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iEDA Tutorial 第四期议程

 Part1 iEDA-iMAP工具介绍 20min （倪利伟）

 Part2 AiMAP工艺映射算法 15min （刘俊锋）

 Part3 并行化逻辑重写算法 15min （杨宗霖）

 Part4 iEDA-iATPG工具介绍 20min （林晓泽）



研究内容

研究进展

未来计划

01

02

03



Design Flow

Logic SynthesisLogic Synthesis

Logic Compiling

Logic Optimization

Tech Mapping

Equivalence Checking

Layout ProcessingLayout Processing

RET/OPC/ILT

Post Simulation

Mask Generation

Physical DesignPhysical Design

Floorplan

Placement

Clock Tree Synthesis

Routing

ECO

Physical VerificationPhysical Verification

ERC

DRC (MP)

LVS

Std Cell LibStd Cell Lib

Device Modeling

Parasitic Extraction

DRC/LVS

Specifications

Architectural Design

Functional Design

Timing Optimization ESD/CD

AnalysisAnalysis

Timing Analysis

RC Extraction

Power

Noise

IR Drop

SimulationSimulation

Simulation (Circuit)

Emulation (System)
Fabrication

Package and Test

Chip

module conv;
reg [31:0] m[0:8192];
reg [12:0] pc;
reg [31:0] acc;
reg[15:0] ir;
always

begin
ir = m[pc];
if(ir[15:13] == 3b’000)

pc = m[ir[12:0]];
else if (ir[15:13] == 3’b010)



Design Flow

图1 逻辑综合状态流程图
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逻辑编译 逻辑优化 工艺映射



Overview

 Why

为什么要研发iMAP工具，现有开源工具存在什么问题？
 Berkeley-abc[1]存在的问题：

 代码历史悠久，没有文档
 基于c语言编程，可扩展性较差
 AI+逻辑综合的研究在berkeley-abc受限，研发成本较高

 EPFL-lsils[2]存在的问题
 lsils下的库文件主要用于学术研究
 lsils的逻辑优化和工艺映射算法的runtime以及QoR和abc还存在差距
 lsils对于liberty文件格式还不支持

[1] https://github.com/berkeley-abc/abc/
[2] https://github.com/lsils



Overview

 How

怎样研发iMAP工具？需求推进工具不断演进。
 取精华，弃糟粕

 利用berkeley-abc以及EPFL-lsils的优点
 提高代码的可读性
 提升算子的可扩展性
 在runtime和QoR上接近berkeley-abc

 促进AI+逻辑综合的前沿研究

 Goal
科研+工程结合，做创新实用的逻辑综合工具，支持流片



研究内容

研究进展

未来计划

01
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03



iMAP 工具原型
 iMAP 0.1完成了基本工艺映射算法以及逻辑优化算子

当前已支持功能：
 数据格式支持：

 AIG (And-Inverter Graph) 格式的输入和输出

 Verilog / DOT 格式的输出

 逻辑综合算子: 

 Rewrite (基于4-输入真值表的NPN匹配)

 Refactor (基于SOP表达式的优化)

 Balance (基于AND-tree的平衡算法)

 LUT-opt (基于FPGA工艺映射的优化算法)

 Map-fpga (基于cut以及多AIG融合成choice Graph的FPGA优化算法)

 Map-asic(基于AIG的ASIC优化算法，支持libertyfile，待release)



iMAP工具设计
 框架设计

 扩展性与兼容性
 add new features

 高质量
 compare with ABC

 易读性
 文档 + APIs

 AI + iMAP

 Commands

 Python APIs

Database
network

Operators

Basic operations

Boolean 
operators

Cut
operators

Graph 
operators

Commands Interactive commands flow

Logic Optimization

rewrite

cut liberty Booleans

refactor

balance

LUT-opt

refactor-plus

Technology mapping

choice generation

map_fpga

Utils

Debug

Parser

Input / Output

[1] https://github.com/OSCC-Project/iMAP
[2] https://gitee.com/oscc-project/iMAP

map_asic



数据结构
 逻辑电路表达

 AIG（And-Inverter Graph）
AND和Inverter是逻辑完备的



数据结构
 CUT

对于一个节点r的cut, 是一组由其输入锥上的路径组成的节点集合，且
从输入到节点r一定会经过该cut

 k-feasible-cut

 k-feasible-cut computation

a b c

d e

r

集合{a,b,e}是节点r的一个3-feasible-cut



数据结构
 CUT

对于一个节点r的cut, 是一组由其输入锥上的路径组成的节点集合，且
从输入到节点r一定会经过该cut

 k-feasible-cut

 k-feasible-cut computation

a b c

d e

{ {d}, {a, b} } { {e}, {b, c} }

{ {a} } { {b} } { {c} }

r

{ {r}, {d, e}, {d, b, c}, {a, b, e}, {a, b, c} }



逻辑优化算子
 Framework of rewriting algorithms

1. Subgraph extraction

2. Node rewriting

3. Cost evaluation

4. Equivalent replacement



逻辑优化算子
 Rewrite-4

 NPN-library pre-computation

 k-feasible-cut enumeration

 Iteratively local replacement

 cost evaluation

 Substitution

[1] A. Mishchenko, S. Chatterjee and R. Brayton, "DAG-aware AIG rewriting: a fresh look at combinational logic synthesis“, DAC06



逻辑优化算子
 Refactor

 Reconvergence-cut computation

 Local replacement

 SOP minimization

 Cost evaluation

 Substitution

n1 = ab
n2 = bc
n3 = cd
n4 = de
n5 = n1n2 = abc
n6 = n2n3 = bcd
n7 = n3n4 = cde
n8 = n5n6 = abc & bcd = abcd
n9 = n7n8 = cde & abcd = abcde

a b c d e

a b c d e



逻辑优化算子
 Balance

 AND-tree computation

 Tree-balance

 replacement

[1] A. Mishchenko, R. Brayton, et al. "Delay Optimization Using SOP Balancing “, ICCAD-2011



工艺映射算子
 choice_generation (remain structural bias)

 Lossless synthesis

[1] S. Chatterjee, A. Mishchenko and et al, "Reducing Structural Bias in Technology Mapping “, TCAD05



工艺映射算子
 map_fpga / map_asic

Logic-Level circuit

standard cell library

Technology mapping

FPGA

ASIC

k-LUT

lut3

lut2

lut3

lut3
lut2



iMAP使用说明
 command engine

./imap -c "read_aiger -f ../../../benchmark/EPFL/arithmetic/adder.aig; print_stats -t 0; rewrite; balance; refactor; lut_opt; map_fpga; print_stats -t 1; write_fpga -f adder.fpga.v"



iMAP使用说明
 python engine



iMAP for EDA精英挑战赛
 赛题二：组合逻辑优化与工艺映射的智能流程



iMAP for EDA精英挑战赛
 自定义特征:

 路径：iMAP/ cli / command / print_stats.hpp

AIG 
feature

FPGA netlist 
feature



研究内容

研究进展

未来计划
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未来计划
 在runtime以及QoR上赶超berkeley-abc

 完善功能以及接口，支持开源芯片流片
 支持与iEDA中PR工具的交互
 支持physical-aware的逻辑综合
 支持更细粒度 AI+逻辑综合 的研究
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Technology Mapping Problem 

Combinational Technology Mapping:  Given a set of 
gates 𝐿, called the library, and a Boolean network 𝐺, let 
𝓜 be the set of Boolean networks constructed using 
gates from 𝐿 that are functionally equivalent to 𝐺. These 
are called mapped networks.
The goal of mapping is to find a mapped network 𝐌 ∈ 𝓜
that minimizes some objective such as area subject to 
certain constraints such as timing

• ASIC library: Standard Cells, e.g., AND2, INVERTER
• FPGA library: Look-up Tables(LUT)

look-up table with k inputs, called a k-lut is a 
configurable gate that can implement any Boolean 
function of k variables 

Time Complexity:
• Minimize delay (depth of LUTs, load-independent 

delay): 𝑶(𝒏𝒌) [1]
• Minimize area (number of LUTs, area of cells):

NP-Complete [2,3]

LUT3

LUT2

LUT3
LUT2

LUT2

LUT2

AIG Luts
Mapping

library Standards Cells



For ASIC: Standard Cell

A standard cell library is a collection of predefined 
and pre-characterized logic cells or building blocks 
that are used to implement digital designs

It composes a set of standard cells (predefined and reusable 
logic gates: e.g., NAND2, INV, OR2, and AOI21) and their 
electrical and physical properties (e.g., functionality, pins, timing 
information, and power consumption).  For example ASAP7
7nm PDK contains 154 standard cells

Supergate is the composition of the standard cells into a single-
out gate and contains many gates with diverse functionality, 
which is utilized to mitigate the structural bias problem in 
technology mapping  



For ASIC: Standard Cell

Non-Linear behavior of Cell Delays:

Input transition (slew): refers to the change in 
voltage at the input of a logic gate or circuit 
from one logic state to another. typically 
from low (0) to high (1) or vice versa.

Output Capacitance (load): refers to the 
capacitance that is present at the output of a 
logic gate or circuit. It represents the ability 
of the output to store electrical charge.

Before mapping, both the input slew and output load are unknown!

If the mapped circuit is obtained, one can 
compute the delay using (i) non-linear delay 
model, NLDM, or (ii) wire load model, WLM 



For ASIC: Mapping Flow  (Dynamic Programming)

Input: And-Inverter Graph

1. Construct supergates and Compute the load-independent 
delay model for each supergate

2. Compute K-feasible cuts for each node
3. For each cut, the truth table is computed to check whether 

it can be implemented by the supergates
4. Compute best arrival time (estimated delay) at each node 

• In topological order (from PI to PO) 
• Compute the depth of all cuts and choose the best one

5. Perform area recovery
• Using area flow 
• Using exact local area

6. Chose the best cover
• In reverse topological order (from PO to PI)

Output: Mapped Netlist

Existing studies focus on: 
(1) Cut Ranking, filtering, merging
(2) Designing heuristic area estimation
(3) Supergate generation
(4) Delay estimation of the cells (or supergates)

• load-independent delay estimation 
• load-dependent delay estimation 

The heuristic mapper in ABC [4]



Supergate Delay Estimation in ABC 

• Large Gap Between Estimated and Actual Circuit Delay

P is the load-independent parasitic delay w.r.t. the gate,
LD is the induced delay per unit load, 
Ga is a pre-defined gain factor for load.

• Load-Independent Supergate Delay Estimation



Supergate Delay Estimation in ABC 

• Large Gap Between Estimated and Actual Circuit Delay

P is the load-independent parasitic delay w.r.t. the gate,
LD is the induced delay per unit load, 
Ga is a pre-defined gain factor for load.

• Load-Independent Supergate Delay Estimation

Before mapping, both the input slew and output load are unknown!



AiMap: Learning to Improve Technology Mapping 
for ASICs via Delay Prediction

a) How to generate supergate delays under the better circuit delay?

b) How to design learning model to be aware of (i) varying contributions of different pins to supergate delay 

estimation (ii) hierarchy of node-cut-supergate tuples

c) How to prune the number of node-cut-supergate tuples ?

• Challenges

Given a Boolean network, its k-feasible cuts for each node, and the supergates matched for 
each cut, our goal is to make an accurate estimation delay of supergates, w.r.t the cut to 
guide the search of the mapper to achieve the better QoR of the mapped circuit.

• Problem



AiMap: Learning to Improve Technology Mapping 
for ASICs via Delay Prediction

a) How to generate supergate delays under the better circuit delay?

b) How to design learning model to be aware of (i) varying contributions of different pins to supergate delay 

estimation (ii) hierarchy of node-cut-supergate tuples

c) How to prune the number of node-cut-supergate tuples ?

• Challenges

Given a Boolean network, its k-feasible cuts for each node, and the supergates matched for 
each cut, our goal is to make an accurate estimation delay of supergates, w.r.t the cut to 
guide the search of the mapper to achieve the better QoR of the mapped circuit.

• Problem



AiMap: Learning Label Generation

Ps is the load-independent parasitic delay from the view of slew
LDs is the induced delay per unit slew, 
Gas is a pre-defined gain factor for slew.
d(g) is the Load-independent model for the gate delay estimation in ABC

Three parameterizable strategies from the perspectives of (i) load-independent, 
(ii)load-dependent supergate delay estimation, and (iii) cut sample.

• Strategy 1: Load-Independent Supergate Delay Estimation



AiMap: Learning Label Generation

RF an LF are the fanout of the root nodes and leaf nodes of the cut, respectively.

• Strategy 2: Load-dependent Supergate Delay Estimation

Update arrival time:

• Strategy 3: Cut Sample

In practice,  we indeed use five ranking criteria (with parameter t ) to sort the candidate cuts and sample a 
relatively smaller number of cuts (with parameter r)

Finally, performing a grid search for these parameters to obtain the supergate delay w.r.t. the cut 
under the best circuit delay



AiMap: Framework Overview



AiMap: Feature Embedder

• Node Embedding

Collect 10 features to capture the structural information
from the node itself and from its two children, 

• Cut Embedding
Collect 19 features for each cut from the cut-node and cut-structure aspects.
cut-node: it includes 6 nodes as the features 
cut structure: it contains 13 features, i.e., (i) the root fanouts, (ii) the cut leaf number and the cut 
volume for the cut itself and its two parents, (iii) the max, min, and gap of the cut levels and fanouts,

• Supergate Embedding
Collect 60 features, in brief (i) the basic descriptions, e.g., the area, leakage power, and the 
number of inputs/outputs, (ii) features related to delay on each pin, e.g., the estimation of load-
independent delay for different pre-defined gain factors, and (iii) the overall features of the 
supergate, e.g., max and sum delay on all pins.



AiMap: Learning Model

• Cut-Node Attention

• Cut-Supergate Fusion
To jointly learn the physical features related to delay in the supergate
and the structural features of the cut based on a CNN mode

Guided by minimizing MSE Loss based on our generated supergate
delay labels and predicted the supergate delay

To be aware of the varying contributions of different 
pins to supergate delay estimation

• Training process 



AiMap: Results
QoR of Technology Mapping



AiMap: Results
QoR of Delay-Oriented Technology Mapping

AiMap achieves a remarkable delay improvement of 15% compared to ABC.  Surprisingly, it even outperforms our 
parameterized strategy generated labels by 7% (the labels result being 2,394.06 ps).   Proved by  CEC (combinational 
equivalence checking)



AiMap: Results
QoR of Training Strategies

our strategies can be extended to enhance the mapped network for both area and delay. The three strategies 
collectively contribute 16.6%, 18.3%, and 18.8% to the area and delay improvements, on average.
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并行refactor算法研究
 对布尔逻辑网络进行优化，获得更低area和depth。
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并行refactor算法研究
 Refactor

 Topological order(Sequential)

 Reconvergence-cut computation

 SOP refactoring(Truth table)

 Evaluation(MFFC)

 Local replacement

1

3

6

f

a b c d e f g

4

2

5

7

8

Pis

Pos



并行refactor算法研究
 Refactor

 Topological order(Sequential)

 Reconvergence-cut computation

 SOP refactoring(Truth table)

 Evaluation(MFFC)

 Local replacement



并行refactor算法研究
 Refactor

 Topological order(Sequential)

 Reconvergence-cut computation

 SOP refactoring(Truth table)

 Evaluation(MFFC)

 Local replacement
a b c a ∧ b ∧ c

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 0

1 0 0 0

1 0 1 0

1 1 0 0

1 1 1 1

SOP形式化简

F = a ∧ b ∧ b ∧ c F = a ∧ b ∧ c



并行refactor算法研究
 Refactor

 Topological order(Sequential)

 Reconvergence-cut computation

 SOP refactoring(Truth table)

 Evaluation(MFFC)

 Local replacement

1

3

6

4

2

5

7

8

cut

mffc

Cost = mffc.size()



并行refactor算法研究
 Refactor

 Topological order(Sequential)

 Reconvergence-cut computation

 SOP refactoring(Truth table)

 Evaluation(MFFC)

 Local replacement

f = ¬(a ∧ b ∧ c) ∧ d

n3 = a ∧ b ∧ b ∧ c n3 = a ∧ b ∧ c

Compare(old_sub_g.cost, new_sub_g.cost)



并行refactor算法研究
 拓扑序顺序执行时间开销大

 并行化冲突：
 逻辑冲突
 数据冲突



研究内容

研究进展

未来计划

01

02

03



并行refactor算法研究
 并行化

 逻辑冲突
 重复删除节点
 复用点被删除

 数据冲突
 Aig nodes array

 Structure hashing table

 Cuts & MFFCs



并行refactor算法研究
 逻辑冲突

 重复删除节点
 复用点被删除

Level：m

Level：n



并行refactor算法研究
 数据冲突

 Aig nodes array

 Structure hashing table

 Cuts & MFFCs
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ATPG相关概念
• 缺陷（Defect）

 实际电路和预期设计之间存在的物理差异

 不正常的制造加工条件，工艺设计有误等原因造成

 引线的开路、短路等

• 故障模型（Fault Model）

 缺陷的逻辑层抽象级表示

 量化测试质量，自动化测试

 Stuck-at故障模型，Transition故障模型，Delay故障模型等



ATPG相关概念
• 自动测试向量生成（Automatic Test Pattern generation，ATPG）

 针对给定的故障模型，自动地生成对应的测试向量

 测试向量：电路的输入激励（+ 电路的预期输出响应）

• ATPG性能的衡量标准

 故障覆盖率：（检测到的故障数量 / 总的故障数量）× 100%

 测试集的大小：测试向量的数量

 运行时间

• 故障模拟（Fault Simulation）

 通过模拟电路的行为，来比较无故障电路和故障电路在特定测试向量下的仿真结果

 ATPG的重要组成部分

 评估给定的测试向量的故障覆盖率

NETLIST0
0
1
0
1

输入激励

0
0
1
1

输出响应

stuck-at fault

active propagate



iATPG总览
• iATPG介绍

 一款将在未来进行开源的测试向量生成工具

 当前目标

• 支持单固定型故障模型

• 支持全扫描链电路、部分扫描链电路

• 支持基本扫描向量、时钟时序扫描向量、时钟输出扫描向量等结构测试向量

• 支持功能测试向量

• 易使用（兼容商用工具使用方式，可通过TCL脚本调用，支持STIL）

• 追求更高的故障覆盖率，更短的运行时间，更少的测试向量数量



iATPG总览
• iATPG目前支持的功能

 读取与解析Verilog网表文件，JSON格式的ATPG library，STIL文件，故障列表文件

 Standard cell网表到Primitive网表的转换与处理

 Clock信号的声明与规则检查

 电路中原有扫描链的声明与规则检查

 ATPG预处理操作

 单固定型故障生成、故障类别识别、故障压缩

 外部扫描向量读取，随机扫描向量生成

 基于扫描向量的逻辑模拟器

 基于扫描向量的故障模拟器



iATPG总览
• iATPG软件流程

 数据库DB

• .v、.json、.stil、.fault_list等文件解析到

自定义数据结构

 操作层

• 电路预处理、故障生成与压缩、可测试性

计算、故障模拟、向量生成等操作

 ATPG算子

• 操作层所使用的具体方法

 接口层

• 通过结构层将ATPG操作和ATPG算子串通

整个测试向量生成流程



研究内容

研究进展

未来计划

01

02

03



iATPG关键特性
• 网表的转换与处理

 解析并获取Verilog网表的数据

 解析并获取ATPG library的cell model数据

 构建Standard cell网表

 结合cell model数据，构建Primitive网表，保存映射关系

 Primitive网表做分级处理

 可调节最大扇出数量，可识别组合回路并断开回路，可处理悬空节点及inout节点

插入BUS
插入特殊buffer

插入tieX

inout节点处理方式

组合回路处理方式

standard cell example



iATPG关键特性
• Clock信号声明，电路原有的扫描链声明与规则检查

 Clock信号的声明（port名字，关闭状态）

 检查电路中时序器件被Clock信号的驱动情况

 电路原有扫描链的声明（扫描链名字，输入引脚，输出引脚）

 解析STIL文件并获取相关test procedure数据

 结合当前的test procedure，检查扫描链的功能正确性

load/unload背景值

waveform table 

需要检查的扫描链 clock信号event



iATPG关键特性
• ATPG预处理操作

 可测试性计算（SCOAP）

 隐含推导关系识别、固定值节点识别（静态学习）

 冗余故障识别（FIRE）

SCOAP

FIRE

静态学习



iATPG关键特性
• 单固定型故障生成、故障类别识别、故障压缩、故障读取

 生成电路总的故障列表，记录映射关系（standard cell，primitive gate）

 识别等价故障，进行故障压缩

 识别特殊故障类别（untestable、detected by implication）

 外部输入故障列表读取

Untestable
,
UT

Detected by implication, DI

Fault list example



iATPG关键特性
• 基于扫描向量的逻辑模拟

 读入并解析外部扫描测试向量（商用工具直接输出的STIL文件）

 支持对于全扫描链电路和部分扫描链电路的逻辑模拟

 支持基本扫描向量、时钟时序扫描向量、时钟输出扫描向量等向量类型

 支持向量的位并行化处理以加快逻辑模拟速度，支持仅对部分向量的逻辑模拟

 支持生成随机扫描测试向量并进行逻辑模拟

 支持向量以Verilog testbench格式输出，可交由商用或开源仿真器进行验证

输出的Verilog testbench文件组成及内容



iATPG关键特性
• 基于扫描向量的故障模拟

 基于Parallel Pattern Single Fault Propagation（PPSFP）的故障模拟

 支持单固定型组合故障和时序逻辑故障

 支持以内部生成的压缩故障列表为目标故障

 支持以商用工具直接输出的故障列表为目标故障

 支持按故障类型输出对应故障列表



iATPG的API与TCL命令
• 截止目前的部分关键面向开发者的API

API 功能简述

readVerilog 解析Verilog网表文件

readLibrary 解析ATPG library文件

readSTIL 解析STIL文件

readFaultList 解析故障列表文件

buildNetlist 构建及转换网表

addClock 声明clock信号

addScanChain 声明电路原有的扫描链

checkDesignRule clock信号和扫描链相关规则检查

preprocessBeforeATPG ATPG相关预处理操作

readPattern 从STIL数据中获取扫描向量

createFault 构建内部故障列表

simulatePattern 逻辑模拟 / 故障模拟（取决于有没有故障）

writePattern 以Verilog testbench格式输出扫描向量



iATPG的API与TCL命令
• 截止目前的面向用户的TCL命令

TCL命令 功能说明 参数

read_verilog 读入Verilog网表文件 网表文件名

read_library 读入ATPG library文件 ATPG library文件名

read_stil 读入STIL文件 STIL文件名

read_fault_list 读入故障列表文件 故障列表文件名

add_clock 声明clock信号 port名字，-off_state [0 | 1]

add_scan_chain 声明电路原有的扫描链 扫描链名字，输入引脚，输出引脚

design_rule_checking clock信号和扫描链相关规则检查 无

read_pattern 从STIL数据中获取扫描向量 无

set_random_pattern 设置生成随机测试向量的数量 测试向量的数量

create_fault 构建内部故障列表 无

simulate_pattern 执行逻辑模拟 / 故障模拟
-source [external | random]

-start_pat_id [int] -end pat_id [int]

write_pattern 输出扫描向量文件
-source [external | random]

-start_pat_id [int] -end pat_id [int]



研究内容

研究进展

未来计划

01

02

03



iATPG未来计划
• 优化基于扫描向量的故障模拟

 启发式方法

• 减少故障列表中需要进行故障模拟的故障数量

• 减少故障模拟过程中事件的数量

• 复用已进行的故障模拟仿真结果，增量地进行故障模拟

 CPU多线程加速

• 发挥单核计算能力强、内存大等优点，提出可延展性强的并行算法

 GPU并行加速

• 规避GPU显存小、单核计算能力弱、对代码路径分支容忍度低等缺点，

同时发挥GPU核多的优点，结合故障模拟的特点，提出高效的并行算法



iATPG未来计划
• 基于功能向量的故障模拟

 功能向量与扫描向量（结构测试向量）不同

 功能向量本质上是时序向量，在时间轴的不同时钟周期上有不同的向量输入值，且电路内部节点的

逻辑状态依赖于前面时钟周期输入的仿真结果

 无法采用常用于结构测试向量模拟的位并行方法

 采用Parallel Fault Propagation的故障模拟

 功能向量可能涵盖数万甚至上百万个时钟周期的电路运行过程，这也导致了针对功能向量的故障模

拟十分耗时

 挖掘能够提升功能向量的故障模拟性能的方法



iATPG未来计划
• 继续推进iATPG工具的开发

 实现ATPG系统全流程

• 全扫描链电路的测试向量生成

• 部分扫描链电路的测试向量生成

• 静态测试集压缩

• 动态测试集压缩

 提升iATPG的性能，挖掘具有研究价值的点

 启发式方法

 并行加速

 机器学习



THANK YOU!

iEDA开源交流群

倪利伟
nlwmode@gmail.com


