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Extraction Model of Measurable Quantitative Information Based on Position Feature and
Dependency Tree
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Abstract: As medical informatization is constantly improving, electronic medical records have been more and more
widely used, of which the unstructured text contains massive mcésurable quantitative information including patient
clinical conditions. Due to the complexity of entities:and quantitative information, it is a challenge to accurately extract
measurable quantitative information.In this study, we propose the RPA-GRU model combining the relative position
feature and attention mechanism based on a bi-directional gated recurrent unit. It incorporates the relative position feature
into the attention 'mechanism tz) identify entities and quantity information. Meanwhile, the GATM model is proposed
according to the reconstructed dependency tree-based graph attention network to learn graph-level representation, thus
achieving the association between entities and quantity information. The experiment is based on 1359 electronic medical
records from the burn injury department of a three-A hospital. The results show that the 1 values of RPA-GRU model
and GATM model are 97.58% and 97.86% respectively in terms of identification and association of measurable
quantitative information, up by 2.17% and 1.74% compared with the best-performing baseline model. In this way, the
effectiveness of the proposed models is validated.

Key words: measurable quantitative information; electronic medical records; relative position feature; dependency
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BE S FL T 7 Y DR e 5 A R, R TR B
ST RBRAE 2B B R A A5 S AR U T G
VERI I SRR, H ATV 2 OE A RE T IR R
T I SCAS B A B R AL B i
FBEAP AW R RS 525 R AR P
X EL T D R A AT R R R AR B R R A O B =
AR R AR R B AEE T S ARG M SR e,
AIE I AR 36 B HE BT v SO T 1 o LRI 40% 7, (K
JEE (¥ AT P B AR A Bl 2 B B R B M S R
RIS VR A A S T R AT

] R HCR S B A E A EE, SR S A
AR R MR R DUE )0 120 WR/4 R,
Ferpeta RN SR, <120 NHE, “UR/or Bl B4, KR

S BARH G120 /8 e, K1 Bag JF

SERIACHL T P SRS ] FE R (S B Hh R
W e on Ik, MR RS, AR AL, Hrhse
ENCE (- R X A7 IV OF b SR A= R N = R )
36.0 HEERJE" 53 600 mL 132 A, 3= iAiE 36.0
T QL o 1) SEARTE B 5 B0 22 11, 173 600 mL Il
R SARTERUE S AT 2 5. A AN SRR 5% T F
BEVESHR BT R, 80 BUEAS B oA SRR — 4y, Tk
B EAE. A S B A IEOR W oKX T 2 RS
B e B8 BT IR MW7, FF B DAIX 75 5
AUE 51y Sk — 58 3 I BUA.

AR F AT, R B R, A L s

AR FRIE 1000 mL, A FEELIK 100 mL, 1381 200 mL, 5 Ay

IRIEGFERRE . ARJR B RIR 36,008 G, 031K 120 /4
Bl TEIAR G V)R ERY) B MBI . k525 3 600 mL il

+ 3500 mL FLERAPR FCIR . 5% T & BEIE ST 2 000 mL i

PRZEIRIT, VR AR AR AR AL .

Bl 1 ARG 0 I SO B 3 F AT JRE
HEEE N -

L P E R 5 AU S 7 0 P 2
I 5 G 1 52 2 B 1 33, SR T 5 R0 ) 7
VLR AR ORI () 56 vt RO, Bz A4
B, TCVEAR LT T A% 28 F A TR R B, T AL A4S
S )RR T O B R AE AR, P AR R R AIE o
AR DR 2 b 52 W) 25 A5 R0 ) fie 2 1R . DRLUER AT DA E Bl
HURFAE (R FE 22 SRR 51 1 502 1) OG0, T FR
25 2% (recurrent neural network, RNN) #f 5| X\ F >k 4l
HUE B, [EI T it — S A M R, 1 W for B AFAE
S A1 ARF AR B N B R BE 2 ST R 2 o AR T G R 2
Vaswani 25 {4 sin S cos BBUE B AL B i bD
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WS Wang %1 A2 () 7 B 1w &, AT X T R4S S
5T RAE B AT R PR AL B 40 24 1T K 22 0t 700 B
FEHIE AR (46 N, 10 Zhang 1Y CLZIE W 5 46
NP HBEAT & 2 A B T 3R TR R R

AR S AR AL B AR AE SR X Sk 5 B AR
B HAF SRR R, JRSHEIER ) (attention)
MLt e, X @ o X 132 96 38 5T (bi-direction gated
recurrent unit, BIGRU) 3R15 11 b " SCRFIE#E4T T 87, LA
WIS b 5 B L I B A )
VEAAE I (1 R BN 10047 2 440, 6 78 S0 IR N W40 1 L
% LA R RO e 0T, 6 45 45 PRI 7 g
2 (graph Hcrllion networks, GAT) #t — P i EURFIE, XT
Sz M b7 IE B SRIBE, ST P B £ R S
R 258 T R RS S . Z5 B PTIA, AR SO
LR

(1) JE IR AR B ARRE S = L R, B2
# RPA-GRU (relative position attention-BiGRU)
B, YU SR S 3RS B

(2) J 30 AT ) AR R A A A EEA, 2
1) GATM (graph attention networks for measurable
quantitative information) %, ST 4 A5 .

(3) LB 45 KRR Wi ) RPA-GRU 5 GATM
FRRLAH th%iﬁ*ﬁﬂ%’ﬂ%?%%ﬁﬁ%, Sk 1AL
L AR TAE oo -

of ] R RS B K AR S AT, R e
TR 77V, i AR ) R AT B 15
125 i, 76 F A7 BR ) L dh U A G [ A 2
) 2 ik 355 A AR A A 45 ST A 2 o il BCERCE R e
Turchin %" ] i 1F 0 2 125 20 A I PR 42 12 24 w4t B
FEAR, I3 AT R A 56 T 45 2R Hao 25170 5] A0
BAR S UMLS G i) 88 55 4050 iR 135 vk 8 2 2GRl
M1 BN PR R £ 5 2 AR B B B v sl AT
EHURAE . Liu 0 X2 5 0 2 i 1 R A (i
AThRIE, B3l ST O] B2 B0 15 S A A T
BEA AL il A% 7 2 R, I 2k AFREHL% (conditional
random field, CRF) #% 5] N\, sl 5 A 5l 5 JU k47
gty ST AR FE M B ASAR 1) Bl 1R CRF A8
BBEAT R 78, AT BUE A5 B e T K. B 5 Re 8 B 30
ot EDCARF IR FRD VR B2 2 SRR 1) R e, an e K 13212

M 2% (bidirectional long short-term conditional random
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field, BILSTM) HLAL 4 if 72 Fr i, iR P2 ik
S EUEAE B AR SRR, TR M S A, R
Fi BiLSTM-CRF #5870 Tk 4503 b (1 S0 {E A5 2 k4T
FEL. Liu 2 BiE 768 X BAAE . 4ot i B
RFAIE 5 1] BURFAE 55 22 Bl AR SBRFAE, K 3 1) =4k 5 ik
1T¥EH21% N BiLSTM-CRF #4720 155, AT R 31
TEITHR IR Sk 5 8EE R, a0 SR, H
A AT B S A0 PR B A S SRR O\ BE AR
# (random forest) BEAY, Sxf SR H fA5 B AT SR K.
B LA R0 A ARSNGB AT 5 B X 4
We Ak, FABAT 7838 B0 o] B RS B E
BN SEAREEAT SR, 7 4 Ak T A I 1) 45 oK DU S A
V2255 VR SR AR 2R DR 1 22 e R S R R D

W BRI T Tl e, LU BhERAR iR

Hundman 25" JF & T — 4~ Marve 1] % Gy & S F
FI CRF 5 45010 15 5, 48 10 00 450 530 5 £
Berrahou 451"V UL RLA 1748 Yo dfed . S ¥ 1 At HL
(support vector ma(;hines)\ A T4 (naive Bayes).
5P % AR DI (discriminative multinominal
naive Bayes) 55 2 7 F a8 X B 22 SO R LA R AT
fEL. Zhang %P0 @ #5455 B 5 21 E B
BiLSTM-CRF &8 $& TF 1 Il PR SE A48 ) 1 4 R
Xu ZPK R g 5 715 BILSTM BEAL4E &, W
2010 i2b2/V A Hoffa 4 2 vh R i R i 44 524K, M EE TS
R IHLHH) BILSTM B & 1 1.01% K F11E, 1iE
AN = k1K LR Sy G o0 s I e e 111 G M
Zhang %P2 7538 FH AR _E4R H T Lattice-LSTM, @it

FE 74T A BURF AL 8E S 70 3] £ 9%, JF 91N 2 AT T AT, |

A0S 1] B R U C 3] SR [R5 R 7 RS RS S B
5341, Zhang 2511 4440k 4 A7 Wbl O deed OB 12
(short dependency paths, SDP)"5j RNN A4 &, HEFR G
Jefs B Lin 2T QR A5 B 02 0% (graph neural
network, GNN) 4 F& 2 &0iR B3, DAL TN 259 2 18] 1
S (drug-drug interaction, DDI). Song %1% U /&K 4
EMRAE R R AR, SEBRIE 2 5% R Al b 3R & 23 A)F
FEMH T ERIHLH] S B T AT MR X g7,
AR IS B ) B R AR R

2 W EEHRAE BRI
21 AEEREERRAIEE
A A S UM K A ) e B A

S BIRRIC S Bl RS 3L, oAb T
1245 078 SL. BRI AR SOH 7T R SURE 15 B R 45 4
Bk — AR R BUBRICAL 5. 25 A4\ T8 ) 4
NX = {x1,%0, X3, X}, FeHx, € RERIRIEAIX I 5
mANTAE, d FOR N B4 E . A 0 AR N
Y = {y1,y2.53, s Ymbs FoeHyn 7R Fm A 55 B B
FREE WAMES B HRR R AN B X o ¥, 454
DN 07 5 WL ISR e 2. R AR SR L
RPA-GRU HE), FLUA R 45 bt 0. B ¥ 28 Jot
ORI A Bt 2 9 16 92759 S BIGRU B i
B R SCREAE, SRIEAAR R R o B i\ A B
SR AEAT B i DAL X 43 561 15 B A B
SARMIERLLS B, BR %\ CRF

B- E- B- E- S-
entity > entity >~ num  num > unit

CRF 2

\ B
K2 RPA-QRU*%?&E‘JW%?H@
(1) A0 g B A e 5t

Oy T stk SRR S B S AR SRR R SRS B
APy, AR SO Liu 60 52 H A A B R AE AT ¥
J&. BARIN &, 3T stk 54805 8, DARE 3 ol 152
A g e i BEEE 5 3 TG AN TR PR AR G 7 RS AE, X6 R
SR AR RS B AR BAFET 5, N TRk
SR EL AT B AR A B (R TR, Ge— 1k
BEONEA R RK T R 58, BGOSR 5k 1,
ENAVSE SN

K1 X B RHE R
FIF {4 b 3 9 C
AHXT AL B AFE 0 0 1 2 3

B 1 ARG B R AE TR

BN BT DD TR A sen={x1, %2, xm ), sen TALE SR 5 8RS By,
yHHISEAR entity, sen WK SE max_len
vt AR BRI f=(r 1, faye 1 fin)
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1) For i=1,-,m do

2) Ifxjiny

3) If x; in entity

4) rfie0

5) Else

6) distance=x; 5 5T [ entity 2 [6] (P 25
7) If x TEBE B B 1 entity /2100
8) rfi«— —1xdistance

9) Else

10) rfi— distance

11) End If

12)  EndIf

13) Else

14) rfi——1x(max_len+1)

15) EndIf

16) End For

AR SOR AR BAFAE AT BEHLOT4G 16, FRAEIIZR

S A7 5 37 AT SR T DX = 1, 0, oy o VA
U LA IR B T 1 e = &, e, D).
(2) HER o7 BRI B 25 T B
ARSI AN ) A 4 S 5 1]
5 0] ) AT P Ble = [N : e |fE N BiGRU
BEAY N, Forh et s oy i) R 7 15 ) & 5 43 i 11
&, IR P RE. TR R Word2Vec™ #1741
a4k, 733 1) B S AN B 1) AL, BERLRTAG LS T
I GRIAE BE 7. #ei®k N BiGRU #2143 2] bR SCRHIE
H =[hy,hy,-- b, NTTSINFFF 5 201045 &, R 55
GERSRVACATRE L DNCE =LK e SRS E N G157
ANV EAE, Bt RAE R T E T i (1):
= ahy, x€ {1, ,m} (1)
Horb, o VERIIAE, 1HE T = (2):
exp (s(hx, €¥))
D i1y P (s 6))
b, s ol B R st
s(hy, €)= vItanh(W; . + Wae?) (3)
S T N AR S 3 R T R AT WL, S
J5 i) R SCREH = (B, K- by, 555 HEH 15 N
{lE CRF 133 e 4 45 5.
22 WEEHERFESRKER
Xof 75 S AT R R B R AT E, W R
BAEAHRA M EEHERFER, A B
TR SRR AT SCBREN AT, AR T An &l 1, B okl A) R AT g
FAEZ T EHCR R B, B 5 EOR i A o 1 s 44

2

Ay =
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550 L B S AT IR DG, S TSk S 4 & 2 TH]
AR RIS TE R BRI M OC R, DR AR SR R BRAT:
5 MAE 3 KMl X A S ) GATM R Y, 56 sk
A5 B B AT ORIR, BRI AL SE R ] 3. AR T SN
o N ) B 8 Dy 1] ) B AR RO B IR RJTE AR AE AR, T
FNEMRAF AN HEAT B J5 e 4 AR 4 AR R, AR )5 1] )
HIEA BILSTM 3RHU BT SCRAE, ¥ B SCRME 5 48
P B 1% N B 7 77 W 24 33— B BIURFAE, SR R ik N
Softmax 53 2| f £ 45 IR ¢y

Hith 2 Softmax >
. T -
£ % |

N |
\ TR TR R | :A‘%?mmﬁr&lloo mL,

s as M e e w1210 0 0 0]
lay T |
I’ilii?@%ﬁ:alz w01 1 0 0!
=N Softmax "ﬁfﬁl :
las Pl o1 1 0 1!

1414 | ||’:—| |

@ N |

[ 11000 0 0 1 11

VD lh [ TR )R [hs ]! ! '

I FmLo 0 1 1 1!

I 1

| LSTM > LSTM > LSTM-> LSTM-> LSTM |
BiLSTM: :
21 [LSTMLSTMIe LSTM < LSTM € LSTM| |

| LSTM, «LSTM|i

WL,

g GATM Bz st

3
(1) VBT AR S LAY

SR ERMNBAX = { x1, x2, -+, x1}, IR YR
B, DRSS TRl A 100 mL” N
], A B 58 BERNEARAE R R B A 1] 4(a). AT AR Y
AU AJEARAE P AR T 2%, “tmod” 3R 7R I WABIRAE,
“dobj” KN HE G, “range” R 7~ FU & 7] ] B2 5215,
“nummod” /R BUAME I 1E . AR R T %M A
B EFEERR, BEEFE NEER, B
ARAF AT IE A8 BT B TR B 32T, Xu 00
PEH LT SDP (1) LSTM B2, Jl i 25 bk 6 A5 EAN AR
BA AN SR 2 18] B G B R AR SR FH AL ALY FL (. Wang
2001 e J - ) SDP [ Rs B4R 1 T WA SDP (bi-
directional SDP) ¥t —ZHiHU(E B. F4b, BT ALK
) B AR AT B A S B AR R VRAR A AR I AN DA ] B
EHCEAS BN AR SO RV AR A7 48 147 LA AT B2
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MR RSP AR 0 TR, T A 1 7 e
HECAE BHIEAT B £, 7 11T (3 0. TR (0 A3
A7 A1 1 4(b), T KR e 7 R 4 40 B
KEREA, Aij = Ay = 1200 i 55 1] 260 2 AR A5 o 17 7E
R R ERI R 2.

Range
Dobj
Tmod
’, Nummod—+
%7 | [ 4 |[m&EA |[ 100 | [ mL]
Root
(a) 2B U S8 S AR A I
Range
Dobj
v Nummod
&¥ ] [ ][ e [ 100 ]
Root
(b) TG 5 I AL A -

4 R b

B 2. B AR

N AW ERERE R E Y sen={ wi,wy,—w}, TEERERE
A SK ent, Bl quantity, SRR ANE AT 5 BB R r
Ay AR LSRR Fot R IARTE T

1) Kt ent VENT HIARS 25

2) For i=1, -,/ do

3) w5 ent B8 quantity 15T HAFLE HIEAKHHE R r

4) T w5 ent BX quantity B EAZRIHE Rr
5) EndIf

6) End For

(R 29 7 K BiLSTM # A4l L R SCHRRAE, A
SCRI A Word2Vec™ B NiBEAIX = { x1, xa, -+, x )

(A TR e A RS 3 1] By, AT 75 B0 A 1)

T XS IS B ] 16 PP U W = {wiswaie w9 E
BiLSTM #5247 Jih HUAZ BIAH N F 1 F SO HEH =
Chihose b 0%

() ElER FIM%%

GAT H Velickovic 257 # i, 454 TR il
il 5 B &R 4% (graph convolutional network, GCN),
) FA A 2 I LB D A [ 45 R o P AS [ B L AR SO0k
R SCRHEH S4B FEARI N GAT, 381 E 85 B F
SCRFEH = { W k- b SRR H OB — N2,
£/ Softmax Z% N, 192 W0l 7 &y, vH &AL
i (4):

y = Softimax(WH' + b)) 4)

Horr, y AN & TR I R, JFAI A argmax
BR BRI B R K ST e e 28 At 22 SO R
HAE N GATM BER (R4 2k iR KL, 15505 20 (5):

2
loss = —% ; log (y;) Q)

3 OS2I
3.1 BIEE ,

SRR K 3 = R R Bk (RN 1359 fy i T
I [, Beh] m%%*a%ﬁﬁj\ﬁﬁﬂﬁﬁ Fryd: T H: Colabeler
XTJ4@?%5@@%5&%1’%%@&4‘?&?%{ X T 4
Eﬁ%{\ﬁﬁ&ﬁ*ﬁﬂ‘]%&ﬁ, HH— 4 R 2215 B2 1
TRAT B A BRRTE R E, s Kappa #5565, 73 31 5 2%
S50 B 4 . R ) B dE e A% = BIOES friE s =,
Hrh B N Begin W45, R ZTFRALTHGENE,
I 7 Inside NS, RnZFHoTHEAMAE, EN
End W45, FmizF /b T4 R ALE, S 4 Single 1)
45’5, RN LT AR R, BUEESCRAL, O
Other W45, FondEsLik. AE5E SR R4, B 4
BRI I 2, Hod Entity. Num Al Unit 23 5] % 7=
SEAR L BUE S AL, “<e></e>hR iH Y HT LK, “<q>
</@>"FR IR T ECE. “Entity-Quantity(e, q)” N IEH], %
E=LIESSEENIEE PALEPN 3 ‘ﬁcher”?yﬁifﬁﬂ, *
%i—’lﬁﬁi%%i—’lﬁﬁﬁl%@m%%ﬂ%} .

L % 2 R YRR

WG i 3 9 C
FEH jR%% B-Entity E-Entity B-Num E-Num S-Unit
<e>Ui i i </e> <e>WiHii i </e>
Bk IEA) <q>120 mmhg </q> 120 mmhg#7 K &
pvii) #F5K 70 mmhg <@>70 mmhg</q>
g Entity-Quantity(e, q) Other

IREFRELF BB RENL R > IR SRIESE
AL, BIEEFEMGTHE B Wk 3 .

R3O BIEERASIHER

A BaERH UIGE RS WEE B

ER)EL 4730 286 2809 7825
SEAREL 3854 210 2157 6221

PO B EH 3856 205 2132 6193
FLTEL 3701 194 2032 5927

1EH% 1539 357 207 2103

KIPAE A ik 798 311 127 1236
s 2337 668 334 3339
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3.2 TENIERR

X TR 5 RIAT 55, ASCR RS2 (Precision),
HIElZ (Recall) 5 F1 EAERVEMFR IR, HAATHE 77 5
=X (6)-38 (8).

TP
Precision = ———— (6)
TP+FP
TP
R = ——

ecal TP~ FN (7

Fl= 2% Pre.cz:sion X Recall ®)

Precision + Recall

Horh, TPRF IS TN N 12K ) &, FPR R
T IE S HHCER, FN Rk IR T 5 12
3.3 HER

N T IAE RPA-GRU 7E R IR S5 B RIA Rk, A
SCASEFH BATR B2 R 47 A L AL

Extended BiLSTM-GRF: Liu %" {6 4t (i 5
fiE AL B RFAE 553 SREAE [ AL 5 HEAT %N
Bi-LSTM-CRF {0, $2FHER! F1 (.

Lattice-LSTM: Zhang %5 Fi| Ffl 41 #547] 4t T fic 1)
THHIFRF, NSRS 68 A7 1A 1, A2 B 35 547
53] ()%, AT B 9 T R R B Y.

WC-LSTM: Liu 45 43 5 il H i 4 54 £ 5
(longest word first, LWF). 5% #.1i] f. 5 (shortest word
first, SWF). 3¥J{H (average) 5 Hi¥ &= JJ (self-attention,
SA) 4 BT IEAE NI A5 1) B P R NARNC AR B

LR-CNN: Gui 2P 75 U 24 W 4% (convolution
neural network, CNN) HJ3& i I | | Rethinking #1#] &

FFARVCAE 2, X ULECTE &) B0 545 518 AR S BEAT AL, |

Soft-Lexicon: Ma Z55% 3 i 44 454> 5 445 B xof M. 1]
S AT € 36 S AT IVBUR AL A B R
A E AT PHE, SIS &

F4b, R T Kol GATM BRIZE AT 55 _E (RIRCR,
PR IR T AR,

AGGCN: Guo %P fg 52 8 () ) 1 AR 77 3% A
GCN 4, JFIE Ve S L H L LR BY B, b Ak HLAE
AGGCN R 3t F, R LSTM A48 3k E R 3
RRAE T3 HE C-AGGCN A5 7,

Att-BiLSTM: Zhou 2 4% & J#L# 5|\ BILSTM
R b PRIV B I B A R

PA-LSTM: Zhang ! 7£ LSTM #5 [) JE fith_E 5|
NOL BB IRF AR 2 /AL B B
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34 ZHEH

B i RPA-GRU 5 GATM 8 = A= 1 fUl 4,
SCE R FE  5] N IENE, 54K AdamPY 5
AdaGrad™ 43 5IfE 5 RPA-GRU 5 GATM B (144,
&, KRS B WL 4.

K4 BRHRLESHRE

28 RPA-GRU GATM

E Sk 0.005 0.1
R YR 50 N/A
Syl A4 P 50 PV Na
FRX A B [ 4 50 N/A
A N 100
[SF 1= 31 100 100
. IEnifk 0.5 03

it Adam AdaGrad
1R/ NG 128 50
EAIREL 100 100

3.5 XILE

BERAE R AT 2% B seie g sk 5, 45 SRR
RPA-GRU HAHAS T 98.56% A&, 96.61% 1A
[, 97.58% () F1 {H, 75 3 ANabs L 7 HAh %
AL BART 5, 5 Z AR SMTARHE 1) A4 5 I
1%\ BILSTM #%7 [ Extended Bi-LSTM-CRF #5741
Eb, RPA-GRU #E R ELAF ) F11E 5 3.31%, EW HLR A
HERFIE D, AR SORE AR BT ) RN TE =T HL
%UE%ELFX%EW%E@&&%E% 5 7 i@t 4
T ok 5] 1A (5 B B AE Y Lattice-LSTM. WC-LSTM
(LWF/SWF/Average)s WC-LSTM (SA). LR-CNN.
Softl‘I‘Jexicon X E, RPA-GRU #EH A3 1) F1 A 73 )
B 2.30% 2.30%- 2.17%. 3.10%. 2.62%, i W4
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