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2025 China Postgraduate IC Innovation
Competition * EDA Elite Challenge Contest

1. Problem

Very Large Scale Layout Pattern Cluster Algorithm

2. Company

HiSilicon Technologies CO., LIMITED

3. Problem Background

During the iterations of chip design and manipulation, plenty of graphic patterns which may
cause defects of chips are recorded for analysis performance and yield rate. With the
evolution of Very Large Scale Integration (VLSI) processes, the number of patterns typically
reaches millions to billions, and these patterns often contain a large number of strictly
identical or highly similar patterns. Pattern Cluster technology can significantly reduce the
order of magnitude of patterns and prioritize the processing of patterns with high repetition
rates.

In recent years, Pattern Cluster technology has been widely applied in multiple fields such as
optical proximity correction of repetitive graphics, layout scene coverage analysis, and
design rule generation. Pattern Cluster has multiple values in EDA software, including
improving the efficiency of complex layout analysis, accelerating the design and verification

process, and exploring potential design innovation points. Efficient and high-precision
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Pattern Cluster algorithms can be the core highlight of EDA software, enhancing its
competitiveness in the industry.

4. Competition Problem Description

The goal of Pattern Cluster is to extract potential hotspots in the layout, and classify these
hotspots through techniques such as feature extraction or rule comparison. This competition
focuses on the accuracy, performance, and peak memory indicators of Pattern Cluster
algorithm implementation.

4.1 Description of Input Files:

1) Layout File (gds or oasis format), which contains two layers, as shown in Figure 1:

(1) Design Layer, the number and datatype of this layer is fixed at (1,0), the design layer
contains a large number of Manhattan shapes, which means that the edges of the shapes must
be parallel to the x-axis or y-axis;

(2) Marker Layer, the number and datatype of this layer is fixed at (2,0), the marker layer

contains several rectangles. Each rectangle represent the selection range of pattern centers.

'é'Layérs

: De?sign [i.ayeri 1/0
¢ Marker|Lauer 2/0
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Figure 1 Input Layout file

2) Parameter configuration file:
(1) Pattern Radius, the Pattern shape is a square with uniform size, the first parameter is the

radius of the square;

_Péattc—*;-m Radlus

i
-

N

Figure 2 Pattern Radius
(2) The maximum number of clusters: user cases requires that the number of clusters for each
submitted solution should be less than or equal to the number of the second parameter;
(3) Cosine Similarity Constraint:
[Range] When the value is 0, it indicates that this constraint is not effective; The effective
range of this value is (0,1].

[Method of using constraint values] Before using this constraint value, the two compared

16



patterns are first transformed from vector images to bitmap images through rasterization (as
shown in Figure 3), and then the frequency domain feature vectors are extracted using
discrete cosine transform (DCT). Finally, the cosine similarity value is used to evaluate the
similarity between the two patterns. When the obtained similarity value is greater than the
similarity threshold, it is considered that the two patterns can be classified into a cluster.
The focus of the competition is on clustering algorithms and pattern center point selection,
therefore the implementation of tools such as rasterization, DCT, and cosine similarity will

be provided in the answer template.

:

ﬂ

Figure 3 Rasterization
Assuming two eigenvectors are A and B, the cosine similarity calculation formula is as

AXB E?:I AiXBi

AxB| | (
| H| Ein:]AiZ>< Zin:]Biz

(4) Edge Movement Constraint:

follows: sim(A,B)=

[Range] When the constraint value is 0, it indicates that the constraint is not effective; The
effective range of constraint values is (0, +o0);

[Pattern Comparing premises] When determining whether two patterns can be classified into

17
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one cluster, it is allowed for the number of patterns in the two patterns to be inconsistent, but
each polygon in the pattern with a smaller number of polygons must overlap with only one
polygon in the other pattern;

[Method of using constraint values] During the pattern comparison process, it is allowed for
two corresponding edges to have a certain movement, and the upper limit of this movement is

determined by the third parameter.

Pattern1 Pattern2 FPatternE=&LLET

Figure 4 Edge Movement Constraint
As shown in Figures 5 and 6, the cosine similarity constraint and edge movement constraint

are two cluster scenarios, and each user case only involves one of them.

Figure 5 Cosine Similarity constraint user case parameter configuration file
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Figure 6 Edge movement constraint case parameter configuration file

4.2 Description of Input Files:

1) Pattern Centers’ locations info file: Contestants need to select one point from each
marker as the Pattern Center. If the participant defaults to choosing the Marker center as
the Pattern center in the user cases of this competition, only sub-optimal solutions can be

obtained;

= pattern_center_points_log

Figure 7 Pattern Centers’ locations info file
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2) Cluster Result File: Markers are labeled from bottom to top, and from left to right based
on their position (as shown in Figure 8). Contestants should classify them according to
the corresponding pattern content based on the pattern centers. The first line of this
output file represents the final number of clusters. Starting from the second line, each
line contains the ID of the same cluster marker. And the first marker ID of each line is the
cluster center of that cluster. As shown in Figure 8, there are a total of 5 classes, with
class centers of 7, 3, 12, 13, and 14 respectively. Only the markers’ ID following the

cluster center belong to the same cluster with this center.

77 7z

.
s
'?"§

LRI

Figure 8 Marker order
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Figure 9 Cluster Result file

4.3 Command line syntax:

pattern_cluster -layout ./case.oas -param ./param.txt [-thread n]
-pattern_centers ./pattern_center points.txt -clusters ./marker id clusters.txt

pattern_cluster: Pattern cluster executable program, compiled by contestants on the
competition server;

-layout: required parameter, which specifies the path of the layout file, which is
provided by the problem solving party;

-param: required parameter, which specifies the path of the pattern cluster
configuration parameters file, which is provided by the problem solving party;

-thread: optional parameter, which specifies n threads for parallel computing. And the
final score of each user cases will be collected under 32 threads;

-pattern_centers: required parameter, which specifies the path of the location file for
the center point of the output pattern, generated by the program,;

-clusters: required parameter, which specifies the path of the file containing the output
clusters information, generated by the program.

4.4 Submit Contents:
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After completing the competition problem, the participating teams need to submit the

following contents:

1)
2)

3)

S.

Compiled executable files, and its related static or dynamic library files;
All programming source code;
Explanation of the third-party libraries involved in algorithm implementation.

Standard Scoring Criteria

5.1 Evaluation Standard :

1)

Accuracy requirements, if the following requirements are not met, the algorithm will
be considered invalid:

Each marker should be classified into only one cluster;

The same marker should not be repeatedly classified into different clusters;

The total number of markers contained in all clusters should be consistent with the
actual total number of markers in the layout;

The number of clusters should be less than the second parameter value of the user cases’
parameter configuration (baseline for the number of clusters);

Accuracy verification of constraints: The pattern content selected by the Markers
assigned to the same group must strictly comply with the cosine similarity constraint or
edge movement constraint in the user cases with the pattern content selected by the

cluster center of the group (without the need for pairwise satisfy constraints within the

group).

Here are four examples of incorrect output content:

a.

As shown in the figure 1, if Pattern 1 is not assigned to a certain cluster, it is
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considered to have poor accuracy and the algorithm is invalid.

casel_shift_clustersixt M X

SN

W o0~ 00w

8
0,2

3,4

5,6

8,7,9

11
12,10,13,14
15,16,18
17,19

Figure 10 Wrong output example 1

b.  As shown in Figure 2, if Pattern 1 is repeatedly assigned to two clusters, it is

considered inaccurate and the algorithm is invalid.

casel_shift_clustersitxt M X

[y

[ty

W oo <o vk wN

8
0,1,2

3,1,4

5,6

8,7,9

11
12,10,13,14
15,16,18
17,19

Figure 11 Wrong output example 2

c.  As shown in Figure 3, the number of clusters is 9, which is greater than the baseline

number of clusters in the second row of the use case parameter configuration. This situation

is considered to be inaccurate and the algorithm is invalid.

casel_shift param.txt X

1

2
3
a4

300
8
0.8
e

Figure 12 case parameters
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casel _shift_clusterstxt M X
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3,4

5,6

8,7,9

11
12,10,13,14
15,16,18

17

19

® W o NNV koW

NN

(=Y

Figure 13 Wrong output example 3

If the patterns in a certain cluster do not meet the accuracy check of the constraint

factors, it is considered that the accuracy is unqualified and the algorithm is invalid. For

example, if the pattern with the number 1 in ‘Wrong output example 3’ cannot pass the

cosine similarity constraint or edge movement constraint verification with the center of the

group (pattern with the number 0), then the classification accuracy of the class cluster is not

qualified and the algorithm is invalid.

2)

3)

4)

5)

The fewer clusters included in the submitted solution, the higher the score;

The lower the parallel processing time of the algorithm, the higher the score (based on
32 threads in parallel, with kernel binding testing conducted during scoring);

If the high water mark (HWM) of the algorithm is less than 64G, contestants obtain all
of the HWM score;

The calculation rules for the scores obtained by contestants during the ranking process:
Based on the scores obtained from 10 runs, remove the highest and lowest scores and
take the average;

The score for public user cases will no longer be refreshed after the submission
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deadline;
® The solution obtained by running the same user case multiple times requires stability
and consistency. If the final score is affected by unstable solutions, appeals will not be
accepted for re-scoring.
5.2 Scoring Criteria:
Total score of 100 points, consisting of 4 parts: The total score for accuracy is 60 points,
the total score for the number of clusters is 24 points, the total score for parallel
performance is 10 points, and the total score for peak HWM is 6 points. For each user case,
other score items will take effect only when the accuracy score is full.

1) User case distribution: 6 user cases are provided based on different scales and scenarios

User cases Explanation

Small scale, public, cosine similarity constraint
Casel

scenario

Small scale, public, edge movement constraint
Case2

scenario

Large scale, public, cosine similarity constraint
Case3

scenario

Large scale, public, edge movement constraint
Case4

scenario

Large scale, hidden, cosine similarity constraint
Case5

scenario
Caseb6 Large scale, hidden, edge movement constraint
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scenario

2) Accuracy score (60 points in total): The total score is evenly distributed to each user
case, final accuracy score=number of pass cases / number of all cases * 60;

3) The number of clusters score (24 points in total): Casel and Case2 respectively have
2 points, and each of Case3 to Case6 has 5 points. The final score proportion S for each
user case is calculated using the following formula, the baseline for the number of clusters
1S Xbase, the number of submitted solution clusters is x (Scoring only starts when the value of
x is less than Xpase, and due to the limitations of this calculation formula, it is not possible to

obtain all scores):

g — (Zbase "Xy L 100%

Xbase
4) Parallel performance score (10 points in total); Casel and Case2 respectively have 1
point, and each of Case3 to Case6 has 2 points. The final score proportion S for each user
case is calculated using the following formula, the baseline for parallel performance is toase,
the submission parallel performance is t (Due to the fixed read and write time in end-to-end
processing, there is an upper limit to the performance optimization factor. This competition
encourages participants to prioritize obtaining the optimal solution of the user case.
Therefore, in the case of the same solution, the one with better performance will receive

high scores):

Xpase — X thasez thase

S = — ) ®* (—m——) = 100%, < 100;
( Xbase ) (tz * 104 ) XD t

S = 100%, t‘Jt

>100;
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5) Peak HWM Score(6 points in total); Each of Case3 to Case6 has 1.5 points, for each
user case, if the peak memory is less than 64G, obtain all of the Peak HWM scores of
corresponding case.
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*For questions not covered in this guide, please refer to the O&A document
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