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Abstract—The design efficiency of analog circuits is generally lower
than that of digital circuits, presenting a significant bottleneck in the
current integrated circuit industry. One promising method to accelerate
design processes is the modular design philosophy adapted from digital
methodologies. However, there is a lack of an efficient framework
for reusing mature analog circuit topologies and the corresponding
layout designs. To achieve a rapid design iteration while utilizing
specialized expertise in design, we propose IP-Matcher, an efficient IP-
based analog circuit matching and reusing framework. The framework
consists of three components: Analog Graph Converter, Analog IP
Manager, and IP-based Matcher, which collaborate to enhance both
matching accuracy and speed, thereby improving analog IP reusability.
We leverage the unique characteristics of analog circuits to significantly
prune the matching space, overcoming the limitations of traditional
circuit matching strategies. Experimental results show that our work
not only outperforms the state-of-the-art method by 32% in accuracy
but also achieves a 16× speedup.

Index Terms—Analog Circuit, Design Methodology, IP Reuse, Graph
Matching

I. INTRODUCTION

Analog circuits play a crucial role in mixed-signal systems,
with applications spanning sensor interfaces, power management,
and high-speed communications [1]. Their design relies heavily
on manual expertise due to sensitivity to layout parasitics and
process variations, resulting in low automation [2]. For analog layout
design, the engineers need to carefully place the devices considering
symmetry constraints, the parasitic effects of the layout, and the
manufacturing technology. Such a process is challenging and error-
prone and the corresponding expert knowledge in analog circuit
design is difficult to describe by clear rules. Thus, the level of
automation in analog circuit design has remained insufficient [2].

To address this issue, some studies have proposed applying the
design methodology of digital circuits to analog circuits to improve
design efficiency. One of the promising directions is to increase
the reusability of mature and well-tested analog circuits. Reusing
such intellectual properties (IPs) can accelerate the design process
of analog circuits and maintain the valuable expert knowledge em-
bedded in the schematic design and parameter decision [3]. Another
practical application is to reuse the layout design of corresponding
analog circuits to generate the layout of a new analog circuit
design [4]. All these design methodologies depend on precisely
identifying the desired IPs from existing analog circuits. However,
there does not exist an efficient strategy to match the most proper
analog IPs and reuse them precisely, especially for many legacy
designs without human notations.

The matching process of two analog circuits aims to find corre-
sponding transistor pairs, so as to share key parameters and reuse
layout designs. Analog circuit topology can be modeled as a graph,
and graph theory algorithms can be used to identify reusable device
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Fig. 1 Given one large query analog graph, the solution is to select
a series of smaller analog IPs to cover the query circuit. Then, the
expert knowledge embedded in the matched IPs can be reused in
the large query circuit to improve design efficiency.

parts [5]. Notably, as the number of devices increases, a single
comparison between two graphs with hundreds of nodes can take
several hours to compute the match [6]. Although recent approaches
[7]–[12] use graph neural networks with subgraph isomorphism,
they cannot precisely output the matching pairs between two graphs.
Some research [13]–[16] leverage circuit characteristics to accelerate
matching, but these methods mainly support one-to-one matching
between the query and target circuits. There is a lack of methods to
handle large-scale comparisons between query circuits and a large
number of IPs.

To solve the challenges mentioned above, we first propose an
efficient matching framework for analog design from reusing pat-
terns in legacy designs. Instead of one-to-one matching methods at
a large scale, the analog circuit graphs are converted into several
IP-based comparisons as shown in Fig. 1. The framework is con-
structed based on modular design philosophy and it explores a series
of optimization strategies to improve the matching accuracy and
efficiency. Our matching algorithm is customized to fit the analog
circuit graph, which greatly prunes the search space to avoid waste
during the matching process. To conclude, our contributions can be
summarized as follows:

• Propose a customized analog graph converter to extract key
circuit characteristics and standardize data for efficient man-
agement, enabling historical design exploration to generate
reusable IPs.

• Introduce a novel hashing strategy to label nodes with local and
global features, enhancing IP library management and query
similarity assessment in one-to-many matching.

• Develop an efficient matching flow with IP filters to prune un-



TABLE I Devices of analog and basic information

Device Symbol #Pins Pin types Hash
ID

NMOS 3 nd, ng, ns, nb 3

PMOS 4 pd, pg, ps, pb 5

Diode 2 n+, n- 7

NPN 3 nb, nc, ne 11

PNP 3 nb, nc, ne 13

Resistor 2 n+, n- 17

Capacitor 2 n+, n- 19

Inductor 2 n+, n- 23

necessary searches, accelerating the process and recommending
high-reusability IPs for specific circuits.

• Validate our method through industrial designs to prove that
our method outperforms baselines in quality and efficiency for
analog design and reusing.

II. PROBLEM FORMULATION

A graph G = (V,E) consists of nodes V and edges E. A subgraph
Gs = (Vs,Es) satisfies Vs ⊆ V, Es ⊆ E, and preserves all edges
between nodes in Vs.

Definition 1 (Analog Circuit Graph). An analog circuit graph G =
(V,E) contains device nodes Vd (e.g., transistors, resistors) and net
nodes Vn, with edges E connecting Vd and Vn.

Definition 2 (Analog IP Library). An IP library GLIB =
{G0, . . . ,GN} stores pre-tested modular circuits for design reuse.

It is noted that previous work focuses on one-to-one matching,
and our framework focuses on one-to-many matching. We give the
definition to distinguish two scenarios.

Definition 3 (One-to-One Matching). Find the maximal common
subgraph (MCS) MCS(Gq,Gt) between query Gq and target Gt.

Definition 4 (One-to-Many Matching). Cover a large query graph
Gq with multiple pre-tested IPs GIP.

Problem 1 (IP-Matching Objective). Develop a framework to
efficiently manage analog IPs and rapidly match them against large
query circuits.

III. OVERALL FRAMEWORK

To efficiently reuse analog IP through one-to-many matching be-
tween analog graphs, we propose an IP-based matching framework,
as illustrated in Fig. 2. The main framework is divided into three
parts: the Analog Graph Converter, the IP Library Manager, and the
IP-based Matcher (Matching Pruning and Anchor-based Matching).
Specifically, the Analog Graph Converter extracts raw analog circuit
characteristics and converts circuits into a standard graph format.
The Analog IP Manager employs a customized hashing method to
index analog IPs and efficiently determine matching order, enabling
simultaneous acquisition of local and global features of circuits.
The IP-based Matcher is a heuristic matching flow that prunes the
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Fig. 2 The overall flow of the proposed one-to-many matching
strategy of the analog graph.

process via IP filters to save matching resources. Details of each
component are elaborated in subsequent sections.

A. Customized Analog Graph Converter

Fig. 3 shows an example of converting an analog schematic into
an analog graph, where each device and net has a corresponding
node in the analog graph. Analog circuits consist of devices (PMOS,
NMOS, PNP, NPN, Resistor, Capacitor, Diode, Inductor), listed in
TABLE I. The device type is the primary attribute, therefore nodes
are classified by device type. Furthermore, node degree (connected
edges) varies by device type: PMOS or NMOS typically have 4 pins
(S, D, G, B), power and ground nodes (GND and VCC) have high
degrees (connecting most devices), while common nets have low
degrees. Considering these characteristics of the analog circuits, our
analog graph converter takes the netlist of the schematic as input
and performs the following stages to extract the normalized analog
graph.

Flatten Hierarchical Circuit Structure. Analog schematics adopt
a hierarchical structure, where devices and nets form functional
subcircuits (e.g., inverters, amplifiers) that may nest to form a
tree. Leaf nodes represent non-flattenable basic devices. Given the
unsuitability of a deep hierarchy for graph processing, the analog
graph converter first flattens the topology, maintaining internal-
external pin connections for consistency. It also stores hierarchical
information, which forms the basis for the parent-child filter in
Section III-B to enable hierarchical-aware matching.

Normalize Device Pins to Standard Form. As listed in TABLE I,
the typical device pins define the standard format for devices. How-
ever, some library technologies may include extraneous pins that
do not affect device functionality but introduce extra connections,
altering the topology of the analog graph. To address this, we
identify and remove these pins to normalize each device to the
standard format.

Preprocess Parallel and Serial Topologies. In analog circuits,
identical devices often connect to the same ports to form parallel
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Fig. 3 The schematic of an analog design and the corresponding
analog graph. The net nodes set Vn are in blue and the device nodes
set Vd can be classified into several types, i.e., PMOS, NMOS, CAP.

structures, which can be aggregated into a single representative
structure to simplify the analog graph. This operation allows match-
ing results to cover one-to-many device combinations. The same
principle applies to serial structures, both of which streamline the
graph topology by reducing redundancy.

B. Analog IP Library Manager

The analog IP library requires systematic processing to enhance
matching efficiency, involving two core stages: IP preprocessing and
IP indexing. As illustrated in Fig. 2, historical analog designs from
experienced engineers embed domain-specific optimizations for
functional modules, along with associated layout constraints—such
as parasitic effect symmetry, parameter coupling, and shielding
design. To fully exploit these engineering insights, we need to detect
the promising analog IPs that can be reused and index them to
construct the analog IP library.

Analog IP Detection. Analog designs contain numerous subcir-
cuits with specific functions, some of which are topologically and
parametrically identical. These subcircuits, with the schematic and
corresponding layout, are treated as reusable analog IPs for new
designs. By partitioning schematics according to the hierarchical tree
structure, we ensure that extracted IPs are diverse, and finer-grained
IPs significantly enhance matching efficiency. In the schematic of
analog design, subcircuits at various levels exhibit a parent-child
relationship (i.e., a subcircuit may contain its nested subcircuits).
During partitioning, the ancestral nodes of each subcircuit are
recorded to facilitate efficient matching by leveraging structural
relationships. After extracting analog subcircuits, they are converted
into graphs using the analog graph parser detailed in Section III-A.
This stage normalizes circuit topologies, device types, and pin con-
figurations to standardized formats, ensuring seamless compatibility
and reusability within large-scale query graphs.

Efficient Hash-based IP Indexing. The IP library may contain a
large number of entries, each of which must undergo a matching
process with the query analog graph. Directly applying the matching

Algorithm 1 WL_Node_Hashing(G, depth)

Input: G (graph), VG (nodes), depth (max WL depth), hash T (node
type hash mapping)

Output: H (node hash codes per depth)
1: H← {}; ▷ Initialize hash storage
2: for v ∈ VG do
3: H[v][0]← hash T [v.type]×

∏
u∈neigh(v) hash T [u.type]

4: end for
5: for cur depth← 1 to depth do
6: changed← False

7: for v ∈ VG do
8: H[v][cur depth]←

∏
u∈Neigh(v) H[u][cur depth− 1]

9: if H[v][cur depth] ̸= H[v][cur depth− 1] then
10: changed← True

11: end if
12: end for
13: if changed == False then return H

14: end if
15: end for
16: return H

algorithm to all IPs is infeasible due to its NP-hard property, which
makes it inherently time-consuming to find an optimal solution.
Therefore, an effective strategy is to prune unnecessary matchings
as early as possible through lightweight preprocessing.

Among the pruning strategies, indexing all IPs with lightweight
computations will be useful and efficient. The Weisfeiler-Lehman
(WL) test [17] is a key graph theory method for isomorphism
detection and feature learning. It iteratively aggregates node features
to capture local and global graph properties, enabling efficient non-
isomorphism determination with computational advantages, espe-
cially for large graphs. This process generates unique WL hashing
codes, effectively capturing graph characteristics for comparison and
classification. As shown in Fig. 4, an analog graph can use the
customized WL hashing algorithm to label all nodes of the graph
with various WL depths. Algorithm 1 shows the customized WL
hashing algorithm for the analog graph.

Lines 1-4 initialize the hashing, where neigh(v) will obtain all
neighborhoods of node v. For the first iteration, WL codes are
derived from node and their neighbor device types, with initial
hashes stored in hash T (prime numbers represent device types in
TABLE I). Hash codes are products of primes to reduce collisions,
as topology differences yield distinct codes. Subsequent iterations
(Lines 5-15) update codes until convergence (stable hashes or max
depth iterations). WL hashing is efficient, with codes organized
by depth for unique per-iteration node identifiers. Once IP indexing
finishes, library output H is reusable for any query graph. The WL-
based pruning strategy is detailed in Section III-C.

C. Efficient IP-based Matcher

We propose a one-to-many IP-based Matching method that
employs a series of acceleration strategies for efficient matching
with large-scale analog circuits. The detailed matching process is
described as follows.

1) Matching Pruning: Given the query circuit, we need to convert
it into a proper graph format, utilize some strategies to prune the
unnecessary matching, and decide the matching order through a
similar ranking.

Query Graph Rewriting. The given query circuit is converted into
a standard circuit graph using the analog graph converter. Then the
graph will be hashed through Algorithm 1 to generate the query
hashing codes Hq . The query graph usually has the nets like power
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Fig. 4 The WL hashing process illustration. The deeper the hash
iteration is, the more features around the node will be aggregated
to generate the final hash codes.
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Fig. 5 A minor alteration in the topology of the dense net will
result in substantial variance in hashing codes, thereby impacting
the matching outcomes.

net and ground net, which connect most devices in the circuits, and
these nets are termed dense nets. Devices connected to the same
dense net exhibit significant variance in their hash codes due to the
high sensitivity of the WL hashing process. As shown in Fig. 5,
G1 and G2 differ by only one device, yet many hash codes differ
significantly. To address this, dense nets are removed during graph
rewriting to avoid distorting the WL hashing results. This operation
does not affect final matching accuracy, as our focus remains on
device-level matching rather than net connectivity.

Efficient IP Filters. With numerous IPs, pairwise query-IP match-
ing is time-consuming. Early pruning of non-matching IPs avoids
unnecessary computations and saves time. Therefore, we employ
several IP filters to prune the candidate IP set during one-to-many
matching:

• IP Deduplication Filter: Removes topologically identical IPs
from different libraries to retain one representative, eliminating
redundant matching.

• Device Type Filter: Prunes IPs with more instances of any
device type than the query, as the query cannot fully cover
such IPs.

• Parent-Child Filter: Excludes parent IPs if their child IPs fail
to match, since parents (containing non-matching children) are
unlikely to yield better results.

Similarity Ranking. After filtering, numerous IPs remain for match-
ing. To reduce time complexity, we prioritize IPs likely to be reused
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Fig. 6 The ranking strategy prioritizes IPs with a higher likelihood of
successful matching, which enhances both the efficiency and quality
of matching results.

Algorithm 2 IP_Ranker(Gq, IP, depth)

Input: Gq (query graph), IP (IP graphs), depth (WL depth)
Output: scores (similarity scores for each IP)
1: Hq ← WL_Node_Hashing(Gq ,depth) ▷ Algorithm 1
2: scores← {} ▷ Store the scores for each IP
3: for GIP ∈ IP do
4: HIP ← WL_Node_Hashing(GIP ,depth)
5: common← 0
6: for d← 0 to depth do
7: HIPd

← {HIP [v][d] | v ∈ GIP }
8: common← common+ |{vq ∈ Gq | Hq [vq ][d] ∈ HIPd

}|
9: end for

10: scores[GIP ]← common/(|Gq | × depth)
11: end for
12: return scores

via ranking strategies using WL hashing codes from query and IP
graphs through Algorithm 2. The score (0–1, Line 10) measures
common hashing code parts in Hq and HIP , with 1 for identical
graphs. Higher scores indicate more query subcircuits are covered
by the IP, so high-score IPs are processed first to boost efficiency as
shown in Fig. 6. A similarity threshold further filters out IPs with
significant topological and parametric differences early, eliminating
unpromising matches before detailed processing.

2) Anchor-based Matching: We propose an Anchor-based Match-
ing to improve matching accuracy and efficiency for one-to-many
matching between a large query graph and IPs. The matching
processes can be divided into three phases: Anchors Exploration,
Binding Growing, and Post Covering.

Anchors Exploration. This stage is specifically designed to find
good initial points for one-to-many matching. In the case of a large
query graph, a single IP can be present in multiple locations, a
scenario that one-to-one matching does not support. The matching
process essentially employs a Depth-First Search (DFS). However,
previous one-to-one matching methods have faced difficulties in
finding an efficient way to avoid incorrect matching during the
search. This is because any incorrect node binding during the
matching process will lead to a sub-optimal matching solution, and
the back-tracing process will incur unnecessary overhead.

We can leverage the customized WL-hashing methods for analog
circuits to explore the best initial binding nodes, i.e., the Anchors.
According to Algorithm 1, if two nodes have the same hash codes in
the dth iteration, they will have d hops of identical connections and
devices in their vicinity. The deeper the iteration of the hash codes
of two nodes, the more similar the structures around the nodes are.
Therefore, based on the WL-hashing methods, we can easily identify
the optimal anchors between two graphs.



Algorithm 3 Binding_Growing(Gq,Gip)

Input: Gq (query graph), Gip (IP graph)
Output: M (maximal common subgraph node pairs)
1: M← ∅; ▷ Store matched node pairs
2: A← FindAnchors(Gq ,Gip); ▷ Get anchor pairs via WL hashing
3: for (qa, ipa) ∈ A do ▷ Process each anchor pair
4: M← M ∪ {(qa, ipa)}; ▷ Add anchor to matches
5: Qq ← Neigh(qa,Gq); Qip ← Neigh(ipa,Gip);
6: while Qq ̸= ∅ and Qip ̸= ∅ do
7: q ← Qq .pop(); ip← Qip.pop(); ▷ Pop nodes to match
8: if DeviceType(q) = DeviceType(ip) and
9: NetDegree(q) = NetDegree(ip) then

10: M← M ∪ {(q, ip)}; ▷ Add valid match
11: Qq ← Qq∪Neigh(q,Gq); Qip ← Qip∪Neigh(ip,Gip);
12: end if
13: end while
14: end for
15: return M;

Bind Growing. Matching results are extended from the anchors in
both the query graph and the IP graph. The solution of the matching
takes the form of a series of node pairs, where the two nodes are
from the query graph and the IP graph, respectively.

First, we bind the anchors themselves. Then, based on the device
types and the connectivity of neighboring nodes, we bind more node
pairs. It should be noted that this method is efficient and reduces the
probability of incorrect binding. The advantages are derived from the
pruning strategies already employed, and the neighboring structures
around the anchors are guaranteed to be identical due to the WL-
hashing method.

Moreover, there may be multiple anchors in the large query graph.
The presence of multiple anchors implies that the IP can be used in
multiple locations. In this case, the binding growth process will start
from these anchors simultaneously to enhance efficiency. Previous
one-to-one matching cannot handle such a complex situation. The
detailed algorithm is shown in Algorithm 3.

Post Covering. After the binding growth of the matching pairs, a
post-covering stage is carried out to maximize the solution coverage.
IPs that are largely covered by the large query graph will be
prioritized to cover the query graph. During this process, overlapping
parts are avoided when two IPs have the same structural mapping.
The post-covering process continues until the large query graph is
completely covered by a series of IPs or all the matched IPs are
exhausted (i.e., no more IPs can be used to cover the graph). Once
the covering is finished, we can obtain the coverage ratio of the
query graph. This ratio serves as a metric indicating the proportion
of subcircuits that can be reused from the IP library. The larger the
cover ratio is, the better the IP reuse startegy is.

IV. EXPERIMENT & ANALYSIS

A. Implementation & Settings

We conduct a series of experiments to demonstrate the validity
of the proposed strategies. To ensure generality, we carefully con-

TABLE II Query benchmark circuits information.
No. Query Circuit #PMOS #NMOS #C #R #NET #DEV #EDGE
1 signbit 27 27 0 1 32 55 199
2 dac r2r 34 34 0 103 131 68 461
3 vbg b0 58 58 1 187 258 117 706
4 resdiv 63 63 0 20 72 146 503
5 pll post 76 76 0 0 76 152 497
6 spare cell 33 86 84 0 2 131 172 548
7 spare cell 18 107 106 0 2 111 215 682
8 core pwm 83 138 10 59 185 290 864
9 ref system 113 112 0 65 176 290 844

10 levelshift 148 119 0 30 159 297 861
11 testmode entry 143 132 0 22 157 297 919
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Fig. 7 The device number range of 1745 IPs in the IP library from
26 system-level analog designs.

structed the benchmarks by selecting analog circuits from industrial
designs, with device numbers ranging from 50 to 300, as shown in
TABLE II. Using hierarchical partitioning to construct IP library, we
detected IPs and generated 1745 distinct IPs from in-house analog
design, as shown in Fig. 7. We choose depth= 3 in Algorithm 1
for WL hashing indexing and set the similarity threshold as 0.9 for
the Similarity Filter.

We implement all our strategies using Python 3.12, the analog
graph circuits will be stored in JSON format during IP library
construction. The graph operations are based on the Python package
NetworkX 3.2.1 [20]. All experiments are conducted on a Linux
server with an Intel Xeon CPU (E5-2630 v2@2.60GH) and 256 GB
RAM.

B. Baselines

To evaluate the efficiency and accuracy of our methods against
traditional one-to-one matching approaches, we select several rep-
resentative algorithms as baselines. The VF2-based algorithm [18],
[21] utilizes a recursive backtracking framework with state-space
pruning to explore node mappings in graph isomorphism detection.
VF3 [19] improves performance through more intelligent candidate
node-pair selection, optimized state-space search heuristics, and
refined node-priority mechanisms compared to VF2. To isolate the
contribution of our proposed analog graph converter and pruning
stages, we first convert circuits into graphs without these components
and apply a basic WL method [17] termed Naive-WL for compar-
ison. Given the growing significance of learning-based approaches
in graph matching, we include the state-of-the-art SMART [6] as
a baseline, which represents the current frontier of data-driven
matching techniques. Since all baseline methods are inherently
designed for one-to-one matching, we integrate them as iterative
subroutines within our one-to-many framework, treating each as a
reusable engine for repeated graph comparisons.

It is noted that in the practical analog design process, a long
iteration time is unacceptable, so experiments will be terminated if
the total matching time exceeds 3600 seconds. The coverage ratio
recorded at that point will be used for evaluation, and a higher ratio
indicates that more well-tested layout IPs can be used to reduce
engineers’ labor.

C. Accuracy and Efficiency

TABLE III presents the one-to-many matching results of the
benchmarks using different strategies. Experimental results show
that our work not only outperforms the state-of-the-art method by
32% in accuracy but also achieves a 16× speedup. Each query circuit
was matched with every IP in the library, resulting in a total of
1745 matchings. For small-sized query circuits, all methods achieved
a good cover ratio, with our approach attaining the highest ratio



TABLE III Our framework outperform baselines in both cover ratio and runtime (higher cover ratio has better reusability).

Case #DEV VF3-based [18], [19] Naive-WL [17] SMART [6] Ours
Cover ratio (%) Time (s) Cover ratio (%) Time (s) Cover ratio (%) Time (s) Cover ratio (%) Time (s)

Case 1 55 0.945 33.9 0.545 194.4 0.885 8.78 0.981 0.769
Case 2 68 0.910 488.2 0.169 405.1 0.792 97.64 0.941 16.03
Case 3 117 0.603 1815.5 0.089 771.4 0.569 323.61 0.617 75.58
Case 4 146 0.521 712.5 0.336 359.5 0.452 142.82 0.782 59.03
Case 5 165 0.842 1166.4 0.203 349.8 0.753 233.58 0.921 107.29
Case 6 215 0.616 3600 0.279 472.6 0.579 3600 0.640 153.78
Case 7 172 0.670 3600 0.288 596.2 0.592 3600 0.679 204.30
Case 8 290 0.128 2217 0.148 617.6 0.473 420.35 0.617 158.7
Case 9 290 0.195 3600 0.249 738.6 0.286 3600 0.895 189.74
Case 10 297 0.615 3600 0.258 584.7 0.337 3600 0.823 270.46
Case 11 297 0.574 3600 0.382 678.4 0.482 3600 0.802 260.27
Average - 0.60 2221.2 0.2678 524.38 0.563 1747.89 0.79↑ 136.0↓

Ratio - 0.759 16.33 0.339 3.86 0.713 12.85 1.0↑ 1.0↓
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Fig. 8 The runtime distribution of the entire framework.

in the least time. As circuit size increased to medium and large,
the baseline method could not complete within an acceptable time
frame. Moreover, their cover ratios dropped significantly, indicating
these methods failed to identify reusable IPs effectively. Overall, the
experiments demonstrate that our proposed method is more accurate
and efficient for practical one-to-many matching tasks.

To validate the effectiveness of the proposed IP ranking strategy,
we keep all other components identical but replace the hash-code-
based indexing order with a random selection order. As shown in
TABLE III, without the ranking method, the framework requires
significantly more time to find reusable IPs while achieving a
lower cover ratio. Fig. 8 shows the average runtime distribution of
the entire benchmark, demonstrating that IP indexing and ranking
introduce only acceptable overhead while significantly improving
matching efficiency.

To illustrate the trend during the matching process, we analyze
results using Case 1 as an example. As depicted in Fig. 9 for differ-
ent methods, our approach eliminates most unnecessary matching
steps and achieves a high cover ratio in the early matching stages,
directly improving design efficiency. When a limited time is imposed
for design matching, our framework can quickly identify more valid
coverage solutions, increasing the likelihood of optimal design reuse.

D. Case Study: IP-Matcher for Layout Design Reuse

Given a new analog design with a layout in the same technology,
we can use our framework to identify the well-tested layout IPs in
the library. To verify the efficiency of our framework for layout reuse
in practical design processes, we use a layout of an analog design
with 68 devices (Case 2). After the matching steps in Section III-C
based on the IP library constructed in Section III-B, we load the
initial layout of the design. As illustrated in Fig. 10, the large
components in the blue box are matched reusable IPs from the
IP library, and the devices in the gray box are not matched and
are loaded from the technology library. By reusing the placement
patterns and specific optimizations of the matched IPs, designers
can leverage the validated expert knowledge (e.g., operations to
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Fig. 9 The cover ratios increase with more matching rounds from
different methods.

Unmatched Devices
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Fig. 10 The initial layout design based on the matching results (Case
2 in TABLE III). In this example, the matched devices can cover
94.1% of all the devices of the schematic.

decrease parasitic effects) in this IPs and thus improve the design
efficiency. After further placement and routing stages, the layout
design is completed, thereby reducing significant human labor.

V. CONCLUSION

This paper presents an efficient framework for one-to-many
matching of analog IPs in large-scale circuit design, addressing
challenges posed by structural complexity and high computational
cost. We introduce three key innovations: a customized graph con-
verter that standardizes analog circuit representations, a specialized
hashing method to enhance IP library management, and an optimized
IP-based matcher to improve matching efficiency and accuracy.
Industrial experiments demonstrate that our framework outperforms
the previous baselines by reducing computational overhead and
leveraging expert knowledge embedded in legacy designs. Our
framework significantly advances IP-driven reuse and improves the
modular methodology in analog circuit design.
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