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Abstract
Relaxation-based

In circuit simulation, Relaxation-based algorithms
have been proven to be faster and more flexible than
the standard direct approach used in SPICE. Signal
flow of the simulated circuit is very important in using
Relaxation-based algorithm. However, there is no
specific research undertaken for it. This paper defines
the strength of signal flow (SSF) in circuit simulation,
and discusses how to calculate it. Since SSF has
crucial effects in Relaxation-based algorithms, this
paper also devises techniques to utilize SSF in
Relaxation-base algorithms for improving efficiency.

Circuit Partitioning Experimental examples on digital as well as analog

circuits are given to prove the value of utilizing SSF in

Scheduling circuit simulation.
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SSF is the degree of influence between two circuit
variables, in which one circuit variable is the affecting
one and another is the affected one. It’s
straightforward to define SSF as the differentiation on
the affected circuit variable with respect to the
affecting circuit variable. Such definition is similar to
that for sensitivity [3]. Therefore, the calculation for
SSF is similar to that for sensitivities [3]. Assume
there are two node/branch a and b, and we discuss the
degree of influence from a to b:

s (ab)= e (1)
v,

SSH(a, b) is the strength of signa flow from
node/branch a to node/branch b, where V, and V,, are
circuit variables associated with a and b respectively.
We go forwards to see how it is calculated. The
simulated circuit is described as follows:

FY(0),Y(),1)=0 )

where Y is the vector of circuit variables, t is the time,
F is a continuous function and “” means
differentiation with respect to time. Since the
Relaxation-based algorithm is used, (2) is partitioned
into subcircuits, the ith one of which, say a, is:

F. (Y, (1).Y, (1), D; (t), Di (t),t) = O 3)

The equation for a is rewritten as the abbreviate form:



f(y(t), y(t), w(t), w(t),t) =0 (4)
where y (Y;, a subvector of Y) is vector of circuit
variables in a, w (D;, the decoupling vector) is the
vector of circuit variables not in a, and f is a
continuous function. Since we want to know all SSF
of nodes in a with respect to an “input” circuit
variable minw, equation (4) is rewritten as:

(5)

whereWis the resulted vector of removing m from
vector w. Differentiating (5) with respect to m, we
have:

£ (y(m 1), y(m,t), (), W(t), mt) = 0

f y+fay+f_0 (6)

Yom vy om
We use Trapezoidal rule to discretize this equation:

( fs+fs)—f_0—f (7)

y n+l

_ (1) s the SSF vector of all nodes
om

Where ¢

n+1
in a with respect to m (t,. is the current time point),

i, :(Ef + fy)istheJacobian of (5), O, isthe vector
h v

collecting “old” values at previous time point t,, and f,

is jth column of :(%f:(% f +f,) (assume that
W w

misthe jth element of w).

Equation (7) is the computing equation used to
calculate transient SSF. We note that if mis the circuit
variable of anodein one preceding subcircuit of a, say
b, |9, = |SSF(m, y)|., (note that other kinds of norm
can be applied, too) can be used to indicate the degree
of influence from b to a (via circuit variable m). So,
the strength of signal flow from b to a can be known.
We note that (7) is used to calculate the influence from
fan-in subcircuits rather than the influence to fan-out
subcircuits.

Fig. 1 demonstrates an example for SSF calculation.

Fig. 1(a) describes circuit schematic, Fig. 1(b)
contains the timing waveforms, and Fig. 1(c) contains
waveforms of all SSF with respect to V2. We can find
SSF of V3 and V4 with respect to V2 both become
constant 1, for a resistor has good signal flow
“conductance.” The SSF of V5 with respect to V2
depends on operation states of transistors, in which
SSF exists only when the NOT gate is toggling. The
NAND gate has been turned off, so SSF of V6 is zero.
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Fig. 1 (a) Schematic. (b) Timing waveforms. (c) SSF

waveforms with respect to V2.

Iterated Timing Analysis (ITA)

ITA

Scheduling Scheme

ITA
Dynamic Merging Scheme



Algorithm 1 (ITA Algorithm Adopting SSF):

/* Simulation duration is Tegin ~Tena */
/I E() isan priority queue, whose elements are queues
Put subcircuits connected to primary input into E(Toegin);
while(E is not empty) {

th+1 = the smallest event-timein E;

for (k= 1; E(tn1) isnot empty; k++) {

I kisthe relaxation index
Clear TMP; // TMP isaqueue
for (each subcircuit ain E(tn1)) {
Solve a at t,+4 for transient responses;

TABLEII

UseD CPU TIME AND COUNTS OF SUBCIRCUIT CALCULATIONS

LB3: Add member subcircuits of ainto L;
/l'if aisnot amerged subcircuit, a itself isthe
I/ only member subcircuit
LB4: while(L is not empty) {
DeleteafromL;
if(a has been converged) { // converged
Estimate next solving time tpex ;
add a into E(thex);
/I'if ahas been converged, calculate
/I its SSF with respect to all input variables
MK: for (each input variables m of a) {
if(misnot in any subcircuit) continue;
Use (7) to calculate SSF of y with respect to
m, Sh+1;
Store S 1;
}
}
else{ // not converged
Add ainto TMP;
LB1: Add fan_outg(a) into E(ty1);
LB2: Find ze fan_outs(a) , which hasbig SSFto a;
if(z exists) merge a and z together, delete a from
TMP;
}
} 1/ end of while(L isnot empty)
}
E(th+1) = TMP;
}
}
Table 1
Table Il
TABLE |
SPECIFICATIONS OF SIMULATED CIRCUITS
Ckt Name Node | MOSFET | Subcircuit Simulqti on
# # # Duration
1 | 8-stagelnvChain 80 160 80 200ns
2 4-bitALU 200 400 112 100ns
3 | 4-bit SynCounter 88 176 44 400ns
4 | 4-bit RippleCounter| 76 152 36 400ns
5 |16-bit Shift Register| 64 96 32 60ns
6 64X4 SRAM 1926 | 4492 898 50ns

- Used CPU Time # Subckt Calculations | Over-
Circuit head
ITA |ITA+SSE| ITA | ITA+SSF
8stage | gg, 156 | 1682970 | 164859 | 6.9
InvChain
4bitALU | 182 109 | 379,058 | 138676 | 4.2
4-bit
SynCounter| 264 | 111 | 504944 | 126027 | 45
AbitRipple} o0 | 105 | 3508500 | 92847 | 56
Counter
16-bitshift| -, 728 | 2742974 | 749334 | 37.3
Register
64X4
v | 1196 | 825 | 837672 | 467462 | 158
CPU time isin Pentium I11-550 seconds.
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