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In-Context Learning of Representations &

Core Francisco Park’, Andrew Lee’, Ekdeep Singh Lubana’, Yongyi Yang,
Maya Okawa, Kento Nishi, Martin Wattenberg™, Hidenori Tanaka™

TL:DR:
LLMs restructure their internal representations
to match a task structure given in context.
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(b) Data generation

Random walk on a grid:
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Ring geometry with random edge sampling Semantic priors inversion happens at higher PCs
(@) Words on a ring (c) Emergent ring representation in context (a) (b) (C)
Tuesday
Banans o Qapp|e Layer 1 Layer 6 Layer 16 Layer 26 Monday " &
tomatoe lettuce .g) \ ) ™ . 2 ot . . A Wednesda)/ R S g
onion@ grape k3 o b~ ’ e -4 3. I
s S S 4 ~ .. Sunday £ g i
orange ©ig % N 4 . . N [ N S O ] \
S s - x e &, © - \
pear carrot § S ll
(b) Data generation = N\ ¥ f Thursday & a
Randomly pick pairs of neighbors: ;; § P r ;‘ TR Saturday Principal Component 1 Principal Component 3
(apple, banana), (orange, onion), e & > | % Friday
(fig, carrot), (grape, lettuce), ... 5 %
) Semantic Link = = = == In-Context Link
SRR - D r layers show
Energy minimization does happen in There seems to be an eeper layers sho
the “in-context PCs” INn-context transitionl more robust structure.
25 36 o x . i,
# of Nodes . .
0.5 64 144 » - =
0.4 | o . ; |
) | ;
: -::: @ : § Z @ | @
w 0.3 >
Total © 3 p— 4 —_—
5 2 ) :
0.2 PCA 1,2 8 ; 2
PCA 3,4 < ) r | .
6 x 10° 101 2x10* 3x10* S e S —

Context Size



