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75 R B fERE: IR R IE 2 REK Y

y=a+bx+¢

o FENUE ISR BN xS ER), Rlx5efhar, NS
flittbe o lmit, &R R N RIER I &

WE—AFEA L, xER AR,y
858 B b A B
o MBS AEEBOENEN, SHIBER, SR AkEER
HNRERK R

wE— MRS ExH 7= MRS ZE
AIABAL, JUAE R By i B AbAN 2 1,



514 (Freedman book). 73#720014E N A A E R G, SRZETFHE K
(R 5XRAE KFREAGRED T

WifeEdLevel =5.60+ 0.57 x HusbandEdLevel + residual

R A FIE T RAERRFAERRE R 5, RES T TR RKIPEE K
4 EHOS7E? HAR, 0.57H8 LB A?

KM UM AR, BT IEERVIRE 5 B &ML, 45908
RIRIMAE R . b = 0.570)5 S0E: WM TS N A Hh—
MANZ B, AR ZE T Rsh— NNZE IR L £0.574F 5%,



T AR NV . R KA

TN | R T Ex,y R
y = cx7F,

HE, BRRENAIN —MHET1logRE & HEETER S
log(y) = log(c) — klog(x)

M%?M%E%mﬁ@wwlw} ELRIRBEATEFD T
He| W EE, B FHPNLipf EE. £ ¥ FHKleiber F £

2

T UM B B B RE A I EANAR P B AR (scale invariance,

scale-free):

BRRFRIIES () = ex7F, FHARxHIZEBAL: x > sx
f(sx) =c(sx)™ = (s)ex™* o f(x)




HRF L @fr ] AR ER, Wi 2E &
“RUAE (size)” H IR EER T BEAFAERE XA EL OISR TIT A0 E
ME FMRKER, FRER. HaKF. WEHE.
AR AP N0

A28t (2009)— s /N “Math and the City” H A& 5, H
R T BEVRVERE (Lbannwhui 2 H) - A2l =SE 5 A
AR (size) I — € B, IRAFR 1N 3/4 ) IR AEE:

He B MR oc (N 1804

N EG LA, ke R 2234 = 1.68 5. X Ui B H AL
AR RGO, A2



IR T (https://en.wikipedia.org/wiki/Power law)

Examples |[edit]

More than a hundred power-law distributions have been identified in physics (e.g. sandpile avalanches), biology (e.g.

species extinction and body mass), and the social sciences (e.qg. city sizes and income).l'>] Among them are:

Astronomy [edit]
» Kepler's third law
* The initial mass function of stars
» The differential energy spectrum of cosmic-ray nuclei

s The M—sigma relation

Physics [edit]

» The Angstrom exponent in aerosol optics

» The frequency-dependency of acoustic attenuation in complex media

e The Stefan-Boltzmann law

s The input-voltage—output-current curves of field-effect transistors and vacuum tubes approximate a square-law
relationship, a factor in "tube sound".

» Sguare—cube law (ratio of surface area to volume)

e A 3/2-power law can be found in the plate characteristic curves of triodes.

» The inverse-square laws of Newtonian gravity and electrostatics, as evidenced by the gravitational potential and
Electrostatic potential, respectively.

¢ Self-organized criticality with a critical point as an attractor

» Model of van der Waals force

s Force and potential in simple harmonic motion

« Gamma correction relating light intensity with voltage



1. Benford /&

B2, "~ R B EE R E 3142 BN D L2807 (d) U (p)o
A IFAES), EAET 9,2, ORI R, 1

LS S O O O O O N O O

BT 956 593 380 301 225 203 177 159 148
B p 0.30 0.19 0.12 0.10 0.07 0.06 0.06 0.05 0.05
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LA T B LR MR T log(p) = a + blog(d) + error,
LSt a=-1.16,b=-0.87
LA EBIHIEH B ZL log(p) =-1.16—0.87 x log(d)
B B0 R A B R R

p=p(d)=0.31/d""
S HE WA+ ik

ERMFEd (1 |2 (3 Ja |5 |6 |7 |8 |9
FEA#i%p 030 019 012 010 007 006 006 005 0.05
IR 0.314 0.172 0.121 0.094 0.077 0.066 0.058 0.051 0.046

ot | 0301 0.7 0125 | 0097|0079 [0.067 | 0058 | 0051 | 0.
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EfR FUETE A BRI EE (ESRERD , EEE NIRRT, thin
0.032, 320 H A7 IF0% 723

Newcomb(1881), Benford (1938) &I “ EHAR I ER I
R R A K % GERL T /2 Benford 3 2

T CEARHMBE T B, R AN, FREAR . W SRR

Benford EH: £ ERIMERK T ,HAK T EAE T Z diiEN
P(d)=1og,,(+1/d),d =1,2,...,.9

O

<
Ya

ME%P(d) 0.301 0.176 0.125 0.097 0.079 0.067 0.058 0.051 0.046
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2. TR ELE Zipf's law

ErREY | oot (Zipfslaw) RHIHAIES %5GK Zipf T
1949 KR I SLI E . B ] PARIR Y

EERES WERER, — A EImnE5E
ERRR B HEA U L : py < 1/k, k =rank

Zipfre U, AR fevs ) FL 3] L B AR K 205 H DR 28 —Aor
BRI 2%, 1T H AR B A7 ) 1] U B B DY A6 F B
W H)2fE . NRERARTE S B == gt AR -

FAL{H] the of and

ek 1 2 3
WMEp, 7% 3.5%  2.8%

HAHERTH R Z ek inl . QS =shia. A% E302 5 -

BONEN 1R :  say, go, make, see, look, come, think

=44 R time, people, year, way, day, thing, man
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BRFR SRR 7] 2

AFIZEAL L ANEAEE (R0 A7 AT BEAN A,
BH— M G~ — M Zipfe i, Hrhfafia
ZH T SCAS R

Freq «

1
Rank®
11 4124 [E Hamilton, Madison B [ 56 5 SRk

IR AN A R, AR NS 1R
WA 25+

1 N 73 400 S T A 2R

log(Freq) = a — a X log(Rank)

AR BRI, 152 Hamilton)a=0.900,
Madison a = 0.902

Hamilton Madison
Words  Freq Rank Freq Rank
the 91.27 1 93.65 1
of 64.65 2 57.8 2
to 40.71 3 3525 3
and 24.5 4  27.55 4
in 24.37 5  23.05 5
a 22.85 6 2022 6
be 20.06 7 1645 7
that 14.98 8 14.37 8
it 13.82 9 1334 9
is 11.7 10 12.76 10
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DT

NERA T A SR A R ARSI G424 miAiiA 5 25%)

aE g |- (R A [T ALk

$i%Y% 4.87 141 1.32 1.07 095 0.93 091 0.78 0.76 0.58

15

P E A
log(Freq) = 1.23 — 0.75 X log(Rank)

08

log-freq

a = 0.75, Freq «

Rank?975 ’
i F 1, XA RER Dy Bk St
VB R B T AR R B
(PR BA LIRS H? D

0.0

-05

0.0 0.5 1.0 15 2.0
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3. R4 K SKleiberE 1

Square-cube
law

AV E SERAER Y (BEE) TR R3KTT, 1M
RINASIELL TR 20007, PrbAE R IE BT AR FR 2/ 31K07
S oC V2/3

AR R R, SRS R I A B T 25 L 2 1
1, ¥ /square-cube law, FRYFEHAK  (isometric scaling)

HZHBEWERARLMERR, HWNREZEEKERE, 1N
BEHEAE IR, XA FIEAE K (allometry).

N ARRHIBRIRAH ?

AR TR KA DA 2

N A RS HBABAR K H RS (/S35 H R ) ?
AT N B AR IR AR 2

AR A IR A EKR
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PR Bl B B 1 SR T AR AS A TR 3 AR R ARy i AR KK (allomeettric
scaling). FFEARKARRKTHERPDGAR « fial5e, B2 T
NSRBI T FRIEAERAETEAR 0 Mt S AE AR A AT T e —

NE LRI I,
Z W24t H: T Blwikipedia.org/wiki/Allometry

B, hAERe SRR BRI IELE, FREA RSN T,
PREL/RRARG I — 1, ARTAR A B I JEOR Y 2273 = 1,594,

N T A, BREVEIEAR T ZA KA E R, X miEd K.

e [E \JBS Haldaneft 2 % 5 3L & On being the right size (1923)
IR T ZRR (size) AL, AR (shape) FIARAL R, 458l 2
SR 2 18] BN A EA R L ) R A K IR . AN E
[ -7 R Kleiber Tk B
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Ao Kletber'slaw :

BN 2 (Metabloic Rate)- 544 B (Mass)f7-1E U1 T & XL R

R E = 70x R E,  3/4>2/3
R At R A R B, 5 R EIAA k.

L T RARAR B, RS TR EAR KN, ANRE
HEG, TR E R AR ORI RS B85
A, —RABEZMEBD , SERRF R E CRaY)
OEE . MBRshE) .

B, N T REFAIR, NEECER, BT LAT LRI B 2
5. RERREAART BN, HOBES e 2h B 18 DL
D B ) A
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%112. (R Package alr3, £ #& 5 brains) brainsZiHaza 1 1 62F LB
ik B AN B . AR B BB R A AR &R, (BAEXNERE
IR R CH B,

BrainWt
i ° ® - 0 Arctic fox  44.500
- B ’ g == 5 2E° Owl monkey 15.499
:E § 7 ad Beaver 8.100
"8 g ™7 %Pooo?%mz Cow 423.012
s "o Gray wolf ~ 119.498

0 1000 3000 5000 4 2 0 2 4 6 8

BodyWi log(BodyWt)

oL 7 AL 2R P ALY

log(BrainWt) = a + blog(BodyWt) + ¢
b=0.752=3/4,4=2.135,

[F] I B 26 1K) A5« log(BrainWit) = 2.135+0.752log(BodyWt)
& FIREE : BrainWt = 8.46 x BodyWt™"

BodyWt
3.385
0.480
1.350
464.983
36.328



4. Tohp AL ST P 4%

ToAREHAZ 2% (scale-free social network) H1 K23
WA BD RS, /DB R AR 2 BE LS (FR Nhub).
AT R IES N BF AN E S (degree), 9 A EEEk R
MParetoy A /IR FE

P(k)oc k™,

NE(@) 2 TChrEERI LS, R ERAI ARG R AR
(b)&—BEAL 2%, EEHRMIES .

@) y (b) 4
v
@2
k=1
=]
-4
G L
5
o
£
=
-4
Number of Links 4

(dy 4
2
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513 (karate club network PFAZFEIEE RIS RAAAMLS) L34 N, HiH
324G (Actor2-33), A, HOBIRALTHMEZ. FiHIAERIEAR R34
NZ BRI R R, Hda;; =10 E5 A BV, AT 4%
IZEIEF'L]Z‘@@Z, E\)”\'Jaij =0, Kﬁéﬂzo
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Degree

B 34 NI 3 (Degree) 3R (AR BI/MESD

G ) LA PR AL AR UL & HLAK
Log(Degree) = 3.2 — 0.75 X log(Rank)
Degree = 25/Rank?®75
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5. TH &2 65

1HE2FE (Pareto) i e—MEE . KE. THE

(heavy - tailed, long - tailed, scale - free) :

ParetoZ) 1

p(x)=k/x"s r>1,x>c>0.

éj\

Aii

R, KM T IR B BRI S 1, B R LBCRHER

BRI HIE

Pareto’x ] (20-807% W], — A\XN|): 80%AY L34%20%49 AFPTH o




AR N A AR E R R

BRI (index) ERBEFXARAERRIANEE, LWy NEH.
HEER., TrREH. BRFEALEE.

THEE) « BB AN ZER THAARTOEFAN—NMERE A
e F8EK.

ATHENNREZGHET, BAFEREVENRETTAFEEM, EAY
rESHE () FERAX (RTUNENFHEEXERETE, EX

m &% AR N AR F5 2 BMI (Body Mass Index) i€ XN

BM] = ﬁg—g (kg/m?)
L =2

from wiki

BMl range 16.0-18.5 18.5-25 25-30 30-35 35-40 >40
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BMI2 HE A K5 %K LA Quetelet 7£1830s#2 H . A
1w NN ZiEbn G T IrE s NRE S =, NMAHT 2.

SR, BMI=W/H?> EEMBEX FRIET SRR ERT 35

RIS, A AN RWERIH® ? SCHR R AR AE A 2] Quetelet [ 545
ML, BV B AR B AT <.

2 Y

F., nRSIAHANE] 4341 Cheterogeneous, N —%X),
Wy SR Ex AR, HELIEBRE:

y.=a+bx +¢, & iid ~(0,0°),

5XMxR
/AR tELL

HrpR 72

&=y, —a—bx
5y A%, HHEE T x, 152w, HIF440 (iid, homogeneous),
PRI AT A A ] & Ay B B — U (id)
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PATEXS HOR P g de P AL
logW)=a+blog(H)+¢&, € ~N(0,0°)

M Hlog(W) ~ N(a+blog(H), o7),

ﬁ%ﬂ%:z=k%mq_M+bbgH»~AmM)

o)

AN (0, )5 HIE R, BB EEMN.

P N IR B AR hR 2z B 95 %R N

{1z > 1.645, U\ A A 2548 4%
?f,_%z\‘- z>1.645 & W/Hb > ea+1.6450

k. W/HP A 58wk, WAE iR E a4, Ko
e BRI RN BUES AT, SRRV b~ 2.
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hw=read.table("http://staff.ustc.edu.cn/~ynyang/2022/lab/height-weight.txt",head=T)
' sex=hw/[,1]

hw[sex==1,]->male # B G m-A EH R, . T3, K
Im(log(weight)~log(height) ,data=male) #3L & 2% ME AR Y (4F ZR )

Coefficients:

(Intercept) log(height)
! 3.00 227 a=3.00, b=2.27,0=0.12

7> 1.645 & W/Hb > ea+1.6450‘ & W/H2.27 > e3+l.645><0.12 — 24.5
5 NFIW =70kg, H=1.8m, W/H*? =18.43, /NT95%F{24.5

FEPr1 8 437EFEAAR AL T4 7K ?

__ log(#)—(a+blog(H) _ log(70)~(3+2.27log(1.8)) _ _ .
= - - 0.12 -

P(N(0,1) > —0.715) = 76%, A76%HINFIFE R E XA AN .
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] A AL N A3 T

LB ENmN R E RS AN EREAE. A, EH
TN AR B PR ] B4 P ] U AR AR T i bE R IR A A B A 11 TR

R
3. TRmldt 5i2008 Wiz h E 4 s .,  FAE Bk 136
26 5 13 8
EAEMEIS E—EEIG %, 2 f f g
T AR S R b — i BiE 2 ) 4 R () 24 § 13 S
13 2 0 0
R A0 Ry IR e ——
B(x), AR . 7N By e
33 4 13 1
3 4 44 37

6 8 16 9
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Ay =a+bx+é
4=10.6,h=13,6=152

80
I

°ly=10.6+1.3x

F—Jm(2004)7 EH 4 Hoxe = 32,

TR 08 Jm 4 i %: 10.6 +1.3x32 =52
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