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Abstract

A new algorithm of constructing binary decision diagram(BDD) for design verification of
switch-level circuits is proposed in this paper. In the switch-level circuit, functions are characterized
by serial and parallel connections of switches and the final logic values may have high-impedance
and unstable states in addition to the logic values of 0 and 1. We extend the BDD to represent
functions of switch-level circuits as acyclic graphs so called switch-level binary decision diagram
(SLBDD).

The function representation of the graph is in the worst case, exponential to the number of inputs.
Thus, the ordering of decision variables plays a major role in graph sizes. Under the existence of
pass—transistors and domino-logic of precharging circuitry, we also propose an input ordering
algorithm for the efficiency in graph sizes. We conducted several experiments on various benchmark
circuits and the results show that our algorithm is efficient enough to apply to functional simulation,
power estimation, and fault-simulation of switch-level design.
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Fig. 2. The BDD mapping of Pass-Transistor (a)
Pass-Transistor (b) The BDD mapping of
Pass-Transistor (c) Complex pass-transistor
network (d) The representation of a match
BDD.
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Table 1. The state for inpit in MOS. 1: logic
1, 0 logic 0, U: Unknown(Initial), Z:
High Impedance, X' indeterminate

o type NMOS PMOS
U U U
1 0 z
0 z 1
z z z
X X X

aev, AlelE 31¥ gre] ‘0’elwl, NMOSE E2A
(triggen® 4 glors EdlxlAe9] =9l roe
2 deivia Azt =He MOSE <HAl(open)e] €
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Phase 1 =gt

) =y

L

3 2. Output Value Function
Table 2. Output Value Function.
QOutput
Value Condition State
Function
13M : Valm) = Z4 z
(VM : ValM) = 1} 1
(VM : VaM) = Z} & {IM: VaM) = U} U
ValSwo) (7™ : VA = 21 & X
{YM : ValM) 1= U} &{3IM : ValM) = X}
(VM : VAV 1= Z & Vai(M) 1= U & ValM) = X | ||
& (IM:VaM) =0} & {IM: ValM) = 1}
{3IM : VaM) = Z} zZ
[VM : Val(M) = 1} 0
{YM: ValM) = Z} & {3M : ValM) = U} U
Val(Seno) [[1wM : ValM) 1= 7} & X
{VM : ValM) '= U} & {3M : ValM) = X}
(VM : ViV = 2 & Val(M) 1= U & ValM) = X} |
& 13M: VaM) = 0} & {IM: VA - 1)
{3S: Val(S) = 1} & {3S: ValS) = 0} X
Valfy (| (VS : Val(s) = Z) z
135 VakS) = 1} & {VS: ValS) = 0} 1
{3S: Val(S) =~ 0} & {VS: ValS) != 1} 0
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6(c)¢] SLBDDE =hEAl ¥r) Foz Wg £
e}l ‘0 1Y) =8 el H4Ea, A At 3§
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MakeSLBDD( )
{
path_logic_value= function_verification(node and node_logic-value);
if path_logic_value have a primary out state value {
[*the primary input reach the primary output*/
make SLBDD terminal vertex and return;
}
else | /*if primary input doesn’t reach the primary*/
Next Input Selection( ) /* Select a voluntary primary input */
MakeSLBDD( )} /*Make children vertex (recursion function)*/

ReduceBDD( )  /*Reduce a same BDD node*/

I
function_verification(node and node_logic_value)
[Hfunctions to verify circuit paths*/
{* node is a stage group input */
|
calculate the state value of the stage-group according input node
conditions
if the stage-group is marked
return false;
if the stage-group have a output value |
function_verification(node and node_logic_value} /*move to next
linked stage-group*/
mark stage_group inpus;
t
else if the stage-group have a output value and it's output is a
primary output
return output value;
else if the stage-group can’t have a output value according it’s input
state conditions
retumn false;
1

I8 5. SLBDD ¢x8|%
Fig. 5. SLBDD Algorithm.
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Fig. 6. The Example of SLBDD Implementation
processing for circuit : (a) Example circtit
network (b) CCR and Ouput state (¢) SLBDD
at d=b=0 (d) SLBDD in Complete circuit.
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The variable order for the path that pass
transistor and not have : (1) The example
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Depth-first variable order, SLBDD (c)
According to suggested variable order,
SLBDD.
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Fig. 9. The input variable order among pass
transistor © (1) The example of Circuit
network (b) According to Depth-first

variable order, SLBDD (f) In case of the
gate input of pass-transistor to be near

output has high priority, SLBDD (g
According to suggested variable order,
SLBDD.
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ol =29 dAlE 28 100 ReEst
depth-first &4 WAl AHsl, W £4E x,
X2, x30] €3, 28 10(b)ek Zol 4749 vertexE 7}
A7 =k wbd, Observation 49 &8l x3, x1, x29]
2oz 7AE 10(c)® SLBDDE 371¢] vertexw&
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’
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nin n
(b) (c)

1z 10. Evlx =eleAe) Ws £4: @Rk =
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«=Ajol| £}§t SLBDD

Fig. 10. The variable order for Domino Logic : (a)
The Circuit network included Domino Logic
(b) According to Depth-first variable order,
SIBDD (¢) According to suggested
Variable order, SLBDD.
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3HA vrehdict

L 7tk CCR W] =& W55l ths)a), Obser-
vationsE 7|22 75| (weight) & gt ). o
71X+ 7 2 priority & 7}Al& w47} SLBDD
2] ZEs] Hr}
. EYHO2¥E depth-first £AZ 32 yEYaS
gy
2.1 BE¥E Q2 e {node,(weight_list)} %
& e}

2.2 FHaqueue)?] Hol #-g ARl3lch

23 EE kvt Aok 3 WS s w7z wiA)
25 HhEzich

3. 9] ko2 He] A¥(element)S wo}Ealc)

A 1AL A 9d gl FR|Hoz Alg
=™, 4702] Observationsoll )&} priority7} &
ok A9, 7o) CCR) 8 widalololxle]
A7t mEEe] A9, ©hE CCRE el dd 7
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(a)

Path {vertex,(weights)}
Si-g le.(2)}
S1-g-S2-¢ fe,(2,D},18,(2)}
S1-g-S2-e-S3-a {a,(2,1,1)},1g,(2)}
S$1-g-82--S3-b {a,(2,1,1)},{b,(2,1,1)}
S1-g-82-f {3,(2,1,1)1,{b,2,1,1)},1£,(2,1)}
S1-g-82-f-83-b 1b,(2,1,1),(2,1,1,)},{a,(2,1,1)}
$1-g-52--S3-¢ {(b,(2,1,1),(2,1,1,)},{a,(2,1,1)},{¢,(2,1,1)}
Sid 15,2,1,1,2,1,1)Lia,(2,1,1)],{c,(2,1,D1,{d,(1)}
(b)
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(c)

T8 1. FElaE QY W £4 duEE  (@rs
of 7FEXE Hu3 2 vEYA oA (b)
AR €A EolE (oAdE W £
2]k SLBDD

The Algorithm of heuristic input variable
order : (a) The example of Circuit network
that weigthed in node (b) The path and
order Table (c) According to suggested
Variable order, SLBBD.

Fig. 11.
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BaL AlgE FelaE i 84 daelES AHsA B 3. A
or71, W-ob{fan-out)S I&FH= depth-first W Table 3. Result.
A AL ¥ 6( AR d-b-a-cd] €415 43} Circuit ] #Node
A =} sxw A ouelZe] <& SLBDD: Name | "puts [#Ouputs| #Transistor | 1 0 pirst)
AzgRe #ie SLBDD #7|& 7HAA && & c17 5 2 24 10
N =0 e C432 36 7 1,048 46,954
T ek Ackd F2lE d3EEE depthfirst & C499 41 32 2,868 89,338
Mella 32 viE=ae) Hdde 7|28 I glerm C880 60 26 1,802 30,548
) Al lexity)s o] stk c1355 | a1 32 2372 119,201
Bfol®] #Ah=(time complexi y)f O(m)e] et = Cc1908 | 33 25 3,610 39,373
714, me UES|ZA r=9] solrt cs315 | 178 123 10,314 40,306
cond 4 1 17 7
conl6 16 2 120 134
V. A%z} con32 32 2 620 23,456
dec8 12 2 98 83
- = 6 = R enc8 9 4 124 53
Ard SLBDD 73 gxelEe Cideld AREs add8 18 9 260 1,183
A F¥=Elglen SUN Ultra-Sparc [ (#]=e]: add16 33 17 540 94,814
o] 2] = 25 A|~Ee] 9 mult4 8 8 388 394
128MB)¢} 3 A8=ARS. 74 _] 49 < mult8 16 16 1,672 77,517
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LA =t} Ak dweZe) T84S A3 ¥ mene 9 2 73 43
34 ISCAS'85 WAt =g Ee of2) WA+t Circuit #Node Reduction Time
= i]ioﬂ A]é—%% Z—']'g‘%]'ﬁ‘;]' H:—?ﬂ', Xﬂo‘}% 1_4\‘ 4= Name (Our approach) Rate (Sec)
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