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Abstract

We model the optimization of cash logistic between a cash center of a commercial bank and the
Bank of Thailand in Phuket using a mixed integer linear programming (MILP) problem, which is solved via a
Microsoft Excel add-in OpenSolver. Conditions on the cash transport decisions are written as MILP
constraints. Historical data of cash withdrawals and deposits between cash centers and the Bank of Thailand
are input to a forecasting model (the AAA version of the Exponential Smoothing), which allows for
seasonality. Our results show that our forecasts have lower MAPE than the forecasts currently used by the
cash center. Using a MILP model combined with a new forecasted value, the cost of cash transportation
(transportation cost, sorting cost, cost of fund) reduces by 24% decrease in April 2019, and the sorting cost

is not over the budget of 100,000 Baht.
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2.1 Uaseniinasonisandula
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Absolute Percentage Error: MAPE) lsangnsiaiuges
HaTINYeTazAIARIAlARURNY SallieufuTIuI
ToYATIUAAIANNTTN (7)
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OpenSolver - Model X
What is AutoModel? AutoModel
AutoMode! is a feature of OpenSalver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadsheet. It wil turn its best guess into a Solver model, which you can then edit in this windo.
Objective Cell: [cees _| ¢ maximise & minimise ¢ target value:
Variable Cells: [¢z¢14, SE$21:$6$21,5E525: 532 J
Constraints:

<Add new constraint>

SES1HSGS 16 int 2 - =

SES17:5G317 <= SES19:5G610

SES17:8GS17 <= $E$22:8G822

SES21:5G821 <= $E836:56536 H|

$E$21:$G$21 bin
SES25:5GS27 int

SES28:5GS28 <= SES30:9G530
SES2B:SGS28 <= SES3R4GE33
SES32:8G$32 <= $E$36:5G636
SES32:5G832 bin
SES39:86841 =0

Add constraint | ‘

¥ Make unconstrained variable cells non-negative

[V show named ranges in constraint list

Sensitivity Analysis [~ ict cengitivity analysis an the same sheet with top left cel:

[~ output sensitivity analysis: 1% (ol

Current Solver Engine: CBC  Solver Engine. ..

Clear Model ‘ Optiors. ‘

Solver Engine:

¥ show modsl after saving Save Model ‘ T Cancdl

3UN 3 nsinuaaun IS ud unandIuIuA N1
TUsun33 Microsoft Excel d@uiasa OpenSolver

H{I78Uszulanandy OpenSolver kagnnun
81518 CBC (COIN-OR Branch-and-Cut) faguil 3
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Eill Missing Points Using Interpolation ~

[ Include forecast statistics Aggregate Duplicates Using |Average ~
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U

WUUIABUTEUNANTIUIUALSETUSWATY Microsoft

Excel
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JuUsvanalivaiowsy? 100,000 U nEKAGNET b

drunnvilaamuaudszananadly dagui 6

4.2 NMs\aenAINeINalANABINNTARY wazHInku
aniiFudRuan

vl olddrurasululusunsy Excel Add-in
Forecast Sheet LLazgﬂLLUUﬂﬁWt‘J’miajUju the AAA
version of the Exponential Smoothing Tuniswawuie
wmmaﬁéﬁgﬂﬁ 18 lanaanslulfoulway 2562 L
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Sy saidsdl
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M990 1 AnRdeTesaunanndeuduyuveamensalflilulagiu uazdAnensaliie The AAA version of the Exponential

Smoothing

P /e
ﬂﬁﬁhﬂNuHﬂﬁHﬂNl&ﬁﬂ

madindunngudituan

U1 1000 U 500

U 100

U 1000 U 500 U 100

mwennsal

e
=

mwennsal

MWNTANAN  Exponential AMEINIAIAY  Exponential MWEINTANAN  Exponential AWEINTANAY Exponential MWEINTANAN  Exponential AWEINIAIAYN  Exponential

Smoothing Smoothing

mwennsal

Smoothing

mwennsal mwennsal

Smoothing Smoothing

MPAE 60% 173% 70% 74% 164%

62% 82% 20% 44% 14% 33% 13%

M nRudgudtuan siasudng 100 v 14
AMNEINTAIRIET5 The AAA version of The Exponential
Smoothing A1 MAPE 62%

nsidniuangudiuan sliasudng 1000 UM
Tl e nsal 1875 The AAA version of The
Exponential Smoothing A1 MAPE 20%

nsidniuanqudiuan vlasudns 500 um
Tl e nsal 1875 The AAA version of The
Exponential Smoothing A1 MAPE 14 %

nsidniuanaqudiiuan viasudns 100 vmn
Tl e nsal 1875 The AAA version of The
Exponential Smoothing A1 MAPE 13%

250.0K

2249
7
2000¢ 185.9K 186.1K . ﬁ
iﬁ g V 163.3€ ﬁ
g 0 g 7
1500 ﬁ ﬁ ﬁ 7 ﬁ i |
% ﬂ 7 /99‘6Kﬁ % 5um of Sorting Before
o 4N T
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500K g"mﬁ é ,ﬁ ? %SMK
BB R BB
00K é ﬁ ?’j é ﬁ ?’j
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=
-
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4.3 ﬁmuﬂqﬂaanﬁ'\é’uﬁnﬁuam}gﬁ (Reorder Point)
Tuwuunassndinadans
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