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 Code: SMD158 
 Day: 4/5-2004 
 Skrivtid: 4 timmar 
 

 
Institutionen för systemteknik 
 
Examination in: SMD158, Interaktiva system 
Number of assignments: 8 
Max. score: 100 (normally 60 is required to pass) 
Teacher: David Carr, 070-628 7075 
Result announced: As soon as possible after the exam. 
Exam handed out: See announcement of the results. 
 
Allowed aids: Drawing and writing tools. 
 An English/(Native Language) dictionary. 
 

Answers may be given in Swedish or English 
 
Assignment 1 15 Points 

Answer each of the following questions in a few sentences. 

(a) What is the event-action paradigm for user-interface programming? (1 point) 

(b) What is the event-action-state paradigm for user-interface programming? (1 point) 

(c) Explain lazy constraint evaluation. (1 point) 

(d) Explain eager constraint evaluation. (1 point) 

(e) Four common models used for describing interactive systems are: task, application, dialog, 
and user models. Describe each. (4 points) 

(f) What is demonstrational programming? (1 point) 

(g) What is the functional core? (1 point) 

(h) A good interactive system has the five properties. It is suitable, observable, reachable, 
predictable, and efficient. Describe each property (5 points) 

Assignment 2 10 Points 
Answer each of the following questions in a few sentences. 

(a) Give a description for a general design of undo/redo services. (6 points) 

(b) How would this be extended to allow the user to selectively redo commands from the 
command history? (2 points) 

(c) What issues complicate the design of a selective redo system? (2 points) 

Assignment 3 10 Points 
Answer each of the following questions in a few sentences. You must convince me that you 
understand the essential details of the architectural model. 

(a) Discuss the functions and responsibilities of each component in the Model-View-Controller 
(MVC) architecture. Draw a picture illustrating the communication among architecture 
components. (7 points) 
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(b) Describe how the MVC architecture handles more than one view of the same object. (1 
point) 

(c) The MVC architecture is usually not used in its original form, but modified. What is this 
modification? (1 point) 

(d) Swing uses a modified MVC architecture. What is it called? (1 point) 

Assignment 4 10 Points 
Answer each of the following questions in a few sentences. You must convince me that you 
understand the essential details of the architectural model. 

(a) Discuss the functions and responsibilities of each component in the Presentation-
Abstraction-Control (PAC) multi-agent architecture. Draw a picture illustrating the 
communication among architecture components. (7 points) 

(b) How are PAC agents organized? (1 point) 

(c) Describe how the PAC architecture handles more than one view of the same object. (1 point) 

(d) For what type of application is the PAC architecture designed? (1 point) 

Assignment 5 10 Points 
The Stockholm tunnelbanan has kilometers of tunnels underneath Stockholm. These tunnels 
contain pipes for water, heat, and sewage, plus cables for power, telephones, and computer 
networks. All this must be periodically inspected. So, SL has commissioned our Electrical and 
Computer Engineering department to create a robotic railcar that will be equipped with a video 
camera with a recorder and run in the tunnels. The picture from the camera will be recorded and 
used to inspect the pipes and cables. The interface will use of a map of the tunnels and a position 
indicator for the robot. 

In order to operate the inspection railcar, an operator must: study the remote environment, plan 
the path, start movement, monitor progress, and inspect. Studying the remote environment has 
two steps, getting a map and understanding the environment. Starting movement consists of 
specifying one or more legs and then starting the robot. Monitoring progress consists of 
obtaining periodic position indications and checking the status of the recorder. Depending on 
these the operator may decide to either abort, change the route, or continue. 

Complete the task analysis down to the selection level and draw a ConcurTaskTree of your task 
analysis. The syntax for ConcurTaskTrees is given below: 

 

Temporal Relationships 
 Alternate T1 [] T2 
 Optional [Task] 
 Interleaved T1 ||| T2 
 Sync. T1 [action_list] T2 
 Deactivate T1 [> T2 
 Enable T1 >> T2 
 Enable w/info T1 []>> T2 
 Suspend-resume T1 |> T2 
 Iterate T* or Tn 
 

Task Types 

Abstract

User

Interaction

Functional Core
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Assignment 6 15 Points 
Given a point p = (x, y) in world coordinates for a graphic system bounded by u = (xmin, ymin) 
and v = (xmax, ymax). 

(a) What is the matrix representation, D, of the transformation that maps p into the display 
coordinate system bounded by (0,0) in the upper-left corner and (dmax, dmax) in the lower-
right corner. (3 points) 

(b) Give the matrix representation, P, of the transformation that pans the display p world units 
in the x-direction and q world units in the y-direction. (3 points) 

(c) Give the matrix representation, Z, of the transformation that zooms the display z world units 
in both the x- and y-directions from point (0,0) in world coordinates. (3 points) 

(d) Construct the transformation matrix, T, that takes a panned and zoomed point from world 
coordinates and maps it to display coordinates. (3 points) 

(e) What is the representation of the transformation to move a point from display coordinates 
into world coordinates. (3 points) 

Assignment 7 15 Points 
A map browsing application has three widgets that control the position of the viewing window 
over the map: a horizontal slider, a vertical slider, and a hand pointer. 

Assume that the map coordinate system is such that (0,0) is in the upper-left corner of the map 
and (xMax, yMax) is in the lower-right corner of the map. Further, assume that the map is scaled 
so that a screen pixel and a map pixel are the same. Therefore, it would take a window with 
xMax by yMax pixels to display the map without scrolling. 

The sliders report a value between 0 and 1, inclusive, which represents the portion of the 
distance that the slider has traveled within its track. The 0 point is the top or left of the slider. 
Moving a slider translates the origin of upper-left corner of the viewing window with respect to 
the map coordinate system. So, moving the vertical slider to its “0.2” position would move the 
map so that the point 20% of the way down the map was at the y-origin of the viewing window.  

The hand pointer “sticks” to a point on the map when the mouse button is pressed. Moving the 
mouse while the point is stuck slides the map under the viewing widow. The hand pointer reports 
two values, which are the number of screen pixels in the x- and y-directions that the hand has 
traveled from the point where the mouse button was pressed. 

Let: map.origin.x = the point on the map that is displayed at x=0 in the viewing window. 
 map.origin.y = the point on the map that is displayed at y=0 in the viewing window. 
 map.xMax = the maximum point on the map in the x-direction. 
 map.yMax = the maximum point on the map in the y-direction. 
 hslider.value = the value that defines the indicator’s location on the horizontal slider. 
 vslider.value = the value that defines the indicator’s location on the vertical slider. 
 hand.xmove = the displacement in pixels in the x-direction that the hand pointer has 

traveled since activation. Negative is to the left. 
 hand.ymove = the displacement in pixels in the y-direction that the hand pointer has 

traveled since activation. Negative is up. 

(a) Write a set of constraints to bind the sliders to the map origin. (3 points) 

(b) Write a set of constraints to bind the hand pointer to the map origin. (3 points) 

(c) Draw a constraint graph for the constraints in (b) and (c) above. (2 points) 
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(d) In the above constraint system, the sliders don’t move when the hand pointer is used. Write 
the set of constraints to modify the sliders’ value so that they reflect the true value of the 
map’s origin even when the hand pointer is used. (3 points) 

(e) Update your constraint graph from (d) to include the constraints in (e). (2 points) 

(f) If the hand is used and moved in both the x- and y-directions, which nodes in your graph 
from (f) become invalid. (2 points) 

Assignment 8 15 Points 
My car radio has an auxiliary control on a lever near the steering wheel so that it is possible to 
control the volume and station without removing your hands from the wheel. The control has a 
wheel for selecting among preset stations. Rotating the wheel clockwise selects the next station in 
the circle while rotating counterclockwise selects the previous station. There are six stations 
accessible from the control. The volume is controlled with three buttons: up, down, and mute. Each 
press of up increases the volume one step and each press of down decreases the volume one step. 
There are 16 volume levels from 0 to 15 and presses that would send the sound out-of-range are 
ignored. The mute button controls the sound output. If sound is enabled and mute is pressed, then 
sound is disabled and visa versa. The easiest way to model this is to assume that mute has a value of 
0 for disabling and 15 of enabling and to compute the sound as the function “sound level & mute”. 
Where “&” is the Java bitwise and operator. 

Assume that you can use three control variables: Station for the number of the current station (1-6), 
Sound for the current sound level (0-15), and Mute (0 or 15). The control system receives the 
following events: Clockwise when the wheel moves clockwise, CounterClockwise when the wheel 
moves counterclockwise, Up when the volume up button is pressed, Down when the volume down 
button is pressed, and Mute when the mute button is pressed. 

Using a model of a statechart, which allows assignment of the control variables inside the states and 
only allows statements of the form “variable = constant”. Do the following: 

(a) Specify the station selection controller. (5 points) 

(b) Specify the volume level controller. (5 points) 

(c) Specify the mute button. (4 points) 

(d) How would being required to specify the system as a whole rather than in parts affect the size 
and complexity of the specification? (1 point) 

The State Chart Notation 
 

Xor Meta-State 

Start Mark 

State 

Final State 

H 

History State 

    

 

And Meta-State 

H* 

Recursive 
History State 

    

 

State Name 

 
List of actions 

Standard 

State  
State Examples 

Event(condition)/Action

 
Transition Template 


