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Motivation 
1. Power analysis plays a pivotal role in the design of large-scale
digital integrated circuits (ICs), where accurate and efficient power
evaluation during the design phase can substantially improve the
chip performance.

2. Despite the advancements in power analysis techniques, the
requirement for extensive circuit data and diverse topological
scenarios remains a significant challenge.

3. In response to the limitations of existing datasets, to support the
needs of machine learning (ML)-driven average power analysis
methods, we propose a novel pseudo-circuit dataset generation
algorithm specifically tailored for power analysis.
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Main idea 

1. Random directed acyclic graphs (DAGs)  are created,
followed by mapping DAG nodes to gate-level nodes to form
combinational circuits.

2. By integrating register units, these combinational circuits are
converted into sequential circuits, which are subsequently
optimized using the Synopsys design compiler.
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Method 
1. We propose an efficient and rapid algorithm for generating
random DAG topologies and then generating random
combinational circuit netlists.
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Method (Cont’d) 
1.1 We introduce the 
random multi-connected 
component DAG 
generation method in 
Algorithm 1, which 
efficiently establishes the 
initial connections within G. 
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Method (Cont’d) 

1.2 Algorithm 2 enhances 
the graph structure by 
examining and connecting 
separate components, 
ensuring that the graph 
maintains weak connectivity 
and forms a single-
connected component. 
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Method (Cont’d) 
1.3 By post-processing with 
Algorithm 3, the resultant 
computational graph forms 
a single-connected DAG, 
which is suitable for 
implementation in 
combinational circuits. 
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Method (Cont’d) 
2. The transformation from a combinational circuit netlist to a
sequential circuit netlist can be facilitated by introducing
registers. This method involves selecting a specific number of
primary inputs and outputs from the existing gate-level
combinational circuit and connecting them using predefined
gate-level registers. This process effectively transforms the DAG
combinational circuit into a directed cycle graph (DCG) structure
pseudo-sequential circuit netlist.
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Major results 
Pseudo-power datasets and comparison with state-of-the-art 
dataset methods  
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Major results (Cont’d) 
Power result 
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Major results (Cont’d) 
Simulations on the topological complexities 

Fig. 5  Simulations on the topological complexities of the generated combinational circuits, 
where the vertical coordinates are all the total power consumption errors: (a) effect of γ value 
on the power consumption error; (b) threshold measures, where the upper blue region is the 
95% confidence interval of the PTPX error for benchmark and the lower purple region is the 
95% confidence interval of the Voltus error 

Front In
form Technol Electro

n Eng



Conclusions 

1. Unlike traditional approaches, the proposed method uses 
graph topology computation to efficiently generate random 
DAG structures. 

2. These DAGs are transformed into pseudo-combinatorial 
circuit netlists, with registers added to convert them into 
pseudo-sequential circuit netlists.  

3. We manage the complexity of these circuits by setting 
hyperparameters. By examining complexity and comparing it 
with that of the benchmark datasets, the results demonstrate 
and validate the effectiveness of the proposed dataset. 
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