
數理思維 

第⼀講：從數理看⼈⽂



清華通識向度

1. 思維、⽂明與歷史 

2. ⽣命、⾃然與科技 

3. 藝術、⽂學與創意設計 

4. 公民、社會與世界

數理思維    

邏輯 

量化 

實驗



Tahrir Square protesters at the height of  the 2011/1/25 revolution against Hosni Mubarak. 
(Source: Tara-Todras Whitehill/ AP, ceasefiremagazine.co.uk/marxism-social-movements/)



2024 Bangladesh quota reform movement (Source: Wikipedia)

Q: 社會運動與⾰命 



Srebrenica Genocide Memorial In Potocari, Bosnia (Source: islamicity.org)

Q: 極端民族主義與族群衝突 



Manila’s financial district in the Philippines 2017 (foreignpolicy.com 2019/05/17)

Q: 貧富差距與分配正義



「⾺拉之死」by Jacques-Louis David (1793) Charlotte Corday 1768-1793

Q: 極端利他⾏為



Q: 種族隔離的根源與歧視
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(a) Chicago, 1940 (b) Chicago, 1960

Figure 4.14: The tendency of people to live in racially homogeneous neighborhoods produces

spatial patterns of segregation that are apparent both in everyday life and when superim-

posed on a map — as here, in these maps of Chicago from 1940 and 1960 [302]. In blocks

colored yellow and orange the percentage of African-Americans is below 25, while in blocks

colored brown and black the percentage is above 75.

percentage of African-Americans per city block in Chicago for the years 1940 and 1960; in

blocks colored yellow and orange the percentage is below 25, while in blocks colored brown

and black the percentage is above 75.

This pair of figures also shows how concentrations of di�erent groups can intensify over

time, emphasizing that this is a process with a dynamic aspect. Using the principles we’ve

been considering, we now discuss how simple mechansisms based on similarity and selection

can provide insight into the observed patterns and their dynamics.

The Schelling Model. A famous model due to Thomas Schelling [365, 366] shows how

global patterns of spatial segregation can arise from the e�ect of homophily operating at a

local level. There are many factors that contribute to segregation in real life, but Schelling’s

model focuses on an intentionally simplified mechanism to illustrate how the forces leading to

segregation are remarkably robust — they can operate even when no one individual explicitly

wants a segregated outcome.



種族隔離 v.s. 歧視

Thomas Schelling (謝林) 的動態模型 
1969 American Economic Review 
1971 Journal of  Mathematical Sociology

Thomas Shelling (Wikipedia)

種族隔離  ⇔  歧視
︖



把⼈們的居住地點畫成格⼦狀，每個
⼈最多8個鄰居，假設⼈們對鄰居同質
性的要求底限是 s ，也就是說，鄰居
中如果有多於 s 個非同族類的鄰居就
搬家，反之則不搬家。 

eg. s = 4，被圈出者將搬家

種族隔離 v.s. 歧視



每⼀次搬家，就出現新的居
住分布，又引發下⼀波搬
家，如此持續迭代，隔離程
度不斷提⾼ (如右圖) 

Shelling模型解釋了種族隔離
可⾃然形成！
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(a) After 20 steps (b) After 150 steps

(c) After 350 steps (d) After 800 steps

Figure 4.19: Four intermediate points in a simulation of the Schelling model with a threshold

t of 4, on a 150-by-150 grid with 10, 000 agents of each type. As the rounds of movement

progress, large homogeneous regions on the grid grow at the expense of smaller, narrower

regions.

種族隔離 v.s. 歧視

重點: 模式 + 原⼦論



研究對象

⾃然科學 物質世界

⼈⽂學科 ⼈類社會
哲學

物質由原⼦組成 

社會由個⼈組成
⇒    ⼈是社會原⼦



研究⽬標

“To see what is general in what is 
particular, and what is permanent in what 
is transitory, is the aim of scientific 
thought.” 
(科學思想的⽬標是在特例中發現通則、
在變化中看⾒永恆) 
 
                          — Alfred North Whitehead



VS 傳統⼈⽂學科 

（⾏為）模式      & 
（社會）原⼦論



科學⽅法

1. 觀察  —  ⾃然現象、設計實驗、控制實驗 
                    實驗可重複，定性定量分析 

2. 假說  —  推理得出規律、解釋因果關係、提出預測 
                    邏輯法則，預測本身不能影響結果 

3. 驗證  —  提升可性度，建⽴理論 
                    理論非真理，需能接受挑戰



理論架構

前提                      論述                      實踐    

先驗/經驗/假設         命題/邏輯演繹/歸納/辯證         應⽤/推廣      



平⾯幾何: 三角形內角和=180°

需利⽤部分假設前提 : 
從⼀點向另⼀點可以引⼀條直線 
任意線段能無限延伸成⼀條直線 
過直線外⼀點，恰有⼀條過該點的平⾏線 (平⾏公設、普萊費爾公理)

歐氏幾何

前提                      論述                      實踐    

歐幾⾥得平
⾯幾何公設

γ β

α

α
β

古典物理、藝術



Leonardo da Vinci (1452~1519)



◆ 過直線外⼀點，沒有過該點的平⾏線 (橢圓幾何) 

◆ 過直線外⼀點，有兩條以上過該點的平⾏線 (雙曲幾何)

平⾯幾何: 改變平⾏公設

非歐幾何

前提                      論述                      實踐    

改變平⾏公設 相對論

三角形內角和>180° 三角形內角和<180°

xr 8

現代藝術



M.C.Escher (1898~1972)



古典物理: ⼒學

Issac Newton (1643-1727)  
Picture from Wikipedia

⽜頓⼒學

前提                      論述                      實踐    

天⽂、機械、建築等等三⼤運動定律 
萬有引⼒定律

解釋天王星進動 (Le Vierre 1846)

如何解釋⽔星進動? 
歐氏空間

Ӟ

r x

o



近代物理: 相對論

Albert Einstein (1879-1955)、⽔星進動、重⼒透鏡  
Pictures from Wikipedia

特殊相對論

前提                      論述                      實踐    

天⽂、核能、GPS等等

相對性原理 
光速不變原理

廣義相對論廣義相對性原理 
愛因斯坦場⽅程 解釋⽔星進動、重⼒透鏡 



微觀經濟學

傳統經濟學 
數學模型分析

前提                      論述                      實踐    

完全理性 
利⼰

各類法規、政策

⾏為經濟學 
加入社會、⽂化、⼼
理、認知、情緒因素

有限理性 
利⼰

各類決策問題

實驗經濟學 
實驗⼼理學、賽局論

⼤數法則

 ?  
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