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Abstract: In the behavioral design using hierarchical state transition diagrams, it is crucially important
to choose a good hierarchy of states. A bad hierarchy would make the diagrams complicated, resulting in
the problem of reducing their readability and productivity. This paper proposes a method to evaluate the
quality of hierarchical state transition diagrams to help choose a better hierarchy. This method defines a
set of complexity measures to evaluate hierarchical state transition diagrams from two viewpoints: state
and state transition. To make it possible to evaluate the quality of a single diagram, scale measures for the
two viewpoints are defined, which can be used to normalize the complexity measures. Three experiments to
describe three different problems were conducted for evaluating the proposed method, and their results show
that the bias of measured values due to the difference of problems is relatively small, and that it is possible
to set reference values to judge whether the quality of the diagrams are acceptable or not.
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Fig. 1 Statechart for operation modes in air conditioners.
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Fig. 2 Statechart for operation modes and wind speed modes

in air conditioners.
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Fig. 3 A simple state transition diagram.
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Fig. 4 Statechart corresponding to Fig. 3.
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Table 1 Basic measurements related to Fig. 4.
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Fig. 5 Statechart at the first hierarchy level extracted from

Fig. 4.
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Fig. 6 Statechart at the second hierarchy level extracted from
Fig. 4.
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413, [ CHARITH LR E 2R (a) & R
Bl (b) 1T o TWwah, TSI 2 IRFER S B Cs
DEMBILEILTDOL )12 5.
Cs(A 4 (a))
— (noc(U) -
=(3-1)-1
+ (noc(FEFEREIEE ) — 1) - w(iT
=2+4(2-1)-033=2.33
Cs(B1 4 (b)) = (noc(U) — 1) - w(U) + Cs(ON)
=(2-1)-1+ (noc(ON) — 1) - w(ON)
=14+(3-1)-05=20

(NOC(ON)*].)%U(ON)

w(U)=(9-1)-1=8

1) - w(U) + Cs(FEAGHEIEB)H)

T HEREEB) )
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1 0.5 0.25 | 0.125

8 IREED 2 4k
Fig. 8 Bisection method of states.

4 (a) DENGIHT 2 Cs OfilE Cs =233 TH D,
(b) DRWBINZX S 5 Cs DML Cs =2.0 £ b, 2Ok
Fld, IRRERERGHMERE Cs A%, EALRERE OIRBER DA 7
(T SR (I EFH S 5 7200 TH 5.

5.1.5 fEEICET3ER

IRRERERE MRS Cs OEIBIC DWW TEET 5. N HoIk
B OBAREBRNEEZ L. TOLE NIL, ek
ERELANVIZBWT ORIREED 2 DD EdHH 2 L 2L
TWh., 2oG, REREHEME Cs OR/MEIX 112%
b, L7eio T, IREERSEHEHEEE Cs DMEBIILIT &% 5.

1 < Os < WAIHRAEITETE L 73 A OIRAER

DF N, IREEEBRRHHEEL O TR EEfE 1, ERRAEE
HARHBN AR5 5.

N i OR IREEZ 43E19 5 2 77%EE, B 8 IR &
I, 1 DODREEE ZN DI OIREE L 12501F, £ DSt
W2 WET AIMGRE 2 FRAITEA L Ty S {LD
HETH L, HAREERNE, Z05EE L3RR
EERN MK TE 50T, Cs DR/MEIZ2 X h/hEL
%5 EDTD5.

5.2 JREEBEORSE 4T
RAEERRORE MG & LT, REEBEME 2 €%
T5.

5.2.1 TFH
REEBREME Ct %2, DWTO L) IZEHT .

Ct = REEBBE + KRBT 22K (3)

Z 2T, REEERIL, ORIREEE 7213 AND IREER BT
ETANREERBOA NG E L TH Y Y ML, #HIKER
LA N)ZBRILETHREERIGERVIDLET S,
5.2.2 EXETIRH#L
REBBAMAE L, BN IREORGNIB W THEER
GUEEY 2= WHEDONT V AZWET 570D ERDOYE
METH L. REBBEMEI, BEEEZEALLZZ LI
IoTHEL)BUTORBPLBELNETLIDTH L.
O WREEBREOHIR (FEE SR EORHR)
Q@ REEBRSMPIREL T2 BB (Y 2— i
DEALDOHEE)
ORBENCBIFAEY 2 — WL, g IkEEDS, 20
WAL DBE T % B 2 THEE R OE TR BES RTH L9
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x4 3 LI 4 a2 AR 5 1 O il
Table 4 Complexity measurements for Figs. 3 and 4.

TR P 7 y KR (1 4)
(X 3)
i) | BUlb)

BINISET P2 13 12 5

REEF 7= &% 0 5 0
REERE

13 17 5
MY Ct

KR ENTWAESEWTH L., TNUE, EREBLLD
e, $habbIELNVNT, A XV, B, IREE
EREPHLTWAZ LIZLDERSNS, Y 2 — VN
E T EERERE L OV OBAFERIFR IS 720, SRR L
NIVCTOEHEOMV SR EI NS, F BB 2D
MR MAERD 2 & THIRERDOEREDP LR T2 5.
REERSHRRELZ T LoV 2 - VEEELRD
ns.

5.2.3 fliC & DR

K41, M3 EH4I2o0T, REEERI, KEF /-
R, IREBRBEME Ct ZWE LR TH 5.

BERE (a) OIRREBBAMEE Ct 1217 L 2> THY, Hijb
REEER O 13120 LT, 4F A ML TWwAE. Zh
&, IREBEBROMAS 1 %, WEF - ERo#Mng 578
R TWDLZ L&, B L7z &5l S N7z 2R
Thhb.

IIUTH LT, B (b) OIREEERBEME Ct 135 &L%o
THY, HAREERD 1312 LT, 8 FA >V MEALT
Wh, I, BERE D) 2SIREFLER 000, REE
BEDOWA G 8 0537 D F ML DA & L CEHii S 7z
72OTHD.

ZOXHIT, REEREIE, WEtEH) FIMITWS
EMEEINLOTHAL, REF-EKIE, 5 FfizT
WHRWEHINT A, %0, IREEBEME Ct X, M
REEOE AN X 2 EREEGEOM ELEY 2 —VEDE
DING Y A HhBMERE > TWD,

IRERSRE ML Cs 1L, IRRED 2 IR X ) Z D fhfk
BT A/ MEICH: > TV 2 LI RETH B DY, FDH
&, PO ISR IRRE B Ct LT L £, &K
TEEBEMELEAT LI LT, #9 LHEREEAD
BAOWEEFFET A2 &EATE L,

5.2.4 fEIFICEAT 3ER

RREB AL OIS, HhBIRTE & v 7255 72 LA
RREER M OIREBR R A LUEIC LT, MBuIREL AN/
CEICE NIRRT AEPELDE (FIR) b, BRBILTE
EEBRBENFELT, A XY FBLOT— F&thz @k
XLIREEBOKE (A FR) ObLHEHMICRD. LA
REEERE O RIS E D g L, 1D LIk
FE T VHIRIKEERZ S e TIUE, EAT RIS
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WREBUIR SN2 DO TIRRE L 72 TH D B S AARBIAEIC X
DIGET A, 20, REBBEMEZD LT R, Lk
BUEI AT 5.

5.3 IEFR{ED 7= 8 DIFIEIEIE
5.3.1 IRET DHRIEEZ

CIHFETIZ, NREEDFERE RG] 720 DIRTER &
fE Cs &, [REEER ORI @720 DIRREER M
Ot xEFE L, TOEMWLRMARLTEA. Lal,
Cs 13 ERRfE, Ot 13 ETFRREE 12, LR E & 1ok
KT 5. 20720, TNHOIEZITTI, BRIk
EERMOGBMEDOR LEL Z3HliT & 2\,

COMEE RIS 57280, IRAERB MR LR BB
MEE % EHET 2720019 2B TELHBIREL LT
UTFD20%ET S,

REEHE Ns @ BERE YA 205 723856 D OR IREED
IREEBRHL Nt . BERBYED 7 2o 72358 OIREEER

RREHIBE Ns B L OIREEERBUETH 5 Nt 1T, FyfEiE
Whpo A OREBBKHEL, TnEh, HBIKE
BMEMIRREBR KL 2 5.

5.3.2 BEBMEDY LD - -15E DREBBE DB ZE

[ BT 1257 Ao 728 5 OIRREE RN ] 1, ORIKREL
AND IKEZ LD L) IS A0 L ) MEICKEET .
PIF, AND ER & OR EROFZFEIZOWTHR~NS, AND
JEBA L OR R, BERIRREERINIC BT 5 MG IRED %
{720, AND REED R FALIC A ETHEVELEHT 5.
(1) ORREDEHR

MWEIRRER B L4 2 TIEE DT I2R .

D HWTWREBBY TXTOE FIRENERT 5.
@ AZIREEERILE T OIRE SNIIRENERT 5.
@ MGIRREZ BT 5.

X 9 OADIREEBXIL, LOREIREEBREX 5 M
GUIRRE TON] ZHIBR L7451 E 2o Tnb. ZOKE, ON
75 OFF N[22 o> TWAIREEER L, &, BE, %
FNENANEHENER SN, ON »5E5, BRE, %
BB LTWAIREERIE, TRZENOTORENERS
NTwb (FIED). F72, OFF 25 H T AIREERIE
THPIREENER T 20T, GRIRENEEHIND (FIE
®). #0H 2 TIKEE [ON] ZHIKkT 2 (FIHO).

X 9 A5, (BRI %o 7255 OB &
V), EOIRRERKAS Ns, IRREBRED Nt & 0 5. Bl
TEfiElX, Ns=4, Nt=13 &% 5.

(2) AND KEDRER

AND IREE~NDJEBIIE, $XTo AND IKEE% OR Rt
D LA FE TR A% & 5. AND IREER BRT 5
FIEILLTO LS 124 5.

@ AND REEDHLZSH 5 OR IRHEE AND IRFED Z N Z
MCHERER L, HIRY 5.

© 2020 Information Processing Society of Japan

OFF

9 OR RREED Bk
Fig. 9 Method for expanding OR-states.

B:Rcol

10 AND REDREFHOH
Fig. 10 Example of expanding AND-states.

@ ANDIRE~NEET 2IREBRIX, TOTICHEESN
7oIREE (EAIREE) ~EBT 5.

@ ANDIREDNLERT LIREERIEL, ZOTOTT
D OR IREED LRI~ D ERNEHT 5.

X 10 ofFITIiX, @ AND IREEDHZH 5IREE A % IREE
BOH®D2DO0D ANDIREENNA BIUA & LTHEEL
TOAZHIBRT A, RICQ A»5 BAOIREERIX, C
EEIEEFENEFNMIIRETH L2720, A0S CE A 25
E~OIREZEBICERT . ®HZEIZQ B 25 A NOIRRE
BRI, CED2H A, ELF25 A ~NOREERNE
M9 5.

AND JIREE D RERg IREEE R X A & HATIRAE B M~ D%
#d ORIRFEDIER & MMk, I EMANIREBERLT0D
TeOREERESMZ 2L D, E5I12, ORIREL %
AND JREE~HEEL - BB L T\ 5 720, JREER D BN+ %
L b, [M10 ODFITIX, Ns=6, Nt=10 L% 5.

AND ZEIO R 7L LT 2 @ X912 AND IREEIZ
B ENDIREOR % BIR T HIREBICEIR S 5 A — W
ThHAHHY, WEIREBBXOREEZ M 2MERICS
W, BFIEDE A X B BIEENO RIS 5720
RIERE R L7z, AND 5080 % i LA OB IZ4E8 T
LR, 7Y 7 MR L AR 058 (k7
Vxy MyE) IHELbDE o TS,

%8, ERLo AND REORERIZ, RELBBOHEZ
EZBIZODORERTHY, FMizKEERTIEIEWI LI
FEISLETHA. 2L 212, FRoflT, 23i%id AND
REOENADLE, HIIA THLELENHY, 2L
TRV &, lIZe A M IE—BICERTE RN &,
EBRN G —HEERLTE LW ERH L.
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x5 1\ % B YR SV TR RE O i
Table 5 Quality index values for hierarchical related to Fig. 1.

P& D GBS IREES R (X 1)

SR E TR (a) (b)
Es 0.5 (= (3-1)/4) 0.25 (= (2-1)/4)
Et 1.0 (=7/7) 0.71 (= 5/7)

54 RETIRIEZOES
INFTITER L CTE 7, IREEMBHIMEE Cs, REER

HHEEE Ct, IREEHUEE Ns, IREEBRHE Nt 1ICHEO X, B

JBYED GRS Es & Bt # NFO X 9 I2EF%T 5.

Es=(Cs—1)/Ns (4)
Et = Ct/Nt (5)

22T, EBsIZBWT1ZEFWTWLDIX, Cs Di/ME 1
#5l&, Es OR/ME% 0 ICHIET 5720 TH 5.

£ 51 K1 ICHT2REEOMEREOMEEFEL
IAERTH D,

6. EERIC K ZFHM

6.1 EERER

RET B MEFHIED ZFQ [ HARO AR L TRl
WMEEFMICTE L] OEREMRT A720121F, 2 20D
EED, B L 2w EEELRETE L0 eMET
LUENHL, 2T, UTOMESZHEE LERICLD
SEAM L 72,

RQ1. 27 2 MEORBTER D O \Wiodfix Foo.
RQ2. BEDOF— 7 |2HkD X WHEE A ETE LD

6.2 EEAHZE

FRIOERAMO2O, HBOMELZNHITHT HH
BOMER: (HARGCREE) ZH#Efif L7z, 3R 6 ICERICHW
7, FLaRERROMER, REHE, AT T.

L7 3y QB OB ERDOWMRE L, B DEED
REORT, BREIREEBKOE LGB R &S0, %
T, NEREORE % 5 L 72 IREET, Gl R L 7.
MRS 2@ WS 772012, et s7 A+
r—AEBAL, WEOhTL Y2 —%2170, BIEE AN
TWwWh, ZNThH, AFEEHAZL TV ARVLDORELED
HEWOSHLHDIIMBLEZ L) ZTH 7 E LT
L7, OB, BIEIC X D IREBORRE LG ICZ T 5
TLE) bDBAL 7.

6.3 EEER

[RQ1. 72 2 FEORRTEDR ) O %Wk & F5o 200
RHAET D720, Bs b Bt e LTTay bL7:
DN 11 TH 5.
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R 6 FEERIZH WM L RS &R
Table 6 Data about statecharts which each subject wrote in

the experiment.

e N~ P RE AL (1) —
: ’ wes | mEsk |
BEIRaR: T53 0k 944
7oy ) 22.2 | 31.0 5
DOZRRE, #E
BEIRaR: $53 0k L4
EETE o 40. 1 62.7 7
DRRE, #E
e e,
\ 33.0 | 60.5 2
vavbrs | A (HEE)
1.2 °
1.0 ‘ .. ..
) . .
4 A
0.8
.
o 06
A
R
04
0.2 ATT7aY
oun®
| B R -7
0.0
0.0 0.1 0.2 03 0.4 0.5 0.6

Es

B 11 FRELIEEIC L 280X
Fig. 11 Scatter chart for specimen.

COREF, DT ORREM7.

o =777 () ICTRTOT—FIDBATr—LD
FEARLTO Y PTETWS,

o BAR¥N L VWIT 2y EABHEIIOVT, ZNEN Es
75 0.08~0.50, 0.16~0.57, Et %% 0.46~1.09, 0.88~
114 &, EhoTHALTNVDS,

o IO RKEVHBIEA, ISV T7IarOHICk
N, Bt DIE52 X OFHEIFRNMAN DD B, T
LT, HEE L AREOMAMBEOF > 74 2 ay
Y'Y 7 Bt 50.69~0.96 L HHATL D ILAS> T 5,
ZOZ kRS, ZOESDEOMIME, HEEORED
WEIVELLZDOTIE AL, 28 21, BEEDS,
M HEOBNE 7Y 7 MorEl, OF ) IEHITEE SR
LRTWVWHETH- -2 % E, REOMEIZL S D
DEHEMTE S,

VLR, EHAIC XY, AR RS, 32

FHE=ICL Y, 2 RICFiH Lo E TR INEERK O

RO SWE % G C & 2 AR D B Z L0555 72,

XY, EEHEDSLRT 2 BB IREER X ORE D

e %, HBOFG L CFHliT A 2 EASHREIC .

6.4 HEEFEDOHETE
[RQ2. #EDTF— ¥ TS WHEEEZHZRETE D
M aTAET H72012, IREEER LRI T 5B %D

am

i
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o BT R 0 BUEMERR 72 12 D W TR L7z,

(1) REBZICET 2 REEM4OSETFMISE

TREEERL IR 2 B M o S SIS AR Bt 1o W T,
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LTWwWa, COREDOBMAICLY, AND SEORS %18
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X 12 &, i % 2 OOFEEEIZ LD 4 DO
L, EEHEONMICEET LY 7V (Bt < 1.0 52
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REEEB OSBRI TR VL O, WHASET TRV
DIZFHETEDL L) o7z,

6.5 RETIEIZICEHTIER

LA OB YD e WA OIREER (Ns) B X UUIREEE
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FHE, hEEHIDZ0D5E LTWa. Es & Ei

ETIE, EFULICKDFHMEECE A 2 &84 5.

o Es=(Cs—1)/Ns: Cs & Ns (&M UAARZFEICL T
WBEDT, ZOEHLIZE Y Es IZHBEIKEL 2w
0205 1 OHHOHAEL % 4. Fs 2] 72 FLHE(E % 7%
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Fig. 12 Scatter chart with two reference values.
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