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Abstract: Long Short-Term Memory recurrent neural networks (LSTMs) are known to be able to capture
informative long-term dependencies in a sentence such as syntactic information, and to learn highly accu-
rate language models. However, it is not yet sufficiently studied to what extent syntax information can be
learned and how it is represented in the hidden vectors of RNNs. We analyze how it is represented in the
context vectors of LSTMs from sentences in which syntactic information is explicitly given. The syntax trees
representing phrase structures in English are linearized and fed as sentences to LSTMs for learning. We
show empirically that for some element in the context vector, the activation value is highly correlated with
the nest depth of the tagged phrase structures such as VP and NP. It also shown that the linear sums of a
few elements in the context vector are extremely highly correlated with the nest depths of the tagged phrase
structures. In addition, using logistic regression with L; regularization, it is able to predict with extremely
high accuracy whether a word in a sentence is inside or outside a phrase such as VP or NP, from a small
number of elements in the context vector.
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* s m = B g @ = B H » .

Prediction

8 (3) DFA b F—RIHT B EHEF VO THHER.

-1.00 -0.75 ~0.50 -0.25 0.00 0.50 1.00
alues

Correlation between v:

0.25
for each element of c and depths/occurances

ions of elements of ¢

B9 [:chDRBEHROMHBEBEOLANT S A, T: HEREI R
EREVCDEEDT 7T 4 R—Ya VO ECRDES
& OBR

WA ZEWbrs, £, 2FMIZ, ‘NP) X VP) &Y,

HARKOKTZ2DHODLTHEBOTFHREENLS VI &b

5.

6.5 IR~V MILD2HT 3

M 1112, T—=Xtv b (2) x50 & ARkic, VP
BT DX ANDES LEERDET VT4 X—Y3 D
BIfRZR9. 1000 RICH 5 MR 27 VDO EEHR L 1 A
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x o = 7
> < & .
o o a g S ~ g Z v 0O
2200z an<g .54 G 2 o «x
B — . . B =
. [ ]
| L B
-ED- L 1.00
. 0.99
of 0.8 IR
to 0.82 {
a 1 ] . .
* » ] ] N = .
Prediction
10 (4) DTAPT—RIINT 2 EFHETIVOFHFR.

N DEX DOMHBERBRORKMEIX 092 TH-7-. £/, VP
DFIWIZASTWEDNES LT MRS UG EDT 75 1
R—=YaVvOeA NS TLEHRKIL, RNT0I12TH->
7. RISHRNERARE, 7774 RXR=YavDeANT T A
PHAKIZ =2 2 > bbb, Zhix, BLUX
R FVDOEHBEFRRZ MILOIMETITbhBE Z L,
BIUOZOHEHFRZ ML OEKERD tanh B EIEGRY
BB O EIZ L D £1 X Ltanh(1) = 0.76.. 1230\ M % HY
5ZEMBNT L&D, SXRRY NIV Z ORI BERL
HZfEZELS Z e RFERHEEZ SND.

E7, FEHETHRL, HROMUFIT NP, VP 22D >
APDEEHETYIA—RLTWBERELLE EDFREZ
AT, BAFIX VP HDBETRTH, NP Lo REHK
RAUZ DV T HFARDIEA L 2> T W3,

X 1212, VP DX A MDRERIIZNT 5, XHR~XZ My
5 OIEREIGZ T o 78R E2 RS, WBEOMERIRET,
MEREUZ 0.997 E WIS IEEIZE WD DI 5Tz, T
VT A B 0.1 DL ED Lasso Mg 21T > 7258 TH,
0.991 &7z, DL EDIEY o DOERELUL 33 M (BlE
& 3.3%) THhotz. 7 706%, Lasso [\l & AR 0 I
DGEI, IFIFEBFLEICRSTWAZ DR THRNS.

E»S, =2y b (4)IZBF2HDRA DY
X, FHINZXRAR T bV O ELER B D B DR
FEHTREINTEY, LrbiEBERIIHE L VWZ 5.
LSTM OfEE DB 5 1%, RN MV OEHH & A HAHT
RMAETHEZLWHELTWEEEZLOND.

iz, &2, T—XEv b (2) DL E LR, VP4
DORNEIPAMUPTHBN 24T 572 & S DIERREZRT. F ¥
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- ¥ & 8 8

uuuuuu

11 #Flh) (VP) DX A DS LXK EHEDT /T4 =3 v,

B4 x single element with max correlation L
» lasso regression .
linear regression
B ° g Har ®

Activations of elements of ©

Depth

F—Xty b (4) 1T B, VP OXA NOEX I SH
e UTO Lasso [AlE, MBI, B & ORI RA L 72
ZHRDT VT4 RXR—=YavOHEE, A7 —)VIZRHATW5.

5 12

£2 OYRT4 v IERCES VP FANE (F— &€y b (4)).

o} MR | JEE OB (1000 Kooh) | O OEIG
0.003 | 0.9996 134 13%
0.001 | 0.9992 100 10%
0.0003 | 0.998 71 7%
0.0001 | 0.991 51 5%

0.00003 | 0.97 27 2.7%
0.00001 | 0.87 12 1.2%

VALARLIE 070 THB. HHFEIEY 0 BEEHDIEA
LTH, EFZRHVEETHETETWDI IR bRrb.
BIZIEFEL O DEED 5% TH, EMARIZ0.99 &> TV
5. —hT, JEXODEEN 1.2% T TERAT S &, EfE
RPTHR>TWS (0.87).

UEDZ M5, VPAID XA N DEIPERDEHRIZL,
XHRRZ MO ENIVE DDEHETEEIIREINS L
INZEHIND L VWI DI TIERVWENWSZ &, F2FD
— /T, RN BOBEROBIEATREINS L 5%
INDLEEZDILNWEARTH D Z Lhbnd.

7. BEEMRE

LSTM #ED & 5 IZBHIKFZ I Z 502DV T D%
& UTIE, Tomita Saf [13] PHHAALSEHEEZHVWT 1
F72IFBERTED LSTM TOZEH 4 KB RIZHEAN ST
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W3 [10][11]. &4 LSTM Akk4 & ZA 272 E N5 &
IR 5 TEZ LI, DRI %EFFD LSTM »3HE
XX EMKIFREREZ YORRE, YOLDIEATVWENIZ
DWT, KR4 BSOS IRl I nNd K512k
TETW3 [1)[2][7)[8]- #lAIE, Linzen & [8] I, i %
LSTM # W/ EEETVRALIRZ SNTVWENRE S
NEFARDL 7O, KFEICB T2 EFELHAOHDO— (W
DLYBEZHED ) ZFRPTEZNEI DL VWIRED R A
JEBELTWS., ZOLET, ZTOEMRICHIE, X3E
IZFR 2 BRI K DRSS DM o 72 & &, FEE L HjE
OEPREORETFHTERLBREINEFARTWS. F7z,
Aveu 5 2] IZEEMKABEGROEMEZ 2y bo—LTE
%, EHEEOHN T 7 ADOHRE % H\WT, LSTM »EH
HeFBGRE CORBEOEMS T TEETE 21 %2EmL T
W5, F£72, LSTM ¥ GRU %2 &7 RNN (L L 5 S:EE
FIOFEZEEBITONWT, BT Z O O AT feNE
CIRAEPMRL &S LT ERABEET S [3)[15].

=)
8. &&d

AFETIIECROER VAL TEZ 5 Z & T, LSTM
MNEBTE D & S5 ITHESUEHZ R L T DD a0 L 7.
HEEZRBICE A 562, AR A NOBEZ IS
58FE R LSTM BWEBLTWB I e HRATER. 27
FHERELUZGAICE, AOXA MIWIGT 5 EE I3
BTETWS. LML, SHOFETIEX 7 HERE 5274
WA THENICHEY T HEENERTE TV D0 ITHER
TETWVWRWV., RIIZEYT 2 EFE% LSTM »ERFTE
LD, EBUITEX DAL S LSTM 2 HWTSHEE TV
EEELUEGEIC, COREMXEREEETEIDN,
XIRARZ bV EEDT-NHBERILD 538 %8 U THEA S »»
WLUTW FETH 5.
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