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Paraphrase Identification with External Memory and SRL Knowledge

Tianshi Lil, Qi Lil, Wenhui Wangl, Baobao Chang1
(1.Peking University, Haidian District, Beijing 100871, China)

Abstract: Paraphrase identification is an important sentence semantic understanding application.
In this paper, we presented a lightweight memory based recurrent neural network with sematic
role features to do this task. Our single layer recurrent network alleviates the gradient
disappearance and gradient explosion which aggravate by multilayer neural networks. Our memory
and semantic role features can help paraphrase identification. On the test set of Microsoft
Research Paraphrase Corpus, we reached 84. 3% F1 score. Experiments show that semantic roles are
helpful for paraphrase identification and our lightweight model gets competitive result compared
with multilayer neural network models.

Key words: Paraphrase Identification; Semantic Role; Memory; Recurrent Neural Network
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The Senate Select Committee on Intelligence is preparing a blisteringreport on prewar
intelligence on Iraq.

48
=

American intelligence leading up to the war on Iraq will be criticised by a powerful US
Congressional committee due to report soon, officials said today.

SOME %%NUMBER%% jobs are set to go at Cadbury Schweppes, the confectionery and
drinks giant, as part of a sweeping cost reduction programme announced today .

AN
Confectionery group Cadbury Schweppes has warned of further cuts to its %%NUMBER%%
-strong UK workforce .
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B 2 EARRKXFFTFIARBEXIELABIRE,

[After three hours] sevne >, [h€]liree camegs, up with [his decision] se -

e /S

[He]ireo spent [three hours] srewme Makingge [his decision] srer .
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TAEHIEAEAE— A 1D FETHRHERIBE AT AR T WL B IR VPN 4R AR SR AE
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AN 20E TIXAME R . 2) 22 IR &N 4% 75 E A0 AR Z IR B BN 22 2] A R 2 2
HIE SCAIR, BLln Socher &8 A [9]48 H IR 2544 H ) gm il 28 802 Yin 8 A L1214 A )2 DA
FRERMEMN L . X FEALG R, 5T N R SRR BRI i) A, 3 0ok
B SHES

2 R T =X HARRKRZWA T NXWAIERIRATT A H: 1D WAEEAE
JER GRS i W BO B X RNAE ORER . Fell came up wi th I make 1£32 2 A A
—FE,  came up withGAEH . P2 BH FEE L, make BRAIM. M. HIEHEAF
E, MAERMAEFH, 56 BB, ef1RE TIRRBIXANMEEE L. 2) X T
came up with F make SXPAFINERIHCBRRUL, P A) IS H A DS IRTE SUM e e U
PURi M e 288 A RZIMIRT RIOC R o BRI, 0N Z S R R, LRSS G5 U 1R
AT E IR R+ A .
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P22 X 288 52 TR AR R o AR Pl an R RS ERZE R 2B )7 [ B 3R RUR FH @ i 3 [
AR (LR) HEAT SR A5 .
ﬁ%miﬁkﬁ%ﬁiﬁrﬁ’ﬁ%ﬁ% B 2 v o 1R R R L AR B ) 1) B R R R
§J\§r<7f’] HEMAA) T sy Msy, WAH T K F 25730 NA=ay,a, ..., a;, A
= by, by ..., by, FAL AL R PIRIE R . MAKAICAZH T 2% (LSTMD [16]’\
%Uxﬂﬁ’tﬂmﬁlﬁﬁﬁi‘% A BT A R B R R FAARB . T A G s e AR, it

B 3 ETFEE & (Attention) BIEMHAMEER oM. ERRRIEENS S
(Attention Value) 3 EiB8ATF, RIBEESIER (Attention Map) IRITRKFMZ FER—1t
BRI, ABaFHEENSS AU FE NIRRTk —HEE .

Attention
Value

Attention
Map

After three hours , he came up with his decision . He spent three hours making his decision .

LSTM 2 J& ¥ H 1) SR i F

a, = LSTM(a,, @;_4) (8)

b, = LSTM(by, by_1) )
Forp, BAJE LSTM ZFERCE B3t i), AT VIR OB A G 40 LSTM 2 5 4%
TR B[R] 18 U], (8 S S5 RS R R SUBCR . 7E LSTM B AR s 3 80 7 1
| ) B s A b, AR A0 B0t 55 8 75 30 A B ) 3 [ 78 48 P 1 A1) F IRl R R
ek Bs, Flls, 2 (2 4B (Attention Map) M, M € RiXl, % FHaE AT &
PN I JE A 1A [ BT < ayg, by >, FRAVER I A AR L B I HEREM R A TR
ejj:

e;; = cos(a;, by) (10)

Elﬂcos()zefrﬁﬁ%%‘zifﬁfﬂ“ BRI A, % AR T AR TG 2 A e SO G, 25,

aﬂaﬂ] AL A 12 THE A E RN ENE S 5 — )1 ) EE R R AN

a; —Z] e VIiE[L .., 1] (11)

,8] Z el] V] € [ 12] (12)
HRAE — 8 b AR 53— A (0 A R, ?ﬂdl]ﬁ')ﬁTufrﬁtﬂ%fE% ) TEAE R A
(R KA ) TR

Lol expla)
a=YyY'! —Y q. (13)
Zl-lzf::lexpmk) ‘

b=3% 12—?"1‘1&;]{) b; (14)

Hehafpimida) 7 @ St LSV 5 53 [ BARYE 5 — A i E AR a2, EW EXk

W, HAE R A) T A R N R R A R R S — AU AR SR SR IR o DR AR B, AR
JoR U b P ) T A SR 5 3 0 A B P 1) R OR

SRIG A LR BRI AR F AR, fE iz, FRATTRIAH b — b A2 il i) 7 m E R R

PiEE B NI A RRHEVE N LR BB RSN o 75 BARSEEIR, FRATTHEAE B M



BT PR ) 1 1) B AR i NRFE ) — 38 43, A A A AR 2 2ok B 6] 1) & 2 8] ) AR 52 AH
A cos (@, DYTEANFFIE . FATAN, BT B A)IE 1 A) 7 ) B A [ — 18 USR], AR5Z AL
FEE T DL BOUL ) J B9 ) - T 2 RO AH DR 8, 3 T s Bl 88 ) 0 )38 SORE SR FE o A e,
WATEAER LSTM 24 th (#0145 2 5uia [ & R omay, by, 1 N JE IR ) F 1 A e Ros I8
TR o B DA 2] LUR G e R A3

y = LR([cos(@,b); cos(ay,, by, ) ; xf]) (15)

4 ETHREIBIZE T (Memory) HITEIRHZMEIERIER Sy 224,

Memory Memory [

After three hours f he
< -} came

After three hours , he came up with his decision . He spent three hours making his decision .
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BEANA A )RR A R LSTM R AR, 1A A R BARAE — s RE T B2 3] 2R
JE STHRE SCHAE, AEL 1 5 mp 825 (R KB 231 SUPE SR E A TR o] i SUE B o Xl 3 BRI A
Attention ML A BT PR A5 AH SR I AR ) 2R 0 DATRIE G i SORIOV 32, A RERLIE
5 2] BIAN R E IR SO AR
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BT b R AL IR AT AE [ 1) R, AR 5] N A2 B e Ak o A1 A A R xS
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WA B TR A F A S LR R . FERT AN 2 2 IR #4828 rh e s B 5 80 I 4% (1) O 1
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DAHEERAT SCHME 2, BT DABE A FRATICIZ SR IT 8T, 02 B R S AWl AAE X T 55 — A il
PG AR, IR LR A2 5 T0 BT AF A 5 SRR, T RN [F] 2 0 GIRITE
FHIE. AT BD B AR R G,

BZEAZ e i B 3 Fros e iefZ ot — NS R &, BN TR — AN e
LG, 1ICIZ 5 TR A B AR PR A £ N 28 LR AE ) - BT I R AT SR . DA 3 M, Ao
WA FALRER] came IXANFEINS, XN A 1AA)FRFICZ 8o B RIA) T B After three
hours FHTRIIL. he [RIA7 1 0) 74 S ZL BTG XBE R, BRI 85 e A TIE U R AN M B R R
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FEHT IR S WS S5 A 50 12 5 s ) =l T AR R _EAF AN 5] 2 IR il B R - B — O 12 5
TCEUHON R4 Ay, 1% ) B BLE LSTM 4t 1R i) 1) B 20 0k 2 (A i 5 45 2 B 3 1) 3R
AL Hh, A ERAEH LSTM 4 th 1 1) AR A BE e IZ o i A2 72 %7t
HR] DUl B R AN R Z R ITE SCER R, AN B2 VG R &R
FaRieiz s o) TAE 7 s T i — R A A AT B . [ B8, 4EMih)

sy Mls, LLRABAT T [ B FFA1A = ay, ap ..., a;, F1 B = by, by ..., by,, FAVH LSTM X 4]
TR, S T 5 NA = @y, ay ..., @y, A1 B = by, b, ..., by, . FATE LSTM 2
Z by M TAMEALIZHTT, %L I F) 1 P AILE LSTM b I#) IE AL 3R AT AN W 1)
FHr. LLA)Fs A, A7 A0 B ¢4 1R I e A2 s oem Ji e R A AT 5T

m=mi_; Ol —ay)+a; Oh (16)
Hrhm, e R4S, hy € RLZET LSTM (i tHa AR A E, a, € RUZ(] A # (Gate Vector),
R R3EfIR B 20 R aa e i B oo E B AZ e E B hMa ITHE IR T

hy = tanh(W,a@, + by,) (17)

ap = Maxy<j<q, SCOTE; ¢
(18)

scorej, = sigmoid(Uy,[ay; b;]) (19)
HAd Wy, by MU, € RU2ABIHMEZSEL . |1 Ea, 2l 1w [Fs, 1 g— AN JE—A4
AH R FIAE, SR 5 AL BB R P A1 d i e Rt A E AR ) . B Bk, Ak T iR e [R)
sy RN T B HOCHR I B, R I —4Erh R KME o iR EERE NS %, AR
Ja MR IZ N s, [ EARE IR B AN Z /D Bls, KidiZ ot . A)+s, FdiZ 5 o mT DU 284
A XBAT RS F, i IR A, AT T AR T —AMeiz o, Bk
e 12 0) AR T 53— R iE R WA R 2 4% b () E B SRR, SR 5 PR I i SR
1T AR H
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oy i X R B B4, JATARBEREMGHAFREEN R BRI, TR
I3 ISR R ) B TA) (R AR SR ARBARE , SRS AR XA BE AR N ) — 553 o

2. 3MNIBX B BEHE

R 2 AT AT DU SO T RN R AT DA B SCAS B3 F 42 8 AN R R IR 8 X
PR A, FRAESE T FIRHCAZ T R AP e I g AR R IR b, BN A 7 1 X
P RREE— P28 58 2 AN R Z UGE ORI

B, RIA) T IE R ERHIE. B8R AE R S 2AahiE, (HR AR R &
A U AN A1 SRR R B E R, JeH R A7 7] 53— Rk i AR A B3] o
FRATTA FH 3] 17 £ 25 T S5 0 3k B 34> Bl a1 0T (0 R SEARALLEE - IR 3] 7] e om0 85 1 3l
FESCE BRSO E SUE S, BT RS2 A DUE K R S 1A 0 1 SR R AR . S5
H, FRATIAE FH 8] v ) R 52 ARALA EE B K R Bl T 0S R4 T 13 PR SUA bRy o FRATTIA 9 iX b
M T AAE A R 011 SCB & o I AT GRS AR A R 8 1 18 SOt b
AR . BRI O AAVERSIESR R A7 R ahia . 2) $H p A3 s
) B AR R AR B S K BB o 3) A ZEh A X AT SO tbRid S P A) il AT 15 U
PREE

Hxk, A EIRTTEBOE U A o8 R IR N — &R 2y o X T —F) T
H S AN, R R 1) SRR x, € Rfword, AT S A AR 25 6F B [ REAE ) 387~ N
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N LSTM JZIIHIN
X =[x [t (20)

2. 4 Dropout EHE
FRERN R AN PINGREER N, K2 IR 25 5 = Rl A 18, RATE LSTM
J2 ()% 4 FH Dropout SRBE SRZZ ML (1) 1] 8. Dropout HEl& 5 )2 2E ISR Bk ) &
R AR R E MR p BR i, BV TS F8RAME, SRR ENNAN Bo iz 2 A — 4%
Hp I LLBIEAT 4N . J7A LSTM JZ 42 A 8 A 9 EATIHE, M Dropout 25, it
C B/
a; = Dropout(LSTM(a;, @;—1),p) (21)
b, = Dropout(LSTM (b, b;_1),p) (22)
Horp R R 1% p KN ML BEAT 1) B 4R T - HRAE

2. 5i)IIZRIRRE
A T ) e 4 O SR R AR A R A . 45 8 I 25491«
T = (x®,y®) (23)
HrpxOFRZEAMNNGA TN, yO € {0,1}FRFI N INGFE ER 245 1 o FA T2 45
AT DU A A0 A SO -

Yireq = EM-LSTM (x®, 0) (24)

HrhyS) ) € [0 BARDHIIZREGlx ORI TRIISE H, EM-LSTM (External-Memory LSTM) #§

R IATINAIIZ BT 5158, 0 R SRR .
2 IR B AR RSN 25 538, BRATTRT LA P AR R BMAE A TR S 8, o A A 9
IMEERFE 1 A0 0 R 73519k 25K

PYO = 1]x) = 30, PY® = 0e®) = 1=, @)
T HASR R £ -
; ® 1—y®
@ 1 0] y
[ypred [1 - Ypred] (26)

ST AR, ST BR R E N -
J(0) =%iyPlogy(l, + (1 —y®)log(1 -y, 27)

FATINZRm s BEHLES B R P& (Stochastic Gradient Descent) L HE4T 16 5 5538 .

3 =G
3. 1 LWigE

SCAAL IR A HE R ERATE F B A AR MSRP 1B R, iZIE R R ZREE LA 4508 A4
A, MRS 1720 NA)F50F o FEUE SO ERFAE R I 2548 I8 R 95 SR UM
FRVEVFIITERL CoNLL-2005, A 2 Wang 558 A (17142 H 0018 XA bRy, 1] PEdsd: 4%
FEHHAR K240 CoreNLP T HAL . &1 7 rp A AMA OB A R (B[R Wang 25 N —F¢
1] 10BES Aric k. BIHILG ] iF) B FRAT 16 FH )2 Glove T[] &%,

D HHAE R ARIES A T A Stanford CoreNLP. F#kthilil-: https://stanfordnlp.github.io/CoreNLP/.
> Glove il [ 2 H AR KSR At (0 — FP iR R R . R ktudt:



AP IR PRI A BRI B W 1] R 2 4EE 1005 8 S UL ) 2 4
1 60; LSTM [ )2 Ak 2 ) B 450N 100; LSTM EH0N 1; Memory A1 4% 100; Dropout
il 0.5; YIZRE 21508 0.05; SEEH R A mini-batch YIZR5EES, batch K/NA 20.

ATV SEEGAB R AT F 1 1 N AR FE 57 S B s O AR AE, N1 T 32 4 3 [l
HKE . BAVHEFHFREAE 5 WA 55— Yin 258 N [1207E AT (136 A5 0 26 A58 25 b o,
F AL 8 B DEAN FEFRARAE s 55 & Socher %5 A [9] H Zh&w bt #4575 A4l T 1K) 3R 531 5
A R R TR TR PR RRAE o AT P PR E R T 79 b o8 B 2 =) 7 v A F IR AIE A $ i 2
FHF.

3. 2 SLIRLE RSN

K 1R T AT PR EAE MSRP 1ERENINASE ERIRCR . Hod: LsTM 2 R A —
JZ LSTM [FERIBETY; LSTM+Attention & AT H4E H ()3 TR JIHLHI LSTM JEAifi e Al s
EM-LSTM & A B 42 H N B 23012 BT ) LSTM AR, EM-LSTM+SRL 7EiCAZ B oo Ll 1
IINAE SCA BAFE BT . o DU, BEE R PR W, SeEaROR AR I3E Tt LSTM
VERFTA SEER IR B2, TEIIAVERINLHIG, ACRA — e e T, wi B & 2 B s )
DS HCHS A~ HRoml ) (A SR 3R o 2448 T BRAT T4 HH 1 B 2242 B e R B s A v = L
RS, ORI —B T, YOIIERATIE F 02 B e S T LAR A ) 1 R R R E AR
A2 R 5 SCBR R - EINAE U CRHIE )G, SEI0 8 RAEPI R R bR EHOCH IR, X 3B
NTE SCHRRAT 55 (A8 AR B iR i) LA B & IR F1 51

x 1 AERHAERIZE MSRP K& FHSSIEER.

T FEHE (%) | FIE (%)
LSTM 75.6 83.3
LSTM+Attention 76.0 83.4
EM-LSTM 76.7 83.5
EM-LSTM+SRL 77.2 84.3

2 IR T 1E MSRP iERNIRAE b [F a7 A7 ik ki iigh . Hor: Majority Ron4z Rl
g SR RKMERRKR (AR ERKFR) H1T5HKRLR; RAE 2 Socher %5 A\ [9]
18 336 V91 1 Bh 4 A A A AR I R 45 L. A-LSTM J2 Yin 25 A [12)7E SE B0 3 /R B R T &
ML LSTM A5 ABCNN S Yin 55 A [12]42 H 5 T 2 LI 1) 2 2 B R R0 48 I 45 45
AL EM-LSTM 22 2 b i WA AU () B 3 R - [F) Socher 28 AR HUA RAE AHEL, FRAT TR
IR BRI T AR IR B gRhD 88 4584 H AR 2 UCRIE R R AT SR 0 5 R 2R - JRATTIY
SEIGZE R B Yin A2 ZUCE R, (HRWIAR T — M wF ISR, %
FERNFRATRAE A T 5Z 102 8 e 7 B TR 038 S &R, AT TR Y B TR R A T 2
LBRMNLS, It HEANERZ T USRS AR =T NG Z, BB ATTIN S 2 Bz > i
T Yin 88 NTESZIRH 7 thgh 7 RAEH —J2 CNN BIZCR, K126 78.1%, F (N 84.1%.
AILLEH, 7 FEIEAR B A FRA B PR, 31X Ui B FRAT TR 20 A2 B e B B SR
B, ATDATE— @R FIA R F 2 BB —FEMRUR, R R ERIE KR

= 2 7£ MSRP ik & EAYSEG 4L RE AT A EEER.
ViRis R (%) FME (%)
Majority 66.5 79.9

https://nlp.stanford.edu/projects/glove/



RAE 76.8 83.6
A-LSTM 77.1 84.0
ABCNN 78.9 84.8

EM-LSTM+SRL 77.2 84.3

4 BIALE

FETRFAE IR SCAR S0 ) ) 7 2368 3 R AN [ (R AR SR SR AF AN [RI R0 SUBR R, iE M kAT B
BFIA] . Wan 25 N [1]45 P2 B PEVE TEAR BLEU (B AN — Su L TR A7 5 2R L g 55 0 25 1)
YFAE, 8 SRR EAL (Support Vector Machine) #E474r2%. Mihalcea 5 A\ [2]45 & M EHAS B
(Pointwise Mutual Information) %215 X 7T A1 3& T WordNet Il & (1) 18] 15 AR ABLBE SR 2B il —
Mg — 1 HIBE A Z IR K RIFE R Qiu 5 A [BIEENL 1 — AT DUl 79 4 135 22 18] AN [ £
(R ZEH, TR AN 5] 5 0 4 25 R B R I W P )15 2 15 HIR K R o Kozareva 55 AN [41F K A
731 (Longest Common Subsequence). N TG WordNet ZE454F, 22438 T S e 1A &L
k 2B BRI 5324% . Fernando 55 A 515 TP A1) 35 I B A TRl g 37 1 — /Nl il (R A AL FESRE
FE. Das Z¢ N[61FEL | — NI AJIE Z AT FF Y, JE4h &2 4 B Bl 9 4r K48 (Logistic
Regression Classifier) #7735, Blacoe 55 A [71F] FH #4825 18 5 A AL AR i inl G Al B3R,
SR e R I SRAN T AR A 1 R R R R IE , TR A E T AR . R B R T
TERI T, SR B IFI 2 Madnani 58 A [814E 2012 42 1), FIH Z2 AR HLAS B BEE
B NRFAE ) 23 S

B AR I TR 19 77 V2 0T DA IR — i AN R Z R T SUAE 2., E2 BRI O TR iR 1 1%
iF, FEHASRIE UZIRE PR B IREE S IR RE, V207N SUEAT AR 1) 7 R 1 2k
fili b, R R IR AR 28 AR, FEAWTINIR I 28 220 S E H B2 I B 2 (1)
ANFZERIE R . 2012 4F, Socher &5 N[O H H Bl g a5 73 7 %5 PR A1) 15 K4 22 200 A 25
P28, SR TH LA ) IR 28 AN [R] J2 R m 2 B PRI AR 52 ARARARE 5 f o A R %) e o e it
AR B AR A5 380 [ 5 K T 1) HE B Do e i (e U PR N33R AT 23 288 o B 22 I 9 A5 5 AR
2 LR A EIZAT S5, WHE RN AT o uE L2 EERE, AR HEE —EMNSRIEN
LR HHIAEAT 7328, 2014 4, Hu S8 A[10TH BRI A 20 4) T HEAT L. 25, Yin
SN AR ZRMERZE, GIAWAERABE L EEE . Hii—2, Yvin % A[12]
TEZ AT R N 28 TAR ) 3EAE b, T S apL], R AN ) A 8] 2 IR ) I 25 ) i
THEER AR, wIZAE PR R S AR E G R Z A B R

TERT NI AR, B TR I 77 R R VLS BB S 4B VR O RRAE, AN [F] (AL 25 30
BEVPAN TR AR A AL, A S R 2 TR SR R T Z R IR A NS BR  E R T
2R R Z RS R, M T AFEZIRAIES, 7RISR0 E |6 BT SR B AR LE )
. AT NSRRGSR B2 S RZ A R Z DA b, X390 1A I 2RI HE B
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BIRTESCSUAR T IRAT S, RSO T —Fh &5 68 U AR R R R R0 12 5 n M 4%
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