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Irys uses staking and pledging to align node Miners must pack their storage

operators’ incentives with honestly providing as capacity with their own
storage while making Sybil attacks cryptographic fingerprint before
uneconomical they can mine it

Stakes $IRYS tokens Produces Blocks &
for a mining address ' earns rewards

...........

Pledges 16TB capacity Irys assings uniques Packs partition with

.....................

partition to Irys partition hash uniques hash

Syncs data with
other miners

Irys assigns partitions to miner addresses

to evenly distribute hashpower across the

network, maximizing decentralization and
data distribution

Blocks produced from data

partitions earn higher rewards than Irys assigns partition
capacity partitions encouraging to data ledger

miners to store data
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Transactions Transactions

| |
Regular EVM transactions IrysVM programmable data
only have access to smart ’ < transactions specify the
contract state. range of data they want to

read from anywhere in the
publish ledger

IRYSVM SMART CONTRACT

Smart Contract with
Programmable data have
access to data stored

IrysVM smart contracts can

store state internally like

any EVM smart contract anywhere on Irys's

and like the EVM this state permanent ledger. This

I8 expensive and makes them able to

constrained tokenize data, transfer
ownership, sell licensense,
verify data, pay royalties,
and much much more

Data stored in Irys’s publish

ledger is significantly

cheaper than smart

contract state and

supports much larger

volumes of data DATA PARTITIONS
PUBLISH LEDGER
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SHA-256(mining_address, partition_hash, chunk_offset) - seed_hash ﬁ

SHA-256(seed_hash) SHA-256(segment)
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SHA-256(segment)
C segment

J

1 256KiB Chunk
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Miner then stores only the first segment of the resulting packing layer and discards the rest.

P
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When they need to pack a chunk, they can use these segments to reproduce the final packing layer without

computing all previous packing layers (in parallel)

| IO E



=
=

tI1

M=

H O

0

CH

=Ml 0l

1
i

KO
=
o
ud

=
0

~

-
1o

)

010

Ol
air
P

ol
Ul

puy

(]

0
|

HEI & 0

=

o

9]
KO

—_

=

ol

GIAIOIM,

—

—

ot

[9)

=
S

bt

E_E

g

X
o

HAECKX el HRES A

0

H'"2CIHE"Z
A2121 2

=
=

otAl =Xl

3

—

0

X2 0
=2

= =200 O

X

L

st

=(§0)

A

=

HJ
Kl
il

1
I

oK

9)
X0
ol
11
H
Oir

ol
il

e Z2E

st

Al
=

o

(ILLEI& GIOIEE

HUE M=

4.3.4

4

i

Rr

)

ol
ar
KJ

=

ol
HH

70
or

KO

i=zXt==2 It

X

AECIAX

HAH=,

| —

=

U[= H=2 K&

A
.

St
=2

X dFE 2(GPU E£= CPU)OI &2

Jigr Mefol AEZ[X i

F

o
g

IS

N

J
o
o3
3

ol
HH

LICt.

8

=

S

ZOIA) O
Xl

—

—

2 =Ch

oF
s



id: IbaxWIBBTgY4LW3HfbJWtgKh...

1 2 3 4 5
6 7 8 9 10
1 12 13 14 15 The miner then stakes as many replicas of

this partition with the protocol without

16 17 18 19 20 ) -
actually packing the replicas.

21 22
1808...
[
addr: IW3w_zwEWpEERON|9jgM. .. addr: BFv_BTOgOgES662ZGEU-... addr: NHRAIM4pF3wOCNY4yyC8.
stake: ##H## stake: ###H# stake: ##H#H#
id: IbaxWI8BTgY4LW3HfbJWtqKh... id: IbaxWI8BTgY4LW3HfbJWigKh... id: IbaxWI8BTgY4LW3HfbJWtqKh..

Every tick of the VDF, the protocol will pseudorandomly assign recall ranges from the staked partitions.

addr: IW3w_zwEWpEERON|9jgM... addr: BFv_BTOgOQEs662ZGEU-.. addr: NHRAIM4pF3wOCNY4yyC8.
stake: ##it# stake: ###H# stake: ####
id: IbaxWIBBTgYALW3HbJWigKh.. id: IbaxWIBBTGY4LW3HfbJWiqKh.. id: IbaxWIBBTGY4LW3HfbJWigKh...

I I T I I I I I
I | | I

For each staked partition, the miner then packs the unpacked chunks for that partition in parallel using their compute.

Mine chunks for
block solutions
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Efficient Sampling
1 EachaeTBPationis 2 Range indexes are added 3 VDF mining hashes are used 4 Sampled ranges are moved 5 Repeat steps 3 and 4 using

divided into 200MiB
recall ranges.

===

10 a “random state" of sampled
and unsampled recall ranges

to pseudorandom select a
recall rand from the unsampled set

(2]

Unsamgied Samgled
Ranges Ranges

sampled list

from the unsampled list to the

subsequent VDF mining hashes
then start over at step 2

Sampeling Example

e e

Randomly selecta
range to sampe from
the unsampled ranges

|G
L

Move the selected range
to the sampled ranges list
(so it isn't resampled)

([

SE

Collapse the unsampled
ranges list so it doesn't have
gaps. Making it easy to
random() into next step.

P P
b ‘
I

domihs)

Stochastic | Eficient
Fully sampled  27h an
Memory footprint per partiion 0 37K
Know samples ahead of tme? o no
Idie time in 24h sampling period 0

max partition size  3.6Ti8 14478

37KI8 for a 3.6TiB partition.
Increases linearly with
partition size

efficient sampling with 14.4Ti8
partition means less idle time
in a 24h sampling period.

=
Unsamgied Samgied Unsangied Samcied Unsampled Sampied Unsampled Sampled
Ranges Ranges Ranges Ranges Ranges Ranges Ranges Ranges
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Pricing Parameter Value

I T
Annualized Cost of operating 16TB HDD $44.00

Number of Replicas 10

I T T 1
Calculation Value

I T T 1
Daily Cost per TB $0.0075
Daily Cost of 16TB HDD $0.12

Total Fee Per Epoch Storage Price (TB)  $0.0753

Total Fee Per Epoch Storage Price (GB) $0.00007358

I T T
Epoch Fee Calculator Data Size (TB) Total Fee Per Epoch Storage

Price
I T T 1
1 Epoch 1 $0.0753

5 Epochs 1 $0.3767



Pricing Parameter Value

Annualized Cost of operating 16TB HDD $44

Number of Replicas 10
Calculation Value

Daily Cost per TB $0.0075
Daily Cost of 16TB HDD $0.12

Total Fee Per Epoch Storage Price (TB) $0.0753
Total Fee Per Epoch Storage Price (GB) $0.00007358

Epoch Fee Calculator

Number of Epochs Data Size (TB) Total Fee Per Epoch Storage Price
1 1 $0.0753
5 1 $0.3767
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Pricing Parameter Values

Annualized Cost of operating 16 TB HDD $44

Safe annual decline in cost of storage (decay rate) 1.00%

Number of Replicas 10

Years of storage paid for 200

CostPer TB = $2,381.54
Cost Per GB $2.33
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AMEXIE AESI EE D12t SO UI0IEHE E2E06HA RotHLE WERAII st =2
CITYA-ZBYEE 40K Rote R, 5 HEZIA(MES FE 2t ZY M MES! | E
EME0] H2EHH AIZAS el A =32 7 _HIE0] =8 LI



tH, Ol=

=<

3OZ UOIHE s

2|

=

& niAu

H

X
—/

| Jt=

NEsl FE0A 7

9.4

< o) 3
ol RO RM —~ o B
e N Ll 00 5]
5 o K _M m i & Mﬁ
=5 | E i
Te) _ C_._ _ by —
% B < S0 = n o
T = =] S O K = O JJ
o = == ) Wy X I
¥ 2o s O o= LT, g
- AN ! o)
zr DD - mﬁhogﬁ ol ol <k
0 S o S Nx3g 5w
wp = 7 R e 6 = @ @ U = no Kk
~ KO 0D - s 3S “ oJ
i = = w = ) H_ w o0 ug U ol _ no >
o S mko@mE IS Mmoo o R
J 38 < 2y ~ oo T - ~ g
= Al o) =~ oo _a@ X Moo W X5 Kk w75
0 = ) m < X3 Ry RIS o 1N
= M +n WO =__:._ _.:|_ _— = T - )
20 o0 =5 K 0 3J <D ol
iy Ui o1l zJ Eﬂﬂiﬁ E ~ = 0 A A =
R Rl = R0 L/ Ie] X 20
S ol 5 s UWUDT W s My s =X
5o 2 v oWV ITW mmy R T T
M= 5 ol .r.__ % = m s .Dr.__ < _,_u._u__ 4ir = i) =
W = WM S = TR R %0 =
K Il 30 I o0 T~ m .m._.__.u__ a0 Rl < DM =0 ol @E o ol o__u_
o T . = &R =L ) " < H
£ 3 oy =z o W00 T O o NS D
o oo K g VR TH TR D 5o = A
B R o L AT_%_}__M_MMENWQIEWE mooo™
Sy o SO RURRUGEUREB gy I g SU
=sr= O Aedd¥fuypa®zxIomws @ m O
SoxTT 3 N -8 T
D853 = My ww ol DM MM 5 o
- o (R} - 20 [ 0K = [ = oJ U
© o) T oD = — < U - N | — — .
o) T i m o = L X RO R X O =R
S oEE A oo S dom R . = wom
Tpasn r <Wdo sIRMA S 9 w T ==
Bgus l M < W0 5|I=
e o U I Lo o © = o o
T HR o © 3

LI Ct:

8

o
=

=
=

LICt.
HOsS =+==2E Xl

b

=

0

<)

bH

=
—

=

=
JI2t AECXI0 et & =2

A .
2

AL
_T

F

et HIER/RR |RXIE &2
- GIOIEl X

F
2
|_

[}

(o]
o

=
J

AMNEXt= Z+ HI0IH AEClXI0 O

9.7



| 5%
| 5%

5 ALK THE ==

A A
_I__I_E

I
|I=
<F
<F

JIZEOIOIH EcHE ) S0t Xel& LIC.

F

i

o

o0

H

MHr
il

Al XI2ELICH

=
=

= =5 448Xl

i
<+
3+
&0
o
I

ol

| 5%Jt XI=& LICH

429

A
T

3

2
[

H DI

0

Il A-S3E0

o
iy

| 2F
=

&
[

a. Nl&

»
ro
Il
z
JJ

1S}
__om

a.200E@ x 10 SH=2 A 1%2 AELX B E otsS &

b. EdIX IOl

LICt.

F

3 ZH) Ml

JtELIC

=
T

Atel L
A AlLi2l L

b

EMA HIOIEHIH &
GIOIE O S AECIXZ

A

o

l

&)
x_o
<l

ol

ol
il

Al

LICt.

E

o
=

MZ XA X =

Ofl CHoH:

:'

gl
=
)
W

H

H

o0
o}
D
X

-

nl

Ju
]
Il

—_

al

XHOIH 5% 2a= NS LIt

=
=

1A A-S9 H

O
[

a. AAlE:



3. Y= = WEIEN AHAIE CIOoIE S &= EAHELICH
4. 2 WEIE A= X0 o e &2l OI0IE

T
o
o
o
o
o
N
rJ
1>
1>
A1
i
b
MHI
o
C
[l

11 =&

11.1 Z20cHY Jtset oY &&

T2 JtsE OolE=, O a0l /N, HloIEA0l O 0lah ==X el J|=0| oftLlct
M2 HESclAHolEs g ssH0L Fd Jisg 99 =501 He MEE2 ¢
Helttgds UEHEUC X2 28X HolE doIoE &E&LICH HEX, AIEX,
IZEZ0| #3 Jtsst 2Hel OoIEu ol HE 222 811, M1, A4y = /s
SHELZ HZ Jtset JIetLItH AECIXE Al Zelotes S HQ ==H U &
T2 )Y Jtse UolEH= = TS Sgott, 2, ZFE, JtXIJt HE2I2H01& 24l
HEo s2= SR 3= ddEU

O] 22 Sst a2 =2 IJts8 oI dol-2(PD L2s)E Sdil 0IFH &
ZTRLICH Irys 2 22E HOIHALS 242 ads2EHS RAGHHA IrysVM 2 4t
S =d¥ote ALY SZYLICH PD L2 = d2stE Ad THOI2Z J|IS6HA,
SEHLE OIOIE Jt=24dS MEEoHA ZoTHA HE A4 O &2 XA Al2H =02 S35t
ZI&H3E JtsotAl LI OXse Z23 Jtsst SH= Solf Irys 2 OI0IE dI0Io ol
UIOIEIEGHH LE TN, LEXNIQIUA == 2= SJ1, AJ[, HA0[ HI0IA 20132
A OOIHS desdez AAESE BHELICH

Ol OFZIEY X LHOIIA, Irys CIOIEIA2 HES & Z2l0lS! &EfZ UELIth HES dHEs
£o1Jt QIOIEHE LEFRLICH =L a2l AQLE HEHEL S 2AH0IE0 E26t1,
FHelotH, S8 = A== HLEHN JASLILH 0Ol Z2HE 2t9 24 Jisd = Jtsot
_|

HEHHI Ot == CIOIE A

g J
HU
HM
T

@)
D

Y]

=

O

m

40

N

to

my

Mo

0>~

0 PEE 4 UH BLIC |2 @45 FHE 22 HIOIH
MO0 AN RS 4 A0, FRAS0| T2 IsE RSEIL AIR2S Sl AISS
solshet 4 YN BLICH

XEMOR, T2l0|Y A HXA Z9 £ Lot 0120|129 22 T20lHAl BE
AR 2 QASS B8GH0Y, LU SHEQ GOIEIH S IHSoHNIS J|Y &
LHOIA H2lZ & UAT= SLUCH 0l ZHO0IU AFRXIDF REATD 2A JIsSA0l o8
ASEN 2HS RAICHHIAN Z2t0l CIOIEAIN CHE HAIS ARE & YS= BHBLIC



Y Jtsgt Olole L2

H
O

Rr
nr

CIIOTE Ml 21Ol A

=

=

= Irys

b

CIOIE 410l et

o=

—

—

ctOl &0l

s

0

=

b ok E

=
THr
I

flJ

11.2 it

clA0l &0l 22X el

Iz

=

OH

—

—

ot

[¢]

=
—

L= A2 Al GIoIE N 2

3

B
& A2

21310l
S5l

gAUSLICH

=

clA0l&,

Aol

=

Irys </ 0fl OH

b

OH

il

J

R0

i0J

™

Wl

el

FO|

—

[m]

HOIAN SRotH, HIIA 1 = 0]

Ol 201 A=

Ho

"4

o
—

F

2
=

n

Eal gol

1l

A=zt GIolE 1ol

o
o3
3
Kl

ol

100
80

A
=
—

o il 0l
P2t
Loi, & CH

0

[9)

o> L

ts
oAl

o
21
(=]

ZOHel L2 Off BHE:E
M

IS 2&tot U
1

ot ™4,
al
LICt.

[9)

=

SJItE =6t

AZ2HOI = [,
= Jtsotll

S

24 A

b

Al T

2
ZUE N2 HAZ2Z Irys Ol THAl HEE ==

=

FLICH
FH A A

o
=

PAIDIOH, L2 2 HII0IA 20101 2+

O T,
o

H, Irys = dt0IE2lE PoW/S 2

=
—

SEA
S

= HAHGHH,
0

Lol 2
=13
=
|i
=
=
=

.o
=9

2 M
LWHEI &0l M &= OO0l & It

o, L2 Ol A
il

CIOIE L2 2

24 M
o

=

t

[ .

u!

b

S
—
=2 =
= =

<

3

—
N

=

HESD S

CITtOIA JIUE =

Melez it
Z Al

b4,

=
=
o

A
clA0I&E =0l
P

S

NZZ, O e
2

e It

IT

=

e

diolo 22

Hil O
2= ASLILCH o

otMH, 0J1A
diole

USLICEH

JE
2eec

OH
Al

LICt.

S
=

2l A0l

=
=

CIIOIE == OH

&st,

I



