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ANUPONG PUNGSAK: PRECISION AND EFFECTIVENESS OF DEMAND

FORECASTING FOR DRUG INVENTORY MANAGEMENT. THESIS ADVISOR: NATTIYA

KAPOL. 66 pp.

This research aimed to study the effectiveness of demand forecasting to drug
inventory management. Drug utilization data of Ayutthaya Hospital were retrospectively
retrieved 3 fiscal years (2011-2013). Only 135 items of drug group A which being the most
valuable drug items, categorizing by ABC analysis, was analyzed and forecasted. The CB
Predictor program was used to forecast each drug item’s demand in fiscal year 2014. Then
the forecasted demand quantity and pattern were compared with actual drug utilization in the
same year. Mean Absolute Percent Error (MAPE) was presented as the forecasting error. The
statistics used in data analysis were descriptive statistics such as frequency, percentage,
mean, standard deviation and inferential statistics-such as Wilcoxon Signed-rank Test.Of 135
drug items, 81 items (60.00%) was forecasted-preciselyor did not differ from actual drug
utilization. The most demand patterns found-in-the precisely forcasted drugs was Horizontal
(39 items, 48.1%), which Single Moving Average-technigue should be used for forecasting.
The second most patterns found was Trend (31 items,38.3%), which-Double Moving Average
technique should be used for forecasting. The'most precise: forecasting of drug types was
Gastro-intestinal system. The second most precise forecasting of drug types was Central
nervous system. The findings‘from this research are beneficial for a pharmacist or a person
who is responsible for drug inventory management. The demand patterns and forecasting
techniqgues can be applied to further .increase efficiency of hospital drug inventory
management.
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Iy o =

A = 15-20 % Y095 1omsaumaInad mIntoasimInyuien.75-80 %

Iy o =

B = 30-40 % VR4 8msaunnnay vh 1diionsimsuyuidon 15 %

Iy o =)

C = 40-50 % YDIT 1M aUMAAa v 19 lensImsnyuiden 5-10 %
d o Y J
4.MAUAMINENNI VA5V a9A (Forecasting Techniques)
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MINeINTATUITMITIRUNINAFIT I aNoAInnZNglaAveIauA M0

9 9
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a F) ~ a 49@} :(49! @ A =
Uims luenanvesgnmnazifarulueaa nsnenTalauiy nsounmININIszezaull
Y 1 A =\ 1 A 19 1 ~ =\
sreznamosnd 3 WeuszznaNliszeznanni 3 weuuatesnd 2 1 uazszezen
?z’z 1 2 @ S A [ f
szoznaaaua 2 Jvull dszneunugiuuuvesgilasd nivaregiuuuweayilldaei [15]
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1.A9N(Horizontal) WO IMNWIUNTINLAIAD UV NAINDI A DLHDI



12

v o A o = y A tg 1 YR~ 1 1 a 3
3.’J§]fﬂf‘li(Cycle) Wwoihu@auns e ANy a@mmmﬂulﬂuﬂnﬂﬂmﬂummu

fluggmannil
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gﬂ‘ﬁ 2.5 u@®¥ Demand Pattern 41U Season
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WNEHNTEHIN uuﬂummzqgma mmms”lﬁlfsmzuumamumﬂ“lwmﬂmu“lwma

) = 2 A A Y A 2 g o
ninvuaziunnyunniennlgihemuyuusiuumnn
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3 1/#1 2.7 u@A Demand Pattern (U1 Irregular Variation
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matamswensal | jUuuuvesgiass TuIugatoya Ny9ULIAT
Tuefia (fon)
Naive (9619418) 97 (Stationary) 1 #3029 <3
Moving Average AN (Stationary) 3-4 9@ 71NN <3
A
3o aw lasuna
Exponential Smoothing A (Stationary) 59910 %A 3-24
Holt’s Trend 10 D4 1599 3-24
Winters’ Trend and Seasonality 10 D9 15 >a 3-24
81900 4-5 0N

o =) o a ] a [ I +i ]
msnennsaiguasanmsihulyluvatogshagy maadueimsinuas 1o onahuuas
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dmSuszuuld mawensailivategduuunsszezau 52e2817 MINGINTAUVLIAT (Guess)
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1 4 1 1 1 H [ 1
UH MINYINTAUDYI1Y (Simple forecast or Naive Forecast) MINIAURDYDEY1918 (Simple
Average) MIMIAUNALAADUN (Moving Average) NMIHLIANUABINTAINYYNIA (Seasonal
. dyw = o 2% Yy 1 v A Y J = .
Indices) uonNUGIIMIAUIRTUGIIaun  M3UTvEsuteens Tmwudon(Exponential

. [ a £a ~ ~ ax (v A k) o = )
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o [ o
13 133 (Trend-Adjusted  Exponential) 48 Holt’s-Winters’ @115 UMInensaiadenud 117y
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Mean Absolute Deviation,

Mean Squared Error,

Root Mean Squared Error,

Mean Absolute Percent Error,

3 Yi_?i
MAD=>"

i1 n
1\/ISE=EH:£—HYi

o1 n
RMSE =+/MSE

n Y Y

MADE H100 3o i

Ay,

[

3’, 1 A 9 = S A ' ) o o av g’; dy% A 9
N9 4 A1 YIUDY HHTYDI NITNIINTA SILLNUYI m‘ﬁiumi’mﬂﬁluﬂim mﬂﬁ]ma@ﬂalﬂf

Mean Absolute Percent Error (MAPE)
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AIUMIIAMIANUTUYNTNAVDITMSNeNTaN1Y _ Asuivzinisananusiue

IAQ Y 1A 1 0. A Y . )\ ° Y
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Student Student
Edition CEFAZOLINE 1 GM Edition
7000
6000 + _
5000 +
Data
4000 + Fitted
Forecast

3000 +

\

——— Upper: 95%

2000 + Low er: 5%
1000 +
PI LIPS 88
PO \:}9 PP @9 PPN &'? PP @9 oF
511 2.8 MInensal Iaen13 1% Error i MAPE
Method Errors: MAPE
Method RMSE MAD MAPE

Best: Double Moving Average 695.29 588.58 13.04%
2nd: Single Moving Average 1283.8 1056.3 25.09%
3rd: Seasonal Additive 839.26 569:35 25.16%
4th: Seasonal Multiplicative 1079.4 691.82 25.52%
Sth: Holt-Winters' Additive 10484 661.57 28.11%
6th: Double Exponential Smoothing 1141.5 681.6 28.18%

H P 1
3191 2.9 mywensai Taang 19 Error Ao MAPE tlag Method Errors HUUA19)

i

Method Parameters:

Best:
2nd:
3rd:
4th:

5th:

6th:

il

=
N

Method Parameter Value
Double Moving Average Periods 9
Single Moving Average Periods 14
Seasonal Additive Alpha 0.999

Gamma 0.001
Seasonal Multiplicative Alpha 0.999
Gamma 0.001
Holt-Winters' Additive Alpha 0.855
Beta 0.5
Gamma 0.315
Double Exponential Smoothing Alpha 0.941
Beta 0.5
2.10 MINeN38 1a8ns 19 Error A9 MAPE 1ag Method Parameters (111119
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Month Actual Forecast
0.9. 56 5078 4460.685185
W.0.56 5269 4440
.9, 56 4904 4419.314815
u.A.57 5251 4398.62963
W, 57 4719 4377.944444
in.57 5629 4357.259259
1.8, 57 4938 4336.574074
w.A. 57 4258 4315.888889
1.9.57 3889 4295:203704
n.9.57 4682 4274518519
a.n.57 5124 4253.833333
n.8. 57 5318 4233.148148

~ Y a o 9 A
5N 2.11 uaaams 19939 ag wansweInTal 1aen1s 1% Error A0 MAPE

HAINMINEIN3BI8T CEFAZOLINE 1 GM 311 211 (MAPE) aggminninsigi
ANMUUANA19U09015 1959 (Actual) -~ AUNITNBIN T8l (Forecast) 1aon 13 15ad @ Wilcoxon

Signed-rank Test

. 4 X
5. MIAUBUMSINOMITITO (Establishing when-to Order)
A Y Y Y @ Y v 2 1 4
auilananlindinaasedesnunugilaiai binswluetnaa.  mswensaigll

o 1 o o J
asn luewaa laiudnzilipeuausidennudoinsegilasd la

J ¥
v A

1 [ < 1 4 1 @ 1
5.1 9039 (Order Point) 131925 lapd1e 5 19zA0sdsdoieIns Taveldun
o & @@ Vo o s A s A
5.1.1 a1 (Lead Time) (I uNHanauaaady lodade sonludado
FUNTZUIUMTANVDILT HNen aunsena lasuaum
5.1.2 anu ludueuveaai1 (Lead Time Variability) 924114
szaums 1us msvesnuadaasu i dissan lu'ldsududiaiunan
4 ' ) . A 4
5.1.3 91lereAsenI199a111 (Lead Time Demand) (49491091 erad
1 o a3 [ { H {
serannaniuaunds onimsasuuladlinnnaa’lila

v
(2

dy s o o A Y
YATILD = Q‘]Jﬁ\‘]ﬂXL’JﬁTL!"I +AaunenNulaoant
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lumsaulans Wzslﬁl Standard Deviation ﬂ%@ Mean Absolute Deviation U1

[ o A Y Y 2
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5.2 110 Mz
A o s X yy v a o Y A Y q 9 o &
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6.m3cdutiumstnevualfanan15aa%e (Establishing to Order Quantity)
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I¥msusmsndei ldednaeiiesntelddunuindssrdanaz ailszanalumsantiumsi
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v I Aa 9 9 A a a Y %
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o q'; &’ = ad Q d'za 9 1 .
62 masunatSmamsdeye 2 Fsudnndienlyldun EOQ  Analysis uay
Coverage Analysis
= o 9 = (% ' 7 @ ¢
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Y A o YAy dy 9 o A ] dy a Y "y ] o & 1 A
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a2y A ' y & d
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<3 < 1o ' ~ {
(Period Order Quantity) ©193ziifunn@ounld uaswvazuana1sllanlsmnunendadn
A
1Mo
v 4
MegumsmuIalSinadiFonngy A szliauniny
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2.Cardiovascular system 26 19.3
9.Nutrition and blood 25 18.5
5.Infections 23 17.0
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v

519391 giuny mAiin p
YoagUaad MIneInsal
ACARBOSE 50 MG Trend Double Moving Average | 0.004
ACETYLCYSTEIN 200 MG Trend-Season | Holt-Winters' Additive 0.002
ALBUMIN HUMAN 20% Horizontal Single Moving Average 0.583
ALFUZOSINE 10 MG Horizontal Single Moving Average 0.003
ALPHA D3(F) Horizontal Single Moving Average 0.005
AMINO ACID 10%,100 ML Horizontal Single Moving Average 0.012
AMLODIPINE 10 MG Trend Double Moving Average | 0.002
AMOXY 875 MG+CLAVULANATE 125 MG T | Trend Double Moving Average | 0.002
AMOXYCILLIN 1 GM+CLAVULANATE 0.2 G | Trend Double Moving Average | 0.002
AMOXYCILLIN 500 MG Horizontal Single Moving Average 1.000
ASPIRIN 81 MG Horizontal Single Moving Average 0.008
ATENOLOL 50 MG Horizontal Single Moving Average 0.158
ATORVASTATIN 40 MG Trend Double Moving Average | 0.071
BERODUAL INHALER Horizontal Single Moving Average 0.041
BERODUAL SOLUTION Seasonal Seasonal Additive 0.347
BIMATOPROST 0.03% 11" DROP.3ML Trend Double-Moving Average | 0.308
BISOPROLOL 2.5 MG Horizontal Single Moving Average 0.433
BUDESONIDE 100MCG Trend-Season | Holt-Winters' Additive 0.023
BUDESONIDE/FORMOTEROL 160/4.5MCG Horizontal Single Moving Average 0.008
CALCIUM CARBONATE 625 MG(F) Trend Double Moving Average | 0.937
CALCIUM POLYSTYLENE Trend Double Moving Average | 0.003
CEFAZOLINE 1 GM Trend Double Moving Average | 0.006
CEFDINIR 100 MG Seasonal Seasonal Multiplicative 0.002
CEFTAZIDIME 1 GM Trend Double Moving Average | 0.003
CEFTRIAXONE 1 GM Trend Double Moving Average | 0.012
CELECOXIB 200 MG Trend-Season | Holt-Winters' Multiplica. | 0.002
CIPROFLOXACIN 200 MG INJ Trend Double Moving Average | 0.182
CLINDAMYCIN 600 MG/4ML Horizontal Single Moving Average 0.814
CLOPIDOGREL 75 MG Horizontal Single Exponential Smo. | 0.034
CLOPIDOGREL+ASA Horizontal Single Moving Average 0.754
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519391 giuny mAiin p
YoagUaad MIneInsal
COAL TAR SHAMPOO Horizontal Single Moving Average 0.002
COLISTIN 150 MG INJ Trend Double Moving Average | 0.010
D-5-S 1000 ML Seasonal Seasonal Multiplicative 0.084
D5S/2 1000 CC Trend Double Moving Average | 0.002
D-5-W 100 ML Trend Double Moving Average | 0.041
DAFLON 500 MG Trend Double Moving Average | 0.004
DEFERASIROX 250 MG Trend-Season | Holt-Winters' Additive 0.002
DICLOXACILLIN 250 MG(F) Trend Double Moving Average 0.034
DICLOXACILLIN 500 MG(F) Seasonal Seasonal Multiplicative 0.099
DONEPEZIL 10 MG Trend Double Moving Average | 0.814
ENALAPRIL 20 MG Trend Double Moving Average | 0.071
ENALAPRIL 5 MG Trend Double Moving Average | 0.006
ENOXAPARIN Trend Double Moving Average | 0.814
EPOETIN ALFA 4000 U Trend Double Moving Average | 0.875
EPOETIN BETA 5000 U Horizontal Single Moving Average 0.002
ERTAPENEM SODIUM Horizontal Single Exponential Smo. 0.060
ESOMEPRAZOLE 20 MG Horizontal Single Moving Average 0.347
ESOMEPRAZOLE SODIUM 40 MG Trend Double Moving Average | 0.308
FACTOR VIII 500 U Trend-Season | Holt-Winters' Multiplica. | 0.008
FENOFIBRATE 160 MG Trend DoubleMoving Average | 0.003
FINASTERIDE 5 MG Trend Double Moving Average | 0.308
FOSFOMYCIN SODIUM 2 GM Trend Double Moving Average | 0.005
GABAPENTIN 300 MG Trend Double Moving Average | 0.002
GALANTAMINE HBr 8 MG Trend-Season | Holt-Winters' Multiplica. | 0.695
GEMFIBROZIL 600 MG Horizontal Single Moving Average 0.019
GLIBENCLAMIDE 5 MG Horizontal Single Moving Average 0.008
GLICLAZIDE 30MG Horizontal Single Moving Average 0.182
HPMC 11 DROP Horizontal Single Moving Average 0.050
HYDRALAZINE 10 MG Trend Double Moving Average | 0.239
HYDRALAZINE 50 MG Trend Double Moving Average | 0.002
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519391 giuny mAiin p
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HYDROCHLOROTHIAZIDE 25 MG Horizontal Single Moving Average 0.002
IMIPENAM+CILASTATIN Seasonal Seasonal Multiplicative 0.209
IMMUNOGLOBULIN IV 5 GM Horizontal Single Exponential Smo. 0.012
INSULIN GLARGINE Trend Double Moving Average | 0.019
INSULIN MIX 70:30 Horizontal Single Moving Average 0.272
INSULIN PEN 70:30 Seasonal Seasonal Multiplicative 0.002
ISOSORBIDE 10 MG(B) Horizontal Single Moving Average 0.008
KIDMIN Horizontal Single Moving Average 0.002
LEVODOPA 200 MG+BENSERAZIDE 50- MG Trend Double Moving Average | 0.015
LIPID EMULSION 40%,N7-1000E,1500ML Horizontal Single Exponential Smo. 0.028
LIPID EMULSION KABIVEN, 1440 ML Horizontal Single Exponential Smo. 0.004
LIPOCHOL Horizontal Single Moving Average 0.158
LORAZEPAM 1 MG Horizontal Single Moving Average 0.002
LOSARTAN POTASSIUM 50 MG Trend Double Moving Average | 0.754
MANIDIPINE 20 MG Trend Double Moving‘Average | 0.015
MEROPENEM 1 GM Trend Double-Moving Average | 0.010
METFORMIN 500 MG(F) Trend Double Moving Average | 0.754
METHYLDOPA 250 MG Trend Double Moving Average | 0.004
METHYLPREDNISOLONE 1 GM Seasonal Seasonal Multiplicative 0.008
METRONIDAZOLE 0.5%,100ML Trend Double Moving Average | 0.010
MIDAZOLAM 5 MG/ML Horizontal Single Moving Average 0.034
MOMETASONE FUROATE 140 DOSE Horizontal Single Moving Average 0.002
MULTIVITAMIN INJ Horizontal Single Moving Average 0.004
MULTIVITAMIN TAB Horizontal Single Moving Average 0.695
NICARDIPINE 1 MG/ML,10 ML Horizontal Single Moving Average 0.060
NIFEDIPINE 20MG SR Horizontal Single Moving Average 0.002
NOREPINEPRINE BITATRATE Horizontal Single Moving Average 0.388
NSS 100 ML Trend Double Moving Average | 0.010
NSS 1000 CC Trend Double Moving Average | 0.006
NSS 5 ML Trend Double Moving Average | 0.695
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OCTREOTIDE 100 MCG/ML Horizontal Single Moving Average 0.117
OMEPRAZOLE 20 MG Trend Double Moving Average | 0.347
OMEPRAZOLE INJ Trend Double Moving Average | 0.019
ORPHENA-+PARACET Horizontal Single Moving Average 0.034
0O-R-S(6.975 GM) Trend-Season | Holt-Winters' Multiplica. | 0.347
PARACETAMOL 500 MG Horizontal Single Moving Average 0.041
PARECOXIB 40 MG INJ Trend Double Moving Average | 0.071
PEGINTERFERON ALFA-2A Horizontal Single Exponential Smo. 0.209
PHENYLTOIN 250 MG Trend Double Moving Average | 0.003
PIPERACILLIN+TAZOBACTAM Horizontal Single Moving Average 0.034
POLYGELINE 3.5% Horizontal Single Moving Average 0.209
PRAMIPEXOLE 0.25 MG Horizontal Single Moving Average 0.071
RABIES ANTISERUM 1000 UNIT Trend Double Moving Average | 0.002
RABIES ANTISERUM HUMAN 300 Trend-Season-| Holt-Winters' Multiplica. | 0.347
RIBAVIRIN 200 MG Seasonal Seasonal Multiplicative 0.015
RISEDRONATE SODIUM-150 MG Horizontal Single Moving Average 0.814
RISPERIDONE 2 MG Trend Double Moving Average | 0.182
ROSUVASTATIN 10 MG Trend-Season | Holt-Winters' Additive 0.002
SALBUTAMOL INHALER Trend-Season | Holt-Winters' Multiplica. | 0.002
SALMETEROL+FLUTICASONE25/50 Seasonal Seasonal Multiplicative 0.003
SALMETEROL+FLUTICASONE25/250 Trend Double Exponential Smo | 0.308
SILVER SULFADIAZINE 1% Horizontal Single Moving Average 0.060
SIMVASTATIN 20 MG Trend Double Moving Average | 0.005
SINEMET 25/100 Trend Double Moving Average | 0.050
SOD HYALURONATE 14 MG Horizontal Single Moving Average 0.582
SOD VAPROATE 500MG Horizontal Single Moving Average 0.028
SODIUM VALPROATE 400 MG INJ Horizontal Single Moving Average 0.077
STRONTIUM RANELATE Trend-Season | Holt-Winters' Multiplica. | 0.003
SULPERAZONE 1.5 GM Trend-Season | Holt-Winters' Multiplica. | 0.002
SULPERAZONE 1GM Horizontal Single Moving Average 0.012
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TAMSULOSIN HCL 0.4 SR Trend Double Moving Average | 0.019
TELBIVUDINE 600 MG Seasonal Seasonal Multiplicative 0.754
THEOPHYLLINE SUSTAIN 200 MG Trend Double Moving Average | 0.002
TIMOLOL 0.5 % 11 DROP Horizontal Single Moving Average 0.008
TIOTROPIUM 18 MCG Trend Double Moving Average | 0.060
TOLTERODINE 4 MG Trend Double Moving Average | 0.002
TOPIRAMATE 50 MG Horizontal Single Moving Average 0.034
TRIAMCINOLONE 0.1% LOTION Horizontal Single Moving Average 0.041
VALSARTAN 160MG Horizontal Single Moving Average 0.638
VANCOMYCIN 500 MG Trend Double Moving Average | 0.272
VENOFER INJ Trend-Season /| Holt-Winters' Multiplica. | 0.433
VILDAGLIPTIN 50 MG Trend Double Moving Average | 0.308
VITAMIN B COMPLEX TAB Horizontal Single Moving Average 0.084
VITAMIN B1-6-12 Trend Double Moving Average | 0.239
WARFARIN 3 MG Trend Double Moving‘Average | 0.003
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