Variability and Queuing

· Stochastic Variability is statistically random variability.  (As opposed to seasonal and other types of variability – see The Physics of Processing note.)

· Take Exhibit 1 from the note.  

· Assume pricing/marketing is fixed and orders which are not in stock are lost.

· Stochastic variability exists in demand, processing, and delivery around some mean value.

· Buffer stock will be needed at each stage to manage variability, but how big?  This is a tough problem with no general solution.

· The average capacity of the system should be higher than the average demand (ie. utilization should not reach 100%), but where do we set capacity?  This is another a tough problem with no general solution.

Delay and Congestion

· Customers and Resources are terms that are used broadly in queuing systems.

· See Exhibit 2: Single-Resource Queuing (below)




Random Arrival Rate (FIFO)

Customer Arrival Rate = λ

   Long-run Average Throughput  Rate = λ

   Interarrival Time = 1/ λ

Steady-State Average Queuing Time = Wq

Interarrival Time Coefficient = ca 

   ca = StDev [Arrival Time] / Mean [Arrival Time]

Resource with Random Process Times

Utilization = ρ

Mean Processing Time per Lot = M

Processing Time Coefficient of Variation = cs

   cs = StDev [Proc Time] / Mean [Proc Time]
· Process Time is the total amount of time (including setup) that the resource serves a customer.

· ρ = M λ  (The utilization is the average processing time times the average throughput rate)

· By the Pollaczek-Khinchine Formula (This is an approximation that gets better as utilization increases):

Wq = M  (ρ/(1- ρ)) ((ca2 + cs2)/ 2)

· This formula implies that:

· Variability in customer arrivals and in processing times cause congestion and delay.  Our facility may have excess capacity when ρ<1, but the average wait may be very high.

· As variability in arrivals OR processing get bigger, the waiting time gets bigger (holding ρ constant).  In Little’s Law, both L and W get bigger (holding ρ constant).

· As ρ gets bigger, the waiting time gets bigger (holding variability constant). 

· Furthermore, ρ approaches 10%, waiting time approaches infinity!  Although in real service systems, this congestion and delay constitutes a degradation in quality, and customers will eventually get pissed and leave the queue.

Discussion of the Model

· In a network (as opposed to a sequence) of processes, like a job shop, numerical models show the following (Also see Exhibit 4 for a graph of these generalizations.  See.):

· In the presence of variability, there is a trade-off between high throughput rates and low throughput times.

· This trade-off generally gets worse as system variability and complexity increases.

· In the presence of variability, queue time can become many times larger than the total processing time as utilization approaches 100%.

· Joseph Bank Clothiers as an example of long wait times caused by the above factors.  The low ratio of process time to throughput time is caused by the combination of high operator utilization (due to piece-rate system) with significant variation in processing times which results in high WIP and wait times.

Responses to Variability and Congestion

· Too much input (eg. raw materials) can be as bad as too little input because it causes high WIP and throughput times.

· As discussed earlier, there is a trade-off between:

· High utilization → High throughput rate →  Low average cost (a good thing!)

· Low WIP →  Low working capital/holding costs and High quality

· Alternatives include turning away orders, increasing capacity, and/or accepting high WIP.  A better alternative is to reduce variability through external policies, internal policies, and technology…

External Policies

· External policies are policies that affect orders or materials outside the production or service system. 

· Examples:

· Buffer the production system from (1) variability in materials via Raw Materials Inventory and (2) demand via FGI.  (However, these must be balanced against holding costs, lead times, and quality requirements.)

· Work with (1) vendors to provide a smooth supply of materials and (2) customers to provide a smooth supply of orders (by, for example, raising prices at peak times).

· Design for Manufacturability – design products which can be made in the fewest, shortest, most standardized steps.

Internal Policies

· Internal policies are policies that affect orders or materials that are waiting to enter or have already entered the production system. 

· Examples:

· Use small lot sizes with approximately equal processing times.

· Release lots so as to smooth material flow. (eg. use smooth, continuous order release, or use pull systems.)

· Sequence jobs to reduce average queuing times. (eg. In Littlefield, the “Shortest Processing Time First” rule (instead of FIFO) helped reduce queue times.)

· Jobs may be routed through the system to reduce variability at each resource.  (eg. dedicate one machine for one task.)  However, this must be balanced against having flexibility to handle varying demand.

Technology

· Technology (either Process Technology or Information Technology) can help reduce affects of variability. 

· Examples:

· Equipment can be made more versatile.  This smoothes utilization across a pool of resources (and often also implies reduced setups).

· Greater automation (eliminating human element) often decreases variability.

· Preventative Maintenance can reduce breakdowns which significantly add to processing variability. 

Costs

· External Policies – High WIP and back orders can cost a lot of money (see also future note: “Inventory Economics”).  Also, Design for Manufacturability can require compromises in marketing or cost-effectiveness.

· Internal Policies – Information systems to support complex scheduling policies are often expensive.

· Technology – Higher tech means higher cost.

The moral of the story…
Variability costs money!  But, it can often be controlled or even eliminated. 
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