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Efficient Divide-and-Conquer Parsing
of Practical Context-Free Languages

Long Version

Jean-Philippe Bernardy =~ Koen Claessen

We present a divide-and-conquer algorithm for parsing context-

free languages efficiently. Our algorithm is an instance of Valiant’s

(1975), who reduced the problem of parsing to matrix multiplica-
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Figure 4. The chart corresponding to a fragment of a C program.
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Definition 8 (Transitive closure). If it exists, the transitive closurevs T

of a matrix W, written W, is the matrix C' such that

C=C.-C+W
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Definition 8 (Transitive closure). Ifit exists, the transitive closure
of a matrix W, written W™, is the matrix C' such that
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Definition 8 (Transitive closure). If it exists, the transitive cfasurei
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of a matrix W, written W™, is the matrix C such that y

C=C.C+W
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, A X A X!
W= [U B] ¢= [0 B’]

Then the condition that C' 18 the transitive closure of W becomes
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A1 Asg| Y Yo
Ago 21 Yoo

11 Yio Big

21 Yoo Bas

11 =A11Y11 + A12Yo1 + Y11B11 + 0 + X11
,12 = A11Y12 + A12Y22 + Y11 Bi2 + Yi2Ba2 + X2
21 =0 + A22Y21 + Y21 B11 + 0 + Xo1
‘20 =10 + A2Y2s + Y21 B1s + Ya9Bas 4+ Xoo




Y = AY 4+ Y B+ X B =Rt

Yii =AY + A1oYor + Y11B11 + 0 + X11
19 = A11Y12 + A12Yas + Y11 B1a + Y12Boa + X9
| _ + A22Yo1 + Y21 B11 + 0 + Xo1

+ A22Yoy + Y21 Bia + Y92Bos + Xoo

21 =V (A2, Xo1 , B11)
Yii = V(A11, X11 + A12Y21 , B11)
22 = V (Aa2, Xoa + Y21 B12 , Ba2)
12 = V(A11, Xi2 + A12Y22 + Y11 B2, B22)




Agg, Xo1 , Bi1)
, X11 + A12Y21 , B11)
A2z, Xo2 + Y21B12 ; Bas)
, X192 + A12Y95 + Y11 B2, B22)
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A= A'A’ + A 1‘"221 — 1":(;’122; Xo1 ) Bll)
Yii =V (A1, X11 + A12Y24 , B11)

I Al e, k A\
X' =AX' +X'B +X Yoo = V(A22, X22 + Y21B12 , B22)
B'=B'B'"+B Yi2 = V(A11, X12 + A12Ya0 + Y11 B1a, Bao)

T(N) = NxNfTHIDTCEHE ;%f
V(N) = NxNFT5ID V DEHE
M(N) = NxN{fTH|DEHE

T(N) = 2 T(N/2) + V(N)
V(N) =4 V(N/2) + 4 M(N/4)
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import Prelude (Eq (..))
class RingLike a where
zero :: a
(+)a—>a—a
(ra—a—a
dataM a=Q (M a) (M a) (M a) (M a)| Z | One a
W2 277=2
gab cd=Qabcd

one x = if © = zero then Z else One z

instance (Eq a, RingLike a) = RingLike (M a) where
zero = 7
J4+r==x
T+ 7 =x
One z + One y = one (z + y)
Q a1 a1z a21 aze + Q b1y bio b2y boo
= ¢q (@11 + b11) (a12 + b12)
(a21 + b21) (a2 + ba2)
Zx=17
-4 =17
One x - One y = one (z - y)
Q a11 a12 ag1 a2 - Q by bia b2y bao
= q (@11 - b11 + a12 - bo1) (a11 - bia + a12 - ba2)
(a21 - bi1 + a22 - ba1) (a21 - ba1 + a2z - baz)
v (Eq a, RingLike a) = M a - M a— M a — M a
v a VA b=27
vZ (One ) Z = One x
v (Q a11 a12 Z a22) (Q 11 m12 221 22) (Q b11 bia Z ba2)
= q Y11 Y12 Y21 Y22
where 121 = v asa 01 bi1
yi1 = v a11 (211 + @12 - Y1 ) b1
Y2 = v a2 (22 + Y21 - b12) bz
Y2 = v a11 (212 + @12 - Y22 + Y11 - b12) bao

Haskell THOEE X



ED&SHBEXET., BTGz EZM? K

7___ S

Definition 9 (Assumption). There exists a constant o such that,
for any input, the distribution of non-zero elements in the chart C

corresponding to it is bounded as follows. For any square subchart
A of C above the diagonal,

1

(4,7 )Edom(A)

where # A is the number of non-zero elements in matrix A.
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