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Introduction



Modern FPGA Applications

Industrial IoTCommuincation Data Center

Cloud Computing

Automotive Artifical Intelligence Emulation and Prototyping

High-Freqency Trading Scientific Computing



FPGA CAD Flow

HDL
► Hardware design is modeled in a Hardware Description Language (HDL)

Frontend
► A FPGA "compiler" (synthesis tool) translates the HDL into a general 

Boolean network, e.g, And-Inverter Graph (AIG)
► which is then mapped to a FPGA technology tailored netlist

Backend
► The netlist components are placed on the FPGA laytout
► and the connecting signals are routed through the interconnection 

network
► bitstream is finally generated for the FPGA configuration
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FPGA HW & SW 

FPGA Hardware-Software Co-development
► Apart from some front-end processes, other stages require proprietary software tools from FPGA 

manufacturers.
► The level of software tools determines the scale and performance of the hardware to a great extent!
► Placement and routing is the core process of FPGA CAD backend.
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Preliminaries



Preliminaires

Before proceeding further, we must understand some basic knowledge about FPGA placement and 
routing: 

1. What is the architecture of modern FPGAs like?

2. What are the basic problems involved in FPGA placement and routing?



Modern FPGA Architecture

Take Xilinx UltraScale Series as an example...
► Highly heterogeneous: hierarchical architecture, columnar distribution, and heterogeneous resources.
► Device, SLR, Clock Region, Tile, Site, BEL



FPGA Hierarchical Architecture (I)
Device
► In Xilinx FPGAs, the device represents the highest level of an FPGA chip, which includes one or more Super Logic Regions 

(SLRs). 
► Multiple SLRs can be assembled through Through-Silicon Via (TSV) stacking technology or 2.5D interposer technology.



FPGA Hierarchical Architecture (II)
Super Logic Region (SLR, also known as die) 
► SLRs are typically identical because each die is usually manufactured using the same masks. 
► An SLR includes a two-dimensional array of Clock Regions (CRs).
► To facilitate signal propagation between SLRs, the UltraScale architecture employs special tiles at the edges of the Clock 

Regions where two SLRs meet. 
► These tiles have dedicated flip-flop positions that help signals cross the SLR boundary. Interconnects that span across the 

SLR boundaries are known as Super Long Lines (SLLs). 
► Generally speaking, SLLs have a relatively large delay, so it is advisable to avoid signal crossings across SLR boundaries 

during placement and routing.



FPGA Hierarchical Architecture (III)
Clock Region (CR, also known as Fabric Sub Region) 
► The clock region is a two-dimensional array of tiles that is related to the allocation of clock routing resources. 
► In Xilinx FPGAs, clock signals are propagated to leaf cells along clock routing tracks and clock distribution tracks, and then 

left clock tracks.
► In the Xilinx UltraScale series, a clock region contains 24 horizontal clock routing tracks, 24 vertical clock routing tracks, 

24 horizontal clock distribution tracks, and 24 vertical clock distribution tracks. Therefore, the number of different clock 
signal types within a clock region is at most 24 [Stephen+, ISPD’16] (clock region contraint). 

[Li+, TDAES’18]



FPGA Hierarchical Architecture (III, cont’d)
Clock Region (CR, also known as Fabric Sub Region) 
► The horizontal clock distribution tracks pass through the center of the clock region and transmit the signal in both the upper 

and lower directions to the left clock tracks.
► An area controlled by a left clock track is called a half-column region. 
► Generally, the width of a half-column region is the width of two sites, and the height is half the height of a clock region.
► In the Xilinx UltraScale series, due to the limited number of left clock tracks, the number of clocks within a single half-

column region does not exceed 12 [Stephen+, ISPD’16] (half-column region contraint). 

[Li+, TDAES’18]



FPGA Hierarchical Architecture (IV)
Tile
► Tile is a physical concept of a rectangular space on the FPGA layout, the sizes of different types of tiles can vary.
► Inside a tile, there may be one site, multiple sites, or no sites at all.  
► Specially, there is a special type of tile called a switch box tile which is composed of programmable interconnect points 

(PIPs) for routing.  
► Its connections include interconnections between sites and switch boxes, as well as between different switch boxes. 

Close up view of replicated tiles of the logic array and interconnect
[RapidWright, 2023]
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FPGA Hierarchical Architecture (IV, cont’d)
Tile
► During routing, sites such as CLBs, DSPs, and BRAMs first connect to the adjacent switch box, and then connect to another 

site through horizontal and vertical interconnect tracks (route channel). 
► These interconnect tracks can not only connect the switch boxes of adjacent tiles but also make cross-tile connections 

(interconnect tracks that make cross-tile connections are called multiplexers).
► Xilinx uses a traditional columnar approach for tile layout, which means that, with a few exceptions, all tiles in a column are 

of the same type, but tiles occupying the same row are usually of different types.
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Close up view of replicated tiles of the logic array and interconnect
[RapidWright, 2023]



FPGA Hierarchical Architecture (V)
Site
► During routing, sites such as CLBs, DSPs, and BRAMs first connect to the adjacent switch box, and then connect to another 

site through horizontal and vertical interconnect tracks (route channel). 
► These interconnect tracks can not only connect the switch boxes of adjacent tiles but also make cross-tile connections 

(interconnect tracks that make cross-tile connections are called multiplexers).
► Xilinx uses a traditional columnar approach for tile layout, which means that, with a few exceptions, all tiles in a column are 

of the same type, but tiles occupying the same row are usually of different types.
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[RapidWright, 2023]



FPGA Hierarchical Architecture (V)
Site
► A Site is composed of a set of interconnected BELs and their connections both internally and externally. 
► The components of a Site include: 1) a set of interconnected BELs; 2) site pins for external input and output; 3) internal 

connections within the site, including wiring between BELs and between BELs and site pins. 
► The main types of Sites include Configurable Logic Blocks (CLBs), Digital Signal Processing units (DSPs), Block RAMs 

(BRAMs), and Input/Output Blocks (IOs) for interfacing purposes.

An UltraScale SLICEL Site
[RapidWright, 2023]
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FPGA Hierarchical Architecture (V, cont’d)
Site
► Among the different types of Sites, CLBs are the most numerous and widely distributed. CLBs can be divided into two 

heterogeneous types based on configurable logic: SLICEL and SLICEM. 
► SLICEL site has 8 LUTs (Look-Up Tables), 16 flip-flops (FFs), 2 clock signals (CLK0, CLK1), 4 clock enable signals (CE0, CE1, 

CE2, CE3), and 2 set-reset signals (SR0, SR1). 
► Depending on the combination of BELs and clock control signals, CLBs are further divided into 8 groups of Basic Logic 

Elements (BLEs), each consisting of one LUT and two adjacent FFs. 

An UltraScale SLICEL Site
[RapidWright, 2023]
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FPGA Hierarchical Architecture (VI)
BEL (Basic Element of Logic)
► BEL is the fundamental building block in the architecture of an FPGA. 
► There are two types of BELs in an FPGA: logic BELs and routing BELs. 
► Logic BELs represent the smallest units of FPGA logic functions, including components such as Lookup Tables (LUTs) and 

Flip-Flops (FFs), Carry Chains (CARRYs).
► During the placement phase, the mapping between the leaf units in the netlist (non-leaf units do not represent 

implementable hardware but indicate the hierarchical structure) logic BELs is referred to as the "placement" of the units.

Two routing muxes (routing BELs) and two flip flops (logic BELs) 
[RapidWright, 2023]



FPGA Hierarchical Architecture (VI, cont’d)
BEL (Basic Element of Logic)
► Therefore, when running the Vivado command place_design, what is actually happening is the mapping of all leaf units 

in the netlist to compatible and legal BELs. 
► Certain logic BELs (such as DSPs, BRAMs, and CARRYs) are also required to be placed vertically in sequence within 

continuous sites (cascaded constraints).
► Routing BELs are programmable routing multiplexers used to route signals between BELs. 
► Routing BELs cannot be mapped by logical units in the netlist; they are solely used for routing.

Two routing muxes (routing BELs) and two flip flops (logic BELs) 
[RapidWright, 2023]



FPGA Architecture & Its Challenges

Massive Design
► Millions of cells in a single FPGA design
► Millions routing tracks for FPGA Routing [Wang+, ASP-DAC’ 23]

Highly Heterogeneity
► Various cells types (LUT, FF, DSP, BRAM, CARRY, Distributed RAM, Shift Register, etc) 
► SLICEL-SLICEM Heterogeneity [Mai+, DAC’22]

Highly Discrete
► Clock region constraint & half-column region constraints [Li+, FPGA’19]
► Cascaded constraint [Mai+, ISEDA’24]
► Timing constraint [Mai+, TCAD’23]
► Fence Region Constraint [Mai+, ISEDA’24]
► ...

The modern FPGAs come with advanced technologies along with more chanllenges.



Basic Problems in FPGA Placement

FPGA placement is essentially a combinatorial optimization problem, which is too complicated to solve 
directly, so it is decomposed into three basic problems.

FPGA
Placement

Continuous position variables, 
find the approximate solution

A further better legal solution is 
found nearby

Global 
Placement

Legalization

Detailed 
Placement

Find the nearest legal solution 
near the global placement solution

WL: 3.24 x 106

WL: 3.42 x 106

WL: 3.31 x 106

Netlist Global Placement

Global Placement Legalization

Legalization Detailed Placement



Basic Problems in FPGA Placement (cont’d)
An FPGA-specific FPGA problem: packing

FPGA 
Placement

Global 
Placement

Legalization

Detailed 
Placement

Problem sources

Relationship with basic problems 

Packing Level

FPGA  hierarchical architecture，i.e., the combination rules of LUTs and FFs within the CLB

Alternate hierarchical global placement and legalization

CLB Level, BLE Level

Packing CLB Level BLE Level



FPGA Placement Algorithm Taxonomy

Global Placement

Packing

Legalization

Detailed Placement

Global 
Placement

Legalization

Detailed 
Placement

Stage

Packing

Algorithm Taxonomy

Partitioning Heuristic Min-cut

Quadratic Nonlinear

Pack-PL-LG PL-Pack-PL-LG

PL-SemiPack-LG

Dynamic Programming Negotation

Partitioning DFS Matching

Matching Dynamic Programming

ILP Greedy Heuristic

PL-LG

Path-based



Other Published SOTA FPGA Placers

Placer
Clock 

Constrain
ts 

LUT, FF, BRAM, 
DSP Supported

CARRY, SHIFT, 
distributed RAM 

Supported

GPU-
Acceleration

Algorithm 
Category

RippleFPGA × ✓ × × Quadratic

GPlace × ✓ × × Quadratic

UTPlaceF × ✓ × × Quadratic

elfPlace × ✓ × ✓ Nonlinear

GPlace 3.0 × ✓ × × Quadratic

RippleFPGA Clock-Aware ✓ ✓ × × Quadratic

UTPlaceF 2.0 & 2.X ✓ ✓ × × Quadratic

NTUfPlace ✓ ✓ × × Nonlinear

Ours ✓ ✓ ✓ ✓ Nonlinear



OpenPARF 0.1:
SLICEL-SLICEM Heterogeneity, Clock 

Feasibility



Two Categories of CLBs: SLICEL and SLICEM

► A Configurable Logic Block (CLB) is further categorized to SLICEL and SLICEM with asymmetric 
compatibility.

► On the basis of SLICEL, SLICEM adds additional logic signals, so it can be configured not only as LUT 
logic units with logical functions but also as distributed memory units (Distributed RAM) and shift 
registers (Shift Register) with storage functions.
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Cascaded CARRYs

Cascaded CARRYs and the immediate LUTs and FFs should be placed in consecutive CLBs in the same 
column.
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Distributed RAM or SHIFT as SLICEM

LUT-like cells
► Regular LUT, distributed RAM & shift register (SHIFT)

SLICEL = LUT x 8 + CARRY x 1 + FF x 16
► LUT can only be used for logic (not memory)

SLICEM = (LUT / distributed RAM / SHIFT) x 8 + CARRY x 1 + FF x 16
► LUT can only be used for logic and memory function
► No mixing between LUTs, distributed RAMs, ans SHIFTs in a SLICEM is 

allowed

SLICEL SLICEM

LUT SHIFTDistributed 
RAM

CLB Slices

LUTL
Field

LUTM-AL 
Field

Supply

Demand



Clock Constraints

Clock Region Constraint
► The clock demand of each clock region is at most 24.
Half Column Constraint
► The number of clock nets within the half column is at most 12.
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of a clock region.



Proposed Algorithm



Multi-Electrostatics based Placement

Analogy between placement of a single resource type and an electrostatic system like ePlace [Lu+,  TCAD’15]

Instances Electric Particles

Instance Density Charge Density

Density Penalty Electric Potential Energy

Density Gradient Electric Force

Layout Electrostatics System
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Multi-Electrostatics based Placement in elfPlace

Resource Tpye Set 𝒯

Multi-Electrostatics-based placment
Seperate electrostatic system for each resource type [elfPlace, Meng+, TCAD’21]

Wirelength
Weighted-average WL model with smoothness control [Hsu+, TCAD’13]

Modified augmented Lagrangian formulation [Zhu+, DAC’18]

Density weight preconditioner 𝒫!

𝒯 = 𝐿𝑈𝑇, 𝐹𝐹, 𝐷𝑆𝑃, 𝐵𝑅𝐴𝑀, 𝐼𝑂 .

𝒫! = 1 / Φ!
(#)

min
𝒙,𝒚

7𝑊(𝒙, 𝒚),

s.t. Φ!	(𝒙, 𝒚) = 0, ∀𝑠	 ∈ 𝒯

min
𝒙,𝒚

𝐿 𝒙, 𝒚 = 7𝑊(𝒙, 𝒚) + ∑!	∈*	 𝜆!𝒟!,

s.t. 𝒟! = Φ! +
+
,
𝒫!Φ!

,, ∀𝑠	 ∈ 𝒯



Multi-Electrostatics based Placement in OpenPARF 0.1

Multi-Electrostatics-based placement

SLICEL-SLICEM-aware Electrostatics Density Model

 

min
𝒙,𝒚

𝐿 𝒙, 𝒚 = 7𝑊(𝒙, 𝒚) + ∑!	∈*	 𝜆!𝒟! + 𝜂𝛤(𝒙, 𝒚),

s.t. 𝒟! = Φ! +
+
,𝒫!Φ!

,, ∀𝑠	 ∈ 𝑆,
Cascaded CARRY Constraints,

S = S-./-0 , S-./123-0 , S440 , 	S0*50 , S67310 , S890 .
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Special Field Mechanism

Fields LUT and LUTM-AL form an asymmetric combination mechanism together.

-- -

LUTL Field LUTM-AL Field
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<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="B9yw7wS8D62JkcKBsl+/6P4AOXY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFhPBKtwFUcuAjYVFhFwSyB1hb7NJluztHrt7QjjyN2wsFLH1z9j5b9wkV2jig4HHezPMzIsSzrRx3W+nsLG5tb1T3C3t7R8cHpWPT9papopQn0guVTfCmnImqG+Y4bSbKIrjiNNONLmb+50nqjSTomWmCQ1jPBJsyAg2VgqqgRrLfvbgt2bVfrni1twF0DrxclKBHM1++SsYSJLGVBjCsdY9z01MmGFlGOF0VgpSTRNMJnhEe5YKHFMdZoubZ+jCKgM0lMqWMGih/p7IcKz1NI5sZ4zNWK96c/E/r5ea4W2YMZGkhgqyXDRMOTISzQNAA6YoMXxqCSaK2VsRGWOFibExlWwI3urL66Rdr3nXtavHeqVRzeMowhmcwyV4cAMNuIcm+EAggWd4hTcndV6cd+dj2Vpw8plT+APn8wc+G5EU</latexit>⇢LUT
<latexit sha1_base64="KB/pLMHmyI93QM+eAU7nvB9s39c=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChm232d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw47kqcDEwZxx0QuQJIzGxFFUMdJLBEFRwEg3GN/M/O4DEZLyuK0mCfEiNIxpSDFSWvLNctUVI+5nTad95/rXzWnVNytWzZoDrhI7JxWQo+WbX+6A4zQiscIMSdm3rUR5GRKKYkamJTeVJEF4jIakr2mMIiK9bH76FJ5qZQBDLnTFCs7V3xMZiqScRIHujJAayWVvJv7n9VMVXnkZjZNUkRgvFoUpg4rDWQ5wQAXBik00QVhQfSvEIyQQVjqtkg7BXn55lXTqNfuidn5frzSqeRxFcAxOwBmwwSVogFvQAg7A4BE8g1fwZjwZL8a78bFoLRj5zBH4A+PzB+1ukww=</latexit>⇢LUTM AL
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<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL
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Low Low
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Two Fields

<latexit sha1_base64="0HGyZpSdLuRQpYnDSsPn2hLNP0M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBhNBEMJuEPUY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKD+WLcq9YcivuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippViveVeXyvlqqlbM48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDIjmM9A==</latexit>

+

<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL
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<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="B9yw7wS8D62JkcKBsl+/6P4AOXY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFhPBKtwFUcuAjYVFhFwSyB1hb7NJluztHrt7QjjyN2wsFLH1z9j5b9wkV2jig4HHezPMzIsSzrRx3W+nsLG5tb1T3C3t7R8cHpWPT9papopQn0guVTfCmnImqG+Y4bSbKIrjiNNONLmb+50nqjSTomWmCQ1jPBJsyAg2VgqqgRrLfvbgt2bVfrni1twF0DrxclKBHM1++SsYSJLGVBjCsdY9z01MmGFlGOF0VgpSTRNMJnhEe5YKHFMdZoubZ+jCKgM0lMqWMGih/p7IcKz1NI5sZ4zNWK96c/E/r5ea4W2YMZGkhgqyXDRMOTISzQNAA6YoMXxqCSaK2VsRGWOFibExlWwI3urL66Rdr3nXtavHeqVRzeMowhmcwyV4cAMNuIcm+EAggWd4hTcndV6cd+dj2Vpw8plT+APn8wc+G5EU</latexit>⇢LUT
<latexit sha1_base64="KB/pLMHmyI93QM+eAU7nvB9s39c=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChm232d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw47kqcDEwZxx0QuQJIzGxFFUMdJLBEFRwEg3GN/M/O4DEZLyuK0mCfEiNIxpSDFSWvLNctUVI+5nTad95/rXzWnVNytWzZoDrhI7JxWQo+WbX+6A4zQiscIMSdm3rUR5GRKKYkamJTeVJEF4jIakr2mMIiK9bH76FJ5qZQBDLnTFCs7V3xMZiqScRIHujJAayWVvJv7n9VMVXnkZjZNUkRgvFoUpg4rDWQ5wQAXBik00QVhQfSvEIyQQVjqtkg7BXn55lXTqNfuidn5frzSqeRxFcAxOwBmwwSVogFvQAg7A4BE8g1fwZjwZL8a78bFoLRj5zBH4A+PzB+1ukww=</latexit>⇢LUTM AL
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<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL
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Low Low
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Two Fields

<latexit sha1_base64="0HGyZpSdLuRQpYnDSsPn2hLNP0M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBhNBEMJuEPUY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKD+WLcq9YcivuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippViveVeXyvlqqlbM48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDIjmM9A==</latexit>

+

<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL
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<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="B9yw7wS8D62JkcKBsl+/6P4AOXY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFhPBKtwFUcuAjYVFhFwSyB1hb7NJluztHrt7QjjyN2wsFLH1z9j5b9wkV2jig4HHezPMzIsSzrRx3W+nsLG5tb1T3C3t7R8cHpWPT9papopQn0guVTfCmnImqG+Y4bSbKIrjiNNONLmb+50nqjSTomWmCQ1jPBJsyAg2VgqqgRrLfvbgt2bVfrni1twF0DrxclKBHM1++SsYSJLGVBjCsdY9z01MmGFlGOF0VgpSTRNMJnhEe5YKHFMdZoubZ+jCKgM0lMqWMGih/p7IcKz1NI5sZ4zNWK96c/E/r5ea4W2YMZGkhgqyXDRMOTISzQNAA6YoMXxqCSaK2VsRGWOFibExlWwI3urL66Rdr3nXtavHeqVRzeMowhmcwyV4cAMNuIcm+EAggWd4hTcndV6cd+dj2Vpw8plT+APn8wc+G5EU</latexit>⇢LUT
<latexit sha1_base64="KB/pLMHmyI93QM+eAU7nvB9s39c=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChm232d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw47kqcDEwZxx0QuQJIzGxFFUMdJLBEFRwEg3GN/M/O4DEZLyuK0mCfEiNIxpSDFSWvLNctUVI+5nTad95/rXzWnVNytWzZoDrhI7JxWQo+WbX+6A4zQiscIMSdm3rUR5GRKKYkamJTeVJEF4jIakr2mMIiK9bH76FJ5qZQBDLnTFCs7V3xMZiqScRIHujJAayWVvJv7n9VMVXnkZjZNUkRgvFoUpg4rDWQ5wQAXBik00QVhQfSvEIyQQVjqtkg7BXn55lXTqNfuidn5frzSqeRxFcAxOwBmwwSVogFvQAg7A4BE8g1fwZjwZL8a78bFoLRj5zBH4A+PzB+1ukww=</latexit>⇢LUTM AL
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<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL

Low

Low Low

Low High

Low High

Low

Initial

Two Fields

<latexit sha1_base64="0HGyZpSdLuRQpYnDSsPn2hLNP0M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBhNBEMJuEPUY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKD+WLcq9YcivuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippViveVeXyvlqqlbM48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDIjmM9A==</latexit>

+

<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL

SLICEM
Column

SLICEL
ColumnLUT SHIFT

✔✖✔✖

-- -

LUTL Field LUTM-AL Field

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0 <latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="rpQ2X4IJUW2wV/VO+gZTmm4e0XE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvEqEcSLx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1FjpvvxU7hVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNasW7rFzcVUu1chZHHk7gFM7BgyuowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AlzqNQQ==</latexit>x

<latexit sha1_base64="Tfc/kVJNoX1tgc0u/IgEANUnPd0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5AUUY8FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZv7nSeqNEvko5mmNBR4JFnMCDZWCuq+69UH1ZrnegugdeIXpAYFWoPqV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8G+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6aTdc/9q9emjUmvUijjKcwTlcgg830IR7aEEABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBOaNbA==</latexit>

1.0

<latexit sha1_base64="GxcDBZ5+rv5gwOYSMK/CL4iqDLs=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHaJUY8kXjxi4gIJbEi3dKGh2920syaE8Bu8eNAYr/4gb/4bC+xBwZc0fXlvJjPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O7+Z++4lrIxL1iJOUBzEdKhEJRtFKftWtudV+uWK/Bcg68XJSgRzNfvmrN0hYFnOFTFJjup6bYjClGgWTfFbqZYanlI3pkHctVTTmJpgulp2RC6sMSJRo+xSShfq7Y0pjYyZxaCtjiiOz6s3F/7xuhtFtMBUqzZArthwUZZJgQuaXk4HQnKGcWEKZFnZXwkZUU4Y2n5INwVs9eZ206jXvunb1UK80qnkcRTiDc7gED26gAffQBB8YCHiGV3hzlPPivDsfy9KCk/ecwh84nz8DX41r</latexit>

0.0

<latexit sha1_base64="B9yw7wS8D62JkcKBsl+/6P4AOXY=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFhPBKtwFUcuAjYVFhFwSyB1hb7NJluztHrt7QjjyN2wsFLH1z9j5b9wkV2jig4HHezPMzIsSzrRx3W+nsLG5tb1T3C3t7R8cHpWPT9papopQn0guVTfCmnImqG+Y4bSbKIrjiNNONLmb+50nqjSTomWmCQ1jPBJsyAg2VgqqgRrLfvbgt2bVfrni1twF0DrxclKBHM1++SsYSJLGVBjCsdY9z01MmGFlGOF0VgpSTRNMJnhEe5YKHFMdZoubZ+jCKgM0lMqWMGih/p7IcKz1NI5sZ4zNWK96c/E/r5ea4W2YMZGkhgqyXDRMOTISzQNAA6YoMXxqCSaK2VsRGWOFibExlWwI3urL66Rdr3nXtavHeqVRzeMowhmcwyV4cAMNuIcm+EAggWd4hTcndV6cd+dj2Vpw8plT+APn8wc+G5EU</latexit>⇢LUT
<latexit sha1_base64="KB/pLMHmyI93QM+eAU7nvB9s39c=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChm232d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw47kqcDEwZxx0QuQJIzGxFFUMdJLBEFRwEg3GN/M/O4DEZLyuK0mCfEiNIxpSDFSWvLNctUVI+5nTad95/rXzWnVNytWzZoDrhI7JxWQo+WbX+6A4zQiscIMSdm3rUR5GRKKYkamJTeVJEF4jIakr2mMIiK9bH76FJ5qZQBDLnTFCs7V3xMZiqScRIHujJAayWVvJv7n9VMVXnkZjZNUkRgvFoUpg4rDWQ5wQAXBik00QVhQfSvEIyQQVjqtkg7BXn55lXTqNfuidn5frzSqeRxFcAxOwBmwwSVogFvQAg7A4BE8g1fwZjwZL8a78bFoLRj5zBH4A+PzB+1ukww=</latexit>⇢LUTM AL
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<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL

Low

Low Low
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Two Fields

<latexit sha1_base64="0HGyZpSdLuRQpYnDSsPn2hLNP0M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBhNBEMJuEPUY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKD+WLcq9YcivuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippViveVeXyvlqqlbM48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDIjmM9A==</latexit>

+

<latexit sha1_base64="SFpdzVM6SS/DtK1x5rHwIPXmuVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUUY8FLx48RGjaQhPKZrtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5oUpZ0rb9rdV2tjc2t4p71b29g8Oj6rHJx2VZJJQjyQ8kb0QK8qZoJ5mmtNeKimOQ0674eRu7nefqFQsEW09TWkQ45FgESNYG8mv++6YDfIHrz2rD6o1u2EvgNaJU5AaFHAH1S9/mJAspkITjpXqO3aqgxxLzQins4qfKZpiMsEj2jdU4JiqIF/cPEMXRhmiKJGmhEYL9fdEjmOlpnFoOmOsx2rVm4v/ef1MR7dBzkSaaSrIclGUcaQTNA8ADZmkRPOpIZhIZm5FZIwlJtrEVDEhOKsvr5NOs+FcN64em7VWvYijDGdwDpfgwA204B5c8IBACs/wCm9WZr1Y79bHsrVkFTOn8AfW5w8AH5Ds</latexit>

�LUT

<latexit sha1_base64="5SLwx8Q1/57/zo7bl38x+GkhEn0=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWDiibTEqEeMFw+YYEKBhDbNdtnChu222d1qSOWnePGgMV79Jd78Ny7Qg4IvmeTlvZnMzAsSRqWyrG+jsLa+sblV3C7t7O7tH5jlw46MU4GJg2MWi16AJGGUE0dRxUgvEQRFASPdYHwz87sPREga87aaJMSL0JDTkGKktOSb5arbGlE/azrtO9e/bk6rvlmxatYccJXYOamAHC3f/HIHMU4jwhVmSMq+bSXKy5BQFDMyLbmpJAnCYzQkfU05ioj0svnpU3iqlQEMY6GLKzhXf09kKJJyEgW6M0JqJJe9mfif109VeOVllCepIhwvFoUpgyqGsxzggAqCFZtogrCg+laIR0ggrHRaJR2CvfzyKunUa/ZF7fy+XmlU8ziK4BicgDNgg0vQALegBRyAwSN4Bq/gzXgyXox342PRWjDymSPwB8bnD66qkuQ=</latexit>

�LUTM AL
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Two-stage Clock Network Planning

► Instance-to-clock region mapping  using the branch-and-bound method [UTPlaceF 2.0, Li+, TDAES’18]
► Bowl-like and differentiable “gravitational” attraction terms for optimization

𝑚𝑖𝑛
𝒙,𝒚

ℒ 𝒙, 𝒚; 	𝝀,𝓐, 𝜂 = 0	𝑊 𝒙, 𝒚 +	3
!	∈'

𝜆!𝒟! + 𝜂𝛤(𝒙, 𝒚)	



Divergence-aware Preconditioning

<latexit sha1_base64="amgrsDNokz6o5TgITiAdxtVYMuQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g60gCCUpoi4LblxWsA9oSplMbtqhkwczE7WEfIQbf8WNC0XcunDn3zhtA2rrgQuHc+6dufe4MWdSWdaXUVhaXlldK66XNja3tnfM3b2WjBJBoUkjHomOSyRwFkJTMcWhEwsggcuh7Y4uJ377FoRkUXijxjH0AjIImc8oUVrqmycVxxeEpk5MhGKEY+eOeaAY9yBtZ9mPfp9V+mbZqlpT4EVi56SMcjT65qfjRTQJIFSUEym7thWrXjp5kXLISk4iISZ0RAbQ1TQkAcheOj0qw0da8bAfCV2hwlP190RKAinHgas7A6KGct6biP953UT5F72UhXGiIKSzj/yEYxXhSULYYwKo4mNNCBVM74rpkOiQlM6xpEOw509eJK1a1T6rnl7XyvVKHkcRHaBDdIxsdI7q6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDa75nyI=</latexit>

@fW
@x

<latexit sha1_base64="InQJjxCfWeXaHH6x7+G40yOkQjA="></latexit>

@
P

s2S �sDs

@x

<latexit sha1_base64="P/kxyKZG9dxH4B24McE8zGeQr8s=">AAACA3icbVA9SwNBEN3zM8avUzttFhMhNuEuiFoGbCwsIpgPyJ1hbrNJluztHbt7QjgCNv4VGwtFbP0Tdv4bN8kVmvhg4PHeDDPzgpgzpR3n21paXlldW89t5De3tnd27b39hooSSWidRDySrQAU5UzQumaa01YsKYQBp81geDXxmw9UKhaJOz2KqR9CX7AeI6CN1LEPi56AgAP2QtADAjy9Gd+nJX06LnbsglN2psCLxM1IAWWodewvrxuRJKRCEw5KtV0n1n4KUjPC6TjvJYrGQIbQp21DBYRU+en0hzE+MUoX9yJpSmg8VX9PpBAqNQoD0zm5VM17E/E/r53o3qWfMhEnmgoyW9RLONYRngSCu0xSovnIECCSmVsxGYAEok1seROCO//yImlUyu55+ey2UqgWszhy6AgdoxJy0QWqomtUQ3VE0CN6Rq/ozXqyXqx362PWumRlMwfoD6zPH91Alu8=</latexit>

rL(t)

Divergence-aware
Preconditioning

<latexit sha1_base64="InQJjxCfWeXaHH6x7+G40yOkQjA="></latexit>

@
P

s2S �sDs

@x

<latexit sha1_base64="amgrsDNokz6o5TgITiAdxtVYMuQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g60gCCUpoi4LblxWsA9oSplMbtqhkwczE7WEfIQbf8WNC0XcunDn3zhtA2rrgQuHc+6dufe4MWdSWdaXUVhaXlldK66XNja3tnfM3b2WjBJBoUkjHomOSyRwFkJTMcWhEwsggcuh7Y4uJ377FoRkUXijxjH0AjIImc8oUVrqmycVxxeEpk5MhGKEY+eOeaAY9yBtZ9mPfp9V+mbZqlpT4EVi56SMcjT65qfjRTQJIFSUEym7thWrXjp5kXLISk4iISZ0RAbQ1TQkAcheOj0qw0da8bAfCV2hwlP190RKAinHgas7A6KGct6biP953UT5F72UhXGiIKSzj/yEYxXhSULYYwKo4mNNCBVM74rpkOiQlM6xpEOw509eJK1a1T6rnl7XyvVKHkcRHaBDdIxsdI7q6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDa75nyI=</latexit>

@fW
@x

<latexit sha1_base64="P/kxyKZG9dxH4B24McE8zGeQr8s=">AAACA3icbVA9SwNBEN3zM8avUzttFhMhNuEuiFoGbCwsIpgPyJ1hbrNJluztHbt7QjgCNv4VGwtFbP0Tdv4bN8kVmvhg4PHeDDPzgpgzpR3n21paXlldW89t5De3tnd27b39hooSSWidRDySrQAU5UzQumaa01YsKYQBp81geDXxmw9UKhaJOz2KqR9CX7AeI6CN1LEPi56AgAP2QtADAjy9Gd+nJX06LnbsglN2psCLxM1IAWWodewvrxuRJKRCEw5KtV0n1n4KUjPC6TjvJYrGQIbQp21DBYRU+en0hzE+MUoX9yJpSmg8VX9PpBAqNQoD0zm5VM17E/E/r53o3qWfMhEnmgoyW9RLONYRngSCu0xSovnIECCSmVsxGYAEok1seROCO//yImlUyu55+ey2UqgWszhy6AgdoxJy0QWqomtUQ3VE0CN6Rq/ozXqyXqx362PWumRlMwfoD6zPH91Alu8=</latexit>

rL(t)
<latexit sha1_base64="Evv8c/fb8mH3F2/kGVPAdA0pZPk=">AAACCXicbVA9SwNBEN3zM8avqKXNYiJoE+5E1FK0sbCIYFTIxTC32UuW7O0du3NCOK618a/YWChi6z+w89+4iVeo8cHA470ZZuYFiRQGXffTmZqemZ2bLy2UF5eWV1Yra+tXJk41400Wy1jfBGC4FIo3UaDkN4nmEAWSXweD05F/fce1EbG6xGHC2xH0lAgFA7RSp0Jrfh8w8xUEEnLqR4B9BjI7z2+zHdzNa51K1a27Y9BJ4hWkSgo0OpUPvxuzNOIKmQRjWp6bYDsDjYJJnpf91PAE2AB6vGWpgoibdjb+JKfbVunSMNa2FNKx+nMig8iYYRTYztGl5q83Ev/zWimGR+1MqCRFrtj3ojCVFGM6ioV2heYM5dASYFrYWynrgwaGNryyDcH7+/Ikudqrewf1/Yu96vFJEUeJbJItskM8ckiOyRlpkCZh5J48kmfy4jw4T86r8/bdOuUUMxvkF5z3L/AQmdo=</latexit>

r̂L(t)

► Stabilizes convergence by preconditioning the gradient ∇ℒ(𝑡) by 𝜵𝓛(𝒕)⊙𝓟(𝒕)

► Improve elfPlace’s approaches using the divergence-aware weighting method
► elfPlace: 

► Ours: 
𝒫!

" ∼ max 1, 𝒫!# + ∑$	∈	'𝛼$
" 𝜆$

" 𝒜!
$ ()

	

𝒫!# =
𝜕* 0𝑊 𝒙, 𝒚

𝜕𝑥!*
∼ 5

+∈,!

𝑤+
𝑒 − 1

, ∀𝑖 ∈ 𝒱𝒫!
" ∼ max 1, 𝒫!# + 𝜆$

" 𝒜!
$ ()

, ∀𝑖 ∈ 𝒱$ ,    



Divergence-aware Preconditioning

<latexit sha1_base64="amgrsDNokz6o5TgITiAdxtVYMuQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g60gCCUpoi4LblxWsA9oSplMbtqhkwczE7WEfIQbf8WNC0XcunDn3zhtA2rrgQuHc+6dufe4MWdSWdaXUVhaXlldK66XNja3tnfM3b2WjBJBoUkjHomOSyRwFkJTMcWhEwsggcuh7Y4uJ377FoRkUXijxjH0AjIImc8oUVrqmycVxxeEpk5MhGKEY+eOeaAY9yBtZ9mPfp9V+mbZqlpT4EVi56SMcjT65qfjRTQJIFSUEym7thWrXjp5kXLISk4iISZ0RAbQ1TQkAcheOj0qw0da8bAfCV2hwlP190RKAinHgas7A6KGct6biP953UT5F72UhXGiIKSzj/yEYxXhSULYYwKo4mNNCBVM74rpkOiQlM6xpEOw509eJK1a1T6rnl7XyvVKHkcRHaBDdIxsdI7q6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDa75nyI=</latexit>

@fW
@x

<latexit sha1_base64="InQJjxCfWeXaHH6x7+G40yOkQjA="></latexit>

@
P

s2S �sDs

@x

<latexit sha1_base64="P/kxyKZG9dxH4B24McE8zGeQr8s=">AAACA3icbVA9SwNBEN3zM8avUzttFhMhNuEuiFoGbCwsIpgPyJ1hbrNJluztHbt7QjgCNv4VGwtFbP0Tdv4bN8kVmvhg4PHeDDPzgpgzpR3n21paXlldW89t5De3tnd27b39hooSSWidRDySrQAU5UzQumaa01YsKYQBp81geDXxmw9UKhaJOz2KqR9CX7AeI6CN1LEPi56AgAP2QtADAjy9Gd+nJX06LnbsglN2psCLxM1IAWWodewvrxuRJKRCEw5KtV0n1n4KUjPC6TjvJYrGQIbQp21DBYRU+en0hzE+MUoX9yJpSmg8VX9PpBAqNQoD0zm5VM17E/E/r53o3qWfMhEnmgoyW9RLONYRngSCu0xSovnIECCSmVsxGYAEok1seROCO//yImlUyu55+ey2UqgWszhy6AgdoxJy0QWqomtUQ3VE0CN6Rq/ozXqyXqx362PWumRlMwfoD6zPH91Alu8=</latexit>

rL(t)

Divergence-aware
Preconditioning

<latexit sha1_base64="InQJjxCfWeXaHH6x7+G40yOkQjA="></latexit>

@
P

s2S �sDs

@x

<latexit sha1_base64="amgrsDNokz6o5TgITiAdxtVYMuQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g60gCCUpoi4LblxWsA9oSplMbtqhkwczE7WEfIQbf8WNC0XcunDn3zhtA2rrgQuHc+6dufe4MWdSWdaXUVhaXlldK66XNja3tnfM3b2WjBJBoUkjHomOSyRwFkJTMcWhEwsggcuh7Y4uJ377FoRkUXijxjH0AjIImc8oUVrqmycVxxeEpk5MhGKEY+eOeaAY9yBtZ9mPfp9V+mbZqlpT4EVi56SMcjT65qfjRTQJIFSUEym7thWrXjp5kXLISk4iISZ0RAbQ1TQkAcheOj0qw0da8bAfCV2hwlP190RKAinHgas7A6KGct6biP953UT5F72UhXGiIKSzj/yEYxXhSULYYwKo4mNNCBVM74rpkOiQlM6xpEOw509eJK1a1T6rnl7XyvVKHkcRHaBDdIxsdI7q6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDa75nyI=</latexit>

@fW
@x

<latexit sha1_base64="P/kxyKZG9dxH4B24McE8zGeQr8s=">AAACA3icbVA9SwNBEN3zM8avUzttFhMhNuEuiFoGbCwsIpgPyJ1hbrNJluztHbt7QjgCNv4VGwtFbP0Tdv4bN8kVmvhg4PHeDDPzgpgzpR3n21paXlldW89t5De3tnd27b39hooSSWidRDySrQAU5UzQumaa01YsKYQBp81geDXxmw9UKhaJOz2KqR9CX7AeI6CN1LEPi56AgAP2QtADAjy9Gd+nJX06LnbsglN2psCLxM1IAWWodewvrxuRJKRCEw5KtV0n1n4KUjPC6TjvJYrGQIbQp21DBYRU+en0hzE+MUoX9yJpSmg8VX9PpBAqNQoD0zm5VM17E/E/r53o3qWfMhEnmgoyW9RLONYRngSCu0xSovnIECCSmVsxGYAEok1seROCO//yImlUyu55+ey2UqgWszhy6AgdoxJy0QWqomtUQ3VE0CN6Rq/ozXqyXqx362PWumRlMwfoD6zPH91Alu8=</latexit>

rL(t)
<latexit sha1_base64="Evv8c/fb8mH3F2/kGVPAdA0pZPk=">AAACCXicbVA9SwNBEN3zM8avqKXNYiJoE+5E1FK0sbCIYFTIxTC32UuW7O0du3NCOK618a/YWChi6z+w89+4iVeo8cHA470ZZuYFiRQGXffTmZqemZ2bLy2UF5eWV1Yra+tXJk41400Wy1jfBGC4FIo3UaDkN4nmEAWSXweD05F/fce1EbG6xGHC2xH0lAgFA7RSp0Jrfh8w8xUEEnLqR4B9BjI7z2+zHdzNa51K1a27Y9BJ4hWkSgo0OpUPvxuzNOIKmQRjWp6bYDsDjYJJnpf91PAE2AB6vGWpgoibdjb+JKfbVunSMNa2FNKx+nMig8iYYRTYztGl5q83Ev/zWimGR+1MqCRFrtj3ojCVFGM6ioV2heYM5dASYFrYWynrgwaGNryyDcH7+/Ikudqrewf1/Yu96vFJEUeJbJItskM8ckiOyRlpkCZh5J48kmfy4jw4T86r8/bdOuUUMxvkF5z3L/AQmdo=</latexit>

r̂L(t)

► 𝛼𝑠
𝑡  balances the ratio of the gradient norms from density and wirelength

► The fast increasing of this ratio indicates the divergence

𝜗$
" 	= max 1,

∇𝒟$
∑!∈𝒱"# 𝜕 ⁄0𝑊 𝜕 𝑥!

, ∀𝑠 ∈ 𝑆,

C𝒫$# 	=
∑!∈𝒱"#𝒫!

#

𝒱$0
, ∀𝑠 ∈ 𝑆,

𝜶 " 	= 𝝑 " ⊙ C𝒫#,



Overall Flow: Nested Optimization Framework

SLICEL-SLICEM Heterogeneity-aware Global Placement

<latexit sha1_base64="Un1PbJXhD9Nc+nDbIqg0ZajP+rQ=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M9gKrkpSRV0W3LhwUcE+oA1hMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDBzOuZd75vgxZ0rb9rdVWFvf2Nwqbpd2dvf2y5WDw46KEklom0Q8kj0fK8qZoG3NNKe9WFIc+px2/clN5ncfqVQsEg96GlM3xCPBAkawNpJXKdcGIdZjgnl6N/POa16latftOdAqcXJShRwtr/I1GEYkCanQhGOl+o4dazfFUjPC6aw0SBSNMZngEe0bKnBIlZvOg8/QqVGGKIikeUKjufp7I8WhUtPQN5NZSrXsZeJ/Xj/RwbWbMhEnmgqyOBQkHOkIZS2gIZOUaD41BBPJTFZExlhiok1XJVOCs/zlVdJp1J3L+sV9o9p08jqKcAwncAYOXEETbqEFbSCQwDO8wpv1ZL1Y79bHYrRg5TtH8AfW5w/ktJKL</latexit>

L3

<latexit sha1_base64="O/I9Z0HSJli6OzePtKx7hQ6LMMk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKrkpSirosuHHhooJ9QBvCZDpth04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAlizpR2nG+rsLG5tb1T3C3t7R8clu2j446KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+lN5ncfqVQsEg96FlMvxGPBRoxgbSTfLlcHIdYTgnl6N/cbVd+uODVnAbRO3JxUIEfLt78Gw4gkIRWacKxU33Vi7aVYakY4nZcGiaIxJlM8pn1DBQ6p8tJF8Dk6N8oQjSJpntBoof7eSHGo1CwMzGSWUq16mfif10/06NpLmYgTTQVZHholHOkIZS2gIZOUaD4zBBPJTFZEJlhiok1XJVOCu/rlddKp19zLWuO+Xmm6eR1FOIUzuAAXrqAJt9CCNhBI4Ble4c16sl6sd+tjOVqw8p0T+APr8wfmOZKM</latexit>

L4

<latexit sha1_base64="kFhvfv81dtIqc0c/W+n/gDS9ogM=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IreCpJEfVY8OLBQwVbC20Im+2mXbrZhN2NUEN/iRcPinj1p3jz37hpc9DWgYVh5j3e7AQJZ0o7zrdVWlvf2Nwqb1d2dvf2q/bBYVfFqSS0Q2Iey16AFeVM0I5mmtNeIimOAk4fgsl17j88UqlYLO71NKFehEeChYxgbSTfrtYHEdZjgnl2O/Obdd+uOQ1nDrRK3ILUoEDbt78Gw5ikERWacKxU33US7WVYakY4nVUGqaIJJhM8on1DBY6o8rJ58Bk6NcoQhbE0T2g0V39vZDhSahoFZjJPqZa9XPzP66c6vPIyJpJUU0EWh8KUIx2jvAU0ZJISzaeGYCKZyYrIGEtMtOmqYkpwl7+8SrrNhnvROL9r1lpuUUcZjuEEzsCFS2jBDbShAwRSeIZXeLOerBfr3fpYjJasYucI/sD6/AHjL5KK</latexit>

L2

<latexit sha1_base64="rOIbO3/52UAnffQGGhiB6T0UHCs=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IreCpJEfVY8OLBQwVbC20Im+2mXbrZhN2NUEN/iRcPinj1p3jz37hpc9DWgYVh5j3e7AQJZ0o7zrdVWlvf2Nwqb1d2dvf2q/bBYVfFqSS0Q2Iey16AFeVM0I5mmtNeIimOAk4fgsl17j88UqlYLO71NKFehEeChYxgbSTfrtYHEdZjgnl2O/Pdum/XnIYzB1olbkFqUKDt21+DYUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b6hAkdUedk8+AydGmWIwliaJzSaq783MhwpNY0CM5mnVMteLv7n9VMdXnkZE0mqqSCLQ2HKkY5R3gIaMkmJ5lNDMJHMZEVkjCUm2nRVMSW4y19eJd1mw71onN81ay23qKMMx3ACZ+DCJbTgBtrQAQIpPMMrvFlP1ov1bn0sRktWsXMEf2B9/gDhqpKJ</latexit>

L1

Circuit Netlist Architecture 
Constraints

Multiplier Initlization

Density Multipliers 
Updating

Clock Penalty 
Updating

Instance Area 
Adjustment

Satisfy clock 
constraints?

Any routing 
Congestion?

Diverge-aware 
Nesterov Optimization
Carry Chain Alignment 

Correction

Is overflow 
small enough?

Clock-Aware Legalization
& Detailed Placement

CR-wise Direct 
Legalization

Placement 
Result

Clock-aware
Multi-stage ISM

Detailed Placement
N

Y

YN

Y

N



Overall Flow: Nested Optimization Framework

SLICEL-SLICEM Heterogeneity-aware Global Placement

<latexit sha1_base64="Un1PbJXhD9Nc+nDbIqg0ZajP+rQ=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M9gKrkpSRV0W3LhwUcE+oA1hMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDBzOuZd75vgxZ0rb9rdVWFvf2Nwqbpd2dvf2y5WDw46KEklom0Q8kj0fK8qZoG3NNKe9WFIc+px2/clN5ncfqVQsEg96GlM3xCPBAkawNpJXKdcGIdZjgnl6N/POa16latftOdAqcXJShRwtr/I1GEYkCanQhGOl+o4dazfFUjPC6aw0SBSNMZngEe0bKnBIlZvOg8/QqVGGKIikeUKjufp7I8WhUtPQN5NZSrXsZeJ/Xj/RwbWbMhEnmgqyOBQkHOkIZS2gIZOUaD41BBPJTFZExlhiok1XJVOCs/zlVdJp1J3L+sV9o9p08jqKcAwncAYOXEETbqEFbSCQwDO8wpv1ZL1Y79bHYrRg5TtH8AfW5w/ktJKL</latexit>

L3

<latexit sha1_base64="O/I9Z0HSJli6OzePtKx7hQ6LMMk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M9gKrkpSirosuHHhooJ9QBvCZDpth04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAlizpR2nG+rsLG5tb1T3C3t7R8clu2j446KEklom0Q8kr0AK8qZoG3NNKe9WFIcBpx2g+lN5ncfqVQsEg96FlMvxGPBRoxgbSTfLlcHIdYTgnl6N/cbVd+uODVnAbRO3JxUIEfLt78Gw4gkIRWacKxU33Vi7aVYakY4nZcGiaIxJlM8pn1DBQ6p8tJF8Dk6N8oQjSJpntBoof7eSHGo1CwMzGSWUq16mfif10/06NpLmYgTTQVZHholHOkIZS2gIZOUaD4zBBPJTFZEJlhiok1XJVOCu/rlddKp19zLWuO+Xmm6eR1FOIUzuAAXrqAJt9CCNhBI4Ble4c16sl6sd+tjOVqw8p0T+APr8wfmOZKM</latexit>

L4

<latexit sha1_base64="kFhvfv81dtIqc0c/W+n/gDS9ogM=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IreCpJEfVY8OLBQwVbC20Im+2mXbrZhN2NUEN/iRcPinj1p3jz37hpc9DWgYVh5j3e7AQJZ0o7zrdVWlvf2Nwqb1d2dvf2q/bBYVfFqSS0Q2Iey16AFeVM0I5mmtNeIimOAk4fgsl17j88UqlYLO71NKFehEeChYxgbSTfrtYHEdZjgnl2O/Obdd+uOQ1nDrRK3ILUoEDbt78Gw5ikERWacKxU33US7WVYakY4nVUGqaIJJhM8on1DBY6o8rJ58Bk6NcoQhbE0T2g0V39vZDhSahoFZjJPqZa9XPzP66c6vPIyJpJUU0EWh8KUIx2jvAU0ZJISzaeGYCKZyYrIGEtMtOmqYkpwl7+8SrrNhnvROL9r1lpuUUcZjuEEzsCFS2jBDbShAwRSeIZXeLOerBfr3fpYjJasYucI/sD6/AHjL5KK</latexit>

L2

<latexit sha1_base64="rOIbO3/52UAnffQGGhiB6T0UHCs=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IreCpJEfVY8OLBQwVbC20Im+2mXbrZhN2NUEN/iRcPinj1p3jz37hpc9DWgYVh5j3e7AQJZ0o7zrdVWlvf2Nwqb1d2dvf2q/bBYVfFqSS0Q2Iey16AFeVM0I5mmtNeIimOAk4fgsl17j88UqlYLO71NKFehEeChYxgbSTfrtYHEdZjgnl2O/Pdum/XnIYzB1olbkFqUKDt21+DYUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b6hAkdUedk8+AydGmWIwliaJzSaq783MhwpNY0CM5mnVMteLv7n9VMdXnkZE0mqqSCLQ2HKkY5R3gIaMkmJ5lNDMJHMZEVkjCUm2nRVMSW4y19eJd1mw71onN81ay23qKMMx3ACZ+DCJbTgBtrQAQIpPMMrvFlP1ov1bn0sRktWsXMEf2B9/gDhqpKJ</latexit>

L1
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Any routing 
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Is overflow 
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Clock-aware
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Detailed Placement
N

Y
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Y

N

Clock Penalty 
Updating

Satisfy clock 
constraints?

Instance Area 
Adjustment

Any routing 
Congestion?

Density Multipliers 
Updating

Diverge-aware 
Nesterov Optimization
Carry Chain Alignment 

Correction

Is overflow 
small enough?

Clock Opt.
► 𝓛𝟏 = 𝒎𝒂𝒙𝜼𝓛𝟐 𝜼
► Two-stage clock network planning



Overall Flow: Nested Optimization Framework
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► CARRY alignment after each descending step



OpenPARF 0.2:
Timing-driven FPGA Placement



Multi-Electrostatics-based Placement in OpenPARF 0.2

Multi-electrostatics-based FPGA Placement

Timing-Criticality-based Weighting Method 



Static Timing Analysis

Actual Arrival Time & Required Arrival Time

Timing Slack



Timing-Criticality-based Weighting Method 

Timing criticality 

Timing criticality-based net weight



Nested Optimization Framework
Modified augmented Lagrangian formulation [Zhu+, DAC’18]

Nested Optimization Framework



OpenPARF 1.0:
Open-source FPGA Placement and 

routing Framework



OpenPARF 1.0 Overview
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The OpenPARF Framework

Code Components
► openparf
 The core placement and routing tool

► openparf.ops
 A collection of operators that allow the implementation of 

various PR algorithms

► openparf.placement
 A set of APIs for performing placement tasks

► openparf.routing
 A set of APIs for performing routing tasks

► openparf.py_utils
 Provides other utility functions for Python convenience



Hightlighted Features

State-of-the art P&R Algorithms
► SOTA multi-electrostatics-based global placement
► SOTA two CLB-level FPGA routing

More P&R Constraints
► SLICEL-SLICEM heterogeneity
► Routability Optimization
► Clock Routing Feasibility

Algorithm Framework11

 2-Stage router to generate routing result
– Global routing to assign inter-CLB topology
– Detailed routing to generate routing result

Placed
Netlist

FPGA
Arch.

Inter-CLB Global Routing

Logic Element Level
Detailed Routing

Routed
Netlist



Two-stage CLB-level Routing

Inter-CLB level gouting routing
► Coarse-grained routing graph
► Provide inter-CLB routing topology

Logic element level detailed routing
► Fine-grained routing graph
► Generate final routing results
► Proposed ILP-based tile assignment to 

remedy congestion

Algorithm Framework13

 2-Stage router to generate routing result
– Global routing to assign inter-CLB topology
– Detailed routing to generate routing result

 Concurrent tile assignment 
– Resolve congestions inside CLBs difficult to route
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Rip-up Congested Sinks 

A* Pathfinding Search
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Algorithm Framework12

 2-Stage router to generate routing result
– Global routing to assign inter-CLB topology
– Detailed routing to generate routing result
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ILP-based Tile Assignment (I)

Problem Formulation
Route multiple nets inside a tile and its neighbor tile concurrently
► No overflow vertices
► Paths must be connected
► No loop in the paths

Target of ILP29

 Route multiple nets inside a tile and its neighbor tile concurrently

– No overflow vertices

– No loop in the paths
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ILP-based Tile Assignment (II)

Integer Linear Programming (ILP) Modeling
1. No overflowed vertex

ILP Formulation of Tile Assignment32

 ILP constraints

–  �,� ��,� ≤ 푐�� � ,  � ∈ 퐹� � Ensure no overflow vertex

A
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Overflow Vertex

Net A

Net B



ILP-based Tile Assignment (II)

Integer Linear Programming (ILP) Modeling
1. No overflowed vertex

2. Each sink of each net is routed

ILP Formulation of Tile Assignment33

 ILP constraints

–  �,� ��,� ≤ 푐�� � ,  � ∈ 퐹� � 

– ��,�,� ≤ ��,�,  � ∈ ���� � Ensure each sink of each net is 
routed 
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ILP-based Tile Assignment (II)

Integer Linear Programming (ILP) Modeling
1. No overflowed vertex

2. Each sink of each net is routed

3. The signal is sent from the source pin of each net

ILP Formulation of Tile Assignment35
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ILP-based Tile Assignment (II)

Integer Linear Programming (ILP) Modeling
1. No overflowed vertex

2. Each sink of each net is routed

3. The signal is sent from the source pin of each net

4. The signal is received at each sink pin of each net
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 ILP constraints

–  �,� ��,� ≤ 푐�� � ,  � ∈ 퐹� � 

– ��,�,� ≤ ��,�,  � ∈ ���� � 
–  �,�,� ��,�,� = 1,  � ∈ 퐹� � , � = ��푈��� � , ∀� ∈ ���� � 

–  �,�,� ��,�,� = 1,  � ∈ 퐹� � , � = ���� �, � 

Ensure signal is received at each sink pin of 

each net

A

A



ILP-based Tile Assignment (II)

Integer Linear Programming (ILP) Modeling
1. No overflowed vertex

2. Each sink of each net is routed

3. The signal is sent from the source pin of each net

4. The signal is received at each sink pin of each net

5. There is a path from source pin to each sink pin and no loop

ILP Formulation of Tile Assignment36

Ensure there is a path from source pin to each sink 
pin and ensure no loop in the routing result A

A

A A



Experimental Results



Experimental Setup (I)

Implementation
► C++ & Python
► Build upon Pytorch for agile gradient computation
Machine
► Intel(R) Xeon(R) Gold 6230 CPUs (2.10 GHz, 40 cores)
► 512GB RAM
► One NVIDIA RTX 2080Ti GPU



Experimental Setup (II)

Benchmark Suite
► ISPD 2016 Routability-driven FPGA Placement Contest [Yang+, ISPD’16]
► ISPD 2017 Clock-aware FPGA Placement Contest [Yang+, ISPD’17]
► SLICEL-SLICEM Structure-Aware Industrial Benchmarks
Placers for Comparison
► RippleFPGA [Chen+, TCAD’18]
► DREAMPlaceFPGA [Rajarathnam+, ISPD’23]
Evaluation Flow

OpenPARF (Placer)

DREAMPlaceFPGA

RippleFPGA Routing Data
Post-place DCPs

Routing Data
Post-place DCPs

Routing Data
Post-place DCPs

OpenPARF (Router)

OpenPARF (Router)

OpenPARF (Router)

Routed 
Wirelength

Routed 
Wirelength

Routed 
Wirelength

Placement Stage Routing Stage

Pre-place 
DCPs



ISPD 2016 Routability-Driven FPGA Placement Contest

Routed Wirelength Comparison on ISPD2016

► 12.7% better than RippleFPGA ► 0.4% better  than DREAMPlaceFPGA



ISPD 2016 Routability-Driven FPGA Placement Contest

Placement Runtime Comparison on ISPD2016

► 2.771x faster than RippleFPGA ► 1.272x slower  than DREAMPlaceFPGA



ISPD 2016 Routability-Driven FPGA Placement Contest

Routed Wirelength Comparison on ISPD2017

► 12.8% better than RippleFPGA



ISPD 2016 Routability-Driven FPGA Placement Contest

Placement Runtime Comparison on ISPD2017

► 2.251x faster than RippleFPGA



The OpenPARF 3.0 Framework:

Fence Regions, Cascaded Macros



Various Cell Types & Fence Region Constraint

Various Cell Types

► Heterogenous resources  & columnar distribution

► LUT & FF (standard cell, placed in CLB)

► DSP, BRAM (Macro)  

► IO, etc.

► Clock Region

Fence Region Constraint

► Cells s.t. the constraint must be placed within the region

► Stem from clock regions or can be user-defined

IODSPCLB BRAM

Fence 
Region #1

Fence Region #2

Fence Region #3

Clock Region



Cascaded Macros

Cascaded Macro (CM)

► Cells must be placed in continuous columnated sites in a prescribed sequence

► Constraints on two macro types

► Cascaded DSP Macros

► Cascaded BRAM macros

Cascaded Macro Group

► definition: cascaded macros + the standard cells closely connected to them

► e.g., I/O signals of cascaded DSP macros are often connected to numerous FFs 
(~100)

DSP

DSP
…

…

…

…

…

…

Cascaded
DSP Macro

Cascaded
BRAM Macro

FPGA macros significantly impact the overall routability of the design! 



Contribution of OpenPARF 3.0

We propose OpenPARF 3.0, a robust FPGA macro placer considering both fence region constraints and 
cascaded macro constraints.

► We propose a novel multi-electrostatics region model accompanied by a footprint compression 
technique to effectively handle the discontinuity in the fence region.

► We propose a divergence-aware density weight scheduling scheme which can effectively addresses 
robustness issues.

► We propose a cascaded macro shredding technique to address the imbalance issue of cascaded macro 
sizes.

► Experiments demonstrate that OpenPARF 3.0 can achieve 13.3-49.1% overall score improvement as 
well as 1.81-3.18× speedup compared with Xilinx Vivado 2021.1 and other SOTA academic FPGA 
macro placers.



Overall Flow of OpenPARF 3.0

Data Initialization

Global Placement Model Opt. Algorithm

Grad. Preconditioning

Placement
Results

Look-ahead IO lG (if needed)

Nesterov Opt.

Area Adjustment (if needed)

Circuit 
Netlist

Architecture 
Constraints

Macro Shredding Init.

Density Weight Init.

Multi-Elec. Region Model

Wirelength Model

Multi-Elec. Density Model

Macro Shredding

Two-stage FR-aware & 
CM-aware Macro LG

Overflow 
small 

enough?

Grad.

YN



Global Placement Model

Resource Tpye Set 𝒯

Multi-Electrostatics-based Global Placment Model
consider fence region constraints and cascaded macro constraints,

𝑆, : the multi-electrostatics density model as OpenPARF [Mai+, ASICON’23], 

Density weight preconditioner 𝒫!

Multi-Electrostatics-based Region Model
𝑆- : our proposed multi-electrostatics region model to resolve fence region constraints.

𝒯 = 𝐿𝑈𝑇, 𝐹𝐹, 𝐷𝑆𝑃, 𝐵𝑅𝐴𝑀, 𝐼𝑂 .

𝑆0 = S-./0 , 	S440 , 	S0*50 , S67310 , S890 .

min
𝒙,𝒚

𝐿 𝒙, 𝒚 = 7𝑊(𝒙, 𝒚) + ∑!	∈*	 𝜆!𝒟!,

s.t. 𝒟! = Φ! +
+
,
𝒫!Φ!

,, ∀𝑠	 ∈ 𝑆0 ∪ 𝑆7,
Cascaded macro Constraints,

𝒫! = 1 / Φ!
(#)



Multi-Electrostatics Region Model (I)

Multi-Electrostatics-based Region Model
For each resource type 𝑡	 ∈ 𝒯 within each fence region 𝑓 ∈ ℱ, we construct an electrostatics system 𝑆.,/- .
In other words, we construct |𝑆-| = |𝒯| ℱ  more potential energy terms as the density objective.

Assigned
Intances

Background 
Density Maps

Placement
Instances

Assign Instances
Discard fence region-free Instances
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+ + + + + + + +

Multi-Electrostatics 
Region Model Obj

Colored sites exhibit a 
non-zero capacity, so 
their background 
densities are zero.
Vice versa for sites 
without color.

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

Region#0 Region#0 Region#0Region#0 Region#1 Region#1Region#1 Region#1

BRAM IODSPFFLUT

Region-free Region #0 Region #1

Resource Type

Movable FillerFixed

Fence Region



Multi-Electrostatics Region Model (II)

1. Placement Instances
All placement instances are firstly categorized as movable instances, fixed instances, and fillers.
Fillers are artificially created for the purpose of target density control for each electrostatics system.

Assigned
Intances

Background 
Density Maps

Placement
Instances

Assign Instances
Discard fence region-free Instances

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0 Field

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0 Field

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0 Field

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0 Field

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1 Field

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1 Field

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1 Field

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1 Field

→ → → → → → → →

+ + + + + + + +

Multi-Electrostatics 
Region Model Obj

Colored sites exhibit a 
non-zero capacity, so 
their background 
densities are zero.
Vice versa for sites 
without color.

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

Region#0 Region#0 Region#0Region#0 Region#1 Region#1Region#1 Region#1

BRAM IODSPFFLUT

Region-free Region #0 Region #1

Resource Type

Movable FillerFixed

Fence Region



Multi-Electrostatics Region Model (III)

2. Assigned Instances
The placement instances are then assigned to electrostatics systems based on 1) their resource type and 2) the 

constraints imposed by the fence region they subject to.
Region-free Instances will be discarded.

Assigned
Intances

Background 
Density Maps

Placement
Instances

Assign Instances
Discard fence region-free Instances

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0 Field

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0 Field

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0 Field

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0 Field

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1 Field

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1 Field

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1 Field

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1 Field

→ → → → → → → →

+ + + + + + + +

Multi-Electrostatics 
Region Model Obj

Colored sites exhibit a 
non-zero capacity, so 
their background 
densities are zero.
Vice versa for sites 
without color.

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

Region#0 Region#0 Region#0Region#0 Region#1 Region#1Region#1 Region#1

BRAM IODSPFFLUT

Region-free Region #0 Region #1

Resource Type

Movable FillerFixed

Fence Region



Multi-Electrostatics Region Model (IV)

3. Background Density Maps
For sites with capacity, the background density is set to zero, indicating the permissibility of placing instances 
on those sites. 
For sites without capacity, the background density is set to the non-zero target density.

Assigned
Intances

Background 
Density Maps

Placement
Instances

Assign Instances
Discard fence region-free Instances

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0 Field

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0 Field

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0 Field

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0 Field

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1 Field

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1 Field

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1 Field

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1 Field

→ → → → → → → →

+ + + + + + + +

Multi-Electrostatics 
Region Model Obj

Colored sites exhibit a 
non-zero capacity, so 
their background 
densities are zero.
Vice versa for sites 
without color.

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="Bs7EgsCHMQiVuzM0RJaWUh0DaD8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifO+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLImQfQ==</latexit>

SD
LUT,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="r/Ql2hAX22+/BakiwofVsYCM81g=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx+7o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGR/kAo=</latexit>

SD
FF,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="eEveTeMVyu57+BzCE/LJ/ZygDjQ=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dPcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPOtHHdbye3srq2vpHfLGxt7+zuFfcPmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hbit56o0kyKBzNKaBDjvmARI9hYya93s2q9duaOH6vdYsktu1OgZeLNSQnmqHWLX52eJGlMhSEca+17bmKCDCvDCKfjQifVNMFkiPvUt1TgmOogm548RidW6aFIKlvCoKn6eyLDsdajOLSdMTYDvehNxP88PzXRTZAxkaSGCjJbFKUcGYkm/6MeU5QYPrIEE8XsrYgMsMLE2JQKNgRv8eVl0jwve1fly/uLUsWdx5GHIziGU/DgGipwBzVoAAEJz/AKb45xXpx352PWmnPmM4fwB87nDxb5kG8=</latexit>

SD
DSP,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="qsS6lk6xDt4XA8JrhPi/yBkY4PA=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c2APH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCYgZC0</latexit>

SD
BRAM,0

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="sQXZ2YF30gQ2cLxtNjM9pYzPFD4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgQUoifh0LevDgoWLTFtJYNttNu3SzG3YnQgn9GV48KOLVX+PNf+O2zUFbHww83pthZl6YcKbBcb6twtLyyupacb20sbm1vVPe3WtqmSpCPSK5VO0Qa8qZoB4w4LSdKIrjkNNWOLye+K0nqjSTogGjhAYx7gsWMYLBSP5DN7vzGifu+PGmW644VWcKe5G4OamgHPVu+avTkySNqQDCsda+6yQQZFgBI5yOS51U0wSTIe5T31CBY6qDbHry2D4ySs+OpDIlwJ6qvycyHGs9ikPTGWMY6HlvIv7n+SlEV0HGRJICFWS2KEq5DdKe/G/3mKIE+MgQTBQzt9pkgBUmYFIqmRDc+ZcXSfO06l5Uz+/PKjUnj6OIDtAhOkYuukQ1dIvqyEMESfSMXtGbBdaL9W59zFoLVj6zj/7A+vwBLhCQfg==</latexit>

SD
LUT,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="ltkR0jZuvYSiGN5/CabwHqk4WqQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgVX8eAEjxGNA9M1jA7mU2GzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcyZNq777SwsLi2vrObW8usbm1vbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4GrsN56o0iyS92YYU1/gnmQhI9hY6eGuk1Yqx97o8bpTKLoldwI0T7yMFCFDtVP4ancjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTycUjdGiVLgojZUsaNFF/T6RYaD0Uge0U2PT1rDcW//NaiQkv/ZTJODFUkumiMOHIRGj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9ZOSd146uz0tlt0sjhzswwEcgQcXUIYbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AGYGkAs=</latexit>

SD
FF,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="3kaGzSynKJj0Gk7hawWARS8Rntw=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjbseAOXiMxCwwGUNPpydp0tM9dNcIYchnePGgiFe/xpt/Y2c5aOKDgsd7VVTVCxPBDbjut5NbWV1b38hvFra2d3b3ivsHTaNSTVmDKqF0OySGCS5ZAzgI1k40I3EoWCsc3k781hPThiv5AKOEBTHpSx5xSsBKfr2bVeu1M2/8WO0WS27ZnQIvE29OSmiOWrf41ekpmsZMAhXEGN9zEwgyooFTwcaFTmpYQuiQ9JlvqSQxM0E2PXmMT6zSw5HStiTgqfp7IiOxMaM4tJ0xgYFZ9Cbif56fQnQTZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtgQvMWXl0nzvOxdlS/vL0oVdx5HHh2hY3SKPHSNKugO1VADUaTQM3pFbw44L8678zFrzTnzmUP0B87nDxiAkHA=</latexit>

SD
DSP,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

<latexit sha1_base64="RkDGJETOnO8z2vZap4vBdUv40/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiB4kDAjbse4HLwIcckCyRh6Oj1Jk56eobtHGIb8hhcPinj1Z7z5N3aSOWjig4LHe1VU1fMizpS27W8rNze/sLiUXy6srK6tbxQ3t+oqjCWhNRLyUDY9rChngtY005w2I0lx4HHa8AaXI7/xRKVioXjQSUTdAPcE8xnB2kjt+056cXd+c+AMH686xZJdtsdAs8TJSAkyVDvFr3Y3JHFAhSYcK9Vy7Ei7KZaaEU6HhXasaITJAPdoy1CBA6rcdHzzEO0ZpYv8UJoSGo3V3xMpDpRKAs90Blj31bQ3Ev/zWrH2z9yUiSjWVJDJIj/mSIdoFADqMkmJ5okhmEhmbkWkjyUm2sRUMCE40y/Pkvph2TkpH98elSp2FkcedmAX9sGBU6jANVShBgQieIZXeLNi68V6tz4mrTkrm9mGP7A+fwCaCJC1</latexit>

SD
BRAM,1

Region#0 Region#0 Region#0Region#0 Region#1 Region#1Region#1 Region#1

BRAM IODSPFFLUT

Region-free Region #0 Region #1

Resource Type

Movable FillerFixed

Fence Region



Footprint Compression Technique

Space Complexity of previous approach: 
Three Observations
► Each movable and fixed instance subject to at most one fence region 

constraint.
► Each filler is exclusively associated with one electrostatics system.
► Filler sizes within the same electrostatics system are consistent.

Footprint Compression Technique
► For movable and fixed instances

o I01	: the electrostatics system to which instance i is assigned
o K01	: the size of the instance

► For fillers
o I02 	: the electrostatics system to which instance i is assigned
o K32: the size of the filler within electrostatics system

Space Complexity of our approach: 
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<latexit sha1_base64="u+AGLfxb8goNTAQ6/6AIVDMpKrQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y07K9gHNKFMppN26OTBzI1QQjb+ihsXirj1M9z5N07SLLT1wIXDOfdy7z1eLLgCy/o2Kiura+sb1c3a1vbO7p65f9BVUSIp69BIRLLvEcUED1kHOAjWjyUjgSdYz5ve5H7vkUnFo/ABZjFzAzIOuc8pAS0NzSNHu4CdgMCEEpHeZbhQhmbdalgF8DKxS1JHJdpD88sZRTQJWAhUEKUGthWDmxIJnAqW1ZxEsZjQKRmzgaYhCZhy0+KBDJ9qZYT9SOoKARfq74mUBErNAk935oeqRS8X//MGCfhXbsrDOAEW0vkiPxEYIpyngUdcMgpipgmhkutbMZ0QSSjozGo6BHvx5WXSPW/YF43mfbPeui7jqKJjdILOkI0uUQvdojbqIIoy9Ixe0ZvxZLwY78bHvLVilDOH6A+Mzx/SlpaR</latexit>

|O|

Our Approach

Redundant Zeros! Duplicated Sizes! 

<latexit sha1_base64="zs9aO0mlept1OC5PatYLWZRBOoE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y0rqWAf0IQymU7aoZMHMzdCCdn4K25cKOLWz3Dn3zhJs9DWAxcO59zLvfd4seAKLOvbqKysrq1vVDdrW9s7u3vm/kFXRYmkrEMjEcm+RxQTPGQd4CBYP5aMBJ5gPW96k/u9RyYVj8IHmMXMDcg45D6nBLQ0NI8c7QJ2AgITSkR6l+FCGZp1q2EVwMvELkkdlWgPzS9nFNEkYCFQQZQa2FYMbkokcCpYVnMSxWJCp2TMBpqGJGDKTYsHMnyqlRH2I6krBFyovydSEig1CzzdmR+qFr1c/M8bJOBfuSkP4wRYSOeL/ERgiHCeBh5xySiImSaESq5vxXRCJKGgM6vpEOzFl5dJ97xhXzSa981667qMo4qO0Qk6Qza6RC10i9qogyjK0DN6RW/Gk/FivBsf89aKUc4coj8wPn8A0QuWkA==</latexit>

|N |

<latexit sha1_base64="zs9aO0mlept1OC5PatYLWZRBOoE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y0rqWAf0IQymU7aoZMHMzdCCdn4K25cKOLWz3Dn3zhJs9DWAxcO59zLvfd4seAKLOvbqKysrq1vVDdrW9s7u3vm/kFXRYmkrEMjEcm+RxQTPGQd4CBYP5aMBJ5gPW96k/u9RyYVj8IHmMXMDcg45D6nBLQ0NI8c7QJ2AgITSkR6l+FCGZp1q2EVwMvELkkdlWgPzS9nFNEkYCFQQZQa2FYMbkokcCpYVnMSxWJCp2TMBpqGJGDKTYsHMnyqlRH2I6krBFyovydSEig1CzzdmR+qFr1c/M8bJOBfuSkP4wRYSOeL/ERgiHCeBh5xySiImSaESq5vxXRCJKGgM6vpEOzFl5dJ97xhXzSa981667qMo4qO0Qk6Qza6RC10i9qogyjK0DN6RW/Gk/FivBsf89aKUc4coj8wPn8A0QuWkA==</latexit>

|N |

<latexit sha1_base64="zs9aO0mlept1OC5PatYLWZRBOoE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y0rqWAf0IQymU7aoZMHMzdCCdn4K25cKOLWz3Dn3zhJs9DWAxcO59zLvfd4seAKLOvbqKysrq1vVDdrW9s7u3vm/kFXRYmkrEMjEcm+RxQTPGQd4CBYP5aMBJ5gPW96k/u9RyYVj8IHmMXMDcg45D6nBLQ0NI8c7QJ2AgITSkR6l+FCGZp1q2EVwMvELkkdlWgPzS9nFNEkYCFQQZQa2FYMbkokcCpYVnMSxWJCp2TMBpqGJGDKTYsHMnyqlRH2I6krBFyovydSEig1CzzdmR+qFr1c/M8bJOBfuSkP4wRYSOeL/ERgiHCeBh5xySiImSaESq5vxXRCJKGgM6vpEOzFl5dJ97xhXzSa981667qMo4qO0Qk6Qza6RC10i9qogyjK0DN6RW/Gk/FivBsf89aKUc4coj8wPn8A0QuWkA==</latexit>

|N |

<latexit sha1_base64="u+AGLfxb8goNTAQ6/6AIVDMpKrQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y07K9gHNKFMppN26OTBzI1QQjb+ihsXirj1M9z5N07SLLT1wIXDOfdy7z1eLLgCy/o2Kiura+sb1c3a1vbO7p65f9BVUSIp69BIRLLvEcUED1kHOAjWjyUjgSdYz5ve5H7vkUnFo/ABZjFzAzIOuc8pAS0NzSNHu4CdgMCEEpHeZbhQhmbdalgF8DKxS1JHJdpD88sZRTQJWAhUEKUGthWDmxIJnAqW1ZxEsZjQKRmzgaYhCZhy0+KBDJ9qZYT9SOoKARfq74mUBErNAk935oeqRS8X//MGCfhXbsrDOAEW0vkiPxEYIpyngUdcMgpipgmhkutbMZ0QSSjozGo6BHvx5WXSPW/YF43mfbPeui7jqKJjdILOkI0uUQvdojbqIIoy9Ixe0ZvxZLwY78bHvLVilDOH6A+Mzx/SlpaR</latexit>

|O|
<latexit sha1_base64="fFCzG3d4KY9DRKEqCK6PPwOvEJ0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY4YLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS47ZfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1Y9adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRKtWoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJLJjMQ=</latexit>

A

<latexit sha1_base64="dmdWKn58jkoL/NbNUI9efMLFwAg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BL3oQIpoHJGuYncwmQ2Znl5leIYR8ghcPinj1i7z5N06SPWhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhldTv/nEtRGxesBRwv2I9pUIBaNopfubx9tuseSW3RnIMvEyUoIMtW7xq9OLWRpxhUxSY9qem6A/phoFk3xS6KSGJ5QNaZ+3LVU04sYfz06dkBOr9EgYa1sKyUz9PTGmkTGjKLCdEcWBWfSm4n9eO8Ww4o+FSlLkis0XhakkGJPp36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjbOyd1E+vzsvVStZHHk4gmM4BQ8uoQrXUIM6MOjDM7zCmyOdF+fd+Zi35pxs5hD+wPn8AezejYs=</latexit>

IM
<latexit sha1_base64="Iga9DdF8UnWjO940gp5SO9farmo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BL4IIEc0DkjXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305uZXVtfSO/Wdja3tndK+4fNEycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw6up33zi2ohYPeAo4X5E+0qEglG00v3N4223WHLL7gxkmXgZKUGGWrf41enFLI24QiapMW3PTdAfU42CST4pdFLDE8qGtM/blioaceOPZ6dOyIlVeiSMtS2FZKb+nhjTyJhRFNjOiOLALHpT8T+vnWJY8cdCJSlyxeaLwlQSjMn0b9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxlnZuyif352XqpUsjjwcwTGcggeXUIVrqEEdGPThGV7hzZHOi/PufMxbc042cwh/4Hz+AO/qjY0=</latexit>

KM

<latexit sha1_base64="lCZqE0L8YD0mEsXTBcJI9BOLu7I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BQfQW0TwgWcPsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5Bw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJr6zSeujYjVA44S7ke0r0QoGEUr3d8+XneLJbfszkCWiZeREmSodYtfnV7M0ogrZJIa0/bcBP0x1SiY5JNCJzU8oWxI+7xtqaIRN/54duqEnFilR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYYVfyxUkiJXbL4oTCXBmEz/Jj2hOUM5soQyLeythA2opgxtOgUbgrf48jJpnJW9i/L53XmpWsniyMMRHMMpeHAJVbiBGtSBQR+e4RXeHOm8OO/Ox7w152Qzh/AHzucP4kKNhA==</latexit>

IF
<latexit sha1_base64="pjdCa32ZvyBnrPIFtTLBRjwD7Jg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BQQQvEc0DkjXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305uZXVtfSO/Wdja3tndK+4fNEycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw6up33zi2ohYPeAo4X5E+0qEglG00v3t43W3WHLL7gxkmXgZKUGGWrf41enFLI24QiapMW3PTdAfU42CST4pdFLDE8qGtM/blioaceOPZ6dOyIlVeiSMtS2FZKb+nhjTyJhRFNjOiOLALHpT8T+vnWJY8cdCJSlyxeaLwlQSjMn0b9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxlnZuyif352XqpUsjjwcwTGcggeXUIUbqEEdGPThGV7hzZHOi/PufMxbc042cwh/4Hz+AOVOjYY=</latexit>

KF

<latexit sha1_base64="ds2tTLnKuZrplcWmVcqN2qO8Ed8=">AAAB+HicbZDJTsMwEIadspWyNMCRi0WFxKlKEEuPlbhwLEsXqQ2V4zqtVceJ7AlSifokXDiAEFcehRtvg5vmAC0jWfr0/zOa8e/HgmtwnG+rsLK6tr5R3Cxtbe/slu29/ZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3w189uPTGkeyXuYxMwLyVDygFMCRurb5Z5xAd893OKM+nbFqTpZ4WVwc6igvBp9+6s3iGgSMglUEK27rhODlxIFnAo2LfUSzWJCx2TIugYlCZn20uzwKT42ygAHkTJPAs7U3xMpCbWehL7pDAmM9KI3E//zugkENS/lMk6ASTpfFCQCQ4RnKeABV4yCmBggVHFzK6YjoggFk1XJhOAufnkZWqdV96J6fnNWqdfyOIroEB2hE+SiS1RH16iBmoiiBD2jV/RmPVkv1rv1MW8tWPnMAfpT1ucPJaeSvg==</latexit>

|SR|

<latexit sha1_base64="ds2tTLnKuZrplcWmVcqN2qO8Ed8=">AAAB+HicbZDJTsMwEIadspWyNMCRi0WFxKlKEEuPlbhwLEsXqQ2V4zqtVceJ7AlSifokXDiAEFcehRtvg5vmAC0jWfr0/zOa8e/HgmtwnG+rsLK6tr5R3Cxtbe/slu29/ZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3w189uPTGkeyXuYxMwLyVDygFMCRurb5Z5xAd893OKM+nbFqTpZ4WVwc6igvBp9+6s3iGgSMglUEK27rhODlxIFnAo2LfUSzWJCx2TIugYlCZn20uzwKT42ygAHkTJPAs7U3xMpCbWehL7pDAmM9KI3E//zugkENS/lMk6ASTpfFCQCQ4RnKeABV4yCmBggVHFzK6YjoggFk1XJhOAufnkZWqdV96J6fnNWqdfyOIroEB2hE+SiS1RH16iBmoiiBD2jV/RmPVkv1rv1MW8tWPnMAfpT1ucPJaeSvg==</latexit>

|SR|
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<latexit sha1_base64="u+AGLfxb8goNTAQ6/6AIVDMpKrQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0Y07K9gHNKFMppN26OTBzI1QQjb+ihsXirj1M9z5N07SLLT1wIXDOfdy7z1eLLgCy/o2Kiura+sb1c3a1vbO7p65f9BVUSIp69BIRLLvEcUED1kHOAjWjyUjgSdYz5ve5H7vkUnFo/ABZjFzAzIOuc8pAS0NzSNHu4CdgMCEEpHeZbhQhmbdalgF8DKxS1JHJdpD88sZRTQJWAhUEKUGthWDmxIJnAqW1ZxEsZjQKRmzgaYhCZhy0+KBDJ9qZYT9SOoKARfq74mUBErNAk935oeqRS8X//MGCfhXbsrDOAEW0vkiPxEYIpyngUdcMgpipgmhkutbMZ0QSSjozGo6BHvx5WXSPW/YF43mfbPeui7jqKJjdILOkI0uUQvdojbqIIoy9Ixe0ZvxZLwY78bHvLVilDOH6A+Mzx/SlpaR</latexit>

|O|

Our Approach

Redundant Zeros! Duplicated Sizes! 
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𝑶(#𝒏𝒐𝒅𝒆𝒔	×	#𝒆𝑺𝒚𝒔𝒕𝒆𝒎𝒔)

Memory allocation is required to store the sizes of placement instances under different electrostatics systems.

Reduce the GPU memory usage from 21.4GB to 3.9GB on case Design_142 with 22 fence regions!

𝑶(#𝒏𝒐𝒅𝒆𝒔 + #𝒆𝑺𝒚𝒔𝒕𝒆𝒎𝒔)



Divergence-aware Density Weight Scheduling

The update strategy for density weight 𝝀	also plays a crucial role in the result quality and optimization stability.
Two additional auxiliary variables

where 𝒩! represents all the nodes within the electrostatics system s.
Divergence-aware weight 𝜽
𝒖(.) and 𝒗(.) follow the annotation from [DREAMPlace 3.0, Gu+, ICCAD’20]

When the optimization comes to the final stage, the large density gradient ( 𝒅 ≫ 𝒘 ) is likely to cause the 
optimization to diverge.
𝜽 can effectively govern the growth rate of 𝜆! not to surpass a upper bound 4

5!
(#$%)/7!

(#$%).

min
𝒙,𝒚

𝐿 𝒙, 𝒚 = 0𝑊(𝒙, 𝒚) + ∑$	∈'	 𝜆$𝒟$,

s.t. 𝒟$ = Φ$ +
4
*
𝒫$Φ$

*, ∀𝑠	 ∈ 𝑆5 ∪ 𝑆6



Cascaded Macro Shredding Technique

Pesudo Net Weighting within Cascaded Macro Group
Enlarge the weight of nets within the cascaded macro groups by a factor of two.

Macro Shredding
1. substitute large cascaded structures with multiple individual macros.
2. shred the cascaded macros into individual macros and update the placement
3. At the end of each iteration, arrange the shredded macros in a columnar shape based on the 

horizontal coordinates of their center of gravity.
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Experimental Results



Experimental Setup (I)

Implementation
► C++ & Python
► Build upon OpenPARF [Mai+, ASICON’23] for agile development with GPU acceleration

Machine
► Intel(R) Xeon(R) Silver 4210R CPU (2.40 GHz, 10 cores)
► 512GB RAM
► One NVIDIA RTX 2080Ti GPU

Benchmark Suite
► MLCAD 2023 FPGA Macro Placement Contest [Bustany+, MLCAD’23] 

Macro Placers for Comparison
► Vivado 2021.1: a representative FPGA placement commercial tool
► UTDA, SEU, and  MPKU: top three winners in MLCAD 2023 FPGA Macro Placement Contest 

[Bustany+, MLCAD’23]



Experimental Setup (II)

Evaluation Flow

Evaluation Metrics

Macro Placement
Macro Placer Vivado (Router) Routing 

Results
Pre-place 
Checkpoints

Vivado (Placer)
Macro Placement

+ Standard Cell Placement

for macro placer = Vivado 2021.1

for macro placer = 
UTDA / SEU / MPKU / 

OpenPARF 3.0

Vivado
(Std. Cell Placer)

Metrics Indication

Score Overall evaluation of placement runtime, routing runtime, and routability [Bustany+, MLCAD’23] 
Routability Short, long, and global congestion

#ripup Detailed routing overflow

RTmpl Macro placement runtime



Experimental Setup (III)

Benchmark Statistics

►16nm single-die UltraScale+ xcvu3p

►140 synthetically generated designs

►Varying levels of difficulty

o #clocks (1, 24, 30, 38)

o Rent’s Exponent (0.65, 0.67, 0.7, 0.72)

Benchmark Overview



Comparison with State-of-the-Art Placers
Overall Score Comparison on MLCAD 2023

► 27.8% better than Vivado 2021.1
► 13.3% better than SEU

► 6.9% better than UTDA
► 49.1% better than MPKU
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Comparison with State-of-the-Art Placers
Routability Comparison on MLCAD 2023

► 22.8% better than Vivado 2021.1
► 12.1% better than SEU

► 8.7% better than UTDA
► 39.1% better than MPKU
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Comparison with State-of-the-Art Placers
Overall #ripup (detailed routing congestion) Comparison on MLCAD 2023

► 10.8% better than Vivado 2021.1
► 4.0% better than SEU

► 2.7% better than UTDA
► 16.8% better than MPKU
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Comparison with State-of-the-Art Placers
Macro Placement Runtime RTmpl Comparison on MLCAD 2023

► 3.180X faster UTDA
► 2.599X faster than MPKU

► 1.808X faster than SEU
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Robustness Evaluation
Overflows and HPWL Comparison on the Design_156

► The density weight updating method in [Gu+, ICCAD’20]

► Our proposed divergence-aware density weight scheduling

Divergence!
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