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AN INTELLIGENT TUTORING SYSTEM FOR MINIMAX ALGORITHM

A.Anohir.ra

Ittelligett tutoring systcnt, Mitrimax ulgorithnt

l .  Introduction

Norvadays knowlcdge accluisitior-r plays .r vcly imporlant role because of the rapi<i growth of
modern technologies thttt requit'e nerv knowledge and skills. People choose computer-based
learning, rvhcn they need knowlcdge, but do not have time to visit some educational
institution. Learning via computer has trend Lo bc more effective, if lear-ning softwar.e
dcmonslrates sorne intclligent capabilities as human-tcacher does it. These capabilities
irrcludc thc prcsenlation of tasks and lealning materials corresponding to the learner.'s current
statc of knowlcdge. allorving clirninating lcamer's misconceptions and helping to evolve his/
hct' statc of mind, the cxplanation o[ the same concept by means of different words, the
irdaptation of the structurc and the pace of thc learning process to the psychological and
cognitive necds of a lcarner, and etc. Thc rescarch in this area led [o the appear.ancc of
intel l igcnt tutori l- lg systclns. Intel l igent tutoring systcrns are computer sofiware that is based
otl art i f icial intcl l i -eencc techniclucs and simulatcs a human-teacher. Such systems l ike a
human-teachcr stot'c and munipulate knowledgc about domain, teaching stlatcgies, ancl
lca.rnct', and cat'ry out lcu'uing process groLrnded on some lealning theory. Rescar.ch has been
making in the f icld of intclligent tutorin-q systems fbl last three clecades ancl iluring this time a
varietv ol' intclligent tutot'ing systcrns has bccn implcrnented fbr cliff'ercnt iu-eas and
disc in l incs.

Thc devclopt-ncnt ol-an intcl l iscnt tutol ' ing systerr is the appiication ol ' thcoretical results
get by the author clurin-s hcl work on PhD. thcsis at the Riga Technical Llniversity. The
intcl l igcnt tutoring system is intcndecl fur the course "Founriations of u't i f lcial intel l igence".
The sLrbiect o1'art i t lcial intel l igence is not sirnplc lbr understanding by i tself.  Furthermor.e,
iccturcs on this subjcct at thc Riga Technical University arc givcn fbr the group, whcre
individual attcution to a lcarner cannot be givcn. As coursc consists of many topics and the
dcpartmcnt has not big cxpeliencc in thc devclopment of intelligent tuLoling systems, only
one topic includecl in the exam on artilicial intelligence u'as chosen for the implementation of
the prototypc. This topic is thc Minimax al_sorithrn.

The rcmainder of this papel is ot'giinized as ibliorvs. Section 2 presents some relateci work
in the f ield ol-thc dcvclopuent ol ' intel l iecnt tutoring systems. The main parts of architecture
of an intelli-tcnt iutoring systcm. thcil relations and purposes alc intloclucecl in Section 3.
Seclion 4 clescribes the Minirnax algorithrn in dctai ls, as well as sorrie concepts about the
implcmctttat ion of trvo-playel games arc discussed. Section 5 presents somc rcleas about the
at'chitecture ol ' thc inte l l igcnt tutoring systcrl lol Minimax algorithm. Finally, Sectiorr 6 draws
solllc collclusiotts and prescnts somc dilections lbr luture lvork related to the further-
devcloDment ol- the svstcm.
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2. Related rvorh

While clevelopin-u thc intcl l igcnt tulor inc systcm lbl  Minintax al_qori thl-n,  lnal ty cxistent
intel l i -scnt tutor ing systcrns havc been slLrdied. Such systems havc bcen cleveloped lbr
di l l 'crent arcas and discipl ines. Andcs [ ]  is an intel l igcnt tutot ' i t lg systcrn (bl  c lassical
Ncwtonian physics. Passive voice tutor [2]  is an intcl l igent mult imcdia rutor i l . lg systcm lbl  the
passive voice o1' the En-ql ish sramrnar.

Many systcrns havc been clevclopcd fbr thc u'ea of medicine. Somc cxamples ale
CIRCSIM-Tutor [3], which is a natut'al language dialogue based intclactive intelligent
tutor ing system {br the domain o1'cardiovascular physiology, or Ines [4] ,  which is an agent-
bascd intelligent tutoring system fbl the task of the nursc tlaining or Web based intelligcnt
tutor ing systcm in der.ratopathology [51.

Thc f ie ld of thc cotrputcr science also has not becn ibrgottcn. ADIS system [6] is intended
to help with teaching o1'data st l 'uctules. Thc "JavarNl lntel l igent Tutol ing Systcrn" (JITS) L7l
provides hclp for stuclents in their lirst plograrnrning course in JavarM at lhe Collegc anrt
Univelsity level. WADIES [Bl is Web- and agent-based adaptive intelligent educational
system fbr tcaching cornpi lers,  but SQL-Tutor L9l is a computer based teaching system that
has bcen devcloped to help the learners in lclu'ning of structured cluery langua-{e.

Re-i lardlcss such r ich var icty of intel l igcr-r t  tutor in-u sysl .ems only onc systcln relatecl  to thc
f ield o{ '  art i f ic ial  intcl l igencc rvas {ouncl dur ing the invest igat iorr .  This system has bccn
dcvcloped at the Dcpartrncnt o1'Art i f ic ial  hrtc l l igcnce of Kyushu Inst i tutc of-Tcchnology ol '
Japan [10] and i ts main purpose is to hclp studcnts to learn sealch aigori thms- one o1' thc basic
topics of the coul 'sc o1'at ' t i f  ic ial  intcl l i -ucncc- through cxcrcises. The dcvelopers'  main idca
wits t-tot ottly to tcach the charactcristics ol' thc scarch algolithms. but also provide dccp
uuderstancl ing of cach step o1'algor i thms and i ts mcanings. For this pul 'posc thrce views u.rc
availablc [o studcnts: the data structure vierv shorving the algolithm-operated data. thc futul'e
vieu, cicrnonstratin-q the algorithm's chuacterislrcs and the problcm view prcscllting the
problcm undet '  solving. Using these vicrvs studcnts can undelstand thc mcaning of data
opct'ations and thc lelationship bctween thc problem constraints and the execution plocess o1'
the algorithm.

3. The architecture of intel l igent tutor ing s1'stern

The l le ld ol ' intcl l i -scl . l t  tutol ' ing systcms has becn rcscarching over 30 ycars. During this t imc
thc main par '1s ol ' thc architecture ol '  such sl ,stcms have bccn def lneci .

As thc basic kinds o1'  knoivled-qc slolccl  in an intcl l igcnt tutol ing systcnt ale domain
knori ' lcdgc, knowledge aboul tcaching slra|csies. and knor.r , lcclgc about learncr thc pr incipal
colrpoltc l t ts o1' thc systcm's architccturc arc thc cxpel ' t  moclulc,  thc tutor ing rnodulc,  and the
studetit cliusnosis trtoclulc accordingl1,. Thcsc rnoclulcs arc rcl'cn'ed to as "Traclitional Trinity"
o f  in te l l igcn t  tu to r i l t s  svs tcn ts  in  [1 I ] .

The studcut cl iasnits is moclulc can' ics out the stuclent diagnosis process that opct 'ates on the
studctt l  modcl,  alkrrvin-u idcnt i f f  ing thc stuclcnt 's currcnt undcrstanding of the subject.  The
stuclcnt uodcl serves as a basis 1br tai lor in-s thc lcarning proccss to the nceds o1' the lealner ' .  I t
contai t is in lbnttat ion about the currcnt state cl l 'hnorvledgc of a palt iculal  lcarner ' ,  that is,  what
he/shc hlis lcrrncd, what mistakes he/she has donc, rvhal rnisconceptions hc/she has, and ctc.,
as wcl l  as this moclcl  adcl i t ional ly can store inlbrmation about learncr 's psychological  l 'catules
and his/hcr past expcrrcnce.

t23



SCIENI'IFIC PROCEEDINGS OF RIGA TECI,INICAL UNIVERSITY
Scr ics  *  CornDutc r  Sc icncc Applied Computer Systems - 6"''fhernatic Issue

2005

Thc tutoring module holds teaching stratcgies and instructions needed to implement thc
lcart t ing process. This modulc can also bc lc l 'c l red as curr iculum and inst luct ion module [1] ,
l2 l  o r  thc  pedagog ica l  modu le  [5 .  l3J .

Thc cxpclt moclule storcs thc knorvlcdgc the system is teaching. It rcprescnts skills and
expertisc that an cxpert in a puticular don-iain has and sel'ves as stlindard lbr evaluating thc
studelt t 's pertorrnance. Somc systems havc the dornain knowlcdgc [2] or thc domain model

[4]  instcad o1' thc cxpert  urodulc.  Horvcver ' .  thcsc trvo components arc dist inguished in [13].
The intcnsivc cotnnuuicat ion takes place bct lveen a learner ancl an intel l igcnt turol ing

systcln. Thc n-rodulc controlling thcsc inleractions is callcd communication rnodule [ 3] or
user inlcrfircc [2. 6l and it cor-nplises ol]e rrot'c part of the alchitecture.

Thc systetr-r 's lvorking cycle is olsanizcd as lbl lows. Thc systern selects or gencrates some
problcrn or somo task appropriatccl  to the lcalncr.  Fcl l  this purposc i t  uses the studcnt mcldel
asscssing rvhl t  thc studcut alrcat ly knorvs and the teaching st l 'atcgy provided by lhc tutol ing
moclule. When thc systclr has rcceivcci the student solution, it pellblms a diagnosis
contparing thc sludent's solulion and thc onc gencrated by the expert module or prcpared in
advance. Basin-q on the diagnosis results the tutoling module provides some I'ecdback and thc
systcm updatcs thc studcnl rnodel. Alicr that the working cyclc is repeatcd.

All abovemcntionccl cornponenl.s arc only the basic parts of intelligent tutoring systelns.
Each systern can have additional constitucnts that iu'e recluircd by peculiarity of certain area
and tcchnology uscd 1br the implcmcntat ion of a system.

Thc gcncnrl  archi tcctule o1'an intcl l igent tutor ing system and the intcract ion betrvccn i ts
componcnts arc shorvn in Figurc l .

I ' ' igure 1. The general architecture of an intell igent tutoring s]stem

4. The Minirnax algorithnr
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playcls that havc altetrtiilc lloves until the gamc cnds characterizc two-player. games. One
kind of such gamcs is a game o1'per' l-cct inlonnatiop, i1 which al l  relevanf inibrmation about
cuilent state of a game is available to thc oppoucll ts. Noughts-ancl-crosscs, checkcrs, chess,
gamc ol'go are examples o1'two-piayel'games of pcr.f'ect inibr.mation.

For the pul 'posc o1 the computer-based implemcntation o{' two-piayer gamcs a gamc is
reprcsentcd by a garne trec, which consists ol'nocles ancl arcs. Thc nodes cot.respond to the
discrete statcs o1'a galne, 1bl examplc, the positions of thc figurcs on the boar.d. The arcs
represent the lcgal moves ft'om onc statc to anothcr. One of the nodes is a loot node. It reflccts
thc initial state o1'thc gamc. Sornc of the noiles represent telminal states. wher.e the garne is
ovcr. Thc structure of a game tr-ee is limited by two rulcs:

. arcs between nodes on the same icvel arc not allowed, and
t onl/ arcs between a nocie at hi-ehcr lcvel ancl a node at the nearest lower lcvcl are

allorved.
Thc players in a game are rel 'erred as the ntaximiscr (Max) ancl the minimiser (Min). Thc

maximiser trics to win, but the minirniser attcmpts to rninimizc maximiscl.'s sc1lr.c.
Some algorithrns havc becn clcvelopcd ftrr irnplcn-rcnting two-player gamcs o1. perf'cct

inlbnnation. Thc basic ones are thc Minimax algorithrr ancl thc Al(a-tcta pru-ning algor.ithm.
The Minintax al-qoli thm allows choosing of thc bcsr next movc irr a -aiven situation. It

associates a value with cach state of a gamc trce and this valuc indicates how goocl this statc is
fol a player. Thc playcr then chooscs thc bcst move availablc fbr-him/her.

Thc Alpha-bcta pruning algorithm allows rcclucing the number o1'states cvaluated by the
Minimax algorithrn, pt'uning out some branchcs ol a game trce, that have not perspective fbr
lhe win.

Both abovcmentioncd al-torithms are tau,eht to stuclcnts durilg lccturcs on foundations of
artificial intelligence. Horvevct', the Minimax algolithrn was choscn fbr the implementatio' o1'
thc prototype of the intclligent tutoring systcm, becausc of its simplicity.

The stcps in the Minimax algorithm are the tbllowing:
. Create the game trce.
o Labcl cach lcvcl in the galrc trcc as Min or Max aitcrnately.
' Give thc value I fbr all the tct'minal statcs. where Max player wins, and 0- othcr.wise.
r Propagate the values ol'thc telrninal states up thc trcc in accorclance with the rule:

a) i l '  the parent nodc is at the Max levcl. i [  gcts thc maximum valuc ol '  i ts
childrcn:

b) i1'the palcrtt node is at the Min lcvcl, i t  gets thc minimum value of i ts chi lcL-en.
o Dctct'tnille the winning paths, rvhcn the plopagatiop of the values is {i'ished a'd rhe

t'oot trodc is rcached. I1'maxini isel wants to rvin, he should choose states with value
l. I1'minirniser rvants to wir-r, he shourd choose statcs with value 0.

Figurc 2 shows thc t 'csults of thc applic:ation o1'thc Minimax aigorithrn. Thc game is
lblkrlving. Thele arc tt i t- tc bonbons on lhc tablc. Each player ca1 take one, two or t l l .ec
bonbons, but not the satttc nutnber that his/her opponcnt has Lakcn. Thc player who cannot
makc a lllovc loses thc gil.tttc. The bolcl digits near thc noclcs (Figure 2) ar-cpropagateci values.
Thc bold arcs arc thc rvittning paths lor thc maximiser. Thc ncgativc lumbers-o' the ucs ar-c
the takcn boubons. As the root node has a valuc I the maximiser will always wi' tire came. if
hc/she plays carcfully.
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l i igure 2. The ganre tree rvilh applied N{inimux algorithrn (bold digits are propagated values; bold arcs are
the rvinning paths lbr the maxin.riser: negative numbers on the arcs are the taken bonbons)

5. Systern architecture

Nttr i , .  rvhcn thc dctai ls o1'thc lVl ininux algorithm has been discussed, i t  is possible to describe
thc u'chiteclurc o1'1hc intcl l igent tutorin-t : iystem for Minimax al_torithm.

In ttrtlcr to lcarn thc Minirnax al-rorithm. a lcarncr will bc proviclcd with tht'ce tasks:
a) thc lask of thc refinins of a gamc trcc;
b) the task o{' thc propagation of valucs:
c) thc task ol ' thc dctcnnining t ire rvinning paths.

Thc tasks arc sccluclttial. that is, thc lcalnel coulcl be able to stafi the next task if he/she has
pcrlbrrnccl the prcvious onc successlul ly.

All taslis havc hecn dividcd into subtasks. For example, thc task of the refining a gamc trcc
cor.rsists o[ ' thrce suhtasks (Figurc 3):

subtask l: a gamc lrcc holds thc arcs bcl.ween nodes on the same level;
Subtask 2: a gamc trcc holcls thc arcs bctween nodes over levels,
subtask 3: a siure trcc holds lhc arcs of both aboveme ntioned kinds.

Subtask 2

126
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Thc subtasks can be clcscr ibed as lbl lows:
l . sub tasks

Prccondit ion: Nonc becausc i t  is thc { ' i rst  subtask
Dcscription: The gamc 1r'ec that ha.s arcs bctween nodes on thc same ievcl

i r rc  p lcscn tc r l  to  l r  l cu l r rc l '
Purposc: To teach thc crcat ing o[ 'correct game trce. dclct ing lhe wrong

arcs bctrvccn thc nodcs on thc same lcvcl
2 .subtasks

Prccondition: Thc first subtasks is solvcd corrcctly
Dcscript ion: The game tree that has alcs betrveen nodes over lcvcls arc

prcsellted 1o a lcarner'
Pulposc: To tcach thc clcat ing o1'corrcct game tree, deiet ing the wrong

arcs betwccn nocles clver leveis
3 .  sub tasks

Prccondit ion: The sccond subtask is solvcd corrcct lv
Dcscl ipl iorr :  Thc gamc t lcc that hus both arcs bctwecn noclcs over lcvels ancl

arcs betrvcen nodes on thc sarlc level are prcseutecl to a lealncr
Purposc: To tcach prcviously lcatnecl ski l ls 1o - tct  thc col lect gamc trcc

The hints,  rvhich a lcarncl  can gct.  i { 'he/she acts i r-rcorrect ly.  have been def ined fbr al l
tasks. For cxample, the learnel rvill rcccivc l'ccdback {r'om syslcm alicr cach his/her action
during thc task of the ref in ing o1 a game tree. I f 'he/shc deletcs the wrong arc. then hc/shc wi l l
be praiscd. Othenvisc, onc of thc lbllowing hints will be presented to a lealner:

a) thc systcm rvill point to the last arc that was deleted correctly:
b) thc systcrr  wi l l  point out one of the lcvcls,  whct 'c thc wrolrg arcs cxist :
c) thc systcm wi l l  point onc of the wrong arcs:
cl)  thc systcms wi l l  rcf  inc a gamc t tcc by i tscl l ' .

Thc intcl l igent tutor ing systcm lbr Minirnax algori thr l  uscs two kinds o{ 'student rnodel.
The sholt- term model is crcated lor cvcry lcarning scssion. I t  contaius thc inlbrrnat ion aboul
thc lcarncr ' 's act ion and the rcccivcd hinls in thc cur lcnt lcarning scssion. Thc long-tcrr l
studcnt moclcl  stores inlbrrnat ion ab<;ut lhe lask and the subtask that rnusl  bc solvccl .  This
modcl is uscd a[ thc beginning of thc ncw lcarning scssion ancl f  in ishing thc cun'cut session.
At the bcginnin-t  of  the ncw lcarning scssion the inlbrmation i lorn the long-telm stuclent
mociel  is read and in accorclancc rvi th i t  thc subtask ol"cclr lesponding task is prcsented to the
lcarncr ' .  Finishing the currcnt lcarning scssior-r  rn{brmation f t 'orn thc short- tcrm modcl is
extractccl  anr l  postcd to this modcl.  as rvcl l  as thc inlolmation about the last task and subtask
is storcd.

Bccausc o1'plais ing the lcamer al iel  each l isht act ion thc storagc o( ' thc praising phrascs is
ncccssary. Thc i tcrns have becn cxtractcd iu thc random way.

The lbl lorving cornponcnts cornprisc thc intcr l i icc o1' the system lbl  the pl 'esent:
o thc field Ibr system's mcssagcs. whele the system's corrn-rcrrtarics about learner's

irct ions and i ts guidel ines. as wel l  as praising phrascs is prescnted.
o the f ield lbr system's hints, rvhere system's hints is presented fbrcedly, if the lealner

ac ts  incor rec t ly l
. soulc tools that allow thc lcarnct' to choose hint. i1'hc/she cannot solve the task;
o thc f  ic ld lbr output of the text ol ' the subtask;
o thc work alea and thc toolbar.
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Thc cxpcrt  mociulc clocs not storc sornc inlbrurat ion. I t  only generates the r ight solut ion to
thc givcn subtask aucl cornparcs l t  r i , i th thc lerrncr"s solut ion. Thus, this modcl contains the
sc t  o f -a lgor i th rns  lb r  so lv in_g o{ ' thc  subtas l t .

The dort tair t  nrodcl part ly has bccn alrcacly iniplcmented. I t  stores the thcoret ical  iearning
nlatcf  ia l .  u. 'h ich is pt 'cscntcd [o thc le alncr.  i f  he/she cannot solvc thc tusk. The tutor ial  mocle
is providcd. l t  consists ol 's l ides ol ' thc thcorct ical  lealning matcr ial  anr i  provicles navigat ion
faci l i t ics.  that is.  the abi l r ty 1t l  movc to lhc ncxt s l ide and to lhe prcvious sl ic le.  as wcl l  as to
choosc thc sl idc by iLs hcat l ing. This modc automatical ly st iu ' ts al icr  register ing of new
studctt t  i r t  thc systcnt" In thc case. i [  he/slrc just has some knowlcdge about the Minirnax
algolithm, hc/shc coulcl bc ablc to skip this mode. A sLudent could be able to stzut solving
cxcrciscs al icr hc/shc u,oult l  bc succcssl 'u l ly pcrformed a test about basic concepts al icr  thi
tuttlt ' ial tnode. A studcnt that has ah'cady lcgistcrccl in thc system could be able to choose the
tutor ial  tnor lc start ing uew lcanring scssion. i l 'he/she needs rccal l  some concepts. Thc simple
t 'cacl ivc agcnt I l4 l  supporls thc tutor ir l  n-rodc. l t  perceivcs the lcalneL's trct ions such as the
choicc of 'a part iculat 's l ic lc by i ts hcading or the cl ick on thc button rcsponsible fbr the moving
to thc ncxt s l idc ancl changes thc contcnt of  thc culrcni  s l ic le.

Thc gan-rc trccs havc bcen gcttcrated clynamically instcacl of prcpared in aclvancc. They arc
abstract oncs anci aro n()t rclatcd to thc sclrne pu'ticular -{arne.

. l t t  ordcr to provide lhc tcachcl the abi l i ty lo managc the leaming matcf ial .  s imultancously
rvi th the i rnplctnctr tat ictn o1'  thc intcl l igent tutor ing system thc shel l  o1'  thc editor of  thc
lcart t i t t - t t  matcr ial  is dcr,clopcd. The main pulpose ol ' the editor is to al lolv the teacher to add
ncrv sl idcs. to ntocl i f 'y c lr  1o Lcmovc cxistcnl  s l idcs, as rvel l  as to create new chapters of the
lcarnitt{: coursc or crcatc nerv lcarnir-rg coursc rvithout prograrnming. The editor provides a
blank sl ic lc i r t  ivhich the leacher cun put sorne tcxt ancl  images. as wel l  as cau dcf ine i ts
hea{11.,*.  l t r  i r -r turc this ccl i tor u, i l l  a lk;rv to load text fbl  s l ides t}om some wel l-known text
cditot's such as [\,lS Wold. l\,1S Notcparl rncl I\4S Wor.riPad.

6. Conclusion and l'uture rvork

fhc dcvcloplrcl.)t o1' the prototypc of thc intelli_qent tutoring system for Minimax algor.ithm
nor'v is in progrcss. The gcncral principlcs o1' the functioning of the system have been
unclct'stoocl and thc main parts of its alchitecturc havc bcen idcntified. Howcver, thc right
telichitt-u stl ' lt logy has not been clctcnnincd yct, as well as the information that will be stor.ecl in
thc stuclcnt ntodcl hrts ttot bccn clefincd complctcly yct. Theletbrc the lilst dircction of the
luturc u,t t t 'k is thc cleve-loprncnt ol ' the dclai led architecture o{ ' thc system. determining and
spccify ing cl tch ccl l lpotrcl t t ,  i ts pur.pose aud lunct ions, as wel l  as relat ions to other
cornpoltcnts.

Thc scconcl c l i rcct iou is the trausforn- iat iou o1- the systcrn architecture into agent-based
architcctut 'c and thc clcvcloprncnt o( ' the anirnated pedagogical  agent.  As i t  is mentioned irr
[15] tho agcnt-bascd technology is a vcly plornising apploach to the i rnplementat ion o1'
inlc l l igcnt lu lor i l . lg syslcnts as i t  al lor,vs to pass f t 'om the monol i thic structule ol 'such systems
to thc st l 'uclurc ol ' r 'c lal ivclv indcpcnt leut colnpoucnts improving the expandabi i i ty ancl  rcuse
ol ' intcl l igcl t t  lutof i l t -s systcn- ls u.s r i ,c l l  l rs thei f  rnaintainabi l i ty.  In order to cief ine an agcnt-
basccl  urchi tectLtt 'c of  intcl l igcnt tutor ing systcm lbr Minirnax algori thm i t  is necessat 'y to
dctct ' t t r inc rvhat cornpot-tcnls ol-  intel l igcnt tutor in-{  systcms can bc implcmented as agents.
lvhal lirnctions ascnts can pcr'litrrn in cach cotnponent and which agent types can be usetl. The
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animated pedagogical agent will be responsible lbr presenting of the l-ecdback to a lealncr
making thc leaming proccss morc intelcstin-t ancl similar to entertainment.

The third dircction oi' thc luture work can be rclatecl with the cievclopmcnt of rnore
gcncral-purpose a.r'chitecture, that is, the systern that is not intended fol I spccif ic subjcct, but
is ablc to opcratc corrcctly n,i th di{fcrent subjects. This recluires the dcvclopr-nent o1. somc
shells al lolving to managc the knorvledge o1'thc intel l igcnt tutoring systclt ' t  about dclmain,
teaching stratc_ries and lealner'.
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