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BU3HAYEHHS PE3YJIBTATIB TECTOBOI'O KOHTPOJIIO
3ACOBAMM HEJIIHIMHUX CIIMCKOBUX CTPYKTYP
ONPEJAEJIEHUE PE3YJIBbTATOB TECTOBOI'O KOHTPOJISA HA
OCHOBE HEJIMHEWHBIX CIUCOYHBIX CTPYKTYP
THE DETERMINATION OF TEST CONTROL RESULTS BY MEANS OF
THE NON-LINEAR LIST STRUCTURES
AHoTars
B crarTi po3risgaeTscs akTyaiabHa npodiemMa po3poOKH alanTUBHUX
CJIEKTPOHHUX MIAPYYHHUKIB 3 MOKIUBOCTSIMUA BU3HAYCHHS 1HANBIYJIbHOT
cTpaTerii HaBUYaHHS. 3 1I€H0 METOI0 3alPOTIOHOBAHO (hOPMaTBHUN TT1IX1]T IS
JOCTIIKEHHS Pe3yIbTaTiB TECTOBOTO KOHTPOIIIO HA OCHOBI BUKOPHCTAHHS
HEJTIHINHUX CIIUCKOBUX CTPYKTYp. JlOCSITHYTHI aHATITHYHUNA PO3B’ 30K 3a/1a4i
peaizoBaHO Ha MPAKTHUIII 3a JOIIOMOTOK0 MOBH TporpaMmyBaras Common Lisp.
AHHOTaLUS
B cratbe paccmaTpuBaeTcst akTyaiabHasi mpoOsema pa3paboTKy aJanTHBHBIX
CJIEKTPOHHBIX YI€OHUKOB C BO3MOXKHOCTSMHU OTPEICIICHUS] WHANBH Iy IbHOM
ctpateruu oOydenus. C 3Tol 1enblo NpeyiokeH (GopMaNbHbIA MOAXO0 AJIs
UCCIIEIOBAHMSI PE3YJIbTaTOB TECTOBOTO KOHTPOJISI HA OCHOBE MCIIOJIH30BAHMUS
HEJIMHEWHBIX CUCOYHBIX CTPYKTYP. JJOCTUTHYTOE aHAaTUTHYECKOE PEIICHHE
3aj]1auy MPAKTUYECKU PEeaM30BaHO Ha s3bIKe MporpammupoBanus Common Lisp.
Annotation
Development of the methodology of designing of electronic textbooks with an
opportunity of individual learning strategy’s identification is considered in the
article. In this regard a formal approach aimed at research of testing control results
Is suggested on the basis of the non-linear list structures. Analytical decision of the

objective has been elaborated and realised in practice in Common Lisp language.



Beryn
BaxnuBoro 3a1a4€10 TECTOBOTO KOHTPOJIIO 3HAHb Ta BMIHb CTY/ICHTIB €
3a0€3IeUeHHs] MOKJIMBOCTI TTOETHAHHS PE3Y/IbTATIB TECTY Y BUTJISII IT1ICYMKOBO1
(CHHTETHYHO1) OIIHKY Ta aHATITHYHOTO TIPEICTABIICHHS CKJIAIOBUX ITIE€T OIIHKY 3
MeTOI0 MOOYA0BH MOJAbIIOI cTpaTerii HapuaHHs [1]. Taka moctaHoBKa 3a1ayi
(baKTHUYHO T03BOJISE 3aKIACTH IMHAMIUHY MOJIETb CTY/IeHTa B 0a3y 3HaHb
TECTOBOTO KOMILIEKCY, SIKa, B CBOIO YEPTY, MOYKE BBAKATUCS MOIEIUTIO MPEIMETHOT
obnacti. EekTUBHICTh BUKOPHUCTAHHS B HABYAJIBHOMY IPOIEC] eIeKTPOHHHUX
nigpyunukiB (EII), siki, B1acHe, 00’ €IHYIOTh MOJIEI IPEIMETHOI 00J1acTi Ta
CTYJICHTa, B TIEPIILY YEPTy 3aJICKUTh BiJl CTYIICHI aIallTUBHOCTI HABYAJILHOTO
MaTepianty J0 IHIUBIIyalbHUX 0COOTUBOCTEN cTyaeHTa. [IeBHOTO piBHS
agantuBHOCT1 EIl MOXXHA HOCSITTH HAa OCHOBI BUKOPUCTAHHS MOJIENEH Ta
JITOPUTMIB, 1110 0A3yIOTHCS HA TEOPIi KIHIEBUX aBTOMATIB 1 MapKiBCKUX
naHmporie. B po6ori [2] mist moOynoBu aito4doi iHhopMaIliiHO-HaBYIbHOT
cuctemu “I'epect” Oysi0 3aCTOCOBAHO MOJIENb YIIPABIIHHA aJallTUBHUM
HABYaHHSM Ha OCHOBI Teopli KiHIIeBUX aBToMaTiB Mypa. [luM caMmum B OCHOBY
cucteMu OyJI0 3aKJIaJICHO CLIEHapii “IOKU HE HaBUy, TO HE BIAMYILY , a CYyTHICTb
ajanTalii mojsirae B MiArOTOBII JOJATKOBUX P03’ ICHIOBAJIbBHUX MaTepialiB s
CTYJICHTIB Y BUIIAJIKy HEJOCTATHHOT'O 3aCBOEHHS HUMU OCHOBHOT'O HaBUAJIHLHOTO
Marepiany.
Heo0ximHo 3ayBaXuTH, 110 B PeasIbHIN MPAKTUII HABYAIIBLHOTO MPOIIECY, OCOOIMBO
JMCTAHIIHOTO, JOCUTh YaCTO BUHUKAIOThH CUTYAIlii, KOJIM CTYACHT Ma€ MEeBH1
3HAHHS Ta HABUYKY 3 JUCITUIUTIHY, [0 BUKIATAETHCS. PeanbHe 3MEHIIIEHHS Yacy
Ha 3aCBOEHHS HaBUAJILHOTO MaTepially B I[IJIOMY Ta MiABUIIICHHS MOTHBAIIIT 70
HaBuyaHHs 3 EIl 115 Takux CTYJIEHTIB MOXKHA JTOCSATTH, SIKIIO MPOBECTH TIOTIEPETHE
3arajibHe TECTYBaHHS Ta, HA HOTO OCHOBI, BU3HAUUTHU 1HAUBIAYaIbHY IpOrpaMmy
HaBuaHHs [3]. MaTemaTuyHa MoJiens 3 [2] IbOTo HE JO3BOJISIE, X0Ua 3aCTOCOBAHA B
cuctemi “I'edect” nogaTkoBa 00’ €KTHA MOJENb TPHOXPIBHEBOI MOOYI0BU

HaBYAJILHOTO MaTepialy 4acTKOBO 3aKJIaJa€ OCHOBY JUIsl pO3B’SI3aHHS MTPOOJIEMH.



TakuM 4MHOM, IOCTAHOBKOIO 33/1a4i OyZIeMO BBa)KaTH BU3HAUCHHSI aHATITHYHOI
OLIIHKH T€CTOBOTO KOHTPOJIIO CTYACHTA 3 METOI0 MOOYI0BH 1HIMBITyalbHOI
CTpaterii HaBYaHHS.

Berymuienne
BaxxHol 3a1ayell TECTOBOI'O KOHTPOJIS 3HAHUN U YMEHUM CTYJACHTOB €CTh
oOecrieueHrne BO3MOKHOCTH 00bEIMHEHHE PE3YIbTAaTOB TECTA B BUE UTOTOBOM
(CMHTETHYECKOW) OLIEHKU U aHAJTUTHYECKOrO MPECTABIECHUS COCTABHBIX 3TOM
OLICHKHU C II€JIbI0 TIOCTPOCHUS JAalibHeel ctparerun ooyuyenue [1]. Takas
MOCTaHOBKA 33/1a4M (DAKTHUECKU MO3BOJIAET 3aJI0KUTh TUHAMUYECKYIO MOJIEIb
CTyJI€HTa B 0a3y 3HaHUI TECTOBOI0 KOMIUIEKCA, KOTOpasi, B CBOIO O4YEpPE/b, MOKET
CUMUTATHCS MOJIENbIO MpeAMETHON o0nacTu. D(H(PEKTUBHOCTD UCIIOIB30BaHUS B
y4eOHOM MpolIecce IEKTPOHHBIX YUeOHUKOB (DY), KOTOphIE, COOCTBEHHO,
O0BEIUHAIOT MOJIEIU PEAMETHON 001aCTH U CTYAECHTA, B IEPBYIO OUEPEab
3aBHCUT OT CTENEHH aJallTUBHOCTU y4e€OHOr0o MaTepuasa K UHIUBUyaJIbHbIM
0COOEHHOCTSIM CcTyJeHTa. OnpeieIeHHbIN YPOBEHb aIAlITUBHOCTA DY MOYKHO
JOCTUYb Ha OCHOBE MCIOJIb30BaHUS MOJIETIEHN U alrOpPUTMOB, KOTOpPbIE 0a3UPYIOTCS
Ha TEOPUH KOHEYHBIX aBTOMATOB U MapkoBckux 1eneil. B padore [2] ans
MIOCTPOCHMS ACHCTBYIONICH nH(DOpMaIIMOHHO-y4eOHO0# cucTteMsl “I'edect” ObL1a
IPUMEHEHA MOJIEb YIIPABJIEHUE aIallTUBHBIM 00Yy4eHHEM Ha OCHOBE TEOPHUHU
KOHEYHBIX aBTOMaTOB Mypa. DTUM CaMbIM B OCHOBY CUCTEMBI ObLT 3aJI0KEH
CLEHapui “ToKa HE Hay4dy, TO HE OTMYIY , @ CYIIHOCTh a/IaliTallii COCTOUT B
MOJATOTOBKE JAOTOTHUTENIbHBIX Pa3bsICHUTEIbHBIX MAaTEPUATIOB JJIs1 CTYIEHTOB B
clly4ae HeI0CTaTOYHOI'O YCBOEHUS! HUMU OCHOBHOI'O y4eOHOI0 Marepuania.
HeoOxoaumo 3aMeTuTh, 4TO B peabHOM MpaKkTUKe yueOHOTo mpoliecca, B
OCOOEHHOCTH JIMCTAHLMOHHOT0, IOBOJIbHO YaCTO BO3HUKAIOT CUTyalluH, KOT1a
CTYJEHT UMEET ONPEACICHHbIEC 3HAHUS U HABBIKU 110 MAaT€pUaIy MPENoAaBaeMoOi
JUCHUIUTMHBL. PeanbHOe yMeHbIIEHHEe BpEeMEHU Ha YCBOCHHE yueOHOro MaTtepuana
B 1LI€JIOM U MOBBIIIEHHE MOTUBALIMK K 00y4YeHHIO ¢ DY 1Ji TaKUX CTYIEHTOB
MO’KHO JIOCTHYb, €CJIM IPOBECTH MPEAIIECTBYIOIIEE 001ee TECTUPOBAHUE U, HA

€ro OCHOBE, ONPECIUTh UHANBHUYATbHYIO TpOrpaMmy ooyderus [3].



Maremaruueckas MoJiesb ¢ [2] 3TOro He pa3peniaert, XOTsl IpUMEHEHHas B
cucreme “I'edpect” gomonHuTeNbHASI 0OBEKTHAS MOAETH TPEXYPOBHEBOTO
IIOCTPOCHHUA yq€6HOFO MaTcpualia 4aCTUYHO 3aKJIaJAbIBACT OCHOBY AJIA PCIICHUA
pOoOJIEMBI.
Taxum 06p8,30M, IMOCTaHOBKOM 3aauu GYILCM CUHUTATh OIIPCACIICHUC
aHaJIMTUYECKOH OOCHKH TCCTOBOI'O KOHTPOJIA CTYACHTA C LCJIbIO ITIOCTPOCHUA
WHIMBHUIYaJIbHOMN cTpaTeruu o0y4ueHusl.

Introduction
Providing the possibility of test results’ combination as a concluding (synthetic)
evaluation and analytical introduction of evaluation constituents aimed at the
development of prospective educational strategy is the main objective of a test
control of students’ knowledge and skills [1]. The given task actually permits
developing a dynamic model within the knowledge base of a test complex. The
knowledge base can be regarded as a model of the subject matter area. The efficacy
of utilizing electronic textbooks (ET) in the educational process primarily depends
on the extent of educational material adaptation towards individual potential of a
student. One can achieve a certain extent of electronic textbook adaptation through
models and algorithms grounded on the theory of final automatons and the Markov
chains. A model for providing management over adaptive training based on the
theory of the Moore final automatons was used in the work [2] for the development
of “Gefest” information-training system. A scenario “I won’t let you go until teach
you” is the core of the system. The essence of adaptation can be defined as the
development of additional explanatory materials for students in case of
shortcomings in basic knowledge and skills learned.
It should be mentioned that in the practice of the educational process, especially
distance education, one could be faced with a problem when a student has already
gained some skills and knowledge in the subject matter being taught. Time
reduction on learning and motivation increase to work with electronic textbooks
can be achieved for such students providing that a preliminary general test is

conducted and individual training program is developed according to its results [3].



The mathematic model from [2] does not allow to do it though additional object
model of the three-level development of the educational material, used in Gefest
system, can partially facilitate to solve the problem.
The identification of analytical evaluation of a student test control aimed at the
development of individual learning strategy is supposed to be our major objective.
[ToGynoBa aJirOpuTMy aHATITUIHOT OLIIHKU
B 3aransHOMYy BuTIIAII (hopmanbHO nipeactaBumo EIl y Burisimi 1Biiku:
Et =(Sa; Sd) @

ne  Et—wMopenb enekTpoHHOrO MijipydyHUKa (MOJEIb 3JIEKTPOHHOTO YUYEOHMKA,
electronic textbook model);

Sa — Mozenp npeAMETHOI 001acTi (MoeIb MpeaAMETHOM o0mactu, subject
matter area model);

Sd — mopens crynenTa (MoeNb cTyaeHTa, student model).
bynemo BBaxxatu noOynoBy EIl Takoro, 1110 aHajoriyHa 3a CBOEIO CYTTIO IPUKIATY
3MICTOBHO-IIIJTFOBOI CTPYKTYpU HAaBYAJIBHOTO MaTepiany [3]. BBaxaerbes, o y
tunoBomy EIT MoxHa po3pi3HUTH MOy (PO3ALIH), IO CKIIAAIOTHCS 3 TEM, SIKi, B
CBOIO Yepry, MPeACTaBIISIIOTH COO0I0 MOCTIIOBHICTh €JIEMEHTAPHUX HAaBYAIBHUX
no3. [IpencraBumo npukiaj iepapxiunoi ctpykrypu Ell sik Mogenb npeameTHoi
00J1acTl y BUTJISIA1 HEJIIHIMHOTO CIIHUCKY:

Sa = (1(11(111(1111) (1112)) (112 (1121) (1122)))(12 (121(1211) (1212)(1213))

(122(1221)) (123(1231) (1232))(13(131(1311) (1312)) (132(1321) (1322))) (2
binbin HATJISIHUM CIIMCOK 3 BUPa3y (2) Moxe OyTH 300pa’KeHUM Y BUTJISIII TaK

3BaHOTO CTPYKTYPOBAHOTO ApyKy MoBH nporpamysanns Jlicm [4] (oxatok 2).
Jns hopmanizoBaHOTO OMUCY MOJIENI CTyJeHTa Sd, 1110 Mae Oy TyBaTUCsS HA OCHOBI
TECTOBOTO KOHTPOJIIO 3MICTOBHO-IITLOBOT CTPYKTYPH HaBYAJILHOT'O MaTepiainy Sa
BBEJEMO are0paiuHy CUCTEMY:

Sd = (Basis; Main__Sign), (3)
e Basis ={ListStructures} ()]
Ta Main_ Sign ={IF,OP}. 5)



Sxmo ocHoBaMu Basis anreOpaidyHOi cUCTEeMH MOKHA BBa)KaTH HEITHIMHI CITUCKOBI
CTPYKTYpH, TO curHatypy Main_Sign sik CyKynHICTh IPEeIUKaTIB Ta oreparin
OyJeMo po3risaaTH Ha ABOX PIBHAX aOCTparyBaHHsS — BUCOKOMY (MaKpO-piBEHbB)
Ta HU3BKOMY (MIKPO-PiBEHB). PO3rIIsTHEMO CITOYaTKy MakpoO-piBeHb, (HOPMATHHO
JUTSI MHO>KMHH TIPEIMKATiB, BA3HAYCHUX HA CYKYITHOCTI IaHUX, 110 00pPOOIISIFOTHCS

IF ={BalanceBracket, RightBracket, LeftAtomBracket} (6)

Ta JII1 MHOXKHHHU OIEPaToPiB, 10 peali3yroTh 00pOOKY JaHUX

OP ={CreateTop, AddMeaning, EraseTop, Shift(QuantitySymbols)}, (7)

1€ TIPEINKATH:

BalanceBracket — npenukar icTHHHUH, KO KUTBKICTh BIAKPUTHX (JIIBUX)
CKOOOK JTOPIBHIOE KUIBKOCTI 3aKpUTHUX (MPaBUX) CKOOOK y CIHCKY, IO
aHaNI3y€eThCS;

RightBracket — npeaukat iCTHHHHUH, SIKIIO Y CIIUCKY, 10 aHAII3YEThCS
HACTYyITHUM CUMBOJIOM € IIpaBa CKOOKa BUY )”;

LeftAtomRight — npeaukat iCTHHHUH, SKIIO Y CITUCKY, 110 aHATI3Y€ThCS
HaCTYITHUMH CUMBOJIAMH € JIiBa CKOOKa — aTOM — MpaBa ckoOka Buay “(“ Atom )”;
Ta OTICPATOPH:

CreateTop — cTBOpUTH BEPIIMHY CTEKa;

AddMeaning — nomatyu 3HaUeHHS Y BEpIIMHY CTEKA;

EraseTop — mikBigyBaTH BEpIIMHY CTEKA;

Shift(QuantitySymbols) — 3cyB moka3Huka BIpaBo 1Mo CIUCKY, 110
aHaJTIi3y€eThCs, Ha KUTbKICTh cuMBosTiB QuantitySymbols.

PosrisitHemMo Tenep JBOXOCHOBHY anredpy

Alg ebra = {{IF,OP}; Sign), (8)
B sKii Ha ocHoBax |F i OP Bu3HaueHa curHaTypa omnepaiiid Sign ta B Ky
BKJIFOUEHO JIOT1YHI OTepaltii: 113’ IOHKIIIs, KOH IOHKIIIS Ta 3alepeueHHs], BU3HAYCH1
Ha ocHOBI |F, a TakoXx omeparili KOMITO3HIIi1, ATbTEPHATUBYU Ta ITUKITY, 10

NpUIIMalOTh CBOi 3HaUY€HHsI Ha MHOXKUH1 OP. ®opmasibHO

Sign = {Or, And, Not};{*,([u]A, B) {[u]A}D. 9)



ne  { Or, And, Not } — ocHOBHI JioTi4HI onepailii (OCHOBHBIC JIOTHYECKHUE
oreparuu, main Boolean operations);

* — komno3unist A * B ipeacTasiise co60r0 MOCTiJOBHE BUKOHAHHS
orepaTopiB: coyaTky A, micist — B (komnosunus A * B npeacrasiser codoro
H0CJIeIOBAaTEIbHOE BBITIOJHEHUE ONIEepaTopoB: cHavaia A, ocie — B, composition
A * B is a consecutive implementation of operators: firstly - A, then - B);

([u] A, B) — abrepHaTHBa: y BUNIQAKY SKIIO [U], TO BAKOHAHHS OIIEpaTopa
A, iHakmie — B (anmprepHaTrBa: B ciaydae eciu [U], TO BBIIOJHEHHUE OriepaTopa A,
unade — B; alternative: in case of [u] operator A implements, in other case —
operator B does);

{[u] A} — ik iTepaTUBHA omepariisi BAKOHAHHs oriepaTopa A mpu U=0 110
THUX ITip, JIOKU TpeauKaT [U] He cTaHe iICTHHHUAM (ITUKJI: HTepaTHBHAS ONepaIys
BBITIOJIHEHUA oniepaTtopa A npu U=0 10 Tex mop, noka npeaukar [U] He cTaHeT
uctuHHbIM; Cycle: operator A will conduct iterative operation under u=0 until [u]
becomes a true predicate).

Tpeba Takox 3a3HAYNTH, IO )1 BU3HAYEHOI CUTHATYpH Sign omepaTopu
A BeOP, (20)
a TpeuKaT uelF. (11)
Curnatypa Sign BKJIto4ae B ce0e KJIaCH4HI MPOrpaMiCTChKi CTPYKTYPH, 3aKJIaACHI
JIeHKCTporo B OCHOBY TE€XHOJIOT1 CTPYKTYPHOI'O ITPOrpamMyBaHHSI.

Lyiest aAropuT™My: CIIMCOK aHATI3y€EThCS 3a JOMOMOroro oneparopa Shift() 3iisa

HaIpaBo BiJ MOYATKY A0 KIHIIS, TOOTO JI0 TOTO MOMEHTY, KOJIU KUJIbKICTh
BIJIKpUTHUX (JIIBUX) CKOOOK JIOPIBHIOE KUIBKOCTI 3aKpUTHX (TMPABUX) CKOOOK.
Po6ota anroputmy ocHOBaHA HAa BUKOPUCTaHH1 ABOCIIEMEHTHOI'O N-aJPECHOTO
cteky. [lepuuii e1eMeHT CTeKy BUKOPUCTOBYEThCS JUTsl 30€piraHHs aToMiB, a
JIPYTUH — JJIs1 peKypCUBHOT'O BU3HAYCHHS 1X OIIHOK Ha OCHOBI BKJIQJICHUX
MJICIUCKIB Ta/abo miuieraux atoMiB. B mporieci pekypcuBHOTO aHaIli3y B CTEK
JIOJTAIOTHCS MIJUIETI MIICIUCKH JUIS TOro, 100 OIIHUTH iX HAa OCHOBI BIAIOBITHUX

aTOMIB Ta/a00 BKJIAICHUX TiJICIIMCKIB; PEKypCHUBHA OIlIHKA 3aBEPIITYETHCA 3



BIJIMTOBITHAM BHJIYYCHHSIM €JIEMEHTY CTEKa TOJ1, KOJIU MiJIETIMMHU Ha TAHOMY
BY3JI1 3aJTUIIAIOTHCS JIUIIIE aTOMH.

PekypcuBHHMIA aJITOPUTM OIIHKHU JepeBa 3MICTOBHOTO MaTepiay, 10 Ma€ CiMm
TEepMiHAJIBLHUX BEPIINH, Y (POPMYIBHOMY BUTJISIII MOXKHA TIPEICTABUTH HACTYITHOIO

CTPYKTYPHOIO CXEMOIO:

EVAL _LIST :={[BalanceBracket]([RightBracket]EraseTop,

: 12
([LeftAtomRight]AddMeaning, CreateTop)) * Shift(QuantitySymbols)} (12)

SKI10 BBaXKaTH CUCTEMOIO YTBOPIOIOYHMX aareOpu
S=SuuSo, (13)
ne Suc IF,SocOP, (14)
toxi anroput™ EVAL_LIST mo cyTi nnpeacraiisie co0010 CKIaACHUN onepaTop y
BUTJISIZIL TEpMa — CYTIEPIIO3UIIT eIEMEHTIB 3 S Ta omnepartiit 3 Sign.
B rpadiunomy BHUTIIsAII peKYpPCUBHUI aIrOPUTM MOYKHA 300pa3uTH HACTYITHUM

JepeBoM onepartiit (puc.1):

BalanceBracket

Shift(Quantity Symbols)

! ]

RightBracket EraseTop

' 1

LeftAtomRight AddMeaning CreateTop

Puc.1.
Makpo-onepaTtopu (7), B CBOIO YEpry, MOKHA IPEICTABUTH HA MIKPO-PiBHI

eJIEMEHTapHUMHU OTepaTopaMu 0OpoOKHU HENHIMHUX CIIUCKOBUX CTPYKTYP:

CreateTop :={Push* Ev(Atom) — LS * Atom — ALS*

: , (15
QuantitySymbols() = Atom-+1* BalanceBracket() = BalanceBracket() + 1} (15)
ne  Push — cTuck cteka monu3y (CABUT cTeka BHHM3, MOVing a stack down);

Ev(Atom) — Bu3HaueHHs OIIHKK aToMa (HaBYaJIbHOT 1031) AtOM 3rigHO 3

pe3yJIbTaTaMHi TECTOBOI'O KOHTPOITIO (OmpeiesieHne olleHKH atoma (Y4eOHOM 03b1)



AtOm B COOTBETCTBUHM C pe3ysbTaTaMu TeCTHpoBaHus, atom evaluation
identification (educational dose) according to test control results);

— — oleparop rnepenadi 3HauYSHHs TPH POOOTI 3 MOJISIMU CTEKy (oreparop
niepeIavuy 3HaUCHUs Ipu paboTe ¢ moJisIMu cTeka, operator for meaning transfer
while working with stack fields);

LS — nosie 31 3HaYCHHSM BEPIIUHM CTeKY (I0Jie 3HAYCHHSI BEPIIUHBI CTEKa,
field with a stack top meaning);

ALS — moste 3 aapecoro BepinHu cTeky (1oJjie ajpeca BepIMHbI cTeka, field
with a stack top address);

QuantitySymbols () — ¢yHKIIis 11 BUSHAYCHHS KIJIBKOCTI €JICMCHTIB
CIHCKY TpH 3CyBi (DYHKIHS AJIs1 ONPEICIICHUS KOJMUSCTBA SJIEMEHTOB CITMCKA MPH
capure, function for identifying a number of symbols while shifting);

BalanceBracket () — dynkitis a1 Bu3HaueHHs OanaHcy ckoOoK (pyHKIMsA
JUIs oTpenenieHus Oananca ckoook, function for identifying balance brackets);

AddMeaning ::={Ev(Atom): LS = LS + Ev(Atom)™* (16)
QuantitySymbols() = Atom + 2} ’
EraseTop ::={ALS — Atom™* Ev(Atom): LS =LS +
EV (Atom)* PLS = PLS + LS * Pop* QuantitySymbols() , (17)
=1* BalanceBracket() = BalanceBracket() — 1}
ne  Pop— BuTuck creka yBepx (cABUT cTeka BBepX, moving a stack up).
[TocTpoenue anropuT™Ma aHATUTHYECKON OIEHKHU
B o6mem Buse gpopmansHo npeactaBuM EIT B Bune aoiiku (1). bBygem cunrars
nocTpoeHue DY aHAJIOTUYHBIM 10 CBOEH CYTH MPUMEPY COAEPKATEIBHO-1IEIEBOI
CTPYKTYpHI yueOHOTO MaTepuana u3 [3]. Cauraercs, 4To B THTUIHOM DY MOKHO
pasnyaTh MOJYJH (pa3Aesibl), KOTOPbIE COCTOST U3 TEM, U KOTOPbIE, B CBOIO
ouepeib, MPEACTABISIOT COO0I0 MOCIEI0BATETLHOCTh JIEMEHTAPHBIX YUeOHBIX
no3. [IpeacraBum npumep uepapxuueckou crpykrypsl EII kak mozens
peIMETHON 00JIaCTH B BUJIE HEIMHEHOTO crivcka (2). bosiee HarnsgHO criMcok u3
(2) MOxeT OBITh MPE/ICTABJICH B BUJIE TAK HA3bIBAEMON CTPYKTYPUPOBAHHOM

neyatu sA3bika nporpammupoBanus Jlucn [4] (Ilpunoxenue 2).



s popmanbHOro onucaHusl MOJENU CTyaeHTa Sd, KOTopast MOXKET CTPOUTHCS Ha
OCHOBE TECTOBOT'O KOHTPOJISI COJEPKATENBHO-IIEJIEBOM CTPYKTYPhI yueOHOTO
MaTtepuaia Sa BBe[eM anredpanueckyro cuctemy (3), (4), (5).

Ecmu ocHoBamu Basis anrebpandeckoil CHCTEMbI MOKHO CUYUTATh HETMHCHHBIC
CIIUCOYHBIE CTPYKTYPBI, TO CUTHATYypy Main_Sign Kak COBOKYITHOCTb IIPEIUKATOB
U orepanuii 0ysieM paccMaTpUBaTh Ha ABYX YPOBHAX aOCTparupoOBaHUs — BEpXHEM
(Makpo-ypOBEHb) U HUKHEM (MUKpPO-YpOBEHB). PaccMoTprM cHavyana Makpo-
YpOBEHb, (POPMATIBHO Il MHOKECTBA MPEUKATOB, ONPEICICHHBIX Ha
COBOKYITHOCTH JAaHHBIX, KOTOpbIe 00pabdaTeiBatoTcs (6) U 1J11 MHOKECTBA
OMEepaTOPOB, KOTOPHIEC pealin3yloT 00paboTKy AaHHBIX (7), TJIe MPEIUKaThI:

BalanceBracket — mpeaukat MCTUHHBIH, €CITH KOJIUYECTBO OTKPBITHIX
(J1eBBIX) CKOOOK PaBHO KOJIMYECTBY 3aKPBITHIX (MPaBbIX) CKOOOK B aHAIIM3UPYEMOM
CIIUCKE;

RightBracket — nmpenukaT UCTHHHBIHN, €CJIM B aHAIU3UPYEMOM CITHCKE
CJICAYIOIIMM CHMBOJIOM SIBJISIETCA MpaBasi CKoOKa Buja *)”’;

LeftAtomRight — npenukaT UCTUHHBIH, €CITH B aHATU3UPYEMOM CITHCKE
CJIEIYIOLIMMHU CUMBOJIaMU SIBJISIFOTCS JIEBasi CKOOKa — aToM — IpaBasi CkoOKa Bua
“(*“ Atom “)”;

Y OIIepaTOpPBI:

CreateTop — co3aaTh BEpIIMHY CTEKA;

AddMeaning — npu6aBUTh 3HAYCHHE B BEPIIMHY CTEKA;

EraseTop — nukBuanpoOBaTh BEPIIMHY CTEKA;

Shift(QuantitySymbols) — caur mokasarens BIpaBo 1o aHATU3UPYEMOMY
CIIMCKY Ha KOJIMYECTBO CUMBOJIOB QuantitySymbols.

PaccmoTpum Teneps AByXOCHOBHYIO anreopy (8), B kotopoit Ha ocHoBax [F u OP
oIpesieNieHa CUTHaTypa onepauuid Sign U B KOTOPYIO BKJIIOUEHBI JIOTHYECKUE
Olepalyu: JU3bIOHKINS, KOHBIOHKIUS U OTPULIAHNE, ONPEIECTICHHbIE HA OCHOBE
IF, a Taxxe onepanuu KOMIIO3ULIMH, aJIbTEPHATUBBI U LIUKJIA, TPUHUMAIOLIUE CBOU

3HaueHus Ha MHOKecTBe OP. dopmansro — (9).



Heo0xoaumMo 0TMETUTD, UTO A7l CUTHATYpHI Sign onepatopsl — (10), a mpeaukar —
(11). Curnarypa Sign cOAEpKHUT KJIACCUUECKUE CTPYKTYPbI, 3aT0KEHHbIE
JIeMKCTpoil B OCHOBY TEXHOJIOI'MH CTPYKTYPHOI'O IPOrpaMMUPOBAHUS.

Wnes anroputMa: CIMCOK aHATM3UPYETCS ¢ TTOMOIIBIO oriepaTopa Shift() ciesa

HaIpaBo C Hayaia 0 KOHIA, TO €CTh K TOMY MOMEHTY, KOTJ]a KOJTMIECTBO
OTKPBITHIX (JIEBBIX) CKOOOK CTaCT PaBHBIM KOJUYECTBY 3aKPBITHIX (TIPABBIX)
cko0ok. PabGoTa anroputma ocCHOBaHa Ha UCTIOJIB30BAHUU JIBYX3JIEMEHTHOTO N-
anpecHoro creka. [lepBbIit 37IeMEHT cTeKa UCIOJIb3YETCS IJIsl COXPAHEHHUsST aTOMOB,
a BTOPOH — JJIsl peKYPCUBHOTO OTIPEICTICHUS UX OIEHOK Ha OCHOBE BJIOKEHHBIX
MOJICTIMCKOB /WM TIOJYMHEHHBIX aTOMOB. B Tporiecce peKypCHBHOTO aHaN3a B
CTEK MPUOABIISIFOTCS MMOJYUHEHHBIC MTOJICIIMCKH JUIS TOTO, YTOOBI OIICHUTH WX Ha
OCHOBE COOTBETCTBYIOIIUX aTOMOB W/MJIH BJIOKCHHBIX IOJICITUCKOB; PEKYPCHUBHAS
OIICHKA 3aBEPIIACTCsI MPU COOTBETCTBYIONIEM H3BATHH JICMEHTA CTEKa TOT/Ia,
KOTJ1a TIOJTYMHCHHBIMHU Ha TJAHHOM Yy3JI€ OCTAIOTCS JIUIITh ATOMBI.
PexkypcHBHBIN allrTOPUTM OIEHKH JepeBa COJIECPIKATEIHPHOIO MaTepraja, KOTOPBIHA
UMEET CEMb TEPMHHAIBHBIX BEPIITUH, MOKHO TIPEJCTABUTH B POPMYITHLHOM BH/JIE
cTpykTypHO# cxemoii (12). Ecnu cuntath cuctemoii oOpasyrommx anreopsr (13),
rae (14), torma anroputm EVAL LIST mo cytu npeacrasiser co00K0 COCTaBHOM
orepaTop B BHJIC TEpPMa — CYIIEPIIO3UIINN DIIEMEHTOB U3 S 1 onepanuii u3 Sign. B
rpa)MIeCKOM BHJIC PEKYPCUBHBIN aJIrOPUTM MOXKHO MPEJACTABUTh JACPEBOM
oreparyii, 1300paxeHHBIM Ha puc.1.
Makpo-omnepaTtopsl (7), B CBOIO OY€pEAb, MOKHO MPEICTABUTh HA MUKPO-YPOBHE
9JIEMEHTAPHBIMH OIlepaTopaMu 00pabOTKU HETMHEWHBIX CITUCOYHBIX CTPYKTYP
(15), (16) u (17).

Development of analytical evaluation algorithm
An electronic textbook can be represented as a combination of two constituents in
the following formula (1).
Let us assume that the structure of the electronic textbook is similar to the content-

target structure of the educational material presented in [3].



It is believed that a typical electronic textbook consists of modules (sections)
composed of topics, which in turn demonstrate a sequel of elementary educational
doses. It is an example of the hierarchic structure as a model of the subject matter
area in the form of a non-linear list (2). The list (2) can be demonstrated more
visually in the form of the so-called structured print in Lisp programming language
[4] (Addition 2).
In order to develop a formula of a student model Sd, that is to be created on the
basis of the content-target structure test control of the educational material Sa, we
will introduce the following algebraic system (3), (4), (5).
If the list structures are regarded as the basis of the algebraic system, then a
signature Main_Sign as a combination of predicates and operations will be
considered on two levels of abstraction, namely: high (macro-level) and low
(micro-level). At first we will pay attention to a macro-level. Predicates’
multiplication, determined by the sum of data being processed (6) and for
operators’ multiplication implemented data processing (7), where
Predicates:

BalanceBracket — a true predicate if a number of open (left) brackets is equal
to a number of closed (right) brackets in the list being analyzed,;

RightBracket — a true predicate if the right bracket “)” is the next symbol in
the list being analyzed;

LeftAtomRight — a true predicate in case when the left bracket — atom — the
right bracket “(* Atom *)” are next symbols in the list being analyzed;

Operators:

CreateTop — to create a stack top;

AddMeaning — to add the meaning to a stack top;

EraseTop — to erase a stack top;

Shift (QuantitySymbols) — to shift an indicator to the right according to a
number of QuantitySymbols in the list being analyzed.
Let us examine now the two-based algebra (8), where there are two bases IF i OP

which determine an operation signature Sign, the latter has been included logic



(Boolean) operations, namely disjunction, conjunction, and negation, identified on
IF base, as well as operations of composition, alternative and cycle, grounded on
OP multiplication. The formula is as follows — (9).

It should be stressed upon, that operators — (10) and a predicate — (11) are meant
for the above-mentioned Sign signature. Sign signature includes classic
programming structures, which have been supplemented by Dijkstra E. W. in the
technology of structured programming.

Algorithm idea: a list is analyzed with the assistance of Shift () operator from the

left to the right from the beginning to the end, i.e. until the moment when a number
of open (left) brackets becomes equal to a number of closed (right) brackets.
Algorithm’s operation based on the use of the two-element n-address stack. As the
recursive analysis goes, subordinate sublists are submitted to a stack in order to
evaluate them on the basis of appropriate atoms and/or sublists included. The
recursive evaluation is finished with corresponding extraction of a stack element at
the time when only atoms are left to be subordinate on the given hub.
The first element of the stack i1s used for atoms’ preservation, the second one for
recursive identification of their evaluation on the basis of sublists included and/or
subordinate atoms.
A recursive evaluation algorithm of the subject matter tree having seven terminal
tops can be expressed by the structured scheme (12). If (13) is regarded as a system
of algebra constituents, where (14) then EVAL_LIST algorithm represents itself a
composed operator in the form of term — superposition of elements with S and
operations with Sign. The recursive algorithm can be graphically demonstrated the
operation tree in figure 1.
Macro-operators (7) can be in turn represented on the micro-level as elementary
operators of processing non-linear list structures (15), (16), (17).

BucHoBKH
B po00Ti AOCATHYTO 3arajJbHOTO aHATITUYHOTO PO3B’SA3KY 3a7a4l BABHAYEHHS
CKJIQJIOBUX T€CTOBOTO KOHTPOJIIO (TTOOYI0BH MOJIENI CTYEHTA) 3T1/IHO 3

HEJIIHIMHOIO CIIMCKOBOIO CTPYKTYPOIO HaBUAJIbHOIO MaTepiany (MOS0



npeametHoi obmacti). [IpakTuuny peanizaiito anroputMmy Ha MoBi Common Lisp
npencrasieHo y Jlonatky 1, a pesynbsraTt podotu mporpamy — y omatky 2.
BriBoinl

B pabote nocturayTo 00111€€ aHATUTHIECKOE PEIICHUE 3a]]a4H ONPEACIICHUS

COCTaBJAIOIMIUX TCCTOBOI'O KOHTPOJLA (HOCTpOGHI/IH MOA€IN CTy,Z[CHTa) B

COOTBETCTBHH C HEJIMHEHHON CITUCOYHOM CTPYKTYpOr y4eOHOro MaTepuasia

(Mozenbio mpeaAMeTHOM o0stactn). [IpakTudeckas peanusanus aaropurMa Ha

s3pike Common Lisp npeacrasnena B [Ipunoskenuu 1, a pe3ynbrat paboTh

nporpaMmsl — B [Ipunoxenun 2.

Conclusion

General analytical decision of the objective concerning the determination of test

control constituents (a student model development) according to the non-linear list

structure of the educational material (a model of the subject matter area) has been
elaborated in the work. Algorithm’s practical realization in Common Lisp
programming language is demonstrated in Addition 1. The result of algorithm’s

work is shown in Addition 2.
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Honatok 1 (ITpunoxenne 1, Addition 1)

(defun dft (tree n)
(cond ((null tree) ()
((not (consp tree)) (format t "~a~%" (pad n tree)))
(t (dft (car tree) (1+ n))
(dft (cdr tree) n))))

(defun pad (n's)
(format nil "~a~a" (make-string n :initial-element #\Space) s))

(defparameter *tt* (1 (11 (111 (1111) (1112)) (112 (1121) (1122))) (12 (121
(1211) (1212) (1213)) (122 (1221)) (123 (1231) (1232))) (13 (131 (1311) (1312))
(132 (1321) (1322)))))

Honatok 2 (ITpunoxenne 2, Addition 2)

CL-USER> (dft *tt* 0)
1
11
111
1111
1112
112
1121
1122
12
121
1211
1212
1213
122
1221
123
1231
1232
13
131
1311
1312
132
1321
1322
NIL
CL-USER>



