
A. Gradient of Quantization Mapping
In this section, we present the formula for the gradient of the quantization mapping with respect to d, t, and qm.

∇dx
Q = sgn(x) ·


(
⌊ |x|

t

d ⌉ −
|x|t
d

)
, |x| ≤ qm,(

⌊ (qm)t

d ⌉ −
(qm)t

d

)
, |x| > qm,

(15)

∇tx
Q = sgn(x) ·

{
|x|t log(|x|), |x| ≤ qm,

(qm)t log(qm), |x| > qm,
(16)

∇qmxQ =

{
0, |x| ≤ qm,

sgn(x)t(qm)t−1, |x| > qm.
(17)

Remark. The computation involving x in this section represents element-wise operations.

B. Proof for Proposition 5.1
In this section, we present the proof for Proposition 5.1. For convenience, we restate the proposition as follows.

Proposition B.1. Let ∇̂xf be the full gradient of function f(x, d, qm, t) with respect to x. With forget rate γ selection
rule Eq. (13) and quantization step size d selection rule Eq. (14), the search direction s(x) is a descent direction for the
function f with respect to x at x.

Proof. Denote the full gradient of function f(x, d, qm, t) with respect to x as∇xf . The search direction s(x) is rewritten as

s(x) =

{
−α[∇xf ]g, g ∈ GI ,
−α[∇xf ]g − γ[xQ]g, g ∈ GR.

(18)

Since −α[∇xf ]
T
g [∇xf ]g < 0 for g ∈ GI , it suffices to show that for g ∈ GR,

[∇xf ]
T
g

[
−α[∇xf ]g − γ[xQ]g

]
< 0.

It follows from (9) that for g ∈ GR,

−α[∇xf ]g − γ[xQ]g = −α[∇xf ]g − γ[sgn(x) · clipt
qm

(|x|)]g︸ ︷︷ ︸
[sclip(x)]g

−γ · d[sgn(x) ·R(x)]g.

Denote the angle between−[∇xf ]g and−[sgn(x)·clipt
qm

(|x|)]g as θγ . It follows that the vector [sclip(x)]g can be decomposed
into two orthogonal vectors, i.e.,

[sclip(x)]g = [ŝclip(x)]g + [s̃clip(x)]g,

where [ŝclip(x)]g is orthogonal to vector [∇xf ]g and [s̃clip(x)]g is parallel to vector [∇xf ]g . Since [ŝclip(x)]
T
g [∇xf ]g = 0, we

have that
∥[ŝclip(x)]g∥ = γ sin θγ∥[sgn(x) · cliptqm(|x|)]g∥.

Using the orthogonality between vector [ŝclip(x)]g and vector [s̃clip(x)]g , we have that

∥[s̃clip(x)]g∥2 = ∥[sclip(x)]g∥2 − ∥[ŝclip(x)]g∥2

= ∥ − α[∇xf ]g − γ[sgn(x) · cliptqm(|x|)]g∥2 − γ2 sin2 θγ∥[sgn(x) · cliptqm(|x|)]g∥2

= α2∥[∇xf ]g∥2 + 2αγ[∇f(x)]Tg [sgn(x) · clipt
qm

(|x|)]g + γ2 cos2 θγ∥[sgn(x) · cliptqm(|x|)]g∥2

=
[
α∥[∇xf ]g∥+ γ cos θγ∥[sgn(x) · cliptqm(|x|)]g∥

]2
.

Given the norm and direction of the vector [s̃clip(x)]g , we have [s̃clip(x)]g expressed as, for g ∈ GR,

[s̃clip(x)]g = −
α∥[∇xf ]g∥+ γ cos(θγ)∥[sgn(x) · clipt

qm
(|x|)]g∥

∥[∇xf ]g∥
[∇xf ]g. (19)



Combining the forget rate selection rule (13) and the expression (19) allows us to have that for g ∈ GR,

[∇xf ]
T
g [sclip(x)]g = [∇xf ]

T
g [[ŝclip(x)]g + [s̃clip(x)]g]

= [∇xf ]
T
g [s̃clip(x)]g

= −α∥[∇xf ]g∥2 − γ cos(θγ)∥[∇xf ]g∥∥[sgn(x) · [clipt
qm

(|x|)]g]∥
< −ηα∥[∇xf ]g∥2.

(20)

Further, our quantization step size d selection rule (14) guarantees that

−ηα∥[∇xf ]g∥2 − γd[∇xf ]
T
g [sgn(x) ·R(x)]g < 0. (21)

Combining Eq. (20) and Eq. (21) allows us to have that

[∇xf ]
T
g

[
−[∇xf ]g − γ[xQ]g

]
= [∇xf ]

T
g [[sclip(x)]g − γ · d[sgn(x) ·R(x)]g]

< −ηα∥[∇xf ]g∥2 − γd[∇xf ]
T
g [sgn(x) ·R(x)]g < 0,

which completes the proof.

C. Joint Stage Implementation Details
The update rule in Eq. (14) alone is insufficient to ensure that the bit width constraint in Eq. (7b) is consistently satisfied.

To address this issue, we introduce an algorithm, outlined in Algorithm 4, to adaptively adjust the forget rate γ and quantiza-
tion step size d such that the computed bit width stays within the target bit width range [bl, bu]. Meanwhile, with the adaptive
algorithm in place, the search direction s(x) continues to be a descent direction when stochastic gradient ∇̂xf is assumed
to be full gradient, as demonstrated in Proposition C.1. In addition, there are three hyperparameters that appear in Eq. (13)
and Eq. (14) and they are selected as η = 0.9, ξ = 0.999, and ϵ =1e-8.

Proposition C.1. Let ∇̂xf be the full gradient of function f(x, d, qm, t) with respect to x. With the Algorithm 4 in place
(applied immediately after Line 17 in Algorithm 1), the search direction s(x) is still a descent direction with respect to
function f at the point x.

Proof. Denote the full gradient of function f(x, d, qm, t) with respect to x as ∇xf . Let’s first consider the following three
simple cases. When clip > ϵ, the forget rate is equal to 0 and therefore, s(x) = −∇f(x), which is a descent direction with
respect to function f(x, d, qm, t) with respect to x at x. When cos(θγ) ≥ 0 or cos(θd) ≥ 0, s(x) is guaranteed to be descent
direction with respect to function f(x, d, t, qm) with respect to x when γ and d are positive values.

Now, it remains to consider the following two cases: cos(θγ) < 0, clip > ϵ and cos(θd) < 0. As indicated in Eq. (13)
and Eq. (14), we have that s(x) is a descent direction with respect to function f(x, d, qm, t) with respsect to x if when
cos(θγ) < 0 and clip > ϵ,

γ ∈ (0,− α∥[∇xf ]g∥
cos(θγ)∥[sgn(x) · clipt

qm
(|x|)]g∥

), (22)

and when cos(θd) < 0,

d ∈ (0,− ξηα∥[∇xf ]g∥
γ cos(θd)∥[sgn(x) ·R(x)]g∥

). (23)

When cos(θγ) < 0, we guarantee that with the Algorithm 4 in place, the forget rate γ always lie in the range specified
in Eq. (22) since γ either decreases by a factor of β (see Line 4) or remains the same (see Line 6). When cos(θd) < 0, we
consider two cases based on if the forget rate decreases. If forget rate decreases (see Line 4), then the range given in Eq. (14)
is changed to

(0,− ξηα∥[∇xf ]g∥
βγ cos(θd)∥[sgn(x) ·R(x)]g∥

) (24)

It follows that increasing d by a factor of 1
β guarantees that d lies within the range Eq. (24). If forget rate remains the same,

then d always lie in the range Eq. (23) since d decreases by a factor of β.



Algorithm 4 Adaptive update rule for γ and d.

1: Inputs. Variables: γ, d, bit width range: [bl, bu], β ∈ (0, 1), fixed quantization variables: qm, t.
2: while log2

(
(qm)t

d + 1
)
+ 1 /∈ [bl, bu] do

3: if log2
(

(qm)t

d + 1
)
+ 1 > bu then

4: γ ← βγ, d← d/β.
5: else if log2

(
(qm)t

d + 1
)
+ 1 < bl then

6: γ ← γ, d← βd.
7: end if
8: end while
9: Outputs. γ, d.

D. Numerical Experiment Setup
First, we provide details on how we initialize quantization parameters. For each layer that contain quantization parame-

ters, the exponential t = 1 and the maximum of quantization range qm is set to the layerwise maximum of the weight tensor.
For experiments on ResNet20, VGG7, and ResNet50, the quantization step size d is chosen such that the resulting bit width
is 32 bits while for Bert, the quantization step size d is selected to achieve a bit width of 8 bits.

Next, we provide details on how we select the optimizer and the learning rate for different experiments. For ResNet20,
we use the SGD optimizer and the initial learning rate is set to 1e-1 with StepLR learning rate scheduler. For experiments of
VGG7, we use the optimizer ADAM and the learning rate is set to 1e-3 with StepLR learning rate scheduler. For ResNet50,
we use the optimizer SGD and the learning rate is set to 1e-1 with StepLR learning rate scheduler. For Bert, we use AdamW
with learning rate as constant 3e-5. For all four experiments, the learning rate for quantization parameters is set as constant
1e-4. For details on how we set hyperparameters related to projection stage and pruning stage, one can find them in Tab. 7.

Table 7. Experiment setup for all four experiments. In the following table, the unit for projection steps and pruning steps is the number of
epochs. As for Bert, the experiment setups are same under all sparsity ratios (10%, 30%, 50%, 70%).

Model
Sparsity

level
Total

epochs
Projection
periods B

Projection
steps Kb

Pruning
periods P

Pruning
steps Kp

Bit width
reduction br

Bit width
range [bl, bu]

ResNet20 0.35 350 7 35 5 30 2 [4,16]
VGG7 0.7 200 5 20 10 30 2 [4,16]
ResNet50 0.4,0.5 120 5 5 10 10 2 [4,16]
Bert 0.1,0.3,0.5,0.7 10 4 1 6 6 2 [4,16]

E. Ablation Study
Our proposed QASSO consists of four distinct stages: warm-up stage, projection stage, joint stage, and cool-down

stage. To evaluate the contribution of each stage, we conduct an ablation study on two benchmarks, ResNet56 trained from
scratch on CIFAR10 and Phi2 fine-tuned from a pre-trained model on the Common-Sense task. The results demonstrate that
each stage positively contributes to the model’s performance, as measured by test accuracy. As shown in Fig. 4a, removing
any of the four stages, especially the joint stage and cool-down stage, results in a noticeable decline in test accuracy. The
significance of the joint stage and cool-down stage stems from the fact that a significant knowledge transfer is conducted to
retain the information lost when applying pruning and quantization.

Moreover, each stage’s contribution varies over downstream applications. For instance, the joint stage plays a more
critical role when fine-tuning a pre-trained model compared to training from scratch. This can be attributed to the fact
that pre-trained models inherently possess a wealth of useful knowledge, and the joint stage helps preserve performance by
effectively transferring this knowledge under quantization constraints.

In addition, we perform an ablation study (See Fig. 4b) using ResNet56 on CIFAR10 benchmark to study the limit of
each compression technique within GETA framework. As highlighted in [27], structured pruning methods typically achieve
sparsity greater than 80%. However, under joint setup, accuracy begins to degrade significantly beyond 60% sparsity. This



suggests quantization error constrains aggressive pruning, lowering the achievable sparsity threshold from 80% to 60% for
ResNet56-CIFAR10. For quantization, satisfactory accuracy is typically retained with bit width ≥ 2bits when sparsity
≤ 60%. When sparsity exceeds 60%, model becomes less tolerant to lower bit width, requiring at least 4-bit to retain
performance.

Warmup Projection Joint
Cool
Down

ResNet56
(%)

Phi2
(%)

✓ ✓ ✓ ✓ 94.61 58.64
✗ ✓ ✓ ✓ 94.11 56.32
✓ ✗ ✓ ✓ 94.10 55.17
✓ ✓ ✗ ✓ 93.63 52.81
✓ ✓ ✓ ✗ 91.32 51.24

(a) (b)

Figure 4. The Fig. 4a presents an ablation study evaluating the necessity of the four distinct stages of the QASSO optimizer using ResNet56
on the CIFAR10 benchmark and Phi2-2.7B on a common-sense task. The last two columns indicate the model’s test accuracy. The Fig. 4b
illustrates the limits and boundaries of various compression techniques applied to ResNet56 on the CIFAR10 dataset.



F. Quantization-Aware Dependency Graph

For more intuitive illustration, we present quantization-aware dependency graphs of Bert1 (mini-Bert with one trans-
former block) and VGG7. Both the original and post-analysis versions of these graphs are shown. To enhance readability of
the graph’s finer details, we recommend zooming in to a scale of 1500% or higher using Adobe PDF Reader.

Bert.

gather-Embedding

node-64
bert.embeddings.word_embeddings.weight-torch.Size([30522, 768])

add

node-66

gather-Embedding

node-65
bert.embeddings.token_type_embeddings.weight-torch.Size([2, 768])

add

node-68

gather-Embedding

node-67
bert.embeddings.position_embeddings.weight-torch.Size([512, 768])

reducemean

node-69

sub

node-70

pow

node-72

div

node-77

reducemean

node-73

add

node-75

sqrt

node-76

mul-LayerNorm

node-78
bert.embeddings.LayerNorm.weight-torch.Size([768])

add-LayerNorm

node-79
bert.embeddings.LayerNorm.bias-torch.Size([768])

matmul

node-143

matmul

node-193

matmul

node-240

add

node-318

abs-BertAttention

node-110
bert.encoder.layer.0.attention.self.query.weight-torch.Size([768, 768])

sub

node-120

lessorequal

node-128

lessorequal-BertAttention

node-135
bert.encoder.layer.0.attention.self.query.q_m-torch.Size([1])

sub-BertAttention

node-112
bert.encoder.layer.0.attention.self.query.q_m-torch.Size([1])

abs

node-113

add

node-115

log

node-116

mul-BertAttention

node-117
bert.encoder.layer.0.attention.self.query.t_quant-torch.Size([1])

exp

node-118

div-BertAttention

node-132
bert.encoder.layer.0.attention.self.query.d_quant-torch.Size([1])

log

node-121

mul-BertAttention

node-122
bert.encoder.layer.0.attention.self.query.t_quant-torch.Size([1])

exp

node-123

div-BertAttention

node-124
bert.encoder.layer.0.attention.self.query.d_quant-torch.Size([1])

round

node-125

mul-BertAttention

node-126
bert.encoder.layer.0.attention.self.query.d_quant-torch.Size([1])

where

node-131

cast

node-129

where

node-139

round

node-133

mul-BertAttention

node-134
bert.encoder.layer.0.attention.self.query.d_quant-torch.Size([1])

reshape

node-137

cast

node-138

mul

node-141

sign-BertAttention

node-140
bert.encoder.layer.0.attention.self.query.weight-torch.Size([768, 768])

transpose

node-142

add-BertAttention

node-144
bert.encoder.layer.0.attention.self.query.bias-torch.Size([768])

reshape

node-158

transpose

node-159

shape

node-255

mul

node-266

abs-BertAttention

node-160
bert.encoder.layer.0.attention.self.key.weight-torch.Size([768, 768])

sub

node-170

lessorequal

node-178

lessorequal-BertAttention

node-185
bert.encoder.layer.0.attention.self.key.q_m-torch.Size([1])

sub-BertAttention

node-162
bert.encoder.layer.0.attention.self.key.q_m-torch.Size([1])

abs

node-163

add

node-165

log

node-166

mul-BertAttention

node-167
bert.encoder.layer.0.attention.self.key.t_quant-torch.Size([1])

exp

node-168

div-BertAttention

node-182
bert.encoder.layer.0.attention.self.key.d_quant-torch.Size([1])

log

node-171

mul-BertAttention

node-172
bert.encoder.layer.0.attention.self.key.t_quant-torch.Size([1])

exp

node-173

div-BertAttention

node-174
bert.encoder.layer.0.attention.self.key.d_quant-torch.Size([1])

round

node-175

mul-BertAttention

node-176
bert.encoder.layer.0.attention.self.key.d_quant-torch.Size([1])

where

node-181

cast

node-179

where

node-189

round

node-183

mul-BertAttention

node-184
bert.encoder.layer.0.attention.self.key.d_quant-torch.Size([1])

reshape

node-187

cast

node-188

mul

node-191

sign-BertAttention

node-190
bert.encoder.layer.0.attention.self.key.weight-torch.Size([768, 768])

transpose

node-192

add-BertAttention

node-194
bert.encoder.layer.0.attention.self.key.bias-torch.Size([768])

reshape

node-206

transpose

node-264

abs-BertAttention

node-207
bert.encoder.layer.0.attention.self.value.weight-torch.Size([768, 768])

sub

node-217

lessorequal

node-225

lessorequal-BertAttention

node-232
bert.encoder.layer.0.attention.self.value.q_m-torch.Size([1])

sub-BertAttention

node-209
bert.encoder.layer.0.attention.self.value.q_m-torch.Size([1])

abs

node-210

add

node-212

log

node-213

mul-BertAttention

node-214
bert.encoder.layer.0.attention.self.value.t_quant-torch.Size([1])

exp

node-215

div-BertAttention

node-229
bert.encoder.layer.0.attention.self.value.d_quant-torch.Size([1])

log

node-218

mul-BertAttention

node-219
bert.encoder.layer.0.attention.self.value.t_quant-torch.Size([1])

exp

node-220

div-BertAttention

node-221
bert.encoder.layer.0.attention.self.value.d_quant-torch.Size([1])

round

node-222

mul-BertAttention

node-223
bert.encoder.layer.0.attention.self.value.d_quant-torch.Size([1])

where

node-228

cast

node-226

where

node-236

round

node-230

mul-BertAttention

node-231
bert.encoder.layer.0.attention.self.value.d_quant-torch.Size([1])

reshape

node-234

cast

node-235

mul

node-238

sign-BertAttention

node-237
bert.encoder.layer.0.attention.self.value.weight-torch.Size([768, 768])

transpose

node-239

add-BertAttention

node-241
bert.encoder.layer.0.attention.self.value.bias-torch.Size([768])

reshape

node-253

transpose

node-254

matmul

node-272

chunk-chunk-1

node-258

cast

node-259

sqrt

node-260

div

node-262

cast

node-263

sqrt

node-265

sqrt

node-267

mul

node-268

matmul

node-269

add

node-270

softmax

node-271

transpose

node-273

reshape

node-282

matmul

node-316

abs-BertAttention

node-283
bert.encoder.layer.0.attention.output.dense.weight-torch.Size([768, 768])

sub

node-293

lessorequal

node-301

lessorequal-BertAttention

node-308
bert.encoder.layer.0.attention.output.dense.q_m-torch.Size([1])

sub-BertAttention

node-285
bert.encoder.layer.0.attention.output.dense.q_m-torch.Size([1])

abs

node-286

add

node-288

log

node-289

mul-BertAttention

node-290
bert.encoder.layer.0.attention.output.dense.t_quant-torch.Size([1])

exp

node-291

div-BertAttention

node-305
bert.encoder.layer.0.attention.output.dense.d_quant-torch.Size([1])

log

node-294

mul-BertAttention

node-295
bert.encoder.layer.0.attention.output.dense.t_quant-torch.Size([1])

exp

node-296

div-BertAttention

node-297
bert.encoder.layer.0.attention.output.dense.d_quant-torch.Size([1])

round

node-298

mul-BertAttention

node-299
bert.encoder.layer.0.attention.output.dense.d_quant-torch.Size([1])

where

node-304

cast

node-302

where

node-312

round

node-306

mul-BertAttention

node-307
bert.encoder.layer.0.attention.output.dense.d_quant-torch.Size([1])

reshape

node-310

cast

node-311

mul

node-314

sign-BertAttention

node-313
bert.encoder.layer.0.attention.output.dense.weight-torch.Size([768, 768])

transpose

node-315

add-BertAttention

node-317
bert.encoder.layer.0.attention.output.dense.bias-torch.Size([768])

reducemean

node-319

sub

node-320

pow

node-322

div

node-327

reducemean

node-323

add

node-325

sqrt

node-326

mul-BertAttention

node-328
bert.encoder.layer.0.attention.output.LayerNorm.weight-torch.Size([768])

add-BertAttention

node-329
bert.encoder.layer.0.attention.output.LayerNorm.bias-torch.Size([768])

matmul

node-363

add

node-408

abs-QuantizeLinear

node-330
bert.encoder.layer.0.intermediate.dense.weight-torch.Size([3072, 768])

sub

node-340

lessorequal

node-348

lessorequal-QuantizeLinear

node-355
bert.encoder.layer.0.intermediate.dense.q_m-torch.Size([1])

sub-QuantizeLinear

node-332
bert.encoder.layer.0.intermediate.dense.q_m-torch.Size([1])

abs

node-333

add

node-335

log

node-336

mul-QuantizeLinear

node-337
bert.encoder.layer.0.intermediate.dense.t_quant-torch.Size([1])

exp

node-338

div-QuantizeLinear

node-352
bert.encoder.layer.0.intermediate.dense.d_quant-torch.Size([1])

log

node-341

mul-QuantizeLinear

node-342
bert.encoder.layer.0.intermediate.dense.t_quant-torch.Size([1])

exp

node-343

div-QuantizeLinear

node-344
bert.encoder.layer.0.intermediate.dense.d_quant-torch.Size([1])

round

node-345

mul-QuantizeLinear

node-346
bert.encoder.layer.0.intermediate.dense.d_quant-torch.Size([1])

where

node-351

cast

node-349

where

node-359

round

node-353

mul-QuantizeLinear

node-354
bert.encoder.layer.0.intermediate.dense.d_quant-torch.Size([1])

reshape

node-357

cast

node-358

mul

node-361

sign-QuantizeLinear

node-360
bert.encoder.layer.0.intermediate.dense.weight-torch.Size([3072, 768])

transpose

node-362

add-QuantizeLinear

node-364
bert.encoder.layer.0.intermediate.dense.bias-torch.Size([3072])

div

node-366

mul

node-370

erf

node-367

add

node-369

mul

node-372

matmul

node-406

abs-QuantizeLinear

node-373
bert.encoder.layer.0.output.dense.weight-torch.Size([768, 3072])

sub

node-383

lessorequal

node-391

lessorequal-QuantizeLinear

node-398
bert.encoder.layer.0.output.dense.q_m-torch.Size([1])

sub-QuantizeLinear

node-375
bert.encoder.layer.0.output.dense.q_m-torch.Size([1])

abs

node-376

add

node-378

log

node-379

mul-QuantizeLinear

node-380
bert.encoder.layer.0.output.dense.t_quant-torch.Size([1])

exp

node-381

div-QuantizeLinear

node-395
bert.encoder.layer.0.output.dense.d_quant-torch.Size([1])

log

node-384

mul-QuantizeLinear

node-385
bert.encoder.layer.0.output.dense.t_quant-torch.Size([1])

exp

node-386

div-QuantizeLinear

node-387
bert.encoder.layer.0.output.dense.d_quant-torch.Size([1])

round

node-388

mul-QuantizeLinear

node-389
bert.encoder.layer.0.output.dense.d_quant-torch.Size([1])

where

node-394

cast

node-392

where

node-402

round

node-396

mul-QuantizeLinear

node-397
bert.encoder.layer.0.output.dense.d_quant-torch.Size([1])

reshape

node-400

cast

node-401

mul

node-404

sign-QuantizeLinear

node-403
bert.encoder.layer.0.output.dense.weight-torch.Size([768, 3072])

transpose

node-405

add-QuantizeLinear

node-407
bert.encoder.layer.0.output.dense.bias-torch.Size([768])

reducemean

node-409

sub

node-410

pow

node-412

div

node-417

reducemean

node-413

add

node-415

sqrt

node-416

mul-LayerNorm

node-418
bert.encoder.layer.0.output.LayerNorm.weight-torch.Size([768])

add-LayerNorm

node-419
bert.encoder.layer.0.output.LayerNorm.bias-torch.Size([768])

matmul

node-453

abs-QuantizeLinear

node-420
qa_outputs.weight-torch.Size([2, 768])

sub

node-430

lessorequal

node-438

lessorequal-QuantizeLinear

node-445
qa_outputs.q_m-torch.Size([1])

sub-QuantizeLinear

node-422
qa_outputs.q_m-torch.Size([1])

abs

node-423

add

node-425

log

node-426

mul-QuantizeLinear

node-427
qa_outputs.t_quant-torch.Size([1])

exp

node-428

div-QuantizeLinear

node-442
qa_outputs.d_quant-torch.Size([1])

log

node-431

mul-QuantizeLinear

node-432
qa_outputs.t_quant-torch.Size([1])

exp

node-433

div-QuantizeLinear

node-434
qa_outputs.d_quant-torch.Size([1])

round

node-435

mul-QuantizeLinear

node-436
qa_outputs.d_quant-torch.Size([1])

where

node-441

cast

node-439

where

node-449

round

node-443

mul-QuantizeLinear

node-444
qa_outputs.d_quant-torch.Size([1])

reshape

node-447

cast

node-448

mul

node-451

sign-QuantizeLinear

node-450
qa_outputs.weight-torch.Size([2, 768])

transpose

node-452

add-QuantizeLinear

node-454
qa_outputs.bias-torch.Size([2])

split

node-456-457

squeeze

node-459

squeeze

node-461

dummy_output

dummy_input

Figure 5. Bert1 before performing quantization-aware dependency graph analysis.
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Figure 6. Bert1 after performing quantization-aware dependency graph analysis.
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Figure 7. VGG7 after performing quantization-aware dependency graph analysis.
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Figure 8. VGG7 after performing quantization-aware dependency graph analysis.
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