
Modelling and Developing Distributed 
User Interfaces based on Distribution Graph

Jérémie Melchior1, Jean Vanderdonckt1 and Peter Van Roy2 
1Louvain Interaction Laboratory, Louvain School of Management, Place des Doyens, 1 

2Dept. of Computing Science and Engineering, Ecole Polytechnique de Louvain, Place Sainte-Barbe, 2 
Université catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium 

{jeremie.melchior, jean.vanderdonckt, peter.vanroy}@uclouvain.be 
 

Abstract—This paper introduces, motivates, defines, and exempli-
fies the concept of distribution graph as a way for modelling and 
developing Distributed User Interfaces of interactive systems. A 
distribution graph consists of a state chart model enriched as fol-
lows: states represent individual states of entities involved in the 
distribution as well as a collective representation of their syn-
chronization; transitions are represented by event-condition-
actions where the action part consists of a distribution script. A 
distribution script expresses the distribution behaviour based on 
distribution primitives. These primitives are basic operations that 
manipulate parts or wholes of user interface for distribution at 
run-time. These primitives are themselves implemented on top of 
an environment for distributed computing that is implemented 
for four major computing platforms (i.e., Microsoft Windows, 
Mac OS X, Linux, and Mobile Linux). Thanks to the capabilities 
provided by this environment, the user interfaces belonging to 
these distributed systems can be run indifferently on any of these 
computing platforms. This paper defines the new concepts intro-
duced for this purpose, i.e., distribution primitive, distribution 
script, and distribution graph, and demonstrates how they can ef-
fectively support distributed user interfaces. 

Keywords-Distributed User Interface, Human-Computer Inter-
action (HCI) modelling, Ubiquitous computing 

I.  INTRODUCTION 

Significant progress has been made in the area of multi-
device User Interfaces (UIs), where UIs are produced for sev-
eral devices simultaneously, or in migration of UIs, where UIs 
are migrated from one device to another while maintaining task 
continuity. However, less work has been devoted towards di-
viding a UI across devices, displays, or platforms, where they 
are used by the same user or shared by different users [1]. A 
Distributed User Interface (DUI) is hereby defined as any ap-
plication User Interface (UI) whose components can be distrib-
uted across different displays of different computing platforms 
that are used by different users, whether they are working at the 
same place (co-located) or not (remote collaboration). Conse-
quently, DUIs allow for the UI to be spread out over a set of 
displays/devices/platforms taking advantage of each dis-
play/device/platform’s unique properties instead of residing on 
a single display/device/platform with the interaction capabili-
ties that are constrained on this display/device/platform [2]. 

DUIs have been subject to several studies that investigate 
further their specific characteristics that may lead to design im-
plications. This includes use of multiple monitors on a same 
computing platform by a single user [3], use of multiple plat-
forms by a single user with data synchronization between the 

platforms enabling continuity of tasks [4], exchange of infor-
mation between platforms belonging to different users (e.g., by 
the Pick & Drop interaction techniques [5]), moving infor-
mation between displays on a single platforms (e.g. [5]), parti-
tion of tasks across displays for a single user [6], sharing com-
mon information private on some platforms, Beale and Ed-
mondson conducted user surveys in order to determine the user 
behaviour induced by using a DUI: they identified the im-
portance of having multiple carets and the complexity of multi-
tasking and they suggest design implications for using DUIs in 
order to support distributed tasks. In particular, they stressed 
the importance of a multi-tasking model that is partially built at 
the local level of a single user and at the global level across us-
ers when collaboration exists. The global scenario should be al-
so dissolved into local scenario in order to preserve the con-
sistency between common tasks and individual tasks. This ob-
servation is fundamental for the work conducted here. Tan & 
Czewinsky found that physical discontinuities had no effect on 
performance, but found a detrimental effect form separating in-
formation within the visual field, when also separated by depth.  

There is a high need of some visualization of the distribu-
tion. None of the cited works have provided a way to visualize 
what was distributed on each platform. The reason comes from 
the pre-programmed disposition and static environment provid-
ed in their examples. The dynamic of the platforms are not 
considered, such as platforms joining and living at run-time. 

Due to the multiplicity of interaction techniques in DUIs, 
Nacenta et al. conducted a study to compare the efficiency of 
six techniques for moving objects from a platform (e.g., a tab-
let) to another one (e.g., a table top) in four different distance 
ranges and with three movement directions. Their study sug-
gests that spatial manipulation of data was faster than pressure-
based techniques. 

On the one hand, more user studies are available on specific 
DUI setups that provide us with more knowledge on design 
implications for such DUIs. Yet, in order to allow for the user 
to get the best potential of interaction capabilities offered by 
the various devices/displays/platforms for the current task to be 
carried out, we should enable designers as well as developers to 
provide users with the best DUI possible for a given set of de-
vices/displays/platforms by describing them in a formal way 
[4]. This will allow both designers and developers to enable the 
underlying system to decide where different DUI portions 
should be placed in locations that are significant and usable for 
a distributed task to take place. For instance, the game of Pic-
tionary is a typical example of a distributed task: one player se-
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C. Extended Pictionary 

In this section, we introduce a dynamically extended ver-
sion of the Pictionary as a real case study. As the number of 
player increases, the simplified version may be extended to 
support teams. The minimum required for this variant is four 
players separated in two teams with two players. 

A team is composed by at least two players. The team that 
is currently drawing needs a drawer and at least one guesser. 
The members of the other teams are observers. The distribu-
tion graph for two teams is presented in Figure 23 based on 
the one in Figure 18. 

If a guesser finds the word within the guessing time, he 
becomes the drawer and the team stays playing. If the guess-
ing time is passed and no guesser found the word, another 
team is given the ability to play the same word. If the team 
finds the word, this team becomes the new team playing. If 
not, another team takes the turn until every team has played 
with the word. Every time a word is found, it increases the 
points of the team currently playing. 

D. Game of the Goose / Snakes and Ladders 

Another kind of game we introduce as a case study for this 
modelling with distribution graph is inspired from the game of 
the goose and snakes and ladders games. In both games, you 
have a board filled with squares. Each square is a different 
step with some action associated to it. The game we created 
has a virtual board with squares associated to games. As each 
game has its own UI, the user is providing with a different UI 
at each step during the game. The distribution appears at each 
step, because the game will distribute the right UI to the in-
volved users. Here are three different games: 

 Single-player: Minesweeper is a game in solo where the 
user has to clear the board without detonating a mine. 

 Two-player: chess is a game where two players are oppo-
nents; one is in white and the other in black. The goal of 
the game is to checkmate the opponent’s king. 

 Multi-player: the Pictionary as introduced in the previous 
sections is a game where each player has his own role. 
There is always someone who has to guess what another 
one is drawing. 

This game is even more complex than the Pictionary vari-
ants introduced in the previous sections. The game has to pro-
vide a UI to each player for the main game, but also to each 
player for the current action. 

For a single-player game, the other players may have no 
UI at all or be observers. For a two-player game, two players 
need to get a UI which allow them to see what they can do and 
to partially see what he can from the other player. 

The players that are not opponents in the game may join 
the game as observers. 

In a multi-player game, each player will have his own role 
and the UI must be distributed in a way that enable all the 
players to have access to their role functionalities but without 
giving them information that they should not have. 

The distribution scenario for this game is much more com-
plex than for the Pictionary. An addition to this case study is 

the ability to add new games on the fly, or change the associa-
tion between squares and games. This game is thus a dynami-
cally evolving environment with several users with several 
platforms. At least one platform is used for the system, but to 
allow hiding information, it is recommended to have at least 
one platform by user/player.  

There exist three main states for this game as respectively 
reproduced from Figure 20 to Figure 22. 

 
Figure 20. Single-player game, one player (Px) only while other are 

observers. 

 
Figure 21. Two-player game, two players, Px is the first player and 

Py is the opponent. 

 
Figure 22. Multi-player game, player in � will have a role but also 

Observers may have on. 

In the first case, we have games like the Minesweeper 
which does only involve one player. Px will be the one play-
ing the game and is the current player of the main game. Other 
examples of single-player games are a Rubik’s cube and Pin-
ball. 

The two-player games will involve the two players (Px and 
Py). The actual player (Px) will have to face the opponent 
(Py). This can happen when two players are in the same 
square. The player arriving in the square (actual player of the 
main game) will have to defeat the one that was already there 
(the opponent). Chess is a good example of a two-player 
game. 

The last case is multi-player games such as the Pictionary. 
All the players may be part of the game. The one that are in 
the same square will have the main roles (drawer and guesser 
for the Pictionary) while the others will act as observers or 
passive players. 

 
 
 

Player: {Px} 
Observers: All \ {Px} 

Player: {Px, Py} 
Observers: All \ {Px, Py} 

Player: ℙ 
Observers: All \ ℙ 
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        in 
            NewWid = {Process Wid_I 
            {Arity Wid_I} 
            Lab_I()} 
        else 
            case I 
            of glue then 
               NewWid = Param.glue 
             [] name 
                then Names := {Append 
                @Names 
                [Param.name#NewWid]} 
             [] text then NewWid = Param.text 
            end 
        end 
     if {Value.isFree NewWid} then 
         if I == name then 
            {ProcessHelper 
               Param 
               R 
               {Adjoin Wid Lab(handle:NewWid)} 
            } 
         else 
            {ProcessHelper Param R Wid} 
         end 
      else 
         {ProcessHelper 
            Param 
            R 
            {Adjoin Wid Lab(I:NewWid)} 
         } 
         end 
      else 
         error 
      end 
   end 
in 
   {ProcessHelper Param List Wid} 
end 

Figure 27: Code of the Process function. Processing every widget one 
by one. 

VI. CONCLUSION AND FUTURE WORK 

This paper introduced the notion of distribution graph in 
order as a way for modelling and developing Distributed User 
Interfaces. The graph is a state diagram where states represent 
the current distribution of the system across the different con-
texts of use. It also describes the implementation of three case 
studies, a simple and an extended Pictionary, and a complex 
board game. This new methodology needs to be validated, i.e. 
with these case studies applied as real game.  
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