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Abstract

We introduce a method for learning to provide writing suggestions for writing an email
for a specific purpose. In our approach, emails are divided into categories aimed at
finding common phrases for making suggestions. The method involves automatically
extracting common phrases for every email category, and automatically clustering
phrases for more effective suggestions. At run-time, the system accepts user’s input
and matches the input with common phrases for the specific purpose, to offer
suggestions for what to write next. We have implemented the propose method and

present a prototype email suggestion system, EmailDr.
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FEERHT I H T A - AR EE T Ao @R T = - RIS R E T
EEEAEN T B AR AT 2% > 41 Grammarly (https://www.grammarly.com/) ~

Gmail (https://www.gmail.com) -~ Whitesmoke (http://www.whitesmoke.com/) Zf
% o HATFRVETEARFELR - ZFRBHERE - SUESFESOASES -
I HiR Bt R M RS i - SR DNRE EDEE B 2ASE S e BB o S S AHRE - =]
DUSEIE G HVBER » A S fER— R e RIS (E - ER MBI
HHLIRE - HATE T HEAH E ORI 2= -

AT > Gmail EAEFIIATE[E &S R E TS - SRR T AER A &
PR IS LR RS R &S ERVEH] - W B EA R e BRI E
(5 > RAEEE R EAV R FER - FEHEES L AT HEuHE A HAvHIE
[BHA - GEMAESS - AMERAEANES —HEE > —HEFSERANE
afl o BEAh > FEERAE ARG ER - Gmail STAR IS FE -

Rt AR SR T77% - FIF TR EEAEERA it 53 FlsEsE > 1868
SN - R RE TS ARG Rl EE RS SEAE
DIE HEENEE -

BOIPRER - BE—EBEER - BEHEWA Twould liketo” W » HiFHTE
i A[RER Twould like to invite you to . ..”  H'Z b » By T HRALUEE IR
e > BRI AT HIRAE T EEEE W REERAN SN E - a1t
A BT DR HE L ERER BTN - BUREEEOE G A 5E -

AR — B0V E T E 5 FHB) 2% EmailDr » ] DL H B E2 BN mHE2
(EEEErATER A (140 1 would like to) » RTINS X E R E(ESHEE R
SE(5140 1 would like to invite you to ) > HI[E—FfT: © EmailDr $£51 4357 Enron
Email Dataset HHYER} » WatE(EFIEIEFESHA 5 - DEFIE GRS
EHZESEBRIREE - 1IN Bh— RS AT LUE B G R B - i
TARES R 2 FEH FEERE A 58 - S22 EE R FRE

= ~ HERETSE
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IR E TENSORANITE - PFFSCERIE ~ BRI SE S S FEE 2%
HITHEE > B HAGE S B R AP ST SHIE o FEPFF SCERIE » Grammarly
LLK. Linggle {£38 J5 HIMS 7 FF 2 5¢ - MiEHE AR AIE EmailPro PR
Gmail 7 FAEHHZHE - EmailPro ZAE LA FRIER] N - FRfh (0 FHZ S - M
Gmail (Y REE R A2 A - A DUE B E Ry e B D 2R AVHE e ar] - A S
EEEREERAA - RHIEAR ST - Gt E TRy EFE N L - 20
R A A S BT

EE SRR AR > MR AER A EEBE 2 T - 15k CEE
H{tH% » FIF Macmillan English Dictionary B} » S HE A s BILIF -
[2] REAI It RSS2 - stERIEINE LB - FELLER AR SRV A -

AL RS Smadja EEDA LA RRFERCE] - s T2 Rl e s A a5 R 5
7\ o FEHCER HY B2 A R A Gea Y T U Ge s R T s B s SR el o > FE
BB R RCE (T S Y - SRR (E S A PR Ay EEREAE BRI A
8o Al Bh A e RAT AR RR

BRI ARRARYRAZE > [3] 2 FIF Smadja HELE - B EEEIAEWEER « &
oAy IR AR S IR BCaR) - DU & e aa] R A 2R B 3 B 2 ] Y EE
EHSATREAE - ST R LR W E B AR e BRI SR REUWE Ry
TEFERERFAY skip bigram > HE[T 28 HH KB = HY skip bigram E RyE S HURERCE) - 1
BB MEEIE T HYE R TR ET RIS BCE - A SRERERCE PR ek - DAk
HIRAIERCE R eg - RS EIEEPI R G R Eil REdr s ica - HErTE
SRR o BHEAMHSCEE Bt R R iR > DL NLTK sPeyE A E
FoDhfesa - SuE NADIRERERVER - BRI A AR RCEE T AR DA AL
HATEAEAGER PO > FMTAIA Linggle AV EIEALIRE - RESEERL - #ELL
FPAR AR NEVE S

MER DRSS IERE 280 > AP e —ERFH A% - FAHE
SERRELAFIY SRS R N- A (N-gram) - REF& AR BLEUA IV BARCE G AH AL LG
¥ BREEHPSOREERERR - EFERSE - BUEAESEE: -
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s LAY H B Ry bR — (B T E B S 2450 - R0 EARY R H5E -
WFE AR THIPEEETT - Al (—) BEftamE - (Z) ApdEHEc
a0 (=) Rt RAFRYEEER - (U) EILTRMAIAAS -

(—) BEREEHE:

FIF spaCy E{ff#fT WriteExpress (https:/www.writeexpress.com/)
BN AT FREIEERTEEE (part-of-speech tag) ~ 443} 5 (noun chunk) TF&
afl > FFLAEA 5 55 Ay token BE{i72lcD)] Ngram (n fE 3~5) » Z1% > FfRIE Ngram off
HYEHE token Ga|PEZH HIAH T ERY grammar pattern ((2#5HY grammar pattern & {i{
lemmatization) - FEAHAFERAIT
1. $¥rlH)5- 2 &4 (Part-of-Speech Tag)
4] (e.g., "My husband and I will be delighted to be part of the celebration.") £X

spaCy EAEE » FlelEE1E & [DET NOUN CCONJ PRON VERB AUX ADJ
PART AUX NOUN ADP DET NOUN PUNCT] » 443 2 35 % [My husband, I, part,
the celebration]
2. EEAE Ngram &}
) DA={E S e A B - B4R Ngram » DL ERaitE)+ B o] - D) 2REY
Ngram /5 [My husband and, My husband and I, My husband and I will, ...| 3240
é\ o
3. 46 Ngram B 25 5119401 Neram $5504500H SEAVZ5H + FSHBAAY grammar
pattern JE=, (e.g., “My husband and I will “E#z % “My n. and SOMEONE v.”
PIK  “My husband and SOMEONE v.” )
HfMIA 63 MEHER] - HrpA 2 HEREGh - BIER 2k - EEPERE
FEA: 4,132,282 78 Ngram » $£7 3069634 {[E grammar pattern 737f7E 61 FHH » It
H 818,169 fHA[E]HY grammar pattern °

(=) ApdEiicss
BHFEHEHC Sl 28 5 U SE base word 11 collocate Wi flH Bi3a] » m]LLECERR(W,W1) -
EE40 listen I music HY collocation €% k% (listen, music) » 4 H& F AV EE - i3
FEE{] bigram (Y=, > % A skip bigram - #H14t51 Enron Email Dataset (1Y skip-
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gram FEZEEH - WFH Smadja EEDAEREE D STRAVIEECEE o G55 0] DURIZGHE
ARG ECR SEEERY Ngram (1 5d#2 8 Lexical Bundle HYRES: » RIFEAESE =2
HefMIiF iR 5EHY Ngram 7% Fy Lexical Bundle) » sEHAVPERAI N (RR—)

1. #H window size = 5 2 NIYFTE skip-bigram °

2. TR EHE BB BRI ~ &R -

3. (REFFE Smadja’ s Algorithm EfBETAERYFEFCE -

left token /=571 | right token 557 distance count
invite you 1 2087
invite to 2 2081
invite attend 3 210
thank you 1 5861
thank for 2 3655
thank your 3 1208

total collocations 969750

F— ~ Smadja EEEA AT ECEE

(=) EpEAsH
T FHES 20 Fivie A A IC 58] Sl 56 — B0 AE 2R Y Ngram « PRIRS SR FHE] lexical
bundle FYRES: > PRILFRA IR 48 HIEZ5 0k} B lexical bundle  lexical bundle
AURESFEE] » —4H lexical bundle ¥ & A function word GE#EFIEEA nitk
i1y stopword {F £ function word) » 5EAHPERAIT (ATHE )
1. S58 N4 function word /Y Ngram » 4% 1 #5{lfl Ngram #Y skip-bigram -
2. RSB A s R g - BT T 2/0F—{# skip-bigram FERCEFE
B | 1Y Ngram o

A AEJEHY Ngram W& 1% Lexical Bundle
Mr. and Mrs. John Doe accept your kind invitation to
accept your kind invitation to to brunch at
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to brunch at the twentieth of

of October at

the twentieth of

T A AEERTRHIGE R

(M) srtfrlE s
FR EEAT EE pattern A ERYHY » FUAEE LANZRAMAHLTHY (40 “Tam glad
to” J “Tamhappyto” ) - FKFIFIHZEH Linggle (Linggle.com) {5EHHAT 5]
AR AENEE pattern - 5 A A AT ES] pattern
1. sTEHE AR Z B
FIFH Chi-square test » i WriteExpress data {5-Z(f##z » (AT B
FRTT 10 %4 -
2. #&H Linggle E3AH{DLE
HIF Linggle APT &3] » 15 F S {EFCH HHIRAE B A HYREL - FEMRITBEEAC ¥
B~ aeEAEARINER o IR E— S E] = (&R g

“oleased” - “honored” J “sorry” - 3% Linggle API 73
“pleased/honored/sorry and pleased/honored/sorry” - {EREFIE “pleased” Jz

“honored” B H —HEHAER K - INIHLECA AR B A HATHYE SR © fEEH > F(FTHY
R EHT =HATECYE - DUSCSE A& & 10000 HYBCE 71 R AE DL -
3. #EfE R 5B
W’ sERHV S - DIHE RSN - EES R EE - AT DE R EE - P
iR BB EE -

(1) geat=(FRHIEA
HAFLL lexical bundle /5 knowledge base ACHR{EE FH i AfECYS > & - ZEELH
i ARV (% W {E token 71 knowledge base HY/H[E pattern » % 7 A= A BT FEAY
° BRI BRI

1. i A HJCE A 52 B A JeE ] spaCy Erad] - U SR WM token -
2. EJeLLRE pattern AYRHTFIE token Al A HJHYE (& WA token > FH[EIAI hit -

3. %524 » RIIELidm A& ([ token F1 pattern 155 —{H token » FH[F]HI]
hit ©

392



The 32nd Conference on Computational Linguistics and Speech Processing (ROCLING 2020)
The Association for Computational Linguistics and Chinese Language Processing

4. #7247 > RllEbEm AR EEES (& token A1 pattern 25— token » FH[EHI]
hit
5. 7 hit FrE IR EAREY R LA G R S I R -

g~ HE

(—) > BRE
B4R TEER G B2 WriteExpress(https:/www.writeexpress.com/) FriE ALy TEIE
BIHIEAR - ARBRS A ~ Bl5) ~ FElcFHEETE /o dE > 55—(EAIZ Enron
Email Dataset = 71 B EAVEHANE » BEWIHERE LA 3-grams ~ 4-grams » DLk
S-grams FY TGRSO DE] - FAT R S e BB T A TR US4 -

(=) il sighR

1. MRS (- Tah AR
HMfEH  (How To Say It) —FHHVEHIEHAKEHE R4 - FH3A 50 HE
5 > HiA 29 BRI ZRGAEE - R RS 5 T By R #a (5 2
AT - RHE 70T

w

Z ((N; —n; + 1)/Ny)
—EFHw (EPRTERRTI0)

gy ARy token[ : 1] » & e N5 pattern » ELPES n, 44 pattern Y Ngram
B token([i-2 : i+1] B¢ token[i-1 : i+1] FH[E » i {E 1 ~ w > w S#EGIEHFRE Tl
AT 156 REMIE - EEREERLRTE KA TE Training corpus NHYS (out of
vocabulary) &3 12950 5= « FHFNHIERTE 02 A 58 2 B EF] WriteExpress _EFf
FERLHVER o P DB DUBTRINE RyaAbfete » i IaR A4S R MR i S Y2
response S| - F{KAY/E application » N3 (HFR=) BURHI =SV HIBRZ
=V - BRIV E A S E - DU ITRIEE AR - B
BISHEIHEELE SE R - &2 WriteExpress BRHTAEFH 03 ST
HEMAZERAR T ORGSR EAM RO - DR e FsEREE - 1]
DU ERER A AR BAR S AT -

A e
response 0.611
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love 0.607
appreciation 0.566
refusal 0.422
introduction 0.416
application 0.387

F= ~ (BRI e

2. EmailDr B E A Z 478 HYELER
(1)EmailDr 1 EmailPro
FeFIFIF EmailDr 2 B2 Frfe AV ER (A1 AE— - B =) » DUKE Y -
RS B RIRYEE 2T A DALLESE AR M PR e s HEE - MY
EmailPro ERAVEE T (A REMY) » oSS EH EAARE -
(2)EmailDr 1 Gmail
DLt SR Twould like to...” F5ffll » TR ZSEE » BHBERIE - 854
fEpEIm A/ VEER (A2EE ) - (FREAZERIRVAHR A
Gmail AIREfEET AR & (IS HET) - BRELZ AN - FFIFTE AR E
ATREME 2 - BUE G REF BB LA > Gmail AIZ EEER AR
DHEASHIFEECER L BRI » A 4G T E A & sk - (B HAE R R ERE -

EmailDr

application

| would like to

Pattern Count

2

1. tov. for n. 13
Ex: [PART] to apply for admission

[PART] to apply for the necessary visas

[PART] to apply for the nursing program

2. tov.n.In 16
Ex: [PART] to continue my studies in

[PART] to obtain a degree in

[PART] to pursue a degree in
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[& — ~ EmailDr #EHY Application 5 5FTHe LAY 2 HEE

EmailDr
apology

| would like to

Pattern

1. to v. n.

Ex: [PART] to make amends
[PART] to repaint your garage door
[PART] to help those affected secure new

jobs

2. like to v.

Ex: [VERB] like to apologize
[VERB] like to express
[VERB] like to meet

Count
236

19

B]= ~ EmailDr SEH{ Apology HERIFTH{LA AT

I would like to

)2 EmailPro

Pattern

| would like to v.

| would like to get
| would like to have
| would like to see

| would like to v. n.

| would like to invite you
| would like to thank you
| would like to ask you

| would like to v. the

Percentage

95%

15%

10%

[P - EmailPro 5 IV FHRE
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application
UCLA

application

| would like to

— ~ SansSerif -~ T~ B I U A~ =~ -~

CUEE A 0 > @ 2 B D 7
[l 71 ~ 1£ Gmail i ARSERCHIFT 2 HATIE

h -~ &R

A SN (BB T E P R IE R4 (B RUEE ~ e ~ Seatis
R FEAMERENAERAE - ERGEREUS - KO RGeS
AT MIHVERHFE R AP sEHVRER » IMIAE/ D E s i AR - R
i - DA R A ARSI (E A RR oK » (HIE R R T RE TS
TERYPER -

RA > FATRFE R B SUERCE R E R - DU RIS 225 oy 5 =\
REHVEMFPR A T LA B Eh o JER S ERA » BE5h > IsR(E ¢ FasHEEA Y R
i > R AR E (e — B E PV ER -

7N~ SER

[1] Jim Chang, JS Chang, “WriteAhead2: Mining Lexical Grammar Patterns for
Assisted Writing”, Proceedings of Annual Conference of the North American
Chapter of the Association for Computational Linguistics (NAACL-HLT), 106-
110. 2015

[2] Hsu, C. L., Ju, H. H., Wu, Y. H,, Peng, H. C., Chen, J. J., Chang, J., & Chang, J..
Computer Assisted English Email Writing System. Proceedings of the

396



The 32nd Conference on Computational Linguistics and Speech Processing (ROCLING 2020)
The Association for Computational Linguistics and Chinese Language Processing

International Conference on Computational Linguistics and Intelligent Text
Processing, CICLing, 2017

[3] Benjamin N Lee, Gagan Bansal, Yuan Cao, Shuyuan Zhang, Justin Lu, Jackie
Tsay, Yinan Wang, Andrew M. Dai, Zhifeng Chen, Timothy Sohn, Yonghui Wu,”
Gmail Smart Compose: Real-Time Assisted Writing.” Knowledge Discovery and
Data Mining, KDD, 2019

[4] Email Pattern dataset source web site: https://www.writeexpress.com/

397



