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ABSTRACT

Optimistic Rollup-based Layer 2 networks have garnered attention as a significant solution to address Ethereum’s
scalability issues. However, the efficiency of operational costs acts as a critical factor for the sustainability and scalability of
these networks. In this paper, we propose and experimentally validate a method to reduce operational costs by adjusting the
rollup intervals and sizes in the Titan network. Specifically, we conducted experiments by modifying the rollup intervals of
Transaction Batches and State Root Batches. The experimental results showed that we could reduce the operational costs of
Transaction Batches by approximately 3.4% and State Root Batches by about 64%, achieving a total operational cost
reduction of around 36%. This reduction was primarily due to the decrease in overhead gas costs associated with State Root
Batches. Furthermore, we derived the optimal balance by considering the impact of rollup interval changes on service quality
and user experience. This study provides practical guidelines for enhancing the operational efficiency of Optimistic Rollup
networks and is expected to be valuable for future network design and operations.
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Table 2. Four Network Cost Analysis Results
Table(Unit: ETH)

Table 1. Comparison of between Transaction
Batch and State Root Batch
Item Transaction State Root
Batch Batch
Method Calldata Storage
Validation Operation Execution
Information
. about state
Transaction .
. changes in L2
Information processed by
after
L2 .
transaction
processing
2,121 Gas per
State Root
Gas - Overhead per
Batch:
126,648 Gas
Transaction
batches are Reduce gas
compressed cost per
Optimization batch by
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possibilities including
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. .. more state
which limits
. roots
cost savings
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Net:+1.674 Net:+2.378
Revenue:0.820 Revenue:1.784
Boba Cost:7.626 Cost:10.380
Net:-6.806 Net:-8.596
Revenue:0.091 Revenue:0.197
Titan Cost:0.678 Cost:1.368
Net:-0.587 Net:-1.171
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Table 3. Four Network Rollup interval and batch
size Table

Tx State
Tx State Batch | Batch
Solution Batch Batch per per
interv | interv | Txn(E | Txn(E
al al stimat | stimat
e) e)
.. 10 About | About
Optimism min 1 hour 150 1.000
. . About
Arbitrum | 6 min - 900 -
Boba every 1 hour fluctuating
Titan every 10 min fluctuating
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Pros Cons

Reduce operational
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sustainability

Delayed transaction
confirmation

Potential for reduced
security

Improve network
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Increase processing Risk of delayed block
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Possible processing
delays during
network congestion

Spread the cost of
overhead
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Table 7. Estimated gas cost and savings per
Transaction Batch rollup interval

Total #
Rollup of Estimate Reduction
Interval batches cost percentage
(L2 txn)
10 min 1,043 2.34 ETH -
1 hour 590 2.16 ETH -4.42%
6 hours 347 2.06 ETH -4.63%
12 hours 287 2.04 ETH -0.97%
18 hours 235 2.02 ETH -0.98%
24 hours 206 2.00 ETH -0.99%

[J'raansaction batch] Effect of Rollup Interval on Estimated Cost and Reduction Percenta%e

—e— Estimated Cost
-m- Reduction Percentage

n

Estimated Cost (ETH)

Reduction Percentage (%)

0 15

0.0 = o
10 min 1 hour 6 hours 12 hours 18 hours 24 hours
Rollup Interval

Fig. 1. Effect of Transaction Batch Rollup
Interval on Estimated Cost and Reduction
Percentage
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Table 8. Estimated gas cost and savings per
State Root Batch rollup interval

Total # of
Rollup batches Estimate | Reduction
Interval (L2 state cost percentage
root)

10 min 1,043 2.74 ETH -

1 hour 590 1.60 ETH -41.61%
6 hours 347 0.98 ETH -38.75%
12 hours 287 0.84 ETH -14.29%
18 hours 235 0.70 ETH -16.67%
24 hours 206 0.62 ETH -11.43%

g%tate root batch] Effect of Rollup Interval on Estimated Cost and Reduction Percentagg
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Fig. 2. Effect of State Root Batch Rollup
Interval on Estimated Cost and Reduction
Percentage
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Table 9. Changes in S and U According to
Independent Variable Changes

Independent . User
. Security .
Variable Level (S) Experience
Change (U)
Increase
Rollup Low Low
Interval
Decrease
Rollup High High
Interval
Increase . .
Batch Size Medium Medium
Decrease . .
Batch Size Medium Medium




A0 553

(2024. 12) 1413

A, AR 54 7120 Fe] =AaA deled] 7]
whallom 2 A A VN S SIS el
%3 % itk E4. Rollup 77] W7 92 =
A A Adel AL URE Mmdla 18R
Wsfel vl Jgel B G FAo] Pt
AR, olelels Hli%ﬂﬁl Fhew] WEYE 3E)s
A gob A Sodulge] Bebd 4 glek. ol
Ar 5 Q7% e ned wash o

FE AFoAe YESY T Al EdAAL v
o wel Rollup F715 FAHLE A= AAZ
A3 Fue|ES plete] g £ Fujsha
4 9l Zolt}, o]l UEYZS ¥3} AHstel] uwleh
Rollup 718 AEoz zAgowxn ulg d7ly)
Au) A FAG EAlo] AR 4 9o,
w3l Rollup 7] W7do] AbeA}l ukExrel yE

Y3 AFR-Eo| U15<]—‘1_:_ oJgks A=Hgow 04%7_6]_0:]

HEA]ZS] 7han] WEA
8 &3 wAste] oS A
£ AE FHT B_UE ek k)] AA
| g += Rollup =& 7o

9le A

2L ox

2H godul e peR AN 4 3le Aow
7= et
VI. & 2

B 3o 4= Optimistic Rollup 714t Layer
2 EH= 9u|8-S A7s7] 98 Rollup 5

719} Z719] A3 Wk AAskaL, Titan WES
e AgdE B8 2 33E @%s}oﬂu}
Rollup F71¢F =7]9 =4S E3
A 36%7HA RS - e F =
A U ES Y EfAA RErF e v ES T
A& 7S wole o 71Hg) w3t
A2l Ad3} AHAL AP dHE

3 UEH = A=A EeAE A
o9 ol=z}elr).

B o] Ale vEZ9 A} S AH
A4 7Fs3ti. Rollup 571 44 A3}, Rollup
=Z7] A -]‘1 _,_al E;d zA “']]7‘]‘/]2 Eo] ﬁ_%
3 2o TS Fola Al AMu|aE AT
g 4 oloh 5 AFelxe stan] WE é nke
AR 73] Awkst, Hokd Hrt, thkg IE$
Ao A8 AT 5ol Bashe, oF ooH Aok
g HekE v WA olvielE AdAY] FAA
A EA 7]AE Zew sl

Mo
ol
E

& 3

O.\.u

References

(1) AAlchemy, “How do  Optimistic
Rollups work: The complete guide,
https://www.alchemy.com/overviews/o
ptimistic-rollups, Oct. 2024.

(2) V. Buterin, ‘Ethereum Whitepaper: A
Next-Generation Smart Contract and
Decentralized Application Platform,”
Github repository, vol. 1, pp. 22-23,
Jan. 2013.

(3) M. Bez, G.
Vardanega, "The scalability challenge
of Ethereum: An initial quantitative
analysis,” 2019 IEEE International
Conference on Service-Oriented

167-176,

Fornari, and T.

System Engineering, pp.
Apr. 2019.

(4] C. Sguanci, R. Spatafora, and A. M.
Vergani, ‘Layer 2 blockchain scaling:
a survey,” arXiv preprint, arXiv:
2107.10881, Jul. 2021.

(5) Fidelity Digital Assets, “The Rise of
Layer 2
https://www.fidelitydigitalassets.com/
research-and-insights/rise-layer-2-scal

Scaling on Ethereum,”



1414 Optimistic Rollup 7|8} Layer 2 VY= &dn]4 47HS $18F Rollup A3 vkl 24
ing-ethereum, Oct. 2024. decentralised generalised transaction
(6) L. T. Thibault, T. Sarry, and A. S. ledger,” FEthereum project yellow
Hafid, “Blockchain  scaling using paper, pp. 1-32, 2014.
rollups: A comprehensive survey,” arXiv (13) Github, "batch-submitter.env.” https:/
preprint, arXiv:2207.10406, Jul. 2022. /github.com/mantlenetworkio/mantle/
(7) Ethereum Foundation, “Optimistic blob/main/ops/envs/batch-submitter.e
Rollups.” https://ethereum.org/en/dev nv, Oct. 2024.
elopers/docs/scaling/optimistic-rollups (14) V. Buterin, "An Incomplete Guide to
/, Oct. 2024. Rollups,” https://vitalik.eth.limo/gen
(8] L. Donno, ‘Optimistic and validity eral/2021/01/05/rollup.html, Oct. 2024.
rollups: Analysis and comparison (15) S. Yan, ’Analysis on Blockchain
between Optimism and StarkNet,” Consensus Mechanism Based on Proof
arXiv preprint, arXiv:2210.16610, Oct. of Work and Proof of Stake,” arXiv
2022. preprint, arXiv:2209.11545, Sep. 2022.
(9) L2BEAT, “Ethereum Layer 2 scaling (16) S. Mahmood Babur, S. Ur Rehman

summary, https://12beat.com/scaling/
summary, Oct. 2024.

(10) A. Mamageishvili and E. W. Felten,
“Efficient  rollup  batch  posting
strategy on base layer,” arXiv
preprint, arXiv:2212.10337, Dec. 2022.

(11) A. Koegl, Z. Meghji, D. Pellegrino, J.
Gorzny, and M. Derka, "Attacks on
rollups,” In Proceedings of the 4th
International Workshop on
Distributed Infrastructure for the
Common Good, pp. 25-30, Jan. 2024.

(12) G. Wood, ‘Ethereum: A secure

(M Xp200)
T %l A (MinJae Koo) 34

(FAEeh) E5Al, ARRS

200311~2008: A4}, A4

Aol st=slo] Het

Khan, J. Yang, Y. -L. Chen, C. Soon
Ku and L. Yee Por, "Preventing 51%
Attack by Using Consecutive Block
Limits in Bitcoin,” in IEEE Access,
vol. 12, pp. 77852-77869, 2024.

M. 1. Mehar, C. Shier, A.
Giambattista, et al., “Understanding
a Revolutionary and Flawed Grand
Experiment in Blockchain: The DAO
Attack,” Journal of Cases on
Information Technology, vol. 21, no.
1, pp. 19-32, Aug. 2017.

o] & 3] (Junghee Lee) 4134
20004 29 Moty z5egs FEkeal
20034 24 Medigty A5eFea Tl

20224 99 ~dA: et w HHH S F5usta) Ak
20239 94 ~3A: 2 Blockchain Researcher

20134 29 Aoty Axgea) Fehuiat
20141~20199: University of Texas at San Antonio 2§
20199 ~&A: et HH RS ohEhsd

ST





