Cocke-Kasami-Younger Parser

Suppose all rules of form A -BC or A —a
(by mechanically transforming grammar)

Given x =x,...x,, want M4, = {1 if (A ="x,,,...x;) else 0}

Forj=2ton | A
X1

MA[-1,j] = {1 if (A —x;is a rule) else 0} X2 Q
for i =j-1 down to 1 o

MA L] = Va_ac. i <k<j MBJiK] A MC[K] B (©

Time: O(n3) 1K K|



And now for something
completely different ...

CFGs beyond compilers



An RNA Structure
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An RNA Computer!
Sensor & On/Off Switch
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A L19 (rplS) mRNA leader
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Bsu [E{gerGi. 17 .fEVYFNL . 40 . AAAAC[ENIGI[eCGCUGUGEEE . . GUUUUUG. . . .UGEE . CAAT XTI I[sUG.05.
Bha p{esdide. 17 fehgsh;. 17 . AUUACIENEGSCGCUG . CAG . . . GGGUAGAAG. . . CUGUCAUEYIII[CUG. 06 .
Oih PR ¥Ye. 17 3%V, 31 . UAAAC[ENIEII[ECGCUG . UC. . . . CCAUACUU. . . . . GUUCAUEYILTAG. 06.
Bece pL{lidN. 18 .fFUIels. 36 . UUAACEUGIECGCUG . UAA . UUUAUUAAGACU . . UUA . UAAEYIINIEUG. 05.
Gka RRIle. 17 .(EUITN . 38 . AAAACIENGUIECGCUG . CAAUGA . AGAGA . . . UCAUUGGCAUZVYINEUG. 04.
Bel ppfegilde. 17 pESIFN, . 45 . AUUAC[EENIfECGCUG . CUG. . . . CAGUGU. . . . . UGG . CAU[LYNIICUG. 06 .

Bac FG{EGEY. 17 .[FY% 5. 35 . AUAACIENEIIECGCUG . €A . AUAAAGAAAGUCUG. . UG . CAA[FYIINIEUG. 05.
Lmo [EgdXeN. 17 pFVIT . 28 . AUAACIHNNIIECGCUU . CAU . . . . UAUUAAU. . . .AUG. AAULYNIETUG. 05.
Sau [EIFVNN. 17 pEVYTGNL . 23 . AUCACIENEAJECGCUG . CU . . AUAUAUUUGUCG. . . RGGCAA[L AT \GG.04.
Cpe LZIVVXC.18. JVNYEE:. 08 . GUACCIHSREG[SCUCUGUCACA. . . .GAG. . . . . . UGUGUUAALASIEAA . 17 .
Chy [E{aer%y. 17 .fF%o %Y. 09 . UACCAREISIECGCUG . GA. . . . CAGGGGC. . . . . . UG . CAUTYaiGCcCc. 03 .
Swo FE{rXrN. 17 .pFVV¥Y:. 16 . AAAAA[TeG[ECGCUG . CAUU . . AAACUAA. . . . AAUG . UAULAEGEUU. 05.
Ame ppllelde. 17 pE%INN . 10 . UUACGESIGCUCUA . UAC. . . . .AGGA. ... ..GUA. UAAFASEUA. 07 .
PELllle. 17 JfESYVY . 16 . UUACGEYIEGI[ECGCUG . CCU . . . . CUGGGAA. . . . AGG . UAA[LALIIIEUA. 04 .
: CAAZUZEAA
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Spn pEdgNehy. 17 .jEV VL. 28 . AUACA[GUENI[ECGCUG . AGGA. . . .AGAU. .... uccu. .04.
Smu [EEINerN. 17 pEYI VY. 26 . AAACGEHALYI[dCGCUG .AG. . . . ACAGAGCA. ... .CU.VAUZXILEGIAR.04.
Lpl [y, 18 fEVETT. 21 . UUAACENIEGIECGCUG . AC. . . . . CAGGUU...... GU . CAC[TY[eGG. 04.

Efa ppIe). 17 .pINTE . 28 . AUUACLENEUIIECGCUG . UGG . €A . . GAAG. . . UGACCA . UAAZVIZNITUG . 06
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Ljo N, 17 fF¥YGEEL, 25 . UUAUGESILUIECGCUG . teeeARAG.coann AUEYITEGU. 03 .
Sth ANV MTAACATII-RI).V.Xle GCUAAUC]elelel! /[N .GAcacaGeuU.. OAAG N iAn . 03,
Lac ppr¥¥¥Y. 17 .j3EGEE: . 39 . UUAUGEHGEITECcGCUG . ACG. . . . CUGGUA. . . . .CGUUGAULY\I[IGA . 03.
Spy gV, 17 .IXT ¥ . 29 . UUACGSLS[ECGCUA .AG. . . .ACAAGUA...... CU. UAAGUY]IAR.03.
Lsa [jeddd ¥, 17 . jF¥¥VT.. 26 . ACAAC[E L II[eCGCUG.GCG. . . . CAAGA. ... ..CCUUAAUZLYNIINIcUG.06.
I A BTTTACTIS VINTATTTTIFL I9:-Ni/.V-Xe GAUAUUC elelel i /- 2 - PRNIIRINN AACUG...connn GACAU[TYITIEGG. 04 . ;
Fnu pEyaNerl. 17 fEEVVT:. 12 . AAUUCIENEISCGCUU . UAR. . . . . UARAA...... 1117 W VGAAUAUC/ TN  NPNA
B . . C B. Subtilis L19 mRNA leader switch?
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A CFG

for RNA

S —LS
L — “dFd”
F — “dFad”

“s” means unpaired;

S
LS

“dFd” means paired

(Watson—Crick:

aFu|uFa| gFc|cFg
paren-like nesting)

S= LS=*LLLLLLLS
= LILLILILL

—=* §S[. SSSSS

= SssdFdsssss

— ssddFddsssss

= SsdddFdddsssss
N

SS —SSSSS




Actually, a Stochastic CFG

Associate probabilities with rules, e.g.:

S—=LS (p =o0.87)
S—=L (p=0.13)

Now we can ask, not only
“‘Does S generate w?”
But also
“‘How likely is it?”




Cocke-Kasami-Younger Parser

Suppose all rules of form A -BC or A —a
(by mechanically transforming grammar)

Given x =x,...x,, want M4, = {1 if (A ="x,,,...x;) else 0}

Forj=2ton | A
X4
MA[-1,j] = {1 if (A —x;is a rule) else 0} X2 Q
for i = j-1 down to 1 s
MALL] = Vasgc, i <k<j ME[LK] A ML, B ©
Time: O(n3)

i+1 K k+1 ]



“Inside” Algorithm for SCFG

Suppose all rules of form A -BC or A —a
(by mechanically transforming grammar)

Given x =x,...x,, want M4, = p(A =" x,,,..x;)

Forj=2ton |
MA[-1,j] = p(rule A —x; ) X2 Q
for i =j-1 down to 1 s

MALL = Sazsc, i<k <) MBILK]  MCkj] x p(A —BC) | (B) (C
|.e., probability of A in M[i,j], instead of its possibility

Time: O(n3) i+1 Kk k+1 j



nucleotides, SD: Shine-Dalgarno
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Bottom Line

CFG technology is a key tool for RNA
description, discovery and search

A very active research area

(Some call RNA the “dark matter” of the genome.)

luge compute hog: results above
represent hundreds of CPU-years;

smart algorithms have a big impact
(Recall the O(n3)...)



More?

Check out CSE 427/428: “Comp Bio”



