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Abstract

The Software Engineering Effectiveness Modd (SEEM?) , was well received at the 2003
ESC(W) Conference. Based on feedback received, this pgper reviews thelatest status of
SEEM, induding upddes to key features and introduces the latest enhancements. These
enhancements indude Conaept Selection and the Learning-Prind ple-Conaept (LPC)
Loop.Thispgper and semina follow a case study from start to finish providing a survey
of practical techniques for the application of SEEM to an embedded system produd.

Intr oduction

Rather than provide another dry, academic tome of information consistent with our
paper as presented last year, we decided to try a different approach. The following
paragraphs are extracted from the journal of a fictional character engaged in developing a
fictional product. As the story unfolds, the elements and activities of a SEEM project
become clear. Further, the benefits of SEEM are placed in suitable context providing for a
more focused understanding of the material. Finally, we hope this is a far easier paper to
read, and is therefore more memorable. Thanks for indulging our creative spirit!

Day 1

| was sitting at my desk this morning reviewing the results of our latest project. Once
agan, the Standish Group[1] study was well represented. Our project was late, over
budge, and till does not meet the needs of theclient whois actudly going to pay for it.
Thebugreports continueto floodin to our hd p desk, and the develope's are working 50
to 60 hours aweek. Despite adl thehours invested, thenunber of bugsappears to be
increasing. | don®know howwe can continueto suppot the current project and start
work onthenext onein thepipdine | can®hdp thinking tha there must be a better way.

Day 2

My boss, Sue, called me onthecarpet after lundh, demanding to know why progress
was so dow. | explained aboutthe vaguerequirements from the cusomer. | discussed the
immature technology that we applied. | told her the staff skill set just wasn@upto the
task. | complained aboutthe crappy tools that don®meet the expectationsset by their
vendors. | vilified thecugomer, who keeps changing their mind aboutthe features we did
implement, saying we don®undestand their problem so our solution doesn®solve it for
them.

My boss, bangthegreat persontha sheis, asked if there was a better way to develop
software for embedded systems. She explained tha another produd development activity
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was aboutto kick off foramajor client. Poor thoughthe performance of my project was,
it was il the best results the company had seen thusfar for a software project. Shetells
me tha | have great potential as a manager, and tha sheknows | have abetter visionfor
developing software. Humbled beyondwords, | could only agree.

Shepromoted my best develope to take over my existing project, and said | could have
two of my current people, and hire more from theoutside as needed.

Then sheexplained tha | could make use of any process or methodsl wished, but
another project with the same results as the current project would mean theend of my
career at that company, and at any other company where she had friends Failure was nat
an option. Her grin did nothing to soften the words

Day 3

Contemplating my new assignment, | remembered oneof the new hires broughtin from
RIT™. | remember these hires complaining aboutour lack of process, saying they had afar
better experience developing software usang the SEEM methodobgy. He said we werein
the software dark ages, and had the completely wrong philosophyfor developing
software. | was irritated at thetime, butthinking back | was more hurt by thetruth of the
statement than anything e se. Out of the mouths of babesE

| called Paul into my office this afternoon,and asked about SEEM. We talked for mos
of theday, exploring the variousaspects of SEEM and whether it would apply to the next
project or not Paul informed me that SEEM is primarily focused on figuring out what the
problemis, rather than focused on a particular solution. Once the problem iswell
undestood, oltaining the correct solutionisfar easier. This has theadditiond benefit of
ensuring the cusomer is well represented, and ther real-world problem addressed and
solved. Furthermore, hewent on, SEEM addresses the needs of all theother stakeholders
as well, ensuring tha theentire project is bdanced to meet the needs of al interested
parties.

Paul explained the SEEM philosophyof Triaxial Architecture. SEEM suggests that
involving all the dements of a development enterprise in the project yields a better
solution. Traditiondly, thetechnology axis (engineers!) drive a solution with only limited
inputfromthe busness axis (management!) and the market axis (marketing, sales and the
cugomer!) By consderingtheneedsof al three, andinvolving al three in the project
wherever possible, theproject gansbeter focusand improved produdivity. | asked how
SEEM manages to get the three groups which typically only meet at paties, to talk
togeher. Paul explained tha SEEM creates a project at multiple levels of abgraction, and
tha thehighe layers are suitable for nontechies to read and undestand. By providing
simple tools to communicate thoughs and idess, it is easier to discuss theissues with al
the stakeholders. Paul asked if | ever reviewed a DFD? with a cusomer. We had agood
laughover tha ond

| asked Paul if we had to invest in pricey CASE tools, and deal with thar proprietary
interfaces, to make thebest use of SEEM. He explained that the SEEM philosophy; as
drawn from eXtreme Programming [2], is to keep thingsas simple as possible. To tha
end, only well-known tools such as Microsoft Visio, Word and Excel were used to create
the doaumentation artifacts®. He did say tha thedevelopment environment is still needed

! Rochester Ingtitute of Technology
2 Data Flow Diagram
% An artifact is any document, diagram or file prodiwced during the course of a project.
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for writing, debugging and executing code but we already had suitable (andfree!)
toolsets for tha.

| told Paul tha SEEM soundel like agreat methodobgy, butwondeed where it came
from. 1@ heard of eXtreme Programming (XP) and Rationd Unified Process (RUP), but
not SEEM. He explained tha SEEM was essentially an Agile Methodobgy [3], built on
thebest practices of both XP and RUP, and incorporating thar respective philosophies
into it. Thedevelope's of SEEM have been practitionasfor years and years, and know
how to get projects outthe doorontime. SEEM has been developed to such afine
degree, that they have a QecipeOfor developing software, something no other
methodobgy has ever provided. SEEM claims that if youfollow ther recipe, and apply
thar metrics and heuristics propely, you cannotfail. To suppot this claim, Paul told me
tha to dae, no SEEM-based project has ever been ddivered late. Furthermore, no SEEM
project has ever failed to meet theneedsof all the stakeholders, and especially theneeds
of thecusomersthat pay for it.

| asked if SEEM applied to embedded systems. He told me tha SEEM philosophy
actudly applies to any engineering discipline, but was currently geared toward software.
He assured meit would work great for our application.

| told Paul | was willing to give SEEM atry, and asked howto get started. He
suggested we bring over Tim, afellow student of his tha took the same SEEM course he
did. He adso suggested we bringin a SEEM consultant to hdp them get started. Once
geared up, we could hire more people with exactly theright skill sets.

Day5

Tom, our SEEM conaultant joined ustoday. We licensed the SEEM cookbookfrom
ArchSynergy, and went throughan introdudory session on SEEM. Theintrodudory
session covered alot of groundmogly onthe philosophyof SEEM. Here are some of the
thingsl learned:

[l SEEM isbased on XP, RUP and afew other methods buthas refined the
techniques and philosophyto make them actionable.
SEEM consders all aspects of the development enterprise, andin paticular the
bugness, market and technical communities.
[l SEEM isfocused onundestanding the problem to be solved, and ensuring that
theeventud solutionistraceable in full back to theorigind problem.
SEEM creates modds geared toward communicating with people, not computers.
[] SEEM discovers ametaphorfor the project, and leverages the metaphorto
facilitate communication.
SEEM recognizes tha paternsoccur at multiple layers of abgraction, and
leverages the paternsfrom onelayer to the next.
SEEM rende's the actud implementation of thecodetrivial, as all the hardOstuff
isfigured outin advance.

Theteam received this very well, as they already had exposure to the concepts. My
boss, whojoined usfor theoverview session, redly liked theidea of focusng onthe
problem to be solved. Shealso liked the concept of full traceability, which ensures the
rightcodeisimplemented at therighttime.
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Day 8

Paul, Tim and | have spent the past few days working outthe busness context diagram
and stakeholder profiles. Working from a produd concept provided by my boss, we
toudhed base with many of the stakeholders to deerminewhat they realy wanted in ther
new application. Since we aren®allowed to talk to theactua cusomers (something about
usbeng gesksE) , we spent time with the marketing and sales folks. | redlized for the
first time tha alot of different people are involved in creating a software application and
they al have thar own requirements. | thoughtonly the cusomer drove requirements!
1t@ redly nice tha SEEM provides atool for finding stakeholders and capturing ther
iSsues.

We spent a bit of time with thehardware folks as well, tryingto figure outhow to
undestand and capture ther thoughs and idess. We didn®undestand al of it, butwe
captured everything and hoped we could make sense of it later on.

We also gathered information on how the produd will work when completed. At this
point, everyonestill has different ideas aboutwha it should and should not do, and many
of them are contradictory. We didn®©pass judgment - we jug gahered theinformation.

Day9

We spent quite some time today figunng outtheright metaphorfor our produd. This
was another first for me, as| had never consgdered a metaphoras a communication tool
for developing software. We talked throughavariety of posibilities, andin theend
settled on a metaphortha fits reasonably well.

Thebendits of uang a metapha were immediately appaent. Suddenly we had a
vocabulary tha applied to our problem, and we were able to accelerate our
communication jug by referring to the metaphor. We were also able to intuit more
requirements from the metaphor. In our case, the metaphoriswell known, and amature
modd. So drawing requirements made sense as we could buld onthe expertise already
applied to the metaphor. Even thoughit wasn®a oneto-onecorrespondence, the
trandation from the metaphor domain to our problem domain was easy.

Tomtells ustha metaphaswill apply in different ways throughoutthe process,
showing up in theform of asimilar problem, or theform of a problem-domain péatern, or
even as adesign patern or codingidiom. If true, it@l beinteresting to see these develop.

Day 10

We met with the senior management team today, and presented our results thusfar. We
needed to meet with them to gather information on the busness aspects of the produd
development. Prompted by the SEEM templates, we asked them alarge variety of
questions, some of which took them off-guad. For example, when we asked them the
mission of thebusness, they were astonished that we didn®@ know! A secretary was
called, and he quickly provided uswith a corporate overview tha described themission
and vision of thebusgness, as well as a set of prindples tha guidethe decison making
process. We suspect thiswill beimmensaly hdpful later on.

We also talked aboutthe roadmap for the produd, even thoughwe have only limited
requirements. Rather than attempt to produe thebe-al end-all produd of all time, we put
togeher astrategy for rolling outthe features ove time. By starting with the ssimplest
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possible produd, we can ddiver to the cusomer early, and get feedback from the use of
theprodud. Thiswill makeit easier to evolve the produd over time and ensures we
really undestand the problem we®e solving. Althoughmanagement wasn@entirely
comfortable releasing a minimal produd to begin with, they really liked theaggressive
ddivery schedule allowed by this strategy.

Alongwith theroadmap, we discussed a high-1evel schedule, or produd timeline As
we knew more people were needed, we induded them in the resource-planning schedule.
We also described each of the project phases as suggested by SEEM, and discussed how
they fit into the produd release process aready in place. Senior management, seeing
thingspresented tha they could relate to, provided some excellent suggestionstha we
incorporated into the development process.

At theend of the meeting, we al agreed that this was the mog produdive management
meeting any of ushad ever been to. This was thefirst of many testamentsto SEEM(@
ability to focusactivities ontherightissues.

Day 16

We completed thefirst cut of the User Story diagrams today. Thiswas my first
expeience modding with UMLG@ use case notation, and proved to be very effective at
capturing thebehavioral aspects of an application. | @e always worked with textud
requirements, butthey tend to be ambiguous WeQe all seen the mountains of verbose
statements saying wha shdl be what should be, and wha may be, but1 Qe always found
them to bea pan. How do you trandate those speculative wordsinto software? How do
you resolve the contradictionsembedded in your interpretation?And worst of all, how do
you determineif you have indeed met the @equirementsC?

SEEM suggests thededails of a particular user story to bedescribed in text. However,
SEEM provides a set of templates for describing user stories, in which the stakeholders
interested in each user sory identifies the preconditions the flow of events required to
achieve theresults of the user story, and the measurable results. By focusng onthe
structure of thetemplate, and working within the context of theuser story, theresults
were less ambiguous SEEM also uses UML notation to depict the relationship between
theindividud User Stories (which story dependsonwhich other story, which oneisa
genedization of the other, and so on).

Theuser storiesintroduced by XP, and honel by SEEM are a nice way of capturingthe
reality of an application. They trandorm theambiguity of text into thereality of a
problem to be solved. Furthemore, the user stories are easier to categorize and review,
and the stakeholders actudly undestand them!

Thiswas also our first chance to apply SEEM in-process metrics to our work produds.
For example, our first diagram had 17 different user stories represented in the top-most
diagram. This violated the SEEM 7+/- 2* rule for diagrams, but we weren® sure howto
reduce the numbe.

Tom demondrated how abgractive decompostion could be used to build a hierarchy of
user storieswhile still presenting the appropriate information. While we had heard about
abdractive decompostion in theintrodudory session, | mug admit that | didn®
undestand it. Now seeing it applied, it makes perfect sense. 1t@ just a matter of

* Studies have shown tha thelimit of human cogniiionis roughly 7 items, plusor minus2.
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combining like user storiestogether and giving the abgract concept therightname. As
longastheuser stories groupel beneath the absract user story are congstent with the
name, then the abdractionis appropriate. Tom agan explained thedifference between
abdractive decompostion and funaiond decompostion, and why abgractive
decompostion was a better option. | think 1@ remember it this time.

While working outthe behavioral aspects of the system, we ran into many requirements
tha were nonfundiond. For example, the cugomer wants this particular produd to run
on aPowerPC chip. Thenonfundiond requirements were captured in a separate text
doaument.

Day 18

Today we received alecture ontesting. Historically, we create our test cases last, and
frankly, we were never very thoroughaboutit. We jud ran our gpplication asif we were a
uger, and noted thingstha didn®work. Of course, theusers discovered far more bugs
than we did, a congant source of embarrassment for us

SEEM has adopted the XP philosophyon testing, suggesting tha we consder test cases
even before we start implementation. SEEM recommendstwo levels of testing: Cusomer
Acceptance Testing, and Engineering Testing. Since Cusomer Acceptance testingis
based ontheuser stories, this was the appropriate time to create them. | guess tomorrow
weld spend some time congdering the user stories and how to test them in thefind
application. Wedl deal with the Engineering Tests later on when thedesignis undeway.

Day 20

We spent some time today talking about mapping user stories into sequence diagrams.
Up to this point, we kept trying to sneak solution conaeptsinto theandysis. Findly, Tim
pointed outtha theandys s should proceed as if we were designing a system for abund
of people with pendl and paper. He convinced ustha if our andysis could bemodded
with this ssmple conagpt in mind, then we could apply any technology to our actud
solution.

At first, it seemed silly to examine everythingin thislight, especialy consdering the
fact tha we®e developing an embedde, real-time control system. Eventudly, we
realized tha thetask didn®have to bepractical for people with pendl and paper, merely
possible. Once we rationdized tha thoughtprocess, it became second naure.

Day 23

We®e mid-way thoughthe sequence diagrams now. | was concerned tha thefundiond
naure of auser story wouldn®trandate into an object-oriented system. | was pleasantly
surprised when Tom ind cated we were right ontrack. Thetrick to transcribing the user
stories into an object modd isthroughthe correct identification of the objects for the
sequence diagrams. Thinking back to my early OO days, | remembered rooting out
objects by picking nounsfrom the problem statement and problem domain. | was
concerned aboutsome choices, butas longas we stuck to thenouns and could rationdly
judify our selection, they are OK.

Agan, SEEM provides guidance in this area by providing some quditative metrics tha
can be applied. For example, Tom explained the Darwin test to us The Darwin test is
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simply the conaept of Gurvival of theliittest.c')lf an object choice cannotbe successfully
moved into a different environment, it probably not agoodcandidate for an object.

At onepoint, we had a serial interface olject tha undestooda particular protocol for
communicating onaseria port. After consdering the Darwin test, we realized the object
we chos was specific to the deails of this particular protocol, and therefore failed the
test. We re-factored the object into a protocol object, and a serial port object. In this way,
we could reuse theserial port in any place requiring a seria port. We could also reuse the
protocol in any other applicationthat required similar semanticsin theinterface. By
breaking the object into more naturd entities, we increased the cohesior® of each object,
and reduced the coupling’ to other objects.

Day 25

We continueto make inaredible progress on the project. Theintellectud tools provided
by SEEM have focused theteam in a manne IC\Ze not experienced before. Now tha
we®@e mog of theway throughthe andysis, weve seen al the UML diagrams and
templates. Thebreadth of information tha can be captured is sufficient for everything
weQve learned aboutthe project to date. On previousprojects, much of theintellectua
propety was locked in theheads of the people on the project. Theinformationin this
form was hard to come by, and nearly impossible to undestand. By capturing everything
on @apaQ welve al gained a better undestanding of the problem. By having something
to point at, wave your arms around,and mark-up, thediscussionstha used to take hous
to gan consensus now take minutes.

At thestart, | was serioudy concerned tha the amountof pgoerwork would be
overwhdming. Tha |@ be spending therest of my career drawing cartoonsin Visio or
some other tool. SEEM has streamlined the process to the point where the doaumentation
becomes an effective means of communication. We®e still getting used to having
everything captured, and it takes a minute or two to find information, but having it
captured allows usto moveforward at an accelerated pace.

Day 26

I forgot to mention yesterday that we’ve started to gain an appreciation for the
continuity and traceability provided by SEEM. Since we wrapped up our first
approximation of the user stories, we’ve been using them to drive the rest of the
development process. Even our project plan is based on the user stories, as they provide
an excellent basis for planning, estimating and tracking progress.

For each user story, we’ve identified the entities (nouns) in the problem domain and
mapped them into sequence diagrams that accomplish the work of the user story. Then we
examine the sequence diagram, and extract the roles and responsibilities for various
entities into ERC Cards’. Any static relationshipstha we find between entities we also
capture on entity-relationghip diagrams. By thetime we®e donewith all the user stories,
al theentity@ roles and responsibilities are flushed out and ready for the next step. Of

® The nenessOof an object, high cohesion yieldsgoodarchitecture.
® Thereliance of one object on another to accomplish a specific task, low cohesionyieldsgoodarchitecture
” Entity-Relationship-Collaboration Cards
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course, it@ nat aslinear asit sounds and we keep going back to changeour previous
work, but 1 write more abouttha later.

Day 32

WeQe been reviewing the artifacts with the stakeholders, and they have the nerve to
suggest we missed afew of thar finer points. | feel comfortable joking aboutthis as
changes arereally nota problem. In fact, by reflecting some of our learning back at them,
we hdped changethear conaept of the problem, and the eventud solution.

One of theinteresting aspects of software development is tha every project you
undetake has never been donebefore: Everythingis new. Theconsquence istha you
don®know wha you don®know It soundsodd,butit@true Theonly way to figure out
arightway to accomplish agod isto doit. Then decideif it was the best way or nat, and
re-doit if necessary.

| remember hearingin collegetha at least oneexpert recommended tha you throw the
first three versonsaway. While thisis silly in practice, | undestand the sentiment. At
each step of the process, we realize where we went wrongonly after we were done
Fortunaely, SEEM® L PC? Looptakes this into accountand actualy leverages this fact of
human naure to drive iteration. Everything we learned by doing, we captured in the
joumd eithe asalearning, or as an actionitem to go back and fix things In some cases,
we decided to moveforward with a sub-optimal solution. After al, wha we have works -
it just isn®ideal. We captured tha fact in thejouma andwill fix it when we revisit for
thenext iteration. In other cases, we decided to address the situaion immediately, so we
exercised the SEEM Systemic Ilteration loop Wedl betrying that outtomorrow.

Day 34

WeQe gonethroughour first exercise of systemic iteration. This was avery interesting
process | e not used before. To start, we updaed the artifact dependency graphwe
started on the second day Tom was here. He told uswe@ need this! The dependency
graph smply tracks therelationship between each of theartifacts created alongthe way.
We had seen how to condrud this graph fromtheinitial set of artifacts created. We
started with a produd conaept doaument provided by my boss, so tha was onthefar left
of thegraph. Each artifact we created thereafter was added to theright, and alinewas
drawn to represent the ancestry of each artifact. For example, since we used the produd
conacept to generate user stories, there was alinefromthe produd concept to theuser
story artifact. Similarly, we used our discussionswith stakeholders for the user stories, so
we linked the meeting minutes, or actud recordingsof the conveasationsinto the user
stories. Later on, we had seen howtheflow of eventsin theuser stories drovethe
creation of the sequence diagrams, fromwhich we had condructed the ERC cards All of
these showed up as dependendesin thegraph.As more artifacts were created, this graph
was beaugmented. Tom talked to usabouttraversing these dependendes to manage
change buttheelegance was los on me at thetime. Some of my colleagues, in fact,
commented aboutwasting time to create a neat graph to illudrate dependencies tha were
obvious(l overheard someoneremark that we should have taken degrees in graphic art

8 Learning-Principle-Concept
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rather than computer science). Now | undestand the need for this graph, and appreciate
thesimplicity of the conaept.

After we updaed thedependency graph, we took alook at the changes we negotiated
with thecugomer. Three of theusers stories changed dightly, there was oneuser story
addel (discovered viathe metaphort) and the cusomer requested that we use a patticular
technology for our solution. For each change we started with the dependency graphto
assess theimpact of the change Starting with theartifact directly affected, we walked
throughthe dependendes to determineif the other artifacts would be affected. For
example, we had to add a new user story, which directly affects the user story artifact.
Since theprodud proposl was used to create the user stories, we read thoughthat to see
if anything had to change Since thenew user story was congstent with theexisting
conaept, no changewas necessary. Goingin the other direction, we know tha the user
stories were used to create sequence diagrams to assign theroles and responsibilities to
objects in the system. Since we added anew user story, we had to add a new sequence
diagram, changing that artifact.

Since we changel the sequence diagram, now we had to examinethe dependencies to
tha artifact. Going back to theuser stories, we knew we had already covered the change
there, althoughthis won® always betrue. In the other direction, we know tha the new
sequence diagram added a few responsibilities to the existing classes. Therefore, the ERC
cards (which are dependant on the sequence diagrams) had to change At this point in the
development process, we don©Ohave anything past the ERC cards so this was the end of
the changeeffect. The other changes were handled in a similar manne.

Since the dependency graph portrayed thepotential effects of the changes, and provided
ameansto managethechange we were able to easily determinethe effects of a change
and undestand the consequence to the schedule and resources. Tom pointed outan
interesting side effect of this graph. He told ustha the nunmber of perturbaionsinducd
by achangeisadirect reflection of thequdity of the system architecture. He explained
tha thedependency graph represents a perspective of the system architecture, and that
changes that affect too many artifacts may beindicative of architecture problems. As he@
been mentoring usthroughthe process, this wasn®an issuefor us

Day 39

I had a project review with Sue, my boss, today. Naturally, she asked where all the code
was, assuming we’d have a lot completed since we’ve been working as a team for so
long. I laughed self-consciously, and explained that we just now understand the problem.

I showed her all the artifacts we created, and walked her through the problem analysis.
She has seen many of the artifacts in different review sessions, but this was her first
exposure to the completed analysis. Starting with the user stories, and ending with the
ERC cards, we reviewed every aspect of the problem. As she is somewhat familiar with
the problem space, she had no trouble understanding my presentation. She was astonished
at the complexity of the problem that we modeled. Since we captured requirements from
all the stakeholders, there were some interesting implications discovered. All the
conflicting needs were reconciled and presented in our model. After just one hour of
reviewing, she understood more about the problem we were solving than any of us had at
the beginning.

Sue asked about hardware integration issues. I said that at this point we were still
figuring out the problem, and didn’t yet know how the hardware would figure in. I
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explained that hardware was a solution issue, and that would be a major part of the
technology we considered. I also mentioned that we had spent considerable time with the
hardware engineers gathering their requirements, so we felt comfortable that we
understood their needs at a high level.

She apologized for her skepticism, and then asked how we were doing relative to the
schedule. I explained that it was taking more effort than I expected to figure out the
problem, but we were still slightly ahead of our original schedule (a schedule I thought
was far too optimistic!) As I was leaving her office, she stopped me at the door and said
she was pleased that she didn’t have to fire me. She paused, then finished with a smile:
“at least not yet.”

Day 42

WeQre started mapping our problem andysis into the solution space. We spent some
time reviewing the andysis with the hardware folks, and they had some interesting ideas
and perspectives onthe problem. Togehe we were able to consider hardware solutions
tha didn®make sense before we undestood the problem. The hardware team gave us
tonsof inputinto the conoept selection process, and made our jobssignificantly easier.
Using SEEM@ concept selection process, we@re been slowly working throughthe
available technologies and selecting theright ones for our project. |@e seen the Pugh
process used in other contexts, butthisis thefirst application | e seen for software.
Basically, we list the variousfeatures we think are important alongtheleft sdeof a
matrix. Across thetop columns we list the different technologies we think apply. We
select onetechnology as areference, and then rank therelative strengths of the other
choicesto thereference. Using plusses and minuses, it quickly becomes obviouswhich
technology makes themog sense. In fact, in many cases we didn® even have to finish the
matrix asthevery exercise of creating the matrix made the choice obvious In other
cases, weQe still debaing thefine points of therankings | sugect | may need to dictate
achoice or two jud to moveforward.

Tomtells ustha conaegpt selection can be used anyplace thereisaconflict or debae
abouta conagpt. Thinking back to our metaphordiscovery meeting, | can now see how
this might have applied.

To make sure we don®lose our decision making process, weQve added the conaept
selection matrices to our repostory, and to the dependency graph. That way, if we need to
changeanything, wedl beableto tell if any of technology choices need to be
reconsdered.

Day 44

We reviewed the set of user storiestoday and selected the ones we want to implement
inourfird iteration. Mog of our selections represent theessential behavior for thefirst
release, butwe induded onetha we consdered high risk as wede not sure how wele
goingto doit. Hopeully wedl figure it out when we get there.

Based onthe selected user stories, thar reative complexity and risk, we puttogdaher a
find estimate for thefirst release date. We a so have a better feel for thetechnologies
wedl beapplying, so we submitted a hiring requisition for the other team members.
Interestingly, we requested junior-level people to supplement theteam. Since the SEEM
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process spdls outwha needsto be doneto areasonable level of detail, we don®need
senior staff for theimplement. WeQre also discussed thefact that junior-level people are
typically more open to different ways of doing things and we think they@ integrate
better with the team.

Day 47

We gotstuck today trying to figure out howto map our problem andysis into the
technologies weQve selected. We know wha technologies to apply, butwe®e not sure
how they fit into what weQre doneso far. We met with Tom to discuss theissue, and he
reminded us of theneed for traceability. He explained tha the solution design phase
indudes all the same information as the problem andysis, but adds more ddtail,
specifically aroundhowto accomplish the responsbilities of theentities.

We walked throughoneexample where we copied the sequence diagrams from the
andysisinto thedesign directory. Then we chose onediagram from the set, and started
adding solution-domain entities. The flow of information is exactly the same, and even
the problem andysis entities remained (althoughnow they are subs/stems or classes!)
We addel classes to realize thetechnology potrtion of the solution: thingslike linked lists,
persistent records, and serial interfaces.

To clarify thelinkage between the problem andysis and the solution, Tom suggested we
color codethe sequence diagram to illudrate the connetion. Reverting back to the
andysis diagram, we selected a transaction from the sequence diagram and colored it
green. Returning to the design diagram, we colored it green to match. By comparing the
two, we could easily see where the design classes were introduced, but we could also see
where the sequence of events came fromin the problem domain. Theclarity of
traceability was remarkable and really highlighted thevalue of undestanding the
problem first.

At this point, | started to undestand the process from a highe perspective. 1t@really
the same process repested at different levels of abdraction. Even thediagrams are the
same; it@jug thelevel of detail that varies. It reminded me of arecursive descent
language parser | wrote for a compiler classin college

Day50

WeQe almog ready to write code butwe were reminded to consder the Engineering
Testing before the actud implementation. Following XP philosophy, we created a test
plan for each of theimplementation classes based onthe CRC cards Thiswas my first
expoaure to writing thetest first, and | approached the problem with some trepidation.
After al, how can | write atest for something | haven®written?As it turnsout, writing
thetest plan first hepsformulate the bounday and error conditionsyou mightencountr,
and ensures you write codecorrectly thefirst time. e never consdered atest plan asa
development tool, butit certainly works to your bendfit if youwrite them first.
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Day51

We findly wrote some codetoday! We set up the compilers and theenvironment a
while ago, and weQre prototyped afew thingsjusd to be sure thetechnology was working
as expected. But today we actudly completed thefirst user story!

We started with the CRC® cards created from the sequence diagrams, and used them to
outlinetheheader file for the C++ classes. Then we filled in the bodies of the methods
based on descriptionsin the CRC cards and the sequence diagrams. We each took a set of
cards identified the required methodsfor our user story, and went to work. Since dl the
deails were already though through writing the codewas a no-brainer. Similarly, since
theinterfaces and interactionswere al defined, when we broughtthe codetogeher, it jus
worked. We even ran our test cases, and all butafew bounday conditionspassed. No
surprises, no muss, nofuss. We left work early, and | took theteam outfor beers. Sue
bought but Idl let her know later.

Day 57

We spent some time today automating the testing process. Since we®e integrating
continuousy, and wele practicing collective ownership, it@ become increasingly
important to run our test suites regularly. Fortunaely, since wede an embedded system
withoutauser interface, automated testingis much easier.

We created a script-based test infrastructure that sendsmessages into our application,
and examines theresults. We were then able to write scripts to realize our test cases fairly
quickly. Now, jud prior to checking our codeinto the repostory, we can runthetest
scripts agang the codewe®e modified to ensure it@ correct. Thetest scriptsrequire
extra effort to maintain, butwe®e so far ahead of where | thoughtwe@ be, it won®affect
our schedule.

Day 63

We started integration with hardware today. | was expecting a nightmare of
misunde standings and miscommunication to result in incompaible hardware and
software. To my surprise, everything integrated and worked with only afew minor timing
glitches. The sequence diagrams tha detailed the interface between hardware and
software were invduable in communicating the intent to both hardware and software
enginezrs. Theresulting hardware matched the specs pafectly, and the tests based onthe
sequence diagrams ran withouta problem. We were pleased to learn tha the hardware
folks undestood the sequence diagrams withoutany problem, and they were thrilled to
have adetailed interface they could designto as well. TheyQ@e been hinting tha they®e
consdeing SEEM conaepts for some of ther processes as well. We recalled fromthe
first presentation tha SEEM is compatible with DFSS™ philosophy for hardware and
manufacturing, so we gave them Tom’s business card.

Day 66

Thefirst set of user storiesis nearly complete. There are some tests yet to run, but the
essence of thefirst iterationis ready. In hindsght, thisisthe easiest development effort

® Class-Responshility-Cdlaboraion
1 Designfor Six Sigma
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I’ve ever participated in. Because we thought through everything up front, the coding
process, and the integration were simple.

In some ways, I expected the effort to get more difficult as time progressed due to the
interaction between the components of the system. For the first time, we’re practicing
collective ownership, something introduced by XP and promoted by SEEM. Collective
ownership says that anyone can modify anything as needed. The consequence is that the
code evolves much faster, and the quality is vastly improved due to the many eyes
reviewing it. Also, since everyone knows the system well, they don’t reinvent code when
it’s already been developed and tested. Since we have test cases for all the code, making
changes is safe as you can immediately test the results of your changes to ensure you
didn’t break anything. Of course, this doesn’t mean that its open season on the artifacts,
its just that when you notice things aren’t consistent, you can change them. Most changes
need to be handled via systemic iteration, but the little things can just be fixed. For
example, I was reviewing some code that Sandy, one of the new hires wrote. There was a
section of code that I’m sure made sense to her, but it took me awhile to figure out. |
made some simple changes to clarify the code. Fortunately, it was a change that was
confined to the algorithm that implemented a particular method of a class. As such, it did
not change the architecture. Exercising the systemic iteration process, I realized that there
was no need to go and change any other artifact. I went ahead and added a few comments
explaining the algorithm hoping the next person would have an easier time.

The other thing we’re practicing is constant integration. Since the repository always
contains working code, it’s much easier to test new portions of the system. We still have
to coordinate user stories to ensure the system evolves together, but that hasn’t been a
problem yet.

The cool part about constant integration is that we’ve been able to demo the system as
needed without any prior notice. Sue brought her boss down this morning. Apparently she
was bragging about our incredible progress, and her boss wanted to see for herself. They
walked into my office unannounced to see a demo. Fortunately, my portion of the system
was working at the time, so [ was able to demo the application completed thus far. Her
boss was quite pleased with the results, and Sue gave me a “thumbs-up” on her way out.

Day 75

Well, we demo@d the program to the primary customer today. We completed and tested
theessential fundiondity, and put togeher aformal release. Then we ran the cusomer
acceptance test based on the selected user stories. Everything checked outfine so we
tookit to thecugomer for their comments. We were especially pleased with our results as
we ddivered thefirst release 2 monthsahead of schedule, and squeszed in 2 extra user
stories.

Naturally, they wanted it right away, so we left them a copy with the preliminary user
doaumentation created from theuser story descriptions | was pleased tha uppe
management attended the demo, and was able to see our presentation, and the cusomer@
reactions

Afterwards Sueand he boss dragged me aside and congratulated my team and me on
our overwhdming success. Thiswasthefirg time owr company had ddivered anything
ontime, and thefact that we were early with extra features was totally unexpected. Sue@®
boss had aready heard from the sales people who attended, and they wereready to line
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up more customers based on what they saw. Everyone was very pleased with the results,
and considered this a turning point for the company.

Sue had an extra twinkle in her eyes when she handed me a stack of envelopes, each
with a team member’s name noted on the front. I flipped though the stack to mine, and
slit open the envelope while she watched. Mine held a bonus check, as I’'m sure did the
others. Glancing at the numbers, I realized I could now afford that new car I’ve been
eyeing.

Day 80

Suecalled meinto her office today to debrief theproject. | explained tha theteam was
hard at work onthenext iteration, addingin thenext set of user stories for thecugomer.
Sheasked what it would take to roll out SEEM to therest of thecompany. Based on our
success, they@ like to get everyoneup to speed so they could be as successful aswe are.
We talked awhile abouthow to get everyoneupto speed, and how we could spread the
new expertise across the company. We settled on a starting point for theroll out, and |
headed out thedoor. As | reached for the knob, she said, GDne more thing Ol turned
around,and she did anew nametag for my cubicle across the desktop. My name was
across thetop, the same as my current nametag. But onthe bottomwas a new title,
Director of Software Development.
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