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BISZEH T — AN KA B HUE R 15T

WERAN S LU, T4 L S A A e S s A
RffE. Rk, FHRELGWEPAER/ MBS, Xk
—N BB, UB)BIRTAT (1) S 2 FH AR Y PRIF) S A fde 4o
P THIUG .. —HEMILPKRfi##s, WCPLEX, R8N
MILP o] @47t 2 DRI AT AR, B THHEA R ] e S 5 PH
AN I, BRI AR S B AT 7 A 2 )8 30 SR
FER, BT LU FH SR 2% SR T B AR A A SR
SEBRIE R, SRARNLPELRY LEMINLPEE A § . X2 A4
FEK ) P (MINLP) 4L N PF (NLP)RF — 53k i A8 &% H
[ AR R . AP, PRAIPFIES0EI TR :

1.8

f,()

16} ~ ]
A )

14+

12+

)

R,
0

1.0 |

08+

fy(x) and f

06
04t
02t

U

)

R,
0

f(x) and f,

X

(@)

0 05 10 15 20 25 30 35 40 45
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min £, (x, y)
st. f,(x,¥)<0 VmeM/{0}
£ (x, y) = z(i,j)eBLT A, XX, + B, x+ Cy+d, VmeM
0<x" <x<xY
xeR", ye {0, l}ly

FAUPR:

min £, (x, y)

st fX (x, y) <0 Vme M/{O}
me (x’ y) = Z(i,j)eBLTaiijij + Bmx + Cmy + dm VmeM
g,‘,{(X,W,V,Z)SO VneN
& (
0<x" <x<xY

’ r ’ ’ r
X, W, v, z) =Hx+Aw+Bv+Clz+d VneN

5 PF:

min f; (x)
st. f,(x)<0 Vme W{O}
o (x)= Z(w_)eBLT a,,%x, +B,x+C,p+d, YmeM

0<xt <x<xY
xeR"¥

R, fEARTR, EEM= (mREEVIHELAR,
EEN = (nMREDPBAER TR E AR, £45
BLT = {(i, /) MR WL AR BxAily 572 Y]
GRS AR R, RASH SR 5] N AR vz 4 B2
WONRES AN AR & . Ly, Iy, Iw, vATLz20 34
FmEx, y, w, vRIZIK B . S5 x5 Bl AR B i)
R A e VR URITA] DAY A R T

1.8

16

14+

12+

1.0

0.8 f

0.6

04t

02+

0

0 05 10 15 20 25 30 35 40 45
X

(b)

B5. B9Inor BUEG A s B () R A I R e R () O L. () 10443 BEE (b) 100473 BEEL
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5. ZEMRFERIR

B 5 12 A B Ay XA G I, PRSI 2 A 15 R ik
R (EEE A P) . AR, 4 XBUG I 5 B0 A PRIV
RURERR, 20y KECK B — @ R, PR ) KK
Aoy WA, DRBE, 7B PIHT B 5 kR S K R
I3X . ARCRHOBBT %k[34,42]0 %7 k8 KA H
AN ] RPN 5 1) B KA R e /NG 1] R ke i B
1K G AR B [ 7 (1) 320 5 2% A LR/ B8 T AR S 1 T AR
B, 3X 30 R AE SRAFPIHT Y BUR FTAT 8 2 J5 BEAT 1.
WD T AR R A, PRELAYAE AIE N4 X 1B L T 22
FEIEP, WE 6N,

OBBTH i FH U # A A0 A PRBISE AL, e i) it
PRSI, H R BA AN [F 1) H b ek ORI A R £
Ko NTIFEAR ST Fxy,  Hbs RS R 5%
TR RME. AT IFHE AR Ry, HARR
WA FAZR B R E . T IHERTIA R, &
kX E B xR O N A4 R 2 ROREAT A it S5 1) B
PREREL £ (x, ) E L A5 /D 5 2 i e e T AT Al —FF

R, PRELARIPRBAR AL ] DK FH AN [R] (1 44 5th 5
W%o ASC AR PRBARALR FH bRt McCormick 2k, 8y 77 %
Hy MEEMEEER, DU PRBEL N PERIRI(LP).
A, R SE R N LA AL R S ARk T . X T
—ANRMETE R ) PRBASEAY, KR ICIE LN T R

17 PRB:

Xy =minx, ()c;J :maxxh)
st. £ (x, y)<UB
£ (x,9)<0 VmeM/{o}
f(xy)= z(i,j)eBLTaUmM}’j +B,x+C y+d, VmeM

1.8

(%)

=== f3

16 ~ A
14
1.2

)

R
0

1.0

fy(x)and f

0.8

0.6

04

0.2

0 05 10 15 20 25 30 35 40 45
X

(@)

g,lfB(x,w)SO VkeK

g (x,w)=Hx+ Aw+d, VkeK
0<x"<x<x'

xe]Rb‘,ye[O, l]ly,weRl"’

OBBTHy T /b it BT[], 7EHATHESL N RAFFTA I
KARLRET AR I LPRE AL . [, G52 55 T 3R
fifto BT ERMEIIEIFIRE 2, XEHFAEA R
KA. X EEHH FEAT MR P i ORI R H e e SRARSE
—ANYYE, ERHPBATE, RIERME T A BT
H T OBBTiiAMAE . RN EOBBTH A —K.

6. 2RMILEX

TN AN R MR RS T ARSCHR A SR Ak
B, EIREAMP MR E . ERIZE R AT LN
TATART A 2 11 T A A A B O U MINLP i 2

(1) BEEIIEA . 8 SCEAE R 4> X B {NP,, NP,
<o, NP M EELENP=NP,, W& FHRLB=-0, LH#
UB=+oo, IEMITBARIT, =1, SN 73 X

IT e = 1, RIEARBUT Sy 5 B RAEA F 7
X IT o BRIFEI RITIME)S , e/ NHXT 2 2 e

(2) F A5, 1 FHCPLEXR fi# 2% 3K i PRAG 7Y
MILP[a] @, J& SR AR S (14 FA7 16 TR P GE 0. 3 ik
CPLEXKfig #4115 th s R v Be i, A5 ME K T4 WILB,
M HT LB

(3) bLF . A {E CPLEXARIE Hh I AN
R PFIINLP ) @WME . FFAT K AR5 Y PF A5 6
JR AR LR R AR . BT E A BT — N AT E L

fo(%)

x)

R,
0

fy(x)and f

0 05 10 15 20 25 30 35 40 45
X

(b)

Bl6. kAR B, A SRS () IR M S R ) B () I A . (a) fExXE [0, 4.5]IX[A] |, 49108 (b) fEx€[2.25,2.7]X 1] =, 43 A 108,



Define the sequence of
variables subject to bound
tightening

y

Define maximum number of
model PRB instances to be
solved in parallel

v

Based on the previous
step, blocks consisting of
model PRB instances will

be defined

v

Initialize b =1

i Parallelized

Solve block b

Update corresponding
lower and upper bounds

.

All blocks have been
solved?

Yes

B 7. OBBT /i ik fe A .

(1

Initialize algorithm
parameters

v

)

Lower bound computation:
Solve MILP model PR;
| update best possible solution
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T UBA /NG H bR R BB, W58 UB.

@) i E RS, X5 R AN
OptGap = (UB — LB)/LB x 100,

(5) KA & k%M. M4 O0ptGap < &, T,y = IT™,
THEN [A) 45 T 8OR T TIME o, X IAJEUES BINP, N, 5
FAEIE, BNERPEIE®6).

(6) 2B IRQ)h E ATk gk st m, 508 AT e
= IT™ s FEEPDI(T). W, fFHESTHOBBT
TRV S AR T B B s BT 0 = [T + 1,
IT gpene = I T + 1, SRIGHE R IR (2)

(7) ¥ oy XEE M BT — AN EEH. WEIT =
IT o+ 1, SR RIPIEQ2).

AR BV B A # © 4& HE 3E H(WPMCR.
NMDT. OBBT), ASC[HEIHHEARILAERAR I 927 2 .
HARRINLE: OCPLEXCR i a8 1 15 1 FH R A7tk PRAS 7Y
IWME: @PFELRL 1) S5 K FH 947 77 K g ®OBBT
NFH T AR S H R AT HE L by @ WA SR FH 7 SR I .

7. Z=OIB5E

A A IR B LA Karimi[ 3] 22514, 8. 1241

A

CPLEX

A

Parallelized

(3)

Upper bound computation:
Solve NLP model PF
(multi-start strategy);

update best feasible solution

Apply OBBT method

(7)
Increase the number of
partitions

(6)

'

4)

Update optimality gap

:

®)

Check termination criteria:
Termination criterion is met?

Yes No
Did best feasible solution

improve?

A

Yes

E8. &R LA .
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1420 A S AN [R] 2 A 7E T ethy] RT-7045 284 4t FH 5K
A RONFIMONPEJF (W28 39 M AN 2 i & F bk . RON
FRFRIAH = E 2% TLiZE[13], WA QO)F(21), H
XA A RIE T Lif Karimi[ 3145 W & e bRk i 5 sz
FrIIRON. RBNARRAT 7032 (IR & F6 4. MON
MELEAR SO e, MR BN RS BoE A%,
I, MONMZ R IE M A S BE. AT
BRI R T (L5 2795): Bk, A x(20)H
QU RAERAARAE Z HH 2 240 5 M RBNAE 8 46
RON/H (RFIX A 2 AEARAL 1] R FEA HH B o

K1 WHTERGIER

RBN = RON +11.5 0<RON <85 (20)

RBN =exp(0.0135RON +3.422042) RON >85  (21)

TR EHII G RGHAT T Al R2PAH
TREA. R . A O BRANTE 28 81 N T A2 A 13T
., RONFIMONIE DL K &% H IS E L3 5 . 44
B T AN R BN A R 3 il A 20 SRS O N A L P
R, M BIX AL, K P E LA
R (B /MU T A A /MG AR B BN

Example ID Number of blenders Number of orders Number of products Number of product tanks ~ Number of quality properties
4 1 15 4 11 9
8 2 20 4 11 9
12 2 35 5 11 9
14 3 45 5 11 9

&2 BEGISH

Example ID Period Duration (h) Slots Orders that can be delivered
4 1 100 1,2 01-07, 012-015
2 92 3,4 08-011
8 1 80 1,2 01-07, 012-019
2 70 3,4 o8
3 42 5,6 08-011, 020
12 1 50 1-3 01-07, 012, 013, 015, 019, 033
2 50 4-6 014-018, 027, 028, 033
3 50 7-9 08, 021, 024, 029-032, 034, O35
4 42 10-12 08-011, 020, 022, 023, 025, 026
14 1 50 1-3 01-07, 012,013, 015, 019, 026
2 50 4-7 014-018, 026
3 50 8-10 08, 021, 024, 027-031, 045
4 42 11-13 08-011, 020, 022, 023, 025, 032-044

K3 WEE SRR L SRR

Property ~ Blend components Product specifications [min, max]

Cl cC2 C3 C4 C5 Cé6 Cc7 C8 Cc9 Pl P2 P3 P4 P5
RON 75 903 956 973 83 100 115 118 81  [95,200] [96, 200] [94, 200] [90, 200] [98, 200]
MON 66 80.8 805 91.7 74 100 109 100 72 [0,200] [0, 200] [0,200] [0, 200] [0, 200]

R4 BRERMGIT

Example ID Number of equations Number of variables Number of binary variables ~ Number of bilinear terms
4 6207 2503 433 168
8 9297 3323 553 336
12 23 087 8170 1317 672
14 32574 10 693 1628 1092




B UKL B METEZ DIRERE T 7 SR D . R
A £ R GEIHUASRTAR G 1 FE AR R AN S 49 4 8 S 491 1 4058 i
.

8. 4R

ALV TR B H LR B A Intel® Core™
i7-4710HQ CPU, 2.50 GHz, 12 GB RAM, #{E&%
JyWindows10(8-core). 4xJafiibHIZAAEPython 2.7+ 5K
. PythonfHIA A= i GAMS (i 25 LRI RN A4 1) o 4 e A
FG0)SCAF AR B R, X SR 5 {8 F GAMES -
Python API(R FHAR P SN HEAT KA . A SCRAICPLEX
12.65R i 281 PRELU A PRBAEL Y, % H CONOPT 33k
AR T H PR,

R EE R &R F Ay R BTN
0.01%5# 3600 s(1 h). HKERREA MRS, AHIF
I3 X B IE AR BB A B PR . PRASEZY R FH PMCRE
X HCH{2, 4,8, 16,32}, EHNMDTH #{10, 100,
1000} .

MILP r] B (4N PR By 26 1k 25 F o el B F
FPAET0.01%8 % 600 s. CPLEXK fif 53 1) 347 1% 1 15
B (ff e AL ), [FI B B R 2R R & 8. S 4h, JE B
CPLEXCK il 25 I P, e K FEZS B N304, A3l
LT EAN AR T % ik, [ GAMSIHATIHE
773 BRURIERE 2 7] LR AE3 0N PFAL AL 545 . 8 H
CONOPT 38R\ 2 b 564 -

LPn] {5 (PRBFE AL S5 (I 22 1R 264 . Befiisk60 s,
1 HH GAMS HAT KAl 77 AT i 1 5 % 1004~ LP ] i

T HAELE, R AR 4 R A R b g
A FH 4 = 75 B SR iR 28 BARON 15.9[33] AIANTIGONE
L1[34RKRfEVIUE PRI

8. 1T T A5 JE Fe /MR A BA Y 4 pl A
ZIR KSR 82 4AH T HE LIR %A 4
83WHIM T H AT REMIE k28347 5 1k 1

+
4

K5 AL R B4
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8.1. A L& /N G AT 4 A R 20 3R

FESXT LG T SR A SCHE H B0 A B R SR R R ok
fRAAF R ZE R . 2R H 73 BEMcCormickAa oth 52 Wi 14
PREIAIRS, BEASCER 7B N GO-PMCR; 2R
FbrENZ S EU 0 R HOR BT, f8i1d v GO-NMDT,

ANTIGONE. BARONAFIGO-PMCR A ZE 151 4 Fl1 245
SiHHAHE A . GO-NMDT NG 41H5HAH F e, (5
JE BAISHIH 45 B . GO-PMCRIT 5 K 1 45
TEFTA 4] P #8H GO-NMDTAHIANTIGONERF- . AHF 5%
th & H T GO-PMCRAERE A 1) 71 X #1(2, 4, 8, 16, 32)tk
GO-NMDT (10, 100, 1000)E %, Hit, GO-PMCRfEIH
I MILPHA 5l ™ A4 55 22 AT AT il o

BARONYEL hy A fg Oy 5 Bl 12480 %2 1 144k 3] w7
AT ff o AR 4 7 FH SR 25 7= A ) H A& SO RT BLE
BARON (K i T~ 43 3 SR B, 1 ANTIGONER ] # -
MILPH 5th F1301 F U5 SRS (AN A< S b th R 508 A
I 0 ) P AT B U R REAE 43 € SO IR 2715 mUTh A R
HEN[43], 2 R AR A FUR KN 43 35 TR I RUAR
I N

TESM AR ZAI8 b, A5 B AR ST SREE AR FH SR e 4
THEAR ) 7 AHLT e B FRIalRe . T 2240 1280 52451
14, BARONJCVAAS B fe M 18] B8 (B A R 2 T AT f#), 1M
GO-PMCRA | T —A Lt GO-NMDTHIANTIGONEH /]y
) 1] B

KX DY Z 0, 7 b SR g A SC I $ SR A
RETEL hNBRAFH R WCSUA ZE I . 32525 Hh I [A) 2
K F AN [F) 50245 30 i S D0 A T 75 I IsF[A] . GO-PMICRA
GO-NMDTLU R FH K i Fr 5 SR A I ) 2o 72 24514
X R R /N (1) ) 5 B GO-NMDT 5 #: EE GO-PMCR U5
ke R, N T X#UERE, KA GO-PMCRIEMILP
P ot R R A G K B LR FHGO-NMIDTHR . [RlE, R
GO-PMCRK fi# #2A s MILPRE % 55 PRk ) fe i, (H2 7
B Z WA RE AR &R BT
S 1) K DA S e AT i SR AR TR T B 1 2% 1, GO-PMCR1: g
. E9Z5 H T 4R - PMCRAINMD T 7E 4 it i 2

Example Best solution found (1000 USD) Optimality gap (%) Time to best solution (s)
1D
moone PARON pUcr  Nwpr  micone PARON pucr  xabr  micone PARON bucr  wpr
4 4633 4633 4633 4633 6.90 6.37 6.31 6.37 2 350 930 616 120
8203 8203 8203 8223 9.53 9.53 9.19 9.49 1708 3273 714 1391
12 16 650 NF 15408 15 440 20.51 NA 14.00 14.22 1631 3 600 1411 1438
14 21360 NF 21316 31639 12.50 NA 12.31 40.92 3600 3600 2911 2904

NF = not found; NA = not available.
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HEE RS (R P RABE R ) SR fife 1) 4 A2 25 AR — 3 o) A48 8 110 A B
X RIS T E M4 X AH, PMCRYE B 4~5KIEACRT H
NMDT#; E i ki) 22 & A #b . X2l TR LP
AR F, KA PMCRELE 1) 73 X HUZ /N T8/, 1
NMDTH S X N 10T UE T . VE R ih 2k rh T ()
#7327~ K FH OBBT BV 1M AN A2 38 0 43 X %4

AT 5 5 BARONSVE K X 40T

(1) X AR IUR FH 43 Bo b 5t 77 1 & A bR McCor-
mickfl2k;

(2) CABhASHE N4y X H H 10 75 15000 A & K F 4y 305K
& SR MILP A 5t

XL T e 208 SRR A ST SR ()R FE I /R, (R 2B
Ay T HABER S, R AR EEA—E a2
BARONZF.

AR SCHE B 5 ANTIGONE B Ve Re AT, (H2
A LU A

(1) R HINMDTAE g 55 BAa it 5 wes

9000 —_—
—e— Ex4 PMCR

—A— Ex4 NMDT

—e— Ex8 PMCR

—A— Ex8 NMDT

—-— Ex12 PMCR

—A— Ex12 NMDT

—e— Ex14 PMCR

—&— Ex14 NMDT A

8000

7000

6000

5000

4000

3000

Total binary variables in model PR

2000

1000

Iteration

9. 7E50E % IR PRAR AL iy — kAR B3 H

®6 UL R B4

(2) BB oy IXHCR S AT AR b 11 5

(3) fArBs LA K Gn ] f FH OBBT 1% 5

(4) K H CPLEXfi# 2 A7-fiti MIL PAA 5th [ 85 (1) AT 47 i »
I HIX BE n] AT i AE YNLP o] 33 )AE

)5, ANTIGONEFIBARONAY AT DL e X 26 1
AR IR R, T LR AT AR N A AT DA v A B 2
HIPERE

8.2. 5 FE /MU R A B A RN e /N D1 AR 5 SR (I 2 3R

TEARTIH, SREAARSCIRHMERA RN ESE RS
KW SRR 2 g R R ohshth . HR5ML,
I TR 2 S ONAE R AR A5 8 A9 31 T B AR A
T [R) R RH B R SR AFE R TA]

X T R AIAR G B8, SR A ST H ) B AN R
KA A% FAR B T AL R . BARONZFESE 5 IS 7] 4K 4R
WA R B 2 5] 1250 450 141 7T 4T . GO-PMCRET 2
32| 7 Ltk GO-NMDTHEEH I f#, 1 GO-NMDT:R1G
T ELANTIGONERE 4F ffIfif. =, HINAR#M42%
HEBISMfEEES . BT EIESE T RMUES
FSAS TR S /NG 3 A s SR 2 PR, 8L 17T v R A R T
FMARTTAT, X VL L) R 20 SR AR R = AR 5. 72
ANTIGONESR fift ZE 451 1 2 F1 Z 451 145t 00 22 3] 13X K1
T o

KTl bR IpE, S8R5 17 R SLAE L.
X RBIAME B8, AT A J7ik# G 2) T T ) sl b
ARG X T R H12F %514, GO-PMCRLILGO-
NMDTHIANTIGONER 5 1 5 /N e flt b a1 B

P FHD SR AR 25 AR A ST M T BV 0 R 01 AR i 1) 4 SR
#Ri A /N 2 BARONGRE RS . X T % 12F1 %
#1114, KHGO-MPCRRAF H AR 1 ] K T K FH GO-
NMTD, {H/&GO-PMCRilH Hi fE Lk GO-NMTDHE 47

BISkUE, GO-PMCREREUS THEUIFHRE. A
TIEFBEHI E R, i PMCRA SR 45 30 1 1 2 A
A B R B 45 R A IAEE ORI = 11 45 H

FSample Best solution found (1000 USD) Optimality gap (%) Time to best solution (s)

Toone BARON Ll RMpr TiGone BARON puc  Nmpr  Ticone BARON pucr  NMbr
4 4633 4633 4633 4633 0.01 0.01 0.01 0.01 26 296 30 14
8 8207 8204 8206 8204 0.05 0.02 0.04 0.02 557 1218 103 140
12 23590 NF 15384 15403 34.80 NA 0.01 0.13 3333 3 600 2674 742
14 23 520 NF 21270 21360 9.68 NA 0.13 0.55 1636 3 600 2574 2 845

NF = not found; NA = not available.



8.3. 5 Ja kAR Xt L

ARSI EIE S OR R — 2 )5 R U A
[15.2113647 T AP EG . R7TEE TR X L 5 Ak AB AR
13 0 SR I DA S U BRI S AR BT 5 B IR] [ 15,210 VR,

219

Ja R AT SRR L R S aIkE, BEOVEAT R EARH
T B SR S U B R A, I FLEATIANE T 8] 25
i VAR 4 R S DU OB . X8 JR R OB R B AR
SCAFE s 2R B PR R RE 1) o XS R R R SR G

Quantity (kbbl)
P1IL_] P2 pojmmml Pijpl PN
To product tank PT No.
98 136
|
e 5 2
k%)
m
B -
163 113 104 93 85
y——— i N == =]
9 11 10 9 1
0 24 48 72 % 120 144 168 192
Time (h)
E10. SRAPMCRITIESR B0 14 G HIELE R . 1 kbbl = 158.9873 m’.
PT11 | 0 o6 (10) (] 021(30) [___Jo8(s8s5)
? 01(10) 0 028 (25)032[(250) o7 1
PT10 018 (10)
08 (15 038 (40)
026 (4) 045 (10) 031(15) T out 15)
PTO | [1013(35) g HOZ? (20) EI:ISJ 034 (20)
033 (20) 010 (150) U39 (10)
030 (15)
pTs | 026 (2) 0 o017 (10)
. PT7[04(10) [ 026 (4)
C
©
§ pT6 1019 (58)
B 015 (20) ozoﬂ'o)
o pr5} 07 (3)[, L[] 016 (20) 1042 (20)
012 (20)
p1a 1013 (25) 019 (2)
prall 02(3) [05(3) 109 (2) 1 036 (3)
03 (3) 022 (40) 040 (10)
p1a | 024 (6)[T] 029 (10) F 035 (30)
025 (20) 044 (20)
PT1 | [Jo14 (20) 011 (60)
Order (Quantity in kbbl) 043 (15 020
0 24 48 72 % 120 144 168 192
Time (h)

B 11. RFAPMCRF AR B 148 TR LR .

RT HEKRATELR

Example ID Best solution found (1000 USD)

Time to best solution (s)

Castillo and  Cerda et al. Cerdaetal. [21] GO-PMCR GO-NMDT  Castilloand  Cerda et al. GO-PMCR GO-NMDT
Mabhalec [15] [21] adjusted values Mabhalec [15] [21]

4 4633 4613 4633 4633 4633 3 0.4 30 14

8 8203 8163 8223 8206 8204 6 7.5 103 140

12 15 403 15342 15 442 15384 15403 17 31.0 2674 742

14 21263 21181 21301 21270 21360 24 21.0 2574 2 845
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v 250 il AN [F) S5 R B B 2 TR, TS5 R AN
) (P HERF R R A e M . 1 S SR B TR B R0 D 1) R, R
JETEJE S — b, ¥ b Gin) R AR A AR G B o
BEAR B, BRI PR T VR SR SR A

A SCR FH I 1R B B A5 R %5 CastillofIMaha-
lec[ 15132 H B H bR R EAH [ . XA HARR B S ET—
UOMST GO, RIS 0% 28 1 & RO A 12 [H)
—FrE e Si4h, Cerdd®E (211 T I A VR X Bk ST
VG R BB AR I, 1 AR O B 28 O S R D) 4
BHEATIES o AR H T 0 CerddZ5 [ 21 1 45 s 15 1H,
RS A HE AT IR ST

B P 7 I AR ER B T AH A . A SR
T H AR UA B, B it 5 g5 AR A AL
KBS, 12, 14rh, R Cerdas [21]HI5ER H 45
FRAS i ey X A2 BT 12 07 VA R ST 1R A e N 48
$o a0 CerdaZs [2 1A %L A R A 5 AR S AH AN 1) B b
BRI, B4R AT 51k N % 2 159 3 5 HoAth I v el
IfE

BT 5 R 7 VAN A e A AL S R R A R AT
REZ (12050, DRIk e 35 2% 090 SR g e T 5 AR B2 LE AR
AR M A R R . A SCER A R A Ak SR
55 P i 1A R B i R 2B V2 A LU S R AR PR R 30 AH [R] 5T
Wil 1R — BB A TR BT M, ARSCEEHW
D7 e T R RS MILP [ @ (B PRAE ), X — b
SERCFERT 0 — 20, DRl b 2 B AT SR A 38 140 mT AT At 1D T o
FAL, FEFIETTURRY Ban S oy X B b ) 4 {f MIL PAA
SR, A RS AR NP ) ) WA 2 KK
A Ry B AR A

X PR, I 7 B O A N IR 5 SRR S AT AT
filt, SFEEASCIR SRS B R IR AT L.

ARSCHR T AT DU SR A7 MR AN — IR TR 3
MINLPje] #5325 . 1% 502Kk FHPMCREANMD TS %
Xt IR G ) AT Aa ot SR A X A ML P i 2 47 3R
figg, HE MR BRI THE. ZPREEE S
AN B A BENE SRR B, R XU I Oy LA
Bro N7t e REUEGTHE, EENAEATIERE T
oy BACZHTE N -

N T 3G oy BOBOR K G BUB R B PUE YR, GIA
T OBBTJ ik 1R 7 BRI AL T A B L AL /),
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Nomenclature

Sets and subscripts

BL = {b/}  Blenders

E = {e} Quality properties

I={i} Blend components and corresponding storage
tanks

N1 = {n} Time slots

QN = {(0, n)} Time slot n is associated with the period with
quality profile 0

Parameters

a,, a,, ..., as Coefficients for the ethyl RT-70 model

Oy (i, e, 0)  Value of quality property e of blend compon-
ent i during quality profile 6

sens (i, 0) Octane number sensitivity, i.e., octane dif-

ference RON — MON for blend component i
during quality profile 8

Continuous variables

Ary, (bl, n)  Volumetric average of the aromatics content
of the processed material by blender b/ during
slot n

Ary.(bl, n)  Volumetric average of the squared value of

the aromatics content of the processed mate-
rial by blender b/ during slot n
Ar2,,,(bl, n) Squared value of 47, (bl, n)
Ar23,, (bl, n) Squared value of 47, (bl, n)
Ar3,,,(bl, n) Product of A, (bl, n) and Ar2,,, (bl, n)
Ard,, (bl, n) Squared value of A4r2,,, (bl, n)

Ol,.,(bl,n)  Volumetric average of the olefins content of
the processed material by blender b/ during
slot n

Ol (bl,n) Volumetric average of the squared value of

the olefins content of the processed material
by blender b/ during slot n
012,,,(bl, n) Squared value of O/, (bl, n)

0,.(bl, e, n) Value of quality property e of the processed
material by blender b/ during slot n

r(i, bl, n) Volume fraction of blend component i going
into blender b/ during slot n

rN(bl, n)  Volumetric average of the motor octane num-
ber of the processed material by blender b/
during slot n

raa (bl n) Volumetric average of the research octane

number of the processed material by blender b/
during slot n
Product of 7Y% (b1, n) and sens,,, (bl, n)

avg

rsuN(bl, n)

rsiN(bl, n)  Product of (" (bl, n) and sens,, (bl, n)

sens,, (bl, n) Volumetric average of the octane number sen-
sitivity of the processed material by blender
bl during slot n

sensyN(bl, n) Volumetric average of the octane number sen-
sitivity times the motor octane number

FON(b1, n) Volumetric average of the octane number sen-

sens,

avg
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sitivity times the research octane number

Volume being processed by blender b/ during

slot n

Veomp (i, b, n) Volume of blend component i transferred to
blender b/ during slot n
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