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Abstract: In this paper we propose extension of self-reconfigurable finite state machine (FSM) with three 

different Concepts. These hardware concepts are called self-reconfigurable FSM as some reconfiguration 

sequences of either output function or transition function are initiated by the current state of FSM it self. 

Compared to Marcus machine only few sequences are exterior events which can contribute to power saving. 

Experimental results of those different concepts with some FSM benchmarks show compression of 

reconfigurable sequences data with minimum loss of area compared to Markus machine 
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1. Introduction   

Finite state machine are important components in digital electronics such as in control circuit, network processing, 

testing. But reconfigurable finite state is still in its infancy. With reconfigurable hardware it is possible to change 

the functionality and wiring of hardware overtime [1-6]. Self-reconfigurable finite state machine uses the Principe 

of the context of software. In software word, the first generation of microprocessors made use of the idea of self-

reconfiguration program code step wise to execute a program that cannot fit into the existing memory. Indeed, self-

reconfigurable FSM is circuit that reconfigure it selves gradually. The paper [5] proposes the concept of self-

reconfigurable finite states machine with the ability to change output and transition function or both gradually 

during run operation and algorithm for the overhead of automatic reconfiguration of a given FSM.  Ref [7, 8] used 

the genial idea of reconfigurable finite state machine to build a VLSI statistically and dynamically hardware for 

finite state machine in which can be mapped some applications such as tries when constrained by slow memory 

access and difficult to scale when running in processor.  

The real application domain for self-reconfigurable finite state machine is communication system. Basically, self-

reconfigurable FSM are needed for application such autonomous sequential modules that can be considered as 

components of more complicated digital system. For example [5] examines a Mealy FSM that reads a sequence of 

bits and then detects two or more successive ones in the sequence. Reconfiguration considered in [5] permits the 

behavior of the FSM to be changed in such a way that it will detect two or more successive zeros in the sequence. 

Ref [9,10] proposed the concepts of self-reconfigurable Finite machine with exterior delta transition and extension 

of Marcus machine. 

In this paper we will discuss and analyse three different concepts of self-reconfigurable finite state machine. 

The basis concept of self-reconfigurable FSM can be founded in [5]. 

This paper is organized as follows: In the next sections we review definition of FSM, and then we will analyse and 

propose the different concepts, finally we conclude with using reconfigurable FSM for practical applications and 

experimental Results. 
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2. Definition  

A finite state machine is defined in the standard way as a tupple 0( , , , , , )M A Q q  =   is a finite set of input 

symbols, Q   is a finite set of states, 
0q Q  is a reset state, ( , ) :q a Q Q  → is the transition function, and 

( , ) :q a Q A  →  is the output symbol in the specification of the state transition graph of the FSM, each state 

correspond to one node in the graph, and there exists an edge ije  between two states i jq andq  with label a/b  If 

( , )i jq a q = and ( , )q a b = . 

 
3. Self Reconfigurable FSM with Exterior Delta Transition 

3.1.  Analysis 
   In self-reconfigurable FSM with exterior delta transition analysis, it is assumed that only the delta transitions are 

exteriors event. 

In the basis case [5], Suppose that we want to reconfigure a machine M to a machine M’  

Let Z1, Z2 …Zn    denotes all the delta transitions and Zt the total set of all the delta transitions. 

 

Zt = Z1+Z2+…+Zn   is a total set of delta reconfiguration sequences we need to reconfigure M to M’. 

Each delta transition being a set of n transition sequences, thereby we can write: 

 

Z1= Z11+Z12+………+Z1n  

Z2= Z21+Z22+ ………+ Z2n  

And 

Zn= Zn1+Zn2+ ………+ Znn 

And the total sequence can be write 

Zt = Z11+Z12+……+Z1n + Z21+Z22+ ………+ Z2n +………+ Zn1+Zn2+ ………+ Znn 

Let denotes N in number denotes the total sequences to reconfigure M to M’. 

N=(1+2+…+ n) + (1+2+………+ n) + …………+(1+ 2+…+n) 
2N n=   

 So, we need     n2 sequences to reconfigure M to M’ [5]. 

Self-reconfiguration FSM with exterior delta transition meaning to reduce n sequences for each delta transition to 1 

sequence. Let   Ztd the new total set of all delta transitions and Nd   denotes in number the total sequences. We can 

write:  

Ztd = Z1+Z2+…+Zn 

 And 

Nd=(1+2+…+ n) 

Nd = n 

So, we need n sequences from exterior to Reconfigure M into M’ in case of self-reconfiguration with exterior Delta 

Transitions. 

Let we denote D the difference in exterior sequences or gain in sequences between the two cases. 

n dD N N= −  

D = 
2n n−  

For n→ we can write   
2D n;  

Thereby we gain n2 Reconfiguration sequences from exterior. 

 

Gain in reconfiguration bits. 

For n→ the number of bits for the last sequence are n bits 

So, we can save n n n   bits from Exterior. 

We can write that the gain in reconfiguration bits is O (n3) 
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Reconfigurator Hardware saving:   

We can analyze the saving in Hardware in terms of number of sequences to the reconfigurator. 

For the Ref [5]:  

Number of reconfiguration sequences to reconfigurator is: 
2

RN n=  

For self-reconfiguration with exterior delta transition this number can be write as the sum of n delta transition and n 

states of the FSM because all sequences for each delta transitions are generated by the current state of the FSMs 

registers. 

2RdN n n n= + =  

The Hardware saving can be expressed as the difference between NR and NRd 

2 2S R RdH N N n n= − = −  

For n→ the saving in the Reconfigurator Hardware is also O(n2) 

 

In this section we have gave the benefit of self-reconfiguration with exterior delta transition in terms of hardware 

cost in the FSMs itself and exterior to it. Now we are going to propose the Concept of self-reconfiguration with 

exterior delta transition. 

 

3.2.  Concepts and Example 

A self reconfigurable FSM is a 9 tupple: 0( , , , , , , , , )R A Q q M D    In which: 

* 0( , , , , , )A Q q    describes FSM according to finite state machine definition. 

*  R is a set of reconfiguration sequences called reconfigurator and generates the vectors , , RR R I   during 

reconfiguration to update the output function and transition function. And the output of the reconfiguration 

function is a mapping from the current state and the delta transition 

( ) : ( ) : ( ) : ( , )R i iR i R i I i R S D = = =  

*  D is a set of delta transitions, it determines toward which delta transition the machine has to traverse, and it is an 

exterior event. 

* ( , )RM I  Is a mapping from the input state, reconfiguration state, to the internal input I’. 

The concept is show in the block diagram of Fig.1. In this model, the transition function is updated by R  and the 

output function is updated by R . R And R  depend on the current state and the delta transition, whereas M 

depends on the input state   and the reconfigurator input RI . The function M can be a multiplexer and is defined 

such that during normal operation of the hardware 'I =  and during reconfiguration process I’ depend on IR 

only.  

 

Example  

Considers two FSMs M and M’ with their state transition diagram show in Fig.2.  Supposes that the machine is in 

M and we want to migrate to M’. Let assume the machine is in state S0 and D = {D0, D1, D2, D3} is the set of delta 

transitions then a reconfiguration sequences take place for each delta transition. Table.1 show the reconfiguration 

sequences. 

Notes that D1 and D2 have same reconfiguration sequences and D0  is let for normal operation in which the 

transition function and output function will keep their values. 

 

3.3 Definition and Theorem 
3.3.1 Definition  

Given a finite state machine M and a finite state machine M’ and a set of states including the states of M and M’, a 

set of inputs including the inputs of M and M’, a set of outputs including the outputs of M and M’. 
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The problem of feasible self-reconfigurable FSM with exterior delta transition denotes the decision problem 

whether the current state can generate all sequences for a given delta transition. 

 

 

3.3.2 Theorem 

       According to definition 4.2.1 given the specifications of a state machine M and a state M’ it is always possible 

to migrate from M into M’ if in the sequences for any delta transition there is non self loop. 

 

 
    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic of reconfigurable FSM with exterior delta transition 

 

 

Table 1. Reconfiguration sequences for Fig.1 

 

D SEQUENCES CURRENT 

STATE 

INPUT OUTPUT NEXT 

STATE 

D1=D2 1st sequence Q0 11 0 Q1 

D1=D2  sequence 2 Q1 00 1 Q2 

D1=D2  sequence 3 Q2 10 0 Q3 

D1=D2  sequence 4 Q3 01 1 Q0 

D3 1st sequence Q0 11 0 Q1 

D3  sequence 2 Q1 01 1 Q0 

D0 Normal 

operation 

    

 

 
4. Self-Reconfigurable Hardware for FSMs 

4.1 Analysis 
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In self reconfiguration FSM concept if all the delta transition need only one sequence to be traversed to reconfigure 

M into M’ we can extend the concept to self reconfigurable hardware for FSMs. In That case all the sequences 

including the delta transitions to reconfigure one machine to another are generated by the current state of the 

machines. And only one sequence from exterior is need. 
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                                                            Figure 2: STGs of two FSMs 

 

 

In that case: 

N n=    Number of sequence from exterior in [5] 

1dN =  Number of sequences in that reconfigurable hardware for FSMs. 

1D n= −   The difference in reconfiguration sequences from exterior. 

And we can gain n-1 sequences from exterior. 

We can write that the gain in reconfiguration bits is O (n2)  
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And the hardware cost is  

1 1sH n n= − − = −  
For any n losing in the Reconfigurator Hardware is also O (1) 

 

4.2. Concept 

            A self-reconfigurable hardware for FSMs is a 9 tuple: 0( , , , , , , , , )R A Q q M C    In which: 

* 0( , , , , , )A Q q    describe an FSM according to finite state machine definition. 

*  R is a set of reconfiguration program called reconfiguration function and generates the vectors , , RR R I   during 

reconfiguration to update the output function and transition function. And the output of the reconfiguration function 

is a mapping from the current state and the context index.   

  ( ) : ( ) : ( ) : ( , )R i iR i R i I i R S C = = =     

*  C is a reconfiguration indexer, it determines toward which FSM the machine must migrate, it is an exterior event. 

* ( , )RM I  Is a mapping from the input state, reconfiguration state, to the internal input I’. 

The concept is show in the block diagram of Fig.3 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Block diagram of self-reconfigurable   hardware for n FSMs 

 

4.3. Feasibility of Self-Reconfigurable Hardware for n FSMs 
        Given n FSMs, it is only possible to make a self reconfigurable hardware for those n FSMs if only if there 

exist a unique reconfiguration program for all delta transition and a state is traversed only once during 

reconfiguration and two Sequences may have same state, so the reconfiguration program is a function of the 

number   of the states and during reconfiguration a state is traversed only once. So, this is possible if only   if  

Z=Z1=Z2=      …=Zn    where Z1, Z2, …Zn Are reconfiguration program for all delta transitions starting at idle state.  

 

Example   Set of FSMs for self-reconfigurable hardware: 

Fig.4 are some examples of FSMs that can be map in self-reconfigurable hardware. In the two cases the     machine 

may migrate from M1 into M2 and    from M2   into M3 in1) for migrating from M2 into M3 there are   two delta 
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transitions      (01, Q3, Q0, 1) and (10, Q2, Q3, 0)    and a     reconfiguration    program (( 11, Q0, Q1, 0), (00, Q1, Q2, 

1), (10, Q2, Q3, 0), (01, Q3, Q0, 1 )) is valuable for  the two delta transition. 
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                                                Figure 4: FSMs for self-reconfigurable hardware                             

 

                 5. Extension of Marcus Machine: Self Reconfigurable FSM with Reduces Reconfiguration Sequences 

Concept 
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Self-reconfiguration with reduced reconfiguration sequences being mean that the sequences of the longest delta 

transition is generated by the current state of the machine. So, let ZL be that delta transition. We can write the new 

Zt as: 

Zt = Z1+Z2+…+Zn-1   the sum of delta transition from exterior  

Assume each of theses delta transitions hold n Sequences the total sequences NE   needed from exterior will be: 

 
2

EN n n= −  

Let we denote D the difference in exterior sequences or gain in sequences between the two cases. 

ED N N= −  

2 2D n n n n= − + =  

Thereby we gain n Reconfiguration sequences from exterior 

 

Gain in reconfiguration bits. 

For n→ the number of bits for the last sequence is n bits 

So, we can save n n  bits from Exterior. 

We can write that the gain in reconfiguration bits is   O(n2) 

 

Reconfigurator Hardware saving:   

We can analyze the saving in Hardware in terms of number of sequences to the reconfigurator. 

For the Ref [5]:  

Number of reconfiguration sequences to reconfigurator is: 
2

RN n=  

And the number of sequences from the current state to transverse the delta transition ZL is: 

LZ n=  

For self-reconfiguration with reduced reconfiguration sequences the number of sequences to the reconfigurator can 

be write as: 
2 2

RR L EN N N n n n n= + = + − =  

The hardware saving can be expressed as the difference between NR and NRR 

S R RRH N N= −   

2 2 0S R RRH N N n n= − = − =  

For any n there is no hardware saving. 

The advantage of this concept is being reconfiguration data saving. 

 

5.2. Concept 

A self reconfigurable FSM with a delta transition initialization is a 9 tuple: 0( , , , , , , , , , )ER A Q q M C E   In which: 

* 0( , , , , , )A Q q    describes an FSM according to finite state machine definition. 

*  R is a set of reconfiguration sequences called reconfigurator and generates the vectors , , RR R I   during 

reconfiguration initialization and ,I IR R   during exterior reconfiguration event to update the output function and 

transition function. And the output of the reconfiguration function is a mapping from the current state and the C 

during initialization and mapping from EE during exterior event. 

( ) : ( ) : ( ) : ( , )I I R iR i R i I i R S C = = =   during initialization 

( ) : ( ) : ( )ER i R i R E = =  during exterior event 

* C is a delta transition, it determines toward which delta transition the machine has to traverse for initialization, and 

it is an exterior event. 

* EE   is a set of transitions, it determines toward which transition the machine has to traverse during exterior event, 

and it may an exterior event. 
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* ( , , )R EM I E  Is a mapping from the input state, reconfiguration state 
RI , to the internal input I’ during 

initialization and mapping from the input state, Reconfiguration state EE  to the internal input I’ after initialization in 

normal reconfiguration process. 

The concept is show in the block diagram of Fig.3.9 In this model, during initialization process the transition function 

is updated by R  and the output function is updated by R . R And R  depend on the current state, whereas M 

depends on the input state   and the reconfigurator input 
RI . During exterior reconfiguration process the transition 

function and output function are updated respectively by IR  and IR  depending on 
EE . The function M can be a 

multiplexer and is defined such that during normal operation of the hardware 'I =  and during initializations 

reconfiguration process I’ depend on IR only and depend on EE  When exterior reconfiguration process 

 

Example 

 considers two FSMs M and M’ with theirs state transition diagram show in Fig.2. 

Supposes that the machine is in M and we want to migrate to M’. Let assume the machine is in state   S0 and  

D = {D1, D2, D3} is the set of delta transitions then a reconfiguration sequence take place for each delta transition.                                                                        

D1 =  D2 = 1 0(01, , ,1)}Q Q , 1 2(00, , ,1)Q Q , 2 3(10, , ,0)Q Q , 3 0(01, , ,1)Q Q } 

D3 = 0 1{(11, , ,0)Q Q , 1 0(01, , ,1)}Q Q  

We can see that D1 and D2 have same reconfiguration program and longest, so we can attribute these delta 

transitions for initialization and D3 as exterior reconfiguration event. 

We can gain four reconfiguration sequences. For this case the reconfiguration sequences are reduced about 60%. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Schematic of the extended self reconfigurable FSM with reduced sequences 
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6. Reconfigurable FSMs for Practical Applications 
   It is known that digital systems can be decomposed into a reusable execution unit (which is extendable in the 

general case) and many control units. The later can be modeled by a reprogrammable FSM. Let us consider an 

example. There are many practical applications that require the solution of various combinational problems. As a 

rule, these problems are time consuming. That is why many different hardware accelerators have been designed. It 

is known that the majority of combinatorial problems can be formulated over Boolean. Thus, we can construct a 

reusable hardware circuit that permit the realization of various operations over Boolean. This circuit can be 

employed for solving different combinatorial problems by altering the control sequence. To be able to change the 

behavior of the control circuit that are used at different levels. This can be done based on reusable hardware.  

Reconfigurable FSMs consists of configurables parts, multiplexers, combinational, registers and controller, which 

can be used in communication systems, in a combinatorial coprocessor, in application specific circuits, in 

embedded controllers. Those models can serve in autonomous sequential modules that can be considered as 

components of more complicated digital systems. 

 

7. Implementation of the Self-Reconfigurable FSM 
      In this implementation the transition function and output function are memory devices. The two multiplexers are 

used to force the reset state and the reconfiguration input during reconfiguration. And the input and current state are 

memory address and the locations of the memory are output and next state for the FSM. For the reconfiguration 

program generator there are many concepts to build it, the one show in Fig.6 may not the optimal one, which is an 

array of reconfiguration program. The context index or (Delta transition) chooses the reconfiguration program and 

then the current state generates the different sequences. Each reconfiguration program is a set of registers, which 

contains the different data, and different signals and each register contains information for one sequence addressed by 

the current state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Reconfiguration mapping 
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8. Experimental Results 
To simulate our concepts for area we have synthesized self-reconfigurable hardware with dk27, mc, bbtas 

benchmark FSMs with the different concepts. For synthesis we have used Synopsys tools, the optimization was 

done under same conditions and same constraints. The experimental results in the following tables show 

compression of reconfigurable sequences data with minimum lost of area compared to Markus machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Implementation of self-reconfigurable FSM 

 

 

Table 2. Markus machine 

 FSM Sequences Reconfigurable data Reconfigurator cells 

bbtas to dk27 24 sequences  120 bits   70 cells 

dk27 to bbtas 27  135 bits    87 

bbtas to mc 17   85 bits    68 

mc to bbtas 25   125    81 

dk27 to mc 16   80    68 

mc to dk27  21   105    73 
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Table 3. Reconfigurations with exterior delta transition 

 FSM Sequences Reconfigurable data Reconfigurator cells 

bbtas to dk27 6 sequences   18bits  68 cells 

dk27 to bbtas  7   21 bits  67 

bbtas to mc 6  18 64 

mc to bbtas 7  21 76 

dk27 to mc 6  18 61 

mc to dk27 7  21  56 

 

 

Table 4. Reconfiguration with initialization 

 FSM Sequences Reconfigurable data Reconfigurator cells 

bbtas to dk27 18 sequences  90bits 85 cells 

dk27 to bbtas 21  110 96 

bbtas to mc 14  56 77 

mc to bbtas 20 100 90 

dk27 to mc 13 39 74 

mc to dk27 14 42 73 
 

9. Conclusion 
In this paper, we introduced extension of self reconfigurable FSMs with three different concepts. Experimental 

results shown compression of reconfigurable data compared to Markus Machine. By implementing those models, 

a programmable control unit can be designed for a combinatorial processor. This permits the processor to be 

optimized by customizing the reusable hardware for a combinational problem that requires specific subsets of 

operations. 

By working in those models, we obtained the following results: 

✓ More self-reconfiguration 

✓ Reduction of reconfiguration sequences that can decreases the switching activities therefore power saving. 

✓ Reduction of configuration data leading to speed up Reconfiguration time. 
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