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Abstraet In this study, it is examined that the behaviors of product mix have the
uncertainties about correlations and standard deviations of standard operation time
foreach division. In particular, improved nonlinear hyperbolic model is reformulated
by applying the deterministic equivalent of chance-constraint model. As a result,
their characteristics have been verified by visualizing numerical examples which are

divided into both equal and inverse cases about the correlations between two divisions.
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max f =c¢’x
s.t. Ax<b
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max f, (x)=¢'x
st. (A;+A)x<b,
x>0 (j=L---,k<m)
min f,, (x) = c'x
st. (A, +A)x=b,,
x20 (j=L-,k<m)
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T 5, SOETIVE, WHLHIC & SHERHEDID, A, A, b, OB 2" HELS
DT, HFERMES U TGHEREMER T 2MEZKRT, Cohhbod, ToRRITHT S
AEFEEDOFEAMIEH F VIR TE L, Z Dk, FEBEOMAITIFHIG L < 2,

2.4 BREEEREBOAREEMHDIODEFTROHMEER LR EREN DR

z 27T, AQEAL» 5, FiEBIMORANIITE T 5 €T IVOAFELEED ETHREEZ
KD BI2dIT, HERICBRT 3 k(<m) AORIREHERERINLT, TRROLIIZET
MMET 5, 3H D5

— 176 (726 )—



BN & OMBIBIRE B U BRI O AR IS CBEBRREE T VEV T B S 7 b 1y 7 2 ()

max f, (X)= c'x
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x>0 (j=L---,k<m)

min £, (x)=¢'x

st (A, +Ax2b, ,
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max f, (x)=¢'x
st h,(x)<0,
x>0 (j=1,-.k<m)
min f, (X) = cx
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max [ =200x, +270x,

st 2x +2x, <1400
x, +2x, <900 13

x, <300

x20,x,20

THBHE9, Z2iT, xiid ST T NVOBHEMEERFRICHE S CEERTH D, FEIC 0 3
DX ETIWVOHPERTH 5, HIBH [ 13 LLOE 1 o Rl 2 O TERET 2 —kE
BTHo, xi &l fEksh 3,
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x =500 ()
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TH5U, DX BMEIZONT, KHETHEEN S T TFIVOILEIZ DN T
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max f =c¢X +¢,x,

s.t. a,x, +a,x, <b
Ay X, +ayX, < b,
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Constraint of processing division:
2x, +2x, =1400
600+ ]
N Objective function:
[ \\ f =200x, +270x,
AN
\\
=400 \\\\\ .
L Constraint of upper limit of |
\ the production of DX: x, =300
Constraint of
assembly division:
200 . . “ x X, +2x, =900
Optimal solution: (x,,x,)
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BT D, K EAR, RAITRT XS TN IR & MR D £ h 2 1 D EEHEVEZERR ]
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KOBHOLEB) % 2 4 12773 B R 25 & ST 1 O TR T8 & 78 o £ h 2 hicin
ZT50000F 25 v F LY LT v UkiRE T oy b LIZBITH 5,

B2 05, WIREICHRER S %72 2 KOHlHIFMHERO L MABHERAED K& XTS5 T
EHT 5 LICLAAMEREAET A E0bNE, 2OW, 7o¥ 7 Iy RITL
2l 24T D 721, FEBIT AR SERE I O BEEHI S AR I S W T bR B4
Eapp00, 2T, W TIE, FTiol EEHERL T 5,

9, BRI O AR DM A~ B HBENH EDT, TDIDORITHROM
HFEBROBEIC, BHERZEOKE 31T X 2 AHEFEEO BN 2 1 S HHI AR Z R
ELUTHIRTE 2 2 EMERTE %,

wIZ, 2 AROHKIFZMRITEEB SN B 2N OB OREAE RO T, R#ERX v JE
B OENZ R ETNZHDZNTNDOL N, REBMO LPRETRELTHBEGS Z &
WHRETH 5. TORPELT, FTRDETFTIMENAFEEL L B,

TRbb, £40%1E2EE LRI X 2B EREOILET 7 Vo K 3 ITRE
NEEICARNTERT 2ETIVICHERT S5 ENTES, &%, ROIKBFsE
& T DR 3ME AT M2 B8 U 7B O i o El 2 Ricd, b b, Wk
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max f =200x, +270x,

s.t. (2+£2x0.05)x, +(2F2x0.05)x, <1400
(1£2x0.05)x, +(2F2x0.05)x, <900 (16)
x, <300

x20,x,20

LG TEx 00, ZoXer S, K6k BIEREFHWIEE L TETIVET 57201,
PR O ANFEFMEE B L 70y 7 F I v 7 2B FRO LS 1

max  f; (x;,x,)=200x, +270x,
s.t. (2.1x, +1.9x, —1400)(1.9x, +2.1x, —1400) = 2450

— 183 (733)—



558 H3 T
(1.1x, +1.9x, —900)(0.9x, +2.1x, —900) =1800
2.1x,+1.9x,-1400<0
1.9x, +2.1x, —=1400< 0
1.1x, +1.9x, =900 <0
0.9x, +2.1x, =900 < 0
x20,x,20

min  f;, (x,x,) =200x, +270x,

s.t. (2.1x; +1.9x, —1400)(1.9x, +2.1x, —1400) = 2450
(1.1x, +1.9x, —900)(0.9x, +2.1x, —900) =1800
2.1x, +1.9x, —1400 > 0
1.9x, +2.1x, —1400 > 0
1.1x, +1.9x, =900 > 0
0.9x,+2.1x,-900 =0

x20,x,20

LERIS B LMTE M, 2 20T, ANOHIFIFEMIRO AL OEHIA2,450 £1,8001F,
K012 7> & T HROML S E BN TR ST H 500,

2450 = 2% x(350%> x0.05> +350° x 0.05%)
[(2+2x0.05)x, +(2—2x0.05)x, =1400

: {(2—2><0.05)x1 1 (2+2x0.05)x, =1400

d,, =x,=350,d,=x,=350

1800 = 2% x(300” x 0.05° +300% x 0.05%)

. {(1 +2x0.05)x, +(2—2x0.05)x, =900

(1-2%0.05)x, + (2 +2x0.05)x, =900
d,, =x, =300, d,, = x, =300

Zo & &, RNOIEEEERE R 3 It s n /Wi 2 iR gttE LTha
BETIVELTERINTOARWL, Uicis> T, AHERSIZREEEIFIZEE 0y s b
Iy ADEBRED D ITHHIEHEE TV A LERD B, 51T, AHEEMLICE
W BEBERERO ERETFTROBERETOZ DM DO THNTE S LN DH 5,
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33 705U Py I REFINDIZHDREIRIC L B IR EEDO—MHKICLBZET
Wk
IIT, RSy Iy REFIVOEERIHRED £ 7L 0T o EBLA R
T2, 7bDL, AO» SN, oy — R HIBHTE 2 X5 HEREEEE T
WE—EKELTERBLAEE T, £9, RO TRE L TERES 500,

max [ =c¢Xx, +c,X,
st. (a,tAo,)x +(a,tAo,)x, <b
(a4, £ A0,)x; +(ay, £ A0,)x, <D,

x20,x,20

T 2IT, A BEHEMEERE I O RE oy D 1, 2, 3REEABRAERTERTH S, D
FZHEEEEPEEEE LEICERKEL LTHO SN S v 7 <0G % TEET 5
DO EBIEOEHKEDER EFNIHZ T B0, D&, ZhsohlFagkiTudh
BOMIRE UTHEA S, TR OMEIIAESRIEEZ KRB 5 & S ICERRKEHE
RBicd,

wiz, RMFFRELTRBENS, TEbD, #V R 2 RO O E# % R
PRI SRS NGB 2R &, dj 32O ER 5,

{(all +40,)x +(a, —Aoy,)x, =b
(@, —Aoy)x, +(a, + Aoy, )x, =b,
X = dm X, = d12

{(azl +A0y)x, +(ay, —A0,,)x, =b,
(ay, —A0,))x, +(ay, + A0,,)x, =b,

X = dzl» Xy = dzz

I s> S, D%

max fL3 (3, %,) = €%, +6,X,
s.t. {(a,+Ao,)x,+(a,-Ao,)x, =b}{(a,—Ao,)x, +(a, +Ao,)x, —b}

-4 (0-11201112 + 0122d122) =0,
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{(ay, + 20,))x, +(ay, = A0y,)x, = b, } {(ay, = 10,)x, +(ay, + 10,,)x, = by}
= A0y’ dy +0y,7dy,") =0,
(@, +A0,)x +(a, —A0y,)x, —b <0,
(@), = A0y)x; +(a, + Aoy,)x, —b <0,
(ay, +A40y)x, + (ay, — Ao y)x, —b, <0,
(a3, = A04)x, +(ay, + A0 y,)x, —b, <0,
x20,x,20
min  f, (X,%,) =¢x, +¢,X,
st {(a, + Ao,y +(a, —A0,)x, b {(a, — Aoy )x, +(a, + Ao,)x, — b}
-2 (o, 12‘27112 + O-lzzdlzz) =0,
{(ay, + A0,))x, +(ay, — A0y )X, =b,} {(ay, — A0y )x, +(a,, + A0y )X, —b,}
-2 (o-zlzdzlz + 0_222d222) =0,
(a,, +Ao,)x, +(a,, —Ao,)x, —b, 20,
(@), —A0y)x, +(a, +Aoy,)x, —b 20,
(a5, + A0y))x, +(ay, — A0y, )x, —b, 20,
(ay, —A0y)x, +(a,, + Aoy )x, —b, 20,

x20,x,20

L& UOERIERIERE O € 7 IVICHEE T I LN TE 200, ZoEE, K40
BERO FREB X PR E UTHIROEBFIS IO W TORERERRAETE 5, 7,
]G 2 A LR A TR E 2 A i x DIV, BB Ic BT 20 B0 icBlb 0 7a<
MDIEDRKRENTENBFINT NS, O &, BITHBAREZRT 2720 TiRE L,
ZONRDBBEENTH 2 0EZELLHNIT 2 L &7, AEERWIRTLH S E0bh
%

EIAT, 7ugy s by ZAFHEEEREE LTbhTE I Eh o,
FERrmiMEICR L E LT, BMBALL TEMNICHERRT 2 ENEHTH 5,
Z 2T, AHiOMEOMIEIIE, BREIEFIEILS @35 &, #Hl2E, Excel O
SolverW® TEME T 2 IRICSIT 5 £ IITH EZIAA TH { LRI SRR E KSR
T& 300, 35bB, Solver®® & L CEUAIEEIHILZEM & 2 KoLMED 72w, K
LD 129 DIER IR OBEROBIFIZ DWW T S RINTIRT T EMTE 5, £72, Mathe-
matica TETFIMLT B ERHICFETE 5709, Excel @ Solver TRD IMRDFZY k12
DT HIRILT & 50,
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4. FFIT EDERAREREEZ R LB EE LB OREEMICE DL
70459 2w REFIVOIESTES
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T p, ERAL L TENENOHHEIEER B O PR E B ET 5, TORE S, 2Kt
D720, —1.0051.0ETERE G %, $7bb, HMEEH p=-1.0G=12) 3, ST
ETINEDX ETNVOIEEIIB T, BT A4 2= #L, MiELans
PEHEEE R O AR L EHTE T2 REBOMBOKIETH 5, £/, HEFRE
0,=1.0(=12) &, ST EF )& DX EFI/IVAE UET, HEHEIEEIRRIAEES 384
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RO TR S D SRIBITR LT B,

9, K5 OHEAD S, FHEMEEREH O AHEEIEEZ BT 5 SRR & U TRk &
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Fio, HEEAELT, REFICBD S OBHES 2 MK & 2 FAT I RESEIEMR O

— 187 (737 )—



Constraint of processing division:
2%, + 2x, =1400

Objective function:
£ =200x, +270x,

Constraint of upper limit of
the production of DX: X, =300
Constraint of

assembly division:
: e B Mg x+2x,=9007
Optimal solution: (X;,x,) - e
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Y FIyH R (1=20)00

N Constraint of processing division:
o« 2x +2x, =1400
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f =200x, +270x,
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the production of DX: X, =300
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assembly division:

200 .. o X, +2x, =900
Optimal solution: (x;,X;) B4, ", ..
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X
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ANYIalb—aVEROREIEL
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2x, +2x, =1400
(p=10)

X, +2x, =900

w 1.0)
ﬁmi%\
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400
« WHEBY AodE
300 - = GEAHB K
G o WHBE /b
- © B A
5 200 B e ~ SEEBY Aovh
. = HAHBE mK
|y o HMB Boh
100 = - B A
o SR
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X

(ZE4HBY g =p, =-1.0,-0.5,0.0,0.51.0, FFHPY : p =—p, =-1.0,-0.5,0.0,0.5,1.0, =2.0 )

K14 HWINTEESHEIEICEITZEMERED L IIEEBZER L CREBRORERMEORILE

x5 BEIMIEEAMEIEICHITZHERBEFREER L ICREROREEMDIER
(GUFHE o =-p, =-1.0,-0.5,0.0,0.5,1.0, 1=2.0 )

101 pz X1 X2 %Eﬁigﬁﬁ X1 X2 %J@rﬂi Iﬁﬁ
—1.0 1.0 416.7 276.3 157938.7 447.7 261.6 160174.4
—0.5 0.5 404.7 277.3 155828.8 477.9 242.8 161135.8

0.0 0.0 402.7 273.0 154243.3 500.0 227.5 161415.6

0.5 —0.5 405.8 264.9 152694.6 520.0 212.6 161413.0

1.0 —1.0 416.7 250.0 150833.4 539.5 197.4 161184.2

,01 pz X1 X2 H‘%ﬁﬁ%Tﬁ X1 X2 %ﬁﬁ@ﬁﬁﬁuﬁ
—1.0 1.0 530.2 150.9 146767.1 625.0 101.2 152321.3
—0.5 0.5 515.6 161.6 146743.1 626.6 102.5 152998.4

0.0 0.0 500.0 173.5 146855.0 627.2 104.6 153682.2

0.5 —0.5 482.2 187.8 147161.4 626.7 107.6 154401.4

1.0 —1.0 458.3 208.3 147916.5 625.0 111.8 155197.3

R6 HEINTALMEIIEICH S ZHERREREZRE L IcRER O RERMEDIER
(Z4EB o =p, =-1.0,-0.5,0.0,0.5,1.0, 2=2.0 )

P P> X1 X2 H‘%ﬁﬁ%#flﬂuﬁ X1 X2 %ﬁﬁ@iﬁ
—1.0 —-1.0 455.6 233.3 154111.1 500.0 214.3 157857.2
—0.5 —0.5 425.8 255.7 154185.5 500.0 221.7 159858.2

0.0 0.0 402.7 273.0 154243.3 500.0 227.5 161415.6

0.5 0.5 383.4 287.4 154291.4 500.0 232.4 162751.2

1.0 1.0 366.7 300.0 154333.4 500.0 236.8 163947.3

P P, X X2 IR R X1 X IR A Vi
—-1.0 —-1.0 500.0 184.2 149737.0 592.3 130.8 153769.2
—0.5 —0.5 500.0 178.1 148074.3 612.8 115.4 153718.1

0.0 0.0 500.0 173.5 146855.0 627.2 104.6 153682.2

0.5 0.5 500.0 169.8 145857.6 638.3 96.3 153654.2

1.0 1.0 500.0 166.7 145000.1 647.4 89.5 153631.5
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