Simple Software Measurement foPROLOG.
by Lindsey Spratt, Ph. D.
September 30, 1996

This document is a brief note on software measuremenbHoroGc There is a more
extensive discussion in the “Objective Analytic Assessment” chapter of the Ph. D. dissertation
Seeing the Logic of Programming with SeysLindsey Spratt, University of Kansas, 1996. The
focus in this document is to measure $ie=of PROLOG programs.

Prolog syntax.

Edinburgh-syntaxProLoGc (much the most common syntax feroLog allows for
programmer-defined operator-precedence syntax. This notion of “operator” has nothing to do
with functional evaluation, it is a purely syntactic notion. The programmer may define that a par-
ticular token OP has a particular precedence PRED (an integer in an implementation-dependent
range, commonly 0 to 1024), and a particular associativity and position AP. The associativity
determines how unparenthesized sequences of OP associate, and the position indicates whether
the OP is a prefix, suffix, or infix operator. For example, ‘xfy’ specifies an infix operator (the
operator replaces the ‘f’) with right-associativity (‘fa OP b OP ¢’ = ‘a OP (b OP c)’). Operator
syntax is used as an alternative to the basic structure syntax—structures written in operator syn-
tax are semantically identical with structures written basic structure syntax. There are several
operator definitions which are in the default environment, such as:

op(1200, xfx, :-).
Op(]'OOO! Xfy1 ‘),)'
op(500, yfx, ‘+).

Themembelprogram in operator syntax is:

member(X, [X|_]).
member(X, [_|T]) :- member(X, T).

This can also be written without operator syntax:

member(X, cons(X, )).
:-(member(X, cons(_, T)), member(X, T)).



The counting scheme.

Since the operator syntax affects the concrete representation, the token count must be sensitive to
it. The natural approach is to consider those tokens which are used syntactically as operators as
operator tokens. Additional operators are the enclosing syntactic items: ‘()’, ‘[], and ‘{}'. We
can construct a table which defines the token counting methatkéanc using the definitions

of S§,nset, S,, andyset found in[Bieman et al. 1991]S, is the sequence of operator token

types in the progranmm set is the set of operator token types in the progr&ms the sequence

of operand token types in the program, ayget is the set of operator token types in the pro-
gram. APROLOG program source is a sequence of clauses, where each clause is a term followed
by a ‘.’ (period). A term is an atom, number, variable, or structure. A structure has a functor and
one or more arguments. The arguments are terms.

term additions to S, n set additions to S, 1 S€t
_ tunderscore
i til

symbol tsymbol
functofterm-lisf) t() Lunctor
(term) )

termOPterm top

OPterm top

termOP top

[term-lisf] il

[term-list |term] t[], tl

{tern} !

term. tperiod

term, term-list tcomma

The member/2 program
Using this counting scheme for theember/Zxample:

S= [tperiod’ t()’ tcomma’ t[]’ t|’ tperiod’ t.-’ t()’ tcomma’ t[]’ tl’ t()’ tcomma]

nset= {tperiod’ t()’ tcomma’ t[]’ t|’ t:-}

SZ: [t member tX’ tX’ tunderscore’ tmember t><’ tunderscore tT’ tmembe’r tX' tT]
nset = {t member tX' tunderscore tT}

Using this token analysis of thmember/2program, we get the following counts and size



measurements:

n,=6
N, =13
n,=4
N, =11
n =10
N =24

V = 24og,(10) =80

The union/3 program.
Operator concrete representation:

union([H|X], Y, Z) :-
(member(H, Y)

>7=T
Z=[H|T]
):
union(X, Y, T). % Clause 1a
union(l], Y, Y). % Clause 2a

Base representation:

-(union(*.’(H, X), Y, 2),
(5 (->"(member(H, Y),
=(Z,T),
=2, (H, M),
union(X, Y, 2))). % Clause 1b

union([], Y, Y). % Clause 2b

Figure 1 : Original and Base representation form of the

PROLOG union/3 program.

We apply this counting technique to tn@on/3solution as follows:

Clause 1a:

S = [tperiod' t:—’ t()’ tcomma’ t[]’ t|' tcomma’ tcomma.’ t()’ tsemicolon

t

comma

tcomma]

nset = {tperiod’ t.-’ t()’ tcomma’ t[]’ t|’ tsemicolon t->’ t:}
S = [t uniort tH’ tX' tY’ tZ’ tmembe’rtH’ tY’ tZ' tT’ tZ' tH’ s tuniorr tX’ tY' tT]

nset = {t uniort H' % &' &% Umember tT}

t

> T Teomma & = g §p



Clause 2a:

S = [tperiod’ t()’ tomma tcommr’:J
nset = {tperiod’ Y tomma

S =1t uniort tnil» by tY]

nseg ={t uniort tnil’ tY}

Combined values for these clauses:

S = [tperiod' t:—’ tcomma’ t()’ tcomma’ t[]' t|' tcomma’ tcomma’ t()’ tsemicolorf t—>’ t()' tcomma' Lt

t[]’ ’ t()' tcomma’ tcomma]
+ [tperiod’ t()' tcomma' tcomma]

nset = {tperiod’ t.-’ t()’ tcomma’ t[]’ t|’ tsemicolon t->’ t:} At period’ t()’ tcomma}
={t period’ %-' t()’ tcomma.’ t[]' t|' tsemicolon t->’ t:}

SZ = [t union tH’ tX' tY’ tZ’ tmembe’rtH’ tY’ tZ' tT’ tZ’ tH’ s tuniorr t><’ tY’ tT]
[t uniort tnil’ tY tY]

nset = {t uniont tH’ t)(’ tY’ tZ’ tmembe’rtT} U {t uniont tnil’ tY}

= {t union tniI ! IH’ tX' tY’ tZ’ tmembe’rtT}

Using the combineds,,n set, S,, and) set values determined above, we can calculate the vari-
ous token counts:

n,=9
N, = 24
n,=8
N, =21

These counts yield the size measurements:

n=17
N =45
V = 45[og,(17) =184



The “base” union/3 program.
We can compare the above measures fouthen/3program represented using the operator syn-
tax (and the special list syntax) with the measures for the same program written in the “base”

syntax, without the operator syntax or the special list syntax. The counts for the base notation
version are:

Clause 1b:

S = [tperiod’ t()’ tcomma’ t()’ tcomma.’ tcomma’

t()’ tcomma’ t()’ tcomma.’ t()’ tcomma’ t()’ tcomma.’ t()’ tcomma’ t()’ tcomma’ t()’ tcomma.’ tcomma]
nset = {tperiod’ t()’ tcomma}

S =t Uynion Lo o B by T b b ey B By Bt Lo Bttt
tunion’ tX’ tY’ tZ]

nset = {t:—’ tunion’ t.” tH' tX’ tY’ tZ' t’,’ ’t’;' bt membe’rtT’ to}

Clause 2b:

S = lyeroq o bomme tommd
nset = {Lperiod’ Yy omma

S = [tuniorr it by Byl

nset ={t \nion bt b}

All clauses:

Sl = [tperiod’ t()’ tcomma’ t()’ tcomma’ tcomma’

t()’ tcomma’ t()’ tcomma’ t()’ tcomma’ t()’ tcomma’ t()’ tcomma’ t()’ tcomma’ t()’ tcomma’ tcomma] (21)

+ [tperiod’ t()' tcomma.’ tcomme\] (4)

nset = {tperiod’ t()’ tcomma}

- {tperiod’ t()’ tcomma}

= {tperiod’ t()’ tcomma}

SZ [t umorf 2 tH' tX’ tY’ tZ' t’,’ ’t’;’ ’t“->' )t member tH’ tY’ t’=’ ’tZ’tT’ t’=’ ’t t tH tT’



tunion’ tX’ tY’ tZ] (25)

[t uniort tnil’ tY’ tY] (4)

nset = {t:-’ tunion’ t." tH’ tX’ tY’ tZ’ t’,' ’t';’ ’t’->’ L membe’rtT’ t:’}
Ut union tnil’ tY}

- {t:—' tunion’ t." tH’ b tY’ tZ’ t’,' ’t';’ ’t’->' )t membeYtT’ t’:’ ! Hﬂil}

Using the combineds, nset, S,, andnset values determined above for the base-syntax ver-
sion of theunion/3program, we can calculate the various token counts:
n,=3
N, =25
n,=14
N, =29
These counts yield the size measurements:
n=17
N =54
V=54 EI]ogz(17) =221

Discussion.

This demonstrates the typical result that using the operator syntax gives a smaller program
compared to the base syntax. The total number of unique tokens does not change (17, in this
case), but the total number of tokens does (45 versus 54).

In the operator syntax there are fewer parentheses and argument-list commas than in the base
syntax. In the transformation from the operator-syntax to the base-sytnax, each binary operator
term ‘term OP term’ is replaced by ‘OP(term, term)’, one token (the operator OP) in the first
case versus three tokens (the operator OP, the parentheses, and the argument list comma) in the
second case. Similarly, the unary operator terms go from one token (the OP) to two tokens (the
OP and the parentheses). The list syntax also provides a substantial savings: ‘[term1, ..., termN]’
becomes “.’(term1, ‘.’(term2, ... “.’(termN, [])...))". This changes N tokens in the list syntax for
a list of N terms (one for the brackets and N-1 for the commas) into 3N+1 tokens in the base
syntax (a ‘., a pair of parentheses, and an argument comma for each term, plus the ‘[]" (nil)
token for the end of the list). Depending on the program, the size difference between the opera-
tor/list syntax and the base syntax can be quite large.
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