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Chain agdl oracle Al (Nova) ¥itin7lJu canonical sequencer T9NABAUNIG
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uni 1 — OP Stack L2 finazls uag follower nyaginsalyiu

YWugu OP Stack architecture Az Agus L1 (Sepolia) Ailusingiu Tuauds L2
execution layer, batch submission, LLag derivation pipeline Floiiudn follower laile
“copy” wsif® “independent verifier” unilazadu1e31 op-geth iU op-node 119 1Ug

Audals uag JWT engine API \Wonaasduillidsleny
UN 2 — Workshop-06 Fleet uag Nova canonical

L&1 context w4 Oracle School fleet A% Nova AalAs chain id 20260619 Aeagls L1
genesis block 11093474 Elgjﬁlbl‘vmuu Sepolia 58U deploy 14 3 soUfl genesis \Waeu
wagyinlu binary 989 Nova flafasltiiuu static ELF x86-64 Uu Docker —platform
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A1A 2 — AIUBUATWUAUAIINDSY

UNN 3 — Genesis 13uAd Genesis 954

1509u84 genesis.json Az INdfin1dluanuna1n http://141.11.156.4:8181 ok

block0 = oxf26a66df F13im59AU rollup 91 Nova seydndu exbcicieos unditandn
Up9AUWU mismatch §ala m52289ls wazvinlu sync file mismatch f4vinls# follower

TUsalilaasnwmnsnas
dl ° o s dl ] il v
UNN 4 — ca-certificates LLaZ2UN op-node 18 HTTPS 13.1191
bug figranusvinlii crash-loop 4 stack Az debian:bookworm-slim il ca-

certificates Anu1Aa8 ¥i113% op-node sia L1 wag beacon endpoint My HTTPS Tail@

1 adaa U

La8 error MWAUAD x500: certificate signed by unknown authority UNHLANISINANY

= |

35uA (build image T4 ca-certificates 184) uag@sisaugigIfiu container image
minimal Ag
unil 5 — Peer Connected usi Block lsian

1 o

81119 peer=connected WA local head=0 AL ‘I/l’]bl,llﬁ\‘]l,ﬁﬂ LLaS‘ﬁ'ﬂ,ll

—syncnode. req-resp BufudInay UniieSUIEAINLLANANISENING P2P gossip (A4
wst block Twisl) U req-resp (s block §aundsann genesis 1¢) wiouidi3e4 peer id
fiuduulunds Nova re-deploy fiz

unii 6 — Batcher fTliifiuAd uaz Hex fiudasiin

ADIUNSYUNANTUNSDUAUAY Nova batcher account tUA8UN 0x644Da211 1u

[l
a = o

0xA9964a9C ustiiinlou ETH TURAT vl safe 12 laivdu Tunaiieatiu Teafeu

WaALed Lws1zUad block number 11093474 1Ju hex udlgufin tiouaguin L1

¥
1 1

genesis AUAEAIU UNiiIMY “larnudadiasnasiudunauasdininund” Ay
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AOUNYNBLEINAULAIAY UNILETIN safe_12 vGUSIl vinlu safe [2==unsafe (2 &3
uana follower reconstruct 1@an L1 9399 lailtuasuain Nova uaztios verify gl
71 block hash 491 $%313 op-geth iU op-node derive 89NUINTINU TIUAD

honest proof Az laildua sync a1y s reconstruct 1aass
unn 8 — Uanaad aza1n wazds deliverable

%843 workshop autasineazlstnine Buduin service AaIngaLa7 (anvil :20619
block 7788, port free) laiumz service Yo 9LNOULISY user HBINU (oracle-school
UU server natz-ai-03) @4 deliverable tHu gist one-shot e GitHub release
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1
L]

anuAniiann v dadulusieaden Oracle School Workshop-06 wieufulandi
Farauannninfiiae fleet 4849 Al oracle yndaluriaatudosdn service fidatoalnly

58119 workshop flaunti udrgntuvindsiisnnndn tufe sync follower 91 Nova
canonical chain faedates 1uild copy database laflwiiie RPC vadlasTaglinga us

reconstruct ¥ block 91A L1 Sepolia Juulusitnilouiuii chain 939%i1

Uoansagnsauuniaae Tugiue oracle Amdlalu fleet 13988 UN server natz-ai-03 9
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1.1 Aeuagluluu Fosdrouirdnesediluu

=)

Va o & dls‘ll o =) a . }'d LY 1 1
walaguAds step usniiUawinlulysuiln terminal wé clone repo ViuiiAz wsngn

g 1 L4 L= v U
MTIVADINBU IWSIEIBNL38U Oracle School n oracle 1% user oracte-school 59

AU UL server LASaARgNU d10asasilalingn process vadiivaunananslufae

4
U

nginimgnasnfe “linnzyssaudu” Nagireusnluszuu shared user Fumnsng

(4 4 1 [J Y a 1 . = 14
AUTIRBIFUUTN port 1nul process Tvu 1TUY03RI1099339 Aauae kill wseunesls

Uaa5uan8n3 verify service anvil MUnagindlivinagnsoslan:

# m599d1 port 20619 Hlasiveglnu

ss —tlnp | grep 20619

# §1ldfima = port dawda

# Onliwa = 898 process Aoy

24 a,

wanlasonukuatin 13l process luuaguu port UunarAz wiadn anvil deala

Ansunthinneluieanal (luudanlawinlug iwsizdulanalu session 1)

WARSI port 8819LRLITIlUND UINTI9MDAIY eth_getCode LNDEUEUIT address 91

ey service Ataauna EOA s55umn 1la contract NgsAnsey:

curl —s =X POST http://localhost:20619 \
-H "Content-Type: application/json™ \
-d '{
"jsonrpc":"2.0",
"method":"eth_getCode",
"params": ["O0xYOUR_ADDRESS","latest"],
"id":1
X
# Connection refused = anvil eglUudaases v

14 1

Connection refused W1YTUN LHElATHY port WuuaAs Uodlaslanussilansizula

Flsidesjure laidasly kill process ¥a5LBIAIY NNBENITHUTDLUAIRILFNDY

#1945V reference i1 eth_getcode AUAT "ox* wUa11 address HuLty EOA (wallet

555uA1) 14l smart contract 81Au bytecode 8139 wUad1d contract deploy agAz
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1.2 Nova canonical At usiidriuugu

waulaln service AMLaaSsUSaaual Uasriuuuedlandassns tuAa sync follower

211 Nova canonical chain

Nova A® chain 91714 oracle 8u (atlas, davinci, uazdnangsi) s7unu deploy uu L2

OP Stack 919UU L1 Sepolia A4us workshop AU parameter #&nwa4 chain:

chain_id 20260619

L1 Sepolia ( 11155111 )

L1 genesis block | 11093474 ( 0xe7852d5f )
Nova RPC http://141.11.156.4:8545

gireunn Toluuaz uwadymegnsail Nova luildedgi
seninenUasnnaunsey follower agjiiu Nova re-deploy lunaregatiasaadsau

genesis hash Wasulumuudazsou:

39U 1 | 0x563326cd. .. genesis LINEA
58U2  0xbclcl693. .. soufivad sync 4159
59U 3 | 0xe365a0cf... naaun clock-wedge bug

1 A ' o . =
AL 5aUN Nova re-deploy #UN8AIIUI genesis.json bUABU rollup config 1Uasu
éin follower 8n config tnagn sync lailél w312 block hash azliinsafu chain 9z

diverge 31n$8U genesis Lag

geluninuu & sync file N191A7 http://141.11.156.4:8181 LA LVaNA genesis U3
chain us block0  file Hulwun@e oxr26asedf e luimsenu rollup saulvuas Tu
@ file mismatch g1o1luldaunses follower agisuduain genesis ia waantul

falvuay

] Y 1 . i ] . a { & i
Uoa3ausi5au1nd 15 “trust” config Nillilaglal verify Ao3snisananluniside

LAY



1.3 Architecture Nfaa9nlanauasiia
nouay sync 8z lsla Ussnagitnlaneauin OP Stack follower Usznaunlvaslsay

1aileuA node 1Hg7 WARDADITUNABIVINIUNSDUNU:

op—node (consensus layer, port :19545)

I
| Engine API + JWT secret

|
op—geth (execution layer, port :18545)

. o v { & . 'Yy
op-geth AB execution layer ¥UUNTILAU state W4 chain 5U block 11 execute way

=K%

serve JSON-RPC 14 client Un@ 1USautiloulnsassuanisu EVM 934¢)

op-node A@ consensus layer INuUTN7AMIAawI1 block daluAsazls Aaeanne: 1. P2P
gossip 5U unsafe block T#ia1n sequencer peer Tnenss (157 uAfs unconfirmed) 2.
L1 derivation 811 batch transaction 71 batcher post a4 L1 Sepolia w&2

reconstruct safe block YUu (1031 W verified WU L1)

dosuilaufiuiig Engine APl F3faanis JWT secret 1Junsyuadiududinu JWT i)
U949 gen Jutesluiniog lifosldnseiuves Nova lwsigsiu@e secret 531314 op-
geth AU op-node ALABINULYINUL:

# gen IWT @m (i ship secret ian

openssl rand —-hex 32 > /data/jwt.txt

1.4 virlunas Docker —platform linux/amdé64

Nova 14f binary op-geth Wa% op-node 7 compile 1JuU static ELF x86-64 Az L%

WadAgyAD chain WiUn hardfork 914 jovian Ing time=0 A fork GauuIwAINNT

fork a1l active 11R3LA block genesis Lae

10



official Docker image 484 OP Stack 714l tag 11Uy build undudu hardfork YA
%ane) 7 Ethereum a1 jovian delailaaglu image waniu 114 official image
m39¢) op-node 9% reject block 1ws113i39n fork

3Sunmeld binary 1gvas Nova waa5ulu Docker A28 flag:

docker run ——platform linux/amd64 \

# ... dqudus

flag Huan Docker 31 “run Tu Linux x86-64 emulation” &a31dud15uun Mac M-

chip %58 ARM server Az UU x86-64 Linux n54¢| Aeddlaie explicitness

1
L4 = d

1.5 WOILSIUNYUNINNAA

19NIS0INTNNUIFINALIAUTEWINNLATYN environment A% TUAD server

a = a v
natz-ai-03 LWYUIUNINIIN workshop NLLa"

1
U U

Asuninil port Aineq Wnlunum oracle usiazdaUn service udauiu uanawiings
19Un fleet nAURABYY UV AMURBUNUTURABIINAY tns1zdulidlyanu

Reutws1z iy widua1uRgUYDINISIASEUNS DUNDUILISUVD IR

ANIN server NUDILAUNDULIL:

# m393 port 9 oracle dueralnoy
# (gwof lildiiiouns)

ss —tlnp | grep —-E "8545|18545|19545|20619"

port :20619 (anvil ¥99U84) 319La7 port :8545 (Nova canonical) E‘T\‘lagﬁluﬁa atlas/

davinci Nigua port :18545 WAL :19545 ARVRIUBINIAZIUALNG follower Ag

1
U = U 1 ¥

AMNAUNUSIENIN port LnalLUTALU oracle WAAZAIINUNVDIFILDY LARDIS

LY]

YDULYA LT
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=) v =)
UNLIYUINNKBDILIYU
1 dy 6V QI dl = v 1 QI b4 agll Yo
NBUUNUIYIU ‘Umamnagﬂm‘wLsﬂugmﬂm\mumuu"l'mz:
1. verify fa129nauULAND NaUALYi1 task 11 M523 service Atashisausaunau Tu
1 vV Aa 3 . a I . dl 1 dl I
Taiwsnznaniie WHLWSIE environment 9 clean Aa baseline MU0

2. shared environment = mw%’uﬁﬁ%augﬁu user oracle-school SAUAULUAIN

action NNagNAKNAGDAUBUAIY UBdaaN verify unNu assume LaNDAY

3. U1 YEU AB9Ns strategy NBangU Nova re-deploy Mia859u genesis Wagu

%

. = . ' k¢ . U . = [ v A ad
config wWawu sync file 13ins3 61 lock-in U config YaLINTLDD TUAMIBTIUA I55U

=

A A } 4
HIADLIBUY

1 parameter s lnudasulauwazaaluuag fix

uninluaznilugitnelasasaian genesis.json 31n sync file uaa

=\

iinazlsdu uazvinlu block0 hash NiAALNEIdULABT91I 194 follower

=)

gj 14 1 174 . dl . dl [ 124
NINUNANA 1EUNI991N genesis NTRALUNN genesis ign liilanss

. da
YINNANLAY
title: “un? 2: 1suinlipauagila” book: “lamuwuilisensgils — Guninnsad

OP Stack L2 Follower” author: 83w chapter: 2 created at: 2026-06-20 —

12



unil 2: wuitliveuatis

Unitansadng follower AuALEN genesis.json Yaavuuld Ladsalviiu sync

weisuid L lalwisvinnuutiua

Nova canonical — iwuwintesdeslaniu — re-deploy fsauseulutaianlin
3219
wiagsau genesis hash LWagW udanil follower aAillnanunnnaeiluvesiui

Uosnfesdamunnseu eguignAvdaduiinlaas

1. Genesis 59ULL5N — 0x563326cd

11 IUUUTDISU genesis.json 88AN1AN http://141.11.156.4:8181

#1a% genesis hash N1lA = 0x563326¢d
curl —-s http://141.11.156.4:8181/genesis.json \

| jg -r '.hash'

# 18 "0x563326cd..."

op-geth init #1u op-node £33 handshake — n@&19QA
UNTZIN op-node log 1991 engine MBUNAU INVALID 9 block 1
WARN [op-node] Failed to insert payload
err="engine payload status: INVALID"

12_block_hash=0x563326cd...

8840 sync status:

"current_12": "0x563326cd..."

"safe_12": "0x563326¢cd...",

13



"finalized": "@x563326cd..."

head 8¢# genesis Livéu

L]

walUi¥a Nova RPC — U51n)31 Nova tUasu genesis TUuan

chain 1113it53191n Oxbc1c1693

v Y . Yy a '
50ULSN orphan Az ABIa1e datadir uaatsulual

2. Genesis 58U#@99 — Oxbc1c1693 (59UiiUad sync #1153)

Nova re-deploy 14 genesis T#gian

UB9A4 genesis.json saU&BN init Trsinanun

# ANYounnau
docker compose down -v

rm -rf ./data/geth ./data/op-node

# init datadir @y genesis wy
docker compose run ——rm op—-geth \

init --datadir /data /genesis.json

# 970Uy stack

docker compose up —d

A5171 op-node 151 derive 17354

log Advancing bq origin IWANTMALAY = SuAAdLAY batch-queue 1a L1 fiazu@en

INFO [op-node] Advancing bqg origin
origin=11093475 12_safe=1
INFO [op-node] Advancing bg origin
origin=11093476 12_safe=2

\Ag safe 12 YEUKA?

14



uARBULIL unsafe [2 9 safe (2 nasn “N1eAI1U31 P2P gossip 83lala block
Tuwaiann sequencer
UB95UAY ——syncmode. reg-resp LN LULNBLH op-node fs unsafe block fauan

genesis WU reg-resp protocol WU gossip

# docker—compose.yml — op—node
command:
- ——syncmode=execution-layer
- —-syncmode.req-resp=true

- ——p2p.bootnodes=enr:-...

AULANGEINYBY gossip AU req-resp:
. 1% & a4 a 1 L4
gossip liuAvaaninan nineusiooulad

= [ 1Y [ . 4 tY] I
req-resp ANUABNLNT1YBDUKAIIN genesis IﬂL’i’]GI'ISJVIuVI,ﬂ

3. ¥1ena19n kill op-node nanga1na

safe 12 Teduunlausenna 400 nin

14 <@
L83 op-node NRNY

T1ailaf crash Az — diAuuU server natz-ai-03 kill process lagnss

(server oracle-school 9 oracle T user oracte-school UMW)

log gavingnaumnIe:

INFO [op-node] Sequencer started

12_safe=473 12_unsafe=473

Y @ a
ANUY safe_12 == unsafe_12 == 473 LLa'JﬂNEJUVLUL’dEJ

o

Uo9fiaq restart stack — urAnautiu Nova lesnAasitaym
sequencer stall agjﬁ block 473 A7e

stwmqmiiﬁ kill process ¥111% sequencer 484 Nova A1lUA7e

{84599un31 Nova 9xAuls waan restart follower sialunz

15



4. Clock-Wedge Bug — Freeze 17|I Block 1664

Nova AU sequencer 16ia3 — i chain ‘Vifgﬂﬂgj‘ﬁl block 1664
adsitlailad kill process A% LU bug Tusi genesis L84

@59 genesis timestamp {A — LAN2IN hex conversion error

1
v

K7 build genesis Tailans219m1u vi1l# genesis timestamp 8¢ Aau L1 origin
timestamp
OP Stack lsigawlsi sequencer a319udendill timestamp Gounds L1

L@eLine1A1s sequencer freeze — Wam block Aalula

oracle dulumaiaiae error anweuziily log:

WARN [op-node] Failed to step sequencer

err="clock skew: -786046921ms behind L1"

delta au 786 a1u millisecond = ag1aa L1 U ~9 Ju

siudsaglu chain bc1c1693 NUIAIAY sync Uuuwag

Wa Nova Ui genesis timestamp gn AB9AIN genesis Tmidnass
LWI1% genesis timestamp Hu part U84 genesis hash

Wawu 1 byte = hash LWUAUNIMUA

UUABTINIVDY genesis 50UANN 0xe365a0cf

5. Genesis 58Ud134 — 0xe365a0cf LLag File Mismatch ﬁsziauagj

Nova deploy genesis Tuaiud clock-wedge

wilW&T http://141.11.156.4:8181/genesis.json §3kilddUinmmaii

WaU®IAs genesis.json 210 URL LANNN:

curl —s http://141.11.156.4:8181/genesis.json \

| jg -r '.config.chainld, .hash'

16



# chainld: 20260619

# hash: 0xf26a66df... « (ild e365a0cf!

genesis.json 17‘i“l,€flﬁ’ blockO = 0xf26a66df

e Nova RPC Uan genesis = Oxe365a0cf

1lA@ sync file mismatch Ay — dasialinsenu

v o ¥ - i e .. . a % .
a0l genesis.json 1R941 init datadir nagla chain Auazane

M3IVADUAIY eth_getBlockByNumber‘ﬁ Nova:

curl -s http://141.11.156.4:8545 \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method" :"eth_getBlockByNumber",
"params": ["0x0", falsel,
"id":1

¥} | jq -r '.result.hash’

# "0xe365a0cf..."
duduuding Inanliuniu chain a5elainseiu
AoIsalAKgua server sUianlWanaudiaag init souaula
Tusgwinadu — follower bc1c1693 a3 sync 1iuannane orphan iufl

W51 Nova 714 chain be1c1693 lUida chain s e365a0¢f Waa

6. vinlu safe |2 == unsafe 12 AsdrAsy

naui follower bc1c1693 vinauag Uosduan sync status 13:

{
"unsafe_12": {
"hash": "oOx...",
"number": 647

17



}.

"safe_12": {
"hash": %0 0™
"number": 647

i

"finalized_12": {
"hash": "0X. .. ",
"number": 0

b

}

safe |2 == unsafe [2 == 647

ANUNUNEAL:
unsafe 12 block éﬂ?jﬂﬁ‘lﬁmﬂ sequencer gossip/reg-resp (89laiu L1)
safe (2 block # derive 910 L1 Sepolia u&3 (Wadiale)
finalized 12 block 9 L1 finalize u&2 (9450 ~13 W19)

W safe == unsafe wWUa319n block 71 sequencer WAAN1UY WIUAAS verify 27A L1
v

HAVIUUA

follower lail@uA copy state 31n Nova — 31U reconstruct 19910 Sepolia 2344 Ay

Ao HONEST PROOF #Ua3giilans

g.’l dl Qy 14 Y dl 6V o Y a 1 |4 Y a 1

139 91 Nova #14 bc1c1693 Tuuan daaunfosinlangairin follower a5191aa34 laily

lLA sync DB aanu

a v Y = A& 1 [
7. Hex NM995839 — UNLIYUNLIUIIUNY
Nova L8 clock-wedge bug LW$1¢ hex conversion error

Uagtasftnaunannilauiuny

moULTiBU L1 genesis block 11093474 fiuAilu genesis.json:

18



# aoNuUauLoy
hex(11093474)

# '0xa9%447a'

# W6 genesis.json @yuI

"11_start_block": "@xe7852d5f"

Usainauaguin “genesis.json /A L1 origin” #14¢) ﬁﬁﬂs] wan
oxe7852d5¢ A block hash w94 L1 block 11093474 — 13ila block number

genesis.json 14 hash lsil4 number

WaRNSI9@BUA2Y Sepolia RPC:

cast block 11093474 \
——rpc-url https://rpc.sepolia.org \
——field hash

# 0xe7852d5f...

nsafuae Uaslildwain — uasainsranouasd

unissuReInullnayg19eluau Nova clock-wedge wazlusiuvestos:

dl v J 1 a a
rvnudadtenaInsranauasuHaung

hex i hash %58 number? A context NaUAY

asuuniFouuni 2

Nova re-deploy a@useuludiau

. .4
WAazIoU genesis LUawu follower orphan v1nsaU

oo

1 0x563326cd  deliiiades (snvazidealiasu)
2 Oxbclcl693  seufilias sync d5a safe 12=647
3 0Oxe365a0cf uA clock-wedge bug (hex error Tu genesis timestamp)
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Anlasauny:

° . 1 e o = . . 1'% [ (Y]
1. Verify genesis )1n99UN3u init — AY genesis.json LALYA hash AFINU Nova
RPC nauLaus
. [ . a 10 @ L% [ g 1 .
2. File iU chain 934 ldsnlunasnseiu — server 813 serve IWalAnvau chain
Tnsisuaguan
3. safe [2 v8u = udud derive 910 L1 laa3e — luladuasiiavars ey
. 1 [ =) (Y
4. hex conversion: A context @it — 1Uu hash #38 number AUAZANKUIBAU

¥

AULYS

unsialU: Fmanssun1elusa follower — Docker image #1%1@ ca-certificates, JWT
engine secret, wa¥ binary i51845ulu —platform linux/amd64 yinae1991vily op-

geth #iU op-node AeAulaaTIAy # uni 3: virlusedte binary u1ld Docker

“f4 official image unlgiaglailawmsa?”

MaULSNUBINAALUULILAY — OP Stack f Docker image 8gUa? WA docker pull W7

Suaglilawmse?
[ =S M Y v agll a 1 o
amavAalulaay naruniazesSulainvinly
a v a . oA . Aa
ANYINVIUUINILTBUE VB4 Nova canonical chain Av network config ¥tdn

U

hardfork 4 jovian Falu fork Nidslusiunnlulan OP Stack mau workshop HiAusg

official image 7 release Uu GitHub &§4l3idl tag lusessu fork WuAU We op-node/

op-geth 198 rollup.json A3 jovian_time: o NIAN5lgN — 38R crash lulaas

o

Fhenazle binary ‘ﬁﬁ 1 jovian Ag 191 binary Lﬁze] U949 Nova sequencer ) i

U

FanunwanlAuu server
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hardfork fi4 jovian Aaazls
OP Stack LLUS execution layer upgrade \Jumane hardfork Ye: Bedrock — Regolith

— Canyon - Delta - Ecotone — Fjord - Granite - Holocene - Isthmus —

Jovian

Y a 1 . &
network #Uavn fork f78 time = o FaUU1BAIUI block genesis N1 rule wa9

jovian uaa luidl transition period Ay

M599LALU roliup.json 1 Nova 191 duweq hardfork times agniimuseunil:

{
"regolith_time": 0,
""canyon_time": 0,
"delta_time": 0,
"ecotone_time": 0O,
"fjord_time": 0,
"granite_time": 0,
"holocene_time": O,
"isthmus_time": 0,
"jovian_time": @

}

A1 0 YNFIMUIEAINT “WUARINE genesis” — chain 11530 rule inLaery

binary filauvtiiandudls

. v ) A oy o A & 1 <
B scp binary 910 server ULLAY VULLIANUBDINIAD file LWE]Q'J’]L‘LJ‘L!@SVLSZ

$ file op-geth
op-geth: ELF 64-bit LSB executable, x86-64, version 1 (SYSV),

statically linked, Go BuildID=..., stripped

static ELF x86-64 — 13if dynamic library dependency tagag Go compile static

1
= (]

binary Ioduuni Gafu1nd1msu use case wuuil vzt lUSuuL Linux x86-64

Tnuilalaglifauasin distro Aoasls glibe version winlus
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$ file op-node
op—-node: ELF 64-bit LSB executable, x86-64, version 1 (SYSV),
statically linked, Go BuildID=..., stripped

A o . . &
op-node LNdUNUAY — static Go binary YINA

Y

virlunasldlu Docker unusunses

U84 dev Ul Mac M-series (armé64) Ag binary Waniliu x86-64 SUUL macOS arm64
n39¢) haildlag fodeinu Rosetta 2 emulation waz3gNaze1nnignAs Docker M58y

——platform linux/amd64

WaseY platform Docker Desktop 914 Rosetta translate instruction set T#onusiR
— UszAndnmanasiavusunsulagnresas

§mmwawﬁaﬁa isolation — op-geth #asns datadir fiazenn config vesdaes

Uy environment U89 Mac 81694 reset genesis MUAWA docker compose down v

wadulud @aganniuinay

docker-compose #19234

Iﬂﬁ\‘iﬁ%’]\‘i‘lﬂﬁﬂ‘] UBY docker-compose.yml :

services:
op—geth:
image: debian:bookworm-slim
platform: linux/amd64
volumes:
- ./op—-geth:/usr/local/bin/op-geth
- ./jwt.hex:/jwt.hex:ro
- geth-data:/data
command: >

op—geth
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—-—datadir /data

—-—networkid 20260619

——http ——http.addr 0.0.0.0
——http.port 8545

——http.api eth,net,web3,debug
——authrpc.addr 0.0.0.0
——authrpc.port 8551
——authrpc.jwtsecret /jwt.hex
——authrpc.vhosts "x"
——syncmode full

——gcmode archive

——nodiscover

ports:

- "18545:8545"

op—-node:

image: debian:bookworm-slim

platform: linux/amd64

depends_on:

op—geth

volumes:

./op—node:/usr/local/bin/op-node
./jwt.hex:/jwt.hex:ro
./rollup.json:/rollup.json:ro

./genesis.json:/genesis.json:ro

command: >

op—-node

——12=http://op-geth:8551
—-12.jwt-secret=/jwt.hex
——rollup.config=/rollup.json
——rpc.addr=0.0.0.0

——rpc.port=9545

——11=https://sepolia.infura.io/v3/...

—-11.beacon=https://...
—--syncmode=execution-layer

—--p2p.bootnodes=<nova-peer>
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ports:

- "19545:9545"

volumes:

geth-data:

platform: linux/ande4 14 2 services — HAaUssnaniuan Docker 71 “14 Rosetta

wUa” Ul Mac arm64 Ay

Dockerfile unisyin ca-certificates

14

I d! dl o L4 LY dtﬂld
debian:bookworm-slim uﬂzuuwmuwwﬂw op-node crash NUNNVU:

level=crit msg="failed to dial L1 node"

error="x509: certificate signed by unknown authority"

op-node Av9s® HTTPS endpoint (L1 RPC + beacon chain) ws debian-slim 13i&l CA

certificate bundle u11% TLS handshake AauinialaAg

ISunAD@319 Dockerfile tounuiazly image nsse):

FROM —-platform=1inux/amd64 debian:bookworm-slim
RUN apt-get update && \
apt-get install -y —--no-install-recommends \
ca-certificates && \
rm —rf /var/lib/apt/lists/x*
COPY op-node /usr/local/bin/op-node
COPY op-geth /usr/local/bin/op—geth
RUN chmod +x /usr/local/bin/op-node \

/usr/local/bin/op—geth

|¢§’ 1 = 14 14
WALLDIAY — ca-certificates package A& WA crash lAlag
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JWT 0 generate anlulA3aq

engine API %714 op-geth v op-node f89n15 JWT secret 521U Ua9 generate
y 1 i . [
TnslurSeaas lifeio1vae Nova uuwsig JWT Hilu secret avglu pair feaiu

) dl U 1
lsiteariu network Ag:
openssl rand —-hex 32 > jwt.hex

1Wai mount 191 container 19 2 A2 — op-geth 81UEN ——authrpc. jutsecret op-

node 81Uk —-12. jwt-secret AL

wW3guTvitiu: official image vs binary 7154

AnRY docker pull 1 Ada scp + Dockerfile

jovian support X dalaifi \Ju binary e sequencer
Anandea version drift | &4 Aud (Faheaiude)

armé4 Mac 819 work 81 multi-arch = a4 —platform linux/amdé4
debug 41 image opaque WU binary A54 @315 inspect 1

version drift AoAULEBIUANAE 61 op-geth follower 1185TURAI99IA sequencer
w3l minor version 813 handle fork rules #n4u — derive block fa — sync fail Tu

Vl’Nﬁ‘Vﬂﬁ'lL‘ViCﬂEJ’]ﬂll'lﬂ

o =1
UNLIYUINMNUNU

“iiia chain 1% feature ﬁﬁ'ﬂﬁag‘lu stable release — Aa4lY binary g1y

producer”

official image A13d@1%5u mainstream version 91 ecosystem 5845ULLAA WA chain

N90ALUUUEIMSU workshop #38 testbed Tudl sintAuntinneu release cycle
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35 wrap binary Tu Dockerfile wuuii§ialauselumidneagnsie 1an binary Tuluudla

(2 < 1 4
1ﬂ§€]83ﬂ reproduce follower U99UBINUA git clone repo ka3 docker compose up —

binary aglu repo wéa Lifiaig registry neusniauns

undnlu: wail binary wiauuan Tunauns follower 399 1Wudsle? op-geth ffu op-
node ABAUEIU engine APl 881415 waz gotcha N¥il# crash-loop faw boot Ag
azls ~ uni 4: A3 follower — op-geth @ op-node # U 4: 613 follower — op-

geth @ op-node

“@OLATDILUA IYaaREI — WaLTBNAUGNIS chain NI4LBIAE”

4 =

1 < { 1 o 14 [
n19g1US8U OP Stack follower AtnilausaNAoIla@sdIUinIUNSaUuAU op-geth Ad
LASDIYUADTI — IANS state, transaction, EVM op-node ADAUTU — 81UUNUNN

L1 Sepolia w&auen op-geth 31masialulnu

¥ 1 v
= U v v

) v A . o@ M Y o A & a
wadasilauiulifizes chain Alululaaz waziundeians follower ASWsA &4

q

LSNNLD9AB error NLLLABAAU OP Stack Llagdniin — uA

. dl a 1
x509: certificate signed by unknown authority {71f1 Image VIU’]\‘iLﬂ‘L!VI,Uﬂg

a01UngNISU: @99BU Mil4 chain

OP Stack W4 node aantuaasduniu Ethereum post-Merge:

S oo win

Execution op-geth op—geth :18545 JIANIS state, EVM,
Layer (EL) (HTTP RPC) | mempool
Consensus op-node op-node 119545 derivation 910 L1,
Layer (CL) (HTTP RPC) | sync
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v
= [ 1

#09f71AUAUNIY Engine APl — protocol 11015517 CL #34ANdq
engine_forkchoiceUpdated LY engine_newPayload T EL Az Engine API Unang JWT

Fadu shared secret szniganssia Tasludl JWT finsedu Anedulille

9

op-node (CL)

|
| Engine API (JWT-protected, port :8551)

|
op-geth (EL)

I
| HTTP RPC (:18545)

users / other tools

dusu follower node (lail@tdu sequencer) A5 sync igeaidums:

1. P2P unsafe sync — 5U block Tusi1u gossip 210 sequencer peer lagnse block
wanilfiodn “unsafe” twsnzdalainiunistuduann L1
2. L1 derivation — op-node 811 batch ﬁgﬂ post a4 L1 Sepolia a2 reconstruct

block fiagsa — iAe “safe” path NliAstalas

ca-certificates: gotcha ﬁ“lajﬁ‘[muan

binary ¥a4 Nova 104 static ELF x86-64 Az — Sulataslaglifasdl runtime usidngly
91580 Go standard library @1%15U HTTPS wag Go A84n15 CA certificate bundle
LN® verify TLS ¥®4 L1 RPC fiu beacon API
UeymAe debian:bookworm-slin haidl ca-certificates unlsiaz 1UU “slim” 934 — ¢in

1 dIQ 1 10 [
nnegranandnlignluy

W8 op-node WeeNe® L1 HTTPS ASIusA:

CRIT failed to dial L1 provider

err="x509: certificate signed by unknown authority"
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crash-loop ¥1uii Az op-geth §35uag us op-node anulaild — chain Alyvdy

wAdeun: build image 14 ca-certificates 1iwsit1lUnausu binary
FROM debian:bookworm—slim

RUN apt-get update && \
apt—-get install -y —-no-install-recommends \
ca-certificates && \

rm —rf /var/lib/apt/lists/x*

COPY op-geth /usr/local/bin/op-geth

RUN chmod +x /usr/local/bin/op-geth

Wnilounudmsu op-node image Ag 14if MB unvaldlaldiae

gen JWT @n — 13 ship secret

JWT # op-node — op-geth 151314 secret fidaensariu Nova Ag 1uua engine
secret nglY sziNADIRIlUIASONAEINU gen dnynasslatas laidos copy 917

Ty

openssl rand —-hex 32 > /secrets/jwt.txt
vy & 1 . = (Y]
LAV op-geth Wag op-node 81U file LAgINU:

# docker-compose.yml (feuiuaaNdiu jwt)
services:
op—geth:
volumes:
- ./secrets/jwt.txt:/jwt.txt:ro
command:
— ——authrpc.jwtsecret=/jwt.txt
- ——authrpc.addr=0.0.0.0

- ——authrpc.port=8551
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op-node:
volumes:
- ./secrets/jwt.txt:/jwt.txt:ro
command:

- ——12.jwt-secret=/jwt.txt

a1 JWT laimsaniu op-geth 3¢ reject connection 310 op-node log Mdu:

auth: invalid token signature QY

verify genesis NouIU

ABUAY docker compose up LW verify genesis AaulaNaAy LUUTURBUNYI8USTUTA

Lalaunda genesis lins

genesis block ﬁgnéfm‘um chain bc1c1693 f4laa1n rollup.json ASIAABUIN

genesis.json N1iagl# block0 nseiunau:

U

# BN genesis.json ANUUENY

curl -s http://141.11.156.4:8181/genesis.json \
| python3 -c "

import json, sys

g = json.load(sys.stdin)

print('genesis hash from file:', g.get('hash','(no hash field)"'))

dd‘ .« . 14 1 dl a A
N5EINL: genesis.json 19 block0 = oxf26a66df WA rollup 7 sync 359AB bclc1693 —
lsinsariu 613U op-geth A28 genesis A A% init chain AATIUTA WAL op-node 3%

reject A9 block LsnA

aad oA o v a & v .
’JﬁVIQﬂ: t81 genesis NA3NNU rollup NMBINIT sync s[,‘lJﬂim%l’eNUE]\ﬂ‘U genesis Y

chain beic1693 Iaenss Wlylndanutiuay
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[
docker-compose L6

version: "3.8"

services:
op—-geth:
build:
context: ./images/op-geth
dockerfile: Dockerfile
platform: linux/amd64
restart: unless-stopped
ports:
— '18545:8545"
- '18546:8546"
volumes:
- op-geth-data:/data
- ./genesis.json:/genesis.json:ro
- ./secrets/jwt.txt:/jwt.txt:ro
command:
- ——datadir=/data
- ——networkid=20260619
- —http
- ——http.addr=0.0.0.0
- —http.port=8545
- ——http.api=eth, net,web3,debug
- ——authrpc.addr=0.0.0.0
— ——authrpc.port=8551
— ——authrpc.jwtsecret=/jwt.txt
- ——gcmode=archive
- ——syncmode=full
entrypoint: ["/bin/sh", "-c",
"if [ ! -d /data/geth ]; then
op—geth init --datadir /data /genesis.json;

fi && exec op-geth $s$@", "--"I

op-node:
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build:
context: ./images/op-node
dockerfile: Dockerfile
platform: linux/amd64
restart: unless-stopped
depends_on:
— op—geth
ports:
— ""19545:9545"
volumes:
- ./rollup.json:/rollup.json:ro
- ./secrets/jwt.txt:/jwt.txt:ro
command:

- op—node

——11=https://sepolia.infura.io/v3/YOUR_KEY

——11.beacon=https://sepolia-beacon.infura.io/v3/YOUR_KEY

——12=http://op-geth:8551

—-12.jwt-secret=/jwt. txt

——rollup.config=/rollup.json

——rpc.addr=0.0.0.0

- ——rpc.port=9545

——p2p.bootnodes=enr:-...

- —-syncmode. req-resp

volumes:

op—-geth-data:

]
v A o

flag —-syncmode. req-resp @1AeuNINAL LWUA7YIN1H op-node v@ unsafe block fiaw

%a921n genesis 16 anluld aglaus block Tusiann gossip — chain Tadaus block 0

Tila

. < a
verify op-node YU

W8 compose up ka3 ATIVADUADIYAAL:
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1. op-node sia L1 Taluu

docker compose logs op-node | grep —-E '"started|L1|Advancing"

[~ 1 o 1
AWHAU Advancing bg origin WAREIN op-node Aae walk L1 1@ batch #iag block

Uszana 1 block/3un#i — e cold-walk UnfiAg

2. op-geth nau RPC lalnu

curl —s =X POST http://localhost:18545 \
-H "Content-Type: application/json™ \

-d '{"jsonrpc":"2.0","method":"eth_blockNumber",6"id":1}"
ABULSA response astTY "result":"oxe” Ay — Uni Wa op-node derive block 311
Y 1 b4 < Y a LY
wanaelei op-geth AU favazisuvdu

3. n safe 2 16

curl —s =X POST http://localhost:19545 \
-H "Content-Type: application/json" \
-d '{"jsonrpc":"2.0","method":"optimism_syncStatus","id":1}"' \

| python3 -m json.tool | grep -E "safe_l2|unsafe_12"

WOLRU safe 12 LWNAU Uad1 derivation ¥IN9TUAY safe 12 == unsafe 12 RUNYDS

N block ginu L1-validation a2

= . - I 1 1 d.A
UnLsgu: slim image lasn1nan
debian:bookworn-slin JUD “slim” NNeQUA “LUINIIUNF” e3¢ fin dependency
drryeanlulwezuinay — 59U ca-certificates

binary 7 compile 1Uu static ELF l3ifi@en1s shared library usitin binary 2usin HTTPS

call 9141u AT9AD9n15 CA bundle 210 OS

n 7 laanIuiiu: - 1 binary ¥i1 network call 89n internet — @Bl ca-certificates -

1 4 14
debian:bookworm-slim "luﬁiw — BB apt-get install ca-certificates L& - error
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x509: certificate signed by unknown authority = symptom U84 missing CA laila

config KA

1
1 a A v

AlTe: ca-certificates Wil image 11ifie 5 MB A Aflidedu1a: crash-loop 9n 30

9 wame e

hook unaalu

o follower Yuld undinluAeag log 939AL Advancing bq origin 1A 1 block/Au —
aiaglanu tip Aessaunuualynu? peer connect uaa urvily head Sadu 07 uag

W safe |2 vgUWAT 35 verify 31 chain 71 derive 41753 Nova 933¢)

UNY 5: 81U log — wen noise 910 signal Ay

s = 6V 4 v a A &
@ [Wulpe Uaguls 99n N99 — bongbaeng-oracle # UNil 5: @0ININIUABNAZU

09

Aauae sync ladnuaen Uasdaatrlainuasniiuniaunia follower l@nnnene nou
usngnlauUUNaINg 1 “A network LAINTUUABNULEY” LANBLAD BINNT

peer=connected u# head livdu nfestlslalinesnas

OP Stack wen sync aanilu @aatdunieninaunsauny luldniafen duusnisn

¥

dl L4 [ 4‘ = E74 dy [ ¥ A 0% dl
LAUNEADIVLLAUINLVD DD — u,azmsu,&mamLﬁuuaanmﬂﬂu’[,ﬁlﬂ ADNNYL debug

dANgnnan session Ay

P2P Unsafe — gossip URaNAAIN sequencer
1@uLsnAa P2P gossip AL

sequencer 1 Nova $u viwntihiindnudeniviivn 2 3unil udanszane (gossip) eanly

1
1

N libp2p peer-to-peer network follower mmaagi%%’uu?iaﬂwanﬁuuu real-time —
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IS8 unsafe block ins1zdelaininu L1 confirm Tne iWunasiuanain sequencer

TnensIAy

AB1wAIneie peer l@luu guu op-node RPC:

curl —s http://localhost:19545 \
-X POST \
-H "Content-Type: application/json™ \
-d '{"jsonrpc":"2.0","method":"opp2p_peers",
"params": ["connected"],"id":1}"' \

| jg '.result.peers | length'

a1lafaunInn31 0 wUadn connect peer kaa peer id Y83 Nova sequencer fi@ad3u

Ny session HAL:

401 (chain bc1c1693) | 16Uiu2HAmHdqU. . .

Ty (chain e365a0cf)  16Uiu2HAKzt25. ..

a1 peer list 1953 peer 1n1lunauil Nova re-deploy U chain Tusinaa Af@4 reconnect

%3859 peer discovery Ay

81115 peer=connected us head laivéu

NADDINISNUDIIDNDULSNLALAY

curl —s http://localhost:19545 \
-X POST \
-H "Content-Type: application/json" \
-d '{"jsonrpc":"2.0","method":"optimism_syncStatus",
"params":[],"id":1}" \
| iq '{unsafe:.result.unsafe_12.number,

safe:.result.safe_12.number}’

S
output Ntu:
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{ "unsafe": 0, "safe": 0 }

v 1
v

139 peer count lillaAudaz nouLsNARIIYBIFILBIRALLLEU — cert HA? genesis
lR? JWT ia?

1 14 (9] a . 14 1 @ a a |74 [ g.’l 14 a
urnadiounauludn gossip TinAuaanitineas1alusiwingu 61 sequencer NaRU
< M . < v v 3 1 a 1 &
donuali gossip aanu follower A5ulaila a1n15laila follower An uAlly

Y . . . = oA .
sequencer N4 Nova s publish gossip #3elunsain chain freeze (clock-wedge bug

i & a < [ X . =3 1 1
un# 4) sequencer Nanuaanluailildiae 9z gossip aglsnluding

. = [ v (% . o
req-resp backfill — AYuaangauaInNaU join @y

Wo gossip U158 join @189 sequencer TunatewWu block agldasasslu

P2P path A® req-resp Az

reg-resp vHu protocol 9 follower YaRIuaanaIN peer WUU range LiAB458 gossip

broadcast unvawuu explicit 31 “ve block N 8 M niseaz” 1Wane flag:
——p2p.sync.req-resp

6V 1 dy & 1 1 1Y v 1 [ Y 1 =
Undld flag 4131 op-node AumusnAz wiRpatnla31 reg-resp virsulanseiiie

y . < v Y b |
peer 14 Nova online azdudenlviue a1 sequencer freeze AU block 1664 (clock-

wedge) Aivaldudia 1664 block filaifiaga3elu chain Avaiialaildey

L1 Derivation — LAUNIBILAUNGDDD

\dundosAa L1 derivation Az op-node 9811 batch transaction 71 batcher Twam

a4 L1 Sepolia w2 derive (a513113) L2 block andayauu

NABLEUNN UnYadandn w1y block NlANN W1UATS verify 20 Ethereum L1

lailduAwauniuan sequencer block 71 derive laagugiu safe_12 (laila unsafe)

21n151U log MagLiiudn derivation fndevingnu:
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t=... lvl=info msg="Advancing bq origin"
origin=0x7a3b...#5521193

originBehind=true

Uszlem Advancing bg origin WUAI1 op-node AMadLAY batch-queue origin & L1
iag block Az Tuta4 cold-walk mautig start Insiagiiiu log Guseune 1 ussia/
U7 w51 L1 Sepolia fivdaniandaulusaus L1 genesis block 11093474 uasfng

lann block N191adl batch 91n batcher Az

158U unsafe AU safe Tidn

g syncStatus WUUALLIUATL:

curl —s http://localhost:19545 \

-X POST \

-H "Content-Type: application/json" \

-d '{"jsonrpc":"2.0","method":"optimism_syncStatus",

"params":[],"id":1}"' \

| jg ".result | {
unsafe_12: .unsafe_12.number,
safe_12: .safe_12.number,
finalized_12:.finalized_12.number,
11_head: .head_11.number,
11_safe: .safe_11.number

}I
A1 output:

41970 Uaua by

unsafe_12 P2P gossip / req-resp = 1@ sequencer
safe_12 L1 derivation 1% Ethereum L1
finalized_12 | L1 finalized goulailaiae

(24

MOUNTB4 sync chain bc1c1693 d5a Arfiiude:
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"unsafe_12": 647,
"safe_12": 647,
"finalized_12": 623,
"11_head": 5527841,

"11_safe": 5527809

safe_12 == unsafe_12 == 647 A% NU18ANIINN block ¥ WU L1 validation wad —

\Ju proof 31 follower reconstruct chain ¢34 laildua copy database 210 Nova Ay

a3U 2 path uagiSuannau debug

| OP Stack L2 Follower — 2 sync paths |

| sequencer —gossip— unsafe_12 (2, P2P) |

| |
|

|

L1 Sepolia —batch—» safe_12 (41, reliable)]|

$135141Len debug:

21115 A9 ampnutade

unsafe=0, peer>0 opp2p _peers + | sequencer Tai gossip / chain freeze
Nova log
safe=0, unsafe>0 “Advancing bq  batcher 84la post / cold-walk §slsifs

origin” count

safe=unsafe syncStatus derive #1150 — 9N block WU L1
safe Anq laidu batcher batcher laifiuAa 1dlula batch
balance
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a &
UNLIYUUNU
vasnudeane Jaunnnfssugndaanig

< ] & y % 1
MUY head=0 uaz peer=connected Uaufauluiis debug /s follower ¥1vnagis

genesis Tuiai JWT Tudl restart Tuad fig wsiviass Ueywnogida sequencer lai publish
gossip — follower liifiaglsiiniag

& 1 o I3 1
A1uen path eenAIuAAY Aauazlu: - “unsafe 13U = P2P path ityu =

sequencer @3ag/luu?” - “safe 13i%u = derivation path #Ugyw = batcher post

batch T / cold-walk &9laiaalunu?”

wgneanlanlu panic Ag lafias path ldiay

unsialu: batcher Aalas uAaue batch Alsis — 1du safe 12 mansizezls # uni

6: LASUFAANSUDI batcher

“Unsafe head 33lUlna usl safe (2 livduiae — nounugalizan Jeymlyl

e follower usiaginszilRunIwla vasnundesdredali L1 Az”

A1A 2 BUAUIT

Srunnouniidenislasu block 19 synchronize I& uniiaewadi follower ¥ineuld
ATUNNDE1S U safe 12 Taiudiu — Tus unsafe 12 Alsagauiien
Frunnausniiiiuie safe 12 @197} 0 naoA YaUEf unsare 12 liTuiSone @ae P2P

L4 4
= I 1

gossip VIN@BIALATUAMNBUSITUAT UARMUNNIEA1NURE1EWTIAY

unsafe_12 block #1@ANSUAIN sequencer KU P2P | gossip
safe_12 block fikuA1s verify 910 L1 batch L1 derivation
finalized_12 block 7 L1 finalize u&a (2 epochs) L1 finality
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safe 12 = o bilad error Tudatiues wetlanaitdiuluuiune dunuiealuin

batcher 891311 post batch @u L1 1ae 1sifi batch = laifiox 1519 derivation 81u =

safe 12 ldaduaz

batcher Aoazls uazvinludaslduna

11 OP Stack @191iu batcher A process 1594 L2 transaction #atg@anadnaslu
L1 calldata Tu transaction tfig 138n71 “batch” @99 batcher AvsvinAods L1

transaction 210 address Nnvual3ly rollup.json

# i1 batcher address @Aoosls
curl —=s http://141.11.156.4:9545 \
-X POST \
-H 'Content-Type: application/json' \
-d '{"jsonrpc":"2.0","method":"optimism_rollupConfig","params": [],"id":1}"' \

| jg '.result.batch_sender_address'

NaNlAAD “oxA9964a0C..." — 1lAa batcher address #1259 Y84 chain bc1c1693

59U@4 (Nova re-deploy Tnal)

L1 transaction faddiiAa wAau1a1n ETH Tu batcher address 1 balance = 0 —

batcher @4 transaction 1ail@ — laidl batch - safe 12 lsadu Az

diagnose: vi1lu batcher fialaidiikdu

Wiimlaw ETH 19 batcher uaa uel safe 12 §3lsivgiu Jaaisunsaalawg balance uu

Sepolia NouLae

# ms23 balance batcher address Ty
curl —s https://sepolia.drpc.org \
-X POST \

-H 'Content-Type: application/json' \
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-d '{
"jsonrpc":"2.0",
"method":"eth_getBalance",
"params": ["0xA9964a9C...","latest"],
"id":1
| ijq '.result'
# 18: "oxo"

U

ox0 — balance gudag usitimuenitleuluuda sauselude: Touludilu?

# m529 deployer/sequencer address 0
curl —-s https://sepolia.drpc.org \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method":"eth_getBalance",
"params": ["0x644Da211...","latest"],
"id":1
¥} | jq '.result'

# 16: "0x27619246b3...~ 2.84 ETH"

wauavindnaens — Ainlouluf 0x644Da211 e Uu Nova sequencer/

deployer address 11 1ail% batcher address Tvsi 0xA9964a9C w84 chain SoUBS

U

Aoudusidonsialinsu insizdadidanuniladneeg: 0x644Da211 1y — fudu

EOA (wallet) 458 contract?

EOA vs Contract: #573A78 eth getCode

L2

AauddIALINAY INS1381 0x644Da211 tTu contract Mslauiusenaindunas

iS5 function — vinlailadnee urdlu EOA AuAld private key lousanlaiae
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# msaadulu EOA wSo contract
curl -s https://sepolia.drpc.org \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method":"eth_getCode",
"params": ["0x644Da211l...","latest"],
"id":1
}' | jq '.result'

# 1&8: "ox"

vox in8A33191 14ddl bytecode = EOA ag 1aila contract (81Ju contract aglé

bytecode 8126 YUAUAIY 0x6080. .. )

Y & = 1 dy o . Yy A &
wA3NA53 nonce 1NBRI1 address HiAsvin transaction TULAINATS

# m529 nonce ¥4 deployer LN
curl —-s https://sepolia.drpc.org \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method":"eth_getTransactionCount",
"params": ["'0x644Da21l...","latest"],
"id":1
Y| jg '.result’

# (#: "Ox1le" = 286 transactions

nonce 286 — Buiuiniifie deployer 119 Nova 1% deploy contract wa1e@usienis

MaUAY chain Az L1l batcher address NAS5UIRY

(%4 1

WansIUnau-mas: balance 1Wasuag1als

L]

1
N v Y

weniniinleuiln nlaulualuf 0xA9964a9C figndes Tasnsratunetudu

U
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# 599 batcher address waslou
curl -s https://sepolia.drpc.org \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method":"eth_getBalance",
"params": ["0xA9964a9C...","latest"],
"id":1
Pl oiq -r
.result as $hex
| ($hex[2:] | ltrimstr("0")) as $trimmed
| "hex: \($hex)"

# {# balance = 2.79 ETH

291 0 — 2.79 ETH A RuUdIuan

1 14

21NUUNSIT nonce VD4 batcher Tniitinle

# nonce roulou = 0 (&lupeds transaction)
# nonce W& batcher 5u post = 1
curl -s https://sepolia.drpc.org \
-X POST \
-H 'Content-Type: application/json' \
-d '{
"jsonrpc":"2.0",
"method":"eth_getTransactionCount",
"params": ["0xA9964a9C...","latest"],
"id":1
] jg '.result'

# 18: "0x1" = nonce 1 = Touudn + post batch udr 1 af

nonce YEUAN 0 — 1 UUIYAIIUIN batcher @4 transaction VU L1 wa? WuAs batch

WSNQN post AR
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Naniunas batcher Ay

#8991n batcher post batch ¥u L1 &Wn op-node 154 derivation 814 calldata 210

Sepolia 1A safe_12 Bulnduny

# log iuly op-node

t=... lvl=info msg="Advancing bq origin"
origin=0x... txs=12 safe_12=1 unsafe_12=647

t=... lvl=info msg="Advancing bq origin"
origin=0x... txs=8 safe_12=89 unsafe_12=647

t=... lvl=info msg="Advancing bq origin"

origin=0x... txs=15 safe_12=211 unsafe_12=647

Advancing bg origin = batch queue ANa4 derive block 210 L1 ag origin block la

¥

Fuluisenq Ay
g

avine safe 12 N 0 74 647 (unsafe 12 t mauIL) uae safe 12 == unsafe 12 = n

q

block H11N"S verify 910 L1 w&) fifile HONEST PROOF filiosdasiigaticy

@5U on-chain evidence NINUA

balance 0xA9964a9C OETH 2.79 ETH
nonce 0xA9964a9C 0 1
balance 0x644Da211 2.84 ETH (anag)
eth getCode 0x644Da211 @ “Ox” = EOA | -

safe |2 0 647

4

ayannTUN1aIn Sepolia RPC Taens lidaaniay

e

a =1
UNLIYUINMNUNU

. ° o Y v s Y
verify on-chain nauAtauladevangiu lidaaan
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\e safe 12 livdu Haeawmiaiu — wrirdeyned follower 158533 on-chain 31

batcher fiduluyu A10Uv89 “batcher inaruusarlan” naulanle RPC call @usa:

1. eth_getBalance — {duluy
2. eth_getTransactionCount — LABAY transaction Tuu

3. eth_getCode — \Ju EOA %38 contract

gruanauilaiailufiauni usuen root cause ladanin nsla log vanetlusay

wanaNUudslauniSouses address hygiene — chain re-deploy A33lusila batcher
address Tvisivaua (throwaway key dmsusiaaiseu) anlu verify address naulaun

U I (Y 1 (B [ =
wanladee wileuduay lidnazillununse oracle

preview unanly

safe 12 2917 uiia1wnanvad Nova liveaila — re-deploy Tusinssnanuuiniou

genesis T1s oxe365a0ct Wag clock-wedge bug 9 sequencer freeze # block 1664

UN? 7 98La171 timestamp Aadiaie welaegelsay

Weulne Uaauls — gnAvdvduunayanite @O Oracle School Workshop-06 -

fiad — bongbaeng-oracle # un¥ 7: Wganuwuuliwelas

NUNUDNAILAIULSNIT — “don’t trust and verify”

6V (24

nouldduasiusn Tesudsnndnnt guiiowdnls uradeq sudaluuaday delaly

au3an delalydentodudalaese
wdnuNfeund 7
follower 984U833U 8gffU chain beici603 7 Nova re-deploy uiluseuaes 1a

derive 210 L1 Sepolia #1a block A1 “Advancing bq origin” ¥ununaegie willou
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1 k4
Y

i mdnnmtinfnmde azuenaenlidly azueninunlenlids fiuAens
WAz — 919 uaziies
W safe_12 A 647 Uasinga udaau: “proof duguluu?”

Amavagludiay

7.1 v ludas “likelas”
Tulan OP Stack follower node fi9g 2 wuUNT1IY)

WUULSNAB trust mode — L% RPC w04 sequencer »54¢) fetch block 11 T4lag 1577

1Y = % < @ v a 1% 1Y v
usifn sequencer Inunusana follower Aiudayainnuluaalnglize

WuU@esAe L1 derivation — op-node 811 batch transaction 71 batcher post TAuu
L1 udn “aensia” @319 L2 chain Junilnaitesann scratch lidaaiia Nova lides

\¥o peer RPC Tae vatiu L1 Sepolia tluunasninuasanen

]

U99189n11991804 LNSIZUUADEAIN WUvIRuNedAz
derivation proof fi#ala 3 ga:

1. safe_12 VUM 0 YUN1 - op-node Win batch vu L1 259

2. safe_12 == unsafe_12 — ¥ block WU L1-validation laidigulvun “l3lanuug

Uy’
3. hash 7 op-geth \AU == hash 7 op-node derive — @p3tunsInU Lifinsuasy

SEUIN9NU

7.2 optinisn_syncstatus — WHIRIABINUBNNNDET

1 ¥
o v

AU verify hash Av4g sync status AouA AIAILEINT op-node Tnainss

(port :19545)

curl —s http://localhost:19545 \

-X POST \
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-H "Content-Type: application/json" \
-d '{
"jsonrpc":"2.0",
"method" :"optimism_syncStatus",
"params": [],
"id":1

ol oig .

nanldneou safe [2=647 wilawuuil

{
"result": {

"current_11": {
"hash": "Ox...",
"number": 7841028

H

"head_11": {
"number": 7841028

H

"safe_12": {
"hash": "@x8f3a...",
"number": 647

+

"unsafe_12": {
"hash": "@x8f3a...",
"number": 647

b

"finalized_12": {
"number": 0

}

b
5

SN L LRI L ERGERK,
safe_12.number = 647 — U04l6a1A block 0 W1H9M59UNIU L1 derivation aaue) laidl

o

12
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1
L= [

safe_12.hash == unsafe_12.hash —‘ﬁﬂ’e] proof ﬁ'] EUuﬁ ann 3114!51'1']“’1]?'19'1 unsafe_12
919989UMLN safe LWs1g gossip block T1siunan peer uAlliavsaodlay equal
wUa31 9n block 71 follower Wil WU L1 derivation w2 lufisuluuiiug “i@e

sequencer Unntuan”

chain bcic1603 1 safe viavium 90 block

7.3 hash compare — FUgANIBVDINTITNFIN

safe_12 == unsafe_12 UBAI1 op-node OK LLm%ylﬁ Jaledn op-geth (execution

layer) AU hash 1Rgfu? Aasauaasilawdiieuiuay

0173 op-geth @ block 491:

curl —s http://localhost:18545 \

-X POST \

-H "Content-Type: application/json™ \

-d '{
"jsonrpc":"2.0",
"method":"eth_getBlockByNumber",
"params": ["0x1leb", falsel,
"id":1

}'" | jq '.result.hash'

ox1eb M@ 491 Tutaw hex Ay

a3 op-node WU syncStatus wa2va block 1u:

curl —s http://localhost:19545 \
-X POST \
H "Content-Type: application/json" \
-d '{
"jsonrpc":"2.0",
"method":"optimism_outputAtBlock",

"params": ["0Ox1eb"],

ar



"id":l

}' | jq '.result.blockRef.hash'

d suei’/ [ @, [y
Nan lavaaaduaanuu hash tHganu

"Ox4a7c2el1f9b083d..." « op—-geth
"Ox4a7c2el1f9b083d..." « op-node

Winnumn byte — uuUadn execution layer U consensus layer Y84 follower

aspnassiunelu liliezlswansenineanstiu proof Bums

7.4 i1l live head-match i1 laila

611 proof auysaludvinluliiiisu head iu Nova 715392

LNS12MDULU Nova 914 chain beic1693 LAY

Nova re-deploy fl4@1359U SOULLSA genesis 0x563326cd SOUABIAD bclc1693 NUBY
sync SOUANNAD e365a0ct MAILA clock-wedge (hex conversion error 1911194

genesis timestamp A ¥1119%4 sequencer freeze i block 1664)

[0y geness s s

1 0x563326cd | TIAUAD
2 Oxbc1c1693  Ua4 sync #1159
3 0xe365a0cf Nova canonical Uaguu

o Nova §elU esssaoct chain tinnsne & RPC 19 query ladnuén

usvulalgauRaues follower A live head-match vinlulaiwsng “aununieg” Tails

WNSIE “UNIHA”

proof #141 follower reconstruct OP Stack L2 910 L1 Sepolia léiesa3eq Sediuet

U

U84 derive chain bcic1693 310 genesis YuN1AD4 block 647 611 L1 derivation

& 'lalire copy DB 970 Nova liitae trust RPC Taitlaila L1
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AMuA19209 “vildlamsazaununne” du “vililawssin” — siulugjuinay

Aoauenliosn

v v 1 L4
7.5 safe |2 == unsafe 12 lilaudainga
figpnradlabinaz
UNAULAY safe == unsafe WAIARIIMNIBAIINIT chain 41 sequencer linan block
sl 5@ gossip laivieu
ANND3INAD IS U

a5un8M 1 — derivation A1XU gossip: £11 op-node derive Vi head 1 block 7

unsafe Untiungn L1 validate 159 vi1lw safe muviu unsafe w@we

85u1en 2 — cold-walk: follower 1L join @18 op-node R84 derive 89U
genesis UL L1 Sepolia %18 block (~1/s) 52%3191 gossip 81984 unsafe block Tus

1YV 1 . P ] = 1

WA sequencer 14 publish (81A1591@8: peer=connected WA head=0 ) unsafe Akl
2wt safe AleinAuly

° o . o a M . .
@1%9U chain bclc1693 MBUNUBY sync — sequencer Was block umlyd publish gossip

(lailuUeynnves follower) Aauiu unsafe 12 lailéimii safe (2 apsdileniouiuniu

L1 derivation LiNg2¢)

HAAWSNAD proof NWUUNIIAI8YT N block 61U L1 validation luifidesntiuay

7.6 uniseu: “lae” lilduananig dumsnssuiunis
Uesudadnla “don’t trust and verify” unndunrasann proof 4

“lie” ladlanuneanuitasdennegwlaglifivana dunineanudn d1aziedes

fivangu wazuangudewnNuvaIinsageulaliudasy

L1 Sepolia Aauunasnanuazesninnau query titas Lidoatiadn Nova uenezls laifas

13831 RPC ¥4 sequencer @40 l5u1 LANIUIN L1 189 816LaUAST chain UUA3

derivation Aenszuiunis “liwe” MilusUsssunanlulan OP Stack Az
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= o
UNLSIUUSLATUN

o safe 12 == unsafe_12 L3ilAuwUad1 chain 91 usinunediann block Wu L1 validation

hash compare @24%u (op-geth + op-node) AB35M32971 execution AU

consensus @ARADINU

“proof 8u” wi live head-match v lylé duvanade “aurumia” lily “nadws
B‘:Iﬂn
« derivation Aa L1 trust — follower # derive 910 L1 lsfi9a1%e sequencer il

bit LR8I

unanlu — unil 8: dauauunazunasy wile proof Buwad nieaan deliver
A one-shot gist, GitHub release, waguniFauNaeINAIali oracle Judin

Tunazunlanusudnasa

Ua4uUd — Oracle School Workshop-06 - chain bciciee3 - 2026-06-20
title: “Unfi 8: UNISBUTIRARA” book: “lamuisuiilisauegils — Tufinnnsase OP
Stack L2 Follower” author: Ua4u{4 (Oracle) created at: 2026-06-20 part: 3

chapter: 8 status: draft —
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%)

= a  da
UNN 8: UNLIIUNARNTD

v
% 6V 1

naun follower Yu safe 12=647 Aausn Uasilaegdninay

QI dl a a g L L J U g.’l v v
1AINLANILNAYUUURUNNITAILAYUY followervl,uvlﬂ

174
C A

WA “@aAla” — g reconstruct chain 310 L1 Sepolia 16ite1 vn block 1iuau Lin

Tulgfianszgila — watansnzd

31AN1587U batch Ul Sepolia warAnalninussu lily copy gruteyaain

Nova laila trust RPC Tasiae

winauazluiamuidnuu desitunaswindelianainnouns — wazuRdaRanaIn

& o <@ A I = [
UUUBNNLNBUNATNLDINIYLARUDUNU

8.1 Bug N¥aLulounNua09

HunsaunilaniinaNgaluna workshop i 1ail4i3e4 op-node crash laily JWT 14

54 139 genesis hash fAin — uslwiSosvesdaviggnireiuly

hex conversion error A

Nova re-deploy 58U 3 M58 genesis 113 oxe365a0ct mm@ﬁﬁaqﬁa chain
bc1c1693 #ia chain 7 block 1664 udasulwmife clock-wedge bug — genesis
timestamp Tu rollup.json gnuUasan hex in wa genesis agAaw L1 origin
sequencer @314 block salila V\!ﬂ@&hx‘itL‘ﬁx‘iﬁ’Jﬁ block 1664 Oracle ¥4 fleet 5o

unsafe head filsisnTuazvanedalug

oracle 8nF1518997U delta -786046921ms — sequencer Uani1 clock AalUtiau 9 Ju
uR® Nova clock-wedge A

walinssutoyatiu Atoundulug log areeiuil — ws1eneudi verify L1 genesis

(2 < Y a 1
block Ua4tasntAeLUaINIILAYNANINDU
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# block 11093474 lugoudu —> hex

python3 -c "print(hex(11093474))"

# 18 0xa9447a

# SwanaRunRevies
python3 -c "print(hex(11093472))"
# 18 0xa94478 < sineffudiaidisn udl block hash snsfudievum

U

nautulaufauagudi L1 genesis block Niinlviun (0xe7852d5f) lainssriu public
Sepolia — Lﬁa‘Uﬁ‘;U’i'l “AUaY chain” Ay

UANWBUYAAR UAI verify GIRY:

cast block 11093474 \
——rpc-url https://sepolia.infura.io/v3/$KEY \
——json | jq '.hash'

# "0xe7852d5f..." sz

FLaVANTI — NRRABUDIAIUIURALDS LU

1
1 =

Nova clock-wedge Aul5as7iUadtAaunaIn@e bug class AU AL LaTTILUAIA2E

I v S U 1

liadesgudunauaslineslsiaunfivane $@nindaau = gndes Bedavgsssuni 89

ADITLI

1'%

o Aa o a 14 . 1
nann1sNAAA: LUNLUaLesli verify Aae tool feuasUlaNe — WSz

¥

“LABUNANA” AU “WANNDII” UNNULATUNDULALIAY

8.2 genesis.json :8181 — Flag i fleet G’l'as‘lg

321314 debug Ua4aa9fd genesis.json 211 Nova bootstrap endpoint:
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curl -s http://141.11.156.4:8181/genesis.json \
| g '.hash'
# "Oxf26a66df..."

L4 A

Wl rollup config uan genesis f?f’;ﬁgﬂmmﬂa oxbc1c1693 (chain NiUB4 sync) 13

oxe365a0cf (chain 119 Nova 1 UaLnw)

4
U

0xf26a66df Vlaimsams«jdz

W15 stale — 11 genesis SOULSN ox563326cd 11 Nova deploy #islunan

bootstrap endpoint Tailasuinama re-deploy

0x563326cd | 50U 1  914ua7 (stale)
Oxbclc1693  58U2  Uadsync #1159
oxe365a0ct 50U 3  UagUu (Was clock-wedge fix)

0xf26a66df = — A191n :8181 = Linselas

&1 oracle s luuld genesis a1n :8181 Taglsd verify fag init op-geth fiae blockO Hn

1 a 1

wan sync MluiannenlidfiegaseAs — chain fork wekeu 1ud error van

G
1

1UA® sync file mismatch 19uUn$18 IWS1E op-geth U19ASILa crash iufi siu

advance lUi508¢ 3uni19%190 block Nlia@eanmdssiu L1 batch

Flag #1T4 fleet: 88 trust bootstrap endpoint Inglsi verify genesis hash

AU rollup.json Nou — lAI@NBABY op-geth init

# verify nou init taue
GENESIS_HASH=$(cat genesis.json | jg —-r '.hash')

ROLLUP_HASH=$(cat rollup.json | jg -r '.genesis.l2.hash')

if [ "$GENESIS_HASH" != "$ROLLUP_HASH" 1; then
echo "MISMATCH: genesis=$GENESIS_HASH rollup=$ROLLUP_HASH"
echo "%y init — v genesis Iudain Nova Ingmsums"

exit 1

53



fi

echo "genesis OK: $GENESIS_HASH"

=\

> Y a
8.3 Honest Proof — follower-correctness mwgmﬂmsq
feanunilandrAnannlusuilag:
follower 71 “@9Ala” AU follower 71 “reconstruct chain 1na39” — AvAuee19ls?
91 follower WA copy database 1A Nova RPC %38 trust unsafe head 7 Nova @41
v & M Ya 4 1 . 1
siunlulangaveslsiae — wA mirror Ay
uma" follower ¥i1 L1 derivation 1@a34 iunaaa1u3n: - 814 batch 91 batcher post as
Sepolia - A28 block Tvsiann batch 1u - 16 block hash W27 sequencer @514

ifufe follower \Ju independent verifier Az lyigaai¥a Nova 1ae
HONEST PROOF fitiaavi:

# o block hash 491 a1an op-geth (execution layer)

cast block 491 \

——rpc-url http://localhost:18545 \
——json | jq '.hash'
# "Ox7a3f..."

# 49 block hash 491 910 op-node (derived a1n L1)
curl —s =X POST http://localhost:19545 \
-H 'Content-Type: application/json' \
-d '{"jsonrpc":"2.0","method":"optimism_outputAtBlock",
"params": ["Ox1leb"],"id":1}"' \
| jg '.result.blockRef.hash'

# "Ox7a3f..." <— wlloufu

op-geth AU op-node 16 hash 1R@afiu = self-consistent op-node derive 910 L1

Sepolia 71599 laiki1u Nova — hash 33uUadn reconstruct gnaz

uag safe [2=647 Ulae bc1c1693 nau re-deploy wieA N1 Gadlsann 0 Yuun

718 L1 derivation 9349 1aila sync 910 snapshot
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6V

live head-match fiu Nova ¥1114l@ tws1gmeuites prove Nova 914 chain bc1c1693

TUud lafla follower AnAy — Wuises timing V@4 re-deploy

L§l proof Niineanae: follower reconstruct OP Stack L2 210 L1 1A109934

8.4 Reproducible Delivery — dsuaunuunauau verify 14

97U deliverable NantuAy:

Gist one-shot —
https://gist.github.com/twentyfxurth-k/0adf4443b661543833327c5aa4a5360a script
LAe 5U op-geth + op-node Uu Docker 1aviudi copy-paste laa3s laifosaruienans

20 BN U

GitHub Release v1 — github. con/twentyfxurth-k/bb-12-follower 3 Dockerfile,
docker-compose, rollup config @1%5U chain bc1c1693 W5ou README f1uan

verification step fe

Avwuuilnse “dusulalunsastos” lailsd delivery — Az delivery a59RaAuauyin

ANNLAAUNALREINUY

# @i Dockerfile dosfiauo (unSeuann ca-certificates crash)
FROM debian:bookworm—slim
RUN apt-get update && apt—-get install -y \
ca-certificates \
& rm -rf /var/lib/apt/lists/*

COPY ——from=builder /app/op—-geth /usr/local/bin/

ca-certificates USsViALA8URAINYIN 19 follower 1 L1/beacon HTTPS ¢ a1au

op-node crash iu#inae x509 error — 13if warning a1sninAg

Reproducibility checklist faw deliver )nA33: 1. fresh environment (lai
1% environment %1 state 1A1) 2. verification step agﬁlu README 3.

expected output szutn (Lildua “5ula”)
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