Coarse-to-Fine CoT Prompting
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Multi-grained NLU tasks

Show me dates for music festivals in 2018

Step 1: Generate AMR
Input: Sentence, Domain
Output: AMR

Step 2: Generate Intent
Input: Sentence, Intent Vocabulary, AMR, Domain
Output: Intent

Step 3: Generate Slot Values
Input: Sentence, AMR, Intent, Domain
Output: Slot Values

Step 4: Generate (Slot Value, Slot Type) pairs
Input: Sentence, AMR, Slot vocabulary,
Slot Values, Intent, Domain
Output: (Slot Value, Slot Type) pairs

Step 5: Generate Logic Form
Input: Sentence, Intent, Domain,
(Slot Value, Slot Type) pairs
Output: Logic Form

(c/ show-01
:ARG1 (m /me)
:ARG2 (d/ date-entity
:mod (f/ music-festival)
:year 2018))

GET_EVENT

Show me, dates, music festival, in 2018

(Show me, O),(dates, O),
(music festival, CATEGORY_EVENT),
(in 2018, DATE_TIME)

[IN:GET_EVENT
[SL:CATEGORY_EVENT music festivals ]
[SL:DATE_TIME in 2018 ] ]

[IN:GET_DATE_TIME_EVENT
[SL:TITLE_EVENT music festivals]
[SL:DATE_TIME 2018]]



Results (vs. CoT)

MTOP
Model Zero-shot Few-shot

NLU Semantic Parsing NLU Semantic Parsing
Intent Acc Slot F1 Frame Acc | Exact Match Intent Acc Slot F1 Frame Acc | Exact Match
Direct Prompt | 31.50 +1.80 | 21.84 +-2.83 || 833+ 144 | 6.00£1.32 || 51.33 £3.40 | 28.35+3.24 || 11.00 & 1.80 | 8.33 £+ 1.00
CoT 31.83 +£2.02 | 22.40 £+ 1.61 8.67+035 | 6.33£1.04 || 47.67 +=5.20 | 28.46 +3.10 | 11.83 £1.53 | 8.50 + 1.04
SC-CoT 3250 +£1.89 | 22.71 £2.44 | 10.05 £ 0.87 | 6.83 £0.76 | 53.50 £3.04 | 29.53 £1.99 | 12.50 £ 1.80 | 9.00 £ 0.87
ComplexCoT 32.67 £2.00 | 22.86 +£3.17 || 10.83 +0.29 | 7.16 £ 0.58 || 48.83 +2.47 | 29.21 +2.65 || 13.17 £0.58 | 8.83 £+ 2.89
Least-to-Most || 45.67 = 0.58 | 21.84 +1.91 || 14.50 £ 0.50 | 8.00 & 0.50 || 49.83 +-4.54 | 27.28 =2.41 | 16.00 = 0.50 | 8.83 £ 0.76

Plan-and-Solve | 45.00 £4.00 | 22.45 +2.28 || 9.50 £ 1.61 | 8.25 +2.25 - - - -
CoF-CoT 57.67 £ 2.75 | 23.47 +-4.09 || 1433 £1.52 | 9.00 +1.00 || 61.50 +4.93 | 30.12 + 3.93 || 15.00 &+ 1.32 | 11.00 + 1.61

MASSIVE

Direct Prompt | 72.50 +4.58 | 33.24 +3.34 || 24.17 £3.79 | 20.67 4+ 3.28 || 75.17 £ 0.58 | 42.36 +2.98 || 29.00 £5.39 | 24.50 £ 4.07
CoT 71.83 £2.57 | 36.32 +1.94 || 24.50 +2.29 | 21.66 4+ 3.40 || 76.83 + 3.82 | 44.89 + 2.50 || 31.33 £ 0.87 | 25.83 &+ 2.25
SC-CoT 73.05 £ 1.27 | 37.06 =2.54 || 27.16 £3.21 | 22.50 +2.65 || 77.33 +2.89 | 47.02 +4.60 | 34.00 & 3.21 | 27.16 &+ 3.50
ComplexCoT 73.66 +3.65 | 37.64 +3.51 || 25.83 £2.25 | 22.16 &= 2.51 || 77.83 £ 1.83 | 46.59 4+ 2.43 || 36.50 £ 2.89 | 28.00 & 3.69
Least-to-Most || 72..83 £4.65 | 37.62 £1.69 || 31.50 £ 1.53 | 26.50 £ 1.26 || 77..00 & 3.28 | 45.93 £+ 3.99 || 32.50 +4.09 | 29.00 + 5.11

Plan-and-Solve || 69.33 +2.47 | 38.07 £2.07 || 32.00 + 1.26 | 29.00 + 1.26 - - - -
CoF-CoT 89.00 + 2.29 | 38.66 + 3.25 || 33.17 - 4.04 | 25.50 +2.64 || 92.00 +-2.29 | 47.06 + 4.63 || 37.50 £+ 1.89 | 29.50 + 3.12




Results (vs. Fine-tuning)

Method Assumption Intent Acc Slot F1 Frame Acc | Exact Match
RoBERTa FT | Supervised || 67.19 &2.90 | 75.17 & 1.08 | 43.57+4.18 | 36.10 &+ 1.08
RoBERTa FT ZSL 0 12.68 £+ 1.25 0 0
RoBERTa FT FSL 0 13.75 £ 1.22 0 0

CoF-CoT ZSL 57.67 +£2.75 | 23.47 £4.09 | 1433 £1.52 | 9.00 £ 1.00
CoF-CoT FSL 61.50 +4.93 | 30.12 +3.93 | 15.00 + 1.32 | 11.00 £+ 1.61

) Intent Acc Slot F1 Frame Acc | Exact Match

CoT (w/o structure) || 57.16 &= 3.69 | 17.50 £2.92 | 12.16 = 1.61 | 4.67 £+ 3.33
CP-CoT 5733 £3.25 | 19.34 +3.34 | 13.16 £1.04 | 5.50 & 1.32
DP-CoT 57504+ 3.01 | 17.83 +£2.53 | 12.67 £1.04 | 5.83 £2.08

AMR-CoT 57.67 £2.75 | 23.47 +£4.09 | 1433 +1.52 | 9.00 £+ 1.00
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Method Assumption Intent Acc Slot F1 Frame Acc | Exact Match
Random-CoT Random Order 80.67 £3.60 | 27.14 +£2.47 | 26.50 £1.80 | 16.50 + 1.04
FoC-CoT FoC order 83.00 +2.88 | 32.11 £2.50 | 28.50 + 3.21 | 18.00 £ 3.50
CoF-CoT (w/o step 1) No AMR 81.50 +4.36 | 33.68 +2.40 | 27.50 £ 2.65 | 18.00 &+ 0.76
CoF-CoT (w/o step 2) No intent 78.17 £4.80 | 27.66 = 1.93 | 23.50 £ 2.78 | 14.50 £ 2.25
CoF-CoT (w/o step 3) No separate KP 82.33 +1.04 | 34.63 = 3.10 | 32.83 +2.47 | 23.00 &= 1.80
CoF-CoT (w/o step 4) No separate slot prediction for KP || 79.17 +4.01 | 32.92 £5.02 | 31.50 & 3.50 | 21.83 £ 3.17
CoF-CoT (w/o step 3+4) No separate slot prediction 81.33 +4.19 | 31.31 £3.77 | 27.67 = 5.34 | 21.00 = 4.92
CoF-CoT CoF order (Full) 89.00 + 2.29 | 38.66 + 3.25 | 33.17 + 4.04 | 25.50 + 2.64
- Conditioning No domain 84.50 £2.75 | 36.80 +2.08 | 32.50 £ 1.73 | 24.83 + 0.58

CoF-CoT: Enhancing Large Language Models with Coarse-to-Fine Chain-of-Thought Prompting for Multi-domain NLU Tasks
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Question: Tina makes $18.00 an hour. If she works more than 8 hours per shift, she is
eligible for overtime, which is paid by your hourly wage + 1/2 your hourly wage. If she works
10 hours every day for 5 days, how much money does she make?

!

LLM
1 Sampling Rationales

fil

Rationales with Mistakes:

Step 1: Tina makes $18.00 an hour for 8 hours, which is 8 * $18.00 = $144.00.

Step 2: She makes $27.00 an hour for the 2 hours of overtime, which is 2 * $27.00 = $54.00.
Step 3: So for 5 days, she makes $144.00 + $54.00 = $198.00.

Step 4: The answer is 198.

(% GPT-4 As Corrector
1 Identifying Mistake and Making Correction
Correction:
Incorrect Step: Step 3.

Explanation: Step 3 only calculates the earnings for one day, but not for the entire five days.
Correct Solution:

Step 3: For one day, she makes $144.00 + $54.00 = $198.00.
Step 4: For 5 days, she makes $198.00 * 5 = $990.00.
Step 5: The answer is 990.

1 Fine-Tuning on Mistake-Correction Data
LLM

il



Example 1: Prompt For Generating Corrections

For the following math word problems, the original solutions may contain errors. Please identify the incorrect step in
each solution, explain why it is incorrect, and provide the correct solution starting from that step.

Question: James creates a media empire. He creates a movie for $2000. Each DVD cost $6 to make. He sells it for 2.5
times that much. He sells 500 movies a day for 5 days a week. How much profit does he make in 20 weeks?
Original Solution:

Step 1: 500 movies a day, 5 days a week, for 20 weeks, he sells 500 * 5 * 20 = 50000 movies.

Step 2: Each movie he sells for $6 * 2.5 = $15.

Step 3: Thus, he makes a profit of $15 - $6 = $9 per movie.

Step 4: Therefore, he makes a profit of $9 * 50000 = $450000.

Step 5: The answer is 450000.

Incorrect Step: Step 4.

Explanation: The error in Step 4 is that it does not take into account the initial cost of creating the movie ($2000). The
correct solution should subtract this amount from the total profit calculated in Step 4.

Correct Solution:

Step 4: Therefore, he makes a profit of $9 * 50000 - $2000 = $448000.
Step 5: The answer 1s 448000.

... (Another 3 examples)
Question: g;

Original Solution: 7;
Incorrect Step: { Completion }




Results

Model Training GSMBK MATH
Ist/2nd / 3rd Avg. Ist/2nd / 3rd Avg.
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LLaMA6 (oneon ool 20258y E e 71917731712 TIS (S 0812031202 204 (h09)
CodeLLaMA-34B Rotre a5y 1 E s 71717101705 712027 2041202/200 202 (e12)
LLMA-2-138 (Towvron oo | 20236) 7 8 e 65716521650 653 (5 126/126/124 12509
LLaMA-2-7B (Touvron et al.j2023b} (iogelzli'l:l?r-nzgri;lflMistakes giffiiifiiz 53.§if1.3) gz;g;jgg 9.0?0.4)




2570

» T\ FUBAR B [E) 1 0] AR £5

 IREAER K,

* 4 B% corrections

* GPT-4 ¥ {1

EEMTEIRPFE S (RTTHAE)

Het HmmiE i T s

B
o

CILHEE

* Bx5RHY GPT-4 3 AR R R MR Zx AU HETE

w
o

N
o

Success Rate (%)

o

Learning From Mistakes Makes LLM Better Reasoner

Level 1 Level2 Level3 Level4 Levelb5




