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l.Introduction

|
-
i
i

At present,a very common expression appears in professLonal
computer journals and meetings: "software crisis".It is yery
frequent to emphasize the raising software costs as as a percen-
tage of gross national product,the almost stagnant software preo
ductivity and the increasing cost per line of code,the raising
software weight as compared to harware costs,the shortage of
programmers,etc,In fact,there are no accurate and periodical
statistics; however,independently of the exact figures,tands
appear to be as indicatedf i

Computers are one of symbols and myths of our age.Hard#are
plays an open,first class role; software,on the contrary,is the
hiden face of computers,playing ar apparent secondary roli; its
immaterial and abstract nature makes difficult to understhnd its
functions,economic characteristics and specific technological
change,Software is different from cars,ships,ovens, turbines,air-
crafts,buildings,machines tools,plastics and other physical devi-
ces,Software -and specially software technological changer deser-

veiatention to discover its specific nature and features.

{

Probably one of the first contributions to the controversy
on size and costs was Boehm(1973); according to author’s{esti—
mation total software costs in the U,S, were over %10 biilion,
or over 1% the GNP,The author presented an Air Force estimate
on Hardware-software distribution costs: software went from
15 % of total system costs in 970 to over 90% in 1985 ("this
trend is probably characteristic of other organizations,also",
pg.48); the graphic has became very popular and it is veﬁy fre-
quently reproduced in software engineering books and paplrs.

This generalization of Air Force data to othef fields |is not
accepted as valid by other specialists: see Fox (1982),pg.22,

{cont.))




Sections:-2 and 3 explore software economic and technol
cal characteristics,specially those of large complex soft
and packages; Sections 5 and 6 analyse historical facts r

ogi-
ware

ela-

ted to prograuming languages and systems software development

and Section 7 synthesizes the crucial aspects of software
nological change from an economic point of view,
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tech

(cont, )

Cragon (1982) among others,on the basis that data are specific

to one kind of computer use (command and control); this cj

is reasonable,

Boehm's(1981 b) estimation for 1980 software costs was
ximately $40 billion ,2% of GNP (pgs.17-18); the graphic
again reproduced,

Boehm’s first {quoted) paper was discussed by Larsen ({
and his guantitative estimations have been recently yuest
by Cragon (1982).Phister,jr.{(1979) and Electrénics (1983)
tain other estimations.

Heading the annual Review of IEEE Spectrum {(published

nuary),for exemple,it becomes evident tihe increasing conc
software problems and their critical consideration,

"The computer revolutiorn is running into a bottleneck
beginning to slow its momentum,The stumpling block is sof
Business Week,sept.1,1980,

"The software design crisis,the extraordinary manpower
of programming new information systems,could be eased by
Graham (1982)

There are more optimistis asses§§ments:

"The much-publicized software crisis is far from over,
past year saw a number of important steps taken toward a
tion",klectronics(1981)
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2,50ftware characterization

Modern digital coumputers are based oun the stored progl

ramn ap-

proach developed mainly by J.von Neumann:zthe crucial
is to store the set of instructions to be executed in tle
puter memory,as inforwation,and not to use wired physical
nections for this iuuctioniTnis is the basis of tiie clhara

tic functional flexibility of the general purpose uigital

puter: it is suificieut to clange tlie prograw stored in t

. . 4
wory to modily computer operations,

Stored progran concept implies a neat diiferentiation

en physical eguipment- {hardware) and stored instructions

ware), . Software is sowetines considered as eyuivaleut to

but I will take a lightly different approach: I shall def
ware as a program or a set of interrelated programs and t
mentation necessary to comununicate and use it,,The inclus
documentation in the definition is mnot a luxury;
of software and the possibility to enhance it depend cruc
on the existence of complete documentation; furthermore -
will see later- distribution of incomplete documentation
of the procedures used to limit the ability of users to m

pletely software packages,preventing them of becoming ven

There is an important distiunction between applications
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ware and systems soitware.Applications software produces

fic results,directly useful to the user (a payroll,an eco
estimation,intormation retrieval functions,etc);systems s
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2 _voi: heuwann (1943)

3_vor Meauanu pateruity is mot withiout discussioun: J.P.lck

developeu with J,W,Mauculay the E.1.C,Las recently claiw

"countrary to tihe popular opiuion,tie ENIAL Jiu store
ded instructions,The reaso. for this uisguildec popyu
nioi.,be argued,was that tie coded instructiocuns wele

by means not norwmaily used for mewmory after EBiLIaCH,
(1982).
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manages and controls computer operations but -by itseli-| does
not perform functions directly useful to the irinal user (pperating
systems,complilers,etc, )

o o o

Whatever its material suport,software is immaterigl:it is abs-
tract information to process inforuations;one direct implication

of this feature is that software does not wear]with obvious con-
sequences on maintenance activities,

Software is costly to develop -specially large scale ﬁoftware~
but,on the other hand,reproduction cost is very low so that soft-
ware developers have difficulties to prevent its appropriation by
other persons or institutions because it is difficult foz thew to
enforce their property rights,However,most sorftware is dot pro-

duced as a public good; this is so because -as we will s%e below-
there are technological factors related to compatibility between
sortware and diflerent hardwares limiting frequently thelpossibi—
lities of using non authorized software.In addition,these¢ last
years there have been developed new legal protection mea%s?
Software problems are very different at the two ends éf tue

size scale: on one hand hardware developuent and costs reductions
have iacilitated and reduced the costs of creating swmall prograns

(using hihg level prograuming languages,interactive computing,etc, );

on the other hand,large software is more and more cowpleéx,raising

£ . . e ey e '
See in Mooers (1975) the possibilities of copyrighting before

the Federal Computer Software Copyright Act of 1980; this

Act,

and the protection it givés,is described in Greguras (1981).The
changing and complebbistory of patent protection is analyzed in
Frank(1979) and in Blumenthal (1983 );Mossinghoff and Lawson (19~

81) contains the sem»official attitude of the Patent and
mark Office,

Trade-




increasing reliability problems and making its developnen
difficult and expensive.,Consequently I will focus the ana
large scale software characteristics and problems.

¢} o O

Large sale software raises specific problems,.Large sc
not only a matter of counting the number of program instr
it is also a matter of complexity which is related to the
and pattern O?T"“’ the num@r of
nal or alternative branches (logical complexitf@ysince tn
ture produces highly combinatorial patternf with thousands
lions of alternative paths.On the contrary,a large,one-wa
tial or paralel program is not a complex software althoug

take a long time to develop it and may also require a big

connections and,specially to

Belady and Lehman’s approacnainclude.the dimensions
plexities of the creation process in the characterization

ge software and theyidentify yariety and communication as

crucial features:

"the root cause of tne characteristics we shall identi
lated to the concept of variety.A program is large if
de is so varied,so all embracing that the execution s
may adapt itself to the potential variety of its oper
environment: the specific imput,the reyuested output
the environmental conditions in tle executing system
the user environment during execution.A program is 1la
it reflects within itself a variety of huwan interest
activities.,And if it does then it will essentially 1i
tlie intellectual grasp of a single individual.Tt will
an organiz#eu group of people to design,implement,mai
enhance it, t.And it is the comwunication between the va
activities implemented in the program,the comwunicati
in the implenenting organization,the comaunication be

the implewmentors and their product and finally tie cogm

tion between all these and the organizational environ

lead to the ewergence of the largemness characteristic.

6-See Titli (1979)

7-Fox (1982)

8-Belady and Lehman (1979),pgs.107-8
?-Belady and Lehman (1979),pg.l11
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Certainly,to limit complexity to software content iupl
radical reduction of global,total cowplexity of large sol
creation process; this global process must be the focus &
analysis of sofltware technological change.

another important characteristic ol large scale so.thy

S

is the absence of a developed theory,the lack of a well

tured body oi scientiiic knowledge:

"There does not,at present,exists a general system the
design methodology ror complexsystewms., There is in i

ies &

tware

ai' e

truc-

0Ty Or
act so-

me doubt whether a complete theory can ever be totally de-

velo,ed or discovered ...Nor are there,at least in 1
of computer software,systematic and complete mnethod
for system _specification and desigun,.Bven with the wo

culous requirement analysis,design and implementation

the product as first released to its userswill not,ix
possess precisely those functional characteristics &
perties expected or desired in the application and us
ronment' 10

As a conseyuence of these features,large-comuplexsoftws
not be implewented at once,it must be changed,it has to e
we will aunalyze later this characteristic in relation wit

ware evolution and learning by using.

Comiplexity created by conditioiial branches means gener

that there. is an extraordinary nuuber oif alternatives to |

so that very often large software caunot be completely tep

given the available time and ressources,

Finally,the abstract and immaterial character of soft
is certainly shared by large-complex software so that the

sence oI physical constraints in design operates as an e

lie realm
logies

t nieti-
process,
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and pro-
51 envi-
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volve;

tin solt-

ware

ab-

1ement

which makes design,paradoxically,more difficult given that it im~

plies the existence of a large nuuer of alternative appro

In physical systems,on the contrary,the design of one sub
tem has implications for some other subsystems: it implie
traints in terms of physical interfaces,strength,heat ins
etc,

aches.

Sys=

s cons-

ulating,

% epenicoft (1981),pgs.384~5,




Fox comparison between hardware and software is suggestive:
! '
Haruware is a physical thing and is more limited than in its
permutation and cowhination.We find instances where spoftware
is like hardware and should be developed in the sawme way,.,But
in the very large systems,the two are fundamentally diiferent,
Here the hardware is like a piano: software is music.Barcware
is a distionary;software is a novel" 12

Software development process

The process of software creation may include important elements
of research and invention (on numerical computational algorithms,
efiicient sorting procedures,pattern recognition techniypes,etc.)
but this is not the most common case: very freyuently the "ele-
nent of novclty"13 is absent in the process or it has a reiuced

iviportance (this 1s often the case in current business applicatins)

S0 we will concentrate our attention on the development process.

" -Fox (1982),pg.9

‘2 -There are several extreme exemples of large scale software:
.the SABRE system,the first airline reservation system; |its
development lasts from 1954 to 1964; see Parker (1965)
.IBM/360 operating system: "at the peak over 1000 (people)
were working on it -prograwmers,writers,machine operatgrs,
clerks,secretaries,support groups and so on,From 1963 through
1966 probably 5000 man~years weant into its design,construc
tion and documeantation",Brooks,jr.(1975),pg.31.
.The American Airline System (a new reservation system) has
been working since 197Y,connecting 13,500 terminals on real
time and and up to 10,6 million messages per day; see Fox

(1982),pg.5.

See other exemples in Belady and Lehman(1979),Fox(1982)‘and
Boehm(1981 (1981 b). E
|
3 =Freeman (1974b),pg.318.For a taxonomy probleus (and rel%ted
measurement issues) of scientific and technical activities,
}
sece Freeman(1974 a)




With the-exception of research-intensive software,softwd

\re works

achiev_ing the reyuired technical performance specificatigns; un-
certainty is concentrated on the efficiency of the perfor&ance,tne

timing of its completion and the ressources necessary to
it,

omplete

4
Software development requires a set of systematic steps;this

is certainly a normative statement and it is not always ayj

. . “
in practice.Development process implies six phases:

a) user s needs and software reguirements identificati
b)
c)
a)
e)

)

general design;

programming and,eventually:
assembly;

testing;

documentation,

The process if frequently analyzed in technical terwms
Tact,when software implies different groups -as it is alm
ways the case with large scale software- the process is a
cal one: it involves power,conIlicts,neg,otiations,etcf6

pect is specially crucial for the initial stage.

User s needs identification is a couplex: process speci

when there are several (identified) users,so that it is n

plied

but,in
pst al-
politi-

This as-

plly
eCes=-

sary to induce a couwpromise among difierent perceptions and inte-

rests.When multiple users are not previously known =-as it
case of potential users of a software package- the proble
hihg level of uncertainty.As in any development process,u
needs identification is the less structured step,the most

cult to organize in a systematic way

is the
I has a
ser s

diifi-

" -In conputer science literature the most common denomination is

"software engineeriug",.

15 _See Tox {1982),Gillet and Pollack (1982) ana Jeusen aud Touies

1€

(1979) among an increasing literature,

~-See Leen aud Gerson (1977)
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General desigu determines the wain features of the projectf;
to be programsied,tested and docuuented,Large software desjignis
highly combinatorial: as already remarked there is a large num-
ber of feasible design alternatives which,in addition,are not

physically constrained as it happens in material systems, However,
although small projects are hardware-independent large project
are,on the contrary,hardware-dependent: central process unit and
memory utilization introduce external-global-harware-derived cons-
traints@ S0 internal structure and design are physically uncons-
trained but global design can be under external and global cons-
traints derived from hardware limitations.This combination makes

specific designs specially difficult.

Prograiming aud assembly is the ejuivalent to the "prfduction"
phase in material prouuct developizent,so tiiat after testiug and
docwaentation software uevelopiment process geuerates a final
"product™ (and not an experimental one as it is generally tie

tlie immaterial and abstract ciaracter of software eliminates all
tite probleus related with "waterials" and naterial sciencé (stress,

. , : . _
case in the material products development),0u tie otue#Lhauu,

. . . . . , i
corrosion,fatigue,etc,) so important in plysical productslaeveIOp-

uvient, i
|

N . i
Testing is a crucial step; there can be specilication ?rrors

(unicoiiplete rejuircuents distorted speciiications,etc.),deéign
s ; . . ; : i
errors (missiuag functions,wrongly desigued 1nter1acea,etc+),
'
|

1, 4,510 emphasizes design as the process of creatiug tlhe arti-
ficial or,literally: "The Science of Desigu: Creuating tiie Arti-
ticial" is the title of oume chapter in Siwon(19069),pg.55 and
also: "uesigu,otn the other hand,is concerued witlh Liow things

ought to be,with devising artifacts to attain goals",pg.[9

f¢ ="Software Jevelopnment of Lurge Systems is often Tardwarg 3Specific,
Large systeis usually require that the use of the hardware bhe
optimized for econouy aund perroriauce coiisideratiouns.Central
processor unit loading and memory reguircments must be carefuly
planned,Tais iforces the designer to iucorporate iunto tLe design
of the progran the hardware paraneters and ieutures of| the sys-
tem,This is not the case Tor tie si:all program developbr?Fox(1982]
P5.8




prograuming and assembly errers (initialization errors,er
loop controls,neglegted alternatives,etc) and also docuuetl
error so that,often,final testing is preceded by verifica

-]10=

rors in
ntation

tion of

every step of the development processfgthis is so,special{y since

tiie cost of errors in an increasing function of the degre
vancement of the developuent process,

Docuuwentation is essential to cowsuunicate the abstract
of software;it makes also possible its continuus evolutio:
tiiermore,its selective distributicn is also an elewent co:

ting to eniorce property rights on software pacikages,

0 0 0

Software dcvelopuent is a labor intensive activity; ir

ol the recent developmreat of & wide variety of methods and

al

-

of ad-

content
nyiur-
yiribu-

n spite
z0
i tools,

»
.

te

can only detect failure presence,There is a wide spectru

19-A11 developywent steps are important for reliability

reliability definitiongKapetz one emphasizes dependence
puts:
"The reliability of software is the probability that a
ware system fulfils its assigned task in a given envi

for a predefined number of input cases,assuwing that
hardware and input are Iree otf error",Kopetz {1976),p

¢ =Since the early seventies there has been a lot of work do:

engineering and software development tools,

Randell (1979) is an analysis of the state of the art
1968 ; wasserman (1978) conains a brief Listory of software
ileering and a prospective analysis.Jensen and Tonies (197

Ch.4,contaius a detailed exposition of structured progra

:

|
t
b

ming;on this topic see also Gillet and Pollack (1982),Ch,

Wasserman and Gutz (1982) and Lerner (1982) are focuse
the future of programing and on automatic programuing,re
tively,
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the process is a non repetitive,non standardized,wide spe¢trum

problen solving processf‘

Labor resso¥ces are measured in man-monthéu,unit which suggests
a high degree of substituibility between time and human effort,but
as ',P,Brooks euwphasized some years ago,the seguential constraints
which often characterize software developunient wmeans that 1abor
intensive character does not iwmply flexibility in execution ;.

"Cost does incllead vary as a product of the nuwer oflmen and
the nuaser of wmonth ,Progress does not.Hence tlhie wansmonth as
a unit for measuring the size of a job is a dangereous and
deceptive mwyth,It implies that nien and wontihs are intcrchan-
geable,

Men and months are interchaungeable comnmodities only when
a task can be partitioned among many workers with no comwu-

¥ ~-There is a lot of factors contributing to determine the ressour-
ces necessary to develop software;those identified by Boehm in
his(intermediate) model designed to estimate man-months are:

JProduct ntrivutes: a) Leguired soitware reliavility; b} vata
Dase Size; c) Product Cowplexity,

1

.Couputer attributes: a) Executios Time Constraints; b) Hein
Storuge Coustraints; c) Vlrtudl Machine Volatility.

Persoual Attrihutes: a) Analyst Capability; b Applications
Eamperieucc; c¢) Tropgramiiers Capability; d) Virtual Machine Dx
pericuace; u) Trugramciaog Languagze fxperience;

.Pirroject Attributes: a)iloderu Prograwsiug Practices; U)Fse of
Soitware Tools; ¢) Leguired DBVLIOPHCut Schedule.

|
Tuis nay sSusggest the cowplexity oi tune iunteraciing Tactors cou-
trivbuting to determine the necessary wan-nontis, Soenn(1961)pg.115-6

Note: in 3Boeni:'s words "for a giveu soitware product,tle under-
lying virtuul machiue is the complex of hpfuware aud Soltua—
re (OS,JBMS,etc.) it calls upou to acconplish its tas§b"

2) -The corwion practice is to measure labor productivity in Loftwa-
re developuent in terms of source instructions per i Aan-mbhth'
this defiuition is not without difficulties,specially re}ateu 7
to the measurewment of efficient output; this topic is anblyzeu,
among otners,by Fox (1982)Ch.6,Boehm (198la) and Ladice (1952)

!
|
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nication among thew, This is true ol reaping wheat or pic-
king cotton; it is not even aproxiwmately true of systeus
programuing,
wnen a task cannot be partitionned because sequential
constraints,the application of more effort has no effect
on the schedule,The bearing of a child takes nine months,
no matter how many women are assigned.Many software tasks
have this characteristic because of the seguential nature
of debugging"23?¥

As a result of this almost general absence of substitujibility,
management of large scale software development is subject| to strong
rigidities so that it is very important to accurately forgecast the
necessary human ressources; otherwise development process can be
subject to important delays,As a matter of fact large scale soft-
ware development history is full of long and dramatic delays.

O 0 o

Software life cycle includes development,utilization and also

evolution, tvolution is not maintenance in the repair conception
since software does not wear out; evolution is adaptation|and

enhanceinent plus,obviously,error correction.,More specifically,
includes the continuous process of error detection and correction,
avtaptation to new data or to wodified rormats,and enhancemeunt to
perforisi new or more efficient functions,as an answer to new user’s
requireuents,Evolution can also include adaptation of existing
software to new or modified hardware?sig |

48 I have remarked before,the abseuce of a complete and
well developed theory and methodology of software developnient

is one of the elements contributing to large systems evolutiona-
ry characteristics

The feasibility of evolution is a specific charactersistic of
software related to its immaterial character; it is a specificity
of software engineering in front of other kinds of engineering

% -Brooks,jr.(1975),pgs.16-17

% -Baldwin (1982) contains a recent discussion of Brooks ‘unalysis.
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When a design is materialized into a device,a structure,a physi-
cal system (an engine,a bridge,an aircraft) any attempt to modi-

fy it,to adapt or enhance it,implies a physical modificatjon and
this operation is generally expensive; to "erase" parts of the

0ld system. in order to attach the new elements is reallx&n ex-
pensive task;on the contrary,to erase instruections in a program

is a reltatively easy and cheap operation,.,Only radical modvlar
design -with physically separable modules- makes possible evolution
of physical systems inside the sawme vintage.

25 .See Van Horn (1980)

26 ~According to Zelkovitz (1978) maintenance costs are 67 percent
of total development costs; this is an indication of their cru-
cial importance along software life cycle.

According to Lientz and Swanson(1980) the distribution of
maintenance costs in a survey including 487 data procegsing

centers (mainly business related) is (in terms of total num-
ber oif man-hours:

Emergency program fiX....ece....12.%
Routine debugging.........o..... 903
Accomodation of changes,to
input data and files..........l?.’i
Accomodation of changes to
hardware,system software...... 6.2

Enhancement for US€rS8.........41.86 %
Inmprove of progran
documentatioN..eeeeevessssee 5.5 %
Lecoding for efficiency in
computation..oeeeeevecnncess 5.0 %
OLReT s eveevesesosssnnssnnnnees 3.4 %

= W™

-~

®

100.0 %




Separation between hardware and software makes easier spft-
ware evolution; software flexibility is also an advantage,even
Tor embeded (resident) applications software (aircrat navigati-
on system,chemical proecess eontrol system,etc,) gince it means
the possibility of enhancement without haxdware modification

o e o

|
One common approaeh to deal with software complexity is modu-

larization or medular methodology: 'the decomposition of the who-
le systen\““tc modules,functionally (almost) selfeontained zoft-
ware subsystems; this approaech means that modules must perform

a specific function and that their connections or interfaces
must be miniwal,as far as possible,one input and one output.

The advantages of modular approach are well known: it allows
prograsimers to code one module without considering other modu-
les (with the exception of interfaces); on the other handla mo-
dule can be used several times in a program,in different seguen-
ces or loops,with no need to code it again.,Modular testing
is also easier since it can be implemented on a stepwise bhasis,
testing first modules and,secondly,interfaces and the wh?le
system.Evolution it is also easier since error correctlon;and
function expansion or modification can be done in a nodular
basis so that modifications can be limited to the appropr#ate
modules; in other words,it means the possibility to develqgp a
"modular tecnical change",incremental and Ilex1b1e,t1p1caj of
complex modularized systemsz?

truction has to play as building block creation in softwa

|
I
i
17 -Some software specialists emphasize the role .. module cons-—
e de
i

velopment:

"Work in the 1980°s in soltware engineering must focus |on the
construction of standardized,verified software coumponentsv;
Yasserman (1978),pg.38.

Otler specialists,on the contrury,consider tuat priority rust
e given to wodular approach as a tool for cowplexity reduction
in software developuent:

"leduction of cowplexity rather than potestial use inla ge-
neral library,becouies the primary wotivatioun in designing and
constructing such modules.It is certaiunly not neccessary to aban-
don the later objective completely",Gillet and Pollack (1982},
py.40




3.Standard software packages

Since softiware development costs are fixed,one obvious
cedure to reduce unit costs is to sell it to several user

approach is the foundation of standard software packages

ges are created and distributed by computer manufacturers

independent software producers.z8

Selling packages requires to develop software campati

different systems; this kind of coumpatibility reguieres a
general design than the strictly necessary to use with a
fic system and means also adaptation of flexible paramete
put/output parameters,functions actually performed,etc) t
specific characteristics and systewms reyuirements,Adaptat
possible because the design is flexible: in other words,s
flexibility and adaptability was one of the objectives of

sign during the development stage,

The adaptation effort necessary in every case is very

rent,depends on the kind of softwarej;a linear progranming
ge,for exesple,norwally will reyuire a small udaptation e
basically to hardware characteristics,si:ce the formal as
of the procedure is environment-Ifree;a payrodl package,on

other hand,may reguirc a lot ¢f adaptation elifort since ]

specific administrative rules may vary widely awmong organ

tions.

The best couumercial packages are those with a large uwar
refore they are those related to basic and gemneral fuucti
data manageuent systems,payroll,financial planning,statis
anda optiwization packages,etc, even if in some cases the
tion efiort can he importantf’

2 -See Weil (1982),Ch.2;also see in Data Decisions (1982) a
of U.S. software systems packages and in Data Decisions
a survey of applications software.
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Systems software is generally developed by couputer
turers since it reyuires a deep knowlege of hardware ch
tics; this,however,is changing in the micrococputers 1i
thhere are iundependendent software producers whose opera

tems are used by micrococuwputer wanufacturers,

Ish new unbundling priciuag policy -inuuceu by antitrust
sures,and applied siuce 1969_was a crucial factor for t
tion of a large open software uarket; charging separate
ware,euucatiou anu soltware,large software segleuts wer
to independent firwm cowpetition.

Packages have important econouic advautages siuce pr
licies anticipate that a number of copies will Dbe sold
developuent costs will be awmortized over hundreds or th
of users. In addition,software package utilization iwp

users have access to huwan skills that,otherwise,they sh

16~

nanufec-

aracteris-
eld where
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pres-
fie crea-
ly hard-
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icing po-
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pusaius
lies that
puld Lire;

package licensing allows therefore a sumooth evolution o

ces and skills necessary to firws or institutions.

Software packages also mean its alwost iuwediat

F ressour

availa-

bility without any need to organize an in-house developiient te-

aw whici will spend months or years to couplete the pro
timing aspect may be often erucial.Another iuportant fe
rives irowm the ract that vendors take the responsabilit
ware evolution,lisers,tuerefore,dont only liceuse a pack
have acces to evolving software.

ject,This

1

ture de-
of soft-
ge: they

On the other hand,however,tlere are some drawbacks a sociated

with package licensing.Since they are uot custorn-design

ed,packa-

ges are neitier coupletely adapted to every user’s reyujrenients

nor they are able to optimize every computer ressources
F‘urt]leriﬂore,packages nieans depe]]del‘lce 01l Vel.\LiOI‘: users
cess to evolving software but they dont have the right t

}pattern.
?ave ac-
? uodifly
|

soft for the I8M Personal Computer.

|
r
i

49 -The most significative case is the MS-D0OS developed by thro—




the package,However,the economic advantages are very off

4
-

tantia%oand standard software package production is a £1
tivity,

There is another interesting feature related to soft
kages,Since it is ditficult to enforce software property
producers try to stmugthen legal procedures introducing
cal difrliculties to copy the original package.On one han
generally distribute machine language copies which are

ficult to understand,specially whether,on the other hand

cers add meaningless instruction to introduce noise in
prograum,In addition,as a coumon practice,soft: ware firms
distribute the documentation necessary to use the package
not the detailed information needed to modify it,As alrea
mentioned,producers take the responsability of evolution,
enhancement;this is an aditional feature strengthening pj
rigths since users,generally,dont want only acces t¢

ware but to evolutionarv software ; obviously,free riders

get these services,This operates also as a mechanism that
ly limits the interest vusers may have to copy the package
distribute it,independently of legal constraints,
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en subs-

owing ac-

are pac-
rights,
techui-
d,they

dif-
s produ-

Lo the
pnly

but

iy

including
roperty

b Bolt-
dont
strong-
and to

30
See next page,




-18-

30. = 1DC (International Data Corporation) U,S. software market es-

timation for 1981 was:

Type of sales 1981 ($millions)

Hardware manufacturers

systemS..o LA BN B BE N BN ..'..1,155
Util ity.... L B B B B B B B 805
ApplicationsS...eeeees. 235

Subtotal...o....oooz’lgs

Independents

by'StemS............... 140
Utility.eoeeesocaseoss 465
ApplicationS.seesssss. 665

Subtotalececesenssal 27 Quoted by Fran
TOTAL, e vuuaennsoesseeesad 465  PE.L183
Most of the hardware manufacturers sales correspond to
Sales.
On independent companies Frank writes:”
"(they)are tipically small -(80 percent with sales of less

ik (1983)

IBM

than %5

millions per annuum and with fewer than 100 employees) to medium

sized (%5 million to $15 millions).Only a few companies rep
software product sales at $50 millions or more as,for exemy
nagement Science America Inc, and Informatics Gemneral Corpga
Generally the smaller organizations one or two major produg
wheras the larger companies market an integrated offering ¢
milies of productsv,pgs.l182=3,

ort their
)le ,Ma-
ration,
ts,

r fa-
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4,lLearning by using and software

Since software develo mg?t is non-repetitive activity,lear-
£n1 1cat1v
ning by doing is not a " phenomenon although there may be

an increase in generic programning experience,

The interesting point,therefore,is to analyze the dimensions
of learning by using as it has been formulated by N.Rosenberg?‘
In his approach,learning by using is characteristic of durable

capital goods,complex,with strong "materials" or environmental
problems which make very difficult to anticipate their perfor-
mance,Furthermore,the functional features and specially their
useful 1ife can only be known by using them , Using is alsg the
condition to design and implement optimal operating and maintenan
ce procedures.,Aircraft industry is the most typical case of lear-
ning by using; in addition,Rosenberg conjectures that the pheno-
menan is also found in other industries,among them in software
creationi

"Phe creative use of learning by using as a deliberate busi-
ness strategy may now be an important factor in sone high .
technology industries.Consider the computer indusiry|which
in recent years,has relied increasing by on complex softwa-
re products to make its systems useful to 2 broader range
of users,The development of effective software is highly de-
pendent upon user expirience,The modification of software
systems in response to such user .experience is new an intrin-
sic part of the process of software engineering,This is so
because most software products admit a wide variation of in-
puts and processing options.The full range of these $ptien
cannot poessibly be tested prior to the release of software,
Thus the optimal design of software is one where the designing

firw is . dependent upen a flew of information from %ts cus-

towers.Furthermore,many cemputer ceoumpanies routinely provi-
de extensive software support which involves the modification
of software when bugs are discovered bu users-as they inevi-
tably are-during operation of the software product,The elffec-
tiveness of support services is improving the produc? after
its release appears te be very important to the comp

sents an institutionalization of procedures for exploiting
the learning by using phenomenon in the computer industry®,*

3t -Rosenberg,(1982),Ch.6

titive

success of computer firms,Such service arrangementsErepre-
i
{
12 -Rosenberg, (1982),pg.139 ;
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As already remarked,large scale software creation has not yet
well developed foundations,a solid theory upon which te build

its development; asa result,software performance is uncert?in and
ti¥ere must be an evolutionary process.Large scale soft_ware is,
generally, a very couplex immaterial system; its crucial eleument
of complexity is logical: it comes from conditional branches,from
alternative paths in programs;these combinatorial patterns can

lead to & very high nuwber of alternatives and,as a wmatter of
fact,it is practically iwpossible to test all of them; testing,
therefore,cannot be completed,cannot be exhaustive,given the avai-
lable time and ressources,This fact has obvious COnsequench for

large software reliability.

Software packages are increasingly used; a lot of them are used
by hundreds or even thousands of custouers,Packages are the main
software field of learning by doing.As we know,one of its features
is that package producers take the responsability of evolution so
that tiiey are in charge of error correction,adaptation to new da-

ta or formats,enhancement to perform new or more efIicienttfunc~
tions and adaptation to new hardware,.The only way users have to
influence evolutionu is comwmunicating their problemns and neLds to
package developers; users learn (problewrs) by using; contractual
specificatiouns induce them to transmit this information to| vendors

who have to try to solve the problews;learning by using then cou-
pletes tiie cycle when package develeoper implements the solution,

A wide and variate experieunce -comiug from hundreds and| thou-
sands cf users-means tihnat an iwportant percentage ol all condi-
tional branclhies are actually tested and,therefore,a high p}obabi—
lity to detect errors or buggs however,it is necessary to eﬁphasi—
ze that error correction by using means to catch them at the most
expensive stage,that is to say,once software is alrcady designed,

programnmed and even tested oncefy1

33 -"Anyone who insists on error-fiee large scitware systems does not
understand software",Fox (1982),pg.189.

3% -See Boehm (198la),pgs.39-41 on the relationship error costs-
development steps."These factors combine to make the error sig-
nificantly 100 time more expensive to correct in the maintenan-

ce phase on large projects than in the reyuirements phase",pg. 40
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Obviously,a permanent contact with a big number of users pro-
vides to packages dewelopers a very useful information about their

lLeeds related with data structures,functious aind new hardware
adaptation; this inrormation will be crucial not ouly for Short

run adaptatious but also to design unew package releases ang Spe-
cially to select the range of options to be supplied,

These comments emphasize :the importance of the size of actual
or potential marketgias one crucial factor defining the volume
of learning activity; obviously,there are important differences
among countries,

3% Succesful Software Products
Volume Achievers
Product Vendor Number cf Cumulative Installation
installations Revenue Price
{$millions) (S)
The Librarian Applied Data 4,500 20 §,000
Research
Westinghouse
Disk Utility Westinghose 3,522 1 2,500
Panvalet Bnsophic Systems 3,300 10 6,000
CA=Sort Computer Ass,Inc, 3,000 10 5,000
AutoflowII Applied Data Res. 2,100 10 7,500
SPSS SPSS, Inc., 2,075 2 2,500
Syncsort whitlow Computer 2,000 10 6,000
Systems Inc,
Total Cincom Systems,Inc 2,000 50 40,000
Fast Dump Innovation Data 2,100 .5 4,000
Restore Processing
/Alltax Management Science 1,600 2 2,000
Auwierica Inc,
Job Accounting Johnson Systems 1,350 5 7,000
Report System
Mark IV Informatics, Inc 1,300 50 42,500
Easytrieve Pansophic Systems 1,650 10 ﬁs,OOO
Ramis Mathematica, Inc 1,000 10 gtg,ooo
General Ledger Software Inter- 1,000 10 55,000
national Corp.
Autolab 11 Capex Corp 1,000 1 14,450

-

As recognized by ICP,Inc,; quoted by Frank (1979)

o 0 0




There is another kind of learning by using in coumputer

try:its root tause is co.anunication awmong computer wanufactus

inuus-

hrs and

their specific users groups (when they are effectively organi;;pd);

the process includes software but also other aspects (haras
cation,etc.) Historically,interaction hes included also hij
vel programv ing languages; thus,Shiiﬁaformed in the early

a Committee to iwprove the initiallversion,In 1963,I3 and
saue Id users organization formed a Cowmittee to uevelop

ge nore advaunced than Fortran; Guide,aunother Il users org
tion was later represented in the Couwwittee; the result of
collective eriort was PL/1,issued in 19063,Usk,the Univac g

was involved in tne development of Cobol 3¢

To conclude tuis topic it is usetul to emphasize that t
are obvious differences between larze scale software and o
systems showing learning Dy doing.The main one derives fro
abstract,inmaterial character of soltware; this rieans that

ware does unot need waintenance in tiie physical-repair sens

an jiumwportant element_of,ﬁfaruing by doing =related with na

. 'Q§1$SIII
nance practices- 1is .Tiiis characteristic alse iuplie

tuere is no weariug and so no problew of (phys

life estimation problems; in otiher words,software has no n
science problewms;software support,however can be subject i
kind of probleus,specially in the case of embeduied systens

ting in estrewme environawental counditious),

3¢ 3EARE

group; VIM the Control Data Corporation group,etc,Aliiost

and GUILE are IiM users’ groups; USE is the Univac

the groups maintain program libraries for exchange ariong
bers.On SHARE early history see Armer (1980).
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There is also a global group,JUG (Joint Users Group),with a

representative in the Committee A3 of the American Latiohal

Standard Institute (ANSI),respomsable for language stand
zation
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5.Programming languages technical change

A8 it is well known,the first stored prograwm computers

systeums software and applications software was directly

_zsﬁ

had no

writ-

tenﬁn "machine language",that is to say,in the binary code di-

rectly vanderstandable by the computer,The first step away from

machine language -that reguires a good knowledge of hardware-

was Assembler in which the operations to be performed rec
a mnenonic expression and mewmory adresses may recieve sym

ieve
bolic

names;couputer does the tramnslation and finds the adresses,Com-

puters can be programied -given its logical and computatidg
pabilities- to convert the assembler languange into wachi
guage by usiwpg the most siwmple variant of languange procesd

nal ca-
e lan-

SQY or

coumpiler,

Assewbler -still iun use~ was the first move in the dirx

rection

01 the so called hihg level programaing languages,characterized

by their user-oricentation,that is to say,the fact that their uti-

lization does not reyuire hardware or machine language knowledge;

the expressions of hiﬂéilevel programuming languages statenents

are written in a formalized language well adapted to the
fic features of the problem to be solved,

speci-

The invention and development of hiph level program.ing lan-

guages and the related coupilers has been one of the crucial soft-

ware iniovations,simplifiying programring and rising prod

RE Jn Europe and i

juctivi-

n the US,

Before fortran there had been several attemptsvio deve
level programwming languages focused on scientific cowputg
some of them -only a few- were implemented.In 1953 J,H,La
and N,%ierler at MIT developed a language for Whirlwind;

lop Ligh
1tiou;
ining jr.

this
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language "appears to be the first system in the United States
to permit the user to write expressions in a notation simfilar
to normal mathematical format"37.J.E.Sammet yualifies this lan-

guage as "probably the wost significant of all the early work "™

39
The first widely acce ’ ryage_was Fortre iesig :
widely pte?ﬁ%gﬁéT%%glvas ortran,designed as a

4o
mathematical oriente« language.Thne project was lauuched Yy TIidi;

the team was iforuwed by a majority of in-house specialist and was
headed by J,dackus,Tie language was issued in 1957;the first spe-
cifications are dated november 1954 and the first reference na-
nual was issued in 1956,Fortran cowpiler was coupleted in 1957,
Univac issued in 1961 the first non-Ig version and by 1963 al-
most all manufactures had oxr were developing tueir own Furtran
version; a study publisbed in 1964 mentions the enistence of 43

Fortran co:xpilers,

In 1958 was released a new IHI version -Fortran II- including
among otier aduitional eleimtents,Functioi and Subroutine.Otlhier up-
dated versiouns have peen ilwplecented;lFortran is still widely useu

. ) ‘s . 1,142
in scientiiic computatlonf'

7 -Sazmet (1981),pg.204
38 -Sammet (1969),pg.132

3 -Detailed information e» high level prograuiuing languages histo-
ry and characteristics can be found in Sammet(1969),(1981) aund
Wexelblat(1981)

¥0-.In 1958 a team of european and american specialists developed
a wathewatical algorithmic oriented language called IAL; [ this
programming language evolved into Algol 58 and Algol 60 &hich
have been iuflential on high level language evelution but with-
out reacling wide diffusion,

4 -Fortran was not accepted without resistance:

"although Fortraun

is considercd guite cousion place now,1it was not readily lor ea-
sily accepted at that time.,Custouwers raised maany objections,
foreuost awong them was that the cowupiler probaisly couly not

turn out object code as good as their best prograusers™;Sauuet

(1969, ps.144)

42~It was probably the biggest softwure produceda till then; lit had
some 25,000 lines of code.
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The economic motivation of Fortran is emphasized by J,DBackus,
tire head of tue tea:

"Another factor which influence the develcepizent of FOATHAL was
tiie ecoirowics of program:.iung in 1954.Tie cost ol programiers
associated with & counputer center was usually at least as
great as the cost of the cowmputer itself,.,

In aduition,frow one guarter to one-hall of the computers
tirie was spent in debugging,.Thus programczing and de.ugging
accouuted for as mucia as three~yuarters oi thic cost of ope-
rating a cowmputer; and odbviously,as cowputers got cueaper,
this situation would get worse, -

This econouic factor was oune of the pri.e motivatipus
wLick led e to propose the FOLTL.X project in a letter to
5y boss,Cuthbert lurd,in late 1953...I believe tliat tiie econg
rnic need for a system like FCiT.lu. was one of tlie reapons wiy
1@ and my succesive bosses,Hurd,Charles De Carlo andl Joba
¢ Plierson,provided for our coustantly expanding ueedp over
thie next five years witibout ever asking us to project| or jus-
tify those neeas in a forizal hudget'" 43

c o o
Flow-Matic was the tirst Ligh level laugnege adapted 1o the
it was created by a

#nd re-
|

specific needs of business data processing;
tean headed by Grace Hopper,from Remmington Rand Univac,
leased in 1958; the language had a limited diifusiou,The; suc-
cesful iuitiative of developing a business-aduinistration-
oriented lanzuage was taken by the U3 Uepartment of Defense in
1956;since Fortran was already available,it was a clear indica
tion that it was considered as a specialized language,uot suita-
sle Ioﬁbusiness a_plications,The development teaw (tue s called
Short itaage Counittee) was cowmposed by represeintatives oi sizx
difiereut wanuiacturers ,ofiicials of two governueul age%cies

and tie chairman (ueuwber of the Natiocual bureau of Staudards).
Phie uew language was issued en deceubper 1959; it was publisted au
april 1960.Tne first two coupilers were i.pleteuted Dy Reuington
Naund aud BCA in 1960.,Cobol is also still a widely used lauguage

in its specific field.

* -Wexelblat (1981),pes.26¢27 .Sammet (1961),pg.2006, furulates
a siuilar couunent.
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Since tihe early 1960& a lot of different prograw.ing laungua=-
ges have been developed.tew languages have been designed with
the objective of being rather gemeral (PL/1 and,receutly,ADA,
are the exceptions);in fact,an important almost general [eature
of high level programming languages is specialization,tncir spe-

cial adaptation to a specific application area; I have alreauy
rientioned Fortran and Cobol;APT was designed in the 1950s {or
rzachine tool nuuericel control;LISP was created in the early six-
ties for artificial iutellipgence applications; SIMNSCRIIT is a
special lauguage for simulation applications;other languages

are designed for eguipwent testing,circuit design,civil engi-

. ks
neering,etc,

The root of this cuaracteristic -specializatioun- is tihdgt wii-
Tferent subsets oi unatural language,once forualized,are welll sui-
table to describe aud symbolically saudipulate difierent kinds o1
phenouena (nuwerical couputation,geonietrical path description,
linguistic structures,etc,)},so tirat the corresponding forgal lan-
guages are diflerent;to try to decvelop a general luaguage 1is not
feasible or,even if it were, it would require aun extraoruinary
wenory size and a gigantic seftware developrent efiort; bolth
costs are unnecessary with specialized languages,designed for
linited,highly specific goals.

bk -Activehigh level languages (U.S.) in 1977:
Application area

Nutierical scientific..........20
susiness data processing.,,.... 4
String and list srocessing,,,.11
Forumula wanipulation.,........10
Hultipurpose...v.vuvevuenenn..3h
Specialized applications.,....90

total
Sannet(1981),pg.210 169

45 -Some specialized languages have made possible inportant inno-
vatious as it is the case of numerical control machine tools;
without APT -developed at the MIT- well suitable to descijibe
tridimensional forus and paths and wmachine tool operations,
nwierical coatrol uachises would i:ave not been feasinle
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High level programuing language development shows an il
ting pattern: languages have been develcoped by very diffe
grops or institutions;innovators have been manufacturers

-27- =

nteres-
rent

(For-

traun 1l),users and wmanufacturers {PL/1),users (Cobol,Ada),research

lavoratories (APT,LISF) or even individuals (APL,develope
K.Iverson;Pascal created by N,Wirth),

0 o Q

The developwent ol high level prograwaing languages,to
rational,requires the avalability of special systews solt
language translators or compilers- cowertiung original sta
into macihine code,Compilersuse part of the wain wenory;
pilation process reguires ceutral nrocess unit time and g
a set of machine instructions greater than tle reguired
cute the functionally equivalent prograw directly written
chine code.lign level languages thereifore iuply a trade-o
en prograiiler’s tiue,on one hand, and couputer time and m

tue other hand.In spite ¢f tiese dravbhacks,bigh level lan

i by

ve ape-
walre -—

terents
the corm-
enerates
to exe-
izt wa-
i bhetwe-
£iOTY, 0N

LWELeSs

Lave been spread and their utiliretion is very geaneral,unless the-
re are tight time and wseilory counstraints.They are easier tguse than
sachine codejthey are also easier to test and debugy than! prozraus

written in wacliae code and,as a result,their use iwplics bhizher
productivity.

Tiie aifusion o1 high level prograuwsing languages has pbeen
iosteréd by hardware price reductious; that is one of theliulti-
ple exeuples ol interaction betweeu hardware evolution ani soit-
ware.

0O 0 ©
Natural language -although it has,obviously,a structure- is
not standaraized but context and reduundancy are generally! suiii-
cient to allow its understanding,Bi_l level prozrasuing langua-




4 -Ir the US the Cowmwittiee on prograwiing launguages standardy

k¥ =For & deep analysis ol language standardization probleus

“$ -Saiwet(19851),pgs.216-217,

46 .
ges have peen standardized since they are selfcondained ai
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1d very

poor co.:pared with natural language. To be translated by ¢gompi-
lers their structure must have a reduced variety; in addition,

standaraization simplifies all kind of comsunications; learning

and training is easier; couspatibility (portability) is iajpro-

veu abrd documerntation production is siaplified,Standardization,

however,is not witnout uifficulties;as J,Z, Sain.et Las eupllasized:

"one aspect of standardization that in .y opinion has
the most difiiculties is tue fact that proponents of

caused
langua~

ges coutinually wish to extenu its scope so that it hecoues

nore suitable for a large class of problems,.The most

Lota-~

ble exeuple of this have been BASIC and FOLTRAN,The floruer
was originally (designed as) a very siwple language,jut so
many things have been added to it in to ongoing standardiza-
tion process that ore would hardly recognize it as being a
siuple language.The samwe exteusion mania agplies to FCLRTLA,
and CO20L Lias also had significaut additions over theg years,
Oune can,of course,argue that all these changes (not just

aGditions) are in the name of progress,aud as nkw caj

ahilities

and needs arise,then they shoulu be put into the base lan-

guage,In my view,those languages will eventually app:

oach

iit complexity and size those languages which were degigned
from the very beginaing to be large,nawmely PL/1,ALGOL 68&,and

Ada,Then we will have to create new siuwple languages,

Unfortu-

nately,the saaller languages {e.g.,BaSIC) will become large

in a very ad_hoc fashion,and as a result just canuot

be as

efifective as a language designed from its iuception as an

integrated large language",4®

Standardization has not been,therefore,powerful enough to enfor-

ce a reasonable evolution of programming languages,specially to

prevent their almost general unplanned complexification,

~X3+ was forumed in the sixties inside the American nauation
dards Institute (4NSI),.For a detaileu description of st
dizatiou process see Hill and Meek{1982),Ch,1.

Hill and Meek (19862)

ization
al ostan-

andar-

see
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6, Systens software technical chanze operating systems.9

The Tirst stored prograw Jdigital couputers executed a program
at a tiue;prograus were ouly applicatious prograus.All cousputer
ressources (central process unit,meuiories,input/output devices)
were blocked by the running program.

.When execution was pver
tlie whole cowputer was idle while the operator got the next program
ready for execution,The problem was siuilar to organizing tlie

schedule of a set of non-automatic machine tools,

These ev. ident and costly drawbacks prgbted the developpent of
systews software,riore specifically,of operating systemgﬁgze first
probleu solved -in the early 1950s- and by one eleuwentary spftware
system- was to pertoru program transition minimizing idle time, It
was first developed by users: General Moto%%ﬁzie first sys;;;-and
in 1955 GM and North American Aviation worked together to solve the

idle time problem in a more advanced couputer; their success was

widely recognized and ditffused,

As alreaudy reumarked the problem was first solved by users:

"The manufacturers have been gquite slow in understanding the
requirement,The original probleu atacked by operating systems
~-minimizing idle time- is not really a computing probleum at
all; rather,it is a problem of installation management|It is
a users ‘problem and was solved by users"®

Systems software was upgraded,afterwards,to perform new! func-
tions related to automatic documentation and accounting,to keep

k9 ~In ract,we will consiuer operating systems.

$¢_iosin(1969) contains one of the few existing US systewns goft-
ware Listory; see also Dolotta et al.(1970);.weizecr (21981) is al-

so useful for the recent period,

ST ~Tlhcre is uo co.wmoir terminology: Rosiu denow:iunctes this sxstem
un operating syslew and steel (1964) uses the iane words.larzbarl
et a1.(1975) classifyis it as a mounitor; losiu corsiders execu-
tives,supervisors aund operatiug systeus as havin the sai.¢c mea-
nitg; Hurzbau st al. consider tiue seyuence as a succesioinl of
wmore couiplex systeis,
2 _Steel, (1964),pe.27.
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track of couwputer activity, A new approach to idle tiue problen ini-

plied to read a batch of programs fron magnetic tapes.s‘3
New systems software development during 1959-61%was sup

by harware advances; data channels were designed as small c
ters with limited function,essentially to control different
put/output devices so that it was possible to overlap input
operations and central process unit operations,Simultaneous

terrupts proviled the possibility of reporting the end of .
output or exceptional operations occurrence; their occurrenc

ted a predetermined action,

The increasing number of functions perforumed by operating
tems increased the aurount of main meniory necessary reducin
memory space available for user’s applications programs; th
duction of meinory prices solved an iumpcrtant problem for sy

software developuent.

On the other hand,the increasing wmemory size and its rais
inforuation content created protection problems to prevent
tended or unintended modifications of wain memory content,

Another important step in operating systews development wa

creation of the so called command language,used for tne pro

59 -Kurzbau et al.(1975) emphasize tihat the utilization of md
tapes by the nonitor wmade necessary to liwmit tie use ol i

output devices by progravriers:

"Lote tiwat this is a typical exerinle oi a proble. cause:

solution” {pg.4)

M -"The rapid dispersal od operating systems is a strikiung e
ple orf the influence of cooperation and comunication on
information processing business .In tlie absence of SLALD

ported
ompu-
in-
/output
ly,in-

input/
e promp-

sys-
g the
e re-
steus

ing

in-

s the

grani-

o i, =
the
and

other user group,a few operating systems would have Leen de-

veloped by individual installations in splendid isolatio

1, hut

tie suduenly acguired ubiguity of the notion would not have

beeu forthcoming,iside from the users sroups therec are t

WO

oti.er poyentially unifying forces in the informatioun pro
couamunity: the professional societies and the manuiactur
aund large the pragmatic orientation of operating systen

lopmeut lhas prevented interest in tiew from breaking thr
tlie theoretical bias of the professional societies,and t
mauufacturers have been quite slow in understandin> the

remeut",Steel(1964),ps.27 ”

cessing
ers, iy

uglh
ie
Feyui-
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mers to communicate with the operator and also with the
to give them the necessary instructions (difierent from
grams); it was a necessary eleuent given the separation
gramners from operators and .
vious systems software developuents,

1962~1964 were years of change: multiprograw..ing and
sharing systems raised new problens to software systems ¢
obviously,every new operational mode had specific iwmplic:
systems softwaref‘r‘
All previous approaches implied that only one prograu
cuted at a time;with multiprogramning several programs are

ted concurrently,that is to say,simultaneously,but using
ressources,The final outcome is a better utilization of ¢
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tonputer,
pro-
0f pro-

computers resulting froi pre-

Tine-

ievelopers;
ptions on

was eixe-
> execu-
different

> Oonipu-

ter ressources,an adaitional reduction of idle tiue; thig is the

¢rucial iwplication for final users.With multiprogrami:ing
tews software had to face new requirements: every progran
have its own protected memory area,must also have assigné
rity to schedule the sequence of actions,must also perfq
transfer of information from one device to another,etc,

55 -See in Codd(1962) a brief reference to the first .ulilipre

¢ -Pyne, jr.(1967) includes a short Listory of the early time

iuplementatious,

experiences,

; Sys-
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=
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tious; its operatiug sysfem was the origin of the most fyture

-

Tiwe sharing is a special case of multiprogramuing wi

veral users: a swall allocution of central process unit i
(a few miliseconus,generally) is distributed sequentially
users; when tiue is over tihe next allocation is assigned
next user,even it the program is not yet tinished.Unless
tem is overloaded,users nave tie iapression that they are

the systewm exclusively since the respounse time is very sh

In addition to tihe Tunctions mentioned in relation wi
tiprogram.ing,software system must transfer -when allocat
over-data and iustructions belonging to succesive program
wain mewory to mass storage and viceversa; hLas to nanage
catiouns among couputer and terminals,etc,

Oie of tue first time sharing systeous was running ot
the Coupativle Tiue-Suaring Systeu (CTSS)beguun to operate
vember 1963, TheiiPa~2UC Time Shariug 3ystew was operation
juue 1363 and the Lartmouth systew sturted to rus in 1964

th se-
ie
among
to the
the sys-
using
ort,

th mul-
ion is
Ss— fron

C O UL i"'

tie MIT:
il Q-

nl since

Ti.e SAGE systew,a military early waruing systew,developed in

the late 1950s was the first big real time systew and, by

goals had to automatize most of its control and monitoring

real time systems.

its own

iunc-

The SABRE system was the first airline reservation neiwork; it

was ruuning by 1563 and its operating systew was also seminal,

it was the origin of the wost future work done on on-1ij
saction systeus,

Weizer describes the situation at the eund the 1950s as
ry confused":

"liost users were either developing their own operati
tems or doing major rewrites of operating systews [
ded by the manufacturers or by other users,The indus
in general disagreements as to wetLer operatiug syst
re really worth all the ressocurces that they consuce
if,in fact,they cost an installation mucli more tuan
tallation gained from it,Most of the Lig scientific

e tran-

3 "ve-

g SysS-—
rovie-
try was
eLS we-
d aud
the ius
sys~-

5 -On SAGE development andSystems Development Corporation
see Baum (1981).

role
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tems Lad an operating system,but the swaller compercial
systems (e,g.the 1400) in many cases did not,or bad one
that bad far less capability than those on the large scien
tific systeus,

The early “60s saw a steady increase iu opera
tem development activity by all manufacturers of
riod,IRM, Burroughs,RCA,General Electric,Philco,b
Bendix,COC and Univac (without tle Sperry) were
engﬁﬁed in developing large ammounts of systems
re"

iug sys-

In the early 1360s,in addition to the already mentione
vements,manufacturers did souwe important contributions,R
issued in 1963 its Master Control Program,developed in kL
vel language and dealing with multiprogramuing and nutlproces~
siug,IBN/360 Operating System was first released in 1965|and in
spite of lacking,in its first releases,several options a$ mul-
tiprograuwming and time-sharing,its family-co.ipatibility,the wide
diffusioi of tire 360 and several incremental advances transfor-
med it into the industry standard,with soume specific consejyuen-
ces we will analyze wuen dealing with software~cowpatibility.
Since theun,overating systems are an aluwost general sub-system of
all cowputers,Recent operating systews are designed to supervise
multicode utilization of a whole couputer family,

0O O 0

Increwental developuent of operating systei.s has covered these
waln functious:
a)coutrol ani .canage..ent of couputer ressourc.s (iain fewory,
peripueral wuewories,input/output devices,tusk syuchroufization,

coiz.unicatious,cte,)
b)prograw exccution (prograu: and conpiler loudivg,priority ru-
les,scheduliug, program library,etc.)
c) uata managewent (file systems,scourity aud privacy,gtc, )

Ubviocusly,every speciiic fuuwctiouin; mode regquires specilic iusic-

ticns; for thet reason big operating systo s are uesigned|ane in-

5¢ ~Weizer(1981),pg.121.

? -See additional information on modern IBM ' .
> operatin st
Auslander et al.(1981) p g systems in
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plewented in modular approach,

The geueral trend of systems software innovation can be ana-
lyzed in three dilfferent cowpounents:

a) to raise the rate of utilization 0i coumputer ressources,

reducing the idle tiwe between succesive jobs and/or by means
of a better ressource allocation;

b)to siuplify operators tasks,automatiung part of their opera-
tions and allowing communication awong prograunuers and lopera-
tors by means of the job control language;

c) to make possible new utilization modes (time sharing,real6

tiue,etc,) concurrently with the necessary hardware advances,

60 -Systems sortware {ievelopments —special}y ni%hilevilqpro;::jgs_
ing lauguages and operating systeiis- uave 1hu?C?u uee? 4 s -

fornations in the jok content auu in work conditions Qi c??r?

tors and prograusers;l will not analyze this importout 1TOpic;

see irast(1977) and sreenbaun(1979).
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Tiie evolution of microprocessor’s software sihows an

tin, evolutiom,reprouucing the main lectures ¢I cowiputer
In tue later sixties the integrated circuit iudustry was
a difficult situwation; the increasing corplexity of intej
circuits iwmplied a raising specificity of tieir applicat]
miting,therefore, the correspbnding mnarket; as a conseyuer
were relatively high,

Tiie solution to tuis problew was flexibility,adaptabil

jnteres-

soltware,
racing
crated

jons li-

wce,costs

lity;a

siwple but very rruitiul idea impleniented by clever uesi
build o software-prograasable (micro) ceatral process ui]

chip,witiiout wireu coanuectiouns,using tie sause wai.ulactur

niyues used to produce integratec circuits (photolithiogréaply ).

Tue fist microprocessor was Intel-4004,issued in 1
new approacus was the old idea om witicui stored prograis d
cowputers were built; however,thie approaci was a unew one
co.upouents industiry,Given its Iflexibility,the new device
be mass-produced and one wodel could be suitanle for sevy
plications; when prograuuwed,tiicroprocessor was adpted [Lo)
cific functiou,

Its wonolitic character,the inte_ration ou a chip,iup]
Jump in realibility perloruance,Reliability ana standard
iave Deen always powerful induceuncnt wechaaisms in elect)
industry; siuce 1971,the developwent ol microprocessors i

new advances toward standarized,mass produced,higily rel]

61 -Souie microprocessors include not only the ceatral proces

unit but also eleuaents like mewories {(I0M,D.ui,ctc,),inpu
put coutrol devices,etc,;they are called wmicroprocessor

tuere are also multichip microprocessors,

€2-The fiirst 4-bit microprocessor was iutroduced in tie US ig

EY

by Intel; it was called Tutel 4CC4 and its designer was M
In 1972 was issucd the first 8-bit wmicroprocessor,Intel &

plic 10
i1t on a

ing  tech-
54
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wonolitic aud prograsnable wicroele. .ents

Tne fist microprocessors were programimed in wmachine 1é

because tiieir. weisory was not sulficient to contain the ¢

and the application program,Given that writing prograums
ne launguage was expensive and unreliable,one techuijue dey
later is to prograia a coimputer (a aevelopwent system) us]
sewnler or & Ligh level prograwwing langumge,to cowpile 1
graw anu,iically,to transfer the wachine coue version to

cCroprocessor,

Later,thi developueut of cheap uwewories with increasi
rage capacityaiade possivle the direct utilization of hig
prograsn-ing languages; tie compiler is resideut in tie wmi
processorl ieuory:!: Basic,Pascal,PL/i (a subset of PL/1), til

language anu otlher launguages are now used in current apg
tions "

.

Rardware advances have made possible to develop operat
tems for microprocessors systems and,specially,for microc
{(generally microprocessor-based);very often they are not
loped by manufacturers but by specialized firms or instit
PC/M was developed by Digital Research,Multix by the MIT,
by Microsoft,Unix by Bell Laboratories,etc.Generally thes
systems have been designed to be compatible or adaptable
of harware systems; both trends are new in the field of a
systems,
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63 -For a detailed analysis of microprocessor development set

64 -See additional information in Manuel,T,,Colin Johnson,R, (

and Noff(1981); sce also Braun and McDonald(19€2)
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7. Reflections on software technological change

Since software is information to process information,soltware
technical change is disewbodied although it is not operative with-

out suitable hardware: software is a dependentsubsystem.lnis dis-

embodied technical change shows a general trend: an i&Freasing
utilization of coumputer to ugg}gasily and efficiently.The roots

of this trend. are the characteristics of computers as sysleums
capable to perform logical and aritimetical functions under the
control of a special unit,In this general trend,the develapmesnt
of the first iigh level programwinglanguage and the associated
couipiler and the design and implemeatation of the first operating

systeu appear as the crucial software imuovations,

There is,however a differenee in the develgment pattern of
these two innovatioms.High level programming languages appearead
in a eomplete form,like Fortran,although new Imguages have been
developed and they are eontinuously evolving;this discontinuous
pattems is related to their speeific functionwhich is well defi-
ned; to translate a eomplex language into maechine language; $o,
language and compiler do work or they do not wrk but there is
no mid way.On the econtrary,operating system inovations have be-
en progressive,incremental,because operating systems have been
performing an increasing number of functions wich have appeared
progressively as neeessary: hardware technical change,for exem-
ple,has required new functions (related to time-sharing,redql ti-
me,etc.) and software development has been resonsive.

65 _Tiigh level programiiug languages,operating systeus and otFer

systeus soitware are obvious exeuples of ihis trena.The u%e

!
of a couiputer as "development system" to cowpile prograus and

transier them into tlhe micro processor is also another exgiple.
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software aoplicetions develo meut is generally a multid zpipli—
nary activity regquiring knowledge & mathematical algorithms (sta-
tistical,optimization,control theory,etc.),a good knowledg of
tiue concrete field which has to be imodeled {(chemical process,
flight control,production scheduling,financial theory,etc.) anu
also a good modeling capacity; therefore,software applicatipns
technical chaage implies a strong interdependence with a large
set of sciences ana technologies;it is an extraordinary hetero-
geneous area and innovation canparcise from any one of guoted Iieldséq

Let us consider several cases,.
Mathematical software applications are,in some way,the most self-

contained,l.et us consider mathematical programming: progress in
this area has been related to algorithmic advances like more ef-
ficient continuous liear programming algorithmg?new integer pro-
cedures like branch and bound,for exemple.Advances bave also dea-
led with reliability,not only in terms of error theory buty also
developing matrix generators which reduce drastically the jerror

rate during the data input phase,

In other fields interdependence is wider and deeper.Th- de-
velop. chenical process control it is necessary a precise
knowledge of process dynamics under normal and extreme conditions,
to generate suitable mathematical models and the corresponding
numerical procedures and to programm them; in addition,to| be
operative,the system needs spetific instrumentation,measugent

devices and actuators,

Robot implementation (manipulators) raises similar probleus;
however,there are also additional difficulties related tp the
mechanical nature of their moving and grasping parts: mechanical

accuracy can be unsufficient for a good path and manipulating
control or even can make impossible progran portability,

6€ .Software and computer availability have a feedback effect on

mathematics: they prompt the development of numeri
putational disciplines. ? umerical and'com-
!
¢7-Rosenberg(1979) has analysed the role of interdependencies and

complementarities in american technological change.

68.for a state of the art in busi i
! usiness data processing see Champine
g1980),in dedlcatgd and control processing see Rouse(1980) gnd
in large scale scientific computation {(in Livermoore National
Laboratory) see Rodrigue et al.{(1980).




On the other hand business software applications,in pri

do not require neither hardware modifications nor to use a

69
nal hardware such as instrumentation the main difficulti

.
]

-50u
nciple,
dditio-
es of

this kind of applications are related to real time management of

hig data bases

o o o

Globally,software teechnological chang% show a high deg
fystewms

ree of

plastieity;as I have already emphasized)software changes have be-

en very often an indueed readion to ohanges in hardware.In

tion there is one significative general rule: lmrdware is d
first and software follows; this plasticity derives from ¢

addi~
esignd

e ime-

material and abstraet character of software.

nt ki
of inducemnt mechanismg, in Rosenberg ‘s sense:problem-focusing

In this eontext it is useful to distinguish two differe
mechanisms and solution-focusing mechanismg Software innovation
process shows frequent exemples of the first kind of inducement

mechanism: the existence of idle time,different operational spe-

eds of central processing unit,access time to dfferent memories and
input/output devices,etc.;the need for increased program reliabk
ed for

the

lity,for shorter response time in real time systems;the ne
tile protection in time-sharing and multiprogramming systems;
need to protect software from free riders,etc.are exemples of

problem-focusing inducement mechanism,

Solution-focusing inducement mechanisms are also effective in
software innovation process: the use of firmware to prevent sol+%
ware copy,specially,operating systems copy; tle increasing use of
computer to control through operating systems its efficiency anl
reliability,etc.Problem-focusing mechanisms,however,are more ca
pulsive: although problems have also to be "discovered"”,solutioms
must to be invented,developed or implemented amd,generally,there
are different alternative paths so that it is often too mt

risky to concentrate effort on only one kindda solution.

nch

O o o

¢ - The trend towards the so called "electronic office",however,im-
plies the interconection ol computers with copiers,specializaed

word processors,electronic mail,etc,
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I have alreauy pointeu out one cowpleuieutarity eleuent

40—

between

hardware aunu software and,therelore,between naraware auau develop-

went ellort: when we have analyzed systews soitware and Li
prograwuning languages we lave emphazised that their utiliz

reyuires additional central uwewory and central processor t

Witen the third computers generation appeared,a new appy
developed and applied:seguences 0i iunstructiouns controlliuy
fic functionswere stored in read-only-mewories; tids progn

. . o . . ¥o .
kuowii as umicroprograums,microcodes or firiuware,The existenc

sowe ciolce wwmoung diiferent microprograus introcuces soiie

gl level
ation

ime,

oach was
& Specie
an.s are

e ol

uegree

of flexibiliiy and also additional possibilities oi adaptation;

furtherwore, their storage in reau-ouly iseyories iuplies an adui

tional proteciion eleweut because they cauunot be wouified

by aua

error,ly prograu instructious,bowever,{ron tie point oix view of

its uevelopuent,iiruware is tue outcosie ol the sawe proceps as

. N . . o \
soltware; nevertheless its specific storage method generates &

diiferent product,as we will see

0] O 0

In-house utilization of existing modules as software Ztil-

ding blocks,specially for large software development is

in-

creasingly used approach; their utilization reduces develop-

ment costs and if modules are reliable their use not only

al-

lows a quicker development but also contributes positively to

system (software) reliability.

## ="This mouvement toward firmware,while potentially improvi

H
i

70 -Microprocessors are using increasingly tirmware to imple

high level programming languages (Basic,Pascal,etc);see

ent
ernhard

(1981 ).There arc also microprocessors with firmware-operiting

systems; see McMinn et al.(1981). |

ng

performance significantly,does very little to meet the funda-
mental needs of software design,production and maintenance"

Frank(1983%),pg.63
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Development and difusion of modules through industry would
be an efficient way to deal with some aspects of software| bot-
leneck but it raises difficulties related to property rights;
the existing procedures that allows to avoid these difficul-
ties in the case of software packages (see 5ection:ﬂgont
work in the case of relatively small modules; they can be| easi~
ly copied so that it is only reasonable to think on publi¢ ins-
titutions and universities producing and diffusing these kind of
modules,Given this constraints,modularization does not seem a
powerful element prompting compatibility and standardization on
an industry basis.

o O o

There are some issues related to the possibilities of subs-

titiuting hardware for software as an answer to rising soft-

ware costs and to increasing protection needs.As I have already
mentioned this approach does not allow to avoid the crucjal soft-
ware developuent process and costs,so that hardware {or
firmware) advantage is,basically,better property rights pro-
tection or more efficient computing: hardware-{(or firmware)-
based software is more difficult to copy and achieves better
performances. i

One obvious consideration is that'hardware approach“i‘ not
feasible for applications software since it implies to deve-
lop software and hardware and,generally,to use them only| from
time to time,Software~embedded is,certainly,a different case
given its uni-task character,

An aduitional consideration is related to evolution: all
kKind of software haveto evolve: this is,in principle,an $bsta—
cle for hardware-based~software.,Substitution of hardware devi-
ces when errors are detected or to adapt them to new enhanced
designs would be very expensive.Microcode in read-only-memory
is one exceptionj;its repetitive pattern allows reduced costs
so that it is feasible to substitute one chip for another and
to achieve an enhanced release, L

New advances 1in software design and in hardware manu}acture
can opeun a new way: operating systems and compilers emhe%ded in

hardware {strictu sensu).
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A related issue is also linked to the rising software costs
and its labor intensive character.As a matter of fact the radi-
cal answer would be some form of automatic programming,a new?2
way of computer utilization to use it easily and elfficiently.
Demand inducement mechanism has been active during years;jit is
not only a cost reduction inducement related to persistent ri-
sing costs but also a control inducement mechanism connected to
the managers need to control an activity characterized as a
craft in electronic data processing management literature and,

as a result,difficult to plan and to control ex-—post.’3

Although demand por automatic programming exists,up to now,

there has not been a positive answer to the problem,The sources
of this situation are the difficulties implied in automatic pro-
gramuing development,specially when the objective is a general
procedure to deal with general problems; this is so because
programwing is not only an abstract-formal activity but an acti=-
vity that requires a concrete knowledge of the field; therefore,
automatic programming requires a "Knowledge base" as those used
by the so called "expert systems"?qin this context,the diffi-

culties of developing a general knowledge base seem” to ?e really
strong; as a result it is reasonable to expect that the ﬁirst
automatic prograuuing systems will be related to specialized

and well structured fields, 1

o o o '
|
!

72 - "Poday s efforts are aimed at producing languages tha% will
allow a siuple statement about the purpose or behavior ol a pro-
gram to generate the entire high-level language algorithm to
carry out the operations,thus eliminating the need for applica-
tions programmers”,Lerner (1982),pg.1.

73 _This topic is analysed in Greenbaum(1979) and Kraft(1977

# =-For a non technical presentation of expert:-systems sece FLigen-
baum and MCCorduck (1983).
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Oue crucial aspect of the software-hardware relationship is

tue so called (software) comptibility,that is to say,the possi-

bility to ruu software developed for one sind of Lardware witlh

a Giflereit covputer.

hon-cowpatibility awonyg difiereut models produced by & manu-
facture#ﬁeans additional conversion costs ii one user waugs to
upgrade his cowputing capacity or to chauge to a more advanced
wodel : retrainiug and reproirameing costs were necessary when
thiis nmou~compatibility was the rule; specially,tlie cost of re-
prograuw.ing tlie applications software stock was generally very
high.In the case of actual adoption,new hardware iuwplied soft-

ware owusolesceuce,

01 the contrary,cowpatinility iunside a computer fai:ily allows
solftware a longer life cycle ; cousejuently,software costs are
snaller auu users can easily replace their systew without soltl-

ware conversion costs.As it is well kuowu,the lirst compatinsle

live was launched by IDH in the 1iu-1960s: System 560, Several
central processor units could be chosen to work witl a caiplete
liune of periplierals; programs could bLe run ou any one prgcessiug
unit.sSince tlhew intra-line compatinility has been the stanuard

_ ‘ . . : 75
approach i the industry,alwost witlhout exceptions,

Ouic o0i the elewents of cowputer wanulacturers strategy is to
make costly and dis.icals users ‘conversion to other systguis in
oruer to streugthen their fidelity and depeudence; soitware role
is crucial to this objective wiich,iu aduition,cperates ds a ior-
ce agaiunst standardization and cospatibility.s good ilustra-
tion of this tremd is Wallis couisent:

" wanufacturer planning the provision of Fortrau (say) for

a new macuine is obliged to ensure that the cowmpiler supports
the inuustry staudard so that people using othler rackhiunes can
chauge systews easily.But manufacturer is not thereafter obli-
ged to support only tuis industry standard; on the coutrary,
it is in Lis interest to provide eulbancewents to the|laussua-

¥5 ~Although coupatibility cau,often,nean that software is lesgs ef-

ficient than programs written for a specific model,




ge that are not industry—&ompatible,so that lhiis custo:
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ers will

use these eunhaucement .in their software and remain coumitted

to himn?é

Ou tue other unand,as anether strategic elewent,uanufaciurers

tr§ to facilitate

at waxiwun tie conversion to their systew;

tlie crucial tool is to elimiunate the sortware barrier Ifor uew

potential users,Oue classical exemple is the special soitware
-called Liverator- offered by Homeywell in tlie miu-1960s-with

systeu =200 anc witich allowed the adaptation of Xifi soit

developed by the user to be ruuned on the Ponueywell cowpt

On other words,the
nology induces a bias iu soitware technological chalige wh

can ne defined as tue search for asywietric cowpatibility

re is one importaunt exception to this treud: when sowme mal
facturers Lave cost advaitages they will,on lhe coutrery,
facilitate counpatibility,witliout cousiuering asyumusetry as
aecessary leature: tiis is tre case of tiie so called plug
patiitle wausuiacturers.,

I3l warket dousiiuance and its de ifacto standard has pro
thhe rcise ol plug coimpatible manufacturers producing syst
tiat are coupatible with I operating system (so that th
are"soitware cowpabible")The utilizetion oif I systeiw so
involves the saving of Luge soitware udevelopreunt costs an

des,iuplies that tiiere are not reprograniing costs,

Plug compatibility has also been used by japanese firms
ter into the U,S.market: thus Fujitsu has a financial and
turing agreement with Amdhal and during years has been pr

Amdhal components in Japan so that they have had the opo
to assimilate the technology; Itel has a manufacturing a
with Hitachi and Fujitsu operates also with TRW,

¥6-Wallis (1982),pg.6
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Frequently,plug compatible manufacturers use "reverse engi-

neering” to get their product,reconstructing the design anc
the manufacturing process taking as departure pint IBM syst
this does not mean the result will be an exact copy,among

reasons because this would imply patent problemgzas a matt

fact,"reverse engineering" it is used as a learning proced
to achieve compatibility,In fact,extreme miniaturization i

king more difficult to apply reverse engineering in integr
circuit and in computer industries but it is still widely u

Reverse engineering would deserve deeper attention giv
its conspicuous diffusion in industry and the role it has

yed in the learning process of some countries like Japaii.

In addition to preveut conversion costis and software si
obsolescence to the user,compalibility has the advantage o
king upgrading feasible on an incremental basis,From nanuf
rers point of view it means the possibility to strengthen
tumer ‘s fidelity; it makes also possible & higher lcvel o
ware and software standardization building common blocks o

7 weil has systematized in the following fom the existin

ternatives:

"Today,IBM compatibility may mean that the hardware ar
ture ot the non-IBM manufactured processor or peripher
system is exactly the same as that of the EBM target sy
In fact,the plug compatible machine is "reversed-engin
from the design of the IBM system,Alternatively,the no

1 even
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hardware may be different in a number of respects from the

IBM implementation,but IBM sgstem software {DOS/370,MV
runs on the hardware without requiring much change or
ment.

Finally,the plug-compatible hardware or soliware ver
(PCMs ) may offer compatibility at the"user interface",
though their hardware or softiware desligns differ from
and may use the PCM’s own IBM-like system.software" (pg

I

S,etc.)
adjuste-

dor

even
1BM s
.278)




dules for all the family models; this possibility has iupo
cost reduction implications.These auvantages have some rel
drawbacks.To the manufacturer,compatibility implies greate
sign costs since he needs to deal with a complete set of h
devices.lo the user,compatibility means that software will
optimal since it has not been developed for his specific c
However,in spite of these drawbacks,intra-line compatibili
the standard approach in the industry,almost without excep

rhe design of a family of compatible hardware and the 1

software requires a deep understanding of user needs; with
va

comprehension technical inn®tion will fail.One crucial pro

how to satisfy a wide spectrum of variable needs with®non

mized design,Computer manufacturers reply has been conpati

and modularity; the possibility to link different ceniral
units to several peripherals allows,generally,a wide numbe
native systems and this is an element of flexibility; the av
1lity of this wide range of systems is an important element
petitive strength for manufacturers trying to have acces

marketsva

Software approach to the same problem is well known: 1o

-4b-
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to large

develop

software packhages with some flexibility so that it is possible to

adapt them not only to different hardware characteristics
so to specific user needs,within limits}; there is certait
performance-flexibility tradeoff since the package is not
ficient as a customized software.

o 0 o

¥ - Some manufacturers,on the contrary,produce for specific
0f the market,with a very limited range of alternative sys

for exemple,as it is well known,is specialized in big comyp
for scientific computing,

but al-

1ly a

so ef-

segments
tems;Cray,

uters .
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I3 reaction to plug cowpatible manufacturers hasluultidi-

mensional and cowplex: frowm price reductions to technical

ge,etc.Prouw our point of view is specially significative

cal change oriented tdmodify software in order to wmake 4

diificult systeus software copy; with ti:is objective in 1

IDN bas implemented partially its operating system in mid
de or firmware form,

As we have seen when analysing software packages,the p
tial public good character of software implied some speci
practices directed to protect property rights; now we fin

same phenomenon but connected with systems software prote
the crucial aspect of software compatibility.There are st
reasons to consider that systems software-copy-preventing

and will be,a very powerful inducement mechanism shaping

nological change in threaten firms.

The dowiuant firm has also reacted against plug cowmpat]
periplierals wawuiacturers;
segwent lLas been to design thew so that they are uo wmore
Lected to the standard channel iuterface,which makes poss
to plug without difficulties,but to attach the printer di

to the central process unit.This is an exemple of a bias
duced in complex systems tecnical change whea the systems

formed by separable subsystews connected with standarizet

chan-
techuni-
oY e
1ind

LYGCOm™

oten-
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oue typical reaction in the priuters
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irectly
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79 -See Weil (1982),Ch.13.
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terfaces: the objective of this kind of tecnical change is to

a
prevext the access to the system ; it isireection to changes in

the opposite direction trying to have accessto the systems as
& condition foxr market creatiomn, [
%

The development of eomputers as modular systems with standadi-
zed connecting interfaces has had advantages for manufacturers:
it has made easier modular upghding and famibrdevelopmenignon t1 e
other hand,software~hardware separation has been one condition
of their characteristic flexibility,However,these two features
have made possible,on one hand,plug cowpatible peripheral manu-
facturers,competing mainly with IBM and,on the other hand,tradi=-
tional softaware-haraware separation is the root cause of soft-
ware plug compatibility.The global result has been to facilita-
te the access to the computer system,breaking it into elements
whieh can be produced and sold as individual subsystems or to
open to possibility of substituting all the system: through sys-
tems software compatibility,If actual or potential competlition
has access to the hardware-system this means that computer mar
ket is diviaed into several segments (memories,printers,etc.);
this is,however,the small gate to the market;the big one fis
through software compatibility.

The growth of comwunications -in the context of new regulation
rules -implies that the inducement mechanism related to having-
not-having acces to the system is playing a very important role
in the competitive struggle among computer-based and comuunica-
tions-based firms,

Stanford,may 1983
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