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The "ADI Story" developed through numerous presentations that | was asked
to give to our customers. In August of 1988, | was invited to share our efforts
with the Conference Board's US Quality Council. The audience was a group
of Chief Quality Officers from the leading US companies implementing TQM.
There could be no tougher audience with which to debut. The presentation
was very well received and | was soon invited to become a founding member
of the Conference Board's Quality Council Il. That encouraged me to share
our experience with others through participation in appropriate conferences.

Word quickly spread in the local academic community on our pioneering
work in non-financial performance measurement. In January of 1989, |
presented the Analog Story at an APICS conference. Prof. Ashok Rao of
Babson College, Chairman of the Academic Liaison Committee of APICS, led
the Workshop, and also edited the tape transcript for inclusion in the
Workshop’s Proceedings. Appended to this document is Prof. Rao’s version of
my presentation. It includes two slides that | did not use in the actual
presentation, but were in the slide package that I later provided to him.

*This presentation was tape-recorded. A transcription of the tape was done shortly after the Workshop
but its quality, unfortunately was very poor. Sadly to me, the original tapes are gone. However, it
represents the earliest recorded version of my rendition of the Analog Devices Story, so | have
endeavored to faithfully interpret and correct the many errors in and incomprehensible portions of the
transcript. My corrections are shown within square brackets: [my corrections c. 2000]. All text outside of
the brackets is taken verbatim from the original transcript. | believe that what follows is an accurate
representation of my actual words during the presentation.
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Let me start off this morning ... since | am going to be talking as a practitioner
about performance measurements at Analog Devices ... let me start off under
the assumption that [none of you know much about] the company. | will take
a few minutes to tell you what we are and what we do.
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ANALOG DEVICES AT A GLANCE

* Headquartered in Norwood Massachusetts

* Publicly Held (NYSE Symbol ADI)

$439 Million in Sales (FY1988)

* 49% of Sales Outside United States

* 5400 Employees Worldwide
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We are a company that is headquartered not very far from here ... a 15 minute
drive ... in Norwood [Massachusetts]. [We are] publicly held and traded on
the NYSE. Our 1988 sales were $440 million. We are approximately equally
split [in the] business [we do between] the US and the rest of the world. We
will talk more about that in a minute. [We have] a little over 5,000 employees
worldwide.
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Serves the
Data Acquisition Market by

* designing

* manufacturing
* marketing

Products Used in Precision
Measurement and
Control Applications
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The business we are in is the semiconductor business. We serve what is called
the data acquisition market. We are [a] fully integrated manufacturer: we
design, manufacture, market, and sell our own parts on a world-wide basis.
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Types of Products
monolithic IC’s
hybrid IC's
assembled products
sub-systems
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Those parts, principally, are called monolithic integrated circuits. Many of you
may be familiar with our digital counterparts - memories, microprocessors,
[and] things like that. Our products are very much the same except that they
deal with the analog world rather than the digital world. We also make other
components: hybrid integrated circuits, assembled products, and a small effort
in the area of [board level] systems.
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1988 Worldwide Sales
by Geographic Area
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| said that we are worldwide. [This] is the distribution of our revenues, and |
think [one thing that’s important], on a particular note, is the section called
Asia. We do [significant] business in Japan - about 17% of our revenues come
from Japan. We are lucky in a couple of ways. Our market share is growing in
Japan and the linear integrated circuit business, where we are [the dominant]
suppliers, is one of the few places where the [US has a] positive balance of
payments [with] Japan: they buy more from us than we buy from them.
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R&D Investments
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We are also a company that has been very successful and part of our success
relates to the fact that we made very substantial investments in R&D. In fact,
in 1987, 15% of our revenue was [reinvested back into the] business in terms
of R&D. Just [to calibrate that], the US government defines a high tech
company as any company that spends more than 5% of its revenues in R&D.
By that definition, | guess we are a high, high tech company.
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Financial Model
FY 1987-FY 1992

Sales Growth 20-25 %lyr

Operating Profits 17 %

Profit after Tax 9.4 %

Return on Capital 15.0 %
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We, historically, have been very successful financially. Our plan is to continue
to be successful as we move into the future. We are looking towards growth
over the next five years [in the] 20 to 25% range, a very significant operating
profit and profit-after-tax, and a very healthy return on capital. So Analog
Devices is a company that, at least up to this point in time, has not suffered
[the same recent problems as other IC manufacturers] although it has
participated in the international community. And it is our objective to make
sure that we avoid that pain as we move into the future.

Let me now start where | think Bob alluded [to] as a good starting point
yesterday, by talking a little about Analog Devices’ mission statement [or
Corporate] Objective. | am not going to [talk much about it] except to tell you
that we have one. We have one that is known to nearly every employee of the
company and is [described in] a document [that we hand] out. Itis given to
everyone when they first arrive at Analog. It was prepared in the
mid-seventies. [It has undergone] very minor modifications over time, but,
basically, this has been the corporate objective of Analog Devices for a very
significant period of time.
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What is unique, when you think about the timeframe, about our corporate
objective is that it always contained recognition that we are not a company
whose sole constituent is the stock market. Ray S[tata], who is co-founder of
the company, President and CEO and [a] true visionary by any definition of the
word, recognized in the mid-seventies that successful companies could not be
here in [the] future with a one-dimensional view of their purpose. And so, Ray
very clearly (and I think in terms that really have not changed much over time)
identified Analog Devices’ broad mission and broad objectives with respect to
three major constituencies: our stockholders (which at that time was sort of in
common with most companies when talking about a mission statement), our
customers and our employees.
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This diagram really shows a major aspect of Analog Devices’ view of meeting
the needs of those constituencies, because we feel very strongly that there is
an overlap area. That overlap is the green section that | call Analog Devices'
Business Objectives. It is our view that we cannot satisfy the needs of any of
those constituencies that you see there without meeting our Business
Obijectives. By meeting our Business Objectives, we create value that the
stock market recognizes in terms of our stock price; we create opportunities
for our employees with respect to their individual careers; and we generate
funds that allow us to invest 15% of our revenues back into the business and
bring new products to our customers that better meet their needs.

So we focus, when we think about performance measurement, when we think
about directions for the company, on our Business Objectives. But, always
recognizing that they are necessary but not sufficient to meet the needs of
each of those constituencies. | would like to focus on that green area there.
In a sense it is kind of a glue that bonds these constituencies together at
Analog Devices.

[Tom Vollmann] almost stole my thunder because of his last slide. One of the
ways that we think about what the right [questions] are to ask is by looking
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back at a quote from Kipling:
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| keep six honest serving men
(They taught me all | knew);
Their names are WHAT and WHY
and WHEN

And HOW and WHERE and WHO

Rudyard Kipling
1902
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“I keep six honest serving men, they taught me all | knew; their names are
what and why and when and how and where and who.” In fact, the Japanese
have picked up on this and you might have come across their expression: “5
W's and an H.” Very often in a meeting [in] Japan, [at] a very pregnant point in
that meeting someone [calls out] “5 W's and an H.” It is kind of code term and
it really brings the people back to focus on these kinds of issues.
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WHY: Identify what's important for business success
WHAT: Develop a complete set of surrogate metrics
WHEN: Set goals using improvement curves / half-lives
WHO: Assign responsibility / controllability
HOW: Provide needed resources
WHERE:  Track results, quarterly, annual, 5 year
Generate feedback: variance -> root cause -> corrective action
Incent / Reward
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Well, if you look from that perspective ... and by the way, you will see QIP on
a number of these slides - it stands for Quality Improvement Process. Some
people use QIP and call it Quality Improvement Program. We avoid the word
“program” because it usually has a beginning and it has an end. You can
argue that this is a process that will continue forever. But it, basically, starts ...
and it is really the fundamental [underpinning] of any of the thoughts that we
have about performance measurement ... with asking, first of all, the question,
why? The real issue that they are trying to identify is “why do we want to
make measurements?” We want to make measurements in order to be able to
identify the important things that affect our business success. When we have
identified them, we [often] have to make some sort of a [surrogate] because
many of the things that you will see in [a] moment that represent the broad
business objectives are not [quantifiable] in themselves. And so you have to,
whenever you come up with any sort of measure, come up with something
necessary as a substitute: something that when it improves, you are moving in
the direction of your objectives. Not [at] all an easy task.

Once we have identified the keys to our business [and] ways of measuring
how we are doing, we use a planning tool that we developed at Analog called
Improvement Curves. As Tom was talking about earlier, we are moving into

®1987- 2000 Arthur M. Schneiderman. All Rights Reserved. Page 13
Revised 8/12/00 10:28 PM




APICS Presentation January 17, 1989

an era in which everything is time based in terms of our thinking. The
company that can learn the fastest is the one that will be most successful in
the marketplace. And so, we have, basically, set many of our goals around the
rate of improvement - something that we call “half-life.” Itis the time it takes
to reduce whatever it is you don't want by 50%. | will talk about that a bit
more later on.

So we have set very aggressive goals using a very clearly defined methodology
that everyone at Analog Devices understands. And we bring accountability
into that process by making sure that there is an individual, or a group of
individuals, that own [each] measurement. They are the people that have the
control and the ability to improve what we are measuring. But we have to
continue from that point to make sure they not only have a goal, not only have
a clear measurement, but they have the resources needed in order to achieve
that goal. Then, finally, a formal tracking system that makes sure that you
don't simply set up a measurement, or forms of measurements, set up a goal
and then not look at it. And | will talk about how we do that, both on a
quarterly basis, on an annual basis, and in terms of our five-year strategic
planning.

The remaining two things are a feedback process that makes this a dynamic
rather than a static process. One of these is continual improvement by
understanding the variance between what your current performance [is] and
what your goal is, understanding the root causes of that variance and having a
plan that [has] the corrective actions [needed] to close that gap. And it is also
important to note ... | will give you some examples in a few minutes ... that
people are incented and rewarded, in terms of these performance
measurements, in the same way that they have historically [been] incented
and rewarded with respect to financial performance.

®1987- 2000 Arthur M. Schneiderman. All Rights Reserved. Page 14
Revised 8/12/00 10:28 PM



APICS Presentation January 17, 1989

Slide 11
ADI CORPORATE QIP COUNCIL

MEMBERS: Jerry Fishman Executive VP
Kozo Imai VP, Japanese Operations
Larry LaFranchi Corporate Controller
Bill Manning Division GM
Art Schneiderman, Chairman VP, Quality/Productivity Improvement
Ray Stata Chairman of the Board and President
Graham Sterling VP
Goodloe Suttler Division GM
Suzanne Thomson Director, Training & Development
Tom Urwin VP, European Operations

CHARTER: QIP Organization
QIP Goals Deployment  WI> priorities
Training WI> Juran
Monitoring ~ mo> metrics
Incenting/Rewarding
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The whole area of performance measurements is managed at Analog Devices
by a group called the Corporate QIP Council. The names you do not
recognize, but let me tell you the roles that each of these people have. Jerry
Fishman is the Executive Vice President and is responsible for all of Analog
Devices' operations. [Kozo Imai] runs all of our operations inJapan. Larry
LaFranchi is the Corporate Controller - he is put in their to [represent] that
[function]. Bill Manning is one of our general managers. Ray S[tata] is the
President of the company and Graham Sterling is [a] Vice President. [Goodloe
Suttler] is the general manager of our largest semi-conductor operation. Sue
Thompson is our Director of Corporate Training and Development. Tom
[Urwin] runs our operations in Europe.

That group deals with basically five issues: How do we organize, on a
corporate wide basis ... in areally top down model ... to improve quality
within the company? How do we identify what our goals are and deploy them
downward within the organization? That is the subject that we are talking
about today. [In our] QIP efforts, we basically follow the methodology that
was developed by Joe Juran. We also have a very extensive monitoring
system. So performance measurements are made available to everyone that

®1987- 2000 Arthur M. Schneiderman. All Rights Reserved. Page 15
Revised 8/12/00 10:28 PM



APICS Presentation January 17, 1989

needs to have access to them within the corporation, and, individual and
group [incenting] and [rewarding] system([s].

Now, the next slide that | would like to show you is going to look deceptively
simple. But let me tell you, it took us a couple of years of very extensive effort
by about 200 people within the corporation to arrive at the consensus that this
was the right view of Analog Device as we view it in the future.
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ADI QIP GOALS I

BUSINESS MARKET LEADERSHIP (RMS)
OBJECTIVES: REVENUE GROWTH
PROFITABILITY

DRIVERS: BE RATED #1 BY OUR CUSTOMERS
IN TOTAL VALUE DELIVERED

EXTERNAL LEVERS: PRODUCTS
DEFECT LEVELS
ON TIME DELIVERY
LEADTIME

INTERNAL LEVERS: TIME TO MARKET
PROCESS PPM
MANUFACTURING CYCLE TIME
YIELD
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Our business objectives are those three simple things that you see up there.
Currently, [we] are market leaders on average in markets [where] we compete,
[being] 2 1/2 times the size of our nearest competitor. We have been
historically [a] growth company. We want to continue to be a growth
company. Analog Devices was founded in the mid-sixties. Very often
companies at [our] stage in their evolution decide that they are not as anxious
to grow in the future as they were in the past. They have kind of settled into a
more stable pattern. Growth, for us, is a main challenge because the markets
that we dominate are growing about 10% a year. We want to grow as a
company at twice that rate. Which means that there are major challenges for
us to identify new market opportunities and product opportunities, and to do
that in a way [that] maintains our [historic] level of profitability.

I think if you said, what is the one statement that you could make that is the
single performance measurement that we look at at Analog Devices, it is “to
be rated #1 by our customers in total value delivered.” The choice of those
words was a significant effort on a part of a lot people at Analog Devices.
Some people say that [it is] to be rated [#1] by our customers in function[ality]
[of the] products that we make. Analog has been known over the years as
being the supplier of the highest performance of [linear] integrated circuits in

®1987- 2000 Arthur M. Schneiderman. All Rights Reserved. Page 17
Revised 8/12/00 10:28 PM



APICS Presentation January 17, 1989

the industry. We did not get them to our customers on time. They often were
not very reliable. But when they did work, they outperformed anything else
there.

I think one of things that we have grown to recognize at Analog is that the
market[place] is changing. Product performance is not the only issue. There
is something called “total value,” something that we are struggling to define,
that is the thing that makes customers decide to buy from us or buy from
somebody else. Itis our objective to, in a quantified measurable way ... and |
will show you some preliminary data ... be in a position where at some point
in the future we can show people data that says our customers, measuring our
performance relative to our competitors, rate us #1.

Everything else is unimportant, mind you, with respect to performance
measurement if you meet that one objective. If your customers believe that
you are the best supplier, in terms of their needs, then you can't help but meet
your business objectives. Today, when we ask our customers “what is
important?” they tell us to “continue providing us with the right products, but
provide those products to us at the defect levels, on time, and within our lead
time requirements.” We are smart enough to realize that we need to do that
not through inventory and not through inspection, but through fundamental
efforts [in QIP] in Analog: reducing our [time to] market, reducing what we
call process ppm (which is defect level [in the] manufacturing process itself),
our manufacturing cycle time, and our yields.
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ADI QIP GOALS
IC OPERATIONS, ESTABLISHED PRODUCTS

METRIC 1987 HALFE-LIFE 1992
EXTERNAL
On time delivery 85% 9 >99.8%
Outgoing defect levels 500 PPM 9 <10 PPM
Lead time 10 wks 9 <3 wks
INTERNAL
Manufacturing Cycle Time 15 wks 9 4-5wks
Process Defect Levels 5000 PPM 6 <10 PPM
Yield 20% 9 >50%
Time to Market 36 mths 24 6 mths

WHILE AGGRESSIVELY PURSUING
CORPORATE-WIDE COST MANAGEMENT
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Now the group that | mentioned on a previous slide, [the] Corporate QIP
Council, has [established] a set of objectives with respect to those
performance measurements for the year 1992. Let me kind of give you a
starting point in terms of where we stood along both those external and
internal measurements in 1987. In 1987, we were running at about 85%
on-time delivery for our customers; actually, a significant improvement over
the previous two years where we were running more like 60% on-time. Our
defect levels were 500 ppm; our lead times were 10 weeks.

Now, let me just calibrate you in respect to those defect levels. In 1987, a
typical Japanese semiconductor manufacturer was shipping parts at under 10
ppm [defective]. [But] relative to our [direct] competition and relative [to]
people who [make] similar parts to ours, we were good. [But we’re] certainly
not world-class relative to other competitors out there in similar product
areas. Our manufacturing cycle time was 15 weeks. That was pretty good.
Down from 26 weeks in mid-1986. And our process ppm was 5000 ppm - so we
got from 5000 to 500 ppm by significant amount of inspection and [rework].
Somebody was talking earlier in the hall about being at 67% yield and, boy,
that sounds enviable to me. In 1987, our yields were only at about 20%; 80% of
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the product that started in manufacturing process, [went into] a garbage pail.
Our time-to-market on a significant new product line was three years.

Now, | said we used this concept of a half-life. The numbers that you see
there are nine months which represents that amount of time we expect it
would take to reduce the defect level by 50%. If we compound that to 1992,
and put some very realistic English on the ball, this is what we would come up
with as our 1992 goals: 99.8% on-time delivery, which means that we will
virtually never shutdown our customers just-in-time [lines]. Less than 10 parts
per million defective. Leadtime [of] only three weeks. [Manufacturing] cycle
[time of] 5 weeks. You say, "Uh-oh, the implication of that is inventory.”

It is the view of our technical people that that is the theoretical limit of what it
would take us to manufacture the products. So there will have to be the need
for a strategic inventory in our manufacturing process. We will basically pull
out of that inventory to meet our customers’ leadtime [requirements]. That
will not be finished good inventory, but an in-process [inventory].

We will do no outgoing inspection of what we ship to our customers. Our
yields will be well over 50%, and we are on our way in that direction now. And
our time-to-market will be below 6 months.

[We also are pursuing cost-reduction] that | won't go into today. | don't think
that we, as a company, have reached a stage that we are going to abandon
costs as a useful piece of information. That day may come, but certainly there
is a lot that I think we can learn by understanding our costs and managing
them, particularly in today's competitive world.

So those end up being the kind of broad performance areas that we have
identified, and that we have linked into our Corporate Objectives. We
measure these in a system that | think is turning out to be very useful for us at
Analog.

Most companies have some sort of financial tracking system, some set of
financial goals. When they talk about [their non-financial] performance
measurements, they usually are subservient to the financial goals. People will
basically have them in separate reports, a separate way of thinking about
them. That basically creates a hierarchy of performance measures in which
the financial measurements are considered to be superior to any of the other
measurements that you put in place.
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At Analog we set up a parallel system in which we have financial goals [and]
financial measurements, but we also have quality-related goals and
measurements. They go very much along the lines of things that | mentioned
earlier. In fact, I think there is a growing sense that it is the left-hand side that
you need to focus your attention on. To the extent that you can meet your
quality goals, you will meet your financial goals. [How’s] that, if you want to
talk about cutting the Gordian knot? It is getting to the point that we can truly
believe that if you are meeting your quality goals, your financial goals will be
met as a result of that. That represents a challenge. | think that we are getting
pretty close to that point.

The difference between the things that we see in yellow and things that we
don't see in yellow [is that] the ones that are in yellow are the established
system that we have had working for a year. The other ones are
measurements that are under development, although now all of these
measurements have corporate wide definitions and we are beginning to
collect data on them. So starting in our fiscal year, which started November 1,
1988, we are collecting, in a consistent way, across the corporation,
measurements of our performance in those areas. PPM is outgoing parts per
million defective.
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One thing that | should note here is that we have had to supplement our
traditional financial measurement system with a revenue model. When you
look at a company like Analog, it turns out that our growth is very strongly
linked to product introductions. Our new products can have very similar
revenue life cycle and so when you [grow] the company at a sustained rate, it
is by ever increasing the number of products [introduced].

So we have a performance measurement system that looks at the number of
new products that were introduced and the expectations that we have for
each of those new products with respect to peak revenues that they [will]
generate, how long it will take to reach that peak revenue and [what] we are
able to expect [for] decay. We are very fortunate as a company in that our
products have very long life cycles, partly because they are heavily involved in
the military [and] avionics businesses. Our products take 10 years to reach
peak revenue and, although we are a relatively young company, we think they
decline [after] about a 15-year period in time. So our products have about a
25-year life cycle.

In fact, we still manufacturer and sell products we call [bricks], they are old
epoxy encapsulated modules that we introduced in the early seventies, and
we still sell them everyday. We also track, relative to this, the leading indicator
of future revenue growth: what portion of our new products are in our
bookings at any period of time? Basically we say, so what portion of our
bookings this month will [be] generated [by] the products that were
introduced in [the] last 6 quarters? That is the data that you see in this box
here: traditional financial measures [and a] model for growth that begins to
look at our expectations of new products in the system that tracks new
product introductions.

The left hand side ... | won't show data on all of this, probably we won't have
time to do that ... but let me talk about that top bar. | said to you, our
customers expect the product to be delivered on time. What you would tend
to think [of] from that is a pretty simple measure: you [either] ship it on time
or you didn't ship it on time. [It] turns out that it is much more complex than
that.

One thing that we have learned about our set of performance measurements
is that they have got to be bounded. We said that what we were looking for
measurements that were surrogates for what our objective was. Our objective
Is to meet our customers’ needs with respect to delivery. Just aiming at
on-time delivery is not enough because you have to ask the questions “what if
I miss?” “How late am | when | am late?” “What if | am using very long lead
times?” What if the customer wants it two weeks and I tell him he can have it
in 20 weeks and | get it to him in 20 weeks, should we be satisfied with that?
So we have a very detailed set of measurements that not only look at did we
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ship when we promised the customer that we would ship it, but [as] a subset
of that, if we didn't, who is responsible for it?

We have four groups that can claim responsibility for late shipment. [The]
factories didn't get the product [manufactured] in time. Our credit people (]I
said we are our] own distributors on a worldwide basis) [because] a lot of
small accounts don't get their product delivered to them because of credit
related issues. So the credit department could be responsible. Our
warehouse department, who ships the product, could be responsible. And
the fourth group, the customer. Although it doesn't happen very often,
[sometimes] around Christmas and Thanksgiving, we get calls from customers
that say, ""We are going to shut down for a week, so remember that product
you were supposed to ship us next week, don't ship it to us.” We don't change
our commitment; we [just] don't ship it to them. And it says that we are not on
time at least after that shipment. We basically say that the customer is
responsible for that. That virtually never happens, aside from the 1% of the
time, around the end of the year.

We also look very carefully at our lead times, we look at what our customers
are asking for in lead times, we look at what we are quoting for lead times and
we look at the difference between those two. | will show you some of that
data.

The only other thing that | would add down here is this turnover. You might
say that everything that you see up there are manufacturing performance
measurements. But there is more to a company than manufacturing. And
what we decided is that we need to start looking at other measurements of
performance. By turnover here we mean labor turnover. And we now put in
place a system ... that is probably not a good one, but it is a start ... in which
we look at turnover within our direct labor force and within our indirect labor
force. Itis the same definition for every one of our divisions.

I should have mentioned earlier that we had seven divisions of Analog Devices
located all around the world. Each of them, historically, has [been] totally
autonomous in what they did expect financial reports and human resources
policies and a shared sales force. We are in a world of swinging pendulums,
swinging from a highly decentralized organization to a much more centralized
organization, particularly in respect to performance measurements. We make
sure everybody uses the exact same set of definitions with respect to all of
these performance measurements.

I will show you in a little while the corporate scorecard [and] tell you how [we]
go about using that, but this whole set of data leads into a corporate
scorecard, the annual benchmark plan, [and] annual review of our rolling five
year strategic plan.

®1987- 2000 Arthur M. Schneiderman. All Rights Reserved. Page 23
Revised 8/12/00 10:28 PM



APICS Presentation January 17, 1989

Audience: Art, could | ask you quick question? Dealing with the ppm on the
left hand side. How quick is that feedback. Is that your customer’s incoming
inspection? Or, is that after the device is utilized for a short period of time.

Speaker: This is outgoing ppm based on outgoing inspection. We have an
outgoing QC at the end of our [manufacturing line] right now. This is basically
using an industry standard definition for electronics companies that inspect a
product before shipping it to a customer.

Audience: What is the time frame for turnaround on this type of scorecard
[performance] measure? Is it a week coming out; is it a month coming out?

Speaker: The parts that | am responsible for [are] available within three days
after the end of the month. The parts that our financial people are responsible
for takes a little longer. (Laughter)

I will tell you [a] little about that because one of the things | want to stress is
that it is hard to figure out what to measure. Itis hard to get people [to] agree
to measure the right things. It took us over two years to generate that box up
there. In fact, right now, what we are doing, we have eleven wholly-owned
sales affiliates located in Europe and Asia that sell our products. They have
their own [delivery] systems, and their own ability to track customer service
performance. We have not been able to “see through” them to their end
customers. And so now we are in the process of trying to deal [with] or “see
through” them to their end customers. It turns out, as the streams of data
come together, the affiliate data, particularly on this right hand side, can take
up to four or five weeks. So it is not timely data. One of the things that we are
now focusing [on] is, how can we get this data up and available certainly
within one week of the close of the monthly reporting period?

Data that | am responsible for is published daily. In fact, that is another issue
that I would like to touch on before we finish - the fact that you have to have a
hierarchy of performance measurements. Because what we measure at the
corporate level and aggregate level doesn't point to the causes. It doesn't
really help people identify opportunities for improvement. So there has to be
[a] desegregation process that goes down to the levels of detail where people
can actually identify root causes of problems. What | do is | have a daily report
that is issued ... [that has] a lot of paper [at] the moment, it is going to very
shortly [be] available on-line ... in which the operating people come in, go to
their terminal, turn it on, find all the lines that did not ship the previous day
that were due. Then they can go and say, “why [didn’t that line] ship?” and
[as]sign [responsibility], and do a [Pareto] analysis, etc. But you are absolutely
right; getting this stuff timely is a major challenge. But we have proven that we
can do this within three days.
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Now, getting the performance measurements is one thing, but presenting
them is another. | cannot overstate the importance of making sure you come
up with a thoughtful, delivery vehicle to show them the data. Thick reports
with performance measurements in them are not [useful]. | have a very
[strong bias to graphical] representations of data. And [what] | am going to
show you is going to look very, very complicated too. However, any of the
people that affect improvements in what | am going to show you now,
understand how to use this chart. This is a chart available on-line in an
executive information system which is currently being upgraded. Itis very
difficult to get on to the system three days after the end of the month because
that is the time everyone runs to their terminals to see not only what they have
done, but what other people have done.
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Slide 15
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Let me try to explain this one to you. The names you see across the top: the
first seven are manufacturing divisions; the last part is the aggregate for all of
the divisions. Let me focus on the first bar here, this is our semiconductor
operations here in Wilmington, Massachusetts. The scale here, for that first
bar, is the percent of lines that did not ship by [the] date we promised to ship
it to the customer. This is a semi-[log] scale. 1 don't have time to explain to
you why we have chosen that scale at the moment, but | do have some copies
of the paper that | have written on this. If any of you are interested, | would be
glad to give it to you. But this particular division, in the month of January 1988
... this is 10, 20, 40 up to 100% ... so about 13% of the lines did not ship on time
to the customer. The next dot that you see there [at] about 10% is for
February, and all the way through to the last little x, that plus sign, which is
December of 1988.

Now, a couple of things that you can see about those points, one is that they
bounce around a little bit. When is it statistically significant that they bounce
around? Well, fortunately, we have statistical quality control that allows us to
know when something is a statistically significant departure. So, the two
green lines that you see there are control limits. Control limits are placed on
[all of our] performance measures. You look at the last three months, and if
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you are above the upper control [limit], you replace [the] circle with a red x:
[chosen on] purpose in red. If you are below the lower line, you get a green x.

Three days after the end of the month, when the data appears, there is a
telephone call [to ADS]. The telephone [call] comes from Jerry Fishman -
Chief Operating officer - who will call either [Goodloe Suttler] who is the
General Manager or Lou Fiori who is the Operations Manager. Lou is the guy
who owns this data. Jerry Fishman will ask, “What happened?” | will tell you
what the wrong answer is: “Lots of things.” If you say “lots of things”, you
gave the wrong answer. You can say that within the control [limits], but you
can't say it outside the control [limits]. It has to be one or two major things
that happen. People are prepared at that point to answer [Jerry’s question]
because they know it is coming. They get daily reports, which shows
month-to-date so they know what it is going to look like. Similarly, if you get a
green x here, the same kind of question is asked: You did something different
and it worked, what was it, so we can share it with other people. So
performance measurements [are] displayed visually in a way that people can
look at and instantly know if there is something significant that needs action.

Audience: Why aren't the [other] two points [that are] above the control [limits
shown as] red x[s]?

Speaker: [We only do that for data] within in the [most current] three months.
Audience: Oh, three months.

Speaker: Yeah, [the] last three months. We forgive you after a while. People
said, “Why are you still holding that mistake that we made six months ago
against us?” So we say, all right, we will just look at the last three months.

Audience: (Inaudible)

Speaker: They were. Well, they may have [been] because this control chart is
recalculated every month. Itis a funny kind of control chart because those of
you who have dealt with a control chart may have recognized the fundamental
problem: control charts make the assumptions that the process you are
measuring is [stable]. And | am in the continuous improvement business, so |
have to recalculate the control charts for a process that is not stable, or a
process that is improving.

Audience: That means the guy could have an x one month and then three
months later you are still arguing and it should be the other way around. And
the thing is three months old.

Speaker: Let me say each [month we] take a point off. So this is a window,
basically. So you can, through the screen that appears before this [one],
choose what type [of chart] you want to look at.
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Audience: Do you encourage exceeding the limits, the control limits, on the
lower side? Or do you encourage [them] to stay within the limits. | am sure
that [you do] but, you know, is there any [discussion] over this?

Speaker: Well, let's talk about that a little bit because | have to explain this
number down here. It says “half-life in months.” We don't have the time
today to go into this whole issue of improvement curves and how we go about
quantifying things. Let me just tell [you that] this number represents the slope
of that red line. It basically says that for this division, if | extended that red
line, 25 months month later that division ought to be at half the percent lines
late as it was at that point in time.

Audience: That's because improvement is judged more difficult for that
progression?

Speaker: Well, or they are having more trouble. Now these two divisions here
are basically similar in the products that they make. This one is [in] the US.
This one is in Ireland.

Let me, without diverting too far, let me just say that my expectation would be,
for a division that was using the [QIP] methodology to improve on-time
delivery, a half-life of nine months. That is based on looking at nearly 100
improvement projects, not only within Analog Devices but [also] within other
companies. | guess | did the reverse of what you did. | was a consultant for six
years before | came to Analog. So | had an opportunity to work with
companies all over the world in the area of quality improvement. A lot of the
data that | collected began to point in the direction of there being some
normative patterns with respect to the rate of learning when you apply the
QIP methodology. With these kinds of problems, 50% improvement every
nine months represented a good target. So my diagnosis of this is that this
division here is having problems with quality with respect to its QIP process.
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Slide 16
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Let me just move to that for a moment and show you just part of the issues
associated with that. Now, this happens to be a chart that is a few months
older than the previous one, but what you see here is the half-life, in months,
over time for that division, that first division. You can see if you go back to
1986, they were improving at the rate of 50% every 10 months or so. So you
say, oh, that's pretty good. Except, let me tell you what happened.

Ray [Stata], our chairman, said that he thought we had to improve customer
service. When you have a company like Analog with autonomous divisions,
believe it or not, nobody listened. And so he said it a second time, and
nobody listened. We did not have performance measurements at that time so
it was real difficult for people to listen. But finally he [pounded] on the table
and he said, | want improvements in on-time delivery. People started
attending to on-time deliveries. At the beginning of the improvement
process, there are lots of easy things to do.

Starting off in the situation where you are stable at 60% ... 60% on-time
deliver, 40% late. Finally [you] get serious about it because the guy up front
there says he is going to fire you if you don't. Then you begin to pay some
attention. You take some of the slack out of the system, some of the slop out
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of the system. But, eventually, you run out of steam, you have done all of the
easy things. That is what happened to that division in January. The rate of
improvement slowed dramatically. It went up to 60 months, 5 years [for] rate
improvement. That wasn't going to get us there and all during that period of
time that they were up 5 years, they were basically seeking technological fixes
for on-time delivery.

It wasn't until the Summer of 1987 that they finally said, well maybe we ought
to try [this QIP] methodology. That is what they did. They put in place the QIP
methodology and the rate of improvement accelerated. It got down to [the] 9
or 10-month rate of improvement goal.

In terms of the questions of incentives, other divisions had gone beyond that
goal of 9 months. But this division went down to 9 months and you can see as
of December, they went back up to 25 months [refer to slide 14]. Now, if you
look at what was going on here, a lot of that 25-month half-life has to do with
these last few points here. If it had not been for October and December, they
would still be on [an] aggressive half-life. So the issue really is going to be
what is going to happen in January. If January brings that back down to
something like 7% late then those two red points will not [have much weight]
and this half-life will turn down very rapidly. But this is a division that is doing
outstandingly in terms of its performance.

This division here is the division in England [MDL]. You can see that they have
troubles. They are the corporate black sheep with respect to performance
levels in customer service. The [employees are having a] real struggle in that
division, it has just had its general manager changed. [This performance was
part of the] cause.

This division here [IPD] has just been consolidated. It was a consolidation of
two divisions. This division here has a new general manager. So whether
there is any relationship or not, the organization perceives some very
important things. This division here was the only division that got [a]
corporate bonus. A $750,000 check was presented to them two months ago in
Ireland.

Audience: Who is the keeper of the scoreboard?
Speaker: | am.
Audience: Is there any stipulation of when there are [???]?

Speaker: The data on on-time delivery, | own from the inception. The
divisions do not have any input into it. It comes out of our order entry system,
which is a centralized system so they do not get to play with that. In addition
to that, I will tell you, there is always a speculation that one has, perhaps a
cynicism that one has, that people are gaming these things. And yet, with the
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exception of [one] division, it is quite the opposite. Even things that we have
not measured before, we start measuring [and see] their improvement.

Now, the other manufacturing metrics: yields, cycle times, stuff like that, that
is all coming from the divisions and they are calculating all that for themselves.
We agree upon the equations that are going to be used, we have agreed upon
the definitions and it is trust at this point. | think that the comment that |
made to people is that | think you can expect the same sort of “reward” for
fiddling with QIP performance measurements as you would [get] if you
fiddled with the financial measurements. So anyone that goes in and fiddles
around with the income statement or the balance sheet and does things that
are against common practice, they get a “reward” for that. |1 don't think we are
ever going to have to face that day, but I think people realize that it could be
very serious if somebody has been in there and fiddling around with the
numbers. | have a nasty ability of catching people when they do that.

Audience: Are all of your divisions equally [involved] in this quality
[improvement effort]?

Speaker: No.

Audience: Are there different trends [for] some of them [that] may be at
different stages than others?

Speaker: Yes, that is right. Absolutely. | can show that...
Audience: Do you weigh on-time delivery by size of the order?

Speaker: We don't do it on dollars; we do it on each [line]. Each thing that we
measure is one line on a purchase order. If you order 10 pieces of a certain
part and we do not ship 100% of those 10 pieces by the day we promise, then
you are [dinged].

Audience: So it is customer service level per line?
Speaker: Per line, yes.

Audience: This is a detail, but [what do you do on] an order of 5,000 shipped
1,000 per month over a 5-month period?

Speaker: Each shipment is a line.

Audience: OK. Alright.
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Slide 17
CORPORATE SCORECARD
[ Frves | Q189 Q289 Q389 Q489 FY 89
FINANCIAL ACT BHVK ACT BHMK ACT BHAMK ACT BHAMK ACT BHMK ACT
REVENUE
REVENUE GROWTH
PROFIT
ROA.
NEW PRODUCTS
NP INTROS
NP BOOKINGS
NPBR
NP AVG. 3P YEAR REV.
TIME TO MARKET 17.6 16.4 15.4 14.5 136
QP
ON TIME DELIVERY 92.7% 94.2% 95.4% 96.4% 97.1%
OUTGOING PPM 280 222 176 140 111
LEADTIME 5.8 5.2 4.7 44 4.1
COST
EMPL. PRODUCTIVITY
DIRECT TURNOVER
INDIRECT TURNOVER
L.C. PRODUCTS
PROCESS PPM 2932 2327 1847 1466 1163
CYCLE TIME 6.6 6.2 5.8 5.6 48
YIELD 28.8% | | 38.6% 46.8% 53.6% 59.4%
ASSEMBLED PRODUCTS
PROCESS PPM NA NA NA NA NA
CYCLE TIME 4.6 4.1 3.8 35 2.8
YIELD 88.8% || 90.6% 92.1% 93.4% 94.4%
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Let me show you a scorecard. When | created this thing I called it a Corporate
Performance Audit. | thought that would be a neat [name] but it did not last
very long. People said, “Ah, it looks like a scorecard to me”. So this is called
[the] Scorecard. So you can see financial, new products, [and] QIP goals. We
actually had to distinguish [between IC and assembled products] performance
measurements. The same definitions may not work in all of your businesses.

At Analog, all of our businesses make electronic components and they tend to
sit together on the same circuit boards. There is a lot of similarity except some
of them are integrated circuits and some of them are assembled products.
There are really fundamental differences on how you manufacture those. We
felt that if we aggregated these into a single measurement, they lose all
meaning. So we had to disaggregate even at this highest level of aggregation
and differentiate between integrated circuits and assembled products. You
put in where you ended up in 1988, and we have a benchmark planning
process, which we are in the midst of today. This is the negotiated 1989-
benchmark level of performance. Then we use these rates of improvements
to come up with individual quarterly numbers and that is all built in and that is
up on the computer.
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At the end of each quarter [these] are the actuals. Then I get printouts in this
form, it has your [division’s] name, and I sit there with two pens - a red pen
and a green pen - and | kind of make a judgment call. I sit with my boss and
make sure he agrees with that call. | try to put no more that 1 red circle and no
more than 1 green circle. Then I [send] it [to] the division General Managers.
We have two quarterly meetings - two meetings a quarter - of all the General
Managers. At one of those meetings - the one at the end of the quarter - they
have ten minutes and they stand up among their peers and put their scorecard
up. They explain it for 10 minutes and explain the red circles and the green
circles.

If it is a red circle, they explain what went wrong, [and] what was the root
cause. You can't say, | don't know. People have to understand when they
don't meet their performance objectives, what was wrong. Now it could be the
performance objectives were too high. But then they have to stand in front of
their peers and say, "Well, | really overestimated what | thought | was going to
be able to do. It was harder than | thought.” We don't change it at that point,
and [renegotiate] it. You can't negotiate it downwards; but, at least, we
understand that the variance was because the goal was not achievable. That is
rarely the case.

It is particularly difficult when you have divisions that are [similar] to one
another and somebody else made their goal and you didn't. And you say,
"Well, what is different? How come Ireland gets 97% on-time and you tell me
[there] is a fundamental limitation [of] only 95% - you can't [get better than]
the 95%.”

So it turns out to be very good. | guess we tend to be internally competitive.
In fact, as a company, it turns out that when you do a competitive analysis at
Analog, most divisions have as their most serious competitor a sister division.
Very often we will make several different products that all have the same
functionality and the same application. In fact, there is a story at HP that they
had seven separate groups [from] five Analog Devices divisions arrive on
different days to try to sell a part into a particular application. So, we also have
some coordination problems.

If | said to you, what do think the reaction of the General Managers is [to the
scorecard]? You would probably say they must hate it. In fact, they love it.
“Now”, they say, “I know what | am being held accountable for.” No
ambiguity, all definitions worked out, all linked up in such a way that they
meet their objectives. We aggregate it up to the corporate one. We meet our
objectives and, if chosen properly, we will make the greatest advances in the
value delivered to our customers that we can make as an organization. [If] the
Corporate [QIP] Council has chosen [the right] things that need improvement
than we will succeed in [achieving our objectives].
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[Note: I'm unable to identify the actual slides that were used with the
following paragraphs. They apparently were working slides of then current
data that | did not normally use in presentations. However, the text is self-
explanatory].

Let me take one minute to show you some other dimensions of improvement.
These are our factory cycle times. They are down to 45 days now and they will
be down to 35 days by the end of 1989. That is world-class. If you go to a
Japanese integrated circuit manufacturer, 45 days is a pretty good number for
them. So we have made very, very significant improvements in factory cycle
time.

Let me make one comment on that, there is rarely a situation, in my
experience, where if you have a well thought out set of performance
measurements, that you can improve one without improving another, [if] you
are really taking it seriously when you are identifying root causes. The
spill-over factor is immense: what you discover as you try to improve on-time
delivery are things that help you [improve] your cycle time, help you improve
your quality. Everything is linked together in a very positive way. If you are
really doing a thoughtful process of identifying root causes and taking
corrective actions. So cycle times are down.

Audience: Excuse me, could | ask how you measure that? Do measure that in
WIP dollars?

Speaker: We measure it through our MRP system, in terms of tracking lots as
they move through the manufacturing process. So it is actual time not WIP.
We do have some WIP in the system, and we count that WIP only when it is
not in the production plant. In other words, if it is just a temporary holding
area for material ...let me stop for a moment and tell you a little bit about
manufacturing process. We have a front end and a back end. The front end is
called [wafer fab]. We have about 15 process locations in there and a typical
product will go through about 150 process steps, so it is a recursive process. It
is not like most manufacturing facilities where product moves smoothly from
one to the other and then out. It goes around in loops, and that is why it used
to take us 26 weeks. Most of the 26 weeks was figuring out where the stuff
was. So what we do is we measure cycle time in the manufacturing process as
actual residence time in manufacturing. However; there are places where we
have strategic inventories, and [we exclude time there from the calculation].

In our outgoing, defect levels are trending down. And finally, the closest | can
get to what I told you was where the rubber meets the road ... and that is to
say that we are all in this for one reason and that is to be rated number one by
our customers. So how do we rate it? Well, some of our customers actually
do rank their suppliers. HP will tell us we are 2 out of 8. Most [customers]
have not reached levels of sophistication with respect to their vendor [rating]
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systems that they can tell us how we rank. Some of [them] even question
whether they should tell us how we rank relative to our competition.

What happens on a corporate-wide basis is everyone sends me any
measurements that our customers make on our performance. The two
common things that they measure, almost every one of our major customers
measures, is our on-time delivery which is usually a % and our lot acceptance

rate on quality level in terms of their incoming quality. So we just take that
and we average it.
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The customers that you see on the right are currently in the database, and we
add more and more everyday. We publish a quarterly report, which goes out
to our sales force. It, basically, summarizes these data. What that data says, is
that this group of customers has seen our on-time delivery improve at the rate
of 50% every twelve months - not inconsistent with our own internal records.
They will say today that we are at the high eighties. There is a lag, as often we
get this data a quarter after the measurements. So we would say, "No, we are
in the low nineties today", as you expect [with] that kind of lag. So thereisa
great deal of consistency between our measurement of our on-time delivery
and their measurement. That is what it looks like in terms of delivery and,
finally, what it looks like in terms of [quality].
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Slide 19
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[They see a] 50% improvement every 8 months in terms of [our quality] efforts.

What | would like to be able to do someday is to stand up in front of you and
say [for example, is] that 60% of our customers rate us as their #1 supplier by
whatever criteria they choose to use. To me, that is the ultimate in
performance measurements in terms of ones’ business success.

Let me just finally say that all of what | have shown you may look deceptively
simple. What we have learned over the last three years is this whole area of
performance measurement is far more complicated than one might think on
the surface. You have to understand what you are measuring and make sure
that they’re really linked in your business objectives. You have to get
consensus within the organization on the definitions if you're really going to
measure the right things. If those things improve, business improves. You
have to make sure that you have timely systems. You also have to make sure
that you have visually pleasant systems so people can look at the data in an
efficient way to figure out what the hell you are supposed to do with it. All of
that takes a great deal of time and effort and a great deal of arm twisting and
occasional intervention from the Chairman of the Board to twist an arm here
or there. | think that it all pays off. And it all pays off when the customers say
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to you, "You are the most improved vendor.” Or, when, ultimately, your sales
engineers say, “You know, | am spending more of my time selling and less of
my time expediting today.” So those are the ultimate tests of any performance
measurement system.

Audience: You say that you use goals frequently. How do you reconcile that
with the velocity of continuous improvement? Are you changing the goal?

Speaker: Absolutely. Everybody knows that the goal is really the nine month
rate of improvement, or the twelve month rate of improvement, depending on
what you are negotiating; depending on the complexity of the problem.

Audience: Because there is always the tendency to be satisfied when you
achieve [your] goal?

Speaker: Let me give you these as an example. | told you that we do things
with respect incenting and rewarding. Every employee of Analog, direct or
indirect, is on the bonus system. It depends on corporate performance.
There is a pay out factor determined each quarter as the bonus is paid. We
also wanted to give [additional] incentives to [the] people at the divisions. So
we have something called [the] Divisional [Adder]. It is for exceptional
financial performance. If you really exceed your financial goals, significantly,
then, in addition to getting [the] normal corporate bonus, [there] is a little
added for your [division].

The way that we handled quality related measurements is that we put in
basically thresholds. No matter how well you do financially, if you are not
above 90% on-time delivery during the last six months of the year, and if your
new product bookings are not above a certain level, then you will fall out of
[the Divisional adder] bonus. In fact one of the things | have to do today is
prepare for a meeting next week in which we set goals for next year. Goals for
1987 - 1988 was 90% on-time delivery, 1989 is 95% on-time delivery. In 1990, this
will be 97 1/2% on-time delivery. So nobody is in a position where they can
say that they have reached goal and that it is good enough.

[That’s] moving targets, continuous improvement. In fact, [from] this graphical
way of showing [our performance] today, you can see that it is continuous. It
is not something in which a division goes flat when something improves.

Most of the points are within control [limits].

Audience: So all of these targets have been set by [the half-life method]?

Speaker: Yes, people seem to like that. It is something | accidentally
discovered a number of years ago on a very, very long flight home from Japan.
People like the idea that, intuitively, there is a measurable, quantifiable rate of
improvement that one can measure themselves against. It seems that a nine-
month half-life is the right thing to do, a nine-month rate of improvement.
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[If] they are at eighteen months, they will call me up, and say that something is
not going right with our QIP, could you come and sit in? You sitin on the
meeting, and you diagnosis it, and begin to realize that there are not the right
people in the room, [or] someone there is dominating it, or it is not being
facilitated properly, or the systems that they have in place don't provide them
the data that allows them to identify root causes.

Same thing on the other side: that division that has made a sudden and very
rapid rate of improvement had finally formalized things in terms of QIP
[implementation]. They put together the right group of people, put a very
high priority on it, and they were able to deal with some of the cross-
function]al] issues.

One of the things that | proved today and yesterday, are [that for] problems
that we wrestle with, most of the issues are cross-functional. When | first
started making these measurements, people in the factories said, “It is not us,
it is people in credit. That is why the stuff is [late]. Itis credit policies.”

People in credit said, “Baloney, we never have the material [to] ship.” Until
you have the measurements in place, and are able to sort these things out, and
say, “Look, guys, this is the breakdown between responsibility. How can we
work together to solve some of these things?” And that is happening.

Audience: That was my question. | was curious as to what [happened when
you] incorporated various areas of responsibilities for problem [solving]. My
question is, who determines that responsibility and if you have a problem with
people assuming that responsibility?

Speaker: It is all done automatically. What happens in our tracking system is,
each day the computer scans through every line that had a [scheduled]
shipment of that date and it says, did yours ship by that date? If the answer is
no, then it asks the question, was there inventory? Was the customer on
credit hold? When a customer is on credit hold, a flag goes up in the system
that prevents shipping documents [from being printed]. So it would scan that
flag to see if the flag was up. Itis a very logical thing - there are 15 different
categories.

Each of the 15 categories has an owner [from] among those four groups.
People have said, “Ok, I'll own that one.” Some of them are a little blurry;
some tend not to fall neatly and cleanly into one of those four categories. So
someone says, “Alright, I'll take that one if you take this one.” They may end
[up] being in the position where they [have] to get people to cooperate with
them [from] outside their area of control in order to solve that problem.

Audience: Is it a normal reaction to solve the problem versus going on a witch-
hunt to find out who screwed up?
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Speaker: It is now. Wasn't before performance [measurement]. If you don't
measure, [it] doesn't get better.

Audience: Who sets the goals?

Speaker: The Corporate [QIP] Council. What | do is, at the time of [our]
benchmark planning, I use half-lives, historic performance and [our] 1992
goals. | sit there and move things around. | require more of the bigger
divisions [then of the smaller ones]. [They] have greater influence on where
we are in 1992. | send out a [strawman] proposal of their goals. One of our
divisions came back and said that they could do better than that. [Previously
that] division was [unwilling to set aggressive improvement goals].

Audience: Why?

Speaker: Because of labor issues [there], there has been an incentive from the
first day [to form workgroup teams]. [It] is the only place that we have a union
in our company. [From the] first day there was a strong incentive for us to
have [quality circles]. So we started [quality] circles there 7 or 8 years ago; very
soon after, we started that division.

All of these circles led to its way [of improving quality]. It didn't [get] a hell of
a lot of improvement [though] because all of these circles are functionally
oriented rather then cross functionally oriented. The important thing was that
we had six years of people trained in [quality] circles. So they [understood
fishbone] diagrams, they knew about control charting, they knew about [other
QC tools]. This was [the] basic tool[s]. So, in one sense, you have people
down at the bottom of the organization [who] know and understood the tools.
Problem was they did not have the empowerment [from] above to use those
tools.

So we brought in [a new] general manager. He came from National
Semiconductor; he managed their facilities over in the Far East. He [had]
taken that facility through TQC. He's a young guy, very enthusiastic, a real
leader on this stuff, and he started at the top. | went over there every month
for 8 or 10 months and worked with the people there to get the structure in
place. We signed up one of the people, a very popular person in the
organization, to [be] a full-time [QIP] facilitator. We put together a structure,
[facilitating] and everything. He drove the top, and the people at the bottom
drove because they now had [leadership] with zeal. It is one of these things
that is, absolutely ... if I can show you, if | find it quickly. That division, once
they got their stuff together... they went through an easy time.
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There was a point there that they went into negative improvement. But once
they got their act together, put together their team, they just started driving
this process down like crazy. They are the ones now setting [the standard] on
half-life. My proposal to them was [a] goal for 1989 of 96% on-time. They said
that it is not good enough, 97% is our goal. | said your goal for output ppm is
300; they said it was not good enough, 100. Everyday they post, in the
cafeteria, what their outgoing ppm was. When you walk into the cafeteria,
people gather around. Now it helps to walk over and give them a check for
$750,000. (Laughter) That check, by the way, is shared by everyone, so that [it]
is a team reward, not individual.

Audience: I'm sure that check was minor compared to what the work benefits
[??27].

Speaker: Yes.

Audience: You talked about the ownership of a problem or bench[mark]
process, when did you start?
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Speaker: Ok, within the last couple of years. We have had a problem at
Analog in terms of accountability. One of the things with Analog is that we
have a no layoff policy in the company (which is different [from a lifetime
employment] policy). But people have gotten to feel very secure, and the
company, probably as a defensive mechanism for that, never really held
anybody accountable.

So it was remarkable when | realized some of the managers that | was dealing
with when | first arrived here, had failed in everything that they had done the
previous 10 years, [and] were still there. And that was because people were
not held accountable. They did not own things. If it didn't work, then the
whole group seemed to take responsibility for it. We are moving away from
that, we are not forcing the issue on people but we are [having] to own
something and to measure it. To get rewards or not get rewards is a
consequence of how well they perform against those measurements.

Audience: Does that computer program that you have, does it come down to
details like [???] not in file? [???] revision to it.

Speaker: Right now, the measurement system we have at that level of detail is
only customer service: on time shipping to our customers. My philosophy for
measurements is that there is [a] hierarchy [of measurements]. You can't just
have a top measurement, which aggregates things and looks at Analog
Devices customer service on a corporate basis, or time [to] market on a
corporate basis. You have got to move down to the next level, which,
basically, is what people, for example, in the division, are looking at. What is
the engineering manager looking at? Then, down to individuals; what are they
looking at?

| [even] try to encourage people to come up with their own measurements of
their own performance. Did I get this job done on time, if no one else is
measuring it, what percent of the time do | get my job done on time? So there
is a whole hierarchy of those measurements that we have to evolve over time.
We don't have them yet.

Audience: | assume that there are a number of different things that you want
to put in on-time delivery [metrics]. You didn't [have] those all at once. Did
you come in and start one at time?

Speaker: We started the on-time delivery one in [the] fall of 1985. The other
ones, | started about a year ago. What we call the manufacturing measures
which are the yield, cycle time, stuff like that. The one we have had the
greatest difficulty with, to be honest with you, is time on market. Everybody
struggles with that because when you are coming up with new products, when
do you start? When do you finish? We have one division, which released
products and doesn't ship them for a year after it releases them. The data
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sheet is out on the product and we try to buy it. Lead-time is about 50 weeks.
We have another division that sells product, because that is the nature of the
business that they are in, before they release it. So how do you define time-to
-market? Even once you define time-to-market it, how do you get down to the
level, ... which is what we will learn about tomorrow when we talk about
project management ... how do we get down to the level of controlling that
process? When you think about project management, part of project
management is performance measurements. If we don't hold people
accountable for the dates in the project management system, then it is
worthless.

[End of presentation of Analog Devices on Performance Measurements]
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APPENDIX

[The following is an edited version of the presentation that | gave on January
17, 1989 at the “Academic/Practitioners Operations Management Workshop”
sponsored by APICS and Babson College. The presentation was audio taped,
but the tape quality was too poor to get a verbatim transcription. Prof. Rao,
who chaired the workshop, produced this summary based on the overheads,
audio tape and other published sources. This summary, along with those of
the other presenters, was published in late 1989.]

PERFORVMANCE MEASUREMENTS!
by
Arthur M Schnei der man
Anal og Devices, Inc.

At this presentation | amgoing to talk as a
practitioner about performance neasurenents at Anal og
Devices. Let ne first take a few mnutes to tell you what
Anal og Devices is and what we do.

We are a conpany that is headquartered not very far from
here in Norwood. W are publicly held and traded on New
York Stock Exchange. Qur 1988 sal es were $440, 000, 000. W
are approximately equally split in the business done in the
US and in the rest of the world. W have 5, 400 enpl oyees,
approxi mately, worl dw de.

We are in the sem conductor business. W serve what is
called the data acquisition market. We are a fully
i nt egrated manufacturer: we design, manufacture, market and
sell our own parts on a world wi de basis. Those parts are
called nonolithic integrated circuits. Many of you may be
famliar with our digital counterparts--nenories, mcro
processors, etc. Qur products are nuch the sane. W al so
make ot her conponents: hybrid IC s, assenbl ed products and
we have a small effort in the board | evel area of
sub- syst ens.

| said that we are worldwide in the distribution of our
revenues. We do significant business in Japan--about 17% of
our revenues conme fromthere. And, our market share is
growi ng in Japan and the linear integrated circuit
busi ness, where we are the dom nant suppliers, is one of
the few businesses where the U. S. has a positive bal ance of

‘Edi ted by Ashok Rao, Babson Col | ege.
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trade with Japan. Part of our success relates to the fact
that we nade substantial investnents in R&. In fact in
1987, 15% of our revenues were allocated to R&. Since the
U S. Governnent defines a high-tech conpany as one that
spends nore than 5% of its revenues in R&D, we are a high,
hi gh-tech conpany. Qur plans for the future include growth
over the next five years are in the 20-25%range. W expect
a significant (179 operating profit and profit after tax
(9.4% and a healthy return on capital (15%. So up to this
point in tinme Anal og Devices has not suffered the sane fate
as other I C manufacturers while it has participated in the
world market. It is our objective to nmake sure that we
avoid that pain as we nove into the future.

As a start Anal og Devices has a m ssion statenment which
I's made known to nearly every enpl oyee of the conpany. It
is given to everyone when they first arrive at Analog. It
was prepared in the md 70's and has been, with m nor
nodi fications, the corporate objective for a very
significant period of tine. Wat is unique, when you think
of the time franme, is that the corporate objective al ways
recogni zed that the stock market is not the sole
constituent of the conpany. Ray Stata, who is co-founder of
t he conpany, president and CEO, and true visionary by any
definition of the word, recognized in the md 70's that
successful conpanies could not last if they had a one
di mensi onal view of their purpose. And so he very clearly
identified in terns that have not changed nuch over tine,
the broad m ssion and broad objectives for Anal og Devices
with respect to three major constituencies: our
st ockhol ders, our custoners, and our enployees. In neeting
the needs of these constituencies we feel very strongly
there are significant overl aps. These are what | cal
Anal og Devi ces business objectives. It is our view that we
can not satisfy the needs of any constituencies | nentioned
wi t hout neeting our business objectives. By neeting our
busi ness objectives, we create value that the stock market
recogni zes in ternms of our stock price, we create
opportunities for our enployees with respect to their
i ndi vi dual careers and, we generate funds that allow us to
i nvest 15% of our revenues back into the business and bring
new products to our custoners to better neet their needs.
These busi ness objectives are a kind of glue that bonds
these constituencies together for Anal og Devices. \Wen we
t hi nk about performance neasurenent we think of directions
for the conpany according to these busi ness objectives. W
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recogni ze these are necessary, but not necessarily
sufficient, to satisfy each of our constituencies.

One of the ways we think about what the right questions
are to ask is by |l ooking back to quote fromKipling: "I
keep si x honest serving nmen. They taught nme all | knew.
Their nanes are Wat, and Way and When and How and Were
and Who". The Japanese too have picked up on this and you
m ght come across their expression: "Five Ws and an H'.
Very often in a neeting in Japan, soneone brings up "Five
Ws and an H' as a kind of code termto bring people back
to focus on rel evant issues.

At Anal og Devices we use these to guide the quality
i mprovenent process (Q P). Sone people use (QP) as an
acronymfor quality inprovenent program W avoid the word
program because it usually inplies a beginning and an end.
W believe (QP) is a process that will continue forever.

The first question is why, what we try to identify is
why do we want to nmake neasurenents? You want to nake
measurenents in order to quantify the things inportant to
our business success. Wien we have identified themthere
may be several broad business objectives that are not
guantifiable yet so we cone to the second question, what
nmust be nmeasured? We need to develop a conplete set of
surrogate netrics. \Wen these inprove we will be noving in
the direction of our objectives. It is not at all an easy
t ask.

Once the keys to our business and the ways of neasuring
are identified, we answer the third question, when? At
Anal og we use a planning tool called "inprovenent curves".
Many of our goals are set around the rate of inprovenent
--sonething called half-life. This is the tine taken to
reduce an undesirable effect by 50% | will discuss this in
nore detail later on. Next, we identify who is responsible
and accountable for neeting these very aggressive goals. W
make sure that there is an individual or a group of
i ndi vidual s that own the neasurenent. These peopl e have the
control and the ability to inprove what is being neasured.
In addition they nust be given the resources to achieve
that goal. Next, where? W design a formal tracking system
that nmakes sure that the goal and results are exam ned on a
quarterly basis and on an annual basis in terns of our five
year strategic plan
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Finally, we provide a feedback process to make this
dynam c. Continual inprovenent is encouraged by
under st andi ng the vari ance between current performnce and
goal, understandi ng the root causes of that variance and
having a plan defining corrective actions to be taken to
cl ose that gap. In addition, people are incented and
rewarded in terns of these perfornmance neasurenents in the
same way they have historically been incented and rewarded
with respect to financial performance. The whol e area of
perfornmance neasurenents at Anal og Devices is managed by a
group called the Corporate QP Council. This group includes
the president of our conpany, several of our
vi ce-presidents, general managers, and our director of
corporate training and devel opnent. The group deals with
five issues including:

- How to reorganize on a corporate-w de basis to inprove
quality within the conpany?

- How do we identify our goals and depl oy them downward
wi thin the organization?

This is the subject we are discussing today. Corporate QP
efforts follow the nethodol ogy devel oped by Juran!. In
addi ti on we have extensive nonitoring systens. Performance
measurenents are nade avail able to everyone that needs them
within the corporation

Exhibit 1 shows Anal og Devices QP goals. They | ook
deceptively sinple. But, it took us two years of very
extensive effort by 200 people within the corporation to
arrive at the consensus that this was the right view of
Anal og Devices, as we would wish it to be in the future.
Currently we are |leaders in narkets we conpete in, being on
average, 2 1/2 tinmes the size of our nearest conpetitor.

Hi storically, we are a growth conpany and we want to
continue to grow at a rate twce the growh rate for

mar kets where we dom nate, which is about ten percent a
year. This neans we need to identify new nmarket and product
opportunities in a way that naintains our |evel of
profitability.

The single performance neasurenent we ook at is to be
rated nunber one by our custoners in total value delivered.

*Juran, J. M, Planning for Quality, Juran Institute Inc.,
1988.
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The choice of those words is very significant. Over the
years Anal og has been know as a supplier of the highest
performance of integrated circuits in the industry. Qur
custoner delivery was not always on tinme and our product
was not always reliable but when it did work it

out perforned anything else in the market. W have cone to
recogni ze that the markets are changi ng. Product
performance is not the only issue. Today the custoners
decide to buy fromus or buy from sonebody el se based on
sonething called total value. It is our objective to be in
the position where at sone point in the future we can show
peopl e data that says, "our custoners neasuring our
performance relative to our conpetitors rate us nunber
one." If our custoners believe that we are the best
supplier then we cannot hel p but neet our business

obj ectives. Today these custoners tell us they want us to
conti nue providing the right products but, also to provide
those products with |ow defect levels, on tine and within
their leadtime requirenents. In order to achieve this,
Anal og determ ned we need to inprove our tinme to market,
reduce the process ppmwhich is the defect level within the
manuf acturi ng process, our manufacturing cycle tine and

I ncrease our Yyields.

The corporate QP council has set objectives with
respect to those performance neasurenents for the year
1992. As a starting point, consider where Anal og stood on
bot h external and internal neasurenent in 1987:

- Ontine delivery for our custonmers was about 85% It is

a significant inprovenent over the previous two years

where it was nore |ike 60%

- Defect levels were 500 ppm whi ch was down from 5, 000
ppm This had been achi eved by adding a significant
amount of inspection.

- Qur leadtines were 10 weeks.

- Qur manufacturing cycle tinme was 15 weeks whi ch had cone
down from 26 weeks in md 1986.

- Qur yields were only 20%

- The tinme to market on a significant new product |ine was
three years.

Exhibit 2 shows these nmetrics and the status in 1987.
The next columm shows the half-life in nmonths. A nine for
t he outgoing defect |evel indicates we expect to reduce the
defect level by 50%in nine nonths. Conpounding that to
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1992 and adjusting for realism we arrived at the 1992
goals. Notice the manufacturing cycle tinme of four to five
weeks and a leadtinme of |less than three weeks. This inplies
inventory. It is the view of our technical people that four
to five weeks is the theoretical limt of tinme required to
manuf acture the products. So we will need to provide for a
strategic inventory necessary to nmeet our custoners

| eadtime. That will not be finished goods but, in process
inventory. We will do no outgoing inspection of what we
ship to our custoners.

| will not show you costs but, will say that as a
conpany we have not reached a stage that we are abandoni ng
costs as a useful piece of information. W can still learn

by under standi ng our costs and nanagi ng them particularly
in today's conpetitive world. Mdst conpani es have sone sort
of financial tracking systemand a set of financial goals.
In their hierarchy of perfornmance neasures, financi al
measurenent is usually considered to be superior to any

ot her nmeasurenents that are put in place. At Anal og we set
a parallel systemin which we have financial neasurenents
but also quality related goals and neasurenents. There is a
grow ng sense that it is the quality related goals and
nmeasurenents that should be the focus of our attention. As
a conpany we are beginning to believe that neeting the
quality goals will result in neeting the financial goals.
Exhi bit 3 shows the QP goals and the financial goals. W
are now beginning to collect data on these in a consistent
way across the corporation. | should also note that we have
suppl enented our traditional financial neasurenment with a
revenue nodel. A conpany |ike Analog grows in direct
proportion to new product introductions. These products
have very simlar revenue life cycles. So the revenue node
| ooks at the nunber of new products introduced, the
expectations for those products with respect to peak
revenue, and the time to reach that peak, and projections
of when the revenue will decay. Fortunately our products
have long life cycles partly because we are heavily
involved in the mlitary and avi oni cs busi nesses. Qur
products take ten years to reach peak revenue and decline
over a fifteen year period. So our products have a
twenty-five year life cycle. The bottom box on the right
hand si de under financial goals shows we track our new
products, the bookings, and the nunber of introductions in
a period of tine.
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The QP goals are not easy to establish. For exanple,
consider on tine delivery. It would seemto be pretty
sinple--either it is shipped on tine or not shipped on
time. It turns out to be nmuch nore conpl ex. Recall the
nmeasurenents i ntended as surrogates for our objective. Qur
objective is to neet our custoner needs with respect to
delivery. Just aimng at on tine delivery is not enough
because, you have to ask questions like: What if | mss?
How | ate am | when late? What if |I'musing very |ong
| eadti mes? What if the customer wants it in two weeks, and
| tell himhe can have it in twenty, and when |I get it to
himin twenty weeks, should we be satisfied with that? So,
on tinme represents a detailed set of neasurenents that | ook
at what we ship when we proni sed our custonmer that we would
shipit. If it was not shipped on tine, we establish who
was responsible for the |ate shipnent. This could be one of
four groups: either the factory who didn't get the product
made in tinme, our credit people who del ayed product
delivery because of credit related issues, our warehouse
departnent, or our custoner. For exanple, our custoner nmay
call around Christnmas or Thanksgiving to say they are going
to shut down for a week and the product shipnent shoul d be
del ayed. We al so | ook very carefully at |eadtines. W
exam ne what our customers want and what we are quoting and
the difference between the |eadtines.

Above the dotted |ine, the neasurenments you see are
manuf acturi ng perfornmance neasurenents. But, there is nore
to a conpany than manufacturing. For exanple, the neasure
turnover. This is turnover within the direct |abor force
and within our indirect |abor force. It is the sane
definition for each of the seven divisions of Anal og
Devi ces | ocated around the worl d.

An inportant issue relates to the tineliness of the
data. Measurenents and support of the QP goals are
avai l able within three days of the end of the nonth. The
financial statenents take a little |onger. W have el even
whol |y owned affiliates in Europe and Asia that sell our
products. They have their own neasurenent systens.
Financial data fromthe affiliates can take up to four or
five weeks to arrive. W are focusing on ways to obtain
this data within one week of the close of the nonthly
reporting period. Data for QP neasurenents are published
daily producing a | ot of paper. Shortly it will be
avai l able on line. At Analog we are able to collect all of
this data within three days.
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| cannot overstate the inportance of providing a well
t hough out vehicle for showi ng data. The charts I will show
you | ook very conplicated but they are easily understood by
peopl e effecting the inprovenents. The chart is currently
avai l able on line and in an executive information system
It was very difficult to get on to the systemafter the end
of the nonth because that is the time everyone runs to
their termnals to see what they have done and what ot her
peopl e have done. Exhibit 4 shows the data for on tine
custoner service. Across the top are the manufacturing
di visions, and the last colum is the aggregate for al
divisions. On the vertical scale we record the percent of
lines that did not ship by the date we pronmised to ship to
the custonmer using a sem-logarithmc scale. It shows the
di vi sion noted as ADS shi pped approximately 33% of its
lines late in the first quarter of '86. Over tine this had
declined to 8°/ by the fourth quarter of '88. Notice that
the poi nts bounce around the |ine drawn here.

Wen is it statistically significant? Fortunately
statistical quality control allows us to know when the
departure fromthe line is significant. The next exhibit

shows you two Iines on either side of the central |ine
representing control limts. The system | ooks at the |ast
three nonths. If the performance is above the upper contro
limt the circle is replaced with a red "+"; if it is below
the lower control limt it is shown as a green "+".

Three days after the end of the nonth when the data
appears the chief operating officer will call the person

responsi ble for the data to ask what has happened. "Lots of
things" is the wong answer. It has to be one or two major
t hi ngs that happened. Since people get daily reports
show ng the nonth to date, they know the question will be
comng. Simlarly, a question is asked if a green "+"
appears. This inplies sonmething different was tried and it
worked. By identifying it, the successful actions can be
shared with ot her people.

The circles are converted to +'s only for the last three
nmonths. |If earlier data was al so converted to +' s people
woul d feel they were being held accountable for m stakes
made six nonths earlier. So, earlier points on the chart
are shown as circles even though they fall outside the
control limts.
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At the bottom of the Performance Measurenent Chart the
half-l1ife in nonths is noted. For exanple, ADS has a
hal f-1ife of eight nonths. This nmeans that the percent of
lines |ate should decline by 50%in eight nonths. My
estimate for typical inprovenent in on tinme delivery is a
half-1ife of nine nonths. That is based on | ooking at
nearly one hundred inprovenent projects wthin conpanies
ot her than Anal og Devices. As a consultant for six years, |
had the opportunity to work with conpanies all over the
world in the area of quality inprovenent. A lot of data
coll ected pointed in the direction of there being sone
normative patterns with respect to the rate of |earning.
Wth these kind of problens, 50% i nprovenent every nine
nont hs represents a good target. So a division |like MED
with a half-life of 60 plus nonths is having serious
probl enms. One cause can be a change in general managers.
Anot her nmay be the consolidation of two divisions. If a
di vi sion does very well it gets an extra bonus or division
"adder". Two nonths ago one division of 600 people was
presented with a $750, 000 bonus check.

This is called a corporate performance audit. Wthin
Analog, it is called a "score card.” W have had to
di sti ngui sh perfornmance neasurenents by busi nesses. Sone of
our business involves |IC manufacturing, others involve
assenbl i ng products. These represent fundanental
di fferences on how they are produced. Aggregating their
perfornmance neasures into a single nmeasurenent |oses the
nmeani ng. So, at the highest |evel of aggregation integrated
circuits and assenbl ed products are differenti at ed.

For the bench mark pl anning process, we start with where
we ended in 1988. Then in 1989 a new | evel of perfornance
IS negotiated. Using rates of inprovenents, we cone with
i ndi vidual quarterly nunbers and this is built in to the
computer. At the end of each quarter the actuals are
printed out. | receive the print-out and sit there with two
pens, a red and a green. The red circle identifies
sonmething that is "bad" and the green circle identifies
sonet hing that went "good". At a quarterly general managers
nmeeti ng each general manager stands up for 10 mnutes to
explain the red circles and green circles to their peers.
This pronotes internal conpetition. In fact, as a conpany,
when they do a conpetitive analysis nost divisions find a
sister division is their nost serious conpetitor. This is
because we often have several different products with
simlar function and the sanme application.
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What do you think is the reaction of the general
managers? You woul d probably think they hate it. In fact,
they love it. Now they say they are being held accountabl e.
There is no anbiguity, all definitions are worked out and

they are all linked up in a way ainmed at neeting their
corporate objectives. They realize that by neeting their
objectives they will make the nost advance in delivering

val ue to the custoner

Concl usi on

Thi s process has been successful al ong several
di mensi ons of inprovenent. For exanple, consider factory
cycle tinmes. They are now down to 45 days and are projected
to be down to 35 days by the end of 1989. That is world
class. If you go to a Japanese integrated circuit
manuf acturer, 45 days is a pretty good nunber for them
There is rarely a situation in nmy experience if you have a
wel | thought set of performance neasures that you can
i nprove one without inproving another. The spillover factor
I's imense. \What you discover as you try to inprove on tine
delivery are things that help you reduce your cycle tineg,
hel p you i nprove your quality. Everything is |inked
together in a positive way. If you are really thinking
t hrough a process of finding root causes and taking
corrective actions, all performance neasures will inprove.

Finally, we should note that the purpose of all this is
one reason and that is to be rated nunmber one by our
custoners. So how do we rate? Well, sone of our custoners
actually do rank their suppliers. Other custonmers have not
reached the | evel of sophistication with respect to their
pur chasi ng systens that they can tell us how we rank. Sone
custoners question whether they should tell us how we rank
relative to our conpetition. So, corporate w de, everyone
sends ne neasurenents custoners make on our performance.
Most of our mmjor customers neasure on-tinme delivery and
our | ot acceptance rate. W take these and average them
Several custonmers are in this database and we add nore
every day. We publish a quarterly report summari zing these
data. These data show that our custoners have seen our on
time delivery inprove at the rate of 50% every ten
nmonths--this is consistent with our own interna
nmeasurenents. There is a lag in obtaining this data so it
is generally presented one or nore quarters after the
measurenents. We find that there is a great deal of
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consi stency between our neasurenents of on tine delivery
and their neasurenents.

| would |ike to be able soneday to stand up in front of
you and say that 90% of our custoners rate us as their
nunber one supplier by whatever criteria they choose to
use. To nme, that is the ultimate in perfornmance
measurenents in terns of one's business success. \Wat |
have shown you m ght | ook deceptively sinple. But we have
| earned over the last three years that the whole area of
per formance managenent is far nore conplicated than it
appears on the surface. You have to understand what you are
measuring and make sure that it is really |linked to your
busi ness obj ectives. You have to get consensus within the
organi zation on definitions if you are to neasure the right
thi ngs. Wien those things inprove, business inproves. You
have to make sure the systens are tinely. You have to nake
sure you have visually informative systens so people can
| ook at the data in an efficient way to figure out what
they are expected to do with it. Al of this takes a great
deal of tinme, effort, and armtw sting with occasiona
intervention fromthe chief executive officer. | think it
all pays off. It pays off when the custoner says "you are
the nost inproved vendor” or when your sal es engi neer says
"you know | am spending nore of ny tinme selling and | ess of
nmy time expediting today." So those are the true ultimte
tests of any performance nmeasurenent system



APICS Presentation January 17, 1989 Appendix 12

Exhibit 1
ADI QIP GOALS I
BUSINESS MARKET LEADERSHIP (RMS)
OBJECTIVES: REVENUE GROWTH

PROFITABILITY

DRIVERS: BE RATED #1 BY OUR CUSTOMERS
IN TOTAL VALUE DELIVERED

EXTERNAL LEVERS: PRODUCTS
DEFECT LEVELS
ON TIME DELIVERY
LEADTIME

INTERNAL LEVERS: TIME TO MARKET
PROCESS PPM
MANUFACTURING CYCLE TIME
YIELD

©1987-2000 Arthur M. Schneiderman All Rights Reserved. c. 1089-AMS_5
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Exhibit 2

ADI QIP GOALS
IC OPERATIONS, ESTABLISHED PRODUCTS

METRIC 1987 HALFE-LIFE 1992
EXTERNAL
On time delivery 85% 9 >99.8%
Outgoing defect levels 500 PPM 9 <10 PPM
Lead time 10 wks 9 <3 wks
INTERNAL
Manufacturing Cycle Time 15 wks 9 4-5wks
Process Defect Levels 5000 PPM 6 <10 PPM
Yield 20% 9 >50%
Time to Market 36 mths 24 6 mths

WHILE AGGRESSIVELY PURSUING
CORPORATE-WIDE COST MANAGEMENT

©1987-2000 Arthur M. Schneiderman All Rights Reserved. ¢. 1989-QS-16B
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Exhibit 3

QIP Goals

On-time

Goals Deployment and Tracking

Financial Goals

©1987-2000 Arthur M. Schnei

. - Revenues *#NP
External: 5;2%%23|b|||w < Revenue « Peak
Lead time Revenue Growth Model « Time to peak
« Decay
Cost
PPM P Profit
l
ROA
Internal: Mfg cycle time
TT™ NPBR
Yield < hIA
# Intros
Process PPM
Paperwork reduction .
Cost reduction
Turnover v

QUARTERLY SCORECARD
ANNUAL BENCHMARK
ANNUAL STRATEGIC REVIEW

derman All Rights Reserved. c. 1987-QP-4
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Exhibit 4

On-Time Customer Service Performance
Quarterly Data (1Q86 —4Q88)

ADS ADBV  MED CLD IPD DSP  MDL ADI
100
: nﬂn", .nn
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e
17 35 35 43 41 22 81 32

HALF LIFE IN MONTHS
©1987-2000 Arthur M. Schneiderman All Rights Reserved. c. 1989




APICS Presentation January 17, 1989 Appendix 16

Exhibit 5

1001
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Percent of Scheduled Lines Due But Not Shipped On Time
Customer Service Performance (Jan 88 Through Dec 88)

ADS BVADM MED CLD IPD DSP MDL ADI

i
7

Half %ife
(In Months)

25 7 11 60+ 21 12 N/A 31

©1987-2000 Arthur M. Schneiderman All Rights Reserved. c. 1989




