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Linear Arithmetic

B Many approaches
B Graphbased for difference logicacb ¢ 3
B FourierMotzkinelimination:
ti <oz, b <ty = bt< ol
B Standard Simplex
B General Form Simplex
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Difference Logic: a—b<5

Very useful in practice!

Most arithmetical constraints in software
verification/analysis are in this fragment.
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Job shop scheduling

d; ; | Machine 1 Machine 2
Job 1 2 1
Job 2 3 1
Job 3 2 3
mar = 8
Solution

t1,1 = 5, tLQ = 7, fgjl = 2,
to2 =0, t31 =0, t32 =3

Encoding
(11 ZO0OA(t12>2ti1+2)A(E12+1<8) A
(t21 > 0) A (t22 > t21 +3) A(t22+1 < 8) A
(tg,l > U) N (53?2 > 131 + 2) N (53?2 + 3 < 8) N
(11 > to1+3)V(ta1 >t11+2)) A
(trn >ts1+2)V(ts1 >t11+2))
((t2g >tz 1 +2)V (31 >t21+3)) A
(tr12=>taa+ 1)V (taoa >tia+1)) A
(t12 > t304+3)V(tza>tia+1)) A
((tao >1t324+3)V (tza2 >taa+1))

Microsoft’

Research



Difference Logic

Chasing negative cycles!
Algorithms based on Bellmarord (Omn)).

11,1
S
f N0
z — ti1n <0 -2 N
z — ta1 <0 | 0 4
z — 131 <0 21— 2
tgjg — Z < 5 T !
tz1 — 132 < —2 -3 0 ;
t2n — t3n1 < —3 9 ! /
11 — 121 < —2 1"53.,2— — —""t3,1 /
, , - 5
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Standard Simplex

Many solvers (e.g., ICS, Simplify) are based on the Standard Sim

a-d+ 2e =3
b-d =1
c +d-e =-1
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Standard Simplex

Many solvers (e.g., ICS, Simplify) are based on the Standard Sim

a-d+ 2e =3
b-d =1
c +d-e =-1
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Standard Simplex

Many solvers (e.g., ICS, Simplify) are based on the Standard Sim

a-d+ 2e =3 < We saya,b,care the

b-d =1 basic (or dependent)
c+d-e =-1 variables
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Standard Simplex

Many solvers (e.g., ICS, Simplify) are based on the Standard Simj

a-d+ 2e =3 - We saya,b,care the

b-d =1 basic (or dependent)
c +d-e =-1 variables
I 6% O R S XK T
- \’a“ o We sayd,e are the
10012||b| |3 non-basic (or non
01010\ cl=|1 dependent) variables.
@ 01 1—3 d \.1)
e
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Standard Simplex

B Incrementality add/remove equations
B Slow backtracking
B No theory propagation
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Fast Linear Arithmetic

B Simplex General Form

B Algorithm based on the dual simplex
B Non redundant proofs

B Efficient backtracking

B Efficient theory propagation

B Support for string inequalities: t > 0
B Preprocessing step

B Integer problems:
Gomorycuts, Branch & Bound, GCD test
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General Form

General Form: Az =0 and [; < 2; < u;

Example:

r>0(x+y<2Vae+4+2y>6),(r+y=2Var+22y>4)
AN

si=x+Y,8 =+ 2y,

220,08 <2V8;=06), (8 =2V 53>4)

Only bounds (e.g., s; < 2) are asserted during the search.

Unconstrained variables can be eliminated before the beginning of

the search.



From Definitions to a Tableau

St Xx+y, stx+2y
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From Definitions to a Tableau

St Xx+y, stx+2y

U

S =XTY,
S, =X + 2y
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