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Background & Motivation

8 epa Logic Synthesis: transforms HDL to gate-level netlists by applying a sequence of logic transformations

v/| Best data structure per region (AlG,
I::> @ > ltw | b | tfz | s |15z MIG, XAG).

. X Relies on fixed, pre-defined scripts
RL / Heuristics (Limited in the "how").

Dynamic Sequence Generation V.S. Heterogeneous Logic Optimization

v] Custom optimization flows. TR
p AN —

X Ignores internal structural diversity I
(Blind to the "where"). )

Fixed Scripts for MIG ‘

Heterogeneous

/! <:I Fixed Scripts for AIG ‘

Optimization

/ :<:

) : How to unify the spatial intelligence (partitioning) ==

Fixed Scripts for XAG ‘

with the procedural intelligence (dynamic sequences)?

04 May 2026 Xingyu Qin / Beijing University of Posts and Telecommunications 2



Pre-Optimized AIG

Global Pre-Opt: Transformer clears
superficial redundancies.
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Global Pre-Optimization

Input AIG
N | | |
> 01 02 On
m aBC 4 4 + The Problem
mﬁ‘—\——J \ Decoder-only Transformer ‘ « Raw networks contain superficial redundancies.
= | cirit | " « Leads to suboptimal partitioning.
Pre-Optimized Sl + + +
AIG [bOS]

L—» 00[Cp| |O1|C1| *** |On-1/Cpn-1

The Solution
Graph Structure « Alearning-based, decoder-only Transformer.
AIG d =) [Folayer Autoregressively predicts tailored optimization sequences.
@ DE- « Uses a Dual-input Encoder
., Cirutit Embedding (GNN for topology + MLP for features).
Cirutit Features =~
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Timing and Structure-Aware Partitioning & Subcircuit Representation DATE -
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Partitioning

The Problem: Fig. 3 Best result distribution over partition Subcircuit Representat|0n
Standard tools fail at numbers on EPFL benchmarks.
. [ = = [ LSOracle
high granularity. 5w ol
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 Protects Critical Paths Cirutit Features

» Protects Reconvergent Paths
« Protects High-fanout nets

Partition Number

Goal: Maximize potential of each partition.
Method: Dual-input encoder (GNN + MLP).
Output: Predicts optimal AIG, MIG, XAG, or XMG.
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Globally-Aware Subcircuit Dynamic Optimization Dgfe . :
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Convertto | D, Globally- @A /
Optimal DAG| Aware GA \ //
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Bespoke |
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Fitness Function . Ng = Ng — AN, .
| _ [Dy—ADy, if on crit. path, |
The Trap: Local Gains # Global Optimality 1 9 \max(Dy, Djpew) — A - AD;, otherwise. !
Fitness = Original Global NDP - Estimated New Global NDP : :
: !/ !/
\ Fitness = (Ny - Dy) — (N, - D). ]
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Experimental Results

Technology-Independent Optimization (NDP)

1.000
TABLE I Technology-independent logic optimization result. NDP denotes the product of node count and depth. % 1
.. Original LSOracle [14] HeLO [10] * 7 DynaOpt (Ours) ) pd
Circuit node level NDP node level NDP node level NDP node level NDP \ 8 0.680 0.640
pico-Tv 14551 31 451081 15124 18 272232 | 19268 18 346824 1| 12730 15 91700 | | N 0.511
chip_bridge || 58596 31 1816476 || 59180 19 1124420 | 58317 19 1108023 ||| 57532 17 978044 ®© 0.5
38417 8594 28 240632 9198 19 174762 | 9522 16 152352 8271 16 132336 || £
fpu 65750 33 2169750 || 60955 20 1219100 | 68099 20 1361980 1| 60466 18 1088388 || 2
aes_core 13232 44 582208 14318 29 415222 | 21867 18 393606 || 9968 26 259168
des_perf 82373 20 1647460 || 79784 16 1276544 | 70176 15 1052640 || 76482 14 1070748 || 0
ethernet 67164 33 2216412 || 64909 22 1427998 | 71896 20 14379201 61065 20 1221300 |, T
dyn_node 3986 27 107622 4113 19 78147 | 4034 18 72612 4l 3798 14 53172 Original LSOracle HeLO  DynaOpt
vga_led 105334 22 2317348 || 102031 19 1938589 | 101534 17 1726078 || 103788 15 1556820 || ]
fpga_bridge || 318081 41 13041321 || 312498 31 9687438 | 324356 24 7784544 || 322419 20 6448380 I ASIC Technology mapping (ADP @ ASAP7)
i2¢ 1342 20 26840 1404 10 14040 1385 8 11080 I 1168 8 9344
mem_ctrl 46836 114 5339304 || 52819 69 3644511 | 56592 61 34521127 46258 54 2497932 || 1.000 0.932
normalize 1.000  1.000 1.000 1018 0669  0.630 1106 0591 0640 [ 0929 0551  0.511 I % 1 0.887 i 0.859
2 e
TABLE ITI ASIC technology mapping result using ASAP7 PDK. ADP denotes the product 0’ delay (ps) and area (um?).] R}
Circuit Original LSOracle [14] HeL.O [10] * i DynaOpt (Ours) I &)
area delay ADP area delay ADP area delay ADP area delay ADP ®@ 0.5
pico-rv 700.7 3252 2278504 || 618.6 269.5 1667286 | 831.6 2900 2411530 || 564.0 283.8 1600519 || =
chip_bridge || 2657.2 308.9 820871.5 || 26134 2936 767247.8 | 30282 2639 7990100 ||| 2512.1 317.1  796448.6 )
$38417 4187 3147 1317900 || 4289 2967 1272807 | 4162 2667 1110160 i|| 4206 2962 1245780 | zZ
fpu 27514 3065 109009261 | 27654 3410 943098.4 | 31279 3248 101620000|| 28732 3360  065449.3 I
aes_core 573.1  511.8  293308.1 6156 4417 2718955 | 10610  251.0 2662760 ||| 5620 4519  253954.4 I 0
des_perf 44593  264.8 1180943.2 || 44929 239.1 1074117.6 | 3457.8 2328  804807.0 || 4210.7 249.1  1049009.2 .
cthomet || 31316 3451 10807361 || 28721 3424 9834645 | 34070 2804 9850480 I|| 2739 3145 8614618 Original  LSOracle HeLO  DynaOpt
dyn_node 190.1  299.5  56932.0 1965 2410  47353.2 2055 2317 47610.0 1994 2409 480262 |
vga_led 47661 3871 18448980 || 46762 3402 15910439 | 56275 2595 146045920 42024 3388 14541002 I
fpga_bridge || 14044.7 515.1 7234430.1 || 14997.7 430.1 6451123.6 | 16385.7 340.9 5585048.8]|| 144588 4557 6588735.1
S S 532 1321 70248 603 1070 64513 0> 1317 e V| sr4 1074 el64s 1 ® Best on 11/12 Benchmarks (N D P)
mem_ctrl 18265  997.9 1822553.1 || 19355 849.0 16431257 | 23952 1021.3 24462142\(| 18417 8268 1522807.8 y )
normalize || 1.000 1000 1.000 1014 0877  0.887 1170 0812 0932 K. 0972 o086 0859 .| @ 24.9% Im provement over LSOracle Baseline

HeLO* is non-open source, and results are quoted from original paper. The discrepancy primarily arises from Verilog-to-IIG_conv_ersHL . LoweS t ADP . 0 8 59 @ A S AP 7n m
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Experimental Results

TABLE III In-depth analysis and ablation study on the EPFL benchmark suite.

benchmark Original LSOracle [14] w/o Pre-Opt w/o Dynamic-Seq wlo Aware-Part DynaOpt (Ours)
node  level NDP node level NDP node  level NDP node  level NDP node  level NDP node level NDP
adder 1020 255 260100 1697 21 35637 1459 19 27721 1896 19 36024 1203 18 21654 1633 14 22862
cavlc 693 16 11088 707 15 10605 631 11 6941 663 11 7293 608 11 6688 627 10 6270
ctrl 174 10 1740 128 7 396 108 5 540 98 5 490 94 5 470 95 5 475
div 57247 4372 250283884 || 121464 841 102151224 || 74606 1171 87363626 | 60763 814 49461082 | 84798 684 58001832 || 39222 668 26200296
i2¢ 1342 20 26840 1404 10 14040 1356 8 10848 1256 3 10048 1196 7 8372 1188 8 9504
int2float 260 16 4160 251 13 3263 236 8 1888 217 10 2170 208 9 1872 220 8 1760
log2 32060 444 14234640 38853 281 10917693 32903 160 5264480 | 36692 224 8219008 | 33697 171 5762187 32635 162 5286870
max 2865 287 822255 4361 70 305270 3525 51 179775 3066 52 159432 4317 27 116559 3770 28 105560 .
mem_ctrl 46836 114 5339304 52819 69 3644511 54642 48 2622816 | 48246 53 2557038 | 54891 46 2524986 || 43060 53 2282180 ® L ow eSt AV er ag e N D P .
multiplier || 27062 274 7414988 37351 139 5191789 29647 88 2608936 | 33240 118 3922320 | 46445 57 2647365 32014 83 2657162
priority 978 250 244500 1054 130 137020 568 96 54528 624 61 38064 518 45 23310 539 43 23177 O ) 2 6 6 (F u I I Dy n ao p t)
router 257 54 13878 415 17 7055 205 11 2255 242 11 2662 225 11 2475 234 11 2574
sin 5416 225 1218600 6483 141 914103 5865 97 568905 5653 122 689666 67306 91 612976 5399 91 491309 . .
sqrt 24618 5058 124517844 17863 5061 90404643 27310 764 20864840 | 17266 4034 69651044 | 27482 681 18715242 || 24043 930 22359990 | @ Dy namic -Seq IS t h e K ey
square 18484 250 4621000 22161 50 1108050 14627 38 555826 19020 43 817860 11787 27 318249 12986 29 376594 . .
voter 13758 70 963060 || H030— 26 — 3283560 4 || 7584 42 318528 | 8090 51 412590 | 4666 39 181974 [-4949— 41 — 202900 Driver (Biggest drop to
normalize 1.000  1.000 1.000 F1.210  0.560 0.590 : 0976 0352 0.322 0.977 0421 0.377 0.997 0313 0.282 ﬂ 0.900 0.321 0.266

| S — A

TABLE IV Runtime comparison in seconds (s).

S0_0R1__0%6 ) 0.377)

Circuit LSOracle [14] || DynaOpt (Ours) Analysis on EPFL benchmark (NDP) ® A D t T d ff
adder o e | oo Ablation Study (Normalized NDP) irect Irade-ofr.
ctrl 4 67 o ~4 .4x runtime for
div 634 2094 C g

o ; 54 3 oo Full DynaOpt 0.266 significantly better QoR

ntzfloat N -

log2 3 ol T 05) res w/o Aware-Part 0.282

x = 0.322 "
mem_ctrl 340 519 o 0.282 0.266
multiplier 189 993 = WLOE I’E-th_ —_— _02’ 2_2‘

prioril 6 76 .
router 4 24 . | w/o Dynamic-Seq  0.377 |
sin 37 155 ' ‘ -

A

S{;gar}c ol 334 6™ 60@0\‘3 ey &\of‘a'aQ a@,?a“ \;&09‘
voter 54 166 he R O o ©

normalize 0228 1.000 W "‘
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Conclusion

1. A New Paradigm: Replaces static scripts with fully adaptive, bespoke
optimization sequences.

2. Holistic Framework: Unifies smart partitioning, GNN DAG selection,
and globally-aware GA.

3. SOTA Performance: Delivers superior logic (NDP) and physical (ADP)
Quality-of-Results.
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THANK YOU !
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