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A Scheduling Support System for Large-scale Facilities in Consideration of Skill Edu
cations and Working Conditions
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As of skillful works such as maintenance works of airplanes, workers have to learn
many kinds of works with 0JT. However, it is difficult to balance between working efficiency and keeping
the number of skilled workers by performing 0JT. The purpose of this study is to develop a scheduling supp
ort system considering working efficiency and skill education. First, the author proposes an education coe
fficient (EC) as a parameter that adjusts the frequency of 0JT and a scheduling support system for the lon
g-term scheduling of 0JT. Next, the author proposes a simulation-based scheduling support system using rei
nforcement learning to adjust the value of EC automatically based on the specific situations by considerin

g the balance between working efficiency and skill education.
The author also constructs discrete-continuous hybrid system models of the maintenance workspace using sce
ne transition nets which are graphical modeling and simulation tools for hybrid systems.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

Wize o= P U O RIS, ¥ES
7 v NEORBEREHO A 7 F o A8
DOFEZIL, BFHOBSOEET A BT 5
TEE LIl U TIEENEMETH D, 1EEHIC
IXEERERENESRIND. TDD, 1E¥E
FIIo HIEEEZHIMTIT O 720I2iE, —ED
Hife % B (b 2R O 2 B 3 5 BN
bV, BFEOHEHELET L1k, £H%
ITWERLHEEZEET S On the Job
Training (OJT) 2GR B D Z & BLW. K
W RIUBEAR « REUAGERNH DAL, OJT xR
W 2HE LD 0%, HERG
FEVNHMTIEEEZIT O GG & ik L TE¥E
NERMET T 57280, FREHE & EENFRE
NTUASHE AR EZ FRTICHD Z &
WHEIELR L., S5, B oFEEEIGRYE
LNAHEXOFBIIZHEEZHETH HLEN
%<, FIUEITRE O SR - EHEHEER

HATEY, EHICEORELRTHLNIAR
ST 891, REOKRS, WMOEE, i

Dk, VEEEBOEAEDGILRN IR
N IR IET DM BEEREE > TN D,

LU, 1EEBGOEBENHG ORI %
TR L, MU EEHEAZ L TH I &I
FEFICHEEL 70> TRV, BB IR
B - BRATEERANIICHERRT B DN R - B IEZAT
STWEORBRTH D, TDi=d, HiEE
BEEENRONT o AZRITIHE ©TH
I DA a—) U IHEFEE, ERRL
AT a— VEFET 570D I 2 b
—a VERENRD LN TWS.

2. WHEOHM

AW T, WFEREE O BT OB
B BEHREA VAT LADETFTY S -3 a
L—yaVFETHAIEmES R Y &
UNTCRIUBER « KRIUBGER D A 7 F o AE
EHGOET VT I alb—a BT
VY, XD EEEAWT, BREEE L
VEEMRENT UV AESEDI ATV 2—1 v
TOXERITO ZEHARETS.

3. WO ik

Vx& E 2 HEEBG %, SmEE Ry M
AW TR - @R A T AT &8 L CREHIC
EFULTL, I alb— g BT ORE
T 5.

Q==Y hR—ZADENIA SV 2—
VIV AT A E VI alb— g VREICE
9 5.

@7 E LA AW T, BUGORBUITIE T T
REEHE ENEENRONT o X 2L T
AT a—=0 T eTH) VAT he %Y
5.

4. WFIEALE
(VD) ETIE, BREHE LB LI KA O A

VTl AMEEBGOET Y VT BT, T
XA RR—ZADT I 2 L—XEERLE. K
MRTIE, Yoy b YU 8o RTEK
DATF U ABBICBIT DAY a—1
VAR, UTFOXHICEET H (X 1).

TEEHI TiX, NW[ANJDOTEEE T, Nu[H]
DR Z L [FEJUANICA T F o AZ1T9 2
EEEZD. KR M DA T A,
Ny flEEHO Y a 7(EE) 22 TITH 2 21T &
STHREND. ZZ CIXREL BEMb+ 5 7=
B, Nm [B]1OMIL 2 CRIFEOBEK &+ 5.
K a 7 i OFATIIER i [N 2 83 5. &
7o, &Y a 7 OFATNEE IITESNAAL I Z /2
ZLE L, BTCOYa FIXFEIEZ TWHFET
NHRETH D LT 5.

BAEEA Wi lTIE, Y 3 7 DIEREL UL
ELTL UL LV (Wi, jk) (= 1or 25K E S 4L
TEY, LL20Y g 7L 14 THEENT
BETHHD, L1V a T, FOVs
TDOHREL LN 2 THHIEES 1 40 FRE
FLen, OIT 24T W N HIEEETT H LB
5. OIT OVEZERFRIE, W EERRH (L
UL 2 DIEEF N 14 TIT 9 56 OVEERERD)
D Hor (>1)FE7%%. 2F0, Va7 ;b
OJT DAFZERFMIX, Hor x i [N]& 720, 1@
WO LWLERERNEL oD, e, REHE
Lo EEEIL, BHIZEVETHRTY
HVE¥Z L, OJT OISR+ 52 &
5. KoT, E¥EFEOEREHE OBE L E
R LEOMIZIX, FL— RETT7RFEETD
iz B,

VE¥F T, L1 OYa 70 OJT % Ny
FZ#HT 5L, 2OV 3 TOHEL~LR 2
W7 745, £, LUL20Ya 7T Ty
ERLELREE LR 8E, T0Yar
DFREL LN LK Tt 5. koT, 1E¥
FERBHDHY a T OREL~ILE 2ITEDT-D
Wi, EWIRREE~DIEENLE L 72 5.

7, VasTz—Vxr b, BEET—D
Vb, BEET -V FTHRENS T
—Vx VU MR—RADATVa—) VT VA
TAZONTHET Y VI AT 7.

EHIZ, ATV a—/Lho OJT EEDHEE
ERGICHIERRER R T A =2 Th D [#HE
fE(Education Coefficient, EC)&Z & L, Lo
ETNVHICHARIAR, THFARR—=ZAD T I
2 L—X EREE L, BMEMR AT

- By Np, machines

machine No. M

deadine  dl;  dl,

average working hours  ; t, tnj

X 1. KBRS A T F v 2B OE T UL



@A) THE L7223 2 L—ZE2 MW, 1F%
B OWRBITIE U T OJT OBE %1% 4%
= vE AEIICIREGET 2 22BN E L
7o, BbFEEEAWEBNA S a =) T
KT AT DA LT BETIET
o L2 W EC IEE L AT
OB A T EICEET .

X213, BETAH AT AOMAKTHS.
AR AT LAOHBNE, BIGOWRRIZIE T TEC
DEZFEENCRE L, (FEEDREBENRE
NI UASHEAF Y 2—Y U &2 EB
LZETHD. KRVATACBITD [HED
WL &0, #ibsE v AT Ao NIREE(state) |
(CHY L, EC ofEiE [r#Eh(action)] & LT
FITEND. REEL LTEHRTNE T A—
ZIIkEL I b DB 2 b DN, AEFFE T,
EC ZILET HBEOFFICEHE R HIKEE ThH
HEEBEZLND I E corkv R T4
Va T OEREFEE O THFRS CEETHE
RVEEE O ZIRRED T A—H L LTH
Wie, T ONRFENRT A —Z WL T 5
(2, VAT NIATEMEER S O ) E & LI,
1TEIE LT EC DIEZPET 5.

Vial—yaickosT, &ETCHOYaS
DEITNETTHE(ZhE 1 =Y —FE
T5), VAT AOMPNBIEHIRANE LR (TF
RV KT a T OHREEREHEEDE)D
FEREFMEL, WM AEREE L T AT ADTT
EHlERE% %, sk BT LT XAILHE-S
THEHT L. LiLofEE2#iy K+ Z LIick
0, EOERE S S 3 D 1 TEMG I BB AR
Eh, BUEOIRPBLIZIG U C#EYIC EC ik
T — V(IR RE & ATEN DR O T BIE) 035
LD ENRH/HTES.

LML, R TRRET DA TR
ORETIL, EBOMZEHY = b v
DATF U ABGOT =X 2 LTE
0, 10 FLL EORMMICB T ARV a—1
VI ERBELTWS, 72, 1 BOHERO
AT F U AICE TSV a 7O 100 B
L HERIZ . DT, BREROIRREZZM O
YA RIE KRB DER>TLEY, RN
N2 F TR ARFAITRIEN LT L e
S TULE D AREMENE VY. F 2 TR T
WHEEZHI T 2872 FikE LTaLN
T2, tile coding & MHfERIELORRIEITIL %
BEVATAZERALEZ, ARLEAY Y
— VORI, I E TOMBNTLY &
HENRE BRI SEDL72012, VTEERK TR
DS VIE & TRAE 28 O S O i 23 &
725 XD ITHEBaE A58 E LT

100 & DO D A T F v 2% 8 NDVEE
FT 10 FLUNICTETESELZEE LTV R
T ADOEEHER 1T o2& 2 A, K3 IRT
X1, MEICABNH HEAIIMEERE T %
TICET AR &, OJT OEE %1
T EICLY, HEENIRART DIV a T
VI MADEIRAT Va— T %
IToTWD Z ERFHAIIND . =i

IR WEATT OJT OBEE Z R &4
WMENCRICA D L9 ICEEREM OB %2 5
H45L 502752 —0 0 T HafToTN
BT ENDOMS., TDI=, BREENARET
57 a 7T OBITMIRB N H H5E Lk
B LCHEINLTWS., Zokoic, REEy
AT LD, HEEENAET DY a 7 EM A
DO, FE LIMAIICHIZE Y Kolcary
2= U T EIToTWDZ LR TXT-.

S B, RO EE (VIIEEE T D EE
HOZEF)AFEAE LB, IRIBZE M O YER
SREFPEOETICEY, WYRAr Y a—Y
VI EMBET A ENAETHD Z L LR
T E 7z, ARWFZERREIE, 5 BEIZFLSnTW
LR LD L LT 2014 AEERN OB AT
ELTWD.

state vector s,
tiling %??,gg/_tile coding

binary feature F,(0001000010...)
value functions

update
/ / ------ \ value
value function | | value function |. . [ value function | | functions
for action a, for action a, for action a,
values of state S, ~_\ —

action selector |
selected action a(; (EC value)
shop-floor simulator |

imulation result working hours
simulation resufts the number of skilled workers

| reward function |

reward r,

X 2. AT E % - ECE Y AT A

-@-completion time  =&=average number of jobs

=
a

the average number of jobs for

740
720
700
680
660
640
620

600 -+
8 85 9 9.5
deadline [years]

L4
=

completion time [ X 10%h]
S P N W B~ U

T
[ R = T

which the number of skilled
workers is less than two [/ day]

=
o

X 3. MBI (REE) D A ¥ 2 — U v TR
(Zefilh - PEESE TG, Al SRR Y a 7
%)

QB)VARMTE TR &3 25 KA D £ > 7
VARBUGIE, KEBRAES AT A EEER,
B R Y AT Ly AT ARRIEL
T AT A TH Y, FEMRET UL E
THO 2 EIIREETH D Z LBV, FZ TR
7 CIE, RFTRHEDBIRE L TV D HfEk - 8
BIREV AT LOET IV VT « v Ial—v
a3 FIETH L5 mIER X v b (scene
transition nets, STN) % H T, KA -« KB
BERIE DA T F U AEEBGOET Y



i

discrete event system models
i paroc] froe]

T e alb—a BT FERERTS.
STNIE, K4 EiZRmd L9127 7 # (actor),
v— 2 (scene), kT 3 (transition),
7—7 (arc) THERK SN D. 77 ZIXREE
(77 2B E N ERFFL, v—ICR
BENTEFAFIZ A/ THLDIREE
EREBCEILSED. ZOT 7 ZEKN,
HAMD 5 ooy g viciddEantnsg
kG- L&, T 20—
VBT D, O, T XET I XEEK
EIEALSERND, Fry NT—I NEBEIT
HZ LD, == Ialb—Tar
BEEITL, &7 7 X OLHEB O & Bl52
45 L THEMER L AT AOfENT, 27
7 ZEORHMPHERLZBIET L2 LICX
0 EFEEEL S AT A OFRNT & [FIRFICAT 72 9
ZEMAREL 2D,

2—YP— I LEROBEBELMEEE TR b
U — 7 RS, Va2l —a AR ETT
5. v3alb—iarTlE, &7 7 XO%H
BEOKTZBIET L L CHEBFES > A
T LOFENT, F12T 7 ZEBOREEHHEE &
BIRT 5Z & CTHEBER Y AT L OMATH
RFFIZITZ2 D Z &2/ %, BFZEREE 51T,
BHIZ STN OFFT IV VIRV I 2 b —
a %1725 GUlI Y—/t LT, STN GUI
Simulator( 4 F)ZBAFE L TEY, ApET A
FLRY—ERAVATLADYI 2 b—i g
VEIToOTNA.

mTTT T T Input
1 _RT/_ :Transiﬁons
Scene
—{Scene 1
/o Actor (Performer)
Casting — W

H = |  Output
I Transitions
STN edit toolbar
— TE— =
E-r=EESBcac.Lze LT

temporal changes in
state variables
(continuous systems)

continuous system models
(differential equations)

Jooen | @ |[ @ ][ S2ma

simulation toolbar

4. BEEBL A v MSTN)ORERMEFHE( L) &
STN GUI Simulator('T)

UL, KREUE - MR AT A%, B
%AW FEICESW TR S8 D >
AT BOMABEDETHERIN TS, 20D
L5977 AF LD STN EF VAT 51T
iZ, flx DV T7T AT AE, FNENMANL L
TEREN BT B Y g = 7 (envisioning) (A

MR EL s 2 7 K& BfRT H B8, BHOHT
VAT AOEMEN B A BRSNS D
Yo mBickvYTETALLELTCET
MeEL, —DOKRFES X T LEZTnHOH
TVAT LAOMAEDEE L TEBT S,

[V FT 22T BT U 7| BDARITH
D2 EMEEFEIFZEIZ L » TOREN TV D.

L22L, STNZHWT<LFT AT ME
TV T EAIT O HGE, MIRRINIHEE D STN O
P TETIPEEIND 2D, HIREIIZFE—
DT I ENEBEOY T EFTILVNIZEET D
ZllIhD. BAYTETFANTOT 7 XD
EENE, oY T =T IVRNOT 7 Z OB
BRI THAENDD. LL, ko
STN DOFSEAIE, B b(7— 7 THERR I
TWRW)STN BITT 7 # ERDES DG
DR LVEITH) Z LB ARABETH- 2T
W, BT VAT ABMOMAEEREERT S Z
LIIR#EETH -7,

Z ZTCARIIZE T, M5IRT X9, B
BoT 72 TT 7 AERERESTSL LN
IWEEE STNICEAT L Z L2k, o
STN MIOMAEERZXKET 52 L% AlHE
TAFEERRE L. ZhICEY, KEE .
BNV AT D, SESERENTHEES
NrEEBEOY 7ETFLVOMBEDLEL LT
KT ENAREL o7z, AWFFERE I,
5E|ZFL S AL T W D MRS L@ & LT 2013 4%
(BTN AT

( (A) actorclass A )
L O OO - @ Actors (instances of actor class A)

STN model
4 sub-STN sub-STN sub-STN \
model 2 model N

model 1

shared state variables
XY, Z, ..

share == update

J

- == link

> T ORI

(4) AREFZETIX, ) TEFLLIZKBBA T
F o ABIS A, STN & W CHES « HEftiRA
ETTNELTCETMEL, ATV a—0 7
ERETATEOOYIa L — g VREE
HES A ENEEO—SThD. KT
X, FTORNMNY E LT, 1EEEMTOEE
DEB LB ERL AT AL LT, EEED
Bk o SHIEhBR 2GS AT AL LTS
T IALERIT, BIfELRRREE LT,
QDR TH DT 7 2 EHKEOEAFIZLY,
STN Tix MFEE - BHROET V) [EE
Tav ADFETIV] DO AT AOBEZEM
SLUTHEE L, 675, VT T AT K
TV U TMARETHDH. ZZTiE, STN %



FAWTERA - SHEIER OS2 8N LT 1E¥
BGOETNMEIT) ZENARETH D0
ERMEET DL AHMNE L, SMREET
1A TR SN DIEXBSG 2T vbD
St & Lz,

FREETIX, TE¥EXG LDk 15D A
FFUAZET LAY g 70T L L, ¥
FHIT 2 4L L=, BoENT 100 &L,
BEEHEIDHOLDPULDIRESNI-ATF Y 2
— U, YT A2 a TR IR L
EITTH L. (EET o ADOETIL
W, TEEE LIS L TR L. KT
L, FNENDY a TEEEFThE T —
~(Jobl~Job5) &, FFHIREED 2 — 1/ (Wait) T
B INTWD. EEFIIAT Y 2 — /T
VY, — Jobl~Job5 & 2 — 2 Wait DT
RIEERS 240 K. 45 3 7 OVEERRF (4
Va7 Dy — U THTET D)X, %k T 5
Bk SHEEROET A bR ST 1EE
REICHE D . A Y a— 72y a 7 (1Y
LAWY g )DL — ATITER LRV, B
1 BHOHLY s TNRETHETLEEE, K
DDA T F U RZET AV g TH A
TV a— VITHE, EAT AR KT,

B SHERRE, (EEFBLOYa T D
CICFENFENMNL LI=EF AR L.
20X, VEEEN 24, PaTOENE THD
BA,2x5=10 DEFLEHEGT L2 L1k
5. BAEEEIL, £V a7 LT EHM
(CEITHCEEEA)) TH D [—EHRLL
FATL TWRWEAEIH) ) o @b OfRiEE
L0, BIEORETITE AR, %EORE
TIXEAEHAR I, 324 3 7 OIEZERFH
NEERY|THET 5. F¥E0v—iF
Learning & Forgetting ® 2 D& &EL, i
I E AR O BI%L, % I EH dhiR o B
BEEnENFR L.

WEELIEEE-Pa T LD SINY 7
TILEFEL, YIal—ra a2, 5
VERREER 1T > 7=. STN GUI simulator Tl%, %
R OIEEZ OREE, BiiER AT L L
LCT =A==y a &> THEMICER
NARETH D, Zhic kv, Hicer kst
BNEHEIR L AT ADIGEE, Ty R v r4%
DY AT LOREAER, VAT LOBHEEE

BHWTF =y 7 THZENRELRD. £,

& — TR AR VTR S e
AT LDFEEE, 77 BLTY T AL A
DZBHT 2 ERREETHD. 2T,
%V a 7 OYEIOIEERER %2 100[h], #H PR
HAaE01 & L. F£72, EEEIT 100 Ok
WDRA LT F U AEITIMN, BHDHY a7 w=r
Bk 2 &R LY L2 ATy ah,
LR o G AITEAEIP IR ENY) B

bHZLLELT, YIalb—Tara {tor-.

X6 1%, »DHIEEED 100 54 TOEMIZ
BWTC, BEDOY a 722 THY LZEED
VRO b 2R LTS, 7T 7 Ok
XA T RBIBICRNT RO BiE A
B, Ty a 7 OEERMTHDH. 20

G, ¥ a 7 OVEERENTE b BRI e, 8
D ERET D

—77, 7131 EHOBENS 40 50 F
TIEFE L THDHYa 7aHY L, 4158,
5 80 B H £ TIFHEYET, 81 B H LRI
WNZDOY a 7L CTHY LA OE
ER OB EE LTS, ZDXkoHIT, A
TV a— WG LA EEERB LI OE Y =
T OMEERFRIORLE, VT IVZ A DB
TAZEMNAREE D Z LRI L.

Working hours [h]
120.0

50 100
TR ET LB [A]

X 6 EHANIERZHY Lo 5HE O1EER
MOB(FEDOHR, BEHIZRL)

Working hours [h]
120.0

100.0 m
|

800 | \

40.0

0.0 - -
50 100
TERENTE T LB [R]

X 7 TEEAfE D BE OEER R OZAL

5. E7pdEdam L
(WFFEEE . WFZE0HE R OEHERT 788 12



ES )

[
)

(=

)

seam ) (RE 2 1)

T. Tateyama, T. Tateno and S. Kawata: A
Scheduling Support System for Large-scale
Facilities Using Reinforcement Learning in
Consideration of Skill Educations and
Working Conditions, Advanced Mechanica
Design, Systems, and Manufacturing
(JAMDSM) (Special Issue on Advanced
Production Scheduling), #&#kikiE, 2014.
B, SRS, EILEERES, T
HEREST, TAIUSE, JIHE—: SEER
I MZESL P —EZADO~=LFT A
N7 NET U T FE AR S
CHE C i, Vol.79, No.798, pp.p.418-428,
2013.

=2FFE) Gk

BLRSE  HEER R v b T E A
FAWTZBER - ARG AT LDV I 2
L— g bl R 26 FEEEX
¥ CH RS THRERTIE, 2014
FILRSE  BEEBE R Y M E AWK
B AT LDV I ab— g v b il
b, BRF2MIEREEL, Vol.ST-14-009
~011 - 013~017, pp.5-10, 2014.
LG, REEpSEOL, IR B -
HHHRG VAT NET VAW, Biie
BExEZRE LT KB RIEED X 7
Va— VUKV AT b, BRES
zes gkl ST-13, Vol.116-124, pp.1-6,
2013.

B, REEPAOL, JITHG— KHR
MiER OBIGIRI & AEEF e - BE LS
LIRS Y a— v 7T A
T FE2EAS LTIV VA
T Ao R T T LG CE
(CD-ROM), 2013.

L, fEErEOL, JIHEH—: e
B L EMERRBIGORNEE % B &
U7e, B 2 o 7o RS IE R /E 3
AV a— ) U TRV AT A BRT
D% & E R, ST-13, Vol.018-028,
pp.13-18, 2013.

T. Tateyama, K. Kimita, K. Watanabe,
R. Chiba, Y. Shimomura and S.
Kawata: A Service Flow Simulation
Method wusing Multi-aspect Scene
Transition Nets (STNs) Modeling. In
Proceedings of CIRP, IPS2 Conference
2012, pp. 297-302, CIRP, Tokyo, Japan,
2012.

T. Tateyvama, S. Mikoshiba, K. Kimita,
K. Watanabe, R. Chiba, Y. Shimomura
and S. Kawata: A Multi-aspect
Modeling Method for Service Flow
Simulation Using Scene Transition
Nets (STNs). In Proceedings of the
2012 International Design

Engineering Technical
(IDETC2012), CD-ROM,
American Society for
Engineering (ASME), Chicago, U.S.A.,
2012.

® BHLEE, GEFAL, I
HEBBORBLEB L EIE LT, ML
Bisg O Ay V=) v SRRy

AT L, BRFEWILSER, ST12,
Vol.11-20, pp.1-6, 2012.

© ELEtsR, EEEpAESL, M BLGE
EEDORREHE LBGORNLH 25

BB Ry a— v SRR R
T b, Pk 24 SEEXFRET - HH
VAT AP R4x, CD-ROM, 2012.

6. HFZEkAfE

(1) #FgefEH

#1L gtsl (TATEYAMA, Takeshi)
FATAKRS « THETHIE R > b
TR - HEHR

W& 5« 70336527

Conference
The
Mechanical



