadsheet.A 
ell on a C3Sheet always 
orresponds to some 
lipped unitof HTML, in
luding its en
losing tag. However, in transfer-ring values between the C3Sheet and Ex
el a distin
tion ismade between two types of 
ell: those whose essential 
on-tent 
an be 
hara
terised as a simple 
hara
ter string, andthose that have a more 
omplex, typi
ally nested, stru
ture.For the former 
ategory, Ex
el only handles the inner 
on-tent string. This applies not just to simple textual-result 
ellsand input �elds, but also to 
ells whose main fun
tion de-pends on a single string property � su
h as the HREF prop-erty of an A (an
hor) tag, or the SRC property of an IMG (im-age) tag. Thus for simple elements a user 
an write simpleformulas, su
h as `=B*100' for passing a sto
k-pri
e resultinto a 
urren
y-
onversion input, while 
omplex elements
an be handled using Ex
el's full ma
ro-language 
apabil-ities � for example to realise the spe
ialised string-handlingfor the `�lmtime' fun
tion shown in Figure 4.



In the 
urrent prototype, the distin
tion between simple and
omplex 
ell types is made on the basis of hard-
oded rules.However, realising that there will be ex
eptions, in the fu-ture we may make it a user-sele
table option. Meanwhile weare 
onsidering what kind of built-in fun
tion library 
ouldhelp users build formulas for 
omplex stru
ture analysis, andare also examining how to in
orporate intera
tive, dire
t-manipulation te
hniques that will let users identify elementswithin stru
tured data without having to write 
ode.3.3 CloningThe 
loning fa
ilities are based on our work on Subjun
-tive Interfa
es [11, 12, 14℄. Computer users often want to
ompare alternative s
enarios, but few appli
ations providegood support for the side-by-side viewing that would fa
ili-tate su
h 
omparison; equipping an appli
ation with a sub-jun
tive interfa
e allows users to set up multiple s
enarios,then view and 
ontrol those s
enarios in parallel.C3W's support for parallel viewing and 
ontrol of s
enariosis derived from the widget-multiplexer approa
h [13℄. Usingwidget multiplexers involves reserving a dedi
ated region ofthe 
omputer s
reen for ea
h widget that appears in the nor-mal, single-s
enario appli
ation interfa
e. As the user 
re-ates additional s
enarios, ea
h multiplexer displays simulta-neously, side by side, how its widget would appear in ea
hs
enario. In general, if there are n s
enarios then ea
h multi-plexer displays n 
opies of its widget. The ex
eption is whena widget would have identi
al appearan
e in all s
enarios, inwhi
h 
ase only a single display is needed. All multiplex-ers lay out their s
enario-spe
i�
 displays in the same way;by the prin
iples of `small multiples' visualisations [26℄, thishelps users to lo
ate all the information that 
omprises ea
hs
enario.The 
loning fa
ilities of C3W work as follows:� The user 
an 
reate a new s
enario by 
loning some 
ho-sen input 
ell. This introdu
es an independent 
al
ulationpassing through all the 
ells on the sheet. However, be-
ause formula-based derivation is uni-dire
tional, only the
hosen 
ell and those 
ells that depend on it need to pre-pare and show multiple displays. The other 
ells still havethe same value in every s
enario.
Figure 6: The use of CellMultiplexers to support
loning in a single­layer 
omposite pad. On the leftis the basi
 
omposite pad; on the right is a setup fortwo s
enarios. The 
hild pads 
onne
ted to slots #Aand #B have both been 
loned, and the 
lone pairs are
onne
ted to the parent through separate 
ooperatingCellMultiplexers. When the CellMultiplexers are han­dling s
enario 1, the parent is 
onne
ted (indire
tly) tothe s
enario­1 instan
es of its 
hildren; when handlings
enario 2, the other instan
es are 
onne
ted.

� Entering a new value in one display of a 
loned 
ell willonly affe
t the s
enario 
orresponding to that display. En-tering a new value in an un
loned 
ell will affe
t all s
e-narios simultaneously.� When multiple s
enarios are on view, the user 
an 
hooseto 
lone a previously un
loned 
ell so that it has separatedisplays for ea
h s
enario. Any 
ells that depend on thenewly 
loned 
ell, but were not 
loned before, will now be
loned.� The user 
an delete a s
enario. This removes the 
lonesasso
iated with that s
enario from all 
loned 
ells.The fa
t that C3W is implemented on the PlexWare platformas a set of 
ooperating pads allows us to support multiplex-ing in a parti
ularly straightforward way. Ea
h 
ell is a pad,that is a 
hild of the C3Sheet pad and has a slot 
onne
tionto a 
ell-spe
i�
 slot within the parent. For ea
h 
loned 
ell,we introdu
e between the 
ell and the parent C3Sheet a spe-
ialised pad 
alled a CellMultiplexer. The CellMultiplexer isresponsible for 
reating and deleting 
lones of the 
ell, andfor time-multiplexing the 
onne
tion between a 
ell's vari-ous 
lones and the C3Sheet. Figure 6 illustrates the prin
ipleof a CellMultiplexer, showing two 
hild pads that are ea
h
loned to support two s
enarios.The various CellMultiplexers within a single appli
ation (i.e.,atta
hed to the same C3Sheet) 
oordinate their displays sothat the 
lones belonging to a given s
enario all have thesame 
olour of border, and the s
enarios are laid out in thesame way. The 
olouring and layout poli
y is a simpli�edversion of that des
ribed in [14℄. As seen in the examplesin Se
tion 2, 
ell 
lones in C3W have the same size as theiroriginal 
ell, whi
h imposes a pra
ti
al limit on the numberof 
lones � espe
ially for large 
ells, su
h as the itinerary inFigures 4 and 5. We are working to improve this and otheraspe
ts of the usability of the 
loning fa
ilities.4 RELATED WORK4.1 Automating A

ess to Web Appli
ationsClipping elements fromWeb appli
ations relates to the highlya
tive resear
h area on automated extra
tion of informationfrom the Web.4.1.1 Re
ording and ReplayingWeb Intera
tion Mu
h us-age of the Web is repetitive; users often want to revisit pagesthat they have a

essed before. Many proje
ts start from theobservation that bookmarks, the basi
 me
hanism for sup-porting revisitation, are not enough. Hunter Gatherer [19℄ isone su
h proje
t, supporting users in 
olle
ting not just linksto pages that they want to revisit, but 
opied portions of thosepages. The 
opies 
an in
lude text, images, links, or other a
-tive 
omponents su
h as forms; the a
tive 
omponents retainthe behaviour that they have within the original Web pages.One bene�t of being able to 
opy just sele
ted regions withinpages is that the user 
an 
onstru
t a simpli�ed interfa
e, freefrom the 
lutter of surrounding elements that are irrelevant tothat user or to a parti
ular instan
e of use. This was one goalin the development of WebViews [6℄, in allowing users to
reate 
ustomised views suited to small-s
reen devi
es, andalso of WinCuts [20℄, whi
h lets users 
reate live 
opies ofarbitrary sub-regions of general windowed appli
ations.



WebViews is not only a system for repli
ating 
omponentsof Web pages; like the WebVCR [1℄ system that it extends,its key feature is so-
alled smart bookmarks that point notto a single lo
ation within the Web, but en
apsulate a seriesof Web-browsing a
tions. Smart bookmarks 
an therefore beused to re
ord hard-to-rea
h Web pages, that have no �xedURIs and 
an only be rea
hed by navigation. However, thede
ision to make a smart bookmark must be taken before theuser starts the navigation that is to be re
orded; this is in
ontrast to C3W's support for extra
ting elements retrospe
-tively, whi
h we have not found in other published work.When a user re
ords a smart bookmark, he or she 
an indi-
ate if some �eld in a form (e.g., a password) is to be re-quested at playba
k time, rather than stored with the book-mark. However, in essen
e the job of a smart bookmark is toarrive at the destination Web page and to deliver to the user'sdisplay either the whole page or some 
hosen parts thereof;intermediate pages are not seen. In this respe
t C3W offersgreater �exibility, sin
e the user 
an 
lip arbitrary regions ofany page en
ountered during the 
ourse of a navigation, ei-ther to reveal intermediate results or to 
apture inputs. Andbe
ause ea
h 
lipped region is treated as a portal [18℄ ontothe original Web page, inputs to be used during replay 
an bebased on arbitrary form widgets � in
luding menus, 
he
k-boxes and the like � rather than just textual input �elds.For presenting results, too, the portal approa
h has some ben-e�ts. For example, in the 
inema interfa
e shown in Fig-ures 4 and 5, the 
arefully designed itineraries provided bythe travel-planning appli
ation 
an be viewed in full detail.However, if the user wants to use the 
ontents of su
h a semi-stru
tured display as a sour
e of values for further pro
ess-ing, he or she must typi
ally write a 
omplex extra
tion fun
-tion � as exempli�ed by the `�lmtime' fun
tion in the sameappli
ation. In su
h a 
ase, it may be preferable for the sys-tem to in
lude some automated fa
ilities for formalising thesemi-stru
tured 
ontent.4.1.2 Formalised Extra
tion of Content Many resear
hersare working on how to extra
t stru
tured data, suitable forstorage in databases or pro
essing by agents, fromWeb pagesthat were designed for human readers; [9, 10℄ are re
ent sur-veys of this area.Lixto [3℄ and InfoBeans[2℄ are two resear
h systems that,like C3W, aim to de�ne what data is to be extra
ted by gen-eralising from example sele
tions made by a human user.The goal is a de�nition that will extra
t equivalent infor-mation fromWeb pages with different 
ontents, and perhapswith different stru
tures � be
ause information providers onthe Web often make 
hanges to their pages (su
h as addingor removing menu items, or slightly altering how items aregrouped) that, while 
ausing no dif�
ulty for human readers,
an easily 
onfuse a formal system. The HTML-path expres-sions used by C3W are not robust against su
h 
hanges inpage stru
ture. The XPath expressions used by WebViewsin
lude additional 
onditions that help to make the extra
-tion more robust, and the system also uses various heuris-ti
s to work around 
ommon kinds of stru
tural 
hange. Thes
ripts used by InfoBeans 
an in
orporate 
ontext, landmarkand 
hara
terisation 
onditions to in
rease their robustness;

if a s
ript still fails to lo
ate suitable 
ontent, the system in-
ludes TrIAs (Trainable Information Agents) that 
an starta dialogue with the 
urrent user to obtain further example-based training.However, no amount of heuristi
s or training 
an guaranteeto �nd the intended elements in the fa
e of arbitrary 
hanges.Here again, the fa
t that C3W en
ourages the display of in-termediate results rather than hiding them in a pro
essingpipeline 
an be of some bene�t. For example, if some 
hangein a Web resour
e 
auses values that are normally numeri
to be repla
ed by strings, our portal-based 
lipping at leastin
reases the likelihood that the user will see that somethinghas gone wrong, rather than being puzzled by (or, worse, fail-ing to noti
e) the out
ome of strange derived values �owingthrough an unseen pipe.4.2 Passing Information Between Appli
ationsIn C3W, separate Web appli
ations 
an be 
onne
ted withthe help of formulas on input elements. Other systems forworking with Web appli
ations offer alternative approa
hes:Lixto provides a visual pat
h-panel me
hanism; InfoBeansallow the user to de�ne `
hannels' for ea
h InfoBox 
om-ponent, whi
h are then used to 
onne
t them; earlier workon wrapping Web appli
ations as pads within an Intelligent-Pad environment [8℄ allowed the appli
ations to be 
onne
tedusing the pads' slot-based 
ommuni
ation me
hanism. InSnap [17℄, a system supporting 
onstru
tion of 
ustomisedvisualisations, users 
onne
t visualisation 
omponents by us-ing dialog-box me
hanisms to set up parameterised queriesbetween them.The 
ell-and-formula approa
h of C3Sheets is based on thespreadsheet model; other well known spreadsheet-based sys-tems in
lude Forms/3 [4℄, Information Visualization Spread-sheets [5℄, and C32 [15℄. In general, su
h proje
ts sele
tivelyadopt or abandon various features of what 
ould be 
alled thetraditional spreadsheet. The use of formulas in C3Sheets, forexample, 
onforms to the tradition that ea
h formula deter-mines the value of just one 
ell. On the other hand, our im-plementation is not alone in breaking free of the restri
tionthat 
ells should 
ontain only text or numbers, or the idea that
ells should be positioned and named a

ording to a tabulargrid.4.3 Handling Multiple S
enarios in ParallelAs explained in Se
tion 3.3, the 
loningme
hanisms in C3Wre�e
t our interest in supporting the viewing, 
omparison andupdate of alternative s
enarios. This applies not only to thekind of information exploration addressed in this paper, butalso in design, su
h as when investigating the in�uen
e ofimage pla
ement on the layout of a do
ument, or in simula-tion, su
h as when testing how alternative population growths
enarios would affe
t a 
ountry's e
onomy. But su
h 
om-parison is seldom well supported; Terry and Mynatt [24℄speak of the `single-state do
ument model' of most of to-day's appli
ations, and the impli
it barrier that this imposeson a user who wants to explore and 
ompare alternatives. Inaddressing this issue for simple design tasks, Terry et al. [25℄demonstrate an interfa
e that lets a user set up and work withmultiple designs in parallel, although their interfa
e is lim-ited in its support for viewing s
enarios side by side.



In the domain of Web browsing we have found little worksupporting intera
tive 
omparison of s
enarios. One isolatedexample is the Comparative Web Browser (CWB) [16℄, aninterfa
e that offers 
omparison and syn
hronised browsingbetween similar Web pages. However, CWB displays thepages in full, whi
h makes it less s
alable than the C3W ap-proa
h in whi
h the user is able to 
lone just 
hosen 
ells,and where those 
ells may have been taken from several Webpages.Relative to our own previous work on subjun
tive interfa
es,a key advan
e embodied in C3W is that the widget multiplex-ers themselves are generi
; they 
an handle any 
lient that isa 
ell, and in C3W a 
ell 
an 
ontain any 
lipped region of aWeb page. This makes it the �rst system to offer subjun
tive-interfa
e fa
ilities for an entire 
lass of appli
ations.5 CONCLUSIONWe have introdu
ed C3W, a prototype that supports users in
reating 
ustom interfa
es for a

essing information throughWeb appli
ations. C3W exempli�es three me
hanisms thattogether help users to over
ome in
onvenien
es and restri
-tions imposed by the original appli
ations, as follows:1. Clipping: By drag-and-drop manipulation, a user 
an se-le
t and extra
t input and result elements from the pagesof a Web appli
ation. Pla
ing the elements on a substrate(a C3Sheet) turns them into 
ells that work as portals ontothe original Web pages; 
ells 
ontaining 
lipped input el-ements support user input, and 
ells 
ontaining result ele-ments display the 
orresponding results. Thus the user 
an
reate a 
ompa
t, reusable interfa
e that ex
ludes unne
-essary features of the Web appli
ation.2. Conne
ting: A single C3Sheet 
an hold input and result
ells for multiple appli
ations. The user 
an de�ne formu-las for input 
ells, so that they obtain their values from the
ontents of other 
ells. By de�ning formulas that refer tothe result 
ells of other appli
ations, the user 
an 
reate
onne
tions between appli
ations that were not originallydesigned to work together.3. Cloning: The user 
an set up multiple s
enarios � i.e., dif-ferent settings for the inputs, leading to different results �to be shown in parallel. Ea
h 
ell displays, side by side,its 
ontents in the various s
enarios. So even if the orig-inal appli
ation 
ould only handle one s
enario at a time,the user 
an ef�
iently explore and 
ompare the differentresults available through that appli
ation. This also worksfor appli
ations that have been 
onne
ted using formulas.As demonstrated in this paper, even the 
urrent prototype letsus build useful interfa
es for our own needs, as well as help-ing us to explore the wider promise of this approa
h. Thatsaid, there are several areas to be addressed in going beyondthis stage of development.First, the existing C3Sheet implementation has many inter-fa
e features that should be improved. We are 
onsideringhow to in
orporate strategies found in other spreadsheet-likeinterfa
es, su
h as for partial automation of 
ell sizing and

layout, for more informative labelling of 
ells (in
luding theability for a user to provide 
larifying annotations), and forassistan
e in 
reating formulas. We are also working to im-prove the usability of 
loning operations, and the s
alabilityof the 
loned-
ell displays.Se
ond, our support for Web appli
ations 
an be improvedby in
orporating te
hniques demonstrated in other proje
ts,su
h as for enhan
ing the robustness of element identi�
a-tion in the fa
e of 
hanges to the underlying pages, and for
apturing a broad range of user a
tions a
ross appli
ationsof different types. Content-formalisation te
hniques 
an beapplied to help users extra
t ri
her data types fromWeb-pageelements for use in formulas.Third, the broader bene�ts of the C3Sheet approa
h dependon supporting not just Web appli
ations and IntelligentPad
omposites, but other kinds of appli
ation for informationa

ess or derivation. Obvious 
andidates for in
lusion are lo-
al database appli
ations, spreadsheets, and statisti
al pa
k-ages. Their integration, through implementation of the fa
il-ities outlined in Se
tion 3, is likely to be a
hievable throughthe use of existing APIs and obje
t-broker servi
es.All the above development dire
tions will naturally need tobe ba
ked up with user evaluations. In the �rst instan
e weare working with 
olleagues who rely on 
ombined use ofWeb appli
ations in the 
ourse of their (non-
omputing) re-sear
h; our hope is to 
on�rm that using C3Sheets will bene-�t their work, and to improve our understanding of the fa
il-ities that must be made available.Thus we regard the work reported in this paper as initial stepstowards fa
ilities that, while not te
hni
ally hard to a
hieve,
ould make a profound differen
e to how people 
an bene�tfrom the many potentially 
ooperating appli
ations availableto them.6 ACKNOWLEDGEMENTSWe are grateful to the many reviewers who provided helpful
omments. In our examples we used a sto
k-pri
e appli
a-tion provided by CNN (money.
nn.
om/markets/), 
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h fromRejseplanen (www.rejseplanen.dk/).7 POSTSCRIPT TO 2009 REPRINTFrom 2004 to 2009 the �rst author led the 
ontinued devel-opment of C3W at the Meme Media Laboratory, HokkaidoUniversity. One dire
tion of this work was the further in-tegration of the IntelligentPad-based Web 
lipping and 
on-ne
tion me
hanisms with Mi
rosoft Of�
e appli
ations, en-abling users to 
reate Word do
uments or Ex
el spreadsheetswith embedded 
ontent extra
ted dynami
ally fromWeb ap-pli
ations. Another dire
tion was the pa
kaging of C3W's
lipping and replay me
hanisms as a Dynami
 Link Librarysuitable for use by appli
ations built with theMi
rosoft .NETframework. In 2009we plan to make these sameme
hanismsavailable through Web servi
es, as a step towards enablingusers to 
reate distributable, re-editable, ad ho
 
ompositionsof Web appli
ation behaviour in line with the philosophy ofmeme-media software.
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