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An Automated Method of Identifying Errors in Learner-Created UML
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State Machine Diagrams with Static Analysis

Abstract: In teaching UML (Unified Modeling Language) state machine diagrams for many learners, the
educators spend much time to evaluate learner-created models since those models are often many and var-
ied. When educators want to make educational feedback on model errors, they firstly should grasp errors in
learner-created models accurately. For this purpose, we have proposed a method to support the correctness of
answer behavior using example answers. To this end, we have proposed a method to automatically judge the
correctness of leaner-created models based on the sample answer model. However, this method still cannot
identify locations and types of the errors in the incorrect models. In this paper, we propose a method to
automatically identify the location and type of errors in state machine diagrams by statically analyzing the
differences between learner-created models and the sample answer model. The proposed method was applied
to 57 learner-created models (state machine diagrams), and the results showed that the proposed method
is likely to be useful, because the answers, which did not contain expressions with variables, gave correct

identification results.
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Fig. 1 State Machine Diagram Example.
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Fig. 2 Flowchart of Proposed Method.
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Fig. 4 Answer Containing Errors.
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Table 5 Policy for Identifying Types of Errors.
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Zel, 2, BEEBIE 2, ed THZ. 0L bIRE A I
S212xf U CTHREE S2° 1%, AGER o2 LiRIGER ed B3 TH )
BOBBOBE ), BIER o3 HEHEBOTRE) ©HE p—

XD, ki, M5, K6 EENZHEMHT 5N ER
WEHL, NERLEAD ), ERITRD ) 150 HET 3
TeDIZ, MM & N BB L BRITOMIGM T H i
T2IRREL =BT 2 I FfANSE. ZZTH5 D e2 DE
A S1 DI L, X6 D e2 I3BRIA S TH D7
b, e2d EBRLEAD) tHEENS.

o MEwER @R, HEREBRORE), TERE
Mby, TERBITHED ) 122V T, K3 2K 4120 LTHE
LR ER6ITRT. B, E&HlDSL & Mits 2%
ROREIZSI THEZend, ZNLDEREHAED
BB T le2 DEBBEHIZS2 TR S ) 2wozthh
KEedohd.

© 2021 Information Processing Society of Japan

5 K S2 r B 2Kk
Fig. 5 State S2 and Adjacent States.

It

e2

LV

s2'

| S
| do /do1

el

do /do2

e4

 EEEE—
s3

do /do1

6 IREE 527 L i S 2 IRRE
Fig. 6 State S2’ and Adjacent States.
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4. FHMEHEER
AECIHERTEOTHIEBRONEIZ OV THIAZTS.

4.1 REBRBEM

AEFTIE, REFEOEAMEFHES 2 2 &% HI,
TR R ¥ IR B TR X B HEEHRS R o i 2 17
5. FHEHMERERON, BEFRICX2HELTRETE
BZARERT ZLICE > TIREFEVDEHTH 2 RiAA%
AT, £72, FEREMERSER: OLBTIX, Yo kS s
HEMNH NS5, HINAICHBENRAERPRETE T
WV D BEET 20OV TRL, BRFETHET
ETVRVEDP, HEINTLESIBRDORR—V%
ZRLESBRIFITANERELLZOVTOERERITH. &
5IC, VL OEHOBIE,S, HETFHRICI->THEDE
FITRAE 217 5 BRICE T 2 RITRIC OV T H iR 5.

4.2 KEROWR
REFETITREERLZ 10 1 TS 255803 H %
e EREEZx, BEETIREERDE TN 255 0KEE:
BEOZWEEIELLRD ZRETZ 2035 2 &
BEZ. ZDd, BERTIEMEHEEETHRVK, &H
T 2 FATIEE 2 BTN, REEER O 2 SRR X,
POEET 2FITEE SO 3HOEREZEON S &
SEFY VIHEEBR L. SEOERTIZ, AL
TEHERBIEEH, ROEROERIZIE, UMLIIZHIEL TV
5ET VY V7Y —)LD astah*[15] ZFH Wz, Zhs 300
EFY O IHEE, VIO TRAT— by U MEXEET5E
WTHERDOER 2 FADH 19 N\OEFEICHL, BRL
BAT— b~ YREE 5T (=19 \*3 3E) 2157,
ZOS5THDOERDS L, 15 HOERPFE->TVWBR I
EEBRIOFEFRHITHO2 > TED, —DDERICHD EHT
PEBEMFEL TV AERE 5 fF 5 MTHo 7. FF
R CTHEH I CHBED EZMEC I WE D IZ, 3 DD
FIEWITNd 77 e —R—%28ME L72dbDTHo 7
ZoHT, BEET ZFEITENZECRZGE27D07 7~
b — X —DERE L TIRT.

o FXYxANKBRY INEDT 7o —R—0DH5.

o EiE AND IREMERX N, BFREY)Z X%

F1E3 5.

o FyANFuy 7HEEREYISZL LATERL.
o BEHOKEIZLST, FyA LRy ZENTRD,

fRbRCTE/=D T 5.

o 77 b—X—IIRY, BERIUNLTVT, Fr AL

Fayv Zahhro TRV,

%72, ZOERCOMBELICBVT, EITEEN: NEmE
ERET S, EEEEIET 2], PUAH=E TERE AN
%], BEEYZ), TFyA4rkuy 2353, [Fv
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ARy 2T 5, ) (Bl THhotz. I, 22
B b YA —1%, BHREELURE, S DB R Y, FVH—
PRRICEZ N VERDIDDHDTH - 7-.

4.3 EEBRER

FEERCHEH LZEER, FRORAT— <y Y KD—f]
X7, R8Iy, ¥/, M7, M8 MOFEFHMFER
HERHMRE R 2R 7 1R T, X 8 OBFRITFHRHMfif R
5, JREE MEJH OFF _ F v ALKy 2”7 OFF) 2 5IkEE
B OFF _F v AL FayZ ONJ NDEE [Fv AL
Fay 20t 2] PDARLTVWS, EWHEINEEN
BLWVWHRRTH o7z, BEFHRCH T, M8EAS L
T522, B FxA4rFuay 23] K8, (&
HOFF_F¥ 41 KFayZ ONJ OAEEBRIC [Fv 41
ray 233 A8, MBROFF_Fx41Fkryr
OFF] DBEGERBIC TFx AN Fuy e} 5] T8,
EWVWSRTITRLE 3 20 HEEHEFE R G b7z, Zh
5 3 oD BEFMEFERIE, ZhFh TFy 4l fuy 2%
PIB EVWIERICHT2ENTHSE. ZD XS REA—
DD T & A XN BRI R 2 HAGDE S 2
¥ T, B OFF_FxvA)LFuavr OFF] »5 &R
OFF _F v A1 kavyZ ONJ "OER Fyr Al Fay
2EPITD) BRRLTWS, WS IERHIEH 2RI
HHhT 5., EEto# 2175 22T, HERMEERICE -
TFEFHMEER 2B T 2NEL 74— KNw 7552
MTED.

BEFEEZH STHEHOBRIIHLTCEHA L 2 A, &
D &R ETEZR 15 A 15 H 0 B EEHMRE 2 F B A R
ERETINETHo 1270, BERIIEENIZ L2 TOM
DEFIPIEL S FFEShze Wi %, ETEEEA L
FREDERIZ, NREOANE), EhES OB, %
EBOARNRE), TEBBEERD ), NEHIITRD ) T4
DAEENTED, ThoOE RiERHEHE LTHIT
LZEMTER. Fi, FHEILITI9 NTOEREL
EHTANE LTEXTHEITT S, B EFRORSERR
PHIT B ETICE X2 5 ORI D20 - 7z,

FrALrOvsENTS

BIFOFF_F v 4 )L KO v 4 OFF EIROFF_F ¥4 L KOy JON
do/ AEEBLT S FrANFOY Y ERRT D do/ EEFELT S

BREAND
TWHEYS

FRALFQVIENTED
ERON_F v 1)L FO v OFF ERON_Fr4 /L FOyHON
do/REZXEAT S FrANFOv O ERRTD do/REZXET S

7 EHETEITEES ST EEN
Fig. 7 Sample Answer Including Duplicate Do Activities.

BREDD
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R 7 MO OEBEORERR
Table 7 Results of Identifying Type of Errors.

F BT

EEJERIITIEES

K& &R OFF _F v A Fuvy 2 OFF) »5
REE MBI OFF __ F ¥ AL FrvyZ ONJ AOD
BY (FyALFry 23 d) DARELTVS

BY TFx Aoy rehts) RE

MEIR OFF _ F v Al Favy2Z ONJ O ASEBIC
(Fy ARy 2%22T5] T2

FEJH OFF _ F v A Fuav 2 OFF] OR5ERIC
(Fy ALY Z%2IT5] TE

WIROFF_F ¥4 )L KO v & OFF
do/ ZAEELTS

EREAND
EREYD

FrALFOVIENTED
ERON_F ¥4 )L KOy & OFF ERON_F v/ L FOyHON
do/REZEZET S FrANFOy O ERBRTD do/REZEZET S

8 HEILZFETEHZELRY 2 ATER
Fig. 8 Answer that Contains Error Including Duplicate Do Ac-

EROFF_F v/ L FO Yy HON

do/ZEEELT D

FrANKEOY Y ERET S

tivities.

LHL, ERLTWE 2HOERDS S 2 HOERD,
EEF e FUIRZ EOTR D B RWVICH D ST, Gt
U EL VW TIRYTH L eRHEINTLE- . 2
DERZDFE TR W, BRHEEINLBERO—Fl%
X 9irg. Kok, EFFITIHERIATOROWERD
Aush T, ZREAVI I TEERIZAER
7 BReah A, EEFIEFCIRE TN o T3,

Fr AL FOy Y ERBRT S [child==1]/ child=0 FrAILFD Y S ERBRT B [child==1]/ child=0

EEEEFIET D BEEDD REEHET S
do/EEEFILET 2 1 do/REEZERT S
EREANS [chi ] ]\

Fr 4Ky EMITS [child==0]/ child=1 Fo 4L KOy 4y %EHIFS [child==0]/ child=1

B9 RHEINLBR
Fig. 9 Misjudged Answer.

4.4 EE

EEAERD S, IBBFIEEHVI T2 Oo00EREMR
X MNEZONBEINRLZ>TWVWANTH-TH, £2 TR
LAY iR RETE 2 Z DR TE. —AT, K
QIR LRIED X 5 %A TR EXINRTLES 2 e d
oz, PHIEINREERE LA, AT —1
<> YRIPEROFHCE UREEZERGR T 2 2 vz
TMEREHRTIHDRT 2 22T, EEHEFCRS TR
RBORELZZAT— <> YRR TE 2 2 2 BREET
Hotz. MIDHETIE, H—FEREHWS LT,
EZEF XD BDRVIREERTELWKZER LTV, L
ML, BETEIEESH — FORM, TEREZRZRHIE
Y LEBEBORIEICHIGTETE ST, EEH R
ZHRED L TRHIEEZE T TLE o 7.

COFHIEEWET 57212, SMLAC DHHEHWS
REMRDH B, SMLAC 1A — FRERE AWK b RiG
LTW37®, EEFEX9 O TIIRZ HOAELWY
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YHEEINDG. FDI28, SMLAC TIEL W HEX AT
BEX, FOEREHME L THEREERMY T2 22T
WIENTE B EZ NS, SRIZEEH L EROM T
FED 101 TR, RIS ED IRPUTHLT =
% X ORBFIEEIIRT 2END 5.

5. BEEMTE

REFIETEIRT— b~ VKO D T OREETTS
ZEDHNTH 270, RETIHETHETED XS A
DEHERET 32 FEZIRELTWED0, $EDLS
A D BRE TR EDNITOVT DORE DI % 2T Hg
T5.

AT — =¥ Y MEBEORRHTBMOFE BT, K
REROBAE), HRZ2H ), [BAGEELIREE &4 TIRAR
DEMD | L WVWoZdR D HBEHIICE L, ThoDiEb Iz
HMELLEBEEZTZ2REDH B 0D 2 e BATHRDH
BRSO D> TV [14]. 205 ORFERROMEY
WKE VD IICET 238 fliFnci o &, AL TCIEXEEIT
RPERJRE/L LUV TRA D ZREflic L L T0W 2 Z & 03
BBtz 5.

—HT, BEFEPHRETE2RAT— Y VRIDER
T, 521K 5 [F CIRRBIIN L THEBOEBR TR
EWV o LFEICBT 2D DB R 5N 5, D KD KR
DBHETZDICEHEF v T VDY —ABIRRE N
TW3 (9. AREOREFELEHE ST 2 Z LT DRH
PO F = v 7 21T 5 Z e BRI L.

F7, RAEENCTBT 2058 LT, SMLAC (SMart-
Learning for Classification) [7] £\ 5 YV —LMER I T
W5, SMLAC &, ZEEHEMEMR L 72TV SR 5 5
WDT AN — 2% HEIICERT 28/E2F5, 7R b
DFERITH £ DNWT, AT — hv ¥ VRIOIR 2 FH O
HOBETREDETE S, ZOFEE, THHFICXSER
T—r I VMO RDERRIEICKTFT 2 82, k2
FOOEMEEMREETE 2720, IEEHI L 1357 2R 2 %
WEROM o B RHESHRT 5. AWIFLTIE, DD
M E T 2 RE 3 5 HiEZ R AT 253, SMLAC T3 %
DB TERN®D, ZDHIRRTIENBOIZET L
35,

F7z, JATHIZE T, RO BEMERE ST 270D T —
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k> VNS UERIIRNT © BIARNT 21T 5 FIEDER &
NTW3 [8]. HUMEHTTIX, B — FEHFFDIEL X
EPRGEES N, BN T, FEATARAIRERIES 22 DT
ERWVERS, FNEDIRENSE»L R REZTy Kkay o
DEFEFICOWTHEEENE. ZOFEE, FITRXT— 1
<~ VRO ECET R E AR NI T e TE
5. LoL, ZOMRIHEEAMTIOFETDHL7D, &
BIHA LGS, KOFMREDICETE 74— F Ny
IEFBZILIHELTOVRY. A, HETHAT 3
ZrEHEELTBD, AT FrvyUREOYrZIZED X
IRMODBEEND P OFHMEAREESLFEHC I 4 —F
Ny JTEZEDBMARIT RS,

6. X

ARETIE, RT7— b U NKOERD SHIREBRICHE T
D EFTOREE, KUY 5L BEITITS FIEERE
U7z, sHifiofssR, TIKRE, B, FAITIEE), BHAEELUR
RE IRTIREE) TS HMZZ T — by Y RIODE
RTHIUIHFICE D EERETE 2 2 bbb ol
ZFD7=0, FHEEZHWEAT— by Y KDREFEEIC
BWTHHATE 2 Z 2 PHELD HNT=.

SHOBEE LT, iHMliEBOREOH D X 512, EH
DR TERRELZELEEH LD HIREEDHIR, *
FIZBIMENZRTF— b YHIIHLT 2 2 e 33T 5
N3, BR7 45472 LT, SMLAC OFHPL, F—D
EITEE 2 FOFMIREE D2 2 v TEBRT 258
THb. TLRRMEVERIPRT— b= YRR
RIGT 272012, ] 1ITR L AGEECBGEE, &—
R, =727 b, ZEOM, ERIKE Xvt—IEESE
PEUER, RUMHEEOFE L RWHEESOITHLTE %
EORBFEERIFRT 2DEND B, /2, HEEDEFE
LWL 272007474 72 LT, HRS
AR TRE YR EOFIEE Y, HHL TV XXFF| O
FLE IR EITS 2 v T, HBEEOHINHROFER Y H
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