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구간
스텝
수

TX/
스텝

네트워크 비잔틴
노드

주요 특성

Baseline 80 4 0.00-0.02 0
기저부하, 

정책초기화검
증

Load
Ramp

80 16 0.00-0.02 0
고부하전환, 

처리량적응요구

Jitter
Under
Load

80 16 0.08-0.25 0
고부하+ 

네트워크지연
변동

Calm
Before
Storm

80 4 0.00-0.02 0
부하감소 후 

안정구간

Byzantine
Surge

100 16 0.03-0.08 1
Byzantine

장애 고부하+

Recovery 80 4 0.00-0.02 0
Byzantine

해소 정상복귀, 
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Parameter Value

Network architecture 2-layer MLP (128 x 128)

Learning rate 1e-3 -> 0 (linear decay)

Batch size 64

Replay buffer size 50,000

Target network
update interval

250 steps

Exploration(e) 1.0 -> 0.05 (fraction 0.5)

Learning starts 1,000 steps

Discount factor(g) 0.99

Random seeds 42, 123, 456, 789, 1024

Shield
Avg TPS

(mean +/- std)
Blocked Violations

NoShield 2.81 +/- 3.23 1,552 7,801

RuleBased 9.78 +/- 0.56 3,110 0

Z3 9.78 +/- 0.56 3,110 0
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Shield Mean Median P95 P99 Max

NoShield 0.47 0.46 0.50 0.63 14.6

RuleBased 0.93 0.88 1.04 1.71 10.0

Z3 8,232 8,167 8,741 9,159 53,958

시드(Seed) 수렴 에피소드 최종 보상 평균

42 31 77.22

123 32 43.36

456 15 81.62

789 38 79.37

1024 0 78.16
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σ

구간
DQN 
TPS

Static 
TPS

Delta 
TPS

DQN 
Reward

Static 
Reward

Delta 
Reward

Baseline 4.0 4.0 +0.0% +0.088 +0.088 +0.000

Load
Ramp

15.8 10.0 +58.0% +0.673 +0.378 +0.294

Jitter
Under
Load

16.2 10.0 +62.0% -0.212 -0.517 +0.305

Calm
Before
Storm

4.0 10.0 -60.0% +0.067 +0.376 -0.309

Byzantine
Surge

16.0 10.0 +60.0% -0.017 -0.113 +0.096

Recovery 4.0 10.0 -60.0% +0.082 +0.375 -0.293

108 2026년 06월 스마트미디어저널 Smart Media Journal / Vol.15, No.6 / ISSN:2287-1322



정책
Seed 
42

Seed 
123

Seed 
456

Seed 
789

Seed 
1024

평균

DQN 0.0 22.0 0.0 0.0 0.0 4.4

Random 25.0 21.4 29.3 29.7 35.4 28.2

Static 0.0 0.0 0.0 0.0 0.0 0.0
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μ
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