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Comparison of DBR with CONWIP in a Production Line
with Constant Processing Times

Hochang Lee - Dong-Won Seo

We compared a DBR(drum-buffer-rope) system with a CONWIP(constant work-in-process) system in a production
line with constant processing times. Based on the observation that a WIP-controlled line production system such as
DBR and CONWIP is equivalent to a m-node tandem queue with finite buffer, we applied a max-plus algebra based
solution method for the tandem queue to evaluate the performance of two systems. Numerical examples with 6
workstations were also used to demonstrate the proposed analysis. The mathematical analyses support that CONWIP
outperforms DBR in terms of expected waiting time and WIP. Unlike the CONWIP case, sequencing workstations
in a DBR affects the performance of the system. Delaying a bottleneck station in a DBR reduces expected waiting
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time.

Key words : CONWIP, DBR, tandem queue, max-plus linear system
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A Aoz 544 B % Girk Table 17} 204 1= v}
AlZE
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5.2 DBR BA T§{o| EIEtM HZE
I E 2= 7|8 ES 0|83t DBR 4%
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R
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B A AFot] sl AlEdleld Aot vlaugt
th7HE A|A8lal CONWIP A48 B o] glha]
%2 Lee and Seo!™'” #=). v|m mae obA <z7
o} ZAI-DBR>2] ojAe} FU3t BF o= 2|4 vuja7]
K=22 E 713319t} (Table 1914 8, = 0.10(i = 1,...,4)

j?ini

B e O O Ol 21 7). Table 3£ ¥4 23J0] H th7|AI7he Arena
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Fig. 3. 6-node CONWIP system o714 E( W) L 3] 2Ao] sl ZolR) B
e E io) 4 Aol Al W7kA|] 7 Akl Thek 7))
v o . 20 o o5
LA OO OO~
’ [ X ] Table 2. Optimal buffer capacities as A\ varies
Fig. 4. 6-node DBR system p(\) K": CONWIP K': DBR
p=0.75(A=0.15) 6 6
Table 1. Optimal buffer capacities as 3, varies p=0.80(A=0.16) 6 6
8.(j=1..4) | K': CONWIP K": DBR p=085(1=0.17) 7 6
3,=0.15 18 18 p=0.90(A=0.18) 11 10
3,=0.14 19 18 p=0.95(A=0.19) 22 22
5, =0.13 20 19
3, =0.12 20 20 Table 3. Computational results for mean waiting time
B;=0.11 21 21 Hwi) Proposed Method Simulation
3,=0.10 2 2 Hw) 6.14944 6.1467F0.37728
B;=0.09 23 23 EHW?) 6.25022 6.24737F0.37692
B;=0.08 24 24 Hw?) 7.40587 7.4028F0.37635
3, =0.07 26 25 Hw) 9.174 9.1704 F0.37539
;= 0.06 27 27 Hw?) 52 52.042F0.61971
B;=0.05 29 29 Hwo) 57 57.042F0.61971
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Table 4. Comparison of mean waiting time

node i CONWIP DBR

) | B2 ) | sw) | B(w*)
1 6.47031 6.14944
2 6.57023 0.09992 6.25022 0.10078
3 7.72452 1.25421 7.40587 1.25643
4 9.49026 3.01995 9.174 3.02456
5 52 45.52969 52 45.85056
6 57 50.52969 57 50.85056

[ 20 BEENECISEE

=X

Table 5. Comparison of WIPs

i} CONWIP DBR
(G=1,...4) K wip? 6 K WIp?~°
B3;=0.50 6 5.045735 6 5.356024
B;=0.40 6.691857 8 6.451146
B3;=0.30 11 7.541081 11 7727737
8;=0.20 15 8.799318 15 8.923578
B;=0.10 22| 10075641 | 22 | 10.136606

T Al2E RE AL, AL S|4 o]Ee] &8
7] ko g 7h) =gl A LT RE nixdf =
Atole] Hat A5F o= Little] H2A& ol-gstof &
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WP~ = X[ E W)+ o°|= X[ B W)~ E W)+ "]
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3 518 & wel SEY FAAE FoA R AH|A
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g AR = SR O] B A, Z73A, A
%7}, @2 2710 oz AAE Y jr)AzE B2 )
I} APFE 10| % WP o] Z7I5R= vk, CONWIP
Al&"lo A= 34 **19} sl 25 FUstch(Lee
and Seo!™” ). GAl A9} FUsHA K=220]1
p=0.95(A=0.19, & TH=5.26)Z 7} DBR A~
dloflA F7gwAe] #ste] whE AlAE W Bt di7|ARE
I} AFE Aj1e] wsto] digh B4 A= Table 63} 7
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Table 6. Numerical results for the different processing time sequences of upstream nodes of the bottleneck

B

—=

node i| o | EHW) | B(w2 ) E( W;) wip?—m node i| o | Hw') | E(wr7) E( W;) WwIp2—m
1 0 |6.14944 6.14944 1 0 |6.14944 6.14944
2 1 ]6.25022 | 0.10078 |0.10078 2 2 6.674 | 0.52456 |0.52456
Case| 3 1.5 | 7.40587 | 1.25643 | 0.15565 Case| 3 1.5 | 8.674 | 2.52456 0
1 4 2 9.174 | 3.02456 |0.26813 3 4 1 10.174 | 4.02456 0
5 5 52 45.85056 | 40.826 5 5 52 45.85056 | 40.826
6 2.5 57 50.85056 0 10.136606 6 2.5 57 50.85056 0 10.136606
1 0 |6.14944 6.14944 1 0 |6.14944 6.14944
2 1 ]6.25022 | 0.10078 |0.10078 2 2 6.674 | 0.52456 |0.52456
Case| 3 2 7.674 | 1.52456 |0.42378 Case| 3 1 8.674 | 2.52456 0
2 4 1.5 | 9.674 | 3.52456 0 4 4 1.5 | 9.674 | 3.52456 0
5 5 52 45.85056 | 40.826 5 5 52 45.85056 | 40.826
6 2.5 57 50.85056 0 10.136606 6 2.5 57 50.85056 0 10.136606
Table 7. Numerical results for the different arrangements of processing times
node i| o | HW) | {w*9) E( W;) wIp?~m node i| o | HW) | Hw*9) E( W(;) wIp*~m
1 0 |5.61145 5.61145 1 0 |6.14944 6.14944
2 5 475 | 41.88855 |41.88855 2 1 ]6.25022 | 0.10078 |0.10078
Case| 3 2.5 52.5 | 46.88855 0 Case| 3 1.5 | 7.40587 | 1.25643 | 0.15565
1 4 2 55 49.38855 0 4 4 2 9.174 | 3.02456 |0.26813
5 1.5 57 51.38855 0 5 5 52 45.85056 | 40.826
6 1 58.5 | 52.88855 0 10.238825 6 2.5 57 50.85056 0 10.136606
1 0 |5.90425 5.90425 1 0 |6.47031 6.47031
2 2.5 16.87588 | 0.97163 |0.97163 2 1 ]6.57023 | 0.09992 |0.09992
Case| 3 5 50 44.09575 |140.62412 Case| 3 1.5 | 7.72452 | 1.25421 | 0.15429
2 4 2 55 49.09575 0 5 4 2 19.49026 | 3.01995 |0.26574
5 1.5 57 51.09575 0 5 2.5 | 11.9267 | 5.45639 |0.43644
6 1 58.5 | 52.59575 0 10.183193 6 5 54.5 | 48.02969 | 40.0733 | 10.075641
1 0 |5.96462 5.96462 1 0 |5.96462 5.96462
2 1 ]6.06589 | 0.10127 |0.10127 2 1 ]6.06589 | 0.10127 |0.10127
Case| 3 2 | 749183 | 1.52721 |0.42594 Case| 3 2 | 749183 | 1.52721 |0.42594
3 4 5 50.5 | 44.53538 |41.00817 6 4 5 50.5 | 44.53538 |41.00817
5 2.5 55.5 |49.53538 0 5 1.5 55.5 |49.53538 0
6 1.5 58 52.03538 0 10.171722 6 2.5 57 51.03538 0 10.171722
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