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Reasoning in language models

My Handwriting In Exams

Middle pages

Last two pages

erageRunt imeInSeconds{runs
totalTime int
failedRuns int
run runs {
run.Failed {
failedRuns+

} else {

totalTime +» run,7

}

)

averageRunt ime flostba(totalTine)

averageRunt ime

@ Powerfuland

- You ee’rheworld

as you are!

GitHub CePilot

float64(len(runs) failedRuns)

practicallyiseful.

Capabilities and limitations?

Yes, | can help you with binary addition! Binary numbers use

base 2, which means there are only two digits: 0 and 1. To add

X

So, the final result is:

) Copy code

111013011

@ Unreliablewith incorrect answers.



Agenda

vY | 2@ QIVEFRSE & & dzOK | a a¢SNIdySayFu2ANM S N
NEI azyaA y 3 K
Formalizing wittautomata: A Capabilities in theorly

ﬁ | ﬁ l% ] lzJ& A Solutions found in practice

TL:DRTransformers reason widhallow solutions
with computational advantages but statistical issues.



Formalizing reasoning

Transitions of

t I NB& Srier, | discrete state machines
execute symbolic S

Retrieve, Search computations*

@ X X

parity
toggle
An on-off switch is off.
(actions:  toggle or not) o Off
Now the swiZ2ch |is
: no-op no-op

toggle



Formalizing reasoning

Transitions of

Parse, LY TSNE finite state machines
execute symbolic
Retrieve, Search computations* £
@ X X
An on - off switch is off. 00010011 example @mu -
(actions: toggle or not) +10100110 // / %Z iﬁ
Now the switch is ?. 10111001 @la-zA-20-9 +-]1 ' %g (/dixdiﬁ“lzhmn

Parity I RRAUA2Y  Regular expressions Bounded nested brackets



Formalizing reasoning

Transitions of
> ARS NI}Iy38a 2F NBF A2 ny"Vétate’”]acm[‘es

finite-state automata—~ regular languages

An eoonf f switch is of f00010011 example @mu :E (djv:dilvi-UD
(actons: toggle or noy * 10100110 // / : s
19 <li></1i>
Now the switch is 2. 10111001 @ 2n 706 + 10| 2 _(/di:idiii“l’
Parity Addition Regular expressions Bounded nested brackets



Formalizing reasoning with automata

(Ohh ) 1@ h)

states inputs G NJ yaidaiz2y@ isfinite)

parity counter 0 0 1-bit memory unit 1. Lo,

Q = {even, odd} @ 1 @ O=1{& ¢} ‘i/é

> ={0,1)} 1 2 = {0,,0,, 1} <i) Gy
(no-op)

(will reappear later)

Task:modeling the dynamics of .



 (ORA)

states, inputs, transitions

Task: Simulating automata

Simulating : learn aseq2seq functiofor sequence lengthy
Alnput=, h, Eh ¢ ) output=n M EE M ~ O



Architecture choices

wbb

sequentialacross positions
Natural for; 1M h, )

Yt Y1 Y2 yr
RNN = RNN > RNN -« —> RNN
i
Xt X1 X2 xT
positions

Transformer

parallelacross positions
aSljdzSYyuaAalt | ONRaa

Y1 Y2 Y3 Jr
A ? A‘ A
layer L |
: = layers
layer 1
il t t
X1 X2 X3 Xr \

X1 X2 X3 X4 Xg

Typically L Y



' (ORA)

states, inputs, transitions

Task: Simulating automata

Simulating : learn aseq2seq functiofor sequence lengthy
Alnput=, h, Eh ¢ ) output=n M EE M ~ O

Note: more than 1 way to simulate . { K2 NJXi Odz

0 0 Iterative solution Parallel solution
6 @@ (@ () Z 0=1
parity counter (a) () (o) (o) (1) (o) (&) (&) (&
y

Gwbb &d2fdziA2yHéEE NI YAT2NYSN a2
¥ Not shortcut Shortcut

12



Transformers learn shortcut to automata

Q: How models such as Transformers perfesr reasoning?

¢ K S 2 NISEIKA 20N T2F izt A 2 y Bmpirically

AHow short can the shortcuts be? ACan shortcuts be found?

A Measured by network depth. Als theory predictive?

AWhat structure/properties are AWhat are the empirical solutions?
needed? A Same as the constructions?

ies?
A Tools: group theorrohnRhodes. AProperties’



Solutions of Reasoning

# steps =Y #stepsH | 1°C # steps Fg ¢ p
definition of]

= e e = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e M mm e e e e M M e e e Em e e e e e Em M e e e e Em M e e m e m M e e e m e e e e e e e e e e

I/?/ ( shortcuts )
SHE

iterative state emulation T

- - - - - - - - ———— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Em e e e e e Ee e e e e e mm e e e e M M e e e e e e e e e e e M e e e e e e e e e e e e e e e e



0 1 1"Csteps g b
Goal computery  ( ZE = ) R O8N YO
1 (h)do © 0
function matrix composition multiplication
u 1@ [P ’pT
R [

parity counter

15



5 ' (GRADR
? U LJa n 10 h).

Goal computery (| (ih, )2E 2] (ih, )) R O8N YO

1 (th,)do © 0
function matrix composition multiplication
associativity
u 1 (thm) 1PT g | | .
_{{gv?}l ,odd} \ o) g % L6d T

parity counter i dd-d- -

16



Can we usé | ["Clayers?

We already have positive results. n B )il A

AParity: only need toount#1s. f
() (o) @ @

| 2dzy (A Y30 HENAZF dfyRWE 2 Y O@)Y LIB BNEID2 vV Y

How abouthon-commutativecompositions?

Decomposition

17




0(|0| ) steps: decomposition

| AARSYNAQPAzNB O2 Y AT A 13z @k Aadeg®E NILIF G O S NY &

Matching? 1. tracing the cells 2.shortcutviadecompositiorfcolor)
one by onegR (fewer sequential stepsfl)

T, . FXECHOE
. - EXELHOE

18



5S02YLI2aAldA2yY OIF N 2Vv |

e

U p layer each

0 {& &) {mpkfo},t ORNINY! L O
n (& ,0, 4 OODOOY VoA ?

A Direction =parity (sum)f Y.
A Position =signed sunmod 4 : sign = parity oY, }
O0O0YO OYYO
Parity: -1 1-1-1°0 ¢
Signedsumil 1 1 0 -1 -1 100

19



Decomposition: general g KO tNE 68 RSO2Y

Transformatiomgroup > (" ) h § (th,) D, ¥ +} under composition.

@ 3+
142 . ®

Recall group axioms «s=e«e s

00 00 00 O
01 11 00 I

AAssociativity(Ot @)t Ot (ot ALy OERE Sotd Q& RSy i A G

0 0
Cs .
| () p) @ Product (/G\ @2\ )
O = {even, odd} K@J 3 /

~={0,1}

parity counter (mod 2) cyclic groupo

20



DeCOmpOS|t|On general Group: associative + invertible

Transformatiomgroup > (" ) h § (th,) D, ¥ +} under composition.

Gt NAYS FlLOU2NAT FOGA2yEé F2NJ ANRdAzLIA Y
'O 'O WO E WO (Jordan &Holde)

A0 isad ¥ QinerNE of 0. ) .
¢ 011G
i N Product (/(D\ 4 > )
A0 TOI NB A&yLAxAGYSSNg | é ) \@/ 3 /

a{2f @66

21



DeCO m pOS Itl on. ge ne ral Group: associativeinvertible

Transformatiomgroup > (" ) h § (th,) D, ¥ +} under composition.

Invertible:dt® wtw ‘Q(identity)

0
_{Q o singular® no inverse

= {Cg, 0y, 1}

1-bit memory unit



DeCOmpOS|t|On general Semigroup: associative (+ identity)

Transformatiorsemigroupd ' ) h { (th,) D, M 1} under composition.

Invertible:®t @ wtd® ‘Qidentity) Semiroup: associativity only

@ N/é*) A [” X W2 NRIF iyt B§'N

0
_{* o) singular® no inverse

= (040 L KrohrRhodes

1-bit memory unit

23



0(|0| ) steps: decomposition

O2yaiGN}AY (GKS (& LIS 27T #acers (2N ¢

X

KrohnRhodessolvable decomposes int@ types of factors

0 0 sum(z;.¢) mod p 1,04 1,0, | | ¢

@ 1 @ LA o4 4 4 T . t
T IR Ry P RUR O P A

mod counter uniformattention YSY2NE dzy/ A (i sparseattention

Each representable by 1 Transformer layer
bglding $AGK homo fl&@SNER odzaAy3d a[tod

24



Solutions of Reasoning

| adsLa T #stepsH | 1°C # steps D (|0] )
definition of] associativity algebraic structure
A

@

Krohn-Rhodes decompositiorﬁ*

NELINSEASYUSR o0& wbba represented by Transformers

000 @)

iterative state emulation Ty

|}
for all* for solvable'



Simulating in practice

19 automata

0 0

d

01101100 O=0

-

\_

~
Can shortcuts be
found?

J

=
01001000

Transformer
with standard training

26



- aK2NU Odzia 06S..f.SI Ny

Transformer depth

10 11 12 13 14 15 16

Yes, across 19 automata & 16 depths. AR 1 B Ty P B iy P By P o B
Gridworld e -

Gridg 922 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

-
[N
w
IS
w
o
~
@
©

-3

9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

A Shortcuts are found.

C: 99.8 999 100 100 99.5 100 99.7 100 100 100 100 100 100 100 100

923 | 842 999 | 997 999 100 100 100 100 100 100 100 100 100 100

A5 SSLISNI TFIoOvMiz2NI® 1£liens

CyCIIC gro s G 89.0 991 999 100 100 100 100 100 100 100 100 100 100 100 100 100

o

Ce 98.7 999 995 99.9 99.9 100 100 100 99.8 99.9 100 99.8 99.9 99.9
A Open challenges: e
p g . ¢/ 909 950 999 999 100 999 100 100 100 100 100 998 100 100 100 100 =
—
Ce 962 998 998 | 999 | 100 | 935 999 100 09.4 009 009 | 909 100 999 900 &
ags . . ? 3
A Stablllze tra” l“ lg 1 C 905 988 999 100 100 99.9 100 100 998 99.9 100 100 100 100 100 100 Q
—*
c 999 97.9 100 998 982 999 100 100 919 959 917 906 875 806 (O
. -

Interpret the solutions? :

H
Ds 100 100 100 100 100 100 100
.
| .G d Id Qs 100 100 100 100 100 100 100
examplesrawor

As 991 998 100 997 100 100 100

As 100 100 100 100 100 100 100

Non-solvable group:-

S5 948 902 972 993 991 99.9 99.9

27



LY U SNBENB &K ¥ BI R

ldgridworld 0  phchoit ,+  {L R}

L R
R R R L s ey
L L L . o o o

2 boundaries L R L L R R R R L L

D" A AL o IRVAE 2D
\ O A | y 4= | &

Pa T X
y y < — /

\



(V4

L p layer formm

Puzzledesign a parallel algorithm to compute, ™ 1 4 .

AHint: boundary detecticrno boundary = prefix sum.

Transformers find boundarie«” E -layer

FGGSYyGAR2Y K& §yvrT®ey

oDt ¢ az2f OSREKA A 50 P2 NE dza
%
. 8
O algorithm extracted -
&
5
*Caution challengesf interpreting Oy lighter
attention maps [WIR NeurlPS23] — more attention h

»
»

Previous positions

Right boundary

29



Simulating in practice

19 automata

0 0
d el A g Transformer
01101100 01001000 — with standard training

V4
]

QalzisBOuD:Distribution?

30



Problems with shortcuts?

Flipflop: A simple task where Transformers struggleadwdistribution (OOD).
better

1-bit memory unit 1., o,

t ¢+t ¢ t t
={*-’} ‘:ﬁ /&
Y= {0,,0,, 1 Cﬂ> Oa

QLL

10-14 |

102 E

%%

St OK [ 2’§f
I MNXlzy

§}*

1073 4

Attention glitchesimperfect retrieval.
A Inherent limitations of attention.
A Potential contributor to hallucination.

10— E

1 % baseline Transformer
_ % other Transformers
1 % 1l-layer LSTM

1‘-

10-3

0.0.d. test error on FFL(0.98) (sparse tail)

Mitigation: No perfect mitigations

A unless introducintpngtailed data
also in prior work, e.g. primingdlasset al. 23]

~0 10~ 104 10~ 10-2 10!  10°
0.0.d. test error on FFL(0.1) (dense tail)

LAGKZ23ENeurlPS23, spotlight]

31



FlipFlop Language Modeling (FFLM)

Ci@fL2 L) [ bZ8HzH IS & S|j dzS yw S 4dzS2 FLI AAYNSBEUIIN Tz
AoA V& U NHzO a1 NEif & W &
AHO| | dBMETY JSIKSOY@RUdz6 STAKS @®F YS | a
w1l W
X
Task predict values following(i.e. locate the most recem
wl

o o Why FFLM?
AAn atomic unit underlying

reasoning tasks [LAGKZ23a].
Distributions:FFI ): ) n —. A Simple yet interesting.



test error

CCJ| a

Train: FFL(0.8)

wS & dzf o

Test: FFL(0.9X%
1l-layer LSTM
100 4 o :
] — in-distribution
1 Y |— 0.0.d.: FFL(0.98)
10_1'5
10-2-;
10-3-;
10-4-;
0 1(I)0 2(I)0 3(50 460

training iterations

500

V4

a

Attention glitches

Transformers (20X more data & steps)

a LJI I\J]h2§dima-head 2L 256-dim 8-head 4L 256-dim 2-head 4L 512-dim 8-head

-

- ~
-1 | e ! _ \h S i \ 7
e ‘ 1 \ | o e 1
| o i
—— in-distr “L\\»\_ \\ |} i
1072 — o.0.d. T S| i [ ‘ ') i | ?-] l-
—— (LSTM) ‘ ‘ Lo
1 1 1 T 1 T “l 1 ‘ll 1 1 Iu 1 T
6L 512-dim 2-head 6L 512-dim 8-head 8L 1024-dim 2-head 8L 1024-dim 8-head
10_1 b ‘\‘l L et E x . “a.‘ N
\ s b T e
W Ty \C
10-3 “\ \ N ! |
\ ‘ ‘ )\\
T l 1 ' 1 T < |‘" T T 1 T
0 5K 10K 0 5K 10K 0 5K 10K

training iterations

33



Attention Glitches FFL{)

1-layer LSTM 6L 512-dim 8-head

Def:imperfect hard retrieva e =

1071 4

(R1)Transformers exhibit a long tail of errors;*’

034

(R2)1-layer LSTMs extrapolgerfectly

0 5K 10K

y [ ~ —4 -~ r ¥ o -« 0 ~
ooum nra Oyt & dzNIly3dz2 HSt a SISVIVIVIVIVIVIVIVIVEVEVEVEVEY,

y2u NRBOdzaud SAUKSHN ower is betier

d 1071
w0 w1l r ? .
- - using 1 leAl6 prompt

Alice turns the light off. 2 e GPT-NeoX 20B

Then, Bob eats an apple. 8 1072 —>— Pythia 12B

Then, Bob eats a banana. 4 —— GPT-2 1.5B 1

Then, Alice turns the light on. = GPT-2 774M

Then, Bob eats a banana. 10-3 GPT-2 117M

Then, Bob eats an apple. 10 50 100 150 200

N he light i
ow, the light is Sequence length



What causes glitching attentions?  caios

Not because of limitation on representation poweable witl2-layer thead.

Diluted soft attentioncaused by more items in tiseftmax

&

APointed out in prior workdahn 20, Chiang &holak2?2].

APossible mitigation: scaling the logits (e.d. By ¥, hard attention.

35



What causes glitching attentions? e

Not because of limitation on representation powerable wit2-layer thead.

Diluted soft attentionmore items in thesoftmax scaling, hard attention.
O failure ondensersequences (mong

WrongargmaX KIF NR | GdGSy (A2 g2NJ P

Unlikely to precisely meet a necessary condition
for linear positional encoding.

Current position™<

O failure onsparseisequences (feweay

Previous positions

36



Mitigations to attention glitches

No perfect mitigations,

ALY O2 NLI2 NI G Ay 3 diess R G §xe@pt for OOD data.
LRSFf b2t deh’52yA 44dzS AF SUSNBRUOUKAY I Aa

A y. IVQ A a [,YN-.?\ 0 dZL,J A2 y. H Extrapolation of models trained on FFL(0.8)
AResource scaling: larger, train for longer. 2., |
Fresh sample® better coverage LN
AStandard regularization indirect
e.g. weight decay, dropout, position encoding. & x baseie Tanstomer
'g: 1 + 1-layer LSTM
AAttention-sharpening lossesiropy, /bh /)  ° -of *

=0 10 10 10 102 10!  10°
0.0.d. test error on FFL(0.1) (dense tail)



Attention glitches: no perfect mitigations

5SYyi&lSGr NAR ¥

baseline scale data/compute
10° 10°
e - x b
nm .-
10-2 A ‘v 10-2 A x g BalX
P " % S Et e -
:-:;- % o -2 “
o x
1074 1 104 1 )
»
x
= = 0 x ® X
T T T T T T
=0 107% 1072 10" =0 107 1072 100
scale model size optimizer
o o
10 10
——
102 1 102 o
107 1 107
=0+ =01

0 107* 1072 10

0  107* 1072 10

A o

regularization

AN

FNMISRRZ2Y AY

architecture

100 10°
1072 1 1072 - o
1074 A 1074
= 0 =0 1
=0 10% 1072 10° =0 1074 102 10°
arch + reg + sharpen
100 100 z
1072 4 1072 A
1074 1074
=0 =0 1

Vo

ion of modelsgned on FFL

1 Ko

ExXtrapolat
]
# ¥ %
107! 4 §
§
¥
1072 4
10-3 4
10744
x baseline Transformer
baseline median
x scale data/compute
x scale model size
x optimizer
107°{ x regularization
x architecture
X attn sharpening
x arch + reg + sharpen
< _1-layer LSTM
=0 - *
=0 10-5

LSTM

1074

103

T
10°

38




OOD failureg the 2 atomic units

A Flipflop© sparseattention

!
_—

L 4 L

Attention: FlipFlop Language Modeling

A Parity© uniformattention

sum(z;.¢) mod p

!

= /

41 <9 43 24 <5 <Zg <7 <Y
MLP: 3 (B, ,)I T A&
@)
Memorized® fail at unsee B, , ).

Solution periodic activatione.g.O Ecb .


https://arxiv.org/abs/2009.11848

Empirical results

19 automata

0 0
d A Transformer
OllO]EfgllOO @ 11 @ 010016%00 — with standard training
4 YA 4 )
[ Iy a K2 N QazisaOuOFDistribution? Any fixes?
6S T2dzyRK
\_ / \- /

Computational shortcutexist, but practicadtatistical shortcutare brittle.

©



Autoregressive mode of Transformers

Fix to OODterative/autoregressiveolutions: usé  as inputs.

Scratchpad n 1A h
OUtpUt: r,] 1 Y2 Yn-1 Yn
* *
Transformer x b 2 (i
Vo | ) 1) % % %
|npUt - Yo X1 V1 X2 Xn-1 | Yn-1 Xn
\/

N

No longer paralledcross positions

a K2 NI C

41



Autoregressive mode of Transformers

o =
© o

o
o)

C> Accuracy

—— GPT —— LSTM Scratchpad
10 ......................... 1.0 ---------------------------------
S i
(@)
©
0.9 S 0.9
o
(@)
<L
0.8 08
| 1 D
005 025 050 075 095%7 59 40 60 80 100 120 0.7—55"20 60 80 100 120
Prio=1] Sequence Length Sequence Length

Transformers generalize, when made autoregressivesaittichpadiye et al. 22].

O Can we learshortcuts that generaliZeX | G 0 Sy oA 2y 3If A00KSaA



Transformers Learn Shortcuts to Automata

Parallel solutions to sequential reasoning problems.

AC KSZMB W & T2 NX¥SNH S6SANEENG 6 dzii ™
Al £ O T°E | & S NIk Yy Ay dj dESNID 8:;@

Al B2 t BIY6SB)t I e BNEWKK2 RSA ¢ KS2 NE

AEmpirical studyshortcuts can be found in practice.
ABenefit sequential computation stefs reasoning steps B
AWeaknessthe shortcuts ardrittle OOD hallucination §:j] R

A No perfect parallel solutions yet s @ MERSTE=E



Discussions

What can we learn from smaitale experiments?
AFFLM extensions: more values, selection criteria @stelti reasoning).
AWhat insights transfer across scale? e.g. sharpen attention for code/math?

t SNF SOtKalR 8dziKI2 8 INE K Sz & § KIS YY1 NiKB A $
| NOKA (S Ok fe OQIESHOWANINS ¥ Orb fizA & IS BT (0 B Q.

Theory Representational, optimization (stability), generalization.



Appendix



Quantifying efficient parallel circuits

AD 2 2 WY BYIN2IKE/2 RSa A YL ASaé STFAOASY
Al 2BSLIG K LI NI £ £ St | f 3208NIBdAEG | DIBY LIS

E

. H o
| 4# . 60 T"Ydepth ( FOR Getc.)
| L # # c-way AND, OR, NOT
. H poly number of gates

constant depth i .
¢-way AND, OR, NOT +¢-way AND/OR | b Y@ &dzYda: b UKNBaAK2f Ra

poly number of gates : : : :
simulating simulating

! ! simulating all’
group-free solvable

Embarrassingly opeare any of the proper?# # TL0? 4

®



Factorization: from integers to groups

b ¢ ¢ G

AWhy groups get complicatecombinatorial explosion

10 : mod-8 addition

%0 e O 0 0 : 3-bit vectors under XOR
o O : non-interacting mod4 & parity

@O e 0 30 :rotations/reflections of a square
U multiplication of unit quaternions

non-abelian:"QQ "Q"Q

AFinite group theonyclassical toolbox for understanding symmetries

6 O 6 HO Mo (6 EO ) ES
JordanHolderfactors (simple groups)

KrasnerKaloujnineembedding(wreath product)
47



G, Cy
//@\\ /"@\\
LA

Decomposition: the glue =" =sosee @, 7

: ~d A _
o 2y € v/
S —

5ANBOG LIN Y C, xC, { SYARANBOT SINPRJzOH
Two groups
A (QAQ) T ("QHQ) "QQHQQ

Ae.g.car+alight switch

Twointeractinggroups
A ("QRQ) t ("QHQ) Q000 HQQ

Ae.g.car+direction toggle

simulate N

> ¢h_ 1 — — (/) h
g, g®, g™ (g;‘{), 3(52,), 32’)X (gnh) < | ‘ > (&< hep)

simulate H mix unmix

simulate all G®

48



Transformation semigroups  « [ @i<Ex i)

>C¢ )h § (th,) D, ¥ +} under composition (associativity).

0 0
1
1

Q = {even, odd}
> =1{0,1}

LJ- N G &

D NRarLJ | "O@iASHIK 2 [a8 N®P{ A 2 v

Qb

0

1

() 0

0

1

1

1

0

d

JOY
&
b«l@@

)565

O2dzpé HBNR 6 I NB dztyclic groupd

Al a3 a2 OMNBIGX & Adbt @Y

ALRS YRR @B &

AL Y 3 8BGO 08 didd Gicy ©

1,0, 1,0,

% Z% Oy |Oa| L
O¢

Oa|Oa|0a|0q

non-invertible

0 ={& ¢}
2 = {0y, 04, 1} L]% % L

1-bit memory unit flip-flop monoid

SemigroupO a generalization of group.
A Associativity.
A (+ Identity: anonoid)



What aboutsemgroups?  >¢ i o o, « +) under composiion

a2NBE O2YNMIX YOI BRIYIF LIAS a

eI I @ SNJ Ydza A OF f OKI ANR ¢-player musicakofas

rank-deficient transformation

‘APAOO 0 (PI OEOEDI APAOO
AP t {AUAIOAk ABD AOEA

.
>(C ) Y allé Apermutations on¢ > ) "Y: allé functions[¢] © [£]

50



KrohnRhodes Intuitions

Tracking rank collapsg¢®lonomy decomposition)

D rank-preserving Number of layers:

transformations

[ Arankn
T ketmse o A Salvable groupsdt | 1I'g

[ Arank n-1 D D A A g A A ,

At S NI dzaNlISGEaASAlY & S Y A | dzi

} - o S
whenever “active set” changes, . . . 6 I IS‘@ C 6 |0|| Il Cﬂ: CD

parent picks a child to reset ¢

' / \
[ Arank 1 @ A { SYA LI dzi 2 ;‘_ﬁls_flj@@/@f ao

51




Training with limited supervision

[ S&a ARSIt &S(dzaKkK

Indirect supervision
train & test on a function of .

stack top  lpoundary 71:¢(1) Llomod a4 location

100.0 99.8 99.8 99.7 99.8

LSTM is always 100% h LJSIy2Y&

Incomplete supervision

=
o

Ss Accuracy
o
un

N is revealedv.p.n N THD .
PN s TT
GPT
1 —— LSTM
0.0— -
1/32 1/16 1/8 1/4 1/2 1
< sparser preveal
K




OOD GeneralizatiorParity

1
1

Atrain: n(p)

T

Atest: otherny p .

1.0

>

g 0.9
0.8

<

0.7

(B.

3 ) ) II .Il A
YSY2ND& SR[ t

concentrates 1)(p) to

GPT

GPT - Shifted positions

6

14

22 30

Number of 1s

38

Accuracy

OFI Af (B, dzy)®@SSy
1.0
0.9 i

Ilh(p) e

0.8 Bounded #1

- In distribution
0.7 ‘

20 40 60 80 100 120
{81jdBSy 0S8 [Sy3iK
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Indil’eC’[ mitigatiOnS Attention-sharpening

regularization
Standard regularizations have various influences.
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