
Program Verification – overview

Introduction
This  small  essay  will  explore  the  area  of  GUI  testing.  To  do  so,  it  will  start  by 
summarizing  the findings  in  the  paper  'Plan Generation For  GUI Testing'  by A.  M. 
Memon, M. E. Pollack and M. L. Soffa (1). Then it will explore some relevant research 
findings.

Summary
There has already been said and written a lot about testing. But GUI testing is a subarea 
which has not been given much attention. This paper tries to change that by presenting 
PATHS, a tool for automatic GUI testing.

The main problem with GUI testing is the sheer number of possibilities. A user might 
interact with a GUI in a sequence of actions that the author has never thought of, but the 
number of different sequences of actions is immense. Therefore PATHS takes a phased 
approach to  check most  paths.  First  PATHS will  scan the  system for  different  GUI 
operators. The authors divide between two kinds of windows: GUI windows and object 
windows. GUI windows are contain only buttons and the like, while object windows 
also manipulate other non-GUI elements, like a text area. 

With this distinction in the back of our mind, we enter the first step of the scanning 
phase. Here all GUI elements are scanning and cataloged by type. The three types are:

• Unrestricted focus  events.  These are  elements  that  call  on a  new window or 
gadget which expands the number of GUI interactions, but does not limit in the 
already available interactions. Examples are the standard menu buttons 'file' and 
'edit'.

• Restricted focus events. These also expand the number of user interactions, but 
block all current interactions. Examples of these are the know open file dialogs 
or  yes/no  question  windows  that  have  to  be  answered  before  you  can  do 
anything else.

• System-interaction  events.  This  represent  interaction  with  the  underlying 
software and system. Examples are cut and paste actions.

Then from this catalog of GUI events, planning operators are constructed. These come 
in two varieties: system-interaction and abstract operators. The first are sequences of 
GUI  events  that  a  user  might  do  that  lead  up  to  system  interaction  events.  More 
formally,  a  system-interaction  operator  consists  of  zero  or  more  unrestricted  focus 
events followed by a single system-interaction event. The other operator, the abstract 
operator, is similar. The only difference is that the last event is not a single system-
interaction event, but a restricted focus event. For both operators holds, that along with a 
name, the required sequence of actions is stored.

Now PATHS has already delivered quite some work, so it is up to the test designer to do 
something. Basically the test designer will now design what you could call test cases. 



However, because he will not specify the actual interactions because there are too many, 
he will only state which preconditions must hold before a certain sequence of operators 
will be triggered. An example could be that prior for a copy operator, there should be 
something highlighted on the screen. Also the designer must specify the effects of an 
operator, for our example that would be that the highlighted element would disappear 
from the screen but end up in the clipboard. The careful reader might now already know 
what the designer is doing: he is specifying what the state of the underlying system is 
before and after each operator. You could view this similar as a Hoare triple around a 
certain statement in a program's code, however instead of a statement we now have a 
GUI operator.

Then roughly,  the test  designer has to define what the state  of the system is  in the 
beginning,  and what  the  goal  states  are,  so  to  which  state  the  user  interactions  are 
intended to converge to. This specifies what the test designer thinks the user will want, 
but it leaves PATHS the freedom of choosing the set of GUI interactions that lead to this 
point.

This is of course the key point of PATHS: generating GUI paths that lead to possible 
unforeseen interactions that lead to the wrong results. However I would like to present 
this part of the paper with a bit of critique, because in my opinion the authors present the 
actual algorithm with a lot of hand-waving.

The  idea  is  that  they  first  generate  what  they  call  high-level  plans,  which  can  be 
decomposed in the low-level plans. This distinction sounds already a bit superfluous to 
me, as this is obvious because the high-level operators already have the relevant GUI 
interactions needed for them. So as you compose the high-level plan by putting high-
level operators after each other, a low-level plan is generated by putting the low-level 
events of the involved high level operator in the appropriate order after each other. The 
only possible deviation is if certain operators much be performed, but they do not have a 
clear ordering, in this case the algorithm generates all possible orderings.

Then they invoke the planning algorithm multiple times, and they implement a feature 
know from local search, a kind of tabu list. This means that from a certain prefix of 
operators the goal state will never be reachable, if  this prefix was already used as a 
prefix in a goal fulfilling sequence. Off course when the plans are generated, they are 
executed and published to the test designer.

State of the art
This section will now show what other techniques for GUI testing have been proposed, 
along with a critical note from me.

One other method is that of finite state machines. These finite state machines can be 
modeled very straightforward by modeling the states as being the GUI states, and the 
user interactions being the state transitions. However,  the paper soon points out that 
while this is feasible for smaller GUIs, this method becomes infeasible with larger GUIs 
as the number of states to explore becomes too big. This seems a very valid argument to 
me,  because I  would not  want  to  imagine the  number  of  states  that  a  testing  for  a 
spreadsheet program or text processor will consist of. (2 and 3)



A different approach is to simulate novice user actions. The idea is roughly to let an 
expert generate some GUI paths, and then let the system derive less efficient paths from 
these base paths. This technique relies on the assumption that experts take more direct 
paths than novices. And that is why I believe this approach shoots itself in the foot, 
because if this is true (and I think it is) then it will be quite hard, if not impossible to 
derive the sometimes stupid user actions from an experts short interaction path. (4 and 
5)

A fairly new paper (6) by Memon, describes a new algorithm for roughly the same 
approach  as  in  the  summarized  paper  above.  However  instead  of  the  handwaving-
feeling that I got from the paper that I summarized, this paper looked as if the author 
knew how the algorithm would operate. In my opinion, this new approach combines the 
best from his original approach and the finite state machines. Here, like with finite state 
machines, states are modeled as nodes and transitions are GUI interactions. However, an 
adapted version of the network flow algorithm is used to explore the states, and like his 
original approach, this algorithm has good capabilities of avoiding to repeat the same 
prefixes in GUI actions over and over again.
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