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CYCLE SERVICE LEVEL: BY CATEGORIES
[STOCK AVAILABILITY]

100.00% 100.00%
99.00% 99.00%
98.00% Y 98.00%

o ° L °
o o © o °
97.00% ° s ° o ¢ ° 97.00%
° ° ® -
96.00% @ ° ° 96.00%
: ,
95.00% 2 95.00%
— 7/
94.00% 94.00%
[ )
93.00% 93.00%
92.00% 92.00%
91.00% 91.00%
90.00% 90.00%
Jan-17 Fab 2017 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17
e Target Policy ® Stationery and Board ==@== Paper and Office Supplies ® Computerand IT ® Janitorial and Canteen Office Furniture ® Office Automation
—— GONFERENCE

@ " NIDA BANGKOK = 30-31 OCTOBER

The 4th NIDA Business Analytics and Data Science



RATIONALE

DAYS SALES INVENTORY: BY SUB-CATEGORIES
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AGENDA

METHODOLOGY
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METHODOLOGY

Measures Full
Demand Measures Inventory
. of Central Truckload
Forecasting Of Accuracy Models ..
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METHODOLOGY

Measures Full
Demand Measures Inventory
. of Central Truckload
Forecasting Of Accuracy Models ..
Tendency Application

Moving averages - 3 period MA

Moving averages - 4 period MA NO TREND, NO SEASONALITY

Exponential Smoothing

Weighted moving averages - 3 o
period moving average TREND, NO SEASONALITY
Holt's Method
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METHODOLOGY

Measures Full
Demand Measures Inventory
. of Central Truckload
Forecasting Of Accuracy Models ..
Tendency Application

MAD (Mean Absolute
Deviation) MAD, = (Z¢_1o[Ad)/n

MSE (Mean Square Error)  MsE_ = (=,_, [E>2])/n

MAPE (Mean Absolute
Percentage Error) MAPE = (X.1.,[|E/ D;|100])/n

Some forecasting software packages choose the best model from a given class by minimizing MAD, RMSE, or MAPE.
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DEMAND FORECASTING & MEASURES OF ACCURACY

Measures of Forecast Error : MAD

The 4th NIDA Business Analytics and Data Science

Forecast Method #325980 #325012 #352893 #352894 #310637 #309922 #310661
Moving averages - 3 period MA 106.58 153.58 329.17 476.28 1,417.64 379.69 453.33
| Moving averages - 4 period MA 141.90 171.40 377.85 460.50 1,634.33 292.67 417.40
Weighted moving averages - 3 period movingaverage ! _ __ 90.24| 13965 | _ 25713 | _ 383.79| 110024 _ 24982 _ 34436
Exponential Smoothing 170.43 199.17 545.86 684.07 1,758.08 345.29 4p59.83
Holt's Method 176.77 237.24 665.25 372.87 2,566.35 368.37 4p59.83
Weighted moving averages
- 3 period moving average
Measures of Forecast Error #325980 #325012 #352893 #352894 #310637 #309922 #310661
MAD 90.24 139.65 257.13 383.79 1,100.24 249 82 344 36
MSE 10,554.52 25,366.44 99,700.43 | 201,787.27 | 2,020,406.98 90,263.17 | 171,861.69
MAPE 3.71% 6.81% 4.93% 6.73% 5.91% 4.79% 7.34%
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DEMAND FORECASTING & MEASURES OF ACCURACY

Weighted moving averages

3 period moving average

Year Month #325980 #325012 #352893 #352894 #310637 #309922 #310661
2018 Jan 2,856.00 2,193.83 3,624.00 4562.67 | 17,011.00 5,105.67 4,514.67
2018 Feb 2,762.00 2,015.50 3,626.33 446517 | 16,983.50 5,038.50 4,793.17
2018 Mar 2,617.83 2,154.83 4,190.33 5,243.50 | 17,274.83 5,591.17 5,563.83
o 2018 Apr 2,358.00 2,209.83 4,317.83 4951.17 | 15,366.50 5,613.83 5,013.17
g 2018 May 2,303.33 2,136.67 4,038.33 5565.17 |  16,868.33 5,590.83 4,086.33
& 2018 Jun 2,338.50 2,133.00 5,406.33 5996.50 |  18,225.17 5,652.83 5,177.50
3 2018 Jul 2,388.00 1,996.83 5,491.17 5783.17 |  19,534.50 5,487.17 4,992.67
o 2018 Aug 2325.33 2,039.50 5,746.33 5824.17 |  20,282.33 5,378.33 4,867.50
£ 2018 Sep 2,449.17 2,190.67 5,494.17 5581.67 |  19,779.50 5,571.00 4,697.33
2018 Oct 2,366.83 2,000.83 5,604.17 5728.83 |  18,790.50 5,334.83 4,497.67
2018 Nov 2,440.50 2,026.33 5,748.67 6,358.83 |  21,266.33 5,391.67 4,745.17
2018 Dec 2374.33 1,910.00 5,355.83 6,271.00 |  20,077.33 4,913.00 4,206.67
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METHODOLOGY

Measures Full
Demand Measures Inventory
: of Central Truckload
Forecasting Of Accuracy Models ..
Tendency Application

n »
i=1 X1

n

Standard Deviation

Mean .-

?zl(Xi_”)z
n—1
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DEFINE Measures of Central Tendency

n .
i=1 X1

Mean H=

n-—1
m #325980 #325012 #352893 #352894 #310637 #309922 #310661

m 2,464.99 2,083.99 4,961.96 5,528.07 18,454.99 5,389.07 4,837.97
m 181.45 97.35 806.08 613.26 1,775.06 248.14 352.77

Standard Deviation - = L (Xi—w)?

g Example #SKU 325980 R

U = 2464.99 packs/month
o = 181.45 packs/month
U /
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METHODOLOGY

Measures Full
Demand Measures Inventory
. of Central Truckload
Forecasting Of Accuracy Models ..
Tendency Application

JOINT REPLENISHMENT
WITH PERIODIC REVIEW SYSTEM (R, OUTL)

' CAN-ORDER SYSTEM (s, ¢, S)

N\ &= (ONFERENCE

@ " NIDA BANGKOK = 30-31 OCTOBER

The 4th NIDA Business Analytics and Data Science



INVENTORY MODELS

MULTI-ITEM
Common Supplier

SINGLE-LOCATION

CAN-ORDER SYSTEM

JOINT REPLENISHMENT
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JOINT
REPLENISHMENT
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JOINT REPLENISHMENT: COMMON TIME

1. Using Microsoft Excel Solver Define Optimal Common Cycle Time (T)
and Minimize Average Total Cost

Objective function: Min —+
Constrain: m, = integer
m, > 1
T > 0
Assume T, = m,T wherem,=1,2,3, ..., n
The Average major setup cost per year is §
The Average minor setup cost per year is ?=1T:-iT
The Average holding cost per year is T, T

2. Define Review Period (R)
Order-Up-to-Level (OUTL, S)=L*(L+R) + kO *\/(L + R)
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JOINT REPLENISHMENT: COMMON TIME

Major setup cost (THB/one time) K
ltem i

Minor setup cost (THB/one time) ki
Unit holding cost (THB/unit/year) hi

Annual demand rate (units/year) di

Cycle time (year) Ti

Order quantity (units) Qi

Cycle stock (units) Qi/f2
Order frequency (times/year) (OFi) =1/Ti

Avg minor setup cost (THB/year) ki*(OFi)
Avg setup cost (THB/year)

Avg setup cost (THB/year)

Avg holding cost (THB/year)

Avg total cost (THB/year)
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192.2
#325980
49.66
102.64

29,579.83
0.0043

1

128.53
64.27
230.13
11,428.45

#325012

49.66
115.63

25,007.83
0.0043

1

108.67
24.33
230.13
11,428.45

#352893

49.66
87.05

59,543.50
0.0043

1

258.73
129.37
230.13
11,428.45

#352894

49.66
98.74

66,336.83
0.0043

1

288.25
144.13
230.13
11,428.45

#310637

49.66
126.03

#309922

49.66
89.65

#310661

49.66
100.04

221,459.83 ©64,668.83 58,055.67
0.0043

1

281.01
140.50
230.13
11,428.45

0.0043

1

962.31
481.15
230.13
11,428.45

0.0043

1

252.27
126.13
230.13
11,428.45

commaon
cycle time
0.004345297

230.13 !
79,999.14 |
44,231.73 |

124,230.86 |
124,226.92 |

e e G N S B N S B N BN SN NN BN SN BN BN BN BN NN BN SN BN BN RN R R S

248,457.78




JOINT REPLENISHMENT: DEFINE R,OUTL(S)

1yr 300 Days

K (major setup cost) 192.2

ltem i #325980  #325012  #352893  #352894  #310637  #309922  #310661 Example #SKU 325980

ki (i-th minor setup cost) 49.66 49.66 49.66 49.66 49.66 49.66 49.66

Ki 102.64 115.63 87.05 98.74 126.03 89.65 100.04

hi 85.46 96.28 72.48 82.21 104.93 74.64 83.29 R=1, LT =2 Days

di (yearly demand rate) 29,579.83 25,007.83  59,543.50 66,336.83 221,459.83 64,668.83 58,055.67 T

Ti 0.004345297 0.0043453 0.004345297 0.0043453 0.0043453 0.0043453 0.0043453 0.004345

Mi 0 0 0 z 0 z 0 K = 2464.99 Packs Per Month
Mg = (2464.99%(1+2))*0.04)

R, Review period (Days after rounding) 1 1 1 1 1 1 1 =295 .80 Packs per day

L, Lead time (Days) 2 2 2 2 2 2 2

R+l 3 3 3 3 3 3 3

Standard deviation of Mthy demand 181.45 97.35 806.08 613.26 1,775.06 248.14 352.77 o = 181.45 Packs Per Month

Mean of Mthy demand 2,464.99  2,083.99 4961.96 5,528.07 18454.99 5,380.07 4,837.97

Conversion factor 0.04 0.04 0.04 0.04 0.04 0.04 0.04 O+ = 181.45 * \/(1 + 3) * 0.04

Mean of demand during (R+L) 295.80 250.08 595.44 663.37  2,214.60 646.69 580.56 = 62.86 Packs per day

Stdev of demand during (R+L) 62.86 33.72 279.23 212.44 614.90 85.96 122.20

CSL (Company Policy = 0.95) 0.95 0.95 0.95 0.95 0.95 0.95 0.95 .

safety factor 1.64 1.64 1.64 1.64 1.64 1.64 1.64 Desired CSL = 0.95

55 103.39 55.47 459.30 349.43 1,011.42 141.39 201.01 Safety Factor = 1.645

S, OUTL 400 306 1,055 1,013 3,227 789 782 OUTL (S) = (295.80)+(1.64*62.86)

Total S5 2,321.41 =399.20

Demand weighted CSL 0.95 =400
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CAN-ORDER SYSTEM

Can-order (S,c,s) system Inventory-time plot of item j
- (s= 10, c=40, S=100)

e When IP of any item, say item i, reaches

ROP s, order that item together with any

other items whose levels are “close to” ROP.

100

80

60

e The “close to” criterion is formalized by
defining for each item j a critical inventory

40

Inventory Level

20 \I
level ¢;
e [f any item is to be ordered, any other item | Time
whose inventory level is below c; will also be g comorder level oun Remnant stock
ordered.
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CAN-ORDER SYSTEM (Common Time)

Lead time (day) L 2.000

Major setup cost

(THB/one time) K 192.2

ltem i | #325980 #325012 #352893 #352894 #310637 #309922 #310661

Minor setup cost

(THB/one time) ki 49.66 49.66 49.66 49.66 49.66 49.66 49.66 INPUT

Unit holding cost - Lead Time
(THB/unit/year) hi 102.64 115.63 87.05 98.74 126.03 89.65 100.04 .

Annual demand rate - Minor Setup Cost
(units/day) di 197.20  166.72  396.96  442.25 1,476.40 43113  387.04 - Major Setup Cost
Stdev of annual demand sigmai 51.32 27.54 227.99 173.46 502.06 70.18 99.78 _ Holdlng Cost

Ratio bi K/(K+ki) 0.79 0.79 0.79 0.79 0.79 0.79 0.79

Major + Minor setup

cost (THB/one time) Ki 241.86 241.86 241.86 241.86 241.86 241.86 241.86 min(Ti) Resu | t

Cycle time (year) Ti 0.10 0.10 0.08 0.07 0.03 0.07 0.07 0.03

- Optimal Cycle Time
Avg inv(units) 144.39 80.88  604.00  460.56 1,276.78  196.56  271.10 - Minimize Cycle Time

Order frequency .

(times/year) (OFi) =1/Ti 0.82 9.59 12.83 14.43 29.78 13.57 13.58 29.78 (to Optlmal TOtaI COSt)
Aveg minor setup cost

(THB/year) ki*(OFi) A87.76 A476.03 637.21 716.44  1,478.87 674.01 674.63 5,145.06

Aveg major setup cost (THB/year) 5,723.71

Avg setup cost (THB/year) 10,868.76

Avg holding cost (THB/year) ¥327,884.16

Awvg total cost (THB/year)
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CAN-ORDER SYSTEM (s,c,S)

No of items

Desired ISP
Item

taui
alphai

Cycle time
ROP

OUTL

can-order level
Remnant stock Ri

@& CONFERENCE
oy

7
0.95
i ' #325980
cycle time
(based on ki) 0.0700
3.032
Ti 0.1018
si 513.78
SA(1)i 552.70
SA(0)i 533.80
Si 548.83
ci 532.06
528.75
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#325012

0.0718

3.107

0.1043
397.49
425.11

414 88
423.01
408.42
405.62

#352893

0.0536

2.320

0.0779
1,324.27
1,428.41

1,355.20
1,413.38
1,3859.11
1,382.45

#352894

0.0477

2.064

0.0693
1,287.98
1,371.17

1,318.64
1,360.38
1,337.15
1,329.73

#310637

0.0231

1.000

0.0336
4,120.68
4,276.10

4,170.26
4,254.37
4,229.58
4,204.79

#309922

0.0507

2.194

0.0737
1,025.51
1,079.19

1,057.27
1,074.69
1,050.16
1,042.92

#310661

0.0506 0.0231 -

2.192

0.0736 0.0336

1,006.18
1,065.81

1,034.67
1,059.42
1,037.43
1,030.93

min

INPUT
ltem
- In-Stock Probability

Result

- Re-Order Point (s)
- Can-Order (c)

- QUTL(S)




JRP vs Can-0Order

JOINT REPLENISHMENT

e T el omaloss | esme_oisr_ e _nuse,

L, Lead time (Day) 2 2 2 2 2 2 2
Safety Stock (Carton) 103.39 55.47 459.3 349.43 1,011.42 141.39 201.01
S, OUTL (Carton) 400 306 1,055 1,013 3,227 789 782

CAN-ORDER SYSTEM

| Item | ROP(s)(Carton) | Can-orderlevel (c;) (Carton) |  OUTL(S;)(Carton) |
514 532 549

397 408 423

1,324 1,389 1,413

1,288 1,337 1,360

4,121 4,230 4,254

1,026 1,050 1,075

1,006 1,037 1,059
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METHODOLOGY

Measures Full
Demand Measures Inventory
. of Central Truckload
Forecasting Of Accuracy Models ..
Tendency Application

Non

Utilization
Truck

Utilization

Order
Proportion

Full Truck
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FULL TRUCKLOAD APPLICATION

Truck

Non Utilization

Order Up to level at review

Period
Utilization (Round up order to Full Pallet)
Utilization Order Proportion

Full Truck

1 Truck = 24 Pallet
Product
#325980 #325012 #352893 #352894 #310637 #309922 #310661 Total
Order Quantity 80 400 400 1200 160 240 240
Round up S0 400 400 1200 160 240 240 2,720.00
Pack In Pallet S0 80 80 S0 80 80 80
Pallet Qty 1 5 5 15 2 3 3 34.00
Check Truck Non Full
Pallet Qty - Full Truck 48.00
Chroporfion 003 05~ 0357 045~ 006 009~ 0606|7103

Allocation 1.00 7.00 7.00 22.00 3.00 4.00 4.00 48.00
Order Qty - Full Truck 80.00 560.00 560.00 1,760.00 240.00 320.00 320.00 3,840.00

7@ CONFERENCE 2!
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INVENTORY
MODELS
SIMULATION
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INVENTORY MODELS SIMULATION

JRP Can-Order : Full TL

Inventory policy OuTL Can Order ROP
549 532 514
- - -
Simulation of Replenishment System (#SKU 325980.)
IL after Order
receipts Check delivery
before ILafter 1P after Review period if an
Lead time Inv.On demand demand demand Inv.On- Backorde Period Order Round order if SS (ILatend
Date Day. No. Demand Receipts order occurs Demand occurs occurs hand rs IP<=ROP  quantity Up placed Avg inv of cycle) Avginv over time
D L R; 10; i D, IL; 1P, I B; Q: T;
x 0 0 0
x 0 0 0
X [} (o) [0}
_______ 1~ v [~} 2 B B B B2 B B B2 B B2 B2 'H ' Q& | |~ I -
2018-01-09 < 118 2 0 0 723 118 605 605 605 0 No 0 0 664 992.50
2018-01-10 6 166 2 0 0 605 166 439 4398 439 0 Yes 110 800 8 522 91408
2018-01-11 7 40 2 0 800 439 40 399 1199 399 0 No 0 0 419 843.36
2018-01-12 8 152 2 800 0 1199 152 1047 1047 1047 0 No 0 0 1123 399 878.31
2018-01-14 9 45 2 0 0 1047 49 998 998 998 0 No 0 0 10225 894.33
2018-12-24 243 108 2 240 0 617 108 509 509 509 0 Yes 40 80 245 563 377 556.03
2018-12-25 244 68 2 0 80 509 68 441 521 441 0 Yes 28 480 246 475 555.70
2018-12-26 245 72 2 80 480 521 72 449 929 449 0 No 0 0 485 441 55541
2018-12-27 246 27 2 480 0 929 27 902 902 902 0 No 0 0 9155 449 556.87
2018-12-28 247 24 2 0 0 902 24 878 878 878 0 No 0 0 890 558.22
OF 123 Avg INV 558.2226721
K 49.66 H 102.6422267
Avg Setup 6,108.18 Avg Holding|  57,297.22 |
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e Utilization of Truck
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INVENTORY COST IMPROVEMENT

Average Major | Average Minor | Average Setup Average Average
Setup Cost Setup Cost Cost Holding Cost |Backorder Cost
m | Current Policy (Continuous Review) 45,551.40 52,093.34 07,644.74 251,711.76 | 2,840,290.50 * 3,189,647.00 -
m [JRP : Non FTL 46,512.40 80,796.82 127,309.22 528,740.03 - * 656,049.25 | (2,533,597.75) * -79.43%
m |JRP with Can-Order : Non FTL 46,704.60 79,406.34 126,110.94 795,266.22 = * 921,377.16 | (2,268,269.84) * -71.11%
JRP :FTL 45,935.80 56,960.02 102,895.82 679,538.52 - * 782,434.34 | (2,407,212.66) * -75.47%
m |JRP Can Order : FTL 45,167.00 56,513.08 101,680.08 023,384.43 = * 1,025,064.51 | (2,164,582.49) * -67.80%

Average Total Cost

Utilization Truck

B 3,189,647.00 Utilization Truck Utilization Truck = Utilization Truck 100.00%
o, o,
3,000,000.00 69-14A) 68.87% 100-00/) v
2,500,000.00 YV i k v _67 86(y
. 2% -75.47%
2,000,000.00 - 3 A)
1,500,000.00
y 1,025,064.51
921,377.16 rEe
1,000,000.00 ’
656,049.25 782,434.34
- Current Policy (Continuous Review) JRP : Non FTL JRP with Can-Order : Non FTL JRP : FTL JRP Can Order : FTL
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Business Performance IMPROVEMENT

CYCLE SERVICE LEVEL: BY CATEGORIES

100.00% 100.00%
98.29%
98.00% 97.67% 97.68% 97.63% [ 98.00%
.00% - o 97.14% ° YR
96.93% - 96.68% - e

[ o 96.07% @ 96.06% ‘9 g 95.96%

96.00% ° 8 e ° 297 —0 96.00%
[}
[ J [ 8
94.00% ° * 94.00%
[ J
92.00% ° ® 92.00%
® °
[ J
90.00% 90.00%
[ J
[ J

88.00% ® 88.00%
86.00% ¢ 86.00%
84.00% 84.00%

Jan 2018 Feb 2018 Mar 2018 Apr 2018 May 2018 Jun 2018 Jul 2018 Aug 2018 Sep 2018 Oct 2018 Nov 2018 Dec 2018

e Target Policy ® Stationery and Board =@= Paper and Office Supplies ® Computerand IT ® Janitorial and Canteen Office Furniture ® Office Automation

SUMMARY YEAR: 2018 [Can-Order&FTL]
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Business Performance IMPROVEMENT

DSI [2017 VS 2018] :

40.00
36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00 36.00
& & & & & & & & & & & -
35.00
30.00
(%]
>
<
a)
e 25.00 7
>
(@]
O
20.00
15.00
10.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-—Y-2017 26.47 22.66 20.25 30.25 22.61 21.61 23.25 22.16 19.89 25.34 18.83 31.67
=@-Y-2018 25.38 22.03 26.62 33.28 23.88 25.72 24.18 24.37 31.01 31.61 28.56 27.38
-=T1G 36 36 36 36 36 36 36 36 36 36 36 36
SUMMARY YEAR: 2018
N\ @ CONFERENCE @ NIDA
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SUGGESTIONS
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Fogaauafimellswinandusianada LLazmﬁ]Lﬁ@mﬂ%'mrmgﬂﬁwﬁmwm FIRHLSENNTHANEN 0199z dasRNTIAIUAE Trade-Off 14z
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Mt envezsidad el ansnwluiaevas 0ATINIMIWILUVIFUAIAIARY (Day Sales Inventory) ITNINTIU WINBBNIALAY
AueIndn waz e L ARAIT IR USENINMUA LININNIRITRAE IR FUERSULSENNIBiAnIndald LdnnARAINeAT T afuSEY
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MULTIPLE CONSTRAINT
- DAYS SALE INVENTORY
- BUDGET (OPEN TO BUY : OTB)
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