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W sidr uiigu digu syss d sk w  rr   digu sys   irvd y usig
iri  is vi i r gugs   gug i wi  vrsi is ig dud. W d 
riv irxrs rwrk, wr  xr g   ir igu r rssigu, d  ir g
ws  ixurxrs rdur r gy iizig uiigu skrid digu syss. W rs 
ixurgugs ruig rwrk  iuds ur ui s, i.., iu ddigs  uiigu
digus, gug d, irwis ig w  rrsi  vry w gugs, d ixurgugs.
W quiy gug rrisis  uiy d divrsiy usig  ur  siiriy ris, i.., gi siiriy, d
wrd d s siiriy sd  ddigs. Our i dig is   rr  uiigu skrid
digu syss   gry id y r ky ss, i.., d sufiy, gug rrisis, d d
dsig i  ixurgugs ruig rwrk.

CCS Cs: • Computing methodologies→ Discourse, dialogue and pragmatics.

Addii Ky Wrds d Prss: uiigu syss, skrid digu syss, riv gs, ixur
xrs

1 INTRODUCTION
Hw y u gugs r r i  wrd? As  2019, Egu surizd  s xsiv
g  u gugs i  wrd.1 I vrs 6,909 disi gugs, u  wi 230 r sk i
Eur, wi 2,197 r sk i Asi.2 T iiy  rriv iri rss gug udris is 
gsdig ii i  iri rriv uiy [33]. Susi rgrss s  d vr
 yrs, wi ri syss i    vr gug rrirs [87].
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Table 1. Hierarchical classiicaion based on he Ehnologue caalog3 or English, German, Ialian, Spanish, and Thai. The
Code column shows he unique ideniicaion by ISO 639-3 sandards. Classiicaion is he pah o a language in he language
amily rees in Ehnologue.

Language Code Classifcation

English g IdEur>Gri>Ws>Egis

German du IdEur>Gri>Ws>Hig Gr>Gr>Midd
Gr>Es Midd Gr

Italian i IdEur>Ii>R>IWsr>IDi

Spanish s IdEur>Ii>R>IWsr>Wsr>G
Iri>IrR>Ws Iri>Csii

Tai  KrDi>Ki>i>Suwsr

T d r uiigu ss s  disrd. Rugy 80%   wrd ui ds  sk
Egis [14]. As  wys i wi w ir wi iri vv, .g., r dus  qusisd
swrs d r sigs  uiur iris, ud qusis u uiigu iri
rriv rsur. Hw  w dv uiigu digu ds  sur ui uiis wi
ui gugs s iu d uu [26, 91, 92]?
Sigi gs ri r w v iv uiigu digu syss. Firs, uiigu

digu dss r qui sr d   quisii g. Fr x,  survy [99] r svr yrs
g rrs 63 vi digu rr d y 2   i uiigu digus (i.., Vri [5]
d DSC5 [41]), ui Mr 2017. Si , svr uiis v rsd digu dss r riig
uiigu i [15, 52], d  iigu [53] d uiigu [21, 36, 48, 71, 98, 103, 107, 108] sk
rid digu syss (DSs). Furrr,  k  gug xrs ks  quisii  Egis
d gig [26]. Fr x, i  uiigu ur gug udrsdig (NLU) ds [98], y
11.7% d 20.0%   urs r id r Ti d Sis, rsivy, du   k  iigu
skrs.
Sd, gug iis d uiriis r vry ir. O   d, gugs v gi

risis rug gug vui. W is  Egu g ris  v gugs (i.., Egis,
Gr, Ii, Sis, d Ti) i  1. Egis is ir wys  s r  y iv gug 
ridg  gug g [17, 83]. O  r d,  uiy d divrsiy  gugs v  dd
i igdisi vrs i r ui iguisis. Figur 2 visuizs  5 [120] ddigs
 wrds r w uiigu digu rk dss [71, 98], vrig  v gugs id
v. Ti wrds r usrig iddy, wi wrds r Eur gugs r ixd u. W urr
du irwis riss   Eur gugs i Figur 2. W d  irsig rs (rrsig
iis w gugs) d disji rs (rrsig uiriis  gugs)   rsrvd
  s i, u ir rris   vry dir r dir gug irs. Fr x, Egis
d Sis r  s ry srd s  r r gug irs, s  rri  irsig rs
is rgr (s Figur 2).
Ls u  s,  jriy  DS ds uss  ir ui gugsi i [70, 98] r

rssigu di r Egis  Egis wrds uiigu DSs (s  12 d 13). Vry w
uiis sidr irvig uiigu rr siuusy, u siy riig ds usig
uiigu d ds  wys d  irvs, .g., uiigu NB [71] d iigu BAR [53]
3s://www.gu./rws/s
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Fig. 1. Visualizaion o he embeddings o words rom wo benchmark mulilingual dialogue daases, covering English,
German, Ialian, Spanish, and Thai. We conduc dimension reducion using he UMAP algorihm [67] and plo all scater in
2D coordinaes using he Tensorlow embedding projecor.4

r urrd y ir igu sigs i rs  ui vui ris. Bsids, iizig 
ii sks rquirs  gugsi is, wi ks g iizi gig [91].
I is wrk, w rs  uiigu digu rwrk : (i) uy ks us  uiigu d;

(ii) urs iis w, d uiriis , gugs; d (iii) irvs uiigu rr
siuusy. Figur 3 disys  rwrk.
W rs  uiigu DS r i  riv DS rwrk [84, 86]: 푘 xr gs u r

igu d rssigu digus, d  ir g dus  ixurxrs r gy iizig
uiigu digus.   r ris, w uiy DS sks s  sdrd digu gri sk d
i  ixurgugs ruig (MOLR) rwrk wi ur ui s, i.., (i) iu
ddigs, (ii)  gug d, (iii) irwis ig w  rrsis  vry w gugs,
d (iv) ixurgugs. Fr  rr w s, w s 5 [120] s  k  ur s
d r rig wi rrid gug sis [8, 128]. N   s d   ir 
igu r rssigu xr g, d i  xiy  rd y r ur uiigu gug
ds su s BER [20], BAR [55], d XLMR [11], . Nx, w irdu irwis ig w
 rrsis  vry w gugs  ridg  risi w vry w gug rus. Hr,
 language roue is   ig r  sur gug s  srig i, ssig rug  iv
gug,   rg gug s is dsii. Lgug iis d uiriis   ddd i
irwis ig ss. Ar , w du g iizi y ixur  gugs ruig wi w
ri iis, i.., ruddrssig d rrsrig. By mixure o languages rouing w 
4s://rjr.srw.rg/
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(a) English vs. German. (b) English vs. Ialian.

(c) German vs. Ialian. (d) English vs. Spanish.
Fig. 2. Pairwise comparison o he embeddings o words in dialogues rom European languages.

 rss  rig  ii  rus i  rsd d w r rss ui gugs.
Tis su s  uiigu digu d  uiy r  iv gugs, rr  xig

ACM rs. I. Sys.
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Fig. 3. The ramework o mixure-o-languages rouing (MOLR) in mulilingual TDSs. Taking he dialogue sae racking (DST)
ask as an example, he raw inpus are exended wih preixes and processed ino monolingual and cross-lingual daa,
respecively. The rounded recangles represen inermediae language-speciic represenaions. A learnable marix M푎↔푏 is
used o ransorm he presenaions beween any wo languages 푙푎, 푙푏 . The blue, red, and green arrows represen he roues
o English (EN), German (DE), and Ialian (IT), respecively.

Egis s  y iv gug. Mrvr,  uid gri rwrk quis  rsd d wi
 iiy  iiz ui susks, siuusy.
 ssss  ivss   rsd ixurgugs ruig (MOLR) rwrk, w du

xsiv xris  w rk dss, i..,  uiigu DS ds [71] d  NLU ds [98].
W d  iigu d uiigu MOLR ds r  r wi, d v urr, s
r sis r  uiigu DS d NLU sks. A s, rd wi 5,  rsd MOLR
ds irv 2.31%/2.56%/0.67%  ji g ury r Egis/Gr/Ii   DS sk, d
0.13%/1.89%/5.53%  s F1 r Egis/Sis/Ti   NLU sk. N  s   sis du
ssii vr  rdd skrd  s; i rs, w gr   s r 
vury s.
T rgr rdii s irss  difuy  sks, u  s r vius: ur rwrk is 

 rdi vus  r  rdd d is i   digu sks i  uid wy.
T i riuis  is wrk r s ws:

• W rs  ixurgugs ruig (MOLR) rwrk  is   gy d siu
usy iiz  uiigu skrid digu sys (DS) rr. MOLR s r
uiigu d rgui, gug rrisi dig, ixurgug ruig.

ACM rs. I. Sys.



6 • Pei e al.

• W dv gri sis  r  s  r wi sr ssii sis.
• W rry u  rg ur  rsiv xris d ddiv yss, wi rv 
ivss   MOLR rwrk d  udrsd is ivss.

• W d  i is r  grduy rss  gug s:  rgr dgr  siiriy w
sur gug d iv gug is usuy u r  vr rr.

2 RELATED WORK
Giv  gs  uiigu DSs, w suriz rd wrk r r is  viw: (i) d,
(ii) gug, d (iii) d.

2.1 Mulilingual daa augmenaion
D ugi s  widy usd r viig d sriy rs i uiigu digus [93]. O
  d, d ugi rgs r rrsi  digus. Z  . [126] us i s
 rdu xrs r digu s, wd y  s grr    w ur.
Luv d Mgii [60] ivv si x d syx susiuis, d i  wi rrid
gug ds. Yi  . [123] r x ss wi rrss d us rir rig  r
 quiy   ugd d. Pi  . [85] sr rs igr digus s sus   urr
digu  vi  sriy  usr rrs. Y  . [121] irdu urisi rs  gr
d d d rsiv rig  urr irv  vr rr. Ms r wrk usuy s
r igu rrid gug ds (.g., BER [20] d GP2 [89]). Rsrrs v s xrd
rrivsd rs  xd  s  digus [30]. Pi  . [85] uiiz rrivd igr digus
 ri usr rs  irv  rr  digu rss si. Xu  . [118] r 
ri  igrig s d rs rs  xd grg ddis i digus. Li  .
[49] xr rsizd wrdig r usrsi digu isry s xr ig iri  irv
rrivsd digu syss. R  . [95] ivv sr gi rsu gs  gr vrsi
rsss r swrig x iri ds. Y  . [122] sidr ui rsss  
divrsiy  rrivsd vrsis y dyi rrsi rig. Lig  . [54] gr divrs
rv d iriv qusis r irvig irivss d rsis  ui iris.
O  r d, d ugi is  ridg gug gs. Di dswiig ds [43,

88] rs ss i Egis i rdy sd rg gugs, wi s   u
uiigu rsrrs wi grizi iiy rss gugs. XrAig [27] irdus  uxiiry
ss ui sd  i rsi d jiy iizs  vr rr wi  riry sk.
Kiri  . [40] du kwdg rsr durig disii r  rrid BER r  
iy sud d. Mrkšić  . [71] r siizd rssigu vr ss y uiigu d riig
d wi si ris r xi rsurs. Ms r wrk rsss  gug s usig
uiigu rrid gug ds (.g., BER [20, 21, 36], XLMR [11, 36, 48, 128], 5 [108, 129]).
Siir  s r wrk [108, 129], w s  sr uiigu rrid gug d

(i.., 5) s ur k r  r digu rrsi d gug rsr. Bu uik  v
rs, (i) w gr irwis gug rus d us  w  r  risis w
gug irs, d (ii) w ggrg gug rus r g iizi  uiigu DSs.

2.2 Uniy and diversiy o languages
I isi [24] d iguisi sudis [22, 25, 105, 109],  uiy d divrsiy y ky rs r rssiguisi
vrii i u gugs.

ACM rs. I. Sys.
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Ovr i, gugs gr igi r gi risis [29]. Liguiss d gug isiuis v
dud rgs sudis  gug fiy5 d  Egu g.6 Gry,  gug iy
r is   wy  irr gi risis   rv  uiy d divrsiy  gugs [104].
Tir si ssui is  w gugs g   s gug iy i y r r  
sr, r  is dsdd r  r.
I dr iguisis, ir rsr is iud uivrs grr [18, 75] d iguisi ygy [79,

109, 114]. T rr uss  uiy, i wi  gugs r rd s uivrs s   gug
uy [18]. Tis is  ri sis  rsr  rs ggig [6, 73], ukig [61, 64], d
syi rsig [62, 68]. T r sizs divrsiy, wi urs  sruur dirs  gugs,
s  rii ridg,  disvr uivrss [19]. Mrgy is usuy divrs rss gugs, d i is
rd  d uivrss r rdii iguisi ygy [97]. T wrd gug r is srud sd 
Lvsi diss, wi d  vrg ur  dis dd  vr  sur gug   rg
gug [72].
Lgug siiriy s   y usd ri  quiivy sur uiy d divrsiy i r

ui iguisis [2, 7, 112]. O r  wrk surs gug siiriy y ir sruur
rris [16]. Bjrv  . [4] d gug siiriy sd  gug sruurs, i.., rs sruur
rs d ddy ris. O  . [78] u Di’s fi  sur  siiriy  ig
Piii gugs sd   gug iy r i  Egu. Hwvr, s rs d 
y w  sruur is  vi. Ar r  wrk surs gug siiriy s xi vr
w gugs sd  drd gs [77] r uiy xrd gs [100]. Bir  .
[3] idiy gs sd  rrsd i rsi. Hwvr, ir ds  r
 siiriy  gs wiu rsi risi (.g., Egis “r” d  Ii “dr”) [2]. 
is d, s r wrk ds ur gugs i ig disi vrs y ddigs, .g.,
wrd ddigs [96, 102] d wrdsd syx ddigs [50] d rrid gug ds [42, 81].
Trr, uiy d divrsiy  gugs   surd usig siiriy d dissiiriy  ddigs.
I is wrk, w du  ysis  uiigu DS rsus r  i   viw  gug

rrisis, i..,  uiy d divrsiy  gugs. W r iis d siis 
gugs usig ui ss, iudig visuizi  wrd ddigs, s w s gi d ddig
sd siiriy ris.

2.3 Mulilingual TDS models
Migu DSs v d sidr rgrss s rrd i  rg ur  r uiis [9,
74, 99, 124]. My r sudis v ui w dss d/r sks  dv rsr  uiigu
DSs [21, 36, 80, 119]. Hwvr, i is rd  iry r wi  jriy  rs us y d 
rr rsus  s  dss [91]. Bsids, r  i rsiv, udrsdig sis is 
r  y digu syss [35]. Tus, i is wrk, w iy us   ris  rssigu d
uiigu ds  w yusd si udrsdig sks (i.., DS [71] d NLU [98]).

2.3.1 Cross-lingual models. Exisig rssigu ds iy sidr w ky rs: digu rrs
i d rssigu rsr.  du r gug dig, rvius sudis uiiz vris  squi
ds. Udyy  . [107] jiy ri iigu ddigs wi  iRNN d r ws rssigu
NLU. Liu  . [56] qui  iLSM d wi  vris d wrd irs  r  igd rssigu
wrd ddigs. Susr  . [98] dy  iLSMCRF d, wr  rssigu rsr s r
srig w  iLSM d CRF yr rss gugs. Liu  . [57] dv  iLSM, rsrr, d
5://www.igurisi.rg/grus/
6s://www.gu./rws/s
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BER r squ ig sks, d d  rvig  wrd rdr  irv rssigu rr.
Svr rsrrs gr dswiig ss   rssigu iiis, y ir rig
wrds [37, 58] r ss [88] i rg gugs. MuiAIS++ [119] rs s ig sd  
BER dr, i rsi, d  rji. GWZ [21] irdus svr d ugi
sis r zrs d ws rssigu rig   rsd ds. Sidd  . [101] gi
rssigu rsr iiis y rrsis r  uiigu ur i rsi dr.
Gri d Ii [27] us  uxiiry rsisd ss ui  jiy r wi  riry sk.
Xig  . [116] ij uigruriy rsisd is  irv  russs  rssigu
skrid digus. Hug  . [36] u  XLMR d wi Egis d rg gugs i zrs
d ws rsr sigs. Li  . [48] rvid svr uiigu rrid rks su s XLMR
d BAR, d vu    uiigu AIS d MOP dss r skrid si rsig.
Vry ry, Zu  . [129] v id 5 wi rig  ir uuisd ds d V  .
[108] siy us 5 s  sr rk i ir Vis skrid digu ds.
 su u,  rsd ds  rsr rss gugs usig  vriy  iqus, iudig

rssigu wrd ddigs [107], uiigu kwdg disii [10], rsr  vris [56],
dswig [37, 58, 88], wrd ig [58, 119], d i rsi [27, 101, 116]. Ms r wrk
s r s iqus d r rrid uiigu gug ds su s BER [20, 21], XLM
R [36, 48, 128], d 5 [108, 129]. Hwvr, y rs i w rsur gugs r  i  vury
 rrid gug ds [63]. S rssigu rsr iqus (.g., irwis ig  gug
ss) r si ssry i  rs  rrid gug ds.

2.3.2 Multilingual models. Oy w rvius sudis rg uiigu DS ds. A iuiiv sui is 
ri  sig d  id uiigu dss d vu  d  s d r  gugs,
rsivy. Mrkšić  . [71] us sris r igu d rssigu syyy d yy
 u uiigu wrd ddig ss d y    DS sk. Susr  . [98] us 
uiigu rsisd iLSM dr  r xu wrd rrsis, vuig  ui
gugs. GWZ [21] irdus svr d ugi sis r zrs d ws rss
igu rig   rsd ds. Dig  . [21] igu d rssigu us ss r rs 
uiigu DSs d iiz r  us s sry. R wrk y Zu  . [129] rrs  rk
 5 wi rig [23], wvr, ir  ds r  sur d   d is uiy
ssi.
N   rsd ds s dd gug risis r dud g iizi r ui

igu DSs  ui dss,   s  ur kwdg. Uik  jriy  ssii ds, 
rsd gri d (i.., MOLR) ivs iiv rr d is   rdi ugy
s vus s i [44, 115, 117].
Lrg gug ds (LLMs) v  r d r rviig i  s w s. W v

 wr  is d r ivy wrkig wrds xdig MOLR y igrig surd ddr
y LLMs. Tis iiiiv iis  sss di   s r LLMs. OC3.5 [111] is 
uiigu  d ud wi  CRLF srgy  ixdquiy d, ivig rr
r  rgr ds ik CGP. BLOOM [46] is rrid   uiigu ROOS rus, rig
uiigu iiis r vrius ur gug rssig sks. L2C [106] is  rrid d
ud griv x d iizd siy r uiigu digu sks, surig igquiy
vrsi rsss. T srs ixurxrs (MOE) gug d Mixr 8x7B [38] swss
 s vr is rdssr, Misr 7B. Ny,  ur  r rrs iviy
irss 8d rd  is rdssr. W xd MOLR wi ddry LLM ks, wvr, 
irsig ur  rrs is y r irwisig yrs,  grwig xiy.

ACM rs. I. Sys.
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3 COLLABORATIVE MULTILINGUAL DIALOGUE FRAMEWORK

3.1 A uniied ask-oriened dialogue sysem
A digu siss  ui urs w  usr d  sys. A  푡 ur,  usr rvids 
ur푈푡 , d  sys rdus  rss 푅푡 s  ry.  g igquiy rsss 푅푡 ,  DS is usuy
dsd i ur susks: ur gug udrsdig (NLU), digu s rkig (DS), digu
iy rig (DPL) d ur gug gri (NLG).
I is wrk, w uiy  DS wi  ur wrk 푓휃 (·) rrizd y 휃 , wi gry is (i) 

iu ddig, (ii) idd ss dig, d (iii) uu rji yrs. Tis ur wrk wrks wi
 susks i  dd si. Siy, w ru  ur susks s ws.

3.1.1 Natural language understanding (NLU). T NLU sk is  ky    skrid digu
sys rssi r xrig  ig r i r usr urs xrssd i ur gug.
I ivvs rsig d irrig usr ius  idiy  usr’s ii d xr rv iis
ssry r ig  sk. T ys   rv iis r ss. Giv  urr usr ur 푈푡

s iu,  d uus is 퐼푡 d ss 푆푡 y:

퐼푡 , 푆푡 = 푓휃 (푈푡 ) . (1)

3.1.2 Dialogue state tracking (DST). T DS sk srvs  ii  ir rrsi   urr
s, i.., i s,   digu sd   iri xgd w  usr d  sys.
I ivvs rkig  usr’s gs, rrs, sris, d r rv iri rugu 
vrsi. Giv  digu isry 퐶푡 = [푈1, 푆1, . . . ,푈푡 ] s iu,  d uus  i s 퐵푡 y:

퐵푡 = 푓휃 (퐶푡 ), (2)

wi   dd s  s  ris rrsig svu irs r  si di: (di, s_,
vu).

3.1.3 Dialogue policy learning (DPL). T DPL sk is   rss  rig i iis r gig
 digu w d kig disis  sys is. I ivvs rig  iy  s  urr
digu s   s rri sys i, sidrig  sys’s gs d usr rrs. Giv
digu isry 퐶푡 , i ss 퐵푡 , d rriv rrds r ds 퐷푡 s iu,  DPL uus sys
is y:

퐴푡 = 푓휃 ( [퐶푡 ;퐵푡 ;퐷푡 ]), (3)

wi is  is  ris rrsig s (di, i_y, s_).

3.1.4 Natural language generation (NLG). NLG sk rrs   rss  grig ur gug rsss
r urs sd   digu x, su s digu isry, digu s, d sys is. I is 
gr r d u ur gugs    uid   usr. Giv digu isry퐶푡 ,
i ss 퐵푡 , rriv rrds r ds 퐷푡 , d sys is 퐴푡 s iu,  d uus  rss
푅푡 y:

푅푡 = 푓휃 ( [퐶푡 ;퐵푡 ;퐷푡 ;퐴푡 ]) . (4)

 uiy  v susks, w k  s  squsqu gri sk [32]. T iu   sks
is  squ  ks  r ggrgd r  i  iu surs, i.., [푈푡 ], [퐶푡 ], [퐻푡 ;퐵푡 ;퐷푡 ]
[퐻푡 ;퐵푡 ;퐷푡 ;퐴푡 ] r NLU, DS, DPL, NLG, rsivy.

ACM rs. I. Sys.
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3.2 Monolingual and cross-lingual exper agens
W us 5 [120] s ur k wig dii us gug dig [121], wi ds 
rsrrsd drddr d  r  ig 푓 r  iu squ X1:푛 = (x1, x2, . . . , x푛)
  rg squ Y1:푚 = (y1, y2, . . . , y푚), i.., 푓휃,휃d : X1:푛 → Y1:푚 , y  wig dii riiy
disriui:

푝휃,휃d (Y1:푚 | X1:푛) . (5)

Fr  iu squ,  dr vrs 푋1:푛   rrsdig idd ss X̃1:푛 = (x̃1, x̃2, . . . , x̃푛), 
dr is rrsd s 푓휃 : X1:푛 → X̃1:푛 , ry,  riiy   ud s:

푝휃 (X̃1:푛 | X1:푛) . (6)

Miy,  ddr rs  riiy disriui  푌1:푚 giv 퐻1:푛 , i.., 푝휃 (Y1:푚 | X̃1:푛). Usig
Bys’s ru,  disriui   dsd i dii disriui vr  vuryV   푗
is k i  rg squ y:

푝휃푑푒푐 (Y1:푚 | X̃1:푛) =
푚÷
푗=1

푝휃푑푒푐 (y푗 | Y0:푗−1, X̃1:푛), (7)

wr y0 ds  0 rg vr  rrss  vr   si “gis” k [BOS].
T d   rd y iiizig  rssry ss s ws:

Lexpert = −
푁’
푖=1

푛푖’
푗=1

y푖푗 log 푝휃 (y푖푗 | Y푖
0:푗−1, X̃

푖
1:푛), (8)

wr 푁 ds   siz d 푛푖 ds  g   푖 rg squ.
Fr  igu g,   iu squ X1:푛 d  rg squ Y1:푚 r i  s gug.

Fr  rssigu g,  iu squ X1:푛 d  rg squ Y1:푚 r r w dir gugs.

3.3 Mulilingual agens wih mixure-o-languages rouing
W irdu  wrkw   ixurgugs ruig (MOLR) d s sw i Figur 3, sidrig
 DS sk s  x. Firs, w w 5’s dig  rx d us “[ASK]” s  ss  [90] d
xd  rw iu wi  sksi rx i  wig r:

[ASK] [Pivgug] [rggug]: [Surgugiu]

N  i [Pivgug] d [rggug] r idi,   rssd d is igu d,
rwis i is rssigu d. T,  rssd ius ss rug  iu ddig yrs wd
y  gug d, d y r rsrd i gugsi idd ss. Nx, MOLR uss  r
rix  du irwis ig r vry w gugsi idd ss. Ls, MOLR ds ixur
gugs iis  igr  ss r ui rus w r rss ui gugs.   r
si, w i  iu ddigs yrs d  gug d sd  5,  sr
rrid gug d d irdu irwis ig d ixurgugs ruig s ws.

ACM rs. I. Sys.
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3.3.1 Pairwise alignment. R  i Eq. 7,  푘 igu d uus  riiy vr 
vuryV   푗 is y:

푝푘휃푑푒푐 (y푗 | Y0:푗−1, X̃1:푛) = softmax(푓휃d (Y0:푗−1, X̃1:푛))
= softmax(휓휃sk (ỹ푘푗 ))
= softmax(W>

ỹ
푘
푗 )

= softmax( [y1, y2, . . . , y |V | ]>ỹ푘푗 ),

(9)

wr sx(·) is  ivi ui  ss gis i riiis, ỹ푘푗 ∈ R푑 rrss  ddd
idd s   푗 is r  gug d. Hr, w us  rrid gug d 5.휓휃sk
ds  sk yr dW = [y1, y2, . . . , y |V | ] ∈ R |V |×푑 is  wrd ddig rix.
Giv y w igu ds r gugs 푙푎, 푙푏 ,  idd ss   dd s ỹ′푎푗 d ỹ′푏푗 . Giv 

r rixM푎→푏
푗 ∈ R푑×푑  rsrs  ddd idd ss r y푎푗  ỹ′푏푗 , d vi vrs, ry,

w  d  irwis ig s:

ỹ′푏푗 = M푎→푏
푗 ỹ푎푗 ∈ R푑 ,

ỹ′푎푗 = M푏→푎
푗 ỹ푏푗 ∈ R푑 .

(10)

T   is rsii is  w  r  idd s  gug 푏 v ug w y v 
riig d  gug 푎 d vi vrs.

3.3.2 Mixture-of-languages routing.  r r  ixur  gug rus, w uiiz w ri
iis, i.., ruddrssig d rrsrig.

Roue-addressing. L 퐻 = [ỹ푎푗 ; ỹ′푎푗 ; ỹ푏푗 ; ỹ′푏푗 ; . . . ] ∈ R푙×푑 ( 푙2 is  ur  gugs d 푑 is  disi),
dW푞,W푘 ,W푣 ∈ R푑×푑   ris r qury 푄 , ky 퐾 , d vu 푉 . E 퐻 is ssid wi  qury 푄
d  kyvu ir (퐾,푉 ). T ui   iv rrsi 퐴  y푗 i  si is:

푄 = W푞퐻 ∈ R푙×푑 ,퐾 = W푘퐻 ∈ R푙×푑 ,푉 = W푣퐻 ∈ R푙×푑 ,

퐴 = softmax(훼−1푄퐾>) ∈ R푙×푙 ,

ỹ푗 = 휙 (퐴푉 ) ∈ R푑 ,

(11)

wr 퐻 is  dd uu d 퐴 is  i disriui  ds  푉 , 훼 is  sig r, d 휙 is
 ir yr wd y  uui  dd vus, rrizd y 휃 .

Parameer-sharing. Fr  s sk d  s gug,   d rrs r srd, rwis
y  rrs 휃sk i  sk yr휓 (s Eq. 9) r  srd, d  r rrs i  d r
srd. I  srd dus, w i  r   s rrsi r  sks. Tis iy srvs s
rgurizi d vis  vrig r, s  d rs  rrsi  grizs  
sks.

3.4 Exension o decoder-only large language models
Wi  rg  LLMs d  rv  iis su s CGP, ddry riurs
v  igy ur [28, 125]. W xd  rsd rwrk y irrig ddry
LLMs s ks  dr  us gug dig. W w  LLM’s rui d r i s 
isruiwig sk. Firs, w rr  rw d wi  wig r:

ACM rs. I. Sys.
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Instruction: [Ruid][Pivgug][rggug][skr]
Input: [Rwiu]
Output: [Rwuu]

wr “[Ruid]” srvs s  si k usd  idiy  y  gug ru. I ys  rui r i
driig  iri w, surig iv rig y sidrig  sii d grizi
 iguisi urs.” “[skr]” rrs   is   r dsigd  d LLMs  is 
si sk. T dis   r r isd i  11, Adix A. Siiry,  rssd ius ss
rug  iu ddig yrs wd y  ddry LLM, d y r rsrd i gug
si idd ss. Ls, MOLR ys ixurgugs iis  igr ss rui rus,
wr w r rss ui gugs. Mr siy, w i  iu ddig yrs d 
sr ddry LLM (.g., LLM2C [106], B [46], OC3.5 [111])   surig
 did gugs. Susquy, w irdu irwis igs d ixurgugs ruig s
s. T, w rr rrfi uig (PEF) wi wrk drs (LRAs) [34] 
 LLM usig  rid d.

4 EXPERIMENTAL SETUP

4.1 Research quesions
W sk  swr  wig qusis i  xris:

(RQ4.1) Ds  ixurgugs ruig (MOLR) d irv  rr  igu d
uiigu ds?

(RQ4.2) Hw d gug rrisis iu  rr  MOLR ds? (i) Hw  quiivy
yz gug uiy d divrsiy? (ii) Hw  quiy gug uiy d divrsiy? (iii) Hw d
gug uiy d divrsiy iu  ixurgugs?

(RQ4.3) Hw d  ky s iu  rr  MOLR ds? (i) Hw d dir 
ii iis iu  MOLR d? (ii) Hw d dir ur  yrs  xr gs
iu  gis   MOLR d?

(RQ4.4) C  MOLR rwrk  ivy dd   w r  ddry LLMs?

4.2 Daases and evaluaion
W du  rg ur  xris  w rk dss r  wig uiigu DS sks
 iry r wi  jriy  rir rs [91].

4.2.1 Dialogue state tracking (DST) and natural language generation (NLG). T uiigu DS ds [71] is
xdd r  WOZ 2.0 ds [113] y uy rsig Egis i Ii d Gr, rsivy.
Fr  gug,  ds is 1200 uiur digus i  rsur di, d i is si i
600, 200, 400 digus r riig, vidi, d sig. T ds is 4 ys  grd ss:
3 irig ss (i.., d, ri rg d r)  rk  usr’s sr sris, d 1 rqus s (i..,
rqus)  rk  usr’s qusis u  sr rsus. T vui ris r  DS sk r:

• Join goal accuracy , wi surs  rri  digu urs wr  sr sris xy
  grud ru   s s.

• Reques accuracy , wi rrss  rri  digu urs wr   usr qusis r
rgizd rry.

T vui ris r  NLG sk r:
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• BLEU-4, wi surs risi d us  ri  4grs i  grd rsss 
 s i  rr rsss.

• ROUGE-L, wi surs r d us  ri  gs  susqus i  rr
rsss  r urd y  grd rsss.

4.2.2 Natural language understanding (NLU). T uiigu NLU ds [98] siss  43k, 8.6k, d 5k
sigur digus i Egis, Sis, d Ti, rsivy, vrig 3 dis (wr, r, d
ridr). T ds s 12 ys  is d 11 ys  ss. T vui ris r:

• Inen accuracy , wi idis  rri   rry idid is.
• Slo F1, wi is  gri    risi d r r s ig.

4.2.3 Language similarity metrics. W rs gug siiriy ris  r  siiriy  y
w gugs 훼, 훽 r  gi d si i  viw. A igr dgr  siiriy ds  igr
dgr  gug uiy, wi  sr dgr  siiriy ds  igr dgr  gug divrsiy.
 r ygi risis,  RisFuds dis is  s widy usd ri [82]. 
sur si siiriy, wrd d s ddigs r widy usd i dr NLP sks [7].

• Geneic similariy , wi ds  siiriy  y w gugs sd  ir RisFuds
dis (RFD)7 i gug iy rs. Hr w d i s 휙푔푒푛푒푡푖푐 (훼, 훽) = 1

RFD(훼,훽 )+1 i y v 
s  sr, rwis 휙푔푒푛푒푡푖푐 (훼, 훽) = 0. RFD(·, ·) us  ur  uiqu ris  r 
i  i  ssii sd   Egu gu (s  1).

• Word similariy , wi surs  r dgr  w gugs usig  si siiriy  
rid wrd ddigs   dss, i.., 휙푤표푟푑 (훼, 훽) = cos(휶 ∗, 휷∗). W u  rid 
wrd ddigs 휶 ∗, 휷∗ s     wrd ddigs.

• Senence similariy , wi surs  r dgr  w gugs s  si siiriy  
rid s ddigs i  dss,  is, 휙푠푒푛푡푒푛푐푒 (훼, 훽) = cos(휶 ∗, 휷∗). A gug  
rrsd y     s ddigs i  ds. W u  rid  wrd
ddigs 휶 ∗, 휷∗ s     s ddigs. Hr w us  ddig   “[ASK]”
k   giig  i  s s is s ddig.

4.3 Language roues o mT5 and varians
R   gug ru is   srig r  sur gug   rg gug, ssig rug 
iv gug. W r  gug rus  5 d is vris i  2. T i 퐼 (·), 퐻 (·), 푇 (·),
d 푀 (·) idis iu yrs, idd yrs, sk yrs, d ig yrs (s Si 3.2 d 3.3). I is
wrk, w dv 퐼 (·) d 퐻 (·) wi  gug d (Eq. 5) d 푀 (·) r irwis ig (Eq. 10).  
r si, w v  wig ys  gug rus r 5 d is vris:

• m5: sig gug ru r igu ds.
• m5+bDA: du gug rus r riig  sig d wi iigu d.
• m5+bMOLR: qudru gug rus r riig  iigu d wi iigu d. Tr r
w igu rus d w rssigu rus.

• m5+bDA: ui gug rus r riig  sig d wi uiigu d. Hr w us
ri gug rus.

• m5+bDA: ui qudru gug rus r riig  uiigu d wi uiigu
d i ui sgs. Hr w us w sgs  qudru gug rus. T d r H1 is

7s://.wikidi.rg/wiki/Ris%E2%80%93Fuds_ri
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Table 2. Language roues o he proposed models given any hree languages 훼 , 훽 , 훾 wih DST or NLU as a [TASK].

Model Setting Language routes

5 Sig
gug ru [ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)

5+DA Du
gug rus

[ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)
[ASK] [훽] [훽] : 퐼 (훽) → 퐻 (훽) → 푇 (훽)

5+MOLR Qdru
gug rus

[ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)
[ASK] [훽] [훽] : 퐼 (훽) → 퐻 (훽) → 푇 (훽)
[ASK] [훽] [훼] : 퐼 (훼) → 퐻 (훽) → 푀 (훽 → 훼) → 푇 (훼)
[ASK] [훼] [훽] : 퐼 (훽) → 퐻 (훼) → 푀 (훼 → 훽) → 푇 (훽)

5+DA Mui
gug rus

[ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)
[ASK] [훽] [훽] : 퐼 (훽) → 퐻 (훽) → 푇 (훽)
[ASK] [훾] [훾] : 퐼 (훾) → 퐻 (훾) → 푇 (훾)

5+MOLR Mui
gug rus

H 1:
[ASK] [훾] [훾] : 퐼 (훾) → 퐻 (훾) → 푇 (훾)
[ASK] [훽] [훽] : 퐼 (훽) → 퐻 (훽) → 푇 (훽)
[ASK] [훽] [훾] : 퐼 (훾) → 퐻 (훽) → 푀 (훽 → 훾) → 푇 (훾)
[ASK] [훾] [훽] : 퐼 (훽) → 퐻 (훾) → 푀 (훾 → 훽) → 푇 (훽)
H 2:
[ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)
[ASK] [훽] [훽] : 퐼 (훽) → 퐻 (훽) → 푇 (훽)
[ASK] [훽] [훼] : 퐼 (훼) → 퐻 (훽) → 푀 (훽 → 훼) → 푇 (훼)
[ASK] [훼] [훽] : 퐼 (훽) → 퐻 (훼) → 푀 (훼 → 훽) → 푇 (훽)

usd s  rrid d r H2. A “” rrs   s  gug rus w w gugs, 
sg i  uisg rss  riig  uiigu d usig uiigu d (s  2).

4.4 Baselines
Fr  DS sk, w sidr ur grus  sis, ddig   s d  y us: (i) sd 
ur i rkr (NB), (ii) sd  gy siv digu s rkr (GLAD), (iii) sd
 idiri dr rrsis r rsrrs (BER), d (iv) sd  rssigu gug
d rriig (XLM). T si is sd  r DS ds  rgrd Egis, Gr, d Ii
s rg gugs, d rr r rsus   uiigu DS ds [71].
Fr  NLU sk, w s sidr ur grus  sis, ddig   s d  y us:

(i) sd  rurr ur wrks (RNNs), (ii) sd  rsrrs, (iii) sd  idiri dr
rrsis r rsrrs (BER), d (iv) sd  rssigu gug d rriig (XLM).
T si is sd  r NLU ds  rgrd Egis, Sis, d Ti s rg gugs, d
rr r rsus   uiigu DS ds [98].

4.5 Implemenaion deails
W us  rrid d 5s r  Huggig irry.8 I siss  8 yrs  rsrr
ks r  drs d ddrs. E i du s 6 i ds d  sig r 훼 is
1. T  ur  rrs is u 300 ii. W s  riig s  60. W us  AdW
8s://uggig./gg/5s
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iizr [59] wi  du rig r  15. W us  ir sdur wi 2,000 wru ss. I 
DS sk, w s   siz  6 d grdi uui  2. I  NLU sk, w s   siz  16
d grdi uui  1.
T ii   xdd rwrk uss ddry LLMs s ks, wi r 

rsurd d   surig  did gugs. Fr x, Llama-2-7b-chat-h,9 Bloom-7b1,10
d OpenChat3.511 vi rug  Huggig irry. T  ur  rrs is u 7 ii.
W rr PEF wi LRA [34] d igr MOLR i  LLMA Brd [31]. Siy,  xiu
squ g is 1024 d  rig r is 105. T MOLR ds r rid r 10 s wi 
rdvi  siz  8, d uud grdis vry 4 ss. A si rig r sdur is yd,
wi  xiu grdi r  1.0. W g rsus vry 5 ss d sv d kis vry 100 ss.
Wru ss r s  2000. LRA is usd wi  rk  8 d  dru r  0.1 r rgurizi. T
igu ds r rid wi  s sigs xudig  ur   s 60. A xris r
ru  NVIDIA GFr RX 4090 24GB d NVIDIA A100 SXM4 40GB GPUs.

5 RESULTS
W sw xri rsus  swr  rsr qusis i Si 4.1.

5.1 Main resuls (RQ4.1)
W r  rr  MOLR ds wi  xisig igu ds d uiigu ds
   DS (s  3) d  NLU (s  4) sk.

5.1.1 MOLR improves both monolingual and multilingual DST. Fr  rsus r  DS sk i  3, w
v  wig srvis.
Firs,  5 ds wi MOLR urr  igu d uiigu sis r Gr d

Ii. Ty s iv igr srs  s   srs rrd r Egis. Siy, 5+MOLR
sigiy urrs 5 y 1.89%/2.56%/0.67%  ji g ury d 0.3%/0.73%/1.09%  rqus
ury r Egis/Gr/Ii. T irvs dsr  ivss  MOLR. W iv 
i rs is  MOLR is   xr irwis risis w gugs d  uy k us
 uiigu d r g iizi. Aug XADS d DisidBER† iv sigy igr
rsus  5+MOLR r Egis i rs  ji g ury (+0.54%) d rqus ury (+0.38%), 
rdiiv s is u sr  MOLR ds. Tis is iy us ADS d DisidBER† r
ssii ds; i rs,  MOLR ds r gri ds.
Sd, 5 is  sr s d rd wi  ys  s ds. Mr risy, 5

(89.53%) ivs  igs ji g ury r Egis, wd y XLMRDS (88.50%), GLAD (88.10%),
BER (87.70%), NB (84.20%). 5 driy irvs  xisig rrd rsus  Gr d Ii.
Siy, i irss 10.96% d 9.48% vr  s NB rsus  Gr d Ii, rsivy.
Tird, irwis ig rigs sis irv. MOLR irvs vr 5 i  sigs. Hwvr,

NB+DA drss  ji g ury y 1.40% r Egis rd wi igu NB. T 
 uiigu d r riig rs   iid wiu dig  gug risis. W ddig
r gugs, 5+MOLR ivs sig gs: Crd wi 5+MOLR, 5+MOLR irvs
 ji g ury y 0.42% i Egis d  rqus ury y 0.37% i Gr, u sigy drs i
 riig sigs.

9s://uggig.//L27
10s://uggig./igsi/71
11s://uggig.//_3.5
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Table 3. Comparison o dialogue sae racking (DST) models or supervised learning using English, German, and Ialian
as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe join he goal accuracy and reques
accuracy, respecively. The boldace indicaes leading resuls. As mulilingual setings are under-explored in he baselines
models, we reproduce several compeiive baselines or comparison. These resuls are marked using “*”.

Joint Goal/Request Accuracy (%)

DS Models Settings English German Italian

NB
NB [69] NB w/CNN dr 84.20/91.60 – –
NBDNN [69] NB w/DNN dr 84.40/91.20 – –
NB+SSU [70] NB+sisi s ud 84.80/– 68.10/– 76.10/–
SN [94] NB+LSMsd s ud 88.90/– – –
NB+Mr [110] NB+rgy uig – 66.30/– 78.10/–
NB+DA [71] NB+uiigu d ugi 82.80/– 57.70/– 77.10/–

GLAD
GLAD [127] Gy siv DS 88.10/97.10 – –
GCE [76] GLAD+gydiid dr 88.51/97.38 – –
GLAD+DA [123] GLAD+rrs d ugi 88.00/– – –
GLAD+RDA [123] GLAD+DA+rir rig 90.70/– – –

BER
BER [8] BER x dr 87.70/– – –
BER+RNN [47] BER x dr+RNN s ddr 89.20/– – –
BER† [45] BER x & did dr 90.50/97.60 – –
DisidBER† [45] Disid vri  BER† 90.40/97.70 53.28*/93.01* 67.92*/95.26*
SUMB [47] BER+RNN+sur i 91.00/– – –

XLM
XLMRDS [128] XLMR x dr wi 270M rrs 88.50/– – –
XADS [128] XLMR+vu s xri 92.38/– – –

5 (Ours)
5 Muiigu 5 wi 300M rrs 89.53/97.02 79.06/95.92 87.58/95.44
5+MOLR 5+iigu ixurgugs ruig 91.42/97.32 81.62/96.65 88.25/96.53
5+MOLR 5+uiigu ixurgugs ruig 91.84/97.02 81.56/97.02 87.77/96.41

Fur, g iizi  uiigu DS is si udrxrd. NB+Mr us Gr d
Ii d wi uiigu wrd ddigs. NB+DA uss uiigu d durig riig r g
iizi. Hwvr, r ds igr  rr  Gr d Ii. Tis ig  us s
rsr is Egisrd: ir Egis ds r rssigu di r Egis  r gugs.

5.1.2 MOLR improves monolingual and multilingual NLU. Fr  rsus   NLU sk i  4, w v
 wig srvis.
Firs, MOLR ds urr r r  r wi  igu d uiigu sis r Egis,

Sis, dTi. Priury, 5+MOLR d5+MOLR irv vr 5 y 5.32%/1.14% d 5.13%/1.75%
 s F1 r Ti d Sis. T irvs rv  ivss  MOLR. T gi  MOLR is iid
i r sigs, iudig vui rsus  Egis d i ury. T gr irv is sr
 0.5%. O rs is   vu  d is rdy sufi r gd i idii. Fr x,
iLSMCRF ivs 99.11%  ury  i idii d 94.81%  s F1 r Egis. Tus, 
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Table 4. Comparison o naural language undersanding (NLU) models or supervised learning using English, Spanish, and
Thai as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe inen accuracy and slo F1 score,
respecively. Boldace indicaes leading resuls.

Intent Accuracy/Slot F1 (%)

NLU Models Settings English Spanish Tai

RNNs
iLSM [57] iLSM r y rg gug –/94.87 – –
iLSMCRF [98] Migu iLSM wi CRF yr 99.11/94.81 97.26/80.95 95.13/87.26
CV [98] iLSMCRF sd NM  Egis – 97.81/82.55 96.87/90.60
CV [98] Muiigu CV [66] – 97.82/82.49 96.98/91.22
CV+Au [98] CV wi udr jiv – 97.90/82.13 96.87/91.51

ransormers
rsrr [57] rsrr w/rz wrd ddigs –/94.93 – –

BER
BER [57] BER uig –/95.97 – –
BER+DA [93] BER+ igu d ugi – 98.20/84.27 91.42/59.68

XLM
XLMR [27] XLMR dr wi 270M rrs – 98.70/89.10 96.80/93.10
XLMR+A [27] XLMR+rsi ig ss 99.30/96.60 98.80/89.80 97.80/94.40

5 (Ours)
5 Muiigu 5 wi 300M rrs 99.35/96.40 98.68/88.45 97.52/89.48
5+MOLR 5+iigu ixurgugs ruig 99.29/96.49 99.08/89.59 97.28/94.81
5+MOLR 5+uiigu ixurgugs ruig 99.40/96.50 98.88/90.21 97.70/94.61

rr  s ig vs r r r irv  i idii. Ar rs is
  xr iri r wrsur gugs (.g., Sis d Ti w usd i ii wi
Egis) is qui iid. Fr x, i  NLU ds, y 11.7% d 20.0%   urs r r
wi Egis, rsivy, wi is   is vi   irv  Egis d. I rs,  rs 
 r Egis urs  rig w iri   wrsur gugs.
Sd, 5 is  sr s d rd wi  ys  s ds siir  DS (s

 3). Siy, 5 (96.40%) is  igs s F1 r Egis, wd y BER (95.97%), rs
rrs (94.93%) d iLSM (94.87%). XLMR is s iiv s 5, u w s  s ur k
sidrig   DS rr d  gri  (i.., ugy rdii).
Tird, irwis ig rigs sis irvs r s ig. Crd wi 5, 5+MOLR

irvs 5.32%, 1.14%, 0.09%  s F1 r Ti, Sis d Egis, rsivy. Addig r gugs 
5+MOLR, 5+MOLR rigs  s irs r s sigs, x r  s drs i s F1 r
Ti (0.2%). Siiry, i dds  w u igu iri  w gug  rig  r r
risis.
Fur, g iizi  uiigu NLU is si udrxrd. Ev r gugsi iizi,

iLSMCRF d XLMR+A r  y rs r wi rsus r rrd   gugs,   s
 ur kwdg. Tis ig  us s rir rsr uss  rssigu di r Egis 
r wrsur gugs i  NLU ds.
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5.2 Analysis o language characerisics (RQ4.2)
I Si 5.1, w srv   vr rr vris   r dir gugs. I is si, w
rs yz  gug rrisis (i.., uiy d divrsiy) i d y visuizig  wrd ddigs,
s w s gi, wrd, d s siiriis  dir gugs. T w yz  gis  dir
gugs i dir sigs.

5.2.1 Qalitative analysis of the unity and diversity of languages. S Figur 4 r visuizis   wrd
ddigs  5+MOLR i  DS d NLU dss, r d r uig, rsivy. W i 
udrsd w MOLR ius  uiy d divrsiy  gugs quiivy.
Firs, dir gugs v  siir d dissiir wrds i  si ddig s. Siy,

s d is r dir gugs r vry s   r wi r d is r r wy d
d i  isd usr. Fr x, rs  Egis d Gr is r ixd u wi r ss 
Gr d is r rd i  isd r.
Sd, siiriis w gugs r vry dir r dir gug irs. Fr x, 

udris w Egis d Gr, d w Egis d Ii r  vius; i rs, 
udris w Ti d Egis, d Ti d Sis r qui r. Tis idis  Egis, Gr,
d Ii r qui siir   r, wi Ti is  idd d disi gug  is  siir 
Egis d Sis. Bsids, Ti is sr  Egis rr  Sis;  Egis usr ss  sr
Ti d Sis.
Tird,  riv risis r  gd r d r uig. I DS, Egis, Gr, d

Ii is r ixd gr wi  s isd usr  Gr is. I NLU, Egis d Sis
v  srd d srd rs, wi  jriy  Ti is r i  isd usr. Tis sws
 Egis, Gr, d Ii v r uiy wi Ti s r divrsiy rd wi Egis d
Sis.

5.2.2 Qantitative analysis of the unity and diversity of languages. As sw i  5, w vu  uiy d
divrsiy  gugs y r siiriy ris, i., gi siiriy, wrd siiriy, d s siiriy
sd  wrd ddigs  5 d i  dss. W i  quiy  uiy d divrsiy  gug
d us  siiriy rdr  yz ur MOLR ds i  x si.
Firs, (EN, DE) r  s siir gug ir i rs  gi siiriy, wd y (EN, I), (DE,

I), (EN, ES). Sd, (ES, H) r r siir  (EN, H) i rs  wrd d s siiriy. Ls
u  s, sidrig  siiriy i  s is  wys igu. Fr x,  ris 
gi siiriy is ivid r “(EN, H)” d “(ES, H)”, d wrd siiriy  “(EN, DE)” d “(EN, I)” s
vry i dir. Ar x is   rdr  s siiriy is isis wi   wrd
siiriy. Uik i NLU,  dir i wrd siiriy i DS is s, wi ig irs  difuy 
disiguisig w s ddigs. H, i is ir  sidr  siiriy ris. I is
wrk, w sr  siiriy dgr   gug irs i dsdig rdr s:

휙 (퐸푁 ,퐷퐸 ) > 휙 (퐸푁 , 퐼푇 ) > 휙 (퐷퐸, 퐼푇 ) > 휙 (퐸푁 ,퐸푆 ) > 휙 (퐸푁 ,푇퐻 ) > 휙 (퐸푆,푇퐻 )
T i  is rdr is  iry r  siiriy w gugs; is   usd s gugsi
kwdg  yz w dir gugs iu MOLR.

5.2.3 Gains of MOLR are language-specific. W r 5 d is vris wi dir gug rus 
 DS d NLU sks, s sw i  6.
Firs, gis  MOLR vry w sig dir iv gugs (Si 3.3)  dir sgs  gug

rus (Si 4.3). 5+MOLR ivs r rr w  siiriy w  sur gug
12s://rjr.srw.rg/
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(a) DST word embeddings “beore” ine-uning. (b) DST word embeddings “aer” ine-uning.

(c) NLU word embeddings “beore” ine-uning. (d) NLU word embeddings “aer” ine-uning.
Fig. 4. Visualizaion o words in he DST and NLU daases “beore” and “aer” ine-uning. We conduc dimension reducion
using he UMAP algorihm [67] and plo all scater in 2D coordinaes using he Tensorlow embedding projecor.12

d iv gug is rgr i s sigs. Siy, i is 1.35% igr ji g ury r Ii
DS usig Egis rr  Gr s  iv gug. Bsids, i gs 1.45% irvs i s F1
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Table 5. Similariy beween languages. We repor geneic similariy, as well as word and senence similariy based on he
DST and NLU daases.

DS: Similarity NLU: Similarity

Language pair Genetic Word Sentence Language pair Genetic Word Sentence

(EN, DE) 0.1667 0.6725 0.8813 (EN, ES) 0.0833 0.7448 0.8777
(EN, I) 0.1250 0.6711 0.9036 (EN, H) 0.0000 0.4787 0.5706
(DE, I) 0.0909 0.6486 0.9066 (ES, H) 0.0000 0.4056 0.5512

Table 6. The perormance o he proposed mT5-based models wih diferen language roues on he DST and NLU asks. The
bold numbers are he bes resuls in erms o diferen evaluaion merics or arge languages.

DS: Joint Goal / Request Accuracy (%)

Model English (EN) German (DE) Italian (I)

5 89.53/97.02 79.06/95.92 87.58/95.44

EN,DE→EN EN,I→EN DE,EN→DE DE,I→DE I,EN→I I,DE→I
5+MOLR 91.42/97.32 91.11/97.57 81.62/96.65 81.62/96.23 88.25/96.53 86.98/96.41

1.DE,I→DE
2.EN,DE→EN

1.I,DE→I
2.EN,I→EN

1.EN,I→EN
2.DE,EN→DE

1.I,EN→I
2.DE,I→DE

1.EN,DE→EN
2.I,EN→I

1.DE,EN→DE
2.I,DE→I

5+MOLR 91.84/97.02 91.42/97.14 81.56/97.02 81.38/96.23 87.77/96.41 86.00/96.35

NLU: Intent Accuracy/ Slot F1 (%)

English (EN) Spanish (ES) Tai (H)

5 99.35/96.40 98.68/88.45 97.52/89.48

EN,ES→EN EN,H→EN ES,EN→ES ES,H→ES H,EN→H H,ES→H
5+MOLR 99.29/96.49 99.29/96.34 99.08/89.59 98.78/88.94 97.28/94.81 97.64/93.39

1.ES,H→ES
2.EN,ES→EN

1.H,ES→H
2.EN,H→EN

1.EN,H→EN
2.ES,EN→ES

1.H,EN→H
2.ES,H→ES

1.EN,ES→EN
2.H,EN→H

1.ES,EN→ES
2.H,ES→H

5+MOLR 99.40/96.50 99.30/96.39 98.91/89.53 98.88/90.21 97.70/94.61 97.52/94.59

r Ti NLU usig Egis rr  Sis s  iv gug. Fr 5+MOLR,  rs sg is
rriig, d  sd sg is  i rdur. I ivs r rr w  siiriy
w  sur gug d  iv gug i  sd sg is rgr i s sigs. Fr x,
i irvs 1.77%  ji g ury r Ii DS usig Egis rr  Gr s  iv gug
i  sd sg. Lgug rsr is sir i  sur d iv gugs r r siir, d i 
vid irduig  y gug gs i  ry sg   gug ru.
Sd, rd wi 5+MOLR,  rr  5+MOLR vris wi dir ddii

gugs i  sd sg. Fr x, 5+MOLR irss 0.42% i ji g ury y ddig
Ii i  ddii ru  “DE,I→DE”. Hwvr, 5+MOLR drss 0.98% i ji g ury
y ddig Egis i  ddii ru  “DE,EN→DE”. T sd sg is ssi, d i is u i 
sur gug d iv gug r siir i  sd sg.
Tird,  rr  5+MOLR is dd   vu  ddii gugs d  difuy

 sks. Fr s sigs,  gs r s rd wi 5+MOLR. Priury, 5+MOLR
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Table 7. Comparison o he efec o diferen combinaion policies on mT5+bMOLR model. The bold numbers are he bes
resuls in erms o diferen evaluaion merics or arge languages.

DS: Joint Goal Accuracy / Request Accuracy (%)

Model English (EN) German (DE) Italian (I)

5 89.53/97.02 79.06/95.92 87.58/95.44

EN,DE→EN EN,I→EN DE,EN→DE DE,I→DE I,EN→I I,DE→I
w/ DA 89.59/96.71 91.05/96.90 79.98/96.35 81.25/96.53 85.82/96.71 87.89/96.17
w/ ruddrssig 89.11/97.14 89.17/95.92 79.12/95.44 77.97/95.74 84.97/95.86 80.85/95.01
w/ rrsrig 91.42/97.32 91.11/97.57 81.62/96.65 81.62/96.23 88.25/96.53 86.98/96.41

NLU: Intent Accuracy / Slot F1 (%)

English (EN) Spanish (ES) Tai (H)

5 99.35/96.40 98.68/88.45 97.52/89.48

EN,ES→EN EN,H→EN ES,EN→ES ES,H→ES H,EN→H H,ES→H
w/ DA 99.34/96.53 99.32/96.47 98.98/89.92 98.72/88.57 97.87/94.45 97.52/92.06
w/ ruddrssig 99.25/95.93 99.22/95.86 98.72/89.89 98.45/87.19 97.52/93.67 97.16/91.33
w/ rrsrig 99.29/96.49 99.29/96.34 99.08/89.59 98.78/88.94 97.28/94.81 97.64/93.39

irss 1.27%  s F1 y ddig Egis i  ddii ru  “H,EN→H” r Sis NLU. Siiry,
5+MOLR irss 1.20%  s F1 y ddig Egis i  ddii ru  “ES,EN→ES” r Ti
NLU. O rs is  Egis is  igrsur gug rd wi Sis d Ti i NLU, wi is
  rvid sufi xr iri r irv. Ar rs is   s ig sk is r
difu  i idii, d  i r irv   rr is rgr   r.

5.3 Analysis o key componens o mT5+bMOLR (RQ4.3)
5.3.1 Combination policies are essential. W r 5 wi is vris, i.., 5+DA wi is 5 wi
iigu d riig, ruddrssig, d rrsrig ii iis, s sw i  7.
Firs, 5 wi rrsrig urrs 5 i  sigs. Siy, i irvs 2.56%/0.73%,

1.83%/0.61%, d 0.19%/0.96% r Gr, Egis, d Ii DS i rs  ji g ury d rqus
ury, rsivy. Mwi, i irvs 0.18%/5.13%, 0.23%/1.76%, d 0.05%/0.10% r Ti, Sis, d
Egis NLU, rsivy. Tis rvs  vr ivss  MOLR ds.
Sd, 5 wi rrsrig urrs r is  r wi DA (i.., iigu d ugi) i

 sigs. I DS, “EN, DE→EN”, “EN, DE→DE”, “I,EN→DE” gs +1.83%/+0.61%, +1.64%/+0.3%, +2.43%/
0.17% i rs  ji g ury d rqus ury, giv  iv gug siir  sur gug.
Hwvr, 5+DA  wys  r uiigu d, .g., “I,EN→I” drss 1.76%  ji g
ury rd wi 5. I NLU, “H,ES→H” d “ES, H→ES” uuy irs s u s 2.53% d
1.64% i rs  s F1, wi  gs r qui s (<0.40%) r  r sigs. Tis rvs  
gis r s r MOLR d g iizi, g wi uiigu d.
Tird, iy rrsrig urrs ruddrssig i gr. I DS, rrsrig s

ruddrssig y 1.94%–6.13% d 0.18%–1.64% i rs  ji g ury d rqus ury. I NLU,
rrsrig urrs ruddrssig y 0.04%–2.40% d 0.48%–2.06% i rs  ji g ury
d rqus ury, xudig  i ury r “H,EN→H” (0.24%) d s F1 r “ES,EN→ES”
(0.30%). Tus, w us rrsrig s  ii iy r ur srrig ds.
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Table 8. Model complexiy by agen models wih he diferen number o layers.

DS: Joint Goal Accuracy / Request Accuracy (%)

English (EN) German (DE) Italian (I)

#Layers EN,DE→EN EN,I→EN DE,EN→DE DE,I→DE I,EN→I I,DE→I
8 91.42/97.32 91.11/97.57 81.62/96.65 81.62/96.23 88.25/96.53 86.98/96.41
6 90.75/97.20 90.44/97.14 80.83/95.01 82.47/95.98 85.51/96.10 87.16/96.41
4 88.92/97.20 88.98/97.02 78.76/96.04 79.79/96.53 85.09/96.35 83.99/95.98
2 86.49/97.14 86.79/97.02 76.38/95.56 78.03/94.64 81.98/95.19 81.56/95.19

NLU: Intent Accuracy / Slot F1 (%)

English (EN) Spanish (ES) Tai (H)

EN,ES→EN EN,H→EN ES,EN→ES ES,H→ES H,EN→H H,ES→H
8 99.29/96.49 99.29/96.34 99.08/89.59 98.78/88.94 97.28/94.81 97.64/93.39
6 99.38/96.37 99.27/96.33 98.88/89.87 98.68/88.33 97.58/93.27 97.66/91.58
4 99.28/96.07 99.27/96.01 98.95/87.28 98.55/83.75 97.40/91.61 97.22/84.87
2 99.30/93.53 99.33/93.68 98.62/83.59 98.39/66.25 97.64/84.82 96.93/69.16

5.3.2 Impact of the number of layers varies with tasks and languages. W sudy  iu   dir
ur  yrs r  xr d i  8.
Firs,  s sigs  yrs r xr gs (Si 3.2) vry r dir sks. I DS, ji g

ury y drss 3.59%–6.27%, d rqus ury y drss y 0.17%–1.59% wi rduig 
ur  yrs r 8  2. I NLU, s F1 driy rdus y 2.96%–24.23%, i rs, i ury
rdus r v irss sigy, .g., “H,EN→H” irvs 0.36%. T difuy  dir sks vris, d
 ur  yrs s ss iu  sir sks.
Sd,  iu   ur  yrs is gugsi. I DS, w rdu  ur  yrs

r 8  2. T ixur  Gr d Ii (i.., “DE,I→DE” d “I,DE→I”) ds  wys dr ik
 rs   sigs. Si  u  uiigu d is r, i is iky usd y  gug
sii, i.., (DE, I) r ss siir  (EN, DE) d (EN, I), d  ixur  Gr d Ii 
rsrv r divrsiy.
Tird,  ur  yrs is ssiiv  igrsur iv gugs. Rduig  ur  yrs r

8  4,  gs i “EN,ES→EN ” d “EN,H→EN” r ss  0.1% d 0.5% i rs  i ury
d s F1. T iv gugs (i.., Sis d Ti) v u wr d ss rd wi 
igrsur gug, i.., Egis.

5.4 Feasibiliy o MOLR ramework wih decoder-only LLM backbones (RQ4.4)
5.4.1 Outcome. W vu  rr  xdd MOLR ds usig vrius LLMs s ks
  DS sk, wi ss grr gs d ruiis r irv   NLU sk. W
r  rsus  svr ds wi  drddr d ddry LLMs s ks i
 9. Firs, LLM2C+MOLR sigiy urrs  ds i rs   ris, usig Egis,
Gr, d Ii s rg gugs. Siy, ji g ury irss y 1.48% i Egis, 2.52% i
Gr, d 2.33% i Ii, rd wi 5+MOLR. T riry r is  susi irs i 
ur  r rrs i  s ddry LLMs, surssig s  drddr LLMs y 
sigi rgi. Tis vris  siiiy  xdig MOLR rwrk wi vrius ddry LLM
ks. Sd,  MOLR rwrk xrs  r sigi i  ddry LLMs. T MOLR
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Table 9. Comparison wih models based on decoder-only LLMs or supervised learning o he dialogue sae racking (DST)
ask, using English, German, and Ialian as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe
join he goal accuracy and reques accuracy, respecively. Boldace indicaes leading resuls.

Joint Goal Accuracy / Request Accuracy (%)

DS Models English German Italian

Encoder-decoder LLMs
5 89.53/97.02 79.06/95.92 87.58/95.44
5+MOLR 91.84/97.02 81.56/97.02 87.77/96.41

Decoder-only LLMs
OC3.5 14.52/95.75 15.74/91.49 15.55/93.32
B 87.97/96.66 75.58/95.81 80.50/95.20
LLM2C 90.40/97.21 79.83/96.05 86.63/96.42
LLM2C+MOLR 93.32/97.93 84.08/97.27 90.10/97.08

Table 10. Comparison wih models based on decoder-only LLMs or supervised learning o he naural language generaion
(NLG) ask, using English, German, and Ialian as arge languages. In he cells wih resuls, he numbers beore and aer “/”
denoe BLEU-4 and ROUGE-L, respecively. Boldace indicaes leading resuls.

BLEU-4 / ROUGE-L (%)

NLG Models English German Italian

Encoder-decoder LLMs
5 33.97/32.66 32.96/33.03 32.80/32.17
5+MOLR 33.91/32.94 35.53/33.81 34.14/33.09

Decoder-only LLMs
OC3.5 5.01/10.54 4.11/5.35 4.54/8.23
B 29.14/27.24 28.65/27.14 28.11/26.79
LLM2C 31.50/29.21 30.95/29.22 30.68/28.62
LLM2C+MOLR 33.24/31.39 32.59/30.46 32.61/30.54

rwrk irvs  5 rr y 2.31% i Egis, 2.5% i Gr, 0.19% i Ii, i rs  ji
g ury, wi i ss LLM2C rr y 2.92% i Egis, 4.25 i Gr, 3.47% i Ii.
Tird, ddry LLMs r si ig difuis i isrui wig. Fr x, OC3.5 drs
driy i  gugs i rs  ji g ury. W ruy kd  grd uu d
ud  rs    OC3.5 grs s  rdud d r irsvu ris.
W vu  rr  xdd MOLR ds usig vrius LLMs s ks   NLG sk,

s sw i  10. Firs, w srvd   uiizi  MOLR d  s i  rr 
  drddr LLM 5 d  ddry LLM LLM2C. Fr is, wi MOLR, 5
ivd   irs  2.57% i BLEU4 r Gr d 1.34% r Ii, wi xriig  sig
drs  0.06% i Egis. Siiry, LLM2C xiid irvs, wi BLEU4 irsig y 1.74%
i Egis, 1.64% i Gr, d 1.93% i Ii. Sd,  ii  5 wi MOLR sisy
is  igs srs, sy rid y LLM2C wi MOLR. Tis rd   riud  5’s
drddr riur, wi LLM2C rs wii  ddry rwrk d viy ris
  quiy   rvidd r s iu. Ny,  r r  DS sk is rivy sir
d ss wdsigd rd   r  NLG sk.
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5.4.2 Discussion. I  s w  s, ddry LLMs v r d r  rviig. W r
giz  is d r ivy wrkig wrds xdig MOLR y igrig surd ddry
LLMs. Tis iiiiv iis sss di   s r LLMs. Hwvr, rkig i ss wi
LLMs is si gig v r s ri ds su s CGP. Svr r sudis sw  
grd uus r ssiiv   wdsigd r wi  xusiv is  s [51, 65]. Mrvr, i
uvidy s xrisi uii yd  giv s d kwdg [1]. Fiy, i is wr ig
 irig LLMs r dwsr sks ssis  sksi d   rg s. Tis udrsrs
 i  MOLR, rig  wy r uiigu d ugi.

6 CONCLUSION AND FUTURE WORK
I is wrk, w v sudid uiigu skrid digu syss i  riv skrid digu
sys rwrk, wr xr gs wrk  igu d rssigu digus, d  ir g
us r  ixurxrs r r gy iizig uiigu digus. W v rsd 
ixurgugs ruig rwrk, wi is  uy k us  uiigu d, ur gug
risis, d gy iiz uiigu rr siuusy. W v dud xris
 w rk uiigu skrid digu sys dss  vriy  ivss   rsd
ixurgugs ruig sd   rrid 5 d.
Our i dig is  ixurgugs ruig   gry iud y d viiiy, gug

rrisis, s w s ri iis.   ris, riig ixurgugs ruig wi
sufi uiigu d  sigiy irv rr vr riig wi i d i  wrsur
gug. Mrvr, ixurgugs ruig wi irsig us  d i dir gugs 
rr vry diry, s  gis  ixurgugs ruig r gugsi. Dir ii
iis  g iizi, d ir rr vris  ; is dsrs  vrsiiy d
ivss   riv rdig. gr, s digs d isigs rvid  friv swr
  dig rsr qusi r is wrk: ui gugs  idd  usd i  riv wy 
irv  rr  skrid digu syss i vry sig gug.
As  rdr iiis  uiigu skrid digu syss, rsrrs i is di sud

sidr s y gugs s ssi. Ty sud s  ir ds  s vu d r 
. Lgug rrisis (.g., uiy d divrsiy) sud vr  udrsid.
O iii  is wrk is  ixurgugs ruig y wrks w uiigu d  rig

 iis d uiriis  gugs. I  xr s wr w gugs d  v y
iis, ixurgugs ruig  rdy r  rsr rss gugs r rssigu
di. Ad vi vrs, i w gugs d  v y uiriis, ixurgugs ruig 
rdy gi r gug rsr r  uiigu d.
As  uur wrk, w iv  uiigu skrid digu syss   dvd i y

diris. Firs, w   us dir rrid gug ds (.g., GP2, BAR, .) d r 
wi  5 d. Sd, w   xr dir ri iis d s w y iu 
vr rr. Tird, w   xri  w dss wi u digu sks d r gugs
d s rwrd  ri iis  uiigu skrid digu syss.
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A EXAMPLES OF PROMPT
I  11 w sw xs  rs usd i  ddry rwrk i DS d NLG sk, rsivy.

Table 11. Examples o promps used in he exension o he decoder-only MOLR ramework.

sk Pr

DS

Yu r  u AI ssis skd wi grig kyvu irs r  digu x sd  s.
### sk: S Exri is  xr  ss d rrsdig vus id i  giv digu x.
I  vu   s is id,   susrig is rd s “ir [s] [vu]”.
I  vu   s is  id,   susrig is rd s “rqus s [s]”.
T uu is  i   susrigs   ss.
### S:
d:  uisi   rsur yu r kig r, su s “riis”.
r:  i r r   rsur, iudig “r”, “r”, “ws”, “su”, “s”.
ri rg: ri udg r  rsur, iudig “”, “dr”, d “xsiv”.
rqus:  riu   rsur yu r kig r, iudig “ddrss”, “r”, “d”, “”, “ri rg”,
“sd”, “”.
### Ex:
{“iu”: “<|usr|>i w  d  dry rid rsur i  ws r  w .
w is  ddrss d  sd ?”,
“uu”: “rqus s sd, rqus s ddrss, ir ri rg dr, ir r ws”}

NLG Yu r  u AI ssis skd wi grig  rss giv  urr usr qury d digu isry.

B SUMMARY OF ZERO-SHOT CROSS-LINGUAL BENCHMARKS
W suriz   zrs rssigu rsus   DS ( 12) d NLU ( 13) dss, s w s
ur ii  5 ds. W d  5 d is vris iv  sr r zrs
rssigu di. Tis jusis ur i 5 s ur s d i  i rsus.
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Table 12. Comparison o dialogue sae racking (DST) models or zero-sho learning rom English (EN) o German (DE) and
Ialian (IT).

Joint/Request (%)

Models Settings EN → DE EN → I

NB
XLNB [10] (r [58]) rsud NB+iigu d ugi 30.80/68.32 41.23/81.23

MUSE
MUSE [58] Wrd ig usig MUSE [13] 21.57/74.22 20.66/79.09
MUSE+AML [58] MUSE+isd iigu dswiig 36.51/82.99 39.35/84.23

XLM
XLM [58] XLM [12] x dr 16.34/75.73 –
XLM+AML [58] XLM+isd iigu dswiig 33.12/82.96 –
XLM+CLCSA [88] XLM+uiigu dswiig 48.70/88.30 –
XADS [128] XLMR [11]+vu s xri 64.88/– 68.63/–

BER
BER [58] BER [20] x dr 14.95/75.31 12.88/76.12
BER+AML [58] BER+isd iigu dswiig 34.36/86.97 33.35/84.96
BER+CLCSA [88] BER+uiigu dswiig 63.20/94.00 61.30/94.20

5 (Ours)
5 Muiigu 5 (s) wi 300M rrs 28.42/92.27 32.14/87.22
5+AML 5+iigu dswiig 40.96/93.37 47.90/87.65
5+CLCSA 5+uiigu dswiig 67.86/95.80 71.15/88.07
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Table 13. Comparison o naural language undersanding (NLU) models or zero-sho learning rom English (EN) o German
(DE) and Ialian (IT).

Intent/Slot F1 (%)

Models Settings EN → ES EN → H

RNN
iRNN [56] A ii  idiri RNN [107] 46.64/15.41 35.64/12.11
CV [98] iLSMCRF sd rsi d  Egis 37.13/ 5.35 54.24/ 8.84
CV [98] Muiigu CV [66] 53.34/22.50 66.35/32.52
CV+Au [98] CV w/udr jiv 53.89/19.25 70.70/35.62
iLSM [56] iLSM w/is, r, dxiizi 90.20/65.79 73.43/32.24

MUSE
RCSLS [39] MUSE+rxd rssdi siiriy  sig 37.67/22.23 35.12/ 8.72
RCSLS+AML [58] RCSLS+isd iigu dswiig 87.05/57.75 81.44/30.42

ransormers
rsrr [57] rsrr w/rz wrd ddigs 89.71/67.10 74.68/31.20
rsrr+OR [57] Ordrrdud rsrr 91.46/71.36 75.02/34.61

mBER
BER [58] BER [20] x dr 74.15/54.28 26.54/11.34
BER+AML [58] BER+isd iigu dswiig 87.88/73.89 73.46/27.12
BER+CLCSA [88] BER+uiigu dswiig 92.80/75.20 74.80/28.10

XLMR [27] XLMR dr wi 270M rrs 90.70/70.10 71.90/53.10

5 (Ours)
5 Muiigu 5 wi 300M rrs 92.17/71.26 81.38/52.13
5+AML 5+iigu dswiig 92.77/71.92 91.61/57.46
5+CLCSA 5+uiigu dswiig 94.71/75.77 93.20/47.02
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