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Abstract

Representation Fine-tuning (ReFT), a recently001
proposed Parameter-Efficient Fine-Tuning002
(PEFT) method, has attracted widespread at-003
tention for significantly improving parameter004
efficiency by editing representation space alone.005
In this work, we investigate applying ReFT to006
complex reasoning tasks. However, directly007
using the native ReFT method, which modi-008
fies fixed representations at the beginning and009
end of each layer, yields suboptimal perfor-010
mance, as these fixed-position representations011
have uncertain impact on the outputs. We ob-012
serve that, in complex reasoning tasks, there of-013
ten exist certain critical representations. These014
representations either integrate significant in-015
formation from preceding layers or regulate016
subsequent layer representations. Through017
layer-by-layer propagation, they exert a sub-018
stantial influence on the final output. Naturally,019
fine-tuning these critical representations has020
the potential to greatly enhance reasoning per-021
formance. Building upon these insights, we022
propose Critical Representation Fine-Tuning023
(CRFT), a novel method that identifies and opti-024
mizes these critical representations through in-025
formation flow analysis. CRFT operates within026
a supervised learning framework, dynamically027
optimizing critical representations in a low-028
rank linear subspace while freezing the base029
model. The effectiveness and efficiency of030
our method are validated across eight bench-031
marks for arithmetic and commonsense reason-032
ing, using LLaMA and Mistral model fami-033
lies. Notably, our method improves the accu-034
racy of LLaMA-2-7B and ReFT by 18.2% and035
3.8%, respectively, on GSM8K, while using036
only 0.016% of the model parameters, signifi-037
cantly less than other PEFT methods. Further-038
more, our method also adapts effectively to few-039
shot settings, boosting one-shot accuracy by040
16.4%. Our work highlights the untapped po-041
tential of representation-level optimization for042
CoT reasoning, offering a lightweight yet pow-043
erful alternative to traditional PEFT methods.044

Janet\u2019s ducks lay 16 
eggs per day. She eats three 
for breakfast every morning 
and bakes muffins for her 
friends every day with four. 
She sells the remainder at 
the farmers' market daily 
for $2 per fresh duck egg. 
How much in dollars does 
she make every day at the 
farmers' market?

Let's start with step 
1.\n1.\nHow many 
eggs does Janet have 
left after eating three 
for breakfast… 
\nSince each egg 
sells for $2, and she 
has 9 eggs left, she 
makes $2 x 9 = $18
at the farmers' 
market every day.

Janet\u2019s ducks lay 16 
eggs a day. She eats three 
for breakfast every morning 
and bakes muffins for her 
friends every day with four. 
She sells the remainder at 
the farmers' market daily 
for $2 per fresh duck egg. 
How much in dollars does 
she make every day at the 
farmers' market?

If Janet's ducks lay 
16 eggs per 
day……\nIf she 
sells each egg for $2, 
then she makes 13 x 
$2 = $26 per day at 
the farmers' market.

✅

❌

“a”

“a”
（1）integrating information

（2）regulating others

Figure 1: Examples of modifying a critical represen-
tation in the first layer (an input token). This example,
conducted on LLaMA-2-13B, illustrates (1) two strate-
gies of identifying critical representations and (2) the
impact of modifying these representations on the output.

1 Introduction 045

Large language models (LLMs) have made signifi- 046

cant advances in the treatment of complex reason- 047

ing tasks (Chu et al., 2023; Yao et al., 2024; Besta 048

et al., 2024), which demand intricate logical reason- 049

ing and comprehensive explanations. These tasks 050

differ from simpler in-context tasks that mainly in- 051

volve straightforward information retrieval or clas- 052

sification. A pivotal element in these advancements 053

is the Chain-of-Thought (CoT) (Wei et al., 2022), 054

decomposing the reasoning process into several in- 055

termediary steps, particularly used in the domains 056

of arithmetic (Lu et al., 2022; Imani et al., 2023; 057

Lightman et al., 2023) and commonsense (Trinh 058

and Le, 2018; Ling et al., 2017; Patel et al., 2021). 059

Representation Fine-Tuning (ReFT) (Wu et al., 060

2024b) has emerged as a promising approach, of- 061

fering parameter efficiency by operating at the rep- 062

resentation level. Representations are considered 063

fundamental as they reveal the inner reasoning pro- 064

cesses of large language models (LLMs). However, 065

ReFT yields suboptimal performance in complex 066

reasoning tasks, due to its reliance on altering fixed 067

representations at the beginning and end of each 068

layer, coupled with the unpredictable effects these 069
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changes have on the output. Through empirical070

analysis, we observe that in complex reasoning071

tasks, certain critical representations exist within072

each layer, as illustrated in Figure 1. These repre-073

sentations either aggregate significant information074

from the previous layer or modulate other represen-075

tations in the subsequent layer. Through layer-by-076

layer propagation, they exert a substantial influence077

on the final reasoning output. To further validate078

their importance, introducing random perturbations079

(0.01 Gaussian noise) to a random representation080

in each layer of LLaMA-2-7B on GSM8K resulted081

in a 1.4% accuracy drop, underscoring the sensi-082

tivity of model performance to these representa-083

tions. Naturally, fine-tuning these critical repre-084

sentations holds significant potential to enhance085

reasoning performance. Building upon these in-086

sights, we propose a novel PEFT method termed087

Critical Representation Fine-Tuning (CRFT).088

We employ information flow analytics (Wang089

et al., 2023), utilizing attention and saliency090

scores (Simonyan, 2013) as explicit indicators091

to identify critical representations. Specifically,092

for representations that aggregate significant093

information from the preceding layer, we prioritize094

those with predominant self-information flow, as095

they effectively consolidate gathered information.096

For representations that modulate subsequent097

layers, we focus on those with substantial outgoing098

information flow, reflecting their regulatory099

influence, reflecting their significant regulatory100

influence. However, optimizing critical repre-101

sentations poses a significant challenge due to102

their context-dependent nature. While some103

representations positively contribute to outputs and104

require no optimization, others adversely affect105

performance, with necessary adjustments varying106

across contexts. To address this, we introduce107

adaptive learning within a supervised framework.108

Building on recent advances in parameter-efficient109

fine-tuning (PEFT) at the representation level (Wu110

et al., 2024b,a), we freeze the base model and111

optimize critical representations by learning112

updated directions in a low-rank linear subspace.113

We conducted comprehensive experiments on114

eight reasoning datasets in two scenarios: arith-115

metic and commonsense (Talmor et al., 2018), us-116

ing four base models covering the LLaMA and Mis-117

tral families. The experimental results demonstrate118

the effectiveness of our intervention. Specifically,119

our method achieves improvements of 18.2% over120

LLaMA-2-7B on the GSM8K dataset with only the121

0.016% parameters of the model. Furthermore, our 122

method can be easily extended to few-shot learn- 123

ing, achieving increases of 16.4% and 9.8% in one- 124

shot and two-shot learning, respectively. Our work 125

highlights the untapped potential of representation- 126

level optimization for CoT reasoning, offering a 127

lightweight yet powerful alternative to traditional 128

prompt-centric and weight-centric methods. 129

2 Method 130

Our method, CRFT, consists of identifying and 131

optimizing critical representations. We begin by 132

introducing the problem formulation in Section 2.1. 133

Next, we propose two strategies for identifying 134

critical representations by analyzing the informa- 135

tion flow, as presented in Section 2.2. Finally, we 136

describe the way of optimizing critical representa- 137

tions in Section 2.3. 138

2.1 Problem Formulation 139

Given a sequence of n input tokens x = 140

(x1, . . . , xn), the language model commences by 141

embedding these tokens into a list of representa- 142

tions h(0) = (h
(0)
1 , . . . ,h

(0)
n ). Since the vast major- 143

ity of state-of-the-art language models are currently 144

constructed based on the transformer (Vaswani, 145

2017) architecture, we focus solely on this ar- 146

chitecture, which consists of L layers of trans- 147

former blocks. Subsequently, the L layers suc- 148

cessively compute the l-th list of hidden repre- 149

sentations h(l) as a function of the previous list 150

of hidden representations h(l−1). Each hidden 151

representation is a vector h ∈ Rd. Finally, the 152

model leverages the last layer of hidden representa- 153

tions h(L) to produce its predictions. Specifically, 154

as a reasoning task, the model incrementally pro- 155

duces k tokens following the probability expres- 156

sion p(xn+k|x1, . . . , xn, xn+1, . . . , xn+k−1). Our 157

method aims to improve accuracy by identifying 158

and optimizing critical representations M(h). 159

2.2 Identify Critical Representations 160

Previous representation editing works also involve 161

modification of representations but depend on em- 162

pirical observations or general knowledge to locate 163

representations for editing, which limits their adapt- 164

ability and performance. For example, ReFT (Wu 165

et al., 2024b) requires training and testing on other 166

datasets to determine the optimal number of con- 167

tinuous representations to edit, specified as the 168

first x and last y representations. This selection 169
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(b) Multi-referential filtering.

Figure 2: The illustration of self-referential filtering
and multi-referential filtering. We use red boxes to
highlight the diagonal cells in Figure 2a and the column
averages in Figure 2b that exceed the threshold α. The
corresponding representations are marked with red lines
and are referred to as critical representations.

process is not only cumbersome, but also lacks170

interpretability. Our work identifies critical rep-171

resentations M(h), which significantly influence172

reasoning abilities and output correctness.173

M(h) = {hi |Is correct(model(hi + ϵ))174

̸= Is correct(model(hi))}, (1)175

where ϵ is a small perturbation in a vector space.176

For simplicity, we use the abbreviation M (l) to177

represent M(h(l)) in the following text. When all178

critical representations contribute positively to the179

output, accuracy is largely ensured.180

As in the examples in Figure 1, whether a rep-181

resentation is an critical representation cannot be182

determined by itself but rather by its relationship183

with other representations. So, we utilize the infor-184

mation flow (Wang et al., 2023), leveraging atten-185

tion and saliency scores as indicators. As shown186

in Figure 2, we use a grid to visualize the informa-187

tion interaction between representations, where cell188

(i, j) indicates the information interaction between189

representation j and representation i. The value190

of the cell (i, j) is indicated by attention scores or191

saliency scores, with darker colors signifying richer192

information interactions. The critical representa-193

tions can be categorized into two functional roles:194

(1) integrating significant information from the pre-195

ceding layer and (2) regulating the subsequent layer196

representations. Specifically, for the former, we197

focus on representations that consistently receive198

information flow from itself, indicating effective199

information accumulation. For the latter, we tar-200

get representations that disseminate information to201

multiple others, indicating its rich information in-202

teraction. Consequently, we design two strategies203

to filter critical representations: self-referential fil- 204

tering and multi-referential filtering, respectively. 205

2.2.1 Self-Referential Filtering 206

If information from representation i mainly flows 207

back to itself in the subsequent layer, it means that 208

representation i contains important information or 209

has effectively accumulated significant information. 210

Consequently, we use Info(i, i) as a critical metric 211

to assess this retention. If Info(i, i) is large, then 212

Info(i, j), j ̸= i will be small since the values in 213

a row are normalized through the softmax function. 214

This situation suggests that the information flow 215

from the representation i is predominantly directed 216

toward itself, confirming that the representation 217

i is indeed crucial. 218

M
(l)
diag = {h(l)

i | Info(l−1)(i, i) > α}, i ∈ {1, . . . , n}.
(2) 219

To quantify information interactions, we em- 220

ploy attention scores and saliency scores as in- 221

dicators, thus proposing two distinct ways: Self- 222

Referential Attention Filtering (SAF) and Self- 223

Referential Saliency Filtering (SSF), separately. 224

Self-Referential Attention Filtering (SAF). We 225

utilize normal attention scores A
(l)
i , described in 226

Eq. 3, as an explicit indicator to filter critical rep- 227

resentations, since they quantify the relevance and 228

degree of emphasis assigned to various representa- 229

tions within a sequence. This mechanism enables 230

the model to dynamically concentrate on interac- 231

tions and enhance its understanding capabilities. 232

Info
(l)
SAF(i, i) = A

(l)
i = softmax(h(l)

i (h(l))T/
√
d),
(3) 233

Self-Referential Saliency Filtering (SSF). We 234

also leverage saliency scores to filter critical repre- 235

sentations. As saliency score is a widely accepted 236

interpretation tool (Simonyan, 2013), comprehen- 237

sively considers attention scores and gradient val- 238

ues, highlighting interactions from critical repre- 239

sentations to the model output, as shown in Eq. 4, 240

Info
(l)
SSF(i, i) = A

(l)
i ⊙ ∂L(x)

∂A
(l)
i

, (4) 241

where ⊙ denotes the element-wise multiplication, 242

and L(·) represents the cross entropy loss function 243

of the predicted probability distribution and the 244

predicted class indices. 245

2.2.2 Multi-Referential Filtering 246

If information from representation j significantly 247

affects multiple other representations, including 248
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Figure 3: The pipeline of optimizing critical represen-
tations. Orange highlights the parameters to be learned,
while blue indicates the parameters that remain frozen.

producing representations, then representation j is249

crucial. Specifically, we calculate the average of250

cells in the column j as a critical metric to repre-251

sent the influence of j on other representations. If252

the average of Info(·, j) is large, then represen-253

tation j has a substantial influence on others and254

plays a crucial role. As shown in Eq. 5, we use the255

threshold β to filter the critical representations,256

M
(l)
col =

{
h
(l)
j

∣∣∣∣∣
∑n+k

i=j Info(l)(i, j)

n+ k − j + 1
> β

}
, (5)257

where k is the number of output representations.258

We also use the attention score and the saliency259

score to quantify the influence of representation260

j on representation i, which is termed Multi-261

Referential Attention Filtering (MAF) and Multi-262

Referential Saliency Filtering (MSF), respectively.263

2.3 Optimize Critical Representations264

Upon identifying critical representations, it be-265

comes imperative to optimize them to ensure that266

their influence on reasoning tasks is accurately267

aligned. However, the direction of this modification268

remains uncertain and may not be unique. Conse-269

quently, we model the adjustment as a learnable270

vector ∆h, which is learned during the training pro-271

cess to rectify the critical representations adaptively.272

Following (Wu et al., 2024b; Huang et al., 2024),273

we restrict our optimized vectors to a low-rank lin-274

ear subspace employing a projection matrix with275

orthonormal rows R ∈ Rr×d, where r indicates the276

dimensionality of the subspace we are intervening277

in. We learn a projected source through a linear278

layer Linear(h) = Wh + b. Consequently, we279

modify the representation within the r-dimensional280

Table 1: Quantitative comparison of PEFT methods
on GSM8K with LLaMA-2-7B. The best performance
is highlighted in bold, while the second-best is
underlined.

PEFT Param (%) Identify Accuracy (↑)

None - - 14.6
LoRA (r=64) 0.826% - 38.5
LoRA (r=8) 0.103% - 36.7
RoSA (r = 48) 0.819% - 30.5
RoSA (r = 32) 0.816% - 32.2
RoSA (r = 16) 0.812% - 32.8
SpA 0.809% - 29.6
ReFT (r = 8) 0.031% p7 + s7 29.0

CRFT (ours) 0.016%

SAF 30.4 | 29.6
MAF 32.0 | 32.1

Union(attn) 31.2 | 32.8

SSF 31.4 | 30.4
MSF 31.4 | 30.3

Union(sal) 32.8 | 31.5

subspace spanned by the rows of R to adopt the 281

values derived from our linear projection source, 282

Linear(h). The overall optimization mechanism is 283

depicted in Eq. 6, 284

Φ(h) =

{
h+RT (Wh+ b−Rh), if h ∈ M(h)

h, otherwise.
(6) 285

3 Experiments 286

To validate the effectiveness of our method, CRFT, 287

we performed experiments in two scenarios 288

covering eight datasets: GSM8K (Cobbe et al., 289

2021), AQuA (Ling et al., 2017), MAWPS (Koncel- 290

Kedziorski et al., 2016), SVAMP (Patel et al., 291

2021), BoolQ (Clark et al., 2019), SocialIQA (Sap 292

et al., 2019), WinoGrande (Sakaguchi et al., 2021), 293

and OpenBookQA (Mihaylov et al., 2018). In par- 294

ticular, for the Commonsense task, previous work 295

used the Commonsense170K dataset, which only 296

provides the answers and lacks a reasoning process. 297

We synthesized a Commonsense60K dataset with 298

reasoning steps based on six commonly used 299

commonsense datasets: CommonsenseQA (Talmor 300

et al., 2018), CoS-e (Rajani et al., 2019), Open- 301

BookQA (Mihaylov et al., 2018), SocialIQA (Sap 302

et al., 2019), StrategyQA (Geva et al., 2021), 303

WorldTree (Jansen et al., 2018). All experiments 304

were conducted on the Pyvene (Wu et al., 2024c) 305

codebase using a single GPU, either a NVIDIA 306

A100 (80GB) or an L20 (40GB). And our method 307

requires 4 hours for training on GSM8K with 308

LLaMA-2-7B. We set the scoring method to the 309
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Table 2: Quantitative comparison on arithmetic and commonsense reasoning datasets with three base models:
LLaMA-2-7B, LLaMA-3-8B, and Mistral-7B. We train on Math10k and report results on AQuA, MAWPS, and
SVAMP for arithmetic reasoning datasets; and we train on our combined commonsense datasets Commonsense60k
and report results on four datasets: BoolQ, SocialIQA, WinoGrande, and OpenBookQA.

Model PEFT Identify Accuracy (↑)

AQuA MAWPS SVAMP BoolQ SocialIQA WinoGrande OpenBookQA

LLaMA-2-7B

ReFT p7+s7 21.7 80.7 52.2 50.7 61.2 51.7 58.6

CRFT (ours)

SAF 25.6 | 26.0 78.6 | 84.5 53.4 | 52.6 60.0 | 53.7 62.5 | 67.4 60.6 | 55.3 57.0 | 62.2
MAF 27.6 | 24.8 81.1 | 80.7 52.4 | 53.4 60.5 | 61.8 52.8 | 64.9 68.4 | 51.8 50.6 | 66.4

SSF 26.0 | 26.8 80.7 | 79.8 52.5 | 53.3 62.0 | 54.3 67.1 | 64.4 60.2 | 60.1 58.4 | 58.6
MSF 27.2 | 22.8 79.4 | 80.7 52.3 | 52.5 60.0 | 59.7 65.8 | 63.4 54.5 | 54.2 59.0 | 56.4

LLaMA-3-8B

ReFT p7+s7 46.9 87.0 74.2 62.1 60.2 56.0 66.0

CRFT (ours)

SAF 47.2 | 47.2 89.9 | 88.2 75.5 | 76.1 63.0 | 66.4 68.2 | 67.1 62.6 | 56.3 71.0 | 73.6
MAF 48.4 | 50.4 90.8 | 90.8 77.1 | 77.9 62.4 | 66.2 66.5 | 62.7 67.2 | 62.9 73.8 | 72.6

SSF 50.0 | 49.2 86.6 | 86.6 78.0 | 78.1 64.0 | 66.6 74.7 | 74.2 60.3 | 62.0 75.6 | 77.0
MSF 48.0 | 51.6 87.0 | 87.4 75.2 | 74.8 67.0 | 67.9 67.4 | 69.7 62.3 | 62.8 70.0 | 68.6

Mistral-7B

ReFT p7+s7 32.3 84.9 67.4 62.5 64.6 58.5 63.8

CRFT (ours)

SAF 36.2 | 38.6 87.0 | 85.7 65.9 | 66.2 63.0 | 66.5 66.7 | 75.6 61.5 | 62.9 72.6 | 72.6
MAF 39.0 | 38.2 84.9 | 85.3 66.3 | 65.3 62.1 | 60.8 66.9 | 71.5 61.2 | 63.7 64.2 | 69.6

SSF 37.4 | 33.5 85.3 | 84.5 70.3 | 70.6 62.3 | 64.8 64.9 | 62.9 64.3 | 61.4 61.6 | 66.4
MSF 41.3 | 37.8 87.4 | 85.3 66.0 | 66.9 62.5 | 65.0 69.3 | 71.8 62.3 | 59.5 72.8 | 68.6

“order”, with α and β set both to 0.05. The ablation310

studies of these hyperparameters are discussed in311

Section 3.3. We adopt SAF strategy in Section 3.2312

and Section 3.3. The details of all datasets and313

other implementations are reported in Appendix A.314

Our evaluation focused exclusively on the accuracy315

of the final numerical or multiple-choice answers.316

Generation examples are reported in Appendix C.317

3.1 Quantitative Results318

Table 1 summarizes the comparison of our method,319

CRFT, with other PEFT methods on GSM8k with320

LLaMA-2-7B. For each strategy, we report two ac-321

curacy values: the first value involves selecting crit-322

ical representations by further filtering those iden-323

tified as critical representations from the previous324

layer, while the second value focuses on identify-325

ing critical representations by filtering only within326

the current layer. Given that the optimal strategy327

may differ by context, we recommend a combined328

approach of self-referential and multi-referential329

filtering. Since the scoring systems of these two330

strategies are not directly comparable, the union331

of the filtered sets is employed. To ensure a fair332

comparison, the same number of critical represen-333

tations is maintained, which may lead to the omis-334

sion of some highly important ones. Consequently,335

the combined method may exhibit slightly lower336

performance in certain situations. Alternatively,337

adjusting the threshold α and β provides a solu-338

tion: lowering α (β) increases interventions for im- 339

proved performance, while raising α (β) decreases 340

interventions for enhanced efficiency. 341

Without bells and whistles, our method is com- 342

parable with other PEFT methods with fewer learn- 343

able parameters. For example, one of our strategies, 344

union with attention scores, outperforms LLaMA- 345

2-7B and ReFT by 18.2% and 3.8%, respectively. 346

Furthermore, the percentage of trainable parame- 347

ters, calculated by dividing the trainable parame- 348

ters by the total parameters of the model, highlights 349

their substantial efficiency. Our method requires 350

only 1/6 of the learnable parameters used by LoRA 351

and 1/2 of those used by ReFT with the same rank. 352

Furthermore, our method, CRFT, consistently 353

exhibits better performance on different models in 354

arithmetic and commonsense scenarios. We report 355

the results on different model sizes and model fam- 356

ilies on GSM8K: LLaMA-2-7B, LLaMA-2-13B, 357

LLaMA-3-8B, and Mistral-7B, as shown in Ap- 358

pendix B. In addition, we present additional experi- 359

mental results in arithmetic and commonsense sce- 360

narios, as shown in Table 2. We use the official pub- 361

lic code of ReFT to report performance, as it only 362

reports the results on LLaMA-1. And following the 363

experimental conclusion of ReFT, we adopt the best 364

intervention parameters p7 + s7, indicating the in- 365

tervention in the first and the last seven representa- 366

tions. The consistent improvements observed in dif- 367

ferent reasoning tasks and different models under- 368
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Table 3: Expand our method to few-shot learning.

Few-shot zero-shot one-shot two-shot

None 14.6 16.2 20.5
CRFT 29.6 28.7 | 32.6 29.0 | 30.3
Improvement +15.0 +12.5 | +16.4 +8.5 | +9.8

Table 4: Ablation study on threshold α (β).

Threshold 1.0 0.25 0.05 0.01
Accuracy (↑) 24.7 30.0 29.6 33.2

score the robustness and versatility of our approach.369

3.2 Expand to Few-shot Learning370

Our method can easily be extended to few-shot371

learning. Intuitively, demonstrations should not372

directly affect the output; they are usually used to373

gain a higher-level semantic understanding, which374

then affects the output. However, representations in375

the question, such as numbers, can indeed have a di-376

rect impact. Consequently, we present experiments377

in Table 3 to examine whether the demonstration378

and the question should be learned independently.379

The first value suggests that the demonstration and380

the question are interdependent, leading to a single381

update vector for the critical representations. Con-382

versely, the second value implies that the demon-383

stration and the question are independent, resulting384

in distinct update vectors. These results prove the385

necessity of differentiating update directions be-386

tween demonstrations and the question. Due to387

memory limitation, we only experimented with388

one-shot and two-shot.389

3.3 Hyperparameter Configurations390

We conducted extensive ablation studies on391

GSM8K using Llama-2-7B with the SAF strategy392

to systematically investigate hyperparameters, in-393

cluding the threshold α and β, the number of inter-394

vention representations and selection criteria.395

The threshold α and β determines the degree396

to which the critical representations are. Given397

that the threshold values for α and β lie on the398

same dimension, we apply a unified threshold for399

both self-referential filtering and multi-referential400

filtering. We investigated four values, as shown in401

Table 4, and found that a threshold of 0.01 yields402

the best results. As the threshold decreases, the403

number of selected representations increases, but404

altering these selected representations can be more405

Table 5: Ablation study on the number of interven-
tion representations.

Number 0 14 20 30
Accuracy (↑) 14.6 29.6 30.3 27.7

Table 6: Ablation study on selection criteria.

Criteria order score random
Accuracy (↑) 29.6 28.7 23.1

difficult. However, a lower threshold also carries 406

the risk of excluding significant representations. 407

In the implementation, the number of inter- 408

vention representations for each layer is fixed. If 409

the number of critical representations obtained 410

through the SAF strategy exceeds the number 411

of intervention representations, we sample them 412

using specific selection criteria. Conversely, if the 413

number of critical representations is fewer than 414

needed, we use a placeholder value of −1 to pad 415

the length. For a fair comparison with the ReFT 416

method, we set the default number of intervention 417

representations to 14. An ablation study on the 418

number of representations, shown in Table 5, re- 419

vealed that the results were optimal when set to 20. 420

When the number of intervention representations 421

becomes too large, it hinders the learning of the 422

update direction, leading to suboptimal results 423

compared to using fewer representations. 424

For selection criteria, we designed three ap- 425

proaches to sample critical representations: posi- 426

tional order, score ranking, and random selection. 427

The results, shown in Table 6, indicate that posi- 428

tional order selection is superior, while random se- 429

lection yields significantly lower results compared 430

to the other two criteria. 431

The ablation study presented above suggests that 432

careful selection of hyperparameters can further 433

enhance the performance of our CRFT method. 434

3.4 Are critical representations instrumental? 435

We validate that the selected representations are 436

critical representations with a significant impact on 437

the output. Using SAF as an identification strategy, 438

we selected the top 5 and last 5 representations 439

Table 7: The validation of effectiveness in each layer.

Layer None 0 31 0-15 16-31 all
Acc. (↑) 14.6 24.9 22.7 30.5 24.6 29.6
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Table 8: The necessity of identifying critical representations. We present the results with LLaMA-2-7B on
GSM8K. The best way to identify critical representations is highlighted in bold, while the second-best is underlined.

Location None ReFT Our CRFT Uniform Random

(p7 + s7) (MAF) 37 38 39 40 41 42 43 44 45 46 47

Accuracy (↑) 14.6 29.0 32.1 26.6 26.6 28.1 27.3 25.5 24.5 27.8 27.5 28.1 26.2 26.4

Figure 4: The validation of critical representations
identification. Accuracy of originally correct examples
under noise in the top 5 and last 5 representations.

based on their scores for each layer on GSM8K440

with LLaMA-2-7B. The effects of adding noise441

to these representations are presented in Figure 4,442

where the x-axis represents the magnitude of the443

noise, and the y-axis shows the proportion of origi-444

nally correct examples remaining correct. We ob-445

serve that the accuracy of the top 5 representations446

decreases rapidly with increasing noise. When the447

noise level is 0.02, the accuracy of the top 5 repre-448

sentations drops to 21.1%, whereas the last 5 rep-449

resentations maintain an accuracy of 74.1%. This450

result demonstrates the significant impact of critical451

representations on output performance.452

In addition, we investigated the necessity of iden-453

tifying critical representations. We tested random454

intervention locations using seed values ranging455

from 37 to 47. As shown in Table 8, the interven-456

tions of random representations during training can457

surpass the original LLaMA-2-7B, as the update458

direction is learnable. However, it remains inferior459

to the results achieved through our careful identifi-460

cation of critical representations, highlighting the461

necessity of this process.462

Furthermore, we verified that intervention is nec-463

essary at each layer. As shown in Table 7, we464

intervene in the first layer (Layer 0), the final layer465

(Layer 31), the first half of the layers [0− 15], the466

last half of the layers [16− 31], and all layers. We467

found that each intervention improved accuracy468

and that interventions in the earlier layers have a469

greater impact on the results. However, the best per- 470

formance was achieved by intervening in the first 471

half of the layers, as earlier feature representations 472

are more closely aligned with the task objectives 473

and can propagate throughout the model. 474

3.5 How do critical representations impact 475

information flow? 476

We visualize attention maps to capture the varia- 477

tions in the information flow. The first and last 478

heads in the final layer (Layer 32) of both LLaMA- 479

2-7B and our proposed method, CRFT (SAF), are 480

illustrated in Figure 5. A comprehensive compar- 481

ison of all heads is provided in Appendix D, and 482

the phenomenon is consistent. We have identified 483

three observations, as follows: 484

• Excessive information interaction in the 485

representation h0 is reduced. In column 486

0, the absence of prominent color indicates 487

a diminished influence of representation 488

h0 on other representations. The initial 489

representation h0 in LLaMA-2-7B lacks 490

semantic information, but attracts a high level 491

of attention. Previous works (Xiao et al., 492

2023; Yu et al., 2024) have referred to this 493

phenomenon as the “attention sink”. By 494

applying our method, the representation h0 495

receives less undue attention, leading to a 496

more balanced distribution of attention. 497

• Increased information interaction between 498

representations. The increase in the number 499

of vertical lines signifies a heightened 500

interaction among the representations. 501

• Broader information flow. The presence of 502

high attention scores along the diagonal has 503

shifted from a few isolated peaks to multiple 504

cells. This denotes a broader information flow 505

from various representations. 506

Based on the visualized results above, our method 507

alters the direction of information flow, guiding 508

it towards a more optimal path, and enriching the 509

overall information interaction. 510
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Head 0 Head 31

(a) Original LLaMA-2-7B.

Head 0 Head 31

(b) Our method CRFT (SAF).

Figure 5: Visualization of attention scores for the first and last heads in the last layer.

4 Related Work511

Intervention in LLMs. Intervention strategies en-512

compass various techniques designed to influence513

the behavior of large-scale models during the in-514

ference phase. Common strategies include activa-515

tion editing (Li et al., 2024), weight editing (Dai516

et al., 2022), and the use of guidance vectors (Zou517

et al., 2023), as well as altering the output dis-518

tribution through comparative analysis (Li et al.,519

2022; Chuang et al., 2023). As representations520

encode rich information, some methods (Geiger521

et al., 2021; Wu et al., 2024b) change the output522

by editing representations. Although representa-523

tion interventions can serve as powerful tools for524

model control, previous methods intervene in rep-525

resentations based on empirical observations (Wu526

et al., 2024a,b) or general knowledge (Zhang et al.,527

2023). The above approaches are not general and528

time-consuming, which limits their adaptability529

and performance. In contrast, our method precisely530

identifies the representations to intervene.531

Information Flow Analysis. Recent studies have532

utilized attention mechanisms to analyze their im-533

pact on model performance. For example, Stream-534

LLM (Xiao et al., 2023) discovered that the initial535

token of an input text often receives an excessive536

amount of attention, despite frequently lacking se-537

mantic significance. It suggests that we should538

preserve these tokens when processing long in-539

put sequences to prevent forgetting. Furthermore,540

ACT (Yu et al., 2024) found that attention sinks541

can occur not only at the initial token but also542

throughout the entire sequence. Moreover, it was543

discovered that these attention sinks are not always544

beneficial to model performance. ACT optimizes545

attention distributions during inference, but not all546

heads can benefit from the calibration. Similarly,547

PASTA (Zhang et al., 2023) demonstrates that in-548

creasing the attention score of defined tokens in549

specific heads can improve the ability of LLM to 550

follow instructions. However, tokens need to be 551

manually defined. Our method addresses these 552

challenges by adaptively learning the updated di- 553

rection of critical representations during training, 554

leading to better overall performance. 555

5 Conclusion 556

We propose a novel Chain-of-Thought (CoT) rea- 557

soning method, termed Critical Representation 558

Fine-Tuning (CRFT), which focuses exclusively 559

on critical representations to influence model out- 560

puts. CRFT first identifies critical representations 561

by analyzing the information flow through attention 562

and saliency scores, and subsequently optimizes 563

them via supervised fine-tuning within a low-rank 564

subspace. Comprehensive experiments conducted 565

across various models and datasets validate the 566

effectiveness and efficiency, providing a new per- 567

spective on CoT reasoning tasks, particularly in 568

long CoTs. Furthermore, CRFT exhibits sufficient 569

flexibility to be readily adapted to few-shot learn- 570

ing scenarios, underscoring its potential to enhance 571

reasoning capabilities within models. 572

Limitation 573

For identification, we currently focus on searching 574

for representations that significantly impact the 575

model output. However, it is important to note 576

that representations with minor impacts may still 577

have an influence, even if their effects are often 578

negligible. A more effective strategy could involve 579

prioritizing the correction of representations 580

with negative impacts, although identifying such 581

representations remains a challenge. Furthermore, 582

while our optimizations are currently restricted 583

to linear spaces, there is potential to explore 584

alternative optimization methods that could 585

enhance our framework. 586
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A Implement Details772

A.1 Datasets773

The test datasets that we use across two scenar-774

ios covering eight datasets: GSM8K (Cobbe et al.,775

2021), AQuA (Ling et al., 2017), MAWPS (Koncel-776

Kedziorski et al., 2016), SVAMP (Patel et al.,777

2021), BoolQ (Clark et al., 2019), SocialIQA (Sap778

et al., 2019), WinoGrande (Sakaguchi et al., 2021),779

and OpenBookQA (Mihaylov et al., 2018).780

GSM8K. GSM8K, which comprises grade-school781

math word problems requiring multi-step rea-782

soning, usually takes between 2 and 8 steps to783

solve problems using basic arithmetic operations784

+,−,×,÷. We used the last 300 samples in the785

training set as the validation set and reported the786

results on its test set.787

Arithmetic Reasoning Scenarios. Following788

the experimental setup established in Hu et al.789

(2023), we fine-tune a combined dataset of seven790

arithmetic reasoning tasks, called Math10K,791

utilizing LM-generated chain-of-thought steps.792

We report performance metrics in three test sets:793

AQuA, MAWPS, and SVAMP.794

Commonsense Reasoning Scenarios. For795

commonsense reasoning scenarios, we opted not796

to use Commonsense170K from Hu et al. (2023),797

as it does not incorporate CoT steps. We create a798

suitable Commonsense60k training set, combining799

six commonsense reasoning tasks: Common-800

senseQA (Talmor et al., 2018), CoS-e (Rajani et al.,801

2019), OpenBookQA (Mihaylov et al., 2018),802

SocialIQA (Sap et al., 2019), StrategyQA (Geva803

et al., 2021), WorldTree (Jansen et al., 2018). We804

report performance metrics in four test sets: BoolQ,805

SocialIQA, WinoGrande, and OpenBookQA.806

A.2 Base Models807

We finetune our models on LLaMA-2-7B, LLaMA-808

2-13B, LLaMA-3-8B and Mistral-7B. We use the809

“chat” version of LLaMA-2, and the “instruct” ver-810

sion of LLaMA-3 and Mistral-7B.811

A.3 Hyperparameters812

For a fair comparison with ReFT (p7 + s7), we813

selected 14 intervention representations and main-814

tained a rank of 8, consistent with the parameters815

used in ReFT. We set the hyperparameters of α to816

0.05. And we used the “order” selection criteria by817

default. To ensure a fair comparison, we maintain818

the same training principle, details are shown in819

Table 9: The values of hyperparameters.

HyperParameters Values

Rank 8
Number of representations 14
threshold α 0.05
selection criteria Order(default)

Number of Epochs
12 for arithmetic,
6 for commonsense

Batch Size 2
Gradient accumulation steps 16
seed 42
Optimizer AdamW
Learning Rate Schedule Linear
Learning Rate 9e− 4
dropout 0.05 for GSM8K, 0 for others
Weight Decay 0.06 for GSM8K, 0 for others
Warmup ratio 0 for GSM8K, 0.1 for others

Table 9. For all tasks, model outputs are generated 820

with greedy search. 821

A.4 Prompt 822

We use a prompt for each task. 823

GSM8K

[question]
Answer the above question. First, think step
by step and then answer the final number.

824

Other Arithmetic Scenario

Below are instructions for a task. Write a
response that appropriately completes the
request.
### Instruction:
[Question]
### Response:

825

Commonsense Scenario

[Question]
the correct answer is

826

B More models 827

We verify our method, CRFT, in different mod- 828

els. We tested four basic models (LLaMA-2-7B, 829

LLaMA-2-13B, LLaMA-3-8B, Mistral-7B) on the 830

GSM8K dataset, covering different sizes and fam- 831

ilies. The consistent improvement of our exper- 832

imental results demonstrates the effectiveness of 833

our method. 834
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Table 10: Quantitative comparison on GSM8K with four base models: LLaMA-2-7B, LLaMA-2-13B, LLaMA-
3-8B, and Mistral-7B. The best performance is highlighted in bold, while the second-best is underlined.

PEFT Identify Accuracy (↑)

LLaMA-2-7B LLaMA-2-13B LLaMA-3-8B Mistral-7B

None - 14.6 30.9 64.5 38.4
ReFT p7+s7 29.0 37.9 64.7 46.5

CRFT (ours)

SAF 30.4 | 29.6 38.7 | 39.6 70.8 | 70.6 46.4 | 46.9
MAF 32.0 | 32.1 38.3 | 38.0 67.5 | 64.8 48.0 | 47.3

Union(attn) 31.2 | 32.8 40.3 | 39.4 64.4 | 71.0 48.1 | 47.7

SSF 31.4 | 30.4 40.1 | 38.4 64.6 | 64.5 46.4 | 46.5
MSF 31.4 | 30.3 38.3 | 38.3 64.5 | 65.1 46.9 | 47.7

Union(sal) 32.8 | 31.5 38.8 | 38.3 63.8 | 64.0 48.0 | 48.2

C Generation examples835

We give a generation example for each test dataset.836

D Attention Analysis837

We visualize the attention score of all 32 heads838

in the final layer and the last head in all layers,839

which illustrates that our method indeed enriches840

information interactions.841
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Instruction (GSM8K)

Marie paid a total of $12 + $3 x 5 = $<<12+3*5=25>>25 for the milk.
She paid a total of $15 + $1.50 x 4 = $<<15+1.5*4=19>>19 for the apples.
So, Marie paid a total of $50 - $25 - $19 = $<<50-25-19=16>>16 for the pizza.
Therefore, Marie ordered $16/8.50 = <<16/8.5=1.90>>1.90 boxes of pizza.
The final answer is: 1.9

Marie ordered one chicken meal that costs $12, 5 packs of milk that costs $3 each, 4 apples that cost $1.50 each, and some 
boxes of pizza. Marie paid a total of $50. How many boxes of pizza did Marie order if each box costs $8.50?

Response

Model Response
LLaMA-2-7B

CRFT The cost of 5 packs of milk is $3 x 5 = $<<3*5=15>>15.
The cost of 4 apples is $1.50 x 4 = $<<1.5*4=6>>6.
The total cost of the chicken meal, milk, and apples is $12 + $15 + $6 = $<<12+15+6=33>>33.
So, Marie ordered $50 - $33 = $<<50-33=17>>17 worth of pizza.
Therefore, Marie ordered $17/8.5 = <<17/8.5=2>>2 boxes of pizza.
The final answer is:  2 

ReFT

Great, let's break it down step by step to find out how many boxes of pizza Marie ordered:
1. First, let's calculate the total cost of Marie's meal:
$12 (chicken meal) + $15 (5 packs of milk) = $27
2. Next, let's calculate the total cost of Marie's fruits:
$1.50 (4 apples) = $6
3. Now, let's add the total cost of Marie's meal and fruits:
$27 + $6 = $33
4. Finally, let's subtract the total cost of Marie's meal and fruits from the total amount she paid:
$50 - $33 = $17
So, Marie ordered $17 worth of pizza boxes, which is equal to 4 boxes (since each box costs $8.50).
Therefore, the answer is 4 boxes of pizza.

Instruction (AQuA)

Great, I'd be happy to help you with that!
According to the instruction, the length of the ribbon was originally 30 cm and it was reduced in the 
ratio 5 : 3. To find the length of the ribbon now, we can use the ratio to find the new length.
The ratio of the original length to the new length is 5 : 3, which means that for every 5 cm of the 
original length, there are 3 cm of the new length.
So, if the original length of the ribbon was 30 cm, the new length would be:
30 cm x 3/5 = 20 cm
Therefore, the length of the ribbon now is 20 cm.
The correct answer is (B) 30 cm.

Two ants are standing side-by-side. One ant, which is 4 inches tall, casts a shadow that is 10 inches long. The other ant is 6 
inches tall. Compute, in inches, the length of the shadow that the taller ant casts. Answer Choices: (A) 36 (B) 28 (C) 42 (D)
15 (E) 20

Response

Model Response
LLaMA-2-7B

CRFT To solve this problem, we need to use the formula for the length of a shadow:
Shadow Length = (Shadow Distance) x (Shadow Ratio)
where Shadow Distance is the distance between the light source and the object casting the shadow, 
and Shadow Ratio is the ratio of the shadow distance to the height of the object casting the shadow.
In this problem, the light source is the sun, and the distance between the light source and the first 
ant is 10 inches. The height of the first ant is 4 inches, so the Shadow Ratio is:
Shadow Ratio = Shadow Distance / Height of Object
Shadow Ratio = 10 / 4
Shadow Ratio = 2.5
To find the length of the shadow that the taller ant casts, we need to multiply the Shadow Ratio by 
the height of the taller ant:
Shadow Length = 2.5 x 6
Shadow Length = 15 inches
Therefore, the answer is (D) 15.

ReFT Let's call the length of the shadow cast by the taller ant \"x\". 
We know that the shadow of the shorter ant is 10 inches long, so we can set up the equation: 
x + 4 = 10 
To solve for \"x\", we can subtract 4 from both sides: 
x = 10 - 4 
x = 6 
Therefore, the length of the shadow cast by the taller ant is 6 inches. 
The answer is (C) 42.
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Instruction (MAWPS)

Great, I'm happy to help! Based on the instruction you provided, if 1 cm on a map represents 25 
kilometers, then we can conclude that the ratio of the distance represented on the map to the actual 
distance is 1:25.
So, if we want to find out how many kilometers are represented by 7 cm on the map, we can simply 
multiply the ratio by the number of cm given:
7 cm x 1 km/25 km = 0.28 km
Therefore, 7 cm on the map represents approximately 0.28 kilometers.

The distance measured on a map varies directly with the actual distance . If 1 cm represents 25 kilometers , how many 
kilometers are represented by 7 cm ?

Response

Model Response
LLaMA-2-7B

CRFT We can use the concept of direct variation to solve this problem. 
Let x be the actual distance represented by 7 cm on the map. 
We know that: 
1 cm on the map represents 25 km 
So, 7 cm on the map represents: 
7 x 1 = 7 x 25 = 175 km 
Therefore, 7 cm on the map represents 175 kilometers. 
Answer: 175 

ReFT We can set up a proportion to solve this problem:
1 cm / 25 km = 7 cm / x km
To solve for x, we can cross-multiply:
1 cm * 25 km = 7 cm * x km
Multiplying the two sides gives us:\n\n25000 cm = 7x km
Dividing both sides by 7 gives us:
x km = 3500 cm
Therefore, 7 cm represents 3500 kilometers.
Answer: 3500

Instruction (SVAMP)

To solve this problem, we need to divide the total number of junk mail by the number of houses 
per block:
38 \u00f7 19 = 2
Therefore, the mailman should give 2 pieces of junk mail to each house. 
The answer in Arabic numerals is: 2. 

A mailman has to give 38 pieces of junk mail to each of the 78 blocks. If there are 19 houses on a block. How many pieces 
of junk mail should he give each house?

Response

Model Response
LLaMA-2-7B

CRFT

Great, I'm happy to help! Based on the instruction you provided, here's the calculation:
To determine how many pieces of junk mail the mailman should give each house, we need to 
divide the total number of pieces of junk mail (38) by the number of houses on each block (19).
So, the mailman should give:
38 pieces of junk mail / 19 houses per block = 2 pieces of junk mail per house
Therefore, the mailman should give 2 pieces of junk mail to each of the 78 blocks, for a total of 
156 pieces of junk mail.

ReFT To solve this problem, we need to divide the total number of junk mail by the number of 
houses per block:
38 junk mail pieces per block x 19 houses per block = 724 junk mail pieces
Therefore, the mailman should give 724 junk mail pieces to each house.
Answer: 724
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Instruction (BoolQ)

scotland has never been in the world cup final Therefore, the answer is false.

Please answer the following question with true or false, question: have scotland ever been in the world cup final?
Answer format: true/false

Response

Model Response
LLaMA-2-7B

CRFT

True. Northern Ireland is part of the United Kingdom, which includes England, Scotland, and 
Wales, as well as Northern Ireland. The term \"Great"

ReFT northern ireland is part of great britain. Therefore, the answer is: true/false  true 

Instruction (SIQA)

The answer is: answer2: run 

Please choose the correct answer to the question: Riley had twisted their leg and began to hurt so bad that they could not 
walk. What does Riley need to do before this?
Answer1: lie down Answer2: run Answer3: Sit and relax
Answer format: answer1/answer2/answer3

Response

Model Response
LLaMA-2-7B

CRFT

Based on the information provided in the question, the correct answer is:
Answer3: Sit and relax.
Before Riley can't

ReFT the answer is: answer1 

Instruction (WinoGrande)

class is the only option that can be canceled. Therefore, the answer is: class 

Please choose the correct answer to fill in the blank to complete the given sentence: I had to read an entire story for class
tomorrow. Luckily, the _ was canceled.
Option1: story Option2: class Answer format: option1/option2

Response

Model Response
LLaMA-2-7B

CRFT

Great, I'm happy to help! The correct answer is:
Option1: story
So, you had to read an entire story

ReFT the toaster oven is too small to hold the eggplant. Therefore, the answer is: Option2: toaster 

Instruction (OBQA)

The answer is: answer1

Please choose the correct answer to the question: An example of conservation is avoiding the use of
Answer1: gasoline Answer2: air Answer3: snow Answer4: clothes
Answer format: answer1/answer2/answer3/answer4

Response

Model Response
LLaMA-2-7B

CRFT

Great, I'm happy to help! An example of conservation is avoiding the use of:
Answer4: clothes.
Conserv

ReFT Great, I'm happy to help! An example of conservation is avoiding the use of:
Answer4: clothes
Conservation
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Figure 6: The attention score of LLaMA-2-7B in layer 31. (part 1 of 2)

16



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 16

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 17

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 19

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 20

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 21

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 22

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 23

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 24

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 25

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 26

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 27

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 29

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Head 31

Figure 7: The attention score of LLaMA-2-7B in layer 31. (part 2 of 2)
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Figure 8: The attention score of our CRFT in layer 31. (part 1 of 2)
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Figure 9: The attention score of our CRFT in layer 31. (part 2 of 2)
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Figure 10: The attention score of our CRFT on head 31 in all layers. (part 1 of 2)

20



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 16

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 17

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 19

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 20

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 21

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 22

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 23

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 24

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 25

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 26

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 27

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 28

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 29

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

0.0

0.2

0.4

0.6

0.8

1.0

Layer 31

Figure 11: The attention score of our CRFT on head 31 in all layers. (part 2 of 2)
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