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Abstract ,
This paper proposes a new environment for high-level LS design validation using “Algorithmic Debugging” and
evaluates its benefits on three significant examples. A design is specified at a high-level using the structured
analysis (SA) method and some errors included in SA specifications are efficiently located by answering just a
few queries from the debugger. The number of interactions between the designer and the debugger is reduced
by a factor of ten to a hundred compared to conventional simulation based validation methodologies. This
environment promises to be an important step towards efficient high-level LSI design validation.
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data/control flow diagram

1 flow diagram
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. . state_1 "———
‘ action logic table evept_3
esignes) - 2nswering queries = eveyr 1 “aotjon3
e — =
Actlons [ rec 1] proc_2] proc_3| proc_4| proc_s "“’—’l
) Eeatures: action 1| 1 Py [:tm_ﬁ
- no lengthy debugging cycle eveyt &
- few interactions (1/10-1/100) action 2 2 > 2 oveir 2 action_s
- - very casy action_3 3 1 actqon_2
+ - dependent on skill - independent of skill oton_t T
High-Level Conventional Simulation Validation Using
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Query(l) about p 1 (W=8}
Answer(l): true.

Query(2) about p_2 (W=8)
Answer(2): false,

Query(3) about p 2_4" (W=3)
Answer(3): false

qu T Query(4) about p 2_4_1 (W-l)

‘Il Answer(4): true.

‘- Query(5) about p 242 (W=l)
Answer(5): false

. . :the bug detected

:selected middle nodes
by the debugger .

®

Computational Tree (tracing steps)
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FDIIMWTRLL 5, F»¥y 71X, Prolog OHfiod
EFET. TORSFHAOBRLBRHE CHEbE B,
LRI, B SIKART X 51K, “cspec_wait-mode”
“c_spec_complete_mode”, “write.command” 7' w -z D
WEDEBRF Ny HL X > GRIRE T3,

BEIER T~y b OBFHAOHROM EbE K
LT Thas “E WEEED ) 2 “ 8 (WRN)” 2%
230 BREOMw&bEDORIC, 7~y FIFEDRY
B A7 Prolog Offi% v K — b3, [ 5ICGRTHCLE
“write_command” 7' v & X 3358 > 7c Prolog Offfi & LT
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R % & Prolog Offfitd. BB X 2HETIR & HEER D &1 Prolog Offi 2 HHEL T3, fhofEH IS
Prolog Y —2=a— Yo 1% 1 oxdfiftdick b, BHcx Y 3, 27— 2B iR oF OB 2 RET 5 %
VI OREEEAPTEIC X B HARECR ORI 2 R EH I TIRFAy HBERT BEEb e ROBREE 2R, &

BT bR B, ‘ e TALYX S 9 7 Foiw FEED X b AME A BIEICKHT
v BIGER BT 3 72, ASCA OBIBECHIST 2 ) X+ &
43.3 RBERCFR (Ln) 22L& €T, SEF L — BRI &, XK

SEICRUHITR 257 F L — X (HERDEX) HBEAPBEER Lo CORBFORET L — A LD
412 TH K, DT I HOMeEbREGT, Foiy  RRICOMCEDIHOMRER ST

| ?- fp((data(In), initialize(_,In,_,_)),12,CE) .
data/control flow diagram

% Query(l) from the debugger
c_spec_wait_mode(

complete_mode, acter 1

[mode(_) e,

{paralIel input({1,1,1,1,1,1,1,11)1, E 9 = -

{serial ¢ output(l), start, send data _c_out(0)), ‘ .

[mode((1,1,1,1,1,1,1,1)T) i .

3 H aoter_ 2 T
True or False ? ) H —_—
|: true. % Answer(l) by the user 3 - 4
% Query(2) from the debugger m n@m xk
c©_spec_complete_mode( .
~ complete_command, Lo serlaldtput

[mode([171,1,1,1,1,1,11, A Y o ' i

[parallel_. input([0,0,ﬂ,U 0,0,0,0))], FEER ,."

[serial _output(l), start send data_c_out(0)], 41! i -

[mode(([d,0,0,0,0,0,0,01)T) LHE -

state-transition diagram

‘True or False ?
[+ false. % Answer(2) by the user

waite mode

ik [T i 1<
x ouery(a) from the debugger 1
ite_command( § H
fmode({1,1,1,1,1,1,1,11)1, ] H
[parallel_input({0,0,0,0,0,0,0,0])}, K
Tmode((0,0,0,0,0,0,0,01))) g
True or False ? .
|: false. $ Answer(3) by the user
CE ~ write_command(....) :- [..I=[..1, [..)=[..]
AAAAAAAAAAAAAAhAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3% the process with a bug
es
2-
Queries and Answeres in Prolog Session Queries in SA Process Modei
answers from the user queries to the user
initialize(...) ,
. Answer(3): false. ' [3] :Query(l)
] initialize state(waite_mode,...) :
’
o apec_wait_mode(. ) Answer(2): false. b 171 :Query(2)
write_mode(...) Answer(l): true. ‘ [8] :Query(3)
send_;mark( caa)

nitialize_state(complete mode,...)

tialize_state(complete_command,...)
O {11} c_spec_complete_command(...)

O [12) inifialize_state(waite_mode,...)

:the bug detected

:selected middle nodes
\ by the debugger

Computational Tree (tracing steps)
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e BWER ROl T bABENROR b 2 ERICIFET B C
I BEEDOR FAICKE (EFFT 5o

THICH LS TATYXI v 757~y FRREEDR %
Prolog DHi#HEM L TORKEE AR o 7’ Prolog DfiE
(a) TR 27 LOBWERLFEBHICE L CEHEAR L (b) #5E
o X 2 HE0R & Prolog Y — 2=z —F e 11 o

5 2 SE L —AB A

total bug-detection] number of
tracing steps depth queries
USART(ini) 12 8 3
8-bit CPU 73 15 9
ASCA(L30) 746 668 7
£ 3 L YABEBEAFIECE T 355
total bug-detection | number of
ASCA(Ln) tracing steps gdepth queries
L5 146 118 5
L10 266 228 6
120 506 448 7
L30 746 668 7
L50 1226 1108 8
L70 1706 1548 9
1100 2426 2208 - 9
“goal: 7-append([1,2,3,..,Ln},[],X).”
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