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Abstract Round-based DAGs enable high-performance Byzantine fault-tolerant consensus, yet their technical advantages
remain underutilized due to their short history. While research on consensus protocols is active in both academia and indus-
try, many studies overlook implementation-level algorithms, leaving actual performance unclear—particularly for theoretical
protocols whose practical performance cannot often be evaluated. Bullshark, a Round-based DAG BFT protocol on Narwhal
mempool, achieves optimal performance: 297,000 transactions per second with 2-second latency. We analyze the algorithm’s
workflow, from transaction submission to blockchain commitment, breaking it down layer by layer at the functional level
and delineating the key features and interactions of the Bullshark and Narwhal components. Future work aims to improve
performance in Byzantine fault environments and optimize trade-offs in the CAP theorem.
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(F£1) : Mysten Labs, "Narwhal manager”, GitHub, https://github.com/YuseiWhite/sui
/blob/mainnet/crates/sui-core/src/consensus_manager/narwhal_manager.rs,
2025.

(J£2) : Mysten Labs, "Narwhal manager”, GitHub, https://github.com/YuseiWhite/sui
/blob/mainnet/crates/sui-core/src/consensus_manager/narwhal_manager.rs,
2025.

(F3) : Mysten Labs, ”Worker diagram,” GitHub, https://github.com/YuseiWhite/sui/b
lob/mainnet/narwhal/worker/README.md, February 2025.

(£4) : Mysten Labs, ”Workers,” GitHub, https://github.com/YuseiWhite/sui/blob/mai
nnet/narwhal/Docker/validators/workers.json, February 2025.

(J£5) : Mysten Labs and Facebook, ”Channel capacity”, GitHub, https:/github.com/Y
useiWhite/sui/blob/mainnet/narwhal/worker/src/worker.rs#1.49, February 2025.
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({6) : Mysten Labs and Facebook, *Batch maker,” GitHub, https:/github.com/Yusei
‘White/sui/blob/mainnet/narwhal/worker/src/batch_maker.rs, February 2025.

(7¥7) : Mysten Labs and Facebook, “QuorumWaiter::run function”, GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/worker/src/quorum_waiter.rs
L85-L187, February 2025.

(7#8) : Mysten Labs, Transaction receiver handler struct,” GitHub, https://github.com
/YuseiWhite/sui/blob/mainnet/narwhal/worker/src/transactions_server.rs#L.132-L136,
February 2025.
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(J£9) : Mysten Labs and Facebook, *Proposer,” GitHub, https://github.com/YuseiWhit
e/sui/blob/mainnet/narwhal/primary/src/proposer.rs, February 2025.

(£10) : Mysten Labs, “Batch size,” GitHub, https://github.com/YuseiWhite/sui/blob/
mainnet/narwhal/Docker/validators/parameters.json#L4, February 2025.

(FE11) : Mysten Labs, "Max header delay,” GitHub, https:/github.com/YuseiWhite/su
i/blob/mainnet/narwhal/Docker/validators/parameters.json#L8, February 2025.

(¥ 12) : Mysten Labs, Certifier struct,” GitHub, https://github.com/YuseiWhite/sui/bl
ob/mainnet/narwhal/primary/src/certifier.rs#L.40-L68, February 2025.

(J£14) : Mysten Labs, “PrimaryNodelnner::spawn_consensus”, GitHub, https://github
.com/YuseiWhite/sui/blob/mainnet/narwhal/node/src/primary_node.rs#L.286-L379, Febr
uary 2025.

(F15) : Mysten Labs, "GC depth,” GitHub, https://github.com/YuseiWhite/sui/blob/

mainnet/narwhal/Docker/validators/parameters.json#L.3, February 2025.
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5. Bullshark Consensus Protocol
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W5 E2EUL7~5E, Quorum Intersection 12 & D, fhod
NY F=RIZH ZOBEWRMPMEREL, NV TF—X 1HBEHOT—
AN 2—=TALIZNT S f+1 DEEZFR>TWiRITH, Z
DTEMY DAG O, &/ — ¥/ —RFKDn-f OBH%
BoTwaZss, HEOU—HAA L 2 —%EHL Al 2 A2
EDRNCIEFS T2 2 TES. Al HTO T ¥ H — 0377
ELTHRRIZTI v FENLY —X—F THIFIZIERFR O
LATVE0E T TIKHRLTWEDTI I TIELLEFOT
LTV BT 2 HEIF R,

& 5T, safe-to-skip DEMZHHT 2 Z e N TES. i,
BEDEHF T TT Y H—%2RFy S LTHRETHZZLTH
5. BETVH=PIEROT V=BV Y IBRVIGE, %

Z fLiZ Quorum Intersection

D7V H=EFEDNY F=RTHFEIN TR Z & HRGE
ENB7D, BEWXRAFy S TES., ZHITED, faulty 2V —
R—12&?a3Iy b ROBEERSZENTES.

5.3.3 V—X—=&A4 T ) —x—FEH

Bullshark T, £Vt —7ZIZ2 D0, 300DV —
K —%Fo>TW3b. Steady-State Leader ¥ Fallback Leader %3 2
DDV =KX —&KA S THb. Steady-State Leader i, [FIHARARH
K&y z—7Z8izaiy bEhd, Eho7oh—1)—X—
CHBETHS. 1V —TWE 47V RTHED, v
Z 212 2 DO Steady-State Leader 2%:#H X+ 2. Bullshark T
X, Ao 2 —ZFHP L 2 —[FAAX D =X LR ETH S 7
», U9V F 1 DY —X—7% honest THAUXF VY K3 &iTL
A TAIRFIZBIIA S 5 2 £ 3T % 5. Fallback Leader &, FE[RHH
AR 213 DR, FH6 I v RTaly b3, Zh
IZ liveness % MESRICREES 2 72D DR r — A DY) —X—T
HYH, Tusk[18] ¥ [AEETH 3. Quorum Intersection 2k D, H
BBV —R=ZATPELY z—TTa3Iy FEN3ILER
V. EoT, HEoENYT—X oy BEUEL, v ORREED
V—X—%2a3Ivy FTRTHREWVD 25E1F, o
T—& v Zv; ORFELX A T % Steady-State Leader £ L, Z 5
T WA X Fallback leader ¥ §%. %72, Reliable Broadcast
Protocol D BT TRTONY F—XIIHAX, v DRI CHERE
BEZRZ P TEZOT, MUHKREXS T2EE, agree T
L, EHFUFUTHASI L IDV =K== T2z iF
TERW.

U —X—3E X, Steady-State Leader I3FH 7V > K T7a—
FF ¥ 2 FF 272012, #BEZ 7 > FIZ LeaderSchedule::leader()
Bt Tag s a VRETIR IV Y FTY— FEaNKLR
T—IMEHRNTY —X—%#H T 5. Fallback Leader 1%, 7
vy R 1 THRETZ2DIC, 7V Y F4TERINET VXL
M2 L TEMRANSELR SN S.

5.3.4 NPEHDZEREHR—TaL s arpFEk

DAG-Rider [34] DX B =X 2 ¥ Narwhal [20] DA X —
VALl yarvAAAXL3HETS. XoT, ZTAIIMLT,
Bullshark {3 R—YaL 7> a v &FEELLDI S S DAG-Rider
[34] THELINZITNY > 7 ZZRINIEA L, HWOFIR
%z 5 5 HAaEDE, FEHHRTOANFHZRAET 5.

Hashgraph [37] Tld DAG HiE b EhTWwignizo, Fiw
7u v 7O validity ZMFET 572DICDAG DS L7 4 v 7 R
EEE XE VIR LRTNER SRV, CheRHT 5720
WIER DX EY BRETH 2 DFEHLNVTHEET
1&T &7\, Narwhal [20], DAG-Rider [34], Aleph [42] TiZ,
7V Y RR—ATHE(L I N7z DAG Zffilo TW3 A, NP4
PEREIZLTWS. JERAR Y P =2 IZBVWTXEY 2 FEE
T BB, £ T honest BNV T — ZITH L TONEEE RS
% Z 38 LWz, Bullshark T, Global Stabilization Time

(¥ 16) : Mysten Labs, “LeaderSchedule::leader function,” GitHub, https://github.com/
YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/leader_schedule.rs#L.233
-L.263, February 2025.
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(GST) 1%, honest BNV F—=RIZLBZETDODRy -V %
BREETHR—YaL 27 a YORIZ DAG ANARTWS,
GST D%£121% ¢ P Failure Detector [43], [44] DB TH 5.

P Failure Detector &, £ T faulty 72 7 0t 1%, &N
I faulty THRW B E 212 & - TREMIC fault TH % ¥ 5Eb
N3 X 5127 % Strong Completeness & FED T T v & 2 3%
A L7RRZIAORNEROK T L EEL, Z0%kD ZIEE
DOFFEEE T % &, non-faulty 7' 1 & ZA D3GR o TESE & HI W
X3 Z 237 < 72 % Eventual Strong Accuracy I2 & - T, 4
TONY T —=EPLEEAREZIENTETWRLTH IV Y
KEIR=TaL 7 b 33BN TEXS. % Bullshark |Z
UTRDORA LRE Y TOMREFEET L L TEBEL TV .
Bullshark I3 R XV 2R LRSS, ELWVWT a2 X v
=Y M%E7u—FF¥ R+ LEHA, GSTDH, £ TDIEL
Wt AR M ZRELTWS Z e 2IRiET 5. &
R=VaAL7ay A= XLD=DIT, ETHOIER, vertex
I LTRA LRR Y THBIL, honest 72NV 77— X X THMA
v 70— FX % X b LERORY o.rs 26T 2. Z2LTA
VF—R@EHR=YaLryarDsvy R (F7 44 b
350 vy RED) 2HERL, 2RI EDF Y Y FHD DAG
WIETES Z B S I X' ) 2T 5.

Ty rFz—rarery¥Ta b anizBir s Nt
i, TARNYTF-XBFHEMRICERRL, L ZBIEL
NY)F—=RTH I ¥ raroarytryyRACHKRT S
ZEMTEDZLWVWSZETHDH, DAGR—ATIEETHONY
T— XN DAG ICTHEAZBIMTE2X5CT2ZeNTHS.
Bullshark [X[FIFARARI O DAG MiERIC X 4 47V M REA LT
WY 2 REHET S, WY 2R, @BEOV YT (Trh—
Y — X -l XN TV BIREE) YiE-T, BHIU Y R
52O ERTD T v > RIZx LT faulty TRWANY 7 — X iEAh
T Quorum ZEM L TWRWT U H Y —X—IHKETE, 20
V=X —PEEEFZFETazIy PRRETZ22 VWS 22 TH
5. ZRUTED, BELEANYTFT—Rbart Y RICHKT
BZemTE, RPN TA RIS 3.

6. 7OvoFx—>AZIybrEFTOT7ILIY

ALy
SUYFEr SOV Er
TRDT—H—/ =K VIRDF 1T /—F .
7547;|~A}»1,z m,—{ eeeeeeee ; d Rever V2HROTFARY
i | ; | hACERL, BETS
3 0A i dA !
: | ¢ | on u,j{ﬁmm7$4vu
[ socnater | / | proposer =T iomacERL, BiRTS
(4 bAEERT B dA 7:hAZEMT 3 5 B Y
shwoys i 11: ceraz AL, {vemo7543

certParents |

12:70-KF vk

certA

10:hAICEBS L, BETS

[¥ 10: Narwhal 12X 3 5% > F DAG #5713 Y X 4.

(F£17) : Mysten Labs, ”GC depth,” GitHub, https://github.com/YuseiWhite/sui/blob/

mainnet/narwhal/Docker/validators/parameters.json#L.3, February 2025.

(e ]

V: {0171}2’---,””}
VENY T =X v DEE (Validators) %F6L, v ($HE—D
validator 2§73 .

Yv eV, Jw, € Workers A 3!p, € Primary [63]
BNV T =REENENEBOV—H— /) — R H—D TS5 4
<~V /—FEMEERLTWS.

YoeV, W) ={w,1,Wy2,...,Wy,m}, default :m =4
BROT—H— 7 — FZ7—H—/ — FOfEr LGiidT 5.
Narwhal 70 b 2L £
VRO TS 1Y
Jx—Jw-1 'jgvjw

57> Frmax

=\
<]

*?v

37, 38: Total Ordering:

29, 30: linked()

;32: A OBICA2ZIBF D119 3 C & ZRIE

11: Bullshark 12 & % Total Ordering 7 /L3 X 4.

Network L -f 7 —: Narwhal IZ& 357> K DAG 1.

(1) 2547 bv2—H clienty \FNVT—X v I+
TUH I av i, BEETS. [66] DM TUF I3
VHARXIFINL N[ THDE. 7547 b2 —HFIiF
V={p|ieNl<i<n@NLTrIUyFrarpi
MEHAT 2AHFELALFF X AMTE, ZOFEEDO—HE
ZEETEYS - R =T 4 OV —EL RS RIEEEZ
ETES, ZOY—E AT 0N, X safety ZAETH 25
liveness (XN EETH 5. [45]

(2) Y=H—=/—=Fuw v Dixy 2ZIET5.

(3) wy,; ¥ 1xq % validate() BIEL W 2 RATS 5 Z L T
AEL, BIITHDHE, tog 3Ny FIBINENS.

(4) batchMaker € wy | & txy MO+ ¥ > ay
Tx = {txp,txc,....,txp}, tx; EN, b <i <k ZFE DTNy F
ba ZAFRT 5. 72, wi @ {veV v} IwevlTHLT
ba BREEL, ELEEY—H—/ =3 by &R —HILTH
W s,

(5) bpal3V—h—/—=FANTHAy>afbdh, X4V
A MDEEINDG. dg «— hash(by)

(#18) : Mysten Labs, ”Transaction Validator::validate function,” GitHub, https:/githu
b.com/YuseiWhite/sui/blob/mainnet/narwhal/worker/src/tx _validator.rs#L.16, February
2025.
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(6) w1 enEFI74V/—FTHopeyZXfT=
A b dy BEET 5.

(7) payloadReceiver € p1 MO NY) F—Z 5 H X4
Yz AND={dg,dc,...,dy}, di €N, B<i<wk%EFT5.
proposer € p ¥ 17374 &Z4 Y = A+ D (default: D > 32 &1
20 max(D) = 1000)#2VE2 235 h | BOFEHE certparents
A Quorum % E K L TW %54, Proposer:make_header() B
HED@EN F i~y X— FRARTI 71 v 7)) hy &
BERT . NV X —hpa BV —H—DETF T arny
FOMBERSIRD7=DDHI 7V K r—1 D n- f OiFHER
FoTWT, BETE270— KX v 2 b [46] DD D5TELME
LRI ZIRAET 5.

(8) Validator1 X {veV |v£un} ITNLThy 70 —FK
Fr AT 5.

(9) {veV]v+u},3r:
hpa COWTA N 2GRS 5.
Chp BIELWIE Y 27 [47] OB DTH 3 H
-ha DRA Y = A PDWYNAEL NIz S DTH B H
V== = FHARRA Yy =V TIEEINZXA P =X T
SHET 2N FRRFEENTOVEIDR hy BTV R r TOY x
ATATaY I THIZPRTIVY R r—100562f +1 EDEH
FHEEN TV B DFICONTIEA v X — LR P HEE X
nTn3,

(10) {veV v} l&, hy DENTHIEE, T4~
V/—Fprevidhy TBETEZLTHRETS. VoeVl
BIREOTAN Y X=X AP 2 A MINT2BEBDETHD Z
EMEENTED, VoteVlinew() BT I2 & » TEH L IE
MNETENS.

(11) py vy PHRE U hy R ZZEETDH 5D Y
T=Eh5 2+l BREHEDZILICKST, 7+ —T7 L%

r = Receiver(p(v)) X2 L 7z

(£19) : Mysten Labs, “Batch size,” GitHub, https://github.com/YuseiWhite/sui/blob/
mainnet/narwhal/Docker/validators/parameters.json#L4, February 2025.

(§320) : Mysten Labs and Facebook, ”Parameters::default_max_header_num_of_batches
function,” GitHub, https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/config/src/
lib.rs#L.198-L200, February 2025.

({#21) : Mysten Labs, "Max header num of batches,” GitHub, https://github.com/Yusei
‘White/sui/blob/mainnet/narwhal/Docker/validators/parameters.json#L5, February 2025.
(#22) : Mysten Labs and Facebook, “Parameters::default_max_header_delay func-
tion,” GitHub, https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/config/src/lib.r
s#1.202-1.204, February 2025.

({23) : Mysten Labs and Facebook, “Proposer::make_header function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/proposer.rs#L.178
-L200, February 2025.

(#24) : Mysten Labs GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/types/src/primary.rs#L.630-L6
49, February 2025.

(#25) : Mysten Labs and Facebook, "HeaderV 1 struct,” GitHub, https://github.com/Yu
seiWhite/sui/blob/mainnet/narwhal/types/src/primary.rs#1.544-1.556, February 2025.
(§326) : Mysten Labs and Facebook, ”VoteV 1 struct,” GitHub, https://github.com/Yusei
‘White/sui/blob/mainnet/narwhal/types/src/primary.rs#1.961-L971, February 2025.
(##27) : Mysten Labs and Facebook, ’VoteV 1::new function,” GitHub, https://github.co
m/YuseiWhite/sui/blob/mainnet/narwhal/types/src/primary.rs#1.995-.1012, February
2025.

and Facebook, “HeaderVl1:new function,”

ML, BERAE GEEREA T v v 7) certg " RAERT S, Z
D certp IRD T2 R 1+l TEREINETHA S certg DH
J— R LUTHAEL, DAG U RAIRTH 5. 7, FALAE
&, BEEXNZ e RAAT 22 GaryerHx7a b
IANTDNZ I aryElid ey 7OMREE 7 7 4 F
VT 4 DEBICHAAIRTH 5.

(12) previE, {veV]v#ov}, 3p v X LTI certy
7R —R*xy A bT 5. ZHUTKD, ZEE X certy & BHE
FTHEXAY =R MEMHRHLT, ZhZzhnu—HhL DAG IZTHA
PERTE2 X512k 5.

(13) 794~V /) —Fdn-fHOESEEKL, 202
NDFAEEF X SICRE 2, ROFY U Fr+1 12T 2
EMTES. ZOXIRBRENIET VY RTENY T—X
WK BEERAE certy, (A3 v MRIZ R Yy 7 F2FREEINT
0 v 27) & Bullshark 2 > >3 2ICEXI N 2% 7 DAG & L
T, BV Y P OREETH 2 —ETY - Y AEN 5.

Consensus L - ¥ —: Total Ordering 7JL ') X L.

(14)  wave,, 1 D roundmax, Ar € 2Z TEHE NIz Steady-
State Leader ¥ Fallback Leader 2 EH XN T\ 3.

(15) Narwhal 2 & > T3 TIUE X N/=4 7 DAG % R R
WKREICa Iy FEINZYTED certeommitied £V —F — A
TP a— kU HN=DDIZHIGT B, (F (0D 9
ERE: 2255 Bullshark 2>t %270 +alo 7ot 2B
DB E N 3.

(16) %7 L\> Bullshark #iER®ED D 4 > 2 X A A KT
6' (11:33)

(17) avirHzx7 o b a/)LTONFEE RGN
V7= X0 LWEEIHE 2259 % Z & C, Narwhal TOH 7

({3:28) : Mysten Labs and Facebook, "CertificateV2 struct,” GitHub, https:/github.com
/YuseiWhite/sui/blob/mainnet/narwhal/types/src/primary.rs#L1500-L1506, February
2025.

(7#29) : Mysten Labs, ”get_restored_consensus_output function,” GitHub, https://githu
b.com/YuseiWhite/sui/blob/mainnet/narwhal/executor/s

rc/lib.rs#L.90-L126, February 2025.

(#30) : Mysten Labs, “PrimaryNodelnner::start function,” GitHub, https://github.com
/YuseiWhite/sui/blob/mainnet/narwhal/node/src/primary_node.rs#L.52-1.113, February
2025.

(f£31) : Mysten Labs,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/node/src/primary _node.rs#L
178-L.283, February 2025.

({332) : Mysten Labs and Facebook, *Bullshark struct,” GitHub, https:/github.com/Y
useiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullshark.rs#L.26-L44, Feb
ruary 2025.

(7#33) : Mysten Labs GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.48-L66, February 2025.

(#34) : Mysten Labs and Facebook, "Consensus struct,” GitHub, https://github.com/Y
useiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.rs#1.296-L320, Febru-
ary 2025.

(1#35) : Mysten Labs GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.r
s#1.383-L391, February 2025.

“PrimaryNodelnner::spawn_primary function,” GitHub,

and Facebook, “Bullshark::new function,”

and Facebook, ”Consensus::run function,”
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DAG ¥ 72 % certy 73 Bullshark 123 X413, (30 (37

(18) Bullshark::process_certificate() BE £ 2%t L T Con-
sensusState i K3 % D Consensus & K0 ¥ 2 DEEA
Eocerty BIET.

(19) wavey, T round, =1 T AnchorLeader 51 DECE X,
ETDONVTF—=EANTH—FFr A+ Sh5.

(20) round,,; = 2 T n = 4, Validators =
{vi,v2, 03,04}, faultyy = 1 25 2. 01l ¥ 2 BENREN
AnchorLeader g1 \ZIET 5.

(21) AnchorLeader z1 73 Quorum (f+1) ZEWRT 22
PHDOETONY F=RIZFEMHENS. ZOMEHL S
@D AnchorLeader 41 ' Steady-State Leader ¥ BRI N 5.

(22) round,,, = 3 D72 D Steady-State Leader TH 3
AnchorLeader gp D5E M E 5.

(23) round,,p = 3 T certg IXFTIHFELTWVWS
AnchorLeader yo DECEINETONY T —XATH— ¥ ¥
AREN5.

(24) round,,3 =4 Tuvy ¥ v3 ¥ vg B AnchorLeader ap 1
®ET 5.

(%)(mm@gz@éZZf@élt%%wb BHDI Y

¥ ¥ roundperpatesr, & BTED ConsensusState G KD 2 5]
#¥ LT Bullshark::commit_leader() BEEL 42 |2 3. (54

(26) AnchorLeader zo 73 Quorum (f +1) ZEKL,
PO ETONY F—R eI 2.

(27)  wavey) THEENGR 72 % Steady-State Leader & Fall-
back Leader 2% H X1 5.

(28) round,,3 = 4 D1 2DFHIDIV YK (F7v Y K)
round,p = 3 IZBWVTD Quorum (f +1) ZEB LTV
T RMGET 5. (W

, round,y

Zh

(36) : Mysten Labs and Facebook, “Consensus::run.inner function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.r
s#1.393-L476, February 2025.

(##37) : Mysten Labs and Facebook, GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.r
s#1.324-1L.381, February 2025.

(7£38) : Mysten Labs and Facebook,
GitHub, https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consens
us/bullshark.rs#L.124-L.214, February 2025.

(##39) : Mysten Labs and Facebook, "ConsensusState struct,” GitHub, https://github.c
om/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.rs#L.36-L51, Fe
bruary 2025.

(J£40) : Mysten Labs and Facebook, “Consensus struct,” GitHub, https://github.com/Y
useiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.rs#1.296-1.320, Febru-
ary 2025.

(¥41) : Mysten Labs and Facebook, "ConsensusState struct,” GitHub, https://github.c

”Consensus::spawn function,”

“Bullshark::process_certificate function,”

om/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/state.rs#L.36-L51, Fe
bruary 2025.

(#42) : Mysten Labs and Facebook, “Bullshark::commit_leader function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#1.221-L317, February 2025.
(#43) : Mysten Labs and Facebook,
GitHub, https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consens
us/bullshark.rs#L.124-1.214, February 2025.

({344) : Mysten Labs and Facebook, “Bullshark::commit_leader function,” GitHub,

“Bullshark::process_certificate function,”

(29) Bullshark::commit_leader() B34 > %3 Bullshark::process
_certificate() BABHON TR T » 72518 % Z D ¥ ¥ Bull-
shark::order_leaders() BIEX ™ ICIEL, RFDI VY K2 205
RERICT Iy FENT TP 2 OFI x (roundjgress, —2 <
x < roundjgsiCommitted, +2) ZIET 5. ZhiE, FvUF
Z2OFOR-THRRICAIY FENKLTIV YR +2 $TITD
Z T, BIZIERDIZ round, ¥ round,_, XTRIZLIHED
KX, round,_o ¥ round,_4 TH5.

(30) Bullshark::linked() B%X T 2 D DFEE (—&F)D
@w—fM@fu%%®5ﬁyF@U—ﬁ—240%®v—
X—0M) PEEINTWI0E S 2R T 5. 2T,
AnchorLeader g1 ¥ AnchorLeader g 755‘5%55%‘ NTWB0%EhE
BT 5. IhoPEfFIRTOIUL, #HRBMELD D, MERNR
g E 2R TERVS DD, DAGR—ATDT 74 F 1
TAERE AT Z e TE 20D H 5.

(31) 7yh—v—%— GEHE) BErEEEh T35
B, A3y PFEDT VA —Y =X — 2l ¥ 2 — T Bull-
shark::commit_leader() B4 1R §. 50 7 v h— ) =X —%
AIY T B0V I IFEOKEBEBRPERRBREICH LTS
ETaAIvbFELVI I EEKT 3.

(32) AnchorLeaderp; ¥ AnchorLeader s> & Quorum In-
tersection ¥ DAG D MEIEIZ X D, AnchorLeadery; DI
AnchorLeaderpqp 72 3 v b3 N2 XS WIHFM T EINS Z
ERFEE N, 7A=Y =KX= HVIE» SIS -7 R
*3‘6 . (51

(33) certp BETLINHDT ¥ H—Y —X—DIEFMN T H
DDOEEET T DAG & L THIORTDONY 7 — XHREFT E
% ko kkifb s 5. @2

https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.221-L317, February 2025.

(7#:45) : Mysten Labs and Facebook, “Bullshark::commit_leader function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.221-L317, February 2025.
(73:46) : Mysten Labs and Facebook,
GitHub, https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consens
us/bullshark.rs#L.124-L.214, February 2025.

(7¥47) : Mysten Labs and Facebook, “Bullshark::order_leaders function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.321-L373, February 2025.

(1#48) : Mysten Labs and Facebook, GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.376-L392, February 2025.

(7#:49) : Mysten Labs and Facebook, “Bullshark::commit_leader function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.221-L317, February 2025.

(7#50) : Mysten Labs and Facebook,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.376-L.392, February 2025.

(7#51) : Mysten Labs and Facebook, “Bullshark::commit_leader function,” GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#.221-L317, February 2025.

(1#52) : Mysten Labs and Facebook, “Bullshark::commit_leader function,”

”Bullshark::process_certificate function,”

”Bullshark::linked function,”

“Bullshark::linked function,” GitHub,

GitHub,
https://github.com/YuseiWhite/sui/blob/mainnet/narwhal/primary/src/consensus/bullsh
ark.rs#L.221-L317, February 2025.
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(34) a3y rDPYF—%LEZLDEH (Ou-
come::Commit) & b7 V¥ 7> a VEITICHERERE2RIFL
arveryHRaIvy bF500Y% 7 DAG OIEFTFH D O
A OE) 3R, GO GESS) = M8 4 G850 ST 3L — LIC & o
ThrI ¥y a YOIERNI»THONS.

(35) FoUHIrarveETTLEIIA4T7 Y PRERT
2 GEST) GESS) GEs9)

(36) # 7 DAG NOFFAEDTRTDNY F2REFT 2
Consensus D 1796 % ConsensusHandler 6" (3, (62 (Eod
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