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A

b) 2 E B AR R 32 LA A5 A

¢) Via #LI BN X T H — AR LA, Via A FEA Layer 4
FRBFMTH %, 0 Via RN T UHED 1A Layer, F4 Via Al # F4EL
#y Layer, f4& %/~ Layer By Via #LU A <F 8 Layer L4l R W S A B K FH —
ANERE KB, FAHHFE Layer B RHEBEMX R, 0 1a th 24 Via I 4H]F, L1
5282 5 L3 MXWEBRAMELER, € L1 5 L3 88 BB A EFE
o 1b WFEA Via MU FIF, L1 § L3, L3 § L4,12 § L3 Z oy 8 i K40 7 42

HKHZ, L1 514, L2 5 L4RL1 5 L2 XA F AR, %% Via LI
FEELARXWEEERA, WAE (WmE b fATHH L3 514)

d) Gate #LIUAESEANFN ST & 7 6 H — AN, HAER R4 R E T &
Poly (% @# ) f1 AA (FRIX) B, EAMNREEFE, &—EWEEN Poly &,
GBI EN AA B, AN RES, R Poly EWEHEFETES, NEHZHK
B AA P X3 (JRA Source A1 M Drain ) ¥4 T # K A; R F Poly B #iiE
FERETFES, NN AA AN XKL TH RS, & 2a, @R P1#

EEEGHEFES, P2 HERZREFES, U S1 Dl FLTHEERES, T S2 4w
D2 JU 4 F W IR & o

SAHMHEREMEN: BAWASURARLPEREEZAEEREARAT 0, L
A bHHEEXR; BAWANSZABAFAHL, LHE 2 FHHR ML X Rl R
BAXKAZ, WE bFRZHERN(EE, AR RAHIPUREER) BETSAH

TR



- PEFFLEN 6 AR
4N EDANE SR HIAX 2

E Poly~
B A<
& 2a
€
Et=] 1HFEAE H5FREREAT
K 2b

2) RS

a) MUESUHE: ARFEAK A UK X, T AR AR B GDSIL 2 OASIS SCH R 334 iR
B, REXHFaeETENETNERWRSATN (UTHERAZAY) AR, FE
W9 % 1 7 VA Layer #riR (B B4 ) JF 5k, Bl T —/ Layer /iR s SX#F 4 B4 1L, Layer
FRRZ B WA AT A T AR T AN SABENTE L AR, EEXWE Fr
T, B4EA Layer LW LA HEAE, F1ARERANNE A Layer #7RIR A L1, %
23 fTRE LI EWAANZ AT, F 4 TREMAWE ZA Layer R L2, & 517
REL2 EW—ANZHT, & 6 TREMNEE ZA Layer /R L3, & 7~9 TR %K
L3 EW=A%Za W, 3N ALZA e AT LE4, EdRENFAENEDL
TEREAHENESXAN, EHXEAE LARTT REFEA Layer £ L3 HHH
THE, EF T FE#Layer@#num & 73X % 3 h#Layer & b8 F#num A £ i
(Layer E#num il 5 8 N E Xt £ A B 7 —30) , fln Ll@l &+ L1 E E



3 PEFTL 6 AR
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2025 China Postgraduate IC Innovation
Competition * EDA Elite Challenge Contest

1. Problem

Layout Net Tracing Algorithm

2. Company

Semitronix Corporation

3. Problem Background

The chip layout net tracing (Net Trace) technology is one of the key techniques in integrated
circuit (IC) design and manufacturing and has become an important means of improving chip
yield and reducing design risk. Its applications in IC design and manufacturing include:

1) Connectivity verification and consistency checking during the design stage: Net trace
technology traces the physical wires in the layout to ensure that the actual layout is fully
consistent with the logical schematic (e.g., a SPICE netlist). For example, in Layout Versus
Schematic (LVS)!! it can identify shorts, opens, or deviations in signal paths, thereby
preventing functional failures caused by design errors.

2) Manufacturing defect localization and yield improvement [ By tracing failure points
observed in wafer tests and correlating them with layout data, net trace can rapidly locate
physical defects—such as metal bridging or voids—caused by process variations or
lithographic anomalies, and can be used to optimize process parameters.

3) Design optimization: In parasitic extraction flows, nettrace technology traces the

geometric shapes and material properties of metal interconnects®! to extract parasitic
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resistance, capacitance, and inductance (RC extraction) for circuit simulation. In power- and
thermal-optimization flows ¥, net trace analyzes current density and IR drop in the power
grid to avoid localized overheating or insufficient power supply.

At advanced technology nodes, the exponential growth in chip scale and complexity presents
multiple challenges for layout net tracing, including soaring data volumes and increasingly
intricate multi-layer connectivity relationships, thereby driving continuous innovation in
EDA tools and algorithms.

Layout net tracing technology belongs to the field of physical verification for digital, analog,
and RF layouts, and is mainly applied in the aforementioned stages of design verification,
optimization, and manufacturing yield improvement. This contest simulates an industrial net
trace scenario: the input is a target layout, its inter-layer connectivity relations, and the trace
start point, and the output is the complete set of traced paths.

4. Competition Problem Description

Net tracing’s most fundamental application takes as input the start point layer, the start point
coordinate, and the inter layer connectivity rules, and then searches the layout file for the
entire connected polygon region that contains the seed. The goal of this contest is to
implement this function.

4.1 Input files

The contest provides one layout file plus three rule files.

1) Rule file: composed of a start point, Via rules, and a Gate rule. This contest uses a plain
text file to describe the rule file, whose format is illustrated in Fig. 1. It contains two parts.

The first part describes the start point information in the rule file. It begins with StartPos

15
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(line 1). The line following specifies the start layer (L2) and its coordinate, indicating that net
tracing begins at position (-65, 31) on layer L2. Line 3 marks the beginning of the second part,
which describes the Via rules. It starts with Via; the next line (line 4) lists the Via relationship
L1 L2 L3, meaning that L1 is connected to L3 through L2—that is, polygons on L1 that
intersect polygons on L2 are considered one connected region, and polygons on L2 that

intersect polygons on L3 are likewise considered one connected region.
StartPos
StartPos L4 (100,50)
L2 (-65,31) Via

Via L1 L3 L4
[ R . L2 L3 L4

Figure 1a Figure 1b

Please note the following information:

a) Each rule file may contain one or two start points, one or more Via rules, and one Gate
rule at most.

b) The coordinate values of a start point are 32-bit signed integers.

¢) Arule file may include one or more Viarules. In every Viarule, each Layer name consists
only of letters, digits, and underscores; each Via rule contains at least one Layer and must not
repeat a Layer within the same rule. For a Via rule that lists multiple Layers, polygons
located on adjacent Layers that intersect each other are regarded as belonging to the
same connected region, whereas polygons on non-adjacent Layers have no connectivity.
For example, in the single Via rule shown in Fig. 1a, polygons intersecting between L1 and
L2 or between L2 and L3 are considered connected, but polygons intersecting between L1
and L3 are not. In the two Via rules shown in Fig. 1b, connectivity exists for the contact

regions between L1 and L3, between L3 and L4, and between L2 and L3, yet there is no direct
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connection between L1 and L4, between L2 and L4, or between L1 and L2. If duplicate
connectivity relationships appear across multiple Via rules, the duplicates are ignored (e.g.,
the second definition of L3-L4 in Fig. 1b).

d) Each rule file may have one Gate rule or none. The Gate rule designates the Poly
(polysilicon) layer and the AA (active-area) layer, exactly two layers in total—the first layer
listed is Poly, and the second is AA. In the chip layout, if the Poly layer is tied to a logic-high
signal, the AA regions on both sides of its intersection (the Source and Drain) are considered
connected; conversely, if the Poly layer is tied to a logic-low signal, those AA regions are
considered disconnected. As shown in Fig. 2a, when P1 is driven high and P2 is driven low,
S1 and D1 are connected, whereas S2 and D2 are disconnected.

Polygon intersection criterion: Two polygons are deemed to intersect if they overlap in area
with non-zero overlap, or their boundaries intersect—either at a point or along a line segment
(see the three cases in Fig.2b: area overlap, boundary-point intersection, and

boundary-segment intersection).

Figure 2a
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N2

= NS VFRERER
Figure 2b

2) Layout file:

a) Layout file: For this contest, the layout is given as a plain-text file rather than a standard
GDSII or OASIS file. The file contains several layers, each consisting of one or more
Manhattan polygons (hereinafter simply “polygons”). Polygons of the same layer are
grouped under a Layer identifier (i.e., the layer name); the data for that layer continues until
the next Layer identifier or the end of the file. Every line between two Layer identifiers lists,
in counter-clockwise order, the coordinates of one polygon’s vertices. The format, illustrated
in Fig. 3, contains polygon data for each Layer. Line 1 shows the first Layer identifier, L1.
Lines 2 — 3 list two polygons on L1. Line 4 shows the second Layer identifier, L2. Line 5 lists
one polygon on L2. Line 6 shows the third Layer identifier, L3. Lines 7 — 9 list three polygons
on L3. All polygons in Fig. 3 are shown in Fig. 4. Every shape is drawn inside a dashed-border
rectangle; the legend in the rectangle’s upper-right corner indicates the fill color for polygons
on each Layer. An annotation of the form #Layer@#num marks a polygon as the num-th
polygon on Layer (where num matches the order in the input file). For example, L1@1
denotes the first polygon on layer L1.

® All input polygons are guaranteed to be Manhattan (all edges parallel or perpendicular

to the axes) and contain no holes or self-intersections.
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® All polygon vertex coordinates are 32-bit signed integers.

® Layer identifiers contain only letters, digits, and underscores.

1L1
2 5,-15),(16,-15),(10,10),(-5,10)

15,-4),(5,-4),(5,-22),(23,-22),(23,5),(15,5)
),0),(0,38),(-13,38),(-13,15),(-36,15),(-36,0)
28),(-29,28),(-29,78),(-49,78)

3 ( ,14),(-11,14),(-11,40),(-73,40)
9 (-15,-25),(10,-25),(10,-17),(-15,-17)

Figure 3
L2
L3@1
L3
L2@1
L3@2
L1@1
L1@2
L3@3
Figure 4

4.2 Net-trace requirements:

1) Starting from the start point given in the rule file, search the layout file for polygons that
are connected to the start-point while satisfying the Via and Gate rules. Output the coordinates
of all polygons reachable from the start-point that satisfy those rules. The output polygons

must be grouped by layer, and the vertices of every polygon must be listed in
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counter-clockwise order. For example, Figure 5 shows the result of tracing with the Via rule
“L1L2L3” in the layout of Figure 3. The red cross marks the start point defined in the rule
file, which lies inside the second polygon on layer L3. The polygons outlined in bold red are
the ones found to be connected to the seed. The corresponding result file should therefore
look like Figure 6. Specifically, the polygons returned for each layer are: L1 @ 1, L1 @ 2 on
layer L1; L2 @ 2 on layer L2; and L3 @ 1, L3 @ 2 on layer L3. Because layers L.3 and L1 are

not adjacent in the Via rule (L1 <> L3 is not specified), L3 @ 3 cannot be reached via L1 @ 2.

L2

L3@1
L3

L2@1
L3@2

L1@1

L1@2

L3@3

Figure 5

T
2 (-5,-15),(10,-15),(10,10),(-5,10)

3 (5,-22),(23,-22),(23,5),(15,5),(15,-4),(5,-4)
4 12

5 (0,0),(0,38),(-13,38),(-13,15),(-36,15),(-36,0)
6 L3

7 (-49,28),(-29,28),(-29,78),

8 (-73,14),(-11,14),(-11,40),(

Figure 6
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2) This contest comprises three sub-tasks:

The first sub-task tests net tracing with a single layer and a single start point. There is only
one via rule and one start position, and the via rule contains only that one layer—the same
layer on which the start position lies. In the layout shown in Figure 7, the start point is marked
by ared cross. Starting from this start point, the correct connected-polygon set should include

all polygons in the layout.

L1

Figure 7

The second sub-task examines net tracing across multiple layers with a single start point.
Using the layout file of Figure 3 and the rule file of Figure 1, a contestant must consider the
Via rules to find connected polygons that span different layers. The output must list every
polygon, on every layer, that is reachable from the start position.

The third sub-task emulates net tracing while accounting for the on/off states of transistors in

the chip’s logic circuitry. Here, the first start point sl is taken to be the location where an
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electrical signal is applied to the Poly layer. Once a logic-high signal is injected at s1, every
Poly that is electrically connected to s1(according to the multi-layer Via rules) is driven high,
whereas all other Poly are considered low. Under this condition, begin a new search from the
second start point s2 and, again taking all Via rules into account, output all polygons on all
layers that are connected to s2. Polygons connected to s1 do not need to be included in the
output.

If the rule file in Figure 9 is applied to the layout file of Figure 8, the resulting trace is the
output file shown on the righthand side of Figure 9; its tracing result is given in Figure 10. In
Figure 10, polygons outlined in black belong to the connected region of the first start point,
whereas those outlined in red belong to the connected region of the second start point. The
black cross marks the first start position, and the red cross marks the second.

In this example a Gate rule is present: PO designates the Poly layer and AA designates the
AA layer. According to the Via rule, M1 is connected to CT, and CT is connected to PO.
Therefore, starting from the first start point s1 on the M1 layer at (118 743, 438 448), the
polygon on the left-hand side of the PO layer in Figure 10 is driven to a logic high, and the
AA polygon above it becomes electrically continuous on both sides of that Poly. Conversely,
the Poly polygon on the right side is not connected to s1 and hence remains at logic low; the
AA regions that it crosses are therefore disconnected. Consequently, the polygons outlined
in red in Figure 10 constitute the complete set reachable from s2, and their coordinates are
exactly the output required by the task. Please note:

® In the input layout, if an AA-layer polygon P1 intersects a Poly-layer polygon P2, then

P2 always crosses P1 completely, i.e. P2 splits P1 into two parts.
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® [f an AA polygon P1 is connected (via the Via rules) to seed s2 and intersects a Poly
polygon P2, then compute the polygons obtained by cutting P1 with P2, and then include
these sliced polygons in the final result. For example, the upper AA polygon in Figure 10 is
split by the crossing Poly into AA @ 1, AA @ 2, and AA @ 3. Because the Poly segment that
crosses AA @ | and AA @ 2 is connected to sl and therefore at logic high, AA @ 1 and
AA @ 2 are connected. By the same way, the lower AA polygon is cut into AA @ 4, AA @ 5,
and AA @ 6. However, the Poly segment that cuts AA @ 5 and AA @ 6 is not connected to s1,

s0o AA @ 5 is not included in the trace results from s2.

119760
119010

(119630,4
(119400,4

Figure 8
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PO CT M1

T A
2+t I cr
ANE2 Hl o
H AMES I w

O

O

O

O

> AA@B

‘-i

T |

AA@5

Figure 10

4.3 Output file format

The output file must be a Linux-based text file. It shall contain the complete union of
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polygons discovered in the current layout for all start points defined in the rule file, grouped
by layer and with one polygon per line. The exact notation for each polygon follows the
specification given in the Net-trace Requirements section.

4.4 Running syntax

trace -layout ./layout.txt -rule ./rule.txt [-thread n] -output ./res.txt

trace: an executable Net Trace program, compiled by each contestant on the contest server.
Parameter settings:

-layout: required. Path to the layout file provided by the organizer.

-rule: required. Path to the rule file provided by the organizer.

-thread: optional. Specify n threads for parallel computation.

-output: required. Path to the result file to be generated by the program.

4.5 Submission

All participating teams must submit the following files after finishing the task:

1) The compiled executable program and any required runtime libraries;

2) Information regarding all third-party libraries used during development, including the
libraries names and their official websites.

3) Source code is encouraged but not mandatory.

5. Scoring Criteria

The scoring for this task is divided into three parts: Correctness, Performance, and
Multi-threaded parallelism. The criteria for each part are as follows:

5.1 Correctness:

60 points in total. The task contains three sub-tasks; each sub-task that is completely correct,
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with no erroneous or missing polygons, earns 20 points. For every erroneous or missing
polygon, 1 point is deducted until the score reaches zero. The sum of the three sub-problem
scores is the total correctness score.

5.2 Performance:

40 points in total. Split into single-thread and multi-thread portions, each worth 20 points.
Performance points are awarded only if the correctness score is full.

The single-thread performance score is determined by ranking Trace’s single-process,
single-thread runtime. For all contestants who achieved a perfect correctness score, runtimes
are ordered from smallest to largest; 1st place gets 20 points, and each subsequent rank
loses 20 / (number of ranked contestants — 1) points. If the program uses multiple processes
or threads when the -thread option is not set, this score is 0 points.

The multi-thread performance score is determined by ranking Trace’s single-process,
8-thread runtime (the test environment guarantees at least 8 CPU cores). If multi-threading is
not implemented, the single-thread runtime is used. For all contestants who achieved a perfect
correctness score, runtimes are ordered from smallest to largest; 1st place gets 20 points, and
each subsequent rank loses 20 / (number of ranked contestants — 1) points. If the program’s
maximum thread count exceeds the number specified by the -thread option, this score
is 0 points.

5.3 Additional information:

If, on the hidden test case, the single-process single-thread runtime exceeds 8 hours, the

submission receives 0 points for both correctness and performance.
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*For questions not covered in this guide, please refer to the Q& A document
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