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What is the problem?

What to change?
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System approach

Things to improve - An example

1. Logistic - inventories are too high.
2. Service - too many customer complaints.
3. Finance - too long pay-back periods.
4. People  - bad internal human relationships.
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525
Non-production
results in zero
“tons/hour”.

Current Reality in the steel industry:

To maximize their performance of “tons/hour”
departments tend to take actions which result in “stealing”.

570

To maximize their
performance of

“tons/hour” in a given
measurement period,
departments tend to

produce the fast items
at the expense of the

slow ones.

540
To maximize their
performance of

“tons/hour”
departments tend to

produce for stock even
when there is no market
request for the short or

medium horizon.

545
To maximize their
performance of

“tons/hour”
departments tend

to pull ahead orders
that enable increasing

a batch size.

V-plant produces items
through a process having
many divergent points.

In most departments
some items require
less time per ton

than others.

Departments try to
maximize their
performance as
measured by
“tons/hour”.

515

Every additional set-up
reduces the measured

“tons/hour”.

Most people behave in
line with the way they

are measured.

For a long time
“tons/hour” has been
the prime operational
measurement in the

steel industry.

560

550

520 530

500 510
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Evaporating Cloud:

The inherent conflict in operations

Constantly
fight to

increase flow.

Be a good
manager.

Constantly
fight to reduce

waste.

Use efficiencies
as prime

measurement.

Because...
A resource standing idle is a major waste.

D

A

C
Don’t use

efficiencies as a
measurement.

B

D’
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Dependent resources

FLOW OF WORK
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What is the problem?

What to change?

Answer:
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What is the solution?

What to change to?
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An hour lost at the bottleneck is an hour lost
for the entire system

and

Striving to ensure that no resource be idle is
the biggest generator of waste
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To minimize cost, tasks should be done
by the most efficient resource.

Is it always correct?
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What is the damage in doing additional set-ups
on a non-bottleneck?

What are the benefits?
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The Roadrunner Rule.

When you have work,
work as fast as you can.

Otherwise, wait for work.
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DRUM-BUFFER-ROPE System

DRUM
the schedule of tasks at the constraint.

BUFFER
providing protection against Murphy

for the constraint.

ROPE
choking the release of work to be in-line

with the constraint.
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Wandering bottleneck phenomena

Changes in product mix infrequently shift the bottleneck.

Determination to achieve high local efficiencies everywhere
can easily cause the bottleneck to wander.

Saving set-up religiously (using large batches) is a proven recipe
to force the bottleneck to wander.
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How to cause the change?
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Implementing Drum-Buffer-Rope

1. Identifying the constraint
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Implementing Drum-Buffer-Rope

2. Choosing the size of the BUFFER
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Implementing Drum-Buffer-Rope

3. Tying the ROPE
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Operational Issues

How do we set priorities at a non-bottleneck?

How do we set priorities at a support function?

When should we expedite?
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Tactical Issues

How should we adjust the size of the buffers?

How should we best focus TQM and Lean
improvement projects?

How can we fix the bottleneck in an expanding market?

20
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Buffer Management

Prioritizes, according to the DRUM, the tasks which haven’t
yet arrived at the constraint.

Makes this information available, on-line, to all departments.

Points to the resources that currently are holding those tasks.

Keeps statistics for tactical decisions.

21
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Summary

The only prudent way to judge the performance of a section
is by evaluating its impact on the performance of the system

as a whole.

Exploit the bottleneck, off-load from the bottleneck and cut
batch sizes NOW.

Get a consensus to implement Drum-Buffer-Rope
and Buffer Management

22
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activation
– In constraint management, the use of nonconstraint resources to make
parts or products above the level needed to support the system constraint(s).
The result is excessive work-in-process inventories or finished goods
inventories, or both. In contrast, the term utilization is used to describe the
situation in which nonconstraint resource(s) usage is synchronized to
support the needs of the constraint. See: utilization.

buffer
– In the theory of constraints, buffers can be time or material and support
throughput and/or due date performance. Buffers can be maintained at
the constraint, convergent points (with a constraint part), divergent points,
and shipping points.

buffer management
– In the theory of constraints, a process in which all expediting in a shop
is driven by what is scheduled to be in the buffers (constraint, shipping,
and assembly buffers). By expediting this material into the buffers, the
system helps avoid idleness at the constraint and missed customer due

TOC terms and definitions
The following terms and definitions were selected from the APICS
Dictionary (James F. Cox III and John H. Blackstone Jr., Editors, 9th edition,
Falls Church, VA, 1998).  The terms are reprinted with permission by APICS,
The Educational Society for Resource Management. Additional copying or
distribution of the terms is unlawful.

To obtain the complete APICS dictionary, TOC publications, APICS
Membership, or information on the Constraints Management Special
Interest Group and other APICS activities, contact:

APICS, The Educational Society for Resource Management

1-800-444-2742
www.apics.org

A. 1
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dates. In addition, the causes of items missing from the buffer are identified,
and the frequency of occurrences is used to prioritize improvement activities.

constraint
– Any element or factor that prevents a system from achieving a higher
level of performance with respect to its goal. Constraints can be physical,
such as a machine center or lack of material, but they can also be managerial,
such as a policy or procedure.

control points
– In the theory of constraints, strategic locations in the logical product
structure for a product or family that simplify the planning, scheduling, and
control functions. Control points include gating operations, convergent
points, divergent points, constraints, and shipping points. Detailed scheduling
instructions are planned, implemented, and monitored at these locations.
Other work centers are instructed to “work if they have work; otherwise,
be prepared for work.” In this manner, materials flow rapidly through the
facility without detailed work center scheduling and control.

convergent point
– In the theory of constraints, a control point in the logical product
structure where nonconstraint parts are assembled with constraint parts.
 To maintain the flow of parts to products, the schedule of nonconstraint
parts must be synchronized with that of constraint parts.

critical chain
– In the theory of constraints, the longest route through a project network
considering both technological precedence and resource contention
constraints in completing the project. Where no resource contention exists
the critical chain would be the same as the critical path.

critical chain method
– In the theory of constraints, a network planning technique for the analysis
of a project’s completion time, used for planning and controlling project
activities. The critical chain, which determines project duration, is based
on technological and resource constraints. Strategic buffering of paths and
resources is used to increase project completion success.

current reality tree (CRT)
– A logic-based tool for using cause-and-effect relationships to determine
root problems that cause the observed undesirable effects of the system.
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divergent point
– In the theory of constraints, a control point in the logical product
structure where a common part or assembly can be directed to two or
more different end items. To maintain the flow of parts to products, the
schedule of common parts must be synchronized with the constraint
schedule and shipping commitments.

drum
– In the theory of constraints, the constraint is viewed as a drum, and
nonconstraints are like soldiers in an army who march in unison to the
drumbeat; the resources in a plant should perform in unison with the
drumbeat set by the constraint.

drum-buffer-rope
– In the theory of constraints, the generalized technique used to manage
resources to maximize throughput. The drum is the rate or pace of
production set by the system’s constraint. The buffers establish the protection
against uncertainty so that the system can maximize throughput. The rope
is a communication process from the constraint to the gating operation
that checks or limits material released into the system to support the
constraint.

drum schedule
– In the theory of constraints, the detailed master production schedule
for the plant that sets the pace for the entire system.  The drum must
reconcile the customer requirements with the system’s constraints.

evaporating cloud
– In the theory of constraints, a logic-based tool for surfacing assumptions
related to a conflict or problem. Once the assumptions are surfaced,
actions to break an assumption and hence solve (evaporate) the problem
can be determined.

excess capacity
– A situation where the output capabilities at a nonconstraint resource
exceed the amount of productive and protective capacity required to
achieve a given level of throughput at the constraint.

excess inventory
– Any inventory in the system that exceeds the minimum amount necessary
to achieve the desired throughput rate at the constraint or that exceeds
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the minimum amount necessary to achieve the desired due date
performance.  Total inventory = productive inventory + protective inventory
+ excess inventory.

five focusing steps
– In the theory of constraints, a process to continuously improve
organizational profit by evaluating the production system and market mix
to determine how to make the most profit using the system constraint.
The steps consist of (1) identifying the constraint to the system, (2) deciding
how to exploit the constraint to the system, (3) subordinating all
nonconstraints to the constraint, (4) elevating the constraint to the system,
(5) returning to step 1 if the constraint is broken in any previous step,
while not allowing inertia to set in.

future reality tree (FRT)
– In the theory of constraints, a logic-based tool for constructing and
testing potential solutions before implementation. The objectives are to
(1) develop, expand, and complete the solution and (2) identify and solve
or prevent new problems created by implementing the solution.

idle capacity
– The capacity generally not used in a system of linked resources. Idle
capacity consists of protective capacity and excess capacity.

idle inventory
– The inventory generally not needed in a system of linked resources.
Idle capacity generally consists of protective inventory and excess inventory.
See: excess inventory, productive inventory, protective capacity.

inventory
– In the theory of constraints, inventory is defined as those items purchased
for resale and includes finished goods, work in process, and raw materials.
 Inventory is always valued at purchase price and includes no value-added
costs, as opposed to the traditional cost accounting practice of adding
direct labor and allocating overhead as work in process progresses through
the production process.

operating expense
– In the theory of constraints, the quantity of money spent by the firm
to convert inventory into sales in a specific time period.
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policy constraint
– In the theory of constraints, a constraint which is not physical in nature.
 This category includes the entire system of measures and methods and
even the mindset that governs the strategic, tactical, and operations (day-
to-day) decisions of the organization.

prerequisite tree (PRT)
– In the theory of constraints, a logic-based tool for determining the obstacles
that block implementation of a problem, solution or idea. Once obstacles
have been identified, objectives for overcoming obstacles can be determined.

productive capacity
– The maximum of the output capabilities of a resource (or series of
resources) or the market demand for that output for a given time period.

product structure
– The sequence of operations that components follow during their
manufacture into a product.  A typical product structure would show raw
material converted into fabricated components, components put together
to make subassemblies, subassemblies going into assemblies, etc.

protective capacity
– A given amount of extra capacity at nonconstraints above the system
constraint’s capacity, used to protect against statistical fluctuation
(breakdowns, late receipts of materials, quality problems, etc.). Protective
capacity provides nonconstraints with the ability to catch up to “protect”
throughput and due date performance.

protective inventory
– The amount of inventory required relative to the protective capacity in
the system to achieve a specific throughput rate at the constraint.

supply chain
– 1) The processes from the initial raw materials to the ultimate consumption
of the finished product linking across supplier-user companies.
– 2) The functions inside and outside a company that enable the value
chain to make products and provide services to the customer.

theory of constraints (TOC)
– A management philosophy developed by Dr. Eliyahu M. Goldratt that
can be viewed as three separate but interrelated areas-logistics, performance

A. 5
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measurement, and logical thinking. Logistics include drum-buffer-rope
scheduling, buffer management, and VAT analysis. Performance measurement
includes throughput, inventory and operating expense, and the five focusing
steps. Thinking process tools are important in identifying the root problem
(current reality tree), identifying and expanding win-win solutions (evaporating
cloud and future reality tree), and developing implementation plans
(prerequisite tree and transition tree).

theory of constraints accounting
– A cost and managerial accounting system that accumulates costs and
revenues into three areas–throughput, inventory, and operating expense.
 It does not create incentives (through allocation of overhead) to build
up inventory. The system is considered to provide a truer reflection of
actual revenues and costs than traditional cost accounting. It is closer to
a cash flow concept of income than is traditional accounting. The theory
of constraints (TOC) accounting provides a simplified and more accurate
form of direct costing that subtracts true variable costs (those costs that
vary with throughput quantity). Unlike traditional cost accounting systems
in which the focus is generally placed on reducing costs in all the various
accounts, the primary focus of TOC accounting is on aggressively exploiting
the constraint(s) to make more money for the firm.

throughput
– In the theory of constraints, the rate at which the system (firm) generates
money through sales. Throughput is a separate concept from output.

TOC performance measures
– In the theory of constraints, throughput, inventory and operating expense
are considered performance measures that link operational decisions to
organizational profit.

transition tree (TRT)
– In the theory of constraints, a logic-based tool for identifying and
sequencing actions in accomplishing an objective.  The transitions represent
the states or stages in moving from the present situation to the desired
objective.

utilization
– In the theory of constraints, utilization is the ratio of time the resource
is needed to support the constraint to the time available for the resource,
expressed as a percentage. See: activation.
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VAT analysis
– In the theory of constraints, a procedure for determining the general
flow of parts and products from raw materials to finished products (logical
product structure). A V logical structure starts with one or a few raw
materials, and the product expands into a number of different products
as it flows through divergent points in its routings. The shape of an A logical
structure is dominated by converging points. Many raw materials are
fabricated and assembled into a few finished products.  A T logical structure
consists of numerous similar finished products assembled from common
assemblies, sub-assemblies, and parts. Once the general parts flow is
determined, the system control points (gating operations, convergent
points, divergent points, constraints, and shipping points) can be identified
and managed.


