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3 - Setting 5 - Main theorems
1 - Summary
M e MoE v introduced I “Reasoning” vs “Memorization” downstream tasks Synthetic reasoning and memorization tasks
. ixture of Expert (MoEs) were recently mtrf) uced as an .aterna— Question. Sammy wanted to g0 o where”
tive to Transformer-based language n.10de|s.smc.:e. they conIS|derab|y Svobtem. T n = 2 (mod 7). then find the the people were. Where might he go? Sequence  Label
increase the total parameter count while maintaining a low inference reienider wlsn (-2 )o-d) 2 8) b Fvided Choices. A) race track B) populated areas S (%
cost. We show that no matter the number of experts, a critical width by 7. C) desert D) apartment b o
. . . . . . . ddd
is needed for solving reasoning tasks. In contrast, increasing the num- Solution.  Since 'n =2 (mod 7), we can Answer. EERNEIIEES
ber of experts improves the performance on memorization tasks. write 1 =7k +2 for some integer k. Sub- NLP ing (C QA) aaac X
stituting, we get (n+2)(n+4)(n+6)= reasoning {Lommonsense &
(Th +4)(Tk +6)(Tk +8) =4-6-1 (mod 7). Question. Which Lloyd Webber musical aaad
2 - Motivation Lastly, 4-6-1 =24 (mod 7) =3 (mod 7). premiered in the US on 10th December
, 19937 Graph Reasoning: is there a length-2 path Memorization: memorize arbitrary
Math reasoning (MATH) | | o
Answer. Sunset Boulevard between two nodes in a graph with n edges? labels for n random Gaussian inputs.

Scaling Laws for Language Models [1]: More parameters in

the model = lower perplexity. World-knowledge (TriviaQA)

Graph Reasoning Memorization

4 - Empirical results
Transformers scale poorly

Teans (width m) Params: ©(n?) Params: O(n)
| ‘ | . . . ranstormer (wi m
e D @ .Parameter C?“”t & Inference T ansformers excel at reasoning, MoEs better at memorization Compute: O(n?) Compute: O(n)
e Attention e increase with width - NLP (world knowledge) NLP (commonsense)
T e S FFN E— _ 2 7 53 —
o —— —. e Parameters: O(d") S o _ Params: ©(Kn?) Params: ©(n + Km)
| ) 26- S MoE (K experts, width m) ) —
—— — ==  ® Inference: O(d”) 20 > Compute: O(n°) Compute: ©(n/K + Km)
f 147 g 42
LL ] .// | /
. . . [ TR v e M oM W s 28 6 - Proof sketch
MIXture Of Experts (MOES): Scallng parameter count Whlle Number of total parameters | Number of total parameters |
maintaining cheap inference cost MATH o . _ _
| 44 - A critical width is needed for reasoning
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