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The Meaning of Decentralization

“Decentralization” is one of the words that is used in the cryptoeconomics space

the most frequently, and is often even viewed as a blockchain’s entire raison

d’étre, but it is also one of the words that is perhaps defined the most poorly.

Thousands of hours of research, and billions of dollars of hashpower, have been

spent for the sole purpose of attempting to achieve decentralization, and to

protect and improve it, and when discussions get rivalrous it is extremely

common for proponents of one protocol (or protocol extension) to claim that the

opposing proposals are “centralized” as the ultimate knockdown argument.
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The “Howey Test” for an “Investment Contract”
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Figure 5: Encarta®t Wikipedia

5 MicROsOFTe

o Encyclopedia

A%P
A Band (Anisotropic Band)
ABetter Tomorrow
ABlood Type

[3 A Bloody Revenge
A Boy and His Dog
ABoy’s wilt
A Bridge Too Far
A rief History of Time
A Bronx Tale

[B "A Brueghel Nativity" by Willam
ABug’s Life

® A Bundle of Marks

[ A Call to Rebellion

A Cappella

[ A Case of Endometriosis

B A Case of Mucormycosis

B A Case of Porphyria

@ A Cerebellar Hemorrhage

New! Encas
Find the bes

korbit

’\ N CA RTA" EJIR0S:

e
i R
H
"a

Wikipepia  Bitcoin 8
Mot | .

al e it Vewsoure | View ity [ Wicoeda Q

Natamoto (%

They can

that biteoin is 2 Ponzi scheme (311406

The word White i 2008417 the worts itand con®) No inform
convention for some. aptalzed,  bitcoh lawerase, for
theunitof account (% e Wl treet Journal s el

lowercase bitcoi n all cases

an Republc

Contents (el

ntalreease 010/9 auary 2009 3
yers 0]
Ltestrolease 230/ 254k 200251

Ledgorstrt 3wy 2009 (3 s

0o

r
o
n>

> o X
I
il

o (fm
=
10
4> O

> Mo
ol

m

Of Offm =0

4>
e
An
Ofy
1
fob
rn
>
4
rx
lo
2 oo
i

=2

0 rr

L

=
Rl
Q'E
N
rir
<
i
_lTl_
T g
M =

od M

rx
10
s rjo o
02
ol
f
dn
s
o 1

o
)
Hu

— mh ox
10
)
Rl
o

°
1
rx

o Mo T

=2
=

oH
Q'E
o M
m
ikl
I
é

2o

o ro o rot m
éI.
o
o
=
ro

= 10
p
o b AU o
u =
mor o
o =

30 1
L
2
o
o
o
=

ul'
o
4> rir

o A
o
Olol
H
°C

qm o

=
1o
0z
0d %
mjo
L
)
or
|
o
4>
Jhu
m
Ho
=2
1y

Iy

0K 02
o i

B>
i
= g
(@)
ro
)
K}
o T
r
i}

A 11 e
Of¥

=

ol
k>

um muz

M <2

0.

o 12

I
ol
[l

m >

T R T T
o]
o

1A I o I e Y v o e

L2Mo| HEZ FHESIH H|IS7Hd (permissionless) ot
A (censorship resistance) 22 Q&I ‘X|Alo] BIZXZ) EH=
5t Wikipedia2l EH&Yst £2M0| O0|I2ATEQ]
2EMZS 0[Z £ UAH 0| F0l= HISI7HL0| A =-E5HULt
St 2|AAE H MAGIM X7 HE= HHZE F2REAY
A7| W=ZO0ICt. OlMF HIFIHIS I S2Mo| o

o

= g o

> 00
:oul—_' 00|I tol
mw g
o

2
to
ul
4

30 2
we T
0 m

Qn

oA o

o

09 oo

mo o

n

mn 4> ox O Ho oY pm
m
o

rir
n

> M0

W o

RHe ZH 2 M0

=+
gt E24
0

>

t7t

o O
oo o2
[l
o

M

o o

um 2

oy o

00 40 oK

o por
mu <2

ro
r
rH
jo
™ o
o on
k1
>
r
ol
=2
|J
d
i

2= 23YS SR 0| EX 7EXI7E A7| fIHME 1) ESYS 249
HIS7td 0 AEXMEY0| 7tMCHEE SiE0] 7|&E SYst YA L0 M
S5t 2) O ofB0] EEUE SR M0 HES(MUA HIEEY, SX
el 2x S) R Ui 0|22 EdE o~ A0{0f StCh 0= stttz
JESHA §HeH I FEdst SRM0| Sd=E SRUE AN
Jtsd2 i Rt



korbit

= o o =

M TAH0| 2 S H el T E

SEUSHE 012YHQl JHE0| ok, B THHo|m AHEM
EMss Mhael JHEolth RE SEX2 Al YA Z2HES
ZFEske FHS0| A0 S25| BMEX| 42 FUSE HEHR AR
2800] ACH AIZHO| Ol B Lo} F2 U= HRLIEZL Has|n
LE RERE FIHSHH ESA TR AT SE5| U2 ARSI
SHECH 012 HESD HE0| W5 2450 Mt SAE mat
SEUS UEYTO URS 0 HTBICH SFASE HH IHF0|
Ob Exeol Jidolct =EUsPt TYHECHE U2 HEYINL
Hd&alES Eahe Aol

ol2iet =245 st & UACH o2 HHM FESCE. 2H EF
HEHIS d& dEE Frlsts ol =F0| ZCh O0[A=2 Oix
ofZiotol7t & d¥stl U=Xl 27| fl&h 718 sFAIE 782z
Zdsts Aol Hl7e & At 2L 38 H SEAE =EH A HEHFS
2EYs XHI XNEke €2 +=0/2tH I HEXI= 3t 24t
HEXI=Z JFstA| 2t A0It. 0[N3 ESYst HERFS E4¢
HIS7td0 HE Medo| S=2dl 22X 2 WE/HI= 489

0z
&2
i)
K
0
N

&0l 2tdst &

=1
=
i
ik
=2
x
H1
ue
kO
ro
Rl
H

2EYstE dEaElst
Hezet= YA
SHE[0{0F SICE 7hSRME EEXH2E HAlsH| flsiMeE
THEO| MA=|0fOF BTt ME=HUME 23 7

Sdl SHE mAIstL ALt W2t S8

= o
= _
1+ 210] 0/0] BHS 017 ZHHO| R T2

= A2 A HHUMZ S5ttt 7hSRHe]
dgst7l flsl & 2EestH  g2l™el #ETt

=3 A

r

13

0
O Jr rH 0
igal
r8 o mo o

ol
-

Hu

rH

L

m

rr

d

0x
>l
un > o
1 10 oy

o
't

P

mn \d
e

Commodity?} SHES
[E22 ALZE L &/t X| £H0| X%=Hx HEXIS
| &3 EF FH0 BE I U= 7 RHAH0| QUCHH
EXI7F EE =H 2
Hi =HE SFAZ|7] HZO0|CH

tl commodity2 28 4 A2 H
ZRsict 257t S

2 7
253 A B ELS 0|RO|CH

41 He
NIt
An
=
Q'E
40
m
[>
[m
=2
I
rg
um
oM
02
i
rir

N
rZ oA e

rlo ol rr oy
oM o
40 b
0%
oS o
=2
10
oy
Q'E
nl
k1
~ M
4>
30
o
[
>
=
d

fra)

il
rr
ol

FAEIAES]

o |0
_|

um U

2 M gy

rr o2
ol
ro
Pl

|
o N AI 1M < 1T Hr x
(S

oo i

rr 4o
gl__l
o Of
o ol
m =2 2
=2

o 02

s

qm
0x
ol

ol

25z K|

F
rir
4m

XIXE, LR 20 A 2

HE0HA7E 2EEYSE ‘olg'0l2te BElsts 4S5 &5 20t 52
B2 OtLIX|Z 2SYste] A 7tXE FHA 7Hx7F gle test
oldlZz7| =2 Sasit2]7] Z0l| ot+Z 0| ULt ES 2= FAt



korbit

Z2HAME FHA ZIX7E Jq= =207 HEO0[Ch. %M AZst
Wikipedia, /B &2 O0lM &2 = UAX0| ESU3 HERIZS
HIS{7bdah HE Md2 UE/IS d3n dEo 2ol =i
hSA EXRICE A2 WERS 7ixIe K& Tisst 430
EXretthE At 2o Mt dEekE E5Yst X7 WER/ IS

Mo XS THe| S8 2472 & L

2EYstel st Z2MEN FItsts HEXSHATZ RESIC
EEYS SRUS TEote= NEASUAE A HE/AI7E 24
HEHI=Z &l L7ts HEE A2 ZHstH SYstel 245 5tLt
= MAs Li7ts 280l sttt Y7|H2l ABHXE Sl LEtL=
A3 71 240 tHMSHROl HERA S Cidst ME 2452 &Y=t
FEE VA2 ZFoIH HEX ARLIE AN ESUSE 2k
7t 20| E23 20 AMESIH 2|acs HEHe=E FoE
ULCH T2|0 SYE 2|aA HH 0= e 07t UAU=EX = HE3HE
XHE Salf Botet += At



oA A7 SHA 2 HAMM = 25X EEYEE dE=tsh] fiE
|

R UK 2HEES Mt ok 2 MMoME I & dEZI]

=]
-
I
N
Ho
tm

(Shannon’s entropy), XL Hz=(Gini coefficient

A
T
2~ (Nakamoto coefficient)E MEHG}T 2+ £x|o XELES H|nm
!

rQ

20 Xe= 1948F 0|72 £stxtel MHE(Claude Shannon)O|
I1|AI6+9";EL ME2  FE7L 24 (uncertainty)stH  FEH9
(randomness)at?| THE0, HEH AtHo|L HAUSS FHEsisH|
i = H':* At0| Loid &8 E= 23X (distribution) ol 2/=sH0t

== 3|0l0| Stxotsl SN0 Mest
A2 SE A B =2 3olof ZH0iE HIES 0I2FtCF. Figure 62
1)0l M2 AEZT X[ ZH X7 ZOSH HIE0| SLE 82

Al
log2K(K: WERIZ FHOXS| £)7F =0, &4 =T d< 00| =t
2

—

matd AEZO X7t 0 log2K HANNM SIHSHCHH ZF =Kot
st HE0| Moz TSsitts AS 20lshy| WMo siY
==H e EE5Yst +&F0| =55 LIEHHL. SeEiEE AEZT]
ANes ZMzAe 2o J 228 BEe & e N HE2H = 4 ALt
StXIZH AEZ M X|5=2f He| [0, log2K]E S8t & += AUXO0|, NE=ZT]
Xas ZRHUS EUS I E3YS S W67 SUHELE
i ECh= EO0l ACEH

XL A=

XLl Al=(Gini coefficient) = HSNM2Z ZAMSHHAN A5 22
2mES =Fsls HEZ AL SCHFigure 6, A1(2)). 20174
ghatX| A2|L|HFAH(Balaji Srinivasan)2 X|L| Hl$£E E2X(9

EAQ HELE
ZH0| 28 A2 MeHSHUCE. XU Ares 2UX ZM(Lorenz
Curve)E Sofl AESH| 20| CHE Z2EYst SHXI0 HIsH =2l
Olai7t &2 MO|Ct. Figure 70 ME2H ZAx ZM2S HEYI
ZHOXS O +X 22X (Figure 7, X&) 2t E&5Yst £& 20F(subsystem,
0|5t ‘MEAIAE)Sl =X EIXL(Figure 7, Y&) 7+ ZHAHIS LIERHACE
7 M= 20 HER 2= NS 5T ZXE2 T 7HaRtat
MEXREL £ HIE, J2|1 YE2 i & HIg0 &S5k 5
2|2 E (block reward) 2| =& H|gS 2tzt EAISICH

[

2 Lin, Qinwei, et al. “Measuring decentralization in bitcoin and ethereum using multiple metrics and granularities.” 2021 IEEE 37th

International Conference on Data Engineering Workshops (ICDEW). IEEE, 2021.
s Balaji S. Srinivasan, “Quantifying Decentralization”, Jul 28 2017, Earn.com.

korbit



Figure 6: 2543l 54 7|

Hlx

M

2AX IM ool IS BtD St AL ASE o2 A 4
Uct matd EF SEXQI0] LHF LDEUS ME Y AL EFS
GAS LIEHLHE A7} 00| EI22, XL AlSE 02 w2 7HXIA ECh
BIHE AT YT MEHY F2 RUE DM H2 FEyyt =1 BIt
00l S22, XL AsE 4, & 12 %S 7HNA| ot 3 XL AL
slate E® 2Exelel 23Us B =Hn Atks RS 20lEH,
BN K| A 452 EEYSPHE o 51 Utk HE on|stet

Ol XL Al E LEYsHAEHS 0014 1 AOI2] XLE ZHHH 25}
LIEHE £ A0f & Act. HI%EWE

Ol 4 Atk FHo|
=]

S X|LE 0|%9§ *"':c'ioP
MOl Mot 4 QAL ||—| A= [0
2 X| (relative estimate) 0| 7] [[H—-—01| 1 225
ZIEESH= ol 223 HERT FHAtS| £~ 2T EE S
=Lt B§E5YE HME s AMAel MM SHE MESt= o=

tAIFO0| U= AOICt.

I'O

roh

FHIE AEZ 1| X[4~(E) XL Al (G) L2 E AHl2~(N)
Al K 2)G=—% 3
(WE= - XYplogp,, g(x) AA+B’ ) .
i— = = | X
Lo A= d¥dSda 2=y min{k € [LK: Y p. = 0.51}
p, = HIEAI U 24 Af0] 9| P, BE =t
HHZO0|H K ZAX TN of2Hel ¥, '
HEQ3IZ ANFH= p= HERI WK EHE0|H Ke
O] £ HERZE Fdste &AL
2 Zt A=A e H 2= Z4S Sl A= =EAMQ 1R 4E 1dst¢]
SEE g £+ US. 7tsstal, 00IA 1ALO[2] 2SS0l st F=tst Ogs
SR 2 AEE]T] [[H—-Oﬂ HSE
| ZX2l 0fsH7t 7Hs ANAE ZL5H0 25 M HEE
7t=st7| 2018
s Z2sE EU= AMABIS HEESH=H| X AE HEUM SRERE

korbit

28t HERF Foxtel | RXlsts HUHAIESE JHE2=Z UO|
~2 AW SWEK Ra | HIYE|0] A20) Mat EMET YT E
A Ol
T M-

10



Figure 7: X|L| A2} LIFIRE A4~ Hln

XIL| Al

0% UERI FHIE =5 2E (%)

korbit

, 100% o 100% >
LIZI2E A%
ng 1Y
= xS 51%
N —
" S
1H E.|’
& H
Ik Y zr
or ol
ol 3
d
I 4
x
» 0% » 0%
100% 0% UEYI XSS &N 22X (%) 100%

AZ|LHME EEXHQ §E5YE X7 A484E =017] fsi XY
A0l =S=FMQ 1IRe 245 FUE WIEE ARE
HIotstH Lt (Figure 6, 41(3)). oo M2H LIZIZE HlLEt S2X|Q)
HERZFS 51% O|&E HOo{st7| flsh zAstez B35 OIS
= E”?JEP LH7IEE Ak XU ASXME 2d=x JMS %3
X|gt ’éEH #X2t= ZOlAM XtOI7t UCH Figure 79| 2%

off G229, g 58 20N &9 =X 227t 51% OI’é*Ol
TFdstl e HOEXES 7t LIIEZE A0
W20 LIZIRE A7t 2205 oid WERAS BE5Ys!

1=
£28 24 ULk

4 > 4>
MY ool 3@ nH)h |

2

m

r°|' mjo IH m
=
rulm

o
==

1

_>r_

|

Z

>

gm

=2

o

rol

nx

E

flo

o

0jo

x

o I

=2 o
d

_I__'_Z__

_WDP.E>—

g“‘"’l;

|-|'L| 14
HIIOm

2

o M
;szalé
M

g

oo &

Fm ool I\ mjo roe

;
mlo
rE
)
Hu J
i
]
>
0
10
02
g'ﬂ
k=

74|T._ XI L Al

)
o
oz
o
ﬁ_
_.E'
J
1o
=
J

-~ .

o &2 1 (M
Q'E
-
o o
4>
ﬂ
r
]
l-'__l
o
1o
Im
0x
0
0z
40
AT
H
i
_>'ﬂ
Pal
Q'E
rr
ikl
2

0% fun
T

4> 0z 2 um
bl

el
Hu
52
=
re
08
Q'E
2
4>
el
N
iml
B>
ok
nx
mjo
o
1K
Q'E
rr
oy
40
}.ﬂ
!

30
i

YO S A7
JHR| g Q|0 M2
OlAM LIZIRE A7t

d
Pal
rz
1%
X
d
S
um
ot
02
Ko
0
o
Pl

]

ool
=
al
2
0o

8 o
o
ol
=2

- Ir
40
=2

rrre
il
@

A oofn
B oo
>
0t
%
mo
N
o
ol
um
Of
09 T
fol
0x
it}
L°£
0Z
>
o
]
ro
il
[

30 Mo oA K
St orh ool oz
0x
>
=

d0

11



M di

=
-1 o

I

= Zi}

T

MEME LUFHEE Aot XL AHE 0|85t HIEZ QD
olfzlZel 2SYst W=E FFeh. FHEA AME AHE Sdl
EESYs SZ0| EA 2TUM EHEE & UK 202 0|5 S8l =

JHE Ol CHSt O3 =5 = 0| Xt Sht

LIFIRE A2 X|L| A2 AHS Hitd

2atx] AzZ|LHAE HIEZQID Z2 HEZ S=XHQ0| 6719
MEANAGCZ O|R2HM UCt 7HESIRCE AZ|LHHM0] L&t
MEAIAEI2 010]'d (mining), E2t0IHE (client), X}t (developer),
Heff 4 (exchanges), TE(nodes), At HF(ownership)O|Ct. EESH
A" HAQ EEYSIE QsiMe &Y MEAAHSY
tCh x._‘|1'||3|-__'|_ 0l 7IHte=2 HHM AIAHSS
SHCH CH2E a0 A2 WEY3F9
0 EIE HefAo ‘BAXEZTL A
ol Olxl= FE0| O|0JSHRIN, S5 7hedXtitel
SEEH Hefjao HESRIO EH%P
CHSICEH M2tM 2 2|ZENMe HeaE
2 LIFIZRE H&E AESHTt(Figure 8).

H
0]
ol

toh >

o N N

2

o

_I'(')j

ol

2

ror

]

Rl

0I|

AL 1L L
o o o rIr
02 02 02
o foi

[0 um <

HU o |

00

G

[Tk}

rot

41

>

E

2
QI_I
|0
N
B
L]
N
|0
on
>
mr
H

]
o
ron
(Ga]
=
>x
|
>
[>
il
o
N
re
IO F

2 AE EXE HEE A2 L HHHO]
=2| OO|EHI0|ATF 24A12H St
snapshotZtE HMEstl UN 7HEXILE OHOI'dE Helst LIHX| ME

2 2 742H(5/26~6/2) =X ALt = Y +xIE2
HEo R J5tRACt AH Al A= 22 Figure 92F Z L

>
00
ro
0
i3
mjo
2
_l'_l_
i
ro
fim}
4&

II

Figure 8: LI7I2 E 7|4 AHE 0] O|2E MEA|AH

korbit

HEa S22 TASH= MEA|AE (Subsystem)

otol'd (Mining,
by reward)

£2}0|AH E(Client, N2 Xt (Developers,
by codebase) by commits)

= (Nodes, Xt 22 (Ownership,
by country) by addresses)

12



Figure 9: HIO|E{ £ 2 2] Hit QoF

MNEAAE AR g HIEZQIH0|H £X 0|22 H0|H &X
ZZ24L7ZH0|HE|Ze 2R 747 =2 010|'d E2| A|&
orol'd (Mining) _ B blockchain.info etherscan.io
HRES 0|85t LIFIZE & X|L| AlsE AHE.

Z210|A E (Client)

JHEEXH(Developer)

= (Node)

At EHS
(Ownership)

A ==

HERIA

HEAI dHE2 == & F2 2E0[AET} RHX|5H=
AHE8H0 7R E XL A8 ME.

coin.dance

ethernodes.org

ZZ 127 T2 WUXE 2| 8 (commit) 7§45 O[30 | github.com/bitcoin/ | github.com/ethereum/q

LIZtRE 2 XL H$E A=, bitcoin/pulse
=7ME L E EXE 0|25l LIFIZE & X|L| A8 A= bitnodes.io

SHEF XFALO| =4 (address) 22 EEEH = XHAS]
Xt (balance) S 0|2. &, HIEZ Q2 FAE 32 BTC,
0|HZ|22 FAY 600 ETH 0| &S ERst
el HR HIES ALSE S LIHEE & XL HSE AHE.

2570 MEAI 2RO LE2 LIFIZE A

b

o—ethereum/pulse/daily

bitinfocharts.com

HA
S5 XL AHl=2f ZIHZE A S = A0 St XL A== Fa.

Am, Oroldel E&d=tE metsty| flst b

Z2 0t0l'd E(Mining pool)2| AlIE HR

HEHIE Saf ZFE IS SHste

HAEE= U2 X miner) I28 nrgl_H:l__ E5t A
=

W42 2t otold 2| HIS
olci2lSel ZRE 2 7Y A

2t BRI HUEE AL &
Al ZH0t0ld B EE HEXH X

MY UWERHIS 51%E Hofst=

M=XEe| 5 510 LHESHULE 0™ Al
Haes 2HTSHM(equality curve)dt 2 =
™IS ot o] FH (A+B) 22 L0 HAHSHRALCE.

Bz M

—

or ﬁl—|ﬂ]
W L
-

]

H

mo o rr

o

my
=)
pal

02
I
=

ethernodes.org

o Z|xaE Ml S =AM S LIFIZE A= 2.

=

EHH EEPOI?JES’-I 2EYsE FH5H/| fls HIEZ QD OlH2E2

4 olH2l2 otold BIOJE{Q VIS 7YE FH2 0|8
0tol'd CIOIE{H| 0| A0 AR 7HY BH HE = UE

korbit

2tOIHETL REX|5HE =2 7S

HERIOAM ZEAH 2=
7-|EH LHC’—“!% Masta U= Hell §8EE 7HX1D UL HIEZQIS| 2
Z2t0|AHEE= HIEZQl A0 (Bitcoin Core), O|HE[22| AR GethE &
= ULt £ SEAMQ S20|HES| LIIIEE A R XU A= 2
S20[HE LE9 #75". 2RE A% = o Sgst HHEHo=R
AESHICH
, BIOJEf i =0|=Z | AH3}= smoothing 147t A7| T20|Ct. ESHHIERQI

7174 420IA7| HE0fl, 7201 7+ 2 st 4L S HI0|E 7|2 =

s

b

Ct.

13


http://blockchain.info
http://etherscan.io
https://coin.dance/
http://ethernodes.org
https://github.com/bitcoin/bitcoin/pulse
https://github.com/bitcoin/bitcoin/pulse
https://github.com/ethereum/go-ethereum/pulse/daily
https://github.com/ethereum/go-ethereum/pulse/daily
http://bitnodes.io/
http://ethernodes.org/
http://bitinfocharts.com/
http://scan.io/

korbit

ghHo| w2t z2
Al (commit) £~ 0| 3IULE HBI0|Z HUXIS0| EF 712t E oH
JHYS Hoh= HAIE 20l5H| HE0 ESXQ Z2HE W JHLXRS2
HOZE & £ U= HOolE & StHo|c O0|=E zAsket7| 2k
CIOIE F7|1= 122 M9, T2 HUXFE Hol 740 et +X

=ZE T8 & oM AZs =E LFIZE ALt XY AE

M, JHE RS EE L= £RI3k6h| 26 2 2| ZE= %*EPIIW AP%%J
1 a0

U, o EE5YUs SY2 HEIAN 0|HE|Ze /M8 EE 2 XS

0|&35tRUCt. = UERF 2| HOIEH|0|A= Z7HE HISE S35t U7

20 Z7HE =8 22X 7ot = 0|31 22 Y22 L0 et
A%

LZt2 E 2 XL

CHAM, 7He At HRol 24 B E SH-sh| fIch HHIEZ QI O|H2|S
D= " XA A (address)HE HZH=l XFAO| T (balance) =
O|E5tALt ol XA A5 ez 24 74?, Of—’F— ’5‘!% WHrE
Fet A-MA Zgtstr| 0| XIL| Als7
%Uil'. O B 2IEES= H|EZQIQ ¢
O|HZ|22 =AY 600 ETH 0|AS ES5t HIMoZ X
2022'F 6¥ HIE_n:'_"'ﬂP O|E|E|E 7t4 71& < 658 & 0
HIEZ QI olHz2l8 st AI™| stolf Y XS HS H
MES= WS 9|D|3._H1L %*EPXI AZ|L|HM2 2017E 7€ HIER
o

ok
_O'E
39
]
(=]
il

olzlg 7t4 7IE 2 502k EHE olds ERE A¥S dAXZE
sl olHz2lE AlE &3 CI0|H H|0]A2] E2 600 ETH Ol¢E

wet AGo st S2ET HMSsH U0 HARIE 652 Sl 0|22
AHEIULCL FAHZ XM ER HIES 75 5 9o SYst wiyoz

72 E R XL AlE AlLSHRAL

0

et 20| 57 MEAIA”I St LIZIEE 2 XIL| Al+E 78t =, HA|
2250 YEYIAN et LIFIZE H2= 5 LIFIRE  H29
ZRUCE HOISHALCE ESH WA WELI| EHEJ AIL| Als~= 570 XL

Ala2l AU 2 HOol5tRLt.

M

LIFI2E Al=2t XL A+ =4 2}

HIEEZQIL o|Hz|2e E&Us 24 Zit= Figure 100/ Aot
J2fZ= Figure 111 Z L},

WX HEZIQZ LWHIEE A5 24 Z1t HA HERIS EE5LEt
2017'—=|( |2 7 2AM AFE) iy JHZ2AS AlARSICH 2Lt
MEAAE & HEZIQ ER0M X7t 2 222 45stH Xt ER
HES2 E§3Yat &8s MUEUASE & + JULCE 00| LE=
233 LHZIEE A7t ZASH¥E=H, Ol X AE0 Eed
ClOIE{HIO|AL] EXMIFAM 7|28t Z5tCt efLEsHH Otol'd G0 E{2
AR EXE & £ gle MEAES ‘unknown’0|2H= 0|2 ZHH| 2|2
FHM EFM7] HEA Y LIFI2E A7t underestimatetl=
ZIE XSt =9 A0 = HI0|E 75 Al EXE 7| o3

14



olfz|I2e LIFIRE A |
201730 st ZuE HYISLE

N
I
x
iy
l_'__l
£
=
Im
10
m
10
i
O
00
foi
N

ME5H SHE MEAIABINAN 25U & IIME AS 2 5 URULE
ESH XL A= ™A WESRIZEE oLz}, O10|d, 22I0I1HE, 7HEXRY,
LEoM ZHASHH WERZS EESUsIE MMEUSS AIASHILE.
LIZIR2 E H4F XL A 217t 247t 20[8t 0|f= X AHE 2|
ZOI0IM 7|Q18H Ho 2 HOQIC LESHH LR E Hlps AE - A
Z| A2 ZHXIES AHEoZ WO| S| 20| LIHX| 2HH A= 9
2R E nHsH|7F AL SEXIRE XL Hles EOEXES 2EXE
Moz 2 HtFSH| IHEN He § 2 XEe| H|S0| XILEX|A|
=2t O] AFAO| K| AHE 0| 0| BFE E[X| Q4=C}.
Figure 10: HIE I3} 0| 2| 20| 2HEYS 2A AT
JHAXIAH HIEZQI oldzlE HEZQI _ olfzlS _
(20224 58I 7|F) (20224 58I 7|F) (20174 7|Z, B. Srinivasan &#X) (2017 7|, B. Srinivasan £X)
LIZIRE LIZIRE LIZIRE LIZIRE
MEA|AH XL Al RIL| Al XIL| Al XIL| Al
A= A= A= A=
otol's 0.42 2 0.59 3 0.40 5 0.82 3
(Mining)
SefojAE 0.89 1 0.84 1 0.92 1 0.92 1
(Client)
HERE 0.34 5 0.51 3 0.79 5 0.91 2
(Developers)
L
0.91 1 0.84 2 0.84 3 0.85 4
(Nodes)
At 25 0.51 133,369 0.84 128 0.65 456 0.76 72
(Ownership)
A
g=350l 0.91 1 0.84 1 0.92 1 0.92 1
HES3

korbit 15



Figure 11: HHEZ QI1} O|C{ 2| 22| 2A A} Jef=

otol'd (Mining)

W EUXZH(=YY >51%) =
100% 100%

g 5% g %
il H
I H
F o 50%
x  50% = 9
2 b
o o
8 8
3 5 25%
S 2% 3 :
o o
0%
0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
HIETOI HBRISO| 1| HE(%)
=2 H
Z220|HE (Client)
W SURIH(=YY: >51%) -
100% 100%
g 5% 3 75%
B 3
H H
" R’
- aF
T 50% & 50%
i i
H A
| ul
&l &
g 25% T 25%
i i
0% — 0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
HIE R0l B2f0lRIES| LHEE(%)
H
L X} (Developer)
W SUERRH(=YY: >51%) -
100% 100%
£ 759 £ 7%
H 5
M n
B By
4 JF
L 50% L 50%
E £
13 €
3 2
= o
x 25% T 25%
7 =
o o
S S
0% 0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

HlE R0 RS LAEE (%)

korbit

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Olci2|g M2XE9| FHE2E (%)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

olci2lg ZefollEe| SHEE(%)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OIE{2I8 YRSl A EE (%)

16



HEDQI =CO| =X 23(%)

HERQI HQao| £X 21 (%)

= (Node)

100%
75%
50%
25%

0

%
0% 10% 20% 30% 40%

HEAQI
X4t 253 (Ownership)

100%
75%
50%
25%

0%

0% 10% 20% 30% 40%

HlERO!

korbit

50% 60% 70%

BRI 1 #I(%)

50% 60% 70%

Z4(address)| +& EZ(%)

80%

80%

W EUEIN(CYN >51%) = AWRSH
100%

75%

50%

25%

olCi2IE =Eo| X Sm(%)

60%

50%

0%

90%  100% 0%  10% 20% 30% 40% 70% 80% 90% 100%

olci2|g BRIA2| &5 2H(%)

W RAXIH(EM: >51%) = 2AHFSH

100%

75%

50%

25%

ETH 2929| £5 2x(%)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

90% 100%

ETH F4(address)?| &5 2%(%)

+ =25H 22 01H thy] Folo|et 2SS Y=t M

SN A0S 6 £ 7t Z2S W 4 UACH HM, LakX| A2|LHHO|
£73H 20174 | HIET QI 02|82 PEYEV HME AUS
2 QITh LR E A4S 7|Z0R 0|HalS2 JHeAtet XA 2 R0|A
SEUSIL HMEUOD, HETAR A HRUM SEAS
MHMEIC EW, A SEH UELI WE LSIZE AsE
ORI SYUSHAIT, £ MR XL HpE HS5HUTI HE
@30Sl MBS 2B 2 4 ULk AL A4 7IE H=Tole
S20E, WX, KA HRRM  PEASIL HMEAD,
olc2lge Otold, Z0[AE, JHEX, =E0M  2EUE
HMEI 4% e dgg st £ XES JIESR Hts 2
B 57 57 MHAAE MEEoR  RojnjE EEYEIL
WA E|AS0| StelEct.

17



um
ofM
02
fol
0
o
fol
rr
Pal
1B
il
re
ra
=l
N
L]
0

=2 2 ZEE= B3t 7|2 Vi, dEEel 2oy, a2 O S
CHol 2OPERULCE EEX QU HIEHA S| EES e Y& HE =l 0t 5hs
OlF= 37tXI0ICt. AHmi= =2|Hel M MAS =7 A=0ICt.
FEstE ESYs XN He SiS 7HAte SHY HEH VE2=2 AE
2 QUCh M= EXHX| TE ZHO|CH ESYstE U EXHIS EE2
HIS7Hd 0 AE MetdolH ol2iet 292 UIERIR 7Hx| 430 S28t
2Eol = Mms Z2REQ SEXQ 4TS flel E2Sit
HEHIZS 2t 202 E3Yst dx2 =TstHE 1 20 HF0
MEX AFUEQ 2245 HES| WX+~ 2 2 415 Bote
UL

GA T2ItE2 +d WREH FSYsl 0| o ROV
HHSS HMts AUCEH 2 2 ZENHME LIFIZE A2t XL H=E
0|83t0 £ 7HJAH WERIAQ HIEZQID 0|H2|Z2 2EUs
HEE SFotUCt 24 Z1, 2017 HH| F HIERIF S E5Us=
HEH o 2 JHME| RS S 2olet = UUCH

Z17F HEZRQIDt
2ZE|ACHE A2
g@#E5dst= M

HER/{Z 25 20173 CHH|

U= U wa

o m o o2 o
R 02 og rir

um (=)

M

@ 22 F

o

i

o

o

o

o

pal

H

rr

o

o

o

l—"_l

0z i

o mio

>

40 rok
=()II__I
nH
0]
ol
40
)
ol
|.|-|
-4
o
in]

sl5t ULt Supply Equity Ratios 3 7HatXtsl HER H|S0|

ol ERXIES SSEEE % ERAES S8E2E U=

= 4 ood mr = odr pm
M 110 oM oF 2 Hob O

Elx
FS

=

Im of
>

]

I

n rr
o
|m
4]
|'O

x|
i
m
on
Q'E
kI
0x
N
il
ro
o

17} olEz|es ZEsiet =9 E2ZF0l9| 43
ARz 2Mst7| 2laf UIEE A2t XL ASE
Mz Ztl=E S5l S7E A=0|Ch Eot &
XNE oz g% CHE RESH XI#IE LI20HHE H=Ho=2 = lsto]
HERI Wl 2SS SEE O FesA metg =

=
A=YE Breltt.

5 Alex Thorn, “Dogecoin: The most honest, Shxtcoin”, May 4 2021, Galaxy Digital Research.

korbit

18


https://docsend.com/view/vutymtgqjf99yrpu
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Quantifying decentralization allows us to:

1) Measure a system’s current decentralization level
2) Determine how a proposed modification
quantitatively impacts decentralization

3) Design optimization algorithms & architectures to
maximize decentralization
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Quantifying Decentralization

We must be able to measure blockchain decentralization before we can improve
it.
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