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ABSTRACT: The gated-clock solution of decomposed
control automata is a low-power design technique
under attention starting at mid of nineties. Among dif-
ferent solutions  which enable to reduce the switching
activity, the most efficient are those, combining the
synchronous and asynchronous components into one
low-power automata network. In this paper an
abstract decomposition model describing the concept
is given along with power analysis methodology and
experimental results, expanding the design space in
low-power design domain.
1 Introduction

The last five years have shifted the designers attent
from general digital design aspects to design for lo
power aspect. The importance of low-power designs
rapidly increasing as the world changes to be mo
mobile. From system-on-chip point of view the design f
low-power applies to all parts of an digital electronic sy
tem: control path, data path and interfaces.

Most of power dissipation comes from dynamic pow
which is consumed during switching signals betwe
logic levels. The switching power depends on the sup
voltage VDD, the clock frequency  f, the capacitance  CSW

driven by a given signal and switching activity  NSW of the
signal (i.e. average number of transitions per clock cyc
[1]:

This equation reveals us several opportunities 
reduce the switching power. In this paper we present
analysis of the approach, where clock gating is used 
finite state machine (FSM) design. Partitioning the sour
automaton into a set of component automata the clock g
ing enables dynamically switch off the inactive parts. 
this paper, after reviewing the related works, a theoreti
background of our solution is presented. Then our me
odology of gated-clock design space analysis is describ
supplied by experimental results.
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2 The related work

In recent years, research on techniques for low pow
design has remarkably enlarged. Many of those te
niques deal with gating the clock signal, reducing so t
amount of the switched capacitance of the circuit.

Some researches have focused on different possib
ties to identify the input conditions for which a part of th
circuit can be disabled [1]. In [2] the gated memory el
ments are introduced and the conditions for gating a
detected.

There are situations where solution with non-combin
tional clock control blocks (CCB) is superior. Two poss
ble cases are synchronous [3] and asynchronous  
CCBs. The advantage of the second case is that async
nous CCBs do not use the clock signal. The comparis
between synchronous and asynchronous CCBs is give
[4] and the used hand-over mechanism is described in 

Our purpose is to partition a FSM into smaller su
FSMs and to compare the resulting network to the origin
FSM on base of power analysis. The essence of 
decomposed FSM is that only one part of the whole s
tem is active in time. Decreasing of power consumpti
can be achieved by gating the clock signal for inacti
subcomponents of the FSM because toggling of the clo
signal is applied on capacitance of the active subcom
nent only.

3 Decomposition model

In this section a formal description of partitioning
process is given, yielding a network where compone
automata are activating/deactivating each other us
additional signals. On base of the formal description a n
work combining component automata and CCBs can 
built.

Let have the source Mealy automaton defined as a s
tuple:,

where S is the set of states, I - set of binary inputs, O -

A S I O δ λ s0, , , , ,( )=
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set of binary outputs,  - transition function, and  out-
put function. Automaton can be represented in form of
transition table, where every row defines one transition
from source state to destination state along with certain
output term according to certain input term.

Let there be a partition on the set S:

The automaton A can be decomposed into a set of

component automata where every block  defines a
component automaton:

We call states  internal states of component autom-

aton.  is the set of input variables at all transitions from

the states in ,  is the set of output variables at all

transitions from the states in .  and  are transi-

tion and output functions on the sets and . Such
decomposition can be achieved reordering the groups of
transition table rows, having the same source state, fol-
lowed with segmentation according to  blocks.

In this section different sets form the single subautom-
aton point of view will be described. We denote with 

the existence of input, valid in expression where it is used

(read:  so that...). Let’s define set as the entry

states and  as the exit states of the component .

and

Lets define the set of states in  to where are transi-
tions from other component automaton as:

The set T(Sm) is originating from another subset of Sm

which is denoted as a set W(Sm). 

The defined sets are depicted in Figure 1.

Obviously, the set Vm  can be redefined as follow-

ing:

3.1 Transformation on the network.

In following we will base on definitions above. The
goal is to show that after certain sequence of transform
tions we have the modified network, which has subn
behaviour of which is equivalent to original automaton.

We will carry out the following transformations:
1. Replace transitions from the set Wm to Tm with transi-

tions from Wm to additional states Gm,

i.e.  

with .

There is one-to-one mapping between elements ofTm

and Gm.
Let’s denote the set of states replacing the transitio

originating from   with .
2. Introduce new unconditional transitions, from states 

set Gm to a single state dm.

3. Introduce new transitions originating from additional
state dm. The  new transitions are formed on base of a
transitions from the set Qm.
There is many-to-one mapping between elements o
Gm(-) and Qm. We define additional inputs, one per 
every state in Qm:

So, the new transition functions can be evaluated as

for every  there is additional.

4. Additional output functions will be introduced as fol-
lowing:

for every  there is additional.

As there are as many entering transitions as exiting 
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Figure 1. Input and output subsets of Sm.
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transitions in the network, then there is one-to-one 
mapping between source transitions and additional 
transitions and output functions.
If after the first transformation (replacement of Tm

with Gm) there are states in the set Qm which do not have
incoming transitions, then such states are redundant and
can be removed except in case such state is an initial state
of the network

We can give an upper limit of additional states which
is a sum of transitions between component automata plus
the number of component automata:

3.2 Functional equivalence

The above described network has the same behaviour
with source automaton when the initial state is properly
defined.

Let s0 be the initial state of the source automaton.
The initial state of the network has to be defined in

following:
• The component, containing the state s0 has initial state

assigned to s0.
• Other components have initial state assigned to corre-

sponding d-state of the component.

Such initial condition of the network guarantees that
there can be only one e-signal active at time and equiva-
lence of source automaton and transformed network can
be proved following one-to-one mappings between transi-
tions of source automaton and transformed network.

4 Gated-clock design analysis

The analysis methodology starts with a KISS-format-

ted FSM description. We have built a tool to generate
different RTL models of the FSM. The direct conversio
to VHDL language yields model named AFSM. AFSM i
an unpartitioned version of the original FSM which can b
divided into state logic (includes registers) and outp
logic. Timing diagram of behaviour of AFSM is depicte
in Figure 3. The further steps deal with state logic pa
Output logic is left unchanged.

In addition, our tool creates the following models
BFSM, CFSM and DFSM. BFSM is a partitioned FSM
where every component FSM has an additional st
entered when the component is going to idle. For exa
ple, in Figure 4, these states are identified as B1 and 
The clock signal is not gated.

CFSM model includes clock control blocks (CCB
and every component FSM needs exactly one CCB. F
every transition between different component FSMs 
additional state near to component FSM where the tran
tion originates is introduced (see section 3.1). When ha
over between two subFSMs takes place (Figure 5), dur
one clock cycle both of them are clocked (so-called do
ble clocking).

To avoid double clocking situation, one CCB i
needed for every transition between different subFSM
Hand-over signalling is slightly different from that o
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Figure 2. Example of the subautomaton transformation.
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Figure 3. Timing of original FSM (AFSM)

Figure 4. Timing of partitioned FSM (BFSM)

Figure 5. Hand-over timing of CFSM.
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CFSM (Figure 6). But here we have a possibility to
remove states which have lost all entry transitions during
transformation to component automata network [5].

Because of complicated hand-over mechanism, the
final result is very dependent on selection of a partition
for decomposition of FSM. To find the best partition, we
can either calculate a value for all possible partitions
using a given criteria and make a decision, or use an
approach which bases on the structure of FSM (e.g. graph
algorithms).

Using the tool, partition can be selected either manu-
ally or automatically. After generating VHDL RTL mod-
els (AFSM, BFSM, CFSM, DFSM) and compiling these
models to gate-level using Design Compiler (Synopsys
Inc.), power analysis can be performed. Switching activi-
ties are calculated during simulation. The whole flow of
our analysis methodology is depicted in Figure 7.

5 Experimental results

In our experiments we used bbara benchmark from
LGSynth'93 test suite [6]. The FSM was partitioned using
the partition {{st0,st1,st4}{st2,st3,st5,st6,st7,st8,st9}}.
No particular technology is selected by us for power anal-
ysis - we use an available library class provided by Syn-
opsys SECP package.

It is seen from Table 1 that DFSM has 17% high
switching power than AFSM. It is clear that power redu
tion is not possible for every FSM partitioned by a give
partition. In addition, we did not took the combinationa
logic into account.

Our estimate is that the approach gives better res
for cases where a FSM is well-structured, i.e. consists
groups of strongly connected states.

In the future we plan to change our approach to mo
flexible and bind it with a real VLSI technology.

6 Conclusions

In this paper we presented an approach to reorganiz
FSM in a way that switching power is reduced. Form
description for partitioning the FSM into equivalent ne
work of component FSMs was given. Finally, the metho
ology of gated-clock circuit power analysis an
experimental results were provided.

The power consumption depends heavily of FSM ne
work structure and of the coding style. The reduction
remarkable for cases when the state transition graph of
automaton has more or less regular structure.
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Figure 6. Hand-over timing of DFSM.

Figure 7. Analysis flow
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Table 1. Experimental results

Case P [µW] Ratio

AFSM 2.1137 1.000

BFSM 3.3139 1.5678

CFSM 3.0758 1.4552

DFSM 2.4718 1.1694


