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Regular Expression Types for Strings in a Text Processing Language

NaosHl TABUCHIL,* E1IJIRO SUMIIT and AKINORI YONEZAWA'

Scripting language such as Perl, Ruby, Python, etc. are now widely used in developing
string-manipulating software including CGIs. Although they are known to be useful for rapid
application development, their excessive flexibility often makes it difficult to debug and main-
tain programs. On the other hand, type systems are known to be a good tool for static
verification of programs. However, existing type systems as in Java, ML, etc. are not neces-
sarily compatible with scripting languages. To overcome this problem, we propose a new type
system in which “types” consist of regular expressions, observing that an important feature
of these scripting languages is to manipulate string values by means of regular expressions.
Our method enables programmers to statically verify string values and operations on them,
and thereby improve reliability of software. Using regular expressions, our approach achieves
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higher degree of expressiveness and flexibility than traditional type systems.
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M (term) n=
| fix(f,z, M)
| MM,
| s
| MM
|
|

match M with P, = M, |

print M
P (pattern) == s
| PP
| xzasP
P
| PP

variable)

recursive function)
function application)
constant string)

string concatenation)

constant string)

variable binding)

(
(
(
(
(
| P, = M, (pattern matching)
(
(
(
(
(repetition)
(

sequence)

01 000o0oO0ooooog
Fig.1 Syntax of terms and patterns.
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C[] (evaluation context)

print []

v (value) w= fix(f,z, M)

match [] with P, = M1 | ... | P, = M,

R-A
fix(f, z, M)v = [v/z][fix(f, z, M)/f]M( pp)

Vi<m.s>P,=1 spP,=0 0#1

(R-Cat)

~ €
S1 82 — S1+ 82

(R-Print)

. S
print s — ¢

match s with P, = M, | ... | P, = M, = 6M,,

M, = M,
C[M1] > C[Ms)]

(R-Match)

(R-Ctx)

02 0000000
Fig.2 Operational semantics of terms.
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m (M-Seq—Const-Succ)

S|>P1|P2:>9

(M-Bind)

—1 .
8, ~S1 not exist

s1 >8P = 1

(M-Choice-Snd)
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(M-Seq-Seq)

03 Dooooooooo
Fig.3 Operational semantics of patterns.
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Fig.4 Example of pattern matching.
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7 (type) h= T
| T
T (string type) == s [s] {s}
| T T, [Ty | T2] [ UlT2]
| T [T = {s1+-+snlsi€[T]GE=1,...,n)}
| T [WT2] = {s1+s2]|s1 €[] As2€[T2]}
| ThNTy [Th NT3] [TA] N [T%]
| TinT: [MNT] = [1]\[T2]
| T [[7'] = {s'|selhilns+s €[]}
| Ty [MT5'] {sls+s e[n]ns elT2]}

05 O00OOODOO
Fig.5 Syntax and semantics of types.
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' MMy : 7, ThT>T I'ks:s,e
DM Ty, T Tk My : Ty, T} TFM:T,T
~ (T-Cat) - (T-Print)
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- (T-Match)
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TFT P | BT
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P-Bind P-R.
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MrTwspor & oeaconst) M7 (P By o T oed-Choice)
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06 Ooooo
Fig.6 Typing rules.
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(P-Bind)
(P-Bind)

I FQ~a* =0

I FP~yasa* = y: 0

i P~ zas (yasa*) = y:0,z:0

P-Seqg-S
(P-Seq-Seq) M FO~e(zas(yasa®)) = y:0,2:0
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Fig.7 Example of derivation.
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{([ab],a(y as b))} I ab~» a(y as b) = {y : 0}
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(P-Seg-Bind)

08 Oooooooooo
Fig.8 Example of wrong derivation.
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