Asbjoern M. BonvikA.M.BonvikCreating and analyzing lean shop floorBeyond Kanban:control policiesLMP SeminarNov 17, 1995

Results from simulation comparing these policies

New analytic tools for performance evaluation

A.M.Bonvik

A unified view of shop floor control policiesDescription of common policies wrt information flow

New policies created by combining old ones

LMP SeminarNov 17, 1995Outline

- Local, between a buffer and an adjacent machine- Global, from demand process to every machineMaterial flowInformation flow

A.M.BonvikTwo kinds of information flow: Unified view of control policies(Simple demand structure)LMP SeminarNov 17, 1995

Often referred to as a "pull" policy.Local information flow only.Corresponds to a reorder point system in a supply chain.Several different versions of kanban exist.Information flowMaterial flowA.M.Bonvik

LMP SeminarNov 17, 1995Kanban control

Information flowMaterial flowA.M.BonvikMinimal blocking controlA variation of kanban, much studied in the literature.Local information flow.Higher throughput than traditional kanban for equal buffer sizes.Introduced by So and Pinault (1988).Cards (kanban) can bypass working or failed machines.LMP SeminarNov 17, 1995 Global information flow only.A.M.BonvikMaterial flowInformation flow

Will try to preserve initial buffer inventories.

Work orders sent every time a demand arrives.Basestock controlLMP SeminarNov 17, 1995

Information flowMaterial flow

Similar to a single kanban cell containing the entire line.A release permission is sent every time a demand is satisfied.A.M.BonvikWill try to maintain a constant number of jobs in progress.CONWIP controlLMP SeminarNov 17, 1995 automobile assembly factory in Nagoya, Japan.Example based on an actual line at the ToyotaA.M.BonvikA component production line feeding final assemblyAssembly lineComponent production lineLMP SeminarNov 17, 1995No backlogging allowed (line stops when stocked out).

A.M.BonvikPass kanban from assembly lineto the first machine instead of the last.Only structural change:Recommended CONWIP - kanban hybridLMP SeminarNov 17, 1995

Best policy among:KanbanMinimal blockingA.M.BonvikBasestock13.93Hybrid14.6015.82WIP:15.62CONWIP14.59LMP SeminarNov 17, 1995Objective: 99.9% service with minimal WIPThis is a 12% reduction in WIP with identical throughput and service.Hybrid policies do the job with the least WIP

A.M.BonvikAdvantage grows with required service levelLMP SeminarNov 17, 1995 A.M.BonvikLMP SeminarNov 17, 1995Hybrid puts inventory closer to the customer

A.M.BonvikLMP SeminarNov 17, 1995

Standard deviation of time between loading eventsHybrid attenuates upstream production variability

A.M.BonvikHybrid flushes inventory when demand fallsLMP SeminarNov 17, 19950.8 jobs/min1 job/min1 job/min

7

A.M.Bonvik

∞kDS2k112k-1LMP SeminarNov 17, 1995Finite buffer kanban modelAllow demand to be backlogged if not satisfied from stock.Fast and reliable synchronization ‘machine.’(More general demand structure)Demand structure modeled as an unreliable machine.

Hybrid19.3CONWIPBasestock19.4A.M.Bonvik19.6Kanban26.423.8WIPMinimal blockingPolicyLMP SeminarNov 17, 199510 machine line, unlimited backlogging, erratic demand process,The ranking is the same in different settingsThis is a 27% reduction in WIP with the same throughput and service.more machine failures than in Toyota. Service req. 75% stock.

A.M.BonvikLMP SeminarNov 17, 199510 machine line, unlimited backlogging, erratic demand process,more machine failures than in Toyota. Service req. 75% stock.Hybrid has less average backlog than kanbanPolicyKanbanMinimal blockingBasestockCONWIPHybrid4.93.72.22.62.8Avg. backlogThis is a 43% reduction in average backlog.

Traditional queuing theoretic methods get exact solutionsto very simplified systems.We want to stay closer to important features of the system,A.M.BonvikTakes seconds rather than days to run.Time savings over simulation:but are willing to settle for approximate results.Makes optimization possible.LMP SeminarNov 17, 1995Simulations are time consuming to write and run.Why decomposition?(Features: Finite buffer space, machine failures and repairs.)

Suri & Diehl use node decomposition, where a discrete flow ofmaterial is represented in terms of arrival and service processesA.M.BonvikWe use a continuous flow of material that is interrupted byin a system of multi-server queues.machine failures and flows through finite buffers.LMP SeminarNov 17, 1995Same philosophy: Fast, approximate solution to realistic system.Comparison to Suri & Diehl

11u1d22u2d33u3d44d4u223451134Entire line intractable for analysis.Can analyze two-machine lines.Focus on observed buffer behavior.Describe line up- and downstream of a buffer by a single machine.The parameters of these ‘virtual machines’ are unknown.There is an efficient algorithm for finding these unknowns.A.M.BonvikDecomposition principlesLMP SeminarNov 17, 1995

A.M.Bonvik

∞kDS2k112k-1LMP SeminarNov 17, 1995Finite buffer kanban modelAllow demand to be backlogged if not satisfied from stock.Fast and reliable synchronization ‘machine.’(More general demand structure)Demand structure modeled as an unreliable machine.

A.M.BonvikSolving the synchronization stageA continuous time, mixed state Markov process.4 discrete states: Repair state of the two machines.1 continuous state variable:∞ (buffer levels cannot be positive simultaneously)The mathematics are the same as for a tandem 2-machine line!!!(but we need to calculate a few extra integrals when it is solved.)12 The level of buffer 1 - the level of buffer 2.UDMachine U unreliable, can be up or down.SSynchronization ‘machine’ S reliable.Demand ‘machine’ D unreliable.Machines U and D are never starved.Machine S is never blocked.LMP SeminarNov 17, 1995

SD∞12k-1kjust using a single building block that is different.Can be solved by the same algorithm as a tandem line,A.M.BonvikFinite buffer kanban model decomposedKanbans waiting at a machine= empty space in buffer.LMP SeminarNov 17, 1995

A.M.BonvikLMP SeminarNov 17, 1995Buffer level estimates are accurate

A.M.Bonvik

∞∞kD2k112k-1k+1LMP SeminarNov 17, 1995SCONWIP/finite buffer hybrid

A.M.Bonvik

CONWIP/finite buffer hybrid system decomposedSD∞∞12k-1kk+1LMP SeminarNov 17, 1995

Thesis Proposal MeetingA.M.BonvikOct 3, 1995Buffer level estimates are accurate for long lines

k+1A.M.Bonvik∞

∞kDS2k112k-1Restriction: All base stock levels zero, except for finished goods.Basestock/finite buffer hybridFirst machine is notified when demand arrives.LMP SeminarNov 17, 1995

that clearly outperform state-of-the-art kanban control.comparing shop floor control policies.Within this framework, we have found hybrid policiesA.M.BonvikWe have found a useful framework for describing andestimating key performance measures of these policies.equipment selection and the operating policies of the plantsimultaneously.We are in the process of constructing fast algorithms forThis will eventually allow factory designers to optimize theLMP SeminarNov 17, 1995Conclusions