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IFMIEIR (Inductive reasoning) : ECUEAEIR ZIFEICEATRIRGICAIHEE

38, BETIEHRIINE (token) HIBIRMER, BIFEFISEE
BIAIIISRAIRIV (pattern) BYRIRMER, ATUREAMAE.
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You
TREBSE, EFHRE ) FKBITANEFORE ;) AXEE. XREXNANEITHAKSRS
B%K; FAAEBATREAJERNREN., MEEFETERBSE, WENKSZETA?

ChatGPT
RIBEAR, EFETERESE, XEWESRKBRIAT, METHRREARE. EIt, HaIHN
REMNZEAAER, REXA, BERRAKSBLEITRK,

You

MRET, ERERIENR

ChatGPT
MRBETEEILE, BARITERTINMETFLTERT, RBHAKEEMNE. FIX,
YEINKRSMZETIN, ERNEVEESBRXASSAZH, MAER, FESBmER, B8
TS B R RAE.
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You

EMXEET—TRE, EREXRRMSDP, —HEBRBTIBHMEIL, MNNOBF030UEK:
Devin, FelixflGrove, IEZHRT R, X=RWMAILCIESNRIB, LA, BEADAMA#TT
B, A, ZFENEANELE, M= ABREET—aE (#iE) :

1. DevinZ7FIEM9.,

2. FelixiZf) 2 HiE

3. GroveiiBIZIRIE

EX=ANHIEFR, HTIRERFREN, MAEHNE3NR—E 2FRBIBTEINF R
89, BREMNMVB2EHIBIEAAMAMIE, o, SIBANBEE. BUE, BRI T TEH25HE
PNEE,

A LRDFBEERAPHNE—A, #EHXTARERE.

B. 8T AMEN—FAE, BEHWZ—TMESHRNTRN,

B, REESRIEULES, HIBEHRETRRAENILRES FIR?

ChatGPT
RIBRMAOES, HANATLORTEEMIERBERENILRES F.

MR Devin2FIEH, BBAFelixHIGrove Z /M E—PMEIRIE.

. WNRFelixiZ 2 HiE, IAGroveiRIth 2HiE, X5BEFE.

. PRBA, Felixif9—ERWRIE, MGroveliI—EZHIE.

. BE#AFelixftiiin, BBADevindiAZTIEN), FRLADevin2IBFE D F.

% PR, Devin2HIERILFES F.
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ChatGPTHIGPT-4&MEKEREBINSIBIFIEREIEFREE, BEGESHINIEESTERENE.
EIEREREHENBAES RIS LREREIEFIRS.

Dataset LogiQA 2.0 test | LogiQA 2.0 zh test | ReClor dev | AR-LSAT test || LogiQA 2.0 ood
Size 1572 1594 500 230 1354
Human avg. 86.00 88.00 63.00 56.00 83.00
human ceiling 95.00 96.00 100.00 91.00 99.00
RoBERTa 48.76 35.64 55.01 23.14 33.22
ChatGPT 52.37 53.18 57.38 20.42 38.44
GPT-4 72.25 70.56 87.20 33.48 58.49
/ \

20225 FRlZEEES AT RIZRID MR

Evaluating the Logical Reasoning Ability of ChatGPT and GPT-4, Arxiv 2023 DO,
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Question: Who is the director of the 2003 film which has scenes
in it filmed at the Quality Cafe in Los Anqeles’7

-
’— T~
R ~
- - o
- .
= -

Qualit “Cafe
Y Quality Cafe (diner) Los Angeles
(jazz club) ) .
8 ™ Los Angeles h
Quality Cafe was a location featured in a number of officially the City
1-h op historical Hollywood films, including "Old of Los Angeles
re'staurant and School”, “Gor:e in 60 and often known
jazz club... Seconds ... ~_ by its initials
~
- — D) | L
/ “ A= =)
Old School (film) Gone in 60 Seconds
Old School is a 2003 Gone in 60 Seconds is a
2_h°p American comedy film... 2000 American action heist
directed by film...
Todd Phillips. directed by Dominic Sena.
1
/7 N\
3_ho Todd correct { Dominic \
P Phillips answer \  Sena ,'
\ . _~
Investigating Multi-Hop Factual Shortcuts in Knowledge Editing of Large Language Models, Ju et al., Arixv 2024
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Before Knowledge Editing:

Ehich continent will host KISEIET) I ZR i ER T REE =
the next Olympic Games? _ . .
S M —EREEEIMNENX—I5
SHNR, SXRBANRRIEL AR T
.............................................................. _Egﬁéiz::’%éélj]\ m E $E&735£
After Knowledge Editing: i N " o —
| fa, BREEBRIAN T —EERIE
SEINESTD,

Which continent will host
the next Olympic Games?

Europe? Asia?

Investigating Multi-Hop Factual Shortcuts in Knowledge Editing of Large Language Models, Ju et al., Arixv 2024
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- [9ZR: Whatis person A’ s attribute X?

¢ 335 Is A’ s attribute X even or odd?

- Lk Is A greater than B in attribute X?

« WHAEEZE: Which person’ s attribute X equals T?

Physics of Language Models: Part 3.2, Knowledge Manipulation, Allen-Zhu Z., Li Y., Arixv 2023 Meat Al/FAIR Labs
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[ Given question “Was Joe Biden born in an even year?” ]

answers correctly

A: model infers from “1946 is even” and
“Biden was born in 1946”, making final
answer based on a function of certain

knowledge it sees during training

Physics of Language Models: Part 3.2, Knowledge Manipulation, Allen-Zhu Z., Li Y., Arixv 2023 Meat Al/FAIR Labs

C: The model does not know the
birth year of Joe Biden

\

answers incorrectly

out of scope of this paper (see Part 3.1)

B: model sees training data of
equivalent form such as
“Is Joe Biden’s birth year even?”

D: model does not know
what “even” means

E: model knows what “even” means
and can answer questions like
“Is 1946 even?”, but cannot answer

out of scope (we study models

out of scope (this is memorization)

finetuned on such tasks)

This is the knowledge manipulation we care about

“Was Joe Biden born in an even year?”’
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“what's the birthday and year of <name> who is a <occupation> and was born in <city>?" GPT4 accuracy: 99% (among 4779 celebrities on Wikipedia)

Classify Question: “Answer me yes or no concisely: for <name> who was a <occupation>and was born in <city> in <year>, was this person born in an even month?”
month % GPT4 correct answer = 50.7%, incorrect answer = 48.5%, | don’t know = 0.7%

Question: “Answer me yes or no concisely: was <namel> who was a <occupation1>and was born in <cityl> born earlier than <name2> who was a

<occupation2> and was born in <city2>?” GPT4 accuracy answer = 52.3% among individuals born in 1900~1910
GPT4 accuracy answer = 71.1% among individuals born in 1900~1950
GPT4 accuracy answer = 81.6% among all pairs of individuals

Rank birth
date

1B SREMELA SR LN 02T

Physics of Language Models: Part 3.2, Knowledge Manipulation, Allen-Zhu Z., Li Y., Arixv 2023 Meat Al/FAIR Labs




7(5%25@ Hii=REEEAR?

Inverse search: “In <Pride and Prejudice>, what’s the sentence before: <sentence2>?”

J e Forward search: “In <Pride and Prejudice>, what’s the sentence after: <sentencel>?"
ane Austen S
Novel Task Pride & Prejudice Sense & Sensibility Persuasion Northanger Abbey Emma Mansfield Park
forward vs inverse accuracy by GPT3.5  0.5% vs 14.4% 0.3% vs 5.4% 0.07% vs 4.3% 0.6% vs 5.5% 0.8%vs7.2% 0.7%vs 5.5%
forward vs inverse accuracy by GPT4 0.8% vs 65.9% 0.9% vs 40.2% 0.5%vs33.9% 09%vs41.0% 0.6%vs42.7% 0.3% vs31.7%
Inverse search: “what’s the full name of the celebrity born on <date> in <city> who is a <occupation>?” GPT3.5acc=23.9% GPT4: 42% Wiki Bio
Forward search: “what's the birthday and year of <name> who is a <occupation>and was born in <city>?" GPT3.5 acc = 89.5% GPT4: 99% Task
Given a common 4-letter Chinese idiom such as #5 %5, mask out its i-th letter (for i=1,2,3, or 4) and let GPT fill out the missing letter.
chinese 1diom Prompt 1: FiE“XEA D" X2 AF? GPT3.5 accuracy 9.4%, GPT4 accuracy 17.6%
Task Prompt 2: FiiE 45X A " X2 4AFE? GPT3.5 accuracy 29.5%, GPT4 accuracy 36.1%
Prompt 3: FiiE"{5 XS "HIXEHAF? GPT3.5 accuracy 32.0%, GPT4 accuracy 76.7%
Prompt 4: fiiE"$5 8 AX"BIXEHAFE? GPT3.5 accuracy 56.7%, GPT4 accuracy 90.6%
Given a famous two-sentence Chinese poem such as Y&Z &K —#5F B HXEKA, let GPT answer what’s the sentence before/after <sentence2/1> TS
Inverse search: “FH PAXTHAN" B E—E2HA? GPT3.5 accuracy 2.1%, GPT4 accuracy 7.3% Task
Forward search: “WEER—INE'N T —aEH47 GPT3.5 accuracy 33.0%, GPT4 accuracy 66.5%

= HH

N

1B SRR TR RAREER, FRAENRLUS BRI ZREL

Physics of Language Models: Part 3.2, Knowledge Manipulation, Allen-Zhu Z., Li Y., Arixv 2023 Meat Al/FAIR Labs
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function multiply (x[1l..p], y[l..9]):

// multiply x for each y[i]
for i = q tol
carry = 0
for j=p to 1l
E=xi31 *2is]
t += carry

summands[i] = digits

// add partial results (computation not shown)
product = Zg_lsummands[q+1-i] -10i-1

return product A(X)J

Figure 1: Transformation of an algorithm A to its computational graph G 4(x). The depicted example is of
long-form multiplication algorithm A, for inputs x = [7,49] (i.e. computing 7 x 49).

Dziri, Nouha, et al. “Faith and fate: Limits of transformers on compositionality.” Advances in
Neural Information Processing Systems 36 (2024) AllenAl
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GPT4 zero-shot (Puzzle)

(a) GPT4 zero-shot (Multiplication)
0.72 06 06

~N

1-00] m 0.7 06 R 0.3
0.75 .

0.50- S8 0.8 |02 (01| O 0
0.25

o.ool o2

0 O

1 2 3 4 5 2 3 4 5 6

GPT4 zero-shot (DP)

0.63 0.45 0.38 0.31

Lo
(=)

2 3 4 5 6

GPT3.5 zero-shot (DP
[yl 0.21 (| 0.12 0.08 0.04

2 3 4 5 6 0.0

GPT3 zero-shot (DP
(RN 0.23 | 0.05 0.04 0.04 -0.5

2 3 4 5 6

Accuracy
o
w

(b) GPT4 zero-shot (Multiplication
1.5

0

5 10

Average parallelism

15

Figure 2: (a) Zero-shot accuracy. Axes refer to problem sizes (number of digits in multiplication, number of
houses and attributes in puzzle, and sequence length in the DP task). Transformers’ accuracy decreases to near
zero as task complexity increases, measuring task complexity by the problem size. (b) Average parallelism

negatively correlates with accuracy.

Dziri, Nouha, et al. “Faith and fate: Limits of transformers on compositionality.” Advances in
Neural Information Processing Systems 36 (2024) AllenAl
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GPT3 models on ~1.8M multiplication pairs
GPT3 ft w/o scratchpad

H (Multplication) GPT3 finetuned exhaustively on task-specific
N data up to a certain problem size. The blue
region represents the in-distribution examples

and the red region refers to OOD examples.

m m

-
o They consider all k;-by-k, digit multiplications
Problem size

Dziri, Nouha, et al. “Faith and fate: Limits of transformers on compositionality.” Advances in
Neural Information Processing Systems 36 (2024) AllenAl
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Multiplication w/o Scratchpad Multiplication w/o Scratchpad
Question: What is 35 times 907 10 %  ormawesnet | 10| |3 i e
08 = GPT3 zero-shot 0.8 —— GPT3 zero-shot
> >
Scratchpad: Let's perform the multiplication step by step: §°‘6 806
=1
5 0.4 Y04
Let's multiply 35 by the digit in the ones place of 90, which is 0. <02 <02 \
o, 94"0
1. Multiply O by the digit in the ones place of 35, which is 5. This gives 5 x 0 00| [ndomandste Moo egms | (0| | indomaindata N e
= 0. Write down the result 0. 5 5 5o 5 : T T -
2. Multiply O by the digit in the tens place of 35, which is 3. This gives 3 x 0 Graph depth Graph width
= 0. Write down the result 0.
3. The partial product for this step is A=0 which is the concatenation of the (a) Results on question-answer pa_lrs
digits we found in each step.
Now, let's multiply 35 by the digit in the tens place of 90, which is 9. ;g m e
Multiplication w. Scratchpad Multiplication w. Scratchpad
4. Multiply 9 by the digit in the ones place of 35, which is 5. This gives 5 x 9 10| | e e arrnannec | o) (I = GPT3 finetuned
3 ~— GPT3 five-shot « ~—— GPT3 five-shot
= 45. Write down the result 5 and carry over the 4 to the next step. 08 — GPT3zeroshot | (g — GPTS 2eroshot
5. Multiply 9 by the digit in the tens place of 35, which is 3. Add the carryover - o
from the previous step to account for this. This gives (3 x 9) + 4 = 31. Write © 06 306
down the result 31. 2o S04
6. The partial product for this step is B=315 which is the concatenation of the < %
digits we found in each step. 2 \\ ez
0.0 in-domain data ._._._, onome 0.0 in-domain data PP,
Now, let's sum the 2 partial products A and B, and take into account the position el — 1
of each digit: A=0 (from multiplication by 0) and B=315 (from multiplication by 9 ot Graph depth 20 0 sGrap}’lowidtas 20
but shifted one place to the left, so it becomes 3150). The final answer is 0 x 1
e (b) Results on question-scratchpad pairs.

Figure 5: GPT3 finetuning and prompting accuracy on different data splits. Although the in-distribution
performance is almost perfect, GPT3 exhibits poor generalization with increasing graph depth and width. Refer
to §B.3 and §B.4 for results on the puzzle and DP tasks.

Dziri, Nouha, et al. “Faith and fate: Limits of transformers on compositionality.” Advances in

Neural Information Processing Systems 36 (2024 ) AllenAl




Model Prompt | Acct REJ] NNR|]
. . gpt-4 Cal*4 | 83.54 0.07 0.00
ﬁ#l‘l‘%‘*ﬂjﬂj gpt-3.5-turbo-0301 Cal* 75.06 0.14 0.50
text-davinci-003 Cal 56.61 0.76 2.99
text-davinci-002 Cal 4289 213 15.96
text-curie-001 Cal 1147 192 6.48
text-babbage-001 Eqa 524  2.59 5.74
* Euler Equation. » Exponentiation of with a decimal number code-davinci-002 Eqa 2170 2.39 11.47
. L within 10 as the base and a decimal number galactica-120b Eqa 45.14 130 3.99
* Add & Subtract of two integers within 10. within 2~4 as the exponent. galactica-30b Eqa 45.14 0.69 1.75
* Add & Subtract of two integers within 100. T e — ﬁzl;(:_lggfjb IS:Iqazl1 34813; fllgi 2;3
 Add & Subtract of two integers within 1,000. "f’ithin 10 and a common irrational number llama-30b Eqa 30.17 1.72 3.74
(.5, Eotay). llama-13b $ 27.68 240 973
* Add & Subtract of two integers within * Long arithmetic expressions with brackets, in- llama-7b $$ 2195 2.11 7.48
1,000,000,000,000. volved integers are all within 100 and opera- opt-175b Cal 21.70  3.18 21.70
tors contain add, subtract, multiply, and divi- opt-66b 1] 20.70  2.66 18.70
* Add & Subtract of two integers within - sion. opt-iml-max-30b Cal 1746 1.52 6.23
10~10. opt-30b 0 1596 2.28 11.22
. * Trigonometry functions ‘including sin, cos, opt-13b 0 15.21 2.19 10.97
. A'dd. & Subtract of two decimal numbers and tan. Inpl}ts can be in the format _Of de- opt-6.7b Cal 14.46 1.46 4.24
within -100~100. lg;;flfs;“d cachanis) (% catl7alo) appea i the gpt-neox-20b Eqa | 3541 119 449
. . : e ' gpt-j-6b Cal 27.18 1.55 8.98
Multiply two integers within 100. * Logarithm of integers within 1000 of different bloomz-176b $3$ 22.44 1.50 4.74
« Multiply two decimal numbers within 10. bases: 2, e, 10. bloom-176b $ 20.2 2.60 18.45
bloomz-7b1 $ 1272 2.56
 Multiply two integers within 100,000. bloom-7b1 Cal 7.23 241
bloomz-3b $$ 798  2.63
* Division of two integers within 100. bloom-3b Cal 4.24 2.41
o o L bloomz-1b7 Eqa 4.74 4.28
. Exp9nent1at10n of with %ntfbger base within 10 bloom-1b7 Cal 524 254
and integer exponent within 2~4. TO++-11b Cal 4.4 3.34

Yuan et al. ,“How well do Large Language Models perform in Arithmetic tasks?”, Arxiv 2023
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