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Hello everyone, and thank you for tuning into another edition of the Purchasing & Supply
Management Podcast Series. This is your host Charles Dominick, the founder and
president of Next Level Purchasing. In this podcast, we'll be talking about what is arguably
the most complex issue in supply chain management: optimization.

Editor's Note: Other editions in the Next Level Purchasing podcast series can be found here.
Joining me today is Michael Lamoureux. Michael is the editor of the very popular Sourcing

Innovation Blog and is president of ToP KaTS Consulting- a consulting firm with expertise
in modeling, optimization, and supply chain processes. Good morning, Michael.

Good morning Charles.
Thanks for joining us today.
You're welcome.

Michael, you have some very impressive educational credentials. So before we even get into
optimization, can you tell our listeners a little bit about your background? I just think that this
will give them a better appreciation of the intellectual horsepower that is necessary to master
what is ""'under the hood™ of some of today's advanced technologies.

Good Question and Tough Question.

Academically, | have a Doctorate of Philosophy in Computer Science, specializing in something
called multi-dimensional and spatial data structures and computational geometry, which
followed my Masters in Computer Science in multidimensional data structures and algorithms
and my Bachelors in Mathematics. During my undergraduate studies and the first part of my
Masters, | spent a lot of time studying dynamical systems, complexity, and fractal geometry.
During my Master's specialization, this shifted a lot into the fields of automata, finite systems,
and advanced combinatorics. The only constants throughout were set theory and abstract
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algebra. In plain English, | have a lot of education in the fundamentals of mathematical
algorithms and computation, or what it takes to design, create, and implement very sophisticated
algorithms and models.

Professionally speaking, in addition to teaching University throughout half of the 90's, starting
part way through my Master's degree as a lecturer, | started consulting with Industry as well, first
on professional development and training, then on system design and implementation, and finally
on processes and process development. Also, in the 90's, it started out in proper internet and web
development methodologies and design, such as the classic two-and-three tier web development
network topologies in particular, and then moved into e-commerce, primarily B2B and B2C. By
the time the naughts hit, I had completed my graduate degrees, and had moved into the sourcing,
procurement, and supply chain industry full time, starting in 2000 with a then unknown start-up
called MindFlow Technologies.

Then, for the last few years, | moved back into the supply chain and sourcing space full time as
an independent consultant, and an analyst from a blogging perspective, focusing on primarily
advanced sourcing and procurement technologies, and, as everyone knows, | started the Sourcing
Innovation blog last June.

Editor's Note: The URL for the Sourcing Innovation Blog is: blog.sourcinginnovation.com.

My CV or the "short-form™ CV I just gave you doesn't really define the types of "intellectual
horsepower" that is required to master what's "under-the-hood" of today's optimization
technologies.

They're very, very complex and advanced. That's why only a few companies are working on
them. Mastering optimization generally requires a mastery of the underlying mathematics, the
model construction techniques, and the strengths and weaknesses of the particular model solution
algorithms that are available "under-the-hood".

I think that gives us a very good background of your capabilities and your experience and so
forth. So let's move on to the topic of the day, optimization. In the most simple terms possible,
can you tell us what optimization is?

I can try, but, as I partially alluded in my background description and on my sourcing innovation
blog when you're talking about optimization in the sourcing / procurement / supply chain space,
there's optimization, there's decision optimization, and then there's strategic sourcing decision
optimization.

Can you tell us about the differences between those three?
No problem.
Plain old optimization, which you can even go look up on Wikipedia, is simply the mathematical

process of trying to find a minimum or a maximum of a real function on one or more variables
subject to fixed ranges on those variable values and one or more constraints defined on the
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variables. Basically, this goes all the way back to your basic college mathematics, or university
mathematics, where you had a function f(xa, X»..., Xn), and you want to find the values of x;, X»,
..., Xn that minimize or maximize the value of f. Pretty straight-forward, pretty non-descriptive to
our situation.

Decision Optimization, which is an extension of optimization and the application thereof, which
is based on rigorous analytical and mathematical techniques to well-defined real-world scenario
representations in an effort to arrive at the absolute best decision out of all the possible
alternatives, typically in a fashion that is rigorous, repeatable, and provable. And that was a
mouthful.

Basically, when you are talking about decision optimization for the real world, there are four key
components that have to be there in the optimization or optimization solution you're using.

First of all, the analytical and mathematical techniques that you use must be sound and complete
- this means that they must be capable of analyzing every possible solution (“complete™) and do
so in a correct fashion ("sound™). If you get an optimization solution, and I'm going to quote-
unquote the optimization that uses heuristics, it may not be capable of analyzing every possible
solution so even though it might give you a better answer than what you'd get by hand or on your
own, it still may not be true optimization if it's not looking at potential solutions because the
heuristic thinks that they won't give you a better answer than the solutions it is looking at.

Secondly, the solution must be well-defined and capable of accurately representing the problem
at hand. If the solution forces you to over simplify your problem to use the tool, then you're not
optimizing the right model which means you're not optimizing at all. Closely related models
don't necessarily have closely related solutions, mathematically speaking.

Thirdly, if you give the solution enough time, where that time varies depending upon model size,
constraints, complexity, hardware, processing power, and so on, the optimization must be
capable of eventually producing the absolute best decision. People who've used optimization
tools in the past will recognize this. Sometimes you build a model and you can get the optimal
solution in a few seconds. Sometimes you build a model that you intuitively think is not that
much more complicated but it takes a few minutes. Almost all solutions allow you to stop the
process after an initial solution has been reached; but there must be the capability that if there is
enough processing time the optimizer can give you the best solution.

And, finally, the process must be repeatable. It can't be totally random or totally heuristic. If
you put your model in, press solve, and it gives you a solution, you should be able to put that
model back in tomorrow, press solve, and get either the same solution or another equivalent
solution. This sort of differentiates optimization from statistical modeling, using techniques such
as Monte Carlo where it randomly tries a whole lot of scenarios to kind of show you what the
different possibilities are and allow you to pick the one that's the lowest. That is not
optimization that is simulation. Simulation is good for understanding what types of solutions
you might be able to come up with, but it's not good for giving you the optimal solution unless
you have an awful lot of time.



And, of course, this leads us to Strategic Sourcing Decision Optimization, which I'm sure is what
your listeners are most interested in as procurement professionals. This is the application of
those rigorous mathematical techniques to a well-defined sourcing scenario to produce an
optimal award allocation from what I call, and what a few others are starting to call, a total value
management perspective.

What's a Total Value Management Perspective?

Total Value Management, or TVM, refers to the use of a comparative cost metric that quantifies
a sourcing plan or sourcing award according to the overall cost of each acquired unit of product
relative to the overall value of the buy over the lifetime of the project, which may be subject to
the organization's sourcing strategy and supply chain goals. It's basically taking the Total Cost
of Ownership viewpoint to the next step. In traditional TCO modeling, you generally stop once
all of your direct costs are taken into account, such as the unit cost, the shipping cost, the import
and export duties, and the temporary storage costs. TVM looks not only at the acquisition costs
of those products but the processing and eventual life-cycle costs and includes all of the indirect
costs and impact costs such as the support costs that you can predict will occur if you source a
lower quality product. For instance, if one supplier has a defect rate (that is) five times (that)
that of another supplier, you know you're not going to catch all those defects and you can
probably expect your customer support calls on that particular product to triple, quadruple, or
even quintuple down the road. So there needs to be a cost associated with that when sourcing.

It (TVM) also takes into account the value associated with using a certain supplier over another.
For instance, if one supplier is well known, you may be able to use "intel-inside™ branding or
sustainable business practices branding and that has a value. That's less marketing dollars that
your marketing organization has to spend to build up the value of your brand because you can
build on someone else's. And, | don't want to get too far into this because this is really an
interview and podcast on optimization, but if your readers want more information on TVM, over
on the eSourcingWiki, www.eSourcingWiki.com, | co-authored a wiki-paper called “Strategic e-
Sourcing Best Practices" that talks about Total Value Management and how it compares to Total
Cost of Ownership. It's just the logical evolution - making sure you consider all of the life-cycle
costs associated with a sourcing decision.

So, to summarize, Strategic Sourcing Decision Optimization is based on true cost modeling - you
need to be able to accurately represent your costs, (perform) sophisticated constraint analysis -
you have real world constraints both from the supplier perspective and your perspective (plus
you need to mitigate risks), and what-if? capability. And the model must be capable of capturing
all of those costs, all of those constraints, and do so in flexible ways because suppliers bid in
different ways - some use tiered bidding, some use discounts, some will break out the fixed and
variable components of a production run to let you to more accurately cost what it will cost you
to use them. It should let you make copies of that scenario and run it multiple times under
different constraints to understand what happens under different business rules and different
possible eventualities.

Now, how are you seeing supply chain professionals using optimization?
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I'm sad to say that for the most part, I'm still not seeing that many supply chain professionals use
optimization. And I personally find this very disappointing having been one of the innovators in
this space, especially considering that Aberdeen Group has found, both in their June 2005 Study
that they called "Success Strategies in Advanced Sourcing and Negotiations: Optimizing Total
Costs and Total Value for the Next Wave in e-Sourcing Savings™ and in their January 2007 study
that they called “The Advanced Sourcing and Negotiation Benchmark Report: The Art and
Science of the Deal" that Best-in-Class companies that apply advanced sourcing strategies, and
advanced cost modeling and optimization in particular, typically save 12% above and beyond
what their peers save - even those peers that use e-Sourcing tools and e-Auctions.

And those that are using optimization are typically using the boxed solutions that support
category-based strategic sourcing - in a few cases, the old MindFlow solution, but more
commonly now the Emptoris solution, the templated solutions for freight optimization from
CombineNet, and, just starting, the new lasta solution. But only a select few organizations, that
are more advanced and best-in-class, contract the specialty providers like CombineNet or APL
Logistics to redesign their distribution networks or sourcing processes and take them to the next
level. And this is unfortunate because, with optimization, on large multi-million dollar
categories I've seen many instances where a single sourcing event has literally saved the
company millions of dollars.

So, there are some supply chain organizations using optimization. What did they do before
they used optimization and what benefits are they realizing from using optimization? You
mentioned the additional savings, but maybe you can elaborate on that a bit.

Well, let's start with what did they do before. They did what many of their counterparts still do.
They used a spreadsheet - a tool that was never designed to support large, complex models.
Spreadsheets were developed for simple accounting back in the 70's - to create an electronic
version of the general ledger that would automatically do the math and reduce adding and
subtracting errors. They were never created for the models that are being thrown at them today.
And to quote a recent study / press release from Oregon State University, that's why up to 90
percent of the 100 million plus spreadsheets created in the US every year have non-trivial errors
in them. And it's also why, as some readers of my blog know, | am fundamentally against the
use of spreadsheets as a modeling or optimization tool, and to some extent, even a reporting tool.

Going back to those using optimization, the benefits are the same benefits that their peers using
other e-Sourcing tools are seeing, only greater. It reduces cycle time and can drastically reduce
the analysis required to do a sophisticated award allocation and, in most cases, it increases cost
savings. And what I've seen is the average savings for companies that are doing e-Sourcing well
is usually between 5 and 15 percent and even the most complex awards can usually be decided in
a day or two. Simple awards sometimes in a matter of hours, or almost automatically after the
sealed bid.

Let's dig a little deeper. Can you describe a simple scenario with just a few bidders and a
couple of constraints and walk through how a sourcing professional would go about solving it
manually and then describe how optimization technology would make it easier to solve?
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Sure, but I hope you don't mind I'm going to use one of my boxed examples and go into a lot of
details here because only by going into a fair number of details can you really get at the
complexity of even a simple award and illustrate how optimization can be of great value, even if
you think you know what the solution already is.

So let's assume we have three bidders, Alice, Bob, and Carol, and they're bidding on your
organization's RFP for nuts and bolts. Let's further assume, to make this real, that you need
20,000 nuts and bolts at your Atlanta warehouse, 15,000 units at your Boston warehouse, and
25,000 units at your Chicago warehouse and, furthermore, Alice cannot supply Atlanta, Bob
cannot supply Boston, and Carol cannot supply Chicago.

For those working at home, the A's, B's, and C's go together.
Yes, just to make things simple.
Okay, great!

Alice is going to bid $1.10 for a nut and bolt pair - I'm not saying these prices are real, I'm just
saying that these are easy numbers to work with - but give you a 10 cent discount if you buy
20,000 units; Bob is going to bid $1.05 for a nut and bolt pair, but give you a 3 cent discount if
you buy 10,000 units or a 6 cent discount if you buy 20,000 units; and Carol is going to bid
$1.11 for a pairing, but a 9 cent discount if you but at least 25,000 units. And to top it all off,
you're implementing a dual sourcing strategy to mitigate supply risk down the road, and you're
going to insure that any selected supplier is going to get at least 25% of the business.

Okay, fair enough, continue.

Now you have a goal to figure out which two suppliers get the business, and how much business
each supplier gets. Now, in order to simplify the number of scenarios that we have to work
through to get at an optimal answer, or at least one that we expect to be optimal, I'm going to
assume your sourcing professional is very well trained, very skilled, and knowledgeable about
something called the theory of constraints and the optimization of convex spaces. In other
words, I'm going to assume that your sourcing professional knows that the dual sourcing
constraint is the constraint that most tightly constrains the possible solutions, and thus the
possible optimal solution(s), and that this constraint should be used to guide the process overall.
And I'm also going to assume that the sourcing professional suspects that the solution space,
mathematically speaking, is something we call convex, and this is important because this implies
that the optimal solution likely falls on a boundary point, or an extreme point, of the space,
where a boundary point or an extreme point is the point on the border if you mathematically map
the n-dimensional solution space. And, in more simple terms, it's usually a point that's either at
the end of your ranges or somewhere where ranges overlap.

So, this very smart sourcing professional would start by trying to figure out the optimal solution
for each of the possible award scenarios from the dual-source perspective. In other words, she'd
realize that it's either going to be Alice and Bob, Alice and Carol, or Bob and Carol and that you



can find the overall optimal solution by solving these three sub-optimization problems and taking
the lowest cost solution. Are you with me so far?

I'm following you. We may need to throw up a spreadsheet for people following along at
home.

I think we will have to create one and give it to them as a download. See the spreadsheet on the
last page.

So I'm going to start with Alice and Bob. The optimal solution to this sub problem will have
Alice supplying between 15,000 and 40,000 nut and bolt pairings and Bob supplying between
15,000 and 45,000.

The 15,000 to 40,000 for Alice comes from the fact that she must get at least 25% of the total
award, which is 15,000, and the fact that she cannot supply Atlanta, which means that she can't
get more than 40,000. We do similar calculations for Bob, based on the minimum supply that he
must get and the fact that he cannot supply Boston to get that 15,000 to 45,000. If we then go
and look at the discounts, or the award allocations at which new costs come in, which give us
quote-unquote our "extreme points”, and we assume convexity, we can assume that our lowest
cost is going to be at one of these points, or more specifically, where Alice gets 15,000, 20,000
or 40,000 units or where Bob gets 15,000, 20,000, or 45,000 units. If we then look at these two
possible award sets in parallel, and work out their overlap, we see that we're going to have to
hand-calculate at least three award scenarios, but because of the assumptions we're making, we're
only going to work out these three. Specifically, where Alice gets 15,000 units and Bob gets
45,000 units, where Alice gets 20,000 units and Bob gets 40,000 units, and where Alice gets
40,000 units and Bob gets 20,000 units. If we work out the math, we find out that the respective
costs of these three scenarios are $61,050, $59,600, and $59,800. We're already seeing the
importance of having some sort of tool that can automate these calculations because three similar
scenarios have three entirely different costs. You could say not by much, but enough that you
might want to worry about it.

Editor's Note: More details on the calculations are as follows. Since the total demand is 60,000
units, that means each supplier must supply at least 15,000 units; however, since Alice cannot
supply Atlanta, with a demand of 20,000 units, and Bob cannot supply Boston, with a demand of
15,000 units, this places an upper limit on Alice of 40,000 units and an upper limit on Bob of
45,000 units, one of which is less than the upper bound of 45,000 on both of them since neither
can get more than 75% of the award. Factoring in the discounts, and assuming convexity, we're
looking at the award scenarios where we give Alice 15,000, 20,000, or 40,000 units and where
we give Bob 15,000, 20,000, or 45,000 units since Alice gives us a discount at 20,000 units and
Bob also gives us a discount at 20,000 units. Note that Bob's discount at 10,000 units does not
need to be evaluated separately because, if Bob is selected, he gets at least 15,000, so the first
discount price replaces the base price for Bob. Merging these awards gives us three award
scenarios: where Alice gets 15,000 units and Bob gets 45,000 units, Alice gets 20,000 units and
Bob gets 40,000 units, and where Alice gets 40,000 units and Bob gets 20,000 units. This is
because an assignment to Bob of 45,000, 20,000, or 15,000 is equivalent to an assignment to
Alice of 15,000, 40,000, and 45,000, and since Alice cannot get more than 40,000 units, we see
we only have to evaluate the scenarios where Alice gets 15,000, 20,000, or 40,000 units. Their



respective costs are found to be $61,050 (15,000*1.10 + 45,000*0.99), $59,600 (20,000*1.00 +
40,000*0.99), and $59,800 (40,000*1.00 + 20,000*0.99).

So now I'm going to move on to Alice and Carol.

Doing the same sort of calculations tells us that Alice will supply somewhere between 15,000
and 40,000 units and Carol will supply somewhere between 15,000 and 35,000 units. Again we
do all the math and we find that we are going to come up with three potential award scenarios
again. Specifically where Alice gets 25,000 and Carol gets 35,000, Alice gets 35,000 and Carol
gets 25,000, and Alice gets her maximum potential award of 40,000 and Carol gets 20,000. We'll
then work out the costs of these scenarios and find three different costs: $60,700, $60,500, and
$62,200. Again, a bit of a spread.

Editor's Note:

As noted, the optimal solution to this sub problem will have Alice supplying between 15,000 and
40,000 units and Carol supplying between 15,000 and 35,000 units, since Carl cannot supply
Chicago. Factoring in the discounts, and assuming convexity, we're again looking at award
scenarios where Alice gets 15,000, 20,000 or 40,000 units and we're also looking at award
scenarios where Carol gets 15,000, 25,000, or 35,000 units - Carol's minimum, discount
breakpoint, and maximum. Merging these awards gives us three distinct award scenarios:
where Alice gets 25,000 and Carol gets 35000 units, Alice gets 35,000 units and Carol gets
25,000 units, and Alice gets 40,000 units and Carol gets 20000 units. Their respective costs are
$60,700 (25,000*1.00 + 35,000*1.02), $60,500 (35,000*1.00 + 25,000*1.02), and $62,200
(40,000*1.00 + 20,000*1.11).

And then we'll go through the process again and tackle Bob and Carol. Bob has to get
somewhere between 15,000 and 45,000 units, as we worked out in the first case and Carol needs
to get somewhere between 15,000 and 35,000 units, as we worked out in the second case. We
take their two sets of quote-unquote extreme points, which is 15,000, 20,000, or 45,000 for Bob
and 15,000, 25,000, or 35,000 for Carol. And again, when we merge those, we find, luckily,
three award scenarios and, when we work those out, we get costs of $60,450, $60,150, and
$61,200.

Editor's Note:

As noted, the optimal solution to this sub problem has Bob supplying between 15,000 and 45,000
units and Carol supplying between 15,000 and 35,000 units. Again factoring in the discounts
and assuming convexity, we're looking at the award scenarios where we give Bob 15,000,
20,000, or 45,000 units, as per the work we did when we evaluated Alice and Bob, and where we
give Carol 15,000, 25,000, or 35,000 units, as per the work we did when we evaluated Alice and
Carol. Merging these awards again gives us three award scenarios: where Bob gets 25,000 and
Carol gets 35,000 units, Bob gets 35,000 units and Carol gets 25,000 units, and Bob gets 45000
and Carol gets 15,000 units. Their respective costs are $60,450 (25,000*0.99 + 35,000*1.02),
$60,150 (35,000*0.99 + 25,000*1.02), and $61,200 (45,000*0.99 + 15,000*1.11).

And after all of this work, we can conclude that the optimal solution, because we can only take
the process so far by hand, is $59,600. But to illustrate a point, if the sourcing professional had
instead used one of the built in optimization tools that come with some of today's leading e-



Sourcing suites, she could have had this solution on a high-end workstation likely in less than a
second with a single button push after defining the exclusion constraints, i.e. Alice can't supply
Atlanta, Bob can't supply Boston, and Carol can't supply Chicago, and the award constraints that
dictate each supplier must get at least 25% and the award must go to exactly two suppliers.

But more importantly, what we need to note here is that even in this simple problem our optimal
solution of $59,600 was roughly 4.4% off of the least optimal solution we worked out of
$62,200. Four-point-four percent might not sound like a lot when we're only dealing with
thousands but let's imagine instead that we weren't dealing in units but we were dealing in
thousands of units. In this case, instead of our buyer losing up to $2,600 on a bad award, which
could look good after working out a few scenarios because even if we didn't work them all out |
can guarantee you that there are scenarios worse than the ones we worked out, this sourcing
professional would be losing $2,600,000. This sort of illustrates why optimization not only
makes it easier but is important to apply even if you don't go with the award it spits out but a
very similar award. It will save you money if there is money to be saved and I've never
encountered a real world scenario where there wasn't money to be saved. And I kind of think
that's the view you teach to your students.

Editor's Note:
One example of a worse solution is giving Carol 24,000 units and Alice 36,000. In this case you
would pay $62,640 (24,000 x 1.11 + 36,000 x 1.00).

Absolutely.

Sometimes it's auctions, sometimes it's optimization, sometimes it's supplier development - but
the one thing optimization does do is it lets you know how much money there is to be saved just
on negotiations alone.

Editor's Note: End of Part |

And the interesting thing is that if you are doing all of these calculations by hand, even on a
simple problem like you just described, human error has the capability of sneaking in there
and really pushing you to a sub-optimal solution.

Definitely.

That's definitely worth mentioning. And, actually, while you were going through the scenario,
I was just going through this by hand. What's interesting is that I was saying to myself,
""What would an average buyer do in this case? How would an average buyer handle it?*"
Basically, I was saying if you look at this and you look at all of those three supplier’s
maximum discounts, you know you would find that Bob would have the best price at $0.99
after taking all the discounts so you give Bob all of the business you can, which is Atlanta and
Chicago but not Boston, and then you give the next lowest bidder Boston. And that sounds



logical, and it sounds like it would make sense, and produced a good result, but just using that
kind of off-the-cuff methodology, that solution was more expensive than the optimized
solution. Like you said, when you're dealing in the tens of thousands, that may not sound
like much but when you're dealing in awards where optimization really can play a key role in
making a profit impact, that's a lot of profit left on the table.

Editor's Note: Giving Bob Atlanta and Chicago gives Bob 45,000 units at $0.99 and the
remaining 15,000 goes to Alice at $1.10 per unit. This scenario then has a cost of $61,000
(44,500 + 16,500). Considering the optimal solution was $59,600, this off-the-cuff solution was
off by 2.3% and cost you $1,400. If this had been thousands of units, you would have lost
$1,400,000 on the award.

That's a good point. Often, if you don't have a lot of constraints, if you start with the discounts,
you will usually get to a near optimal solution but very often it won't be the optimal solution.
And let's say in this example | broke out freight costs and instead of having to deal with three
bids at discounts you also had to deal with tiered freight cost bids. | guarantee your method
would likely be off by a lot more. You could get the (near) optimal unit cost, but you can very
easily get a very bad freight cost if you happen to go with the most obvious lanes because, in the
shipping industry, sometimes you get the best deals on the lanes that aren't as commonly used
because these companies need to fill capacity on those lanes so they will give you a better price.

So, how much more complex would we need to get before it became too unwieldy for a
standard spreadsheet and you needed optimization technology to arrive at an optimal answer?

Unfortunately, not very much. Let's just assume that you also had Dallas and EIl Dorado
locations, which, let's just say required 40,000 and 25,000 nut and bolt pairings just to have more
numbers. Let's further assume that you invited a fourth bidder, call him Daniel, and that you can
accept either a dual-source or a tri-source arrangement. Let's add on to that a six-sigma defect
rating for each supplier, add the constraint that you need average defects to be less than one tenth
of a percent, add capacities on each supplier between 75,000 and 150,000, to sort of insure that
not all of them will be able to satisfy 75% of the business, and add an existing contract in place
that gives Bob at least 20% of the business because Bob's the only minority supplier. I'm sure
you could work this out in a spreadsheet, given a few hours or so, but | wouldn't want to try and |
haven't because, being someone who's worked on the underlying models to accurately model this
to give you an optimal solution, there is so much hidden complexity there (that) | can guarantee
you that just making the assumptions | made above, I'd probably get near optimal going with my
methodology for sort-of working out these extreme points and breakpoints and so on, but I could
pretty much guarantee | could not get optimal. 1'd be lucky to get within a few thousand dollars.
And that's if I got really lucky. That's sort of the point where you get thinking, "Well maybe the
spreadsheet isn't the best tool".

So, we have four suppliers now, let's double that to eight; we have five DCs (but) let's say we're
global and move that to ten and instead of essentially one item, let's say | have ten items in this
category. In addition to nuts and bolts, I have screws, nails, hinges, and so on - all basic run of
the mill, standard, traditional manufactured parts. And my freight costs are being bid separately
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by each bidder as well as by five independent freight carriers, and in addition to these tiered bids,
each bidder is going to give me a discount if | buy multiple items in bidder defined bundles.

Each bidder will have different bundles then.

Yes, So bidder A says I'll give you a discount if you buy nails and screws, bidder B says I'll give
you a discount if you buy nuts and bolts and hinges and so on. This is not something you could
work out with a supercharged spreadsheet even in a week, but a very common quote-unquote
simple sourcing scenario in many companies. So, this illustrates how a good sourcing tool with
pre-packaged optimization is almost necessary but what's the real kicker here is that for this
average size problem on today's high end workstations your best in class tools will typically
solve this in a minute or two.

So you get your optimal solution and you get it much faster than you could get doing it by
hand. If you could even do it by hand.

And, for the problem I just described, I don't think you could.

O.K. That's all great stuff. I'm sure the non-math fans out there in the audience are having
their heads spin right now so let's move on. What other type of companies, really what types
of companies or supply chain operations can benefit the most from implementing optimization
solutions?

Tough question because optimization is not restricted to a type of company or supply chain
department or even a supply chain problem - all companies, all departments, and all problems
can, at least theoretically, benefit. And what determines the degree of the benefit is, among other
things, the size of the company, the amount of the spend associated with the top categories, and
the complexity of the problem. The reality is that optimization is going to add another step to
your process, which might lengthen it a bit, or a little, in some cases because you have to collect
all the data and build a model. It's going to necessitate a tool or service that costs you money up
front and it’s only going to save what the other e-Sourcing tools in your arsenal miss. So, when
you take all of this high level stuff into account, optimization is best suited to categories of
moderate or more spend with some complexity either in your cost modeling, constraint
requirements, or where there is flexibility in the final award.

For instance, you probably wouldn't use optimization to source office supplies, even if you were
a multi-billion dollar corporation sourcing tens of millions of dollars of office supplies annually,
since these are commaodities that are usually interchangeable from one vendor to another, there
are few or no constraints, and the bids are usually standard and simple. One number, because
you know your volume in advance and you can tell your suppliers that. Similarly, you likely
wouldn't use it to source a manufactured part of high complexity produced by a contract
manufacturer with which you have a strategic partnership and shared, and potentially patented,
IP. (Intellectual Property) In the first case you'd just use an e-Auction, follow some best
practices, invite enough interested suppliers, and basically award to the lowest, or the two lowest,
bidders. In the second case, if you did want to move away from that shared partner, who was
charging you a lot because they had a stranglehold on shared IP, you wouldn't use optimization
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atall. You'd instead use an invention-on-demand strategy to design a suitable replacement part
and source that to someone else. Optimization might come into the process then if you can share
that design with potential suppliers, but up front it's not an optimization problem.

As to where you would use it, you would use it to source high-value core commaodities, parts,
and materials for which there are capacity constraints, associated risks, and multiple potential
suppliers. If you were in food-service, you could use it to source tomatoes. Even though
tomatoes are more-or-less a commodity, you can go pick them up in any grocery store, if you're a
large international food-service chain, you generally need to lock in your buy in mid-term
contracts to ensure supply and to use a dual-sourcing strategy among geographically dispersed
suppliers to mitigate risks in the face of unpredictable natural disasters, such as hurricanes or
insect infestations. Having two separate distributors that both have agreements in place with the
same Florida producers doesn't cut it and that could happen if you just used an e-Auction. Plus,
you might want to simultaneously optimize your distribution network since tomatoes are
perishable and not all freight options get them from point A to point B in the same amount of
time. Speed is of the essence so you don't lose what you've bought.

Another example is if you were a custom computer manufacturer, you could use it to source
bare-bone kits. In this case you're modeling a make-vs-buy option. Do you have your contract
manufacturers quote for the entire kit, or do you have them just quote the board, processor, fan,
chassis, and power supply separately and you build the kit yourself and send it to the customer,
or do you look at manufacturers who do partial assembly, i.e. just stick the motherboard and the
processor in the chassis but you get your fan and power supply from somewhere else.

A third example would be if you're an international apparel retailer, you could use it to optimize
your distribution network and associated logistics costs. Because typically you'd have your
manufacturing locations in different low-cost countries, some of which would be under long-
term contract, some with a short-term contract, and some that you were considering replacing or
adding. You'd have your distribution centers in each country you did business in, some would be
fixed physical assets and some rented. And then, of course, you'd have your various
transportation options which include air, land, and sea which can often be handled by various
providers. And the question is what are the proper manufacturers combined with the proper
carriers on the proper lanes from (and to) the right distribution centers to optimize your logistics
costs for the next year, two years, five years since you can easily save 20% over a two or three
year period with a well designed network, whereas a poorly designed one, too many DCs, too
few (DCs), the wrong carriers, the wrong shipping methods will just eat up logistics costs and
cancel out all the savings you hope to get by sourcing in low cost countries.

And of course there are a slew of more examples, but this should give you and your listeners a
jist of the flexibility of optimization and the types of problems to which it is well suited for. And
we could even talk about large combinatorial problems, non-traditional sourcing problems, and
regret minimization problems. Some of these get a little advanced. I'm not going to go into
these in this podcast since this is supposed to be more of an introductory podcast on
optimization, but I do want to refer your listeners to a post | wrote on November 10 of last year
entitled "CombineNet IV: BoB's Unique Talents" which sort of describes what some of these
advanced optimization problems are.
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Editor's Note: Here is a direct link to CombineNet 1V: BoB's Unigue Talents.

Okay. Now, are there specific types of organizations that are not particularly well-suited to
optimization?

Well, going back to the fact that I just said optimization is not restricted to a type of company,
department, or problem in that all departments, companies and problems can theoretically
benefit, we have to note that what really determines the degree of benefit is the size of the spend,
the size of the company, and the complexity. That basically tells me if I'm a small company who
does not have at least a handful of moderately complex categories with spend in the seven figure
range annually, I'm probably not going to be able to save a lot with optimization over a well run
e-Sourcing process because there's just not going to be that much left on the table. Similarly, if
I'm a mid-size or large organization that outsources much of my procurement operations, |
wouldn't want to use optimization in-house, although I would insist that my providers have that
technology for the appropriate categories.

You definitely have to get return on investment if you're going to acquire the rights to use that
technology. Do you have any feel for the premium that a purchasing department would pay
for optimization technology compared to just a standard e-Sourcing platform?

Well, it really depends upon if you're getting it included in the suite or you're buying a best-of-
breed tool or where you're buying unlimited license vs. a category-by-category event (license).
Premiums range for the simple built-in tools, some of which are not yet complete, anywhere
from $100,000 a year to a few million. It really depends on how much you need. And it usually
ends up being a lot less than what you save over the course of the period that you buy a license to
use the tool for.

So it's not necessarily the process of optimization that excludes smaller companies but more
the cost of the technology then.

Yes, it requires, as you've figured out, a lot of intelligence and a lot of manpower to build these
things. It's not a cookie cutter development process. It's not something you can outsource to any
low cost country development organization and say "build me an optimizer that allows me to
define different models and solve them™. There's only a few companies that do it, fewer still that
do it well, and fewer still that have specialized sourcing models and most of these have spent
millions, if not tens of millions, in R&D to build these tools.

It definitely takes some pretty advanced intelligence to arrive at the conclusion that these
platforms do. Is there any way that a supply chain professional can try to verify that the
technology came up with the best solution? In other words, how can a supply chain
professional defend his or her decisions other than saying "It has to be right. The computer
said so!"

The simple answer is he or she can't, he or she just can not do it because, in reality, for a model
of any complexity at all, there is no practical way that a supply chain professional can verify that
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the technology came up with the absolute best solution. The only way to prove a solution to be
the absolute best optimal solution is to prove that there is no other solution that is better than the
optimal solution. And this requires essentially evaluating at least fragments of every other
possible quote-unquote "extreme™ or "breakpoint” solution, where these terms have some
mathematical meanings, and proving that not one of these other solutions can be better. For
models of even moderate complexity, this could translate into thousands or tens of thousands of
potential solutions to be evaluated.

The best a supply chain professional can do is illustrate that it is likely optimal, or at least near-
optimal since good solvers will short-circuit when a solution is proved optimal within a small
tolerance, usually between 1/10,000th and 1/100th of a percentage point. And these optimizers
do this, specifically these optimizers that use mixed-integer linear programming techniques, by
comparing the solution to the best the solution could be based upon previous calculations.

Now the way a sourcing professional might try to demonstrate near optimality is to compare the
solution to the solution they would have chosen by hand, the solution a spreadsheet model comes
up with, and the solution defined by a simple greedy algorithm that simply uses best-bids or best-
discounts from the auction or RFP for each award. And when they see that the optimal solution
IS better, sometimes significantly better, they can demonstrate that it may not be optimal, but it's
likely near optimal because the optimizer reported that it believed the solution to be within
99.99% of optimal, couldn't find a better one, and it's better than all of the solutions they are able
to find by other methods.

So what | sort of recommend is that they take care to choose an optimization solution that has the
ability to indicate whether or not the solution algorithm ran to completion, or was it short-
circuited either due to a weak tolerance setting or user defined time-out, and, can tell you in the
worst case, using some advanced mathematical techniques, how far off the solution could be.
Typically this number will be larger than the solution really is off because the only way you
could prove an exact lower bound is to have the exact optimal answer. But there are techniques
to prove that if I'm at $10,000,000 it can't be less than $9,990,000, and here are the equations,
which are usually too numerous to understand, why. And to have it report, every time, in the
worst case, how far off it is, especially when you have it report back after a few seconds and then
after a few minutes on a model that might take an hour or two. So that's pretty much the best
you can do, verify by basically using solutions that produce inferior answers and then selecting
solutions that tell you how bad it is in the worst case, which is usually 1/10th, 1/100th, or
1/1000th of a percentage point.

OK. Many of us have heard terms like ""expressive bidding"* and *‘combinatorial auctions."
What are the relationships between the processes that these terms represent and optimization?

I'm going to start with "combinatorial auction™. This refers to the fact that you are auctioning a
number of items or item bundles and a number of bidders are placing bids on those items or item
bundles. It's combinatorial since you have m, when m is the number of items, and n, where n is
the number of bidders, and, thus, m x n bids, and the award for each item, absent any constraints,
is to the lowest bidder. In other words, only m of the m x n bids receive award.
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If there are no constraints, there is no relationship to optimization since you can come up with a
deterministic algorithm, take the lowest bid for each item, and there's your award. However, if
there are constraints, you can use a quote-unquote "combinatorial auction" to collect bids and
then you use optimization to determine the final award. In this situation, the relationship is that
the combinatorial auction serves as the front-end data collection mechanism, which captures both
the bids and the constraints, and the back-end optimization solution determines the award subject
to the bids and the constraints, such as dual-source 80-20 to mitigate risk, respect supply
capacity, and insure the average quality of the sourced items, say measured as average defects
per part-per-million (PPM), is 99.99%.

"Expressive Bidding" is a term invented by CombineNet, and then ‘adopted' by Emptoris, to
describe a methodology of capturing bids that will eventually be used in their optimization
models. It's really a fancy way of saying "this a bid collection format that allows you to capture
fixed costs, variable bids, and discounts, in a tiered format if necessary, or any other way you
need to as to accurately represent the quotes your supplier gave you and build a correct sourcing
scenario”. Basically, what happened is CombineNet is one of many companies that not only
started with \VC support, but still has VCs involved. And these Venture Capitalists love to
protect their investments, or at least take steps to make it look like they are, and this usually
translates into a push to have all of their companies patent everything under-the-sun that has not
been patented already. And since you can't patent algorithms since algorithms are mathematics
and mathematics is a law of nature, the only way that software can apply for a patent is to
basically come up with a business process methodology. So, coming up with "Expressive
Bidding" gives them a business process methodology that they can patent and it also gives them
something they can market that's a unique term compared to their competition.

So, like combinatorial auctions, it's a front end, but much more flexible than a typical
combinatorial auction in that you can pretty much enter bids anyway you can think to define
them and then it does behind-the-scenes mathematical translations to put all the bids in an
apples-to-apples bidding fashion versus the applies-to-oranges format the suppliers will give
them to you in, in an effect to hide the true cost of doing business with that supplier, usually. So,
does that answer your question?

Yes. That's definitely pretty interesting. Now what else should supply chain professionals
know about optimization?

Well, I'm going to say it's not what they should know about optimization, it's best to leave what's
under-the-hood to the experts because it is so complicated. What they need to know is the
utilization of decision optimization for strategic sourcing. Like any good software tool, the point
is not to replace the sourcing professional in award allocation decisions, but to augment his or
her capabilities. It's usually not about the solution the optimizer produces, but the solution it
leads you to. And not about the lowest possible cost you can squeeze out of your supply base,
but the value you can create and the knowledge of how much value there is there to capture.

For a given scenario, there might be more than one optimal solution, and, more importantly,

there might be dozens of solutions that are near optimal within a percent or two. If the optimal
solution requires switching three suppliers, whereas a near optimal solution, only 1% off, only
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required switching one supplier, you might be better off going with that specific near optimal
solution, which is going to be more palatable to you and your boss. No one likes to switch half
or more of their supply base at one time.

Or, for example, the optimal solution might exclude a supplier that you feel could be strategic, in
this case you could use the tool, create another what-if scenario, force that supplier to get 20% of
the business, and maybe find that you're only going to pay two extra percentage points, but it's
going to come with the expectation of a lower year-over-year cost in the future because they've
committed to implementing new technology.

And as long as this near-optimal solution still saves you a significant amount of money, it might
be better for you as a company than the optimal solution because models are mathematics and
math can only basically take into account anything that you can objectively quantify in a hard
way. There's always going to be soft strategies that, in the long term, will give you more value
than just what the hard answer gives you in the short term and only a good sourcing professional
will understand that you use the tool to understand what the absolute best cost is, what the cost of
your preferred scenario is, and how you work either inside your company or with your suppliers
to adopt a solution that's not very far off from what you want but very close to the optimal
solution.

And, to kind of jump back a bit, this really demonstrates the importance of that what-if?
requirement that I gave for decision optimization and strategic sourcing decision optimization in
particular. The tool needs to give you the ability to create multiple scenarios, potentially creating
one off of a copy of another but adding a few constraints or removing a few constraints,
including one user-defined award scenario, to sort of help you understand what the lowest cost
solution is, what the lowest cost solution is within your existing supply base, and what the lowest
cost solution is if you give a percentage of the award to potentially strategic suppliers or minority
suppliers so that you can do something with your CSR initiatives. It's about using the tool to
understand the solution-space you are working in and getting the best overall solution and not
just the best cost solution. That's something you can't do with a spreadsheet. You just can't
create multiple scenarios, have them solve almost instantaneously, and compare side-by-side the
cost and benefits of each of those scenarios, usually in the same report. It's a tool that helps you
get to the best solution by telling you what the absolute best you can do is and no other tool can
tell you what the absolute best you can do is and that's, that's, the true power. Not what's under-
the-hood, but what it does for you.

Well, Michael, we have just a few minutes left for you to tell us a little bit about your company
and how someone can get in touch with you.

Well, as you noted in the intro, my company is ToP KaTS Consulting, at www.topkats.com, and
basically it specializes in the sourcing and procurement aspects of supply chain from a
technology and process perspective. Just go to the website and click on corporate for the Contact
information. You can also reach me through the about or welcome section of my blog, Sourcing
Innovation blog.sourcinginnovation.com, and the associated free resource site | maintain,
www.sourcinginnovation.com, that maintains an ever-growing list of various resources useful to
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sourcing and procurement professionals, such as links to relevant blogs, publications, journals,
vendor resource centers, societies, analyst firms, and solution providers.

If you're looking to build or adopt a technology solution or to streamline or revise your affiliated
sourcing processes to allow you to get your benefits from today's technology, that's pretty much
what | do and what my company does. Optimization is an important component of most
solutions, but it's not the only component. And if you don't have the other appropriate
components that both lead into it and flow out of it, you won't get the most bang for your buck.
Basically, Supply Chain Technology, falls into the sourcing, procurement, or logistics &
distribution buckets, is very broad and intensive because in each these buckets I can name at
least half-a-dozen distinct solution types. And my company tries to help you figure out where
optimization falls in each of these buckets and where it can benefit you. | tend to work a lot with
companies building solutions, as well as companies implementing them.

So, you work with the vendors as well.

Yes. | actually like to work with the vendors who are trying to build these solutions to help the
vendor build a solution that will benefit multiple companies versus just working with a single
company to give them a custom solution because I think the answer is on-demand Software-as-a-
Service technology that the vendor continually updates to help you. But I won't work with a
company if it says hands-off; you can't talk to our customers to find out what they really need.
So, it's trying to find that balance. Sometimes (I work) with a really big company to understand
what the problems are, to not only help them pick the right solution, but to help them identify
where they need to work with a provider to build a better solution or build one in house, and then
sometimes with a vendor that's trying to build a better solution for a certain vertical.

Well, there you have it folks. Hopefully, you know a little more about optimization because if
you have to embrace it at some point in your supply chain career, it certainly helps to get a
jump-start because there is certainly a lot to learn about it.

Yes. Definitely. And I'd also recommend that your interested listeners check out some of the
optimization posts on my blog, they just have to scroll down to the category archives on the
right-hand sidebar and select "Decision Optimization", and they should watch for the
forthcoming wiki-paper, over on the e-Sourcing Wiki, "Sourcing Decision Optimization", which
will probably be up in a week or two.

Editor's Note. It will likely be here.
Okay, great! So that wraps it up for today. Michael, thank you for joining me today.
You're very welcome. | hope this helps your students and your listeners.

I'm sure it will.
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And on behalf of Next Level Purchasing, 1'd like to say a special thank you to all of our
listeners out there. | hope the information in today’s program helps you all in having a more
successful and rewarding purchasing and supply management career. Good day!
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Manual Optimization Calculation

Discount |Discount
Bidders Bid Amount | Volume
Alice 1.10 0.10 20000
Bob 1.05 0.03 10000
0.06 20000
Carol 1.11 0.09 25000
Location Nuts & Bolts|Possible Suppliers
Atlanta 20000 Bob, Carol
Boston 15000 Alice, Carol
Chicago 25000 Alice, Bob
Total 60000
Alice and Bob
Possible Price/ Cost/
Solutions Supplier Supply unit Supplier
Solution 1 Alice 15,000 1.10 16,500
Bob 45,000 0.99 44,550
total 60,000 $61,050
Solution 2 Alice 20,000 1.00 20,000
Bob 40,000 0.99 39,600
total 60,000 $59,600
Solution 3 Alice 40,000 1.00 40,000
Bob 20,000 0.99 19,800
total 60,000 $59,800
Bob and Carol
Possible Price/ Cost/
Solutions Supplier Supply unit Supplier
Solution 4 Bob 25,000 0.99 24,750
Carol 35,000 1.02 35,700
total 60,000 $60,450
Solution 5 Bob 35,000 0.99 34,650
Carol 25,000 1.02 25,500
total 60,000 $60,150
Solution 6 Bob 45,000 0.99 44,550
Carol 15,000 1.11 16,650
total 60,000 $61,200

Least amt. supplied due to

Largest amt.

Limits dual source (min. 25%) supplied
Alice 15,000 40,000
Bob 15,000 45,000
Carol 15,000 35,000
Alice and Carol
Possible Price/ Cost/
Solutions Supplier Supply unit Supplier
Solution 7 Alice 25,000 1.00 25,000
Carol 35,000 1.02 35,700
total 60,000 $60,700
Solution 8  Alice 35,000 1.00 35,000
Carol 25,000 1.02 25,500
total 60,000 $60,500
Solution 9  Alice 40,000 1.00 40,000
Carol 20,000 1.11 22,200
total 60,000 $62,200
Optimal Solution Solution 2
Alice 20,000 1.00 20,000
Bob 40,000 0.99 39,600
total 60,000 $59,600
Least Optimal Solution Solution 9
Alice 40,000 1.00 40,000
Carol 20,000 1.11 22,200
total 60,000 $62,200
Cost Difference $2,600
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