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https://github.com/LogCreative/mnist-calculator
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Mnist Calculator



手写计算器

✅

✅

✅



手写计算器

2017

1.5.0

3.6.6

· 任务一

▲B07 手写数字识别复现



手写计算器 · 任务一

▲B09 识别手写数学表达式并对其进行计算复现

https://github.com/Microsoft/samples-for-ai.git
https://blog.csdn.net/qq_34919953/article/details/81048259


手写计算器 · 任务一
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手写计算器 · 任务二

Python.NET IronPython

支持有限，并不能完整支持 Python 3。

调用需要通过 C# 包装。

Visual Studio 已经不再内置该工作负荷。

对 Python 3 支持较好。

直接在 Python 中调用 .NET 运行时。



手写计算器

✓

✓

✓

· 任务二

# Get the first of the first in IEnumerator<IEnumerator<T>>
enumer = inferResult.GetEnumerator()
enumer.MoveNext()
enumer = enumer.Current.GetEnumerator()
enumer.MoveNext()
self.outputText.Text = Convert.ToString(enumer.Current)

inferResult.First().First()

* 应当视作是 Python.NET 在 Collections 上的实现问题。



手写计算器 · 任务二

▲B07 基于 Python.NET 的实现



手写计算器 · 任务三

▲B09 基于 Python 的实现



手写计算器 · 任务三

➖

➕

➖

➕

➕

main.py
Tkinter GUI

model.py
TF Model Infer

calc.py
Calculation

calctest.py
Unit Test

colors.py
Color Preset



手写计算器

识别笔画分组
在内存的虚拟图中重绘
在 28x28 的画布中居中

model.py
TF Model Infer

反色输入模型
推理结果

4+4=8 计算表达式calc.py
Calculation

main.py
Tkinter GUI

· 任务三



▲墨迹公式



Custom Tensor Op



自定义张量运算

☑️

✅

✅

✅



自定义张量运算

☑️

✅

· 底层原理

class Net(nn.Module):
def __init__(self):

super(Net, self).__init__()
self.conv1 = nn.Conv2d(1, 32, 3, 1)
self.conv2 = nn.Conv2d(32, 64, 3, 1)
self.dropout1 = nn.Dropout2d(0.25)
self.dropout2 = nn.Dropout2d(0.5)
self.fc1 = nn.Linear(9216, 128)
self.fc2 = nn.Linear(128, 10)

def forward(self, x):
x = self.conv1(x)
x = F.relu(x)
x = self.conv2(x)
x = F.relu(x)
x = F.max_pool2d(x, 2)
x = self.dropout1(x)
x = torch.flatten(x, 1)
x = self.fc1(x)
x = F.relu(x)
x = self.dropout2(x)
x = self.fc2(x)
output = F.log_softmax(x, dim=1)
return output

网络结构▼



自定义张量运算 · 底层原理

nn.Conv2d(1, 32, 3, 1)

输入通道数

输出通道数

卷积核边长 步长，相同不予实现



自定义张量运算 · 底层原理

▲卷积计算概要



自定义张量运算

✔️ conv2dbasis(input, kernel, padding)

✅ F.conv2d(input, weight, bias)

· Python API

def conv2dbasis(input, kernal, padding=(0,0)):
h,w = list(input.size())
kh,kw = list(kernal.size())
oh,ow = h-kh+2*padding[1]+1,w-kw+2*padding[0]+1
output = torch.Tensor(oh,ow)
input_ = F.pad(input, 

(padding[0],padding[0],padding[1],
padding[1]), "constant", 0)

for i in range(oh):
for j in range(ow):

output[i,j] =
input_[i:i+kh,j:j+kw].mul(kernal).sum()

return output # imm

▲CPU 版本卷积运算实现



自定义张量运算 · Python API

for i in range(batch_size):
for j in range(out_channels):

for k in range(in_channels):
grad_input[i,k] += conv2dbasis(grad_output[i,j], 

torch.Tensor.rot90(weight[j,k], 2), 
padding=(kernel_width-1,kernel_height-1))

grad_weight[j,k] += conv2dbasis(input[i,k], 
grad_output[i,j])

grad_bias[j] += grad_output[i,j].sum()

❗ GPU 实现只有 F.conv2d
无法传递下标

▲CPU版本反向传播实现



自定义张量运算 · Python API

✅ Pytorch 内置实现 F.conv2d
交换下标的技巧

grad_input = F.conv2d(grad_output, 
torch.Tensor.rot90(weight,2,[2,3]).transpose(0,1)
, padding=(kernel_width-1,kernel_height-1))

grad_weight = F.conv2d(input.transpose(0,1), 
grad_output.transpose(0,1)).transpose(0,1)
grad_bias = grad_output.sum([0,2,3])

▲GPU版本反向传播实现



自定义张量运算

❗

· C++ API

std_:vector<torch_:Tensor> myconv2d_backward(
torch_:Tensor grad_output,
torch_:Tensor input,
torch_:Tensor weight,
torch_:Tensor bias

) {
auto kernal_height = weight.size(2);
auto kernal_width = weight.size(3);
auto grad_input = F_:conv2d(

grad_output,
weight.rot90(2, { (2),(3) }).transpose(0, 1),
F_:Conv2dFuncOptions().padding({ kernal_width

- 1, kernal_height - 1 })
);
auto grad_weight = F_:conv2d(

input.transpose(0, 1),
grad_output.transpose(0, 1)

).transpose(0, 1);
auto grad_bias = grad_output.sum({ 0,2,3 });
return { grad_input, grad_weight, grad_bias };

}

grad_input = F.conv2d(grad_output, 
torch.Tensor.rot90(weight,2,[2,3]).transpose(0,1)
, padding=(kernel_width-1,kernel_height-1))

grad_weight = F.conv2d(input.transpose(0,1), 
grad_output.transpose(0,1)).transpose(0,1)
grad_bias = grad_output.sum([0,2,3])

▲GPU版本反向传播实现(Python API) (C++ API) ▲



自定义张量运算

⏫

⏬

· Profiler 分析

28

30

32

34

36

38

40

线性层 卷积层

原生 Python C++

▲Profiler 得到的 CUDA 时间比较（单位：秒）

* Profiler 粗略时间测量，更加精细的测量在后
面补充设计了另一个实验。



自定义张量运算

➰

· Profiler 分析

CPU 测试结果 Forward Forward+Backward

native 0.006395 0.014766

pyver 0.006491 0.019503

cppver 0.006585 0.019705

CUDA 测试结果 Forward Forward+Backward

native 0.001082 0.001365

pyver 0.001043 0.003303

cppver 0.001108 0.003151

▲对于卷积层的纯净测试结果



自定义张量运算 · Profiler 分析

# Name CUDA time total CUDA time avg # of Calls

5 aten::conv2d 3.858s 2.035ms 1896

6 aten::convolution 3.832s 2.021ms 1896

7 aten::_convolution 3.802s 2.005ms 1896

14 CudnnConvolutionBackward0 3.015s 1.607ms 1896

# Name CUDA time total CUDA time avg # of Calls

5 aten::conv2d 8.579s 1.519ms 5648

6 aten::convolution 8.518s 1.508ms 5648

7 aten::_convolution 8.397s 1.487ms 5648

9 myConv2dFunctionBackward 5.411s 2.884ms 1876

▲Python API Profiler 运行情况

▼ 原生 Profiler 运行情况



自定义张量运算 · Profiler 分析

LogCreative/CompilerPrinciple
使用 TVM 对卷积运算进行优化

https://github.com/LogCreative/CompilerPrinciple/blob/master/report/compiler.pdf


▲ai-edu 配套教材《智能之门》



Qlib CNN
Qlib



Qlib 案例创新

✅

☑️

✅



Qlib 案例创新 · 基础版本 CNN



Qlib 案例创新 · 基础版本 CNN

* Fukushima, K. (1980). Neocognitron: A self organizing 
neural network model for a mechanism of pattern 
recognition unaffected by shift in position. Biological 
Cybernetics, 36(4), 193-202.

卷积层

池化层



Qlib 案例创新 · 基础版本 CNN



Qlib 案例创新 · 基础版本 CNN

class Net(nn.Module):
def __init__(self, input_dim, output_dim, kernel_size, 

layers=(256,64,16)):
super(Net, self).__init__()
layers = [input_dim] + list(layers)
cnn_layers = []
for i, (input_channel, output_channel) in enumerate(zip(layers[:-

1],layers[1:])):
conv = nn.Conv1d(input_channel, output_channel, kernel_size, 1, 

int((kernel_size-1)/2))
activation = nn.ReLU(inplace=False)
conv.weight.data.normal_(0, 0.01) # init weight
seq = nn.Sequential(conv, activation)
cnn_layers.append(seq)

drop_input = nn.Dropout(0.05)
cnn_layers.append(drop_input) 
self.cnn_layers = nn.ModuleList(cnn_layers)
self.linear = nn.Linear(layers[-1],output_dim)

def forward(self, x):
cur_output = x.transpose(0,1).unsqueeze(0)
for i, now_layer in enumerate(self.cnn_layers):

cur_output = now_layer(cur_output)
cur_output = self.linear(cur_output[:,:,-1])
cur_output = cur_output.squeeze().unsqueeze(0)
return cur_output

基础版本的 CNN 实现▼



Qlib 案例创新 · TCN

* Lea, C., Vidal, R., Reiter, A., & Hager, G. (2016). Temporal Convolutional Networks: A 
Unified Approach to Action Segmentation. In Computer Vision – ECCV 2016 Workshops 
(Lecture Notes in Computer Science, pp. 47-54). Cham: Springer International 
Publishing.



Qlib 案例创新 · TCN

* Bai, S., Kolter, J., & Koltun, V. (2018). An Empirical Evaluation of Generic Convolutional 
and Recurrent Networks for Sequence Modeling.



Qlib 案例创新 · 量化交易流程

qlib_init:
provider_uri: "~/.qlib/qlib_data/cn_data"
region: cn

market: &market csi300
benchmark: &benchmark SH000300
data_handler_config: &data_handler_config

start_time: 2008-01-01
end_time: 2020-08-01
fit_start_time: 2008-01-01
fit_end_time: 2014-12-31
instruments: *market
infer_processors:

- class: RobustZScoreNorm
kwargs:

fields_group: feature
clip_outlier: true

- class: Fillna
kwargs:

fields_group: feature
learn_processors:

- class: DropnaLabel
- class: CSRankNorm
kwargs:

fields_group: label
label: ["Ref($close, -2) / Ref($close, -1) - 1"]

port_analysis_config: &port_analysis_config

➡️

import qlib
from qlib.data import D
qlib.init(provider_uri=~/.ql
ib/data/cn_data')
instruments =
D.instruments(market='csi300
')
D.list_instruments(instrumen
ts=instruments, 
start_time='2010-01-01', 
end_time='2017-12-31', 
as_list=True)[:20]

▲获取数据

参考：https://finance.sina.com.cn/stock/stockzmt/2021-02-23/doc-ikftpnny9226595.shtml



Qlib 案例创新 · 量化交易流程

module_path: qlib.contrib.model.pytorch_cnn
kwargs:

loss: mse
input_dim: 158
output_dim: 1
layers: [64,16,4]
kernel_size: 3
lr: 0.002
lr_decay: 0.96
lr_decay_steps: 100
optimizer: adam
max_steps: 4000
batch_size: 8196
GPU: 0
weight_decay: 0.0002
loss_type: mse

dataset:
class: DatasetH
module_path: qlib.data.dataset
kwargs:

handler:
class: Alpha158
module_path: qlib.contrib.data.handler
kwargs: *data_handler_config

segments:
train: [2008-01-01, 2014-12-31]
valid: [2015-01-01, 2016-12-31]
test: [2017-01-01, 2020-08-01]

record: 
- class: SignalRecord
module_path: qlib.workflow.record_temp
kwargs: 
model: <MODEL>
dataset: <DATASET>

- class: SigAnaRecord
module_path: qlib.workflow.record_temp
kwargs: 
ana_long_short: False
ann_scaler: 252

- class: PortAnaRecord
module_path: qlib.workflow.record_temp
kwargs: 

➡️



Qlib 案例创新 · 量化交易流程
qlib_init:

provider_uri: "~/.qlib/qlib_data/cn_data"
region: cn

market: &market csi300
benchmark: &benchmark SH000300
data_handler_config: &data_handler_config

start_time: 2008-01-01
end_time: 2020-08-01
fit_start_time: 2008-01-01
fit_end_time: 2014-12-31
instruments: *market
infer_processors:

- class: RobustZScoreNorm
kwargs:

fields_group: feature
clip_outlier: true

- class: Fillna
kwargs:

fields_group: feature
learn_processors:

- class: DropnaLabel
- class: CSRankNorm
kwargs:

fields_group: label
label: ["Ref($close, -2) / Ref($close, -1) - 1"]

port_analysis_config: &port_analysis_config
strategy:

class: TopkDropoutStrategy
module_path: qlib.contrib.strategy
kwargs:

signal:
- <MODEL>
- <DATASET>

topk: 50
n_drop: 5

backtest:
start_time: 2017-01-01

➡️



Qlib 案例创新 · 量化交易流程

- <MODEL>
- <DATASET>

topk: 50
n_drop: 5

backtest:
start_time: 2017-01-01
end_time: 2020-08-01
account: 100000000
benchmark: *benchmark
exchange_kwargs:

limit_threshold: 0.095
deal_price: close
open_cost: 0.0005
close_cost: 0.0015
min_cost: 5

task:
model:

class: CNNModelPytorch
module_path: qlib.contrib.model.pytorch_cnn
kwargs:

loss: mse
input_dim: 158
output_dim: 1
layers: [64,16,4]
kernel_size: 3
lr: 0.002
lr_decay: 0.96
lr_decay_steps: 100
optimizer: adam
max_steps: 4000
batch_size: 8196
GPU: 0
weight_decay: 0.0002
loss_type: mse

dataset:
class: DatasetH
module_path: qlib.data.dataset
kwargs:

handler:
class: Alpha158
module_path: qlib.contrib.data.handler
kwargs: *data_handler_config

➡️



Qlib 案例创新 · 量化交易流程

instruments: *market
infer_processors:

- class: RobustZScoreNorm
kwargs:

fields_group: feature
clip_outlier: true

- class: Fillna
kwargs:

fields_group: feature
learn_processors:

- class: DropnaLabel
- class: CSRankNorm
kwargs:

fields_group: label
label: ["Ref($close, -2) / Ref($close, -1) - 1"]

port_analysis_config: &port_analysis_config
strategy:

class: TopkDropoutStrategy
module_path: qlib.contrib.strategy
kwargs:

signal:
- <MODEL>
- <DATASET>

topk: 50
n_drop: 5

backtest:
start_time: 2017-01-01
end_time: 2020-08-01
account: 100000000
benchmark: *benchmark
exchange_kwargs:

limit_threshold: 0.095
deal_price: close
open_cost: 0.0005
close_cost: 0.0015
min_cost: 5

task:
model:

class: CNNModelPytorch
module_path: qlib.contrib.model.pytorch_cnn
kwargs:

loss: mse
input_dim: 158

➡️



Qlib 案例创新 · 量化交易流程

➡️

关于 TSDatasetSampler
可视化上的 Issue 评论



Qlib 案例创新 · 量化交易流程

➡️

TCN 模型的结果可视化



▲机器学习在生产环境中的应用— TFX 1.0 
(Google Developer Summit China 2021) 提
到用于建模的代码实际上仅占整个解决方案的很
少一部分。


