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

Modern FPGA Placement Challenges

Massive Design
► Millions of cells in a single design

Highly Heterogeneity
► SLICEL-SLICEM Heterogeneity

► CARRY Chain

Highly Discrete
► Clock Region Constraints and Half-Column Constraints



Modern FPGAs contain heterogeneous resources, including CLB, DSP, BRAM, IO, etc.

A Configurable Logic Block (CLB) is further categorized to SLICEL and SLICEM with asymmetric compatibility.
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Two Categories of Slices: SLICEL and SLICEM



SLICEM

SHIFT
Distributed RAM
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Three LUT-like instances: regular LUT, distributed RAM and shift registers (SHIFT).

Distributed RAM or SHIFT as SLICEM

SLICEL

► LUT can only be used for logic (not memory)

► Has Carry chains

SLICEM

► LUT can only be used for logic and memory/SRL1

► Has carry chains

► No mixing between LUTs, distributed RAMs, and 

SHIFTs in a SLICEM is allowed.

1 SRL (Shift Register Lookup table).



Clock Region Constraint1: The clock demand of each clock region is at most 24.

Half Column Constraint1: The number of clock nets within the half column to be at most 12.
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1 S. Yang, C. Mulpuri, S. Reddy, M. Kalase, S. Dasasathyan, M. E. Dehkordi, M. Tom, and R. Aggarwal, “Clock-aware FPGA placement contest,” in 

Proc. ISPD, 2017, pp. 159–164.

Clock Constraints



Cascaded CARRYs and the immediate LUTs and FFs should be placed in 

consecutive CLBs in the same column.
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Placer Clock 
Constraints 

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

Prior Work Taxonomy



A heterogeneous FPGA placement algorithm considering SLICEL-SLICEM 
heterogeneity and clock feasibility

►A new multi-electrostatic formulation for asymmetric slice compatibility from 
SLICEL-SLICEM heterogeneity

►A CARRY chain alignment technique to achieve the hard constraint in an iterative 
manner

►A quadratic penalization technique to eliminate violations of the discrete clock 
constraints. 

►A nested Lagrangian relaxation-based technique for wirelength, routability, and 
clock optimization with a dynamically-adjusted preconditioning technique to 
stabilize the convergence

Our Contributions
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Instances Electric Particles

Instance Density Charge Density

Density Penalty Electric Potential Energy

Density Gradient Electric Force

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

Multi-Electrostatics based FPGA Placement



Each resource type has a separate electrostatic system, elfPlace [Meng+, TCAD’2021]

min
𝒙,𝒚

$𝑊 𝒙, 𝒚 ,

s. 𝑡. Φ$ 𝒙, 𝒚 = 0, ∀𝑠 ∈ 𝑆 = 𝐿𝑈𝑇, 𝐹𝐹, 𝐷𝑆𝑃, 𝐵𝑅𝐴𝑀 .
$𝑊 = : Weighted-Average (WA) wirelength model [Ray+, DATE’2013].

Instances Electric Particles

Instance Density Charge Density

Density Penalty Electric Potential Energy

Density Gradient Electric Force

Layout Electrostatics System
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Transfer the constrained problem into an unconstrained one,  

Formulate with clock constraints and carry chain alignment constraints,

min
𝒙,𝒚

>𝑊 𝒙, 𝒚 ,

s. 𝑡. Φ$ 𝒙, 𝒚 = 0, ∀𝑠 ∈ 𝑆,

𝑐𝑙𝑜𝑐𝑘 𝑝𝑒𝑛𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑟𝑚: 𝛤 𝒙, 𝒚 = 0

Carry chain alignment constraint.

min
𝒙,𝒚

ℒ 𝒙, 𝒚; 𝝀,𝓐, 𝜂 = >𝑊 𝒙, 𝒚 + S
$ ∈&

𝜆$𝒟$ + 𝜂𝛤(𝒙, 𝒚)

𝒟$ = Φ$ +
'
(𝒞$Φ$

(, ∀𝑠 ∈ 𝑆.

Unconstrained Problem Formulation



Define the field type set 𝑆 with special field setups to handle SLICEL-SLICEM

heterogeneity,
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LUTL
Electric field for the LUT resource (both SLICEL and SLICEM)

LUTM-AL 
Electric field for the Additional Logic resource (SLICEM only)

𝑆 = {LUTL, LUTM-AL, FF, CARRY, DSP, BRAM}
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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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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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Fields LUT and LUTM-AL form an asymmetric combination mechanism together.

✓
-- -

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

Low Low

High

High
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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
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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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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
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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
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SLICEL
ColumnLUT SHIFT

✔✖✔✖

Special Field Mechanism



1. Generate instance-to-clock region mapping  using the branch-and-bound method

2. Introduce bowl-like and differentiable “gravitational” attraction terms for optimization

𝑚𝑖𝑛
𝒙,𝒚

ℒ 𝒙, 𝒚; 𝝀,𝓐, 𝜂 = 2𝑊 𝒙, 𝒚 + 5
$ ∈&

𝜆$𝒟$ + 𝜂𝛤(𝒙, 𝒚)

Two-Stage Clock Network Planning



Stabilizes convergence by preconditioning the gradient ∇ℒ(;) 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!# =
𝜕) /𝑊 𝒙, 𝒚

𝜕𝑥!)
∼ 4

*∈+!

𝑤*
𝑒 − 1

, ∀𝑖 ∈ 𝒱𝒫!
" ∼ max 1, 𝒫!# + 𝜆$

" 𝒜!
$ '(

, ∀𝑖 ∈ 𝒱$ ,    

<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)

Divergence-aware Preconditioning



𝛼$
; balances the ratio of the gradient norms from density and wirelength

The fast increasing of this ratio indicates the divergence

<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)

𝜗$
" = max 1,

∇𝒟$
∑!∈𝒱"# 𝜕 ⁄/𝑊 𝜕 𝑥!

, ∀𝑠 ∈ 𝑆,

B𝒫$# =
∑!∈𝒱"#𝒫!

#

𝒱$-
, ∀𝑠 ∈ 𝑆,

𝜶 " = 𝝑 " ⊙ B𝒫#,

Divergence-aware Preconditioning



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

Circuit Netlist Architecture 
Constraints

Multiplier Initlization

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-Aware Legalization
& Detailed Placement

CR-wise Direct 
Legalization

Placement 
Result

Clock-aware
Multi-stage ISM

Detailed Placement
N

Y

YN

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

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
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Subproblem Opt.
► 𝓛𝟒(𝝀,𝓐, 𝜼) = 𝒎𝒊𝒏𝒙,𝒚𝓛(𝒙, 𝒚, 𝝀,𝓐, 𝜼)
► Divergence-aware Preconditioning
► CARRY chain alignment after each descending step
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► Weighted Average (WA) wirelength model
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► Area adjustment scheme
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► 𝓛𝟏 = 𝒎𝒂𝒙𝜼𝓛𝟐 𝜼
► Two-stage clock network planning
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Machine
► Intel Xeon Silver 4214 CPUs (2.20 GHz and 24 cores)
► One NVIDIA TITAN RTX GPU 
► C++ and Python with Pytorch for GPU acceleration

Benchmark suites
► ISPD 2017 clock-aware FPGA placement benchmarks with 0.4M – 0.9M cells
► Industry benchmarks with heterogeneous cells, i.e., SHIFTs, distributed RAMs and CARRYs

Placers for comparison
► UTPlaceF 2.0 [Li+, TODAES’2018]
► RippleFPGA           [Pui+, ICCAD’2017]
► UTPlaceF 2.X [Li+, FPGA’2019]
► NTUfplace [Chen+, TCAD’2020]

Experimental Setup



► 14.2% better than UTPlaceF 2.0

► 11.7% better than RippleFPGA

► 14.2% better than UTPlaceF 2.X

► 11.7% better than NTUfplace

Designs with {LUT, FF, DSP, BRAM, IO}

Routed Wirelength Comparison



1.45-6.58X speedup with GPU acceleration！

► 4.94X faster than UTPlaceF 2.0

► 2.38X faster than RippleFPGA

► 1.45X faster than UTPlaceF 2.X

► 6.58X faster than NTUfplace

Runtime Comparison



w/o precond or chain align
► 1/7 designs diverge

► +19.3% routed wirelength

► +84.1% runtime

w/o precond
► 1/7 designs diverge

► +10.7% routed wirelength

► +93.5% runtime

w/o chain alignment
► No divergence

► +6.6% routed wirelength

► Almost the same runtime

Designs with {LUT, FF, DSP, BRAM, IO, 
Distributed RAM, SHIFT, CARRY}

Ablation Study on Heterogeneous Industrial Benchmarks
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Conclusion & Future Work

Conclusion

► A multi-electrostatic FPGA placement algorithm, considering SLICEL-SLICEM heterogeneity

► A nested optimization paradigm for wirelength, routability, and clock feasibility

► Divergence-aware preconditioning technique

► Smooth clock penalization technique

► 7.9-14.2% better wirelength with 1.45-6.58X speedup

Future Work

► Timing-driven placement

► Parallelize legalization and detailed placement



Thank You!


