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IVI t - t - —[ Question ]7 : { Question-Related Premises } { Reasoning ]7 Reasoning i
otivation ' P — .
i # 1. Avery needs to buy a 3 piece place # 5. (by #2) Step 1: gii i:Zl#4u:ZLi§;n?i izepéoihe :
I setting (dinner & salad plate and a bowl) for Calculate the total mucg willqshe spend on élace I
. . . m m _____’: her holiday digner. . numbér of place settings? We do not miss :
* Chain-of-thought reasoning introduces hallucinations and accumulated | # 2. smers naving 12 pecple over for dimer. || cettings necdea. omiion on e nieen |
. . . s y - . : cost $5.00, and salad plates cost $4.00. place settings: 12 * qieitién is Aieiisxiil Zpenés :
errors which is imiting models’ ability to solve complex reasoning tasks. | # 4. How much wild she spend on place settings | | NN 550 00 on phece sertinger |
\ ]
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* However, humans can utilize careful deductive logical reasoning
processes to solve tasks and ensure the trustworthiness of their RPN

(dinner & salad plate

LQuestion-ReIated Premises ] | Reasoning ]7 | Reasoning ]

# 1. Avery needs to buy a 3 piece place #10. (by #6 #9) Final Step: The

, , , # 7. (by #2) Step 1: o , ,
setting for her holiday dinner. original question is #6. How

# 2. Avery is having 12 people over for dinner. Calculate the total

{ |

I |

I |

I |

I |

I |

I |

. m gmm - : number of olace much will Avery spend on place :

th h If f t andla bow}) for her , i | # 3. The cost of each dinner plate is $6.00. iy Ap q .o settings? We do not miss I

reasoning process through self-verification. I s [T 13 T st of s ioner piane s oteie | | S weas rormiss T
I |

I |

I |

I |

I |

: I

' to buy. Total number
having 12 people over # 5. The cost of each salad plate is $4.00. Y . labels. So the answer to this
for dinner. If the - of place settings: . . .

# 6. How much will Avery spend on place 12 % 3 = 3¢ question 1s Avery will spend

dinner plates cost 56.00 settings? $540.00 on place settings.

* Verifying the validity of an entire vanilla CoT reasoning chain is

$S5.00 and the salad S - L

plates cost $4.00, how

challenging, even with advanced models like ChatGPT. ruch w1 she spend on ; Reasoning Ertor  Grounding Error

place settings?

_______________________________________________________________________________

( . . . . !
Question: Jerry is rolling a six-sided die. How much more likely is it (expressed as a percentage) . . ! { Question-Related Premises } { Reasoning ]7 { Reasoning } |
that he rolls a number greater than $3 than that he rolls two even numbers in a row? Prompting  Reasoning Correctness GSM8K ~ AQuA MATH AddSub  Date  Last Letters | ,
Ground Truth: There are 3 numbers greater than 3 on the dice, so the chances of rolling one Correct 98% 96% 100% 98% 98% 100% | # 1. Avery needs to buy a 3 piece place _ !
of them are 3/6 = 50%. The chance of rolling one even number is 50%, so the chance of rolling Zero-shot Incorrect 49, 6% 49, 20 49, 49, ' | setting for 12 people. # 7. (by #1) Step 1: #10. (bll’ #6 #i? Fl‘}al#zteFH“ The |
two in a row 1s 50% * 50% = 25%. The difference between these two probabilities 1s 50% - 25% (Average) 51% 51% 529 50% 51% 529 1 | # 2. The place setting consists of a dinner calculate the total ziégliilquzrloz ;id e clazce :
= 25%. #i##t 25 : plate, a salad plate, and a bowl. number of place e o dy pt _ P ,
. : , Correct 98% 9%  100% 92% 100% 96% —», | # 3. The cost of a dinner plate is $6.00. settings Avery needs T T e T T !
Output: There are two po.ss1ple outcomes for rolhng a number greater than. 3 out of 6 total Two-shot Incorrect 2% 4% 0% 6% 26% 6% | # 2. The cost of a bowl is 85.00. to buy. Total number information on the rewritten |
outcomes, SO the probability is 2 /6 or 1 / 3. For rolling two even numbers in a Tow, there are (Average) 50% 50% 50% 499 63% 51% : # 5. The cost of a salad plate is $4.00. of place settings 1abel§. S0 the answer to this |
three possible outcomes (2-4, 4-6, 6-2) out of 36 total outcomes, so the probability is 3 / 36 or ' | # 6. Avery needs to calculate the total cost needed: 12 question 1s Avery will spend !
1/ 12. To find the difference in probability, we subtract the probability of rolling two even || of the place settings. $180.00 on place settings. |
numbers in a row from the probability of rolling a number greaterthan 3: /1 /3-1/12 =1/4. _ _ L ; | :
This means that it is 25% more likely to roll a number greater than 3 than to roll two even Ze ro Sh ot an d WO-S h ot Verlfl cation accura Cy Of ——————————————————————————————————————————————————————————————————————————————— g

numbers in a row. ; - - - -

GPT-3.5-turbo for 100 generated CoT reasoning U nanimity- Plural Ity Voti ng
A flawed reasoning chain with correct answer.  chains: 50 valid and 50 with mistakes.

Results and Limitations

DEd UCtive Verification With Natu ral Pr()g ra m Verification Method | Reasoning Correctness GSM8k AQuA MATH AddSub Date Last Letters |Overall

CoT Correct 8% 9% 100% 92% 100% 96% 97%

° . ' ' Incorrect 2% 4% 0% 6%  26% 6% 7%
Natural Program: a deductive CoT reasoning format for LLMs. Two-shot (Averaeo XA (A L XA IS

* Deductive verification of a Natural Program reasoning chain: Natorsl Program Correct 84% 2% 0% 95% 90%  96% | 85%
| o | | Onechr Incorrect 84% 62% 16% 40% 56% 6% 54%

* Decompose a long reasoning chain into a series of reasoning steps. (Average) 84% 67% 73% 68% 3% S1% | 69%

° Verlfy step-by-step. Arithmetic Commonsense
* A reasoning chain is valid If and only If every reasoning step Is valid. Methods GSM8K AQuA MATH™ AddSub Date Last Letters

CoT + Voting 87.62% 70.183% 35.93% 92.36% 6997%  81.60%
(" Queston | (Verication | Faithful CoT + Voting 75.80% 61.80% 31.78%' 88.35%' 73.50% :
e ia e mEer i Ours (Natural Program (NP), No Verification) 87.05% 70.34% 36.75% 93.67% 72.49%  92.98%
There are 53 maple trees currently in " Ours (NP + Deductive Verification + UPV) 86.01% 69.49% 36.48% 93.54% 71.45%  92.60%
the park. Park workers will plant maple , , , , , .
trees today. When the workers are Based on the given information, here 1sla reasoning process: "Calculate
finished there will be 64 maple trees T the number of maple trees the workers will plant. Number of maple trees - : : : - : : : -
in the park. How many maple trees did the workers will plant: 64 - 53 = 11" Question: In March it rained 0.81 inches. It rained 0.35 inches less in April than in March.
the workers plant today? Double-check the reasoning process, let's analyze its correctness, and How much did it rain 1n 1Ap1’11‘7
end with fyes® or Tnot. Ground Truth: It rained 0.81 - 0.35 = 0.46 inches.
o ————————— e N ——— Yy K GPT-3.5-turbo (ChatGPT):
: L Question-Related Premises J L Reasoning J L Reasoning J : Question-related premises:
: ' : #1. It rained 0.81 inches in March.
| # 5. (by #2 #1) Step 1: # 6. (by #4 #5) Final Step: The original | #2. It rained 0.35 inches less in April than 1n March.
| Calculate the number of question is #4. How many maple trees did the | - 1: T .
_>| maple trees the workers . workers plant today? We do not miss ' #3 HOW mUCh d}d 1t rain 1n ‘Apnl‘7
: # 3. The workers plant some maple trees will plant. Number of maple information on the rewritten labels. So the : The first reasoning step:
' | # 4. How many maple trees did the crecs he woriers wi clswer To ThIS question is the workers planted || #4. (by #2) Step 1: Calculate how much it rained in April by subtracting the difference of 0.35 inches from
: workers plant today? prants - HabRe TEEes Teey: : the amount in March.
\ |

___________________________________________________________________________________________ P Amount of rain in April: 0.81 - 0.35 = 0.46 inches




