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Introduction

e As design evolution continues, designs rapidly grow in

size and complexity.
— IP reuse and hierarchical design are keys to bridge design
productivity gaps.
— Alarge-scale integration design can be hierarchically partitioned
Into manageable blocks that can be implemented in parallel.
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Hierarchical Timing Analysis

e Full-chip timing analysis can take days to complete
e A design contains many of the same small subdesigns

e Solution: Hierarchical and parallel design flow
— Analyze once and reuse timing models at upper levels!
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Timing Macro Modeling

e Create a single “cell” design model to capture the timing

behavior of the original design
— Extracted model should be compact and accurate
— Support different input/output conditions
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Timing Models

e Black box model

— Additional timing arcs from input to output

m Model size could be larger than original timing graph size
— Support for assertions is limited

m Only assertions on boundary ports can be supported

e Gray box model
— Retain more information (arcs) than black box model
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Common Path Pessimism Removal

e Eliminate inherent but artificial pessimism in clock paths
during timing analysis
— ldentify common point and common path for each timing test
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Our Contributions

Interface Logic Model
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Extracted Timing Model
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Full interface logic
Fast generation time
High accuracy
Large model size

Only port-port timing arcs
Slow generation time
Median accuracy
Small/median model size
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Our Model

Partial/small interface logic
Fast generation time

High accuracy

Small model size
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Problem Formulation

e Given
— Circuit (.verilog)
— Cell libraries (.lib)
— Parasitics (.spef)
— Input transition variation range
— Output loading variation range

e Goal
— Extract circuit to a single library cell (delay, transition, constraint)
— Achieve
m  Accurate timing

m Compact model
m Clock path pessimism removal handling
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Algorithm Flow

Netlist w Cell libraries

Operating conditions
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Timing Macro Model Generation

Initial Timing Graph Construction

v

Interface Logic Capturing

v

Necessary Pin Preservation

v

Timing Graph Reduction

Anchor Pin Insertion & Deletion

Parallel Merging

Clock Network Merging

v

Pseudo Pin Insertion and Sharing

v

Lookup Table Index Selection

v

Timing macro model
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What’s Varying in a Circuit?

e Varying Timing Arcs
— Changes in input transition
m Cells/wires near Pl will be affected
— Changes in output loading
m Last stage cells/wires that connected to PO will be affected
e Constant Timing Arcs
— Cell/Wire timing that is unaffected by boundary conditions
— Over 78% timing arcs are constant timing arcs (mergeable)
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Initial Timing Graph Construction

e Timing graph

— An acyclic directed graph
e Node

— Separate each pin in circuit into rise pin node and fall pin node
e Edge

— Gate timing arc = determined by timing sense and timing type

— Wire = positive unate timing arc
— Constraint = determined by constraint type

— S
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Interface Logic Capturing

e Remain PI to register, register to PO, and Pl to PO paths
— Forward traverse timing graph from PIs to collect endpoints

— Backward traverse from endpoints, untraversed edges/nodes are
discarded
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Necessary Pin Preservation

e Three types of pins that needed to be preserved
— Pins’ timing varies when input transition changes
— Pins’ timing varies when output loading changes
— Pins on clock tree with multiple fanouts: CPPR
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Timing Graph Reduction

e Perform reduction on only edges with constant timing
— Delay/transition/constraint

Merge\d timing arc
i

Necessary pir

17



Existing Reduction Techniques

e Four technigues to reduce pins and timing arcs
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Serial Merge Parallel Merge Tree Merge  Biclique-star Replacement

C. W. Moon, H. Kriplani, and K. P. Belkhale. Timing model extraction of hierarchical blocks by graph reduction
S. Zhou, Y. Zhu, Y. Hu, R. Graham, M. Hutton, and C.-K. Cheng. Timing model reduction for hierarchical timing analysis
Y. M. Yang, Y. W. Chang and I. H. R. Jiang. iTimerC: Common path pessimism removal using effective reduction methods
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Generalization of Reduction Techniques

e Anchor point deletion
— Generalization of serial merge and tree merge

e Anchor point addition
— Generalization of biclique-star replacement
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Input Transition Variant Pin Detection

e Propagate transitions range [min, max] from PI to

endpoints
— If slew range doesn’t converge at a pin, it should be preserved
Slew Variant Constant Timing . .
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Input Transition Variant Timing

e Cell Timing

— Record the index that enclose [min,max] during slew variant region

detection
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Input Transition Variant Timing

e Wire Delay
— Independent to input transition

e Wire Transition
— Output slew can be calculated by

f(x) =+/x%+ c?

— Goal: select n most significant points to fit f(x)
f(xig) — f(x)
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Output Load Variant Timing

e Model cell timing and wire connection separately
— Cell timing will lose information of output loading
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Extracted Model
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e Merge cell timing and wire connection
— cell,,(C) = cell,;(C, + Cy) + wire,,;(C, + Cy)
— Shift indexes down by Cy
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Experimental Settings

e Implemented in C++ and compiled with g++ 4.8.2
e Executed on a platform with 2 intel Xeon 3.5GHz CPUs

with 64 GB memory

e TAU 2016 Timing Analysis Contest

Design #PIs |#P0Os | #Gates| #Nets Runtime (s) | Memory (MB)
mgc edit dist iccad eval |2.6K| 12 |222.1K| 224.1K 9.00 1229.81
vga lcd iccad eval 85 | 99 |[286.4K| 286.5K 10.19 1572.60
leon3mp iccad eval 254 | 79 1.5M 1.5M 69.23 8810.25
netcard iccad eval 1.8K| 10 1.6M 1.6M 74.03 9263.12
leon2 iccad eval 615 | 85 1.9M 1.9M 91.38 11004.60

— Runtime and Memory are measured by flat timing analysis

e Boundary conditions

— Random input delay for each primary input [0, 2000] ps

— Random Input transition for each primary input [5, 250] ps
— Random output loading for each primary output [5, 250] ff




Evaluation Framework

e Compare extracted model timing with the original design
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Experimental Results

e Compare with LibAbs [TAU 2016 contest winner]

Design Max Error|Model Size| Generation | Generation Usage Usage
(ps) (MB) Runtime (s){Memory (MB)|Runtime (s) {Memory (MB)

mac_edit_dist_iccad Qurs 0.04 90 14.12 709.78 10.01 1014.89
T eval - leA'bs 0.49 249 20.39 2189.00 20.83 1991.64
Ratio 0.08 0.36 0.69 0.32 0.48 0.51

Ours 0.03 84 14.67 845.13 9.44 986.35

vga lcd iccad eval | LibAbs 0.42 295 23.72 2740.62 25.50 2357.25
Ratio 0.07 0.28 0.62 0.31 0.37 0.42

Ours 0.04 96 54.65 4050.87 11.31 1094.64

leon3mp_iccad_eval | LibAbs 0.42 1700 144.76 15428.40 152.12 13760.36
Ratio 0.10 0.06 0.38 0.26 0.07 0.08

Ours 0.06 435 78.76 4550.45 47.42 5115.72

netcard _iccad eval | LibAbs 0.19 1800 187.86 16114.60 148.28 13961.41
Ratio 0.32 0.24 0.42 0.28 0.32 0.37

Ours 0.06 713 113.32 5595.22 74.94 8167.34

leon2_iccad_eval LibAbs 0.24 2100 201.42 19241.30 193.42 17317.70
Ratio 0.25 0.34 0.56 0.29 0.39 0.47
Avg. Ratio: Ours/LibAbs 0.16 0.26 0.53 0.29 0.33 0.37
Avg. Ratio: Ours/Baseline - - - - 0.73 0.57

— Baseline: post-CPPR flat timing analysis by a reference timer
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Effectiveness of Graph Reduction

e Compare with interface logic extracted model

Model File Size (MB)

Design Ours: Interface Logic Ours: Final Ratio

(Before reduction) (After reduction)
mgc edit dist iccad eval 411 90 21.90%
vga lcd iccad eval 390 84 21.54%
leon3mp iccad eval 434 96 22.12%
netcard iccad eval 1900 435 22.89%
leon2 iccad eval 3000 713 23.77%
Average - - 22.44%
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Conclusion

e \We proposed a compact and accurate timing macro
modeling framework

e Our key idea:
— Make our macro model contain only a small amount of interface
logic and maintain high accuracy

— To generate a compact model

m We generalize existing graph reduction techniques, perform reduction
on constant timing part

— To generate an accurate model

m \We preserve necessary pins and wisely select proper index values of
lookup tables to describe timing arcs

e Experimental results show that our algorithm delivers
superior efficiency and accuracy

e Future work

— Signal integrity, coupling effects
30



Thank youl!




Post-process

e \Write reduced timing graph in liberty format




Pseudo Pin Sharing

e After graph reduction, we might generate timing arcs that

IS invalid for golden timer to evaluate
— The golden timer only supports no more than one set of timing arc

between two pin
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Timing
Non-unate
cell rise

cell fall

rise transition
fall transition

negative-unate
cell rise

cell fall
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tng arcs with additienal pseudae pins
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cell fall
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Pseudo Pin Insertion
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CADENCE

e Ouput loading index



