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Abstract. Affinium Pharmaceuticals engages in early-stagariplaceutical
R&D and molecular biology production processesifiternal and external pro-
grams. This business requires significant inforosasiupport in terms of small-
and large-scale software, tool integration and dsaagement. Obtaining suit-
able software is difficult due to customer diveysitapidly evolving unique
needs, vendor offering and high costs. Adapting®Reapproach and practices
for this situation, Affinium’s Informatics group sauccessfully developed in-
house software that has kept up with the scienaestribe notable accom-
plishments, and lessons learned along the wayodgse that a small in-house
group of domain-aware developers, using a custamieesion of XP, would
achieve better results than external providerspitiedimited access to re-
sources. In closing, | suggest that this strucaum@ methodology are generally
applicable to dynamic research, development andyst@n environments.

1 Introduction

Affinium Pharmaceuticals is a structure-guided decogpany focused on the discov-
ery of novel anti-infective medicines. Its undeitays thus encompass scientific re-
search, development and production. The drug desgoworld is navigated using
high-throughput processes for protein productidnycture determination, synthesis
of chemical matter and myriad assays for drug litgbR&D is responsible for rap-
idly obtaining drug candidates via proprietary aéion, workflows and protocols.

Drug discovery is an extremely expensive and timesaming pursuit. On aver-
age, developing a novel drug costs over US$800emiknd takes 15-years from ini-
tial research to marketed product [5]. To stay dread reach the market faster — and
make the most of patent protection — companies pagttantly innovate. Affinium’s
chosen path is that of utilizing molecular struetuithrough structural biology, compu-
tational chemistry, cheminformatics and bioinforitat These pursuits are well
known for the sheer volume of data they produce raadipulate. Sometimes reach-
ing terabytes per month, this data may yield imredrenefits when mined.

Affinium’s line of business requires diverse softesfor lab and data management,
maintaining and accessing scientific databasesamstiining workflow, and operating
and integrating instruments. Software is purchdsaa vendors, outsourced to con-
sultants, or built internally. In the next sectibdiscuss the downsides of purchasing
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commercial software, and several of the difficdtaround planning and engineering
useful, affordable solutions, whether done intdynat outsourced. | then show how
the Informatics group at Affinium has adapted XRitlolress these problems in build-
ing our own software or integratindfgarty software.

2 The Problem: Obtaining Appropriate Software

The dynamic nature of the industry poses challemgegever a company acquires its
software. Systems, which cost a lot of time, moaeg effort to obtain and integrate,
often lose out to innovation and the fast pacecwdrgific discovery and automation
advancement. New business initiatives, or changingyities in a difficult economic
landscape, may trigger obsolescence even fastetlebehanges, such as new busi-
ness collaborations or discovery programs, oftéeduce or modify requirements.

There exist several established vendors of infdomatoftware for biotechnology
and pharmaceuticals, but companies in these fietdl to do more than choose
among them. Given the highly diverse nature ofvés in drug discovery, few ven-
dors provide solutions that span the entire spett@ome needs are so special that no
commercial product addresses them effectively. lzasendors may not be quick,
cheap or still around to respond to the changirigreaof the business (e.g. [4]).

Data and process integration are vital to a compgasgientific advancement re-
gardless of its size or age. Data is produced andepses are developed in highly
specialized departments of different disciplinesghsas molecular biology, structural
biology and computational chemistry. However, cosmensive data analysis and
streamlined discovery operations require integratjposing serious challenges for
software development. Achieving useful integratiwhether between vendors’ prod-
ucts or custom-built products, is time-consuming erpensive. Cost/benefit analyses
lead many companies to opt for a mixed strategy.

A significant downside to eschewing vendors is thadesired system may take
many months to enter production. Meanwhile, a fanoney is spent (and a lot more
if the project is outsourced), and the requirementgate. Unformatted or unstruc-
tured ‘legacy data’ piles up, which is difficult tese and later import. The scientist
customers are often content getting by on their,daminstance by downloading free
tools, writing Perl scripts and using Microsoft EkcThus, spending money to build
software or database systems requires serioufigastn.

Developer skill-sets are another concern for congsabuilding their own soft-
ware. The subject matter is difficult to master doéts scientific breadth and speci-
ficity, so experts in both software engineering di@ogy or chemistry are few. Yet,
successful developers must have a fairly good expd® it in order to be conversant
with their customers. In my experience, “regulasftware developers often find that
little of the subject matter strikes close to hdimethem, unlike financial or telecom
systems, for instance. On the other hand, biolsgisd chemists with programming
training often do not have enough experience ifding large-scale systems.
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3 Our Solution

The Informatics group at Affinium provides interrsdftware development, bioinfor-
matics and cheminformatics services. Unlike thedgib / pharma industry’s tendency
to outsource substantially [8], Affinium keeps aadncontingent of full-time employ-
ees. The benefits have been lower costs and higledity, greater user satisfaction
with the group’s products and availability, and @lebetter alignment with the com-
pany’s goals. In line with industry practice [&}etgroup comprises 5 to 10 percent of
the company’s workforce.

Half of us have advanced biology degrees and pnogriag training; the others
have advanced computer science degrees, and lebaséd molecular biology and
chemistry on the job. The group’s members haversevsoftware industry experi-
ence. Its manager (the author) is also the softaateitect; it is small enough for one
person to manage this combination of roles. Overall makeup meets our needs.

Informatics always needs to address multiple ptsjesome of which have multi-
ple customers. Affinium’s ever-evolving drug diseoy programs and collaborations
require software of varying magnitude, which canblbeken down into large-scale
and small-scale development. This fuzzy distinci®made along the lines of dura-
tion, technology and maintenance. Small-scale dgweént requires a single person
for up to two months — for instance, writing scsipoftware integration and small da-
tabase development. Small-scale work is always tgriaformatics members.

When large-scale software is needed, we compatditgito buying-configuring-
integrating. We take into account timelines, budgesk, vendor offering, and our
skill-set and past experience. We have often fahatl scientific programs are better
bought, whereas data and process management digpigcare better built, whether
from scratch or using existing frameworks and Huedity tools.

3.1 Extreme Programming at Affinium

Our methodology has crystallized slowly since theug’s formation two years ago.
In the first few months it combined Waterfall and® X1] ideas: frequent releases,
automated testing, no over-providing, constant camination and feedback. Later,
we gravitated toward more rigorous XP through leggrfrom the industry and our
own trial and error. The present adaptation, apjlies to mid- and large-scale de-
velopment, is similar to the 19 practices descritmgdiller [7], combined with a new
one, “architect”. We also apply it to small-scakevdlopment, only with much less
emphasis on automated testing, pairing and contimutegration. The next section
outlines our methodology, broken down using thegaties presented in [7].

3.1.1 Joint Customer — Developer — Management Retices

As previously mentioned, we undertake a large nuroberojects for numerous cus-
tomer groups. To be fair and agile in allocating msources, we build our products
iteratively. For new projects we use the Minimal Ming Version technique: we plan
iterations that culminate in a quick, good enougable 1.0 release, and dedicate part
of our resources to its development. When the vigdccepted, remaining stories and



4  Gil Broza

maintenance work return to the project pool. Thejgmts are rescheduled every two
to four months to keep up with business changesngtone time, we work on three
projects at most. Ideally, each developer works single project during an iteration,
completing other obligations between iterations.

The group works in an open environment with indixb stations and low parti-
tions, which we constantly talk over. It affordsnimhal privacy without hampering
paired work or impromptu (“stand-up”) meetings ofyanumber of people. Our cus-
tomers do not sit with us: the scientists are mlt#b and their managers are in cubi-
cles or offices. Nevertheless, they are never ri@e a minute’s walk away.

The practice of retrospectives is relatively newuso We have held only a few so
far, most of them internal to our team. They helpsdo air implicit disagreements
and to express reasons for actions.

3.1.2 Developer Practices

We design and write our code with an automatednigshindset, although sometimes
we do not actually program all the tests. Typically code unit tests, but verify inte-
gration and acceptance manually. When decidingdmtvautomated and manual test-
ing we weigh considerations of maintenance, schediifficulty, risk and available
tools against ‘just enough’ manual testing. We neiee the coverage and depth of
either kind of testing by the modules’ operatiopadfile, as well as schedule and risk.
At the end of every release, we spend a coupleag$ dn manual testing and bug-fix
verifications. We delay releases when quality istake, e.g. data reliability, usability
and severe bugs. We track all defects, fixed orinat central database.

The group follows an “architect” practice (not miened in [7]). While the devel-
opers take part in every product’s entire life-eydome tasks are centralized in the
hands of the architect. Similarly to Fowler’s “Artgttus Oryzus” [6], he is responsi-
ble for the vision and overall design of Informatigroducts, tracking design deci-
sions, constraints and prospective developmentedduates feature and change re-
quests in light of existing and suggested desiyvisen competing alternatives are
considered, he makes the final decision. He paits and mentors developers, re-
views code, writes and enforces coding standarusogersees high-impact refactor-
ing (involving several modules). We find this cetization to balance collective
ownership and the downsides of the “simplest thimgt could possibly work” ap-
proach. For more on the thinking underlying thier@and how it scales, see [2].

We believe in collective ownership balanced by ¢gined action” [3]: one never
introduces major changes without consulting fired aotifying after. The reverse also
holds: every necessary task will be undertakenooyeone, like it or not. Anyone can
improve or modify the code, but they must first sider code reuse and alternative
designs with the architect, and check with the rganavhether the schedule allows
doing it then or later. Useful suggestions, desigmd refactoring tasks, which are not
undertaken immediately, are tracked for later adgrsition.

We work in pairs on all high-risk activities, sual product upgrades and live data
manipulation. The developers often pair with theh#ect for requirements analysis,
design and maintenance work, but only in some s do they pair for coding and
debugging. We feel that the architect and collecbwnership practices, and our al-
most daily show-and-tell meetings, more than makéoulessened pairing.
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We continuously refactor and integrate code, tefta and documentation. We
practice YAGNI (“You Aren’'t Going to Need It”) byotusing on high-priority stories
and doing just enough on them. However, being aagiof the company’s needs,
we can make some educated guesses regarding uheie fanifestation. Therefore,
we always sketch initial design ideas for suggeseadures, refactoring and post-
poned fixes for major defects. These drafts ard kepnind when designing for a
given release. Some unscheduled items never get dome take long to be imple-
mented, and may then be redesigned. All in all,systems have undergone minimal
course corrections.

3.1.3 Management Practices

Given our multi-project, multi-customer situatiotevelopment projects are sched-
uled by a single person, the group manager. Orhand, he works with the customer
groups on plans and priorities of maintenance anerging projects; on the other, he
plans iterations with the developers. The plang iako account the sustainable pace
(“40-hour week”) practice, which the entire grogels strongly about.

Informatics members answer only to the managermatter what project they
work on; the group has never been part of the coyipanatrix structure. The man-
ager is accountable for the group’s accomplishmants performance. He keeps its
members informed through collective and individée¢dback, including periodic
performance reviews, and he presents goals andga®gpdates to senior manage-
ment.

3.1.4 Customer Practices

Software updates are rolled out typically everyrftueight weeks. Each includes
new and upgraded features, a planned set of beg,fixeeded refactoring and auto-
mated tests, and limited but sufficient manualingstWhen a particular release tar-
gets a single customer group, they often plamitmultiple-customer scenarios the
development group plans the releases, as [9] aVidespite their proximity, users’
exposure to new features may require a few weeksiesnormally plan two or three
releases ahead. Later releases are planned shaltovd adjusted in due time.

The input to release planning includes the bigdieatustomers’ decisions about
story scope, the bug-fix and usability customerrties, and our assessment of per-
formance and stability. Our analysis of cost, skl quality shapes the final plan (for
instance, known defects may remain despite accepfawith less-involved custom-
ers, Informatics members with biology backgroundses “customer proxies”.

We walk our customers through our designs, intefatedolutions and pre-release
solutions. Similarly to the planning situation (aasl per [9]), a single customer tests
acceptance, whereas in multiple-customer situatiwesdo the testing.

4 How Our Methodology Has Worked For Us

Overall, Informatics customers are pleased: thevso€ we deliver fulfils their needs.
It is deployed when still useful — keeping up wigw drug discovery functions — and
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important updates are rolled out rapidly. In théston | analyze successful aspects,
problems and lessons we have learned from appbiiingnethodology.

Many of the successes and lessons described betee® fiom our largest software
undertaking, ProteoTrack™. It is a proteomics Latmimation Management System
(LIMS), whose 1.0 alpha was developed by a consajtaising the Waterfall meth-
odology. Two years ago the product was broughtaunsk, and Informatics has been
applying the described methodology for its develeptrand maintenance ever since.

4.1 Successful Aspects

The approach of providing a Minimal Working Versiosing iterations, and repriori-
tizing further work, has been very successful waetbr new applications, new major
features, software integration or database devedopn®ur customers have generally
enjoyed receiving a usable product early, whichluded the functionality they
needed. Although unused to small-functionalityatems, they quickly realized the
benefits. For instance, early automation of datpisition reduced manual labor, and
properly devised data repositories made reportingler. Rapidly developed small
increments indeed promoted timely feedback and ledabs to adjust to changing
priorities ([1]). They also made for a gentler ldag curve for our users, facilitating
training and communication.

All group members, who have previously worked inainor large ‘mainstream’
environments, report higher satisfaction with oppraach. Specifically, not having to
follow slow, rigid processes, avoiding unnecessaoyk, and seeing all their work in
use have been terrific motivators. They also refeeting more productive despite
pairing and refactoring considerably, and workiitgel overtime. Metrics we col-
lected confirm that per developer, we have produnetk features, fixes, Java classes
and lines of code while being responsible for (fectively owning”) a proportionally
larger codebase. These metrics also indicate aosaloonstant pace.

It is worth noting that the group chose this Agileproach when the rest of the
company, predominantly biologists and engineersewet up as a matrix and follow-
ing traditional goal-setting and project managenmattices. However, we are not at
odds with anyone, as our accomplishments havdiggtiur ‘unorthodox’ approach.

4.2 Difficulties and Lessons Learned

One prominent difficulty we have had is defining thctual customer. Both Informat-
ics and the scientists needed time to shift froen“gfrogrammers vs. users” approach
to XP’s collaboration between providers and custamand the shift is not complete
yet. When 20 people will use a new feature, sholéd “customer” be just one of
them? Selected four people? Their team leadershade tried to identify one or two
representatives from each functional group, bt #giproach backfired several times
due to disagreements or lack of participation. \@eehlooked to leaders, people with
a strong sense of product ownership, but very fdtwcbnfident enough to make deci-
sions that affect other people. This insecurity eeacerbated when the company was
formally organized in a matrix-management structuvhich distanced people with



Adapting Extreme Programming to Research, Developnré and Production
Environments 7

otherwise similar needs (and made holding retraspescwith them more difficult.)
The Informatics group is thus often left to makeisi®ns it is not qualified to make.

With heavyweight methodologies, developers arenofi@mmitted to a single pro-
ject for months on end. However with a short-itersd approach, the developers can
bring several projects to a partial yet usefulest&@ne problem is managing these
multiple projects, each with its frequent releagegyrities and customers. Another is
saying “no” to people when the load becomes tob.Higstly, a deployed partial pro-
ject requires technical support, and occasionalualatweaking for yet-unsupported
behavior. With more and more projects in this stegéeases stretch longer and re-
sources are spread thin.

We have tried to develop a common vocabulary with user base, reinforcing it
at meetings and training sessions. This approasimbiabeen entirely successful, but
the weakness of our common vocabulary has not ieghpdogress.

Several authors have written about retrofittingwafe projects to XP. Having to
develop and maintain a Waterfall-style, no-tesphalversion, we have observed that
non-trivial feature changes often merit a completelule rewrite rather than refactor-
ing and retrofitting automated tests. We have appboth approaches to numerous
modules, and the quality and productivity achiebgdewriting, especially by pairs,
were often superior.

5 In-house development or paid consultants?

The benefits and disadvantages of engaging perrhangployees vs. contractors are
well known. This paper encourages the factorinmethodology into the equation, as
more and more companies do these days. The mamntdes of XP, as described
above, hold whether the group is internal or exterAowever, our experience sug-
gests that R&D environments, in which software isegdry and evolve rapidly,
would do best to form in-house development groups adopt or adapt XP. Signifi-
cant gains include:

Agility in resource allocation. XP’s short cycles allow speedier redirection &f r
sources when priorities change. Contractors woalthally tackle a single project at
a time, and charge a penalty if the project wappsd.

Smoother process and data integration. An organization often undertakes several
software-related projects, which mutate over timaddress changing needs and pri-
orities. It can mitigate the impact of integrationaintenance and business evolution
by centralizing architectural planning in the hanfla single, internal entity.

Deeper understanding. Most R&D environments are unique. Keen knowledge of
an organization’s proprietary technology, variousjgcts and processes is vital for
focused, useful products. The customer can docuanahtadvise only so much; this
knowledge is best found in internal groups who greith the organization. Pair pro-
gramming, collective ownership and architecturatitline help pass it on.

More architectural options. As XP encourages, we focused our efforts on thstm
commonly used features. We relied on manual intérer for infrequent activities,
where development would give little return on invesnt. This approach would have
been untenable had we paid someone else to writgodware.
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6 Conclusion

An innovative, scientific pursuit like structureidad drug discovery has challenging
needs for software whether the organization buyssaurces or builds it. Affinium
uses a mixed buy-build strategy, the “build” patyf undertaken by the Informatics
group, which resides outside the company’s matrixcture and bases its processes
on XP. By frequently reprioritizing our project gpave have been able to deliver
timely, useful products and keep up with new diseg\functions and needs. Incre-
mental delivery has proven vital for early feedhaa#justment to changing needs,
and motivation. Automated testing has been a lrigssi the absence of testers. Just-
enough design and refactoring have been criticafjfick turn-around. It has not all
been roses, however; we struggle with definingamsts and their involvement, and
it is difficult to manage multiple short-span, ftempt-release projects.

| think the Affinium environment is reflective otleer small companies who have
scientific, research, development or productionrafens. Although our software
must model the business — biology, chemistry aratrphcology in our case — it is no
different to produce than other software. Its desigd process must still consider us-
ability, performance, developer and user interastjomaintenance, schedules and
planning, and ultimately, value to the customethdrefore suggest that XP can be
customized to suit such environments, as our twar-péd case exemplifies. | propose
further that an internal, organic team is in thenpany's best interest, providing a
more cohesive software experience than outsounageaps.
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