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Design Space

How much information is shared 
between agents?

Who is in-charge of separation 
assurance, aircraft, ATC, or both?

Which collision detection & 
resolution algorithm to use?

Which agent resolves a potential 
loss of separation?

Airspace Allocation



Design Space

How much information is shared 
between agents?

Who is in-charge of separation 
assurance, aircraft, ATC, or both?

Which collision detection & 
resolution algorithm to use?

Which agent resolves a potential 
loss of separation?

Lots of Design Choices!

Airspace Allocation
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Design-Space Exploration

What is a design-space?

What is a design-space exploration?

Set of possible design choices for a system.



Design-Space Exploration

There is no loss of separation 
between aircraft

Aircraft are able to communicate 
with each other

Aircraft can detect and avoid a 
potential loss of separation

Ground controller can 
communicate with aircraft

Find design choices that satisfy requirements

Airspace Allocation
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What is a design-space exploration?

Set of possible design choices for a system.



Design-Space Exploration

What is a design space?

What is a design-space exploration?

Set of possible design choices for a system.

Design-time analysis to evaluate design choices exhaustively.



Design-Space Exploration

Complex systems are modeled as design spaces.

Alternative comparison via design space exploration

Model Checking!
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Report

Our Goal
Make model-checking for design-spaces more scalable

Design-space model checking entails 
multi-model/requirement checking



Multi-model/requirement Checking

Model-checking 
algorithms

Design-space 
reduction

Incremental 
Verification

Improved
Orchestration



Multi-model/requirement Checking

Model-checking 
algorithms

Design-space 
reduction

Incremental 
Verification

Improved
Orchestration



Design-space Reduction1

• Generate design-space models from a meta-model
• Combinatorial transitions systems (CTS), behavior enabled by parameters

• D3 algorithm to reduce number of model-property pairs
1. Finding redundant models, or models with exact same behavior (GenPC) 
2. Reducing number of requirements by finding logical dependencies (CheckRP)

1 R. Dureja and K. Y. Rozier. “More Scalable LTL Model Checking via Discovering Design-Space Dependencies” (TACAS 2017)

Boolean parametersP1, P2, P3
<latexit sha1_base64="RP1Y3IooqwtMamUnVrl+18ZSJpE="></latexit><latexit sha1_base64="RP1Y3IooqwtMamUnVrl+18ZSJpE="></latexit><latexit sha1_base64="RP1Y3IooqwtMamUnVrl+18ZSJpE="></latexit>

1 400 800 1200 1620
Count of configured instances (models)

0.00

30.00

60.00

90.00

120.00

139.79

14.80M
od

el
ch

ec
ki

ng
tim

e
(in

ho
ur

s)

individual

GENPC
CHECKRP + H1
D3 + H1

Upto 9.0X speedup
1 2 3 4 5 6 7

Model number

10

100

N
um

be
ro

fc
he

ck
er

ru
ns

(lo
g)

179
236 234 227 227 248 248

23 23 20
25

16
21 21

10 11 11 11 11 11 1111 13 14 12 12 14 15

single CHECKRP CHECKRP + H1 CHECKRP + H2

NASA ATC Models

Boeing WBS Models

P1
<latexit sha1_base64="YoiF7xABAw/AQM6d9mPBL6UeWMg=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYCJ4Crt5bJJbwIvHCG4SSJYwO5kkQ2Znl5lZISz5Bi8eFPHqB3nzb5w8BBUtaCiquunuCmLOlLbtD2tjc2t7Zzezl90/ODw6zp2ctlWUSEI9EvFIdgOsKGeCepppTruxpDgMOO0E0+uF37mnUrFI3OlZTP0QjwUbMYK1kbxCa+AUBrm8XXSrbt11kV10ytVqxTak0aiV3QZyivYSeVijNci994cRSUIqNOFYqZ5jx9pPsdSMcDrP9hNFY0ymeEx7hgocUuWny2Pn6NIoQzSKpCmh0VL9PpHiUKlZGJjOEOuJ+u0txL+8XqJHdT9lIk40FWS1aJRwpCO0+BwNmaRE85khmEhmbkVkgiUm2uSTNSF8fYr+J+2SyadYui3lm5V1HBk4hwu4Agdq0IQbaIEHBBg8wBM8W8J6tF6s11XrhrWeOYMfsN4+ARFNjio=</latexit>

P1
<latexit sha1_base64="YoiF7xABAw/AQM6d9mPBL6UeWMg=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYCJ4Crt5bJJbwIvHCG4SSJYwO5kkQ2Znl5lZISz5Bi8eFPHqB3nzb5w8BBUtaCiquunuCmLOlLbtD2tjc2t7Zzezl90/ODw6zp2ctlWUSEI9EvFIdgOsKGeCepppTruxpDgMOO0E0+uF37mnUrFI3OlZTP0QjwUbMYK1kbxCa+AUBrm8XXSrbt11kV10ytVqxTak0aiV3QZyivYSeVijNci994cRSUIqNOFYqZ5jx9pPsdSMcDrP9hNFY0ymeEx7hgocUuWny2Pn6NIoQzSKpCmh0VL9PpHiUKlZGJjOEOuJ+u0txL+8XqJHdT9lIk40FWS1aJRwpCO0+BwNmaRE85khmEhmbkVkgiUm2uSTNSF8fYr+J+2SyadYui3lm5V1HBk4hwu4Agdq0IQbaIEHBBg8wBM8W8J6tF6s11XrhrWeOYMfsN4+ARFNjio=</latexit>



Multi-model/requirement Checking

Model-checking 
algorithms

Design-space 
reduction

Incremental 
Verification

Improved
Orchestration



Multi-model/requirement Checking

Model-checking 
algorithms

Design-space 
reduction

Incremental 
Verification

Improved
Orchestration



Incremental Verification2,3

• The different design-space models have overlapping state spaces
• Generated from the same meta-model, overlapping behavior

• FuseIC3 algorithm algorithm reuses reachable state approximations
1. IC3 frames are stored and ”repaired” across multiple model-checking runs 2

2. Very fast verification when model-delta is small, regressions runs 3

2 R. Dureja and K. Y. Rozier. “FuseIC3: An Algorithm for Checking Large Design Spaces” (FMCAD 2017)
3 R. Dureja and K. Y. Rozier. “Incremental Design-Space Model Checking via Reusable Reachable State Approximations.” (under submission)

Motivation Preliminaries Algorithm Results

Assumptions and Intuition

Assumption 1

The different models in the design
space are related, i.e., have
overlapping reachable states.

Assumption 2

The models in the design space
are checked sequentially.

Rohit Dureja & Kristin Y. Rozier FuseIC3: An Algorithm for Checking Large Design Spaces

Motivation Preliminaries Algorithm Results

NASA ATC Benchmark
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Upto 5.48X speedup
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Improved Orchestration4

• Partially-order models/requirements to maximize reuse
• Requirement grouping based on COI (structural and semantic)

• Improved localization abstraction
• Semantically similar requirements are localized concurrently

4 R. Dureja, J. Baumgartner, A. Ivrii, R. Kanzelman, and K. Y. Rozier. “Boosting Verification Scalability via Structural Grouping and Semantic Partitioning of Properties” (FMCAD 2019)

(a) Property Count (b) Grouping Time (ms)

(c) Reduction Ratio (d) Grouping Quality

Fig. 9. Grouping on 48 HWMCC benchmarks with more than 100 properties,
and maximum 50 properties/group. Level-1 grouping quality is 1.0.
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Fig. 10. End-to-end verification with grouping vs. portfolio which (a) checks
properties one-at-a-time, and (b) check all properties together. Points below
diagonal are in favor of verification with grouped properties.

by parallel solving), we find it best to err to the latter using
a higher affinity t=0.9. L3 is done using 16-bit words and
t̂ = 0.875, i.e., maximum distance of 2 between words
(Fig. 6). Initially each property is assigned to its own distinct
group. The grouping takes less than 10ms for all benchmarks
(Fig. 9b). The group count reduction ratio for each level with
respect to the preceding level, and overall reduction ratio,
i.e., number of groups relative to preceding level, is shown
in Fig. 9c. L2 merges properties for 13 benchmarks: <0.5
ratio for 8 benchmarks, and is critical to the performance of
L3. Without L1 and L2, not all properties merged by L2 are
merged by L3 due to inherent asymmetry, and L3 can merge
the same properties as L1, albeit, with small runtime penalty.
Therefore, the leveling order is crucial and gives tighter control
on group affinity. Fig. 9d shows the minimum quality of all
non-singleton groups in a benchmark.

b) End-to-end Verification: We compare the runtime of check-
ing each property one-by-one vs. checking property groups in
Fig. 10a; verification with structural grouping is up to 400⇥
(median 4.3⇥) faster. A fairer comparison of the runtime of
checking all properties together vs. checking property groups

TABLE I
VERIFICATION WITH ONE-BY-ONE, MULTIPLE, AND GROUPED PROPERTIES

Name #Prop One-by-one Multiple #G Grouped

6s281 105 0.32h 0.22h 84 0.26h
bobsmvhd3 138 4.36h 0.43h 53 0.92h
6s380 149 1.92h 12.54s 12 16.95s
bob12s08 206 13.04h 3.45h 88 6.80h
6s381 1506 18.60h 1.45h 192 4.76h

(a) Structural Grouping (b) Random Grouping

Fig. 11. Verification performance of (a) high and (b) low affinity grouping
on LOC with respect to checking all properties one-by-one.

is shown in Fig. 10b; grouped verification is up to 72⇥
(median 3.5⇥) faster. Table I shows benchmarks for which
checking all properties together is faster. LOC solves very few
properties for these benchmarks, whereas, BMC/IC3 quickly
verify all properties together: 145 properties in 6s380 are
falsified by BMC in a few unrollings and remaining proved
by LOC, while all properties are proved by LOC or IC3 for
other benchmarks. The benchmarks in Table I have properties
where a large majority are either all falsified, or proved.
The advantage of checking high-affinity groups is outweighed
by the added cost of repeating BMC/IC3 across groups for
these benchmarks, which could be adjusted for using a lower
affinity threshold. However, grouping advantage is apparent for
benchmarks in which no single algorithm solves all properties,
and properties have different verification outcomes.

c) Localization Abstraction: We select 24 benchmarks having
at least 50 properties solved by LOC. Properties not solved
by LOC are not considered. Fig. 11 shows the impact of
high and low affinity grouping on the performance of LOC.
If high-affinity structural grouping returns N groups, low-
affinity grouping is done by sorting properties by COI size, and
partitioning into equally-sized N groups. Fig. 11a compares
verification of high-affinity grouped properties and one-by-
one checking of each property with LOC; verification is up
to 30⇥ (median 2.9⇥) faster. On the other hand, low-affinity
groups often degrade LOC performance compared to one-by-
one checking. Fig. 11b compares high and low affinity group
verification with LOC. Five benchmarks have comparable
performance due to grouping of large number of properties
into very few groups. Nevertheless, high-affinity verification
is always faster: up to 3.7⇥ (median 2.5⇥).

d) Semantic Partitioning: LOC generates a localized netlist
using BMC for every property group which is then checked

Proposed Approach

• Find groups of properties that can be checked together
• Perform in two phases (initially every property is a group)

1. Structural affinity based grouping
2. Semantic Affinity based refinement

Initial Grouping P0 P1 P2 P3 P4 P5 P6 P7 P8 P9

Structural Affinity GroupingStructural Affinity Grouping P2 P4 P5 P1 P3 P7 P9 P0 P6 P8

Semantic Affinity Refinement P2 P4 P5 P1 P3 P7 P9 P0 P6 P8

Formal Verification of Designs with Multiple Properties 6

Structural

Semantic

Upto 72X speedup

Boosting Verification Scalability via Structural Grouping and
Semantic Partitioning of Properties

Rohit Dureja⇤†, Jason Baumgartner†, Alexander Ivrii†, Robert Kanzelman† and Kristin Y. Rozier⇤
⇤Iowa State University †IBM Corporation

Abstract—From equivalence checking to functional verification
to design-space exploration, industrial verification tasks entail
checking a large number of properties on the same design. State-
of-the-art tools typically solve all properties concurrently, or
one-at-a-time. They do not optimally exploit subproblem sharing
between properties, leaving an opportunity to save considerable
verification resource via concurrent verification of properties
with nearly identical cone of influence (COI). These high-affinity
properties can be concurrently solved; the verification effort
expended for one can be directly reused to accelerate the veri-
fication of the others, without hurting per-property verification
resources through bloating COI size. We present a near-linear
runtime algorithm for partitioning properties into provably high-
affinity groups for concurrent solution. We also present an
effective method to partition high-structural-affinity groups using
semantic feedback, to yield an optimal multi-property localization
abstraction solution. Experiments demonstrate substantial end-
to-end verification speedups through these techniques, leveraging
parallel solution of individual groups.

I. INTRODUCTION

In many contexts, the verification of a hardware and/or soft-
ware design mandates checking a large number of properties.
For example, in equivalence checking, each primary output is
compared for pair-wise equality across two designs, entailing a
distinct property per output. In functional verification, designs
are typically checked against a large diversity of proper-
ties, from low-level assertions to high-level encompassing
properties. In design-space exploration via model checking
[16] multiple properties are verified against competing system
designs differing in core capabilities or assumptions.

Each property has a distinct minimal cone of influence
(COI), or fanin logic of the signals referenced in that property
(Fig. 1a). Verification of a set of properties generally entails
exponential complexity with respect to the size of its collective
COI. Concurrent verification of multiple properties may thus
be significantly slower than solving these properties one-at-a-
time, in that each property of the group may add unique fanin
logic to the collective COI (Fig. 1b). Conversely, sometimes
two or more properties share nearly-identical COIs (Fig. 1c).
Concurrent verification of high-affinity properties may save
considerable verification resource, as the effort expended for
one can be directly reused for the others without significantly
slowing the verification of any property within that group.
E.g., reusing inductive clauses in IC3 [5], and abstractions
in localization [1] across properties in a group.

Despite the prevalence of multi-property testbenches, little
research has addressed the problem of optimal grouping or
clustering of properties into high-affinity groups. Selective
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P3
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P1

(c) High

Fig. 1. Cone-of-influence of high- and low- affinity properties.

past work [7, 8] has experimentally demonstrated that ideal
grouping may save substantial verification resource. However,
no scalable online property grouping procedure has been
provided; this potential was illustrated as a proof-of-concept
using computationally-prohibitive offline grouping algorithms
with undisclosed runtime. A significant need thus remains
for an effective solution of determining which high-affinity
properties should be concurrently solved. To ensure overall
scalability, it is essential that such a property-partitioning
solution be as close to linear runtime as possible with respect
to the number of properties, otherwise the grouping effort itself
may severely degrade overall verification resource comprising
grouping plus subsequent verification of the identified groups.

Contributions: We present a near-linear runtime, fully-
automated algorithm to partition properties into provably high-
affinity groups based on structural COI similarity. COI support
information is maintained as bitvectors [9], and grouping is
performed in three configurable levels based on: identical
COI, strongly-connected components (SCC) in the COI, and
Hamming distance. The properties in each high-affinity group
are verified concurrently; each group may be independently
verified in parallel, using arbitrary solver algorithms. We also
present an algorithm to semantically refine high-structural-
affinity groups in a localization abstraction framework, offer-
ing the first optimized multi-property localization solution, to
our knowledge. Our partitioning requires negligible resources
even on the largest problems, while offering substantial veri-
fication speedups as demonstrated by extensive experiments.

A. Related Work

Much prior work has addressed methods to incrementally
reuse information across muliple properties to accelerate spe-
cific algorithms. E.g., incremental SAT across proofs of dif-
ferent properties [20, 21], and reusing verification by-products
like invariants [13] and interpolants [23], can accelerate the
verification of high-affinity properties.
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Model Checking Algorithms6,7

• Improve SAT-based model checking algorithms
• Complementary approximate reachability (CAR) as proof-of-concept 5

• Heuristics to improve bug-finding performance of CAR
• SimpleCAR can find bugs not found by IC3/BMC 6 ; slow convergence
• Better SAT-query to improve performance of SimpleCAR 7 

• Also applicable to IC3; more scalable design-space checking

5 J. Li, S. Zhu, Y. Zhang, G. Pu, and M. Y. Vardi. “Safety model checking with complementary approximations” ICCAD (2017)
6 J. Li, R. Dureja, G. Pu, K. Y. Rozier, M. Y. Vardi. “SimpleCAR: An Efficient Bug-Finding Tool Based on Approximate Reachability” (CAV 2018)
7 R. Dureja, J. Li, G. Pu, M. Y. Vardi, K. Y. Rozier. “Intersection and Rotation of Assumption Literals Boosts Bug-Finding” (VSTTE 2019)
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Standard Reachability Analysis
Motivation Framework Performance Summary

Model M = (V, I, T )
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<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>
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<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>



Standard Reachability Analysis
Motivation Framework Performance Summary

Model M = (V, I, T )
<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
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M |= P
<latexit sha1_base64="0shA+b2UqW6WNEQ9rE8BsEF8ZQU=">AAACCHicdVDLSsNAFJ3UV62vqks3g63gKkxCY+uu4MaNUMHYQhvKZDJph04ezkyEEvoFfoBb/QRX4ta/8Av8DacPQaUeuHA4517uvcdPOZMKoQ+jsLK6tr5R3Cxtbe/s7pX3D25lkglCXZLwRHR8LClnMXUVU5x2UkFx5HPa9kcXU799T4VkSXyjxin1IjyIWcgIVlryqlewFyUB5RK2qv1yBZl2zak7NkTmGXLsmqUJsizHrkPLRDNUwAKtfvmzFyQki2isCMdSdi2UKi/HQjHC6aTUyyRNMRnhAe1qGuOISi+fHT2BJ1oJYJgIXbGCM/XnRI4jKceRrzsjrIbyrzcVl3ndTIUNL2dxmikak/miMONQJXCaAAyYoETxsSaYCKZvhWSIBSZK57R0S0kn8/0+/J+4tnluomu70mwsIiqCI3AMToEF6qAJLkELuICAO/AInsCz8WC8GK/G27y1YCxmDsEvGO9f9YKZ4w==</latexit><latexit sha1_base64="0shA+b2UqW6WNEQ9rE8BsEF8ZQU=">AAACCHicdVDLSsNAFJ3UV62vqks3g63gKkxCY+uu4MaNUMHYQhvKZDJph04ezkyEEvoFfoBb/QRX4ta/8Av8DacPQaUeuHA4517uvcdPOZMKoQ+jsLK6tr5R3Cxtbe/s7pX3D25lkglCXZLwRHR8LClnMXUVU5x2UkFx5HPa9kcXU799T4VkSXyjxin1IjyIWcgIVlryqlewFyUB5RK2qv1yBZl2zak7NkTmGXLsmqUJsizHrkPLRDNUwAKtfvmzFyQki2isCMdSdi2UKi/HQjHC6aTUyyRNMRnhAe1qGuOISi+fHT2BJ1oJYJgIXbGCM/XnRI4jKceRrzsjrIbyrzcVl3ndTIUNL2dxmikak/miMONQJXCaAAyYoETxsSaYCKZvhWSIBSZK57R0S0kn8/0+/J+4tnluomu70mwsIiqCI3AMToEF6qAJLkELuICAO/AInsCz8WC8GK/G27y1YCxmDsEvGO9f9YKZ4w==</latexit><latexit sha1_base64="0shA+b2UqW6WNEQ9rE8BsEF8ZQU=">AAACCHicdVDLSsNAFJ3UV62vqks3g63gKkxCY+uu4MaNUMHYQhvKZDJph04ezkyEEvoFfoBb/QRX4ta/8Av8DacPQaUeuHA4517uvcdPOZMKoQ+jsLK6tr5R3Cxtbe/s7pX3D25lkglCXZLwRHR8LClnMXUVU5x2UkFx5HPa9kcXU799T4VkSXyjxin1IjyIWcgIVlryqlewFyUB5RK2qv1yBZl2zak7NkTmGXLsmqUJsizHrkPLRDNUwAKtfvmzFyQki2isCMdSdi2UKi/HQjHC6aTUyyRNMRnhAe1qGuOISi+fHT2BJ1oJYJgIXbGCM/XnRI4jKceRrzsjrIbyrzcVl3ndTIUNL2dxmikak/miMONQJXCaAAyYoETxsSaYCKZvhWSIBSZK57R0S0kn8/0+/J+4tnluomu70mwsIiqCI3AMToEF6qAJLkELuICAO/AInsCz8WC8GK/G27y1YCxmDsEvGO9f9YKZ4w==</latexit>

M is safe with respect to P 

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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Model M = (V, I, T )
<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>

M 6|= P
<latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit><latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit><latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit>

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>

M 6|= P
<latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit><latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit><latexit sha1_base64="GlFd2bs5huZOidxuBKXsgpAP3Hc=">AAACDnicdVDLSgMxFM3UV62vVpdugq3gaphpqW13BTduhArWFtqhZDKZNjSTDElGKUM/wg9wq5/gStz6C36Bv2H6EFTqgQuHc+7l3nv8mFGlHefDyqytb2xuZbdzO7t7+wf5wuGtEonEpI0FE7LrI0UY5aStqWakG0uCIp+Rjj++mPmdOyIVFfxGT2LiRWjIaUgx0kYa5AulK9jnQvcjERCmYKs0yBcdu1qr1ysV6NhurVJxa4Y45Ua1eg5d25mjCJZoDfKf/UDgJCJcY4aU6rlOrL0USU0xI9NcP1EkRniMhqRnKEcRUV46P30KT40SwFBIU1zDufpzIkWRUpPIN50R0iP115uJq7xeosO6l1IeJ5pwvFgUJgxqAWc5wIBKgjWbGIKwpOZWiEdIIqxNWiu35Ewy3+/D/0m7bDds57pcbNaXEWXBMTgBZ8AFNdAEl6AF2gCDe/AInsCz9WC9WK/W26I1Yy1njsAvWO9f6hOcAQ==</latexit>

M is unsafe with respect to P 

¬P
<latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit><latexit sha1_base64="1xuL7emch1bOy+yRulQQNUZb8hk=">AAACA3icdZDLSsNAFIZPvNZ6q7p0M9gKrkJStG12BTcuKxhbaEOZTCft0MkkzEyEUrr1AdzqI7gStz6IT+BrOL1QVOoPA4fvP4dz5g9TzpR2nE9rbX1jc2s7t5Pf3ds/OCwcHd+rJJOE+iThiWyFWFHOBPU105y2UklxHHLaDIfXU7/5QKViibjTo5QGMe4LFjGCtUGtUkfQPmqUuoWiY3tVt+J5yLWdmZAhldqle7UkRVio0S18dXoJyWIqNOFYqbbrpDoYY6kZ4XSS72SKppgMcZ+2TSlwTFUwnt07QeeG9FCUSPOERjP6c2KMY6VGcWg6Y6wH6q83hau8dqajWjBmIs00FWS+KMo40gmafh71mKRE85EpMJHM3IrIAEtMtIlo5Za8SWYZyP+FX7Y927ktF+u1RUQ5OIUzuAAXqlCHG2iADwQ4PMEzvFiP1qv1Zr3PW9esxcwJ/JL18Q2JyZgK</latexit>
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Motivation Framework Performance Summary

F0 F1 F2 F3 Fi

Basic: F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>
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F0 F1 F2 F3 Fi

Basic:
Induction:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>
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Motivation Framework Performance Summary

F0 F1 F2 F3 Fi

Basic:
Induction:
Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>
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F0 F1 F2 F3 Fi

Basic:
Induction:
Terminate:
Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>
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F0 F1 F2 F3 Fi
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Induction:
Terminate:
Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Standard Reachability Analysis

Safety
Unsafety
(bug-finding)



Complementary Approximate Reachability
Motivation Framework Performance Summary

F0 F1 F2 F3 Fi

Basic:
Induction:
Terminate:
Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Standard Reachability Analysis

Safety
Unsafety
(bug-finding)



Complementary Approximate Reachability
Motivation Framework Performance Summary

F0 F1 F2 F3 Fi

Basic:
Induction:
Terminate:
Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Standard Reachability Analysis

Safety
Unsafety
(bug-finding)

Maintaining exact frame sequences is hard; more states in memory



Complementary Approximate Reachability
Motivation Framework Performance Summary

F0 F1 F2 F3 Fi

Basic:
Induction:
Terminate:
Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Standard Reachability Analysis

Safety
Unsafety
(bug-finding)

Maintaining exact frame sequences is hard; more states in memory
CAR uses approximate sequences
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Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi

Forward Sequence

Basic:
Induction:
Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi+1 ◆ Reach(Fi)
<latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit>

(over-approximate)



Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:
Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi+1 ◆ Reach(Fi)
<latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit>

Basic:
Induction:
Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

Bj+1 ✓ Reach�1(Bj)
<latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit>

Bj \ I 6= ;
<latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit>

(over-approximate) (under-approximate)

Inverse 
transition



Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:
Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi+1 ◆ Reach(Fi)
<latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit>

Basic:
Induction:
Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

Bj+1 ✓ Reach�1(Bj)
<latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit>

Bj \ I 6= ;
<latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit>

(over-approximate) (under-approximate)

Safety Checking Unsafety Checking

Inverse 
transition



Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:
Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi+1 ◆ Reach(Fi)
<latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit>

Basic:
Induction:
Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

Bj+1 ✓ Reach�1(Bj)
<latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit>

Bj \ I 6= ;
<latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit>

(over-approximate) (under-approximate)

Safety Checking Unsafety Checking

Forward-CAR

Inverse 
transition
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Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Check:

(under-approximate)

Backward-CAR

Fi+1 ✓ Reach(Fi)
<latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>



Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:

Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Basic:
Induction:

Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

(under-approximate) (over-approximate)

Backward-CAR

Fi+1 ✓ Reach(Fi)
<latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit>

Bj+1 ◆ Reach�1(Bj)
<latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Bj+1 ✓
S

0kj Bk
<latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit>



Complementary Approximate Reachability
Motivation Framework Performance Summary

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:

Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Basic:
Induction:

Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

(under-approximate) (over-approximate)

Unsafety Checking Safety Checking

Backward-CAR

Fi+1 ✓ Reach(Fi)
<latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit>

Bj+1 ◆ Reach�1(Bj)
<latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Bj+1 ✓
S

0kj Bk
<latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit>



Unsat Cores and CAR

• Unsat cores play a critical role in the performance of CAR
• Iteratively blocking overapproximate states (B-sequence), much like IC3

• Our quest for smallest unsat cores
• CARChecker (ICCAD 2017) uses minimal unsat cores – slow!
• SimpleCAR (CAV 2018) uses first unsat core– fast, but slow convergence

• Tradeoff – smaller v/s faster
• Find smaller (not minimal) unsat cores fast

• We propose heuristics that find smaller cores;  negligible overhead

Bj
<̂latexit sha1_base64="YAx0QlCk2VKsmnPHarCE8OYVVQg=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM1m0q7dZMPuRiml/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2tcwUwwaTQqp2QDUKnmDDcCOwnSqkcSCwFQxvpn7rEZXmMrk3oxT9mPYTHnFGjZWa3ScM+9grld2KOwNZJl5OypCj3it9dUPJshgTwwTVuuO5qfHHVBnOBE6K3UxjStmQ9rFjaUJj1P54du2EnFolJJFUthJDZurviTGNtR7Fge2MqRnoRW8q/ud1MhNd+WOepJnBhM0XRZkgRpLp6yTkCpkRI0soU9zeStiAKsqMDahoQ/AWX14mzWrFO69U7y7Ktes8jgIcwwmcgQeXUINbqEMDGDzAM7zCmyOdF+fd+Zi3rjj5zBH8gfP5A5YRjyI=</latexit>

=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit> Bj¬C
<latexit sha1_base64="afixMxJnG2NE5pKOmRLkZqHVvBM=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07JbC7W3Qi8eK9gPaJeSTbNtbDZZkqxQSv+DFw+KePX/ePPfmLYrVNEHA4/3ZpiZFyacaeN5n05uY3Nreye/W9jbPzg8Kh6ftLVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbCSWPhdx6o0kyKOzNNaBDjkWARI9hYqd0XdIQag2LJd70lkOfWLKqVjNR89G2VIENzUPzoDyVJYyoM4Vjrnu8lJphhZRjhdF7op5ommEzwiPYsFTimOpgtr52jC6sMUSSVLWHQUl2fmOFY62kc2s4Ym7H+7S3Ev7xeaqLrYMZEkhoqyGpRlHJkJFq8joZMUWL41BJMFLO3IjLGChNjAyqsh/A/aZdd/8ot31ZK9XIWRx7O4BwuwYcq1OEGmtACAvfwCM/w4kjnyXl13latOSebOYUfcN6/AG8+jwE=</latexit>



Assumptions and SAT Solver

SAT(', A)
<latexit sha1_base64="DUWN+IyQ1ECqS52Cd2ULSISyy50=">AAACA3icbVDJSgNBEO2JW4zbqDe9NCZCBAkzEdRjghePEbNBZgg9nU7SpGehuyYYhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiqp4XCa7Asr6N1Mrq2vpGejOztb2zu2fuH9RVGEvKajQUoWx6RDHBA1YDDoI1I8mI7wnW8AY3E78xZFLxMKjCKGKuT3oB73JKQEtt88gB9gCKJvfl6jiXd4ZERn1+jstnubaZtQrWFHiZ2HOSRXNU2uaX0wlp7LMAqCBKtWwrAjchEjgVbJxxYsUiQgekx1qaBsRnyk2mP4zxqVY6uBtKXQHgqfp7IiG+UiPf050+gb5a9Cbif14rhu61m/AgioEFdLaoGwsMIZ4EgjtcMgpipAmhkutbMe0TSSjo2DI6BHvx5WVSLxbsi0LxrpgtXc7jSKNjdILyyEZXqIRuUQXVEEWP6Bm9ojfjyXgx3o2PWWvKmM8coj8wPn8AN8OWiA==</latexit>

' =
<latexit sha1_base64="IXuneWqcLcJeqsygWjquMOcfs68=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbQb0IBS8eK9gP6C4lm2bb0Gw2JNlCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/P/c6EKs0S8WSmkgYxHgoWMYKNlfyqP8FKjhi6Q9V+ueLW3AXQOvFyUoEczX75yx8kJI2pMIRjrXueK02QYWUY4XRW8lNNJSZjPKQ9SwWOqQ6yxc0zdGGVAYoSZUsYtFB/T2Q41noah7YzxmakV725+J/XS010G2RMyNRQQZaLopQjk6B5AGjAFCWGTy3BRDF7KyIjrDAxNqaSDcFbfXmdtOs176pWf6xXGtd5HEU4g3O4BA9uoAEP0IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+AGnwkJM=</latexit>

Boolean formula in CNF
A =

<latexit sha1_base64="ZAAnCTuZADi0nD+esNm3uyybTOg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7LbgnoRKl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3yDbpG5X6x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8WqV6Xy3VL7I48nACp3AOHlxCHe6gAU0g8AjP8ApvjnRenHfnY9Gac7KZY/gD5/MHdduNsg==</latexit> Set of assumption literals
⌘ SAT(' ^A)

<latexit sha1_base64="akl8XrdiksPSQ+oIQ+j8QN0PatE="></latexit>

a0
<latexit sha1_base64="zursrvfvmKlc3Ema0TM6YijNBN8=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh445UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIdcI4x</latexit>

a1
<latexit sha1_base64="ahPuLuiIsf++7nq0fLuogcs4u/o=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh645UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIe9Y4y</latexit>

a2
<latexit sha1_base64="FwOXyQyd8e7j5PG9zA6WFseiCJg=">AAAB7HicdZDLSsNAFIZPvNZ6q7p0M9gKrkISi7a7ghuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOL1QVPSHgcP3n8Oc84cpZ0o7zqe1tr6xubVd2Cnu7u0fHJaOjlsqySShPkl4IjshVpQzQX3NNKedVFIch5y2w/HNzG8/UKlYIu71JKVBjIeCRYxgbZBfwX2v0i+VHbter9dqV8i1nbnQglSdFSnDUs1+6aM3SEgWU6EJx0p1XSfVQY6lZoTTabGXKZpiMsZD2jWlwDFVQT5fdorODRmgKJHmCY3m9PtEjmOlJnFoOmOsR+q3N4N/ed1MR7UgZyLNNBVk8VGUcaQTNLscDZikRPOJKTCRzOyKyAhLTLTJp2hCWN3+f9HybPfS9u68cqO6jKMAp3AGF+DCNTTgFprgAwEGj/AML5awnqxX623RumYtZ07gh6z3LyB6jjM=</latexit>

a3
<latexit sha1_base64="F1Ll0pPoqh48scm+nPjp3aBhMk4=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh5Uy4NiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUh/440</latexit>

a4
<latexit sha1_base64="xE24EIbjIXbNgLuN9koERqlg3wQ=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh7UyoNiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUjhI41</latexit>

a5
<latexit sha1_base64="5Dlr4jRG7LXn7id/5n0TJWuuy5c=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWSWrXdFdy4rGDaQhvKZDpph04mYWYilNBncONCEbc+kDvfxumFoqI/DBy+/xzmnD9IOFPacT6t3Nr6xuZWfruws7u3f1A8PGqpOJWEeiTmsewEWFHOBPU005x2EklxFHDaDsY3M7/9QKVisbjXk4T6ER4KFjKCtUFeGfcvy/1iybHr9XqtdoVc25kLLUjVWZESLNXsFz96g5ikERWacKxU13US7WdYakY4nRZ6qaIJJmM8pF1TChxR5WfzZafozJABCmNpntBoTr9PZDhSahIFpjPCeqR+ezP4l9dNdVjzMyaSVFNBFh+FKUc6RrPL0YBJSjSfmAITycyuiIywxESbfAomhNXt/xetiu1e2JW7SqlRXcaRhxM4hXNw4RoacAtN8IAAg0d4hhdLWE/Wq/W2aM1Zy5lj+CHr/QslCY42</latexit>

Let A = {a0, a1, a2, a3, a4, a5, . . . , an}
<latexit sha1_base64="GkRDtjCdMFBrNwViZBWbnDXdluo=">AAACIHicbVDLSgMxFM34tr6qLt0EW8FFKTNtRTdCxY0LFxVsFTplyGTSNjSTGZI7Qhn6KW78FTcuFNGdfo2ZOgu1Hsjh5Nx7Se7xY8E12PaHNTe/sLi0vLJaWFvf2Nwqbu90dJQoyto0EpG69YlmgkvWBg6C3caKkdAX7MYfnWf1mzumNI/kNYxj1gvJQPI+pwSM5RWPLxng8hk+xW5KPLuCiedkVMuonlEjo6MKdkUQgc4u0p2UvWLJrtpT4Fnh5KKEcrS84rsbRDQJmQQqiNZdx46hlxIFnAo2KbiJZjGhIzJgXSMlCZnupdMFJ/jAOAHuR8ocCXjq/pxISaj1OPRNZ0hgqP/WMvO/WjeB/kkv5TJOgEn6/VA/ERginKWFA64YBTE2glDFzV8xHRJFKJhMCyYE5+/Ks6JTqzr1au2qVmo28jhW0B7aR4fIQceoiS5QC7URRffoET2jF+vBerJerbfv1jkrn9lFv2B9fgFubJ4z</latexit>

an
<latexit sha1_base64="dyCQVYhXtDc6ICkC65ytHUJWcPA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LLaCp5DUQu2t4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdtGqKIPBh7vzTAzL0g4U9pxPq3CxubW9k5xt7S3f3B4VD4+6ag4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNpjcLv/tApWKxuNezhPoRHgsWMoK1kbwqHorqsFxxbWcJ5NhNg0Y9J00XfVsVyNEelj8Go5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXN0YZQRCmNpSmi0VNcnMhwpNYsC0xlhPVG/vYX4l9dPdXjtZ0wkqaaCrBaFKUc6RovP0YhJSjSfGYKJZOZWRCZYYqJNPqX1EP4nnZrtXtm1u1qlVc/jKMIZnMMluNCAFtxCGzwgwOARnuHFEtaT9Wq9rVoLVj5zCj9gvX8BgO+OdA==</latexit>

. . .
<latexit sha1_base64="z//Ltd15CKW4ogWuJQyEyNFVM8w=">AAAB73icbVBNS8NAEJ34WetX1aOXxVbwVJIq6LHgxWMF+wFtKJvNtl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSgwEo2ilTqUnwxhNpV8qu1V3DrJKvJyUIUejX/rqhTFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScWyUkg1jbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0UBzd+JlSSIldssWiQSoIxmT1PQqE5QzmxhDIt7K2EjaimDG1ERRuCt/zyKmnVqt5ltXZfK9ev8jgKcApncAEeXEMd7qABTWAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9zIo+I</latexit>

• Query UNSAT à Core              and    is UNSAT
• C is not necessarily minimal
• Assumption literals are stored in a vector (e.g., MiniSAT)

C ✓ A
<latexit sha1_base64="RMF31Nv646Hj7xWhnJ5z40PbVA4=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7KLJnrEcPGIiYAJbMjs0MCE2dl1Hia44Uu8eNAYr36KN//GAfagYCWdVKq6090VJpwp7XnfTm5tfWNzK79d2Nnd2y+6B4ctFRtJoUljHsv7kCjgTEBTM83hPpFAopBDOxzXZ377EaRisbjTkwSCiAwFGzBKtJV6brFcx11lQgUaHvB1ueeWvIo3B14lfkZKKEOj5351+zE1EQhNOVGq43uJDlIiNaMcpoWuUZAQOiZD6FgqSAQqSOeHT/GpVfp4EEtbQuO5+nsiJZFSkyi0nRHRI7XszcT/vI7Rg6sgZSIxGgRdLBoYjnWMZyngPpNANZ9YQqhk9lZMR0QSqm1WBRuCv/zyKmlVK/55pXpbLdUusjjy6BidoDPko0tUQzeogZqIIoOe0St6c56cF+fd+Vi05pxs5gj9gfP5Ax1Hkgk=</latexit>

' ^ C
<latexit sha1_base64="JvNnb/jCxPhAvSRWPHmNH4e2f30=">AAAB+3icbVBNT8JAEN3iF+JXxaOXjWDiibRookcSLh4xETCBhmy3U9iw3Ta7W5Q0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5fsKZ0o7zbRU2Nre2d4q7pb39g8Mj+7jcUXEqKbRpzGP54BMFnAloa6Y5PCQSSORz6Prj5tzvTkAqFot7PU3Ai8hQsJBRoo00sMvV/oTIZMRw/xGCIeBmdWBXnJqzAF4nbk4qKEdrYH/1g5imEQhNOVGq5zqJ9jIiNaMcZqV+qiAhdEyG0DNUkAiUly1un+FzowQ4jKUpofFC/T2RkUipaeSbzojokVr15uJ/Xi/V4Y2XMZGkGgRdLgpTjnWM50HggEmgmk8NIVQycyumIyIJ1SaukgnBXX15nXTqNfeyVr+rVxpXeRxFdIrO0AVy0TVqoFvUQm1E0RN6Rq/ozZpZL9a79bFsLVj5zAn6A+vzB46Ik2w=</latexit>

• Solver propagates each literal one-by-one; left à right
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SAT(', A)
<latexit sha1_base64="DUWN+IyQ1ECqS52Cd2ULSISyy50=">AAACA3icbVDJSgNBEO2JW4zbqDe9NCZCBAkzEdRjghePEbNBZgg9nU7SpGehuyYYhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiqp4XCa7Asr6N1Mrq2vpGejOztb2zu2fuH9RVGEvKajQUoWx6RDHBA1YDDoI1I8mI7wnW8AY3E78xZFLxMKjCKGKuT3oB73JKQEtt88gB9gCKJvfl6jiXd4ZERn1+jstnubaZtQrWFHiZ2HOSRXNU2uaX0wlp7LMAqCBKtWwrAjchEjgVbJxxYsUiQgekx1qaBsRnyk2mP4zxqVY6uBtKXQHgqfp7IiG+UiPf050+gb5a9Cbif14rhu61m/AgioEFdLaoGwsMIZ4EgjtcMgpipAmhkutbMe0TSSjo2DI6BHvx5WVSLxbsi0LxrpgtXc7jSKNjdILyyEZXqIRuUQXVEEWP6Bm9ojfjyXgx3o2PWWvKmM8coj8wPn8AN8OWiA==</latexit>

' =
<latexit sha1_base64="IXuneWqcLcJeqsygWjquMOcfs68=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbQb0IBS8eK9gP6C4lm2bb0Gw2JNlCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/P/c6EKs0S8WSmkgYxHgoWMYKNlfyqP8FKjhi6Q9V+ueLW3AXQOvFyUoEczX75yx8kJI2pMIRjrXueK02QYWUY4XRW8lNNJSZjPKQ9SwWOqQ6yxc0zdGGVAYoSZUsYtFB/T2Q41noah7YzxmakV725+J/XS010G2RMyNRQQZaLopQjk6B5AGjAFCWGTy3BRDF7KyIjrDAxNqaSDcFbfXmdtOs176pWf6xXGtd5HEU4g3O4BA9uoAEP0IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+AGnwkJM=</latexit>

Boolean formula in CNF
A =

<latexit sha1_base64="ZAAnCTuZADi0nD+esNm3uyybTOg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7LbgnoRKl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3yDbpG5X6x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8WqV6Xy3VL7I48nACp3AOHlxCHe6gAU0g8AjP8ApvjnRenHfnY9Gac7KZY/gD5/MHdduNsg==</latexit> Set of assumption literals
⌘ SAT(' ^A)

<latexit sha1_base64="akl8XrdiksPSQ+oIQ+j8QN0PatE="></latexit>

a0
<latexit sha1_base64="zursrvfvmKlc3Ema0TM6YijNBN8=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh445UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIdcI4x</latexit>

a1
<latexit sha1_base64="ahPuLuiIsf++7nq0fLuogcs4u/o=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh645UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIe9Y4y</latexit>

a2
<latexit sha1_base64="FwOXyQyd8e7j5PG9zA6WFseiCJg=">AAAB7HicdZDLSsNAFIZPvNZ6q7p0M9gKrkISi7a7ghuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOL1QVPSHgcP3n8Oc84cpZ0o7zqe1tr6xubVd2Cnu7u0fHJaOjlsqySShPkl4IjshVpQzQX3NNKedVFIch5y2w/HNzG8/UKlYIu71JKVBjIeCRYxgbZBfwX2v0i+VHbter9dqV8i1nbnQglSdFSnDUs1+6aM3SEgWU6EJx0p1XSfVQY6lZoTTabGXKZpiMsZD2jWlwDFVQT5fdorODRmgKJHmCY3m9PtEjmOlJnFoOmOsR+q3N4N/ed1MR7UgZyLNNBVk8VGUcaQTNLscDZikRPOJKTCRzOyKyAhLTLTJp2hCWN3+f9HybPfS9u68cqO6jKMAp3AGF+DCNTTgFprgAwEGj/AML5awnqxX623RumYtZ07gh6z3LyB6jjM=</latexit>

a3
<latexit sha1_base64="F1Ll0pPoqh48scm+nPjp3aBhMk4=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh5Uy4NiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUh/440</latexit>

a4
<latexit sha1_base64="xE24EIbjIXbNgLuN9koERqlg3wQ=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh7UyoNiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUjhI41</latexit>

a5
<latexit sha1_base64="5Dlr4jRG7LXn7id/5n0TJWuuy5c=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWSWrXdFdy4rGDaQhvKZDpph04mYWYilNBncONCEbc+kDvfxumFoqI/DBy+/xzmnD9IOFPacT6t3Nr6xuZWfruws7u3f1A8PGqpOJWEeiTmsewEWFHOBPU005x2EklxFHDaDsY3M7/9QKVisbjXk4T6ER4KFjKCtUFeGfcvy/1iybHr9XqtdoVc25kLLUjVWZESLNXsFz96g5ikERWacKxU13US7WdYakY4nRZ6qaIJJmM8pF1TChxR5WfzZafozJABCmNpntBoTr9PZDhSahIFpjPCeqR+ezP4l9dNdVjzMyaSVFNBFh+FKUc6RrPL0YBJSjSfmAITycyuiIywxESbfAomhNXt/xetiu1e2JW7SqlRXcaRhxM4hXNw4RoacAtN8IAAg0d4hhdLWE/Wq/W2aM1Zy5lj+CHr/QslCY42</latexit>

Let A = {a0, a1, a2, a3, a4, a5, . . . , an}
<latexit sha1_base64="GkRDtjCdMFBrNwViZBWbnDXdluo=">AAACIHicbVDLSgMxFM34tr6qLt0EW8FFKTNtRTdCxY0LFxVsFTplyGTSNjSTGZI7Qhn6KW78FTcuFNGdfo2ZOgu1Hsjh5Nx7Se7xY8E12PaHNTe/sLi0vLJaWFvf2Nwqbu90dJQoyto0EpG69YlmgkvWBg6C3caKkdAX7MYfnWf1mzumNI/kNYxj1gvJQPI+pwSM5RWPLxng8hk+xW5KPLuCiedkVMuonlEjo6MKdkUQgc4u0p2UvWLJrtpT4Fnh5KKEcrS84rsbRDQJmQQqiNZdx46hlxIFnAo2KbiJZjGhIzJgXSMlCZnupdMFJ/jAOAHuR8ocCXjq/pxISaj1OPRNZ0hgqP/WMvO/WjeB/kkv5TJOgEn6/VA/ERginKWFA64YBTE2glDFzV8xHRJFKJhMCyYE5+/Ks6JTqzr1au2qVmo28jhW0B7aR4fIQceoiS5QC7URRffoET2jF+vBerJerbfv1jkrn9lFv2B9fgFubJ4z</latexit>

an
<latexit sha1_base64="dyCQVYhXtDc6ICkC65ytHUJWcPA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LLaCp5DUQu2t4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdtGqKIPBh7vzTAzL0g4U9pxPq3CxubW9k5xt7S3f3B4VD4+6ag4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNpjcLv/tApWKxuNezhPoRHgsWMoK1kbwqHorqsFxxbWcJ5NhNg0Y9J00XfVsVyNEelj8Go5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXN0YZQRCmNpSmi0VNcnMhwpNYsC0xlhPVG/vYX4l9dPdXjtZ0wkqaaCrBaFKUc6RovP0YhJSjSfGYKJZOZWRCZYYqJNPqX1EP4nnZrtXtm1u1qlVc/jKMIZnMMluNCAFtxCGzwgwOARnuHFEtaT9Wq9rVoLVj5zCj9gvX8BgO+OdA==</latexit>

. . .
<latexit sha1_base64="z//Ltd15CKW4ogWuJQyEyNFVM8w=">AAAB73icbVBNS8NAEJ34WetX1aOXxVbwVJIq6LHgxWMF+wFtKJvNtl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSgwEo2ilTqUnwxhNpV8qu1V3DrJKvJyUIUejX/rqhTFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScWyUkg1jbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0UBzd+JlSSIldssWiQSoIxmT1PQqE5QzmxhDIt7K2EjaimDG1ERRuCt/zyKmnVqt5ltXZfK9ev8jgKcApncAEeXEMd7qABTWAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9zIo+I</latexit>

• Query UNSAT à Core              and    is UNSAT
• C is not necessarily minimal
• Assumption literals are stored in a vector (e.g., MiniSAT)

C ✓ A
<latexit sha1_base64="RMF31Nv646Hj7xWhnJ5z40PbVA4=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7KLJnrEcPGIiYAJbMjs0MCE2dl1Hia44Uu8eNAYr36KN//GAfagYCWdVKq6090VJpwp7XnfTm5tfWNzK79d2Nnd2y+6B4ctFRtJoUljHsv7kCjgTEBTM83hPpFAopBDOxzXZ377EaRisbjTkwSCiAwFGzBKtJV6brFcx11lQgUaHvB1ueeWvIo3B14lfkZKKEOj5351+zE1EQhNOVGq43uJDlIiNaMcpoWuUZAQOiZD6FgqSAQqSOeHT/GpVfp4EEtbQuO5+nsiJZFSkyi0nRHRI7XszcT/vI7Rg6sgZSIxGgRdLBoYjnWMZyngPpNANZ9YQqhk9lZMR0QSqm1WBRuCv/zyKmlVK/55pXpbLdUusjjy6BidoDPko0tUQzeogZqIIoOe0St6c56cF+fd+Vi05pxs5gj9gfP5Ax1Hkgk=</latexit>

' ^ C
<latexit sha1_base64="JvNnb/jCxPhAvSRWPHmNH4e2f30=">AAAB+3icbVBNT8JAEN3iF+JXxaOXjWDiibRookcSLh4xETCBhmy3U9iw3Ta7W5Q0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5fsKZ0o7zbRU2Nre2d4q7pb39g8Mj+7jcUXEqKbRpzGP54BMFnAloa6Y5PCQSSORz6Prj5tzvTkAqFot7PU3Ai8hQsJBRoo00sMvV/oTIZMRw/xGCIeBmdWBXnJqzAF4nbk4qKEdrYH/1g5imEQhNOVGq5zqJ9jIiNaMcZqV+qiAhdEyG0DNUkAiUly1un+FzowQ4jKUpofFC/T2RkUipaeSbzojokVr15uJ/Xi/V4Y2XMZGkGgRdLgpTjnWM50HggEmgmk8NIVQycyumIyIJ1SaukgnBXX15nXTqNfeyVr+rVxpXeRxFdIrO0AVy0TVqoFvUQm1E0RN6Rq/ozZpZL9a79bFsLVj5zAn6A+vzB46Ik2w=</latexit>

• Solver propagates each literal one-by-one; left à right



Assumptions and SAT Solver

SAT(', A)
<latexit sha1_base64="DUWN+IyQ1ECqS52Cd2ULSISyy50=">AAACA3icbVDJSgNBEO2JW4zbqDe9NCZCBAkzEdRjghePEbNBZgg9nU7SpGehuyYYhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiqp4XCa7Asr6N1Mrq2vpGejOztb2zu2fuH9RVGEvKajQUoWx6RDHBA1YDDoI1I8mI7wnW8AY3E78xZFLxMKjCKGKuT3oB73JKQEtt88gB9gCKJvfl6jiXd4ZERn1+jstnubaZtQrWFHiZ2HOSRXNU2uaX0wlp7LMAqCBKtWwrAjchEjgVbJxxYsUiQgekx1qaBsRnyk2mP4zxqVY6uBtKXQHgqfp7IiG+UiPf050+gb5a9Cbif14rhu61m/AgioEFdLaoGwsMIZ4EgjtcMgpipAmhkutbMe0TSSjo2DI6BHvx5WVSLxbsi0LxrpgtXc7jSKNjdILyyEZXqIRuUQXVEEWP6Bm9ojfjyXgx3o2PWWvKmM8coj8wPn8AN8OWiA==</latexit>

' =
<latexit sha1_base64="IXuneWqcLcJeqsygWjquMOcfs68=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbQb0IBS8eK9gP6C4lm2bb0Gw2JNlCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/P/c6EKs0S8WSmkgYxHgoWMYKNlfyqP8FKjhi6Q9V+ueLW3AXQOvFyUoEczX75yx8kJI2pMIRjrXueK02QYWUY4XRW8lNNJSZjPKQ9SwWOqQ6yxc0zdGGVAYoSZUsYtFB/T2Q41noah7YzxmakV725+J/XS010G2RMyNRQQZaLopQjk6B5AGjAFCWGTy3BRDF7KyIjrDAxNqaSDcFbfXmdtOs176pWf6xXGtd5HEU4g3O4BA9uoAEP0IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+AGnwkJM=</latexit>

Boolean formula in CNF
A =

<latexit sha1_base64="ZAAnCTuZADi0nD+esNm3uyybTOg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7LbgnoRKl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3yDbpG5X6x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8WqV6Xy3VL7I48nACp3AOHlxCHe6gAU0g8AjP8ApvjnRenHfnY9Gac7KZY/gD5/MHdduNsg==</latexit> Set of assumption literals
⌘ SAT(' ^A)

<latexit sha1_base64="akl8XrdiksPSQ+oIQ+j8QN0PatE="></latexit>

a0
<latexit sha1_base64="zursrvfvmKlc3Ema0TM6YijNBN8=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh445UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIdcI4x</latexit>

a1
<latexit sha1_base64="ahPuLuiIsf++7nq0fLuogcs4u/o=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh645UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIe9Y4y</latexit>

a2
<latexit sha1_base64="FwOXyQyd8e7j5PG9zA6WFseiCJg=">AAAB7HicdZDLSsNAFIZPvNZ6q7p0M9gKrkISi7a7ghuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOL1QVPSHgcP3n8Oc84cpZ0o7zqe1tr6xubVd2Cnu7u0fHJaOjlsqySShPkl4IjshVpQzQX3NNKedVFIch5y2w/HNzG8/UKlYIu71JKVBjIeCRYxgbZBfwX2v0i+VHbter9dqV8i1nbnQglSdFSnDUs1+6aM3SEgWU6EJx0p1XSfVQY6lZoTTabGXKZpiMsZD2jWlwDFVQT5fdorODRmgKJHmCY3m9PtEjmOlJnFoOmOsR+q3N4N/ed1MR7UgZyLNNBVk8VGUcaQTNLscDZikRPOJKTCRzOyKyAhLTLTJp2hCWN3+f9HybPfS9u68cqO6jKMAp3AGF+DCNTTgFprgAwEGj/AML5awnqxX623RumYtZ07gh6z3LyB6jjM=</latexit>

a3
<latexit sha1_base64="F1Ll0pPoqh48scm+nPjp3aBhMk4=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh5Uy4NiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUh/440</latexit>

a4
<latexit sha1_base64="xE24EIbjIXbNgLuN9koERqlg3wQ=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh7UyoNiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUjhI41</latexit>

a5
<latexit sha1_base64="5Dlr4jRG7LXn7id/5n0TJWuuy5c=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWSWrXdFdy4rGDaQhvKZDpph04mYWYilNBncONCEbc+kDvfxumFoqI/DBy+/xzmnD9IOFPacT6t3Nr6xuZWfruws7u3f1A8PGqpOJWEeiTmsewEWFHOBPU005x2EklxFHDaDsY3M7/9QKVisbjXk4T6ER4KFjKCtUFeGfcvy/1iybHr9XqtdoVc25kLLUjVWZESLNXsFz96g5ikERWacKxU13US7WdYakY4nRZ6qaIJJmM8pF1TChxR5WfzZafozJABCmNpntBoTr9PZDhSahIFpjPCeqR+ezP4l9dNdVjzMyaSVFNBFh+FKUc6RrPL0YBJSjSfmAITycyuiIywxESbfAomhNXt/xetiu1e2JW7SqlRXcaRhxM4hXNw4RoacAtN8IAAg0d4hhdLWE/Wq/W2aM1Zy5lj+CHr/QslCY42</latexit>

Let A = {a0, a1, a2, a3, a4, a5, . . . , an}
<latexit sha1_base64="GkRDtjCdMFBrNwViZBWbnDXdluo=">AAACIHicbVDLSgMxFM34tr6qLt0EW8FFKTNtRTdCxY0LFxVsFTplyGTSNjSTGZI7Qhn6KW78FTcuFNGdfo2ZOgu1Hsjh5Nx7Se7xY8E12PaHNTe/sLi0vLJaWFvf2Nwqbu90dJQoyto0EpG69YlmgkvWBg6C3caKkdAX7MYfnWf1mzumNI/kNYxj1gvJQPI+pwSM5RWPLxng8hk+xW5KPLuCiedkVMuonlEjo6MKdkUQgc4u0p2UvWLJrtpT4Fnh5KKEcrS84rsbRDQJmQQqiNZdx46hlxIFnAo2KbiJZjGhIzJgXSMlCZnupdMFJ/jAOAHuR8ocCXjq/pxISaj1OPRNZ0hgqP/WMvO/WjeB/kkv5TJOgEn6/VA/ERginKWFA64YBTE2glDFzV8xHRJFKJhMCyYE5+/Ks6JTqzr1au2qVmo28jhW0B7aR4fIQceoiS5QC7URRffoET2jF+vBerJerbfv1jkrn9lFv2B9fgFubJ4z</latexit>

an
<latexit sha1_base64="dyCQVYhXtDc6ICkC65ytHUJWcPA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LLaCp5DUQu2t4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdtGqKIPBh7vzTAzL0g4U9pxPq3CxubW9k5xt7S3f3B4VD4+6ag4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNpjcLv/tApWKxuNezhPoRHgsWMoK1kbwqHorqsFxxbWcJ5NhNg0Y9J00XfVsVyNEelj8Go5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXN0YZQRCmNpSmi0VNcnMhwpNYsC0xlhPVG/vYX4l9dPdXjtZ0wkqaaCrBaFKUc6RovP0YhJSjSfGYKJZOZWRCZYYqJNPqX1EP4nnZrtXtm1u1qlVc/jKMIZnMMluNCAFtxCGzwgwOARnuHFEtaT9Wq9rVoLVj5zCj9gvX8BgO+OdA==</latexit>

. . .
<latexit sha1_base64="z//Ltd15CKW4ogWuJQyEyNFVM8w=">AAAB73icbVBNS8NAEJ34WetX1aOXxVbwVJIq6LHgxWMF+wFtKJvNtl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSgwEo2ilTqUnwxhNpV8qu1V3DrJKvJyUIUejX/rqhTFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScWyUkg1jbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0UBzd+JlSSIldssWiQSoIxmT1PQqE5QzmxhDIt7K2EjaimDG1ERRuCt/zyKmnVqt5ltXZfK9ev8jgKcApncAEeXEMd7qABTWAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9zIo+I</latexit>

• Query UNSAT à Core              and    is UNSAT
• C is not necessarily minimal
• Assumption literals are stored in a vector (e.g., MiniSAT)

C ✓ A
<latexit sha1_base64="RMF31Nv646Hj7xWhnJ5z40PbVA4=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7KLJnrEcPGIiYAJbMjs0MCE2dl1Hia44Uu8eNAYr36KN//GAfagYCWdVKq6090VJpwp7XnfTm5tfWNzK79d2Nnd2y+6B4ctFRtJoUljHsv7kCjgTEBTM83hPpFAopBDOxzXZ377EaRisbjTkwSCiAwFGzBKtJV6brFcx11lQgUaHvB1ueeWvIo3B14lfkZKKEOj5351+zE1EQhNOVGq43uJDlIiNaMcpoWuUZAQOiZD6FgqSAQqSOeHT/GpVfp4EEtbQuO5+nsiJZFSkyi0nRHRI7XszcT/vI7Rg6sgZSIxGgRdLBoYjnWMZyngPpNANZ9YQqhk9lZMR0QSqm1WBRuCv/zyKmlVK/55pXpbLdUusjjy6BidoDPko0tUQzeogZqIIoOe0St6c56cF+fd+Vi05pxs5gj9gfP5Ax1Hkgk=</latexit>

' ^ C
<latexit sha1_base64="JvNnb/jCxPhAvSRWPHmNH4e2f30=">AAAB+3icbVBNT8JAEN3iF+JXxaOXjWDiibRookcSLh4xETCBhmy3U9iw3Ta7W5Q0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5fsKZ0o7zbRU2Nre2d4q7pb39g8Mj+7jcUXEqKbRpzGP54BMFnAloa6Y5PCQSSORz6Prj5tzvTkAqFot7PU3Ai8hQsJBRoo00sMvV/oTIZMRw/xGCIeBmdWBXnJqzAF4nbk4qKEdrYH/1g5imEQhNOVGq5zqJ9jIiNaMcZqV+qiAhdEyG0DNUkAiUly1un+FzowQ4jKUpofFC/T2RkUipaeSbzojokVr15uJ/Xi/V4Y2XMZGkGgRdLgpTjnWM50HggEmgmk8NIVQycyumIyIJ1SaukgnBXX15nXTqNfeyVr+rVxpXeRxFdIrO0AVy0TVqoFvUQm1E0RN6Rq/ozZpZL9a79bFsLVj5zAn6A+vzB46Ik2w=</latexit>

• Solver propagates each literal one-by-one; left à right



Assumptions and SAT Solver

SAT(', A)
<latexit sha1_base64="DUWN+IyQ1ECqS52Cd2ULSISyy50=">AAACA3icbVDJSgNBEO2JW4zbqDe9NCZCBAkzEdRjghePEbNBZgg9nU7SpGehuyYYhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiqp4XCa7Asr6N1Mrq2vpGejOztb2zu2fuH9RVGEvKajQUoWx6RDHBA1YDDoI1I8mI7wnW8AY3E78xZFLxMKjCKGKuT3oB73JKQEtt88gB9gCKJvfl6jiXd4ZERn1+jstnubaZtQrWFHiZ2HOSRXNU2uaX0wlp7LMAqCBKtWwrAjchEjgVbJxxYsUiQgekx1qaBsRnyk2mP4zxqVY6uBtKXQHgqfp7IiG+UiPf050+gb5a9Cbif14rhu61m/AgioEFdLaoGwsMIZ4EgjtcMgpipAmhkutbMe0TSSjo2DI6BHvx5WVSLxbsi0LxrpgtXc7jSKNjdILyyEZXqIRuUQXVEEWP6Bm9ojfjyXgx3o2PWWvKmM8coj8wPn8AN8OWiA==</latexit>

' =
<latexit sha1_base64="IXuneWqcLcJeqsygWjquMOcfs68=">AAAB83icbVBNSwMxEJ2tX7V+VT16CbaCp7JbQb0IBS8eK9gP6C4lm2bb0Gw2JNlCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZJqghtkYQnqhtiTTkTtGWY4bQrFcVxyGknHN/P/c6EKs0S8WSmkgYxHgoWMYKNlfyqP8FKjhi6Q9V+ueLW3AXQOvFyUoEczX75yx8kJI2pMIRjrXueK02QYWUY4XRW8lNNJSZjPKQ9SwWOqQ6yxc0zdGGVAYoSZUsYtFB/T2Q41noah7YzxmakV725+J/XS010G2RMyNRQQZaLopQjk6B5AGjAFCWGTy3BRDF7KyIjrDAxNqaSDcFbfXmdtOs176pWf6xXGtd5HEU4g3O4BA9uoAEP0IQWEJDwDK/w5qTOi/PufCxbC04+cwp/4Hz+AGnwkJM=</latexit>

Boolean formula in CNF
A =

<latexit sha1_base64="ZAAnCTuZADi0nD+esNm3uyybTOg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CbaCp7LbgnoRKl48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3yDbpG5X6x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8WqV6Xy3VL7I48nACp3AOHlxCHe6gAU0g8AjP8ApvjnRenHfnY9Gac7KZY/gD5/MHdduNsg==</latexit> Set of assumption literals
⌘ SAT(' ^A)

<latexit sha1_base64="akl8XrdiksPSQ+oIQ+j8QN0PatE="></latexit>

a0
<latexit sha1_base64="zursrvfvmKlc3Ema0TM6YijNBN8=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh445UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIdcI4x</latexit>

a1
<latexit sha1_base64="ahPuLuiIsf++7nq0fLuogcs4u/o=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh645UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIe9Y4y</latexit>

a2
<latexit sha1_base64="FwOXyQyd8e7j5PG9zA6WFseiCJg=">AAAB7HicdZDLSsNAFIZPvNZ6q7p0M9gKrkISi7a7ghuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOL1QVPSHgcP3n8Oc84cpZ0o7zqe1tr6xubVd2Cnu7u0fHJaOjlsqySShPkl4IjshVpQzQX3NNKedVFIch5y2w/HNzG8/UKlYIu71JKVBjIeCRYxgbZBfwX2v0i+VHbter9dqV8i1nbnQglSdFSnDUs1+6aM3SEgWU6EJx0p1XSfVQY6lZoTTabGXKZpiMsZD2jWlwDFVQT5fdorODRmgKJHmCY3m9PtEjmOlJnFoOmOsR+q3N4N/ed1MR7UgZyLNNBVk8VGUcaQTNLscDZikRPOJKTCRzOyKyAhLTLTJp2hCWN3+f9HybPfS9u68cqO6jKMAp3AGF+DCNTTgFprgAwEGj/AML5awnqxX623RumYtZ07gh6z3LyB6jjM=</latexit>

a3
<latexit sha1_base64="F1Ll0pPoqh48scm+nPjp3aBhMk4=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh5Uy4NiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUh/440</latexit>

a4
<latexit sha1_base64="xE24EIbjIXbNgLuN9koERqlg3wQ=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh7UyoNiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUjhI41</latexit>

a5
<latexit sha1_base64="5Dlr4jRG7LXn7id/5n0TJWuuy5c=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWSWrXdFdy4rGDaQhvKZDpph04mYWYilNBncONCEbc+kDvfxumFoqI/DBy+/xzmnD9IOFPacT6t3Nr6xuZWfruws7u3f1A8PGqpOJWEeiTmsewEWFHOBPU005x2EklxFHDaDsY3M7/9QKVisbjXk4T6ER4KFjKCtUFeGfcvy/1iybHr9XqtdoVc25kLLUjVWZESLNXsFz96g5ikERWacKxU13US7WdYakY4nRZ6qaIJJmM8pF1TChxR5WfzZafozJABCmNpntBoTr9PZDhSahIFpjPCeqR+ezP4l9dNdVjzMyaSVFNBFh+FKUc6RrPL0YBJSjSfmAITycyuiIywxESbfAomhNXt/xetiu1e2JW7SqlRXcaRhxM4hXNw4RoacAtN8IAAg0d4hhdLWE/Wq/W2aM1Zy5lj+CHr/QslCY42</latexit>

Let A = {a0, a1, a2, a3, a4, a5, . . . , an}
<latexit sha1_base64="GkRDtjCdMFBrNwViZBWbnDXdluo=">AAACIHicbVDLSgMxFM34tr6qLt0EW8FFKTNtRTdCxY0LFxVsFTplyGTSNjSTGZI7Qhn6KW78FTcuFNGdfo2ZOgu1Hsjh5Nx7Se7xY8E12PaHNTe/sLi0vLJaWFvf2Nwqbu90dJQoyto0EpG69YlmgkvWBg6C3caKkdAX7MYfnWf1mzumNI/kNYxj1gvJQPI+pwSM5RWPLxng8hk+xW5KPLuCiedkVMuonlEjo6MKdkUQgc4u0p2UvWLJrtpT4Fnh5KKEcrS84rsbRDQJmQQqiNZdx46hlxIFnAo2KbiJZjGhIzJgXSMlCZnupdMFJ/jAOAHuR8ocCXjq/pxISaj1OPRNZ0hgqP/WMvO/WjeB/kkv5TJOgEn6/VA/ERginKWFA64YBTE2glDFzV8xHRJFKJhMCyYE5+/Ks6JTqzr1au2qVmo28jhW0B7aR4fIQceoiS5QC7URRffoET2jF+vBerJerbfv1jkrn9lFv2B9fgFubJ4z</latexit>

an
<latexit sha1_base64="dyCQVYhXtDc6ICkC65ytHUJWcPA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LLaCp5DUQu2t4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdtGqKIPBh7vzTAzL0g4U9pxPq3CxubW9k5xt7S3f3B4VD4+6ag4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNpjcLv/tApWKxuNezhPoRHgsWMoK1kbwqHorqsFxxbWcJ5NhNg0Y9J00XfVsVyNEelj8Go5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXN0YZQRCmNpSmi0VNcnMhwpNYsC0xlhPVG/vYX4l9dPdXjtZ0wkqaaCrBaFKUc6RovP0YhJSjSfGYKJZOZWRCZYYqJNPqX1EP4nnZrtXtm1u1qlVc/jKMIZnMMluNCAFtxCGzwgwOARnuHFEtaT9Wq9rVoLVj5zCj9gvX8BgO+OdA==</latexit>

. . .
<latexit sha1_base64="z//Ltd15CKW4ogWuJQyEyNFVM8w=">AAAB73icbVBNS8NAEJ34WetX1aOXxVbwVJIq6LHgxWMF+wFtKJvNtl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSgwEo2ilTqUnwxhNpV8qu1V3DrJKvJyUIUejX/rqhTFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScWyUkg1jbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0UBzd+JlSSIldssWiQSoIxmT1PQqE5QzmxhDIt7K2EjaimDG1ERRuCt/zyKmnVqt5ltXZfK9ev8jgKcApncAEeXEMd7qABTWAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9zIo+I</latexit>

• Query UNSAT à Core              and    is UNSAT
• C is not necessarily minimal
• Assumption literals are stored in a vector (e.g., MiniSAT)

C ✓ A
<latexit sha1_base64="RMF31Nv646Hj7xWhnJ5z40PbVA4=">AAAB+HicbVDLTgJBEJzFF+KDVY9eJoKJJ7KLJnrEcPGIiYAJbMjs0MCE2dl1Hia44Uu8eNAYr36KN//GAfagYCWdVKq6090VJpwp7XnfTm5tfWNzK79d2Nnd2y+6B4ctFRtJoUljHsv7kCjgTEBTM83hPpFAopBDOxzXZ377EaRisbjTkwSCiAwFGzBKtJV6brFcx11lQgUaHvB1ueeWvIo3B14lfkZKKEOj5351+zE1EQhNOVGq43uJDlIiNaMcpoWuUZAQOiZD6FgqSAQqSOeHT/GpVfp4EEtbQuO5+nsiJZFSkyi0nRHRI7XszcT/vI7Rg6sgZSIxGgRdLBoYjnWMZyngPpNANZ9YQqhk9lZMR0QSqm1WBRuCv/zyKmlVK/55pXpbLdUusjjy6BidoDPko0tUQzeogZqIIoOe0St6c56cF+fd+Vi05pxs5gj9gfP5Ax1Hkgk=</latexit>

' ^ C
<latexit sha1_base64="JvNnb/jCxPhAvSRWPHmNH4e2f30=">AAAB+3icbVBNT8JAEN3iF+JXxaOXjWDiibRookcSLh4xETCBhmy3U9iw3Ta7W5Q0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5fsKZ0o7zbRU2Nre2d4q7pb39g8Mj+7jcUXEqKbRpzGP54BMFnAloa6Y5PCQSSORz6Prj5tzvTkAqFot7PU3Ai8hQsJBRoo00sMvV/oTIZMRw/xGCIeBmdWBXnJqzAF4nbk4qKEdrYH/1g5imEQhNOVGq5zqJ9jIiNaMcZqV+qiAhdEyG0DNUkAiUly1un+FzowQ4jKUpofFC/T2RkUipaeSbzojokVr15uJ/Xi/V4Y2XMZGkGgRdLgpTjnWM50HggEmgmk8NIVQycyumIyIJ1SaukgnBXX15nXTqNfeyVr+rVxpXeRxFdIrO0AVy0TVqoFvUQm1E0RN6Rq/ozZpZL9a79bFsLVj5zAn6A+vzB46Ik2w=</latexit>

• Solver propagates each literal one-by-one; left à right
• Front literals have higher chance to be in unsat core C

a0
<latexit sha1_base64="zursrvfvmKlc3Ema0TM6YijNBN8=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh445UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIdcI4x</latexit>

a1
<latexit sha1_base64="ahPuLuiIsf++7nq0fLuogcs4u/o=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh645UGx5NiNRqNev0Ku7SyElqTmrEkJVmoNih/9YUzSiApNOFaq5zqJ9jMsNSOczgr9VNEEkwke0Z4pBY6o8rPFsjN0YcgQhbE0T2i0oN8nMhwpNY0C0xlhPVa/vTn8y+ulOqz7GRNJqqkgy4/ClCMdo/nlaMgkJZpPTYGJZGZXRMZYYqJNPgUTwvr2/4t2xXarduWuUmrWVnHk4QzO4RJcuIYm3EILPCDA4BGe4cUS1pP1ar0tW3PWauYUfsh6/wIe9Y4y</latexit>

a2
<latexit sha1_base64="FwOXyQyd8e7j5PG9zA6WFseiCJg=">AAAB7HicdZDLSsNAFIZPvNZ6q7p0M9gKrkISi7a7ghuXFUxbaEOZTCft0MkkzEyEEvoMblwo4tYHcufbOL1QVPSHgcP3n8Oc84cpZ0o7zqe1tr6xubVd2Cnu7u0fHJaOjlsqySShPkl4IjshVpQzQX3NNKedVFIch5y2w/HNzG8/UKlYIu71JKVBjIeCRYxgbZBfwX2v0i+VHbter9dqV8i1nbnQglSdFSnDUs1+6aM3SEgWU6EJx0p1XSfVQY6lZoTTabGXKZpiMsZD2jWlwDFVQT5fdorODRmgKJHmCY3m9PtEjmOlJnFoOmOsR+q3N4N/ed1MR7UgZyLNNBVk8VGUcaQTNLscDZikRPOJKTCRzOyKyAhLTLTJp2hCWN3+f9HybPfS9u68cqO6jKMAp3AGF+DCNTTgFprgAwEGj/AML5awnqxX623RumYtZ07gh6z3LyB6jjM=</latexit>

a3
<latexit sha1_base64="F1Ll0pPoqh48scm+nPjp3aBhMk4=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh5Uy4NiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUh/440</latexit>

a4
<latexit sha1_base64="xE24EIbjIXbNgLuN9koERqlg3wQ=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWStmi7K7hxWcG0hTaUyXTSDp1MwsxEKKHP4MaFIm59IHe+jdMLRUV/GDh8/znMOX+QcKa043xauY3Nre2d/G5hb//g8Kh4fNJWcSoJ9UjMY9kNsKKcCepppjntJpLiKOC0E0xu5n7ngUrFYnGvpwn1IzwSLGQEa4O8Mh7UyoNiybEbjUa9foVc21kILUnNWZMSrNQaFD/6w5ikERWacKxUz3US7WdYakY4nRX6qaIJJhM8oj1TChxR5WeLZWfowpAhCmNpntBoQb9PZDhSahoFpjPCeqx+e3P4l9dLdVj3MyaSVFNBlh+FKUc6RvPL0ZBJSjSfmgITycyuiIyxxESbfAomhPXt/xftiu1W7cpdpdSsreLIwxmcwyW4cA1NuIUWeECAwSM8w4slrCfr1Xpbtuas1cwp/JD1/gUjhI41</latexit>

a5
<latexit sha1_base64="5Dlr4jRG7LXn7id/5n0TJWuuy5c=">AAAB7HicdZDLSsNAFIZP6q3WW9Wlm8FWcBWSWrXdFdy4rGDaQhvKZDpph04mYWYilNBncONCEbc+kDvfxumFoqI/DBy+/xzmnD9IOFPacT6t3Nr6xuZWfruws7u3f1A8PGqpOJWEeiTmsewEWFHOBPU005x2EklxFHDaDsY3M7/9QKVisbjXk4T6ER4KFjKCtUFeGfcvy/1iybHr9XqtdoVc25kLLUjVWZESLNXsFz96g5ikERWacKxU13US7WdYakY4nRZ6qaIJJmM8pF1TChxR5WfzZafozJABCmNpntBoTr9PZDhSahIFpjPCeqR+ezP4l9dNdVjzMyaSVFNBFh+FKUc6RrPL0YBJSjSfmAITycyuiIywxESbfAomhNXt/xetiu1e2JW7SqlRXcaRhxM4hXNw4RoacAtN8IAAg0d4hhdLWE/Wq/W2aM1Zy5lj+CHr/QslCY42</latexit>

an
<latexit sha1_base64="dyCQVYhXtDc6ICkC65ytHUJWcPA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LLaCp5DUQu2t4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdtGqKIPBh7vzTAzL0g4U9pxPq3CxubW9k5xt7S3f3B4VD4+6ag4lYR6JOax7AVYUc4E9TTTnPYSSXEUcNoNpjcLv/tApWKxuNezhPoRHgsWMoK1kbwqHorqsFxxbWcJ5NhNg0Y9J00XfVsVyNEelj8Go5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXN0YZQRCmNpSmi0VNcnMhwpNYsC0xlhPVG/vYX4l9dPdXjtZ0wkqaaCrBaFKUc6RovP0YhJSjSfGYKJZOZWRCZYYqJNPqX1EP4nnZrtXtm1u1qlVc/jKMIZnMMluNCAFtxCGzwgwOARnuHFEtaT9Wq9rVoLVj5zCj9gvX8BgO+OdA==</latexit>

. . .
<latexit sha1_base64="z//Ltd15CKW4ogWuJQyEyNFVM8w=">AAAB73icbVBNS8NAEJ34WetX1aOXxVbwVJIq6LHgxWMF+wFtKJvNtl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94CThfkSHSgwEo2ilTqUnwxhNpV8qu1V3DrJKvJyUIUejX/rqhTFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+75ScWyUkg1jbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0UBzd+JlSSIldssWiQSoIxmT1PQqE5QzmxhDIt7K2EjaimDG1ERRuCt/zyKmnVqt5ltXZfK9ev8jgKcApncAEeXEMd7qABTWAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9zIo+I</latexit> LowHigh



Proposed Heuristics

• Carefully reorder the assumption literals
• Drives SAT solvers to return smaller unsat cores

• Intuition
• Use old unsat cores to drive search for new unsat cores

Let         be the last-added clause to¬c0
<latexit sha1_base64="v1PxNd7vZ0JQIAWgYoTEvmi72pc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUQY8FLx4r2FZsQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84RK81jem0mCfkSHkoecUWOlx2pP4pCwvlvtlytuzZ2DrBIvJxXI0eyXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0q7XvIta/a5eaVzmcRThBE7hHDy4ggbcQhNawEDCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8AftGj8I=</latexit>

Bj+1
<latexit sha1_base64="CBo9R4uiLhoZpsSQJpirIMxLn5o=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdKuix6MVjBfsh7VKyabaNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0c3Ubz1RpVkk7804pr7AA8lCRrCx0kP5upc+nnmTcq9YcivuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEya1Yp3XqneVUu1iyyOPBzBMZyCB5dQg1uoQwMICHiGV3hzlPPivDsf89ack80cwh84nz9kJ49v</latexit>

is UNSAT 
(some state s)

Blocking Step
For some state s, if                              is UNSAT, add  SAT(T ^Bj , s)

<latexit sha1_base64="dtM8R11aaQU+UNyHT6hmZOmhjfU=">AAACCHicbVDJSgNBEO1xN26jHj3YGAUFCTNR0KPLxWPELEImhJ5OJbbpWeiuUcOQoxd/xYsHRbz6Cd78GzvJHNweFDzeq6Kqnh9LodFxPq2x8YnJqemZ2dzc/MLikr28UtVRojhUeCQjdekzDVKEUEGBEi5jBSzwJdT87unAr92A0iIKy9iLoRGwTijagjM0UtNe9xDuUPP04rjc39wuU+8WWh2gJ83rXap3Npt23ik4Q9C/xM1InmQoNe0PrxXxJIAQuWRa110nxkbKFAouoZ/zEg0x413WgbqhIQtAN9LhI326ZZQWbUfKVIh0qH6fSFmgdS/wTWfA8Er/9gbif149wfZhIxVhnCCEfLSonUiKER2kQltCAUfZM4RxJcytlF8xxTia7HImBPf3y39JtVhw9wrF82L+aD+LY4askQ2yTVxyQI7IGSmRCuHknjySZ/JiPVhP1qv1Nmods7KZVfID1vsXICSYCw==</latexit>

c ✓ s to Bj+1
<latexit sha1_base64="fldUbWBf3AdHXpBaDQBIBlHBBus=">AAACBXicbVDLSsNAFJ34rPUVdamLwUYQhJJUQZdFNy4r2Ae0IUymt+3YycOZiVBCN278FTcuFHHrP7jzb5y0WWjrgYHDOfdy5xw/5kwq2/42FhaXlldWC2vF9Y3NrW1zZ7cho0RQqNOIR6LlEwmchVBXTHFoxQJI4HNo+sOrzG8+gJAsCm/VKAY3IP2Q9RglSkueeWBR3JGJL0HBPZYWVhG2Lr307sQZW55Zssv2BHieODkpoRw1z/zqdCOaBBAqyomUbceOlZsSoRjlMC52EgkxoUPSh7amIQlAuukkxRgfaaWLe5HQL1R4ov7eSEkg5Sjw9WRA1EDOepn4n9dOVO/CTVkYJwpCOj3US3gWNasEd5kAqvhIE0IF03/FdEAEoUoXV9QlOLOR50mjUnZOy5WbSql6ltdRQPvoEB0jB52jKrpGNVRHFD2iZ/SK3own48V4Nz6mowtGvrOH/sD4/AGWp5an</latexit>

 c0 ^ T ^Bj
<latexit sha1_base64="0r1qJUBj3suZ+BRsFOn09la5tSM=">AAACDXicdVDJSgNBEO2JW4xb1KOXxkTwFGaimOQW9OIxQjZIhqGnU5O06Vno7jGEIT/gxV/x4kERr969+Td2NlDRBwWP96qoqudGnEllmp9GamV1bX0jvZnZ2t7Z3cvuHzRlGAsKDRryULRdIoGzABqKKQ7tSADxXQ4td3g19Vt3ICQLg7oaR2D7pB8wj1GitORk8/kuB08RIcIRpo6JuyPo9QHXl+TSuc072ZxZKBXLlQsLmwVzBk2ss3KlVMbWQsmhBWpO9qPbC2nsQ6AoJ1J2LDNSdkKEYpTDJNONJUSEDkkfOpoGxAdpJ7NvJvhEKz3shUJXoPBM/T6REF/Kse/qTp+ogfztTcW/vE6svLKdsCCKFQR0vsiLOVYhnkaDe0wAVXysCaGC6VsxHRBBqNIBZnQIy0/x/6RZ1LEUijfFXPV8EUcaHaFjdIosVEJVdI1qqIEoukeP6Bm9GA/Gk/FqvM1bU8Zi5hD9gPH+BYMbmoc=</latexit>

drop literalsc0
<latexit sha1_base64="M+7dJ18oi01HyHxs34z4KnG0m6E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUQY8FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju5nffuLaiEQ94iTlQUyHSkSCUbSSX2V9t9ovV9yaOwdZJ96SVGCJZr/81RskLIu5QiapMV3PTTHIqUbBJJ+WepnhKWVjOuRdSxWNuQny+bFTcmGVAYkSbUshmau/J3IaGzOJQ9sZUxyZVW8m/ud1M4xug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafEo2BG/15XXSqte8q1r9oV5pXC/jKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLQWnOXMKfyB8/kDnxqN2g==</latexit>

�!
<latexit sha1_base64="ZD4gGHAgUbmWlvQpx1qiynto1wc=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CbaCp5JUQY8FLx4r2A9oQ9lsN+nSzW7Y3VhK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoRRpV332ypsbG5t7xR3S3v7B4dHdvm4rUQqMWlhwYTsBkgRRjlpaaoZ6SaSoDhgpBOMb+d+55FIRQV/0NOE+DGKOA0pRtpIA7tc7TPBI0mjkUZSikl1YFfcmruAs068nFQgR3Ngf/WHAqcx4RozpFTPcxPtZ0hqihmZlfqpIgnCYxSRnqEcxUT52eL0mXNulKETCmmKa2eh/p7IUKzUNA5MZ4z0SK16c/E/r5fq8MbPKE9STTheLgpT5mjhzHNwhlQSrNnUEIQlNbc6eIQkwtqkVTIheKsvr5N2veZd1ur39UrjKo+jCKdwBhfgwTU04A6a0AIME3iGV3iznqwX6936WLYWrHzmBP7A+vwBLrST5g==</latexit>

c1
<latexit sha1_base64="sz034ixjiu6kZRiYJanpshWkWEk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUQY8FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju5nffuLaiEQ94iTlQUyHSkSCUbSSX2V9r9ovV9yaOwdZJ96SVGCJZr/81RskLIu5QiapMV3PTTHIqUbBJJ+WepnhKWVjOuRdSxWNuQny+bFTcmGVAYkSbUshmau/J3IaGzOJQ9sZUxyZVW8m/ud1M4xug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafEo2BG/15XXSqte8q1r9oV5pXC/jKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLQWnOXMKfyB8/kDoJ+N2w==</latexit>

is UNSATc1 ^ T ^Bj
<latexit sha1_base64="3l+nIFXchS5guZHi7Qv1DFykPrg=">AAACAnicdVDJSgNBEO2JW4zbqCfx0pgInsJMFJPcgl48RsgGyTD0dCpJm56F7h4lDMGLv+LFgyJe/Qpv/o2dDVT0QcHjvSqq6nkRZ1JZ1qeRWlpeWV1Lr2c2Nre2d8zdvYYMY0GhTkMeipZHJHAWQF0xxaEVCSC+x6HpDS8nfvMWhGRhUFOjCByf9APWY5QoLbnmQY66Nu7cQbcPuLYgF+5NzjWzVr5YKJXPbWzlrSk0sU9L5WIJ23Mli+aouuZHpxvS2IdAUU6kbNtWpJyECMUoh3GmE0uICB2SPrQ1DYgP0kmmL4zxsVa6uBcKXYHCU/X7REJ8KUe+pzt9ogbytzcR//LaseqVnIQFUawgoLNFvZhjFeJJHrjLBFDFR5oQKpi+FdMBEYQqnVpGh7D4FP9PGgUdS75wXchWzuZxpNEhOkInyEZFVEFXqIrqiKJ79Iie0YvxYDwZr8bbrDVlzGf20Q8Y71/epJXI</latexit>

is weaker than    , and blocks more states at c1
<latexit sha1_base64="sz034ixjiu6kZRiYJanpshWkWEk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUQY8FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju5nffuLaiEQ94iTlQUyHSkSCUbSSX2V9r9ovV9yaOwdZJ96SVGCJZr/81RskLIu5QiapMV3PTTHIqUbBJJ+WepnhKWVjOuRdSxWNuQny+bFTcmGVAYkSbUshmau/J3IaGzOJQ9sZUxyZVW8m/ud1M4xug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafEo2BG/15XXSqte8q1r9oV5pXC/jKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLQWnOXMKfyB8/kDoJ+N2w==</latexit>

c0
<latexit sha1_base64="M+7dJ18oi01HyHxs34z4KnG0m6E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5JUQY8FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N24+Dtj4YeLw3w8y8MJXCoOt+O4WNza3tneJuaW//4PCofHzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju5nffuLaiEQ94iTlQUyHSkSCUbSSX2V9t9ovV9yaOwdZJ96SVGCJZr/81RskLIu5QiapMV3PTTHIqUbBJJ+WepnhKWVjOuRdSxWNuQny+bFTcmGVAYkSbUshmau/J3IaGzOJQ9sZUxyZVW8m/ud1M4xug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafEo2BG/15XXSqte8q1r9oV5pXC/jKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLQWnOXMKfyB8/kDnxqN2g==</latexit>

Bj+1
<latexit sha1_base64="CBo9R4uiLhoZpsSQJpirIMxLn5o=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdKuix6MVjBfsh7VKyabaNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gHWlDNJG4YZTtuxolgEnLaC0c3Ubz1RpVkk7804pr7AA8lCRrCx0kP5upc+nnmTcq9YcivuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEya1Yp3XqneVUu1iyyOPBzBMZyCB5dQg1uoQwMICHiGV3hzlPPivDsf89ack80cwh84nz9kJ49v</latexit>



Heuristic I - Intersection

• Default: Let s be a state to be blocked at Bj+1 (s picked from F-sequence)

• Heuristic: Reorder literals in s to generate 

Let ¬c be the last clause added to Bj+1

s

c

ŝ
<latexit sha1_base64="t1J7MN1cufUZNynZfg9xx7+hPAM=">AAAB8HicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSVNsuC25cVrAXaUOZTCft0MkkzEyEEvoUblwo4tbHcefbOGkrqOgPAx//OYc55/djzpS27Q8rt7a+sbmV3y7s7O7tHxQPjzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9adXWb17T6VikbjVs5h6IR4LFjCCtbHuyoMJ1qmal4fFkl2x7UatWkMLuGy4S6jV68gxkKkEK7WGxffBKCJJSIUmHCvVd+xYeymWmhFO54VBomiMyRSPad+gwCFVXrpYeI7OjDNCQSTNExot3O8TKQ6VmoW+6Qyxnqjftcz8q9ZPdNDwUibiRFNBlh8FCUc6Qtn1aMQkJZrPDGAimdkVkQmWmGiTUcGE8HUp+h86bsWpVtwbt9S8WMWRhxM4hXNwoA5NuIYWtIFACA/wBM+WtB6tF+t12ZqzVjPH8EPW2yfK/5Be</latexit>

c \ s
<latexit sha1_base64="h+7PpuNdr1P/51q4lEtzTXAuUb4=">AAAB8XicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSVNsuC25cVrAXbEOZTCft0MkkzEyEEvoWblwo4ta3cefbOGkrqOgPAx//OYc55/djzpS27Q8rt7a+sbmV3y7s7O7tHxQPjzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9adXWb17T6VikbjVs5h6IR4LFjCCtbHuygQNCI6RKg+LJbti241atYYWcNlwl1Cr15FjIFMJVmoNi++DUUSSkApNOFaq79ix9lIsNSOczguDRNEYkyke075BgUOqvHSx8RydGWeEgkiaJzRauN8nUhwqNQt90xliPVG/a5n5V62f6KDhpUzEiaaCLD8KEo50hLLz0YhJSjSfGcBEMrMrIhMsMdEmpIIJ4etS9D903IpTrbg3bql5sYojDydwCufgQB2acA0taAMBAQ/wBM+Wsh6tF+t12ZqzVjPH8EPW2ydhuJAK</latexit>

s� c
<latexit sha1_base64="03+wJ1GwiqutXIXswRQaZO7U4U8=">AAAB7nicdZDLSsNAFIZP6q3WW9Wlm8FWcGNJUm27LLhxWcFeoA1lMp20QyeTMDMRSuhDuHGhiFufx51v46StoKI/DHz85xzmnN+POVPatj+s3Nr6xuZWfruws7u3f1A8POqoKJGEtknEI9nzsaKcCdrWTHPaiyXFoc9p159eZ/XuPZWKReJOz2LqhXgsWMAI1sbqlhW6QKQ8LJbsim03atUaWsBVw11CrV5HjoFMJVipNSy+D0YRSUIqNOFYqb5jx9pLsdSMcDovDBJFY0ymeEz7BgUOqfLSxbpzdGacEQoiaZ7QaOF+n0hxqNQs9E1niPVE/a5l5l+1fqKDhpcyESeaCrL8KEg40hHKbkcjJinRfGYAE8nMrohMsMREm4QKJoSvS9H/0HErTrXi3rql5uUqjjycwCmcgwN1aMINtKANBKbwAE/wbMXWo/VivS5bc9Zq5hh+yHr7BNCQjok=</latexit>

ŝ
<latexit sha1_base64="t1J7MN1cufUZNynZfg9xx7+hPAM=">AAAB8HicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSVNsuC25cVrAXaUOZTCft0MkkzEyEEvoUblwo4tbHcefbOGkrqOgPAx//OYc55/djzpS27Q8rt7a+sbmV3y7s7O7tHxQPjzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9adXWb17T6VikbjVs5h6IR4LFjCCtbHuyoMJ1qmal4fFkl2x7UatWkMLuGy4S6jV68gxkKkEK7WGxffBKCJJSIUmHCvVd+xYeymWmhFO54VBomiMyRSPad+gwCFVXrpYeI7OjDNCQSTNExot3O8TKQ6VmoW+6Qyxnqjftcz8q9ZPdNDwUibiRFNBlh8FCUc6Qtn1aMQkJZrPDGAimdkVkQmWmGiTUcGE8HUp+h86bsWpVtwbt9S8WMWRhxM4hXNwoA5NuIYWtIFACA/wBM+WtB6tF+t12ZqzVjPH8EPW2yfK/5Be</latexit>

• If UNSAT, higher chance of literals included in unsat core
• Weaker clause; more states than ¬c blocked at Bj+1

(note ŝ = s)
<latexit sha1_base64="BCBFGJOia9kI90x8qiCkr/lyC98=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFuilJFXQjFNy4rGAf0IYymU7aoZNJmLkRaij+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1+LLgGx/m2ciura+sb+c3C1vbO7p69f9DUUaIoa9BIRKrtE80El6wBHARrx4qR0Bes5Y9upn7rgSnNI3kP45h5IRlIHnBKwEg9+6gsI2C41B0SSPUEX2NdOuvZRafizICXiZuRIspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dXT/Bp0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDKS7mME2CSzhcFicAQ4WkUuM8VoyDGhhCquLkV0yFRhIIJrGBCcBdfXibNasU9r1TvqsXaRRZHHh2jE1RGLrpENXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AFSk5PK</latexit>

c \ s
<latexit sha1_base64="h+7PpuNdr1P/51q4lEtzTXAuUb4=">AAAB8XicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSVNsuC25cVrAXbEOZTCft0MkkzEyEEvoWblwo4ta3cefbOGkrqOgPAx//OYc55/djzpS27Q8rt7a+sbmV3y7s7O7tHxQPjzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9adXWb17T6VikbjVs5h6IR4LFjCCtbHuygQNCI6RKg+LJbti241atYYWcNlwl1Cr15FjIFMJVmoNi++DUUSSkApNOFaq79ix9lIsNSOczguDRNEYkyke075BgUOqvHSx8RydGWeEgkiaJzRauN8nUhwqNQt90xliPVG/a5n5V62f6KDhpUzEiaaCLD8KEo50hLLz0YhJSjSfGcBEMrMrIhMsMdEmpIIJ4etS9D903IpTrbg3bql5sYojDydwCufgQB2acA0taAMBAQ/wBM+Wsh6tF+t12ZqzVjPH8EPW2ydhuJAK</latexit>

Check SAT(T ^Bj , s)
<latexit sha1_base64="2FK++jlRm2J03lLA8FIEOIdp0FA="></latexit>

Check SAT(T ^Bj , ŝ)
<latexit sha1_base64="XzrCArH1mMU9DPEyv7TcyPThuZM="></latexit>



Heuristic II - Rotation
• CAR picks state from the F-sequence; checks intersection with bad states

• Ideally, want states to explore disjoint parts of the state space

• Default: Let s be a state to be blocked at Bj+1 (s picked from F-sequence)

If SAT, the assignment is a state t; can be reached from s. State t is added to F-sequence

• A set of states S is diverse if                    ; disjoint states
• Heuristic: Reorder literals in s to generate  

• Every Bj (j > 0) is associated with vj to store assumptions from last Bj-1 query

• Generate diverse states whenever query is SAT (proof in the paper)

T
t2S t = ;

<latexit sha1_base64="oEeiSZRET7Xre0BkYTshQJClmAY=">AAACCnicbVA9SwNBEN3zM8avqKXNaiJYhbsoaCMEbCwjmg/IhbC3mSRL9vaO3TkhHKlt/Cs2ForY+gvs/DduPgpNfDDweG+GmXlBLIVB1/12lpZXVtfWMxvZza3tnd3c3n7NRInmUOWRjHQjYAakUFBFgRIasQYWBhLqweB67NcfQBsRqXscxtAKWU+JruAMrdTOHRX8QPQ4i9spUl8oejeiSK+oD2GMQwNYaOfybtGdgC4Sb0byZIZKO/fldyKehKCQS2ZM03NjbKVMo+ASRlk/MRAzPmA9aFqqWAimlU5eGdETq3RoN9K2FNKJ+nsiZaExwzCwnSHDvpn3xuJ/XjPB7mUrFSpOEBSfLuomkmJEx7nQjtDAUQ4tYVwLeyvlfaYZR5te1obgzb+8SGqlondWLN2W8uXzWRwZckiOySnxyAUpkxtSIVXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP3IlmWw=</latexit>

Check SAT(T ^Bj , s)
<latexit sha1_base64="2FK++jlRm2J03lLA8FIEOIdp0FA="></latexit>

s

ŝ
<latexit sha1_base64="t1J7MN1cufUZNynZfg9xx7+hPAM=">AAAB8HicdZDLSsNAFIZP6q3WW9Wlm8FWcFWSVNsuC25cVrAXaUOZTCft0MkkzEyEEvoUblwo4tbHcefbOGkrqOgPAx//OYc55/djzpS27Q8rt7a+sbmV3y7s7O7tHxQPjzoqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9adXWb17T6VikbjVs5h6IR4LFjCCtbHuyoMJ1qmal4fFkl2x7UatWkMLuGy4S6jV68gxkKkEK7WGxffBKCJJSIUmHCvVd+xYeymWmhFO54VBomiMyRSPad+gwCFVXrpYeI7OjDNCQSTNExot3O8TKQ6VmoW+6Qyxnqjftcz8q9ZPdNDwUibiRFNBlh8FCUc6Qtn1aMQkJZrPDGAimdkVkQmWmGiTUcGE8HUp+h86bsWpVtwbt9S8WMWRhxM4hXNwoA5NuIYWtIFACA/wBM+WtB6tF+t12ZqzVjPH8EPW2yfK/5Be</latexit>

vj+1
<latexit sha1_base64="je9Ulhc1rsPHLIiFWzeDlvobQps=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCIJTdKuix4MVjBfsh7VKyabaNTbJLki2Upb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo9uZ3xpTpVkkH8wkpr7AA8lCRrCx0mN53EufLrxpuVcsuRV3DrRKvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOi10E01jTEZ4QDuWSiyo9tP5wVN0ZpU+CiNlSxo0V39PpFhoPRGB7RTYDPWyNxP/8zqJCW/8lMk4MVSSxaIw4chEaPY96jNFieETSzBRzN6KyBArTIzNqGBD8JZfXiXNasW7rFTvq6XaVRZHHk7gFM7Bg2uowR3UoQEEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx+0Y4+j</latexit>

vi+1 \ s
<latexit sha1_base64="Ev9oRAaoEi1ugohDFdLbTuYi9ZE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LLaCIJQkCnosePFYwX5AG8Jmu2mXbjZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0sbm1vVPereztHxwe2ccnbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E4/u535lQqVginvQ0pX6Mh4JFjGBtpMC2a5MgZ1fuDPUJTpGqBXbVqTsLoHXiFqQKBZqB/dUfJCSLqdCEY6V6rpNqP8dSM8LprNLPFE0xGeMh7RkqcEyVny8un6ELowxQlEhTQqOF+nsix7FS0zg0nTHWI7XqzcX/vF6mozs/ZyLNNBVkuSjKONIJmseABkxSovnUEEwkM7ciMsISE23CqpgQ3NWX10nbq7vXde/RqzZuijjKcAbncAku3EIDHqAJLSAwgWd4hTcrt16sd+tj2VqyiplT+APr8we21JJc</latexit>

s� vi+1 \ s
<latexit sha1_base64="MjimYOuvsChF/MfU6QXLHO0Gwlc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM9gKgliSKuiy4MZlBfuANoTJdNIOnUzCzKRQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee4KEM6Ud59vKrayurW/kNwtb2zu7e/b+QUPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweB24jeHVCoWiwc9SqgX4Z5gISNYG8m3j0oKXaChn7Fzd4w6BCdIlXy76JSdKdAyceekCHPUfPur041JGlGhCcdKtV0n0V6GpWaE03GhkyqaYDLAPdo2VOCIKi+bXj9Gp0bpojCWpoRGU/X3RIYjpUZRYDojrPtq0ZuI/3ntVIc3XsZEkmoqyGxRmHKkYzSJAnWZpETzkSGYSGZuRaSPJSbaBFYwIbiLLy+TRqXsXpYr95Vi9WoeRx6O4QTOwIVrqMId1KAOBB7hGV7hzXqyXqx362PWmrPmM4fwB9bnD654k2Q=</latexit>

(note ŝ = s)
<latexit sha1_base64="BCBFGJOia9kI90x8qiCkr/lyC98=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFuilJFXQjFNy4rGAf0IYymU7aoZNJmLkRaij+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1+LLgGx/m2ciura+sb+c3C1vbO7p69f9DUUaIoa9BIRKrtE80El6wBHARrx4qR0Bes5Y9upn7rgSnNI3kP45h5IRlIHnBKwEg9+6gsI2C41B0SSPUEX2NdOuvZRafizICXiZuRIspQ79lf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dXT/Bp0bp4yBSpiTgmfp7IiWh1uPQN50hgaFe9Kbif14ngeDKS7mME2CSzhcFicAQ4WkUuM8VoyDGhhCquLkV0yFRhIIJrGBCcBdfXibNasU9r1TvqsXaRRZHHh2jE1RGLrpENXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AFSk5PK</latexit>

Check SAT(T ^Bj , ŝ)
<latexit sha1_base64="XzrCArH1mMU9DPEyv7TcyPThuZM="></latexit>



Experimental Evaluation
• Extended SimpleCAR to include proposed heuristics

• Intersection, Rotation, Combination, or None
• Order of state enumeration; pick s from F-sequence

• Tools and algorithm categories compared:
§ ABC (pdr, 3 x bmc)
§ IIMC (bmc, ic3, Quip, ic3r)
§ IC3Ref (ic3)

§ Simplic3 (bmc, 3 x ic3, Avy)
§ SimpleCAR (8 x car)

• 5 tools, 22 algorithms, 748 SINGLE property benchmarks from HWMCC
• 1 hour timeout 
• Identified a bug, and counterexample generation errors
• We focus on unsafety checking

Open-source under GNU GPLv3
http://temporallogic.org/research/VSTTE19/
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High-level Performance
Virtual-best CAR
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Faster convergence!



Summary and Discussion
• Design-space exploration via model checking; many models/requirements
• Focus along four verticals

• Applicable to equivalence checking, product lines, regression runs, etc.
• Extensions to existing algorithms, and new specialized algorithms

• Better handling of SAT queries improves model checking performance
• Proposed two heuristics: Intersection and Rotation

• Heuristics can also be applied for clause generalization in IC3
• Future work and research questions

• SAT-solver internal heuristics for literal scoring
• Adapting CAR to handle multiple properties; clause sharing between properties
• Improved synergy between model checking algorithms and SAT solvers

• Design-space reduction
• Incremental verification

• Improved orchestration
• Model checking algorithms

Thank You!
http://temporallogic.org/research/VSTTE19/


