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W sidr uiigu digu syss d sk w  rr   digu sys   irvd y usig
iri  is vi i r gugs   gug i wi  vrsi is ig dud. W d 
riv irxrs rwrk, wr  xr g   ir igu r rssigu, d  ir g
ws  ixurxrs rdur r gy iizig uiigu skrid digu syss. W rs 
ixurgugs ruig rwrk  iuds ur ui s, i.., iu ddigs  uiigu
digus, gug d, irwis ig w  rrsi  vry w gugs, d ixurgugs.
W quiy gug rrisis  uiy d divrsiy usig  ur  siiriy ris, i.., gi siiriy, d
wrd d s siiriy sd  ddigs. Our i dig is   rr  uiigu skrid
digu syss   gry id y r ky ss, i.., d sufiy, gug rrisis, d d
dsig i  ixurgugs ruig rwrk.

CCS Cs: • Computing methodologies→ Discourse, dialogue and pragmatics.

Addii Ky Wrds d Prss: uiigu syss, skrid digu syss, riv gs, ixur
xrs

1 INTRODUCTION
Hw y u gugs r r i  wrd? As  2019, Egu surizd  s xsiv
g  u gugs i  wrd.1 I vrs 6,909 disi gugs, u  wi 230 r sk i
Eur, wi 2,197 r sk i Asi.2 T iiy  rriv iri rss gug udris is 
gsdig ii i  iri rriv uiy [33]. Susi rgrss s  d vr
 yrs, wi ri syss i    vr gug rrirs [87].

∗Tis wrk ws riy d wi  ur ws wrkig   Uivrsiy  Asrd d Cru Wiskud  Iri.
†Tis wrk ws riy d wi  ur ws wrkig  Sdg Uivrsiy.
‡Crrsdig ur.
1s://www.gu./
2s://www.iguisisiy.rg//wygugsrrwrd

Aurs’ ddrsss: Jiu Pi, Vrij Uivrsii Asrd, D B 1105, 1081 HV, Asrd, T Nrds, suris99@
gi.; Guju Y, Ci Ady  Egirig Pysis, Miyg, Ci, y_gj@qq.; Mr d Rijk, Uivrsiy 
Asrd, Si Prk 900, 1098 XH, Asrd, T Nrds, .drijk@uv.; Pgji R, Sdg Uivrsiy, igd, Ci,
rgji@sdu.du..

Prissi  k digi r rd is   r r  is wrk r rs r ssr us is grd wiu  rvidd 
is r  d r disriud r r r ri dvg d  is r is i d  u ii   rs g.
Cyrigs r s  is wrk wd y rs   ur(s) us  rd. Asrig wi rdi is rid.  y
rwis, r ruis,  s  srvrs r  rdisriu  iss, rquirs rir si rissi d/r  . Rqus rissis r
rissis@.rg.
© 2024 Cyrig d y  wr/ur(s).
ACM 15582868/2024/8AR
s://di.rg/10.1145/3676956
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Table 1. Hierarchical classiicaion based on he Ehnologue caalog3 or English, German, Ialian, Spanish, and Thai. The
Code column shows he unique ideniicaion by ISO 639-3 sandards. Classiicaion is he pah o a language in he language
amily rees in Ehnologue.

Language Code Classifcation

English g IdEur>Gri>Ws>Egis

German du IdEur>Gri>Ws>Hig Gr>Gr>Midd
Gr>Es Midd Gr

Italian i IdEur>Ii>R>IWsr>IDi

Spanish s IdEur>Ii>R>IWsr>Wsr>G
Iri>IrR>Ws Iri>Csii

Tai  KrDi>Ki>i>Suwsr

T d r uiigu ss s  disrd. Rugy 80%   wrd ui ds  sk
Egis [14]. As  wys i wi w ir wi iri vv, .g., r dus  qusisd
swrs d r sigs  uiur iris, ud qusis u uiigu iri
rriv rsur. Hw  w dv uiigu digu ds  sur ui uiis wi
ui gugs s iu d uu [26, 91, 92]?
Sigi gs ri r w v iv uiigu digu syss. Firs, uiigu

digu dss r qui sr d   quisii g. Fr x,  survy [99] r svr yrs
g rrs 63 vi digu rr d y 2   i uiigu digus (i.., Vri [5]
d DSC5 [41]), ui Mr 2017. Si , svr uiis v rsd digu dss r riig
uiigu i [15, 52], d  iigu [53] d uiigu [21, 36, 48, 71, 98, 103, 107, 108] sk
rid digu syss (DSs). Furrr,  k  gug xrs ks  quisii  Egis
d gig [26]. Fr x, i  uiigu ur gug udrsdig (NLU) ds [98], y
11.7% d 20.0%   urs r id r Ti d Sis, rsivy, du   k  iigu
skrs.
Sd, gug iis d uiriis r vry ir. O   d, gugs v gi

risis rug gug vui. W is  Egu g ris  v gugs (i.., Egis,
Gr, Ii, Sis, d Ti) i  1. Egis is ir wys  s r  y iv gug 
ridg  gug g [17, 83]. O  r d,  uiy d divrsiy  gugs v  dd
i igdisi vrs i r ui iguisis. Figur 2 visuizs  5 [120] ddigs
 wrds r w uiigu digu rk dss [71, 98], vrig  v gugs id
v. Ti wrds r usrig iddy, wi wrds r Eur gugs r ixd u. W urr
du irwis riss   Eur gugs i Figur 2. W d  irsig rs (rrsig
iis w gugs) d disji rs (rrsig uiriis  gugs)   rsrvd
  s i, u ir rris   vry dir r dir gug irs. Fr x, Egis
d Sis r  s ry srd s  r r gug irs, s  rri  irsig rs
is rgr (s Figur 2).
Ls u  s,  jriy  DS ds uss  ir ui gugsi i [70, 98] r

rssigu di r Egis  Egis wrds uiigu DSs (s  12 d 13). Vry w
uiis sidr irvig uiigu rr siuusy, u siy riig ds usig
uiigu d ds  wys d  irvs, .g., uiigu NB [71] d iigu BAR [53]
3s://www.gu./rws/s

ACM rs. I. Sys.
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Fig. 1. Visualizaion o he embeddings o words rom wo benchmark mulilingual dialogue daases, covering English,
German, Ialian, Spanish, and Thai. We conduc dimension reducion using he UMAP algorihm [67] and plo all scater in
2D coordinaes using he Tensorlow embedding projecor.4

r urrd y ir igu sigs i rs  ui vui ris. Bsids, iizig 
ii sks rquirs  gugsi is, wi ks g iizi gig [91].
I is wrk, w rs  uiigu digu rwrk : (i) uy ks us  uiigu d;

(ii) urs iis w, d uiriis , gugs; d (iii) irvs uiigu rr
siuusy. Figur 3 disys  rwrk.
W rs  uiigu DS r i  riv DS rwrk [84, 86]: 푘 xr gs u r

igu d rssigu digus, d  ir g dus  ixurxrs r gy iizig
uiigu digus.   r ris, w uiy DS sks s  sdrd digu gri sk d
i  ixurgugs ruig (MOLR) rwrk wi ur ui s, i.., (i) iu
ddigs, (ii)  gug d, (iii) irwis ig w  rrsis  vry w gugs,
d (iv) ixurgugs. Fr  rr w s, w s 5 [120] s  k  ur s
d r rig wi rrid gug sis [8, 128]. N   s d   ir 
igu r rssigu xr g, d i  xiy  rd y r ur uiigu gug
ds su s BER [20], BAR [55], d XLMR [11], . Nx, w irdu irwis ig w
 rrsis  vry w gugs  ridg  risi w vry w gug rus. Hr,
 language roue is   ig r  sur gug s  srig i, ssig rug  iv
gug,   rg gug s is dsii. Lgug iis d uiriis   ddd i
irwis ig ss. Ar , w du g iizi y ixur  gugs ruig wi w
ri iis, i.., ruddrssig d rrsrig. By mixure o languages rouing w 
4s://rjr.srw.rg/
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(a) English vs. German. (b) English vs. Ialian.

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

 rss  rig  ii  rus i  rsd d w r rss ui gugs.
Tis su s  uiigu digu d  uiy r  iv gugs, rr  xig
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Fig. 3. The ramework o mixure-o-languages rouing (MOLR) in mulilingual TDSs. Taking he dialogue sae racking (DST)
ask as an example, he raw inpus are exended wih preixes and processed ino monolingual and cross-lingual daa,
respecively. The rounded recangles represen inermediae language-speciic represenaions. A learnable marix M푎↔푏 is
used o ransorm he presenaions beween any wo languages 푙푎, 푙푏 . The blue, red, and green arrows represen he roues
o English (EN), German (DE), and Ialian (IT), respecively.

Egis s  y iv gug. Mrvr,  uid gri rwrk quis  rsd d wi
 iiy  iiz ui susks, siuusy.
 ssss  ivss   rsd ixurgugs ruig (MOLR) rwrk, w du

xsiv xris  w rk dss, i..,  uiigu DS ds [71] d  NLU ds [98].
W d  iigu d uiigu MOLR ds r  r wi, d v urr, s
r sis r  uiigu DS d NLU sks. A s, rd wi 5,  rsd MOLR
ds irv 2.31%/2.56%/0.67%  ji g ury r Egis/Gr/Ii   DS sk, d
0.13%/1.89%/5.53%  s F1 r Egis/Sis/Ti   NLU sk. N  s   sis du
ssii vr  rdd skrd  s; i rs, w gr   s r 
vury s.
T rgr rdii s irss  difuy  sks, u  s r vius: ur rwrk is 

 rdi vus  r  rdd d is i   digu sks i  uid wy.
T i riuis  is wrk r s ws:

• W rs  ixurgugs ruig (MOLR) rwrk  is   gy d siu
usy iiz  uiigu skrid digu sys (DS) rr. MOLR s r
uiigu d rgui, gug rrisi dig, ixurgug ruig.
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• W dv gri sis  r  s  r wi sr ssii sis.
• W rry u  rg ur  rsiv xris d ddiv yss, wi rv 
ivss   MOLR rwrk d  udrsd is ivss.

• W d  i is r  grduy rss  gug s:  rgr dgr  siiriy w
sur gug d iv gug is usuy u r  vr rr.

2 RELATED WORK
Giv  gs  uiigu DSs, w suriz rd wrk r r is  viw: (i) d,
(ii) gug, d (iii) d.

2.1 Mulilingual daa augmenaion
D ugi s  widy usd r viig d sriy rs i uiigu digus [93]. O
  d, d ugi rgs r rrsi  digus. Z  . [126] us i s
 rdu xrs r digu s, wd y  s grr    w ur.
Luv d Mgii [60] ivv si x d syx susiuis, d i  wi rrid
gug ds. Yi  . [123] r x ss wi rrss d us rir rig  r
 quiy   ugd d. Pi  . [85] sr rs igr digus s sus   urr
digu  vi  sriy  usr rrs. Y  . [121] irdu urisi rs  gr
d d d rsiv rig  urr irv  vr rr. Ms r wrk usuy s
r igu rrid gug ds (.g., BER [20] d GP2 [89]). Rsrrs v s xrd
rrivsd rs  xd  s  digus [30]. Pi  . [85] uiiz rrivd igr digus
 ri usr rs  irv  rr  digu rss si. Xu  . [118] r 
ri  igrig s d rs rs  xd grg ddis i digus. Li  .
[49] xr rsizd wrdig r usrsi digu isry s xr ig iri  irv
rrivsd digu syss. R  . [95] ivv sr gi rsu gs  gr vrsi
rsss r swrig x iri ds. Y  . [122] sidr ui rsss  
divrsiy  rrivsd vrsis y dyi rrsi rig. Lig  . [54] gr divrs
rv d iriv qusis r irvig irivss d rsis  ui iris.
O  r d, d ugi is  ridg gug gs. Di dswiig ds [43,

88] rs ss i Egis i rdy sd rg gugs, wi s   u
uiigu rsrrs wi grizi iiy rss gugs. XrAig [27] irdus  uxiiry
ss ui sd  i rsi d jiy iizs  vr rr wi  riry sk.
Kiri  . [40] du kwdg rsr durig disii r  rrid BER r  
iy sud d. Mrkšić  . [71] r siizd rssigu vr ss y uiigu d riig
d wi si ris r xi rsurs. Ms r wrk rsss  gug s usig
uiigu rrid gug ds (.g., BER [20, 21, 36], XLMR [11, 36, 48, 128], 5 [108, 129]).
Siir  s r wrk [108, 129], w s  sr uiigu rrid gug d

(i.., 5) s ur k r  r digu rrsi d gug rsr. Bu uik  v
rs, (i) w gr irwis gug rus d us  w  r  risis w
gug irs, d (ii) w ggrg gug rus r g iizi  uiigu DSs.

2.2 Uniy and diversiy o languages
I isi [24] d iguisi sudis [22, 25, 105, 109],  uiy d divrsiy y ky rs r rssiguisi
vrii i u gugs.

ACM rs. I. Sys.
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Ovr i, gugs gr igi r gi risis [29]. Liguiss d gug isiuis v
dud rgs sudis  gug fiy5 d  Egu g.6 Gry,  gug iy
r is   wy  irr gi risis   rv  uiy d divrsiy  gugs [104].
Tir si ssui is  w gugs g   s gug iy i y r r  
sr, r  is dsdd r  r.
I dr iguisis, ir rsr is iud uivrs grr [18, 75] d iguisi ygy [79,

109, 114]. T rr uss  uiy, i wi  gugs r rd s uivrs s   gug
uy [18]. Tis is  ri sis  rsr  rs ggig [6, 73], ukig [61, 64], d
syi rsig [62, 68]. T r sizs divrsiy, wi urs  sruur dirs  gugs,
s  rii ridg,  disvr uivrss [19]. Mrgy is usuy divrs rss gugs, d i is
rd  d uivrss r rdii iguisi ygy [97]. T wrd gug r is srud sd 
Lvsi diss, wi d  vrg ur  dis dd  vr  sur gug   rg
gug [72].
Lgug siiriy s   y usd ri  quiivy sur uiy d divrsiy i r

ui iguisis [2, 7, 112]. O r  wrk surs gug siiriy y ir sruur
rris [16]. Bjrv  . [4] d gug siiriy sd  gug sruurs, i.., rs sruur
rs d ddy ris. O  . [78] u Di’s fi  sur  siiriy  ig
Piii gugs sd   gug iy r i  Egu. Hwvr, s rs d 
y w  sruur is  vi. Ar r  wrk surs gug siiriy s xi vr
w gugs sd  drd gs [77] r uiy xrd gs [100]. Bir  .
[3] idiy gs sd  rrsd i rsi. Hwvr, ir ds  r
 siiriy  gs wiu rsi risi (.g., Egis “r” d  Ii “dr”) [2]. 
is d, s r wrk ds ur gugs i ig disi vrs y ddigs, .g.,
wrd ddigs [96, 102] d wrdsd syx ddigs [50] d rrid gug ds [42, 81].
Trr, uiy d divrsiy  gugs   surd usig siiriy d dissiiriy  ddigs.
I is wrk, w du  ysis  uiigu DS rsus r  i   viw  gug

rrisis, i..,  uiy d divrsiy  gugs. W r iis d siis 
gugs usig ui ss, iudig visuizi  wrd ddigs, s w s gi d ddig
sd siiriy ris.

2.3 Mulilingual TDS models
Migu DSs v d sidr rgrss s rrd i  rg ur  r uiis [9,
74, 99, 124]. My r sudis v ui w dss d/r sks  dv rsr  uiigu
DSs [21, 36, 80, 119]. Hwvr, i is rd  iry r wi  jriy  rs us y d 
rr rsus  s  dss [91]. Bsids, r  i rsiv, udrsdig sis is 
r  y digu syss [35]. Tus, i is wrk, w iy us   ris  rssigu d
uiigu ds  w yusd si udrsdig sks (i.., DS [71] d NLU [98]).

2.3.1 Cross-lingual models. Exisig rssigu ds iy sidr w ky rs: digu rrs
i d rssigu rsr.  du r gug dig, rvius sudis uiiz vris  squi
ds. Udyy  . [107] jiy ri iigu ddigs wi  iRNN d r ws rssigu
NLU. Liu  . [56] qui  iLSM d wi  vris d wrd irs  r  igd rssigu
wrd ddigs. Susr  . [98] dy  iLSMCRF d, wr  rssigu rsr s r
srig w  iLSM d CRF yr rss gugs. Liu  . [57] dv  iLSM, rsrr, d
5://www.igurisi.rg/grus/
6s://www.gu./rws/s
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BER r squ ig sks, d d  rvig  wrd rdr  irv rssigu rr.
Svr rsrrs gr dswiig ss   rssigu iiis, y ir rig
wrds [37, 58] r ss [88] i rg gugs. MuiAIS++ [119] rs s ig sd  
BER dr, i rsi, d  rji. GWZ [21] irdus svr d ugi
sis r zrs d ws rssigu rig   rsd ds. Sidd  . [101] gi
rssigu rsr iiis y rrsis r  uiigu ur i rsi dr.
Gri d Ii [27] us  uxiiry rsisd ss ui  jiy r wi  riry sk.
Xig  . [116] ij uigruriy rsisd is  irv  russs  rssigu
skrid digus. Hug  . [36] u  XLMR d wi Egis d rg gugs i zrs
d ws rsr sigs. Li  . [48] rvid svr uiigu rrid rks su s XLMR
d BAR, d vu    uiigu AIS d MOP dss r skrid si rsig.
Vry ry, Zu  . [129] v id 5 wi rig  ir uuisd ds d V  .
[108] siy us 5 s  sr rk i ir Vis skrid digu ds.
 su u,  rsd ds  rsr rss gugs usig  vriy  iqus, iudig

rssigu wrd ddigs [107], uiigu kwdg disii [10], rsr  vris [56],
dswig [37, 58, 88], wrd ig [58, 119], d i rsi [27, 101, 116]. Ms r wrk
s r s iqus d r rrid uiigu gug ds su s BER [20, 21], XLM
R [36, 48, 128], d 5 [108, 129]. Hwvr, y rs i w rsur gugs r  i  vury
 rrid gug ds [63]. S rssigu rsr iqus (.g., irwis ig  gug
ss) r si ssry i  rs  rrid gug ds.

2.3.2 Multilingual models. Oy w rvius sudis rg uiigu DS ds. A iuiiv sui is 
ri  sig d  id uiigu dss d vu  d  s d r  gugs,
rsivy. Mrkšić  . [71] us sris r igu d rssigu syyy d yy
 u uiigu wrd ddig ss d y    DS sk. Susr  . [98] us 
uiigu rsisd iLSM dr  r xu wrd rrsis, vuig  ui
gugs. GWZ [21] irdus svr d ugi sis r zrs d ws rss
igu rig   rsd ds. Dig  . [21] igu d rssigu us ss r rs 
uiigu DSs d iiz r  us s sry. R wrk y Zu  . [129] rrs  rk
 5 wi rig [23], wvr, ir  ds r  sur d   d is uiy
ssi.
N   rsd ds s dd gug risis r dud g iizi r ui

igu DSs  ui dss,   s  ur kwdg. Uik  jriy  ssii ds, 
rsd gri d (i.., MOLR) ivs iiv rr d is   rdi ugy
s vus s i [44, 115, 117].
Lrg gug ds (LLMs) v  r d r rviig i  s w s. W v

 wr  is d r ivy wrkig wrds xdig MOLR y igrig surd ddr
y LLMs. Tis iiiiv iis  sss di   s r LLMs. OC3.5 [111] is 
uiigu  d ud wi  CRLF srgy  ixdquiy d, ivig rr
r  rgr ds ik CGP. BLOOM [46] is rrid   uiigu ROOS rus, rig
uiigu iiis r vrius ur gug rssig sks. L2C [106] is  rrid d
ud griv x d iizd siy r uiigu digu sks, surig igquiy
vrsi rsss. T srs ixurxrs (MOE) gug d Mixr 8x7B [38] swss
 s vr is rdssr, Misr 7B. Ny,  ur  r rrs iviy
irss 8d rd  is rdssr. W xd MOLR wi ddry LLM ks, wvr, 
irsig ur  rrs is y r irwisig yrs,  grwig xiy.

ACM rs. I. Sys.
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3.1 A uniied ask-oriened dialogue sysem
A digu siss  ui urs w  usr d  sys. A  푡 ur,  usr rvids 
ur푈푡 , d  sys rdus  rss 푅푡 s  ry.  g igquiy rsss 푅푡 ,  DS is usuy
dsd i ur susks: ur gug udrsdig (NLU), digu s rkig (DS), digu
iy rig (DPL) d ur gug gri (NLG).
I is wrk, w uiy  DS wi  ur wrk 푓휃 (·) rrizd y 휃 , wi gry is (i) 

iu ddig, (ii) idd ss dig, d (iii) uu rji yrs. Tis ur wrk wrks wi
 susks i  dd si. Siy, w ru  ur susks s ws.

3.1.1 Natural language understanding (NLU). T NLU sk is  ky    skrid digu
sys rssi r xrig  ig r i r usr urs xrssd i ur gug.
I ivvs rsig d irrig usr ius  idiy  usr’s ii d xr rv iis
ssry r ig  sk. T ys   rv iis r ss. Giv  urr usr ur 푈푡

s iu,  d uus is 퐼푡 d ss 푆푡 y:

퐼푡 , 푆푡 = 푓휃 (푈푡 ) . (1)

3.1.2 Dialogue state tracking (DST). T DS sk srvs  ii  ir rrsi   urr
s, i.., i s,   digu sd   iri xgd w  usr d  sys.
I ivvs rkig  usr’s gs, rrs, sris, d r rv iri rugu 
vrsi. Giv  digu isry 퐶푡 = [푈1, 푆1, . . . ,푈푡 ] s iu,  d uus  i s 퐵푡 y:

퐵푡 = 푓휃 (퐶푡 ), (2)

wi   dd s  s  ris rrsig svu irs r  si di: (di, s_,
vu).

3.1.3 Dialogue policy learning (DPL). T DPL sk is   rss  rig i iis r gig
 digu w d kig disis  sys is. I ivvs rig  iy  s  urr
digu s   s rri sys i, sidrig  sys’s gs d usr rrs. Giv
digu isry 퐶푡 , i ss 퐵푡 , d rriv rrds r ds 퐷푡 s iu,  DPL uus sys
is y:

퐴푡 = 푓휃 ( [퐶푡 ;퐵푡 ;퐷푡 ]), (3)

wi is  is  ris rrsig s (di, i_y, s_).

3.1.4 Natural language generation (NLG). NLG sk rrs   rss  grig ur gug rsss
r urs sd   digu x, su s digu isry, digu s, d sys is. I is 
gr r d u ur gugs    uid   usr. Giv digu isry퐶푡 ,
i ss 퐵푡 , rriv rrds r ds 퐷푡 , d sys is 퐴푡 s iu,  d uus  rss
푅푡 y:

푅푡 = 푓휃 ( [퐶푡 ;퐵푡 ;퐷푡 ;퐴푡 ]) . (4)

 uiy  v susks, w k  s  squsqu gri sk [32]. T iu   sks
is  squ  ks  r ggrgd r  i  iu surs, i.., [푈푡 ], [퐶푡 ], [퐻푡 ;퐵푡 ;퐷푡 ]
[퐻푡 ;퐵푡 ;퐷푡 ;퐴푡 ] r NLU, DS, DPL, NLG, rsivy.

ACM rs. I. Sys.
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3.2 Monolingual and cross-lingual exper agens
W us 5 [120] s ur k wig dii us gug dig [121], wi ds 
rsrrsd drddr d  r  ig 푓 r  iu squ X1:푛 = (x1, x2, . . . , x푛)
  rg squ Y1:푚 = (y1, y2, . . . , y푚), i.., 푓휃,휃d : X1:푛 → Y1:푚 , y  wig dii riiy
disriui:

푝휃,휃d (Y1:푚 | X1:푛) . (5)

Fr  iu squ,  dr vrs 푋1:푛   rrsdig idd ss X̃1:푛 = (x̃1, x̃2, . . . , x̃푛), 
dr is rrsd s 푓휃 : X1:푛 → X̃1:푛 , ry,  riiy   ud s:

푝휃 (X̃1:푛 | X1:푛) . (6)

Miy,  ddr rs  riiy disriui  푌1:푚 giv 퐻1:푛 , i.., 푝휃 (Y1:푚 | X̃1:푛). Usig
Bys’s ru,  disriui   dsd i dii disriui vr  vuryV   푗
is k i  rg squ y:

푝휃푑푒푐 (Y1:푚 | X̃1:푛) =
푚÷
푗=1

푝휃푑푒푐 (y푗 | Y0:푗−1, X̃1:푛), (7)

wr y0 ds  0 rg vr  rrss  vr   si “gis” k [BOS].
T d   rd y iiizig  rssry ss s ws:

Lexpert = −
푁’
푖=1

푛푖’
푗=1

y푖푗 log 푝휃 (y푖푗 | Y푖
0:푗−1, X̃

푖
1:푛), (8)

wr 푁 ds   siz d 푛푖 ds  g   푖 rg squ.
Fr  igu g,   iu squ X1:푛 d  rg squ Y1:푚 r i  s gug.

Fr  rssigu g,  iu squ X1:푛 d  rg squ Y1:푚 r r w dir gugs.

3.3 Mulilingual agens wih mixure-o-languages rouing
W irdu  wrkw   ixurgugs ruig (MOLR) d s sw i Figur 3, sidrig
 DS sk s  x. Firs, w w 5’s dig  rx d us “[ASK]” s  ss  [90] d
xd  rw iu wi  sksi rx i  wig r:

[ASK] [Pivgug] [rggug]: [Surgugiu]

N  i [Pivgug] d [rggug] r idi,   rssd d is igu d,
rwis i is rssigu d. T,  rssd ius ss rug  iu ddig yrs wd
y  gug d, d y r rsrd i gugsi idd ss. Nx, MOLR uss  r
rix  du irwis ig r vry w gugsi idd ss. Ls, MOLR ds ixur
gugs iis  igr  ss r ui rus w r rss ui gugs.   r
si, w i  iu ddigs yrs d  gug d sd  5,  sr
rrid gug d d irdu irwis ig d ixurgugs ruig s ws.
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3.3.1 Pairwise alignment. R  i Eq. 7,  푘 igu d uus  riiy vr 
vuryV   푗 is y:

푝푘휃푑푒푐 (y푗 | Y0:푗−1, X̃1:푛) = softmax(푓휃d (Y0:푗−1, X̃1:푛))
= softmax(휓휃sk (ỹ푘푗 ))
= softmax(W>

ỹ
푘
푗 )

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

(9)

wr sx(·) is  ivi ui  ss gis i riiis, ỹ푘푗 ∈ R푑 rrss  ddd
idd s   푗 is r  gug d. Hr, w us  rrid gug d 5.휓휃sk
ds  sk yr dW = [y1, y2, . . . , y |V | ] ∈ R |V |×푑 is  wrd ddig rix.
Giv y w igu ds r gugs 푙푎, 푙푏 ,  idd ss   dd s ỹ′푎푗 d ỹ′푏푗 . Giv 

r rixM푎→푏
푗 ∈ R푑×푑  rsrs  ddd idd ss r y푎푗  ỹ′푏푗 , d vi vrs, ry,

w  d  irwis ig s:

ỹ′푏푗 = M푎→푏
푗 ỹ푎푗 ∈ R푑 ,

ỹ′푎푗 = M푏→푎
푗 ỹ푏푗 ∈ R푑 .

(10)

T   is rsii is  w  r  idd s  gug 푏 v ug w y v 
riig d  gug 푎 d vi vrs.

3.3.2 Mixture-of-languages routing.  r r  ixur  gug rus, w uiiz w ri
iis, i.., ruddrssig d rrsrig.

Roue-addressing. L 퐻 = [ỹ푎푗 ; ỹ′푎푗 ; ỹ푏푗 ; ỹ′푏푗 ; . . . ] ∈ R푙×푑 ( 푙2 is  ur  gugs d 푑 is  disi),
dW푞,W푘 ,W푣 ∈ R푑×푑   ris r qury 푄 , ky 퐾 , d vu 푉 . E 퐻 is ssid wi  qury 푄
d  kyvu ir (퐾,푉 ). T ui   iv rrsi 퐴  y푗 i  si is:

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

퐴 = softmax(훼−1푄퐾>) ∈ R푙×푙 ,

ỹ푗 = 휙 (퐴푉 ) ∈ R푑 ,

(11)

wr 퐻 is  dd uu d 퐴 is  i disriui  ds  푉 , 훼 is  sig r, d 휙 is
 ir yr wd y  uui  dd vus, rrizd y 휃 .

Parameer-sharing. Fr  s sk d  s gug,   d rrs r srd, rwis
y  rrs 휃sk i  sk yr휓 (s Eq. 9) r  srd, d  r rrs i  d r
srd. I  srd dus, w i  r   s rrsi r  sks. Tis iy srvs s
rgurizi d vis  vrig r, s  d rs  rrsi  grizs  
sks.

3.4 Exension o decoder-only large language models
Wi  rg  LLMs d  rv  iis su s CGP, ddry riurs
v  igy ur [28, 125]. W xd  rsd rwrk y irrig ddry
LLMs s ks  dr  us gug dig. W w  LLM’s rui d r i s 
isruiwig sk. Firs, w rr  rw d wi  wig r:
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Instruction: [Ruid][Pivgug][rggug][skr]
Input: [Rwiu]
Output: [Rwuu]

wr “[Ruid]” srvs s  si k usd  idiy  y  gug ru. I ys  rui r i
driig  iri w, surig iv rig y sidrig  sii d grizi
 iguisi urs.” “[skr]” rrs   is   r dsigd  d LLMs  is 
si sk. T dis   r r isd i  11, Adix A. Siiry,  rssd ius ss
rug  iu ddig yrs wd y  ddry LLM, d y r rsrd i gug
si idd ss. Ls, MOLR ys ixurgugs iis  igr ss rui rus,
wr w r rss ui gugs. Mr siy, w i  iu ddig yrs d 
sr ddry LLM (.g., LLM2C [106], B [46], OC3.5 [111])   surig
 did gugs. Susquy, w irdu irwis igs d ixurgugs ruig s
s. T, w rr rrfi uig (PEF) wi wrk drs (LRAs) [34] 
 LLM usig  rid d.

4 EXPERIMENTAL SETUP

4.1 Research quesions
W sk  swr  wig qusis i  xris:

(RQ4.1) Ds  ixurgugs ruig (MOLR) d irv  rr  igu d
uiigu ds?

(RQ4.2) Hw d gug rrisis iu  rr  MOLR ds? (i) Hw  quiivy
yz gug uiy d divrsiy? (ii) Hw  quiy gug uiy d divrsiy? (iii) Hw d
gug uiy d divrsiy iu  ixurgugs?

(RQ4.3) Hw d  ky s iu  rr  MOLR ds? (i) Hw d dir 
ii iis iu  MOLR d? (ii) Hw d dir ur  yrs  xr gs
iu  gis   MOLR d?

(RQ4.4) C  MOLR rwrk  ivy dd   w r  ddry LLMs?

4.2 Daases and evaluaion
W du  rg ur  xris  w rk dss r  wig uiigu DS sks
 iry r wi  jriy  rir rs [91].

4.2.1 Dialogue state tracking (DST) and natural language generation (NLG). T uiigu DS ds [71] is
xdd r  WOZ 2.0 ds [113] y uy rsig Egis i Ii d Gr, rsivy.
Fr  gug,  ds is 1200 uiur digus i  rsur di, d i is si i
600, 200, 400 digus r riig, vidi, d sig. T ds is 4 ys  grd ss:
3 irig ss (i.., d, ri rg d r)  rk  usr’s sr sris, d 1 rqus s (i..,
rqus)  rk  usr’s qusis u  sr rsus. T vui ris r  DS sk r:

• Join goal accuracy , wi surs  rri  digu urs wr  sr sris xy
  grud ru   s s.

• Reques accuracy , wi rrss  rri  digu urs wr   usr qusis r
rgizd rry.

T vui ris r  NLG sk r:

ACM rs. I. Sys.
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• BLEU-4, wi surs risi d us  ri  4grs i  grd rsss 
 s i  rr rsss.

• ROUGE-L, wi surs r d us  ri  gs  susqus i  rr
rsss  r urd y  grd rsss.

4.2.2 Natural language understanding (NLU). T uiigu NLU ds [98] siss  43k, 8.6k, d 5k
sigur digus i Egis, Sis, d Ti, rsivy, vrig 3 dis (wr, r, d
ridr). T ds s 12 ys  is d 11 ys  ss. T vui ris r:

• Inen accuracy , wi idis  rri   rry idid is.
• Slo F1, wi is  gri    risi d r r s ig.

4.2.3 Language similarity metrics. W rs gug siiriy ris  r  siiriy  y
w gugs 훼, 훽 r  gi d si i  viw. A igr dgr  siiriy ds  igr
dgr  gug uiy, wi  sr dgr  siiriy ds  igr dgr  gug divrsiy.
 r ygi risis,  RisFuds dis is  s widy usd ri [82]. 
sur si siiriy, wrd d s ddigs r widy usd i dr NLP sks [7].

• Geneic similariy , wi ds  siiriy  y w gugs sd  ir RisFuds
dis (RFD)7 i gug iy rs. Hr w d i s 휙푔푒푛푒푡푖푐 (훼, 훽) = 1

RFD(훼,훽 )+1 i y v 
s  sr, rwis 휙푔푒푛푒푡푖푐 (훼, 훽) = 0. RFD(·, ·) us  ur  uiqu ris  r 
i  i  ssii sd   Egu gu (s  1).

• Word similariy , wi surs  r dgr  w gugs usig  si siiriy  
rid wrd ddigs   dss, i.., 휙푤표푟푑 (훼, 훽) = cos(휶 ∗, 휷∗). W u  rid 
wrd ddigs 휶 ∗, 휷∗ s     wrd ddigs.

• Senence similariy , wi surs  r dgr  w gugs s  si siiriy  
rid s ddigs i  dss,  is, 휙푠푒푛푡푒푛푐푒 (훼, 훽) = cos(휶 ∗, 휷∗). A gug  
rrsd y     s ddigs i  ds. W u  rid  wrd
ddigs 휶 ∗, 휷∗ s     s ddigs. Hr w us  ddig   “[ASK]”
k   giig  i  s s is s ddig.

4.3 Language roues o mT5 and varians
R   gug ru is   srig r  sur gug   rg gug, ssig rug 
iv gug. W r  gug rus  5 d is vris i  2. T i 퐼 (·), 퐻 (·), 푇 (·),
d 푀 (·) idis iu yrs, idd yrs, sk yrs, d ig yrs (s Si 3.2 d 3.3). I is
wrk, w dv 퐼 (·) d 퐻 (·) wi  gug d (Eq. 5) d 푀 (·) r irwis ig (Eq. 10).  
r si, w v  wig ys  gug rus r 5 d is vris:

• m5: sig gug ru r igu ds.
• m5+bDA: du gug rus r riig  sig d wi iigu d.
• m5+bMOLR: qudru gug rus r riig  iigu d wi iigu d. Tr r
w igu rus d w rssigu rus.

• m5+bDA: ui gug rus r riig  sig d wi uiigu d. Hr w us
ri gug rus.

• m5+bDA: ui qudru gug rus r riig  uiigu d wi uiigu
d i ui sgs. Hr w us w sgs  qudru gug rus. T d r H1 is

7s://.wikidi.rg/wiki/Ris%E2%80%93Fuds_ri
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Table 2. Language roues o he proposed models given any hree languages 훼 , 훽 , 훾 wih DST or NLU as a [TASK].

Model Setting Language routes

5 Sig
gug ru [ASK] [훼] [훼] : 퐼 (훼) → 퐻 (훼) → 푇 (훼)

5+DA Du
gug rus

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

5+MOLR Qdru
gug rus

[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 Mui
gug rus

[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 Mui
gug rus

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)

usd s  rrid d r H2. A “” rrs   s  gug rus w w gugs, 
sg i  uisg rss  riig  uiigu d usig uiigu d (s  2).

4.4 Baselines
Fr  DS sk, w sidr ur grus  sis, ddig   s d  y us: (i) sd 
ur i rkr (NB), (ii) sd  gy siv digu s rkr (GLAD), (iii) sd
 idiri dr rrsis r rsrrs (BER), d (iv) sd  rssigu gug
d rriig (XLM). T si is sd  r DS ds  rgrd Egis, Gr, d Ii
s rg gugs, d rr r rsus   uiigu DS ds [71].
Fr  NLU sk, w s sidr ur grus  sis, ddig   s d  y us:

(i) sd  rurr ur wrks (RNNs), (ii) sd  rsrrs, (iii) sd  idiri dr
rrsis r rsrrs (BER), d (iv) sd  rssigu gug d rriig (XLM).
T si is sd  r NLU ds  rgrd Egis, Sis, d Ti s rg gugs, d
rr r rsus   uiigu DS ds [98].

4.5 Implemenaion deails
W us  rrid d 5s r  Huggig irry.8 I siss  8 yrs  rsrr
ks r  drs d ddrs. E i du s 6 i ds d  sig r 훼 is
1. T  ur  rrs is u 300 ii. W s  riig s  60. W us  AdW
8s://uggig./gg/5s
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iizr [59] wi  du rig r  15. W us  ir sdur wi 2,000 wru ss. I 
DS sk, w s   siz  6 d grdi uui  2. I  NLU sk, w s   siz  16
d grdi uui  1.
T ii   xdd rwrk uss ddry LLMs s ks, wi r 

rsurd d   surig  did gugs. Fr x, Llama-2-7b-chat-h,9 Bloom-7b1,10
d OpenChat3.511 vi rug  Huggig irry. T  ur  rrs is u 7 ii.
W rr PEF wi LRA [34] d igr MOLR i  LLMA Brd [31]. Siy,  xiu
squ g is 1024 d  rig r is 105. T MOLR ds r rid r 10 s wi 
rdvi  siz  8, d uud grdis vry 4 ss. A si rig r sdur is yd,
wi  xiu grdi r  1.0. W g rsus vry 5 ss d sv d kis vry 100 ss.
Wru ss r s  2000. LRA is usd wi  rk  8 d  dru r  0.1 r rgurizi. T
igu ds r rid wi  s sigs xudig  ur   s 60. A xris r
ru  NVIDIA GFr RX 4090 24GB d NVIDIA A100 SXM4 40GB GPUs.

5 RESULTS
W sw xri rsus  swr  rsr qusis i Si 4.1.

5.1 Main resuls (RQ4.1)
W r  rr  MOLR ds wi  xisig igu ds d uiigu ds
   DS (s  3) d  NLU (s  4) sk.

5.1.1 MOLR improves both monolingual and multilingual DST. Fr  rsus r  DS sk i  3, w
v  wig srvis.
Firs,  5 ds wi MOLR urr  igu d uiigu sis r Gr d

Ii. Ty s iv igr srs  s   srs rrd r Egis. Siy, 5+MOLR
sigiy urrs 5 y 1.89%/2.56%/0.67%  ji g ury d 0.3%/0.73%/1.09%  rqus
ury r Egis/Gr/Ii. T irvs dsr  ivss  MOLR. W iv 
i rs is  MOLR is   xr irwis risis w gugs d  uy k us
 uiigu d r g iizi. Aug XADS d DisidBER† iv sigy igr
rsus  5+MOLR r Egis i rs  ji g ury (+0.54%) d rqus ury (+0.38%), 
rdiiv s is u sr  MOLR ds. Tis is iy us ADS d DisidBER† r
ssii ds; i rs,  MOLR ds r gri ds.
Sd, 5 is  sr s d rd wi  ys  s ds. Mr risy, 5

(89.53%) ivs  igs ji g ury r Egis, wd y XLMRDS (88.50%), GLAD (88.10%),
BER (87.70%), NB (84.20%). 5 driy irvs  xisig rrd rsus  Gr d Ii.
Siy, i irss 10.96% d 9.48% vr  s NB rsus  Gr d Ii, rsivy.
Tird, irwis ig rigs sis irv. MOLR irvs vr 5 i  sigs. Hwvr,

NB+DA drss  ji g ury y 1.40% r Egis rd wi igu NB. T 
 uiigu d r riig rs   iid wiu dig  gug risis. W ddig
r gugs, 5+MOLR ivs sig gs: Crd wi 5+MOLR, 5+MOLR irvs
 ji g ury y 0.42% i Egis d  rqus ury y 0.37% i Gr, u sigy drs i
 riig sigs.

9s://uggig.//L27
10s://uggig./igsi/71
11s://uggig.//_3.5
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Table 3. Comparison o dialogue sae racking (DST) models or supervised learning using English, German, and Ialian
as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe join he goal accuracy and reques
accuracy, respecively. The boldace indicaes leading resuls. As mulilingual setings are under-explored in he baselines
models, we reproduce several compeiive baselines or comparison. These resuls are marked using “*”.

Joint Goal/Request Accuracy (%)

DS Models Settings English German Italian

NB
NB [69] NB w/CNN dr 84.20/91.60 – –
NBDNN [69] NB w/DNN dr 84.40/91.20 – –
NB+SSU [70] NB+sisi s ud 84.80/– 68.10/– 76.10/–
SN [94] NB+LSMsd s ud 88.90/– – –
NB+Mr [110] NB+rgy uig – 66.30/– 78.10/–
NB+DA [71] NB+uiigu d ugi 82.80/– 57.70/– 77.10/–

GLAD
GLAD [127] Gy siv DS 88.10/97.10 – –
GCE [76] GLAD+gydiid dr 88.51/97.38 – –
GLAD+DA [123] GLAD+rrs d ugi 88.00/– – –
GLAD+RDA [123] GLAD+DA+rir rig 90.70/– – –

BER
BER [8] BER x dr 87.70/– – –
BER+RNN [47] BER x dr+RNN s ddr 89.20/– – –
BER† [45] BER x & did dr 90.50/97.60 – –
DisidBER† [45] Disid vri  BER† 90.40/97.70 53.28*/93.01* 67.92*/95.26*
SUMB [47] BER+RNN+sur i 91.00/– – –

XLM
XLMRDS [128] XLMR x dr wi 270M rrs 88.50/– – –
XADS [128] XLMR+vu s xri 92.38/– – –

5 (Ours)
5 Muiigu 5 wi 300M rrs 89.53/97.02 79.06/95.92 87.58/95.44
5+MOLR 5+iigu ixurgugs ruig 91.42/97.32 81.62/96.65 88.25/96.53
5+MOLR 5+uiigu ixurgugs ruig 91.84/97.02 81.56/97.02 87.77/96.41

Fur, g iizi  uiigu DS is si udrxrd. NB+Mr us Gr d
Ii d wi uiigu wrd ddigs. NB+DA uss uiigu d durig riig r g
iizi. Hwvr, r ds igr  rr  Gr d Ii. Tis ig  us s
rsr is Egisrd: ir Egis ds r rssigu di r Egis  r gugs.

5.1.2 MOLR improves monolingual and multilingual NLU. Fr  rsus   NLU sk i  4, w v
 wig srvis.
Firs, MOLR ds urr r r  r wi  igu d uiigu sis r Egis,

Sis, dTi. Priury, 5+MOLR d5+MOLR irv vr 5 y 5.32%/1.14% d 5.13%/1.75%
 s F1 r Ti d Sis. T irvs rv  ivss  MOLR. T gi  MOLR is iid
i r sigs, iudig vui rsus  Egis d i ury. T gr irv is sr
 0.5%. O rs is   vu  d is rdy sufi r gd i idii. Fr x,
iLSMCRF ivs 99.11%  ury  i idii d 94.81%  s F1 r Egis. Tus, 
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Table 4. Comparison o naural language undersanding (NLU) models or supervised learning using English, Spanish, and
Thai as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe inen accuracy and slo F1 score,
respecively. Boldace indicaes leading resuls.

Intent Accuracy/Slot F1 (%)

NLU Models Settings English Spanish Tai

RNNs
iLSM [57] iLSM r y rg gug –/94.87 – –
iLSMCRF [98] Migu iLSM wi CRF yr 99.11/94.81 97.26/80.95 95.13/87.26
CV [98] iLSMCRF sd NM  Egis – 97.81/82.55 96.87/90.60
CV [98] Muiigu CV [66] – 97.82/82.49 96.98/91.22
CV+Au [98] CV wi udr jiv – 97.90/82.13 96.87/91.51

ransormers
rsrr [57] rsrr w/rz wrd ddigs –/94.93 – –

BER
BER [57] BER uig –/95.97 – –
BER+DA [93] BER+ igu d ugi – 98.20/84.27 91.42/59.68

XLM
XLMR [27] XLMR dr wi 270M rrs – 98.70/89.10 96.80/93.10
XLMR+A [27] XLMR+rsi ig ss 99.30/96.60 98.80/89.80 97.80/94.40

5 (Ours)
5 Muiigu 5 wi 300M rrs 99.35/96.40 98.68/88.45 97.52/89.48
5+MOLR 5+iigu ixurgugs ruig 99.29/96.49 99.08/89.59 97.28/94.81
5+MOLR 5+uiigu ixurgugs ruig 99.40/96.50 98.88/90.21 97.70/94.61

rr  s ig vs r r r irv  i idii. Ar rs is
  xr iri r wrsur gugs (.g., Sis d Ti w usd i ii wi
Egis) is qui iid. Fr x, i  NLU ds, y 11.7% d 20.0%   urs r r
wi Egis, rsivy, wi is   is vi   irv  Egis d. I rs,  rs 
 r Egis urs  rig w iri   wrsur gugs.
Sd, 5 is  sr s d rd wi  ys  s ds siir  DS (s

 3). Siy, 5 (96.40%) is  igs s F1 r Egis, wd y BER (95.97%), rs
rrs (94.93%) d iLSM (94.87%). XLMR is s iiv s 5, u w s  s ur k
sidrig   DS rr d  gri  (i.., ugy rdii).
Tird, irwis ig rigs sis irvs r s ig. Crd wi 5, 5+MOLR

irvs 5.32%, 1.14%, 0.09%  s F1 r Ti, Sis d Egis, rsivy. Addig r gugs 
5+MOLR, 5+MOLR rigs  s irs r s sigs, x r  s drs i s F1 r
Ti (0.2%). Siiry, i dds  w u igu iri  w gug  rig  r r
risis.
Fur, g iizi  uiigu NLU is si udrxrd. Ev r gugsi iizi,

iLSMCRF d XLMR+A r  y rs r wi rsus r rrd   gugs,   s
 ur kwdg. Tis ig  us s rir rsr uss  rssigu di r Egis 
r wrsur gugs i  NLU ds.
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5.2 Analysis o language characerisics (RQ4.2)
I Si 5.1, w srv   vr rr vris   r dir gugs. I is si, w
rs yz  gug rrisis (i.., uiy d divrsiy) i d y visuizig  wrd ddigs,
s w s gi, wrd, d s siiriis  dir gugs. T w yz  gis  dir
gugs i dir sigs.

5.2.1 Qalitative analysis of the unity and diversity of languages. S Figur 4 r visuizis   wrd
ddigs  5+MOLR i  DS d NLU dss, r d r uig, rsivy. W i 
udrsd w MOLR ius  uiy d divrsiy  gugs quiivy.
Firs, dir gugs v  siir d dissiir wrds i  si ddig s. Siy,

s d is r dir gugs r vry s   r wi r d is r r wy d
d i  isd usr. Fr x, rs  Egis d Gr is r ixd u wi r ss 
Gr d is r rd i  isd r.
Sd, siiriis w gugs r vry dir r dir gug irs. Fr x, 

udris w Egis d Gr, d w Egis d Ii r  vius; i rs, 
udris w Ti d Egis, d Ti d Sis r qui r. Tis idis  Egis, Gr,
d Ii r qui siir   r, wi Ti is  idd d disi gug  is  siir 
Egis d Sis. Bsids, Ti is sr  Egis rr  Sis;  Egis usr ss  sr
Ti d Sis.
Tird,  riv risis r  gd r d r uig. I DS, Egis, Gr, d

Ii is r ixd gr wi  s isd usr  Gr is. I NLU, Egis d Sis
v  srd d srd rs, wi  jriy  Ti is r i  isd usr. Tis sws
 Egis, Gr, d Ii v r uiy wi Ti s r divrsiy rd wi Egis d
Sis.

5.2.2 Qantitative analysis of the unity and diversity of languages. As sw i  5, w vu  uiy d
divrsiy  gugs y r siiriy ris, i., gi siiriy, wrd siiriy, d s siiriy
sd  wrd ddigs  5 d i  dss. W i  quiy  uiy d divrsiy  gug
d us  siiriy rdr  yz ur MOLR ds i  x si.
Firs, (EN, DE) r  s siir gug ir i rs  gi siiriy, wd y (EN, I), (DE,

I), (EN, ES). Sd, (ES, H) r r siir  (EN, H) i rs  wrd d s siiriy. Ls
u  s, sidrig  siiriy i  s is  wys igu. Fr x,  ris 
gi siiriy is ivid r “(EN, H)” d “(ES, H)”, d wrd siiriy  “(EN, DE)” d “(EN, I)” s
vry i dir. Ar x is   rdr  s siiriy is isis wi   wrd
siiriy. Uik i NLU,  dir i wrd siiriy i DS is s, wi ig irs  difuy 
disiguisig w s ddigs. H, i is ir  sidr  siiriy ris. I is
wrk, w sr  siiriy dgr   gug irs i dsdig rdr s:

휙 (퐸푁 ,퐷퐸 ) > 휙 (퐸푁 , 퐼푇 ) > 휙 (퐷퐸, 퐼푇 ) > 휙 (퐸푁 ,퐸푆 ) > 휙 (퐸푁 ,푇퐻 ) > 휙 (퐸푆,푇퐻 )
T i  is rdr is  iry r  siiriy w gugs; is   usd s gugsi
kwdg  yz w dir gugs iu MOLR.

5.2.3 Gains of MOLR are language-specific. W r 5 d is vris wi dir gug rus 
 DS d NLU sks, s sw i  6.
Firs, gis  MOLR vry w sig dir iv gugs (Si 3.3)  dir sgs  gug

rus (Si 4.3). 5+MOLR ivs r rr w  siiriy w  sur gug
12s://rjr.srw.rg/
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(a) DST word embeddings “beore” ine-uning. (b) DST word embeddings “aer” ine-uning.

(c) NLU word embeddings “beore” ine-uning. (d) NLU word embeddings “aer” ine-uning.
Fig. 4. Visualizaion o words in he DST and NLU daases “beore” and “aer” ine-uning. We conduc dimension reducion
using he UMAP algorihm [67] and plo all scater in 2D coordinaes using he Tensorlow embedding projecor.12

d iv gug is rgr i s sigs. Siy, i is 1.35% igr ji g ury r Ii
DS usig Egis rr  Gr s  iv gug. Bsids, i gs 1.45% irvs i s F1
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Table 5. Similariy beween languages. We repor geneic similariy, as well as word and senence similariy based on he
DST and NLU daases.

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 perormance o he proposed mT5-based models wih diferen language roues on he DST and NLU asks. The
bold numbers are he bes resuls in erms o diferen evaluaion merics 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 Ti NLU usig Egis rr  Sis s  iv gug. Fr 5+MOLR,  rs sg is
rriig, d  sd sg is  i rdur. I ivs r rr w  siiriy
w  sur gug d  iv gug i  sd sg is rgr i s sigs. Fr x,
i irvs 1.77%  ji g ury r Ii DS usig Egis rr  Gr s  iv gug
i  sd sg. Lgug rsr is sir i  sur d iv gugs r r siir, d i 
vid irduig  y gug gs i  ry sg   gug ru.
Sd, rd wi 5+MOLR,  rr  5+MOLR vris wi dir ddii

gugs i  sd sg. Fr x, 5+MOLR irss 0.42% i ji g ury y ddig
Ii i  ddii ru  “DE,I→DE”. Hwvr, 5+MOLR drss 0.98% i ji g ury
y ddig Egis i  ddii ru  “DE,EN→DE”. T sd sg is ssi, d i is u i 
sur gug d iv gug r siir i  sd sg.
Tird,  rr  5+MOLR is dd   vu  ddii gugs d  difuy

 sks. Fr s sigs,  gs r s rd wi 5+MOLR. Priury, 5+MOLR
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Table 7. Comparison o he efec o diferen combinaion policies on mT5+bMOLR model. The bold numbers are he bes
resuls in erms o diferen evaluaion merics 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/ ruddrssig 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/ rrsrig 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/ ruddrssig 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/ rrsrig 99.29/96.49 99.29/96.34 99.08/89.59 98.78/88.94 97.28/94.81 97.64/93.39

irss 1.27%  s F1 y ddig Egis i  ddii ru  “H,EN→H” r Sis NLU. Siiry,
5+MOLR irss 1.20%  s F1 y ddig Egis i  ddii ru  “ES,EN→ES” r Ti
NLU. O rs is  Egis is  igrsur gug rd wi Sis d Ti i NLU, wi is
  rvid sufi xr iri r irv. Ar rs is   s ig sk is r
difu  i idii, d  i r irv   rr is rgr   r.

5.3 Analysis o key componens o mT5+bMOLR (RQ4.3)
5.3.1 Combination policies are essential. W r 5 wi is vris, i.., 5+DA wi is 5 wi
iigu d riig, ruddrssig, d rrsrig ii iis, s sw i  7.
Firs, 5 wi rrsrig urrs 5 i  sigs. Siy, i irvs 2.56%/0.73%,

1.83%/0.61%, d 0.19%/0.96% r Gr, Egis, d Ii DS i rs  ji g ury d rqus
ury, rsivy. Mwi, i irvs 0.18%/5.13%, 0.23%/1.76%, d 0.05%/0.10% r Ti, Sis, d
Egis NLU, rsivy. Tis rvs  vr ivss  MOLR ds.
Sd, 5 wi rrsrig urrs r is  r wi DA (i.., iigu d ugi) i

 sigs. I DS, “EN, DE→EN”, “EN, DE→DE”, “I,EN→DE” gs +1.83%/+0.61%, +1.64%/+0.3%, +2.43%/
0.17% i rs  ji g ury d rqus ury, giv  iv gug siir  sur gug.
Hwvr, 5+DA  wys  r uiigu d, .g., “I,EN→I” drss 1.76%  ji g
ury rd wi 5. I NLU, “H,ES→H” d “ES, H→ES” uuy irs s u s 2.53% d
1.64% i rs  s F1, wi  gs r qui s (<0.40%) r  r sigs. Tis rvs  
gis r s r MOLR d g iizi, g wi uiigu d.
Tird, iy rrsrig urrs ruddrssig i gr. I DS, rrsrig s

ruddrssig y 1.94%–6.13% d 0.18%–1.64% i rs  ji g ury d rqus ury. I NLU,
rrsrig urrs ruddrssig y 0.04%–2.40% d 0.48%–2.06% i rs  ji g ury
d rqus ury, xudig  i ury r “H,EN→H” (0.24%) d s F1 r “ES,EN→ES”
(0.30%). Tus, w us rrsrig s  ii iy r ur srrig ds.
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Table 8. Model complexiy by agen models wih 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 sudy  iu   dir
ur  yrs r  xr d i  8.
Firs,  s sigs  yrs r xr gs (Si 3.2) vry r dir sks. I DS, ji g

ury y drss 3.59%–6.27%, d rqus ury y drss y 0.17%–1.59% wi rduig 
ur  yrs r 8  2. I NLU, s F1 driy rdus y 2.96%–24.23%, i rs, i ury
rdus r v irss sigy, .g., “H,EN→H” irvs 0.36%. T difuy  dir sks vris, d
 ur  yrs s ss iu  sir sks.
Sd,  iu   ur  yrs is gugsi. I DS, w rdu  ur  yrs

r 8  2. T ixur  Gr d Ii (i.., “DE,I→DE” d “I,DE→I”) ds  wys dr ik
 rs   sigs. Si  u  uiigu d is r, i is iky usd y  gug
sii, i.., (DE, I) r ss siir  (EN, DE) d (EN, I), d  ixur  Gr d Ii 
rsrv r divrsiy.
Tird,  ur  yrs is ssiiv  igrsur iv gugs. Rduig  ur  yrs r

8  4,  gs i “EN,ES→EN ” d “EN,H→EN” r ss  0.1% d 0.5% i rs  i ury
d s F1. T iv gugs (i.., Sis d Ti) v u wr d ss rd wi 
igrsur gug, i.., Egis.

5.4 Feasibiliy o MOLR ramework wih decoder-only LLM backbones (RQ4.4)
5.4.1 Outcome. W vu  rr  xdd MOLR ds usig vrius LLMs s ks
  DS sk, wi ss grr gs d ruiis r irv   NLU sk. W
r  rsus  svr ds wi  drddr d ddry LLMs s ks i
 9. Firs, LLM2C+MOLR sigiy urrs  ds i rs   ris, usig Egis,
Gr, d Ii s rg gugs. Siy, ji g ury irss y 1.48% i Egis, 2.52% i
Gr, d 2.33% i Ii, rd wi 5+MOLR. T riry r is  susi irs i 
ur  r rrs i  s ddry LLMs, surssig s  drddr LLMs y 
sigi rgi. Tis vris  siiiy  xdig MOLR rwrk wi vrius ddry LLM
ks. Sd,  MOLR rwrk xrs  r sigi i  ddry LLMs. T MOLR
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Table 9. Comparison wih models based on decoder-only LLMs or supervised learning o he dialogue sae racking (DST)
ask, using English, German, and Ialian as arge languages. In he cells wih resuls, he numbers beore and aer “/” denoe
join he goal accuracy and reques accuracy, respecively. Boldace indicaes leading resuls.

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
OC3.5 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
LLM2C 90.40/97.21 79.83/96.05 86.63/96.42
LLM2C+MOLR 93.32/97.93 84.08/97.27 90.10/97.08

Table 10. Comparison wih models based on decoder-only LLMs or supervised learning o he naural language generaion
(NLG) ask, using English, German, and Ialian as arge languages. In he cells wih resuls, he numbers beore and aer “/”
denoe BLEU-4 and ROUGE-L, respecively. Boldace indicaes leading resuls.

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
OC3.5 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
LLM2C 31.50/29.21 30.95/29.22 30.68/28.62
LLM2C+MOLR 33.24/31.39 32.59/30.46 32.61/30.54

rwrk irvs  5 rr y 2.31% i Egis, 2.5% i Gr, 0.19% i Ii, i rs  ji
g ury, wi i ss LLM2C rr y 2.92% i Egis, 4.25 i Gr, 3.47% i Ii.
Tird, ddry LLMs r si ig difuis i isrui wig. Fr x, OC3.5 drs
driy i  gugs i rs  ji g ury. W ruy kd  grd uu d
ud  rs    OC3.5 grs s  rdud d r irsvu ris.
W vu  rr  xdd MOLR ds usig vrius LLMs s ks   NLG sk,

s sw i  10. Firs, w srvd   uiizi  MOLR d  s i  rr 
  drddr LLM 5 d  ddry LLM LLM2C. Fr is, wi MOLR, 5
ivd   irs  2.57% i BLEU4 r Gr d 1.34% r Ii, wi xriig  sig
drs  0.06% i Egis. Siiry, LLM2C xiid irvs, wi BLEU4 irsig y 1.74%
i Egis, 1.64% i Gr, d 1.93% i Ii. Sd,  ii  5 wi MOLR sisy
is  igs srs, sy rid y LLM2C wi MOLR. Tis rd   riud  5’s
drddr riur, wi LLM2C rs wii  ddry rwrk d viy ris
  quiy   rvidd r s iu. Ny,  r r  DS sk is rivy sir
d ss wdsigd rd   r  NLG sk.

ACM rs. I. Sys.



24 • Pei e al.

5.4.2 Discussion. I  s w  s, ddry LLMs v r d r  rviig. W r
giz  is d r ivy wrkig wrds xdig MOLR y igrig surd ddry
LLMs. Tis iiiiv iis sss di   s r LLMs. Hwvr, rkig i ss wi
LLMs is si gig v r s ri ds su s CGP. Svr r sudis sw  
grd uus r ssiiv   wdsigd r wi  xusiv is  s [51, 65]. Mrvr, i
uvidy s xrisi uii yd  giv s d kwdg [1]. Fiy, i is wr ig
 irig LLMs r dwsr sks ssis  sksi d   rg s. Tis udrsrs
 i  MOLR, rig  wy r uiigu d ugi.

6 CONCLUSION AND FUTURE WORK
I is wrk, w v sudid uiigu skrid digu syss i  riv skrid digu
sys rwrk, wr xr gs wrk  igu d rssigu digus, d  ir g
us r  ixurxrs r r gy iizig uiigu digus. W v rsd 
ixurgugs ruig rwrk, wi is  uy k us  uiigu d, ur gug
risis, d gy iiz uiigu rr siuusy. W v dud xris
 w rk uiigu skrid digu sys dss  vriy  ivss   rsd
ixurgugs ruig sd   rrid 5 d.
Our i dig is  ixurgugs ruig   gry iud y d viiiy, gug

rrisis, s w s ri iis.   ris, riig ixurgugs ruig wi
sufi uiigu d  sigiy irv rr vr riig wi i d i  wrsur
gug. Mrvr, ixurgugs ruig wi irsig us  d i dir gugs 
rr vry diry, s  gis  ixurgugs ruig r gugsi. Dir ii
iis  g iizi, d ir rr vris  ; is dsrs  vrsiiy d
ivss   riv rdig. gr, s digs d isigs rvid  friv swr
  dig rsr qusi r is wrk: ui gugs  idd  usd i  riv wy 
irv  rr  skrid digu syss i vry sig gug.
As  rdr iiis  uiigu skrid digu syss, rsrrs i is di sud

sidr s y gugs s ssi. Ty sud s  ir ds  s vu d r 
. Lgug rrisis (.g., uiy d divrsiy) sud vr  udrsid.
O iii  is wrk is  ixurgugs ruig y wrks w uiigu d  rig

 iis d uiriis  gugs. I  xr s wr w gugs d  v y
iis, ixurgugs ruig  rdy r  rsr rss gugs r rssigu
di. Ad vi vrs, i w gugs d  v y uiriis, ixurgugs ruig 
rdy gi r gug rsr r  uiigu d.
As  uur wrk, w iv  uiigu skrid digu syss   dvd i y

diris. Firs, w   us dir rrid gug ds (.g., GP2, BAR, .) d r 
wi  5 d. Sd, w   xr dir ri iis d s w y iu 
vr rr. Tird, w   xri  w dss wi u digu sks d r gugs
d s rwrd  ri iis  uiigu skrid digu syss.
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d ivi rgr udr gr grs N 101070212 d N 101070521, d  SURF riv
gr udd y NWO udr gr gr N EINF7705.
A  rrss  ii   urs, wi is  ssriy srd r drsd y ir rsiv

yrs d/r ssrs.
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A EXAMPLES OF PROMPT
I  11 w sw xs  rs usd i  ddry rwrk i DS d NLG sk, rsivy.

Table 11. Examples o promps used in he exension o he decoder-only MOLR ramework.

sk Pr

DS

Yu r  u AI ssis skd wi grig kyvu irs r  digu x sd  s.
### sk: S Exri is  xr  ss d rrsdig vus id i  giv digu x.
I  vu   s is id,   susrig is rd s “ir [s] [vu]”.
I  vu   s is  id,   susrig is rd s “rqus s [s]”.
T uu is  i   susrigs   ss.
### S:
d:  uisi   rsur yu r kig r, su s “riis”.
r:  i r r   rsur, iudig “r”, “r”, “ws”, “su”, “s”.
ri rg: ri udg r  rsur, iudig “”, “dr”, d “xsiv”.
rqus:  riu   rsur yu r kig r, iudig “ddrss”, “r”, “d”, “”, “ri rg”,
“sd”, “”.
### Ex:
{“iu”: “<|usr|>i w  d  dry rid rsur i  ws r  w .
w is  ddrss d  sd ?”,
“uu”: “rqus s sd, rqus s ddrss, ir ri rg dr, ir r ws”}

NLG Yu r  u AI ssis skd wi grig  rss giv  urr usr qury d digu isry.

B SUMMARY OF ZERO-SHOT CROSS-LINGUAL BENCHMARKS
W suriz   zrs rssigu rsus   DS ( 12) d NLU ( 13) dss, s w s
ur ii  5 ds. W d  5 d is vris iv  sr r zrs
rssigu di. Tis jusis ur i 5 s ur s d i  i rsus.
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Table 12. Comparison o dialogue sae racking (DST) models or zero-sho learning rom English (EN) o German (DE) and
Ialian (IT).

Joint/Request (%)

Models Settings EN → DE EN → I

NB
XLNB [10] (r [58]) rsud NB+iigu d ugi 30.80/68.32 41.23/81.23

MUSE
MUSE [58] Wrd ig usig MUSE [13] 21.57/74.22 20.66/79.09
MUSE+AML [58] MUSE+isd iigu dswiig 36.51/82.99 39.35/84.23

XLM
XLM [58] XLM [12] x dr 16.34/75.73 –
XLM+AML [58] XLM+isd iigu dswiig 33.12/82.96 –
XLM+CLCSA [88] XLM+uiigu dswiig 48.70/88.30 –
XADS [128] XLMR [11]+vu s xri 64.88/– 68.63/–

BER
BER [58] BER [20] x dr 14.95/75.31 12.88/76.12
BER+AML [58] BER+isd iigu dswiig 34.36/86.97 33.35/84.96
BER+CLCSA [88] BER+uiigu dswiig 63.20/94.00 61.30/94.20

5 (Ours)
5 Muiigu 5 (s) wi 300M rrs 28.42/92.27 32.14/87.22
5+AML 5+iigu dswiig 40.96/93.37 47.90/87.65
5+CLCSA 5+uiigu dswiig 67.86/95.80 71.15/88.07
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Table 13. Comparison o naural language undersanding (NLU) models or zero-sho learning rom English (EN) o German
(DE) and Ialian (IT).

Intent/Slot F1 (%)

Models Settings EN → ES EN → H

RNN
iRNN [56] A ii  idiri RNN [107] 46.64/15.41 35.64/12.11
CV [98] iLSMCRF sd rsi d  Egis 37.13/ 5.35 54.24/ 8.84
CV [98] Muiigu CV [66] 53.34/22.50 66.35/32.52
CV+Au [98] CV w/udr jiv 53.89/19.25 70.70/35.62
iLSM [56] iLSM w/is, r, dxiizi 90.20/65.79 73.43/32.24

MUSE
RCSLS [39] MUSE+rxd rssdi siiriy  sig 37.67/22.23 35.12/ 8.72
RCSLS+AML [58] RCSLS+isd iigu dswiig 87.05/57.75 81.44/30.42

ransormers
rsrr [57] rsrr w/rz wrd ddigs 89.71/67.10 74.68/31.20
rsrr+OR [57] Ordrrdud rsrr 91.46/71.36 75.02/34.61

mBER
BER [58] BER [20] x dr 74.15/54.28 26.54/11.34
BER+AML [58] BER+isd iigu dswiig 87.88/73.89 73.46/27.12
BER+CLCSA [88] BER+uiigu dswiig 92.80/75.20 74.80/28.10

XLMR [27] XLMR dr wi 270M rrs 90.70/70.10 71.90/53.10

5 (Ours)
5 Muiigu 5 wi 300M rrs 92.17/71.26 81.38/52.13
5+AML 5+iigu dswiig 92.77/71.92 91.61/57.46
5+CLCSA 5+uiigu dswiig 94.71/75.77 93.20/47.02
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