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12.1.2 Compound Statements

While elementary statements represent relations, compound statements represent rela-
tional operators. In this section we present six compound statements, namely: join, meet,
monotonic composition, monotonic closure, restriction and parallel combination. We de-
fine them in turn below.

e Join. If we have two requirements, that are captured by specifications R and R/,
and we wish to impose that both requirements be satisfied simultaneously, we take
the join of relations R and R/, as defined in chapter 10. As we have discussed in
chapter 10, the join is defined only if R and R’ satisfy the consistency condition:

cs(R,RYE(RLNR'L =(RNR)L).
Also, when the join is defined, it is given by the following formula:

RUR =(RLNR)U(RLNR)U(RNR).

Example. To illustrate the join construct, we consider the space S defined by
variables a, b and g of type natural, where a and b are non-zero, and we consider
the requirement that the greatest common divisor of ¢ and b be stored in g. This
can be defined in terms of the following clauses:
— The (final) value of g divides (the initial value of) @ and b.
— The (final) value of g is maximal (any integer greater than g does not divide a
and b).

To reflect this decomposition, we write (CD stands for common divisor, and MX
stands for mazimal):

CD = {(s,s')]a(s) mod g(s') = 0 A b(s) mod g(s') = 0}.
MX = {(s,8")|Vk : k > g(s') = (a(s) mod k # 0V b(s) mod k # 0)}.

Whence we take
GCD=CDuUMX.

We present a brief argument to the effect that these relations satisfy the consistency
condition: CD and M X are both total, hence CDo L = L and MXo L = L, hence
CDoLNMXoL = L. On the other hand, CDNMX = GCD, where GCD is the
ged function, which known to be total; hence GCDo L = L. ]
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¢ Meet. Given two specifications R and R/, if we want to capture the requirements
information that they both have in common, we take their meet. Their meet is
defined for all R and R', and is given by the following formula:

ROR =(RLNR'L)N(RUR).

Example. To illustrate meets, we consider the following specifications defined on
the space S of positive real numbers:

R={(s,8")|]s > 1As = 5%},
R ={(s,8)[s<1As' =572}
We find,

RN R

= { definition }
RLNRLN(RUR)

= { substituting RL and R'L }
{(s,8")[s>21As<1}N(RUR"

= { simplifying, distributing the prerestriction }
{(s,8N)ls=1A8"=352}U{(s,8')[s=1As =572}

= { simplifying }
{(1, 1)}

This relation does indeed capture the information that is common between R and
R. O

¢ Monotonic Composition. When we wish to apply two specifications R and R’
in sequence, we combine them by the monotonic composition, which is defined as

follows:
RoR =RR' NRR'L.

This relation is a subset of RR' (the traditional relation composition) and equals
RR' whenever R is deterministic or R’ is total. Unlike the traditional composition
operator, this operator is monotonic with respect to the refinement ordering, i.e.,
whenever R (or R') is refined, so is the product (R R’).

Example. Given a specification CodGen for a code generator (from some internal
program representation) and a specification CodOpt for a code optimizer, we can
specify an optimizing code generator by writing:
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OptCodGen = CodGen o CodOpt.

® Monotonic Closure. Given a relation R that we wish to see applied an arbitrary
number of times, we take its monotonic closure, which is defined by:

R = nizoRAi,

where R®%, for i > 1, is the monotonic composition of R by itself 1 times, and
RAO = .

Example. Given relation R defined on the set of natural numbers by
R ={(s,s")|s' = s ~ 5},
we find that the monotonic closure of R is given by:

R* = {(s,')|s > s’ A s mod 5 = s’ mod 5}.

e Prerestriction. Given a relation R and a predicate ¢, if we wish to restrict the
domain of R to those elements that satisfy ¢, we use the prerestriction operator,
which is defined by:

t > R={(s,s)|t(s) A(s,s') € R}.

Example. We consider the space S = natural and the relation R defined by:
R = {(s,s')|s’ = s mod 5}.

If we define predicate £ on S by: s < 5 then we find, e.g.,

t—>R=t—1I.

¢ Parallel Combination. Given two relations R and R’, if we wish to apply them
sequentially (i.e., one after the other) but do not care in what order they are applied,
we use the parallel combination operator. This operator is defined by:
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R||R = (RoR)N (R aR).

Given that the meet reflects the information that is common between its arguments,
the parallel combination of R and R’, as defined here, captures the information that
is common between the two statements: R has executed, followed by R'; and R’
has executed, followed by R. The common information is that R and R’ have both
executed, in an arbitrary order.

Example. Given variables ¢ and b of type integer, consider that we want to
increment them but do not care in what order we do so (because it does not make
any difference, since the statements are independent). We write:

a:=a+ljb:=5b+1.

¢ Variable introduction. Given a specification R on space S, if we wish to introduce
a fresh variable that is not already in space S, we use the var construct, as given in
the following statement: var z : T R. The semantics of this statement is given by

V&!‘.’B:TR:ﬁDRnH,

where II is the projection relation from set S +z to set S (see the definition of pro-
Jections on page 121, section 10.2.1). Among the properties of variable introduction,
we mention that variable introduction is monotonic with respect to the refinement
ordering, and that it refines its argument, R (i.e., (var z : T R) refines R).

We admit without proof that variable introductions are commutative. Whenever
more than one variable is introduced, we write the declarations in sequence following
a single instance of var; also when the variables have the same type we may write
the type only once. Hence e.g., if we wish to introduce variables z, y and z of type
natural, we write: var z,y,z : natural . Usually we omit to write explicitly the
declarations associated with a specification, unless we need to —for the purposes of
our discussion or our computations.

12.1.3 Mapping Rules

In the sequel, we will often have to manipulate software components and software spec-
ifications simultaneously, for such tasks as: modifying the component to meet a given
specification, measuring the modification effort, measuring the functional distance be-
tween the program and the specification, etc. For all these applications, it is convenient
that both the program and the specification be represented in the same notation. In this
section we discuss how Pascal-like programs can be refined by the specification notation
introduced above.
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To this effect we briefly review the main control structures of, e.g., Pascal, and show for
each control structure what specification construct captures it. We give these mappings
without formal justification; the interested reader is referred to [34, 35, 36].

1. begin end. We use parenthesized relational expressions to represent begin-end
blocks.

2. composition. We use monotonic composition to represent Pascal’s semi-colon.
Note that when R is deterministic (which is the case of all Pascal statements) Rc R’

is equal to RR'.

3. alternation. Pascal’s statement (if ¢ then F else G) is mapped into

(t = F)u (-t = G).

4. conditional. Pascal’s statement (if ¢ then F) is mapped into

(t = F)U (-t = I).

5. iteration. Pascal’s statement (while ¢ do B) is mapped into

((t = B)U (=t = I))* U est(—t).

12.2 Refinement Rules

Given a specification written using the notation proposed in the previous section, we
are interested in transforming it into an executable Pascal-like program. Frappier et al
[34, 35, 36] have derived a set of transformation rules which are used to support the
stepwise refinement of specifications into programs in a correctness preserving fashion.
We use these same rules for a different purpose: to carry out the stepwise transformation
of a program (presumably a software component retrieved by approzimate retrieval) to
satisfy a new specification (which, presumably, the program almost satisfies initially). If
we review the main compound statements discussed above we find that the statement
which is most difficult to map into programming notation is the join: indeed, a meet
of two (or more) specifications can be mapped into one of its arguments; a monotonic
composition can be mapped into a traditional sequential composition; a monotonic closure
can be mapped into an iteration (under some restrictive conditions); a prerestriction can
be mapped into a conditional statement; and a parallel combination can be mapped into
the sequential combination of its arguments in an arbitrary order. As a result of this
observation, the transformation rules are geared towards the goal of getting rid of joins,
in favor of programming-like constructs; these rules are presented below.
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12.2.1 Eliminating Joins

In this section we survey a number of rules that map a join-structured specification into
a specification/program that has no join (at least not at the upper level). These rules
are presented without proof (of their correctness preservation); the interested reader is
referred to (34, 35, 36] for details.

Refinement Rule 1 A specification of the form RU R is refined by R.

Under some conditions, joins can be mapped into Pascal-like statements; these possibilities
are explored below. These rules may seem to be redundant with the mapping rules
presented in the previous section; in fact they play opposite roles, as we will see later in this
chapter. Mapping rules transform programs into specifications prior to the modification
step; whereas refinement rules map specifications into programs as part of the modification
process.

Refinement Rule 2 Given a space S with variables zi;, 1 <i < N, and given an ezpres-
sion E(s) on S, the specification

{(5,8)|z1(s") = E(s) AVi > 1 : zi(s') = zi(s)}
refines and is refined by
I = E.

Refinement Rule 3 If specifications R and R’ satisfy the condition RN R'L C R’ then
their join is defined; further this join refines and is refined by

if t then R else R,
where t(s) = s € dom(R).

As a special case of application of this rule, we consider the case when R'=RL N I. This
case yields the conditional statement,

if ¢t then R.

Refinement Rule 4 When a specification of the form ((if t then R)*Uest(—t)) satisfies
the following conditions

® ¢ — R is progressively finite.
e t CRL,

then the join is defined, and the specification refines and is refined by while t do R.
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12.2.2 Propagating Joins

All the rules in this section stem from a single, general proposition, which we give without
proof (the interested reader is referred to [34, 35, 36]).

Proposition 12.1 Let ¢ be a monotonic (with respect to the refinement ordering) binary
operator (this result generalizes trivially to larger arities). Then the specification ¢(R,R"U
#(Q, Q') is refined by (RUQ, R’ UQ'), provided all the joins are defined.

All the refinement rules given below are instances of this general proposition, for various
substitutions of operator ¢.

Refinement Rule 5 Specification (Ra R') U (Q o Q') is refined by (RU Q) = (R U Q').
Refinement Rule 6 Specification (R|[R') U (Q||Q') is refined by (R Q)||(R' U Q).
Refinement Rule 7 Specification (RN R') U (Q N Q') is refined by (RUQ) N (R'U Q).
Refinement Rule 8 Specification R* U Q* is refined by (R Q)*.

Refinement Rule 9 Specification (t — R) U (t — Q) is refined by (t — (RU Q)).

Refinement Rule 10 Specification (var z : T R)U (var z : T Q) is refined by (var
z:T RUQ).

Refinement Rule 11 Specification (if ¢t then R else R')U (if ¢ then Q else Q') is
refined by (if t then RU Q else R' U Q').

Refinement Rule 12 Specification (while t do R)U (while t do Q) is refined by (while
tdo RUQ).
12.3 Software Adaptation

The subject of this section is to introduce a mathematical model for software adaptation,
particularly in the context of software reuse. We are given a software component C and a
specification K, and we ponder how to derive from C a component that satisfies K. First,
we give a set of refinement rules that are useful for our purposes.

12.3.1 Imposing Specification Structures

We give, without proof, rules where a specification is decomposed into a predefined form;
we will consider in turn sequential decompositions then closure decompositions.

Refinement Rule 13 Specification est(t) is refined by est(t) prs(t).

One way to establish ¢ is to establish it then preserve it.
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Refinement Rule 14 Specification est(t) is refined by est(true) c est(t).
One way to establish ¢ is to postpone it then establish it.
Refinement Rule 15 Specification R is refined by s(R)c R.

This rule stems from a characterization of the kernel of relation R as a feasible solution
to the equation R C X o R. The three rules above deal with sequence decompositions; we
turn our attention now to closure decompositions.

Refinement Rule 16 Specification prs(t) is refined by prs(t)*.
Refinement Rule 17 Specification x(R) is refined by k(R)*.

Refinement Rule 18 Specification R* is refined by ( if t then R)* for all predicate t.

12.3.2 Adaptation Model

We consider a specification K that a user/programmer submitted to a reuse library, and
we assume that the exact search failed to turn up a correct component, and that the
approximate search produced a component C (exact retrieval and approximate retrieval
are defined in chapter 11). The question we ponder in this section is: how do we transform
component C in a minimal number of steps so as to make it satisfy specification K? We
observe that this consists primarily of deriving a program that satisfies K and has (as much
as possible) the structure of C. Further, we note that the refinement rules presented above
give us a formal framework for achieving two goals.

e Imposing a specific structure on a specification; this will be used to impose the
structure of C (or its derived components) onto K (or its derived components).

® Once K and C have the same structure (namely that of C), this framework allows
us to match components of K against their homologous components of C.

Using these features we model the process of modifying C to satisfy K as the refinement
of

Kuc,

but with an important qualification: The refined solution has to satisfy K but does not
have to satisfy C; rather it has to have as much as possible the same structure as C. Hence
in refining K LIC we extract syntactic information from C and semantic information from
K. The idea is to force on specification K the structure of component C and to propagate
the U construct deeper and deeper into the structure of C, with smaller and smaller
components of K.
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12.3.3 Illustration
We consider the following user query K defined on space S=

z,vY, z : natural
by
K = {(s,5')|z(s") = z(s) A y(s) =0 A 2(s') = 2(s) + y(s)}

and we assume that the exact search performed on the reuse library has failed, and that
the approximate search has produced the following software component defined on space
T=

z,y,w : natural
by

C:

begin

w:=0;

vhile y<>0 do
begin
y:=y-1; w:=u+x
end

end.

Our goal is to modify component C to make it satisfy specification K. To this effect, we
must first map this Pascal program to our specification notation. If we let relations N
(for iNit), D (for Decrement) and A (for Add) be defined as follow (to capture the three
assignment statements of the program):

N = {(s,5)w(s") =0 A y(s') = y(s) A z(s') = z(s)}
D = {(s,9')lz(s') = z(s) Ay(s") = y(s) — 1 Aw(s') = w(s)}
A = {(s,8)|z(s") = z(s) Ay(s') = y(s) Aw(s') = w(s) + z(s)},

then program C can be written as
C =var z,y,w : natural (N o ((if y # 0 then (D 4))* U est(y = 0))).

Because D and A can be applied in an arbitrary order, we can actually rewrite C as
follows:

C = var z,y,w : natural (N o (( if y # 0 then (D||A))* U est(y = 0))).

The first step is to bring the two specifications under the same space; to this effect, we
invoke the refinement rule 10 and proceed as follows:
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CUK
= { variable introduction }
var z,y,w : natural C U var z,vy, z : natural K
= { commutativity of variable declarations }
var z,y, z,w : natural C’' Li var z,y, z,w : natural K’
= { C',K": bodies of C, K; rule 10 }
var z,y,z,w : natural C' LI K’

We now focus on C' U K', where C' and K’ are the bodies of C and K. We propose
to incorporate the modification imposed by K deep into the structure of C. We observe
that the outer structure of C is a sequence; hence we attempt to use refinement rule 15
to decompose K as a sequence. We find,

k(K)

= { K is deterministic, proposition 10.1 }
KK

= { substitution }
{(s,8")lz(s") = z(s) A 2(s") + y(s') = z(s) + y(s)}-

If we denote this relation by P, we know now that K is refined by P o K; if we denote the
second component of C by W (for While statement), we can write:

CukK

c { substitution of C, refinement of K }
(NeW)U (PsK)

cC { sequence refinement rule 5 }
(NUP)a(W UK).

We consider the two components of this product in turn.

NuUP
{ because N and P are total, and so is NN P }
NNnP
= { substitution }
{(s,8)|w(s') =0 A y(s') = y(s) Az(s') = z(s) A 2(s") +y(s') = z(s) +y(s)}
= { simplification }
{(s, 8)w(s") = 0 A y(s') = y(s) A z(s') = z(s) A z(s") = 2(3)}
{ definition of assignment statement }
(w :=0).

in
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We now turn our attention to the term (W U K). Because W has the structure of a while
statement (join of an establish statement with the closure of a conditional), we attempt
to impose the same structure on K.

K
= { substitution }

{(s, )|z(s") = z(s) Ay(s') = 0 A 2(s') = 2(s) + y(s)}
= { arithmetic (y(s') =0) }

{(s: )lz(s") = z(s) Ay(s') = 0 A 2(s") + y(s') = 2(s) +y(s)}
= { set theory }

{(s, 8)|z(s") = z(s) A 2(s") + y(s") = 2(s) + y(s)} N {(s, ") [y(s") = 0}
= { definition of join }

{(s, 8)lz(s") = z(s) A 2(s") + y(s") = 2(s) + y(s)} U {(s, ") [y(s") = 0}
= { definition of establish }

{(s, ") z(s") = z(s) A 2(s") + y(s') = z(s) + y(s)} L est(y = 0)
= { observation: the first term is x(K) }

k(K) Uest(y =0)

C { by virtue of rule 17 }
x(K)* Uest(y =0)
c { by virtue of rule 18 }

(if y # 0 then x(K))* U est(y = 0).

Now that we have exhibited the same structure in W and K, we take their join and
propagate the join to the components of W. We find

WuK
C { substitution of W, refinement of K }
((if y # 0 then (D||4))* Uest(y =0))
U( if y # 0 then x(K))* Uest(y = 0))
= { commutativity, associativity, idempotence of join }
(if y #0 then (D||A))*
U( if y # 0 then x(K))* Uest(y = 0))
= { associativity of join, monotonicity of conditional and closure }
(if y # 0 then (D||A) U s(K))* L est(y = 0))
E { rule 4, whose conditions are verified }
while y # 0 do ((D]|A4) U k(K)).

We now focus our attention on the body of the while loop, namely ((D]]4) U k(K)). We
find,
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((D]|4) U s(K))
c { || is refined by o in any order }
((A= D) U K(K))
c {K(K);FGD,whereF={(s,s’)|z’=z/\y’=yAz’=z+1}}
((AeD)u(FeD))
c {rule5}
((AuF)s(DuD))
cC {rulel}
(AUF)sD
= { A and F are total, satisfy the consistency condition }
(ANF)aD
= { substitution of (AN F) }
{(s,8)1z(s") = z(s) Ay(s") = y(s) Aw(s') = w(s) +z(s) Az(s') = 2(s)+1}aD
= { substitution of the first term }
{(s.8")|z(s") = z(s) A y(s') = y(s) Aw(s') = w(s) +z(s) A 2(s") = 2(s)}
3 {(s,8")|z(s") = =(s) A y(s") = y(s) Aw(s') =w(s) Az(s') = z(s) + 1} a D
cC { rule 2, applied three times }
w=w+zriz:=z+lLjy:=y—1.

Putting all the pieces together, we find the following modified program.

var
X, ¥, z, w: natural;
begin
w:=0;
while y<>0 do
begin
Wis=u+x;
z:=z+];
y:=y-1
end
end;

This program does preserve z, set y to 0 and place z + y in z. Hence it is correct with
respect to K.

12.4 Concluding Remarks

In this chapter, we have considered the question of program modification, which can be
formulated as follows: Given a specification K and a component C, how can we modify C
to solve K? Alternatively, this question can also be formulated as: How can we solve K
by making use of C? The assumption, in both cases, is that C almost satisfies K , hence it
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takes presumably little effort to modify C to satisfy K- —hopefully much less than it takes
to solve K from scratch.

We have observed that the modification of a component C to satisfy a query K has
similarities with the stepwise refinement by parts of the compound specification K U C,
but with two crucial differences:

® Whereas in the refinement by parts of RU R’ specifications R and R’ play symmetric
roles, in the modification of C to satisfy K the terms C and K play distinct roles.

o In particular, in refinement by parts the bottom of recursion occurs whenever one
of the terms refines the other, whereas in program modification the recursion ends
whenever C refines K or C is irrelevant with respect to K (in which case K must
be implemented from scratch).

e Whereas in the refinement by parts of RU R’ either R or R’ may impose its structure
on the other, in the modification of C to satisfy K the structure of C is imposed
on K. This produces a situation where C provides syntactic information and K
provides semantic information pertaining to the modified version of C.

Our approach to program modification is inductive, and proceeds in the following manner:

1. Consider the outer control structure of C. Using structure coercion rules, impose
the structure of C on specification K.

2. Using Propagation rules, propagate the Jjoin operator inside the common structure
that is identified between K and C.

3. Consider the subproblems generated by propagation rules, that have the form K. UGy,
where K; is a descendant of K and C; is a descendant of C.

The induction ends whenever a C component refines its homologous K component (in
which case no further modification is required), or whenever a C component proves to
be of no use in solving the corresponding K component (in which case the K component
must be solved from scratch).

With this chapter, we have concluded the presentation of our relation-based model
for software reuse. The model we have presented captures such aspects of software reuse
activities as: component specification; component storage; query specification; compo-
nent retrieval; approximate retrieval; component adaptation. In the sequel, we use this
background to define an analytical basis for software reuse measurement.
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Part V

Analytical Measures of Reusability
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The notion of distance between specifications pervades much of what a software engi-
neer does, especially in the context of software reuse. Hence, e.g. approximate retrieval
(chapter 11) consists in identifying a library component that minimizes some measure of
distance with the search key; also, the assessment of a candidate component (to decide
whether it is advantageous to modify it to solve a given query, or whether it is best to
develop a new component from scratch) depends on comparing the distance between the
component and the query against the effort it takes to develop a solution from scratch.

In this part we concern ourselves with defining measures of distance between specifi-
cations. We distinguish between two families of distance measures: functional distance,
which reflects the functional features of the specifications at hand; and structural distance,
which reflects the structural differences that exist between the specifications at hand.
While the first measure is intrinsic to the specifications at hand, the second measure deals
with their representation. Also, while the second measure takes numeric (quantifiable) val-
ues, the first measure ranges over a partially ordered set. These measures are the subject
of chapters 13 and 14; in chapter 15 we use these measures to define an analytical measure
of modifiability. We view modifiability as a key factor of intrinsic reusability, and we view
this study as a first step towards an analytical approach to reusability measurement.
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Chapter 13

Measures of Functional Distance

Much of the technical decision making that takes place in software reuse depends, in fact,
on an intuitive perception of distance between two specifications, or between a specifi-
cation and a component. In this chapter and the next, we attempt to give meaning to
this intuition by formally defining measures of distance between specifications; because
components can be represented by their specifications, our measure of distance between
specifications can be used to derive the distance between two specifications or the dis-
tance between a specification and a component. As we discussed in the introduction
to this part, we can distinguish between functional measures and structural measures of
distance; functional measures are the focus of this chapter.

Intuitively, we can define the distance between two specifications in a number of ways:
either we reflect the information that the specifications have in common, then we consider
that two components are closer to each other if the common information is greater; or by
the information that discriminates between the two specifications, then we consider that
two components are closer to each other if the discriminating information is smaller; or by
a combination of these two quantities, then we consider that two components are closer
to each other if they have more common information and less discriminating information.

13.1 Refinement Difference

To measure the distance between two specifications, we may want to focus on the func-
tional features that discriminate between them. As a first step, we will, in this section,
consider the case of two specifications A and B such that 4 € B, and wish to capture
the difference between A and B. In order to justify the definition of refinement difference,
which we give below, we consider the analogy with numeric distance.

We consider two real numbers @ and b such that a < b. Observe that the difference
between @ and b is the smallest number z that satisfies the following equation

a+z2>b

Because we are looking for the smallest z, it will achieve the equality a + z = b; whence
we find z = b — a. Hence the following definition.
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Definition 13.1 Given specifications A and B such that A C B, the re-
finement difference between A and B is the least defined relation X such
that

AUuX 3JB.
When such a relation ezists, we denote it by B © A.

Given A and B such that A C B, we know that there exists a relation D such that
AUD = B, since D = B satisfies this condition. We investigate whether there exists a
minimal relation for which the condition holds and eventually what is its formula.

Proposition 13.1 Given relations A and B such that A C B, the refinement difference
of A and B 1is given by

Bo A=BNALU(ANB)LN(BUA).

In order to formally justify our claim, we would have to show that A and Bo A satisfy the
consistency condition, and that their join refines B; furthermore, we would have to show
that B © A is minimal with respect to all the feasible solutions. We will not do so, in this
thesis; we will, however, give informal arguments and illustrative examples to the effect
that B © A is indeed the refinement difference between A and B. We have the following
proposition.

Proposition 13.2 For any relation A, Ao A=0.

Proof. We write the expression A © A using the definition of refinement difference.

Ac A

. { definition of © }
ANALU(ANA)LN(AUA)

= {since ACAL, ANAL =0}
(ANA)LN(AUA)

= { set theory }
0NnL

= { set theory }
0.

qged

The empty relation (@) is the universal lower bound of the lattice of specification, hence
it is the smallest value that a functional difference can take. In the following proposition,
we check that this distance is the empty relation only whenever A = B.
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Proposition 13.3 Given A and B such that ACB. f BOA=0 then A= B.

Proof. If B © A equals the empty relation, so do the two terms of the union (ref: the
definition of refinement difference). We consider them in turn.

BNAL=0
= { set theory }
BC AL
= { relational identity }
BL C AL
= { because AC B, AL C BL }
AL = BL.

On the other hand,

(ANB)LN(BUA) =0

= { set theory }
(ANB)LNANB =0

= { set theory: XNY =0=>XCVY.}
(ANB)L C (ANB)

= { because the inverse inclusion is a tautology }

(AnB)L = (AN B).

This equation has the form QL C Q, for @ = (AN B). There are only two relations Q
that satisfy the equation QL C Q; these are Q = L and Q = 0. Taking Q = L, we find
A = L and B = 0, which contradicts the earlier premise AL = BL. Taking Q = 0, we
find:

(AnB)=0

= { set theory }
ACB

= { because AL=BLand AC B, wefind BC A}
A=B.

qed

Proposition 13.4 Given an arbitrary relation A, the refinement difference A0 is de-
fined and equals A.

Proof. Because 0 is the universal lower bound, it is refined by A; hence the refinement
difference A © 0 is defined. We compute it from the definition:
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Aol
= { substitution }
ANLU@NA)LN(AUL)
= { simplification }
A.
qed

Let A and B be two relations such that A C B, and let D be the refinement difference
between A and B, i.e., D = BE A. Rather than prove that A and D satisfy the consistency
condition, and that B is the join of A and D, and that D is the smallest relation whose
Jjoin with A yields B, we give informal arguments on how D is defined to satisfy these
properties. We consider figure 13.1, where A is drawn on the first column, B is drawn on
the second column, and D is drawn on the third column. Because A is refined by B, the
domain of B is larger than the domain of 4 and the restriction of B to the domain of 4 is
a subset of A. Whenever B is defined and 4 is not (ref: input z), relation D must behave
like B; this justifies the component (B N AL), which represents all the pairs (s,s') of B
such that s is not in the domain of A. On the domain of A (ref: set {y, z} in figure 13.1),
two cases may occur: either A and B behave alike (ref: state y), in which case D has no
information to add to A to obtain B, and is not defined for those states (because D must
be minimal, it is not defined on any state unless it has to); or the images assigned by B
are a proper subset of those assigned by A (ref: state z), in which case relation D must
include the pairs of B (ref: (z,6)) as well as (for the sake of minimality) all the pairs that
do not belong to A (we include no pairs of A so that the join of A and D yields only the
pair of B, and we include all the other pairs for the sake of minimality). The relation
that takes the prescribed values is (B U A). We can tell whether D must be defined (ref:
case of state z) or must not (ref: case of state y) by taking the restriction of BU A to
(AN B)L: this restriction excludes from consideration domain elements for which A and
B assign the same images.

In order to help the reader develop an intuition for our definitions in terms of the
lattice of refinement, we draw analogies between the refinement lattice and the lattice
of the divides relation on positive natural numbers. In terms of the divides lattice, the
proposition above provides in effect that whenever a divides b, the distance between @ and
b is the ratio%; hence e.g., the distance between 5 and 15 is 3, the distance between 12 and
60 is 5. Figure 13.2 gives a graphic illustration of refinement difference and justifies the
name given to this measure of distance, especially in contrast with subsequent measures.

13.1.1 Illustrative Examples

In this subsection we give examples of relations 4 and B such that A C B, and we compute
the refinement difference B © A. We start with simple examples.

Example. We consider the space S=real and we define relations A and B as follows:

A={(s,8)]s = 7}
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Figure 13.1: Formula of Refinement Difference
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Bo A

Figure 13.2: Refinement Difference
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B = {(s,4)|s <0} U {(s,5')|s = s"}.

Clearly, A is refined by B, since B has a larger domain and behaves as A does on the
domain of A. We compute the refinement difference between A and B.

Be A

= { definition of refinement difference }
BNALU(ANB)LN(BUA)

= { because AC B, ANB=0}
BNAL

{ expansion of B }
{(s,s")|s <0} NAL U {(s,s')|]s = 82} N AL
= { we find AL = {(s,s')|s > 0}, hence AL = {(s,s')|s <0} }
{(s,s")Is <0} U {(s,s)|s = s} N {(s,s")|s < O}
{ expanding the intersection }
{(s,8")|s <0} U {(s,5')|s <OAs =37}
{ the second term is empty }
{(s,s")|s < 0}.

This result is quite intuitive: the refinement difference between A and B is the term
{(s,s)|s <0} a

Example. We consider the space S=real and we define relations A and B as follows:

A= {(s,8")|s = 5%}
B = {(s,s')|s =35 As>0}.

Clearly, A is refined by B, since A and B have the same domain and B is a subset of A.
We compute the refinement difference between A and B.

Bo A
= { definition of refinement difference }
BNALU(ANB)LN(BUA)
{ because AL = BL }
BNBLU(ANB)LN(BUA)
{ because B C BL }
(ANB)LN(BUA).

We now compute the expression (B U 4).
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BUA
= { substitution }
{(s,9)|ls=8%As>0Vs # 2}
{ logic simplification }
{(s,8")Is #s? v s' >0}.

On the other hand,

(ANB)L
= { set theory }

(BUA)L
= { substitution }
{(s,")]s=35"As"<0}oL

{ definition of product }

{(s,8")]3s' : s =3s” A" <0}
= { simplification }

{(s.s")]s > 0}.

Now we resume the derivation of the refinement difference between A and B.

Be A
{ derivation above }
(ANB)LN(BUA)
= { expansions above }
{(s,8)]s>0A(s#s?Vs >0)}.
Note that D = {(s,s')|s' > 0} does satisfy the equation ALi D = B, but is not minimal,
since it refines the relation given above. O

13.2 Refinement Distance

In the previous section we had defined the refinement difference between two specifications
in the case where the specifications are ordered by refinement. In this section we consider
two arbitrary specifications that are not necessarily ordered.

13.2.1 Prime Specifications

In number theory, we say that two natural numbers are relatively prime if and only if their
greatest common divisor (i.e., their meet with respect to the divides lattice) is 1 (i.e., the
universal lower bound of the divides lattice). Likewise, we say that two specifications are
relatively prime if and only if they have no functional details in common, i.e., their meet
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with respect to the refinement lattice is the empty relation, which is the universal lower
bound.

Definition 13.2 Specifications A and B are said to be relatively prime if
and only if their meet is the empty relation.

This definition is inspired by the lattice of the divides relation over the set of natural
numbers: two numbers are said to be relatively prime whenever their only common divisor
(hence their meet) is 1 (the universal lower bound of the lattice).

Proposition 13.5 Two specifications A and B are relatively prime if and only if their
domains are disjoint.

Proof. The condition is sufficient:

ALNBL=0

= { applying intersection on both sides }
ALNBLN(AUB) =90

= { definition of meet }
A0 B=4.

The condition is necessary:

ANB=0

= { definition of meet }
ALNBLN(AUB) =9

= { monotonicity }
ALNBLNA=O0AALNBLNB=0

= { because ALNA=Aand BLNB=B}
ANBL=OANALNB =0

= { both express that A and B have disjoint domains }
ALNBL=0.

qged

Intuitively, if two specifications are totally orthogonal, then it is reasonable to consider
that the distance between them is their sum (i.e., their join).
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Definition 13.3 Given two specifications A and B that are relatively prime,
their refinement distance is the join of A and B.

In terms of the divides lattice, this definition provides that the distance between two
natural numbers ¢ and b that are relatively prime is the product ab: in order to go from
a to b, we divide a by a (to find 1) then we multiply the result by b (to find b), for a total
distance of a x b.

Figure 13.3 gives further illustration to our definition: the expression A U B is mono-
tonic with respect to its arguments A and B (as long as they grow in an orthogonal
fashion, i.e., while preserving A1 B = 0).

13.2.2 Arbitrary Specifications

We refer again to the analogy with the divides lattice: given two natural numbers a and
b, we consider their respective decompositions as products of prime numbers; then we can
measure the distance between a and b (vis 4 vis the divides ordering) as the product of
all the prime factors that appear in a and not in b with the prime factors that appear in
b and not in a.

Example. We consider the natural numbers e = 210 and b = 330. We write their prime
number decompositions as follows:

a=2x3Ix5x7,
b=2x3Ix5x1l

Intuitively, we want to consider the distance between a and b as being identical to the
distance between those prime factors that differ between a and b, namely 7 and 11. Because
7 and 11 are relatively prime, their distance (which is their join) equals their product. In
this case, we find that the distance between a and b is 77. o

This example inspires the following definition.

Definition 13.4 Given two specifications arbitrary A and B, the refinement
distance between A and B is the join of A© (AN B) and B (AN B).

The expression A8 (AN B) U B© (A B) will be abbreviated by A ® B and will be
referred to as the refinement distance between A and B. This expression is defined only if
A© (AN B) and B& (AN B) have a join; note that the refinement difference expressions
are, in turn, defined since in each case the first term refines the second (A refines AN B
and B refines AN B). We admit the following proposition without proof.
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Figure 13.3: Refinement Distance of Prime Specifications
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Proposition 13.6 Given specifications A and B that satisfy the consistency condition,
the refinement distance between A and B is defined, and is given by the following formula:

A®B=(AUB)e (AN B).

Note that the refinement difference is defined since ALI B J A B. Note also the analogy
of this measure of distance with the distance between two real numbers: if we consider
the set of real numbers with the < ordering, then this set is a lattice, where the join is the
max of its arguments and the meet is the min of its arguments. The distance between two
numbers ¢ and b (which is the absolute value of their difference) is given by the following
formula (irrespective of their order: a < b or b < a), where Ul represents the max and M
represents the min:

la —b =(aUb)— (anb).

Figure 13.4 gives a graphic illustration of the refinement distance, and shows why this is
a natural definition of functional distance. This figure shows how 4 ® B increases as A
and B grow apart.

13.2.3 Illustrative Examples

Example. We consider the space S = real and we let A and B be the following relations:

A= {(s,s)ls <0} U {(s,s)|s = 5"}
B ={(s,s)|s=s"As">0}.

The first order of business is to compute their meet, which we denote by M. We find,

M

= { notation }
ANB

= { definition }
ALNBLN(AUB)

= {AL=L}
BLN(AUB)

= { distributivity, BLN B = B }
BLNAUB

= { BL = {(s,s")[s >0} }
{(s,8")]s = s} U {(s,s')[s =52 As' >0}

= { second term is a subset of the first }
{(s,8")|s = s"}.

Now we compute A& M and Be M. We find
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Figure 13.4: Refinement Distance of Arbitrary Specifications
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Ae M
{ first example, subsection 13.2.3 }
{(s,s')|s < 0}.

On the other hand,

BoM
= { second example, subsection 13.2.3 }
{(s,8)[s20A (s #s%Vvs >0)}.

The symmetric refinement difference between A and B is computed as follows:

A®B

{ definition }
(AeM)u(Be M)
= { substitution }
{(s,8")s <0}u{(s,8)ls > 0A (s #s2 Vs >0)}
= { disjoint domains }
{(s,8")]s <0}U{(s,8)|s>0A (s #£s2 Vs >0)}.

This relation captures the information that 4 has but B does not have, as well as the
information that B has but A does not have. As such, it reflects the refinement distance
between A and B. a

13.3 Refinement Ratio
13.3.1 Definition

The foregoing discussions enable us now to define a measure of functional distance between
two specifications A and B (that are not necessarily ordered by the refinement ordering,
but do satisfy the consistency condition). In order to understand the definition of our
measure of functional distance, one must place it in the context of software reuse: We
consider, e.g., that A is a user query and that B is the specification of a component that is
available in a reuse library. We are interested in assessing the functional distance between
A and B in order to determine whether it is worthwhile to modify B to satisfy A; the
alternative to modifying B to satisfy A is merely to write a program for A from scratch.
The option of modifying B is all the more attractive that 4 and B have more common
functional information (more code of B can be reused), and less refinement distance (less
code of B must be modified).

Given that common functional information between A and B is reflected by the meet
of A and B, and given that the amount of functional features that set 4 and B apart is
reflected by the refinement distance between A and B, we naturally define the refinement
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ratio between A and B as follows.

Definition 13.5 Given two arbitrary relations A and B, the refinement ra-
tio between A and B is the relational vector denoted by ¢(A, B) and defined

by

#(4,B) = ( L )

When a distance is measured by a positive number (as is typical for distances in general)
then it is implicit that the smaller the distance, the closer the objects whose distance we
are measuring. Because our difference is a vector, and because its entries are partially
ordered, we must provide an additional definition to clarify the property of proximity.

Definition 13.6 Given specifications A, B and A', B', we say that the
distance between A and B is shorter than the distance between A’ and B' if
and only if

(ABC A'®@B)A(ANB' C ANB).

To reflect this property, we may refer to the first entry of the distance ¢(A, B) (which is
A ® B) as the numerator of the refinement ratio, and we refer to the second entry (which
is AN B) as the denominator of the refinement ratio.

We may denote this property by the notation ¢(4,B) < ¢(4’, B'), even though ¢
is not a numeric-valued function. As a special case of this definition, we consider the
situation where A’ = A.

Definition 13.7 Given specifications A, B and B’, we say that A is func-
tionally closer to B than to B' if and only if the refinement ratio between
A and B is shorter than the refinement ratio between A and B'.

To give some intuition for these definitions, we consider again the analogy of our refine-
ment lattice with the divides lattice over the set of natural numbers.

Example. We consider natural numbers ¢ = 210 and b = 330 and we show their

respective decompositions as products of prime numbers. We find,

a=2x3Ix5x7,
b=2x3 x5x11.
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Our definition of distance provides that the distance between a and b is given by the vector

¢@m=(g).

Also, we find that the distance between c and d (defined below) is shorter than the distance
between a and b.

c=2x3x5x17x7=23570,
d=2x3x5x17x 11 = 5610,

because the distance between c and d is given by

#le,d) = ( o ) ,

and 30 does divide 510. Finally, we find that b is closer to a than b’ that is defined as

follows:
¥ =22x3x5x1l.

because the distance between a and ¥ is given by

n__ [ 154
¢(avb) - ( 30 )7
and 77 divides 154. a
We conclude this subsection with a few simple but instructive propositions, which we give

without proof (their proofs are straightforward applications of definitions).

Proposition 13.7 The distance between A and 0, for an arbitrary relation A, is

MAN=(3)-

Proposition 13.8 The distance between A and A, for an arbitrary relation A, is

amm=(ﬂ).

13.3.2 Illustrative Examples

Example. We consider the space S = real and we let A and B be the following relations:

A= {(s,8")]s <O} U {(s,5")]s = 5}
B = {(s,8')]s =37 A5 >0}.

In the example of section 13.2.3, we had found that the meet of A and B is
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ANB = {(s,5')|s = s?}.

Further, we had found that the refinement distance between A and B is:
A®B ={(s,8')ls <0} U{(s,s")]s 20A (s £ V' >0)}.

We can rewrite this as:
A®B={(s,9)]s>0= (s #s?vs >0)}

Whence we find:

_ [ {(s:8)s>0=(s#s%vs >0)}
¢(A,B) e ( {(3,8’)'8 =8’2} ) -

Also, if we take relation A’ defined by:
A = {(s,5")|s <OAS = -1} U {(s,9')|s = 52}
we find that A is closer to B than A’, by virtue of the following development.
A'NB
{ similar development to AN B }
{(s,8")]s = s?}

= { inspection }
ANB.
On the other hand,
A®B

{ developments above }
{(s:)s <0} U{(s,s")|s 20N (s £52 Vs >0)}
C { definition, properties of refinement }
{(s,8)ls<OAS =-1}U{(s,8)]s>0A(s #s?Vs > 0)}
= { similar developments to A® B }
A'®B.

13.4 Concluding Remarks

In this chapter, we have introduced a number of functional (semantic) measures of distance
between specifications; because components can be represented by their specifications,
these measures of distance can be used to measure the distance between two specifications
or the distance between a specification and a component. The measures are semantic,
in the sense that they reflect the semantic properties of the specifications at hand and
are independent of the way in which specifications are represented. We discussed three
different measures, which we review briefly below:
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® Refinement Difference. This measure is applicable whenever the specifications are
ordered, e.g., A is refined by B, and reflects the amount of functionality that must
be added (by the join) to A to obtain B. This measure of distance decreases as the
components grow closer, but (unlike traditional distances) it is not symmetric.

® Refinement Distance. This measure is applicable even when the specifications are not
ordered, but only when they satisfy the consistency condition; this measure reflects
the amount of functional information that A has and B does not have, as well as the
amount of functional information that B has and A does not have. This measure
of distance satisfies all the axioms of distance (is symmetric, equals the minimal
element if and only if the arguments are identical, satisfies the triangle inequality),
but (unlike traditional distances) it is not defined for any pair of specifications, and
takes its values in a partially ordered set.

® Refinement Ratio. This measure is applicable to any pair of specifications that
satisfy the consistency condition, and reflects the functional information that the
components have in common as well as the functional information that sets them
apart. It is structured as a fraction, which increases whenever its numerator increases
or its denominator decreases.

In the next chapter we complement this study by an investigation of structural measures of
distance; while functional measures of distance deal with the semantics of the specifications
at hand, structural measures deal with their syntax and their representation.



Chapter 14

A Measure of Structural Distance

14.1 Functional vs Structural Distance

In the previous chapter we had defined and discussed a measure of functional distance (also
called semantic distance) which reflects the amount of information that two specifications
have in common, and matches it against the amount of information that discriminates
between these specifications. It practice, it may be useful to assess the functional distance
that separates two specifications in the context of software adaptation: Given a user
query K and an available component C, we consider it worthwhile to modify C to satisfy
K only if C has much information in common with K (as reflected by C 1 K) and little
discriminating information with K (as reflected by C® K); in other words, it is worthwhile
to modify C to satisfy K only if the functional distance ¢(C, K ) is small (small numerator,
large denominator).

While it is intuitively appealing, the notion of functional distance cannot reliably be
used to predict the modification effort, because the modification effort is not necessarily a
linear function of the functional distance —as we illustrate in the simple example below.

Example. We consider the following program on variables z, Yy, z of type integer, which
we call A (by abuse of notation we use the same name for the program and for the relation
that it defines).

A=

begin

z:=0;

while y<>0 do
begin
y:= y-1;
Z:=zZ+x
end

end;

The relation computed by this program is given as follows:
A={(s9)ly 2 0Az(s") = z(s) Ay(s') = 0 A 2(s") = 2(s) + z(s) x y(s)}-

191
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In order to show that functional distance is not proportionate with modification effort, we
derive two versions of A: a version B that is derived from A by a minor modification; and
a version C that is derived from A by means of a major modification. Then we show that
C is functionally closer to A than B even though, structurally, B is closer to A than C.

B =

begin

z:=0;

while y>0 do
begin
y:=y-1;
Z:=2Z+X
end

end;

C =
begin
z:=0;
if x=0 then y:=0;
while y<>0 do
begin
if even(y) then
begin
y:=y div 2;
x:=2%x
end
else
begin
y:=y-1;
Z:=2+x
end
end
end;

Without going into the details (which we leave to the interested reader), we find the
following formulae for B and C:

B ={(s,8)ls<0As =s}u A4,
C =A.

Note that because the two terms in the formula of B have disjoint domains, their union
is the join; hence we rewrite B as follows:

B={(s,8)|]s<0As =s}u A,
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Again, without going into the details (which we leave to the interested reader), we find
the following formula for the distance between A and B:

#(4, B) = ( {(s,8")|s <A0 NS =s} ) .

As for the distance between A and C we find, trivially,

¢(A,C)=(j';).

Clearly, we do have
#(A,C) < ¢(4,B),

hence C is functionally closer to A than B —even though it took a trivial modification of
A to obtain B and an extensive modification of 4 to produce C. a

This example illustrates briefly the orthogonality between functional distance and
structural distance (which reflects the modification effort): we can produce a large func-
tional distance with a minor modification (example: B) and a small functional distance
with a profound modification (example: C). In light of this observation, one may argue
that functional distance is immaterial since it cannot reliably predict the modification
effort. Our position can be defined by the following premises.

e While structural distance can be defined to reflect the modification effort between
a user query and an available software component, it cannot be used to predict
modification effort. In order to determine the modification effort one has to per-
form the modification, but we are precisely interested in estimating the modifica-
tion effort prior to the modification process, to determine whether the process is
worthwhile/cost-effective.

* By contrast, functional distance can be estimated by inspection of the specifications
at hand (rather than the modification process), hence can be measured upstream of
the modification process (thereby helping to decide whether the modification is cost-
effective/worthwhile). While modification effort is not proportionate to functional
distance, we do expect it nevertheless to be somewhat correlated.

¢ Both structural distance and functional distance are required to complete our un-
derstanding of the issues involved in software modification, and both are needed to
define such notions as modification efficiency, and modifiability (see chapter 15).

For a long term perspective, we expect to conduct further experimental research to es-
tablish correlations between functional distance and structural distance, so that when we
derive the functional distance by inspection of the specifications at hand, this gives us
some information about the structural distance that we expect to cover to perform the
modification at hand (i.e., the effort required to carry out the modification).
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14.2 Definition of Structural Distance

14.2.1 Modification Effort

Given a user query K and an available software component C, we are interested in defining
a measure of distance that reflects the effort it takes to modify component C to satisfy
specification K. For the sake of argument, we assume that the modification of C to satisfy
K proceeds according to the prescriptions of chapter 12. The following rules provide the
necessary equations to compute the structure distance.

Refinement Effort Rule 1 Refinement Step: A specification of the form K U K is re-
fined by K.
Effort Estimation Equation:

(K, K) =1+ p(K).

This rule is applied whenever we must refine the specification K U C as part of the
modification of C to satisfy K: If we find that K = C, then this join is refined into C.
We propose to count the effort involved in this step as one (1), to which we add whatever
costs are associated to the use of C to satisfy K. This cost, which we denote by p(K)
includes such factors as the cost of instantiation, parameter tuning, compiling, linking,
etc.

Refinement Effort Rule 2 Refinement Step: Given a space S with variables z;, 1 <
i < N, and given an ezpression E(s) on S, the specification

{(s,8")|z1(s") = E(s) AVi > 1: z:(s") = z4(s)}
refines and is refined by
z:=FE.
Effort Estimation Equation:
1({(s,s')|z1(s') = E(s) AVi > 1: zi(s") = zi(s)},z :=E) = 1.
This rule is applied whenever we must refine the specification
{(s,8")lz1(s) = E(s) AVi > 1: zi(s') = zi(s)} Uz := E
as part of the refinement of C = (z := E) to satisfy
K = {(s,5)|z1(s") = E(s) AVi > 1:zi(s) = z4(s)}.

Presumably, this rule is followed by application of rule 1, which reduces the specification
to the assignment statement

z:=FE.
We consider that application of rule 2 takes a unit effort.
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Refinement Effort Rule 3 Refinement Step: If it is found that C does not help in
deriving a solution to K, then a solution to K must be developed from scratch.
Effort Estimation Equation:

1(K,C) =1+ v(K),
where ¥(K) is the cost of developing a solution to K from scratch.
Clearly, if C does not help in deriving a solution to K then the effort of adapting C to K is
the effort of developing a solution to K, to which we add one (1) to account for the effort
it takes to establish that C does not help to solve K. Unlike the other effort estimation

rules, this rule is informal, because it depends on an informal judgment of whether C can
or cannot be used to derive a solution to K.

Refinement Effort Rule 4 Refinement Step: If specifications K and K' satisfy the con-
dition KN K'L C K' then their join is defined; further this join refines and is refined by

if ¢t then K else K',

where t(s) = s € dom(K).
Effort Estimation Equation:

n((K UK'),( if t then C else C'))
=1+n(( if £ then K else K’), ( if t then C else C")).

This rule is applied to give specification K Ui K’ the same structure as the component to
be modified; we consider that this step takes a unit effort, followed by the effort it takes
to match the two specifications component by component.

Refinement Effort Rule 5 Refinement Step: When a specification of the form ((if t
then K)*Ul est(—t)) satisfies the following conditions

e t = K is progressively finite.
e tC KL,

then the join is defined, and the specification refines and is refined by while ¢ do K.
Effort Estimation Equation:

n(( if t then K)* U est(—t), while ¢t do R')
=3 + n(while ¢ do K,while t do R').

This rule is applied when a join of two specifications with the appropriate forms can be
equated to a while statement; because of the verification conditions involved in this rule,
we take its required effort to be 3, plus the subsequent effort it takes to match the two
while loops.
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Refinement Effort Rule 6 Refinement Step: Specification (K s K’ )U(C ') is refined
by (KUC)=(K'UC").
Effort Estimation Equation:

7(KeK',CoC') =1+9(K,C) +n(K',C").

This rule is applied when the specification is given the same structure as the componeni
(in this case, a sequence structure), and the join is propagated inside this structure.

Refinement Effort Rule 7 Refinement Step: Specification (K 1K) U (C||C") is refined
by (KUCQ)||(K'ucC").
Effort Estimation Equation:

(K||K’,C|IC") = 1 +n(K,C) +n(K'.C").

This rule is applied when the specification is given the same structure as the component
(in this case, a parallel structure), and the join is propagated inside this structure.

Refinement Effort Rule 8 Refinement Step: Specification (KK’ Yyu(CncC") is refined
by (KUC)N(K'UC").
Effort Estimation Equation:

2KNK',CNC') =1+n(K,C)+n(K',C").

This rule is applied when the specification is given the same structure as the component
(in this case, a parallel structure), and the join is propagated inside this structure.

Refinement Effort Rule 9 Refinement Step: Specification K* U C* is refined by (K U
C)*.
Effort Estimation Equation:

n(K*,C*) =1 +n(K,C).

This rule is applied when the specification is written as a closure (to match the structure
of the program) and the join is propagated inside the structure.

Refinement Effort Rule 10 Refinement Step: Specification t -+ KUt — C is refined
byt — (KUCQC).
Effort Estimation Equation:

n(t— K,t - C)=1+n(K,C).
This rule is used when a join is propagated inside a prerestriction.

Refinement Effort Rule 11 Refinement Step: Specification var z: T KU var z: T C
is refined byvar z: T K U C.
Effort Estimation Equation:
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n(var z: TK,var z: TC) = 1 + 5(K, C).
This rule is applied when a join is propagated inside a new variable scope.

Refinement Effort Rule 12 Refinement Step: Specification if t then K else K'U if ¢
then C else C' is refined by if t then K UC else K' L C'.
Effort Estimation Equation:

n( if ¢ then K else K, if ¢t then C else C') =1+ (K, C) + n(K',C").
This rule is applied when the join is propagated inside an alternation structure.

Refinement Effort Rule 13 Refinement Step: Specification while ¢t do K LI while ¢
do C is refined by while t do K LU C.
Effort Estimation Equation:

n( while t do K, while tdo C) =1+ q(K,C).
This rule is applied when the join is propagated inside a while statement structure.

Refinement Effort Rule 14 Refinement Step: Specification est(t) is refined by
est(t) o prs(t).

Effort Estimation Equation:
n(est(t),C) =1 + n(est(t) = prs(t), C).

This rule is applied whenever, in order to match a sequence structure of C, we decompose
K as a sequence structure.

Refinement Effort Rule 15 Refinement Step: Specification est(t) is refined by
est(true) cest(t).

Effort Estimation Equation:
n(est(t),C) =1 + n(est(true) c est(t),C).

This rule is applied whenever, in order to match a sequence structure of C, we decompose
K as a sequence structure.

Refinement Effort Rule 16 Refinement Step: Specification K is refined by k(K)o K.
Effort Estimation Equation:

7(K,C) =1+ n(x(K) = K, C).

This rule is applied whenever, in order to match a sequence structure of C, we decompose
K as a sequence structure.
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Refinement Effort Rule 17 Refinement Step: Specification K is refined by K o ['(K).
Effort Estimation Equation:

7(K,C) =1+n(K a[(K),C).

This rule is applied whenever, in order to match a sequence structure of C, we decompose
K as a sequence structure.

Refinement Effort Rule 18 Refinement Step: Specification prs(t) is refined by prs(t)*.
Effort Estimation Equation:
n(prs(t), C) = 1 + n(prs(t)*, C).

This rule is applied whenever, in order to match the closure structure of C, we structure
K as a closure.

Refinement Effort Rule 19 Refinement Step: Specification x(K) is refined by x(K)*.
Effort Estimation Equation:

n(x(K),C) = 1+ n(x(K)*,C).

This rule is applied whenever, in order to match the closure structure of C, we structure
K as a closure.

Refinement Effort Rule 20 Refinement Step: Specification K* is refined by
(if t then K)*

for all predicate t.
Effort Estimation Equation:

n(K*,C) =1+ n(( if t then K)*,C).
This rule is applied whenever we wish to highlight a while statement structure in K to
match a while statement in C.

Because these rules are not exhaustive, we may sometimes apply arbitrary refinements
and count their associated effort as one.

14.2.2 Structural Distance

Using the rules of modification effort, we can define the notion of structural distance, as
follows.

Definition 14.1 Given specifications K and C, the structural distance from
C to K is denoted by o(K,C) and defined by:

o(K,C) = Min{n(K, C)},

where the minimum is taken over the set of all the possible refinements of
Kuc.
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In other words, the structural distance from C to K is the smallest total modification
effort that is required to adapt C to satisfy K. Unlike traditional distances, ours is not
symmetric: we define the distance from C to K, where C is a component and K is a
specification. It is possible that this measure can be generalized to reflect the distance
between two arbitrary specifications; we do not consider this possibility for now.

According to this definition we cannot compute the structural distance from C to K
unless we have inspected all the possible refinements of KLUC. Because this is impractical,
we will most often follow a refinement which we consider to be shortest, then either take
the associated effort to be the structural distance, or simply consider that this effort is an
upper bound to the structural distance.

14.3 Illustrative Examples

We consider the simple example where we are looking to satisfy the user query K =
OptCompiler for an optimizing compiler, and all we find in the reuse library is a plain
compiler C = Compiler. According to chapter 12, the adaptation of C to K is a refinement
of the specification K Li C. Because the refinement steps are trivial, we will use the
comments space to keep track of the refinement effort n(K, C). We proceed as follows:

KucC
= { n(K,C), by substitution }
OptCompiler U Compiler
cC { =14+n(OptCompiler, Compiler), by refinement }

We assume that GenCompiler is a generic specification for a compiler, whereas Compiler
is the specific compiler that was retrieved. Consequently, we do assume that Compiler
refines GenCompiler. We resume the refinement,

(GenCompiler o Optimizer) U Compiler

c { =2+n(GenCompiler o Optimizer, Compiler « ['(Compiler)) }
(GenCompiler o Optimizer) U (Compiler o T'(Compiler))

cC { =3+n(GenCompiler, Compiler) + n(Optimizer,I'(Compiler)) }
(GenCompiler L Compiler) a (Optimizer U T'(Compiler))

c { =4+n(Compiler, Compiler) + n(Optimizer,'(Compiler)), by refine-

ment

(Compiler U Cimpiler) a (Optimizer U I'(Compiler))

£ { =5+n(Compiler, Compiler) + n(Optimizer, [(Compiler)), by rule 1

}
(Compiler) a (Optimizer U T'(Compiler))
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We use p(C) to represent the reuse effort associated with the available component C; this
effort may include such costs as instantiation, assessment, integration, etc. We resume
the refinement.

C { =6+p(Compiler) + v(Optimizer), by rule 3 }

Compiler o Optimizer.

Hence in order to satisfy specification OptCompiler it suffices to combine the existing
component Compiler to an optimizer to be developed from scratch, for a total effort of

n(OptCompiler, Compiler) = 6 + p(Compiler) + v(Optimizer).

Given that we have prospected a possible refinement of Compiler U OptCompiler, we
can give the following lower bound for the structural distance between Compiler and
OptCompiler, namely:

o(OptCompiler, Compiler) < 6 + p(Compiler) + v(Optimizer).

14.4 Concluding Remarks

In this chapter we have focused on defining a measure of structural (syntactic) distance
between specifications. We have resolved to define structural distance in the narrow
context of program modification, and have decided to represent the structural distance
between a specification K and a component C as the effort it takes to modify C to satisfy
K. For the sake of uniformity, we have chosen to represent this modification effort, not
by person-months (as one would represent effort), but rather by means of the weighted
number of refinement rules that are used in the program modification calculus that is
presented in chapter 12. Our measure of structural distance can be characterized by the
following premises.

e Unlike measures of functional distance, which take their values in the partially or-
dered set of specifications, structural distance takes numeric values, hence ranges
over a totally ordered set.

e Unlike traditional measures of distance, which take their values in the set of real
numbers, structural distance takes its values in the set of natural numbers.

e Whereas functional distance can be computed between two specifications, structural
distance can only be defined between a specification and a component, and can only
be interpreted in the context of program modification.

e Whereas functional distance is intrinsic to the specifications at hand, structural
distance pertains to the representation of the specifications.

e Most reuse-related applications of distance rely on structural distance, because it
reflects a concrete quantity, the modification effort; unlike functional distance mea-
sures, however, the measure of structural distance cannot be estimated prior to
carrying out a program modification.
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¢ Because functional measures of distance are intrinsic to the specifications at hand
(rather than their representation), they can be computed by inspection of the spec-
ifications; because they are arbitrarily independent of structural distance, however,

functional measures of distance cannot, in principle, be used to predict structural
distance.

e In the absence of other alternatives, it is reasonable to use measures of functional
distance as predictors of structural distance. The experiments we conducted in
chapter 11 using the meet substantiates this claim.

In the next chapter we use this measure of structural distance as well as the measures of

functional distance we introduced in chapter 13 to defines analytical measures of compo-
nent modifiability.
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Chapter 15

Component Modifiability

In chapters 13 and 14 we have defined two measures of proximity between specifications,
namely functional distance and structural distance. In this chapter we discuss how these
measures can be used to define and discuss modifiability. First, we recognize that there are
several interpretations of component modifiability, which we review in turn, associating
a distinct definition to each, by means of our measures of distance. These are: modifi-
cation worthiness ; modification efficiency ; and component modifiability . Among all the
measures of functional distance that we have introduced in chapter 13, we use a single
measure, which synthesizes many of the properties of the other measures: the refinement
ratio, which is the vector made up of the refinement distance and the meet. Because the
refinement ratio is the only measure of functional distance that we use in this chapter, we
will, for the sake of simplicity, refer to it merely as functional distance (to contrast it with
structural distance).

15.1 Modification Worthiness

Given a software component C and a user query K we consider the question of whether
it is worthwhile to modify C to satisfy K —the alternative being to write a solution to K
from scratch and dispose of C. We consider two approaches to this question, one based
on structural distance, the other based on functional distance.

15.1.1 Structural Measure of Worthiness
Whether or not the modification of C to satisfy K is worthwhile depends on two factors:

® The cost of developing a solution to K from scratch; this can be estimated by existing
cost models, which use predictions of the size of K’s programming solution [14] or
observations on the functional complexity of specification K (1].

e The cost of modifying C to satisfy K; this cost cannot be estimated ahead of time,
before the modification occurs. Rather, it can only be estimated as the modification
takes place —which means that it cannot be used to decide whether to carry out
the modification.

203
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In principle, a modification is considered worthwhile only if the cost of the modification
is less then the cost of development from scratch, i.e,

(K, C) < v(K).

In practice, to provide for risks involved in the development process and in the modification
process, one could consider that a modification is worthwhile only if the modification effort
1(K, C) is less than or equal to a small ratio of the development effort v(K).

15.1.2 Functional Measure of Worthiness

The structural measure of modification worthiness suffers from two weaknesses: first, the
development cost can only be estimated on the basis of an estimate of the size of the
projected programming solution to K; it is not clear how such a size can be estimated
with accuracy. Second, the (minimal) modification cost cannot be estimated prior to the
modification; in addition, even if a modification does take place, it does not provide an
estimate of the minimal modification effort —rather it only provides an upper bound of
the minimal effort. Hence we turn to an alternative measure of worthiness, based on
functional distance.

Given a user query K and an available component C, we consider that it is worthwhile
to modify C to satisfy K when the following conditions hold:

o Component C possesses many of the functional features of K. The more features of
K component C has, the less we have to modify C to satisfy K. Every feature of
K that C has represents a savings: we will not have to write code into C to provide
this feature. Note that the meet of K and C reflects common functional features
between K and C.

o Few functional features set specifications K and C apart. Whenever K has a feature
that C does not need, we have to write code into C to provide it. Also, whenever
C has a feature that K does not, we have to abstract it away as we modify C; each
such feature represents information that does not pertain with K, but which we
must understand and work around. Note that the refinement distance between K
and C reflects discriminating functional features between K and C.

In light of this discussion, it is clear that functional distance between K and C, which is
the vector made up of the refinement distance between K and C and their meet, is an
adequate representation of the modification worthiness of C to satisfy K.

Unlike the structural measure of worthiness discussed above, the functional measure
of worthiness can be assessed before the modification takes place, and can in fact be used
to decide whether the modification is worthwhile. This measure does, however, have a
major drawback: it infers the modification effort from the functional distance, assuming
in effect that modification effort is a linear function of functional distance; we have shown
in chapter 14 that this is not always the case. Hence in the absence of other sources we
can always use the functional distance as a predictor of modification effort; but we must
remember that the correlation between these two quantities can be weak.
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Example. In order to illustrate the notion of functional distance as reflecting modification
worthiness, we consider the following example:

K = OptCompiler
C = Compiler.

The functional distance between K = OptCompiler and C = Comgpiler is given by:

OptCompiler ® Compiler )

¢(OptCompiler, Compiler) = ( OptCompiler N Compiler

Because OptCompiler is a refinement of Compiler (they have the same domain, former
is a subset of latter), the meet of OptCompiler and Compiler is the latter. We focus our
attention on the first entry of the distance vector:

OptCompiler ® Compiler
{ because OptCompiler refines Compiler }
OptCompiler © Compiler
= { functional difference (chap. 13), OC = OptCompiler, C = Compiler

OCﬂC_'L}U (CNOC)LN(OCUC)
= { dom(OC) = dom(C)={Pascal Programs} }
(cnOC)Ln(OCuUCT)
{ (€N OC) maps all programs into unoptimized code }
(OCuC).

Hence the functional distance between OptCompiler and Compiler is given by:

. . OptCompiler U Compiler
¢(OptCompiler, Compiler) = ( Compiler ) .
Note that the denominator of this functional distance, Compiler, is very high in the
refinement ordering (represents a great deal of functional detail). On the other hand,
the numerator is very low: it maps source programs into correct optimized code or
into arbitrary incorrect code. Because of the wide range of outputs for any source pro-
gram, this numerator is fairly low in the refinement ordering. Because the numerator of
#(OptCompiler, Compiler) is low and its denominator is high, this functional distance
is small, suggesting high modification worthiness. The illustrative example discussed in
chapter 14 does confirm that it is worthwhile to modify Compiler to satisfy OptCompiler,
the main additional cost being that of developing an optimizer. Note however that the
derivation of functional distance does not recognize this fact, because it deals exclusively

with functional details of OptCompiler and Compiler, not with their structural details.
o
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15.2 Modification Efficiency

Given a user query K and a component C, we are interested in the efficiency with which
component C can be adapted to satisfy specification K. To this effect, we need to refer
to the functional distance between K and C (¢(K,C)) as well as the structural distance
between K and C (o(K,C)).

Had ¢(K, C) and o(K, C) both been defined in numeric terms, modification efficiency
would have been defined merely as the ratio of ¢(K,C) over o(K,C). This ratio would
reflect the functional distance that is covered by unit of modification effort.

Because functional distance is not defined in numeric terms, we define modification
efficiency by a partial order, using the following definition.

Definition 15.1 Given a user query K and a software component C, we are
considering to modify C to satisfy K. The associated modification efficiency
is the vector denoted by (K, C) and defined by

«(K,C) = ( fgé g; ) .

To complement this definition, we must stipulate under what condition we consider that
a modification has a greater modification efficiency.

Definition 15.2 We consider that modification efficiency e(K,C) is greater
than modification efficiency e(K',C') (denoted, by abuse of notation, by
€(K,C) > e(K',C")) if and only if $(K,C) > ¢(K',C") and o(K,C) <
o(K'.C").

To reflect this definition, we refer to the first entry of ¢(K,C) (ie, #(K,C)) as the
numerator of the modification efficiency, and we refer to the second entry of (K, C) (i.e,
o(K.C)) as the denominator of the modification efficiency.

Example. If we consider again the example of modifying a plain compiler Compiler to
satisfy the specification of an optimized compiler OptCompiler, and use the results of this
and previous chapters, we find the following results:

OptCompiler U Compiler
Compiler ’

¢(OptCompiler, Compiler) = (

o(OptCompiler, Compiler) < 6 + p(Compiler) + v(Optimizer).

Note that we did not give an exact estimate of the structural distance, but rather an
upper bound of it: the figure we have on the right hand side is the modification effort
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of the modification we have carried out in the example of chapter 14; it may or may not
be the smallest modification effort (i.e, the structural distance). Consequently, what we
give below is not an estimate of the modification efficiency; rather it is a lower bound
of the modification efficiency (if the structural distance is actually shorter than we have
observed, then the modification efficiency is higher). We find,

OptCompiler U Compiler
€(OptCompiler, Compiler) > Compiler
6 + p(Compiler) + v(Optimizer)

15.3 Definition of Component Modifiability

The measure of modification efficiency, which we have discussed in the previous section,
reflects properties of the two parameters involved, namely K (the user query) and C (the
software component at hand). In this section we wish to define a measure of modification

efficiency that depends solely on component C.
Had we defined functional distance in numeric terms, we would have defined the mod-
ifiability of component C as the derivative of functional distance over structural distance:

do
do’
Such a quantity would reflect how much functional distance can be covered per unit of

structural distance. Because functional distance is not a numeric value, we will not be
able to use this definition; we will, however, approximate it.

15.3.1 Pointwise Modifiability

Given a software component C, we are interested in the modification efficiency of C to
satisfy specification C U §, where 4 is a small functional increment.

Definition 15.3 The pointwise modifiability of component C with respect
to increment § is the modification efficiency ¢(C U 6,C). We denote it with
w5(C).

If we consider the formula for e(K, C) for the special case when K = C U, we find:

(Cudec
m5(C) = c
o(Cusé,C)
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The formula proposed here stems from two observations: first, C'Li§ is a refinement of C,
hence their refinement distance is the refinement difference of C Ui § and C; second, for
the same reason, the meet of CU 4 and C is C.

In the special case when C and § are prime, the pointwise modifiability of C with
respect to 4 takes the even simpler form:

)
75(C) = C
o(CUu$,C)

The pointwise modifiability of component C increases as 4§ increases (for the same modi-
fication effort) or as (C U 4, C) decreases (for the same ). In other words, the pointwise
modification of C increases as it becomes less costly to achieve the increment of function-

ality 4.

15.3.2 Overall Modifiability

Pointwise modifiability deals with the modifiability of a component with respect to a
specific elementary (infinitesimal) modification, represented by 4. Overall modifiability
attempts to overcome the dependence on a specific functional increment. To this effect,
we consider a set A that contains a number of elementary functional increments §;, and
we define the modifiability of C as the vector of pointwise modifiabilities that we find with
each §;. We can imagine, for example, that set A depends on the application domain of
C and represents the main increments that we may wish to add to C.

Example. As a simple example of set A, imagine that C is a compiler. Then we wish to
include the following increments in set A:

e The output is peephole optimized:
do = {(s, c)|peephole(c)}.

where s is a source program, c is an object code program, and predicate peephole(c)
means that c is peephole optimized.

¢ The output is globally optimized:
1 = {(s, c)|global(c)}.
o The input may include object modules (ref: object Pascal):

02 = {(s, c)|object(s) A correct(s,c)}.

O
We now define overall modifiability, with respect to a vector of possible modifications.
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Definition 15.4 Given a component C and a domain specific set A of func-
tion increments,

A= {607 61’ -~y 6]:}-

The overall modifiability of component C is the vector denoted by u(C) and
defined by

T8o (C)
uw(C) = | m5(C)

75, (C)

As usual, we do not content ourselves with defining a measure; we also discuss the ordering
that this measure implies.

Definition 15.5 Component C is said to be more modifiable than compo-
nent C' if and only if:

Vo; € A : 75, (C) > w5,(C').

This definition presents a weakness: very few pairs (C,C') may satisfy this strong re-
quirement. Weaker comparison criteria may be defined, such as:

e There exists at least one element § in A for which 7;(C) > n5(C") and there is no
element § in A for which #5(C) < m5(C").

¢ The number of elements d in A for which 75(C) > 75(C’) greater than the number
of elements 4 in A for which 74(C) < 75(C').

¢ Define the sum of pointwise modifiabilities, and compare sums of pointwise modifi-
abilities to determine which component is most modifiable.

By weakening the criterion for inequality, we make the ordering more meaningful (if very
few pairs are ordered, we do not have much of an ordering).

15.4 Concluding Remarks

In this chapter we have discussed means to use the measures of functional distance (in-
troduced in chapter 13) and structural distance (introduced in chapter 14) as a basis for
defining measures of modifiability. To this effect, we proceed in a stepwise fashion, as
follows:
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o Modification Worthiness. We consider a component C and a specification K and

ponder the worthiness of modifying C to satisfy K by comparing the modification
cost (reflected in the structural distance) and the cost of developing a solution to K
from scratch. To this effect, we discuss two approaches to modification worthiness:
one based on structural distance and one based on functional distance, and show
the superiority of the latter.

Modification Efficiency. This measure takes a component C and a specification K
and produces a quantity that reflects the cost effectiveness of modifying C to satisfy
K. To derive a measure of cost effectiveness, we introduce a measure of cost (by
means of the structural distance, which reflects modification effort) and a measure
of benefit (by means of the functional distance between C and K, which represents
the gain in functionality that is achieved by the modification).

Component Modifiability. Modification efficiency involves two factors: the compo-
nent at hand, C, and the specification that the component must be modified to
satisfy, K. In order to derive a measure of modifiability which is intrinsic to the
component, we consider infinitesimal modifications originating in C and observe
their modification efficiency. To this effect, we consider a set of small functional
increments that one may want to add to C, and estimate their associated modifica-
tion efficiency. From these quantities, we can derive a measure of modifiability of the
component: a component C is more modifiable than a component C’ if it exhibits
higher modification efficiency on the set of functional increments. We discuss the
significance of this set of functional increments, and find that in practice it makes
sense to define such a set in a domain-specific manner: For a given application do-
main, one can think of a set of functional increments that one may want to add to
an application.
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Summary, Assessment and
Prospects

Summary

This thesis deals with measuring the reusability of a component; we take two distinct
approaches to this problem. The first approach, which is elaborated in parts II and III,
is empirical and relies on a return on investment model. The second approach, which
is elaborated in parts IV and V, is analytical and relies on capturing reuse activities by
means of formal specifications. In this section, we briefly review the two approaches and
discuss our contributions.

Empirical Approach

Traditionally, empirical approaches to measuring reusability proceed by identifying soft-
ware features that promote reuse, associating metrics to reflect these features, and using
the metrics to quantify reusability and compare reusable components. There are two
weaknesses in this approach: First, the link between the features and the measure of
reusability is not formally established; second, some of the features may be unquantifiable
or may be imperfectly reflected by the associated metrics. To address these weaknesses,
we have taken an approach that can be characterized by the following premises: first, the
measure of reusability is related to specific features of the software component by means
of a mathematical cost-benefit formula; second, the features that appear in the formula
can all be quantified.

Among our main findings in deriving the empirical measure of reusability, we mention:

¢ Definition of a component-level ROI model, that reflect the cost benefit anal-
ysis of storing a component for software reuse. Given a reuse library, and a software
component (say C), we view the decision to store component C in the library as
an investment-like decision, where the upfront investment costs include the cost of
validating and packaging the component, and the long term periodic costs include
the overhead of maintaining the component in the library. In return, the long term
benefits of storing the component include gains in programmer productivity and
program quality. On the basis of this view, we define the reusability of a software
component as the return on investment associated with the option of storing the
component in the reuse library. In deriving this measure, we equate all the costs
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and benefits (including quality benefits) in terms of man months, and compute the
reusability value using existing software cost models as well as empirical data on soft-
ware reuse. We view this measure as a means to quantify the decision of whether a
component should be or should not be stored in the reuse library.

¢ Deriving auxiliary reusability measures, such as long term reusability, intrin-
sic reusability, long term intrinsic reusability, break even frequency, and long term
break even frequency. Long term reusability is the reusability of a component over
an indefinite number of years. Intrinsic reusability is the derivative of the reusability
measure with respect to frequency; hence, it reflects exclusively the features of the
component and can be used to compare components in case we have no informa-
tion on their frequency of reuse. Break-even frequency is the frequency for which
the reusability takes a special value; the interest of break-even frequency is that
we no longer ask the question "what is the expected reuse frequency of this com-
ponent?”; rather we ask "do we expect the reuse frequency of this component to
exceed this break-even value?”. Long term intrinsic reusability and long term break
even frequency are the values of intrinsic reusability and break even frequency over
an indefinite period of time.

¢ A detailed investigation of all the cost factors that intervenme in the
reusability measures, and a discussion of means to compute them in practice.
To estimate the cost factors, we use a number of existing cost models as well as
existing statistical data from controlled experiments.

¢ Development of a CASE tool that assists in collecting appropriate information
and computes the different reusability measures. This tool elicits information about
the components at hand, the software library where the component is being intro-
duced, as well as the expected use of the component and produces estimates of the
various reusability measures of the component. Subsequent versions of this tool are
designed to make provisions for incomplete information, to calibrate cost models to
an organization, and to maintain organization-wide reusability information.

Analytical Approach

Our experience with the empirical approach to software reusability leads us to the ob-
servation that the reusability of a component (as defined by the return on investment
model) is dependent on two families of factors: intrinsic factors, that deal with qualities
of the component; and environmental factors, that deal with features of the environment
in which the component is reused. Intrinsic factors include: generality, encapsulation, ab-
straction, which promote the likelihood that the component matches a given query (black
box reuse); modularity, understandability, structure, which promote the ease of modifica-
tion of the component (white box reuse). It is possible to define these features, represent
them and reason about them provided we have a mathematical foundation that captures
reuse related processes and products.

The purpose of parts IV and V is to provide such a foundation; among the main
contributions of these parts, we mention the following:
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* A specification model that can be used to specify reusable components and queries
of reuse libraries.

¢ The implementation of a reuse library that features perfect retrieval precision
(all retrieved components are relevant) and arbitrarily good retrieval recall (ratio
of retrieved components over relevant components). The retrieval recall can be
improved arbitrarily by inserting a larger number of specifications (hence discrimi-
nating more and more among components).

¢ The definition of a calculus of program modifications, whose purpose is to
guide the modification of a component C to satisfy a query K in a stepwise fashion.

e The definition of measures of functional distance between specifications.
We have defined several measures of semantic distance between specifications and
have investigated their use for approximate retrieval. Generally speaking, these
measures reflect the amount of functionality that two specifications have in common
as well as the amount of functionality that discriminates between two specifications.
These measures of distance can be used in practice to identify, among a set of
components in a reuse library, those that are closest to a given query; also, given a
query and a candidate component, some measures can help answer the question ”is
C close enough to K that it is worthwhile to modify C to satisfy K7”.

* The definition of measures of structural distance between specifications.
We have investigated applications of this measure of distance for the analytical
definition of measures of modifiability.

Assessment

Among the distinguishing features of our empirical work on a measure of reusability, we
mention:

o All the cost factors are quantified, and all are quantified in a uniform unit, namely
the person month.

o The relationship between the individual cost factors and the measure of reusabil-
ity is a straightforward mathematical relationship, which results from an economic
analysis of the situation at hand.

e All the cost factors that are used in the reusability measure can be estimated with
adequate precision at the time when reusability must be evaluated (and the reuse
decision must be taken).

e Because it is based on an economic analysis, the reusability can be readily used for
decision making, following the same criteria that are applied within the organization
to other investment decisions. For example one may decide that components with a
negative reusability are rejected outright, that components with a reusability greater
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than 2 are accepted outright, and that component with a reusability between 0 and
1 are inspected further.

As for our work on a formal basis of software reuse, we feel that it enables us to capture
a wide range of processes and activities using a single mathematical framework. With its
emphasis on formal specifications, correctness preservation, and retrieval precision, our
work attempts to achieve the same goal (for software reuse) as structured programming
(for program construction).

Prospects

Among the prospects we envisage for our work on an empirical measure of reusability, we
mention:

e Continue the development of the ARESsystem, by elaborating version 1.0 and pro-
ducing versions 1.1 and 1.2.

e Define normal values of reusability for existing reuse libraries (for example, in the
ASSET library, compute the minimum reusability, maximum reusability, average
reusability, standard deviation, reusability variance).

e Define reusability standards based on the normal values: for example, a reuse library
whose reusability values are found to be lower than some threshold can be diagnosed
as having weak inclusion criteria (undeserving components are included); a reuse
library whose reusability values are found to be higher than some threshold can
be diagnosed as having strong inclusion criteria (some useful components may have
been overlooked); a reuse library that has a reusability variance greater than some
value can be diagnosed as having erratic (inconsistent) inclusion criteria.

As for the formal basis of software reuse, we are interested in extending it by consolidating
its mathematical results, and on the practical side by correlating analytical measures to
structural metrics of the components at hand.
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This part includes four appendices: in the first appendix we present the original ver-
batim text of our survey form, whose rationale we discuss in the second appendix. In the
third appendix we present the source code for our reusability assessment package Finally,
in appendix D we present data pertaining to the experimentation of our reusability mea-
sures on sample Grady Booch components [15]. These are: a list, a queue, a dequeue, a
ring and a string. For each, we present the source code in Ada, the logfile of PC-Metric,
as well as the logfile of ARES; these results are commented in chapter 8.



220



Appendix A

Reuse Survey Form

In this survey we seek the assistance of reuse practitioners in deriving an estimation model for a reusability
measure of a given software component. In the preamble we explain the context of our work; then we give
a detailed questionnaire that we ask interested parties to fill out and return to us. We are using this form
to derive a number of separate cost models so that even if you cannot answer all the questions, we can still
make use of your data. This survey encourages intelligent guessing when hard numbers are not available.
Your best guess or expert opinion is better than no data at all.

The information you provide will be treated confidentially. Only summary statistics which do not
reveal data specifically about individuals or organizations will be published.

A.1 Preamble

We are working on a measure of software reusability. Our measure aims to quantify the decision of the
domain engineer, who must determine whether a given software component (asset) is worthy of being
stored in a library of components for possible future reuse —in light of its reuse potential. Our measure
reflects the expected long term person-month savings achieved by storing the component, and takes into
account the upfront investment costs as well as the long term returns (in terms of product quality and
programmer productivity).

Our measure depends on such factors as: the estimated cost to prepare the component for storage
(for future retrieval); the cost of maintaining the component in store; the cost of retrieving it for verbatim
reuse, as well as white box reuse; the gain in quality, achieved by reusing this component (versus developing
it from scratch); the estimated frequency with which this component will be retrieved, and the frequency
with which it will actually be (re-)used; the discount rate that the management of your organization applies
on its investments, and the terms within which your organization expects investments to pay off; the cost
of instantiating or modifying components once they are retrieved and selected for reuse.

The purpose of this form is to collect data about all these cost factors and build models that allow us
to estimate them at the time when the decision to store the component must be made.

A.2 Interviewee’s Affiliation

Company:

Address:
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Name of the participants:

Phone numbers:

e-mails:

Date:

¢ Do you wish to receive a copy of the results of this survey?

ee— Yes e No

A.3 Library Identity

In this part, we wish to enquire whether you maintain a library of software components; if so, we are
interested in collecting some data about the application domain of this library as well as some indication
of its level of usage.

Does your organization maintain a library of software
components?
-—e Yes - No

If you are maintaining a library, please answer the following questions. If not, please go directly to
section 3.

1. Name of the library:

2. Size (number of components):

3. Library class:

For private use
Public domain

Developed in an academic environment

For use at a single site

For use at multiple sites

4. Library type:

spooe
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a. Scientific or mathematical components

b. Communications or telecommunications components

c. Process control components

d. Graphics, animation or image processing components
e. Robotics or mechanical automation components

f. Artificial intelligence components

g- Systems or support components

h. Other (please specify)

If possible, characterize the domain at two or three levels of generality. For example
Telecommunications sofiware
Communications protocols
ISO compatible packages.
Given that the first level is given in the question above, give below the second and third levels.

Second level:
Third level:

3. Level of Activity:
Give an estimate of the level of software development activity that is making use of the software
reuse library at hand. We measure this level of activity by means of two factors:

Volume of code produced annually:

Lines of Code

In the measure of volume of code, we include the code that
is reused. For the sake of uniformity, we define a line of
code as any line of program text that is not a comment or
blank line, regardless of the number of statements or
fragments of statements on the line.

Total annual manpower: PersonMonths

Volume of Function Points produced annually: FP

A.4 Library Operation
A.4.1 Storage Costs

1. Entry structure: We are interested in collecting data about what information is recorded in the
entry of a software component; also, we wish to enquire about the structure of this information.

What is the structure of a component entry in the reuse library?

2. Entry costs: It is conceivable that the cost of entering a component in the database depends on
some features of the component (e.g. the amount of data that you have to collect about it). If so,
we wish to identify those features.

Does the cost of including a component depend on the component?
Yes —w= No
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If so, vhat features does it depend on?

What was the cost of including the component at hand?
(person-days)

A.4.2 Retrieval Algorithms

We consider two kinds of retrieval in a library of software components: ezact retrieval, where a requirements
specification is submitted for the purpose of identifying library components that satisfy those requirements;
approzimate retrieval, where a requirements specification is submitted for the purpose of identifying library
components that approximate those requirements as closely as possible.

1. Design of the Algorithm for Exact Retrieval: Exact retrieval could be based on matching

keywords, comparing functional features, applying a formal procedure to check whether a library
component subsumes the submitted requirements specification, etc.. We are interested in charac-
terizing the algorithm as precisely as possible.

What algorithm is used in this library for exact retrieval?

- Design of the Algorithm for approximate retrieval:

We assume that whenever we cannot find in the library a component that satisfies our query, we
invoke some procedure of approximate retrieval, whereby we do not insist that candidate compo-
nents subsume the requirements of the query; rather we content ourselves with components that
approximate them (e.g. satisfy most of the requirements, partly satisfy all of them, ..).

Please give details about the retrieval algorithm; in particular, we
are interested in determining under what condition do we consider that
a candidate component (approximate)-matches the query that is submitted.

Performance of the Algorithm of approximate retrieval: Retrieval algorithms are evaluated
on the basis of their precision, which measures the ratio of the number of retrieved and relevant
components over the number of retrieved components; and their recall, which measures the ratio
of the number of retrieved and relevant components over the number of relevant components. As
usual, expert estimates are an acceptable substitute for hard data.

We are interested in an estimation of the average performance of the
approximate algorithm that is being used, in terms of its precision
and recall. Be as specific as possible (e.g. the precision of this
algorithm, computed over a total of 200 approximate retrievals, is
45 percent).
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A.5 Component Identity

We are assuming that you are monitoring a situation where software components are maintained in store for
the purpose of software reuse; this store may be a formal software library, or some informal approximation
thereof. We seek information about a component of your choice, about which you have accurate data. If
you have, and wish to provide, data about more than one component, please duplicate parts A.5 to A.8.3
(pages 225 to 229).

1. Name of the Component:

2. Function: Describe the exact function of the component, with sufficient detail to discriminate it
from other components in the library. If a formal specification is available for this component (and
is not classified) so much the better.

Component’s functional specification:

3. Competition: If you maintain a library of software components, do you know of any components
in the library that are more specific than the current component? For example, if the current
component is a sorting routine that acts on a generic array type, we want to know whether there
exists a sorting routine on integer arrays in the library.

Routine name How it specializes component at hand

4. Generality: List all the parameters that can be set by a user of this component as part of an
instanciation; for each parameter, give the type and the size (in case the size cannot be inferred
from the type).

Parameter name Type Size Comment

5. Source Language: Programming Language(s) in which the component is written:
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A.6 Frequency

Among the key factors that intervene in the estimation of reusability is the frequency with which the
component is expected to be reused for the particular application domain of the library. We recognize two
separate measures of frequency, namely: the frequency with which the component is used verbatim, after
instanciation; and the frequency with which it is used after modification.

1. Frequency of Exact Retrieval:
Give the frequency of use of this component in a typical/average year. This is NOT the number of
times the component is retrieved (it may be retrieved but not used); it is the number of times the
component is ACTUALLY used VERBATIM, by instanciation (rather than by modification).

Frequency: times / a year

2. Frequency of Approximate Retrieval: Give the frequency with which the component at hand
is approximate -retrieved in a typical year and reused after modification. DO NOT include the
number of times when the component was retrieved then discarded; ONLY include those cases
when the component was reused, after modification.

Frequency: times / a year

A.7 Ivestment Factors

Investment factors include: the cost of reengineering the component; the cost of verifying the component
(up to the standards of the reuse library); the cost of baselining the component. These will be discussed
in turn below.

A.7.1 Reengineering costs

We use the term "Reengineering’ to refer to the process whereby a component that was derived for a single
use is reengineered so as to be more general, more parameterized, and to have more standard interfaces.
The cost of this task depends primarily on structural properties of the component. Give the following data
about this component (to the extent that it is available):

Reengineering cost, in PM:

Development cost, in PM:
Function Point Count, FP:

Structural features (obtained, eventually, by a metrics package)

Size, in LOC:

Halstead’s Total number of tokens, N:
number of operators, Ni:
number of operands, N2:
volume, V:
effort, E:
development time, T:
number of subprograms, NS:

McCabe'’s Cyclomatic Complexity, VG:
average cyclomatic complexity, AVG: ______________
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A.7.2 Verification costs

In addition to the verification the component; may have undergone within its original host system, it must
be further verified before inclusion in a reuse library.

Give a summary of the reliability standards that are enforced in the
reuse library at hand (required reliability, structural properties,
reliability-related programming standards):

Give the cost of verification:

(person-months)

A.7.3 Baselining Costs
Once the component has been duly reengineered and verified, it must be included in the reuse library. We
are interested in the costs associated with this procedure.

Does your organization have a formal procedure for component review
prior to including a component in a reuse library?

If so, give main steps/phases of this procedure:

How many people are involved in this process?
How long did it take to baseline this component?

A.8 Customization Factors

We are interested in evaluation costs, instanciation costs for components that are used verbatim, and
modification costs for components that are used after modification.

A.8.1 Evaluation Costs

Evaluation refers to the steps whereby a component that has been retrieved is evaluated with respect to
such questions as: can this component be used verbatim? does it have to be modified? does the cost of
modification approach or exceed the cost of development from scratch? was this component retrieved by
mistake (lack of precision of the retrieval algorithm)?

Give measures of person-month effort of evaluating this component
over all reuse occurences that you have recorded in the past.
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Approximate Date Evaluation Effort

If you have no precise data, could you give an expert opinion
about the average instanciation cost?

(person months)

A.8.2 Instantiation Costs

Give measures of person-month effort required to instantiate this

component over all verbatim reuse occurences that you have recorded
in the past.

Approximate Date Evaluation Effort

If you have no precise data, could you give an expert opinion
about the average instanciation cost?

(person months)

A.8.3 Adaptation Costs

Give measures of person-month effort required to adapt this component
over all non verbatim reuse occurences that you have recorded in the
past.

Approximate Date Evaluation Effort
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If you have no precise data, could you give an expert opinion
about the average instanciation cost?

(person months)

A.9 Strategic Factors

Our measure of reusability depends on two strategic factors, which are the discount rate and the investment
period.

1. Discount Rate: We define the discount rate as follow: if you have the opportunity to exchange 1
person month today against (1 + d) person months in a year, what is the smallest value of d under
which you will accept the opportunity.

Does your organization have a standard discount rate pertaining
to the time value of its resources (dollars, person-months, etc..)?

e Yes e No

If it does, give the value of the standard discount rate.

2. Investment Period: We define the investment period as the length of time within which your
organization expects to recover its investment costs.

Does your organization have a standard investment period pertaining
to investment-like decisions?

eee Yes - No

If it does, give the value of the standard investment period.

A.10 Concluding Remarks

Upon replying to these questions, please mail, e-mail or fax this completed form to

Rym Mili
Eric Jonsson School of Engineering and Computer Science
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University of Texas at Dallas
Box 830688
Richardson, TX 75083-0688 USA

e-mail: rmiliCGutdallas.edu
fax: (214) 883 2349

if you know of any other practitioners/developers who may be willing to give answers, please feel free to
pass it on to them.

Thank you very much for your contribution.
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A Reuse Survey

B.1 Survey Form

In this section we review the survey form and discuss the rationale behind the questions
that it asks; then we report on the survey that we have conducted with this form. The
original text of this survey will be presented here, i small font size; our comments are
presented in normal size Roman font. The original version of the survey form is given in
appendix A.

B.1.1 Interviewee’s Affiliation

This part is optional; you may decline to answer part or all of the questions of this part. In any case,
no affiliation information will be published; however, information about your organization will allow us to
identify organization-related trends or correiations.

Company:

Address:

Name of the participants:

Phone numbers:
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e-mails:

Date:

¢ Do you wish to receive a copy of the results of this survey?

e— Yes —- No

This identifies the organization and presents the interviewee’s function and responsi-
bilities within the organization. We do not publish the organization’s name, but we do
need it for our purposes, to identify organization-specific or industry-specific trends and
correlations.

B.1.2 Library Identity

In this part, we wish to enquire whether you maintain a library of software components; if so, we are
interested in collecting some data about the application domain of this library as well as some indication
of its level of usage.

Does your organization maintain a library of software
components?
~-- Yes - No

If you are maintaining a library, please answer the following questions. If not, please go directly to section

9.

1. Name of the library:

2. Size (number of components):

3. Library class:

a. For private use ————————
b. Public domain

c. Developed in an academic environment

d. For use at a single site

e. For use at multiple sites

4. Library type:
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a. Scientific or mathematical components ———e——————
b. Communications or telecommunications components

c. Process control components

d. Graphics, animation or image processing components

e. Robotics or mechanical automation components

f. Artificial intelligence components

g- Systems or support components

h. Other (please specify)

If possible, characterize the domain at two or three levels of generality. For example
Telecommunications software
Communications protocols
ISO compatible packages.
Given that the first level is given in the question above, give below the second and third levels.

Second level:
Third level:

The library class gives an indication of the size of the potential clientele of the
library. This, in turn, allows us to normalize many measures to the size of the user
community. For example, if component A is used twice as often as component B, is
it because A is twice as useful or because the user community that has access to A
is twice as large?

On the other hand, the library type gives an indication of the general application
domains of components in the library. It is quite conceivable that the reusability
characteristics of components vary a great deal by application domain: for example,
numeric routines have been routinely reused in numerical analysis applications, with
little or no reuse technology. By contrast, data processing components have not,
historically been available for reuse. The rationale for this contrast is the following:

e Numeric analysis components have a low coupling, i.e. communicate with the
outside world over a narrow bandwidth. This enhances their chance of being
matched with a particular application.

e While in numeric applications the source of difficulty is the complexity of the
function to be computed, in data processing applications the source of difficulty
is the organization of data. The likelihood that the same function be used often
is greater than the likelihood that the same data organization be used often.

¢ Numeric analysis applications represent, on average, a larger development effort
per line of code than data processing applications. Hence there is more incentive
to reuse numeric applications than data processing applications.
5. Level of Activity:

Give an estimate of the level of software development activity that is making use of the software
reuse library at hand. We measure this level of activity by means of two factors:

Volume of code produced annually:

Lines of Code
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In the measure of volume of code, we include the code that
is reused. For the sake of uniformity, ve define a line of
code as any line of program text that is not a comment or
blank line, regardless of the number of statements or
fragments of statements on the line.

Total annual manpower: Person Months

Volume of Function Points produced annually: FP

This question allows us to normalize our results for the level of development activity
within the organization. We propose three distinct (but closely related) measures of
activity level: the volume of code produced annually; the total manpower spent on
development; and the total volume of function points that are produced annually. It
is reasonable to expect that the reuse frequency of a component is linearly dependent
on the level of development activity within that organization.

B.1.3 Library Operation
B.1.3.1 Storage Costs

1. Entry structure: We are interested in collecting data about what information is recorded in the

entry of a software component; also, we wish to enquire about the structure of this information.

What is the structure of a component entry in the reuse library?

The effort to store a component in the library depends, of course, on the structure
of this entry. Note that this applies whether we are dealing with manual storage
and retrieval, or with automated storage and retrieval.

Entry costs: It is conceivable that the cost of entering a component in the database depends on

some features of the component (e.g. the amount of data that you have to collect about it). If so,
we wish to identify those features.

Does the cost of including a component depend on the component?
Yes -=w No

If so, vhat features does it depend on?

What vas the cost of including the component at hand? ___________
(person-days)
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In principle, we expect that the cost of storing a component in the library depend
on the procedures that are in force in the organization at hand, but does not depend
necessarily on the component at hand (or depends so little that it is not perceptible).
Nevertheless, in case interviewees feel that some aspects of the component influence
storage costs, we are interested to learn about them.

B.1.4 Retrieval Algorithms

We consider two kinds of retrieval in a library of software components: ezact retrieval, where a requirements
specification is submitted for the purpose of identifying library components that satisfy those requirements;
approzimate retrieval, where a requirements specification is submitted for the purpose of identifying library
components that approximate those requirements as closely as possible.

1. Design of the Algorithm for Exact Retrieval: Exact retrieval could be based on matching
keywords, comparing functional features, applying a formal procedure to check whether a library
component subsumes the submitted requirements specification, etc.. We are interested in charac-
terizing the algorithm as precisely as possible.

What algorithm is used in this library for exact retrieval?

In principle, this question is meaningful only if we are dealing with an automated
retrieval algorithm. In practice, even informal algorithms may be correlated with
performance measurement. Note that we have already asked for the size of the reuse
library; our intention is that the combination of the size and the algorithm should
give us means to build an estimation model for retrieval costs.

2. Design of the Algorithm for approximate retrieval: We assume that whenever we cannot
find in the library a component that satisfies our query, we invoke some procedure of approximate
retrieval, whereby we do not insist that candidate components subsume the requirements of the
query; rather we content ourselves with components that approximate them (e.g. satisfy most of
the requirements, partly satisfy all of them, ..).

Please give details about the retrieval algorithm; in particular, we
are interested in determining under what condition do we consider that
a candidate component (approximate)-matches the query that is submitted.

We realize that for informal retrieval procedures (using e.g. hypertext or library-
inspired techniques) there is no difference, in fact, between exact retrieval and ap-
proximate retrieval: The same process is used to find components that match or
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approximate the user query. If formal procedures are used, the algorithm for ap-
proximate retrieval may be significantly different, and may have a substantially
different performance, than the exact algorithm: consider, for illustration, the algo-
rithm discussed in chapter 11. In this algorithm, a library component is considered
to approximate-match the user query if it minimizes (some aspect of) functional
distance to the query.

Performance of the Algorithm of approximate retrieval: Retrieval algorithms are evaluated
on the basis of their precision, which measures the ratio of the number of retrieved and relevant
components over the number of retrieved components; and their recall, which measures the ratio
of the number of retrieved and relevant components over the number of relevant components. As
usual, expert estimates are an acceptable substitute for hard data.

We are interested in an estimation of the average performance of the
approximate algorithm that is being used, in terms of its precision
and recall. Be as specific as possible (e.g. the precision of this
algorithm, computed over a total of 200 approximate retrievals, is
45 percent).

We expect that the performance of the approximate retrieval, in those instances
where it is distinct from the exact retrieval, is fairly independent from the precise
algorithm (or from the definition of approximate match) and is dependent instead
on the size of the reuse library. Nevertheless, we choose to submit this question, in
case a trend appears.

B.2 Component Identity

Our measure of reusability depends on a wide range of cost factors that are specific to the
component at hand. These are the subject of parts B.2 to B.5.3.

We are assuming that you are monitoring a situation where software components are maintained in
store for the purpose of software reuse; this store may be a formal software library, or some informal
approximation thereof. We seek information about a component of your choice, about which you have
accurate data. If you have, and wish to provide, data about more than one component, please duplicate
parts B.2 to B.5.3 (pages 236 to 242).

L.

2.

Name of the Component:

Function: Describe the exact function of the component, with sufficient detail to discriminate it
from other components in the library. If a formal specification is available for this component (and
is not classified) so much the better.
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Component’s functional specification:

A precise definition of the function of the component is essential if we are to un-
derstand what determines the reuse frequency of a component, or what makes a
component reuse worthy. In particular, the more generic the component’s function,
the more likely the component is to be reused.

Competition: If you maintain a library of software components, do you know of any components
in the library that are more specific than the current component? For example, if the current
component is a sorting routine that acts on a generic array type, we want to know whether there
exists a sorting routine on integer arrays in the library.

Routine name How it specializes component at hand

This question complements the previous question: a component may well be very
generic and offer a considerable reuse potential. But if the reuse library contains
a large number of components that specialize this component (in different ways).
If the retrieval algorithm has a good recall (i.e. retrieves all the components that
are relevant) then this component runs a risk of being overshadowed by those that
specialize it; hence the rationale for this question.

Generality: List all the parameters that can be set by a user of this component as part of an
instantiation; for each parameter, give the type and the size (in case the size cannot be inferred
from the type).

Parameter name Type Size Comment

-

-

The genericity of a component is a very subjective notion, which is quite difficult
to define formally. A trivial way to measure it is by means of the bandwidth of
communication that occurs between the component and its calling environment.
This is the rationale for this question, where we are interested not only in the
number of parameters, but also their type and (to the extent that it is not always
implied by the type) their size.

Source Language: Programming Language(s) in which the component is written:
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Programming languages play a vital role in promoting or hindering the reusability of
a given component. The feature that has the greatest impact in this regard is that
of scoping rules: Modular languages in general, and object oriented languages in
particular, are best equipped to promote reuse; whereas block structured languages,
despite their widespread use, are ill-equipped.

B.3 Frequency

In this section we enquire about the frequency of reuse of the component at hand, by
considering in turn the frequency of exact retrieval and the frequency of approximate
retrieval. Our intention is to relate these frequencies to three sets of features: first, features
of the component’s functional specification (such as, how generic the specification is, how
low is its coupling); second, features of the component’s implementation (such as the
simplicity of its design, the ease of instantiating it or adapting it); finally, features of the
application domain of the reuse library (such as the pervasiveness of the component within
the application domain).

Among the key factors that intervene in the estimation of reusability is the frequency with which the
component is expected to be reused for the particular application domain of the library. We recognize two
separate measures of frequency, namely: the frequency with which the component is used verbatim, after
instantiation; and the frequency with which it is used after modification.

1. Frequency of Exact Retrieval: Give the frequency of use of this component in a typical/average
year. This is NOT the number of times the component is retrieved (it may be retrieved but not
used); it is the number of times the component is ACTUALLY used VERBATIM, by instantiation

(rather than by modification).

Frequency: times / a year

2. Frequency of Approximate Retrieval: Give the frequency with which the component at hand
is approximate -retrieved in a typical year and reused after modification. DO NOT include the
number of times when the component was retrieved then discarded; ONLY include those cases
when the component was reused, after modification.

Frequency: times / a year

B.4 Investment Factors

[nvestment factors include: the cost of reengineering the component; the cost of verifying the component
(up to the standards of the reuse library); the cost of baselining the component. These will be discussed

in turn below.
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B.4.1 Reengineering costs

We use the term "Reengineering’ to refer to the process whereby a component that was derived for a single
use is reengineered so as to be more general, more parameterized, and to have more standard interfaces.
The cost of this task depends primarily on structural properties of the component. Give the following data
about this component (to the extent that it is available):

Reengineering cost, in PM:

Development cost, in PM:
Function Point Count, FP:

Structural features (obtained, eventually, by a metrics package)

Size, in LOC:

Halstead’s Total number of tokens, N:
number of operators, Ni:
number of operands, N2:
volume, V:
effort, E:
development time, T:
number of subprograms, NS:

McCabe’s Cyclomatic Complexity, VG:
average cyclomatic complexity, AVG: _____

Existing software cost estimation models have built in equations that deal with the cost
of modifying a component, which is what reengineering really is. However, we felt that
reengineering for the purpose of software reuse is sufficiently unique in its goals (genericity,
design integrity, documentation) and its processes that a specific cost estimation model
may be justified. In this question, we enquire about traditional cost drivers (such as
the line of code count and the function point count) as well as structural features of the
component at hand (such as Halstead’s metrics and McCabe metrics).

B.4.2 Verification costs

In addition to the verification the component may have undergone within its original host system, it must
be further verified before inclusion in a reuse library.

Give a summary of the reliability standards that are enforced in the
reuse library at hand (required reliability, structural properties,
reliability-related programming standards):

Give the cost of verification:

(person-months)
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The comment we made earlier about reengineering costs applies equally well to veri-
fication costs: even though existing cost models make provisions for estimating the cost
of verifying a component, we felt that it is worthwhile to investigate the possibility of a
reuse specific model.

B.4.3 Baselining Costs

Once the component has been duly reengineered and verified, it must be included in the reuse library. We
are interested in the costs associated with this procedure.

Does your organization have a formal procedure for component review
prior to including a component in a reuse library?

If so, give main steps/phases of this procedure:

Hov many people are involved in this process?
How long did it take to baseline this componment? _______

We expect that baselining vary little from component to component, and that they
depend primarily on the procedures that are practiced in the organization at hand. By
asking this question, we seek to get an idea about the range of values of these costs.

B.5 Customization Factors

We are interested in evaluation costs, instantiation costs for components that are used verbatim, and
modification costs for components that are used after modification.

B.5.1 Evaluation Costs

Evaluation refers to the steps whereby a component that has been retrieved is evaluated with respect to
such questions as: can this component be used verbatim? does it have to be modified? does the cost of
modification approach or exceed the cost of development from scratch? was this component retrieved by
mistake (lack of precision of the retrieval algorithm)?

Give measures of person-month effort of evaluating this component
over all reuse occurrences that you have recorded in the past.

Approximate Date Evaluation Effort
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If you have no precise data, could you give an expert opinion
about the average instantiation cost?

(person months)

The step of evaluation is one step that has no equivalent in the traditional development
lifecycle. Hence it is unlikely that existing cost models, that are geared towards software
development, can be of much help in assessing the cost of this step. On the other hand,
we expect that the cost of this step is fairly small, fairly independent on the component,
rather dependent on the operational procedures that are in use in the organization; and
in general we expect that practicing analysts generally have a fairly accurate idea about
this cost.

B.5.2 Instantiation Costs

Give measures of person-month effort required to instantiate this
component over all verbatim reuse occurrences that you have recorded
in the past.

Approximate Date Instantiation Effort

If you have no precise data, could you give an expert opinion
about the average instantiation cost?

(person months)

The comment we made earlier about evaluation costs applies equally well to instan-
tiation costs: because these steps are not part of the traditional development cycle, it is
unlikely that traditional cost estimation models can be of use in estimating their cost. Like
evaluation costs, we expect instantiation costs to be fairly small and rather dependent on
the organization’s operational procedures. Unlike evaluation costs, we expect that instan-
tiation costs be dependent on the component at hand (although perhaps marginally).

B.5.3 Adaptation Costs

Give measures of person-month effort required to adapt this component
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over all non verbatim reuse occurrences that you have recorded in the
past.

Approximate Date Evaluation Effort

If you have no precise data, could you give an expert opinion
about the average instantiation cost?

(person months)

Unlike evaluation costs and instantiation costs, adaptation costs are provided for by
existing development cost models. But because they are provided for in the context of
software maintenance, we feel that perhaps the conditions are sufficiently different from
software reuse to warrant a separate enquiry.

B.6 Strategic Factors

Our measure of reusability depends on two strategic factors, which are the discount rate and the investment
period.
1. Discount Rate: We define the discount rate as follow: if you have the opportunity to exchange 1

person month today against (1 + d) person months in a year, what is the smallest value of d under
which you will accept the opportunity.

Does your organization have a standard discount rate pertaining
to the time value of its resources (dollars, person-months, etc..)?

Yes e No

If it does, give the value of the standard discount rate.

As a default option, a respondent may give the corporate discount rate, as decided
by the corporate strategic planners. The respondent may revise the corporate figure
upward or downwards, dependent on whether the software development department
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is experiencing a staffing shortage (making it less worthwhile to invest person months
now, even if it produces subsequent gains) or a staffing surplus (making it worthwhile
to divert staffing resources to software reuse, if only for the sake of keeping them
busy and motivated). In the first case we revise d upwards; the second case we revise
it downwards from the corporate value.

2. Investment Period:

We define the investment period as the length of time within which your organization expects to
recover its investment costs.

Does your organization have a standard investment period pertaining
to investment-like decisions?

—- Yes - No

If it does, give the value of the standard investment period.

As a default option, a respondent may give the corporate investment cycle, as pro-
vided by the corporate strategic planners. The respondent may revise the figure
downwards if, for example, he does not have management support for his venture
into software reuse, and wishes to make his case on a short term basis. Alterna-
tively, if corporate management is committed to software reuse, and is interested in
the long term, this figure may be revised upwards.

B.7 Concluding Remarks

Upon replying to these questions, please mail, e-mail or fax this completed form to

Rym Mili

Eric Jonsson School of Engineering and Computer Science
University of Texas at Dallas

Box 830688

Richardson, TX 75083-0688 USA

e-mail: rmiliCutdallas.edu
fax: (214) 883 2349

if you know of any other practitioners/developers who may be willing to give answers, please feel free to
pass it on to them.

Thank you very much for your contribution.
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Appendix C

Reusability Estimation Program

wm title . "ARES Version 1.0"

wm geometry . 750x250

. configure -background SeaGreen2

message .msg -font -Adobe-times-bold-r-normal--s-180s \

~relief raised \

-width 1000 \

~justify center \

~borderwidth 1 -text " Automated Reuse Estimation System \nversion 1.0 " -padx 0

button .click -text "click here" \
-command {
destroy .
exec wish -f mainmenu
}

pack .msg -side top -expand yes -fill both
pack .click -side right

#!/usr/bin/wish -f

#define the frame for placing the menu
wm title . "ARES Version 1.0%

frame .mbar -relief raised -bd 2

-mbar configure -background blue

frame .dummy -width 20c -height 10c
.dummy configure -background lightblue3
pack .mbar .dummy -side top -fill x

# realize the frame on the screen

fmessage .msg -font -Adobe-times-medium-r-normal--s-180s -relief raised \
$~width 1000 \

#-borderwidth 1 -text " Automated Reuse Estimation System "

#pack .msg -side bottom -expand yes -£ill both

#define the file menu

menubutton .mbar.file -text " File " -underline 0 \
-menu .mbar.file.menu

245
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menubutton .mbar.lifecycle -text " Lifecycle " -underline 0 \
-menu .mbar.lifecycle.menu

Srealize the menus on the frame

pack .mbar.file .mbar.lifecycle -side left

#define the options for the file menu

menu .mbar.file.menu

-mbar.file.menu add radiobutton -label Open -variable simvar \
-command "exec wish -f error &"

-mbar.file.menu add radiobutton -label Copy -variable simvar \
~command "exec wish -f error &"

-mbar.file.menu add radiobutton -label Delete -variable simvar \
~command "exec wish -f error &"

-mbar.file.menu add radiobutton -label Search -variable simvar \
-command "exec wish -f error &"

.mbar.file.menu add command -label "Quit" \

-command "destroy ."

#define the options for the lifecycle menu

menu .mbar.lifecycle.menu

-mbar.lifecycle.menu add cascade ~label "Synchronous" \
-menu .mbar.lifecycle.menu.synchronous
-mbar.lifecycle.menu add cascade -label "Asynchromous" \
-menu .mbar.lifecycle.menu.asynchronous

#define the menu for the Synchronous menu

menu .mbar.lifecycle.menu.synchronous

-mbar.lifecycle.menu.synchronous add radiobutton -label "Waterfall Predefined” \
-~command "exec wish -f syncwaterfall & "

-mbar.lifecycle.menu.synchronous add radiobutton -label "Waterfall Customized" \
-command “exec wish -f error & "

-mbar.lifecycle.menu.synchronous add radiobutton -label "Spiral" \

-command "exec wish -f error & "

#define the menu for the Asynchronous menu

menu .mbar.lifecycle.menu.asynchronous

-mbar.lifecycle.menu.asynchronous add radiobutton -label "Waterfall Predefined" \
-command "exec wish ~f error k "

-mbar.lifecycle.menu.asynchronous add radiobutton -label "Waterfall Customized” \
-command "exec wish -f error & "

-mbar.lifecycle.menu.asynchronous add radiobutton ~label "Spiral" \

-command "exec wish -f error &k "

#realize the final menu setup on the window
tk_menuBar .mbar .mbar.file .mbar.lifecycle
focus .mbar

#!/usr/bin/wish -f

#define the canvas vith the required parameters and of the required type
wm title . "ARES Version 1.0 "

canvas .c -width 20c ~height 2ic -bg pluml -scrollregion {0 0 1000 700} \
-confine false -relief raised

#realize the canvas on the screen
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-c configure -background SeaGreen2

pack .c

bind .c <Any-Motion> { puts "%x,%y"}

frame .£2

pack .f2 -gide top

button .f2.bl -relief groove -text "Synchronous Waterfall Predefined Lifecycle"
pack .f2.bl -side left

frame .f1

pack .fl -side bottom

button .f1.bl -relief flat -text "Do you want to adopt this lifecycle?"
update

pack .f1.bl -side left

button .f1.b2 -text "OK" -command {exec wish -f syncmenu &
}

update

button .f1.b5 -text "Cancel" -command "quit quit"

update

pack .f1.b2 .f1.b5 -fill x -gide left

proc quit button {
destroy .

-C create rectangle 120 60 270 80 -outline black
-C create text 122 78 -text "Component Specification" -anchor sw

-C create rectangle 160 100 310 120 -outline black
-C create text 172 118 -text "Component Design" -anchor sw

-C create rectangle 200 140 350 160 -outline black
-C Ccreate text 222 158 -text "Coding and Test" -anchor sw

.c create line 270 70 295 70 -fill black
-c create line 295 70 295 100 -fill black -arrow last

.C create line 310 110 335 110 -fill black
.c create line 335 110 335 140 -arrowv last

.c create line 210 214 235 214
.c create text 240 220 -text "if reusable" -anchor sw -font 7x13
.c create line 320 214 345 214

-C create rectangle 240 260 380 280 -outline black
-C create text 262 278 -text "Reengineering" -anchor sw

-C create rectangle 280 300 430 320 -outline black
.C create text 312 318 -text "Verification" -anchor sw

-C create rectangle 320 340 470 360 -outline black
-C create text 362 358 -text "Baselining" -anchor sw

.c create line 380 270 405 270
.C create line 405 270 405 300 -arrow last
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.c create line 430 310 455 310
.c create line 455 310 455 340 -arrow last

-C create rectangle 120 450 270 470 -outlire black
-C create text 145 468 -text "Exact Retrieval"” -anchor sw

-C create rectangle 350 450 500 470 -outline black
-C create text 358 468 -text "Approximate Retrieval" -anchor sw

-C create rectangle 120 510 270 530 -outline black
-C create text 156 528 -text “"Instantiation" -anchor sw

-C create rectangle 350 510 500 530 -outline black
-¢ create text 390 528 -text "Adaptation" -anchor sw

.c create line 195 470 195 510 -arrow last
.c create line 425 470 425 510 -arrow last

-C create rectangle 230 570 380 590 -outline black
-C create text 244 588 -text "Integration and Test" -anchor sw

.¢ create line 270 520 285 520
.c create line 285 520 285 570 -arrow last

.¢ create line 335 520 350 520
.¢ create line 335 520 335 S70 -arrow last

-C create rectangle 270 630 420 650 -outline black
-C create text 298 648 -text "Implementation" -anchor sw

-C create rectangle 310 690 500 710 -outline black
- create text 315 708 -text "Operations and Maintenance"” -anchor sw

.c create line 420 640 435 640
-C create line 435 640 435 690 -arrow last

.c create line 380 580 395 580
.c create line 395 580 395 630 -arrow last

#!/usr/bin/wish -f

##ttdefine the frame for placing the menu
wm title . "ARES Version 1.0"

frame .mbar -relief raised -bd 2

.mbar configure -background SeaGreen2
frame .dummy -width 18c -height 8c

pack .mbar .dummy -side top -fill x

#8% Initialization ###
set pdperpm 0.0§5
#20 person days per person month

set defaultlambda 0.62



#ratio freqx/freq

set invcycle 0
#investment cycle

set discount 0
#discount rate

set rls 0
$number of full time persons operating library

set sr 0
#annual effort searching library

set n 0
#number of components in library

set stor 0
#cost of storing component

set exact 0
#cost of exact retrieval

set aprox 0
#cost of approximate retrieval

set freqx 0
#freqency of exact retrieval

set freqa o
#frequency of approximate retrieval

set freq 0
#freqx + freqa

set lambda 0
#freqx/freq
set de 0

#development effort

set ruse 0
#reuse rate

set su (]
#software understanding

set dm 0
#percent design modification

set cm 0
Spercent code modification

set reeng 0
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$reengineering cost

set verif 0
#Sverif cost

set base 0
#baselining cost

set instance 0
#instanciation cost

set adapt 0
#adaptation cost

set rest 0
#integration and test cost

set first 0
#first part of lifecycle

set operprime 0
#annual operating cost without reuse

set oper 0
#annual operating cost with reuse

set absolutereu O
#absolute reusability

set intrinsicreu 0
#intrinsic reusability

set breakevenfreq 0
tbreak even frequency

set longtermabsreu 0
#long term absolute reusability

set longtermintreu 0
#long term intrinsic reusability

set longtermbef 0
#long term break even frequency

##%%define the reuse menu

menubutton .mbar.reuse -text " Reuse Costs " -underline 0 \
-menu .mbar.reuse.menu

.mbar.reuse configure -background SeaGreen2

menubutton .mbar.reusecosts -text " Display Reuse Costs " -underline 0 \
-menu .mbar.reusecosts.menu

-mbar.reusecosts configure -background SeaGreen2

menubutton .mbar.lifecycle -text " Reusability Measures " -underline 0 \



251

-menu .mbar.lifecycle.menu
-mbar.lifecycle configure -background SeaGreen2

menubutton .mbar.reusemeasures -text " Display Reusability Measures " -underline 0 \
-menu .mbar.reusemeasures.menun
-mbar.reusemeasures configure -background SeaGreen2

pack .mbar.reuse .mbar.reusecosts .mbar.lifecycle .mbar.reusemeasures -side left

#83888 REUSE COSTS SSSSS8SSSSSS8SSSIsSRES8RERERS0000000000RRS0RRRIRRREERE0E

menu .mbar.reuse.menu
-mbar.reuse.menu configure -fg SeaGreen

-mbar.reuse.menu add cascade -label " Strategic Factors " \
-menu .mbar.reuse.menu.strategic

.mbar.reuse.menu add cascade -label " Domain Factors " \
-menu .mbar.reuse.menu.domain

-mbar.reuse.menu add cascade -label "Component Factors "\
-menu .mbar.reuse.menu.component

.mbar.reuse.menu add command -label "Quit" \
-command {destroy .
destroy .c}

FEERRRRRRRARSRLLESLLI8L2222STRATEGIC FACTORSSSSESESSEISRSSLESRRLENERRESRALENAANE
menu .mbar.reuse.menu.strategic
-mbar.reuse.menu.strategic configure -fg SeaGreen

-mbar.reuse.menu.strategic add cascade -label " Corporate Factors "\
-menu .mbar.reuse.menu.strategic.corporate

-mbar.reuse.menu.strategic add cascade -label " Library Factors "\
-menu .mbar.reuse.menu.strategic.library

#88328888888CORPORATE FACTORSSS#SSSSRSS882222R88

#8388 TOP Investment Cycle #88

menu .mbar.reuse.menu.strategic.corporate
-mbar.reuse.menu.strategic.corporate configure -fg SeaCreen

-mbar.reuse.menu.strategic.corporate add checkbutton -label "Investment Cycle" \
~command {

toplevel .invest

vm title .invest "Investment Cycle"

vm geometry .invest 550x150

message .invest.investl -width 500 -justify left \
-text "Do you know what is the \
investment cycle practiced at your organization:" -padx 0
button .invest.invest2 -text Yes \
~command {
toplevel .icycle
vm title .icycle "Investment Cost: Enter Values"
wm geometry .icycle 550x150
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message .icycle.icyclel -width 500 -justify left \
-text "Give the Investment Cycle:"\

-padx 0

entry .icycle.cmd -width 20 -relief sunken -textvariable \
invcycle

82222222 2]

button .icycle.icycle2 -text ok \
-command {destroy .icycle

destroy .invest

}
button .icycle.icycle3 -text cancel \
-command {
destroy .icycle
set invcycle O }
Pack .icycle.icyclel .icycle.cmd -side top -expand true
pack .icycle.icycle2 -side left
pack .icycle.icycle3 -side right
}

button .invest.invest3 -text No -command {

toplevel .icyclez
wm title .icyclez "Investment Cost: Default Value"
vm geometry .icyclez 550x150

message .icyclez.icyclezl -width 500 -justify left \
-text "ARES will take the default \
value of 3 years."

button .icyclez.icyclez2 -text ok \
-command {
set invcycle 3
b2z 22222 ]

destroy .icyclez
destroy .invest}

button .icyclez.icyclez3 -text Cancel \
-command {

set invcycle 0

b2 2222222 2

destroy .icyclez }

pack .icyclez.icyclezl -side top
pack .icyclez.icyclez2 -side left
pack .icyclez.icyclez3 -side right
}

button .invest.invest4 -text Cancel \
-command {

set invcycle 0

destroy .invest }
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pack .invest.investl -side top
pack .invest.invest2 .invest.invest3 -side left

pack .invest.invest4 -side right

}

84828888 Discount Rate SS8S8S58588888488
-mbar.reuse.menu.strategic.corporate add checkbutton -label "Discount Rate" \
-command {

set discount 0

LG22 22 2 2

toplevel .disc
vm title .disc "Discount Rate"
wm geometry .disc 550x150

message .disc.discl -width 500 -justify left \
~text "Do you know your orgamization’s \
discount rate?" -padx 0
button .disc.disc2 -text Yes \
-command {
toplevel .dcycle
wm title .dcycle "Discount Rate: Enter Values"
vm geometry .dcycle 550x150

message .dcycle.dcyclel -width 500 -justify left \
-text "Give the Discount Rate:"\

-padx 0

entry .dcycle.cmd -width 20 -relief sunken -textvariable \
discount

L2 222222 2]

button .dcycle.dcycle2 -text ok \
-command {destroy .dcycle
destroy .disc
}

button .dcycle.dcycle3 -text cancel \
~command {

set discount 0

destroy .dcycle

}

pack .dcycle.dcyclel .dcycle.cmd -side top -expand true
pack .dcycle.dcycle2 -side left

pack .dcycle.dcycle3 -side right

}

button .disc.disc3 ~text No -command {

toplevel .dcyclez
wm title .dcyclez "Discount Rate: Default Value"
wm geometry .dcyclez 550x150

message .dcyclez.dcyclezl -width 500 -justify left \
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-text "ARES will take the default \
value of 0.15."

button .dcyclez.dcyclez2 -text ok \
~command {
set discount 0.1§5
ssssnssns

destroy .dcyclez
destroy .disc}

button .dcyclez.dcyclez3 -text Cancel \
-command {
set discount 0
b2 22222222

destroy .dcyclez }

pack .dcyclez.dcyclezl -side top
pack .dcyclez.dcyclez2 -side left
pack .dcyclez.dcyclez3 -side right
}

button .disc.disc4 -text Cancel \
-command {
set discount 0
p 2222222223
destroy .disc }

pack .disc.disc2 .disc.disc3 -side left
pack .disc.disc4 -side right
pack .disc.discl -side top
}

#as2288 LIBRARY COST FACTORS SSSSSsissssssss

#8388 Cost of storing/searching + library size S8S8Ssssssssssssss
menu .mbar.reuse.menu.strategic.library
-mbar.reuse.menu.strategic.library configure -fg SeaGreen

.mbar.reuse.menu.strategic.library add checkbutton -label "Storing/Search Costs" \
-command {
set rls O
set sr 0
set n 0
set stor O
L2 2222272

toplevel .lib
vm title .1lib "Storing/ Search Cost"
vm geometry .lib 550x250

message .l1ib.1libl -width 500 ~justify left \
—text "What is the number of full \
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time persons assigned to the task of operating the \
reuse library?" -padx 0
entry .lib.cmd -width 20 -relief sunken -textvariable \
rls
L2222 22222

message .1lib.1ib2 -width 500 -justify left \

-text "What is the total annual effort \

(in Person Month) spent searching the reuse library?" -padx 0
entry .lib.cmdl -width 20 -relief sunken -textvariable \

sr

b2 2222222

message .1lib.1ib3 -width 500 -justify left \

~text "Wat is the current size of the \

reuse library (number of components)?" -padx 0

entry .lib.cmd2 -width 20 -relief sunken -textvariable \
n

12222222223

button .1ib.lib4 -text ok \
-command {
set stor [expr (12s$rls/$n) + ($sr/$n)]
b 22222222
destroy .lib}

button .1ib.1ib5 -text cancel \
~command {

destroy .lib

set rls 0

set sr O

set n O

set stor 0}

pack .lib.1ibl .lib.cmd .1ib.1ib2 .lib.cmdl .1ib.1ib3 \
-lib.cmd2 -side top -expand true
pack .lib.lib4 -side left
pack .1lib.1lib§ -side right
}

#8% Exact Approx. Retieval #$#ssssss
.mbar.reuse.menu.strategic.library add checkbutton -label "Exact/Approx Retrieval" \
~command {

toplevel .retv

wm title .retv "Exact/Approx.Retrieval"

Vm geometry .retv 550x150

set pdperpm 0.05
set exact 0

set aprox 0

set erxtab(1,1) [expr 1.0 * $pdperpm]
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set extab(1,2) [expr 0.8 * $pdperpm]
set extab(1,3) [expr 0.5 * $pdperpm]
set extab(2,1) [expr 1.5 » $pdperpm]
set extab(2,2) [expr 1.0 * $pdperpm]
set extab(2,3) [expr 0.6 * $pdperpm]
set extab(3,1) [expr 2.0 * $pdperpm]
set extab(3,2) [expr 1.2 * $pdperpm]
set extab(3,3) ([expr 0.7 * $pdperpm]

set aptab(1,1) [expr 2.0 s $pdperpm]
set aptab(1,2) [expr 1.6 * $pdperpm]
set aptab(1,3) [expr 1.0 * $pdperpm]
set aptab(2,1) [expr 3.0 * $pdperpm]
set aptab(2,2) [expr 2.0 * $pdperpm]
set aptab(2,3) [expr 1.2 * $pdperpm]
set aptab(3,1) [expr 4.0 * $pdperpm]
set aptab(3,2) [expr 2.4 ¢ $pdperpm]
set aptab(3,3) [expr 1.4 ¢ $pdperpm]

if {$n <= 100} \
{ set sizerange 1} \
elseif {$n <= 500} \
{ set sizerange 2} \
else {set sizerange 3}

1222222222

message .retv.retvi -width 500 -justify left \
-text "Do you know the exact values of \
exact retrieval and approximate retrieval?" -padx O
button .retv.retv2 -text Yes \
-command { toplevel .exap
wn title .exap "Exact/Approx. Retrieval Values"
um geometry .exap 550x150

message .exap.exapl -width 500 -justify left \
-text "Give the cost of exact \
retrieval (person days)"
entry .exap.cmd -width 20 -relief sunken -textvariable\
exact
12222222223

message .exap.exap2 -width 500 -justify left \
-text "Give the cost of approximate \
retrieval (person days)"
entry .exap.cmdl ~width 20 -relief sunken ~textvariable\
aprox
L2 22222223

button .exap.ok -text ok \
-command {
set exact [expr $exact * $pdperpm]
set aprox [expr $aprox * $pdperpm]



(22222220
destroy .exap
destroy .retv

}

button .exap.cancel -text cancel \
—command { destroy .exap
set exact 0
set aprox 0}
pack .exap.exapl .exap.cmd .exap.exap2\
-exap.cmdl -side top -expand true
pack .exap.ok -side left

pack .exap.cancel -side right
}

button .retv.retv3 —-text No \
-command { toplevel .deflt
wm title .deflt "Exact/Approx. Retrieval: Default Values"
vm geometry .deflt 550x150
message .deflt.defltl -width 500 -justify left \
-text "Tell what method is used for \
searching your reuse:"

button .deflt.optl -text "By Hand Inspection" \

-command {
set searchmethod 1
set exact $extab($sizerange,$searchmethod)
set aprox $aptab($sizerange,$searchmethod)
(2222222224

toplevel .byhand

wm title .byhand "By Hand Inspection”

wm geometry .byhand 550x150

message .byhand.byhandl -width 500 -justify left \

-text "We have taken the \
following values for exact and approximate \
retrieval: \n exact retrieval: $exact, \
\n approximate retrieval: $aprox. "

button .byhand.ok -text Ok \
-command {destroy .byhand
destroy .deflt
destroy .retv

}
button .byhand.cancel -text Cancel \

-command { set exact 0
set aprox 0O
destroy .byhand
}
pack .byhand.byhandl -side top
pack .byhand.ok -side left
pack .byhand.cancel -side right

}

257



258 APPENDIX C. REUSABILITY ESTIMATION PROGRAM

button .deflt.opt2 -text "Hypertext Methods" \

-command {
set searchmethod 2
set exact $extab($sizerange,$searchmethod)
set aprox $aptab($sizerange,$searchmethod)
L2222 22222

toplevel .hypert

wm title .hypert "Hypertext Methods"

vm geometry .hypert 550x150

message .hypert.hypertl -width 500 -justify left \

-text "We have taken the \
follovwing values for exact and approximate \
retrieval: \n exact retrieval: $exact, \
\n approximate retrieval: $aprox. "

button .hypert.ok -text Ok \
-command {destroy .hypert
destroy .deflt
destroy .retv

}
button .hypert.cancel -text Cancel \
-command { set exact 0
set aprox O
destroy .hypert
}
pack .hypert.hypertl -side top
pack -hypert.ok -side left
pack .hypert.cancel -side right

}
button .deflt.opt3 ~text "Automatic" \
-command {
set searchmethod 3
set exact $extab($sizerange,$searchmethod)
set aprox $aptab($sizerange,$searchmethod)
12222222224

toplevel .auto

vm title .auto "Automatic"”

Vm geometry .auto 550x150

message .auto.autol -width 500 -justify left \

~text "We have taken the \
following values for exact and approximate \
retrieval: \n exact retrieval: $exact, \
\n approximate retrieval: $aprox. "

button .auto.ok ~text Ok \
~command {destroy .auto
destroy .deflt
destroy .retv

}

button .auto.cancel -text Cancel \
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-command { set exact 0
set aprox 0O
destroy .auto
}
pack .auto.autol -side top
pack .auto.ok -side left
pack .auto.cancel -side right

}
button .deflt.cancel -text "Cancel" \
-command {
set searchmethod 0
destroy .deflt

}
pack .deflt.defltl .deflt.optl .deflt.optl \

.deflt.opt2 .deflt.opt3 -side top
pack .deflt.cancel -side right

}
button .retv.retv4 -text Cancel \
-command { destroy .retv

pack .retv.retvli -side top
pack .retv.retv2 -side left
pack .retv.retv3d -side left
pack .retv.retv4 -side right

}

SERRRARRERSRESLENSESSRSSRSIDOMAIN FACTORSESSRESSSERRRERSSRLENERILRRLHLLRNELRS
#8388 Frequencies #8%

menu .mbar.reuse.menu.domain

.mbar.reuse.menu.domain configure -fg SeaGreen

.mbar.reuse.menu.domain add checkbutton -label " Frequencies " \
-command {

set deflambda 0.62

L 222222222

toplevel .freqs
vm title .freqs "Frequencies of Reuse"
vm geometry .freqs 550x150

message .freqs.freqsl -width 500 -justify left \
-text "Do you know what is the \
frequency of exact retrieval and the frequency of approximate\
retrieval?" -padx O
button .freqs.yes -text Yes \
-command {
toplevel .freqvals
wm title .freqvals "Frequencies: Enter Values"
vm geometry .freqvals 550x150

message .freqvals.freqvalsl -width 500 -justify left \
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-text \
“Give the annual frequency of exact retrieval:" -padx 0
entry .freqvals.cmd -width 20 -relief sunken -textvariable\

freqx
858848888
message .freqvals.freqvals2 -width 500 -justify left \
-text \
"Give the annual frequency of approximate retrieval:" \
-padx 0
entry .freqvals.cmd2 -width 20 -relief sunken -textvariable\
freqa

sEssnsnsses

button .freqvals.ok -text ok \
-command {
set freq [expr $freqx + $freqal
set lambda [expr $freqx/$freqal
42222222223

destroy .freqvals
destroy .freqgs
}

button .freqvals.cancel -text cancel \
-command {

destroy .freqvals

set freqx 0

set freqa 0

set freq 0

set lambda 0}

pack .freqvals.freqvalsi .freqvals.cmd \
-freqvals.freqvals2 .freqvals.cmd2 -side top -expand true
pack .freqvals.ok -side left
pack .freqvals.cancel -side right
}

button .freqs.no -text No \
-command {
toplevel .freqdeflt
vm title .freqdeflt "Frequencies: Default Values"
"m geometry .freqdeflt 550x150

message .freqdeflt.freqdefltl -width 500 -justify left \

-text "We have a default \

value for the ratio between exact fraquency and \
total reuse frequency: $deflambda. \
Thanks to this default value, it suffices that we\
get an estimate of the total reuse frequency.\
Do you have an estimate of the total frequency?" \
-padx 0
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button .freqdeflt.yes -text Yes \
-command {
toplevel .ratio
wm title .ratio "Annual Frequency: Enter Values”
vm geometry .ratio 550x150

message .ratio.ratiol -width 500 -justify left \
-text \
"Give an estimate of the total annual frequemcy \
of reuse:" -padx 0
entry .ratio.cmd -width 20 -relief sunken \
-textvariable \
freq

button .ratio.ok -text ok \
~command {
set lambda $deflambda
set freqx [expr $lambda * $freq]
set freqa [expr (1-$lambda) s $freql
SSERSRRANR

destroy .ratio
destroy .freqdeflt
destroy .freqs

}

button .ratio.cancel -text cancel \
-command {

destroy .ratio

set freqx 0

set freqa 0

set freq O

set lambda 0}

pack .ratio.ratiol .ratio.cmd \
-side top -expand true
pack .ratio.ok -side left
pack .ratio.cancel -side right

}

button .freqdeflt.no -text No \
-command {
toplevel .anfreq
¥m title .anfreq "Annual Frequency: Default Value"
vm geometry .anfreq 550x150

message .anfreq.anfreql -width 500 -justify left \
-text \
"For the sake of this calculation, ve will take \
the total annual frequency of reuse to be 3,\
which amounts to about two exact retrievals \
and one approximate retrieval every year. \
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You may want to compare this against the\

breakeven frequency, which is given by the system. \
You may also comsider that you will be given an \
estimate of the intrinsic reusability of this \
component, which is independent of the reuse \
frequency."” -padx 0

button .anfreq.ok -text ok \

-command {
set freq 3
set lambda deflambda
set freqx [expr $lambda * $freq]
set freqa [(1- $lambda) ¢ $freq]
L2 2222222 ]

destroy .anfreq
destroy .freqdeflt
destroy .freqs
}

button .anfreq.cancel -text cancel \
~command {

destroy .anfreq

set freqx 0

set freqa 0O

set freq 0

set lambda 0}

pack .anfreq.anfreql -side top
pack .anfreq.ok -side left
pack .anfreq.cancel -side right

button .freqdeflt.cancel -text cancel \
-command {
destroy .freqdeflt
set freqx 0
set freqa 0
set freq O
set lambda 0}

pack .freqdeflt.freqdefltl -side top
pack .freqdeflt.yes -side left
pack .freqdeflt.no -side left
pack .freqdeflt.cancel -side right
}

button .freqs.cancel -text Cancel \
-command {
destroy .freqs
set freqx 0
set freqa 0
set freq 0
set lambda 0}
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pack .freqs.freqsi -side top
pack .freqs.yes -side left
pack .freqs.no -side left
pack .fregs.cancel -side right

SS32SR2SESSSRSSRSS2SS8SCOMPONENT  FACTORSSSSSSSRSSSRERESSSEISS3285282008888
sss8 DEVELOPMENT EFFORT #88

menu .mbar.reuse.menu.component

-mbar.reuse.menu.component configure -fg SeaGreen

-mbar.reuse.menu.component add checkbutton -label * Development Effort " \
-command {

toplevel .devef

vn title .devef "Development Effort"

vm geometry .devef 550x150

message .devef.devefl -width 500 -justify left \
—text "Give an estimate of the development effort\
for this component (in person months)" -padx O
entry .devef.com -width 20 -relief sunken \
-textvariable de

button .devef.ok -text ok \
-command {destroy .devef.devefl
destroy .devef

}

button .devef.cancel -text cancel \
~-command {

set de 0

destroy .devef.devefl

destroy .devef

}

pack .devef.devefi .devef.com \
-side top -expand true
pack .devef.ok -side left
pack .devef.cancel -side right
}

8888 REUSE RATE ssss
-mbar.reuse.menu.component add checkbutton -label " Rsuse Rate " \
-command {

toplevel .rate

vm title .rate "Reuse Rate"

vm geometry .rate 550x300

message .rate.ratel ~width 500 -justify left \
—text "Rate the extent of software reuse in \
your organization:" -padx 0

button .rate.cancel -text cancel \
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-command {

set ruse 0

destroy .rate.ratel
destroy .rate

}

button .rate.ok ~text ok \
-command {

set dr [expr $de¢$ruse]
1222222234

destroy .rate.ratel
destroy .rate

}

button .rate.optl -text "No Reuse" \
~command {
set ruse 1
422222222 2

button .rate.opt2 -text "Reuse across a project" \
-command {
set ruse 1.15
f2 222222723
}

button .rate.opt3 -text "Reuse across a program” \
-command {
set ruse 1.49
8222222223
}

button .rate.opt4 -text "Reuse across a product line" \
-command {
set ruse 2.10
832222257223
}

button .rate.opt5 -text "Reuse across a many product lines" \
-command {
set ruse 2.45
b2z 224272 71
}

pack .rate.ratel -side top
pack .rate.optl .rate.opt2 .rate.opt3 .rate.optd .rate.opt5 \
-side top

pack .rate.cancel -side right
pack .rate.ok -side left

}

#288 Reengineering Costs#ss
-mbar.reuse.menu.component add cascade -label " Reengineering Cost " \
-menu .mbar.reuse.menu.component.reeng
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menu .mbar.reuse.menu.component.reeng

.mbar.reuse.menu.component .reeng configure -fg SeaGreen

$582338288S. Understanding #ssis

-mbar.reuse.menu.component.reeng add checkbutton ~label " Software Understanding " \
-command "exec wish -f table"

88888888 D. Modification sssass
-mbar.reuse.menu.component.reeng add checkbutton -label " Design Modification " \
-command {
toplevel .dm
vm title .dm "Design Mcdification"
vm geometry .dm 550x150

message .dm.dml -width 500 -justify left -text \
"Provide below the portion of design that you expect\
to modify as part of reengineering effort (percentage)"\
-padx 0
entry .dm.com -width 20 -relief sunken \
-textvariable dmx
t22 222222 2]

button .dm.cancel -text cancel \
-command {

set dm O

destroy .dm.dmi

destroy .dm

}

button .dm.ok ~text ok \
~command {
set dm [expr $dmx/100]
b2 222222224
destroy .dm.dmi
destroy .dm
}

pack .dm.dml .dm.com -side top
pack .dm.ok -side left
pack .dm.cancel -side right

}

288828888 C. Modification sssss
-mbar.reuse.menu.component.reeng add checkbutton -label " Code Modification " \
-command {
toplevel .cm
wm title .cm "Design Modification"
wm geometry .cm 550x150

message .cm.cml -width 500 -justify left ~text \
"Provide below the portion of coding that you expect\
to modify as part of reengineering effort (percentage)"\
-padx O
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entry .cm.com -width 20 -relief sunken \
~textvariable cmx
42222222224

button .cm.cancel -text cancel \
-command {

set cm 0

destroy .cm.cml

destroy .cm

}
button .cm.ok -text ok \
-command {
set cm [expr $cmx/100]
p2 222222224

destroy .cm.cmi
destroy .cm

}
pack .cm.cml .cm.com -side top
pack .cm.ok -side left
pack .cm.cancel -side right
}

##8Reengineering Costs#ss
-mbar.reuse.menu.component.reeng add checkbutton ~label " Reengineering Costs" \

~command {
toplevel .reengcost
wm title .reengcost "Reengineering Costs"
Wn geometry .reengcost 550x150
set reeng [expr ($su + (0.4 = $dm) + (0.3 * $cm)) + $de]
L2 2222222 2

message .reengcost.reengcostl -width 500 -justify left -text \
"For reengineering costs, we have found $reeng. \
Do you wish to override this estimate ? " \
~-padx 0

button .reengcost.cancel -text cancel \
~command {

set reeng O

(222222222 4

destroy .reengcost.reengcosti

destroy .reengcost

}

button .reengcost.yes -text Yes \
-command {

toplevel .noreeng
vm title .noreeng ""
vm geometry .noreeng 550x150
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message .noreeng.noreengl ~width 500 -justify left -text \
"Give the adjusted estimate of the reengineering costs \
in person months: " \
-padx O
entry .noreeng.com -width 20 -relief sunken \
—textvariable reeng
sassRssse

button .noreeng.cancel -text cancel \
~command {
set reeng 0
{22222 21 0
destroy .noreeng.noreengl
destroy .noreeng

}

button .noreeng.ok -text ok \
-command {

destroy .noreeng.noreengl
destroy .noreeng

destroy .reengcost

pack .noreeng.noreengl .noreeng.com -side top
pack .noreeng.ok -side left
pack .noreeng.cancel -side right

button .reengcost.no -text No \
~command {

destroy .reengcost.reengcostl
destroy .reengcost

}
pack .reengcost.reengcostl -side top
pack .reengcost.cancel -side right
pack .reengcost.yes -side left
pack .reengcost.no -side left

}

S$8SVERIFICATION COST#s#
-mbar.reuse.menu.component add checkbutton -label " Verification Cost " \

-command {
toplevel .verifcost
wm title .verifcost "Verification Cost"
vm geometry .verifcost 550x150
set verif [expr 0.21 * $ruse = $de]
22222202 0

message .verifcost.verifcostl -wvidth 500 -justify left -text \
"We are interested in estimating the verification costs \
associated with reengineering this component. Our default \
formula estimates these costs at: $verif. \
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Do you wish to override this estimate ? " \
~padx O

button .verifcost.cancel -text cancel \
-command {

set verif 0

b2222222:2 23

destroy .verifcost.verifcostl

destroy .verifcost

}

button .verifcost.yes -text Yes \
-command {

toplevel .noverf
vm title .noverf ""
vm geometry .noverf 550x150

message .noverf.noverifl -width 500 -justify left -text \
"Give the adjusted estimate of the verification costs \
in person months: " \
~padx 0
entry .noverf.com -width 20 -relief sunken \
-textvariable verif
(2222222 2 0

button .noverf.cancel -text cancel \
-command {
set verif 0
b2z 222222 2]
destroy .noverf.noverifl
destroy .noverf

}

button .noverf.ok -text ok \
-command {

destroy .noverf.noverifl
destroy .noverf

destroy .verifcost

}

pack .noverf.noverifi .noverf.com -side top
pack .noverf.ok -side left
pack .noverf.cancel -side right
}

button .verifcost.no -text No \

-command {

destroy .verifcost.verifcostil

destroy .verifcost

}
pack .verifcost.verifcostl -side top
pack .verifcost.cancel -side right



269

pack .verifcost.yes -side left
pack .verifcost.no -side left
}

S$SSBASELINING COSTs#s
-mbar.reuse.menu.component add checkbutton -label " Baselining Cost " \

~command {
toplevel .base
wm title .base "Baselining Cost"
vm geometry .base 550x150
set defbase 3.5
set base [expr $defbase * $pdperpm ]
(22222727 2

message .base.basel -width 500 -justify left -text \
"The default value for baselining costs is $defbase\
person days, which is $base person months. Do you \
wvish to override this estimate ? " \
~padx 0

button .base.cancel -text cancel \
-command {

set base 0

ps 222222224

destroy .base.basel

destroy .base

}

button .base.yes -text Yes \
-command {

toplevel .nobase
wm title .nobase ""
vm geometry .nobase 550x150

message .nobase.nobasel -width 500 -justify left -text \
"Give an alternative estimate in\
in person days: " \
~padx O
entry .nobase.com -width 20 -relief sunken \
-textvariable base
L2z 2222 272

button .nobase.cancel -text cancel \
-command {
set base 0
122227220 0]
destroy .nobase.nobasel
destroy .nobase

}

button .nobase.ok -text ok \
-command {
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destroy .nobase.nobasel
destroy .nobase
destroy .base

}

pack .nobase.basel .nbase.com -side top
pack .nobase.ok -side left
pack .nobase.cancel -side right
}

button .base.no -text No \
-command {

destroy .base.basel
destroy .base

}
pack .base.basel -side top
Pack .base.cancel -side right
pack .base.yes -side left
pack .base.no -side left

}

s#88 CUSTOMIZATION COSTS #as#
-mbar.reuse.menu.component add cascade -label " Customization Costs " \
-menu .mbar.reuse.menu.component.cust

menu .mbar.reuse.menu.component.cust
-mbar.reuse.menu.component.cust configure -fg SeaGreen

#1138288888 Instantiation costs SEESSSSsssss
-mbar.reuse.menu.component.cust add checkbutton -label " Instanciation Costs " \

-command {
toplevel .inst
wvm title .inst "Instanciation Costs"
vm geometry .inst 550x150
set instance [expr 0.046 ¢ $de]
122222222 27

message .inst.instl -width 500 -justify left -text \
"Our estimate of the average/typical instanciation cost \
for this component is: $instance person months. \nDo you wish \
to override it? " \
~padx O

button .inst.cancel -text cancel \
~command {

set instance 0

destroy .inst.instl

destroy .inst

}

button .inst.yes -text Yes \



271

-command {

toplevel .noinst
wm title .noinst "Override Instanciation Costs"
vm geometry .noinst 550x150

message .noinst.poinstl -width 500 -justify left ~text \
"Provide an alternative value of typical/average \
instanciation costs in person months: " \
-padx O
entry .noinst.com -width 20 -relief sunken \
-textvariable instance
b 22222222 2

button .noinst.cancel -text cancel \
~-command {
set instance 0
b2 222222224
destroy .noinst.noinstil
destroy .noinst

}

button .noinst.ok -text ok \
-command {

destroy .noinst.noinstl
destroy .noinst

destroy .inst

}

pack .noinst.noinsti .noinst.com -side top
pack .noinst.ok -side left
pack .noinst.cancel -side right

}

button .inst.no -text No \
~command {

destroy .inst.insti
destroy .inst

}
pack .inst.instl -side top
pack .inst.cancel -side right
pack .inst.yes -side left
pack .inst.no -side left

}

S8sss88888 Adaptation costs SS8SSSESssssse
-mbar.reuse.menu.component.cust add checkbutton -label " Adaptation Costs " \
~-command {
toplevel .adapt
wvm title .adapt "Adaptation Costs"
wm geometry .adapt 550x150

set adapt [expr 0.67 s+ $de ]
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1222222722 23

message .adapt.adaptl -width 500 -justify left -text \
"Our estimate of the average/typical adaptation cost \
for this component is: $adapt person months. \nDo you wish \
to override it? " \
-padx 0

button .adapt.cancel -text cancel \
-command {

set adapt 0

destroy .adapt.adaptl

destroy .adapt

}
button .adapt.yes -text Yes \
~command {
toplevel .noadapt
vm title .noadapt "Override Adaptation Costs"
wm geometry .noadapt 550x150
message .noadapt.noadaptl -width 500 -justify left -text \
"Provide an alternative value of typical/average \
adaptation costs in person months: " \

~-padx O
entry .noadapt.com -width 20 -relief sunken \
~textvariable adapt
(2222222223

button .noadapt.cancel -text cancel \
-command {
set adapt 0
12222222223
destroy .noadapt.noadapti
destroy .noadapt
}

button .noadapt.ok -text ok \
~command {

destroy .noadapt.noadaptil
destroy .noadapt

destroy .adapt

}

pack .noadapt.noadaptl .noadapt.com -side top
pack .noadapt.ok -side left
pack .noadapt.cancel -side right

button .adapt.no -text No \
~command {
destroy .adapt.adapti
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destroy .adapt

}
pack .adapt.adaptil -side top
pack .adapt.cancel -side right
pack .adapt.yes -side left
pack .adapt.no -side left

}

$3382888888 Integration and Test S#SSssssssss
-mbar.reuse.menu.component.cust add checkbutton -label " Integration and Test Costs " \

-command {
toplevel .intg
wm title .intg "Integration and Test Costs"
¥m geometry .intg 550x150
set rest [expr 0.19 s+ $del
L2 222222 2 )

message .intg.intgl -width 500 -justify left -text \
"Our estimate of the average/typical integration and test cost \
for this component is: $rest person months. \nDo you wish \
to override it? " \
-padx O

button .intg.cancel -text cancel \
-command {

set rest 0O

destroy .intg.intgl

destroy .intg

}

button .intg.yes -text Yes \
-command {

toplevel .nointg
vm title .nointg "Override Instanciation Costs"
vm geometry .nointg 550x150

message .nointg.nointgl -width 500 -justify left -text \

"Provide an alternative value of typical/average \
integration and test costs in person months: " \

~padx 0

entry .nointg.com -width 20 -relief sunken \

~textvariable rest
set first [expr $de -$rest]
858888888

button .nointg.cancel -text cancel \
-command {
set. rest 0
destroy .nointg.nointgl
destroy .nointg
}

button .nointg.ok -text ok \
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-command {

destroy .nointg.nointgl
destroy .nointg

destroy .intg

}

pack .nointg.nointgl .nointg.com -side top
pack .nointg.ok -side left
pack .nointg.cancel -side right
}

button .intg.no -text No \
-command {

destroy .intg.intgl
destroy .intg

}
pack .intg.intgl -side top
pack .intg.cancel -side right
pack .intg.yes -side left
pack .intg.no -side left

}

##$% QUALITY FACTOR COSTS #ss#s#
.mbar.reuse.menu.component add cascade -label " Operational Costs " \
-menu .mbar.reuse.menu.component.qual

menu .mbar.reuse.menu.component.qual
-mbar.reuse.menu.component.qual configure -fg SeaGreen

#5348888888 Reengineered Component ##8%#88888288
-mbar.reuse.menu.component.qual add checkbutton -label " Reengineered Component " \

-command {
toplevel .recomp
vm title .recomp "Operational Costs: Reengineered Component"
vm geometry .recomp 550x150
set oper [expr 0.067 = $de]
14222227224

message .recomp.recompl -width 500 -justify left -text \
"Our estimate of the annual operating cost of this component \
if it vere used after reengineering is :$oper person months. \nDo \
you wish to override this estimate ?" \
-padx 0

button .recomp.cancel ~text cancel \
-command {

set oper 0

bE 2222222 )

destroy .recomp.recompl

destroy .recomp

}
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button .recomp.yes ~text Yes \
-command {

toplevel .norecomp

wm title .norecomp "Override Operational Costs For\
Reengineered Component"

Vm geometry .norecomp 550x150

message .norecomp.norecompl -width 500 -justify left -text \

"Provide an alternative value of the annual operating \

cost of this component if it were used after reengineering \

(in person months): " \
-padx 0
entry .norecomp.com -width 20 -relief sunken \

-textvariable oper
L2 2222222 2]

button .norecomp.cancel ~text cancel \
-command {
set oper 0O
destroy .norecomp.norecompl
destroy .norecomp

}

button .norecomp.ok -text ok \
-command {

destroy .norecomp.norecompl
destroy .norecomp

destroy .recomp

}

pack .norecomp.norecompl .norecomp.com -side top
pack .norecomp.ok -side left
pack .norecomp.cancel -side right

}

button .recomp.no -text No \
-command {

destroy .recomp.recompl
destroy .recomp

}
pack .recomp.recompl -side top
pack .recomp.cancel -side right
pack .recomp.yes -side left
pack .recomp.no -side left

}

#3488832888 Component as is S$S3885888888
-mbar.reuse.menu.component.qual add checkbutton -label " Component As Is " \
-command {
toplevel .asis
wm title .asis "Operational Costs: Component As Is"
wm geometry .asis 550x150
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set operprime [expr 0.1 ¢ $de]
seassssnss

message .asis.asisl -vidth 500 -justify left -text \
"Our estimate of the annual operating cost of this component \
if it vere used as is : $operprime person months. \nDo \
you wish to override this estimate ?" \
-padx 0

button .asis.cancel -text canmcel \
-command {

set operprime O

destroy .asis.asisl

destroy .asis

}

button .asis.yes -text Yes \
-command {

toplevel .noasis

vm title .noasis "Override Operational Costs For \
For Component Used As Is"

vm geometry .noasis 550x150

message .noasis.noasisl -width 500 -justify left -text \
“Provide an alternative value of the annual operating \
cost of this component if it were used as is\
(in person months): " \
-padx 0
entry .noasis.com -width 20 -relief sunken \
-textvariable operprime

button .noasis.cancel -text cancel \
-command {
set operprime 0
destroy .noasis.noasisl
destroy .noasis

}

button .noasis.ok -text ok \
-command {

destroy .noasis.noasisl
destroy .noasis

destroy .asis

}

pack .noasis.noasisl .noasis.com -side top
pack .noasis.ok -side left
pack .noasis.cancel -side right

}

button .asis.no -text No \
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-command {
destroy .asis.asisi
destroy .asis

}
pack .asis.asisl -side top
pack .asis.cancel -side right
pack .asis.yes -side left
pack .asis.no -side left

}

#33%88% DISPLAY REUSE COSTS s#ssssssss
menu .mbar.reusecosts.menu
-mbar.reusecosts.menu configure -fg SeaGreen

-mbar.reusecosts.menu add radiobutton -label " Values " \
-command {
toplevel .dispvars
wm title .dispvars " Display Reuse Costs "
vm geometry .dispvars 400x550Q

message .dispvars.dispvarsl -width 500 -justify left -text \
" STRATEGIC FACTORS \

\n Investment Cycle : $inveycle. \
\n Discount Rate : $discount. \
\n \
\n LIBRARY FACTORS \
\n Size of Library : $n components. \
\n Searching Cost : $sr person months. \
\n Cost of Exact Retrieval : $exact person months. \
\n Cost of Approx. Retrieval : $aprox person months. \
\n \
\n DOMAIN FACTORS \
\n  Freq. of Exact Retrieval : $fregqx. \
\n Freq. of Approx. Retrieval : $freqa. \
\n \
\n COMPONENT FACTORS \
\n Reuse Rate : $ruse. \
\n Reengineering Costs : $reeng person months. \
\n Softvare Understanding : $su person months. \
\n Modified Design : $dm 4. \
\n Modified Code : Sem 4.\
\n Verification Costs : $verif person months. \
\n Baselining Costs : $base person months. \
\n Customization Costs \
\n Instantiation Costs : $instance person months. \
\n Adaptation Costs : $adapt person months. \
\n Integration and Test : $rest person months. \
\n Quality Factors \
\n Annual Operating Cost Without Reuse: Soperprime person months \
\n Annual Operating Costs With Reuse : $oper person months. \

button .dispvars.click -text "click here"\
~-command {
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destroy .dispvars.dispvarsi
destroy .dispvars

pack .dispvars.dispvarsl -side top
pack .dispvars.click -side right
}

-mbar.reusecosts.menu add radiobutton -label " Graph Representation " \
-command {
exec wish -f error &

}

#s48328% REUSE FORMULAE SSSSSS88s88ssssssss
#define the options for the lifecycle menu
menu .mbar.lifecycle.menu

-mbar.lifecycle.menu configure ~fg SeaGreen

.mbar.lifecycle.menu add cascade -label "Limited Term Reusability" \
-menu .mbar.lifecycle.menu.short

-mbar.lifecycle.menu add cascade -label " Long Term Reusability " \
-menu .mbar.lifecycle.menu.long

#88¢ define menu for limited term reusability ####
menu .mbar.lifecycle.menu.short
-mbar.lifecycle.menu.short configure -fg SeaGreen

-mbar.lifecycle.menu.short add radiobutton -label " Absolute Reusability " \
-command {
set ic [expr $reeng +$verif + $basel]

set absolutereu \
[expr ((exp([expr $invcycleslog([expr 1+$discount])])-1) \

/\

($ice$discounteexp($invcycleslog(i+$discount)))) \

e\

($freqxs($tirst-$exact-$instance) \
+$freqas ($first-$aprox-$adapt) \
-$freqs($operprime-$oper) \

~$stor) \

+\
($freq*($operprime-$oper)) \
s\

((exp((1+$invcycle) slog(1+$discount)) \
~$discounts$invcycle \
-(1+$discount)) \
/\
($ice$discounts$discountrexp($invcycleslog(1+$discount)))) \
-\
1]
L2222 2222222222223

toplevel .abs
wm title .abs " Absolute Reusability "
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wm geometry .abs 450x150

message .abs.absl -width 500 -justify left -text \
"The Absolute Reusability for this component is : $absolutereu. "

button .abs.click ~text "click here"\
-command {
destroy .abs.absl
destroy .abs
}
pack .abs.absl -side top
pack .abs.click -side right
}

-mbar.lifecycle.menu.short add radiobutton -label " Intrimsic Reusability " \
-command {
set ic [expr $reeng +$verif + $base]
set oneplusd [expr 1+$discount]
set oneplusdpovery [expr exp($invcycleslog($oneplusd))]
set dsquare [expr $discount * $discount]
2 2]

set intrinsicreu \
[expr (($oneplusdpowery -1) / ($ics$discount*$oneplusdpovery)) \
s\
($lambdas($aprox+$adapt-$exact-$instance) + \
($first -$aprox-$adapt-$operprime+$oper)) \
+\
(($oneplusds$oneplusdpowery-$discounts$invcycle-$oneplusd) \
/ ($ice$dsquares$oneplusdpovery)) \
.\
($operprime ~$oper)]
b2 222222223

toplevel .int
wm title .int " Intrinsic Reusability "
vm geometry .int 450x150

message .int.intl -width 500 -justify left -text \
"The Intrinsic Reusability for this component is : $intrinsicreu. "

batton .int.click -text "click here"\
-command {
destroy .int.int1
destroy .int
}
pack .int.intl -side top
pack .int.click -side right
}

-mbar.lifecycle.menu.short add radiobutton -label " Break Even Frequency " \
-command {
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set ic [expr $reeng +$verif + $base]

set oneplusd [expr 1+$discount]

set oneplusdpovery [expr exp($invcycleslog($oneplusd))]
set dsquare [expr $discount * $discount]

e

set intrinsicreu \
[expr (($oneplusdpowery -1) / ($ice$discounts$oneplusdpovery)) \
s\
($1lambdas* ($aprox+$adapt-$exact-$instance) + \
($first -$aprox-$adapt-$operprime+$oper)) \
+\
(($oneplusd+$oneplusdpovery-$discounts$invcycle-$oneplusd) \
/ ($ics$dsquares$oneplusdpowery)) \
s\
($operprime -$oper)]
f 222222 22 20

set breakevenfreq \
[expr (1/$intrinsicreu) \
=\
(1+($stor/$ic) \
s\
(($oneplusdpovery -1) \
/\
($discount*$oneplusdpovery)))]
f 22222222 2]

toplevel .break
vm title .break " Break Even Frequency"
vm geometry .break 450x150

message .break.breakl -width 500 -justify left -text \
"The Break Even Frequency for this component is : $breakevenfreq. "

button .break.click -text "click here"\
-command {
destroy .break.breakil
destroy .break
}
pack .break.breaki -side top
pack .break.click -side right
}

##2% define menu for long term reusability #sss
menu .mbar.lifecycle.menu.long
-mbar.lifecycle.menu.long configure -fg SeaGreen

-mbar.lifecycle.menu.long add radiobutton -label "Long Term Absolute \
Reusability " \
~command {
set ic [expr $reeng +$verif + $base]
12224



set longtermabsreu \

[expr (1/$ice$discount)s \
($freqxe($tirst~$exact-$instance)+ \
$freqas($tirst-$aprox-$adapt)- \
$freqes ($operprime-$oper) - \
$stor) \
+\
((1+8discount)/($ics$discounte$discount)) \
+$freqs ($operprime-$oper) \

-\

t]
toplevel .abslong
wm title .abslong " Absolute Reusability "
Vm geometry .abslong 450x150

message .abslong.abslongl -width 500 -justify left -text \
"The Absolute Reusability for this component is : $longtermabsreu. "

button .abslong.click -text "click here"\
~command {
destroy .abslong.abslongl
destroy .abslong
}
pack .abslong.abslongl -side top
pack .abslong.click -side right
}

-mbar.lifecycle.menu.long add radiobutton -label "Long Term Intrimsic \

Reusability " \

-command {

set longtermintrem \
[expr (1/($ice$discount))s \
($1ambdas ($aprox+$adapt-$exact-$instance) \
+\
($first-$aprox-$adapt-$operprime+$oper)) \
+\
((1+$discount)/($ic*$discounts$discount)) \

.\

($Soperprime - $oper) \

]

sasssssass

toplevel .longint

wm title .longint "Long Term Intrinsic Reusability "
vm geometry .longint 450x150

message .longint.longintl -width 500 -justify left -text \
"The Long Term Intrinsic Reusability for this component is : $longtermintreu. "

button .longint.click -text "click here"\
-command {
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destroy .longint.longintl

destroy .longint

}
pack .longint.longintl -side top
pack .longint.click -side right

}

-mbar.lifecycle.menu.long add radiobutton -label "Long Term Break Even \
Frequency " \
-command {
set longtermbef O
}

$ss#ss DISPLAY REUSABILITY MEASURES S$3ssssssss
menu .mbar.reusemeasures.menu
-mbar.reusemeasures.menu config -fg SeaGreen

-mbar.reusemeasures.menu add radiobutton -label " Values " \
-command {
toplevel .valmes
vm title .valmes "Display Reusability Measures"
Vm geometry .valmes 550x250

message .valmes.valmesl -width 500 -justify left -text \
"Short Term Measures for Investment Cycle $invcycle:

\n Absolute Reusability: $absolutereu. \

\n Intrinsic Reusability: $intrinsicreu. \

\n Break Even Frequency: $breakevenfreq. \

\n \

\nLong Term Reusability Measures \

\n Long Term Absolute Reusability: $longtermabsreu.\
\n Long Term Intrinsic Reusability: $longtermintreu. \
\n Long Term Break Even Frequency: $longtermbef. \

”"

button .valmes.click -text "click here"\
~command {
destroy .valmes.valmesi
destroy .valmes
}
pack .valmes.valmesl -side top
pack .valmes.click -side right

}
.mbar.reusemeasures.menu add radiobutton -label " Graph Representation " \
-command {
exec wish -f error &
}

#8388 realize the final menu setup on the window ##8#
tk_menuBar .mbar .mbar.reuse .mbar.lifecycle
focus .mbar



#!/usr/bin/wish -f

#2% Top frame SSSS53S53SSSESRSSRSERESERERSRRRESRES
frame .frame2
pack .frame2 -side top

label .frame2.textl -text "Reengineering costs depend on softvare understanding.\
In view of the following table, give a rating for required software \
understanding:" -padx 0

pack .frame2.textl -side top

#2%Initialize variable $S3888838332228888080%000088

set su 0

288 define canvas SSSSSSSSSESSESERRESENRIRERRNRRRNS

vm title . "Reengineering Cost"

canvas .reeng -width 27c ~height 10c -bg pluml -scrollregion {0 0 1000 350} \
-confine false -relief raised

#realize the canvas on the screen
pack .reeng
bind .reeng <Any-Motion> { puts "%x,%y"}

#8% Bottom Frame SESSSSSSSSRS83S88S2288882RR0%88800
frame .framel
pack .framel -side top

button .framel.optl -text "Very Low" \
-command { set su 0.5 }
L2222 222224
pack .framel.optl -fill x -side left

button .framel.opt2 -text "Low" \
-command { set su 0.4 }
Li 22227222
pack .framel.opt2 -fill x -side left

button .framel.opt3 -text "Nominal" \
-command { set su 0.3 }
[22z 22222 2]
pack .framei.opt3 -fill x -side left

button .framel.opt4 -text "High" \
-command { set su 0.2 }
b2 22222222 4
pack .framel.opt4 -fill x -side left

button .framel.optS -text “"Extra High" \
-command { set su 0.1 }
[222 222222 2
pack .framel.opts ~fill x -side left
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frame .frame3
pack .frame3 -side bottom

button .frame3.ok -text ok \
~command {
destroy .
}
pack .frame3.ok -side left

button .frame3.cancel -text cancel \
-command {
set su 0
destroy .
}
pack .frame3.cancel -side right

APPENDIX C. REUSABILITY ESTIMATION PROGRAM

#2% Canvas SESSSSESSESESESSRSRERELERERNSEERERARNES

-reeng create line 50 34 925 34 -fill black

-reeng create line 50 36 925 36 -fill black

-Teeng create text 55 54 -text " Very Low " -anchor sw

-reeng create text 230 54 -text " Low " -anchor sw

-Teeng create text 405 54 -text " Nominal " -anchor sw

-reeng create text 580 54 -text " High " -anchor sw

-reeng create text 755 54 -text " Extra High " -anchor sw

-reeng create text 55 96 -text " Low cohesion," -anchor sw

-reeng create text 230 96 ~text " Moderately low" -anchor sw

-reeng create text 405 96 ~text " Reasonably well" -anchor sw

-reeng create text 580 96 -text " High cohesion," -anchor sw

-reeng create text 755 96 -text " Strong modularity," ~-anchor sw
-reeng create text 55 120 -text " High coupling," -anchor sw

-reeng create text 230 120 -text " cohesion, " -anchor sw

-reeng create text 405 120 -text " structured, " -anchor sw

-reeng create text 580 120 -text " Low coupling." -anchor sw

-reeng create text 755 120 -text " Information hiding. " -anchor sw
-reeng create text 55 144 -text " Spaghetti code. " -anchor sw
-reeng create text 230 144 -text " High coupling. " ~-anchor sw
-reeng create text 405 144 -text " Weak areas. " ~-anchor sw
.reeng create text 580 144 -text " " -anchor sw
.reeng create text 755 144 -text " " -anchor sw
-reeng create text 55 192 -text " No match." -anchor sw

-reeng create text 230 192 -text " Some correlation. " -anchor sw
-reeng create text 405 192 -text " Moderate correlation " -anchor sw
-reeng create text 580 192 -text " Good correlation." -anchor sw
-reeng create text 755 192 -text " Clean Match. " -anchor sw

-Teeng create text 56 240 -text " Obscure code. Missing" -anchor sw
-Teeng create text 230 240 -text " Some code commentary" -anchor sw
-reeng create text 405 240 -text " Moderate level of headers” -anchor sw
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.reeng
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create
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create

create

create

text
text

text
text
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text
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line
line
line
line

line
line
line
line
line
line

line

580 240 -text
755 240 -text

55 264 -text
230 264 -text
405 264 -text
580 264 -text
755 264 -text
65 288 -~text
230 288 -text
405 288 -text
580 288 -text
755 288 -text
50 72 925 72
50 168 925 168
50 216 925 216

50 336 925 336
50 338 925 338

50 36 50 336

225 36 225 336

400 36 400 336

5§75 36 575 336

750 36 750 336

925 36 925 336
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Good code commentary" -anchor sw
Self descriptive code;" -anchor sw

obscure or incomple-" -anchor sw

and headers, some " -anchor sw
code commentary and" -anchor sw

and headers; useful" -anchor sw
Documentaion up to date,” -anchor sw

te documentation." -anchor sw

useful documentation." -anchor sw
documentation. " ~-anchor sw
documentation; weak areas." -anchor sw
well organized." -anchor sw

-fill black

~£ill black

-fill black

-fill black
-fill black

-£ill blue

-fill blue

~£ill blue

-£ill blue

-fill blue

-fill blue
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Appendix D

Experimental Data: Assessing the
Reusability of Booch’s
Components

We have investigated five components from Booch’s library of software components [15]):
a list, a queue, a dequeue, a ring and a string. For each we present below the Ada source
code, the result file from PC-Metric'), the result file from ARES (Pascal version) with
constant retrieval costs, then the result file from ARES with variable retrieval costs.

D.1 A List
D.1.1 Ada Source Code

generic
type Item is private;
package List_Single_Unbounded Unmanaged is
type List is private;
Null List: constant List;

procedure Copy (From_The_List: in List;
To_The_List: in out List);

procedure Clear (The_List: in out List);

procedure Construct (The_Item: in Item;
And_The_List: in out List);

procedure Set_Head (0f_The_List: in out List;
To_The_Item: in Item);

'©, Set Laboratories Inc, Mulino, Or, 97042.
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procedure Swap_Tail (Of_The_List: in out List;
And_The_List: in out List);

function Is_Equal (Left: in List;
Right: in List) return Boolean;

function Length-0f (The_List: in List) return Natural;
function Is_Null (The_List: in List) return Boolean;
function Head _0f (The_List: in List) return Item;
function Tail Of (The_List: in List) return List;
Overflow: exception;
List_Is_Null: exception;
private
type Node;
type List is access Node;
Null List: constant List := null;
end List_Single_Unbounded _Unmanaged;
package body List_Single_Unbounded_Unmanaged is

procedure Copy (From_The_List: in List;
To_The_List: in out List) is

From_Index: List := From_The_List;
To_Index: List;

begin
if From_The_List = null then
To_The_List := null;

else
To_The_List := new Node’(The_Item => From_Index.The_Item,
Next 2> null);
To_Index:= To_The_List;
From_Index := From_Index.Next;

while From_Index /= null loop;
To_Index.Next := new Node’(The_Item => From_Index.The_Item,
Next => null);

To_Index := To_Index.Next;
From_Index := From_Index.Next;
end loop;
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end if;

exception
when Storage_Error => raise Overflow;

end Copy;

procedure Clear (The_List: in out List) is
begin

The_List:= null;

end Clear;

procedure Construct (The_Item: in Item;
And_The_Item: in out List) is

begin

And_The_List := new Node’(The_Item => The_Item,
Next => And_The_List);

exception

vhen Storage Error => raise Overflow;
end Construct;

procedure Set_Head (0f_The_List: in out List;
To_The_Item: in Item) is

begin
0f _The_List.The_Item:= To_The_Item;

exception
when Constraint_Error => raise List_Is_Null;

end Set_Head;

procedure Swap_Tail (Of_The_List: in out List;
And_The_List: in out List) is

Temporary_Node: List;

begin

Temporary_Node:= 0Of_The_List.Next;
0f_The_List.Next := And_The_List;
And_The_List := Temporary_Node;

exception
vhen Constraint_Error => raise List_Is_Null;

end Swap_Tail;

function Is_Equal (Left: in List;
Right: in List) return Boolean is



290 APPENDIX D. EXPERIMENTAL DATA

Left_Index: List
Right_Index: List

begin
vhile Left_Index /= null loop
if Left_Index.The_Item /= Right_Index.The_Item then
return False;
end if;

Left_Index := Left_Index.Next;
Right_Index := Right_Index.Next;

end loop;
return (Right_Index = null);

exception
when Constraint_Error => return False

end Is_Equal;
function Length _Of (The_List: in List) return Natural is

Count : Natural := Q;
Index : List := The_List;

begin

vhile Index /= null loop
Count := Count + 1;
Index := Index.Next;

end loop;

return Count;

end Length Of;

function Is_Null (The List: in List) return Boolean is

begin
return (The_List = null);
end Is_Null;

function Head Of (The_List: in List) return Item is

begin
return Heap(The_List.The_Head).The_Item;
exception

vhen Cosntraint_Error => raise List_Is_Null;
end Head 0f;

function Tail Of (The_List: in List) return List is
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begin
return Heap(The_List.The_Head) .Next;
exception

when Constraint_Error => raise List_Is_Null;
end Tail_Of;

end package body List_Single_Unbounded_Unmanaged;

D.1.2 Report 1, PC-Metric

6/12/1996
PC-METRIC (ADA) Version 4.0
Summary Complexity Report for: LIST.RP1

Total Operators (N1): 161

Total Operands (N2): 86

Software Science Length (N): 247
Estimated Software Science Length (N-): 202
Purity Ratio (P/R): 0.82
Software Science Volume (V): 1356

Software Science Effort (E): 51038

Estimated Errors using Software Science (B~): o
Estimated Time to Develop, in hours (T~): 1
Cyclomatic Complexity (VG1): 13
Extended Cyclomatic Complexity (VG2): 13
Average Cyclomatic Complexity: 1
Average Extended Cyclomatic Complexity: 1
Lines of Code (LOC): 191
Number of Comment Lines: 0
Number of Blank Lines: 68
Number of Executable Semi-colons (<;>): 46
Number of Tasks: 0
Number of Packages: 1
Number of Procedures/Functions: 10

D.1.3 ARES Result File, Constant Retrieval Costs

Analyst Name: Rym Mili
Date: 06/14/96

ARES, version 0.0
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Component Name: list
Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.005. Approximate: 0.007.

Domain Factors:
FreqX: 10.000. FreqA: 1.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.046. Baselining: 0.175
Instanciation: 0.001. Adaptation: 0.012
Upstream Costs: 0.015. Dowvnstream Costs: 0.004
Uperating Cost with reuse: 0.001. Without reuse: 0.002

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: -0.33

Intrinsic Reusability: 0.14

Break Even Frequency: 13.39

Long Term Reusability Measures

Long Term Absolute Reusability: 0.59

Long Term Intrinsic Reusability: 0.36
Long Term Break Even Frequency: 7.30

D.1.4 ARES Result File, Variable Retrieval Costs

Analyst Name: Rym Mili
Date: 06/15/96

ARES, version 0.0

Component Name: 1

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.005. Approximate: 0.007.
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Domain Factors:
FreqX: 6.000. FreqA: 5.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.046. Baselining: 0.175
Instanciation: 0.001. Adaptation: 0.012
Upstream Costs: 0.015. Downstream Costs: 0.004
Operating Cost with reuse: 0.001. Without reuse: 0.002

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: -1.186

Intrinsic Reusability: 0.059

Break Even Frequency: 31.104

Long Term Reusability Measures

Long Term Absolute Reusability: 0.547

Long Term Intrinsic Reusability: 0.209
Long Term Break Even Frequency: 12.717

D.2 A Queue
D.2.1 Ada Source Code

generic

type Item is private;
package Queue_Nonpriotity-ﬂonbalking;Seqpential.thounded_Uhmnnaged_Noniterator
- type Queue is limited private;

procedure Copy (From_The_Queue: in Queue;
To_The_Queue: in out Queue);

procedure Clear (The_Queue: in out Queue);

procedure Add (The_Item: in Item;
To_The_Queue: in out Queue);

procedure Pop (The_Queue: in out Quene);

function Is_Equal (Left: in Queue;
Right: in Queue) return Boolean;

function Length 0f (The_Queue: in Queue) return Natural;
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function Is_Empty (The_Queue: in Queue) return Boolean;
function Front_0f (The_Queue: in Queue) return Item;
Overflow: exceptionm;
Underflow: exception;
private
type Node;
type Structure is access Node;
type Queue is
record
The_Front: Structure;
The_Back: Structure;
end record;
end Queue_Nonpriority_Nonbalking_Sequential_Unbounded_Unmanaged_Noniterator;
package body

Queue_Nonpriority_Nonbalking_Sequential_Unbounded_Unmanaged_Noniterator is

procedure Copy (From_The_Queue: in Queue;

To_The_Queue: in out Queue) is
From_Index : Structure := From_The_Queue.The_Front;
To_Index : Structure;

begin

if From_The_Queue.The_Front = null
then
To_The_Queue.The_Front := null;
To_The_Queue.The_Back := null;

elge
To_The_Queue.The_Front :=
nev Node’(The_Item => From_Index.The_Item,
Next => null);

To_The_Queue.The_Back := To_The_Queue.The_Front;
To_Index := To_The_Queue.The_Front;
From_Index := From_Index.Next;

vhile From_Index /= null loop
To_Index.Next := new Node’(The_Item => From_Index.The_Item,
Next => null);

To_Index := To_Index.Next;
From_Index := From_Index.Next:
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To_The_Queue.The_Back := To_Index;
end loop;
end if;
exception
vhen Storage_Error => raise Overflow;

end Copy;

procedure Clear (The_(Queue: in out Queue) is

begin
The_Queue := Queue’ (The_Front => null;
The_Back => null);

end Clear;

procedure Add (The_Item: in Item;
To_The_Queune: in out Queue) is

begin
if To_The_Queue.The_Front = null
then
To_The_Queue.The_Front := new
Node’ (The_Item => The_Item,
Next => null);

To_The_Queue.The_Back := To_The_Queue.The_Front;
else
To_The_Queue.The_Back.Next := new Node’ (The_Item => The_Item,
Next => null);
To_The_Queue.The_Back := To_The_Queue.The_Back.Next;
end if;
exception
vhen Storage_Error => raise Overflow;

end Add;

procedure Pop (The_Queue : in out Queue) is

begin
The_Queue.The_Front := The_Queue.The_Front.Next;
if The_Queue.The_Front = null
then
The_Queue.The_Back := null;
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end if;

exception
vhen Constraint_Error => raise Underflow;

end Pop;

function Is_Equal (Left: in Queue;
Right: in Queue) return Boolean is

Left_Index : Structure := Left.The_Front;
Right_Index: Structure := Right.The_Front;

begin
while Left_Index /= null loop
if Left_Index.The_Item /= Right_Index.The_Item
then
return False;
else
Left_Index := Left_Index.Next;
Right_Index := Right_Index.Next;
end if;
end loop;
return (Right_Index = null);

exception
when Constraint_Error => return False;

end Is_Equal;

function Length_Of (The_Queue: in Queue) return Natural is

Count : Natural := 0;
Index : Structure := The_Queue.The_Front;

begin

vhile Index /= null loop
Count := Count + {;
Index := Index.Next;

end loop;

return Count;

end Length_Of;

function Is_Empty (The_Queue: in Queue) return Boolean is
begin

return (The_Queue.The_Front = null);

end Is_Empty;

function Front_Of (The_Queue: in Queue) return Item is

begin
return The_Queue.The_Front.The_Item;
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exception
vhen Constraint_Error => raise Underflow;
end Front_0f;

end Queue_Nonpriority_Nombalking_Sequential_Unbounded_Unmanaged_Noniterator;

D.2.2 Report 1, PC-Metric

6/12/1996
PC-METRIC (ADA) Version 4.0
Summary Complexity Report for: QUEUE.RP1

Total Operators (N1): 196

Total Operands (N2): 109

Softvare Science Length (N): 305
Estimated Software Science Length (N-): 185
Purity Ratio (P/R): 0.61
Software Science Volume (V): 1645

Software Science Effort (E): 98597

Estimated Errors using Software Science (B~): 1
Estimated Time to Develop, in hours (T"): 2
Cyclomatic Complexity (VG1): 13
Extended Cyclomatic Complexity (VG2): 13
Average Cyclomatic Complexity: 1
Average Extended Cyclomatic Complexity: 1

Lines of Code (LOC): 192
Number of Comment Lines: 0
Number of Blank Lines: 64
Number of Executable Semi-colons (<;>): 48

Number of Tasks:
Number of Packages:
Number of Procedures/Functions:

® =~ O

D.2.3 ARES Result File, Constant Retrieval Costs

Analyst Name: Rym Mili
Date: 06/14/96

ARES, version 0.0

Component Name: queue
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Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.005. Approximate: 0.007.

Domain Factors:
FreqX: 10.000. FreqA: 1.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.088. Baselining: 0.175
Instanciation: 0.002. Adaptation: 0.024
Upstream Costs: 0.029. Downstream Costs: 0.007
Operating Cost with reuse: 0.002. Without reuse: 0.004

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: 1.42

Intrinsic Reusability: 0.28

Break Even Frequency: 5.99

Long Term Reusability Measures

Long Term Absolute Reusability: 1.63

Long Term Intrinsic Reusability: 0.71
Long Term Break Even Frequency: 3.35

D.2.4 ARES Result File, Variable Retrieval Costs

Analyst Name: Rym Mili
Date: 06/15/96

ARES, version 0.0

Component Name: q

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.010. Approximate: 0.015.
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Domain Factors:
FreqX: 6.000. FreqA: §5.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.088. Baselining: 0.175
Instanciation: 0.002. Adaptation: 0.024
Upstream Costs: 0.029. Downstream Costs: 0.007
Operating Cost with reuse: 0.002. Without reuse: 0.004

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: -0.778

Intrinsic Reusability: 0.084

Break Even Frequency: 20.274

Long Term Reusability Measures

Long Term Absolute Reusability: 1.529

Long Term Intrinsic Reusability: 0.316
Long Term Break Even Frequency: 7.580

D.3 A Dequeue
D.3.1 Ada Source Code

generic

type Item is private;
package
Dequeue_Nonpriority_Nonbalking_Sequential_Unbounded_Unmanaged_Noniterator
is

type Dequeue is limited private;

procedure Copy (From_.The_Dequeue: in Dequeus;
To_The_Dequeue: in out Dequeue);

procedure Clear (The_Dequeue: in out Dequeue);
procedure Add (The_Item: in Item;
To_The_Dequeue: in out Dequeue;

At_The_Location: in Location);

procedure Pop (The_Dequeue: in out Dequeue
At_The_Location: in Location);

function Is_Equal (Left: in Dequeue;
Right: in Dequeue) return Boolean;

function Length_Of (The_Dequeue: in Dequene) return Natural;
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function Is_Empty (The_Dequeue: in Dequeue) return Boolean;

function Front_0f (The_Dequeue: in Dequeue) return Item;

function Back 0f (The_Dequeue: in Dequeue) return Item;

Overflow: exception;

Underflow: exception;
private
type Node is
record

The_Item: Item;
Next: Structure
end record;

type Structure is access Node;

type Dequeue is

record

The_Front: Structure;
The_Back: Structure;
end record;

end Dequene_Nonptiority_Nonbalking_Sequential_Unbounded_Unmaged.Noniterator:

package body

Deqneue_Nonpriotity_Honbalking.Sequentia.l_Unbounded-[lnmaged_lloniterator is

procedure Copy (From_The_Dequeue: in Dequeue;
To_The_Dequeue: in out Dequeue) is

From_Index : Structure := From_The_Dequeue.The_Front;

To_Index

begin

: Structure;

if From_The_Dequeue.The_Front = null

then

To_The_Dequeue.The_Front := null;
To_The_Dequeue.The_Back := null;

else

To_The_Dequeue.The_Front :=
nev Node’(The_Item => From_Index.The_Item,
Next => null);

To_The_Dequeue.The_Back := To_The_Dequeue.The_Front;
To_Index := To_The_Dequeue.The_Front;
From_Index := From_Index.Next;
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vhile From_Index /= null loop
To_Index.Next := new Node’(The_Item => From_Index.The_Item,
Next => null);

To_Index := To_Index.Next;
From_Index := From_Index.Next;
To_The_Dequeue.The_Back := To_Index;

end loop;
end if;

exception
vhen Storage_Error => raise Overflow;

end Copy;

procedure Clear (The_Dequeue: in out Dequeue) is

begin
The_Dequeue := Dequeue’ (The_Front => null;
The_Back => null);

end Clear;

procedure Add (The_Item: in Item;
To_The_Dequene: in out Dequeue;
At_The_Location: in Location) is

begin
if To_The_Dequeue.The_Front = null
then
To_The_Dequeue.The_Front := new
Node’ (The_Item => The_Item,
Next => null);

To_The_Dequeue.The_Back := To_The_Dequeue.The_Front;

else
if At_The_Location = Front
then
To_The_Dequeue.The_Front := new Node’ (The_Item => The_Item,
Next => To_The_Dequeue.The_Front);

else
To_The_Dequeue.The_Back.Next :=
new Node’(The_Item => The_Item,
Next => null);
To_The_Dequeue.The_Back := To_The_Dequeue.The_Back.Next;
end if;

301
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end if;
exception

vhen Storage Error => raise Overflow;
end Add;

procedure Pop (The_Dequeue : in out Dequeue;
At_The_Location: in Location) is

Index : Structure := The_Dequeue.The_Front;

begin
if Index.Next = null then
The_Dequeue.The_Front := null
The_Dequeue.The_Back := null
elseif
At_The_Location=Front
then
The_Dequeue.The_Front := The_Dequeue.The_Front.Next;

LTI TY

else
while Index.Next /= The_Dequeue.The_Back loop
Index := Index.Next;
end loop;
The_Dequeue.The_Back := Index;
The_Dequeue.The_Back.Next := null;
end if;

exception
when Constraint_Error => raise Underflow;

end Pop;

function Is_Equal (Left: in Dequeue;
Right: in Dequeue) return Boolean is

Left_Index : Structure := Left.The_Front;
Right_Index: Structure := Right.The_Front;

begin
while Left_Index /= null loop
if Left_Index.The_Item /= Right_Index.The_Item
then
return False;
else
Left_Index := Left_Index.Next;
Right_Index := Right_Index.Next;
end if;
end loop;
return (Right_Index = nunll);

exception



D.3. A DEQUEUE 303

vhen Constraint_Error => return False;

end Is_Equal;

function Length_0f (The_Dequeue: in Dequeue) return Natural is

Count : Natural := 0;
Index : Structure := The_Dequeue.The_Front;

begin

vhile Index /= null loop
Count := Count + 1;
Index := Index.Next;

end loop;

return Count;

end Length_0f;

function Is_Empty (The_Dequeue: in Dequeue) return Boolean is

begin
return (The_Dequeue.The_Front = null);
end Is_Empty;

function Front_Of (The_Dequeue: in Dequeue) return Item is

begin
return The_Dequeue.The_Front.The_Item;

exception
when Constraint_Error => raise Underflow;
end Front_0f;

fanction Back_Of (The_Dequeue: in Dequeue) return Item is

begin
return The_Dequeue.The_Back.The_Item;

exception
when Constraint_Error => raise Underflow;
end Front_0f;

end Dequeue_Nonpriority_Nonbalking_Sequential_Unbounded_Unmanaged_Noniterator;

D.3.2 Report 1, PC-Metric

6/12/1996
PC-METRIC (ADA) Version 4.0
Summary Complexity Report for: DEQUEUE.RP1

Total Operators (N1): 241
Total Operands (N2): 141
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Software Science Length (N): 382
Estimated Software Science Length (N-): 202
Purity Ratio (P/R): 0.53
Software Science Volume (V): 2098

Softwvare Science Effort (E): 141471

Estimated Errors using Software Science (B~): 1
Estimated Time to Develop, in hours (T"): 2
Cyclomatic Complexity (VG1): 16
Extended Cyclomatic Complexity (VG2): 16
Average Cyclomatic Complexity: 1
Average Extended Cyclomatic Complexity: 1

Lines of Code (LOC): 231
Number of Comment Lines: 0
Number of Blank Lines: 70
Number of Executable Semi-colons (<;>): 58

Number of Tasks:
Number of Packages:
Number of Procedures/Functions:

LB -]

D.3.3 ARES Result File, Constant Retrieval Costs

Analyst Name: Rym Mili
Date: 06/14/96

ARES, version 0.0

Component Name: dequeue

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.005. Approximate: 0.007.

Domain Factors:
FreqX: 10.000. FreqA: 1.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.127. Baselining: 0.175
Instanciation: 0.002. Adaptation: 0.035
Upstream Costs: 0.042. Downstream Costs: 0.010
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Operating Cost with reuse: 0.003. Without reuse: 0.005

Short Term Measures, for Investment Cycle = 5.00

Absolute Reusability: 2.58
Intrinsic Reusability: 0.38
Break Even Frequency: 4.23

Long Term Reusability Measures
Long Term Absolute Reusability: 2.31

Long Term Intrinsic Reusability: 0.94
Long Term Break Even Frequency: 2.35

D.3.4 ARES Result File, Variable Retrieval Costs

Analyst Name: Rym Mili
Date: 06/15/96

ARES, version 0.0

Component Name: d

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.015. Approximate: 0.023.

Domain Factors:
FreqX: 6.000. FreqA: 5.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.127. Baselining: 0.175
Instanciation: 0.002. Adaptation: 0.035
Upstream Costs: 0.042. Downstream Costs: 0.010
Operating Cost with reuse: 0.003. Without reuse: 0.005

Short Term Measures, for Investment Cycle = 5.00

Absclute Reusability: -0.527
Intrinsic Reusability: 0.099
Break Even Frequency: 16.349
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Long Term Reusability Measures
Long Term Absolute Reusability: 2.176

Long Term Intrinsic Reusability: 0.382
Long Term Break Even Frequency: 5.793

D.4 A Ring
D.4.1 Ada Source Code

generic
type Item is private;

package Ring_Sequential_Unbounded Unmanaged_Noniterator is
type Ring is limited private;
type Direction is (Forward, Backward);

procedure Copy (From_The Ring : in Ring;
To_The_Ring : in out Ring);

procedure Clear (The_Ring : in out Ring);

procedure Insert (The_Item : in Item;
In_The Ring : in out Ring);

procedure Pop (The_Ring : in out Ring);

procedure Rotate (The_Ring: in out Ring;
In_The_Direction: in Direction);

procedure Mark (The_Ring: in out Ring);
procedure Rotate_To_Mark (The_Ring: in out Ring);

function Is_Equal (Left: in Ring;
Right: in Ring) return Boolean;

function Extent_0Of (The_Ring: in Ring) return Natural;
function Is_Empty (The_Ring: in Ring) return Boolean;
function Top_0f (The_Ring: in Ring) return Item;
function At_Mark (The_Ring: in Ring) return Boolean;
Overflow: exception;

Underflow: exception;
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Rotate_Error: exception;
private

type Node;

type Structure is access Node;

type Ring is
record
The_Top: Structure;
The_Mark: Structure;
end record;

end Ring_Sequential_Unbounded_Unmanaged_Noniterator;
package body Ring Sequential_Unbounded_Unmanaged_Noniterator is

procedure Copy (From_The Ring : in Ring;
To_The_Ring : in out Ring) is

From_Index: Structure := From_The_Ring.The_Top;
To_Index: Structure;

begin
if From_The_Ring.The_Top = null
then
To_The_Ring.The_Top := null;
To_The_Ring.The_Mark := null;

else
To_The_Ring.The_Top := new Node’(Previous => null,
The_Item => From_Index.The_Item,
Next => null);

To_Index := To_The_Ring.The_Top;
if From_The_Ring.The_Mark := From_Index
then
To_The_Ring.The_Mark := To_Index;
end if;

From_Index := From_Index.Next;

while From_Index /= From_The_Ring.The_Top loop
To_Index.Next := new Node’(Previous => To_Index,
The_Index => From_Index.The_Item,
Next => pnull);
To_Index := To_Index.Next;
if From_The_Ring.The_Mark = From_Index
then
To_The_Ring.The_Mark := To_Index;
end if;
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From_Index := From_Index.Next;
end loop;

To_The_Ring.The_Top.Previous := To_Index;
To_Index.Next := To_The_Ring.The_Top;

end if;
exception
when Storage_Error => raise Overflow;

end Copy;

procedure Clear (The_Ring : in out Ring) is

begin

The_Ring := Ring’(The_Top => null, The_Mark => null);
end Clear;

procedure Insert (The_Item : in Item;
In_The_Ring : in out Ring) is

begin

if In_The_Ring.The_Top = null

then
In_The_Ring.The_Top = new Node’(Previous => null,
The_Item => The_Item,
Next => null);

In_The_Ring.The_Top.Previous := In_The_Ring.The_Top;
In_The_Ring.The_Top.Next := In_The_Ring.The_Top;
In_The_Ring.The_Top.The_Mark := In_The_Ring.The_Top;

else

In_The_Ring.The_Top :=
new Node’(Previous => In_The_Ring.The_Top.Previous,

The_Item => The_Item,

Next => In_The_Ring.The_Top);
In_The_Ring.The_Top.Next.Previous := In_The_Ring.The_Top;
In_The_Ring.The_Top.Previous.Next := In_The_Ring.The_Top;

end if;

exception
vwhen Storage_Error => raise Overflow

end Insert;
procedure Pop (The_Ring : in out Ring) is

begin
if The_Ring.The_Top = The_Ring.The_Top.Next

EXPERIMENTAL DATA
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then
The_Ring.The_Top := null;
The_Ring.The_Mark:= null;

else
The_Ring.The_Top.Previous.Next := The_Ring.The_Top.Next;
The_Ring.The_Top.Next.Previous := The_Ring.The_Top.Previous;

if The_Ring.The Mark = The_Ring.The_Top
then
The_Ring.The_Mark := The_Ring.The_Top.Next;
end if;
The_Ring.The_top :* The_Ring.The_Top.Next;
end if;
exception

when Constraint_Error => raise Underflow:;

end Pop;

procedure Rotate (The_Ring: in out Ring;
In_The_Direction: in Direction) is

begin

if In_The_Direction = Forward
then

The_Ring.The_Top := The_Ring.The_Top.Next;
else

The_Ring.The_Top := The_Ring.The_Top.Previsus;
end if;

exception
vhen Constraint_Error => raise Rotate_Error
end Rotate;
procedure Mark (The_Ring: in out Ring) is
begin
The_Ring.The_Mark := The_Ring.The_Top;
end Mark;
procedure Rotate_To_Mark (The Ring: in out Ring) is
begin
The_Ring.The_Top := The_Ring.The_Mark;

end Rotate_To_Mark;

function Is_Equal (Left: in Ring;
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Right: in Ring) return Boolean is

Left_Index : Structure := Left.The_Top;
Right_Index: Structure := Ringht.The_Top;

begin
if Left_Index.The_Item /= Right_Index.The_Item
then

return False;

elsif
(Left.The_Mark = Left_Index) and then
(Right .The_Mark /= Right_Index) then
return False;

else
Left_Index := Left_Index.Next;
Right_Index := Right_Index.Next;

while Left_Index /= Left.The_Top loop
if Left_Index.The_Item /= Right_Index.The_Item
then return False;
elsif (Left.The_Mark = Left_Index) and then
(Right.The_Mark /= Right_Index)
then return False;
else
Left_Index := Left_Index.Next;
Right_Index := Right_Index.Next;
end if;
end loop;

return (Right_Index = Right_Index.The_Top);
end if;
exception
vhen Constraint_Error => return (Left.The_Top = Right.The_Top);

end Is_Equal;

function Extent_0f (The_Ring: in Ring) return Natural is

Count : Natural := O;
Index : Structure := The_Ring.The_Top;

begin

Index := Index.Next;
Count := Count +1;

while Index /= The_Ring.The_Top loop
Count := Count + 1;
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Index := Index.Next;

end loop;

return Count;

exception
vhen Constraint_Error => return 0;

end Extent_Of;

function Is_Empty (The_Ring: in Ring) return Boolean is

begin

return(The_Ring.The_Top = null);

end Is_Empty;

function Top_Of (The_Ring: in Ring) return Item is

begin
return The_Ring.The_Top.The_Item;

exception
vhen Constraint_Error => raise Underflow;
end Top_Of;

function At_Mark (The_Ring: in Ring) return Boolean is

begin
return (The_Ring.The_Top = The_Ring.The_Mark);
end At_Mark;

end Ring_Sequential_Unbounded_Unmanaged_Noniterator;

D.4.2 Report 1, PC-Metric

6/13/1996
PC-METRIC (ADA) Version 4.0
Summary Complexity Report for: RING.RP1

Total Operators (N1): 356

Total Operands (N2): 247

Softvare Science Length (N): 603
Estimated Software Science Length (N-): 257
Purity Ratio (P/R): 0.43
Softvare Science Volume (V): 3470

Software Science Effort (E): 369456

Estimated Errors using Software Science (B*): 1
Estimated Time to Develop, in hours (T-): 6
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Cyclomatic Complexity (VG1):

Extended Cyclomatic Complexity (VG2):
Average Cyclomatic Complexity:

Average Extended Cyclomatic Complexity:

Lines of Code (LOC):

Number of Comment Lines:

Number of Blank Lines:

Number of Executable Semi-coloms (<;>):
Number of Tasks:

Number of Packages:

Number of Procedures/Functions:

APPENDIX D. EXPERIMENTAL DATA

D.4.3 ARES Result File, Constant Retrieval Costs

Analyst Name: Rym Mili
Date: 06/09/96

ARES, version 0.0

Component Name: ring

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate:
Storage: 0.055. Exact:

Domain Factors:
FreqX: 10.000. FreqA:

Component Specific Factors
Development Effort: 0.331. Baselining:
Instanciation: 0.006. Adaptation:
Upstream Costs: 0.109. Downstream Costs

0.005. Approximate:

0.15.
0.007.

1.000. Freq: 11.000

0.175

0.090

0.026

Operating Cost with reuse: 0.009. Without reuse: 0.014

Short Term Measures, for Investment Cycle =

Absolute Reusability: 5.78
Intrinsic Reusability: 0.65
Break Even Frequency: 2.10

5.00
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Long Term Reusability Measures
Long Term Absolute Reusability: 4.22

Long Term Intrinsic Reusability: 1.58
Long Term Break Even Frequency: 1.09

D.4.4 ARES Result File, Variable Retrieval Costs

Analyst Name: Rym Mili
Date: 06/15/96

ARES, version 0.0

Component Name: r

Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.046. Approximate: 0.070.

Domain Factors:
FreqX: 6.000. Freqh: 5.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.331. Baselining: 0.175
Instanciation: 0.006. Adaptation: 0.090
Upstream Costs: 0.109. Downstream Costs: 0.026
Operating Cost with reuse: 0.009. Without reuse: 0.014

Short Term Measures, for Investment Cycle = §5.00

Absolute Reusability: -0.225
Intrinsic Reusability: 0.104
Break Even Frequency: 13.170

Long Term Reusability Measures
Long Term Absolute Reusability: 3.948

Long Term Intrinsic Reusability: 0.496
Long Term Break Even Frequency: 3.475
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D.5 A String

D.5.1 Ada Source Code

generic
type Item is private;

package String Sequential_Bounded_Unmanaged_Noniterator is
type String (The_Size: Positive) is limited private;

procedure Copy (From_The_String : in String;
To_The_String : in out String);

procedure Copy (From_The_Substring: in Substring;
To_The_String: in out String);

procedure Clear (The_String: in out String);

procedure Prepend (The_String: in String;
To_The_String: in out String);

procedure Prepend (The_Substring: in Substring;
To_The_String: in out String);

procedure Append (The_String: in String;
To_The_String: in out String);

procedure Append (The_Substring: in Substring;
To_The_String: in out String);

procedure Insert (The_String: in String;
In_The_String: in out String;
At_The_Position: in Positive);

procedure Insert (The_Substring: in Substring;
In_The_String: in out String;
At_The_Position: in Positive);

procedure Delete (In_The_String: in out String;
From_The_Position: in Positive;
To_The_Position: in Positive);

procedure Replace (In_The_String: in out String;
At_The_Position: in Positive;
With_The_String: in String);

procedure Replace (In_The_String: in out String;
At_The_Position: in Positive;
With_The_Substring: in Substring);

procedure Set_Item (In_The_String: in out String;
At_The_Position: in Positive;
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With_The_Item: in Item);

function Is_Equal (Left: in String;
Right: in String) return Boolean;

function Is_Equal (Left: in Substring;
Right: in String) return Boolean;

function Is_Equal (Left: in String;
Right: in Substring) return Boclean;

function Is_Less_Than (Left: in String;
Right: in String) return Boolean;

function Is_Less_Than (Left: in Substring;
Right: in String) return Boolean;

function Is_Less_Than (Left: in String;
Right: in Substring) return Boolean;

function Is_Greater_Than (Left: in String;
Right: in String) return Boolean;

function Is_Greater_Than (Left: in Substring;
Right: in String) return Boolean;

function Is_Greater_Than (Left: in String;
Right: in Substring) return Boolean;

function Length_0f (The_String: in String) return Natural;
function Is_Null (The_String: in String) return Boolean;

function Item Of (The_String: in String;
At_The_Position: in Positive) return Item;

function Substring_0f (The_String: in String) return Substring;
function Substring 0f (The_String: in String;
From_The_Position: in Positive;
To_The_Position: in Positive) return Substring;
Overflow: exception;
Position_Error: exception;
private
type Structure is access Substring;
type String (The_Size: Positive) is
record

The_Length: Natural := Q;
The_Items: Substring (1.. The_Size);
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end record;
end String. Sequential_Bounded Unmanaged_Noniterator;
package body String_Sequential_Bounded_Unmanaged_Noniterator is

procedure Copy (From_The_String: in String;
To_The_String: in out String) is

begin
if From_The_String.The_Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items (1.. From_The_String.The_Length)
:= From_The_String.The_Items (1.. From_The_String.The_Length);
To_The_String.The_Length
:= From_The_String.The_Length;

end if;

end Copy;

procedure Copy (From_The_Substring: in Substring;
To_The_String: in out String) is

begin
if From_The_Substring’Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items (1.. From_The_Substring’Length)
:= From_The_Substring;
To_The_String.The_Length
:= From_The_Substring’Length;
end if;
end Copy;

procedure Clear (The_String: in out String) is
begin

The_String.The_Length := 0;

end Clear;

procedure Prepend (The_String: in String;
To_The_String: in out String) is

New_Length : Natural :=
To_The_String.The_Length + The_String.The_Length;

begin
if New_Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items ((The_String.The_Length +1) ..
New_Length)
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.

To_The_String.The_Items(1l .. To_The_String.The_Length);

To_The_String.The_Items (1.. The_String.The_Length)

ihe_String.The_Itens(l.. The_String.The_Length);
To_The_String.The_Length := New_Length;

end if;

end Prepend;

procedure Prepend (The_Substring: in Substring;
To_The_String: in out String) is

Nev_Length : Natural :=
To_The_String.The_Length + The_Substring’Length;

begin
if New_Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items ((The_Substring’Length +1) ..
New_Length)

To_The_String.The_Items(l .. To_The_String.The_Length);

To_The.String.The_Items (1.. The_Substring’Length)

=

The_Substring;
To_The_String.The_Length := New_Length;
end if;
end Prepend;

procedure Append (The_String: in String;
To_The_String: in out String) is

New_Length : Natural :=
To_The_String.The_Length + The_String.The_Length;

begin
if New_Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items ((The_String.The_Length +1)
Nev_Length)

To_The_String.The_Items(l .. To_The_String.The_Length);

317



318 APPENDIX D. EXPERIMENTAL DATA

To_The_String.The_Length := New_Length;
end if;
end Append;

procedure Append (The_Substring: in Substring;
To_The_String: in out String) is

Neu_Length : Natural :=
To_The_String.The_Length + The_Substring’Length;

begin
if New_Length > To_The_String.The_Size then
raise Overflow;

else
To_The_String.The_Items ((The_Substring’Length +1) ..
New_Length)

%o_The_String.The-Itema(1 .. To_The_String.The_Length);
To_The_String.The_Length := New_Length;

end if;

end Append;

procedure Insert (The_String: in String;
In_The_String : in out String;
At_The_Position : in Positive) is

New_Length : Natural

:= In_The_String.The_Length + The_String.The_Length;
End_Position : Natural

:= At_The_Position + The_String.The_Length;

begin
if At_The_Position > In_The_String.The_Length then
raise Position_Error;

elseif
Nev_Length > In_The_String.The_Size then
raise Overflow;

else
In_The_String.The_Items(End_Position .. New_Length)

In_The_String.The_Items (At_The_Position .. In_The_String.The_Length);

In_The_String.The_Items (At_The_Position .. (End_Position -1))

The_String.The_Items (1..The_String.The_Length);
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In_The_String.The_Length := New_Length;
end if;
end Insert;

procedure Insert (The_Substring: in Substring;
In_The_String : in out String;

At_The_Position : in Positive) is

New_Length : Natural

:= In_The_String.The_Length + The_Substring’Length;
End_Position : Natural

:= At_The_Position + The_Substring’Length;

begin
if At_The_Position > In_The_String.The_Length then
raise Position_Error;

elseif
New_Length > In_The_String.The_Size then
raise QOverflow;

else
In_The_String.The_Items(End_Position .. New_Length)

In_The_String.The_Items (At_The_Position .. In_The_String.The_Length);

In_The_String.The_Items (At_The_Position .. (End_Position -1))

E

The_Substring;
In_The_String.The_Length := New_Length;
end if;
end Insert;
procedure Delete (In_The_String : in out String;
From_The_Position : in Positive;
To_The_Position : in Positive) is
New_Length : Natural;

begin

if (From_The_Position > In_The_String.The_Length) or else

(To_The_Position > In_The_String.The_Length) or else
(From_The_Position > To_The_Position)

then
raise Position_Error;

else
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New_Length :=
In_The_String.The_Length
~ (To_The_Position - From_The_Position + 1);

In_The_String.The_Items (From_The_Position .. New_Length)
In_The_String.The_Items ((To_The_Position +1) ..
In_The_String.The_Length);

In_The_String.The_Length := New_Length;
end if;
end Delete;

procedure Replace (In_The_String : in out String;
At_The _Pogition : in Positive;
With_The_String : in String) is

End_Position : Natural
:= At_The_Position + With_The_String.The_Length -1;

begin

if (At_The_Position > In_The_String.The_Length) or else
(End_Position > In_The_String.The_Length)

then
raise Position_Error;

else
In_The_String.The_Items (At_The_Position .. End_Position)
With_The_String.The_Items (1 .. With_The_String.The_length);
end if;

end Replace;

procedure Replace (In_The_String : in out String;
At_The_Position : in Positive;
With_The_Substring : in Substring) is

End_Position : Natural
:= At_The_Position + With_The_Substring’Length -1;

begin

if (At_The_Position > In_The_String.The_Length) or else
(End_Position > In_The_String.The_Length)

then
raise Position_Error;

else
In_The_String.The_Items (At_The_Position .. End_Position)
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With_The_Substring;
end if;

end Replace;

procedure Set_Item (In_The_String : in out String;
At_The_Position : in Positive;
With_The_Item : in Item) is

begin
if At_The_Position > In_The_String.The_length

then
raise Position_Error;

else
In_The_String.The_Items (At_The_Position)
:= With_The_Item;

end if;
end Set_Item;

function Is_Equal (Left: in String;
Right: in String) return Boolean is

begin

if Left.The_Length /= Right.The_Length
then
return False;

else
for Index in 1 .. Left.The_Length loop
if Left.The_Items(Index) /= Right.The_Items(Index)
then
return False;
end if;
end loop;

return True;
end if;

end Is_Equal;

function Is_Equal (Left: in Substring;
Right: in String) return Boolean is

begin
if Left’Length /= Right.The_Length
then

return False;

else
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for Index in 1 .. Left’Length loop

if Left(Left’First+Index-1) /= Right.The_Items(Index)
then

return False;
end if;
end loop;

return True;
end if;

end Is_Equal;

function Is_Less_Than (Left: in String;
Right: in String) return Boolean is

begin
for Index in 1 .. Left.The_Length loop
if Index > Right.The_Length

then
return False;

elseif Left.The_Items(Index) < Right.The_Items(Index)
then

return True;

elseif Right.The_Items(Index) < Left.The_Items(Index)
then
return False;
end if;
end loop;
return (Left.The_Length < Right.The_Length);

end Is_Less_Than;

function Is_Less_Than (Left: in Substring;
Right: in String) return Boolean is

begin
for Index in 1 .. Left’Length loop
if Index > Right.The_Length

then
return False;

elseif Left(Left’First + Index -1) < Right.The_Items(Index)
then
return True;
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elseif Right.The_Items(Index) < Left (Left’First + Index -1 )

then
return False;

end if;
end loop;
return (Left’Length < Right.The_Length);
end Is_Less_Than;

function Is_Greater_Than (Left: in String;
Right: in String) return Boolean is

begin
for Index in 1 .. Left.The_Length loop
if Index > Right.The_Length
then
return True;
elseif Left.The_Items(Index) < Right.The_Items(Index)
then
return False;
elseif Right.The_Items(Index) < Left.The_Items(Index)
then
return True;
end if;
end loop;
return False;

end Is_Greater_Than;

function Is_Greater_Than (Left: in Substring;
Right: in String) return Boolean is

begin
for Index in 1 .. Left’Length loop
if Index > Right.The_Length
then
return True;
elseif Left(Left’First + Index -1) < Right.The_Items(Index)

then
return False;
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elseif Right.The_Items(Index) < Left (Left’First + Index -1 )
then
return True;

end if;
end loop;
return False;
end Is_Greater_Than;

function Length Of (The_String: in String) return Natural is

begin
return The_String.The_Length;
end Length _Of;

function Is_Null (The_String : in String) return Boolean is

begin
return (The_String.The_Length = 0);
end Is_Null;

function Item 0f (The_String : in String;
At_The_Position : in Positive) return Item is

begin
if At_The Position > The_String.The_Length
then

raise Position_Error;

else
return The_String.The_Items(At_The_Position);
end if;

end Item_0Of;

function Substring Of (The_String: in String) return Substring is

begin
return The_String.The_Items (1 .. The_String.The_length);
end Substring Of;

function Substring Of (The_String: im String;
From_The_Position: in Positive;
To_The_Position: in Positive) return Substring is

begin

if (From_The_Position > The_String.The_Length)
or else
(To_The_Position > The_String.The_Length)
or else
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(From_The_Position > To_The_Position -1)
then
raiuse Error_Position;

else
return The_String.The_Items
(From_The_Position .. To_The_Position);
end if;
end Substring 0f;

end package body String_Sequential_Bounded_Unmanaged_Noniterator;

D.5.2 Report 1, PC-Metric

6/12/1996
PC-METRIC (ADA) Version 4.0
Summary Complexity Report for: STRING.RP1

Total Operators (N1): 565

Total Operands (N2): 412

Softvare Science Length (N): 977
Estimated Software Science Length (N°): 239
Purity Ratio (P/R): 0.24
Software Science Volume (V): 5542

Software Science Effort (E): 937779

Estimated Errors using Software Science (B“): 2
Estimated Time to Develop, in hours (T-): 14
Cyclomatic Complexity (VG1): 29
Extended Cyclomatic Complexity (VG2): 35
Average Cyclomatic Complexity: 1
Average Extended Cyclomatic Complexity: 1

Lines of Code (LOC): 604
Number of Comment Lines: 0
Number of Blank Lines: 187
Number of Executable Semi-colons (<;>): 123
Number of Tasks: 0
Number of Packages: 1
Number of Procedures/Functions: 24

D.5.3 ARES Result File, Constant Retrieval Costs

Analyst Name: Rym Mili
Date: 06/14/96
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ARES, version 0.0
Component Name: string
Displaying Cost Factors:

Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.005. Approximate: 0.007.

Domain Factors:
FreqX: 10.000. FreqA: 1.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.840. Baselining: 0.175
Instanciation: 0.016. Adaptation: 0.230
Upstream Costs: 0.278. Dounstream Costs: 0.065
Operating Cost with reuse: 0.023. Without reuse: 0.034

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: 8.15

Intrinsic Reusability: 0.85

Break Even Frequency: 1.39

Long Term Reusability Measures

Long Term Absolute Reusability: 5.63

Long Term Intrinsic Reusability: 2.05
Long Term Break Even Frequency: 0.66

D.5.4 ARES Result File, Variable Retrieval Costs

Analyst Name: Rym Mili
Date: 06/15/96

ARES, version 0.0

Component Name: s

Displaying Cost Factors:
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Strategic Factors:
Investment Cycle: 5.00. Discount Rate: 0.15.
Storage: 0.055. Exact: 0.130. Approximate: 0.195.

Domain Factors:
FreqX: 6.000. FreqA: 5.000. Freq: 11.000

Component Specific Factors
Development Effort: 0.840. Baselining: 0.175
Instanciation: 0.016. Adaptation: 0.230
Upstream Costs: 0.278. Downstream Costs: 0.065
Operating Cost with reuse: 0.023. Without reuse: 0.034

Short Term Measures, for Investment Cycle = 5.00
Absolute Reusability: -0.288

Intrinsic Reusability: 0.081

Break Even Frequency: 14.548

Long Term Reusability Measures

Long Term Absolute Reusability: §5.249

Long Term Intrinsic Reusability: 0.529
Long Term Break Even Frequency: 2.574
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