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1 1

1 I nt r o d u c ti o n

T h e e ffi c a c y of l a n g u a g e m o d els, p arti c ul arl y i n r e as o ni n g t as ks, is si g ni fi c a ntl y i m-

p a ct e d b y l o n g er t e xt l e n gt hs t h a n t h os e s e e n i n tr ai ni n g [ Li et al., 2 0 2 3 b, A nil et al.,

2 0 2 2, L a k e a n d B ar o ni, 2 0 1 8]. T his p h e n o m e n o n, r ef err e d t o as “ L e n gt h G e n er ali z ati o n”

or “ L e n gt h E xtr a p ol ati o n” i n t h e lit er at ur e Pr ess et al. [ 2 0 2 2], Z h a o et al. [ 2 0 2 3], is als o

c o m m o n i n m o d els b as e d o n t h e Tr a nsf or m er ar c hit e ct ur e Liš k a et al. [ 2 0 1 8], L e w k o w y c z

et al. [ 2 0 2 2], D el ét a n g et al. [ 2 0 2 3], Z h o u et al. [ 2 0 2 3 b]. N ot a bl y, e v e n L ar g e L a n g u a g e

M o d els ( L L Ms), k n o w n f or t h eir str o n g p erf or m a n c e i n a wi d e r a n g e of t as ks a n d d o m ai ns,

ar e n ot i m m u n e t o t his pr o bl e m A nil et al. [ 2 0 2 2], C h e n et al. [ 2 0 2 3].

I n pr a cti c al a p pli c ati o ns, t his c h all e n g e is e vi d e nt i n L L M- b as e d assist a nts, p arti c-

ul arl y w h e n t h e y e n c o u nt er r e q u ests n e c essit ati n g t h e us e of si m pl e, r e p etiti v e r ul es or

m e m ori z ati o n. F or i nst a n c e, t as ks s u c h as i d e ntif yi n g a s p e ci fi c n a m e wit hi n a n e xt e nsi v e

c o nt a ct list or c h e c ki n g pri oriti es i n a t as k list e x e m plif y t his iss u e; t h e s c o p e of si mil ar

t as ks is v ast. C o ns e q u e ntl y, v ari o us t e c h ni q u es h a v e b e e n d e v el o p e d t o a d dr ess t h es e

c h all e n g es, b ot h at t h e ar c hit e ct ur al l e v el of tr a nsf or m ers wit h a n e m p h asis o n p ositi o n al

e m b e d di n gs a n d at t h e pr o m pt l e v el b y br e a ki n g t as ks i nt o s e q u e nti al st e ps.

R e g ar dl ess of t h e a p pr o a c h es i m pl e m e nt e d, t h er e is still a l a c k of e v al u ati o n b e n c h-

m ar ks f or s u bs e q u e nt t as ks. B e n c h m ar ks s u c h as S C R O L L S S h a h a m et al. [ 2 0 2 2] ass ess

m o d els o n l o n g s e q u e n c e t as ks b ut l a c k e x pli cit c o ntr ol o v er t as k c o m pl e xit y r el ati v e t o

s e q u e n c e l e n gt h, m a ki n g it h ar d t o g a u g e l e n gt h g e n er ali z ati o n. F or e x a m pl e, t h er e is n o

c ert ai nt y t h at q u esti o ns a b o ut l o n g er t e xts ar e h ar d er t h a n t h os e a b o ut s h ort er o n es. T his

hi g hli g hts t h e n e e d f or b e n c h m ar ks t h at e x pli citl y t est t h e i m p a ct of s e q u e n c e l e n gt h. I n

di al o g u e Li et al. [ 2 0 2 3 a] a n d m ulti- d o c u m e nt q u esti o n a ns w eri n g Li u et al. [ 2 0 2 4], t e c h-

ni q u es li k e r etri e v al- a u g m e nt e d g e n er ati o n ( R A G) ar e pr e v al e nt, a n d t h er ef or e e x pli citl y

is ol ati n g t h e l e n gt h e xtr a p ol ati o n iss u e p os es a c h all e n g e.

We i ntr o d u c e M Liss ar d, a m ultili n g u al b e n c h m ar k t h at e v al u at es m o d els o n t as ks

wit h r e p etiti v e r ul es, w h er e di ffi c ult y i n cr e as es wit h s e q u e n c e l e n gt h. S u p p orti n g E n glis h

( E N), G er m a n ( D E), P ort u g u es e ( P T), R ussi a n ( R U), S p a nis h ( E S), a n d U kr ai ni a n ( U A),

M Liss ar d e m pl o ys a d e v el o p e d m et h o d t o i d e ntif y m o d els’ br e a ki n g p oi nts. A d diti o n all y,

it all o ws f or t h e g e n er ati o n of n e w e x a m pl es t o h ei g ht e n t as k di ffi c ult y, t h er e b y a v oi d-

i n g t h e c o nt a mi n ati o n iss u es c o m m o nl y ass o ci at e d wit h tr a diti o n al d at as ets A h uj a et al.

[ 2 0 2 3], Li a n d Fl a ni g a n [ 2 0 2 4]. At t h e ti m e of t his r es e ar c h, it is t h e first m ultili n g u al

d at as et ai m e d at ass essi n g m o d els’ l e n gt h e xtr a p ol ati o n c a p a biliti es.

O ur a n al ysis, w hi c h i n cl u d es e v al u ati o ns o n pr o pri et ar y m o d els s u c h as G P T- 4 O p e-

n AI [ 2 0 2 3], as w ell as o p e n-s o ur c e o n es li k e L L a m a- 3 D u b e y et al. [ 2 0 2 4], r e v e als a c o m m o n

tr e n d a m o n g t h e m. O ur fi n di n gs u n d ers c or e t h at irr es p e cti v e of t h eir ar c hit e ct ur es a n d

p ar a m et er c o u nts, all e x a mi n e d m o d els d e m o nstr at e a p erf or m a n c e d e gr a d ati o n wit h i n-
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cr e asi n g l e n gt h, c o ntr oll e d b y t h e n u m b er of k e y e ntiti es (s e e t h eir d e fi niti o n i n T a bl e 1),

r e q uir e d t o s ol v e t h e t as ks. T his i n di c at es a c o m m o n p oi nt of f ail ur e i n g e n er ali z ati o n f or

L L Ms, e v e n f or s e q u e n c e l e n gt hs t h at ar e c o nsi d er a bl y s h ort er i n t er ms of t o k e ns t h a n

t h os e s e e n d uri n g t h eir pr etr ai ni n g or fi n e-t u ni n g p h as es.

O ur i n v esti g ati o n f urt h er d e m o nstr at e d t h at t h e e ff e ct of e xtr a p ol ati o n is n ot is o-

l at e d; v ari a bl es s u c h as l a n g u a g e a n d m o d el si z e si g ni fi c a ntl y i n fl u e n c e t h e o ut c o m es. F or

i nst a n c e, d es pit e E n glis h b ei n g a hi g h-r es o ur c e l a n g u a g e, its p erf or m a n c e w as o nl y a v-

er a g e a n d w as s ur p ass e d b y ot h er l a n g u a g es s u c h as G er m a n. M or e o v er, a bl ati o n t ests

r e v e al e d i m pr o v e m e nts i n e xtr a p ol ati o n p erf or m a n c e w h e n i n- c o nt e xt e x a m pl es c o m pris e d

a mi xt ur e of l a n g u a g es. T his u n d ers c or es t h e i n fl u e n c e of l a n g u a g e s el e cti o n o n t h e e x-

tr a p ol ati o n c a p a biliti es of l a n g u a g e m o d els.

T h e s u bs e q u e nt s e cti o ns will e x pl or e t h e pri m ar y c o ntri b uti o ns t his arti cl e m a k es t o

t h e c o m m u nit y r e g ar di n g t h e t o pi c of e xtr a p ol ati o n. We will e x a mi n e r el at e d w or ks t h at

dis c uss a p pr o a c h es a n d t e c h ni q u es i n t h e lit er at ur e ai m e d at e n h a n ci n g t h e g e n er ali z ati o n

c a p a cit y of l a n g u a g e m o d els, p arti c ul arl y i n a d dr essi n g t h e c h all e n g es r el at e d t o s e nt e n c e

l e n gt h. T h e M et h o d ol o g y s e cti o n o utli n es t h e d e v el o p m e nt of b e n c h m ar ks a n d d et ails

t h e k e y e ntiti es m et h o d, al o n g wit h t h e v ari o us t as ks i n v ol v e d. T h e E x p eri m e nt al S et u p

s e cti o n d es cri b es t h e pr o c ess of e v al u ati n g t h e M Liss ar d usi n g st at e- of-t h e- art l a n g u a g e

m o d els. I n t h e R es ults s e cti o n, w e pr es e nt t h e si g ni fi c a nt fi n di n gs fr o m t h e e x p eri m e nt a-

ti o n p h as e a n d t h e a bl ati o n t ests. L astl y, t h e C o n cl usi o n a n d Li mit ati o ns s e cti o n r e vi e ws

t h e r es ults a n d dis c uss es t h e c h all e n g es e n c o u nt er e d i n c o m pl eti n g t h e m ast er’s t h esis

w or k.
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1. 1 M ai n C o n t ri b u ti o n s

T h e d e v el o p e d t h esis m a k es c o ntri b uti o ns i n t h e fi el d of l a n g u a g e m o d el g e n er ali z a-

ti o n, i n cl u di n g:

1. T h e cr e ati o n of a m ultili n g u al b e n c h m ar k t h at c a n b e e asil y e x p a n d e d wit h n e w

e x a m pl es, l e n gt hs, a n d l a n g u a g es.

2. I d e nti fi c ati o n of m o d el br e a ki n g p oi nts t hr o u g h a k e y e ntit y m e c h a nis m, ai di n g i n

tr a c ki n g m o d el i m pr o v e m e nts i n e xtr a p ol ati o n t as ks.

3. A n a n al ysis of t h e i m p a ct of l a n g u a g e di v ersit y a n d m o d el si z e o n e xtr a p ol ati o n

c a p a biliti es.

4. Pr o visi o n of o p e n-s o ur c e d at as ets a n d r es ults.

A d diti o n all y, t w o p a p ers r el at e d t o t h e m ast er’s t h esis w er e a c c e pt e d f or p u bli c ati o n:

o n e at t h e M at h N L P w or ks h o p d uri n g E M N L P- 2 0 2 2, w hi c h h as b e e n cit e d 1 4 ti m es,

a n d a n ot h er at t h e G e n b e n c h w or ks h o p d uri n g E M N L P- 2 0 2 4 t h at w as cit e d t w o ti m es.

B ot h p u bli c ati o ns si g ni fi c a ntl y c o ntri b ut e d t o t h e d e v el o p m e nt of t h e diss ert ati o n t o pi c b y

hi g hli g hti n g t h e li mit ati o ns of n e ur al ar c hit e ct ur es, p arti c ul arl y t h eir fr a gilit y i n e xtr a p o-

l ati n g i nt er n al r ul es — a c a p a bilit y t h at is n ot t y pi c all y e m p h asi z e d d uri n g t h e pr e-tr ai ni n g

p h as e.
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2 R el a t e d W o r k

T h e c h all e n g e of l e n gt h e xtr a p ol ati o n i n t h e d o m ai n of n at ur al l a n g u a g e pr o c essi n g

h as b e e n a p ersist e nt a n d l o n g-st a n di n g iss u e. A n arr a y of st u di es h as d e m o nstr at e d t h at

n e ur al ar c hit e ct ur es e n c o u nt er di ffi c ulti es w h e n c o nfr o nt e d wit h s e q u e n c es of l o n g er t h a n

t h os e t h e y e n c o u nt er e d d uri n g t h eir tr ai ni n g L a k e a n d B ar o ni [ 2 0 1 8], Liš k a et al. [ 2 0 1 8],

K e ys ers et al. [ 2 0 1 9], D u b ois et al. [ 2 0 2 0], N o g u eir a et al. [ 2 0 2 1], Well e c k et al. [ 2 0 2 2],

L e w k o w y c z et al. [ 2 0 2 2], D el ét a n g et al. [ 2 0 2 3], Z h o u et al. [ 2 0 2 3 b]. D es pit e e ff orts t o

e x p a n d t h e c o nt e xt wi n d o w i n L L Ms, t his iss u e p ersists, p arti c ul arl y w h e n t a c kli n g t as ks

i n v ol vi n g c o m pl e x r e as o ni n g A nil et al. [ 2 0 2 2].

R e c e nt e n d e a v ors h a v e b e e n u n d ert a k e n t o e n h a n c e t h e g e n er al p erf or m a n c e of L L Ms

b y e m pl o yi n g pr o m pt e n gi n e eri n g t e c h ni q u es a n d b y d e v el o pi n g n o v el d e c o di n g m et h o ds

ai m e d at e x p a n di n g t h eir c a p a cit y t o e xtr a p ol at e e ff e cti v el y o v er l e n gt h y s e q u e n c es of

t o k e ns. F or i nst a n c e, N y e et al. [ 2 0 2 1] i ntr o d u c e d t h e c o n c e pt of a "s cr at c h p a d " t h at

e n a bl es t h e m o d el t o g e n er at e dr aft r es p o ns es i n n at ur al l a n g u a g e b ef or e pr o d u ci n g t h e

fi n al o ut p ut. T o ass ess t h e p erf or m a n c e of t his m et h o d, a r a n g e of t as ks w er e e m pl o y e d,

i n cl u di n g m at h a n d c o di n g t as ks. M or e o v er, st u di es b y Wei et al. [ 2 0 2 2] a n d Z h o u et al.

[ 2 0 2 3 a] d e m o nstr at e d i m pr o v e m e nts b y c o n fi g uri n g t h e m o d el t o g e n er at e e x pl a n ati o ns f or

pr o bl e m-s ol vi n g a n d br e a ki n g d o w n t as ks i nt o m ulti pl e i nt er a cti v e st e ps. T h es e e n h a n c e-

m e nts w er e p arti c ul arl y n oti c e a bl e i n t as ks r e q uiri n g t h e a bilit y t o e xtr a p ol at e, s u c h as

l ast-l ett er c o n c at e n ati o n (s y m b oli c m a ni p ul ati o n), S C A N L a k e a n d B ar o ni [ 2 0 1 8] ( c o m-

p ositi o n al g e n er ali z ati o n), a n d m at h e m ati c al r e as o ni n g. T h e l ast l ett er c o n c at e n ati o n

t as k f o c us es o n stri n g m a ni p ul ati o n b y r e q uiri n g t h e c o n c at e n ati o n of t h e l ast l ett ers of

e a c h w or d. I n c o ntr ast, t h e S C A N t as k i n v ol v es usi n g a li mit e d v o c a b ul ar y ( e. g., J U M P,

T WI C E, L E F T, RI G H T, et c.) al o n gsi d e a n i nstr u cti o n, s u c h as J U M P T WI C E, w hi c h

t h e m o d el m ust tr a nsl at e i nt o a s e q u e n c e of n a vi g ati o n c o m m a n ds li k e J U M P J U M P.

T his t as k e ff e cti v el y e v al u at es t h e m o d el’s a bilit y t o a p pl y a r e p etiti v e r ul e a n d c o m bi n e

el e m e nts t o pr o d u c e t h e c orr e ct o ut p ut. A d diti o n all y, B u e n o et al. [ 2 0 2 2] s h o w e d t h at uti-

li zi n g m ar k u ps t o k e ns as p ositi o n r e pr es e nt ati o ns h el p t h e m o d el t o g e n er ali z e t o l o n g er

s e q u e n c es i n t as ks r el at e d t o m at h e m ati c al a d diti o n a n d c o m p ositi o n al g e n er ali z ati o n.

H a n et al. [ 2 0 2 4] d e vis e d a d e c o di n g m et h o d t o i m pr o v e g e n er ali z ati o n o v er e xt e n d e d

s e q u e n c es.

I n a d diti o n t o t e c h ni q u es f or c ust o mi zi n g pr o m pts, r e c e nt r es e ar c h h as e x pl or e d m o d-

if yi n g t h e p ositi o n e n c o di n g f u n cti o n of t h e ori gi n al tr a nsf or m er ar c hit e ct ur e t o e n h a n c e

its e xtr a p ol ati o n c a p a biliti es Pr ess et al. [ 2 0 2 2], C hi et al. [ 2 0 2 2, 2 0 2 3], Li et al. [ 2 0 2 3 b],

Qi n et al. [ 2 0 2 3], C h e n et al. [ 2 0 2 3]. F or i nst a n c e, K a z e m n ej a d et al. [ 2 0 2 3] e v al u at e d

c o m m o nl y us e d p ositi o n al c o di n g m et h o ds a n d f o u n d t h at, d es pit e t h es e m et h o ds i m pr o v-

i n g p er pl e xit y s c or e, c o m pl et el y o mitti n g p ositi o n al c o di n g a ct u all y yi el d e d b ett er r es ults

o n d o w nstr e a m t as ks r e q uiri n g e xtr a p ol ati o n a bilit y.
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T h e st u di es a b o v e pr o vi d e e vi d e n c e of m ulti pl e a p pr o a c h es t h at h a v e b e e n d e v el o p e d

t o a d dr ess t h e c h all e n g e of e xtr a p ol ati o n. N o n et h el ess, t h er e is a n ot a bl e a bs e n c e of

r es e ar c h f o c usi n g o n d e v el o p m e nt of di v ers e a n d st a n d ar di z e d d at as ets t h at ass ess t h e

g e n er ati o n a n d s y nt h esis of e xt e n d e d t e xt s e q u e n c es pr o d u c e d b y n e ur al m o d els. T his g a p

is p arti c ul arl y si g ni fi c a nt w h e n c o nsi d eri n g t h at m a n y of t h e cl assi c al d at as ets a v ail a bl e

i n q u esti o n m a y h a v e alr e a d y b e e n us e d i nt o t h e tr ai ni n g of l ar g e l a n g u a g e m o d els.
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3 M e t h o d ol o g y

O ur b e n c h m ar k i n c or p or at es a c o m bi n ati o n of e xisti n g t as ks, s u c h as t h os e fr o m

BI G- b e n c h a ut h ors [ 2 0 2 3], as w ell as n e wl y d e v el o p e d o n es. We i nt e nti o n all y e x cl u d e d

cl assi c al d at as ets ( e. g., S C A N) fr o m t h e a n al ysis, si n c e u nli k e t h e s y nt h eti c M Liss ar d,

t h eir t est s ets ar e p u bli cl y a v ail a bl e a n d m a n y s ol uti o ns h a v e b e e n e xt e nsi v el y d et ail e d

i n t h e s ci e nti fi c lit er at ur e, m a ki n g t h e m p ot e nti all y f a mili ar t o l ar g e l a n g u a g e m o d els

( L L Ms). T o cr e at e t h e b e n c h m ar ks, s e v er al st e ps w er e f oll o w e d:

1. Fil t e ri n g a n d c r e a ti n g t a s k s: I n t his st e p, w e i d e ntif y si m pl e a n d s y nt h eti c

t as ks t h at r e q uir e l o gi c al r e as o ni n g, m e m ori z ati o n, a n d r e p etiti o n, a n d t h at i n cl u d e

a n e xtr a p ol ati o n f a ct or, s u c h as lists of o bj e cts or c o m m a n d a p pli c ati o ns. T h e g o al

is t o is ol at e t his e xtr a p ol ati o n f a ct or —li k e t h e n u m b er of o bj e cts i n a list — a n d t h e n

e x p a n d t h e t as k s y nt h eti c all y t o c o v er l ar g er i n p ut l e n gt hs.

2. I d e n tif yi n g k e y e n ti ti e s: As e x pl ai n e d i n S e cti o n 3. 1, w e e xtr a ct e d t h e e xtr a p-

ol ati o n f a ct or f or e a c h t as k a n d i d e nti fi e d t h e p ossi bl e r a n g e v al u es t o ass ess t h e

m o d el’s g e n er ali z a bilit y.

3. G e n e r a ti n g n e w e x a m pl e s: F or e a c h t as k, w e d e v el o p e d a P yt h o n s cri pt t o g e n-

er at e n e w e x a m pl es, i n cr e asi n g t h e c o m pl e xit y of t h e k e y e ntit y wit hi n t h e s p e ci fi e d

r a n g es.

4. M ul tili n g u al a d a p t a ti o n: I n a d diti o n t o E n glis h ( E N), o ur l a n g u a g e s et i n cl u d es

G er m a n ( D E), S p a nis h ( E S), P ort u g u es e ( P T), R ussi a n ( R U), a n d U kr ai ni a n ( U A).

We e x p a n d e d t his s et b y i nt e gr ati n g a ut o m ati c tr a nsl ati o n s yst e ms a n d usi n g P yt h o n

s cri pts t o g e n er at e s y nt h eti c d at a.

O n c e t h e e v al u ati o n b e n c h m ar k w as cr e at e d, w e c o n d u ct e d t ests t o ass ess t h e e xtr a p-

ol ati o n p erf or m a n c e of l e a di n g st at e- of-t h e- art m o d els. T h e f oll o wi n g s e cti o ns pr o vi d e a

d et ail e d e x pl a n ati o n of t h e c o n c e pt of k e y e ntiti es, t h e g e n er ati o n pr o c ess f or e a c h t as k,

a n d t h e m et h o d ol o g y us e d t o e v al u at e t h e l a n g u a g e m o d els i n M Liss ar d.

3. 1 K e y e n ti ti e s

T h e n oti o n of k e y e ntiti es f u n cti o ns as a n e xtr a p ol ati o n f a ct or wit hi n t h e c o nt e xt

of a t ar g et t as k. F or i nst a n c e, i n a t as k t h at s e e ks t o i d e ntif y c o m m o n it e ms b et w e e n

t w o lists, t his e xtr a p ol ati o n f a ct or is d e fi n e d b y t h e n u m b er of it e ms t h e m o d el r e q uir es

t o a n al y z e. Utili zi n g t his f a ct or all o ws f or t h e a u g m e nt ati o n of t as k c o m pl e xit y wit h o ut

m o dif yi n g its pr o p erti es. As a r es ult, wit hi n s p e ci fi e d r a n g es ( bi ns), w e c a n i d e ntif y t h e

m o d el’s br e a k p oi nts.

T h e c h oi c e of bi ns f or e a c h t as k w as p erf or m e d e m piri c all y t o a c hi e v e a b al a n c e d r a n g e
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T a s k  K e y E n ti t y Bi n 1  Bi n 2  Bi n 3  Bi n 4

L L C  N a m es 1- 8 8- 1 5 1 5- 2 2 2 2- 3 0

R C L  T ot al R e p etiti o ns 1- 9 9- 1 7 1 7- 2 5 2 5- 3 3

O C  O bj e cts 1- 7 7- 1 2 1 2- 1 7 1 7- 2 3

LI It e ms: lists A a n d B 1- 4 6 4 6- 9 1 9 1- 1 3 6 1 3 6- 1 8 1

T a bl e 1: K e y t as k e ntiti es: L ast L ett er C o n c at e n ati o n ( L L C), R e p e at C o p y L o gi c ( R C L),

O bj e ct C o u nti n g ( O C), a n d List I nt ers e cti o n ( LI)

of di ffi c ult y l e v els. Bi n 1 c o nsists of s e q u e n c es of s h ort er l e n gt h, w hil e Bi n 4 c o m pris es

s e q u e n c es of l o n g er l e n gt h. T a bl e 1 d es cri b es t h e k e y e ntiti es a n d t h e r es p e cti v e l e n gt hs

i n e a c h bi n.

3. 2 T a s k s

I n t ot al, f o ur t as ks w er e d e v el o p e d, a n d T a bl e 2 pr o vi d es a s u m m ar y of e a c h o n e wit h

i n p ut a n d o ut p ut e x a m pl es. D u e t o t h e hi g h c osts of p ai d A PIs, w e r estri ct e d o ur t ests

t o 3 0 0 e x a m pl es p er t as k a n d l a n g u a g e. T o e ns ur e b al a n c e d e v al u ati o ns a cr oss di ff er e nt

l e n gt h p artiti o ns, w e r a n d o ml y s el e ct e d 7 5 e x a m pl es f or e a c h bi n.

T a s k I n p u t E x a m pl e O u t p u t

L ast L ett er C o n c at e n ati o n  A bil G a b y l y

R e p e at C o p y L o gi c R e p e at 2 ti m es s c h o ol s c h o ol s c h o ol

O bj e ct C o u nti n g I h a v e a c h air, a n d a n a p pl e. 2

List I nt ers e cti o n A: a bil, m att / B: m att, g a b y  m att

T a bl e 2: T as k S u m m ar y i n t h e M Liss ar d B e n c h m ar k.

3. 2. 1 O b j e c t C o u n ti n g

T h e m ai n g o al of t his t as k is t o ass ess t h e pr o fi ci e n c y i n o bj e ct c o u nti n g wit hi n s e-

q u e n c es, as s h o w n i n T a bl e 3. T h e i n p ut t o t h e m o d el is a s e q u e n c e c o m prisi n g a list of

o bj e cts p air e d wit h t h eir r es p e cti v e q u a ntiti es a n d t h e e x p e ct e d o ut p ut is a stri n g wit h

t h e t ot al c o u nt of o bj e cts. Di v er gi n g fr o m t h e ori gi n al BI G- b e n c h t as k t h at e x cl usi v el y

e n c o m p ass es t h e e n u m er ati o n of o bj e cts fr o m pr e d et er mi n e d c at e g ori es li k e fr uits, v e g-

et a bl es, or m usi c al i nstr u m e nts, o ur m et h o d c o m pris es o bj e ct c o u nti n g a cr oss di ff er e nt

c at e g ori es.

A ut o m ati c tr a nsl ati o n s yst e ms w er e us e d t o g e n er at e t h e m ultili n g u al s et, i n t his

c as e, G o o gl e Tr a nsl at e. Aft er t his p h as e, a tr a nsl ati o n s u bs et w as s el e ct e d f or h u m a n
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a n al ysis of t h e g e n er al q u alit y of t h e tr a nsl ati o n.

I n p u t T a r g e t  L a n g u a g e

I h a v e t hr e e o ni o ns, t w o p ot at o es, a n d a c a b-

b a g e.

6  E n glis h

I c h h a b e ei n e n Bl u m e n k o hl, ei n e K art of-

f el, ei n e n K o hl, ei n e n K n o bl a u c h, ei n e Y a m-

s w ur z el, ei n e n S al at k o pf, ei n e K ar ott e, z w ei

St a n g e n S ell eri e, vi er Br o k k oli k ö pf e u n d ei n e

Z wi e b el.

1 4  G er m a n

T a bl e 3: E x a m pl es of i n p ut a n d t ar g et s e q u e n c es of t h e O bj e ct C o u nti n g t as k.

3. 2. 2 Li s t I n t e r s e c ti o n

T h e o bj e cti v e of t his t as k is t o fi n d c o m m o n it e ms i n t w o lists as e x e m pli fi e d i n

T a bl e 4. It e ms wit hi n t h e lists ar e c o m p os e d of w or ds fr o m a d esi g n at e d t ar g et l a n g u a g e,

wit h b ot h t h e w or ds a n d t h eir fr e q u e n ci es s o ur c e d fr o m t h e Fr e q u e n c y W or ds 1 r e p osit or y.

T h e m et h o d ol o g y i n v ol v e d s el e cti n g t h e m ost fr e q u e nt w or ds b e c a us e t h e l a n g u a g e m o d els

h a d li k el y e n c o u nt er e d t h e m d uri n g pr e-tr ai ni n g. T his e ns ur e d t h at t h e v o c a b ul ar y us e d i n

t h e t as k w o ul d n ot p os e a n y a d diti o n al di ffi c ult y. F or e a c h s p e ci fi c l a n g u a g e, st o p w or ds

a n d s p e ci al c h ar a ct ers w er e eli mi n at e d. F oll o wi n g t his pr e pr o c essi n g p h as e, a r a n d o m

s a m pli n g of w or ds w as c o n d u ct e d.

T h e lists h a v e e q u al si z es, b ut t h e n u m b er of o v erl a p pi n g it e ms v ari es. T h e t ar g et

o ut p ut is t h e w or ds i n c o m m o n, s ort e d al p h a b eti c all y. If t h er e ar e n o it e ms i n c o m m o n,

" N o n e " m ust b e r et ur n e d.

I n p u t T a r g e t  L a n g u a g e

A: m ess e d /si n / c oll e g e / p a ul

B: c oll e g e /t o u g h / al ert / fi n g er c oll e g e  E n glis h

A: dis p ar ar / art e / a di ós / dist e

B: dist e / art e / d e cir n os / b ast a nt e art e

dist e

S p a nis h

T a bl e 4: E x a m pl es of i n p ut a n d t ar g et s e q u e n c es of t h e List I nt ers e cti o n t as k.

3. 2. 3 L a s t L e t t e r C o n c a t e n a ti o n

T h e L ast L ett er C o n c at e n ati o n t as k, as f or m ul at e d i n t h e C h ai n- of- T h o u g ht w or k

Wei et al. [ 2 0 2 2], i n v ol v es c o n c at e n ati n g t h e l ast l ett er of e a c h w or d wit hi n a n i n p ut

1 h t t p s : / / g i t h u b . c o m / h e r m i t d a v e / F r e q u e n c y W o r d s /

https://github.com/hermitdave/FrequencyWords/
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s e q u e n c e c o m pris e d of r a n d o m n a m es. T a bl e 5 pr o vi d es a n ill ustr ati v e i nst a n c e of t h e

d at as et, w h er e t h e i n p ut s e q u e n c e c o m pris es r a n d o ml y s el e ct e d n a m es o bt ai n e d t hr o u g h

t h e t ar g et l a n g u a g e N a m e C e ns us 2 .

I n c o nstr u cti n g o ur d at as et, w e a p pli e d a c o m p ar a bl e m et h o d ol o g y of " List I nt er-

s e cti o n " t as k; h o w e v er, w e s a m pl e d t h e m ost c o m m o n n a m es fr o m e a c h t ar g et l a n g u a g e

a n d e x p a n d e d t h e s a m pl e l e n gt h t o e n c o m p ass s e q u e n c es wit h a n i n cr e as e of u p t o t hirt y

n a m es.

I n p u t T a r g e t  L a n g u a g e

N o a h Mil es E mili a h s a  E n glis h

L uis M ar ci a P e dr o M ar c el o Fer n a n d a M ari a s a o o a

a

P ort u g u es e

T a bl e 5: E x a m pl es of i n p ut a n d t ar g et s e q u e n c es of t h e L ast L ett er C o n c at e n ati o n t as k.

3. 2. 4 R e p e a t C o p y L o gi c

T h e t as k pr o p os e d b y t h e BI G- b e n c h e v al u at es l a n g u a g e m o d els’ a bilit y t o c o m pr e-

h e n d a n d e x e c ut e i nstr u cti o ns i n v ol vi n g r e p etiti o ns, t e xt-t o- c o p y, b asi c l o gi c, a n d c o n di-

ti o n als. O ur m et h o d ol o g y f or cr e ati n g t h e d at as et i n cl u d es:

1. C oll e cti n g r es p o ns es t o all i n p ut s e q u e n c es fr o m t h e BI G- b e n c h r e p osit or y 3 ;

2. Filt eri n g r es p o ns es t o r et ai n o nl y t h os e c orr e ctl y a ns w er e d b y G P T- 4, w hi c h c or-

r e ctl y a ns w er e d 1 7 o ut of 3 2 ori gi n al q u esti o ns. We a d o pt e d t his m et h o d ol o g y t o

f o c us o n ass essi n g t h e m o d el’s a bilit y t o h a n dl e e xtr a p ol ati o n. C o ns e q u e ntl y, w e

s el e ct e d e asi er q u esti o ns a n d s y nt h eti c all y r e cr e at e d t h e m b y v ar yi n g t h e r e q uir e d

r e p etiti o ns i n t h e t as k.

3. Tr a nsl ati n g i nstr u cti o ns usi n g G o o gl e Tr a nsl at e t o s u p p ort m ulti pl e l a n g u a g es a n d

r e vi e wi n g t h e s u bs et f or a c c ur a c y;

4. G e n er at e e xtr a p ol ati o ns o n s el e ct e d i nstr u cti o ns, v ar yi n g t h e r e p etiti o n f a ct or (s e e

T a bl e 6).

2 P ort u g u e s e ( P T) - h t t p s : / / c e n s o 2 0 1 0 . i b g e . g o v . b r / n o m e s / # / r a n k i n g

S p a ni s h ( E S) - h t t p s : / / w w w . e p d a t a . e s / d a t o s / n o m b r e s - a p e l l i d o s - m a s - f r e c u e n t e s - e s p a n a - i n e /

3 7 3

E n gli s h ( E N) - h t t p s : / / w w w . s s a . g o v / c g i - b i n / p o p u l a r n a m e s . c g i

G er m a n ( D E) - h t t p : / / w w w . f i r s t n a m e s g e r m a n y . c o m /

U kr ai ni a n ( U A) - h t t p s : / / c e n s u s . n a m e / u k r a i n i a n - n a m e - d a t a b a s e /

R u s s si a n ( R U) - h t t p s : / / c e n s u s . n a m e / r u s s i a n - n a m e - d a t a b a s e /
3 h t t p s : / / g i t h u b . c o m / g o o g l e / B I G - b e n c h / t r e e / m a i n / b i g b e n c h / b e n c h m a r k _ t a s k s / r e p e a t _ c o p y _

l o g i c

https://censo2010.ibge.gov.br/nomes/#/ranking
https://www.epdata.es/datos/nombres-apellidos-mas-frecuentes-espana-ine/373
https://www.epdata.es/datos/nombres-apellidos-mas-frecuentes-espana-ine/373
https://www.ssa.gov/cgi-bin/popularnames.cgi
http://www.firstnamesgermany.com/
https://census.name/ukrainian-name-database/
https://census.name/russian-name-database/
https://github.com/google/BIG-bench/tree/main/bigbench/benchmark_tasks/repeat_copy_logic
https://github.com/google/BIG-bench/tree/main/bigbench/benchmark_tasks/repeat_copy_logic
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I n p u t T a r g e t L a n g u a g e

R e p e at 4 ti m es " h ell o

w orl d "

h ell o w orl d h ell o w orl d

h ell o w orl d h ell o w orl d

E n glis h

R e p e at t h e w or d d o g 1 0

ti m es, b ut h alf w a y t hr o u g h

als o s a y w o of

d o g d o g d o g d o g d o g w o of

d o g d o g d o g d o g d o g

E n glis h

S a y t h e d a ys of t h e w e e k

b ut o nl y t h e w e e k e n d d a ys,

2 ti m es

S at ur d a y S u n d a y S at ur d a y

S u n d a y

E n glis h

Wi e d er h ol e „ H all o Welt“ 5

M al

h all o w elt h all o w elt h all o

w elt h all o w elt h all o w elt

G er m a n

T a bl e 6: E x a m pl es of i n p ut a n d t ar g et s e q u e n c es of t h e R e p e at C o p y L o gi c t as k.
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4 E x p e ri m e nt al S e t u p

T h e e v al u ati o n of e a c h t as k i n v ol v e d a n al y zi n g r es p o ns es fr o m G P T- 4 ( g pt 4- 0 6 1 3) a n d

Ll a m a- 3 ( Ll a m a- 3. 1- 4 0 5 B-I nstr u ct a n d Ll a m a- 3-i nstr u cti o n- 7 0 B) usi n g gr e e d y d e c o di n g.

We o bs er v e d n o r e p etiti o n iss u es. E a c h t as k w as pr e c e d e d b y a pr e d e fi n e d i nstr u cti o n

( d es cri pti o n of t h e t as k) wit h i n- c o nt e xt e x a m pl es: f o ur f or “ O bj e ct C o u nti n g,” “ Fi n d

I nt ers e cti o n,” a n d “ L ast L ett er C o n c at,” a n d o n e f or “ R e p e at C o p y L o gi c” b e c a us e i n p uts

alr e a d y pr o vi d e d s u ffi ci e nt i nf or m ati o n t o p erf or m t h e t as k. B ot h t h e i nstr u cti o ns a n d

e x a m pl es w er e i n t h e t ar g et l a n g u a g e of t h e e v al u ati o n. F or i nst a n c e, E n glis h t as ks us e d

E n glis h i nstr u cti o ns a n d e x a m pl es (s e e Fi g ur e 1 ( a)). F or t h e i n- c o nt e xt e x a m pl es us e d

d uri n g m o d el e v al u ati o n, w e s el e ct e d s a m pl es c o nt ai n e d i n t h e first bi n, as t h es e c o nt ai n

t h e s m all est l e n gt hs.

We utili z e d t h e e x a ct m at c h as t h e pri m ar y m etri c. T his m etri c is d et er mi n e d b y

di vi di n g t h e n u m b er of c orr e ctl y a ns w er e d e x a m pl es b y t h e t ot al n u m b er of e x a m pl es

e v al u at e d. T h e p er c e nt a g e r a n g e 0- 1 0 0 % is r et ur n e d b y t h e m etri c. T his m et h o d ol o g y is

f urt h er m o di fi e d i n s e cti o n 5. 2, w h er e w e dis c uss t h e i m p a ct of cr oss-l a n g u a g e i n p uts o n

m o d el p erf or m a n c e.

Y o u ar e a a s si st a nt w h o s e
g o al i s < t a s k d e s cri pti o n>

I n str u cti o n

E x a m pl e s

I n p ut: R e p e at 3 ti m e s s c h o ol

O ut p ut: s c h o ol s c h o ol s c h o ol

.....

Y o u ar e a a s si st a nt w h o s e
g o al i s < t a s k d e s cri pti o n>

I n str u cti o n

E x a m pl e s

I n p ut: R e pit a e s c ol a 3 v e z e s

O ut p ut: e s c ol a e s c ol a e s c ol a

E N

I n p ut: Wi e d er h ol e n Si e 3 M al di e
s c h ul e

O ut p ut: s c h ul e  s c h ul e  s c h ul e

P T

D E

E N

E N

( a) ( b)

Fi g ur e 1: Te m pl at e f or e v al u ati o n. B ei n g ( a) I nstr u cti o n a n d e x a m pl es of t as ks i n t h e

t ar g et l a n g u a g e; ( b) I nstr u cti o n i n t h e t ar g et l a n g u a g e a n d m ultili n g u al e x a m pl es.
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5 R e s ul t s

Fi g ur e 2 pr es e nts t h e r es ults o bt ai n e d vi a G P T- 4 i n t h e t ar g et t as ks a n d l a n g u a g es.

O v er all, t h er e is a gr a d u al d e cli n e i n t h e p erf or m a n c e of l a n g u a g e m o d els a cr oss t as ks as

c o m pl e xit y i n cr e as es, as m e as ur e d b y t h e n u m b er of k e y e ntiti es i n t h e i n p ut s e q u e n c e.

F or i nst a n c e, i n t h e “ O bj e ct C o u nti n g” t as k, w h e n pr es e nt e d wit h i n p uts c o nt ai ni n g 1

t o 7 o bj e cts, t h e m o d el a c hi e v e a p pr o xi m at el y 1 0 0 % a c c ur a c y. H o w e v er, t h eir a c c ur a c y

dr o ps b el o w 5 0 % w h e n c o nfr o nt e d wit h s e q u e n c es wit h 1 2 t o 1 7 o bj e cts. T his b e h a vi or

is r e fl e ct e d i n t h e t ar g et l a n g u a g es as w ell, all of w hi c h pr es e nt a l oss of m or e t h a n 5 0 %

w h e n d e ali n g wit h m or e c o m pl e x i n p ut s e q u e n c es.

O bj e ct C o u nti n g

L a st L ett er C o n c at e n ati o n R e p e at C o p y L o gi c

Li st I nt er s e cti o n

3 3

4 2

2 7

1 6

2 0

1 8

4 2

1 6

1 6

3 0

2 8
1 2

A
c
c

ur
a
c
y 

(
%)

1 4. 6

1 6

2 3. 3

Fi g ur e 2: G P T- 4 p erf or m a n c e i n t h e M Liss ar d.

We als o o bs er v e d c o nsi d er a bl e v ari a bilit y i n p erf or m a n c e b et w e e n l a n g u a g es d e p e n d-

i n g o n t h e s p e ci fi c t as k. F or i nst a n c e, di ff er e n c es r a n gi n g fr o m 2. 4 t o 4 2 p oi nts ar e o bs er v e d

i n t h e i nt er m e di at e bi ns f or t as ks s u c h as “ L ast L ett er C o n c at e n ati o n” a n d “ R e p e at C o p y

L o gi c”. T h es e v ari ati o ns ar e i ntri g ui n g as t h er e d o es n’t a p p e ar t o b e a g e n er al l a n g u a g e

pr ef er e n c e. F or e x a m pl e, i n t h e “ L ast L ett er C o n c at e n ati o n” t as k, G er m a n, P ort u g u es e,

a n d S p a nis h o ut p erf or m R ussi a n b y a m ar gi n of 4 2. 6 p oi nts i n t h e 1 5- 2 2 bi n. C o n v ers el y,

i n t h e “ R e p e at C o p y L o gi c” t as k, R ussi a n o ut p erf or ms P ort u g u es e b y 4 2. 5 p oi nts.

C o ntr ar y t o t h e g e n er al tr e n d o bs er v e d i n st u di es of m ultili n g u al m o d els, E n glis h

di d n ot e x hi bit e x c e pti o n al p erf or m a n c e c o m p ar e d t o ot h er l a n g u a g es. I n f a ct, e x c e pt f or
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t h e “ List I nt ers e cti o n” t as k, E n glis h c o nsist e ntl y d e m o nstr at e d a v er a g e or b el o w- a v er a g e

a c c ur a c y a cr oss bi ns. T his p att er n m a y b e attri b ut e d t o t h e n at ur e of t h e M Liss ar d t as ks,

w hi c h pri oriti z e r e as o ni n g a n d m e m ori z ati o n f or e xtr a p ol ati o n o v er a d v a n c e d l a n g u a g e

k n o wl e d g e.

T h e i ntri nsi c n at ur e of t h e t as ks als o si g ni fi c a ntl y i m p a cts g e n er ali z ati o n p erf or m a n c e.

As d e m o nstr at e d i n T a bl e 7, G P T- 4 h as gr e at er di ffi c ult y e x e c uti n g t h e “ List I nt ers e cti o n”

a n d “ R e p e at C o p y L o gi c” t as ks. I n t h e “ List I nt ers e cti o n” t as k, t h e m o d el a c hi e v es l ess

t h a n 1 0 % a c c ur a c y i n bi ns 3 a n d 4. I n t h e “ R e p e at C o p y L o gi c” t as k, a c c ur a c y dr o ps

t o b el o w 2 5 % i n t h e s a m e bi ns. B ot h t as ks r e q uir e e xt e nsi v e m e m ori z ati o n a n d st at e

tr a c ki n g. We h y p ot h esi z e t h at t h es e c h all e n g es, al o n g wit h t h e i n cr e as e d s e nt e n c e l e n gt h,

h a v e i n fl u e n c e d t h e o bs er v e d p erf or m a n c e o ut c o m es.

R e g ar di n g t h e p erf or m a n c e of o p e n-s o ur c e m o d els i n t h e M Liss ar d b e n c h m ar k, Fi g-

ur e 3 ill ustr at es t h at b ot h m o d els p erf or m e d si mil arl y i n bi n 1, wit h a c c ur a c y p oi nts

r a n gi n g b et w e e n 7 0 a n d 1 0 0. H o w e v er, as t as k c o m pl e xit y i n cr e as e d fr o m bi n 2 o n w ar ds,

di ff er e n c es i n p erf or m a n c e st o o d o ut. E x c e pt f or t h e " R e p e at C o p y L o gi c " t as k, G P T- 4

o ut p erf or m e d Ll a m a- 3. 1- 4 0 5 B b y 5 t o 6 0 a c c ur a c y p oi nts (s e e T a bl e 7).

L a st L ett er C o n c at e n ati o n

O bj e ct C o u nti n g

A
c
c

ur
a
c
y 

(
%)

R e p e at C o p y L o gi c

Li st I nt er s e cti o n

Fi g ur e 3: C o m p aris o n of Ll a m a- 3. 1- 4 0 5 B vs. G P T- 4 p erf or m a n c e i n t h e M Liss ar d B e n c h-

m ar k

O n t h e ot h er h a n d, i n t h e “ R e p e at C o p y L o gi c” t as k, t h er e is a r e v ers e c o m p aris o n,

w h er e Ll a m a- 3. 1- 4 0 5 B o ut p erf or ms G P T- 4 i n all bi ns, wit h t h e di ff er e n c e r a n gi n g fr o m 9
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p oi nts t o 1 6 p oi nts of a c c ur a c y.

I n r el ati o n t o l a n g u a g e pr ef er e n c e b e h a vi or, b ot h t h e Ll a m a- 3. 1- 4 0 5 B a n d G P T- 4

m o d els e x hi bit si mil ar t as k- d e p e n d e nt v ari ati o ns. Ll a m a- 3. 1- 4 0 5 B d e m o nstr at es m or e

c o nsist e nt p erf or m a n c e a cr oss P ort u g u es e, G er m a n, a n d E n glis h.

T a s k Bi n 1 Bi n 2 Bi n 3 Bi n 4

Ll a m a  G P T- 4 Ll a m a  G P T- 4 Ll a m a G P T- 4 Ll a m a  G P T- 4

O C 1 0 0. 0 1 0 0. 0 5 7. 9 6 3. 3 0. 8 5 3 8. 6 0. 7 0 2 4. 6

LI 8 5. 9 7 6. 6 2 5. 9 2 9. 1 0. 6 0 7. 7 0 0. 1 5 4. 2

L L C 9 5. 3 1 0 0. 0 4 8. 6 8 5. 8 0. 4 0 6 0. 6 0. 0 1 5. 9

R C L 8 2. 6 7 3. 3 5 7. 3 4 1. 3 3 3. 3 2 4. 0 1 5. 3 0. 4 0

A V G 9 0. 9 8 7. 4 4 7. 4 5 4. 8 8. 7 3 2. 7 3. 5 1 1. 2

T a bl e 7: T h e a v er a g e a c c ur a c y f or e a c h l a n g u a g e a cr oss t h e t as ks of O bj e ct C o u nti n g

( O C), List I nt ers e cti o n ( LI), L ast L ett er C o n c at e n ati o n ( L L C), a n d R e p e at C o p y L o gi c

( R C L) is pr es e nt e d. We c o m p ar e t h e p erf or m a n c e of t w o m o d els: Ll a m a- 3. 1- 4 0 5 B a n d

G P T- 4, wit h t h e b est r es ults hi g hli g ht e d i n b ol d.

5. 1 I m p a c t of m o d el si z e

T h e Ll a m a- 3. 1- 4 0 5 B m o d el a c hi e v e d st at e- of-t h e- art r es ults i n g e n er al N L P t as k

b e n c h m ar ks c o m p ar e d t o t h e Ll a m a- 3- 7 0 B m o d el. We i n v esti g at e d w h et h er t his p er-

f or m a n c e tr e n d is als o e vi d e nt i n t h e M Liss ar d b e n c h m ar ks, es p e ci all y i n r el ati o n t o t h e

c o m pl e xit y i n di c at e d b y t h e bi ns.

T a bl e 8 c o m p ar es t h e a v er a g e p erf or m a n c e of e a c h bi n (f or all M Liss ar d t as ks) usi n g

t h e Ll a m a- 3. 1- 4 0 5 B a n d Ll a m a- 3- 7 0 B m o d els. As e x p e ct e d, Ll a m a- 3. 1- 4 0 5 B si g ni fi c a ntl y

o ut p erf or ms Ll a m a- 3- 7 0 B a cr oss all l a n g u a g es a n d c o m pl e xit y bi ns. T h e l ar g est di ff er-

e n c es b et w e e n t h e m o d els o c c ur i n bi ns 1 a n d 2, wit h p erf or m a n c e g a ps r a n gi n g fr o m 1 6

t o 4 3 p oi nts. I n c o ntr ast, f or bi ns 3 a n d 4, w hi c h i n v ol v e m or e c o m pl e x t as ks, t h e p erf or-

m a n c e i m pr o v e m e nt is l ess pr o n o u n c e d, wit h v ari ati o ns r a n gi n g fr o m 0. 3 t o 1 1 p oi nts. T his

s u g g ests t h at Ll a m a- 3. 1- 4 0 5 B, li k e t h e 7 0 B v ersi o n, als o str u g gl es wit h l o n g s e q u e n c es.

5. 2 C a n c r o s s l a n g u a g e i m p r o v e e x t r a p ol a ti o n p e rf o r m a n c e ?

We ai m t o e x a mi n e t h e i m p a ct o n e xtr a p ol ati o n p erf or m a n c e b y f o c usi n g o n t w o c o m-

p o n e nts: 1) pr o vi di n g i nstr u cti o ns i n a di ff er e nt l a n g u a g e t h a n t h e t ar g et l a n g u a g e, a n d

2) usi n g mi x e d-l a n g u a g e f e w-s h ot e x a m pl es (s e e Fi g ur e 1 - ( b)). F or t h e t est wit h mi x e d

l a n g u a g es, w e us e d e x a m pl es i n P ort u g u es e, G er m a n, U kr ai ni a n, a n d E n glis h. T h es e l a n-

g u a g es s h o w e d gr e at er p erf or m a n c e i n M Liss ar d wit h t h e d ef a ult pr o m pt; t h er ef or e, w e
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L a n g Bi n 1 Bi n 2 Bi n 3 Bi n 4

7 0 B 4 0 5 B 7 0 B 4 0 5 B 7 0 B 4 0 5 B 7 0 B 4 0 5 B

E N 7 0. 6 8 9. 9 1 8. 6 4 8. 0 0. 1 5 0. 7 5 0. 0 0. 1 5

P T 7 9. 3 9 6. 6 2 3. 9 6 3. 3 0. 0 1 1. 3 0. 0 6. 1

E S 7 3. 9 9 2. 6 1 6. 6 5 9. 9 0. 1 5. 7 0. 0 6. 5

D E 7 4. 6 9 1. 3 1 6. 8 5 1. 3 0. 0 5 8. 3 0. 0 0. 3

R U 6 0. 6 8 7. 9 1 2. 2 3 7. 9 0. 0 0. 8 0. 0 0. 6

U A 5 5. 3 8 6. 6 1 0. 7 3 3. 9 0. 0 0. 5 0. 0 0. 4

T a bl e 8: A v er a g e a c c ur a c y a cr oss all M Liss ar d t as ks w as c o m p ar e d b et w e e n t h e Ll a m a-

3- 7 0 B a n d Ll a m a- 3. 1- 4 0 5 B m o d els.

w o ul d li k e t o t est if mi xi n g t h e m c a n i n cr e as e t h e e xtr a p ol ati o n p erf or m a n c e i n g e n er al

l a n g u a g es. F or t h e " R e p e at C o p y L o gi c " t as k, w e pr o vi d e d t w o c o nt e xt u ali z e d e x a m pl es

( E n glis h a n d U kr ai ni a n), w hil e f or t h e ot h er t as ks, w e pr o vi d e d f o ur e x a m pl es.

We c o n d u ct e d a bl ati o n t ests o n all t as ks i n t h e M Liss ar d d at as et usi n g t h e G P T- 4

m o d el. F or c o m p ar ati v e p ur p os es, w e f o c us e d o n t h e l a n g u a g es t h at a c hi e v e d t h e hi g h est

a n d l o w est p erf or m a n c e i n e a c h t as k. We t h e n c o m p ar e d t h es e r es ults wit h t h e b as eli n e

( b ot h i nstr u cti o ns a n d e x a m pl es i n t h e s a m e l a n g u a g e).

Fi g ur e 4 pr es e nts t h e e x p eri m e nt al r es ults f or e a c h t as k. As s h o w n i n t h e r es ults, w h e n

w e g a v e pr o m pts i n a l a n g u a g e di ff er e nt fr o m t h e t est s et, a c c ur a c y d e cli n e d b y a n a v er a g e

of 2. 3 p er c e nt a g e p oi nts. H o w e v er, w h e n w e k e pt i nstr u cti o ns i n t h e t est t ar g et l a n g u a g e

b ut i n cl u d e d p ar a p hr as e d e x a m pl es c o nt e xt u ali z e d i n m ulti pl e l a n g u a g es, p erf or m a n c e

i m pr o v e d b y a n a v er a g e of 6. 2 5 p er c e nt a g e p oi nts. T his i m pr o v e m e nt r a n g e d fr o m 2

p oi nts i n t h e " List I nt ers e cti o n " t as k t o 1 7 p oi nts i n t h e " L ast L ett er C o n c at e n ati o n "

t as k a n d r e m ai n e d c o nsist e nt a cr oss all e v al u at e d l a n g u a g es. T h es e fi n di n gs i n di c at e t h at

c o nt e xt u al e x a m pl es i n m ulti pl e l a n g u a g es c a n i m pr o v e t h e q u alit y of e xtr a p ol ati o n.
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O bj e ct C o u nti n g

L a st L ett er C o n c at e n ati o n

Li st I nt er s e cti o n

R e p e at C o p y L o gi c

T e st s et:
U kr ai n e ( U A)

T e st s et:
E n gli s h ( E N)

Fi g ur e 4: A v er a g e a c c ur a c y c o nsi d eri n g all bi ns. Si n c e ( 1) B as eli n e - B ot h t h e i nstr u cti o n

a n d t h e e x a m pl es d eri v e fr o m t h e s a m e t ar g et l a n g u a g e; ( 2) i nstr u cti o n i n t h e l a n g u a g e

t h at p erf or m e d b ett er or w ors e a n d a e x a m pl es i n t h e t ar g et l a n g u a g e; ( 3) I nstr u cti o n i n

t ar g et l a n g u a g e a n d m ultili n g u al e x a m pl es.
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6 C o n cl u si o n

T his m ast er’s t h esis i ntr o d u c es a m ultili n g u al b e n c h m ar k t o e v al u at e t h e a bilit y of

l a n g u a g e m o d els t o d e al wit h l o n g t e xts a cr oss l a n g u a g es. O ur a p pr o a c h disti n g uis h es

its elf fr o m e xisti n g b e n c h m ar ks t hr o u g h t h e i ntr o d u cti o n of a c o ntr ol m e c h a nis m, w hi c h

w e r ef er t o as " k e y e ntiti es. " T his m e c h a nis m e n a bl es us t o s yst e m ati c all y i n cr e as e t as k

c o m pl e xit y i n t a n d e m wit h s e q u e n c e l e n gt h. F urt h er m or e, t h e a bilit y t o s ol v e t h es e t as ks

is pr e di c at e d o n t h e r e p e at e d a p pli c ati o n of si m pl e r ul es, pr o vi di n g m or e c o ntr ol a n d

e n a bli n g a d et ail e d a n al ysis of m o d el p erf or m a n c e i n r el ati o n t o t h e fr e q u e n c y of r ul e

a p pli c ati o n. T his c o ntr asts wit h b e n c h m ar ks t h at r el y o n l e n gt h y n at ur al l a n g u a g e t e xts,

w h er e t h e r el ati o ns hi p b et w e e n t e xt l e n gt h a n d t as k di ffi c ult y m a y b e c o m e o bs c ur e d.

D es pit e t h e a p p ar e nt si m pli cit y of t h es e t as ks, t h e y r e v e al si g ni fi c a nt li mit ati o ns i n st at e-

of-t h e- art L L Ms c o n c er ni n g t h e pr o c essi n g a n d g e n er ati o n of t e xt as l e n gt hs i n cr e as e.

O ur fi n di n gs i n di c at e t h at l a n g u a g e a n d m o d el si z e si g ni fi c a ntl y a ff e ct e xtr a p ol ati o n r e-

s ults. M or e o v er, i n cl u di n g i n- c o nt e xt e x a m pl es i n m ulti pl e l a n g u a g es i m pr o v es M Liss ar d’s

g e n er ali z ati o n p erf or m a n c e.

6. 1 Li mi t a ti o n s

O ur e v al u ati o ns w er e c o n d u ct e d o n a s et of si x l a n g u a g es, t h er ef or e, t h e fi n di n gs

of t his w or k m a y n ot n e c ess aril y e xt e n d t o ot h er l a n g u a g es, p arti c ul arl y l o w-r es o ur c e

o n es. A d diti o n all y, w e s ol el y e m pl o y e d a st a n d ar d pr o m pt st yl e f or o ur e v al u ati o ns,

a n d t h e p erf or m a n c e wit h m or e s o p histi c at e d t e c h ni q u es, s u c h as c h ai n- of-t h o u g ht ( C o T)

pr o m pti n g, r e m ai ns t o b e i n v esti g at e d. Fi n all y, gi v e n t h e li mit ati o n of o ur st u d y t o t w o

m o d els ( G P T- 4 a n d Ll a m a- 3), t h e r es ults m a y n ot g e n er ali z e t o ot h er L L Ms.
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