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Debugging High Level Designs using Programmable Datapaths
and SMT Solvers

TAKESHI MATSUMOTO®  SaTosui Jo2P) Masauiro Fujital:©)

Abstract: In this paper, we propose a method to correct high level designs. Recentrly, methods to rectify
logic gate circuits utilizing programmable logics based on look-up tables (LUTSs) inserted in the circuits for
debugging purposes. The idea can be extended to high level (or word level) designs by using uninterpreted
functions (UIFs) instead of LUTs. In such methods, some portions of a design under debugging are replaced
with UIFs, and their definitions which can correct the design are explored by formulating them as satisfia-
bility problems and solving them by SMT solvers, which are SAT solvers which can efficiently handle word
variables and arithmetic operations. However, in general it is not at all easy to implement them with lim-
ited types of available arithmetic circuits. Our proposed method utilizes programmable datapaths, instead
of UIFs, which realize any combination of applications of specified types of operations at most N times
(N is a user-specified integer). Then, a correction of a given design can be obtained as a configuration of
programmable datapaths, which can be solved similarly to the conventional methods using UIFs. We have
confirmed that high level designs can be corrected through experiments with several example cases.
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INPUT: in1, in2, in3
OUTPUT: out

FUNCTION:
out =[in1 +(in2 << 1)+ (in3 << 2);]

Correct exp: inl + (in2 << 2) + (in3 << 4)

For finding a correction by SMT solvers,
replaced with an UIF F(in1, in2, in3).

i

Given patterns: (in1, in2, in3) =
(OI OI 1)1 (Ol ll 1)[ (11 1I 2)

(Partial) Definition of function F for correction is:
F is a function satisfying:
F(0,0,1) =8 &&F(0,1,1)=12 && F(1,1,2)=21

How to derive a corrected expression from
the partial definition generated by SMT solvers??
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(b) Circuit for diagnosis with multiplexers
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pl=(in1=10,in2 =20, ..., out = 35)
p2 =(in1=5,in2 =30, ..., out = 40)
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Finding a configuration of datapaths
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01 0000
00 000000000000 00 0oooo 000
Nin | Nop OP 00 | UNSAT | OO
filter (8 bit) 3 4| {+,x,<<} oo 300 26 0 4
filter (16 bit) 3 4| {4, <<} oo 2850 | 2640 6
filter (32 bit) 3 4 | {+,%,<<} | Timeout | >300 — >3
bit_count 1 3| {+,>>, &} oo 24420 | 1,993 0 13
power (a) 1 3 {>>,1} oo 80 20 5
power (b) 1 6 {>>,1} Time out | >300 — >11
uint32 t bit count (uint32 t x) { O0o00o00ooooooooooooooooooooo
x = (x & 0x55555555) + ((x >> 1) & 0x55555555);
x = (x & 0x33333333) + ((x >> 2) & 0x33333333); oooooooooooooo
X = (x & OxOFOFOFOF) + ((x >> 4) & OxOFOFOFOF) ;
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X:(X&OxoOOOFFFF)+((X>>16)&OXoOOOFFFF):I Oo0o0oooooooooobooooooooooooo
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uint32 t largest pow(uint32 t x) {

x = (x> 1) | x;
X = (x >> 2) | x;
x = (x >> 4) | x; l/(b)
X = (x> 8) | x;
[x = (x> 16) | x) >> 1;]
return x;
} (a)
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