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ABSTRACT

The APE (Adaptive Programming Environment) project focuses on applying Machine Learning techniques to embed a software assistant into the VisualWorks Smalltalk interactive programming environment. The assistant is able to learn user’s habits and to automatically suggest to perform repetitive tasks on his behalf. This paper describes our assistant and focuses more particularly on the learning issue. It explains why state-of-the-art Machine Learning algorithms fail to provide an efficient solution for learning user’s habits, and shows, through experiments on real data that a new algorithm we have designed for this learning task, achieves better results than related algorithms.
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1. INTRODUCTION

Users of interactive environments waste a lot of time performing similar and repetitive tasks. To decrease the burden of entering repetitive sequences of commands, interactive tools generally offer macro or script languages to allow the user to write a program that can be later on invoked to perform a sequence of commands automatically. This approach has two limitations:

1. Writing a program require programming knowledge that many users do not have.

2. Writing or invoking a program requires efforts from the user and disrupts the user’s work-flow.

Two kinds of solution have been proposed to overcome these limitations. Originally inspired by macro recorders, Programming by demonstration (PbD) [3] systems let the user demonstrate what the task to automate should do and create a program (containing variables, iterative loops or conditional branches) from observing this demonstration. They offer an efficient solution to the first problem because the user does not have to write code, but they require efforts from the user to demonstrate the task to automate or to invoke the created program (second limitation).

Learning Interface Agents (LIA) [5] learn correlations between situations the user encounters and the corresponding actions he performs, and assist the user by suggesting to perform automatically some part of user’s work. For instance, CAP [6], an assistant for managing meeting calendars, suggests default values regarding meeting duration, location, time and day-of-week. Maes’s assistants [5] advise users for some application specific operations like managing mails, scheduling meetings or selecting articles in news. ClipBoard [8], an interface for Unix, predicts the next command the user is going to perform. WebWatcher [1], an assistant for the world wide web, suggests links of interest to the user. OpenSesame! [2] runs in background on Macintosh, and learns repetitive tasks in opening and closing files or applications, emptying trash, rebuilding desktop. Although LIA provide a solution for the second limitation (repetitive actions are detected and suggested), existing assistants do not create programs and suggest only single actions and not sequences of actions.

Eager [3] can be seen as one of the first attempts to bring together PbD systems capabilities to create programs, and LIA facilities to predict user’s actions. When Eager detects two consecutive repetitions in the last user’s actions, it assumes they are the first two iterations of a loop, and proposes to complete the loop (until “a condition” is satisfied or following some typical patterns like linear sequences of integers or days of the week). Eager overcomes the two limitations identified above: it is able to replay sequences of actions (loops) but does not require the user to program, and it detects and suggests repetitive tasks without any user’s intervention. However, it has a limitation: it detects repetitive tasks and makes suggestions only when repetitions are consecutive.

The APE project takes on Eager idea to bring together PbD and LIA, but focuses particularly on designing an assistant able to replay repetitive sequences of actions even when they are not consecutive. To achieve this goal, APE employs Machine Learning techniques to learn user’s habits. This paper reports research conducted to address a key issue of this learning task: designing an assistant which makes “the right suggestion at the right moment” and does not constantly bother the user with incorrect suggestions. APE is integrated into the VisualWorks 3.0 Smalltalk ObjectShare programming environment. It can be downloaded at http://www.lirmm.fr/~ruvini/ape.

In the following we present APE. We explain what makes learning user’s habits difficult, why existing Machine Learning algorithms do not have the potential for this learning task. We briefly present a new algorithm we have designed for this task and we compare its results when applied to real data, with C4.5 [10]. We finally give perspectives for future research.

2. GENERAL PRESENTATION

APE is made of three software agents, an Observer, an Apprentice and an Assistant, working simultaneously in the background without any user intervention. Table 1 defines our terminology.

Action : intervention of the user on the environment, e.g. window management, menu item selection, button pressing, entering text, etc. An action is parameterized by, among other things, the tool (Browser, Debugger, etc.) on which it has been performed.

Trace : history of user’s actions.

Task : sequence of actions of the trace.

Repetitive task : task occurring several times in the trace.

Situation : sequence of actions of the trace of a given size n, n being a parameter of the learning algorithm.

Situation pattern : regular expression matching one or more situations.

Habit : pair “situation pattern - repetitive task” such that the situation pattern matches all situations preceding the repetitive task.

Table 1 : Basic definitions

2.1 The Observer

The Observer monitors user’s actions, reifies them into dedicated Smalltalk objects and stores them into the trace. The Observer also sends messages in background to the Apprentice and to the Assistant to inform them that the user has performed a new action.

2.2 The Apprentice

The Apprentice uses the trace to detect repetitive tasks, to learn situation patterns in which they are performed, and thus to build a set of habits. It detects repetitive tasks of the trace using the classical text searching algorithm KMR [4]. It is able to detect repetitive sequences of actions as well as correction of repetitive programming errors or writing of repetitive pieces of code. It uses a Machine Learning algorithm to learn situation patterns. Let A1, A2, A3 and lowercase letters from a to d denote actions, let ( and ( denote action parameters and let "." be a special character (a wildcard) that matches any single action or action parameter. It is able to learn 3 kinds of situation patterns:

· Unordered: the order in which actions are performed does not matter; in such cases, situations such as A1A3A2 and A2A1A3 can be characterized by the situation pattern {A1,A2,A3}.

· With wildcards: the situations A1abA2(() and A1cdA2(() can be characterized by the situation pattern “A1..A2(.)”. The number of wildcards is not limited. 

· Unordered with wildcards: A1A2(()A3 and A2(()A3A1 can be characterized by the situation pattern {A1,A2(.),A3}.

2.3 The Assistant

The Assistant exploits what has been learned to automatically propose to the user, when appropriate, sequences of actions that he might want to perform again. More precisely, when the Assistant detects that the last user’s actions match one or several learned situation patterns, it displays in the Assistant window the repetitive tasks of the corresponding habits (see Figure 1). The user can ignore that window or ignore these suggestions (non-obtrusive behavior) or mouse-click on one of them to automatically perform the related actions. The number of suggestions the Assistant can make is limited to four because browsing suggestions puts a workload on the user.

2.4 ILLUSTRATIVE EXAMPLE

Figure 1 shows two snapshots of VisualWorks screens, both including an Assistant window (labeled “Assistant”) and the main APE window (labeled “Ape Agents”). A user is testing his application: a multi-process simulation of the classical ``n-queens'' problem. In the ``situation before firing a habit'' (top snapshot), the user selects a Smalltalk expression (arrow 1) in the “Workspace window” whose evaluation (arrow 2) raises an exception leading to the opening of an “Exception” window. Because, this situation matches a situation pattern learned by the Apprentice, the Assistant offers to perform the related repetitive task: “open, move, resize a debugger and select stack index 5”. This repetitive task is exactly what the user intents to do and he mouse-clicks on the proposition (arrow 3), resulting in a debugger displaying a user's method (“situation after a habit has been fired” - bottom snapshot). In this example, the Assistant has saved five actions to the user.

3. THE LEARNING TASK

3.1 What Makes The Problem Difficult

Four requirements have conducted the choice of the algorithm used to learn situation patterns. These requirements are :

R1 Low training time : let us call training time the time it takes the algorithm to learn situation patterns. The training time must be very low to allow the Apprentice to learn habits related to small sections of the trace (the corresponding situation patterns have to be learned very rapidly from a few situations), as well as habits appearing on very long traces and reflecting the general user’s habits.

R2 Low prediction time : let us call prediction time the time it takes to the Assistant to inspect the set of learned habits and to make a suggestion. Obviously, it must be very low.

R3 User intelligible situation patterns : this is not critical but would allow the user to inspect or edit the learned habits.

R4 Low error rate and low generalization : an assistant that continuously bothers the user with incorrect suggestions would be useless because the user would rapidly ignore it. Our Assistant has to minimize the number of incorrect suggestions. This means two things: (1) to minimize the number of incorrect suggestions when the user is about to perform a repetitive task (i.e. suggesting the wrong repetitive task) and (2) to minimize the number of suggestions when he is not about to perform a repetitive task (no suggestion should be done). To make few error in case (1) the algorithm must have a low error rate. In case (2), if some learned situation patterns match the last user’s actions, it will make a suggestion. This may occur if the situation patterns are too general. As a consequence the Machine Learning algorithm employed has, on one hand, to generalize as far as needed to have a low error rate (case (1)), and on the other hand, to generalize as little as possible to avoid too general situation patterns (case (2)). 

3.2 Existing Algorithms

Various kinds of algorithms have been proposed in the field of Machine Learning. Concept learning and neural networks algorithms do not meet requirement R1 (because in our application the number of possible actions and possible values for the parameters of these actions are large), instance-based algorithms do not meet requirement R2, instance-based, statistical and neural networks algorithms do not meet requirement R3. None of the existing Machine Learning algorithms have been designed to generalize as little as possible (requirement R4). However, concept learning and decision trees algorithms are more suited for learning user’s habits. Eligible kinds of algorithms are decision trees because they miss only one requirement. They have notably been used in CAP [6]. The state-of-the-art decision trees learning algorithm is C4.5 [10]. Our tests have confirmed (see section 4) that C4.5 although fast (incremental versions exist) and having a low error rate, produces too general situation pattern, leading our Assistant to make too incorrect suggestions.
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/$F2psDict 200 dict def
$F2psDict begin
$F2psDict /mtrx matrix put
/col-1 {0 setgray} bind def
/col0 {0.000 0.000 0.000 srgb} bind def
/col1 {0.000 0.000 1.000 srgb} bind def
/col2 {0.000 1.000 0.000 srgb} bind def
/col3 {0.000 1.000 1.000 srgb} bind def
/col4 {1.000 0.000 0.000 srgb} bind def
/col5 {1.000 0.000 1.000 srgb} bind def
/col6 {1.000 1.000 0.000 srgb} bind def
/col7 {1.000 1.000 1.000 srgb} bind def
/col8 {0.000 0.000 0.560 srgb} bind def
/col9 {0.000 0.000 0.690 srgb} bind def
/col10 {0.000 0.000 0.820 srgb} bind def
/col11 {0.530 0.810 1.000 srgb} bind def
/col12 {0.000 0.560 0.000 srgb} bind def
/col13 {0.000 0.690 0.000 srgb} bind def
/col14 {0.000 0.820 0.000 srgb} bind def
/col15 {0.000 0.560 0.560 srgb} bind def
/col16 {0.000 0.690 0.690 srgb} bind def
/col17 {0.000 0.820 0.820 srgb} bind def
/col18 {0.560 0.000 0.000 srgb} bind def
/col19 {0.690 0.000 0.000 srgb} bind def
/col20 {0.820 0.000 0.000 srgb} bind def
/col21 {0.560 0.000 0.560 srgb} bind def
/col22 {0.690 0.000 0.690 srgb} bind def
/col23 {0.820 0.000 0.820 srgb} bind def
/col24 {0.500 0.190 0.000 srgb} bind def
/col25 {0.630 0.250 0.000 srgb} bind def
/col26 {0.750 0.380 0.000 srgb} bind def
/col27 {1.000 0.500 0.500 srgb} bind def
/col28 {1.000 0.630 0.630 srgb} bind def
/col29 {1.000 0.750 0.750 srgb} bind def
/col30 {1.000 0.880 0.880 srgb} bind def
/col31 {1.000 0.840 0.000 srgb} bind def

end
save
-19.0 392.0 translate
1 -1 scale

/cp {closepath} bind def
/ef {eofill} bind def
/gr {grestore} bind def
/gs {gsave} bind def
/sa {save} bind def
/rs {restore} bind def
/l {lineto} bind def
/m {moveto} bind def
/rm {rmoveto} bind def
/n {newpath} bind def
/s {stroke} bind def
/sh {show} bind def
/slc {setlinecap} bind def
/slj {setlinejoin} bind def
/slw {setlinewidth} bind def
/srgb {setrgbcolor} bind def
/rot {rotate} bind def
/sc {scale} bind def
/sd {setdash} bind def
/ff {findfont} bind def
/sf {setfont} bind def
/scf {scalefont} bind def
/sw {stringwidth} bind def
/tr {translate} bind def
/tnt {dup dup currentrgbcolor
  4 -2 roll dup 1 exch sub 3 -1 roll mul add
  4 -2 roll dup 1 exch sub 3 -1 roll mul add
  4 -2 roll dup 1 exch sub 3 -1 roll mul add srgb}
  bind def
/shd {dup dup currentrgbcolor 4 -2 roll mul 4 -2 roll mul
  4 -2 roll mul srgb} bind def
/reencdict 12 dict def /ReEncode { reencdict begin
/newcodesandnames exch def /newfontname exch def /basefontname exch def
/basefontdict basefontname findfont def /newfont basefontdict maxlength dict def
basefontdict { exch dup /FID ne { dup /Encoding eq
{ exch dup length array copy newfont 3 1 roll put }
{ exch newfont 3 1 roll put } ifelse } { pop pop } ifelse } forall
newfont /FontName newfontname put newcodesandnames aload pop
128 1 255 { newfont /Encoding get exch /.notdef put } for
newcodesandnames length 2 idiv { newfont /Encoding get 3 1 roll put } repeat
newfontname newfont definefont pop end } def
/isovec [
8#200 /grave 8#201 /acute 8#202 /circumflex 8#203 /tilde
8#204 /macron 8#205 /breve 8#206 /dotaccent 8#207 /dieresis
8#210 /ring 8#211 /cedilla 8#212 /hungarumlaut 8#213 /ogonek 8#214 /caron
8#220 /dotlessi 8#230 /oe 8#231 /OE
8#240 /space 8#241 /exclamdown 8#242 /cent 8#243 /sterling
8#244 /currency 8#245 /yen 8#246 /brokenbar 8#247 /section 8#250 /dieresis
8#251 /copyright 8#252 /ordfeminine 8#253 /guillemotleft 8#254 /logicalnot
8#255 /endash 8#256 /registered 8#257 /macron 8#260 /degree 8#261 /plusminus
8#262 /twosuperior 8#263 /threesuperior 8#264 /acute 8#265 /mu 8#266 /paragraph
8#267 /periodcentered 8#270 /cedilla 8#271 /onesuperior 8#272 /ordmasculine
8#273 /guillemotright 8#274 /onequarter 8#275 /onehalf
8#276 /threequarters 8#277 /questiondown 8#300 /Agrave 8#301 /A�‘�ΐ�Πacute
8#302 /Acircumflex 8#303 /Atilde 8#304 /Adieresis 8#305 /Aring
8#306 /AE 8#307 /Ccedilla 8#310 /Egrave 8#311 /Eacute
8#312 /Ecircumflex 8#313 /Edieresis 8#314 /Igrave 8#315 /Iacute
8#316 /Icircumflex 8#317 /Idieresis 8#320 /Eth 8#321 /Ntilde 8#322 /Ograve
8#323 /Oacute 8#324 /Ocircumflex 8#325 /Otilde 8#326 /Odieresis 8#327 /multiply
8#330 /Oslash 8#331 /Ugrave 8#332 /Uacute 8#333 /Ucircumflex
8#334 /Udieresis 8#335 /Yacute 8#336 /Thorn 8#337 /germandbls 8#340 /agrave
8#341 /aacute 8#342 /acircumflex 8#343 /atilde 8#344 /adieresis 8#345 /aring
8#346 /ae 8#347 /ccedilla 8#350 /egrave 8#351 /eacute
8#352 /ecircumflex 8#353 /edieresis 8#354 /igrave 8#355 /iacute
8#356 /icircumflex 8#357 /idieresis 8#360 /eth 8#361 /ntilde 8#362 /ograve
8#363 /oacute 8#364 /ocircumflex 8#365 /otilde 8#366 /odieresis 8#367 /divide
8#370 /oslash 8#371 /ugrave 8#372 /uacute 8#373 /ucircumflex
8#374 /udieresis 8#375 /yacute 8#376 /thorn 8#377 /ydieresis] def
/Times-Roman /Times-Roman-iso isovec ReEncode
/$F2psBegin {$F2psDict begin /$F2psEnteredState save def} def
/$F2psEnd {$F2psEnteredState restore end} def
%%EndProlog

$F2psBegin
10 setmiterlimit
n -1000 23497 m -1000 -1000 l 16402 -1000 l 16402 23497 l cp clip
 0.01740 0.01740 sc
% Polyline
%
% Begin Imported GIF File: debuga.gif
n gs
1200 1875 tr
14.583762 -14.513359 sc
0 -524 tr
0 0 tr
sa
/showpage {} def
% GIF image follows:
973 524 sc
%***********************************************************************
%*                                                                     *
%* Object: Image decoding PS-routine                    Date: 01.02.93 *
%* Author: Evgeni CHERNYAEV (chernaev@vxcern.cern.ch)                  *
%*                                                                     *
%* Function: Display a run-length encoded color image.                 *
%*           The image is displayed in color on viewers and printers   *
%*           that support color Postscript, otherwise it is displayed  *
%*           as grayscale.                                             *
%*                                                                     *
%***********************************************************************
/byte 1 string def
/color 3 string def
systemdict /colorimage known { /cnt 3 def } { /cnt 1 def } ifelse
/String 256 cnt mul string def
%***********************************************************************
/DecodePacket            % Decode color packet                         *
%***********************************************************************
{
  currentfile byte readhexstring pop 0 get
  /Nbyte exch 1 add cnt mul def
  /color ColorMap currentfile byte readhexstring pop 0 get get def
  String dup
  0 cnt Nbyte 1 sub { color putinterval dup } for
  pop 0 Nbyte getinterval
} bind def
%***********************************************************************
/DisplayImage            % Display run-length encoded color image      *
%***********************************************************************
{
  gsave
  currentfile String readline pop
  token { /columns exch def } { } ifelse
  token { /rows exch def pop } { } ifelse
  currentfile String readline pop
  token { /Ncol exch def pop } { } ifelse
  /ColorMap Ncol array def
  systemdict /colorimage known {
    0 1 Ncol 1 sub {
      ColorMap exch
      currentfile 3 string readhexstring pop put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } false 3 colorimage
  }{
    0 1 Ncol 1 sub {
      ColorMap exch
      1 string dup 0
      currentfile color readhexstring pop pop
      color 0 get 0.299 mul
      color 1 get 0.587 mul add
      color 2 get 0.114 mul add
      cvi put put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } image
  } ifelse
  grestore
} bind def
%***********************************************************************
%*                          Image decoding                             *
%***********************************************************************
Displ�‘�ΐ�ΠayImage
973 524
16
ffffff 000000 7f7f7f 0000ff ff0000 ffff00 00ff00 00ffff 666666 696969
343434 939393 cccccc 999999 222222 000000�‘�ΐ�Π000902000109010001090200�‘�ΐ�Π0101190c0101030c01013c0c0101150c01011a0c0101040c0001010c0101400c�‘�ΐ�Π101030c0101010c0501010c0101010c�‘�ΐ�Π9011e0c0a01370c08012c0c0b01190c0101010c0201200c0b01440c0e01370c0a010b0c�‘�ΐ�Π0c0001080c0001090c0108130c0100010c0001�‘�ΐ�Π70503�‘�ΐ�Πb0209010a1900000a010b0209010a010c0100010c0001�‘�ΐ�Π000a010b0209�‘�ΐ�Π030c0301020c0001000c0201090c0001000c0101010c0101030c�‘�ΐ�Π50c0001030c0101010c�‘�ΐ�Π10b0209010a1a00000a010b0209010a090c0108ff0cff0cff0c790c0100�‘�ΐ�Π0000090300020904000e090300�‘�ΐ�Π0a000b050a000b110a000bff0a140a000b110a000b110a000b050a9f00000a010b�‘�ΐ�Πc0104010c0204040c0104010c0104010c�‘�ΐ�Π�‘�ΐ�Π060c01080100000c000a010b0209010a9f00000a�‘�ΐ�Π001020d�‘�ΐ�Π90c01000b0c07011a0c01012b0c0108040c000a010b0209�‘�ΐ�Π0c0101010c0101�‘�ΐ�Π0c0100010c01080100060c01080100000c000a010b0209010a9f00�‘�ΐ�Πb0209010a9f00000a010b�‘�ΐ�Π1050c0001040c0001030c0101050c0101030c0101040c0001030c0001000c�‘�ΐ�Π0001030c0001060c0001010c0001�‘�ΐ�Π000a010b0209010aff0c3f0c000a010b0209010aff00ff007c00000a010b0209010a�‘�ΐ�Π00a010b0209010a2a0c0001040c0001530c grestore
%
% End Imported PIC File: debuga.gif
%%EndDocument
%
% Polyline
%
% Begin Imported JPEG File: doIt.jpg
n gs
5475 4605 tr
14.846939 -14.952229 sc
0 -314 tr
0 0 tr
sa
/showpage {} def
% JPEG image follows:
98 314 sc
%***********************************************************************
%*                                                                     *
%* Object: Image decoding PS-routine                    Date: 01.02.93 *
%* Author: Evgeni CHERNYAEV (chernaev@vxcern.cern.ch)                  *
%*                                                                     *
%* Function: Display a run-length encoded color image.                 *
%*           The image is displayed in color on viewers and printers   *
%*           that support color Postscript, otherwise it is displayed  *
%*           as grayscale.                                       �‘�ΐ�Π      *
%*                                                                     *
%***********************************************************************
/byte 1 string def
/color 3 string def
systemdict /colorimage known { /cnt 3 def } { /cnt 1 def } ifelse
/String 256 cnt mul string def
%***********************************************************************
/DecodePacket            % Decode color packet                         *
%***********************************************************************
{
  currentfile byte readhexstring pop 0 get
  /Nbyte exch 1 add cnt mul def
  /color ColorMap currentfile byte readhexstring pop 0 get get def
  String dup
  0 cnt Nbyte 1 sub { color putinterval dup } for
  pop 0 Nbyte getinterval
} bind def
%***********************************************************************
/DisplayImage            % Display run-length encoded color image      *
%***********************************************************************
{
  gsave
  currentfile String readline pop
  token { /columns exch def } { } ifelse
  token { /rows exch def pop } { } ifelse
  currentfile String readline pop
  token { /Ncol exch def pop } { } ifelse
  /ColorMap Ncol array def
  systemdict /colorimage known {
    0 1 Ncol 1 sub {
      ColorMap exch
      currentfile 3 string readhexstring pop put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } false 3 colorimage
  }{
    0 1 Ncol 1 sub {
      ColorMap exch
      1 string dup 0
      currentfile color readhexstring pop pop
      color 0 get 0.299 mul
      color 1 get 0.587 mul add
      color 2 get 0.114 mul add
      cvi put put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } image
  } ifelse
  grestore
} bind def
%***********************************************************************
%*                          Image decoding                             *
%***********************************************************************
DisplayImage
98 314
256
000000 010101 020202 030303 040404 050505 060606 070707 080808 090909
0a0a0a 0b0b0b 0c0c0c 0d0d0d 0e0e0e 0f0f0f 101010 111111 121212 131313
141414 151515 161616 171717 181818 191919 1a1a1a 1b1b1b 1c1c1c 1d1d1d
1e1e1e 1f1f1f 202020 212121 222222 232323 242424 252525 262626 272727
282828 292929 2a2a2a 2b2b2b 2c2c2c 2d2d2d 2e2e2e 2f2f2f 303030 313131
323232 333333 343434 353535 363636 373737 383838 393939 3a3a3a 3b3b3b
3c3c3c 3d3d3d 3e3e3e 3f3f3f 404040 414141 424242 434343 444444 454545
464646 474747 484848 494949 4a4a4a 4b4b4b 4c4c4c 4d4d4d 4e4e4e 4f4f4f
505050 515151 525252 535353 545454 555555 565656 575757 585858 595959
5a5a5a 5b5b5b 5c5c5c 5d5d5d 5e5e5e 5f5f5f 606060 616161 626262 636363
646464 656565 666666 676767 686868 696969 6a6a6a 6b6b6b 6c6c6c 6d6d6d
6e6e6e 6f6f6f 707070 717171 727272 737373 747474 757575 767676 777777
787878 797979 7a7a7a 7b7b7b 7c7c7c 7d7d7d 7e7e7e 7f7f7f 808080 818181
828282 838383 848484 858585 868686 878787 888888 898989 8a8a8a 8b8b8b
8c8c8c 8d8d8d 8e8e8e 8f8f8f 909090 919191 929292 939393 949494 959595
969696 979797 989898 999999 9a9a9a 9b9b9b 9c9c9c 9d9d9d 9e9e9e 9f9f9f
a0a0a0 a1a1a1 a2a2a2 a3a3a3 a4a4a4 a5a5a5 a6a6a6 a7a7a7 a8a8a8 a9a9a9
aaaaaa ababab acacac adadad aeaeae afafaf b0b0b0 b1b1b1 b2b2b2 b3b3b3
b4b4b4 b5b5b5 b6b6b6 b7b7b7 b8b8b8 b9b9b9 bababa bbbbbb bcbcbc bdbdbd
bebebe bfbfbf c0c0c0 c1c1c1 c2c2c2 c3c3c3 c4c4c4 c5c5c5 c6c6c6 c7c7c7
c8c8c8 c9c9c9 cacaca cbcbcb cccccc cdcdcd cecece cfcfcf d0d0d0 d1d1d1
d2d2d2 d3d3d3 d4d4d4 d5d5d5 d6d6d6 d7d7d7 d8d8d8 d9d9d9 dadada dbdbdb
dcdcdc dddddd dedede dfdfdf e0e0e0 e1e1e1 e2e2e2 e3e3e3 e4e4e4 e5e5e5
e6e6e6 e7e7e7 e8e8e8 e9e9e9 eaeaea ebebeb ececec ededed eeeeee efefef
f0f0f0 f1f1f1 f2f2f2 f3f3f3 f4f4f4 f5f5f5 f6f6f6 f7f7f7 f8f8f8 f9f9f9
fafafa fbfbfb fcfcfc fdfdfd fefefe ffffff
00f500fe00f302fe00fb58fd00fe00f301fe00f300fe00fb5afe00ec007c00f400f500cd
00cf00c900cd00cb00cd57c90078005c01fe00d200cf00c800cd00ca00cb57ce00550066
00fb00f500c700c800c600ce00cc58cd0078006a00fe00fc00d000d100cd00d401d157cd
015800fe00fc00cf�‘�ΐ�Π00ce00c600c900c500c657cc0071007000fe00fc00d100d000c900cd�‘�ΐ�Π0ce00c300cc00d800d000dd�‘�ΐ�Π0cf00cd01c937cc016601fe00c900cc00ce00cb19cc00d701c900c100c700c6�‘�ΐ�Πcd00c0010000cf00c100bd00030000�‘�ΐ�Πbc00ce00c900cd00d400cc00cd00ce00cc00d000d200cd00ce00e000d800ba00ca00cb�‘�ΐ�Π400b500d300cc00d701c300df00bd00c600d8�‘�ΐ�Π0065�‘�ΐ�Π00bd00d61fcc016601fe00c900cc00ce00cb01cc00c7�‘�ΐ�Π0d600010000�‘�ΐ�Π0d300d400d100df00c800d400b800d700cc00c5000b000000db�‘�ΐ�Πbd00c500d700d100bf�‘�ΐ�Π6601fe00c900cc00ce00cb01cc00cb00d200cb00cc00c600cf00cc0100�‘�ΐ�Πb00d400c800ce00af00cc00cdrestore grestore
%
% End Imported PIC File: doIt.jpg
%%EndDocument
%
% Polyline
15.000 slw
gs  clippath
3070 8132 m 3206 7925 l 3183 8172 l 3292 7867 l 3179 7827 l cp
clip
n 2850 8925 m 3225 7875 l gs col0 s gr gr

% arrowhead
n 3070 8132 m 3206 7925 l 3183 8172 l 3126 8152 l 3070 8132 l  cp gs 0.00 setgray ef gr  col0 s
% Polyline
gs  clippath
6548 7484 m 6477 7246 l 6651 7423 l 6486 7144 l 6383 7205 l cp
clip
n 7425 8850 m 6450 7200 l gs col0 s gr gr

% arrowhead
n 6548 7484 m 6477 7246 l 6651 7423 l 6600 7453 l 6548 7484 l  cp gs 0.00 setgray ef gr  col0 s
% Polyline
%
% Begin Imported GIF File: debugb.gif
n gs
1200 11400 tr
14.984161 -14.979730 sc
0 -740 tr
0 0 tr
sa
/showpage {} def
% GIF image follows:
947 740 sc
%***********************************************************************
%*                                                                     *
%* Object: Image decoding PS-routine                    Date: 01.02.93 *
%* Author: Evgeni CHERNYAEV (chernaev@vxcern.cern.ch)                  *
%*                                                                     *
%* Function: Display a run-length encoded color image.                 *
%*           The image is displayed in color on viewers and printers   *
%*           that support color Postscript, otherwise it is displayed  *
%*           as grayscale.                                             *
%*                                                                     *
%***********************************************************************
/byte 1 string def
/color 3 string def
systemdict /colorimage known { /cnt 3 def } { /cnt 1 def } ifelse
/String 256 cnt mul string def
%***********************************************************************
/DecodePacket            % Decode color packet                         *
%***********************************************************************
{
  currentfile byte readhexstring pop 0 get
  /Nbyte exch 1 add cnt mul def
  /color ColorMap currentfile byte readhexstring pop 0 get get def
  String dup
  0 cnt Nbyte 1 sub { color putinterval dup } for
  pop 0 Nbyte getinterval
} bind def
%***********************************************************************
/DisplayImage            % Display run-length encoded color image      *
%***********************************************************************
{
  gsave
  currentfile String readline pop
  token { /columns exch def } { } ifelse
  token { /rows exch def pop } { } ifelse
  currentfile String readline pop
  token { /Ncol exch def pop } { } ifelse
  /ColorMap Ncol array def
  systemdict /colorimage known {
    0 1 Ncol 1 sub {
      ColorMap exch
      currentfile 3 string readhexstring pop put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } false 3 colorimage
  }{
    0 1 Ncol 1 sub {
      ColorMap exch
      1 string dup 0
      currentfi�‘�ΐ�Πle color readhexstring pop pop
      color 0 get 0.299 mul
      color 1 get 0.587 mul add
      color 2 get 0.114 mul add
      cvi put put
    } for
    columns rows 8
    [ columns 0 0 rows neg 0 rows ]
    { DecodePacket } image
  } ifelse
  grestore
} bind def
%***********************************************************************
%*                          Image decoding                             *
%***********************************************************************
DisplayImage
947 740
16
ffffff 000000 7f7f7f 0000ff ff0000 ffff00 00ff00 00ffff 666666 fffeff
696969 343434 939393 cccccc 999999 222222�‘�ΐ�Π50a�‘�ΐ�Π90d0101030d01013c0d0101150d01011a0d0101040d�‘�ΐ�Π0d0101090d�‘�ΐ�Π0b010c020a010b0000000b010c020a010b0100090d0801320d�‘�ΐ�Π108070001010d0108�‘�ΐ�Π501020005000100070001000d0108030d0100000d0701010d00010900�‘�ΐ�Π0001030d0108ff0d740d000b�‘�ΐ�Π010b010cff0a940a03091e0a0209130a0209ff0a930a010b010c0e0a010b010c�‘�ΐ�Π90d0108ff0dff0dff0d790d0100010d�‘�ΐ�Πb0c000b140c020a010b0000000b010c020a120c010bff0cff0cff0c7a0c010b140c020a�‘�ΐ�Π09020a0109da0a010b010c050a000c000a000b�‘�ΐ�Π1030d�‘�ΐ�Πa010b6300000b010c020a010b000d0108040d02011d0d�‘�ΐ�Π010c0e0a010b�‘�ΐ�Π0101010d0101010d0101010d0001010d0001010d0001020d0101�‘�ΐ�Π001010e0001030e0001�‘�ΐ�Π001080e000b010c020a010b000d0108ff0dff0dff0d270d0100010d0108�‘�ΐ�Π0d01002c08040d01002d08ff0d�‘�ΐ�Π0dcc0d0100010d01080100060d01080100000d000b010c020a010b4700000b010c�‘�ΐ�Π8ff0dff0dff0d270d0100010d01080100�‘�ΐ�Π�‘�ΐ�Π0101040d0001030d0001010d0001010d0001030d�‘�ΐ�Π100060d�‘�ΐ�Π10d01080100060d01080100000d000b010c020a010b6300�‘�ΐ�Π0d000b010c020a�‘�ΐ�Π01010d0001030d0401010d0001010d0001ff0dd20d0100010d0108�‘�ΐ�Πe0001010e0001060e0001�‘�ΐ�Πc020a010b000d0108ff0d0d0d0001050d0001ff0dff0d110d0100010d0108�‘�ΐ�Π030d0001010d0201020d0001020d�‘�ΐ�Π0101040d0001030d0001010d0001010d0001030d0001020d0001020d0001020d0001�‘�ΐ�Π100010d0108040d0000040d0100010d0108�‘�ΐ�Π08�‘�ΐ�Π0a010b6300000b010c020a010b000d0108190d0001�‘�ΐ�Πc020a010b�‘�ΐ�Π8e10d0100010d01080100060d01080100000d000b010c020a�‘�ΐ�Π000b010c020a010brestore grestore
%
% End Imported PIC File: debugb.gif
%%EndDocument
%
% Polyline
7.500 slw
n 1200 750 m 6825 750 l gs col0 s gr 
% Polyline
n 1125 10425 m 8025 10425 l gs col0 s gr 
% Polyline
15.000 slw
gs  clippath
7166 4627 m 7080 4394 l 7266 4559 l 7083 4291 l 6984 4359 l cp
clip
n 8025 5775 m 7050 4350 l gs col0 s gr gr

% arrowhead
n 7166 4627 m 7080 4394 l 7266 4559 l 7216 4593 l 7166 4627 l  cp gs 0.00 setgray ef gr  col0 s
/Times-Roman-iso ff 480.00 scf sf
1200 10200 m
gs 1 -1 sc (Situation after a habit ha�‘�ΐ�Fs been fired) col0 sh gr
/Times-Roman-iso ff 420.00 scf sf
1200 11025 m
gs 1 -1 sc (The user mouse-clicked on the proposition) col0 sh gr
/Times-Roman-iso ff 420.00 scf sf
2775 9375 m
gs 1 -1 sc (1) col0 sh gr
/Times-Roman-iso ff 420.00 scf sf
7425 9225 m
gs 1 -1 sc (2) col0 sh gr
/Times-Roman-iso ff 480.00 scf sf
1200 600 m
gs 1 -1 sc (Situation before firing a habit) col0 sh gr
/Times-Roman-iso ff 420.00 scf sf
1200 1425 m
gs 1 -1 sc (The Assistant proposes to open a debugger...) col0 sh gr
/Times-Roman-iso ff 420.00 scf sf
8025 6225 m
gs 1 -1 sc (3) col0 sh gr
$F2psEnd
rs
�‘�ΐ�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �Ώ��

Figure 1

3.3 Overview of IDHYS

IDHYS [11], our new concept learning algorithm is inspired by the Candidate-Elimination algorithm (CEA) [7].

Learning our situation patterns can be seen as a concept learning problem. Concept learning involves acquiring the general definition of a concept from training examples labeled either as positive or negative examples of this concept. For each repetitive task RT (concept), the Apprentice has to induce situation patterns, using a set of situations including the situations preceding RT in the trace (positive examples) and the situations preceding any other repetitive task of the trace (negative examples).

The CEA learns by building two sets of generalizations of the positive examples: the most specific generalizations and the most general generalizations. IDHYS builds an approximation of the most specific generalizations only. It processes the positive examples incrementally. It starts with a very specific situation pattern (indeed the first positive example itself) and progressively generalizes this situation pattern with the subsequent positive examples. IDHYS does not build situation patterns for the negative examples which are only used to bound the generalization process. This  incremental bottom-up approach  makes IDHYS not sensitive to actions with large sets of possible values for their parameters. As a consequence it has a low computing time. Our test (see section 4) shows it also has a low error rate and does not over-generalize to build the situation patterns.

During the learning process, IDHYS computes a numerical evaluation of the quality of the learned situation patterns using the constant time Laplace correction [9]. This allows the Assistant to sort by quality the suggestions made to the user.

[image: image2.wmf]Figure 2

4. USE AND EXPERIMENTAL RESULTS

APE is implemented, operational and experimentally used by ourselves and by a pool of 50 students enrolled in a Smalltalk course at the master's level. This section describes technical experimental results and analyses the user feedback. 

4.1 Experimental results

Concerning technical results, APE correctly works and makes the suggestions we expected it to. It also makes many suggestions we did not think of. We report here experiments conducted on 10 traces of 2000 actions long, collected during real usage of the software by the students.

The percentage of correct suggestions (Figure 2) is the amount of repetitive tasks the Assistant has correctly suggested. Figure 2 shows that IDHYS achieves a higher percentage than C4.5. The percentage of excessive suggestions (Figure 3) denotes the amount of user’s actions for which the Assistant has made a suggestion whereas no suggestion was expected (i.e. the user did not performed a repetitive task). IDHYS achieves a lower percentage than C4.5, particularly when learning from few situations (on small sections of the trace). 

For a given student trace, these percentages have been evaluated by cross-validation as follow: we have trained the Apprentice on a part of the trace and we have then tested the Assistant on another part of the trace to see how often one of its suggestions coincides with user’s actions. This process has been repeated for a situation length varying from 1 to 10 and the resulting percentages averaged. IDHYS achieves best results when the Apprentice learns user’s habits every 100 actions and for a situation length of 3 actions (i.e. when the Assistant uses the 3 last user’s actions to predict repetitive tasks). For these values, the Assistant correctly suggests 64% of the repetitive tasks and makes undesirable suggestions for 22% of the user’s actions. Concerning training time, the Apprentice learns user’s habits on a 1000 action trace (corresponding to one our of user’s work) in 25 seconds. 
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4.2 User Feedback

Concerning user feedback, let us recall that our users are Smalltalk beginners. About 70% of our students have considered the Assistant window during 10 minutes approximately and have forgotten it, this was quite disappointing. Fortunately, results from the remaining 30% have been very interesting. The main reasons invoked by those who have not used the suggestions are: (1) the burden of looking at the Assistant window since nothing, except a modification inside this window, indicates when a suggestion is made, (2) the difficulty to read the suggestions presented as sequences of actions. This indicates that there is a great deal of work to do in that direction, namely, how to gently alert people and how to provide a better visualization of what the Assistant suggests? The interesting point is that those who have made the effort to use the tool have rapidly learned how to use it efficiently. After a while, those users have learned which suggestions are regularly made and which ones interest them, and when the suggestions are made. In other words, they have learned to give a look at the Assistant window when they are about to perform a repetitive task and when they do know that the suggestion will be made.

5. FUTURE WORKS

As discussed in this paper, minimizing the number of incorrect suggestions is a critical issue in APE. Although it makes incorrect suggestions for only 22% of the user’s actions, it would be more reliable if this amount could be reduced further. A solution to this problem we are currently investigating is to learn not only user’s habits but also to predict whether or not the user is about to perform a repetitive task.

User tests reported in this paper have shown that APE would be even more attractive is the presentation of its suggestions were improved. Programming by demonstration studies have addressed the problem of creating a graphical representation of a program or a sequence of actions, and offer a direction for future research.
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