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Top-down design transformation from behavioral models 
to transistor netlists to physical layout consists of 
iterative refinement of the parameters of the component 
models in a hierarchical manner until the design 
parameters at the transistor netlist and physical layout of 
the system are optimal. Throughout this process, 
discrepancies between input-output behavior as 
predicted by higher level models vs. low level design 
descriptions need to be detected and debugged at each 
step and may arise from modeling errors (including 
process variability effects) or unknown design bugs. 
Consequently, the debugging technique cannot be 
predicated on assumed design bug models; the bugs 
need to be discovered and modeled during design 
debug itself. To address these issues, we develop 
collaborative test generation and behavior learning 
algorithms for detection of behavioral discrepancies 
between high level behavioral design descriptions 
(AHDL) and low level (netlist, silicon) module 
implementations across the entire stimulus space of the 
design. The methodology can be applied through 
different stages of design evolution, pre as well as post-
silicon. Application to a diverse range of mixed-signal 
circuit types is demonstrated through simulation 
experiments and hardware measurements. Further, a 
signature-matching design of experiments approach is 
proposed for diagnosing design bugs to individual circuit 
modules in a probabilistic manner. A ranking of likely 
buggy modules is produced that is shown to be very 
accurate across bug diagnosis studies performed on a 
variety of mixed-signal circuits. 
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