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g speed of a chip Is very fast (x 106~10° than simulation )

data to be analyzed is very large

ability / Controllability

or on-chip trace buffer

‘| A snap-shot of the register values at each cycle can be

obtained by one scanning-out

°| Available approach:

il(ﬂ:;nn- 1. Get internal register values at a timing by scanning out
2. Re-simulate using the obtained values
°| Scanning-out once is time-consuming
- “When to scan-out?” is an important problem
. *| Real-time signal values for multiple cycles can be
On-chip | gptained
trace

memory

Limited size for area constraint (8K~256K)
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Objective and contribution

® Oy|deqi\%s

IGPEEE a method to enhance the utility of scan-chain or
SIEEIINIE.CE Memory.

PVIEInIESIgNal Sequence Slicing Method
Al values relevant to target error from the original

)

191010111....
040101110....

1§0101101....

0101010111.... Circuit 1p1010111.. Circuit
1111001110.... Under 0p0101110.. Under
1010101101.... Debugging 1J10101101.. ) Debugging

Very long cycle...
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CclEIet design Is described in ESVID(Finite State
ViEse. with Data-path)
> er part and data-path part are identical

>

Q=1g, g9, ¢}  Control states
={ ind, in2} Input signals

qO Q)= {regl, reg2, regS} Data regjsters
Output signals

’ (40 Xsl = 41)v (919 41)’
State transition
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: the alue of the signal named signal_name at a




Exam Ie :

ind + In2;
In3 — 400; . :
Cycle Citrl inl in2
State
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Definition of d-tag

s_d (in)

©® ®
S

> Oneous output
O( tin)

o_d (tm)



alue of s_d4(t) of s:

Inferred by the d-tag values of the signals which
s(t) in the next timing t +1

reg_d(t)= ((reg_d(t+1)=1) A(state(t+1) = S2))
V ((out_d(t+1)=1) A (state(t+1)=S:

in_d(t) = (reg_d(t+1)=1) A (state(t+1)=S1)
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regl <= inl + in2;
reg2 <= in3 — 400; regl_d(t) = (out_d (t+1) =1) A((state(t+1)=SB6)

|| (regd_d (t+1) =1) A
((state(t+1)=S5)

|| (regd_d (t+1) =1) A
| | ((state(t+1)=S4)
St : 10’)7 ” (regl_d (t+l) :1) A

‘ ((state(t+1)=S3)

reg2_d(t) = (regl@ﬁt@)ﬁmy,/\l((ﬁtate(tﬂ) =519)
state(t+1) SH (reg2 d (t+1) 1;
(State(t+1)= 555) (reg2 Et+1; =1) A
FAatie VN ((Jrrlre +1)=S )( reg2 d(t+1)=1) A
T ((state(i+T —S4)
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Example of d-tag computation

regl <= inl + in2;
reg2 <= in3 — 400; regl_d(t) = (out_d (t+1) =1) A((state(t+1)=S6)

| (regd_d (t+1)=1) A
((state(t+1)=S5)

|| (regd_d (t+1) =1) A
| ) ((state(t+1)=S4)
St , 10’)7 ” (regl_d (t+l) :1) /\

" ((state(t+1)=S3)

reg2_d (i) = (regLiEd g_t+&)ﬁ_'|194\l((,state(t+1) =319)
state(t+1) SH (reg2 d(”l) 13
(Giate(t+1)= SSJ) (reg2 2'[4_13 =1) A
o L i+ 1)=SH)( regZ d (t+1) =1) A
S ((state (- NGSEY
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arocedure
ire equations for computing d-tags of signals

)US execution,




Input values

_ Trace memory Input values
. Im Il E | senience
- | > Computes )
t=1 e t put Cont pu
Ymues Ste d—tag values
...... CUD ol | (qeavence){ st of each
A state —~  signal
i, d
0o [ DSC [
(Dynamic input value
0 Sequence |- selector
1 Slicing Circuit) Hi=>
'
ey b
' el { Assertion ' Input signal
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" for the on-chip

nentation

® Feclirds
> oserved in on-chip trace memory

o sequences
aLitput signals (1 when error)

gistory

of the signals in CUD

es when the



reg <=in 7
out<= out reg_d(t) = ((reg_d(t+1)=1) A(state(t+1) = S2))V
((out_d(t+1)=1)

A (state(t+1)=S2))

reg_d(t+I)=

reg <=reg
out <=reg

FSM
D

Original
Circuit Buffer




Problem
Observed error: out(4)
lLe,, out d(4) € 1
- To obtain the input
signal values which out(4)
IS dependent on !

Execution trace
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4 S2
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Current
timing
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Execution trace

1 S1
2 S2
3 S1
4 S2

Problem
Observed error: out(4)
lLe,, out d(4) € 1
- To obtain the input
signal values which out(4)
IS dependent on !

in | reg | out.
1 X X

2 1
33 2
4 3

1
2

.

Original
Circuit

orded timing
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Problem
Observed error: out(4)
lLe,, out d(4) € 1
- To obtain the input
signal values which out(4)
IS dependent on !

Execution trace

1 S1
2 S2
3 S1
4 S2

in | reg | out.
1 X X

2 1
33 2
4 3

1
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Problem
Observed error: out(4)
lLe,, out d(4) € 1
- To obtain the input
signal values which out(4)
IS dependent on !

Execution trace

1 S1
2 S2
3 S1
4 S2

in | reg | out.
1 X X

2 1
33 2
4 3
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.
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Execution trace

in | reg | out.
1 X X

1 S1
2 S2
3 S1
4 S2

2 1

33 2

4 3

Problem
Observed error: out(4)
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- To obtain the input
signal values which out(4)
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Execution trace

1 S1
2 S2
3 S1
4 S2

Problem
Observed error: out(4)
lLe,, out d(4) € 1
- To obtain the input
signal values which out(4)
IS dependent on !
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Problem
Observed error: out(4)
lL.e., out d (4) €« 1
- To obtain the input
signal values which out(4)
IS dependent on !

Execution trace
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Aled on-chip dynamic signal sequence slicing
ample designs

gactionality and area overhead

orms simple arithmetic




# of input events # of Gates

Original Extracted Reduction rate Original DSC Overhead
Simple 30,000 5,000 83% 2758 156 5.65%
Ellip 10,000 769 93% 16423 773 4.71%
IDCT 10,000 64 99%< 23672 462 1.95%

WEVEI eI RIDIINEES s mulation and the slicing results
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S among signals in CUD

iC signal sequence slicing method based on d-tag
ementation of dynamic signal sequence

gverhead using 3 designs
)d signal value are extracted
was 4 % in average
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