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Formal Abstraction and Verification of Analog Circuits

Netlist Abstracted Model
. o Model Abstraction Hybrid automaton generated in Verilog-A, Matlab
Spice netlist with full ..
BSIM transistor accuracy or SystemC-AMS syntax. The model is simulated or
Verilog-A netlist ) £l SA a reachability analysis is performed in the reduced
descriptions are also o state space (S, ). Via a back transformation, all
supported i nodal voltages and currents can be obtained in the
i original state space (S, )
Abstraction core <
VERA ELSA: Eigenvalue-based hybrid linear system abstraction
8 Y Y
e Samples the state space at full BSIM accuracy for a Task: find a HA that describes the system in the reduced state space
predefined inpgt range | | Location Identification Guards and Invariants System Description
’ S_Et up.the nonlinear ditferential algebraic system A location is uniquely identified by a In each location, the system behavior is
* Linearizes the system and computes the Kronecker from group and a region: loc = g(j)r(k) described linearly. A-values are used in each
» Performs a dominant Pole order reduction according to a Heenvalues s dusieres) AT 000 location as the system is linearized around an
specified frequency range of interest Points in the same group but located l"per‘f“t'”g. point. Odnce the system leaves 2
in different Ocatlc.)tr? Vid algudar 2 Matlab, Verilog-A or SystemC-AMS syntax
" a reset is applied,
“?)\ _ _ _ _ _ - Sptzrtt:;(;gigf the and a new system
S 1.0 22 -+ 4): 0 A = P)\ - U~ are separated Guards and invariants are ;nna;rclnx’el:]al?clijr: mag:irr:[(,
_0 O_ | Koo _0 I_ | Xoo_ _boo_ into regions determined in the S)\ space . L A%s = ArAx T Bioin
are used
Extensions
Model With Parameter Variations
Model With Abstraction Variations Model With Process Parameter Variations Extended SystemC-AMS Models
Instead of describing the system behavior via a ———— For the SystemC-AMS models a similar approach is

matrix A;,. formed by taking the mean of the . sampled datz possible using the AADD library [1]. The models
eigenvalues, a matrix zonotope or interval matrix are thus extended to model uncertainties

is used to hull all the eigenvalues of a location for
the Matlab (Cora [2]) models

model abstraction
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Vera generates randomly, in a Monte-Carlo fashion,
1 various versions of the netlist with different
Ax)y = A[z/'z}],locAX/\ + BiocAu ; parameters according to the specified process
k | | parameters. The netlists are afterwards sampled in
A = {A(O) + ZP@ ' A(Z)} pi € [-1,1]~ parallel and passed to Elsa, which in turn generates
Ay = N =L a HA from every netlist. This process is executed in
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parallel in Matlab. Finally, the generated HAs are
merged into a unified model
Conformance Model Compositional Automaton Verification
Applies reachset conformant synthesis to add As the generated models are pin compatible, they Equivalence Checking
nondeterminism to piecewise-linear circuit are suitable for compositional abstraction. This can : :
models so that they enclose all recorded be done by abstracting the sub-circuits of a large Using Vera, the equivalence of the generated

Verilog-A models can be check against the
original spice netlist. This closes the loop and
delivers the modeling error at each point in the
state space

behaviors of the real system. By that, the model is netlist, followed by linking them in a compositional
extended to capture the recorded measurements manner to abstract the whole circuit
from the real or simulated circuit
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—JEigenvalue Clustering Model Checking and Reachability Analysis

I Local Linearization

A reachability analysis can be conducted with
the HA, and a (currently) post simulation model
checking can be
performed
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