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15 M T (Semantic Parsing): IEBEAES 9 FIREIEEF L RIZRIATL, A&,
Xih., BRABSEBRFESEIZORA, EFEK BEREFIRAFIAREIERAR
HUARRE, B X BETEUS T ERIHE,

____________________________________________________

 Information | \ Broad-coverage ! ' Semantic !
. Extraction ! . Semantics | . Parsing
| I |
I I I
I I I
I I I
I I I
I | |
I I |
R ————————————————l——————>
Recover information about pre- Focus on specific : | Recover complete

specified relations and entities

| phenomena i ' meaning representation |
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Logic-based Graph-based Programming
Formalism Formalism Language

—— — — — — — — — — — ——— — — — — ———— — — — ——— — — i — — — — — — — — — — — — — — — — — e —— — — — — — — — —

Meaning l | |
Representation ) I | |

: A-DCS : : Abstract MR | | Java / Python |
| : : | | |
| First-order logic [ | Alexa MR : : SQL Query :
I | | I |

[ Lambda calculus | I Semantic Dependency Parsing | | API Query :
S - T T 1 T e L e o — S S — —— r———/"—7—=""—=""=" "
| o | |
: Chart-based parser : i Probabilistic CCG : : Seq2Structure :
: Combinatory Categoria Grammar | | Stochastic CFG | : Reinforcement |

| I | )
: Context Free Grammar | | Inductive logic programming | : Learning |
__________:_____________ __________i ___________ e I _____ |

; |

Parsing DU NI g N
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| : . eg. location.city ( Beijing, City )
"""""""""" K-~ ~"~777777777777777e Function
I eg. vf.locate($1,52) ->{$1 }is located at { $2 }

EARLEY Parser |
e PREDICTOR((A = aeB,i),j, grammar) ,~~ ~~~~~ "~~~ """~~~ "°"°7°7°7°7°% >
e SCANNER((A = aeB, i), j)
e COMPLETER((B = vse, j), k)
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nf.math.pow(
nf.math.sum(
5

116.64 <: —— nf.math.to_number("5.8") :
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<ch_unit>="—"{nf. ICO}"Z"{nf. I "A "{nf.I(D}I"Z "{nf. ICD}I"&R "{nf.I(2D}...;
<cn_zerox>="ZF"{nf.I(A}1"O "{nf.I(0D};

<cn_digits=<cn_unit>{nf.I($1)} |<cn_zero>{nf.I($1)} |<digits>{nf.I($1)};
<numbers>=<cn_digit>{nf.I1($1)} |<cn_digit> <numbers>{nf.util.concat($1l, $2)};
<cn_el>="+"{nf. 11} 1" "{nf.I(10)}; <cn_e2>="87"{nf.I(100)} "B "{nf.I(100)};
<cn_e3>="F"{nf.I(1000)} | "F "{nf.I(1000)}; <ch_ed>="JF "{nf.I(10000)};

<cn_e8>="1Z2 "{nf.1(100000000)} 1"H A" {nf.I(100000000)},

<cn_els>=<cn_el>{nf.I($1)}I<cn_el> <cn_unit>{nf.math.sum($1,%$2)}
|<cn_unit> <cn_el>{nf.math.mul($1,$2)}
|<cn_unit> <cn_el> <cn_unit>{nf.math.sum(nf.math.mul($1,%$2),%$3)}
l<cn_unit>{nf.I(3$1)} I<cn_zero>{nf.I($1)};
<ch_e2s>=<cn_unit> <cn_e2>{nf.math.mul($1,$2)}l<cn_els>{nf.I($1)}
|<cn_unit> <cn_e2> <cn_unit>{nf.math.sum(nf.math.mul($1,%$2),nf.math.mul(10,%$3))}
|<cn_unit> <cn_e2> <cn_els>{nf.math.sum(nf.math.mul($1, $2), $3)}
|<cn_unit> <cn_e2> <cn_zero> <cn_els>{nf.math.sum(nf.math.mul($1, $2), $4)};
<cn_e3s>=<cn_unit> <cn_e3>{nf.math.mul($1,$2)} I<cn_e2s>{nf.I($1)}
l<cn_unit> <cn_e3> <cn_unit>{nf.math.sum(nf.math.mul($1,%$2),nf.math.mu1(100,%$3))}
l<cn_unit> <cn_e3> <cn_eZs>{nf.math.sum(nf.math.mul(%$1,%2),%3)}
l<cn_unit> <cn_e3> <cn_zero> <cn_e2s>{nf.math.sum(nf.math.mul($1,%$2),%$4)};
<ch_eds>=<cn_e3s> <cn_ed>{nf.math.mul($1,$2)} I<cn_e3s>{nf.I($1D}
|<cn_e3s> <cn_ed> <cn_unit>{nf.math.sum(nf.math.mul($1,%$2),nf.math.mul(1000,%$3))}
l<cn_e3s> <cn_ed> <cn_e3s>{nf.math.sum(nf.math.mul($1,$2),%$3)}
|<cn_e3s> <cn_ed> <cn_zero> <cn_e3s>{nf.math.sum(nf .math.mul($1,%$2),%$4)};
<cn_e8s>=<cn_eds> <cn_e8>{nf.math.mul($1,$2)} I<cn_eds>{nf.I($1)}
|<cn_e4s> <cn_e8> <cn_unit>{nf.math.sum(nf.math.mul($1,3%2),nf.math.mul(10000000,%$3))}
| <cn_eds> <cn_e8> <cn_eds>{nf.math.sum(nf.math.mul($1,$2),%$3)}
|<cn_eds> <cn_e8> <cn_zero> <cn_eds>{nf.math.sum(nf.math.mul($1,$2),$4)%};

<cn_decimal>="5" <numbers>{nf.math.decimal($2)};
<numbers=<cn_e8s>{nf.I1($1)} |<cn_decimal>{nf.I($1)} |<cn_e8s> <cn_decimal>{nf.math.sum($1,%$2)};
<number>=<cn_e2>{nf.I($1)} I<cn_e3>{nf.I($1)} I<cn_ed> {nf.I($1)}|<cn_e8>{nf.I($1)};
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1 <unit>="zero"{nf.I(@)}1"one"{nf.I(1D}1"two"{nf.I(2)}|"three"{nf.I1(3)} ...
2 <ten>="ten"{nf.I(10)}|"eleven"{nf.I(11)} | "twelve"{nf.I(12)} ... |"nineteen"{nf.I(19)};
3 <tens>="twenty"{nf.I(20)}|"thirty"{nf.I(30)}|"forty"{nf.I1(4@)} ... |"ninety"{nf.I(90)};
4
5 <el>=<unit>{nf.I($1)} I<ten>{nf . I($1)} |I<tens>{nf.I($1)}
6 |<tens> <unit>{nf.math.sum($1,%$2)}
7 |<tens> "-" <unit>{nf.math.sum($1,$3)};
8 <eZ2>="hundred"{nf.I(100)}; <e3>="thousand"{nf.I(1000)};
9 <e6>="million"{nf.I(1000000)}; <e9>="billion"{nf.I(1000000000)};
10
11 <e2s>=<el>{nf.I($1)}1<e2> {nf.I($1)}|<el> <e2>{nf.math.mul($1,$2)}
12 |<el> <eZ2> <el> {nf.math.sum(nf.math.mul($1,$2),$3)}
13 |<el> <e2> "and" <el> {nf.math.sum(nf.math.mul($1,%$2),%$4)};
14
15 <e3s>=<e2s>{nf.I($1)}1<e3>{nf.I($1)}|<e2s> <e3>{nf.math.mul($1,$2)}
16 |<e2s> <e3> <e2s> {nf.math.sum(nf.math.mul1($1,%2),%3)}
17 |<e2s> <e3> "and" <e2s> {nf.math.sum(nf.math.mul($1,%$2),%$4)};
18
19 <ebs>=<e3s>{nf.I($1)}1<eb>{nf.I1($1)}|<e3s> <eb>{nf.math.mul($1,$2)}
20 |<e3s> <eb> <e3s> {nf.math.sum(nf.math.mul($1,%$2),$3)}
21 |<e3s> <eb> "and" <e3s> {nf.math.sum(nf.math.mul($1,%$2),%$4)};
22
23 <e9s>=<ebs>{nf.I($1)}1<ed>{nf.I($1)}|<ebs> <eI>{nf.math.mul($1,$2)}
24 |<ebs> <e9> <ebs> {nf.math.sum(nf.math.mu1($1,%2),%3)}
25 |<ebs> <e9> "and" <ebs> {nf.math.sum(nf.math.mul($1,%$2),%4)};
26
27 <en_decimal> = "point" <numbers> {nf.math.decimal($2)};
28 <en_number> = <e9s> {nf.I($1)};
29
30 <number> = <en_number> {nf.I($1)} | <en_decimal> {nf.I($1)}
31 | <en_number> <en_decimal> {nf.math.sum($1,%$2)}
32 | <en_number> "and" <en_decimal> {nf.math.sum($1,$3)};
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var nf = nf || {};
nf.math = {};

nf.math.to_number = function(s) { return Number(s); }

nf.

nf.
.math.
nf.
nf.
.math.
nt.

math.decimal = function(s) {
s.toString(Q);

Number(s);

return n / Math.pow(10, s.length);

S =
var

math.

math.
math.

math.

n =

sum
sub
mul
div
heg
POW

function(x, y) { return x + vy; }
function(x, y) { return x - y; }
function(x, y) { return x * y; }
function(x, y) { return x / vy; }
function(x) { return -x; }

function(x, y) { return Math.pow(x, y); }
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Domain Specific Open Domain
L S R LS
Manually Built Generated from :

—— e.g:
bussiness.startup

education.university

e Constructing Peer

Similarity Graph

Manually Built Generated from :
e.g: e PropBank
Function Grammar | nf.vehicle.price($1) e VerbNet
S1: e e FrameNet
vehicle.concrete e Adjective & Adverb
ret: quantity.price words list
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» Statistic Method: are often based on probabilistic CFGs (PCFGs) or probabilistic lexicalized CFGs trained on hand-

labeled TreeBanks.

» Type-compatibility: The type of each child of a function node should match the corresponding argument type of the

function.
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Book Ticket O O O O O FromCity O ToCity O

1
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Book a flight ticket from Beijing to Fuzhou.
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Early stage Academic Effort Industrial Effort
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N

; import pyfmr 1 #include "number.grammar"
3 def extractx(): 2
4 pF= pyfmr.Parse;(”./a;dit.gr‘ammar‘") 3 <type> = "BIHACZE" {nf.I("Bill of Exchange/at sight")}
5 if p.grammar_index < @: "y " np: "
6 print(p. error_message) 4 | “CE {nf.I("Bill of Exchange")}
7 return ) ,
g strs = [ 6
10 "S A S R A 100%E Zh M AT E", 7 <amount> = "#&" (any) "&&" {fmr.list(nf.I($2), "5EAZEF—HUEZKFE ")}
1 T ELRHAMBARMRA, STENRRRE", (( 8 | "SHH" (any) "SH" {nf.I($D}
12 "ZSmAFEMBEFEBANTRANBBLCE", 9 .
13 "ZSm AL BENRARAREHWBENTCE", ’
14 ] 10
15 Ny L R n
16 for 1 in strs: 11 <payer> = "IX" (any) "NTRA {nf.I($2)}
17 print(1) 12 ;
18 for key in ["amount™, "payer", "type", "duetime"]: 13
19 ret = p.extractx(l, key) nig " " "
2 print(" %s:%s" % Ckey, ret)) 14 <xdate> = "8 RH" {nf.I("datel")}
21 print("="*60) 15 ;
22 16
23 g LY n n n o
24 if _name —= " __main_": 17 <duetime> = "(FFREAE A" <xdate> <number> "HiL" {vf.time_before($3, $2)}
25 extractx() 18 3

N

N

type:["Bill of Exchange"]

duetime:[vf.time_before(
nf.math.to_number("90"),
"datel")]
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nf.math.sum(
nf.math.sum( nf.math.pow|
nf.math.mul{l, 1088), nf.math.suml
nf.math.sumfl 5,

nf.math.mul({2, 10}, nf.math.to_number("5.8")

),
nf.math.to _number{"1.5")

\
|

denotation:



https://github.com/liuzl/fmr/blob/master/examples/math/grammars/number.en.grammar
https://github.com/liuzl/fmr/blob/master/examples/math/grammars/number.zh.grammar
https://mathsolver.zliu.org/
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