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● Half & Half: 1969-1991: Taiwan. Afterwards: USA.
Ex-Googler since 2014.

○ Went to Stanford for PhD, after receiving BS from NTU.

○ Left Google now, after receiving Google Founders’ award.

● Recent impacts:

○ 3 blockchains: One was described in “Personalized Difficulty Adjustment for Countering the 
Double-Spending Attack in Proof-of-Work Consensus Protocols,” published in IEEE Blockchain conference 
2018 (15% acceptance rate). Second was presented in an invited Google Tech talk on YouTube. The last one 
is tangerine.

○ Creator of smart explorer (Google’s machine-learning based data-center optimizer): Published in IEEE 
Supercomputing (SC).

○ Android tech lead on low-level Virtual Machine & Toolchains

○ Creator of RenderScript frontend & backend, linking loader.

○ Open-source leadership: MCLinker co-founder and committer, LLVM committer, and SUIF committer. The 
Android code above has been open-sourced.

○ Global citizenship: Solve world-class problems. Contribute to open source.

● Publication:

○ Author of ~75 papers and 25 patents.

Speaker Intro:



International Collaboration



● Digital transformation (DX)

● Data analytics

● Single-variable model (單變量模型) (未考慮價格因素，只考慮前n期的需

求量)

● Multi-variable model (多變量模型) (考慮價格因素及前n期的需求量) 

● Who are good customers?

● FinTech ABCD

● How it works in real world?

Outline of the Talk



Digital Transformation (DX): 數位轉型

Definition: Using digital tools to boost:

● 效率 (efficiency) and
● 效能 (effectiveness);

Definition in Chinese: 用數位工具，為產業帶來效率及效能的提昇;

emphasizing：

● Customer-oriented (以客為尊)
● System integration (整合)



數位轉型

商業週刊
2020/6/13



● Especially after the COVID-19 outbreak, business is going digital, 

internet, agile and speedy. DX embodies itself in:

○ 營運模式與生產管理 (Operation & Production management)

○ 行銷與業務 (Sales & Marketing)

○ 資訊科技 (Information Technology)

○ 創新研發 (Innovation & R&D)

DX in real world:





3 Steps: 數位轉型三部曲:

1. 數位化 (Digitize)
○ E.g., call 台灣大車隊 (Taxi hotline)

2. 數位優化 (AI optimizations)
○ E.g., Taxi route optimization

3. 數位轉型 (Digital transformation)
○ E.g., Uber replacing taxi.

3 Steps in Digital Transformation (DX)



● Digital transformation (DX)

● Data analytics

● Single-variable model (單變量模型) (未考慮價格因素，只考慮前n期的需

求量)

● Multi-variable model (多變量模型) (考慮價格因素及前n期的需求量) 

● Who are good customers?

● FinTech ABCD

● How it works in real world?

Outline of the Talk



“Putting-it-all-together”, Real Case:
Sales/Demand Forecasting for 9007



Data Analytics - Overview



Data Analytics: 一階差分: First-order difference equation

● 波動很大

● 標準差不固定

● 自2016波動加劇



Data Analytics: 季節性分析 Seasonal Analysis

統計2006年至今的每月銷售量

旺季: 五月、十月

淡季: 一、二月、六、七月



● 價格與需求量稍微正相關，但相關性很低

Data Analytics: 季節性分析 Seasonal Analysis

相關係數 HDPE film
[CFR中國]
(USD/MT)

HDPE inj
[CFR中國]
(USD/MT)

HDPE blow
[CFR中國]
(USD/MT)

HDPE yarn
[CFR中國]
(RMB/MT)

需求量 0.181136 0.073959 0.195248 0.054707



單變量模型 (未考慮價格因素，只考慮前n期的需求量)

● Moving Average Approach (3MA)

● Econometric Approach (ARIMA)



Moving Average Approach - 3MA

均方根誤差約為107,087

(從2001至今)

假設3MA為 500,000

則需求量68%信心水準的信賴

區間為400,000 ~ 600,000

需求量95%信心水準的信賴區

間為300,000 ~ 700,000



● 使用近七個月銷量平均的優點

○ 平均會有最小的RMSE 
(97,484)

○ 比3MA 好了(10,000)
○ 誤差減少了4個百分點

Moving Average Approach - nMA

Optimal n-1 = 6



Moving Average Approach - 7MA 之最適生產量

假設7MA為 500,000 

G = 每單位倉儲成本

L = 每單位利潤

則當月之最適生產量為

P = G/(G+L)

Q = 500,000 + 97,484 * how 

many sigmas



ARIMA模型 (Autoregressive Integrated Moving 
Average model)

一種時間序列的預測分析方法

用於非定態的資料 自回歸項數

移動平均項數

使時間序列資料成為平穩
的差分次數



一組時間序列資料的統計特性不會隨著時間而改變

強定態性: 資料在每一個時點的機率分配完全相同

並且獨立。That is, (i.i.d)

弱定態性: 僅要求資料的平均數、變異數以及自我

共變異數為有限的常數項

一般通常採用弱定態的定義

定態性

https://mropengate.blogspot.com/2015/04/stationary-and-non-stationary-time.html

https://mropengate.blogspot.com/2015/04/stationary-and-non-stationary-time.html


AR

描述當期的數值與前p期的數值之間的關係

用變量自身的歷史時間數據對自身進行預測

必須滿足定態性的要求

限制:

必須有定態性、自相關性，自相關係數<0.5時不宜使用

只適用與自身前期相關的現象

常數項 誤差
模型的係數



MA

關注誤差項的累加

能有效的消除預測中的隨機波動

誤差

模型的係數序列的均值



ARMA
AR, MA 兩個模型的結合

常數項 誤差
模型求解的係數



差分

用於減輕數據之間的不規律波動，使其變的平穩

一階差分: 以當期的值減掉前一期的值

二階差分: 對一階差分後的值再做一次差分



Augmented Dickey-Fuller (ADF) test

一種統計學的檢測方法，用於檢測一個有某種趨勢的時間序列的平穩性。

虛無假設為該序列不穩定

統計量越小越容易拒絕虛無假設，也就是該序列很穩定



評估模型的參數: ACF, PACF

自相關係數 (AutoCorrelation Function, ACF)

反映了同一序列在不同時序中數值之間的關聯性

範圍為[-1, 1]

偏自相關係數 (Partial AutoCorrelation Function, PACF)

PACF就是ACF剔除掉其他隨機變數的干擾



評估模型的參數: ACF, PACF

模型 ACF PACF

AR(p) 拖尾 p階後截尾

MA(q) q階後截尾 拖尾

ARMA(p,q) 拖尾 拖尾



評估模型的參數: ACF, PACF

拖尾 (Tail Off): 相關係數隨落後期數遞減

截尾 (Cut Off): 在某落後期數以後相關係數皆為0

右圖呈現ACF拖尾

PACF 2階後截尾

所以使用AR(2)模型

ACF PACF



評估模型的參數: AIC

AIC (Akaike Information Criterion, AIC)

模型越簡單越好，也就是說AIC越小越好



評估模型的參數

優點 缺點

AIC 1. 估計值較精準
2. 可以在正確配適的模型中擇優

計算量大

ACF/PACF 1. 直觀
2. 計算量小

可能出現好幾種配適的方法

通常會混用，例如先用ACF/PACF找出幾個適合的參數，再
用AIC選擇誤差較小的



檢驗殘差 (Residual)

殘差: 實際觀察值與估計值之間的差

為了確保模型的參數適合，我們需要進行殘差檢驗，如果殘差符合常態分配且不自相關

，代表有用的資訊都已經被提取到ARMA模型之中。



Putting it altogether: 流程

序列是否平穩

直接建立
ARMA模型

對資料進行
差分處理，
建立ARIMA

根據ACF/PACF, AIC 
決定模型階數

檢驗模型參數顯
著性、殘差檢驗

預測

是

否

檢驗不通過，重新確定差分階數

通過



使用ARIMA(0,1,7)預測銷售量

使用過去的銷售量無法推測出的現象
猜測與COVID-19相關



多變量模型 (考慮價格因素及前n期的需求量)

● Regression Approach 

(Lasso/Ridge)

● Machine Learning Approach 

(XGBoost)

模型變數：前10期的銷售量、前3期原物料價

格、前3期月均HDPE價格、一階價格差分、當

月月份、指對數成長率、匯率 ...等，共63個變

數。



Regression to Ridge / LASSO

● Linear Regression

最小化誤差-->可能over fitting

解法:L1/ L2 Regularization

● LASSO (L1) 

篩選特徵:減少模型參數

● Ridge (L2)

平滑:降低模型複雜度



L1 vs. L2

https://www.youtube.com/watch?v=TmzzQoO8mr4

https://www.youtube.com/watch?v=TmzzQoO8mr4


多變量模型效果評估

Approach/RMSE Test Set 過去3年的均方根誤差 名次

3MA 182,549 6

7MA 159,966 1

Ridge 174,618 3

LASSO 176,574 4

XGBoost 181,464 5

利用2009至2016的資料進行
模型訓練，並以滾動式方法進
行回測2016-2020



FROM DATA TO INSIGHT

經LASSO挑選較有影響之變數及對應係數

● 1 二月 -10000
● 7 八月 32841
● 9 十月 98545
● t-1 前一期數量 193620
● t-4 前四期數量 213110
● A12-1 前一期的布蘭特原油   34165.781



FROM DATA TO INSIGHT

經LASSO挑選較有影響之變數及對應係數

● 1 二月 -10000 >>>> 淡季

● 7 八月 32841 >>>> 旺季

● 9 十月 98545 >>>> 旺季

● t-1 前一期數量 193620
● t-4 前四期數量 213110
● A12-1 前一期的布蘭特原油   34165.781



FROM DATA TO INSIGHT

經LASSO挑選較有影響之變數及對應係數

● A12-1 前一期的布蘭特原油   34165.781

>>> 廠商預期心理

原物料漲價，產品即將漲價

趁現在趕快買



Who are good customers? Customer Clustering

將您的客戶做分群

以非監督式學習(KMEANS)

將客戶分群

● 購買量穩定的客戶

● 購買量不穩定的客戶

● 流失客戶



內銷vs外銷

特徵:購買次數、平均購買量、歷史購

買紀錄的標準差、是否為外銷。

分類別 均單次購買量 購買量標準差 是否為外銷

class 1(不穩定) 高 高 大部份為外銷

class 2(穩定) 中 低 大部份為內銷

class 3(次數少） 低 中 都有



從總銷售量也可以看出內外銷的波動幅度差別

內銷vs外銷



Key: Asking the next set of questions:

1. 銷售量受產能限制，無法完全反應真實需求量

2. 寡佔市場銷售量受定價策略之影響

3. 影響外銷波動的因素(疫情、品質)?



Recap

● Data analytics

● 單變量模型 (未考慮價格因素，只考慮前n期的需求量)

○ Moving Average Approach (3MA)

○ Econometric Approach (ARIMA)

● 多變量模型 (考慮價格因素及前n期的需求量)

○ Regression Approach (Lasso/Ridge)

○ Machine Learning Approach (SVR)

● Who are good customers?

○ Customer Clustering 

需要更多Domain 
Knowledge
只用價格難以解釋購
買量的波動
，otherwise



● Digital transformation (DX)

● Data analytics

● Single-variable model (單變量模型) (未考慮價格因素，只考慮前n期的需

求量)

● Multi-variable model (多變量模型) (考慮價格因素及前n期的需求量) 

● Who are good customers?

● FinTech ABCD

● How it works in real world?

Outline of the Talk



金融科技 = ABCD [Deloitte 2017], 
where
  A = AI, B = Blockchain, C=Cloud, D = 
Data

Prof. 廖世偉, National Taiwan University
liao@csie.ntu.edu.tw

We try to 註明出處  of photos and charts etc., which are owned by their original authors. 如有未盡 /未及處 , they are still owned by their respective authors.

mailto:liao@csie.ntu.edu.tw


https://www.middlebury.edu/institute/people/moyara-ruehsen



Virtual
Asset

RegTech
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https://www.youtube.com/watch?v=0rsOLJ1RmqA

https://www.youtube.com/watch?v=0rsOLJ1RmqA


Extension: 金融科技 @ 台大進修推廣學院 (廖世偉, 萬幼筠, 林建隆, 朱師右, 江炯聰)
https://www.ntuspecs.ntu.edu.tw/specs/TC/classStudyListContent.aspx?id=1693&Chk=af288a16-aff5-4e50-a42b-29787bb2c1c7&cid=22&cchk=

https://www.ntuspecs.ntu.edu.tw/specs/TC/classStudyListContent.aspx?id=1693&Chk=af288a16-aff5-4e50-a42b-29787bb2c1c7&cid=22&cchk=


● Fintech (F) = ABCD: AI, Blockchain, Cloud, Data [Deloitte 2017]:

○ 台大金融科技4部曲: 數位轉型出寬客  (F), 黑客 (CD), 極客 (A), 極客 (B): 共4門課

○ Example: This class in October: 普世普惠金融  (WoFi) 的量化交易  (Quantitative Trading) 比賽

i. WoFi is our VISION: World Financial Inclusion (WoFi). See next 11 slides.

● Fintech’s 4 Challenges

○ 數位化 → 數位優化 → 數位轉型: Challenging. Sol. Must understand 本質!

○ Fintech 跨領域: Social Science vs. Science/Engineering Schools even biology!

i. 金融人不懂科技，法律 ; 科技人不懂金融，法律。Even worse, cultures are different:

ii. Social science is physics envy: Many hypotheses such as EMH, AMH, …

iii. Worst: Unknown unknowns → 高階決策 instead of 戰逃反應 → 寬客。

iv. Summary: Those quotients can be orthogonal: IQ, EQ (AQ), SQ, FQ. Need to be 寬客。

○ 大家FQ低: Sol. This class will boost your FQ (Finance Quotient), which requires both IQ and EQ 

(AQ)!

○ Traditional finance doesn’t want to be disrupted: 如何推出 Fintech 產品?

Next: Fintech ABCD, Vision, Challenges



Despite challenges above,

Fintech thrives (勢不可擋): 

This class is about “Sexual Enlightenment” in finance

VISION: World Financial Inclusion (WoFi)



After COVID-19 
lockdown,
finally, Software 
Freedom Day,
2020/9/19:

Keynote speech:
“~35 years ago 
when I was at 
NTU, RMS totally 
enlightened me. 
Today it’s my turn 
to enlighten you 
about Finance 
Liberation in 
digital society.

It’s time.”



● “When you buy a house, you won’t tolerate having to ask a tyrant for permission to fix something in the 

house. He can screw you any time.” How about software?

● RMS established GNU project in 1983

● RMS established FSF (Free Software Foundation), aka Foundation for Software Freedom

○ Free as in liber, not free as in beer or in “free food alert.”

● ~40 years later, now you have Linux, Android phones everywhere, and GCC, thanking to RMS.

● Now it’s about time to liberating finance!

○ Liberating finance (a.k.a. WoFi, 普世普惠金融 ) is a key milestone in digital society freedom.

○ Just like sex liberation is a key milestone in traditional society freedom.

■ 領主不再擁有你的初夜權  (Right of the lord)

■ Just like: “領主” (a single bank) should not monopolize the money in the digital society.

■ Fintech: Using software (technology) to liberate finance in digital society.

Richard Stallman (RMS) @ MIT (1953 - ): 
Liberating software leads the road to freedom



source: Johnny Wang @ star bit 

金融科技 @ 臺灣大學 上學期: WoFi: 寬客 + 黑客 + Optional 極客工具人





Just like “性教育”: 鴕鳥心態 won’t work: Sex will not be controlled by lords forever



60

Freedom or Death:





Back-to-First-Principle: 金錢 != 財富. First:



Many Students Dislike Fatcat:

每個月薪資NT$50,000,
40年不失業
年終2個月
等於年薪NT$700,000.

努力工作40年
可以獲得70萬*40年 = 
2800萬。
+300萬（勞退）
= 3100萬



→ 寬客的逆襲 and 世代差異





● Fintech (F) = ABCD: AI, Blockchain, Cloud, Data [Deloitte 2017]:

○ 台大金融科技4部曲: 數位轉型出寬客  (F), 黑客 (CD), 極客 (A), 極客 (B)

○ Example: This class in October: 普世普惠金融  (WoFi) 的量化交易  (Quantitative Trading) 比賽

i. WoFi is our VISION: World Financial Inclusion (WoFi). See next 11 slides.

● Fintech’s 4 Challenges

○ 數位化 → 數位優化 → 數位轉型: Challenging. Sol. Must understand 本質!

○ Fintech 跨領域: Social Science vs. Science/Engineering Schools even biology!

i. 金融人不懂科技，法律 ; 科技人不懂金融，法律。Even worse, cultures are different:

ii. Social science is physics envy: Many hypotheses such as EMH, AMH, …

iii. Worst: Unknown unknowns → 高階決策 instead of 戰逃反應 → 寬客。

iv. Summary: Those quotients can be orthogonal: IQ, EQ (AQ), SQ, FQ. Need to be 寬客。

○ 大家FQ低: Sol. This class will boost your FQ (Finance Quotient), which requires both IQ and EQ 

(AQ)!

○ Traditional finance doesn’t want to be disrupted: 如何推出 Fintech 產品?

Next: Fintech ABCD, Vision, Challenges





第2章　如果你那麼聰明，為什麼卻沒錢？

否定隨機漫步論

風險vs.不確定性和艾斯伯格矛盾

贏的感覺雖然爽，輸的傷害更痛

無限注德州撲克、流氓交易員與監理官員

機率對應與三月瘋

人類作為預測機器

打倒一個理論要靠另一個理論

文化衝擊

第1章　現在我們是否都是經濟人？

悲劇與群眾的智慧

漫步歷史

效率市場之誕生

透視效率市場

所謂的理性預期

效率市場之應用

 

Adaptive Markets: IQ, FQ, SQ
Intelligence, Finance, Sex Quotients

第3章　如果你那麼有錢，為什麼卻不聰

明？

探索人腦的運作

神經科學的顯微鏡

恐懼

痛楚

愉悅與貪婪

測量交易員的生理反應

優秀交易員的素質

以神經通貨思考金錢

我全部都要，現在就要



● Efficient Market Hypothesis (EMH): Eugene Fama @1970
● Behaviorist:

○ 炒作是人的天性？

■ Driven by animal spirit (fear & greed)
○ People behave irrationally.
○ Traditional finance framework is flawed
○ Not wrong, but incomplete (physics envy)  
○ Stable environment ⇒ stable financial policies (EMH)
○ Dynamic environment ⇒ dynamic financial policies (AMH)
○ The current environment is highly dynamic
○ We must adapt to changing market conditions
○ “It’s the economy, stupid” → “It’s the environment, stupid”

● Adaptive Markets Hypothesis is a framework for post-COVID financial market 
dynamics

Efficient Market vs. Behaviorist



“Nothing makes sense in biology except in the light of evolution,” Dobzhansky 
(1973)

“Nothing makes sense in the financial industry except in the light of the Adaptive 
Markets Hypothesis,” Lo (2017)

1. Individuals act in their own self-interest
2. Individuals make mistakes (“satisfice”)
3. Individuals learn and adapt (heuristics)
4. Competition drives adaptation and innovation
5. Evolution determines market dynamics

EMH vs. AMH (Adaptive Markets Hypothesis)



Adaptive Markets
● Long/short strategies (EMH: Long-only constraints)
● Diversify across more asset classes and strategies
● Passive transparent indexes (EMH: Market-cap-weighted indexes)
● Manage risk via active volatility scaling algorithms

○ (EMH: via asset allocation)
● Alphas ⇒ multiple betas
● Markets are adaptive vs. Markets are efficient

○ “In the long run we’re all dead,” but make sure the short run 
doesn’t kill you first

○ COVID-19 era: Build 水位

A New Finance Paradigm is Emerging:



EMH Relies on Wisdom of Crowds
(Independent Crowds!)



FQ: What do you want?
                 



FQ: What do you want?
                 



● Black: Fairfield Sentry is a feeder fund to Bernard Madoff

○ Bernie is serving 150-year sentence

○ 削峰填谷

i. Sharpe Ratio = 2.98: Is it too good to be true?
● Blue: Pfizer

● Red: Composite index fund

Fairfield Sentry Fund: “歸零幣” after 2008





  



Wisdom of Crowd vs. Madness of Mobs





● To counteract “Fight or Flight Response”, Benson (1975) proposes 
TM (Transcendental Meditation)
○ Repetition of word or phrase; mantra; focus on breath; let go of 

other thoughts
○ See http://www.massgeneral.org/bhi/basics/rr.aspx

● Mindfulness:
○ 正念冥想

● Stress reduction
○ Exercise, yoga, extra sleep, comedy, reduce caffeine, declutter 

your home, etc. 

戰逃反應 vs. The Relaxation Response

http://www.massgeneral.org/bhi/basics/rr.aspx








Nightmarish unknown 
unknowns

2008 Financial Market crash

Behaviorists win (Not EMH):
Read Adaptive Markets



● Fintech (F) = ABCD: AI, Blockchain, Cloud, Data [Deloitte 2017]:

○ 台大金融科技4部曲: 數位轉型出寬客  (F), 黑客 (CD), 極客 (A), 極客 (B): 共4門課

○ Example: This class in October: 普世普惠金融  (WoFi) 的量化交易  (Quantitative Trading) 比賽

i. WoFi is our VISION: World Financial Inclusion (WoFi). See next 11 slides.

● Fintech’s 4 Challenges

○ 數位化 → 數位優化 → 數位轉型: Challenging. Sol. Must understand 本質!

○ Fintech 跨領域: Social Science vs. Science/Engineering Schools even biology!

i. 金融人不懂科技，法律 ; 科技人不懂金融，法律。Even worse, cultures are different:

ii. Social science is physics envy: Many hypotheses such as EMH, AMH, …

iii. Worst: Unknown unknowns → 高階決策 instead of 戰逃反應 → 寬客。

iv. Summary: Those quotients can be orthogonal: IQ, EQ (AQ), SQ, FQ. Need to be 寬客。

○ 大家FQ低: Sol. This class will boost your FQ (Finance Quotient), which requires both IQ and EQ 

(AQ)!

○ Traditional finance doesn’t want to be disrupted: 如何推出 Fintech 產品?

Next: Fintech ABCD, Vision, Challenges



第2章　如果你那麼聰明，為什麼卻沒錢？

否定隨機漫步論

風險vs.不確定性和艾斯伯格矛盾

贏的感覺雖然爽，輸的傷害更痛

無限注德州撲克、流氓交易員與監理官員

機率對應與三月瘋

人類作為預測機器

打倒一個理論要靠另一個理論

文化衝擊

第1章　現在我們是否都是經濟人？

悲劇與群眾的智慧

漫步歷史

效率市場之誕生

透視效率市場

所謂的理性預期

效率市場之應用

 

Adaptive Markets: IQ, FQ, SQ
Intelligence, Finance, Sex Quotients

第3章　如果你那麼有錢，為什麼卻不聰

明？

探索人腦的運作

神經科學的顯微鏡

恐懼

痛楚

愉悅與貪婪

測量交易員的生理反應

優秀交易員的素質

以神經通貨思考金錢

我全部都要，現在就要



● Use 人腦高階決策過程

○ Automate the 決策過程 with programs: Program Trading

● Not 低階決策過程（戰逃反應）。

● In the near future, program trading won’t be 100% replacing human.

○ Hybrid mode: AI-as-assistant

■ Before each final decision, we have run through many many strategies: Program Trading

■ But the final decision may still be gut feeling (戰逃反應) for a few seconds.

vs.

○ 100% AI mode:

■ Program trading instead of human.

● Note: Program trading: No guarantee for making more $. But 延年益壽 (relieve your body from 戰逃反

應) and use 高階決策過程  more and more.

寬客



● Fintech (F) = ABCD: AI, Blockchain, Cloud, Data [Deloitte 2017]:

○ 台大金融科技4部曲: 數位轉型出寬客  (F), 黑客 (CD), 極客 (A), 極客 (B): 共4門課 above

○ Example: This class in October: 普世普惠金融  (WoFi) 的量化交易  (Quantitative Trading) 比賽

i. WoFi is our VISION: World Financial Inclusion (WoFi). See next 11 slides.

● Fintech’s 4 Challenges

○ 數位化 → 數位優化  → 數位轉型 : Challenging. Sol. Must understand 本質!

○ Fintech 跨領域: Social Science vs. Science/Engineering Schools even biology!

i. 金融人不懂科技，法律; 科技人不懂金融，法律。Even worse, cultures are different:

ii. Social science is physics envy: Many hypotheses such as EMH, AMH, …

iii. Worst: Unknown unknowns → 高階決策 instead of 戰逃反應 → 寬客。

iv. Summary: Those quotients can be orthogonal: IQ, EQ (AQ), SQ, FQ. Need to be 寬客。

○ 大家FQ低: Sol. This class will boost your FQ (Finance Quotient), which requires both IQ and EQ (AQ)!

○ Traditional finance doesn’t want to be disrupted: 如何推出  Fintech 產品?

● Tools: Adaptive market, technical analysis, quants, program trading in Python, private key & cryptography, Blockchain, 

Smart contract, AI, Data analytics, DeFi. Arbitrage 

Agenda Today: Fintech ABCD, Vision, Challenges



● Digital transformation (DX)

● Data analytics

● Single-variable model (單變量模型) (未考慮價格因素，只考慮前n期的需

求量)

● Multi-variable model (多變量模型) (考慮價格因素及前n期的需求量) 

● Who are good customers?

● FinTech ABCD

● How it works in real world?

Outline of the Talk
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大數據監理 with Visualization



Virtual
Asset

RegTech
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Best Example of FinTech ABCD in 20 minutes:
  Bitcoin Tracing: 金融科技的詐欺, 治理, 審計, 鑑識
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Cryptocurrencies are prevalent in recent years as they become more and more valuable. 
Bitcoin is the pioneer and is the most representative one.

● Activities - payment, investment, gambling, money laundering, etc.
● Identification - pseudo-anonymous.

We aim to identify the usage of given addresses.

93

Motivation



There are several publications that aimed at Bitcoin network analysis:

● Transaction flow
● Address clustering
● Graph pattern
● Unsupervised learning
● Supervised learning
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Related Work



● Decentralized, immutable, secure, trust machine
● Proof-of-Work consensus algorithm
● Private key, public key, and address
● User, miner, and full node
● Transaction -> block -> blockchain
● Formed of a lot of transactions

95

Bitcoin Network



Parser

• Full node to retrieve block data
• Millions of transactions per day

• Up to 1000 to 10000 blocks per .dat
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Characterize an address or an entity by extracting features from its 
transaction history, which is a set of transactions relevant to itself.
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Transaction History



The transaction history of the address 15L23mj1TnFa9trXdpQ83iXrGzVd1byKUG.

Basically, there are received transaction, spent transaction, coinbase transaction, and payback transaction. Each 
transaction is identified as only one of the four types exclusively.
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 Bitcoin Transaction History



Transaction History Summarization with four types of features:
Basic Statistics, Extra Statistics, Moments, and Deciles.
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Propose Method
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101
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1).   First moment

2).  Second moment

3).   Third standardized moment

4).   Fourth standardized moment
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Transaction Moment



1).   First moment

2).   Second moment

3).   Third standardized moment

4).   Fourth standardized moment
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Transaction Moment



Parser

• Multi-purpose bitcoin address
• Mixer Service

• HYIP (High-Yield Investment Program)

• Gambling

• Exchange Wallet

• Market 

• Faucet

• Mining Pool
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Parser

• Full node to retrieve block data
• Labeling the suspicious address

• Mixer
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Parser

B

Mixer 1

A

Mixer 2 MixerN

Mixer 

 

 

 

 

 

 

 

Two types of mixer
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Trained 8 classifiers using grid search cross validation:

● Logistic Regression
● Perceptron
● Support Vector Machine
● Adaboost-SAMME
● Random Forest
● XGBoost
● LightGBM
● Neural Network

109

Machine Learning Algorithms



Unsupervised Analyzer

• Network Representation Learning
• DeepWalk is one of NRL algorithm, random 

neighborhood to N vectors

A E

C G F

B D A B D E

A C D E

A B D F

F G D B A
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Unsupervised Analyzer

• Social network analysis (SNA)
• Girvan-Newman algorithm

• Node2vec algorithm
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Unsupervised Analyzer

• 2015/12/25, 2016/2/16 transactions 
• Optimized Node2Vec parameter

p = 1.0, q = 2.0   
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Unsupervised Analyzer

• K-means to 1000 clustering
• More than 160,000 bitcoin address  

• 52 known mixer address similarity

7＿
52

3＿
52
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Supervised Analyzer

• 26313 of labeld bitcoin address

Retrieved from https://www.walletexplorer.com 114

https://www.walletexplorer.com/


Supervised Analyzer

• Bitcoin features extraction
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Evaluation



• LightGBM overall accuracy rate at 86%
 

Lin, Y. J., Wu, P. W., Hsu, C. H., Tu, I. P., & Liao, S. W. (2019, May). An Evaluation of Bitcoin Address Classification based on Transaction History Summarization.
117

Evaluation



Basic are the most powerful features.
Basic+Extra boost the accuracy of Faucet, Market, Mixer, and Pool.
Basic+Extra+Moments slightly improve the performance on Exchange, Gambling, HYIP, and Market.
Basic+Extra+Moments+Deciles slightly improve the performance on Market.

118

Evaluation



Monitor

Input

Related address

Suspicious address
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