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These slides were given during a joint lecture for two
summer schools (SC2 and VTSA) held at MPI in 2017.

Many participants were from satisfiability checking
and software verification. Some were from symbolic
computation.

Thus
» Style : Informal / Selective

* Credit: Emphasis on the contributions of
the participants from symbolic computation



Symbolic Computation

"Sociological Overview"



Symbolic:



Symbolic: Countable sets



Symbolic: Countable sets

> Finite fields



Symbolic: Countable sets

> Finite fields

o Integers, Rational numbers, Algebraic
numbers, Computable real numbers,
Infinitesimals, etc



Symbolic: Countable sets

> Finite fields

o Integers, Rational numbers, Algebraic
numbers, Computable real numbers,
Infinitesimals, etc

> Polynomials, Differential equations,
Computable power series, etc



Symbolic: Countable sets

> Finite fields

o Integers, Rational numbers, Algebraic
numbers, Computable real numbers,
Infinitesimals, etc

> Polynomials, Differential equations,
Computable power series, etc

> Vector, Matrices, Tensors, etc



Symbolic: Countable sets

> Finite fields

o Integers, Rational numbers, Algebraic
numbers, Computable real numbers,
Infinitesimals, etc

> Polynomials, Differential equations,
Computable power series, etc

> Vector, Matrices, Tensors, etc
> Logical formulas



Symbolic: Countable sets

> Finite fields

o Integers, Rational numbers, Algebraic
numbers, Computable real numbers,
Infinitesimals, etc

> Polynomials, Differential equations,
Computable power series, etc

> Vector, Matrices, Tensors, etc
> Logical formulas



Computation: Simplifications



Computation: Simplifications

X* +2X+1

(X+1)?

Compute



Computation: Simplifications

X*+2X+1 X+1=0

(x+1?  x=-1

Compute Solve



Computation: Simplifications

X°+2X+1 X+1=0 VYxXxX*>0

v

(xil)2 X =—1 true

Compute Solve Prove



Computation: Simplifications

X>+2Xx+1 x+1=0 vxx*>0  Object

(x+1? x=-1 true Object

Compute Solve Prove Simplify
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» 1983 Started as a research project
at the university of Waterloo at Canada

by Keith .O. Geddes, et al.

» 1987 Turned into a Waterloo Maple Inc
(MapleSoft).

* Makes the employees to read JSC and attend
ISSAC/ACA meetings.

» Sponsors various meetings: ISSAC/ACA.
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Mathematica

- 1981 Started as a research project
by Stephen Wolfram, et al.

o Often attended the ISSAC-kind
conference to discuss ideas.

> 1988 Turned intfo Wolfram Research Inc
- Organizes major conferences for users
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|nput: ¥ F(X,Y)=0 A G(X,Y)>0
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Foundation of Mathematics
* Hilbert’s Program (1900)

Appl:cat:ons in Science and Engineering
* Stability analysis of PDE and Finite differences
* Robust control system design
* Reachability analysis
* Parametric optimization
* Hybrid system analysis
* Parameter estimation
* Robot motion planning
* Computer vision
* Dynamic geometric constraint solving
* Education software for real analysis
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VWi Vi Vivh (¢ = a® + b A c® = x5 + (yo — b)* A
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Optimal Numerical Algorithm

xtpltplUtpl® ) xt el taUlt ol

U'=L+
psLl + psU U+ qul

Correctness(p, q) : <= Lz 0<L<Vx<U =0<l' <Vx< U

X

Termination(p, q) : <= e(:"(!“)Lz 0<LLVx<U = 0<U -L"<c(U-L)
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u(z,y,t+27;) = Mu(z, y,t).
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.ﬂ’f" = E(I + G++G__:];

1
1'142 = E(I + G_+G+_:]:

M = MyM;.
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#+ Mathematical software - % |

« > C |G)www.swmath.org/?term:quantiﬂerfe\imination&which_search:standard&sor‘tby:rank Q i?r‘ 3

About & Contact Feedback Contribute Help zbMATH

“SWM ATH Search Advanced search Browse

quantifier elimination Q

Results 1 to 20 of 109 ( , 1 Sortby: Name  Relevance

QEPCAD Referenced in 219 articles [sw00752]
CADs QEPCAD is an implementation of quantifier elimination by partial cylindrical algebraic decomposition due
orginally...

SACLIB Referenced in 24 articles [sw00823]
also forms the basis of the quantifier elimination systems QEPCAD [5] and QEPCAD ... same routines are also
used in quantifier elimination. While runtime-tools such as Valgrind...

DISCOVERER Referenced in 25 articles [sw07719]
equations and polynomial inequalities. Algorithms for quantifier elimination of real closed fields are the general...

SYNRAC Referenced in 23 articles [sw00942]

problems. Our main tool is real quantifier elimination and we focus on its application...
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