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Data Structures wlth Ada Package.s' laboratories' Animations
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IndactioD

Thc ahta strcunEs aoursc i5 onc of tbc oldrst rnd Bost st'_

blc colrsas itr thc computcr scicncc ctltdc{lue. It has bccn
DEscnt in aI modcl clfticuls lnd curicuhm llcommcrda_
lLons fton 196? on, snd its cortc hrs r.mrin d rcE{l_

$ly ltablc.

over thc hillory of thp drt! sFrcturcs coursq lDtry lools

ltd aFpolcbas hrvc b€.n inEodu.ld sod cfi.rtivcly

cEploycd. This paPr dBcribcs a coursc th'l was &suncd
usins r cmbitrldon of tlElr such tools: tbc Adr Prograrn'
-ini f"ogurgo, ag*i L vislralit tion atrd simatio& snd

t"t*"*i* *itl o,poi..Dtd algoritbE !ntly3i!. Th. tools
d4Elop.d .!d ur.d uE d6scribcd h &t!il

Th. Ar|r Progr.E oiDg l-srgulg!

Thc uac of Ada in tb. dna sEucoltls cousc w's pion'qrd

by FsldEr! [3] atrd noll rcclldy advocst i by Sihlr [6]'
Scv€nl r,!ry good dslA strucltca tc)(tbook a& basad oo lba

Ada bng!.gp hcluditrg FcldmaD [21' Wci$ [9], H lrn t41'
end Sobbs rd Wcblt [8].

Thc sd\'&tagcs of Ada in a data sEucur&s cou$c includc
rh. followilg:
. Packagcs.nd prirnt. tyPcs tllow thc coEPlctc imple-

mcntalion of absFact dala lyPrs i$ludiry cocapsdario!
end lbc scporatioD of 6pcciication fioe imPldDcnlation.

. G€ncrics cnablo s$ddls to wot at . highcr lcvcl of
rtEtrrction when cotstuctilg absEact &ta tyP€s.

. Exccptio! ht ling c.n bc iiclud.! wilhin eb6Eact &ta
typcs to fidhcrc rtrc! cnc.p$rlation.

In rbc course dqscrib€d hdl, srudcnb w€!€ Providcd wirh a
libEry of Ada paclagcs wbich lhcy u!€d in lhcir Fogratn-
ning Eojccts atrd l,.boBtory cxcrciscs. This dubled thc
studcnb to u5o the data sEuculIls in their own Progltrls

Pqmi!{rid to iEL.IgldlM @9yd.I aFtolt{s |rc|lft.FsorEl d
'chgur E b gnLd rilun lt Fw*Ld t'.t coti.4 fiattsh c
dbtllr!.d hD.ofit.. o.dl..d ditdntag., tE c.fylt|{ mt q ih. td.
o{ d€ Fff.dnn 'td ili dd. .p!€at,.d t|dc. b gi|/gl ttr cqFq b bv

F€nr&ioiolACI,bc.Tocopyodlrt.'bl€P(n[d\toF06rorle..r's3c
tollditt .bfEr!,nanliFir3t ldft FtrilEbtdh..l€a
srss6Act08gDl{4$2860007-5150

*ilhout nccding to iDploocot itlem in d.tail. Thc codr fro6

tbe packagcs was aveibblc fG studcnts to cxEmirc atrd wa5

us.d in dle class to {id in ttlc unde$ttDditrg of data sEucnltl
lnd algorithm implcmcnlation.

PackaScs dat wclc providcd in drc library 3rc:
. AVLTr.rs
. Rdional nutrlbcls
. Unlinitcd prccisior in&gcrs
' Bindy sctrch trccs
. BinarY bclls
. Lrfrist hcrps
. Linkcd lists
. eurucs
. Slacks
. 8-ttcs
' SPIaY trcc€

Somc of thcs! packagcs wcn edaptcd Aom thosc foud in

\l'ciss [9].

AtgorithmVrsu.lizrtioE3 .|ld ADid.tiols

Alcoritbm visuslizadon rnd ani$ation b.s bcon us.d suc-
*inrlu in dua strucn r." cou$cs for somc tinc. Exanplcs
r!. found in Bmwr [U and Naps [t. Tools ha€ bcor

darcribcd which facilitat dle drvclopEcnr of 6csc aliba'
dons. The tool choscD for usc in &c prcscnt Foj.ri is

Xrango [?l.

I[ th. prlsala data sEuclrIEs cours€, visualizatio$ rld rai-
matioas are us€d for both clsssrooo dcmo$talior ind lab_
oratory cxcrcbcs. Th€ adtrtatiols ars itrtctdcd to clhdcc
sludent und.nranding of algorithEs, p.nicukly siocc thc
*ud.nts do not writ. codc !o imPlcmcnt the algoritbms ir
rDost cases. Mrny animatiols ilbsFate tbe algolitld
ihrough an aninalioD thar is vicw€d sinullao.ously wiih th.
Ada codc which implcmcnts the algoEithD. Ada statancnb
i! thc codc dis?lay arc bighlighted as lhoir acliotr is ad-

Many admalions are provided with the distribution of
Xfa.go. Somc of these w€r€ found to bc approPdate for use
h the data stucnms cotrse. oft€tr *itb mimr modifca_
tions. In additioo, other aoimatiotrs wcre d€v€lop€d as a part
of the course devclopmmt Foject Thosc dcvclopcd w€re:
. Unk€d lists with iDscrtion. deledon. ad serch
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. hfx to Posdx exprassi": **.'Y:".

. Binrry s€€rch d€e rtrscluotr ano oclcuon

. AvL E€r ins€ftron

. spbyaa rotaoon

. B-nEa nsctfron

Eir3mpl€ A.ninatioDj

Ad*4siotr i5 lhc name givcn to tbc algorilbm tnimarion

sysen dcvclopcd for this projccl Adavision coobiDcs Ada

Joa. *it ayou-i" l-"s"t !o sclt€ as a &achhg tool for

d$. saucturc coutscs tAtlght in Ada" Usitrg tbc algoritbm

lrirFriotr paEkagc )Clmgo, ardmations arc cfiatcd so stu_

dcn6 may vicw thc conncction bchl€c! Ada co'la tnd lhc

acdon of ilgorilbms on drta and dara stuctu€'s. Thc Ada

codc asso.iatcd with .3ch algoti$m appcals ir lhc dis?lay

!rca of lc!a[go. In sonc cascs' Proccducs which all no[

cxplicitly disdaycd alr us.i in ord.r to simplfy th' codc-

Thc stucluls and data involvcd in a! algodlhm arc rlPrc-

s.ncd by inagcs. Thcsc iEDg6 movc as thc rrsult of intcr-

csdne avcnts, such as thc inscnion of a dodc into a Elc or

rlr iovcncnt of a liak in a rclation. At lhc bcgihning of

csch ariroarion, lhc fnt linc of Ada cod. is trigblighud by a

r!.tangulrl inagc, Succc.ding lincs of codc rtE highliSht d
as ihey arc cxccuicd, Th. uscl observcs thc imagc movc_
mcrt taling placc in corjunction l'ith lhc codc highlightirg.
Tlvo of lhc adFations, Unktd List and AvL Trc. Rola_
dons, at! dcsdibcd bclow

LiDt d List

Thc list animation dcmonstrates how inscrts, dclctcs' and
6trds src done on a linkcd list with a dummy hcadcr node.
Inscrt say bc donc at .ry Poinr widdn dle lisr dclcte will
r€movc all occurrcnc.s of a pafticular valuc fton thc list,
snd find will scarch for thc fun occuEncc of a vsluc io thc
lisL

Xlango's animation window apPea$, and aftc! lhc 'run anl-
mation' butron is click€4 a[ int r3 tion with thc user
occurs in th. shell window. A mcnu is displaycd th€re, giv-
ing thc us€r the options of inseniog a rcde, delcting a nodc,
finding a node. or quiaing the applic-ation

If lbc uscr chooses to i[scn a node, Jhe wi be prompted
fd the value to b€ ins€rtc4 and thcn promptcd for the
desired place to inscn the node: citber at the $art of dle Ist'
thc cnd of lhc list, or aftcr another user-specificd node. If dlc
user desiEs lo delete a noale, s/he will be prompt€d for the
value ro be deleted and itrJormcd lhat all nodes contAin-ing
the value wil be deleted ff the user chooses to 6nd a value
in the tist, s/he will be promPted for dD rdue to find, and
iDforEred that only the 6$t occu.rencc of thc value will be
founrL Aftcr all inJorrration for a panicular opqation has
bccn satlered ftom lh€ user, the aninarion begms-

In atr ils€rt, aD cxtemal Poinrcr 6ods thc trode to be inscdcd
sfte(, and a new nod€ is dravn and added to the list In a
d.Lt€, ar crtcmsl pointcr fsds boih ihe lode to be delet4d
,trd thc no& immcdiatcly before it pdor to deletrng the
rode. Ir 6 faq s compadsor is animated bct*€'[ cach clc-
mcft of tlc list a[d tlle dtrd valu€. The 6trd r€lue apP.{rs in
thc lowcl lcft comer of thc dis?lay atea, ,!d a! each elcEent
is visite4 lhe fitrd laluc Erovcs rcxt to the value of the !ode.
If |hc valucs nalch, the imagas flash. If they do no! marcb
the find valuc rctums to its Pta., in the corn€r.

Nodes arE rEpE6€ntcd by divid.d rEctnglcs. Tbe lcft half of
thc rcctangle contsins thc \Eluc of thc node, whilc the dght
hslf holds apoi .rto tbc rcxt nodc. Any ext mal pohtcrs'
such as thos€ us.d to 6trd a ccrtain node in the lisl, sPpea!
and movc along the botoo of lhc list image. The codc cor_
rrsponding to c€ch opcralion app€$ at lho top of thc ani-
dation windoq and aft.r an oPcrdion is comPlctc4 ir is
cEscd. The originsl list consists of a poincr nam€d HEAD
rhat points to a durDmy hc!d.r, th{t is, an cEpty [ode whosc
pointcr fictd poirts lo NULL. As lists bccomc long, thcy
wil movc off ttle display llta b thc righL Thc inagcs can
still bc vio*cd by using thc anov, bunons on thc lcft sid. of

thc Xfango *indow

PR-!dI := frid ilnPul-v!1u., u;
lap :: nd liod.'fi. Pr.vJ.II.X.xr)l

T@

Figure l. lnscrtirg a node st the st!fi of r linlcd list

AVL Tr€€ Rot rion

Adavision's 'avlrotat' denoDstrates singlc and double rota_
rions of ar AVL Eee upor the irucdion of an clement The
user Inay view any of four rotarioN as matry times as
dcsircd by choosing an option numbs id a shel window
after clicking XTango's 'Run Arimation' button.

In the single left rotation, rhere exist rcdes A and B. where
A is thc original root of rhe E€€ and B, As left child, is the
root which resolts ftom the rotation. The Eee is flled in by
tblee hiangles wb.icb represent subtrees of depth 'n'. Tbe
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doublc lcft .oulion coosists of lhl!. nodc ieag€s: A' the
origiDal moq B, As Ieft child; and C, wtrich is B's dght
cbild ald lhe Bcw root. Itr this casc, tb€ tre is fll.d by two
tiaryd.r subtrcs of &pth l\ ad tflo liarguld srbtcas of
dsp& 'n+1'. Thc nodct in €och rotdtion a! conMied to

subllrs by way of 'linlis,' which scrvc as poiDicrs to nodcs
i[ lhe tec. Th€ siryle rigbt atrd alouble ight rctadons ale

mifior images of thc lcft rctations.

Thc clcnont is rqrus€nt€d by a s[nl, orang€ Eiarglc
which f$t apF{rs in dle top riSht'btnd corncr of thc
X$trgo wirdow. After wor*ing its way down (hc trcc itr
stadrrd binary s.3rcb te! fashion, lhc clemod aalche's' or
inscrts, itsclf to thc botlom of a subtcc' potlntially causing
tbc E c to bccome unbalarccd Thc clemcnt is ins€rt€d into
thc lcft-most subE e of th! pivot fo! thc singlc lcfl mlation'
thc righ-most subdt€ for lhc single dght rctatioD' thc right
subEcc of thc lcft child of lhc Pivot for thc doublc left rota_
tio!, and tbc Icft subElc of tbc right child of lhc pivot for
tbc doublc dght rotation.

Each rorarion also brs its own disPlay of Ada codc. As.ach
linc of codc is bighlightt4 thc apPropriat! lint movcmcnt is
pcrformrd- Oncc all links arc in Position' thc rcation
o.cr.Es. Thc iDage at cach nodc Dovos to ils Dcw Positiod in
tle balaNcd t€c and thc linls arc r€drawn accordinSly.

8.!!i[-ji-lu i!!!J

Figur 2. Thc repositioning of lid(s duc to tbe ilscrtioo of
str clcncnii o a subt€e.

Figore 3. A balanced AVL tr€€ following the perfornance

of a double dght rotation.

A / \
1l
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Ite Iaboletori€s

Th.[€ arc cight laboratory crcrcises wdner for this cous..
Sonc of rl€sc rcquire 6c studd*s to !5c a Pack gc calcd
THREADS Cf€sl l{arncss for dlc Rcpcat d Ex.clrtion of
Ada on D.ia Sa{ctues). THRBADS is d.s$ib.d h thc fol-
lowing s.ctioD-

Trtlcs and bicf descriptions of the labontories srE g l'n

1. Writing 3n Ada progr.m
Thc sordrnb ar€ itrtoduccd to lhe Ade larguagc by wit_
itrg a progtaD !o computc thc nth powcl of2 lsitrg inte-
gcrs atrd flosts. Tbcy arc abo .quirld ro \tritc a
progra$ which uscs Ncwton's mclhod to calculatc the
squarc roo! of 2 Studcnts obscrv. thc limitarions of sizc
and aclulrcl wih Ada's buih-in tum.ric tyPcs.

2. Using Adr Packag€s
Studcnb usc a packagc callcd Big-In&gcr to obbin
rcsulB for larycr powcrs of 2. Thcy also usc a rational
numbct psck gc to oboin moa! acorata rcsuhs for thc
squaF rool of 2.

3. Using Ccncric Packages
Studcnts ulc a gcncdc tationsl packagc alld instantiat it
for Big-Integcr to incrcase the accun f of thc squlrl
root of 2 calcul|riod,

4. Big Oh Sarnpling
Fiv. algoritbms atE providcd io Ada programs with v8i_
oua Big Oh wluls. Studcnts rur| thc'sc lbrough
THREADS l,o obscrvo thcir timing bchavior both in tab-
ular and graphicd form.

5. Big Oh Dctcrminarion
Sbdents work wilh l0 algoritbms whos. big Oh bchav-
iors $ey mlst rnelyrc rnd observe.

SEcks and Queucs
S0rdeds run arimatiots in Xfango to observe ar|d ana-
lyzc the bchavior of a stack (Inix to Posdx convcrsion)
and a queue (Post Ofrcc Qucuc Sieulation).

comparison ofAvl ard Binary search Tr!€6
stud€ s ule packages for AvL E !s and Biray search
tces to obscn€ rnd comparc thci! bcbaviors in terEs of
scarch/inscrtiotr timcs atrd avcragc dcpth of atr clemcnt
in rhe tec. THREADS is used to perform the analysis on

'  1.

--.-/-^----...-

8. Son Comparisons
THREADS is used to compare rhe behador of five dif-
ferenr son algorithns over various dala distributiors.

TEREA.DS: I Data Shucrt[6 Lal,oratory Thst Earess

Mary cip€riments thar 3re perforned h the laborarori€s
iftolve running tests on algorithms that have b€€n inple-
nented using Ada package.s. These tests produc€d resuhs

34



Sa$olc Distibudon: The statistical Fobability disEi-

burion uscd to g.[etat€d thc llndom alata set-

Sanolc ordcE Tb€ o(cnt of ordldng impoced o! clo_

DeG in tbe d@ sc! ftc dcfadt scttitrgs are for a rm

clcnclq canPlctcly ulsorcd dat scr g'Eiatld lan'

domly ftom a nnifoEr random disditr.don'

firr can b. m€a$ftd and amlyzld workhg inrbe lab gives

ffiJts oc ctt-* o t" more diretty itrrolv'd in dcir

ifiirg, io"t"a.iog ttrc 
"tount 

of informltioo thcv rctlitt'

soEr. of d|c Ada packages will b€-wril@n by &c s[rdtnts
',#""i"o, 

t tt tit" * ptovidcd bv lhc instucror' h this

Hi[ .*a"no .* 
"*p"t"a 

!o mol! data sulctufts and

i-JUtU". Stoa.os *itt tPeod thcir time secirg and cxPc-

li.i"i u. 
"n "r. 

.r *g"itbns instoad of actualv codits

iil-J,i*,t-" ard conrsPonding datr stuctutt's Thjs

LorA-it*."" their ability to analyz' thc cffcctivcnass

I-aroi otacnty of aif.tcot approachls ro r problcm'

THREADS Ctcst Halness for Rcpctitiv' Experimcnls oD

-eaa pao SrucoFs) is a ool thal car bc uscd to n.tn icsts

oia"ru .r*t""t uoa agodthms' rcponing ba'k ro tht uscr

romc typc of lbc mc5suEmcnt of thc t€sl. 'lhc Ests atl
'[""1 ii1' ercgram thar at' itnPlcmc 'd scparattly' and

i"v U" *dl ioa *o ."Prat'ly as wcll A! rtbrwiaird

drsual for TIiREADS foUows

Thr basic idra bcbiDd TSREADS is i[usE!r'-d bv d|c fol-

lor,ilg chrn

Frgut! 4. Conigurations for TSREADS

THREADS gmctares a daia sc( bascd on inforDadon given

bv thc us.r. This data sct is uscd by a black box to ru! onc

cxocrimcnu Uoon fte black box's conplction, i! rEtMs to

TIiIREA-DS 6c s'Inpl. sizc of rhc dara sct and an integ'r

mcasursrcnt of tllc tesr' Th. mcrsurmcnt will bc i$lud'd

in a tablc thal tc€ps track of each expaincnt tllc usd ns'

Rrltrd.oc IHREADS briogs uP thc int'rhcc showr in Fig'

urE 5- il informadon nc.ded for fic dau set is irput ir the

apfrofEialc pla.!'s by tlle user. The panmcters thc uscr may

dcsrgBrta src as follows:

Mcthod: The black box to use for thc cxPctiment

'Write to File: The lamed fil€ where tbe dala set is

stored- If no file is designare4 a

!.mporary default 6lc will be us'd'

write Path: The palh to the di.ecrory where t data and

61es will be written.

Usc File: Th€ Paft atrd name of a data set !o be used in

place of a filc generat€d bv THREADS'

Srmple Size: The number of clemenis itr tle ilera s€L

Fisur. 5. THREADS Windolv

M!1h94. Thc black box proccss is sp'wncd bv thc

ffips pto".tt. whcn THREA.DS cxccuus a black

box, ir givcs thc black box a dal6 sct gcnorattd by

TIS€ADS. It drcn writs for lhc black box to rrlurn wbcn

ihc black bot rrtrrns, THREADS t k s thc date and wdtcs

i! to thc Tbblc of Mctsurmcnb. Thc black box rEtums 2

in&gcrs. 'Ihs frrs1 is $e sizt of thc data s€t snd dlc sccond is

thc mcasulmontfiat the black box rltufns.

Th? mcaning of thc mcasurEmclrt leomed by lhe blecl box

wi vsry d.Pcldbg oo which black box is bcing run ln

som. cascs thc mcasulEm.nr may bc thc numbcr of cogrPa!_

isotrs thal welrPerfofircd inasortroutinc ln lhc cas' ofthc

binary seaEh dcc cxFtiments' tbc lrcasurcmcnt rcllE6dm

th! avcragc dcptb ofa nod€ in de Etc ln 'll csscs' howcver'

rhc neasurcrrerr will bc a non_negative intcgcr uscful in

amtvzinq thc cff€cdvercss o! eficiefty of a c€rtaio data

structfe-or algorithro for a psnicui5I data sel Thc measllte-

nents F$rmcd ftoE diffcrent exPcri$erts cln thcn be com_

pa€d agailst elch othcr to aid the user's a!aly$s'

grilelqElel The text field labeled "wrire to Fitc:" takes a

ranr as input I{ a oame is specific4 the gcrcrated data set

vil bc saved !o a frle wilh tbat name itr ihe dfieclory specr-

fied h the 'Writ€ Parh" lext ficld- If no ntse is sPccified

the data s.t will be sav€d to a t€nporary 6lc'

write lhth. The 'Write Pa$:" iext 6eld t &es a parh stsilg
as input- THREADS will not op€rate until a valid paih is
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1
sivetr. Tbc aad sEi.ng nc€ds to be a path wherE thc uscr h,s

["4 -a 
";tite 

pcrnissioos' THREADS rsds ard writ€s

i-" ar|a nf"". ft i ot"ot r€d and c/dtc its data' it wil

o*1r* o.o".ty. It u. u""t dEdPts 'o ruD a bhcl box

",iuo,t 
oipiog'ut *i . palb' a loticc pronpt win aPpc{r

and oorify thc ustr o supply TIIREADS wrir &€ approPn-

lJrqEilgi Tbc {sc FilcJ' tcxt 6€ld Ekes.a sEirg ss inpul'

ffifr.oiog.*, coo,io tlr cntirc parh and oas' of rhe

;; il . ; used- r a valid Path and ranc is sivcn'
iiieoi *ur ,rsc lhis daa sct fd rtc black box instcad of

"iro"tt " " 
o"* a*.t. THREADS will usc s sPcci6'd

li. .o 6rot" g"n*iog a ncw drra sct Thcrcforc' if lhc

icr *lJ*. gio..* 
" 

ot* drd' s€t' tbc sting in thc "Usc

Filc' t xt ficld hust hc dclctcd.

Smglgsjrc: Thc slsplc sizc 6cld allo s.dlc ulcr to c er

ttr" nu.bo of 
"1".*o 

to bc i@ludcd in tbe data s'q rlng-

;;-t"nr i. l0ooo. Thc sanPl' sizc bsv bc ch&gcd bv

us-inq thc mousc o click on thc uPdown arrows' or by m!n-

Jii"oatiag tn" .it" ioo thc tcit 6cld Tbc dtfrull is 100

clcmcDls.

SloDl-DirEilstiqDi Sa[tpl€ disEibution iEdicatrs tlc tvpc

iiiiriTaoto.o io *tti"n ttt" di6ta clcEcnts arc to bc distrib-

utca neIE arc six aficrcnt distdbuaions ro choose ftom:

unifomu cxponcntial, oormal' gallsu' Poisson' and bino-

Eial.

To lha righ! of thc SePIc Distibution' th"E is a button

ul"ta 'inrib,ltion pu""mcrcts'. If rhis butlon is clickrd a

windou, pahcl with numbor 6clds wil aPpca!'

$er!D!r-.lQs!!Ii Thc sanple order ref€rs to 9" 
d"o* 

"t
ffi Oe u"cruotla Uke in dlc dara sct !o be lpr€N"tcd'

nnchs fron -l0O to lO0. A sePlc ordct of 100 means lbat

r& if &c a"ia 
"'itl 

t io incrEasing sorEd ods- A $D'

Dlc ord.r of -lm mca[s lhar 10096 of tbc d6ta is in dlcrtss-
'ine 

soned order. A samplc odcr of zem mcaDs thu $! d'r'

isin pe*ecrfy raldon odcr' Any v6luc b'$ecn -lm tad

ioo ii *".p,itr". .q *"t* of 50 meatrs thd |be ftst 50% of

,fle a"r" i.'io i""."""iog .oned ordcr' thc (emabdcr is ir

Bndon o[(lcr.

Dda.lsgi Thc deta set fu gcncraltd bsscd otr thc-iofornalion

flm uc 
".npt 

siz.. aisitution, ad odcr 6clds Thc cle'

mcnb aI! Irndomly gcDerat d !o firlill thc uscr's nquitE-

mcnis. A data sct can slso comc ftoD t imPon'd ilatl sct

;ing thc "Usc Filc:" Ext 6cld bv supPlyiog a Pnth and

namc.

Thblc of MecruEmcnts: Sincc dala scts mty bc savc<l u

iil-il ign*o uy ,t" ot".' cxp'dmcn$ nay bc rcPcrttd'
Tbc table of mcasurcEents frofiI 3n cxP'riDcnt scs$on may

also bc savcd, ao the uscr may comc back to drc data 6t a

Iatar dlrc !o continuc analysis or cvc! add to thc prcvbus

.rocrincnr rccrra" Tattcs rIE savcd by clictirg thc ridt

.ius" Uunon whilc on lhc lablc Fron thc 'Filc' mdru

"ioos" 
ttc option 'Savc as ' and a sav' window will

a5D!ar. To load in a prcviously sav'd bblc' choosc lhc

Figurc 6. DistributioD Paramctcls witrdow

Wlth this disttihxion window Paoel, the user can modify

the disttibudons by changing thc parancte$ ior €€ch disEr-

budon.

Thes€ distibutiols can bc ulcd to evaluatc how lhe disEibu-

iioD of dia can aficct iliff€tElt dala sEuclrlles For most

crses. Unifotm disEibution is suffciedt. Fuu$c wo* on dis-

tribuiom includes tbc developmerr of black boxcs that tully

udlize lhe Sample Disldbutiod featue of THREADS'

option 'OPm' ftom thc 'Fil€' mcnu'

Run Exrc;m.ti: WhcD thc 'RuD ExPcridcnl' buuon ts

ii"t"a.[ior, ."t is g*"t"td snd wrinc! to drc tppropli-

at file. Ncrf thc black box Foccss is sPsm'd snd c-rc-

cut d. Wh thc black box fioishcs, thc ssmPlc sizc and

ncasurdrlcnt &e writtrn to ttlc tablc of ncrsulctretrts' If

rhc uscr h.s not provid.d TI{READS wih dlc aPProPna&

infoimarion, the uscr wi bc notificd to do 3o ard no cxPn-

mcrt will bc run. If thc black box atois or ctashcs' thc uscr

witt Uo notinca that Octc c/as ao enor in tb' black boJ( ad

no data wil bc wdtt n to thc bble.

gsa.lftl8bi whcn tllc 'vicw Graph' buoon is click'd' lhe

-.r"ut r.os curcntlv in thc Eblc wil bc uscd as the

"o*ainor, 
fot 

" 
gopt. Crapt are gEndat'd using thc X_

sindoua glzphing package XVGR ald nay be cr€st'! al

-" ooior in rtto 
"*potiut.nr 

sassion E ch gr4h is ptEduc€d

inlts own window with a uniquc titlc, wbch alows for ctsv

compadson bctw€cn graphs.

g.gcr.l3blg The Clcar Tablc' lutloo-alloq's th€ user to

clelr thc tablc ar any poi during a THREADS session'

This cMbles thc user to $an a new let of exPcriEcn6 at a$y

dme. When tb€ 'Clcar Tablc' boton is cliclcd a prompt wi

arDear askirg f tbcy r.ally want to clcar thc tablc ff "Cl$r

r:itu' ;s setcrrel" dc cable wiU bc cl€and If canccl is

selectrd, thc user will be retumed to TIIREADS vith no

charycs.
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Figule ?. E)qonc sclcction for Big Oh cocfficient suEma-

@l6cigltr: If thc 'Cocmcicnc' buton is clickrd' r small

window wilh 6vc buttons will alpcar (Figu. 7) Thc fivc

buBons arc log(t), n, nlog(n), n2, and n to sohc pou/er 'n'

bciry tho saEplc sizc. If one of dpse buttoDs is clickcd, an
wirdoi/ ydll .pp.-a! displaying rhc cocfficicnts of th{r Par-
riculrr Big Oh of tlc data in thc tablc. For cxamPlc, if lhc

datr in thc tabk is:

If thc tl2 buson is clickcd, tlr window wiu apPsr display-
ing:

100 6006.0000000008-{D

This mcaas that with n=loo atld yd0o, sn cxFtssion of the

form y=cn2 would tquirc c to b. 6.000q)00E-02. lf lhis
cocficicnt rcmains ralatively consta ovcr nratry Yalucs of
n, thc function rcpr€scntcd is a good candida& for thc bi8-
oh function ofthc black box proccss.

Hdti Hclp may bc foudd both by ctcking thc 'HelP' button
or thc THREADS window. or by F!.ssing thc hclp key on
tbc kcyboad. The btion or thc THREADS windo* will
opcn a pop-up witrdow that codains complete hclp text.
Pushine t|e 'hclp' key on thc kcyboad wi giv€ a shon
summrry of help for the spot on th€ window whffe thc cur-
sor is pointirg.

Ogir If the 'Quit' buttor is clickrd, a notic€ pronpt will
appear and ask if thc user realy wan6 to quit. If c$cel i5
s€I€.ted" the uler will be rcfi.Ened to the loain THREADS
plogram 'tithout any changes. U 'Quit' is selecred'
TI{READS vill exir and close all witrdows. Also wben
THREADS is quit, all tenpordry files will bo deleted $ no
unvtantEd files remain in the specified wdte Patb diEctory'

!8EADS-&Ed3L There is a snall tutorial Fogram lhat

is includti with THREADS. When this prograrn is run a

window opeDs tbat disPlays the compl€te hrto;al text in a

sdollable are3- This witrdow is siztd so that it can b€ placed

trext to the TIIREADS witrdow on the sase s€reetr fol easy
refercncc whetr wotking v/i6 TI{READS.

CondusioE

The studcnt r€rctioDs !o th€ use of tllc laboratories was
favonblc. They found ISREADS !o be a very usetrl tool as
well as €3sy to use, Tbelr e\€luadon of the laboaalories was
udfom y positivc, itrdicating tllat thc stuilcnts found them
intcrc$ing, instuctive, snd challctrgirg.

Thb coursc was oficrcd i! a scnitrg whcrc &e laborarorics
hsd to bc conplctcd outsidc of r.gularly scb.dulcd class
timc ard without thc instuctor's supervision. It would have
bccn bctter to havc scbedulcd and supcrviscd laboratory ses-
sions for complciion of thc laboralory cxcrciscs Also' thc
scoing u!.d madc thc laborarory .xcrcises individual efforis
{,hclcr.s a tcam cfrort q/ould bc morc cffcctivc.

Thc animatior! werc lsed in two settr[gs. Thc studcnb
wcrc given istuctions on thcir usc 8nd €ncoomg€d to run
ad obse c thcm. In lddition, thcy wcrc used for irclass
domonsEations. A closcd laboratory sctting would incr.asc
thc cfrcctivcncss of thc animations by pdnidiog an cffcc-
tivc combination of dcmonsradon and intcractive sMcnt

The succcss of the substitution of animations for stualcnt_
writtcn implemcntaliotrs is bci mcasu€d by the ability of
thc studcnts to understand thc data shruracs and associatcd
algorittms lnd to appty th€m in thcir tats work Si[c! all
studcnts ftom this class havc now completcd a subccqucnl
algoritfuns cbss, wc can state thal ltudcnts l€arning in this
lnvironsrcnt wcre ablc to und€rsttnd, apply, ad cxtend tlle
conccpts ofthis course as wcll as lhose who did more exten-
sive implcbentstioo ptogsnming.

Thc most problcmaiic aspcct of thcsc modifications was thc
us. of the Ada prognmhitrg language. Thc strdent rEaction
to tbe usc of Ada was uiformly negative. This was not a
rcslll of ihe language its.lf, which thc auihoE still betieve
to bc a vcry efrcltive vehiclc for thc demonstation of dala
structur.s, bu rarher duc !o local cotditions.

Itr all cou$es b the curriculum prior to lhis collls., the stu_
denls had 'rsed Pascal. Ir courses bcyond this onc, thcy ar€
either osing C++ or g !n a choice of language. The only
olhor cou$e in thc local cNlrriculuEl that uscs Ada heavily is
tlte progr.[lnidg laneuagps couse. As a resull the students
found thc on-the-fly tearning of Ada at the begiming of th.
data structues course to be a[ unnecessary burdc!. They
fett thar this burler came on top of iheir other rcsponsibili
ties for the class ard that thcre was littte futur€ valuc to be

dqived ftom lbis cfforl

As a result of the abovc obs€rvations, the tutri€ direction of
thi! effon ir to conven t!€ dala strucores coursq it Lbom-
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torics, and animatims to C++. The local cuniculllm has
trow b€cD DodiE d so thr! thr students 6lsr pmglm in Ci+
in a courso Fior io this oDq so tha! ni be no tine
fiquircd to lcan thc language. In additioa, the pr€vious
cou$cs low cEphasizc lbc objcct-oricnlcd approach, rnd
this approacb will bc intcgratcd i$o the daca stuctures
co|.|Iso and the laboratori€s as well.

Ihc incoduction of closed laboratori€s is ano6€r modifca-
tion that wi[ bc institrrtcd in fuorc offerings oftbis course.
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