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Software engineering is more like manufacturing than most people expect. Once we spot their similarities, we can apply the
lessons learned over the last 50 years in manufacturing to software development. This article picks six lessons to apply to software development gleaned from the manufacturing industry.

I

t is generally considered frivolous to
compare engineering – software engineering, in our case – with manufacturing.
Manufacturing (so the reasoning goes)
consists of making the same thing over
and over, while software engineering is
about making something different each
time. In software engineering, coming up
with the design and code is the hard part,
while production is the easy part, sometimes as easy as publishing to the internet.
Software engineering is remarkably similar to manufacturing once we notice decisions as the product that moves through a
network of people. In software development, people make decisions, hand those
decisions to other people to build on, and
(most importantly for this article) wait for
other people to make their decisions. The
decision in software development corresponds to a part in a manufacturing line:
Both flow through a network, wait in
queues at bottlenecks, have throughput
delays, and so on.
With this equivalence in place, there is
a very real parallel between design and
manufacturing. This is useful to us because
manufacturing has been studied heavily
over the last 100 years, and we can learn
from lessons in that industry.

In what follows, I shall focus on software development, but it should be clear
that the same argument applies to every
team-design activity, including engineering,
theatre, publishing, and much of business.

Waiting for Decisions

We start by recognizing that in teamdesign activities, people wait on each other
for decisions.
Figure 1 shows a simplified view of the
dependencies between people in software
development (it is missing the feedback
loops, in particular). Figure 2 shows a
more complete mapping of the decision
dependencies, with some typical feedback
loops. The feedback loops complicate matters, but do not change the basic results.
In Figure 1, the dependency of one
person on another is shown with a large
black arrow. The person at the tail of the
arrow is making decisions and passing
them to the person at the head of the
arrow. A small pyramid represents the
actual decision being passed from one person to another.
In Figure 1, we see the following:
• Business analysts and user interface
(UI) designers waiting for users and
sponsors to decide what functions and

Figure 1: People Wait on Other People for Decisions

Different Bottlenecks,
Different Processes

I wish they’d
decide what style
they want!
A decision

☺
☺
Users and
Sponsors

I wish they’d
decide on the UI
design already!

UI
Designers

L
I wish they’d
decide what functions
they want.

Every line
of code is a
decision.

Programmers

Wish they’d think
a bit more carefully
before coding!

K
Business
Analysts

4 CROSSTALK The Journal of

Defense Software Engineering

design styles they want.
Programmers waiting for business analysts to work out the business rules and
UI designers to allocate behavior to different pieces of the user interface.
• Testers waiting for programmers to
finish their coding.
A nice thing about considering individual decisions as connecting people is that we
can move away from stereotypes about
how a company’s process or decision-making activities ought to look, and instead
focus on how it actually looks – what decisions actually get made by which people,
and who is really waiting for whom.
There is no ideal software process any
more than there is any ideal manufacturing
process. Each company has its own
strong-minded people who make a disproportionate number of decisions that
might, in other companies, be made by
people in other roles. Each company has
its own shortage of UI designers, programmers, testers, or even sponsors,
which causes its process to have a certain
characteristic shape – people working
overtime or sitting idle because other people can not get their work done fast
enough. Each company has its own reasons to have a large, external test department, or perhaps no test department at all.
•

L
Testers

In any organization, we can find a backlog
of decisions stacking up at some particular work group. This creates a bottleneck,
which limits the speed of the overall team.
Bottlenecks are of great concern in manufacturing and have received much study.
The obvious thing to do is to increase the
capacity of the bottleneck group – hire
more people, or better people, or get better tools, and so on.
Sooner or later, however, the organization hits its limit as to what it can do to
improve the speed of the bottleneck
group. At that point, what comes into play
is the process definition itself.
Figure 3 shows three different, but
fairly typical organizations.
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In the first organization, there are not
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er’s and database designer’s work. Even
Designers
assuming that UI design work is specialized, parts of that work can be automated,
Users and
carried out by assistants, or handled by proSponsors
grammers.
In the second organization, there are
Programmers
Testers
not enough experienced programmers, and
Business Analysts
work requests stack up in front of them. In
this second organization, the reverse is
more the case. The programmers, being
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In the third organization, the users and Figure 3: A More Complete View of a Decision Dependency Network
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Figure 4: Feed Systems Run More Smoothly With Small Transfer Sizes

out into the world earning value as soon as
possible. All the decisions waiting for internal and external review constitute internal
inventory or work in progress (WIP).

Move Inventory Out
One of the lessons to draw from manufacturing is to reduce the WIP, that is, get decisions out of development and into the business. This
is important in manufacturing, and it is also
important in software development, because
the value of decisions decays over time.
Every moment a decision stays in the development cycle costs the organization money.
• Each requirement is a decision based on
a business climate. When the business
climate changes, the decision may
become incorrect. If the software is
not yet earning value for the company,
the requirement is a waste.
• An architecture is a decision based on
technology and business. If the technology changes before the software is
earning value for the company, those
decisions are a waste.
• Each line of code is a decision based
on requirements, domain, technology,
and aesthetics. If anything causes it to
become obsolete before the software
is earning value for the company, it is a
waste.
To the extent that it is not earning value
in the business, each decision loses value
and quality with time. The more decisions
stuck inside the pipeline, the more decaying
inventory the organization is carrying.
Inventory stacks up quickly. Assume
for reference an organization that is so
fast that when a new requirement arrives,
it can implement and deploy it by the next
morning:
• The company with a one-day turn6 CROSSTALK The Journal of
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around has about one day’s worth of
inventory lying around the office.
• The company with a two-week turnaround has about 10 days worth of
inventory lying around the office.
• The company with a quarterly delivery
system (assuming they deploy from fresh
requirements every quarter) has about
100 days of inventory lying around.
• The company delivering a three-year
project has 1,000 days of inventory
(decaying) around them.
The message, in software as much as in
manufacturing, is the following: Get the
inventory out the door and earning value! Find
ways to shorten and speed the pipeline.

Move Small Amounts, Continuously
The next lesson to draw from manufacturing is that, for the WIP (decisions still inside
development), reduce the size of transfers
between groups. Move small amounts often
rather than stacking them up in large batches for long periods of time.
Figure 4 shows two ways of transferring work from the programmers to the
testers.
In the first case, the programmers
hand over 100 lines of code (each week,
let’s suppose). The testers get a regular
weekly arrival rate of about 100 lines of
code and have to integrate and test them
against the rest of the system and against
the known defect log.
The amount actually handed over will
vary, of course, and the actual length of
time needed to work through the new
code will also vary. That variance is part of
why small amounts should be handed over
at any one time.
The lower part of Figure 4 shows the
programmers handing about 1,000 lines of

code to the testers (each quarter, that
would be, to keep the rate of production
about the same as in the upper picture).
The problem with the lower picture is
that all 1,000 lines of code show up at one
time. The responsiveness of the testing
group suddenly becomes much more variable with the large arrival of an unknown
number of bugs of varying sizes.
Equally bad is when the testers start
handing bug reports back to the programmers and the programmers suddenly see a
large spike of requests on their input
queue coming from the testers (see the
arrow in Figure 2, from the testers back to
the programmers). The programmers are
now juggling two work queues: requests
for new features and requests for bug fixes.
Manufacturing groups have experienced and studied all the previous examples, and they concluded that these sorts
of feed systems run best when small
amounts of work get handed from one
group to the next. The ultimate goal is to
hand over just one part from one group or
person to the next.
Toyota pioneered this idea in its lean
or just-in-time manufacturing lines. They
aim for continuous flow, the flow of just one
piece of material from one person to
another (what to do when a queue backs
up is the subject of another lesson).
It is not clear exactly what continuous
flow might mean in software development.
Some design decisions affect large parts of
the system, and some decisions can not be
validated for a long time. However, the
experiences in manufacturing are backed
up by both mathematical models and experiences in agile software development.
It is rare to find development teams
able to deploy fresh requirements every
week, but I have been able to find a few
teams who both deploy weekly and have a
low enough defect rate that they get only a
few requests a day. On one team I talked
with, a person was assigned each day, on a
rotation, to handle any incoming requests,
whether bug reports or requests for small
enhancements. That person would stop
other work, do the work and redeploy the
system before rejoining the main group.
The average time to re-deployment was
half a day. With such a small, steady flow of
requests on the feedback queue, the team
was able to keep from being diverted from
their main assignment.
Cross-Train People
The literature on lean and agile manufacturing contains the recommendation to
cross-train (training in multiple areas) people at adjacent stations. The idea is that
when a small bubble of inventory shows
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up at someone’s input, the neighboring person, having a spare moment, steps over and
works it down. In this manner, small variances in work flow can be evened out and
not disturb the organization’s overall flow.
We see this in software development
when programmers help testers, user interface designers, and business analysts, or
when business analysts help testers.
Unfortunately, programming is a technical
enough activity that UI designers, testers,
and business analysts are unlikely to be able
to help the programmers. Programmers can
help other programmers, though. We see in
some companies that front-end developers,
middle-ware developers, and back-end
developers help each other when one of the
groups has a sudden bump in work.
Extend the Network
All of these ideas are good – so good, in
fact, that people using them soon find that
their bottleneck lies somewhere in their
supply chain, whether sponsors, subcontractors, or distributors. They start to draw
the dependency network for the larger system in which they sit, and they start
including their supply chain partners in
their discussions.
Toyota is well known for working with
its suppliers. Less well known are cases of
software development groups doing it.
The same team I referred to earlier, using
the daily programmer rotation for fixes
and enhancements, also wrote automated
acceptance tests for their subcontractor’s
part of the system. They reasoned that
their time was better spent writing automated acceptance tests and catching bugs
on arrival than debugging and finding
those same faults in the integrated system
when their supplier’s code broke. The supplier was, of course, surprised and delighted to find they did not have to write the
automated acceptance tests.
The lesson from Toyota and the other
companies who are streamlining the wider
network is the following: The wider the network of we, the faster we all go.

Who’s Writing About This?

Once we see the mapping between manufacturing and team design activities, suddenly a lot of literature becomes available.
Toyota’s production system (also called
The Toyota Way and lean manufacturing)
is widely documented. A good place to
start is with The Toyota Way Fieldbook [1].
The application of lean manufacturing
principles to design work is described in
Managing the Design Factory [2], Product
Development for the Lean Enterprise [3], and
The Elegant Solution [4].
Tom and Mary Poppendieck describe in
April 2007

several books [5, 6] how lean manufacturing principles fit software development.
Agile Software Development: The Cooperative
Game [7] contains an experience report
from a software product company (Tomax)
that includes its customers in its dependency network.
Elihu Goldratt wrote about bottleneck
stations in manufacturing [8] and then
widened the discussion to constraints in
general (theory of constraints) [9]. David
Anderson applied the theory of constraints and queue size to software projects [10]. I have written about strategies
for dealing with bottlenecks that have
reached their capacities [11].

Summary

It is not immediately obvious that software development teams can learn from
manufacturing. However, once we chart
the network of dependencies between
people in a software development organization and make the shift to think of decisions as comprising the team’s inventory,
then the parallels become startlingly clear.
We learn six lessons from the parallels:
• Drawing the decision-dependency network helps us spot the bottleneck stations, where decisions-to-be-made are
piling up.
• From the different decision-dependency networks in various organizations, and their varying bottlenecks, we
can see how the optimal process varies
from organization to organization.
• Move inventory out. Decisions decay over
time, so it is important to find ways to
shorten the pipeline from arrival of a
request or decision to the deployment
of the system.
• Move small amounts, continuously.
Transferring large amounts of inventory (decisions, in our case) between
workers causes unpredictable variations in the organization’s output. It is
better to move small numbers of decisions more often. This reinforces the
idea of incremental development, with
the smallest increment size possible.
• Cross-train people. When people can help
each other across specialties, they can
move quickly to eliminate small bubbles in each others’ input queue, thus
smoothing the organization’s output.
• Extend the network. By widening the
network included in the dependency
analysis and queue-size reduction, a
company can smooth its own input
stream and simplify its work.◆
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