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Definitions (1): Graph Representations
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►Directed Graph
►G: Set whose elements 
are called vertices
►E: Set of pairs of vertices, 
called directed edges

►Hypergraph
►G: Set of elements called 
nodes, vertices
►E: Set of pairs of subsets of G 
called an edge or hyperedge
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► Fan-out & Fan-in
► The number of gate inputs driven by the 

output of another single logic gate

► The number of inputs a logic gate can 
handle

► Path
► The set of continuously connected gates

► Half Perimeter Wire Length (HPWL)
► The height and width sum of the net 

Bunding Box 

► Design Roules Constraints (DRCs)
► A set of geometric constraints imposed on 

the IC to ensure that the designs function 
properly, reliably, and can be produced 
with acceptable yield

Definitions (2): Physical Design oriented notions

31/3/20245 UTH Thesis

Definitions (3): Static Timing Analysis oriented notions

► Total Negative Slack (TNS)
► The sum of the (real) negative slack 

in your design. 

► Worst Negative Slack (WNS)
► Identifies the most critical timing 

violation within a circuit

► Gate Delay
► the time taken by a logic gate to 

process an input signal and produce 
the corresponding output

► Longest Path Delay
► Is the delay along the most 

extended path in a digital circuit

31/3/20246 UTH Thesis
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Definitions (4): Multi-Level ASIC flow
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Definitions (4): Multi-Level ASIC flow
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Definitions (5): Clustering 
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RANDOM WALK

Definitions (6): Multi-Level Partitioning
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Recursive Bipartitioning Kway Partitioning

Spectral Partitioning

Machine Learning Methods
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Definitions (6): Vcycle Flow
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Wcycle flowWcycle flow
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Applications: Multi-Level Placement
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Flat Placement Partitioned Placement

Applications: Multi-Level Placement
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Applications: Circuit Floorplan
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Slicing 

Non-Slicing 

Packing

Applications: Floorplan
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Applications: 3D design
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Applications: 3D design
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Applications: 3D design (2)
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ICCAD 2023
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ICCAD 2023
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1st floor 2nd floor
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► Edge Coarsening
► Find the maximal set of vertices pairs 

that belong in many hyperedges

► Hyperedge Coarsening
► Find the maximal independent set of 

hyperedges, and group their nodes

► First Choice
► Groups together vertices, such that each 

vertex in the group is highly connected 
with at least one other vertex in the 
same group

► Best Choice 
► Identifies the globally best pair of 

objects to cluster by managing a priority-
queue with the clustering score as akey.

► Random Walk
► Through random walks detects 

cycles/reconvergent points  in the circuit 
creating natural clusters

31/3/202424 UTH Thesis

Existing Clustering Algorithms: Novel
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Fiduccia–Mattheyses (FM)
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Existing Partitioning Algorithms: 
Kernighan–Lin (KL)

31/3/202431 UTH Thesis

Existing Partitioning Tools:

►MLPart

►hMetis

►PaToH

►KaHyPar

►SpecPart

►GAP

31/3/202432 UTH Thesis
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Test Cases

31/3/202442 UTH Thesis

Design Components Nets Macros Pins Library Design Components Nets Macros Pins Library

ISPD06

adaptec1 5.72E+05 5.83E+05 542 1

ASAP7

DAC12

superblue11 9.26E+05 9.59E+05 1458 6872

ASAP7

adaptec2 4.57E+05 4.69E+05 543 1 superblue12 1.27E+06 1.29E+06 89 1580

adaptec3 9.69E+05 9.93E+05 723 1 superblue14 6.05E+05 6.30E+05 340 5473

adaptec4 1.09E+06 1.13E+06 1329 1 superblue16 6.71E+05 6.98E+05 419 4448

adaptec5 2.15E+06 2.18E+06 646 1 superblue19 4.95E+05 5.12E+05 286 3735

bigblue1 5.98E+05 6.06E+05 559 1 superblue2 9.51E+05 9.91E+05 654 8047

bigblue2 8.30E+05 8.83E+05 3313 1 superblue3 9.08E+05 9.33E+05 575 6482

bigblue3 1.65E+06 1.69E+06 675 1 superblue5 7.09E+05 7.87E+05 784 4082

bigblue4 5.14E+06 5.22E+06 667 1 superblue6 9.52E+05 1.01E+06 565 5380

newblue1 4.73E+05 4.86E+05 390 1 superblue7 1.32E+06 1.34E+06 419 6499

newblue2 6.61E+05 7.11E+05 1171 1 superblue9 8.11E+05 8.34E+05 272 4014

newblue3 8.32E+05 9.23E+05 690 1

OpenSource

Industrial 1 5.00E+04 6.09E+04 0 2176
IND

newblue4 1.47E+06 1.51E+06 569 1 Industrial 2 1.40E+05 1.48E+05 0 1159

newblue5 1.84E+06 1.93E+06 1052 1 b19 2.20E+05 2.26E+05 0 47

NANDGATE
newblue6 2.71E+06 2.77E+06 1376 1 jpeg 6.70E+05 6.74E+05 0 67

newblue7 4.39E+06 4.62E+06 6151 1 leon3 6.50E+05 7.58E+05 0 333

netcard 9.60E+05 1.06E+06 0 1846

ISPD11

superblue1 7.98E+05 8.23E+05 432 6521

ASAP7 ICCCAD15

superblue1 1.21E+06 1.22E+06 3787 3767496

Contest

superblue10 1.05E+06 1.09E+06 1619 15141 superblue10 1.88E+06 1.90E+06 1696 5560508

superblue12 1.27E+06 1.29E+06 89 1580 superblue16 9.82E+05 1.00E+06 101 3013270

superblue15 1.07E+06 1.08E+06 153 10556 superblue18 7.68E+05 7.71E+05 653 2559145

superblue18 4.59E+05 4.69E+05 207 3978 superblue3 1.21E+06 1.22E+06 2074 3905323

superblue2 9.51E+05 9.91E+05 654 8047 superblue4 7.96E+05 8.02E+05 3471 2497942

superblue4 5.59E+05 5.81E+05 306 6623 superblue5 1.09E+06 1.10E+06 1872 3246880

superblue5 7.09E+05 7.87E+05 784 4082 superblue7 1.93E+06 1.93E+06 4910 6372096
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 

31/3/202443 UTH Thesis
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4 clusters must created/grown in this level

Example: 
- Specify the number of the clusters

9 10

cl1 cl2 cl3 cl4

ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 1
- Add the 1st pair of objects of highest fanout net (or affinity)
- Lock used objects

1

2

9 10

cl1 cl2 cl3 cl4
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 1
- Add the 1st two objects of the 2nd highest fanout net
- Lock them

1

2

5

6

9 10

cl1 cl2 cl3 cl4

ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 1
- Add the 1st two objects of the 3rd highest fanout net
- Lock them
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cl1 cl2 cl3 cl4
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 1
- Add the 1st two objects of the 4th highest fanout net
- Lock these objects

1

2
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3

4

7

8

cl1 cl2 cl3 cl4

ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 2
- Add the next object of the 1st highest fanout net
- Lock it

1
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11

cl1 cl2 cl3 cl4
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 2
- Add the next object of the 2nd highest fanout net
- Lock it

1

2

5

6

3

4

7

8

11 15

cl1 cl2 cl3 cl4

ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 2
- Add the next object of the 3rd highest fanout net
- Lock it

1

2

5

6

3

4

7

8

11 15 14
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 2
- Add the next object of the 3rd highest fanout net
- Lock it

1

2

5

6

3

4

7

8

11 15 14

If we want clusters to be area balanced, growth must 
stop at round 2; otherwise, e.g. if area balance is 2, we 
continue until area balance constraint is satisfied.

cl1 cl2 cl3 cl4

ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 

31/3/202452 UTH Thesis

1

2

3

4

5

6

7 8

9 10

11

12

13

14

15

16

Example: Round 3
- Add the next object of the 1st highest fanout net
- Lock it

1

2

5

6

3

4

7

8

11 15 14

Area balance is 2

12

cl1 cl2 cl3 cl4
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ML Cluster Growth

Idea of Multiple Cluster Growing it to grow all current 
level clusters by adding one object at the time

except for the first move 
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Example: Round 3
- Add the next object of the 2nd highest fanout net
- Lock it

1
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11 15 14

12 16

cl1 cl2 cl3 cl4

Area balance is 2

ML Cluster Growth

The idea of Parallel Clusters Growing it to grow all clusters 
of the current level, by adding one object at the time 
(except the first grow). 
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Example: Round 3
- Add the next object of the 2nd highest fanout net
- Lock this it

1
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11 15 14

Object “13” will NOT added to ML Cluster “cl1” due to
the area balance criterion, as the area of cl1 is twice that
of smaller ML Cluster (cl4)

12 16

cl1 cl2 cl3 cl4
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Example 1
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Example 1
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Example 1

31/3/202457 UTH Thesis

Example 1

31/3/202458 UTH Thesis
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Example 1
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Example 1

31/3/202460 UTH Thesis
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Example 1
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Example 1

31/3/202462 UTH Thesis
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Example 1
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Example 1
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Example 1
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Example 1
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1st Clustering Algoirthm Results

31/3/202467 UTH Thesis

Design Levels Level Area Ratio
Through Levels Area 

Ratio
Unclusterd 

Components

Industrial 1 14 104.49 1.59 2011

Industrial 2 18 802.89 1.56 246

b19 57 62.20 1.11 1

jpeg 26 1870.80 1.38 0

leon3 20 25.94 1.22 2

netcard 25 27.78 1.27 4250

FAILED

Average area ratio: ~204

Clustering Approach: MultiNet / Swarm

31/3/202468 UTH Thesis
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Clustering Approach: MultiNet / Swarm
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Clustering Approach: MultiNet / Swarm

31/3/202470 UTH Thesis
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Clustering Approach: MultiNet / Swarm

31/3/202471 UTH Thesis

Clustering Approach: MultiNet / Swarm

31/3/202472 UTH Thesis
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Clustering Approach: MultiNet / Swarm

31/3/202473 UTH Thesis

Clustering Approach: MultiNet / Swarm

31/3/202474 UTH Thesis
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Clustering Approach: MultiNet / Swarm

31/3/202475 UTH Thesis

Clustering Approach: MultiNet / Swarm

31/3/202476 UTH Thesis
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Clustering Approach: MultiNet / Swarm

31/3/202477 UTH Thesis

Clustering Algoirthm Comparison

31/3/202478 UTH Thesis

Design Levels Level Area Ratio Through Levels Area Ratio Unclusterd Components

Industrial 1 14 104.49 1.59 2011

Industrial 2 18 802.89 1.56 246

b19 57 62.20 1.11 1

jpeg 26 1870.80 1.38 0

leon3 20 25.94 1.22 2

netcard 25 27.78 1.27 4250

Design Levels Level Area Ratio Through Levels Area Ratio Unclusterd Components

Industrial 1 9 10.43 1.01 1253

Industrial 2 8 10.13 1.18 231

b19 5 8.16 1.28 0

jpeg 5 10.72 1.27 0

leon3 5 15.09 1.33 0

netcard 25 6.67 0.97 1
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1st Paper

31/3/202479 UTH Thesis

Clustering Approach: Clusters Growth Techniques

►Group next candiadte 
criticality notion

► Fanout

► Slack 

► Delay

►Net next candidates 
ordering 

► Increasing Order

►Decreasing Order

31/3/202480 UTH Thesis
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Clustering Approach: Flattening Techniques

31/3/202481 UTH Thesis
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Clusters Hierarchy 

Clustering Approach: Large Objects Awareness

31/3/202482 UTH Thesis

Cells Objects Areas
0.04 -> 125.4

Macros Objects Areas
1379.8 -> 2508.7

Macros Objects Areas
1379.8 -> 2508.7

~1000x area difference
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Results
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Design Large Objects Awareness Novel Algoirthm

Levels Unclustered AreaRatio Exec Time Levels Unclustered AreaRatio Exec Time

adaptec1 9 863 94.28 44.916 9 664 93.44 35.695

adaptec3 14 3325 457.09 84.59 16 2012 403.30 74.35

adaptec4 15 4896 311.63 72.10 16 3228 458.44 105.663

adaptec5 17 5751 1351.18 180.74 18 3975 1643.95 271.471

bigblue1 10 1426 157.02 34.99 10 1060 216.59 45.695

newblue1 8 2260 145.14 30.383 8 2201 146.79 40.95

newblue3 14 10997 265.42 62.231 15 9837 306.20 65.92

newblue6 17 6953 601.53 330.33 18 4845 834.34 412.61

Our Contribution: Vcycle Flow

31/3/202485 UTH Thesis
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Our Contribution: Recursive Bipartitioning

31/3/202486 UTH Thesis

Our Contribution: Unfolding

31/3/202487 UTH Thesis
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Our Contribution: Unfolding

31/3/202488 UTH Thesis

A B

Ω

1. All mlobjects of the level  (Ω)

2. Mlobjects on Cut (A)

3. Unfolded mlobjects (B)

4. Unfolded mlobjects AND Mlobjects on Cut (A && B)

5. Unfolded mlobjects OR Mlobjects on Cut    (A  ||   B)

Our Contribution: kway partitioning

31/3/202489 UTH Thesis
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Results
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Design On Cut On Cut and Unfolded Unfolded on Cut Unfolded

Exec Time Cutsize
Area 
Ratio

Exec Time Cutsize
Area 
Ratio

Exec Time Cutsize
Area 
Ratio

Exec Time Cutsize
Area 
Ratio

Industrial 
1

20.765 20,010 3.498 22.857 18,703 3.500 18.694 22,392 3.499 18.694 21,651 3.498

Industrial 
2

40.791 52,015 3.500 47.230 50,277 3.500 34.676 58,396 3.500 32.603 57,662 3.500

b19 42.080 29,794 3.500 63.471 28,228 3.500 58.187 38,188 3.500 47.243 35,222 3.500

jpeg 66.545 54,194 3.500 111.184 44,983 3.500 39.958 74,017 3.500 65.469 50,127 3.500

leon3 2272.985 111,116 3.500 2305.853 101,585 3.500 916.663 138,738 3.500 397.786 125,847 3.500

netcard 6376.440 249,056 3.500 5059.119 249,376 3.500 1808.874 288,981 3.500 255.838 279,523 3.500

adaptec1 - - - 969.061 40,116 3.500 286.331 65,678 3.500 308.040 42,902 3.500

adaptec2 - - - 971.795 59,365 13.335 681.017 83,585 12.475 319.581 70,001 12.564

adaptec3 - - - 2,346.700 74,249 10.668 6,483.530 122,083 10.653 2393.446 94,107 10.599

adaptec4 - - - 1,902.323 43,881 3.500 95.865 93,081 3.500 360.759 52,157 3.500

adaptec5 - - - 9,776.844 129,713 5.887 29,994.876 211,733 5.903 10,735.438 203,455 5.951

Our FM version

31/3/202492 UTH Thesis

Time Complexity approaches 
O(((P-1)*N)^I)

Space Complexity is 
O((P-1)N)

91
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Our Contribution: Gain startegies

Nets Mode Flylines Mode 

31/3/2024UTH Thesis93

Gain = External – Internal 
• External: The object nets which all of their members 

are located at partition A apart from one object
• Internal: The mlobject nets which all of their members 

are located at the same

Gain = External – Internal 
• External: The mlobject connections towards the 

other partitions
• Internal: The mlobject connections towards the 

same partition

Results

31/3/2024102 UTH Thesis

Design per_flylines per_nets

Exec Time Cutsize Area Ratio Exec Time Cutsize Area Ratio

Industrial 1 17.405 22023 3.498 36.835 33570 3.500

Industrial 2 25.282 58243 3.500 475.696 65878 3.500

b19 31.015 38188 3.500 327.222 65027 3.500

jpeg 43.348 73463 3.500 500.872 95612 3.500

leon3 1050.561 138738 3.500 5023.114 203939 3.500

netcard 2168.491 288981 3.500 - - -

adaptec1 60.979 65678 3.500 - - -

adaptec2 835.725 83585 12.475 - - -

93
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Partitioning Approach: FM algoirthm efforts

heaps tech

31/3/2024103 UTH Thesis

FM heap 
creation type

Characteristics

Exhaustive Effort
• Insert into heap every possible move of each mlobject
• Perform FM algorithm using user defined exit conditions

High Effort
• Insert into heap as possible moves only the partitions in which a net is located
• Perform FM algorithm using user defined exit conditions

Normal Effort
• Insert into heap as possible moves only 10 partitions with which a cell is most 

heavily connected
• Perform FM algorithm using user defined exit conditions

Low Effort
• Insert into heap as possible moves only 1 partition with which a cell is most heavily 

connected
• Perform only one FM iteration regardless of the user defined exit conditions

Design low effort normal effort high effort

Exec Time Cutsize Area Ratio Exec Time Cutsize Area Ratio Exec Time Cutsize Area Ratio

Industrial 1 13.882 33,802 1.762 16.128 21,538 3.500 16.353 21,534 3.499

Industrial 2 91.144 112,482 3.500 23.452 56,902 3.500 22.213 56,426 3.500

b19 277.179 94,149 1.158 29.934 38,188 3.500 30.308 38,297 3.500

jpeg 1,432.354 202,030 3.500 39.444 75,956 3.500 36.008 75,700 3.500

leon3 489.591 287,143 3.500 1,102.813 138,738 3.500 610.281 136,292 3.500

netcard 271.872 432,575 3.500 2,526.849 288,981 3.500 1,865.148 287,285 3.500

adaptec1 132.423 115,708 1.232 52.637 65,678 3.500 49.190 61,396 3.500

adaptec2 123.594 150,659 14.840 698.191 83,585 938.914 12.573 83,199 12.475
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Results
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Design low effort normal effort high effort

Exec Time Cutsize Area Ratio Exec Time Cutsize Area Ratio Exec Time Cutsize Area Ratio

Industrial 1 13.882 33,802 1.762 16.128 21,538 3.500 16.353 21,534 3.499

Industrial 2 91.144 112,482 3.500 23.452 56,902 3.500 22.213 56,426 3.500

b19 277.179 94,149 1.158 29.934 38,188 3.500 30.308 38,297 3.500

jpeg 1,432.354 202,030 3.500 39.444 75,956 3.500 36.008 75,700 3.500

leon3 489.591 287,143 3.500 1,102.813 138,738 3.500 610.281 136,292 3.500

netcard 271.872 432,575 3.500 2,526.849 288,981 3.500 1,865.148 287,285 3.500

adaptec1 132.423 115,708 1.232 52.637 65,678 3.500 49.190 61,396 3.500

adaptec2 123.594 150,659 14.840 698.191 83,585 938.914 12.573 83,199 12.475

Partitioning Approach: FM algoirthm versions

Classic

Early Exit

31/3/2024UTH Thesis106

Until cutsize increment is detected perform 
FM Iterations 

Create heap containing possible moves 
sorted by decreasing gain value

Until heap is empty perform FM tentative moves 
based on its sorting 

Until user specified cutsize reduction percentage is achieved (cutsize reduction less than 1%)

Create heap containing possible moves sorted by decreasing gain value

Until user defined cutsize increment percentage is reached (cutsize after a tentative move > 20% of minimum) 
perform FM tentative moves based on heap sorting 

Greedy

Until cutsize increment is detected perform 
FM Iterations 

Create heap containing possible moves 
sorted by decreasing gain value

Until a negative gain is detected perform FM 
tentative moves based on heap sorting 
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Bi-Partitioning Cutsize chart 
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K-way Partitioning Cutsize chart
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Thesis Outline
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ISPD 2005/06 results
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Physical Design and Timing Oriented Metrics
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2nd Paper
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Conclusions
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Synopsys

► MultiLevel flow will become the new standrad flow

► Partitioning will become again mandatory in the 
forseable future 

► Area ratio and execution time will be the two key 
evaluation points of the algoirthms

► Cloud computing will shortly introduced as 
necessitty exploiting the advantages of ML flow
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Future Work

► Integrate more advanced algoirthms into clustering and 
partitioning phases
► Clustering step

►AI/ML oriented algoirthms

►Network flow based algoirthms

► Post processing partitioning features like
►Gate replication to reduce cutsize

►Path distribution removal

►Hierarcical ML flow, exploiting the native partitioning of the RTL 
modules

►Optimise data structures and update operations to 
address many millions instances designs

31/3/2024115 UTH Thesis

Questions
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Thank you all for your time
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