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Ef f ect i ve r ecycl i ng of  sof t war e asset s has been a l ong-

st andi ng goal  of  t he sof t war e engi neer i ng di sci pl i ne,  hol di ng 
out  pr omi ses of  r educed devel opment  and mai nt enance cost s,  gai ns  
i n devel opment  schedul e,  qui cker  t i me- t o- mar ket ,  and r obust ness 
and qual i t y  over  sof t war e devel oped wi t hout  r euse.  However  f ew 
or gani zat i ons i n t he sof t war e i ndust r y pr act i ce ‘ syst emat i c 
sof t war e r euse’ .  Ther e i s  a di sconnect  bet ween t he hi gh- cer emony 
met hods r ecommended by t he r euse r esear ch communi t y,  and what  i s  
pr act i cal l y  adopt ed by sof t war e pr act i t i oner s.  Anecdot al  
evi dence shows us t hat  t he pr act i ce of  ‘ sof t war e sal vage’  i s  
wi del y pr act i ced,  especi al l y  i n smal l  and medi um- si zed sof t war e 
shops.  By sal vage we mean l i f t i ng of  s i gni f i cant  bl ocks of  
exi st i ng syst ems and t r y i ng and i nser t i ng t hem i nt o a newl y 
devel oped syst em.  

The goal  of  t hi s t hesi s i s  t o s i mpl i f y  sof t war e sal vage t o 
make i t  a usef ul  par adi gm,  and t he r esear ch her e i s  di r ect l y 
concer ned wi t h i nnovat i ve ways of  l ever agi ng maj or  par t s  of  
exi st i ng sof t war e syst ems.  Whi l e reuse connot es i mmut abi l i t y——
t he i ndi v i dual  pi eces may be desi gned and i mpl ement ed t o be 
adapt abl e but  wi t h no i nt ent  t o change even a s i ngl e char act er  
of  sour ce code,  salvage makes no guar ant ee of  i mmut abi l i t y .  Ver y  
of t en t he sour ce code of  i ndi v i dual  pi eces bei ng sal vaged i s 
modi f i ed——l ar ge pi eces we want  t o r ecycl e of t en have many 
dependenci es on par t s we don’ t  want ,  whi ch may r esul t  i n 
expensi ve changes t o t he par t  bei ng sal vaged.  Whi l e i t  may seem 
easy t o l i f t  maj or  bl ocks of  code f r om one syst em f or  use wi t hi n 
anot her ,  t he t r ut h i s  qui t e di f f er ent  due t o t hese dependenci es 
of  t he sal vaged par t  on t he syst em f r om whi ch i t  was ext r i cat ed,  
of t en maki ng ef f ect i ve sal vage ver y di f f i cul t  t o accompl i sh.  

We pr opose an ar chi t ect ur e f or  syst em const r uct i on ai ded 
by a f r amewor k,  cal l ed t he “ Sof t war e Mat r i x” ,  t hat  act i vel y 
suppor t s and pr omot es t he sal vage of  component s.  Rat her  t han 
concent r at i ng onl y on pr ogr ammi ng l anguages as i n obj ect -
or i ent ed t heor y,  or  onl y on packagi ng t echni ques as i n 
component - or i ent ed t echnol ogi es ( bot h t o a cer t ai n ext ent  meant  
t o addr ess r euse) ,  our  appr oach goes a st ep f ur t her  by v i ewi ng 
appl i cat i ons sol el y as composi t i ons of  di f f er ent  pi eces——of  
“ Cel l s”  i n a Mat r i x——and havi ng a f r amewor k t hat  act i vel y 
suppor t s t he dynami c composi t i on of  appl i cat i ons f r om t he 
col l abor at i on of  t hese di f f er ent  pi eces.  I n par t i cul ar  t he 
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Sof t war e Mat r i x  i s  a r unt i me i nf r ast r uct ur e i nt o whi ch 
i ndi v i dual  pi eces of  an appl i cat i on can pl ug.  Appl i cat i ons ar e 
t hen composed f r om t hese di f f er ent  pi eces by havi ng t hem 
col l abor at e by st r i c t l y  passi ng onl y messages t o each ot her .  

By l i mi t i ng t he har d pr obl em of  gener al  r euse t o a smal l er  
domai n——of  sal vage wi t hi n an or gani zat i on,  t o be used i n t he 
const r uct i on of  modest - s i zed syst ems——we t r y t o achi eve 
somet hi ng c l ose t o pl ug- and- pl ay sof t war e const r uct i on,  whi ch 
can be l i kened t o t he sof t war e- I C model .  

By enf or c i ng l oose coupl i ng of  syst em component s ( Cel l s) ,  
by empl oyi ng messagi ng passi ng and medi at or  st r uct ur es,  and by 
suppor t i ng di scover y of  needed t ypes we’ ve bui l t  a pl uggabl e 
ar chi t ect ur e t hat  can gr acef ul l y  adapt  t o sal vage oper at i ons.  
The Sof t war e Mat r i x  t akes car e of  t he composi t i onal  aspect s of  
sof t war e by dynami cal l y  composi ng syst ems.  I t  connect s t he r i ght  
syst em el ement s at  r unt i me wi t hout  one havi ng t o bi nd t o 
anyt hi ng expl i c i t l y  at  compi l e t i me.  

The i deas pr esent ed i n t hi s t hesi s wer e i mpl ement ed and 
t he Mat r i x  i nf r ast r uct ur e was bui l t  us i ng Mi cr osof t ’ s  . NET 
f r amewor k and t he C# pr ogr ammi ng l anguage.  Thi s i nf r ast r uct ur e 
was used t o const r uct  t wo r eal - wor l d t ool s i n or der  t o 
under st and t he i ssues i nvol ved.  The met hodol ogy r equi r ed t o 
bui l d syst ems usi ng t he Sof t war e Mat r i x  i s  di scussed i n det ai l .  
Our  t echni ques ar e eval uat ed on t he basi s of  cogni t i ve di st ance,  
per f or mance,  code si ze and ease of  sal vage,  and t he r esul t s 
obt ai ned ar e encour agi ng.  As an exper i ment  t hese t ool s wer e 
devel oped bot h usi ng t r adi t i onal  devel opment ,  and usi ng t he 
Sof t war e Mat r i x  met hod of  syst em const r uct i on.  The penal t i es i n 
t er ms of  per f or mance or  code s i ze wer e not  ser i ous wi t h t he 
advant age of  havi ng syst ems t hat  wer e amenabl e t o sal vage 
oper at i ons.   

�
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Chapter 1 
 
 
 

Introduction 
 

It has been estimated in the literature that there are 

approximately 100 billion lines of code at work in the world 

today [1]. Studies [2] have shown that large fracti ons of code 

in systems are functionally equivalent to already e xisting code. 

And yet new systems are often constructed without l everaging 

existing code bases. The same functions have been w ritten 

several times over——some estimates say that less th an 15% of new 

code serves an original purpose [3]. One can theref ore argue 

that this inclination to reinvent the wheel in the software 

industry has made the construction of software need lessly error-

prone and expensive since we are maintaining multip le copies of 

essentially the same software. This would imply tha t the world-

wide cost of developing, testing and documenting a piece of 
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software is multiplied by the number of equivalent copies in 

existence. Moreover it is likely that the same issu es and bugs 

that have been taken care of elsewhere, surface aga in if we have 

not taken advantage of previously tested (and there fore trusted) 

code. This waste of resources, manpower and time in volved in 

software production has led it to been likened to c raftsmanship 

in a cottage-industry rather than a mature engineer ing 

discipline [5], [6]. 

It is no surprise therefore that a long-standing go al of 

the software industry has been effective recycling of software 

assets; and the study of reuse  has been an important branch of 

the software engineering discipline, holding out pr omises [7] of 

reduced development and maintenance costs, gains in  development 

schedule and quicker time-to-market, and robustness  and quality 

over software developed without reuse.  

 

1.1     THE PROBLEM 
 

The concept of reuse is not new. In fact the simple  sub-

routine construct is an example of reuse, which all ows carrying 

out a set of operations repeatedly without having t o explicitly 

write out the same set of instructions every time. In current 

vocabulary the term reuse almost always implies sys tematic 

reuse——“an institutionalized organizational approac h to product 

development in which software assets are intentiona lly created 

or acquired to be reusable” [8]. However in spite o f a general 

acknowledgment of the importance of reuse and a rec ognition of 
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its potential benefits, there has been no widesprea d reuse 

revolution——few organizations practice systematic r euse. The 

observation is that systematic reuse is hard [9].  

There is a disconnect between what is recommended b y the 

reuse research community and what is adopted by sof tware 

practitioners. This “gap between theory and practic e” in 

relation to reuse R&D has been described this way [ 10]: 

Not all the “theoretical oriented” and 
“sophisticated” solutions presented by 
researcher[s] have ...thrilled the 
practitioners... 
...the reuse community has worked on 
complex technologies and methods with 
high ceremony, yet most of the software 
community seems to be looking for simpler 
solutions... High ceremony methods 
require an organization with high process 
maturity to achieve success. 

 

 

1.1.1     REUSE VS. SALVAGE 
 

One can see in the industry the practice of software 

salvage . By salvage we mean the lifting of significant blo cks of 

existing systems and inserting them into a newly de veloped 

system. 

In this thesis, a distinction is made between the t erms 

software reuse and software salvage: reuse  connotes 

immutability——the individual pieces meant for reuse  cannot be 

modified. They are designed and implemented to be a daptable but 

with no intent to change even a single character of  source code. 

The motivation is to maintain only a single copy no t multiple 

copies of essentially the same software. Salvage  on the other 
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hand makes no guarantee of immutability. Very often  the source 

code of individual pieces being salvaged is modifie d —— large 

pieces we want to recycle often have many dependenc ies on parts 

we don’t want, which may result in expensive change s to the part 

being salvaged. While it may seem easy to lift majo r blocks of 

code from one system for use within another, the tr uth is quite 

different due to these dependencies of the salvaged  part on the 

system from which it was extricated, often making e ffective 

salvage very difficult to accomplish. 

As anecdotal evidence of salvage we cite the case o f radar 

systems software development at The Radar Systems D epartment, 

formerly a component of the General Electric Compan y in 

Syracuse, New York. During our experience (Fawcett)  with this 

particular engineering organization we have observe d, and 

participated in, software salvage that was routinel y attempted 

to minimize development costs so that competitive b ids for new 

systems could be prepared. In the building of a new  radar, large 

pieces of the software of existing radar systems——p ieces not 

necessarily designed for reuse——were extracted. Mod ifying and 

getting these extracted pieces to work together was  often a 

challenging task, given the dependencies of the ext racted piece 

on the system in which it was originally embedded.  

One way to look at salvage is to think of it as ana logous 

to transplanting the digestive system or heart from  one living 

organism to another. The problems of terminal arter ial bleeding 

in this seemingly contrived analogy are also very l ike the 
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problems we see when we pull out a part from one so ftware 

system, due to the connectedness inherent in typica l software. 

 

 

The problem as we see it, therefore, is the difficu lty in 

salvaging existing parts of a system and building n ew systems 

from them, with ease. The research in this thesis i s directly 

concerned with innovative ways of leveraging major parts of 

existing software systems——of simplifying software salvage to 

make it a useful paradigm. 

Whether the formal, process-heavy systematic reuse 

methodologies, in their current form, will be widel y adopted by 

organizations is still an open question [11]. Regar dless, we 

feel the practice of software salvage will still be  in use in 

the foreseeable future, especially in small and med ium-sized 

software shops. Our contribution in this thesis cen ters on 

significantly managing the problem of salvage. The techniques 

presented here aim at eliminating or reducing chang es required 

by salvage, so that salvage moves closer to the reu se model in 

the sense of immutability, but does not require hig h-process 

organization. 

In the next few sections we consider prior approach es to 

tackling the problem of reusing software assets and  will give an 

overview of our approach to simplify the paradigm o f software 

salvage——a means of pragmatic reuse.  
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1.2 PRIOR APPROACHES 
 

Two major (and fairly recent) approaches towards 

encouraging reuse have been object-oriented reuse, and 

component-oriented reuse.  

 
 

1.2.1     OBJECT-ORIENTED REUSE 
 

Some of the most notable attempts at enabling reuse  have 

come from the proponents of object-oriented (OO) te chnologies. 

Booch [12] asserts the use of OO techniques such as  inheritance 

and parameterization as effective mechanisms for re use. Indeed 

one of the classic motivations of object-orientatio n has been 

reuse. The Booch object-oriented libraries availabl e in 

languages such as C++ and Ada were meant to promote  reuse of 

code through specialization of library classes. The  libraries 

consist of about 500 classes and functions with var iations of 

collection and container abstractions of varying ti me and space 

complexities, and are considered one of the early a ttempts to 

popularize software reuse through object-oriented l ibraries. 

There have been several such object-oriented librar ies 

since, for instance [23]. Object-oriented theory ma ndated 

discipline in writing code through best-practice gu idelines such 

as separating interface from implementation, and en couraged 

reuse through inheritance and composition. While th ese steps are 

very helpful and object-oriented technologies are p opular, they 

clearly have not engendered the reuse revolution th at was hoped 
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for. In fact the only object-oriented libraries tha t are widely 

used are user-interface frameworks such as the Micr osoft 

Foundation Classes [13] and libraries for data stru ctures [23]. 

Object Oriented techniques have made compiler libra ries a very 

effective mechanism of software reuse.  However, bu siness 

organizations have had a much harder time getting l everage from 

their pre-existing software assets only through the  creation and 

consumption of object-oriented libraries.  

One reason perhaps is that the definition of an obj ect——an 

encapsulation of state and behavior——is a purely te chnical 

definition [14], with no direct mapping to the actu al physical 

unit that is deployed, versioned and potentially re used. Instead 

of black-box reuse deep entangled multiple inherita nce 

hierarchies were common such as in MFC [13]. Also o bjects do not 

quite fit the salvage model very well. From a granu larity 

perspective they are usually of inappropriate size to be mixed 

and matched——they are of the size of grains of sand , while 

typically what salvagers look for in building syste ms are 

bricks. 

 

1.2.2     COMPONENT-ORIENTED SYSTEMS 
 

The logical next-step was the notion of components and 

component-oriented systems. A component is a cohere nt package of 

software implementation that can be independently d eployed and 

composed with other components. It is the unit of c omposition 

and versioning with contractually specified interfa ces [15], 

[16]. Components are not the same as objects. Among  other 
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things, a key difference is the level of granularit y——components 

are usually of a coarser granularity; they are typi cally larger 

than classes (e.g. in COM 1 technology a component is a set of 

classes with one class acting as the interface betw een the other 

classes in the component and the outside world. Whi le object 

technology is commonly used in the implementation o f components, 

it is not a requirement for building components.) T he notions of 

independence and deployability (which implies execu table or 

loadable code) of components are important in relat ion to their 

potential for reuse [17].  The defining feature of component 

technology is that a system, which is composed of c omponents, 

can be repaired or made better by updating componen ts, without 

rebuilding the whole system.  This is a very import ant feature 

for systems composed of millions of lines of code.  Two such 

systems have been built in Syracuse —— the Over The  Horizon 

Radar, and the BSY – 2, submarine battle management  system.  

Other examples come to mind like the Windows operat ing system. 

Some of the popular component technology standards include 

Microsoft’s COM (“an architecture and supporting in frastructure 

for building, using and evolving component software  in a robust 

manner” [18]), CORBA (Common Object Request Broker Architecture) 

from the OMG (“provides a foundation for making div erse 

applications work together in distributed heterogen eous 

environments” [19] and Sun Microsystems’ Enterprise  

JavaBeans(EJB) (“a component architecture for the d evelopment 

                                                 
1
 Component Object Model (COM) is a component technology offering from Microsoft. 
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and deployment of component-based distributed busin ess 

applications” [20], and the Microsoft .Net Framewor k, which 

exposes nearly all of the Windows API and much more  as 

components. Although the specifics of these technol ogies are 

different, some with perhaps differing goals, a com mon objective 

of each of these is to enable component reuse. 

The existence of component-oriented technologies ha s not 

solved the problems that plague software salvage ra ised in the 

beginning of this chapter. Surely adopting a compon ent-oriented 

approach to software construction, rather than only  

concentrating on the programming language as in obj ect-oriented 

theories, is beneficial. As a matter of fact, the i mplementation 

of the concepts outlined in this thesis uses .NET C omponent 

technology. But packaging techniques alone are not enough. 

 

1.3     OUR APPROACH 
 

We are of the view that components are useful only if 

there is a framework that actively supports and pro motes their 

reuse. J2EE and .Net both have such framework support, and  

widespread use indicates that it is indeed successf ul.  However, 

that success is focused on providing effective solu tions for 

generic industry problems, e.g., network communicat ion, web 

publishing, and enhancing application security.  We  seek to 

support vertical, perhaps proprietary, applications , where 

building a huge framework is impractical from a ret urn on 

investment point of view.   Our approach to make salvage easier 
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is to view applications solely as compositions of d ifferent 

pieces and have a framework of collaborating pieces  from which 

applications can be composed dynamically.  

An enduring vision in the software industry has bee n that 

of “Software-ICs”——a term first coined by Brad Cox [21]. We have 

always wanted to achieve in software something anal ogous to what 

is common in hardware——to be able to build systems from standard 

reusable blocks. Electronic circuits today are almo st always 

assemblages of standard components. Hardware design ers never 

start entirely from scratch with only resistors and  capacitors; 

to the contrary, they heavily use standard componen ts ranging 

from simple parts such as logic gates, timers and m ultiplexers 

to complex functional blocks, in the form of integr ated circuits 

(ICs). In software exactly the converse is true——de velopers 

largely start from scratch. The ability to build so ftware 

systems by plugging in appropriate components——a pl ug-and-play 

approach to software construction——would be very va luable 

indeed. While it may be a trifle idealistic to expe ct that we 

will be able to achieve this hardware-like construc tion 

methodology in all software, by limiting the hard p roblem of 

general reuse to a smaller domain——of salvage withi n an 

organization, to be used in the construction of mod est-sized 

systems (about 200,000 lines of code)——we try to ac hieve some 

benefits of the Software-IC model. (To address this  domain would 

be to provide solutions of value to the small- and medium-sized 

software shops that have been resistant to adopt sy stematic 

reuse.)  
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1.3.1     SOFTWARE MATRIX 
 

The “Software Matrix” is a framework that actively 

supports and promotes the reuse of components. (As mentioned 

earlier the form of reuse developed in this thesis is actually 

salvage, in that, rather than supporting the reuse of low-level 

components it focuses on major blocks of code.) In particular, 

it is a runtime infrastructure that acts as a subst rate into 

which individual pieces of applications can plug. B y employing 

generic fine-grained message-passing and mediator s tructures, 

and by supporting discovery of needed types, we’ve built a 

pluggable architecture that can gracefully adapt to  salvage 

operations. 

This infrastructure was named the Software Matrix i n order 

to connote a very structured pattern of building so ftware——

system elements are embedded in this substrate, a m atrix, 

through which applications are dynamically composed . The image 

of endless banks of incubators of humans in a matri x, as from 

“The Matrix” [22] motion picture, isn’t entirely un intentional, 

if somewhat flippant.  
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Chapter 2 
 
 
 

The Software Matrix 
 

This chapter will start with an overview of the Sof tware 

Matrix and will then go on to discuss specifically how it 

intends to help software salvage.  

 

2.1     MATRIX OVERVIEW 
 

A conceptual representation of the Matrix infrastru cture 

is shown in Figure 1. As can be seen it is essentia lly an 

aggregation of different blocks of code. These code  blocks are 

called “Cells”, and represent the unit of compositi on and reuse 

in our system, i.e. Cells are the building blocks o ut of which 

applications are built. The Matrix is designed to b e a dynamic  
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Software Matrix

An application that has been composed from Cells

Figure 1: Conceptual representation of the Software  Matrix 
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collection——Cells can plug in and plug out anytime.  An 

application is thus built from the collaboration of  well-defined  

chunks of functionality. All Cells communicate with  each other 

strictly through messages (our implementation uses XML encoded 

messages). One of the problems of salvaging has bee n the problem 

of extracting parts of monolithic (or very tightly- coupled) 

applications. By enforcing a separation of concern between Cells 

by inserting a message bus between them we are insi sting on 

loose-coupling between different pieces of an appli cation, which 

makes salvaging these pieces for use in future appl ications much 

easier. The Matrix also facilitates discovery of Ce lls by 

dynamically selecting the right pieces needed and c omposing them 

in order to build an application as shown in Figure  1.  

 

2.1.1     CELLS 

 

 

 

 

Figure 2: In the Software Matrix the unit of 
composition and reuse is a Cell. 
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We now take a closer look at Cells, the building bl ocks of 

applications. A diagram representing the internal s tructure of a 

Cell is shown in Figure 3 below. Every Cell possess es the 

following:  

 

− a message queue: Since collaboration between all 

Cells is strictly through message-passing, the 

message queue is used to hold request and response 

messages arriving at the Cell. Request messages are  

sent by other Cells that need the services of this 

Cell. Similarly response messages arriving at this 

Cell represent the results of processing carried ou t 

by other Cells on its behalf. The presence of a  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The internal structure of a Cell 
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message queue achieves temporal decoupling between 

the senders of request and response messages and 

their handlers. 

 

− a capability list: Every Cell possesses a capability 

list that is used to advertise the capabilities of a 

particular Cell to other Cells via the Matrix. The 

capability list is essentially a list of all the 

message types that can be handled by a Cell. E.g., a 

Cell used for mathematical convolution may contain 

in its capability list the entry 

SU.Math.Convolution, indicating to others that it i s 

capable of convolution operations. The capability 

list of Cells is used by the Matrix during the 

discovery process in order to locate and select the  

right Cells for system construction.  

 

− a globally unique identifier (GUID): Cells can also 

be identified uniquely by a GUID. This identifier i s 

used by the Matrix for several operations such as 

discovery and registration.  

 

− functionality: In addition to all of the above Cells 

also, of course, contain the functionality that 

allows them to be considered as software assets tha t 

are candidates for reuse.  
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All Cells follow a common protocol that specifies h ow to 

register and unregister with the Matrix, advertise their 

capabilities, send and accept messages and communic ate with 

other Cells (communication could be synchronous, as ynchronous or 

one-way). Also, every Cell has an entry-point, and is given a 

chance to execute on being plugged in. This decides  whether a 

Cell will be a passive server or itself actively se ek 

collaboration from other peers, depending upon whet her the 

entry-point is empty or not.  

 

2.1.2     MESSAGE-PASSING 
 

As has been mentioned, message-passing has been cho sen as 

the means of collaboration between different Cells in the 

Matrix. We list here briefly some of the advantages  of a 

message-passing interface (MPI) as opposed to a pro cedure-call 

interface (PCI) in the Software Matrix:  

− MPI is a universal interface. All entities using 

message-passing simply use something equivalent to 

GetMessage() and PostMessage(msg). So, from a 

calling perspective any Cell providing MPI is 

guaranteed to be compatible with other Cells 

accepting MPI, they can be plugged to each other. 

That doesn’t say that the plug results in the 

transfer of desired messages, only that the code 

will compile and the messages will flow. However 
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when we carve out code for salvage, that uses PCI, 

and couple it with anything, the changes usually ar e 

so overwhelming that it won’t compile. Furthermore,  

to get to the compile stage requires lots of 

“surgery” on both sides. When you get to that stage , 

you are at the same place as MPI, i.e. compiles but  

perhaps the semantics are not right, but with no 

surgery. 

− Messages are self-describing command and state 

carriers. If a receiver doesn’t understand all the 

elements sent to it, it is free to ignore them and 

work with what it does understand. There is no such  

support with PCI. 

− Since messages can be easily intercepted, and their  

contents inspected, message-passing systems are 

easier to debug. 

− Message-passing makes it easier to use the Mediator  

design pattern [24], since the mediator does not 

have to know a lot of different interfaces, only th e 

very small MPI. Using Mediator with PCI get very 

complex. This is completely avoided with MPI. We 

should say here that the Mediator pattern is 

significant in the design of the Software Matrix. 

Gamma et al. in [25] say “Mediator promotes loose 

coupling by keeping objects from referring to each 

other explicitly, and it lets you vary their 
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interaction independently.” Proliferating 

interconnections between different partitions of a 

system reduces the potential for salvage since “lot s 

of interconnections make it less likely that an 

object can work without the support of others”. On 

introducing a mediator, which is one of the roles 

played by the Software Matrix, different entities 

know only the mediator, thereby reducing the number  

of interconnections.  

 

 

  

2.2 SAMPLE APPLICATION 
 

Let us consider a small application taken for the p urpose 

of hypothetical example. Suppose we have an applica tion whose 

job it is to read data samples from an input file, perform some 

signal processing operation on the input data (e.g. , filtering), 

plot the results of the operations on the system di splay, and 

also log the results to a file. In this case one ca n conceive 

that the major pieces of the application would be r esponsible 

for file operations, signal processing and graphica l plotting. 

In our approach these would be written as Cells, as  shown in 

Figure 4, and plugged into the Matrix. The Matrix w ould then 

assume the responsibility of constructing the appli cation from 

these individual Cells. In order to perform its int ended task a 

Cell may need to use the services of other Cells. T he capability 
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of a Cell, i.e. what set of operations it can perfo rm, is 

defined by what messages it can handle, since all c ommunication 

between Cells is through a lightweight message pass ing scheme. 

Cells that only exist for executive processing and do not handle 

any message types have null capability. The Matrix helps Cells 

discover other Cells that handle messages of a part icular type——

Cells do not explicitly bind to a particular Cell. All they 

specify is the type of message they need handled an d the Matrix 

performs discovery to locate Cells (if any) that ar e capable of 

handling the requested message type. (If no suitabl e cell is 

found to handle a particular message type the disco very process 

will return “not supported”. The client Cell can st ill choose to 

continue execution if it thinks appropriate, if for  instance, 

the particular piece of functionality it was lookin g for is not 

critical to the functioning of the system. Since we  are not 

binding to a particular Cell at compile time, we ca n continue to 

run even if the piece we are looking for is not ava ilable.)  

The just discovered Cell then processes the message  it has 

received and ships the result back to the requestin g Cell. In 

our example, the Cell responsible for executive pro cessing needs 

the SU.FileOperations.Read, SU.FileOperations.Write , 

SU.DSP.PeakingFilter and SU.Graphics.PlotBarChart m essages to be 

handled. The Cell that is capable of handling the 

SU.DSP.PeakingFilter Cell in turn needs the service s of 

SU.Math.Convolution handler. (Message names or type s are 

significant; they are scoped in a way that is simil ar to 

namespace scoping in programming languages. If more  than one 
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Cell supports handling of the exact same message ty pe, it is 

assumed that those Cells are indeed providing same 

functionality——which Cell is chosen can be decided by the Matrix 

depending upon certain policies.) So what we see he re is dynamic 

system composition——we are building a program from pieces that 

exist on the Matrix. The Matrix automatically conne cts the right 

pieces at runtime without one having to bind to any thing 

explicitly at compile time. This paradigm of softwa re 

construction, with its dynamic nature and loosely c oupled 

building blocks, is amenable to salvage operations.  The very 

same Cells could be used to build other application s. 
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2.3     MATRIX EVENTS 
 

The event trace diagrams that follow outline the se quence 

of events taking place during the construction of t he above-

mentioned sample application. The first diagram, Fi gure 5,  

represents a sequence of actions continuously being  performed by 

the Matrix runtime infrastructure throughout its li fetime.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrix 

Monitor plug-in directory, reflect 
over code packages

Cell A Cell B Cell C

Register Cell

Register Cell

Register Cell

GUID

GUID

GUID

. . . . .

Figure 5: Discovery and Registration of Cells 
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At periodic intervals the Matrix interrogates a kno wn 

location in order to discover if any new Cells are present. The 

Cells are physically deployed as plug-ins, and the Matrix looks 

for them in a predetermined plug-in directory. It p erforms type 

reflection in order to decide whether a piece of co de is a valid 

Cell or not. The instant it determines a valid Cell  is present, 

it registers the Cell with itself. This Cell, along  with other 

Cells that the Matrix has discovered and plugged-in  can then be 

used to build applications. 

As seen in Figure 6,  in this application the executive 

Cell (Cell 1) needs the services of Cells providing  DSP 

filtering implementation (Cell 2), which in turn ne eds 

mathematical computational services from another ce ll (Cell 3). 

File operation (Cell 5) and charting (Cell 4) reque sts are also 

sent. Request messages, with necessary arguments ar e sent to the 

Matrix. On receipt the Matrix performs its discover y routine in 

order to locate a cell that is capable of handling that message 

type. On locating an appropriate cell, the Matrix f orwards to it 

the message in question. The discovered cell then p erforms the 

required processing and ships the results back to t he requesting 

Cell. (If there is no cell that can handle a messag e of a given 

type, the discovery process of the Matrix will retu rn a “not 

supported” message, and the client can then choose to continue 

with its processing if it thinks appropriate.) 

  The entire process of collaboration between 2 cel ls is 

inherently asynchronous due to the message-passing paradigm 

adopted. Messages, whether request or response are dropped into 
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M a trix  C e ll 1 C e ll 2 C e ll 3 C e ll 4 C e ll 5

s ta rt

s e n d

C e ll 1

S U .F ile O p e ra tio n -

s .R e a d

d is c o v e r
re q u e s t

re s p o n s e

S U .F ile O p e ra tio n -

s .R e a d  re q u e s t

s e n d

S U .D S P .P e a k in g -

F ilte r re q u e s t

d is c o v e r

C e ll 1

S U .D S P .P e a k in g -

F ilte r

re q u e s t

re s p o n s e

s e n d

S U .M a th .C o n v o -

lu tio n  re q u e s t

d is c o v e r

C e ll 2

S U .M a th .C o n v o -

lu tio n

re q u e s t

re s p o n s e

s e n d

S U .G ra p h ics .P lo t-

B a rC h a rt re q u e s t

re q u e s t

d is c o v e r

C e ll 1

S U .G ra p h ic s .P lo t-

B a rC h a rt re q u e s t
re s p o n s e
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S U .F ile O p e ra tio n -

s .W rite  re q u e s t

d is c o v e r

C e ll 1

S U .F ile O p e ra tio n -

s .W rite

re q u e s t

re s p o n s e

Figure 6: Message-passing collaboration between Cel ls 
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the message queues of the appropriate Cell. The Cel l can then 

pull messages from this queue and process messages when it is 

free. This achieves temporal decoupling between the  client and 

server Cells. In cases where the client cannot proc eed further 

without having first received a response from the s erver Cell, 

synchronous behavior can be achieved. Cells possess  facilities 

that allow them to wait efficiently while the respo nse is being 

served. Another mode of operation is one-way operat ion typically 

envisaged for non-critical activities, where client  Cells send 

out requests, but do not particularly care whether the request 

was successfully serviced or not, and hence no resp onse is sent 

back to the client Cell.  

Thus, the compositional aspects (as opposed to only  

computational aspects) of software are being taken care of by 

the Matrix; systems are being dynamically composed and 

constructed at runtime.  

 

2.4     BUILDING SYSTEMS TO TAKE ADVANTAGE OF THE 

SOFTWARE  

           MATRIX 
 

The following section outlines the concrete steps n eeded 

to build systems by taking advantage of the Matrix.   

In order to enable salvage, pieces of an applicatio n (at 

the time of writing it, or existing pieces) are wra pped in a 

Cell. All Cells conform to the ICell protocol. E.g. , if we are 

writing a FileManager Cell responsible for common f ile 



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

27 

operations we create a FileManager class that inher its from 

ICell. 

FileManager : ICell 

{ 

    ... 

} 

The Capability List of this FileManager Cell is the n 

populated to indicate the types of messages it is c apable of 

handling. 

  

CapabilityList.Add(“SU.FileManager.Files.Read”); 

CapabilityList.Add(“SU.FileManager.Files.Write”); 

CapabilityList.Add(“SU.FileManager.Files.Search”); 

CapabilityList.Add(“SU.FileManager.Files.Compression”); 

 

Next one needs to specify what is to be done in res ponse 

to messages in the Capability List, i.e. we need to  

appropriately delegate calls to the code that actua lly 

implements functionality required to handle the mes sage. This 

can be done by providing a suitable implementation for the 

process() method of ICell. 

The resulting binary after compilation is then copi ed into 

the “plug-in” directory of the Matrix, from where i t is 

automatically detected and registered, and is avail able for 

composition. 

In the Matrix everything is a Cell——even a program 

executive is a Cell. This simplifies the model, sin ce then 

everything can be treated the same way. A program e xecutive 

however will most probably have an empty capability  list, and 
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will use its entry-point (the start() method of ICe ll) to 

attempt to use the services of other Cells. The fol lowing 

statement is an example of a Cell trying to locate a Cell that 

can handle the SU.FileManager.Files.Search message type, with 

input parameters being specified by Params:  

Result = syncSend("SU.FileManager.Files.Search", Params) 

Cells that are solely meant for executive processin g, and that 

handle no messages (Cells that have empty capabilit y lists) 

serve no purpose lying around in the Matrix after t hey have 

completed execution, i.e. after its start() method has returned, 

and are therefore unplugged on completion.  

 

2.5     FEATURES OF THE SOFTWARE MATRIX 
 
We now discuss some of the key features of the Soft ware 

Matrix. In addition to allowing the Matrix to effec tively 

support salvage operations they also have other ben efits as 

discussed. 

- Fine-grained message-passing  

As discussed in Chapter 1, most of the problems 

associated with salvaging existing parts of a syste m 

and building new systems from them arise from the 

difficulty of extracting one of several tightly-cou pled 

pieces from an existing application. By mandating t he 

use of message-passing at a much finer level of 

granularity than is normally seen, i.e. by requirin g 

that messages be the only mode of collaboration bet ween 

different parts of an application, we are able to 



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

29 

decrease the degree of coupling, as compared to a 

system built using only the procedure-call model of  

collaboration. (While surely this decision will hav e 

performance implications, we are of the view that i t is 

a tradeoff worth making, especially with additional  

hardware capability at our disposal due to the ever  

increase power of computing devices as dictated by 

Moore’s Law). Explicitly inserting a message-bus al so 

leads to a rigor in the development of Cells that h elp 

make them loosely coupled. This loose coupling is 

critical to the success of salvage operations.  

 

- Dynamic Composition  

The Matrix takes care of the compositional aspects of 

software by automatically discovering and connectin g 

the right pieces and building an application at 

runtime. By adding a few more Cells into the Matrix  if 

needed we can build new applications with the Matri x 

composing the application for us by reusing existin g 

Cells. This supports a growing environment.  

 

- Support for System Evolution  

Since the appropriate Cell to serve a message of a 

particular type is selected at runtime, the Matrix 

supports evolution of software systems. Newer versi ons 

of Cells easily replace older versions. Evolving 
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requirements can be accommodated by easily unpluggi ng 

or modifying only those Cells that represent the 

affected part of the application. It is easy to fie ld 

replace components since all that has to be done is  

that the new Cell has to be copied over the old Cel l in 

the plug-in directory of the Matrix. The Matrix wil l 

then register the newer version of the component. T he 

Software Matrix is therefore an effective way to 

support program maintainability. Bug fixes/upgrades  

simply need to be copied into one of Matrix’s known  

paths and they become instantly available to all 

applications.  (This is the default case. However w e 

imagine there may be a case where a Cell may still want 

to use a specific Cell instead of using the newest 

version. This hard-wired composition, though not 

recommended, is also supported by the Matrix. The 

discovery mechanism of the Matrix is by-passed and a 

Cell can choose to send messages and collaborate wi th a 

particular Cell, identified by its GUID.)  

 

- Simplicity  

One of the goals of the Software Matrix was to prov ide 

a simple solution to make salvage a useful paradigm . It 

is a supporting infrastructure that is lightweight (the 

bare infrastructure is roughly only 2000 lines). Th e 

infrastructure implementation comes with full sourc e 

code that is well documented and easy to understand  for 
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those who would like to be familiar with the inner 

workings of the system. For others, sample applicat ions 

and documentation make it easy to use the Software 

Matrix. In later chapters we will demonstrate this 

simplicity in leveraging the Matrix for salvage 

operations. Moreover the underlying component 

technology used is the .NET component model, which is 

considered superior [26] to other component models such 

as COM that have been know for their complexity (.N ET 

components are considered easier to build and consu me).  

Simplicity, as opposed to “high-ceremony” technique s 

prompted a lot of our design choices, which are 

elaborated in later chapters.  

 

2.6     COMPARISON WITH PRIOR AND RELATED WORK 
 

Some of the earlier attempts to promote the reuse o f 

software assets have been discussed in Chapter 1. O bject 

oriented technologies, that were expected to bring about a reuse 

revolution, did not deliver. They concentrated larg ely on 

programming language features such as inheritance a nd 

parameterization as enablers of reuse. The notion o f an object 

had no direct mapping to the actual physical unit o f code that 

was versioned, deployed and potentially reused. Com ponent 

oriented technologies attempted to address this sho rtcoming. 

There exists today a combination of component and m iddleware 

technologies such as COM and CORBA that have reusab ility as one 
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of their goals. The Matrix differs from these in se veral key 

areas. Both COM and CORBA are considered to be high ly complex, 

over-specified and require heavyweight supporting 

infrastructures. In comparison the Matrix was meant  to address 

the specific problem of salvage, and is lightweight  (the bare 

infrastructure implementation is only approximately  2000 lines 

of source code), is easy to use, and comes with ful l source code 

which is well documented and easily comprehensible,  if required. 

Moreover most middleware technologies use the proce dure-call 

model of collaboration. In our view having componen ts bind to 

exact function signatures is not flexible enough, a nd leads to 

the very tightly coupled systems that make salvage operations 

difficult. The Matrix uses message-passing as the m ode of 

collaboration between components, i.e. Cells——the u nit of 

composition in our system. This leads to looser cou pling of 

system elements, resulting in easier salvage in the  future. 

Message oriented middleware (MOM) and to a certain extent Web 

Services also use message passing. (Most Web Servic es use XML-

RPC, though they do support a message-passing abstr action over 

RPC). However the Matrix differs from them in scale  and 

granularity of message-passing. The Matrix proposes  to use 

message-passing at a much finer level of granularit y than is 

used in Web Services and MOM applications, since we  are focused 

on local compositions of Cells to build application s, rather 

than accessing remote functionality over the networ k. 

In the Software Matrix a combination of techniques is 

being used to solve a problem that has not been sol ved before——
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we are significantly managing the problems associat ed with 

software salvage.  
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Chapter 3 
 
 
 

System Design 
 

This chapter discusses the architecture, design and  

briefly considers the implementation details of the  Software 

Matrix. Microsoft’s .NET Framework and the C# progr amming 

language were used in this implementation. 

 

3.1     PARITITIONING 
 

The module diagram of the Software Matrix, showing the 

various partitions of the system, appears on the ne xt page. A 

brief description of the different partitions follo ws:  

- Matrix Executive 

This module serves as the executive module of the 

Software Matrix, and co-ordinates and uses the serv ices of 
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all the helper modules in the system. It also provi des the 

administrative console interface which is meant to display  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: High-level partitioning of the Software M atrix 
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status and error messages relevant to the operation  of the 

Software Matrix. 

 
- Loader  

The Loader module is responsible for identifying an d 

loading valid Cells into the Software Matrix. At pe riodic 

intervals, the Matrix Executive calls the Loader mo dule 

which interrogates a known location in order to dis cover 

if any new Cells are present. The Cells are physica lly 

deployed as plug-ins, and the Loader looks for them  in a 

predetermined plug-in directory. It performs type 

reflection on code packages in order to decide whet her a 

piece of code is a valid Cell or not (Here a code p ackage 

implies a .NET assembly, which is the packaging, 

deployment and security unit in .NET [27]). It thus  

identifies Cells that are suitable to be plugged-in  to the 

Matrix and used for system construction. 

 
- Registration 

 
The registration of valid Cells in the Software 

Matrix is done by this module. This involves associ ating a 

globally unique identifier with each Cell, so that it is 

reachable if needed, by the Matrix.  

 
- Cells 
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This module represents the Cells in the system whic h 

are the actual unit of composition and reuse. They 

encapsulate the functionality that makes them poten tial 

candidates for reuse. All Cells subscribe to a comm on 

protocol that specifies:   

• how to register with the Software Matrix, and 

associate itself with a  unique identifier 

• the entry point of execution of a Cell, that 

will be called when a Cell is first loaded, and 

gives Cells the opportunity to collaborate with 

other Cells.  

• how to unregister the Cell from the Software 

Matrix so that it is no longer available to 

other Cells for system construction. 

• how to enqueue request and response messages 

for processing within a Cell 

• how to send execution request messages to 

another Cell, which is the means of 

collaboration is the Software Matrix.  

• how to interrogate of a Cell what it is capable 

of, in terms of what message types it can 

handle. This will be used by the Matrix to 

discover and select the right Cells for system 

construction.  
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• how to return a clone of a Cell, to be used by 

other Cells that wish to have stateful 

collaboration 

• what is to be done in order to handle different 

messages that arrive at a Cell 

 
- Discovery 
 

This module is responsible for performing discovery  

operations to locate Cells of specified capability.  The 

capability of Cells in the Matrix is described in t erms of 

what message types they can handle, through their 

capability list. The Discovery module uses these 

capability lists in order to determine which Cell, if any, 

possesses the specified capability.  

 
- XML Messaging 
 

The architecture of the Software Matrix defines the  

entire communication between cells be via XML forma tted 

messages. The requests, responses or other data are  all 

encapsulated in messages. All messages are sent in a pre-

determined format, which allows the receiver to dec ode 

message contents. The XML Messaging module is respo nsible for 

generating (sender side) and interpreting (receiver  side) the 

well-formed XML messages being passed in the Softwa re Matrix. 

The figures on the next page show sample request an d response 

messages in the Software Matrix.  



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

39 

This module uses the services of the 

Serializer/Deserializer and Base-64 Codec modules i n order to 

encapsulate data such as binary objects within XML messages. 



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

40 

Figure 8: Sample Request Message 

Figure 9: Sample Response Message  
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- Serializer/Deserializer 
 

This module is responsible for serializing data suc h as 

arguments in requests and return values in response s, so that 

the resulting persisted data can be encapsulated in  XML 

messages to be passed around in the Software Matrix . The 

reverse process of deserialization in order to extr act data 

from a persisted stream is also carried out by this  module.  

 
- Base-64 Codec 
 

This module converts binary serialized data into th e 

Base-64 encoding so that it can be easily encapsula ted within 

XML tags, and transmitted through the Software Matr ix. The 

reverse process, of decoding base-64 encoded data t o its 

corresponding binary format, is also carried out by  this 

module.  

 
 
- MessageQueues 
 

The MessageQueues module is responsible for maintai ning 

queues used for messaging. Both the Matrix and the individual 

Cells use messages to interact with the outside wor ld, and 

queues are used to store these messages (e.g. reque st or 

response messages). By introducing queues between a  client 

Cell and a server Cell we achieve temporal decoupli ng between 

the two. The queue acts as a buffer for irregular o r bursty 

generation of requests from the client and ensures that no 

requests are lost when the server is busy doing som ething 
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else. The queues implemented by the MessageQueues m odule are 

blocking queues, i.e. the threads servicing them ar e blocked 

in an efficient wait state whenever the queues are empty.  

 
 
- Sync-Async Wait 
 

The collaboration between Cells in the Software Mat rix 

can be synchronous, asynchronous or one-way. While 

collaboration between Cells is inherently asynchron ous, we 

can have synchronous collaboration, where the clien t cell 

blocks until it receives a response from the server  Cell can 

be implemented. This is done by the Sync-Async Wait  module, 

by using the .NET event and notification mechanisms  so that 

clients can wait efficiently until a response is re ceived.  

 
- Comm 
 

The Comm module is responsible for the transfer of 

messages between cells. Provided the right cells ha ve been 

discovered it simply relays messages (request or re sponse) 

from one message queue to the other. The fact that the Comm 

module is able to act as a mediator between 2 Cells  makes 

possible other applications of the Software Matrix,  as shall 

be discussed later. 
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3.2     ACTIVITIES 
 

The activity diagrams below represents the major hi gh-

level activities in the Software Matrix and documen ts the 

overall flow of system. 

 

3.2.1     LOADER ACTIVITY DIAGRAM 
 

The activities involved in plugging-in valid Cells into 

the Matrix are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Loader Activity Diagram 
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- On startup, and at intervals throughout the lifetim e of 

the Matrix, a known location——the plug-in directory ——is 

monitored, for the presence of .NET assemblies, usi ng 

Loader.monitor().  

- Anytime a new assembly that has not already been 

processed by our system is seen, the Loader module 

reflects over all the types contained in the assemb ly 

to determine if it is a valid Cell. One could have 

identified valid Cells on the basis of a presence o f an 

attribute, or a base type. We choose the existence of a 

parent interface to recognize valid Cells——every Ce ll 

derives from the ICell interface. We use the 

System.Type.IsAssignableFrom() method in .NET Frame work 

Class Library for this purpose. 

- If a valid Cell is indeed found, ICell.register() i s 

called on that Cell, in order to complete the 

registration of the Cell with the Matrix, which 

associates with every Cell a globally unique 

identifier. Also the Cell is given a chance to exec ute, 

if it so wishes, by calling the ICell.start() metho d. 

- If no new assembly is found, or if an assembly is f ound 

but that does not derive from ICell, the loader sim ply 

continues its monitoring process.  



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

45 

 

3.2.2     SEND MESSAGE ACTIVITY DIAGRAM 
 

The activities involved in a message send operation , are 

described below: 

- A send operation involves specifying the message ty pe 

and the arguments that are to be delivered. 

- A message in the correct XML format, with arguments  

serialized and base-64 encoded is then created. 

- This well-formed message is dropped in message queu e of 

the Matrix.  

- The Matrix pulls out this message out of its queue,  and 

performs a discovery operation based on the specifi ed 

message type. The capability lists of active Cells in 

the Matrix are used to discover the appropriate Cel l. 

- If a suitable Cell is not found, a “message not 

supported” exception is generated. If a suitable Ce ll 

is found, the message is dropped into the request q ueue 

of the discovered Cell.  

- The Cell pulls out messages from its request queue,  for 

processing, in the order they were received. The 

contents of the message, such as its arguments are 

extracted after parsing the XML formatted message, 

including deserialization and base-64 decoding.  

- The arguments are then processed by the Cell, accor ding 

to the message type, i.e. a suitable handler for th e 

message is executed.  
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Figure 11: Send Message Activity Diagram 
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- A response message is then built in XML format with  

content such return values (or exceptions) being 

serialized and base-64 encoded. 

- This message is then transmitted to the Matrix, whi ch 

will drop the response in the requestor Cell’s mess age 

queue. The response is thus made available to the 

requestor.   
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3.2.3     CLASS RELATIONSHIPS 
 

The class diagram (OMT) below shows the major class es used 

in the Software Matrix and gives us the relationshi p between 

them. It also gives an idea of the operations of a class.  

Figure 12: Software Matrix Class Diagram 
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The Exec class is the executive of the Software Matrix. It a lso 

manages the interface to the user, in the form of a n 

administrative console interface which is meant to display 

status and error messages relevant to the operation  of the 

Software Matrix. On start-up the executive uses the  services of 

the Loader class.  

The Loader  class provides services that identify and plug-

in valid Cells in the Software Matrix. At periodic intervals, 

the Loader.monitor() function checks the system “pl ug-in” 

directory for the presence of .NET assembly files. This function 

uses the operations provided by System.Type and in the 

System.Reflection namespace of the .NET FCL to refl ect over the 

types contained in these assemblies, and identify v alid Cells.  

The Matrix class represents the substrate where all the 

cells plug-in to. The Matrix class therefore mainta ins the 

collection of all the active Cells in the system an d provides as 

services many operations commonly performed in the system such 

as registration (Matrix.register()) and de-registra tion 

(Matrix.unregister())of Cells and also facilities t heir 

discovery (Matrix.discover()) and communication (Ma trix.send()). 

The Matrix has as a data member an instance of the BlockingQueue 

class——Cells wanting to communicate with the Matrix  do so by 

enqueuing messages (Matrix.transmit())in this queue .  

The BlockingQueue class, as mentioned, is responsible for 

maintaining queues used for messaging. Both the Mat rix and the 

individual Cells use messages to interact with the outside 

world, and queues are used to store these messages (e.g. request 
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or response messages). The queues implemented by th is class are 

blocking queues, i.e. the threads servicing them ar e blocked in 

an efficient wait state whenever the queues are emp ty. The 

services provided by the AutoResetEvent class in th e .NET 

framework is used in the implementation of these qu eues. The 

class provides a minimal interface in the form of 

BlockingQueue.enQ() and BlockingQueue.deQ() for enq ueue and 

dequeue operations respectively.  

The ICell  interface is the one from which every valid Cell 

in the system must derive from. It defines the prot ocol that 

must be followed by all the Cells in the Software M atrix. The 

actual Cells that are concrete classes that derive from ICell 

are provided default implementations of all the com mon 

functionality required by the ICell interface by me ans of a 

wizard. The wizard generates the implementation cod e, and 

provides placeholders where specific implementation  for a 

particular Cell is required. 
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The important methods of the ICell interface are as  shown: 

- bool ICell.register() 

This method registers a Cell with the Software Matr ix 

and associates it with a GUID. Also gives Cells a 

chance to execute, if they so desire, by calling th e 

cell entry-point on a new thread of execution. 

- bool ICell.unregister() 

This method unregisters the Cell with the Software 

Matrix so that it is no longer available to other C ells 

for system construction. 

- void ICell.accept(string Message) 

This method is used to enqueue request or response 

messages in the appropriate queue of a Cell, for 

processing. 

- Clone ICell.getClone(string MessageName) 

This method returns a clone of a Cell, to be used b y 

other Cells requiring stateful collaboration with t his 

Cell. 

- Object ICell.syncSend(string Message, Object[] Para ms) 

This method is used to send an execution request 

message to another cell. Blocks efficiently till a 

response corresponding to this request has arrived.  

This is the primary means of collaboration in the 

Software Matrix.  

- void ICell.start() 
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This is the entry-point of execution of a Cell. It 

gives Cells the opportunity to collaborate with oth er 

Cells.  

- bool ICell.queryCapability(string Capability) 

This method is used to interrogate of a Cell its 

capabilities, and used by the Matrix in the discove ry 

process in order to locate and select the right Cel ls 

for system construction.  

- Object ICell.process(ExecObject obj) 

This method is used by Cells to specify what is to be 

done in order to handle different messages that arr ive 

at a Cell, i.e. this method appropriately delegates  

calls to the code that actually implements the 

functionality required to handle a particular messa ge 

type.  

 
Cells communicate with each other through message q ueues 

and therefore the composition relationship with Blo ckingQueue. 

In order to generate and interpret messages in the correct 

format, Cells compose an instance of the Messaging class. Cells 

also use the ExecObject and ReturnObject classes, which assist 

in packaging of arguments, return values and other information 

regarding requests responses between cooperating Ce lls in the 

Software Matrix. Cells use the services of the Matr ix class 

which provide implementations of common tasks. Cell s also use 

the services provided by the Clone and SyncWait cla sses, the 

purposes of which are described later in this secti on. 
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The Messaging class provides services for the generation 

of well formed XML messages according to a pre-dete rmined 

message format( Messaging.buildRequest(), 

Messaging.buildResponse()), and also for interpreti ng messages 

in this format to extract the data contained within  them 

(Messaging.extract()). It also provides the additio nal 

functionality of serializing data objects such as a rguments in 

requests and return values in responses, so that th e resulting 

data can be encapsulated in messages. The reverse p rocess of 

deserialization in order to extract data from a ser ialized 

stream is also carried out by this module. In order  to easily 

encapsulate binary data within XML tags, base-64 en coding and 

decoding functionality is also carried out by this class 

(Messaging.textSerialize() and Messaging.textDeseri alize()). 

 
A Cell can serve requests from several other Cells— —a cell 

picks up requests from its message queue, and servi ces them in 

the order they arrive. This can lead to an interlea ving of 

requests from different Cells. However there may be  situations 

where a Cell may wish to have stateful collaboratio n with other 

Cells; in other words the state of the server Cell serving a 

particular client needs to be maintained between mu ltiple 

requests from the same client. To address this scen ario and 

provide for stateful collaboration, the Matrix is c apable for 

providing a “clone” of a particular Cell to a clien t Cell. The 

client can then collaborate with this clone. The Clone class is 
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used for this purpose and can be used to refer to a  particular 

clone of a Cell.  

 

The SyncWait class is used for synchronous collaboration 

between Cells.  

The request-response exchange could be asynchronous . It 

could also be “one-way”, such as in non-critical ca ses where the 

client does not care about the particular result of  a request 

operation. In synchronous collaboration the client Cell blocks 

until it receives a response from the server Cell. The SyncWait 

class is used to implement efficient blocking. Its methods 

SyncWait.subscribe(),SyncWait.unsubscribe(), SyncWa it.Check() 

and SyncWait.wait() use .NET event and notification  mechanisms 

such as AutoResetEvent, to ensure clients wait effi ciently until 

a response is received. 
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Chapter 4 
 
 
 

Assessment 
 

This chapter provides an assessment of how effectiv ely the 

Software Matrix supports salvage operations, when a pplied to the 

construction of a software system.  

Apart from several “toy” examples, the Software Mat rix was 

also used in the construction of real world applica tions. In 

this chapter we present two applications that were built by 

adopting the “Matrix” approach. 

 

4.1     FILE SYNCHRONIZER 
 

The File Synchronizer application is a useful tool that 

allows for remote directory synchronization. In oth er words, it 

allows the contents of a directory on one machine t o match those 
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present on a specified directory on a remote machin e, so that we 

always have the latest versions of a specified set of files. 

Either the remote or local machine directories can be brought up 

to date with respect to the other.  

The File Synchronizer application has a peer-to-pee r 

architecture——instances of File Synchronizer runnin g on 

different machines over the network are exactly ide ntical and 

can serve in both client and server roles.  

Files that are present on the other side, but not o n the 

side being synchronized, are copied. Newer versions  of files, 

update older versions. Older files will not overwri te newer 

files, and explicit permission from the user is sou ght in this 

case.  

 

4.1.1     BUILDING THE FILE SYNCHRONIZER APPLICATION 
 

The Software Matrix is concerned with the large bui lding 

blocks of applications, rather than small fine-grai ned units of 

functionality. For this application, three major bl ocks were 

identified: 

- the file upload and download block, for transfer of  

files to and from remote machines on a network 

- the file synchronization policy block, that decides  

what files to transfer, update, overwrite or delete , 

based on decided rules 
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- the user interface that allows the user to operate the 

application, and presents him with information such  as 

status, error and confirmation messages. 

 

These 3 blocks were each built into an independent Cell, 

containing the appropriate functionality. In order for the 

different Cells to collaborate with each other to c onstruct the 

whole application, it was decided what the capabili ty lists for 

each Cell would look like, i.e. what message types the different 

Cells would handle. The Cells were built by incorpo rating the 

wizard generated “boiler-plate” code for a generic Cell (in 

addition to the actual functionality the Cell was r esponsible 

for) and certain Cell-specific implementation code.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cell 

Wizard generated 
code 

Provide Cell-specific 
implementation 

Figure 13: Developing Cells of File Synchronizer 



THE SOFTWARE MATRIX:  AN ARCHITECTURE FOR SOFTWARE SALVAGE 

58 

The FileTransferPeer Cell provided file upload and 

download functionality between different machines o n a network. 

Its capability list included the following message types related 

to remote connection and file transfer: 

 

SU.FileTransfer.GetLocalDirsFiles 

SU.FileTransfer.RunServer 

SU.FileTransfer.Connect  

SU.FileTransfer.GetRemoteDirsFiles 

SU.FileTransfer.UploadLocalFile  

SU.FileTransfer.DownloadRemoteFile 

 

The Synchronizer Cell encapsulated the functionalit y 

implementing policies used during synchronization. This is what 

decides what files to copy, overwrite or update whi le comparing 

two directories. Its capability list indicated that  it could 

handle the following message type: 

 

SU.Synchronizer.Policy.Compare 

 

The UI(User Interface) Cell was responsible for all  of the 

implementation of the graphical user interface of t he 

application. It also acted as the executive of File  Synchronizer 

application. Program executives, or user interfaces  are 

generally not intended to be reused in other applic ations. 

However in the Matrix, to keep the model simple, ev erything is a 

Cell, even program executives not meant for reuse. Therefore the 
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UI Cell was developed just like the above Cells, ex cept that it 

has an empty capability list, indicating it is not capable of 

handling requests from other Cells.  

The source files of the different Cells were compil ed and 

the resulting binaries on compilation were then dro pped into the 

plug-in directory of the Matrix.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plug-ins directory 

Figure 14: Deploying Cells in the Software Matrix 
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The Matrix then discovered and loaded up the availa ble 

Cells, and composed the right pieces together to fo rm the File 

Synchronizer application.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrix Admin 
Console 

File Synchronizer 
Application 

Figure 15: Screenshot of the sample application – F ile 
Synchronizer —built using the Software Matrix 
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4.1.2     EVALUATION 
 

An evaluation of the File synchronizer application,  built 

using the Software Matrix is done in this section. 

 

4.1.2.1     COGNITIVE DISTANCE 
 

Cognitive distance, i.e. the intellectual effort 

needed to understand and adopt a new methodology or  

technique is a qualitative metric that has been use d 

before [28]  to assess among other things, approaches to 

reuse. 

We feel that the steps taken above to deploy an 

application on the Matrix via Cells are neither too  

numerous nor complicated for the average developer with a 

fair understanding of the platform / language being  used. 

It is appropriate to say that the cognitive distanc e of 

the Software Matrix approach is moderate. 

 

4.1.2.2     SOURCE LINES OF CODE 
 

If one compares the File Synchronizer application 

built in the “traditional” way, with the Matrix ver sion, 

in terms of number of lines of source code, we noti ce an 

increase in latter, as shown in the tables below. H owever 

the wizard generated code for Cells, is really 

infrastructure code——the developer does not write t his 
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code, and this can be hidden from him if required. 

Therefore by not counting the Cell “boiler-plate” c ode, we 

observe that the source code values are comparable,  with 

only a marginal increase in the Software Matrix Fil e 

Synchronizer (1729 vs. 1526). 

Software Matrix File Synchronizer  

Source File  
 

Total SLOC SLOC less 
wizard code 

FileTransferPeer.cs 
 

452 257 

FileTransfer.cs 
 

168 168 

TreeViewExplorer.cs 
 

79 79 

UI.cs 
 

985 790 

ChangeConfirmation.cs 
 

234 234 

Node.cs 
 

80 80 

Synchronizer.cs 
 

316 121 

Total 
 

2314 1729 

 

 

 

Traditional File Synchronizer  

Source File  
 

Total SLOC 

ChangeConfirmation.cs  
 

261 

FileTransfer.cs 
 

368 

TreeViewExplorer.cs 
 

75 

UI.cs 
 

822 

Total 
 

1526 

Table 2: SLOC for Traditional Matrix File Synchroni zer Files  

Table 1: SLOC for Matrix File Synchronizer Files  
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4.1.2.3      PERFORMANCE 
 

This section discusses the performance of applicati ons 

built using the Software Matrix vis-à-vis their “tr aditional” 

counterparts. 

In employing the Software Matrix supporting 

infrastructures for system construction, including its 

enforcement of XML-message based loosely-coupled co llaboration, 

we definitely anticipate an impact on the performan ce 

characteristics of applications. Since the File Syn chronizer 

application was built both using traditional means,  and then the 

Matrix, it is possible to compare and determine how  the two 

versions of the same application fare in terms of t heir 

performance. 

On building and running both versions of the applic ations, 

there was no perceptible difference from a user’s p erspective. 

Both versions of the application seemed to be equal ly responsive 

and fast. An attempt nevertheless was made to deter mine the 

performance from a quantitative perspective. 

Commonly performed activities using the File Synchr onizer, 

such as browsing and traversing the file system of a remote 

machine across the network, and transferring files from one 

machine to another, were timed in both versions of the 

application. For instance the table that follows pr esents the 

readings of the remote file transfer operation. 

(Measurement was done using the high-resolution 

performance counters provided by the Windows operat ing system. 
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The Windows 32 API provides QueryPerformanceCounter () and 

QueryPerformanceFrequency(), with a timing resoluti on in the 

range of a few microseconds [29]. .NET Interop tech niques were 

used in order to access unmanaged/native operating system 

services from managed code [30]). 

The time values of the Matrix approach to File 

Synchronizer are marginally higher than the traditi onal version 

in most cases. The average figure in this case come s to around 

20% higher. However as the length of the operation increases, 

the overhead contribution due to the Matrix becomes  more and 

more negligible.  

The performance impact of using the Software Matrix  should 

normally not be prohibitive. The trade-off here is between 

slightly better performance and increased productiv ity and ease 

of salvage. With the ever increasing power of compu tational 

devices, adopting the latter is feasible. 
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File Size Application 
Micro- 
seconds 

Micro-
seconds 

Micro-
seconds 

Micro-
seconds 

Micro-
seconds 

Average 
 (Milli 
seconds) 

512 B Traditional File Synchronizer 23749 23186 24089 25085 24511 24 

  Software Matrix File Synchronizer 33510 31345 29040 29036 28933 30 

1 KB Traditional File Synchronizer 30546 25439 26900 24625 26008 27 

  Software Matrix File Synchronizer 27400 31043 28744 30657 31091 30 

2 KB Traditional File Synchronizer 27383 25942 25083 28363 27874 27 

  Software Matrix File Synchronizer 32156 31245 42399 32025 29613 33 

4 KB Traditional File Synchronizer 28971 33569 26922 26085 27051 29 

  Software Matrix File Synchronizer 33407 29847 34121 36220 33198 33 

8 KB Traditional File Synchronizer 28050 28037 29482 29644 28997 29 

  Software Matrix File Synchronizer 37271 37373 36055 35443 36722 37 

16 KB Traditional File Synchronizer 27364 27792 31073 31185 28414 29 

  Software Matrix File Synchronizer 36086 36154 40061 40438 38444 38 

32 KB Traditional File Synchronizer 30263 34870 32966 33374 35854 33 

  Software Matrix File Synchronizer 42243 40392 40052 40197 40192 41 

64 KB Traditional File Synchronizer 33401 31481 35427 33863 30715 33 

  Software Matrix File Synchronizer 44499 41803 44969 43757 42634 44 

128 KB Traditional File Synchronizer 36313 34334 38538 35821 38726 37 

  Software Matrix File Synchronizer 50476 48506 52670 52060 47213 50 

256 KB Traditional File Synchronizer 41855 40845 42391 45852 49748 44 

  Software Matrix File Synchronizer 61082 61340 66317 68880 52989 62 

512 KB Traditional File Synchronizer 63793 66424 63992 63604 67101 65 

  Software Matrix File Synchronizer 76199 74739 74177 74044 75412 75 

1 MB Traditional File Synchronizer 90762 90185 101821 116057 116019 103 

  Software Matrix File Synchronizer 110680 113260 128165 106651 111242 114 

2 MB Traditional File Synchronizer 212977 219673 209435 207322 202039 210 

  Software Matrix File Synchronizer 226795 231194 205266 251471 202615 223 

4 MB Traditional File Synchronizer 407272 390905 383886 390538 398694 394 

  Software Matrix File Synchronizer 391203 415990 407826 411143 419071 409 

8 MB Traditional File Synchronizer 857204 817551 853566 806387 866713 840 

  Software Matrix File Synchronizer 810735 1170234 838999 851975 902344 915 
 

Table 3: Comparing File Synchronizer application pe rformance  
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4.1.2.4     EASE OF SALVAGE 
 

In order to demonstrate that pieces of the 

application we’ve built using the Software Matrix c an be 

salvaged, we “pull-out” approximately one-third of the 

functionality of this application, and use it throu gh a 

minimalist interface. The exact functionality of th is 

minimal interface is to perform upload and download  file 

operations between 2 machines, connected to each ot her 

over the Internet or a network connection. On speci fying 

the address of the remote machine and appropriate p aths, 

the file transfer operation is carried out. 

 

The steps that were taken to extract the core of th e 

File Synchronizer application and use it are as fol lows: 

- The Matrix infrastructure was copied to a 

suitable directory location. The file upload and 

download Cell from the File Synchronizer 

application was then copied and dropped into the 

Matrix “plug-in” directory at this location. 

 

- Next, a Cell was developed in order to 

collaborate with the above Cell. The source code 

of this Cell is shown in Table 4, and is a 

combination of the wizard-generated “boiler-

plate” code and Cell specific implementation 
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which in this case, allows it to consume the 

services of the upload / download Cell.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
using System; 
using Matrix; 
namespace TestCell 
{ 
  class TestCell : Cell 
  { 

     
    //-----------< entry point of execution for each cell >------------- 
    public void start() 
    { 
      try{ 
           int ListeningPort = 9000; 
           Object[] Args = new Object[]{ListeningPort}; 
           Clone clone = getClone("SU.FileTransfer.RunServer"); 
           if(!isValid(clone)){ 
               Console.WriteLine("Could not find suitable handler"); 
               return; 
           } 
           bool success = (bool)syncSend("SU.FileTransfer.RunServer",Args,clone); 
           string RemoteMachine = "localhost"; int RemotePort = 9000; 
           Args = new Object[]{RemoteMachine, RemotePort}; 

Figure 16: Developing the TestInterface Cell  
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           success = (bool)syncSend("SU.FileTransfer.Connect",Args,clone); 
           string LocalFile=@"foo-local.txt";string RemoteFile=@"foo-remote.txt"; 
           Console.WriteLine("Transferring file " + LocalFile); 
           Args = new Object[]{LocalFile,RemoteFile}; 
           syncSend("SU.FileTransfer.UploadLocalFile",Args,clone); Console.Write("Done.\n"); 
           Args = new Object[]{LocalFile+"_downloaded.txt",RemoteFile}; 
           Console.WriteLine("Downloading remote file... "); 
           syncSend("SU.FileTransfer.DownloadRemoteFile",Args,clone); Console.Write("Done.\ n");             
       } 
       catch(Exception ex){ 
           Console.WriteLine("Exception occurred: " + ex.Message); 
       } 
    } 
    //-----------< constructor >---------------------------------------- 
    public TestCell() 
    { 
       initializeCell(); 
    } 
  } 
}  

 

 

 

 

- On compilation, the resulting binary of this Cell 

was dropped into the Matrix “plug-in” directory, 

from where it was discovered by the Matrix and 

then plugged in, and thus the application was 

composed.  

 

 

Thus, with a mere 25 lines of developer code, we we re able 

to extract a major chunk of an existing application , in this 

case approximately 30%, without terminal “arterial bleeding” —— 

a successful salvage operation. 

 

 

 

Table 4: Source code of minimal TestInterface Cell  
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4.3     NETVIEW 
 

Let us consider another application, built using th e 

Software Matrix. NetView is a simple conferencing t ool that 

allows users drive presentations, slide shows or ot her similar 

content from their machines, on other remotely conn ected 

computers over the network or the Internet.  

Instances of NetView running on machines can either  behave 

in client or server, i.e. master or slave roles. Th e “master” is 

able to load slides/images/content from his machine  for a slide 

show. As the master navigates through the presentat ion, the 

Figure 17: Salvage operation  
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content from his machine, in the correct sequence i s 

instantaneously delivered to the remotely connected  computers. 

A goal during the building of NetView was to be abl e to 

salvage a major block of an already existing system . In this 

case, the file upload and download Cell from the Fi le 

Synchronizer application is pulled out, and is used  in the  

Machine A 

Machine B 

Figure 18: NetVIEW sample application  
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NetView application. Therefore the Cells that will be the 

building blocks of this application would be: 

- the Cell pulled out of the File Synchronizer 

application that will allow us to upload and downlo ad 

files between two machines over a network.  

- a Cell that handles conversion and serialization of  the 

content being displayed on the master machine so th at 

it can be transmitted to the remote machine. 

- the interface responsible for displaying presentati on 

slides/images/other content, and also for loading a nd 

navigating through the content.  

 

 

 

Cell 

Figure 19: Developing Cells of NetVIEW  
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The first Cell is simply copied into the Matrix “pl ug-in” 

directory. As required by the Matrix, the last two blocks of the 

NetView application were developed as Cells by foll owing the 

steps outlined earlier——a combination of the wizard  generated 

Cell “boiler-plate” code and the Cell-specific impl ementation 

code. The capability lists of the different Cells, defining what 

message types different Cells would handle were pop ulated. 

 In order for the different Cells to collaborate wi th each 

other to construct the whole application, it was de cided what 

the capability lists for each Cell would look like,  i.e. what 

message types the different Cells would handle. The  Cells were 

built by incorporating the wizard generated “boiler -plate” code 

for a generic Cell (in addition to the actual funct ionality the 

Cell was responsible for) and certain Cell-specific  

implementation code. The compiled binaries were the n “dropped” 

into the Matrix “plug-in” directory. These Cells ar e discovered 

by the Matrix and then plugged in.  
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Software Matrix plug-ins 
directory 

 

Plugging-in existing 
Cell 

Figure 20: Deploying Cells of NetVIEW; salvaging th rough 
existing Cells  
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The loose-coupling that was enforced by the Softwar e 

Matrix allowed us to easily pull-out a major chunk of the 

existing File Synchronizer application in order to build the new 

NetView application. The messages that flow between  the Cells 

here act like self-describing command and state car riers, and 

without really wiring together parts at design time  the 

different Cells find each other using the Software Matrix. The 

effort required in “surgery” in order to extricate pieces from 

conventional systems that typically have a lot of t ight binding 

between classes, is avoided. 
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Chapter 5 
 
 
 

Conclusion 
 
This chapter summarizes the goals of the Software M atrix, 

our contributions towards simplifying software salv age, the 

results of our endeavor and future work.  

 

5.1     ADDRESSING SOFTWARE SALVAGE 
 

Effective recycling of software assets has been an 

important, yet partially unfulfilled goal of the so ftware 

engineering discipline; it holds out the promises o f reduced 

development and maintenance costs, gains in develop ment schedule 

and quicker time-to-market, and robustness and qual ity over 

software developed without reuse. While these benef its are 

widely recognized, the practice of systematic reuse  is certainly 
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not widespread in the software industry. As discuss ed earlier, 

there has also been a reluctance to adopt the “high -ceremony” 

solutions put forth by the reuse research community , especially 

among the small and medium sized software shops.  

In this thesis we have been concerned with the more  

pragmatic practice of software salvage——of lifting significant 

blocks of existing systems and inserting them into a newly 

developed system. While it may seem easy to lift ma jor blocks of 

code from one system for use within another, our ex perience 

(Fawcett) with organizations that routinely practic e software 

salvage, such as the Radar Systems Department, Gene ral Electric 

Company, tells us that the truth is quite different . The large 

pieces we want to recycle often have many dependenc ies on parts 

we don’t want, which may result in expensive modifi cations to 

the part being salvaged. 

 

 5.2     CONTRIBUTIONS OF THIS THESIS 
 

Our contribution in this thesis centered on signifi cantly 

managing the problem of salvage.  

- We proposed an architecture for system construction , 

the Software Matrix, with a view to simplify the 

paradigm of software salvage. Rather than concentra ting 

only on programming languages as in object-oriented  

theory, or only on packaging techniques as in 

component-oriented technologies (both to a certain 

extent meant to address reuse), our approach went a  
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step further by viewing applications solely as 

compositions of different pieces——of Cells in a Mat rix—

—and having a framework that actively supports the 

dynamic composition of applications from the 

collaboration of these different pieces. In particu lar 

the Software Matrix is a runtime infrastructure int o 

which individual pieces of an application can plug.  

Applications are then composed from these different  

pieces by having them collaborate by passing messag es 

to each other. 

 

- By enforcing a separation of concern between pieces  of 

an application by inserting a message bus between t hem 

we are insisting on loose-coupling, which makes 

salvaging these pieces for use in future applicatio ns 

much easier. This addresses one of the main problem s of 

salvaging which has been the problem of extracting 

parts of monolithic (or very tightly-coupled) 

applications. 

 

- The mediator is one of the key strategies that make s 

the Software Matrix work. It promotes loose couplin g by 

keeping system entities from referring to each othe r 

explicitly. Due to the introduction of a mediator t he 

different entities need only to know the mediator a nd 

the minimalist message-passing interface needed to 
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communicate with it, thereby reducing the number of  

interconnections. Salvage is much easier because Ce lls 

can find each other through the Matrix, and a desig ner 

does not have to wire together the parts. 

 

- The Matrix infrastructure also facilitates the 

discovery of the right pieces needed for system 

construction and dynamically connects those pieces and 

composes them in order to build an application. 

Therefore, one part of an application does not bind  to 

another at compile time, nor does it bind to a 

particular interface signature. All it does is spec ify 

the types of messages they need handled, and correc t 

application component is located at runtime. In thi s 

sense, the message-passing interface is a universal  

interface. 

 

- The ideas presented here were implemented and the 

Matrix runtime infrastructure was built using 

Microsoft’s .NET framework and the C# programming 

language. This infrastructure was used to construct  two 

real-world tools in order to understand the issues 

involved. Our techniques were evaluated on the basi s of 

cognitive distance, performance, code size and ease  of 

salvage, and the results obtained were encouraging.  As 

an experiment these tools were developed both using  
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traditional development, and using the Software Mat rix 

method of system construction. For the examples we 

examined the penalties in terms of performance or c ode 

size were not serious with the advantage obtained b eing 

systems that were amenable to salvage operations.  

 

5.3     FUTURE WORK 
 

During the process of working on the Software Matri x 

directions for further research and development wer e identified. 

Pursuing these areas of improvement would help in t he adoption 

of the Software Matrix paradigm of system construct ion, in 

developing systems much larger than we have conside red in our 

experiments.  

 

5.3.1     MESSAGE CATALOGS 
 

Since the capabilities (and hence the potential for  

salvage) of application building blocks (Cells), ar e 

identified by message types, it would be useful if there 

existed catalogs that listed message types availabl e and 

being used in a particular domain, vertical or 

organization. This catalog would then aid developer s in 

salvaging existing pieces of applications from thei r 

current software assets, and could be used in conju nction 

with the Software Matrix.  
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5.3.2     VERSIONING SUPPORT SCHEMES 
 

In the Software Matrix message types are significan t. 

Cells handling exactly the same message types, if s uch 

Cells exist, can be thought to be providing equival ent 

message handling functionality, which may be true w ithin 

an organization’s or department’s code base. Howeve r 

associating versioning information with message typ es 

could add more flexibility for graceful evolution o f 

systems. The current implementation of the Software  Matrix 

lacks this support. It would be interesting to add this 

feature to the Matrix, leveraging inherent .NET ass embly 

versioning features. Cells could then specify versi ons if 

they so wish in addition to the message types they need 

handled.  

 

5.3.3     REMOTE CELL COLLABORATION  
 

Our mental model of the Software Matrix has been fo r it to 

aid in the composition of systems from available Ce lls, 

and in most cases it makes sense to have Cells avai lable 

locally (note however that Cells may themselves acc ess 

remote functionality if they so wish). However it c ould be 

envisaged to have system composition include Cells on a 

remote machine in addition to locally available Cel ls. It 

would be interesting to investigate further the new  use 

cases that can be supported due to this improvement , as 
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also the issues that this gives rise to (such as 

performance).   

 

5.3.4     APPLICATIONS OF THE SOFTWARE MATRIX 
 

The Matrix infrastructure, apart from supporting sa lvage 

operations could also be used in other scenarios.  For 

instance, the fact that the Matrix can act as an 

interceptor can be exploited for the automated test ing 

(regression testing) of systems. When a modified ce ll is 

added to the system, the newly generated pattern an d 

nature of message exchanges can be compared with a known 

pattern from a previous log, in order to determine if the 

most recent changes “broke” the system.  

 

 

5.3.5     USABILITY STUDIES 
 

As with any new methodology, unfamiliarity with the  new 

techniques is a stumbling block in the way of its 

adoption. While the Software Matrix aims to be simp le, it 

would be very instructive to conduct even a 

straightforward usability study amongst developers to 

obtain feedback on how the Matrix infrastructure an d the 

services offered by it could be exposed in a more 

convenient way. This would go a long way in ensurin g that 

the use of the Matrix is intuitive and simple. 
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