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Good fences make good neighbors.

- Robert Frost
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Executive Summary

Large IT systems frequently fail, at a huge cost to the U.S. and world ecoHoemeason for these

failures has to do with complexity. The more complex a system is, the more likely it is to fail. It is difficult
to figure out the requirements for complesystems. It is hard to design complex systems. And it is hard

to implement complex systems. At every step in the system life cycle, errors accumulate at an ever
increasing rate.

The solution to this problem is to break large complex systems up into simalle systems that can be
worked on independently. But in breaking up the large complex systems, great care must be done to
minimize the overall system complexity. There ar@nyways to break up a system and the vast
majority of these make the problem wse, not better.

If we are going to compare approaches to reducing the complexity, it is useful to have a way of
measuring complexity. The problem of measuring complexity is orthogonal to the problem of reducing
complexity, in the same way that measuringglis orthogonal to the problem of cooling, but our ability
to measure an attribute gives us more confidence in our ability to reduce that attribute.

To measure complexity, | consider two aspects of a system. The first is the amount of functionality. The
second is the number of other systems with which this system needsdalinate In both cases,

O2YLX SEAGE AYyONBlI&asSa SELRYySyGAlIff&o CKAE AYRAOI G
needs to take into account both the size of the resulsnggller systems (I call thisnctional

complexity and the amount ofoordinationthat must be done between them (I call tlisordination

complexity) Mathematically|RS& ONA 6S (G KS LINRPOSaa 2F aoNBIF{1Ay3 dzL
system.

The prdolem with trying to simultaneously reduce both functional and coordination complexity is that
these two pull against each other. As you partition a large system into smaller and smaller systems, you
reduce the functional complexity but increase the cooadion complexity. As you consolidate smaller
systems to reduce the coordination complexity, you increase the functional complexity. So the challenge
in reducingoverallcomplexity is to find the perfect balance between these two forms of complexity.

What makes this challenge even more difficult is that one must determine how to split up the project
before one knows what functionality is needed in the system or wbatdinationwill be required.

Existing approaches to this problem use decompositional desigvhich a large system is split up into
smaller systems, and those smaller systems are then split into yet smaller systems. But decompositional
design is aelativelyrandom process. The outcome is highly dependent on who is running the analysis
and what informationthey happen to have. The chaniteat decompositional desigwill find the

simplest possible way of partitioning a systeshighly unlikely.

This paper suggests another way of partitioning a system csyieergistic partitioningSynergist
partitioning is based on the mathematics of sets, equivalence relations, and partitions. This approach
has several advantages over traditional decompositional design:
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9 It produces the simplest possible partition for a giwystem, in other words, it produces the
best possible solution.

9 Iltisdirected meaning that it always comes out with the same solution.

9 It can determine the optimal partitioning of a system with very little information about the
functionality of that syem and no information about itsoordinationdependencies, so it can
be used very early in the system life cycle.

¢t2 a2YS2yS gK2 R2SayQil dzyRSNRiIIFIYR GKS YIGKSYI(GA0Oa
like magic. How can you figure outhowyha o6 41 SG&a @e2dz gAff ySSR (2 a2 N
how many eggs you have, which eggs will end up in which baskdtswathe eggs are related to each

other? But synergistic partitioning is not magic. It is mathematics. This paper describeatthematics

of synergistic partitioning.

The concept of synergistic partitioning is delivered with a methodology known as Simple Iterative
Partitions (SIP.) It is not necessary to understand the mathematics of synergistic partitioning to use SIP.
But if you are one of those who feel most comfortable with a practice when you understand the theory
behind the practice, this paper is for you.

If you are not interested in the theory, then just focus on the results: reduced complexity, reduced costs,
reduced faure rates, better deliverables, higher return on investment. If this seems like magic,
remember what Arthur C. Clai | AARyYsufiiciently advanced technology is indistinguishable from
magicé ¢ KS RA FdelsNdigaddsciénéeliaderstanding.
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Introduction

Big IT projects usually fail, and the bigger the project, the more likelfailure Estimates on the cost of
these failures in the U.S. range from $60B in direct ¢ostsver $2 trillion when indirect costs are
included. By any estima, the cost is huge.

The typical approach to large IT projectfoisr phases, as shown in FigureThis approach is essentially
a waterfall approacheach phase must blargelycompleted before the next is beguwhile the

waterfall approach is used leasd less on smaller IT projects, on large rauiftlion dollar systems it is
still the norm.

Business Requirements| Design | _,jimplementation
Case

G

= X AN s

Figure 1 Waterfall Approach to Large Projects

Notice that in Figure 1, the Business Case is shown as being much smaller than the remaining boxes. This
reflects the unfortunate reality that too little attention is usually paid to this critical phase of most
projects.

The problem with the waterfall approach when used to deliver large IT systems is that each phase is very
complex. The requirements for a $100 lioih systencaneasily be a foot thick. The chances that these
requirements will accurately reflect all of the needs of a large complex system are poor. Then these
most likely flawed requirements will be translated into a very large complex design. Tineedhat this
design will accurately encompass all of the requireménétso small. Then this flawed design will be
implemented, probably by hundreds of thousands of lines of code. The chance that this complex design
will accurately bemplementedis al® small. So we haygoor business requirements specified flgwed
requirements translated into an even more flawed design delivered by an even more flawed
implementation.On top of this, the process takes so long that by the time the implementation is
delivered, the requirements and technology have probably chanijedwvonder the failure rates are so

high!

| advocate another approach known as Simple Iterative Partitions TBPEIP approach to delivering a
large IT system is to first split it up into aler, much simplesubsystems as shown in FigurelBese
systems are more amenable to fast, iterative, agile development approaches.

! ClOInsight, 6/10/2010 http://www.cioinsight.com/c/adManagement/Whyl T-ProjectsFailt 762340

2The IT Complexity CssiDanger and Opportunity. White Paper by Roger Sessions, available at
http://objectwatch.com/white_papers.htm#ITComplexity
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Figure 2 SIP Approach to Large IT

Y

We are generally good at requirements gathering, design, and implementatismaif IT systems. So if
we can find a way to partition the large complex project into small sirsydéems we carreduce our
costs andmprove our success rate§Vhile SIP is not the only methodology to make use of
partitioning’, it is the only methodolgy to approach partitioning from a rigorous, mathematical
perspective which yieldhe many important benefitshat | will explore further in this paper.

What makespartitioning difficult is that it must be done very early in the project life cycle, leefor

even know the requirements of the project. Why? Because the larger the project, the less likely the
requirements are to be accurate. So if we split the profeforerequirements gathering, then we can
do a much more accurate job of doing requiremeghathering. But how can you split up a project when
you know nothing about the project?

SIP does thihrougha predesign of the projecas part of the partitioning phasén this predesign, we
gather some rudimentary information about the project, ayrad that information in a methodical way,
and make highly accurate mathematical predictions about the best way to carve up the project.

This claim seems like magic. How can you effectively partition something before you know what that
something is? SlPaiins to do this based on mathematical models. And that is the purpose of this white
paper: to describe the mathematical foundations and models that allow SIP to do its magic.

Complexity
SIP promises to find the best possible way to split up a projectdkr ¢o evaluate this claim, we need
02 KIFEGS || RSTAYAGAZ2Y TF2NJ a0 Saidsthe vagtind willlgivelhe 1 KS 06 S &

maximum return on investment (ROI), that is, the maximum value for the minimumTesbest way

*TOGAF® 9, for example, uses the term partitioning to describe different views of the enterprise.
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to maximizeROl is to reduce complexit@omplexity is defineds theattribute of a system that makes
that system difficult to use, understand, manage, and/or implenfent.

Complexity, cost, and value are all intimately connected. Since the cost of implementingra syste
primarily determined by the complexity of that syst&ifi we can reduce the complexity of a system
through effectivepartitioning, then we can reducis cost. And since our ability to accurately specify
requirements is also impacted by complexityducing complexity also increases the likelihood that the
business will derive the expected value from the systgmderstanding complexity therefore critical.

2SS OlyQil NBRdAzOS a2YSGKAyYy3 dzyft Sdaa ¢S dzyRSNRGI YR

Of course, reducing the complexity of a system does not guarantee that we can deliver it. There may be
technology, political, or business obstacles that complexity reduction does not address. But it is a
necessary part of the solution.

IT complexityat the architecture levelsomesin two flavors:functionalcomplexity anccoordination
O2YLX SEAGEed LQft t221 |G S$her®ae othdr type&kd coBplekity suchK S
as implementation complexity, which considers the complexity of the cagécommunications
complexity, which considers the difficulty in getting parties to communicate. These other types of
complexity are also iportant but fall outside of the scope of SIP.

Functional Complexity
Functionakcomplexity refersa the complexity that ariseas the functionality of a system ireases. This
is shown in Figure.3

* CUEC (Consortium for Untangling Enterprise Complex@yandard Definitions of Common Terms
(www.cuec.info/standards/CUEStdCommonTerminologyatest.pdf

® See, for exampleThe Impact of Size and Volatility on IT Project Performance by Chris Sadesw Gemino,
and Blaize Horner Reich, Comms of the ACM Nov 07 and 2009 Chaos Report published by the Standish Group
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Figure 3 Increasing Complexity with Increasing Fuoaiity

Consider a system that hasset offunctions F. If you have a problem in the system, how many
possibilities are there for where that problem could reside? The more posstilihe more complexity

[ SGQa ale e2dz KI @S F.If& préblerd afiseg, thérkis ahly Ghe fadefcdok fary” Y
that problem: k.

[ SGQa aleé &2dz KI @S | ,aadhalflaProblem arisds, thérg &re tirelzyl&rdsiy@uy &Y C
need to look. The problem could be in fhe problem could be in,For the problem could be in both.

[ 8GQ8 &Fe& &2dz KI g8 | .3F2andiESNow therdiake save [NBCEs tHe deybldré A 2 v & Y
could reside: E R, ks, R+h, R+k, Btk R+RtF.

You can see that the complexity of solving the problemdseiasing faster than the amount of
functionality in the system. Going from 2 to 3 functidsa 50% increase in functionality, but more than
a 100% increase in complexity.

In general, the relationship between functionality and complexity is an exponential one. That means
that as the functionality in the system increases by F, the complexity increases in the system by C, where
C is > F. What is the relationship between CEhd

Onesuppositomh & YIRS o6& w20SNI Dflaa Ay KAa 0221 ClFOliQa
says that every 25% increase in functionality results in a doubling of complexity. In other words, F=1.25;
Cc=2.

Glass may or may not be right abdbhese exact numbers, but they seem a reasonasisumption We
KI ¢S Ylye SEFYLX S&a 2F K26 | RRAy3a Y2NB aaddF¥é Ayl
of that system. In gambling, adding one die to a system of dice increases the complex@sgétem
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by sixfold. In software systems, adding oiiestatement to the scope of anothéfr statement increases
the overall cyclomatic complexitf that region of coddy a factor of two.

' dadzYAy3d Df I aa Qs weldntanpiidithe lcaddliex Of 2kl &yisystem relative to
a system with a single function in it. We may not know how much complexity is in a system with only a
single function, but whatever that is, we will call it dd&ndardComplexity UnitgCU).

We can calculate the eoplexity, inSCUs, of a system of N functions.

S:U(N) — 16Iog(C)/log(F)) X log(N)

Since log(2) and log(1.25) are both constants, they can be combinedladt8slequation simplifies to
SJJ(N) — 16.11 X'log (N)

This equation can be further simplifiéal SCU(N) =N*

Sincethe constan3.lm A& RSNA PGSR FNRY Dflaas L NBFSNI G2 GKIF G
believe Glass had the right numbers, feel free to come up with a new constant based awyour

observationsand name it after yoursélThe preciseralueof the constant (3.11) is less important than

where itappearsdo (it KS SELRYSYyliod0d C2NJ 6KS LdzNLR &aSa 2F GKAA L

In this white paper | will not be using large values for N, so rather than go through thmetiit to
determine the SCU for a given valueNyfyou can look it up in Tableahich gives the SCU
transformationsfor the numbers 125.

N SCUN) [N SCUN) | N SCUN) |N SCUN) |N SCU(N)
1 1 6 251 11 1,717 16 5,500 21 12,799
2 9 7 422 12 2.250 17 6,639 22 14,789
3 30 8 639 13 2,886 18 7929 23 16,979
4 74 9 921 14 3,632 19 9,379 24 19,379
5 148 10 1,277 15 4501 20 10,999 25 21,999

Table 1 SCU Transformatiohfor 1-25

Using Table dyou can calculate the relative complexity of a system of 20 functiomgpared to a
system of 25 functions. A system of 20dtians has, according to Tablg10,999 SCUs. A system of 25
functions has, according to Table21,999 SCUs. So we calculate relative complexity as follows:

20 functions = 10,999 SCUs

25 functions= 21,999 SCUs

Difference = 11.000 SCUs

Increase = 11,000/10,999 X 100 = 100 % increase

b2GA0OS (KIFG GKS |62 @S pedidtiahddatla @5%dngreasedrNid&idnaliy A G K D |
results ina 100% increase in complexityo surprise here, silc A G0 6l a Dfl adaQa O2vyaidly
calculate this table.

’¢KS ydzyoSNE Ay (GKA& GFLofS | NB Ol B.006#8370H Rumbeiisyolget | Y 2 NB
with 3.11will be somewhaoff from these, especially in larger values of N.
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Coordination Complexity

The complexity of a system can increase not only because of the amount of functionality it contains, but

how that functionalityneeds to coordinate witlother systemseitherinternal or external In aservice

oriented architecture $04, this dependency will probably be expressed with messdgtsnessages

FNBy Qi (GKS 2ytée SELINBaarzy 2F RSLISYyRSyOASaod 5SLISy
database, function invations, or shared transactions, to give a few examples.

Figure 4shows the increasing complexity of a system with increasimgdinationdependencies.

Least complex More complex Most complex

Key
(O system

+—— Dependency

Figure 4 Increasing Complexity with IncreasidigordinationDependencies

If we assumehat the amount of complexity added by increasing the dependencies by one is roughly
equal to the amount of complexity added by increasing the number of functions by one, then we can
use similar logic to the previous section to calculate the numbsetafdardcomplexity units 8CUs) a
system has by virtue of its dependencies:

C(M) = 18 X9 M\yhere M is the number of system dependencies.
This simplifies to C(M) =Nt

This arithmetic is exactly the same as tBCU transforation shown in Table .1So yo can use the same
table to calculate the complexity (in SCUs) of a system with N dependefc@&ethree systems in Figure
4 thus have SCU values of 0, 9, 42@, which are the SCtdansformationsof 0, 2, and’.

Of course, it is unlikely that the amouat complexity one adds withreadditionalcoordination

dependencys exactly the same as the amount one adds with an additional function. Both of these

constants are just educated guesses. As before, the value of the constant (3.11) is less important than

iKS t20FGA2y 2F (KS O2 yealdulatyigiabsolitdopleSiti Ll eSiging ® 0 L &
these numbers to compare the complexity in two or more systé®isced S R2y Qi 1y 26 K24 Y
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complexity is in an SCU, knowing that System A has 1000 SCUs tells us little about its absolute
complexity. On the other hand, knowing that System B has twice the complexity of System A tells us a
great deal about the relative complexity of the two systems

Total Complexity

The complexity of a system has two complexity components: the complexity due to the amount of
functionality and the complexity due to the numbercedfordinationdependenciesAssuming these two
are independent of each otherh¢ total @mplexity of the system is the addition thfe two. So the
complexity of a system with N functions andceordinationdependencies is given by

C(M, N - NF.ll_l_ I\F'll
Of course, feel free to uskable Irather than go through the arithmetic.

Many people ve suggested to me that the addition of the two types of complexity is too simplistic.
They feel that the two should be multiplied instead. They may well be right. However | have chosen to
assume independence (and thus, addition) because it is a moreratiye assumption. If we instead
assume the two should be multiplied, then the measurements later in this paper would be even more
dramatic. Multiplicatiormagnifies notlessensmy conclusions.

One last thing. Systems rarely exist in isolation. keedl T architecture, we have many systems working
together. So if we want to know the full complexity of the system of systems, we need to sum the
complexity of each of the individual systems. This is straightforward, now that we know how to calculate
the compkxity of any one of the systems.

I 322R SEFYLX S 27F | d acieniédarchiteclurd @@AHriitiSs\aichitecturd, I & S NI
there are a number of services. Each service has complexity due to the number of functions it

implements and compkity due to the number of other services on which it has dependencies. Each of

these can be calculated ugj the SCU transform (or Tablgahd the complexity of the SOA as a whole is

the sum of the complexity of each of the services.

Partitions
Muchof KS RA&0dzaaAz2y 2F AAYLEATFTAOFGA2Y gAff OSYy(iSN 2
mathematical concept of a partition, since that is how | will be using the term in this white paper.

A set of elements can be divided into subsets. The cidlectf subsetss a set of subsets. partitionis a

setof subsets such that each of the elements of the original set is now in exactly one of the subsets. It is
incorrect to use the worgbartition to refer to one of the subsets. The word partition refésshe set of
subsets.

For a nortrivial number of elements, there are a number of possible partitions. For exalfiglere 5
shows four ways of partitioning elements. Onef the partitions contains 1 subset, two contain 2
subsets, and one contains 8bsets.
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Figure 5 Four Ways of Partitioning Eight Elements

This brings up an interesting question: how many ways are there of partitioning N elements? The answer

to this isknownasthe NthBellb dzY o S N L

g2y Qi

will only point out that for nortrivial numbersthe NthBell Number is very largéable 2gives theNth
Bell Number for integers (N) betweeband 19. TheBellNumber of10, for example, is more than
100,000 and by the time N reaches 1Be Bell Numbeexceed=27 million. This means that if you are
looking at all of the possible ways of partitioning 13 elements, you have more2thanilion options to

consider.

52

203
877
4,140
21,147

© oo ~NOOh~WNPEFEOZ
[EEN
a1

N

10
11
12
13
14
15
16
17
18
19

N Bell

115,975

678,570
4,213,597
27,644,437
190,899,322
1,382,958,545
10,480,142,147
82,864,869,804
682,076,806,159
5,832,742,205,057

Table 2N Belifor N from 0-19

You can see some of the practical probldins causes itTd

a needle in a haystack is trivial by comparison.

i NB thé RithBRENudhberAly K2 &

o,
U z

[ SGQa aléex F2NJ SEI YLX §2
implement a relatively meage9 functions in an SOA. This means that we need to partitioriLthe
functions into some number of services. Which isghmplestway to do this? If we are going to
exhausively check each of the possibilities, we have more thdhfdssibilitiesto go through! Finding

" For those interested in exploringe Bell Number, seéttp://en.wikipedia.org/wiki/Bell_number
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Set Notation
Partitioning Theory is part of Set Theory, so | will often be using set notation disttiessions. Just to
be sure we are clear on set notation, let me review how we write sets.

A ={a, b, c} is to be read A is the set of elements a, b, and c. It is worth noting that order in sets is not
relevant, so if

A={a, b, c}and
B={b,c, a}
then A = B.

The elements of a set can themselves be sets, as in
A = {{a, b}, {c}} which should be read

A is a set containing two sets, the first is the set of elements a and b, and the second is the set with only
cinit.

We do not allow duplicates in sets this is invalid: A = {a, b, a}.
The same element can be in two sets of a set of sets, so this is valid: A = {{a, b, c}, {a}}.

If C is the entire collection of elements of interest then a set of sets P of those elements is a patrtition if
every elemenis in exactly one of the sets of P. So if

C=a,b,c,dand

A ={{ab}, {cd}} and

B ={{a},K, c, d} and

D = {{a, b}, {b, c}} and
E ={{a, b}, {d}}

Then A and B are partitions of C. D is not a partition because b is in two sets of C. E is hobdm partiti
because c is not in any of the setsof

Partitions and Complexity

Earlier | suggested that thweain goals of the SIP planning processra reducingcost andincreasing

value. Both of these are influenced by complexity. Complexity adds cost toeansystd complexity

YIE1S&a8 Ad RAFFAOMA 0 (2 RSEAGSNE 2N SOSyY isstmy RSNR G YR
important tool forreducing complexityBut it is also a tool that if not well understood can do more

harm than good.

oY

o

[ SGQa § z

al é 2
5SNIAOSAD Iy

- o

I NB GNBAYy3 (2 biskhedaclonsAtintod KS o6 Sad
tSGQa ale GKFEG @&2dz I NB axééy UK

¢
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Istatedd KI G 6S ¢l yid G2 LI NEehembe we défiketl Bestaddite ondtiea i o1 & dé
least overall complexity. Given these eight functions and their dependencies, you might want to take a
moment to try to determine the best possible partitioPerhaps the best possible partition{f&\BEF,

{CBGH}. This partition is shown in Fige 6.

? ™ 4 ™\
©

—ee

Figure 6 Partition{{AEER, {CBGH}

.

The partition shown above can be simplified by eliminating any dependencies wishibset (servicg
LG AayQd GKIFG Uipoitddt A\QRYZYy SSQlaaAl2 yuak - iNBiyKie K| @S | £ NB |
the implementationcalculations. Figure $hows this same partition with internal connections removed.

, ~\

®
.\

ee o0

Figure 7 Partition {fABER, {CDGH} With Internal Connections Removed

-

Now we can calculate the complexity of the proposed partition. The complexibedéft subset is SCU
(4 functions) + SCU (5 dependencies) which equals 74 + 148. The complexity of the right subqét is SCU

15| Page



functions) +SCU @ordinationdependency) which equals 74 + 1 = The complexity of the entire
system is therefore 148 + #223SCUs

(@]
(V)]
QX
c

We know that the complexity f{ABER, {CDGH}is223SCU¢® . dzi A& GKI G GKS
consider another pdition: {{ACGF{BDEH} Figure &hows this partition with internal connections

removed.
e A a A
® © @ @
e 00

Figure 8 Partition {ACGEXBDEH}

. 2dz Oy |t NBFReé &aSS K2g YdzOK AAYLIX SNJ iKA&a aSO2yR
calculations.

Left: SCU(4)+SCU (1) =74+1
Right: SCU (4) + SCU (0) +74 +0
Total =75 + 74 = 149CUs

The difference in complexity betwadhe two partitions is striking. The second is 149 SCUs. The first is
223 SCUs. The difference is 74 SCUs. Thus we have achieved a 33% reduction in complexity just by
shifting the partitions a bit. This equates to a 33% reduction in cost of the projdc 83% increase in
the likelihood we will deliver all of the value the business wants.

Of course, this example is a trivially small system. As systems grow in size, the difference in complexity
between different partition choices becomes much greater. For very large systems (those over $10M)
the choice of partition becomes critical to theceass of the project.

Directed vs. Non-Directed M ethodologies

You can see why the ability to choose the bést,(simplest) partition iSmportant. There are two
typical approaches to the problem. The first is dire¢teddeterministic The second isam-directed, or
non-deterministic

Directed methodologies are those that assume that there are many possible outcomes but only one that
is best. The directed methodolofycuseson leading us directly to that best possible outcormbe

A 2 4 A x
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your goal by telling you when you are hot (getting closer) or cold (getting further away.)
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general category of outcome. The game of pokeris aRNB OG SR YS(iK2R2f23&8d LG R
you end up winning all the money, as long as you win it.

From the perspective dT complexityeduction, the directed approach has advages and

disadvantages. The advantage of the directed approach is that it will lead you to the simplest solution,
guaranteed, no questions asked. The disadvantage is that you need complete information to find that
solution. That is, you must know evennfition and evergoordinationdependency. However this

RSINBS 2F AYyT2N¥IGA2Y R2SayQi Y (oSN laterfong&ftedzy G A £
the partitioning needs to be done. So directed approaches, at least the common ones in ageaia

not helpful in the particular problem space we are considering, th&t ymplexity reduction.

The nondirected methodologies also have advantages and disadvantages. Thiraoted

methodologies used ifT desigrare all some flavor of decompitional design. Decompositional design
works by starting with the larger system and breaking it down into smaller and smaller pieces. The
advantage of decompositional design is that you can use the methodology early on in the design cycle,
at a point whea your knowledge is very incomplete. The disadvantage of decompositional design is that
it is more than nordirected, it is close to random. Any of the many partitions are a possible outcome
from a decompositional design and there are a huge number diftfpens (TheBell Number, to be

precise) Experienced designenmsiaybe expected to eliminate the worst of these, blietchances that
decompositional desigreven in the hands of highly experienced persorwél end upwith the best
possible partition are, for notrivial systems, extremely lovif we are using decompositional design to

find the needle in the haystack, the chances are high that all we will find is hay.

So we have a big problemlifi preplanningWe need tado our partitioning early on in the design cycle.
The only design methodologies that can be used early in the design cycle adéected
methodologies, particularly decompositional design. But decompositional deségimodologies are
good at finding hayvery poor at finding needles. 8ty offer little hope ofsolving our problem,
namely, finding the leastomplex possible partition. Wat do we do?

The solution to this dilemma is to find another methodology, one that combines the benefits of both
direded and nondirected methodologies. Such a methodology could be used very early in the design
cycle (like nordirected methodologies) bugtill promiseto lead us to the best possible partition (like the
directed methodologies.) But before | can introdwsteeh a methodology, | need to give you some more
background.

Equivalence Relations
Equivalence relations are a mathematical concept that will be critical to the needle in the haystack
problem. In this section, | will describe equivalence relations and thkEvance to partitions.

An equivalence relation E is any function that has these characteristics:
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- ltreturns TRUErd~ALSE.¢€. it isBoolean)

- It takes two arguments, both of which are elements of some collectienif isbinary.)
- E(a,a) is alays TRUE.€.,it isreflective)

- If E(a,b) is TRUE, then E(b,a) is TR&lHt (s symmetric)

- If E(a,b) is TRUE and E(b,c) is TRUE, then E(a,c) isd.Ri&t(ansitive)

For example, consider the collectiohpeople in this room and the fution BirthYear that takes as
arguments two people in the room and returns TRUE if they are born in the same year and FALSE
otherwise. This is an equivalence relation, because:

- Itis Boolean (it returns TRUE or FALSE.)
- ltis binary (it compares two people this room.)
- ltis reflective (everybody is born in the same year as themselves.)
- Itis symmetric (if | am born in the same year as you, then you are born in the same year as me.)
- ltis transitive (If | am born in the same year as you and you are bdéine same year as Sally,
then | am born in the same year as Sally.)

Driving Partitions with Equivalence Relations
Equivalence relations are important because they are highly effieightiving partitions. The general
algorithm for using an equivalence relation E to drive a partition P is as follows:

Initialization:

Say C is the collection of elements that are to be partitioned.

Say P is the set of sets that will (eventually) be theifiamntof C.

Initialize a set U (unassigned elements) to contain all the elements of C.
Initialize P to contain a single set which is the Nulliset,P = {{null}}

Take a random element out of U and put it in the single set béRPP = {{g}}

a s wbhpeE

Iteration:

Choose a random element of U, sgy e

Choose any set in P.

Choose any element in P, say e

If E(&, &) is TRUE, then add, & the set.

If (en, €) is FALSE, then check the next set ireR go to step 2)

If there are no more sets in dn create a new set, add,¢o that set, and add the new set to
P.

I e

CKA& az2dzyRa O2yFdzaAy3a: odzi AlG 06S02YSa Of SINJ gKSy
want to partition whose names and birth years are as follows:

18| Page



Anne (1990)
John (198%
Tom (1990)
Jerry (1989)
Lucy (1970)

z
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Initialization:
1. C={Anne, John, Tom, Jerry, Lucy}
2. |Initialize U = {Anne, John, Tom, Jekngy}
3. Initialize P = {{null}}
4. Take aandom element out of U say John, and assign John to the single set in P. So P now looks

like {{John}} and U now looks like {Anne, Tom, Jerry, Lucy}.

Now we iterate:

oo wN R

U is not null (it has four elements) so we are not done.

Choose a random element of U, daycy.

Choose any set in P, there is only one which is {John}.

Choose any element in that set, there is only one which is John.

If BirthYeaflLucy, John) is TRUE, then add Lucy to the set {John}.

BirthYea(Lucy, John) is FALSE, so we check the nextRBeBim there are no more sets in P, so
we create a new set, add Lucy to it, and add that set to P. P now looks like {{John}, {Lucy}}

[ SGQa 32 GKNRddAK 2yS Y2NB AGSNIGA2YY

a s> wDbhPRE

U is not null (it now has three elements) so we are not done.

Choose a random element U, say Jerry.

Choose any set in P, say {John}.

Choose any element in that set, there is only one which is John.

If BirthYeafJerry, John) is TRUE, then add Jerry to thattdgsf.do we add it to that set and start
the next iteration.We now have P fJohn, Jerry}, {Lucy}}

As you continue this algorithm, you will eventually emdwith the desired partition.

Properties of Equivalence Driven Partitions
When we use an equivaleacelation to drive a partitioras described in the last section, that paain
hastwo propertiesthat will be important when we apply these ideaslfopreplanning These are:

Uniqueness of Partition
Conservation of Structure
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Uniqueness of Partition

Uniqueness of partition means that foigaven collection of elements and a given equivaleration

there is only one possible outcome from the partitioning algorithm. This means that there is only one
LI2adAofsS LINIGAGAZ2Y (GKFG OFy 68 3ISy SNloinsdRpeopeSi Qa 3
using theBirthYS I+ NJ Slj dzA @+ £t Sy O0S NBfFGA2y o ''a f2y3 a GKS 02
changdt YR G KS yIGdz2NE 2F (GKS SljdA@dlt Sy0S NBftlFiA2y R2S
R2Say Qi YL (i SsMk rirethie alyokithhdve WilkaMv8ys get the samerestit | YR A0 R2
matter who runs the algorithms avhat order we choose elements from the set.

This property is important in solving our needle in the haystack probféenare trying to determine
which partition is the optimal, or simplegtartition out of the almost infinite set of possible partitions.
Going through all possible partitions one by one and measuring their complexity is logistically
impossible. But if we can show that the simpleattfgion is one that would be generated by running a
particular equivalence relation, then we have practical way of finding our optimal partition.

Conservation of Structure

Conservation of structure means that if we expand the collection of elements, lexpand butwve

gAft YSOSNIAYQGITARFGS 2dzNJ LI NIAGA2Yy® {2 fSdiQa al @
equivalence relation E. If we now add more elements to C and continue the partition generating

algorithm, we may get more elemenssided to existing sets in P and/or we may get more sets added to

P with new elements. But we will never invalidate the work we have done to date. That is, none of the
following can ever occur:

- We will never find that we need to remove a set from P.
- We wil never find that we need to split a set in P.
- We will never find that we need to move an element in one of the sets of P to another set in P.

[ SiQa O2yaARSNIIY SEIYLS® {dzLll2zasS 6S KIF @S mnnn LI
R2y Qi 4dyagcg whiclyzip codes or how many of them we will be using for our sort. We can use
the equivalence relation SameZipCode and our partition generating algorithm to sort the mail.

[ SGQa areée GKFEG FFAGSNI a2 NI Ay 33 dids Rlendfigdithian average dfJA SOS &
10 pieces of mail in each set. As we continue sorting the remaining mail, only two things can happen: we

can find new zip codes and/or we can add new mail to existing zip code. But we will never invalidate the

work we hare done to dateOur work is conserved.

This brings up an interesting point. If you are sorting e Elements into s Sets of a partition, then how
many of e do you need to run through the partitioning algorithm before you have identified most of the
sets thatwill eventually make up P? In other words, how far to do you need to go in the algorithm
before you have carved out the basic structure of P? The answer to this question is going to depend on
three things:
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- The magnitude of s, the number of sets we wiketally end up with.
- The distribution of e into s.
- How much of P we need to find before we can say we have found its basic structure.

To give an example calculation, | set up a test where | assumed that we would be partitioning 1000
business functions ratomly among 20 sets. | then checked to see how many business functions | would
need to run through the partitioning algorithm to have found 50%, 75%, 90%, and 100% of th€lsets.
results are shown in Table 2

Table 2

Run# 50% 75% 90% 100%
10 23 45 83
14 40 48 68
13 22 65 93
12 18 28 31
16 32 41 111
12 22 29 47
11 23 35 83
14 22 41 51
15 27 46 63

0 18 29 45 81

P OoO~NOOTDWNE

Table 2. Runs to Identify Different Percentages of Partition

As Table 2hows, in the worst case | had identified 90% of the final sets after analyzing at most 65 of the
1000 business functions. The averagenber ofiterations | had to run to find 90% of the sets was 42.3
with a standard deviation of 10.6. This tells ustt8a% of the time we will find 90% of tf& sets with

no more that 42.3 + (2 X 10.6) = 64 iterations. Putting this all together, by examining 6.4% of the 1000
business functions, we can predict with 95% confidence that we have found at least 90% oficheest

of the partition. From then on, we are just filling in details.

This is well and good, you may say, if you know in advance that we have 20 sets. What if we have no
idea how many sets we have?

It turns out that you can predict with remarkable acacy when you have found 90% of the sets even
without any idea how many sets you have. You can do this by plotting how many sets have been
identified against the number of iterations. With one random sambptmt the plot shown in Figure 9
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Figure 9 Number of Sets Found vs. Iterations

As you can see in Figurevde rapidly find new sets early in the iteration loop. In the first five iterations

we find five sets. This is to be expected, since if the elements are randomly distributed, we would expect
almost everyelementof the early iterations to land in a new subset. Batmore subsets are discovered
there are fewer left to discovesso for later iterationglements are more likely to land in existing

subsets By the time we have found 15 of the subselgere are only 5 left to be discovered. The next
iteration after the 1% subset is discovered has only a Sf2thance of discovering yet another

undiscovered subset. And the next iteration after thd' 5ibset has only a 1/30chance of finding the

next subsetlt will take on average 20 iterations to go from thé"iubset to the 28 subset.

So by observing the shape of the curve, we can predict when we are plateauing out on the set discovery
opportunities. The pdicular curve shown in Figuresgéems to flatten out at about 17 subsets, which

have taken us about 35 iterations to reach. So by the time we have completed 35 iterations, we can
predict that we have found someplace around 90% of the existing sets.

Synergy

[ SGQa G 1S I froinpanitiGAsNahd\eBuivaleNdd Fefations to examine another concept that
is important incomplexity reductionthat is, synergy. Synergy is a relationship that may or may not exist
between two business functions. When two business functions have symweegyall them synergistic.
Synergy is of course a word that is used in many different contexts. | dgfieegyas follows:

Synergy Two business functions have synergy with each other if and only if from the business
perspective neither is useful withothe other.
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So if we want to test two business functions A and B for synergy, we take them to the businésis and
them we can give them A or B but not both. If they are willing to take either without the other, then the
two functions arenotsynergistO ® L F GKS@& 62y Qd GF 1S Sddeya&distics A (i K 2 dzi

For example, consider these business functions:

- Deposit

- Withdraw

- Check Overdraft

- Check Blance

- Validate Credit @rd

- Validate Debit Card

- Process Credit Charge
- Process Debit Charge

If you take these functions two by two to the business and ask which have mutual requirements, you are
likely to get these answers:

- Deposit and Whdraw are needed as a pair. The business has no interestyistens that can
deposit but not withdraw or carwithdraw but not deposit. So these two are synergistic.

- Withdraw and ChecklBf  yOS | NS 620K ySSRSR® ¢KS odzaaySaa
withdraw but not show you the new balance and visa versa, so these two are synergistic.

- Process Credit ChargachWthdraw are not needed as a pair. Process Creutirge is used to
process a credit card charge, and the business can see use for this regardless of whether that

same system can show them what their account balance is.

b2¢g fSGQ4E &l & biskeéss fungtibns, ) BJdhd @ Keda® some observations we can
make about synergy.

1. LG A& .22tSlrys YSIyAy3a GKFG GKS adlrasSySyd at
2. ltis binary, meaning that the statement takes two arguments.
3. ltisreflectdS> YSIyAy3a (GKIFIG Fye odzaaAySaa FdzyOlAzy Aa
meaningfully aski KS [jdzSa A2y > a/ly BLRAA®WEKe2dz 5SLIRAaAG 0o
4. Itissymmetricymeaning that if A is synergic with B, then B must be synergistic with A. So if you
asktreques2y da/ Fy L 3IAGS @2 dzAaZKiRyImREettteTamd SLI2Z AA 0 |
answer & @/ & y6u doly ahé gdBWithdraw andDLJ2 & A G K €
5. ltis transitive, meaning that if A and B are synergistic and B and C are synergistic, then A and C
must be symrgistic. So once we know that Deposit andhtiraw and syergistic and we also
know that Withdraw and Checlalance are synersjiic, then we can predict thatdpositand
Check Blance are also synergistic.

So we have a function that is Boolean, binagflective, transitive, and symmetric. What is such a
function called? As | discussed earlier, such a function is called an equivalence r8asynergy is not
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just a function, it is an equivalence relaticknd now that we know that synergy is an eqlence
relation, we know a great deal about it. In particular, we know these important facts:

- It can be used to drive a patrtition.
- That partition will be unique.
- That partition will have conservation of structure.

b2¢g 2F O2dz2NBAS (KS inkdzhusiyeSsduactichsiaR demBnis $ha gaition. iit #inks
of business functions as steps in a particllasiness process. It thinks of Deposit anidhdtawal, for
exanple, as part of the process ofdvlagingAn Account. Managing Arcéount is an exapie of a

cluster of functions thais often referred to as @apability From thebusinesperspective, a capability is
a unified business responsibility. From tnathematicalperspective, a capability is one of the sets in
the synergy driven partition.

An element in the partition then corresponds to a discrete step in the business process. The synergistic
analysiensureghat elements of a given set are all working on a unified business responsibility, that is,
the responsibility of their respective cability. | will start using the terroapability seto refer to one of

the synerg driven sets in the partition.

When we ask the business to analyze these eight functions, they are not going to take long to figure out
which are synergistically related (@s they might put it, living in the same capabilifihgyare likely to
conclude that the related groups asynergistic

Manage Cards

Validate Credit Card
Validate Debit Card
Process Credit Card
Process Debit Card

= =4 4 =4

Manage Account

Deposit

Check Overdraft
Withdraw

Check Balance

=A =4 =4 =4

b2g fSGQa 600K 6KIFIG KIFLILISya ¢gKSy GKAA LINR2SO0
architects (John, Anne, Jim, Sally) examine the requirements. They each come back with their
recommendation.

W2 Ky R2 S as/Kreithinksxhp Besdading is too complex. He recommends that all eight of the
functions be packaged together. If anything goes wrong, debugging is much easier, he says.
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Anne really likes SOAs. She thinks everything should be a service. She recommesgatshtfizction
be a separate service. This will give the system the maximum flexibility, she says.

Jim believes in reuse. He thinks functions that are going to have similar implementations should be
packaged together. This will give the maximum possibf@dpnnity to reuse code, he says.

Sally believes that the implementation packages should follow the business capabilities as defined by
the synergistic relationships. This will give the maximum possible alignment between the business and
IT, she says.

Whois right? Notice that all of these argumerteSy G A NS f & NBIF a2yt ofSed [ SiqQa |
from a complexity perspective.

Since eaclunction implements onetep in a unified business process, it stands to reason that there will

be many mutual depestencies betweelimplementations oinembers of a capahili set. Consider the

functions Deposit, Withdraw, ChecklBnceand Check Overdrafif we change the format of money

that Deposit stores in a dabase, we will need to changeithdraw to use the samstorage format. If

wechangeB L2 AA 1 Qa4 dzy RSNR G YRAY 3 2 Fwillnged to e@efletagdin L 5> (KI
Check Blance.

We willbe facing similar issues with Validate Credit Card, Process Credit Charge, Validate Debit Card,
and Process DéiCharge. These are all functions related to processing credit and debit cards. Changes
to Process Credithargeare likely to force changes in Validate DeldtdCand vie versa.

On the other hand, changes in Validate CreditdCare not likely to fore changes ilCheck Balance and
changes in CheclaRince arenot likely to force changes in Charge Credit C&dphically, we can map
these dependencies as shownRkigure 10

Figure 10Dependencies in Capability Sets

b2g tSGQa f 22 TarditéctuRllpOposaB. Figuiiek B4 sHow e four different
packaging possibilities with depg@ncies internal to the packagmt shown.

W2 Ky Qa O patkaginy % Bhbwin $1/igure. 11
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