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Toward Understanding of How LSTMs Internally Represent Syntactic
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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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and L |
s u
for ] » B {
that .
* s m = B g @ = B H » .
Prediction

8 (3) DF A 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 L:cORBEXROMEBREOLA LTS A, T HAEGREIR
HBREVcDEEDT 774 R—Y 3 VOIEEEIRDFES
& DA%

DGR L L, “ED- 1ZX3 2 FHIL 9% LA EEMEL T

WA ZEWbrs, £, 2FIZ, ‘NP) X VP) &Y,

WAARDKTZ2H oL THEDOFHREEN GNI &b

5.

6.5 HRNZT MILDSHT 3
1112, F=&tv b (2) iZx$ 304 L Bk, VP
BT EAAINDEI LEBEHRDET /T4 R= 3D
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x o — =~
< > < < .
o o a O Qo g 7 . & o o o 0
22020 z5Snan<g .54 G5 2 o «x
B J— . B =
. »
| n—=
_ED- I 1.00
. 0.99
of 0.86 A
to 0.82 it
a - . .-
* n L | n | B B .
Prediction

10 (4) DT AT RIS 2 5FHE TN D FHEKR.

R Z RS, 1000 KTt D XHRANZ MV DEEFE L 3 A
N DEX OMHBEBRERORKAMEIX 092 TH-7-. £/, VP
DOHFIIZASTVWENE SN T EBHEUGEDT 7T«
R—=YavYDA NI I LEEERIL B/NT012TH-
7. RISHRNERAR, 7774 RX=YavOeANT T L
PHAKIZ =2 2 > bbb, Zhix, BLUX
R FVDOEFHBEFRZ MILOIMETITbhBE Z &,
BIUOZOHEF R MV OEKERED tanh BE EIERRY
BB OREIZ L D £1 X Ltanh(1) = 0.76.. 1Z3E W ME % HY
52BN EICLD, SURRY NIV Z ORI BERL
HZfEZELS Z e RFEHEEZ SND.

E7, FEHETHRL, HROMPUFIT NP, VP 22D >
AMDHEZTEZTYIA-RLTWBERELEZE DR
AT, BAFIX VP HDBETRTH, NP Lo fREHK
RANZ DV T HFARDIEA L 2> TV 3.

X 1212, VP DR A MOBEIIIRT S, X~ Z by
o DRIEREIGEZ1T - 7245 R 2 RS, @EOHEMRET,
MEMREUZ 0997 E WIS IEEIZE WD DIT w57z, T
VT A B 0.1 DL ED Lasso Mg 21T > 7258 TH,
0.991 &7z, ZDr EDIEY o DERELUL 33 M (BlE
X 3.3%) THotz. 7706 %, Lasso [\l & AR 0
DIGE, IFIFEBZLEICRSTWAZ DR THRNS.

UE»S, =2y b () IZBTF2HDRADH
X, FHINZ R T BV O ELER A0 B D5
FEHTREINTEY, LrbiEBERIIHE L VWZ S,
LSTM OfEEDBUSA 5 1%, RN MV OEHH & A HAHE
RIMAETHBEZLBHELTWELEZLOND.

iz, 212, T—XEv b (2) DL E LR, VP4
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- ¥ & 8 8

uuuuuu

11 #Fdhl (VP) DA A hDES LR BREDT /T4 N— 3 v,

1 = single element with max carrelation »
B le el t with lat
» lasso regression .
linear regression
B ° g Har ®

Activations of elements of ©

Depth

12 T—X&y b~ (4) 1893, VP DX A NOEZ I 5
e UTO Lasso A, MBI, B & OHBEGRE A L 72
LZEEDT VT4 R—=Ya yOHEE AT —)VIdRizT\w5.

£2 OYRT4 v ZERCES VP RSN (F— &€y b (4)).

o} B | JEE O BEHRE (1000 Kooh) | XD 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%

DOPIPAMU S THR 24T 572 & EDIEMRERERT. Fv
VALARLIE 070 THB. HHFEIEY 0 BEEHD A
LTH, EFZREVEETHETETWDIZ R brb.
BIZIEFEL O DEIED 5% TH, EMRIZ0.99 &> TV
5. —HT, FYODEEN 12% L THDT S L, R
RPTHR>TWS (0.87).

UEDZ M5, VPAIDIA N DEIPERDEHRIZ,
XHRRZ MLVDENIVE DDEHETELIIRIINS L
SNZEHEIND L VWI DI TIRRVWEWS Z &, F/2FD
— /T, HRNDBOBEROMIEATREINS L 5%
INBLEZDILNWEARTHD I Lhbnd.

7. BEEMRE

LSTM & D & S IZRIAMKAZ 2 L 2 2 H 2D\ T DS
& UTIE, Tomita Saf [13] PRHAALSEEEZHVWT 1
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F2IEERGED LSTM TOZEHE 2 AR T
W3 [10][11]. E4 LSTM Akk4 e Z 2212 s E N5 &
I TELZ LI, ZRORITEFEFD LSTM A
XX EMKFREGREZ YORRE, YOLDICEATVENIZ
DWT, KR4 BSOS HITEDR I NnNd K512k
TETWS [1)[2][7)[8]. #lx1E, Linzen 5 [8] 1%, W%
LSTM #H W/ EEEETVRALIR I SNTVWENRE S
NEFARDL 7O, WFEICB T2 EFELHAOHDO— (V
DLYBEZHED ) ZEFRUTEZNEI DL VWIRED R A
VRBELTCWS., TOLET, TOEMRIZESE, TE
IZFR 2 BRI E DRSS DM o 72 & &, FEE L HjE
DOBMNEDREFNUTERIREZNEFHRTNVS. F7z,
Aveu 5 2] IZEEMKABEGROE S22y bo—LTE
%, EHEEOHN T 7 ADOHRE % H\WT, LSTM »EH
HFEGRE CORBEOEMS T TEETE 21 %2EmL T
W5, F£72, LSTM ¥ GRU %2&®7- RNN (L X 5 S:EE
FIOEZEEBITONWT, BT OEEEE N O A RENE
CIRAEBMRL &S LT ERABEET S [3)[15].

=0
8. &%d

AFETIIECROER VAL TEZ 5 Z & T, LSTM
MNEBTE D & S5 ITHESUEHRZ HEF L T DD 0L 7.
HREERBICE A 5612, AR A NOBEIITHIET
58FE R LSTM BWEBLTWB I e HRATER. &7
FHERELUZEGEICE, AOXA MINIGT 5 BE I3
BTETWS. LML, SHOFETIEX 7 HERE 5274
WA THENICEY T HERENERFTE TV L0 ITHER
TETWVWRWV., XRTEYT 2 EHFE% LSTM »ERFTE
LD, EBUITEX DAL S LSTM 2 HWTSHEE TV
EEELUEGEIZ, COREMXEREERFTEIDN,
XIRARZ bV EEDT-NHBERILD 538 % 8 U THEA S »»
WUTWL FETH 5.
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