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Definitions (1): Graph Representations
iypergraphs T !
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» Directed Graph » Hypergraph
»G: Set whose elements »G: Set of elements called
are called vertices nodes, vertices
» E: Set of pairs of vertices, » E: Set of pairs of subsets of G
called directed edges called an edge or hyperedge
» 4 UTH Thesis 31/3/2024
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Definitions (2): Physical Design oriented notions

» 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

e Fanln cone Fanoul cone =

Jou

handle .
» Path
» The set of continuously connected gates |j| W
» Half Perimeter Wire Length (HPWL)

(3 HPWL (3 Clique

» The height and width sum of the net

Bunding Box X 'ﬁ—* @ l ‘

» Design Roules Constraints (DRCs) a3 it Specing Violation
» A set of geometric constraints imposed on
the IC to ensure that the designs function
properly, reliably, and can be produced
with acceptable yield Widih Violations Encapsulton
fiolation
s UTH Thesis 31/3/2024

Definitions (3): Static Timing Analysis oriented notions

» Total Negative Slack (TNS) o
» The sum of the (real) negative slack N N
. . 8, A y
in your design. f;} % ”’;-i,f‘
) . A0 6) .. 6 1) ., 1(18,21) .:.
» Worst Negative Slack (WNS) hs S 250
» Identifies the most critical timing %’ﬁ’é ;f ,\\«:‘;‘
violation within a circuit A T e
» Gate Delay Critical Path and Slack Time

» 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

» 6 UTH Thesis 31/3/2024
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Definitions (4): Multi-Level ASIC flow

RTL Design
with
Functional Hierarchy
i 8
Design Partitoning
to
Physical Hierarchy
Floorplanning CORE 2
Power Planning — _
Block Constraining
Core fault list
- | Full chip
Block 1 }/ \ Block N E ’

Block RTL

|coverage report
!

Block RT!

Physical Synthesis
Place and Route
Timing Verification

1

Physical Synthesis
Place and Route

Timing Verification
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Definitions (4): Multi-Level ASIC flow

=,
3

tg:g and Siignoff Signal Routing
Layout Post
X Processing Y
% v b Timing Closure
Fabrication
> v
@ | Packaging
- and Testing

System
j]" Specification
v Architectural J- o0
ENTITY tast Design / l
portain; * .“
B Functional Design ! Floorplanning
and Logic Design ~ /
¥ ;
Circuit Design

Physical Design

Physical Verification

‘ Clock Tree Synthesis|

v
o
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Definitions (5): Clustering

Clusters formed by the optimized centroids
T T

T
Cluster #1 data

9l L3 4 1! Cluster #2 data H
B . ; LA . Cluster #3 data
Cluster #4 data
# Cluster #1 centroid
s, HAC(d, ..., d. o + Cluster #2 centroid
ot oy e -l
2 dofori—1toN ve
3 do C[n][i] — Smm(
4 )1 (keepstn
5 A« || (assembles clu
6 fork—1toN—1
7 do {i,m) — argmax,
8 A.APPEND((i,m), g 4
9 forj—1ltoN
10 do Cli][j] — SmM(:
11 C[f]li] — SmM(s
12 Ifm] 0 (deactie 5|- 4
13 return A
al i
3F ]
D.. ... e "\(\
o & AN
2-d Dataset 4| | generated
I
L =3 - 1/3/202:
> o 2 3 6 s 0 " /3/2024
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Definitions (6): Multi-Level Partitioning
| Recursive Bipartitioning | | Kway Partitioning |
GAP Model
Machine Learning M
— | S earennrunss U !
Gail=te {.& Partition I
lé» _@ —_— probabilities
Yﬂxﬂ I
| ] &. \ 1
Node degrees = Node embeddingsi ]
D, . Graph embedder H, . 1,
hoe thms .~ Graph Embedaing Module Graph Partitioning Moduls
nxf
| Spectral Partitioning | ©
y T,
) \
> Ax= A x
= ’ \\ (real values) ‘ )
! %
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Definitions (6): Vcycle Flow

Wcycle flow

Be

5 o
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Applications: Multi-Level Placement

Flat Placement Partitioned Placement

ca53dpu_fp_wrapper/

} 13 UTH Thesis 31/3/2024
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Applications: Multi-Level Placement
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Applications: Circuit Floorplan

Memory Cc;r_{t_ron':r _

p 15 UTH Thesis
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Applications: Floorplan

MLC54

HLCID

MLC96
MLC34

micee| (MLE2N |
ML

MLC94

MLC76

MLC46

L1 MLC2E ) gy

MLC8  mcss T, o L5

me mess MLCSO
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e
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Applications: 3D design

[T pu—

70 ™

- wm
e |7 7 X 0000000000000000
i ; . Package-
Wirebond FlipChip  Stacked Die gy 3D-IC
on-Package
[
1990
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Applications: 3D design

© Micro bump
TSV

N Aumn

First 3D FPGA: Virtex-7 2000T

Monolithic Device Based on Stacked Silicon Interconnect

First Heterogeneous 3D FPGA:
Virtex-7 H580T

Basedon S ilicol nterc:\:nnect
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Applications: 3D design (2)

{ch Cell Density map for 2™ tler of FFT 30 Design

{d} Wire Litilization magp for 2 tier of FFT 3D Design

p 19 UTH Thesis
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ICCAD 2023
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Existing Clustering Algorithms: Novel
» Edge Coarsening - B )
g R e I Py e —
» Find the maximal set of vertices pairs (/3 N Q) {QW@ (/) k\ N
B \ e \ e \o) @ /
that belong in man.y hyperedges ;,'.\51'-'"'/ \%ﬁ" \-ik_ o) 2
» Hyperedge Coarsening (s} Edgo Coarsening
» Find the maximal independent set of
hyperedges, and group their nodes
» First Choice o
» Groups together vertices, such that each (6) Hyporadge Coarsaning
vertex in the group is highly connected —
with at least one other vertex in the (m)
same group ( \\ Py
> Best Choice \Q‘? [\rey 180,
» Identifies the globally best pair of ._’,-‘ VANV AV A\' /\Y\
objects to cluster by managing a priority- \@ & A\E/ &
gueue with the clustering score as akey. 0]
» Random Walk
» Through random walks detects
cycles/reconvergent points in the circuit
creating natural clusters
F JU L 70 SO SR Vournn z...
) 24 UTH Thesis 31/3/2024
24
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)

/\

Left Buckets Right Buckets

+2 +2 A\
+1 k +1 v3
o<:° “

.!

v

} 25 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)
Left Buckets Right Buckets
+2 a +2 L3
+1 +1
o |
-2 2
Locked Vertices
Cut 3 1
» 26 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)

Left Buckets Right Buckets
+2 +2
+1 +1
x
(1] 0
-2 -2
Locked Vertices
Cut 1 1
p 27 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)
Left Buckets Right Buckets
2 » 2
+1 +1
g -
, &
-2 -2
Locked Vertices
Cut 1 1 2
} 28 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)

Left Buckets

+2

+1

A

ol
>

v

+2
+1

Right Buckets

Locked Vertices :
Cut 1 1 2 3
} 29 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Fiduccia—Mattheyses (FM)
Left Buckets Right Buckets
+2 +2
+1 +1
0 0
i 5]
— . —
-2 -2
Locked Vertices - -
Cut 3 3
} 30 UTH Thesis 31/3/2024
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Existing Partitioning Algorithms:
Kernighan—Lin (KL)

Cut cost: 9§ Cut cost: 6 Cut cost: 1 Cut cost: 7 Cut cost: 9
Not fixed: Mot fixed: Not fixed: Mot fixed: Not fixed:
12345678 1.24,6.7.8 1.2.7.8 28 -

- \_/:?h \_/:? ‘L_/?:/AP
D=1 Dg=2
Dy=-1 D;=-1
D/-3 Dy--1

£:=3+2-0=5
for Swap (4.6)

} 31 UTH Thesis 31/3/2024
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Existing Partitioning Tools:

» MLPart

) o
kway Hypergraph Partitioning via n-Level Recursive Biscction Multilevel Circuit Partitioning

Sebastian Schlag”  Vitali Henne®  Tobias He
Poter Sanders® i

Henning Meyerbenle Charles J. Alpert®, Jen-Hsin Huang* and Andrew B. Kahng*

UCLA Compater Science Depantment, Los Angeles, CA 90095-1596
+1BM Austin Research Laboratory, Austin, TX 78758
1 Synopsys, Inc., Mountain View, CA 94043

. + Cadence Design Systems, Inc., San Jose, CA 9513
> h M et's Multilevel Hypergraph Partitioning: Application in VLSI Domain oence Desiun Syt Ine. San dose, CASSIH

George Karypis, Rajat Aggarwal, Vipin Kumar, and Shashi Shekhar
{karypis, rajat, kumar, shekhar} cs umn.edu

University of Minnesota, Computer Science Department, Minneapolis, MN 55455 High-Quality Hypergraph Partitioning
SERASTIAN SCHLAG, TOBIAS HEUER, LARS GOTTESBUREN, and
| 2 PaTO H Advanced Flow-Based Multilevel Hypergraph AL Nate o s e ey
Parti

PETER SANDERS,

Asynchronous n-Level Hyperaraph Parallel Flow-Based Hypergraph Partitioning

Partitioning Lars Gottesbiiron &
S Ka H Pa r Keshrabe Insihui of Techmalog, Kisrsbe, Germary

Tobias Heuer &

Kasbru lastitut of Tachoology, Knsbesbe, G

e —
Peter Sanders &
Motz Laupehlon K P —
SpecPart: A Supervised Spectral Framework for Hypergraph . -

> S p e C Pa rt Partitioning Solution Improvement Deterministic Parallel Hypergraph Partitioning

Ismail Bustany Andrew B. Kabng. Toannis Koutis
Advanced ke of Califmia S Diego N Jersey hnstitue of Techowlogy
5 A 54

b

» GAP

} 32 UTH Thesis 31/3/2024
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Test Cases

Design |Components|  Nets Macros Pins Library Design  |Components|  Nets Macros Pins Library
adaptecl | 5.72E+405 | 5.83E+05 542 1 superbluell| 9.26E+05 | 9.59E+05 1458 6872
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 superblueld| 6.05E+05 | 6.30E+05 340 5473
adaptec4 | 1.09E+06 | 1.13E+06 1329 1 superbluel6| 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
bighluel | 5.98E+05 | 6.06E+05 559 1 DAC12 | superblue2 | 9.51E+05 | 9.91E+05 654 8047 ASAP7
bighlue2 | 8.30E+05 | 8.83E+05 3313 1 superblue3 | 9.08E+05 | 9.33E+05 575 6482
bighlue3 | 1.65E+06 | 1.69E+06 675 1 superblueS | 7.09E+05 | 7.87E+05 784 4082
1SPDO6 ASAP7
bighlue4 | 5.14E+06 | 5.22E+06 667 1 superblue6 | 9.52E+05 | 1.01E+06 565 5380
newbluel | 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 superblued | 8.11E+05 | 8.34E+05 272 4014
newblue3 | 8.32E+05 | 9.23E+05 690 1 Industrial 1 | 5.00E+04 | 6.09E+04 0 2176 D
newblued | 1.47E+06 | 1.51E+06 569 1 Industrial2 | 1.40E+05 | 1.48E+05 0 1159
newblueS | 1.84E+06 | 1.93E+06 1052 1 b19 2.20E+05 | 2.26E+05 [ 47
OpenSource
newblue6 | 2.71E+06 | 2.77E+06 1376 1 jpeg 6.70E+05 | 6.74E+05 o 67
NANDGATE
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 [ 1846
superbluel | 7.98E+05 | 8.23E+05 432 6521 superbluel | 1.21E+06 | 1.22E+06 3787 3767496
superbluel0| 1.05E+06 | 1.09E+06 1619 15141 superbluel0| 1.88£+06 | 1.90E+06 1696 5560508
superbluel2| 1.27E+06 | 1.29E+06 89 1580 superbluel6| 9.82E+05 | 1.00E+06 101 3013270
superbluel5| 1.07E+06 | 1.08E+06 153 10556 superbluel8| 7.68E+05 | 7.71E+05 653 2559145
1SPD11 ASAP7 | ICCCAD1S Contest
superbluel8| 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
} 42 UTH Thesis 31/3/2024
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ML Cluster Growth

except for the first move

Example:

- Specify the number of the clusters
cll
-
l_l

4 clusters must created/grown in this level

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

2l

} 43 UTH Thesis 31/3/2024
43
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
Example: Round 1 _E
- Add the 1*t pair of objects of highest fanout net (or affinity)
- Lock used objects
cl1 cl2 cl3 cl4 “_l:=
T T o o
-E
En—E
} a4 UTH Thesis 31/3/2024
44
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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

Example: Round 1
- Add the 15t two objects of the 2" highest fanout net
- Lock them

cll cl2 cl3 cla “_l:=
o - - s
"} ,rﬂ . i
1
\EN, (EE, “‘E§
ER
} 45 UTH Thesis 31/3/2024
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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

Example: Round 1
- Add the 15t two objects of the 3™ highest fanout net
- Lock them

<1 o2 a3 cla -—I::
m ‘mm ‘mm
1
\E, EN, BN -—Eﬁ
ER—El
} 46 UTH Thesis 31/3/2024
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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

Example: Round 1
- Add the 15t two objects of the 4" highest fanout net
- Lock these objects

cl1 cl2 cl3 c

— ——— )

(gm !
1 \ 1
1 4 1
ot (i

‘mm
I

Ll

} 47 UTH Thesis 31/3/2024
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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

Example: Round 2
- Add the next object of the 15 highest fanout net
- Lock it

,——“
o
-] |28
N

} 48 UTH Thesis 31/3/2024
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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

Example: Round 2
- Add the next object of the 2" highest fanout net
- Lockit

o
=
'o

~

o

w
o

>

1
=l
1
_———
HI

Prp——

Ll

p 49 UTH Thesis 31/3/2024
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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
Example: Round 2
- Add the next object of the 3 highest fanout net
- Lock it

dr o2 3 4 H—E=
' . (Em (e
1 : ;| : 1 : '\n :
BN Em Em

En K
} 50 UTH Thesis 31/3/2024
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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

Example: Round 2
- Add the next object of the 3" highest fanout net

- Lock it
cl1l cl2 cl3 cla
’ \ ===} [g=tiug} "
m (e ()
'/, E ER
N B Em T
N — - N - N

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.

Ll

p 51 UTH Thesis
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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

Example: Round 3
- Add the next object of the 15 highest fanout net

Lock it
dr o2 3 4 lI—E::

\ s \ s 1 \
‘mm, Em (Em. (EE)
'EN, EN, EN, (EE
/BN E  E
:I Nm - N
J——

Ea—E
Area balance is 2 II—»-
} 52 UTH Thesis 31/3/2024
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ML Cluster Growth

m except for the first move

Example: Round 3
- Add the next object of the 2" highest fanout net

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

Lock it
oL o2 3 4 n—E=
‘mm 'Em. W, ‘ER)
', 'EE, (BN
i e
/B3 B -
pep——4 —_——
Ea—Ea
Area balance is 2 ﬂ—’-
} 53 UTH Thesis 31/3/2024
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ML Cluster Growth

(except the first grow).

Example: Round 3
- Add the next object of the 2" highest fanout net

- Lock this it
<1 <2 <3 <4
\ \ ! 1 \
,f: ,f: { ,f:
'EN, EN, EN, EN
/! Em BN 7T
'Em ER -

’

fap—— -

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)

The idea of Parallel Clusters Growing it to grow all clusters
of the current level, by adding one object at the time

Lk

} 54 UTH Thesis

31/3/2024
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Example 1

9 {14] e

(a) Flat Design

UTH Thesis
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Example 1

(b) Level 1 - Ist Step

UTH Thesis
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Example 1

(c) Level 1 - 2st Step
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Example 1

[l
B N e
— B -.

s SOS

10 [16]eee
[17]one
11 [ 18]ese

19 |wee

(d) Level 1 - 3st Step

UTH Thesis
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Example 1

12] see
— 8 L {13] e

= 9 7]
[17]owe
— 11 [H{18]eee
[19]ene
(e) Level 1 - Cluster Formation

} 59 UTH Thesis 31/3/2024
59
Example 1
: 6 [owe

[1-zH =

g ...

8 {14] s

[17]swe

L 49 “.,

[19]eee

(f) Level 2 - 1st Step
} 60 UTH Thesis 31/3/2024
60
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Example 1

(g) Level 2 - 2nd Step

UTH Thesis
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Example 1

(h) Level 2 - Cluster Formation

UTH Thesis
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Example 1

(1) Level 3 - 1st Step

} 63 UTH Thesis 31/3/2024
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Example 1
(j) Level 3 - 2nd Step
} 64 UTH Thesis 31/3/2024
64
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Example 1

# %
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(k) Level 3 - 3rd Step
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Example 1

(1) Final Clusters
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1st Clustering Algoirthm Results

. " Through Levels Area Unclusterd
Design Levels Level Area Ratio Ratio e
Industrial 1 14 1.59 2011
Industrial 2 18 / ﬁ | 1.56 246
b19 57 4/ 111 1
jpeg 26 1870.80 z % 0
leon3 20 25.94 / 2
netcard 25 27.78 \/ 4250
Average area ratio: ~204
p 67 UTH Thesis 31/3/2024
67
Clustering Approach: MultiNet / Swarm
(a) Flat Design
p 68 UTH Thesis 31/3/2024
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Clustering Approach: MultiNet / Swarm

a
Ex 2]
8 -L{13]en
7 HHE i
—{1o}15/16]eee
[17]ose
L 11 H{18]ee
[13]ose
(b) Level 1 - 1st Step
b o UTH Thesis sy3/2024
69
Clustering Approach: MultiNet / Swarm
(c) Level 1 - 2nd Step
b 70 UTH Thesis /312024
70
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Clustering Approach: MultiNet / Swarm

5]

(d) Level 1 - 3rd Step

p 71 UTH Thesis

31/3/2024
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Clustering Approach: MultiNet / Swarm
e
(e) Level 1 - 4th Step
} 72 UTH Thesis 31/3/2024
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Clustering Approach: MultiNet / Swarm

6 Jowe

(f) Level 1 - 5th Step

} 73 UTH Thesis 31/3/2024
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Clustering Approach: MultiNet / Swarm

3] 6
A2 4 5 2o
(g) Level 1 - 6th Step
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Clustering Approach: MultiNet / Swarm

6 o

(h) Level 1 - 7th Step

p 75 UTH Thesis
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Clustering Approach: MultiNet / Swarm
6 Jo
2] 5 Jos 2 o
8 {13 ewe
o |14] =
101516+~
o N |
(i) Level 1 - 8th Step
} 76 UTH Thesis 31/3/2024
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Clustering Approach: MultiNet / Swarm

A

(j) Level 1 - Cluster Formation (Final
Clusters)

10}{15}-{16]eee
[17]oee

1
11 -:

} 77 UTH Thesis 31/3/2024
77
Clustering Algoirthm Comparison
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 62.20 111 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 10.13 118 231
b19 5 8.16 1.28 0
jpeg 5 10.72 1.27 0
leon3 5 15.09 133 0
netcard 25 6.67 0.97 1
} 78 UTH Thesis 31/3/2024
78
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15t Paper

Swarm - A VLSI Timing, Fanout-aware Clustering
Algorithm

Christos P. Sotiriou *, George Rafael Goudroumanis ™, Nikolaos Sketopoul
University of Thessaly, EECE Department, Volos, G

. and Christos Georgakidis

{chsolirion, queorgios r, skelopou, coeorgakidis)@e-ceuthgr

TSQED

Symposium 2021

} 79 UTH Thesis 31/3/2024

79

Clustering Approach: Clusters Growth Techniques

» Group next candiadte
criticality notion
» Fanout
» Slack
» Delay

» Net next candidates
ordering

» Increasing Order

» Decreasing Order

(a) Flat Design

} 80 UTH Thesis 31/3/2024

80
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Clustering Approach: Flattening Techniques

Clusters Hierarchy

iy

; s
3 [-] B
8 ] :
(>
Clean-Up
p 81 UTH Thesis 31/3/2024

81

Clustering Approach: Large Objects Awareness

bigblue1 #Cells = 278164, #Nets = 282974 bigblue2 #Cells = 557866, #Nets = 576816

w{T TN TIR T TIT

%—3

go{THFo: Min value: e.e07, Bin width: 125.437, Max value: 2508.752
INFO: Median: ©.365, Average: ©.37e, Standard Deviation: 8.568

(571645) (0.808 - 125.437)
(12) (125,437 - 250.874)

(18) (256.874 - 376.312)

(B5) (376.312 - 581.749)

(B6) (501.743 - 627.186)

(81) (627.186 - 752.623)

(16) (752.623 - 678.851)

(80) (878.061 - 1803.498)
(88) (1803.498 - 1128.935)
(89) (1128.935 - 1254.372)
(BB) (1254.372 - 1379.818)
(B1) (1379.818 - 1565.247)
(BB) (1505.247 - 1630.684)
(80) (1630.684 - 1756.121)
(80) (1756.121 - 1881.558)
(80) (1881.558 - 2086.996)
(80) (2006.996 - 2132.433)
(89) (2132.433 - 2257.870)
(BB) (2257.870 - 2383.367)
(B4) (2383.367 - 2568.745)

0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000 30000

» 82 UTH Thesis 31/3/2024
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Results
Design Large Objects Awareness Novel Algoirthm
Levels Unclustered | AreaRatio | Exec Time Levels Unclustered | AreaRatio | Exec Time
adaptecl 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
bigbluel 10 1426 157.02 34.99 10 1060 216.59 45.695
newbluel 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 ! f 330.33 ) 18 4845 ( 834.34 ! f412.61 ?
) 83 UTH Thesis 31/3/2024
83
Our Contribution: Vcycle Flow
o el e s oo e PV o Tl P
N ADF, Gun Tpe 7. Post Pcsing Opsmision Pase PPOP, T type FAMT, Lo Unilding
[ A —
>
; . fueta Hierarchy_Lewl
g L
: -
" ro
p 85 UTH Thesis 31/3/2024
85
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Our Contribution: Recursive Bipartitioning

T L
ohjects = gat_level objects (Hierarchy Level);
initialise recursive bipartitioning binary tree (Netlist, PN);
status = recursive bipartitioning MT(chjects, ABF, GT, FMT):
if (status == -1) then
/* error status, the algorithm must exit #/
break;
else if (status == -2) then
/* warning status, not enough objects, to fill in all partitions, in this level */
Hierarchy_Level = Hierarchy_Level - 1;
cantinueg]
else
Hierarchy Level = Hierarchy Level - 1;
initial_phase =10
end if

optimise area():

} 86 UTH Thesis 31/3/2024
86
c3 3
Our Contribution: Unfolding - (e o
G2 | (g1|/G1
G2
62 | g (Eil o @
Multilevel Graph Bisection el
\
a1
‘ Gz o2 @z |61
G2
)
a a2 W Mo ez | o
G1
3
a
|
£
=
=
g
g
3
= G1 G1
G2 | g1|e1
G2
61
62 il [a1 . o @
61
&2 - G2 @
G2
Initial Partitioning Phase a1
a2 s G2 | a7
61
} 87 UTH Thesis
87
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Our Contribution: Unfolding
Mlobjects unfolding o o
Multilevel Giaph Bisection = fl S -
o !
1. All mlobjects of the level Q) ——— - ”°’ ==
2. Mlobjects on Cut (A) © : . ot
p s Title
3. Unfolded mlobjects (B)
4. Unfolded mlobjects AND Mlobjects on Cut (A && B)
5, Unfolded mlobjects OR Mlobjects on Cut (A || B)
) 88 UTH Thesis 31/3/2024
88
Our Contribution: kway partitioning
unfold partitions level (Hicrarchy Level, Clusters Hierarchy, LI'F):
objects = get_lewel objects(Hierarchy Level);
if {r_-]ne:_-k_le-.-e l_r_':L::'_:st raints () == TR E) them
status = kway_partitiening(objects, ABF, GT, FMT)
= if (status == -1) then
* error status, the algorithm must exit */
break;
else
optimise areal);
/ E _
Hierarchy Level= Hierarchy Level - 1
_ endif
end if
f
Tl — ~ = e
p 8 UTH Thesis 31/3/2024
89
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Results

Design On Ci On Cut and Unfolded folded on Cut Unfolded
Exec Time Cutsize Are'a Exec Time Cutsize Arga Exec Time Cutsize Are'a Exec Time Cutsize Are'a
Ratio Ratio Ratio 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
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 @59 54,194 3.500 @19 44,983 3.500 6999 74,017 3.500 6549 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. 249,056 3.500 ‘ 5059.119 249,376 3.500 180 288,981 3.500 25! 279,523 3.500
~
adaptecl - - - 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 ° = B 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

>

91 UTH Thesis

31/3/2024

91
Our FM version

Input: Level Ohjects, Partitions Number PV

Output: Objects list representing partitions.

I: initialise_heaps (PN);

2: extract partition cutsize and gains mlobjects();

3! repeat . .

4 sort_besps() Time Complexity approaches
5: store partitions characteristics(&gain, &arearatio, &object): O(((P'l)*N)AI)

G:  repeat

7 pop_larger_gain_heap_node():

8 get_object characteristics(iarea, idestinatiocn partition); R
9 if (check_object movemeat_for ara_violtions(orcarativ) — TRUE) then Space Complexity is
10: store_violating_object (object]; O((P—l)N)

11z continue;

12: else

13: pop_all other identical instances (ohject);

14: end if

1s: reinsert_all viclating cbjects into_heaps();

16! move_objeet (destination_partition) |

17 update_partitions_characteristics()

18: store_movement_logistics();

19:  until (FM_tentative iterations evaluation(} == TRUE)

200 detect_minimum_cutsize ()]

21 until (FM_iterat luatian() == TRUE)

22: returnicreate_objects_lists());
} 92 UTH Thesis 31/3/2024

92
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Our Contribution: Gain startegies

Nets Mode Flylines Mod/e

/ /
/@ 1

= 0
/ L— 1
i
Galn = External = Internal Galn = External = Internal
e External: The object nets which all of their members * External: The mlobject connections towards the
are located at partition A apart from one object other partitions
* Internal: The mlobject nets which all of their members  + Internal: The mlobject connections towards the
are located at the same same partition
} 93 UTH Thesis 31/3/2024
93
Design per_flylines
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 (43.3@ (73463) 3.500 60.872 (95612) 3.500
leon3 @0.561 6879 3.500 623.114 @39@ 3.500
netcard 2168.491 288981 3.500 - - -
adaptecl 60.979 65678 3.500 - - -
adaptec2 835.725 83585 12.475 - - -
} 102 UTH Thesis 31/3/2024
102
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Partitioning Approach: FM algoirthm efforts

FM heap

. Characteristics
creation type

* Insert into heap every possible move of each mlobject

Bl it * Perform FM algorithm using user defined exit conditions

* Insert into heap as possible moves only the partitions in which a net is located

Il (3702 * Perform FM algorithm using user defined exit conditions

* Insert into heap as possible moves only 10 partitions with which a cell is most
Normal Effort heavily connected
* Perform FM algorithm using user defined exit conditions

* Insert into heap as possible moves only 1 partition with which a cell is most heavily
Low Effort connected
* Perform only one FM iteration regardless of the user defined exit conditions

p 103 UTH Thesis 31/3/2024

103

Results

Design

Industrial

Industrial

netcard

} 104 UTH Thesis 31/3/2024

104
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Results

Design low effort normal effort high effort

—— — |
adaptec2 123.594 150,659 14.840 698.191 83,585 938,914 12.573 83,199 12.475
p 105 UTH Thesis 31/3/2024
105
Classic Greedy
3 Until cutsize increment is detected perform 2 Until cutsize increment is detected perform
FM Iterations FM Iterations
®  Create heap containing possible moves @ Create heap containing possible moves
sorted by decreasing gain value sorted by decreasing gain value
2 Until heap is empty perform FM tentative moves 2 Until a negative gain is detected perform M
based on its sorting tentative moves based on heap sorting
Early Exit
® Until user specified cutsize reduction percentage is achieved (cutsize reduction less than 1%)
®  Create heap containing possible moves sorted by decreasing gain value
3 Until user defined cutsize increment percentage is reached (cutsize after a tentative move > 20% of minimum)
perform FM tentative moves based on heap sorting
} 106 UTH Thesis 31/3/2024
106
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itioning Cutsize chart

Bi-Part

FM tentative moves cutsize result
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K-way Partitioning Cutsize chart

FM tentative moves through iterations cutsize results
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Thesis Outline

1. Definitions 4% o
{Tfimni = FACTORY.
2. Applications
3. Existing tools
N
. GOl
4. Our contribution ST =S
" R
5. Evaluation : =
-
6. Conclusions
FUTURE
@
7. Future work
} 109 UTH Thesis 31/3/2024
109
ISPD 2005/06 results
Cutsize Execution Time
12,00 7,00
10,00 600
5,00
8,00
4,00
6,00
3,00
4,00
2,00
2,00
1,00
0,00 0,00
50 100 300 500 50 100 300 500 50 100 300 500 50 100 300 500 50 100 300 500 50 100 300 500 50 100 300 500 50 100 300 500
hMetis Patoh Kahypar Kahypar_MT hMetis Patoh Kahypar Kahypar_MT
MAX MIN =AVERAGE MAX MIN = AVERAGE
» 110 UTH Thesis 31/3/2024
110
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Physical Design and Timing Oriented Metrics

times x (ather / Amass)
CutSize AreaRatio ExecutionTime

50 | 100 | 300 | 500 50 100 300 500 50 | 100 | 300 500

ISPDO6 | 6.65 | 5.46 | 4.29 |5.40 | 3.26 6.24 10.14 369 399 [336 | 246 | 151

hmetis ISPD11 | 3.99 | 3.02 | 2,90 |2.95 8.37 12.82 11.33 4.38 240 | 2.16 | 1.50 | 1.16

DAC12 |3.95 | 3.23 |3.07 (321 9.40 14.45 10.53 178 2.08 |1.68 | 138 | 1.07

ICCAD15 | 4.79 | 3.28 | 2.35 | 2.25 5.72 8.07 9.75 463 209 |1.88 | 1.32 | 0.90

ISPDO6 | 5.77 | 4.43 [3.50 |[4.43 | 916 1530.30 | 1277.05 | 3261.35 |0.67 |0.59 | 0.52 | 035

patoh ISPD11 | 2.38 | 1.79 | 1.87 | 1.96 | 4455.35 2157.42 420.45 17437 |099 |1.27 | 1.27 | 0.95

DAC12 |2.39 |1.92 |1.93 [2.06 | 11065.08 | 6792.42 4467.30 1530.78 | 090 |1.31 | 0.88 | 0.80

ICCADIS | 3.31 | 2.31 |1.72 | 1.67 | 3396.28 | 22040.44 | 12408.99 | 10977.83 [1.02 | 1.15 | 0.81 | 0.54

ISPDO6 | 5.79 | 4.40 |3.49 | 440 11.12 76.64 187.23 268.06 117 |[1.22 | 1.25 | 0.83

Kahypar ISPD11 | 2.38 [ 1.75 |1.80 (1.88 | 1152.26 10.64 1916.99 67349 [2.01 |3.30 | 5.01 4.98

DAC12 |2.37 [1.89 [1.88 |2.00 | 838.90 79.69 1300.21 533.32 248 | 3.53 | 452 | 5.34

ICCAD15 | 3.22 | 2.22 | 1.66 | 1.62 19.21 369.73 8158.89 3942.13 |4.52 |8.25 |21.15 | 28.76

ISPDO6 | 7.06 | 5.34 |4.17 | 5.24 5.05 7.19 .77 8.00 024 1027 | 0.30 | 0.24

" 1SPD11 | 3.67 | 2.60 |2.45 |2.48 | 11.90 9.09 6.01 440  |021 /026 | 035 [ 035

Kabvpar MY "oac12 [3.70 [2.79 |25 263 | 1228 | 1153 7.09 260 |0.7 |020 | 027 | 031

ICCAD1S | 4.73 | 3.23 | 2.30 | 2.20 6.25 7.25 6.29 5.35 0.10 | 011 | 0.12 0.12

Top 1000 top 1000 Delay Top 1000 Slack

50 | 100 | 300 | 500 50 100 300 500 50 | 100 | 300 500

hMetis 1.03 |0.77 | 0.63 [0.70 7.58 4.78 4.59 4.26 452 1418 | 4.21 | 4.18

Patoh (ccapis [0:57 1037 [0.26 |0.25 | 2.95 2.22 2.27 223 |297 311 | 362 | 3.7

Kahypar 0.53 | 0.35 |0.25 | 0.26 3.02 2.07 2.0 2.05 3.02 [3.05 | 3.31 3.34

Kahypar_MT 1.06 |0.72 [057 059 | 6.85 4.93 4.46 419 |439 |a18 | 417 [ 415
} 111 UTH Thesis 31/3/2024
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AMASS: Multi Imi I
: Multi-Level Timing Driven
.
Partitioning Algorithm
George Rafael Goudroumanis =, Nikolaos Sketopoulos **', Christos P. Sotiriou =, and Stavros Simoglou
University of Thessaly, EECE Department, Volos, Greece
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LOADING.....
} 112 UTH Thesis 31/3/2024
112

3/31/2024

47



Thesis Outline

RAUD

(5
AZE
b

1. Definitions L83 g
= iflfouen = FACTORY.

2. Applications

3. Existing tools
4. Our contribution
5. Evaluation

6. Conclusions

FUTURE
L 4
7. Future work f
i
} 113 UTH Thesis 31/3/2024

113

Conclusions

Moore's Law Synopsys
isal |

is

MultiLevel flow will become the new standrad flow . Aspiringto

. ¥ Trillion
Partitioning will become again mandatory in the tran:
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

v
Gordon Moore in 1965

} 114 UTH Thesis 31/3/2024
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Future Work

» Integrate more advanced algoirthms into clustering and
partitioning phases
» Clustering step
» Al/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

} 115 UTH Thesis 31/3/2024

115

Questions

} 116 UTH Thesis 31/3/2024
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Thank you all for your time

‘Adobe Stack | #179519062

} 117

UTH Thesis 31/3/2024

117

3/31/2024

50



	Default Section
	Slide 1: Multi-Level Partitioning  Methodologies and their  applications in modern IC design
	Slide 2: Μεθοδολογίες πολυεπίπεδης κατάτμησης κυκλωμάτων και οι εφαρμογές τους στη σχεδίαση σύγχρονων ολοκληρωμένων κυκλωμάτων
	Slide 3: Thesis Outline
	Slide 4: Definitions (1): Graph Representations
	Slide 5: Definitions (2): Physical Design oriented notions
	Slide 6: Definitions (3): Static Timing Analysis oriented notions
	Slide 7: Definitions (4): Multi-Level ASIC flow
	Slide 8: Definitions (4): Multi-Level ASIC flow
	Slide 9: Definitions (5): Clustering 
	Slide 10: Definitions (6): Multi-Level Partitioning
	Slide 11: Definitions (6): Vcycle Flow
	Slide 12: Thesis Outline
	Slide 13: Applications: Multi-Level Placement
	Slide 14: Applications: Multi-Level Placement
	Slide 15: Applications: Circuit Floorplan
	Slide 16: Applications: Floorplan
	Slide 17: Applications: 3D design
	Slide 18: Applications: 3D design
	Slide 19: Applications: 3D design (2)
	Slide 20: ICCAD 2023
	Slide 21: ICCAD 2023
	Slide 22: ICCAD 2023
	Slide 23: Thesis Outline
	Slide 24: Existing Clustering Algorithms: Novel
	Slide 25: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 26: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 27: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 28: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 29: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 30: Existing Partitioning Algorithms:  Fiduccia–Mattheyses (FM)
	Slide 31: Existing Partitioning Algorithms:  Kernighan–Lin (KL)
	Slide 32: Existing Partitioning Tools:
	Slide 41: Thesis Outline
	Slide 42: Test Cases
	Slide 43: ML Cluster Growth
	Slide 44: ML Cluster Growth
	Slide 45: ML Cluster Growth
	Slide 46: ML Cluster Growth
	Slide 47: ML Cluster Growth
	Slide 48: ML Cluster Growth
	Slide 49: ML Cluster Growth
	Slide 50: ML Cluster Growth
	Slide 51: ML Cluster Growth
	Slide 52: ML Cluster Growth
	Slide 53: ML Cluster Growth
	Slide 54: ML Cluster Growth
	Slide 55: Example 1
	Slide 56: Example 1
	Slide 57: Example 1
	Slide 58: Example 1
	Slide 59: Example 1
	Slide 60: Example 1
	Slide 61: Example 1
	Slide 62: Example 1
	Slide 63: Example 1
	Slide 64: Example 1
	Slide 65: Example 1
	Slide 66: Example 1
	Slide 67: 1st Clustering Algoirthm Results
	Slide 68: Clustering Approach: MultiNet / Swarm
	Slide 69: Clustering Approach: MultiNet / Swarm
	Slide 70: Clustering Approach: MultiNet / Swarm
	Slide 71: Clustering Approach: MultiNet / Swarm
	Slide 72: Clustering Approach: MultiNet / Swarm
	Slide 73: Clustering Approach: MultiNet / Swarm
	Slide 74: Clustering Approach: MultiNet / Swarm
	Slide 75: Clustering Approach: MultiNet / Swarm
	Slide 76: Clustering Approach: MultiNet / Swarm
	Slide 77: Clustering Approach: MultiNet / Swarm
	Slide 78: Clustering Algoirthm Comparison
	Slide 79: 1st Paper
	Slide 80: Clustering Approach: Clusters Growth Techniques
	Slide 81: Clustering Approach: Flattening Techniques
	Slide 82: Clustering Approach: Large Objects Awareness
	Slide 83: Results
	Slide 85: Our Contribution: Vcycle Flow
	Slide 86: Our Contribution: Recursive Bipartitioning
	Slide 87: Our Contribution: Unfolding
	Slide 88: Our Contribution: Unfolding
	Slide 89: Our Contribution: kway partitioning
	Slide 91: Results
	Slide 92: Our FM version
	Slide 93: Our Contribution: Gain startegies
	Slide 102: Results
	Slide 103: Partitioning Approach: FM algoirthm efforts
	Slide 104: Results
	Slide 105: Results
	Slide 106: Partitioning Approach: FM algoirthm versions
	Slide 107: Bi-Partitioning Cutsize chart 
	Slide 108: K-way Partitioning Cutsize chart
	Slide 109: Thesis Outline
	Slide 110: ISPD 2005/06 results
	Slide 111: Physical Design and Timing Oriented Metrics
	Slide 112: 2nd Paper
	Slide 113: Thesis Outline
	Slide 114: Conclusions
	Slide 115: Future Work
	Slide 116: Questions
	Slide 117: Thank you all for your time


