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Bullwhip Effect Minimization vs, Cost Minimization in Supply Chain

Myeon Sig Cho

ABSTRACT

Tendency for small changes in end-consumer demand to be amplified as one moves further up the supply chain
is known as bullwhip effect (BE). BE is usually defined as variance(order)/variance(demand). Since such distorted
information throughout the supply chain can lead to inefficiencies, many studies to reduce variance(order) have been
performed. However, in this study, we show that minimization of BE may increase inefficiencies of the supply chain.
We introduce a new objective function to increase system efficiency using smoothed ordering policies. Simulation

http://dx.doi.org/10.9709/JKSS.2013.22.2.041

optimization is utilized to find optimal smoothed ordering policies.

Key words : Supply chain, Bullwhip effect, Smoothed replenishment policy, Simulation optimization
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Table 1. Optimal BE and smoothing coefficients when customer demand is EXPO(2.5)

Protcif;:mg Estlmteilrtz: lead Replenishment policy By By B3 BE
APIOBPCS (eq. 3) 1 0.0001 0.0001 0.175

2 Boute et al. (eq. 4) 0.0001 0.0001 0.0001 0.001

EXPO By = By # 05 (eq. 6) 0.0029 0.0001 0.0033 0.001
(20) APIOBPCS 1 0.0001 0.0001 0.175

4 Boute et al. 0.0001 0.0001 0.0001 0.001

By # By # By 0.0064 0.0001 0.0008 0.001

APIOBPCS 1 0.0001 0.0001 0.175

2 Boute et al. 0.0001 0.0001 0.0001 0.001

TRIA By # By # By 0.0030 0.0001 0.0033 0.001
(15, 20, 25) APIOBPCS 1 0.0001 0.0001 0.175
4 Boute et al. 0.0001 0.0001 0.0001 0.001

By # By # By 0.0067 0.0001 0.0007 0.001

APIOBPCS 1 0.0001 0.0001 0.175

2 Boute et al. 0.0001 0.0001 0.0001 0.001

NORM By # By # By 0.0030 0.0001 0.0033 0.001
(20, 4.162) APIOBPCS 1 0.0001 0.0001 0.175
4 Boute et al. 0.0001 0.0001 0.0001 0.001

By # By # By 0.0084 0.0001 0.0002 0.001

We obtain similar results when customer demand follows AR(1), triangular or normal distributions.
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Table 2. Performance measures with APIOBPCS.

Processing| Customer EStlmétEd Real lead time Order fu lfillment On hand inventory WIP Backorder
; lead time (day) ratio (%)
time demand
(days) mean |1/2 length| mean |1/2 length| mean |[1/2 length| mean |1/2 length| mean |1/2 length
2 3.31 0.37 94.1 24 306.1 9.1 100.8 11.4 4.0 29
EXPO(2.5)
4 3.32 0.37 94.1 2.4 308.3 9.2 101.0 11.5 39 29
EXPO (1T2R12A5 2 3.09 0.29 95.1 1.9 311.8 7.7 93.3 8.9 22 1.6
(20) .3.8). ’ 4 3.10 0.30 95.1 1.9 314.0 7.8 93.4 8.9 22 1.6
NORM 2 3.09 0.29 95.1 1.9 311.9 7.7 93.3 8.9 22 1.6
(2.5, 0.281) 4 3.10 0.30 95.1 1.9 314.0 7.8 93.4 8.9 22 1.6
2 0.90 0.01 99.8 0.2 3749 0.7 28.1 0.4 0.0 0.0
EXPO(2.5)
4 0.91 0.01 99.8 0.2 3772 0.7 28.1 0.4 0.0 0.0
TRIA TRIA 2 0.86 0.01 99.9 0.1 376.8 0.4 26.1 0.2 0.0 0.0
(13 20, ) (1.2 23 4 0.86 0.0 99.9 0 379 0.4 26.1 0.2 0.0 0.0
25) 3.8) . .01 . .1 79.1 . . . . .
NORM 2 0.86 0.01 99.9 0.1 376.8 0.4 26.1 0.2 0.0 0.0
(2.5, 0.281) 4 0.86 0.01 99.9 0.1 379.1 0.4 26.1 0.2 0.0 0.0
2 0.90 0.01 99.8 0.1 3749 0.7 28.1 0.4 0.0 0.0
EXPO(2.5)
4 0.90 0.01 99.8 0.1 3772 0.7 28.1 0.4 0.0 0.0
NORM TRIA 2 0.86 0.01 99.9 0.1 376.8 0.4 26.1 0.2 0.0 0.0
(20, (1.2. 2.5.
4.162) 3.8) 4 0.86 0.01 99.9 0.1 379.1 0.4 26.1 0.2 0.0 0.0
NORM 2 0.86 0.01 99.9 0.1 376.8 0.4 26.1 0.2 0.0 0.0
(2.5, 0.281) 4 0.86 0.01 99.9 0.1 379.1 0.4 26.1 0.2 0.0 0.0
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Table 3. Optimal smoothing coefficients and performance measures when processing time is EXPO(20) (estimated lead

time = 2 days)
- N -
Customer | Replenishment | Smoothing coefficients On hand inventory BE Real lead time Backorder
* WIP (day)
demand policy
By By B3 mean |1/2 length| mean |1/2 length| mean |1/2 length| mean |1/2 length
APIOBPCS 1 0.0001 | 0.0001 | 406.92 2.92 0.175 0.00 331 0.37 3.96 291
]5()2(}5’)0 BOUTE et al. Infeasible
B1# By # By 1 0.0001 | 0.0001 | 406.92 2.92 0.175 0.00 331 0.37 3.96 291
APIOBPCS 1 0.0001 | 0.0001 | 405.11 1.65 0.172 0.00 3.09 0.29 2.23 1.62
(1.2.T§.I;.\3.8) BOUTE et al. Infeasible
By #= By # B 1 0.0001 | 0.0001 | 405.11 1.65 0.172 0.00 3.09 0.29 2.23 1.62
APIOBPCS 1 0.0001 | 0.0001 | 405.12 1.65 0.173 0.00 3.09 0.29 2.23 1.62
NORM BOUTE et al. Infeasible
(2.5, 0.281)
By # By # By 1 ‘ 0.0001 ‘ 0.0001 ‘ 405.12 ‘ 1.65 ‘ 0.173 ‘ 0.00 ‘ 3.09 ‘ 0.29 ‘ 2.23 ‘ 1.62

When demand follows AR(1) with p=0.5 and p=-0.5, we obtain similar results with triangular and normal distributions.
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Table 4. Optimal smoothing coefficients and performanc
(estimated lead time = 2 days).

ah Table 4941 5207} ASEE 1), BE AT
Sl AN AL Ao BEZ} 0476, B 4]

% BEQ} H-f A1} 2 5 AL Folle HlHA
TAZE EASHA =il & 4= Qlek

Table 62 3} A|o]A] APIOBPCS 5438 Al
7ol A (8)% BES #a3el= 2Hla} 4 (9)9] B
F AL 2 F AL e Hadlshs EdofA
TRE 2A] AT At ofg] ZH] QAR EES Htik
2 95% AlZ7ke] 1/2 £ HojFal ok

e measures when processing time is TRIA(15, 20, 25)

Customer | Replenishment | Smoothing coefficients

On hand inventory +

WIP BE Real lead time (day) Backorder

demand policy

By By B3 mean | 1/2 length | mean | 1/2 length | mean | 1/2 length | mean | 1/2 length
APIOBPCS 1 0.0933 | 0.0593 90.23 0.63 0.403 0.01 1.069 0.022 0.75 0.13
E();g)o BOUTE et al. Infeasible
B1# By # B3 | 04481 | 0.1495 | 0.4378 84.47 0.38 0.476 0.01 0.934 0.008 0.61 0.12
TRIA APIOBPCS 1 0.0333 | 0.0068 64.17 0.47 0.245 0.00 0.881 0.008 0.47 0.08

(1.2. 2.5. | BOUTE et al. | 0.5039 | 0.5039 | 0.5039 75.84

0.24 1.400 0.01 1.031 0.011 0.45 0.06

38) | 5= 8,8, | 09673 | 0.0324 | 0.0252 | 63.54

0.27 0.232 0.00 0.872 0.007 0.43 0.08

APIOBPCS 1 0.0273 | 0.0051 63.56

0.45 0.231 0.00 0.875 0.008 0.48 0.08

NORM

2.5, 0.281) BOUTE et al. | 0.5049 | 0.5049 | 0.5049 75.51

0.22 1.405 0.01 1.032 0.011 0.45 0.06

By = By = By | 09504 | 0.0274 | 0.0334 | 63.18

0.33 0.217 0.00 0.865 0.006 0.41 0.07

When demand follows AR(1) with p=0.5 and p=-0.5, we obtain s

Table 5. Optimal smoothing coefficients and performanc
(estimated lead time = 2 days).

imilar results with triangular and normal distributions.

e measures when processing time is NORM(20, 4.162)

Customer | Replenishment |  Smoothing coefficients

On hand inventory +

WIP BE Real lead time (day) Backorder

demand policy

By By B3 mean | 1/2 length | mean | 1/2 length | mean | /2 length | mean | 1/2 length
APIOBPCS 1 0.2176 | 0.1719 | 98.11 0.56 0.758 0.01 1.2 0.02 0.76 0.13
E()z(g)() BOUTE et al. Infeasible
By #= By = By | 0.3823 | 0.1855 | 0.5177 86.19 0.35 0.609 0.01 0.95 0.01 0.64 0.12
TRIA APIOBPCS 1 0.0301 | 0.0059 | 63.84 0.46 0.238 0.00 0.88 0.01 0.48 0.08

(1.2. 2.5. | BOUTE et al. | 0.5032 | 0.5032 | 0.5032 75.76

0.24 1.397 0.01 1.03 0.01 0.46 0.06

38) | 5= 8,8, | 09358 | 0.0321 | 0.0426 | 63.00 0.16 | 0223 | 0.00 0.87 001 | 041 | 008
APIOBPCS 1 |00270 | 0.0050 | 63.54 045 |0231| 000 | 087 | 001 | 049 | 0.08

(221?(% 1) | BOUTE et al.| 0.5041 | 05041 | 0.5041 | 7586 024 | 1401 | 0.01 1.03 001 | 045 | 0.06
By #By= 85 | 1 |00270 | 0.0050 | 63.54 045 |0231] 000 | 087 | 001 | 049 | 0.08

When demand follows AR(1) with p=0.5 and p=-0.5, we obtain s

€D =S 0|MstE

=X

imilar results with triangular and normal distributions.
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Table 6. Comparison of minimize BE model and minimize sum of on hand inventory and WIP with APIOBPCS

) o Smoothing Order
Customer Proc.essmg Ob]ec‘tlve coefficients BE | fulfillment Rea} lead Qn hand WIP |Backorder
demand time function . time |inventory
By By ratio (%)
EXPO EXPO minimize BE | 0.0001 | 0.0001 | 0.175 | 94.07 331 | 306.11 |100.81| 3.96
(2.5) (0) | minimize on hand | o0, | 00001 | 0175 | 94.07 331 | 306.11 |100.81| 3.96
inventory +WIP
RIA RIA minimize BE | 0.0001 | 0.0001 | 0.172 | 99.92 0.86 | 376.81 |26.08| 0.00
(1.2 25, 3.8)|(15, 20, 25)| minimize on hand | (o0 | 0 006e | 0245 | 9567 088 | 3705 |27.13| 047
inventory +WIP
NORM NORM minimize BE | 0.0001 | 0.0001 | 0.173 | 99.93 0.86 | 376.81 |26.08| 0.00
(25, 0281) | (20, 4.162) | minimize on hand | o000 050 | 0231 | 95.64 088 | 3666 |2688| 049
inventory +WIP
AR} =Q 0} TRFAIZRS] BTt B ASEEE 6. 8 =2
2L Ao, BES Adlels mdlo|A 13k 4HR}
THE-80] 95% olgolBR, A (9)9] Hf Aigkt =& 71& FEARS dtolAE BEQ A5 ¥s]al Y9l
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