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■ R.D. McDowall

N ever used = $3 2 00 0 0 0
U n ac c o u nted = $350 0 0 0
Used after mo d i f i c a t i o ns = $200 0 0 0
Used as de l i ve red = $100 0 0 0

T hus, less than 2% of the total va l u e
of all of the sof t wa re was used as
de l i ve red. (And you tho u g ht yo u r
c o m p a ny was bad at de l i ve r i ng sof t wa re
p ro je c ts.) Why was so much mo ney
wasted? The US study gives us a clue.
W hen the re a s o ns for fa i l u re we re
ex a m i ned, three causes eme rged: 

•poor or misunde rs tood us e r
re q u i re me nts 

• inability to cope with new
re q u i re me nts (inflex i b le )

•poor or no user do c u me ntation.  
Of the thre e, the majority (65%) wa s
t he result of poor or misunde rs to o d
user re q u i re me nts.

T he re fo re, this issue's V&V column
will ex a m i ne the ro le of the us e r
re q u i re me nts specification (URS) in
de f i n i ng what the end user needs and
wa nts from a sof t wa re pac k age. Befo re
we look in detail at the URS, we ne e d
to stand back and have an ove r v i ew of
t he who le system deve lo p - me nt life
cyc le to ascertain whe re this do c u me nt
f i ts in and how it drives and cont ro ls
t he who le pro c e s s. In future V&V
c o l u m ns, we shall also return to 
d i s c uss va r i o us aspects of the 
life cyc le. 

Own up, we ' ve all do ne it. It
h a p p e ns in a number of wa ys; yo u
c o u ld be lo o k i ng through a

computer mag a z i ne and see an ad ve r t
for the latest sof t wa re pac k age. Befo re
you know it yo u ' re on auto p i lot: pick
up the pho ne with your credit card in
h a nd and the next day yo u ' re ins t a l l i ng
t he pac k age on your PC. Does it work as
you expect? Probably not! Ta ke comfo r t
in the fact that you are not alo ne. Yo u
a re not the first and you de f i n i t e l y
won't be the last. 

What about the waste of sof t wa re at
a higher level? What about yo u r
o rganization? Every company has a
ho r ror story that it keeps quiet about,
but the staff know how much mo ney
a nd time we re wasted on a sof t wa re or
computer pro ject. Ru mour has it that
s o me companies have mo re than one
d a t a - m a n age me nt pro ject that has go ne
down the tubes.

What about the waste of scient i f i c
data sys t e ms on an even larger scale ?
G ove r n me nts certainly have large r
b udge ts and can make larger mistake s.
A study of US gove r n me nt sof t wa re
c o nt rac ts in the 1980s was ve r y
e n l i g ht e n i ng1. This lo o ked at nine
p ro je c ts with a total value of US$6.75
million. The analysis showed that of the
t a x p a ye rs' mo ney spent, the 
s of t wa re that wa s :
N ever de l i ve red = $2 9 00 0 0 0

■ R.D. McDowall

What do you mean? 



t h rough the life cyc le, the greater its
i m p act and the cost of resolution. An
a l t e r n a t i ve scenario, especially whe n
us e rs are not ava i l a b le, is that the
p ro g ra m mer int e r p re ts what he or she
t h i n ks the user wa nts, to save time.
I nev i t a b l y, this is wro ng and le ads to
f u r t her pro b le ms.

T he re fo re the re are two issues:
•T he need to specify the sys t e m

re q u i re me nts in sufficient detail to
re s o l ve ambiguities

•Wr i t i ng the re q u i re me nts in a
l a ng u age that can be unde rs tood by
both us e rs and computing
p rof e s s i o n a ls.

S t raight flow or feedback loops? 
What is not shown on the diag ram are
t he feedback loops between the differe nt
l i f e - cyc le phases. The re is not usually a
c lean cut-off between each phase of the
life cyc le (i.e., one phase ends and the
next one starts). Us u a l l y, the re are
q u e s t i o ns raised in the next or later
p h a s e s, if the information or de s c r i p t i o n
written down in an earlier phase is no t
c lear enough. We shall return to this
later in this column. 

O b v i o usly if the re are a sufficient
number of pro b le ms it will delay the
p ro ject and inc rease the cost. This is
c o m p o u nded by the fact that the furthe r
a pro b lem or unre s o l ved issue go e s
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S ystems Development Life Cyc l e
( S D LC) 
T he deve lo p me nt of any computer
system or sof t wa re pac k age sho u ld
fo l low a life cyc le. The re are differe nt
mo de ls ava i l a b le, such as a wa t e r fa l l .
F i g u re 1 is based upon the ISO V mo de l .
T he activities on the left re p re s e nt the
design activities and those on the right
t he testing activities to ens u re that the
design has been ac h i eve d .
T he differe nt stages of the life cyc le are :

•C o n c e p t : t he idea for the sys t e m .
•R e q u i re m e n t s : what the us e rs of the

system wa nt from the de l i ve re d
sys t e m .

•D e s i g n : de s i g n i ng the sof t wa re
mo d u les and ove rall sys t e m
a rc h i t e c t u re.

•B u i l d : p ro g ra m m i ng the mo d u le s.
•Te s t : t e s t i ng the mo d u le s ;

a s s e m b l i ng and testing the mo d u le s,
u n i ts and their int e g ration; and
s t r uc t u ral testing the who le sys t e m .

•Q u a l ify or Us e r - Acceptance tests:
c heck that the de l i ve red sys t e m
m a tc hes the user re q u i re me nts.

•M a i n t a i n : o p e ra t e, enhance and
m a i ntain the system (this may
repeat some or all of the phases of
t he life cyc le ) .

•R e t i re : P l a n ned re t i re me nt of the
system and tra nsition or arc h i ve of
t he data and us e rs to the
re p l ac e me nt sys t e m .

figure 1 The System Development Life Cycle.

It doesn't work?
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a pro ject is about 10% of the cost on
de s i g n i ng, 40% on deve lo p i ng and ge t t i ng
t he system running, and 50% on
s u p p o r t i ng it thro u g hout the opera t i ng
l i f e. Mo re time spent on the design will
re d uce the time and re s o u rces spent on
t he operation phase making it mo re cost-
e f f e c t i ve. This, in turn, will re d uce the
ove rall opera t i ng costs of the system. 
A well-written URS prov i des seve ra l
specific bene f i ts2 - 3. This is because it:

•S e r ves as a re f e re nce ag a i nst which

The way forwa rd 
T he way of me e t i ng both re q u i re me nts is
via a user re q u i re me nts specification
( U RS). This do c u me nt is your map and
g u i de through the SDLC. Without it yo u
a re lost. Without sufficient detail, yo u
t a ke a very slow and very ex p e ns i ve
scenic tour through the life cyc le. Fo r
your sanity and your company's cash
f low, the better the URS, the quicker the
system will be to deve lop, or select, and
t hen imple me nt. The best ad v i c e,
t he re fo re, is to spend as much time on
t he URS as possible; it will ens u re the
best paybac k .

Trad i t i o n a l l y, the spend distribution on

of f - t he - s helf comme rcial pro d uc ts are
s e lected, evaluated in detail, and any
e n h a nc e me nts de f i ne d .

•Re d uces the sys t e m - deve lo p me nt
e f fort and costs, as careful rev i ew
s ho u ld reveal omissions, misunde r -
s t a nd i ngs and/or inc o ns i s t e ncies in
t he early deve lo p me nt or sele c t i o n
p h a s e s, at a time when these erro rs
a re easier and less ex p e ns i ve to
c o r re c t .

•P rov i des the input to user ac c e p t a nc e
test specifications and / o r
qualification of the sys t e m .

•P rov i des input to the imple me nt a t i o n
plan as the pro ject team will know

URS should represent a binding agreement between the

customer and the developer or vendor about the overall

characteristics of a computerized system. 

figure 2 Breaking a concept into a user requirement.
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t he type of system, either comme rc i a l
or do - i t - yo u rself, that will be cho s e n .

•Facilitates a cont ro l led and ve r i f i a b le
c o nt i nual process of enhanc e me nt .

G e n e ral guidelines for a URS
A URS de f i nes clearly and precisely what
t he cus to mer wa nts the system to do, and
s ho u ld be unde rs tood by both the
c us to mer and the supplier. In this
c o nt ext the cus to mer can be a company
or the us e r, and the supplier can be an

i nternal pro g ra m m i ng or computer gro u p ,
or a comme rcial supplier. For some
sys t e ms, the cus to mer and supplier can
be the same organizational unit or
i ndividual. The URS is a 'living' do c u me nt ,
a nd must be kept updated ac c o rd i ng to a
c h a nge cont rol pro c e d u re thro u g hout the
computer system life cyc le.

A URS de f i nes the func t i o ns to be
p e r fo r med, the data on which the sys t e m
will opera t e, and the opera t i ng
e n v i ro n me nt. The do c u me nt also de f i ne s
a ny no n - f u nctional re q u i re me nts,
c o ns t ra i nts such as time and costs, and
what de l i ve ra b les are to be supplied. The
emphasis is on the re q u i red func t i o ns and
not the me t hod of imple me nt i ng tho s e
f u nc t i o ns, as this may be the
i de ntification of a solution.

If he l pful, the re q u i re me nts ent e red in a
U RS may be based on ex p e r i e nce of a
p ro totype system. Some characteristics of
t he final system can then be taken dire c t l y
f rom the pro to t y p e, whe reas othe r
re q u i re me nts can be ascertained by running
ex p e r i me nts on the pro to t y p e. Prior to
a u t horization, the URS will often unde rgo
re f i ne me nt. Selection of capable suppliers
a nd ve ndo rs is critical at this stage. 

W hen associated with an Invitation to
Te nde r, the URS sho u ld be free fro m
p roprietary information or techno lo g y -
d r i ven re q u i re me nts. The URS must be
rev i ewed to meet stand a rds whe n
re ac h i ng completion. 
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Na t u re of the URS
T he fo l low i ng basic issues sho u ld be
add ressed: 

•F u n c t i o n a l i t y : What is the system or
f u nction supposed to do ?

•External interfaces: How does the
system int e ract with us e rs, hard wa re
or sof t wa re ?

•Pe r f o r m a n c e : What is speed,
a va i l a b i l i t y, re s p o nse time, etc. of 
t he va r i o us func t i o ns of the sys t e m ?

•Attributes: What cons i de ra t i o ns are
g i ven to portability, corre c t ne s s,
m a i nt a i n a b i l i t y, security, etc ?

•Design constraints imposed on an
i m p l e m e n t a t i o n : A re the re any
re q u i red stand a rds in effect, re s o u rc e
l i m i ts, etc ?

•P r i o r i t i z a t i o n : All re q u i re me nts
s u g gested by va r i o us us e rs sho u ld be
ra n ked for importanc e. Are the
re q u i re me nts essential (i.e., are they
c o m p u lsory for the system to opera t e ? )
or de s i ra b le (i.e., simply nice to
h a ve?). Will they be permane nt
f e a t u res thro u g hout the lifetime of the
system, or de p e nde nt on future eve nts
or scientific equipme nt ?

T he URS sho u ld re p re s e nt a bind i ng
ag re e me nt between the cus to mer and the
deve loper or ve ndor about the ove ra l l
c h a racteristics of a computerized sys t e m .
Howeve r, this ra rely happens and the
p u rc h a s e rs can le a ve the ms e l ves open to
poor de l i very times or a poor quality
p ro d uct. 

Writing the specification 
T hese guide l i nes sho u ld be fo l lowed during
t he pro d uction of the specification2 - 3:

• E ach re q u i re me nt stateme nt sho u ld be
uniquely re f e re nced and no lo nge r
than 250 wo rd s.

• T he URS sho u ld be cons i s t e nt .
T he re fo re, re q u i re me nt stateme nts
s ho u ld not be duplicated or
c o nt rad i c t e d .

• E x p ress re q u i re me nts and not de s i g n
s o l u t i o ns.

• E ach re q u i re me nt sho u ld be testable
(this allows the tests to be written as

soon as the URS is finalized).
• T he do c u me nt must be unde rs tood by

both cus to mer and supplier. Thus,
ambiguity and jargon sho u ld be
a vo i ded, or if used, key wo rds sho u ld
be de f i ned in a specific section in the
do c u me nt .

• Ide a l l y, the re q u i re me nts sho u ld be
prioritized as mand a tory or de s i ra b le.

• T he URS sho u ld be mo d i f i a b le. The re
may need to be a formal rev i ew of the
U RS between the cus to mer and
supplier to check unde rs t a nd i ng and
that re q u i re me nts have been met (or
not) in the Functional Specification or
Design do c u me nts. Changes sho u ld be
u nder a formal cont rol pro c e d u re to
a void 'cre e p i ng functionality' and an
u nwo r k a b le de s i g n .

•A ny re q u i re me nt must be trac e a b le to
earlier do c u me nts and to do c u me nts
that are de r i ved from the URS (e. g . ,
design do c u me nts or testing plans,
e tc. ) .

A URS is correct if every re q u i re me nt
stated has only one int e r p retation and is
met by the system. Unfo r t u n a t e l y, the s e
a re very ra re do c u me nts.

O rganizing re q u i re m e n t s
As the finalized URS tends to be ex t e ns i ve,
c a reful cons i de ration sho u ld be given to
o rg a n i z i ng re q u i re me nts in the easiest
m a n ner to unde rs t a nd. The re is no one
optimal organization for all types of data-
m a n age me nt sys t e ms. Differe nt classes of
sys t e ms le nd the ms e l ves to differe nt
o rganization of re q u i re me nts. Some of
t hese are described below2:

•S ystem Mode: o rganize re q u i re me nts
ac c o rd i ng to system mo de (tra i n i ng ,
s e r v i c e, pro d uction, eme rge ncy, etc. ) .

•Wo r k f l ow: de s c r i b i ng the features in
relation to the process that you are
a u to m a t i ng .

•User Classes: o rganize re q u i re me nts
ac c o rd i ng to the privile ges each us e r
class is assigned (maint e n a nc e,
o p e ra to rs, etc. ) .

•O b j e c t s : o rganize re q u i re me nts in
ac c o rd a nce with object attributes

( p r i nt e rs, ferme ntation ve s s e ls, etc. ) .
•Fe a t u re : o rganize re q u i re me nts to

describe the de s i red services prov i de d
by the system (entry of samples to
t he system, or re s u l ts, etc.). This is
o ne of the most common wa ys to
o rganize a URS .

•Stimulus: o rganize re q u i re me nts to
describe how each stimu l us (input) is
supposed to be dealt with (power lo s s,
h a rd wa re int e r r u p ts, sof t wa re alarms,
e tc. ) .

•Response: o rganize re q u i re me nts to
describe all the func t i o ns ne e ded to
ge ne rate a specific re s p o nse (output),
( ge ne ration of a pac k i ng list, opening
a pre s s u re relief va l ve, etc. ) .

•Functional hiera rc hy: t he ove ra l l
f u nctionality can be arra nged into a
h i e ra rc hy of func t i o ns organized by
c o m mon inputs, common outputs, or
c o m mon internal data ac c e s s. Data
f low diag ra ms and data dictionaries
can be used to show the re l a t i o ns h i p s
within the func t i o ns and data.

Mo re than one of these techniques may
be used to ge t her to clarify what is
re q u i red, for ex a m p le, a wo r k f low with
security can explain how best to ens u re
data security and int e g r i t y.

Go with the wo r k f l ow 
T he best fra mework for writing a URS
for many data-manage me nt sys t e ms is
to fo l low the process or wo r k f low that
t he data system will be auto m a t i ng .
He re, the re may be some difficulty as
most organizational units are based
a ro u nd specific func t i o ns, and a pro c e s s
will go ac ross func t i o ns. The s e
o rganizational silos are like me d i eva l
e m p i res: this is the job that we do and
no t h i ng mo re, when auto m a t i ng ac ro s s
t hese boundaries it is inev i t a b le that
re s i s t a nce will be enc o u nt e red. (This
b r i ngs one mo re pro b lem fo r
m a n age me nt and the pro ject team to
h a nd le.) The re fo re, if you have mapped
t he pro c e s s, this makes an ideal pro m p t
for the URS .

A l t e r n a t i ve l y, if the process is
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figure 3 Improved user requirements specification.
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The use of prototyping or rapid application development

(RAD) does not eliminate the need for defining the user

requirements. In fact, the use of these methodologies brings

users and developers closer together

mapped, you have a choice betwe e n

a u to m a t i ng the status quo, or
re de s i g n i ng or simplifying the pro c e s s
b e fo re auto m a t i ng. Simplification of the
p rocess will allow greater bene f i ts of
a u tomation through the use of
i n formation techno lo g y. Alternative l y,
if the process is a mess and yo u
a u tomate it, the outc o me is ve r y
s i m p le: an automated me s s. Think
c a refully befo re auto m a t i ng the 
s t a t us quo .

What does this mean in practice? 
This idea of do c u me nt i ng what we wa nt
in sufficient detail sounds great, but it
me a ns mo re work, doesn't it? Ye s, this
is true, but cons i der the bene f i ts. The
mo re time you spend in the
specification and design phase ge t t i ng
your ideas and conc e p ts right the
q u i c ker the rest of the life cyc le will go
as you know what you wa nt. You will
get a system pac k age that me e ts yo u r
re q u i re me nts mo re fully and the re will
be less discussion later in the life cyc le. 

C o nt rast this to a pac k age sele c t i o n
with no user re q u i re me nts. (This bit
s ho u ld be easy as we have all do ne it.)

A specific exa m p l e
To illus t rate the pro b lem, let's look at a
real ex a m p le from a URS. The URS
states suc c i nc t l y :
' T he system shall support bar-codes'
This sounds very impre s s i ve doesn't it?
We can have a scientific system that is
up to the techno logical level of the
local supermarket. But wait a minute: 

•How do we select a system based on
this re q u i re me nt? 

•How do we test the final sys t e m
w hen de l i ve red or written? 

•If you are wo r k i ng in a re g u l a t e d
e n v i ro n me nt, how can you qualify
or validate this sys t e m ?

Let's judge the ade q u acy of this
s t a t e me nt by comparing it with the
g u i de l i nes listed above: 
1. Is it uniquely re f e re nc e d ? N o .
2. Is it cons i s t e nt and cannot be
c o nt rad i c t e d ? N o .
3. Does it ex p ress re q u i re me nts ? N o .
4. Is it testable? N o .

5. Is it unambiguo us? N o .
6. Prioritized function? N o .
7. Is it mo d i f i a b le? Ye s !
8. Is the re q u i re me nt trac e a b le ? N o .
T he key fac to rs to look at are, 'is the re
s u f f i c i e nt detail?', 'is it unambiguo us ? ' ,
a nd, 'can it be tested?' He re the
re q u i re me nt fa i ls misera b l y. 

What we have above is a stateme nt of
need not a user re q u i re me nt. This ne e d
is capable of many int e r p re t a t i o ns and
a lso many misint e r p re t a t i o ns. It is
certainly capable of many
m i s i nt e r p re t a t i o ns that will be the
c a use of many costly enhanc e me nts if
i m p le me nted in this system. 

This ge ne ral appro ach has resulted in
m a ny poorly de s i g ned data-manage me nt
sys t e ms. Put yo u rself in the position of
t he pro g ra m mer or sys t e ms analys t
re s p o ns i b le for the int e r p retation of
this specification. How far could yo u
p ro g ress on writing or pro g ra m m i ng the
system? On the one hand, not very fa r
b e c a use the re is no detail. Or,
a l t e r n a t i ve l y, and he re is a majo r
p ro b lem, this stateme nt is int e r p re t e d
by the analyst without re f e re nce to the
user and you get a totally uns u i t a b le
sys t e m .
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s a m p les (such as with hepatitis), to be
d i s c o u rage d ?
3. Constra i n t s : T he re may be a nu m b e r
of cons t ra i nts on the use of bar-code s.
This may stem from the use of ex i s t i ng
c o r p o rate bar-code stand a rds and will
h a ve to be inc o r p o rated into the new
system. This is a cons t ra i nt that must be
stated. Othe r w i s e, a system could be
p u rchased that does not conform to the
c o r p o rate stand a rd .

T he tempera t u re ra nge that the labels
will be used in must be stated as this
may be a cons t ra i nt. Within a re l a t i ve l y
n a r row tempera t u re of 4–25 ºC the re
may not be a pro b lem with what is
supplied by a ve ndo r. Howeve r, if the
s a m p le has to be sto red frozen at -20, 
-40, -80 or even -180 ºC, how wo u ld this
i m p act the de l i ve red solution? 
T he enviro n me nt that the labels will be
used in may also be a cons t ra i nt. Fo r
ex a m p le, conde nsation, atmo s p he r i c
c o nd i t i o ns, heat and sunlight will affect
t hermal labels.
4. External interfaces: A re the re any
o t her sys t e ms that the bar-code labels
will need to be int e r faced to? 
5. Performance: If the bar-code re ade r
is to be on-line the perfo r m a nce of the
system will need to be rapid. If the
re ade rs will be used of f - l i ne, the sys t e m
p e r fo r m a nce will not be critical.
Howeve r, the re ader will need to be
ro b ust to ens u re that data collected of f -
l i ne are not lost because of re ade r
fa i l u re.
6. Prioritization: Is this a re q u i re me nt
that is mand a tory or just nice to have ?

H a v i ng re ad this section, is the
s t a t e me nt: 'The system shall support
b a r - c o des' specific and unambiguo us? Of
c o u rse not! Now you know this, what are
you go i ng to do about it?

A specific exa m p l e : take two
F i g u re 3 shows a better URS conc e r n i ng
t he use of bar-codes within the data
m a n age me nt system. In this ex a m p le,
we judge the ade q u acy of this updated
U RS by comparing it with the

H ow can we get it right? 
Us i ng Figure 2 as a re f e re nc e, let's lo o k
a nd see how we can improve the
re q u i re me nts. In the guide for writing a
U RS we discussed the fo l low i ng are a s
that sho u ld be add ressed to improve the
re q u i re me nt :
1. Functionality: T he bar-codes are us e d
by the system to ge ne rate labels fo r
s a m p les ra t her than just 'support bar-
c o des'. Mo re ove r, are the labels to be
limited to just samples? Do you wa nt to
i nc l ude labels for re f e re nce materials,
lo c a t i o ns (both sto rage lo c a t i o ns and the
i ndividual she l ves ins i de), or equipme nt
that may need calibration or maint -
e n a nce as well as samples? It may be
that chain of cus tody is important and
location is a re q u i re me nt that will
f e a t u re highly in this data system and
be linked with time de l a ys or cumu l a t i ve
t i me. The size of the label sho u ld be
stated alo ng with the types of
i n formation that sho u ld be on the label
i tself. Re member the number of hu m a ns
that can re ad a bar-code ac c u rately is
re l a t i vely low and you sho u ld inc l ude at
least some written information on the
label. You must specify this in the URS
as this will affect the label stock and
t he printer type that will be supplied.
Howeve r, a bar-code is mo re than a
me t hod for sample ide ntification. Yo u
can enc o de data-entry information into
a bar-code and use this ins t e ad of a
key b o a rd for opera t i ng an application. Is
this a re q u i re me nt in this application? 
2. At t r i b u t e s : Do you wa nt static or
p o r t a b le bar-code re ade rs? This will
de p e nd on the type of work you are
do i ng. If you need portable bar-code
re ade rs, sho u ld they be on-line or of f -
l i ne ?

What type of cont a i ne rs will you be
s t i c k i ng the labels on? Is the re a flat
s u r face or a curved one ?

How ro b ust do the re ade rs need to be?
Will they be used in the midd le of the
North Sea or in a benign labora to r y
e n v i ro n me nt? Is cont act with the sample
ac c e p t a b le or, in the case of biolo g i c a l

g u i de l i nes listed above. 
T he URS in Figure 3 is definitely an

i m p rove me nt on the one originally
d i s c ussed. Howeve r, the re can still be
p ro b le ms when it comes to int e r -
p retation. The above section of the URS
is not perfect. We still have to make
a s s u m p t i o ns about: 

•t he nature of the surface of the
c o nt a i ner we are sticking the labels
o n ;

•do we wa nt static or portable
re ade rs ?

•do we re q u i re on-line or of f - l i ne
re ade rs ?

•ro b us t ness of the re ade rs could be
i n f e r red from the labora to r y
c o nd i t i o ns but sho u ld be stated;

• if the re is a company - w i de sys t e m
for bar-codes will the re be othe r
external sys t e ms to int e r face with?

•no stateme nts of perfo r m a nce have
been made. 

So what lo o ks to be an improved URS is
not ideal but is better than the firs t
a t t e m p t .

Ide a l l y, to improve the quality of the
d raft URS, it sho u ld be re ad and
c h a l le nged by us e rs and othe rs who have
not been invo l ved in the writing of the
do c u me nt. This will take time but, in my
opinion, will be time well spent .
Howeve r, the re are alternative wa ys to
e ns u re the user re q u i re me nts have been
de f i ned. This invo l ves pro to t y p i ng .

Impact of prototyping on the URS
T he use of pro to t y p i ng or rapid applic-
ation deve lo p me nt (RAD) does no t
eliminate the need for de f i n i ng the us e r
re q u i re me nts. In fact, the use of the s e
me t ho do logies brings us e rs and
deve lo p e rs closer to ge t her to de f i ne and
re f i ne system re q u i re me nts, which
s ho u ld help re d uce the number of
sys t e ms that are not fit for purpose. Any
steps in this direction are to be
we lc o med and enc o u raged. 

You sho u ld realize that when us i ng
p ro to t y p i ng, the traditional life-cyc le
phases are me rged and will even ove r l a p .
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In some ind us t r i e s, the re is a need fo r
a formal pro of that the system wo r ks as
specified, such as in the pharmac e u t i c a l
a nd ag ro c hemical ind us t r i e s. He re
p ro to t y p i ng is a me a ns of de f i n i ng
re q u i re me nts, but after the pro to t y p e
has been finished the specification mus t
be written and approve d .

T he re are two basic appro ac hes to
p ro to t y p i ng. The first is to use an
u ns t r uc t u red appro ach to deve lop us e r
re q u i re me nts in which func t i o ns are
deve loped ra p i d l y. This pro d uces a
system that has outline func t i o ns fro m
which the URS can be written in the
c o n f i de nce that the re q u i re me nts matc h
t he user ex p e c t a t i o ns. It is important to
realize that the pro g ra ms are not ro b us t
a nd the code will contain many erro rs.
M a n age me nt must also realize that the
system is not comple t e. The pro to t y p e
system must be discarded and a new one
written based on struc t u re d
p ro g ra m m i ng stand a rds and fo r m a l
t e s t i ng .

T he second appro ach uses struc t u re d
p ro g ra m m i ng stand a rds from the start
a nd wo r ks in an itera t i ve way to deve lo p
t he final system. The re is an initial URS
fo l lowed by a pro to t y p e, this prov i de s
t he input to update the specification
a nd the deve lo p me nt of a new
p ro to t y p e. This goes on until the sys t e m
is deve loped. As the system has been
written in a struc t u red wa y, the sys t e m
is now re ady for testing once the URS
has been updated to re f lect the ac c e p t e d
p ro to t y p e.

Role of the URS in va l i d a t i o n
In some ind us t r i e s, such as the
p h a r m aceutical, medical device and
ag ro c hemical, and in labora to r i e s
wo r k i ng under ISO guide 25, sof t wa re
must be validated to de mo ns t rate that it
is fit for its int e nded purpose. One
definition of validation is from the Fo o d
a nd Drug Ad m i n i s t ration (FDA) and this
states: "E s t a b l i s h i ng document e d
e v i d e nce which provides 
a high degree of assura nce that a specific

p rocess will cons i s t e ntly 
p roduce a product meeting its
p re d e t e r m i ned specification and quality
a t t r i b u t e s "4.

T he key conc e p ts in this de f i n i t i o n
a re :

•do c u me nted ev i de nc e
•high de g ree of assura nc e
•c o ns i s t e ncy and re p ro d uc i b i l i t y
•p re de t e r m i ned specification.

Note the last re q u i re me nt: pre de t e r -
m i ned specification. This me a ns that if
you work in a regulated ind ustry and
don't wa nt to write a URS to get the
r i g ht system or protect your inve s t me nt ,
you'll have to write one to validate the
sys t e m .

Last ye a r, the FDA published a dra f t
g u i d a nce on Princ i p les of Sof t wa re
Va l i d a t i o n5. This is int e nded for me d i c a l
devices but the do c u me nt de s c r i b e s
c o m mon princ i p les of sof t wa re
validation. It sho u ld also be re me m b e re d
that the do c u me nt is int e nded fo r
medical devices that can have life-
t h re a t e n i ng cons e q u e nces with, what a
l a rge sof t wa re company call, a 'feature ' ,
a nd the rest of us call a 'bug' or an
' e r ror'.   

T he do c u me nt states suc c i nctly: " To
validate sof t wa re, the re must be
p re d e t e r m i ned and documented user
re q u i re m e nts specifications ". This is a
very clear stateme nt that a URS is a
m a nd a tory do c u me nt when validation is
c o nc e r ned. 

E ls ew he re in the do c u me nt the re is a
f u r t her stateme nt: "A sof t wa re
re q u i re m e nts specification document
s hould be created with a written
definition of the sof t wa re func t i o ns to be
p e r fo r m e d . " It is not possible to va l i d a t e
s of t wa re without pre de t e r m i ned and
do c u me nted sof t wa re re q u i re me nts.
Typical sof t wa re re q u i re me nts specify
t he fo l low i ng: 

•all inputs that the sof t wa re sys t e m
will re c e i ve 

•all outputs that the sof t wa re sys t e m
will pro d uce 

•all func t i o ns that the sof t wa re

system will perform 
•all perfo r m a nce re q u i re me nts that

t he sof t wa re will meet, e.g., data
t h roughput, re l i a b i l i t y, timing, etc. 

•t he definition of all int e r n a l ,
external and user int e r faces 

•what constitutes an error and how
e r ro rs sho u ld be hand led 

•t he int e nded opera t i ng enviro n me nt
for the sof t wa re, e.g., hard wa re
p l a t form, opera t i ng system, etc., (if
this is a design cons t ra i nt) 

•all safety re q u i re me nts, features or
f u nc t i o ns that will be imple me nt e d
in sof t wa re 

•all ra nge s, limits, de fa u l ts and
specific values that the sof t wa re will
ac c e p t .

T he re is a further re q u i re me nt in the
Quality System Regulation [Title 21,
C o de of Fe de ral Re g u l a t i o ns, Chapter
8 2 0 . 3 0 ( c ) ]6 that, " re q u i res a mechanism
for addre s s i ng inc o m p l e t e, ambiguous, or
c o n f l i c t i ng re q u i re m e nt s. Each sof t wa re
re q u i re m e nt documented in the sof t wa re
re q u i re m e nts specification should be
e valuated for accuracy, completene s s,
c o ns i s t e ncy, testability, corre c t ne s s, and
c l a r i t y . "

F u r t he r mo re, "A sof t wa re re q u i re m e nt s
t raceability analysis should be cond u c t e d
to trace sof t wa re re q u i re m e nts to system
re q u i re m e nts (and vice ve rsa). In
addition, a sof t wa re re q u i re m e nt s
i nt e r face analysis should be cond u c t e d ,
c o m p a r i ng the sof t wa re re q u i re m e nts to
h a rd wa re, user, operator and sof t wa re
i nt e r face re q u i re m e nts for accura c y ,
c o m p l e t e ne s s, cons i s t e ncy, corre c t ne s s,
a nd clarity, and to assure that the re are
no external inc o ns i s t e nc i e s. In addition
to any other analyses and document a t i o n
used to verify sof t wa re re q u i re m e nt s, one
or more Formal Design Reviews (a.k.a.
Formal Technical Reviews) should be
c o nducted to confirm that re q u i re m e nt s
a re fully specified and appro p r i a t e, befo re
e x t e ns i ve sof t wa re design efforts begin.
R e q u i re m e nts can be approved and
released inc re m e ntally, but care sho u l d
be taken that int e ra c t i o ns and int e r fa c e s
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a m o ng sof t wa re (and hard wa re )
re q u i re m e nts are properly re v i e we d ,
a nalysed and cont ro l l e d . "

Re member when you re ad these dra f t
g u i de l i nes that we are de a l i ng with
medical devices (inc l ud i ng sof t wa re
i tself) that could have life-thre a t e n i ng
c o ns e q u e nces as a result of an erro r.
Howeve r, we can now see a re g u l a to r y
body ge t t i ng to grips with sof t wa re in
s u f f i c i e nt detail. 

Worried about this appro ach?  This is
basic common sense and go o d
c o m p u t i ng practice that most of us
fo rget when time pre s s u res are on us.
Re member also, whe re we started this
a r t i c le: discus s i ng the nine US
gove r n me nt sof t wa re cont rac ts in which
65% of the mo ney was wasted becaus e
of poor, or misunde rs tood, us e r
re q u i re me nts specifications. Are yo u
now convinced of the need for a URS ?

Summary 
T he bottom line is that a we l l - w r i t t e n
user re q u i re me nts specification will be
t i me and re s o u rce well spent. The
a l t e r n a t i ve is quite simple, just re p e a t
t he fo l low i ng wo rd s, 'but we do n ' t
actually work this way' every time yo u
look at the func t i o ns of the de l i ve re d
data system. Then practise kne e l i ng 
a nd asking for mo ney from your boss 
to pay for the enhanc e me nts you will
need to get the system wo r k i ng .

In fact, Lewis Carroll, in Alice In
Wo nd e r l a nd got it right :
" W he re are you go i ng?" said the cat.
"I don't know," said Alice.
"In that case," said the cat, "it does 
not matter as you will probably end 
up somew he re els e. "

F i ne in fiction, but wo u ld you do
this in practice with a computerized

system? Of course you wo u ld! 


