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Determination of Optimal Cash Level Reserved in Automated Teller Machines
(ATMs) : A Case Study of a Commercial Bank in Thailand

Akkaranee Phukdeewongand*1 and Kannapha Amaruchkul”
Graduate School of Applied Statistics, National Institute of Development Administration (NIDA)
118 Serithai Road, Bangkapi,Bangkok 10240 THAILAND

Abstract

In this case study, we determine the cash levels in automated teller machines (ATMs) operated
by one of the major commercial banks in Thailand. Our problem was formulated as a newsvendor model,
in which the objective was to maintain a service level of 98 percent. A random cash demand during one
cycle (3.5 days) was constructed by two different methods: 1) based on the total amount of cash
withdrawals ; and 2) modeled as a random sum of the amount of cash withdrawals per each transaction,
compounded by the total number of transactions. We analyzed 24-month historical data from 11 ATMs
continuously operating at various places. Our study reveals that the policy based on method 2
outperforms the policy based on method 1 and the policy that the bank currently implements.
Specifically, the expected cash level and the expected cash leftover could be reduced by 35.66% and
59.01%respectively, if the policy based on method 1 were implemented. Thus, better cash flow

management and less capital tied up could be achieved.
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U Failimieadnaeutuandnludd 2 wdeos Lo
S1A6917: Uan. RM ﬂiq&Lﬁ/lW—i’]ﬂ,J’SUVIi’] 1 ey S1A1463:
anezuead Uened 1des 1 Adeddiiudiseanniy
WosmnuleuiaiudisesdutiesninUunannugenis
maagﬂé”]%qﬁﬂﬁizﬁuu%maﬁaaﬂdw 98% M1UTIN
surnnsidimualy Sesududesdrsoaduiiiuginiy
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M135199 1 AnwardTinanineuluanvesgnAiluusiaseunisiiy

ﬂiﬂlﬂﬂ‘ﬂmﬂmu'ﬁ‘gﬂ ﬂmu'ﬁ‘:‘%’ﬂ mlﬁléﬂ ﬂI'J'lJLdl’NLU'ulI']ﬂ'EE'm
BTG T 1653973 544,408
P vanztl wnsud mela & 733,178 419,026
FOTUARE iU s.s.Lﬁcyaﬁwé TTUATW 68 1,392,851 676,119
ety Yo, RM Agam-51uEuwa 1 1.154.413 1073976
Tsaweuna SHATANI T 1,269,695 407,375
StuAanTAlng 1rd wavun 1,062,394 566,730
Tssmu vlanEn WA 394,136 378,922
NEA mmmnmmaﬂﬁumﬁ 922661 293105
SVASATATY wauwad dminalig 3,503,401 1,002,287
WiETsHELAT avsazead ezl 1Adas 1 7339980 2228250
WG AU LSS AR -1 662,807 303,386

M13199 2 IuRudsesarsEAuUINsYesuleuelagiu

) FIUUEUATTIE  HAUMTUINT  Burdviiodladu
wanadinnaususndn Tun .
Tagtu () @A P(D<=X)  Tav, ElGc-D)+]

S1AD196 : @ARSITY 4 800,000 100.00% 3,146,027
S1A5220 - utansT wnTud saula anawiT 4,800,000 100.00% 14,066,822
S1A3597: lvium 1.9 8ialms T 68 4 800,000 100.00% 3,407,149
S1AG91T: UAN. RM ATIMI-TIIEUMT 1 4,800,000 72.61% 826,408
S1AZ620: TWATANET? 4 800,000 100.00% 3,530,305
S1A1081: TFF R 4,800,000 100.00% 3,737,606
S1A1T17: UlaanenT TIUALw 4,800,000 100.00% 4,405 864
S1A6121: A AnELELTuEUA 4,800,000 100.00% 3,877,339
S1AL560: K-Lobby waurd didnamilng 4,800,000 9021% 1,342,851
S1AL463: e mpsLesd U1ansT wied 1 7,800,000 58.18% 1,137,830
S1A4T25: antulnsmiaundmemeans-Tmn 4,800,000 100.00% 4,137,193

T 33,615,304

LRE 3,055,945
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A157199 3 USuauduand1sesuasuleunen 1

YTeuEuiifeawa ,
) fuEe s=dumsuEmTi
wraadneauEus rdnTwlE AERTIUABARNS
#1984 (UW) 18 P(D<=3)
M SEAUUSTS 0.98

S1A9196 - AT IARRITU 2772050 2,800,000 08 24%
S1A5220 - UnaneT wATud faula anewito 1,593,752 1,600,000 98.07%
S1A3597: wiium 7.5 0igedivs T 68 2,781,429 2,800,000 98.13%
S1A691T: Usv. RM ATIMIFTILEUNT 1 6,360,001 6,400,000 08.17%
S1ARA20: THATAWTT 2,106,340 2,200,000 08 880
S1AL081: TR Wi 2,226,324 2,300,000 08 55%
S1A1T1T: Ulaenan TIUAWI 1,172,346 1,600,000 99 939
S1A6121: s TAnaHLeLTLaud 1,536,947 1,600,000 08.82%
S1A1560: K-Lohby weud driinamilug) 5561846 5,600,000 98.18%
S1A1463: aTrhARslesd vaneT 1Aied 1 11,916,246 10,800,000 093.08%

S1A4725: aniutnsfisiuuimsemasd-ism 1,286,912 1,600,000 95.90%

AN5197 4 USUIULaLIIUINASINISITN Do URUAARDUTITEUNISHHN (F1UIUSIUAT UUIY: AST ITUIWRU WUIE:UN)

i e e dnmumemadnney  dwudugndneey dwudusaoaulueeae
s inaauiuandnluli

Tuwdazsaumaiu UIIUARETIENS TEUNTLAL
L gauidisain L Fauidisaiuu o Fawdieaan
Aads A s AL de
AT WA URIgIU

S1AD196 - 619FREU 325 90 5,090 6417 1,653,973 473,896
5145220 - uransT unsus rauln @ewET 212 BE 3,463 5164 733,178 313,126
S143597: 1vium 1.5l sduma 68 392 160 3,554 5247 1,392,851 577,075
S1AB91T: UAn. RM RFIMN-TLdums 1 749 138 5515 6590 4,154,413 788,320
S1AZ620: TWAENET 321 62 3,954 522% 1,269,695 270,655
S1A1081: T Famin 413 140 2,573 4,137 1,062,394 379,252
S1ALTLT: Ulaanan T1m1ums 87 72 4527 5399 394,136 327,915
S1A6121: waAnE ey Tuaud 311 B0 2,965 4750 922,661 252,483
S1A1560: K-Lobby waud drifnamilg) Baq 175 4,150 5209 3,503,401 743,350
S1A1463: aTviAosusad u1an:T wwiea 1 1,096 280 6,694 7006 7339980 1887610

51A4725: getutesdainuuimsmani-ism 205 68 3241 4561 662,807 229,603
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WAIBAnnaLEUARD A TR

sy EULTEaWa
ARATIYUARIMT

M SEAUUSNT 0.98

PUIUEY  TEAUMTUTMS

F1g04 (L) #iLd P(D<=X0

- BTTIRBSAIU

S1A0196 2627257 2,700,000 08 64%
S1A5220 - wnansTl wnsud Aoula anawim 1,376,260 1,600,000 99.72%
S1A3597: wriun 1.9.5neivs TIuFA1LM 68 2578,019 2,600,000 98.18%
SLAG91T: Usn. RM ATIMIW-TILEUNT 1 5773424 5,800,000 98.16%
S1AZA20: THETAWETT 1,825548 1,900,000 99.01%
SLAL08L: T aun 1,841,282 1,900,000 08 64%
S1ALTAT: U laanen TIUALN 1067501 1,600,000 99.99%
SLA6121: wa AN aLELTuALA 1,441,197 1,600,000 99 63%
S1A1560: K-Lobby waund dninemdlug) 5,030,022 5,100,000 98.01%
S1ALA63: @TrFReLoad UnensTl 1Fad 1 11,216,658 10,800,000 D6.66%
S1A4725: saTiulnsmimundnsmeas-Gmn 1,134,354 1,600,000 10000 %

5197 6 sEeuUIMsveUleeTimLn

ulinnethaiu vlened 1 lened 2

wraadinoadus AdE TudR

s Bmea  sses wBmeila

FIUEY  EAUMT  euET dums ueudy sEAums

° = o
dms wBmeila

S1A9196 : E191RRDITU

S145220 - wansT wnsud roula a1awi T
S1A3597: Wwiium ..iyaling TTUA1LM 68
S1AB91T: UAN. AM NSOVTHTUEUNTT 1
S1AZE20: TWAEWET

S1A1081: Td Wavan

S1A1T17: Ulsanan TIUAIL

S1A6121: mEARE BT LAUA

S1A1560: K-Lobby wauiad ddinaulug
S1AL863: aTrAzELDad Uanedl Aed 1

S1ALT25: s TulAmRUU TR

4,800,000 100.00% 2,800,000 98.24%
4,800,000 100.00% 1,600,000 98.07%
4,800,000 100.00% 2800,000 98.13%
4800000 T261% 6400000 98.17%
4,800,000 100.00% 2200000 98.88%
4,800,000 100.00% 2,300,000 98.55%
4,800,000 100.00% 1,600,000 99.93%
4,800,000 100.00% 1,600,000 98.82%
4,800,000 90.21% 5600000 98.18%
7,800,000 58.18% 10,800,000 93.98%
i 4800000 100.00% 1,600,000 99.90%

2,700,000
1,600,000
2,600,000
5,800,000
1,900,000
1,900,000
1,600,000
1,600,000
5,100,000

10,800,000

98.64%
99.72%
98.18%
98.16%
99.01%
98.64%
99.99%;
99.63%
98.41%
96.66%

1.600,000 100.00%

T

55,800,000

39,300,000

37,200,000
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ulenathgiiv ulenedi 1 wlgned 2
wiandnnauiusasaluli FUAUEY  dRuEy dnnuEy o awnudu Ry ety
#1984 CELET #1794 CELET #1794 A4LMEa
S1A9196 - 1T IFEDIAU 4 800,000 3,146,027 2,800,000  1,149499 2 700,000 1048295

5145220 - wansT unsud faula avawda 4 800,000 4066822 1,600,000 869,776 1,600,000 867,087
S1A%50T: WU 55, L‘ﬁlmﬁﬂﬂﬁ THIALWE 68 4800,000 3407149 2800000 1411755 2600000 1,210,967

S1A691T: UAN. RM N0-T1H3uNTT 1 4,800,000 826408 6400000 2252710 5800000 1,650,865
S1A3620: THEAET? 4.800,000 3530305 2200000 931,870 1900000 631216
S1A1081: Trd Wiun 4800,000 3737606 2300000 1240506 1900000 839414
S1ALTLT: uloanan TTHFAILWS 4.800,000 4405864  L600,000 1205939 1,600,000 1205874
s146121: saAnanausuiuaud 4.800,000 3877339 L600,000 678554 1600000  677.623
S1A1560: K-Lobby wauad #rinamilvg) 4800,000 1342851 5600000 2103230 5100000 1,600,807
S1AL463: aTrlADzEad UlaneTl 1Fies 1 7.800,000 1,137,830 10,800,000 3517855 10,800,000 3484807

51A4725: aniulfniulinTeemi-Ufin  4800,000 4137193 1,600,000 937279 1,600,000 937,194

T 55,800,000 33615394 39500,000 16298972 37200000 14,154.148

M13197 8 USunandudiseswazUsunatiuaundeainnisiassuleuiedagiuduna 80 dUav

. . e o Wushsadda  GuwdeTi  Buwdamfedo
sl inaawiusadn Twda . .
wilsaumaAy (80 dUal)  wilaTeumaAy

S1A9196 : a1ARDITY 4,800,000 502,780,000 3,142,375
5145220 - UHneTl unsud Aoula a1eWEN2 4,800,000 640,125,000 4,000,781
STAFS9T: WLium 3.eave TIALW 68 4800000 526625741 3,291,411
SLABOLT: Uan. AM ATIMI-TILEUNT 1 4800000  101,625200 635,158
S1A3620: TWATANGTD 4,800,000 204,950,200 1,280,939
s1a1081: {inf #aman 4,800,000 601,062,500 3,756,601
S1A1TLT: Ulasnant SIUAILWY 4,800,000 716,930,900 4,480,818
S1A6121: siaTPnadLELluayd 4 800,000 619469500 3,871,684
S1A1560: K-Lobby wauwa #iineilug 4800000 207,790,200 1,298,689
S1AL463: @iAgelead Une wkas 1 7.800,000 145708200 910,676

S1A4T25: saiutiafiafiRuudnsemani-imn 6,800,000 664,066,600 6,152,916

T3 55800000 4931534041 30,822,088
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AN5199N 9 USHNaURuAsaar USRI UAUMEB1NNSINaBIUle U187 1

Wuwnan 80

. Hudisade  Ruwiderw  Buwdamieds
wATaanTEuEUsAd AT B ) L . .
wilTaumaiAYy (280 #Ua1) WU T ILAL

S1A9196 : B1UTFRRITU 2,800,000 182,780,000 1,142,375
S1A5220 - Uenedl wnsud raula a1ewET 1,600,000 128352100 802,201
S1A359T: wuium 9.5y adivg 1L 68 2.800,000  Z206,625741 1,291,411
S1A6917: Usv. RM ATINTINEUNT L 5400,000 184,103,500 1,150,647
S1AZE20: THATANTT? 2,300,000 164,378,800 1,027,368
s1AL081: T Fsun 2200,000 185284000 1,158,025
S1A1717: Ulosten TIUATLW 1,600,000 204930900 1,280,818
S1A6121: GA1AREHUEUT uAA 1,600,000 107469500 71,684
S1A1560: K-Lobby wead drinamulug) 5200000 269304400 1,683,153
S1AL463: T FRslDed U1ansTl Ade 1 10,800,000 543,847,800 3,300,049
S1A4725: aputinsaimuiin - 1,600,000 152,466,600 952,916

T 37,900,000 2,329,543 341 14,559,646

997t 10 UnaududsesuasUSinaiupavieninnssiasaulouied 2 1Wunan 80 dUani
. Gudisesrs Buw@eTin  Buwidaaioes
wanaLineauEUsAd ATUTA . . L. . .
WMTEUMITAY (B0 SUATR) WUeTEUMNTLAL

S1AP196 - @ FESAAU 2,600,000 151,086,000 944 288
S1A5220 - uansTl wnsud Aoula aavda 1,600,000 128352100 802,201
STA3S9T: WM S.9.0Ralive TIUFAILW 68 2,700,000 190,625,741 1,191,411
S1AG9LT: Unk. RM ATAVWIIUEUNT 1 5,100,000 140,735,200 879,595
S1AZE20: THATANGTI 1,900,000 100,974,100 631,088
51A1081: T Wawun 1,800,000 122939300 768,371
S1AITLT: UleananT TR 1,600,000 204,930,900 1,280,818
S1A6121: matAnaLauTivaud 1,600,000  107.469,500 671,684
S1A1560: K-Lobby wauwa dnineulig 4600000 177807100 1,111,294
S1A1463: @1rIABelsad UnaneT 1ied 1 10,800,000 543847 800 3,309,049
S1AAT25: antuliefaiRuLEnsmesi-0m 1,600,000 152,466,600 952,916

Tl 35,000,000 2,021,254 341 12,632,715

Ui
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A15799 11 uRudToRlpAUTUNISHNIINNNTIARIULEUNENIVUA

wleunetagtiu uleune 1 uleng 2

wagdiinnaususAdnlulfA HumTadra Wudnsadds aAadnimilenne Wusisedde aeasnulaung

e = = = LY} = = a
wikimmumady wikmumady el wiseumady Sealu (e

S1A9196 - @ AaRIdY 4,800,000 2,300,000 41 67% 2,600,000 45 83%
5145220 - ueneTl wnTud roula anewiT 4,800,000 1,600,000 66 67% 1,600,000 66.67%
SIAB59T: WLium T.o.0Naiivg TIuFLW 68 4,800,000 2,800,000 41.67% 2,700,000 43.75%
S1AGHLT: U, RM ngdvmrmindume 1 4,800,000 5,400,000 12,500 5,100,000 -6.250
S1A3620: TWAWWET 4,800,000 2,300,000 52 08% 1,900,000 60.82%
S1AL08L: T Famnn 4,800,000 2,200,000 5217% 1,800,000 62 50%
S1ALTLT: UleansnT STFA1LH 4,800,000 1,600,000 66.670 1,600,000 66.6T%
SIA6121: MR IANAHLEUTWES 4,800,000 1,600,000 66.670 1,600,000 66.6T%
S1A1560: K-Labby wauad dlinemilug) 4,800,000 5,2010,000 -8.33% ¢ 600,000 417%
S1ALA63: @1 ARsURRd UansTl LAdad 1 7,800,000 111,800,000 -38.46% 10,800,000 -38.46%
$124725: moiuldnsiafandwsmaas-im 4,800,000 1,600,000 66.67% 1,600,000 66.67%
T 55,800,000 37,900,000 32.08% 35,900,000 35.66%

AN5197 12 INUIURUAT09ARNEDIBAUTBUNISHALIINNITIABIUTYUNYVIINLA

wigwnethgiu wlenng 1 ulttng 2

wgaalinnauiusadnludf Auwdamieds Huwiamiers aaammulene Huviomieds aranlawe

= = = = L) = = L)
wikmeumaiy wisraumady el () wikmeumady Dl (e

S1A9196 : ATUIRREIEU 3,142,375 1,142,375 63.65% 944,288 £9.95%
S1A5220 - wansT uAsud reula aATET 4,000,781 802,201 79.95% 802,201 79.95%
S1A3597: Wiiun 5.5.0galnd Twduvs 68 3291411 1,261,411 60.76% 1,191,411 £3.80%
SLABDLT: UM, RM AgIMIW-TINEUNT L 635,158 1,150,647  -BL16% 879,595 -38.48%
S1A3620: TWAIPWITI 1,280,939 1,027,368 19.80% 631,088 50.73%
s1A1081- Tn% Famn 3,756,641 1,158,025 63.17% 768,371 79.55%
S1A1717: Ulaanant TIuAILW 4,480,818 1,280,818 71.42% 1,280,818 71.42%
S1A6121: AR akaUTuAuA 3,871,684 671,684 B2.65% 671,684 B2.65%
S1A1560: k-Lobby wanwd il 1,298,689 1,683,153 -29.60% 1,111,294 14.43%
S1AL463: 19 IPRELERE UeneTl 1Aded 1 910,676 3,399,049 -273.24% 3399049 -27324%

SLALTZS: santhadiiauuinsmenidm 4152916 952,916 T7.05% 952,916 77.05%

T 30,822,038 14,559,646 52.76% 12,632,715 52.01%
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Tums199 12 wudulevied 1 85 uuluy
drsesnundeanasainulovisiagiuiadedoinies
52.76% v3eamduiiu 16,262,442 v FeiliAseadn
pouliuandmluli@ 3 wndee ldun S1A6917:  Uan. RM
NIUNN-T1UBUNTT 1 S1A1560: haunddinaulng uas
S1A1463: anvmezueas Uengd wdes 1 fifliiud1ses
aundeuntuidesarnuloureiiudiseniutosnia
USinaunnudesnsvesgndn duiliseduuinistosnia
98% mufivnssuimslatvunly Aasvilrtudseande
House uazulouiei 1 Ifinsuiutudsomiusesu
vimsidmuniadumelitudsesandomniu

Weouefl 2 $ewiududrsesnanioanasain
ulgureiagiuladesaiades 59.01% udednduiiu
18,189,373 U @aiip3eadnnouluansmluid 2 1n3eq
laun SIA6917: Uan. RM  NIunn-5118uns1 1 wae
S1A1463: @nvmezuoas Uengd wdes 1 fiflidud1ses
aundeuntuidesarnuloureiiudiseniutosnia
USU1UANABINITVDIRNAT Fehliszauuinmstiesni
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6. d3Una

Mnwamsiaszitoyaitevuloviensdises
Suaslfuinieadnneuduandludfimnzauis 2
ulsurgnuin ulouied 1 ilsiduauiudisesanasain
ulguietlagiuiadodeseunsiin 32.08%  luvmuyi
ulouiedl 2 Hwandnuldudisesnuleuietagiy
\ABABTIUNTTIAN 35.66%  Tsanunsnanliuinnin
ulsvgusnuagiiuisaiosiliannsnandiuiubuan
ﬁﬁaﬂﬁl,ﬁaﬂmmmiamaﬂaﬁ;ﬂuﬁfuiﬂmmmmauauaﬂ
USinaunnudeinisiuanvesgnanldiogiafiome dude
sefuNMIUTNISAINT 98%  Fedndudeadiseaiuan
i

defansanludiuvesdmiutudisosnande
doAusounaiiy ulsuisusnansotivansiuauiiu

Aundaidoseseunisiiule 52.76% wasulguieiides
a1u1saTavansuIniiuauniondsseseunisiaule
59.01% FulouneaestuauisaansuIutunndels
11nANUlEUIBLINDN 6.25%
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PnranITiaTgiteyaiuladnauitszdunis
Trusnsidnasuduanveaniondnaouiuansnludid
Fomnduunuaiesfeglussduiiguiunitseduuinig
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ABIN1TVDIGNAT
6.1.2 ﬂ'ﬁﬂi'ﬁzé’]’w%msqaﬂiwLﬂmeﬁﬁﬁmum wal
izﬁw%miﬁqﬂﬁuawmaﬁqmiﬁﬁmmimmmﬁﬁm
Ruldifisanesoniudoin1svesgnAdInnIu wanis
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AfpspIiuNL nuesRuand e i lndeadnnou
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UimsludusulmanussTonilésn
Weunefaudseidiunfinnsanassuloune
grnuleunedl 2 fsansiuausnsauResauns
WunazUSnandnoeuduansenisenisaausiu fus
Yrand ulukudiseatardnuiutuanandelauinnin
wevied 1 flesnulouied 1 Snsfansaniies
U'%mmﬁumﬁgﬂLﬁﬂaauﬁiaiauwhﬂfu sluusiazvileseu
AILANRUILIANMURUNIU (Fluctuation) V89USHIREY
mﬁ?‘igmﬁﬂaauqq wlpurefiaesasidusunuiifves
woAnssumsidnaouwiuan u taeudnaouiuan
Solugidu 9 Tngfinnsaniasuausensaeusaz Ui
Budnaourenisenisaey feudsunaduandises
wazduRuaardeddivsinatesninulevied 1
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