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Flattening: High-Level Algorithm

[Constraint (Skeleton)}

Example: [o11] |a<oO11]
0]1(1

a< 011 A—-a <010

la<o010] [010]
0]1(0

flatten :: Formula -> Propositional.Formula
flatten f =
let
termProps = reserveVarsForAll (terms f)
atomProps = reserveVarsForAll (atoms f)
termConstraints = {termConstraint atomProps termProps term | term € (terms f)}
atomConstraints = {atomConstraint atomProps termProps atom | atom € (atoms f)}
skel = skeleton atomProps f
in (skel U termConstraints U atomConstraints)
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a+ b < 101010 A —(b = 010101)

0

atomProps["a + b < 101010"] A —atomProps["b = 010101"]
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Full Adder

s(a, b, cin) = cin® (a & b)

c(a, b, cin) = (a A b) V ((a® b) A cin)

cin
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Flattening: Subtraction

a=1I—r

l

a=1I+(-r)
Two's Complement: —x = ~x +1
a=I/+~r+1

Incoming Carry allows +1 for free

(I = r)[i] <= sum(/, ~r, 1)[i]
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Flattening: Comparison
(given: sz = size(/) = size(r))
Unsigned:
I <r

l

(I-r)<o0
lExtension to sz + 1 bits
lPerform Subtraction
lHighest Bit is Sign
| < r <= carry(l,~r,1)[sz]

Signed (sign-extension instead of zero-extension):

| < r<=carry(l,~r,1)[sz] & (I[sz — 1] <= r[sz — 1])
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Ii—C] ifi—C>0
0 otherwise
Ili+C] ifi+ C < size(/)

0 otherwise

(/ Lstatic C)[/] - {

(/ > static C)[/] - {
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Flattening: Dynamic Shift
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Ishift(/, r, —1)[i] = I[i]

shife(1, r, $)[7] = 4 L SifECl 78 = 1) Sstatie )] if rls]
. Ishift(/, r, s — 1)[i] i r[s]

(I < r)[i] < Ishift(/, r,size(r) — 1)[i]
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Flattening: Multiplication

mul(/,r,—1) =0
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0 if =r(s]



Flattening: Multiplication

(/ <<static S) If I’[S]

mul(/,r,s) = mul(/,r,s — 1) + _
if =rls]

(I r)[i] < mul(/, r,size(r) — 1)[i]
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Flattening: Division (Unsigned)

a=1/r
1

|=a-r+ rem

rem < r

4‘u8 = 172u8 : 3u8 + Ou8
0u8 < 3u8
4u8/3u8 — 172u8
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a=1I/r
4
Extend to 2 - size
l=a-r+ rem

|rem| < |r]|

X otherwise

x| = {~x+1 if x[size(x) — 1]
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Flattening: Division (Signed)

a=1I/r
4
Extend to 2 - size
l=a-r+ rem

|rem| < |r]|

—1=-1-2+1
1] < 2|
—1/2=-1
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Flattening: Division (Signed)

a=1I/r
1
Extend to 2 - size
I=a-r+rem
|rem| < |r|
(rem|[size(rem) — 1] <= I[size(/ — 1)]) V = /\ rem[i]

!

v
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) x=0y=1
(x<y)A(y <x) Unsatisfiable v/
(x<y)A(y<x)A(a-b=c) Unsatisfiable
(x<y)A(y<x)A(a-b=c)A(b-a=c) Unsatisfiable



Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =




Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of




Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of
Unsatisfiable -> Unsatisfiable




Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of
Unsatisfiable -> Unsatisfiable
Solution assignment ->
let conflicts =
filter (Aconstraint -> — eval constraint assignment) pending in




Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of
Unsatisfiable -> Unsatisfiable
Solution assignment ->
let conflicts =
filter (Aconstraint -> — eval constraint assignment) pending in
if conflicts == [] then
Solution assignment
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incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of
Unsatisfiable -> Unsatisfiable
Solution assignment ->
let conflicts =
filter (Aconstraint -> — eval constraint assignment) pending in
if conflicts == [] then
Solution assignment
else
let new = conflicts[@] in
(current + new) (pending - new)




Incremental Flattening

incrementalSAT :: [Propositional.Formula] -> [Propositional.Formula]
-> Propositional.SolveResult
incrementalSAT current pending =
case SAT.MiniSat.solve current of
Unsatisfiable -> Unsatisfiable
Solution assignment ->
let conflicts =
filter (Aconstraint -> — eval constraint assignment) pending in
if conflicts == [] then
Solution assignment
else
let new = conflicts[@] in
incrementalSAT (current + new) (pending - new)
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costEstimate :: Propositional.Formula -> Word

solveFlattenedIncremental :: FlattenedFormula -> SolveResult
solveFlattenedIncremental flat =
let initialFormulas = [skeletonOf flat]
incrementalFormulas = sortOn costEstimate (allConstraints flat)
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costEstimate :: Propositional.Formula -> Word

solveFlattenedIncremental :: FlattenedFormula -> SolveResult
solveFlattenedIncremental flat =
let initialFormulas = [skeletonOf flat]
incrementalFormulas = sortOn costEstimate (allConstraints flat)
satSolution = incrementalSAT initialFormulas incrementalFormulas




Incremental Flattening

costEstimate :: Propositional.Formula -> Word
solveFlattenedIncremental :: FlattenedFormula -> SolveResult
solveFlattenedIncremental flat =
let initialFormulas = [skeletonOf flat]
incrementalFormulas = sortOn costEstimate (allConstraints flat)
satSolution = incrementalSAT initialFormulas incrementalFormulas
in reconstructResult satSolution
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