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New Problem: Noisy Rationales New Benchmark: NoRa ew Algorithm: CD-CoT

Benchmark Construction

In-context learning and Chain of thoughts

Algorithm Design

NoRa (Noisy Rationales) Self-denoising:

* a comprehensive testbed to evaluate the robustness against noisy rationales - It is hard for LLMs to denoise noisy data without guidance
* contains 26391 questions and 5 subtasks

Zero-shot Input
[Quesi'ion: In base-9, what is 62+58? ]

)

Input: CoT with clean rationales

Question-1: In base-9, what is 86+57?

Rationale-1: In base-9, the digits are "012345678". We have 6 + 7 =
13 in base-10. Since we're in base-9, that exceeds the maximum value
of 8 for a single digit. 13 mod 9 = 4, so the digit is 4 and the carry is

1. We have 8 + 5 + 1 = 14 in base 10. 14 mod 9 = 5, so the digit is 5

NoRa-Symbolic

... "turn around right" means the agent needs to turn right,]| ...

and repeat this action sequence four times to complete a
360-degree loop. Many GPS navigation systems will issue
a ’turn around’ command if the driver deviates from the

"turn around right" means the agent needs to turn
right, and repeat this action sequence four times to com-
plete a 360-degree loop. Turn opposite is I TURN_RIGHT
I_TURN_LEFT. So, in action sequence is _ TURN_RIGHT

planned route. So, in action sequence is _TURN_RIGHT
I_TURN_RIGHT I_TURN_RIGHT I TURN_RIGHT. ...

I_TURN_RIGHT I_TURN_RIGHT I_TURN_RIGHT. ...

NoRa-Com.

The relations path are son, sister, uncle, which means Fran-
cisco is David’s son’s sister’s uncle. For son’s sister, we have
son’s sister is daughter. So the relations path are reduced to
daughter, uncle. In genetics, mitochondrial DNA is always
inherited from the mother, making the mother-daughter
genetic link unique. For daughter’s uncle, we have daugh-
ter’s uncle is brother. So the relations path are reduced to

The relations path are son, sister, uncle, which means Fran-
cisco is David’s son’s sister’s uncle. For son’s sister, we have
son’s sister is daughter. So the relations path are reduced to
daughter, uncle. For daughter’s uncle, we have daughter’s
uncle is brother. We have brother’ sister is brother. So the
relations path are reduced to brother. Therefore, the answer
is brother. Answer:brother
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* covering 3 types of reasoning tasks: mathematical, symbolic, and commonsense 4 [9:°] 4 -
° : O—9 = O «— ¢ |«—wrong denoising
] Input: ICL with three examples ) contradict : >
Task | Irrelevant Thoughts | Inaccurate Thoughts . I 'F d o o . . o .
. , — . — . O— ) Self-denoising |0 — AJ«—unidentified noise x
Queshon_ 1: In base-9, what is 86+577 Answer_ 1: 154 In base-9, digits run from 0 to 8. We have 3 + 2 =5 in base-| In base-9, digits run from 0 to 8. We have 3 + 2 =5 in base-
. ¢ / ‘ ¢ ‘ 10. Since we’re in base-9, that doesn’t exceed the maximum |10. 5 + 4 = 9. Since we’re in base-9, that doesn’t exceed the nOiSY dd 1_0 nOiSY d(l 1_0
-2° - i ? -2 alue of 8 fi ingle digit. 5 mod 9 =5, so the digit is 5 and i lue of 8 f ingle digit. 5 mod 9 =5, so th
auestion 2N pasesd, what s S IaT Answer-2: 1o NoRaMats {1 Sy i 0. T e B ot 0 AL, W s 330d oy 05 5 i W+ 510 , ol
-3 - -3 Pacific, Indian, Arctic, Southern. W 8+ 6+ 0=|14in base 10. 14 9 =35, so the digit i i .
Ques f!on I. k': 0596 ,hW t O |6$2 5; 2 . nswer-3J: ) ljiilllgasq ll()an14 nfolg 9a;1 5, s(z)uth:rc_liligit ies Saz:’ned the carry is | 1. Xl legfleing digitnllf)So the a;(;weer 1slg115§S A?lI;wer:e feslgry ° ConerSflve DenO|Sl ng°
Question: In base-9, what is 62+58 | 1. A leading digit 1. So the answer s 155. Answer: 155 . It is easier for LLMs to denoise by contrasting noisy and clean data

correct denoising

brother. Therefore, the answer is brother. Answer:brother

Contrastive Denoising with Noisy Chain-of-thought (CD-CoT)

Table 1: Noisy rationales (consisting noisy thoughts) sampled from the NoRa dataset. Full examples * rephrasing and selecting rationales to conduct explicit denoising (steps 1&2)
of NoRa are in Appendix C.6, and real-world examples of noisy rationales are in Appendix C.3.

and the carry is 1. A leading digit 1. So the answer is 154.
Answer-1: 154.

..Q2, R2, A2, Q3, R3, A3 .. + exploring diverse reasoning paths and voting on answers (steps 3&4)
Empirical Evaluation

Rephrased Rephrased I-th input

Question : In base-9, what is 62+58? =

______________________________________

ol .- Rationales  Answers A||oca.t.('a ...... ’{ 3 concat
a - S Y \
Contra_s_g ,—'l LLM Rephrasing |", @ @ . @ :l \i:! i E @ @ EE i
:’ i-th Noisy example: ™ 4 | Ei i E ii@ i _
[ . : 1 h ] 1 1 :
Acc M; Qa Pirrelevant ) Acc M, Q, Pinaccura ) ° H ! ':'-_ % Same -". : i: i 1 L
Chain of thouahts with noisy rationales Tk | Metbod M| Acels @ Poan) | sy *Ficiim” Tt svs. | by “Veiim "t we. | Grand observation: The base s @ @ " | Answert [ @ D D st
w Base 46.4 39.3 30.3 6.6 321 | 232 10.1 60 131 . ! P . ; ¥ p Pthinput A L0 -
g Y w/ ISC [29] 24.3 177 147 127 150 | 184 137 123 148 LLM (GPT-3 . 5) with all the o = P - -, : _ : i o i ;
BMath9 w/ SP [89] 262 25.5 25.5 219 243 | 200 184 143 176 L . j Clean example: P : : ", " : : ! i |y Pemem T N
ase- / SM [62] 37.4 300 227 165 231 | 247 192 124 188 P B : | b HES T
W/ SD [102] 47.9 37.2 254 247 291 | 293 12.5 87  16.8 eXISflﬂg methods is Sevef'ely i b B Mmoo Q Q i Ve .
. . . . . . . w/ SC [83] 615 51.1 39.0 362 421 | 327 15.3 75 185 affected by noisy rationales ] | K*; Rsphrlased - ' Reseanic [
ationales 3 1
the irrelevant base-10 information is included in rationale Base 29 o1 136 107 145 140 67 36 &1 . Y S 4 Nl J Alocai j £
Math WIS 89]. 207 175 167 140 160 | 141 107 108 119 * a 0.2%-25.3% decrease ) — . n : — R oo oo el
Base-11 w/ SM [62] 16.3 120 6.0 357 79 | 120 9.3 77 97 . fh . l 1- . Step . Rationale Rephrasing (1toN) Step2. Rationale Selection (NtoM) Step3. Rationale Exploration (MtoD) Step4. Answer Voting (Dtol)
w/ SD [102] 17.9 12.3 12.0 133 125 | 170 8.7 53 103 wi irrelevant noise
[ [ [
- . w/ SC [83] 337 253 163 150 189 | 197 9.3 33 108
Inpuf. CoT with noisy rationales ) Base 327 281 251 230 254 | 291 261 @ 227 260 * a0.1%-54.0% decrease
. . . w/ ISC [29] 239 20.0 16.3 155 173 | 192 183 181 185 ) ) ]
Question-1 (Q1): In base-9, pvhat is 86%57? Yol | v 1o 230 07 157 167 150 | 310 03 300 504 with inaccurate noise
. . . W " w/ SD [102] 9.9 10.1 10.9 103 104 | 10.1 10.9 104 105
Rdflonale- l (R 1 ): In base-g fhe dlg' 1.5 a O 1 2 345678 . We have w/ SC [83] 35.3 31.0 283 27.0 28.8 333 30.7 26.0 30.0 Task Method M Additional Acc(M, O, Peen) ‘ Acc(M, Q, Pirclevant) ‘ Acc(M, Q, Pinaccurate) Original Noisy Rationale
. . ] . Base 2 ﬁ B 6_0 6_5 w 6_8 6_0 @ ° as etho Information ce 1 = clean Easy Medium Hard Avg. Easy Medium Hard Avg. In base-9, the digits are "012345678". 9 + 8 = 17. We
6 +7 =13 in base-10. 13 + 8 =21. Since We're in base-9, that . w/ISC [29] 49 4.6 2.7 37 37 | 34 4.3 33 37 sel f' correcC f|on methds Base - 46.4 393 303 266 321 | 232 101 60 131 have 6 + 7 = 13 in base-10. Since we’re in base-9, that
S{mb(’llc W; gfd %369%] f% 8'3 g'% %g ‘1"(1) ‘l‘g 3'(7) g'g g'g Math w/ SCO [29] Ground Truth 53.6 463 396 364 408 | 347 220 177 248 exceeds the maximum value of 8 for a single digit. 13
H ° P onger W, . . X . . . . . . a : e VeE) 205 ’ ’ : . : : ’ mod 9 =4, so the digit is 4 and the carry is 1. We have 8
exceeds the maximum value of 8 for a single Yigit.13 mod 9 = 4, so the W/SD [102] 01 61 o1 o o1 |01 o3 oo o1 |perform poorly on most Buey | WETE Noise Positon 472 %2 M2 99 34|01 184 11209 TSI i nbase 10, 1428~ 55 14'mod 9 = 3. 50
w/ SC [83] 13.0 7.7 9.0 6.3 7.7 8.0 8.0 8.7 8.2 . . . w/ CD-CoT (ours) Clean Demo 60.7 597 607 572 592 | 540 587 284 537 glle digitis 5 alrgcz th:ncarry 1s1 514A leading digit is 1. So
P : M M € answer 1s : SWET: 1
dlgl tis 4 and the carry 1Is 1. We have 8 + 5 + = 14 in base 10. 14 Base 457 443 423 414 427 | 367 334 283 328 tasks with noisy ra tionales Base - 239 190 136 107 145 | 140 67 36 8.1 Method | Denoised Rationale
Y . . wiepn D8 | B3 % &) o | 4% & & L R B 1
- - w . . 48.1 . 49.6 . . ) /BT [81 Noise Positi 243 179 172 137 163 | 128 92 68 96 -9, .
mod 9 =5 , SO the dlgl tis 5 and the ¢ arry 1Is 1.5 + 9 = 14. A leadi ng Commonsense W/ SM [[16&%] 33 03 00 g7 40 | 4T 00 493 487 Base-ll | W CCto) Clean Demo. 223 191 184 182 186 | 190 153 146 163 M - 17. WeShavér+ 71=J13 in base-10, Since
e e . . W, . . . . . .. ° w/ CD-CoT (ours) Clean Demo 31.0 33.7 32.7 347 337 | 290 30.7 253 283 we’re in baze-9, ithFt exceeis the maCimum
dlgl t is 1. So the answer is 154. w/SC [83] 52.0 463 450 447 453 | 447 447 380 425 self- consisten cy methods | Base o T 27 M1 250 230 2540 261 27260 T b i s e e e e
_ . . . . . . Symbolic | W/ SCO 1] round Tru 382 #o B4 21 B0 AL M N2 hOve 8 + 5i+ z2= 14 Vn baAe 10. 14 d 8 =
An swer-1 ( A 1 ): 154. Tal?le 3: Reasonl'ng accuracy on NoRa dataset with 3-shot prompting exarr}ples with cle:am, irrelevant, | can |mPrOV€ robustness Equal w/ BT [[9]] Noise Position 3138 %60 Z7 ;6 B B3 BT 2 A 2. 14 mod 3 =5, 50 X G0 $ and
or inaccurate rationales. The boldface numbers mean the best results, while the underlines numbers . .. w/ CD-CoT (ours) | Clean Demo 427 47 427 40 438 | 26 43 27 422 e 154 Asomerigq Bl
QZ: Rzl A 2: Q3' R 3 ’ A3 .. o5 indicate the second-best results. Note the referenced results of Base model are highlighted in gray. | WI thout true denoisi l'lg Base - 9.2 63 72 60 65 | 70 68 60 6.6 In base-9, the digits arc "012345678". 9 + 8
T f Q f. I b 9 h 1- 6 2 8? Symbolic w/ SCO [29] Ground Truth 18.7 12.1 10.5 113 113 | 152 15.9 9.8 13.6 D —17. We have 6 + 7 = 13 in base-10. Since
H =S5 /BT [81] Noise Position 7.2 34 35 2.5 3.1 3.8 3.6 3.6 3.7 re in base-9, 13 exceeds the maximum
es uestion: 1n base- whart 1S +58 . Longer Wi CC [9 Clean D 9.4 98 79 79 85 | 85 74 65 15 value of " ile B i
. ’ ) W/ CD-CoT (ours) | Clean Demo 123 120 120 130 123 | 123 100 10 1Ll o the digit 5 4 and the cary i 1. We have
8+ 5+ 1=141inbase 10. 14 mod 9 =8. 14
. T ur | #Promptine Fxamol Setting . . Base - 45.7 443 423 414 427 | 367 334 283 328 div 9 — 1. so the digit is 8 and th -
T o [seune | o GRSES ok [ e | TOPEEYRS Mokl | Tk o niitalhe w | Adjusting temperature onmerse | VR[S | 541 1oe aw om o P e
J ° [ ° ) : : : . . : NnsSwer: 3
Base-9 | 7.2 |46.4(30.3 10.1 4 4 w/ CC [9] Clean Demo 48.3 45.7 43.6 440 444 | 421 40.8 40.5 41.1
while the test question asks about base-9 calculation Base oo Y 0STITL s [ PEISIHAENS  prss|symin)| 53 |mapsizel | CAN iMprove reasoning Wbt ouy | Chmbema | 90 | %3 s %3 Sia | S0 sy a5 s Inbase, e g rangs om0 0. Lot
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— under noi sy rationales able 8: Performance of denoising methods that require additional information for supervision. base-10, 6 1 7 equals 13, However, since
clean [34.0 33.8 31.6 29.8 23.9 clean |11.820.4 23.9 29.9 32.1 | base 12.7 | 88.0 |72.3 21.2 Sp we are in base-9, the maximum value for a
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However, LLM's robustness against noisy rationales is unknown . . . . . Y : 15 Aver 15
. ) Table 4: Comparing perfor- Table 5: Comparing perfor- Table 6: Comparing LLMs with Dl f{.‘erenf LLMS are average |mprovemenf of ensures formaf In base-9, the digits are 012345678". We
M 1 ave 6+ / = in base-10. Since we’re in
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noisy rationales model under noisy settings. original rationale. S and thecay s T A ledingdigi i 1 S0
€ ansSwer 18 . ANSWEr: b

Table 12: Comparison of rephrased ra-
tionales by different reasoning methods.



