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[ Example in Original Benchmark ] >[ Question to Symbolic Representation | )t Mutation on Symbolic Representation 1 Translate Mutation [ Mutated Example J
J J to NL Description
1 2
[QUESTION] [Python Solution] [RewriteValueofVariable] » [MUTATED QUESTION]
Janet’s ducks lay 10 eggs per day. She eggs = 10 e = 1L Janet’s ducks lay 10 eggs per day. She eats 4
eats 4 for breakfast and bakes muffins breakfast_eggs = 4 breakfast_eggs = 4 for breakfast and bakes muffins with 2. She
with 2. She sells the remainder for $3 muffin_eggs = 2 mufi[j.él_eggs == 4 sells the remainder for $3 per fresh duck egg.
per fresh duck egg. How much in remainder = eggs - breakfast_eggs - muffin_eggs L LI o =L Execute the Mutated Assume Janet no longer bakes
dollars does she make every day? price = 3 ;irilzzln(;er = eggs - breakfast_eggs - muffin_eggs Code to get the Answer ml}{fﬁns. %ovx; much in dollars does she
sales = price * remainder = make every day-
[ANSWER] return sI:ﬂes sales = price * remainder » |[MUTATED ANSWER]
12 return sales 18
[Original Question] [Mutation: SampleValues] [Mutation: UselessInfo] [Mutation: AddDependence] [Mutation: InsertConditional] [Mutation: CounterFactual] [Mutation: Bi-CounterFactual]

eggs = 10 eggs = 20

eggs = 10
breakfast_eggs = 4 breakfast_eggs = 8 breakfast_eggs = 4
muffin_eggs = 2 muffin_eggs = 4

muffin_eggs = 2
remainder = eggs - breakfast... remainder = eggs - breakfast... remainder = eggs - breakfast...

eggs = 10
breakfast_eggs = 4
muffin_eggs = 2

remainder = eggs - breakfast...
price = 3

Computational Graph

eggs = 10

breakfast_eggs = 4
muffin_eggs = 2

remainder = eggs - breakfast...

eggs = 10
breakfast_eggs =4
muffin_eggs = 2
muffin_eggs = o

eggs = 10
breakfast eggs =4
muffin_eggs = 2
muffin_eggs =0

Symbolic Representation

price = 3 price = 5 price = 3 price = 3 sales = price * remainder remainder = eggs - breakfast... remainder = eggs - breakfast...

sales = price * remainder sales = price * remainder sales = price * remainder bonus = 5 if eggs > 16: price = 3 price = 3

return sales return sales dress = sales price = price + bonus sales= sales sales = price * remainder sales = price * remainder
return sales sales = price * remainder E1Ss(:1es= . return sales return sales > 20

return sales return sales

Janet’s ducks lay 10 eggs per
day. She eats 4 for breakfast and
bakes muffins with 2. She sells
the remainder for $3 per fresh
duck egg. How much in dollars
does she make every day?

Janet’s ducks lay 20 eggs per
day. She eats 8 for breakfast and
bakes muffins with 4. She sells
the remainder for $5 per fresh
duck egg. How much in dollars
does she make every day?

Janet’s ducks lay 10 eggs per day. She eats
4 for breakfast and bakes muffins with 2.
She sells the remainder for $3 per fresh
duck egg. Janet only sells eggs if her ducks
lay at least 16 eggs in a day. How much in
dollars does she make every day?

Janet’s ducks lay 10 eggs per day. She eats
4 for breakfast and bakes muffins with 2.
She sells the remainder for $3 per fresh
duck egg. Janet receives an additional
bonus of $5 for each egg she sells. How
much in dollars does she make every day?

Janet’s ducks lay 10 eggs per day. She
eats 4 for breakfast and bakes muffins
with 2. She sells the remainder for $3
per fresh duck egg. Assume Janet no
longer bakes muffins. How much in
dollars does she make every day?

Janet’s ducks lay 10 eggs per day. She
eats 4 for breakfast and bakes muffins
with 2. She sells the remainder for $3
per fresh duck egg. Assume Janet no
longer bakes muffins. Does she make
more than 20 dollars every day?

Janet’s ducks lay 10 eggs per day. She
eats 4 for breakfast and bakes muffins
with 2. She sells the remainder for $3
per fresh duck egg. Janet plans to save
her money for a new dress. How much
in dollars does she make every day?
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Figure 1. Benchmark Transformation Pipeline

The Ladder of Reasoning Results
Inspired by the Ladder of Causation (Pearl, 2009), we define and label a three-layer hierarchy — ob-
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. o . o . oo, o o/ | ounterractua
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= 7 /l\'\‘ W(: Itigharcausei y? Imaglne deiuigﬂtmi) :[] [CruxEval: Original Example] Mode| Accurac|es on CruxEval
| [ EXAMPLES What effective is the for n in nums:
| u vaceine? Would iy gy = o
Young X be protected return output 50%. Mutate String (L2)
had he not taken vaci? ‘ Level 2 feser TSl T ’ Mutate Value (L2)
g | T 45%1
) . ; Mutate "; deiufgﬁféi)h (Mutation: MutateValue L21 9 40;; | Redefine Function (L2)
2. INTERVENT]ON :' iGSM ‘ fozuzpiz-gggz;ld((nums.count(n), n)) E,;35% Replace Operator“‘z)
, _ i e e gt Swap Conditional (L2)
ACTIVITY Doing, Intervening GSM-HARD Assert £(11,0,3,1,3,1]) == 22 § 30%1 Mutapte String (L3)
QUESTION What if? 3 25%1 M Value (13
I ’AX, H y? L V 1 dezui(xmi)i [Mutation: MutateValue L3] | () Utate aue( )
il U o n in nuns? & 20%] Redefine Function (L3)
EXAMPLES gow effect;vefls tl'l1le Observe output.append ( (nums.count (n), n)) 15% Replace Operator (L3)
l]VElCCiIle_ [ IC ange output.sort (reverse=True)
Would Young Z be GSM-SK nsmert £([11,3,1,3,11) = 77 10%1 Swap Conditional (L3)
prOteCted had he not Suppose a change is now made to the SCy 1
taken the vaccine? -lJieless C(?SZ,' a§ descr?bed by theifollowing 00 : : ‘ ‘ ‘ I ‘ : : : - ‘
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1. ASSOCIATION : . . :
. . Figure 3. Re-Imagine Coverage Of Benchmarks Figure 5. CruxEval Example Mutations and Results
ACTIVITY Seeing, Observing
QUESTION What is?
What is ! ? eate tell us?

[Loop: Original Example]

EXAMPLES What does a faver , , 85% A -t
tell us about infection? lr}ttmali ()1 { - 0;: 80% 1 JankNorine
J ln. = r Y ! 75% A readOriginal
while (y < 100000) { 70% WriteOriginal
X = xXx + y; yt+; 65% - Xoriginal
} _ 60% A
Figure 2. Pearl’'s Ladder of Causality el DA g
[Mutation: Read Original (Level-2)] g 45% -
int main () { § :g:ﬁ::
int x =1, y =0, gl = 2, g3 = 4; <t30%~
. . while (y < 100000)  { 259 |
Novelty and the Influence of the Question Difficulty LUV,
} o
. . . ) . . . . //Rassert ((x>=y)) ; 120//:_ . I
= \We define a hierarchy of reasoning difficulty that unifies prior mutation strategies with new 0% e oo . e
ones introduced in our work.
= \We present the first scalable mutation generation pipeline, applicable across benchmarks and Figure 6. Loop Example Mutations and Results
tasks, enabling arbitrary mutations at each reasoning level.
= Prior work is mostly limited to Level-2; existing Level-3 efforts rely on manual rules and lack [CLadder: Original Example] N
Scalablllty For husbands that don't set the alarm and wives that don't . Raw
o o N3 NG 9 (o) UnRelatedIrrelevantinfo
= Our framework overcomes these gaps by supporting multi-level, cross-benchmark problem SRR A e A 8% 1 1w Relatedimelevantino
Va r—i aﬁ on. alarm, the probability of ringing alarm is 54%. For . E?:‘::::T;:eu;:ﬁgvantlnf .
. . . husbands [...] For husbands that set the alarm, the 80%1 CF+Relatedirrelevantinfo ]- Composing
= More results and ablations are available in the paper. probability of alarm set by wife is 24%. If we disregard the | __
mediation effect through wife, would husband positively R 75%1
affect alarm clock? >
[CLadder: CounterFactual] § 70% 1
How do the three levels relate to the causal ladder? . S ool
For husbands that don't set the alarm and wives that don't < °
set the alarm, the probability of ringing alarm is 8%. For
) ) . : husbands that don't set the alarm and wives that set the 60% 1
= Our framework connects to Pearl’s ladder through the problem’s computation graph, viewed as a alaron, L] Assumme that the probability of the alarm ringing,
caus a| modeL if both the husband and the wife don't set the alarm, 55% - I I
. . . . changes to 25%. If we disregard the mediation effect
= Fach benchmark problem represents a specific realization of this graph. through wife, would husband positively affect alarm clock? | 5q0, | | . | |
Llama-3-8B Llama-3.3-70B GPT-40 GPT-01 Phi-3-mini Phi-3.5-mini

= Perturbations correspond to operations in Pearl’s ladder.
= However, not all mutations have causal counterparts (e.g., adding irrelevant info or modifying
operations).

Figure /. Cladder Example Mutations and Results
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