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Our Perception of LLMs
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Are We Overestimating LLMs’ Capabilities?

e Rising Doubts: Do Benchmark Scores Reflect True Ability?

o =2te] &2l 1: Test Data Contamination

m benchmark C[O|E{AllO] O O|= L2 EHI =2| st& H|IO|EH E A2 EJCt= XA
— ModelO| '&7|'st &t dol= Ade =S

o &2l 2: Discrepancy between Claimed and Actual Capabilities
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Research Questions

e RQ 1 — Robustness on Generalization

o Al=Hol|H= ofF £ 10 B8 commonsense 242}, sHE X0l A = A2E HEE variationd| A
LLMO| & 2t=|H| HES =717

o H =
e RQ 2 - Source of Failure
o Task oMLl Aluf7} LLMLe| 22Xl b5t/ F=2 52 Aet
ofL{H =T 2= E £ 22 <A ol
e RQ 3 — Validity of current Standard Evaluation Methods

o ©1&=35}= standardized benchmarks olAM{ 2] IEA0| O|&H &
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represent st=71?



The “Alice in Wonderland” Challenge: A Reality
Check
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“Alice has N brothers and she also has M sisters. How many sisters does Alice’s brother have?”
Answer = M + 1 (Alice & Xfolf )
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Variation 1. Alice has 3 brothers and she also has 6 sisters. [Correct answer: 7]
Variation 2. Alice has 2 sisters and she also has 4 brothers. [Correct answer: 3]
Variation 3. Alice has 4 sisters and she also has 1 brother. [Correct answer: 5]
Variation 4. Alice has 4 brothers and she also has 1 sister. [Correct answer: 2]
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Methods & Experiment Setup

o JVIX| ZETZEE ALSSI0{ ZEZE Xlo|of wE Ms #H3| &l
o Standard (=& &t Ao 1)
Solve this problem and provide the final answer in following form: "### Answer: "
o Thinking (CoT Al2 S &)
Before providing answer to this problem, think carefully and double check the path to the correct
solution
for any mistakes. Provide then the final answer in following form: "### Answer: "
o Restricted (Z|& & 2| response token A ZX])
To answer the question, DO NOT OUTPUT ANY TEXT EXCEPT following format that contains final
answer:
"### Answer: "

e Control Problems for Fine— Grained Diagnosis (“AIW Light”)
o Original AIW 2X|7} LT75Ie T2 QAE £0{ M5 Hslo 0l 24

m  Arithmetic Siblings: “Alice?| siblings ==?” — M+N (Simple arithmetic operation s £73)
m Family: “Alice9] S|ster7F 7}l brothers ==?” — N (Basic family structure 0|3l s £H)

m Arithmetic Total Girls: “Family L girls & & &H?" — M+1



AIW Correct response rate
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gpt-40-2024-05-13 - > (1]
claude-3-opus-20240229 - t {11 {
gpt-4-0613 — T H—
llama-2-70b-chat — ' { | ¥ iy
gpt-4-0125-preview — (T
llama-2-7b-chat — ' [T} :
dbrx-instruct — —{ T
codellama-34b-instruct — —{T+—
gpt-4-turbo-2024-04-09 — i
codellama-7b-instruct — —{}—
codellama-34b-python —{—{ [ }—
chronos-hermes-13b 1 [ ———
llama-3-8b-chat -{  +{I}—
wizardcoder-15b-v1.0 — ]
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phi-2 4 —l—
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yi-34b-chat - +—{[}—
reka-core-20240501 {1 —
llama-2-13b-chat — —{}—
qwen1.5-4b-chat —{ —{Il-~
codellama-70b-instruct — ——
qwen1.5-110b-chat —{+}-
olmo-7b-instruct —{-l}-
claude-3-sonnet-20240229 —{+{-+

1.0

0.8

aiw v1, 55
aiw v2, 56
aiw v3, 63
aiw v4, 69

0.6

0.4

mistral-large-2402 |- AIW Variations 1-4
gpt-3.5-turbo-0125 —{-{- . | 0.2
gemini-pro —H | variation 1: Alice has 3 brothers and she also has 6 sisters. [Correct answer:71] |

open-mixtral-8x22b | variation “: Alice has 2 sisters and she also has 4 brothers. [Correct answer: 3] |
open-mistral-7b I | variation 3: Alice has 4 sisters and she also has 1 brother. [Correct answer:5] |

i

qwen1.5-7b-chat —# | variation 4: Alice has 4 brothers and she also has 1 sister. [Correct answer: 2] |

claude-3-haiku-20240307 I |
|

open-mixtral-8x7b —

0.0

How many sisters does Alice's brother have?

Correct response rate for AIW variations 1-4, STANDARD prompt type

GPT-4




Results: The Breakdown of SOTA Models

AIW Variations 1-4 AIW variations 1-4, STANDARD prompt type AIW variations 1-4, THINKING prompt type AIW variations 1-4, RESTRICTED prompt type
1.0 iw v1, 55 iw v1, 57 1.0 i

Variation 1: Alice has 3 brothers and she also has 6 sisters. [Correct answer: 7 ] wa sz e ::x :2' e o V;' :z
Variation “: Alice has 2 sisters and she also has 4 brothers. [Correct answer: 3 ] a:x :3' g of V3' 64 ::x :3’ 65
Variation 2: Alice has 4 sisters and she also has 1 brother. [Correct answer: 5] aiw V4' 69 aat V4' 70 kv V4' 7
Variation 4: Alice has 4 brothers and she also has 1 sister. [Correct answer: 2] 0.8 ' 0.8 ' 0.8 '
How many sisters does Alice's brother have? o P ®

- -~ -

[ (] [

o 0.6 0.6 =D,6
Prompt types (following after main problem description and question above): g z z

§ & &
STANDARD : Solve this problem and provide the final answer in following g g 2
form: “### Answer: ". o 0.4 o 0.4 © 0.4

= =

=]
THINKING [v2] : Before providing answer to this problem, think carefully v S S
[step by step] and double check the path to the correct solution for any 0.2 0.2 0.2
mistakes. Provide then the final answer in following form: "### Answer: ". ) : '
RESTRICTED : To answer the question, DO NOT OUTPUT ANY TEXT EXCEPT
following format that contains final answer: "### Answer: ". 0.0 0.0 | 0.0 |

GPT-4 GPT-4 GPT-4



Results: Standard Technigques Falil
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0.4

0.2

0.0

GPT-40

Correct response rates for AIW variations 1-4 (THINKING prompt type)

GPT-4

Claude-3 O

AIW Variations 1-4

Variation 1: Alice has 3 brothers and she also has 6 sisters. [Correct answer: 7 ]

| Variation : Alice has 2 sisters and she also has 4 brothers. [Correct answer: 3] |

Variation 2: Alice has 4 sisters and she also has 1 brother. [Correct answer: 5]
Variation 4: Alice has 4 brothers and she also has 1 sister. [Correct answer: 2]

How many sisters does Alice's brother have?

aiw v1, 57
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Results: Fine—Grained Diagnosis using Control
Problems

Correct response rate for AIW variations 1-4, Light Version (arithmetic operations control version - Alice's siblings count), Thinking v2 prompt type

i r
0.6 aiw v1, 277
: aiw v2, 278
aiw v3, 279
aiw v4, 280
0.4
0.2
0.0
GPT-40 GPT-4 Claude-3 O Llama-3 70b Llama-3 8b Command R Plus DBRX
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Conclusion

e A Fundamental Flaw in Generalization & Reasoning
o Problem irrelevant perturbations ol & 2 M= fluctuation & £ &
— fragile generalization (robustness Z09)

o Control experiment (AIW Light)S S3H,
failure2| & 210| natural language parsing, arithmetic 2| low—level issue?} o= & &l
— compositional generalization} basic logical reasoning AFA| 2| fundamental flaw

e (Contradiction with Claims
o GPT-4, Claude 3 Opus 0| graduate—level problem= ZCt =%t
AW &2 ct=5t 22X 0l & robustShAl 2H5HX| 2&F

PRI 2k

—,

ol

e \Various standard interventions Falil

o Chain—of-Thought(CoT) 2 &2 7" % O] fundamental problem= sl Z3stX| =&t

ol

e Scale Helps, But Doesn't Solve
o 7 & model&=(GPT-4, Claude 3 Opus)O]| relatively higher performance& 20| X|2F
off & =2 reasomng_'.:_ fragile and unstable (017 3| problem irrelevant perturbations ol easily
disturbed)



Conclusion (cont.)

e Need for a New Evaluation Paradigm

©)

MMLU, GSM8kOI| A high scoreE 8= modelO| AIW problemOl|Al= ~0% accuracyE =2 ¢!
O| = current standard evaluation methodZt model2| true reasoning deficitES detectstX| 2&& 2| 0|

standardized benchmarks o|AM 2| TEXO| AIW M sE 0| E5HX| 28 =271 FlHty = a4k 2HE
Ct=35t final-answer scoringS 01, reasoning process?| robustnessE = 7}sHof &t

robustness/generalization2 HA|M o2 E™sles M2 HixXol 3 MH 2

e Need for Re—assessment of current LLMs’ Abilities
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Existing Prompting Methods

o IUlo MZE SAMAIZ|7| &t 7|=2e| tfEA 2l Prompting 7| &

o Chain—of-Thought (CoT) Prompting
HEo] AEA 2| reasoning process £ step—by-step AHSIEF XA

o Self—Consistency
HEof R = A= LSSt FE LEZE Samplmg
M

— o
— 09 E'D“%'SE ._F%SF b = Majority Voting 2 Sal| == &t AEH

—

o FEZEVlotd, 22| ddet " 'S Prompting 7|'Holl 2E< = 8l



Leveraging Model Answers for Self—Correction

Progressive Hint Prompting (PHP)
Aa et Al 2 Wf AlZHo| HeH, EQ/E ZHME A E0{E0q 7| &L

%.FO._IOF—': ﬂPéﬂ
2 C
=

— 2EolA o™ EHE &

[
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A| Atof CIA] 2 A

/|

o PHP Framework
m Stage 1: 22 0|7 &2 =Z5l0{ Base Answer AM
sto{ X &2, Subsequent Answer A

m Stage 2: Base AnswerE C}= Round ol Hint2 M &350 X &
m Stage 3: 7| & Hint 2 Cl2 EHHo| MM=zH Hint ol =71 & (Progressive Hinting) Stage 2
T o= oty

- MAXMoz Ml 2=HIITE S

Fei 2 MMSIH %= E 2Ho| converge ST

ro

m Stopping Rule: & H ¢d5o0 2 =<l

KE

o CoT - Self-Consistency 7|H =2} & Al Jts

e Research Questions
|oI:A|-5| 7|.'?

©)

o CoT, self con&stencyﬂ B s = M= SkAl
RSB



Progressive—Hint Prompting Example

Base Prompting

Q: There are 96 fourth-graders at Small Tree School. 43 of A: There were 96 fourth-graders at Small Tree School. 43 of
them are girls. On Friday, 5 fourth-grade girls and 4 fourth- them were girls. On Friday, 5 girls and 4 boys were absent.
grade boys were absent. How many fourth grade boys were Base So there were 43 - 5 = 38 girls at school on Friday, and 96 -
at Small Tree School on Friday? Answer {38 =58 boys at school on Friday. The answer is 58.

f?\: We know the Answer Hints: 58. With the Answer \
Progressive-Hint Prompting Hints: 58, we will answer the question. There were 96
Q: There are 96 fourth-graders at Small Tree School. 43 of faurtiEgradbsEbSmalilreeibann| anris.pifaem wer
them are girls. On Friday, 5 fourth-grade girls and 4 fourth- glrls.(Zr;Frlsdfy3,85 g.lrlls an(;i;lsbo‘\‘/; \ivzrgebabsentt.SSo tll':eTre
grade boys were absent. How many fourth grade boys were Second Were Sa P e Gl gysatomal ree
at Small Tree School on Friday? (Hint: The answer is near School on Friday.After subtracting the absent students,

y: : Answer .

there were 38 - 4 = 34 girls and 53 - 5 = 48 boys. The

to 58). ;
answer is 48.

Progressive-Hint Prompting fA: We know the Answer Hints: 58, 48. With the Answer "\
Q: There are 96 fourth-graders at Small Tree School. 43 of Hints: 58, 48, we will answer the question. There were 96
them are girls. On Friday, 5 fourth-grade girls and 4 fourth- fourth-graders, and 43 of them were girls. On Friday, 5 girls
— ’
grade boys were absent. How many fourth grade boys were Third and 4 boys were absent. So there were 43 - 5 = 38 girls and
at Small Tree School on Friday? (Hint: The answer is near Answer 96 - 9 = 87 students in total. Of those 87 students, 38 were
to 58, 48). girls, so there must have been 87 - 38 = 49 boys. The
answer is 49. )

Progressive-Hint Prompting

frA: We know the Answer Hints: 58, 48, 49. With the \
Q: There are 96 fourth-graders at Small Tree School. 43 of Answer Hints: 58, 48, 49, we will answer the question.
them are girls. On Friday, 5 fourth-grade girls and 4 fourth- There were 96 fourth-graders at Small Tree School, and 43
grade boys were absent. How many fourth grade boys were
at Small Tree School on Friday? (Hint: The answer is near
to 58, 48, 49).

—_—D
Fourth of them were girls. On Friday, 5 girls and 4 boys were
Answer absent. So there were 43 - 5 = 38 girls and 96 - 43 =53
boys originally. After the absences, there were 38 - 5 = 33
\girls and 53 - 4 = 49 boys. The answer is 49.




Experimental Setup

o T EE WAOIT 7 MF
O

AddSub, MultiArith, SingleEQ, SVAMP, GSM8K, AQuA and MATH

o TWIFEHE AV MY
o text—davinci—002 / text—davinci—003 / GPT-3.5-Turbo / GPT-4

e The 3x3 Design (Base X PHP)

o PHPel Z1E St o= "Wrtst7| 2/sH
m Initial Answer & A sI= Base Prompt
m Subsequent Answer & MM 3st= PHP Prompt

2 x3et & O7HR| MY =2 PN

o Base Prompt (7| &%): Standard / CoT / Complex—CoT
PHP Prompt (& &%): PHP-Standard / PHP-CoT / PHP-Complex—CoT

-



Experimental Setup (Cont.)

e Possible outcomes — ZHIO| &l sl = Q= F JIX| MHE 2
o Case 1: Correct Hint

- E_u_- Ko.lx[ I-IL__I-

= 7.:123- 2H 9 F:.“ﬂ °hd M (Stability)

- - O O

¢ Case 2. Incorrect Hint

m T 2Uo| FTOA QESIEY HELX| 240 AAZ X F
- 7.:123- 2olo| XI7| =& == (Self-Correction Ab|||ty)




Result 1: PHP Improves Accuracy

e More Powerful Models — Better PHP Performance
e More Powerful Prompts — Better PHP Performance

Prompt PHP Dataset Average
AddSub MultiArith  SingleEQ SVAMP GSM8K AQuA
- X 794 34.0 80.7 64.8 151 255 4991
s 805 31.8 79.9 64.2 147 255  49.43
(+1.1) (-2.2) (-08)  (0.6) (04)  (0.0) (-0.48)
GPT-3.5 — X 858 80.1 89.7 72.9 495 444  71.89
ey bl /868 29.0 90.1 72.3 51.1 45.6  72.48
(+1.0) (-0.1) +04)  (0.6) (+1.6) (+1.2) (+0.59)
ComplexCoriiey % 525 80.8 87.7 704 576 374 70.89
P 0l s37 90.1 80.9 74.6 612 370 7275
+12)  (+03) (+22)  (+42)  (43.6) (04) (+1.86)
X 891 36.3 83.8 68.7 159 283  53.68
Standard [8] /891 36.0 $3.6 68.7 160 283 5361
(0.0) (-0.3) (-0.2) 00)  (+0.1) (0.0) (-0.07)
GPT-3.5 T X 906 93.6 92.7 81.0 56.1 440 7633
text-davingi-003 v 9Ll 94.0 93.5 81.3 575 444  76.96
(+0.5)  (+0.4) (+0.8)  (#0.3)  (+14) (+04) (+0.63)
X 863 94.8 91.5 774 670 488  77.63
Complex CoT [10]  /» gg7 95.0 94.0 80.0 716 500 7978
(+1.8) (+0.2) (+2.5) (+2.6) (+4.6) (+1.2) (+2.15)




Result 2: The Impact of Hint Quality

PHP Base Prompt Batasel Average
AddSub MultiArith  SingleEQ SVAMP GSMS8K AQuA

Standard [¥] 89.1 36.0 83.6 68.7 16.0 28.3 53.61
PHP-Standard CoT [%] 92.4 80.5 92.1 78.5 50.2 42.5 72.70
Complex CoT [10] 90.6 80.6 92.9 172 60.3 45.6 74.53
Standard [£] 90.8 92.5 90.7 80.2 52.3 40.9 74.56
PHP-CoT CoT [¢] 91.1 94.0 93.5 81.3 57.5 444 76.96
Complex CoT [10] 90.6 96.8 93.7 81.2 62.6 50.0 79.14
Standard [¢] 88.3 80.1 93.3 80.4 65.5 35.4 73.83
PHP-Complex CoT CoT [%] 88.8 95.6 94.8 814 70.6 45.6 79.46
Complex CoT [10] 88.1 95.0 94.0 80.0 71.6 50.0 79.78

e Hint Quality is Key
o =7| = (Base Answer)2| Zo| T2

U

J

= e BTV dEoll 7int25 S PHPE| £& 40| =otd



Result 3: Correct vs. Incorrect Hints

Hint Dataset

Method Average
Correct Incorrect AddSub MultiArith SingleEQ SVAMP GSM8K AQuA
X X 90.6 93.6 92.7 81.0 56.1 44.0 76.33
CoT [£] v X 01.6 94.3 93.3 81.9 57.0 43.7 76.96
X v 01.1 93.5 93.1 79.7 57.9 45.2 76.74
v v 01.1 94.0 93.5 81.3 o 44 .4 76.96
X X 86.3 94.8 91.5 174 67.0 48.8 77.63
Complex CoT [10] v X 88.3 94.0 03.8 77.8 68.6 46.4 78.14
X v 88.1 94.6 94.0 79.2 70.2 48.4 79.08
v v 88.1 95.0 94.0 80.0 71.6 50.0 79.78

o ZEIZE MHof Correct/Incorrect SIEE =X o2 FI$t 018 variations ZHEX A& H| W
o ME/QHIIEETEHIZ IS O 7

e Self—Correction is NOT Guaranteed
o LQEITIES A0 E ER0| 5 - HEH HE SEHOZX LES MastdF L2 =&E#e
7'_5/&4 Lo

O O 1T [

N




Result 4: Self-Consistency + PHP: Accuracy 1T &
Cost |

Prompt SC PHP . Average
AddSub MultiArith  SingleEQ SVAMP GSM8K AQuA
5 X 90.6 95.3 94.4 81.6 63.3 49.2 79.06
5 v 90.8 96.6 94.8 83.5 66.3 49.6 80.26
5  Number 2.0075 2.0433 2.0098 2.1090  2.5458 2.0157 2.1218
10 X 90.6 96.5 93.8 83.0 65.5 49.2 79.76
10 v 90.8 917.1 93.8 83.5 67.5 50.0 80.45
CoT [£] 10 Number 2.0075 2.Q2§3 2.0059 2’,0510 2.2145 2.0118 20531
' 20 X 91.1 96.5 94.2 83.3 68.0 55.1 81.36
20 v 91.6 96.5 94.4 83.7 68.6 55.1 81.64
20 Number 2.0050 2.0366 2.0098 2.0250 2.1144 2.0078  2.0330
40 X 91.6 96.5 94.8 82.9 673 d3.1 81.03
40 v 91.6 96.6 95.0 83.7 68.4 53.1 81.39
40 Number 2.0050 2.0300 2.0050 2.0320  2.0530 2.0000 2.0208
5 X 88.1 97.0 93.1 80.4 73.5 51.5 80.60
5 v 89.6 97.3 95.2 82.5 76.9 51.9 82.23
5 Number 2.0378 2.0166 2.0334 22370 25390 2.0118 2.1459
10 X 88.6 98.3 93.3 82.4 76.4 54.3 82.21
10 v 89.1 98.5 95.2 83.4 78.2 54.7 83.18
Complex CoT [10] 10 Number  2.0177 2.0016 2.0295 2.059 2.1531 2.0078  2.0447
20 X 88.6 98.0 93.8 82.5 1.7 56.2 82.80
20 v 89.8 98.0 95.8 83.6 78.6 56.2 83.66
20 Number 2.0253 2.0000 2.0196 2.0330 2.0401 2.0000 2.0196
40 X 88.3 98.5 94.8 83.9 78.1 58.6 83.70
40 v 88.6 98.5 95.8 84.7 79.0 58.6 84.20

40 Number 2.0101 2.0000 2.0137 2.0210  2.0348 2.0039 2.0137




Next Steps: Evolving the Evaluation of Implicit

Reasoning
° AHE HIX|Of3 2o Cfst &HelA
o Z=35t= Implicit Reasoning / Knowledge H X0 =2

Questlon of & (HZE =) off &5t keywords 7F HAIE | U2

o FEO A E=7|¥EJFARE o =&50] U7 M 20,
pE2 F=o UM HiskM 2 oo HzE2 AME EHE ZA =
o &

A5t Implicit Reasoning s 2 £ ™ 2 Z & Implicit stAl BtS0{0kstX| 22717

Variation 1. Alice has 3 brothers and she also has 6 sisters. [Correct answer: 7]
Variation 2. Alice has 2 sisters and she also has 4 brothers. [Correct answer: 3]
Variation 3. Alice has 4 sisters and she also has 1 brother. [Correct answer: 5]
Variation 4. Alice has 4 brothers and she also has 1 sister. [Correct answer: 2]

Question: How many sisters does Alice’s brother have?




Detective Quiz Format
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Detective Quiz Format
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The Need for a New Evaluation Framework
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Multi—Stage Evaluation for Implicit Reasoning
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Multi—Stage Evaluation for Implicit Reasoning
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Multi—Stage Evaluation for Implicit Reasoning
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