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Multi-Resource Joint Scheduling for Fast-Turnaround Silo Terminals under Soft

Coal Quality Constraints (fRiBiEEHRAMAI+HECHIEE)
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Undoubtedly, there will always be interest in the integrated optimization of operating
such large systems in port sectors. Until there 1s a leap in computing power that allows
these integration problems to be solved easily in industrial-scale scenarios, the
development of effective problem decomposition methods and mathematical
techniques will remain of great importance. We believe that judiciously considering
the synchronization characteristics of DBT operations and finding a reasonable
problem decomposition will be more efficient than constantly integrating multiple
subproblems into a single model and trying to design an efficient solution algorithm.
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(P) min cle + fly

s.t. Ax+ By=1>
re XCR"yeY
(P) min {ny + min{cch|A;c = b — By}}
yeyY \:cEX J
a(v)

q(y) = max{(b — By)'a|A"a < c}

(P) min {f'y+a(v)}

s.t. (b— By)Tozg <0, Vjeld

q(y) = max{(b— By)'o|A"a < c}
= min{q|(b — By)'o? < q,Vi € I}
q
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(P) min {f'y+q}
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EERE, NRAEFAS, thal10007, {EEoptimal solution M, bounding/active B4
FIARERB 1007, BIPO00NMEBESZ AN, FTLATEMR/N—BoAFITASE master
problem*, tbaN10-~, #AEHE1subproblem*, FA3Eadd constraints on the fly. Z0It7ETA.
SRISINE] 100 MASEHIEHE, subproblem IEAZERAIAZ, 7, Foptimal 7.

—RZIE T, master problem{J53IHE— integer or mixed integer programming,
subproblem 2—1~LP, FEflBenders' feasibility cut* or optimal cut, BEZHF~LP [al5EHY
extreme ray (HE]iEHLP unbounded) ,[5&ELP bounded 187 FNISLE (—HREHE—
9?2 ) . HLP unbounded {EFE, —#RE—X subproblem s]LUIIAIE—%%feasiblity cut, #AG
optimality cut*fNERE—RILAIE .

(MP) minyey, {f'y+q}
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J. N. Hooker£§Inference Dual FEJEN :

Consider a general optimization problem of the form
n}in{f(x) | C(x), x € Dy} (2.1)

where C(x) represents a constraint set containing variables in x = (x1, ..., x,), and D, is
the domain of x (for example, tuples of nonnegative reals or integers). We refer to (2.1) as
the primal problem. The inference dual of (2.1) is the problem of finding the tightest lower
bound on the objective function that can be deduced from the constraints. It can be stated

P
max [u ‘ Cx) F (f(x)v), veR, Pe P] (2.2)

P
The notation C(x) F (f(x) > v) indicates that proof P deduces f(x) > v from C(x), given

that x € D,. The domain of variable P is a family # of proofs, and a solution of the dual is
a proof of the tightest lower bound v. The inference dual is always defined with respect to
an inference method reflected by the proofs in .
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J&R o) & l’f 5] B

minimize Cp,, (21) minimize C,__ (32)
s.t. ) X;iPij + &i < Cinax ieM, (22) s.t. constraints (22)—(27),
jeN
‘ cuts, (33)
2 x;=1, JEN, (23) . .
ieM x; €10; 1}, jeN;ieM, (34
Xp=1, ieM, (24) O=yu=1l, j keN;ieM, (35
&=2. 2 YiuSiks ieM, (25)
jENg keNy Y where
— — x;: 1 1if job j is processed on machine i
Xik = Z Yijks keNy; 1eM, (26) Yz Relaxed representation of job k being processed
/<M directly after job j on machine i.
xfj= Z yfjkr jENﬂ; iEM? {2?]
< FlaE

G — G+ V(1 — ¥ii) = sije +Pixs

PETINEE B FHTYIEAR R M

jeEN,, keN,ieM, (28) / / - \ - !
C,=0, (29) ﬁ*ﬂ;lﬁgl'ﬂ =iy %ﬁ*ﬂlﬁgl'ﬂ%ﬂmﬂ%
(31)

v €{0;1}, j, keNy;ieM,
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(A1) For any set J' € J, removing task j from J’ reduces the optimal subproblem value

v*(J’) by at most « ;.

Then we have the valid cut

Z;Bv*(l)—zaj(l—xj) (3.9)

jed

max Prey; = maneNi’;k;«éj(si'kj)

Orij = pij + max Prep;

Bt —TIREASEAHS T EE
PletimZ T E L DHE

MBANE FHARATRE, TRESKESD

Cmax Z ‘Cri;l;; _

ZjENi'h (]. — xz’])ehz’]

MRENR i LEERHNIE, BATREDZXNH
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® o] @i 5E Master problem enhancements(MPEs)
® EH OO ITEIENERFE M

® = o]FiiE5E Master problem enhancements(MPEs)
® IR MO ITRIZNERRFF AR

E [EJ o 155 Master problem enhancements(MPEs)
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