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软件开发新形态
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自动驾驶 图像识别
大语言模型插件
商店 （~900）
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软件工程技术

代码调试 软件测试 变更影响分析

训练样本
采集

模型架构
选取

超参数
设置

预测错误反
馈和修正
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面向AI生态的软件工程技术

模型调试 模型测试 样本影响函数

训练样本
采集

模型架构
选取

超参数
设置

预测错误反
馈和修正



基本问题：模型的预测结果是如何一步一步产生的？
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深度神经网络训练过程

传统软件的调试过程

可观测性问题

意图检测问题



可观测性问题

 什么样的训练信息需要被观察？
 这些信息如何获得和提炼？
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意图检测问题

 模型开发人员有哪些意图？
 如果用轻量级地方式来侦测和

推断这些意图？



可观测性思路：深度学习即表征学习
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可视化模型训练调试框架示意图

Lin Yun | SJTU 10

AAAI’22, 
IJCAI’22
ChinaSoft’22 
（原型竞赛一
等奖）

FSE’23
NeurIPS’22

可观测性

意图检测



可视化模型训练调试框架示意图
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FSE’23
NeurIPS’22

AAAI’22, 
IJCAI’22
ChinaSoft’22 
（原型竞赛一
等奖）

可观测性

意图检测



DeepVisualInsight (DVI): Time-travelling 
Visualization for Deep Classifier Training



Time-travelling Visualization for Deep Classifier 
Training

Epoch 1 Epoch 2 Epoch 3



Motivating example: how adversarial training 
cause the performance degeneration?

10 nearest neighbor 
adversarial samples

testing sample

Accuracy

Adversarial 
Samples

51.3%

Testing 
Samples

92.3%  

Epoch 1



Motivating example: how adversarial training 
cause the performance degeneration?

testing sample
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Adversarial 
Samples

67.8%

Testing 
Samples

90.3%  

Epoch 2

16.5%
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Motivating example: how adversarial training 
cause the performance degeneration?

testing sample

Accuracy

Adversarial 
Samples

68.8%

Testing 
Samples

88.2%  

Epoch 3

1.0%

1.1%



Adversarial Samples Dynamics Testing Samples Dynamics



Training with Noisy Data

e1e1 e2 e3 e4 e5



调试技术工具化 (TensorBoard插件 =》MindSpore插件)
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Technical Assumption

Representation 
Learner fitter

Learned 
representation

2
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Overview
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Time-travelling visualization for deep classifier 
training

 Spatial and temporal properties any time-travelling 
visualization shall abide:
 Neighbor Preserving
 Boundary Distance Preserving
 Inverse Projection Preserving
 Temporal Continuity



Neighbor Preserving Property

 Given a high-dimensional point x, its neighbours should be preserved 
after projection into the visible low-dimensional space.

y

x



Boundary Distance Preserving Property

 Given a high-dimensional point x, its neighbouring boundary points should 
be preserved after projection into the visible low-dimensional space.

y

x



Inverse Projection Preserving Property

 Given a high-dimensional point x, after projection into a visible 
low-dimensional point y, we shall be able to inverse-project it 
back to the high-dimensional space x’, x’ ~ x.

projector inverse-projectorx y x’

x ~ x’



Temporal Continuity Property

Representation 
Learner, RL fitter

Learned 
representation

Classifier (Ct)

Representation 
Learner, RL’ fitter

Learned 
representation

Classifier (Ct+1)

RL ~ RL’  V ~ V’



Temporal Continuity Property

Et Et+1 E’t E’t+1

Temporal continuity NOT considered Temporal continuity considered



 Neighbor Preserving
 Boundary Distance Preserving
 Inverse Projection Preserving
 Temporal Continuity

Approach

Spatial Property

Temporal Property

Yang, X., and Lin, Y., et al. (2022). DeepVisualInsight: Time-Travelling 
Visualization for Spatio-Temporal Causality of Deep Classification 
Training. AAAI’22

Yang, X., and Lin, Y., et al. (2022). Temporality Spatialization: A Scalable 
and Faithful Time-Travelling Visualization for Deep Classifier 
Training  IJCAI’22



 Neighbor Preserving
 Boundary Distance Preserving
 Inverse Projection Preserving
 Temporal Continuity

Approach

Spatial Property

Temporal Property

Yang, X., and Lin, Y., et al. (2022). DeepVisualInsight: Time-Travelling 
Visualization for Spatio-Temporal Causality of Deep Classification 
Training. AAAI’22

Yang, X., and Lin, Y., et al. (2022). Temporality Spatialization: A Scalable 
and Faithful Time-Travelling Visualization for Deep Classifier 
Training  IJCAI’22



(Boundary) Neighbour Preserving 
Property Vt =

high-dimensional 
space



(Boundary) Neighbour Preserving 
Property Vt =

high-dimensional 
space



(Boundary) Neighbour Preserving 
Property Vt =

high-dimensional 
space

The final selected pairs:  P+
x-x, P-

x-x , P+
x-b , P-

x-b , P+
b-b , P-

b-b



 Neighbor Preserving
 Boundary Distance Preserving
 Inverse Projection Preserving
 Temporal Continuity

Approach

Spatial Property

Temporal Property



Evaluation

 Subject models: Resnet18 with 512 dimensions of 
representation vectors
 Dataset: MNIST, FMNIST, CIFAR-10
 Baselines: PCA, t-SNE, UMAP



Result: Better preserved neighboring boundaries



Results：Well Preserved Inverse-projection 
(~UMAP)

DVI (0.01s) vs UMAP (58.31s)



Results: Better Temporal Continuity

*Pearson correlation between moving distance and #preserved neighbours



Results: Runtime Efficiency



可视化模型训练调试框架示意图
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FSE’23
NeurIPS’22

AAAI’22, 
IJCAI’22
ChinaSoft’22 
（原型竞赛一
等奖）

可观测性

意图检测



从可视化技术走向调试技术
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Yang, X., and Lin, Y., et al. (2023). DeepDebugger: An 
Interactive Time-Travelling Debugging Approach 
for Deep Classifiers. FSE’23



调试技术工具化
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运动信息提取
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位置变化信息

速度变化信息

加速度变化信息

置信度变化信息

样本运动信息
特征



交互式推荐
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异常检测



实验部分

 异常检测实验
 意图学习实验
 错误反馈注入实验
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异常检测实验

 异常轨迹定义：
 随机轨迹生成
 其他数据集中样本的轨迹
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反馈学习实验

 意图1：噪音样本
 意图2：可能预测错误的

未见样本
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错误反馈注入实验
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可视化调试框架示意图
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可观测性：投影和展
示高维空间上发生的
现象

可交互性：海量数据
中的关键信息的提取
和分析



可视化调试框架示意图

Lin Yun | SJTU 50

1. 还有哪些其他的关键
训练事件？

2. 如何将现象与训练代
码关联？

1. 是否有更加好的可视
化策略来减少可视化误
差？

2. 大量快照模型的管理
和存储？

3. 如何对比两个训练过
程？

。。。

3. 是否有更好的事件搜
索技术？

。。。



Ongoing Work: ContraVis
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面向AI生态的软件工程技术

模型调试
模型鲁棒
性测试

样本影响函数

训练样本
采集

模型架构
选取

超参数
设置

预测错误反
馈和修正
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AI辅助交互式代码编辑 AI辅助自动调试

模型训练可视化解释 AAAI’22, IJCAI’22, FSE’22, 

ICSE’17, ASE’18, TSE’19

FSE’15, EMNLP’22, NeurIPS’23

Evosuite++
5-7% coverage improvement
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