


2 / 22

Lesyn: Placement-Aware Logic Resynthesis
for Non-Integer Multiple-Cell-Height Designs
Yuan Pu1, Fangzhou Liu1, Yu Zhang1, Zhuolun He1, Yibo Lin2,
Kai-Yuan Chao3, Bei Yu1

1Chinese University of Hong Kong
2Peking University
3Siemens



1 Introduction

2 Algorithm

3 Experimental Results

3 / 22

Outline



Introduction



• Standard cell libraries → varying cell heights → diverse PPA
requirements.

• Traditional multi-row-height cells → sized as integer multiples of a
single-row height → two drawbacks1:

• Unnecessary area cost.
• Cells not align with the shrinking transistor sizes and minimal wiring pitch.

• Non-integer Multi-Cell Height (NIMCH)2 technology provides:
• More extensive design space for exploration.
• Highly flexible and efficient power, performance, and area co-optimization.
• 8T cells (shorter) and 12T cells (higher)3.

1M. Hatamian and P. Penzes, “Non-integer height standard cell library”, US Patent 8,788,998.
2S.-Y. Wu et al., “A 3nm CMOS FinFlex™ Platform Technology with Enhanced Power Efficiency

and Performance for Mobile SoC and High Performance Computing Applications”, in Proc. IEDM,
IEEE, 2022, pp. 27–5.

3S. A. Dobre et al., “Design implementation with noninteger multiple-height cells for improved
design quality in advanced nodes”, IEEE TCAD, vol. 37, no. 4, pp. 855–868, 2017. 5 / 22
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• New layout constraint:
• Standard cells with the same cell heights are constrained to be located in the

same sub-region.
• Two categories based on the sub-region pattern: row-based and island-based.

based on their cell heights

12T cell

8T cell

12T region

8T region

(a) (b)

Illustration of (a) island-based and (b) row-based NIMCH sub-region patterns.
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NIMCH Placement



Conventional NIMCH physical design flow:
• Step 1: Initial placement (8T/12T cells spatially

mixed).

• Step 2: NIMCH placer: form separate 8T/12T
sub-regions
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Drawbacks: Huge displacement of cells and timing degradation.

4S. A. Dobre et al., “Design implementation with noninteger multiple-height cells for improved
design quality in advanced nodes”, IEEE TCAD, vol. 37, no. 4, pp. 855–868, 2017.

5Z.-Y. Lin and Y.-W. Chang, “A row-based algorithm for non-integer multiple-cell-height
placement”, in Proc. ICCAD, IEEE, 2021, pp. 1–6.

6J. Chen et al., “An efficient epist algorithm for global placement with non-integer
multiple-height cells”, in Proc. DAC, IEEE, 2020, pp. 1–6.
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• Intuition: Maintain the positions of
cells in the initial placement, and
modify the cell type/height.

• Logic resynthesis: Locally modify
cell type/height, while preserving
functionality.

• Potential solution: Insert logic
resynthesis into the conventional
NIMCH flow → between initial
placer and NIMCH placer.
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NIMCH Placement: Motivation



Row-Based NIMCH Logic Resynthesis

Given a circuit C with n gates, a set of library gates L and the initial placement of C,
resynthesize each gate in C to minimize the combined cost of total cell area and maximal
delay, and ensure the placement of the resynthesized circuit aligns with the row-based
sub-region pattern.

• Reasons for area minimization:

• Large cell area → cell inflation on placement rows → displacement for NIMCH
legalization.

• Large cell area → large utilization rate → routing issues.
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Problem Formulation



Algorithm



• Three stages:

• Row height assignment: a specific
cell height assigned to each cell →
the row-based sub-region pattern.

• DP Based Logic Resynthesis.
• Resynthesis Solution Traceback.

• Two categories of logic resynthesis:

• Conservative resynthesis: The gate
type is modified while the circuit
topology remains unchanged.

• Structural resynthesis: Both gate
type and circuit topology are
modified.

NIMCH Circuits

Initial placement

DP Based Logic Resynthesis

Resynthesis Solution TraceBack

Row Height Assignment

12T cell 8T cell

NIMCH  Logic Resynthesis

Resynthesized NIMCH Circuits

Row-based NIMCH 
Placement
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• Objective: Minimize the total cell area.

• Constraints:

• The maximal delay between any primary input and primary output is less than
the target delay α;

• The cell height of each gate gi satisfies the row height assignment solution RHA.

• Two steps:

• DP Entry Calculation.
• Solution traceback.

min

N∑
i=1

Ai s.t. Delay ≤ α, gi ∈ L, h(i) = RHA[i], (1)
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DP-Based Logic Resynthesis



Definition
(fanin mapping) For a node n in a circuit, denote its fanin nodes by Fanins(n) and for each fanin
node k (k ∈ Fanins(n)), Gates(k) denotes a set of library gates that can be mapped to k. A fanin
mapping for node n, denoted by pn, refers to a library gate mapping assignment for all fanin nodes
of n (pn = {k → gk,∀k ∈ Fanins(n), gk ∈ Gates(k)}).

OR2X1_12T

<latexit sha1_base64="lmeMBO0iBHuox2L7uNqazoM6Dwg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRcVT0YvHCvYD2rVk02wbmk2WJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyW3md56o0kyKBzONqR/hkWAhI9hYqTMaeI+169KgXHGr7hxolXg5qUCO5qD81R9KkkRUGMKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LBU4otpP5+fO0JlVhiiUypYwaK7+nkhxpPU0CmxnhM1YL3uZ+J/XS0x45adMxImhgiwWhQlHRqLsdzRkihLDp5Zgopi9FZExVpgYm1AWgrf88ipp16reRbV+X680bvI4inACp3AOHlxCA+6gCS0gMIFneIU3J3ZenHfnY9FacPKZY/gD5/MHz1eOlA==</latexit>

g2
1 :

<latexit sha1_base64="wuH/f4o3c+sIvl9j/9TojJu7qYE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKezOJqR/hoWAhI9hYqTXsew/eVb9ccatuBrRMvJxUIEejX/7qDSRJIioM4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWChxR7afZtVN0YpUBCqWyJQzK1N8TKY60nkSB7YywGelFbyb+53UTE176KRNxYqgg80VhwpGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8BZfXiats6p3Xq3d1Sr16zyOIhzBMZyCBxdQh1toQBMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBl/uOfw==</latexit>

g1
1 :

<latexit sha1_base64="v0TsZjxb61OYMXRRFG/hL8NE7rQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpYqnohePFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8c3Mbz9RpZkU92YSUz/CQ8FCRrCxUmvYrzx4V/1iyS27c6BV4mWkBBka/eJXbyBJElFhCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VOCIaj+dXztFZ1YZoFAqW8Kgufp7IsWR1pMosJ0RNiO97M3E/7xuYsJLP2UiTgwVZLEoTDgyEs1eRwOmKDF8YgkmitlbERlhhYmxARVsCN7yy6ukVSl7tXL1rlqqX2dx5OEETuEcPLiAOtxCA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPmYKOgA==</latexit>

g1
2 :

<latexit sha1_base64="dtJiIvSsHnxEnbYRa+br+KHcJzI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpYqnohePFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8c3Mbz9RpZkU92YSUz/CQ8FCRrCxUmvYrzxUrvrFklt250CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxISXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJq1L2auXqXbVUv87iyMMJnMI5eHABdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8fmweOgQ==</latexit>

g2
2 :

INVX1_8T

INVX2_8T

BUFX1_12T

BUFX2_12T

<latexit sha1_base64="y/lWgRskBrt6UpFwFAWqLeYG6Q8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVUsVT0YvHCvYD2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Gbqt56o0kyKezOOqR/hgWAhI9hYqTnonT94V71iyS27M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBJ1bpo1AqW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7xOYsJLP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy8ukeVb2quXKXaVUu87iyMMRHMMpeHABNbiFOjSAwCM8wyu8OdJ5cd6dj3lrzslmDuEPnM8fmwmOgQ==</latexit>

g1
3 :

<latexit sha1_base64="HqE0PrWdnBvGvDc4/eDqGZkBZJI="></latexit>

p1 = {n1 ! g1
1 , n2 ! g1

2} ! {area = 1.3, delay = 2.8}
<latexit sha1_base64="QacNkWdjfr7i7MAuJtkN8LLIuEU="></latexit>

p2 = {n1 ! g1
1 , n2 ! g2

2} ! {area = 2.2, delay = 1.8}
<latexit sha1_base64="fK7xiPmqKQ81ia5FBjyOueIsxK0="></latexit>

p3 = {n1 ! g2
1 , n2 ! g1

2} ! {area = 2.3, delay = 2.2}
<latexit sha1_base64="uO1hwcb5YZwlnl/Dxl8BZRWi34g="></latexit>

p4 = {n1 ! g2
1 , n2 ! g2

2} ! {area = 3.5, delay = 1.2}

<latexit sha1_base64="fzu2GDYBETqOGnCOnLjEtsJbeEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9X3+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD/U42f</latexit>n1
<latexit sha1_base64="n815OANhrWQ2UXD4Oy4jM5y8bMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3at+rV+uuFV3DrJKvJxUIEezX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMA5o2g</latexit>n2

<latexit sha1_base64="eLJ1l8NPu8ZkXDH1snYlK+B1SsU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6l/3zfrniVt05yF/i5aQCORr98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q0Cao2h</latexit>n3

(a) Illustration of fanin mappings of n3

Area

D
el
ay

<latexit sha1_base64="SaPEyAFKCEf5iGxntN7obK9brsk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJUkGW3Fu2x6MVjBfsB7VKyabYNzWZDkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNp737aytb2xubed28rt7+weHhaPjpk5SRWiDJDxR7RBrypmgDcMMp22pKI5DTlvh6G7mt56o0iwRj2YsaRDjgWARI9hYqSt7fsl3ry7LbvWiVyh6rjcHWiV+RoqQod4rfHX7CUljKgzhWOuO70kTTLAyjHA6zXdTTSUmIzygHUsFjqkOJvObp+jcKn0UJcqWMGiu/p6Y4FjrcRzazhiboV72ZuJ/Xic1UTWYMCFTQwVZLIpSjkyCZgGgPlOUGD62BBPF7K2IDLHCxNiY8jYEf/nlVdIsu/61W3moFGu3WRw5OIUzKIEPN1CDe6hDAwhIeIZXeHNS58V5dz4WrWtONnMCf+B8/gDfq4+i</latexit>

p1(1.3, 2.8)

<latexit sha1_base64="3mN99KmXWv7+28NvzMnLZhMHeE8=">AAAB83icdVDJSgNBEK1xjXGLevTSGIQIMkwmi3oLevEYwSyQDKGn05M06ekZunuEMOQ3vHhQxKs/482/sbMIrg8KHu9VUVXPjzlT2nHeraXlldW19cxGdnNre2c3t7ffVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/upr6rTsqFYvErR7H1AvxQLCAEayN1I17pYJrl05d2z3p5fKOXXEvquUK+k2KtjNDHhao93Jv3X5EkpAKTThWqlN0Yu2lWGpGOJ1ku4miMSYjPKAdQwUOqfLS2c0TdGyUPgoiaUpoNFO/TqQ4VGoc+qYzxHqofnpT8S+vk+jg3EuZiBNNBZkvChKOdISmAaA+k5RoPjYEE8nMrYgMscREm5iyJoTPT9H/pOnaxapdvinna5eLODJwCEdQgCKcQQ2uoQ4NIBDDPTzCk5VYD9az9TJvXbIWMwfwDdbrB2HVj/w=</latexit>

p3(2.3, 2.2)
<latexit sha1_base64="qgb7ZhNDvyrBvFP7agqF4Sll9Ec=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBahgoQkBO2x6MVjBfsBbSib7bZdutmE3Y1QQv+GFw+KePXPePPfuG0jWNEHA4/3ZpiZFyacKe04n1ZhbX1jc6u4XdrZ3ds/KB8etVScSkKbJOax7IRYUc4EbWqmOe0kkuIo5LQdTm7mfvuBSsVica+nCQ0iPBJsyAjWRuolfa/q2d6Fa9fO++WKYzsLoBXi13wXublSgRyNfvmjN4hJGlGhCcdKdV0n0UGGpWaE01mplyqaYDLBI9o1VOCIqiBb3DxDZ0YZoGEsTQmNFurPiQxHSk2j0HRGWI/Vb28u/uV1Uz2sBRkTSaqpIMtFw5QjHaN5AGjAJCWaTw3BRDJzKyJjLDHRJqaSCeH7U/Q/aXm2e2n7d36lfp3HUYQTOIUquHAFdbiFBjSBQAKP8AwvVmo9Wa/W27K1YOUzx7AC6/0L96qPsw==</latexit>

p2(2.2, 1.8)

<latexit sha1_base64="xFxRjKUDI3QZrZ606DksZdGjIu0=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBahgoSkRu2x6MVjBfsBbSib7aZdutmE3Y1QSv+GFw+KePXPePPfuG0jWNEHA4/3ZpiZFyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG5mfuuBSsVica/HCfUjPBAsZARrI3WTnlc+ty/OXLty2iuWHNuZAy0Rr+q5yM2UEmSo94of3X5M0ogKTThWquM6ifYnWGpGOJ0WuqmiCSYjPKAdQwWOqPIn85un6MQofRTG0pTQaK7+nJjgSKlxFJjOCOuh+u3NxL+8TqrDqj9hIkk1FWSxKEw50jGaBYD6TFKi+dgQTCQztyIyxBITbWIqmBC+P0X/k2bFdi9t784r1a6zOPJwBMdQBheuoAa3UIcGEEjgEZ7hxUqtJ+vVelu05qxs5hCWYL1/AffMj7M=</latexit>

p4(3.5, 1.2)

<latexit sha1_base64="46GiR8BOvOw5qsUnDKE1xCNQjDA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJLYoh6LXjxWsB/QpmGz2bRLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPz/IQzpW3721pZXVvf2CxsFbd3dvf2SweHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o9up336kUrFYPOhxQt0IDwQLGcHaSP0g8TLhVc8HXrXvTLxS2a7YM6Bl4uSkDDkaXumrF8QkjajQhGOluo6daDfDUjPC6aTYSxVNMBnhAe0aKnBElZvNrp6gU6MEKIylKaHRTP09keFIqXHkm84I66Fa9Kbif1431eG1mzGRpJoKMl8UphzpGE0jQAGTlGg+NgQTycytiAyxxESboIomBGfx5WXSuqg4l5Xafa1cv8njKMAxnMAZOHAFdbiDBjSBgIRneIU368l6sd6tj3nripXPHMEfWJ8/l3mR7g==</latexit>

dpn3,g1
3

(b) AD-curve of n3 and g1
3
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Deinition: Fanin Mapping & AD Curve



For any node ni in the circuit with library gate gi
and fanin mapping pi, to determine the delay and
area values of dpni,gi,pi .

dp(delay)
ni,gi,pi = D(gi) + max

nf ,gf
d(i)min[(nf , gf )],

dp(area)
ni,gi,pi =

A(gi) +
∑

gf∈pi
A(gf )

1 + |Fanins(ni)|
,

(2)

AD-curve construction. Area

D
el
ay

<latexit sha1_base64="SaPEyAFKCEf5iGxntN7obK9brsk=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJUkGW3Fu2x6MVjBfsB7VKyabYNzWZDkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNp737aytb2xubed28rt7+weHhaPjpk5SRWiDJDxR7RBrypmgDcMMp22pKI5DTlvh6G7mt56o0iwRj2YsaRDjgWARI9hYqSt7fsl3ry7LbvWiVyh6rjcHWiV+RoqQod4rfHX7CUljKgzhWOuO70kTTLAyjHA6zXdTTSUmIzygHUsFjqkOJvObp+jcKn0UJcqWMGiu/p6Y4FjrcRzazhiboV72ZuJ/Xic1UTWYMCFTQwVZLIpSjkyCZgGgPlOUGD62BBPF7K2IDLHCxNiY8jYEf/nlVdIsu/61W3moFGu3WRw5OIUzKIEPN1CDe6hDAwhIeIZXeHNS58V5dz4WrWtONnMCf+B8/gDfq4+i</latexit>

p1(1.3, 2.8)

<latexit sha1_base64="3mN99KmXWv7+28NvzMnLZhMHeE8=">AAAB83icdVDJSgNBEK1xjXGLevTSGIQIMkwmi3oLevEYwSyQDKGn05M06ekZunuEMOQ3vHhQxKs/482/sbMIrg8KHu9VUVXPjzlT2nHeraXlldW19cxGdnNre2c3t7ffVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/upr6rTsqFYvErR7H1AvxQLCAEayN1I17pYJrl05d2z3p5fKOXXEvquUK+k2KtjNDHhao93Jv3X5EkpAKTThWqlN0Yu2lWGpGOJ1ku4miMSYjPKAdQwUOqfLS2c0TdGyUPgoiaUpoNFO/TqQ4VGoc+qYzxHqofnpT8S+vk+jg3EuZiBNNBZkvChKOdISmAaA+k5RoPjYEE8nMrYgMscREm5iyJoTPT9H/pOnaxapdvinna5eLODJwCEdQgCKcQQ2uoQ4NIBDDPTzCk5VYD9az9TJvXbIWMwfwDdbrB2HVj/w=</latexit>

p3(2.3, 2.2)
<latexit sha1_base64="qgb7ZhNDvyrBvFP7agqF4Sll9Ec=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBahgoQkBO2x6MVjBfsBbSib7bZdutmE3Y1QQv+GFw+KePXPePPfuG0jWNEHA4/3ZpiZFyacKe04n1ZhbX1jc6u4XdrZ3ds/KB8etVScSkKbJOax7IRYUc4EbWqmOe0kkuIo5LQdTm7mfvuBSsVica+nCQ0iPBJsyAjWRuolfa/q2d6Fa9fO++WKYzsLoBXi13wXublSgRyNfvmjN4hJGlGhCcdKdV0n0UGGpWaE01mplyqaYDLBI9o1VOCIqiBb3DxDZ0YZoGEsTQmNFurPiQxHSk2j0HRGWI/Vb28u/uV1Uz2sBRkTSaqpIMtFw5QjHaN5AGjAJCWaTw3BRDJzKyJjLDHRJqaSCeH7U/Q/aXm2e2n7d36lfp3HUYQTOIUquHAFdbiFBjSBQAKP8AwvVmo9Wa/W27K1YOUzx7AC6/0L96qPsw==</latexit>

p2(2.2, 1.8)

<latexit sha1_base64="xFxRjKUDI3QZrZ606DksZdGjIu0=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBahgoSkRu2x6MVjBfsBbSib7aZdutmE3Y1QSv+GFw+KePXPePPfuG0jWNEHA4/3ZpiZFyScKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVjG5mfuuBSsVica/HCfUjPBAsZARrI3WTnlc+ty/OXLty2iuWHNuZAy0Rr+q5yM2UEmSo94of3X5M0ogKTThWquM6ifYnWGpGOJ0WuqmiCSYjPKAdQwWOqPIn85un6MQofRTG0pTQaK7+nJjgSKlxFJjOCOuh+u3NxL+8TqrDqj9hIkk1FWSxKEw50jGaBYD6TFKi+dgQTCQztyIyxBITbWIqmBC+P0X/k2bFdi9t784r1a6zOPJwBMdQBheuoAa3UIcGEEjgEZ7hxUqtJ+vVelu05qxs5hCWYL1/AffMj7M=</latexit>

p4(3.5, 1.2)

<latexit sha1_base64="46GiR8BOvOw5qsUnDKE1xCNQjDA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4kJLYoh6LXjxWsB/QpmGz2bRLN5uwu1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPz/IQzpW3721pZXVvf2CxsFbd3dvf2SweHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o9up336kUrFYPOhxQt0IDwQLGcHaSP0g8TLhVc8HXrXvTLxS2a7YM6Bl4uSkDDkaXumrF8QkjajQhGOluo6daDfDUjPC6aTYSxVNMBnhAe0aKnBElZvNrp6gU6MEKIylKaHRTP09keFIqXHkm84I66Fa9Kbif1431eG1mzGRpJoKMl8UphzpGE0jQAGTlGg+NgQTycytiAyxxESboIomBGfx5WXSuqg4l5Xafa1cv8njKMAxnMAZOHAFdbiDBjSBgIRneIU368l6sd6tj3nripXPHMEfWJ8/l3mR7g==</latexit>

dpn3,g1
3
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DP Entry Calculation



• Phase: After dp-entry calculation.

• Reverse-topological order, and starts with the
nodes whose fanouts are POs (output nodes for
short).

• Merge all AD-curves of dpno,gi
o

(gi
o ∈ G0) into a

single AD-curve, and among the points whose
delays are smaller than the required arrival time
of no (RAT(no)), the point with the minimal area,
is selected as the resynthesized solution of no.

Area

D
el
ay <latexit sha1_base64="3nH5A2wIEXiQ+Wo6JRfAfz+OQ0c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknt3O/80SVZlI8mGlCgxiPBIsYwcZKfjKQj96gWnPrbg60SryC1KBAa1D96g8lSWMqDOFY657nJibIsDKMcDqr9FNNE0wmeER7lgocUx1k+bEzdGaVIYqksiUMytXfExmOtZ7Goe2MsRnrZW8u/uf1UhNdBxkTSWqoIItFUcqRkWj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Yu6d1lv3DdqzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OcJ5cd6dj0VrySlmjuEPnM8fhd2Ogg==</latexit>

p1
o

<latexit sha1_base64="ao0W/UARkPKYiLu911rL8NS5iFM=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewqQY9ELx4xcYEEVtItXWjotpu2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HtzO//USVZlI8mElCgxgPBYsYwcZKftKXj5f9csWtunOgVeLlpAI5mv3yV28gSRpTYQjHWnc9NzFBhpVhhNNpqZdqmmAyxkPatVTgmOogmx87RWdWGaBIKlvCoLn6eyLDsdaTOLSdMTYjvezNxP+8bmqi6yBjIkkNFWSxKEo5MhLNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpHVR9erV2n2t0rjJ4yjCCZzCOXhwBQ24gyb4QIDBM7zCmyOcF+fd+Vi0Fpx85hj+wPn8AYjljoQ=</latexit>

p3
o

<latexit sha1_base64="BU9GHUIxA9NcBJQk9UgG/5usInU=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT0WvXisYD+g3S7ZbNqGZpMlySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wdDv1W49UaSbFgxkn1I/xQLA+I9hYqRclQSYCeT4IZM+bBKWyW3FnQMvEy0kZctSD0lc3kiSNqTCEY607npsYP8PKMMLppNhNNU0wGeEB7VgqcEy1n82unqBTq0SoL5UtYdBM/T2R4VjrcRzazhiboV70puJ/Xic1/Ws/YyJJDRVkvqifcmQkmkaAIqYoMXxsCSaK2VsRGWKFibFBFW0I3uLLy6R5UfEuK9X7arl2k8dRgGM4gTPw4ApqcAd1aAABBc/wCm/Ok/PivDsf89YVJ585gj9wPn8AT8CSZg==</latexit>

dpno,g1
o

<latexit sha1_base64="AV6Ec7iCzJHXP2a44rSj3/wSVzw=">AAACIHicbVBNS8NAEN34bf2KevSyWAQPUpIq6kUQvXisYFVo0jDZbtqlm92wu1FK6E/x4l/x4kERvemvcftx0OqDgcd7M8zMizPOtPG8T2dqemZ2bn5hsbS0vLK65q5vXGuZK0LrRHKpbmPQlDNB64YZTm8zRSGNOb2Ju+cD/+aOKs2kuDK9jIYptAVLGAFjpcg9yiLZrJ4EhYgAB4q1OwaUkve4HUFzfy8IRBRP6HHTD/qRW/Yq3hD4L/HHpIzGqEXuR9CSJE+pMISD1g3fy0xYgDKMcNovBbmmGZAutGnDUgEp1WExfLCPd6zSwolUtoTBQ/XnRAGp1r00tp0pmI6e9Abif14jN8lxWDCR5YYKMlqU5BwbiQdp4RZTlBjeswSIYvZWTDqggBibacmG4E++/JdcVyv+YeXg8qB8ejaOYwFtoW20i3x0hE7RBaqhOiLoAT2hF/TqPDrPzpvzPmqdcsYzm+gXnK9vRoSjDw==</latexit>

p2
o = {na ! g3

a,

nb ! g1
b}

<latexit sha1_base64="KE/wwsJUF1mMM0+zci7J8y5e8gk=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6rXjxW6Re0S8mm2TY0m6xJVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj26nfeqJKMynqZhxTP8IDwUJGsLFS++G6XhI9edYrFN2yOwNaJl5GipCh1it8dfuSJBEVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSwWOqPbT2b0TdGqVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa88lMm4sRQQeaLwoQjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HehuAtvrxMmudl76Jcua8UqzdZHDk4hhMogQeXUIU7qEEDCHB4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A/Y4j0c=</latexit>

RAT (no)

15 / 22

Solution Traceback



• Phase: After dp-entry calculation.

• Reverse-topological order, and starts with the
nodes whose fanouts are POs (output nodes for
short).

• Merge all AD-curves of dpno,gi
o

(gi
o ∈ G0) into a

single AD-curve, and among the points whose
delays are smaller than the required arrival time
of no (RAT(no)), the point with the minimal area,
is selected as the resynthesized solution of no.

Area

D
el
ay <latexit sha1_base64="3nH5A2wIEXiQ+Wo6JRfAfz+OQ0c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEeoTyaXqhlhTzgT1DTOcdhNFcRxy2gknt3O/80SVZlI8mGlCgxiPBIsYwcZKfjKQj96gWnPrbg60SryC1KBAa1D96g8lSWMqDOFY657nJibIsDKMcDqr9FNNE0wmeER7lgocUx1k+bEzdGaVIYqksiUMytXfExmOtZ7Goe2MsRnrZW8u/uf1UhNdBxkTSWqoIItFUcqRkWj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Yu6d1lv3DdqzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OcJ5cd6dj0VrySlmjuEPnM8fhd2Ogg==</latexit>

p1
o

<latexit sha1_base64="ao0W/UARkPKYiLu911rL8NS5iFM=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewqQY9ELx4xcYEEVtItXWjotpu2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HtzO//USVZlI8mElCgxgPBYsYwcZKftKXj5f9csWtunOgVeLlpAI5mv3yV28gSRpTYQjHWnc9NzFBhpVhhNNpqZdqmmAyxkPatVTgmOogmx87RWdWGaBIKlvCoLn6eyLDsdaTOLSdMTYjvezNxP+8bmqi6yBjIkkNFWSxKEo5MhLNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpHVR9erV2n2t0rjJ4yjCCZzCOXhwBQ24gyb4QIDBM7zCmyOcF+fd+Vi0Fpx85hj+wPn8AYjljoQ=</latexit>

p3
o

<latexit sha1_base64="BU9GHUIxA9NcBJQk9UgG/5usInU=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT0WvXisYD+g3S7ZbNqGZpMlySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wdDv1W49UaSbFgxkn1I/xQLA+I9hYqRclQSYCeT4IZM+bBKWyW3FnQMvEy0kZctSD0lc3kiSNqTCEY607npsYP8PKMMLppNhNNU0wGeEB7VgqcEy1n82unqBTq0SoL5UtYdBM/T2R4VjrcRzazhiboV70puJ/Xic1/Ws/YyJJDRVkvqifcmQkmkaAIqYoMXxsCSaK2VsRGWKFibFBFW0I3uLLy6R5UfEuK9X7arl2k8dRgGM4gTPw4ApqcAd1aAABBc/wCm/Ok/PivDsf89YVJ585gj9wPn8AT8CSZg==</latexit>

dpno,g1
o

<latexit sha1_base64="AV6Ec7iCzJHXP2a44rSj3/wSVzw=">AAACIHicbVBNS8NAEN34bf2KevSyWAQPUpIq6kUQvXisYFVo0jDZbtqlm92wu1FK6E/x4l/x4kERvemvcftx0OqDgcd7M8zMizPOtPG8T2dqemZ2bn5hsbS0vLK65q5vXGuZK0LrRHKpbmPQlDNB64YZTm8zRSGNOb2Ju+cD/+aOKs2kuDK9jIYptAVLGAFjpcg9yiLZrJ4EhYgAB4q1OwaUkve4HUFzfy8IRBRP6HHTD/qRW/Yq3hD4L/HHpIzGqEXuR9CSJE+pMISD1g3fy0xYgDKMcNovBbmmGZAutGnDUgEp1WExfLCPd6zSwolUtoTBQ/XnRAGp1r00tp0pmI6e9Abif14jN8lxWDCR5YYKMlqU5BwbiQdp4RZTlBjeswSIYvZWTDqggBibacmG4E++/JdcVyv+YeXg8qB8ejaOYwFtoW20i3x0hE7RBaqhOiLoAT2hF/TqPDrPzpvzPmqdcsYzm+gXnK9vRoSjDw==</latexit>

p2
o = {na ! g3

a,

nb ! g1
b}

<latexit sha1_base64="KE/wwsJUF1mMM0+zci7J8y5e8gk=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6rXjxW6Re0S8mm2TY0m6xJVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXxJxp47rfzsrq2vrGZm4rv72zu7dfODhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj26nfeqJKMynqZhxTP8IDwUJGsLFS++G6XhI9edYrFN2yOwNaJl5GipCh1it8dfuSJBEVhnCsdcdzY+OnWBlGOJ3ku4mmMSYjPKAdSwWOqPbT2b0TdGqVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa88lMm4sRQQeaLwoQjI9H0edRnihLDx5Zgopi9FZEhVpgYG1HehuAtvrxMmudl76Jcua8UqzdZHDk4hhMogQeXUIU7qEEDCHB4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A/Y4j0c=</latexit>

RAT (no)

traceback

Area

D
el
ay

Area

D
el
ay

<latexit sha1_base64="GLfW7MWr2jGMIAuhgw5cYQcyUhc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY5lsN+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMUebTRCSqHaJmgkvmG24Ea6eKYRwK1gpHtzO/9cSU5ol8MOOUBTEOJI84RWMlP+3ho9crV9yqOwdZJV5OKpCj0St/dfsJzWImDRWodcdzUxNMUBlOBZuWuplmKdIRDljHUokx08FkfuyUnFmlT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADBQ7P8ApvjnRenHfnY9FacPKZY/gD5/MHcImOdA==</latexit>

p1
a

<latexit sha1_base64="ZihMLRW/qFJzO2kvK5JdOVOoSX4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHoxWMF0xbaWCbbTbt0swm7G6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wj25nfemJK80Q+mHHKghgHkkecorGSn/bwsdorld2KOwdZJV5OypCj0St9dfsJzWImDRWodcdzUxNMUBlOBZsWu5lmKdIRDljHUokx08FkfuyUnFulT6JE2ZKGzNXfExOMtR7Hoe2M0Qz1sjcT//M6mYmugwmXaWaYpItFUSaIScjsc9LnilEjxpYgVdzeSugQFVJj8ynaELzll1dJs1rxLiu1+1q5fpPHUYBTOIML8OAK6nAHDfCBAodneIU3RzovzrvzsWhdc/KZE/gD5/MHcg2OdQ==</latexit>

p2
a

<latexit sha1_base64="Th8eOdPTl4uliVHCypl3V5W2Qvk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vj04rGCaQttLJPtpl262YTdjVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTlPk0EYlqhaiZ4JL5hhvBWqliGIeCNcPh7dRvPjGleSIfzChlQYx9ySNO0VjJT7v4eNEtld2KOwNZJl5OypCj3i19dXoJzWImDRWoddtzUxOMURlOBZsUO5lmKdIh9lnbUokx08F4duyEnFqlR6JE2ZKGzNTfE2OMtR7Foe2M0Qz0ojcV//PamYmugzGXaWaYpPNFUSaIScj0c9LjilEjRpYgVdzeSugAFVJj8ynaELzFl5dJ47ziXVaq99Vy7SaPowDHcAJn4MEV1OAO6uADBQ7P8ApvjnRenHfnY9664uQzR/AHzucPc5GOdg==</latexit>

p3
a

<latexit sha1_base64="RaADbXqQ01RnqDuwE/0GfZ36P8I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVby01746PXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPcg+OdQ==</latexit>

p1
b

<latexit sha1_base64="tu1g44LM+kuHv9pMb1g2qfz0C10=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHoxWMF0xbaWDbbSbt0swm7G6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LBjFMMYjqQPOKMGiv5aS98rPZKZbfizkFWiZeTMuRo9Epf3X7CshilYYJq3fHc1AQTqgxnAqfFbqYxpWxEB9ixVNIYdTCZHzsl51bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lO0IXjLL6+SZrXiXVZq97Vy/SaPowCncAYX4MEV1OEOGuADAw7P8ApvjnRenHfnY9G65uQzJ/AHzucPc5OOdg==</latexit>

p2
b

<latexit sha1_base64="0R2onBiY4mMw4O4nk4GBNvmEHcs=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vj04rGCaQttLJvtpl262YTdiVBKf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+Hwduo3n7g2IlEPOEp5ENO+EpFgFK3kp93w8aJbKrsVdwayTLyclCFHvVv66vQSlsVcIZPUmLbnphiMqUbBJJ8UO5nhKWVD2udtSxWNuQnGs2Mn5NQqPRIl2pZCMlN/T4xpbMwoDm1nTHFgFr2p+J/XzjC6DsZCpRlyxeaLokwSTMj0c9ITmjOUI0so08LeStiAasrQ5lO0IXiLLy+TxnnFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fdReOdw==</latexit>

p3
b

<latexit sha1_base64="08yCO9S3MZ1k/IEjkCdMEUhHNx4=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT1WvXis0i9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8w8PxZcg+N8Wyura+sbm7mt/PbO7l7B3j9o6ihRlDVoJCLV9olmgkvWAA6CtWPFSOgL1vJHN1O/9cCU5pGswzhmXkgGkgecEjBSzy50gT1Cen9Vn5Rkj5z27KJTdmbAy8TNSBFlqPXsr24/oknIJFBBtO64TgxeShRwKtgk3000iwkdkQHrGCpJyLSXzg6f4BOj9HEQKVMS8Ez9PZGSUOtx6JvOkMBQL3pT8T+vk0Bw6aVcxgkwSeeLgkRgiPA0BdznilEQY0MIVdzciumQKELBZJU3IbiLLy+T5lnZPS9X7irF6nUWRw4doWNUQi66QFV0i2qogShK0DN6RW/Wk/VivVsf89YVK5s5RH9gff4ALr+SyQ==</latexit>

RAT(na)

<latexit sha1_base64="ojoOFRoNNS/+rCQfo/Xbz65mge8=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT1WvXis0i9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8w8PxZcg+N8Wyura+sbm7mt/PbO7l7B3j9o6ihRlDVoJCLV9olmgkvWAA6CtWPFSOgL1vJHN1O/9cCU5pGswzhmXkgGkgecEjBSzy50gT1Cen9Vn5Rkzz/t2UWn7MyAl4mbkSLKUOvZX91+RJOQSaCCaN1xnRi8lCjgVLBJvptoFhM6IgPWMVSSkGkvnR0+wSdG6eMgUqYk4Jn6eyIlodbj0DedIYGhXvSm4n9eJ4Hg0ku5jBNgks4XBYnAEOFpCrjPFaMgxoYQqri5FdMhUYSCySpvQnAXX14mzbOye16u3FWK1essjhw6QseohFx0garoFtVQA1GUoGf0it6sJ+vFerc+5q0rVjZziP7A+vwBMESSyg==</latexit>

RAT(nb)

<latexit sha1_base64="PmJ5dOcQFF7I1mg8krzch63RjB0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REi3osevFYwX5Am4bNZtMu3WzC7kYpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zM8xPOlLbtb6uwsrq2vlHcLG1t7+zulfcPWipOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2R7dTv/1IpWKxeNDjhLoRHggWMoK1kfpB4mXCw2cDD/cvJl65YlftGdAycXJSgRwNr/zVC2KSRlRowrFSXcdOtJthqRnhdFLqpYommIzwgHYNFTiiys1mV0/QiVECFMbSlNBopv6eyHCk1DjyTWeE9VAtelPxP6+b6vDazZhIUk0FmS8KU450jKYRoIBJSjQfG4KJZOZWRIZYYqJNUCUTgrP48jJpnVedy2rtvlap3+RxFOEIjuEUHLiCOtxBA5pAQMIzvMKb9WS9WO/Wx7y1YOUzh/AH1ucPJ86STA==</latexit>

dpna,g3
a

<latexit sha1_base64="Gu3JpGFoz5MCbA1cTacNkEdY4Eo=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RESvVY9OKxgv2ANg2bzaZdutmE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ5yecKW3b31ZhbX1jc6u4XdrZ3ds/KB8etVWcSkJbJOax7PpYUc4EbWmmOe0mkuLI57Tjj29nfueRSsVi8aAnCXUjPBQsZARrIw2CxMuE518MPX/gTL1yxa7ac6BV4uSkAjmaXvmrH8QkjajQhGOleo6daDfDUjPC6bTUTxVNMBnjIe0ZKnBElZvNr56iM6MEKIylKaHRXP09keFIqUnkm84I65Fa9mbif14v1eG1mzGRpJoKslgUphzpGM0iQAGTlGg+MQQTycytiIywxESboEomBGf55VXSvqw69WrtvlZp3ORxFOEETuEcHLiCBtxBE1pAQMIzvMKb9WS9WO/Wx6K1YOUzx/AH1ucPJ9aSTA==</latexit>

dpnb,g1
b
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Solution Traceback



• When two nodes (ni and nj) share the same fanin node (nk), and the dp table entry
determination of ni and nj leads to gate-type-selection conflict of nk.

• Solution: if the gate-selection conflict occurs for node nk, we calculate the required
arrival time of nk (RAT(nk)), and between the two candidate library gates, we choose
the candidate with the minimal area whose delay is smaller than RAT(nk).

or

<latexit sha1_base64="Hkl2f1CyBAzE0BW71Y1bItxk6oc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9UX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1RCjdc=</latexit>ni

<latexit sha1_base64="A86UndkE0NVqosp+v2qgjVogt4w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSveo99soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QNVxo3Y</latexit>nj

<latexit sha1_base64="GE7xY9mu7aBL8y5YBMx/z0zX39Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPvjfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBXSo3Z</latexit>nk

<latexit sha1_base64="PQ5Ds4PqvEf0hzdMQ0eqtBrBn4w=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyB73Ro9crV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuyUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/JhuAtv7xKmhdV77Jau69V6jd5HEU4gVM4Bw+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/cf2OdQ==</latexit>

g1
k

<latexit sha1_base64="bJtX+tSQ68sekFDax234ZieONIc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHoxWMF0xbaWDbbSbt0swm7G6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LBjFMMYjqQPOKMGiv5g97osdorld2KOwdZJV5OypCj0St9dfsJy2KUhgmqdcdzUxNMqDKcCZwWu5nGlLIRHWDHUklj1MFkfuyUnFulT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ56TPFTIjxpZQpri9lbAhVZQZm0/RhuAtv7xKmtWKd1mp3dfK9Zs8jgKcwhlcgAdXUIc7aIAPDDg8wyu8OdJ5cd6dj0XrmpPPnMAfOJ8/c4GOdg==</latexit>

g2
k

<latexit sha1_base64="3kY8XY9TWRH2sTYCDPZcSqC4LJ0=">AAACEXicbZC7TsMwFIadcivlVmBksaiQOlRVUlXAWMHCWCR6kZo0chwnteo4ke2AqiivwMKrsDCAECsbG2+Dexmg5ZcsffrPOTo+v5cwKpVpfhuFtfWNza3idmlnd2//oHx41JVxKjDp4JjFou8hSRjlpKOoYqSfCIIij5GeN76e1nv3REga8zs1SYgToZDTgGKktOWWq37iZtyltdClw0bN1jyGtqDhSCEh4gcYuuOhZee5W66YdXMmuArWAipgobZb/rL9GKcR4QozJOXAMhPlZEgoihnJS3YqSYLwGIVkoJGjiEgnm12UwzPt+DCIhX5cwZn7eyJDkZSTyNOdEVIjuVybmv/VBqkKLp2M8iRVhOP5oiBlUMVwGg/0qSBYsYkGhAXVf4V4hATCSodY0iFYyyevQrdRt87rzdtmpXW1iKMITsApqAILXIAWuAFt0AEYPIJn8ArejCfjxXg3PuatBWMxcwz+yPj8ATqTnUk=</latexit>

dpni,g2
i ,{nk!g1

k}

<latexit sha1_base64="zLzw3hNSSWzvufGdLmq68hg9w20=">AAACEXicbZC7TsMwFIadcivlFmBksaiQOlRVUlXAWMHCWCR6kZo2clw3des4ke2AqiivwMKrsDCAECsbG2+D22aAll+y9Ok/5+j4/F7EqFSW9W3k1tY3Nrfy24Wd3b39A/PwqCXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3I9q7fviZA05HdqGpFegHxOhxQjpS3XLA0iN+HuuOy7475ddjRPoCOoP1JIiPAB+u6kX3XS1DWLVsWaC66CnUERZGq45pczCHEcEK4wQ1J2bStSvQQJRTEjacGJJYkQniCfdDVyFBDZS+YXpfBMOwM4DIV+XMG5+3siQYGU08DTnQFSI7lcm5n/1bqxGl72EsqjWBGOF4uGMYMqhLN44IAKghWbakBYUP1XiEdIIKx0iAUdgr188iq0qhX7vFK7rRXrV1kceXACTkEJ2OAC1MENaIAmwOARPINX8GY8GS/Gu/GxaM0Z2cwx+CPj8wc9wZ1L</latexit>

dpnj ,g1
j ,{nk!g2

k}
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Solution Traceback: Path Reconvergence



• Allow circuit topological modification during logic resynthesis.

• For larger solution space and potentially better resynthesis result.
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Structural Resynthesis



Experimental Results



• Benchmark: EPFL combinational arithematic suite.

• PDK: Modified 15nm FinFET-based Open Cell Library (OCL).

• Initial placement: Innovus.
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Experimental Setting



Table: Post-Place PPA results on the EPFL combinational arithmetic benchmark suite.
‘Conventional flow’ involves directly applying the row-based NIMCH placer on the initial
placement. For ‘conventional flow +Lesyn’, our proposed resynthesis approach is
incorporated between the stage of initial placement generation and row-based NIMCH
placement.

Circuit
Metrics conventional flow 7 conventional flow + Lesyn (Ours)

# # area power delay disp time area power delay disp time
Cells Nets (um2) (mW) (ns) (um) (s) (um2) (mW) (ns) (um) (s)

adder 891 1147 197.198 0.012 1.865 2410.82 47 197.231 0.011 1.715 923.65 59
bar 2188 2323 744.096 0.043 1.525 4281.73 54 727.213 0.039 0.485 311.30 77
div 48343 48471 9930.834 0.549 245.849 185512.02 1248 9850.830 0.525 208.065 6223.10 2182
hyp 168035 168291 38847.320 2.181 1154.000 4623408.61 3943 38923.400 2.082 795.058 30046.210 6505
log2 21148 21180 5638.914 0.334 21.330 102082.70 704 5546.227 0.324 12.821 5296.64 1307
max 2287 2799 493.994 0.025 2.839 2267.18 83 490.160 0.024 2.652 515.07 103
multi 21832 21960 4415.000 0.248 9.996 395585.00 493 4443.712 0.246 5.646 2186.75 836

sin 4203 4227 1212.678 0.072 3.710 13039.92 165 1219.117 0.072 3.269 540.42 252
sqrt 21832 21960 5962.334 0.355 147.273 168311.07 870 5942.411 0.361 142.552 2803.20 1377

square 12985 13050 2705.146 0.135 6.155 35430.74 240 2704.163 0.134 5.748 1944.83 361
Normalize - - 1.000 1.000 1.000 1.000 1.000 0.999 0.965 0.739 0.009 1.538

7Z.-Y. Lin and Y.-W. Chang, “A row-based algorithm for non-integer multiple-cell-height
placement”, in Proc. ICCAD, IEEE, 2021, pp. 1–6.
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(c) maximal delay comparison
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(d) runtime comparison

Comparison of normalized maximal delay and runtime, with and without structural logic
resynthesis.
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THANK YOU!
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