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Abstract: Software systems should be able to adapt in response to changes in the environment in order to
keep satisfying its requirements. Models@run.time approach, which utilizes models such as requirements,
environment, and specification models, at runtime for verification and/or decision making, is one of the
promising approaches to provide a formal guarantee of self-adaptation. However, the guarantee depends on
the correctness of the environment model. If the environment model becomes inconsistent with the envi-
ronment due to changes, the system works without any formal guarantee. In this paper, we aim to enable
runtime update of the environment model. We propose a difference learning technique to reflect changes in
the environment to environment model accurately, in a fast settling time, and with low computational over-
head. We evaluate our techniques through case studies based on automated warehouse scenario. The results
show that our runtime update achieves close accuracy to, faster settling time than, and lower computational
overhead than the existing batch-based update technique.
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Fig. 1 MORPH architecture [2].
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Fig. 2 Automated warehouse management system.
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Fig. 4 Overview of differential updating.
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~NEHENBGEDH L. BlL LT, 6 0HHIELN
T, ama, ams (& ¢ DMEZ L5720, BREEE T LA
RIEND. —T5, ams 1E ¢ DR TEZ 72O L %

© 2019 Information Processing Society of Japan

Algorithm 1 ZE5FEHO TV T1) X L
Input: R, {, (preo,acto,post,)(Obtained data)
Output: updated R

1: for all r € R do

2 if r.pre == pre, and r.act == act, then
3 for all post € r.Post do

4 apost — epost - n%]gii?

5 end for

6: for all post € r.Post do

7 Opost < Opost/sum(r.Post)
8 if Opost < ¢ then

9: post.rule — false

10: else

11: post.rule < true

12: end if

13: end for

14: end if

15: end for

16: return R

V), am2, Am3 O)J%%_’/ETU 6 O)J: )) &F,%%%?)bﬁ‘%g’@
SN,

5.3 RITRZESEH

EaFEO TV TY) X L% Algorithm 1 (2787 .
(pre,, act,, post,) \EFHRE A THHICEONLT 2 2 a v
ty b THDL. LTI arty bAELRL LT
2, B E ). 7, BohiT s varky bk
FREDHR G, T EL R OHAl » 242 (271
H). it &Nz r i22oWT, r PNEEOHESLMHED Post
DL E, Post \Z& N5 KFHESEN post € Post DEL
TR Opos &, MESRMILIBCRE Tk & FAROFEHEIC LD HEw
T2 4HH). FHEFREEANLIZCED &2, Bk
ERRFER % 55D post ZBRETF VAR ENE (6 »
5 13 5IH). sum(r.Post) & Oposte post PERIMET®H 5.
post.rule 2 true TH L post 1TIRH &N, post.rule 73
false THIUL post IR & 7% 5.

PERTHETIE, FHBADPLMEOD 5 —EHMITES
Nizrrzarty badb e, OQEETEEHWTE
HERITH . NT A=Y L, BRAEERSIPURT 5 £ T
DRIND., ST LTRFETIE, Filwrriar
v MERGLEI, WRNYERETEE e GHE 217
W, 8T X —F P LT . FERIA BT,
HEHEO1HETHY), 1 207 —F ZHHrAALZEIZZD
Ty DHhEMfo THEZFRL, NIXA—-FEHHT L
FhETH 5. BFEOMENAWLME LTI, Faonla
T=8"5,

(1) T FLIZ1DDF— % %8R

(2)BIRLZT =2 2 TENTCIHAE LA
iy

DT, RTHETIE, (1) 077 LREROEDY

2, RGP LR T—5 2FHT5. $42bb,
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Fig. 7 Environment model before updating.
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MAEFARUE (5) O k) ITEFT 5. AL /ML
ThHE)BINT A= p ERD, FREMFOBIESEZH
ET 5.

MSE(p) = (1 - P(pOSto|POSt(premacto>))2 (5)
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FHIE (1) V5.

P(pOSt |C) _ Z{postec,posﬂ:posto} 0P05t (6)
Z{posteC} 91)0573
Piy1 = Py — nVMSE(p,) (7)

FRickoTHEE SNz p OMEN S, FRFMOHEEI
MR E kD, HOPLOEZTWD ¢ LKL, BEET
VAR 2 080 %2 PET 5. EIZIE, (ofix E
0] % H e BLAVIE SR & Fe O itk dett, Faidkett, wlEBED
B45% LTS B OEREEE T VIR T 5.

22T, HEAEEW Y A7 2 OFEE T, BRK
GEMEGIZRT. TR OREET VAR T IIRT. VA
FLADFELTHIZ, ROT 7 arky bESNRIZET S,

(arrive.ml, move.w, arrive.ml)

oG, FEOIZOIHIT SN B BANI KO X9 72 HH]

Thb.
(arrive.ml, move.w, {arrive.ml, arrive.el, arrive.wl})

COHHANL, BonT v arky N EE USRS
HEIENE, 72 3 DOFESAM: postl, post2, postd & D,
FHFEREME, TNTIIST A= Oposit, Opostzs Oposts &
Fo. choongx—2i, X () 2dbLicHlfishs.
BH S NTz8T A= 8 DIEDS Opostn = 1.4, Oposi2 = 0.2,
Oposts = 0.4 T o 72356, HFSGMOHEBUIIESR X
RKOELHIZLTRDOENS.
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Fig. 8 Environment model after updating.
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6. ¥
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B (21) EOREIC X Y EET 5. LT 30k BgciE s
95,
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UK T X 5 D7,
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6.1 FHEEIE

WIFERE 1 Cld, FEBROEME L, 50 N7
EFNVOIEMEEZFMT 5. FEEROLEREEIIEED
KESE D LGS 5. fE72E, [5E47 b L — R4
R Lo RO BBl &, TERTH - RE

1623



BHAIEF =R EE Vol.60 No.10 1617-1630 (Oct. 2019)

®1 HOEORE
Table 1 Settings.

FRIE AN | KRB
) 7 3 153
HHI%L 10 1,171

HFME 26 5,259

x 2 TWHRE BORROMGR

Table 2 Relationship between prediction result and true re-

sult.
ELOKER
E | #
1E | TP | FP
Tl
g Tn% E\ FN ™~

FHEEZHWERRIC L > THS W HEEBHIEROED
| LT D, HAHEBEM T A FEEROIEME %
Accuracyicarning.i» FOBIMIERE prroe_;, HEEBLHIAES
o 8T DY, FEEROEHEILAOXTEINSD.

ACCUT@Cyleamng =1- |ptrue,i - pi|
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WML, ERALFHLATFT—5 D) bERICEF) TH
LZL0DHEEGEL, XOXTEENS., 22T, FIdEEE
ETAANRN, ARBEE T AR, #£7.
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TP+ FP+TN + FN
FZEREE 2 12D W CId, BB A L T b REET
WO PORT % F CICETT 2R T 5.
e 3 12DV, 1EDETVEIIIBWTELT b
L— ADFAABD D REDIST A=y EIR T TIZEL 72
R A2 FHERERE & L, FHMiid 5.

Accuracymodel =

6.2 FHfiEXE
WRFEDOANETHET ML — A, FHEREZETO
—EDI A LT 4 Y RIATHESN T =555, ¥
ALy 4 Ry EIR/NRERFIECIIRIER D25 M
3,001 Sy, KHRE 2 GIRE T 300,001 BfE> & 45, H
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M- AR ET AL 2 ABE C 1301 & T 5.
FEEEEATHIIIHZY, KN2DDFFEICBWTRD 2D
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o ILREE 1 BUNTTRE L EIEATLEN TH 5 BiIE
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Fig. 9 Accuracy of learning results (small case, env.1 —> env.2).
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Fig. 10 Accuracy of learning results (large case, env.1 —

env.2).
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6.3 INTA—RDEHFE
HEHEIZBITB8T7 A — ¥ OBEHFEIEBFET 5.
A OFERTIE, FEDFEFEn=0.5, 0.1, 0.05, 0.01,
0.005, 0.001 (2hNZ, BEFFED/8T A =%\ Tix Hwv
TFEEEIT o7z, WM LB ONNT A — ¥ BT,
Adam [15], AdaDelta [24], RMSProp [22], AdaGrad [9] ®
42 CTHDH., INHOTHI, FEHRTFIEEICHET S
Z&T, BAEMBOFR VPO L RE) O & H g3 Tk
TH5. AdaGrad TIE, K35 A — ¥ ZFNZNEL 2%
BHRLFEL, TOFPRFIFEELTLL-CCEHTSNS.
22T, Bl EBEOMKT 2R 72912 AdaGrad &L
B L7238 D%, RMSProp, AdaDelta, Adam T& 5.

6.4 MEREL: FERBREREETIVDOLEREE

KETIR, SFETHCTHEO N FRGREREET
VO EMEREIZOWT, M+ 5.

I, FEEROEMEICOWTHEZT). B 1 »
LEREL 2 ~NEAL L G A O/ L GIE O R AR 9 12,
KB ZPIEOMEREZRK 10, B 11 1[ZRT. F 2582
MNHEREE 1 A~NZAL L2560/ L FIEOK R B 12
12, RBEZFIEOMEREZR 13, B 14 (2R T. Hlizs
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Fig. 11 Accuracy of learning results with existing method 15 2B A Al XA 7B A OB T 7L O MR (NELRE 2 i
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Fig. 15 Model accuracy (small case, env.1 — env.2).

(large case, env.1 — env.2).
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Fig. 12 Accuracy of learning results (small case, env.2 —
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Fig. 16 Model accuracy (large case, env.l — env.2).
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Fig. 17 Model accuracy (small case, env.2 — env.1).
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Fig. 18 Model accuracy (large case, env.2 — env.1).
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Fig. 19 Computation time (small case, existing method).
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Fig. 20 Computation time (small case, proposed method).
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Fig. 21 Computation time (large case, existing method).
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Fig. 22 Computation time (large case, proposed method).
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