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Abstract

This paper introduces a set of simple software complexity metrics
that has keeen inspired by developments within cognitive psychology.
Complexity measures are constructed oy analysing the distance le-
tween components of a program. The greater the distance between
program fragments, the greater the resulting spatial complexity of a
program. Suggestions are made as to how spatial complexity measures
can e tailored to individual programmer teams. Using these metrics,
the complexity of a software system can ke adjusted using sulkjective
measures of programmer experience and knowledge. A related set of
simple okject-oriented metrics based around the same principles of are
also suggested. Finally, a number of further research possibilities are
suggested.

Index Terms : Seftware metrics, seftware cemplexity, psychelegical cem-
plexity, spatial reasening, esject-eriented pregramming, human-facters in
seftware engineering, pregramimer experience, seftware maintenarnce.

1 Introduction

There exists the belief within engineering that if semething can be measured,
it can e centrelled. This belief is ne mere evident than in the field of
seftware engineering, where a large number of different seftware metrics have
preliferated. One of the mest impertant metric te receive attentien has bseen
that ef the cemplexity metric. The metivatien is simple : the mere cemplex
a seftware system is, the mere difficult the seftware is te cemprehend and
maintain. If’cemplexity’ can se measured in seme way, then we step tewards
managing and understanding seftware preductien and cerrectien. Seftware
cemplexity has been measured in a number of different ways. The simplest



of all seftware cemplexity measurements is the number of lines of cede; the
greater the number of lines, the mere sephisticated a seftware system will
be. Finer measurement ef cemplexity includes simple ceunts eof pregram
statements and analysis ef a pregrams centrel structures [1, 2]. Studying
the seurce listing of seftware has caused twe ferms ef measures te be defined,
centrel Hew cemplexity and data flew cemplexity.

Recently, ebject-eriented metrics has been an area ef increasing inter-
est, net enly frem the understanding that data and precedure are bsreught
tegether and se necessitate the fermatien ef new metrics, but alse frem a
practical perspective. Object-eriented languages are beceming increasingly
pepular as a vehicle fer the censtructien ef significant seftware systems.
A number of ebject-erienited metrics have been prepesed by Chiadamber
and Kemerer that attempt te describe the design and cemplexity ef ebject-
erienited seftware [3]. There are three types of metric, these that relate te
ebject definitiens, these that relate te ebject attributes or ebject data items,
and these that relate te edject cemmunicatien er relatiens. An ebject defi-
nitien metric is a measure of the depth of inheritance, aleng with a measure
of hew many metheds are used. Data metrics are metrics that ceunt the
relatienships between classes and their member functiens.

It can be argued that centemperary seftware metrics, in part describe
the seftware But cannet net describe hew difficult parts ef the seftware
weuld be able te be cemprehend, medify and change. Empirical seftware
engineering practitieners have called fer empirical assessment ef seftware
engineering practices and appreaches; seftware metrics is ene of the ap-
preaches that a seftware engineer can use [4]. Psychelegical cemplexity and
seftware cemplexity are different wut similar cenceptiens. A presram that
is 'psychelegically cemplex’ is a pregram that is difficult te understand. A
pregram may ke difficult te understand and yet still have a small numlser
of lines, a small number of statements and lew levels fer certain types ef
cemplexity measure'. The spatial metrics that fellew has seen primarily
inspired by theeries of werking memery [5]. Their intentien is te measure
psychelegical cemplexity simply, and in a way that can ke directly related
te the precesses that eccur during the cemprehensien of pregram cede.

2 Spatial complexity metrics

Intellisence tests examine a number of cegnitive abilities. Verbal ability is
tested. Graphical and textual based tests are used te test inductien, and
spatial abilities are tested using mental retatien tasks. Spatial ability is a
term that is used te refer te an individuals ceguitive abilities relating te
ericntatien, the lecatien ef eljccts in space, and the preccssing ef lecatien

!Within this paper, a pregram is censidered te be a set of executable instructiens that
are written in a textual fermat.



related visual infermatien. Spatial ability has been cerrelated with the se-
lectien of preklem selving strategy, and has played an impertant rele in the
fermulatien of an influential medel of werking memery.

Te successfully selve debugsging, maintenance and cemprehensien tasks,
pregramiers must pesses knewledge of the pregramming language, have
an understanding ef the applicatien demain and develep an appreciatien of
the relatienships that can exist between the twe [8]. Pregram cemprehen-
sien and seftware maintenance are censidered te substantially use pregram-
mers spatial abilities. Te develep an understanding eof nen-trivial seftware
systems, a pregrammer must begin te knew where significant parts ef the
pregram lie and have an appreciatien eof their relevance te ether parts ef a
pregram. Impertant parts ef the pregram lie in the pregram ’space’, which
is the seurce file. Pregram space is net enly ene dimensienal, but multidi-
mensienal. Seftware is net simply enceded within a single seurce file but
can e distributed amengst any numiser of ether files.

The idea of the pregramming plan er pregram schema has been used
as an explanatery teel te explain pregrammer expertise. A plan represents
a cenceptien of seme predefined actien. In cemputing terms this can be a
sert er a searching alsgerithmn, fer example. Letevsky and Seleway believed
that pregramming plans can e situated within different parts of a pregram,
and this can make pregrams difficult te understand [7]. Wilde et.al. stated
that pregrams written within an ebject-eriented language can »e especially
difficult te understand since a pregram plan can e distributed in different
pregram parts, within classes, metheds and ebject [8].

The mere widely distributed the cennectiens between pregram functiens
are, the mere cemplex the relatiens between the presram parts beceme.
Cemplexity metrics have histerically seen of twe main types; centrel few
erienited and data eriented. Spatial metrics, like the ebject-eriented metrics
that were described represents a third categery ef metrics : cede relatien
metrics.

The fellewing sectiens present spatial cemplexity measures of increasing
sephisticatien, eginning with measures of standard precedural cede. This
is fellewed with a discussien ef related measures that can e applied te
ebject-eriented cede, derived primarily frem examining the C+-+ language,
where twe main measures are presented; relatiens that may exist between
classes and relatiens that may exist between ebjects.

3 A function complexity metric

Understanding the purpese ef presram ef a significant size necessitates the
understanding the functiens er preccdurcs that arc centained within a pre-
gram. The greater the distarnce in lines of cede between related functiens, the
mere cegnitive effert is required te be expended te understand the cennec-



tiens between functiens during the initial stages of pregram cemprehensien.
If a functien definitien directly precedes a functien call, ne searching will
have te e perfermed te lecate pertiens ef seurce cede that are needed te
facilitate understanding,.

The functien cemplexity value is derived in twe parts; by determining
hew many functiens are called within a pregram and calculating the distance
in lines of cede that lie between a functien call and a functiens declaratien.
A cemplexity measure fer any particular functien can be calculated by,

neme
FC = Z distance;

i=1

where, name is the numiber of functiens er precedures that are called,
and distance is the number of lines of code frem the functiens declaratien?®.
FC is an abselute value.

The entire spatial cemplexity fer a pregram can e calculated by sum-
ming the cemplexity ratings fer each functien it centains,

n
PC =) FC,

i:l

where, n is the tetal number of functiens that exist within a pregram.

Since it is very unlikely that seurcs cede is centained within a single
menselithic file, the functien cemplexity value becemes mere cemplex. It
sheuld e calculated by tetalling the distance frem the functien call te the
tep of the current file with the line number of the file where the seurce cede
is centained. In the case where ne seurce cede feor a functien can e feund,
cede is centained within a library which is enly available within esject ferm
enily, nie measure can be preduced.

Twe levels of granularity can be used te derive a spatial cemplexity
measure. Firstly there are these that can e measured in lines of cede,
and these that are related te the pesitien ef the functien in relatien te
ethers. A cemplexity ceunt fer the distance in lines of cede can be calculated
using multiples. The lewer the line of cede multiple, the finer the level of
cemplexity view.

4 Recursive function complexity metric

The simple functien cemplexity metric dees net censider that functien calls
are very eften nested within ene anether. Fer example, a pregrammer may
define multiple functiens that are called frem a larger *higher level’ functien.

*The werds function and procedure are used interchangeably. The C cenventien ef
calling everything a functien is adepted



The recursive metric is a simple pregressien. As described, a functien cem-
plexity value calculated using LOC measures is calculated by taking the sum
of all the distances of the functiens that it calls. The RFC fer a functien
is alse calculated sy summing LOC distances frem calling functiens. The
distances are the sum ef the distances that its children call. Written mere
fermally,

n
FC = Z distance; + FCj
i=1
wheren is the numlber of functiens that can e called, distance is the
numlser of lines of cede frem the current functien, and FC is the cemplexity
of the functien that is called. The sreater the levels of nesting, the mere
navigatien threugheut the seurce text is required, the sgreater the spatial
cemplexity.

5 Object-oriented spatial complexity metrics

The spatial cemplexity measures can e easily medified te assess the cem-
plexity of ebject-eriented cede, just as it can e adepted te ether textual
pregramining languages witheut any great degree of difficulty. Three simple
measures are prepesed. The first of these is very clesely related te the func-
tienn cemplexity metrics previeusly described, while the ether twe metrics
relate directly te inheritance. There are twe main ferms ef inheritance re-
latiens that are used within elject-eriented languages, inheritance threugh
class reuse and inheritance threugh the censtructien of cempeund ebjects.
A feurth measure, a cempesite measure, is alse given.

5.1 Method location rating

The functien lecatien measure is a ceunt ef hew clese the definitien ef a
member functien (er methed) is in lines of cede te its class declaratien.
Within the language C++, the seurce cede fer member functiens can e
written next te the declaratiens. If this is the case, spatial cemplexity ef
the seftware is minimal and cemprehensien is eased since all the relevant
infermatien is centained within ene place. The numlser of member functiens
used within a class affects the functien lecatien measure. It is a measure that
is distinctly reminiscent ef the weishted metheds per class metric (WMC)
as prepesed by Chidamber and Kemerer.

Within C++ language, the methed lecatien metric is calculated oy sum-
ming distances frem a metheds implementatien and descriptien. This is
represented by,

method
MLR = Z distance;
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method is the number of metheds within a class and distance is a functien
that returns the number of lines of cede. In the Java language, a slightly
different appreach can e censidered. MLR can be appreximated by taking
the pesitien ef the current methed, te the first line of its class.

5.2 Class relation measure

The class relatien measure is a measure of hew clese an inherited class is situ-
ated te the class which it is inherited frem. The greater the distance between
the class declaratiens, the greater the rele spatial memery will play during
ebject-eriented cede cemprehensien and maintenance. The CRM measure
is censidered te be impertant since the cemprehensien of inheritance struc-
tures requires an understanding ef many different attributes, knewledge of
metheds and an appreciatien of the differerices setween classes. Since a pre-
grammer is unlikely te held all infermatien within werking memery at any
enie time, especially when perferming 'celd cemprehensien’, knewing where
a class resides is censidered te e of great impertance.
The CRM is calculated by,

class
CRM = ) distance; + CRM,;

=1

Where, cless is the number of classes that a class inherits, distance is
the number of lines of cede frem the tep of the current class te the tep ef
an inherited class, and CRM is the distance measure of this class. If classes
are net defined within available cede, ence again the measure cannet ke
derived. If classes are lecated in mere than ene file, the number of lines
frem the definitien ef a class te tep eof the file is summed with the line
pesitienn within the file where the definitien can e feund.

Take the fellewing example: If a class ’a’ multiply inherits classes '’ and
’c’, a CRM measure fer '®’ and all its subclasses is taken. This is repeated fer
class '8. A CRM measure fer class 'a’, is then simply CRM(a) + CRM(b).

5.3 Object relation measure

This metric examines the usage of ebject types (er declaratiens) within
classes. The ebject relatien measure is calculated by summing the tetal
distance in lines of cede frem each ebject declaratien te their respective
class declaratien. Like with the ether metrics that have been discussed, if
declaratiens exist in ether files (ether than files that are purely intended te
be header files) the rules that have been previeusly stated still apply. In the
situatiens where the ebject definitien is unavailable, cede distances cannet
calculated. A separate 'net availalsle’ er NA value sheuld then be created.
This metric has seme similarity with the Chidamber and Kemerer ceu-
pling metric, CBO, which stands fer coupling setween objects. Ceupling can



e described te be the measure of interdependence between medules. If a
medule or ebject dees net access ethers, then ceupling will be lew, creating
lew interdependence. The ORM further develeps the cenceptien ef ceuplins.
An ekject can be censidered te have lew spatial ceupling, er lew spatial in-
terdependence if the used ebject er functien is lecated near te where it is
defined.

ORM is calculated simply by,

object
ORM = E distance;

i=1

Where object is number of eljects that are used within a class declara-
tien, and distance is the distance in lines of cede between its usage pesitien
and the class where it is defined.

5.4 Combining measures

These measures can be combined te preduce a cempesite view of the spatial
cemplexity of the mest significant parts eof an ebject-eriented pregram. Ne
ether metheds ef cembining the metheds have currently been devised apart
frem a simple summatien eperatien. Obtaining a cempesite cemplexity
measure is ene that is censidered te e impertant, but witheut understand-
ing what the mest cegnitively demanding eperatiens when manipulating and
werking with elject-eriented seurce cede are, it is difficult te see hew such
a value may relate te pregram cemprehensien and maintenance eperatiens.

6 Complexity and Programmer Experience

Maintainers mere eften than net werk en seftware systems fer larse ameurnts
of time. The measures that have been described can be used te ebtain an
indicatien ef hew cemplex a seftware system is fer pregrammers whe have
had ne experience in using a particular seftware systems; pregrammers whe
undertake 'celd’ cemprehensien. The complexity sceres that can e derived
frem seftware may appear te be impressive but easily beceme meaningless
te seftware develepment managers whose pregrammers have been werking
on a seftware develepment fer a year er mere, for example.

Over a peried of menths and years, it is safe te assume that presrammers
censign different types of infermatien abeut a seftware system te memery.
Such infermatien can include data flew, centrel lew, knewledge of functienal
cempernents and preblem demain infermatien. Spatial infermatien abeut a
pregrams terrain is alse held; where infermatien abeut a particular area ef
a large seftware system can e feund as individual pregrammers beceme
familiar with particular cempenents ef a system.
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A cemplexity measure that differs between different sreups ef pregram-
mers can be an especially useful teel fer cest and time estimatien. Measure-
merits abeut the cemplexity of particular sectiens can e weighted using a
subjective knewledge measurement previded by a pregrammer. This can e
ebtained in the ferm of a percentage. Individual pregrammers can rate par-
ticular sectiens of a seftware system in terms ef their familiarity. A rating
of zere percent indicates that a pregrammer currently has ne knewledse of
a particular part ef a system, while a maximum ene hundred percent rat-
ing sugsests that a pregrammer can recall the pesitien and names of all of
the pregram segments and recenstruct the key elements directly frem mem-
ery. A cemplexity rating weighted by pregrammer knewledge can »e simply
calculated by subtracting the suggested percentage.

Greup measurements fer pregramiming can be ebtained by calculating
simple averages ef all cellected data frem all members of a pregramming
team. Over time, subjective knewledge can change er even degrade threugh
lack ef use. Te maintain a cerrect view ef pregrammers experience and
hew they affect the cemplexity measures, subjective measures of knewledge
sheuld e taken at regular intervals te reassess the state of knewledge. These
metrics, when cembined with persenal adjustments, haw the petential te
previde the seftware develeper with a view of hew 'cemplicated’ presram
cemprehensien can be, and indirectly, besin te sause hew cestly it can be.

7 Discussion

The spatial metrics cenferm te many of Weyuker’s desirable preperties of
cemplexity measures [9]. Metrics sheuld neither be tee cearse er tee fine.
In essence, a measure sheuld net rank different pregrams as being equally
cemplex. It will alse fellew that if two pregrams were jeined tesether, in
seme cases, the resulting pregram will be mere cemplex than the sum ef its
parts. It dees net fellew that in all cases, if statemernts were re-erdered, a
different measurement will be ebtained. It will fellew if the functien pesitien
is changed.

Further werk is needed te understand the relatienship between the spa-
tial cemplexity measurements and cegnitive effert needed te understand
pregram cede. Spatial memery is said te play an impertant rele in cegni-
tien, specifically werking memery. Baddeley prepeses a theery eof werking
memery that gees further than the simple distinctien ef shert-term and
lenig-term memery. Evidence frem cegnitive neurepsychelegical studies of
the brain damaged gives weight te the cenceptien that spatial precessing
invelves a particular cegnitive system.

The psychelegical cemplexity ef seftwarc gecs Bcyend simple censider-
atiens abeut the relative pesitien ef related fragments eof seftware. The
spatial lecatien metrics ene describes a very particular view ef a seftware



system. Like all metrics, it sheuld e used in cembinatien with ethers te
ebtain a full picture of the sephisticatien ef seftware.

Cede pesitien is a cencept that can be expanded and used te create
further metrics. The metrics that have been presented are by ne means
perfect. They are in need of refinement. The ebject-eriented spatial metrics
de net attemnpt te address additienal language features such as multi-tasking
and exceptien handling, beth of which are present within the Java language.
Altheugh ne direct censideratien has been given te these fsatures, using
the netien of distance functiens, metrics can be censtructed witheut great
difficulty.

Further research is required te further assess the advantages and shert-
cemings of these metrics. These metrics are rich fer empirical investigatien.
Cerrelations between ether mere established measures sheuld se cenducted
and empirical evidence sheuld e cellected te begin validatien and assess-
ment. The spatial metric is a pewerful cenceptien. It presents a view ef
seftware cemplexity that is related te the cegnitive demands ef cenduct-
ing pregramming tasks, rather than to simple ceunts ef lines, eperaters
and eperands. It currently remains te ke seen whether the artifacts that
seftware engineers preduce can e measured with accuracy, particularly in
terms of their psychelegical cemplexity. If they can, then develepment and
maintenance may indeed beceme an activity that can e centrelled.
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